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1. BBEOLEHHUE

ITeTpodu3uka ((u3HKa rOpHLIX MOPOA) — AHCUHIIHHA €CTe-
CTBO3HAHHSA, B KOTOPOH H3y4yalT 3aKOHOMEPHOCTH H3MEHeHHS (u3u-
YeCKHX CBOHCTB TOPHBIX MOPOX M CBSI3M MeXJAy 3THMH CBOHCTBAMH.

®usuyeckHe CBOHCTBA FOPHHIX NOPOJ — 3TO HX CIIOCOOHOCTHL B3a-
HMOJEHCTBOBATh C €CTECTBEHHEIMH (DM3HUECKMMH MOJSIMH 3eMJH
(rpaBHTALHOHHEIM, MATHHTHBIM, TEIJIOBHIM) HJIH C HCKYCCTBEHHO
CO3JAHHEIMH (PH3MUYECKHMH IOJSIMH  (BOJIHOBBIM, PAAMOAKTHBHBIM,
noneM AaBJeHHi (QIIOUAO0B, ONTHYECKHM M JPYTHMH), CO37aBaeMbl-
MH B FOPHBIX IOpOAAaX.

@®usnyeckHe CBOficTBA OJAHOPOAHBX © OJHOGDA3HHBX
TOPHHX HOPOJd M MHHE€pAaJOB B 3HAYyuTeNbHO[I Mepe o6yc-
JIOBJIEHH CTPOEGHHEM AaTOMOB XHMHYECKHX 3JIeMEHTOB HX cJaraio-
mux. Tak, sJekTpHuecKHE, TEIJIOBHE, 4 TaKXKe AHA- H HapaMarHur-
Hble CBOHCTBA NOPOJ ONpeAeNsIOTCS CTpOeHHeM BHelllHeH 3JeKTpOH-
Holl 000/10yKH; (heppOMATrHUTHbIC — BHYTpEHHEH 3JEKTPOHHOH 000-
JIOYKH; PAJHOAKTUBHHE — CTPOEHHEM fA4pa; IIOTHOCTL H  YIpy-
TOCTb — CTPOEHMEM SIApAa M BHEIIHEH 3JeKTPOHHON 06oJoukH [6].

QH3HyeCcKue CBOHCTBA 'eTepPOreHHBX U MHOro¢pasHHX
FOPHBX Nopoja (HampuMep, OOJOMOYHHIX, [JTMHUCTHIX M Kap-
GOHATHBIX), MTOMHMO CBOMICTB 4TOMOB, B 3HAUMTENBHOH Mepe ompe-
AEJSIIOTCA CTeneHbl0 HeOAHOPOAHOCTH NOPOA, KOTOpast MOXKeT ObITh
OXapakTepH30BAHA €MKOCTHBIMH, KANHJAJASDHHMH M ra30-, THAPOH-
HaMHYEeCKHMH CBOHCTBaMH.

Bepxusasi uacTp 3eMHOH KOpBHI (/uToChepa), AOCTYIHAST CeroaHs
AJST HEenOCPeACTBEHHOI'O0 H3YUeHHs, CJ0XKeHa TOpPHbIMH NOPOJAMH
TPeX TJaBHBIX TPYHI: MAarMaTHYyeCKHMH, OCAJOYHLIMH H METaMOp-
¢puyeckumu,

Hmeerca cyliecTBeHHOe pa3nvuyue (PU3HUCCKHX CBOHCTB MNODPOJ
KaK MeX]y HA3BAHHEIMHM TPyNINAMH, TAK W BHYTPH KaXKJOH H3 HHX.

HeoanopoaHocTh (pu3uyeCKHX CBOHCTB JI€KMT B OCHOBE BO3MOXK-
HOCTH AMCTAHIHOHHOIO W3YYEHHUSI CTPOEHHsS JMUTOCMEphI, CraralomHux
e TOPHBIX [OpOJ H BHISIBJCHHE B HUX [OJE3HBIX HCKONAEMbIX C IO-
MOULIbIO reO(pH3HYECKHX METOM0B.

Kakosbl MeCTO M poJb NEeTPOOMHU3HKH NPU TeO(DU3HIECKHX HCcle-
JOBAHHAX?

TexHOMOrHUECKHE LHKJ JIO60r0 reo(pu3uyeCKoro HCCaeq0BaHHSA
COCTOWT M3 TpeX 3TAaroB:

1) u3Mmepenuss mapamerpoB (PU3HUECKOrO IHOJMS B HEOZHOPOAHOMH
cpele;
2) reou3uyecKOH HHTEpPNpETALHHM De3yJbTATOB 3THX M3MEPEHHH

C LeJBI0 Oompefe/eHHs (PU3UYECKUX CBOHCTB H ITOCTPOEHHST BEpO-

ATHOH TeoMeTpuH (PH3UYECKOH MOAENM H3yyaeMOH CpeaH;



3) reoJoruyeckoil HHTepnpeTalHH (H3HUECKOM MOJEJH H NOCTpPoe-

HHSI (PH3UKO-TEOJIOTHYECKOH MOJENH H3yyaeMo# Cpejbl.

B pesyabrare u3MepeHHSI CBOHCTB (PH3HUECKOrO mOJAS C IO-
MOUIbIO YyBCTBUTEJNbHLIX JAaTYHKOB MHI MOJydaeM CBeJCHHS O KaXKy-
HIHXCA NapaMeTpax (u3HYecKoro nosas. KoHCTpYKUHS AaTyHKa
(npubopa), ero NMPHHUHI MOCTPOCHHS H METPOJIOTHUECKHE XapaKre-
PHCTHKH — OCHOBHEIE 3BeHbsl 3TOTO 3Tana [eO(H3HYECKHX HCCAENO-
BaHHM.

B ocHoBe reo(H3HUECKOH HHTEPOpETALHH JeXaT MeTONB H pe-
3YJbTATH pEIUEHHS TNPSIMBIX reo(H3HYecKHX 3a]ay — NajeTKH,
HOMOTpaMMBI, (DOPMYJIBI, HO3BOJSIOUIHE yyecTh BJHSHHE pasJHu-
HOro BHjAa HEOJHOpoAHOCTEH W rJaaBHBIM oOpa3oMm OaHXKHel
30HHL.

OcCHOBO# pnNl re0JIOTHYECKOH HHTEPNpEeTAlHH eO(pU3HUECKHX
J@HHBIX CJyKaT NeTpo(pH3HYeCKHe CBS3H, NO3BOJAIOI[HE mnepelTH
OT HEeOZHOPOAHOCTeH, OOyCJOBJEHHHX (DH3HYECKHMH CBOHCTBaMMK
Cpeib, K reoJOrHYeCKHM OODbEeKTaM, CJOXKEHHHM TODHBIMH TMOpO-
JNaMH onpeieseHHBIX JHTOJOTHYECKHX CBOHCTB.

Ilpu perHoHaJbHBIX HCCNEAOBAHHSIX B KayeCcTBE 3JIGMEHTOB OH-
3HKO-TEOJIOTHYECKOH MOJEJNH BHICTYNAIOT aCCOLHAlHH IOPHBIX NOPOM,
KpYnHble CTPYKTYPHBlE €JHHHIB H CTpaTHrpadHyeckHe nojpasje-
JICHHS, KOTOphIE ONpPEJECJSIOTCS CBOHM KOMIIJIEKCOM  (DH3HUECKHX
CBOHCTB, 1HAaNa30HOM HX H3MEHEHHS.

IocTpoeHue HaneXHOH (PH3HKO-reoJOrHUECKOH Mopedu Tpebyer
HCIIOJIb30BaHHS KOMIIJIEKCHBIX reO(MH3HYECKHX HCCAENOBAHHHA H IpPH-
BJIeYeHHsT anpHOPHOH reosorHyeckoil Hugopmanud. M To H gpyroe
HYXJI4eTC B NOATBeDXKAEHHH OOOCHOBAHHBIMH NETPOGH3HUCCKHMM
cBs3aMH, OT 3TOr0 3aBHCHT KOHEUHBIH HTOr reo(H3HUeCKHX HCCJe-
JOBaHUI — ypOBeHb MOHHMAaHHUS [EOJIOTHYECKOrOo CTPOEHHS DPErHoHa,
HaJeXKHOCTh NMOHCKOB MECTOPOXKIEHHHA NoJe3HHX HCKONMaeMBIX, Ipo-
MBIIIJIEHHAS OL€HKa 3amacoB 3THX HCKONMaeMblX.

Paspaforka MeTONHYECKHX OCHOB H NMpHOOPOB JANA H3ydYeHHS
(U3HYEeCKHX CBOHCTB rOpPHHX MOPOJ Hadyanach OJHOBPEMEHHO C CO-
3laHHeM M pa3BHTHEM MeETOJI0B TNpHKJIanHOH reousukd. Emle
B 1920—1960 rr. mMHorumH coBerckuMH reopusukamu (B. A. Auz-
pees, M. II. Boaaposuu, I. A. Tam6ypues, H. H. TI'ypsuy,
B. H. Haxuos, A. 1. 3a6oposckuii, C. I. Komapos, A. A. Jlora-
yes, E. A. Jlwo6umosa, JI. 9. Hecrepos, H. H. ITysupes, A. C. Ce-
menos, A, T. Tapxos, B. B. ®eaninckuii, 1. H. ®penkeab H Ap.)
H 3apybexubiMH HeeaedoBaredsmu (C. Akumoro, ®. Bepy, @. Bep-
e, M. Buo, B. Bakbe, M. Buanu, B. Buusaysp, ®. 'accman,
X. Oxedpdpuc, T. Harata u ap.) ObJIH BHIOJHCHH BaXKHHE NETPO-
(pH3HYECKHE HCCJAENOBAHHA.

OnHako neTpodH3HKa KAK CaMOCTOSITE/bHAS AHCHHIJIHHA Cpop-
MHpPOBaJach JHWb B Hauaje 60-x rogos. B 1962 r. peilues nepBblk
yue6nux B. H. KoGpanoso#, 6biin  ony6aukoBaHB  00o0maiomue
paboTh B 06J1aCTH NeTpO(PH3IUKH.
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B pasauunbix opranusanusax Coserckoro Coio3a HauyaJu npoBo-
JHTbCA LIHPOKHE HCCJEJ0BAHUA B CrieHHAJH3HPOBAHHHIX JaGoparo-
uax MMHHI' um. M. M. T'y6kuna (B. 0. Beupgeabmreiin,
. H. Haxnos, B. M. lo6peinun, B. H. Ko6panosa, 1. A. Kokes-
gukoB, M. I'. Jlatmwosa), BHHHIeopusuku (C. I. Komapos,
IT. T. Koros, E. A. Ilonsakos, M. JI. Osepckasi), BCEI'EU
(H. B. Hoprman, 3. §1. Hdy6unuak, HU. ®. 3oros, M. UI. Marupz,
Y. U. Mouceerko, M. B. Posenranr), CHUHUITUMC (H. A. Tye-
sosa, JI. M. loporuuunkas), B apyrux oprauusamusax (B. C. Ada-
Hacbes, T. 3. Bep6urckuii, A. M. I'meBacckas, I'. I'. Kampesa,
A. M. Kapkowxkun, E. M. Jleontses, JI. M. Mapmopiureiin,
I'. K. IlerkeBHu H 1p.), a TakXke 3a py6exom (X. Bour, H. Kpuc-
teHcen, A. Hyp, 1. Yaur u ap.).

B atu xe roasl B CCCP H 3a py6exoM B neTpogH3uKe pasBH-
JIOCh HOBOe HaripaBJeHHe — HCCJelOBaHue (PU3HUECKUX CBOHCTB
FOpHBIX MOPOJ NpPH BLICOKHX TePMOJHHAMHUYECKHX napamerpax. ITH
pa6orm B CoserckoM Cotoze Begyrca B HM®3 AH CCCP
(M. II. Bonaposuuy, A. H. Jleenkun, 3. H. Ilapxomenko, H. C. To-
mauieBckas), B Mucrurtyre reodnsuku AH YCCP (T. C. Jlebenes,
B. 9. CaBenko, B. WM. Ulanosan), 8 MUHI' um. M. M. I'y6kuna
(B. M. Oo6pwinun, B. H. Kynukos, B. H. YUepnoraasos), 8 UI' u
PI' (H. H. IlaBnoBa, E. . Bawxk u ap.), so BHHUHIeodpusuke
(T. M. ABusn, A. A. Marseenko, C. B. Credpankesud) H B Apyrux
OpraHH3alHsAX.

HccnenoBanusa TenJo(pH3HUECKHX CBOHCTB OPHBIX NOPOJ BHITOJ-
usiores 8 [MH AH CCCP (. b. Cmupnos, Bb. T. Iloasx), Bo
BCETEU (¥. HU. Mouceenko, A. A. Cwmmcaos), s MHHI
(B. A. $kosneB) u B Apyrux opranusauusax (B. B. l'opauenko,
P. U. Kyrac, C. B. Jlsicak ¥ ap.), NpoBOAATCH HCCJENOBAHUA Mar-
HHTHBIX CBOHCTB ropubix mopox u Muuepasos (C. lO. Bpoackasd,
B. B. Kouerypa, H. Il. Muxainosa, I'. II. ITerposa, II. M. Ileuep-
ckuit, A. H. Xpawmos, JI. E. Ulonno), yupyrHx KOHCTAHT
(K. C. Anekcaugpos, B. I1. Beauko) [1]. Mayuenne QusHueckux
CBOMCTB NOPOJA NPHMEHHTEJbHO K npobgemaM YrOJbHOH MPOMBIII-
Jennocru ocyutecrsasercs 8 MT'H non pykosoactsom B. B. Pxkes-
ckoro u T. 5. HoBuga, so BHUMIeopu3uke B. B. I'peuyxuHbiM.



2. HEOOHOPOJHOCTb, JUCNNEPCHOCTbD,
ME)KPA3HASA MNOBEPXHOCTb NMNOPOJ,

2.1. BEHIECTBEHHAS, CTPYKTYPHASI H PA30BASA
HEOJHOPOIOHOCTb NOPOJ,

B reosorun ropHas mopoga pacCcMaTpHBAeTCst KakK TNpPHPOAHBLE
arperatT MHMHEpaJOB NOCTOSHHOrO CocTaBa, 00pa3ylouui camocTos-
TeJbHBIE [E0JIOTHYECKHe TeJsa, ¢jaralollie 3eMHYI0 Kopy. B nerpo-
(bu3HKe TOPHYI0 NMOPOAY MNpEeACTaBJSIOT B OflIeM Clyuae KaK rere-
POreHHYH0 MHOTOKOMUOHEHTHYI0 MHOTO(a3HYI TepMOAHHaMHYECKYIO
cucremy. Takoe onpegeJieHHe TOpHOH NOPOABI — XOpOllas OCHOBa
ANs aHanu3a JaHHHX 3KCIEPUMEHTaJbHOTO H3Y4YEHHS TeOpeTHYe-
CKOro MOje/HpOBaHUA (PH3HYECKHX CBOHCTB TODHHX IOPOJ, COCTaB-
JSAIHX NpeiMeT NeTPohU3HKH.

I'opras mopoaa fBASETCS TreTepOTeHHON — HEOLHOPOAHOH — CH-
creMoil. MoXxHO yKasaTh no KpafjHell Mepe cJaeiylomiHe BHIB HeOA-
HOPOAHOCTH — ()a30BOTO, KOMIIOHEHTHOrO (MHHEPAaJbHOrO), XHMHYeE-
CKOrO COCTaBOB, @ TaK¥e TEeKCTYPHO-CTPYKTYPHOTO CTpOCHMS.

®azoBBH A cOCTaB: nopoja mpeicTaBieHa TpeMs (azaMH —
TBepAOH, KUIKOH H Tra3000pa3HO, HAH ABYMS — TBEpAOH, XKHAKOH
HJH TBepaoH, ra3oofpasHo.

KomMnoHeHTHH I cocTaB: Kaxpaas ¢asa TnpeacTaB/cHa
ONHHM, [BYMsI HIH HECKOJBKHMH MHHepaJamu (TBeppasi (pa3a),
JAHAKOCTAMH (KHIKas ¢asa), razamu (rasoobpasuas ¢asa).

Kaxnbifi MHHepaJabHBIH, KUAKHE HJIH ra3000pa3Hbll KOMIOHEHT
HMeEeT ONpejeJieHHEI XHMHYECKHH c0oCTaB.

CTpYyKTYpPHO-TEKCTYypHOe CTpPOECHHEe XapakKTepH3yeT
0o.1ee cj0XHOe 00pa3oBaHHe, coCTOfALUee H3 ABYX HaH OoJjee pas-
JUYHBIX TOPOA, YepeAyIoIHXCs B 00beMe H3yyaeMoro TreOJIOTHUe-
CKoro o6bekra — 00pasubl MOpOAR, naacrta H T. L.

®a3zoBasgs HEOAHOPOAHOCTL TNOPOAB NpeAnoJgaraer Ha-
JHYHE TpPaHHI pasjesna MeXay 060cobJieHHBIMH OO0bemaMmH, 3aHH-
MaeMbIMH KaxXA0# ¢da3ol. MoaekyJsl Kaxnod ¢asbl, pacnoJoKeH-
Hble B OpHTpaHHYHOH 06JacCTH, TOJIIHHAZ KOTOpPOH OLeHHBaercsd
NIpHMEpPHO KAaK YTPOEHHRBIA paaHyc CHJ MOJEKYJSPHOTO B3aHMojeH-
CTBHs, 00pa3yioT NOrpaHHYHble CJOH CO CBOHCTBAMH, OTJHYHBIMH
OT CBOHCTB rpaHuyamlix ¢a3. I1py HeGONMBIIOA NJONIaH NOBEPXHO-
CTH pasfiefa (a3 j0Js NOrpaHUYHOro cJos B oObeMe MOPOAH
npeHe6pexXHMO MaJsa H HHTErpaJbHOe 3HaYeHHe TOTO HJAH HHOTO
(DH3HUECKOTO mMapaMmerpa MOPOJAB ONpejeserca 3HaueHHAMH 3TOrO
napaMerpa [Js OTAeJbHHX (a3 U BKJIAJAOM KaXnoil ¢asbl B CyM-
MapHHH 3(ppeKkT, KOTOPHA 3aBHCHT OT O0BEMHOTO cojepKaHHs
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¢asH B NOpOJE M 3aKOHA, MO KOTOPOMY pACCYHTHLIBAETCS 3TOT
BKJaJ. C pocTOM MJIOLIafH NMOBEPXHOCTH Pa3fesia BO3pacTaeT 10
00beMa, 3aHHMAaeMOro IOrpaHHYHHIM  CJIO€M, H COOTBETCTBEHHO
BKJa]l €ro B HHTerpajibHO€ 3HayeHHe H3yYaeMOro TapaMeTpa, Tak
YTO npeHeOperaTh HAJHYHEM NOTPAHHYHOTO CJIOSL YKe Hesb3s. Ilpu-
MepOoM (a30BOH HEOJHOPOAHOCTH MOXKET CJyXKHThb BOAOHOCHLIH He-
TJHHHCTBIA KOJLIEKTOD, B KOTOPOM TBepAasd (pasa MHHepPAaJbHOTO
cKeJieTa H €BOOOJAHAA BOZA B Nopax 3aHHMaioT 060cobJeHHHe 06b-
€Mbl, pasfielieHHble NMOBEPXHOCTBIO ¢ MaJjoi nJiowlaapsio. C mossie-
HHEM rJHHHCTOH KOMINOHEHTH B MHHEDAJbHOM CKeJeTe BO3pacTaeT
nJjomaab NMOBEPXHOCTH paszpesa, H A0JSA  (USHUECKH CBA3aHHOH
BOJAbI, DACIOJIOKEHHOH B NPHrPAHHYHOM CJIO€, CTAHOBHTCS 3aMeT-
HO#.

KoMnoHeHTHY© HEOJAHOPOIHOCTbH TOPOAH XapaKre-
PH3YIOT COCTAaBOM TBEpAOH, KHAKOH U ras3oobpasHou ¢as. Ee Mox-
HO MNpPOWJIIOCTPHPOBATh Ha CJEAYIOIHX NpHMepaX: AO0J0MHTH3HpPO-
BaHHbI H3BECTHSK HMEET B CoCTaBe TBepAOH (pa3nl ABa MHHepa-
Ja ~— JOJIOMHT H KaJbIHT; HE(PTEBOLOHOCHHH KOJJIEKTOD COIEPKHT
B COCTaBe KHUAKOH (pa3bl He(Tb H CBOOOAHYIO BOLY.

IIpuMepaMy TEeKCTYDHOH HEOAHOPOJNHOCTH SBJIAITCA
Pa3HOBHAHOCTH TJIMHHCTOro necyaHHKa, CojeprKamjue TIJHHHCThIH
MaTepHaJl, pacrpefegeHHb 10 06beMy B BHAe NPOCJIOEB, Yyepeaylo-
LIIHXCS € NpPOCJAOSIMH TeCUaHHK4, JHI30YeK HJAH THe3JA0BHAHBIX
BKJIIOYEeHHH.

Macmra6er HeOAHOPOAHOCTH 3aBHCAT OT ee NPHPOABl H 00pasy-
10T pa3JHYHble YPOBHH HEOJAHODOAHOCTH. PaccMoTpHM 3TH YPOBHH
B NMOpPAJAKE HX BO3paCTaHHA B COOTBETCTBHH C H3y4YaeMBIMH COCTaB-
JAIIUMH [IOPOJbI.

CocragHsle 4aCTU nopolsl U UX NpUMEPHble PA3MEpbl, MKM

ATOMBI, HOMBL . . . & « v « « o« . . 0,5-10-4—2-10—*

Mosekyasr . . . . . . . . . .« .« . . 107*—10-
Mouo- H ToJHMOJEKyApUbe CJOH (TOJIHHA) 10—*+—10-!
[lopsi, 3amoaMeduble XHAKOCTbIO, ra3oM . 10—4—103
3epua TBEpAOro ckenera . . . . . . . . . 1073—10°
[lonocrn pohienausBauwHgd . . .« . . . .« . . 10*—107
[Ipocaon, JAHH3BY, BKIOYEHHT . . . . .« . . . 103—107

Ilpu sKCiepHMEHTAJbHOM H3YY€HHH TODHOH NOPOJAH HE0O0X0AHMO
YUHTHIBATL OfHOBPEMEHHO pa3pelialolllyio CHOCOGHOCTD HCIOJb3ye-
MOro aJsl H3yueHHSI (pu3HYeCKOro HJAH (PH3HKO-XHMHYECKOro MeTO/a,
pasMepbl HCCJeAyeMOro o6pasua NMOpOAH H BepoSATHHE MacuiTalbl
€ro HEeOAHOPOAHOCTH Ha PAa3HBIX ypoBHAX. Ilpu H3yuyeHHH NODPOAEI
B 1aGOpaTOPHH OGHYHO HMEKOT eJ0 ¢ 00pas3naMu pasMepoM IpH-
mepHo or 1 cm (kycoukH mnama) go 10 cm (oOpaslbl npaBHJb-
HO (pOPMBI — IHMJHHADEL, TNPSIMOYrOJbHEE  MapaJJeenunelb).
Pasmeps 06BEKTOB, BHAEAIEMbIX B pa3pe3ax CKBaXKuH reodHaHka-
MH M H3yYyaeMbiX ¢ NOMOILbIO NOJYYEHHHLIX NeTPOPHIUYECKHX CBS-
3efl U KpHTepHEB, COCTABJSAIT OT HECKOJbKHX CaHTHMETPOB 0
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HECKOJIbKHX €JMHHUI M [eCATKOB MeTpPOB. ITO HeO6XOAUMO yUHThHI-
BaTb NpPU NOJYYEHUHM M MHCTOJNB30BAHUM TNETPODU3NUECKHX CBSI3eH
THIA KEDH — KePH U Teo(u3uxka — Keph (CM. pasa. 13).

Paznuunbie (pu3nuecKue MeTOAb U3yYeHHs NOPOAH B naGoparto-
PMH H COOTBETCTBYIOLIHE MM TeO(pH3MYECKHE METOAbl H3y4eHHS
NOpoJ B YCJOBHSIX eCTeCTBEHHOrO 3aJieraHMsi HCCJAEAYIOT M OTpa-
JKAlOT pasHble YPOBHH HEOJHOPOJAHOCTH HCCHEAYEeMBbIX re0Joruye-
CKHx 00bekToB. Tak, sinepHble MeTOnH, HanpuMep HeHATPOHHO-aKTH-
BAIlHOHHBIH aHAJH3, «paboraloT» Ha aTOMHOM YPOBHE H COOTBETCT-
BEHHO JaloT HH(GOPMaIlHIo O HAJHYHH H KOJHYECTBEHHOM COfepiKa-
HHYM TOrO HJM HMHOro 3jeMeHTa. OmnpefesHB 3JeMeHTHHH cocTas
NOPOAB KOMILJIEKCOM SIEPHBIX METOMO0B, NpH OJAaronpHsATHBIX yCJa0-
BHAX MOXKHO NPHOJHKeHHO OLEHHTb MMHEpPaJbHBIH COCTAB CKejera
MOpPOAB H MOJIEKYJIIPHHE COCTaB KHAKOH M ra3oo0pasHOl a3
B nopax. DJIeKTPHYeCKHe U 3JeKTPOMArHHTHHE MeToanl «paborarors
Ha ypOBHe 3€peH MHHepaJbHOro CkeJera W MOp, MOITOMY H3yudae-
Mble HMH (H3HYECKHe MapaMeTphl Aalor HH(QOPMAIHIO NpeX/ie BCero
O COOTHOILLEHHH O0BEMOB TBepaoil ¢asbl U GJaOHA0B B Topole,
a TakXe 0 COOTHOLIEHHH OOBbEeMOB NOJSPHBIX W HENOJSPHHX HJH
NpOBOASANIHX U HENpOBOASIIIHX (pa3-B mopax HOPOAH. IDJEKTPOXH-
MHYECKHE u OTYACTH 3JIeKTPOMATHHUTHBIE METOABl (B ONpe/leleHHOM
ZHana3oHe YacTOT) TMO3BOJAIOT NOJAYYHTh HHOOPMALHUIO O MPHCYT-
CTBHH H COAEPXXAHHU B MOPOJAE NOrPaHHYHBIX CJIOeB ¢ aHOMAJAbHLIMH
CBOMCTBAMH, YTO IO3BOJIAET CYJUTh O CTEleHH AHCIePCHOCTH TBep-
Jo#l ¢as3el, HalpuMep, npHu H3yYeHHH ANGY3HOHHO-aACOPOUHOBHON
aKTHUBHOCTH OCAaJlOUHBIX MOPOX, HJX O CTENEHH JHCHEPCHOCTH BKJIO-
YeHHH € 3J1eKTPOHHOH NpPOBOJHMOCTbIO B MACCHBE NMOPOABLL JH3JEKT-
pHuKa (NoJuMeTaJJHYeCKHE PYHHI).

M3yuenue (HABTpaIlHOHHO-eMKOCTHBIX NApPaMeTpPOB IOPOAH B
COYETAHUN C H3YUCHHEM ee aKYCTHUECKHX, 3JEKTPHUYECKHX H 3JIeKT-
POXHMHYECKUX INapaMeTpPOB [03BOJseT, HAXOAsChb HA YPOBHE NOP
W CKEJeTHBIX 3€peH, yAeJUThb OCHOBHOE BHHUMAaHUe MCCJeNOBaHHIO
reoOMeTpHU NOP H MHHEpPaJbHOTO CKeJleTa IMOPOJHL.

YpOBHU HeOAHOpOAHOCTH 6oJiee BBICOKOrO INOpPSAKA HUCCJAEAYIOT
OOBIYHO KOMIJIEKCOM Teo(U3HYECKHX MEeTOAOB B pa3pesax CKBaXKHH
HJIH, €CJIM OHH He BHIXOAAT 33 npemedsl | MM — ] €M, Ha KPYNHBIX
o0pasuax npaBHJbHOH (DOPMBI TaKKe KOMIJIEKCOM (H3HYECKHX H
(PU3UKO-XHMHUYCCKHX METOAO0B B J1a60OpaTOpHHU.

BaxHBIMH XapaKTepHCTHKAMM HEOJIHOPOLHOCTH NOPOJLI SIBJSIOT-
cfl CTeneHb AUCIEPCHOCTH TBepAoH asbl H COOTBeTCTBYMolas e
MOBEPXHOCTb pasfesa TBepAOH M KHAKOH H ra3o00pasHoi (as,
KOTOpH€ pacCMOTPEHBl HHXKE.

2.2. INIHHUCTOCTDb

FauHuCeTOCTD OCAaJOYHBIX TOPHHX MNOPOJ XapakTepH3yeTcs Co-
JAepXaHHEM B MHHepaJbHOM CKeJere MOPOAB 4acTHI C 3((eKTHB-
HbIM AuamerpoM MeHee 10 MxM. [JIMHHCTOCTh  yCTAHABJUBAIOT
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OOLIYHO N0 JaHHHIM TPaHYJOMETPHYECKOrO aHAa/NH3a W PACCUHTHIBA-
10T 110 (GopMyJe

C. — m. 0,01 @2.1)

ra
Mry

rae Crp— MaccoBast IMIHHHCTOCTb B JOJISAX eJHHHIBI firs— Macca
CyXOH HaBeCKH aHaJH3HPYeMOTO IOpPOILIKa — TBEpAOH (a3bl MHHe-
paJbHOTO CKeJeTa MOPOXABI;, Moo — MACCa (QPAKIHH C dyp<<
<10 mrMm.

NocroseprHocth onpejeneHdss Crn 3aBHCHT OT TEXHOJOTHH BHI-
MOJIHeHHsl CTAHAADPTHOTO IPaHyJOMETPHYECKOTo aHaJH3a B Jabopa-
TOpHAX NeTporpauu H (H3HKH IJacTa: HCCAeayeMblii o0pasen 3K-
crparupyior B annapate COkciera, pnajee ero Ae3HHTECPHPYIOT,
npeBpaillasi B MOPOWOK, H o6pabarbiBator 5—10% -HbIM pacTBOpOM
COJISTHOf KHCJIOTBI, MOCJe 4ero OTMBIBAIOT MOJYYEHHBIH MOPOLIOK
B JHCTHJJHDPOBaHHOH BOJE, BHICYIIHBAIOT B TEPMOCTATE NMPH TEMIIe-
patype 105°C u npacTynamoT K TIpaHyJIOMETPHUECKOMY aHaJH3y.
OTMeTHM nNO KpaiiHell Mepe ABa CYHIECTBEHHBIX HeNOCTATKa METO-
JHKH, O0YyCJOBJHBAOMIHX HOrpeltHOCT B onpegenenu Cra.

1. T1pu gesunTerpHpOBaHHH (HCTHpaHHH) oOpasua HE rapaHTH-
pyeTcs Hepexoj B NMOPOLIOK BCEX YacTHL € dsp<C 10 MKM, MOCKOJb-
Ky 9acTpb XX HaXOM{TCH B 3€pHAX NOJeBHX LINAaTOB H JAPYTHX MH-
HEpaJoB, YacTHYHO npeoOpa30OBaHHBIX H COJEpXKalHX B cebe ua-
CTHUH € ds¢p<10 MKM.

2. O6paborka u3yyaeMoro o6beKTa KOHLEHTDHDOBAHHLIM pac-
tBopoM HCI neoBpatuMo usmeHseT nepBOHayabHYI0 Maccy obpas-
1a, ero MHHepaJbHBIH H rpaHyJOMETPHUECKHH COCTABH], MOCKOJbKY
pPacTBOPSIOTCA HE TOJAbKO KapOoHaThl H THAPOKapOOHaTHl KaJbLHS
H MarHHs, HO H pPsij CMELIAHHOCJOHHBIX IVIHHHCTHIX MHHEDaJoOB —
JENTOXJOPHTH, THAPOKCHAH eJae3a H aJIOMHHHA H JApYyrHe BHICO-
KOJHCTiepCHble KOMIIOHEHTH MHHEpPaJbHOrO CKeJieTa NOpOAH, KOTO-
pble, He Oyayun pacrsopenbl HCI, okasaauch Obl mpd rpanHyjJomer-
pHUECKOM aHaJiH3e BO GpakuHd ¢ dyp<<10 MEM.

Ykaszanubie HEJOCTATKH CTAaHA2PTHOH METOIHKH OIpeje/eHHs
Crn B n1200OpaTOpPUAX MOTYT CYWIEeCTBEHHO HCKa3HTb INpEACTaBJCHHSA
necaenosaTenell 00 H3yuyaeMbiX TeOJOTHYECKHX OODBEKTaX.

B nerpo¢u3HYecKoil H reo(H3HYeCKOHl INpaKTHKE HCNOJAb3YIOT
napaMerpbl TAHHHCTOCTH, NPOU3BOAHbIE OT MacCOBOH IJIHHHCTOCTH
Crn, — OOBEMHYIO Ry H OTHOCHTEJBHYIO Mra TJHHHCTOCTD.

[Ipu paBeHCTBE NJOTHOCTH CKEJETHHX 3epeH NOpoabl H [JIHHH-
croii ppakuun (8cx=6r1) KO3 dHuHEeHT O0O6beMHOH TJIR-
HHCTOCTH

kr =C,, (1 —kn)v (22)

rjae kn-— ko3¢ duuueHt obmel DOpHCTOCTH.



Ecan 8cx =6,
e
byn=Cona (1 —ky). 2.3)

T1 Bra
[Tapamerp k:; xapakrepusyer H0./110 06beMa MOPOAEI, 3aHHMAEMYIO
TJMHHCTBIM MaTepHAJoM; ero yjao0Hee HCHOJb30BATb NPH MOCTpOE-
HHH PAa3JIHYHBIX MOJeJeH NOPOAk H AJs CONOCTABJEHHSA C reodH3u-
YeCKHMH NapaMeTpaMH, HAalpHMep C yAeJbHOH DPaJAHOAKTHBHOCTHIO
MOPO/LHL.

KosdpbHUHEeHT OTHOCHTENbHOHX TAHHHCTOCTH, HIH
JIPOCTO OTHOCHTEJIbHASL TJHHHCTOCTb, Tr; XapaKTEPH3yeT CTeNeHb
3aN0JHEHHs TJIHHHCTHIM MATepHaJOM MPOCTPAHCTBA MEXY CKeJeT-
HBIMH 3€pDHAMH:

rn = km/(km + ku)' (2'4)

C mr TecHO cBA3aH Ko3d¢dHuHEHT AHPDY3HOHHO-aACOPOUHOHHOM
AKTHBHOCTH Aj,.

B nopoae-KOJIeKTOpe TVIHHHCTLIA MaTepHaJ IPHCYTCTBYeT B BH-
Je arperatoB — CKOILIEHHH TJHHHCTOrO IeMEHTa, 3aHHMAMIIHX
o6ocob.ieHHble 06beMbl ¢ MPHCyIled MM BHYTPeHHeH HOPHCTOCTbHIO
Rurz. OOGbeMHOe CojepxaHHe B NOpPOJEe TAKHX arperaTtoB Xxapakre-
pH3yeTrcsd KO3(D(hHUHEeHTOM arperaTHOH# IMIMHHCTOCTH

km. arp = km/(l —kn. m)- (25)

OueBHAHO, 4YTO BCErAd Rrparp=>Fkrn, NOCKOJBKY Rurpn>0. 3nHas kg,
krn, kpra, MOXKHO OUEHHTH NpeflelbHOE 3HAueHHe KO3(¢HIHEHTa
3§ PEeKTHBHOH NOPHCTOCTH Rnsp.npex TVIHHHCTOIO KOJIJIEKTOpA:

kn. ag. mPeg — ku_‘ kr.nku. m/(l _"ku. m)' (2'6)

PaccMoTpennbie mapaMerphl XapakTepH3YIOT TaK Ha3biBaeMylo
paccessHHYI TJHHHCTOCTb NOPOAL, PABHOMEPHO pacHpejiesyeHHYIO B
obbeMe H XapaKTepHYIO A/ AOCTAaTOYHO OJHOPOAHBLIX NeCUYaHHKOB
H aJeBPOJHTOB NpEeuMyILIeCTBEHHO KBapUEBOTro cocraBa. B moammu-
KTOBHIX NECYAaHHKAaX H aJeBpOJIHTAX YaCTb TJIHHHCTOTO MarepHaJa
COJEPXKHTCS B YAaCTHYHO HJH NOJHOCTbIO Npe06pa30BAHHHX 3epHax
foJeBHX HINaTtoB H oOJOMKOB ApYyrHx nmopod. XapakTepHo, YTO ec-
JH TJAHHHUCTBIH IEMEHT, KOHTaKTHH HJH THIA 3anoJHeHHs Mop,
pacno/oXeHHbIH MeXKAYy CKEJeTHbHIMH 3epHAMH KBAPUEBHX H MOJH-
MHKTOBBIX NECYaHHKOB H aJ/eBPOJIHTOB, NPHBOJAHT K CHHXKEHHIO HX
3¢ (eKTHBHOH NOPHCTOCTH M NPOHHLIAEMOCTH, TJIHMHHCTHIH MarepHas
npeo6pa30BaHHBIX 3epeH H 006JOMKOB MOPOA MaJo BJHSeT HA (PHJb-
TPAUHOHHO-eMKOCTHEIe CBOMICTBA KOJJIEKTOpaA.

Hapsiny ¢ paccessHHOH pasJHYalOT CJOHCTYI TJIHHHCTOCTb, Xa-
PaKTepH3YIOILyI0 COAepKaHHe B IOPOJAe NPOCJOEB TJIHHHCTOIO Ma-
Tepuasa, YepeaylOLHXCs € NPOCJIOAMH  KoJjJjekropd. CJ/OHCTYIO
TVIHHHCTOCTb XapaKTEPH3YIOT NaPAMETPOM Yra, BHIPAKAIOUHAM 0.0
TOJILHHE CJAOHCTOH NMOPOJbl, NPHXOASAILYIOCA HA MPOCJOH TIJIHHHL.
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B o6umem cayuae, eciH Ko3hdHUHEHTH MOPHCTOCTH MECYaHO-aJjieB-
PHTOBLIX H I'NIHHHCTHIX IPOC/JA0EB HEOAWHAKOBH (Ryn¥kprn), Napa-
METDHI Mg H %r; CBSI32HH COOTHOIIEHHEM

_ %ra (1 — ka_rn)
Ten = Yra + ko, n (1 — %ra)

©2.7)

Ecau kyrn=~Kkun=kn, Hcmonbsys coornouwrenns (2.4) u (2.7), me-
TPYAHO MOKA3aTb, YTO Yra= Crg, €CIAH 8cx=0Ory.

B Kap6oHaTHHIX MOpPoAax COGCTBEHHO IVIHHHCTOCTb HE ollpejeJis-
ercsa. I HHX HaxXomAT COAepKaHHE HEPaCTBOPHMOro ocratka Cu.o,
XapaKTepPHU3yIOIIEro BECOBYIO AOJK MHHEPAJBHOIO CKeJera, ocralo-
mymocs mocsae obpaborkn mopoasl 5—10%-uniM pacrBopom HCI.
Besnnunny Cyo MOXHO JIHHIb YCJIOBHO PAacCMaTPHBATH KaK Cr,, IO-
CKOJIbKY 3HauHTe/NbHas, Hepeako OO/bluas yacTb HepPacTBOPHUMOIO
ocratka (HO) npencrasiena kpemueseMoM. Tak Xe KaK IpH rpa-
HyJJOMETPHYECKOM aHaJ/lM3e TepPHIeHHLIX Iopox, OJaroaps Bo3-
pefictBuo HC! u3 aHanusupyeMofi HaBeCcKH KapGOHATHOH OOPOA.L!
YXOZAT B PAacTBOp H BHINAjfalOT H3 jAaJjbHeflllero adHajgdsa Jenro-
XJOPHTH, THAPOKCHAH 2Keje3a H a/JIOMHHHA. B JuTeparype mapa-
merp Cyo H TMpOU3BOJAHBIE OT Hero Ruo=Cuo(l—Fks) 11 Muo=
=kyof (Buo+ky) Hepenko HCIOJAL3YIOT B KauecTBe aHajsoroB Cryp,
krn, Mra IPHMEHHTENBHO K KAPGOHATHHIM NOPOAAM.

ToHKoauCIepCHAas COCTaBAAOLLAA OCAAOYHOH NOPOABI € pasMe-
poM uacTHiu MeHee 10 MKM HMeeT CJIOXKHBIH MHHEpaJ/bHHH CO-
CTaB — KPOMe IVIHHHCTHX MHHEPaJIOB OHA MOXeT COAepXKaTb KBapl,
omaJ, XaJdueaoH, GHOTHT, MYCKOBHT, JUMOHHT, E€PHAOTHT, POTOBYIO
06MaHKy, THT2HOMarHeTHT, MHpHT. OnHaKO OCHOBHOH COCTaBJIsAlO-
me# 3To#l PpakuMH ABJAIOTCA OOLIYHO TJHHHCTHIE MHHepaJbl, 4TO
H N03BOJISET, XOTA H C ONpejaeJeHHOH OTOBOPKOH, HA3bIBATL 3Ty
(paKUHIO TJIMHHCTHIM KOMIIOHEHTOM MOPOJHI.

K rJiuHHCTHIM MHHEpasaM OTHOCAT MHHEPaJbl ajJIOMOCHJHKAT-
HOTO coCTaBa, o6pasywliue Ipylilbl MHAPOCHIOA, KAOJHHHTA, MOHT-
MOPHJIJIOHHTA. B OCHOBe CTPOeHHs] 3THX MHHEPAJOB JeXHT KpH-
CTajipyecKkas penierka, obpasoBanHas aJIOMOCHJIHKATHBIMH TeTpa-
31paMu, BKJIOUAKOLIAs TAKXe aTOMb KHCJIOPOA&, THAPOKCHJ/bHBIE
IPYIINB, KaTHOHbI HATPHS, KaJHs, MarHHsd, Kajbuusd H T.A. YactH-
Ubl (MHIleJJB) TJAHHHCTHIX MHHEPAJIOB XapaKTepPH3yIOTCs pasMmepa-
MH OT HECKOJIbKHX MHJUIMMHKDOH [0 HECKOJbKHX MHKPOH. Buaaro-
Jdaps BHICOKOH AHCIIEDCHOCTH YaCTHI, IJIHHHCTHIX MHHEpaJoB B 0Ca-
JOUYHHX TOopoaax onu 06/a7a0T OrPOMHOH aACOPOLHOHHON NOBEpX-
HOCTBIO, CIIOCOOHOH yAepKUBAaTh NOJIIPHEE MOJEKY/H BOALI H 00-
MeHHble KaTHOHHI.

MuHepaJbl TPYINE MOHTMOPHJIJIOHHTA H CMeLIaHHOCJOHHbIE 06-
pa30BaHuS THAPOCJAIOAH 00/ajal0T pasABHKHOH KPHCTAJNIHYECKOH
pelfeTkoH H CHOCOGHLI NOIJIOWATL MOJIEKyJbl BOABI H OOMeEHHbIe
KaTHOHH B IPOCTPAHCTBe MeXKAy aJIOMOCH/JIHKATHBIMH NaKeTaMH,
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YTO MPHBOAHT K HAaOyXaHHIO YacTHL, W YBeJHUYEHHIO HX ofbeMma
B HECKOJIbKO pas.

IlpucyrcrTBue B mopoge IVIHHHCTHIX MHHEPAJIOB, OLEHKA HX CO-
JdepXaHHA H H3yueHHe HX COCTABA H CBOHCTB IIPEACTABJASIOT G0Jb-
INOH HHTepec AJS NeTPoMH3MKH HedTerasoBblX KOJJIEKTOPOB MO
CJIeAYIOLIHM NpHYHHAM.

1. Conepxkanue TJIHHHCTBIX YaCTHIL B TEPPHUTEHHOM KOJJEKTOpe
KBAPIEBOro HJH IOJHMHKTOBOIO COCTaBa CYIIECTBEHHO BJHACT Ha
HX MOPHUCTOCTb H NMpPOHHIAeMOCTh. C POCTOM [VIMHHCTOCTH (UJIbTPa-
IIHOHHO-EMKOCTHble CBOHACTBA KOJIJIeKTOpPA OOBIYHO yXy/IINAIOTCA.

2. OrpoMHas MOBEPXHOCTb TIVIHHHCTBIX YacTHL, OOYyCJOBJAHBAET
CBA3b COAepXKaHHA B Mopojae (H3HYECKH CBSI3aHHOHR BOABI C IJIHHH-
CTOCTBIO H yBeJHYeHHe KO3(Q(HIHEHTAa OCTATOYHOTO BOAOHACHIIIE-
HHA C OJHOBPEMEHHBIM CHHXKeHHeM KO3(@HuUHEHTa 3¢ddekTuBHON
IOPUCTOCTH ¢ pocToM rJuHHcTocTH. O6GpasoBaHue MJEHOK aacop-
6upoBaHHOH BOAB C aHOMaJbHHMH (DH3HUYECKHMMH CBOHCTBAMH, 3a-
HHMZIOIUX 3HAUUTEJNBHYIO 10/10 06beMa TJIHHHCTOH MOPOAH, BeaeT
K BO3HHKHOBEHHIO 2HOMJbHEIX (DH3HUYECKHX H (H3HKO-XHMHUYECKHX
CBOHCTB [IVIHHHCTBIX IIOPOJ, KOTODHE HEeOOXOIHMO YYHTHBATb IpPH
anajuse Marepuasnos 'MC.

3. ConepXkanue u MHHepaJbHBEE COCTaB TJIMHUCTOIO MaTepHa-

Jla — ryaBHele (PakTophl, ONpelelislOUiHe CIOCOOHOCTb NMOPOJH HI-
paTb poJb JIHTOJOTHUECKOrO 3KpaHa He(TAHOH wuJju rasoBoli 3a-
JIeKH.
B nmerpogusnke HedpTeras’oBHX KOJNJIEKTOPOB HHMOpMAUHUA O
I'JIMHUCTOCTH H3y4yaeMblX o0beKToB HeoOxonHMa fJf pelleHHsd cJe-
JyIOUIHX BONpPOCOB: a) Bofopa meTpodH3HYeCKHX ypaBHEHHH M HX
KOHCTaHT, ajJeKBarTHHX H3yYyaeMoMy oOBekTy, ald 3(QexTHBHOro
HCIIO/b30BAHHS HX IpH TeO0JIOTHYECKOH HHTePIpEeTAIHH pe3yJbTa-
tos 'MC na craagufix mojcyeTa 3amacoB M NPOEKTHPOBAHHA pa3dpa-
00TKH MecTOpOXK/AeHHHA HedTH u rasa; 6) IPoOr{osa NoBeleHHsA KOJI-
JIeKTOPOB HeTH H ra3a B NPHCKBaXKHHHOH 30HEe NPH BCKPHITHH pas-
pe3a Oypenuem Ha npecHoM PBO; B) mporHosa noBeneHHs KOJJIEK-
TopoB HedTH M Tasa NPH 3aBOJHEHHH HMX [pecHOM BOjOH, 3a-
KauMBaeMOH B HarHeraTejbHble CKBaXHHH B IIPOIECCe 3IKCIJya-
TalHuH.

Has sddexkrupHoro yuera BJIHSAHHA TJHHHCTOCTH MOPOJLbI-KOJI-
JeKTOpa Ha 3HayeHHs MOJACYETHHX NapaMeTPOB H NapaMeTPOB, HC-
NoJib3yeMblX MpH TPOEKTHPOBAHHH H aHajause paspaboTku, IJd
npasu/bHOro Bel6opa MeTPO(HU3HYeCKHX yPaBHEHHH H KOHCTAHT,
BXOJAAIIUX B 3TH ypPaBHEHHS, HeOOXOAHMBI CBeJeHHS O IIHHHCTOCTH
B BHje BeJHYHHB Crj, TMoJyyaeMofi IpH CTAHZAPTHOM TCpPaHYJOMET-
puueckoM asaanse. Cnepuanucrty B 06saCTH HHTEpHpeTauuu pe-
syabrato THMC u ¢Hu3HKH HeTAHOTrO H ra3oBOro MJaCTOB TPedy-
I0TCs CJIeJyloliue CBejleHHs O COAEPXaHHH B MOpOJe, COCTaBE H
CBOHCTBAX BbICOKOAMCIEPCHBIX KOMIIOHEHTOB CKeJleTa MOPO/El, B Ya-

CTHOCTH TJHHHCTOro MarepuaJa.
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1. ITonnas aacop6uHOHHAS MOBEPXHOCTb HEHAPyLIEHHOro 06pas-
1a nopojnl, yCTaHOBJEHHAS OAHHM H3 CIOCOGOB, PaCCMOTPEHHBIX
HHKe.

2. Jonn MOBEPXHOCTH, TPUXOASLUHECS HA 3€pHAa CKeJeTHON
dpakunn (dsp>>10 MKM) H HEMEHT A/ MOJHMHKTOBHX NEeCYaHHKOB
H aJIeBPOJIHTOB H BYJIKAHOT€HHO-06JIOMOYHKIX MOPOJ.

3. KoappuunenTs o6beMHOro Cojep:KaHusl B MOPOJe IJHHHCTHIX
MHHEpPAJIOoB H APYTrHX BHCOKOAHCHEPCHBLIX KOMMOHEHTOB, pacTBopse-
MBIX TpH NOArOTOBKe 00pasua K aHaJu3y pacTBOPOM  COJISIHOH
KHCJIOTHL.

4. CocraB IJIHHHCTHX MHHepa/IoB B aHaJH3HDPyeMoM o6pasiie;
pacnpenesnende HX B HeMeHTe, o6/oMKax mopoJ H HpeoGpa3oBaH-
HBIX CKeJIeTHbIX 3epHaxX MOJHMHKTOBHIX IEeCYaHHKOB, aJjleBPOJIHTOB
H ByJIKaHOreHHO-00/0MOYHBIX NopoA. CoCraB H HoJs  TJIMHHCTHIX
MaTepHaJoB BO ¢ppakuun <10 MKM TeppHTeHHHX H B HEpacTBODH-
MOM OCTaTKe Kap6oHaTHHX HOpPOJX.

5. Ilosn rJHHHCTOrO MaTepHa/a, XapakTepH3yIOIierocs pacce-
SIHHOH H CJIOMCTOf I'VIMHHCTOCTBIO, B MHKPOCJIOHCTOM o0Opasue, mpea-
CTaBJIEHHOM YepeJoBaHHEM TOHKHX IPOCJ0eB KOJJIeKTOPa M TJIHHLL

2.3. YAEJIbHAS NOBEPXHOCTbD.
EMKOCTb KATHOHHOIO OBMEHA

ITox ynesnbHoH MOBEPXHOCTbIO MOPHCTOH cpeabl MOHHMAIOT MOJI-
HYH INOBEPXHOCTb TBePALIX YacTHi, oOpasywollHx TBepayl (asy
3TOH Cpejbl, HJH NMOJHYI0 TMOBEPXHOCTb MOPOBLIX KAaHAJOB Cpeanl,
OTHECEHHYI0 K eJHHHIle MacCsl TBepAOH (a3l HJH K eAHHHie olbe-
Ma MOPHCTOH Cpejnsbl.

B HHXKeHepHOH TreoJsOTHH, MeTporpa¢HH, IOYBOBEJEHHH YJAeJb-
Hyl0 NOBEPXHOCTb Srs OTHOCAT K €IHHHIle MacCH TBepPAOH (pasn
H BHpaxair B M2/r. B merpodusuke NMPHHATO OTHOCHTb yAEJNbHYIO
IIOBEPXHOCTb K €JHHHUE 06beMa MOPOAH, BbIpaXas ee B M ! HJH
cM~!, Jlna mepexoga OT 3HaueHHd Sty B M?/r K 3HaueHHO Sy
B M~! NoJab3YIOTCSA (hopMynoh

Sn:ST96TB (l*kn)9 (2-8)

TAe O B r/cM®; By — B A0JNSAX e AHHHIBL,

[lpu Buipaxesdnd Sp B c¢M~! B mpaBoii uacti ¢opmyanl (2.8)
106aBasoT MHOXHTesb 10%.

Yaebly0 MOBEPXHOCTb S; MOXKHO ONpeAe/sTb HA HeHApyLIeH-
HoM o6pasue, Sps-— Ha HOPOLIKE, MPHrOTOBJEHHOM OyTeM Ae3HHTe-
TPHPOBAaHHSI MHHepaJbHOTO CKeslera ofpasua 6e3 HapyUIeHHs ero
MepBOHAYAJIbHOR JHCHEPCHOCTH. B KaXjaoM ciyuyae HCC/edyeMuli
06BEKT OTMHIBAIOT OT MHHEpaJIbHHX COJell H OPTaHHYeCKHX IMpHMe-
cell H BHCywHBalOT npH Temmepatype 140°C. Onpenenenne yaeib-
HOH MOBEPXHOCTH OCHOBAaHO Ha pe3y/bTaTaX aacopOuHH MOJIEKYJl
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Hel‘:lTpaJleOI‘O BewmiecrBa, He BCTYnarollero B XHMHYECKYI0 peaKuHIo
¢ BewiecTBoM ancopGenra. Besnunny Srp paccuntnBalT 1o ¢op-
MyJae

STB = QTB/(GmTB)’ (29)

re (rs ~— KOJHMYECTBO BelleCTBd, r-3KB, a1COPGHPOBAHHONO ajcop-
GeHTOM Maccofi m; ¢ — KOJHYeCTBO BelleCcTBAa, I'-3KB, a1COpEHpYye-
MOro epumuilefi NJOMAAN NOBePXHOCTH aacopbenta. BeauwuuHa o
3aBMCHT OT KOJIHYeCTBa aKTHBHHIX WEHTPOB IOBEPXHOCTH TBEPIOH
(asel, NPHXOASAUHMXCA HA eAHHHLY NJomaau. Jlas NpupPOAHHX ag-
COpOEeHTOB — I'JIHH, KpeMHe3eMa H Ap., 3HayeHHe ¢ COCTABJSeT OT
3-10=7 mo 17-1077 r-3kB/M?, 4TO COOTBETCTBYET KOJIHUECTBY aKTHB-
HbIX UeHTpoB B 1 M? nosepxnoctd (1,8--10).10'7. T1pn 3Tom pasme-
pbl «NOCANOYHOHA NJIOLIANKH» ONHOH MOJIEKYJbl MEHSIOTCS COOTBET-
cTBeHHO B npefenax (5,5--1)-10-18 M2,

Tako#t cnoco6 pacuera Srs CHpaBeAJHB NPH YCJAOBHH, 4TO aj-
copGupyemble MOJIEKYJbl PACNOJAraloTesi B BuAe MOHOCJOS PAaBHO-
MEDHO Ha NOBEPXHOCTH TBepAOH (ha3bl, NMOITOMY SKCIEPHMEHT IO
ancopOuxH TOTO MJIM HHOTO areHTa HAa IOBEPXHOCTH H3yuyaeMoit
IIOPOJH CTPEMSTCH MOCTABHTHL Tak, YTOOH 3TO YyCJOBHe CO6JI072-
JIOCh.

Han6osee ¢u3nyeckH 0GOCHOBAHHBLIM H TEXHOJOTHUECKH COBep-
UIeHHHIM CUHTAIOT CHOCO6 ONpeleseHHs YelJbHOH HOBEPXHOCTH, CBA-
3aHHBIA C DOJY4YeHHEM H30TepMbl ancopOLuW HHEPTHOro rasa, Ha-
npuMep asoTa HJH aproHa, u HocJjexylollefi WHTEpHIpeTauHeH NO-
JYYEHHbIX Pe3yJbTaToB IO MeToauke DpyHayspa — dmmera — Tei-
aepa (B3T). HauGoabinee pacnpocTpaHeHue B OTEUECTBEHHOH W
3apy6exXHo#i nabopaTOpHO# NpPaKTHKe MNOJYYHJ BADHAHT 3TOTO
cnoco6a, 3aKAYALHACI B INOJTYYEeHHH  H30TepMbi  azcopbuup
asora npH HH3KOH TeMmeparype. PaccMOTPHM YyNpOILEHHYIO MOJH-
(bukalHo 3TOTO0 crnocoba.

1. OrMbiTU# O6pasen mOpOAbI NPOH3BOJNLHOH (DOPMBI BAKYYMH-
pylT c oTkaukoit A0 103 MM pT. CT. H NIPOTpeBAIOT 0 TeMOepaTy-
pst 140 °C.

2. B cpneunanpuyo aMnyay, cozepxallyio n3yuaemblll obpaser,
nocJief0BaTebHO BNYCKAIOT JHCKpPETHHe NOPUMH 430Ta NPH TeMIe-
parype —196°C. Ilocsne kaxkzoro BNycKa H3MepsIOT paBHOBeCHOE
IaBJeHHe NAapoB a3QTa B aMmnyJe ¢ 06pasloM Ppasy H B 6y(depHOM
o6weme py. B cucreme xoOpIHHAT Ppapy—pPv HAHOCAT TOYKH, COOT-
BeTCTBYIOLIHE KAXKIOMY H3MEPEHHIO, COeJHHAS KOTOpble, NOJNYUYAIOT
npsAMyIo, NepeceKaouyilo och a6cuuce B TOUKe p= (Po)m. ITO 3HA-
yeHHe COOTBETCTBYET JaBJjieHHio a3oTa B o6beMe V, KoTOpoe Heo6-
XOAHMO 1Jis1 06pa30BaHusl 3aBepPIIEHHOTO0 MOHOCJOS aACOPOHpPOBAH-
HbIX MOJIEKYA No.

3xech XKe NOMEI[al0T KOHTPOJbHBIA IPaQHK, NPOXOASAIHE Uepes
HayaJao KOOPAHHAT, NOJy4YaeMblii Ha OCHOBAHHH H3MEPEHHH Ppas
u py 1O TOH Xe IporpaMme, Kak Aas H3ydyaemoro o6pasua, HO AJSH
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©o0pasua H3 oprcTek/a, Ha KOTOPoM ancopOlus a30Ta He IPOHCXO-
JUHT.
3. 3Hauende Srz PaCCYHTHBAIT N0 GOPMYJie
S =6,02~1023~273 16,1-1072°V (pg)m
e 22,4-103T-760m

: (2.10)

rae m—Macca o6pasua; V — kanubpoBaunulii 06beM, H3 KOTOPOTO
a30T MOCTynaer B aMmmyJay ¢ obpasuoM; T — TeMmeparypa rasa
B o6veme V. Ilpn T=293 K. Ilocne ympolienuii nosyuaem

S,5=5,35-10"3(p,),, V/m. (2.11)

3Havenne S; pacCUMTHBAIOT 3aTeM No dopMmyse (2.8).

B nabopaTopHO#i IpaKTHKe AOCTATOYHO IHPOKO HCMOJAbL3YIOT
Apyro#i cnoco6 onpefesneHHs] Srs, OCHOBAHHHIH Ha NOJYYEeHHH H30-
TepM aACOPOUHMH NapoB BOAK C TOC/AEAYIOIIHM pacyeTOM MHHH-
MaJibHOH TI'HTPOCKONHYECKOH BJAXHOCTH o0pasua, IT1oT cnocob He
TpebyeT CHelHaJbHOH CJHOXKHOA anmapaTyps, No3ToMy GoJee HO-
Ccrynen AJs Jab6opaTopuil, BHIOJIHAIINX MAaCCOBble HCCJeAOBAHHS
06pa3noB. DKCTPATHPOBAHHBIA H BHCYUIeHHHH o6pasen NoMellalor
B 3KCHKAaTop, B KOTOPOM TIOC/I€J0BATe/NbHO CO3J3I0T pAasJjHYHYIO
YUpyroctb BOASHHIX nmapoB. [Ipn kaxXgoM GHKCHPOBAHHOM 3HAye-
HHH p ONpele/sloT Maccy o6pasua m H pacCUHTHIBAIOT KaK Maccy
BJIAry My, NOIVIOUeHHOH 00pasloM, TaK H pPasHOCTb Mace BJAAK-
HOTO Mgy H CyX0ro me 06pasuoB. ONHIT NPOBOAST NPH HOCTOSHHON
Temnepartype. 3areM B NPSAMOYTrOJbHOH CHCTeMe KOOpAHHAT HAHO-
CAT TOYKH C KOOPAHHATAMH My H p/ps, OTKAALBIBASA MO OCH abCiuce
OTHOUeHHe TeKyllero 3HaYeHHs P K MAKCHMAJIbHOH yNPyroCTH mHa-
poB ps. CoeaHusast TOYKH, HOJyYyalOT H30TEpMy afcopOuuH HapoB
roabl. Ecau H3oTepMa uMeeT UETKO BhIpAXKeHHOE MMJIAaTO — YUaCTOK,
napaJiesibHB OCH a6CUHUCC, s AaJbHeHLINX PaCyeTOB HCIOJb3Y-
f0T BeJIHYHHY My, COOTBETCTByIOIYIO 3TOMy Imaro (puc. 1). Ecun
NJ1aTo OTCYTCTBYeT, GepyT 3HAYeHHe My, COOTBETCTBYIOLlEE p/pe=
=0,3—0,35. IToaaraior, 4To 3TO 3HAUEHHE COOTBETCTBYET 3dBepllle-
HHIO 00pasoBanHsl MOHOCJOS aACOPOHPOBAHHOH BoJAM. Besanunny
My=m; HA3bIBAIOT MHUEHMAaJbHOH T'HIDOCKONHYECKOH BJ1AXKHOCTHIO.
Ecin w: BHpaxeHa B r, KOJHYeCTBO afACOpOHpPoBaHHOH BOAK
B I'-3KB CocTaBHT w:/18, a BesnynHa Sis B M2/r:

S5 = w/(18om). (2.12)

S. paccuutbiBalor 3aTeM mo dopmyie (2.8). Pexomenayerca 6parh
o=10-=17.10"7 r-sxk/M2.

[TpeHMylecTBOM PAaCCMOTPEHHHIX CHOCOGOB omnpefdeseHH Srp
SIBJSAETCA BO3MOMKHOCTb pellleHHs] 3axayd HAa 06pasuax Nopoisl Jio-
6ot popmbl 6e3 pa3pyulenHs obpasua. Baarogaps toMy, uto obpa-
sen He moasepraercss o6paborke pacrsopoM HCl u He pesHHTerpH-
pyercs, noJydaeMble DacCMOTPEHHHIMH CHoCo0aMu 3HauyeHHS Sts
H S, asagores Gosiee NOJHHMH H OOBEKTHBHbIMH XapakTepHCTHKA-

15



MM/ Puc. 1. UsorepMn amcopGuuH
napoB BOALI Ha oépaauax no-

24r i JMMHMKTOBHX ME€CYaHHKOB (MO
- ! B. B. Ilocnenony)

20r

16r

AN ATV

MH I[PHCYTCTBHA B IIOpPOje BbICOKOAMCIEPCHBIX KOMIIOHEHT, B TOM
yHCJ/ie TJIHHHCTOM.

BjaronpusitheiMH 00beKTaMu HCCIeJOBaHHS A I pPHMEHeHHS
pPacCMOTPeHHBIX COCO60B SBJSAIOTCA THAPOGHIbHBIE 0CAL0UYHBIE TIO-
poxbl BCeX KJ/acCoB, IPHHHMAIOULHX y4YyacTHE B TeOJIOTHYECKOM pas-
pese HepTAHBLIX H Ta30BHIX MecTOpoXaeHuil, — reppurenuse, KapHo-
HaTHble, ByJJKAHOTEHHblE U CMEIIaHHOIO COCTABA.

3HauyHTeJbHHMH BO3MOXHOCTAMH ofJaagaer cmnocol onpenese-
HHA napaMeTpoB Siz H Sy, OCHOBAaHHHIH Ha ONpeJesieHHH eMKOCTH
HOHHOTO o6Mena TBepao#l (asn oOpasua nopoxnl. CymHOCTL HOH-
HOoro o0OMeHa COCTOMT B TOM, YTO NPHPOJAHLIH HJIH CHHTETHYECKHH
aacop6eHT-HOHOOMEHHUK, HAXOAAMMACA B BOJAHOM PaCTBOPE 3JEKT-
poJsuTa, HMeer ONpefelJIeHHBIH COCTaB HOHOB, 00pasymoLiHX BHeUI-
HIOIO 00K/Jagky ABOWHOrO Cjlosi Ha rpaHuue tBepnas (asa — XKui-
KOCTb, KOTODBI HAaXOAHTCA B CTPOTrOM COOTBETCTBHH C COCTaBOM
TeX JKe HOHOB B CBOGOAHOM pacrtBope. Jlasi mpupoiHeix agcopOben-
TOB-HOHOOMEHHHKOB, B [EpPBYI0 odYepeab TJMH, XapaKTepeH MoJo-
JKHUTeJIbHBIH 3apsij BHelllHeH 00kJaAKH ABOHHOrO cJIosi, KOTOpas co-
CTOHT B OCHOBHOM H3 KaTHOHOB. [103TOMy And rJHH H JPYrHX Bbl-
COKOJHCIIEPCHHX  NOpOA000pasylomux MHHEpasoB 0CaJIOYHBIX
FOPHBIX MOPCJ THIHUEH KAaTHOHHLIEI OGMeH.

Ecnan Bo BHelllHefi 06kJjajke ABOHHOTO CJOS Ha IOBEPXHOCTH
IJIHHUCTHIX YacTHIL H B CBOGOJHOM pacTBOpe HaXoAATCHA gBa OAHO-
BaJIEHTHHX KaTHOHa, HanpuMep Nat u K*, oTHollleHne KOHUEHT-
pauuil HX B ABOHHOM CJIO€ Xna/X¥x TNOAUYHHAETCS 33aKOHY

xna/xg = KCna/Ck, (2-13)

rae Cya/Cx — OTHOIlleHHe KOHIEHTPaUHH 3THX HOHOB B CBOOOJHOM
pacrBope; K — KoHcTanra paBHOBeCHs HOHHOro oGmeHa.
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Ecau B cBoGopnoM pacTBope u3MeHHTb oTHowenune Cya/Cg,
HAYHETC HOHOOMEHHAs peaxuusl, KOTOPAs 3aBEpLIMTCH YCTAHOB-
JIEHHeM B JBOMHOM CJI0E HOBOTO COOTHOUIEHHSI Xna/Xk B COOTBETCT-
BHH C ypaBHeHHeM (2.13).

Jlasl napel OAHOBAJNEHTHBIK — ABYXBAJIEHTHbI KATHOH, HATIPHMep
Nat—Ca?+, ypapHeHHe HOHHOrO o6MeHa HMeeT BHJ

xa/x%ca = KCna/Coca. 2.14)

BesnuuHa KOHCTaHTH HOHOGMEHHOTO PABHOBECHS 3aBUCHT OT IIPH~
poabl HOHOGMEHHHKA H HOHOB, YYaCTBYIOLIHX B OGMEHHOH peaxlHH.

Emkocte katuonuoro o6MeHa Qrs (06MeHHas eMKOCTb) HOHOOG-
MEHHOTO MarepHaja onpefe/seTcd BHpa)KeHueM oS;; (Ha 1 r
TBEPAOH ¢asnl), rie 0 — NJOTHOCTbL 3apAAa ABOHHOLG CJ0S B I-3KB
Ha eJHHULY NJIOWAaAH; Sty — NOJIHASA NOBEPXHOCTb, HA KOTOPOH Ipo-
HCXOJHT OoOMeHHast peakuus. D10 3HAYeHHEe Stz MOKHO paccMaTpu-
BaTb KaK 2HAJIOT MOJIHOY aACOPOUHOHHON NOBEPXHOCTH, NOCKOJbKY
pasmenieHne KaTHOHOB ABOHHOTO CJIOS HA HOBEPXHOCTH CBA3aHO
C TEMH K€ AKTUBHHIMH 1IeHTPaMH, KOTOpHE 006eCneuyuBaOT MOJIEKY-~
JSPHYIO ajpcopOuuio.

B na6opatopHoit IpakTuke HayuyHHX oTpacsaell, rie GulJH ycra-
HOBJIEHbHl 33aKOHOMEDHOCTH HOHHOTO OGMeHa W Co3JaHa MeTOAMKA
ONpeJe/EeHH €MKOCTH KATHOHHOro o6MeHa (s, peKOMeHAOBaHA
cienynonias cxeMa onpejesedus (-— BeJHUHHH (rs, OTHECEHHOX
k 100 r u3ayyaeMoro pelecrsa.

1. OTMHITYIO ¥ BBLICYIIEHHYIO HaBECKy C MacCoH m HCCJenyeMo-
ro o6bekTa, HanmpuMep IJIHHBL, HACHILAOT 3aJZaHHBIM KaTHOHOM,
HanpuMep Ca?+. Jljsi 3TOro HaBeCKy NOMeIIalOT B pacTBop JAOCTa-
TOYHO BBICOKOH KOHUIEHTPAUMH 3JEKTPOJIHTA, COAepIKAILero JaHHBIA
kaTuoH, nHanpuMep CaCl,. OGpaGoTKy HaBeCKH PacTBOPOM NPOH3BO-
TAT ABAXKAH-TPHAKAH, N0GHBAsICH IOJHOTO HAaCHIlEHHS AAHHBIM Ka-
THOHOM. Ilpu3nakoM 3sapepuienusi o6MeHHOH peakuuu fBJSAETCS OT-
CYTCTBHEe B pAaCTBOpe, HAXOASLLEMCS B PABHOBECHH € HOHOOMEHHH-
KOM, HHEIX KaTHOHOB, KpoMe CaZ?t.

2. Tlonyuennass Ca-rauna, oTMBITasd OT PacTBOpPA, MCNOJb30BAH-
HOTO JJIf HACHILLEHHS TJIMHBL KaJsblHeM, oOpa6arbiBaercss pacTBO-
poM apyroro 3JjekTpoJura, nanpumep NH4Cl, no meroauke, obecre-
yupawume noJHoc soTecuenve Ca?+ karHonom NH4+. Haceimenue
katuoHoM NH.t nccaeayeMoit ruamHel IpexpamiaeTcs Iocje HCYes-
HoBenusa Ca%+ B pacTBope, HAXOJALLEMCS B DABHOBECHH C [JIHHOMH.

3. Bce nopuuH pacTBopa, HAaKONJEHHBIE IDH BbITECHEHHH KATHO-
na Ca?t, coxpaHsOT, CMelIHBAOT, NoJdydyasd CyMMapHulii 06beM pac-
TBOpa V. 3aTeM H3BeCTHHIMH METOJAMH AHAJHTHYECKOH XUMHH OI-
peflensiioT Konuentpauutwo Ca?t s pacrsope (C) B r-3kB. IIpousse-
naenne CV naer kosuyectso @ (B r-3KB), NOLJIOLLEHHOIO HABECKOH
ruHe M (B T) Kajabuus. Besnuuny ¢ paccuuThBanT no ¢opmy.e

Q=mQ,,- 102 (2.15)
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Beauunny Q ramH um Apyrux MPHPOAHEIX HOHOGMEHHHKOB BHIpaXKa-
10T OOLIYHO B MTI-3KB.

Takum ke 06pa3om ompefeasioT Q MHHEPAJIbHOrO CKeJeTa IJlH-
HHCTBIX MECYAHHKOB H aJeBPOJHTOB, BYJKAHOT€HHHX H BYJKAHO-
TeHHO0-06/10MOUYHHIX Mopoh. s MoJydyeHuss BeJHYHHH Q, o6bek-
THBHO XapaxTepusymuieli 06MeHHYI0 agCOpOIHOHHYIO CIOCOGHOCTD
IIOPOALI, ee clegyer ONPEeREJATb Ha €CTECTBEHHOM HEpa3pyLIEHHOM
obpasie, Ecan 3T0 HeBO3MOXKHO, MOPOAY PaspylIaloT, HO MpH 06s-
3aTeJbHOM COOJIOJEHHH CIeAyIONIHX YCJIOBHE: a) NpeiBapuTeNbHAs
o6paborka o6pasua A0 paspylIeHHs HJIH H3MeJbueHHOro obpasua
pacrBopom HCI Bricokoli koHuentpanmun (5—109%) wuenomycruma,
BO3MOXKHO HCIIOJAb30BaHHe JHIIb pasbasJenHoro (c¢<<0,1 H.) pac-
TBOP2 YKCYCHOH KHCJAOTH; 6) Ae3HHTerpHpOBaHHe CKeJjera IpOBO-
JHTCA TaK, 4TOOBLI HCKJ/IOYHTbL BO3MOXKHOE paspyll€HHEe 3epeH CKe-
Jera, HCMOJIb3ysl COBpPeMeHHble MEeTOABl BO3AeHCTBHS Ha paspyllae-
MbIfi oOpasel — BHGPOBO3efiCTBHE, IMEKTyalHUsd H T. II.

Beanuuny Q KapGOHATHHX NMOpOJ CJeAyeT ONpeAessATb TOJbKO-
Ha HepaspyllenHom ob6pasue. ITocae pacropenns HCI kapGonar-
HOTO CKeJleTa MOXKHO MOJIyYHTb 3HayeHHe Q JIHLIL HEPACTBOPHMOIO
ocratka, [IpaBpa, aas GOJbLIMHCTBA KapGOHATHHIX NOPOA Xapak-
‘TEDHO OTCYTCTBHE HJIH BeCbMa HH3KOe COJepXaHue THAPOKCHAOB
XeJje3a, aJIOMHHHS H JIETKO PaCTBOPSIEMbIX KHCJOTOH T[JIHHHCTBIX
MHHEpPAaJoB, H HEDAaCTBODHMBIH OCTATOK SBJI€TCS IVIaBHHIM HOCHTe-
JeM oOMeHHOH aACOpOLHOHHOA CHOCOGHOCTH MOPOALL.

Mertonnka ompeneidenns ( HEKOTOPHX Pa3HOBHAHOCTEH BYJKa-
HOTEHHBIX H BYJKAHOTE€HHO-06/10MOYHHIX MOpoA Tpebyer mopabot-
KH. DTO OTHOCHTCS mnpexje Bcero K o6pasnaM, cozepxXKamiuM Leo-
AuTel. HekoToprie BHAKW LEOJHTOB XapaKTEPH3YIOTCS OYEHb HH3KH-
MH 3HAueHHSIMH Q TpH OrPOMHOH MOBEDXHOCTH H BLICOKOM coj€p-
2KaHHUH OCTATOYHOH BOJHI.

MHorouuc/ienisle MOTHGHKALHH METOAUKH ONpeaefeHus Q npH-
POAHLIX O6BEKTOB Pa3JHYalOTCs MO NMPUMEHSIeMOMY areHty oGMeH-
HOH ajcop6IHH — KAaTHOHY, KOTOPHIM HACHLILLAIOT OpPOAY, H MO CIIO-
cofy ompeneJeHHs ero KOHIEGHTPALUH B PACTBOPE, NOJYyYaeMOM MocCJje
3aBeplleHHs] KaTHOHHOro o6MeHa. B KauecTBe Hachiamouiero obpa-
3eln KaTHOHa Yallle ApYyruX ucmoabsylor Nat, K+, NH,+, Ca?+, Ba®*.
[TpennouturenbHee ncnoaszoBanne Nat n Ca’t, mockoJbKy ocanou-
Hble NOPOJH], MpexXae BCero IJMHHCTbIE, CaraluHe pas3pe3n Hed-
TSHBIX H Fa30BHIX MECTOPOXJAeHHH, HMEIOT B CBOEM OGMEHHOM KOM-
nJexce KaTHOHOB B OcHoBHOM Na+ u Ca®+*, cooTHolIleHHE KOTOPHX
BO BHewHe# oOkJanke ABOHHOrO CJAOS 3aBHCHT OT IPOHCXOMKAEHHA
NOpOAH (MOPCKOE HJIH KOHTHHEHTaJbHOe).

3HauuTedbHasA yacrh JabopaTopHi A/ ONpelefeHHst Q HCIOJb-
3veT MeTHJIEHOBHI roay6oit (MI), apastomuica caabuiM 3JeKTPO-
JIATOM C KAaTHOHOM, MOJeKyJsipHas Macca KOTOpPOro COCTaBJseT
319. Koanuecrso MT, moraouieHHOro u3 pacrpopa MI, Haxopslie-
TOCsI B paBHOBECHH C H3yuaeMbIM 00pa3noM, onpeaensior, QpHKCH-
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pys H3MeHeHHe ONTHYECKOR IJIOTHOCTH pactsopa MI, ¢orocnekrpo-
MerpoM. [IpenMymecTBo cnoco6a — ero sKCIpecCHOCTb; HELOCTATKH
crnocofa: Hu3Kas TOYHOCTL Ompefe/eHHs] Q; HemPHMEeHHMOCTb A
06pasuoB ¢ HeHapyUWeHHOH CTPYKTYPOH C YIbTPATOHKHMH NOpaMH,
B KOTOpHle OrpoMHHH KatHou MIT He mpOXoaHT.

Ynenpnass eMKOCTb o6MeHa NOpPOAbI, XapakTepu3ylouas obmeH-
HY1I0 aAcopOUHOHHYIO Croco6rocTb 1 CM3 MOpoan € HeHapyLIeHHOM
CTPYKTYPOH,

Qu=0Q (1 —ky) 6,,-10°2, {2.16)

3aecs Qq BhpaXeHa B Mr-3kB/cM®, ecaw pasmepHOoCTh [Q]=
= [Mr-3xB/r},[8::] =[r/cM®]. VaesbHas norepxHoCTh O6MEHHOH aj-
copbuni nopoan Sp= Qn/o cM~!, rae ¢ B Mr-sks/cm2. JLjis 60.1bmHH-
CTBa TJIHH H JAPYTHX BHICOKOJAMCIEPCHHX KOMIOHEHT O0CaJ0UHhIX
nopoj NPHHHMAKT 6=25-10"8 Mr-3KB/cM2.

Conocrasinenne sHayeHHi Sy, NOJYYEHHBIX 1O AAHHBIM MOJEKY-
AdApHON aiacopbuMm NapoB a30Ta H BOAH H Mo NaHHHIM OGMeHHON
afacopOUHH KAaTHOHOB Ha pasjHYHBIX 06paslax TepPHTEHHBIX H He-
KOTOPBIX BYJIKaHOTeHHO-06JIOMOUHBIX NOPOJA, MOKa3hLIBAET HX YAOB-
JIETBOPHTEJILHYIO CXOAHMOCTb HECMOTDS Ha pasJuyHyl0 INpHPOaY
AIBJIEHHH, JeXkKalilHX B OCHOBE ONpegeqcHHS Si; 4 Sy B KaXKI0M H3
yKasaHHHX crnoco6oB. Ocob6eHHO BaXHO TO, YyTo gaXKe ecH Hab.Tio-
JdaeTCs pasjuyHe B 3HaYeHHSIX IO a30Ty H KaTHOHHOMY oOMeHy, YTO
MOXeT OblTh BbI3BAHO, HallpHMep, HCNOJIb30BAaHHEM HETOUHOH BeJH-
YHHbl ¢ NPH pacyeTe S, pacnpeie/eHHs 3HauyeHHs S, NMOJyYeHHHX
MO NaHHBIM MOJIeKyJSpHOH u oOMeHHOH ajpcopbuuH, no obpasuam
KOJIJIEKIIHH 0OBLIYHO COBNAAAIOT.

2.3.1. OUEHKA YA EJbHON NOBEPXHOCTH
MO0 JAHHBIM FPAHYJIOMETPHYECKOI'O AHAJIH3A

Ias mopucroét cpednl, o6pa3oBaHHOH 3epHaMH ChepHUECKOH
dbopmp ¢ oaMHAKOBBHIM auamerpoM ds, NoiHAas yjpenbHas NOBepX-
HocTh Sp omnpefednsiercs ¢opMyaoH

Sp=6(1—ky)d?, [ecM], (2.17)
rie d, BoIpaXkeH B CM.

Ec.u nopucras cpena obpasoBaHa cheprueCKHMH 3epHAMH pas-
JHYHOTO pa3Mepa, MNPeANoJoXKHM, HECKOJbKHMH TPYNNaMH 3epeH
C MOCTOSIHHHIM 3HaueHHeM d, B KaXAOfA rpynne, To IPH OTHHAKOBOH
MJIOTHOCTH 3epeH Ors

SH:G(I —ky) ‘Elpid‘iai’ (2.18)

rae p;— BecoBoe CojepKanHe; dg;— AuaMerp 3epeH i-H (paxuuH.
Ecan dopma 3epeH orauuHa or CepHyeckKol, 4YTO XapaKTEPHO
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AJs1 peanbHbiX 00/JOMOYHBEIX NMOPOJA, HANPHMEP AASt HECYAHHKOB H
as1eBpoJaHTOB, popmyaa (2.18) npuobperaer BHZ

Sa=6(1—ka) = pidt,y, (2.19)

rae [>1— ko3pduUHeHT, YUHTHIBAOUMA OTIHYHE (GOPMbI 3epHa
0T chepuueckolt; dsp —3PDEKTUBHEIH AHAMETP HecepHUecKoro
3epHa, IPHHAMAeMOTO 3a chepuyeckoe.

@opmyay (2.19) MOXKHO HCIOJB30BAaTh [/ pacyeTa S, HECKOB
M aJIEBPHTOB, CJab0CUeMeHTHPOBAaHHEIX ECYAaHHKOB H aJEBpOJIHTOB,
JIHUIEHHBIX TJIHHHCTOrO H ADYTHX BHUIOB BBICOKOAMCIEPCHOIO leMell-
Ta. [1pu usmenennn k., B npenestax 0,3—0,4 u d,y B npenesax or
0,1 cm (xpynrosepHHCTbIH necyandk) A0 0,002 cM (TOHKO3EPHHCTHIA
aJIEBPUT) INOJy4HM 3HaueHHs S, ot 36 go 2100 cMm~!, a ¢ yuerom
HecHepUUYHOCTH 3epeH IPHMEpPHHe Ipejenbl H3MeHeHHH Sy cocTa-
BAT 40—2500 cm~,

Ilpuponnbie mecuyaHUKH H aJeBPOJHTH BCErAa COAEPXKAT IJH-
HUCTLIA W JApyrHe BHIBI LlEMEHTa, II03TOMY 1JA pacyera Sy 1O AaH-
HBIM TPaHyJ/JOMETPHUYECKOro aHa/au3a no ¢opmyse (2.19) caenopajo
OH y4ecTb KpOMe BKJaJla 3epeH CKeJeTHHX dpaxkuuil (mecyanofi u
AJIeBPUTOBOA) TakxKe BKJaJ 4HacTHI pasMepoM MeHee 1 MKM, T.e.
TAuHHCTON GpaxkudH. Herpynno noxasaTb, 4rto naxKe npu He6OJb-
oM cofepxkaHHH 3TOH ¢pakuun B mnopope, nanpumep Crn=0,1,
u cpeaneM dsp=2-10"* cM noss Sy, BHOCHMasi NPUCYTCTBHEM TIJH-
HHCTOro ueMeHTa, cocraBuT 6ogee 4000 cvM~!. Ecau e yuecTb, 4TO
JJsi GOJIBUIMHCTBA TJHHHCTHIX MHHEPAJOB CpelHee 3HauyeHHe dap=<T
<C10~* cM, a Crx B TJIHHHCTHIX KOJJIEKTOpaX MOXKeT OBITh Bhille
0,1, To CTAaHOBHUTCHA OYEBHJAHLIM, YTO B PEaJbHHIX TEPPHUI'EHHBIX KOJ-
Jektopax HedTH ¥ raza BeJHuYHHa Sy, pacCUHTaHHas [I0 JAHHBIM rpa-
HYJOMETPHYECKOro aHaJu3a C y4eTOM BKJaja rJHHHCTOH (paxuHH,
Mozxker cocTaBuTh 109—10°% cm~'. OgHaKO Takofi pacieT BLINOJHHThH
JIPAKTHYECKH HEBO3MOXKHO 110 CAeJyIOIIHM TNpPHUHHAM:

a) CBeJIeHHS O TPaHYJOMETPHYECKOM COCTaBe TJIHHHCTOH (pak-
IMH [pPH CTAHAAPTHOM aHAJH3E HE MOJydaloT;

6) nmake mpH HAJHYHHU JAHHHX O IPaHyJOMETPHUECKOM COCTaBe
TJUHHCTOH KOMIIOHEHTEHI pacueT He HMeeT CMBIC/a, IIOCKOJbLKYy reo-
MeTpHs TJIMHHCTHIX YACTHI[ CJOXHA H anMpoOKCHMHDPOBATh HX 3€pHa-
MH TIpaBHJILHOHA GOpMEI, HanpHMep cdepuyecKOH, HET OCHOBaHHH.
KpoMe Toro, nas 3HauuTeJbHOH 4aCTH TepPPHTEHHLIX IOPOX, Mpel-
CTABJEHHOH IOJHMHKTOBHMH MeCYaHHKAMH H aJeBPOJHTaMH, cylie-
CTBeHHAA N0Js yAeabHOM OBEPXHOCTH 3aKJwuena B npeobpasoBan-
BHX (MeJHTH3HPOBAHHBIX) 3ePHAX IOJeBLIX IUNATOB, YTO HE YYHTHI-
BaeTcs IpH pacyere Sy 110 AaHHBIM TPAHYJOMETDHH.

OueBuiHO, 4To pacuer Sy no dopmyne (2.19) nMeer cMbica
JHLIb JJ18 y3KOr0 KJAacca KOJJIEKTOPOB — YHCTHIX (HErJIHHHUCTHIX)
NECKOB H aJeBPHTOB KBapueBoro cocraba. Ilas HauboJee HIHPOKO
pacrpoCTpaHeHHEBIX KOJJIEKTOPOB TepPHreHHHIX pa3pe3oB — mecya-
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HHKOB H aJIEBPOJIHTOB C TJIHHHCTHIM H JAPYTHMH BHIaMH UEMEHTa,
pacuer Sy N0 NaHHLIM T'paHyJOMeTPHH He HMeeT cMbicaa. [Tockode-
Ky KapOGOHATHbIE H BYJKaHOreHHBE NOPOAL! BOOGIE He IOABEpPraroT
FpaHyJOMETPHYECKOMY aHaJ/IM3y, AJA HHX BOIPOC O pacuere Sy IO
NAaHHBIM TPAHYJOMETPHH H HE BO3HHKAET.

2.3.2, PACYET YA EJIBHOHW NOBEPXHOCTH NOPOA LI
O PE3YJIbTATAM TTOPOMETPHH

B pesyiabraTte NOpPOMETpHUH [AJs H3yuiaeMoro ofpaslna NnopoAH
[OJy4aloT pacipejeleHde Nop no pasMepaM (cM. pasa. 3). B za-
BHCHMOCTH OT HCIOJb30BAHHOH METORHMKH IOJY4YaloT pacrpejeJe-
Hue: INOJHOE, T. €. BO BCEM [HalNla30He pa3MepoB OP OT YJIbTPAaTOH-
KuX 10 HauboJjee KPYNHBHIX GHJABTPYIOLIHX; TOJBKO JJs cy6GKaluJ-
JAPHHX 10D (Fnop<<l MKM) MJH TOJBKO JJA  GUABTPYIOIIHX
Makponop (rmop>1 MKM) ¢ 3axBarom HeGoJbwIOH 4YactH cybKa-
NUAIAPOB Gosbuioro cedeHHa (1 MKM>7nop>0,01 MKM).

3anaBasce ynpoLleHHOH MOJEJLIO MOPOBOro NMPOCTPAHCTBA B BH-
Je TyYKa MapaJJeJbHbiX KalHJAJApOB, MOXKHO PpacCudTaTh yaeJb-
HYIO NOBEPXHOCThH Sy [JA BCEro JHanas3oHa pa3MepoB INOP HJH HC-
CJIeIOBAHHOH €0 YacTH:

n —
Sn:‘ 2kn .21 kif—ii [CM_1], (220)
i=
rae k; u r;— noas kg H cpejHee 3HauyeHHe 7; B CM JJA {-TO KJjacca
II0p B CTYNEHYATOM paclpefes]eHuH r; 1o n KjaccaM.
s ydera M3BHJHCTOCTH H HEPABHOMEPHOTO CeYeHHS KalHJLIA-
pPOB 10 AJHHE B NpPaBOi YacTH BuipaxkeHus (2.20) HCnoJab3yoT MHO-
KuTeab f>1:

Sy—2fky = ki l;. 2.21)

i=1

3HaueHHe [ HaXOAAT IMIHPHUECKHM IyTeM /5 H3Y4aeMoro kKJjacca
KOJJIEKTOPOB, CpPaBHHBaf Sy, YCTAHOBJEHHYIO 3IKCIEPHMEHTAJbLHO
OJHHM M3 PAacCMOTPEHHHIX Bhille CIIOCOGOB, ¢ 3HayexHHeM Sy, pac-
CUHTaHHHM 1o dopmynae (2.21), paa oraeabHBIX 06pa3uoB H3yuae-
MOH KOJIJIEKIHH.

3uauenne Sy, paccintanHoe no ¢opmyae (2.21), gaa reppured-
HBIX IOPOJ C PAa3JHYHEIM COAEpXKaHHeM [JIHHB H JPYIHX BBLICOKO-
JNHUCIEPCHLEIX KOMIIOHEHTOB C HCIOJb30BAHHEM IIOJHOIO pacrpeje-
JeHus 1Op mo pazMepaM GJH3KO K BeJHYHHe Sy, YCTaHOBJEHHOH
MeTOjlaMH MOJIEKyJIApPHOR uaun oGMeHHoH axcop6uun. Bauskoi
K 3THM 3HAUYeHHAM JRJIA TakHX 06BbekToB Gyner BeauuuHa S;, pac-
CYHTaHHas ¢ Y4eTOM TOJBbKO CyGKANHAJIAPHBEIX MOp, NMOCKOJBKY HX
BKJajy B CyMMapHOe 3HaueHHe YAeJbHOH IIOBEPXHOCTH Oyner pe-
uraromuM. Beauuuna Sy, paccuutanHas A8 QUABTPYIOLIMX NOpPO-
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BHX KaHdaJjoB, O0/IH3KAa K YAEJLHOH NOBEPXHOCTH (QHJILTPAUHH Sy,
paccMaTpuBaeMoi AaJjee. Bennuuda S, KapGOHAaTHHX NMOPOJ 3aBH-
CUT B OCHOBHOM OT Cy.0, HOCKOJILKY HEPACTBOPHMBIA OCTATOK, COAEP-
XKalllHA TJIMHHCTHIE MHHepaJibl, ABJSETCS OCHOBHHM  HOCHTeJeM
NOBEPXHOCTH B 3THX nopoaax. IIpH oTCyTCTBHH HepacTBOpHMOro
ocraTka B KapGoHaTHOH mopofe S, HanGoJee 0GBEKTHBHO XapakTe-
pusyercss nytem pacueta ee no dopmyne (2.21), nockoJabky 3¢-
(hEeKTH, H3MepsieMHe NPH MOJIEKYJISIPHOH aACOpGIHH, OoYeHb MAaJb,
a onpegesneHHe Sy YHCTHX KapGOHATHBIX NOPOJ CIOCOGOM KAaTHOH-
HOTO o6MeHa BOOOIe He peKOMeHAyeTcsl.

2.3.3. YAEJIbHAA MOBEPXHOCTb ¢HJIBLTPALLHH

s npeaabHOrO TPyHTa mMOPOBOE NPOCTPAHCTBO NPEACTABJAEHO
yukoM lapajienanHbx kanuiispoB. Hcexoas w3 ypasuenus Ilya-
3ed/iss, XapaKTepH3yIOIlero CBA3b MeXJy pacxoaoM (HJAbTpylOmef-
Cs XKHAKOCTH H PajHyCOM KalNHJAsipa, MOXKHO NOJYYHTh ypaBHeHHe
Kosenu — KapmaHa (cM. pasn. 5), CBA3bIBaIOIee BEJHYHHBEL YAeb-
HOMl NOBEPXHOCTH Sy, KO3 QHIIMEHTOB NOPHCTOCTH 2y H NPOHHILAE-
MOCTH knp HA€AJLHOTO TPYHTA:

kup = Koa/(252,), (2.22)

1 k%
—_—— . 2.23
Slb /2 V knp ( )

s nopoBHIX KaHaAoB ¢ M3BHJAHCTOCTLIO T H dopMo# ceueHus,

OTJIHYHOH OT KPYrOBOH, BhipaxKeHHe AJfA Sy IpHOGPETaer BHA:
1 //_ k3l1

S =._‘—:1/ T

*VF T%np

OTKy A2

(2.24)

rie f>2; T>1.

[lokasaHo, uto ypaBHenue (2.24) npHMEHHMO K NOPHCTHIM Cpe-
[aM, CKeJieT KOTOpPBLIX NpeJCTaBJeH HeCHEeMeHTHPOBAHHLIMH 3epHa-
MH H He COJEpXKHT BHCOKOJHCNEPCHOrO MaTepHala, Hanpuep,
K 06pa3maM YHCTOrO KBapueBOrO necka, a TakXe K HCKYCCTBEHHBIM
MOJeJIsiM NMOPHCTOH CPefbl H3 CTeKJSHHBIX WIapoB H T.m. a8 mo-
J0GHBIX cpeJl BEJIHUHHA Sg GJIH3KA K 3HAUEHHIO Sp.

s NOPHCTOH CcpeAkbl, coepxkalllefi BHICOKOJHCHEPCHLIH MaTe-
pHaJ, HaupHMep IJHHY, B IOpax Kapkaca, o0pa30BaHHOrO CKeJeT-
HBIMH 3epHaMH, [Js pacuetra Sp B dopMyay (2.24) noacrabasfior
BMECTO Kpy KO3DGDHIHEHT 3hPeKTHBHOH NOPHCTOCTH Rpap=Ry(l—
kso), a B KauecTBe T HCHOJB3YIOT 3HaueHHe H3BHJAHCTOCTH KaHaJioB

duaprpanuu Tr:

1 / k3, ad
—=1 L] 2. 2
% Vf— T, knp ( 5)
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Puc. 2. CooTHOUleHHEe MeXAY S8 !
YACABHOH TIOBEPXHOCTbIO (HJb- ng

TPYIOIIHX KAaHAJOB S¢ H IOJHOH

YAENbHOH MOBEPXHOCTBIO Sy o=
174
1°r

1 20 k%

PaccMoTpHM, Kak GyJaeT MEHAThCA 3HAYEHHE Sy HA TpuUMepe
<epuH 00pa3oB NeCUaHHKA C Pa3juYHOH TNIHHHCTOCTBIO OT YHCTOTO,
HETJIHHHCTOrO [0 TJIHHHCTOTO NleCYaHHKa-HeKoJllekTopa. B unctom
necyaHHKe Sp~ArSp u cocraBaser 500—1000 cm~! B 3aBHcuMocTH
oT npeobaafarumero paaMepa 3epex ckeaera. C poCtoM krp yMeHb-
LIAIOTCS 3HAYEHHS Kpsp H Knp, HO TAK, YTO B 3HAUHTEJBHOM AHAMNA-
soHe H3MeHeHHs 0<kp;<<kp; BelHYHHA Sy pacreT C POCTOM Rrq
g gocturaer auavenufi n-10* cm! (n=1--3). Ilpu panvHefimwem
pocTe Ery B 06JaCTH Rry<<Rri<<Rrirp BEJHYHHA Sg OBLICTPO yMeHB-
aetcs, AOCTHrasi HyJs B I0OPOJe-HEKOJJIEKTOpe, B KOTOPOH OTCYyT-
CTByeT CHCTeMa 3(p(PeKTHBHEIX (HALTPYIOUHX NOP, Rusp=0, Rup=
(puc. 2). 3nauenne Sy B ananasone 0<<kry<<Rrm € pocToM krp yBe-
JdyuBaercs GuicTpee, yeM Sg. B jmanbpHefiuieMm B 06aacTH  Kpq <
<Ren<<krarp BeNHUHHA Sy NpPOJ0/KAeT PACTH H pas3/HYHE MeXny
Sn 4 se pe3Ko BO3pacraer, JOCTHras ABYX-TpeX HNOpAAKOB [cM~!].
Cooruoluenne Sp>>sg B0 BceM aHanaszoHe 0<<Ary<<FKrarp, COOTBET-
CTBYIOIleM IOPOAAM-KOJIEKTOpaM, OODBACHASTCS TeM, YTO 3Haye-
HHe Sy, KaK yiKe OTMeyaJsoch Bhille INPH CpaBHEHHH Su H Scpaw,
onpejeJsieTcss CyMMapHO#i I10BepXHOCTBIO BCeX YaCTHIL MOPOJ, OC-
HOBHOH BKJIaJ| B KOTOPYIO BHOCHT NOBEPXHOCTL TVIHHHCTHIX YacCTHIL,
OpHYeM BKJaj 3TOT pacTeT ¢ POCTOM Rr,. BeaHunna sy onpepess-
€TCsl TOJIBKO CyMMAapHO# [I0BEPXHOCTbI0 MAKPOKANHJIAPOB, 110 KOTO-
pPBIM MPOUCXOAHT (GHABTPAIHA, TOTAA KAaK OrpoMHas I0BEpPXHOCTb
Cy6KanuIsApoB, PACINOJNOXKEHHLX MeXJy YacTHUAMH TIJHHB, He
BXOHT B Sg, NOCKOJAbKY B CyOKanuanapax (QuAbTpauHs He IPOHC-
XOMHUT.

KOHTPOJIbHBIE BOITPOCHI

1. OxapakrepHayfiTe pa3JHYHLE BHAL H yPOBHH HEOJHODPOAHO-

CTH TOPHOH MOPOJH.
2. llpuBennre npuMepel KOMIIOHEHTOB, NPHCYTCTBYIOUIHX B TBEp-
o, Kuakofi H rasoobpasHoii ¢asax rOpHOH MOPOIH.
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3. Mepeuncaurte H3BecTHble BaM pa3sHOBHAHOCTH yjae/LHOH TO-
BEDXHOCTH, HX COOTHOHIEHHE JJI Pa3jHYHBIX HPeACTABHTEJEH rop-
HEIX TIOPOJ.

4. JlaliTe KpHTHYeCKH{i aHaJH3 Pa3/JMYHHX CIOCOO0B ompejaese-
HUA TVIMHHCTOCTH H yAeJbHOH NOBEPXHOCTH.

5. KakoBa poJib TJIHHHCTOCTH HOPOAKW B (OPMHPOBaHHH ee (H-
3HYEeCKUX CBOHCTB?

6. MonHbfi 0OMeH B JUCHEPCHHX CHCTEMax.

3. MOPUCTOCTDb

3.1. BUJIbl MOPUCTOCTH

l'opHrle nmOpOAH!, pyAbl, KAMeHHble YIJH H MHHeEpaJH, cJarako-
IHe 3eMHYI0 KODy, He fABJAKTCA CHJOIIHKMH TeJaMH. Bce oHH
coAepxkaT HOJOCTH (TIOpPH), KOTOpHIe B €CTeCTBEHHLEIX YCJOBHAX 3a-
NOJBeHH MJacTOBOH BOAOH, PasJHYHOTO poja ra3aMH, HedTbIO HJIH
CMECLIO 3THX (JIIOHIOB.

Ilo mpouCxOXA€HHIO NOJOCTH JeJATCA Ha mepBHUHBIE, KOTOpPLIE
chopMupOBaNHCL B MOMeHT 00pa3oBaHHS TOPHOH MOPOAK, H BTO-
pHYHBle, BO3HHKILIHE yXKe TOCJe 00pa3oBaHHA MOPOAH], B mpouecce
ee JIHTOTeHe3a.

TlepBHunHMH ABJAIOTCA PAa3/JHUHOTO BHAA TMOPH MexXAy O0OJOM-
KaMu (3€epHaMu), OCaJ0YHOH TMOPOAB], JOCTATOYHO PABHOMEPHO
paccesiHHKe B MaCCHBe TEPPHIeHHHIX M KapOOHATHHX mopod. Takue
NOpH HA3WBAIOTCA MeX3epPHOBHMH. K BTODHUHHM NOJOCTAM OTHO-
CATCH TpPeIlUHH, KaBeDHH HJIH KaHa/kl BhllleJauHBaHHA MHHepaJoB.

KnaccHueckde NpHMepbl HOPOJ C NEPBHYHBIMH  TNOPAMH — 3TO
OoCaZloYHble TeppUTeHHLle TOPOJAL: TECKH, NECYAHHKH, TJIHHBI
(puc. 3, a,6,8). IlpuMeprl nopox ¢ BTOPHYHLIMH MOJOCTAMH — Tpe-
H(HHHBIE H  TPEIlHHHO-KaBepHO3HLIE H3BECTHAKH " JIOJOMHTH
(puc. 3,2,0,¢e).

Caefyer OTMETHTB, 4TO B HEKOTOPHX CJy4aAX HpH TJIyO0KOM
KartareHese B TepPPHTeHHEIX HOPOJAX MOTyT 0Opa30BHIBATHCA BTO-
pHUUHEle TIOJOCTH (KABEpPHH H TPELIHHB), a B H3BeCTHAKAX, AOJO-
MHTax H MepreJsax — COXPaHAThCA MepBHUHHE MOPEHL

KoJiuuecTBeHHO 06beM BCex BUIOB HOP W IOJOCTEH B TOPHHIX TO-
poaax NPHUHATO OllEHHBATh KO3 (HHIHEHTOM HOPHCTOCTH:

k,=ViV, (3.1)
rae Vo— ob6beM TOJIOCTeH, 3aKJIOYEHHHX B mnopoje; V— o6beM
NOpOAL,

1 Tns paGyxawouHX nopof; V — o6beM CyXoll nOpoAH.
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/ a
Puc. 3. Ipumepst nepBuunoit (a, 6, 8) H BTopHuHO¥H (2, J, €) MOPHCTOCTH B 00-

JIOMOYHBIX, TJINHHCTHIX H KapéoHaTHbIX nopoaax.

@ — XOpOWO OTCOPTHPOBAHHBIA BHICOKOMODHCTHIR MECYaHHK; 6 — IJIOXO OTCOPTHPOBAHHEIR Mec-
HaHHK ¢ INOHHXKEHHOH MODHCTOCTBIO, & — IMHHEI, ¢ — TPeWHHOBaTad KapGOHaTHag ilopoja
(k;=0,15%); 0 —rTo e (k.=~0,3%); e — TPEUIHHHO-KABEPHO3Hasg KapGOMaTHas#s MOPOAa

(k-r+khas”~“5%)

[Nopucrocts — yHnamMeHTa bHOe CBOHUCTBO IOPOAH, OT KOTOPO-
ro 3aBHCHT OOJBIIHHCTBO ee (PH3HYECKHX CBOHCTB. OJHaKo IMpH
9TOM BHJ (KOH(GHTYypaluHs) mosoCTeli Tak:Ke HMeeT BaKHOe 3Hade-
HHE NpH H3y4YeHHH ¢(H3HuecKHX CBOIcTB. B obmem cayyae Ko3pdH-
ILHeHT O6IleH MOPHCTOCTH

ku = (Vu. M3 + VT + VKaB)/V = kn. ws T kr -+ kﬂam (32)

Tae Viws, Vi, Vias— 06beMbl nop (MeX3epHOBBIX), TpelllHH H Ka-
BEeDH COOTBETCTBEHHO; Kn.wms, Kr, Rxan — KO3((PHUHEHTH MeXK3epHO-
BOH [OpPHCTOCTH, TPEIIHHOBATOCTH H KAaBEPHO3HOCTH COOTBETCT-
BeHHO.

Tlo dopme nepBHUHHEE NOJOCTH — MOpPH MOTYT GHTb pomGO3[-
pasbHBIMH Y XOpPOIIO OTCOPTHPOBAHHBEIX PHIXJIBIX H OKAaTaHHBIX IleC-
KOB, TeTPa3pHYECKHMH y TeX Xe CHJbHO YIJIOTHEHHBIX IOPOA, Iie-
JEeBHIAHBIMH y [JIHH, CJIOJ H [pPYTHX MHHepaJ/oB C KPHCTAJJIHYeCKOH
pelIeTKO# MJIAacTHHYATOH CTPYKTYpPHl, B BHJ€ KaHaJbLEB paclIH-
pAalomeics HAH cyXawmefici GOpMBl Y IJOXO0 OTCOPTHPOBAHHBLIX
06J0MOUYHBIX 06pa3oBaHHi, My3bpUaTHIMH B HEHapYUIeHHBIX Marma-
THYECKHX I[0POJdX;  BTODHYHBIE  TIOJOCTH — TPEIHHOBHIHBIMH
Y CKaJabHBIX METaMOP(hHYECKHX H MarMaTHYeCKHX IOPOJ, KaBepHO-
BUJHBIMH Yy KapOOHATHBIX pasHOCTeH H THICOB, KaHAJOBHIHLIMH
y JeccoB, AYEHCTHIMH Y H3BECTKOBHCTBIX H KPeMHHCTHIX TydoB, CO-
OTBeTCTBYIOIIHMH ¢GopMe BHINEJaYeHHHIM KpPHCTaJljJaM MHHEpaJoB
B IJOTHHX MarMaTHYeCKHX, MeTaMOpP(HUYECKHX H OCaZO4YHHIX MO-
ponax. I1o pasMepaM nops! H KABEPHE MOXKHO XapaKTePH30BaTh 3¢-
(EKTHBHBIM [THaMeTpoM!, a TpellHHB — cpepHeH LIHpHHOK (pac-
KpBITHEM).

! NluameTp Kpyra ¢ IJ0WAABIO, pPaBHOI NJIOUIAJAH H3Y4aeMOf IOpH,
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B ocHoBy kaaccHpuKauH# Mop MO pasMepaM TNOJOXeHO B3au-
MOJEHCTBHE TBEPLOH MOBEPXHOCTH C HACHIIAIOWER NOPH MJIacTo-
BOH BOJOH.

B nau6osee KPynHBX, CBePXKANHJJAPHEIX, NOPAX, HMEMOLIHX
Anamerp dsp>10"* M, foasf BOAB, CBA3aHHOR KANHJIADHEIMH CH-
JAMH H CHJaMH aAcopOUHH C TBepACH ¢(pa3ofi, CpaBHUTEJLHO HeBe-
auka. [losTomy miaacroBas Boxa B 3THX MOPAX MOXeT ABHIATHCH
B OCHOBHOM NOJA AEHCTBHEeM CHJIBI THXKECTH B COOTBETCTBHH C 32KO-
HaMH Tpy6HOH THAPOMEXaHHKH.

B xamuaasapHeix nopax (dse=10""=-10"* M) pagHyc MeHHCKOB,.
00pa3oBaBUIMXCA Ha rpaHdle AByX (a3 B pedysasTare NMOBEpXHOCT-
HOTO HATsAXKeHHA, TAKOB, YTO OHH NPENATCTBYIOT ABHIKEHHIO BOJER
oA neHCTBHeM CHJL TAXeCTH, T.e. BOZA B 3THX NOpax yIepxKH-
BaeTCHA KaNHJJAPHBIMH CHJIaMH.

B cybkanuaaapusix nopax (dsp=2-10"°=1.10"7 M) Besauka
J0.151 BOABl, HA KOTOPYIO JeACTBYIOT anCcOpOIHOHHBIE CHJIB CO CTO-
poHnl TBepro#i noBepxHoCTH. Ilopel B 3TOM Cayyae 3amoJHeHbl PbiX-
JIO- H IIPOYHOCBA3aHHOH BOXOH, KOTOpas NMpPaKTHYECKH He CNOCOOHA
K TiepeMeIleHHI0 B 10JIe CHJB TAXKECTH HJH NOJ BJHAHHEM CHJ
IIOBEPXHOCTHOTO HATAKEHHA.

B mukpomopax (d;<C2-107° M), auaMeTp KOTOpPbIX COH3MEpPHM
C TOJUWHHOMA CJOS NPOYHOCBA3AHHOH BOJBl, mJgacToBaf Boga IpH
TeMnepaTypax MeHee 70 °C npakTHYECKH HeNmoJBHXKHA.

CBepxKanuJIApHble NOPH XapakTepHbl AJAA C1a6OCHeMEHTHPO-
BaHHBIX raJIeYHHKOB, IpaBHA, KPyIIHO- H CPeAHE3ePHHCTHX IECKOB,
06JIOMOYHBIX pa3HocTeH KapOOHATHBIX NMOPOJA; B 30HaX BblllesayH-
BaHHfl KapOOHATHBIX NMOPOJ OHH MOTYT JOCTHraTh BecbMa OOJbIIHX
pasMepoB (KaBepHH, KapCThi).

Kanuansipsbie HOpHl THIHYHBL 1J15 CLLeMEHTHPOBAHHBIX IeCYaHH~
KOB, OOJOMOYHBIX H KPHCTAJJHYECKHX H3BeCTHAKOB, MAOJIOMHTOB.
CBepxKanuJIJApHBE H KanHJJSAPHBIE NOPH COCTABJAAIOT OCHOBHYIO
€MKOCTb I'PAaHYJAPHBIX KOJJIEKTOPOB.

Cy6kanuansipHbie NOpnl CBONHCTBEHHB! [JHHAM, MEJKOKDHCTAJ-
JIHYECKHM H MeJonofoGHHIM H3BeCTHAKaM, AOJOMHTAM, TpenejaM,
NelJOBHM TydaM H APyTHM TOHKO3ePHHCTHIM mopoxaM. B otcyr-
CTBHe TPEIIHHOBATOCTH BCE 3TH NOPOJAbl HE ABJAIOTCA KOJIEKTO-
paMH.

MHKpoOTIOpbl YCTAHOBJEHH Y HEKOTOPbIX MPHPOJAHHIX I EOJHTOB.

TpeinHoBaTocTs HaHGoJee XxapakTepHa AJA NJOTHBIX, HH3KO-
JOPHMCTHIX TOPHHIX 10opoA. IlpoHcxoXneHHe TpeLIMH 4aie Bcero
TEKTOHHYECKOe, XOTH B NPHPOJE MOXKHO BCTPeTHThb TPELIHHBI AHare-
Hesa (DoJOMHTH3anHsA KapGOHATOB), TPELIHHE YNJOTHEHHA H Tpe-
IIHHBl aBTOTHAPOpPA3pblBa B 30HaX 06pa3cBaHHA AHOMAJBLHO BBICO-
KHX NJAcCTOBBLIX jaBJeHHH.

Hau6osee xopouio u3yyeHa CyOropH3OHTaJpHasf TPeEUIHHOBA-
TOCTb MOPOJ, OPHEHTHPOBAHHAA NpPeHMyLIeCTBEHHO NO Han/aacroBa-
HHio. PackpeiTHe (UIMpPHHA) 3THX TpPelIHH b pPEAKO NpeBHIUIAET
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10~* M B cBA3H C mpeBbillleHHeM BEePTHKAJIbHEX HANPAXKEHHH B KOH-
COJIHAHPOBAHHBIX TODHBIX MACCHBAX HaJX TOPH3OHTAJbHHMH. ITO
OGCTOATENBCTBO CHOCOGCTBYET CMHKAHHIO TOPH3OHTAJBHBIX TPELLHH.
Oanako B nocjeinee BpeMsi BEHICK23LIBAIOTCSI MHEHHS O 3HAUHTeJb-
HOM BJIMAHHH CYOGBEPTHKAJBHOH TPEIIHHOBATOCTH B 3eMHOH KOpe
Ha -TeyeHHe MHOTHX TEeO0JOTHYeCKHX mpoueccoB. [lo HekoTophM
JaHHBIM PAaCKpLITHE BEePTHKAJbHLIX H CYGBEPTHKAJBHLIX TPeLHH
MOXKET ObiTh BeCbMa 3HAYHTEJLHBIM. JTOT BHJ TPELIHHOBATOCTH
B TOPHLIX [IOPOAaXx TpylHee I[OAAAETCH H3YUYEHHIO CYIIECTBYIOLIH-
MH reo(H3HUECKUMH MeTOAAMH HCCJAEAOBAHHS CKBAXKHH.

[lo xapakTepy B3aHMHOH CBA3H MeX1y [OpPaMH H JBHXXEHHIO
<$a0M10B B MOpOje pasgHUAOT OGILYI0, OTKPHTYIO, 3 (PeKTUBHYIO
H AHHAMHUYECKYIO MOPHCTOCTH.

Kospduunentom oGmeil mopucTtocTu Kk, OuEHHBA-
erca o6beM BeexX moJiocTel, Kak cooOLIAIOIIHXCA MeXay Cco6ol
(MM OTKPHTHIX), TaK H He coobmiaroLIuXcA (3akpuiThx). Kosmue-
CTBEHHO OO0IIyI0 NMOPUCTOCTL PACCYHTHIBAIOT MO COOTHOIUIEHHIO MJIOT-
HOCTEH cyXoll mopoAbl H MHHepaJIbHBEIX 3epeH:

kl’[ = (LI—_VTB)/V = 1 _GH, C/GTB’ (33)

rae V—o6beM cyXo#fi mopoanl; V.;—o06beM TBepao#i (asel B mo-
pone; 8y, 6:s — IVIOTHOCTH CyXOH HeHapyUIeHHOfl MOPOJH H TBep-
JON asbl (MHHepaJsiornyeckasa MJIOTHOCTh IOPOJbl) COOTBETCT-
BEHHO.

YpaBuenne (3.3) ucnoansyerca npu JaGopaTropHoM cnocofe
onpejeJeHHs KodbdHunerTa o6IWEH MOPHCTOCTH 06pasnoB (crnocob
Menbuepa). C 3Tolf ue/bio B3BelllHBAHHEM HAaXOAAT NJOTHOCTb
cyxoro nmapaHHHpoBaHHOro 00pasua Onc H NJIOTHOCTH MHHEDPAJOB
(rBepnofi ¢aswr) (6:s) Toro Xe pasapobuaeHHoro oGpasna nuyrem
B3BeHINBaHUA B NHKHOMeTpe. Crioco6 Mesbyepa wyallle BCero IpH-
MeHseTcd A H3YUeHHS NMOPHCTOCTH 00pAa3ioB MOPOJ C MeXK3epHO-
BbIM THOOM mop. TpellwHH H KaBepHH OORIYHO HeqOCTAaTOYHO NOJ-
HO npeicTaBJeHbl B KepHe.

KosdppuuneHToOM OTKPHITOH NOPUCTOCTH ki OLEHHBAETCA 0GBEM
nop, coobLyalomuxca Mexkay co60f B IOpoJe H C OKpYyXawlleH
cpenoii. OTKPHTYIO NOPHCTOCTh ONpelesfAl0T HyTeM B3BelIHBAHHSA
CYXHX W HACbIO[EHHBIX KepOCHHOM 06DPAasuoB MOPOA C HOCJeAYIOUNIHM
HaxoXaeHHenm o6beMa mnapa(HUHHPOBAHHLEIX O6GpasuoB myTeM  HX
B3BelllMBaHHA B kepocHHe (MeTox [IpeoGpakeHnckoro):

ku. o= Vu. o/V’ (3'4)

rae Vno— o6beM HOp, 3aN0JHEHHEIX KEPOCHHOM.

JIJie HH3KOTJIMHHCTHIX BHICOKOHOPHCTHX H PHIXJHX Hopox o6-
A W OTKpLITAash MOPHCTOCTH OTJHYAKIOTCA HeaHauHTesabHO. [Tas
flopon ¢ GOMBUIMM COjepXKaHHeM CyGKaNMJIAPHBIX NOp (HampH-
Mep, IVIHHH) pa3jHudHe MOXKeT OLITh BeCbMa CYLIECTBEHHLIM.
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Kospobuunesr 3dbpPeKTHBHOA DNOPHCTOCTH KRuspr
(nonsitue BBegeno JI C JlefiGeH30HOM) XapaKTePH3YeT MOJE3HYIO:
€MKOCTb NOPOALl MM YrJeBOAOPOAOB (He(PTH HJM rasa) H npei-
cTaBJsieT co60H 06beM OTKPRITLIX IOP 32 HCKJAWYeHHeM oObeMa,
3al0JHEHHOro (H3HYEeCKH CBA3AHHOH H KalHJJIAPHO-yAepKaHHOH
NJ1aCTOBOH BOAOH.

ku ap (Vu. O—VB cn)/vz ku 0 (1 —kn. ca), (3 5)

rae Ry cs — K03 GHUHEHT BOAOHACHIIEHHSA, ONpeAessiOIHi comep-
XKagHe CBSI3aHHOH BOALL B egHHHIE 00beMa 1OP; Vs cp — 00bEM CBH-
3aHHOH BOJHI.

JLOCTOBEPHOCTL BEJNHYHHBL Rp.¢ OyJET 3aBHCETb OT TOYHOCTH
OnpejpeJeHHsl KOJH4YecTBA CBA3aHHOH BOABL (Kscs) B moOpoje.

Opnako ue Becb 00beM HedTH HJH rasa, 3an0JHSIONIHX NOJe3-
HYI0 eMKOCTL TOpHEIX NOPOJA, MOXKHO NPHUBECTH B JBHXKEeHHe NpH
paspaboTke MecTopoXpaeHHH. OmpegeneHHas YacTb HX, HAXOAALlAS-
¢l B MeJKHX H TYNHKOBBIX NOpax, NPH peajH3yeMBiX TpajHeHTax
JaBJEHHA BLITECHAIOILEH KHAKOCTH Ocraercds B nopax Oe3 JBH-
JKEeHHS.

KosdpopuuueHT gHHaAaMHUYECKOH TOPHCTOCTH Rigz
NOKa3biBaeT, B KaKOH YacTH O0O6beMa NnOpOABl NPH 3afaHHOM CpaiH-
EHTE JaBJIEHHS MOXKeT HabJ0JaThCA ABHXKEHHE XKHJAKOCTH HJH rasa.
IT0T 06BEM ONpelessloT Ha COAEpIKAIleM OCTaTOYHYIO BOAY H Ha-
CLILLEHHOM KEPOCHHOM O0pasle Kak pa3dHHuy MeXAy 00beMOM 3¢-
¢ekTHBHBIX MOP (Vio—Vacs) U 0ObeMOM 1Op Vizo, B KOTOPHIX OC-
TaJCfl KepOCHH mnOoC/e ero BHITECHEHHS U3 NMOPOALI APYTHM (JiioH-
JioM (0ObI4HO BO3NYXOM HJIH 430TOM):

kg p,:(VH O—VB CB_VH. O)/V=
=(Vu.ad)_'vn o)/V:ku.o(l_ka O_kH o)' (3'6)

HekoTopas HeonpeneseHHOCTb JAHHOrO BHIpAaXKEHHA 3akJ0HaeTcs
B TOM, YTO BeJHYHHA Kz 3aBHCHT He TOJbKO OT CBOHCTB NOPOJHI,
HO H OT BeJMYHHB NPHJOXKEeHHOTO TpajHeHTa AaBJIeHHS H BpPeMEeHH
BLITECHEHHA KepOCHHa JApyrHMm ¢uonaoM. Tak, mpu AJAMTeNbHOM
[PHJIOXKEHHH BHICOKMX [PAaJHEHTOB JHABJIEHWSt BBITECHEHHA KRn —>
—>Ru 5. OAHAKO NPH HU3KUX TpaJHEHTAX faBJeHHSA BHITECHEHHA,
KaK TPaBHIO, By <Ry so.

HecmoTpa Ha Bcio 1eHHOCTb HHGOPMAUHH O JABHXKEHHH JIIOH-
JOB, KOTOpY10 HeceT B cefe KO3 @PHUHEHT AHHAMHYECKOH MOPHCTO-
CTH, YKa3aHHbie Bbillle HEOJHO3HAYHOCTh M TPYAOEMKOCTb OIpeje-
JEeHHA OrPAaHHYMBAIOT ero LIHPOKOe npuMeHeHHe. B nocaegxue
rogbl B reoH3nKe aKTHBHO Pa3BHBAKOTCA METOAL! ONpeeseHus Ry x
nyrem HaOJ/i0JeHHH B CKBAaXKHHAX 3a NPOHHKHOBEHHEM paJHOAKTHB-
HEIX M30TOIOB B NJACT C UEJbIO BLIJEJEHHS NPOHHIAEMKIX 1171aCTOB.

B 3akJ/i0ueHHe 3TOro pasjiesna HeOOXOAMMO yKa3aTh HA CJAeRYIO-
IYI0 3aKOHOMEPHOCTb B BeJHYHHE KO3(P(HUHEHTOB NOPHCTOCTH, OIl-
peeJieHHBIX Ha OJHOM 06pasie: Ry>>Ryo>>Ry s >>Rn 1.

28



3.2. CTPYKTYPA MOPOBOTIO NPOCTPAHCTBA

IToposoe npocrpaHcTBo ropHO# nOpoAH, 06Gpa3oBaHHOE COOG-
IMAOIMHAMHCE MexXny coO0H nopamu, fiBifgeTcs BecbMa CJAOXKHHM IO
CBOEH ¢(OpMe U COCTOHT H3 COYeTAHHS MOP Pas3HHX pasMmepoB. OXHH
HOPbLl XOPOUIO MPOBONAT (JIOHIHL, ApyrHe — 3anoJHeHB axcopbu-
POBAHHOH H KalHJJIAPHO-yAepKaHHOH BONOH.

XapakTep pacnpefe/eHus IOpP 1Mo pa3MepaM OGLIYHO HA3HBAKOT
CTPYKTYPOH NOPOBOTO NPOCTPAHCTBa H3yuyaeMOH nopoawl. Cyruiecrt-
BYIOT NpAMBIE U KOCBEHHBIE METONbI H3YYeHHS CTPYKTypLl MOPOBOro

npocrpancrsa. K npAMbM MeToxaM OTHOCATCA ONTHYECKHE, Ha-
NpHMep, HcclepoBanHe MHKpodoTorpadui uwmdos (A. ®. Boro-
moaosa, H. A. Opaosa, 1961 r.) U ¢ noMOIbIO 3JMEKTPOHHOH MHK-
POCKOIIHH, K KOCBEHHBIM — KalHJJISPHLE METOMH.

OntnyeckHe MeTOnbl XapakTepH3YIOT pacrpeleseHHe I[Op Ha
IJIOCKOCTH, H TpeGYyIOTCHA MHOTOKpaTHBe HCCAeNO0BaHUSA Ha MNapad-
JeJabHHX IJOCKOCTAX AJs IpejcTaBJeHHsi 06 H3MeHeHHH IIOp
B o6beme. Meron okpauleHHBIX ULIHGOB HanboJee LIMPOKO IpPHMe-
HAETCA IPH HU3YYeHHH CTPYKTYpPHl IOp TPELIHHOBATHX H TPEILHHO-
BAaTO-KaBEepPHO3HHX nopox Ha Goasuux mwndax (K. M. Barpunue-
Ba, 1975 r.).

KanunngpHuole MeTOnL XapakTepH3ylOT CTPYKTypy MODOBOIO
IPOCTPaHCTBa B 00beMe, HO OHH, KaK NPaBHJO, He MOTYT GHITh HC-
IOJb30BaHBl I/ H3VYeHUA TPELIHHOBATO-KaBEPHO3HHX MOPOL.

M3BecTHE TpH Pa3HOBHIHOCTH KaNHJJIAPHHX MeTOnoB: 1) moay-
npoHunaemMoll MeMmOpaHbl; 2) PTYTHOH NOPOMETpHH; 3) KanUIIAp-
HOH INPONHTKH. DTH MeTOnbl OCHOBAHH HAa IpPHMEeHeHUH ypaBHeHHA
Jlannaca pjs Kanu/JafpHOTO faBJEHHs B KPYrJoM LHJHHIPHUECKOM
Kamuaisipe JaA OUeHKH 3D(EKTHBHOro AHaMeTpa mop dsgp, M:

d,4 = 40 cos 0/py, (3.7

Tie 0 — NoBEpPXHOCTHOoe HaTAxKeHHe, H/M; px — kanunasapHoe nas-
Jdeunue, [la; 6 — kpaesol yroa cMaYuBaeMOCTH.

B Metone noaynpoHuumaeMoll MmeMOGpaHKL H3 BOLO-
HacCbIEHHOro 06pa3ua, yCTaHOBJEHHOrO HAa BOJOHACHIIIEHHOH HC-
KyCCTBeHHOH MeMGpaHe pasmepoM nop 2-107% M, a30TOM BRITECHA-
I0T BOjy M CTPOAT 32BHCHMOCTb BEJHYHHH BOJOHACHILEHHOCTH 00-
pasua OT BeJHYHHE KanHJaspHoro aasienus. [lo cdopmyme (3.7)
BhIyHCASIOT 3QeKTHBHEE NHAMETPH INOP, COOTBETCTBYIOLIHME Ka K-
JOMY px, 4 110 H3MEHEeHHIO BOIOHACHIIEHHOCTH — OTHOCHTEJ/bHOE
cojepx)aHue 3THX nop B o6beme noponbl. CTpoAT rpadHx pacrpe-
JdeJleHHs Nop B 06paslue 1o UX pasMepam.

BosbumHerso uccaenoBatesnefi npuHHMaloT 8=0 u3 ycaoBui
a6CcoJIOTHOR CMaYyNUBAaeMOCTH BOJOW KBapUEBOTO KAalH//IApa H C—
AJ19 TpaHUILL pa3fesna BOAB C BO3AYXOM IPH TaHHOH TeMiepaType.
D nuTenbHOCTL ONEITA MPH HCCJAENOBAHHH OJHOTO O06paslla AOCTH-
raetr 30 cyrT.
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Pasmep mop mosynpoHunaeMofi MemGpaHBl OrpaHHuUHBAaeT HIXK-
HHH Opejes H3yueHHs mop. PafguyCH I10p BHIUHCJSIOT B gHANa30He
(2--100) - 1076 M.

Ilnenky cmaunBalomell XHAKOCTH (BOAM) Ha MOBEPXHOCTH MOp
MOPOJH TPYAHO YyYecTb B PacueTax, YTo CHHIKAaeT TOYHOCTh Ompeje-
JIeHHsl pachpenesieHHs 1OD.

B MeTone pTyTHO# NODOMETPHH B BaKyyMHDOBaHHbI
©o0pasen HarHeTalOT PTYTh. YeM MeHblle pdaMeTp Nop, TeM 60.b-
Iilee AaBJleHWe HYXHO MPHJIOKHTB [J5 NPeOAOJICHHS KaNWJJIsPHBIX
«ci1. CTpoAT 3aBHCHMOCTb pPx OT HACHIIEHHOCTH o6pasua pryThio,
3aTeéM — KDHBYIO paclpefeieHHs mop.

KpaeBoii yron 6 o6ruHo npunuMaloT paBHeiM 140° H3 ycaosmit
HeCMaYHBaHHs PTYTH KBaplEBOro KAaOHAAAPAE, 4 ¢ — AJs TPaHHIlbI
pasjesa prytb — Bo3ayx. Ha onelT ¢ ogHum o6pa3uoM pacxomyer-
<1 BCEro HECKOJIbKO 4acCoB, a AMaNa3oH H3yuyaeMbX mop npH pabo-
Te C 3THM MeTojJoM pacwupsiercs go (0,01=-100)-10-6 m.

K HepocTaTkam MeTOZa MOXKHO OTHECTH CJIaGYI0 H3YUeHHOCTb
3aBHCHMOCTH © OT BJ1aXKHOCTH H JIHTOJOTHH IOPOJA H HEBO3MOXKHOCTB
HCIIOMip30BaTh OOpaser, AJs NOBTOPHBIX HJAH MOCHEAYIOUIHX HCCTe-
NOBaHU.

Ha puc. 4 uso6paxens doTorpadud UOBEPXHOCTH TPEX THIOB
[OPOJ, BLINOJHEHHble ¢ NOMOIIbIO 3JIEKTPOHHOTO MHKPOCKONA, U
THCTOrpaMMBl pacrpefeseHuss Nop B 3THX MOPOAAX, MOJYYEHHBIE HA
pryTHomM nopoMepe. Xopollo BHAHZ pa3HHUA B CTPYKTypaX Hopo-
BOTO NPOCTPAHCTBA.

B coBpemenHBIXx Npu6Opax BCe H3MeDeHHA C DTYTHBLIM MOpOMe-
pOM aBTOMATH3HPOBAHEI, BKJl04as H BHIUHCJAEHHS THCTOTpaMM pac-
TNpeResenns Top B MOpPOJE.

B MeTone KaNMUAJSIDHOH ONPONHTKH, HJIK JIOMHHe-
cleHTHO-poTOMeTpHuecKoM MeToze (JI. M. Mapmopuresn, 1975r.),
CMauuBawoliasg JIOMHHeCHUpYOmias B YJAbTpa(dHOJETOBOM CBETe
XKHAKOCTb MOJ BO3JE€HCTBHEM KaNHJ/ISAPHBIX CHJ BIOHTbIBaeTca 00-
pasuoMm. C NOMOIIBIO aBTOMATHYECKOH (HOTOMETPHYECKOH YCTaHOB-
KH Ha0JIOfalOT 3a H3MEHEHHEM OKPAaCKH BepxHero Topua obpasia
0] BJAHSHHEM BIHTbIBAIOIIEfICS XKHAKOCTH.

JononnuTebHOE H3yueHHe H3BHJHCTOCTH [ODOBBIX KAaHAJOB
3JIEKTPHUECKHMH METOAAaM4 IO3BOJSIET B 3TOM METOJA€ OTOHTH OT
MOZeJIHDOBAHHUS IODOBOTO NPOCTPaHCTBA MyYyKOM MapaJJresibHblX
UHIHHADHYECKHX KanuaasapoB. Oxnako 3TOT MeTOl, TakK Ke Kak
H JIpYyTHe METOAbl, OCHOBAHHble Ha HCIO/JIb3OBAHHH JIOMHHECIHDYIO-
WIHX XKUAKOCTeH AJis U3YUYeHHS CTPYKTYpbl MOPOBOrO NPOCTPAHCTBA
(MeTon cMecuMoOro BbiTecHemus, no JI. M. Mapwmopureiny), noka
He MOJYYHJH PaCHpOCTPaHeHHs.

3.3. MOPUCTOCTb MUHEPAJIOB

Trepnas Gasa TOpHBIX MOPOJ COCTOHT H3 MOPOAOOGPa3ywOMUX
MnnepaJos.
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Pur. 4. CrpoenHe MOPHCTHIX NOPOA Mo fAaHHBM mbkpotoTorpaduelt (/) nosepx-

mupodopom (ysen. 40); rucrorpaMel pasmepos nop (/1) . ! {h - !

Hocreil ckoqos (ypen. 180} uw madgos nopox (11}, nopll KOTOPHX HACHLIHNEHB JHO:
a = MEeCYaHHK KOAPUCBL KPYNHOICDHUCTHA; Nopi  JaltOMHCHM BTOPHUHLIM  KaonHHOM  (Ta- g 00 ’0 ! af 'ﬂtﬂ]

JKHCKOE MecTopoiknenye Hedtw, k =153%, &

I1l,=U,2d[) MEM?, I =2045 m}; COMepHMT Nanan- glcE,mm
JIApHLIE NOPLI; H



Puc. 4. (Ilporonxenne)
6 ~— U3BECTHSHK MeJkokasepHO3HBIH (Tenrusckoe mecToposienns HedTH, R, =13,1%, k =

=0,0063 mrMZ, H=4730 M); IBYXMOfafbHoe pacnpeledleHHe KANHANAPHRIX H CYyCKATMIAADHRX
nop;

ul

00

w w

|



mn

Puc. 4. (Ilponomxrenne) | J

§ ~— BYJKaporeHHo-o60M0YHAA TPEeILHHHO-KaBePHO3HaR NOopoRa {Mecropomnenie nebrn Hu- 1
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Kospppuyuear obuieii nopuctoctu ka HexoTopolx Munepanos
xapaktepusyerca caedyroujumu seausunamu (no B, I1. Beauxosy,
K. C. Azexcandposy u T. B. Puixcosol), %:

I'pamar (rpoccyasp) . . 0,095 Buworur. . . . . . 1,56
I'pamar (mmpon) . . . 0,232 baoromur . . . . . 1656—3,17
Huoncun (Gaiikaamr) . . 0,152 Mukpokaug-mepTer. . . 0,622
Aprur . . . . . . 2,026 Amebur. . . . . . 0421
OrepL. . . . . . 0,575 Oagrokaasz. . . . . 031
JRraaar P 1 Jla6pagop . . . . . 0402
Poropasn o6mamka . . . 089 Hedeqwn . . . . . 0,151
Myckorr . . . . . 2,14

Kpuctannpl HAH OGJIOMKH MHHEPAJOB, CJAAaramllHX TOPHYIO
NOPOAY, UMEIOT, KaK NPaBUJO, BeCbMa HU3KYIO NEPBUYHYIO OGHIyIO
NOPHCTOCTh, DTa MOPUCTOCTH 0OYCJAOBJIEHA BKJIUYEHUSIMH rasoB HIH
APYTHMH OCOGEHHOCTSMH YCJOBHH XpHCTAJ/IH3aUHH MHHEpPAJOB.
OTkphiTas nepBHYHAs TOPHCTOCTb y GOJBIIHHCTBA MHHEDPAJOB OT-
cyrcrByer. Ilosromy H3meHeHHe o0beMa H cocraBa MHHEPAJbHOTO
CKeJIeTa TOPHBIX NMOPOJ MOXeT OBIThb CBSI3aHO TOJBKO C TPOIECCOM
3pO3HH HJH 3NHTeHeTHYECKUMH NpoleccaMHu B JHTOTeHe3e (pacrBo-
PEHHEM, OCaxIeHHeM, mepeKpucrainusanue#t u 1.1.). IlopHcTOoCTh
HEKOTOPBIX MHHEepPaJoOB B MNpPOIEeCcCe 3MHreHe3a MOXKET 3HAUHTeJdbHO
BO3pACTH, HaIpHMep UpH pa3pylleHHH 3€PeH NOJeBBIX LINATOB, Te-
PEXOASAIUX B TVIHHHCTHE MHHEDAJIHL.

Takum 06pasoM, nepBHYHAA MOPHCTOCTh MHHEPAJIOB HECET MaJjo
uabopManuu o mnopoge u ciaabo usyueHa. CyulecTBeHHO GoJibllee
OPaKTHUYECKOE 3HAUCHHE B TeOJOTHH ¥ reodH3HKe HMEeT MJIOTHOCTb
NOpOL006PasyIOIHX MHHEpPAJOB, KOTOpas OTpax<aer HX 3JeMeHT-
HBIH COCTaB.

3.4. TOPUCTOCTb OCAJOYHLIX MTOPOJ

Ocapnounsie nopogsl, no M. C. IlIBenoBy, MOXHO NOAPa3AeJHTb
Ha TpH Goablume Trpynnbi: 1) objomouHble; 2) xeMoreHHele U GHoO-
reHHble; 3) TAHHUCTLIE.

B npupoanBIX YCAOBHAX YaCTO MOPOAA COCTOHT H3 HECKOJBKHX
COCTABHBIX yacCTell, TOrja OCHOBaHHEM /s OTHeCeHHR ee K TOH
HJIH HHOH rpynne CJyXaT KOJHYeCTBEHHblE COOTHOUICHHS MeXAY
5THMH YacTtaMH., Hanpumep, Kk 06JOMOYHBIM OTHOCATCA TNOPOAIH,
cogepxamue Gonee 50% 0670MOUHOr0 Marepuaga.

K 06J10MOUHBIM OTHOCAT rpy06006,10MOUHble, NECYaHbBlE, AJeBpH-
TOBBIE H 3¢ (y3uBHO-0CaAOYHble NOPOAb; K Tpynie XeMOTEHHBIX
H OHOreHHbIX NOPOA — ANIOMHHHUCTBHIE, JKEJIE3HCTHIE, MapraHuoBH-
CThle, KpeMHHuCTHle, (pocdarHble, KapboHaTHHe, CyabdaTHbe, COMfA-
Hble, KayCTOGHOJHTHL; TPyNna TJHHHCTHX NMOPOJ NOApa3aeNsiercs Ha
THAPOCJIONHCTHIE, KAOJHHHUTOBBIE, MOHTMOPHJJOHHTOBbIE, XJOPHTO-
Bble. HaknGoapmyto poas npd GOpMHpOBAHHH OCaJOYHBIX TOJI HI-
paloT 06.10MOUYHble, KapOOHATHbIE, [VIHHHCTBIE, COJISIHBE H CyJbdart-
Hble NOPO/bl, IpHUEM COJISHble H CyabdaTHhe NMOPOAH B €CTECTBEH-
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HOM 3aJeraHuy MJacTHYHB, WX MOPHCTOCTb BecbMa Maja, COCTaR-
JsieT A0JH NpOLeHTa.

[MopucrocTs 06J0MOMHBIX, KapOBOHATHHX H TJIHHHCTHX nopox
H3MeHseTcsl B LIMDOKHX MNpelenax. Ee KOHKperHoe 3HadenHe mas
KaxXJ0H MOPOALI Ompegensiercss MHOTHMH daxropaMu. OQHako Hau-
Goslee 3HAUYMMBIMU M3 HHX SIBASIOTCA: MakcHMaJbHas ray6uHa mo-
rpy:KeHUus, CoflepXKaHHe TJAHHHCTHIX  MUHEpaJoB, HHTEHCUBHOCTb
BTOPDUYHBLX NPOLECCOB, TeMIeparypa ¥ BO3pacT HOPOA.

3.4.1, HEOBPATHMbBIE UBMEHEHHSA NMOPHUCTOCTH C I'NIYBHHOH

Ha puc. 5 moxasaHo U3MeHeHWe OTKPHITOH MOPUCTOCTH 06.10-
MOYHBIX W TJIHHHCTBHIX HOPOA C TAyOHWHOH 1O JaHHHM H3yYeHHH
KepHOB H3 Taybokofi Apaacopckoit ckBaxHHb (Ilpukacmuiickas
BrasuHa). CkBaxuHa BCKpblJa TeppureHHbll pas3pes HOPOA OT HEO-
reia fo nepMH.

Koadpunuenrs obulell NOPHCTOCTH OCAJOYHHIX MOPOJ, KaK Mpa-
BU.J0, GoJblue KO3(hDUIHEHTOB OTKPHTOR NMOPHCTOCTH TeX Xe INOo-
poj, MpHYEM B YMCTBIX BBICOKONOPHCTHIX TNOPOAAX 3Ta pas3HHIa
OYeHb MaJja, B YNJOTHEHHHX MJOXO OTCOPTUPOBAHHBIX WJH 3arJHHH-
3MPOBAaHHHX aJCBPUTOBBIX MOpOfax W B TJIHHUCTHIX NopojnaX ouHa
BEJMKA 4 B WU3yyaeMofi KOJJeKUHH jgocruraer 4% B mecuaHo-rgu-
HHCTHX ¥ 2% B NJOTHBIX TJUHHCTHX wu3BecTHAkaXx. Onpelesenue
OTKPBITO# NMOpHCTOCTH METOAWYECKH NpOllle ¥ NMPH MAacCOBBLIX OmNpe-
JeeHnsix Nmpoussoaurcs dalle. Ha puc. 5 xXopowo BugHO 3HAYu-
TeJbHOe yMeHblileHWe OTKPBITOH NOPHCTOCTH C IAyOHHOH A/ia BceX
paccMOTpeHHHX THHOB NOPOA. PaccMOTpHM MEXaHusM 3TOrO yi-
JOTHEHHS.

Ilpy mnorpyxeHuu OCaJOUHBIX mNOpoA Ha Oo.blude TayOHHBL
B npomecce HopMuUpoBAHUS Ocajoudblx OaccefiHOB MelJeHHO pa-
CTyT BO3[CHCTBYIOIHe Ha NOPOAY paBieHus ¥ TeMnepatypbl. Ilpu
3TOM yMeHbLIAeTCS MOPUCTOCTb MOPOA, TJaBHHM 06pasoM B pe-
3yJabTare HeoOparumbix Aedopmanuil. JTH U3MeHeHHs] NOPUCTOCTH
MOMKHO HaGa0zaTe 10 AAHHLIM H3ydeHUs KepuoB NOPOJ, U3BJIEUeH-
HBIX ¢ pasJUYHBLIX TJyOHH.

Hebopmaunio u uaMeHeHHs (U3HYECKHX CBOHCTB TOPHHX NOPOJL
B 06luem cJydyae pacCMAaTpPUBalOT B 3aBUCHMOCTH OT 3((eKTUBHOTO
HATIPSKEHHA: Psp=p—Pus, MJACTOBOrO (NOPOBOTO) [ABJEHHS Prx
W Temnepatyphl T; 3mech p— CpejHee HOPMANbHOE HAUpsiKEHHE,
OTpakaiolllee BJWsiHHe T'OPHOTO JaBJleHWss B JAHHOH TOUYKe 3eMHOH
Kopbl [15].

IIpu usmenenun 3¢dQeKTHBHOro HanpsKeHUs NMPOHCXOAUT O0B-
eMHas negopManHs cueMeHTHPOBAaHHOTO KapKaca (ckenera) nopo-
AH, Hecyllero Ha ceGe HAarpysky Bhiluedewalnefr Toawd. Iox neii-
CTBHeM W3MeHHUBUIerocs MJACTOBOTO AaBJeHHs JOMOJHUTEJNbHO BO3-
HWKaer gedopmanus MHHepaJoB, cJaralpoll¥x Kapkac MOPOJAH,
a NpH U3MeHeHWH TeMMeparypbl HHTeHCU(PUUUPYIOTCS BTOpHUIHBIE
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Puc. 5. aMeHenne OTKPHITON MOPHCTOCTH MECUAHO-TJMHHMCTHIX TMOPOL ¢ raybuHoB
(ckB. CI'-1 Apancopckas):

a — necyaHHKH; 6 — aJEBPOJHTbI; 8 — aPrHJLUIHTLI H [JHHHCTO-a/leBPHTOBble NOPOABI; & — CBOA~
Hasi 3aBHCHMOCTL

NpollecChl, H3MEHSIOTCS MexaHHuYeCKHe CBOHCTBA MHHEPAJOB H MpO-
HCXOAHT HX TEeMJOBOe pacluupeHHe (MJIH CXKaTHe).

Jaa onpenefeHust CpeaHero HOpMaJbHOrO HANPSIKEHUST B KAKOM-
TO 3JcMeHTapHOM 00beMe NacTa HeoOXOAHUMO 3HATh TPH IVIABHBIX
HOpMAaJbHBIX HANpSkKeHHS B 3T0OM 00beMe. BelHUHHH TJ1aBHBIX HOp-
MaJbHBIX HanpsXkKeHufi 3aBHCAT B oOlUleM CJyuyae OT Beca BblUIee-
JKallux MOpojJ, FeOMETPHH UM YAPYTHX CBOHCTB xeOpPMHDPYEMOro
mnacra, a TakXe KOHKPETHOH TeKTOHHYeCKOH OOGCTaHOBKH, BJHUSAIO-
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niefl Ha HaNp#XKeHHOe COCTOSHHE NMOpPOAB B YCJOBHSIX €CTeCTBEHHO-
ro 3anerafus. B cBS3H ¢ pa3HooOpasHeM TeOJOTHYECKHX YCJOBHH
aHAJIUTHUECKOe M3yYyeHHe BJHAHHS TIeOMETPHYECKHX (AKTOPOB H
TeKTOHHYECKHX HanpsaxXeHHH Ha nedOpMauUid NIACTOB — CJAOKHAA
3ajaua, MO3TOMY fJs ONpefleJieHHs CpeflHel0 HOPMAaJbHOIO Hamps-
JKeHH# OOBIUHO NoJb3YIOTCs 6oJiee NPOCTHIMH cxeMaMu pnedop-
Maiui.

Ecau npHHATH, YTO TPABHTALHOHHBIE CHJB, CO31aBaeMhHe BECOM
BBHIIENEXKAIUX OCAJIKOB, fABJAIOTCA OCHOBHBIMH M  ONpeensioT
HANpsiXKeHHOe COCTOAHHe O6eCKOHEUHHX TOPH3OHTAJbHBIX IJ1ACTOB
Ha PasJHYHBIX IJyOHHAX 3ajJeraHud, TO BCJEACTBHe OCEBOH CHMMeET-
pHH TOPH3OHTAJbHBlE TJaBHHE HOPMaJbHHE HaNpsIKeHHS MO OCH X
H Y paBHB MeXay Co60#i H COCTABJAOT Y4aCTb OT BEPTHKAJLHOTO
[J1IaBHOro HOPMAaJbHOrO HAMpsXKeHHd:

P.=py=Kp,, (3.8)

rie K=v/(1—v) — koaddunuenr GoxoBoro pacnopa; v — Ko3pohH-
uueHt [TyaccoHa usyuaeMofi nmopojsl.
B 3TOM CJayuae cpejlHee HOpMaJibHOe HAMpsiXKeHHe

= (Ptp,+p) =5 (1+2K)p. (3.9)

OnHako B OCAaJOYHBIX MOPHCTEHIX NOPOAAX, IMOJABEPTalOUIHXCH
BO3/1eHCTBHIO MeXaHHYECKHX HANpPAXKEHHH, B TeueHHe [JHTENbHOrO
reoJIOTHYECKOTO BpeMeHU HX CYIIeCTBOBAHHS Ha 6oJabliuX ray6u-
Hax HeoOpaTHMble netdopMaunu MOAOGHB MJAACTHYECKHM, MPH KO-
TOpHX HabJIofaeTcss peJlakcauls KacaTe/bHbIX HanpsixKeHHH U BCe
IaBHble HOpMaJbHble HANpPSXKEHUS OKA3bIBAIOTCS paBHB MeXKY
cobofi. B 3THX ycaoBusix K—-1 u ypaBueHue (3.9) MoxHO 3a-
mHcars B (popMe ypaBHEHHS reOCTATHKH:

n
p=p.=8 Z hiéuh (310)

[=

Tle h; — MOWHOCTL {-TO JMUTOJOTHYECKH OJHOPOJHOIrO HHTEpBaJa
€ MIOTHOCTBIO NMOpOR On; Tpu 100% BJaAXKHOCTH, g — YCKOpeHHe
cBoGonnoro najenust. HopmanbHoe mi1acToBoe faBJjeHHe

pnnnghiénh (311)

TAe 8a; — MJIOTHOCTb MJAACTOBOH BOJBI B HHTepBaJe A;.

YpaBHeHus (3.10) u (3.11) nosBoJsitor onpeneautTb 3d¢exKTHB-
HOe HanpsixeHHe s Cpefisl, COCTOsINeH H3 TOPH30HTANbHO 3aJje-
Tamux 6eCKOHeYyHBIX MJACTOB:

p~pm=gi§1 hi (85,-—85,)- (3.12)
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Win, ecan BOCIONB30BATHCA CPeAHHUMH 3HAYEHHSIMH IAOTHOCTER
[opoj, H BOAL B JAHHOM paspese,

P—Pua=8 Sy, cp— 905, cp) h- (3.13)

Bripakenue pnisi onpenesieHHss HeoOpAaTHMOrO H3MeHEHHS KO3¢-
(pHIHEeHTa OTKPHTOH MOPHCTOCTH C IyOHHON MOXKHO MOJYYHTH AHG-
(bepeHuHpoBanHeM ypaBHeHHS (3.4):

din. o dVqo dV

kn.o - Vn_o - V
ITnorHoCTs MOPOAO0OPA3yIOIIMX MHHEpaJOB Majo H3MeHseTCs
¢ raybunofi. CnenoBaTelbHO H3MeHeHHe 06beMa INOPOABI MPOHCXO-
JAHMT TJaBHBIM 06pa3oM 3a CyeT yMeHbIUeHHs MOPOBOTO MpPOCTpPaH-
¢rBa nopoad. Ilosoxus B gopmyne (3.14) dV=dV,, nonyyum:

dkn_ 0 an 0
T o e ™~ Vo (3.15)

BBeneM nouaTtHe KosdduuHeHTa Heo6paTUMOTO yO-
JOTHeHHUS NOpOoAH Ba(f, T):
1 dVa o { dVa o
B (t, T)=— d{p— Y 8. cp — On. ) dA
Voo d (72— pua) n, 0 & (6n, ep n. 8)

. (3.14)

(3.16)

Beanuuna xrosddunuenta HeoOparuMOro YOJOTHEHHS 3aBHCHT He
TOJIKO OT JIHTOJIOTHH H CTPYKTYPHl MOPOAL, HO H OT BPeMeHH yII-
JOTHEHHA ocajKa { W ero TeMmeparypel T, T.e. OT KOHKPETHHX reo-
Joryyeckux ycnaosui. Ilogcrasus Bmpawenue (3.16) B (3.15), mo-
JyYHM AH}depeHurasbHOe ypaBHeHHe NS ONpejesleHHst 3aKOHO-
MEPHOCTH YMJIOTHEHHS OCaAOYHLIX MOPOX:

dkn. [s]

T 5 . ~— ﬁn (tr T)g(Gn. cp_ﬁn. cp) dh. (317)
(l '—kﬂ_ O) kl’l, o

Kos¢puunenr neobparuMoro ymJoTHEHHS MOPON YyMeHbUIAeTCH
¢ ray6uHoil. OgHako 3TO yMeHblleHHe HEBEJHKO H JJA TpakTHie-
CKUX LeJeifl MOXKHO BOCHNOJb30BAaTbCS ero CpeJHHM 3HauyeHHeM AJS
onpeleNeHHHX JHTOTHIIOB nopox. HampuMmep, gas TJAHHHCTBIX IO-
pox B paspe3de ApajcopckoH CKBaxHHB (CM. pHC. 5,8) rpaaueHt
OTKPHITOH MOPHCTOCTH ARpo/Ah yMeupmiaerca or —1,3-107% w1
B HUHTepBaJje ray6un 0—1000 m no 3uavenus — 0,1-10~* M~ B un-
tepBaie 5000—6000 M. Koadduunent HeoO6pATHMOTO YMIOTHEHHS
LJisl TeX XKe TJIHHUCTHIX MDOPOJ OTKJOHAETCH OT CPefHero 3HayeHHs
Bu(t, T) =33-10"3 MIla~! ge Gosee ueM Ha 20%.

Cpennee 3Hauenue kosdhdunuenra HeoOpaTHUMOro YHJOTHEHHS
HecyaHHKOB! (cM. puc, D,a@), Takme OlpeneJieHHOe N0 (HopMmyJie

1 Cpesuue 3HayeHHR [VIOTHOCTEH NOPOJH K I1acTOBOH BOZH MPHHSATH:
S cp=2,5-10% x1/M3® H Op.cp=1,1-10% Kr/M3

38



~J
~— 10‘70
~

~~Zw

x ° S~
~
\\
—

\\\\ \\\\\4@./j~‘7
S~ Tl
I 1 | e |

0 2000 9000 fym
E=3 B3, e s (3w ey Cads 2y

Puc. 6. HeoGpatumoe ymeHblieHHe KOIDQHIHCHTA MOPHCTOCTH K(n.o)h/R(x oyh=0

06JOMOUHEIX H KapGOHATHHX MOPOR, ¢ TAyGHHOA At

1 — TeopeTHYeCKHEe KpHBHIE, BLITHCAeHHEle MO0 ypaBHeHH0 (3.18) JAns Pa3nMYHLIX 3HAYEHH{ KO-
3ddunuenTa HeoCPaTUMOro YNJOTHEHHS NpPH kn_o(h=0)=0,; 2 — PaKTHIECKH YCpPelHEeHHbIe
3aBHCHMOCTH 10 [[5]; § — TperHuHble TAHHHCTble HOpoAn Bewnecysnw; € — To ke, CeBepo-Bo-
c¢Tounoro [lpefixaBka3wnsa; § H 6 — NecdaHHKH H H3BecTHiKH CeBepo-Bocrounoro IlpeikaBKashs;
7 — meprenn A3oBo-KyGanckolt Buaguubl, HIHPp KpHBHX — KO3ddHIUEHT HeoOpaTHMOroO ynJjoT-
uenusa B, (¢, 7), MIla—~!

(3.17), B unreppase 1500—2500 M npH cpeaHeM TIeOTepMHUYECKOM

rpaguente I'=2,2°C/100 M cocrasasier 16,4-10-° MIla—.
WurerpupoBanue ypapHedus (3.17) nospoJsieT NOJYYHTb BbIpa-

JKeHHe ISl ONHCAHHSl H3MEHeHHs MOPHCTOCTH OCAJOYHBIX TNOpPOX

¢ raybuHof:

B, oy n — exp [—Pu (¢, T) g (8n, cp— Os, ep) /1] (3 18)

k(. 0)p—0 1— k(n‘ 0) k=0 fl—expl—Pn(t, T)g (511, cp — s, ep) h1} )

TA€ R(rojp — MOPHCTOCTb HAa TyO6HHE h; kyrop—o— TO Xe Ha mO-
BEPXHOCTH.

YpapHenne (3.18) Xopolio omHCHIBaeT HeoGpatTHMHE H3MeHeHHs
NOPHCTOCTH OCAZOYHBIX MOPOJ, He TOJNbKO B paspesde ApaJscopckofl
ckBax<HHbl. Kak BHAHO H3 pHC. 6, TeopeTHUueCKHe H 3KCNepHMeH-
TaJbHHe JaHHBe corJacyiorcss MeXay cobofi. KosdduuueHtn He-
o6paTtHMOro YINJIOTHeHHsl 3aBHCAT OT THna mopoA. HaubGosbiiue
3HayeHHs HMX OTMevaloTcs y TJHHHCTHX INOpoJ H Meprejef, Hau-
MeHbillHe — y KBapleBblX NeCYaHHKOB H YMJOTHEHHbIX H3BECTHAKOB.

Cnenyer otMeTuTb, 4To ypapHenHe (3.18) spnasercs maubosee
OCIIMM BHAOM ypaBHeHHs YIUJIOTHeHHsl 0Caf0UHBIX NOPOA, CNpaBef-
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JHBHIM B IIHPOKOM AHana3oHe rayGHH. B nuTepaType H3BecTHBI H
Apyrue Belpaxenus. OHH BO3MOXKHBI IpH 6ojiee NpUBIHKEHHOM
ONHCAHAH CTATHCTHYECKHX CBfI3€H MeXJAy MNOpPHCTOCTBIO H raybu-
HO# ocajouHbix nopoj. Hanpuwmep, ecan B ypaBueHHu (3.14) mpe-
He6peyb M3MeHeHHEM NOJHOro o6beMa nopoxawt dV/V, 10 B pesys-
Tate pelleHds] Takoro AH(dEepeHUHPOBAHHOIO YpABHEHUS MOJYYHM

k(u. oy~ k(n. 0) h=0 €xp [‘“ ﬁu (t’ T) g (611. CD_SB. cp) h] (3'19)

Has nopojx AaHHOrO JHTOJOTHYECKOTO COCTdBa, 3aJeralollix B OI-
peldeseHHOM reoJiorHueckoMm paspese, 3uHauenue fPn(f, T)g (Sn.cp—
—08n.cp) & const u ypaBuenre (3.19) mpuobGperaer BHA, H3BECTHBIH
B JIHTEpAType TaK Ke KAK 3MOHpHYecKoe ypasHeHHe JI. @. D3u.

Ecau B pomosnnenne K nmepBoMy DpuOJHKEHHIO OrPAHHYHTHCS
B ypaBHendH (3.19) nepBo# cTeneHbIO psia pa3/OXKeHHSA SKCIIOHEH-
UHaAbHOH GYHKLUHH, TO DOAYYHM elle HoJee NpuOIHKEHHYIO JHHEH-
HYIO 3dBHCHMOCTb!:

k(n. o)yr~ k(u. o) h=0 [1 - ﬁn (t’ T) g(én. cp"'SB. cp) h]' (3-20)

Jror Bua 3aBucuMmoctH E. M. Crerioxa HaxXOAHT BO3MOKHBIM
HCNONb30BATh JJi ONHCAHHSA H3MEHEHHs C rayOHHOH NOPHCTOCTH
HeCYAaHUKOB M H3BECTHSKOB, X4aPaKTE€pPH3YIOUIMXCH HAHMEHbLIHMH
Koapduurenramu HeobparuMoro ymaoruenus. M. JI. Osepckas
u H. B. Tlogo6a ans onucauus a3MeHeHHs] NOPUCTOCTH JIO6HIX TO-
poJ ¢ rayGHHOR PEeKOMEHAYIOT 3aBHCHMOCTD

k(u. o)h:k(u. o)h=0exp (_"0’45h)’ (3'21)

rie h— ray6HHa 3ajeraudsi H3y4aeMo# mopOaRl, KM.

910 ypaBHeHHe —yacTHbIl cjyual ypasuenus (3.19) npH Be-
JHuHBe Bq(f, T)=32-10-° MIla—!, 6au3k0of k Cpeiuel BeJHuHHe
Ko dunueHra neo6paTUMOro YNJOTHEHHS JJs MIHPOKOH ramMMbl
NOpoj OT H3BECTHAKOB A0 [JIHH, YNOMSAHYTHIe HCCJIEAOBAaTEJH 34a-
BucuMOCTh (3.21) ¢ mocrosimueiM ko3 duuuestom  Pa(f, T)
NpHCNOCcaGJHBAIOT K KOHKPETHOMY THIY OTJIOXKeHHH nyreM noxbopa
Ko3bbHIHeHTa Aqojh—o. ITOT NPHEM, DOJYYHBLIHA Ha3BaHue rpa-
¢do-aHAJHTHUECKOTO METOAA, ONpaBAbIBaeT ceGsi B TOM cCJayyae,
€CJM yCpeJHEHWe HJH SKCTPanoJsiuHsd KpHBOH HPOH3BOAUTCS [pH-
OJHKEHHO H B CpaBHHTEJbHO HeOOJbLIOM HHTepBaJae rayOHH (Ha-
npumep, no 2000 m).

Takum o6paszom, HeCMOTPS HA JHTOJOrHYECKOE pasJHYHe NOpoj
(rnuHHCTBIE NOPOABI, NECUaHHKH H aJIeBPOJHTHI, H3BECTHAKH H Mep-
rejif), IepBHYHAS] DIOPHCTOCTb TOPOJ HEOOGPATHMO H 3dKOHOMEPHO
yMeHbIIaeTcsi € rayOGHHOR 1O ofHOMY 3aKoHy. [laxe Koadpduuuenrt
HeoOpaTHMOro YNJOTHEHHSI JJIsl HCCJeAOBAaHHBIX TOPOJA H3MEHSETCS
He CTOJb Yy 3H4YMTeNpbHO —BCero B 3 pasa or 16,3-107% no
481073 MIIa—'. Oauako Heap3sa Ges pasbopa HCHO/b30BATH 3TH
3aBHCHMOCTH [/ NPOTHO3HOH OLEHKH NOpPHCTOCTH Ha rJyOHHax,
HE BCKDHITHIX CKBaXKHHAMM, — CJIHIIKOM BeJHK PasGpoc 3HAUeHH#
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(o E. Y. JleonTbeBy) kn.0,%

Puc. 8. BiusiHHe SMHreHETHUYECKHX MPOUECCOB HA XapaKTe) H3MEHeHHs OTKPHTOMH
MOPHCTOCTH MecyaHo-aeBPHTOBHIX TOPoA ¢ ray6uuodl (mo Bb. K. IlpomnskoBy):

0 — NecYyaHo-aJeBpHTOBHIE HOPOAR; 6 — IAKHHCTHE nopoas, [ — Bocrounoe FipenkaBkaane
3 — INpukacnHAckag Bnanakba; 3 — JOxHBA Manrnmaax; 4 — Boarorpaackoe Ilosofxbe

NOPHCTOCTH HA OAHOH W TOH ke raybume (cM. puc. 5). Dror pas-
6poc CyIeCTBEHHO CHHXKAET AOCTOBEPHOCTb 3KCTPANOJSALHH H 00yC-
JIOBJIEH B NECYaHO-TJIMHHCTBIX NOPOAAX ABYyMs [JIABHBIMH NpPHYHHA-
MH: 1) pas3JHYHBIM COAEpXKaHHeM TJIHHHCTBIX H KapOOHATHBIX MHHeE-
pasoB B nopax NMOPOAbI, OTJOKEHHBIX B npouecce ee 06pa3oBaHus;
2) pa3jHyYHOH HHTEHCHBHOCTBIO BTOPHUHBIX KAaTareHETHYECKHX MIpO-
LLE€CCOB, CONMPOBOKAdeMbIX NEPEHOCOM MHHEPAJ0B B NOPOBOM IPO-
CTpaHCTBE MOPOAHI.

C yBesHueHHeM TJIHHHCTOCTH IIOPHCTOCTb HOpPOJ yMEHbLIAETCS
(puc. 7). Dra 3aBHCHMOCTb JEKHT B OCHOBE ONPEJENEHHS MOpH-
CTOCTH IOPOA MO AAHHBIM METO0Jd CaMOINpPOH3BOJBHOH OJSPH3ALKH.
OtkJoHEHHE 3aBHCHMOCTH H3MEHEHHs NOPHCTOCTH NOPOj C raybu-
HOH MOxer ObiTb CBA34HO C PacTBOpeHHEM MHHEpaJoOB H HX Nepe-
OTJIOXKEHHEM B Pe3yJbTaT€ MHTPALMH IJ4CTOBBIX BOJ.

B. K. IpoumasikoB npuiies K BHBOAY, 4YTO B psife HedTerasoHoc-
HpIX GaccefiHOB orpoMHast Macca KapboHaTHBIX MHHEPAJOB, OTJIO-
KEeHHBIX NEPBOHAYAJBHO B NECYAHO-d4JEBPHTOBLIX IOPOAAEX, BHIHO-
CHTCA M3 3THX nopoj B murtepBae raybun or 0 go 2000 M u nepe-
OTnaraercsl na ray6unax csoime 2300 M. DTO BeJeT K HapylIeHHIO
3dKOHOMEPHOCTH H3MEHEHHS NOPHCTOCTH 1opoja ¢ raybGHHOH
(puc. 8). 3aBHCHMOCTb CTAHOBHTCA 6oJjiee CJIOKHOMN, OHA OTKJOHS-
€TCSl OT 3KCHOHEHTHI.
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VIHTEHCH(HKAIH BTOPHYHBIX TPOLIECCOB XapakTepHA TaKxke
JUI OCaJOYHBIX TOpPOA, 3aJjeramilux BOJH3H dyuaamenTa. 3aech
HaOJ/ondeTcss UHMPKYJANHA AKTHBHbIX MHHePAJH30BAaHHBIX pacTBO-
POB B 30HAax NOBHILUEHHOH BePTHKAJbHOH H CyOBepTHKaJbHOH Npo-
LHIaeMOCTH OCaJ0YHOrO 4eXJa, CBA3AHHOH C TEKTOHHYECKOH aKTHB-
HocThio (ynpameHTa. Bo Becex 3THX caydasx 6oJblUyio poJb B CO-
3paunn (pHIBTPALHOHHBIX IIOTOKOB MHHEPAaJH3O0BAaHHBIX BOJA HIpaer
TePMOJAHHAMHYECKHH TpajHeHT NaBJeHHS NOPOBHIX BOJ, HANpaBJe-
HHE KOTOPOTO MOXKET H3MEHSITbC B 3dBHCHMOCTH OT HarpeBaHHs
HJH OXJlaXkjeHHs TopHbIX nopox [17]. DTo Takke MoXKeT npuso-
JUTb K HENPEACKa3yeMblM H3MEHEHHSIM TNOPHCTOCTH MOpPOJ B €CTe-
CTBEHHOM 3aJlerdHHH, HA I'JTyOHHE N0 BJHAHHEM THAPOTEPMAJIbHBIX
HpPOUECCOB, KAK 3TO HMEeT MecTO, HalpHUMep, B HHKHEIOPCKHUX OTJIO-
KepHuax (TIOMeHCKasi cBura} B 3anagHodl CuOupH.

B 10 e BpeMsl yNJOTHEHHe TJIHHHCTBIX TIOPOA, DpH KOTOPOM
HHTEHCHBHOCTb MHHEPAJbHOTO MAaCCONEpEHOCa CYIIEeCTBEHHO MEHb-
ule, MPOUCXOAHT HO IKCIOHEHIIHAJbHBIM 33aBHCHMOCTAM € JOCTaTOY-
HO BBICOKHM KOppeJSALHOHHBIM OTHOIeHHeM. [fo sTof Xe mpuuuHe,
a TAK¥ke B CBSI3H C 3aTPy/JHEHHHIM OTTOKOM BOA NpH YIJIOTHEHHH
TJIHHHCTHIX NOPOJ MX BO3PAaCT M ToJUlHHA OyAyT SIBJATHCA TJ14BHbI-
MH aKkTopaMH, ONPEAJAIOMINMHE BEJHYUHY Pa (¢, T).

J1s onHOBO3pACTHLIX (IJIHOLEH) TJIHHHCTBIX TOPOX pa3pesa
NpoayKTHBHOK TOoMUH Asepbaiinxana mnoaydeHa npHOJHKEHHAS
cBsi3p (no JI. A. BypsikoBckomy u ap., 1982 r.) Mexny Ba( ¢ T)
H TOJIIHHON TJIHHHCTBHIX NJAcTOB Ahr;, XapaxkTepH3ylollasl BJHAHHE
OTTOKAa NJAacTOBOH Boabl: PBa(f, T)=(73,2—19,6 1g Ah;) 1073,

Takum 06pa3oM, IpH HOPMAJBHOM THAPOCTATHYECKOM AAaBJEHHH
HOPOBBIX BOJ, OTCYTCTBHH 3HAYHTE/bHBbIX IEPEPLIBOB B OCAAKOHA-
KOMNJIEHHH, TEKTOHHYECKHX HApyUIEeHHH, BHI3bIBAIOLIHX PE3KOE H3Me-
HEHHE THICOMETPHH TOPOJ, TVIHHHCThIE NOPOAbl YIJIOTHAIOTCA 3aKO-
HOMEPHO, H3MEHEHHE HX DOPHCTOCTH ¢ TIMyOHHOHA MoXKeT OBITh OIH-
CaHO CJOMKHBIMH IKCIOHEHLIHAJbHBIMH 33aBHCHMOCTSMH. JTH CBOH-
CTBa TJIHHHCTHIX NOPOJ HA NpPaKTHKE WHPOKO HCNOJb3YIOTCH AJs1
DPOTHO3HPOBAHHSA AHOMAJbHBIX JaBJEHHH B OCAJOYHBIX  TOJIAX
[16]. MoXHO TaKkKe DPOTHO3HPOBATb IOPHCTOCTb TJIHHHCTHIX TIOPOJ
Ha ray6HHAaX, He BCKPBLITHIX CKBa’KHHAMH.

[TIps mporHO3HpOBaHHH NIOPHCTOCTH dJIeBPHTOBHEIX NMOPOj 3ajada
YCJOXKHACTCS NPAKTHYECKH TPyAHO INpPEACKAa3yeMbIM BJHSIHHEM TIJIH-
HHCTOCTH H BTOPHYHBIX H3MEHEHHHi NOpOBOro NpOCTPAHCTBA, O YeM
1wyja peyn BHUIE. Boablioe BIHAHHE HA HHTEHCHBHOCTb BTOPHUYHBIX
npeoOpa3oBaHuii aJEBPHTOBBLIX IIOPOA HMEET  TeMIepaTypa, €ro
TPYAHO OTJEJHTE OT BJHAHHA BO3pAacTa MOPOA.

3apauy nporuHo3UPOBAHHS NOPHUCTOCTH aJEBPHTOBHIX MOPOA MOXK-
HO pEIIHTb, €CJH H3yYaTb TOJbKO OJHOBO3DACTHble NECYAHHKH Ipe-
HMYILECTBEHHO KBApIEBOrO COCTAaBA, HMEIOIHE MaKCHMAaJbHOE 3HA-
yende Ko3(¢HIUHEHTa DOPUCTOCTH, T. €. €CJH OTPAHHYHTHCA NMPOTHO-
3HpoBaHHeM CBOHCTB HauboJiee YHUCTHIX H XOPOWO OTCOPTHPOBAHHBIX
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Puc. 9. 3aBHCHMOCTL MaKcuManbuofi mopucTo-  Puc, 10. 3apucumMocts Kosddu-
CTH fno UHACTHX HECYAHHKOB OT TJAYCHHBI NO-  IueHTa HeoOpaTHMOro YIJIOTHE-
TPYIKEHHs: uusl Bo (4, T) mecuanuxoB pasHo-
1 — nanoneH Ka.:mti)om-mujT 2 — MRoueH Jlynamann To Bo3pacra oT BEJHUHHH Cpen-
K Texaca; J — oJHrolen YH3HaHbl; 4 — OAHIOULEH -
Texaca; § — lopa-+HHXHHHA Men LlenrpasabHoro H Bo- Her? TeoTepMHuIeCKOro Tpalued
croygoro IIpenkaBKa3swsi; 6 — lopa--HHXKHHA MeJ Ta 1 100

[Tpukacnusi; 7 — kapSon Texaca W OkJaxombl; § —

opnosHk Hbto-MekcHko, Texaca, Okaaxomsl u Kan-

3aca

pasHocTell, B KOTOpbIX BTOpHYHBIE [pPOLECCH OKa3aJjH MHHHMaJb-
Hoe BaHsHue. BausHue Bospacra NMOpPOJ OPH 3TOM B 3HAYHTE/BIIOH
Mepe yuYTeTCsl BeJIHYHHOH MaKCHMaJbHOH NOPHCTOCTH, H3BECTHOIH IO
H3YYEHHIO BCKPHITOH CKBAXKMHAMM YaCTH paspesa. Ha puc. 9 npu-
BedeHbl (akTHYeCKHe KDHBLIE H3MEHEHHs MaKCHMAaJbHOH DOPHCTO-
CTH KBapIeBHX IeCYAaHHKOB C TJYOHHOH HX [OTpYXKEHH:, HOjyYeH-
Hule B. K. IMpowmusxoBeiv (1960 r.), d:x. MaxcseasoMm (1964 r.)
u B. M, Jo6puunuuym (1965 r.). Ha pucynxe 3aMerHa pasHasi HH-
TEHCUBHOCTh YMEHBIIEHHS NMOPHCTOCTH C Tiybunol. Jlx. Makcseln
O0DBACHU 3TO BJAHFHHEM TeMIlepaTyphl NOPOA, NOSCHHB 3TY MEIC/b
IKCHEPDHMEHTOM CyHCIO/AB30BaHHEM BeCbMa BBLICOKHX TeMIepaTyp.
CBfi3p MexAy HHTEHCHBHOCTBIO YNJOTHEHHs aJEBPHTOBHIX NOPOA H
TEMIEpPATypPOA B OUEHb HIHPOKOM BO3DACTHOM IHanasoHe NposiBJA-
€TCs BecbMa 4YeTKO, eCJH CONOCTaBHTh KO3(D¢HUUHEeHTH HeoGpaTH-
MOro YINJOTHEHHSl AJSl 3THX NOPOJ Ce 3HAUEHHEM TeoTepMHYECKOro
rpajHeHTa B KaxKJAOM paiione (pHc. 10).

Takum o6Gpa3zoM, pasawuue B KO3 OHIHEHTax HeoOpPaATHMOTO
YIJIOTHEHHS] YHCTHIX NECUAHHKOB NPEHMYLIECTBEHHO KBapleBOro
COCTaBa C MAaKCHMAaJbHOIH IODHCTOCTBIO  OOGBACHSETCS  TJIABHEIM
00pa3oM HHTEHCHBHOCTBIO HAPACTAHUA TEMIEPATyp NOrpysKaloLlero-
Csl TJacra, OKa3elBalolleil BJAHSIHHE HA NpOLECCH PacTBOPEHHS H
NepeoTJIOKEHHS KBapla B NOPOBOM NpPOCTpaHCTBE. Bo3pacTt 4 ray-
OuHa 3aserandsi MOPOJ, KaK BHAHO, OKa3EIBAIOT MeHbllee BJIHSHHUE
Ha P, (¢, T). Hpyrumu cjosaMu, Ko3¢hdunpeHT HeodpaTHMOTO Y-
JIOTHEHHS] YHCTBIX KBapIEBBIX MECUaHHKOB XapaKTepH3yeT IIporiece
YIOTHeHHs] NOpOjJ AAHHOTO JHTOJNOIHYECKOTO COCTaBa B KOHKPET-
HBIX reOTepMHYECKHX YCJOBHIX.
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Puc. 11. HeoGpaTeMoe ymenbmenHe MakCHMalbHOTO KodhdHIHeHTa MOPHCTOCTH
k.o YHCTBIX KBAPUEBHIX NECYAHHKOB C TAYOHHOH mOrpyXKeHHs A% PafiOHOB € paa-
HHMH 3HAYeHUSMH TEOTEPMAYECKOTO rpasHenta { g

Ecnn mopogwl, 3ageraiomide Ha BCKPHITOH CKBaXHHAMH TyGH-
He Ay, uMead KO3 OdHIHeHT MaKCHMAJbHOH OTKPBITOH MOPHCTOCTH
ko, » TO TIPH Ko3pduumente HeoGpaTuMoro ymiotHewns Pq(f, T)
MOpOjBl 3TOTO XKe Bo3pacTa NMpH NOrpyXeHWH Ha raybumy h=Fhi+
+Ah 6yayT HMEeTb HOBOe 3HAUEHHE MAaKCHMaJbHOH HOPHCTOCTH
Eur.op, KOTOPOE MOXHO HAHTH H3 ypaBHeHus (3.18):

E N ki, 0) hy EXP [—Baft, T) g (8n, cp— By, ep) (h—f1)] .
®0YE" L — R, o) hy {1 —exp [—Bu(f, T) g (6n. cp— Os. ep) (A — M)}
(3.22)

Ha puc. 11 H306paxkenn ueThipe rpadHka 3aBHCHMOCTEH, MOJy-
YeHHBIX No ypaBHenuio (3.22) ansi 3HaueHHH Oqcp=2,5.10% kr/m?
H Spep=1,1-10° Kr/M® ® dyerbipex 3HaueHdH reoTepMHUECKHX Tpa-
AgenToB. Hanphmep, ecsam [1eBOHCKHH KBaplieBHHi NecyaHHK Bou-
TO-YpaJbCKOli TpPOBHHIMH, BCKPHTHIN CKBa*KHHOA Ha rayOnue A=
=2000 M uMeeT MaKCHMaJbHYIO NOPHCTOCTE R, ,=25%, To npu
TEOTePMHUYECKOM Tpajuente B paspesde [oo=2°C/100 M Ha raybu-
He h=7000 M (Ah=7000—2000=5000 M) ero mopHcrocth coCTa-
BUT kno=109% (puc. 11). Tor e mecyaHHK mpH TeoTepMHUYECKOM
rpamnente [oo=3°C/100 M uMel OB NOPHCTOCTDL Rpo=40.

IHopucTocTp KapGoHaTHBIX NOPO] MOXKET H3MEHATHCHA B UIHPOKHX
npefenax. Huctele kapGOHATHbIe Nopoasl, ofpasyolldecs H3 He-
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YIVIOTHEHHBIX KApOOHATHBIX HJOB, COCTOAULHX H3 MeTacTaGHJAbLHOro
aparoudTa, HMelT mnopucrocTs a0 70—90%. KapGomartubie Habl
B 30H€ aHareHe3a J0BOJBbHO GHICTPO YIVIOTHSIOTCH, KPHCTAJJIH3Y-
I0TCS W TepeXoiAT B PABHOBECHOE  COCTOSIHHE — NpeBpallaiorcs
B X&MOreHHyl TOpHy10 mopoay. ToJuinHa 30HBI jHareHesa COCTaB-
Jsier 10—50 M H Goaee.

[Tpu noceaymouieM HOTpyKeHHH (30HA KaTarenesa) NPOHUCXOLUT
YIJOTHEHHE, NEePEeKPHCTANIH3AIMHA, JOJOMUTH3ALUHUS TOPHBIX NOPOA,
pacTBOpeHHe HeYCTOAUHBBIX cOefHHeHHH, o0pa3oBaHHe HOBBIX MH-
HepaJos. [lepBHyHass MeKKpHCTaJJMHYecKass NMOPUCTOCTb KapGoHar-
HbIX NOpoj HA TIayOHHAX 3aJeraHds NPOMBIUIJIEHHBIX  3aJeked
HedTH H rasa yMmesbHlaeTcs A0 3HAYEHHH, NPH KOTOPBIX MNOPOABI
CTAHOBATCA NPAKTHYECKH HENPOHHIAaeMbIMH, XPYNKHMH, B HHX paa3-
BHBAETCS MHKDOTPEIIHHOBATOCTb TEKTOHHYECKOIO HJH APYroro Hpo-
ucxoxjends. Ilon BausiHHEM MHHEDAJH30BAHHBIX PACTBOPOB, MHUr-
PHPYIOLLEX IO MHKPOTpEIHHAM, HOCJAEAHHE PAaCIIHpSIOTcs H ofpa-
3yIoTCsl KapcToBbie mycToThl. [loposa BHOBB mpHOGpeTaeT cBOHCTBO
NPOBOAUTDL QJIOHIbI H Ta3 3a cyYeT BTOPHYHOTO 0OpasoBanHs Tpe-
IIHHHO-KAaBEPHO3HOr0 NpOCTPAHCTBA.

E. M. CMmex0B MpelJOXKHJ HOApa3AeNsiTh TPEIHHbLI HA MHKPO-
TpelwHusl ¢ packpuroctbio ot 10-107% no 100-10-¢ M u makporpe-
LIHHE ¢ pacKpuTocTbio Gonee 100-10-¢ M.

B mpouecce A0NOMHTH34aIHH KapOOHATHHIX Topoa o00beM HX
yMeHpiraercas npHMepHo Ha 12,3%. HepaBHoMmepuas moJOMHTH3a-
I{HSl TOPOAB [pPHUBOJAHT K YBEJHYEHHIO €€ NOPHCTOCTH, MOABJICHHIO
MEKPOTPELHHOBATOCTH. JlOJTOMHTH3HpOBaHHbIE H3BECTHAKH YacTo
HMeT 0oJiee BBICOKYIO HOPHCTOCTD.

PasMmepnl TpeuidH H KaBepH MOTyT NpeBHLIATL pasMepbl KepHOB,
oT6upaeMblX B CKBaJKHHAX, T.e. HaHOOJee KPYNHBIe TPEIHHB H Ka-
BepHbl He NpeAcTaBJ/eHbl B KepHaX. KepH MJ0XO BBIHOCHTCS H3 BhI-
COKOTpPEIIHHHBIX HHTEPBAJOB. DTO NO3BOJsIET TOBOPHTb, YTO B CBS-
3H C HENPEACTABHTEJbHOCTBIO KEPHOB AOCTOBEPHO ONpEeAeJHTb Tpe-
ILHHOBATOCTh M KaBEPHO3HOCTb MOPOJ MO HHM He IIpeACTaBJaseTrcH
BO3MOKHBIM.

BepositHo, 110 ut1udaM, H3TOTOBJeHHBIM H3 KEpPHOB, MOXKHO
CYJAHUTb JIHMWb O HHMKHEM TpejeJe TPELiHHOBATOCTH maacra. Tak, no
AaHHblM JHTOJOrO-ieTporpaduyeckux Hccaegosauuii JI. IT. T'mua,
KO3 (pHUHEHT TPELIHHOBATOCTH KapOoHATHHIX NOPOJ He TpPeBhIIlaer
0,3%. [Mo-BuAHMOMY, B 3Ty BeJHYHHY He BXOAHT 00beM GOJbIUHHCT-
Ba KaBepH, 0GpasyIOIHX JONOJIHHTEIbHYIO €MKOCTb mopoasl. Dosee
JOCTOBEpHHIE Pe3yJabTaThl O TPEUIHHOBATOCTH H KaBEPHO3HOCTH IiO-
POA MOXKHO NOJYYHTb TO JTaHHBIM KOMIJEKCHbBIX reoqmsﬂqecxﬂx
H THAPOAHHAMHYECKHX HCCJAEAOBAHHH NpH CONOCTABJIEHHH HX C Kep-
HOM.
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3.4.2. YIPYIHE (OBPATUMBIE) H3MEHEHHS NOPHCTOCTH
NPH BBIHOCE KEPHOB HA MOBEPXHOCTDb

Ilpu or6ope mpoGul DOPOA € MOMOLIBIO KOJAOHKOBOIO JOJOTA OT
niacra OTTOpraercs 4yactb NHopoan (KepH). KepH ocBoboxpaercs
OT HaNpsKeHHH, KOTOpble OH HCHEITHIBAJ B pe3y/bTaTe AaBIeHHS
BLINIeeKalluX NOpoJ (TOPHOIO [IaBJjeHHsi). DTOT NpOLece pasrpys-
KH KepHa SKBHBAJEHTEH yMeHbLIEHHIO 3 (eKTHBHOTO HalpsKeHHs
[cm. ypasuenne (3.10)]. Kepu pacuiupsiercsa W IPOHCXOAHT yOpyroe
yBeJIHUeHHE €ro DOPHCTOCTH. DTO rJaBHas 4acTb YHPYTHX H3MeHe-
HHA DOpPHCTOCTH. OnHakKo OTOOpaHHBIH KepH BCe elle HUCHHIThIBAeT
B CKBaXKHHe Ha IJay6HHe BJHSHHe LaBJEeHHS NPOMBIBOYHOH KHIKO-
CTH H TeMIIEpPATypHl.

ITpu TpaHCHOpPTHPOBKe OTOOpAaHHOrO KepHa Ha NOBEPXHOCTb B
HET®PMETHYHOM KEepPHOOTOODHHKE AaBjieHHe NpPOMBIBOYHOH HAKO-
CTH H TeMIiepaTypa NOCTENEeHHO CHHXKAIOTCH A0 atMocdepubix. IIpu
3TOM TaKXe NPOHCXOZHT AedopMalHs 3epeH INOPOJL00ODA3YIOUIHX
MHHEPAaJoB.

Takum o6pasoM, o6patuMble (ynpyrue) H3MeHeHHs QH3HUECKHUX
CBOHiCTB KepHOB NOPOA TpH KpPAaTKOBPeMeHHOM  (BBIHOC — KepHa)
BCECTOPOHHEM CXKATHH HJH PacCTSAXKeHHH, KOTOPBIE MOIKHO BOCIDO-
H3BOJHTH B J1aboparopHBIX ycaoBusax [15], 3aBHCAT OT Tpex ¢ak-
TOPOB: 3(pGEKTHBHOrO HANpPSIKEHHS (p—png), NJAACTOBOro (mopo-
BOrO) [aBJEHHS pnx H TeMiepatypsl I, Kotopbie B 00llleM Ciydae
MOIYT He3aBHCHMO H3MEHSTbCS.

KoaddHiHeHT NOPHCTOCTH TNOPOAB B IJACTOBHIX  YCJOBHSX
ku(p, pns, T) MOXKHG OTpe[esHTb H3 YpaBHEHHS:

kn (P, pun, T) — l:krl (p— Pm)] l: ky (pon) ] W
kn (0) by (0) P T kn (0) J(P—=Png), T

M) _
X[ n (0) L. B CCC (3.23)

rie kn(0) — DOpPHCTOCTDL B aTMOCGHEPHBIX YCJIOBHSAX.

DKCIepHMEHTAJbHO Yallle BCEro ONpelessloT H3MeHeHHe MOpPH-
CTOCTH TIPH BO3/eACTBHH 3G GdEKTHBHOIO HANPsXeHHs NPH DOCTOSH-
HbIX 3HAYEHHSX pnx H T. DTH H3MeHeHHs B OO/bUIHHCTBE CJAyudeB
COCTABJSIOT OCHOBHYIO JOJIO yIOpPYIHX H3MeHeHHH (H3HYECKHX
CBOHCTB KePHOB. I/ NMeCyaHBIX KOJJIEKTOPOB, 34JIETAOUIHX HA LJy-
Gumax 2—4 KM, onpejesieHHasi SKCIepHMEeHTaJbHO BeanyHHa K=
= ku(p—pua) [ku(0) = 1—Aky/ky (0) = 1—(0,4-+-1,0)/ka(0), T.e.cpen-
Hee 3HauenHe Ak,=0,7% [3].

JJs1 6oslee HIHPOKOrO KJjacca NeC4aHO-IVIHHHCTBIX MOPOJ, HOJHbE
obpaTHMble (yNpyrue) H3MeHEHHS NOPHCTOCTH 3dBHCAT OT OTHOCH-
TEJIbHOH I'JIMHHCTOCTH H IJyGHHE oT6Opa KepHa (pHC. 12).

PaccMorpenHble pe3yJbTaThl OTHOCATCS K H3YUEHHIO KOJIJIEKTO-
POB C MeXX3epHOBOH (rpanyJsipHofl) NOPHCTOCTBIO. 3HAYHTENBHO
Go.1ee C/JOKHLIM SBASETCS IKCIEPHMEHTAIbHOE H3YYeHHe TpPEUlHH-
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HO-K2BEPHO3HBIX NOPOJ B CBSSH C HENPEACTAaBHTEJbHOCTBIO KepHa.
Teopernyeckas oueHka, MOKasLIBaIOULasl yOpyTHE H3MEHEHHUS NOPH-

CTOCTH IPH BHIHOCE KePHOB TPELIHHHLIX NOPOJ, NpHBeAeHa B pabo-
Te [15]

3.5. NIOPUCTOCTb METAMOP®HYECKHX
H MATMATHYECKHX NOPOA

IMopueracTh ocafoYHBIX NOPOA HOL BJHSHHEM YBeJHYHBAIOIWEro-
Csl TOPHOTO [aBJeHHA YW TeMnepaTyphl yYMeHbuUIdercd. W OHH npeB-
pamamorca B Meramopduyeckne. Peskol rpamullbl MeXIy ocamou-
HBIMH H METaMOp(QHYECKHMH nopoaaMH HeT. OAHAKO, K4aK BHJIHO
H3 Talsa. 1, KBapueBbli MeCOK, ABJSIOUIHACA NEPBHUHBIM OCAIKOM,
N0 Mepe YIJOTHEHHMS NpeBPAaliaercss B OCaZOYHYIK nmopoAy (mecua-
HHK), a 3aTeM B MeTaMmop(duuecKymo nopoiy — ksapuur. llepsuu-
HBIH OCajOK — [JIHHHCTBIH HJ, NpeBpauliaercsi B OCajOyHhle [OpO-
Jibl— TJIHHY H apTHJJIMT, a 3aT€M B MeTaMop(dHYECKYIO — IJIHKH-
CTHil caaHen., OCHOBHBIM NPH3HAKOM MeETaMOpQH3alMH SABJAIOTCH:
HU3Kasl DOPHCTOCTb, AJSA TJAHHUCTBIX [OPOJ— DOTEpPs MEeXKCJOeBO#
H 3HAYHTEJbHOH 4acCTH KpHCTaJJH3aUHOHHOH BOJBI, CAAHIEBATOCTb.
MeTtaMopduueckHe NOPOAH OBLIYHO BXOAAT B COCTAB (PYHAAMEHTA.

BonpuiHcTBO MeTaMopguuecKux mopoj  (KBAPUHTbHI, CJAAHIH,
Mp2Mop H apyrue) o6jagaloT HH3KMMH 3HAYEHHSIMH [€PBHYHOA
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Ta6auiwa 1. [pepennt H3MeHeHHs OOWEHd NOPHCTOCTH M IVIOTHOCTH
cyxux 06pasuop nepeudsnix ocapkos (I10), ocapounmx (O)
u MetaMopduueckux (M) nopon, a Takxe nekoropmix pya [6]

ng;g,q TMepBHYKbIK OCafloK HJH MOpoia by % 8y or -10° wI/W?
L
e
= IMecok ([TO u O) 450 1,3—2,2
® | Hecuanux (O) 0,540 1,3—3.6
& Koapunut (M) u KenesucTolfi kBapuur (M) 0,2—-20 2,19—4.4
Tnunuctoit ua (I10) 50—60 0,8—1,8
I'nuna (ITO u O) 475 1,2—3,18
& Aprummur (O) 1—30 1,6—3,35
5 $uanar (M) 0,5—0,6 2,4—2,76
= Cnanen
S TAHMHCTHR (M) 1—25 1,3—3,2
[ KpoBeJbHHIH (M) 0,4 2,79—2,8
acnugHplfi (M) 0,9—1,1 2,77—2,78
caiopganofi (M) — 2,5—2,8
@
& | HaBectxkosHerhii ua ([1O 65—87 —
& | Mex (0) (o) 10—55 11,85—2,6
E Ussectusik (O) 0,5—48 1,3—3,5
9 | HsBectnak MpamopH3opanuslfi (M) 0,4—6 1,9—3,5
2 | Mpamop (M) 0,1-2,2 | 2.3—3,0
Bokcur 0—44 1,3—3,4
e JKenesucThifi aTePHT 39—56 —
2| Maprur u Gyphiit KeneaHsx 0,2—28 3,8—4,3
A CupepHroBas 1—28 2,45—3,58
Topd Ho 95 0,45—0,80
= | Bypuii yromn 12—40 1,2—1,3
S E | KaMennnit yroanb 3—12 1,2—1,35
&= > | Aurpaunr 1—2 1,4—1,8

NOpUCTOCTH. [1pH BBIXOJE 3THX NOPOJ HA NOBEPXHOCTb B HEKOTOPBIX
#3 HHX MOTyT pasBHBaThcSl NPOLECCH ¢ 00pa3soBaHHEM BTOPHYHOR
NOPUCTOCTH (KOpa BhIBeTpuBanua). B artom caysae oGmas nopu-
CTOCTb yBesHuHBaeTcsi. OCOOEHHO CHIBHO MOMKET  YBEJHYHBATHCH
NOPHCTOCTh MeTaMopdHUecKHX IMOPOA, COAepIKalluX KapboHATHHE
MHHepaJbl, BeiBeTpHBaHHe 3THX MOpOJ H MNOCJEAYIOiee BO3AeHCT-
BHe (HIBTPHPYIOIIHMHCH THAPOTEPMAJIbHBIMH BOLAMH CO3[aI0T YC-
JOBuS1 Ass 06pa3oBanUs BBICOKONOPHCTHIX Pa3HOCTEH MeraMopdu-
yeCKHX Nopoja. M3BecTHB NpOMBIIIJIEHHBIE CKOIJIEHHS HE(hTH B Ta-
KHX Nopoaax. Meramopduueckie MOpoasl MOIyT NPHOGpeTaTh Tpe-
LWWHOBATOCTL MON BJUSHHEM TEKTOHHUeckux ABHKeHu#. O6a sTH
npolecca BeayT x AKTHBH3aLHH  MHHEpaJbHOIO MaccollepeHoca
B TOJLIE MeTaMOophHIeCKHX NMOPOR € 06pa3oBaHHEM HOBEIX MHHepa-
JOB H MECT CKONIJIEHHH TOJe3HbIX HCKomaeMblX, Bce 3Tu mpouecch
HabJIOaI0TCs B TOJIIE METAMOPGHUeCKHX H MarMaTHYeCKHX TO-
POL, BCKpHITHX KosbcKoi cBEPXrayBokoi#i CKBaKHHOH.
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MarmarHueckHe NOpOAB 0Gpa3yloTCsi B pe3yJbTare OCTHIBAHHSE
M 34TBEpPAEBAHHS MarMpl HJH TPHPOAHEIX CHJIHKATHHIX PacIJaBoB,
BO3HHKAIOUIHX B IJyOHHHbIX 30HAX 3€MHOA KOpbL Pasanyamor HH-
Tpy3uBHble (3aTBepieBline Ha rayb6uHe) H 3(dysuBHble (H3IJHB-
IIHeCsl Ha NOBEPXHOCTh) MarmartuyeckHe nopodbl. ITocKonbKy cKO-
pOCTb OCTLIBAHHS MdTrMbl HA TJIyOHHE 3HAYHTeJbHO MeHblle, 4eM Ha
[OBEDPXHOCTH 3€MJIH, HHTPY3HUBHbIE NOPOAB! 06J1aJaloT XOpPOLIO BEHI-
paXKEeHHOH MNOJHOKPHCTAJNJHYECKOH H OOBIYHO KPYDHOKpHCTAJJIHYe-
CKOH cTpyKTypoi. B 3ddy3uBHbIX nopopax sa HeboJblloe BpeMs
OCTHIBaHHA TOJBKO 4YaCTb MHHEpAJOB MOMXKET BHIJEJHTBCA B BHAE
KpHCTana0B, a GoJbllasl 4acTh pacljaBa 3acTbBAET B BHAE KpH-
CTAaJJIOB — MHKDOJHTOB HJH aMOP(QHOro ByJKAHHYECKOTO CTEKJa
U ByJKaHHYecKHX Ty(}oB. Ddy3nBHLE DOPOABl JONTO HAXOAATCH HA
[OBEPXHOCTH 3eMJIH H TIOJBEpraiorcs aKTHBHOMY BbIBETPHBAHHIO.
Bce 3ty nmpoumeccs M onpenessilOT NOPHCTOCTb — MarmMaTHYECKHX
HOPOJ.

IlepBrHyHas ooIllasg NOPHCTOCTb YJAbTPAaOCHOBHBIX (AYHHT, NepH-
JOThr, NHPOKCEHHUT, CEepPIeHTHHHT) H OCHOBHBIX (raGbpo, 3KJNOrHT,
aHapTO3HT, Ja0paJOpHT) WHTPY3HBHHIX TOPOA, K&K [paBHJO, HE
npeseiaer 2% [6].

TlepBuuHast obmasi nNOPHCTOCTb CpelHMX (AHOPHT, CHEHHT) W
KHUCJHIX (rPaHHUT, aJsiCKHT) HHTPY3HBHBEIX NOpOJ He npeBnilmaeT 3%
B BblBeTpeJHIX pa3HOCTSX HHTPY3HBHBIX NOPOJ pa3BHTd BTODWUHASE
nopucrocts. OHAKO H B 3THX JOBOJBHO PE€JKHX B HDHpPOAE Cayda-
AX ofmas MOpHCTOCTh INOpoJ peiko npesBbimaer 10%. B menom
MOXHO CKa3aTh, YTO HHTPY3UBHBIE NOPOABI OOLIYHO XapaKTEpH3Y-
IOTCSl HH3KO# 0fI1efi DOPUCTOCTHIO, TOpH ¢1abo COObILATCH MeXKay
c0o6of W OTKpHTas NOPHCTOCTb, KAK NpaBUJO, OY€Hb MaJja HJIH OT-
CyTCIBVeT BooOiLe.

[Tepuunasi nopucrocts OCHOBHEIX (OasaJbr, AHaGa3) H Cpem
Hux (nop¢Hpur) 3ddysuBHEIX mnopoj Takxe HeBeauka (10 3%).
ULHAKO LUHPOKO pa3BHThE NMPOLECCH BHBETPHBAHNS CIIOCOOHBI yBe-
JAHYATH O6IYI0 MOPHCTOCTh 3THX mopofh jo 20—40Y%.

Oco6eiit Kaacc COCTAaBJSIOT BYJKAaHOTEHHO-0CAA0YHBle 00paso-
BaHuA (rydsl), 3aHHMAIOUIHE NPOMEKYTOYHOE IOJOKECHHE MEXKay
3¢ Py3uBHBIMA U OCALOYHEIMH TOpPOAAMH. DTH NOPOABI MOryT 00Ja-
Aath obiied HepBHYHOA DoOpHCTOCTBIO K0 40—60%, a Takxke 3Ha-
YUTEJBHOH OTKPBITOH MOPHCTOCTBIO.

B BysKaHorenuo-ocajoYyHelx 00pa3oBaHUAX CpefHEro 3OLEHA
Bocroynoit 'pysHn BCTpedeHBl NpPOMBILIJIEHHbIE CKONJIEHHSI He@TH.
He¢reconepxkamue nopoabt mpeacrasieHs 3xech tydamu, Tyddu-
TaMH, pasHoolpa3ve KOTOPBIX ONpeiensieTrcs MHHepaJbHBIM COCTE-
BOM, pa3MepoM BYJKAHHYECKHX YaCTHL, a TAKXKe HX arperaTHblM
cocrosiureM. OTKpPHITasl MOPHCTOCTb IO KEPHY H3MeHsercs oT 3 A0
27%, B Tom uncae pas tydoB u TydonecuanukoB 5—15%; ueond-
TH3HpoBaHHBIX TydoB 10—27% H rtydoaprunanrtos, tydoMepre-
Jell 1 TydouspecTHssKoB 3—109%.
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MeraMopduueckue mnopoasl, 06pa3oBaBliHecs H3 MarMarHye-
CKHX, HalOpuMep TaKue, KaK CJAHLUL KBapU-XJOPHTOBHE U XJOpPH-
TOBHIE, OPTOaMPuOOAUT, BTOPUUHLIA KBapUHUT, OPTOrHEHC, CKapHBI,
POTOBHK, a TaKKe pPYAbl (2KEJe3UCTO-MAarHeTHTOBAs, CKapHOBad,
NOJHMETaJJIHYecKast 1 MejiHasi), HMelOT NepBHUHYIO OGIiyi0 TOpH-
CTOCTb He GoJee 5Y. OO6Llass TMOPHCTOCTL BBIBETPEJHX pa3HOCTeH
3THX XKe mopon jgocruraer 20% [6].

KOHTPOJIbHBIE BOITPOCHI

I. Uro Takoe NepBHYHBIE W BTOpPHYHBble NOPHl B TOPHEIX TOPO-
nax? Hasosure mopopbl, HanGo/lee THIHYHBEIE C TOYKH 3DEHHS 3TO-
ro pasje’eHus.

2. Ilo kakoMmy ¢usHueckoMy TpH3HAKY KJacCHPHUUHPYIOTCH mO-
pol 0 pasMepaM? HasoBute pa3Mephl CBepXKAMHAJAAPHEX, KamHJj-
JSPHBIX, CyOKaNMUMJASPHBIX TIOP H MHKDOIOD.

3. Uro takoe KoadouuHeHT nopHcrocTd Nopoja? Kakme BHAH
nopuctocTH Bbl 3Haere? Kak cBsidaHbl Mexkay co6of Ko3(d@uuHeHTHI
OTKDPBITOH, 3 PeKTHBHON W AHUHAMHYECKOH NOPHCTOCTH?

4. Ha3oBure MeToabl H3yueHHsT CTPYKTYpbl NOPOBOrO IPOCTPaH-
crBa. Ha yeM ocHOBaHH 3TH MeTOAH?

5. Kak BeJHKa NMOPHCTOCTbH MHHEDAJOB?

6. O6bsicuuTe GHU3HYECKYIO CTOPOHY HEOOPATHMOrO yMEHbIUCHHS
nopucrocr ¢ rayouno#. Uro Takoe ko3(pPuuHEHT HeoOpaTHMOro
ynioTHeHUs nopoa? OT yero OH 3aBUCHT?

7. Uto Mbi MOHHMaeM Moj ynpyrumu (o6paTHMBIMH) H3MeHe-
HHAMH TIOpPHCTOCTH? I'fe OHH HAaOAWAAIOTCs HA NMpagTHKe?

8. IlpuBenure npuMepbl H3MEHEHHS TNOPHCTOCTH TOPOA TOA
BJIHSAHHEM MeTaMop(hHUeCKHX IIPOIECCOB.

9. Ot yero 3aBHCHT NOPHCTOCTH 3G DY3UBHBIX HOPOS

4. BO1O-, HE®TE-
A TASOHACBIILEHHOCTDb IMMOPOJ

4.1. BJJA)KHOCTD, BJATOEMKOCTD.
CBOBOJHASI U CBSI3AHHAS BOJIA.
JABOWHOM 3JIEKTPUYECKUHA CJIOH

BrnaxHoCTb XapakrepuayeT CcOAep:KaHHe B TMOPOJAE BOJALL.
O6mas MakcHMaJJbHas BJAAXKHOCTL nmopoabl Wi mpexcTasaser coboit
©00beMHOe CojepXKaHue BOIW B NOPOJE, NOPOBOE NPOCTPAHCTBO KO-
TOPOH HOJIHOCTHIO BOJOHACHILEHO:

Wz = WTB‘(I _kn) +kﬂkn. 0 +ku (1 _kn. 0) = Wx. ¢t Wq:. ¢+ ch»
(4.1)
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rae Wye=Wrs(1—Fks) — 06beMHuOe cOfeDXKAHHE XHMHUECKH CBA3aH-
HOH BOJAB B TBeDJOH (asze (MHHEpPAaJbHOM CKejJeTe) Hopojbl;
Wo.c, Wes— o6beMHOe cOjepKaHHe B NOPOJe COOTBETCTBEHHO (H-
3HUECKH CBSI3aHHOH H CBOGOJHOH BOJBI, Rso— KO3pdunuenr ocra-
TOYHOTO BOJOHACHINIEHHS [IOP MOPOABL, XapaKTepU3yOULHi CoxepKa-
HHe B nopaXx (QU3HUECKH CBSI3aHHOH BOJH; Ry— KO3(QUUUHEHT 06-
uleil MOPHCTOCTH MOPOJAHIL.

Beanuuny W; uaselBaloT TakkKe BJI1aroeMKOCTbhIO TOPOILHL.
BnaroeMKoCTh NpH ONpeJie/eHHBIX TEPMOJHHAMHYECKHX YCJIOBHSX
H XapakTepHCTHKe BOJbl, HACHIIIAOUEH MOPOJ(bI, — NOCTOSTHHAS
BeJHUHHA AJs JaHHOHW mopojbl. BaaKHOCTD mOpPOJH MoOXKeT H3Me-
HATbCS B IUHDOKHX INpejeniaX 32 CUET H3MeHeHHsI CojepKaHHs
B NOpax mopojbl CBOGOAHOH (rpaBUTAMHOHHOH) H (DU3HUYECKH CBs-
3aHHOH BOJBI.

XUMHYeCKH CBsi3aHHAS BOJAa NPUCYTCTBYeT B MHHepa-
Jax TOpHBIX mopoj B Buje Mojekya H.O, BXogsliuX B KPHCTAJJB
(kpucTaaau3auHOHHAS Boja), uad B Buje uonos OH-, Ht,
H;O% (rmapoxcouuil) KpHCTaNJHUECKOH pelleTKH MHHEpAJoB aJio-
MOCHJHKATHOTO COCTaBa, B IepBYIO OUepelb IJIHHHCTBIX MHHEPAaJoB
(koHCTHTYHOUHOHHAsS Boja). [IpuMepoM MHHEPAJOB ¢ KpHCTAJ-
JIN3ALHOHHON Bojo# sipasitorcs runc CaSO,-2H,0, a takxke gpyrue
MHHepaJbl THJPOXHMHUECKOTO IPOUCXOKAEHHST — ANCOMHT
MgS0,4-7TH,0, ruapoGopapur CaMgBsOy-6H,0, 6opoxaTpokanb-
uut NaCaBsOg-8H,0, muonrtas Cug(SigOgs) -6H,O. Boabiinuctso
MHHEpPaJoB C KPHCTAJ/MU3AIHOHHON BOJIOH TepsiioT ee NpH NpoKaJH-
pauun jo 200—600°C, oxHako orge]bHBle MHHepaJbl HanpuMep,
mMupabuautr Na.SO,-10H,0, BHjeasior KpHUCTANIH3aNHOHEYIO BOAY
NpY KOMHAaTHOH TeMmeparype.

KoucTutyunouuas Boja NPUCYTCTBYeT B MHHepaJax, Kak Ipa-
BHJIO, B BHJe THAPOKCHJBHHX HOHOB. COJepxkaTt ee BCe IJIHHHCTHE
MHHepasbn 4 6OJbIUOE YHCJIO0 MHHEPAJoB aJIOMOCHJAHKATHOrO CO-
CTaBa, He OTHOCSILUXCS K FJIHHUCTBIM MuHepanaM. [IpuMepnl Muue-
pasoB ¢ KOHCTHTYUHOHHOH BOMOH: Kaonuuut AlsSi,010(OH)e, nu-
poduamur Al,Si,0,0 (OH)», xa0pur (Mg, Fe, Al) (Si, Al) 4010 (OH)s,.
myckoBuT KAl,Si3AlO;, (OH),, rnaykouut K. (Mg, Fe) 3Alg (S14010) 3~
(OH)., 6uotur K (Mg, Fe)3AlSi30,,(OH) .. Koncrutynnouuas Bojaa
6O/IBIUMHCTBA MHHEpAaJoOB BBIJEJAsIeTCS NPOKAJHBAHHEM NIPH TeMIe-
patype 400—1000°C.

Hekotopole MuHepaasl copepKaT Kak KpPHCTAJIH3aHOHHYIO,
TaK H  KOHCTHTYUHOHHYIO BOJLY, HanpuMmep rajayasur
AlsSi4010(OH)g-4H,0. HHorga cymmapHoe cojepxakHe B TBep-
Joi (ase MuHepasa WM TOPOAB XHMHUECKH CBSI3aHHOH (KOHCTH-
TYUHOHHOH M KPHCTAJ/H3aHOHHOK) BOABR 0003HAJAIOT CHMBOJIOM
H,0+, nojxpasymesasi BCio BOAY, BBIEJSIOLIyIOCA NPOKAJHBAaHHEM
nopoxsl npu TeMmnepatype Bhmie 105°C. OueBnaHo, ut0 Wyc=
=H30%8s, rae 6rs — NJIOTHOCTD MHHEPAJA HJH CPEAHSIS NJOTHOCTH
nOpolH, AJsi KOTOPHX B JabopaTopuu Hafaeno 3Hauende H,O+.
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900 £ Puc. 13. Tlpumep TepMOrpapHTO-
rpaMMmsul A5 KaoJuHHHTA.
a0 Kpusble: | — nuddepeHUHa bHOro M3-
7 MeHeHHs Macehl, 2 — pHddepenunans-
700 HO-TepMHUECKOTO aHajH3a; 3— pocTa
TeMnepaTyphbl Harpesa I'={(f); 4 — No-
TepH Macchl 06pazila NP HarpeBaHHH
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Besnunny H,O+ onpegensior mpu TepMHueCKOM aHanu3e 110
JHarpaMme NOTepPH MaCCH TpPU  TPOKAJIMBAHWUH — TEPMOTPABUTO-
rpamMe (TI), xoTopas coOJiepkHT KPHBBle H3MeHeHHs Macchl M
A03bl H3yqaeMoro Beurectsa u Temneparypul I. Murtepnperanmio TT
TIPOBOJSAT C yYeTOM XapaKTepHbIX AJA KaKJOro MHHepaJa aHOMa-
Jufi 1a KpuBeX M u T, oTpaKaouux Bhije/]eHHe XHMHUYECKH CBSi-
3anno# Bogsl {(puc. 13). BoJsee TouHBIM ABJASETCHS OfpejeseHHe
H,O+ B 1py6ke Ilendunga no cneumatpHoll MeTonuke. B 3710M
cjlyyae TNPOKaJdWBAlOT aHaJH3HpyeMylo npoly, cobupasi U B3BeuIH-
Basl BCe MOJIyYeHHOe NIPH 5TOM KOJHYeCTBO BoAH. Ecam po npoxa-
NuBaHAs mpo6a cojeprKajia THIPOCKOTHYECKYIO BJary, H3 ofed
MacChl BOJbI Mz, BbI[I,e.HeHHOI':I npu NPOKAAHBAaHHH, BRIYUTAIOT MacCy
THTPOCKONHYeCKOR BJaru my u Bhiydcasior H:O+ 1o dopmyie
H,Ot= (mz—my) /M, Tne M — Macca aHaJH3UpPyeMOH HaBeCKH HO
NpoKaIuBaHUSA,

K duanyeckun CBsI3aHHOWH BOXe OTHOCST Ty YaCTh BOXH
B HOPOBOM IIPOCTPaHCTBE NOPOJE], KOTOpAsA OCTAeTCs B HeM 6Jaro-
Aapsi B3aUMOJEeHCTBHIO MO/eKy./ BOLB C NOBEPXHOCTBIO MHHEpanb-
HOro CKejleTa NOpPOJbl, a TakXKe B pe3y.bTaTe BJIHAHHSA KanuJJIAp-
HHX cHJ. PH3HYeCKH CBA3aHHYIO BOAY MOJKHO Y/AaJHTh NOJHOCTBHIO
nyTeM BRICYIUHBAHHA 00pasia C HACPeBOM HJH B H3OTEPMHUECKOM
pe’KuMe, 3KCTparupoBauuemM o6pa3ia B cOKCJere, yaCTHUHO ~— LEHT-
pHdyTHPOBAHHEM, KANHJJISPHBIM BBITECHEHHEM HJIH KalH/IJIApPHbIM
BNHThiBaHHeM. Pazjnvalor cilenyiomne Buan ¢GH3HYecKH cBfA3aH-
HOW BOABI: TMJIeHOYHAst; yJeprKHBaemas NOBePXHOCTbIO TBepioll (a-
3H; YLJI0B MOP H TYNMHKOBHX NOD; KANHJIADHO-YAEPH aHHAsL,
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I[Inenounas Boma npeacTaBJjeHa MOJHCJIOSMH OPHEHTHPOBAH-
HbIX MOJIEKYJ BOJABI, PACNOJOKeHHHX BJOJb NOBEPXHOCTH TBepAOH
¢$aspl 4acTUn MHHEpa/JbHOrO CKejeTa MOPOJE.. 3HAUHTENbHAS, BO3-
MOXKHO 00.bllasi, YaCTh MOJIEKYJ MJEHOUYHOH BOAH COCTABJsieT THA-
parHbie 060JOUYKH KAaTHOHOB, 06pa3yioUluX a/(COPOIHOHHBIA Ca0H Ha
TIOBEPXHOCTH TBePAOH (hasbl MM pacnpeje]eHHBX  audbhy3HO
B mpexgenax ILIeHKH B BHJe BHellHed 0O0KJajKH JABOUHOrO 3JeK-
TPHUYECKOro ¢/I0f, TIPHYPOUECHHOTO K pa3jeny TBepAOH U XKHj-
KO# ¢as.

Tonmuna caos NJeHOUHOH BOJE, KOTOPBI HA43HBAKOT TaKkKe
AHOMAJbHHIM, NO JAHHHM pa3JHYHBEIX HCCJejoBaresedl, cOCTaB/seT
OT HECKOJbKHX [eCATHIX HaHOMeTpa (TOJIIHHA MOHOCJOS MOJIEKYJ
BOAH HJH THIPATHPOBAHHBIX KAaTHOHOB) a0 100 M (cymmapHas
TOJILUMHA HECKOJbKHX JECSTKOB MOHOCJ0eB), dPu3HUEeCKHe CBOHET-
B4 HJIEHOUHOH BOJH OTJHYHBI OT CBOHCTB CBOOOJHO# BOJK — HJOT-
HOCTh M BA3KOCTb TJEHOUHOH BOJHL BHINe, ueM CBOOOJHOH, TeMie-
paTypa 3aMep3aHusi U PACTBOPUMOCTb COJeldl HUIXKe, JHIJEKTpHUe-
CKas NMPOHHIAEMOCTb M YJ(€JbHAS 3JeKTPOIPOBOAHOCTb [JeHOUHOK
H CBOOOJHOH BOjHl TaK:Ke pa3JuuHB. AHOMAaJbHBE CBOHCTBA TJe-
HOYHOM BOJBI NMO3BOJIAOT BBIJE/IUTh ee KaK 0cobyio a3y B o6beme
7IOp rOpHO# NMOPOAH!, OTJIHUHYIO MO (PH3HUECKHM H (DHIHKO-XHMHUE-
CKHM CBOWCTBAM KaxK OT cBOOOJHO!N BOJELl, TaK U OT TBepao#t ¢asH
MHHepaJbHOTO CKeJjera.

B OCHOBaHHH N/JeHOYHOH BOALl HA NOBEPXHOCTH TBepAOH (asul
HAXOHUTCS MOHOC/OH aXCOPGUPOBAHHHX MOJIEKY., BOAB H OOMEHHBIX
KaTHOHOB. MoOJieKy/ bl BOJAB ¥ KATHOHH DPACNOJOMKeHH O6.1M3 aKTHB-
HbIx LEHTPOB TIOBEPXHOCTH TBepjOH (pa3bl, HMEIUIHX OTpPHUATEe/JIb-
Hbiff 3apAA M TpPeJACTaBJeHHDLIX THJAPOKCHJAbHLIMH TpyNIaMu HJIN
H30MOP(QHO 3aMEIleHHEIMH MOHAMH KPHUCTAJJHYECKOH PeIleTKH MH-
HepaJsoB. HacTb MOJeKY BOJH yiepxKupaercs 6JH3 TPAHHLB TBep-
Jasi paza-— KHAKOCTb CHJAMH MOJEKYJSAPHOTO B3auMOJeHCTBHS
Jloujgona — Bau-nep-Baasnbca,  o6parHo IPONOPUHOHANbHEIMH
r3-+r? (r— paccTOsiHHe MeXJy B3aHMOJEHCTBYIOLIUMH MOJeKY-
JIaMH).

MouJsiekyasl MOHOC/IOS CTPOTC OPHEHTHPOBAHH H MaJONOABHXKHEL
Cneayomuii cioi 06pa3oBaH TakKe OPHEHTHPOBAHHBIMH MOJeEKY-
JaMH BOJbl, OXHAKO CTPOTOCTb HMX OPHEHTAUHH M 3IHeprus CBsI3M
C IOBePXHOCTLY MeHbllle, YeM MOJIEKYJ TMepBOr0 MOHOCJAOA. JTa 3a-
KOHOMEpDHOCTh COGAIONAeTCs W JJI8 MOJEKYJ TOoCJAepyOUHX CJO0eB.
Cyuralor, uTo CBOHCTBA IJIEHOYHOH BOJBI MNJA2aBHO H3MEHAOTCA
B HalpaBJeHUU NIO HOPMAJH K rpaHuie TBepaas (pada — XKHJKOCTh,
TIpuUGAUKAACH K CBOACTBAM CBOOOJHOH BOJB MO Mepe yja/eHHs OT
Tpaunusl. OxHAaKO Q0KA34aHO, UTO NpH llepexoiae OT MNepBbIX JBYX-
TpeX CJ0eB K IMOCJAC/YIOIUIHM CBOHCTBA BOAB MEHSIOTCS Pe3KO, 4TO
NO3BO/IsieT BLIAEJHTb CJIOH NPOUHOCBN3AaHHOH BOAL (2—3 MOHO-

cJ0s1) ¢ HauGo.1ee AHOMAJbHBIMH TIO OTHOIUEHHIO K CBOGOJHOM BOLE
CBOWUCTBaMH.
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K npoyHnocBsizaHHOH BOJe OTHOCAT MOJieKy.JH BOJAB H
rujipatHeie O6OJIOUKH KaTHOHOB, MOCJIOUAeMBie MeXKCJOeBLIM Ipo-
CTPAHCTBOM KPUCTAJJOB MOHTMODHJJIOHHTA H JPYCHX CMeLIAHHO-
CJOAHBIX TJIHHHCTHIX MHHEpPAJ/OB (MeXcJjoeBasi BOJAA HJAH BOJA Ha-
OyXaHust TJIHHHCTHIX MHHEPAJioB C NOJBHKHOH pemerkoi). ITpou-
HOCBsi3aHHAas BOja uMeer naotHocth 1,3—1,5 r/cm®, jauasnexrpHuye-
CKy1o npoHuuaemoctb £=10—30 orH. ej. (00 AAHHLIM OTAEJbHHX
ncesejioBatesied, 2,2), XapakTepH3yeTcsi TeMIlepatypoli 3amepsa-
Hust —74°C, npakTHYeCKH He pacTBopsiet cOJsiH. YjpaJjenHe mpOUHO-
CBsI3aHHOW BOJBI, B TOM YHC/Ie H MeXKCJIOeBOH, NPOHCXOJHT mnp®
temnepatype 105—160°C. IlpouHocBsi3aHHAast BOja COOTBETCTBYET
THTDOCKONHYECKOH BJIAXXHOCTH NOPOAH. BhICOKasi crenmedb cuemnJe-
HHsi MOJIEKYJ NPOYHOCBSI3aHHOH BOJB C TIOBEPXHOCTBIO TBepHOH
(ha3nl CTaHOBHTCSH OYeBHJhOH, ecJH yuecTb, UTO BO37efCTBHE Ha
o6paser nopoans AasjenHeM po 2000 MITa we nosBoasier OTXKaTh
BCIO NPOYHOCBA3AHHYIO BOJAY H YTO Tem/J10Ta CMAuUHBAHHA CYXo}
NOPOJibl, B YACTHOCTH, MOPOLIKA TJHHHCTHIX MHHEPAJiOB, COCTABJSET
84—113 JIx/Moab, T.e, B HECKOJBKO Pa3 Bhillle TENJOTH CBOGOHO-
ro ucnapeHust Boxabl, paBHoit 19—23 JIx/Modb.

ProxnocBsi3aHHAas BOAAa HMeeT IJIOTHOCTb He GoJjee [.1—
1,2, nusnekTprueckylo nmpouunaemocTs Gosee 30. Temmeparypa 3a-
Mep3aHHs ee coctaBasier —4°C, oHa 0064ajJiaeT  CNOCOGHOCTBIO
K pacTBOpeHHIO cojel, HO OoJee HH3KOH, yeM cBOGOjgHAst BOAA.
IMTpu cyuke peixsocBsidanHast Boga yupaasiercs npr T<<105°C. ITo-
CKOJIbKY 3Ta TeMIlepaTypa B jja60opaTOpPHOH NpPAKTHKE ONpeaeseHHs?
KO3((hHIHEHTa OTKPBHITOH MOPHCTOCTH KRno IOPOJE NPHHHMAETCs
B KauecTBe 3TAJIOHHOH, 3HAUEHHS Rp., NOJyUeHHbLIE 1O CHOCOGY
[TpeoGpaxenckoro (cM. pasa. 3), MeHbIIe HCTHHHOrO KO3(huuHeH-
T2 OTKPHLITOA MOPHCTOCTH HA BeJHUYHHY, COOTBETCTBYIOILyI0 O0GBEMY
NPOUYHOCBSA3AHHOH BO/Ik, KOTOpast yjaJsiercst Toabko npu T>105°C.

B o6beMe, 3aHnMaeMOM IJIEHOYHOH BOJOH, pacrno/oxeH JBO -
HO# snerkTpuueckui caok (JAIC), Bosnukawomui 6au3 rpa-
HHILI TBePJAOH W XKHUAKOH ¢ha3 Gsarogapst TOMY, UTO MOBEPXHOCTH
TBepAOH ()a3bl HMEeeT 3JEKTpHUeCKHH 3apsif, OOLIYHO OTpHUATENb-
Hef. JBofHo#i choff Ha TpaHHue (a3 COCTOHT H3 BHYTpeHHel B
BHelllHel 06KJa1an0K. BHyTpeHHsst orpuuarenbHas o0pasoBaHa B OC-
HOBHOM AHHOHAMH KDHCTAJJIHUECKOH pelleTKH MHHepaJoB, uyaule
nonamu OH-, pexe y3jaMu pellieTKH, B KOTOPHIX MIPOH3OLLIO H30-
MOp¢gHOe 3aMelleHHe HOHOB BBLICOKOH BaJeHTHOCTH HOHaMu GoJjee
HH3KOl BaJEeHTHOCTH C OJHOBPEMEHHBIM BbiAesjeHHeM OTDHUATE]Nb-
HOTO 3apsiaa.

BHyTpenusis orpuiarteabHas 00K/1agKa ABOHHOTO CJiOsi fABJsSETCA
MOHOUOHHOH ¢ TOJUIHHOH, PABHOH pasMepy HOHOB, 00pPasyiOLIHX
ce. Buewnsisi o0KJajKa COCTOHT M3 KAaTHOHOB, KOMHIEHCHDYIOMIMX
OTPHLATEJBHEH 3apsijl MOBepXHOCTH TBepAOH (a3l

Bésbluast wacTh KaTHOHOB (Gosee 90—95%) cocpenorouena
B axcopbumonnom MoHocaoe (cao#t Illtepra), ocrajbHbie pac-
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npeAedieHb JAH(¢y3HO B pacTBope, 3aNOJHAWILEM HOPH, H 06pasy-
w1t aubdysHyio 4acth (caoft I'yd) BHemHeHd OOKJIajKH ABOHHOTO
cyosi. JIBOAHOH c/I0H B uesoM 3JeKTPOHEHTPAJIeH TaK, 4TO CyMMap-
HbIH [10J0XKHTEbHBH 3apsij BHellHeHd OOKJaAKH KOMMEHCHDYeT OT-
puLaTeJbHBI 3apsif MOBEPXHOCTH B Ipenelax ORHOW H TOH  XKe
nnowa)n, HanpuMep 1 cm? IloTeduuwan U BHeline#d o6kjnajku
B HaNpaBJeHHH IIO HODMaJH K rpaHume pasfena ¢a3 MeHseTcH
BHAYaje JUHEHHO B mpejes]ax MOHOCI0s (HOJHBIH CKayokK), 3aTeM
NpPOTIOPUHOHANBHO 1/X (rie X — paccrosiHue OT CPaHHUb), JOCTH-
ras HyJs B cBoGogHom pactBope. OOLIyI0 Pa3HOCTb NOTEHNHAJNOB £
MeXK1y IOBepXHOCThIO TBepiaoH (hasel H CBOOOJHBIM PAaCTBOPOM
{notennuan HepHcra) 3akcnepuMeHTaJsbHO H3MepUTh He YjaeTcH,
IO JIaHHBIM TEODETHUECKHX pPACUeTOB OHA COCTABJAET MpHMep-
HO 1 B.

HAunddysnas vacte BHelIHed OOGK/IaJKH CONEPKHT KATHOHBI H
AHUOHHI MpH NOJABJAIOIEM NepeBece KaTHOHOB. KOHueHTpaiHs
HOHOB B AU((DY3HOM C/10e NOJUHHSETCH 3aKOHY

C=C,exp[— e2U/(RT)|, (4.2)

raie Cp— KoHueHTpauus cBoGojHOro pacTeopa; C — KOHUEHTpaUHs
K4THOHOB HJH aHHOHOB B au(dy3HOM cJj0e; 2 — BaJEeHTHOCTb AaH-
Horo coprTa HoHoB; U, & — NOTeHnHana H JHIJEKTPHUeCKas IIpOHH-
1aeMocTh B TOUKe, rAe onpejensercs C.

[TockoabKy fpH NOJCTAaHOBKe 3HAYEHHS Z YUUTHIBAETCH 3HAK
HOHA, KOHHeHTpauus awuoHoB Ca pacrer o Hyas (Ha rpaHuue
¢ MoHocjoem) 0 3Hayeuust Cp Ha rpaHHue co cBOGOAHHIM PacTBO-
poM, KoHpeHTpauus KatuoHOB Cyx majaer, JAOCTHras TaKKe 3Haue-
Husa Co, HO cBepxy (puc. 14).

g-l— + 1 |
Hl+ -+
A+ + s
CK+|+++ | +
L+

++ +
E2 A + 4+
AH 4+ - 4
Al + -
A+, ot
T F l z

Puc. 14. [IBoiinoit anekTpuueckud caoft (/[3C) Ha rpaHuue TBepias ¢asa —
PacTBOP 3NEKTPOJHUTA:

I ~ tBeppas ¢asa; 2 — caofi lllrepHa; 3 — pudoysubfi caofi Tyu; 4 -— cBoGOAHBIA pacTBOD;
3aBHCHMOCTH: § — Cp=f(x), § — C =[(x), 71— U==;(x)
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Tonuuny auddysHoro cjost, NPHHHMAEMYIO 32 TOJHMIHHY ABOf-
HOIO 3/IGKTPHYECKOTD CJI0S Opac, CM, PACCUHTHIBAIOT IO hopMyJIe

1 eRT
6,190:2—1?]/%“00 T (4.3)

raie Co, BhlpaxkeHa B MOJL/CM®; 2; H 23 — Ba/JIEHTHOCTH KATHOHOB
H aHUOHOB B CBOGOIHOM pacTBOpe.

Ecau cBOGoaHBIH PacTBOP COJEDPIKHT HECKOJBKO coJeif, B ¢op-
myay (4.3) Bmecto Co(21+22) TOJCTAaBAAOT BhpaxKeHue XC;2, —
HOHHYIO CHJIy DacTBOPa, B KOTODOM CYMMHDYIOTCS TPOH3BEJEHHS
MOJIApHOH KOHUEHTPANHH HA BaJEeHTHOCTH JiJs Ka’KJIOro cOpTa HO-
HOB, TIPHCYTCTBYIOULIHX B pacTeope. 3Hauexue Opsc, HOJMydaeMoe
npu pacudeTe no (opmyae (4.3), cooTBeTCcTByeT KpaTuafilieMy pac-
CTOSHHUIO MeXKJy rpaHuuefl pasjesa TBepAOH M XKHAKOH (a3 u mo-
BEpPXHOCTHIO, ABJASIOLEHCSI reoMeTpHYECKHM MecTOM TOUeK -— «IIeHT-
POB Ts2KeCTH» 3apaj0B AHPDY3HOrO 05, NOITOMY &pac<Bea, ECTHE
Oca — (u3uUeckas ToJUIHHA JBOHHOTO CJOS OT MOBEPXHOCTH TBep-
JOH (a3wl g0 rpaHHNBl CO CBOGOAHBIM PacCTBOPOM.

B coorBercTBHH ¢ ¢opmyaoit (4.3) 3HaueHHe §psc pacreT
C yMeHblIeHHeM KOHMEHTPAaUHH M BaJCHTHOCTH HOHOB CBOOOAHOIO
pactBopa, B HacHIUEHHBIX pacTBOPaxX BelHUHHA Opsc CTPEMHTCH
K TOJIIHHE MOHOMOJIEKYJSPHOIO CJaof, u JHQDY3HbIA CI0f TmpaKkTH-
uecku ucyesaeT. B pacrBopax mu3koii xoHueutpanuu (Co<<0,01 B.)
BeJUu4YuHA Oppe NPUOIHIK2ETCS K MAKCHMAJbLHOH TOJNIUMHE §cx 4HO-
MaJBHHX CJOeB BOJH, YCPaHOBJEHHOH SKcmepuMeHTasabHo ([14].
Bosee c10KHOH SABJASETCH 3aBHCHMOCTb §gsc OT TeMmepatTypul. [lpn
noBuiieyuH T B npexedax or 293 K (xoMHaTHas TeMmeparypa) Ao
333—353 K BesuuuHa Ozsc pacrer B coorBercTBuu ¢ (4.3). OxHako
npu panapHeiiiem pocre T nuddysHblil Cr10fi «padMuiBaercsy 6.1aro-
Japsi NOBHIIEHHIO HHTEHCHBHOCTH JBHK@HHs MOJIEKYJ], HpeojoJe-
BAIOMIUX BJMsIHHE 32DAXKEHHOHN CTeHKH, H 8gsc CTPEMHTCs K TOJLIH-
He MOHOMOJIEKyJspHOro cJjosi, a npu T=413—433 K paspyuaercs
H MOHOCJOH.

®opmyna (4.3) cnopaBenauBa NpPH CJAEAYIOUHX yHOPOULAOUHX
YCJOBHSX: TpaHHNA pasjena TBepAas (asa— XUIKOCTb SBJSAETCH
NJOCKOH; HOHL, obpasyoouue xud@y3HBIA ca0l, HMET TouedHbie
pa3Mepsl.

B nopoBuiX KaHasJax KOHEYHOro pasmepa, COM3MEpPUMOro C Oqac,
paccuuTauHOH mo ¢opMmyae (4.3), peasbHoe 3HAUEHHE &isc Oyvier
CYLIECTBEHHO OTJIHYATHCA OT TeOpeTHUeCcKoro (yMeHbuIuTcs) O.aa-
TO/aps 3/1eKTPOCTATHUECKOMY OTTAJKHBAHHIO KaTHOHOB jJu((y3HO-
ro CJ0Os, PACIOJOMKEHHBIX Ha HPOTHBOMNOJOXKHBIX 3/JeMEeHTaX Io-
BEPXHOCTH J[Jsi NMOPOBOIO KaHaja C JoO0H reoMeTpHeii ceueHHs
(xpyroBoe, wieseBuiHOe H T.J.). [l 1le/NeBHHOTO CeUeHHusi Mpej-
JoXKeHa cjaejyiouias (GpopMyaa pacueTa peasbHOrO 3HAUeHHs Ozscp:

h
=0,,.,— 4.4
e 2 = e o /2t — 1 *5
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fAe h— wHpHHA Iean; Og»c — BeJAMUHHA, BBIUHC/IEHHAsT N0 (op-
myae (4.3).

C usBeCTHHIM npubauxkeHueM (opMyay (4.4) MOXKHO HCIOJB3O-
BaTh L5 OLEHKH BENHUYHHBl Opscp B IHIHHADHUECKOM Kamujjaspe
€ pajuycoM r, noJjarasa B dopmyne (4.4) h=2r.

BoipakeHunsi, npef/loxKeHnble HEKOTOPHIMH HCC/e10BaATEAAMHA A5
pacyera dxsc C YYETOM pa3MepoB HOHOB, 00pa3ylOLIUX BHEIUHIOKO
o6kaaaxy JIC, He yyHTHIBAIOT, YTO HOHEI, B MEPBYK OUepenb Ka-
THOHB, T'MJIPATHPOBAHEL. 3TO OO6CTOSTENBLCTBO AOJXKHO CYLIeCTBeH-
HO NOBJHUATH Ha BHJA ypasHenuil aast J12C, oguako yaoBJIeTBODH-
TeJbHOTo BapuaHTa Teopuu HIC, yunTniBaromero peaJbHbe pas-
Mephl THJPATHPOBAHHBIX KAaTHOHOB, A0 CHX IOpP HE CO31aHO.

Katuousl BHemHe#l o6kaaaxku JIIC o6aaxaoor ofipeneseHHOR
II01BHXKHOCTBIO, KOTOpasi MeHblle ITOJBHKHOCTH COOTBETCTBYIOLIHX
KaTHOHOB B cBOOOZHOM pacTBope. HauMeHbLIyIO, OIHAKO OT/IHYHYIO
OT HyJs, AOJABHAKHOCTL HMEIOT KaTHOHBl aJCOpOIHOHHOrO CJIOM.
C ynanenneM OT NOBEDXHOCTH TBepaoOd (a3bl NOJABHNKHOCTL KaTHO-
HOB pacreT, NpHOJHAKAACH K MNOJBHIKHOCTH B CBOOOJLHOM pacrBope.
I'pannma Mexay CJI0SIMH MaJIONOJABHXKHEIX H OTHOCHTeJLHO O6oJee
nOABUKHLIX HOHOB J3C, BeposTHO, coBAajamwmas ¢ TpaHHNEH
MeXy NPOYHO- M PBIXJOCBA3AHHOHA BOAOH, COOTBETCTBYET YPOBHIO,
IJIsi KOTOpOr0 H3MepAoT 3JeKTPOKHHeTHUeCKHH HOTeHuHaJsa {, pas-
Hbllf moTeHnyany U J3C wa paccTosiHHM x, pasjensiolleM yKasaH-
HBI YPOBeHb U [TOBEPXHOCTH TBepaoi (HasH.

Hamyne {-noTeHnmaa JeXHT B OCHOBE pAa3/JHUYHLIX 3JIEKTPO-
KHHETHUECKHX SIBJEHHHA — 3/JeKTpoocMoOca, KaTadope3a, NOTEHIHA-
J0B  (uabTpanud.  CymHOCTb  HOCJAEIHHX  pacCMaTpHUBAeTCH
B pas3x. 7. Beanuuny C-oTeHnuana pacCYHTHIBAIOT HO COOTBETCTBY-
omuM QopmyaaM s H3yuaeMOd MOPHCTOH cpebl, B YAaCTHOCTH,
o0pasna nopoxn, HaGAW0Jas siBJEHHE 3JEeKTpoocMoca (IBHIKEeHHe
JKHJKOCTH B TOHKHX KanujJsipax noj BJAUAHHeM NPHJIOMXKeHHOH pas-
HOCTH MOTeH|uaJoB) HJAM BO3HHKHOBEHHS pa3HOCTH [IOTEHIHAJOB
npu GUABTPANHH KHIKOCTH yepe3 Kamualspbl. 3HAK {-moTeHnHaJa
COOTBETCTBYeT 3HAKY 3JEKTPHUECKOIo 3apsaja [IOBepXHOCTH TBep-
Joi hasul mopuctoit cpenbl. ITocKoJdbKY MpakTHYECKH BCe OCaJ04-
Hble MOPOJ(bl, 33 pPeJKHMH HCKJOUEHHSIMH, HMEIOT OTpHuaTeJbHLIH
3apsp MOBEPXHOCTH, UX (-NOTeHnua/J sABJseTCs OTPHIATEJIbHBIM.
Benuuynna C-ioTeHnMafa 3aBUCHT OT TeX Ke (DaKTOpOB, KOTOpbIE
OnpeesioT 3HAUCHHE Ogsc, B NMEPBYIO OYepelb OT KOHIEHTpaLHK
¢BOGO/IHOTO PACTBOpPA M BAJEHTHOCTH KAaTHOHOB CBOGOAHOrO pacTBoO-
pa u BremHeli ob6kaaaku J3C. Ilpu HOCTOSIHHOM cOCTaBe KaTHO-
HOB Beanunua § nmapaer ¢ pocToM Co. ITpu 01MHAKOBOH KOHUEHTpA-
OHH cBOOOAHON BOABI BeJuYHHA { CylLIeCTBEHHO 3aBHCHT OT COCTaBa
katHouos JI3C, y6uiBas B COOTBETCTBHH C [10CJe/0OBATE/BHOCTHIO
Lit>Na+>K+>Mg2+>Ca?+. Ecau suemnusasi o6knaxka JI3C
COCTONT u3 TpexBajeHTHux (Fe®t, Al®*+) nam ueTopexBa/eHTHBIX
(Th*+) wnonos, {-moTeHmuas MeHsieT 3HAK Ha [OJOKHTEJbHLIH
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B CBA3H C mepe3apsakolt JI9C — noBepXHOCTb TBepAOH (aswl mpu-
o6peTaeT MOJIOKHUTENbHBEIA 3apsj, a BHewHIOl o6kaaaky JIC co-
CTaBJSIIOT B OCHOBHOM aHHOHHI.

AnoMmanpHblél caoit xugkocTH U JIDC 3aHHMAIOT TPAKTHYECKH
OJHH H TOT e o0beM B NMPHUIPAHUYHOH 06JACTH BAOJb CTEHKH Ka-
MHJINAPOB — TIOPOBLIX KAHAJOB TOPHCTOH cpeisl, B YaCTHOCTH, rop-
Ho!t mopoasl. IlpHunHa BO3HHKHOBEHHS aHOMaJbHBIX CJOEB — OgHO-
BpeMeHHOe AEHCTBHe HA NOJApHbBIE MOAEKYJ/bl BOAB H HOHEI 3JeK-
TPHYECKOTrO TOJS 3apsi’KeHHOH INOBEPXHOCTH TBepAOH (asu cun
MOJIEKY/1DHOTO B3auMOjedcTBHA Jlonpona — BaH-pep-Baaasca #u
MOXEKYJIAPHO-KHHeTHUECKOro ABuKeHus, [Jose cua B3auMopeiicT-
BHUS MOJIeKyJ BOJAB H BeLIeCTBAa TBepAOH (pa3bl MHHHMAJBHO M Orpa-
HUYEHO DacCTOsIHHeM, COHM3MEPHMBIM C pasMepaMH MoJeky.a. Jlafb-
HOZeACTBHEe 3JEKTPOCTATHUECKOrO NOJSl XapaKTepH3yeTcs paccTos-
HHSIMH B geCATKH HaHOMeTpOB.

3HaYHTeNbHYIO, BO3MOXKHO OCHOBHYIO, UaCTh (pH3HUECKH CBs3aH-
HOH BOALI COCTABJIAIOT MOJEKYJAL BOABI, (POPMHPYIOIHE THAPATHYIO
060JI0UKYy KaTHOHOB, B IIePByI0 ouepeib BOJB OJHXKHeH rHApaTa-
nuu. O6 3TOM TOBODHT ueTKas KOppeasiuus MeXKAy YAEJbHOH eM-
KOCTbIO K4THOHHOTO 06MeHa Qoo M YAeJbHOH T'HIPOCKONHYECKOH}
BJIAXKHOCTBIO (r, MpHUeM OTHoOlueHHe BeJHUHH Qr ¥ (100, BHIpArKeH-
HBIX B Mr-3KB/F, COCTaBJseT y PasJHUYHLIX HCCAeAOBaTenell oT 5 1o
10. Ty BenWuHHY MOXKHO PacCMaTpPHBATb KK YHCJO MOJIEKY. BOLH,
NPUXOAAIIUXCA Ha OJUH KATHOH, 006DPasyioIIHX ero ruApaTHyio o6o-
JAOUKy (B OCHOBHOM Boja OaHXKHeH ruzpaTauHu). B pacrBopax
C MHHepa/JH3auueil TOro e MopsjKa, 4To IJacTOBhle BOAH B pas-
pesax MecTopoXpaeduit HedhTH u rasa, ajs Haubojgee pacmpocrpa-
HEHHBIX KaTHOHOB npupoxHeix Bojy Nat um Ca?t 4HCI0  MOJeKyJ
BOABl B 30He OJHXKHefi rHapaTallHH CcOCTaBjaseT COOTBETCTBEHHO
4—8 u 12—16.

QH3HueCcKkH CBsizaHHAad BOJAA NPAKTHUECKH HEJHKOM 3amoJHfAeT
o0beM KanuaasapoB ¢ paanycoMm r<<20—30 HM, DpHUEM KaAMH/IAPH
¢ paguycoMm r<<1,5—2,0 uM 3anoJHEeHL B OCHOBHOM INPOYHOCBs3aH-
HO# BOJOM.

KanuaaspHo-ynep:KaHHasi Boga XapakTepHa JJjs nop, paauyc
KOTOpHX cocTaBaseT 30—500 uM, a TakxKe jJd yrjaos mop, MpHypo-
YeHHBIX K CTbIKaM MeXK1y 3epHaMH, o6pas3ylOmHMH CKeJgeT mOopo-
Ibl, B TYNHKOBHIX nop. KanuamsapHo-yueplKaHHasi BOAA IO CBOHM
cBoficTBAM He OTJuuaeTcs OT cBoGojHOH. B mopax ykKa3aHHOTrO
pasMepa — cybKamuaaspax — ee yjep:KHBaeT KalHJJisiphoe nAaB-
JeHune

Pu=20cos 0/r, (4.5)
rie 6 — NOBepXHOCTHOe HATsI)KEHHe Ha rpanuile cMainsaiouledl ga-
3B — BOJHI M HecMauuBalomed ¢assl — Bo3ayXa, Yr/jeBOAOPOAHOrO

rasa uau HedTH; r— paguyc Kanuanspa, 6O-—yroq cCMadyuBaHHf,
A1 THApOQuILHOR moBepxHoCTH 6 <C90°.
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Kanuaasipraoe nasjsenwe B ruapodubHOM nopoje-KoJJeKTope
NpelsATCTBYeT BBITCCHEHHIO NOABHKHOH BOABL He(TbiO HJH YIJeBO-
RODPOJAHBIM rasoMm npH ()OPpMHPOBAHHH He()TAHOH HJH Tra3oBo# 3a-
JexHd. HedTp u ras sano/usior TONbKO Te Kanu/asfphl, AJAs KOTO-
PbIX BeJHUHHA pyx HpH 3aJaHHHX ¢ H O MeHblle JaBjedus p, NOA
JeHCTBHEM KOTODOro TNPOHCXOAHT 3aloJHEHHe YrJeBojopojaMH
TIPHPOJHOH JOBYIUKH.

s rHIPOGHAbHBIX MeXK3ePHOBHX KOJJIEKTODOB He(TH Ha OC-
HOBe ONbITA H3YUeHHH H Pa3pabOTKH MHOTHX MeCTOPOXKJEHHH B Ka-
dyecTBe BepXHeH TPaHHUBI PajHyca IOp, COJEpPXKAUUX Kanu/JasipHO-
yAepXKaHHYI0O Bojay, NpHHEMaercst 0,5—1 MKM, a5t KOJJEKTOPOB
rasa 0,1—0,2 mxM. Jlnanasonbl TpaHHYHEIX 3HAYEHHH frp MOTVT
ObITh W WIHpe YKa3aHHBIX, NOCKOJbKY BEeJHUHHA frp 3aBHCHT OT 3Ha-
4eHHH o H 0, OTpaXaloIHX COCTaB H CBOHCTBA NJacTOBOH HedTH
(rasza) u BOjmbI, a TakXe NOBEPXHOCTH 3epeH, CJArdiOMHX CKeJer
TopoJL.

4.2. OCTATOYHAS BOJA TOPHBIX TOPOA,

CyMmMapHoe cojepKaHue B M0pOae KaNHAJASPHO-yAEPXKAHHOH H
¢u3HUeCKH CBA3AHHON BOAB ONpeJelfIOT KAK OCTATOUHYIO BOJY,
XapaxrepH3ysl COJep:KaHHe ee B o6beMe NOD nNopoAsl Ko3 d P H-
UHEeHTOM OCTATOYHOTO BOJAOHACHILUEeHHH:

ka. OZVB. o/vn» (4~6)

tae Vao, Vin— COOTBETCTBEHHO OOBeMbl OCTATOYHOH BOjBI H HOD.

Has onpenenenus kao B HpakTHKe HeTpodH3udeckux Jgaabopa-
TOPHH NPEMEHSIOT HECKOJLKO CNOCO60B, KOTOPhIE MOXKHO Pa3jejHTh
Ha jxBe rpynnbl. K nNepBOH OTHOCHTCH eJHHCTBEHHBLIH cnocob, monay-
YHBIIMH HAa3BaHHe NPAMOH MeTOXA, HJIH MeTojJ 3aKca, B KOTOPOM
OlpeesIOT KOJHYECTBO BOJBI, cojpepxkamelcss B ofpasue TOPOJAEL
H3BJCYEHHOM NPH BCKPBITHH HPOJYKTHBHOTO KOJJIEKTOPa CKBaMKH-
HOH ¢ He(HALTPYIOUIEHCS NPOMBIBOYHOH KHAKOCTHIO — PacTBOPOM
Ha He(drsanofi ochose (PHO). Ilpu peanmsanuu HpsiMOro Metoia
HeOOXOZHMBIM YCJIOBHeM fABJfAeTCA COXpaHeHHe B o0pasue X0 3KC-
TePHMEHTa BCeX (JIOHIO0B, 3aMOJHAILIHX NopH o6pasua B nJaa-
CTOBBIX YCJIOBHSAX.

Cnoco6sl BTOpO# rpynnbl pa3jnyaloTcs YCJAOBHSIMH MOJEJHPO-
BaHHA OCTATOUHOH BOJBI B O6pasme. OOWHM AJf HHX sBjAsercs
TIOJAroTOBKAa 06pasdia K JKCIepHMEHTY IyTeM 3KCTParHpOBAHHA H3
o6pasna yraeBoAOPOAOB H cOJel, PACTBOPEHHHX B [JacTOBOH BO-
Jle, 3aNOJHsBIIKX NOpPH 06pa3sla B eCTeCTBCHHOM 3ajeranuH. Cno-
€o6H BTOpPOH IpyHIbl HHOIA Ha3bIBAIOT KOCBEHHBIMH.

4.2.1, IPIMOW METOJ ONPEOEJEHHS KO3®PHLUHEHTA
OCTATOYHOI'O BOOOHACBHILIEHH S

Onpenenende kyo NPAMBM METOJOM BKJIOUaeT Cle-
Ayioulde 3Tanbi: 1) H3yyaeMble NPOAYKTHBHBIE OTJIOXKeHHS BCKpPBI-
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Bawrcs ckBaxkHHo#i ¢ PHO npu cniomnom or6ope u BeiHOCE 06pas-
LOB KepHa B 33aJaHHOM HHTepBaJie pa3pesa; 2) ob6pasusl rociae
BHIHOCA HA IOBEPXHOCTb HEMEAJiIEHHO KOHCEPBHPYIOTCS, B JaJbHEM-
weM co6JII0AAIOTCH YCJAOBHSL AJsi COXpaHeHHsi B 06pasie M1acTOBHX
duong0B; 3) Kakaeii o6pasel, NomJexXallnii HCCJIeJ0BaHHI0, pac-
KOHCEPBHPYIOT U 3KCTPAFHPYIOT CIHPTOGEH30/bHOH CMeChio B amma-
paTe 3akca, CHaGXKEHHOM CHELHAJbHOH JOBYIUKOH [JSi  BOXBI,
H3BJeKaeMoil H3 o6pasia NpH 3KCTpaKuuu; 4) onpenensior o6beM
Vs BOIH, BhIEJEHHOHA H3 OOpasua, a 3aTeM, 3Has oGbem obpa3ua
A KO3(p(PHLUHEHT NOPHCTOCTH Ry, BBHIUHCASIOT Vi 1 no dopmyae (4.6)
PacCUHTHIBAIOT Ks 0.

TIpsiMofi MeTOA NO3BOJAET YCTAHOBHTH 3HaueHHE Rgo.np, XaPaK-
TEpH3YIOLlee NPOAYKTUBHHIHA KOAJIEKTOD B YCJIOBHSIX €CTECTBEHHOTrO
3ajleraHus. OTO 3HauYeHHe ajJeKBAaTHO paCCMOTpPeHHOMY Bhillle napa-
METPY Kso NPH CJAERYIOLIIHX YCJIOBHSIX: a) KOJJEKTOP MOJHOCTHIO
THAPOGHABHEH; 6) BCsi OCTATOYHAS BOAA KOJIJIEKTOPA B IIJACTOBHIX
YCJIOBHAX IpeACTaBJeHA KaNHJJASPHO-YIEpXKaHHOH H (H3HueCKH
CBsi3aHHOW BOJMOH. B NeACTBHTEABHOCTH 3TH YCJOBHS penxo col.Jio-
Jaiotesi. [IpONYKTHBHBIA KOJJIEKTODP MOXKET ObTh UYaCTHYHO THAPO-
GO6GHBIM, UTO BENET K CHHIKEHHIO COMepXKaHHsi (H3HUECKH CBsI3aH-
HOH M KamuJUISPHOH BOAH B IOPOJE, H TOrAa 3HAUYEHHE Rp.o.np OYAET
MeHbllle Eyo. [1pH 3aNI0JHEHHH JOBYLIKH YIJIeBOLOPOLaMH B IIpolec-
ce GOPMHDOBaHHUS 3ajexkH HEe(TH HJIH rasa B KOJJIEKTOPE MOXET
COXPAHHUTLCST M3BECTHOE KOJHYECTBO NOABHXKHON BOABL, KOTOpasi He
SBJSETCS KaNHJAJAPHO-yAep:KaHHOR (Boja KalleJpHasg H T.1L.);
B 3TOM CJYy4a€ Ksonp<Rs.o. HECMOTpsi Ha 3TO mpsiMOil MeTOx CuH-
TAeTCsi 3TAJOHHBIM IIPH ONpeaesNeHHH napaMerpa KRs.o, NOCKOJBKY OH
JlaeT NpeiCTaBJeHHEe O peasbHbIX 3HAueHHSX K03(G(MHIHEHTOB BOIO-,
HedTe- U ras3oHACHILEHHSI B MJACTOBHIX YCAOBHAX IJsi H3yuaemoro
reojorudeckoro o6nvekra. HepocTaTkom mpsMoro Merona fABJsSETCS
HEBO3MOXKHOCTb HCIIOJAb30BAHUS €0 AJS MOJYuUeHHS NPeICTaBHTR/b-
HOrOo MacCHBa 3HAu€HHH Ks,, NOCKOJBKY CKBAaMKHHB, Oypsuuecs
¢ npumeHedneM PHO n nosaxeM ot6opoM KepHa,— 6GoJsbllasi pex-
KocTh. IloaTOMy OCHOBHO 06beM HcCJefOBaHMiT Ha o6pasnax
C LIeJbIO ONpeneseHHs Kszo BHIIOJHSIOT KOCBEHHHMH METOAaMH.

42.2, KOCBEHHBIE METOAbl ONPEJAEJIEHHA KO3¢® HILHEHTA
OCTATOYHOr O BOJOHACBIUEHHY

Tlepen mpoBefeHHEM HCCJAEROBAHHH JIO6LIM KOCBEHHLIM M e-
TONAOM o0Opa3el NOpPOIH, H3BJEUEHHH! H3 CKBaXXHHH IpH Oype-
HHH Ha TJIHHHCTOM pacTBOpE, cojep¥Xaliuii B Nopax ¢HJILTpAT
IPOMBIBOYHOH JKHAKOCTH H HeBbITeCHeHHble I1aCTOBble  JIIOHAHI,
3KCTparupyior B annapate COKcieTa, HCIOAb3Ys CIHHPTOGCH30Jb-
HYIO CMEeCh, a TaK¥Xe JONOJHHTEJbHO APYrHe opraHHYeCKHe PacTBO-
puTesas — xJopodopM, Toayon. Jlasee s3KcTparnpoBaHmbNl O6pasel,
BHICYLUHBAIOT IIpH NIOCTOSIHHOI TeMnepatype, o6niuHo 105°C. 3ame-
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THM, 4TO H3JIOXKEHHBIH CNOCOO6 NMOArOTOBKM 00pasua K 3KCIepHMeH-
TY TOXKJECTBEH TOMY, KOTODbIi NPDHMEHAIOT Ilepex onpefe/]eHHeM
K03 PHIHEeHTa TOPHCTOCTH NOPOAB CHOCOGOM HaChIUEHHA (CM.
pa3n. 3). 3ateM oOpaser HacChIUAKT BOJOH, MCIOJb3ys B 3aBHCH-
MOCTH OT INIpHMEHSIeMOTO BapHaHTa KOCBEHHOTO MeETOAa MOJAe/b-
[71aCTOBOA BOA®l HJH AUCTHJAJNPOBaHHYM Bopy. Jlasee ypazasioT
Boay. M3 00pasua, GHKCHDYsi B KOHIE SKCHEDHMEHTa COfepiKaHHe
B 00pasie OCTAaTOUYHON BOMLHI.

Kocsennnie metoabl onpeneneHHsi ks, pasiHualores crnocoGom
yhaJeHHst BoApl M3 obpasua. B s1aGopaTopHOiM nmpaKTHKe NPHMEHs-
IOT CJefyIolHe KOCBEHHBIE METOALl MOJEJHPOBAHHS H ONpeAeseHHs
OCTaTOYHOH BOABI: KaNMJISPHOTO BHTECHEHHS, wHEeHTpudyrHpoBa-
HHS, CYLIKH NPy H3MEHEHHM TeMNEpaTyphl H C COXpaHEHHEM €€ IO-
CTOSIHHO# (M30TEepMHueCKas CyIlKa), BJarOeMKHX cpen, meton SIMP.
Han6oJiee 1HPOKO NMPHMEHSIOT METOAbI KalHJJISPHOTO BBITECHEHHS
H HeHTPHQYTHPOBAHHUS.

Hasi onpepesneHHst kso METOJAOM KalHJAJSPHOTO BBHI-
TeCHEeHHUs (KanuJJAspUMETPHH) H3yuaeMbiit oOpa3sel, NOJHOCTBIO
HaCHIIEHHBI BOAOH, NMOMEULAOT B clenHaJbHYyl0 sSiuelKy, B KOTO-
pylo BcJaen 3a 00pasioM NOMEW AT NOJYNPOHHIIAEMyI0 MeMOpaHy
C mopaMH omnpefe/eHHOro pasmepa. Ilox nefictBHeM HeGOJbLLIOTO
nepenaga jaBjeHH#, He npesbimatomero 0,15—0,2 MIla, Boay u3
o6pa3iia BHTECHSIOT BO3yXOM. B yNpouleHHOM BapHaHTe MeTOAa
BOoay H3 00pa3uya BHITECHSIOT [0 CO3JaHHS B HEM MHHUMAaJbHOTO:
JLJIsT 3aJlaHHBIX YCJOBHH (Nepellax LaBJeHHH Ap, BeITecHsoWlas ¢a-
3a) ko3 dHHeHTa BOZOHACHIIEHUS kso. BesuuHuy Ap BeiGHpalOT
B COOTBETCTBHH C Pa3MepoM Nop MeMOpDaHbi, T.€. HECKOJbKO ME€Hb-
IIHM 3HAu€HHS Apyp, TPH KOTOPOM BO3MOKEH NIPOPHIB uepe3 MeMO-
paHy BuiTecHsiiouiel da3el. CilefoBaTe/bHO, YCJOBHSi IPOBELCHHS
9KCMepHMEHTa yiKe 3apaHee ONpene/silOT BepXHH npenes pagHyca
nop 7rp, U3 KOTOPHIX BOJA HE OYyxeT BHITECHATHCA:

Twp = 20 cos 0/(Ap), (4.7

rae Ap— cosgaBaeMblfi MaKCKMaJbHBIH Tlepenajy LaBJeHHs Ha 00-
pasie; ¢-—OBEPXHOCTHOEe HAaTsiXKeHHE Ha IpaHHUE BO3AYX — BO-
na. 3Hauenue OepyT B npeaeaax 0<C0<C45°, wgame nonaranT
0=0. BesuuHny ks, BHIGHCAAIOT OT GopMmyJie ks o= (Vo—Vuzur)/Va.

B yCJ0XHEHHOM BapHaHTE 3KCIIEPHMEHTA H3Y4alT [AHHAMHKY
BHITECHEHHsSI BOJB BO3AYXOM, IIOCTENEHHO yBeJauuHBasi Ap 1O Ipe-
JeJbHOTO 3HaueHHS, NPH 3TOM J[Js1 HECKOJIbKMX INIPOMEKYTOUHBIX
3HaueHHii Ap ONpeae/siioT COOTBETCTBYIOUIHE HM 3HaueHHsi Visur
B TeKyllero Kod((dHIHeHTa OCTAaTOUHOrO BOJOHACHIIIEHHS Rs.o.rex-
PesynbTaTel onbiTa H306paxkalT rpadHuyecKH B BHIE 3aBHCHMOCTH
kso=[(Ap) uau keo=[(px), rae Ap=px—TIepenan naBJeHHH,
o0ecneyuBaloONHii BHTECHEHHE KalHJJISDHO-YAEPXKAaHHOH BOJBI M3
mop onpegeseHHOro pa3mepa (pHc. 15). Ecanm sivelixa cHabxeHa
YCTPOHCTBOM aJisi H3MEpPEHHsi YIeJbHOr0o CONPOTHBJIeHHs 00pasia,
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Aao Puc. 15, Tlpamep xpuBofl Ka-
7k LHJISPHOrO RaBJieHHs
a9 [\
471
a5
175 L L T
0 0,05 ] pMna

B XOAC BBITCCHEHHMS BOJbl BO3AyXoM (UKCHPYeTCS H3MEHEHHE BO
BPEMEHH YIeJbHOro CONpPOTHBJEHHS- 06pa3na pn; BBHIXOX KpPHBOH
pn={(Ap) Ha aCHMNITOTY NOKa3bIBACT, YTO NPOLECC BHTECHEHUS BO-
Abl U MOJCJMPOBAHHS OCTATOYHOrO BOAOHACHIULeHHsi oOpasua 3a-
BepILEH.

KpuByio koo=f(px) HCIOMB3YIOT A/ IOCTPOEHHS pacnpejeJe-
HHsI 10 pa3MepaM IOp, BHUHC/SS CPeJHee 3HAUEHHE r TPYNIH MOp,
COOTBETCTBYIOUIEC BEJUUHHE Py KaXIOH NPOMEXKYTOUHOH CTYIEHH
BHTECHeHHS (CM. pHuc. 15).

3HaUCHHSA Kpo, NOJYUCHHHE NPH BBITECHEHHH BORB BO3AYXOM,
1e/1¢c006pa3HO HCNOJb30BATh IPH H3YUCHHH TA30HOCHHX KOJJEK-
TopoB. st onpenesieHns Ry HCQTCHOCHBIX KOJJIEKTOPOB BOAY H3
obpasna BHITECHSIOT KEPOCHMHOM HJH, 4TO GoJee NPaBUJIbHO, MO-
JeJbl0 NJAacTOBOH HedTH H3yYyaeMoro reoJIOTHUECKOTro ofbekra.

3HayeHHe ke, PACCUMTHIBAIOT 11O dopMyJie

(mZ"—'ml) 63
By g=1— , 4.8
0 {(my — my) (8p — &) ( )

Tae iy, Mg, M3-— COOTBETCTBEHHO Maccel ofpasma cyxoro, HAachl-
IIEHHOrO BOAOH W MOCJie 3aBepleHUs ONbTa; 8z H On — IJIOTHOCTH
BOJB U HedTH.

B HacToslee BpeMsi NPOMBILIJICHHOCTh BBHIIYCKAeT MOJYNPOHH-
maeMele MeMOpaHbl, PACCYUMTAHHBIE HA MAKCHMAaJbHOC JaBJEHHE
peiTecHendss 0,3—0,4 MIla, yto mo3BoJsieT NOBHCUTL Ap H COOT-
BCTCTBCHHO YMCHBIUUTb IPAHAYHOE 3HAUYCHHE rrp. ONTHMAJbHOE 3HA-
YCHHE APmax B KaNHJJISPHMETPHUECKOM cIoco6e ONpeieNeHHS Rso
noxbupaioT aJsi H3y4YaeMOro reoJIOrMUeCKoro o6beKTa MWJM rpyIiibl
-06bCKTOB TAaKHM, YTOOB 3HAUEHHS Reo N0 AAHHHM KaNHJISPHUMET-
PHYCCKOrO H NpPsiMOro MeronoB Onin HauboJee GJU3KUMH JJsi BCeH
KOJIJIEKIIKK 06pa3noB KOJIJEKTOpa IPH H3MEHEHRH KO3(QQHIKEHTOB
TIOPHCTOCTH H NPOHHIIAEMOCTH B IIHPOKOM jHanasoHe. Takum 06-
pasoM, mJsi «HACTPOHKH» TEXHOJIOTHH KaNHJJIAPHMETPHH HeOOXOMH-
MO pacrnoJiarath pe3yJbTaTaMH ONpeCJeHHs: Rpo NPSMBIM METOAOM
X0Ts 6Bl AJs OJHOH CKBAXKHHH, NPOOYypeHHOH Ha H3yuaeMOM Me-
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CTOPOXACHHH HJH rpynne MecTopoxkaeHni. Ilpumensiempie B Ha-
CTOsillle€ BPEMsi MOJYIPOHHIaeMble MeMOpaHbl H COOTBETCTBYIOLIHE
UM JaBJEHHS] Pk max OGCCHEUHBAIOT BHITCCHEHHE BOABI H3 KaNHJLIs-
poB paauycoMm r>0,5—1 MkM.

B MeTode HeHTPpHGYrupOBaHHS MNOJHOCTHIO BOXOHA-
ChILleHHH# 00pasew, NPOUICIUIHA Ty e NOATOTOBKY, UTO H Mepexn
HCCJCOBAHHEM KAMH/JISAPHMETPHUYCCKHM  METOAOM, MOMELA0T
B siuefiKy pOTOpa LEeHTPHGMYIH H LEHTPHGYrHPYIOT B TeUeHHe HEKO-
TOpPOro BPeMEHH C 33aJaHHOH 4acTOTOH BpalleHHs n. BoTecHeHHe
BOAK [pPOHCXOxMT OJslaropapsi CO3RaHHIO NpH LEHTPUQYTHPOBAHHH
LABJEHHsS Px B NMOPOBHX KaHaJsax ofpasma:

pr=1,8n2A8 (3RL + L?). 107, (4.9)

rje n—uacToTa BpauleHHs poropa ueHTpudyrd, MuH~!'; A§ — pas-
HOCTBb NJIOTHOCTEH BOAH H BHTecHsiiouie# dasel (ecaH 3TO BO3AYX,
T0 A8=8:), r/eM3®; R n L — papuyc BpaumeHHst # naJHHa o6pas-
Ha, cM.; px, MIla.

HacToty M mpomoOJIKHTEJBHOCTb BpAUICHHSI BHOHPAIOT OGHYHO
TaKHMH, YTOOH NOJydaeMble 3HAUeHHS Rs o, OHJIH Hanbosee GJH3KH-
MH K 3HaueHHsiM Rz, Ha TeX Xe of6pasiuax, YCTaHOBJEHHBIM Ips-
MBIM HJIH KalHJJISPHMETpHUCCKHM MeTOROM. a5 aToro moxGupawor
KOJIJIGKLHIO 00pa3uoB, MpeACTaBHTEABHYIO IO OTHOIICHHIO K H3yuae-
MOMY OOBEKTY, H Ha HHX ONpPeJeJsiioT Ry, METOAOM LEHTPHGYrHpO-
BAHHS H NPSIMBIM METOJOM, HJH 1eHTPH(YrHpoOBaHHEM H KalHJJdA-
PHMETDHEH, pexHM KOTOpOH OOOCHOBAH CpaBHCHHeM € JaHHBIMH
NPSiMOTO METOj1a.

B kauecTBe BHITeCHsiIOnIeH (a3wl HCHOJMB3YIOT BO3AYX, pexXe—
KepocHH. HacToTa M MPOLOJKHTRJBLHOCTh BpallleHHs YCTaHaBJHBA-
10Tcs TeM GOJBIIHMH, yeM HHXKe K03(DQHIHUeHT NPOHHIaeMOCTH 00-
pasua. [lasi 06pasuoB ¢ kgp>>100-10"'° M? OGBIYHO HCIOABL3YIOT
n<C4000 mue~! npu BpemeHH BpauleHus a0 30 mua. C yMmeHbule-
HHeM kg, BpeMmsi BpalleHHs AOBOAST 10 1 4, a 4acTOTy BpauUIeHHS
J0 6000 mur~!. Kak u npu KamHJ/AspHMETPHUYECKOM MeTOje, yCTa-
HaBJHBas 3HaueHHe ks, METOAOM LEeHTPHGYrH, peXHM LEHTPHDYrH-
poBaHMsi MOAGHPAIOT TAaKMM, YTOObl OOECMeYHTb BBHITECHEHHE BOJBI
H3 Kanuaaspos ¢ r>0,5--1 MKM.

Beanunny ks, paccuurniBaloT no dopmyae (4.8). OueBnpnoe
NPEeHMYIIECTBO MeTOMa IeHTPHOYrHpOBaHHsS MO CpPaBHEHHIO C Ka-
MHJIIpHMETPHYECKHM 3HAUHTEAbHO MEHbUIAS [POJOIKHTEIbHOCTD
3KcnepuMeHTa, K HegocraTkaM MeToga OTHOCATCS HEOOXOXUMOCTD
HaCTPOMKH pexHMa UeHTpHYrHpOBaHHS Ha JAaHHble KaMHJJISAPH-
METpHH H GOJiee HH3Kasi TOUHOCTb ONMpejeeHHs Rao.

€TON CYUKH C NOBbHILIEHHEM TeMNOepaTyphn (Me-
Ton Meccepa) 3aksOuaercs B TOM, YTO MOBHILIAsi TeMIEpaTypy 10
110—150 °C, dukcHpyoT Maccy o6pa3ua npH pa3JHyHOH TemIepa-
Type, mocJae 4ero cTposT 3aBHcHMoctb M=f(T), ucnosns3ysi xapak-
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TePHYIO TOUKY KOTOPOH HAXONAT FPaHHLy, COOTBETCTBYIOILYIO Haya-
Ay HMcmapeHHs octaTodHo#l Bosjbl. OCHOBHOH HeJIOCTAaTOK METOxa —
HH3Kasi TOYHOCTb ONPEIEJCHHS Rgpo, NOCKOJbKY HHTEpIpeTalHsi I10-
AYYCHHOH KPHBOH HepeNKO GbBaeT CyObeKTHBHOI.

Bonee coBeplueHeH BapHAHT H30TEPMHUECKOH CYIIKM  (METOZ
acmupaunoHaoi tepmoMaccomerpun — ATMM). OG6pazsen, mnoasne-
JKaIKE HCCJCNOBAHHIO, NIPEIBAPHTENbHO JKCTPAarHPOBAHHBIA U BEI-
CYLUCHHBIH, HACBIL AT [AMCTHAJMPOBAHHOR BOJOA H ITOMEILAIOT
B CHCUHAJABHYIO KaMepy, re OH BBICYUIMBAETCS B IIOTOKE BO3AyXa
NpH NOCTOSIHHON Temnepatype T=25°C. B nponecce BBICYIIHBaHHS
PETHCTPHPYIOTCS KpMBasi NMOTepH Macchl ofpasma B KOOpJHHATaX
ke=f(t), rme { —BpeMs, ¥ KpUBasi H3MCHEHHS TeMIEpaTypHl Ha IO-
BepXHOCTH o6pasua AT=f(¢). laTyHKOM Ha BXOJE YCTPOHCTBA, pe-
THCTpHDYIOIero puarpaMmy Rx=f(T), SBASIOTCS CheUHaNbHBIC
BEChl, a Ha BXOjAe perucrpatopa kpuBoit AT=f({) — tepmonapa,
NOMCILUCHHAS Ha NOBEpPXHOCTH 06pa3ua. COBMRCTHAS HHTepIpeTalHs
006enX KpPHBBIX [O3BOJISIET [10 XapaKTEPHbIM TOYKAM HAa HHUX Bbije-
JIUTH PAa3JHYHEIC KOMIIOHEHTHI BOJBI, HAaChIlaloUe# mopsl obpasna.
Brauaae yapaasiercs cBoGoauas Boaa (CB), satem ¢yHHKyAsIpHas
(Mo o6uienpuHATON TEPMHHOJOTHH — KalHAJSiPHAsi) H YILJOB MOP
(D, ¥), HakoHel, TpH KOMMOHeHTa (HU3HUYECKH CBSI3aHHOH BOJBI
(M, M,, Ms), u3 xoropeix M;, M; XapakTepH3yIOT PBIXJOCBSi3aH-
Hyw, a M3, yaanseMas mocsaeiHel, COOTBETCTBYET NPOYHOCBA3AHHOM
Boje. Ha ocHOBaHHH NMOJYUEHHBIX IMArpaMM ONpPEARJSIOT Rzo Kak
3HauyCHHE, COOTBRTCTBYIOLIEE TpaHHIle MEeXKAY cBOOGONHOM H (YHHKY-
JsiDHOH BOJOH.

Ha puc. 16 comocrabsienst Kpusasi ky=f(7) ATMM c Bpize/cH-
HbIMH Ha HeH KOMIIOHCHTaMH BOJBI B NMOpaxX, KPHBAsi KalUANSAPHOIO
BBITCCHCHHST Kx=[(px) W u30Tepma ajmcopOuuu BOABI 118 ONHOIO
-H TOro xe o6pasna NOJHMHKTOBOro necyaHuka. COBMeCTHBIH aHa-
JIM3 KPUBHIX II03BOJIS€T OTMETHTb CJCAYIOLLEE.

1. KpuBasi ke=f(px) xapaxkTepuayeT TOJBKO OAHY TpaHHIy —
Mexay cBoGonHOf ¥ octaTtouHoit BOAOH. [Tosoruét yuacTok Kpusoi
pacmosioxer B obaactn @ no paHHeiM ATMM, HO He [focruraer
rpanunel Mexny @ u Y. I'panuna mexay cBoGOJHOH M KalHJJIAP-
HO-y/iCp2KAHHOH BOJOH, ONpeAensioUIasi BEJIHUHHY Rpo, MO HAHHBIM
ATMM ¥y Kanu/aspUMCTPHH MPOXOAHT NPHMEPHO HAa OJHHAKOBOM
ypPOBHe.

2. O6aactu My, M, M; na kpusoit ATMM coorBeTCTBYIOT HH-
repBagy 3HaueHH# p/ps=0H5b—1 Ha wu3oTepMe aiAcopOLUHH BOAHL.
Koneynasi Touka ma kpupoi ATMM xapakrepusye: 3Huxense R,
COOTBETCTBYIOILEE THIPOCKOMHYECKOH BJIAXXHOCTH HOPOJAB HJH 00B-
€My MOHOCJ0s1 ajfcopOHMpOBaHHOH BOAH (TOUKa Ha H30TepMe aj-
copbuun ¢ abcuuccoit p/ps=0,55). I'panuna mexay 3soHamu M,
¥ M, na kpusoit ATMM coorBeTcTByeT MaKCHMaJbHOR MMTPOCKOMH-
YeCKO# BJAAXKHOCTH MOPOAH (TOukKa p/ps=0,95 Ha H3oTepMe aacopl-
unn). IogTBepXaaercs cueaHHpI paHee BBHIBOA O TOM, YTO 30HbI
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Pyc. 16. ConocTaBjieHde TepMOMaccOMeTpHUecKol KpHBOH ks=f(T) (I) ¢ H3oTep-
MOl agcopbunn ks=[(p/ps) (2), ¢ KpUBOH KaNHJJISIPHOrO AABJEHHS Ru=[(px) (3)
H ¢ NOPOMETPHYECKOA KPHBOH kn=[(dx) (4). © — dyHHKyAdpHAA (KaOHANSPHO-
yAepxanHas) Boda; ¥ — Boja yrios nop; M, My, M3 — Bona MHKpOKalHJJIsPOB;
a— Bo1a copbupoBaHHas mo gaumnbiM J1. P. Mopososuua, H. A, CkuGuukoro

M;, M, ATMM CoOTBeTCTBYIOT pHIXJOCBS3aHHONK Bome (p/ps=
=0,95—1).

3. I'paHuubl 3HAYeHHH ks AJ9 BOMAB YrJOB IIOp ONpeRe/sioTCA
YeTKO Toubko Ha kpusoit ATMM. Msorepma ancopbumn pacnoJo-
XeHa 1O, HHXXHeH TpaHHuel BOAH yrios mop (¥), a KpuBasg Ka-
NUJJISpUMETPHH BhbllLle BEpPXHEN rPAHHNbBI 30HBI ¥.

Januele ATMM nossossiior Hanbojiee HArISAAHO OJHOBPEMEHHO
NpelCTaBHTh BCE KOMIIOHEHTbI OCTaTOYHOH BOAB H OLEHHTb BHJKY.
KaXK/J0fl KOMIIOHEHTHl B 3HAYEHHH Kg,. IIpaKTHueCKoe NpHUMEHEeHHE
ATMM pas onpepencHusl BeJIHUYUHBI Rz, OTPAaHHUEHO OTJIHUHEM YC-
JIOBH{i MO/E/IHPOBAHHS OCTAaTOYHOH BOABI OT pEAJbHHX YCJOBHI,
B YaCTHOCTH, HEBO3MOXKHOCTBIO YueTa BJHSHHS 3HaueHHs ¢ Ha rpa-
Hune HedTb — IJJacTOBasi BOjJA HJH ra3 — 1JacToBas BOLa Ha pe-
3yJbTaThl 3KCIIEPHMEHTA, yTO C H3BECTHHIMHU OrpaHHYEHHSMH OKa-
3bIBAeTCsl BO3MOXKHBIM IIpH ONPEACJeHHH Rso, KANMUJJIAPDHBIM METO-
JOM 1 UCHTPHGYrHPOBaHHEM, €CJIH BBITECHSIOUINM areHTOM sBJA-
ercsi MojeJb IJIAcToBOro GniroHAa, a oOpasell HACHILEH MOAEJbIO
niactoBoit Bonbl. IloaTomy HanGosece 3¢dekTHBHBIM NpeacTaBJaser-
cq coyeranue ATMM ¢ merogoM KamHJJIspUMETPHH HJIH LeHTPpHDY-
THPOBaHHA, KOTOpOe o6GecrneydT onpeieseHHe HanboJiee BepOSTHOrO
AJIS peasbHbIX YCJIOBHH 3HaueHHS ks, C IOCJACAYIOIUHM pasieJe-
HHEM 3TOH BeJHUYHHB Ha KOMIOHEHTbI IO XapakKTepy CBSi3H 3ITHX.
KOMIIOHCHT € IOBEPXHOCTBIO TBEPAOH a3l MOPOLBI.

MeTton BraroeMKHX cpej onpejeleHHs kso 3aKAOYaAELT:
¢ B TOM, YTO IOJHOCTbIO BOROHACHILEHHBIH oOpasell NOMEIlaoT
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B CyXOH NOPOIIOK NHCYEro MeJja HJAH TOHKOH3MeJbUeHHOTO KBapua.
TMon neficTBHEM KanHJNAPHOrO BNHTHIBAHHSI BOAH B IOPOILIOK, OK~
pyXkawomHii o6paseu, csoGonpHasi Boja nomajaer B oGpaseu. He-
N0.1b3ysl 3HaYeHHs1 Macc iy, My, Ma, N0 GopMyae (4.8) paccuHTh-
BAIOT BEJHYHHY kso. MeTojl NpHMEHSIOT TOABKO AAs NpHOJIHKeEH-
HOH OLEHKH Rso NPH OTCYTCTBHH B J1ab0OpaTOpHH anmapaTtyphi AJs
onpeneneHus ks, APYrHMH CHOCOGAMH.

BoabmIHMH BO3MOXKHOCTSMH 1/l ONpefeN€eHHA BEJHUHHH KRpo
H IHd¢epeHIHAuHH €€ Ha KOMIOHEHTH IO CTeNEeHH CBS3d C NMOBEPX-
HOCTbIO TBEPAOH ¢asbl ob6sajaer MeTO] SAAEpPHO-MAarHHTHO-
ro pesoHaunca (SMP), mWHPOKO HCHONB3YIOUIHACS NPH H3yue-
HHH OOJIbIIHX, Maiblx 00pa3uoB H KyCOUKoB iiiama. Cnocobul on-
peneseHusi ks, ¢ Hcnoab3oBaHueM siBaenuit IMP ocpeluenH B che-
uManbHOH JuTepatype [29]. BecbMa BeposiTHO, YTO 3TOT METOA OI-
pencaeHns ky, OKaxkercsl HanbGonee 3¢ (HEKTHBHLIM .8 MaCCOBHX
onvejeneHui 3TOro mapaMerpa Ha obpasuax JA0G0# GopMbl H pas-
JHUYHBIX pa3MepoB.

4.3. CMAYUBAEMOCTDb NOBEPXHOCTH TBEPJIOW PA3DLIL
r'napPOoeUJIbHBIE U TUAPOPOBHBLIE MOBEPXHOCTH

Panee npennosaranoch, yTo NOBepXHOCTb TBepaofi ¢aspl mona-
HOCTBIO ruApodidibRa, T.e. H3OHPATENBHO CMauHBaeTCsd BOJOH.
B 3ToM cayuae miieHKa BOJbl PABHOMEPHO NOKpPLIBA€T TOBEPXHOCTD,
BCE€ aKTHBHBIC LEHTPH MOBEPXHOCTH 3aHATH MOJEKyJaMl BOJH HJH
THADATHPOBAaHHBIMH KaTHOHaMH. PeajbHble KOJJNeKTOpH HehTH
H ra3a B NJIaCTOBHX YCJAOBHAX HepenKO GHBAIOT yaCTHUHO THAPO-~
(oOHBIMH. JTO 3HAUHT, UTO YaCThb NOBEPXHOCTH NMODP BOAOH He CMa-
yHBaeTcA, B Mpefeaax 3THX «OCTPOBOB» OTCYTCTBYeT IJIEHKA BORHI,
a He(bTh HJH ra3 HeNoCPeACTBEHHO TPaHH4aT € TOBANXHOCTBHIO:
TBEpAOH (hasbl.

VaGupateabHasi cMauHBae€MOCTh NOBEPXHOCTH TBep1oi (a3bl BO-
JOH omnpepneisieTcs BEJIHUYHHOR yrjia cMauHBaHus O Ha rpaHHme BO-
Abl H Apyroit NOoABHXKHON (asel B KaNHIgpe (BO3nyX, ras, HEPTb).
IIpu =0 NOBEPXHOCTb CYMTAETCS MOJHOCTHIO I'HAPOGHIBHON; IpH
0<<0<<90° nopepxHOCT: MNpPEHMYILECTBEHHO THAPO(QH.IbHA; TpH
90°<<0<180° — npeuMymecTBeHHO THApodoGHa; npu 6=180°—
NOJIHOCTBIO THApOGO6HA, [IpHuHHB YacTHYHONR HMAM NMOJAHOA THApPO-
()OGHOCTH NOBEPXHOCTH MOTYT OBITH pPasJHYHBIMH: CreuidHuYeCKHE
CBOHCTBa BelleCTBA TBePAOH ¢pa3bl, coCTaB H (H3HueCKHe CBOHCTBA
n.1acToBOH Boabl, HedTH H rasa.

[TpenmymecTBeHHO rHAPOQOGHH TBepAble OHTYMBI H HCKONae-
Mble yrJH, [JHHH H arperaTsl IJHHHCTHX MHHEpPaNoB B NOPOAAax-
KOJLIEKTOpax (TJHHHCTHIH LE@MEHT), Kak NpPaBHAO, TrHIPOQHUIBHBI,.
eC.TH HE CYHTaTb TIJMHHCTBIX HedTeMaTepHHCKHX OTJNOKCHHHA (Ha-
OpHMeEp, MopOAbl GaXeHOBCKOHW CBUTHI Ha TeppHTOpHl 3anagHof.
Crbupu). 3epHa KBaplua H [OJEBHX HINATOB B IeCYaHHKAxX H aJeB-
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@O0.1MTaX, KaNbLHTA U JOJOMHTAa B KapOGOHATHHIX KOJJEKTOPaxX HMe-
10T pas/uyHylo H30HpATEeNBHYI CMAYHBAEMOCTb B 3aBHCHMOCTH OT
CBOWCTB IIACTOBHX (ui0u0B. B He()TEHOCHOM KOJJIEKTOpE THAPO-
¢o6u3alns NOBEPXHOCTH NPOHCXOAHT INpPH HAJHYHH NOJAPHBHIX
MOJCKYJl MOBEPXHOCTHO-AKTHBHBIX  YIJICBOAOPOAOE — He(hTEHOBHX
KHCJI0T, achaJbTeHOB H T. ., KOTOpHE B Npele/ax OTAEAbHBIX yua-
CTKOB IIOBEPXHOCTH IPOPHBAIOT NJEHKY BOAB H 3aHUMAKT AKTHB-
HBIE LEHTPH NOBEPXHOCTH. B H3BeCTHsAKaX BO3MOXHa Kpome O6bid-
HOM a,1COpOUHH MOJIEKY/ yIJIeBOJIOPOJOB HX XeMOCOPOLHS, CONPO-
BoXKAaeMasi 06pa3oBaHHEM Ha NOBEPXHOCTH IOpP HOBBIX COeJMHEHHH,
HanpuMep HadQTEHATOB KaJblHS.

BeposTHOCTL NpopHIBa BOAHOMN NJICHKH H YaCTHYHOH rHAPODOOH-
3aUHH KOJJICKTOPa BO3PacTdaeT C MOBBLIULIEHHEM MHHEPAJH3ALHH
TIIACTOBOM BOABI H COAepxaHHs B Helt HOHOB Ca?t u Mg?t, C po-
«ctoM conepxanus ITAB B nnacToBoit HedTH, MHHEpAJM3aAIHH BOMH
W KouuleHTpauuu B Heit Ca, Mg DpH DpOYHX pPAaBHHX YCJOBHSIX
YMCHBIIACTCS 3HayeHHE ¢ HAa rpaHuue HedTb — BOJAA, UTO MOXKHO
HCI0/1b30BaTh KAK CPEJCTBO NPOTHO3a BEPOSTHOCTH TCHAPOdhO6H3a-
uu¥ KoasekTopa HedTu [29]. B kapGoHATHBIX KOJACKTOpax ycJo-
BUst s THApPOdoOH3an UK HePTEHOCHOTO KOJJAeKTopa 6ogee 6aa-
TOTPUSITHB, YeM B TePPHIeHHBIX. [lns TeppPHTeHHHX KOJJIEKTOPOB
BEPOSITHOCTL riAPOPOO6H3auHN BO3PACTACT TAKXKe C MOSIBJCHHEM
KapOOHATHOrO LEMEHTA.

Yacruydasi rugpodobu3anns ra3oHOCHOTO KOJJICKTOpa BO3MOXK-
Ha 6Jarojaps ero 4aCTHYHOMY <BBICYIIHBAHHIO», MpHUEM BEPOSIT-
HOCTb THAPOGOGH3ANHH BO3pacTaeT C YMeHbUICHHEM T[JHHHCTOCTH
M yJaydlleHHeM KOJJIEKTOPCKHX cBOHCTB. BoamoxuoCcTb rHipodo-
6u3anyuy TepPHTeHHBIX H KapOOHATHHX KOJAJIEKTOPOB HedTe- H raso-
HaCHILEHHBIX BO3pacTaeT ¢ nofsJeHHeM B nopoxe OHTYMOB H Ha-
‘CTHLL YTJsi.

I'nppodobusaunst nOpoOAbI-KOJJCKTOPA OKa3uBAaeT CYLISCTBEH-
HOE BJHSHHE HA BEJHUMHY HOACYCTHBIX NapameTrpoB H 3D (PEeKTHB-
HOCTb pa3paloTKU MECTOPOXK/ICHHS, IMO3TOMYy HCOGXOAHMBI  yueT
cTenend ruApodobH3aHE H KOJIHUCCTBEHHAsS €€ OLECHKA.

PaceMotpum pasamunble €rmoco6bl KOJHYECTBEHHOIO OIpexese-
HHsi CTemend ruApodobHOCTH mopoasl. B ocHoBe atux cnoco6oB
HAEXKHT CpaBHeHHE pe3yJbTaTOB 3KCIEPHMEHT3, BHINOJIHEHHOTO IO
"OIHOW H TOH K¢ MporpaMMe Ha «ChipoM» 00pasue, H3BJCUCHHOM H3
‘CKBaXHHH, ¢ [pelnosaraeMofl 4acTHYHOH rHAPO(OGHOCTLIO e€ro,
H Ha TOM :ke o6pasie, npolue/IlieM 3KCTPAKIHIO — 06paboTKy opra-
HHUECKHMH PACTBOPHTEJSIMH, B pe3yJbTaTe KOTOPOH YaCTHYHO THI-
podo6HBIN 06pasel CTAHOBHTCS NMOJHOCTBIO FHAPOGHIABHBIM, a THI-
podHIbHBI cOXpaHseT H3OHPATENbHYI0 CMAUYHBAaeMOCTh. KauecTBeH-
HbIH [PH3HAK 4aCTHYHOH THAPOPOGHOCTH «CHIPOro» obpasna-— H3-
MeHEHHE Pe3y.1bTAaTOB 3KCHEPHMEHTa I0CJe 3KCTPAKLHA.

Cpenu MHOrOYHC/AEHHBIX CHOCOGOB  ONpelefeHHs  (HABHOCTH
TOBEPXHOCTH TBEPHOi (a3nl pacCMOTPHM CJeAYIOLIHE.
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I1. A. PeGunjep npeisoxun B KaueCTBE KOJMTIECTBEHHON MepbE
cMaunBaeMocTH (QHJIBHOCTH) U3yuaeMoro o6bekTa BOJAOH K03(du-
LHEHT

B = eu. »/Qen. w (4.10)

rjie Qcws— TENJOTA CMauyHBaHHA | I H3yuaeMoro BellecTBa BOJOH;
Qcun — TEMIOTa CMAYHBAHHS TOTO JKe BEUIECTBA HEMOJSPHOR XKHJ-
KOCTbIO, HanpuMep GeH30J0M.

st npenMymecTBeHHO THAPODHJIBHBEIX 00BeKTOB f=>1, naa
ruapodobuex B<C 1. a5 HanboJee ruApODHUIbHBIX NpeAcTaBUTeNEH
OCaJOYHHIX NOpPOJ— IJIMH — P JOCTHraer 3HaueHufi 2—3. Besauuu-
Ha Qcups JAJAS TJHH cocraBjsier 8,4—84 JIX/r, aas TrJAHHHCTOrO
UEMEHTA MOPOI-KOMJAEKTOPOB 4,2—21 [Ix/r, 115 CKeJeTHBIX 3epeH
OPOJI-KOJIJICKTOPOB 3HAuHTe/bHO MeHbile 16,8 Ix/r. CpaBHenue
3HaueHHH B, NOJYuYCHHBIX Ha OJHOM H TOM ke o6pa3ue a0 (B1)
u nocae (B2) ero 3KCTPAKUHH MO3BOJISAET OUEHHTH KOJHYECTBEHHO
creneHp ruapodo6u3auuy «Cplporoy 06pasia OTHOUIEHHEM

@ = (B, — B1)/B,- (4.11)

Ecan «celpofi> o6pasen; MOJHOCTBIO rHAPOGHIeH, §i=f2 0 a=0.
Crnoco6 I1. A. Pebungepa, uMelomiuii 4eTKyl0 (H3UYECKYIO OCHOBY,
He MOJYYMJ, OXHAKO, IIHPOKOrO NPHMEHEHHs B NpaKTHKe na6opa-
TOpUH NeTpodH3HUECKHX H (GH3HKH DJacTa BBHAY HH3KUX 3Haue-
HHH Qcws B IOPOAAX-KOJJEKTOpaX, HMEIOWIHUX HEGOJbIIYI0 MOBEPX-
HOCTb ancopOuHH Sy, U BCJAEJCTBHE 3TOTO — HEJIOCTATOYHOH HaJeXK-
HOCTH OLIEHKH CTelmeHH THapodobHOCTH 0OBeKTA.

Kosdduunenr cmMaunBaeMOCTH § MOXKHO ONpeAeJHTh KAaK OTHO-
IIEHHe BPEMEH CIIHH-pelIeTOYHOfl peslakCalHH T B METOxe SI/IepHO-
MarHUTHOTO pe30HAaHCa, YCTAHOBJEHHBIX Ha KyCOUKAaX OJHOrO H TOro:
e 06pa3ia, HaCHULeHHBIX BOLOH Tiz H GEH30J0M Tis!

B = 1,0/Tss: (4.12)

B KaueCTBe NMOKa3aTeJst CMauHBAeMOCTH HCIOJb3YIOT TaKkKe OT-
HOIIEHHEe BPEeMeH CINHH-PELICTOYHOH T; H CINHH-CIHHOBOH T2 pe/ak-
camuit [29].

VlaMeHenHe CTeneHH CMauHBaeMOCTH 06pasia BOJOH NOCHE 3KCT-
PaKuWH YCTaHABJHBAIOT, CpaBHHBAsi H30TepMbl ajacopObuuH Napos
BOJH, NOJYYEHHBIE IO H MOCJAe 3KCTPAKiHH oOpasma. B kadecTse
KOJIHYE€CTBEHHOH Mepbl MO¥KHO HCIIOJb30BaTh KO3G(HUHEHT THIPO-
CKOITHYHOCTH KRsr npH p/ps=0,55, ycranoB/eHHH{i Ha ofpa3mne 10
(ksr) B nocie (ksr2) 3KCTpakuuH. BeanunHa

o= (kB. ri_kB. r'Z)/kB. r2

KaK H B Coco6e OueHKH q IO TENJOTe CMauHBaHHS, XapaKTepH3yeT
OTHOILIECHHE HECMAaYHBaeMOfl 4aCTH NOBEPXHOCTH «Chiporo» o6pas-
na AS K MOAHON NOBEPXHOCTH S THAPOGHIBLHOTO 06pasua.
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Otnowenne AS/S MOXHO OLEHHTb, CDAaBHHBAas Pe3yJbTaTH Ofl-
pe/esieHnsi eMKOCTH OOMeHa M0 MeTHJIeHOBOMY roaybomy Ha obpas-
ue A0 H MNocJe 3KCTPaKIHH.

Bce paccMoTpeHHble €roco6bl OCHOBAHE Ha H3MEHEHHH BeJH-
YHHBl [IOBEPXHOCTH, CMauyuBaeMOH BOJOH, YaCTHYHO THAPOGOGHOro
o6pasua B pe3y.sTaTe €ro rHAPOGHIH3AUMH B MpPOIECCEe OTMBIBKH.

Hpyras rpynna cnoco60B OCHOBaHAa Ha ONpPENENEHHH BeJHYHHBI
Kpaesoro yraa CcmaduBauusg 0. HenocpeacrsenHo 0 onpepessior
B «croco6e xaneab». Ha noBepxHocTs 06pasma, Haxoasiulerocs B
HEMOJISIPHOA XKHAKOCTH, HAHOCAT KaIllJO BOXBI, POEKTHPYS H30Gpa-
JKeHHe KallJH ¢ [MOMOLIbIO CHeNnaNpHOro yCTpoHCTBa Ha 3KpaH, rpa-
(nuecky ONpeAe/siOT 6 MO MoJydyeHHOMY H300pakeHuio. Jlas Go-
Jiee [OJIHOH XapaKTePHCTHKH CMauyHBAeMOCTH 0o0pa3na pekOMeHiy-
eTCs HaWTH Takxe 3HaueHue 6 Ha oOpasue, TOMELIEHHOM B BOAY,
MyTeM HAHECEHHs HA ero MOBEPXHOCTh KAallJH HENOJSPHOH KHAKO-
CTH ¢ mocaeaymomell o6paGoTKON pe3yJbTaTOB MO OMHCAHHON CXe-
Me. JTOT Cnocol, HCIOJB3yeMHBI B (H3HKe, NPEAJOXKEHHHE a4
OLEHKH CMayHBAaeMOCTH IJa/KOH MOBEPXHOCTH OLHOPOZHOTO OOBEK-
Ta, M0-BHAUMOMY, MaJio NMPHrOAEH AJsS ONpeAeleHnst 6 Ha IIEpPOXo-
BaTOH HEOXHOPOJHOH MOBEPXHOCTH 06pasua ropHOH MOPOAH!, MOITO-
My OH He HallleJl WHPGKOrO NPHMEHeHHs B MeTPOPHIHUCCKUX HCCIHe-
JOBaHHSX, HECMOTPS Ha MOMNBITKH OTAEJbHBIX HCCJENOBaTeNel
YCOBEPILEHCTBOBATL €ro ¢ y4eTOM OCOOeHHOCTeH O0CalOUHBIX MO~
poa [29].

Ipyro# cnoco6 onpepesneHdsi 6 ocHOBaH Ha aHaNH3e [aHHBIX
KaNHJISipHOH NMPOMUTKH BOXOH 00pasua, HaChILLEHHOTO HEMOJIsiPHOH
JKHJKOCTBIO, WJIH KalWJJIspHOH NPONHTKH HEMOJSPHON XKHAKOCTHIO
o6pa3ua, HacelluleHHOro BOxoH. EciH H3BeCTHHl paclpefelieHue Mop
no pasmepaMm HWJH XoTsi 6bl npeobaaparoliuil pasmep MOPOBHIX Ka-
HaJoB 00pa3loB, pellas ypaBHEHHe KallWJJSAPHOH MPOMNHTKH OTHO-
CHTEJLHO CO0s 0, HAXOANT BeJuuuHy 0. [IpHMEHHMOCTH 3TOrOQ CII0CO-
6a K H3yYEHHIO KOJJIEKTOpOB HedTH W rasa COMHEHHH HE BbI3blBa-
€T, 4eM OH BBHIFOJHO OTJHYAeTCsi OT crocoba Kamesb, OJHAKO B OC-
HOBHOM €ro HCOOJb3YIOT /4 KaueCTBEHHOr0 mpOrHO3a HAJHYHA
ruapodoOu3anuy KOJJIeKTOopa H pefko mJs pacdyera .

s onTuMH3auuu pa3paboTKu HedTSHON HJIM ra30BOH 3aJIEXH
Han6ONBIIHHA HHTEPEC MPCACTABJAIOT IHHAMHUYECKHe METO Bl
OLEHKH cTeNleHU rHAPpoboGHOCTH KOJAJEKTOpa. BKka-
YecTBe NpHMepa OZHOro H3 TAaKHX MeTOJ0B pPacCMOTPDHM METOJ
Amorra u Tynap6oBuua. CyWIHOCTH METOJA 3aKJA0YAeTCH B KallHJ-
JSIPHOM BHITECHEHHH BOJAbl M3 NOJHOCTBHIO BOJOHACHIIEHHOTO 00pas3-
1a YrJeBOXOPORHOH XKHJAKOCTHIO € MOCJEYIOUINM BbLITECHEHHEM u3
obpasua yrieBogOpOAHOH XHAKOCTH BOROH. B Xome skcrmepuMeHTa
BBIOJIHAIOT psija B3BEIUHBAHHI, Ha OCHOBE DE3yJbTaTOB KOTOPHIX
PacCUNTBIBAIOT MapaMeTpbl, XapaKTepH3ywulHe H3GHPATEJbHYIO
CMauHBaeMOCTb NOPOALI BOXOH M HEMmoJsipHOH KuakocThio. Kamua-
JIIpHOe BRITeCHEHHE NPOH3BOAUTCS UEHTPHPYTHPOBAHHEM.
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BeicyileHHEI ¥ HACHIUEHHBIH AUCTH/JIMPOBAHHOAR BOAOH obpa-
3el, norpy:kalor ua 20 MHH B KePOCHH, NOCJIE YEro LEeHTPHQYrupyoT
B KepocHHe B Teuende 20 MHH Ipm yacrore BpaueHHa 3500 mun—.
3arem obpaseu nomemaror Ha 20 ¥ B AMCTHAJNHPOBAHHYIO BOLY,
HoCJIe 4ero LUEHTPHQYrupywT ero B AHCTHJJIHpOBaHHOH Boze. Ilpo-
JOJKUTENbHOCTh UeHTpHYrnpoBaHns R npebGuiBanus obpasua
B KCDOCHHe B Boje 0e3 LeHTpH(QYrupoBaMHUs H3MEHSIOT C y4eToM
KO..IeKTOPCKUX cBOHCTB 00pasna. B xosme skcmepumeHTa onpefe-
JsoT Macch: o6pasna, HachIIEHHOrO BOAOH, B Bojae — my; obpas-
Ha B BOfe ToCse NpeObIBaHHA B KEpOCHHE A0 UEHTpHQYrHpoBa-
HUSl — mg; ofpasuna TmocJe HEHTPHPYrHPOBAHHSA B KepOCHHe —
ms; obpasla B BoZe mocje npebLBaHUs B Boje —my; ofpasua
B BOJe Nocje LeHTpUdYTrHpOBAaHHS B BOJAE — M5, CyXoro obpasua
B BO3JyXe — Ms; HaCbILEHHOTO BoJOK o6pasua B BO3JYXe— M.
Ha ocHoBe nonyueHHbIX 3HaueHHH MacCH ofpasiia NpU pasJHYHHX
VCJOBHAX BLIYUCJAIT 3HaueHHe M — nokasatenas rugpoduabHOCTH:

M = (my—my)/(ms — m,); (4.13)
3Havyenue P — mokasaTtens ruApodoOHOCTH:
P = (my—my)/(m;—my,). (4.14)

TTapamerp M xapakrepusyeT oOoTHOUIeHHe o6beMa KepOCHHA,
BEITECHEHHOTO NpH KamHAisapHOH npomnuTke ofpasua nojofl 10 LeHT-
pudyrupoBaHus, KO BCeMy 00beMy BLITECHEHHOI'O KEPOCHHA MOCJe
uenTpHbyruporanus. as moaHocTblo ruapodmabHoro obpasua
M=1, paa noanocrbio ruapodobuoro M=0. [Tapamerp P xapax-
TepH3yer OTHOUIeHHe o06beMa BOALI, BLITeCHEHHO!H Npu ueHTpudyru-
POBAHHU B KEpOCHHE, K 00beMy KepPOCHHA, BLITECHEHHOIO NPH IEHT-
pu¢yruposanun B Boze. s nosHocteio ruipodoGHOH nopoaw
P=1, nna nojHocTho ruapodpuabHoit P=0.

[lanHble 3KCIepUMEHTa MO3BOJSIOT DACCUMTATh Takxke Kodhdhu-
LUeHT OCTAaTOYHOTC BOAOHACHINEHHS ks o B 06paslie mocje BLITECHE-
HHS BOJBI KePOCHHOM NDH KaNWJJAPHOH MPONUTKEe W UEeHTPHQyru-
pOBaHHU:

by g=1——Salm—m) (4.15)
(8 — 8«) (7 — )
rae 8s, 8¢ — NMJOTHOCTb BOAK H KEpPOCHHA.

Ko>}duunuenT o0cTaToYHOTO KEepPOCUHOHACHIHEHUS Rio=1—Fkso
moc.1e BHTeCHEHHs KepoCHHAa BOJOH B Npouecce KamuWJISAPHOH Npo-
IHTKH U UeHTPH(YTHpPOBaHHUS.

B H370eHHOM MeTOfe BHA4YaJje MOJeJUPYETCH 3anoJHeHHE KOJ-
Jextopa HedThi0 mpH GOPMUPOBAHUH HePTAHOH 3ajexH, a 3aTeM —
Npouece BHITECHEHHs] HE(GTH BOJOH, MPOHCXOASALINE npu paspaborke
HePTAHBLIX MECTOPOXKJEHH ¢ NpHMeHEHHEeM 3aKOHTYPHOrO 3aBOj-
Hennd. Kepocun, mcnonb3yeMulii B KadecTse HeTH, MoxkeT OLIThb
3aMeHeH Moziesblo HeTH UaM HEDTHIO M3 NAHHOIO r'e0JOrHYECKOTO
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00bekTa, yTo NpUbGJU3HT yCHOBHS 3KCIEPHMEHTa K peasbHBIM ycJo-
BHAM (GOpMUpPOBAHHA 3aseXH M ee paspaborkH. IlpeasoxenHbe
napamerpst M v P MO3BOJSAIOT KOJHUYECTBEHHO OXapaKTepu3oBaThb
crenedb ruapodobHOCTH MOPOAH M BJIHAHHE ee HAa (GOpMUpOBaHHe
3aJjiexH, yTo HeoOXOAUMO IIpH MOjJCUeTe 3aflaCcoB U Ha CTeleHb BH-
pabOTKM MPOAYKTHBHOTO KOJLIEKTOpPA, YTO BAaXKHO NpU aHaJ/Ju3e pas-
paboTkH.

K uucay apyrux MerojoB OUEHKH WM KOJUYeCTBEHHOro ompeje-
JIeHHs cTeflen rUAPOGOOHOCTH MOBEPXHOCTH HOP KOJJIEKTOpa OTHO-
cATCs Meroabnl XxpoMarorpaduH H UHGpaKpacHON CHEKTPOMETpPHUH.
Onu nofpo6HO OMUCAHH B CIeUUAJBbHOH juTepatrype [29] u ume-
1o 6oJblllMe MepCHeKTUBH MPHMEHeHHs B He(TAHOK W rasosofi mpo-
MBILIJIEHHOCTH, 1OKa elle ¢1abo peasnH3OBaHHEIe.

4.4. HE®TE- U TASOHACBILLEHHOCTb IOPOJ],

[Toponsl-KOMNEXKTOPH B YCJOBUSX €CTECTBEHHOro 3aJjleraHus co-
Aepxar Boay, HedTb W ra3. B BOJOHOCHHX KOJJEKTODAX mopoBoe
IPOCTPAHCTRO OOBIYHO HOJHOCTBIO HacHieHo BopoH. OfHako B 0T-
JleIbHBIX Te0JIOrMueckuX ob6bekTax nabsaogaercs NPUCYTCTBHE OCTa-
TOYHOH Hed)TH, KOTOPOE SBJASAETCA CJAeACTBHeM Murpaliu HedTH B
pPACHONOKEHHYI0 TOBJIU30CTH JIOBYIIKY, rne chopMUpoBasack Hed-
TAHasA 3aJexb. B HedTeHOCHOM rUApPOdUABHOM KOJJEKTOPe HOPH
HacolmeHsl HedTbio W Bojoil. Hedro 3anuMaer olBIYHO MeK3epHO-
Bble IIOPH W KaBepHH pas3MepoM 6ojee 1 MKM H TPelHHHH PacKpH-
TOCTBIO 6oJbiie 1 MKM; HHOI'Ia BO3MOXKHO MPUCYTCTBHE HedTH B 60-
Jee MeJKHUX 1opaX, KaBepHaX W TPemuHax MeHbllell pacKPHITOCTH.
Best moBepxHOCTh MUHEPAJbHOIO CKeJeTa MOKDHTA IJEHKOH BOMBL
Bonga samoanser ocTaBlIylocs 4YacTe o6beMa Mop, He 3aHATYIO
nHedhio. Cogepxanue Hed)TH W BOAKE B 0O6beMe TOp XapaKTepH3YIOT
KoadpunuenraMu HedTe- U BONOHACHIIEHUS — Ry, Rz, CyMMa KOTO-
pbiXx pasHa 1. EciH KOMJIEKTOp HAaXOAUTCS B 30He IIpelesdbHOro Ha-
CHIIleHUs JoBYIIKY HedrTblo, KoadduuueHT HedTeHACHIEHNS Ky
COOTBETCTBYET BHIPAXKEHHIO: Ry npes=1—Fz.o.

B uvacruuno ruapodobHOM KOJNJEKTOpe 4YacTh [IOBEPXHOCTH
TBEPAOHA a3k 3aHUMAIOT MOJEKYJH TOBEPXHOCTHO-AKTHBHHX KOM-
MIOHEHTOB He()TH, BOJHAS NJIEHKA HA NMOBEPXHOCTH B 3THX yuyacTKax
orcyrcreyer. KoaddHuuuenr HedTeHachllleHHs YaCTHYHO TIHIPO-
(hoGHOr0 KOMJIEKTOPA NPU IPOYUX PABHHIX YCJAOBUAX BHIIIE KoaddH-
LWeHTa HedTeHaCHILIEHHS TOrO 2Ke KOJJeKTOpa IpH MOJHOj ero
TUAPOGUIABHOCTH, B YACTHOCTH, B 30HE NpPeJleJbHOr0 HedTeHachIlle-
HUS Runpea>>1—kn.0, TI€ ks.o COOTBETCTBYET MOJHOCTHIO THAPOG HIlb-
HOMY Koasektopy. Hedre B runpodobHoM KOJAIEKTODE HE TOJBKO
3aHUMaeT KamuJUISApHBIE NMOPH, HO W MOXKeT HaXOJUTbcs B cy6Ka-
NUAIspax.

Hacruunas ruapod0GHOCTD XapakTepHa A5 KOJJIEKTOPOB C Bbl-
COKMMH TIOPUCTOCTBIC W MPOHULAEMOCTBI0O U HU3KOH BOJOHACHIIIEH-
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HOCTbIO MPH HE3HAYHTEJLHOM COJepXKaHHH TJIHHHCTOrO MarepHa-
ja. Takue XonaekTops! UMeloT k«>>95%.

Koshduurent nedreHacwlilleHHs KPYNHHX KaBepH H TpPellHH
60b1IOH PaCKPBITOCTH B 30He TIpeiesbHOro HedreHachlILeHHA
IPHHHMAIOT PABHEIM €JHHUIIE.

JlabopaTopHbIMH MeTOZaMH BeJHUYHHA R, HeNMOCPEJICTBEHHO He
onpeleasiercsa. Haxoaar npsiMEM METONOM &£z uian ks Ha obpasue
KOHCepBHPOBAHHOrO KepHa, usBaevyeHHoro npu Oypennn na PHO,
WIH OJNHHM W3 KOCBEHHHX METOAOB Ha 3KCTparHpoBaHHOM ofpas-
e BEeJHYHHY Rpo, @ 3aTeM pPacCUHTHIBAIOT ky 1o dopMmynam:
B 30HE NPEIeIbHOr0 HACHILEHHs

Bu=1—tky o) (4.16)
B 30He HeJOHACHIUIECHUA
bo=1—F, (4.17)

AnasornuneiM 06pasom moJywaloT 3HaveHde Kosp@uiuHeHTa ra-
30HACHUEHHsT kr ra30HOCHHIX KOJIJIEKTOPOB, onpefenss B Jgabopa-
TOPHH OJHHM H3 DACCMOTPEHHHX CNOCOOOB Rp.o HAH By (NPAMbBIM Me-
TOJAOM), & 3aTeM PaCCUHTHBAIOT 10 (GOpMyaaMm:

B 30He NPele/IbHOr0 HaChIUeHHs

Bo=1—F, o (4.18)
B 30He HeIoHaCbllIeHHUda
=1k, (4.19)

TI'a30HOCHH KOAMAEKTOD TaKKe MOXKET OblTh 4aCTHYHO I podab-
HeiM. Haunboaee Beposirna uyactHuHas ruApodoOHOCT ra30HOCHOrO
KOJJIEKTOP& B CJAeJVIOLIHX CAYYasaX: a) KOJJIEKTOp C BBICOKHUMH
{IPOHHIAEMOCTbIO H NMOPHCTOCTBIG H OYeHb BBHICOKHM 3HauyeHHeM
k:>0,95; 6) xoanekTop conepxuT OHTYM HAa NMOBEPXHOCTH TBEPIOit
dasmr.

B npakTuke nojAcdera 3amacoB HedTH H rasa jJs ONpejleseHHs
mapamMeTpoB Ry H k. mmpoko mpumeHAOT Metoxsl [ HC, no pau-
HbIM KOTODBIX TaKXKe OonpenessioT BHadade k,(kno), a 3arem pac-
CUHTHIBAIOT Ry HAH kr IO dopmyaam (4.16)—(4.19).

B xoannekrtopax ¢ TpexdasHeM HAaCHILEHHEM, COMEPKAIUHX B
nopax HedTh, Fa3 H BOAYy, HAXOAAT Pa3fedabHO KosdduliuedTsl Heb-
Te- U ragoHachllleHHsl, YYUTBIBAA, 4TO ku--k.+ks==1. Dra 3ajnaua
pellaercst OJJHUM H3 CJAeNVIOILHX CIOCOGOB:

a) Ha o0pasuwax KOHCEPBHDOBAHHOIO KepHa, H3BJEYEHHOTO MNpH
Oypennn ckBaxunuo Ha PHO, onpeneasilor cojepxkanue B mopax
He®TH H BOJAbI, a KO3(QQHUHEHT ra3oHaCHIlleHHs] PACCUMTHBAIOT MO
dbopmyae kr=1—ky—Fks;

6) B paspesax CKBaXKHH HAXOLAT Napamerpnl R, U Ry MO KOMI-

JIEKCY METOJNOB 3JeKTpo- u paguomerpun I'HC, a 3atem paccuu-
THBAWOT: Ru=1—Rkc—4ks.
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B nureparype npeasoxkeHH pasJHuHBIE BADHAHTH MPOHCXOXKje-
HHs KOJJIeKTopa ¢ TpexdasHbiM HachillenHeM. Paccmarpusalores,
B UaCTHOCTH, TaKhe CXeMHl.

1. B cdopMupoBaBmylocss paHee HedTAHYI0 3ajeXb, KoTopas
3aTeM YacTHYHO paspylliuiach B pesyJbTare pasJUUHHX reoJorn-
YeCKHX TPOLECCOB, MHTPHPOBAJ a3, 3amo/HuB HanboJee KpynHble
Xopouo cooBIuammHecs MOPH; B OCTaJbHOfl 4aCTH HOPOBOro MPo-
CTPaHCTBA COXPaHWIUCH oCTaTouHhe HedTh M Bosa (Openbyprckoe
Tra30KOH/EHCATHOE MeCTOPOXKeHHE).

2. B nHedraHofi 3a/1€KH BCNeNCTBHE H3MEHEHWS TePMOAHHaMH-
YecKHX YCJOBHH TOJ BJIHAHHEM TeoJOrHMYeCKHX HJH TeXHOPeHHHX
(nmamenue mJaacToOBOrO NaBJEHHS HHXKe NABJEHUS HACHILEHHA MPH
paspaborTke) IpoueccoB B BepxHel 4acTH 3alexH obpasyercd ra-
30Bas LIalNKa C COXPaHeHHeM B 4acTH o0beMa TNOp OCTaTOUHOMH
HedTH.

B KoJsJsekTopax, cofepxalluxX TBepPAHH OHUTYM, KOTOPH He
SKCTPArHpYeTcsl OPraHUYEeCKUMH PaCTBOPHTENSMH, NpHMeHSeMbIMH B
aabopaTopHoll MPaKTHKe /st H3BJeueHHUs W3 o6pasuma oCTaTOYHOH
HedTtH (cnHpToOeH30/JbHAR CMeCh, XJopodopM), ONpeleNsdloT Ko-
ahdhunueHT 6UTYyMOCOfepXKaHus ks B nmopoae. OgHU HCCJefoBaTeNH
nox kKoshduuueHToM OUTYMOHACHIHIEHHS TOAPa3yMeBalOT 06beM-
Hoe cojgepKaHue OUTyMa B MHHepasJbHOM CKeJeTe HNODPOALI, HPY-
rde — o0beMHOe cojepxkKaHHe OHTyMa B NepBOHAYaJbHOM 00beMe
nop (A0 BO3HHKHOBEHHWS B HUX 6HTyMa). B sJabopaTOpHON NpakTu-
Ke O06LIYHO OTpefessfioT MaccoBoe cofepKaHHe OHTymMa B TBepaOH
tdase nmoponn. Hapexubie cnmocobbl omnpepeneHus KoadhduuueHta
6urymoconepxKaHug reo@u3nyeCKHMH MeTOoAaMH TOKa He paspabo-
TaHbl. B 3aBHCUMOCTH OT CTeneHH MeTramopduaMa OUTymMa U ero
XMMHYECKOro COCTABA €ro IMIOTHOCTh HaMmensercs or 1 go 1,6 r/cMs,
a BOJOPOJHHI HHAeKC (06beMHoe cofepKaHHe BOAOPOAA MO OTHO-
UIeHHIO K CoflepKaHHuIo ero B Boje) oT | 10 0,9. Copepxanne 6ury-
Ma B nopoje HeoOXoAHMO YUHTHIBATH ApPU ONpEaeJeHUd NOACYeTHRIX
napamerpoB (Ry ¥ kgr) Mo pannum I'HUC.

KOHTPOJIBHBIE BOITPOCHI

1. JlafiTe XpaTKyl0 XapaKTepHCTHKY Da3JHUHBIX a3, npucyTcT-
BYIOHIHX B MOPOBOM NPOCTPAHCTBE TOPHOHA NMOPOHI.

2. Chopmyaupyiite mouarus: ¢UsHUECKH cBSA3aHHas U XHMHYec-
KH CBfizaHHasd BOJA.

3. lepeuncnure KoMnoHenTH GH3MYECKY CBA3aHHOH BOAB H CHO-
COGBI KX onpejeeHHsl.

4. CpoiicTBa KOMNOHEHT QH3HUECKH CBSI3aHHOK BOJHI.

5. Ocrarounasi Bola. JlaboparopHbe crocoGH ee omnpejeNeHHS.

6. IlBoiiHoit anexTpHyecKHil ciofi. Ero mporcxoxjeHHe, cTpoe-
HHUe 1 cBoiicTBa,
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7. Tuppodunpube U ruapotobHble MoBepXHOCTH. JIaGopaTopHEe
MeTO1bl U3yueHUs rujpohoOHOCTH.

8. Koadhduuuenrs Hedre-, ra3o- H BOAOHACHIEHUA HPHPOAHBIX
KOJJIEKTOpOB HedTH H rasa.

5. MAOTHOCTD

5.1. ONPEAEJIEHHE, OCHOBHbDIE 3SABUCUMOCTH

ITaoTHoCTE — 3T0 CBOfCTBO BelllecTBa, ompejeliglollee ero Mac-
Ccy, colepKamylocs B efHHHULE ofbeMa:

s=m/V, (5.1)

rpe m— Mmacca, V-—o0beM.

Pasmeproctb miorHocTd B CH Kr/M® wiu B HOJBHBLIX efUHU-
max —r/cmd.

Tl 10THOCTD TBEPABIX XHMHYECKUX 3/71eMEeHTOB H MHHepaJioB H3Me-
ugerca ot 0,5-10% kr/m® (auruit) no 22,5-10° kr/m® (ocMult ¥ upu-
auit). HaoTHocTs ropHHX MOpPOA, claralouUX 3eMHyI0 Kopy, (1,6—+
+3,5)-10° kr/m®;, cpemhsasa mioTHocth 3emad 5,52-10% xr/m® [6].

Ilopopa o6bvemom V moXer cocTroaTh U3 TBepno#t dhasbl 06b-
emoM Vig u mop ob6bemom Vi B cBoio ouepenn TBepmas ¢asa Mo-
KeT oJ1araTbesl H3 pasjHYHBIX NOPOA006pPA3YIOIIHMX MHHEpasos,
2 nopsl MOTYT 6bITH 3amoJiHeHH naacToBof Bofoit Vs, HebThio Vi ¥
rasom Vi IlaorHocTh Takoii nopoabl B Haubosee ob1eM BUAE MOK-
HO NPeACTaBHTb KaK

Vs

VTB ”Vi _&‘_ —
aﬂ——aTBT-!_aB v +bn v +6r v h
= (1 "kn) 5“ + kn (knbn + kn6ﬂ + krﬁr)’ (5-2)

rpe O:s 88, 8x M Or — MJIOTHOCTL COOTBETCTBEHHO TBepAOH a3kl
BOAM, HedTH W rasa; ks, ky U kp — COOTBETCTBEHHO K03 dHIHEHTH!
BOJO-, Hed)Te- ¥ ra30HaCBINEHHOCTH HOPO/BI,
TlaoTHoeTs TBepno#t dasbl Oz — cpefHeB3BelleHHAs BeJHYMHA
NJAOTHOCTH COCTABJASAIOINX €€ MHHepaJ/oB;
n Vs
=2 8y ——, (5.3)
i=1 Ve
rae §.; 1 Vi — nJoTHOCTD H 06beM i-TO MUHepaJa.

Kak BupHO u3 ypaBHeHus (5.2), MJIOTHOCTh TOPHBIX MOPOA CY-
mecTBeHHO 3aBHCUT OT Koabduuuenta obuefi mopucrocTu. Brure
6na0 mokasaHo, 4YTo AJs GOJIBIIMHCTBA MarMarH4ecKHX M 3HAUH-
TEJABHOH YacTH MeTaMOp(hHYeCKHX MOpoJd C HePBHYHONX HOPHUCTO-
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CTbIO XapakTepHa BecbMa He(oJabllas BeNHYHHA HX NOPUCTOCTH
(ot 0 no 2—5%). [lna Takux NOPOA BeJHYMHA TJOTHOCTH Gymer
ONpEAENAThCS TJ1aBHHIM 00pasoM NJIOTHOCTBIO MHHEPAaNbHOrO CO-
CTaBa.

U3 ypasuenus (5.2) caeayer, uro npu Rg—>0 8781

Tl nepBUYHBIX OC4JKOB, 0CaJOUHHIX NOPOJ, YacTH 3P ysHBHBIX
H BVJKAHHYECKHX MOPOJ C MePBHYHOM MOPHCTOCTHIO H MOPOJ H3 KO-
pbl BBIBETPHBAHHA 1PEeBHEr0 GYHAAMEHT2 3HAUEHHS Ry H3MEHATCA
B BECbMa IIHPOKHX Mpejesax. DTO MPUBOAHT K UIHPOKOMY [gHama-
30Hy H3MEHEHHs TJIOTHOCTH 3THX TMOPOA H BJHSHHIO Ha Hee BUJAA
Hachllamiero ¢JamwoHaa.

JJs BOAOHACHILEHHBIX MOPOA B ypaBHeHHH (5.2) MOXHO npH-
HATb ka=1, Ry=k.=0:

8y = (1 _kn) 6T3+ knaa' (5'4)
Jas cyxux mopoj MOXKHO HNpHHATb Sy=08:=0 u §:=0, rorna
611. c= (I _ku) 61'13- (55)

5.2. IJIOTHOCTb I'A30B, )KUHAKOCTEA U MUHEPAJIOB
5.2.1. IJIOTHOCTb I'A30B

HzsecTHo, 4TO MJIOTHOCTL BO3JAYyXa NPH HOPMAJBHEIX YCJAOBHUAX
(T=20°C u p=0,1 MIla) paBHa 8z=1,2 kr/m®. Tlpu >THX MXKe
yCJAOBHAX MJIOTHOCTD MeTtaHa paBHa §6:=0,7 kr/m% a nmedHrana —
8:=23,17 kr/m®. Takum o06pa3oM, NpH HOPMAJbHHX VCJOBHAX OT-
HOCHTENbHAsA MJIOTHOCTb Pa3a MO BO3AYXY COCTABHT:

A5 YHCTOTO MeTaHa d=08,/8z3=0,7/1,2=0,58;

J1aig neHraHa d=3,17/1,2=2,64,

[TockosbKy mpHPOAHBIA ra3 npeicraBiasger coboil CMech YraeBo-
JOPOIHBLIX I'a30B, TO NIOTHOCTb peaslbHOro NPHPOJHOrO rasa B HOp-
MaJbHHX ycJAoBHAX 6JHM3Ka K IJOTHOCTH Bo3ayxa. OmZHako B maac-
TOBBIX YCJIOBHAX NPH MOBLILIEHHH AaBJEHHS IUIOTHOCTH NMPHPOHOIO
rasza pesko sospactaer [3]. Tak, MeTaH ¢ OTHOCHTENbHOH nJOT-
Hocreio d=0,6 npu T=40°C u masneuud pu=70 MIla 6aaropa-
DA BBICOKOH CIKHMAEMOCTH HMeeT MJIOTHOCTH 8r==300 xr/mS.

5.2.2, TNIOTHOCTH )XHAKOCTEM

IlnoTHoCTL TPHPOAHMBIX MAACTOBBIX BOA npH Temneparype T =
=20 °C uameHsieTcsl B 3aBHCHMOCTH OT COJePKaHHA DAaCTBOPEHHHIX
coqedt ot §,=1,01-10% kr/M? (npecusie BOAN) A0 §y=1,24.10% xr/m3
(NMpH mosIHOM HACHIIEHHH).

IInorHoCTh MAACTOBBIX HereH 3aBHCHT OT HX XHMHYECKOTo CO-
CTaBa, a B MIaCTOBBIX YCJAOBHAX €llle H OT KOJNHYECTBA PACTBOPeH-
HOro B HHX HersiHOro rasa. C yMeHbuIeHHEM KOJMYECTBa paCTBO-
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penHoro B HedTH rasa ee o6beM yMeHbIIAETCA H NJOTHOCTh BO3pac-
taet. M3gecTHol HedTH, MJIOTHOCTL KOTOPHIX B MJacTe MeHble
0,5-10° gr/m® a npH NOBEPXHOCTHHX YCJAOBHAX (cemapHpoBaHHas
He¢Tb) BO3pacTaeT fo 0,8-10° kr/m® [3].

[1noTHocTs HedTH B MPUPOAHBIX YCJAOBHSIX MEHAETCA IOBOJBHO
mHpoKo — B npegenax (0,0+1,0) -10% xr/md.

5.23. IJIOTHOCTb MUHEPAJIOB

MuHepann KaaccH@HUMPYIOTCS Ha maAOTHBEIE (8:s>>4-10% kr/M3),
cpeanelt NJAOTHOCTH (8= (2,5+4,0)-10° kr/M®) u manoli nnoTHO-
ety (6:2<2,5-10% kr/M?).

[1n10THOCT, MHHEpaJoB ONpelensieTcss OTHOCHTENbHOH aTOMHOHR
Maccoll COCTaBJSIIOIIHX 3/71€MEHTOR H CTPOEHHeM 3JeKTPOHHHX 0060-
JOueK aTOMOB, OOYCIOBJHBAIOWUX KpHCTanjiorpadguyeckie o0co-
GeHHOCTH CTPYKTYpPhl MMHEpPaJOB B KOHEYHOM cyeTe — YNMaKOBKY UX
aTOMOB.

BoabmiHHCTBO MOPONO06GPa3yOLIHX MHHEPaJOB HMeEIOT HOHHYIO
HJH KOBaJeHTHYI0 (GOpMy KPHCTaJNJIHUYECKOH CBA3H H XapaKTepH3y-
10TCH cpenHell maoTHocthio ot 2,2-10% mo 3,5-10% kr/M®. DTm npe-
IeNbl HM3MeHEeHHs IJIOTHOCTH ONPefeNstiOTCs BJHsAHUEM MHOXecTBa
dakropoB. Hanpumep, B pAAy 0ONHBUHa NOABJEHHEe Xeje3a, obnala-
1o1ero 60JbIOH OTHOCUTENBHO!  Macco#l, NPHBONHT K YIJIOTHEHUIO
nopon ot 3,22-10° (¢pocrepur) no4,32-10% kr/m® (dagaur). Kap-
KacHBle CTPYyKTyphsl coeanHeHus rerpasapoB SiO, obpasyior MHHe-
paJjiel HEBLICOKOH IJIOTHOCTH (MOJeBhle IINATH, KBapll, MJarHoKia-
3Bl), a KpHCcTaaauzauua rterpasppoB SiOp B BHae uenoyek xapakx-
TepHa Jf THPOKCEHOB, UMEIIHX O0oJiee BBICOKYIO TJIOTHOCTD.
B usomopdHOM pAAy NNarHOKAa30B, HAYUHAMOMEMCA HaTpUeBhIM
MHHepanaoM — aabburom (2,61-10°% kr/M®), nocreneHHoe 3aMelleHue
HaTpHsl KaJbllHeM 3aKaHuHBaeTCs KalblHeBbIM MUHEPaJoM — aHOp-
tutoM (2,76-10° kr/m®). B noanmopdHBIX mnpeBpaineHHdX rpa-
¢uT — aAMa3 cMeHa rexcarofaJpHoll cuHronuu (rpadur) Ha KyoU-
YecKylo (adMmas) MpPUBOAHT K yBEJAHUYEHHIO MJIOTHOCTH ot 2,2-10°
1o 3,6-10° kr/m?,

CrhozxHble noauMopdHbBle o- U P-NpeBpamieHHst HMEIOT MeCTO C
KpeMue3eMoM, Korja obbeM BeulecTBa cokpaulaercs B 1,8 pa-
3a[6].

[InoTHocTs 60ABIUKHCTBA pPYAHBIX MuHepaaos ot 3,5-10% no
7,6-10° kr/M3%. DTu MHHepaabl 06424210T KOBaJeHTHO-MeTaJLadde-
CKOH W HOHHO-MeTaJJjHyeCKoH dopmamu BaJjeHTHO#i cBsizu. Ouensb
IMHPOKHe Npenesbl H3MeHeHHs maoTHocTH (Ao 18,3102 xr/M® vy 30-
J0Ta) HabJIONAIOTCA Y CAMOPDOJIHEIX METaJJ0B, HMEIOIMIHX MeraJ-
Jauueckne Gopmel BajeHTHOH cBsasu [1]. Beicokas naoTHOCTb pyA-
HBIX MHHepanoB 00bscHAETCst GOJMBIIHM COLEpIKAHHEM JIEMEHTOB C
BHICOKOH OTHOCHTEABHOH ATOMHOH MacCod, MalbIM PagHyCOM 3THX
4TOMOB H 4aCTO IVIOTHOH UX YKJAAKOH — KyOWuecKOH u rekcaro-
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HaapHOM. K MHHepasaM MajoH MJIOTHOCTH OTHOCATCH rpadur, ce-
pa, Jel, onan H MHOTHe H3 MHHepaJoB Kjacca CHIHKaTos (ranaya-
3HT, MOHTMODHJIJIOHAT H IP.), 2 TaKKe XJAOPHABl — rajdHT, CHABBHH.
OTH MHHepaJdLl COCTOST U3 3JE€MEHTOB C MaJloH OTHOCHTeJbHOH
aToMHO{i Maccofl, X aTOMH MMEIT 3HAUUTEILHbBIE pa3Mepbl U MHO-
THE M3 HUX XapaKTepU3YTCs DPHXJIGH CTPYyKTypoft ymakosxu [1].
B rtaba. 2 npuBeleHs! 3HaueHHS MJOTHOCTH TJaBHeAIIHX MOPOMO-
06pasyIoLHX K PYAHLIX MHHepaJaoB [6].

5.3. IJIOTHOCTb OCAAOYHBIX NMOPOL
5.3.1. MHHEPAJIOTHYECKAS MJIOTHOCTb NOPOJL

TIn0THOCTL OCafOUHBIX MOPOJN B €CTeCTBEHHOM 3aJleraHHH 3aBH-
CHT He TOJIbKO OT CBOHCTB caMOH nopoisl (MJIOTHOCTH TBepROH Pa-
36l ¥ NMOPHCTOCTH), HO W OT IWIOTHOCTH HAaCHIAIIUX GAIOHIOB H
MX COOTHOIIeHHs. [TnoTHOCTL GJIOHIOB Onpenefsercss HX COCTaBOM
(ras, HedTh, Boma), a TaKxkKe MHHepanusauHed moanl. Yrobwl Hc-
KJIIOUHTb 3Ty HEOZHO3HAYHOCTh, B Jab0paTOPHBIX yCJOBHAX 0OBIYHO
OTIpefesIIoT MIOTHOCTH CYXHX 06pasuoB nyTeM HX THApocTaTHuec-
KoTo B3BeluHBaHudA. Tlo dopmyaam (5.2) uau (5.4) 3TH 3HaveHHs
MOXKHO IepeCYHTaTb Ha KOHKPEeTHhe /1aCTOBbIe VCAQBHS.

CoraacHo ypasHeHHIO (5.4) NAOTHOCTH CYXHX HOPOJA 32BHCHT
OT NJOTHOCTH MHHepaJbHOro cKesaera U obuiefi nopucroctH. Ilaor-
HOCTH MHHEDAJbHOTO CKeJeTa MOMKHO yCTaHOBHTb 3MIIHPHUECKH HJIH,
3Has MUHepaJbHBIH COCTaB, BHYHCAUTL 1O ypaBHeHHr (5.3).

Ha puc. 17 npuBeneHnl pe3yabTaThl SKCNEPHMEHTAJbHOTO H3y-
YeHHs] MHHepaJorHyecKofl NJAOTHOCTH NMeCYaHO-TAHHECTHX MOPOJ B
60Jb1I0M HHTePBaJde IVIyOUH. DTH, a TaxkKe [APYrHe MHOTOYHCJAEH-
HBIE 9KCHEePHMEHTANbHBIE HCCAEAOBAHHSA NOKAa3HBAlT, YTO 0OLIUHO
He Habawoaaercs 6oabIIOTO0 H3MEHeHHS MHHEPaJorHuYecKofl mJI0THO-
CTH OCafOYHBIX NOPoA ¢ FAy6HHOH. J[laHHble pHc. 17 MOoKasbBaoT
JdUUIb HEKOTOPYIO TeHAeHIHIO. KosddunHenr HeobpaTuMOro ynJIoT-
HeHHs TBePAOH ¢a3bl MOA BO3AeHCTBHEM THAPOCTATHUECKOrO gaBJe-

HHs B WHTepBaJge ray6uH Ah mo aHanaorun ¢ ypasneuuem (3.16) pa-
Ben [15]:

1 Ad
Bun(t, T)= —— (5-6)
81z €8s cpAh
JJs aprMaauTOB M rIIHHHCTO-aJeBPHTOBBIX MOPOA, B KOTOPHIX
HaGaonaeTcd Haubogabliee H3MeHeHHe &rs, CPelHSs BeJHYHMHA
$1s (¢, T) B uHTepnane ray6un 2500—6000 M cocrapaser:

B.s (¢ T)=0,3-1073 MIla™. (5.7)
Hsmenedne munepaforuueckoll mNJOTHOCTH TI'JIHHHCTHX TOPDX,

NPOHCXOAHT BEPOATHO 34 CUET BLIXKHMaHHSA CBAI32HHOH MEXKCJOERBOH
BOABl H yYBeIHUEHUS COOEpXKaHHA OKCHAOB K€Je3a W PYyJAHHX BKJIIO-



Taganua 2. MaotHocts (r/cM®) mopomo0G6pa3yoMX
M PyAHbIX MHHepaaoB [6]

IInorHoCTh I1:10THOCTL
guctofl Hnn |[Ipenensl H3- yveToil Had |IIpemensr u3s-
Munepan Haubonee MeHeHHH Muiepan uanbo.aee MeHeHHH
pacmnpocrpa- NJIOTHOCTH pacnpocerpas NAOTHOCTH
HeHHOH pas- MHuHepama HeHHOH paas MitHEepaJa
HOBUJHOCTH HOBHIHOCTH
Annodan — 1,85—1,89 MarHesur 2,96 2,9—3,1
Anma3s 3,52 — cHAEpHT 3,89 3—3,9
Anyuut 2,58—2,75 | 2,5—2,8 Kaccurepur 7,03 6,8—7,1
Amodubd01 Kuanur (adc- 3,39 3,59—3,68
actodHI- 3—-3,15 | 2,8—3,4 TEH)
JIHT Koseaann 4,59—-4,65 | 4,6—4,76
akTHHOAMT | 3,1—3,2 2,9—3,35 [ Kopamepnr | 2,57—2,66 [2,57—2,78
TpeMoJHT |2,99—3 2,9—-3,1 KceeHoTHM 4,45—4,5] | 4,4—4,56
poropag |3,15—3,25 3—3,47 | Kynpur 6—6,15 |5,85—6,15
o0MaHKa Jlefiuur 2,5 2,45--2,5
Avdudon JluMoHuUT 3,5—~3,8 | 2,7—¢,4
HIe10UHOM: (ruaporérur)
apdeenco- |3,44—3,46 3,3—3,46 || Marremur 4,88 —
HHT Manaxur —_ 3,9—4,03
TACTHHICHT 3,37 3—3,45 || Monauur 5,3 4,9—5,5
PHOEKHT 3,44 3,3—3,46 | MoutMopua- 2,5 2,04—2,52
AHaJbuHM 2,20—2,23 2,2—2,3 JOBHT
Aurugpur 2,96 2,8—3 Hedenun 2,62 2,55—2,65
Anganysdr 3,1—-3,2 3,1—3,22 ( Hontponur |(1,727—1,87 {1,72—2,5
Aurturopur  {2,56—2,58 | 2,5-—2,7 | Onan 1,9—-2.1 |1,9—2,5
Anarut 3,18—3,21 [3,16—3,27 | llupokcen
Bapur 4,5 4,3—4,7 BOJJIACTO~ 2,8—2,9 12,79—2,91
Bémur 3,01 3,01—-3,11 HUT
BopHHUT — 4,9—5,2 rejienbep- 3,53 3,5—-3,6
Boaoppamur | 7,1—7,5 6,7—7,5 PHT
Tanur 2,168 — NUKOHAT 3,2—3,4 —
Tannyasur 2,0—2,2 1,9—2,6 STHPHH 3,5—3,56 |3,43—3,6
Tuppoaprua- 2,43 2,3—2,43 | Ilupoatosur — 4,7—5
JHT  (rH66- IMupoduanut — 2,66—2,9
CHT) ITupporun 4,7 44,5847
THnc 2,3 2,3-2.4 [pesnt — 2,66—2,9
Caaykonnr | 2,3—2,7 2,2—2,9 Pyria 4,93 4,18—4.0
Fpanar CepnenrHu — 5—2,6
albMaHIHK 4,25 3,69—4,33 | Cunaumannur {3,23—3,25 —
aHApaguT 3,75——3,78 3,64—3,9 CHABBHH 1 ’99 .
rpoccyadp 3,53 3,53—3,71 | Cranoaur
nupon 3,51 3,5—3,8 KUIHD 2,6—2,68 —
cneccaptun|4,18—4,27 | 3,8—4,25 Muuuounur (2,68—2,75 | 2,6—2,8
I'padur 2,2 2,09—2,25 meionut |2,75—2,8 —
Jucren 3,6—3,7 —_ Caozna
Iuacnop 3,3-3,5 3—3,5 GHOTHT 3—3,12 [2,60—3
Habveunt 4,79 4,7—5,2 JenHgonutr| 2,8—2,9 —
Kaoaunur |2,58—2,6 — MyckoBuT {2,76—3,1 2,5—3
Kapgonar daoronur 12,75—2,83 | 2,7—2
QHKEPHUT — 2,9-3,1 CraBpoaut 3,74 3,65—3,77
aparonnt | 2,9—3 2,853 Cdanrepur | 3,9—4,0 | 3,5—4,2
A0NOMHT 2,87 1,86—3,15 [ Cden 3,4—-3,56 [3,29—3,56
KaJbuuT 2,715 2,6-2,8 | Tampk 2,78 2,7—2,8
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IIpodorxcenne

[aoTHOCTh T1n0THOCTD
“Rangonce. | | encrnt “ansonce: | TToghens na-
Muiepan p:g:pocwa- NIOTHOCTH Munepas pachnpocrpa- n:f,?f.ﬁ'c'm
HeHHOH paa- MHHepaJa HeHHOH pa3- MuHepaaa
HOBHIHOCTH HOBHAHOCTH
Turanomar- 4,72 4,4—4,9 aMesuT 2,71 -
HeTHUT KJHHOXJ0p |2,65—2,78 —
Typmanns; Xnopurong | 3,4—3,6 3,3—3,6
APaBAT 3,05 — LEpKon 4,68—4,7 | 3,8—4,86
mepa 3,16 2,9—3,2 Nleenanr - 5,8—6,2
VpauuHuT — 10,3—10,6 [ IlInuxens 3,6 3,5-3.7
®1100pHT 3,18 3,01—3,25 | Anugor
Xansuepon — 2,59—2,64 nonsur  [3,25—3,36 -
X anbKo3RH — 9,5—5,8 kansonon- |3,35—3,38 |3,07—3,5
X aJbKOMHPHT — 4,1—4,3 3HT
Xnopnr ODTHT 4,1 3,5—4,1
TeBHHH 2,6—2,84 | 2,6-3,0

YeHHH OT METOBBIX K TPHACOBBIM OTJ0XKeHHAM. OJHaKO BeJHUYHHA
$5 (£, T) Ha nopsgok Menblie xospduuuenra Heo6paTHMOIO
ymaoTtHeHus mop Bn (£, T) 415 3TUX Ke MOPOJA, YTO NO3BOJAET Npe-
HeOpeun ee n3meneHueM. CpelHSs1 MHHepanoOrHuecKas IJIOTHOCTb
NecuaHO-IMIHHHCTHIX OTJIOXKEHH# B 3TOM HHTepBaJje rayO0HH COCTaB-
Jasiet 8:5=2,72-10% gp/m3.

Takum o6pasoM, OAHUM H3 BaxKHeHUIMX (PaKTOPOB, oNpelesio-
IIMX IVIOTHOCTL JIHTOJIOTHYECKH ORHOTHOHBIX OCajOYHHIX MOPOA,
siBasiercsi ux o6mas mopucrocrb. Ha puc. 18 mpeicraBiena 3aBu-
CHMOCTb NJIOTHOCTH CYXHX TNeCYaHO-IIHHHCTHX NOPoA or obumek
TIOPpHCTOCTH. YpapHeddHe (5.5) ans paHHO# KoJIeKuHH o6pasioB
TPUMeT BHI: 8n.cn=2,72-10% (1—*ky).

AHanoruudple 3aBHCHMOCTH MOTYT ObITb NMOJYYeHH H AJS ADY-
THX OCAaNO0YHLIX TIOPOA C NEpBHYHOH NOPHCTOCTHIO (NEeCYaHHKOB, H3-
BeCTHAKOB, AOJOMHTOB). Pasjuuue Oymer 3akawouarbcs JHUIb B
BeJHYHHE cpelHel MI0THOCTH TBepmol daswl (cM. taba. 2).

5.3.2. YINIOTHEHHE OCAJJOYHBIX NMTOPOJ C INIYBHHON

[Tockoabky xosddHIHEHT MOPHCTOCTH OCAROYHEIX MOPOX 3aBH-
CHT OT rJayOHHBI HX 3aJeraHusl, TO BTOPHM CYIIeCTBEHHBIM (paKro-
POM, BAHSAOLWIKEM Ha NJAOTHOCTh TOPOJ, sBAsiercss raybuHa 3aliera-
Husi mopoxsl (puc. 19).

CornacHo ypasHeHHIO (5.5)

L5 CYXHX TNOPOA TPH §(rsyn =~
2 §(reyh—0 MO2KHO 3aNMUCATH:

8. eyn 1 —kmys

8¢n. C) h==0

~ 1 . 5.8
I —Rnyn—o (5.8)
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Puc. 17. ViaMenenHe MHHEPAJOTHUECKOH TUIOTHOCTH Ors TMECYAHO-TIHHHCTHIX TIOPOR
¢ ray6uuoft & (Apascop):

a — NecYaHHKH H aNeBPOJIHThI; 0 ~ apreJUIHTH H FAHHHCTO-aJeBPH10BbIE TTOPOH; 8 — CBOLHAKF
3aBHCHMOCTb

IMocse MOACTaHOBKH 3HaueHHs oOulell MOPHCTOCTH Rmn H3 ypaBHE-
HHsl, aHajordysHoro (3.18)

6n. ¢
6(r(: c‘) h):o ~ {1 =k gyn=o [l —exp(— B (% T) g (8u. co— a. o) M1}
(5.9)

C yuetom paBeHCTBa (5.5) ypaBHeHHe (5.9) MoXHO Jerko mpe-
o6pa3oBaTh K BUAY:

Ors -1
S.cyn ~ Ora {1 + (m - 1) exp[—Bn (¢, )& (8a.c0—85.c0) h]}
(5.10)

JIas1 KOJJIEKIHH KepHOB U3 CKBaxHH Apasncopa (cM. pHC. 19) ypas-
wenne (5.10) mas  PBulf, T)=30-10-3 MIla~! =u Simeyp—o=1,8X
X 103 kr/M3; Omcp=2,5-10% xr/m? (npu 1009% BAaXHOCTH NOPOL) H
s.cp=1,1-10% Kr/mM%, npuHUMaeET BHA:
8(a. 0y n & 2,72-10% [1 40,51 exp(—4,2-107A),
rae A B M.
Ha puc. 19 nokasaHa KpuBasi, yAOBJIETBOpAWILAA TOMY ypaB-

HeHuo. OHa X0opol1io corJgacyercs C 3KCHepHM6HTaJIbeIMH JAaHHbI-
mu. Tlpu omucaHHOM NOAXoAe OBUI Tak¥e HCHOJb3OBaH K03 hu-
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Puc. 18. 3aBHCHMOCTb TIOTHOCTH Op.c CYXHX MECUaHO-TVIMHHCTHIX TIOPOJ OT oOineH
NOpHCTOCTH ky (Apascop)

IHEHT HEOGPATHMOrO YIJIOTHEHHS NMOP MOPOAHL Br(Z, T), B KOTOPOM,
KaK H [IpH U3YUYeHHU NOPUCTOCTH, OTPaXKeHO BJHAHUE JHTOJOTHY,
Bo3pacTa MOPOA H TeMllepaTypHOro TrpagHeHTa B 0cagodHoM &ac-
cefine.

Il MaKCHMaJbHO BJaXHBIX MMOpOJ ypaBHenue (5.4) mosmoas-
€T NOJYYHTh:

8y n=8:p— (825 — 82) 2y o (5.11}

rae kmyr— MOPHCTOCTbL NOPOA Ha rayOuHe h, HalifiledHad No ypab-
HenuaM (3.18) uau (3.19).

CyiecTByIOT ¥ 60jee MPOCTLIE HPHEMBl OMUCAHHS A3MEHEHHS
IJIOTHOCTH mopod ¢ rayGuuoi. M. JI. Osepckas, Hanpamep, peko-
MeHAYeT AJsl CyXUX NOPOJ ypaBHeHHe

8. ¢y n="0.5 [1 — &y n=0€xp (—0,454)], (5.12)

rae h—rayGuHa 3ajeraius, KM.

B 3T0M ypaBHeHuH OCOGEHHOCTH YINJAOTHEHHS IOPOJA PasHOro-
JHTOJOTHUECKOT'0 COCTaBa, HAXOASWHNXcS B pa3HBIX  yCJAOBHAX
OcajKOHAKONJeHHs, NpeNJaraertcs yYATHBAaTb SMIHPHUYECKHM MOA-
G6opom KOapUUHEHTA K(myh=0. DTO— Ipao-aHaJIUTHYECKHHA METOA.
ONVCAHHs H3MeHeHHS NMOPHCTOCTH H MJOTHOCTH OCaAOYHBIX IOPoJ C
rny6uHo# [6].

3nauenue Sn.cyn, BHYMCIEHHOE 1O ypaBHeHuro (5.12), coBmana-
eT cO 3HayeHHEeM §(n.c)r, ONpeleseHHHM N0 ypaBreHHo (5.10), ecau
B IIOCEeJHEM HCMOMb30BAaTh cpegune 3nauvemus Po(f, T)=33X
X102 MIla~!, Sumep—o=19-10% Kr/M3 U 8;5=2,65-10° kr/m®. On-
HAKO 3TO JIHUIL YAaCTHHH Ccaydall pelleHHs W TaKOH MOJAXOA He yuH-
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THIBAET BO3MOXKHbIE H3MeHEHHs YCJOBHH oOcagkooOpa3oBaHHus B
M3yyaeMoM paspese.

Hsmenenus naoTHOCTH HOPOA NPH ynpyrux (o6paTtumblx) Kpat-
IKOBDEMEHHBIX AedopMalusax, HaPUMep NPH BBIHOCE KePHOB IOPOJ
H3 CKBaXKWHbl Ha NMOBEePXHOCTb, NMOAPOOHO paccMoTpeHnl B pabore
[15]. DT m3MeHeHHs NJIOTHOCTH OOYC/]OBJECHH H3MeHeHHeM o0bemMa
nop B tBepIo#l (ase, a Takxke o6beMa GJAOUAOB, 3ANONHAOUIAX 1IO-
Pbl mopoisl. OnHaKo, NOCKOJbKY U3MeHeHHs 06beMa NOp # (JIOH-
A0B (¢huapTpaTa NPOMBIBOUHOH XXHIAKOCTH HJH NJacTOBOH BOJH)
UMEeIT pasHble 3HAKH, CYMMapHOE HU3MeHEHHe IUIOTHOCTH IIOpOJg
HEBEJIWKO M HM BIIOJIHE MOXKHO IpeHeGpeus NpH NpaKTHUECKHX HUC-
CJIelOBaHASAX.

Cyxue ocagky H 0CaJ04Hble NOPOAbl K1aCCHPUHUPYIOT MO NJAOT-
HocTyd Ha nathb rpynn [1].

I rpynma — nJ0THOCTh ypPe3BBIYANHO HU3Kasg H OUEHb HH3Kas,
Bre=(0,5+1,5) - 103 kr/m3; 3T0 BBICOKONOpUCTBIE HJIBI, MeA, Tpe-
neJ, onoka, Ty(dsl, a Takxe TOpG H YIJH;

Il rpynna — mioTHoCTe HU3Kasd d IOHUXKEHHASA, Opc= (1,5+
+2,5) - 10® kr/m3; 370 MHOrde ocaiOuHBIE MOPOMABI, BKJAMOYAsT KaMeH-
HYI €O.1b, THIIC, GOKCHTBl, MeTamopthu3oBaHHble Yrid U T. IL;

IIT rpynna — cpenss MJIOTHOCTh; &nc=(2,5+3,5)-10% xr/m%;
5TO NJIOTHBIE OCalOuyHble, MarMaTHueckue ¥ MeTaMop(dHUecKHe MO-
POABl, M3BECTHAKH M AOJOMATH C DYAHBIMA BKJIOUEHHSAMH, aHTCHM-
DUTH H T. IL}

IV rpynna — njaotHocTh TNOBBIIEHHAs] H BHICOKAsA; Onc= (3,5+
-+ 4,5) -10® kr/mM®; HesbIBeTpeJable MeTaNJNHUECKHE DYIH;

V rpynna — oueHp BHICOKAasi ¥ upe3BBIYafiHO BBICOKAs MJIOT-
HOCTB; Onc>>4,5-10° Kr/mM3; oueHp NIJOTHBIE pPAa3HOCTH CBHHUOBBIX,
OJIOBSIHHBIX, CYJbGUIHBIX MeLHO-HUKEJEBBIX, MOJHMETAIIAYECKAX
PYA C BBICOKHM COLEpKaHAEM DYNHBIX MHHEDaJoB.

Hau6os1ee BepOATHBIA pAN IJOTHOCTH BAXKHEAIIHX OCAA0UHBIX
NOpox: KaMeHHas coJab, runc (2,0+2,3)-10® xr/m® —nmecyanuxu
(2,1—2,4) -10® xr/m3® — anespoautnl (2,1—2,5) -10° kr/mM3 — raunusl
u apraaaare (2,2—2,5)-10° kr/m® — usBectHaku (2,4—2,6) X
X103 xr/m® — nonomutH (2,5—2,6) - 10® xr/mM® — anrunpute 2,8X
X 10% xr/m8.

5.3.3. INIOTHOCTb MAKCHMAJIbHO BJIA)KHBIX NMOPOJ,

Has Toro yto6sl Mo BeJHYHHE IIOTHOCTH CYXHX MOPOX Onc ON-
pefiesIATh IVIOTHOCTb MAaKCHMAaJdbHO BJAXKHBIX O, HYKHO COrJIacHO
ypasHennio (5.4) Halita:

6, = 6:{ c +kn65, (5.13)

rae 8s — IJIOTHOCTh MHHEDaJIX30BAHHOH BONBI, 3aMOJHAULEH TOPHI.
ITpu 3TOM mpenmosaraercsi, uTo BeauuuHa On . HafileHa 3Kche-
pPUMeHTaIbHO.
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Ao Puc. 20. Havenenne c¢ riayGuHON
’ TJIOTHOCTH U TIOPHCTOCTH CYXHX (Km, -
Puc. 19. UsMenenHe mIOTHOCTH 8n.c) u BOZOmackllenusix (6n) oca-
Onc CyXHX TecuaHO-TVIMHHCTBIX AOUHHIX TIOPOL, a TaKkKe HX MHHEpa-
MOpOA ¢ TAyGHHON 3ajerauHs A JIOTHYeCKOH HJAOTHOCTH (§,:) B pas-

(Apancop) pese [Ipukacnuickofl snaguus [6]



OmHako npu BHCYIIWBAHHM TJIHHACTHX Halyxalomux M0OpoA
TIPOHCXOAMT HUX yCafAKa, oGbeM MOpOoAbl yMeHbIlaeTCsi W BeJHYHHA
ONpefeNsieMOl MJIOTHOCTH OKa3blBaeTcsl 3aBblleHHOH, &'n.. Jasa
BBeJEHHs NoNpaBKu 3a ycanKy nopoas B. H. Ko6panosa [1] pe-
KoMeHAyeT smmupuueckoe ypaBHeHne K. X. IOxGoposckoro nas
TIHHUCTHIX MOPOJ U IVIUH:

by, o= 1,48y — 0,96, (5.14)

Tae 8'n.c— 3aBbIEHHOE 3HaueHHe MNJOTHOCTH, MOJYy4YeHHOe IPH H3-
MepeHuu Ha cyXoM obpasile.

Ecau norpemHocts B onpejeseHus MJIOTHOCTH CyXHX TJIHHHCTHIX
mopon pocturaer 0,2-10° kr/m® mo cpaBHeHHIO ¢ ONpejeseHHeM Ha
obpaslax ¢ ecTeCTBeHHOH BJaXKHOCTBIO, TO HCIOJb30BaHHE QOpPMY-
.Hbl] (5.14) nosBoasier cHU3UTH norpemwHocts a0 =£0,03-10° kr/m?®
[1].

Ha puc. 20 npuBeleHH U3MeHeHHS MJIOTHOCTH W MOPHCTOCTH IIO-
pon B paspese IlpukacnuficKoi BIainHbl. DTH BeJuuuHH ycpeiHe-
HBL 10 cTpaTurpadHuUecKuM NoApasaeeHAsAM.

54. IJIOTHOCTb MATMATHUYECKHUX
H 930dY3UBHBIX NOPO

B marmartdueckuxX MOPOAax HOPMAaJbHOIO (IeJ04HO-3eMeJbHO-
ro) psiia rpaHut —raG66po HamboJslee HH3KOH CpenHeH IJIOTHOCTbLIO
06/1a1al0T TIOPOALI KMCJAOro coctaBa u rpaHuathl. OT apyrux nopos
OHH OT/IHualOTCA 06o0Jiee BHCOKHM COJepXaHHeM KpeMmHe3sema.

Tlopoabl KHCJAOro cocTaBa MOAPAas/edsloTCs Ha TIPAHUTHl aJsc-
KATOBBle CYLIECTBEHHO MHKPOKJIUHOBBIE, GHOTHTOBLIE U OGHOTHT-PO-
ropooGMaHKoBble. T1JOTHOCTE 3THX MOPOA pas3auyaeTcss MexAy CO-
6o Ha Abrs==(0,03+0,05) -10® kr/m® [6]. BospacraHue MIOTHOCTH
E HODMAaJbHOM pAOy OT KHCJBLIX MOPOA K MOPOJaM cpelHero # oc-
HOBHOTO COCTA4BOB NPOUCXOIUT B Pe3yJbTaTe NOCTENeHHOIO yMEHb-
ILeHUs COAEPMaHdsi MHKPOKJIWHA H KBaplia, yBeJuUeHH KOJHUecTBa
¥ OCHOBHOCTH NJIaTHOKJAa30B, U3MEHEHHs KOJHUeCTBa POroBoi 06-
MaHkd (pHc. 21). B pafioHax pyaHBIX MeCTODOIKAEHHH 4acTo yBe-
Ju4uBaeTcs CcojepXaHue aKIeCCOPHBLIX MHHepaJoB no 5—8%, uto
NPUBOIKT K BO3PACTAHHIO IJIOTHOCTH MOPOA: TIpaHuTOB A0 (2,70
+2,75) -10® gr/m®; ocHoBHHIX mopoax ao (3,3-3,5)-10° xkr/m® [6].

YJabTpaoCHOBHBlE TOPOAb! MO COAEPXKAHUAIO KpeMHe3eMa [OJApas-
JeJsI0TCsl Ha TPH KpyNHble TPYNNbl: OJUBHH-AYHHTbI, NEPHIOTHTHL
i mupokceHuTs. CpelHsisi MJIOTHOCTb 5THX NOPOJ HauboJbluas cpe-
I4 MarMaTH4eCKHX MOPOA M HaXoAuTcss B Npefgenax ot 3,0-10° mo
3,4-10% kr/m3. Tlpu o6iell 3aBHCUMOCTH OT COAEpIKaHHS KDeMHe3e-
Ma G0JbIIOe 3HAUEHHE HMEET OXe/le3HeHHOCTb MHHepaJoB B psAax
IIEPOKCEHOB ¥ 0JuBHHOB [6].

WHTpy3uBHble KOMIVIEKCHl HOPOX (OPMHPYIOTCS B mpollecce
mMarMatuyeckoii guddepeHuunanuu. Ha panHeli craiun audepeH-
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Puc. 21. ViaMenexusi TJTOTHOCTH M CXeMa MHHEPaJbHOrQ COCTAaBAa CPEejHHX THIIOB
HHTPY3UBHBIX MOPOJ (udpaMH yKaszaHa MIOTHOCTb MyHepanoB Orm-10-3 Kr/m3)

muanuys o0pasyroTcs MHTPY3HH OCHOBHBIX INopox (ra66po, ra66po-
HOPHTHL ¥ AMOPHTH), B CPEIHION CTaJHI0 TEKTOHO-MarMaTHYecKoro
[UKJa — MaccuBpl WHTPY3UBHBEIX MOPOA OT OCHOBHOI'O A0 KHCJOIO
COCTaBa,

B nosaHeit cTai¥¥ pasBUTHSA U B NEPHOJR TEKTOHHUECKOH aKTH-
BH3alui CKJAaxuyatsiX obnactefi 06pasyloTcs cyllecTBeHHo I'paHATO-
unHble dopmanud. IlonyuaoT passBuTHEe NMOPOAB MOBHILEHHOH wLle-
JIOUHOCTH (I‘paHOCHeHHTbI, CUEHHUTHL U I[p.). H.HOTHOCTI) 3THX NIOPOA
HHKE [JIOTHOCTH NOPOJA CPeIHHX THIOB. Takum 06pa3om, MAOTHOCTD
nopoa 3aKOHOMEPHO YMeHslIaeTcsl OT OXHOH TeKTOHO-Marmardyec-
Kol dassl x Apyroii. [lopoas mocjenHero Kommiexca, Kax npaBuio,
MMEIOT KHCJBIi COCTaB ¥ IJIOTHOoCcTs  (2,57--2,60)-10%  Kr/m®,
B nnargopmennbix HopManuax IIOTHOCTb [MOpoA CHOBa BO3pacTa-
er [6].

Ilpn 61u3KOM XMMHYECKOM COCTaBe KAHHOTHIHBIX W MaJIeOTHII-
HBIX aHaJoros 3(Qy3UBHHIX [IOPOX HX MJIOTHOCTH H3MEHsETCS B LUH-
pokux mpenenax (puc. 22). 3TH u3MeHEHHS o6yCJOBJEHB NMepBoHa-
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Puc 22 Tlpepenb! H3MeHEHHS MJOTHOCTH CPENHHX THIOB 3bGYy3HBHHX NOPOA B
CpaBHEHHH C IIJJOTHOCTbIO HHTPY3HBHHX [6]

4aJbHOH CTPYKTYPOH W TEKCTYPOH MOPOA W CTENeHbI0 HX MOCIeAyio-
mero guarenesa [6].

YBeauueHue NJOTHOCTH B HOPMaJ/bHOM PAAY 3d@y3HBHEIX MO-
POId OT KHCABIX K OCHOBHBIM NPOHCXOAHUT 3a CYET YBEJIHYEHHS CO-
JepxKaHus (eMHYECKHX OKCHAOB H OKCHAOB KaJbUHsi H COOTBETCT-
BEHHBIM YMeHbIIEHHEM COAEpKAaHUS KDeMHe3eMa, OKCHJAOB KaJus H
HaTtpus [6]. Kpome Toro, ycraHoBleHa TeHAEHUHs K YBEJHUEHHIO
MJIOTHOCTH 3PP Y3UBHEIX MOPOA OT MOJOABIX K ApeBuuM (T1aba. 3).

IlnotHocTHAs xapakTepucTHKa 3G (Y3UBHBIX KOMIJIEKCOB aHa-
JOrH4Ha TakoBOH AJS UHTPY3ud. CylmeCTBEHHBIM OTJHYHEMV SBJs-
eTCfl JIHIIb CBS3b ¢ KAHHOTHIIHOCTRIO U IIAJEOTHIHOCTBLIO H TEKCTYp-
HBIMH ocobeHHOCTAMHA. DPQy3uBHBIe 00PA30BAHUs paHHEH u cpex-
He#l CTafuil TEKTOHO-MarMaTHYeCKHX LHKJIOB XapaKTepH3YIOTCs B
cpelHeM 0oJiee BBICOKOH MJIOTHOCTBIO B CpaBHEHHH ¢ 00pasoBaHusi-
MM KOHIA CpejiHell, HauaJa no3gHed cTagudn. OAHAKO THUIIHUHLIE
0o0pa3oBaHKa TNQ3JAHEH CTaAMM, NepPHOAa AaKTHBH3alUHW 4 M.1aTdop-
MeHHBble MMEIOT CYIIEeCTBEHHO OCHOBHOH COCTaB ¥ INOBBIIIEHHYIO:
ma10THOCTE [6].

5.5. JOTHOCTb METAMOP®HUYECKUX MTOPOL,

Mertaviopduueckne npeo6pa3oBaHus TOPOA NPOTEKAIOT IIOK
BJIUSHUEM H3MEHEHHS TePVOIMHAMUUECKHX YCJIOBHH HX 3ajeraHus.
Ilpu 3TOM NPOUCXOAAT YIJIOTHEHHE MOPOA Ge3 M3MeHeHHs XUMHYe-
CKOTO coCTaBa, a TakKxe OoJjee riay6oKHe XHMHUECKHEe H3MeHeHHS B
pesyJipTaTe MeTaCOMaTHYECKHX IIponeccoB (Mertacomartutsl). Ecam
MCK/IOYHTL METaCOMaTHTEl, TO IO O0eMy X{MHUYECKOMY COCT4BY
mMeTaMop@HUYeCKHe MOPOALl GJH3KH K XHMHUYECKOMY COCTaBy HCXOA-~
HBIX MOPOJ (OCAaAOUHBIX, HHTPYSHBHHIX HJIH 3¢ dy3uBHBIX) [6].
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Tab6anna 3. NnorHocTs 9P yIUBHHX NMOPOA PAINHYHOTO COCTABA
H Bo3pacra, +10° kr/m® [6]

Iopona KZ MZ PZ AR, PR KZ—AR
Jinnapur — 2,35 —_— — 2,35
TMopdup KBapueBnH — 2,59 2,61 2,55 2,60
Keparodup, aasSurodup — — 2,65 — 2,65
Aunpesur 2,30 2,66 2,68 2,46 2,49
IMopdrpur aAne3uToBHf — 2,63 2,73 2,76 2,73
Bazanpt 2,45 2,67 2,64 — 2,54
JIna6as — 2,75 2,79 2,68 2,79
Meiimernr — 2,85 — — 2,85

Ilpu peruonanproM meTaMopdH3Me H3IMEHEHHS NaBJIEHHSA H TEM-
mepaTypel OXBaTHBAIOT 60JblIHE yyacTKH 3eMHO# kophl. IIpomecc
MeTaMop(du3Ma NMPOHHKAET HAa GOJbIIYI0 TMyOGHHY H NPOABJAAETCH B
npolleccax CKJIaikoobpasoBaHHA. Pasnuyamr ueTepe damuyu perHo-
HaJpHOro MmeTamMopdu3Ma: NpPeHHT-UYMNeJJHTOBAf; 3eJeHocaaHue-
Bas; anuL0T-aMPUG0NHTOBas, aMPHOOJNUTOBAA; POrOBOOGMAaHKOBO-
rpanyauroBas (no JI. Y. Bepuuny).

Kag BuAHO u3 pHc. 23, HauGoJbliNe H3IMEHEHHS] NJIOTHOCTH HPG-
ucxoasaT ¢ 3pdy3UBHBIMH H OCAagOuyHBIMH mopofamu (Ha 8—12%)
B NEPBYI0 NMpeHAT-UyMneJJinToBy10 (azy meTamopdusma. OGyciaoB-
JIEHO 3TO yMeHbLIEHHeM NOPHCTOCTH YNOMSHYTHX mopoA mo 1—2%.
Ilpu cHuXeHHH NaBJeHWs W TeMIEpaTyphl NOPOA, HalJm0aaioleM-
¢ Npu Noibevie GJOKOB 3€MHOH KOPB H3 HHXHHX TOPHU3OHTOB B
BEPXHIOI0 €e ZacTh, NPOHCXOAHT NPOIecC yJAbTpaMeramopdusMa.
ITH mpouecch MpHCMocob/ieHHss MOPOA K GoJiee HH3KHM TepMoba-
pHUYeCKHM NapaMeTpam MNpPHBOAAT K NepeKpHCTAJJH3alHH, METaco-
MaTo3y H CeJIeKTHBHOMY pacCIVaBJIeHHI0 Nopoj] (UepHOKHTH3AUMA U
rpaHuTH3anus mopoxa). Amouboaursr (3-10° kr/m®), 6uoTrHT-aM-
@ubosonble rueficel (2,77-10% xr/m®), GuoruToBHIE THelich (2,65X
X10% Kr/M3) nepexoasaTr B MeTacoMaTHuecKHe TpaHHTH (2,60X
X 103 xr/m3) [6].

B 30HaXx TeKTOWHYeCKHX HapylueHWi nposiBAsSeTCS KOHTAKTHBIH
MeTaMOpPQH3M — H3MEHEHHe IVIOTHOCTH B pe3yJbTaTe paccJauBa-
HHSl H NePEeKPUCTa/NIH3alHH INOPOA B yJaCTKaX HanpapjeHHOrO
JefiCTBUS TOPHOTO AaBJEHUS.

F'uaporepMaJsibHO-MeTacOMATHYECKHE TMpoIlecchl (CepneHTHHH3a-
UHs) TaK¥Ke MPHYpPOYeHBI K 30HAM TPELINHOBATOCTH H Pa3jioMOB.
B nocnennem cayyae mopoil ¢ GOJBLIOH MJOTHOCTBIO (MHPOKCEHH
¥ OJIMBHH) Tpeo0pasyloTcs B MaJOIVIOTHHIi CceprneHTHH [6]. drth
H3MeHeHHs] Hab.II0a10TCs MPeHMyIEeCTBeHHO € IOBEPXHOCTH, HO MO-
TyT 3axBaThiBaTh H GoJiee ray6okue ropu3oHTH (Ao 1000—1500 m).

IrnpoTepyaibHO-MeTaCOMATHYECKHE IIPOLECCH], CBA3aHHbE C
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Puc 23 Hsmenenue mWIOTHOCTH H30XH-
MHYECKHX PAAOB TNPH PErdOHAJbHOM Me-
ramoppusme (mo JI W Bepunuy)

| — HeH3MeHeRHble NOPOABl (auHH MeTaMop-
¢u3ma /] — npenuT uymneaaurosasa /1] —
3eseHocnaHuesast, /V — 3NHAOT aMpUOONHTO-
Basg aM¢HOOJHTOBAs, V — POTOBO OGMaHKO-
BO rpaHyJHTOBasi BYJKaHHTH NOJEHT 6a3alb-
TOBOro THna [ — pHa6a3nl, 2 — yNJOTHEHHbLIE
AHaBa3n, 3 — mMeraa4atasn, 4 — amduboau-
Tl 5§ — KPHCTaJJ0CTaHUL ¢(eJHIechOro co-
cTaBa, OCaAO0YHLie MNOPOABl 6 — TJIHHHCThie
caaunb 7, 8 — pHAAHTH, 9~ GHOTHTOBHE
rHeficKl ¢ TPaHAaTOM, CTaBPOJHTOM H aHaajy-
25 L L — 1 3HTOM, 10 — KOpAHEpHT GHOTHTOBbLlE rHefcht

"I I /4 V14 f c rpaHatom
Ppcm cmenenu memamopgusme

HADKYJAALHeH B pa3pe3e VHHEPAJU30BaHHBIX TePMaJbHBIX BOJ, yac-
TO NPUBOAAT K QOPMHPOBAHHIO MarMaTOTeHHBIX PYAHBIX MECTOPOXK-
Aenufl. DTH Npoilecch TaK¥XKe MPHBOAAT K H3MEHEHHUIO IJIOTHOCTH
nopox (raba 4).

Bausinde rullepreHe3a Ha MJOTHOCTb TOPHBIX NOPOT 3aKJKO4YaeT-
Cq B TIPOSIBJEHHH MEXaHUUECKOT0 ¥ XHMHUYECKOTO BBIBETPHUBAHHUS
KaK pe3yJabTaTa IJaBHbIM 00pa3oM AEHCTBHS MOBEPXHOCTHBIA BOJA.
TlpoucxoasaT 3aMeHa Kommjaekca Gojee MJIOTHBIX MHHEpaJOB Ha Me-
Hee IJIOTHblE, YBeJawuyeHHe MOPUCTOCTH MNOPoA Ao 20—259% u ato
yMeHbIIaeT NJOTHOCTh. Kuc/aBe mMarmaTudyeckse MOpPOJH MNOJBepra-

Ta6auna 4. U3MeHeHHe NMJIOTHOCTH TOPHBIX NOPOA
ApH THAPOTEPMAJBHO-METACOMATHYECKHX mpomeccax [6]
(o A. A. Cmenosy, P. C. Ceiidbyauny u ap.)

ITaoTHOCTH ITaoTHoCTD
Mo HeH3MeHeHHOH H3MeHeHHOH Mecropokge-
poaa nopoasi, Ipouece nopons, HHE MacCHB
10° xr/m® 10% Kr/m3
T'paHOAHODPHT 2,65 CepuugTH3anys 2,55 Capau
Tecuanuk 2,69 » 2,40 Axraur
I'panoauopur 2,67 XopHTH3aHsA 2,61 Ymur
Mecyanuk 2,69 Apranayrusanus 2,62 Ak6acray
Topdupur 2,74—2,80 | Oksapuenande H 2,65 »
SMUAOTH3 ALK
Huopytr H rpano-|2,70—2,90 | AnpbutHsaauus u  (2,65—2,58 |Maragau-
JHOPUT OKBaplleBaHHe CKHit
I'panoguoput 2,62—2,65 | Cepunyurnaamus u |2,54—2,50 [Capau
rpeftseHn3anus
I'pauur 2,58—2,61 | I'pefidennsanns ¢
obGpasoBanuemM*
KBapueBbix rpefise [2,59—2,62 [Koyupan-
HOB, CIIOAHCTO CKHE
KBaplueBHx H cio-|2,77—2,83
NHCTO-TOMAa3-KBap-
UeBHX rpeii3eHoB
Keapuesnit guopur 2,78 AungoTy3anns 3,00 Kycmypyn
Topdupur 2,7—2.8 > 2,85—2,95 >
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10Tcsl GoJlee CHJIBHOMY BHBETpHBaHHIO. B pesyabTare nJaoTHOCTH
TPAaHUTOB B KOpe BBIBETPHBaHMA MOHHXKaercs no (2,2-+2,5) X
X103 kr/M® [6]. Kopa BbiBeTpHBaHHsS HMeeT [VIHHHCTO-CJIONHCTHIA
HJH XJODHTO-THAPOCJIOLAHCTHHA COCTAB ¢ HEPEeMEHHBIM COAEpKaHH-
eM o0JOMKOB KBaplla, MHKPOKJ/JHHA, OHOTHTA H NOBBLIIIEHHBIM CO-
JlepaHHEM AKLECCOPDHbIX MHHepaJsoB. Ilpu 6/aronpHATHHIX yCJ0-
BHAX B TaKHX MOPOAAax MOryT OBITh 3ajexXH HeQTH H rasa.

KOHTPOJIbHBIE BOTIPOCDHI

1. TI1oTHOCTL TOPHBIX HOPOXA, OT Yero OHa 3aBUCHT H B KaKHX
eHHHULAX H3MepAeTCs?

2. OT yero 3aBHCHT IIJIOTHOCTb MHMHEPAJOB, a TaKXe ra3oB U
KHJAKCCTEH, HACHIL AKX NMOPOAL?

3. Kak MeHsleTcsl NJOTHOCTb MHHEpAJoB, CJaramolinX ocaioy-
Hple TOPOIH, ¢ TIyGHHOR?

4. VlaMeHeHHe NJOTHOCTH OCalOYHBIX MOponm ¢ TrayOHHOH; Kak
KAacCUPHIHPYIOTCS MOPOAbLL IO MJIOTHOCTH?

5. IlnoTHOoCT, MarMaTHueCKHX H 3(@Yy3UBHBIX NOPOX, OT Yero
OHA 3aBHCHT?

6. IlnotHOCT, MeTamopdHueckHX nopon. Uro Takoe daluu pe-
THOHaJbHOrO MeTamopdusma?

6. TIPOHULAEMOCTD

TlpoHuizaeMocTs — 3TO CBOHCTBO TOPHBIX Hopom (QHIBTPOBATH
gepe3 ceOs1 GAOUAB (KHIKOCTH HJH rasa) noj Bo3aedcTBueMm rpa-
IHeHTa naBieHus. [louTu Bce ocamoyHble NOPOMbLl ¢ MEPBHYHOH MO-
PHCTOCTBIO 06JafaloT NpOoHHILaeMoCTblo. JIyulnylo NpoHHIIaeMoCTb
HMeEIOT Ipy6oo6aA0MOUHBE MOPOLl (TEecKd, MeCUaHHKH, aJeBpOJH-
TH). ToHKoAHCIepcHBIE NOPOAHL (TJHHE, AapTHAJHTH, TOHKOKPHC-
Ta/JJIH4eCKHe H3BeCTHAKH H T. 11.) HMEIOT BeCcbMa TOHKHe KamuJJsl-
pbl H MO3TOMY MpaKTHYeCKH HeNpOHHUaeMBbl. TakHe NMOPONBLl 4acTO
caAyXKaT 3KpaHaMu HedTH M rasa. OgHaKo NpH NOSBJEHHH TPEILH-
HOBATOCTH IPOHHI[AEMOCTb 3THX INOPOJ 3HAUHTEJNbHO BO3DACTAET.

Marwvarnueckne ¥ MeTaMop@HUyeCKHe NOPOAB! ¢ HH3KOH NepBHY-
HOH MOPHCTOCTBIO TaKXe 006/a1al0T OueHb HH3KOH NPOHHIIAEMOCTHIO,
He HMelolleit MpakTHuUecKoro 3HadeHus. Mckiaiouenne coCTaBasIOT
BYJKaHoreHHo-o6a0MouHbEe (2(dy3uBHHe) nopoasl. OaHaKO B mac-
CHBaX, CJOXEHHBIX MarMarHYecKHMH H MeTaMOp(HYECKHMH MOpO-
JaMH, B 30HaX Pa3BUTHs TPeLlHHOBATOCTH H B KODe BbIBeTPHUBAHHSA
MOTyT BCTDEUATbCS TAKXKE NMPOHHIaeMble PAa3HOCTH, B KOTOPHIX Ha-
Oa01aeTca WHTEHCHBHAsl (GHAbTPAUHs NpHPONHBIX (PIOHIOB. DTH
TIOpPOAbl — HaHMEHee H3yUeHHble B HacTosfilllee BpeMs, QaKTHUeCKHe
JaHHbE 110 HUM NIPAKTHYECKH OTCYTCTBYIOT.
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6.1. ONPENEJIEHHE. YPABHEHHE JAPCH

J1s KOJHYeCTBEHHOTO oONpejeieHHs! IPOHHIAEMOCTH TOPHBIX
1opoa OOBIYHO MNOJIb3YIOTCA AHHECHHBIM 3aKOHOM GQHJABT-
pauun [lapcnu: audefiHag cKOPOCTh QHABTPAUHH HKHAKOCTH B
nopoje NpornopuHoHaJpHa TPajHEHTy JaBJeHHa H 006paTHO npo-
HOpIHOHAJMbHA AHHAMHYECKOH BA3KOCTH. KoaddHuuenT nponopino-
HaJIbHOCTH Knp B 3TOM yDaBHeHHH HashBaloT K03¢b(uUIHEHTOM IO~
HHIIA€MOCTH TIOPOAbL

Q 1 Apna

V=" ==lkyy— —, 6.1

) (6.1)

rae v-—JHHelHas CKOpocTh (GHAbTpauuH; Q — OGBEMHEI Pacxof,

KuAKocTH, F— nuowaab ¢GHIBTPANHH; W-— AHHAMHUYECKas Bf3-

KOCTb XHJKOCTH; Apnx— Nepenai AaBjeHdsa; AL — 11uHa GuabT-
pytoileii NOPHCTOH CPEAHL.

OrKkyaa
QuAL ¢
Rop = -2 (6.2)

Ilpn H3MepeHHH NpPOHHLAEMOCTH IO rasy AJf yYyera CXKHMaeMmo-
CTH nocjaegHero B ¢dopmyay (6.2) noicraBiafioT oO0beMHBIA pacxond
rasa gepes nopoAy Qr, NpHBeJeHHBIH K CpelHEMy [aBJeHHIO Jua=
= (p1+p2)/2, rae p1 0 p; — COOTBETCTBEHHO AAaBJIEHUE ra3a Ha BXO-
Ie H BhXxoAe n3 oOpasua nopoan. [lo 3agony DBo#ias-Mapuorra
AJIA H1eaJbHHX rasoB

Qp = 2Qupo/(P1 -+ P2)s (6.3)

rie Qo—pacxod ra3a npu atMochepHoM aaBJieHHH Po. [logcras-
aaa (6.3) B ypaBHeHHe (6.2) mosyunm

Rup = 2QopolteAL/(p? — p%) F. (6.4)

B MexaynapoaHoii cucreme eanHny (CH) BeanuuHb, BXoaf-
wue B Qpopmyabl (6.2) n (6.4), nmeor pasmepHOCcTH: [AL]=M;
[F]=u% [Q]=m%/c; [p]=Ila; [p]=Ia-c.

CJe JoBaTeJbHO,

a3
— [la-c v
2

C
[kap] = —fme— =M™

TakuuM o6pasom, 3a eAHHHUY NPOHHLAeMOCTH B 1 M2 mpHHHMa-
€TCA NMPOHHIAeMOCTh TaKOH MOPHCTOH cpeiH, NPH GUIbTPALHH He-
pe3 oOpasen kotopoii naomaipio F=1 M?, panuoll AL=1 m u npu
nepenaje naBJieHH Apaa=1 Ila pacxox >XHAKOCTH BSI3KOCTHIO p=
=1 Ila-c cocraBur Q=1 M%/c. 10 OYeHb KPynHaa eIHHHUA H B
HPDAKTHKe JIPUMEHAIOT [0JbHOe ee 3HAUEHHe: KBaAPaTHHH MHKPO-
MeTp (MKM?),
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B crapoil TeXxHHYecKON cHCTEMe eIHHHI AJsl H3MEPeHHsi MPOHH-
LaeMOCTH HCHOJb30BAaNHCh eXHHHIB RapcH () wu Mmannpapcu
(mO): 10=1,02.10-12 M2=1,02 mrm?.

IlponHaeMocTh TOPHLIX MOPOA 3aBHCHT He TOJNbLKO OT CBOMACTB
caMoft mopojarl, HO H OT B3auMOZefcTBHA (QHIBTPYOIIHXCA (IIIOH-
OB € MOPOJAaMH H uHcaa (uasTpyomHxca $as. B cooTtserctBuH C
9THM pasnuyarT abcogaoTHyIo, (a30By10 H OTHOCHTEJNBHYIO NDOHH-
11aEMOCTH.

ITon aGconwrtHo# (Man GH3HUECKOH) NMPOHHLAEMOCTHIO IIO-
HHMAIOT MPOHHI2eMOCTb HOPHCTOH CPeR®l, KOTOpas onpeldeseHa NPH
<$HUABTpan KN eIHHCTBeHHONi (a3nl, (PH3HUECKH H XHMHYECKH HHEpT-
HO# K nopoje. O6niuHO TaKol ¢as3ol aBaAsdTCH ra3oobpasHuie a3oT
UJIH Bo3AYX. AGCOMOTHAR NMPOHHIAEMOCTh — 3TO CBOMCTBO MOPOAB
¥ OHA TpAaKTHYECKH He 3aBHCHT OT cBoicTB ¢umionga. OnpeneneHue
€e TPON3BOJIMTCA HAa OTMBITBIX H 3KCTPATHDOBAHHBIX OT YIJIEBOIO0-
POAOB cyxHx obpasiax.

OnwbiTe MOKa3aaH, 4TO abcoMIOTHaf IPOHHIIAEMOCTb, OMpenpe-
JeHHag mo rasy no ¢opmyne (6.4) 3aBHCHT OT BEJHYHHBl CPEJHEr0
DABJEHHS Pual

rae k*p, — DPOHHIAEMOCTh NPH jna—>00; K-—yraosoid xoaddu-
1{HEeHT IPAMOIi.

ITo gBJEeHHE NOJYUYWJIO Ha3BaHHe 3¢hdeKTa NpocKaJb3LBaHHA
ta3a uan addexra Knnukenbepra.

BeanunHa k*;, nmpubaukaeTcsl K NPOHHIAEMOCTH MOPOAH, OIN-
PejesieHHOH MO HeCXKHMAaeMOH HHEPTHOHN XKHAKOCTH.

® a30Bb € CPOHHIAEMOCTH ONPEEJAIOT TIPH HAJHYHH B TO-
POBOM NpOCTpaHCTBE MOpPOoAbLl 6GoJsee oJHOH ¢uAbTPYyIOIeHca ¢a-
3bl. B MpHPOIHBIX YCJOBHAX NMYCTOTH B NOPOJAE MOTYT OLIThb 3aMOJ-
HeHbl BOMOH, HedhThio u rasom. IloaroMy mnpoHrumaemocTh AaA
$unbrpannn Jgiwbofi H3 3THX Ga3 OyaeT HHKe abCcOaIOTHOH npo-
HHILaEMOCTH H 3aBHCEThH OT COOTHOLIeHHs ofbema (a3 B mopoje H
HX BA3kocTH. Boja uaime Bcero fBJsleTCA CMayHBaIOIEl IO OTHO-
LIEHHIO X mopoje (asofi.

Hanpuwmep, ypaBHenne (6.1) aJas ropH3oHTAJbHOTO ABYXGhasHO-
TO NOTOKa He(Th— BOJAa pacrnajaercs Ha ABa ypaBHEHHA:

Q 1 Apu Qs 1 Apg

Uy = H —kup 0 IJ'H AL UB—T=kHD.B E;_AT, (65)

T Rupu H knp,g-——(baSOBbIe NPOHHILAEMOCTH COOTBETCTBEHHO AJA
HedbTH W BOIH; Apy=Ap.—mnepenaj JaBJeHHR IPH yCTAHOBHB-
WeMcs TEeYEHHH; Uy H Up — JHHeHHble CKOPOCTH (HIAbTpauHn Hed-
TH H BOIHL.

da3zoBHle NPOHHLAEMOCTH B ypaBHeHHH (6.5) OyAyT H3MeHATbCA
B 38BHCHMOCTH OT 00b€MHOTO COOTHOIIEHHA ($a3 B NOPOBOM MpPOCT-
paHCTIBe.
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Puc. 24. K BuBOAY ypaB-
nenusi Koaenn — Kapmana

W////

///

TTockosabky abconoTHast W ¢$a30Bas TNPOHHKAeMOCTH TOPHBLIX
nopoJ u3MEHSIOTCS B LIMPOKHX npelesaX, Gojee y106HOH (popmo
X CONOCTABJeHHSI siBJseTCsl OTHOCHTeJAbHasn ¢a3oBas IPOHH-
LaeMOCTb, NpeJCTaBasionias ¢ofoii oTHoulenne $Ha30BoR NpoHHuae-
MOCTH K a0CoaioTHO#H, onpeieseHHON ¢ yUeTOM fBJeHHH NPOCKalh-
3LBaHug rasal

EHD. H — Rgp. H/k:o; Enp. s = np. n/kr?f?; —Exzp. r = Fnp. v/k;;;- (6-6)

OrHocuTesbHast ¢asoBasi NPOHHI aeMOCTh — BeJqH4YHHa 0e3paa-
MepHas,

6.2. ABCOJIIOTHASI NPOHUUAEMOCTD

6.2.1. TPOHHILAEMOCTb NOPOJ C ME)XX3EPHOBOH
NOPHCTOCTbIO (YPABHEHHE KO3EHH — KAPMAHA)

IpeacraBum cefe nopHCTYIO CPpelly B BHAe UHJIHHADA CeueHHeM
® H AJuHON AL, BHYTPH KOTOPOTO paclodiioxeH H3BHIHCTHIY IH-
JHHIDHYECKHH KaHa g AJHHOH ALy CO cpelHEeCTATHUECKHM CEueHH-
eM oy OTHOMEeHHe wy/w =1 NpeicTaBjaseT coGoll cpeaAHeCTATHCTH-
"MEeCKYI0 MpOCBETHOCTb MOPOAbI B J000M CeyeHHH ofpa3sua, TiepneH-
OUKYJAAPHOM K CDejHeMy Hampas/JeHHIO IIOTOKa (pHC. 24)

JInHeltHY10 CKOpOCTDb HCTeueHHS (BI0MAa Yepe3d TaKOH KaHaJ Uy
MOJKHO OnpelesHTb N0 3akoHy Ilyaseis:

U, =——=— (6.7)

rie Q —pacxox XKHAKOCTH; d — AHameTp KaHaja; W — BA3KOCTH
XK HIKOCTH.

Hcnosib3yeM TOHSITHE O THADABJAMYeCKOM pajHyce KaHala mpo-
W3BOJLHOTO cedeHHs {DBaehk, 1921 r.):

Uk vk /v ko
7 =8 R 6.8
THAD Sk Sk/v S¢ ( )

! Yacro ans s310ft uenn Ha MPaKTHKe HCNIONb3YIOT NMPOHHLAEMOCTb, ONPeNeNeH-
HYIO 10 MHHEPaJ/IH30BAHHOH BOZe.
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rae vy, 0 —o6beMbl GHABTPYIOUWHX KaHANOB H o6pasna; Sy — mo-
BepXHOCTh GHILTPYIOLIHX KaHaJ0B; Rnx— KO3QdHUHEHT AHHAMH-
4eCKO# NOPHCTOCTH; S¢ — YAeJbHAA NMOBEPXHOCTh GHABLTPYIOUIHX Ka-
HaJIoB.

B wacTHOM ciyyae Kanuansapa Kpyrjoro CeueHns

nd?
1 ALk d
T,

map = ~aaL, = x> =16

(6.9)

C yueToM H3JOXKEeHHOTO, ypaBHeHHe (6.7) nJs JuHeltHOH CKOPOCTH

HcTeueHHsi GUIOHAA Yepe3 WHAHHADHYECKHH KaHal MOXKHO npel-
CTaBHTh:

1672 xp Aprn — B L Apu, . (6.10)4
32p ALk 2%, p ALy

Uy —

B 10 ke Bpems JHHEHHYIO CKOPOCTh QHJABTPaLHH, MOJYYEHHYIO Ny-
TeM OTHeCeHHs pacxoja (aroHAa K CeueHHIO Bcero obpasima, MOXK-
HO ONpeJeNHTh H3 YDaBHeHHSA ,U,apcn'

Q Apg
vg= L = kg oL (6.11y

3aBHCHMOCTL MeXAY HCTHHHOH H (HKTHBHOH CKOPOCTAMH
¢uabTpanHK HalfifeM H3 COOTHOWIEHHS Up®x=Ugp® HIH Up=TUy @Ox/0.
C Apyrofi cTOpOHBI,
_ oALg
AT AL

kn —"P m

rge Tr—ruapaBiaHyecKas H3BHJIHCTOCTh KaHajmoB; Y — IpocBeT-
HOCTb TIIOPHCTON CPeibl.
U3 Byx nociegHHX paBeHCTB MOKHO HOJYYHTH

ka
Up =0V~ (6.12)
T
IloxcraBuB (6.12) B ypaBHenne (6.11), nonyunm:
v, =1t L P (6.13),

n
ko, n po AL
[TpupaBnsaem neBuie uwacth ypaBHeHn#t (6.10) n (6.13):

Boop | Apmy _ Tr 1 Apna
2% W ALg  kn gz P p AL

OTKyAa HaliileM BhIpaXKeHHe AJS NPOHHIAeMOCTH:

kaﬂ. A 1
kup =g (6.14y

dto ypasHeHne Kosenn — Kapmana anis MoAenn mopucroif cpe-
JAH ¢ KanowaaapaMH Kpyrioro ceuenns (untdpa «2» B 3HaMeHare-
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Je —koahdbunueHT hopMul ceueHus Kpyraoro xkanuaaspa). [1. Kap-
MaH Ha oCHOBe peHleHHsa ypaBHeHHii HaBbe — CTOKCa Hallles, uTO
JJIst KPYTJOT0, 3/JJUNTHYECKOr0, KBaAPATHOTO, TPEyroJbHOrO, Inps-
MOYrO.JbHOTO, IEJEBOTO C KOAKCHA/JIbHBIMH CTEHKAMH CEUEHHH Ka-
haJIOB BeJHUHHA IIOCTOSHHOTO KO3(duIHeHTa H3MEeHAeTCca oT 2
Jo 3. CpenHee 3Hauenue 2,5. Ofo3HauuM 3TOT KO3(MGHIHEHT Ye-
pes f. Torna ypaBHenne (6.14) ajs KanaJoB JMi00Or0 CeUEHHS NPH-
MeT BHA:
B x

w =y

OKcnepHMeHTasbHas npoBepka ypasHennss Kosenn — Kapmana
fblla MpoH3BeJeHAa MHOTHMH aBTOpaMH Ha CaMHIX DasHBIX MoOje-
JIX HEeKOHCOJHAHPOBAHHHIX mopucThix cpeX. IlpoBepka nokasana,
4TO eC.IH YAeJbHYI0 NMOBePXHOCTb (GH/IbTPAUHH 3THX MOJE/eH Bhi-
YHCAATh KAK CYMMY INOBepXHOCTeHl OTAeJbHHX (PaKUHH YacTHL H
pasMmephl yacThl, B KpafiHuX dpakuHax He oTanyalorca GoJiee yeM
B 5 pa3, To ypaBHeHHe (6.15) Xopouwio ONHcbiBaeT CBf3b MEXKAY
TIPOHHIIAEMOCTbIO, MOPHCTOCTLIO H Y/J€JbHOH NOBEPXHOCTbIO HEKOH-
COJINAHPOBAHHBIX MOPHCTHX Cpel.

Ypasuenue (6.15), xkpome TOro, o0&bscHAET CYIIECTBOBAHHE
1eJ0f TpynNbl NeTpodH3HUECKHX CBfizell AJs KOHCOJHAHPOBAHHBIX
NOpOJA C HCIOJb30BaHHeM KO3(&HLHEHTA NPOHHLAEMOCTH.

1. 151 cueMeHTHPOBAHHAIX JHTOJOTHYECKH OJHODOAHBIX H Of-
HOBO3DACTHBHIX NIeCYaHO-aJeBPHTOBHIX C1a0OTJAHHHCTHIX MOPOA, B KO-
TOPHIX KO3 (HIUEHTH NMOPHCTOCTH H YAEJbHOl NOBEPXHOCTH MEHS-
I0TCsl CPABHHTEJIbHO Mano (kgg=const u sy~ const), a BeaHunHa
NpOoHHILAeMOCTH 08yC/I0BJ€Ha MepeOTJOXKeHHeM BTODHYHOTO LeMeH-
THPYIOILETO MaTepHaJa, H3MEeHAIOIMHM H3BHJIHCTOCTh KaHaJjoB,
ypaBHeHHe (6.15) mMpUHHMAET BUA

kpp = const/T?,.

3aBucHMOCTH Takoro poma mnmoayueHsl O. A. UepHHKOBHM H
A. H. Kypeuxosbim (1962) mns necuanuxoB: XVII ropnsonra Y3eH-
CKOro MecTopoxjieHns, niaacra C; MyxaHOBCKOTO MeCTODOXKAEHHS
u naacra [; Ty#imasunckoro Mecropoxaenus [1] 1 M. M. dnanan-
CKAM [/ TecYaHHX KoJ/1eKTopoB KanyKckoro monp3eMHoro xpa-
HHJIHIA Ta3a.

2. Ins cnaGoymwioTHEHHBIX KapGOHATHLHIX MOPOJ C MEXKKpPHCTas-
JIHYECKOH H MeX3eDHOBOH NOPHCTOCTBIO YAeJbHas NOBEPXHOCTb H
HM3BHJIKCTOCTb H3MEHAIOTCA B Yy3KHX mpefestax (Se~rconst), a Hs-
BHJHCTOCTL B pe3yJ/bTaTe C1aforo ynJOTHEHHA KMeeT He$oJblioe
:3HayeHHe, KOTOPO€e TaKXkKe MOMKHO [PHHATH B MEPBOM IpPHOJHKEHHH
paBubiM T~ const.

HaubGosee cuabHBIM (QAKTOPOM, BJAHSIOIHM HA MPOHHILAEMOCTH,
B 3TOM cJlyuae OyaeT MOPHCTOCTh B TPEThEH CTEMeHH:

3
Rap & const k3, ;.

k (6.15)
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Ha puc. 25 npuBeneHa sta npnb/nKeHHAs 3aBHCHMOCTb.

3. s nopucThix KapGoOHAaTHBIX MOPOJ COAePXKaHHe OCTaTOYHOM
BOAH Kpo B 30HE NpeleNbHOro HedTeHACHINEHHA MOMXKeT OHTb OM-
pelesieHo ¢ NOMOIbIO BBeJeHHR NOHATHA O CPelHed ToJIIHHE
IJ1€HKH CBA3aHHOH BOJAM M BOABl YIJIOB NOD B THAPOGHIBHBIX IO-
POAaxX Tep:

ks. o= 1"cpso:})/kn. 0s
OTKy A
Szcb = k% ok, o/Tch;
ecJIH CAesaTh JONYIUIEHHE, YTO Ry n = Ruo (l—kso)!, TO TmozcTaBuB-
B (6.15) nBa moc/neiHHX paBEHCTBA, NOJYYHM

kn. oks, oT%cp 1 3
by = T (1)

ks, 0

[Tpu ko1, ksp—0— TOHKO3epHHCTHE HH3KONODHCTHIE H Ma-
JIONPOHHILaeMble H3BECTHAKH, a NpH KRy—0, kgp— 00 — BLHICOKONPO-
HUIlaeMBle H3BECTHAKH C NOBLILIEHHOH MOPHCTOCTBIO.

ITockonbKy Af KapGOHATHBIX NOPOA B HEPBOM NPHOMHIKEHHH
MOXKHO TNPHHATb Rnokso~const H (tep/lr)?~ const, mpeawiayuiee
pPaBeHCTBO MOXKHO 3alHCaTh Tak:

1 _1)3.
ks 0

Ha puc. 26 npuBejeHn 3aBHCHMOCTH, YAOBJAETBODAIOIIHE HOJY-
4YeHHOMY yP aBHEHHIO.
4. Y3 ypaBHenus (6.15) Haiigem:

kaﬂ. A
FT2kap

kyp = comst (

2
SCI)_—

3T0 — BO3MOXKHOe ypaBHeHHe /18 ONpeJdeeHHs YAeJbHOH MOBepX--
HOCTH OHAbTPAaLHH.
B asofinou Jorapudvuueckom Macuitabe ypaBHeHHe
ks“. A

1
lgs¢ -7 lg ( [Tk )

npejcTasifeT cobofl mpaAMylo ¢ yrJoBHM KosddHuueHTOM tg a=2.
IlpoBepka 3TOro BHpaXKeHHR BHINOJHEHAa MHOTHMH HCCJeloBaTeldf-
M. OHO JaeT BO3MOIKHOCTL BBIfITH Ha onpejedeHne GHABTPALHOH-
HOY HeQAHOPOIHOCTH MOPOJ MO JaHHHM reodH3HUECKHX HCCIEAOBA-
HHH CKBaXKHH.

! B 3TOM ciydae Mu NpeHeOper/ii BAHsSHHEM OCTaToUHOR HedTH (cM. ypaBHe-
nue (3.6)).
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Puc. 25. TIpuGnnkeHHble CBA3M
Mexny KoshdHiuHeHTaMH NDPOHH-
14eMOCTH Rpp H NOPHCTOCTH Ru
IJIsi H3BECTHSIKOB;

1 — u3pBectnak ooautoBnf, Cmakosep,
Margoansi; 2 — H3BeCTHSAK KDHCTaJj/H-
Yeckufi €O BTOPHIHOL NOpHCTOCTHIO,
Cen-Aunpeac, Beccen; 3 — AeBomckHA
MenoBHAubLIH u3pecTHsiK, Kpocer, Te-
xac, BZLUTPHXOBBHLJ 001aCTH BO3IMO A-
woro pasGpoca rTouex [1)

Puc. 26. 3aBucumoCTb Ko3p@H-
LLHEHTA Ta30lpPOHHLEeMOCTA Knp
OT Ko3¢¢HIHEeHTa OCTATOYHOID
BOAOHACHUUEHHST Kpo ANA pAas-
JAHYHHX JI0 NDPOHCXOXKAEHHIO H
CTPYKTYpe KapOGOHATHLIX MNOPOL
(no b. Y. Tyan0oBHYYy).

HaBecTHAKH: [ ~— GHoMOpDHEe, I —
CTYCTHOBBIE H KomiopaToie, Il — ge-
GpHTOBbIE, LuJaMO-AeOPHTOBbIe

- o\ * '.o
- .. . \ .}\
= °
I N, I A .ZU\
L J
g1 R
L ' ! S R S| ! | N | 11
40 i) 40 &g 40 80 kg o, %

6.2.2, NPOHHUAEMOCTDb TPEULHHOBATBHIX NOPO/L

Pacxox »uAKOCTH Q uepes MPAMOYrOJbHYIO LIeNb ¢ PACKDHTH-
eM (BHICOTOH) b ¥ IUHDHHEOM @ MOXKHO YCTAHOBHTb M3 H3BECTHOTO
ypannenns bByccuncka (B opuruHase Bce pasmepHoctd B CT'C):

_ PPa Apn,

12p AL
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OTKyJa MOXHO HafTH JHHEHHYIO CKOPOCTb HCTEYEHHS KHAKOCTH Uy,
OTHeCs PacXOA K MJAOINAAH TPelHHb or=ab:

2
0, =L = b AP (6.17)
Ecan, Kak B MOPHCTOH Cpelle, PacXol OTHECTH He K MJOmajH

TPEIgHHB, a Ko Bcell miaomaan GuibTpyowmeil cpeil ®, TO corjaac-
Ho ypaBHeHu0 Ilapcu

_Q __, 1 Apna
D= =y (6.18)

Mexnay vs n vy HMeeT MeCTO COOTHOLIEHHE
0,0y = Uy®; Vp=0,—,
®

OTHouleHle ®r/®@ €CThb MPOCBETHOCTb TPelHHHOH Cpelbl B Ha-
npasjaedud ¢uabTpamii. EcaH TPelwHHB B MOPOAE pacnogaralorcs
B OLHOM HampaBJeHHH, TO NPOCBeTHOCTbL paBHa KosdhdHuHeHTY
TPelHHOBATOCTH B HampaBjeHHH GOHIABTPALHH Rr=@+/0.

IIpn paBHOMepHOH CHCTeMe TPEIHH B TpPexX B3aHMHO NepheHjH-
KyJNsipHbIX HanpaBJeHHAX INPOCBETHOCTh CPeAbl B HampaBJeHHH
duAbTPAUHH PaBHA @+/® =23 kr. s aTOTO CaAyuasn

0=0, (1)

H ypaBHeHHe (6.17) nmphmeT BHA

U= = oy D202 (6.19)
37" 12n AL
[IpupaBHHBasi JeBble yacTu ypaBHeunit (6.18) u (6.19) n pas-
pellias 3TO PaBeHCTBO OTHOCUTENBLHO Knp, NOAYYHM AJId paBHOMep-
HOff CHCTeMBbl TPEwHH B TpPeX B3aHMHO I€PNeHAHKY/JIAPHHX Ha-
npaBJeHHAX:

bop = —1‘8— b2k, (6.20)

WU pns AByX cHCTeM B3auMHO NePHeHAHKYJAAPHLIX TPelUHH, mapan-
JIeJIbHBIX HaNpaBJeHHIO QUIbTPanuu

1

kupsﬁbzk (6.21)

T

rie kap BCM? 0 b B cM; ky— B A0JAX eSHHHIHL

Ha npakrtike nmpoHHmaemocTh o0HYHO H3MepsioT B mapcn (M)
win B MKM?, M3BectHo cooTHoweHue: 1 J=1,02 wmrm2=1,02.
-10-12 M*=1,02-1078 cM? u 1 MEM=10"* cMm.
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C yueToM MOCJHEAHHX paBeHCTB ypaBHeHue (6.20) s CACTEMH
TPEUIHH B TPeX B3aHMHO NEPNeHAHKYJAPHBIX HamnpaBJleHHAX IPH-
MET BHA

10-8p2
=———Fk,=5,6.10"20% 6.22
5P g 1078 ” (6.22)
H /15 CHCTEMB TPEIIHH OQHOTO HJH JABYX NapaJjlefIbHbIX Hanpas-
JIeHHU
10-82
=——Fk.=8,3.10"%2 6.23
4P 121078 b (6.23)
rae kopp B MKM2 H b B MKM; Br B 104X €ZHHHILBL

KosdduuneHT TpemnHoBaTOCTH kr MOIKHO TaKKe NPeACTaBHTb B
BHJ€ NpOH3BeJeHHs 00beMHOH NMAOTHOCTH TPeIwHH Tp=S/V (S —
IJIOIaAb NOJOBHHE NOBEPXHOCTH CTeHOK, MKM2, V —o6beM mopo-
Ibl, MKM®) Ha pacKphHITHe TPEUHH 8, MKM:

by = bT . (6.24)

Toraa, Hanpumep, aas Clayyasi CHCTeMBl TPellHH TpeX HampaBJeHHR
ypaBHeHne (6.22) mpuMer BHJ

kap = 5,6+ 107263T . (6.25)

[Tpu ompegeseHnH TpPeWHHOBATOCTH NOPOJ B KPYIHHIX IJOCKO-
napannensHblx wnoax (E. C. Pomw, JI. II. 'mug) sto ypaBHeHHe
MOXKHO HCIIOJb30BaTh AJMA NPHOIHKEHHOH OUEHKH NPOHHIAeMOCTH.
Bce BeMuuuHH, BXOAALUHE B ypaBHEHHe, MQIXKHO ONpEeJeNHTh BH3Y-
aJIbHO,

Ecnu npHHATH, yTo HanboJee 4acTo BCTPeyalol[ascs BeJHYHHA
PACKpHTOCTH MHKPOTpPEIIHH B ILIH(GAX YIJIOTHEHHHX Kap6oHaT-
HBIX TOPOA cocTaBiseT b= 15 MKM, TO MONYyYHTCH NpHOIHIKEHHAN
CBA3b NPOHHUAEMOCTH MHKDOTPELIHHOBATHIX NOPOJ ¢ KosdodHuHeH-
TOM TPelHHOBATOCTH:

kop=5,6-10-2.955k, = 12,6k,

KosddHunueHT TpelHHOBATOCTH KapOOHATHLIX MOPOJA NIPH OIpe-
JeJeHHAX Ha KepHaX IOpOJ PeIKO NpeBHIIaeT BeanunHy k:-=0,3%
(/1. TI. 'mun). 3To 03Hauaer, YTO NPOHHIAEMOCTb MHKPOTpeUIH-
HOBATHIX pasHocTeli He JOJXKHA GLITb BHIlle

kyp=12,6-3-10"3 2 38.1073 mxMm2.

KosdduuuesT TpelHHOBaTOCTH, YCTAHOBJAEHHHH 1O AJHHe MHK-
poTpelHH B LiiHbe, XapakTepusyeT He BCIO MNOJe3HYI0O €MKOCTb,
BKJIOYAIOI[YI0 KaBepHH, PaCIIHPeHHf, OTIeJbHbie MOPH, a JHUIb
06beM MHKpOTpewHH B uniHde. OpHako BeqHuHHa kr ompegenfeT
GbHABTPALHOHHBE CBOHCTBA MHKPOTPEUIHHOBATHIX MOPOA. ¥MEHb-
eHHne Ko3¢hGhHuHeHTa TPEIHWHOBATOCTH 10 3HaueHHs ky<1,0-10-*
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{0,01%) cHHXaeT NPOHHIAEMOCTb TNOPOAB X0 BENHYHHBI Rmp<1X
X 10-3 mxm2. Takasi nopona yxe nepecraer GbiTb KOJJIEKTOPOM.

Ecan npencraBuTh cebe TPELIHHHYIO CPedy B BHJe CHCTeMH
OeCKOHeuHHX NPAMBIX TPEUHH Tpex B3aHMHO NepHeHANKYIAPHBIX
HanpasJ/eHHH:, ¢ pacKpHITHEM b U paccTosiHHEM MEXAy TPellHHaMH &,
TO AJAd edHHH4YHOro G6Joka! HafigeM k.=3ba?/a®=3b/a. Otkyna
pa3Mep eanHHuHoro 6joKa a=3 b/k-.

Eciy npuHATbL 3a PacKpHITHe TPEUIHH CPEJHIOI BeJHUHHY b=
=15-10"% M, MOXKHO HafiTH paccTOsfiHHe MEXAy TpPeLlHHAMH B Ta-
Koii moponxe: npH kr=0,3-10-2 a=3.15.10-%/(0,3-10-2) =1,5X
X 10-2 M; npn k,=0,01.10"2 @=3.15-10-5/(0,01-10-2) =0,45 M.
HOpyrumu cnoBaMu, npu ky=0,3% paccrosHHe MexXay TpellHHaMH
COCTaBJsE€T OKOJMo | CM H MOXHO ellle HaGJOLATh 3Ty TPeLIHHOBA-
TOCTh Ha GOJbLINX KePHAX HJIH B unihdax pasmepom okojo 10 cm.

OueBnaHO, 4TO NPH Gosiee BBICOKOH DPaBHOMEDHON TpeLIHHOBAa-
TOCTH WIH TPH GoNblieM DAaCKPLITHH TPellHH NMopoja, CKopee Bce-
ro, He COXPaHHT CBOI0 CIUVIOUIHOCTL — Ke€PH paspylInTCg NPH €ro
or6ope. Ilo kpaiiHeli mepe, BeposiTHOCTh oTOOpa KepHa c GoJjee
BLICOKO paBHOMEDHOII TpPEIHHOBATOCTLIO CHHKaeTcs. KepH H3
BBICOKONPOAYKTHBHHX IJIACTOB, NPOHHIIAEMOCTb KOTOPHIX obecme-
yiBaeTcs GoJiee BLICOKOH pacKpPLITOCTbIO TPellHH, TaKiKe, KaK mpa-
BHJIO, He BBIHOCHTCS HJIH BHLIHOCHTCS NIPAKTHUECKH HeIPOHHIlaeMasl
MaTpHIa.

H3yueHne mo KepHaM HJAH [IngaM NOPOJd C paBHOMepPHOH OT-
KPBITOH TPEIHHOBATOCTBIO H C HH3KHM KosthdHeHTOM k:<<0,01%,
mo-BHANMOMY, TaKiKe 3aTPyAHEHO, TaK KakK JJs 3TOT0 TOHajgo6H-
Joch Obl HMeTh 06pa3lbl HepeaJbHo GOJbIINX pPa3MepoB. JTH MpH-
Mephl TMOKa3bBAIOT, YTO B CBfA3H C HEJOCTATOYHON IpeACTaBHTEJ]b-
HOCTBIO OTAENBHO B3ATHX KeDHOB TDEUIHHOBATHIX NOPOA, ANs JO-
CTOBEPHOTO H3yyeHHs HX IPOHHIaeMOCTH B ILIHPOKOM Jiiala3oHe
H3MeHEeHHS TPEIIHHOBATOCTH HEOOXOQMMO HCIIOJNb30BaTh KOJJIEKIHH
KepHOB IPH YCJIOBHH €ro CHJIOWIHOr0 or6opa B 6330BbIX CKBaKHHAX
HIH TIPUMEHATb APYDHE MeTOAb, 0oOecleyHBalOHe HCCJaeI0BaHHA
Gonplinx 06beMOB TOPOJ, HampHMep, THAPOAHHAMHYECKHE # TeOo-
dianyeckne.

6.2.3. 3SABHCHMOCTb NPOHHRLUAEMOCTH NOPOJ
OT INIYBEUHBI 3AJTETAHHUA

Tlpu morpyxeHHH ocaJodYHHX NOPOJI HA TVIYOHHY NPOHCXOIMT HX
YIJIOTHEHHe B TeuyeHHe TI'eOJONHYECKOTO BPEMEHH H  yMeHblIaeTcs
npoHnunaeMoctb. IloMHMO ropHOro M IJIacTOBOTO  JaBleHHIl, TeM-
nepatypsl H TeOJIONHYECKOrO BPEeMEHH Ha BeJHUHHY MPOHHIAeMOC-
TH BJHSIOT H JPyTHe NPOuECcH, HANPHMEpP, IePpeHOC MHHepPAJbHBIX
BeurecTB GHALTPYIOUINMHCA TJacToOBbIMH BogaMu. [lpouecc msme-

! BJiok, KOTOpHII HMeeT 10 OIHOA TpelllHHe KAX 1OTO HANpAB/eHHH,



Ta6auuna 5 HimeneHHs K03()PHIHEHTOB NMOPHCTOCTH M MPOHHIAEMOCTH
TMECUYAHHKOB C IPaHyJASPHON MOPHCTOCTBIO C rJYGHHOM 3aJeraHHs
(Cesepo-BocTounoe [Ilpenkasxaibe)

I'ry6uuna, M by cp O KepHY koo MEM?
0 0,33 1—10
1000 0,26 10—1—1
2000 0,165 10—2—10-!
4000 0,07 10-3—10-2
6000 — 10-4—10-3

HeHHsl MPOHUILAEMOCTH OUYeHb cJaoxeH. IlosTomMy Teoperdueckue
pacueThl, NpHBeJIeHHble HHXKE, Hy’XHO pacCMaTpHBATh KaK BeCbMa
NPHOJIHIKEHHYIO OL€HKY, NMO3BOJSIONLYIO MOJYYHTb CBEJEHHSA O TEH-
JIeHIIHSIX B U3MEHEHUH NpoHHuaeMoctu [15].

Heo6parumas aecdopMauus oCaJ0YHHX MOPOJ B paspe3ax B Te-
YeHHEe TeQJOTHUEeCKOro BPEeMEHH IPOMCXCAHT [0 3aKoHaM, GJIH3-
KHM K 33KOHaM YIVIOTHEHHS! DHIXJIBLIX HeCUeMEHTHPOBAHHBIX I'PyH-
ToB. OHH MoryT OBITh KOJHYECTBEHHO 0XapaKTeDH3OBaHBI Ko03g-
¢unHeHTOM HeoOpaTHMOro VIJIOTHeHHs mopoa Pu(f, 7).

B paGote [15] mpuBeaeHa clexyollasi 3aBHCHMOCTH MEXKAY
H3MeHeHHeM KO03(h(hHIHEHTa MOPUCTOCTH HECUaHO-TJIHHHCTHIX HOPOL,
¢ rayOGuHON H H3MeHeHHeM HPOHHILae MOCTH:

knp) h/k(up) h=0 & (k(u. 0) #/Rin 0y n=0)*- (6.25")

IloacraBuB B (6.25") 3HaueHHe NODUCTOCTH U3 ypaBHenns (3.18),
TOJTyYHM:

k ~Fk h*Ol exp [—Bn (t, T)g (ﬁn. cp_én. cp)h] }4
EPIRTEEDEN 1k oy g L1—exp (—Pu(f, T) € (B op—bavcp) )]/
h=0
(6.26)

IT0 ypaBHeHHe MOKasbiBaer, 4YTO KO3(QQHIHEHT npOHHLAEMOCTH
yMeHblIaercs: ¢ IJyOHHOH 3HAUHTENBHO OHICTpee, YeM KO3 (PHIHEHT
NOPHCTOCTH. B Tabu. & mpHBeAeHBl Pe3yJbTaThl ONpeae]eHHsl H3Me-
HeHHHA NPOHHILAEMOCTH c I'JIyOHHON aja nmecuaHukoB CeBepo-Boc-
TouyHoro IlpenkaBkasps. Ilpu 3TOM HCmOJMB30BaHO cpeaHee 3Haue-
HHe Ko3(duiHeHTa HEOOPATHMOrO yIJIOTHEHHS, ONpeaeeHHOe JJIs
3THX € TopoA Mo JaHHHM KepHa (puc. 5): Bu(f, 7)=34X
% 10—3 MIIa-1L

[Ipeacrasienne o0 BAMSHHHM H3MEHEHHS TeMIEpPaTypbl Ha NpoO-
HH112eMOCTb TEDPUreHHBIX NOPOA MOXKHO MOJYYHThL Ha OCHOBAaHHH
H3YyYEHHs CBOHCTB YHCTBIX KBaplleBhIX IHecyaHukosB. Ha puc. 27
NpUBeJEHbl MPOTHO3HHE KPHBble H3MeHEHHs Ko3(p@HIHeHTa MPOHH-
1aeMOCTH YHCTHIX KBapLEBbIX ECYAHHKOB B 3aBHCHUMOCTH OT FJIyOH-
HH HX norpyxeHus AA njsi pafioHOB ¢ BBHICOKHM H HH3KHM reoTep-
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Puc. 27 Heo6paTuMoe yMeHbUICHHE MAKCHMaJbHOIO KO3(dulHeHTa IpOHUIaevo-
CTH Rpp KBapUEBHIX NECYAHHKOB B 3aBHCHMOCTH OT TAYOWHH HOTPyXeHHs h (Teo-
peTHYeckasi OEHKA).

@ — a5 palOHOB C reotepMHuechuM rpaauentom I'=3 °C/100 M, 6 — 1o xe, I'=1,43°C/100 M.
KosbdHuHeHT NOPHCTOCTH R KOJJEKTOpa Ao norpyxenHs, % [ —40, 2—30, 3—20

MuueckiMH rpagHedtamMy. KosdpdHunedTs HeoOpaTHMOro ymJaoTHe-
uusl, HeoOXoAUMBE AJS pacueTa N0 ypaBHeHHIo (6.26), BLIOpaHH
no rpaduxy Ha puc. 10. Kax BHAHO u3 pHc. 27, 3HaueHHe K(mp)n
KBapUEBBIX MNecYaHMKOB B TepMHUECKH aKTHBHOM paiione (I'=
=3 °C/100 M) cHuXKaeTcsl BecbMa HHTEHCHBHO. B HalueMm mpumepe
npd AA=6000 M Ko3(pDHIHEHT TPOHHLAEMOCTH YHCTLIX KBapLeBLIX
KOJIJIEKTOPOB YMeHblllaercsl O0Jee WeM Ha TPH MOPsiiKa CBOeH Hep-
BOHAYa/JbHOH BeJHYHHH.

BeposATHO, Tax ke KakK d KO3(PQUIHEHT MOPHUCTOCTH, abcoJioT-
Has BeJUYHHA K03(POHIHEHTA NPOHMILAeMOCTH TEPPHIEHHBIX KOJ-
JIEKTOPOB JO HX HOTPYXKeHHS B 30HE HHTeHCHBHOTO OCaJKOHAKOIJIe-
HHS 70J2KHa OTPaaTh H BO3PACT TOPOA.

TakuM o6pa3oM, nNepBHUHpIE MOPHCTOCTS H NPOHULAEMOCTH IeC-
YAHO-IVIHHHCTHIX H KapOOHATHBIX MOPOJ AZOBOJBbHO PE3KO yMeHbIIa-
10Tcs Ha Goabliux ray6usax, HMaydenue raaBHBX OpuddH, NPHBO-
JAIHX K CHHXKEHMIO KOJJIEKTODCKHX CBOMCTB, BLiOJHeHHOe C HpH-
BJEUEHHEM Pe3yJbTaTOB HCCHEAOBAHUA KEDHOB M3 PasJHYHHX reo-
JIOTHYECKHX NPOBHHIUHN, CBHAETENLCTBYET, YTO BEJHYHHLL MaKCH-
MaJ/JbHOH MepBHYHON MOPHUCTOCTH H NMPOHHLIAEMOCTH 3aBHCAT OT BO3-
pacra, ray6uHbl 3aj7eraHus KOJJEKTOpOB U IeOTePMHYECKHX YCJIO-
BHH pafioHa.

Ha Goabmux rayGHHAX YBeTHYMBAETCS NEPCIEKTHBHOCTb KOJ-
JNEKTOPOB ¢ BTOPUUHOM, TPeWIWHHOR W TPEULHHHO-KABepHO3HOR mno-
pHUCTOCTLIO. BropuuHasi mopHcTocTh, o6pa3oBaHHasl B yINIOTHEHHHX
GCAZOYHBIX NOpOZax Ha BosnblIHX rAyOHHAX B peayJbraTe TCKTOHH-
YCCKHX M 3JMHMEHeTHYECKHX [POIECCOB, MOXKET 0OeClledHTb KOJJIeK-
TOPCKHe CBoHCTBaA MOPOA.
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6.2.4. AKBAMEHEHHUE NMPOHHUAEMOCTH INPH BbIHOCE KEPHOB
HA NOBEPXHOCTDL

IIpy BHIHOCE KEPHOB rOPHHIX MOPOA H3 CKBaXKHHH Ha NIOBepX-
HOCTh YMEHbIIAITC 3((eKTHBHOe HaNpsKeHHe H IJIacTOBOe AaB-
JieHHe, IOHHXKaeTcsl TeMIepaTrypa. JTO BeleT K paclIHpeHHI0 MOpPO-
Ibl H yBeJdueHHio ee Ko3(h(@HIHeHTa NPOHHIAEMOCTH B pesyibrare
yupyrux (o6paruMblx) Aedopmanuii. ITH AedOpMaLHH MOLETHPY-
10Tcs B 1aB0OPaTOPHHEX YCJIOBHAX.

Ilo aHanoruu c H3MeHeHHeM KoO3(PQHIHEHTa MTOPHCTOCTH IOPO-
IBl H3MeHeHHe KO3(hdHIHeHTa NPOHHIAeMOCTH OMUCHBAaeTCsT ypaR-
"Herdem [15]

kap (P puns T) z[knp (P — Pan) ] %
kap (0) Pua, T

fenp (0) :
knp (Prun) kop (T) _ 0
X[ knp (0) ]p——pm' T[ kap (0) }p, Po K1K2K3, (6. 7)

rae kqp(0) — ko3ddumHeHT MPOHUILAEMOCTH B aTMOChEpPHRX YCJ0-
BHSIX; OcTaJbHHe 0003HaueHHs Te XKe, uTo B (3.23).

OcHOBHOe BJIHsSIHHE Ha NPOHHILAEMOCTb OKa3blBaeT 3P eKTHBHOE
HaNpsKeHHe P—Pua, N03TOMY K; MOXeT H3MEHSTbCsI CYIIEeCTBEH-
Ho. CpeaHee 3HaueHHe K| IJIS1 MeCYaHHX TOPOX MOXKHO OUEHHTb
Teoperiyecku [15]:

9 (3+a)
K1= kap (P — pon) =[kn (P — pna) ] (2+a) , (6.28)
kap (0) kn (0)

rie o — 0Ka3areJb CTPYKTYPH (CIIEMEHTHPOBAHHOCTH) IMOPOBOTO
npocrpaHcTBa. M3 3kcnepuMeHTa H3BeCTHO: —1,8<Ta<t—1.

Ecan npuHsAThH cpefHue 3HaueHHS AJS MeCYaHBIX KOJJIEKTOPOB,
3asneraomiux Ha raybunax gno 2000—3000 m 3Hauenus kno=209% u
ku(psp) =20—0,7=19,3% (cM. pasa. 3) 4 a=—1,5, TO, MOACTABUB
3TH 3nayeHus B (6.28), Halizem cpexnee 3nauenune K;=0,81.

JKclepHMeHTalbHAs MPOBEPKa, BHIOJAHEHHAS Ha GOJbIIOH KO-
JIEKIHH TIeCUaHHKOB H aJeBPOJHTOB H3 CaAMHIX pa3HoobpasHuix Hed-
1aHeIX palionoB CoBetrckoro Coio3a, MOATBEPAMIA 3TO TeOPeTHYEC-
Koe TpexlooxKeHHe,

OMnupHYecKoe ypaBHEHHE HMeeT BHL:

kup (P — Pus) = 0,816 1 (o) =2 0,8k, (g (6.29)

Kosddunuent xoppensimun pasen 0,98. Onnako Bo3MOXHbIE IyOH-
HB 3aJeraHusl KOJJIEKTOPOB 3HAYUTENbHO OTKJIOHSIOTCS OT HPHHS-
THX CPefHHX 3HaueHHH. M3MeHSIOTCS TemJOBHE YCJOBHS 3ajera-
HHS MOopoA. D10 TpebyeT BBeAeHUs: APYrux mompasBok (Ka-Kj). dtu
JlaHHBle PUBeleHH B pabore [15].

Ha puc. 28 mpefcraBieHH 0000IIeHHble 3aBHCHMOCTH HOJHHIX
O0paTUMBIX H3MEHEHHH NPOHHIAEMOCTH MeCYaHO-TJIHHHCTHIX TOPOL

102



6
Y 9 08 48 0%
]

hxM

Puc. 28. Tlanerka Ajsi oueHKH ynpyrux (o6paTHMHX) HaMmeHneHu#i Koabduuuenra
NPOHHIAEMOCTH Enp(p, Pua, T) HeCYaHO-TIHHUCTHX Nopod. LIudp KPUBHX MNea

¢ TpaHyJsipHOH MOPHCTOCTLIO NPH H3MeHEeHHH BCeX YCJIOBUR ecTe-
CTBEHHOTO 3aJeTaHus Mopo/.

M3 puc. 28 BuAHO, yTO HauGOJbIIHE U3MEHEHHUS] NPOHHIAEMOCTH
MPOUCXOAAT C IJOXO OTCOPTUPOBAHHBIMH, TVIMHHCTHIMH, KaK MpPaBH-
J0, c1aBoNpPOHHIIaeMBIMH [TOPOAAMH.

B uucto TpemMHHOM M TPEHIMHHO-KABEPHO3HOM KOJJIEKTOpe
TPEIUHHE COeJUHSIOT COGO0H Mopbl U BTOpHyHHeE mycrtoTel. Cireno-
BaTesJbHO, AedopManus 3THX KOJNJIEKTOPOB MOJ BJIHSHHEM [ aBJeHHS
OyzLeT ompelensiThC C2KHMaeMOCTbIO TPEILHH.,

Ecnu B ypaBHeHuu (6.25) mpeHeGpeur uaMmeHeHdeM 0GBbeMHOHN
IJIOTHOCTH TPemUH Tz, TO MOXHO NOJY4HTh;

dbap db dv.
Lap 3 P 3Ll 3 —p.).
™" . v B:d (P — Pua)
I/IHTel‘pHpOBaHHe nmocaenHero paBeHCTBa IIO3BOJSAET I'IO.Hyl!HTb:

b ( ) (P—Pua)y

Zmp P = Pun) o exp| —3 d(p— . 6.30

PRYT—— p ) )ﬂT (P — Pu) (6.30)

B pa6ore [15] npuBenena TeoperHuecKas 3aBHCHMOCTb KO3(-
(uunenta cxxuMaeMocTH 3JMeMeHTapHOR TpemuHnl Br B MITa~! ot
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b (eKTHBHOTO HaNpsXKeHHs NpH & ynpyro#l (o6paTHMoll) Aedop-
MaluH:

—2
B. < ﬂ_ (6.31)
{p — pun)

D710 ypaBHEHHEe INOJAYYeHO H3 NPEANOJIOXKEHHs, YTO NpH YyOpy-
roM JebOpMHPOBAHHH MHKPOTDENIMHEl MAKCHMaJbHble HalpsKeHUs
He JOJIKHB NpeBHIIATL NpeNeJB NMPOYHOCTH KPHCTAJNJIOB MHHepa-
JOB, CJAaraioux nopoAy. JpyruMu cioBaMmH, ypaBHeHHe ollpefe-
JsieT BepXHHH mpeles ynpyrHx gedopManuil MHKDOTpPELLIHH.

IloncranoBka (6.31) B (6.30) H mocaexyiouiee HHTErpHPOBaHHE
IO3BOJISIIOT TOJY4YHTD:

kap (P — Pun) < [: (p — pua)1 ]0'406, (6.32)
kap (p — Poah (P — Pua)

rie (p—pua)1 — 3b0dekTHBHOE HANpSIKEHHe B 3aXKHMe, NDH KOTO-
poM obpasell u3ydaercss B aTMoc(epHHEX YCIOBHAX; (P—pPua) — TO,
XKe Ha ryOuHe 3aJeraHusi DOPOALL.

CorstacHo ypaBHeHuw (6.32), XosbduuneHT DPOHHIAEMOCTH
TPEIMHOBATOH HJH TPEUIHHOBATO-KaBepHO3HOH KapOoHaTHOH mo-
pPOALL Rup (P—Pu1)1, OUpEeNTeHHLIH B 1a00paTOPHH B 3aXKHMe DaT-
pOHa TpH RaBJE€HHH (p—pux) =2 MIla, npu (p—pus) =40 MIla
(H~3000 M) Gyzer paBeH Rup(p—pus)=0,3 Eup(p—Pux)i. Apy-
TUMH CJIOBAMH, IPOHHIAEMOCTh TPEIHHOBATHX IOPOJ BecbMa Cy-
IIeCTBEHHO 3aBHCHT 0T 3¢deKTuBHOFo HanpsxeHus. Kpome Toro, .
IpH H3MeHEHHH JaBJIEHHs IIpU BLIHOCE KEPDHOB MJM B mpollecce
pa3palboTku 3asexedl HedTH M rasa B TPEMIMHOBATHIX MOPOXAX MO-
ryT HabawogaTbesi HeoOpaTuMble pedopMallii, CBA3aHHLIE ¢ pa3py-
lIeHHeM NOPOXEL. DTo HEoOXOAUMO TaK:Ke YYHTHBATL NPH H3yde-
HUH 3THX NOPOA.

6.2.5. KJACCUH®PHUKAILLUA OCANOYHbBIX MOPOJ
o NPOHHUAEMOCTH

B npakTHueckoli HedTera3oBoll recJorud H reodnHsuke oOLIYHO
pa3JIMYal0T MPOHHILA€ME e TNODOAB (RJAacCTH), KOTOpHE
NpH AAHHOH BeJHuYHHE FHAPONMPOBOJAHOCTH miuacra (kpph/p) obecme-
YHBAIOT NPOMbIIIJIEHHBe NPUTOKH HedTH, rasa HJIH BOXLL, H He-
DPOHHUIL AEMBl€— U3 KOTOPHIX OOLIYHLIMH METOAAMH OCBOEHHS
CKBaXXHH HeJb3 NOJY4HTb DPOMLIULTEHHOro NpUToKa. Mexay 3TH-
MH JBYMsl FpyNnaMH HaXOASTCA NOPOALI, NPOHHIAEMOCTL KOTOPBIX
JHIIb DU OUpeleseHHEIX YCJIOBHSX HacblIeHHs MJIAacTa U KOHKpeT-
HOH BSI3KOCTH GJIIOHAZ MOXeT o0eCcNedyHTh HHUKHHHA ypOBeHb Npo-
MBIJIEHHOrO OpHTOKA. [1o 3THM DOposaM B KaxKAOM KOHKPETHOM
cllydae oNpeJeNsioT CBOIO TaK Ha3BIBAeMYI0 TPaHULY KOJJIeKTOp —
HEeKOJJIEKTOP.
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O1u onpefesenus no3Boauwiun B. H. Ko6paunoBo#t [1] mpeano-
XKHTb NPOCTYIO CHCTeMy KJacCHpUKaluH MOPOA 1O HPOHHILaeMOC-
TH, NOApAa3JeNuB UX Ha NPOHHLAeMBble, MOJyNPOHHIaEMble U MPaK-
THYECKH HeNMpOHHIlaeMble.

K nponumaemn M (knp>10-2 MxM?) oTHocATCs rpyGoobuao-
MOUHpIe 0CaJA0UYHble MOPOABI (FaJeyHuKH, rpaBuil), CIeMEHTHPOBAaH-
Hble H OTCOPTHPOBAHHBIE MECUAHO-ANEBPUTO-TIHHUACTHIE IOPOADI, TPE-
L[HHOBATble H KaBepHO3HO-TPEILHHHbIE H3BECTKOBO-MarHe3naJ/bHble
opOABl, TpeHIHHOBATHE MeTaMOp(bI/Il!eCKI/Ie H MarmMatuieCkKue mno-
pOZBL.

Kosdhduuuent nopucTOCTH MOPOA C TPAHYJSDHHM THIOM IIOD
Beaquk u cocraBaser 20—40% ot o6beMa mopoxsl. B cucreme mop
HJIH TPEUIHH uMeeTcsl HeOOJbIIOE YHCIO CBEPXKaNUNNSAPHHX, KPyn-
HOKaNMWISPHBIX W KanulJASPHBIX KaHAJOB,

K nmonynponumaeMb M {1074 <Ryp<10-2 MxM?) oTHOCAT-
csl MeHee OTCOPTHPOBaHHBIE FMIMHHCTBIE MEeCKH, HEKOTOPBIE pasHOCTH
aJIeBPOJUTOB M TeCYaHHKOB NMOPHCTOCTbIO MeHee 10—15%, a Tak-
XKe Kap6OHaTHbIe nopoAkl, BKAOYasd MHKPOTPECUIMHOBAThHIE H3BECT-
HAKH H JA0JOMHTHL. IlopOBOE NMPOCTPAHCTBO 3THX NMOPOA B 3HaYH-
TeNpHOM OObeMe npeaCTaBieHo CyOKanuw/ISPHBIMH KaHanaMu, 3a-
HNOJMHEHHBIMH CBA3aHHOH BOJOH.

K npakThuecky HenPOHHILAeMHM (Rp<<10~* MkM?) oTHO-
CATCS IJIMHBL, apTHJAJHTH], TJIHHHCTbIe CJaHIb, Meprequ ¢ cyOxa-
NHJIAAPHLIME MOpaMH, CHJBHO CLHEMEHTHDOBAHHbBIE TeCYaHHKH H
aJIEBPOJIHTHI, MJOTHHE ME€J, H3BECTHSIKH, HEBBIBETpPEJble METaMOp-
GHYeCKHe H MarmaTuyeckue mopoianl u T. U. KosddunueHnr obiiei
MMOPHCTOCTH TIJHH H MEJOBHAHBIX H3BECTHAKOB MOXKET A0CTHUraTb
5()%, a apruaJuToB, CcJAaHIEB, Mepre.neﬁ, MeTaMOpq)H‘-IeCKI/IX U Mar-
maTudeckux nmopox Huxke 6—8%. ITouru Bcs BoAa B TO MM HHOI
CTemeHa CBsT3aHa CcuJdaMd aACOPOIHH U NPAKTHYECKH He MOXKET Ie-
peMewmiaTtbCsl oL BJAHSHHEM TPaIHE€HTOB AaBJEHHsI, CyUIECTBYIOLIHX
B NIpHpOZE.

B onpenenedun HempOHHILaeMHIX MOPOJ He yYTeH (akTop Bpe-
metin. T109ToMy B AOTIOAHRHAT K TRPLIRCACHABIM TPV TATIaM TO-
poJd MOXHO 6bI0 Op BHIAEJIHTHL elle OAHH—TIOPOIB-3K P aH Bl
HedTH u rasa (kp<<l0~® mxm?). Torza mpakTHuyecku Hempo-
HHIaeMble TOPOAH 3afiMyT AHama3oH 1076<Ckyp<10~* mMxM2. B or-
JIUYHE OT IOCJAeIHHX MOoPOAbI-3KpaHH He(bTI/I H rasa O6JlaJ:La}OT Ta-
KO HH3KOH NPOHHIIAeMOCTbIO IJs HeMTH W rasa, Kotropas obeclle-
YiBaeT COXpaHeHHe NPOMBIIJIEHHHX 3ajleXked B TeueHHe reosOrHu-
4eCKOro BpeMmeHH. K mopoiaM-3KpaHaM HedTH H rasa OTHOCATCS
KaMeHHasl COJb, aHPMZPUT, TIHHB c1abomecyaHHCTHIC NJAAaCTHYHBIR
HeTpeL[HHOBaThIe, NMOPOAbl B MHOTOJIeTHeMep3JbiX 3oHax. Juamerp
MaKCHUMaJbHblX NOp B 3THX IIOPOAAX HE NPEBLIIMACT I MM,

Bosee monuas kaaCCUudHUKAaNUst IeCYAHO-aJEBPHTOBBIX INDO-
HUIaeMBIX NOPOX HpeXCTaBjeHa B TalbJ. 6 B AOTMOJHEHHe K OMHCaH-
HO# K/JaccHduKalHHn MOpOA.
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é Ta6auna 6. Kaaccubuxauust flecuano-aaespuroBux nopox xoanékiofés (no A. A, Xawkny m M. H. Kosdckosodt)

Kna r COMD*?“E CymMapHoe | OcraTounad Rapakiepw-
rce | Tommponrep ro || P | s | CRaties | QSRR |y ppuunenr| i
NEKTO- NoMeTpHYECKOR $pake no TPYIOILUX wHx oop, % 2"‘:&:%/;’“;: u-'beTH%%?:n,aab c‘_‘&"‘;"“‘;“:{‘;, APOHHIAEMO
pa LHH) nop, MKM oT %%’;&Ma 06'beM,a Top nop np* C1H lc‘lT:MKo-
[ |TMecyanuxkn cpepmesep-| =17 50—150 40—80 0—17 — Ouenp BHCO-
HHCTHE KO  IIpOHH-
Hecuannku MeJKo3ep- =20 20—100 40—80 020 5—25 LaeMoCcTH H
HHCTHe EMKOCTH
Anesponutn  kpymmo-| 23,5 - — - — =1
3EPHHCTHE
AnespoaHTH Medkosep-| 30 — - — - —
HHCTHe
Il |TMecuannku cpemmesep-| 15—17 40—100 25—50 5—25 — Bricokoft
HUCTHE
Mecuanukn wmenkosep-| 18—20 18—60 30—60 5—30 1035
ZHCTH& 21,5—23,5 0,5—1
JIeBPOJMTH  KPYMHO- ,9—23, — 5 —
3ePHHCTHe Y 12—30 40—80 10—35
AneppomutH  Menko-| 26,5—30
3ePHHCTHE
Il [Iecyanmkn cpemmesep-| 11—I15 20—50 25—40 15—40 — Cpennelt
HHCTHe
IMecyanukn  Menxosep- 14—18 16—40 15—50 15—40 10—45 0,1—0,5
ZHchle 16,8—21,5
JeBPONMTH  KPYMHO- —21,
3epugcrue Py ’ 10—30 25—65 20—45
AnesposutH  Meaxo- | 20,6—26,5

3€PHHCTHE
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6.3. OTHOCHUTEJbHBIE ®A30BbIE NPOHHUAEMOCTH

6.3 1. COBMECTHOE TEYEHHE HECMELIHBAIOULHXCS
TIJIACTOBbBIX ®JIIOH10B B MOPHCTON CPEAE

EcTh ABa mpeAcTaBJeHHS O MeXaHH3Me COBMECTHOrO TeUeHHs
IJTaCTOBLIX (HJIIOHAOB B NOPHCTOH cpefe. CorJsacHo TepBOMY, NO-
Apo6Ho omucanHoMy M. MackeroM, OpH TeueHHH JBYX HeCMeLIH-
BaouIkxcs a3 yacTb HaHOOJee TOHKHX NMOPOBBIX KaHAJOB H YrJlbl
KPYIHBLIX TOp 3aHATHI cMaudBaome# (asol (mIacToBOH BOXOH),
a4 TO OCTAJbHLIM KaHaJaM, cofepXKauidM CMaudBaIoOmyIo XHAKOCTDb
Ha MOBEPXHOCTH TODP, MOXeT NPOUCXOAHThb CTPyHHOe ABHXKeHHe He-
CMauHBaOIIEro H cMayuBamomero (oujoB. KoJH4eCcTBO ABHraio-
pIuxcs GJIOHI0B B KaXKABH MOMEHT oNpejessieTcss BeJHUHHaMH Ha-
CHIEHHOCTH H TPOHHILAeMOCTH cpeibl AJs 3THX ¢mouioB. C poc-
TOM HachbII€HHOCTH NOPOALI 0ZHOH (pa3olt yBeJlHuHBaeTCs AOJS Ka-
HaJoB, o0eceYHBAIONUX JABHUXKeHHe 3TOH (a3wl U yMmeHbluaeTcs JXO-
Js1 KaHaJ0B 1Js1 Apyro# ¢asml.

[Ipu BhITecHeHHH BoAb HedTbio B mpolecce HedTeoOpa3oBaHus
BOJOHACHIIEHHOCTb TMOPOAK moHHKaeTcs. IIpu 3ToM ObICTPO BO3-
pacTaeTr mpoHHIaeMocTb AJs HepTH. OHAKO He BCS BOAA MOXKET
ObITh BhITECHeHa H3 NOPOABL. YacTh ee, CBi3aHHas CHJIaMH aacop6-
OUAd H MeX(pa3HOro HaTAXKEHHs, OCTaeTcs B BHAE OCTATOYHOH BOXBL
{ks.0). TIpH cHHXeHHH BOZOHACHIMIEHHS [0 BEJHYHHBI Ks o IPOHH-
[aeMOCTb MOPOAK AJS cMauHBaiomed ¢(asw oxkasbBaeTcsl paBHOH
HyJ10. BesuuHa kg o B 32aBHCHMOCTH OT MHOTHX (DAKTODOB MOXKET
mensitoes ot 0,15 zo 0,35.

[1pu BbiTecHeHHH HedTH BOZOH B mpoiecce pa3palOoTKH yBeJd-
YHBAETCs HACHIEHHOCTb MOPOALI cMauHBaiomel ¢asofi. [Ipu stom
OPOHHIIAeMOCTh JJS He(TH De3ko yMmeHbluaercss. OnHako He Bcd
wedTh MOXKer OBITh BbITeCHeHAa BOAOH. YacTb ee ocTaercs B IO-
pax Aa)ke IpPH yMeHblIeHHH NPOHUIAeMOCTH IS HePTH 0 HYJA.
IJT0 ocTaTouHOoe HedTEHachNleHHe XapaxkTepusyercd Ko3d ¢ H-
ILUEeHTOM O0CTAaTOWHOro HedpTeHacHIUeHHd Ru.o. Kak
[PABWJO, BETHYHHA Ry o HECKOJbKO MpPEBBINIALT &y o.

Ilpu Hadamuuu B Iopax KoJaekropa Tpex (as (rasa, HedTH H
BOJbl) IPHHIIHT HX paclupepeseHus cXoxeH ¢ AByX(a3HoH CHCTeMOH.
Boxa noJHOCTBIO 3aHHMaeT MOpPHl HauMeHblIero pasMepa, yrihl
MOop ¥ B BHAE TOHKOH NJIGHKH CMaudBaeT ocTaJjJbHble mopbl. HedTs
3aHuMaeT GoJlee KpyHHble TIOPBI, a ra3 — LeHTPaJbHbIe Y4acTKH
HauboJee KPymHBIX HOP, 3aHATHX HedTbIO, H C BOXOH IMpaKTHYECKH
He KOHTakTuUpyeT. BMecte ¢ Tem M. Macker JONycTHJ, 4TO B3au-
MOJIeACTBHe [AByX HecMauHBaloumuxcss gas (HedTH H ra3a) H3yueHo
¢cn1al0 H MOryT CYHmIeCTBOBATb YCJOBHS, KOrja H B 3TOM cJlydae
KPyNHbIe TOPE MOTYT OHITh 3aMOJHEHBI TOJbKO Fa3soM U BOJOM.

OnucaHHoe BhILE NPEICTABICHHE O TEUEHHH HeCMelIHBaIOIHXCS
(JIIOH0B TO3BOJSET HCIOJb30BaTh HHPOPMAIUHIO O pacHpefel]eHHH

108



op 1Mo pas3MepaM JJs OUEHKH JHHAMHKH (a30BHIX IPOHHI@eMOC-
Tel.

Hdpyroe mpencrapieHHe 0 MeXaHH3Me COBMECTHOH (DHJLTPAIHH
TIpeAnoJaraeT TeieHHE HECMEUIHBAIOIIUXCS XKHIKOCTeHd Mo MOPOBBIM
XaHanaM B (opMe 4eTOK HeCMauyuBaomeHd Kugxoctd (HedTH) B
cMauuBaeMo#l (Boae). D10 ImpeAcTaBJeHHe npelnojaraer o6pasoBa-
HHe B mopax He(TAHOH 3MyJbCHH, CO3Jaioulefl BHICOKHe (PUIBTPa-
LHOHHBE CONPOTHUBJIEHHUS B 30He cvecH, 0OYCJOBJIHBAIONIHE CHHXKe-
Hue (Pa30BbIX NPOHUILAEMOCTEMH.

[IpouHocTh 3MyJbCHH, BpeMs ee CYUIECTBOBAHHS 3aBHCAT OT
CBOACTB MeX(a3HbIX MJEHOK, & AHUCIEePCHOCTh ONpPepesseTcs CTPYK-
TYPHBIMH CBOHCTBAMH MODHCTOH CPeAR M CKOPOCTbIO (PHJbTDALHH.
Kak Buano, Takoe mpeacraBieHHe MOXKeT OOBSICHHTb MHOTHE siBJe-
HHus, Habmionawuihecs HpH MHOTodasHo# duapTpaunu. OxHako
Tpounecc o6pasoBaHUs 3MYJbCHil 0YeHb TPYAHO nojxaercs dopma-
AU3aLUH H THADOJAHHAMHYECKOE MOJAENHDOBAaHHe 3TOro mpolecca ¢
HOMOIIBIO KAMUJJSPHBIX U CeTOYHBIX MOJeJeH MOKa He IOJYYHJI0
IpaKTHYeCKOr0 NPUMEHeHH .

BeposiTHO, MOXXHO OymeT JONYCTHTb, YTO B NPHPOJAHBIX yCJIO-
BHSIX MOTYT HMeTb MecTO 00a MexaHH3Ma TeYeHHs, KOrZa OJUH BHJ
JBHUKEHHs (JIIOUI0B MOXKET NepeXOJUThb B APYroi.

6.3.2. METOJIbl ONTIPEJIEJTEHHUSI OTHOCHTEJIbHBIX ®A30BbIX
NPOHHIAEMOCTEHN (0O®1I)

CyuiecTByIOT npsIMBble U KOcBeHHBIe MeToabl onpegedenHus OPII.
K npsMelM oTHocsTcs saboparopHble  MeroAbl: 1) craunnoHapHoH
(ycranoBuBluelicst) ¢uabTpaniu 4 2) BHTecHeHHS. K KOCBeHHBIM:
pacyeTHble METOAH IO KPHBBIM KaNWJISAPHOTO AABJEHHS; MO IPO-
MBICJIOBBIM AAHHBIM; [0 ZAHHBIM Treo(H3UYECKHX HCCAeR0BaHHH
«ckBaxuH [30, 33].

Haubojiee mocToBepHBl HOpsAMBIE Ja60paTOPHBIE MeTOALI OIpe-
Jenenuss OPII,

Has cobaiogeHnsi reOMeTpHUECKOro mogobust JaabopaTOpPHOro
mozeanpoBaHus . A. ddpoc pekoMenayer coBII0LaTh COOTHOIIE-
Hue:

(kHD/LZ)MOAeJIb = (kHD/LZ)HaTyDat (6. 33)

tae L — gnuna.

B skcrnepuMeHTax IO CTALHOHAPHOH (HAbTDAIHH ycaoBHe (6.33)
MOXKeT ObITh COBJI0ZEHO NIPUMEHHTETbHO K 3JME€MeHTY maacTta (Tpyo-
Ke TOKa), T/le CYMIECTBYIOT T€ JKe YCJIOBUS (QHIbTpAIlMH, YTO H B
Jaa60paTopHuH.

B 1200paropHBIX ONBITAX [0 METOAY BEITeCHEHHS HPHOJHIKeH-
Hoe mono6ue cobamogaercs 3KCHepUMEHTaJbHBIM NoA060pOM CKOpo-
CTH BBITECHEHHS TakK, UYTOOH CHEJaTh  BBIIOJHHMBIM  yCJOBHE
(6.33). BribpanHasi CKOpOCTh BHTeCHeHHsi 6yzeT 3aBUCETh OT 0CO-
OeHHOoCTEeH n3yuaeMoro o6bekTa.
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Puc. 29. Kpupeie O®PII necuanuxom
nnacra ABs—3; Camortaopckoro Mecro-
POXKIEHHS:

a — TPAQUUHOHHKIE IIKaJdbl; 0§ = HOPMHPO~

BaHHbBle KOOpRHHaThl. IlIH¢p Kpusblx — abco-
JIOTHasA NPOHHLAEMOCTDh, -10—-% mxM?

i 1]

Puc. 30. Bausune rufipoOOHOCTH KOJI-
JekTopa na Bui Kpupax OPIL

Topoan. [ — raapodnapusle, 2 — ruapodob-
HbIC

Ha ocnoBannn n3yuenus oGpasnoB KepHa NmOJy4alOT 3HAYCHHR
OIl®, orobpaxarouine cBoiicTBa KOHKpETHOH mopoAel. Ha pHc. 29, a
H3obpaxeun ycpennenubie kpussle O®II, moayuennbie METOAOM
ycTaHoByBiueic AByxda3Hofl GHABTPaNHH Ha KoANeKIHH 06pasuoB
TIONMHMHKTOBOro necuadnka ABi.—; Camornopckoro HepTAHOTO Mec-
TOPOXKAeHHS.

B cuny cnenHdpuueckoro cTpoeHHs mOpOBOro MpocTpaHcTBa KpH-
Brie O®IT aJs HePTH B 3THX NOPOAaX pas/AedHAHCh N0 abCoaOTHOR
npoHunlaemMocTH. 3aucuMocty OQPIl nmns BOABI XapaKTEpPH3YWTCS
onpHo#t Kpuso#i. Hjs Toro uro6nt y6enHThCcs, ute Bce KpuBrie OOIT
AJs nedTd mpuHALNeXaT ORHOMY JHTOTHNY, IePecTpauBaloT KpH-
Bble B HOpMHDOBAHHBEIX KOODHHHATaX MO CHOCOGY, NMPeAJOXEHHOMY
P. KonnunzoM. HoOpMHpOBanHHe 3HaueHHS BOXOHACHILEHHOCTH

onpenesioT:

k*y= (ka ~ ks, o)/(1 - ks. o= ka. ok (6.34)
CooTBeTcTBYWILHE HOPMHPOBaHHEE 3HaYeHHsT OPIT:
{6.35)

= T — T T —
k np.B knp. B/knp. HBO? k op.s— kDD. B/knp. BHO»
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A€ Kupuso M Rupsno — OTHOCHTENbHEE NPOHHIAEMOCTH a5 HedTH
# BOJBI COOTBETCTBEHHO NPU OCTAaTOYHHIX BOAO- H HepreHacHINeHHH.

Kpuspe O®II ans HedTH B HOPMHPOBAaHHBIX KoopAuHaTax (CM.
pHc. 29, 6) onuchBawTcs enHkodl kpusol. CoxpahHuaach eguHol 3a-
BucuMocTs O®IT nnsa BoAW, YTO sBASIETCA NPU3HAKOM €IHHOTO JH-
TOTHIIA H3Y4eHHOH NOPOAH, HMeluled ONHHAKOBYIO CTPYKTYpY HoO-
posoro npocrpancrda. Ilocnennee 06CTOATENBCTBO  NO3BOJASET HC-
NOJAb30BATL Jab0opaTopHbe 3aBHCHMOCTH B HOPMHDOBAHHBEIX KOOD-
JAduartax pas pacuera O®II obpasnos ¢ pasanunolt abconawOTHOH

HIPOHHIAEMOCTBIO, Ho ofnafanmuX Nogo6HOH CTPYKTYpOH MOPOBOTO
NpOCTPaHCTBA.

Ha xapakrep skcnepumenTanbinXx Kpushx O®I1 moMumo cTpyk-
TYPH MOPOBOrO HPOCTPAHCTBA OKA3HBAKOT BJAHSHHE TaKXKe paf APY-
THX (AKTOPOB: NMOBEPXHOCTHOE W MexK(a3Hoe HaTsIKEHHs; THApPO-
$o6HOCTb KONJIEKTOPA, TEMIIEPATypa; CKOPOCTh (HHABTpAIHH; H3Me-
HeHHe HAUpPAaBJCHHS HACHIIEHHUS H Ap.

Tlpn cHuxeHHH MexXda3HOro HaTAXKeHHA ¢ ¢a3oBhe NpPOHHIAE-
MOCTH HE3HauuTeJbHO Bo3pacraiT U Kpusele OPII nmogHHMawoTcs.
IlporunaeMocts piasa HedTH CyuiecTBeHHO Bo3pacTaeT JHIIL NPH
OueHb HHU3KHX 3HaUYeHHAX o (MmeHee 10~° H/m). YBenuuenue ¢ cy-
JKaeT AMAaNa30H coBMecTHoro TeueHHs duawouaos (. O. Amaedyan,
JI. JI. Xarnu, 1982 1.).

I'uapodobH3anusa KONNEKTODOB B NPHPOAHBIX  YCJAOBHAX 00y-
CJIOBJeHA ancopOuHell Ha NOBEPXHOCTH MOPOAW IOAAPHBIX KOMIIO-
HeHTOB HedTd U GuryMoupnoB. C yBenuueHneM TUAPOGOOHOCTH TO-
BepXHOCTH mepeceueHde KpuBuXx OPIl cMemaerca BaeBo, B cTOpoO-
Hy CGojee HM3KUX BopoHachueHuit (puc. 30). B cooTsercTBuH ¢
STHM OTHOCHTeJbHAS NPOHHIAEMOCTb AJs BOABI CYIIECTBEHHO BO3-
pacrtaer, a paa HepTH — cHuXKaercsa. KpoMme ToTro, oTHOIUIEHHE OTHO-
CHTCJBHOH NPOHHLAEMOCTH OAsl HE(TH IPH OCTATOYHOM BOINOHACH-
meHHH (Rnpwso) K OTHOCHTE/IBHOH UPOHHIAEMOCTH AJSl BOAW NDH
OCTATOYHOM He(pTeHACHIUEHHH (Enps.wo), paBHO 0,3 B ruapoduib-
HHX Koanekropax U Oausko Xk I B ruapodobumx (C. I'. Pasa,
JI. E. Tpeiibep, /. JI. Apuep).

C yBesHueHHEM TeMIepaTyphl YMeHbIUAETC NOBEPXHOCTHOE Ha-
TAKEHMe, U3MeHseTess MexbdaszHoe HaTrsKeHue, yBelHYHBAETCH
ruapopuapHocTs noponbl. C yBenHuenHem remmeparypel O®II mis
HedTH pacTer, a 4751 BOABI U3MEHSETCS B TY HJH LPYTYIO CTODOHY
(xpuBbie O®II cmeurarorTcss B CTOPOHY ITOBHILIEHHHIX BOJOHACHIIe-
HHH, ocoOeHHO NpH HH3KOM Mexdasnom HarskeHHH), OO®II nas
rasa npakKTHYeCKH He H3MEHSIOTCA OT TEMNEepaTypHI.

3naueda OPII ¢ yBenHueHHEeM CKODOCTH (HABTPALHH Bo3pac-
tawT. M xors QU3HIECKas CTOPOHA 3TOTO sBJCHHS He COBCEM sCHA,
onuTe no onpepeieidi O®Il pekomenayercs mpoBOAHTL Ha CKO-

pocTaix GHILTPaAuuH, 6AH3KHX K NMJAACTOBHM YCJOBHAM KOHKpPETHO-
TO MEeCTOpOXKAEHHUSA.
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Co cxopocThio (QHABTpALHH CBA3aHO BO3HHKHOBEHHE TaK Hashi-
BaeMHX KOHIUEBBIX 3((heKTOB — NoBHIIeHHe HaChIU[eHHOCTH KepPHOB
cMauusawuiedt (asoit (Bomgo) Ha BHIXOZHOM KOHIE, a TakKXe Ha
CTHKAX cocTaBroro ofpasuna. C yBejdHueHHeM CKOPOCTH (pHAbTpa-
NHH KoHueBol adgekr cuuxaercs (T. T. Puuapacon u mp.). ITH
oGcrodTeIbCTB2 TPEGYIOT HCNOAB30BAHUSA AJHHHBIX 06pa3nos (B KO-
TOpPBIX KOHUIEBWe o6paslu HIPAalwT poJb HacaloK, a H3MeperHe
NPOU3BOAMTCS B LEHTPE) H TwaTeIbHoll IpuinaH@oBKH 00pasnos.

Tlpouecc BHITeCHeHHA HecMaudBawiied ¢dasut (medTH) CMauH-
Bawmell (BOAOH) HA3BIBAOT BIUTHIBAHHEM MKUAKOCTH, oOpaTHHIH
NpOLEeCC — BBITeCHEHUE BOJABI HEe(THIO — ApeHHpoBaHueM. llpH Io-
CAeOBATETHLHOM IPOBEACHHH 3THX ABYX TNpOHECCOB Ha KpPHUBHIX
O®I1 nabawonaerca rucrepesuc, oObACHAWUHACA HeageKBaTHHIM
pacmpenencHueM HedTH B Nopax IIPH TEUEHHH 3THX IIPOLECCOB.
OcoGerno 3aMereH rucrepesnc kpusbix O®II aaa HecmauuBaoIen
tbazu (medrH).

Tpexdasnas c¢uaprpanua (Hehth, ras U BOAA) MOKET HMeThb
MecTo NpH pa3paloTKe MeCTOpOXKACHHN HedTH Ha NMO3AHeH CTaAMH,
ra3oBEIX MECTODOXKACHUH ¢ He(TAHOH OTOPOUKOH, IpH 3aKaUYKE [a-
32 HJH BOAOra3oBHIX cMeced B He(TAHOHU NJacT.

PeayabraThl sKCIepHMEHTANBHBIX HCCJAenoBaHU#  TpexdasHoh
dunpTpanuy BecbMa HemHorouncnenHun (M. K. Jleseperr, B. B. Jle-
Buc, 1941 r.; B. H. Koyaen u ap., 1951 r; C. A. Kyuaux, 1960 r.;
C. H. Tlupcor u ap., 1964 r.; B. A. lBanos, 1965 r.).

PesyabraTHl u3MepeHHHA OTHOCHTENBHBIX IPOHHIAEMOCTEH NpH
tTpexdasHoll duAbTpaUHH NPHHATO H306paxkaTh B BHIAE TPEyroJb-
HHX A”arpamMm (puc. 31) uau 3anaaBaTh B BHIAe TaOJHL,

PesyapraThl GOJBIIHHCTBA H3 YKA3aHHBIX BHIIE aBTOPOB Kaue-
CTBEHHO COIMIacywTcsi ¢ nepBbiMd AanHuMH M. K. Jleeperra na
HaCHIHOM TPYHTE, KOTOphE c(POPMYJHPOBAHH CJAeAYIOUIHM o6pa-
30M:

IPOHHLUAEMOCTh IJs BOABI 32BHCHT TOJABKO OT BOAOHACHIUIEHHO-
CTH;

NPOHHLAEMOCTh [Js He(TH H rasa 3aBHCHT OT HACHIIIEHHOCTH
BCex Tpex ¢as;

IPOHHLIAeMOCTh AJIfl ra3a B TpexdasHoll cHCTEME HeCKOIBKG HH-
XKe, 4eM TUpH TOH JKe ra30oHachleHHOCTH B IBYX(Aa3HOU CHCTEME;

IIPOHHIAEMOCTb AJsl HePTH B Tpex(pasznoil cHCTeMe MOMKET OHWTh
Gosblle HJIH MEHBIIE ee NPOHHIAEMOCTH B JByX(da3Ho#i cHCTeme
NpH Tex Xe Ko3(phHuHeHTax HedTeHaChIIIEHHUS;

(ha30BBle MPOHHIAECMOCTH AJf HedTH, ra3a H BOAbl He 3aBHCAT
OT BA3KOCTH He(DTsHON (a3

CYLIeCTBYeT CPaBHHTEJIbHO HeGoablias 06aacTb, B KOTOPOH mpo-
HCXOAHUT (GUABTPALUA BCEX Tpex ¢as.

B KonMHYeCTBGHHOM OTHOIIGHHH pe3yabTaThl pPasHLIX aBTOPOB
CyLIeCTBeHHO oTnHuawTes. OueHy MHOrO elle HEACHOIG B MEXaHH3-
Mme Tpex@asHoU ¢GpUABTPaLUH.

112



00 % cas p 100 % zas

ALY
/NN \

0% 9
1009 190 . 100 %2
ﬂﬂ%a 1w ng ooz wegimn
—_—] —————
700 % cas

/N
VA
AAXN\
A\‘A’&\‘X‘X\Y‘NA 100% 48 o4 Okg

Hegmy Puc. 32. Tlpumep pacuera GyHKUuM
(1) OPII (1/pP=f(ks) mo KpHBOR
(2) KamuanApHOro MAABJACHHS py=

d B

Puc. 31. JInHuu paBHo#l DpOHHIAEMOCTH Aas wedTH (a), raza (6) u BoAsl (8).
OTHOCHTe/IbHAasi MPOHHLaeMOcTh, %, mo nanubiM: [/ — M. Jlepeperra, B, Jlepuca (1941 r.);
2 —P. Cpeana (1962 r.); 3 — C. A. Kynausa (1960 r.)

TakuMm o6pa3oM, IJfl [OBBIMIEHHS NOCTOBEPHOCTH mabGopartop-
Heix onpenenenuii O®PIl uccnenoBanus HeoGXOMHMO OPOBOAHTL C
COOMI0AEeHHeM BCEX KPHTEpDHEB MOAOOHS HATypHEIX U JabopaTop-
HBIX ycaoBuil, C 3TOH HENAbH MOJKHBI HCIOJb30BATHCA €CTECTBEH-
Hble KeDHBHl OpOA, HATypaJbHas HedTb H MOAeab J1aCTOBOH BOAHL,
NPHPOAHBIE NABJEHHE U TeMIepaTypa.

B pacuerHplx MeTOndX HCHOAb3yeTcst ypaBuenue Y. [lypcena,
VCTaHaBJHBaWIlee CBA3b MEXAY MNPOHHIAEMOCTbIO Ryp, MOPHCTO-
CTBI0 Ry M KPHBOH KATMHAJSPHOTO NABJCHHA pP=](ks):

1
ky (o cos 0)2 dky
k.= A 6.

P 8 S P (ky)’ (6.36y

0

rle 0 — NOBEPXHOCTHOE HaTsxKeHHe; O-—yron CcMaYHBaeMOCTH;
A — auronoruuecknii Koaddunuenr, onpenesennnit H. Bypaaiinom
KaK OTHOCHTE/NbHasl H3BHIHCTOCTb MOPOBBIX KaHAJOB.
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Ha 3Toii ocHOBe moJyueHH pacd4eTHeie QOPMYJH AJS pacuyera
OTHOCHTE/NLHOH NPOHUIAEMOCTH MJ5 cMaduBawoueii (Boia) H He-
cmaunBatomiefl (Hedrs) das:

k 1

- (kf,—ka‘o 2§ dk, 5 dhes
BTN\ T ko) J P | J P
0 0

1 1
E (1 ks — ks o )25‘ dkg S‘ dky
mp.m L —kp 0—bku o % P | o % '
B

0

(6.37)

Metonuka pacuera O®Il no KpHBHM KaOHJAJSPHOTO AaBJaeHHS
CBOAHTCA K CAeAylmeMy. JKCIepUMEHTAJNBHO ONpee]eHHHE KPH-
Bble KaNHJAJfIDHOTO JaBJeHHsi px=[(ks) mepecTpauBawTcs rpadu-
yeckH B ¢yHKIUWO 1/p%c=f(ks) (puc. 32).

Jas BHIOGpaHHBIX 3HAUEHHH Rs PACCUHTHIBAIOT 3HAUEHHS HHTET-
panoB B ¢opmynax (6.37). 3HaueHHSi HCKOMBIX HHTErpajoB COOT-
BETCTBYIOT IJOMIAaA¥ NOA KPHUBOH 1/p%c=[(ks) Ans 3amaHuBIX mpe-
LeJIOB HHTErpHPOBaHHA. 3arTeM, 3a/4aBafick BEJIHYHHAMH Ko H
k.0, onpeneasiotr OOIT,

KanunnsipHeie KPUBHE MOXHO HCHOAb30BATH AJdf BHUHCJAEHHSA
O®II no Goaee cAOKHLIM TPEXMEDPHHIM CETOUHBIM Moxeasm (DaTT,
EntoB u Uen-Cun, Cadpdpman, Huxonaesckuit). Opuako B 3ToOM
caydae TpeOyIOTCH BRIYMCIHTENBHEIE IPOTPaMMBL

B meronax onpespenenuss OPIl no nmpoMmblciOBHM H reodusu-
YeCKHM JAHHBIM MHOTO HEOAHO3HAYHOCTH H OHH HE NOJYUHJIH WIH-
POKOTO pacnpocTpaHeHHs.

KOHTPOJIbHBIE BOITPOCDHI

1. Hanuwure ypaBueHue Jlapcu gas (QUIABTPALHH XKHAKOCTH H
’a3a B NMOPONAX C MEeXK3EPHOBOH MOPHCTOCTBI; B 4eM 3aKawuaercs
yaznuque?

2. Kak onpeaensiiorcsi ko3b(dHUHeHTH a6con0THON, HasoBoil U
JTHOCHTEJBbHOW MPOHHIAEMOCTH TOPHRIX mopon?

3. B uem 3akmawouaeTcs CYIIHOCTL ypaBuenHsi Kozend — Kap-
maHa? Kak MOXHO HCIIONb30BaTh 3aBHCHMOCTH M3 HET0 BHITEKAIO-
mue?

4. Kakue BeJUYHHB! ONPENEJSIOT NPOHHIAEMOCTH TPEUIHHOBA-
rwx mopoa? Ilouemy mpoHHIaeMOCTb KePHOB NOPOA He Bcerpga
MOXKeT [PEeACTaBAATb HPOHHIIAEMOCThb IIOPOA B €CTECTBEHHOM 3a-
nAera’vuu?

5. Kak uaMensierca HPOHHIAEMOCTb TOPHBIX HOPOHN € MexX3ep-
HOBOH MOPHUCTOCTBIO OT IIYOHHH 3aneranns? HasoBurte riasuble
OpHYHHK,
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6. Uro rakoe ynpyrue (oGpaTHMHE) H3MEHEHHS MPOHHLAEMOC-
TH ropubix mopo1? Korma rpebyerca OnmpefessiTb 3TH H3MEHEHHs?
KakoBa ux BenuuuHa?

7. OtHocHTenbHHE (ha30BHE NPOHHILAEMOCTH TOpHHX nopod. OT
KaKHX IVIaBHLIX (paKTOPOB U3MEHSIETCSl WX BEJHUHHA?

7. 3JIEKTPUUYECKHE CBONCTBA

7.1. TEOPETHUYECKHE OCHOBDbI
JIEKTPHYECKHX SAIBJEHKHA B rOPHbBIX MNOPOOAX

Ilo MakcBeany nJOTHOCTH HOJHOTO 3J€KTpHUEC-
KOro TOK a B cpejie OIPeEseTCsl BHPaKeHHEM

Fnonn = Jup =+ Jem (7.1p

THE jup, jem — IVIOTHOCTH TOKA NMPOBOAHMOCTH H CMeElleHHS.
B coorBercTBHH ¢ 3aKOHOM OMma B pubpepennuaipioit popme

jup=0E, (7.2)

raie o—ynpeanHas OpOBOAHMOCTL CPEIH; E— HanpsiKeHHOCTb
3JEKTPHUIECKOTO IO,
—

BeanuuHa jo, 00 MakcBesaay onpenensieTCss BHpaKeHHEM
fou = 0D/t = e, O ot, (7.3)

— —_
rie D=gaF — WHAYKIHA 3AeKTPUIECKOTO NOJS, &£, — abCcoMoTHas
JAU3JEKTPHUECKasi IPOHHIIAEMOCTb CPEMBbl, IPHYEM g5==gg&o, TE & —
OTHOCHTEAbHAS JAHIAEKTPHUECKAS] NOPOHHIAEMOCTH CPEeALl, go=
=8,85-10~12 d/m — 3nauenne ee B BaKyyMe.

Takum o6pasom:

- - -

Jaomn == OF -+ &,0E/0f. (7.4)
B nose, rapMOHHYECKH H3MEHSIIONIEMCSl BO BPeMEHH C YacTOTOH ©

- - . -

Jaomn =0FE +iwe,E. (7.5

B MOCTOSIHHOM ¥ HM3KOYACTOTHOM HEPEMEHHOM MNOJISX TMOJHBIH TOK
Onpeaeasercsl NEeJHKOM TOKOM NOPOBOIHUMOCTH. B BHCOKOYaCTOT-
HOM NEePEMEHHOM MOoJe MOJHBIH TOK sIBISETCS CYMMO# TOKOB Ipo-
BOAHMOCTH H CMEIeHHUs.
Tok TpPOBOIHMOCTH BO3HHKAeT HENOCPEACTBEHHO NOHN AeHCTBH-
— —_
eM ajekTpuueckoro moas E. Kak caenyer u3 (7.2), BeqHuuHA jnp
ompeneasercsa suauenueM o= 1/p.
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ITpoBogHMOCTL Cpesbl — CMOCOGHOCTh MPONMYCKaTh 3JEKTPHUeC-
KU TOK, CONpOTHBJEHHe — CNOCOGHOCTh NPEeNnsiTCTBOBATb MPOXOXK-
JeHHI0O TOKa. YaoeabHas 3JAeKkTpHUYeCcKas MNPOBOJH-
MOCTDb CPeIHl ¢ W €e YAEJbHOE 3JeKTPHUECKOE CO-
NPOTHBJAEHHE p! paBHB COOTBETCTBEHHO mNPOBOAHMOCTH X H
conporuBieHuo R emunuubn obbeMa (1 M3) cpean. PasmepuocTs
-0 4 p coorBercTBenno Cum/m H OM- M.

IlpoBoauMocTb cpefbl o0YyC/OBeHA MePEHOCOM 3JeKTPHUECKHX
3apsiA0B CKBO3HBIM TOKOM -— 3JIEKTPOHOB, HOHOB, OBIpOK. B Bemre-
TBaX C 3JeKTPOHHON MpoBoAHMOCTBIO (MeTalssl, TpaduT) TOK pac-
TpoCcTPpanseTcss 6Jarofapsl ABHKEHHIO 3JEKTPOHOB. B IH3JIeKTPH-
XKax npHpoja NPoBOAHMOCTH HOHHAsA, B MOJYIPOBOAHHKAX — LbIPOU-
Has. PactBopH 3JeKTPoHTOB 061a8a10T HOHHO TTPOBOHMOCTHIO.

B BHICOKOYACTOTHOM [O0Je B Cpeaax ¢ HH3KOH MPOBOAHMOCTBIO,
JIPeACTABJCHHHX AHIEKTPHKAMH H NOJYNPOBOLHUKAMH, HAPSAY CO

—

«CKBO3HBIM TOKOM jcxs NMOSIBJASIETCS PE&JTAKCALHOHHAS COCTABJSIONIAS

TOKA jpes, OOYCJAOBJACHHAS TOJASIPH3AUMed dacTHU cPpeibl. B pesynb-

Tare MOJSPH3AUHU HAPALY C OCHOBHBIM [I0JIeM BO3HHKAeT NOMOJ-

HUTe/BbHOE, HANPABJEHHO® NPOTHBOMNOJOXKHO OCHOBHOMY, HOJSPU3Y-

I0OUIEMY. H_(Znﬂpnaauﬂﬂ P uponopuyoHalbHa UOJSPHU3YIOLIEMY TO-
-

Jw: P=okF, rae a — 0oAspU3yeMocTb cpelnnl. IToaspusyeMocTs xa-
pPaKTepHa, KaK OPaBHJO, AJA CPel ¢ HH3KOH MPOBONHMOCTBIO — JIH-
3JIeKTPHKOB. JIt06oe BelIeCcTBO €ocob6HO OLITh NPOBOJAHHKOM H MO-
JISIPH30BATHLCA; B OOIIEM CJIyuae ero OTHOCHTEJNbHAS AHAJICKTPHYEC-
Kasl IPOHHL2eMOCTh olpenensercs Kak ¢=I[+44na. Pasznuuzaior no-
JISIPH3AUHH CMENIEHHS, OPHEHTAUHOHHYIO, CTPYKTYPHYIO.

[.MMonsapusanus cMeuUeHUSN COCTOHT B yNPYroM cMe-
IMCHUH 3apANOB [oJ AeldcTBHEeM BHelunero moasi. K 3Toit rpymne
OTHOCAT 3JEKTPOHHYIO, HOHHYIO H ATOMHYI0 TOJSAPU3AIHUIO,

DNeKTpPOoHHAs NOJSPH3AUHS 3aKIHOUACTCA B CMelle-
HHH 3JICKTPOHOB aTOMa OTHOCHTEJIbHO €0  fApa, XapakTepuayer-
sl BpeMeHeM T CMeLIeHHS W peaakcauud nopsapka 10715 ¢, we 3sa-
BHCHT OT 4aCTOThl 0Js o BIJIOTh A0 OUTHYECKHX HACTOT, Hab/awona-
€TCSI B TBEDIHX, KHAKHX U ra3o06pa3HbIX Bel[ecTBAX.

HMoHunas nonsApu3alUs UPOUCXOLUT B TBepAKIX Teaax ¢
HOHHOHN KPHCTaNJIHUeCKoH DEIIeTKOH, BHIDAXKAaeTcs B YNPYroM cMe-
IIEHHH HOHOB OTHOCHTEJBHO Y3JOB PelIeTKH, XaPakTepH3yeTcs T
10—12—10-"3 ¢.

AtoMHasa Toasipu3alds HabawopaeTcss B BemlecTBax ¢
.BaJIeHTHBHMH KPUCTAJN4aMH, ¥ KOTOPBIX aTOMEl COENHHEHH B MoJe-
KyJbl Gaaropaps oGMEHHOMY B3aHMOIEHCTBHIO BaJEHTHHX 3JeKTPO-
HOB. BpemeHa cMelueHua u pedakcalud t=10"11+10"1° ¢, Beure-
CTBa C MOJsIpH3aLHeH CMELIeHUs] XaPAKTEPH3YIOTCSl 328 PeNKHM HC-
KJAKYeHHeM 3HaueHUsiMH € oT 4 mo 12.

! B panbHefiuiem — nMPOBOAHMOCTE (@) H YAeAbHOe CONOPTHBJAEHHE (p).
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2. OpueHTanHoHHag (pelakcallHOHHAs, JunoipHAA) IIO0-
JApH3amHA obycaosjieHa HajlHuHeM B AHIIEKTPHKE NOJAPHHX
MOJI€KYJ, KOTOphIe pacnoJaralorTcs BAOJb CHJAOBBIX JHHHH TNOJSPHU-
BYIOLLEro HoJs, XapakKTe€pHa AJisl JKHUAKOCTH C NOJSAPHWMH MOJEKY-
JIaMH Tpexkje Bcero AJs BoAbl. Bpems T CocTaBiaser 10-7+ 1010 ¢,
3HaueHHs € AJa JKHIKOCTeH ¢ ODHEHTAUHOHHOH moasipH3alHed oT
Heckoabkux eguHun go 80 (Boga).

PasuoBuaHocTs OpHeHTaLLHOHHOf/'I NOJSIpH3AUMH ABJASETCA HOH-
Hast (He CMeLIHBaThb C HOHHOH mHoJspH3anded cMmeuwlehHs), Xapak-
TepHa JJAA KPHCTALJIOB €O ¢1ab0CBA3aHHWMH HoHaMH, HalpUMep
JJs TIHHHCTBIX MHHEpAaJoB, COJepPXKAlUIHX B pelleTKe THAPOKCHJIb-
Hylo rpynny. Takue MHHepa/inw HMEIOT 3HaueHHsa ¢>10—12, 1. e.
Gosiee BBHICOKHE, UEM GOJBLIIHHCTBO MHHEpPATOB, [jisi KOTOPHX Xa-
pakKTepHa NOJisIpH3alLHs CMELIeHHSsT,

3. CTpykTypHas mnoJasdpH3allHs Hafmogaercs B He-
ONHOPOAHBIX CpellaX ¢ MexX(pasHbIMH TPaHHIAMH, XapaKTepH3yeTcs
3HauenusaMd 1 1071—10=% ¢, B 3aBHCHMOCTH OT cocTasa rpaHHua-
wHx (a3 pasiHYanT MHrpanHoHHyw (t=10-6=-10-3 c), Ko H-
HeHTpauHoOHHO-IHOPy3uounyw (t=10-1=10c), 31K T-
PONHTHUECKYIO (T—eIHHHLB, JAECATKH CexyHm H OGoJjee)
monsipusauno. CTpyxTypHasi, NO-BHAUMOMY, HE Hrpaer poJd MPH
H3YUEeHHH € B NOJIAX ¢ yacToTOH GoJiee €AHHHI Merarepll, HO SBJS-
€TCsl OCHOBHOW B (pOpMHUpOBAHHH moJieH, H3ydaeMux MeToaom BII.

Obocobaennyio ob6JaacTe COCTaBJAIT SBJIEHHS caMONpOH3BOJb-
HOH MoJApH3aLHH B HOHONPOBOASILIHX IOPOAaX, BosHHKaWLIEH 6€3
BO3/efiCTBUS BHELIHEro 3JIeKTPHYECKOTO HOJS.

BaxHeHlldHe BHAL NONSPDH3AUHU TOPHBX MO-
pPon.

1. lonsipH3auusa mopol moj Bo3AeHCTBHEM BHeLIHEro 37MeKTpH-
YECKOTo M0Jid.

1. MMoagpu3anusi CMeLIeHHsT 3apsAOB (37eKTpoHHasi, HOHHas,
aroMuasi). Bo3HHKaeT B rasax H TBEPABIX [NH3JeKTpHKaX; [=
=108=107 Ty t=10"15=10"" ¢; e=4-+12.

2. OpHeHTalHOHHAsA HoJsipu3alusi. Bo3HHKAaeT B Bojge H HEKOTO-
poix rasax: [=10°=-107 Ty ©=10""=10"7 ¢c; &=3=-80.

3. CrpykrypHasi moispusanus, Bo3HHKaeT B HeoJHOPOAHBIX
noHONmpoBOAAWHX wmopoAax; [=10=-10% T'u; 1=10-6+10-3
Az=2-10"2+5,0%.

4, SneKTponHTqucxaﬂ [IoJisipH3alHsl. Bossugaer B nopojuax,
COMEpKAUHX BKIOUEHHS 3JIeKTPOHOUDPOBOASIHX MHHEPaJoB (pYi,
yraei); f=10=10° T'y; t1=10°+10"" ¢; Ax=2--40%.

1I. CaMmonpoussoJibHaa HOJNSAPH3ALHsA B HOHONPOBOASNIHX HOPO-
Jax c pa3BHTOH MmexdasHoid moBepxHoCThIO. Bosuuxaer 6€3 Bos-
JeHCcTBHSI BHEIIHETO 3J1eKTPHUYECKOTO HOJIsl.

1. Juddysuonno-aacopbunontas noiaapH3antyg; A,,=0—70uMB.

. 2. ®uabTpaudouHas noaspusanus; Ap=0—2 mMB.

3. OKHCAHTENbHO-BOCCTAHOBUTE/IbHAS TONAPH3aIHs.
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7.2. 3JIEKTPONIPOBOAHOCTDb (YAEJIBHOE
CONPOTHUBJIEHUHE) U AUIJEKTPHYECKAS
NNPOHHUAEMOCTb MUHEPAJIOB, )KHAKOCTEH H TA30B

7.2.1. TBEPJAS ®A3A — MHHEPAJIbI

Ilo BenHuHHEe W NpHpPOAe NPOBOLUMOCTH H JH3JEKTPHUECKOH
OPOHHIAEMOCTH BhLIEJASIOT TPH IPYIIIBI MHHEPaJa0B.

1. CaMopoiHBe MeTaJdJdbl U HX NPUPOXHBle o6pasoBaHHs, Tpa-
(hHT — BelllecTBa ¢ 3JeKTPOHHOH NPOBOJHMOCTBIY; HX YHAeJdbHOE CO-
npoTusJeHHe o cocraBisier 10-8+10-° Om-M, 3HaueHHE JHIJIEKT-
pHUECKOH MPOHALLaeMOCTH & CTPEMHUTCS K 6ECKOHEUHOCTH.

2. Boabmas wacth OKCHAOB, CYJAbMHAOB, apceHHIOB, cejeHH-
JOB — MHHepaJbl ¢ JeKTPOHHOA H ABIPOYHOH OPOBOAHMOCTBLIO,
B OCHOBHOM NOJYIPOBOTHHKH; p ?ToH rpymnel  10-%--108 Owm-wm,
¢ Hepeako Gosbine 80, HanpuMep y apCeHOmHDHTA, rajeHUTa, MO-
JAHONeHHTA, PYTHIa, NHPPOTHHA. BBICOKHE 3HAYeHHA & obycJhaoBie-
Hbl HajiH4HeM B THX MHHEPalaX BLICOKONOMADHBIX HOHOB aTOMOB
KHCJAOPO#A, CepH, MedH, Xesae3a, cBHHHa “ ap. OpHako B 3Tof
rpynne OPHCYTCTBYIOT TakKXKe MHHePaaH ¢ HeOOJIbIIMMH 3HayeHHsA-
MH £ U BBICOKHM p (cdasepHT, KHHOBapb, aHTHMOHHT).

3. Bonbirag yacrb MHHEPaJoOB TPpeTheHl IPYNIbl— THIHYHBE JH-
9JeKTPHKH C yIAeJbHBIM conporHBiIeHHeM oT 5-107 go 3-10'¢ Om-m
(zame reern p>>10" OM-M) H AMJEKTPHUECKOH IIPOHHIAEMOCTBIO
e=4-+12, npuueM pnJs OOJBIIHHCTBA MHHEPaJOB XapakTepHH g=
=4--8. [IpoBQIHMOCTD MHHEPAJIOB TpeTbell IPYNNL — HOHHAS, A
HHX XapaKTepHbl pa3JjHUHbe BHAK NOJSPH3anHH cMenieHHs. K aToi
TPYINE OTHOCHTCA OOJbMIMHCTBO TOPOACOOPA3VIOUIHX MHHEpaJoB
OCafOYHBIX TOPON — KBapll, MOJEBHE [INaThl, KaJbIHT, AOJIOMHT,
THIC, aHTHAPHT, FajauT, CHAbBHH. OTAe/IbHBIE MHHepaJbl 3TOH rpym-
Ibl OTJHYAKTCs NMOBHUIEHHRIMH 3HAauYeHHSIMH €: aqamas — 16, cepu-
IHT (rHpocawna) — 19—25.

BiusiHue temnepaTypn T Ha mapaMeTpsl p H & pasJUUHBIX MH-
HepajioB HEONUHAKOBO. YNe/ibHOE CONPOTHB/EHHE  [POBOAHHUKOB
(MHHepaJibl TepBofi rpynmnel) ¢ pocroMm T pacTer 6i1arozaps Bo3-
pacTaHHI0O HHTEHCHBHOCTH KOJIeGaHHH HOHOB KDHCTaJIIHYECKO# pe-
IIETKH, UPENSITCTBYIOUIHX TePEMEUIEHHI0 3/1€KTPOHOB; p MOJIynpo-
BOJAHHKOB H NH3JeKTPHKOB HAUDOTHB YMeHbIIaeTcss ¢ poctoM T
Giiaromaps: BO3PaCTAHUIO KOHLEHTPAlHH CBOBOAHBIX 3JeKTPOHOB
BOJIM3H ABIDOK H POCTY YHCTA AHPOK (NOJYNPOBOAHHKH); yBeaHue-
HHIO UHC/1a HOABHXKHHX HOHOB B pelleTKe (IHS/AEKTPUKH). Benuuu-
Ha & MHHEpa/oB BHayajie ¢ poctoM T He MeHsIeTCsi HJH pacTeT He-
3HAYUTEJbHO, a 3aTeM, HaulHas C HEKOTOPOro 3HaueHusi T, Xapak-
TePHOro /sl AaHHOro MHHepana, BodpacTaeT HHTEHCHBHO JO OImpe-
JIeJIeHHOTO 3HaYeHHs €.

Bausnde paB/jeHHs p Ha mapaMeTpel p H & MHHEpPaJoB HeaHa-
YHTEABHO.
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7.2.2. XHAKAA ®A3A

PaccmoTpum  saekTpHYeckHe CBOHCTBA BOAHHX  PacTBOPOB
3JEKTPOJIUTOB H YIIeBOJOPOAHBX KHUAKOCTeH,

Boaa, Hacmuaomas NopoAy B yCJAOBHAX €CTeCTBEHHOIO 3aJe-
Tauus, gBJAsercs OOBYHO BOAHBIM PacTBOPOM CoJeH, cpein KoTo-
pux HaHGosee pacnpocrpatienn NaCl, KCl, MgCl,, CaCl,,
NaHCO;, NaySOs. YaoencHoe compoTHBAeHHE BOJAHOrO pacrsopa
CHJIBHOTO OJHOBAJEHTHOTO GMHAPHOTO  3JEKTPOJHTA, MOTHOCTBIO
JHUCCOLUMHPYIOIIETO B BOJAE, NPH NOCTOSHHOH, HAaupHMEp KOMHATHOH
Temneparype {=20 °C, onpenessieTcsi BHp akeHHEM

0 _ 19 (oumw, (7.6)
(¢-Fv)Cy  ACy

roe u, U — NOABHKHOCTH KAaTHOHZ H aHHOHA, A — SKBHBaJCHTHAs
9J€KTPONPOBOAHOCTE 3JeKTpoauTa npd T=20°C, BhHpaxeHHas B
Om—t.cM?; Cp — KOHUEHTP AUMS 3JEKTPOJHTA, T-3KB/JI.

Benuuunnl u, v, A sBasiorcs QyHKIMSMH Cs, UTO HEOOXOAHMO
YUHTHBATh NPH pacuere ps no dopmysne (7.6). Has GoJbmuHCTBA
3NEKTPOJHUTOB, B YaCTHOCTH AJsl THNHYHBIX COJefl MIacCTOBHIX BOA,
XapakrepHo yMeHbuieHHe u, 9 4 A ¢ pocroMm Ci, 4TO 0bycioBaH-
BaeT OTKJOHEHHE 3aBHCHMOCTH pp=[(C;) oT nuHefiHoH B obaacTH
BricokHX Cy, (puc. 33). ¥Ymeubmenue u, v, A ¢ pocrom Cp BE3BaHO
YCHJEHHEM B3aHMOAEHCTBHsSI MEXAY HOHAMH NPH IBHKEHHH HX B
PacTBope ¢ PoCTOM KOHLEHTpaLHH pacTsopa.

Ilpu temmneparype pacrsopa 7T, oranunoft or 20°C, p, onpene-
JIIeTCS BHpaKeHHeM

Ps.20=

PeT = PTpB 20 = 1_|_ or ?;ﬂ:?_ 20 oc)’ (77)
rae or — TeMneparypunil KosGhGhHIHEeHT 3JeKTPONPOBOAHOCTH, H3-
MEHSIOIMACST s pacCMaTPHBAaeMBIX 3JeKTPOJIMTOB B Ipefenax
0,021—0,023 [1/°C].

Hamenenue pp B 3aBucumoctd oT Cp u T pacrsopa NaCl xapak-
TepU3yeT CeMefiCTBO 3KCHePHMEHTaJbHHX 3asucuMocTell ps=f(Cs)
Aast paznuunmx T =const.

Benuuuny ps pacTBopa €o CJAOKHHM COCTaBOM  3JeKTPOJHTOB
PAaCCUHTHIBAIOT IO popMyJie

Pe=—", (7.8)

rae A, 1 C,— 3KBHBaNeHTHHIE 3JeKTPONPOBOAHOCTD H KOHIEHTpa-

HUs i-TO 3JEKTPOJHTa B pacTBOPE, COAEPKAIeM 7 3JeKTPOJHTOB.

Beauuuny A, onpeaensiior AJA KaXAOTo 3JEKTPOJHTA HO AAHHWM

CIpaBoYHHKA HJH SKCIEDHMEHTANbHEM KpHBEM An=f(Cs) (pHc.
n

34) pns samaHHOH cyMMapHO# KoHueHTpauuH Cs= X C, ¢ yueToM
i=1
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Puc. 33. 3aBuCHMOCTb YHEJBLHOrO 3JEKTPHUECKOrO CONpPOTUBAEHUA BOXHOro pacTBo-
pPa XJopucToro HaTpHst OT KOHLEHTPALHH.
Mudp xpuBmx — Temunepatypa T, °C

TeMIlepaTypsl pactBopa. IllpuOJHXKeHHyl0 ONEHKY Qs PacTBOpa
CJIOXKHOTO COCTABa BBIIOJHSAIOT, ONpeAenssl ps MO IPaQuKaM pp=
=f(Cs) maa pactBopoB NaCl, ncrosn3ys B KauecTBe Cn CymMmap-
HYI0 KOHIEHTPAUHMIO pacTBopa CJ0XHOro cocraBa Cey=23C; B
I-3KB/J. YIeJbHOe CONPOTHBJIEHHe HedTelr cocrabager 1010+
=10 Om - M.

Hus/eKTpuYeCcKas NPOHUIAEMOCTh JAUCTH/JIHPOBAHHOH BOAR
ec—o npu T=20°C cocrapaser 80. Ilpn uacrore 10/If @ B €IHHH-

120



Puc. 34. 3aBHCHMOCTD SKBH- J.Oh-d" M‘2
BaJIEHTHOR 3JeKTpHYECKol ’
{IPOBOAHMOCTH PaCTBOPOB CO-
aeli (I—NaCl, 2—CaCl,,
3—KCl, 4—-MpgCl;,, 5§—
NaHCO:) or ux sksusanment- 120
HOH KOWIEHTPaUHU

b

a0,

50F N\
- \
\
- \w
1 i 1 A I SR N | el ) S T B |
0 6gz 9o 405 02 A

fibl B JeCATKH Merarepii BeJIHY¥HA € 3aBHCHT OT MHMHepaJH3aLHK
BOJH B COOTBETCTBHH C YPaBHEHUEM

e=¢ec—0+3,79VC, (7.9)

rae C — KOHUEHTPAlUUA PacTBOPa, MOJb/J.

C pocToM uacToThl noJis BJiansHHe C Ha & MajgaeT M HpaxTHUE-
CKH He nHabawaaercs npH o>==1 I'Tn. Bangnue C Ha BeJqHYHHY &
BOJHBIX PACTBOPOB 35JI€KTPOJHMTOB CBA3aHO, MO-BHANMOMY, C MOJAA-
pusanHei HOHHo#l arMmocdeps! H ruApaTHO# 000J0UYKH HOHOB, riaB-
HeM 06pasoM KaTHOHOB.

Bennuud#a & FHCTH/VIHPOBaHHON BOAM H BOAHHX PACTBOPOB CO-
Jiefi 3aKOHOMEPHO CHHzKaeTcs NIpH H3MeHeHHH 4acTOTH @ OT JecAT-
kKoB Merarepn xo 1-—2 I'T'u. Ilpupoaa sToro sBileHHA paccMOTpeHa
Zllajiee B CBA3Y C aHAJAM30M TIPWYHH 9acTOTHON BUCNEPCHN €.

3HaueHne & AMCTHJJIHPOBAHHOM BoAB NpH H3MeHenud T ot 0
ao 100°C cuuxaercs of 88 no 55. CooTBETCTBEHHO yMeHbLIAETCA &
BOJHBIX DACTBOPOB JEKTPONHTOB IpH yBeauueHHu T B yKasaHHOM
AwnanaszoHe. I1pu 3aMep3aHHH BOoAH! € cyllecTBEHHO He MeHseTcd H
ras aspa npu T=0-—2°C cocraBaser 79.

I nsnexrpuyeckas NPOHMIaeMOCTh (DH3HYECKH CBA3aHHOH BOAM
B aHOMQJbHLIX TJIEHKaX Ha NOBepXHOCTH TBepAofi (asu Ho xaH-
HEIM Pa3/IMYHBIX HCclieloBaTeNell cocrarasier oT 2 Ao 40 u 3aBHCHT
OT TOJIMHB IIeHKH 8. 3HaueHue € NpOYHO CBA32HHOL BOJAK OKO-
JIo 2, Mo Mepe yAaneH#sd OT MOBepXHOCTH TBepJol ¢dasw oHo pac-
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TeT mpomopLHoHa/ibHO In 8, nocturasa e ceoboxHo#t Boan. C pocToM
T pennunHa ¢ (HU3HUECKH CBA3aHHOH BOJH YBeJHUHMBAETCH, CTpe-
MACh K & CBOOOAHOH BoAbl. 3HaueHue & yIVIEBOJAODPOJHBIX KHIKOC-
TelHl, B WaCTHOCTH HedTel, coctapigeT 2—3 H caabo 3aBHCHT OT TeM-
nepaTypHl.

3aBHCHMOCTb & XHUJAKOCTell OT JaBJeHHs p H3ydyeHa HeJoCTaTod-
HO. MOXHO mpeANOJIOKHTb, YTO STOT (PakTOP majo BJAHSET Ha Be-
JHUHHY & XKHAKOCTeH.

7.23. TA3bI

IIpoBonuMocTh ra3oB uMeeT HOHHYIO NPHPOLY H olpelessercs
ypaBHeHHEM TOro XKe THNA, YTO ¥ NPOBOJHMOCTb PaCTBOPOB 3JIEKT-
poJiuTa. YaeanHoe CONPOTHBJEHHE p CMecH Ta3000pa3HBIX YIVieBo-
IOPONOB, TAaK K€ KaK H BO3AYyXa y HOBEPXHOCTH 3eMJiH, COCTaBJA-
er 10! Om-M. Bennununa e Bosayxa npn T=0—20°C u naBjeHunHd
p=1—2 MIla papna 1-=-1,01. BesnunHa ¢ yr/JeBoJOpOoAHHX Tra3oB
€ pOCTOM JAaBJIeHHS YBeJHUHBaeTCsl, H3MeHAdAch oT 1 10 2 B CBA3N
C yBeJHueHHeM IVIOTHOCTH Tasa. ¥eJbHOe CONpOTHBJEHHE ra3oB C
pOCTOM TeMNepaTypH He3HAuWTeJIbHO yMeHblliaeTcsi, BeJIHYHHA &
rasoB NpaKTHYeCKH He 3aBHCHT OT TemmepaTypnl mpu T=I500°C.

7.2.4. 3ABUCHMOCTDb NMPOBOAUMOCTH H OJHIJEKTPHYECKOH
NTPOHHUHAEMOCTH BEULECTBA OT YACTOTbI MOJIs

IlpoBoxHMoOCTh U OH3/eKTpuuecKasg TPOHHIAaeMOCTb BellecTBa
He ABJSIOTCS €ro KOHCTaHTAMM H 3aBHCAT OT YacToTH @ NOJ4,
B KOTOPOM NPOHCXOIHT H3MepeHHe ¢ H g. ITO fBJeHHe HA3EBAIOT
4acTOTHOH AucHepCHeH HapaMeTpoB 0 H €.

IIpupona wacToTHOH nuCHepCHHM 0 H & CBfI3aHa C TPOsBJEHHEM
PasJIMUHBEIX BHAOB MNOJAPH3allu¥ B Pas3JHUUYHOM Juana3oHe @ H
BJHSHHEM TNOJApH3allMH Ha BeIWYHHY O u &. [Ipeanmonokum, uTo
MBI HCCJELYeM CJI0XKHYIO CPeay, COCTOAIIYI0 U3 HECKOJIbKHX KOMIO-
HEHTOB, B KOTOPEIX MOTYT BO3HHKATh BCE PACCMOTDPCHHBIE BHIIIE BH-
Abl monsipu3alpi. B mojse ¢ OnTHYeCKMMH YacTOTaMH BO3HHKaeT
3JICKTPOHHAasl HOJSApH3all¥s CMemieHHs, A KOTOPOH XapaKTepHL)
Han6oJsiee HHU3KHe 3HaueHus €. B llosie ¢ MeHblIejl 4aCTOTOH KpoMe
3JIEKTPOHHOHA BO3HHMKAae€T aTOMHaf NOJSpH3au#d, TPH 5TOM CpeIHHNR
ypOBeHbL € HeCKOJAbKo Bo3pacTtaer (puc. 3b). Janee K 3/1IeKTpOHHOM
H aTOMHOH noJaapusauuu nobasjfercd AUNOJLHAA, YTO CHocoGCT-
ByeT HaJbHeHllleMy poCTy &, OCOOEHHO ecJH HCTOUHHKOM JIHNOJIb-
HOH moJsipu3amHH fiBJAseTCs Bojxa. Hakoneu, c mepexoioM B 06-
JIaCTh PaauovacTOT K MEpEUHCIeHHBIM BHAAM NoJspH3aluu ,100aB-
Jiserca CTPYKTypHas, KoTopasti B o0beKrax, colepxKalUiux MHHepa-
JBl C 3JIEKTPOHHOH NPOBOJAHMOCTBIO, MOXKeT GHIThb OrpOMHOH (CM.
noapasn. 7.6). Ilockonbky B oGsacti wacTOT Menee JeCATKOB Ki-
JIOTepIl OCHOBHYIO POJIb CPeIH APYTHX BHIOB NOJAPH3aUHU UTPaeT
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CTDYKTYpDHAs, OUNPeAe/sollas sIBJeHHs BBI3BAHHOH MOMAPH3AIUHK,
B HacTosillleM pa3sdefte y4yeOHMKA pacCMOTPUM BJHAHHE YaCTOTH
MOJs Ha BeIMYHHBl 0 ¥ & B 06aactd o=10—100 'y [12].

B moasx Huskoil uactoTu (w=520—50 xI'n) mpoBoamMMOCTL Be-
IIeCTBa ¢ MMeeT YHCTO OMMYECKYI0 TPHPOAY H He OTAMYaeTCsl OT
MPOBOAHMOCTH Op B MOCTOSIHHOM 1mo.1e, T. €. npu w==0. BeanunHna &
NpaKTHYECKH He OTaHYaeTcs OT gy (mpu w=0) u omnpeaensiercs B
OCHOBHOM Noasipu3amuefl opHeHTaUHOHHO- IUNONBHOH H waCTHYHO
nodisipu3aluefl cvemeH#s. ¥ TOpHHX NOPOL 3TH BHIBI NOJAPH3a-
UMK XapaKTePHB AJs BOAH B IOPOBOM HpOCTpaHCTBe (AHIOJbHAs
foJisipy¥3alnua) # MHHepaJoB, COCTABJAAIOILMUX CKeJeT MopoAsl (mo-
JSIpH3allHs CMElIeHHsT).

C pocroM @ B 06s1actu 1 MI'm — 1000 MI'u owmymaercst ymeHb-
uieHy¥e e B BEUIECTBAX ¢ AMNOJBHOH moJaspusaumefl (BoAa) u B
CJIOKHBIX CHCTeMaX, COjAep:KallluX 3TH BelllecTBa (BJasKHHE MOPO-
AH). 10 00BACHAETCS T€M, U4TO NOJSPHEIE MOJEKYJbl, KOTOPBIE IPH
Goslee HH3KOH 4YacToTe yCNeBaJM MEHATh CBOK OPHEHTAlHiO B CO-
OTBETCTBHH C H3MEHEHHEM HampaBJeHUs I[OJAPU3YIOMIEro MoJs,
HayHHasl C ONpejeNeHHBIX 3HAUGHHH He MOCNEBAlOT 3a H3MEHEHHS-
MH NoJafA. DTO NPHBOAMT K YMCHBIIEHHIO TOKA CMELUCHHS M CHIKe-
HHO BeanunHel . OLHOBpeMeHHO MOSMBJSETCH KOMIOHEHTa TOKa,
caBunyTtas Ha 90° nmo OTHOLIEHHIO TOKA CMELIEHHs M COBIajaiolas
No HalpaBJeHHIO ¢ TOKOM NPOBOAMMOCTH; 3TO BeLeT K POCTy TOKa
NPOBOJAHMOCTH, UTO 03HauwaeTr Bo3pacTaHue ¢. Takuu ob6pasoM, npu
TOBHINCHHH @ BEJHYHHA & 3aKOHOMEpHO TWaZaeT, a ¢ — pacrTerT.
Y MeHblIEHHE & B POCT ¢ MPOUCXOAAT OOBIYHO M/1aBHO, 0Oe3 CKauyKoB,
f0Ka jAHama30H YacTOT COOTBETCTBYET ONpele]leHHOMY BHAY MOJS-
pusanuy. Tak, A5 BoAbl BeJHYHHA £ NOCTENEHHO CHHKaeTcs oT 80
no 30 npu pocre o ot 10—50 MI'y po 1—2 I'Ty [12].

JanpHeHIIHA poCT ® He WPHBOAKUT K 3aMETHOMY H3MEHEHHIO &
H 0 0 TexX Mop, IOKa 3HauyeHusl @ HE AOCTHTHYT 00/1aCTH, COOTBET-
CTBYIOILEH pa3/MYHEBIM BHAAM MNOJSpH3allMH  CMelleHuss (CM. pHC.
35). B atom caydae usmeHeHne ¢ # ¢ OyaeT o6ycl0BlIeHO OTCTaBa-
HHEM OpHEHTAINH TOJSPHBIX aTOMOB H HOHOB OT H3MEHEHHS HOJS.

TeopeTnyeckasi oCHOBa SIBJ1€HHS YacTOTHOH AMCHEDPCHH BeJHUMH
o 1 g paspaboraHa JleGaem. B cooTBeTcTBHY ¢ (7.5)

- =1
j=(0+ioe) E.
Hast Toro 4Tobul 0OBSICHHTL BO3HHUKHOBEHHE JONOJHHTENLHOTO
TOKa, CABHHYTOrO Io (haze Ha 90° mO oTHOLIEHHIO K TOKY CMEILEHHA

¥ COBIAAalOLIETO MO HaNpaBJ/CHHIO C TOKOM NPOBOAMMOCTH, Npen-
CTaBJIAIOT € B BHJC:

e=¢ +ie" (7.10)
H TiocJie NIOACTAaHOBKH B ypaBHeHue (7.5) moJywaior:
f=(0-+we" +ive) E. (7.11)
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Puc, 35. CxematuaHpoRaunas
3aBHCHMOCTD ARSJIEKTpHYE-
CKOB NPOHHLAEMOCTH OT YHC~
TOTH TIONA TNpH DPOADBNEHHH
PA3MMIGHHX BHAOB NONAPH3A-
uqu (no . C. Haepy):
£, — SJEKTPOHHOR; €, — aTOMHOR;
-~ BHNOJBHOA, €, — CTPYKTYD-
w HOR

CpaBHHBas BHP aXeHHs (7.11) u (7.5) u nonaras e=¢”, HaXOnUM,
yTO Npou3BexeHHe we” H sBJigercd LONOJHHTeNbHOH INPOBOAMMO-
¢TI, 00YCJOBJMEHHOH (TCTABaHHEM UOJNKPHIAUKH OPH MNOBbILIE-
HuEH ©. B nurepatype no Teopnu AM3JNEKTPHKOBR M 3JI¢KTPOTEXHHKE
HCMOJIB3YIOT NMApaMerp, HasblBaeMbll TaHreHCOM yrJsa INoTepe:
”
tg 620 (7.12)

ws’

XapaKTep U3yl KONMUYeCTBEHHO paccMaTpHBaeMOe fBJEHIe,

Ecan npeanonoKHTh, YTO NONAPA3ALEA NOAYHHACTCH IKCIOHEH-
LHAJbHOMY 3aKOHY ¢ THOCTOAHHOR T (Bpems pe.naxcamm) noay-
YHM BBIpaXKeHHE AJ¥ KOMIDJIEKCHOH AMIJeKTpHYeCKoH MPOHHIaeMo-
CTH CPelH e:

g6 0 P l+1m1 , (7.13)

TAC £oo—NpPElies & HpPH ©—>00; go-—NPEAEN e TpH o~0. Brine-
J5a B npapoii yactH (7.13) He#cTBHTENBHYKX W MHUMYK KOMIO-
HeHThl, noayyaem GopMyan ,IIeﬁaﬂ.

By = ” (aomsm)m
g =e — g = MO 7.14
=t i L(n?'c2 14 w2 ( )

Bripaxenna (7.14) o6bAcHAIOT ocHOBHHE 3aKOHOMEPHOCTH TIOBELE-
HHSi 0 H € C HIMEHEHHEM (, YCTAHORJEHHKHE 3KcHeDHMEHTANLHO.
Tak, 3 (7.14) cnepyer, 4To0 £ MaKCHMaJabHO TPH @=0 W MHHH-
MaJbHO IpH o->o0o. PakKTOp AH2JEKTDHUECKHX NOTePh &7 pocTHra-
€T MaKCHMyMa IpH oT=1.

Ilonyuennpe ypabBHeHMs cnpaBediMBH INs cpeiu © GuxcHpo-
BaHHBIM 3HAYEeHHEM BpeMeHM pesnakcauu# 1Py ee NOJAAPH3AIHH.
QOnnako Teopus Hebas cnpapejiiBa H IJS Cpel, BKIKNYAKOUIHX
KOMMOHEHTEI C PA3HBIMH 3HAYEHHAMH T.

Ecsu BenuyvHa 1 pacnpeneneHa Bo BCceM AHaNa3one @, B cOOT-
BETCTBHH C BHpa)endHeM s 3¢ (peKTHBHOH HpoBOAHMOCTH!

“sw""“[ +‘L’}§‘ o (oo } (715

At et

1 g1 — yepennensoe 3uadeHne ¢ B PACCMATPHBAEMOM ARANAIOHE @,
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rie T,— Bpemd peJakcamHH AJA (-H KOMOOHEHTH cpelbl; Op—
NPOBOAHMOCTL Tp# w=0. AHanu3 BripaxeHusa (7.15) nokaswlBaer,
4TO H3MeHeHHe 09 C YaCTOTOM onpeleseTcs BeJHYHHON we/0o, T. €.
COOTHOIIIEHHEM TOKOB CMelleHHsA u npoBoauMoctd. Ecam mpeobGia-
130T TOKH HPOBOAMMOCTH, we/oo<l, 0:9=00 ¥ HacTOTHasA AHCHEp-
cusg ¢ He HaGawpaercs. [Ipu we/gp>>1 BenHunHa 0,9 CTAHOBHTCH
60Jibllle 6o U pacTeT € YBeJHYEHHEM .

C y4yeToM H3J0XKEHHOrO H MaTepHasoB OOLIMPHEIX 3KCIepHMeH-
TaJbHBEIX HCCJAeJOBAaHHH 4aCTOTHOM auchepcus ¢ u e [12] MoxHO-
copMyaHPOBaTL CAeAYlollHe OCHOBHBIE 3aKOHOMEPHOCTH.

1. Iucnepcrs 3HaueHu# o M & Habamwopaerca B 06JacTH o, rie
TOK CMellleHHda Npeobjanaer Haj TOKOM NpOBoauMmocTH. He cyiue-
CTByeT €IHHOrC 3HaueHHs @, pasfendwlliero o6JjacTH HAIHUHA H
OTCYTCTBHA AMCIEPCHH, TaK KaK 3TO 3HaueHHe 3aBHCHT OT ¢ H O
CpeaBl.

2. C pocTom BeqHUHHBI ®&/0, 3HaueHHe g MAaBHO yMeHbIlaercd,
0 —pacTer. JucHepCHsl ¢ ¥ ¢ NpPH HPOYHX PaBHBIX YCJAOBHAX TeM
60Jb1ile, YeM GOJbIIe BAaxKHOCTb CPelH.

3. s nopoa ¢ 3HavenusiMmp 0=1--1000 Om-M n ¢<<20 B 06-
JacTH ® EAMHHLLI-IeCATKH Merarepil JAHuCOepcHs ¢ H ¢ He3HauH-
teabvHa. [Ipr o<1 MI'n aucnepcus p u ¢ orcyrcrByer. ucmepens
€ B HeOJHODOAHLIX cpelax ¢ Mexk(a3HEIMH IpaHHIaMH IpH <
<1 MTIq BospacraeT ¢ yMeHblleHHeM « OJarojaps ABJACHHAM
CTPYKTYPHOH NOJApH3ALHH.

7.3. YAEJIbHOE CONPOTHUBJEHHE OCAJOYHbLIX MOPOJ

[TockonLKy yaenbpHOe CONPOTHBJeHHe GOJLLIHHCTBA NOPOA00G-
PasyoIUNX MHHEPaJOB OcajoYHbIX mopoa Ha 5—10 nopsAaKoB Boille
yAeJLHOTO COTpPOTHBACHHSA NWJAacTOBOH BOABI Ps, TO yA€JILHO® CO-
NPOTHBJIEHHE NOPOALI 3aBHCHT B OCHOBHOM OT s, HaCBILalOL{EH:
nopony, 06beMHOH BNAXHOCTH W, W T'eOMETPHH NPUCTPAHCTBa, 3d-
HHMaeMOro B Hopoje BOJAOI.

7.3.1. YA EJIbHOE CONNPOTUBN EHHE
MOJIHOCTbIO BOAOHACDIILEHHON MOPOJ bl

Ynctble (HerJIHHHMCTBIe) mopoAbl. PaccMOTpnM yiennHOe cONpo-
THBJIEHHE Pn.q NOPOJABI, NOJHOCTBIO HachIleHHOH BOAOH, C mpocTed-
mefl reomerpued mop, NpeACTAaBAEHHHX NYYKOM NapallilefibHEX IH-
JUHAPAYECKHX KalWIAsIpOB WOCTOSIHHOrO ceueHusa, B HampaBaeHuH,.
COBHajalolleM C HampaBjeHneM OCeH Kanwl/spoB, yaeanLHoe co-
TIpPOTHUBJIEHHE COCTABUT:

1
Ps. o= Ops (7'16)'“
kn
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Pyc. 36. Cxema, nosicusiomas
BJIHSHHE F€OMETpPUH NMOPOBOrO
KaHajia Ha BeJMYHMHY napa-
MeTpa NopucTocTu Px

rIe ps— YIeJbHOE CONpPOTHBJEHHE BOJBI, HacHAUlell MOPOAY;
kn — KO3¢PHLHEHT TOPUCTOCTH B AOJAX eIHHHIHL.

Ecsan nwanpasJjieHne, B KOTOPOM H3MEPSIOT yA€JbHOE CONPOTHB-
JeHHe, U HampaBJieHHe KaNu/JSIPOB He cOBNALAT,

2
Pon (7.17)
kn
rze T»x — OTHOUIEHHE NJHHBI KanHjajasfpa K KpardalilleMy paccros-
HHIO MeXIy COOTBETCTBYIOUIHMH I'PaHAMH KyGa mOPOJBL
AHanoruyHo BHpaXKeHHe [Jid yAEIbHOTO COTNPOTHBJIEHHA Ps.n
MOPOAB! C U3BHJAHCTBIMH Kanujiasapamy (puc. 36), LJHHA KOTOPHIX B
T>x pas GoJablle AJHHB KaUHAJASPOB € NPAMOH OCblo. BejqHuHdy
T,n Ha3BIBAIOT 3JIEeKTPHYECKOH H3BHJIHCTOCTbIO KANHJJIAPOB B OTJIH-
qHe OT M3BHJIMCTOCTH THAPOJHHAMHUECKOH, pacCMaTpPHBaeMOi NDH
TeYeHHH XKHIAKOCTH H rasa. Becerma T»,>=1. [l NOPOAE ¢ mpoOCTEii-
weil reomerpuell mop Top=1; ¢ ycinoxHeHHeM TreoMeTpHH NOp Tgg
pacteT, IPH 3TOM pan NPH HEHU3MEHHOH WOPHUCTOCTH BO3pacTaer
MpPONOPUHOHANBHO 125,
Coornowennsa (7.16), {7.17) moxHo 3anHcaTh B BHOe

Pp.n™ Pan (7'18)

rae Pnp— sjexTpHyeckuil mapaMerp MOpPHCTOCTH, HJIH MpOCTO Napa-
MEeTp TOPHCTOCTH, HpeanoxeHHub#i B. H. JlaxHOBHIM, KOTOpHH 3a-
BHCHT OT KO3¢dHIHEHTA NOPUCTOCTH H TeOMeTpHH 1op.

Haa nopon ¢ pasmepom mnop Goapiie 0,1 MKM, KOrZa MOXHO
npeHeGpeub BauaHueM JIDC Ha MOBepXHOCTH TBepHoil (asnl Ha
3JeKTPONpPOBOIHOCTb NOPOBHIX KaHaJOB, NMapameTP NOPHCTOCTH Py
ABJAETCA KOHCTAHTOH JAaHHOH NOPOABL:

P =4 ulps (7.19)

Ps. o=
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KOTOpas He 3aBHCHT oT MuHepajusauuu Cp U yAENBHOIO CONPOTHB-
JIEHHUS Py BOJAEIL, HaCHILAIOULEH TIOPOAY.
Haa napamerpa P, MOPHCTHIX CpPel C pas3jiHYHOH reoMeTpuein
IOPOBOTO MPOCTPAHCTBA MOJIyYeHH TeopeTHuecKHe Bhipaxenusa [1].
Oxnako reomerpys MOPOBOTO MPOCTPAHCTBA peaNbHHX OCafoy-
HBIX IOPOJ HaCTOJBKO CJOXHa M pasHooOpasHa, 4TO mesnecoobpas-
HOCTb NpUMeHEHHS TEeOPeTHYECKHMX BHIpaXKeHHi NJad ONHCAHHSA Xa-
pakTepa cBa3u Mexny P, u k, BechbMa orpauuyena. [asa mpakTu-
YecKHX uenefl yaobHee BrpaxKaTbh ¢BA3n MeXay Py u k; aMoupu-
YecKHMH GopMylaMHu
Py=ak, ™, (7.20)
Py=Fk,™, (7.21p

rjle a u m-— KOHCTaHTH, KOTOpHE ONpejensioT 3KCHepHUMEHTaNAbHO
Ag KoJeKunu o0pasloB, MpPeACTaBJAAWLIed H3yuaeMblH reoAOTH-
yeCKH i OODBEKT.

BenuunHy rm Ha3bIBAaIOT NOKa3aTeleM LeMeHTaluu nopoisl. Ilpn.
a=1 u m=1 Belpaxenna (7.20), (7.27) rtoxiecTBeHHel (7.16).
C ycioxHeHHeM TeOMeTpPHM HOp m CTaHOBHTCA OoJblle 1; oTinuHe
m ot 1 Tem GoJbllle, 4eM CJIOXKHee reOMeTpHA ToP.

3aBHCHMOCTH, ONHMCHIBaeMulie BHpaxeHuamu (7.17) u (7.21),.
n300pazKaloT OpAMHEIMH B JBOHHOM JOTapH(MUYecKOM Maciutabe.
HaksoH npsAMHX pacTeT C yCJAOXKHEHHEeM TIeOMeTPHH IOp, T. €. C
poctoM m u T. 3aBucumoctu Py=[(ky), onucupacMue dopmyna-
mu (7.17) 1 (7.21), 0bpa3yloT my4oK NpPAMBIX, NPOXOAALIHX Yepes
TOYKY ¢ KoopauHaTaMy Pa=1, ky=1.

Ha npaxkrtuke yaute ucnonn3ywr 3aBucuMocth Pn=f(k.) B BHRe-
(7.21). Ilpu oTCyTCTBMH BJAMSHHS IVIMHHCTOCTH HanboJsiee xapaKTep-
HHIMH SBJAAIOTCA ClAelylouipe 3HaueHHs m: Aas XOPoLIo OTCOPTH-
pOBaHHHBIX NIECKOB M cJaabocueMeHTHPOBaHHEIX HecYaHHKOB m=1,3+
=+ 1,4; 119 TeppHTeHHBIX M KapOOHATHEIX MOPOA C MEXK3€PHOBOH NO-
PHCTOCTBIO XOPOLIO CHeMeHTHPOBaHHHIX m=1,8--2; nas mnQpon c
KaBePHOBO-MeXK3ePHOBOH MOPHCTOCTBIO M >>2, mpHYeM BeJHYHHa M
Tem 6oJblle, yeM BHIIE KaBepPHOBasl COCTABJAIOIIAS BENHYHHEI Rp
u 4eM OoJbllle pa3mepsl KaBepH; 1Jf INIOTHHIX CHEMEHTHPOBaHHELIX.
HOPOA, COoJep:KallMX TpelUMHEl, BeJnuuHa M CYLeCTBEHHO HHXKe
3HaueHnst m=1,8--2, xapakTepHoro AJsi TaKUX MOPOJA IPH OTCYTCT-
BHHM TpelUH, B npenene m—1.

YaensHoe conmpoTHB/EHHE BOJAH, HacHIammed [oopoay, Haxo-
ST, UCHOJBL3YH 3aBHCHMOCTH H NpHEMEl, H3/]0XKeHHHe B NOJApasie-
je 7.2, 1jA W3BeCTHBHIX MHHepasiu3alliMH, XMMHYecKOro cocTaBa pac-
TBOPEHHHIX CoJell ¥ TeMnepaTyphsl pacTBopa.

Munepanusanus nnacToOBHX BOA B pa3pe3ax HedTAHHX H raso-
BEIX MeCTOpOKAeHHn# namengerca ot b 1o 400 r/a. Huskue xoHueHr-
panuu xapaKTepHLl A71d palioHOB, pa3pesbl KOTOPHX NpeACcTaBJeH:ol:
OTNOKEHHAMH 301I€HOBOTO BO3pacTa NpPH aKTHBHOM NHTaHHH HX aT-
mochepHuIMH BOJaMu (50LeHOBHe oTJoXKeHnA Boctounoft I'pysnn).
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V77777 III7/74777779777777/4 Puc. 37. Cxema, nosicHawoImas
1-& BHpaxeHue AJs 3JeKTpONpo-
BOAHOCTH MOPOBOTO KaHanja
npH HAAWYHH Ha TNOBEPXHO-

2 Gy A ¢ cTH Kaxaaa /(3C
I — 3C, 2 — cBOoGOAHBIA PACTBOD

Cpeanue KoumeHtpauuu 15—50 r/n THNHYHE 118 OOWIMPHBEIX Tep-
putropudt 3ananuofi CubupH, vactuuno Hxyrun, CepepHoro Kasxa-
3a, CpeaHell A3um, I'le OCHOBHYIO YacCTb paspe3a HNpEACTaBJSIOT
Me3030HCKHe, yacTHUHO KalHo3olicKue OTJI0XeHHS. BhicoKHe KOH-
uenrpanuyu (6osee 100 r/a) xapaKTepHH AJA TaJeo30HcKHX OTJO-
JKeHu#t Ha Teppurophu Pycckoit m Cubupckoit niaargopm. OcHos-
HbBIM KOMIOHEHTOM NJIaCTOBHIX BOJ IIpH JIOG0H HX MHHepasiu3aluy
seasiercs NaCl. Jnsi Bog He(oJblIof KOHIEHTpaluu# XapakTepHo
Takxke Hajmupe NaHCO; u NaSO, B Bomax cpexHell H BEICOKOI
goHneHTpanun nosBasiorca CaCly, MgCl,, abcoaioTHoe B OTHOCH-
TEJLHOE CoJepiKaHuHe KOTOPHX TeM 00Jiblile, ueM BHIUe O0lIasd MH-
Hepanu3amus.

Temnepatypa myacToBHIX BOX H3MeHfAeTcss B mpejpenax 10—
230°C, yneannoe conporusnenne ot 0,01 g0 1 Om-m. IIpumepHo B
“TeX JKe Npejesiax M3MEHSETCH px B pa3pe3aX YroJbHBIX MeCTOpOXK-
IeHuil.

FaunucTie mopoAbl. [Toponsl, comepaxkaline rAMHUCTHE ¥ APYyrHe
MuHepaJbl, HaXOASIIHECS B BLICOKOIHCIEPCHOM COCTOSIHMM B IIpH-
pone, Hampumep, JHMOHHT, LEOJNHTH H J1p., XapaKTepH3yTCs
HaJuuneM B obuieM oGbeMe nop cyOKanMANSiPHHIX M[NOPOBHIX KaHa-
JIOB, PajHyC r KOTOPHIX COM3MepHM C ToJmuHofl JI1DC Ha moBepx-
HocTtH mop. [TostoMy yneJibHOe CONPOTHBJAECHHE WOJNHOCTbIO BOJAOHA-
CHILEHHLIX [VIHH ¥ TJIMHHCTHIX TOPOJ 3aBHCHT HE TOJLKO OT pac-
CMOTpPEHHBIX BHlle PaKTOPOB, HO H OT BeJHYHHBI ajcopOUHOHHOH
MOBepXHOCTH NOpOAB S H COOTHOLIEHHS YAEJBHHIX 3JEKTPONDPOBOA-
#Hocre#t 1AC o., u cBoGOAHOro pacTBopa oz (puc. 37).

YanedanHas 34eKTPONPOBONHOCTh HHUJAHHAPHUUECKOrO KaHANa Oxau,
3aNoJHEHHOTO BOAOH € YACNBHOH 5/€KTPONPOBOAHOCTBLIO Os, ONpE-
JleJISIETCA BHLD aXKeHHEM

Ogan = 505 (1 — £) Oy, (7.22)

rhie £ —JoJs ofbeMa KaHaJa, 3aHHMAeMas CBOGOLHHIM pacTBOPOM
(puc. 37).

BenununHa og= (4-v)Cs. BennunuHa Ocx nogo6HO 05 ompenedns-
eTcsl KakK npouspejneHue cpenHefl sdOEKTHBHOCTH NMOABHKHOCTH Uyse
KaTnoHOB JIDC Ha KOHLEHTpAamuK NOTJIOUIEHHHX KaTHOHOB B O0b-
eme J19C q/(1—&):

Oy =Ugpcg/{1 —E), (7.23)
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rie g — npuBeleHHAs eMKocTh 06MeHa (cM. pasaen 2).
IMoacraBassa 3HaYeHHA Op U Oca B (7.22), MOJNYyYHM

Opan = (U +0) Cy+ Uyse9- (7.24)

VuuThiBasi, 4TO yI€JIbHOe CONPOTHBAEHHE KaHaka prxan=10/0kan,
BBIUMC/IUM HCTHHHOE 3HaueHHe P, mo dopmyrae (7.19), noacrasasns
B HEe Pxan BMECTO Ps:

Py= Ps. n/Pxant (725)

Ilpun BHIUHC/NEHHH mapaMeTpa NOPUCTOCTH MNOPOABI C TOHKUMH
Kanuaagpamu no ¢opmyse (7.19) nonyunm ¢(GHKTHBHOEe 3HaueHHE

Py, ¢ = Ps. n/Pss (726)

KOTOpO€e HE §BJAAETCS KOHCTAHTOH NMOPOAH M 3aBHCHT OT BEJUUHHEl
pp. OTHOlIeHHe GHKTHBHOTO mapaMerpa MOPUCTOCTH Prpg K HCTHH-
HOMY Pq

=P = Te 7.27

wd/ P = hom (7.27)

HasHBawT KO03)GHUMEHTOM NOBEpPXHOCTHOH NPOBOAUMOCTH. Beunu-

udga Il 3aBHCHT OT COOTHOLIEHUS 3HAUEHHH Oy U Oecn H OT JAOJH
o6beMa nop, 3anuMaeMoi J3C.

PaccMOTpHM YacTHBE CIYYaH.

1. Uncras HeriiMHHCTad mopoja, pasmep NOop HaMHOro GoJjblie
Oxsc, moaToMy E=1, Py gy=P,, II=1, noBepxHOCcTHas NPOBOJHMOCTb
OTCYTCTByeT.

2. I'nMHa, NOPOBOE MPOCTPAHCTBO KOTOPOH MNpeACTaBJieHO Ka-
MHAAAPAME C 7 = §pse. AIC HenkoM 3anonHsgeT KanHUIAPH, E=
=0, Pnyp=Py 05/0ca, I=05/0ca. B 310M cayuae II=1 Tosbko npu
Os=0ca; NPH Os>>0ca H>1, npu 05<0cx II<T1.

B saekrpoxumun JI3C aucmepCHHX CHCTEM paccMaTpHBaeTes
TOJBKO YCJOBHE Os<Ocx, KOTAa Hajuude JI3C cosgaer AONOJNHHU-
TeJbHYI) NPOBOAMMOCTH WOPOBHIX KaHAJOB; B 3TOH 006JacTH BJHA-
Hee J1DC nmpUBOAHT TOJBKO K CHHXKEHHIO YIE€JIBHOTO CONPOTHBJe-
Hua nopucroil cpeis. CyiuectByior aBe o6JjacTH 3HaueHH# KOH-
HeHTpanHH pacTBOPOB, B KOTOPHIX COOTHOLIEHHE Ocx U Op Pa3finy-
Ho [8].

HasoBeM yCJIOBHO TOUKY mepeceueHHsl TPaGHKOB Ozsc=[(Cs) 4
os=[(C;) UHBEPCHOHHOM! C KOODAMHATAMH Oy U Cyuu (puc. 38). O6-
nacTh Cs<<Cuy COOTBETCTBYET Ocq>0s, NPH KOTOPOM CNpaBeNJHBH
33KOHOMEPHOCTH, YCTAaHOBJEHHHE B 3JeKTPOXUMHH  JHCHepCHHX
cucreM. B o6aactu Cs>C,y CHpaBelIHBO COOTHOLICHHE Ocx<<Os,
npu koropoM Haauude JI3C Ha mOBepXHOCTH KaHAaJIOB, 3aNOJIHEH-
HEIX cBOGOJAHON BOJOH, MPHUBOAUT K CHHXKEHHIO HX NPOBOAHMOCTH
Onay U DPOCTY VAEJBHOTO CONpPOTHBJIEHHSI O CPaBHEHHIO CO 3Have-
BHSIMH Op H Pp COOTBETCTBEHHO. 3Ta 3aKOHOMEPHOCTL COOTHOUIEHHS
Gz U O¢n OHJIA B JaJsbHelilleM NOATBepXKI€HA PSAOM HCCae0BaTe el
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Puc, 38. CooTnoluepre 3aeK-

&,0mw"
oy rponposognsocteil JIC 040 8
cB0o0OAHOro pacTBopa Cs NPH
200 T=20°C:
11— G;(;c’:f(cg); Fad Gnﬂficn)

197

4 i 1

41
005 058 58 58 UgH

125, 3b6). YrzensHOe CONMPOTHBAERHAE B TUYAY WHBRDPUAW TO KARWLM
pasjHuHBiX aBTOPOB coctaBasier 0,2—0,8 Om-M, nO3TOMY MOXHO
TOBODHTb O HAJHYHH 30HH HHBEPCHH OTHOIIECHHH 0s/0zsc H Os/Ozsc.

Tipu temueparype 20-—100°C, XapaxkTepHO# [Jas paspesoB
G6sbIe yaCTH H3BeCTHBHIX MeCTOPOXICHUH He(TH M rasa, yka-
3aHHafn 06J1aCTh 3HAYeHHH Pey COOTBETCTBYET YASHBHOMY CONPOTHB-
neruio pactBopoB NaCl c xonuedtpaunesi Cp=0,2—0,6 u (mpu-
MepHo 10—25 r/n). Takum o6pasoM, obaactn Ca>>Cun, Gea<lOs,
Qcn>>0s COOTBETCTBYIOT yCJAOBHs, X4DaKTepHble s MOpoj HedTs-
HEIX H Ta30BHX MECTOPOXKIEeHHi, HACHIUEHHBIX NJIACTOBHMHE BOXAd-
MH, MHHepajH3alis KoTophiXx o6n4HO Bbitie 20 rfa. Caenyer ot-
METHTL, 4TO AJS 3HAYHTENABbHO#l yaCTH NPOAYKTHBHBIX OT/IOXKeHHI
3ananuofi CHOHpH XapaxkTepHHl yC/JOBHS, COOTBETCTBYIOLLHE HHBEp-
CHOHHOH 30HE, KOTJa MOXHO NPHHATH Oca™¥Op, Pea™ Po. LI 30HEL
NPOBHKHOBeHHsl (HibTpaTa MPOMBHBOYHON KHAKOCTH B HOPOXaXx-
RoasextopaX npu OypeHHH cxBaxWH Ha NPECHOM IJIHHHCTOM pac-
TBODEe HanpoTHB OyAyT THIHYHH ycJAOBHS, XapakTepHble 1Jd sKjac-
CHUECKOH» 06JacTH TOBepXHOCTHOH NMPOBOARMOCTH: Co<C Cuy, Gea>>
>OBs pCJ[<pB-

OcoGeHHOCTH TOBEAEHHSA yAeNbHOT0 CONPOTHBAEHHS QOnrz H (HK-
THBHOTD HapAMETPa NOPHCTOCTH Ppr.¢ IMHHHCTHIX NOPOA H CyCneH3 it
NpY H3MCHEHHH B IUHPOKHX IpeaeniX Ko3((HIHEHTa NOPHCTOCTH Kg
(aa% cycneHsuii — o0beMHON BAaHOCTH), KOHUEHTPALHH CBOOOX-
Horo pacrBopa Cs, pasvepa wactufl 4 ¥, CJAEROBATeNbHO, aacop6-
LHOHHO! crOCOGHOCTH TAHHHCTOro MatepHana ( paccMOTPHM Ha
NpUMEPE PACYETHBIX TIpadukoB Pag=[(ka) Ana pasamunbx Ch=
=const mpu a=const fas kamnporo cemeficta u Pa.p=[(ky) nan
pasnHuBHX a=const npu C.=cofst 1A kaxaoro cemedcTsa
(puc. 39).

Pacyetusle rpaduku Ppg=f(ky) NOMyYeHHl M5l MOJENH «MOHO-
MHHEpa/IbHOR TIJIHHE», 00pa3zoBamyOil KyOHYECKHMH YACTHUAMH HO-
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Puc. 39. Pacuerurie (/) u skcmepEMenTasbHbe (2) KpuBble Prra (MH P o) =[(£-)
IS MOHOMMHEPAJbHBIX IJIHH H IMIHHHCTHX cycnewsuil, llndp pacuerHbix H 3KCHe-
pHMeHTa/bHBIX KPHBHX — KOHIEHTpalust pacrBopa Cs, r-9KB/J (IKCHEpHMEHTAb-
HE[® 3aBHCHMOCTH coctasJjensl no gawnbiM I1 T. Korosa, E. A. Tlonskosa)

CTOSIHHOTO Pa3Mepa 4, PacmoJIOXEHHBIMH IO KyOHYecKOH CeTke C
MOCTOSIHHON WHPHHON lefeBHAHLIX MOP, PA3KeSIOIIHX CJAOH KyOu-
KOoB. Benuuuna £k, H3MeHseTcs B mpereiax 1>ki>Rymin, Tae
By min — NpeReNbHO YVIJAOTHEHHAs) «TAHHA», NJIS KOTOPOH INMHDHHA
Weael A MeXAy pagaMH KyGHKOB yMeHbIIasich JMOCTHraeT RBOMHOH
TOJUIHHBL MOHOCHOS Amin=208c,. VI3MeHenne %k, B Takux mpeneiax
0XBaTHIBAET BECh CIEKTD TJHHHUCTHIX ZHCHEPCHBIX CHCTeM, BKJIOYA-
IOWIME TAHHHCTHE CYCINEH3HH, THHHCTHE HeyNJOTHEHHBI OCAfokK,
YVIUIOTHEHBBIE B DA3HOM CTelMleHH TAHHBL. BelHdHHA Ry min, ONPEne-
JAseMasi OTHOWIeHHeM HAmin/@, TeM O6OAbIle, dYeM MeHblle pasMep
gactul, a. Mavenenne a B npepenax 5<<a<5000 wum mosBoasio
HMHUTHPOBATb TJIHHHCTHE MHHEpPadbl C DAasJHYHOH XHCIEPCHOCTHIO H
06MeHHOH axcopOUHOHHOR crmocobHOCTbI0 TBepROf dasm 2,3<Q<<
<23 Mmr-skB/r. Mofienn «Hacwmaduck» pacTeopoM NaCl, xon-
IleHTpalHs KOTOPOro HsMmeHnsaach B mpexenax 0,001—4 u., a 3nave-
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Py Puc. 40. PacuerHnie 3aBHCH-

100 MocTH Pu=f(ka) nas Mofe-
s Jedl MOHOMHHepaabunix Na-
TJHH B HX cycleusud TpH
a wé pasnuyHoil Munepaausaubn C,
51076 pacrsopa NaCl.
[‘B=l’l“' I —Cy=4n; 2—Cy=0,ln Hlngpp
KPHBBLIX — Pa3Mep 4acTHI[ g, CM
20
-J
I
WE N
N,
N\
_\\
st gm0 5\§\
Ca=n
2k A
A
1 L L
w2 50 10 He,%

Hus ps H 0 npH T=20°C cooTBeTCTBeHHO B mpeAenax 0,05—
94 Om-M 1 0,106—200 Om—1.cm~ L
3Ha4eHHEe Pn.ra PACCUHTHIBAJOCEH IO dopMyJle

Pa.ra™ PopPyan

BenuunHa P, BBHYHCAstiIach B COOTBETCTBHH ¢ 3aJaHHBIM kg IO
dopmysae B. H. Jaxuosa ansa MozelH HODHCTOH cpeinl ¢ KyGuie-
cxkumu 3epraMi (1, 13]. BenuuuHa pgan paccudTHIBanach mno ¢op-
Myae (7.25), B KOTODyIO MOXCTABJASNOCH 3HAaueHHe E, BHIYHCAEHHOE
B COOTBETCTBHH C OTHOWIEHHEM O.5/h. BeinunHa o, onpeneasiiach.
no rpaduky cca={[(Cs) (cM. puc. 38).

3HavenHe Pp ¢ BHuHCAANOCH O POpMyJe

Py, = 0u. ra/0s- (7.29)

HecMoTpst Ha ympolllalolide NPEXNOA0KEHHS 0 POpMe FAHHHCTHIX
YaCTHI, FeOMEeTPHH MOPOBOr0 MpOCTPAHCTBA H T. X., pacueTHBle rpa-
¢uxH Pno=[(kn) HaxomsaTCs B yROBJETBODHTENBHOM COOTBETCTBHH
C 3KCMEDHMEHTAJIbHBIMH, TMOAyYEHHHIMH DA3JMHYHLIMH  HCCJenoBa-
TeAsAMH Ha HCKYCCTBEHHHX 06pa3slaXx MOHOMHHEDaJbHLIX TAHH (CM.
pHc. 39 u 40).

AHa/nH3 pACYETHHIX KPHBHIX TIO3BOJIA€T OTMETHTH CHAeXyHOliee.

1. Bo BceM nHamasoHe H3MEHEHHsl k; C yMeHbIIeHHeM KOHIEHT-
paugd Cs CBOGOXHOrO pacTBopa, HACHIAIOUIErO TAHHY HAH fABAA-
ollerocA BOAHON (asol CYCmeH3HH, BeAH4YHHA Pg g yMeHbiaeTCd.
CreneHp cHHXKeHHs1 Ppg Tem GoJblle, deMm BbLe JHCHEPCHOCTH
TJIHHBL.

2. Boapmas wacte kpHBHX Pro=[(ks) XapakTepuayercs MoHO-
TOHHRIM POCTOM Pug¢.c yMmeHplleHHeM kn npH Cy=const. Kpusbie

(7.28)
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Poy=f(kn) Ansg sHaveHust Ca<<0,002 H u rauH HH3KOH AHCIEPCHO-
CTH, Aig sHaveHHH Cs=C0,02 H H rAHH BBICOKOW AHCHEPCHOCTH HMe-
0T aHOManabHylo GopMy: B 006JaCTH BLICOKHX k; (CYCMEH3HH M TJIH-
HHCThIe HeynioTHeHHble OCAJAKH) ¢ yMeHblIeHHeM k, 3HayeHHe
Pr.g yMeHblIaeTcs, AOCTHrasg MHHHMyMa, nocje derc pacter. Ilpn
TOM 3HAYHTEAbHAS YacTb KPHBOH pacnojoXeHa B 06aacTH Prep<
< 1. Takoe sBlieHHe <«CBepXIPOBOAUMOCTH» TAHHHCTHIX YACTHI[ B
npecHHX pacTBopax oOBscHseTcsd TeM, 4TO NpPH ONpeXeNeHHHX cO-
OTHOLIEHHSIX KHCMEPCHOCTH IIHHH H KOHIUEHTpauHd cBoGOXHOrO
pacTBODA cHHXKeHHe yAeAbHOTO CONPOTHBAEHHUS AHCIEPCHOH cHcTe-
MH 33 cYeT BBHICOKOW 3AeKTPONPOBOAHOCTH Ocn >0s JIIC Ha noBepx-
HOCTH YaCTHI NPEOoACaeBaeT NPOTHBOMOAOXKHOE BiAHsAHHe, 00yclOB-
JIHBAIOLIEE POCT YAEALHOrO COMPOTHBJEHHS CHCTEMH [0 CPaBHEHHIO
¢ ps 6iaroxapsl 3aMellleHHIO 4acTH o6beMa NpAaKTHYECKH HEMpOBO-
JSIIIMMH YACTHIAMH TJIHHH,

3. 3akoHOMepHOCTh HU3MeHeHHss P, g ¢ HaMeHeHHeM AHcHepcHOC-
TH TauHb mpH Ca=const pasiuyHa B 3aBHCHMOCTH OT 06hacTH
koBueHTpand Ca. Tak, nupd Cs=4H U |H rpadukd B3aBHCHMOCTH
Puo=f(ks) RNg rauHbl ¢ MeHbIIEH AHCIEPCHOCTLIO PACTOAATAITCS
HHUXKe 3aBUCHMOCTH Pno=f(kn) nAs riAHHL ¢ 6OJAbIIEH AHCTEpPCHO-
ctuio. [Ipu Ca<<0,1 H., HanpoTus, rpadukH Pno=[(ks) Ang BbIcO-
KOJXHCIIepCHBIX [IHH PaclONOXKeHbl HHXKe rpaduxoB AJst [AHH MeHb-
uieit pucmepcHoctd. [Ipy Cp=0,2 H. 3Hageduss Ppy= Py [loato-
My AJsi TJIHH JQ060% AHcnepcHOcTH rpaduk Pn=f(k;) npakTHueckH
OXHH H TOT %e. BHX ero onpegensiercs BAUIHHEM TOALKO FEOMETPHH
MOp, BAHAHHE 3AEKTPOXHMHUECKOTO (PaKTOpa OTCYTCTByeT.

[TonyyeHE! TakXe pacyeTHele rpadHKH sl MOLENH TIHHHCTOM
MOPOAH, B YACTHOCTH [AHHHCTOrO KOJJIEKTOPA ¢ paccesHHOW TAHHH-
crocthio, [TapameTp Prg paccudThIBaMH N0 HopMyde

Pn.cp=p—3pn.cm
Ps

rae Ppcx—napaMeTp MOPHCTOCTH YHCTOIO MHHEPAJbHOTO cKedje-
T4, HE COAEDXKAUIEro TAHHHCTBIX YACTHI, Ps — yAEAbHOE COMPOTHB-
JIeHHE cpexbl, 3aNONHANIEN HEAKTHBHHN cKejer, o0Opa3oBaHHON
CMecbl0 arperaToB TJAHHHCTBIX dacTHU (TAHHHCTHIA [{eMeHT) H CBO-
6onHoil BoAH, BeluyHHA ps; 3aBHCHT OT YAEJLHOTO CONDPOTHBAEHHS
TAHHHCTLIX arperaToB H ¢cBOOGOJZHOTO DACTBODA ps, CTEMEHH 3amoJHe-
HHS TVIHHHCTBIM MAaTepHaloM IPOCTDPAHCTBA MeXAy CKeldeTHHMH
3epHAMH, & TaK¥e OT MeOMETPHH y4acTKOB, 33aHHMaeMbIX [JIHHOH# H
BOROH, H HX B3aUMHOTO PaCMONOXKEHHHA,

B xayecTBe MOJEeNH YHCTOTO CKejeTa NMPHHAT TPeXMepHHH HAae-
anbHHA TPYHT € pacnojfoXeHHEM KANHAJASPOR B TpeX B3aHMHO-
NEepNeHAHKYAADHLIX HANDPABAEHHAX; BeAHYHHY Pro; paccYHTHIBAIH
N0 COOTBETCTByWOWLeH GopMyne Oad 3alaHHHIX Rnpcx. Mogean 3a-
NofHeHHs] cxeiera npeAcTaBieHa 060coOneHHBIMH yyYacTKaMH, 3a-
HUMaeMBIMH TAHHHCTBIMHM arperatTamMH H cBo6GoxHOH BoaoH; 4acTh
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Puc. 41 Mogens rasHHCTOTO KOJIEKTOpA:

] — HeaKTHBHBIfi CKeneT, 2 — FNHHHCTHIA NeMeHT, 3 ~ CROGORHBRIA pacTsop

TAHHHCTOrO MarepPHala PAachOoXKeHa mapalije]bHo y4acrkawm, 3a-
HHMAaeMBIM BOJOH, uacTh — focaefoBateabro ¢ HiMu (pae. 41).
Bennunny p, paccauThIBaNH 110 Gopmyae

Pra[prag (1 — ) +ps (I —a)} , (7.30)
pra (1 — aa)? -+ pepa?e (1 —a) +pp(l --a) aa

rie o — KOJs DJIMHHCTOTO MarepHana, pAasMeLleHHOTo mocJeloBa-
TEJAbHO C PACTBOPOM; @ — CTeNeHbL 3aMOJdHEHUsI IJAMHHCTHIM Mare-
pxajsom MycToT YHcroro cxenera. B dopmyay (7.30) momcrasisnu
pacueTHHE HJIH IKCMePHMEHTAJbHLIE 3HAYeHHs! QOrg, AJsl 33JaHHBIX
s, kl‘[l‘ny Qr‘q-

Benpunda x03(p¢QuuHeHTa NOPUCTOCTH MOLENH IVIHHHCTOTO KOJ-
JeKTOPa ¢ paccessHHON TIHHHCTOCTHIO

ky=ky ol —a{l —k; .1 {(7.31)

PacuerHbic 3aBHCHMOCTH Pro=[(kn) A5 kn cx=0,3 u rauaucro-
O MaTepuada pPasjHYHOA NHCHEPCHOCTH, NoJaydeHHble IPH pasAud-
HBIX Qs=CONst, OXBaTHBAKT HHTEePBaA k.=0,18-=-0,3 naa nopoa-
KOJJIEKTOPOB ¢ DA3AHYHLIM CcOJepXKaHHEM TJHHUCTOrO MaTepuaja,
KOTOpOe UMHTHpYercs H3MeHeHHeM a B npegmenax 0—1, coorBercT-
BYIOIINX UHCTOMY KOJAJNEKTOPY W TJAHHACTOH MopOXe-HEKOJJeKTOpY.

3aBucuMoctH Py = (k) XapaKTepuayloTCs CJAERYIONMMH 0CO-
GenHocTAMH (puc. 42).

Hab6aonaercss 3akoHOMepHOe CHHXKEHHE Png C yYMeHbleHHEM
Cs TIpH TNOCTOSIBHON ZHCHEPCHOCTH DJAMHUCTOTO MaTepHana, Kak 4
751 Mojenell yucTHIX MOHOMHHepaabHuIX raHH. CreneHb cHUMKEHHs
TeM Gonplie, yem Gosablle aKTHBHOCTL Q rauubi. B o6iactu Ci>
>0,2 H. gucnepcust 3aBUcUMOCTeRt Pr=[(kn) mas pasauuamx Cs
U Q Hemenuka. DTa AHCHePCHs CyulecTBeHHO Boapacraer nmpu Cp<
<0,2H., a npu C:<<0,0]H. BenuuygHa P, yMeHbIlaeTCss ppH CHH-
XKeHUA ky, 4To 0O0BACHAETCS PACCMOTPEHHHIM BHME 3ddeKToM
CBEPXNPOBOJHMOCTH [JIHHHCTHIX UACTHIL B NpeCHHX pacTBOpax.
B ofaacta Co>0,2 1. 3uauenus Pyo> Prcx, B 06aacTH Cp<<0,2 1.
3HadeHue Png<<Pn.x. CaemoBarenvho, npu C;>0,2 H npucyrer-
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Puc. 42. PacyeTHbe H 3KCIePHMEHTAJbHEIE 3aBUCHMOCTH Pp g=f (k1) mis IJIHHHCTHEIX
KOMJIEKTOpPOB:

@ ~= pacueTHble 3aBHCHMOCTH Pn=f(lzn) AJS MOJeJH KOJJIEKTOpa ¢ TIJHHOR Pa3JHYHOA JHCe
nepCHOCTH, MHGP KPHBBIX — §;; 6 — 3KCHepHMeHTa bHble 3aBHCHMOCTH P =f(k;) ans1 o6pas-
0B ¢ Pa3auYHOR TrJiaHHHCTOCThIO C., (WHQP KPHBLIX), HACHILEHHBIX PacTROPOM BLICOKOH
(0,=0,06 OM M, no B, IO. BenZeapwTellHy) & Hu3kOA (p,=3 Om M, mo B. Jl. Asencaunpo-
BY) viHHepaJH3anafi

BHE B NOPOJE TJIHHE! BHI3LIBAGT YBeJHYeHHE Pn gy IO CPABHEHHIO €
Py.cx nng uucto#t mopoxe, a npu Cp<<0,2H. — yMmedbmedHe Prg
M0 OTHOWEHHI® K Phcx. BAHSHHe rAHHHCTOCTH TeM 60Jibllle, 4eM
BLILIE €€ JHCIEPCHOCTE.

PaccMoTpeHHble 33KOHOMEDHOCTH NOBEAEHHS 3aBHCHMOCTell Py=
=f(kn) moxTBEpXKAEHHI OGIIMPHHM (AKTHIECKHM MAaTEepHAJOM,
NOJYYEHHLIM RJsl peaibHHX TIVIHHHCTHX MNOpoX-KoanekTopos. HH-
BEPCHOHHOE 3HaueHHe Cp H COOTBETCTBYIOLIEE €MY Pa AJS KOUIJIEKTO-
POB C PAa3NHYHEIM COCTABOM TJAHHHCTOrO LEMeHTda, oOMEeHHOro Ka-
THOHHOIO KOMIAEKCA IJIHH H NPH PasiHYHOH TeMIepaType MeHSIOT-
cs1 B mpegenax: C,=0,2--0,5 H. H p,=0,2—0,8 Om-m [8, 25, 36].

YuurelBasg 370 0GCTOSTENbCTBO, PEKOMEHIyeTcss B KayecTBe KO-
st ¢HuHeHTd MOBEPXHOCTHON NPOBOAHMOCTH NOPOALI KaK XapakTe-
DHCTHKH BJAMSHHS THHHCTOCTH Ha cBiA3b Pu=f(k;) Hcnmosib3oBath
napametp II:

= Pn.d)/Pn. aPenr (7~32)
rre Punpen— NpelespHOe (MaKcHMalbHoe) 3HAaueHHe MapameTpa
IIOPHCTOCTH, COOTBETCTBYIOULEE YAEJAbHOMY CONDOTHBJIEHHIO HNOPOIH

IIPH HACHINEHHH €€ BLICOKOMHHepaJH30BaHHOH Bofofi. Paccunran-
Hasg mo ¢opmyne (7.32) BeauunHa I1<C1. 3Havyenue II TecHo cBs3a-
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Puc. 43. SkcnepHMeHTaAbHbE 3aBHCHMOCTH MEXAY napamerpamu Il H gg (@) H 1L
H Ana (6) ANA TEPPHTEHHHX OTJOXKeHHA NemoHa BDawikupuu

3navedde II BBIYHCICHO AnA BelHuuH P, u3MepeHHnix mpu C,=3,9 H. m C =043 u.; pacTio-
pul NaCt

HO C NPHBEJEHHOH eMKocThio oOMeHa gy H nHbQY3HOHHO-apRcOopOLUH-
OHHOH aKTHBHOCTBIO Aja moponn (pHc. 43).

Bce tpu mapamerpa XapakrepH3YOT axcopOLHOHHYIO CnocoG-
HOCTb MOPORH. /151 HOpPOX C PasiHYHLIM COXEPMKAHHEM TIHHHCTOTO
MaTepHaia IOCTOSIHHOTO MHHEPAVBLHOTO cOcTaBa Ha(MI04aeTcs TaK-
xe TecHas CBsA3b I U Mrp das onpenenenus Benduudwl II cocras-
JEHHl MajleTKH B BHAE ceMelicTBa KPHBHIX IT=f(ps) nJst pasiHyHHX
gy=const HIH Mr;=const, nosBoasiioiue HalTH Il mMpH H3BeCTHLIX
Ps H XapaKTEPHCTHKAX TJIHHHCTOCTH MOPOAL §n HIH 1, (pHC. 44).
IJisi McIoNb30BaHHs NPH HHTepnperaudu MatepHanos 'MC ymo6-
HBl TajeTKH, NPeACTABJIeHHBE ceMmeHcTBoM rpaduxkos IT={(ps)
ISl DAsMHYHHX qcrn =const, rae oTHOCHTENAbHAs AaMILIHTYRA aci
urpaer posb Napamerpa MAMHHCTOCTH.

TpemHHOBaTHIE, KABEPHO3HbIE M TPEIL{HHOBATO-KaBEPHO3HbIE NO-
poabl. PaccMOTpHM TOpoRy, rie Bce TPEUIHHB HMEOT TpaHHULl B
BHAE [VIAXKHX TMapajijeibHbX Niaockocted. Ecau 6/10kH mopoaw,
MEXAY KOTOPLIMH DaclojiokeHH TpelllHHB], INpefcTaB/JeHHl Hempo-
BORAILIHM MHHEDAJAbLHHM CKeJeTOM, KO3D@HIHEHT MNOPHCTOCTH Ta-
KO# MOpoXxbl paBeH OTHOWIEHHIO CYyMMapHOro o6beMa TpellHH K
06beMy NmOpOAH, T. €. KO3(PGHUKEHTY TPEILHHOBATOCTH Rr. Yxeib-
HO€ CONPOTHBICHHE IOJHOCTHIO BOXOHACHILEHHOH TpPeuWHHOBATOCTH
MOPOAbLI ¢ OXHOH CHCTEMOH mapajyiesbHHX TPEUlHH, PACIIONOKEH-
HBIX [0 HANPABJEHHIO TOKA,

Pp.om.r= pa/k'r’ (733)

OTKYyla CHefyeT, 4TO mapamerTp IMOPHCTOCTH Prr=Fk,~!. Ecau Bce
TPEILHHB OPHEHTHPOBAHK NMePIEHAUKYJIsPHO K HANpaBleHUIO TOKa,
Ps.n.T1 =00,
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Puc. 44. TlpuMep majieTKH Ajst olpedefenus Napaverpa Il 0pu 3ajaHHbIX 3Haue-
HHSIX Py M NapaMeTpa Gen=1— Aza/Aza max; Ps=0,05 Om-M. Ilndp KpuBhHX —
%cn

Iiast BOpoxb ¢ ABYMs CHCTEMaMH TPeIIHH NPH DACHOJOXKEHHH
OJHOH CHCTeMbl MO HANPABJEHHIO TOKAa, APYrodl — nepneHAHKYyJIsip-
HO K HeMy NDH OXHHAKOBBIX CyMMapHLIX 06beMaxX CHCTEM

Pp.o. = 2pB/kT' (7-34)

Ilasi mopoxbl ¢ TpeMsi CHCTEMaMH B3aUMHO NePReHAHKYJIAPHLIX
TpemHH NpH DABHOM DpacnpenesneHuy obbeMa TPeUlHH MEXAy CHC-
TEMaMH

Pp.o. 1= 398/(2k1-)' (7'35)

®opMyna (7.35) cnpaBemnuBa H ajs Gonee obuiero caydast —
XA0THYECKOrO PACHOJ0KEHHsS] TPEUIHH ¢ PABHOBEPOATHHM paclipene-
neHHeM 00beMOB B Pa3HEIX HampaBJeHHsX.

C yuetom BHpaxeuHii (7.33) — (7.35) mnosyuyeHa o6oOumeHHas
dopMyna pjst TapaMeTpPa NOPHCTOCTH Ppnp TPEIHHOBATOH HOPOXEBL

Py .= (Ak'r)‘i’ (736)

rre 0<A<].,

B peanpHHx yciaoBHsAX GJNOKH TDEIIHHOBATOH MNOpPOALL HMeIOT
MeX3eDHOBYIO NODHCTOCTb R, H COOTBETCTBYIOIiee YAedbHOe CONDO-
THBJEHHE Qy6y. ¥ AEABHOE CONPOTHRIEHHE MONHOCTLIO BOZOHACKHILIIEH-
HOH TpellHHOBATOH NMOPOALI

—_ Pn61 7.37
pB. o. T AkTPnﬁn+ 17 ( )
rre A TakkKe uaMmessieTes B npenenax 0<<A<I.

[Tapamerp MOPHCTOCTH TPEIMMHOBATON MOPOXH B paccMaTpHBae-
MOM clydae

—  Puen
PH.T m- (738)
HerpyrHo moxasatb, 4TO NPH pngy—>00 BHpaXedus (7.37),
(7.38) nepexomar B (7.36) u (7.33)—(7.36).
Xapaxrepane 3naveHuss A=0; 0,5; 0,67 u 1 B dopmyne (7.38)
COOTBETCTBYIOT PACCMOTPEHHBIM BbllIe CHCTEMaM TPEULHH &Jst Tpe-
IMHHOBATOR MOPOAH C HERPOBOASIIMHMH GJI0KAMH.
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Pacuer Pn. no ¢dopmyae (7.38) aas 0,5<<A<<l nokasuBaer,
yro rpadHKH 3aBHCHMOCTEA Pnr=f (kn) AJNA Da3AHYHEIX R.=
=const pacnosararmoTtes HHXe rpadHKOB 3aBHCHMOCTEH Puea=
=f(koma). IlpuueM orTsanuue Py, OT Pnpesx TeM GoJjblie, yeM BhILIE
k.. BennunHa k. peasbHBIX TPEIIHMHOBATHX [OPOJA He IpeBHIIAET
0,01. TlostoMy pacuerw BHnoJHeHel Aiaa 0<Ck:<<0,01. Buusaune
TpEllHH CYLIECTBEHHO JJf HH3KOMODHCTHX TMOPOX Npd kn<<0,1 n
npn k-=const Bospacraer ¢ yMeHbllenneM k,. B nopoxax cpexneft
H BBICOKOH [ODHCTOCTH BJHSIHHE TPEUlHH IpH peaJbHHX 3HAYEeHHAX
k. npeneGpexuMo Mago (puc. 45).

[Ipu 3anonHeHUH TPellHH BOXHLIM PacTBOPOM 6oJiee NPECHBIM,
YeM BOXA, HacHliarmouiast GJIOKH, TaK, 4YTO YJAeJAbHOEe CONPOTHBIE-
HHE pacTBoOpa B TPeWHHAX pg==10ps, BeAHUHHA pn ONpenessiercs
BHIp a:KeHHEM

Og,p= T ErPE (7.39)
Ahepalpy + 1

B.nisiHMe TpeWHH Ha BEAHYHHY Qn. YMEHbIIAeTCA H IPH pe—-
—>-pu 61 Hcuesaer. Te e 3aKOHOMEDHOCTH CIPABENJIHBH H NpH 3a-
HOJHEHHH TPEUHH CMeChI0O BOXB H YTJEBOXOPOXOB C YXeJbHHIM CO-
HPOTHBJEHHEM pey

[Topoay ¢ xaBepHOBOH TMOPHCTOCTBIO MOKHO TNpeACTaBHTHL KakK
MHHEpaJbHBIH cKesleT, B KOTODOM PeryJsipHO Mo ollpekesieHHofl cHC-
TeMe HJM XaOTHUeCKH pachpefesieHbl KaBepHHI, 3aloJHeHHHe pac-
TBOPOM C YREJLHHIM COUNPOTHBAEHHEM pp. Takas INOpoga HMeeT
Onx=00, NOCKOJAbKY [pOBOASIIHE YYACTKH CpPERBl — KAaBEpHH —
pas3oblIeHH HelpPOBOASLIHM MaTepHaaoM. B reoJoruueckdx paspe-
3ax TPHCYTICTBHE TAKOH HOPOAM MajioBepodTHO. PeasbHue KaBep-
HOBBle MOpOJL NpefcTaBJeHbr o6HYHO 6J0KaMH ¢ Memk3epHOBOH
NOPHCTOCTBIO Rnms, COKEPKAT KABEPHH Pa3JIHIHOrO pasmepa, 60.b-
HMlero pasMepoB MeX3epHOBHIX Mop. KasepHH H MeX3epHoBbe HODH
HACHIIeHE BOAHHM DACTBOPOM ¢ YHAENbHBIM  CONpPOTHBJEHHEM Q.
YneanHoe cONpOTHBJEHHe TaKOH MOPOAH ONpeXeJseTcsi BBIpamKe-
HHEM

Pn, 6a (1 — kxap) + kxan + 2
Pp. 0. = Py, gn (1 4 2kyan) + 2 (1 — kxap) Po. 6as (740)

rie k..s — KO3(DUUHEHT KABEPHOBOH NODHCTOCTH HJIH KaBepHO3-
HOCTH, paBHHII cymMMapHOMy oObeMy KaBepH B efHHHlIle oGbema
MOPOAHL

Kostduuuent obiieft NOPHCTOCTH TAKOH NOPOALI

knzkxan“’ku. Ma(l —kxas)’ (7'41)

NOCKOABKY K03 (QHIHEHT MeX3epHOBOH NODHCTOCTH GJIOKOB YKA3H-
Baercs M0 OTHOWIEHHIO K 06peMy 6JIOKOB, a He K BceMy 00BeMy mo-
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Puc. 45. 3apucuMocTtH NapaMeTpa MopHcToctH Pn oT KoadduUuMeHTa NOPHCTOCTH
kg pasn Mopenefi mopoa:

2 — ¢ MeX3epHoBol ([), MEX3eDHOBOA H TpeLUHHHOA (2), MeX3epHOBOH H KaBepHOBOR (3)
[OPHCTOCTBIO; 6 — ¢ MeXK3epHOBOM, KagepHOBOH H -rgem,nﬂnoﬁ NOPHCTOCTHIO. Bee BUABI nop
HachlleHnl BOJOH OJHHaKOBOH MUHEpanu3aLUHH, Ry, ./,

poarl. IIpu manmx 3HavueHusX k; BeanuuHa Pn« >l M BeJHYHHE
Os mx TPHMEHHMO NPHONHXEHHOE BHIPAXKEHHE:

— 1 — kKaB

Op. . u 1+ %an Ou. 6a (7'42)
[Tapamerp MOPHCTOCTH KaBePHO3HOH NOpPOAB! Pnx=pn «/ps BbILE
sHadeHust P, #Js NOPOIEl ¢ MEeXK3epHOBOH HOPHCTOCTBI), 3HAUYEHHE
ks xoTOpPOH ompeZRensieTcst BhipaxKerueM (7.41). PacuerHble kpHBbIe
Prw=f(ka) nast pasiHUHBIX kyxas=const pacmo.aralorcs BbIlE 3a-
BHCHMOCTH Prgp=[(kuma). [IDH NMOCTOSIHHOM 3HAYEHHH Kyap OTHAH-
uge Py 0T Pp BO3pacTaer ¢ yMeHblleHHEM ky. Takoe BAHSIHHE Ka-
BepPH HA BEJHUYHHB Panx H Prx 00DbsCHIETCS YCAOKHEHHEM TeOMeT-
PHH TOKOBbIX JAHHHH B KaBepHe H, CJe[0BaTeJbHO, BO3DACTAHHEM
HX H3BHJIHCTOCTH T5, N0 CPABHEHHIO ¢ H3BHJHCTOCTBIO JHHHH TOKa

B MEX3eDHOBHIX MOpax.
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KaBepHoBO-TpellHHYI0 HOPOAY MOXKHO MpeJCTaBHTb KaK pac-
CMOTPEHHYIO BhIIle KaBEPHO3HYI0 MOPOAY C NOPHCTOCTbIO OJIOKOB
knws!, OTAHUHOH OT HYJAA, paccedeHHyio oMHOH, AByMA uad 606Jb-
MM yHesaoM cuctem tpeutnH. KosddHuuedT obmeil nopucrocTH
TaKoil NMopoAsl

kn::ku(l _kT—kHaB)_I_kT_I_kKaB' (7'43)
YaenbHoe CONPOTHBACHHE KaBEPHOBO-TPELUIHHHON MOPOAB Pp gy
MOXKHO BHIYHCJIHTB, NOACTaBUB B dopmynsl (7.40) unu (7.42) 3Ha-

ueHUe pnoa=pPsnr U Pron=Puy, 7A€ ppnr U Py, onpegensercs Bbl-
paxenusamu (7.37), (7.38):

- Pn, T (1 _kKaB) + (2+ kKaB)
Po. o= Py T+ Zhcan) + 2 (1 — Fcan)
HJIH HPpUOTHKEHHO NMpH ManblX Ay

| = Fn p (7.45)

Po.mxr = T gpLy o

Py, 108 (7.44)

Pacyersl 3aBHcHMocTeH Py.r=[(ks) ¢ HCHonb3oBaHHEM BhIpa-
KeHuil (7.44) unu (7.45) ANS Penxr NOKa3bIBAIOT, YTO OJHOBPEMEH-
HOe TPUCYTCTBHE B NOpPOJAE TPEUHH H KaBepH yMeHbUIZeT BJIHAHHE
KaXJA0ro H3 3THX BHMAOB NyCTOT Ha BeNH4YHHY P,.. [lostoMy ornu-
©He 3aBHCHMOCTH Pr.=[(ka) 0T Py={(ka) AN mMOPOAB C MeEXK-
3epHOBOM TOPHUCTOCTHIO CTZHOBHTCS MEHee 3HauMuTeJbHBIM. 3aMeT-
HOe BJHsHHEe TPewHH Ha BeNH4YHHY Ppyx. HaGaogaercs JNUIIb TPH
Byas/k: <2 (cuuxkeHue Py Mo cpaBHeHH0 ¢ P,), a BJHSIHHE Ka-
BepH npeobiajgaer Hajg BAHAHUEM TPEWHH TIPH Ewas/k:>10. Tlpu
M3MEHEHHH OTHOWIEHHUSA Ryas/kr B AHanasoHe 2—10, THNHYHOM JJIS
KaBepHOBO-TPEemHHHON TNOpOABI, pacueTHbe rpapuKd Pyyr={f(kx)
Majo oTauuaiorces ot Pp=f(ky). B Tex ciayuasx, Korja Ha BejH4u-
He Ppkr CKaspiBaeTca B 6ONblIeHl CTeNEHH BJWSIHHe KaBepH MJIH
TPeIlHH, 3TO BJHAHHE, KaK M mpexjae, TeM GoJiblie, yeM MeHblUe
ky (cM. puc.45).

7.3.2. YAEJbHOE CONPOTUBJIEHHE
YACTHYHO BOJOHACBIHLIEHHOH NMOPObI

YnenvHoe conpoTHB/IeHHE py.; MOPOAB C YaCTHYHBIM BOXOHACH-
ienyeM ob6beMa Nop omnpejensercsl BHpaxKeHueM

P o = Pufs. ns (7.46)

rae P, — napaMmerp HachluieHHs, npeanoxeHunii B, H. JlaxuosnM,
NOKa3blBAaOUIHE, BO CKOJIBKO Pa3 BO3pacCTaeT BeJHUHHA Oy n YACTHY-
HO BOJOHACBIIECHHOH NOPOAH [0 CPaBHEHHIO C e¢ YAeJbHBIM COMPO-
THBJIEHHEM Qs NPH MOJHOM HachlyleHHH BoAoil o6bnema mop.

! BeanuBHa kg.ua GepeTcs no OTHOWIEHHIO K 06beMY G/OKOB.
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Bennuuna P, 3aBHCHT 0T 06beMHOMl BJAXKHOCTH W HJAH Ko3ddu-
LUHeHTA BOJOHACHIIICHHS ks, a TAKXKE OT FeoMeTpHH obbema, 3aHH-
'MaeMoOro B nopax ocTaTo4HoH Bomo#. Jlnsi MieanwpHOro rpyHra, B
KOTOPOM OCTaTOYHasi BojAa 06pa3yeT WHIMHADHYECKOE KOJbLO IO-
CTOSHHOH NO AJMHE KAMUAASpa TOJLIHHLI, TOrAa KaK LEHTPaJAbLHYIO
4yacTh KamdadAspa 3aHHMaeT HeMTHL WM ras.

P, =k, (7.47)

Tip¥ yc/noXKHEHHH TeOMETPHH TOKOMPOBOASAILETo NPOCTPaHCTBa 3a
«CYeT NOFBJEHHS M3BHJIHCTOCTH KAaIHAAADOB, UIEPOXOBATOCTH IO-
BEPXHOCTH TBepAoH (ha3bl, MPEPHIBUCTOCTH CJOS IJIEHOYHOH BOAB H
T. A. BeJHUYHHA P, onuchBaercst Nno aHajgoruu c (7.17) ans napa-
Merpa P, BRIpaXKeHUEM

Py =T%/ks, (7.48)

tae T,; — seKTpHUYECKAasl H3BHJHCTOCTb TOKOINPOBOASILIHX myTed B
paccmarpuBaeMoM obbeKTe.

Kak ¥ a1 nmapaMerpa P, Oblix NoJiyuyeHBl TEOPETHYECKHE BHI-
paxkenuss napaMerpa P,, cnpasejnusble sl KOHKPETHBIX NpPOCThIX
Mojeneil mopucToil cpedbl ¢ YacTH4YHBIM BojaoHacmeHuem [1, 13].
OjHaKo NpaKTHYeCcKON HEHHOCTH 3TH BHIDAXKeHWs He MpeacTaBJsi-
10T, NOCKOJIbKY peajbHble MoJenH HeTerasoHacHILEHHbIX KOJJEK-
TOPOB 3HAYHTEJbHO CJOXKHEE HCINOMb30BAHHBIX NPH TEOPETHUECKHX
pacuerax. [losToMy cBsi3b Mexzxy napamerpamu P, u ks BHpaxa-
10T SMIHpHYECKHMH (opMyaMH

P,= ak—ns-’ Py= k_nm (749)

Tle @ U 7 KOHCTAHTH, XaDaKTepH3yoUlHe oNpedeseHHBIR KJaace Mpo-
AYKTHBHOTO KoJUleKTopa. Yallle HCHOJNB3YIOT CBA3b Py=/ks ™"

Pasnuuaior aBa BHAa cBA3H Mexay P. u ks no cmocoby Hx no-
JYUYEeHHSI.

I. IOns xaxporo ob6pasuna, mpeicTasisiollero H3yyaeMHil KoJ-
JIeKTOp, PacCYUTHIBAIOT HECKOJNbKO 3HaueHHH P,=py../pe.n TpH pas-
JHYHBIX 3HAUEHHAAX ks, KOTOPHIl H3MEHSIOT B Hpefenax Kso<Rs<l.
Ilpu stoM P, uaMensiercst B npefenax Pyppen>Pu>1, rae kso H
Py npen COOTBETCTBEHHO K03(PHUIHEHT OCTATOUHOTO BOAOHACHIMICHHUS
(cM. pasa. 4) u npejenbHoe (MaKcuMalsbHoe) 3HaueHWe mapamerpa
P, otBeuarouiee ks, B peaynbraTe TakHxX HCCTeNoBaHHE AAH KaXK-
Joro obpasna noay4aloT HWHAHMBHAYAJABHYIO 3aBHCHMOCTh Puy=
={(ks). B panpueiltuem cBsisu Py={(ks), NonyueHunle aJasi OTAENb-
HbIX 06pasunos, oO6beIHHSIOT B OJHY [PYNNy, XapakTepH3yolLYIo
onpe/esieHHBl Kaace Kosasjektopa. B pesyiabraTe AJst pa3aHYHBIX
KJaccoB KOJIIEKTOPOB H3yyaeMoro ofbekTa HoJy4yamT ceMeficTBo
rpagukoB Pu={(ks) ¢ pasnuuneimu n=const. Takum cemeiicTBoM
yalle BCEro XapaKTEePHU3YIOT cBS3b P, U ks AJNSL TEPPUreHHHIX OTJO-
JKeHHHA ¢ H3MeHEHHEM DaCcesiHHOH TMTHHHCTOCTH KOJJMEKTOpPOB B LIH-
pokux mpepesax (puc. 46). B kauecrse wudpa rpadukos P,=
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Puc. 46. DkcuepHMeHTaJbHEE 3aBHCHMOCTH TapaMerpa HacuumenHa P ot koaddu-
UHEHTAa BOAOHACLIMEHHS kp [Js TePPHIeHHBIX KOJJIEKTOPOB PasHHX K/accoB:

a — Bamkupua, peson (no AanHbiM JI. M. OpaoBa). 3HadeHHs kg 10-12 n t —0,1—0,6, 2~
0,6—2, 3 —>2]J1; 6 — TiomeHchast ofNactb, BapTOBcKHA cBoj, rop¥3oHT AB: [ — kpusuie P,=
=#(ky), mudp — S 2 — 3aBHCHMOCTR P =f(k; )

=[(ks) HCHONB3YIOT OAHH H3 MapaMeTpPOB, XapPaKTepHU3YIOUIHfi IJIH-
HHCTOCTb — NeTPOGH3HUECKHH (s, ¢n) WK reodHsnueckudi (acm)-
C mnepexogoM OT HEIJIHHHCTHIX U CJabOTMHHCTBIX KOJJIEKTOPOB K
[VIMHHCTHM # 0GRIUHO yMeHbIIaeTcs.

2. Inst kaxporo obpasdna H3ydaeMoH KoJJeKIHH Onpejpessior
TOJNBKO BEJHYHMHY Rz, M COOTBETCTBylOULee eMy 3HaueHHe Punpen.
3aTeM HaHOCAT TOYKH C KOOPAHMHATAMH Punpen, Re.o AJS1 PA3THUHBIX
ofpa3uosB Ha 6JaHK M METOLOM HaUMEHBUIMX KBaApaToB NoJyua-
10T CTATUCTHYECKYIO CBA3b Py npex—~Rs.o LM BCETO T'€OJOTHYLCKOTO
obbexra. Ha puc. 46 sTa CBA3b SIBJISIETCSl TEOMETPHICCKHM MECTOM
ToUeK Py ppen, ks.o WIH oUHGaromeil ceMefictBa Py=f(ks) ans 1o-
PO C pasyau4Hoiff TJIHHHCTOCTBIO.

3asucumoctu P,=f(ks) nepBoro poga xapakKTepH3ylOT CBf3b
napamerpos P, U ks B NepexoiHOfl 30He HedTHAHON MM Ta30BOH
3a71eXH B HeLOHACHIIleHHBIX yrJeBOAOPOAAaMH KOJJIEKTopax, a 3a-
BHCHMOCTD Pynp={(ks.0) — B 30He NpeLe]bHOr0 HacChleHHSI 3ale-
XKH yIJIeBOJOPOJaMH.

142



=

/ I 1 1 1

20 R

85 70 Y
ku, %

OnHako Hepeako 3aBHCUMOCTH Py=f(ks) mas pasHelx (1O raH-
HHCTOCTH HWJIH (HJIBTPALHOHHO-EMKOCTHBHIM CBOHCTBAM)  KJaccoB
KOJIJIGKTOPOB H COINPSIKEHHYIO C HUMH 32BHCUMOCTb Pymp=F(ks o)
TPYAHO OTJHYHMH, TOr/la NOJBb3yIOTcA €AHHOH [JIsi  U3y4yaeMoro
06hekTa cBsi3bio Py=f(ks). Takas cuTyauus xapakTepHa AJjs Kap-
6oHATHRIX KOJIJIEKTODOB MEXK3epHOBOro THMA.
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PaccMoTpuM Haubosiee xapakTepHble BHAH CBfidedl H HX ocoOeH-
HOCTH, YCTAHOBJICHHbIe PAa3/IHYHBIMHM HCCJIEJOBATeNSMH JJisi pealb-
HEIX KOJIJIEKTOPOB HedTH ¥ raza Ha OGUIMDHOM 3KcHepUMeHTalb-
HOM MaTepHase.

1. Jlasi MeX3epHOBHX THADO(QHJIBHBHIX KOJIJIEKTODOB, TeppHreH-
HBIX M KapBoHATHEIX, B 3HAUHTEJbHOM NHaNla30He H3MeHeHHs kp 3a-
BHCHMOCTH Py=[(ks) xapaKkrepusyioTcs ypaBHeHueMm (7.49). 3ma-
yenus 1,3<n< 1,6 TUNHUYHBl AJs1 TJHHUCTHIX TEDPHTEHHBIX LOJJIEK-
TopoB, 3HaueHus 1,8<<n<2 — mjia xopouo cUeMeHTHPOBAHHBIX CJa-
GOrJIMHHCTHIX KapOOHATHBIX M TEPPHIreHHbIX nopod. [as 3HaunTesb-
Holt yacTH 0O6bEeKTOB MoJyueHb HeJdHHeliHble (B ABOHHOM Jorapudg-
mudeckoM Macumrabe) cBssu Py—f(ks), KOTOpble MOXKHO INPEACTa-
BUTb COBOKYIHOCTBHIO OTPe3KOB cBsA3el Puy=[(ks) ¢ pasiHuHBIM A.
Jas cnaborNUHKCTBIX M HETJUHHMCTBIX ¢ HH3KMM ks, 1O Mepe
yMeHblIeHUs ks HaGaoaeTcs pocT 7, TOrAa Kaxk B TJHHHCTHEIX KOJ-
JEKTOpax ¢ yMeHblIeHUeM ks 1 0OBIYHO yMEHbIIAeTcs.

2. B XoanmeKkropax co CHOXKHOH reoMeTpHeHd NOD 3aBHCHMOCTH
Py={(ks) cyllecTBeHHO OTJIHUYHBI OT 3aBHCHMOCTEH A/ Mek3epHo-
BHIX KOJIeKTopOB. Tak, AJs KaBepHo3Ho# mopoanl ! <n<1,3, a aasa
TpeliHHoBaTo# n>>2. JIns TpPEUUHOBATO-KaBEPHO3HOH NOPOAH BO3-
MOXHB Da3JiuyHble 1 B 3aBHCHMOCTH OT TOTO, KaKoe BJHsSHHE Mpe-
ofianaeT HAa BeJNUYUHY pun — TPEUIUH MM KaBepH. llpu B3auMHoit
KOMIIEHCAL MM 3THX BJHAHHUE HaubGoJee BEPOSATHO n=2.

3. B ruapodofiHbIXx KOJIEKTOpax ¢ MEX3epDHOBOH NMOPHCTOCTLIO,
a TakMKe CMeLIaHHOTO Tuna (MeMK3epHOoBble IOPH, KaBEDHH, Tpe-
UIHHBI) A>>2, IpHYEM OTJAHYHE 7 OoT 2 TeM OoJiblle, YeM BBILIE CTeE-
neHb rufpogobusaluy KoJaekTopa. DTo oOBsACHsSETCS DE3KHM yBe-
JUuyeHHEeM H3BHJHCTOCTH TOKOBHIX JHHMi 6Jarogaps mnpepbiBHCTOC-
TH MJIGHKH BOJABl HA MOBEPXHOCTH NMOp, BHI3BaHHOH ruapogobusanu-
efi.

[TonyuaroT TakKe sKCNepUMEHTANbHBle 33aBHCHMOCTH Tapamer-
poB HacHIeHHs Py U BAaXHOCTH Py=PyPy oT 06beMHOR BIaXHO-
CTH W; 4aCTHYHO BOJOHACHIIIEHHOH MOPOJBI, KOTOpbie 0GbruHO OsiH3-
KH K NIDSMOH B ABOHHOM JjorapudpmuueckoM macuirabe m OINHCHBA-
I0TCS SMOHPHUYECKUMH ypaBHEHHSAMH

PH = w-ﬂn; Pw = w_nB' (750)

[Tocaeanee BpEMsA B NPaKTHKe MNoJAcCYeTa 3anacaB HCHOJAB3YIOT Tak-
K¢ 3aBHCHMOCTbH

Py n =Wy, (751)

KoTopyio mHoaydyaroT no Martepuanam I'MC u KepHa B CKBaxXuHe,
npoGypeHHoii ¢ pacTBopom Ha HeprsHofi ocHose (PHO), como-
CTaBJs NO HHTEPBAJaM Da3pe3a yAeJbHOE CONPOTHBAEHHE pyn N0
nanHbiM THIC uM KepHa ¢ BelIMUHHOH Ws, ycTaHOBJEHHO B Aalo-
PaTopHH NPsAMbIM METOLOM B amlapaTe 3akca.
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Ilonyuenue saBHcuMmocTH (7.51) Ana u3yuyaeMoro o6bexkTa HJH:
rpynnel 06beKTOB NMO3BoJsieT H36exkarh HMHbopManuu ob ylelbHOM
CONMpPOTHBJICHHH pe OCTATOYHOH BOJABI BHYTDH KOHTYpa HedTsHOMH
HJIM ra3oBoil 3ajexH. DTO CyLIECTBEHHO, MOCKOJbKY HEKOTODHIE
HecJieJ0BaTeH yTBepKIAAI0T, YTo MHHEDAJNH3anHs, COCTaB H yAelb-
HOe CONPOTHBJIEHHE NJACTOBO BoAbl 32 KOHTYPOM M BHYTDH 3aie-
XKH, KaK MpaBujo, ornuuaiorcs. [losToMy NpH pacueTe napaMerpa
Pu=pun/Prps He cnefyeT 6paTh 3HaUeHHE ps, COOTBETCTBYIOILEE CO-
NpPOTHUBJEHHIO 3aKOHTYPHOH BoAb. B TO e Bpemsi y/AOBNeTBODH-
TEJBHBIX CHOCOGOB OTpejAesieHHs ps OCTATOYHOH BOABI MPOAYKTHB-
HBIX KOJJIEKTOPOB, OCOGEHHO B 30He NpelelbHOro HachIIEHHS, He
cyuecTByer. [TosToMy crnop O TOM, KakKoe 3HauyeHHe ps HCHOJb30-
BaTbh npu pacuere Py, siBasiercst GecnpeamerHulM, IlocTpoeHue cBs-
3H pun=[(Ws) NpH YCIOBHH ee AOCTATOYHOH TECHOTH AaeT HaAENK-
HOe CpeACTBO OnpejesieHHs] BEeNHYHUHB Wi, a NMPH H3BECTHOM kp H
3HaueHust ks (puc. 47).

PaccMOTpHM CBfI3b yAEJNBHOTO CONMPOTHBJIEHHS! MOPOA-KOJNJEKTO-
POB ¢ pa3JHuHOH CTerneHbi0 HacbILICHHs! YIeBOAOPOAAMH M MOPOA-
KOJIJIEKTOPOB ¢ KO3 (pHUHEHTOM NOPHCTOCTH npH (HUKCHPOBaHHOM
3HaueHHH ps=const Asisi Bcefi COBOKYNHOCTH IMOpPOJ H3ydyaeMoro
ob6bvexta (puc. 48). I'paduk psn=f(k1) AN HeKONNEKTOPOB H BO-
JOHOCHBIX KOJIIEKTOPOB OrpaHHYMBAeT CHH3y 006/1acTh BO3MOKHBIX
3HaueHHH pn. 3HaueHHe Rg=~FK;p JeaHT rpaduk psn=f(k:) u BCiO
KOODJAHHATHYI0 NJOCKOCTb Ha JBe 06JACTH, COOTBETCTBYIOLIHE KOJI-
JeKTOopaM M HekosuiekTopam. Ceepxy IoJie BO3MOXKHBIX 3HAueHHH
Pn YaCTHYHO BOAOHACHLIEHHBX (HedTerasoHachUIeHHBIX) KOJJIEKTO-
POB OrpaHHYeHO TPAGHKOM pr nnpen=/(Ez) 3aBHCHMOCTH yeNbHOTO
CONpPOTHBJIeHHS] TIpeiesbHo HedTe(ra3o)HachleHHbHX KOJNJIEKTOPOB.
I'paduK pu nnpen=f(kn) nepecexaeT 3aBUCHMOCTb psn=[(ks) BOJIH-
34 IpaHHUK Rp=Fqp. Ha naolaau, orpaHuyeHHolt rpadukamu I,
2, pacnosioxKensl 3aBUCHMOCTH py = (kn) AJMst pa3iHuHbIX HHKCHPO-
BaHHHX 3HaueHHUH KO3(M(HUIHEHTA OTHOCHTEJLHOro BOJAOHACHIIIEHHSE
ks =const:

I ky— ks o
kB:lTk;_—o_-, (752)«‘

rie ks — ko> dHIHEHT BOAOHACHILUEHHS, B oflLieM cJydae OTJIHY-
HBIA OT ks o (CM. pasl. 4).

3HaueHusi ks, paBuble 1 u 0, cooTBercTByoT rpadukam [ u 2,
NPOMEKYTOUHbIe 3HaueHHs] k, — PasjJHuHOH creneHu Hedre(raso)-
HacHIIEeHHs] KoJJdekropa. MHcnonb3yst KoppeJdsiiHOHHBIE — CBSI3H
ks o=[(kx) H 3aBHCUMOCTH FKups=[(Rs), kmpu=f(ks) OTHOCHTE/Nb-
yoft (a3oBoil NMPOHHIAEMOCTH AJSl PA3JIHYHBIX KJIACCOB KOJJIEKTO-
pa, XapaxkTepH3yeMblX oOmnpejesieHHbIM HHTEepBaJoM 3HaueHHi
ks, MOXKHO HafiTH TDaHHYHBle 3HAYEHHs Ks, Pasjensiolide 06JaCTH
KOJIJIEKTOPOB, AaOLIHX NPH HCOHTAHHH 4HCTyi0o HedTh (ras),
HedTh (ras) c BOAOH M YHMCTYIO Boiy M 0GO3HAuHThb 3TH o6JacTH
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Puc. 47. 3aBHCHMOCTD YACALHOI'G COTPOTHBJE-
HHA Qo TPOAYKTHBHOTO KOJVIEKTOpa OT ero
ob6bemHoll BAaxKHOCTH Wy A/ia NPOAYKTHBHHIX
oTJ0:xKeHuH BaproBckoro cBoga (no B. X AxH-
aposy H I', TayTHAHCKOMY)

Puc. 48 TlaneTka nds pasiesieHHs KOJJEKTO-
poB No XapaKTepy HacCkllNeHWs MO NAHHMIM Me-
TOJ10B CONPOTHBJCHUA H HOpHCTOCTH.

Kpusrie: [ — Py ppen=f(Rg), 2—pz,=f(k;), 38—
p,=f(k,) ans paamuumeix k, (mAdp KpusHXx), 4 —
04 hp=f(kn); 5 ~—~TpaHHUa KOJJIEKTOp — HEeKOJJIEeK-
TOp, 6 — HedTh (ras); 7 ~medpTh (ras)-t-mopa; 8 —
noga
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(cM. puc. 48). INoayuenHoe NOCTPOEHHE MOMKHO HCIOJBIOBATH JJISE
MPOrHO3a XapaKTepa HACHIILEHHsS! KOJJIEKTOpa TO MHOJIOXKEHHIO Tod-
KH, COOTBETCTBYIOUIEH STOMY KOJJIEKTOPY, B CHCTeMe KOOpJIHHAT
pn""kn.

[lpuBenennasi Ha puc. 48 manerka cHpaBedJiHBa pajas THIAPO-
(UNBHBIX TOPOJ NPH OTCYTCTBHH B HHX MHKPOCJOHCTOCTH U IIOCTO-
AHHOMl MHHEpaJH3alMH MJAcTOBOH BOJH B TipeleJax H3ydaeMoro
reoJioryieckoro o6mnexra.

7.3.3. BIHAHHKE TEMIIEPATYPbBI H ABJIEHHKA
HA YA EJbHOE CONPOTHBJIEHHKE NMOPOAbI

YaenbHoe CONPOTHBJAEHHE NOJHOCTBIO BOXOHACHIIIEHHON NOPOMRbE
NpH IUIACTOBHIX YCJAOBHAX Pu(P, Pua, T) — ropHOM [aBJeHHH P,
IJ1aCTOBOM JaBJAEHHH pn, INJaacroBoil Temnepatype T — oTJauuaer-
¢l OT yAeJbHOTO COTIPOTHBJIEHHS] TOH 2Ke TOpOAb NMpPH atMocdep-
HHX ycnoBHAX pn(0). [Ipu HaceeHUH TOpOAbI BoAoH ¢ MHHEDPAJIH-
3andedl, oTBevamollell AHaNa3oHy MHHepaJH3alUHH [J1ACTOBBIX BOJX
foabuIHHCTBA HeDTSAHBIX H TasoBhix MecropoxkiaeHufi Cz=20—
200 r/n, BenMWUHHA pp NpH IJACTOBHIX YCJAOBHSX Bhilde, ueM W
atMocdepHblXx. Jasl OueHKM BENHUYMHH Pg(p, Pra, T) TPH  H3BeCT-
HHX 3HaueHHsaX pn(0), p, pua, T NOAB3YIOTCA ypaBHEHHEM

oa (p, Pax, T) %,: On (pa(b) l: on (Pnx) ] I:Pn (T) =K K.K..
pn (0) Pn (0) ]prm' T pn(0) Io,TLPn (0) ]p' Pan 1hes
(7.53)

B npaBoif yactH ypaBHeHHs (7.53) — TPH MHOXKHTENSsl, KOTODEIE
XapaKTepPH3YIOT c/efyioniee: H3MEHeHHEe py C POCTOM Pog HPH Pry=
=coust, T=const; uaMeHeHHe py; C POCTOM py, nNpH p=const, T=
=const; usmenenue p; ¢ pocroM T npu p=const, paa=const. Oc-
HOBHBIM (aKTOPOM, H3MEHSIOUIMM p; B IJIACTOBHX YCJOBHAX MO
cpaBHeHHIO ¢ pn(0), ABiaseTcs 3¢ PeKTHBHOE TABJEHHE Pop = P—Pux;
C POCTOM pPsp BEJIHUHHA pn{pP-p) Bo3pacraer GJjarogapsi yMeHblile-
HHIO TapaMeTpa kg H POCTY 3JEKTPHYECKOH H3BHIHCTOCTH 1o MO-
POBBIX KaHaJoB nopoasl, MaMeHeHHe p, 110X BJAHSHHEM P,y OLEHH-
BaT Ko3¢pdHuHeHTOM K), 3HaYeHHe KOTOPOro /s 3aJaHHbHIX yCJo-
BHIl onpeiensioT Mo nanerke Ha puc. 49.

BunsHue pnn 3HAUHTENBHO MEHBINE; €ro OLEHHBAIOT KO3 OHIH-
eHToM K32, 3HaUeHHE KOTOPOrO DAaCCYHUTBIBAIOT 0O (pHOGJIHMKEHHOIT
dopmyse Kz=1—Krapns, rae Kie — KO3(DOHIHEHT, YYHTHIBAIOW M
BAHAHHE NehopMalMH TBepAOil (a3l Ha yReJbHOE COTPOTHBJICHHE
nopoxabl. s cnaborJunHcThIX TepPHreHHHX KOJMJIEKTOPOB cpejHee
3HauenHe Kp;=1,5-10"3 MIla~!. BausHue TemMumepaTtyph cloxHee,
HOCKOJIBKY OHO CO3/laeTcsi aeficTBHeM Tpex (AKTOPOB: a) CHUMKEHH-
eM ps ¢ poctoM T; 6) uameHeHHeM k; u T-; B pe3ysbTarte TeNI0BO-
ro pacilHpeHHsl CKEJIETHbIX 3epeH; B) M3MEHEHHEM COOTHOIUICHHUS
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Puc. 49 TlaneTka nJsi OLEHKH M3MeHEHHH YIeJbHOTO CONPOTHBJCHHA TEPPUTreHHBIX
nopon ki=gn(psy)/pan (0) upn BoajeficTBHH IQdekTuanOCTH faBaeHua (10
B. M. Jo6puiunny)

BuaveHus p,,, MIla a—15, 6 —30, 8 — 60, 2 — 100. IIudp xpuseix — k&, %

npoBoaAUMOcTH [IDC 0x5c H CBOGONHOIO PacTBOpa op ¢ H3MEHeHHeM
UsMenenune ps ¢ poctoM T paccuuThiBapoT 1o ¢opMylie psr=

= Prps20, e Pr — TeMmnepaTypHblil KO3 ®HuueHT 3JeKTPONpoBol-
HOCTH DacTBOPOB:

Pp=[1 4o (T =20°C) + B (T — 20 °C)4|, (7.54)
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rAe a AJS pasqHYHBIX 3JeKTPOJHTOB MeHsercs ot 10.10-3 ng
26-1073, p —or 10~® go 10~°. OGbiuHO mojaraioT B=0; aas pacr-
BopoB NaCl a=21,6-103, BausaHueM TelJoBoro pacllMPeHHs 3e-
peH ckeseTa o6blyHO NpeHe6peramor.

B nopoaax co 3HAuHTEJbHBIM COAEPAKAHHEM TJIHHBI, HAPUMEP B
TJIMHUCTHIX KOJIJIEKTOpax, NPH HAarpeBaHUH TMOABJAETCH AONOJHHU-
TeJbHAs NOBEPXHOCTHAS NPOBOXMMOCTb 3ua CUET U3MEHEHHS 3JIEKT-
ponpoBoaHocTi JIDC Ha moBepxHOCTH TBepAOH (ashi:

Ky=[ @] =expl— (artbri) (T~ To)l,  (7.55)
pr (0) P Prn

e 07 — K03hDHIHEHT, YIHTHBAIOIIHA JONONHHUTENbHYIO HPOBOJLH-
MOCTb TJIHHHCTOrO KOMIIOHEHTA, 3aBUCHT OT 3HaueHHHl g u Cs. 3Ha-
uenue §r, BbIYMCIEHHOE AJIsl TJIHH Pa3/JHYHOTO MHHEPaJbHOrO COCTAa-
Ba N0 KCOCPHMEHTAJNbHHIM JaHHbIM, MeHsAeTcs oT 0 (KaoJHHHT) X0
0,01 °C—! (MOHTMODHUJIJIOHHT); MPOMEKYyTOUHble 3HAYEHUS COOTBET-
CTBYIOT THADOCAIOAAM H HX CMECH C KAOJHHHTOM H MOHTMODHJJIO-
HUTOM.

IIpu HacblleHuu 06pas3noB BOAOHl € yJAeJbHBIM CONPOTHBJIEHHEM
Qs HHIKE CUHBEDPCHOHHOTO 3HAYEHHUS» pPeaunps=~0,4+0,6 OM-M npH
HarpyxeHuu o6pasua poct pn M P, NDpoHCXOQHT BeAEACTBHe Kak
yCHOXHEeHHS] TOKONPOBOAALIMX NyTeH (pacreT 3JeKTpHueckas H3BH-
JIHCTOCTB), TaK M yBeJHueHMS JOJM MeHee npoBoasumero NI3C B
o6beMe n0p (peca>>ps). [lpu HachilleHHH oO6pasoOB BOAOH C ps>
>ps.une H NPH BBICOKOH axcopOUHOHHON @KTHBHOCTH MHHEpaJbHOro
CKeJeTa (IJIMHHCThIe KOJJIEKTODH, 3¢ dy3uBHbEe nopoas) Bo3pacra-
Hue poau [19C B o6beme nop npu HarpyXeHuu oGpasia, HaoGoporT,
CHHIKaeT 3HAYCHHA pn M Py ¥, c/eJOBaTeNbHO, CYLUIECTBEHHO YMEHb-
1JaeT NPUBbIUHBIA AJA 3KCIEDHMEHTATOPOB POCT p, U Py ¢ yBemuue-
HHEM p.p 3@ CuUET H3MeHeHus H3BHAHcTocTH. [Ipu omnpepeseHHoM
COueTaHHH TapaMeTpoB oGpasua, HachlLUIEHHOro pacTBOPOM HH3KOH
MuHepanusauuu (Cs=1—10 r/n » MeHee), npu HarpyXeHHH BO3MO-
XKeH o6paTHbl 3¢ddeKT — 3HaueHus pn U P, 6yAyT yMeHblIaTbes ¢
POCTOM Psg, T. €. BAUsIHHE Bo3pacratouelt gonu JAIC B obbeme nop
OyaeT culbHee BAHSHHA POCTa U3BHJHCTOCTH.

YaenpHoe conpoTHBAEHHE YaCTHYHO BOAOHACHIIEHHHX TOPOX
H3MeHseTCS B IUIACTOBBIX YCJOBHSAX BCJAEACTBHE H3MEHEHHs COAep-
JKaHMA W pacnpejielieHHs B NOpPax BOJAbL YXeJNbHOE CONPOTHBJEHHE
TuApoUABHBIX ¢1a6OTAHHHCTBIX YaCTHYHO BOJOHACHIIEHHBIX KOJ-
JeKTOPOB H3MEHseTes TaK e, KaK H MOJHOCTBIO BOJAOHACHILIEHHBIX,
cJejoBaTeNbHO, apaMmerp Py TakHX NOPOJX C PDOCTOM pPsp H T mpax-
THUECKH He MeHseTcs.

7.3.4. YAEJIbHOE CONMPOTUBJEHUE MUKPOCJIOUCTOH NMOPO bl

Ocajounnle MOpPoOAbl, B NepBYI0 oYepelb TePPHreHHbe, HEPeaKO
©00/1a1a10T MHKDOCJIOHCTOCTBIO, uTo 0GyCHOBAHBaeT OTJHUYHE 3Haue-
HHH yJeJbHOTO CONDPOTHBJEHHS, H3MEPEHHHX BAOJb CJOHCTOCTH
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v« U [0 HOPMAJH K Hel p,. MHKDOCJOHCTOCTb 06pasoBauia uepejo-
BaHHEM TOHYAHILIHX NPOCJAOEB [eCUaHHKOB HJH ajeBpOJIATOB C pas-
JHUYHOH TJIMHHCTOCTLIO, NECUaHHKOB (aJ€BPOJHTOB) H TVIHHBI H T. A.
Mpuuem TONmMHA npocioeB HA<C1—5 MM 3HaYHTEJNBHO MeHble
CTAHAAPTHHIX pa3MepoB 00pasloB, HCNOJB3YEMbIX B NPAKTHKE NET-
podH3HUecKHXx HCcaefoBaHHH. Ecjau MHKpocJoHCTas nopoja Npel-
cTaBjeHa YepeJOBAHHEM JBYX BHIAOB NPOCJOEB ¢ YAEJAbHBIMH COMNpO-
THB.JIEHHSIMH D, p2 H OTHOCHTeJbHHIM COACPXKAaHHEM @O TO.IUHHE
COOTBETCTBEHHO Y; H Y2= 11—y, TO

= Oup ; 7.56
b xapz+ (1 — %) p1 ( y
P = PiXg+ P2 (1 — %)- (7.57)

HerpyaHo nokas3aTtb, UTO pn>p: A/ BCex CAyyaeB KpOMe p;=0z
HAH =1, T. e. KOTla CJOHCTOCTb OTCYTCTBYeT H NOPOAa OZHODOA-
Ha.
KosdbdunmHeHT aHU3OTPONOHU A IO YIAEJbHOMY CONpO-
THBJ/IEHHIO ONpejefisieTcsi BhpaXKeHHeM

A=V palp:. (7.58).

Beeraa Az=1; npu pg—>oo mau p—>0 A—>o00; npH py>p; HIH
’Xl—fl Af—>1.

B npaxtuke uHrepnperauuu AaHubix [HMC B cJAOHCTHIX TJHHHC-
THIX KOJIJIEKTOpax BupaxceHus (7.56), (7.57), ocobenno (7.56) uc-
NoJb3YIOT MJf XapPaKTEPHCTHKH NPOAOJBLHOTC P, H [ONEPeyHOro
On CONDOTHBJ/EHHH, NOACTABAAA O1=prg, %1=7%ra, P2=Pmz, TAE
Ors, Pmm Yrs COOTBETCTBEHHO yje/ibHHE CONPOTHBJEHHS I[VIHHHCTBIX
H NeCYaHbIX IPOCJAQEB, Yrn — OTHOCHTEJbHOE NO MOIIHOCTH COAEp-
JKaHHE [POCJIOEB TJIHHbI B MauKe.

Hpyroii npumep aHH3OTPONHOH MOPOABI — TPEIUHHHBEIH KOJJeK-
TOp ¢ OJHOH cucTeMOH TpemuH. B 3TOM ciyuae uyepenylOmiHMHCH
cpelaMH SABJAIOTCA CJIOH OJIOKOB ¢ MEX3EDHOBOH MOPHCTOCTBIO H
yieJbHBHIM CONPOTHBJICHHEM Puex M TPELUHHB ¢ YAEJbHBIM COINpPO-
THBJeHHeM ps. IlogcraBass B BHpaxenusa (7.56), (7.57) 3anauenus
01=Ps, P2==Puga, Y1=FRr H Oojgaras l—k,~ 1, NoAy4HM COOTBETCT-
BywlliHe (OpMyJasl Add yAEJbHOTO CONDPOTHBJEHHS TpPELiHHHOTO
KoJJeKTopa (npefenbHble cjayuau), NpHBeleHHbe Bbinie, [loAcras-
JAs NOJMyyeHHble BhIDaXKeHHA LI pn H p. B dopMmyay (7.58), nosy-
4uM (dopMyay AJs pacuera A.

7.3.5. TPEJEJIbI K3BMEHEHHA YA EJBHOIO CONNPOTHBJIEHHA
PA3JIHYHBIX JIHTOTHIIOB OCAJLOYHBLIX OPOJ,

Y nenbHOE CONPOTHBJIEHHE Psn BOJOHOCHBIX KOJJIEKTOPOB — IleC-
YAHHKOB H aJIeBPOJIHTOB, B 3aBHCHMOCTH OT NOPHCTOCTH NOPOABL H
MHHEpaJH3aluH nnactoBofl Boasl HameHnsgerca ot 0,2—0,3 g0 15—
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20 Om .M. Haubosiee xapakrepHble 3HAYeHHS pPsrn BOJOHOCHBIX KOJI-
JIEKTOPOB BObIWIMHCTBA He(TErasoBbIX pPETHOHOB 3aKJIOYEHbH B
ypefenax 0,5—5 Owm-M. YejbHoe CONPOTHBJEHHe NPOAYKTHBHBIX
IHAPOHABLHBIX KOJJIEKTOPOB 3aBHCHT B OCHOBHOM OT HX BJaXHOC-
“TH, B IIepBYIO ouepelb OT KO3(hduIHeHTa HedTerasoHachIIeHRd, H
#3MensieTCss OT HeckoJbKHX OM-MeTpOB H IVIMHHCTBIX KOJJEKTOpax
1o 100—200 OM-M B BHICOKONOPUCTHIX ¢J1aBOrIHHHCTHIX KOJJIEKTO-
pax. B rmapotdo6HbX KOJJIeKTopax BO3MOXHH GoJiee BhICOKHE 3HA-
YeHHS py.n. DEJHYHHA On HOPOJA-HEKOJJIEKTOPDOB B TePPHreHHOM
paspese H3MCIHSEeTCs B 3aBHCHMOCTH OT NODHCTOCTH H B MeHbIUeR
CTEeNneH® B CBsI3H ¢ MHHepajH3alHeHd IJACTOBOH BOAB OT eIHHHIL
/10 COTeH OM-MeTpOB. ¥Y[elbHOe CONPOTHBJIEHHe IMHH 3aBHCHT B
TIePBYIO Odepelb OT HX HOPHCTOCTH, 3aKOHOMEpHO Bo3pacrtad oOT
1—2 OM-m B cnabOynJOTHEHHEIX TJIHHAaX A0 [AeCATKOB OM-MeTpOB
B QPFHJUINTAX M TJAMHHCTHX CJAaHmax ¢ ka=1—5%. [naqa raun B
pa3pesax He(hTAHBIX H Ta30BLIX MECTOPOXKIEHHH npH raybuHe 1—
'3 kM Haubo.lee XapaKTeDHb! 3HAYEHHS prn, paBHbie 2—5 Om-m. Jlo-
ABJEHHe B TVIHHAX NecYaHulXx M KapOOHATHEIX NPHUMecefi NOBHILAET
HX pp. Y/Je/bHOE CONPOTHBJEHHe THAPO(GOOHEIX GHTYMHHO3HBIX [JIHH
H3-3a HX HH3KOH BJIaXKHOCTH MOXKeT AOCTHIaThb COTEH H JaXe ThiCSY
‘OM-METpPOB.

Y nenbpHoe cONpoTHBJEHHe yraell, NpHYPOYEHHBIX OGLIYHO K Tep-
pPHIeHHbIM OT.JOXKEHHSM, MU3MEHSeTCHd B O4YeHb IIHPOKHX Ipeflesax.
¥Yroin HanGosee BBHICOKOI CTeleHH MeTaMop(H3Ma — aHTPAIIHTH —
COLEePXKAT rpaduT, NO3TOMY HX pn=10"*=+1 OM-M H OHO TeM MeHb-
ure, 4YeM Bblllie colepkaHde rpaguta. C yMeHbLIeHHEM CTENEHH Me-
Tamop$H3Ma aHTpallUTa H coJepKaHud B HeM rpadura yaelbHoe
'CONPOTHBJIEHHE €rQ PAacTeT, AOCTHras eIHHHII OM-METPOB, B Yrisx
NePEXOAHBIX MAapOK OT AHTPAIIHTOB K KaMeHHHM. YaeJsbHoe conpo-
THBJEHHEe KaMEHHBIX yIJell 3aBHCHT TOJBKO OT HMX BJaXHOCTH H
JOCTHTaeT COTEH M THICSY OM-MeTPOB B KaMeHHBIX yrasx HauboJee
‘BHICOKOH cTemeHH MeTaMopduaMa. B nanbHefillem ¢ nmepexolom Ot
KaMeHHHIX Yyriell K 6ypbIM yaedbHOE CONPOTHBJIEHHE YIJsd 3aKOHO-
‘MEPHO CHHIKaeTCs B COOTBETCTBHH C POCTOM €rO BJIAXKHOCTH H 30Jib-
HOCTH (CcOJepXKaHHS IJIHHHCTOrO MaTepHaJsa), NHOCTHras eJHHHUIL OM-
MeTpoB. TaruM ob6pasoMm, ansl yriieH YeTKo YCTaHOBJEHHl ABE Xa-
paxTepHbie 06.1aCTH H3MEHEHHA pn: B NEpBOH pp onpefeiigeTca co-
LepXKaHHEeM MuHepasa € 3JeKTPOHHOfi RNPOBOAHMOCThi0 rpadura,
BO BTODOH — BJAXXHOCTBIO Yris.

ButyMuHO3HBIEe MOpPOALI HMEIOT yaedbHOe CONPOTHBJICHHE OT
NECATKOB N0 THICAY OM-MeTPOB, MAKCHMaJbHble 3HAYEHHS pn COOT-
BETCTBYIOT NOpOJaM ¢ BHICOKHM GuTyMoconZepxkauuem 50-—809 u
‘0OYeHb HH3KOH BJIaXKHOCTBIO. YIe/lbHoe CONDOTHBJEHHe KapGoHAT-
HBIX MOPOJ MeHseTcsd B Tex ke oOUIHX Npenenax, YTo H TEpPHreH-
HBX. JNs HeKOJJIeKTOPOB pn ROCTHraer 6oJiee BHICOKHX 3HAYeHHil
(TbICSIYH OM-METPOB), YeM B TePPHreHHOM paspe3de, MOCKOJbLKY
"‘BCTPEYAIOTCA M3BECTHAKH H JNOJOMHUTH C Rn=1—29 . VYnenbnoe co-
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NPOTHUBJIEHHE Pe.n BOLOHOCHBIX KOJJIEKTOPOB HECKOJbKO BblLIe, 4eM
y NECYaHHKOB H aJieBPOJIHTOB. Y[eJ/lbHOE CONPOTHBJIEHHE MPOAYK-
THBHHX KOJJEKTOPOB H3MeHsdeTcsd B TeX XKe Npefenax, uto H B Tep-
PDHreHHOM paspese, OT €IHHHIL OM-METPOB B TOHKOMNODHCTHIX MeEJio-
noJo6HLIX H3BECTHAKAX MO COTEH OM-METPOB B KPYNHONODHCTHIX
H3BECTHAKAX M AOJOMHTAX ¢ BbICOKHM HedTera3oHachllleHHeM.
[Ipn npounx paBHBIX YCJIOBHAX yAeJbHOE CONPOTHBJieHHE KapOoHAT-
HOH NOPOAB CHHXKAETCS ¢ NOBHUIEHHeM B HeH COAePXKaHHA VIHHHC-
TOro MarepHana (MepreslH) W Bo3pacTraeT, AOCTHras, Kak H B Tep-
DHrEHHOM paspese, ThICAY OM-METPOB ¢ pocToM OHTYMOCOLepiKa-
Hus.

YnesbHoe CONPOTHBJIEHHE THAPOXHMHYECKHX OTJIOXKEHHH OGHIYHO
BHICOKOE H OUYEHb BLICOKOE — OT COTEH A0 AECATKOB THICAY OM-MeT-
POB — B COOTBETCTBHH ¢ O4YeHb HH3KOH HX BJaxHoctbio W<1%.

7.4. AUIJEKTPUUYECKAS NPOHUUAEMOCTD
OCAJJOYHbBIX nOPO!

7.4.1, NH3NEKTPHUYECKASA MMPOHHUAEMOCTb
MOJIHOCTHIO BOAOHACHIIMEHHBIX TOPOJ,

JlH3/eKTpHUeCKYI0O NPOHHIIAEMOCTL MOHOMHHEPAJBLHOH nOJHO-

CTHI0 BOJOHACHINIEHHON (MAKCHMAJbHO BJIaXKHOH) TNOPOAB €
MOJKHO BBIPa3HThb NPHOJAHKEHHOH (opMyJiioH

g g = xRy + oy (1 — kp), (7'59)

TR€ E€ck, &z — LHIJEKTpHYECKHE NPOHHIIAEMOCTH MHHEpPAJbHOIO CKe-
JeTa H BOAb! B Nopax MOpPOAbl NPH PACNOJOXKEHHH TBEPIOH H XKHI-
KoH (a3 B BHIe napaJiesibHBIX CJT0E€B B HAaNpPaBJEHHH CHJOBBIX JH-
HHH [oJId.

Jlyuuree mpubJiHKeHHE K 3KCIEPHMEHTAJbHBIM JaHHBIM MOXHO
NOJIYYHTb HCNOJB3YS IMIHPHUECKY!O dopMyay
€. n= Enkmu + &ax (] - kmu): (760)

rae 3Hadenne m=1—2 noxbupawor, fobuBasicL HauAyuylllero coBla-
JeHHS1 pacyeTHOH 3aBHCHMOCTH &z n=[(Ry) ¢ pe3yabTaTamu onpere-
JEHHA €sn H Rn Ha HccliedyeMoit KoJjlekilnH o6pasnoB. Xopolliee
corjacHe ¢ AaHHBIMH 3KCOEPHMEHTA YCTAHOBJEHO [ pacueTHHIX
3aBHCHMOCTEH &an=f(k;), HoAyYeHHHX N0 bopmyne

€p.n=a+ Va2+80h83/27 (7.61)

rue
a=[(2—3ky) ec. + (3ky — 1) ,]/4. (7.62y
! IluaneKTpHuecKasi NPOHHIAEMOCTb OCAJLOYHHIX MOPOJ PaccMaTpHBAETCA B

ZIHanasoHe yactoT (1—50 MTI1), xapakTepHoM A5 cepuiiHOH OTeueCTBEHHOH amma-
paTypbl JH3/1eKTPHYECKOTO MeTOAa HCCJAeJOBaHHA DAa3Pe30B CKBAXKHH [12].
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®opmyna (7.61) nmonyyewa B pesyabTare peurenus ypasuenus One-
JeBckoro [25], xkotopoe cBA3biBaeT JAHIJIEKTPHUECKYIO MNPOHHIAe-
MOCTb £cy MHOTOKOMIOHEHTHOH CHCTEMHBI C 3HayeHUSIMH &; H OObeM-
HbiM coftepkanuem K, 3THX KOMIIOHEHTOB MPH X3OTHYECKOM HX

PacloNoXKeHHH B NTPOCTPAHCTBE H OTCYTCTBHH B3aHMOJEHCTBHA
MEXAY HUMH:

n oegy—ce
3 oM k(. (7.63)
i=1 & 1 28cy

PacueTHble H 3KCMEpHMEHTaJbHbIE 3aBUCUMOCTH es.n=[(kq) daA
opoJ C MOHOMHHEpAJNbHBIM CKEJNEeTOM MOKA3hIBAIOT, YTO C POCTOM
k, 3HaueHHe gs., yBedHuuBaercAd. [Ipu k=0 BeJHUHHA &1 Ecxk.
Tlocko/ibKy € HE3HAUHTEIbHO MeHAeTCs ¢ H3MeHeHHeM C., HabJIO-
JaeTcsl M3BecTHAs MHUCIMepPCHs 3HAUYEHHH E.

TeomeTpuss mopoBoro MPocTpaHCTBA He BJHSET CYLIECTBEHHO®
Ha XapakTep CBA3H MEXKAY €sn H Ky, O UeM CBHIETeJbCTBYET cpaB-
HeHKe pacyeToB [Jis PasjHYHBIX Mofjetell mopoxst [1].

ITpu pacuere 3aBHcHMOCTEH €py=[(ky) HCMOAB3YIOT 3HAUEHHE
€cx /51 COOTBETCTBYIOLIEr0 MHHEPaJa:

Kpapmw . . . . . . 43—46  Awrwgpur. . . . . . 5760
Xanuenon. . . . 5675 'vme. . . . . . . 63-79
Tonepofi wnar: lr'aayr . . . . . . bo—64
KaqueBHlAi . . . . . 45—60 CuabBHH . . . . . . 48

KaJgpoHeBWd . . . . . 54—70 Jumonunr. . . . . . 10—l
Kaavuuyr. . . . . . 7,6—80 T'mapocmoga. . . . . 17—25
Homomnr . . . . . 68—10,0 Kaoaugur .. 90

Hnas GoabuiMHCTBA MHHEpPAtOB yKasaHel He (HKCHPOBaHHHIE
3HAUEHHA €cx, @ HX JHAMa30H B CBA3H € TEM, UTO IMOJHOro €JHHO-
TJacHs MeXJy MaHHBIMH pPa3JHYHBIX HCTOUHHKOB HeT.

I usaexTpudeckas NpOHHIAEMOCTb €cx OCHOBHEIX NMopopoobpasy-
OMHX MHHEPAJIOB /s TEPPUreHHOro H KaPOOHATHOrO Paspe3oB Me-
HAeTcd B Y3KHX Npefenax, MO3TOMYy BJAHAHHE MHHEPaJbHOro cOCTa-
Ba CKeJieTa Ha BEAHYHHY €s; H CBA3b MEXAY &xn M Rx HecyllecT-
BEHHO 1J4 OGoJbliHHCTBA MOpol. Tak, B TeppHreHHOM paspese Ha
BeJHYHHY €sq [IOYTH He BJAHSET 3aMElleHHE YACTH 3€peH KBapua
TOJIEBHIMH IIMaTaMH, a B Kapb6oHAaTHOM pa3spe3e — AOJOMHTH3AIHS
u3BeCTHAKOB. HMckiouenne npeacrapiaser IMIMHHCTBIH  KOMIIOHEHT,
XapakTePHbI Npexae BCero AJAd TeppHreHHHX mopold. BiudnHe
TAHHHCTOCTH MOPOAHW HA BEJHYHHY £5,; OOYCAOBAEHO CJAENYIOUIHMH
daxTopamu.

1. TaunHcTble MuHepasinl cofepKaT XMMHYECKH CBSI3aHHY!O BOLY
B Bule rpynn OH B xpucraniuueckofi peleTke, a HEKOTOpble —
MEeXKCJA0EeBYIO BOAY B MEXKITAKeTHOM TNPOCTPAHCTBE PasIBHKHON
KPHCTA/IHYECKOH pemieTkH. 3T0 NMPHBOAMT K JOMOJHHTENBHOH MMO-
JapH3anuy, obecrneunBarolneli 3HaueHne egcx 00 25, T. €. B 4—5 pa3z
BhIlIE, YeM y KBapia H ITOJEeBLIX WIHATOB.
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2. IpouHocBA3aHHAs BoJa H YacTh PHIXJIOCBA3aHHOH BOLEI HA
NOBEPXHOCTH TJIHHHCTBIX YAaCTHL HMEIOT 3HAYEHHS epcp N0 JaHHBIM
pasJiHyYHBIX aBTOpoB OT 2 A0 40, CYyUIeCTBEHHO OT/IHYMbie OT &s CBO-
601HOH BOJABL.

3. CtpykrypHas mnojspH3alus ABOHHOIO cJIOA Ha IOBepXHOCTH
[JIMHHCTHIX YAaCTHI — sIBJeHHe, GOpMHpYlOomee Bbl3BaHHble MNOTEH-
uuajisl (cM. NMoApasf. 7.6), MOXKeT BbI3BaTb AOMOJHHTEJNbHBIA POCT
€ ITHHHCTHX TMOPOA.

[lepBuiit H TpeTH#t (GaKTOpH BBI3BIBAIOT POCT & IJIHH H TJIHHHC-
THIX TOpOJ, MO CpABHEHHIO ¢ HETJIHHHCTHIMH TEPPHreHHBIMH NOpOAA-
MH C TOH Xe MOPHCTOCTBbIO, BTOPOH MPHUBOJAHMT K CHHXKEHHIO & CHC-
TeMbl, COflepIKalllell BBHICOKOAHCIEPCHBIH TVIMHHCTRIH MaTepHaJ.

PesynbraTel mabopaTopublx HcC/I€AOBaHHH, pacuyeToB H [LaHHbIE
T'HC no3BossdioT 3ak/JAIOYHTh, YTO NPH H3YYEHHH INapaMeTpa & B
auanasone vacrotr 10—50 MI'nm BiHSAHHE TJIHHHCTOCTH HAa Esan
o6yc/a0oBaeHO ABYMS NepBHMH (aKToOpaMH, NpHueM JIOMHHHpYET,
6eccnopHo, mepBblf, 4T0 06YCAOBJAHBAaeT 3HAUEHHA grpy B IJIacTax
YHCTHIX [JIHH NMpHMepHO B 2—2.5 pasa 6oJjiee BLICOKHE, Y€M epn YHC-
THIX H CNabOTJIHHHCTBIX BOJAOHOCHBIX KOJJIeKTOpoB. Tperbemy (ak-
TOPY, BEPOSITHO, NPHHAAJMEKHT pellalomlasg pOJb IpH H3YUEHHH &
npH o<1 Ml'u. OfHako 3KCNepHMEHTAaJbHO OH H3yueH NMOKA HENOo-
CTATOYHO, a 3HaYeHHe ero NPH HHTeplNpeTalHH pe3yabTaTOB JH-
snaexkTpuyeckoro Merofa I'MC HecymecTBeHHO, NOCKOJNbKY 3TH HC-
CJe/IOBAHHA BHIMOJHAIOT NpH o >10 MI'w.

BauAHHe TJIHHHCTOCTH HA BEJNHYHHY €z JAEMOHCTPHPYIOT 3KC-
nepuMenTasbHue AaHuble pHc. 50. PacyeTHbIM nyrem BJHAHNHE TJH-
HUCTOCTH HA &rpn [VIHHHCTOH NOpPOABl YCTAHABAHBAIOT, HCIOJbL3Y
ypaBHEHHe

Sr:[. n = &gk (1 - kn - krn) _l' EI‘J]kI‘J] _l' eBkn (1 - kB. GB) + €. CBkB. ':Bkl]

(7.64)
HJIH peliasg ypaBHEHHe
€cxk — €ra, €ra — €ra. n
Eox - 23rn‘n (1 _kn _km) + €rn+ 28rm m km +
(7.65)

€p—E€rn n B— €rn
e e (= Ey, ) B T =0

&g 4 280y, o €, o8 T 28pm, n
OTHOCHTE.IbHO €rj p.
74.2. JUAJIEKTPHYECKAS MPOHUUAEMOCTb
YACTHYHO BOJOHACBIILEHHBIX MTOPON,

B npupoanblx ycaoBHSAX 4acTHUHO BOAOHACHIIEHHBIMH SBJATIOTCS
O6bYHO HeTerasoBble KOVIEKTODPH. BeNMYHHY &4y Hedre (raso)-
HACBIMEHHOTO YHCTOrO MOHOMHHEPAJbHOTO KOJJIEKTOpPA MOMKHO
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Puc. 50. 3aBHCHMOCTH BeJHUYHHBL
€; TAa30HOCHBX NEeCYaHHKOB H
2€BPOJIHTOB OT NapameTrpa &K»
(no E N1 Jleoutbeny):

1 B 2—nNecyaHHK YHCTHIA H caabo-
TONRHCTHIA COOTBETCTBEHHO, J — IJH-
HHCThIA aJSBPOJIHT

|
Vi 47 g1 kg 70/“

TpeNCTaBUTh YpaBHEHHsiMH BuAa (7.59) uau (7.60) c momosneHHem
WX UPAROH 4ACTH OAHHM CHAT3eMHM, COOTBRTCTRYIOWWM nedre(ra-
ro) HaceIIIE€HHIO JJOJH MOPOBOro NPOCTpPaHCTBA’

&y n= 8o (l —Ry) e kpky+ e, Kn (1 — k) (7.66)
8y n=8&q¢ (1 - kmu) + eakmukmn -+ &y, rkml'l (1 - kmB)’ (767)
rae ks — Ko3d}HIHEHT BOAOHACLIIMIEHHS; Exr — HHIJIEKTPHUECKAR

fipoHHuaeMoctb HedTH (rasza) B NJIACTOBHIX YCJIOBHAX.
ITpoussoas B (7 66) u (7.67) MOACTAHOBKY Rzky= W, mosyuum

€y u=8cx(l —ku)+snwn+eﬂ,r(kﬂ_‘wn); (7'68)

&g n= Ecx {1 — KMp) + &, WMy gy (R — WMy, (7.69)

Ucnoabsys (7.63), moay4um Mg paccMatpuBaeMoro caydad
ypaBHeHHe

ek — & 1 &x, n —&in

ecx+28nn( u)+'——‘—£ T2, 5 o B—f——rﬁg—*‘nku(l—kn):()
(7 70)
HJH
€ck —€n 1 € — &y, nn €y
P ol Uit by derus Fael 4 +‘T}Z‘f_n(kn W,)=0, (7.71)

pemias KOTOPH€ OTHOCHTENbHO gqm, NOJYy4HM (OPMYJB IS pac-
YyeTa 3aBUCUMOCTEH €4 OT ky NP PasauuHBIX R, waH ot W,

Ecnu ycTaHOBJIeHa KODPeJsIHOHHAS CBA3b MeXAy KOd(pPuuueH-
TaAMH OCTATOUYHOH BOJOHACHLILLEHHOCTH Rso H NOPHCTOCTH Rq, BBOIS
fapaMerp OTHOCHUTEJNbHOrO BOJOHACHILIEHHs Rs, MOXHO, HCHOJ/B3YS
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20 g5
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&c=8 N ! J
5
[,
| EAs [
. 10 ka rp 20 ke %

Puc 51. Tanetku Nasi pa3fefleHHs] TePPHUreHHBIX KOJJIEKTODOB MO XapaKTepy «d-
CHIILIEHHSI 110 BeNHUYHHe NUIJEKTPHUECKOH NPOHHLAeMOCTH &g M Ko3dduuueHTa no~-
PHCTOCTH Ry MOPOAH

I — ey pen=ftky), 2—ey =[(k;), 3—e,=f(k;) ana pasmuunmnmix k, (mndp KpHBBHIX), 4 —
[ Kp=f(kn), 5 —rpaHENA KOJLIEKTOp — HEeKOMIeKTop, 6 — nedrte (ras), 7 — Hedrn(ras)- so-
Ra, 8§ — BOga

olHO M3 Bbipaxkenu# (7.66), (7.67), (7.70), nosyuuTh ceMeACTBO

pacueTHbiX rpadHKoB eun=[(Rn) AJT pasiuuHeiX Rz=const, 3ana-
BafCh 3HAYEHHAMH KOHCTAHT €ur, £ C YUYETOM 0COOEHHOCTEH H3yua-
eMOro reoJioruyeckoro obwekra. OTMeTHM TriaBHble O0COOEHHOCTH
3TOoro cemefictBa (puc. 51).

OcHoBHble 3aBUCHMOCTH ceMeHcTBa chaepywmHue. 1) esn=f(kn)
c mudpoM ks=1 AN HEKOJJIEKTOPOB M NOJHOCTHIO BoJdOHACHILIEH-
HBIX KOJIJIEKTOPOB paccMarpuBanack paHee; 2) gyn=f(ks) ¢ mud-
poM ke=0 ana npeneisbHo HedTerazoHacCHIUIEHHHX KOJJIEKTOPOB
pacrnosoxeHa npaBee TPAHUIILI KOJJNEKTOP — HEKOJJIEKTOp, NpoBe-
ILEHHOH 0 H3BECTHOMY 3HAYEHHIO Bnrp. ITa 3aBHCHMOCTB OTPaXaeT
ciaboe yMeHbUIEHHE ex g C POCTOM Rp, MOCKOJABKY €xr OOBIUHO He
npeBniliaer 2,5 U cJAef0OBaTeNbHO MeHbIUE gcn; 3) Ipaduku kp=0
H ky=1 06pa3yoT «HOXHULLI», OrpaHHYHBaomue 061acTh BO3MOXK-~
HEIX 3HAYeHHH ey AJ1A KOJJIEKTOPOB AAHHOIO O6BEKTA C Pa3JHYHBIM
BojoHACHIIIEHHeM. MeXly HHMH pacrnofioXeHbi rpadukH Qg pasaHy-
HbIX Kz=const, BbIXOAfAUIHE, KAK H 3aBHCUMOCTb €yn=[(ks) HIA
ks=0, U3 TOuKH, PacnosioKeHHOH Ha JHHHH ez n=] (k). C pocTom
ks NpH duxcupoBaHHOH MOPHCTOCTH Ry=const BeJHUHHA €y PacTeT
NpONOPUHOHANBHO 06beMHOH BIaXHOCTH mOpoaAnt Wp (cM. puc. 51).
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CeMmeficTBO rpadukoB gun=f(k;) AN pasiuuubx Fks=const
MOKHO HCMOJIb30BaTh B KauecTBe OCHOBHI /s OLleHKH XapakTepa
HachllleHHs] KOJIJIEKTOpOB He()TH M rasa NMpH HHTeplpeTalHH AHAr-
paMM [IH3JEKTPHYECKOTO MeTOAa, ecau JJIs H3YyYdeMOro reoJorHye-
CKOro O6beKTa yCTaHOBJIEHO IPAHHYHOE 3HAYeHHe Rpxp HJH BEPOS[T-
HBA [HarasoH ero H3MEHEHHs Ha OCHOBe 3aBHCHMocCTeld Ko3(hduiH-
€HTOB OTHOCHTeJbHOHI (ha30BOii NMpOHHIAEMOCTH OT Kos(hdullienra
BOJOHacHIeHus (cM. pasn. 7.3).

PacuetHble rpaduku &an=f(ks) AAg paziduudpx ks=const,
eun=[(ks) U eun=[f(Ws) 015 pa3HUHBIX k;=const MpH NMpaBHJb-
HOM BoIfOpe KOHCTaHT neTpodH3HYecKHX ypaBHeHHH xopouwio coria-
CyloTCd ¢ JAaHHBIMH J1ab0paTopHHEIX HecJeloBaHHH.

Banguue cteneHd ruApodobu3anin moBepxHocTH TBeplol (asst
Ha BeJIHYHHY &; YACTHYHO BOJOHACHILEHHBIX MOPOJL H3yUeHO IMOK&
HeJocTaTo4HOo. M3BecTHO TOJBKO, UTO THApOoho6GH3alHs MOBEPXHOC-
TH BEIeT MpH NMPOYHX PABHBIX YCJAOBHSIX K CHHIKEHHIO BeJHUHHBE
€5 10 CPABHEHHIO CO 3HAYEHHEM g, AJs MOJHOCTBIO THAPOGHIBLHOK.
nopoasl. CreneHb BJHAHHA TMApO(OGHOCTH Ha BEAHUHHY & Cylle-
CTBEHHO MeHblile, HeM Ha BeJHUYHHY pn.

7.4.3. AHH3O0TPONTHA A HAIEKTPHYECKOH TPOHHUAEMOCTH

AHH30TPOIHS MOPOJEl MO AHIIEKTPHUYECKOH MPOHHIAEMOCTH BO3—
MOXHa, KaK H 110 OTHOUIEHHIO K YIEJbHOMY CONPOTHBJEHHIO, B MO-
pOZax MHKDOCJOHCTHIX H TPEIIHHOBATHIX MpPH HepaBHOMepHOH Ipo-
C1paHCTBEHHOA opHenTalHu TpewuH. Hns Modenn mopois, pac-
MOTPEHHOH NpH NMOJyYeHHH Bblpaxenufi (7.56), (7.57) mas ylAein-
HOrO COMNpOTHBJeHHA (cM. pasd. 7.3), NMPeACTaBJEHHOH YeperoBa-
HHEM CJI0€B C pa3JiHYHBIMH BEJHUYHHAMH JH3JeKTPHUECKOH MpOHH-
HaeMOCTH €; H €3 C YUeTOM OTHOCHTE/bHOTO cOJlepXKaHHg Y H
%2 cjJoeB 1 H 2 no ToamHHe, 6yAyT CIpaBelJHBH CJELYIOIIHE BH-
paxeHus:

IJ1f BENHYHHBI en;, U3MEpEHHOH IpH MapajjeNbHOH CJIOHCTOCTH
OpHEHTAIIHH CHJIOBHIX JIMHHH IT0Jd

eny =8+ & (I — %) (7.72)
IJs BeJHYHHL €n,, H3MePEHHOH B MOJIe, CHIOBHE JIHHHH KOTOPO-
rO MepreHJHKYISIpHBEL K CJAOHCTOCTH

Veyy =i/ -+ (1 —y4)/e0 (7.73)

OrHouleHHe 3HAYEHHH &n H €n,, XapaKTepH3ylollee aHH30TPO-
MHIO cpellbl 0 NapaMeTpy &, 3aBHCHT OT pasjiHiHg B BeJHYHHAX
€1, 82 M 3HAUEHHA Y. L1151 MHKPOCJOHCTOH NMOPOAHI, MpeCTaBAeHHO
yepe/OBAHHEM [MpOC]OeB, HanpuMep, rauunl (1) H Mecyannka (2)
B ypaBHenus (7.72), (7.73) noncrasisieM &;==g&rg, €2=€un, ¥1="Yra-
Has TpellHHOBATON NOPOAM ¢ OAHOH CHCTeMOH TPEIIHH &;=8&4n
froe egn — AH3JEKTpHUECKAs MPOHHLAEMOCTh (DJIIOMIA, 3AMOJNHA-
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“Ta6auua 7. JIHIAEKTPHYECKAA NPOHHUAEMOCTb, MOAAPH3YEMOCTH
«0CanoyHblX Mopon

Mopoxaa €, OTH, &A. A, %
Jlecok 4—30 2,5 10732
Tlecuannk 3—30 3-1072—5
AJ‘[EBDOJIHT 3—30 0,7—10
Tauna 20 0,1—1
ApruajHT 8—12 0,5—-3

mero TPEUHHbI), €2=&6; — AHIJIEKTPHYECKas NPOHHIIaeMOCTh OJio-
KOB NOPOJIHI, 4 =Rr.

Bo3moKHa aHH30TPONHS HHIJEKTPHUECKOH  NPOHHILAEMOCTH,
ofycJoBJleHHass H TeKCTYDHBIMH OCOGEHHOCTSIMH BHELIHe OJHOPOI-
HO#l MOpOAH, OJAHAKO OHA W3ydyeHa HepocTatouno [1, 12].

7.44. BIHAHHUE TEPMOBAPHYECKHX YCJ/IOBHH
HA AHIJNEKTPHYECKYIO MPOHHUAEMOCTD

Buausinne TepmobapHuecKHx YVCJaI0BHH (3¢hdekTHBHOrO HAaBJaeHHSA
H TeMIepaTyphl) Ha [AHJEKTPHUECKY0 TMPOHHIAEeMOCTh [OPOJHI
€qn ONpelleJisseTcsl B OCHOBHOM BJIMfIHHEeM 3THX (GakTopoB Ha mnapa-
MeTPhl €cx TBeplof as3bl M eq¢n PJIOHAA, HACHIIAIOUWIETO [MOPOBOE
NPOCTpAHCTBO MOPOAnl (cM. moApasn. 7.2). ViameneHus en, o0Oyc-
JIOBJIGHHDBIe BJAHAHHEM 3((eKTHBHOro [aBJeHHs1 H TeMIepaTypnl Ha
CTPYKTYPY MOPOBOTO NPOCTPAHCTBA MOPOJAbI, CYLIECTBEHHO MEHbIle,
Yyem [ y/eJbHOI® CONPOTHBJEHHS NOPOAbI. DKCHepHMeHTaNbHO H
TeOpeTHYECKH OHH He HCCJeJ0BaHH,

7.4.5. NPEXEJAL]I H3BMEHEHHS JUAJEKTPHYECKOM
NMPOHHUAEMOCTH

[Ipefenn u3MeHeHHd £, PAa3JHUHBIX JHTOTHIOB B paspesax,
NpeICTABJAEHHBIX TEPPHIeHHBIMH, KapOOHATHBIMH H FHAPOXHMHYEC-
KHMH OTJOXKCHHSIMH, fatmTcsg B Tabma. 7.

OtMeTum HauGo.1ee CyLIeCTBEHHble OCOGEHHOCTH gn OCAXOUYHBLIX
NopoX, KOTOpble CJeAyIOT H3 JaHHBX TabJ. 7.

I. ITpegesr H3MeHeHHUS e, TEPPHTEHHBIX H KapGOHATHHX NOPOA
QnpeJelsioTcsl HX BJAXHOCTBIO, a4 [as HOJHOCTBbIO BOJIOHACHIILEH-
BBEIX NOPOJ, — HX NOpPHCTOCTHbIO. IIpH Hu3KOH BaaxuoctH @w<<1%,
T. €. B OYeHb HJOTHHX BOJOHACHIIEHHHX NopojZax, B MNpelesibHO
HedTerazoHachlIUEHHBIX KOJJIEKTOPax M GHTYMHHO3HBIX NOpPodax ¢
HH3KUM Ky p, BeJIHUHHA £; CTAHOBHTCS MHHHMaJibHOH, NpHGIHKAEsCH
K 3HAYEHHIO ecx JAHHOH NOPOIHI.
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MakcHManbHble 3HAYEHHS] &n COOTBETCTBYIOT IVIHHAM H BBICOKO-
HODUCTBIM BOJOHOCHBIM KOJIJIEKTOPaM, NPHYEM €r; IVIHH OGBIUHO BbI-
Lle £; KOJJIEKTOPOB'B TeX e OTJOXKEHHAX. Bennuuua er; 38KOHO-
MEPHO yMeHblaeTcs ¢ yBeJHYeHHeM TIAyOHHE H Bo3pacra OTJI0NKe-
HHH, OAHAKO COXpaHsAeTCs AOCTATOYHO BHICOKOH Na)Ke IJsd aprusjiH-
TOB M IVIHHHCTHIX CJAaHIEB, 3HadeHHe R; XoTopex goctHraer 1—2%
6narolaps BHCOKOMY 3HaueHHIO & TBepaoit  (dasel 60.IbLIMHCTBA
FAHHUCTBIX MHHEpAJIOB.

2. B ruipoXUMHYECKHX OTJIOKEHHHAX, BJIAXKHOCTb KOTOPHIX O6BIU-
KO OYeHb MaJia, 3HAUEHHd & ONpPelesslloTCI B OCHOBHOM BeJHYHHON
€cx, T. €. MHHEPAJbHBIM COCTABOM IMOPO[HI.

3. BeanuuHa &g yriaeft Mensercss B A0BOJIbHO IHHPOKHX npefeax-
B 3aBHCHMOCTH OT CTelleHH HX meTamopduaMa. MakcuMaJbHble 3Ha-
ueHHs & (okos0 15) COOTBeTCTBYIOT HaHGosee MeTaMopdH3OBaH-
HEIM YIJIIM — QHTPAllATaM, COAEpPKALIMM MHHEpasJ ¢ 3J1eKTPOHHOH
NpOBOLUMOCTBIO — rpadur. C yMmeHbllIeHHEM crelleHH MetaMopdus-
Ma aHTpAlHTa H NepexOoAOM K KAMEHHBIM YIrJsiM BEJHYHHA &q I1O-
CTeNeHHO CHHXKaeTcsl 10 2,5—3, NOCKOAbKY comepiaHHe rpadHra
yMeHbIIAeTCs A0 HYJs, a BJAAXKHOCTb YIJel ocTaeTcsi OueHb HH3KOH
H Ha BeJHUYHHY en MPAKTHUECKH He BaugeT. C mepexogoM oT KaMeH-
HBIX yriied K 6YypLHIM B yIIfX BO3PAaCTAlT COLeprKaHHe TIHHHCTOTC
marepHasa (30abHOCTh Ag) H COOTBCTCTBEHHO BJ4’KHOCTb, YTO BeE-
LET K POCTY &y, KOTOpasg AOCTHraeT HaHboJbluero 3uavdenus B Oy-
pBIX yIJX CaMOro HH3KOro KadgecTBa.

7.5. YOAEJABHOE COITPOTUBJEHHUE
N AUIINEKTPHUYECKASA NPOHUUAEMOCTDH
MATMATUYECKUX U METAMOP®UYECKHUX MOPON

TeopeTHYeCKH yaesibHOE CONPOTHBJIEHHE H JIH3JEKTPHUECKasn
NPOHHIIAEMOCTb MarMaTHYeCKHX H MeTaMOp(hHYECKHX TOPHHIX MOPOR
OIHCHBAIOTCA BHPAMEHHAMH A On=1/ps U e, KOTOpble NOJYYaAIOT
NPH pelleHHH ypaBHenHa (7.63). B kauecTBe yppoiuenHoii MoJesu
3THX MOPOA, OOBIYHO HMEIOWHX CJIOXKHBIH MHHepaJibHbIi COCTaB,
MOXHO NDHHATH CTATHCTHYECKYIO CMeCb TpPex KOMMOHeHT: 1) muHe-
panbl ¢ 3JCKTPOHHOH NPOBOAMMOCTBIO; 2) MuHepansl IH3JIEKTPHKH
H TOJYNPOBOJHHKH, OJiM3KHe 0O CBOHCTBaM K JAH3JEKTPHKaM;
3) mopoBOe NMPOCTPaHCTBO, OOBIYHO HOJIHOCTLIO HAaCHILLCHHOE BOJOH.
CooTHOlIeHHEe 3THX KOMIOHEHT H OnpelefserT B OCHOBHOM 3HAyeHHe
€n TIOPOHI.

[lpemenn u3MeHeHHS MapaMeTPOB Psn H €; MAarMaTHYECKHX H
MeTaMOpGhHUECKUX HOPOJ npHBeLeHb B Tabu. 8, 9.

YaeapHoe CONPOTHBJIEHHE MAarMaTHUYECKHX ROPOL ONpelelisiercs
B nepBy0 Ouepellb HX mopHcTocThio. [IpH ovyenbp HH3KOH nopHcTOC-
TH BCeX BHIOB MarmMaTHYeCKHX NOPOJ BeJHYMHA Ry Bo3pacraeTr HpH
nepexojle OT OCHOBHBIX K CPEAHHM H KHCJIHM HOpOJaM, COOTBETCT-
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“TaGamua 8. YieAbHOe COMPOTHBAECHHe (MaKCHMAAbHO BJAAXKHHX),

_AMIJEKTPHYECKAR TPOHMUAEMOCTh, NOASPHIYEMOCTh MeTaMOPdHUECKHX NOPOA DYA,

yraeii, 06pa3osaBWHXCA U3 ocapoumbix nopoa (no B. H. KoGpanosoii)

IMopoxa p, OM-M e, OTH. eX. A %
~ 103—104 13 —
e 105108 910 1,346
KpapuutT Xese3aucTHi — 5—10 0,5—10
Mpamop 105—108 8—14 0,2—2
Pyna MarHeTHToBaf 10—103 8—14 2—-20

» reMaTHTOBas — — 2—20
» MapTuToBasn 104—10° 15—18 2—10
Bokcur 10-1—103 — 2—35
Tpagnt 10—-5—10 — —
Yroap 6ypHii 10—102 —_ —
»  KaMeHHHH 102—108 2,5—15 —
»  aHTpauuT 10-3—10 —_ 95

Ta6auua 9. YaeabHoe cOnpoTHBJECHHE, AHMINEKTPHUECKAS NPOHMLAEMOCTD,
NOASPH3YEMOCTh MArMATHUECKHX MOPOA M o6palomaalinxcs

M3 HMX meramopdMueckux nopol M pyA (no B. H. Ko6panosoii)

TMopoaa 0, OM-M g, OTH. e As %
IlepupoTur 105—1 05 5—16 —_
a66po 103—105 9—15 0,5—2
Ipaunr 102—104 4,5—11 0,1—4
Bazaast 5.102—105 6—19 0,2—4
Anpesut 5-102—104 — 0,4—4
Jlunapur 10—102 — 0,5—4
Pyna marHetutoBas 10—103 30—35 220

» TOJHMeTa/JIHyecKas 10—5—10¢ — 3-—-70

> TNHPHT-XaNbKONHPHT- 10-7—10~32 — 10—20
chaneputopan

»  MEeAHO-KoJayeJaHHas — — 870

» CBHHIOBaf —_ — 0,1—10

BEHHO YMEHBUIAETCH MX yJAEJbHOE CONPOTHBJCHHE. YAe/bHOE COTPO-
THBJCHHE MarMaTHuyeCKoHl TOPOAbl MOXKET PEe3KQ CHH3IATHCH TUJBKO
IpH MOCTATOYHO BHICOKOM CUAEDPXKAHHH MHHEpPANoB (OOBUHO PYA)
C 3JCKTPOHHOH TNPOBOAHMOCTHIO, 00pa3yloOUIHX eANHYI TOKOTPOBO-
Asmyio chcteMy JIH3JIeKTPHYOCKaA NPOHHAIEEMOCIF TMPH lepexoie
OT KHCJIBIX K OCHOBHEIM TNOPOAAM H3MEHSeTCst NOJ BAMSHHEM IBYX
($aKkTOPOB: yMEHBILIEHHS BJAXKHOCTH, KOTOPOE BEJET K CHHIKEHHIO
€n; POCTa CoJEpXKaHHMA Kejlesa H JAPYrHx 3JIEMEHTOB, IIPHCYTCTBHE
KOTOPHIX BBISHRAET POCT &n. POJb BTOporo (akropa OKa3biBaeTcd

tusupHee, TIO3TOMY HpPH NepexOJie OT KHC/AbLIX K OCHOBHBIM TOpoJdaM
€n pacTer.
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YaenpHoe conpoTuBieHMe GoJjbliefi yacTu MeTaMoppHueckHx
nopon Goabwe 10° Om-M, pocruraer 10° Om-M, uto Takxe olyc-
JOBAEHO MX OYeHb Mano#i mopucrocTeio. HckiooueHneM sBASIOTCS
TJMHHCTHE CJAaHIH € Pn=1-+5-10%, NopHCTOCTL KOTODHX BHILE O~
PHCTOCTH GOJBIIHHCTBA MeTaMOp¢uuecKHX MOpoA. 3HAUHTEJBHOE CO-
AepxaHHe MHHEpAJNOB C 3JEKTDOHHOH TPOBOAHMOCTHIO PE3KO CHH-
XaeT pn MeTaMopgpuuyeckKHx nopoA. IIpH OTCYyTCTBHH H/IH HHU3KOM
COAEPIKAHHH MHHEepaNoOB-NPOBOAHHKOB BEJHUHHA & ONPEAEIACTCH
B OCHOBHOM MOPHCTOCTBIO, 4 TPH OJHHAKOBOH IOPHUCTOCTH —— Ecx,
TaK €; KBADUHTOB MEHbIE g5 MpaMopa,

7.6. BbI3BAHHAS 3JIEKTPOXHMUYECKAS AKTHUBHOCTD

SIBseHHe BHI3BAHHOH NOJsApPHU3aLlHH 3aKJIIOYAeTCH B TOM, YTO NIPH
TIpONYCKAHHH HMNyJbhca MOCTOSHHOIQ TOKa Hepes o6pasel MOPOAH
nocaennuii npuoGperaeT pasHOCTb, noTeHUHanoB AUpn, KOTOpyio
yaaerct oO6HAPYXKUTh H H3MEPHTH NOCHe BHIKJAIOYEHHA TMOJAPHU3YIO-
HIero TOKa. BennunHa BbI3BaHHBIX moTeHnHanoB (BII) AUsn cnana-
eT BO BpEMEHH N0 3KCIHOHEHUHATLHOMY 3aKOHY

AUpp = AUppp €xp (— Agt), (7.74)

rae AUpno— MakcumasnpHoe 3HadeHue, HaGmwpaaeMoe cpasy mocnae
BHIKJIFOYEHHA MOJSAPH3YIOUIEr0 TOKa; As — MOCTOSHHAA pacnaja MHo-
aa BIL

Jlans GonpluuHCTBA mnopox 3akod cnaga AUppn Bo BpeMEHH BHI-
paxaeTcs CyMMORl 3KCHOHEHT C Pa3aHYHBIMH 3HAUEHHUAMH Ap. BHi3-
BaHHHE NMOTEHIHaMbl BO3HHkAIOT Gyarozaps mOJAPH3ALHH IIOPOILI
4 BO3OYKIEHWI0 B Hell Pa3JHYHBIX 3JEKTPOXHMHYCCKHX NPOLLECCOB
IPONyCKaeMHM depe3 Hee MOCTOSIHHBIM TOKOM. AHAaJOTHYHbBIE mpoO-
ecce! Bo3OyXAawTCcsa B nopohax npu ob6paGoTke ee H nepeMeHHbIM
TOKOM 4aCTOTOH OT €IAMHHI repi; A0 COTeH Kuaorepl (CTpyKTypHas
noaspu3anus — cM. nojpasi. 7.1). Cnoco6HOCTh MOpOALI CO3/1aBaTh
BIl npu 06paboTke TOKOM HA3LIRAIOT BH3BAHHON 3JeKTPOXHMHUEC-
KOH aKTHBHOCTBIO H XapaKTepH3yloT ee nmapamerpoM Ag:

Ay = AUpy/AU,,, (7.75)

rae AUnp — pa3HoCTh NOTEHUMANOB, NPHIOKeHHAass K obpasny aJjs
CO3/aHHA BHI3BAHHOH NMOJSPU3ALHH.

Beerza As<1 u ana GosabwnHCcTBa nopon As<<0,01, caerosa-
TensHo, 00uYH0 AUpn&AUnp. Oanako aast nopoa ¢ 3HaUHTENbHOMH
Ag Benunnoii AUsn unenbss npedebpeus mo cpaBHeHHIO ¢ AUp, u
cliefyeT pacCYuTEIBaTh Ap 0 GopMmyne

Ap = AUpp/(AUgy; + AUyyp), (7.76)

IOCKOJIbKY npHu ofpaboTke ofpasiia NosisipU3yIOIIHM ToKom BIT B
o6pasiie NPHUCYTCTBYIOT.
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OcHoBHOH 00beM 3KCIeDHMEHTAJbHRIX HecheldoBanuii BIT B na-
GopaTopHH IpeicTaBjeH 3aBHchMocTAMH BIT or nnorHocrn mosis-
pusyiouero Toka AUpn=f(j), KOTOphe BO MHOTHX CJy4asx JHHef-
HE B OIpeJeJIeHHOM [JHalla3oHe [; TOrja TaHIeHC yryia HakJoHa 3a-
BHCHMOCTH HCIOJB3ylOT Misi pacdera As. BaXHHMH YCJIOBHAMH
OMHTa SBASIOTCH BpeMst 3apsAlKH — o0paboTKu TOKOM ofpasuna
BpeMsi, [polilefliee NOCJKe BHKJIOUEHHS [OJNSPU3YIOUIETo TOKa A0
momenTa uamepenust BII. CpaBuuBasi 3HaueHust As, [0JYYCHHHE
pa3HhIMH HCCAENOBaTeJAMH, HeOOXONHMO YYHMTHIBATL 3TH YCJOBH.

Tlpupona BIT pasniuuna B MHHepajiax ¢ 3JIEKTPOHHOH MPOBOIH-
MOCTBIO H [OPOJAX, COAepkKal[HX TaKHe MHHepaJH, H B [IOpPoAax
€ HOHHOH NPOBOJHMOCTHIO.

7.6.1. NOPOI LI, COOEP)KAULHE
3JIEKTPOHONPOBOOAIMIUE MHUHEPAJIbI

B MHHepajiax ¢ 3JIeKTPOHHOR IPOBOAMMOCTBIO OCHOBHYIO pPOJib
B Bo3HHKHOBeHHH BII wrpator mpollecce, NpoHcXOAsilive [pH MOJs-
pH3allHH 3JEeKTPOJOB B xole 3JjekTposausa, [Ipn nmpomyckanuu ToKa
yepe3 BOAHBIH pacTBOp 3JEKTPOJIHTa K KATOAY HANPABJAATCH BO-
noponunit Ht, Nat, Kt u npyrue KaTHOHH, K aHOLY — I'HIPOKCHIb-
Hef apnon OH—, Cl- B pacrBopax XJIOpHAOB M ApyrHe AHHOHHL.
Ha karoge kaTHOHH 0TOHMpAIOT y BEUIECTBa 3JEKTPOAA 3JEKTPOHH
H [peBpallaloTcss B HeHTpaJibHble ATOMBI, IPH 3TOM BOAOPOX, HI-
paloIUHE Ba)KHYI0 POJib B 3JIeKTPOAHOH NOJIAPH3AIHH, HAXOLSCh B
ATOMApHOM COCTOSIHHH, HACHILIAaeT [OBEePXHOCTh 3JMeKTpoAa, a 3a-
TeM Onaropaps ofpasoBanuio MoJjekya Hg; Boigessercs B BHae
NYy3HPHKOB Ha MOBEPXHOCTH 3JaeKTpoaa. Ha aHojae aHHOHBI OTAAOT
3JICKTPOAY M3OHITOUHBIR 3JIEKTPOHBI, MAPOKCHJILHHEH AHHOH Iepexo-
AUT 3aTeM B BOAY M KHCJODOA, KOTOPHH BHauaJje [POXOAs depes
aTOMapHyr CTaAMI0, HACHULAeT NOBEPXHOCTb 3JEKTPOAa, a 3aTeMm
[epexOANT B MOJEKYJSIpHOEe COCTOMHHE, BBLACNAACH B BHIE Ny3Hpb-
KOB, aHHOHEI XJOopa [lepeXoAAT B aTOMH, a 3arem B MoJekyan Cly,
TaKxe o0pasys My3blpbKH HAa IOBEPXHOCTH 3JI€KTpoja. PaccMmoT-
peHHble IpollecCH H3MEHSAIOT 3JeKTPOAHLH MOTEHIHAJ KaTOAA H aHO-
La, 4To OpUBOAHT K oOpazosannio 3 C 3JeKTpoaHON TONEPH3ANHH,
paBHOH cyMMe IOTeHHHAJIOB KaToXa M aHola, a TakKxKe K CyllecT-
BEHHOMY HW3MEHEHHI0O OMHYECKOro COIPOTHBJCHHS LEIH, B KOTOPYIO
BXOMHT 3JIeKTPOJAHTHUCCKA BaHHA. DTO 0Tparxaercis Ha 3aBHCHMO-
CTH u3MeprAeMoff B IIenNH pa3HOCTH NOTeHHHadoB8 £ 0T [JOTHOCTRH
ToKa j. BHauaje E pacreT IpONOpPUHOHANBLHO j B COOTBeTCTBHH C
3akoHoM Oma (oTpesok ab mHa pHc. 52), 3aTeM MIPOHUCXOAMT De3KHit
poct E [IpH HesHauHTeJbHOM yBesiHueHHu j (0Tpesox bc, puc. 52),
COOTBETCTBYIOUIMI NepHoay 00pa3oBaHHst ABOHHOIO CA0S 3JEKTPO.-
HOH TOJSIPH3ANMH U HACHIIEHHIO MOBEPXHOCTH 3JEKTPOAAa ATOMAMHE
rasa (H, O, C1).
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#oro noredHunada Ly; oT MAOTHOCTH MOAAPH3YIO-
arero Toka Touka d COOTBETCTBYeT MOMEHTY H0-

Puc. 52. CxemaTH4ecKas 3aBHCHMOCTb SJEKTPOA- ‘VE)H l
CTHXEHHA HaHPFAXKEHHA pasioKeHud @
J

Puc. 53. CxeMa BO3HUKHOBEHHS BBI3BAHHBIX IO-
repunatos (BII) B mopomax, 00/aaalInX 3JeK-
TpoHHON nposopumoctbio (o M TI'. JlaTeiuosoei)

AJp,
20,

Tox nanapusayuu

- ” —»
ﬁ’w@mo’a/ouuu moK

Beawuyuna E!, coOTBETCTBYHOUIAA TOUKE ¢, ABJASETCH OGPATHMHEIM
snayenneM ]/ C snekTpoanol moaspusauuu. [Tpu E> Eoep HaunHa-
eTcs BHIejieHHe MY3HPbKOB Trasza Ha 3JeKTpoaax, BejuuuHa E ¢
poctoM j pacrer 6osee HHTGHCHBHO, YeM Ha yuyacTKe bc, HO He B
COOTBeTCTBUH ¢ 3akoHoM Owma. B 3roit obnactn (c—d) BeJHUHHY
Esn MOXKHO MPeACTABHTb CyMMON Esy=FEosp+ E, (31ech Ex — 3. 4.C.
nepeHanpsKeHHs), oluCHBAaeMas ypaBHeHHem Tadess:

E=a+blgj, (7.77

rie @ u b — 3aMOupHYecKHe [OCTOstHHBE. BenHunna a nis MeraJjniH-
9eCKHX H YrOJbHHX 3JeKTPOAOB MeHAeTca B mpegenax 0,5—1,5,
3Hauenne b ot 0,1 no 0,2, mpuuem asist GONLUIMHCTBA METaJJoB b=
=0,116.

Cranossienne BeJHuHHH E,; BO BPeMeHH NPOHCXOLHT [0 3aKOHY
Esn=a+flgt, Bpema cTaHOBJeHHs CTaGHIbHOrO MNOTEHOMANA CO-

! 31y sesmunny oGo3HauawT Takke £, n Ha3HBAOT HAMpPAXKeHHEM pa3JgoXe-
Hud.
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cTapjsier AJs pas3iuuHbix MeranioB oT 90 ao 120 muH, ¥TO CBfA3a-
HO C NPOTEKAHHEM Ha 3JICKTPOAAX OKHCJHTEeJbHO-BOCCTAHOBHTENb-
HHX XMUMHYECKHX DEeaKIHi MeX1y BelleCTBaMH, BHACAHBLIHMHCH
Ha TIOBEPXHOCTH 3JIeKTPOAA, W MarepHajsoM sJjektpoaa. Cnaz BO
BpeMeHH Fs,; nocsae BHKJAOUEHHs NOJSAPH3YIOUIEro TOKA BhIPaXKaeT-
cst ypaBHeHuem FEs;=Kexp(—Aif). [Ipn nmpouux paBHBIX YCHOBHSX
CKOpOCThL cnaga Es; BO BpeMeHH Tem Oosiblie, yeM MeHbUIE MJIOT-
HOCTb | MOJSPH3YIOUIEro TOKAa H OoJblile cOAePXKaHHE B pacrBope
OKHCJHTENReH.

BI1 uayuaior na obpasmax MHHEpaJOB  NOPOJ C 3NEKTPOHHOMH
[IPOBOJMMOCTBIO B ClelHalbhoi suelike (pHc. 53). Heeneayembd
obpasel pasjessier OTHeJNEHHs sTUCHKH ¢ OJUHAKOBBIMH PACTBOPAaMH
sdekrposura. [Ipy mpomyckaHHu NOCTOSAHHOIO TOKa yYepe3 CHCTeMY
37eKTPOA A — pacTBop 3JeKTpoJura — obpasern — pacTBop 3JEKT-
poJsiuTa — 3JiekTpol B ofpasyiorcsa kak Obl AB€ Napbl 3JAeKTPOAOB
A—C u O—B, rae C u I — noBepxHoctd o6pasna, oOpalleHHbIe
COOTBETCTBEHHO K aHOAy (3JdekTpoa A) u karoay (aJjekrpox B),
npuuem Ha anektpoge C NPOHCXOAAT NpOHeCCH KaTOAHOH, a Ha
3Jextpoie [ — aHOAHOH NOJAAPH3ALHH IO CXeMaM, pacCMOTpPEHHBIM
Boiuie. B peayanrare Ha o6Gpaspe Bosuukaer DJC saexrTpogHol no-
JAPH3alHH, paBHas aJre6paHuYecKol CyMMe 3JEKTPOIHBIX MOTEHIIH-
anop C u JI. BennuuHa CKa4KOB NoTeHmuatda Ha nobepxHocrax C
u J ompepessercs ILIOTHOCTBIO TOKa, cocraBoM ofpasla H KOH-
TAKTHPYIOIIETO C HUM pacTBOpa 3JEKTPOJHTa U KOHUeHTpanued
nociaeidero. 3HaueHne AUpn, QHKCHpPyeMO€ KaK pa3HOCTb IOTEH-
IHaJ0B MeXAy 3JekTpoaamMH M u N, NoAYHHAIOTCA YyPaBHEHHIO
(7.77). Cranossenne BII u Hx cnag BO BpeMeHH I[POUCXOAAT IO
3AKOHAM, YCTAHOBJIGHHLIM [JIf [OTEHIIHAJOB 3JIEKTPOJAHOH MOMAAPH-
3ALHH.

3uauenus Upn, nabaiogaemMule Ha o0pasmax MHHEpaJoB ¢ 37€K-
TPOHHOH NPOBOLHMOCTBIO, Aaxe NPH MaJOH W cpeaHed IJTOTHOCTAX
TOKa j JOCTHFalOT HECKOABKHX BOJBT, YTO COOTBETCTBYET BEJHUHHE
As 0,1+-0,7. O1n 3naueHuss AUpn u A, Ha OfMH-[IBa NOpsAJKa mHpe-
BocxoaAT 3HaueHHst AUpnu Ay, HabAAaeMbie B OCafOUYHBIX I110PO-
1ax, He COAeprKallluXx YacTHI[ ¢ 3JeKTPOHHOH IIPOBOAHMOCTBIO, SIB-
JAIOUNXCA HOHHBIMH NpoBogHMKaMu. TloaToMy mpu HasWuum B oca-
JNOUHOHA TIOpOJe pPACCeAHHBIX YaCTHI NHPUTA, reMardrTa WIH Yrad,
a B MarmMarH4eCKO# HJIH METaMOD(pHUYCCKOH Nopojae BKpallJeHHH
nonuMerandoB BI1 Takoit nopogs o6ycjoBJeHO B OCHOBHOM IIpH-
CYTCTBHEM YACTHI[ MHHepasJa ¢ 3JeKTPOHHO#I INPOBOXHMOCTBIO,
B sroM caydae npu nponycKaHuH TOKa MOJSPH3YeTCst KaXAas 4ac-
THIA 110 CXeMe, PacCMOTpeHHOH BHule A/ obpa3ma MuHepasda-npo-
BOAHHKA. B peaydpraTe BO3HHKaeT CHCTEMa [OCJAeAOBaTeNLHO H
napaj/iejJpbHO COEAHHEHHHIX 3J€MEHTOB, KOTOPHE IpPH BHKJIOUCHHR
NOAAPU3YIOUIero M0Js pazpsAxalorcs, cozgaBaa nose BIL. Tipn
NPOYHX PaBHHIX ychaoBHAXx BII nopoaw, coneprkamell paccestHHbIH
MUHEpai-NpOBOAHHK, TeM 0oJipllle, yem BHIIE COAEpPXKaHHE B IOPO-
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Je MPOBOARIHX 4acCTHIl (Lo HM3BECTHOro Ipenesa, KOrja BO3HHKaeT
e/lHHasi TOKONPOBOMAsNAs CHCTeMa TaKHX yacTuill) H 4yeM OoJjbuie
CyMMapHas MoBepXHOCTb 4YacTHi. [locsennee noka3aHo HCC/AeNOBa-
HUEM BHI3BAHHHIX [OTEHIIHAJIOB IIOPOX, COAEpkKalllUX BKpalJCHHs
[I0JTMMETaJJioB,

7.6.2. TOPHBIE NOPOJ bl C HOHHOM NMPOBOAMMOCTbIO

B HOHHBIX OPOBOIHHKAX, K KOTODHIM OTHOCATCS OCanouHbie H
MarMaTHYeCKHe NOpPOIB!, He coleplKalllie MHHePaNOB C 3JeKTPOH-
HOMl TPOBOMHMOCTHIO, MPHPOAA BHI3BAHHBIX MOTEHIIHANOB CBSA3aHa C
3JIeKTPOKHHETHYECKHMH ABJICHHSIMH B MOPOBHIX KaHaJjax, 3aloJHeH-
HBIX BOJHBIM pacTBOPOM 3JIGKTPO./IHTA.

PaccMoTpuM NPHPONY BBI3BAHHBIX IIOTEHIHAJNOB B OCANOYHHIX
noponax Ha mpuMmepe ABYX Mofesedl NOpHcTtoff AHCICPCHOH CHCTe-
MBI, KakOH sIBJsieTCA ocCaJoyHas Nopona.

B kayecrBe mepBOi MOJEJH HCHOJNb3yeMm (HKTHBHBIN TPYHT, 006-
pa3oBaHHHH COBOKYNHOCTbIO cepHICCKHUX 3epeH OAMHAKOBOIO pas-
Mepa, IpHU yKJgajke 3epeH 1o KyOudeckoil, terpasApHYECKOH H./IH
IPOMeXYTOYHOH pellerke (reoMerpHs pellerkH B JAaHHOM cCjydae
3HayeHUsi He umeer). [IpHM BK/JIIOYCHHH NOJspU3YIOLIEro [OJS OPO-
HCXOIMHT AedopmMallisa ABCHHOTO 3JEKTPHUECKOro CJA0f Ha NOBEepXHO-
CTH KaxJof uacTHIBl, KOTOpas BBIpaxaercsa B IllePeMenieHHH IoO-
JMBHXKHBIX KaTHOHOB BHellHe# oOkiaanku JIIC B yalpasJeHHH Karo-
na, B pe3yJbrare 4Yero Ha IMOBEpPXHOCTH uacTHI(H, OOpalleHHO# K
aHOMy, BO3HHKaeT H30HTOX OTPHLATeNbHOrQ, Ha [OREPXHGCTH, 00-
pallleHHOH K KaToAy — M36BLITOK MOJOXKHTeNbHOrO 3apsana. Takum
06pa3oM, Ha CTafHH 3apsAIKH BO3HHKaer cHcrema AHIOJEH, pacmpe-
JeJeHHBIX B o0beMme Nopolnl (o6beMHasi MoJisipH3allMag B OTJHUYHE
OT MNOJfAPU3alHH [OBEpXHOCTH 3JEKTpPOJa U MHHEPAJOB-NPOBOIAHH-
KOB), C MOMEHTOM p KaXAOro AMIOJsS, PaBHEM [POH3BeIeHHIO 3a-
pfAla e Ha AMaMeTpP 4acTHUN ds. BesMduHa e onpelensieTcs 3Haye-
HHeM ¢-TIIOTeHIIMaNma Ha [OBEPXHOCTH TBepuo# (pasbl M COAEpXKaHHeM
B enuHuie o6wvema nop KathoHoB [IDC — npHBEAeHHOR eMKOCTbIO
obMeHa gn. Tlpu cHATHH NOJMApH3yIOWEro moasi paBHOBeCHOE COCTO-
anie JDC Ha NOBepXHOCTH dYacTHUH BOCCTaHaBIHMBaeTcs IyTeM
BO3BpaTa CMEUIEHHBIX KaTHOHOB, NPH 3TOM CO342eTCsa cllajaioniee
Bo BpeMenu nonse BII, koropoe ncuesaer mpu moctuxkenuu JADC
paBHOBecHsi. Jra runoresa, npeaaoxennas s 1951 rony M. TJIaru-
UIOBOH, 00bsACHAeT OCHOBHble 32KOHOMEPHOCTH, XaPaKTepPHHE IJI#
BIT ocagounsix nopoH, YyCTaHOBJIEHHHE 3KCIepHMEHTANbHO

1. Benuunna A, nopomb! ¢ HOHHOR [POBOAMMOCTBIO [PH Heus-
MEHHBIX CBOMCTBaX caMOil NOpoiabl (CTPYKTypa nop, FPaHyJoMeTpH-
YECKH COCTaB) pacrter NPONOPUHOHAJLHO YAEJLHOMY CONpPOTHBJIE-
HHUIO ps PAcTBOpa, HacHIalouero NOpoly, YMeHpUAaeTCs [MpH H3Me-
HEHHH cOCTaBa KaTHOHOB Bo BHeuiHeill obkaanke A3C ¢ mepexonom
OT ONHOBAJIEHTHHX K JBYXBaJiecHTHuIM KaTHOHaM, a8 NMPH 3aMelleHHH
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IBYXBaJEHTHHX KATHOHOB TPeX- M 4YeTHPEeXBAJEHTHHIMH pE3KC
yMeHbIIaeTCss B MEHAeT CBOH 3HaK B CBf3H C H3MeHEHHeM 3HaKa
BHempel obknanku JIIC (nepesapsaku). dtn  ocobennoctn BII
MOJHOCTBIO OTPaXkalT [I0BeleHHe [-roTeHlHasa B CBA3H C H3MeHe-
HueM yKa3aHHBX ¢akTopoBs: dem Oosbule §, Tem Gonbire BIT u As.

2. Bennuuna Ap TeppHreHHBIX [OPOJ-KOJJIGKTOPOB IIpH yCTOHIH-
BOM MHHepaJibHOM COCTaBe CKeJIeTHBIX 3epeH M TJIMHHCTOH  ¢pak-
ILMH, HACHIIIEHHEIX PacTBOPOM OJMHAKOBOro COCTaBa M KOHLEHTpa-
[IMH, 3aKOHOMEPHO PAacTeT ¢ yMeHbLIEHHeM JIpOHHLACMOCTH H Cpel-
Hero pajuyca INop, POCTOM YAeJbHOH MOBEPXHOCTH H [JIHHHCTOCTH
N0 OINpeJiesieHHbIX 3HAYeHHH Rgpp, dn, Sp H Crs, PH KOTOPHIX CBA3b
Ay ¢ ykazaHHBIMH NapaMeTpaMH CHadaja BoiloJlaXKHBaeTcd, a 3a-
TeM meHsieTcst Ha oGpaTuywo (puc. 54). Hanngue Tako#i 30HBI HMH-
BEepCHH pacCMaTpHBaeMbix CBfA3efl HMOATBEPXKACHO 3KCIEePHMEHTaMH
Ha MCKYCCTBEHHBIX MOHOMHHepaT bHEX 00pa3pax ¢ pasTuYHLIMH
rpaHyJIOMeTPHYECKMM COCTAaBOM 3€peH, pa3Mepom mop M T. a. ua-
Ta30H 30HB MHBEPCHH 3aBHCHT OT KOHICHTPALHH H COCTaBa pacTBo-
pa, Hacwmaouero obpasen. [IJis pacTBOPOB ¢ KOHUEHTpauue#, xa-
pakTepHOil 1Jif (pHAbTPaTa [VIMHHCTOrO pacTBopa M CjabomuHepa-
JIN30BaHHBIX I1aCTOBHIX BOJ, 30H2 HHBEDCHH XapaKTEpH3YeTcs 3Ha-
YEHHAMH Rpp=20—50-10-12 M2, dy;=05—10 MkM, sg=10%—2.103
CM~!, THINYHBIMH [JIl Nepexo/a OT XOPOIHHX K MJIOXHM KOJJIeKTO-
pam. BIT nopon-HekoAnekRTOPOB ¢ Ryp<<107'? M? M3yHeHO MeHblile,
OJIHAKO H3BeCTHO, 4TO B IVIHHAaX M HEKOJ/JIEKTOpaxX C BBHICOKOH TIJH-
HHUCTOCTbI0 3HaueHuss BIT uuakue. Takum obpasom, B obiaactu no-
poA-HeKoJAAeKTopoB ¢BA3b BII ¢ npoHHLaeMOCTbIO M CPEIHHM pas-
MepoM nop obparHas.

Taxoh xapakrep cBa3H Ay ¢ napaMerpaMu kmp, Sp (pHc. 54, 55)
H jap. xopouio o0bACHSAET H3JOXKeHHas THIOTEe3d, eCJH yueCTb CO-
BMECTHOE BJIMSIHME JABYX (aktopoB — g, M §. [aa GoJjblilefi yacTH
KOJIJIEKTOPOB C yMeHbIIeHHeM CpefHero paaMepa CKeJeTHHIX 3epeH,
pPOCTOM TJIHHHCTOCTH pacTyT 3HaYeHHU Sy U g,, IPH 3TOM yMmeHsblla-
ercst knp M dn. PocT gn 1 Sy o6ycsoBnnBaer yBeJHYeHHe KOJHMUeCT-
Ba NoABUKHHX KatHoHoB [19C, dopmupyomux sdpdexr BII, uro
[IpUBOJHUT K pocty As. B 3T0#t ob6sacTu BeqHuHHA {-NIOTeHIHaka 3a-
BHCHT TOJIbKO OT KOHUEHTpauuH cBOOORHOIO pacTBopa, cocrTaBa Ka-
THOHOB JI9C M 1IpHPOAH MOBEpXHOCTH TBepHOH (A3H M HE 3aBHCHT
OT pasmepoB mop (puc. 55). [Ipu Bxome B 064aCTh NOp MaJjoro
Pasmepa, cousMepumhbix ¢ Tonmuuoir JIC (cm. mompasa. 4.2),
8xsc, @ COOTBETCTBEHHO M { HAYMHAIOT CHHKATLCH C yMEHbUICHHEM
dn. CHHXeHHE { IIPOMCXOIHMT MHTEHCHBHEE, YeM POCT §n, UTO M BbI-
SblBACT M3MEHEHHE XapakTepa c¢BA3u Ay C NPOHHILAEMOCTbIO  (CM.
puc. 54) u mapaMeTpamH, xapaKTepH3yIOUIUMH JHCIEPCHOCTh MOPO-
Abl.. B floponax ¢ yJabTpaTOHKUMM NOpamMu (IIoTHHE TJIMHH) IpH
G/IMBKHX K HYJII0 3HAUCHHAX { 3HAYeHHs A, MMUHHMAJbHEL.

3. B uacTHuno BiaxHHX Nopoaax, Hanpumep, HedTerasoHacH-
IeHHbX TEPPHreHHBX KOJJIEKTOpax MPH IPOUYNX [OCTOSHHBIX YCJIO-
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Puc. 54. ConocTas/ieHHe BH3BAHHOM aKTHBHO-

a

cTH As MECKOB H MeCYaHHKOB ¢ K03 HuHeH- Ag, B
TOM MPOHHUAEMOCTH kop (o M. T. Jlatwmo- ., M
BO#): °
a — kBapueBnii necox, pacrsop NaCi; C =00l n.;
6 — NeCyaHMKH, aJIeBPONMNTLI KBapuessie, nesoH Tyd- j
Ma3HHCKOTO MecTOpoxpmeHus; pacrBop NaCl, C, =
=2'r/n
20
o
/ﬁ llllLllll'l’LLLUIIUIHII!IHII[HLUI
& i 20 » 49 40
knp,-fﬁ MKM 2
100 -
[=a] f—
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BUsIX A, BHayaje pacTeT ¢ yMmeHbuleHHMeM W u ks, a 3arem 1pH
uuskux W u ky cHuXaercsd. DTO sBJICHHE ¢ MO3UIMEA paccMOTpeHHOM
IHIIOTe3bl TaKke HMeeT o0bsiCHeHHe: BHAayase ¢ yMmeHblleHHeM W #
ks pacrer koHmeHTpanus katuouos JI9C ¢’; B npoBoasauleM obbeMe
NOp, MOCKOJBKY §'n=@n/ks, 4TO NMPHUBOAHT K POCTY As, HO HauuHad
C HEKOTOPBIX Rp TOJIIHHA CAOS OCTATOYHOH BOJAB CTAHOBHUTCS COM3-
MepHUMOH C Oxsc, UTO TaKKe NPHBOAHUT K CHHKEHHIO { OoJsee nHTeH-
CHBHOMY, YeM POCT §’n, @ 3TO B CBOIO Ouepefb H3MeEHseT Xapakrep
cBA3H Ae ¢ W u ks (MHBepcHH, Kak H B OpPeILIAYIUEM cayuae),
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Ag, w2 Puc. 55. 3asucuMocTb

Mexay hOapameTpom As H
yiAeJbHOH  [OBEPXHOCThIO
¢HABTPALUHE Sg; KBapue-
Bole mecuandkd (I) H
aJIeBpOJIHTH (2) {oo
B. M. J106puiHHEEY)

1501

g50

7 s 1 15 Sp,Mim’

4. Bpemst 3apsAAKH NOPOAH 10 cTabuabHBIX 3HaueHu# BIT u npo-
MOJKHTENbHOCTL cniaga BII Bo BpeMeHH 3aBHCAT OT pa3MepoB Hac-
THl, CJAarapollHx TMOPOAY, a CJeI0BATENbHO, OT NMapaMeTpPoB Rnp H
gn. C yBeJHueHHEM CpeiHero pasmepa 4acTHl, BEJHYHHB Rop H
yMeHbIIeHHEM ¢n BpeMs 3apslKH M pa3pafKH pacrer, 4ro obbAc-
Haercs yBeJHyeHUeM TYTH, a CJIeJ0BaTeJbHO, H BpeMeHH BO3Bpa-
UIEHHs] CMELIeHHbIX TPH HONAPH3AIHH KaTHOHOB K HX PaBHOBECHO-
My noJjoxeHdio. JIJas moHOLHCHepcHBIXx cHcTem cmanx BIT Bo Bpeme-
HH XapakKTepH3yeTcsl NPOCTOH 3KCIOHEHTOH ¢ OAHOH TOCTOAHHOM
pacrnana noas BIT. JIAs noJuauCHepPCHBIX CHCTEM, B TOM 4YHciae 00-
pa3uoB TeppUreHHbIX MOPoOA, pacnal nois BII omHcelBaercs cyM-
MOH 3KCHOHEHT ¢ pa3/JIHUYHLIMH HOCTOSHHRIMH pacnaja.

B kadectBe BTOPOH MOAENM MOPHCTOH Cpelkl PACCMOTPHM CHC-
TeMy napaJ/iJe/IbHbIX KanHJJIAPOB MEepeMeHHOro CeueHHs 110 OCH Ka-
nuaapa. Kaxnelf Kanuaasap npeAcTaBUM yepelOBAHHEM 3JeMeH-
TOB 1 ¥ 2 — CyXeHHs NJHHOH /i U IJIOLWAdbio CeyeHHss S; M paclly-
peHus AJHMHOHK [; W cedeHuem S,. Daemertn 1, 2, B kotoprix JDC
3aHHMAeT COOTBeTCTBeHHO 6OJbUIYIO H MeHbLIYIo K010 ofbeMa 1op,
pas/iHyaloTcs YMCJAAMH HepeHOca KaTHOHOB ¥ aHHOHOB. [Ipu HaJso-
JKeHMH BHCIUHEro MoJs, Kak M B Clyuae MepBoil MOJENH, NMOABHX-
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Hele kaTHoHb! [IAC cMellaoTCA B OJHOM HAIlpaBJeHHH, 4TO IpHBO-
JMT K HaKoIIeHHIo H3GEITKa MOJIOKHTEIbHBIX 3apsiloB B OJHOH CTO-
pOHe Ka)KAoro 3JjeMeHTa H neHLUHTa HX B APYroH, BAoJib KaXAOro
KaHana ofpasyercst Ilellouka NOCJHEAOBATENbHO  PAaCHONOKEHHHX
aunodeii, cosmaomwux noje BIIL. ITlocre cuaTtHa 1OMApH3YIOULero
NoJist CMelieHHBe 3aps/bl BO3BpAlalOTCA HA MpeXHee MeCTo, CO3-
HaBafl IIpH 3TOM crlajaiollue BO BPeMeHH pa3HOCTb NOTEHLHaNOB H
Tok BIL

ABTOpH 3TOH MOJGJIH H COOTBeTCTBylolle#i runoresnt BII
A. ®. NocrensuukoB (1959 r.), 4. A. ®punpuxctepr, M. I1. Cu-
mopoBa (1961 r.) ocHoBHEIM (pakTOpom BO3HHKHOBenus BII B mopo-
HaX C HOHHOH NpPOBOAHMOCTBIO CUHTAIOT YepeloBaHHe B KalMJLIs-
pax yuacTKOB ¢ pa3JiMdHBIMH YHC/IaMH lepeHoca HOHOB H BO3pacTa-
HHe 3TOrO pasauyus B JIOKAJbHHX 30HaX [OPOBBIX KaHaJioB IpH
HANOXKeHHH NOJSpH3YIOUWero IIOJA, a B KauecTBe MeXaHH3Ma TOKa
BI1 npeanaraor nuddy3Hi0 HOHOB M3 y4aCTKOB C MOBHIIEHHOH HX
KOHI[EHTpalliell B 30HH IOHHKEHHOH KOHIEHTpalHH. JTa TIANOTe3a
noJyuusia Ha3BaHHE KOHIEHTPalHOHHO-nupPysuoHHOH. BennuuHa
A, Buipaxaerca caenytomeir gopmyno# (. A. ®punpuxclepr):

S GO (7.78)
I+ v+’

e Yy — OTHOLIeHHe 3JIEKTPONPOBOAHOCTeH B obbeMe yskoro (1) H
mwHpokoro (2) xamuanapos; ¢=3S20/Silz; At — pasHocTh guCesN me-
peHoca B Y3KOM H IIMPOKOM KalHJIsApax.

BTOpaH MOzedib, KaK H IepBafd, OOBACHAET pe3yabTaTH 3KCile-
puMeHTanbHOro H3ydenuss BIT mopucteix cpem ¢ HOHHOH NpoBoxH-
MOCTbI0. BaKnasg 0CO6eHHOCTb 3TOH MOpeNH — aKIeHTHPOBaHHE po-
JIH HEONHOPOMHOCTH CeUeHHs KaNlHJIfpa KaK OAHOTO H3 YCJAOBHH
nosisienus BIT B mopucroit cucreme. PoJb atoro ¢gaktopa Nokasu-
BaroT HccaenoBaHust BII Ha HCKyccTBeHHBIX 06pasiax ¢ NOCTOSAH-
HBIM cedeHHEM TNOPOBHX KaHaJIOB, ODHCHTHPOBAHHBIX NG HamnpabJje-
HHIO TIOJAPH3YIOWero Toka (BONOKHHCTas Bata). Ha Takux o6bek-
Tax BenuduHa Ap CYIECTBEHHO HHXKE, yeM IJIA INPHUPOAHHIX H HC-
KYCCTBEHHHBIX 3epHHCTHIX 00pa3loB, NOCKOJbKY 3/1eCh HE BO3HHKAeT
MHOXKECTBO JIOKaJNbHbIX AMNOJEH, NpHYypOUCHHBIX K 3epHaM (NepBast
MOJe/b) HJIH paclIHPeHHAM MOPOBHIX KaHAAOB (BTOpas MOJeb).
[Tponcxoxpenne BIT B o6bekrax ¢ mpocreiillieli reoMerpueii nop
{Iy4oK napanseibHbIX KanH/ANAPOB MOCTOAHHOIO CedeHHS WJM CHC-
TeMa napajiyielbHHX IENeBHAHBX IIOp — TPETbsi MOJEJb) MOKHO
O00bACHUTDL COYeTaHHEM INPOLECCOB 3AEKTPOOCMOCA, BO3HHKAMOUIEro
Ha CTafuM 3apsaakH, H 06pa30BaHHA (UIALTPalHOHHBIX IOTEHIHANOB
(cM. nmoapasn. 7.7), CO3LAaHHHX 3JICKTPOOCMOTHUECKHM IepeMmeliie-
nuem xuakoctu (B. H. Jlaxuos, 1947 r.). Komnonenra BI1, o6yc-
JIOBJIGHHAs 3THMH NPOLECCAMH, NO-BHAHMOMY, BOSHHKAeT B IOpHC-
Tolt cpene ¢ oGO reoMerpuell nop, HO AOJA ee B CyMMapHOM 3d¢-
¢exre BIl nesmauurtensna [21].

B
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CpaBHuBasi NePBYI0 H BTOPYIO MOJENH, 3aMETHM, 4TO MNPHHLA-
NMaJbHOR pasHUULI MeXAy HHMH HeT, TaK Kak B 00ouMx cJaydasx
MexaHH3MOM, co3palomuM noste BII, sBasgoTcs NepeMenienue mok-
BHXXHBIX KAaTHOHOB BHeluHell ofknagku [(3C BAOJAL TPaHUIH pas-
nena TBephas (asa — XHIAKOCTb CO CJIOXHOH reoMeTpHelt H  BO3-
HUKHOBeHHe CHCTeMHl JIOKAJbHLIX AMNOJel, a mpoueccom cnaga BII
BO BpeMeHH — BO3BpallleHHe IlepeMecTHBUIHXCS MPH MOJSpH3alHH
K4aTHOHOB B NEPBOHAYAJbHOE NOJOXeHHe MexaHH3M paspsikd —
cnajga nosasi BIl, npeasoxeHHblfi aBTOpaMu BTOpo# Momend (nud-
(hysusi MepeMelleHHHX TpPH 3apsjKe KATHOHOB), COMHHTe/eH, MO-
CKOJIBKY CKOPOCTb HabJloflaeMoro B sKcrnepHMeHTax cnana AUpn Bo
BpeMeHH 3HAYHTEJBHO Bhillle TOH, KoTopas Habjwojanacy 6w B CJIYy-
yae BO3Bpara NOJSPH30BAHHOH CHCTEMBL K DaBHOBECHOMY COCTOSI-
HHIO 32 cueT Ipouecca AUdDbY3UH.

763 BBI3BAHHAS 3JIEKTPOXHMHUYECKASI AKTHBHOCTD
OCAJ1OYHDBIX, MATMATHYECKHX H METAMOP®HYECKHX NMOPOJL

OrMerum BaxHeH#He ocobenHocTw BI1 B paspesax, npeiacras-
JEHHBIX OCAJOYHEIMH, MarMaTHieCKHMH H MeTaMODGHUECKUMHU IO-
polaMu, clelylollHe H3 aHagausa gaHHbIX tabaun 10, 11, 12

Ocapounsle mopoanl. TeppHreHHB e OTNOX eHHs [lpuor-
CYTCTBHH MJIH HE3HAUHTEJbHOM ([MOJIH MPOLIEHTA) COAEPXKAHHH MH-
HepaJoB-0POBOJHHKOB B MOpPOAAX KOJJIEKTOpAax BeJHuHHa A, pacrer
C yMeHbIIeHHEeM MNPOHHI@eMOCTH H POCTOM IVIHHHCTOCTH KOJIJIEKTO-
pa, MOCTHras MAKCHMAaJbHBHIX 3HAYeHHH B IJIOXHX  KOJJIEKTOpax,
6JMH3KHX N0 CBOACTBAM K IPaHHIE KOJJIEKTOD — HeKOJJIeKTop (cM
puc 54) B moponax HekoJsieKTOpax BesiHYHHa A magaer ¢ pocToM
TJIMHHCTOCTH, CTEneHH YIJOTHEHHs TJIHHHCTOTO MarepHasna H B KO-
HEYHOM CuUeTe C pPOCTOM NapameTpa §n A TEPPHUTEHHBIX MOPOJA, HE
COoIep>KaliuX YIVIMCTHIX W PYAHBIX BKJIoueHHil, cocrasiser 0,001—
b

[Tnacrel yrias, TEppHreHHEE MOPO/B CO 3HAUHTENBHBIM COjiEpKa-
HHEM TNHPHTA, MarHeTHTAa H YIVIHCTBIX YACTHIl XapaKTepH3YITCH
NOBHIUIeHHBIMH 3HaueHHAMH A, Benuunna A, yrieii pacrer ¢ poc-
TOM COJepXKaHHA B yrie rpadura, oTpaKamllHM CTeHeHb METamop-
¢u3Ma yris, H ¢ yMeHbIIEHHeM 30JbHOCTH yras Az HOHPUTH3HPO-
BaHHBIX MOPOJl YBEJHUHBAETCsl MPOMOPIHOHANBHO POCTY colepiKa-
HHS B [10pPOJ€ HHPHTA, NIOKA YaCTHIbl MHPHTA He 06pasyloT enHHOH
TOKonposoasumes ciucremol Bpems pacmaga nosas BI1 B mHpHTH3H-
pPOBaHHBIX NMOPOMAX CYU[eCTBEHHO 6oJiblie, YeM B APYTHX JHUTOTHHAX
TepPHreHHOTo pa3pe3a Ax TEPPHTEeHHBIX NOPOR C YIJHCTHIMH H PYI-
HBIMH BKJIOYE€HHSIMH (NHpHT U Ap ) cocrabiser 0,05—0,6

[To mapamerpam As 4 As, ONpenensieMbim MetonoM BII B ckBa-
JKHHE, MOXHO NPOBOJHTH JHTOJOTHUECKOEe pacujieHeHHe pa3pe3a,
BHIIEJNIATL KOJIJIEKTOPH U OIEHHBATL UX MPOHHIAEMOCTb C YUYETOM
nanHbix apyrux Merogos I'MC Ilo panneiM Meroma BII uerko BH-
AEeNSIOTCS NJAACTHl Yrijifg BCceX Mapok, 4ro OHJIO LIMPOKO HCMOJb3O-
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BaHO MO TOSBJIEHHS FaMMa-raMMa-MeTola IJs BhblAeJeHHs IJ1acTOB
6yporo yrjs H flepeXOJHHX MapoK yrisi oT OypHX K KaMeHHBIM, He-
3HAUHTEJIbHO OTJHUYAIOIIHXCA OT BHEMIHHX HOPOA MO yAeJIbHOMY CO-
IIPOTHBJCHHUIO.

Kap6onHaTHHe OTJNOXeHHs B03MOXHOCTH HCHOJB3O-
Banus napamerpos BIl nnst H3yuenns kapGOHATHOro paspesa Hc-
cJeJioBaHE B MeHblireH creneHH. MMeloTcsl MPeANOCHUIKK /s BhiAe-
JeHHs B KapGoOHATHOM paspe3de TPEMHHHEIX 30H MyTeM HCIOJIb30-
BAaHHUS aHOMAJBHOH TFeOMeTPHH IIOP TPEUIHHHOTO KOJJIEKTOpa.

BuicokHe 3HaueHHs Az B BOJNOHOCHBHIX KOJJIEKTOpax, HachlilleH-
HBHIX TIPeCHOll BOJOH, sIBHJIKCH OCHOBAHHEM [JIsi LIHPOKOTO NpHMeHe-
Hus Meroxa BII B pasBenouHo#i reo(H3HKe IPH NOHCKAX U pas3Bell-
Ke CKOILIEHHH NpecHOH BOJLI

Marmathueckue u MeraMopduueckue nopoabl. [Ipu orcyrcTBHH
B 3THX NOPOAAX BKJIOUeHHH MHHepaJoB-MPOBOAHHKOB Ax MarmarH-
YecKHX M MeTaMop(HUeCKHX MOpoj HeBHICOKOe H coctaBaser 0,001—
0,04. B 30Hax opymeHeHHS 3TH INOPOJBI COAEPXKAT BKpAIUIEHHS DYA-
HEIX MHHEDPaJoB, YTO NMPHBOAMUT K Pe3KOMY YBeJHueHHI0O Asx A0
0,1—0,6. IIpu mpouHx paBHBIX yCJI0BHAX A, TeM 6oJblie, YeM BHI-
ule cofepXkaHHe MHHepaJsa-MPOBOAHHKA # OoJblle ofumias NOBepX-
HOCTb PYAHBIX BKJIOUeHHH. JTO SBHJIOCH NPEANOCHIJIKOH AJs HC-
nosab3oBaHHs Meroga BII B pasBenouHofi reo@usdke st MOHCKOB
MeCTOPOXKAEHHH BKpaIJIeHHBIX Py, B NepBYyIO ouepeib mOJHMeras-
JHueckux [20].

7.7. ECTECTBEHHAS 3JIEKTPOXHUMHYECKAS
AKTHUBHOCTbD

EcrecTBeHHas 3JeKTPOXHMHUECKAsl aKTHBHOCTb [OPHBIX NMOPON —
HX cHocOGHOCTL CO3AaBaTbh eCTeCTBeHHble 3JeKTPHUeCKHe NoJs (Io-
Js1 cOGCTBeHHOH MJH CaMONPOH3BOJILHON IOJPH3ALUU) B Pe3yJib-
TaTe BO3HHUKHOBEHHSl B IMOPOJe pAa3JTHUYHEIX SJeKTPOXUMHYECKHX
NPOLEeCCOB, NMPHYPOUeHHBIX, KaK NMPaBH/JI0, K TPaHHIIAM IJIACTOB H
6oJiee CJAOXKHBIX T'eOJIOTHYECKHX TeJ, a TAKXKe K I'PAHHIE CKBaXH-
Ha — mopojga NIpPH BCKPHITHH TeQJIOTHYECKOr0 pa3pesa CKBaXHHOH
H u3ydeHuu ero Mertomamu ['MIC. K aTHM mpomeccaM orHocsaTes:
AuQPy3usa cosell Ha TpaAHUIE PACTBOPOB SJEKTPOJHTA PA3JHUYHOH
KOHIIEHTPALHH, TeYeHHEe XHAKOCTH B IIOPHCTOH CPeje NOA BJHAHHEM
nepenajna AaBJeHHH, OKHCIHUTEJNbHO-BOCCTAHOBHTEJbHBIE pEAKIHH
Ha TpaHHIe pYyAHOe TeNo — BMeniaoumue Hopoasl. COOTBETCTBeHHO
pas3muuanT 1H(GHY3HOHHO-ancoPOLUHOHHYIO, GHIbTPALHOHHYIO, OKHC
JIUTEJNbHO-BOCCTAHOBHTEJIBHYIO 3JeKTPOXHMHYECKYIO aKTHBHOCTb.

7.7.1. 1H®PY3HOHHO-ALCOPBLLHOHHASI AKTUBHOCTD

Ha rpauuie BOJOHBIX PacTBOPOB 3JME€KTPOJNHTA Pa3NHUHOH KOH-

LeHTPAUHK oOpasyercs nubdysuoHHasi 3. 1.C. onpepensemas ¢op-
Myaoii HepHera:
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Eﬂ:ﬂ___"u"__mﬂzj(n Ig &, (7.79)
F  nyzxu -+ nazav Cy Cy
rie R — yHHBepcaJbHas rasoBasi IlocTosiHHas; T — TeMIlepartypa,
K; F — uucino Papanes; rng, na — YHCJIO0 KATHOHOB H dHHOHOB B
MOJIEKyJle 3JEeKTPOJHTA; Zx, Za — BAJEHTHOCTH; U4, U — IOABHXKHOC-
TH KaTHOHA M aHHOoHA; C;, C,— KOHUEHTpauHH pacTsopoB | u 2;
Kz — koshdunuent nuddysuonnoir 3.a.c., MB. Tlocaenosarenn-
HocTh HHAaekcoB npd C onpefensier 3Hak NOTeHLlalla B pacTBope
1 Mo OTHOLIEHHIO K MOTEHLUHANy B pacrsope 2.
B obuweM cayuae

E =23 BET— (N, —N,)1gC,/C,, (7.80)
rae
ngt . — nav _
o nxZgit -+ nazav ’ a Nyl -} naZav

COOTBETCTBEHHO UYHCJa NepeHoCa KAaTHOHOB U AHHOHOB, ONpelelsiio-
He JOJMH 3JMeKTPHUeCTBa, HepeHOCHMble NpH AHGOY3HH KaTHOHA-
MH H aHHOHaMH.

JIJisi ofHOBAJIEHTHOIO 3J1EKTPOJNIHTA

Ka=2,3 - . (7.81)

Ipu T=293 K xosdpduuuenr s popmynax (7.80) — (7.81) npu-
HuMaer 3HaveHHe 58 MB, a BenuuuHa K, psifg HeKOTOPHIX HauboJee
THIHYHBIX 3JEKTPOJHTOB NJACTOBBIX Boa cocrasiaser, MB: NaCl —
11,6; NaHCOs; —2,2; CaCl;— 19,7; MgCly — 22,5; Na,S0, +
4-2; KC1+0,4.

Ananus Boipaxennit (7.79)—(7.80) nokasmiBaer, uTO AJSl BO3-
HHKHOBeHH? nuddy3HOHHOH 3. 1.C. HeOOXOAHMbI aBa yCJOBHS: pas-
JiHuHe YHCes MepeHOCa KATHOHOB W AHHOHOB 3JIeKTPOJIHTA, B MPOC-
TelllleM CJydae OJHOBAJEeHTHOrO 3JeKTPOJUTAa — pa3jiHuHe MOABUNK-
HOCTeH KaTHOHA H aHHMOHA; PasjuyKie KOHIIEHTPAaUHH KOHTAKTHPYIO-
IIXX PacTBOPOB.

Ha rpanuue pacrBopos I u Il co ciaoxubiM COCTaBOM 3JEKTPO-
JINTOB, U3 KOTOPHIX KaXKABIH PacTBOP COXEPIKUT COOTBETCTBEHHO M
H 1 PA3JIHYHBIX 3JIEKTPOJIHTOB, BeJHUHHY E; pacCuMTHIBAOT 1o (op-
myJe ['engepcoHa:

E =RT _Wi—V)—Wu—=Vm |, Yi+Vi (7.82)
R F (U +V)—Wna+Vy Unt+Viy

roe
m m
Uy= 2 nCaui; Vi= 2 naiCaiU,’;
i=1 i=1
m

m
U'II = 121 nxicxizuiui; VIII = ‘21 na,-Caizaiv,-,
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Puc. 56. Cxema nuddysud moHoB uwepea WHPOKuE (@) H yarmHl (6) KamHAAAPH
{C;, C; — KOHIEHTpalud PaCTBOPOB)

Uy, Vi, Uz, V11— BbpaXeHHsl, 4HaJIOTHYHble COOTBETCTBEHHO
U,, Vi, U1, V1, Ho pasa pacteopa Il ¢ cymMHpOBaHHeM IO 7 KOM-
HOHEHT.

Hub¢ysHoHHO-ancopOLHOHHAS 3. 1. C. BO3HHKAeT TakKXe MeXAay
pacTBOpaMH 3JEKTPOJNHTa pas3anuHOi koHuenTpauuu C, u Co, xoraa
nocjaeqHHe He KOHTAKTHPYIOT HeMOCPeACTBEHHO, a pa3feseHs  Io-
pUCTOH ImeperopOJKOil U3 AHIJNEKTpHKA, HalpHMep, 06pasuoM NOpo-
nel. Ecan o6pasen pasfenseT pacTBOPH OJHOTO H TOrO XKe 3J1€KTpO-
JIUTa N0 aHAJIOTHH ¢ BHIpaxkeHusMH (7.80) u (7.81), MOxHO 3amH-
caThb Clefyllde BbipaXKeHHd aaf AHQQY3HOHHO-axcOPOUHOHHOM
s.0.c. Ep, u KospouuueHt Kya AHGPDY3HOHHO-aacopbUHOHHOM
3.4.C:

Eua = na 1g C1/02; (783)
Kza=2,3 fFl (Ne— Ny), (7.84)
rae Nk, No — uHcna nmepeHoca HOHOB mpH AUQPY3HH HX uepe3 NO-

poay, pasnensiiollyo pacTBODHIL.

Jns mopoas! ¢ kpyNHHMH NOPAaMH, pa3Mepbl KOTOPHIX OPa3jo
GoJblte tonmuHbl [I3C Ha NOBepXHOCTH TBepAOH (¢ asw (YHCTHH
TIeCUaHHK HJIH H3BecTHAK), 3HaueHHsd Ny U N, He oTJHuaioTcs OT
YHCeJl TlepeHoca AJsi HellOCpeACTBEHHOrO0 KOHTAaKTa TeX XK€ PacTBo-
poB, M0sTOMy Kpa=K; u Eja=E; (puc. 56).

Tlpn pasjeneHHH pacTBOPOB NMOPOMOH ¢ yJbTPATOHKHMH NMOPaMH
(«upeanpHas MeM6paHa» B Hayke O KOJJIOHAAX), PARHYC KOTOPHIX
cousMepuM ¢ tosuuHOA JIDC (njoTHas BHICOKOAMCNepCHAasi IVIH-
#a), noaBHXHHe KaTHOHH JI3C, NpHHUMas yyacTHe B AH(PQysHH
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HOHOB H3 pacTBopa ¢ OoJibllleif B PACTBOD MeHbIUeH KOHLEHTpAaLHH,
pe3Ko H3MeHAIT cooTHomeHue Nx H Na tak, uto Nyi=1, Na=0.
[Mpu stoM Kp. MpuOIHKAEETCA K NpelesibHOMY 3HaueHHI0 Kpanp=
=2,3 RT/F unu 58 MB 1717 OnHOBA/eHTHBEIX 3JEKTPOJHTOB npu T =
=293 K, xapakTepHOMY 1/ HA€aNbHOH MeMOpaHbl. 3HaUeHHN Ky =
=Ky 4 Kya=Kyanp onpenensitor Bug 3aBucuMocrefl E,=f(lgCi/f
/C2), COOTBETCTBYIOLIHX KPYMHONODHCTOH HErJIHHHCTOH MOpoje:

Epa= K 18 Cy/C,, (7.85)
H MJIOTHOH BBICOKOJHCIIEPCHOU TIHHEe:
E o up=Kua uplg C,/C,. (7.86)

3TH 3aBHCHMOCTH OIpaHHUYHBAIOT 06JacTh 3HAuYeHH# Ly, Aas paH-
HOl mapel pacTBOPOB NpH (urcupoBanHo#t T=const. 3aBucuvocru
Exa=[(1gCi/Cs) pnsn MOpPOL C INpOMEXyTOUHOH XapaKTepHCTHKON
(TIMHHCTBIe NeCYaHHKH H aJeBPOJIHTH, IecYaHble TJIHHBI H T. I.)
pacnoJiaralTcs MeXAy pPAacCMOTPEHHBIMH 3aBHCHMOCTSAMH
AJ1s1 peAesbHBIX cayudeB. s pacTBOPOB XJOPHCTOI'O HATPHSA NpPH
T=293 K K;=—11,6 MB, K a.np=58 MB, n Belpaxkenun £, aiasn
npefedbHEIX CaAydyaeB NPpHHHMAtOT BUL: Ex=-—11,6 C/Co; Egamp=
=58 1g C,/C.. Tlo Mepe nepexoga or nmopoin 1 K nepoje 2 yMeHb-
[aeTcs CPeAHHH pajguyc IOp 7, pacTeT OTHOWeHue §/r, npub.IHKa-
ficb K eQHHHIle, 3HaueHHa N, # N, crpeMaATcs COOTBETCTBEHHO K
eHHHIEC H HYJIO. ¥YMeHbIIeHHe r 06yCH0BJICHO POCTOM COAEpIKaHHs
B NOpoJe BHICOKOZHCIEPCHOH KOMIIOHEHTH, MpeXjAe BCEro — IVIH-
HHCTBIX MHHepaJsoB. ConepikaHHe TJIHHHCTOTO MaTepHaja B NOpPONE
xapakrepuayerca napaMmerpaMi Cry, Reg, Mra, gn (CM. pasn. 2).
B kavectBe miH@pa 3aBHCHMOCTH Ena=f(C,/Cs) menecoobpasHo Hc-
I10JIb30BATH NapaMeTPrl ¢y (pHC. 57) HIH 1ry.

B Bripaxenusnx (7.85), (7.86) oTHOWIeHHst KOHIEHTPAIHU MOI
3HAaKOM Jorapudma MOKHO 3aMeHHTh OBpaTHHIM OTHOWIEHHEM
YAEJbHBIX CONPOTHBJEHHH p; U pp pacTBopoB 1, 2:

E,= K, 18 p5/py; (7.87)
Ena = K};La lg Pz/pt' (7-88)

JKCnepUMeHTaNbHble 3aBHCHMOCTH Eja=[(po/p1) mas mnopon ¢
PasIHYHBIM ¢n=const ABJAIOTCR KaK 6bl 3epKaJbHBIM OTPaXKeHHeM
sapucuMoctedt Epa=[(C,/C2) mast cOOTBETCTBYIOMIHX YCHOBHH.

3asucumoctu Epa=f(Ci/C:), Eqa=f(p2/p1) TnOJAyYaor myTem
uaMepeHuft E;, IJd KaxKAOro H3yyaeMoro obpasila B cCHellHaJbHOH
3JIeKTPOXHMHUYECKOH n4eiike, rae ofpasel pasjeaseT ABa BOJHBIX
pacTBOpa 3JIeKTPOJINTA pA3JNHUHOA KOHHeHTpauun. O6n4HO HCNOMb-
ayioT pactBopel NaCl, KOHIeHTPaAllHH KOTOPHIX BBIGHPAIT TaK, YTO-
6bl pacTBop | HMHETHpOBaN (HABTPAT IPOMEIBOYHON KHIKOCTH, a
pactBop 2 — maacroBywo Bogay. O6paseln, Kak IpaBuUJIO, HACHIIAIOT
pactBopom 2. [lpu crnenuanbHBIX HCeJel0BAaHHSIX B KayecTBe pac-
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Puc 57 3aeuckmoctn Lga=[(lg i} npa Cy=const (@) w Enx=f(lg p1}) npH
p2=const (6) 014 NecyaHO-TAHHHCTHX NOpoA B pacTBopax NaCl. Illupp KpHBHX —
Gu, MT 3KB/cM?

TBOpa 2 HCIOJNB3YIOT MOJAe/b IIAaCTOBOH BOAM, pacTBopa | — Mo-
peap QuabTpara NPUMEHSeMBIX B AaHHOM paidlGHe UPOMEIBOYHBIX
xupxocTed. Kpusyto Ena=f(Ci/Cs) unu Enxa=f(py/p:) ns1a enuHuu-
HOrO 06pasua CTPOAT IO HECKOJBbKHM TOYKdAM, H3 KOTOPBIX KaxKAaas
COOTBETCTBYET H3MepeHHI0 CTaOHJIbHOTO 3HAYEHHS] F, 118 KOHKper-
HblX BequuuH C;, C; UJIH P9, p;. B cepHH ONBITOB gis Kaxpmoro o6-
pasna oOBUHO COXPAHAIT NMOCTOAHHBIM 3HaueHHe C,, usMeHsas C, B
JOCTATOYHO WIHPOKHX IIpefesax (ABa-TpH NOpAlKa Benaddunn C).

Cnoco6HOCTh MOPOAbI BEI3BIBATH OTJHUHE AHGPY3HOHHO-aacopl-
UHOHHOH 3. JI.C., H3MepseMOli Ha 00pasile 3TOH MOPOAH, OT COOTBET-
CTBYIOIIEr0 yCJOBHAM ONbiTa AHDPY3HOHHOA 3. p7.C. HasnBaercs
11 Py3sHOHHO-aacOPOUHOHHOA aKTHBHOCTBIO. OHa xapakTepusyercs
napamerpom Az,, KoTopeii npensoxed B. H. Haxnoswm (1943 r.):

— (E”Aa —E'Aa) - (E”A" E'n)
Aﬂa Ig C]/CZ s (7‘89)

rie E'pa, E'y # E”pa, E”y — 3HaueHHss 3. 4.C. Iyl KOHUEHTPaIHil
C’y u C”; npu Cr=const. [pubauxento Aza=K,,—K,. 3Hauenus
Apa U Kia He ABJAAIOTCS KOHCTAHTAMH, H3MEHSIOTCA B HEKOTOPLIX
npejenax ¢ U3MeHeHHEM NHaNas3OHa KOHUEHTPAUuf, A KOTOPOro
OHH pacCUHTLIBAIOTCA. B KkauecTBe mapaMerpa NopoAL peKOMeHIY-

175



eTcsl onpedensiTh Az. B HHTepBaje KOHIlEHTPAuui, aJas KOTOpOro
cBasb Epa=f(lg C,) nuHefina.

Teopuu AHRGDY3HOHHO-aACOPOUHOHHBIX MOTEHIIHANOB OCBS UeHb
MHOTOYHCJIeHHEIE paGOThi, B KOTOPHX PACCMOTPeHa CBA3b BeJHYHHBI
Eja ¢ cocTaBOM H KOHIeHTpalHeH coJiel B pacTBOpax, pasleleH-
HHIX 06pa31uoM H HachlaolleM ofpasel, ¢ napaMerpaMu o6pasia.

®opmyna T. Teopeana (1953 r.) nna pacuera Epy Mexay pacr-
BOpaMH OHOBAJEHTHOrO 3JeKTposinTa ¢ KoHueHTpauuaMu Ci, Co,
MOIBUXHOCTBIO HOHOB 4, U, pPasfedeHHHX 00pa3uoM c NpHBeJeHHOH
eMKOCTbI0 OOMeHa ¢y:

Epa= R [In g2 4 2=t Ll L] o)
F K, u-tv (Kau + v/K2) Gy

R VAEY .. S AR L
e K=V meeyp Ty K [2C) > (26,

Gopmyaa (7.90) mosayueHa B NMpeANosOXeHHH, uTo Epn aBJseres

anreGpanueckol cyMMO# cKadkoB noreHuuana Egi, Ege Ha rpaHH-

nax ofpasua ¢ BHeIIHHMH pacTBopaMu ((a30Bble NMOTEHUHAJB) B

nuddy3HOHHOR 5. A. c. Ej;, HcKaxeHHOH BiIHAHHeM obpasla.
®opmyaa B. 0. Beupeavuirefina (1970 r.):

Ega=E™ o+ Ep00, (7.91)

rae Enai™, Epae™ — 5. I.c. Ha rpaHHuax obpasua ¢ pactBopaMu I,
2, KOTOpble paccUUTHIBAIOT 1O dopMyJe

Erpl(a = aEI( + (1 - a) Ena. ops (792)

rne oo H |—a — posau o6melt NJOMIAAd KOHTAaKTa BHYTPHIOPOBOH
XHAKOCTH 00pasiia ¢ BHELIHHM pACTBOPOM, NPHXOAfLIHecs Ha CcBO-
6oaubiil pactBop ¥ JIDC B nopax obpasua. B wactHOM ciayuae ans
pPAacTBOpPOB ONHOBAJEHTHOI'O 3JeKTPOJIHTA

T u—v
Ena-——RT(a PRl a) In C,/C,. (7.93)

3HaueHHe oo PACCUHUTBIBAIOT KaK 00 o6beMa nop, 3aHUMaeMyio
cBOGOIHBIM pacTBOPOM, C yYeIOM MOPOMETPHUYECKOHR XapaKTepHCTH-
KH o6pasya u roamuasl JIC.

PacuetHble rpatduku Ex.=f(lgC,/Cy), HONydeHHBIE ¢ HCIIOJIbL30-
BaHHeM dopMyn (7.90), (7.91), xopowro corsnacyiorcs ¢ SKCHEpH-
MEHTAJbHBIMH JAaHHBIMH H MO3BOJSIOT HPOTHO3HPOBATL BEPOSITHLIE
3HaueHHs! Ega U Ana AR Pa3IHYHBIX YCJIOBHH.

PaccMorpuM ocHoBHBEe ocoGeHHOCTH RHGDY3HOHHO-ancop61HOH-
HO# aKTHBHOCTH Ays TFOPHBIX NOPOJ, IVIaBHBIM 06pa3oMm OcajouHbIX,
A8 KOTOPBIX 3TOT MapaMeTrp H3yueH HauGoJee MOJHO.

1. HMopaBnsowas 4yacTb OCaN0YHBIX IOPOA HMEeT OTPHHATEb-
HHIH E-TOTeHIHAN, MOJIOXKHTeNbHYIO BHelHIOw obkaanky HIIC Ha
NIOBepXHOCTH TBeplnoft (asbl, ROSTOMY ux 3naueHHe A;,>=0. HHouao-
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Puc. 58. 3aBHCHMOCTH BeNHUHHH Apa OT H2PaMETPOB, XaDAKTEPH3VIOLIUX COLEPKAE~

HHE B NMOpoJe AHCNEepCHOR ¢asH:
@ — OT NpaBefeHHON eMKOCTH o6MeHa ¢ (TepPPHIreHHble OTJMOXEHHA, M0 b, IC BeHnpeabuwiTedt~

Hy), 0 — OT OTHOCHTEJLHOH TIAHHHCTOCTH M, (TePPHreHHble OTNOXKeHHs, no B. [0, Benuels-
wrefHy)

JKATEJIbHBIH E-TIOTEHIHaJ OTMeuaeTcs y HeKOTOPBIX Pa3HOBHIHOCTeMH.
3¢ Gy3HBHBIX, MAarMAaTHYIECKHX H MeTaMOp(HYeCKHX IOPOA, NS HHX
Aza<C0. B panpHefilieM paccMaTpHBaeM NOPOALI TOJNBKO ¢ MOJOXKH-
TeJibHOR N dy3HOHHO-aA1cOPOUHOHHON aKTHBHOCTBIO.

2. Tlpenensr usMeHenuss Aya (B MB) maas pacrBopoB: opHOBa-
JIEHTHBIX 3JIEKTPOJIHTOB — OT HYJAsl g0 58—Kj, NBYXBaJEHTHBIX —
oT Hyas po 29—K,; TpexBaJeHTHBIX — OT Hyas ao 19—K;. B Bu-
paxeHHdX Nas BepxHero npegena A,. NOCTOSHHOe cJjaraeMoe —
BedHUHHA Kjyanp COOTBETCTBEHHO NJIS PACTBOPOB OAHO-, JAByX- H
TpeXBaJeHTHHX 3JeKTPOJHTOB. [IpH HaJHunm B pacTBOpax 3JeKT-
POJIHTOB pa3HO# BaJEHTHOCTH BepXHHi MNpepen Ky, U Apa 3aBHCHT
OT COOTHOIIEHHS 3JEKTPOJHTOB pPa3HOH BaJeHTHOCTH.

3. Benrnunna Ag, NpH NPOYHX PABHBIX YCJAOBHAX 3aBHCHT OT CO-
OTHOLIeHUs] B oGbeMe NOp NOPOABl KOHUeHTpanufi karuoHoB JI3C
gu H HOHOB cBoGonnoro pacrBopa €, H pacrer ¢ yBeJHYeHHEM OT-
HoweHHS! Gn/Cs. [Ipn Cy=const Bennunna A,, onpegensietcs 3Haue-
HHEeM ¢n, ¢ KOTOPBIM OHA TeCHO cBsi3aHa (puc. 58, a).

4. JIns1 TeppHreHHBIX NOPOJ € PAa3JHYHOH IVIHHHCTOCTBIO NpHBE-
deHHasi eMKOCTb o0MeHa

1 — kn
o= % 2 Cpbis (7.94)

3aBHCHT Mpexkae Bcero ot copepxkaHus Cr, H agcopOUHOHHOR akK-
THBHOCTH Qrx TMTHHHCTOrO Marepuana. OT 3THX (aKTOPOB 3aBHCHT H
Aja, KOTOpasi pacTer ¢ yBeJHYEHHeM FJIHHHCTOCTH H AKTHBHOCTH

IJIHKHUCTOTO MaTepHaJlla MOpoAhl.
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IIpu usyueHuu napamerpa Az. MOPOAH ClleyeT HMeTb B BHAY,
4TQ KPOMe [JIHHHCTHIX CyUleCTBYIOT ApDYI'He MHHepaJbl, HalpHMep,
FHAPOKCHABL XKese3a H alIOMHHHS, 06Jananiiyue 3HaYHTeNbHOH aj-
«OPOLHOHHON AKTHBHOCTBIO, CPAaBHHMOH C aKTHBHOCTBIO TIJIHHHCTBIX
MuHepasoB. [IpucyTCTBHe B MOpOJe 3THX MHHePaJIOB OKashiBaeT Ha
Aja Takoe XKe BJHSIHHE, KaK ITHHHCTOCTb, [1I03TOMY CORepXKaHHe H
AKTHBHOCTb 3THX MHHepaJsOB TaKXe CjelyeT YUYHTHIBATb, NOHUMAS
NOJ TAHHHCTOCTBIO COJepXKaHHe B 10poje JIOOHX BEICOKOAHCItepC-
HBIX aKTHBHBIX MHHEpaJbHBIX KOMIOHEHT.

H3 Bcex napameTpoB, HENOCPeACTBEHHO XapaKTepH3YIOUHX IVIH-
HHCTOCTb NOpPoan, ¢ Ap, HanboJee TecHO CBA3aHA OTHOCHTEJNBHAS
TJTHHHCTOCTh Mrp. Ha puc. 58,6 mpHBeleHm TPH XapaKTepHHle 3a-
BHCHMOCTH ntapaMeTpa Aza OT M MJISA OTJIOXKeHHI C pPasJHYHON ak-
THBHOCTbIO T[JIMHHCTOI'O MaTepHaJa, KOTOpas oTPaXaer BO3pacT H,
€JIe0BaTeJbHO, CTeNeHb MeTaMopdH3Ma 1opo/.

[IpucyrcTrBHe B TeppHreHHOH Nopoje HeakTHBHOro (kap6oHart-
HOrO HJIH CHJIHKATHOr0) leMeHTa He OKAa3blBaeT BJIHAHHSA Ha BeJH-
4yiHy Aza, O3TOMY NPH Pa3JHYHOM COLEPXKaHHH B NMECUAHHKAX H
aneBPOJIHTAX 3THX BHAOB LeMeHTa H NPH OTCYTCTBHH B HHX TJIHHHC-
“TOTO MarepHasa Ag.=0.

5. B xap6oHaTHBIX OTJOMeHHSX BeJHYHHa ¢, BHIpaxKaercs ¢op-
Mymoit, aHanoruuHo#t (7.94), ecau BMecto Qr; U Cr; B Hee moacra-
BHTb Quo H Cuo— aKTHBHOCTh H COJepXKaHHe B MOpoJe HepacTBo-
PHMOTO OCTAaTKd, 3HAUHTEJNBHYK 4HaCTh KOTOPOLO IpPeACTaBAAIOT
TMTUHUCTHe MHHepalel. Kpome g, 3HaueHHe A;, HaHbOJee TeCHO
CBfAI3aHO C OTHOCHTEJIbHHIM COAepXaHHeM B MOpOJe HepacTBOPHMOIo
OCTaTKa M.o.

M. o= kH. 0/(kH. ot ku): (7-95)

rne Kuo— 06beMHOe colepykaHue HepaCTBOPUMOIO OCTATKa.

XapakrepHo, 4TO NOPOAB! € CYUIeCTBeHHHIM pasjHuiHeM B 3Hade-
Husix napamerpa C,., HanpHmep, Meprelb ¢ Cuo=0,3 U IJIOTHHI
u3BeCTHSK C Cp.0=0,02, HO OZHOBPEMEHHO H ¢ Pe3KO OTJHYaloUIeH-
€A MOPHCTOCTbIO (COOTBeTCTBeHHO £,=0,2 u 0,02) Moryr umers
GH3KHe 3HAUEHHS 1),.0, @ CJAENOBATENBHO, H Ay,.

6. BennunHa Apa TeCHo cBs3aHa ¢ mapaMerpom [l B mopopax
JAwbofl guTosordn, Oco6uii  HHTepec TpeaCTaBASIIOT TPaHHUHHE
3HaueHHs1 Aya, COOTBETCTBYIOIIHe IpaHHIE KOJJIEKTOp — HeKOJUIeK-
TOp B TeppHUTeHHOM paspese. BeawunHa Ag,r, U3MeHsieTCs B JO-
BOJIBHO IIHPOKHX MHpepenax — 1025 mMB nas kosnekropos ¢ pac-
CefIHHON TJIMHHCTOCTBIO; Aparp TeM 6OJibIle, YeM BHIUE AKTHBHOCTD
TTHHUHCTOrO MarepHaJa.

Inst reosorHdyecKHX OGDBEKTOB, NPEeACTABJeHHBIX TePPHIeHHBIMH
OTJIOXKEeHHSMH ¢ mpeo6iagaHueM TJIHHUCTOTO [eMeHTa, AO0CTATOYHO
BhIIEPXKAHHOTO MHHEPaJLHOrO COCTABa, OTMevaeTcs HaJHUHe KOp-
PeNALHOHHONA CBA3H MeXay napameTpaMu Az, H &n, Aga H Rnp B
o6aacTH 3HaveHu# R, W kup, Tle BeJHYHHA 3THX 11apAMETPOB 3aBH-
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CHT OT TJIHHHCTOCTH. Ha sTuxX e CBA39X 06bIYHO BblAenasiercs 06-
JacThb HauboJiee BEICOKUX 3HAYeHHHA Rq H Rnp, B npeaenax KOTOPOIk
Ara=0 HIH HEKOTOPOMY MHHHMAJbHOMY 3HAUEHHMIO, KOTOpOE He Me-
HAETCS NMPH M3MEHEHHH Rn M Rnp B JIOBOJBHO IIMPOKHX Npefesiax.

7. InpoysHonHo-ancopOuHOHHAA aKTHBHOCTh B IIJ1aCTOBLIX yC-
JOBRAX Aza (P, Pun, T) xapaxrepusyercsi ypaBHenueMm

Ana (P, pan, T) ~|: Apa (Psp) ] [A;la (Pnn)
Ana (9 ~ Ana (0) Jpua, L Aga (0) prd), T><
Apa (T)
X[—_Ana ©) ]—_— KiKzKav

rae Axa(0) — auddysuonno-aacopbunonnas axTHBHOCTL ob6pasua
NpH aTMOoC(epHBEIX YCIOBHAX.

Kosdpduinent K; yuuthiBaer usMenenne A, o6ycioBJeHHOE"
BCECTOPOHHHM CXAaTHEM NOPojbl. DTO H3MeHEeHHe MOXHO pacCuH-
TaTh, UCIHOJb3YH CBA3b MeXNY A a W IPHUBEACHHONR eMKoCTbl0 0OMe-
Ha ¢; Ha OCHOBe TOTO H3MeHEeHHs, KOTOpoe NpOoH30fijfeT B PEe3yJb-
TaTe yMeHbIUEHHS KO3(ppHLUHenTa MOPUCTOCTH Ry 11PU BCECTOPOHHEM
cxaThu. PacyeTel B AanHble 3KCIIEPHMEHTA MOKa3bBAIOT, UTO AJS
c1aborJHHHCTEIX KOJJIeKTOpoB ¢ kx>10% Benuuuna K, cocTaBjser
1,03—1,08, crenoBartenbHo, H3MeHeHue A, Noa BausuueM 3ddek-
THBHOI'O HanpsukeHusi He npesolcuT 10%. B nuorswix raummax poct
Aza 1O BIHAHHEM psg jAocTuraer 25%, 4TO OGBSACHSAETCH PE3KHM
yBeJqHueHHeM 10JH, 3aHuMaemoll JI3C, B cy6kanuaaspax ridH OpH
COKpallleHHH Hx o0beMa B pe3ysbTaTe BCEeCTOPOHIIEro CKaTHS.

Benuunny kosddHumuenra K., yUHTHIBAIOLLErc BJAHAHHe Ha U3Y-
yaeMbli napaMerp jAedopmanHH TBepAOH (as3el mopops nOx AeH-
CTBHEM IJIACTOBOTO 1AaBJNEHHS NPH Psp =CONst, MOXKHO NMpPHHATH pPaB-
ROH eJIHHHIE, TIOCKOJIbKY CHKHMAaeMOCTb OCHOBHHIX Nopojaoobpasyio-
LiHX MHHEpaJoB B JHalia3oHe IJIACTOBBIX AABJEHHH, THIHYHBIX JJISE
60JIbUIHHCTBA He(Tera3oBEIX MECTOPOXK/JAeHHH, HeBeJNHKH.

Bausinue TeMneparyphl Ha BeJHuHHy Az, B nepBoM npuGJHNKe-
HHH OLIeHHBAIOT, paccuuTeiBas K; 1o dgopmyse

K o= A (D) T+ 23
® A (0) 293’

KOTOpasi YUHTHBAeT TepMOJHHAMHYECKHEe 0COGEHHOCTH KOHTAKTHPY-
IOIHX 3JEKTPOJNUTOB.

B 1efCTBHTENbHOCTH BJIHsSHHE TEMIlepaTyPH Ha BeJHUYHHY Ajxa
CJIOJKHee, TIOCKOJIBKY C POCTOM TeMIlepaTypnl H3MeHsioTCs hapa-
serpel JI9C Ha NOBepXHOCTH TNOPOBBIX KaHAJMOB, DKCllepHMEHTaJb-
Hble faHHble NTOKa3blBAIOT, UTO Xapakrep pocra Ay, C yBeJIUUEHHEM
T onpenensercs OTHOCHTENbHON TVIHHHCTOCTBIO 06pasia.

7.7.2. PAJIBTPALLHOHHAA AKTHBHOCTD

Ipu ¢uapTpannn XKHAKOCTH, B YACTHOCTH, BOAHOIG pacTBOpa
5MeKTPONUTA YePe3 KaNWAAD KOHEUHOH [JHHK MeXAy KOHIAMH
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LpMB Puc. 59. SxcnepumeHTaJbHHE 3aBHCH-

- moctd Eg=f(gs) nas pasuux Ap
(wudp KpuBHX) 1pu ps=1,5 OmM-M (1O
Xunny u Apepcony)
a0 60
50
40
1001 3
20
S0
10
g —m
g g7 45 70

Kanuisapa Bo3HHKaeT (GHUJAbTPALHOHHAsS 3. A.C. (NoTeHuHasa Teue-
nus) Eg, onpenenseMasi ypaBHeHHeM [ebMrosbla:

Ey= 22 Ap, (7.96)
4np
THe €, Ps, W — COOTBETCTBEHHO [H3JEeKTPHYECKass MPOHHIAEMOCTD,
YyIeJbHOE CONPOTHBJEHHe, abcOMIOTHAs BA3KOCTL (PHJAbTPYIOILEHCA
KHAKOCTH; Ap — Nepenaj AaBjeHHS MeX/[y KOHLAMH KamH/AIsapa.
dopmyna cnpaBelJHBa TaKXke AJ5 CHCTEMBI NapaJliesibHHX Ka-
NHJSIpOB  (HMJeaNbHBA TPYHT), MOAENHPYIOLIHX IOPHCTYIO CpPeny,
TPH YCJOBHH, YTO PaiUyC KANHJJISPOB ry HAMHOTO IIPEBHIIACT TOJI-
muny A3C 8gsc.

O6o03Hauass MHOXKHTesdb Iepex Ap B BupaxeHud (7.96) uepes
Ag, moayunm Ep=ApAp, rie Ay — K03bdhHuHeHT QHABTPaLHOHHOH
3/J1eKTPOXHMHUecKOH akTuBHOCTH. [Jocnexnsas mpeacrasJiser coOoit
CHOCOGHOCTE NMOPHCTOH cpelibl, B 9acTHOCTH, o6pasiia ropHOil MOpo-
bl CO34aBaTh Pa3HOCTb NOTEHIHAJOB TeueHHs MpH (QHJIbBTPaUHH
JKHAKOCTH yepe3 obpasell.

dunprpanuoHubie 3. A.c., HabMonaeMEle B 006pa3ilax TepPHreH-
HBIX IIOPOJ-KOJIJIEKTOPOB H HEKOJIIEKTODOB ¢ PAas3JIUYHOH TJHHHCTO-
CTBIO, XaPaKTEPH3YIOTCA 9KCIHEDHMEHTAJILHBIMH  3aBHCHMOCTSMH
E¢=[(ga) nas pasnuunbix GHKCHPOBaHHHIX Ap=const npu mocto-
AIHHOM 3HaUYeHHH [Jis DacCMaTPHBAaeMOro ceMeHCTBa KPHBHIX (PHC.
59). AHaiu3 3THX 3aBHCHMOCTefi [10Ka3bIBaeT CYIIECTBEHHOe BJHS-
HHe IapaMeTpa ¢n, CJE€J0BaTEJLHO, cpelHero 3(MGhexTHBHOro pamuy-
ca nop r Ha BeJHuHHy Eg¢. Huis mopom ¢ 7>10 MkM u  ¢n<0,1mr-
*3KB/CM3, T. e. A/l CPEAHHX H XOPOUIHX KOJLIEKTOPOB, BeJHUYHHA
Ey mpakTHuecKH He 3aBHCHT OT 7 M paBHa 3.A.C. [eJbMroJbua.
Hnst noponm ¢ r<<10 MM H ¢n>>0,1 Mmr-sxefcM3, T. e. AJA TJIOXHX
KOJIIEKTOPOB, HEKOJJIEKTOPOB, [VIHHHCTHIX KOPOK H TJIHH, 3Ha4eHHS
I COM3MEDPHMEI C §zsc. B NOPOBHIX KaHa/Jax ¢ TaKUM 7 BeJHUYHHA &
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3aBHCHT HE TOJILKO OT COCTaBa H CBOHCTB TBepAOH (asbl H KHIKO-
CTH, HO TaKiKe OT 7 6J1ar0ﬂapﬂ 3JIEKTPOCTATHYECKOMY OTTaJIKHBa-
HHIO KaTHOHOB moaBHxkHOH uactu IDC mpyr ot apyra c mepemeie-
HHeM HMX B HallpaBJeHHH TpaHHIBL TBepias (asa — XKHAKOCTD.
YMenbuienne E B KalHJJIApax KOHEYHOro pajHyca IO CpaBHEHHIO
¢ 3HatenHeM Ep B KaHHJIJIHan ¢ 7>0gpc NPOHCXOAUT IO 3AKOHY

— 85
Em g 2 (1—:_6’1”—). (7.97)
nac f—'ansc

Tlpu 7 —6xsc E—-0, mostomy Eg—-0.

U3J0KeHHOe TI03BOJISET CaejaTh BHIBOMA, UTO BeJHunHa Ly
[paKTHYECKH He 3aBHCHT OT BeJIHUHHHL 7, a CJEI0BaTeJIbHO, H OT
kK03 dUIHEeHTa NPOHUIIAEMOCTH kgp B HIHPOKOM [HAalla30He H3Me-
HeHHs1 MOCJEeJHET0 JJisS IOPOJA-KOJUIEKTOPOB, HCKJIYasd ILIOXL.e
KOJIJIEKTOpEI. MHTepecHO OTMeTHTb, YTO rpaHHuIa obsacTefi 3Hade-
HUH ¢n, 7, Rnp, TAe BeqHUIHHBl E¢ H § IPaKTHYECKH He 3aBHCAT OT
TlepeuHCaeHHBIX TapaMeTpPoOB H Tie 3Ta 3aBHCHMOCTh HabJaopaercs,
TIPpUMepPHO COBNlajaeT ¢ IpaHuuel, pasjaensiolleii obaacth 3Hade-
HUH Rup, @Gn, 7, /IS KOTOPHIX yCTAHOBJIEH a3 JMYHBIH Xapakrtep CBs-
3n kosddunHenTa As ¢ paccMaTpHBaeMbIMH IlapaMeTpaMH.

INpu duabTpallHK KHUAKOCTH Yepes JABa IOCJEA0BATENbHO paclo-
JIOXKeHHBX 00pasua ¢ PasiuIHBIMH Gu, Rop H T. 1., CYMMapHas 3.4.C.
¢bUILTpanHH 060ux 06pasuoB

Egz = AgpiApy+ AgolAps, (7.98)

rae Agi, Agps — GHIBTP Al HOHHEIE 3JIEKTPOXHMHYECKHE aKTHBHOCTH,
Ap1, Ap: — Nepenain AaBJeHHs COOTBETCTBEHHO AJs IepBOro H
BToporo o06pasuoB. CylllecTBeHHO!I 0OCOOEHHOCTBIO  BhIP a:KeHHs
(7.98) sBaseTcs TO, UTO BKJai Kaxkjoro obpasma B CyMMapHBIH
st ¢dekT mpornopuxoHated Ap MeXAy KOHIaMu 3Toro obpasua, a
C/e0BaTEbHO, O6paTHO NPONOPLHOHAJEH BEJIHIHHE Ry DTO 3Ha-
YHT, YTO €CJH OJHH K3 06pasloB IMpeAcTaBJ/JeH KOJJIEKTOPOM, a
APYyrofl — HeKOJJIEKTOPOM, IVIMHOH HJH MOJEJNbI0 TJIHHHCTOH KOp-
KH, TO cyMMapHas 3. 4.c. £y 6yierT IpaKTHUECKH 3aBHCETh TOJBKO
OT (DUIbTPALHOHHON AKTHBHOCTH cnabolpoHuiaeMoro obpasua, Ha-
IpHMep, TJIMHHCTOH KOPKH, NOCKOJNBKY BKJad 00pasiua-KoJIeKTopa
Gyner npeHeOpeKHMO Mall.

HauGoupuiuii HHTEpec jJisi OLEHKH (HJIBTDALHOHHON cOCTaBJfA-
olledt aMILIATYAN aHoMajuu CII mpu HHTepIpeTauuu pe3yJibTaToB
I'MC npexcraBasfioT pe3yJbTaThl, MoJydeHnble M. A, DBeJisikOBbIM,
TpH QUILTPALKH TJIMHACTHX PacTBOPOB ¢ pas/HIHOM BOJAOOTHadelt
gepe3 006pasubl KOJJIGKTOPOB ¢ pAasJHYHOH [POHHIAEMOCTLIO.
B stux onmtax B Xoie ¢GHIbTpanuu uepes o0Opasen TIJHHHCTOTO
pacTBopa uyacTh o6pa3ia KoJibMaTHpOBasach, a Ha Topue obpasiua
BO3HHKaJa TJIHHHCTas KOpka. B pajbHelinieM NMPOHCXOLH/IO TedeHHE
¢uabTpaTa TMHHHECTOrO pacTBOpa depes IOCJACAOBATENBHO pacIoJo-
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Puc. 60. DxcnepHMeHTaabHbEIE 3aBHCHMOCTH (HJIbTPARHOHHOH 3. A.¢. Eg4 oT Koadr~
¢HuHeHTa IPOHHIAEMOCTH knp (mo M. A. Bensixosy):
1 — ¢uabTpands BOJB depe3 obpasen; 2 — ¢HABTpaUMs IJIMHHCTOLO pPacTBOpa 4Yepes oGpaselr

JKeHHBle TJIHHHCTYI0 KODKY — 30HY KOJIbMAaTallHH — KOJJIEeKTOD, Iph
KOTOPOM (DMKCHPOBAJIHCH cTabuiabHbIe 3HAueHus Eg.

Comnocrapsaenue Eg ¢ 1apaMeTpoM Rgp [O3BOJSIET YCTAHOBHTH
caepywoiee (puc. 60). Ilpn ¢uabTpanun pacreopa 3JEKTPOJIHTA,
He cojepXKallero IIHHUCTBIX YacTHIl, B LIHPOKOM JAHaNa3oHe Kpp
wabmogaetcss pocT Eg¢ ¢ yBeJawueHHeM Rgp. Ilpu dnawsTpanuu raim-
HHCTOrO pacTBOPa XapakKTep CBA3H MexiY L H kinp MeHdeTcs ¢ Ie-
PEXOAOM OT HEKOJIEKTOPOB K koJJiekTopaM. IIpHueM HaKJOH rpa-
¢uKa OpH ANNPOKCHMAIHH 3aBUCHMOCTH Ego=f(lg knp) npsaMof wme-
HsieTcd Ha o6paTHHIH ¢ yMenbirendeMm Boacoriaayu (BO) raunaucroro
pacTBopa, T. €. ¢ NOBBIIIEHHEM KauecTBa IJIMHHCTOrO pacTsopa. Has
HEKOTODHIX NIPOMEKYTOUHHX 3Hauveduli BO pesnunna Eg ocraercs
[pAKTHYCCKH IIOCTOAHHOH NMPU H3MEHEHHWH kyp B IIHPOKHX Npelenax.
OunbrpallHoHHAs cocTaBagiomas anomaaud CII B koasekrtope
Es ¢ apaserca anrebpanueckoli pasHocTbi0 Eg¢rk — Egnw 3. A.C.
(GUJAbBTPAIMH B TJHHHCTOHR KOpKe!, BO3HHKUled Ha TpaHulle CKBAXKHU-
Ha — NJACT — KOJUIEKTOD ¥ BO BMellalOIUUx MOoPOJax, Hanpumep,
rJIHHaX. BeauuynHy Esp MOMKHO OLEHHTb AJS KOHKDETHHX VCJIOBHI
paspesa: a) no rpadHkaM THNa IPHBEAEHHHWX Ha pPHC. 59; B 3TOM
clyyae IJf 3aJaHHBIX 3HAUEHHH ¢, XaPaKTEPH3YIOUHX TJHHHACTYIO
KOPDKY H BMelLl2IOIlHe IVIHHB, H H3BECTHOTrO Ap IO COOTBETCTBYIOIE-
My rpaduky LE¢=[(gq) HaxoasiT 3HaueHHd E¢rx H Egra; Majlee BbI-
YHCASAIOT UX Pa3HOCTh Lg¢rx — E¢ ca=Esp; €CaAH 3HAUEHHE py OTIH-
yaetcss oT ps=1,5 Om-M, nojydeHHoe Fsp NEepecUdTHIBAIOT ¢ yue-
TOM DasJHuHA pg OT 1,5 Om-m; 6) mo rpadukam Ha puc. 59 Haxo-
JAT BeNHUHHY Ly x LM H3BECTHHIX 3HaueHHii BO rJIHHHCTOro pac-

! 3nauenne Egrc 9BISIETCA CyMMO#H 3. 4. ¢ ¢buAbTPALLMM B TJMHHCTOR KOpKE
H 30He KOAbMAaTaHHH,
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TBOpa H kyp KOJJIEKTOpa; H3 3HaueHHA Egr, BHUHTAOT Egrgy, HC-
N0Jb3ysl MHHHVAJbHbEe 3HAueHHs Fg B 00/IaCTH HEKOJJIEKTODOB.

s KoAnekToPOB He(TH H rasa, sajeraloumux Ha raybuHax 1—
3 kM, buabrpannonsas komnoHenra CII cocrasaser 10—30 mB
IJisT TJHHHCTHX pactBopoB ¢ BO 5—10 cM? 3a 30 mun. [Ipu 6ype-
HUM Ha TEXHHYECKOH BOJe WJH Ha IVIHHHCTHIX PacTBOPax € BHICOKOH
BO B 30HaX HHTEHCHBHOTO IIOTVIOUIEHHS TPOMBIBOUHOH XHIKOCTH
rpd 60JbIIUX penpeccHsX Ha IJIacT 3HaueHHss L4 AOCTHrAIOT
100 mB u 6Gousee.

7.7.3. OKHCJIUTEJIbHO-BOCCTAHOBHUTEJIbHAA
3JIEKTPOXHMHYECKASI AKTHBHOCTD

OkuCIHTEBHO-BOCCTAHOBHTENbHASL 3JIEKTPOXHMHUECKAS] AKTHB-
HOCTb XapaKTepHa JiJis MHHeDAaJIOB C 3JEKTPOHHOH IMPOBOILHMOCTEIO
H 110pOJ C BEHICOKHM coJxep:KaHHeM 3THX MHHepaJjioB. Ona o6GycJioBJie-
Ha IPOIECCAMH 3JIEKTPOJHOH MOJIAPH3AIHH H OKHCJHTE@JbHO-BOCCTA-
HOBHTEJ/IbHKIMH DeaKI HSIMH, IDOHCXOASIIIHMH Ha TPaHHIe 3JEKTPOH-
HO-TIPOBOASIIIET0 MHHeDaJa ¢ OKpY:Kalolefl cpenoi.

daekTpoaHble moreHuuanbl. Ha rpanuine meranna ¢ BOLHBIM pa-
CTBOPOM 3JIEKTPOJIHTA aTOMBI Me€TaJJjia MepexoadaT B pPacTBOP B BH-
Jl&é KATHOHOB, NPH 3TOM CBOOOJHLIE 3JEKTPOHHI, COXPaHSACL B Me-
TaJjijie, coobIalT ero IOBePXHOCTH OTPHILATENLHEH 3apdAj, a KaTH-
OHH MeTaJjisia — MOJIOKHTeJBHBIH pacTBopy O6JiH3 NOBEPXHOCTH Me-
TaJia. Mexny MerassioM H pacTBOPOM BO3SHHKaeT pa3HOCTh INOTEH-
1112JI0B — 3JIEKTPOAHBLIH IOTEHIHaJ, KOTOPhIH MOXKHO paccUHTaTh
1o ¢opmyne Heprera

E, =Rl P - RT |y (7.99)
zF P zF C
TAe p H ¢ — OCMOTHUECKOe JaBJIeHHe H KOHIEHTpalHs HOHOB Me-
TajJia B pactBope; P — sJeKTPOJHTHUYECKas YIPYroCTh DPacTBOpe-
HHA Metayia; C — KOHILEHTpPaIlHs HOHOB MeTaJljia, COOTBETCTBYIO-
masgs HOPMAaJbHOMY 3JEKTDOAHOMY IlIOTeHIHandy Eo JaHHOTO MeTaJ-
Jia.

VnTeHCHBHOCTD DacTBOPEHHS MeTaJssia TeM OoJibile, ueM MeHb-
flle HayaJbHad KOHIIEHTDPAllHs ero B pacTtBope. MHHHMaJ/bHAA
HHTEHCHBHOCTh PACTBOPEHHS COOTBETCTBYET KOHTAKTY KOHUEHTPHPO-
BaHHOTO pacTBopa HOHA JaHHOTO METajJsa C 3THM MeTaJslIOM.

Ecnu Merann sjekTpoia o6pasyer NPH pacTBOPEHHH HOHEl pas-
JIMYHOH BAaJICHTHOCTH, BO3MOKHBI DEAKIHH CJejayiollero THIa, IO-
poxaaiouHue 3. 1. C.:

Fe—Fe?+, Fe—Fe3t, Fe2t—Fe3t,
E=—0,43 B; E=—0,04 B. E=0,77 B.

Ecnu 3/71exTpoiabl H3 ABYX pas/HUHBIX MeTAaJJIOB COEIHHEHH Ha-
KOPOTKO H TOTPYXKeHbl B DacTBOP 3JEKTPOJIHTA BCJAEACTBHE Pas/ii-
9us B 3HaueHusx Eo meramios (tabu. 10), sTH siekTpoxsl o6pa-
3YIOT Ta/JbBAHHYECKHH 3J€MEHT.
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Ta6auua 10. 3uavennn Eo pa3iMunpx Merasios

Mertaan Rou Es B
Harpuit Nat+ —2,71
Maruuft Mg?+ —2,38
AnomuHHA AR+ —1,66
HKeneso Fe2+ —0,43
Ceurell ]l?]ti -8,43
Bojopon
Menn Cut 40,34

TanpBanuuecKas napa co3faet 3.A.C., PABHYIO Pa3HOCTH 3JEKTPOL-
HBIX HOTEHIHAJOB, BRUMCJACHHHX 1Mo ¢opmyne (7.99), npu sToM
MPOHCXOAHT KOppo3us Merasaa ¢ Bojee HH3KHM 3HauveHHeM £,

OXHCJAHTENbHO-BOCCTAHOBHTEIbHble Peakuny. Pasnuinbie MHHe-
paJn M rOpHHe NOPOAH (CY/Ib()HAB METaa/I0B, MKeae3Hble DYAHL,
rpaduT, aHTPAUMT ¥ T. 1) B YCJAOBHSX eCTECTBEHHOro 3ajeraHHs
IOBEPTraloTCs OKHCAHTE/bHO-BOCCTAHOBHTENBHLIM peaKUHsM. Bui
3THX peakuufi onpelelsiercsd XHMHYeCKHM COCTaBOM MHHepaJa HJH
MHUHEPANbHDbIM cOCTaBOM NOPOALI, BOAOPOANDIM pH ¥ DRUCANTCADRO-
BOCCTaHOBHTeNLHBIM Eh dakTopoMm cpelsl, TeMiepaTypoli, xuMuue-
CKHM COCTABOM U KOHUEHTPAauueHd 3aeKTPOJHTOB B KOHTaKTHPYIO-
U{HX ¢ MHHEPAJOM BOAAX.

OKHCIATENbHO-BOCCTAHOBHTEbHEIE PEAKIHH TaK¥Ke NPHBOAAT K
I0SIBJAEGHHUIO 3apsjla HA NOBEPXHOCTH MHHepajda HIAW 1MOPOALI # 00-
pas3oBaHHIO ABOHHOIO 3JeKTPHUeCKOTro cJosi, Kak H Ha NOBepXHOCTH
3MeXTPOAA, TMOrPyMeHHoro B pactBop. [lpu NpoTeKanUW OKHCIW-
TeJbHOH pedxkiH¥ IIOBEDXHOCTh OKHC/IeMOro MHHEpana 3apsikaer-
Cs QTPHIATENBHO, @ PACTBOP — HOJOKHTeNbHO. [lpu BOCCTAHOBH-
TeJbHOH pPeaxkuuH 3HaK TBePXol a3 ¥ pactBopa OJHM3 TPAHHIML! C
HeH — NPOTHBONQJIOXKHBIH YKA3aHHOMY JAJS OKHCIUTEJBHOH pPeak-
ILHH.

Be/HUHHH 3. . ¢. OKHCIHTE/IBHO-BOCCTAHOBHTEIBLHOIO I1pOHCXOHK-
A€HHA B paspes3ax oCaAO4YHpIX, MATMAaTHYECKHX H MeTaMOp(quecxnx
NOPOJ AOCTHTAIOT COTEH MHUJAJUBOJLT, 3HAUUTENLHO NpeBHuIas 3HA-
YeHHA 3. 1. C. AHPPYIHOHHOTO ¥ (PUIALTPANMOHHOTO TPOHCXOKACHHA.
MakcamanbHele anomaauy CI1 Taxoro nponcxoxieHust wabdwoga-
I0TCA B CKBaXKHHAX, llePeceKaloUUX pyJAHBE TeJa HJIH IJ1acTH BhI-
coOKoMeTamop HH30BawHOro yris (aHTPALMT), B KOTOPHX colepa-
HHe MUHepand ¢ 3JeKTPOHHOH NPOBOAUMOCTBIO AOCTATOUHO BHICO-
KO i1 06p2a30BaHHA CAHHOH TOKONPOBOAALIEH CHCTEMEL.

KOHTPOJIbHBIE BOITPOCHI

l. Hepeyucsute usBecTHnie BaM snexTpuueckue cBofieTBa rap-
HHIX 110POJ.
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2. Hasosurte ¢hakTOphl, onpelesiolne BeJHYHHY NpPOBOJHMOCTh
TOPONH.

3. Kak 3aBHcHT yllesbHOe CONPOTHBJIECHHE MOPOAE OT BIaXKHOC-
TH?

4. KakuM ypaBHEHHEM oOIlpeneJisiercs NMPOBOLHMOCTL pacTBOPOB
3JE€KTPOJHTOB?

5. Ilpoanann3upyiTe BJAHAHHE TJIHHHCTOCTH Ha yHIeJbHOe cOINpO-
THBJIEHHE 0Caj0UHBIX TOPONL.

6. Jakte kpatkuil 0630p NPHPOJAB HAH3JEKTPHYECKOH NpOHHIae-
MOCTH Da3fHuHEIX MHHEpa/IOB H KHAKOCTeH, HacHINAlOUHX [OpPO-
Ay.
7. UTo Takoe dacTOTHAs AHUCIEPCHST JTH3JIEKTPHYECKOH IIPOHH-
maemoctH? JlafTe NpHMeEpHL.

8. KakoBo BiMAHHE TeMIlepDaTypel H [aBJIeHHs Ha TDPOBOAH-
MOCTb H JH3JIeKTPHUCCKYIO NMPOHHILAEMOCTh I'OPHBIX IOPOILP

9. PacckaxuTe O TNDHPOAE BHI3BBAHHOH MOJSPH3AIHH B 3JEKT-
POHHBIX H HOHHGLIX IIDOBOJHHKAX.

10. Jakite amaJiu3 OcHOBHHIX (hakTopoB HH(PY3HOHHO-ancOPO-
LHOHHOH aKTHBHOCTH I'OPHBIX MOPOI.

8. MATHUTHBIE CBOUCTBA

[Ton MarHeTHsMoOM MOHHMaioT ocobyio ¢opMy MarepHaJbHBIX
B3auMojieficTBHEH, BO3ZHHKAIOIKX MEXKAY ABHKYIUHMHCS 3JeKTpHue-
CKH 3apsKeHHHIMHM YacTHUaMH. B merpodH3Hke MarHeTH3M MNposB-
J8¢T cebsd Kak ¢crnoco0HOCTL FOPHBIX NOPOA M MHHEDAJOB HaMarHH-
YHBATbCA B MATHATHOM IOJIe, H3MEHATh €ro H HHOTma COXPaHATh
HaMarHMueHHoe cOCTOAHHe nHocJe IpeKpalleHHs JgefCTBHS  HOJA.
B pesyabrate HaMarHHuMBaHHg J0G0H 00beM nopoiwl nprobGpera-
€T MarHMTHEIH MOMEHT. MarHeTH3M nposiBJAfeTcs INpH B3anMozeicT-
BHH JBYX HaMarHMUeHHBIX 00pasloB Hoponx HAH obpasna MoOponbl H
NPOBOAHHKA, [0 KOTOPOMY TEUeT TOK; ero OIpeae/sioT KOHIeHTpa-
U¥s ¥ pacripejefeHHe B NOPOLe MAarHeTHKOB PAa3JIHUHBIX THIOB, HX
XHMHUECKHH cocTdB, CTPYKTYpa KPHCTA/JIMUGCKOH peuleTkH MHHe-
pPaJioB, B YaCTHOCTH, THII CBA3H B Hell aTOMOB WJIM HOHOB. Maruur-
HEIE CBOfcTBA 3aBHCAT OT IIPOHCXOKIEHHS H YCJAOBHH KH3HH IO-
por. OHH H3MeHAWTCS ¢ H3MEHEHHEeM COCTaBa H CTPYKTYPH IODOIL,
tepMobapuuecKHx YCJOBHH HX 3aJjerands. [lo THnmy MarHeTHsMa
BBIICJAAIOTCA N1Ha- H NapaMarHuTHble XUMHUECKHe 3JeMeHTHI, o6pa-
3yiollde Bce rJapHbie Ioponoobpasylomide MHHepasbl, H  ¢deppH-
MarHaTHHe, (heppo- H aHTH(GEPPOMAarHUTHEIE JIEMEHTH H MHHEepaJibl
(Tabu. 11).
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Tab6anua 11. Knaccupuxaunn ropubix nopop W MHHEPaNoB no MArHHTHBIM choficteaM (no B, M. J1o6pbiunuy)

deppUMarHeTHRH, (EpPpO- 1 BHTH-

TloKkasaTens JHamardeTHki NMapaMardeTdKH HEpPOMATHETHKH
INpupona maruutHbiX| CnuH-opOHTanbHbE momenTs] Cnuu-opGHTANBHbE MOMEHTH] HeckoMIeHCHPOBaHNBE CRHH-OP-
cBOHCTR 3JEeKTPOHHEX O0O/N0UEK aTOMOB] SJeKTPOHHHX OfGono4eK aToMoB| SuTalbHple MOMEHTH napaifesb-

3nak MarHuTHOl BoCOpH-
HMYHBOCTH X M BeJHYHHA
OCTATOYHOH HaMarHH4YeH-

HocTH Jv oer

TemnepaTypHas
MOCTh ¥

3aBHCH-

JlnanasoH H3MeHeHHA X,
el

TanuYHEE NpeacTaBHTENN

CKOMIIEMCHPOBAHBL, HaMarHHYeH-
HOCTL MOSBASETCH IIpH JapMo-
POBCKO TNpeLecCHH SJIEKTPOHOB
B MardHTHom m00Je

x<0,
JV cer==0)

¥ He 3aBHCHT OT TemmepaTyphl

10-4-+10-7

3os0To, cepa, PTYTh, CEHHEL,
KaJblH1, THNC, AHTHIPUT, TAJHT,
nJarkokaa3, HedThb, sona, yriae
BOAOPOAHHE Ia3bl

He CKOMNEHCHPOBAHH, OpPHEHTA-
UMA MACHHTHBIX MOMEHTOR DpH
NeHcTBUH noJas  obpasylor mua-
MATHHYEHHOCTD

x>0,

JV ucr=0

¥ YMEHBIWAETCH C poCTOM TeM-
nepaTypst

10-8+-10-3

BonpmuACTBO TopHHX flopod H
MHHepanoR, He o0aajaEx
3eKTPOHHON NPaBOAHMOCTBIO

HH B 4CcOMHAUMHAX Tpynmnm aro-
MOB — JOMeHaX

x>0, Jv oer 0
Kospuutupnas cuna Hew0

Caoxuo 3aBucuT OT TeMIepa-
TYpH

10-3-1
Marnetyt  ((QeppHMAarHeTHk ¢
BricOXOA  Jyocr),  O-TEMaTHT

(beppomarueTHk), cHacput (au-
TdeppoMarHeTHK, 04Y€Hh MaJjaf
Il. ocr)




8.1. NTPOLECCHI HAMATHHYUBAHUSA U MATHUTHDIE
CBONCTBA MHUHEPAJIOB, )KUJIKOCTEH U rA30B

B BellecTBe, MOMelLIeHHOM B MarHHTHOE I0JIe, MOsiBJsAeTcA BHYT-
peHHee MaTHHTHOE TloJle, KOTOpOe HakKJalbiBaeTcsl Ha BHellHee (Ha-
MarHduuBamoulee). HamnpsaKeHHOCTh CYMMapHOr0 MarHHTHOTO II0JIA
(BHelIHET0 ¥ BHYTPEHHEro) XapaKTePH3YeTCsa MAaTHHTHOH HHIYKIIH-
eit. MarauTHas HHAYKUUSA

B = o (H + 7). (8.1)

—_—
HamarauwgennocTb BeulectBa J siBiserca GyHKUIHeH Ha-
IpSIXKeHHOCTH BHellHero moJsi 1. i mapaMarHeTskoB CBA3b MeXK-
— —_

Ay { u H B mupokofi o6nactu HoJefl WMeeT JIWHEHHHI XapakTep:
——

—
J=wH, rne GespasMepHas BeJMUHHA % HOCHT HA3BAHHE M AT HH T-
HO¥ BOCHNPHHMUHBOCTH. [na ¢deppoMarHeTdkos YcJOBHO
NPHMEHAIOT Ty e (opMy 3alliCH, HO HX % CJOXKHHM o6pa3oMm 3a-
BHCHT OT HANPSXKERHOCTH NOJIA.

C TOI/I ;Ke OroBOpKoil CBA3L MeXKNy BEJIHUYWHOIl MArHHTHOH HH-

AYKIHH B u BHEUIHHM HOJeM H BLIpaXaercqd yepes M ATrHHTHY 10
ODPOHHL AEMOCTh

p=1-4=x (8.2)

Jlns xapakTepHCTHKM MAarHHTHOH IIPOHHIA€MOCTH BaKyyMa HC-
NoJb3yeTcsd BeNHYHHA o, paBHas 107/(4m).

Hua- 4 mapamarHuTHbIe MHHepadabl. BosbmuMHCTBO MHMHepasos
JHa- r NapaMard#uTHble; AQHTH(GEPPOMATHHTHHIX MHHEPaJiOB 3HAuM-
TeJbHO MeHbUIe (OueHb DEIKO BCTpeyalouleecs MEreopeTHOe Xgesle-
30, «-TeMaTHT M HEKOTODBIE T'eMOHJIbMEHHTH). DeppHMarHHTHBIX
MHHEPAJIOB NPUMEPHO INIOJITOpa NecsiTKa, HO MX COJepKaHHeM B OC-
HOBHOM 06YCJIOBJI€HA HAMArHHUYEHHOCTb MOPOJ, TRK KaK MAaTHETH3M
APYrdX MHHepaJoB (HCKJlo4as IPHPONHOE KeJe30) 3HauHTeJNbHO
MeHbIIe,

CBOHCTBO A#a- ¥ mapaMaTHHTHBIX MHHEDAJIOB HaMmarHHIHBAaTbCSH
B mose H XapaKTePH3yiOT HAMATHHUYEHHOCTH YAeNbHH €

o6beMHada JVH MaccoBas Jm

Fo=wH; T,=yH. (8.3)

KosadhduuHenTH NPOMOPLUHOHANLHOCTH B cooTHouleHusx (8.3)
Ha3BaHbHl Y A€JbHBMH OO BbEeMHONH ¥ ¥ MacCOBOH 9 BoOC-
MPUHHUMUHBOCTSMH,

YnenbHas MaccoBas HaMarHHYeHHOCTb  (MArHUTHBIA — MOMEHT

— — — - —
€IHHHIIE Macchl nopons) Jnm=Jy/6=yH; orcioma Jy=6xH u
Ox=un, a x=x/8 M3/kr (WaH cM3/r), rle 6 — NAOTHOCTL IIOPOMHL.
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Puc. 61. Tlpeneccusi aJaeKkTpoHHOR
op6uTHt [ BOKpYr BekTopa Mar-
auTHOTO mMoass H (no C B. Bou-
COBCKOMY)

Kaxpas H3 3/ieMeHTapHBIX ABHXKyUHXca vacTHl ob6/afgaer col-
CTBeHHHIM (CIIHHOBHIM) H ODOHTANbHHM MAarHATHHIM MOMEHTaMH.
MomeHnTE HEHTPOHOB H IPOTOHOB H Pe3YJbTHPYIOUIHi MAarHHTHHEIR
MOMEHT aTOMHHIX fJlep O4YeHb MaJhl. B CBA3H ¢ 3THM MOXHO pac-
cMaTpuBaTh TOJBKO CyMMapHbEe MarHHTHbie MOMEHTHl ATOMHBIX
3JIEKTPOHHEIX 000J/104eK AHa- H NapaMarHuTHHIX MHHEpPaJoB,

JHaMaruuTHble MHHepaJbl B 1e10M A0 JeHCTBHA IOJA He Ha-
MAarHd4yeHbl, TaK KakK HX 3JEeKTPOHHble OGO/JOUKH CHMMETPHUHH H
cnHH-0p6HTA/JbHEEe MOMEHTH 3J€KTPOHOB cCKOMIleHcHPoBaHu. Hanpo-
THB, aTOMBl IlapaMarHeTHKOB 006/1aflaloT pe3yJbTHPYIOUIHM MarHHuT-
HHM MOMEHTOM B CBf3H C TeM, YTO Y HX 3JIEKTPOHHBIX 060J04eK
BHyTpeHHHe (3d # 4f) 3HepreTHueckHe NOAYPOBHH HEJIOCTPOEHH H
CIHH-0pGHTA/JbHBIE MOMEHTH 3JeKTPOHOB HeypaBHOBemeHH. OnHaKO
H NMapaMarHHTHele MHHEPaJb B OTCYTCTBHe IOJiS He HamarHHueHH
NIOTOMY, UYTO HX Pe3yJbTHDPyIOUIHe aTOMHble MaTHHTHbBIE MOMEHTHI,
pMesi Jio6oe NPOCTPAHCTBEHHOE HanpaB/jeHHe, B3aHMHO CKOMIIEHCH-
pOBaHHL

B MarHuTHOM 1noJie 3/1eKTPOHH NpPHOGperamT JIOIOJHHTeNbHHE
CKODOCTH BCJIEJCTBHE J1apMOpPOBCKOH mnpeleccud. Ilocaennss cocro-
HT B TOM, YTO B pe3y/JbTaTe HHAYKUHOHHOTO NeHCTBHS MarHATHOTO
noJisi 3JeKTPOHH OO0OJIOUKH atroma InpHoGperailoT Ty 100 aBOUHYIO
VTJIOBYIO CKODOCTB, ¢ KOTODOH HX OPOHTH NpPeLecCHPYIOT BOKDYT
BHelIHero 1noJs (puc. 61), H Kak c/aeAcTBHe 3TOro MOJYdYalOT JO-
MOJHHTEJbHEA MAarHATHBIA MOMEHT, IIPONIODPUHOHAJbHHHA N0 H
HalnpaBJeHHBIH B COOTBETCTBHH ¢ NpasHjoM JleHlla NPOTHB Hero.

CraTncTHueckyd omnpejesicHHas HaMarHH4eHHOCTh IlapaMarHuT-
HBIX MHHEPaJoB BO3SHHKAeT IPH PABHOBECHH MeXIy OPHEHTHPYIO-
HM MarHHTHHe MOMEHTH JeficTBHeM HaMarHHYMBalUEero IOJs M
Je30DHEHTHPYOILHM HX BJHSAHHEM TeIUIOBOTO ABHKEeHHS.

C pocroM TeMIepaTypH MarHHTHas BOCIpHHMUHBOCTH IapaMar-
HATHBHIX MHHEPAJIOB YMEHbIIAeTCHd, Y AHAMArHATHHIX OHa OOLIUHO He
3aBHCHT OT TE€MIIEPATYpHL.

ITonnsseMenTHEIE MHHEpAJE MOTYT COCTOATh H3 HECKOJNBKHX
YHCTO JHa- WJIH IapaMarHHTHBIX 3JeMeHTOB, HO uaule OHH fABJAAIOT-
CAd CMECSIMH TeX H JPYTHX, H TOTJla HX MarHuTHas BOCIIPHHMUYHBOCTh
3aBHCHT He TOJIbKO OT MAarHHTHOH BOCIPHHMYHBOCTH OT/EJbHBEIX
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aTOMOB, HO H OT HX COOTHOIUEHHH B IOJH3JeMeHTHOM MHHepaJe, u
ero KpHCTaJJIHuecKol cTpykTypH [1].

HaMareyueHHOCTb H MATHHTHasl BOCIPHHMYHBOCTL, CBs3aHHbIE
¢ JapMOpPOBCKOH NpeleccHell aTOMHBIX 3JCKTPOHHHIX OpOHT, Xapak-
TepHbl JIs BCEX MHHEDAJOB, HO HX YYHTHIBAIOT TOJNBLKO B clydae
4HCTHIX jAHa- H NapaMaCHHTHHIX MHHEpaJioB, Tak Kak J H x 3TOro
npolécca MHOIO MeHbUIE TeX zKe BeJHYHH, BbI3BaHHBIX (eppH- H
$heppOMarHeTH3MOM.

Yieabnas o6nLeMHass MArHHTHAsT BOCOIPDHHMUHMOCTL JAHaMarHuT-
HBIX MHHEpaJioB HeBeJHKAa H OTpHuaTeJbHa: oT —o-10~* (rpoccy-
asp), —1,6-10=* ex. CH (BucMyT) 0 Hyas.

CHJIHKaTHBIE TOPp0006pasyloline MHHEPAJbl AHAMATHATH, €CH
B HX cocTaBe HeT HOHOB Fe?*, Fedt, Mn?t u HeKOTOPBIX APYTHX, H
apaMarHATHHE B NPOTHBHOM cAydae.

K JdHamarHUTHBIM OTHOCATCS MHOTHe BaKHefilie nopojpoo6pa-
3yolHe MHHePaJbl OCaJjOuHbIX MOpoj (KBapil, KaJHEBble MoJeBhbie
HITIaThl, [J1aTHOKJA3bl, KAaJBLUHT, aHCHAPHT, THIC, TAJHT, CHJILBHH,
rpaduT). JluamarHHTHb TakKxe cepa, BHCMYT, Melb, 30J0TO, CBH~
Hell, PTYTh H AP.

IlapamaruaTHel, HanpHMep, MYCKOBHT, LINHHENH, PYTHJ, HOJO-
MHT, MarHe3HT, HX MarHHTHas BOCHDHHMYHBOCTL % TaKXKe HeBeJIH-
kKa: ot 12,6-10-% (mosomur), 37,7-10-% (marme3ut) g0 21-10-° CH
(MyckoBHT) K0 (mo-Buaumomy 25-10=% ex. CH. OuuBHHH XKe, TH-
POKCEHHI, rpaHaTsl, 6HOTHTH, am(HOOJb, KOPAHEPHTHI, BOJIL(OPaAMH-
Thl, KACCHTEDHTH, XPOMHTH, MATHHTHAS BOCIPHHMUYHBOCTh KOTOPBIX
JOCTHraeT HECKOJNbKHX Thlcsid MHJJHOHHEIX joJiedi endHAum CH,
HEeJb3s COIVIACHO HCCJEJOBAHHAM [OCJEHAHHX JieT CYHTATb UHCTHIMM
napaMarieTHkamd. Bo MHOTHX Pa3HOCTSIX 3THX MHHEpaJIOB COIep-
xkatcss MEKpoupumecd (1073—10-19%) cdepprmarieTykoB B cocTaBe
OTHOCHTE/TBHO KPYNMHHX KPHCTAJJIOB XKe/e30coiepXKalHx MHHepa-
JOB. DTO coryacyeTcsi ¢ HX OCTaTOUHOH HamMaruudeH-
HOCTbio J,s HacChllleHHd ¥ ¢ TeMH OOJNBLUIAMH PacXOXACHHAMU
B 3HAYEHHAX %, KOTODPbIC MOJNyYalOT NPH H3MEpPEHHH 3THX BeJHUHH
Ha YHCTHIX BellecTBaxX H NPHPOJAHBIX MHHepasax [1].

B MHHepa/nax MarMaTHUECKHX H pexe MeTaMOP(HUECKHX ITOPOJ
B KayecTBe TMOCTOSHHLIX NpHMeceH dalle HaXOAHTCH MArHETHT.

®eppo- u ¢eppumaruuTHbie MuHepaas [1]. Hzonnposanuble
aTOMBbl (heppOMArHHTHHIX MHHEDAJIOB HMeloT 3HAUHTE/JbHEE De3yJib-
THPYIOLIHE COHH-OPOHTAJIbHBIE MAarHATHBIE MOMEHTH BCJEICTBHE He-
3anoJIHeHHOCTH moaypoBHed 3d # 4] ux o6oJouek, OxHAKO B OJHO-
3/MIeMEHTHHIX MHHepajsax (caMOpDOJHOE METEeODHTHOe XKeJe30) OHW
B OCHOBHOM CKOMIICHCHDOBaHH H He CHOCOGHBI K ODHRHTALHH B
MarHHTHOM TOJIE H3-32 GOJBLIOH MJIOTHOCTH YMAKOBKH aTOMOB 3THX
BellecTB. 3aTO CHHHOBhle MOMEHTH 3JIEKTPOHOB B  OIpEJEJNEeHHHX
He3HAYHTeJbHHX (0KoJso 107° cm?®) obuactax (AOMeHax) OpHEHTH-
poBaHbl napaJuJieibHO APYT APYrYy, H, CJAeJoBaTe/bHO, 3xech ¢eppo~
MAarHeTHKH HaMarHHYeHsl JO HacCHIIeHHS,
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#Puc 62 KpHBHE HAMAPHHYHBAHHA CJAGOMATHATHHIX BEILECTB (@) H KPHBaA Ha-
marnnanpanast ABB u netaa rucrepesuca BFJIEJKKJIB deppomarnernka nu ee
yyactkH [—3

Orta OpHeHTaUHs CIHHOBHIX MarHUTHBIX MOMEHTOB OOGBSICHSETCS
BeCbMa 3HAYHTENBLHLIM MOJOXKHTENbHBIM OOMEHHLIM B3aHMOMEHCTBH-
€M MeXIy SJEKTPOHAMH He3aNoJHEeHHHX 000J0YeK COCEIHHX AaTo-
moB. Takoe B3auWMojelcTBHE H3MeHseT y aToMOB (eppOMArHETHKOB
(Fe, N1, Co, Cd) pacnpenefenHe 3JeKTPOHOB II0 BO3MOXKHBIM COC-
108HHSM H OPHEHTUPYET NapaJjjiesbHO CHHHOBHE MArHHTHLIE MO-
MEHTHI, XOTS TeNJOBOE [IBHXKeHHE M CTPEeMHTCI HApPYUIHTL 3Ty
«<tpywTypy IlpocTpaHcTBenHas opHeHTAUHs NapafjelbHBIX CIBHO-
BhIX MArHHTHBIX MOMEHTOB OJHHAKOBAa JYUIL B Ipeledax olpeje-
JIEHHBIX, Pa3HBIX N0 BeJHYHHE JOMEHOB MOHO3JEMeHTHOro (eppo-
MACHHTHOTO MHHepaJa B CBSI3H ¢ 0COOCHHOCTSIMH ero KpHcTajjagdec-
KOl CTPYKTYpPH H HajuWuHMeM 3HEPTHH AHH3OTPONHY KPHCTAJJIOB.
Pazninunel M0 3HAaYEHHMIO W HATIPABJEHHIO Tak¥Xe pe3ylbTypyioliiye
CIIHHOBHIE MOMEHTHI, NO3TOMY B LejoM A0 JAeHCTBHA moas ¢eppo-
MAaTHHTHBEIHI MHHepaJ He HaMmarnuued. [Ipw HaJOXeHHH MATrHHMTHOTO
NOJsT MATHHTHBIE MOMEHTHl JOMEHOB H3MEHSIOTCA 1O BEJHUHHE H
OPHEHTHPYIOTCHA N[O €r0 HANPaBJEHHIO, YTO MPHBOAHUT K HaMaruHye:-
HOCTH (pepPOMAarHHTHOrO MHHEpana HaMarHWYEHHOCTb COXpaHseTcs
M IocJae CHATHA NPHJIOKEHHOrO TOJst (0CTaTOUHas HaMarHHYeH-
HOCTH).

[Ipu remnepartype Bhimie toukd Kiopu T, deppoMarheTuku cra-
HOBATCA NMapaMarHeTHKaMu. HaMarnuunBaHHe B MArHHTHOM IOJe€
xapakrtepHayercss kpuso#t Jy=f(H), xoropas aas (peppOMAarHeTHKOB
(puc. 62, 6) 3HaYHTENBHO OTJHYAETCH OT AHANOTHUHBIX KPHUBHX A
JIHa- ¥ napaMarneTuxos (puc. 62, a).

Bospacranne HaMarHHYEHHOCTH ¢ yBEJHUYEHHEM HANpPSIKEHHOCTH
Tnonsa y (peppoOMArHeTHKOB HenHHelHo. KpHBas HaMmarHuYHBaHUS
HUMeeT xapakTtepnbie yyactku /—3 (cM. puc. 62, §). Ydacrok [ co-
OTBETCTBYeT 006paTHMOMY I[poueccy, NpH KOTOPOM CBS3p MEXA1y
/v u H juHeAHa W HAMarHWYEHHOCTh HCYE3deT BMECTE CQ CHATHEM
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paMarnuuuBaKliero nods. 3To npouecc 06paTHMOro CMeEIEHUT
rpaHul, NPH KOTOPOM HAMAarHH4EHHOCTh PACTeT 3a CUeT yBeaHudye-
HMS MArHHTHOTO MOMEHTA OTAeJbLHBIX JOMEHOB B CBA3H C pOCTOM
Hx pa3mepoB 6e3 HU3MEHEHHs] ODHEHTALHH IPAHHIL.

Ha yuacTke 2 HaMarHH9eHHOCTbL PE3KO BO3pacCTaeT ¢ yBejgHde-
HueM H BejlecTBHe CMelleHHs IpaHHMU: BHIPACTAIOT pPa3Mepel A0-
MEHOB C OpHeHTaiHell BEKTOPOB HAMAIHHUEHHOCTH, OAHHAKOBOH H
f6ausxoft ¥ HanpagJjenuio nojd. [lpoumecc HeoOpaTHM, TaK KaK 3HA-
4hTeJbHASA [0/ SHEPTHH pacTpauHBaeTcd B BHAe Tenaa. Ha yuwact-
ke 3 Jy MeajeHHO BO3pacTaeT ¢ yBejuueHueMm /, cTpeMsich K upe-
JeJbHOMY 3HAdeHHIO H3-3a 06paTHMOro BpalleHHA. [IpHueM 00BEM
OTZEbHBX AOMEHOB He H3MeHseTCsd, a UX BEKTOpH HaMarHdueHHO-
CTH OPHEHTHPYIOTCS B HANpPABJEHHH MOJ.

IIpu, yMeHbIIEHHH HANPAXKEHHOCTH NOJg A0 HYJs HaMaruHdeH-
HOCTb NMOHHXKAeTcs A0 HEKOTOPOro 3HaueHus Jy,, Ha3LIBAEMOTIO O C-
TATOYHOH H30TEPMHUYECKOH HAMATHHUYEHHOCTDIO.
HyneBas HamardHyueHHOCTH AOCTUTAETCH NPH HAOPAXKEHHOCTH HOJA,
paBHOH KO3puuTHBHOH cuae H, (ecMm. puc. 62,6).

DeppoMarHeTHKH ¢ OTHOCHTENbHO HE3HAYHTEAbHOH II0MIALbIO
CHCTEPE3HCHOH KpHBOfi M KOIPDHHTHBHOH cujao#t (cMm. pue. 62, 6),
He IipeBHIAOUIEH ThiCAY aMiep Ha ] M, Ha3LIBAIOTCA MATKHUMI B
[IPOTHBOTIOJIOXKHOCTb XKECTKHM (CppOMardHeTHKaM, XapaKTepH3yio-
Iy¥Mcst IIHPOKOH nerviefl rHCTepe3nca W KO3PUMTHBHOH CHJIOH B He-
CKOJIbKO [JeCSTKOB HJH [aXe COTeH THCAY aMNep Ha 1 m.

OcraTtouynass u3oTepMuueckasd HAMarHU49eHHOCTb Jy,t H KO3PUH-
THBHAsA cuna H. HapasHe ¢ Jv, Jys, %, ¥, W U T. A. XapAaKTEPHU3YIOT
MarHuTHble cBOHcTBA (pepPOMArHeTHKOB Npu MX HOpPMAJAbHO#
HaMarHudueHHOCTH. HopManbHasgd HaMarHH4E€HHOCTh, BO3HHKA-
€T NIPH HAJOXKEHHH NOCTOSAHHOIO MArHHTHOTO NOJS Ha HNOpoAy Ipw
HopmabHHIX Temiepatype (20°C) um naBnenun (0,1 MIla). TIpwu
3TOM H3MEHAIOT HalpasJjieHHe Ha MNapaJJiejbHoe HaMAarHH4HBalo-
HIEMYCS TOMI0 Te BEKTOPH HAMATHHYEHHOCTH JOMEHOB, Yy KOTOPBIX
3TO0 W3MeHeHHe He CONPOBOXKAAETCS TPEOJOJCHUEM 3HAURNTENbHLIX
sHepreTHueckKux OapbepoB. HopmanbHas HaMarHM4€HHOCTL MNO.Ty-
yaercs, HaUPHMED, Yy OCANOYRHOH MOPOALl B COBPEMEHHOM TIeOoMAr-
HuTHOM noge (H.=40 A/m).

Kpome HOpMasbHOM, pasnHYalOT HA€aAbHYK H TEpMOH a-
MAarHH49eHHOCTDb, MageanpbHas HaMarHH4eHHOCTh HaGJApAaeTCT
OpH COBMECTHOM AEHCTBHH NMOCTOSHHOTO H NepeMeHHbIX MATHHUTHBIX
nojiefl ¢ aMIAMTYROH, H3MeHAwmedcs OT mojaedl HacHIEHUS 10
HyJI4.

TepMoHaMarduueHHOCT, OGHYHA AN NOPOJ, HATPETHIX N0 TEM-
nepaTypbl Buliie TOUKH Kiopu M OCTHBIBAIOIIMX A0 HOPMAJbHEIX TeM-
nepaTyp B NOCTOSHHOM MATHHTHOM mojie. [IpH 5TOM BO3HMKAET HAH-
Gonee 3nauuTe/bHAS OCTATOYHAS HAMATHHYEHHOCTb Jyry MOPOX, TaK
Kak [pH BHICOKHX TeMIepaTtypax B YCJOBHAX HE3HAYHTEJLHEIX Me-
XaHUYECKHX HalpsaXKeHUH OpHeHTHpyeTcs HauboJibllee YUCJIO BEK-
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a 6 8 Puc 63 CTxema pacnpeneeHus
BEKTOPOB  HAMATHHYEHHOCTH B
KpHCTaJiJIax:

a — ¢peppomardeTruk, 6 — aHTHdeppy-
MarHeTHK, 8 — deppHMarHeTHn

—o>  —€O—

—0

“TOPOB HaMAarHHYeHHOCTH IOMEHOB IO NOJIO, HANpaBjieHHE KOTOPHIX
IIocJie OCTHIBAHHS NOPOJ 3aKpENsercH.

Hnas storo nporecca MAaKCHMAaJbHBI TakyKe OObeMHas MAarHUT-
Hasi BOCIPHHUMYHBOCTHL ¢, OTHOCHTEJNbHAS OCTATO4YHAsy HaMarHU4eH-
H0cTb Jy,e/Jv B OTHOCHTEJIbHAS KOSpUUTHBHas cuiaa H./H, unu ee
abcoqiotHoe 3naueHue M Npu OAMHAKOBOH OCTAaTOYMHOH HaMarHu-
YeHHOCTH.

MaryuTHast BOCIPHHMYHBOCTL (heppOMarHEeTHKOB NpH HalpsiKeH-
HOCTH noJs, GIH3KOH K HYJO, NOCTOSHHA, 3aTeM OHaZ BO3DPACTaer,
JOCTUTHYB MAKCHMyMa, B JaJjbHeHllleM yMeHbLIaeTCs,

DOJBLIIMHCTBO CHJABLHO MarHHTHHX MHHEpAJoB, UMes OJu3kue K
tdeppUMarHeTHkaM MarHHTHbie CBOHCTBA, 3HAYHTENbHO OTJHHANOTCS
OT IOCJEeJHUX N0 MArHUTHOH CTPYKType H OTHOCATCS MO 3TOMY
TIpU3HAKY K 0co60H rpynne — peppUMarHeTHKAM.

B kpucrannax deppumarHeTHKOB BEKTOPH HAaMarHH4eHHOCTH
0o6pa3yioT ABe IPynlu; B Irpynnax BeKTOPH HAMarHWYeHHOCTH Ia-
panseJbHbl, 4 Y pPasJH4HBIX TPYNN — aHTHnapaaieibdbl. Tak kak
pesyabTHpYIOUHe MATHUTHEIE MOMEHTH Tpynm He pasHbl (pHC. 63),
BO3HHKaeT 3HAuUHTeJbHas coOCTBeHHas HaMarHHUYeHHOCTL (eppH-
MATHETHKOB,

CpoiicTBaMH (deppOMarHeTHKOB 06Jana0T GeppoMarHATHHe TH-
TAHOMATHETHUTH, cAaGo(eppOMArHUTHHE TIeMaTHT, THAPOKCHIH XKe-
Jie3a (reTuT, THAPOreTHT M JenHAOKPOKHT), CHAEpHT, Takue heppH-
1bl, KdK MATTEMHT, TPEBOJAHUT, AKOOGCHT, (DpaHKJIHMHHT, MarHe3Hobep-
PHT, TeMOHJbMEHHUTH (peiKHe DPa3HOCTH aHTH(eppOMarHuTHHE CO
<JabbiM GeppoMarHeTH3MOM), a TadKKe CYyJabhOdeppUTH — NHPPO-
THH (HEKOTOpble Pa3HOCTH ero), BaJepuT, KyGaHHuT.

MarzeTHT HMeeT G0JIbLIYIHD BoCHpHUMuUHBOCTE (0T 1,25 1m0 25 ex.
CH), HamarHHYeHHOCTL HAcHlleHHs Okogo 490.-10% A/M, TOuKy
Kriopu okoso 576 °C.

Hans ky6uueckHX MOHOKDHCTAJJIOB MarHeTdTa OOGBIYHA MArHHT-
Hasi aHU3OTPONMS — HAMaTHHYHBAHHE IPOHUCXOAMT Jerde BCero Mo
ocH puaroHanun kyGa u HauboJsee TPYAHO B HalpaBJeHHH €ro pe-
Gep. B HampasseHun pHaronaJieil rpaHui Ky6a HAMarHHYEHHOCTh
HMeEET NPOMEKYTOYHOE 3HAUEHHE.
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MaruuTHole cBofictBa ¢$eppoMarHHTHLIX MHHEPAJOB 3aBHCAT H
OT BeJHUMHB HX 3epeH. Hampumep, MarHuTHas BOCIPHHMYHBOCTH
reMaTHTa yMEHbIIAETCH ¢ MOBHIUEHHeM X aucnepcHocTu. [ocnen-
Hee OOBbSCHAETCS CHHXXEHHEM YHCJa AOMEHOB B 3epHAX HPH yMEHb-
lIeHHH WX pasMepos. [lo Tofi e mpuHuHHe C yMEHbIUEHHeM pasMe-
pOB 3epeH KO3PLHTHBHAA CHJa BO3pacraer,

CosMecTHOe jeficTBHe MArHuTHOro IOJASl M MEXAHHUYECKHX HA-
MpAXKeHul, TakK Ke KaK M TeMmepaTyphl, oka3biBaeT OOJIbLIOe BJHS-
HHE Ha 3HAUEHHWS MATHHTHHIX XaPAKTEPUCTHK HOpOA. B MarHHTHOM
noJqie o6pasus Geppu- u GepPOMATHHTHHIX MHHEPaJjOB MOLYT HMETb
Kak OOJIOXHTENbHYIO, TaK H OTPHLATEJNbHYI0O MAarHHTOCTPHKUHIO —
OTHOCHTEeJIbHOe YAJIHHeHHe of6pa3ua nOpH ero HaMarHAYYBAHHH.
C pocrom pacrarusaomeli Harpy3kH HaMardiudeHHOCTb MATHHTHHIX
MHHEpPAJOB C IOJOXHTEJbHOH MarHuTOCTpHKUHeH (HanpuMep, Mar-
HeTHTa) yBeJauuuBaercd, a ¢eppOMArHUTHHIX MHHEPAJIOB C OTPHIA-
TEJbHOH MAarHUTOCTPUKLUHEH yMeHbUIAeTCH.

MaruyTHasa BOCIPHHMYHBOCTh MHHEPAJNOB H3MeHseTcs Mop ael-
CTBHEM OJIHOOCHOTO cXatHsl, THTaHOMarHeTuTsl MIPH  OAHOOCHOM
nasjenuu 103 MIla u nmaMarguuusamwomeMm noje 800 A/M HMeoT %
nouTu B 6 pas MeHblIyIo, 4eM NpH aTMOC@epHOM AABJEHHH, a HpPH
H=~=1700 A/M — B 7 pa3. 3HaueHHd % MarHeTHTa IIPH Tex XKe [aB-
JIEHUH M HAaMarHHYuBaiollMX MOJA9X YMEHBIIAIOTCH COOTBETCTBEHHO
B 4, 5 u 6 pas. [Ipu 3HauuTeNbHBIX HArpyskax x Marserura crabu-
JU3HPYETCST M He 3aBUCHUT OT mhojd. V3aMeHeHme x Hox JeHcTBHeM
OAHOOCHOrO JaBJjeHHS p OOBACHAIOT BpalleHHeM BEKTOpoB Jys; n0-
MEHOB.

HN3otepMuueckass ocraToudasi HAMarHH4eMHOCTL MHHEpaJoB,
BO3HHMKAWINAA B HOCTOSHHOM NOJe, TAKXe Najaer HpPH UX HArpy-
eHHH. [louTu Bce BHAB OCTATOYHOIO HAMAarHHYMBAHUS MUHEPAJOB
reMaTuTa, MarieTHTa, THTAHOMArHeTHTOB H T. [, YMEHLIIAKTCA NOX
JeHcTBHEM BCECTOPOHHErO JAaBJIEHHS.

CTaluabHOCTb H30TEPMHUECKOH, TEPMOOCTATOUHOH yaeJbHOH Ha-
MarHHueHHOCTeH MPH H3MEHEHHH AaBJeHHa pasauyHa, HauboJee
crabujbHa TEpMOOCTATOYHAS.

M3-3a ux passnuHOii cTaGHALHOCTH MO naBJeHHEM MOXeT H3-
MeHATbCA HanpaBJjeHHe CYMMapHOfi HaMarHHYeHHOCTH, BO3MOXKHO
TaKXe H3MEHeHHe 3HAKAa OCTATOYHOH HAMATHHUEHHOCTH. ¥YBelHye-
Hge pasjeHHd OOBYHO NOHHXKAaeT CHOCOGHOCTL MUHepaJoOB K Ha-
MarHH4¥BaHHUIO,

BuinsHue naBsieHHs yMeHbluaeTcs, XKOTJa MHHepaJnl npuHoGpera-
10T TeMmneparypy, coorsercrsyomyio Touke Kiopu. Ilpu sTofi TeM-
nepaType yMeHbIIAIOTCA TakXKe HAMATHHYEHHOCThL HACHIIIEHHS] H KO-
9PUUTHBHASA CHJIA.

Ecan muHepan ycrofiuns K HamarHuuusaHuio (MarHeTur), TO
%=/ (T) mepBOro HarpesaHuss MarMaTH4YeCKHX HOPOJ, rjle OH Haxo-
AUTCH, HE OTJHYAKOTCA OT TeX XKe KPUBHIX IpPH IIOBTOPHBIX Harpesax
(puc. 64, @), 4to Henb3T CKA3aTh O kpusbix %x=f(T) aaa Tex xe
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I0POJ C HEYCTOHUMBLIMY K HATDEBAHHIO QEPPO- M QeppHMarHeTuka-
MH (THTAHOMArHeTHT, MarreMHT, IHPPOTHH) (pHc. 64, 6).

Anrudeppomartetdky npu H =0 He HMewT pe3yAbLTHPYIOLIEro
MArHHTHOrO MOMEHTA, Ho MarHWTHbIE MOMEHTHI COCeIHHX aTOMOB B
HX KPHCTA/1jiaX aHTHOApajesbHbl. Takoe pacoosoXeHHe MOMEHTOB
00yC/I0BJIEHO OTPHUATENLHHIM OOGMEHHBM B3aUMONEHCTBHEM, HAGI10-
JAaf0IuMCH, KOTAA aTOMpl ¢6aHKAIOTC MeXAy co6oH 3HauHTedbHee,
yeM y (eppomarHeTHkop (puc. 64,6). HM3-3a Goaswo# o6umHOCTH
MArHUTHBIX CBOHCTB aHTu(eppOMArHeTHKH W NapaMarHeTHKH OTHO-
€ATCA K napaMarHuTHbiyM peliecTBaM.

Trepnag, XKURKa9 B razppas $asw [1). Tpepaas Hasa
OO6biyHO COCTOHMT M3 CMecu nua-, mapa-, Gpeppu- H pexe (peppomar-
HHTHBIX MHHEPaJOB;, HHorga mnpencrasjeHa OJHHM HJH ABYMS H3
3THX MHHepanoB. MarHyrhnie ¢BOHCTBA ITOrO KOMIOHEHTa MOPOX B
‘OCHOBHOM 3aBHCAT OT COnepXaHUA M paclpenesieHus B ero ofbeme
Geppu- H pelKkO (EPPOMarHUTHHIX MHHePasoB. 3HAYEHHST % H3Me-
nsaoress or —0,4-107% 1o | ex. CH.

Xunkas ¢asa. Boga u HedTb 1MaMarHuTHEL (LA BOAH ¥ =
=%=0,9-10"% ex. CH, 3 05 HedTH y=—1,04-10-5 enx. CH), t. e
STH KOMIIOHEHTH! HNPHPOnHBIX XKHUAKOCTeH NPAKTHYECKH He MAarHHT-
HHI. MHHepaJIHSBIIHH BO; MaJjio BJAHMSET HAa MX MATHUTHHiEe CBOHCTBA,
TaK Kak 00biyHbie 1718 Hyux coan (NaCl, CaCly, MgCls u n1p.) Taxkxke
JAvaMaryuTHLL.

'asosas ¢asa. ra ¢asa mopox, NpexcrasieHHas BO3AY-
XoM, eme cjiabee HAMarguyWBAeTCH M HMeeT MCHDLIIYIO BOCIPHHM-
YHBOCTDL [0 CPABHEHWIO ¢ XHaKOH (a3o#, H Bce ee KOMINOHEHTH, 3a
HCKAOIOUeHHuEeM KHCJIOpOlIa, IuMaMarHHuTHHL.

ITocko/nbKy MarHHTHag BOCIPHHMUYHBOCTb MapaMarHUTHOTO KHC-
JIopojia 3HAYHTEJBHO MReBOCXOOHMT % JIPYTHX ra3os, ero coxepxa-
HHe B BO31yXe [0 00beMy OTHOCHTEJLHO BENHKO, 8 % OYeHb MaJa
(0,17-107° en. CH), 10 po3nyx Takke sBasgercs mapaMarHeTHKOM,
H ero x=0,04-10° en. CH. Ouennr He3HAUKTebHA M IHAMATHHT-
Hasl BOCIHPHHMYHBOCTbL Cyxux yraeBOLOPOIHbLIX rasos.

8.2. MATHUTHBIE CBOMCTBA OCHOBHBIX TUMOB MOPOJ

8.2.1. MATMATHUYECKHE Tiopopbl

MarHuTHble CBOHCTBa marmarHyecKHX MOPOA ONpenelseT Mar-
HETH3M HX TBePIOH Qasn, BbiCOKyi0 W NOBHILIEHHYI0 MArCHHTHYIO
BOCIIPHHMYHBOCTb 3TOTO KOMIOHEeHTA OOBACHAKOT HAJHYHEM B €ro
cocTaBe MAarHETHTa, T€MaTHTa, MHHEPAJOB THTAHOMATHETHTOBOH H
FeMOHIbMEHHTOBOH Cephii. BaXKHeHIUMWMH M3 HHX SIBJSIOTCH MarHe-
THT, THTAHOMArHETHTH K remousabMeHuTol [1, 6].

MurpysusHble MOPOAL, CpasHeHHe CBOHCTB (HePPOMArHETHKOB B
KHCJABIX, CPENHUX H OCHGpHBIX mOpOAAX MOKasmoiBaeT, 4To: 1) ymesb-
Hasg MariuTHas BOCIPHUMYyKHBOCTL MX BO3PACTAET C YyBEJHUEHHEM
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pasMepoB 3epeH; 2) NpHBeleHHAs K OXHHAKOBOMY pasMepy 3epeH
HauajbHas yJenbHash MarHWTHas BOCHPHHMYKBOCTHL TeM GoJblue,
yeM MeHbIe B 3THX MHHepaJax OKHCH THTaHa.

[ WHTPY3WBHHIX KOMIIJIEKCOB MAarHHTHHE CBOHCTBA 06YC/I0OB-
JIeHBl Kak (eppH-, TAK H NapAMATHHTHBIMH MUHEpaJTaMy.

MaruuTHasi BOCOPUBMUHBOCT, MAarMaTHYeCKHX NOPON Bapnupy-
€T OT JeCATKOB A0 coteH Toicsiu (n-10%) nosefi envnuun CH. Hlu-
pOKHe mpeiesbl W3MEHEHHs ¥ ONPelensoTCs B OCHOBHOM COCTaBOM
MmepBOHAUANbHHX PACHJaBOB, TEPMOOADHYECKUMH U OKHUCJIUTENbHO-
BOCCTAHOBUTENLHLIMY YCAOBUAMH [POMCXOXKIEHHUS H XKHB3HH IOPOI K
¢OyCJOBAUMBAIOT HX 3HAYHTEJbHYI0 n¥ddepennnanuo mo WHAYUUpo-
BaHHOH ¥ OCTATOUHOH HAMArHBUYEHHOCTH.

CpenHue 3HauyeHHs % BO3PACTAOT OT KMCJABIX K OCHOBHBIM H
yJAbTPAOCHOBHLIM noponaM (raba. 12) [6].

OcHoBHule ¥ cpenHHe noponsl a3 BHeApeHUS OTAHUAIOTICH BO
BCeX WHTPY3HBHBIX KOMIJEKCAX pasJiMuHbIX (opmanuil 6ogee BHCO-
KO %, ueM mociexyomux $has. 310 CBA3AHO ¢ POCTOM KHCAOTHOCTH
nopox ot aswl K (aze (caaboMarHWTHole KOMIJEKCH), JAH00 Tak-
e C yMeHbllleHHeM cojxepXaHus deppuMarneTukoB. OxHaKo MOpPO-
Ibl C OQ¥HAKOBOH OCHOBHOCTb!O (B YACTHOCTH, KHCJHIE) MOTYT OBITH
OT CHJBLHO- N0 CJAa6OMAarHHUTHLIX.

dddysusnpie mopoabl. Drictpas ckopocts ocTHIBaHHA 3dby-
3IBHHX MNOpoja O6ycaorJyBaer HajHyde B HUX He TOJLKO Mar-
HEeTHTAa, HO U TUTAHOMArHETHTOB, OCOGEHHO B OCHOBHHIX NOPOJAAX.
Turanomarnerurnl Fez . Ti 04 mpu 0<x<<1 u OXHCJIeHHHIE KAaTHOH-
neduuUTHBIE THTaHOMarHeTHtH (THTaHOMarremutnl) (FeTi,):0.
ABJAIOTCA [JABHBIMH JIerK0O HAaMarHWYWBAOmMHMHKCA MHUHEpajaMHu
3(Py3UBHBIX [IOPOJ OCHOBHOrO cocTaBa (6as3anbTthl, JHA6asnl H
Ip ) KaK KOHTHHEHTAJbHOrO, TaK ¥ rAyGHHHOrO OKeaHH4eCKOro mpo-
HCXOXJIeHU .

Pasnuunplit pasMep 3epeH, MX HEOLHOPOIHOE paclpeneseHue
onpeneasitoT GoJblIOH Pasépoc MArHBTHBIX XapaKTepHCTHK.

KospuutHBHAas cHJa, €CTECTBEHHAss OCTATOUHAA HAMarHHYeH-
HOCTh M TOUKH Kiopu. KospuHTHUBHAa g cy1a MarMatHyeCKHX
nopox usmensercs ot —400 no —37000 A/M, npuyuem y 6oJbIUHH-
ctBa He npespiwaer — 8000 A/m. MarHuroxectk#e pa3HOCTH 06-
HapyKeHbl B OCHOBHOM cpexu 0a3ajbTOB, FPAHBTOB W CHEHHTOBHIX
nopdupos.

OcraTouynas HaMalHHUeHHOCTH ompexessercd MOpu-
pomo#, KOHUEeHTpauueld u pasmepamu 3epeH heppoMarHetukos. Tep-
MOOCTAaTOUHAS HAMATHHYEHHOCTb YBEJHUMBAETCH C YMEHbIUEHHEM
pasMepoB 3epeH (eppoMarHEeTHKOB.

EcrecrBeHHas ynennHas o6beMHas ocTaTouHAss HaMarHWUeH-
HOCTb Jyp MOpox u3mensiercst oT 10~2 o 102 A/M u Gosee ¥ MOXKeT
ObITb GoJblie M MeHbUle WHAYUMPOBAHHON HaMarHWueHHOCTH Jy, =

=uHe, u3MepeHHO/ HAa MOPOLIKOBLIX MPO6ax B MAarHHTHOM MoJe
okos0 40 A/um.
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Ta6anuga 12, MarauTHas BOCOPHHMUHBOCTH » NEPBHYHHWX OCAAKOB M NOPOX

IMepBHuHBIR OcafAOK HAH MOPOAA

YaenaLHas oO0beMHas MarHHTHas

Apyrue mH

BOCIDHUMYHBOCTL X, -10-% en, CH ®eppuMardHTHbE H

Hepaant

¢ OTHOCHTeJAbHO Bbl-

HaHGo.Nee pe- COKOR %, HaXOAAL{HE-

npepenbHas poATHAR cd B pYAax
Hepsuunvie ocadku, o6pa3osasuiuecs yz Hux ocadoymbLe
u meramopdudeckue nopods. u pyosi
ITecox 0—3800 — —
Ilecuyannk —3—>50000 | 12,5—125 —
KBapust 0--380 0—50 —
AuneBpoanr —3—6300 12,5—125 —
T IHHHECTHE HJI 15—>50 — —
I'nuna 2,56~-3800 12,5—125 —
Apraaanr 2,5--1250 12,5—125 —
DOuaAIHT ~0—125 —_ —
Un
H3BECTKOBHIM 6—~9 — —
dopamunndepoBHit 1,3—~6 — —
Hspectasik 0,15— ~ 3800 | 1,256—30 —
HMaBectHsk ~ MpamopH3oBaH- —6— ~0 — —
HBIH
Mpamop —5_-.~6 —2,5—6
JLOJIOMAT 0,15-—>125 0—125 —
Meprens 0,15— ~ 250 1,256—30 —
Tunc 0,15—125 — —_
AHTHADHT 0,4—12,5 — —
KameHHasa coas Ao >10 — —
Pyaet dopmaunft
XKeJIe3HCTHX KBAPIHTOB 125 000—380 000 -—_— Maryernt, THTaHO-
MarHeTHT,  Marre-
MHT, MmarHesHodep-
DHUT
OGOKCHTOHOCHOH  TeppHIeH- ~ 0—4400 -_— Marremur, Marue-
HOH THT, reMartdT (mo-
CJeJHHX MeHblie)
GOKCHTOMOCHOK  KapGoHAT- ~0—1250 — Margernr
HO#
JeNTOXJOpPHTOBOH  (kKeses- <90—>300 — Maprur, cHiepur,
Has pyAaa) THAPOTETUT
MapTHTOBHX H OypHx Xxe- | >125->250 — To xe
Je3HSIKOB
CHAEPHTOB 126—625 — -
MeAHCTHX NMeCYaHHKOB >6-—->125 — -
Yrau —75=~ —9 — —
Maenaruseckue, obpasosaswuecs u3 nux meramoppudeckue nopodet u pyost

HHTpy3uBRNE
Heuut
Ilepupotutr
ITnpokcennT
CepHOHTHHHT
I'a66po

>1—>50 000 —
>1—>50000 —
>1—>50 000 —
190—>60 000 |3800—50 000
<1—>25 000 —

Ll
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Hpodoamenue 1664, 12

Has oGheMHa aTHUTHAS
ayoggg;:nmqunocib };c,ﬁ- lh(a)*sﬂen. CH ﬁ;‘;‘;ﬁza;"ﬂg?ﬁbf‘
[lepBUunbIA OCaflOK HAH MOPORA ¢ OTHOCHTEABbHO Bhl-
HanGonee se-| FOKOA X, HAXOAANLHE:
npepentHas posiTHAs ¢Ad B pyJax
HOuoput <1—~>>15 000 -
JHopHT KBaplleBHi <1—>7500 — -
CHeHHT <1-—>8000 — -
Cpaunr <1—>7500 —
I'panouopur <1-—->7500 -
3¢ PyauBHEE
bazaabr ~(0—>>25 000 - —
Anpesnt ~0—>3800 - —
Jlunapur >1—5000 — —
HuaGaz ~0—>15 000 —_ —
Ksapuesbifi nopdup ~0—<900 - —
OpTtoMmeraMop(pHuecKe Nopo-
Ibl
CaaMer
KBapIL-CEPHIIATOBH ~0—1900 12,5—125
KBapU-XJOPHTOBH A ~ 0—>>8800 12,56—-125 -
Co A IHOM ~0—1900 12,5125 -
AKTHHOJHTO-XJIOPHTOBHI /i ~0—3800 — —
AmeuGoant ~0—>15 000 [(12,5—125)— —
(1900—3800)
3kaorut —_— 38—90 —
Tueiic
GHOTHTOBAT ~ 0—>7500 12,5~200
NHPOKCEHOBLI ~ (0—3800 1900—3800
Tpanyanr
KHCJBIA ~ (0—880 — —_
OCHOBHOM 380—>7500 — —
Fpanur  nnaruoMHKpOKIAHHO- ~0—3800 - —
BHIf
Murmarir — 0—7500 —
YapHoKHT KOHTAKTOBH ~ 0—1900 380—1250 —
Caanen NATHHCTHA ~ 0—380 - —
Porosrg GHOTHTOBHH 3MHA0T- ~ 0—>7500 0—880 —
TIHPOKCEH OB
CkapHu Jo 3800 125—~1250 _
12,5—15 000
JlucTBURUT 0—380 - —
KapGowaTur 0—>>380 - —
I'peitzen
KBapueBhlf 0—>125 —
CJI0AHCTO-TONA3-KBApLUeBHA 0—>125 —
Pyan popmannit
Marne3uoeppuro-cKapHo- 125 C00— —_ Markerur, THTaHO-
Boli <57 000 MarHeTHT,  Marre-
MHT, wMaruesnodep-
DHT
MarueTHTO-CKaPHOBOH >75 000— —_ To xe
1 000 000
THTAaHOMAaTHeTHTOBOR 38 000—440 000 — >
OJIOBOHOCHBEIX CKADHOB 125—>750 000 —_ Margetur
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[Tpodoarxenue raba. 12

YienbHas o60beMHAA MACHHTHag
BOCNPHHMYHBOCTL %, -10-5 ex. CHI| PeppHMalHHTHbIE H
APYCHe MHHEpAJB!
IMepsHYHBIA OCa0K HJIH nopona ¢ OTHOCHTEJbHO Bhi-
npegenbuan HaHGoJee pg-| COKOR %, HaxoAALLHe=
pPosATHan ca B pyaax
KaCCHTEPHT-CYAbbHAHOR 8800—10 000 —_ MuppoTun
KaCCHTEPHT-CHIHKATHOMH <125 — MarueTHT, reMaTHT
KacCHTePHT-KBa PHEBO <125 — —
0JIOBOHOCHHIX NEerMaTHTOB >5 — —
raG6po-nepuA0THTOBOMH ~ 125—41 000 — [Mupporas, Marue-
(cyabduiHbie MeJHO-HUKE- THT
JIEBHE)
MepHAOTHT-THpOKCEHHTOBOA | 3800—125 000 —_ To e
(cyabbupHRe MeAHOHHKe-
JIeBHE)
Me HO-KOJ1ue JaHHO# >5—25 000 — »
MeJHO-MopdHpOBOI >6—12 500 — MarueTuT, reMaTaT
MeJHO-MOJNG 1€ HHT OBO’ 12,5 — —
XpoMHTOBOR  (AYHHT cep- 1806—76060 — MargeTsr
NEeHTHHH3UPOBaHHKI)
XPOMHTOBOH (XPOMHT) <90—<2300 — »
peaxkomeTa/upHOA  kBapue- |Jlo 1900—2500 — MarseTut, nHppo-
Bof (3070TOHOCHHE) THH
3000TO-KBADUEBOR  (3070- 630 — Tnppornn
TO-CyabbHAHbIE)
KBapll-aHTHMOHHTOB O <12,5 — —_
KBApU-CepHIKTOBHX MeTa- 6—12,5 — —
COMaTHTOB
30J10T0-cepebpAaHOi <6 —_ -
CKapHO-CYJIbbHAHO-LIeeTHTO- 3,8—630 — MuppoTan
Bo#i (BoabdpaMoBHE)
Boab(paMo-cyapbHAHO- <12,5—1000 —_ »
CKapHOHAHOH
KBaplL-XKHIbHO-TpefiseHoBOM 12,5 - —
(BoasdpaMoBHE)
KoJ1YelaHHO-TI0JIHMET aJlJIH~ >6—1000 — [uppotun (npu no-
4eCKoi BBILIEHHHX X)
CKapHOBOR (moauMeTaaan- | n*—n*.1000 — To xe
YeCKHE PYAH)
KBapu-cyabhHAHOA  (moJH- 6—20 —_ »
MeTalJHYeCKHe)
CBHHIOBO-LHHKOBEIE (MOJIH- <6 -_— »
MeTaJJIHyecKHe)

* HecxoflbhO eXHHHIT

EcrecTBenHas octaTounas HaMariHY€HHOCTb ¥ KpHCTAJJHUYECKHX
MOPOA € MANLIM COAEPKAHHEM KDPYNHO3EPHHCTHIX (heppuMAarHETHKOB,
HampuMep y JIeHKOKpAaTOBbIX TI'PaHHTOB, OUEHHBAETCH HeCATHIMH
10aa9MHU Jy,. 3HaueHHs Jyn, B HECKOJDbKO PA3 MJH ga)e HA HECKOJb-
KO mopsgkos mpesocxopdmue Jy;, HAGMIONAIOTCA yalle NPH BHICO-
KOM cOnepXaHHH (beppUMAarHETHKOB.
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OTAHUUTENbEBIMY OCOGEHHOCTSIMH ~ €CTECTBEHHOTO OCTATOYHOrO
HaMarHUYHBaHHSA SBAAIOTCA HEOAHOPOJAHOCTL B Npelenax OAHOTO
MaccuBa H yCTOMYMBOCTb K pa3MarsuuykBaduio. C pocToM TeMIepa-
TypH TepMOOCTATOYHOE HAMArHHYHBaHHE yMeHblUaeTcss W JAOCTHra-
€T HyJieBbIX 3HaueHuii npu Toukax Kiopu.

Touku Kropyn MarMaTHyeCKUX rOpHbBIX HOPOJA He 3aBHCAT OT
pasMepa 3epeH W CoAepxKaHu (PeppOMATHETHKOB M XOpOLIO ompe-
JeJAI0T UX BelleCTBeHHBIA cocTaB. MarMaThuecKMe NMOpOIbl Xapak-
TepH3ywTca OaHOH — 0ObIYHOA TOYKOH Tco, UAM ABYMS — OOBIYHOH
Tco u neobbiyHol T.o — TOukaMu KwopH, ycTaHaBAHBaeMbIMH, Ha-
upuMep, u3 sasucuMoctell x=j(T) mepBoro HarpeBaHus 006pa3uoB
B MOJIAX HANpAXKEeHHOCTbIO OKoJo 160 A/M (cM. puc. 64).

Touka Kwopu Tco monyudaercs u3 oObIYHBIX 3aBHCHMOCTeH 7y =
=f(T) (cM. puc. 64, a,6), Toria Kak 1Be TOUKH Tco U Tc MOAyHa-
I0TCST U3 HeoGblyHBIX (CTyneHuaThlX) 3aBucumoctell y=f(T) (cM.
puc. 64, e, 8). Ilpu atom kpusble x=f(T) (cMm. puc. 64, a) HasbiBa-
10TCS1 0GPATHMBIMH, €CJH HX MOXHO NOJYYHTb HE TOJbKO B Pe3yJb-
Tare HarpeBaHus o6pasna MOPOAH, HO TaKxXKe W NIPH ero oxJaxie-
HHH M NOBTOPHHIX HarpeBaHusAX. KpuBble 3TOro THIIAa COOTBETCTBY-
0T NOpPOJAaM, y KOTODbIX (peppoMarHeTHKaMy SBJAIOTCA MAarHeTuT
MJM MAarHeTHT ¢ HEe3HAYyUTeAbHOK [PUMeCbio OKHCH THTaHa, Heob-
patuMbiMH (cM. puc. 64, 6) HasmBawTcs Kpubbie x=f(T), KoTopble
HEMOBTOPHMbI NMPH OXJAaXKAEHHH HJAH [OCJAeAYIOLIHX HarpeBaHHAX
o6pa3noB ¢ HeCTOHKHMH K HarpeBaHHIO (eppoMarHeTHKaMU, HalpH-
Mep THTaHoMarHeTuramu. CTyleHuarble KPHBBlEe MOJYYaloTCd IIpH
HaJHyHM B MOPOAAX (ePPOMATHHTHBIX MHUHEpPANOB DPA3JUYHOTO XH-
Muyeckoro cocraBa. [Ipuyem HeoOpaTHMble KpHBBIE THIMYHBI 1J
OpOJ, COAePIKAIIHX MATHETHT M He CTOHKHe II0 OTHOUIEHHIO K Ha-
rpeBaHnio (peppoMarHeTHKH (THTAHOMArHETHT, MArTEMHT M Ap.).

Coraacno uccaeaoBanusiMm A. C. Cemenoba u ®@. C. ®ajinbepra,
o6paTHUMOCTb U HeoOpaTUMOCTb KPUBLIX y=f(T) 3aBHCAT OT Cpexsl,
B KOTOpOIi IIPOUCXOASIT HarpeBaHHWe W OXJaxKIAeHHe (peppoMarHeTH-
koB. Ipn mpoaoaxHuTenbHOM HarpeBaHUU OO6pPA3NOB FEMATUTOBLIX H
JMMOHHTOBBIX PyA, cuaepura W muputa ao 800°C mopu mocTyme BO3-
Ayxa oOHapy:KeHa HEH3MEHHOCTb X MAarHHTHLIX CBOHCTB. [Ipu Ha-
rpeBaHUM B BOCCTAHOBHTENbHOH Ccpeje NPAaKTHYECKH HEMAaTrHHTHbIE
o0pasnel npuOGpeTanH NOBbILEHHbIE WAH BHICOKHE J, H 7 BCJIEACT-
BHe TIOSIBJAEHHA B HX COCTABE MarHeTHTa W HHOrAa XeJje3a.

8.2.2. METAMOP®HYECKHE NOPOADMI [1]

MarnuTHas BOCHPHHMYHBOCTL MeTaMOP(OHYECKHX [OPOA H3MeHs-
€TcAd NpUMepHO B TeX Ke IUHPOKHX MpeleJsax, UTO H MarMarhuyec-
KHX — OT IIPAKTHYECKH HEMArHUTHBIX A0 CHJIbHOMATHHUTHbBIX.

HesnayurenbHast MaruuTHash BOCIIPHHMYMBOCTb XapaKTepHa AJs
MeTaMOpGHYECKHX MOpPoJ, NPOHCXOASIUIHX K3 NPAKTHYECKH HeMar-
HUTHBIX OCAJOYHbIX (IJIMHHHCTHIE CJAaHUb!, PUAMNTH, KpHCTaNIHyec-
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KHe CJaHIbl, NapaaM(UGOJUTH, KBApUHTH, MaparHefcb, MpaMop
Ap.) WJH U3 NPAKTHUECKH HEMATHHTHBIX MarMaTHYeCKHX (rpaHuro-
THEHCH H Jp.) MOpo/.

OueHb BHICOKHE 3HAYEHHSI MATHUTHOH BOCHPHMMYHBOCTH (OOBIY-
Ho cseimze 7500-10-5 ex. CH) mabaroaawTrcs y Keae3uCTbix KBap-
IUTOB (AKECIIHANHTOB).

MarHuTHass BOCTIPHHMYHBOCTb APYTHX MeTaMOP(HUUECKHX NOpOL
(HampuMep, XJOPUTOBHIX H TaNbKOBBIX CJAaHIEB, 'HEHCOB, AHOPHTO-
BOT'O COCTaBa W APYTHX) OObiYHO 3akJoyaercs B npeienax (12,5+
+7500) - 105 en. CH (cM. Taba. 12). DT nopoabl NMPOHCXOAAT U3
ManooboraileHnblx (GeppoMarHeTHKaMH MarMaTHYeCKHX TOPHBIX MO-
poa.

3HaueHHs XapaKTEPUCTHK HAMArHHYEHHOCTH MOPOA TNPOTNOPLHO-
HaJbHBl COlepKaHnI0 QeppHMAarHeTHKOB, KOTOpHE B PErHoHajbHO
meraMopQH3HOHHBIX NOpPOJAaX NMPeACTaBeHbl MarHCTHTOM, a B IO-
poJax, H3MEHEHHbIX THAPOTepPMalbHO-METACOMATHYECKHMH W THIlep-
reHHHIMH TPOUECCAMH — MAarHETHTOM, FeMaTHTOM, MarTeMHTOM H
apyrumu ¢eppumarneTikamMu. B cyabGHARBIX MeCTOPOXKAEHHSAX Ha-
CTO BCTpeYaercs MUPPOTHH.

8.2.3. OCAJLOYHBIE OPO/bI [1]

MarHeTnsM OCaZOYHHIX NOPOA CBA3aH B OCHOBHOM C HX aKUec-
CopHbIMH MHHepaniaMu. ®eppo- u ¢eppuMarHuTHble MHHEPAJhI
BCTpEuaoTcs 31ech B BHAE: 3€PEH MATHETHTA, MapTHTa H reMaTHTa
¢ addexTuBHEM AnaMerpoM oT 0,01 10 2 MM; no3AHeaHareHeTHYEC-
KHX W 3NHCeHETHYeCKHX o0pasoBaHuii H3 JHMOHHTA, NPOIYKTOB
OKHCJEeHHs1 M 3aMelleHHs CHAEPHTOB, NHpHTa M MarHerura. deppu-
MArHeTHKH (KaK MAarreMHT, TeMaTHT, peXe MATHeTHT) OKa3bIBAITCS
B I'IHHHCTOH OpPAaxkuH¥ 3THX NOPOA B TOHKOPACCEAHHOM COCTOAHHL
il B BUJE CKONJEHHH M NJEHOK IHAPOOKHCH Keje3a.

MarnutHass BOCIPHHMYHBOCTb NOPOA OCaLOYHOrO YeXJa (BKJIO-
yast pynst) B CCCP naxoautcs B npesenax —3-10-5—50.10-2 eg.
CH. Ilpu 3TOM y riHH, AprU/AJHTOB, MECYAHHKOB M  aJeBPOJUTOR
npeo6aajamwT PasHOCTH CO CPABHUTENbHO HH3KOH MATHHTHOI BoC-
NPHEMYHBOCTLIO B npefenax (12,5+125)-10—5 ex. CH, a y ussecr-
HAKOB, 10JOMHTOB u Mmepredef (1,25+30)-10—5 en. CH. Makcu-
MasbHbie 3HAYEHHS % YCTAHOBJEHbl y NECYAHHKOB H AaJ€BPOJUTOB
BOM3H HCTOYHHKOB CHOCA, M OHH OOYCJOBJEHB OTHOCHTENLHO Bbi-
COKOH KOHUeHTpanueli marHeruta. HanmeHbilefi MartHuTHOH BOC-
NpHAMYHBOCTBIO (06b1yHO 30-10~° en. CH) o6nanaoT H3BECTHAKH,
JAONOMHTbHI, AHIHAPHUTHI, THICH, KaMeHHAas COAb W YILAH. AHrHIpH-
TH, THIICBl, KAMEHHAaA CO/b, YHCTble PA3HOCTH H3BECTHAKOB, YIJK,
ColepiKallue B OCHOBHOM JAHAMarHUTHble MHHEDPadbl, MOIYT OBITb
TakXe JHAMAarHUTHBI.

Y ocamounelx mopox ob6HapyKema ouwenp caabad (ot 10~4 1o
107! A/m), HO BecbMa CTabH/ibHAA ecTeCTBeHHas OCTATOUHAs HaMar-
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HHYyeHHOCTb., OHA pacTeT ¢ yBelduyeHHeM cojaepkaHusas (eppomar-
HUTHBIX MHHEPAJOB, B YaCTHOCTH MarHeTHTA.

HanpaBJeHHe eCTeCTBEHHOTO OCTATOYHOTO HAMAarHHYHBAHHA OCa-
JOYHBIX MOPOA OOBLIYHO Masno OTJHYAeTCH OT HaNpaBJeHHS CoBpe-
MEHHOTO TeOMAarHuTHOro nojs. OAHAKO BCTPEYaloTCs NOPOIBI, Y KO-
TOPHX OpHEeHTalUHs BeKTopoB [y, He COBINAXaeT C OpHEHTalHell co-
BpeMmeHnHoro noJas 3emJaH. IIpamofi cBAszu MexAy J. U MuHepadb-
HEIM COCTABOM OCAaJOUHBIX MOPOJA He obHapy:KeHo. DoJbline 3Hade-
HuA J, oObluHBI ANA OCAaNOUYHbIX OOKCHTOBBIX H JKEJE3HHX pyiA, a
MaJsible — A9 H3BECTHAKOB, MOJOMHTOB, KBApDLEBBIX MECYaHHKOB U
runcoB. TepmoocTaroyHassh HAMAarHHYEHHOCTb TaKiKe YCTaHOBJeHA
IIPH MOBTOPHBIX HATPEBAHUAX 3THX [OPOA A0 TeMmeparyp, Hab.1io-
Jpawomuxca B atMocdepe, H NpU HaAUYHH F€OMArHUTHOTO TOJS, IPH-
yeM sHaueHue Jy,<nH, (H,— HanpsiXKeHHOCTb T€OMAaTHUTHOrO IIC-
Jig) He TpeBblllaeT, No-BHAMMOMY, 1072 A/Mm,

Jas ocanouHbBIX NOpOjJ XapakKTepHa AHH3OTPONHSA MArHUTHOM
BOCTIPUUMYHBOCTH Aw= (¥max—Hmin)/%cp. OHa JAOCTHTAET MaKCH-
MaabHbIX 3HaueHH# (A.=~1,5) y cuilbHO MerTaMop¢H30BaHHBIX OCa-
JOYHBIX Nopod. B ckaanuarbix pafioHax A, 6Goablie, uyeM B IA4T-
tdopmenHbix 0baacTax.

Mamepenue MAarHUTHOH BOCIPHHMYHBOCTH OCAJO4YHBIX OTJOXKe-
Hull (KannaMeTpHS) B NPHHIHIIE MMO3BOJSAET NOJYYHTb BAXHYIO HH-
¢opMalU0 0 JUTOJOTHYECKHX, (allHaNbHBIX, CTPYKTYPHBIX H ApY-
rux ocobeHHOCTAX paspe3a. Texnuyeckasd peanus3allUsi MAarHHTO-
($hpaknHOHHO-MHHEP AJIOTHYECKOTO H3yYeHHS OCAJO0YHBIX MOPOJ OKa-
3ajach BO3MOXKHOH Gnaroaapa pa3paboTke BbICOKOTOUHOH ammapa-
TYpPbl MATHHTHBIX MCCJAeNOBAaHHHA B CKBaXKHMHAX ¢ HCIOJb30OBaHHEM
conenouanoro sonna (M. M. Ilaochun, 1982 r.). ConeHouaHblil
30HA COCTOMT H3 JABYX MAJHHHBIX HHAYKUHOHHBIX KaTyIUEK — coJe-
HOHMJIOB, OCH KOTOpHIX COBIIANdI0T C OCbIO CKBa*KHHHOTO npHbopa, a
paccTosiHie MexXAy HX CONHIKEHHbIMH KOHUAMH (IJHHA COJAEHOHI-
HOTO 30H1a) MeHbllie AJHHbl KaXkKJA0r0 U3 COJEHOM0B.

IIpn noMemeHHn 3oHAa B CPpeay ¢ MArHUTHO!H NPOHHIAEMOCTBIO
W Ho 3./1.C. HA 3a’KHMAX H3MePHTENbHOH KATYWIKH H3MeHAETCA
(mo cpaBHeHHIO C 3.74.C. £y B HEMarHHWTHOH Cpele) Ha BEIHUYHHY
AE=FE,—Eo/pn. Tlpy Manelx MAarHUTHbIX BOCHPHHMUYHBOCTAX CpEbl
(v<1): n=14+%, AE=xE,. Ocanounnlii paspez BecbMa AeTa/IbHO
pacuseHsieTcsl N[O MarHUTHOH BocmpuuMuuBOoCcTH (1075<n<1,5.
-107% e1. CH). MuHuMAaNbHBIMH 3HAUYEHHSAMM OTMEUAOTCSl THICHI,
aHTHAPHUTH, MAKCHMAaJbHbIMH — FJIKHHCTBIE mpociaon [27].

CoBpeMeHHass OCTAaTOYHAS HAMATHHUEHHOCTb SBJISETCH PE3YJbTH-
pyroLieil co31aBaBIUHXCST H HCYE3aBUIMX CO BpPeMeHeM OCTATOYHBIX
HaMarHuueHHocTeli nopona. Ee H3MeHEHHA CBSI3aHbl C H3MEHEHHAMHU
MarHuTHOro noas 3eMJH K C pAAOM Apyrux OpuuuH. OxHaKo He-
peako BeKTop J, MOXKHO HpPEACTABHTb TeOMETPHYECKO! CyMMOR mep-
BOHAYaJbHOH €CTECTBEHHOH OCTATOYHON HaMarHHYEHHOCTH Juo H
BTOPDUYHOH COBPEMEHHOH HAMATHHUEHHOCTH ¢ HallpaBJjeHHeM Cylle-
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CTBYIOLIEr0 B HacTosiulee BpeMs Moad. DTo [O3BOAAET H3yuaTh
HCTOPHIO MarHuTHoro moas 3emau. EcTb W Apyrue acmexkTo IpH-
MEHEHHUs1 MaJeoMarHUTHhIX HCCAeJOoBaHMH (perdoHajbHble reoJOTH-
yecKHe HCCeJ0BaHHSA, reoJOrHYeckoe KapTHpoBaHHe) [6].

8.3. MATHUTHLIE CBONCTBA NPU PA3JIHYHLIX
TEPMOBAPHUYECKHUX YCJIOBHIX [1]

MaruuTHass BOCIHDHHMYHBOCTb, oOmpejeJeHHasd B HalpaBJieHHH,
napaJijiejbHOM OJHOCTOPOHHEMY CXKaTHI0, 0ObIYHO yMeHblIaeTcs ¢
€ro pocTroM. BocHpuMMYMBOCTL, H3MepeHHasl MEPNEHAMKYJASAPHO K
CKAaTUIO, ¥ pAja o6pa3uoB BHAYade yBeJIHUMBAeTCA pe3de, ueM
BIOCJAEJACTBUH, U B JajbHellleM CKaTHe He BJHsAET Ha 3HAYEHHA
». EcTb o06pasubl, y KoTopbix Habaoaaercss He3HAYWTeNbHOEe YMEHb-
IeHHe » HpH cxKaTuH. OTpHuaTenbHble U3MEHEHHA x IPH CXKATHH
0OBACHSIOTCA NPUCYTCTBHEM B TOPOJax MarHETHTA.

PasnnyMe B xapakrepe H3MeHEHHsi MarHMTHOH BOCIHPHHMYHBOC-
TH NOPOA C HX CXKATHEM, BEpOSITHO, OMNpEeAeNAeTCA HEOIHHAKOBOH
YIpPYroCcTbi0 MHHEPaNOB, BMeIlAlIIUX (eppOMarHeTHKH, a TakKxKe
BelHYHHOH, (PopMOHl W B3aMMHBIM pacloJiOXeHHEM 3epeH I0oCael-
HUX.

HccnenoBanne BausiHus BCecTopoHHero JAaBiaenua (800 MIla)
Ha YCTORYHBOCTb H30TepMHUeckoii (Jvr), uaeanbHoii (Jvr) u Tep-
moocTtaTouHolt (Jy,;) HamMarauyenHoCTH ra66po-n1HabasoB, ienoy-
HBIX TPAHHUTOB, KBapLEBHX JHOPHUTOB M IMJATHOTHECOB I1OKasalo,
UTO BHe 3aBHCHMCTH OT THIa NOPOA H cOCTaBa uX (eppHMarHur-
HbIX MMHEpaJoB 3HaueHHs Jyr yMEHbIUAIOTCS MOJ JEACTBHeM JaBJe-
Hus noutd Ha 859% B ycaoBHsx ombiTa, npudeM 60% 3Toro uaMmene-
HHSl OPHUXOJMTCA Ha MHTepBan aasienuii 0—200 MIla. C pocrom
IOJisl poib AaBjeHUs yMeHbliaeTcs. OTHOCHTENbHOE H3MEHEHHe Tep«
MOOCTATOYHO} HaMarHHYeHHOCTH Jy, He Gojee 15%. ¥YcTohyuBOCTH
K pa3MarHHYuBaHu© Jy,, UMeeT nmpomexyrouHoe 3HaueHHe. Takum
o6pa3soM, HauGonee ycTOHYHBA K JaBjieHuio Jy H HaHMeHee —
ler.

[lpu HarpeBaHHH MarmaTHYeCKHX IOpOJ, COAEPXKAIIHX YCTOHYH-
BhIi K mnocaegHeMy ¢eppHMAarHuTHB MuHepaa (HanpuMep, mar-
HEeTHT), X MarHuTHas BOCIPHHUMYHBOCTb CII€pBa BO3pAacTaeT, 3aTeM
najaeTr A0 3HaueHHH, OJM3KHX K HyJAI0, pH TeMmIllepaTypax, JOCTH-
raromux Toykd Kiopu, ¥ npu MNOBTOpHHX HAarpeBaHMAX KPHUBHIE
»=f(#) MOryT coBmagaTh C NmepBOHayaJbHHIMH (CM. pHC. 64,a).
Ecnu ¢eppuMarueTHy HeyCTORYMB K HarpeBaHHIO, TO ToOpoje [pPH
Tex e YCJOBHAX COOTBETCTBYET aHAJOrHYHbIA BHA KPHBOA n=
=f(?), KoTopHl, OAHAKO, HE COXpaHSETCA IPH TOBTOPHBIX Harpesa-
HUSX B CBSI3H C H3MeHeHHeM coCTaBa (eppHMarHeTHKOB (Hampu-
Mep, THTAHOMArHETHKOB) { cMm. puc. 64, 6). [lopoar, B cocraBe KO-
TOPBLIX HaxoAsATCs aBa M Gosee ¢deppu- uaum ¢$eppomarseTuka (Ha-
TpHMep, MATHETHT H THTAHOMATHETHT HJH MAarHeTHT W MUPPOTHH),
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XapaKTepH3VIOTC GoJgee CAOKHBIME NO (GopMe KPUBBIMH x=f(f)
(cM. puc. 64, 8), oOBACHAIOWHEMHCA ABYyMs H.1H Gosee Toukamu Kio-
pu (deppUMAarHeTHKOB. DTH KpHBbie MOTYT ObiThb Takke oOpaTHMHl
(ecau ¢deppHMMarHeTHKH YCTOHYMBBI K HarpeBaHHIO) U HeoOpaTHMEb
(oauH uau o6a GeppuMarHeTyka HEyCTOHUHBB K HArpeBaHHIO) (CM.
puc. 64, 2).

[Tpu nosbiiennu temnepatypsl go 200—300°C cuuxkaercs He
TOJbKO VATHHTHASI BOCIPHHMYHKBOCTb, HO M HAMATHHYEHHOCTH H30-
TepMUYeCKas, WieasabHas, BsA3Kas U aAp. [Ipu Harpee mopoa a0
toykd Kropu TepMOOCTaTOoyHasi HAMAarHEIeHHOCTb, BO3HHKLIAS TPH
‘OCTHIBAHUM TOPOJ B TNoje /I, TepsieTcsl. Y MeHblIaeTCcss C POCTOM
TeMNepaTypbl H KO3pLUHTHBHAsA CHJA.

8.4. CBA3b MATHUTHOH BOCIIPHUMYHUBOCTH
C IPYTUMH NETPOPHU3NYECKHMH
XAPAKTEPHCTHKAMH

MeK1y MATHUTHBIMH H APYCHUMH TeTpOoQHU3IUYECKUMH HJIM NETPO-
XMMHUYECKHMH BeJMUYHHAMH BbISIBJEHBI CJAEAYIOLIHE CBS3H.

CpenHdasa MAarHHTHas BOCNPHUMYMBOCTb MOPOJA, COCTOSAIIHX U3
MHHEDAJOB C pa3JHYHOH MAarHHTHOH BOCNPHHMYHMBOCTBIO M HAaxo-
JALIMXCS B HEOAHHAKOBOM COOTHOIUEHHH, MOxkeT OBITb TaKKe pac-
CYyUTaHa No ypaBHEHHIO

xcp = f("nM, VuM) + f(”sbmia Vchi) +f(”¢mz, V@Mz), (8~4)

rae ®om H Vi — COOTBETCTBEHHO BOCMPHMMUYKHBOCTL H 00BEMHOE CO-
JepKaHue QHa- H NapaMarHUTHBIX MHHEPAJOB; %emi, Vou: — TO XKe,
paccesiHHbIX (PeppUMAaTHUTHBIX MHKPO3€peH IIpH KOHUEHTpalHH,
menbtueft 0,01—0,1%; %ome, Vome — TO Ke, GdeppUMATHUTHLIX MUHE-
panoB npu koHuenTpauusx Gonaee 0,01—0,1%.

[IpukuMass BO BHHMaHHUe cnaboe MarHuTHoe B3aHMOIEHCTBHE
MeX1y AMa-, apa- ¥ pacCessHHbIMH MHKpO3epHAMU (GeppHUMAarkuT-
HbIX MHHEpaJoB, MOJKHO AONYCTHTb, YTO HUX MATHETH3M MOXKHO OT-
penesqHTh 1O NPOH3BEAEGHHIO BOCIPHMMUHBOCTH Ha KOHLEHTpamHIo,
T. €.

f(”qu VDM) =21 "muvmuf ("g‘pMp Vdmu) ':12 ”tbmvdmi' (85)

YpaBHenue, OUeHHBAOLICE CPEAHIO MATHUTHYIO BOCIPHHMYH-
BOCTb C y4Y€TOM MATHHTHOTO B3aUMOJACHCTBHA (eppUMArHeTHKOB
npu OObIYHOM A/l MAarMaTHYeCKHX MNOpPOA KOHLEHTPALUH, HMeeT
Bux (mo A. K. BeiinGepry)

“ n *pm2V u2
Yep = 2 K Virw + 2 Ky Vipus 1+ (8.6)
! ! 14 G Wpu2
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YpaBHeHHe TIPHMEHHMO HpDH HAHOMODOHOM BKJIOUYEHHH (eppH-
MAaTHETHKOB, KOTOpoe OOBIYHO AJMs1 MarMmaThueckKMx nopoA. Ecau
BKJIOYeHHe (GepPUMATHETHKOB HMeeT KCeHOMOpMHBIH XapakTep, TO
3HAMEHAaTe, b TOCAENHEero uyjeHa ypaBHeHHs npeobpasyerca K BHAY
(1+4mngme) V3.

Jaa nopoxa, B cocTaBe KOTOPHIX HAXOAATCA (eppu- W mapamar-
HUTHble MHUHepanw, ¢opmyna (8.6) mpuobGperaer CJAEAYOLIHA BHA:

Hep = M'nMivuMi + M1:leVm»12 +...+ %thinbMi’

TAC Mnmi H Mnme — MATHUTHHE BOCTIPHHMYHBOCTH PA3JAHYHBIX AHA- H
flapaMarHUTHEIX MHHEPaJ0B; Vma H Vame — HX 06BEMHOE COAEpiHa-
HHE.

Tak kak nmocaeaHuii uaeH dopMmyJan (8.6) namuoro Gosbllle APy-
THX, TO TIpY UAHOMOP(HHX BKJAIOYCHHAX (epPHMATHETHKOB

4
%CD=%¢M2/(1 + —3—-3‘[%@,2),

MarauTHele CBOHCTBA NMOPOA ONpeRe/siIOTCS He TOJBKO COAep-
JKaHHEM MArHeTHTOBEIX H THTAHOMAarHETHTOBBLIX 3€peH, HO U HX pas-
MepaMu, ¢opmoii, pacnonoxeHneM. CylleCTBEHHO BJIHACT TNPHCYT-
CTBHE JIETKO HAMAarHHYHBAIOIIHXCS MHUHEPAJOB, HAIpUMep MarreMp-
Ta, NHPPOTHHA, a4 HMHOUAA W CJA6OMarHUTHHIX pa3HOCTel aBrHUTa,
6uoTtuTa, poroBoii 0OOMaHKH, XpOMHUTA.

[lpu 3TOM npsiMO TNPONOPUHOHAJbHAS 3aBUCUMOCThL MAaTHUTHOMH
BOCNPUUMYHBOCTH OT cOAepXaHusi (HeppOMArHUTHBIX MHHEPAJOB MO-
Jiydyaercs JHIUbL 1Jis 006pas3loB U3 HE3HAYHTEJbHBIX Mo 00BeMy 006-
JlacTell HHTPY3UBHEIX Teld M JAPYTHX CeoJorHdeckMx oOpasoBaHHi,
BO3HHKIUKX B KOHKPETHBIX YCJOBHSX M COAepPKALIHX TOJBKO OAHH
¢deppumarneruk. I'lpu OZHOM U TOM 3Ke COAepKAHHH MATHETHTA,
HO PasJIHYHOM DAacCMOJIOXKECHHU €rO BKJIOYCHHH B NMOpPOJAE MOKHO TMO-
JYYHTh 3HAUEHHS MACHUTHOH BOCTUPHHMYHBOCTH TOPOJ, OTJIHUYAIO-
Hiyecs NMOUYTH HA MOPAJOK.

BuiAB/IeHB AOCTATOUHO TeCHbHle W YCTOHYMBBIe TpsIMBle CBSI3H
MeXAYy: MarHHTHOR BOCTIPHUMUYHBOCTBIO M COJlepXKaHHEM OKCHAA XKe-
Jieaa B KOHUEHTPaTe; MarHUTHOH BOCHPUUMUYHKBOCTBIO H OTHOLIECHHEM
Fe3t/Fe?* nas mopoa ¢ ¢beppuMarHMTHEIMH MUHEDAJaMH H NOPOA C
(eppu- M MapaMarHMTHEIMY MHHEPANaMH; MATHHUTHOH BOCTIpHUMYH-
BOCThIO U COAEPKAHMEM CYaAbQUAOB; MATHUTHOH BOCIPHUHMUHBOCTLIO
H TUVIOTHOCTBIO; oTHOWEHHeM Jyo/Jy,s U Ko3puuTHBHOH cuioit H;
€CTECTBEHHOH OCTATOYHOH HAMAarHW4eHHOCTHI0 Jyn, M cOJdepKaHHeM
MarHeTuTa; oGparHpie CBSI3H MeKAY: MarHHTHOH BOCIPHUMYHBOCTBIO

H COJepIKaHHEM OKCHJAa XpOMa; MATHHTHOH BOCHPHUMYHUBOCTBIO H
K03 dUUHEHTOM MOPHUCTOCTH.

KOHTPOJIbHBIE BOITPOCHI

1. OnuwmTe 37eMeHTapHBle HOCHTEJNH MaTHETH3MA B FOPHHX TO-
poaax.

205



2. B yem CcOCTOMT pa3juuue Mexay AHa-, mapa-, ¢geppo- u dep-
pHMarHeTHKaMH?

3. OxapakrepusyiiTe TeMIEpPATYPHYIO 34BHCHMOCTb HAMATHHYEH-
HOCTH B MarHeTHKaX pa3jHYHOro THIIA.

4. Uto Takoe KO3pUHTHBHAS cuja u Touka Kiopu?

5. Onumure 3aBHCHMOCTH MarHHTHOH BOCIDHHMYHMBOCTH M Ha-

MATHHYEHHOCTH OT JABJICHHA U TeMIepaTypH.
6. UeM ompenelsoTcsi MarHUTHBIE CBOACTBA TBEpIOH, XKHIAKOH H

ra3oBoii a3 B TOpHHIX Opoaax?

7. KakoBbl OCHOBHBle pa3/Hyhsl MeXJIy MAarHHTHBIMH Xapakre-
PHCTHKAMH MarMaTHYecKHX, MeTaMop(dUYeCKHX H OCaAOYHBLIX IO-
poa?
8. Hlaiitre nerpodusnyechoe 060CHOBaHHE HANHYUA (HIH OTCYT-
CTBUA1) KOPPeNANHOHHBIX CBsA3ell MeX1y MAarHUTHBIMH H J1pPYTUMR
CBOHCTBAMHU:

€CTCCTBEHHOH PaJAHOaKTHBHOCTBIO,

yACJIbHEIM 3JEKTPHYECKHM COIPOTHBJAEHHEM;

TeniodH3HYEeCKHMH CBOBCTBaMH;

CKOPOCTBIO DACHPOCTPAHEHHS H 3aTyXaHHeM YIPYrHx BOJIH;

IJIOTHOCTBIO;

NOPHCTOCTBIO;

HeATPDOHHBIMH CBOHCTBAMH.

9. TENJIONPOBONHOCTD, TENJIOEMKOCTD,
TEMNEPATYPONIPOBOAHOCTD

HsyueHne rtemnodusnyecKHX XapaKTepHUCTHK TOPHBIX INOpoj Je-
JKHT B OCHOBe NPUMEHEHHS METOJ0B TepMOMETDHH IIpH IOUCKAX,
pasBelKe W 9KCINTyaTalHu HedTAHBIX H Fa30BBIX MECTOPOXKACHHUHA.

3Hanxe TenJoMH3HYECKHX XapaKTepPHCTHK HeobXoaumo masa pe-
IIeHHA CIETYIOIIUX 3anaq’ 1) H3yyeHHe eCTECTBEHHBIX TEIIOBBIX
nojieil B HeApax ¢ LENbIO BHABJeHHs TAYOHHHBIX CTPYKTYD; KOp-
penfiuus pa3pe3oB H JUTOJOTHUECKOe pacCyJeHEHHE; BblAeJieHHe ra-
30HOCHBIX TODH30HTOB B pa3pe3ax pa3BelJOuHHX CKBaxkuH; 2) H3y-
YeHHEe HCKYCCTBEHHBIX TeIJIOBHIX Mosiefl, HalphUMep, pacHpocTpaHe-
HUA (pOHTA TENJOBOH BOJIHBI IIPH TepMHUYECKOM BO3ZeHCTBHM Ha
[I1aCT, U3yYeHHE TeIN0oBOH KOHBEKUUH KHIKOCTH, CMECH XKUAKOCTH
M rasa B CKBaxKHHe W IacTe; TeOPETHYECKOE W 3KclleDHUMeHTaJb-
HOe HCCNeJoBaHHE mporecca TelNnoo6MeHa NPH ABHKEHHH TEIJIOHO-
CHTeJisl B MOPHCTOH cpeiae, NPH HCNONB30BAHHH TJAYBHHHOrO Temnna
3eMJu.

Baxdefiine tennodusnyeckue xapakTepHCTHKH ropHbIX MOPoa—
TEIJONPOBOIHOCTE A, TeMIEpaTypOIPOBOAHOCTD 4 M TEII0EMKOCTh

C.
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9.1. NPOLLECCHI U 3AKOHDI TENJONPOBOJHOCTH
A PACNPENEJEHHY TENJIA B NOPOJAX

9.1.1. MEXAHH3Mbl TENIJIONEPEJAYH

MexanuaM mepelayy TENJAOBOH 3HEPTHH OIpelNeNseTCAa XapakTe-
pOM B3aHMOJEACTBHS YACTHL, BeUIECTBA — MOJIEKYJ, aTOMOB, MOHOB,
37€KTPOLOB — B TNIPOLECCE HX TEIOBOro aBHxkeHusA, TennoobmeH
MOXKET NPOUCXOAUTh B J0OBIX Telax C HEOAHOPOAHBIM pacnpeinene-
HHeM TeMllepaTyphl. MeXxaHU3M TNepeHOCA TEMJOThl 3aBUCHT OT ar-
peraTHOTO COCTOSIHHSI Teaa., B JKHAKOCTAX M TBepAblX Telax —
JH3AeKTpHKAX — MEePEeHOC TENAOThl OCYLIECTBASAETCS IyTeM Helo-
CpeICTBEHHOH TNepelayd TENJA0BOro ABHIKEHHS MOJEKYA H aTOMOB
€OCeHHUM YacTHIaM BellecTBa (KOHAVKTHBHBIH MepeHOC); B
razoobpa3HuiX TeJax — BCAeACTBHe oOMena sHepruefi npu coyaape-
HHH MOJEKYJ, MMEIOIHX pa3iuyHble CKOPOCTH TENJ0BOro JABHIKe-
HUSI, B MeTaajax — IJaBHbIM 06pa3oM BCJAEACTBHe ABUIKEHMsl CBO-
©OaHBIX 3JE€KTPOHOB.

SIBnenne KOHBEKTUBHOTO NEpeHOCA TENAOTH HabJoRaeTcd JHIUb
B XKHAKOCTSIX Y rasax.

KOHBEKTHBHBI NepEHOC — 3TO paclpoCTpaHEHHE Tel-
JOTH, OOYCAOBJEHHOE NEepeMeIeHHEM MaKpPOCKONHUYECKHX 3JeMeH-
T0B cpeabl. O6beMB KHIKOCTH MJIH rasa, nepeMemasch H3 061acTu
¢ Goabmefi TeMnepaTypoid B 0o61aCTH C MEHbIIEH TEMNepaTypoi,
TIEPEHOCAT TENJOTY.

KOHBEKTUBHHI} TIEPEHOC MOXKET OCYIUECTBJAATLCA B PE3YJbTATE
¢BOOOAHOTO HJH BbIHYKIEHHOTO ABHXKEHMA TenyoHocuTens. CBobo-
JHO€ JBHXKEHHe BO3HHKAeT TOrja, KOrjla YaCTHIbl KUAKOCTH B pas-
JHUYHBIX YYACTKAX CHCTEMH HAXOAATCS MOJA BO3AEHCTBHEM MAaCCOBBIX
CHJ1 pPa3/IMYHOHA BEJHYHHBI, T, € KOrJda II0Ji€ MAaCCOBLIX CHJ HEO,HO-
poano. Ecsau MaccoBbie cuibl 06YCNOBAEHE TPABUTALMOHHBLIM II0-
JieM, TO B HEH30TepMHUECKOHR CHcTeMe HEOLHOPOAHOCThL moJs obyc-
JIoBJeHA H3MeHeHHEM NJIOTHOCTHM, KOTOpPOE H Bhi3biBaeT CBobOAHOE
JIBUIKEHHE.

Tennoob6Men nudayuenueM (MIM pagHaUUOHHBIA TEMJIO-
0o6MeH) COCTOMT M3 HCNYCKAaHMUS 3HEPTUM M3NYUEHHs TEJOM, paclpo-
CTpAHEHHsS ee B NIPOCTPAHCTBE W INOTJIOLIEHHA ee APYTUMH TeJaMHu.
B mpouecce ucnyckaHusi BHYTPEHHSsi 3HEPTHsS H3Jyyaiollero Tejaa
NpeBpalIaeTCsi B 3HEPTHIO 3JEKTPOMATHHTHBIX BOJH, KOTOpble pac-
NpPOCTPAHAIOTCA BO BCeX HalpaBJjeHusx. Tesa, pacno/oxeHHble Ha
IYyTH PaclHpoOCTpAaHEHUs IHEPTHH H3JYYEHHS, NOTJAOILIAIT YacTh Ma-
JAUKUX HAa HUX 3J€KTPOMArHUTHBIX BOJH, U TakuM obpasom 3Hep-
THs1 M3JYYEHHST NpeBpallaeTcsd BO BHYTPEHHIOIO SHEPTHIO MO0 alo-
1ero TeJsa.

BeAkasi MoJleKy/Jla B 3HEepPreTHYECKOM OTHOIIEHHH MpeACTaBJsieT
€co00f 3JEKTPOMATHATHYIO CHCTEMY. BHYTDEHHIOW 3HEPTHIO MOJEKY-
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JH (noAs KPHCTANJIHYECKOH pelleTKH) B IepBoM NpuOJIHKeHHH
MOXHO MpeACTAaBHTh B BUAE Tpex aAAUTHBHEIX COCTABJSIOLIHX:
9Heprus ABHXKEHHA 3JEKTPOHOB B MOJEKYJe,

3Heprusl KonebGaHu#, o6pasyoIX MOJEKYJy aTOMOB;

3Heprus BpalleHHs MOJIEKYJBl KaK LeJoro.

Kaxnomy BHAY BHYTpeHHeH SHepPTHH MOJeKYJh COOTBETCTBYET
onpeneseHHas CHeKTpaJpHasi 00.1acTb, IppyeM KoJdeGaTejbHO H
BpamareabHoll QopMaM ABUMKEHHSI COOTBeTCTBYET HH(ppaKpacHas
061acTh CNeKTpa, NMPOCTHPAIOILAACA OT TpaHUUbl BHIHMOTO CBeTa
1o paawonuanasona. IIpaktuuecku Bcerna oaHOBPEMEHHO C H3MeEHE-
HHEM K0Je6aTelbHOro COCTOSIHHSI MOJIEKYJbl H3MEHSeTCs W Bpaua-
TeNbHAas HEPTHS MOJEKYJbl KaK LEeJ0ro, uto NpuBOAHT k o0OpasoBa-
HHIO BpallaTeJbhHO-KOJe0aTelbHBIX MOJEKYJsIPHBIX CHEKTPOB.

Ilpu npoxoxaeHHu uepes BellecTBo HHGpakpacHeix ayueir (MK)
NPOUCXOAHT BO30OYy:KIAeHue KosieGaTeNbHO-BpalllATebHbBIX YPOBHEH
monaekya. Ecaun yacrora MK usanyusenuss cosmapaeT ¢ 4acToTOH KoJje-
OaHHA MOJeKy/aBl, TO MPOUCXOJMUT pe30HAaHCHOe INOrJIOLIeHHe 3Hep-
ruy ¢ obpa3oBaHHeM moJjoch. [losoca morsoimeHHss XapakTepHay-
€TCA 49aCTOTOH MAH JJIMHOH BOJHBI, OpMoH ¥ HHTEHCHBHOCTHIO.
Ilpu 3TOM HosnoKeHHe MOJOCH B CIIEKTPE HCNOJAb3YETCA IS KauecT-
BEHHOH OLEHKH COCTaBa MCCJEAYEMOro BeleCTBA, B TO BpeMdA Kak
HHTEHCHBHOCTb INOJOCHI XapaKTeEpH3yeT KOJHUYECTBEHHOe COoAepiKa-
HHE HCCelyeMOro KOMIIOHEHTa B COCTaBe aHaJH3HPYyeMOoro Belle-
ctBa. JInA KOMUUECTBEHHOro aHajiH3a HCMoJb3yeTCa 3akoH Dyre-
pa — Jlambepra — Beepa, cBa3biBaoL(Mii HHTEHCHBHOCTL IpolIe]-
mero vepes npoby Mccaenyemoro ofpasma H€3JydYeHHs B 33JaHHOM
JHanagone AJUHBEI BOJH ¢ KOHUEHTpaLHeH KOMMOHEHT:

J()=J, (M) exp[—e () Cd],

rae J(A), Jo(A) — MHTEHCHUBHOCTb HpolUedllero ¥ NMaaaloUIEro U3ay-
yeHUs ¢ AAMHOH BOJHHE A; &(A) — KoadpduuuenT 3KCTHHKuuM; C —
KOHLEHTpALUsA UCCAENyeMOro KOMNOHEHTa; ¢ — TOJIMHHA NpoOol.

KonuuecTBeHHBIH MOJEKYAsApHbIA aHaAW3 1O HHQpPaKPaCHBIM
CIIEKTPaM MOTJOLIEHHA OGBIYHO NMPHMEHSIOT K CMECAM, KOTOophie
COCTOAT H3 HEB3AUMOJEHCTBYIOIMX M HEACCOUMHUPYIOUIHX KOMIIOHEH-
TOB. B 3TOM cinyuae nHdpakpaCHBIHl CUEKTP CHCTEMBl MOAYYAIOT ai-
JHTHBHO H3 CIICKTPOB €€ OT]eibHHX cocTaBasdmomuX. [locne orox-
JeCTBJAeHUA HabAI0JaeMbIX TOJOC TOrJAOLIEHHS ¢ OTAEJAbHBIMH ¢op-
MaMH KoJieGaHHi ONMKCAHHBIMU BhIIIE CHOCOGAMM BbIGHPAIOT MOJOCY
NOTJOLIeHUsA, HauGogee NPUroJHYIO AJA aHaJIH3a.

PaspaGoransl crnocobnl ompeneneHdss CoaepxaHusl OAHOro U3
KOMIOHEHTOB B CJOXKHOH Cpeje, pealH3yeMple B MeToae HHPpa-
KPacCHOro M3JydeHHdA, HCNOJb3YIOLIEM HCKYCCTBEHHBIH HCTOUHHK M3-
nyuenus (A. C. Mowuceenko u ap., 1986 r.). B ecTeCTBeHHbIX YCJO-
BUAX, B HeApaX 3eMJaH, Ha ray6uHe TennoobMen u3/71Yy4eHHEM HUMe-
€1 noAuHHeHHoe 3HauendHe. OH MoxkeT OGHTL 3AMETEH B Ta30BHIX
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njacrax Kak pe3ynabTaT COYyJAAapeHHA MOJEKYJd CHAbBHO Harperoro
rasa.

9.1.2, YPABHEHHE TENJIONPOBOAHOCTH

[Tpouecc pacnpocTpaHeHus Tenja B IMPOCTPAHCTBe MOKET GHTL
oxapakTepu3opan Temneparypoli T (r, t), aBaswpowedcs QyHkuueh
—

KOODAHHAT r W BpeMmeHu f. YpaBHeHHe Hepa3pBIBHOCTH TEMJAOBOrO
[IOTOKa MOXKHO 3allHCaTth B BHJAE

dQ/dt = — div g, ©9.1)

rie Q — Ko/MYecTBO TemnJja B eluHHUe o6beMa BellieCTBA, PaBHOE
NpOH3BeACHHI0 00beMHOH TellloeMKOCTH ¢§ Ha Temnepatypy T (¢ —
—

MOJIsipHAsA TENJO0EeMKOCTb, 8 — IIOTHOCTB); § — BEKTOp INJIOTHOCTH
TENJIOBOTO IIOTOKA. TensoBofi MOTOK onpenensietcsi 3akoHoM ®ypbe

g— —AgradT, (9.2)

rae A — Ko3pdHuuaeHT TenAoNpPOBOAHOCTH, AJA H3OTPONHOH Cpexabl
ABAAIOLIUICA CKaAAPOM.

[Moacrasassa (9.2) B (9.1), moayyaem auddepeHuHaNABHOE ypa-
BHEeHHe B YaCTHBIX MPOH3BOJAHBIX BTOPOro HOpsiaka mapaboJiyecKo-
ro thna (ypaBHeHHe TelJONPOBOJAHOCTH), BHPpAXKAKOIIEe 3aKOH CO-
XpaHeHHS Temaa B equHHue ob6bema:

¢ -‘g =div (A grad 7). (9.3)

@®u3uueckuii CMBICJ 3TOTO YPaBHCHHA: M3MEHeHHe KOJHYeCTBA Tern-
Ja B efuHule o6beMa B elMHHLY BpeMeHH OGYCJOBJEHO MPOCTpAaH-
CTBEHHHIM MEPEHOCOM Telsa (a TakKxKe TENJOBBIAENEHHEM B eIHHH-
ne obbema B pesyJbTare AefiCTBHS HCTOYHHKOB Tellia S).

B oanopoanoii usoTponHo#fi cpele B 007acTfX IPOCTPAHCTBA,
cBOGOJHBIX OT HCTOYHHUKOB TeMJa, HeCTALHOHAPHOE MOJie TeMmlepa-
TYp onpeaensercs ypaBHeHHeM

aT/dt=anT, (9.4)

raie A — anddepenunanpubiii onepatop Jlamnaca; a — ko3dduun-
€HT TeMIepaTypOnpoOBOAHOCTH,

a = M(cd). (9.5)

CrauHonapuoe Ioje TemnepaTyp B obuleM clyyac HEOAHOPOAHOH
cpenbl OMUCBIBACTCST ypaBHEHHEM

div(hgradT) =0. {9.6)

Takum o6pa3oM, CBOMCTBA HeCTAHOHAPHBIX TEMNOBHIX MOJeH
(dQ/di==0) onpenenftoTcsi TeMlepaTypolpOBOJHOCTBIO BellecTBa
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{voxxHO cKa3aTb, UTO @ fABJAECTCA MepOH TeMJIOBOH HHepPUHH),
a cBoficTBa cralHOHapHHX nonell (dQ/dT=0) onpenensorca Ten-
JIOEMKOCTBHIO A.

3axkon Pypbe sABAsAeTcS YACTHHIM («TEIIOBBIM») aHAJOrov 3a-
KOHA MepeHOoca BelecTBa B PA3jHUYHBIX ero ¢opmax:

15 NepeHoca 3JEKTPHUECKHX 3apsAA0B 2T0 3akoH OMa B Rud-
depenuuasbHoil popme:

j= —_ 0VU7
.
rle j — NJOTHOCTb TOKAa; ¢ — MPOBOAUMOCTb: U — moreHuHaJT,
a4 AHPOYHIUPYIOMHX 4YaCTHL, (MOJeKyJ, HeATPOHOB, ravma-
KBaHTOB) 310 3akOoH Puka:

® = —DVN,

-~
rie ® —notok yacruu; D — koapduuuedt auddysnu; N — miaor-
HOCTb (KOHUEHTpAIUs) YacTHL;

4751 XKUAKOCTH, GUAbTpylollefics B HOPHCTOH cpexe, 3TO 3aKOH
JHapcu:

-

Q:__.EQ_VP’
n

—

raie (J — KOJHYeCTBO XKHMIAKOCTH C AHHAMHYECKOH BA3KOCTBIO W,
Tpolueineld uepe3 eXAHHULY MOBEPXHOCTH CPEAH B €AHHHLY Bpewvie-
HH; Egp — KOO HUUHEHT MPOHHULAEMOCTH CpeAbl; p — AaBJjeHHe,

9.1.3. KO3®PdHUHUEHTHI TENNJMIOEMKOCTH,
TENJIOMPOBOAHOCTH H TEMIIEPATYPOTNIPOBOJHOCTH

TennoeMKoCTh ¢ BelIeCTBA — 2TO KOJHYECTBO TENJOTH, HEOOXO-
JHMOe AJs TOBHIIEHHUS ero TeMmepaTypH Ha 1 rpajyc mpu 3ajpaH-
HOM TepMOAHHaMHuecKoM Tmpouecce (p=const, V=const u 1. 1.):

¢c=dQ/dT,

rie d() — GeCKOHEYHO MaJloe KOJHYeCTBO MepefRaHHoro obpasuy
renja; dI — 6ecKOHEYHO MaJjloe H3MEHEHHe ero TeMIepaTyphl.

Cpenusa Tema0eMKOCTb o6pasua Npy H3MEHEHHUH ero TeMmepa-
Typsl or Ty no T»

c=AQ/(Ty,—T)),
rie AQ -—- KOJHYeCTBO 3aTpayeHHOH TENJOTH NPH U3MEHEHHH Tev-
neparypsl o6pasua ot T a0 T»
Tak Kak o6pasysl pasHbIX BeweCcTB OOLIYHO OTJAUYAOTCA 1O
Macce a4 obbeMy, A/ CPABHUTEJBbHOH OUEHKH HX CBOHCTB HEOXHO-

KPAaTHO JJOrJa0AaTs TENJOBYIO SHEDPrHuio MpH tenaoo6MeHe BBeJeHbI
yAeJbHbIE TeNmJIOEMKOCTH: MaccoBad, o6beMHasA H MOJIgpHad.
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Yanenrnas MaccoBag TeNJOEMKOCTh Cm B XK/
/(kr-K) — KosMuecTBO Tem1o0TH, HEOGXOAUMOE [J51 M3MEHeHHUS Ha
I rpanyc TeMnepaTypel equHHubl Macchl m o0pasua B ompeleseH-
HOM TepMOAHHAMHUeCKoM mpouecce (p=const, V=const u 1. 1.):

Cm=dQ/dT = c/m,

rae dQ — GeckoHeUHO MaJjoe KOJNHYECTBO TeILIOThl, COOGIIaevioH
eJIHHHIIe MACChl BelleCTBA — VAEeNbHOE KOJHYeCTBO TemaoThl; dT —
GecKOHEeUHO MaJjoe H3MeHEeHHe ero TeMmepaTypbl; m — ero Macca,
CpelHdas ynedbHas MaccoBag TEeNJOEMKOCTbH &m
B IIxk/ (kr-K)— 310 To KonuuectBo Temnotnt AQ (B xk/Kr), KO-
TOpOe HeoOXONUMO COOOLIMThL €JHHHLE MAcChl BellecTBa [JsI H3Me-
HeHHsl ee TeMIepaTyphl Ha | rpaayc B ONpelesNeHHOM TepMOJHHA-
MUYECKOM IIponecce B UHTepBaJe TeMmnepaTyp oT Ty 10 Ts:

tm= AQ/(Ty —T;) m].

YaneabHnasa obGbevHasg TenaoeMKocThb c¢y B Jx/
/ (M3-K)— KosuuecTBO TemaoTh, KOTOpoe Halao COOGLIUTH eIHHHLE
ofbeMa BelecTBa NJs IOBHILEHHS ero TeMmepaTyphbl Ha 1 rpaayc
B ONpele/]eHHOM TepDMOIAMHAMHUECKOM Ipouecce (p=const, V=
=const):
cy =dQ/(dTV) = 8c,,

rie dQ — aneMeHTapHoe KOJHYecTBO TemaotH, JIxk; dT — snemen-
TapHoe mnpupauleHue Temmepatyphl, ‘C; V u 8 — cOOTBETCTBEHHO
o6beM, M3, M IJIOTHOCTB, Kr/M3, o6pasua BelllecTBa NMPH HOpMAaJb-
HBIX Pu3uyeckux yciaoBuax (7=0 u p=0,10 MIIa).

Cpennsas ynenbHasg o0bevMHAas TENJOEMKOCTH Cv

B TLx/ (M*-K)
oy =AQ/[V (T, — Tl = 6¢,,

rie AQ — Ko1u4ecTBO TelIOTH, coobuiaeMoe o6pasily AJas H3Me-

HeHHs ero TeMnepatyphl or T 1o 7Ts.
YaeabHnas MoJasipHas TenJoeMKocThb B JIk/

/ (kMoJsib+- K)— KOJIHuecTBO TemJOThl, KOTOpOe HeOGXOAHMO C000-
LIMTh eIUHHIE MOJSPHOrO KOJHYECTBA BelleCTBa IJsi H3MEHeHHs
ero TemmepaTypsl Ha 1 rpaiyc B ompele/eHHOM TepMOJHHAMHUE-

ckoM mpouecce (p=const, V=rconst):
¢y = dQ/(vdT) = Mc,,,,

rae dQ u dT— cooTBeTCTBEHHO OECKOHEHYO MAaJ0€ KOJUUYECTBO Tell-
Jotbl, I, u H3MeHeHHe TeMmmepaTyphl, ‘C; v — MOJSIPHOE KOJHYe-
CTBO BeleCTBa, KVM0Jb; M — oTHOCHTe/pHAs MOJIEKyJdsipHas Macca
BellecTBa, KMoJb/Kr. MossipHas TemnoeMKOCTb IJis BCEX BEILECTB
nocrosinia u pasua 25-1073 J1x/ (xmoJb- K).
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Cpe;‘.lHﬂﬂ ynenbuaﬂ MOJIﬂpHaﬂ TENJOEMKOCTBDb
ey =AQ/[v(Ty—T))] = Mcy,

Tle v — MOJSpHOe KOJHYeCTBO BelIecTBa,

Tak kak npH 3agaHHBIX YCIOBUAX TENJIONEpPENAUH TEMJAOEMKOCTh
BHIpaxaercs yepe3 yHeJbHYI0 MAacCOBYIO 3HTaAbNHK W=E-4pV
{roe E — BHyTpeHHss 3Heprus o6pasua; V — ero o6bem; p — nas-
JIEHHE), TO BHIEAAT TAKXKE TENJ0eVKOCTb Cym TNPH MOCTOSAHHOM
00beMe H Cpm TPH NOCTOSIHHOM [ABJEHHH HA 06pa3ue B MEPHOA HA-
rpeBaHus YaesapHas MAccoBas TEMI0EMKOCTb OpH V=const cym=
= (OE/OT) y—const XapaAKTEPH3YET TEMIOEMKOCTb BEIIECTBA B TOM
ciayuae, Koria B NePHON HATpeBAHHA (OXJ4XKJEHUS) COXpaHseTcs
MOCTOSAHHBIM ero ob6beM H Bcs Temsora dQ=dE pacxomyercs Ha
OpHpamedye BHYTpeHHEeH SHepruHu.

Ilpu p=const coobuennas BemecTBy temjotra dQ=dE+dA=
=dE+pdV pacxoayercs Ha uU3MEHeHHEe €ro BHYTPeHHeH TelJOBOH
3sHepruu U Ha pabory dA=pdV nns pacmupenus obpasua, Tak Kak
JIpH HATPEBAHHM YACTb TEHJIOBOI HEPrHH HCHOJb3yeTCs Ha paclliH-
penue o6pasua com>Cym.

Ilpu Temmeparypax, HZaJeKHX OT TeMHOepaTyphl IJaBJeHHA,
CTPYKTYypa KpDHCTAJNIOB yCTOHYMBA, T. €. KoJeOaHUA YyacTHL MaJbl
U SIBJSAIOTCS rapMOHHYecKHMH. BelllecTBo, copep:kamee N uyactuu,
JIMEeT CHCTEeMY TpeX KJAacCHYECKUX TAPMOHHUYECKHX OCUHJIASTOPOB
(dactuubl K0aebJMIOTCH B TpeX He3aBHCHUMbBIX HAmpaBJeHusx) B co-
OTBETCTBHM C 3AKOHOM pAacmpenejeHds 3HEPrHU IO CTENeHAM CBO-
Gonbl HA KamAHH KJACCHUECKHHA OCHHJIATOD NPHXOAMUTCA B Cpen-
nem 3Heprusi E=kT (rme T — abcoaoTHas TeMmepaTypa KpHCTaJ-
aa) CaelnoBartesbHO, BHYTPEHHSIA 3HEPrus, olpelesaomascs
KoJae0aHHAMH DelIeTKH MHHEDPAa,

E=3NkT,

fO3TOMY Cym= (9E/OT)v=3Nk.

Has opnoro wmoas pewecrBa (N=N,) cym=3N, k=3R=
=25-10% Ixk/ (km0ab- K).

Tena0evKoCTs — AAAUTHBHOE CBOHCTBO MOJEKYJ, MO3TOMY A5
MHOTOKOMIIOHEHTHBIX Cpell paCCUHTLIBAETCA KAK cpeJHee

c=2Xck; Xk =1,
4 12

TIe ¢, R — COOTBETCTBEHHO O00beMHAs TEHJOEVKOCTb U 0ObeVHbie
JOJH KOMIOHEHT TBepAoH (Gasnl mopoasl H maactoBoro Qurousa

Kosddunuent TennonpOBOAHOCTH A XapakTepHayer
CBOHCTBO CpeAnl NepelaBaTb KHHETHUECKYIO (TemJOBYIO) 3HEPTHIO
ee wmoaexya, [A]={ql/[T]|=Bt/(m-K)— 3to KoJauuecTBo Tem.a,
POXOMALIETO 32 €JHHULY BpeMeHu dYepe3 KyOuueckuit obbew Be-
IeCTBA C TPAHbIO €AUHHYHOH AJNHHBL, HA MPOTHBONOJNOXKHBIX IPAHSIX
KOTOPOro MoAJepkKHuBaercs pasuoctb Temueparyp 1 °C.
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B ropubix moponax, mopoBoe MNPOCTPAHCTBO KOTOPBIX HACHILLEHO
¢J0HI0M, TENJIONPOBOLHOCTD ONPENeNAETCs: TelJ0NpPOBOLHOCTbIO
3epeH MHHEPaJIbHOro CKeJeTa MOpPOLH; TENJIONPOBOIHOCTBIO (JIIOH-
Ja; KOHTAKTHOH TeMJONPOBOJHOCTBIO B MECTAX CONPHKOCHOBEHHS
(xouTakTa) 3epen nmopoaoo6pasyloUIUX MHHEPAJIOB.

Besauuuna, obparHas TeNJONpOBOAHOCTH, HA3BIBAETCS TEMHJO -
BbiM comporuBJeHHeM E. TemloBoe cOmpOTHBJAEHHE TOPHBHIX
HOpPOJd — OJHH H3 OCHOBHBIX ()aKTOPOB, ONpENEJSIOMUX XapakTep
€©CTEeCTBEHHOr0 TemJOBOro moJjd. BenuunHa § pasjHYHBIX TOPHHIX
IOpOJ H TOoJe3HBIX HCKONAeMHX BapbUpPyeT B LIMDOKUX Hpenesax
(HeckoJBKO MOPsAKOB). OHA MOHMIKAETCA C YBeJIHUEHHEM IJIOTHO-
CTH, BJIAXKHOCTH, NPOHHUAEMOCTH H CTENEHH JbIHCTOCTH TOPHBIX
NOpOJ, MOBLILIAETCA TMPH 3aMEUEHHH BOXBI, HACHIIaloUlell MOpoBoOe
HPOCTPAHCTBO HE(THIO, TA30M HJH BO3AYXOM, U 3aBHCUT OT CJOHC-
TOCTH NOpOL (Ten/0Bas aHH3OTPOMUSA).

Marmatuueckie U MeTaMop(uuecKHe NMOPOAB XapaKTEPHIYIOTCA
MHHHMAJbHbIM TeNJOBbIM CONPOTHBJEHHEM, a KOMILIEKC OCafgou-
HEX TOPOJ MO TENJOBHM CBOHCTBAM 3HAauHTeqbHO Aubdepenuupo-
BaH. Haubo/bllHM TeNJOBEIM CONPOTHBJAEHHeM 06JafarOT KaMeH-
HBl€ yIJIM, CyXHe€ H ra3oHachbilleHHBle MOPOAbI; NPH TMepexome OT
TEPPHTEHHBIX K KapOOHATHBIM OTJOKEHUSAM OHO YMEHBIIAeTCH; MH-
HHMaJIbHble BeJIHYMHH HMEIOT THAPOXHMHUECKHe oCaJKH. [ JIHHHCTDIE
IJ1acThl CpefH IAPYrHX OCAZOYHBEIX BOIOHACHIIEHHBIX MOPOM BBLRE-
JSIOTCS HaHOOJBIIHM TEMJIOBEIM CONPOTUBJIEHHEM.

Kos¢dduunmenr tTeMnepaTypounpoOBOLHOCTH a Xa-
PAaKTepH3yeT CKOPOCTb H3MEHEHHs TeMmmepaTtypbl B HeyCTaHOBMB-
IneMcsl (HecTauHOHApHOM) TeNJOBOM MpOliecce; pPa3MepHOCTb a:
M?/c.

Ha rennoBhle cBOHCTBa MOpPOA CHJIBHO BJHAIOT HX CTPYKTypa
(ko3¢ PULHEeHT MOPUCTOCTH, HJIOTHOCTb, pasMepbl H PaCHOJOXKCHHE
Hop), Xapakrep HachlleHHs (ras, Boaa, He(Th), TepMOmZHHAMHUeC-
CKHe yCJOBHs 3ajeraHus miaacra ([JasJjeHHe, TeMiepaTypa), XHMH-
KO-MHHEpAJOruueckuii CoCTaB CKeJeTa.

3akoHoMepHOCTH (QOPMHDPOBAHHA TemJOBHX moJell B geHcrBylo-
IIHX CKBAa:KMHAX ONpeeJsioTCsl TePMOJHHAMHUECKHMH Mapamerpa-
MH XHIKOCTed U ra3oB — ko3(¢ulurenrom agHabaTHueCKOro pac-
wiHpeHHs ns H Koapuuuentom Jxoyas — Tomcona e. [lpu no-
CTYIJIEHUH KHAKOCTH WJIM ra3a M3 mJacTa B CKBaZKHHy NPOHCXOLHT
JpoCceIHpOBaHHe — pacClIHPEeHHe C H3MEHEeHHeM TEeMIepaTypbl TMPH
TIPOXO0K/AEHHH Yepe3 NPHCKBAAKHHHYIO 30HY IJacTa H neppopaunHoH-
Hble OTBEPCTHS. DTOT TeMmepaTypHH# 3(hdeKT, cONPOBOXMAIOMHA
ApocceJnpoBatue, HasbiBaerca s¢pdexrom Jxoysasa— Tomcona

Huddepennuanbubi aguabaTHueCKHH Ko3(-
dUHupUeHT ns ompeleseT H3IMEHEHHe TeMIepaTyphl BellecTBa B
M30JHPOBAHHOH CHCTEME B 3aBHCHMOCTH OT H3MeHEHHs [NaBJEeHHS:

ny=dT/dp,
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Ina neGosblIMX nepenafoB AaBJeHHH NOJAB3YIOTCA ycpeaHEHHOR
BeqMuHHOH 1s=AT/Ap. O6bYHO 1s>0; NpH annabaTHYECKOM CKa-
THH BelllecTBO HarpeBaercsi. Mck/ioueHue cocraB.iser Bopa: npH
teMmnepatype ot 0 no 4°C 1s<0. Benrnuuny auddepenuunanbHoro
annabaTuyeckoro Ko3pQuIUHEeHTa MOXKHO pacCYHTaTh 1o GopmyJe

'r]j==—V—aT,

374
rie V —obbem; T — revneparypa (K); ¢, — tenioeMxocTs 1pH
IOCTOSAHHOM [aBJeHHH, g — YCKOpeHHe CBODOAHOTO NaleHHs;, o —

Ko3puunenT J1UHeAHOro pacuripeHHs.

9.1.4. KO3®®HIUHEHT J)KOYJ — TOMCOHA

Koapoduuuenr xkoyns — TomcoHa & omupenensier H3IMeHeHHe
tTeMunepatypbl dI. ¢ H3MeHeHHeM [aBJeHUsi dp HpPH APOCCENUPO-

BaHUU:
14 14
e=dTy/dp=— (1 —aT)=———1).
cpg (574
Benunuuna g ompenensieTcsa AByMsi cjaraeMbiMu: V/c,g omnpene-
JsieT HarpeBaHHe BellecTBa 3a cueT paboOTH CH.I TPeHUA, T)s —
OXJ1aXkKIeHHEe BelllecTBa 3a CueT agnabaTH4YecKoro pacuidpeHus. Jdas
xkuakocredi V/cp,g»mns (B mpolecce IpOCCeJHPOBAaHHs HarpeBaloT-
cs1). Ilag rasa B peaJbHHX IJIACTOBHIX YCJ0BHAX o6HuUHO £<<0. Ha
NpaKTHKe MO0Jb3yIOTCA CPEIHUMH 3HaueHHUAMU Koapduuuenta Jxo-

yi1a — TowmcoHa ¢:

AT =¢eAp.

3.2, TENMJIO®PU3HYECKHUE XAPAKTEPHUCTHUKH
FA30BOH, )KHAKON U TBEPIOH ®A3 [1]

9.2.1. TA3OBA{ ®A3A

TenaonpoBoaHocTb. [lepeHoc 3Heprud MOJIEKyJaMH rasa TecHO
cBsi3aH O cpenHedl MJauHOH I ux cBoBonHOro npobera (cpemHee pac-
CTOsIHHE, KOTOpOe INPOXOAHT MOJIEKYJa B rase 10 ee CTOJKHOBEHHS
¢ Zpyrof Mogexynod). KosPoHuHeHT TeNIONPOBOIHOCTH Ta30BBIX
cMmeced Ay =0,5(As+Ar), roe As U A, — CpedHHe KO2PODUIHEHTH Tel-
JIOTIPOBOAHOCTH, pacCYHTEIBaeMble N0 PopMyJIaM

ks=2xik,; 7»",=2x,-7»“,-.
i i

3nech {A:}— K03DPUUHEHTH TENJONPOBOLHOCTH COCTABJSIOUIHX
cMecH; {X;}— ux MosaspHHe HoJH. [lo 2THM HaHHHM A Bo3nyxa
paBeH 0,2441 Bt/i(M-K) npu p=0,1 MIla n T=0. C pocTom Tem-
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flepaTypsl 3HAauYeHUs 31off Besauyudel B Bt/ (M-K) Bo3spacraroor ot
2,57-1072 npu 20°C no 3,06-10~2 npu 100°C u no 3,68-10~2 npu
200°C. Tlpu 3TOM a30T, ABJAIOWHACA OCHOBHOH COCTABJSIOLL2H
BO3/yXa, HMeeT VIe/bHYIO TemlonpoBoaHocts B Bt/ (M- K), paBuyio
2,6-1072 npu 27°C u 2,72-10~2 npu 50 °C. Tens10npoBoaHOCTbL BO3-
Ayxa.3aBucHT oT gasJjenus. [Ipu 20°C u usmeneuwu p or 0,1 10
40 MIla ero koadduuuent A Bospacraer noutu B 2 pasa. [Ipu 6o-
Jlee BBICOKHX TeMIlepaTypax A pacTeT ¢ [aBJeHHeM BCe MeHee HH-
TEHCHBHO.

MeTan ¥ 3TaH XapaKTePHIYIOTCS 3HAYEHHAMH YIeJbHOH TemIo-
NPOBOAHOCTH, BO3PACTAOUIHMH € TeMNepaTypol, H y MeTana 60Jb-
wumu {0,034 Br/ (cm-K)], a y srana menbwumu [0,021 Bt/ (cv-K)]
npu onHuHakoBux I'=26,7°C u p=0,1 Mlla, yem y Bo3ayxa c ua-
3BaHHBIM JaBJeHHeM H OJH3KHMH TeMmepaTypaMu.

Tenaoemkocts. [Ipy OOBIUHBIX IOCTHTaeMbIX npH OypeHHH He
OYeHb BHICOKHX TeMmneparypax (HemHoro GoJee 200°C) umeer mec-
TO NoCTynareJbHOe H BpalllaTe/bHOe TEeNJOBOe NBHKEHHSA MOJEKYJ
rasa. JDTHM OGDBACHAETCS He3aBHCHMOCTb TEIJIOEMKOCTH OT TeMIie-
paTypbl NpH CpaBHUTEJIBHO HeOOJBILIHX 3HAYEHHAX TmocJaenHell H
00YCJIOBIEHHOCTE TEIJIOEMKOCTH CTpOeHHeV MoJekyJa rasa. Temio-
€MKOCTb Bo3Ayxa npH p=0,1 MIla u T=0 cocrasaser 1,007 xJIx/
/(kr-K), a npu 50 °C ona gocruraer 1 x/x/(xr-K).

TennoeMKoCTh BO3[AyXa ropa3io MeHblle, YeM MeTaHa W 3TaHa,
II03TOMY IJ5 IJIACTOBOIO ra3a oHa ropasio Bblllle, YyeM AJs BO3LY-
xa, H usMmensercs or 2,6 1o 3,6 kx/ (xr-K) npu uasmenennu T or
40 10 80°C u p ot 0,1 no 30 MIla. ¥YaeabHas uzoGapHas maccoBas
TENJIOEMKOCTb BO3AyXa 3aKOHOMEpPHO BO3pacTaeT C TeMnepaTypoi.
Tlpu T=0 u p=0,1 MIla oua, nanpumep, pasHa 1,007, a npmn
100°C — 1,015 u 250°C — 1,027 x[x/(xr-K). C pocrom pnaBiz-
HHA TPH NOCTOSIHHON TeMnepaTtype Cp, BO3AYXa Takke Bo3pacraer.
Ilpu T=0 u p=0,1; 10 u 22 MIla oHa COOTBETCTBEHHO paBHA
1,007; 1,188 u 1,333 xdx/(xr-K). To ke MOXXHO cKa3aTh H O Teln-
JIOEMKOCTH NJ1aCTOBBIX ['a30B.

HUrak, A>Ax>Ar. CaMas xe BbICOKAs TEIJOEMKOCTb HAGBJO-
Jjaercs y Xuixkod asel nopoj, HHKe OHA y Fa30BOH H elle HHike
y TBepAoll (asbl, ecaH 3HAUHUTENbHAS ROJA NOCJAenHEH He COCTOHT
H3 Jbla WJIH MHUHEDPAJOB ¢ OOJBUIHM cOnepxkKaHHeM KDHCTaJJIH3a-
UHOHHOHA HJIM KOHCTUTYWHOHHOH Boxel [1].

9.2.2. )KHIKASA DA3A

TenaonpoBogHocTb. KosdduuueHT 1enI0npoBOgHOCTH KHIKOCTH
NPONOPUHOHAJIEH ee TeNJOeMKOCTH Cpm, IJIOTHOCTH 6, CcpeaHeMy
MEXMOJIeKYJAPDHOMY pacCTossHHIO L M CKOpOCTH U INepeMelleHHS
MOJIEKYJ OT Topsyero cjos X MeHee Harperomy. [locaennss tox-
JecTBeHHAa CKOPOCTH 3ByKa B 3TOH cpene H NpeBBILIAET CKOPOCTbH
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TenJIOBOI'o MOJIeKYJIﬂpHOFO JABHXKEeHUS 4YacCTHIL. STH ﬂ.onyulemm no-
3BOJIAKOT 3anuUcaThb
A= 8cpoL, (9.7)

rne L=A—d (A — paccrosHHe MeXay LEHTPAMH MOJEKYJ HHAMET-
pad).

Pacxoxnenue 3HaueHuii A, noJyuyeHHex no @opvyae (9.7),
€ 3KCNePHMEHTaJbHbIMH OOHIYHO 3akJIouaercs B npeienax 5—159%,
HO uHorxa noxomHt g0 50%. Jdaa Buuucaenus xosdduunenra temn-
JONPOBOJAHOCTH XKHAKocTH B. Bapraprukom mnpensoxeHa caemyio-
masg sMnHpuyeckas gpopmysa:

A= Acyy (5)3M1,

rae Cpy— yaeabHas H300apHas MOJSpHAS TEMJOEMKOCTb XKHAKOCTH
NpH TNOCTOSIHHOM faaBJjeHHH p; A — Ko3hHHuHEeHT MPONOPHHOHAb-
HOCTH, 3aBHCHT TOJbKO OT Temneparypbl (Ac,.~const); 6 — nior-
HOCTb XKHAKOCTH; M — MonsipHas Macca XHIKOCTH.

Koahduuneur Ay TEWIONpoOBOAHOCTH NHCTHJJHDPOBAHHOH BOIEE
NpH HYJE€BOH Temmeparype H aTvocdepHOM [aBJEHHH paBen
0,582 Br/(M-K). C pocroM TemIepaTyphl ero 3HayeHHs CHauaJsa
Bo3pacrawt (As=0,589 npu 20°C u 0,67 Br/(mM:K) npu 75°C),
a 3areM, npumepuo co 120°C, magaioT, Tak Kaxk OpPH 3TOM YMeEHb-
HIAETCA NPUTAXKEHHE MEXKAY MOJEKyJIaMU XKHAKOCTH. 3HAueHUsl As
yBeJqUUHBAIOTCA ¢ pocToM AaBiaenus: npu p=1200 MIla on umeer
Ha 50% Gosbutee 3uauenne, uem npu armocdeprom (0,1 MIla)
nasaenud. [lpu p<<3—+—4 Mlla BiusHUe naBieHHs HA Ap OUEHb MAJIO.

IIpu T u p=const Az caabo yBesiMuHBaeTCs ¢ POCTOM COJEHOCTH
Boast. IIpu T'=const u pocre naBiaeHUs p 3HAUEHHA As TPH CONEHO-
cru Boas $=35% Ttakxke yBeanunBaercsa ot 0,571 (mpu 1 Mlla) no
0,619 Bt/ (m-K) (mpu 140 MIIa).

Cupas HedTb xapaxrepusyercss npd 20°C Ay=0,13=0,14 Bt/
/ (M-K), koropoe nuike Ay 6osee uem B 4 pasa. [IpucyrcTBHe HedTH
B MOPOJAX CHHUXKAET HX TEIJIONPOBOAHOCTb TeMm 0O0Jblle, UeM BHILIE
UX He(TeHACBIIIEHHOCTD.

Baxuefiliue XHIKHE KOMNOHEHTH He(dTH (NEHTAH, H-rexcad,
H-OKCaH, H-J€KaH) MaJo OTJHYAIOTCH N0 TelJAONPOBOIHOCTH H
umeroT npH temmneparype 20 °C u naBaenun 0,1 Mlla ropasjao mens-
LIVIO TemJONpPOBOAHOCTh, UeM JHCTHIJHPOBAHHAA H MHHEPASH30-
BaHHas BOAA, UX Ay wusMensiercs or 0,135 aas neHrana no
0,147 Bt/ (M-K) nasa n-gexana. 3HaueHHe Ay TaKXKe Dacrer ¢ yBe-
JHYEHWEM [aBJeHHs, NJs TeHTAaHa, HAIpHMep, HPH LABJEHHH p=
=1200 MIla ono ua 709% npeBblliaer 3HayeHWe, MOJYUEHHOE TDH
arMoc()epHOM NaBJEHHH.

Tennoemkocts. JI1s BOAB Cpm HaxomuTcsa B npenenax 4,18—
3,98 xx/ (kr-K) npu remneparype 20°C u H3MeHEHHH ee coJe-
uoctu ot 0 n0 40%.
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[Ipn 3anaunoli MuHepanHsauuu C yBeJHUEHUEM TeMNepaTyph
€pm CHHIKAGTCS OTHOCHTENBbHO </1abo, Hamnpumep, ot 4,19 kJIx/
/J(xkr-K) npu T=0 g0 4,12 npu 40°C u conenocru Boan 40%.

HM306apuyio yaenbHYI0 TENJIOEMKOCTb MOXKHO pACCUMTATH [0
dopmyae (JI. II. Arkuncon u @. A. Puuapa): c,m=1,005—
—4,226-10—%T+6,321- 10672,

Ina BOAH ompefeneHHOH MUHEPANU3AUHH H TEMNEPATYPH Com
yMeHbIIAeTCT ¢ pOCTOM JlaBJeHHA: HanpHmep, or 3,886 10
3,820 x]Ix/ (xkr-K) npu usmenenun ngasiaeuus ot 10 ao 30 MIla u
MHHEpaJH3auHH BOAB 0Kos0 35%.

Tennoemkocts HepTH npu HaMeHeHHM TeMnepaTypsl ot 40 10
80°C u napjenus or 0,1 no 30 MIla wuaxoaurca B npejgenax
1,885—2,764 xIx/ (xkr-K).

9.23. TBEPJIASl ®A3A

Tenaonposoanocts. Beanuuna A. TBepnoit ¢asbl MOpox 3aBHUCHT
OT ee MHHEPAaJbHOTO cOCTaBa, (POPMbI, PA3MEPOB H NMPOCTPAHCTBEH-
HOH OpHeHTANHH KPHCTAJJIOB HJIH 3eDEH, TEeMNEpPaTypH H JaBJeHHd.
XapakTep 3aBHCHMOCTH Ar OT BCEX VKa3aHHHX BHIlie 0cOGeHHOCTef
M YCJIOBH# €€ CYIeCTBOBAHHA NpakTHYeCKH He H3yueH [1].

[To @. Bepuy u X. Ksnapky, TensonpoBoAHOCTb HETNOPHCTOrO ar-
perata MHHepaJoB NPHOJHIXKEHHO OLEHHBAETCS COIVIACHO TpPEeJCTaB-
JIEHHIO O TOCJe]0BAaTeJbHOM BKJIOUEHHH OTHOCHTEJbHbIX KOJHUYECTB
COCTaBASAOINMX MHHepasoB. Jl/s MpAKTHUGCKH HENOPHCTOH NOpPOAHI
(MarmaTuyeckol, mMeTaMop(HUeCKOH HJIH IJIOTHO CuHeMeHTHPOBAaH-
HOH ocamouHOH) Ar MOXKHO TPHOJIHKEHHO onpelesHTs no Gopmyae

100/(hS;) = 2 mya/(8rihac),
i=1

Tle Ar, 61 — IJIOTHOCTH TBepao# ¢a3bl MOpPOAHR H i-ro H3 COCTaB-
JAOUIHX ee MHHepAaJoB; My, — Macca TBepJoH ¢asbl {-ro MHHepasa
(MaccoBHe NpOUEHTH); Ar H Ar — KO3PQHUHEHTE TENJONpOBOA-
HOCTH TBepAOH (pasH NMOPOAK H i-To MHHEpaJa, BXOAAIIEro B COCTAB
3TOH (pasm.

Tax kak cpeiu mopoAooGpasyIOUHX MHHEPAJNOB KBApy U NJari-
OKsa3e 06/afal0T OAHOR M3 CaMBIX BLICOKHX TeIJIONPOBOAHOCTEH
[Arxs=9 B1/(M-K)], 3HaueHHs Ar MOMKHH Y MarMaTHYECKHX TO-
POA YMEHBUIATHCA OT OCHOBHHIX K CPeHHM (32 CueT MJarHOoKaasos)
4 B0O3DACTaTh OT CPEJHHX K KHUCABM. B 3ToM HampaBJ/leHHH pacTeT
B TBepAoi (pase mopon coaepxaHue kBapua [6]. B tBepaoii ¢dase
pa3NUYHBIX TUIOB MeCyaHBHX NMOPOJ KBapua CONEpKHTCA OT 24 10
>70% (no macce). [Ipn aToM ycTaHOBJEHO, UTO NPHMECH B KpHC-
Tajjax, MpHBOAALLHE K DPOCTY HEPABHOMEDHOCTH pacnpeje/eHHs B
HHX 4TOMHOH MaccCH, CHOcoGCTBYIOT pasbpocy (POHOHOB H BCAEACT-
BHE 3TOTO CHHXKAIOT TEIJIONPOBOJHOCTh KDUCTAJJIOB H, B 4aCTHOCTH,
kpucranaoB SiOp. JIoGol agedexT kpHCTannaa, CHHKAMUHKA OYTh
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cBobonHoro npobera BOJIH TeNJOBLIX KoJeGaHuil, yMeHbLIART Tel-
JIOTIPOBOJHOCTD.

Tennoemkocth. YnenpHas nsobapHas MmaccoBas TeNOEMKOCTb
TBepPAOH (asbl MOpPOA oNpenessieTcsi €€ MHUHEPAJbHBIM COCTABOM.

Cpm =2 Cppy, M,
i

e f1, — OTHOCHTE/IbHO® MACCOBOE COAEpKaHHe i-r0 MHHepaJja ¢
YA€JbHOH MacCOBOH TEIJI0eVMKOCTBIO Cmyp;.

Teepnas ¢asa nopox, uvewouwias B cocraBe CyJAbHHIB U OKCH-
IH, B cpeiueM obsagaer veHblieH TEMJOEMKOCTbIO, YeM Ta .Ke
mopoaa, He CONEPKALLAsl VHHEPAJIOB 3THX KJACCOB. YBEJHUCHHE Ar
MAarMaTHYECKHX, MeTaMop(UUeCKHUX, OCA[OUYHBIX IIOPOJ CBA3AHO ¢
TEeM, UTO [JIaBHBIMY KOVIIOHEHTAVH ee SBJAIOTCS pasJHYHbIEe CHJHU-
KATBH C OTHOCHTEJbHO BBHICOKOH TemnJoeMKOocThbio. DJH3KHe 3HaueHUs
Ar HvMeer U TtBepras $asa xapOOHATHEIX MOPOA 34 HCKJIOUSHHEM
Tex pasHocreil, B cocraBe TBepIoH ¢asel KOTOPHIX IHPHCYTCTBYIOT
TAKHe MUHEPAJbl, KAK BHTEDHT U UEPYCCHT, COAEDPAlLIHEe OTHOCH-
TEJbHO MaJoTeloeMxkHe GapHT U CBHHel. BBICOKOHA TeN10eMKOCThIO
obnanaer tBepaas ¢asa, B cOCTAB KOTOPOH BXOIAT MHHEPAJH €
60JIbIIUM KOJHYECTBOM KDHUCTAJNJIH3ALHOHHOH BOAH (THIC, IMICOMHT,

Gypa u up.).
9.2.4. TOPOAOOBPA3YIOILRE MUHEPANDI

TenaonposBoaHocts. KoadduuueHt TensonpoBOIHOCTH MHUHepa-
Ja0B uaMeHnsieres ot ~0,3 (maa cepnr) no 420 Br/(M-K) u Gosee
(n1s cepebpa). Bricokas tensompoBoauocTs {mo 300 Bt/ (M-K)]
HabJaogaeTcs y 30J0T4, MelH, HEKOTOPbIX APYrHX CAMOPOJHHX 3Je-
MEHTOB HEMeTaJ/JIOB, TAKHX KaK rpadur u aamas.

3aKOHOMepHble H3MEHeHHS A MeTaJJIOB CBS3aHH C PA3JHUYHEM
3JeKTPOHHOTO CTPOEHHs HX aTOVOB, HEOJMHAKOBOH KOHUeHTpapueil
Yy HHX 32JIeKTPOHOB NPOBOIHMOCTH, KOTOpbi€ TIEPEHOCAT OCHOBHOE
KOJHUECTBO TENJIOBOH HEPTHH. ITO XOPOINO NMOATBEDXKAAeT TecHas
CBAI3b MeXAy KOoap@PUuHEeHTAMH 3JIeKTPONPOBOAHOCTH O H TEILIO-
MPOBOLHOCTH A MeTaJssoB (puc. 65), 6.1u3kas k quueiinol. [Toatovy
oTHOIleHHe A/¢ MOouTH RHocTOosHHO. Hampumep, AJs MeldH OHO DABHO
6,4-10~8, nns cBuHua 7-107% Jxk-OMm-M/(c-K). Otnowenue A/c
M3MEHsIeTCH TMPONOPUHOHANBHO a0CONIOTHOH TeMIleparype MO 3aK0-
Hy Bupemana — ®panua; A/o=3(k/e)?T=2,23-10-°T.

[IpucyTcTBHE B COCTABE MHHEDAJOB 3JEMEHTOB C BBHICOKOH Tell-
J0TIpOBOAHOCTHIO [Aw=50—300 Bt/ (m-K)], nampuvep, xexesa B
nHpuTe, HHHKA B cajepure, aJlOMHIHA B KOpyHIe, MArHHs B ne-
pUKJ/4ase U T. 1., HEPEKO TOBLILAET HX Au.

K MuHepasam ¢ OTHOCHTE/BbHO HH3KOH TEMJONPOBOLHOCTBIO H3-
34 BBICOKOH KOHUEHTPAWHH HJI0XONPOBOIAALIHX 3JEeVEHTOB OTHOCAT-
csi: aeq H,0—23, runc CaCO,-2H,0 — 1,2, xaoaunur (Al,
Mg) 2 (OH)[Sis0,0] H;O — 0,88, daoronur — 0,5, 6HOTHT — 2
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Puc. 65. CBa3b MeKAY KO3G(HUHEHTOM A TEIIONPOBORHOCTH H YAEAbHOH 3JeK-
TPONPOBOJHOCTBIO O A% Metasvios [1]:
I =~ caMOpPOAHLIX, 2 — YHCTHIX, § — HE BCTPEYAIOUIUXCA B cBOGOJAHOM COCTOAHUH

CocraB MHHEDAJOB BJAHSET HA Ay HE TOJBKO H3-32 DA3AHUUA
TEIJIONPOBOJHOCTEH BXOMSALIHX B MHUHEDaJHl JEMEHTOB, HO H H3-3a
HEOIWHAKOBOH HJOTHOCTH YIAKOBKH (pasHOe YHCJA0 GauKaHlliux
aTOMOB H HEOJHHAKOBOe pAacCTOsiIHHE ro MeXAY HUMH) OIpeneneH-
HBIX aTOMOB HJH HOHOB B MHHepaJax pasjHYHOTO cocTasa. Bee 310
obecneyHBaeT OMpefeseHHble DEIIETOYHYI0 (MAH CMELIAHHVYIO 2JeK-
TPOHHYIO M peILEeTOYHVIO) TEHJONPOBOAHOCTb MHHEDPAJOB H KOH-
HeHTpAuHi0 B HUX (POHOHOB (MAH TaK¥XKe VIEKTPOHOB), OGYCJOBJH-
BAIOIUX TY HJAH HHYIO HX Ay. T€mJONPOBOJHOCTL MHHEpPAJOB TEM
MeHblile, yeM 0ojbllie y HUX MeXaToOMHble PaCCTOAHHSA.

O6bYHO Ay CHHMIKAETCS C yMeHbllleHHeM TJIOTHOCTH 4TOMOB,
a Cl1elOBaTeNbHO, H MJAOTHOCTH MHHepajoB. ONHAKO TecHas CBA3b
MeXny Ay H 6y orcyrcrByer. JledexTh KpHUCTANJIUYECKOH CTPYK-
TYPbl MHHEDAJOB TaK¥Ke CHOCOGCTBYIOT CHHXKEHHIO HX Ko3pduuuneH-
tTa Aw. CHUDKeHHe Ay V NEHTPadbHBIX UYJEHOB Psjfa IJAarHOKJ1a3oB
NPHIKUCHBAIOT MECTHbIM HApYLUIEHHSM HX CTPYKTYpBl TIpH 3aMere-
HUY KaJbiHs HATPHEM H ANIOMHHHA KpPeMHHEM.

Hecmorps Ha Goablune xosebaHHs 3HAYECHHH Ay NJA OTAEABHBIX
pasHoCTell OMNpegeNeHHOTO KJacca MHHEpaJOB HaHM OAH30CTH HX
sl MUHEpAaJOB PAa3HOro Kjacca, CBA3aHHHBIE ¢ OCOGEHHOCTAMH HX
COCTaBa M CTPYKTYDHL, TJaBHef’liHe KJacchl MHHEpAJIoB no yOniBa-
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oo / (k- K) Puc. 66. 3aBHCHMOCTb YA€MbHOH MaccOoBOH Cpm TEN-
i JIOEMKOCTH OT NJOTHOCTH 53( MHHEpAaNoB.

Y] Fpynnst  MuHepaaos [ —c¢ GonpmoRt  cpp [or 1 10
20—¢ﬂ[ >92 xIx/(xr-K)] u manok 8, (2,5 r/cm®) (Bona, Jex, me-
? ! pHKJa3, rHOC, 3NCOMHT, Gypa, HaTpHeBas cennrpa); 11 —co
cpeauumn ¢, [or 0,6 Ao 1 kI x/(xkr K)] n 8, (or 2,5 10
>3 r/cm®) (rpadur, cepa, ByPUUT, OUPPOTHH, KOPYHA, Marl-
HeTHT, XDOMHUT, aRATHT, aurHAPHT, HeJHCTHH, KalbUHT, apa-
FOMHT, HOJOMHMT, (PopcTepHT, OJHBHH, KBapl, anpbuT, aHO-
PHT, LHMPKOH, THIepCTeH, KaflMeBasi CeJHTpa, TajHT, CHib-
177 Bug u ap), Hi—c Manok c,, [<05 k1« (kr-K)] n Goav-
moft 8,, (>5 r/cM’) (11aTHHa, 3070TO, PTYTD, cepe6po, cypPb-
Ma, BHCMYT, 0JI0BO, Melb, XKEJe30, MHPHT, apCEHONHNHT, [d-
neput, cdanepHT, KyNpHT, KaCCHTEPHT, MaccHKOT, poabdpa-
MHT, aHrae3ur, OapHT, BHTepDHT, LepyCCHT, apresTHT H Jp ):
1 ~- caMOpOIdHEIE MeTaJJbl, 2 — CaMODOAMbie HeMeTaassi,
3 — cyabQHAK, 4 — OKCHABI, § — BOJb(PaMEL, 6 — cynbdaTsl
[~ GeaBoiHble; 7 — CYJb@daTbl BOAHEE; 8 — KapGOHaThl, I — cpoi

$aTh; 10— GopaTu, [I — QTOpHAR; 12 — CHIHKATHL, 13

/4 g durpaTh, 4 — XJOpHADI

-

=
T

3.3

7
®
#'Q#M [namura
L@@ |, | ®® | YT ]
V/j 19 20 Oy, /cu3

HHIO CpeJlHHX 3HAueHW# Ay pacrnojaraioTcsi B CJAeAyIOIIHH psx: ca-
MOpOJIHEIE METaJJbl H TaKHMe JeMeNTH, Kak rpaduT u aamas
[A=120 Bt/ (M-K)], — cymsbuam  (~19)— oxcuam  (~11,8)—
®TOpUTEL H XJOpHAH (~ 6)— Kap6oHaTH (~4,0)— CHIHKATH
(~38)—cyavdarn (3,3)— nurparer (~2,1)— camopossse sJe-
MEHTHI-HEMETAMIB (ceJseH, cepa ~0,85). Onuo H3 mocaeRHUX MeCT
B 3TOM pSAY 3aHHMAIOT CHJIHKATEL. Pa3/iHuHble rpynnsl MHHepaJjoB
3TOro KJacca AajieKo He ONHHAKOBBL N0 Ay. CPaBHHTEABHO GONbLIHE

Aw HaGJIONAIOTCH y OCTPOBHBIX CHJIHKATOB, MEHbUIE y LENOYHBIX,
ellle MeHbIle y KAPKAaCHBIX H CJIOHCTHIX CHIHKATOB. Takoll mopsloK

HU3MEHEeHHSI Aw OTAeJbHHIX TPYNI CHJIHKATOB, AJdA KOTOPHIX Xapak-
TepHa (OHOHHAS TeNJIONPOBOAHOCTL, 3aBHCHT OT OCOGEHHOCTeH HX
XHMHUECKOTO COCTaBa U CTPYKTYpul. KpoMe TOro, MOXHO QTMETHTH
u Gojiee HM3KYIO TelJIONPOBOJHOCTb BOJHBIX CYJbHaToOB IO CpaBHE-
HHIO ¢ HEBOAHBIMH Da3HOCTSAMH H CJIOXKHBIX OKCHIOB IO CPaBHEHHIO
C NPOCTHIMH, 33 HCKJMOUEHHEM JbJa H Kylnputa. [locaeiHHe AMEOT
€aMy10 HHU3KYIO TeNJONPOBOAHOCTb CpeiH DKCHAOB.

TennoemkocTh., YpespHas u306apHasi MaccoBad TEIJOEMKOCTh
MHHEDAJIOB Cpm H3MeHsaeTcs oT 0,125 po 2—4 xJIx/(kr-K) u 3a-
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BHCHT B OCHOBHOM OT HMX XHVHYeCKOrO COCTama H CTPYKTyph. Tak
KaK IVIOTHOCTb Ou TaKXKe ONpejesisieTcsd HX COCTABOM H CTPYKTYpOi,
TO Ha0J/I014€TCS JOCTATOUHO TECHAA CBS3b Cpy — Oy (pHC. 66).

Ilo cpeaneMy 3HaueHHIO yjeJbHOH VAacCOBOH TEMJI02MKOCTH OC-
HOBHBIE€ KJIACCHl MHHEDAJIOB MOXKHO PacloJIOXHTb B CJAeAYIOUiHH
pAd: caMopoiHble MeTaJ ab < CyJbQHAB H HX aHAJOTH < OKCH-
apl < cyabdate < KapGoHaThl < CHIHKATHL.

MyHHVAIbHBE 3HAYEHHS Cpm AJIS KAXKJ0TO H3 HA3BAHHHX KJac-
COB VHHEpaJIOB, 34 HCK/IIOYEeHHEM CavOpPOAHEIX MEeTaJ/JIoB, 00bfC-
HAIOTCA GOJblUOH KOHUEHTpauHe#l B HHX 39JeMEHTOB ¢ BHCOKOH
IJIOTHOCTBI0O H HH3KOH yaedbHOH TemaoeMgoctbio ao 0,1 xIx/
/ (xr-K) (Bi, Hg, Pb, Th, U u ap.), a npeseabHo BBICOKHE 3Haue-
HHSl — BHICOKOH KOHUEHTpauHeli B HHX MaJOIJIOTHBIX 3JIEMEHTOB
{B, C (rpadur), Mg, Na, Si, O u ap.] co cpaBHHTENbHO GOJMBIIOH
yaeJbHOH MaccoBolt Temtoevkocteio {0,2—0,3 kx/ (xkr-K)] u oco-
GeHHO — NpHCYTCTBHeM Boxopond. CpenHAs TENN0eMKOCTh HOC/Ied-
Hero B TaspBOM COCTOSIHHH, B Tipefnenax Temnepatyp 0—200°C,
asocturaer 14 gJx/(xr-K) ¥ 3HauHTeJbHO IpEBHIAET YAEJNBHYIO
TeNJIDEMKOCTb JPYTHX Fd30B H 3JEeMEHTOB.

9.3. TENJO®HU3HUECKHE XAPAKTEPHCTHKH
rOPHbIX NOPOJ, [1]

93.1. TENIJIONPOBOAHOCTDb

Ocapounbie nopoant. [ToHHKeHHaa TeNJIONPOBOAHOCTb 3aMOJHA-
Iolelt cpelibl — [JIaBHAs NPHYHHA 3HAYHTEJbHBIX KOJeGaHHH TelJo-
(bH3HYeCKHX XapaKTepHCTHK OCAaJOYHBIX OTJIOXKEHHH, pe3Ko pasJ/H-
YaOUIHXCS TOPHCTOCTBIO, BJIATOHACHIEHHOCTbIO B 32BHCHMOCTH OT
ycJoBHH 06pa3oBaHHs, CTENEHH JHTHQHKAUHH, AHaTeHe32 H JpYTHX
oco6eHHOCTeH. 3HaueHHA TelVIOQH3HYECKHX X2ApAKTEpHUCTHK oOca-
JIOYHBIX TIOpOJ NMpHBejxeHBl B Taba1. 13.

CpeiH 0Cal0YHBIX OTJIONKEHHH IO 3HAYEeHHIO TeNJIOPH3HYeCKHX
X2paKTepHCTHK MOXKHO BBIAEJIHTb TPH IPYNIH IOPOA:

1) TeppHreHHO-TJIHHHCTBIE OTJIOXKEHHL C pe3Ko VeHsouieHcs
TeNJIONPOBOLHOCTBIO, BAPbHPYIOLUeH B 3ABHCHMOCTH OT CTENEHH JIH-
THOHKaUHH OCALKOB;

2) mJOTHHe (KpHCTa/JHuecKHe) KapGoHaTHHE, COJIeHOCHHE H
KBapUHTOBEIE TIOPOJBl C IOCTOSIHHO TOBBIIIEHHOH TEmJIONPOBOAHO-
CTBIO;

3) kaycroGHoautel (Top®, Oypble M KaMeHHbIEe YTJIH, YrJiepojid-
CThIe TOPIOYHE CJAHUBI) ¢ Ype3BBIYAHHO HH3KOH TEIIONPOBOAHOCTDIO
H BLICOKOH TeIJIOeVKOCTBIO.

B cujy Gosabliod pacnpoCTpaHeHHOCTH TeppPHTEHHO-TITHHHCTHIX
oTJoXeHHH HX TenmaoQH3HYeCKHe CBOACTRA HMEIOT pellajoujee 3Ha-
yenHe B GOPMHPOBAHHH TEIJIOBOTO PEXKHMA 3eMHOH KODHL
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Tab6anna 13. TenaonpoBOAHOCTD, TENAOEMKOCTh H TEMNEPATYPONPOBOAHOLTL

TIEPBHUHBIX OCAIKOB W NOPOj (6]

TlepBHYHKIR OCAXOK HJIH MOPORA

Kosdpunuenr
TeMmJI0NPOBORHO
cTH A, Br/(m-K)

VaeabHasa Temjo-
eMKOCTh C,

kX[ (xr-K)

Kosdduuuenr
TeMnepaTyponpo-
BOZHOCTH
a, -10-7 w’¢c

Ocadxu u obpaszosesuiuecs u3 nux ocadounvie, MeTamopguieckue nopodo

u pydey

DBpekuns
KouraoMepar
TI'paBuii cyxoft
INecuanwiit wa
Ilecox
CyXo#
BAAXKHEH
HedTeHaChILLIEHHBIH
Keapuur
AeBPHTO-TIMHUCTRIEL HJ
AneBposHT
Tavuuctuit na
TI'anna
cyxas
BJaXKHas
Apruamnr
TausACTHIA caaHer
Guanur
AcnuaHui caaHer
Tpunoaut (KHATOMMT H AHa-
TOMSITOBHIfI TpENes)
CcyXo0i
BJ1aKHKIH
TIno6sarepHHOBRIE B
Men
Hagectusk
CYX0i1
BJaKHBIH
Mpamop
JlonoMut
Mepreas
Tunc
Anrunpur
Kamennast coabp (4ncras)
Kameuunas coab
CUJIbBRHNT
Pyna
MapTUTOBast H MarHeTHTo-
Basd

MapTUTOBast  J{3KeCIHJIHTO-
BHAHAas

POTOBUK MarHeTHTO-Map-
TUTOBLIH

DOTOBUK MapTHTOBLIH
Topd
cyXoh
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0,9—3,3

1,0—-5,0
0,4

130_‘138

0,7—6,5
1,1-7,4
0,8—4,2
2,6—7,6
0,98—1,1
0,4—3,8
0,7—0,9

0,1—0,2
0,4—3.0
0,2~
o,

o

,0
0

N

[l ]
oW

O
N—Oo T

o @
Sti—xNomoRrn o=

SN o~
VLol L

f&:-CDBOCDCD-—-CDCD (=R
R I
< ppﬂm_—wm-hu}w

'S
N

4,3——4,8
0,!

0,7—0,85
1,0—2,1

6,3—11,56

13,6—20,9
5,4—15,4

3,1-6,2

3,9—17,0

7,8—12
8,2%6—16,8
3,14—13.9

{1,2—17,7

95,3
22,5



Ipodoaxenue taba. 13

03 " KosdduuHeHT
TlepBHYKLIA OCafOK HJIK NOpoAa Ti(nngfﬁﬁggﬁgl yﬂee"nlzfcfcﬂr:ecr.no Tem;z‘;a}‘,?'gr?{"pm
et A, Br/(v-K) KK [(xr-K) a, 10— m?c
BJlaXKHHI 0,5 — —
Yroan 0,1—2,2 0,9—1,5 0,7—7
I'padur 1,1—17,4 0,7 —
Maemaruneckue u 06pasosasiuuecs U3 Hux
meramopputeckue nopodet u pydel
Hyuur 1,1—1,9 0,6—0,8 7,1—8,5
Hepugorur 3,8—4,9 0,9—1,1 11,9—14,1
TTapokcenur 3,5—5,0 0,9—1,2 9,4—14,9
Cepnentuuur 2,3—-2,9 0,9—1,1 —
T'a66po 1,6—3,0 0,9—1,1 9,3—12,2
Juoput 1,4—2,9 1,1—1,2 3,3—8.,6
CHeHuT 1,8—3,0 — 5,4—7.9
I'panur 1,1-3,9 0,2—1,5 3,3—16,5
DBazanpT 0,4—3,5 0,5—2,1 3,4—13,4
Annesnt 1,4—2,8 0,8—0,82 6,2—6,4
Tpaxur 1,7—2,6 — —
O6Gcunnan 1,3—1,6 0,9—1,2 5,5—5,9
Tlemsa
cyxas 0,25 — —
BJlakHasl 0,50 — —
Hnua6a3s 1,7—3,3 0,8—0,9 5,0—12,0
Topdupur 0,7—3,5 1,7—1,6 2.6—-12.8
Ksapnesnii nopdup 1,8—-2,6 — 5,00—6,9
TermathT 2,9—3,3 — —
Typ 1,3—4,0 0,8—1,4 10,0—12,4
JlaBa 0,3—0,7 0,7—1,4 2.4—14.1
Caanen 0,7—4,8 0,7—1,6 2,9—22,5
Kprcraaandeckufi caanen 2,7—2,9 — —
THelc 04,9449 0,8—1,2 6,3—8,3
AMbuboanr 1,6—2,9 1,0—1,2 5,3—8,1
DKJOrHT 2,3—3,5 — _—
Porosuk 2,1—6,1 1,4—1,5 13,4—15,6
Ckapu 1,5—3,0 — —
Yapuokur 1—1,5 — —
Pyna
cepHHfl KoageaaH 2,4—4,2 0,8—1,3 9,9—10
MeqHmft KonuefaH 4,2 0,86—0,98 10,3—10,5
IYCToli BKPanJeHHUK NHPH- 3,3 0,6 13,6
Ta B KBapIe
wradennr-MarHeTATORAR 1,6—1,7 — 5,0—5,4
anatut-opcTePHT-Marke- 3,0—4,7 — 8,6—14,1
THTOBASH
MarmeTnTonas 2,0 — —_
MarHeTHTOBas 2,7 — —_—
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AHanns ILaHHBIX, OTHOCALLHXCS K NpelenaM H3MeHEHHS IJaB-
HeHINHX THIOB OC2J0YHHX IIOPOA, NMOKa3aJ, 4To TElJIONPOBOAHOCTh
BO3pactaeT B pAAY IJIHHBl — aAPrWIJIHTbl —~ TIeCKH — aJIeBpOJIH-
TH — H3BECTHAKH — JAOJOMHTH — KaMeHHas cojb. B stOoT pag
He BXOAAT NMecuaHukH. CaMas HH3KasA TemjaonposoiHocTs [0,38 Bt/
/(M-K)] nabmonaercs y CyXHX H BBICOKOTNODHCTBIX IleCHaHHKOB,
a caMas BBICOKAaA — y HH3KONODHCTBIX OKBApIOBAHHBIX HJH Opyle-
HeJqblX HX PA3HOCTeH ¢ OYeHb BHICOKOH KOHUEHTpauHeHd OTHOCHTE.Ib-
HO BBICOKOTEIUIONPOBOAHBIX KBapua HJH DYIHBIX MHHEDAJOB (IH-
PHT, MAardeTHT H Ap.). Hia rIHH H apruaJaHTOB OGBIYHBEl CPABHH-
TeJIbHO y3KHe Npelesbl H3MEHEHHS A H HH3KHe ee 3HAUEHHA AJA
CYXHX H BBICOKONODHCTHIX pasHocTed. IlJisi aneBpOJNHTOBR H NeCKOB
npeneJb H3MeHEHHst A HECKOJBKO IIHpe B CBA3H ¢ GOJbIIHM 1HA-
Na30HOVM H3MEHEHHA HX Kk, H MEHBbLIHM COAepXKaHHeM [JHHHCTBIX
muHepa/oB. Ilpenenbl n3MeHeHHsi A H3BECTHAKOB, KaMeHHOH COJIH
ele WmHpe (32 HCKJAOYEHHEM INIeCYaHHKOB) H CABHHYTBHI B CTOPOHY
6oJsee BHICOKHX 3HaueHHH A 3a CYeT CHHXKEHHA HX KRy H Bo3pac-
TaHHSl A TOpoA0O0pas’yIOIHX MHHepaJoB (KaJbuHTa, HOJOMHTA,
TaJjHTa).

MarmaTHdyeckHe u MeTamopduueckue nopoibl. J[/isi HHTPY3HB-
HBIX MarMaTHYeCKHX [OpoJ HaGJII0RaeTcsl CHHXKEHHE CaMBIX BHICO-
KHX H CaMblX HH3KHX 3HaueHHH A B psilly YJbLTpaOCHOBHBlE — Cpell-
HHe TNOPOAH, POCT NpeleibHO BHCOKHX H pAaCIIHpEHHE NpeiebHBIX
3HaueHHA y cHeHHTa U rpaHHTa. i cHeHHTa 3TO O0OObsCHsETCH
TOBBILIEHHEM KOHUEHTpauHu Oojiee TEMJIONPOBOJHHX MHHEpaJOB
(xanHeBBle TOJIEBBlE IINATHl H poroBas o0MaHKa), a Jud rpaHHTa —
KBapua.

g cnabon3meneHHbix 5@ y3HBHBIX NOPOJ XapakKTepHH CyxKe-
HHe TpeJesioB H3MeHeHHs Ko3Q(HLUHeHTa TelJONPOBOAHOCTH, CHH-
KeHHe MpelesbHO BBICOKHX 3HAueHHH H3-32 HaJHUHA B COCTaBe
3THX NOpOJ mHpOKceHOB (cM. Taba. 13). I'opasno OGoJdee HH3KHE
3HaueHHd A y OGCHAMAHA H TeM3Bbl, COLEpPKAUHX MHOTO KpeMmHe-
KHCJIOTBI, 00BACHAIOT HX aMoppuoi cTpykTypoi. [Ipeseabno masbie
3HAUEHHA A Y BBICOKOMOPHCTHIX 6a3a/bTOB 3HAWHTEJIBHO HHXKe, UeM
y anpesuta H obcuamaHa, HecMoTps Ha BBICOKOe CORepXKaHHE
KpeMHe3eMa OGCHIAHAHBI, a TakKkKe IIeM3bl He HMeIOT BBICOKHX 3Ha-
YeHHH A H He TOJIBKO H3-33 BBICOKOH NMOPHCTOCTH, K4K Y NEM3bl, HO,
M H3-32 HH3KOH TeIUIONPOBOAHOCTH CTeKJOBAaTOTO KBapua, y KOTO-
poro A He npeseiaer 1,34 Bt/ (M- K).

[Ipesensyo BHiCOKHE 3HAYEHHS A ¥ CHALHO H3IMEHEHHBX 3PPy-
3HBHBIX TOPOX CHHXKalOTesl OT nxabasa K KBapuesoMy nopdHDpY,
a mpereJbHO HH3KHe 3HAYEHHA BO3PAcTalOT B TOM K€ HalpaBJeHHH.
Huskue snauenns A y n1Habasa u Nop@HpHTA CBA3LIBAIOT ¢ KpHCTAJ-
JoamoppHO#t CTpyKTypoli sTHX mopox. OTHOCHTEJNBHO HEBBICOKH
3HayeHHs A y KBapuesoro nopdupa, nocKoJbKy JaHHAs IMOPOAa CO-
nepXHT a0 66% MHHepaJoB (OpToksnasa, OJHrOKJAas3a, OHOTHTA),
A KOTOpBIX 3HAUHTEJbHO HHXKeE, YeM y KBapua.
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Miorne THIE MeTaMOpPGHYECKHX NOPOA OT/IHYAIOTCA LIHPOKHMH
npeneaMH H3MeHeHHsL ) (0cO0eHHO y DOTOBHKOB H KBapUHTOB).
Hckiouenne cocTaBJAAIOT HEKOTOpPBIE KPHCTANJHYECKHe CJIaHILEL,
CepNEHTHHUTH H 9KJOrHTH. OueHb HH3KHe 3HAYeHHS A AJIs TJIHHHC-
THIX CJIZHIEB H O4YeHb BHICOKHE AJIf KBAPUHUTOBR OGBACHAIOTCA OCO-
GEHHOCTAMH HX MHHepaJIbHOro coctara. I JIHHHCTHIE CaHUBI Xapax-
TEPH3YIOTCA BHICOKOH KOHUEHTpalHeH IVIMHUCTHIX MHHEPAJIOB ¢ HH3-
KHMH 3H2YEHHAMH A, @ KBapUHTH — OOJBIIHM COAEpPKAHHEM KpeM-
He3eMa, NPHYEM 3J1eCh HAXOAATCA B  PasjHYHOM COOTHOLIEHHH
KBapu, Onaj M XaueloH, MO-BHAHMOMY, C Pe3KO OTJIMYHBIMH 3Ha-
yeHHAMH A. KospduuHveHT MOpHCTOCTH ITHX NMOPOA HEPELKO HMeeT
oueHb HH3KHe 3HaueHud. g pya A usmensercs om 1,6 no 4,9 Bt/
/(M-K), n 3TH 3HaueHHs Gu3xH X A HU3KOMOpHCTHX mopox [1].

9.3.2. TENMIOEMKOCTb

M nopoxa ¢p,m Bapbupyer ot 0,42 (u3mectHsx) xo 4,65 (xameH-
naa coap) kIk/(xr-K). Hua oraejpHBIX 3Ke Tpynn TOpOA OHa
H3MeHsieTcs caeayomum obpasom: ot 0,42 po 4,65 (ocapounnle),
ot 0,45 no 2,13 (marmatnuecxue), ot 0,3 no 1,72 (meramopduue-
ckHe). Haubosapliufi AnanasoH Cpm CpeAH OCAAOYHBIX NOPOJ HMEIOT
KaMeHHAas COJIb, TIECUaHUKH, MeJl, H3BECTHAKH H IJIMHHL, 2 HauboJee
Y3KHH — QHTHAPHTH, THICH H apruiutel (cM. Tabua. 13). [llnpokue
Tipefiesibl W3MEHEHUs Cpm XAMEHHOH COJiM TOKa yAOBJCTROPHTEJLHO
He 00bsiCHeHBI, @ aag OOJNbIIHHCTBA ApyrHX OCaJOUYHBIX MOPOX HX
CBA3LIBAIOT ¢ OoJbIIOR Bapuanue#t HX KO03PHHUHEHTOB NOPHUCTOCTH
H BJ2XHOCTH. UeM BHIllle 3HAueHHA MOCAEAHUX, TeM OOJIbLIE Cpm.

B mupoxux npenesnax BapbHpYeT Cp, 0a3a1bTOB, TAX Kax BJAXK-
HOCTb HX 3HAYUTEJBLHO H3MEHHETCH; Cpm BCEX OCTAJbHBIX Marmary-
YeCKHX NOpOJ, 32 HCKJAIOUeHHeM TIpaHuTa, ykJaaiaeBaerca B 0,5—
1,2 xJx/(xr-K). OtHocHTe/nHO HebosblIas BapHAUUA 3HAYEHHH
Cpm MeTamopduueckux nmopoj oO6yc/OBJE€Ha MalblM H3MEHEHHEM HX
BJaXHOCTH. TemnoemMKoctb pya ropasgo Menbiie [or 0,6 10
1,3 xJIx/(xr-K)], uem mopox. TensoeMxoCTh NOpOA HE 3aBHCHT OT
HX 3€pHHCTOCTH, CJIOHCTOCTH, COCTORAHHA (aMOpPHHOCTH HJIH KpHCTAJ-
JIHYHOCTH) MMHepaJoB.

9.3.3. TEMREPATYPOTIPOBOJHOCTDb

Jns oTHenbHHX TpyII H THIOB NOPOJ OHA H3MEHSeTCA B Ipe-
penax (2-+-20)-10~7 m2/c. 3HaueHHd a MOTyT OBITb OUEHEHBI 1O A,
€, 1 6. TeMnepaTyponpOBOZHOCTD Py ropasjo MeHbIIe.

9.4. TENJIOBbIE CBOMCTBA MPH PA3JIHYHbBIX
TEPMOBAPHYECKHX YCJOBUSX [1]

Bausuue Temnepatypel. TensoNpoBOAHOCTb INOPOJA CHHKaeETCH
C POCTOM TeMIlepaTtypbl H 0COGEHHO CHJIBLHO A0 Temneparypel 200—
427 °C. Y HeXOTOpHX NOpOA (OJHBHHHT, T'PAHHT, AMOPHT) HpPH A0-
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CTHXXeHHH MHHHMAaJpHBIX 3HaYeHHH C yBeJHYEHHeM TeMmepaTyph A
HeCcKoJIbKo BO3pacTaeT. MHHHMYM TeIIONpPOBOLHOCTH 0GLIUHO COB-
najaerT C HauaJoM IJaBJeHHA Nopox. HeoauHaxkoBoe mnoBeleHMe
IpH HATDEBaHHH, HaNpHMED, TaKHX GJH3KHX IO COCTaBY pas3HOCTEH,
Kak rpaHdT H oOcupHaH, OObACHAIOT pasjHYHEM HX CTPYKTYpHL
ITopoas nensit Ha TpH rpynnsl: KpHCTAMJIHYECKHE (IpaHHT, AHODHT,
SKJOTHT H Ap.), amopdHbie (o6cuaHaH) H C KpucraioMopdHO#
ctpykrypofi (nnabas, nopduput u apyrue) {1]. ¥ nopox c xpucrax-
JIHYeCKOH CTPYKTYpOH TelJIONpOBOAHOCTb 00ycC/IOBJjieHAa paccesiHHEM
(G OHOHOB Ha KpHCTAJJIMYECKHX 3epHaXx M ApYT Ha Jpyre. [locaenHui
npouecc 06bAcHAET 3aBHCHMOCTL A=[(ho/T), Tle ho— 3HaAueHME A
npu 20°C.

Jast aMopdHHIX HeyNOpAAOYEHHBIX NO CTPYKType NOpOA TEIIO-
Iepenaya OTHOCHTCA K CJAy4aHHBIM NpoueccaM H A=[(T).

Huaa mopoa ¢ KpucrasioamoppHO# CTpYKTYpol xapakTepeH Me-
XaHH3M Telionepenauu OOLIUHHHA Kak JJs KPHCTaJdJHYeCKHX, Tak
H aad amop®HBIX Tes. B CBA3H ¢ 3THM Ha HX TelJONPOBOXHOCTH
NpaKTHYECKH He BJIHAET HJH ¢1al0 BJHsieT TeMIepatypa.

TeMnepatyponpoBOAHOCTL TagaeT c¢ poctoMm 7. JTtoT Tpouece
o0bMeH A/ TOpOJ C KpPHCTAJJJIHUYECKOH H B MeHblueH cTeNeHH ¢
KpHCTa/MloaMOpP(PHOA CTPYKTypoH; OH HOYTH He Halaiomaercs y
yHcTO aMophHBIX pasHocTed. O6beMHasy TelIOEMKOCTb NOPOA YBe-
JHYHBAETCA NIPH HX HarpeBaHHH Ao TeMmuepatyph 850 °C.

Bausnue pasjenus. TenJonpoBOJHOCTE YBeJHYHBaeTcs € poOC-
TOM JaBJleHHsl, TIpHYeM MAaKCHMaJbHEIE €€ H3MEHEHHS OTHOCATCS
kK jgasjeHuam ot 0,1 no 10 MIla. B nanpHefilueMm xoadpdHuueHT A
MaJjio H3MeHSIeTCA HJIH COXpaHsleTcsl TIPaKTHYECKH IMOCTOSHHBIM.
Ilpennonaramort, YTO pocCT €BA3aH ¢ YIJIOTHEHHEM KOHTAKTOB MEXIY
3epHaMH, TaK KaK Nocje CHATHs NaBJeHHs A CTaHOBHTCA Bhlle
miepBoHauaJbHoro {6]. TemmepaTyponpoBOAHOCTb pacteT ¢ AaB-
JIEHHEM.

95. CBA3H TENJIOBBIX H APYIUX XAPAKTEPUCTHK

J1s1 mecyaHO-TIHHHCTHX NMOPOJ YCTaHOBJAEHH ofpaTHHE KOoppe-
JISIHOHHEIE CBSI3H MEXKAY NpOH3BeieHHeM KO3pduuueHTa A Temio-
NpOBOJAHOCTH Ha NapameTp Pn NMOPHCTOCTH H KO3hPHuHEHTOM Ry
nopucroctd (pHc. 67).

I'padHk 3aBHCHMOCTH A OT MaccOBOH IVIHHHCTOCTH AJIA necya-
HOH NOPOAbl — 3TO KpHBAf THIepOOJIHUECKOTO BH/a; Cllaj 3HAYCHHH
A ¢ POCTOM CONEpPKAaHHs IVIHHHCTOTO UEMEHTa OOLACHSETCA Pe3KHM
yBEeJHUCHHEM HEIJIOTHBIX KOHTaKTOB MEXAY BHICOKOAHCIEDCHHMH
IIMHACTHIMH YacTHUAMH TIOPOJ, YTO MpPHBOAHT K pOCTY HX TemJio-
BOTO CONIPOTHUBJIEHHS.

J1s mecyaHoO-TJIMHHCTHX H JAPYTHX NOPOA H3 OTpefeseHHBIX
OTJIOXKEeHUI HaiaeHnl NpsAMble KOppelsuHOHHBIE CBA3H: MEXKAY A
H 8, AHcy, Au E. [lo ycTaHOBJeHHbHIM YDAaBHEHHAM, NO3BOJAIOLHM
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Puc. 67. Cpsasb npouaBefenys Napamerpa Py HOPHCTOCTH Ha Xo3dduuuenr A
TenMoNPOBOAHOCTR ¢ K03 ¢duIUHEHTOM kn IIODHCTOCTH MUl IIECUAHHKOB H rpPayBakK
{no sxcnepuMenTasbunM nagHuM X. Llupddyca u I, Bau-pep-Baura).

TlecuaHurH [ — KBapueBhle, 2 — MOJEBOIINATOBHE, § — ¢ HEH3BECTHRIM MHHepaJLHLEIM COCTd-
8oM, 4 —cy6rpayBakka, 5 — MUrpHPYIOL[He IeCcKH, 6§ — KBapuUHT

TIO/IyYHuTh, HAIpHMEp, 3ABHCHMOCTH Koa(dHuUHeHTa TeNI0NPOBOAHO-
CTH MAaKCHMaJbpHO BJaxXHOH H IVIOTHOCTH CyXOH NOpPOAH OT K03d-
(pHuHeHTa NOPUCTOCTH, MOXKHO IIYyT€M HX COBMECTHOIO pelleHHA
HaliTH KOppelAnHOHHYI0 3aBHCHMOCTb A OT 8. AHaJIOTHYHO NOJYyYaloT
KOppEJNANHOHHEE ypaBHEHHA H IJA 3aBHCHMOCTeH A(cv) u A(E).
‘—Iepes TOPHCTOCTL yCTaHABJAHBAIOTCA TaK>Ke KOPPeJAUHOHHHE CBA-
3H ¢ HEHTPOHHHIMH CBOHCTBAMH TOPDHBIX NIIOPOA.

TemnepatyponpoBoxBOCTh TOPHBEIX IIOPOA YBeIHYHBAeTCA C pPoC-
TOM TNADTHOCTH; Kak PYHKILAR BAAKHOUIA OHA AMETT MAKRTEAMYM.
cHayana pacTetT C yBeJHYEHHEM ® (B CBA3H € DOCTOM A), 3aTeM
TIOHHXaeTCAd (BCJEACTBAE DOCT2 TEIJIOEMKOCTH NOPOA NDH 3HAUHM-
TeNbHOH BJIaXKHOCTH); HECKOJILKO yMeHbIIAeTCa NPH HebTeHachlIle-
HUH BOJOHOCHOH IOpoAbl H CYUIECTBEHHO YBeJIHUHBAeTCs IpH ee
ra30HacCHIEeHHH.

KOHTPOJIbHBIE BOITPOCHI

1. KakoBu MexaHu3Mhbl IepeHOCa Telllla B TOPHEIX IIOPOAAX B
cHcTeMe CKBaXKHHA — MJ1acT?

2. HasoBute ocHoBHBEE TelJOGH3HUEeCKHe XAPAKTEPHCTHKH rop-
HBIX IIOPOJ. KaxoB ux (bHBH'—IeCKHI"’I CMBICJ, KaKH€ IIpoueCChl OHH
XapaKTepH3yoT?
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3. Hafite nerpodusnyeckOe 000OCHOBaHHE KOPpEJATHBHEIX CBS-
3ell MexXJy TENJIO(pH3HYECKHMH XapakTepHCTHKaMH TOpDHEIX NO-
poa Hu:

a) ynaeJbHBIM 3JEKTPHUYECKHM COIPOTHBJIEHHEM;

6) eCTeCTBeHHOH paAHOAKTHBHOCTBIO;

B) HEHTPOHHEIMH XapaKTEPHCTHKAMH TOPHHX NOPOJ;

r) YOPYTHMH CBOHCTBaMH HODOA.

10. ECTECTBEHHAS PALUOAKTUBHOCTD

[1puMenenne spepHO# PU3HKH B HAyKax 0 3eMJje XPOHOJOrHYe-
CKH CJlelyeT HENOCPEeJCTBEHHO 34 OTKPHITHEM paRHOAKTHBHOCTH
ypaHosux muHepaJoe. [lo caoram B. M. BepHanckoro, «OTKpHITHE
ABJI€HUS pajHOAKTHBHOCTH, IO CYWIECTRY, GBUIO HE TOJBKO OTKpHI-
THEM (H3HYECKHM, HO H OTKpBITHEM TreOJIOTHYecKHM... OHO 6BLIO
OCHOBAHO B KOHUe KOHIOB Ha H3yYEeHHH ypaHOBbIX MHHepaJsoB. He-
MelJIEHHO MHp MHHEpaJioB OBLT OXBaueH B 3TOM HaNpaBJcHHH pa-
60toit (PHU3UKOB, MHHEPAJIOTOB H XHMHKOBY.

3unaunrtenbHas AHDdepeHyHanHsA TOPHEIX NOPOJ IO eCTeCTBEH-
HOH pAajMOaKTHBHOCTH sIBHJAaCb OCHOBOH GECKEDHOBOIO H3YyUeHHS
FEO0JIOTHYECKOTO pa3pe3a CKBaXHH IO JAHHBIM raMMa-MeTonRa
(I'M) B HHTerpaJbHOH H CIEKTPOMETPHYECKOH MoaubpHKAHX.

PanHOaKTHBHOCTH TOpPHBIX NMOPOX H3YYaiOT JJisl pelUIeHHUs cJjle-
AYIOUIHX 3a]ay:

1) ycraHOBRJEHHst NpeleJOB H3MeHEHHsi raMMa-aKTHBHOCTH JIH-
TOJIOTHYECKH DAa3JIHYHBIX NOPOJA C HEJIbIO KOPpEeJsiiHH HEeMBIX TOJILY
H kjgaccHOHKAUUH NOPOJ IO MHHEpPaJbHOMY COCTARY;

2) BBIsICHEHHsI 3aKOHOMepHOCTell H3MEeHEeHHA raMMa-akTHBHOCTH
H COJEepXKaHHs paAHOAaKTHBHBIX 3J€MEHTOB B 38BHCHMOCTH OT IJIH-
HHCTOCTH B OTJIOKEHHAX C ONLHHAKOBHIM MHHEpPaJbHBIM COCTaBOM
TOHKOJHCIEePCHEIX G paKuHi;

3) pEeKOHCTPYKUHH YCJOBHH OCaJKOHAKOIJEHHs NOpOJ H BHfC-
HEHHsl UMKJHYHOCTH IIpOmeccoB HX 06pasoBaHHs (JAHTOJOrO-TeHe-
THYECKHH aHaaH3);

4) BbiACHeHHs CBsi3edl KOHUEHTPAUHH paJHOAKTHBHHIX 3JIeMeH-
TOB ¢ panuajbHO# XapaKTepHCTHKOH OTJOXEeHHH H TeKTOHHUECKHM
Pa3BHTHEM CTPYKTyp, GJArONpHATHBIX JAJA CKOIJIeHHs HedTH H
rasa,

5) BbIsICHEHHs1 B3aHMOOTHOLIEHHS! PaJHOAKTHBHOCTH TMOPOJ C HX
reOXHMHYECKHMH OCOGEHHOCTIMH: JOJOMHUTH3auHeHl H3BECTHSKOB,
GUTYMHHH3aUHEeH TIOPOJ H PaAHOTeOXHMHUYECKHMHM 2HOMaJHAMH B
sone BHK;

6) yCTaHOBJEHHs KOppeJAUMH MeXAYy paAHOaKTHBHOCTBIO Ka-
JHeBHX H GochOpHBIX pyA H COJeplKaHHeM B HHX KajHa d doc-

dopa,
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7) H3yueHHS CBA3H TraMMa-akKTHBHOCTH Dy PaJHOAKTHBHBIX
3JIeMEHTOB C COJlepXKAHHEM B HHX ypaHa, pajiHsd H TOpHA IJd Oll-
peleJieHHs THIIOB PYIH.

Cpenn ocalOuHHX TOPHBIX NOPOX HaHMeEHblIyI0 ramMma-aKTHB-
HOCTb MMEIOT aHTHADHTEl, THICH, KBAapUEBHE IeCYUAHHKH, YHCTHE
(HerTHHHCTHIE) Pa3HOCTH M3BECTHAKOB, HAHOGOJLLIYVIO — TVIHHHCTHE
MOJIHMHKTOBHE TI€CYAHHKH, [JIHHE, KaJHiHbE OCaIKH.

OcnoBroe HnasHaueHHe I'M B HedTera3onpoMuiCJOBOH  reoJo-
THH — KOJIMUECTBEHHOe ONpejesleHHe COJEePXKAHHH KaJHd, ypaHa H
TOpHA (cnekTpoMeTrpHueckas Moaudukauus M) u cymmapHoro
COZEPKAHUA PAJHOAKTHBHEIX 3JEeMEHTOB (HHTerpa/ibHaf moxudu-
kauHa 'M). Ha stoM ocHoBaHa BO3MOKHOCTb ONpeAeseHHs TJIH-
HHCTOCTH, HAEHTH(HHKANHH MHHEPAJBHOrO COCTaBA [JIHHHCTOIO Ma-
TepHaja, OLUEHKH COJAepXaHHsS OPraHHYECKOTO BellecTBa, H3yUeHHH
yCJOBHH OCaJKOHAKOIVIEHHS € ITIOMOLIBIO JIHTOJIOTO-T€HETHYECKOTO
aHajusa. Buicokas merpodHsHueckass HHPopMaTHBHOCTE I'M 06yc-
JOBJIeHa 0Co00H pOJIBIO TVIHH H KOHKPETHBIX [VIHHHCTHX MHHEpaJoB
B (DOpMHDOBAHHH 3ajexeH yIJeBOJOPOAOB, ONPEACJSIONINM BJaUL-
HHeM TJIHH Ha (UABTPAUHOHHO-eMKOCTHHE CBOHCTBA KOJJIEKTOPOB.
B ckBaxKHHaX, 3aIOJHEHHHX COJIEHOH T POMHBOYHOH >XHAKOCTBLIO,
korna xpupasa CII caabo auddepeHuupoBaHa, TJHHHCTOCTb He/lb3s
onpenenHTb 6e3 yyera pannex I'M.

[lerpodnanueckne OCHOBH METOJA €CTECTBEHHOH pAagHOAKTHB-
HOCTH BKJIIOUAIOT B ce0i TeOXHMHUECKHe 3aKOHOMEDPHOCTH pac-
npeaesieHUsT eCTeCTBEHHO-PAaAHOaKTUBHHX 31eMeHTOB (EP3) H p H-
3HUECKHE 3aKOHOMEPHOCTH TeHepauHH H PacnpoCTPaHeHUs ram-
Ma-H3JyueHHs. B TOPHHX TICPOAAX.

10.1. 3AKOH PAJHOAKTHBHOI'O PACITIAJA
H PAHHOAKTHBHOE PABHOBECHE

EcrecTBeHHast pajgHOAKTHBHOCTb NpeAcTaBJsgeT cobol camomnpo-
W3BOJIbHHH, NOAUHHEHHHH ONpele/SeHHOMY CTaTHCTHYECKOMY 38KO-
Hy pacnaj HeyCTOHUHBHIX silep aTOMOB. PaaHOakTHBHHH pacnaj
TIPHBOJAHT K H3MEHEHHIO CTPOEHHS, COCTaBa H 3HEPrHH SINEpP H CO-
NIPOBOXKAAeTCH HCIYCKaHHeM - H (-UacTHU HJH 3aXBATOM 3JEKTpO-
Ha u3 K- uan L-060J0YKH, KODOTKOBOJHOBHIM H3/YYEHHEM 3JIEKT-
POMarHuTHOH npHpoAH (y-H3JydeHHe). Ilpn 3TOM NMPOHCXOAAT BHI-
IeJieHHe PajfHOTEHHOrO TeNJaa, HOHH3auds TrasoB, JKHIKOCTEH H
TBEPAHX Tell.

B npHpOAHHX YC/JIOBHSIX OTMeuyaeTcs TaKXKe CIHOHTaHHOe JeJe-
HHe TaxeablXx figep. OCKOJKH JesieHHs MOTyT 06pasoBHBATb TPEKH
H JedeKTsl B KPHCTAJNJIHUECKOH CTPYKType MHHEPaJOB.

[ockoabKy o- H B-uacTHUH B BemieCTBe HCIHITHIBAIOT CHJIbHOE
KyJIOHOBCKOE B3aHMOJeficTBHe H 06JajaloT OueHb MaJOH NPOHH-
Kamomiefi CnocoOHOCTBIO, B pagHOMeIpHH He(TEerasoBBIX CKBaXKHH
HCIIOJIB3yeTCsl TOJBKO Y-H3JydeHHe. ['aMMa-KBaHTH PaCHpOCTpaHs-
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IOTCs B BelleCTBe CO CKOPOCTHIO CBeTa ¢, 06/afant sHeprueii E=
=hv 1 uMmnyibcoM p=E/c, rie v — 4acToTa 3/]eKTPOMATHHTHEIX
kosaebanufi; i — noctosgHas [1nanka.

3aKoH paAMOAKTHBHOTO pAacnaja ecTeCTBeHHBIX H HCKYCCTBeH-
HBIX pajHoakTHBHHIX sfep (J. Pesepdopa m ®. Coamu, 1902 r.)
ONHCBIBAET 3aBHCHMOCTb MeXJAY KOJHYECTBOM pacnajamlliuxcs H
MMEIOIHXCA PafHOAKTHBHBIX aTOMOB. B Aubdepennnansuoit dopme
OH HMeeT BHA:

dN/dt =—AN, (10.1)

rie dN —uHc/0 pacnajarmoumuxcs sgep H3 obuiero koaudectBa N
3a BpeMmsa df; A — IOCTOAHHAs, XapaKTepH3yIOIlas CKOPOCTh pacha-
Aa AaHHOTO ajeMeHTa. Beanunna A=AN omnpenesnseT yHcIO pac-
NajoB B eAHHHIy BpEMEHH M HA3bIBAETCA A KTHBHOCTE IO.

[Tocne MHTerpHpOBAHUA TMOJYYaeM IKCIOHEHHHANBHBEII 3aKOH
H3MeHEHHs! KOJHYeCTBAa DPAJHOAKTHBHEIX aTOMOB BO BPEMEHH:

N () = N, exp (— Af), (10.2

rae No—— 4uC/I0 aTOMOB B HAYaJbHBIA MOMEHT BpeMmeHH (Ha4aglo
pacnaaa npu £=0).

KpoMe nocrosHHOA pacnaja A IpH ONHCAHHH sIBJEHHH pagHo-
AKTHBHOCTH LIHDOKO HCIOJb3yeTcs HepHOR noaypacnmaja 7, —
BpeMs, 3a KoTopoe Ny y6riBaeT HanomnoBHHY. C NocTOsSHHO# pacna-
pa Ty cBsizsaH cooTHoweHHeM T,,,=0,693/A. dyHpaMeHTanbHOE
CBOHCTBO NOCTOSIHHOH pacnaja A — He3aBHCHMOCTbL €e OT KaKHX-
au6o npHpoAHBIX ¢aKTopoB (TepMOGapHUECKHE yC/AOBHSA, H3MeHe-
HHSl HalpsiKeHHocTed Qu3uyeckux moJe#t). [lostomy neproa noday-
pacnaga ciayxuT a6coJIOTHOH Mepoll AJHTENbHOCTH TeOJOTrHYECKHX
NpoleccoB (3TO CBOHCTBO HCNOIb3YeTCA B ANEPHOH reoXpOHOJIOTHH).

Cpenn MHOTOUHCJAEHHOH TCPYNNBl €CTECTBEHHBIX pajHOAKTHBHEIX
3/7eMeHTOB HAHOONbIUHHA HHTepec IpeJCTaBISIOT H30TOMBl TSKeBIX
37eMeHTOB (23859U, 23%g,U, 2°25Th), KOTOpBHlE HCIBITHIBAOT B pe-
3yJpTaTe o- H B-pacmaja MHOMOKpATHbIE NOC/eI0BaTeNbHBIE Ipe-
BpallleHHs, 06pa3ys pajHOaKTHBHble DSAB, CeMeHCTBAa, BKJIOYAIO-
mue n0 15—18 usoronos. OcrafpHBle PaJHOAKTHBHBIE 3JEMEHTHI
(*°10K, 87Rb u Ap.) 06/1aRalOT OAHOAKTHBIM PAacmajoM H pPsIOB
He 06pasyror.

PojponayaJpHHKH TpPeX ecTecTBeHHBIX pPARHOAKTHBHBIX PsIOB
(ypaHOBOro, aKTHHOYDAHOBOLO, TOPHEBOTO), HJH MaTepHHCKHE
3/7eMeHTH], HMEIOT BepOATHOCTh pacnaja, BO MHOLO paz MEHBIUYIO
BEpPOSITHOCTH DAacnaja KaxAoro Noc/Jefywollero jouyepHero 3JjeM2H-
Ta: A <A KA; K. . . Khn. [IpH pacnase 3/eMeHTOB B pajHOAKTHBHBIX
psilax BO3HHKAeT COCTOsHHe DPAaJHOaKTHBHOrO DPaBHOBECHS, KOrAa
yHCcia pacnajamoliHXcs aTOMOB B €AHHHIY BpeMeHH IJf KAaXA0ro
H30TONA PABHEL

PapuoakTHBHOe pPaBHOBecHe ONpelenseTcs BhipaxeHHeM A(Ni=
=hNys=AsN3=...=hnNn, DpHueM BpeMs Hepexofa B 3TO COCTOf-
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HHe OLEHHBAETCH KaK AeCATHKPATHBLIA NepHOA Mojypaclafa CaMoro
LOJITOXKHUBYIUEr0 AOQUEpHEro 3jeMeHTa COOTBETCTBYIOLIEro ceMel-
CTBA.

B pesyapraTe mpoueccoB BbIeNAYHBAHHA H 3MaHHPOBAHHS B
NPHPOAHBIX YCAOBHAX COCTOAHHE DAAHOAKTHBHOIO DaBHOBECHS MO-
KeT , Hapymarscs. JT0 HaHGOJee XapaKTepHO AJsi yPaHOBOro ce-
me#cTBa, rae BoiHOC U H Ra npoucxoAut ¢ pasiuyHOi HHTEHCHB-
HOCTBIO M OTMeyaeTCsi HHTEHCHBHOe yRajleHHe 3MaHalWH Rn.

10.2, TUTTIbl BBAUMOJENCTBUH
FAMMA-KBAHTOB C BEHIECTBOM
H UX METPOPU3HUUYECKAA HH®POPMATUBHOCTb

Mepo#t B3auMopmeHcTBHS raMMa-KBAaHTOB (Kax H APYTHX yac-
THL) C BellleCTBOM ABJSIOTCH 3h(DeKTHBHbIE ceueHHs B3aMMOIeHCT-
BHA — MHKDOCKOIIHYeCKOe H MaKpocKomHyeckoe, MHKXpPOCKOT H-
HeCKOe CedeHHe ONpefenaseT BepoOsiTHOCTh B3aHMOREHCTBHA
ONLHOH qacTHIbl ¢ APYrofl 4acrHie#l — MHIIEHBIO (SAPOM, 3JeKTpo-
HOM, aToMOM). MakpockxonmHYecKOe ceyeHHE — 3T0 Bepo-
ATHOCTh B3aHMOAEHCTBHS YacTHIBI C eRHHHIEeH 006beMa BellecTBa;
OHO paBHO IPOH2BEAEHHIO MHKPOCKONHYECKOrO CeueHHs Ha YHCJIO
MHIIeHell B efHHHUe oGbeMa. MaxpoceueHHe /s raMMa-KBaHTOB
0GBIUHO HA3BIBAIOT JHHEHHBIM KO3(DdHIHeHTOM ocaabieHus H 060-
3HAyaT {.

'aMma-u3fiyyenne ocnabJisgeTcss B NOPOoAax BeaeAcTBHE: (OTO-
atpdexTa; xoMuToHoBckoro 3 ¢exta; obpasosanus nap; GoTosRep-
HBIX B3aUMOAeHCTBHH.

[Ipu doroaddexre (puc. 68) ramMma-KBaHTHI B3AHMOACHCTBYIOT
C 3JIeKTPOHHOH 060704YK0il aToMa. Bo3HHKaKIHE (POTOJNEKTPOH
YHOCHT 4acTh 3HEPrHH ramma-usayuenus E=hv—E, rae Eo—
SHeprHs CBfI3H 3JeKTpoHa B arome. [Iponecc uaer npu E He GoJjee
0,5 MsB. B pesyasrate {orosbdexta TakkKe BOIHHKAET PEHTre-
HOBCKO€ H3JIydeHHE.

Muxpockonuyeckoe ceueHHe (ortosddexTa 3aBHCHT OT 3HEPrHH
raMma-KBaHTa H NOPAAKOBOr0 HOMepa Z 3JieMeHTa

Oy =12,1E-#13Z%8 [Gapn/aToM].

CH/bHasl 3aBHCHMOCTh OT Z TO3BOJSIET HCNOAL30BaTh (oroat-
(deKT ANA KOJHYECTBEHHOTO OIpefle/ieHHS COAep:KaHIi TAXKeNbIX
9JeMEHTOB B TOPHBIX HOPOAaX (PEeHTreH-pajHOMeTPHUYECKHA H ce-
JEeKTHBHBIH raMMa-raMMa-MeTOAb).

[Mpu komnrToHOBCKOM 3 derTe ramMa-HajgyieHHe B3aHMOAEHCT-
ByeT C 3JeKTPOHaMH, IepefaBast HM yacTh SHEPTHH, H 3aTeM pac-
NpocTpaHseTcss B COPHOH IOpOAe, HCIBITHIBAs MHOIOKpaTHOE pac-
CesTHHE C H3MeHeHHeV IepBOHaya/JbnHOIO HalpaBJeHHS ABHKEHHS.
ATOT mpouecc BO3MOMKEH INIPH JIOOBIX 3HEPrHAX raMMa-KBaHTOB H
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Puc. 68. Ocnomme THNBE B3auMOAEACTBUA TaMMa-u3ayueHus ¢ BeulecTBoM (a) H

JNanasoHH 3Heprufi M aTOMHHIX HOMEpPOB, B KOTOPHX OHH TnpospisioTcd (6)
(MATAT3, 1976 r.):

1 — porosddekr, 2 — KOMITOHOBCKOe paccesinne; 3 — 3ddexT OGPa30BAHHA 3JEKTPOH-IO3H~
TPOHHBIX Tap

ABJNsdeTcs OCHOBHHIM npu 0,2<<E<3 M3B, T. e. uMeHHo B o6nacTH
CIleKTpa MNEPBHYHOrO H3JYUEHHS ecTeCTBEHHO-paJHOAKTHBHBIX 3Je-
MEHTOB,

Ilponecc o6pasoBaHus 3JeKTPOH-NO3HTPOHHLIX TIap, BO3HHKAIWO-
1 HX 43 (HOTOHOB B IOJe fAAep aTOMOB, HaHOO/iee BepoATEeH AAS IO-
POA, ColepXKallHX TAXKeJble 2JeMeHTH (CM. puc. 68,6) mpu 3Hep-
rusx He Menee 1,02 MsB.

Taxkum o6pasoM, NpH pPa3JIHUHBIX SHEPrHsSX raMMa-KBaHTH B3a-
HMOJeHiCTBYIOT IPEHMYIIeCTBEHHO ¢ DAa3JHYHBIMH MHILUEHSIMH: aTo-
MaMH, 3JeKTpOHAMH, aTOMHBIMH Si1paMH.

B o6aactu sHepruil, rie HauGoJee cCyllecTBEHHB KOMITOH- H
doroadpdextr (cM. pre. 68,6), noNHOE MaKPOCKOIHUECKOe cedeHHe
B3auMOeficTBusa (MHHeHHH Ko uuuenT ocaabaenns)

= g+ B = Py (14 pg/p), (10.3)

TAe Px=MN.0x — MaKpoceueHHe KoMnToH-abderra; n. — yucio jex-
TPOHOB B elHHHIE OObeMa.

Iaa moHosneMeHTHOH cpennl he=8NasZ/A, rae Na— uucio
ABoragpo; A W Z-— MaccoBOe YHCJAO M TNOPAAKOBBIA HOMep; & —
IJOTHOCTh. [IOCKOJIBKY yC/AOBHe YCTOHUHBOCTH daTOMHBIX sigep (yc-
JIOBHE HACHIIIEHHS AnepHBIX cHx) tpebyer, uto6pl A=N-+P=~N+
+Z~27Z, (N~Z) (tne N u P—uHCJla HEATPOHOB H IIPOTOHOB B
aape), 10 Z/A=0,5 He3aBHCHMO OT THNA 3JeMeHTa (eIHHCTBEHHOE
HCKJIIOUEHHe COCTaBAseT BOAOPOA).
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Taxum 00pasoM, TIpU KOMNUTOHOBCKOV pacCesHHH MakpoceuenHe
Mk ONpeRensieTcs WIOTHOCTbIO. Bennunna 28Z/A HaspiBaercs d/e€K-
TPOHHOH IVIOTHOCTBIO. DTOT (PAKT CAYKHT CTPOrHM (DH3HUECKHUM
O000CHOBAHHEM IIOTHOCTHOH MOAMGMKANHH TaMMa-ramma-MeToja.
B snepreTnueckoil 06sacTH KoMHTOH-3(dexTa P8, H BelHUHHA
p=p/8 He 3aBHCHT OT mIoTHOcTH (pHC. 69); 3Ta BelHYHHA HA3bI-
BaeTCsl MacCOBHM KosphuHuHeHTOM OocaableHHS.

Has ypo6cTBa cpaBHeHHs BAuAHHA PoTodhbdeKTa H KOMITOHOB-
CKOT0 paccesiHisl HCIOJb3yeTcs cedeHHe (POTONOIVIOIIEHHS HA OAHH
3JIeKTPOH

0y/Z =P, 102 (E/132)315, (10.4)

rie BeJqHuMHA P, («HHAeKC (OTO3JEKTPHYECKOro IIOIVIOLEHHA»)
paBrHa (Z/10)36 (taba. 14). OTHolleHHe CeyeHHH Pg/Ix=0p/Zox =
& P./0x. DbPEeKTHBHBIH aTOMHBIT HOMep Z,y BHIpaXKaercs CJAeRyHo-
1AM 06pa3oM (AJds MHOTO3JeMeHTHOH CpPeanl):

Zyy= [% (Z:/A;) P:Z%8; /Zi (Z./A:) Pi]‘/“, (10.5)

rae P, — BecoBas (MaccoBasi) RoJs [-ro 3jJeMeHTa.

Ocnabienne HHTEHCHBHOCTH dJ IMHPOKOro IydykKa ramma-usiay-
YeHHsl B IJIOCKOM cJIoe BelllecTBa TOJILHMHON dXx ONHCBHIBaetcss AH(p-
thepeHnHaNbHEIM ypaBHeHHeM, AHAJOTHYHBIM 32KOHYy pajHOaKTHB-
HOTO pacnaja:

dJ
— . 10.6
dx “J’ ( )

B HHTerpaJbRoil popme
J (x) = Jy exp (— px). (10.6')

Ja ToueyHoro H30oTPOMHOrO HCTOYHHKA HA  IKCIOHeHIHAJbHBIH
3akon (10.6') HakKjaabIBaeTcs 3aKOH FeOMeTPHUECKOH pPacXOAHMO-
ctd 1/ (4nr?) B chepuueckoil reomMeTpHH («32KOH OOpaTHHIX KBaj-
paToB»):

J (r) == Jyexp (— ur)/(4nr?). (10.7)

DTo BBIpaXKeHHe ONHCHIBAeT NPOCTPAHCTBeHHOE pacipele/eHHe He-
paccessHHOro H3JyueHHsl. CIeKTpP MHOTOKpPATHO pacCessHHOTO H3Jy-
yeHus (puc. 70) oT MOHOZHepreTHYeCKOro HCTOYHHKA BKJIO4AET
HepacCessHHOE H3/lyyeHHe, HO C yMeHblIeHHeM HeprHH Bce GOJIbIIHA
BKJIAJ JaeT MHOTOKPAaTHO paccesinnoe Hanyuenue. [loka ceueHue
totoadderra Mano, omnpemensiomHM (PAaKTOPOM sABJAAETCT 3IJIEKT-
pOHHAs IMIOTHOCTH BemiecTBa, KOoTopas, B CBOIO OuUepellb, OlpeAes-
eTcsl IJIOTHOCTBIO cpefbl, C yBenHuenHeM ceueHHs (pOTO3JeKTpHUe-
CKOI'O TOIJIOLIeHHS (B COOTBeTCTBHH < yMeHbIIeHHeM 3SHepruH
ramMmMa-KBaHTOB) A@MIJAHTyAA CleKTpa yObiBaeT, H OlpeleJseTcs yiKe
He TOJbKO HJIOTHOCTBIO, HO H 3¢ eKTHBHBHIM AaTOMHBIM HOMEpOM
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Puc. 69. 3apucumocTu Maccoporo koadduuuenta ocnabnenus Ww/8 ot sHeprum
raMMa-kBanToB (a) B aToMHoro HoMepa Z asjemenuta (6), Illudp KpuBHX — sHep-
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Tab6anrua 14 XapakrepucTHKH $OTOIEKTPHIECKOrO NOrJAOIEHHA raMMa-KBaHTOB
AJsl HEKOTOPHX 3JIEMEHTOB H noponooGpa3yiomnx MHHEPAJIOB (B. Beproaan,
H. daauc, Ix. Boa, 1981 r.)

‘ AnexT
DieMeHT, MH- Mounexyanp- IaoTHOCTH P or-
; Has (aToM- Z P Has 1ot
Hepas Popmyaa by (;ac}:a e 8, r/em3 %Hg?ﬁl>
DaeMeEeHTH
Boaxopoa H 1,008 1 0,00025|
Vraepon C 12,011 6 0,1588
Kucaopog O 16,000 8 0,44784
Hatpni Na 22,991 11 1,4093
Marunit Mg 24,32 12 1,9277
Amomunrit Al 26,98 13 2,5715 | 2,700 2,602
Kpemunit Si 28,0¢ 14 3,3579
Cepa S 32,066 16 5,4304 | 2,070 2,066
Xnop Cl 35,457 17 6,7549
Kanuit K 39,100 19 | 10,081
Kanouui Ca 40,08 20 12,26
Turau Ti 47,90 22 17,089
Keneso Fe 55,86 2 | 31,181
Crponuait Sr 87,63 38 122,24
Unpkonnii  |Zr 91,22 40 147,03
Bapuf Ba 137,36 56 1493,72
Mnuepaan
AHTRADHT CaSOs 136,146 5,055 2,960 2,957
Bapur BaS0O, 233,366 266,8 4,500 4,011
Kaapunr CaCO3 100,09 5,085 2,710 2,708
Kapuaanur KCl-g’!gCIZ- 277,88 4,089 1,61 1,645
-6H
1leaecTnn SrSO, 183,696 55,13 3,960 3,708
Kopyun A1203 101,96 1,552 3,970 3,894
JonoMur CaCO;-MgCO;, 184,42 3,142 2,870 2,864
Tunc CaS0,-2H.,0 172,18 3,420 2,320 2,372
Tanur NaCl 58,45 4,65 2,165 2,074
TeMaTur Fe,05 159,70 21,48 5.240 | 4,987
Uapmenutr |[FeO-TiO, 151,75 16,63 4,70 4,46
Maruesur MgCO, 84,33 0,829 3,037 3,025
Maruerur FesO, 231,55 22,08 5,180 4,922
Mapkasnt  |FeS, 119,98 16,97 4,870 4,708
ITupnt FeS, 119,98 16,97 5,000 4,834
Keapy Si0O, 60,09 1,806 2,654 2,650
Pytua TiO, 79,90 10,08 4,260 | 4,052
CuJabBrH KCl1 74,557 8,510 1,984 1,916
HupkoH ZrSiO, 183,31 69,10 4,560 4,279
Bona H,0 18,016 358 1,000 1,110
Coaenas Bo-| (120 r/a NaCl) 807 1,086 1,185
na
Hedrs 119 a,850 0,948
125 0,850 | 0,970
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Puc. 70. CnieKTp MHOrOKpPaTHO PacCefHHOr0 raMma-uajlyueHHs B NOPOJAaxX OAHHA-
KOoBO# NJOTHOCTH, HO pa3nnuHoro coctaBa (mo M. I'. Haavkuuy, 1978 r.; B. Bep-
T033H, JI. danucy, Ix. Bory, 1981 r.):

J—3 — aToMHBle HOMepa Z COOTBETCTBEHHO MaJble, CpefiHHe H GoJbliHe; 4 — 06JacTb doto-
sthdeKTa H KOMNTOHOBCKOLO paccesiHHs, 5 — 06Jaclb KOMITOHOBCKOTO DacCesaHHs, S — MArkas
9acTb crekTpa; H — XecTkas (KOMNOTOHOBCKAs) 9acTh CHEKTpa

BelllecTBa (HHAeKcoM (BoTOsNekTpHUECKOTO nornolteHus). [Tostomy
CIleKTpOMeTpHUECKas pPerHcTpauHs I03BOJsSET ONpefeasTh He ToJb-
KO IJOTHOCTb MOPOAB,, HO H ee >(PpGdeKTHBHEHI AaTOMHBIH HOMep
(nuTONOrHUECKHH THN TOPOAEI).

10.3. EIMHUObI UBMEPEHUS PALHOAKTUBHOCTH
H KOHOEHTPAOUU PALUOAKTHUBHbBIX 3JIEMEHTOB

EpuHuuell H3MepeHHS AKTHBHOCTH sBasercs Gekkepenb 1 Bk=
=1 pacn./c), OH COOTBeTCTByeT AKTHBHOCTH BelllecTBa, y KOTOPOTO
3a BpeMa B | ¢ npoHcXORHT oRHH pacnag; | Bk=0,27.101 Ku
(Ku — BHecHcTeMHasn  eJHHHNA pPalHOAKTHBHOCTH — KOJHUECTBO
J060r0 pagHOaKTHBHOTO H30TONA, B KOTOPOM NPOHCXOZHT 3,7-10'°
pacnagos B | ¢, cronbpko ke, ckonbko B 1 r Ra), 1 Ku=3,7-10'° Bk
(tabxa. 15).

PaaHoakTHBHOCT TOPOJ XapakTepH3yIOT H TaKHe BeJHUHHBI,
KaKk yaenbHas MaccoBas akTHBHocTh (Bk/kr), yaean-
Hasd o6beMHasg akTHBHocTh (Br/M3).

TamMa-akTHBHOCTb TOPOR XapaxTepH3yeTcs BHeCcHCTeMHOH Be-
JHUHHOH — pajJiHeBbIM [aMMa->KBHBAJEHTOM ¢ eJHHHIEH H3Mepe-
HHSA — MHUAJNHTpAMM-5KBHBaNeHT Ra (Mr-sks Ra); 1 mr-sxB Ra—
5TO aKTHBHOCTb BelllecTBa, raMMa-H3JyueHHe KOTOPOrO HMeeT Ta-
KYIO Xe HOHH3HPYIOIYIO0 CIOCOGHOCTD, KaK H H3ayyeHHe | mr ??6Ra
(BMecTe ¢ NPOAYKTAaMH ero pacmnajga) nocje NPOXOXAEHHsA €ero ue-
pe3 miatuHOBHIH GHABTP TonmuHoH 0,5 MM. Illupoxo HcmonbsytoT
B reopusHke U TakHe BeJIHUHHB, KaK YJAenbHas MaccoBasd ramma-
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Ragamna 15 Exunmnm HIMEpPEHHA DANHOAKTHBHOCTH W HOWMSHPYIOIMx mH3dyuennil

BeanuHHa

CH

BHecHcTeMHBle eLHHHIB

CokpatllenHoe 060~

CokpallleHHOoe

KoabdHuHeHT nepe-

EAunHIA Hameperinst 3HaveHHe EnunnOa HaMepeHHA | oGo3nadenHe | BoAA B eAHHHLW CH
AKTHBHOCTL HyxJIMAA B pafno-| 6exkepels bk KIOpH Ku 3,700-10'" Bxg
AKTHBMOM HCTOYHHKE IMaH 3Man 3,7-108 m—3.c™?
[TroTHOCTE [OTOKA ROHH3UPYIO-| wdcTHta (kBauT) BluacTuua (kBant)f |— - —
I(HX YACTHU HJIH KBAHTOB CeKYHAY Ha Ksal-|(c-M?)

paTuelit MeTp
HnTencHBUROCTL H3NYUEHHSA BaTT ua Kksaipar-|Bt/m? — — —

HHE MeTp
[Tornomennas pao3a wusjyueHus| rpsi I'p pan pan 10-2
(mo3a uanyueHusi)
MomunocTs HOrJIOMIEHHON [A03bl| rpaft B cekymnay I'p/e pag B CeKyHAY panfc 10-2
H3JyueHns (MOmMMOCTL AO3H H3-
Jdydenrns)
Skcno3uuHonnas [03a peHTre-| kyJaon Ha  kujo-|Kafkr PeRTreH P 2,58-10—*
HOBCKOTO M raMMa-H3JyyeHus rpamMm
MOoOIHOCTS  3KCHIO3NUHOHKOR AO-| ammep Ha  Kuao-|AfKr pEHTreH B cekyHAy |Pfc 2,58-10—4
3Bl PEHTTEHOBCKOTO M FaMMa-u3-| rpamMu penTreu B 4ac P/u 7,19.-10—8
JyyeHnus MuKpopenTren B dac|MxP/q 0,0717-10~12




AKTHBHOCTb C €AHHHNAMH H3MepeHHS Mr-3KB Ra/r HAH nxr-sks
Ra/kr= (xr-3kB Ra/kr)-107!2 — akTHBHOCTb 1 T' NOPOJAE B Mr-3KB
Ra (uam 1 xr moponm B Kr-sxB Ra); yneanHas o6beMHas aKTHB-
HOCTb ¢ €JHHHI[@aMH H3MepeHHsi Mr-3KB Ra/cm® (MaH HKr-s3xkB
Ra/M3= (kr-axB Ra/m3)-10-°,

B paguoMeTpHH CKBaXHH A/ OLEHKH HHTEHCHBHOCTH eCTeCT-
BeHHOTO raMMa-HsJjydeHHst MOpPOJ 4YacTO MCNOJb3YIOT eAHHHIE
MOIIHOCTH 3KCIO3HIHOHHOH A03m (M3J])— MurpopeHTreH B uac
(cv. ta6a. 15). Opun pentren (P) xapakrepHayeT HOHH3HpYIOLIee
JedcTBHe raMMa-H3nyueHHs, IpH KOTOPOM B | cM3 Bosayxa npw
HODMAaJIbHBEIX YCJ/IOBHAX €O3J2eTcsi OAHA 3JeKTPOCTATHYECKAs €IH-
Huna 3apsaa (2,083-10° nap nouos).

Kakas xe netpodusnvyeckas xapakTepHUCTHKA olpeje/sieT NOKa-
3aHHS MeTOJa eCTeCTBeHHOIl pajHOoaKTHBHOCTH? OTBeT Ha 3TOT
BOIPOC He OYeBHAEeH H 3aci/yiKHBaeT CIIeHaJbHOTO pPaccMOTpEeHHSL.

O603HauuM cojepkanHe j-ro H3jydaTeds B eIdHHHIe o0beMa
NOpoAHl yepe3 @, H COOTBETCTBYIOLIEE YHCJO HCIYCKAaEeMBIX ¢ 3Hep-
rueit E ramma-kBaHTOB uepes S;(E). Ecan uanyuatenn paBHOMEpHO
8aNOJIHAIOT BCe NPOCTPAHCTBO, TO HHTEHCHBHOCTb H3ayueHHs J(E)
Ha ocHoBaHHH dopmyaw (10.7) paBHa

1E)= 2 ¢S (B)

3
X | e BV gy, o1 (E) 3 QuSy(E)=
j=1

{o0) 4nur2

=ii1(E) %, 0/5 () (10.8)

rie p— MaccoBuili Kosduuuent ocaabaenus; g;=Q,/6 — macco-
BOe colepikaHHe uanyuatens. B Bripaxenuu (10.8) uHuekc j mpo-
Geraer 3naueHus j=1 (*°K), j=2 (U+Ra c npoaykramu pacna-
na), j=3 (Th ¢ npoayktraMu pacnajaa).

Ilycte neteKTop CKBaxKHHHOTO NpHGOpa perucTpHpyeT ramma-
KBaHTH ¢ 3(dektuBHOCTRIO 1 (E), Torna noxasanue mnpubopa J

6yner

J={ () (E)IE=3Cyy, (10.9)
0 1

rje
Cy= | n(E) pt (B) Sy(E)dE. (10.10)
0

Beauunna C; HazwBaeTci KOHLUEHTDANHOHHOH HYYyBCT-
BHTENbHOCTHIO H Olpele/seT IOKa3aHHe NpHGOpa, COOTBET-
CTByIOlee €IHHHIle MacCOBOH KOHUEHTpALlHH j-r¢ paJHOHYK/IHAA
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(BMecTe C npoayKTaMM pacnaja B COCTOSIHHH PajHOAKTHBHOTO PaB-
HOBECHSI), B ORHOPOAHOH 6e3rpaHHYHON Cpeme (HAH HeOGCaXKeHHOH
CYXoit CKBaXKuHe)

Taxum obpasoM, noxasaHus NpHGOpa ONpeAEasIOTCS MAacCOBBI-
MH COJEPXKAHHAMH €CTeCTBEHHO-DAAHOAKTHUBHBHIX 3iaemeHTOB (EP3).
Hu uucio pacnapos, HH MOIIHOCTH 3KCHO3HIHOHHOH RO3B He Xa-
PaKTepH3YIT OAHO3HA4HO coaepxaHHs EPD B mopope u He oGec-
NeYHBAIT CONOCTABHMOCTH pe3yJbTaTOB /na6OpATOPHbHIX H CKBa-
JKHHHBIX H3MepeHHH.

[Ipn HecnekTpoMeTPHUECKHX H3MEpeHHSX N0 NOKAa3aHHSAM TNpH-
60pa HEBO3MOXKHO BBIAGNHTh FaMMa-H3jydeHHe Pa3IHYHbIX H3Jyua-
Teled H KOMHUECTBEHHO OIEHHTb COAepXKaHHe KaXKAOro H3 HHX B
OTAENbHOCTH. EAHHCTBEHHAsT BO3MOXKHOCTb KOJHUeCTBEHHOH HHTEp-
fipeTalH¥ RAHHBIX HHTerpanbroro I'M cOCTOHT B oneHKe cyMMap-
Horo coflepxanuss EP3D B ompefesenHblx eanHHnax. TakuMH eAH-
HHIAMH MOryT OBITb 3KBHBAJIeHTHBIE MAaccOBble COAepXKaHHA OT-
JENbHBIX PAafHOHYKAHAOB, T. €. TaKHE COREpPKAHHSA, KOTOPHIM
COOTBETCTBYIOT OZHHAKOBBIe NOKAa3aHHs CKBAXXHHHOro mpubopa.

JonyctHMm, 4TO B ORHOPOAHOH Ge3rpaHHuHOH cpele, OKpyXkalo-
meii npHGOp, paBHOMEepHO pachnpejeneH j-d H3uaydaTedb € eAHHHU-
HoH wmaccoBoH KoHHeHTpauued ¢,=1. OmnpeleanM 3KBHBaJeHTHOE
N0 mokasaHuaM npHOopa colepxkanue ypaHa eU, («ypaHOBBIH 3K-
BHBAJIEHT j-FO H3Jydaresss):

J=C;[1]=CyelUj;,
OTKyJa
eU;=C;/Cu; [eUjl=Iq;]- (10.11)
AnanoruyHo MOXKHO BBecTH KauHeBbll (eK;) W topueBHmi (eTh;)
SKBHBAJIEHTHI:
eK;=C;/Ck; eTh;=C;/Crn._
3a eAMHHIy YPAHOBOIO KBHBAJIEHTA NMpPHMEM COAepkKaHHe ypa-

#a 10749 (B pasBemke Ha ypaH 3Ta BeNHYHHA noOJyuHaa obo3Ha-
qeHHe ur):

1074 %U = leUUE lur.
U3 onpepenenust  (10.9)—(10.11) caeayer, 4T0 BeaHYHHA
eUj(eK;, eTh;) omnpenensieTr MaccoBoe COAepXKaHHe ypaHa (KauaHs,

TOpPHA), KOTOPOMy COOTBETCTBYeT TaKoe XKe IlOKasaHHe 1pHGopa,
KaK M A5 €AHHHUHOTO MAaCCOBOTO COAEPIKAHHSA j-TO H3JydaTes:

1 %K — leUx =Cx/Cy, ur; 10-* %Th — eUth = Ctn/Cu, ur

Ha ocnoBanuu (10.9) u (10.11) ypaHosblfi 3kBHBajeHT eU
cymMmapHoro cofepxanua EPJ ompeaensier Takoe Maccosoe colep-
XKaHHe ypaHa, NIPH KOTOpPOM NoOKa3aH#e npH6opa B OAHOpPOAHOH
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GesrpaHHYHOM Cpefle TaKoe e, KaK NpPH AaHHOM coaepXaHun EPD
B HX NDHPOAHOH CMeCH:

eU=Zerq,. (10.]2)
i

Hasi ompenenenusi KOHNEHTPANHOHHBIX dyBCTBHTENbHOCTER Cj
Heo0XOIMMO BHINOJNHHTL H3MEDEHHs! B YeThpeX MOJeJasiX IJaCTOB —
«(OoHOBOfI», «KaJHEBOH», «ypPaHOBOH», «TOPHEBOH» (IJsi KOHTDOJIS
JONOJHUTEJNbHO TPOBOJASTCS H3MEPEHHS B MOJEJH CO CMechio H3-
ayuateneii). Torna na ocnoBanuu (10.9) nosyyaem cucremy ypas-
HeHHH, paspewlUMylo OTHOcHTenbHO C;. M3MepeHHs BLIMOJHSIOTCS
B ClelHaJbHLIX MOAEJNSX IJACTOB, NPOLIEJAIIHX TOCYAapCTBEHHYIO
aTTecTanyo B KayecTBe CTAHAAPTHHX 0Gpa3noB coiepxanuii EPJ.

HUcnonesysn onpegesennst (10.10) u (10.11), MOXKHO HOKaszaThb,
4T0 B OTJaHYKMe OT C; 3HaueHHs eU; NONXHBL GHITH YCTOHUHBHIME
OTHOCHTEJbHO HM3MEHEHHSI KOHCTPYKIHOHHHX [apaMeTpoB Aanma-
paTypHl.

DKcnepHMeHTaJbHLE JaHHbIEe MOATBEPKAAIOT, YTO AJs DPas3JIHU-
HEIX THIIOB annapartypbl 3Hauenusi C; H3MeHSIOTCS B LIHPOKOM
JHaNnasoHe, OAHAKO COOTBETCTBYIOUIHE 5KBHBAJEHTH OCTAIOTCS
MPAKTHYECKH JIOCTOSHHLIMH. DTO O3HA4aeT, YTO JJs HOBOALHO
IIHPOKOro KJacca annaparyphl (HHTerpaJbHHE KaHaa HOpHGOPOR
C JuaMeTpom Gojee 6 cM, NMpelHAa3HAYEHHBIX AJS HCCJIeJOBAHHSA
paspe3oB HedTerasoBLXx ckBaxxuH) napameTp eU;(eK;, eTh;) nepe-
XOAHT H3 paspsila MeTPOJOTHYeCKHX B paspsj ¢usuyeckux. Hesa-
BHCHMO OT THIA aNnapaTtypbl ypaHoBHi 3kBHBajeHT el BbuHCIsA-
€TCs1 110 H3BECTHbIM coAep:KaHUaM {q,} no mpasuay (10.12):

WU =179k [%]1+qu [10™* %]+ 0,39 [10™* %].

Ouenum BKJIAA e; pasanydnx Hagaysarteneir (K, U, Th) B pe-
3yJLTHPYIONIHE TOKA3aHHA KaHaaa HHTerpajbHoro I'M:

&y =J;/J =Cjq; / ZCigs=eUjg;slel,
i

rae eU onpenensiercs Bupaxenuem (10.12).
Ilonaras q;=const, HaxoauM:

e,-=er/§er. (10.13)

Ucnoan3yn uncaennbie sHaueHus eU;, Jerko OLEHHTb, YTO BKJIAX
KaJaus 'cocTamiaseT okogo 609%, a paBHOBecHLHX ypaHa H TOpHA —
cootsetcTBeHHO 30 u 10%.

IMTerpodusnHueckas Modeabp raMma-MeToaa. [lepe-
X0l K ONpeleseHHI0 cyMMmapHoro cofepxanus EPD B eauHHpax
YPAaHOBOrO 3KBHBAJEHTa I03BOJSIET C€Tporo cHopMyanmpoBaTh NeT-
podusnyeckyo moaeab I'M B BHIE

eU=—é-2eU,-6,-K,-; d8=38K:; TKi=1, (10.14)
i i i
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rae & — nnornocts nopoaw; 8;, eU;, K;— coOTBeTCTBEHHO MHHe-—
panorHyeckHe IJIOTHOCTH, YPAHOBHE 3KBHBAJEHTH H 0ObeMHLIE €O-
AepIKaHHsl KOMIIOHEHT. JTa MoOJeNb BKJIOYAeTCs B CHCTEMY ypaB-
HeHHH KOMIIeKCHOH NeTpodH3HuecKoll HHTepnpeTanHH AaHHHX |'Me
(B xomnnekce ¢ ApyrumH meroaamu I'YC).

10.4. JHEPTETHYECKHA CINEKTP
FTAMMA-H3JIYYEHHS NMMOPOL H ETrO HCIMOJIb30BAHHE
AJist ONPENENEHHSI COOEP)XAHUH EP3

[To naHHLIM CIEKTPOMETPHH eCTeCTBEHHOTO TaMMa-H3JYYeHHs B
06CaXKeHHHX H HeoOCaXKeHHHX CKBaXXHHAX KOJHYeCTBEHHO OIpe-
AeNsIIOTC MAaCCOBHe COAePXKaHHsi KanHsi, ypaHa, TOpHsi. DTO IIO-
3BOJISIET IPOH3BOJHTL JeTalbHOE JHTOJOTHUECKOEe paCujieHeHHe H
cTpaTHrpadHyeckHe KODpeJsiMHH pa3pe3oB; ONpeleNsiTb MHHe-
pajbHHA COCTaB TJHH; KOJHYECTBEHHO OLEHHBATL [JIHHHCTOCTb-
H (QHILTPanHOHHO-eMKOCTHBIE CBOACTBA KOJJEKTODOB; BLIAENSiTb
30HBI, OOOralleHHbIE THXKeJNLIMH MHHEPaNaMH; IPOCJAEIKHBATL JH-
HaMHKy OOBOAHEHHS IJIACTOB IIPH KOHTpoJje pa3paboOTKH MecCTo-
poxaeHul, peliaTh ApyrHe BaXKHbe 3aaayu (taba. 16),

CrnexkTpoMeTpHUeCKHH aHanu3 coaepxanuii EP3D ocHoBan Ha
H3MEepeHHSIX TraMMa-H3JyYeHHs B HECKOJbKHX (He MeHee TpeX)
JHepreTHYeCKHX HHTepBaNax (OKHAaX), B KaXXJAOM H3 KOTOPHIX Mpe-
obnajnaeT H3AyueHHE OAHOTO H3 onpeieaseMblx Hykauaos (K, U,
Th). B T1a6n. 17 npuBeneHO pacnpeleseHHe 3SHEPTHA pas3iHYHHIX
H3ayyarejeidl B TpeX CHeKTPAJbHLIX OKHAx — KaJHEeBOM, ypPaHOBOM
H TOpHeBOM (OOHYHO OJHOBpEMEHHO OCYUIECTBJSIETCS HHTErpasib-
Hasi peructpaunusi npu E,>1 MasB). B xaxaoM okHe NOMHMO Xa-
paKTepHCTHYeCKOro (oTonuka H3jyyateds Ha (QoHe H3JNYYEHHS
pPaBHOBEeCHHX INIPOAYKTOB pacliaja pPerHCTPHPYeTCsi HeNpepHBHLIH
CHEKTD KOMIITOHOBCKOTO DaCCesiHHSA.

WHTepnperanHonnasi MOAeJb CINEKTPOMETPHYeCKOH MOAH(PHKa-
puH ramma-merona (I'M-C) ananormyna (10.9) nas xaxaoro us
CMEeKTPanbHLIX OKOH (JJIsi OAHOPOJXHOH cpeibl HAH CyXofi HeoGca-
JKEHHOH CKBaXXHHH):

Ji=3Cig;, i=1,23,..,N; j=1,2, 3  (10.15)
i

rie C.j — KOHIEHTPALlHOHHAS TYBCTBHTEJbLHOCTDL i-TO OKHA JJsi j-TO
H3Jyyartensi. Maccosbie coJepKaHHS ¢; HaXOAATCA DPeIIEHHEM CHC-
teMu ypaBuenuii (10.15).

WsmepeHHst NOJIYNPOBOJAHHKOBLIMH JeTEKTOPaMH, JHepreTHye-
CKOe paspeilieHHe KOTOPHX ropa3jo BHIle, YeM y CHHHTHIJIAIHOH-
HHX, NO3BOJSIOT PErHCTPHPOBATh OT/AEJbHLIE JHHHH H ONpelelsiTh-
coaepxkanus EP3 naxe nmpH OTCyTCTBHH DPaJHOAKTHBHOTO paBHO-
BeCHS.
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“Ta6anua 16. TpAMeHEeHHe CNEKTPOMETPHH eCTECTBEHHOr0 raMMa-H3Jy4Y€HHs
8 ckBaxkHnax (no B. ®epray, c u3MeHEHHAMHA H AOMONHEHHSIMH)

JIHToA0THYeChast Xa-
DPaKTEPHCTHKA

PeuaeMble 3aaqn

O6nacTy NPEMEHEHHS

JanHHCcTHE OT/IOKe-
Hust (TJIHHBI M TJIH-
@HHCTbIE CJIaHLBl)

“TpemHHOBaTHE ap-
THJJHTH

Tlecuanuku

K apGoHaThl (u3-
BeCTHAK, Med, AO-
JIOMHT)

t3BepKeHHEIE H Me-
“TaMoppHueckHe mno-
POABI

242

Omnpenesienue THNAZ H JHareHe3a
TJHHHCTHX MHHEDAJIOB, €MKOCTH
KaTHOHHorO 06MeHa; oueHka cO-
JAepXKanua OpraHOFeHHOFO erIe'
pona

Onpenenenne  JHTOJOTHYECKOTO
cocraBa (apru/UINThl, KpPeMHHC-
THE cJannbl, aJeBpPOJIHTH, Kap-
6ounartbr)

Bhigesenne rauHHCTBIX H YHCTHX
PasHocTeH; oOmpeaeJieHHe pagHO-
aKTHBHBIX MHHEDAaJOB; BHaeJe-
Hyue COGCTBEHHO TJIHHHCTHIX MH-
HepasoB Ha (oHE MOJeBbHX IMa-
TOB, CJIO H AaKHeCCOPHHIX pa-
JHOAKTHBHBIX MHHEPaJOB; OLEH-
Ka eMKOCTH KaTHOHHOro ofMeHa.
Onpenenenne xapakrepa pacmpe-
JLesleHHs TJHHHCTOTO BelllecTBa B
fMopoje, MHHEPaJLHOro cocraBa
TJIHH;  OHEHKA HHTEHCHBHOCTH
IpONeccOB BTOPHYHOro mnpeo6pa-
30BaHHsA mnopoAbl. Ouenka Ttpe-
IQHHOBATOCTH (OTKPHITHX H 3a-
KDRITHX Tpeutud). OmnpepesienHe
COJEePXKaHHus MHPHTA H JPYrux
CyabPUIOB, a TaKxKe KHCJOIO
rasa. BrijeneHne HCTOUEHHBIX
[OPOIJACTKOB B CJAOHCTOM pas-
pese

Brifenenne rAMHHCTBIX H YHCTBHIX
pasHoctefi. BHfBIeHHe OTKpHI-
ThIX H 3aKkpbIThX TpemuH (u3-
BECTH’KA, MeJi, JAOJAOMHTH), Ha-
JHYHE CTHJOJIHTOB; BhIJEJIEHHE
INPOHHNAeMHX HHTEPBAaJOB B pa-
AHOAKTHBHBX AO0JIOMHTAaX; BblJe-
JleHHe HCTOLIEHHBIX MPOMJIacTKOB
B COJIHCTOM paspese

Onpe}lexleﬂﬂe JINTOJIOTHH; BbIOE-
JIeHHe MOpoJ, BTOPHYHO H3IME-
HEHHRIX reoTepMaJibHbIMH BoJa-
MH; BbIsiIBJIeHHe OTKPHIThIX Tpe€-
HIHH

PernonaJspHble H [J011a7-

Hble KOppeJNsUHH paspe-
30B; CcTpatHrpaguueckHe
HCCACOBAHUSA;, JeTaNbHoe

JIHTOJIOFH4YeCKOEe pacuJeHe-
HHe

IMouck penepoB; yrouHe-
HHE MHHEDAaJbHOTO COCTa-
Ba TBepao# Hasu mnopon

KauectBenHoe  ompejeJe-
HHe KOJLJIRKTO PCKH X
CBOHCTB TEePPHTEHHBIX [0-
POA; YTOUYHEHHE OLEHOK
®EC otaoxeHHd Ha Ma-
Tepuke M KOHTHHEHTaJb-
HOM 1mednPe. Ompegede-
HHe MHHEpabHOTO CcOoCTa-
Ba TJIHH, CJarammux Moo-
KPBIIKH HeTAHRX H ra-
30BHIX 3aJexefl

Koppensiuu# JIHTOJOTHYE-
CKHX H3MeHeHHH; BHIGOD
HHTePBaJOB ONPOGOBaHUSA
B MHOTONJACTOBEIX Kap-
GOHATHBLIX 3aJleXax; BHE-
JleHHe [POHHIAEMBIX 30H
B KapGOHAaTHBIX TOJUIAX.
OueHka cTeleHH OKpeMHe-
HHA H [JOJOMHTH3aUHH H3-
BECTHSAKOB

Onenka 3amnacoep MHHepa-
JOB W  yIJeBOJOPOIOB;
KOppeJsinud; BBHOOp mep-
CMEKTHBHEIX A/ 3aKaHYH-
BaHHS HHTEPBAJOB pa3-
pesa



Hpodoaxenue Taba. 16

JluTonoruveckas xa-
DaKTepHCTHKA

Pemaemble 3ajayn

O6.aacTH NpHMeHeHns

IBanopuThl (coan)

¥Yran

Ypan

CMemraHebe TOpO-
ABL

UepHbie H 1{BETHbIE
MeTaJUIkl, HepyiHbie

OnpenenieHne JIHTOJIOTHH, COPT-
HOCTH PYAHl, pasjelieHHe IVIHH H
IBANOPHTOB

OmpepneneHue JHTOJOTHH; OLEHKa
30JILHOCTH yrJlefl, cocTaBa 30Jbl,
TEeNJIOTHL CrOPaHus yrJed

Onpegesenie JUTONOTHH; OLEH-
Ka COPTHOCTH PYABI

BolsiBsieHHe MeCT ocaXAeHHs Da-
JHOAKTHBHBIX coJei Ha obcaa-
HOH KOJIoHHe H B NephopanHoH-
HbIX KaHaJaX; ompeneseHHe Hed-
Tera3oHOCHHIX  HHTepBajJoB B
YaCTHYHO HCTOUIEHHBIX CJIOHCTHX
IJacTax; yCTaHOBJIEHHE MeCT 3a-
TPYOHOH IHDKYJSilHH, [IOMOIUIb
[OpH IeMEHTHPOBaHUH (HalpH-
Mep, TIPH 3aKauke [eMeHTa ¢ pa-
JHOAKTHBHLIMH no6aBKaMu)
CKBaXXHHbl H €€ OCBOEHHH

OnpesgeneHHe  JUTOJOTHYECKOTO
coctaBa. Ilouck wu BhigeJeHne

Koppensuns kanuficogep~
WalHX MHHepaJoB; Bbi-
ABJeHHe  TNJ1acTOB  Ias
c6poca CTOYHBIX BOJ; pac-
yer ob6beMa IMyCTOT; pe-
lieHHe BOTPOCOB paspa-
6OTKH MecTOPOXAeHHH
Hetanbuble crpaTtHTpadH-
YeCKHe KOppeJslHH; OleH-
Ka TeXHOJOIHYeCKHX Xa-
PaKTepHCTHK yrJyed

Ilouck n BHgeneHdwe pya-

HHX 30H; KOHTpOJb pas-
PaboTKH MeTOAOM HOA-
3eMHOr0  BbINIEIAYHBAHHA

Koutpoar 06BOgHEHHOCTH
JIacTOB MO PajgHOreoXH-
MHYeCKOMY 3hdeKTy

Ouenka TexXHOJIOTHYECKOTO
KayecTBa pyA. Ompenene-

HCKOTlaeMble PYAHBIX 30H HHe MOACYETHBIX IIapaMeT-
PoB 1O OCHOBHBIM H C(CO-

NYTCTBYIONIHM 3AeMEHTaM

Mogeap (10.15) cmpaBeqviiBa s CTaTHYECKOH AaHOMAaJHH

(noxasanu#t) B OAHOPOAHOM T1acT€, HACHIIIEHHOM IO MOLIHOCTH,
IIPH OTCYTCTBHH NPOMEXYTOUHBIX 30H MeIy NpHOOPOM H MOPOAOH
(cyxas HeoOcaxKeHHasi ckBaxKuHa). IIpeasapurenvHas o6paborka,
yueT «pOHA U CKBaKHHHBIX yCJAOBHH H3MepeHHH BLINOJHSIOTCS Crie-
IHaJbHbIM aJArOpHTMOM.

I[Terpodpruauyeckass MOAeab Asi onpeseneHusi 00bEMHBIX.
COlepAaHHi OCHOBHBIX KOMIIOHEHTOB KOJJIGKTODOB He(TH H rasa
o AaHHBIM IJIOTHOCTHOTO TlaMmMa-raMma-Meroia # CIHeKTPOMEeTpHH
raMMma-H3Jy4YeHHs] eCTEeCTBEHHOf paJHOAaKTHBHOCTH HMeer BHI:

0P =3 0nRmnKn; 6=30,Kn; SK.=1, (10.16)
n n n

rie m— HHJEKC BXOLHOTO NETPOPH3HYECKOro InapaMerpa (MJIoT-
HOCTh, O0beMHBbIE COJAePXKaHHA KaJHs, ypaHa, TODHs; CyMMapHOe
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TaGauua 17. Pacnpeaeinende NPAPOAHHIX TamMa-H3jayvaTedeli: Kaaksd, ypaHa
M TOPHA (C NPOAYKTAMHK pacnaja) B OKHaX cCneKTpoMerpa
(Kox # Kosancku, 1976 r.)

TIposyxT pac-

OxHa { 3Heprra, KsB Haoron naza
4=1 (K), 1661 214Bj U
THPHHA OKHA 1638 28Ac Th
1360—1560 KsB 1631 287¢ Th
1621 212Bi Th
1588 2%8Ac Th
1580 228Ac Th
1509 214B; U
1502 228A¢ Th
1496 228A¢ Th
1461 * 40K * K *
1469 228A¢ Th
1408 214B) U
1402 214B, U
1378 214B; U
1281 214B, U
1238 214Bj U
K, U
KoMnroHoBcKoOE {1240 Th
paccestHne doronnk
i=2 (U), 1848 214B,; u
HMIHPHHA OKHA ¥765 * 214, * U+
1670—1870 KaB 1730 214By U
1661 214By U
1631 s ‘Th
1621 212, Th
1588 228A¢ Th
1580 22BAc Th
U
KoMnroHoBckoe >{1620 Th
paccesHue ¢doTonuk
4=3 (Th), 2614 * 208T] * Th *
AYpYHA OKHa 2448 214By #)
2050—2850 KaB 2204 214B§ U
U, Th
KoMnroHosckoe >,2020
paccesnue ¢doTomuk

* XapakTepHCTHYeCKHH IIMK HJy4YaTeJs.

-«coiepxanie EPD B elHHHLIaX ypaHOBOrO KBHBaJeHTa); ¢ — IIOT-
HOCTbL NOPOJIBI; 1 — HHJAGKC KOMIOHEHTH (¢$JuIOHI, TJIHHHCTHIA Ma-
TEpHaJ, OPraHHYeCcKoe BEUIeCTBO, MHHEpasbHas MaTpHua); K,
“On — OOBEMHOE COJAEepPXKAHHE KOMIIOHEHTHL M MHHEpaJOrHueckas
WIOTHOCTb; [|[Rmnll — MaTpHua MeTpOQH3HYECKHX XapaKTepHCTHK
KOMIIOHEHT {IOPOJHL.
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Jlns nerpodusnueckolt HaCTPOAKH airopuTMa Haxoxaenus {Kn»}
MOXKHO HCIOJNb30BATh JaHHHE NabopaTOPHEIX ONpefleNieHHl O Kep-
Hy coaepxanuit K, U, Th, mopHcTocTH, NIOTHOCTH, TJHHHCTOCTH.
YCTOHUHBOCTL a/ropuTMa obecnedHBaeTCs KOHTPACTOM COAepKa-
auii EPD B XOMIOHeHTaX, KOHTPACTOM MJOTHOCTeH MATPHHL H Op-
raHMYecKOro BelIeCTBa, BHICOKHM coldepXKaHHeM ypana B OB
TeCHOH CBSA3bI0O MEXKAY HHMH, BO3MOXHOCTBIO JHAarHOCTHKH THIIA
npeobnajamonero rJAHHHCTOr0O MHHepasa (no ortnomenuwo K/Th)
H 2BTOMaTHYeCKOH NeTpoH3HIeCKOH MOACTPOHKOH aaropHTMa.

10.5. ECTECTBEHHO-PAJLTHOAKTHBHBIE 3JIEMEHTHI,
MX PACIIPENEJIEHHE H MHTPALLHS B JINTOC®EPE.
BAXKHEMUWIHE MHHEPAJIH [1, 6]

BOJILIIHHCTBO ecTeCTBEHHHX PAaJHOAKTHBHLIX H30TONOB OTHOCHT-
€5l K ceMedCTBaM ypaHa, aKTHHHS H TODHS, COJep*allHX COOTBET-
ctBeHHo 20, 15 H 13 reHeTHueCKM CBSI3aHHHX PaJHOAKTHBHHX H
ycToAYHBHX H30TONOB. I'aMMa-H3/ydeHHe AKTHHHEBOTO pSla BeCh-
Ma He3HauyHTe/bHO IO CPaBHEHHIO C raMMa-H3jaydeHHeM ypaHO-pa-
JHEBOTO H TOPHEBOTO DPSIAOB.

KpoMe panHoakTHBHLIX 3/€MeHTOB ceMeficTB ypaHa, aKTHHHS
H TOpHS, B NPHPOAe PaJHOAKTHBHEIMH SIBJISIOTCS H30TONH Kalus,
KaJbuus, pyOHAMs, LHPKOHHMSi, MHIMSA, OJIOBa, Tejnaypa, JaHTaHa,
HeolHMa, CaMapHsi, JIOTenus, Boab{)paMa, peHHss H BHCMYTa. DTH
H30TONHl JOJIOXHBYLIHE — HX IepHOA NOJypacllajna IpeBLIllaeT
10° ner; oHU reHeTHUECKH He CBSI3aHHl C ADYTHMH PajHOaKTHBHBIMH
3JleMEHTAaMH; A/ HHX XapakTepeH B-pacrmal win K-zaxBat, a HHOT-
Ja u ofa 3TH Ipouecca, 3a HCKJIOUeHHeM caMaphsi, Boab(pama H
BHCMYyTa (o-pacnari); 3HAUHTeNbHO H3MeHsieTCsi TaKXke HX OTHOCH-
TeJbHAsE PACHPOCTPAHEHHOCTh B IIPHPOJE — B eCTeCTBEHHOH CMeCH
H30TONOB OHH copepxkatcs ot 0,01 xo 100%.

C yueToM pacmpoCTPAaHEHHOCTH pAaJHOAKTHBHHIX H30TOIIOB B
autochepe H BEPOSITHOCTH HMX pacrnajia MOXHO CYHTaTh, 4TO HaH-
6oJblilee BJAHAHHE Ha re0JOrHUYeCKHe NpoueccH okasuBaoT U u Th
¢ IPOAYKTAMH HMX pacnapna, kaxuii ‘°K u otuactu py6unmii 87Rb.
OcrajbHble pajHOAKTHBHLIE 3JleMEeHTHl H3-32 HX MaJOi paclpocT-
pPaHEHHOCTH W GOJBIIOrO nepHoia MOJypacnaja He MOTYT HIrparh
CYLIECTBEHHOH DOJIH B CO3JaHHH PaJHOAKTHBHOCTH JHTOCHEpH.

B HacTosiuiee BpeMsi 33 ONTHMAaJbHHeE KJapKH MPUHSATH  JJs
238 — 2,1.10-4%, 232Th—7,0-10-*%, K—18% (xn1apku He
OKOHUATENbHH, T4K KaK MaJjo H3ydeHa paJHO3KTHBHOCTb IIOPOA
Ji0XKa 0KeaHoB).

PajHOaKTHBHble 3JeMeHThbl TPHCYTCTBYIOT B JHTOedepe B <O-
cTaBe MHHepasoB. YcrTaHoBjaeHO Gosee 200 MHHEPAJOB, B KOTOpHIE
BXOJAAT PaJHOAKTHBHHE KaJui, ypaH, TOPHH.
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HccaenoBaHHAMH COBETCKHX H 3apy0eXKHLIX YYEHHIX yCTaHOBJe-
HH ONpe/e/ieHHble 33aKOHOMEpPHOCTH PerHOHAJLHOrO pacrnpejeseHHs
EP2 u o6meft paxHoakTHBHOCTH nopoa |1, 6].

Kaau#. Umeer Tpu msoroma: *°K, 4°K, 4K, pacmpocrpaHeH-
HOCTb KOTOphiX cocTasasier 93,1; 0,02 u 6,88Y%. HauGosee axTHBEH
HapMeHee pPacnpocCTpaHeHHHI u30TON “CK, memyckaromui MOHOXpO-
MaTHYeCKOe raMma-u3jayyerue c aueprueit 1,46 MaB. ITocrosHcTBO
COOTHOIUEHHS MEXJY COAEepXKdAHHAMH H30TOMOB IIO3BO.ISET IepPecyH-
THBaTh cojpepxanue *°K HenocpeacrBeHHo B HOJIHOe COZepIKaHHe
KaJHsi (B ecTeCTBEHHOH CMeCH H30TOIIOB).

MaTepHHCKHMH NOPOAAMH A5t KaJHs SBJISIOTCS IPEHMYILECT-
BEeHHO CHJHKaTH MarMaTHYeCKHX NOpPojx (TPaHHT, TDAHOJHODHT,
CHEHHT), MOJIeBHE IUMaTH (OPTOK./1a3, MHKDOKJHH), CIAIOAH (MyC-
KOBHT, OHOTHT}. B pasjuyHEIX Npoueccax CHIOAE W NoOJIeBhie Wiiia-
TH NpeoGpa3yioTcs (B 3aBHCHMOCTH OT CTENeHH BLIBETPHBAHHS)
B pa3JHYHLIE TJIHHHCTHIE MHHEPaJbl: THAPOCHIOAY, MOHTMOPHJIO-
HHT, XJOPHT, KAOJNHHHUT. Dobliag yacTh KaJaHs ITOCTYNaeT B [OPO-
Abl M3 BOIHHX pacTBOpoB. C H3MeHeHHeM TIJyOHHH (naBJeHHs,
TeMIepaTyphl) CucTaB [JHH H3MeHSeTCs, HalpHMep MOHTMODHJJIO-
HHUT Npeo6pa3yeTcss B THAPOCAIONY.

Kanufi o6pa3yeT TONbKO OJHH HOH, HTPAIOUWIHH DOJb KOMIIEHCH-
pyiomero KaTHOHa B CTPYKType CaIOJA, THAPOCIION, CJAOHCTBIX TJIHH.
[TosToMy no colep¥KaHMIO KaNHs MOXKHO ONpEJeSHTb THII [JHHHC-
THIX MHHepaJaoB (puc. 71).

K BaxXHeHWHM KaJHHCOAEPXKALIHM MHHepasJaM OTHOCATCH
cuabBue KCl, xapmannaur KCIMgCly-6H,O (14,1% K), xa-
auesasi ceautpa KNOs (38,5% K), mnoseBwe wimarTbl, MHKPO-
knun (KAISiOs), oproknaz (KoOAlyO;-6Si0s). cawoabl — GHOTHT
[KeOALO;-6 (MgFe)O2] u mMyckoBur [K;0Al,05-6Si0.-2H,0),
Hepeaun (NaK):0Al,03:-28103, rnaykouur (Bognbifi cuiankar K,
Al, Fe) u np.

¥V paH Hwmeer Tpu H3oTOma (BCe paaHMOaKTHBHHI): 234U; 235UJ,
238U ¢ pacnmpocTpaHeHHOCTbIO 5,7-107%; 0,72 u 99,27% wu uepuona-
MH noaypacnaga 2,5-10% 7,1-108 u 4,4.10° 1eT COOTBETCTBEHHO.
Cpennsisi KOHIEHTpanHs ypaHa B 3eMHOf Kope cocTaBiasier 3-1074%.
MarepuHCcKHMH 1/ ypaHa SABJAMIOTCS CHJAMKATHL MarMaTHYECKHX
HOpPOA.

BaxHefiuiasi reoXHMHY€CKasi OCOGEHHOCTh ypaHa — BLICOKAST MH-
rpanuoOHHas CHoCOGHOCThL OJiarofapsi 06pa3soBaHHIO XOpOMIO pacT-
BOpHMOTO ypaHui-HoHa UO?t.

ConmepkaHHe ypaHa XapaKTepH3yeT BOCCTAHOBHTEJNbHHIE YCJI0-
BHSi H HaJHYHe yrjepoja OPraHHIeCKOTO NPOHCXOXKAEHHS.

Topuit. UMeer TOAbKO OAMH AOATOXKHBYmHH wu3otonm 232Th,
pPacmpoCTPaHEHHOCTL KOTOPOro B 3€MHOH KOpe COCTaBJsSieT OKOJO
12-10-49%. MaTepuHCKHMH TIOPOAAMH SIBASIOTCSl CHJIHKAThl MarMa-
THYECKHX Nopod. Bce coelWHEHHS TOpPHS HepaCTBOPHMBIL, TPH paz~
PYLIEHHH (BHBETPHBAHHH) NOPOJ OHH KOHIEHTPHPYIOTCS B GOKCH-
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Puc. 71. Conocrabjenre MaccoBHX COAEPXKaHHH TOPHS H KaiHs AJAs HACHTH(QHKA-
[HH TJIHHHCTHIX MHHEPaNoB (LaHHble (upMH «LlmoMbepxkes).

JIHHuu: 1 — 70%-ro coAepKaHUA THAPOCHIOAH, 2 —40%-ro cogepkamas caiol, I — 80%-ro
COAepxKauua riayxkonuta, 4 — 30%-ro cogep:KaHusa MOJeBbIX WIATOB

Tax, TAXKeJALX H [VIHHHCTHIX MHHepanaX. B mociexHHX comepKaHHs
TOpHsS H3MeHsiioTcst oT 8-107% no 20-10~*Y% B 3aBHCHMOCTH OT TH-
fa TJHH.

Haun6osee pacnpocTpaHeHHble MHHEepPadbl MO PaJHOAKTHBHOCTH
TIOApasAensiioTcs Ha YeThlpe rpynnsl {1, 6]. B mepByio rpynny o6sb-
€HHAI0TCSE ¢nabopaJHOAaKTHBHBIE TIJaBHHE I0POA00Opa3ylolUIHe
MHHepaJbl: KBapll, KaJqHeBble NOJeBble IINAaThl, TNArHoKaas, Kajib-
LHT, JAOJOMHT, aHTHADHT, KaMeHHas cOJb, HebeJHH; BO BTOpPYIO
TPYNNy C HOPMajbHOH HJAH C¢Ja0ONOBHILIEHHOH pPajgHOAKTHBHO-
CTbIO — TaKHe NOpoAoobpasylollHe MHHepanhl, Kak OHOTHT, aMu-
GONEl, MHPOKCEHBLI H Ap.; B TPETbIO TPYINY ¢ MOBHILIEHHOH paaHO-
aKTHBHOCTBIO — IJIaBHHE (YacTO BCTpedyalomuecsi) aKIecCOpHHE
H DyAHBlE MHHepaJbl: alaTHT, 3BAHAJHT, ¢JOOPHT, HJIbBMEHHT,
MarHeTHT H Ap.; B YeTBEPTyl0 TPYINy C BLICOKOH PaJlHOaKTHBHO-
CTbIO — MeHee paclpocTpaHeHHLle aKLEeCCOpHble MHHepan: cdem,
MOHAUHUT, WHPKOH, JHIAapUT H Ap. (Tabxa. 18).

Munepanisl 0CafloYHBIX NOPOA TaKXKe HNOADPasAeNfIOTCS Ha YeThl-
pe rpynnbl (HH3KOH, Cpe/Hel, MOBLILIEHHOH H BLICOKOH paJHOAaKTHB-
sioct). [To B. B. JlapnoHoBY, pafjHOakKTHBHOCTb IVIaBHBIX TIOPOJAO-
o0pa3sviouiHXx MHHEpaJOB NepBOH Ipynnbl: KBapua, Kajibpura, AO-
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Ta6auua 18 Kinaccudukauus munepasos no crefieHu WX paauoaKTHBHOCTH

Copaepxaune, % (mo macce)

Tpym:a Munepanos Musepaanbl

U Th

Kaapk xouneurpagui

elU, ur Th/U

U Th

MakcumansHo  pa- 56—85
AHOAKTHBHBE (COG-
CTBEHHO ypAHOBHE
H TOpPHEBHE MHHE-

pann)

I'unorenusie: 20—40
YPaHHHHT,
¢TypaH,
HHT H Ap.
I'uneprenune:
OTEeHHT, Topbep-
HHT, LUDEKeHre-
PHT H [Ip.
Uuptoaur, uup-
KOH, TODHEeBHIX
OPTHT

OpTHT, MOHALHT

Cden,

MarHeTHurt

Ha-
TopHa-

40—60 <0,01

Bricokopamuoak- (400—2000) -10—* (400—1000) - 104
THBHBE (pefKue aK-
neccopun  Henancu-
gecKuX MOpOJ)

(600—2000) -10~* | (10 000—30 000) -10—*

IloBHIIEHHO DpaxnO- (10-100) -10—* (30—200) -10—#
akTHBHHE (HAHGO-
Jlee pacnpocTpaueH-
HBIC aKIEeCCOpHH)
HopMansuo paguo-| Buorur,  poro-
aKTHBHHle (MHHepa-| Basi o6Mauka
JH  (edpCHYECKHX I
nopon) g
Cna6opaanoaktus- | KBapn, Kasnue- (1—3)-10-* (2—8)-10—¢
Hble (rJaBHhle MH-| BHIHA T0JIeBOH
Hepaln (eabcuue- | WMar,  KHCHAHE '
CKHX TOPOJ) NJAaTHOKJ1a3H
Huskopaanoaktus- | ITupokcen, oc-
Hble (MHHEpaJbl | HOBHbIE NJIATHO-
(dheMHYecKHX NOpPOA) | KJa3hl

anarur,

(4—8) -10~* (8—18) - 10~

(<0,1—1,0)-10=¢ | < (0,1—1,0)-10—4

TNIpuMeuaHne Kaapk KOHUEHTPAUHH — OTHOWIEHHe COAEPNKAHHA 3JEMedTa K ero

(1—1,7) - 108 <0,01

(ypanosbie)

>10 000 >10 000

(0,7—1,1) - 108 40—80 (TopHeBHIE) >10 000

<0,001

(0,9—4)-103 <1 100—1000 10—100

(0,5—1,5) - 104
30—220

100—1000
5—30

>10 100—1000

2—-15

10—21 1,6—2,3

2,6—8,5 1,8—45 0,5~—1 0.2—0,5

012—2)1 KO:2 <O,2

KIapKy (cpeflueMy COJLEPKAWUHIO B 3eMHOR KoOpe).

JOMHT&, aHTHAPHTA, KaMeHHOH <OJH H Jp.-— He IpeBHILIAeT
0,1 nmxr-axB Ra/xr. Bropas rpynna oObelMHsieT TaKHe axleccop-
Hbhle MHHepaJH, KakK JHMOHHT, MarHeTHT, TyPMaJiHH, KOPYHJA, rpa-
HHT, a Takxe TaKHe MHHEpaJH, KaK HAaTpHH-KaJHeBble HOJIEBHE
mnate (aHOPTHT, OJIHrOKJa3), poroBas 00OMaHKa, XJODHT H  JAp.
Hx panHoakTHBHOCTB 3aKJaouaeTcs B npejenaax ot 0,1 no 1 mxr-axs
Ra/kr. K TpeTbeli rpymnlie NpHHALJeXaT T[JAHHHCTHE MHHEPaJH,
CJIOAL, MHOTHE I[I0JieBOUIIaTOBHE MHHepaJh, KajuiHhle COJH, Ce-
PHIHT, aaTHT, OGCHAHAH H CQeH, HX PaJHOAKTHBHOCTb H3MeHsieTCst
or 1 go 10 nxr-sxB Ra/xr. B weTBepTyio Tpynly BXOAAT aKneccops
HBle MHHEpaJu MOHAIUT, IHPKOH, OPTHT C PAAHOAKTHBHOCTLIO GO-
see 10 nxr-sxs Ra/xr, HX paJHOAaKTHBHOCTbL Ha TPH NOpsAAKa Ipe-
BOCXOJHT pajHOAKTHBHOCTb MHHEPAJIOB NEePBOH TPYIIH.
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10.6. PATUOAKTHBHOCTDb MATMATHYECKUX
H METAMOP®HYECKHX NOPONA, [1]

MarmarHyeckHe nopoasl. PaclpefiesleHHe PafHOAKTHBHLIX MH-
HepaJoB MO rPyInaM H THNAM MarMaTHYeCKHX NODOA M PajHOAK-
THBHOCTb ypaH- H TOPHHACOJAepKallHX MHHepPAaJOR 3aBHCAT OT yCJO-
Buit 00pa3oBaHus NMOPOJA H HX COCTaBa.

ITopoaw yJAbTPAOCHOBHOTO H OCHOBHOTrQ COCTa-
B 0 B. PaiHoakKTHBHOCTL 3THM NOPOA2M OOBIHO CO0GMmAIT LHPKOH,
OPTHT (aNJaHHT), ApPYTHe aKIeCCOPHBlE H HEKOTOpHe KaJjuiicolep-
XKalHe MHHepaJu. Pexe OCHOBHOe KOJHUYECTBO ypaHa COCpeROTO-
4eHO B IMIABHBIX ITOPOA00ODPA3YIOUIHX MHHEpalax.

YpaH nmpuHCYTCTBYeT B pacCesiHHOM COCTOSSHHH HJAH B BHJe CyO-
MHKDOCKONHY4eCKHX BKJIOUeHH COOGCTBEHHO YPAHOBHIX MHHEpPaJoB,
B aKIECCOPHHIX K€ MHHepaJax OCHOBHOe KOJHUEeCTBO ypaHa H TO-
pHsi BXOZHT H30MOP(GHO B HX KPHCTANJIHYECKYIO pelleTKy. Paauo-
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4KTHBHOCTb IIHDKOHA H OpTHTa B pacCMaTpHBaeMHIX NOPONAX MeHb~
lle, yeM B APYTHX MarMaTHYeCKHX nopoaax. Munepasu ra66pounoB
N0 BO3DACTAHHIO HX DAJAHOAKTHBHOCTH DAacloaralTcs B IOCJAe0-
BATEJIbHOCTH: IIHDOKCeH — poOroBasi OGMaHKa —- MJarHOKJas —>
= OJIHBHH —MA4rHeTHT — GHOTHT — THTAHHT (cPeH) — amaTur —
~> OPTHT — nHpKoH [1].

Cpenenns o cpepHeM coaepxannu Ra, U, Th u K B yabrpaoc-
HOBHHIX H OCHOBHHIX IDYNNaX H THIAX MOPOA NpuBeAeHH B Tab.. 19.

I[Topoaw cpeanero coctapa. KoHleHTpanHs ypaHOBLIX
H ypaHCOlepXKalulHX MHHEpajOB B CpelHHX TNOpOAaX BHIle, YeM B
nmopojaX OCHOBHBIX; Bhlllle TakXke B CPeAHHX NOpPOAAxX cojepXKaHHe
pajud, TOpHa H KaJaus (cM. Taba. 19), uto 00ycIIOBAHBAET B 1eI0OM
60siblIyI0 paJHOAKTHBHOCTb 3THX TIOPOA.

CaMble 3HaYHTeJbHble KOJHYECTBA ypaHa YCTAHOBJIEHH! NJs lIe-
JIOYHBIX CHEHHTOB H ()OHOJMTOB, BOSHHUKAKOMIHX HA NOCJEAHHX CTa-
JHAX MarMaTHyeckoll auddepennuanuu. llenounnle CHEHHTH OGbIY-
HO COflepKaT B HECKOJbKO pa3 Gouplle ypaHa, 4eM B <CpeaHeMm
H3BEeCTKOBO-II[€JI0YHbIE MPAHHTH,

ITopoa® KHCAOrO COCTaBa, THNHYHBIMH PAaJHOAKTHBHE-
MH MHHEpa/JaMH KHCJABIX MAarMaTHYeCKHX NOpOJA CYHTAIOT IHDPKOHLI,
ceH, OpTHT, MOHAIUT, KCEHOTHM M amaTHT. IIpu 3TOM B TrpaHHTax
(32 HCKJIOYEHHEM JeHKOKPATOBHIX) ILHPKOHH BCTPeyaloTcsi B 6OJb-
IIHX KOJIHYECTBAX, YeM B NOPOJax CpelHHX, H PaJHOAKTHBHOCTb HX
BHILLIE.

PocT paJHOaKTHBHOCTH IHPKOHOB H, NO-BHIHMOMY, APYTHX aK-
LIECCOPHBIX ypaH- H TOPHACOJAEpPKAUIHX MHHEPaJOB H yBeJHueHHe
HX KOHIEHTPAIHH OT YJbTPAOCHOBHLIX NOPOA K KHCALIM OOBsiCHs-
I0TCSi yBeJiHUeHHeM KOHUeHTpamuu Th u U B marmarHueckux pac-
nJaaBax B MpoOIEecce HWX KPHCTaAnH3auHH. Doabule Bcero ypana B
KCEeHOTHMe, IIHDKOHe, MOHANHTE U alaTHTe, THIHYHBIX IpaHOAHOpH-
TaX, H3BECTKOBO-UIEJIOYHBIX H HATPHEBLIX FPAaHHTAX; COJlepkKaHHe
ypaHa B OCTAJbHHX MHHepaJsaX He3HauHTeJbHO.

ComepKaHHe ypaHa H TOpHS, a TakxkKe paJHOAKTHBHOCTb MHHe-
pajioB IDAaHHTOB BO3DPaCTalOT B [10C/e]0BaTeNbHOCTH: KBapll — Op-
TOKJAa3 - IJIaCHOKJAa3 —» poroBasi OOMaHka — OHOTHT — IHPO-
KCeH — MarHeTHT —> (I00pHT ~> amaTHT — STMHAOT — HJbMe-
HHT - c¢deH ~ MHUPKOH — OPTHT —- MOHAIHT.

KoHueHTpanHsi pajiHOAKTHBHBIX AKIEeCCOPHBIX MHHEPA/JOB MaK-
CHMa/ibHa B KHCJBIX MarMarHyecKHX NOpojax. DTO 00yc/OBJAHBAeT
HaWBbICUIYIO PAaJHOAKTHBHOCTb KHCJBIX MAarMaTHYECKHX NOPOX, NO-
CTHraOUlyI0 HaHGOJbLIHX 3HA4YeHHA B rpaHurax (cM. tabma. 19).

CoflepxxaHHe ypaHa B rpaHuTax == (4-+-10)-107%%, a Topus
= (20-+50) -10—*% [4]. TToBeiIeHHOE COJlepXKaHHE KAJH{ yCTAHOB-
JIeHO B KBapIeBbIX MOp(pHpax, MHKPOKJAHHOBHIX rpanuTax (10 6%)
1 nefinuroseix Hedpurax (mo 7%). Coaepkanne ypana B BYJIKa-
HHYeCKHX CTeKJaX Hu3MeHsercsi B npepenax (0,8--15)-1074% n
cocTaBisier B cpefHem 5,6:107*Y%. DTo 3HayeHHe, NO-BHIHMOMY,
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Ta6auna 19. Cpenume KonuenTpauum paumoakTupnbix oiementoB (%) B warmaTueckux ropdoadx
r o Cephs Topoxns K U 100 Th-10¢ THY el
Hutpysus- UsBecTkoBO-1le- | YABTPAOCHOBHEE  (AYHHT, 0,15 0,03 0,08 2,7 0,3
HLle JIOYHAS OHPOKCEHUT H AP.)
Ocuosure (raG6po, pua- 0,7 0,6 1,8 3,0 2,6
6a3 u ap.)
Cpensre {(gHOpHUT, KBap- 1,8 1,8 6,0 3,3 7,4
ICBRIA AHOPHT)
Kucane (rpanozadopur, | 2,3—4,0 2,1-7,0 8,3—40,0 | 4,0-5,6 9,56—30,0
IJIaTHOTPAHUT,  OMOTHUTO-
BLIf TPaHHT, JEeHKOKPaTo-
BLI# aJACKUTOBLIH FPAHHT)
Hlenounas MeabTelirur,  MaiMeyur, 1,8 2,6 9,8 3,8 9,7
HHOJHT
Kumbepnur (ue anMaso- — 2,6 8,8 3,4 6,1
HOCHBIH)
KumGepanr  (anmasonoc- — 3,2 16,3 5,1 9,6
HHIH)
CueHHT 3,8 — —_ — 6,8
Muackuropuii  gedennso- 4,5 4,1 7,2 1,8 15,0
BHIH CHEHHUT
ArnauroBhit HedenUHOBRIX 5,0 10,3 28,3 2,8 30,4
CHEHHUT
Tpaxubasanbt 2,6 2,4 8,0 3,3 10,2
Tpaxur, TPaxuAUIapHT 4,8 3—8 30—50 4--5 23,4—-36,3
10
AbdysuBHEE Basaaet, nuabas 1,0 0,7 2,3 3,2 3,4
Anpesur, AHIe3UTOBHI 1,7 1,2 4,0 3,3 5,8
nopdupur
Jauur, naudToBkI HOpdU- 2,3 2,5 10,0 4,0 10,6
PHUT
Jlunapur, KBapueBHft nop- 3,7 4,7 19,0 4,0 18,8

¢up




TIpeICTaBJseT BEPXHIOIO [paHHIy COAEpIKAaHHA ypaHa B KHCJABIX
BYJKaHHYECKHX TOPOAAX.

CpaBHHTEADbDHAas palHOAKTHBHOCTb MarmMartHue-
CKHX 00poA PaxHoakTHBHOCTL B OCHOBHOM CBSI3aHA C NpPHCYT-
CTBHEM aKIECCOPHLIX ypaH- H TOpPHHCOAEpIKANIHX MHHepaJioB; OT-
YACTH BHI3bIBAETCH COOCTBEHHO YPAHOBHIMH M TOPHEBHIMH H JHIIbL
B HeGoaplIofi cTeneHH OOBIMHLIMH HNOPOA0OOpPA3YIOIIHMH MHHEpa-
JaMH.

PafnoakTHBHOCTL HHTPY3HBHBIX MNOPOA H3BECTKOBO-IIEIOUHON
CcepHH H NopoA 3(P@dy3HBHHIX BO3PACTAET OT YJAbTPAOCHOBHBIX IO~
PO K OCHOBHHIM, CpPeJHHM H Jajee K KHCJALIM IIPONOPUHOHAJILHO
yBEJHUYEHHIO COAEpIKAHHA B HHX KpeMmHe3eMa H Kaaus (cM. Taba.
19). ¥ oTaenpHBIX TOJIL TIOPOA MAarMaTHYecKHXx (Qopmanuit npsamas
cBa3b Mexay cofepxanuem U u Th, U u K, Th u K, U u SiO,,
Th u SiO; nposeasiercsa sacuee. K u SiOy tak xe, xak U, Th, xon-
LEHTPHPYIOTCA B KOHEUHBIX MNPOAYKTaxXx MarmarHieckofi audpde-
PEHUHAIHH, YTO HPHBOJHT K OTMEUYEHHBIM KOpPPEJSTHBHBIM CBS-
39M H TIOBBIIEHHIO F'AMMa-aKTHBHOCTH C pOCTOM coaepxanusa K
H SIOZ

Hanbosnee cyumecTBeHHO pa3jHuHe PaAHOAKTHBHOCTH TPAHHTOB
C BBICOKHM COJEpKaHHEM KaJbIHA (OJarHorpaHHThl), B KOTOPHIX
koHuentpaunn U= (1,53,1)-10%%, a Th<<(5+15)-10~*%, u ¢
HH3KHM COJEpIKAHHEM 5TOr0 3JeMEeHTa, HO BBLICOKHM Kaausa. Jlas
NOCTeIHHX XapakTepHbl KoHueHTpauHn Uz (4-+10)-10%% =
Th= (20--50) - 10—%.

HnTtpysuBHbie H 3Qdy3HBHbIe NOPOALl ¢ MOBBILIEHHOH IIEJO0YHO-
CTBIO OTJAHYAKTCA 0oJee 3HAYHTENbHON pPAAHOAKTHBHOCTHIO, 4eM
O6MH3KHE IO KHCJOTHOCTH IIOPOJAbl H3BECTKOBO-UIeJOYHON CepHH
(cM. Taba. 19). DTo XapakTepHO KaK AJs YJIbTPAOCHOBHLIX I1lleN04-
HHX NOPOJ, TaK H AJs KHC/IBIX.

MakcuManbHble KOHUEHTPAUHH PAJHOAKTHBHEIX 3JEMEHTOB IIpH-
YPOUHBAIOTCA K KPAaeBbIM YacTAM KPYINHHX HHTPY3HBHBIX TeJ.

PaaHoaKTHBHOCTE 3()(Y3HBHBIX H SHAOKOHTAKTHLIX IOPOA BbIlle
PAaAHOAKTHBHOCTH HX HHTPY3HBHBIX aHAJOIOB H KOppeJHpYyeT ¢ Co-
JlepKaHHeM B HHX KPHCTAJJMH32aLHOHHOH BOJHL

INNermatutel. B nermaTtHTax cojepXHTcsl 3HAYHTENLHO OoJblue
pPAalHOAKTHBHbIX MHHEDAJOB, Yev B COGCTBEHHO MarMaTHYeCKHX
nopofax (raaBHbIM 00pa3oM YpaHOBBIX H TOPHEBLIX MHHEPAJOB).
910 00BACHAETCA TeM, YTO IpPH BO3HHKHOBEHHH MerMaTHTOB B
OCHOBHO# Marme cojiepxarcsg OOJblIHe KOMHYECTBA CKOMHBUIHXCS
B pe3yJ/bTaTe NpeAlIECTBYIOIIHX CTAAHH MarMaTHYeCKOH llﬂql(bepe}l:
LIHANHH PAaJHOAKTHBHHX 5/€VeHTOB, 4eM B Marve, nopoxiamolleH
KHCABE NOpOJH. B TO e BpeMss B aKLeCCOpHble MHHepasbl OOBY-
HO BXOAHT MeHblll€ ypaHa H TOpDHS, YeM B Te K€ MHHEpajH rpa-
HHTOHAOB.

B mermartuTax HabawofaeTcs paslelNeHHe ypaHa H TOpHS. ¥YpaH,
o0pasylolHii JeTydyHe COEXHHEHHS, YXOAHT B THAPOTEpPMA/bHbIE
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Ta6anua 20. Cpeguss KOHUEHTPAUus PaAMOAKTHBHBIX 3jaeMeutoB (8 %)
B MeTaMOP(PUYECKHX H YJAbTPAMETAMOP(PHUECKHX NOPOAAX

danus Topoaa K U-104 | Th-104| Th/U elJ
T'panyautosas u) dxaoruT 0,81 0,2 0,4 2,0 1,8
SKJIOTHTOBAS Ampuboanut 0,6 | 0,7 1,81 2,6 2,5
AnoanabasoBnii nopoHPHT 0,81 0,9 2,71 3,0 3,4
MaruespaJabHO-CHIHKATHH A 0,8 1,2 4,01 3,0 4,2
cJaner,
Tunepcrenopnit ruefic 1,6 | 0,6 2,1} 3,5 4,3
ITnaruoxknasosuii  Murmater,| 1,7 | 0,8 2,31 2,9 4,7
YADHOKHT
CunnuMaduT KopAHEPHTOBH, 2,6 1,3 4,21 3,2 7,6
rHefic H ciaaHen
AMbuboanrosas| AMpuGoaut 0,811,0} 4,0] 4,0 | 4,0
H 3snuaoT-aMmdu-{Mpamop, Mpamopnsopaguuii| 0,2 1,1 2,21 2,0 2,3
6oautoBas H3BECTHAK
Ksapunt 0,6 { 0,8 3,11 3,9 3,1
Meramoponsopanenfi necua-| 2,5 | 2,7 | 9,21 3,4 | 10,8
HHK
KpHcTaminyeckuil claHen 3,1 | 2,6 |10,0] 3,8 | 12,1
IoneBowmatoBufi raeiic 3,4 3,5 )15,0] 4,0 }15,5
MHUrMaTHT, TpaHHTO-THEHC 3,6 | 3,2 |16,1} 5,0 | 16,0

pacTBophl, a Gojplias 4acTb TOPHS BHMNaAaeT ¢ ¢paxuHed, o6o-
raleHHofi KpeMHHeM.

Meramopdmnueckne nopoian. Cpenn meraMop(dHYECKHX TIOPOL
BBLIENAIOT caaGopajHOoaKTHBHEE (aMHOOMHTH, am@HOOJHTOBEIE
CMAHIBl, AmoAHAa6a3bl, KBAapUHTH, MpPAMOpPH, KaJbUHTOQHpPH) H C
HOpMAaJbHOH HJH c1a00MOBBLILIEHHOH pajHOAKTHBHOCTBIO ((eabcH-
YyeCKHe THeHchl, KpHCTAMIHYECKHE CAAHLb, NOPMHPOHIE, METaMop-
¢H3oBaHHBe mecyaHuku) (Taba. 20). HeoanHaxoBas paAHOAKTHB-
HOCTb 3THX pa3HocTed OGBbsAcHAeTCA pas/HUHEeM HX MNEepBOHAYAMb-
HOro xuMHYeckoro cocrasa [1, 6]. B nopolax BTopoll rpymmbt
nossillleHo conepxkanue SiOg, KoO, CO; m HyO. Uem Goabuie cre-
neHs MeraMopduama rHeficoB H KpPHCTAMIHYECKHX CAAaHIEB H Mac-
CHBOB, TEM MEHblIE CpeJHSAsT KOHUEHTpalLHs B HHX ypaHa H TODHS.

B nopoaax, o6pa3oBaBlIHXcA B pE3yabTaTe MeTaMop(pH3IMa
BYJKaHHTOB OCHOBHOTO @QCTaBa, KOHUEHTPAlHS ypaHa H TOpHS.
BCerja HH3Kag,

Takum o6pasoM, y TOpOJA, BO3HHKAIOIIHX B pe3yJbTaTe PErHoO-
HalBbHOTO AHHAMOTEPMAJBLHOTO H KOHTAKTOBOTO MeTaMopdH3ma,
koHuentpanyus U u Th HeooHHakoBa JHIIb AJS pasHocTel, obpa-
30BaBlIHXCA B Yca0BHAX aM(bHGOMHTOBOH, SMHIOT-aMPHOOJIHTOBOH
H 3ejeHocAaHNeBoH ¢aunuii. B noponax, meTraMopdH30BaHHbIX 3Ha-
yHTeabHee (FpaHylHTOBLIe (panHH), KOHUEHTPAUHH YpaHAa H TOpHS
MOYTH BHPABHHBAIOTCA AJs BCeX THIOB MOPOA. YJIbTpaMeTaMop-
(hH3M H MeTacoMaro3 CcNocoOCTBYIOT POCTYy KOHUEHTpAUHH ypaHa.
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# TOpHs B HX NpOAyKTax, a otHollenue Th/U y mocneannx moxKer
OHTbL Kak oueHb MaldbiM (<1), Tak u oueHp Goabwum (>10—20).

PaccmaTpHBast paZnoakTHBHOCTL MeTaMOp(dHYECKHX pasHocTef,
Heo0X0AHMO 0C000 BbIAENHTb NOPOAB MHEBMATONHTOBBHIX H THIPO-
TEPMANbHBIX XHJA. K MOCAeIHHM INIpHYpOYeHBl OYeHb MHOrHe BHABL
H Da3sHOBHAHOCTH ypaH- W TopHHCOJepKaluHx muHepasoB. U3 cob-
CTBEHHO ypaHOBHIX MHHEpPAJOB JJf INOpOL HH3KOTEMIepaTypHHX
THAPOTEpMANbHBEIX KHJ HaHOoJee XapakTepeH HacTypaH. Hacrypan
B BHAe NPOXKH/IKOB H PACCesIHHOH BKpANJeHHOCTH OOHapyxkKeH Tak-
JKe BO (DIIOOPHTOBLIX XKHJAX.

KoHUEHTpalUHs ypaHa W TOPHS B PaJHOAKTUBHHIX pyjax, B 30-
HaxX OKOJODYAHLIX H3MeHEHHH H OpeoJoB paccesiHus ropaslo BH-
we, yeM B 0Ob4HBIX mopojax. Colep:KaHHe ypaHAa JOCTHTa@eT
4000-10~*%, a Topust 10000-10~%% u orHowenue Th/U usmens-
ercst oT 0,1 10 20 B pyAHHX Teslax; OHO XapaKTepH3YeTCst JaHHBIMH,
npHBeJeHHBIMH B paboTe [6].

10.7. PADHOAKTHBHOCTb OCAJOYHBIX NOPOJL
H NMJIACTOBBIX ®JIIOHAOB [1, 6]

PannoaKkTHBHOCTL 0CaJ0YHBIX TNOPOJA CBsi3aHa C Ha/JHYHEM B HX
COCTaBe KaJHHAHBIX, ypaH- U TOpHACOAepKALIHX MHHEPA/IOoB, a TaK-
ke aacopGHPOBAHHBIX PAJHOAKTHBHBIX 3/€MEHTOB; OHa H3MEHSeTcs
B IIHPOKHX Tpejenax.

10.7.1. OBJIOMOUYHDBIE NOPOA LI

Poccunu. Tlpu paspyuredns nopoj, o60rallleHHbIX paiHOaK-
THBHBIMH MHHepaJaMH (HalmpHMep, TPaHHTOB H HX INeT'MaTHTOB),
ypaH JIerko okHcasieTcs, o6pa3ys ¢ aHHOHAMH KHCJIOT pacTBOpHMbIE
COeJHHEHHS, H 3aTeM MHIpHPYeT B BOAHBIX paCTBOpax, IO3TOMY
POCCHIITH CONEpXKAT B OCHOBHOM MHHepaabl TopHa. Ilociaennne us-
3a MX GOJbLIOH NMJIOTHOCTH OTJNAraloTCs H KOHUEHTPHPYIOTCA BCKO-
pe Moc/ae BHHOCA H3 30HBI PAa3pylCHHs HCXOAHBIX NODOA, o6pasys
COBMECTHO C JPYrHMH OGJOMKAMH TNPOMBILIIEHHO BaXHLIE aJJI0-
"BHAJbHHEE H NpHOpEKHO-MOPCKHE POCCHIIH.

CoracHo HMEIOLHMCH JaHHBIM, COJepXKaHHE TOPHS B NOpOJax
3THX MecCTOpOXKAeHHii u3MeHnsercs ot 50-10—* go 3500-10—%%, a
ypaHna ot 13-10~* no 120-10—9%.

IF'nuHe wraHHHCTHE caaHuH. Cpexn OCAaZOYHHX NOPOA
(32 HCKJIIOYEHHEeM KaJHHHBIX CoJeH, HEKOTOpPHX TOpIOYHX CJAaHUEB
H KBApUEBHIX KOH[JIOMEpPATOB) IMHHH 00JManaloT B CpefHeM HaHbo-
Jsiee BolicokHM copepxanHem U, Th u K w® paaHOaKTHBHOCTHIO
(raba. 21).

OTHOCHTEIbHO BBHICOKAsl PAajHOAKTHBHOCTb IVIHH H TJIHHHCTBIX
cnaHueB 00DbACHAETCH NMOBHIIEHHOH copOuHell ypaHa, pajHs, TOpHA
H KaJH§ HA TJHHHCTHX YacTHUAX, IPHCYTCTBHEM MHHEpAJNOB KaJjHf,
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Ta6anua 21. KoHuenTpauus ypana, TOPHE u Kaaus (%) B OCafoYHBIX
OTNOKEHHAX KOHTHHEHTAJbHOH YacTH 3eMHOH Kops (CpeaHsist)

U-104 | Th-104| Th/U eU

A

I'pynna nopox IMopoaa

TeppHreHHule KourJaomepar, rpase-| 1,5 2.4 9,0 | 3,7 8,6

(necuaHo-r/HHH- | JHT

cTHE) KBapueBrit kouraome-| 1,2 6,3 31,0 | 5—10{ 20,6
par

Tecuanvk, anespoanr | 1,7 2,9 10,4 { 3,6 10,0

Apraanaut, raumpactai| 2,7 4,0 11,51 2,9 13,4

caHel, IVIMHA

KpemuuctHe KpeMuncTtuiit  caanen,| 0,3 1,7 2,211,2 3,1
KBapIHT
TCanuncto-kpemanctwifi | 1,1 2,8 6,2 12,2 7,2
cJaHen

KapGoraTtane | amectHsk 0,3 1,6 1,81 1,1 2,8
Meprenn 0,8 2,8 2,510,9 5,2
JlonoMuT 0,4 3,7 2,810,8 5,5
BarymMuHosHu#A uaect-| 0,3 7,8 11,911,5 13,0
HSAK

Coassne Tune, auruapur 0,02 1,0 1,0 1,0 1,4
KamenHast coJn 5-50 0,9 1,0 1,1 [10,2—9%
CuaeBun (KCI) b4 — —_ ] — 96,7

Kaycro6uoauro-| KaMeHHuE yrodn 0,1 3,4 4,811,4 5,5

BHE Topd — 12,0—-5,0} 5,2(1,8 |4,0—7,0
Toprounfi caauen, — 1100—200 |10—15| 0,5 {100—200

TOPHs H INECTHBAJEHTHOIO ypaHa, 00pa3oBanHeM B YCIOBHSAX BOC-
CTaHOBHTE/NbHOH (CpeAn MHHEpPaJOB YETHPEXBAIEHTHOrO ypaHa,.
BO3HHKHOBEHHEM TBEDALBIX pPacTBOPOB (HEKOTOpPHE H3 paJHOAKTHB-
HHX MHHepaJsioB MOTYT 00pa3soBHBATh ¢ MHHepa/laMH I'VIHH TBepAHe
pacTBOpH).

Bo3MoXHa 3HayHTenbHast afcopOUHs HOHOB ypaHa M3 NPHPOA-
HBIX BOA, TA€ OH HOPHCYTCTBYeT B BHAe: 1) JIeTKO PaCTBOPHMHX.
Kap6OHaTHHX coefHHeHufi, Hanpumep Na,UO,(COj3)s, AHCCOUHH-
pyrpomeroca Ha noHl Na*t u {UO;(COs);3]?—; 2) ypaHo-oprannye-
CKHX coeluHeHul; 3) 3ons rufpookucH [UOp(OH)oln uan apyrux
Konnounos; 4) cyabdar-ypanuna UO,SO, — HauMeHee yCTORYHBO-
ro B IPHPOJAHKX YCAOBHAX H AP.

CopOeHTbl He H3B/IeKAlOT ypaH H3 HalfoHHOHA BoAH. CopOuus:
HAYHHAETCH B CTAJAHH JHareHesa, KOrga B HJIOBHX BOAaX, 6Orarux
YIJEKHCAOTOH, NPOTEKAIOT XHMHYECKHE peaKIHH, CyLleCTBEHHO H3-
MEHAWUIHE COCTaB M CTPYKTypy ocajka. HachimeHne HJIOBHX BOJ,
OunoreHHOH ABYOKHCDIO yriepoJa NPHBOAHT K pas3pyLIEHHIO YpaHHJ-
KapOGOHATHLIX aH#OHOB. B peayapraTe pasnoxkeHHA KOMIJICKCOB
BO3pacTaeT KOHUEHTPALUHsA KATHOHOB ypaHa H HAYHHAGTCA HX TO-
rJOLEHHe Cpa3y HecKolbKHMH copOeHTamH. Ilpn 3ToM copOupyio-
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QUHMH SIBJSIIOTCSA TJIHHHCTHE MHHEpaaH (MOHTMOpPHJJIOHHT, Talfy-
A3MT, KAaONHHHT H Ap.), AHCHEPCHbie arperaThl FHAPOCAION H XJO-
PHTOB, H3MEHEHHbe OHOTHTHI, CEPHIHT, IMayKOHHT. KOoHueHTpamus
PpaBHOMepHO paccesnHoro U B amlOMOCHIHKATHOM BELIECTBE Hepend-
Xo pocruraer 2—3%.

Onnoli u3 npuuHH ckomaeHHs U B CAOHCTHIX aqI0MOCHJIHKATax
H IEJHTAaX CO CKPHITOKPHCTANJIHYe@CKOH CTPYKTYpOH SBJSETCH BO3-
HHKHOBEHHE B HHX JHCIEPCHOA THAPOOKHCH THTAaHA ~— AKTHBHOTO
cop6eHTa, H3BJEKAIOLIETro ypaH H3 MOPOBHIX H MOpPCKHX BoA. [lo-
poan jerko otAarT U B KapGoHATCOAepXKAILYIO KHAKYI ¢as3y.
U3 noaBasomuxca TaxkuM o6pa3soM ypaHCOAEpPHAIUHX pPacTBOPOB
MOTYT OCaXAaThCH MHHEpaJH ypaHa.

AncopGeHTaMH SIBASIOTCH TaKXKe KOJMJIOHIHBIE OKCHAB KeJesa,
AMIOMHEHA, KpEMHHs, MapraHua H OpraHHYecKHe BeIECTBa

CoBMeCTHOE OCaXKACHHE YpAaHOBBIX, YpaHCOXepKallHX T[JIHHHC-
“ThIX MHHEpPaNoB H APYTHX COeJHHeHHI 0COGEHHO HHTEHCHBHO, eCJH
OHH BO3HHKAIOT B HeMOCPEACTBeHHOH GJH30CTH OT pa3pylualouIHXCs
YPaHOBBLIX MECTOPOXKAEHHH B 30HaX OKHCJEHHS M LEMEHTalHH Tep-
BHYHEIX YPAHOBBIX MeCTOpoxXKJAeHHH. OMHAKO 4Yalle TJIHHHCTbIE MH-
‘HepaJbl H ApyrHe CoelHHEHHs ancopOHpPYIOT ypaH, oCBOGOMHBILIHI-
€5l TIpH Pa3pyLIEHHH DA3JHUHBIX TTODOL.

Ancopbuus 3aBHCHT or pH npHpoXHHX BOA: oHa TeM 3HAYH-
TeJbHEE, YeM MEHbLIE B pacTBope CBOOOIHOINO KHCAOPOAA H HOHA
CO432—, ray6xe H CnoKoiiHee BOAHL, GoJjee AHCIEPCHBI OCaKAAIoNHe-
¢Sl YaCTHILHI.

OcaxpaeHue coeiHueHHH ypaHa Haubojee HHTEHCHBHO B BoC-
CTAaHOBHTeJbHOH Cpele B TMPHCYTCTBHH OPraHHYECKHX BelIeCTB
(TyMHHOBHIX KHCJIOT M YILJIHCTBIX OCTAaTKOB) H cyab@puuoB. Opra-
HHIECKOe BEIIeCTBO aacopbHpyeT H3 OKpyXKawiueli cpexsl ypaH,
WHOTAA BOCCTAaHABAHBas €ro A0 4YeTHLIPeXBAJEHTHBIX COedHHeHHH,
HEpPaCTBOPHMBIX B BOJE.

TToBBIIIEHHYI0 PAXHOAKTHBHOCTb IVIHH H [VIHHHCTBIX MOpoj 00b-
SICHSAIOT TaKXe OTHOCHTEJNbHO BHICOKHM COJEpIKaHHEM B 3THX IIOPO-
nax xaaua (mo 6,50%), xKoTopblif HAXOQHTCHA 34eCh HE TOJLKO B MH-
#epanbHOll (MHKPOKJHH, OpPTOK/IAa3, aHOPTOKAa3, Hede/ldHH, MYCKO-
BHUT, (JAOrONHT, GHOTHT, MHAPOCAIOAA, TJIAyYKOHHT H Jp.), HO H B
<opOHPOBaHHOH (opMme.

TlecuaHuKH H afneBpodHuTH, Yame Bcero pagHOaKTHBHbIE
3JEMEHTHl COAEPIKATCS B NMECYAHHKAX H ajleBPOJIHTaX B BHJE H30-
MopdEOH NPHMECE K MuHevanam Tsxeldol ¢paxkuun PaaHoakTHB-
Hble 5JEMEHTH HAXOJATCA B [VMIHHHCTOH 4aCTH 3THX NMOPOA B ajacop-
OHpOBaHHOM BHJE.

TlecyaHHKH M a/eBPOJHTH COAEPXKAT B CpPEeAHEM MHKPOKOJIHYE-
ctBa U, Th u nemuoro K (cm. taba. 21). IloBuimeHuoi pagHoak-
“THBHOCTBIO OTJHYAIOTCA HX KaJaHfcojAepiKallHe NMOJHMHKTOBLIE pa3s-
HOCTH. MuHepaJbHoe CoAepXKaHHe paaHOAKTHBHBLIX 3JEMEHTOB
XapaKTepHO AJs XOpPOLIO OTCOPTHPOBAHHEIX MODCKHX, B OCHOBHOM

256



Puc. 72. YpoBuu conepxaHHR YpaHa
M TOPHS B OCaJOUYHBIX OTJIOKCHHAX
3eMHofl xopul [6].

Otnoxennss | — teppurenubie, [/ — KpeM-
HHCcThle, [l] — Kap6onartHble ([/la— pgo-
noMuTH), [V — coaeHocHbie, V — Kaycero-
G6Hoautbl CTpeJkaMu rOkasaHa TeHfed-
LHS yBeJHYeHHs COflepXaHus YpaHa B
nopojax, o6orauieHHbIX OpraHHxoit
(Copr), YPaua H TOpHs B TepPHMIEHHHIX
OTA0XKeHHsX, o6orauenHblx BBICOKOpa-
JHMOaKTHBHBIMH aKIeCCOPHAMH (MOHaIlH-
TOM Mz, uupkonom Zr u Ap.). WHdp
KpHBbIX — Th{U

T 8 oy, 10%%

KBapueBblXx necuaHukoB. [IoBHIIeHHOE CcOepkKAaHHE PAXMOAKTHBHBIX
3J€MEHTOB YCTAHOBJEHO IJf TJMHHCTHIX pPAa3HOCTeH IIECYAHHKOB,
a TaKe AJd MecYaHHKOB C OPTAHHYECKHMH IPHMECSMH,

HurencuBune mpsivble cBs3u Hafigennl I1. A. KypouxunbimM AJst
TePPHTEHHBIX TMOPOJA MEXAy oOuiell ylenbHoll o0beMHOH ramma-ak-
THUBHOCTBHIO (@ ¥ UX O0BEMHOX eMKOCTHIO KAaTHOHHOrO ofMeHa; Mex-
Iy Q 4 yAenbHOH TOBEPXHOCTBIO S; ) M OCTATOYHBIM BOJOHACHIIILE-
HHEM kgo, 2 TakXKe MEXIy coiepxkaHueM Th u TeMH Xe Benuyu-
HAMH,

Hepeako ravHHCTOCTL ONpeAeSsieT TAKXKE H MOPHCTOCTb NeCua-
HHKOB, NMO3TOMy MeXAYy KO3()(dHUMEHTOM HX INOPUCTOCTH R, H 00-
mwell pajJHoakTHBHOCTBIO Q: HabJjlofalorcss obparHble KOppessiiH-
OHHble CBs3M; OHM YCTAHOBJEHBI U MeXAy Qrn H kn.

Ob6paruble KoppensAllMOHHbE H JOCTATOYHO TECHbIE 3aBHCHMOCTH
HafieHbl MexJy O6ILed raMMa-aKTHBHOCTbIO Q W CpelHHM paluy-
coM mop, Q u K03(pPHUHEHTOM IPOHHUAEMOCTH Ryp W HE MeHee
TecHble 06paTHHE CBSA3H.

10.7.2, OPTAHOTEHHBIE U XEMOTEHHBIE NOPOAD!

Kap6oHaTHHe NOpoAbl. YUucTble MOpPCKHE H3BECTHSKH H
NONOMMTH, KaK IpaBuio, caabo pagnoakTuBHEL. ColepikaHue ypa-
Ha B HHX He TpeBOCXOAHT 4-107*%. Takas pagHOAKTHBHOCTbL Op-
FAHOTEHHBIX H3BECTHSKOB OIpEAENAeTCH OKHCJIHTENbHBIMH yCROBHS-
MH Cpelbl, B KOTOpOH 0O0pa3yloTCsl 3TH OTJIOXKEHHS (PaKOBMHBI H
ApYrHe OpraHu3MH KHUBYT B MEJKOBOJAHBIX OacceHHax, coaepKallHX
KHCI0poA). OKMCAHTeNbHAS Ccpefa He CNOCOOCTByeT OCAaXKAEHHIO
ypaua (puc. 72).

O6pa3oBaHde XeMOTEHHBIX H3BeCTHSKOB M JOJIOMHTOB H3 MOD-
CKHX W TIPeCHBbIX BOJ BO3MOXHO TaKe B yCJAOBHAX, HE MOAXOAAILHX
aasa agcop6uum H OCAXIAEHHS ypaHa (ciabOHACHINEHHHE yIJICKHC-
JAbIM Ta3oM, cogepxkalllie KapOboHAT-HOH TypOyJAeHTHHE BOLBI C H3-
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MeHsolledica Temnepatypot). He ocaxpaercs ypaH ¢ maruesura-
MH, CHIEpHTaMH, TypaMH H APYrHMH KapO6oHATaMH, KOTOphie BO3-
HHKAIOT B TE€X Xe YCJOBHAX. [VIHHHCTOCTb NMOBbLIMIAET pPaJHOAKTHB-
HOCTb KapOGOHATHHIX NopoA. PalHOaKTHBHOCTb  KapGoOHATHHIX
OTJOXeHHH cBf3aHa TaKXe € HX HepacTBOPDHMBIM OCTATKOM, IIO-
CKOJIbKY OH COAEPIKHT B OCHOBHOM TIVIHHHCTYIO (paKIHIO.

CpenHsis paJHOAKTHBHOCTb H3BECTHAKOB H J0JOMHTOB OUYeHb
HH3Ka H MeHblle PAAHOAKTHBHOCTH IauH (cM. Taba. 21).

B HeKOTOPHIX pa3pe3ax HedTAHBIX MECTOPOXKIcHHH ycTaHOBJE-
Hbl JOJOMHTH3HPOBAHHLe H3BECTHSKH NOBBIIEHHOH palHOaKTHBHO-
CTH. 3HauHTeNbHbIe (X0 MPOMBIIIIEHHBIX) KOHIEHTPAIHH PALHOHYK-
JHAOB BCTpeyalTcd B MOPCKHX H3BeCcTHAKAX, o6GOrameHHbBX
BaHaJHEM.

Meprenn PaiHoakTHBHOCTb mepreseil B cpeiHeM (cM. TabJa.
21) Bbille, 4e€M Y YHCTBIX H3BECTHSKOB, H B pfle c/ayuyaeB GJH3KA
K PaAHOAKTHBHOCTH TJIHH.

Kanuiinoe ocaaku Kanuituole munepann — cuissui KCl,
kapHanaut KCIMgCly-6HyO, xaunur KCIMgSO,-3HyO, noaura-
Jaut Ky80,4-MgSO,-2CaS0O,-2H,0 u apyrue, B KOTOPHIX codepxa-
HHEe KaJus usMmendercd ot 12,9 (aas monuraauta) go 52,5% (aas
CHJIBBHHA), XapaKTepPH3yIOTCA BLICOKOH pafmnoaKTHBHOCTHI0. Colep-
J)KaHHe ypaHa B KaJHAHbBIX COJAX BeCbMa He3HAUHTeJbLHO.

FanuT, aurugpHT, THNC. DTH NOPOABI TAaK XKe, KaK H Kap-
GoHaTHble, BOBHHKAKT B OKHCJIHTEJLHOH cpelle B ycJa0BHAX, Hebaa-
TONPHATHBIX IJA OcaxKJeHHs H aXcopOuMH ypaHa. 3Jecb ypad
KOHUEHTPHpPYeTCs B OCTATOYHBIX paccostax. OTaoxeHus xe, obpa-
30BaHHBIE H3 TOCJAEAHHX, Yallle BCEro NOABepraloTCs BLIBETPHBAHHIO
H 060ramamT TEM CAMbIM COCeJHHEe KJacTHYeCKHe NOPOAbl, a 3aTeM
BBILENAYHBAKTCA M3 HuX. [HIC, aHTHAPHT, TAJHT H ApYyLHe COJH
cojepxkaT ypaH B cpeanem 1-107%%.

®oc¢artn. Uuorna cuapHo oborameHs ypaHoM. 1o obbsac-
HfeTcd ux oOpa3oBaHHEM B BOCCTAHOBHTEJAbHBLIX YCJOBHAX IPH Ha-
JIHYHH 3HAUHTEJbHHIX KOJHYECTB OpPraHHUecKOro MaTepHasna (pHC.
73). Karunoun ypana B KapbouaT-pTopanaTiTe 3aMeEIlAlOT HOHBE
KaJblHs, IPHHHMAs YyYacTHe B CTPOSHHH KPHCTA/I/JIHYECKOH pelleT-
ki, Qochartel Kaabiuud H3BJEKAOT YpaH JaXke H3 MODCKOH BOIHI,
HO ypaHOBbIE MHHepajbl BO3HHKHYTb He MOryT, Tak kKak U u Ra
NpakTHYECKH HE H3BJEKAlTCsA H3 TpHPOAHBIX ¢ocdaToB xapOoHAT-
HEMH pactBopamH. Pocdar xanbuHs, NPOYHO CBHA3BIBAf YDPAH H
TIPOLYKTBl €0 pacnaja, OrpaHHYHBAET MHIPAIHIO PaJHOAKTHBHDBIX
snemenToB. Colepxanke ypana B docharax H3MEHSeTCs B mpele-
Jax (10=-1500) -10—4%.

Hckomaemble yrau. PaaHOaKTHBHOCTb yIJIed, Kak IpaBH-
JI0, BecbMa HesHauuTeabHa (cM. Taba. 21). Oaunako cpelH TOPOR
5TOr0 KJacca BCTpeuYaioTcs BBICOKODAJHOAKTHBHbIE pasnocTH. Ha-
n6oJsee aKTHBHHIM KoHueHTpaTopoM U oKasajoch ryMycoBO€ opra-
HHYEeCKOe BemeCTBO, B MEHbIeHd cTelmeHH — canponenesoe. Palno-
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Puc 73. ConocTasaenne coaepxanHs ypana ¢ cogepanueM P05 (1o magubim
HHCTPYMEHTAJIBHOTO HEHTPOHHO-aKTHBALHOHHOTO anatHsa) (no IO T. YUynanoBy
u B A. Kacatkuny):

1 — Bepxusia vacTh pa3pe3a Bsrcko KaMckoro mectopoxkaenHsi (MeJoBble OTJOXeHHs), 2 —
HHAHSASL YacTh pa3pe3da (IOPCKHe OTJIOXKEHMs)

AKTHBHOCTb YrieH H YIVIHCTHLIX TOPOJ pAa3/HYHOH CTeNeHH MeTa-
mopdH3va Bo3pacTaeT C yBeJIHYEHHEM 30JbHOCTH.

Knaccudukaunsa Ocagounble MOpoAbl IO CTeNeHH palHO-
AKTHBHOCTH MOXHO Pa3feNHTb HA TPH TPyIIbL

1. ITopoas ¢ HH3KOH pAaJHOAKTHBHOCTHIO: XOPOIIO OTCOPTHPO-
BaHHble H cnabocueMeHTHPOBaHHbLIE MOHOMHMHEpPAJibHble KBApIEBLIE
TeCKH, aNeBpPOJHTH, YHCTbIE H3BeCTHAKH, JMOJOMHTH, KaMeHHas
COJib, AHTHAPHTH, THICH, OO/BLUIHHCTBO yrieH (ryMycOBHe yTJHC-
THIe OTJ0XKEHHS) H HedTeHACHLIEeHHbIe TTOPOAH.

2. [Topoabl ¢ NMOBHIEHHOH PaZHOAKTHBHOCTLIO: MJIHHHCThE pas-
HOCTH OCAJ0YHHX MOPOJ, IIHHHCTble IecKH, TecYaHHKH, aJeBpOH-
Thl, HEKOTOPLIE MEpTeJiH, TIHHHCTbIE H3BeCTHIKH H  AOJOMHTHI,
a Takxe TOPOAL C OPTAHHYECKHMH TPHMECAMH.

3. Iopoxsl C BHCOKOH PaiHOAKTHBHOCTHIO: KAaJMHHHBIE COJIH, MO-
HA[HTOBBlE H OPTHTOBLE II€CKH, rNyGOKOBOAHBIE TIJHHBL, TaA00HTe-
PHHOBHE HJBI H KpacHas IJHHA.
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Makcumanbnas konuentpauds U u Th n orsowenuwe Th/U
YCTaHOBJIEHE y OOJIOMOYHBIX NOPOA: KOHIVIOMEPATOB, IECYAHHKOB,
IVIHHHCTHIX chaHueB (cM. tabn. 21)., MeHLUIHX 3HAYeHHH KOHIEHT-
pauus u otHoulenne Th/U KOCTHraloT y KPeMHHCTHIX mopox (KpeM-
HHCTBIX CN2HIeB, KBADUHTOB, IIHHACTO-KPEMHHCTHIX cJaHnes). Eme
MEHbIINe 3HAYeHHS CPEeAHHX KOHUEHTpamH# u otHouwienus Th/U
HabJI0AAI0TC Y TAKHX KapOOHATHHX IOPOMd, KAK MEpreJH, H3BeCT-
HAKH, OHTyMHHO3HbE H3BeCTHsKH. CaMple Maable KOoHueHTpauHn U
H Th u oTHocuTenbHO HH3Koe orHouleHHe Th/U xapakTepHbl s
CONIAHHX Nopod. JLONOMHTHI H KaycTOOHOJNHTH (KAMEHHLIH yrodb,
Topd, roplouHe CJAaHUB) OTJHYAIOTCH CPABHHTENLHO BLICOKHM CO-
Jep:KaHHEM ypaHa H MaJbsIM — TOpH#, OCOOEHHO MepBbIe.

Bonbuioe KoMH4eCTBO TOPHS H ypaHa ¢ TOPHeM COJepXKaT rpy-
6006J0MOUHBIE TIOPOALI (KOHTJIOMEPATH, TPABEJHTH, NECUAHHKH)
3/JI0BHAJbHBIX, NPHOPEXHO-MOPCKHX H HHBIX TOJIL. B oraHume or
ITHX NOPOJA HM3BSICTHHKH, CJAHIIBI, NECYAHHKH, BO3HHKAIOIIHE B MOP-
cKHX OaccefiHax, B OCHOBHOM YpPaHOHOCHH H copepxat ¢ocdar u
OPraHHKY.

Comepxauns U u Th, a caeroBaTeqpHO, H pafiHOAKTHBHOCTH
06JI0MOUHEIX TTOpPOJA BO3pACTAIOT OT KOHIJIOMEPATOB K IeCHaHHKaM,
aJ1eBPOJHTAM, ApTHJJIHTAM.

10.7.3. IIJIACTOBBIE $JIONDbI

Kunkas ¢asa. DoHoBoe cogepxkanne U (B Ge3apyaHsix Io-
ponax), Rocturamwouiee 107° xr/M3, ycraHoBleHo B BOZax A0 LJy-
6un B cotHH MeTpoB. Ha rny6uHax, H3MepseMBIX KHJIOMETPAaMH,
colepXKaHHe ypaHa HHrie He npessiuaer 10~% kr/m®. C ray6unobh
MAaKcHMaJpHoe cogep:kahnne U B BOAAX HMeeT TEHAEHUHIO K YOHI-
BanHuio, o6HuHO raybuHHble Boxbl Boobme JaHmens U {1, 6]

Ynaneune U u3 pacTBopa B-IPHPOAHBIX YCJIOBHAX MOXKET HpO-
UCXOJUThL BCJEACTBHE: O6pPa30BaHHA TPYAHOPACTBOPHMBIX COEAHHE-
uui B npucyrcrBuH V, P, As u Si; copOuHH ypaHH/-HOHA THAPOK-
cugamu Fe, Al, Ti, opraHHuecKuM BEIIEeCTBOM YIOJBHOIO H Hed-
TAHOTO PAJOB, MHHEPAJAMH TJIHH.

MHOrOUHC/IeHHbIE HCCAENOBAHHA IOKA3aJH, UTO COJepKaHHe
pPanHs B IJACTOBLIX BOAAX 3aMETHO NMOBLIIAETCA C NPHOIHKEHHEM
K KOHTYpaM He(TEeHOCHOCTH.

CojiepxanHe H3OTONOB PAAHs B CBA3aHHOM Boje HedTAHOrO
naacra jpocruraer 37—370 Bk, 4uTo Ha ONMH-ABa NOpPAAKA Bhllle,
yeM B cBOGOAHOH BOAe 3a mpeneaaMu 3ajexH. Iupdysnonnni ne-
peHOC pajHsl H3 CBA3AHHOH BOAbI HETsAHOH 3a/€XH B DOANHPAIO-
IIyI0 BOJOHOCHYIO 4YacThb <CO3JaeT PaAAHOTEOXHMHYECKHIH
5} ¢ e K T— aHOMaJbHOE TOBHINEHHE PAXHOAKTHBHOCTH B 30HE
pogoHedTanoro koutakra (M. X. Xycuyaann, 1964 r.).

Conepxanve U B MHOTOYHCJAEHHHX 00pasnax HedTed pasany-
HHIX THIOB HaxoAuTcs B mnpedenax 6-109=-1,2-10-7%. Konuenr-
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panusaMu ypaHa B HedTaAX ciayxaT acdasabTeHbl H COIHPTO-GeH30/1b-
HblE€ CMOJIB, COAEpIKaHHe KOTOPBHIX BO3PACTAET CO CTENEeHbI0 OKHC-
Jenust HedTH. C ray6uHOH KOHLUEHTPAUHs ypaHa B HedTH cHauana
CHHJKAeTCs, a 3aTeM CTAHOBHTCS NPHOJH3HTENbHO nocTosiHHOR. Co-
AepiKaHHe ypaHa B He(TH yBEJHUHBAETCS C POCTOM ee CePHHCTOCTH,
IJIOTHOCTH H CMOJIHCTOCTH.

FasoBas ¢asa. EPD nocrynaioT B NOuBeHHBIH BO3AyX B BH-
Ae 3vaHanuil pajoHa, TOPOHA, aKTHHOHA H3 TOPHHIX NOPOJ H OTYa-
CTH NPHPOAHBIX BOJ. PalHOaKTHBHOCTbL TIOYBEHHOTO BO31yXa, Iie
CollepXHTC pajoH, B cpeanem 5,4-107!% pacn./(c-m?). Tagum
o6pa3oM, BKJajd B paJHOAKTHBHOCTb IIOPOJA Ta30oBOH (asn OueHb
MaJ,

KOHTPOJIbHbBIE BOITPOCBI

1. KakoBH Tunmbl BO3AeHCTBHA raMMa-KBaHTOB B TFOPHBIX IIOPO-
Aax H ux reodmHsHyeckHe NPHJOKEHHS AJIsS ONpeleseHHs] COCTaBa
H CBOHCTB TOPHBIX TTOPOA?

2. KaxoBa nerpodusnueckass HHQOPMaTHBHOCTb KECTKOH U MT-
KOH yacTed 3HepreTHYecKOro CHeKTpa raMMma-u3JjydyeHHs?

3. TloueMy meTOA paccessHHOTO raMMa-H3JyYeHHs TI03BOJISIET
ONpPeJeJNHTh TVIOTHOCTL TOPHBIX NOPOA?

4. KakHe pajHOHYKJHABI SIBJASIIOTCS OCHOBHHIMH raMMa-H3Jyua-
TeJIIMH B TOPHBIX NIOPOAAX?

5. PackpofiTe Qpu3HyeCKHH CMBICJ 3aKOHa PafHOAKTHBHOIO pac-
naja.

6. Uro Taxkoe pajHOAKTHBHOE DPaBHOBECHe, KdKHe NPHYHHH MO-
IyT ero HapyLHTb?

7. Mafte omnpefe/neHHs KOHLEHTPANHOHHOH UYYyBCTBHTEJLHOCTH,
YPaHOBOI'O 3KBHBaJI€HTA.

8. Ilepeuncsure OCHOBHBIE TeOXHMHUYECKHE 3aKOHOMEDHOCTH pac-
npejeleHNs KaJusl, ypaHa H TOPHs B TOPHHIX IOPOJaX.

9. Mouemy nokasanust I'M 1 T'M-C onpenensiorcsi MacCOBHIMH
coaep:xKaHuamu EPD?

10. Chopmynupyiite nerpodusHueckine MOAEJTH TaMMa-MeTona
(B oGenx MomHPHKALHSIK) H PAcCKPOHTe HX HHMOPMATHBHOCTb NPH
KOMIIJIEKCHOH HHTepIlpeTaiHH.

11. dafite merpodHusnueckoe 060CHOBaHHE KOPPEJSTHBHBIX CBS-
3eil Mexay cofepxannem EPD u:

a) HeATPOHHBIMH XapaKTePUCTHKAMH TOPHBIX MOPOJ;

6) yAeJbHbIM 3JEKTPHUYECKHM CONDOTHBJIEHHEM;

B) TIPOHHIIAEMOCTHIO;

r) YOPYTHMH CBOHCTB2MH HODOJL.
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11. HEATPOHHbIE CBOUCTBA

Peaxuuy, BoisnBaeMble HEATPOHAMH B TOPHHX NOPOJAX, 3HAUH-
TeJbHO pasHoo6pa3Hee peakiuH, BHI3LIBAEMBIX TaMMa-KBaHTaMHU.
IlosromMy cTalHOHADHEE W HMIYJbCHHE HEHATPOHHLIE METOAM 3aHs-
JH OCHOBHOe MECTO B apceHaJlJe MeTOJAOB CKBa’KHHHOH pajHOMeT-
pPHH. DTH METOAB! IUHPOKO NPHMEHSIOTCS Ha MeCTOPOXAeHUsX Hed-
TH, Td43a H JPYTHX IIOJIe3HBIX HCKOMAaeMLIX AJs ONpeJeseHHs KOJ-
JEKTOPCKHX CBOHCTB TOPHLIX NOPOJ, BBISBIEHUS TPOAYKTHUBHEIX
OOBEKTOB, KOHTPOJSI Pa3paboTKH MECTOPOXKAEHHH, 3JEeMEHTHOro
aHaju3a TNOPOJ H MHHeDPaJbHOTO CHIpbs, PELIeHHS APYTHX BasKHHIX
3ajad.

[lpuHnunHaJ bHOEe JOCTOMHCTBO HEATPOHHHX METOL0B — BO3MOXK-
HOCTb  TeJeMEeTPHYECKOT0O KOJHYECTBEHHOTO H3YyUYeHHSH
3JeMeHTHOTO cocTaBa nopo buaarogaps sroMy obecre-
4YUBAETCH:

KOJIHYeCTBEHHOe OIlpejeJseHHe COJepKaHUA pasJHYHEIX MO sjep-
HO-PH3HUECKHM CBOHCTBaM 3J1€MEHTOB (M30TONOB) B IUIHPOKOM [H-
anasoHe HX H3MeHEeHHS,;

OTepatTHBHAs OLlEHKA TJ4BHHX (IpH HEOO6XOXHUMOCTH — COMYT-
CTBYIOLINWX) KOMIIOHEHTOB IIOJIE3HHIX HCKONAeMHX ¢ Oojbluiel TOUY-
HOCTBIO M JOCTOBEPHOCTBIO, YeM TPAJUIMOHHBHIMH METOAAMM TreoJo-
THYeCKOro onpoGoBaHHs (KepHOBBIH, 60PO3AKOBEIH);

YHHBEPCAJbHOCTb IIpHMEHEeNHs] TIPH H3yYeHHH IIOJe3HBIX HCKO-
NaeMHX Pa3JHYHOTO COCTABA H CTPYKTYPHO-TEKCTYyPHBIX (opM,

Beayulass posab HeHTPOHHLIX MeTOJOB IIpH HCCJAefOBaHHH o6ca-
JKEHHBIX CKBAXKHH OlpefeJsieTcss BO3MOXKHOCTBIO H3YUeHHS TeoJIorH-
YeCcKOro paspesa yepe3 CTaJbHY0 00CaiHy KoJoHHY. Takas Bax-
Has 3ajavya, KakK, HanpuMep, A0opasBeika MeCTOPOXKAEHHUS, B TPUH-
IHIe He MOXKeT OuIThb pelleda 06e3 TpHMeHeHHS] HEHATDOHHBIX
METO/0B.

TIpumeHeHHe HEHTPOHHBIX METOAOB NO3BOJISIET NOBHIUATL JOCTO-
BepHOCTb TeobH3HUSCKHX HCCAeAOBAHHH H, KaK cCJeACTBHE, COKpa-
11aTh CPOKH W 3aTparH Ha pasBeiKy, HaleKHO OHEHHBATL Te0JO-
ruyecKHe ¥ H3BJIeKAeMble 3alachl, IPHMEHATL 60Jee NPOrpecCHBHLIE
H 3KOHOMHUHHE CHCTEMH pa3paboTKH MecTODOXKJAEHHH, MOBHILATHL
k03D PHIHEHT U3BJICeUEHHS 3aT1aCOB.

TeMnoel pocra pasBelaHHBIX 3anacoB HedTd M rasa B MHpe OT-
CTaT 0T TEMIOB pocTa TNoTpebHOCTed B HHX: BCe 6oJjiee OCTpoOH
cTaHoBHTCH Npobiema nosbiuedns sedreorpaun. Ilosromy eie 60-
Jiee BO3pacraeT pOJb HEHTPOHHBIX HCCJIEJOBAHHH, KOHTPOJIHPYIO-
WHMX COGJAI0JeHHe ONTHMAJbHEIX YCJOBHH pa3paboTKH MeCTOpOXK-
JleHu#, TO3BOJAIOIINX ONpelesTh HayaJbHyl0, TEKyLIyi0o H OCTa-
Touny0 HedTeHachHIleHHOCTh, C MOMOINBI0 HEHTDOHHBIX METOLOB
BBISIBASIOT xapakrep OOBOJAHEHHS [0 MOWHOCTH ¥ IVIOWad# 3anje-
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JKH, OUEHHBAIOT CTeNeHb BHPABGOTAHHOCTH NPOAYKTHBHBIX HJIACTOB,
YMEHbIIAI0T HEBOCHOJHHMEBIE HOTEPH HedTH M CHHXKAIOT COOTBETCT-
ByIOIHE 3aTpaThl Pa3BEJOYHBIX H HedTeAOOLIBAIOLIUX ApeANpHATH
KaK Ha IpHpOCT 3alacoB, TAK H Ha AOGHUY.

INopucrocts, rHHHCTOCTb, HedTe-, BOAO-, Ta30HACHILIEHHOCTS,
XHMHYECKHA cocTaB TBepoH $asul MOpoa, AaBjeHHE H TEMIepaTy-
pa BJHSIOT Ha TOKa3aHHsS HEATPOHHBIX METOJOB He HEINOCPEACTBEH-
HO, 2 Yepe3 COOTBETCTBYIOLIHE HEHTPOHHbIE XapakKTepUCTHKU. Xa-
PAKTEPHCTHKAMH TPOCTPAHCTBEHHO-IHEPTETHIECKOTO H BDPEMEHHOTIO
pacnpejesieHHs] B TOPHBIX NOPOAAaX HAATEIJIOBBIX H TEIJIOBHIX Hefi-
TPOHOB SBJSAIOTCA MJIMHA 3aMe/JIeHHS HEHTPOHOB; BpeMs 3aMejJie-
HHUSI HeATPOHOB; AHCIEPCHST HMIYJbCOB 3aMeJJIEHHBIX HEeHATPOHOB;
Anana auddysun A ANHHA MUTpPANMH, BpeMs XH3HH H Ko3bdHIH-
enT AH(pGdy3HH TemJoBEIX HEATPOHOB. 3HaHHe 3THX [apaMeTpoB
Heo0X0MHMO AJs1 TeTpodH3HYECKOro OGOCHOBAHHS CIOCOGOB IIpH-
MeHEeHHS] HEHTPOHHHX METOJ0B, ONTHMH3alUH yCJOBHH H3MepeHHH,
CO3[1aHHSl aJITOPUTMOB 06Pa6OTKH pe3yJpTATOB, YCTAHOBJEHHS CBS-
3efl WHTEPUpETAUHOHHBIX NapaMeTPOB CO CBORCTBAMH H3yuaeMbIX
cpen.

CoBpeMeHHAasl METONOJIOTHS HEATPOHHBIX METOJ0B ODHEHTHDOBA-
Ha Ha HeNOCPEACTBEHHOE H3MepeHHe HeHTPOHHBIX XapaKTePHCTHK
FOPHBIX TOPOJA (HHTerpaJbHble MOAH(DHKANHH) H HA HX 3JeMEeHTHBIH
aHaju3 (CHEeKTPOMETPHUECKHEe MOAu(HKAUHK).

11.1. TUIIbI B3AHMOJAEHACTBUSA
HEHTPOHOB C BEILECTBOM
N UX TETPOPHINUYECKAS UHP®POPMATHBHOCTD

B ocHoBe mpuMeHeHHS HeHATPOHHBIX METONOB H3yUEHHS BEILECT-
Ba B reodH3UKe JEKHT HCCIENOBaHHe (PH3HYECKHX IIPOLECCOB H
SIBJEHHH, COMPOBOXKAAMINUX PACIpOCTpaHeHHe HEHTPOHOB B TOPHBIX
nopodax (pHc. 74). Ilponecc s3amen/eHHS HeATPOHOB OXBaThIBAET
UIHPOKYIO 06JacTh 3Hepruit — oT 14 MsB (nad H30TONHBIX HCTOY-
nukoB —oT 11 M3B) no npumepso 1 3B u mporekaetr B CpaBHH-
TeJbHO Y3KOM BpEMEHHOM HHTepBaJje, W3MepseMOM BpeMeHeV 3a-
VieIJIeHUS HEATPOHOB, KOTOpOe He IIpeBHLIAeT NIEPBHX COTEH MHKPO-
cexyna. Ilponecc aHupdysuH TeNnoBBIX HEATPOHOB OTJHYAETCSH
3HAYHUTEJNBHO 00JiblUeH AJHTEJHHOCTHIO: IIHPHHA COOTBETCTBYIOLIETO
BPEMEHHOTO HHTEpBaja, H3Mepsevass BpeMeHeM XH3HH TellJIOBHX
HeHTPOHOB, focTHraeT (B €/J1a6ONOTVION[AIOIHX CPEAaX) COTEH MHA-
nucexyHa. OG6/acTb TENJOBRIX HEPrHA orpaHHyeHa CBepXy SHep-
rued XUMHYECKOH CBSI3H H HM3MepseTcs MAHMCHEpCHEH MaKcBeJJOB-
CKOTO CIEKTpa co cpelnedi sHeprueidf */, &7, rae 7 — TeMIeparypa
HeHTPOHHOTO ra3a B aGCOMIOTHHIX ENHHHUAX; & -— NOCTOSIHHAA
Boabnmana.
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Puc. 74. Cxema B3aHMOZEACTBHH HEHATPOHOB C aTOMHBIMH SiApaMH (a) H pacnpefe-
JieHHe HeATpOHHBIX MeTOAOB fiAepHOH reodusnkn no uaHgeckuM npoueccam (6)

Ilo xapakrepy B3auMOAeHACTBHS ¢ HeATpOHAMH NOPOA0OGpa3yio-
HiHe 3JEMEHTH MOKHO YCJOBHO Da3Ae/]HTh (IO MacCOBOMY UHCIY
A) na Tpu rpynmu: 1) serkne (1<A<25); 2) cpenned maccel
(25<A4 <80); 3) Taxkenane (80<<A<240). DeMeHTH LepBOH Ipym-
OBl THOHYHH AJ5 TOPHHIX MOPOJ OCaJ0YHOr0 KOoMiJeKkca, BTOPOd H
TpeTbell INPyIm — AJisi H3BEPXKEHHBIX H MeTaMOp(PHUECKHX HODOA.
K nepsoii rpynne noJkHB GbITh OTHECEHB TAKXKE MarHuecKHe sApa,
6/1M3KHe MO CBOHM CBOMCTBAM K JIETKHM siApaM.

BsaumojeficTBue HEHTPOHOB ¢ SAPAMH Pa3/JHUYHBIX 3JEMEHTOB
OIlpeflesIsIeTCsl He TOJIbKO* MACCOBHIMH YUCAAMY siAep-MHUIeHeH, HO
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H (BecbMa CyIIeCTBEHHO) SHepruefl HeHTpOHOB MOXKHO BHLAETHTDH
TPH 00JaCTH 3Hepruf, Xol HeATPOHHHX peakuuid B KOTOPHX Ka-
yecTBeHHOo pasauuen: 1) E<I x3B; 2) 1 x3B<E<0,5 M3B;
3) 0,5 MasB<E< 14 MsB. Takoe noipasjeseHne B OOLIHX depTax
..pellesisieT Xapakrep slepHBIX PeakiHH, THIIH HCIYyCKaeMbIX 4Yac-
THL, HX .yIJOBOe W SHepreTHuecKoe paclipejeiende H 1. A. Hanpu-
Mep, B 06/1aCTH HH3KHX 3Heprufi npeofiajaeT pe30HAHCHOE TOIJIO-
nieHue HeHTPOHOB TSKEJBIMH fApPaMy, B 00J1aCTH CPeJHHX SHEPTUH
HauboJiee cyllecTBEHHO yIpyroe paccesiHue, B 06J1aCTH OTHOCHTE/b-
HO BHICOKMX 3JHEPrMH{ KOHedHOe sApo MoXKeT 00pa3oBaThCA B He-
CKOJIbKHX BO30yXK/JeHHHX COCTOAHHAX, 6/arojapsi 4eMy BO3MOKHO
HeyIpyroe paccesHyue HeHTPOHOB; B IocjdelHed 3aMeTHOH BeposAT-
HOCTBIO 06/12JaI0T TAKXKe PeaKUUH ¢ BHJIETOM 3apAKeHHHX YaCTHIL

K usyuaeMblM B rOpHHEX N0pojAax (GH3HUECKUM SBIEHHSAM OTHO-
cATcA. 1) Heynpyroe paccesiHHe GHICTPBHIX HEHTPOHOB Ha aTOMHBIX
SIApax, CONPOBOXK/JAaeMOe UCIyCKAHHEM XapaKTepHCTHYECKOTO raM-
Ma-H3Jy4yeHusi (raMma-u3JiyueHue Heynpyroro paccesuus — FHHP);
2) aKTHBalHSA aTOMHEIX siep GECTPHIMH HeATpoHaMmu; 3) pe30HaHC-
HOe NOTJIOlIeHHe HEHTDPOHOB, 4) jeseHHe sfiAep HAATENJIOBHIMH HeH-
TPOHaMH (LS JeJsHIUXCs U30TOIOB TsKEbX fJep); 5) aKTHBa-
IHMA aTOMHBEIX SfiAep TeNJOBHMH HelTpoHamu; 6) moruouexHue
TEIJIOBEIX HEHTPOHOB, CONPOBOKAdeMOe HCIYyCKaHHeM XapakTepH-
CTHUECKOr0 TraMMa-H3JyyeHHs (3axBaTHOe TraMMa-H3JydeHHue);
7) yKeCToueHHe CHEKTpa TeNJIOBHIX HEHTPOHOB, 00yCJOBJeHHOE
NPHCYTCTBHEM B FOpHOH IOpPOAe 3JeMeHTOB-NOMIOTHTeded; 8) aene-
AHe TAXeJHX filiep TenJOBHMH HeHTpOHaAMK

Ilepeuncientbie IponeccH NPOHCXOAAT HE3ABMCHMO OT TOrO,
K2KOB DEXUM OGJyYeHHs: CTAUHOHADPHBIA HJIH MMIYJBCHBIH.

Tak xax npouecch 3aMelJeHUs] GLHICTPEIX HEATPOHOB U aybody-
3HH TEIJIOBHX HeATPOHOB pas3rpaHuueHbl BO BPeMeHH, MOXKHO pas-
JeJbHO DErHCTPUPOBATHL ravMa-u3jJydeHHe HeYNPyroro paccesiHHs
3aMeJISIIOIUXCS HeATPOHOB, raMma-usjyueHHe, BO3HHKaOllee IIpH
HOTJIOUEHHH TEIJOBBIX HEHTPOHOB, W raMMa-H3JyuyeHHe HaBeleHHOH
pPaJdHOAKTHBHOCTH.

Taxkum 06pas3oM, HCHOOJL30BaAHME HCTOUHHKOB HeHTPOHOB, pabo-
TAWOIHX B HMIYJbCHOM DeXHMe, I03B0/IAeT Pe3Ko yBEJHWUHUTH 00b-
eM HHbOpMAUMH O COCTaBe HCCJelyeMOH cpellbl 0 CPaBHEHHIO CO
CTaIlMOHADHBIMH HCTOUHHKAMH,

KaxaoMy u3 IlepedHc/eHHBIX IIPOLECCOB B3aUMOJAEHCTBUS Hel-
TPOHOB B TODHHEIX NOPOJAX COOTBETCTBYET OAMH (MaH GoJee) Hei-
TDOHHEIA MeTOA AAEePHOH reodH3ukH (cM. puc. 74).

B nacrosmee BpeMs H3BECTHH CJAeAYIOlHe HEHTPOHHEIE METOJBI:
MeTOJ CIEKTPOCKONHH raMma-u3JydeHHs HEeyNpyroro paccesHHs
(TUHP); MeTo HaBeldeHHOH aKTUBHOCTH (aKTHBAIMOHHHH aHaNu3)
Ha OwicTpblx HeHATpoHax (HAG); meTol pe30HaHCHOH aKTHBAIMH;
HeATPOH-HeATPOHHHH MeToA Mo HaATemjoBeiM HelTponam (HHMHuT);
CTAallHOHAPHBIH HeHATPOH-HEUTPOHHEII METOA L0 TEIJIOBHM HeHTpo-
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Ham (HHMT); umMnOy/ bcHBE HEATpPOH-HEATPOHHBIE METOA HO TEHAG
BuM HefiTpoHam (MHHM); crapnonapHHi HeATPOHHBIH ramma-me-
TOJ; CIIEKTPOCKONHS 3aXBaTHOro ramMa-uaayyeHuss (HIM-C); uwm-
OyJbCHBH HeATpoHHHH ramma-merod (MHIM), umeer Ttakxe
CIIEKTPOCKOIIHYECKYI0 MOAH(DHKANHIO; HMOYJbCHHE HEATPOHHBIHA
raMMma-sedTpoHuni Merox (MHI'M); merox HaBegeHHOH aKTHB-
HOCTH (AKTHBAaLHOHHBIX aHasu3) Ha TemsoBBIX HeHrpoHax (HAT);
HeATPOHHHE METOJBI, HCHOJb3YIOU[HE PEAKIHIO AeTEeHHS.

11.2. HEUTPOHHBIE 3¢ dEKTUBHbBIE CEUEHHU A
H UX SABUCUMOCTBH OT SHEPITHH HEATPOHOB
H COCTABA BEUHIECTBA

B oriHuHE 0T KOMITOHOBCKOTO PACCESIHHSI TAMMa-KBaHTOB JIs
HEATPOHOB SHEPreTHYECKHe 3aBHCHMOCTH MHKPOCEUEHHH yIpyroro
paccesiHusl [QJsi pa3JIHYHBIX 3JEMEHTOB 3aMETHO OTJHYAlOTCs, IpH-
yeM HMEIT CJ0XKHYI0 [THJI006pasHyl0 («Pe30HaHCHYIO») ¢opMy
(puc. 75).

IIpu BeIcOKHX 3Heprusix (Eaz10--14 MsB) ceyenne morJolle-
HHST OTHOCHTEJbHO HEBEJIHKO, H NOTJOLIeHHe HeATPOHOB caabo BJHS-
€T Ha HX pacnpeleseHHe B TOpHHX HopoAax. OHAKO NOJOXKEHHe
CYILIECTBEHHO MeHSIeTcs] B 00J1aCTH HaATelIOBbIX SHePrH# B TOPHBIX
nHopoJax H pyAax, A KOTOPHX XapPAKTEPHO HPHCYTCTBHE CHJIBHO
HOMVIOMAKIIHX 3/aeMeHTOB. [JouTn y Bcex nopoaoobpasylomux 3Je-
MEHTOB B Ha/JTEIJIOBOH 06JIACTH CeyeHHEe MOTIVIOMEHHS ¢ yMeHhlle-
HHEM 3HeprHH H3MeHseTcsl MO 3aKkoHy l/v. B pesoHancHoit 06JacTH
CeueHHsl NOTJIOUIEHHS PSAZ TSKEJNHX (PyAHBIX) 3JEeMEHTOB JOCTH-
ralT OYeHb BHICOKHX 3HaYeHHH, HA HECKOJBKO MOPSIAKOB (B THICSYH
H JecSTKH THICSY pa3) NPeBOCXOASALIHX BeJHUHHY CEYEHHH pac-
CesiHHSA.

Ilpn pacyerax HeHTPOHHBIX XapaKTePHUCTHK H paclpejeJeHHs
HEATPOHOB B TOPHHEIX NOPOJAX KOHUEHTPaUHH HOPOA000pa3yoUIHX
3JIEMEHTOB 347al0TCS IJIOTHOCTBIO HX siaep (uHcao saep B 1 cm?),
B Ta6s. 22 npuBexenn CpenHHE IVIOTHOCTH fifep DPAa3JIMYHBIX 3Jje-
MEHTOB B OCA/[OYHBIX TOPHBIX HOPOZAX.

Hanbosee pacnpocTpaHEHHBIM B 36MHOH KOpe 3J1eMEHTOM SIBJIsI-
eTcs KHCJIOPOJ, COAEPXKAHHE KOTOPOro cocrasiaser oxouo 50% (mo
macce). 'opHBIe MOPOAE COCTOAT HOYTH HCKJIIOUHTEJILHO H3 KHCJIO-
POAHBIX COCAHHEHHH, B OCHOBHOM H3 CHJHKATOB AaJIOMHHHSA, Kajb-
LHsl, MAaTHHUS, HATPHA H XeJjesa. B CBA3H ¢ 3TUM IS MHOTHX HOPOJ
BesHuuHE oTHoweHuft Al/Si, Fe/Si n Mg/Si usmensiorcs B cpas-
HUTEJBHO Y3KHX IpeaeJsax.

B ocafouHeix TOpHHX NOPOJAax, HOPOBOE IPOCTPAHCTBO KOTOPHIX
3aMOJIHEHO NJIAacTOBOH BOAOH, INIOTHOCTH siIep KHCJI0pPOAa OueHb
¢1a60 32BHCHT OT JHTOJIOTHYECKOrO cocTaBa. Hcau nmopoBoe mpocT-
pPaHCTBO MOpPOJ HACHIUIEHO HE BOAOH, a8 HedThbIO, TO HJIOTHOCTb AAEP
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% Ta6aunuma 22. OcHOBHHe NOPOACOGPA3YIOMHE SJEMEHTH (MPHPOAHAA CMECh  H30TOMOB) W CeuEHHA
& ux B3aumopeiicTBua (6apu) ¢ HelATPOHAMM

CpenHss IJOTHOCThH E=14,1 MsB E=0,025 sB
é ' sjaep B nopojax,
%9 10-2%/cm?
o
=0 1. 1.
Snement = Ao S =
0 £, = o @
o ® S(N 8 = @
Eas| 953] & & - =
2o | 8821 Sx | 2x S5 e T | s
ORl| w88 =8 o B ) © 5 [ v = = ® v Y 5y = %
Kucaopog, 49,1315,2700|4,960 |4,9300/1,620(0,964/0,318) 6,44 0,338(0,595/0,196(0,209| 3,75/ 3,75 | 1,2 1073 (1,00 | 0,00

Kpemunit 26,00{1,36000,0580!1,4900!1,80110,822!0,460} 1,90 |0,519|0,552|0,254|0,287) 1,86] 1,700 0,160 [0,91 | 0,09

Amommna | 7,45(0,61700,01280,6800|1,832/0,798(0,830| — |0,204]0,435(0,453/0,111{ 1,64] 1,40 [ 0,236 |0,856| 0,144
HKeneso 4,20 |0,0950(0,0062{0, 1130(2,240|1,187|0,900{ 0,86 |0, 153|0,530(0, 402{0,068(13,6211,0 | 2,62 |0,808{ 0,192
Kanpuu#t 3,2510,1010[1,3600[0,0690[2, 190[1,395(0,380] 4,55 |0, 414|0,637|0, 174]0,189| 3,44 3,00 | 0,44 |0,872] 0,128
Harpus 2,40(0,0458(0,004310,0607{1,630(0,772(0,680| 0,46 |0,2380,457|0,402/0, 141| 4,53 4,00 | 0,534 [0,883] 0,117
Kanud 2,35 (0,0935(0,0045(0,0594(2,040[1,137|0,400| 2,60 |0, 503|0,557[0, 196(0,247| 3,60| 1,50 | 2,10 |0,417| 0,58
Marsudt 2,35 (0,0882(0,3700/0,0818]1,820/0,519/0,660| 1,42 [0,581/0,285(0,363/0,319| 3,66| 3,60 | 0,063 |0,983| 0,017
Bogopox 1,000 — [0,0602]1,000 | — | — Jo,00 | — 0,00 {1,00 |0,00 |0,00 |20,63[20,3 | 0,33 ]0,984| 0,016
Veaepos — 10,1330{1,6200{0,0117|1,2700,744|0, 446| 4,80 |0,08 |0,586/0,351|0,063| 4,80| 4,80 | 3,4 1073 1,00 | 0,00

TipuMedaHHe O, NONHOE ceYeHHe B3aHMOJEHCTBHMA, O, — CBYeHHE pacceduus, o3¢/ — cevemue ynpyroro paccesnus, 0yl — cege-
HHe Heyupyroro paccesnus, E¥ — nopor meympyroro DaccesiiiMs, O, — ceyeHHe TOTJIOMIEHHS, A — BEPOATHOCTb paccesimust A€l — BepOSTHOCTH YIpY-
I
TOTO paccesHHsi g — BepPOATHOCTL IOIJIOWEHHs, h # _ pepositHocTs Heylupyroro paccesHus




Knc/I0p0ja no-npexxHeMy IOYTH He 3aBHCHT OT JIHTOJOTHYECKOIO
COCTaBa, HO OT IIOPHCTOCTH 3aBHCHT CTOJb XK€ CHABHO, KAK H IJOT-
HOCTb NTPOTOHOB.

3emMHasi KOpa oforalleHa KpeMHHeM, aJIOMHHHEM M OCOGEeHHO
KaaueM, Ho OOelHeHa 3JEeMeHTAMH TDPYNNBl Kejesa. BoceMmp 3ie-
mentoB (O, Si, Al, Fe, Ca, K, Mg) cocrasasior 999 Bcell maccol
3eMHOH KOpH. I'eOXHMHYecKoe NOBeleHHe MHKPOKOMIOHEHT B Hel
NPaKTHUYECKH He 3aBHCHT OT UX aTOMHBIX Macc.

B ta6a. 26 npuBeneHbl CeueHHs B3aHMOJEHCTBHS ¢ HEHTPOHAMH
NpH [AByX CYLUIECTBEHHO PA3/IMYHAIX IHEPTHAX LOJHOE CeUEHHE d;=
=05°+05'" +0a, CEUEHHS] YIIPYTroro 0s® H HEYIPYroro og'" pacces-
HHf, COOTBETCTBYIOLUIHE BEPOSATHOCTH paccesiiug h¢=qg%/a; H
h"=0s'"/0¢, nopor Heynpyroro paccessHHsl E*, nosiple BeposTHOCTH
paccesinuss h=ds/d¢ N TOrJOLIEHHA g=0a/0:. Hekoroprie nopopo-
o6pasywouine 3j4eMeHTH €1a60 NOTJIOomIaloT  TelaoBhle HeATPOHB
(KHCIOpOA, KDeMHHH, MarHuit), Ho npu E=~14 MsB craHoBsTcs
3aMETHBIMH NOTJIOTHTEAAMH (B peakUHAX C BHJIETOM 3apPsKEeHHBIX
yactHrn) Ecrb u nporHBomosoxHble npHUMEpH (KaJbLMH, KaJuau,
JKeJes0).

B o6nactu TenJOBBIX 3Heprudl HEHTPOHOB OCOGEHHO BaiKEH yueT
H3MEHEeHHS KOHUEHTPAIHH NOIVIOILAIONINX 3JeMEeHTOB.

Be/lHuHHa OZHOTO U3 Ba)KHeHIIHX I4paMeTpoOB rOpPHHIX HOPOA —
BPEMEHH XKH3HU TEIJOBEIX HeHTPOHOB, ONpeAe/]sieTCss MHKDOCKONH-
YeCKHM CEUeHHEM 3aXBaTa UX SApAMHU 3/EVIEHTOB, BXOASLIHX B €O-
CTaB CKeJeTa IOPOLE H TMIACTOBBIX (PJIIOHIOB.

Hapsany ¢ ocHOBHEIMH NOPOA006pA3YIOMIHMH 3J€eMEHTaMH, KOTO-
pele 00/1a1210T CPABHHTEJBHO HEOOJABIIHMH (0T AeCATHIX AoJed 10
ennHun 6apHa) ceyeHHSAMH IOTJIOLIEHHA g, B TOPHBIX ITIOPOAAX
OPUCYTCTBYIOT, KAK NPaBH/I0, B HeGOJbIIHX KOJHUECTBAX 3JEMEHTH
¢ aHOMAaJbHO GOJBIIHMH 3HAaueHHSIMH G, (KaaMHi, 6op, HpPHAHA),
a TaK¥Ke 3JEMEHTH H3 rpynnbl peJKO3eMeJbHHX (TrajosuHuH, ca-
MapH#i, eBponHi ¥ T. A.). B T1aba. 23 npHBeAeHBH 3JIEMEHTHI C
aHOMaJbHO GOJBIIHMH CEUEHHSIMH TIOTVIOIUEHHS TEIVIOBEIX HEH-
TPOHOB.

OcHoBHasT Macca peiKHX 3eMe/lb HAKalJHBAeTCsd B KUCABIX H
LWEeJOYHAIX NMOPOAAX, a TaKkKe B HEKOTOPHIX IIOPOJAX 0CaJ0UHOTC
npoucxoxaeHusi. HecMorpsi Ha HesHauHTeIbHOE COAEp¥KaHHMe rajo-
JIUHHS M caMapusi B OCaJOYHBIX NOPOAaX, yKasaHHble B T1alba. 23
KOJIHUECTBA MX, OCOGEHHO Tajf0JHHHS, CYILeCTBeHHO IOBHIIAOT
MaKpPOCKONMHYECKOe CEe4YeHHEe IOrJIOUIeHHS NOPOA, YyTO B CBOIO Oue-
peib 00yC/JOBJAKHBaeT 3HAUHTEJbHOE YMEHBIIGHHE BpeMEHH JKH3HH
TEMJIOBBIX HEATPOHOB.

Hakonnenuwe 60pa B 0CafOYHBEIX MOPOJAAX CBA3AHO ¢ HajHuHeM
SOpHLIX MUHEPAJOB B MaTePHHCKHX HOPOAaX, € KOHUeHTpauued
60opa B BOJHOH apene (CoJeBbie BOAbL), OTKyla OH copGHpyercs
TIEJTUTOBHMH (PPaKUUAMH OCajKa H BXOAHT B DPEIIETKy T/THHHCTHIX
MHHEpaJNoB, a TakXKe C HAKOIVIEHHEM B OCaJKe OPraHHYeCKHX Be-
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Tab6aunwa 23. IeMEUTH — AaHOMAJbUbie MOTJOTHTENH TEILIOBHIX B PEe30HAUCHRIX
HEHTPOHOB B FOPHHIX mopojaax

CedeHHe NOrJOLLeHHA CO_uep)KaHHe B OCaJAOMHbIX HOPO'
HeHATPOHOB™ Aax, T/t
DjeMenT TEINOBBIX Ppe3OHaHCHBIX
0,p°107%, 6 HecYanblX |FJHHHCTBIX K:g-?-o- Chen-

a, GapH [”()Ep, ;B)ipﬂ Vp**‘ H . Hee
Tagoannnit Gd 495000 1 ,3(2,58) — 0,7 5 — 45
Camapuit Sm 5800 16(0,096) 4 3,7 5 1,4 5,25
Esponuit Eu 4600 11(0,46) 3 0,7 1 — 1,1
Kagmuii Cd 2450 | 7,2(0,178) 1 — 0,37 | 0,03 03
Hucnposuit Dy 930 | 7,5(5,5) 1 2,6 4 0,8 3.4
Bop B 760 — — 4 150 12 110
Pryts Hg 375 1(34) — 0,03 0,015 { 0,021 0,023
Hupnii In 194 29(1,46) 1 0,3 3 — 0,05
dp6uit Er 162 | 2,6(0,46) 1 — 2,5 — 25
Tyauit Tm 103 16(3,9) 1 — 0,2 — 04
Jliorenuit Lu 77 | 1,7(5,2) — — 0,2 0,4
T'adpunit HE 102 } 9,8(7,6) 3 — 4—13 | — 6,0
SoJgoto Au 99 30(4,9) 1 — — — 0,001
Pennii Re 88 | 3,5(2,1) { — — —
Jlntui Li 71 — — 7—17 60 26 60
Fosmvmui Ho 67 | 5,1(3,9) 2 — 1 0,95
Cepebpo Ag 64 [12,5(5,12) 1 — 0,9 — 0,1
Heoanm Nd 51 — — — 18 — | 250
Top6uit Th 25 — — — 0,9 — 09
Ko6ansr Co 37 7(134) — — 23 — —
Hrtepbuit Yb 37 — — I,4 2,2 120 2,1
Xaop Cli 33 — — — — — -

* Ilo naudbiM aTiaca BNL-325, 1973 r.
** B cko6Kax ykasaHa sHeprusi OCHOBHOTO Pe30OHAHCHOIO MaKCHMYMa.
*** v, — KONHYECTBQ PE3QHAHCHBIX MaKCHMYMOB C 0gp>2:10° GapH.

uectB. OcHOBHbIE HOCHTENH 60opa B TJHHAx — copOHpyOlUIHe ero
THAPOC/IIONb, MOHTMOPHIJIOHHTOBHIE MHHEpPaJbl H OTYAcTH Kao-
JTHHHT.

11.3. BAMEJAJIEHHE BbICTPbIX HEHTPOHOB
B T'OPHBIX NOPOJAX

HefiTponnble XapakTepHCTHKH BELIECTBA, ONpEE/AIONIHE 3aKO-
HOMEDHOCTH 3aMelJIeHHs HeATPOHOB, BBISIBJAFIOTCS NPH H3yYEHHU
NPOCTPAHCTBEHHO-3HEPTeTHUECKOTO0 H BPEMEHHOTO  pachpejeeHUs
HedTponoB. OAHa U3 BaXKHEHIUHX 3aKOHOMEPHOCTEH COCTOUT B
CBOHACTBE MYJbTHIJHKATHBHOCTH (YHKUHH DachpejneneHHs HEATpPO-
HOB AJIsf TOYEYHOTO HMIYJBCHOIO MOHO3HEPreTHYECKOTO HCTOUHHKA
GruicTpbix HeliTpoHoB [19]:

N(r, t, Ey=N(EYN(t, E)N(r, E), (11.1)
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18 N(r, ¢, E)— n0THOCTh HeHTPOHOB B elnHHIe 06beMa (Has3oBo-
ro mpoctpancTBa (r,t, E); N(E)— sHepreTnuecknii cnekTp 3amen-
JIeHABIX He#TpoHoB; N (f, E)— sHepreTHYeCKH-BpeMeHHOe paclpefe-
qienke; N (r, £)— npocrpaHcTBenHO-3HepreTHIECKOE paclipeleNeHHe
3aMeLJeHHHX HeATPOHOB.

Jlns BOLOPOACO/EpKALINX CPel CEeKTp HeATPOHOB XOpOWIO ONH-
CHBadei i BBIpaxKeHneM

N(E) ~ — [1 + 5—@—]3 (11.2)

usE3/2 Hs

3JleCh 25 — MaKpoceyeHHe IOTJIOLIEHHSA, s — 3aMeAJAOLLas CIO-
CO0HOCTb, paBHafl %s=EX,, I'le Xs-— MakpOCeyeHHe paccesiHus;
E — cpenHsas Jorapudmuyeckas IOTepsi IHEPTHH, WIH CpejHee H3-
menenue Jjeraprud E=In(£’/F). B opene CJ0XKHOTO MHOTOKOMIO-
HEeHTHOTO COCTaBa

§=2higir
!

e i, — BepOATHOCTb DACCesiHHSl HA sApax i[-TO 3JeMeHTa;

E—1— (4; —1)% ln(Ai—i-l)
‘ 24; A —1)

BinsAHHe KOHIeHTpanmHM NOTJOTHTENS HA IJIOTHOCTH HEHTPOHOB
TI0Ka3plBaeT pHC. 76, HA KOTOPOM OTpa)KeHa 3aBHCHMOCTH OTHOILE-
HUA TJIOTHOCTH HeHTPOHOB B TOTJoWldlolled cpege K IJOTHOCTH
HEHTPOHOB B TOH e cpeje 6e3 rnorJomleHnss P, of napamerpa
Za/%s.

Jlia BellleCTBa IPOHM3BOJILHOTO €OCTABA H CeueHHH B3aHWMoJeH-
CTBHUS, H3MEHAIOIINXCSA C H3MEHEHHEM 3HeprHHM HeHTPOHOB, PYHKIHA
N (t, E) onucbiBaeTcsl raMma-paclpefielieHHeM < IJOTHOCTHIO

o (o) " exp (—at)
N, E)= o (% 1) ’ (11.3)

tae O0=A/v — BpeMs cBoOoaHoro npofera IpH KOHEYHOH SHepPTHH
E; mapamerpnl a=a(E) u x=x(£) onpelessioncss HHTErpajbHbIMH
XapaKTepUCTHKaAMH KHHETHKH 3aMelJeHHs — NOJHbIM BpEeMEHEM 34d-
MenteHHs £s(E) W aucnepcHed umnyabca D [f(E)]:

a(E)=t(E)DIt(E); =(E)=F(E)DI(E)]—1L.

3aKOHOMEPHOCTH TIPOCTPAHCTBEHHOTO paclpeleleHHsi HeHTPOHOB
B opelle IPOH3BOJIbHOLO (COCTABA HEBO3MOXKHO OINHCATh KAKOH-TO
ONHOH JOCTAaTOYHO IPOCTOH H HATJSALAHOH yHHBEpCaJbHOH ¢opMmy-
aofi. IlpuBenem JHwb ABa HauboJee NPOCTbIX BHIpAXKEeHHS, ob6Ja-
MAOUIHX AOCTATOUHO BBICOKOH KOJIHUECTBEHHOH JOCTOBEPHOCTHIO
B 06J1acTfAX CBoeH NPHMEHHMOCTH.
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Puc 76 YwmenbllieHHe IJIOTHOCTH MOTOKA HeATPOHOB B BEIIECTBAX ¢ THOIJIOLICHHEM
0 3aKOHY 1/U OTHOCHTENbHO NJOTHOCTH NOTOKA B TeX XKe CPegaXx HpPH UYHCTOM
paccesHud (mo paHupiMm B H Apaesa)

I —pacyer mo ¢opmyse (112) OxcnepuMeHTaabHble AaHHBIE COOTBETCTBYIOT H3MEPEHHAM B
caenyomBx cpelax [ — cMech .Kejela ¢ xXapOGuaom OGopa, 2 —cmech rpaduta ¢ Gopom, 3 —
JKene3o, 4 — CMech jKejesa C IOJHATHJAEHOM H KapGHaoM Gopa

B cpenax HH3KOTO BOAOPOAOCOAEPKAHHA M Ha MaJbiX pPaCCTOsA-
HHAX OT HCTOYHHKA CIIpaBelJIHB pe3YJbTaT «BO3PACTHOrO» HpH6JIH-
KEHH !

N (r, E)=[4n1, (E)¥? exp [— r*/4v, (E)), (11.4)

rfie r — pacCTosiHHe OT HCTOYHHKA; To(E)— (pepMueBcKHH BoO3pact
HedTPOHOB (CM. HHXKe),

B cpenax BbicoKOro BOAOpOROcOAepiKaHHs (Rh>15%) u Ha
60/bIINX PACCTOSIHUAX OT HCTOYHHKA CIIPABCIJIHB Pe3yJbTaT «OJ-
HOTpyTINOBOro ANQdHY3HOHHOTO» IMPHOJHKEHHS.

N (r, E)=[4nrt, (E)texp [— V', (E)], (11.5)

rie s (F)— noJHBId BO3pacT HeHTPOHOB. 3lech H Bhillle NoJjaraer-
¢si, YTO UCTOUYHHK obJsagaer eIHHAYHOHR MOIIHOCTBHIO

Bospact HeliTpoHOB — BaKHeHluas XapaKTepHCTHKa IpPOCTpaH-
CTBEHHOIO paclpejeseHHs 3aMelJIeHHBIX HEeHTPOHOB, NO3BOJISAIONIIES
OLleHHTb BJHsIHHE Ha paclpefeseHHe HeHTpOHOB B TOpPHHX HOpojax
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A3MBHEHHH cocTaBa TBepaod ¢hasH. cocTaBa H COJepiKaHHA NJac-
TOBbIN (JIIOHIOB — HedTH, Ta3a H BOABI, IJYGHHHOCTH HCCJeAoBa-
HHSl TQPHHX NOPOJA HEHTPDOHHBIMH METOLAaMH, PalHaJjbHON YyBCTBH-
TEJHHOCTH IIPHOOPOB B CHCTEME CKBAXKHHA — ILIACT.

Bospact ts(Eo, £) neliTpoHOB c 3HeprHed £ MOHO3HepreTHye-
CKOTO HCTOYHHKA C 3HeprHed E, ompejejsercs uvepes cpelHHi
KBaapar paccroanus R?(E,, £), npolifieHHoro HelitpoHamMu B Gec-
KOHEYHOH OJHODOIHOH cpele 3aJaHHONO COCTABa B NpoOIecce 3aMell-
JIEHHsI OT 3HepTrHH Lo A0 3HepTHH £

%, (o, E)=+ R (Eyy E)=M,(Ey, EV6Mo(Ey, E),  (11.6)

rie M, ¥ Mo — BTOpoii M HyJleBoH 1poCcTpaHCTBeHHBIE MOMEHTHI
GyHKIHHM [TPOCTPAHCTBEHHO-3HEPTeTHUOCKOTO paclipefie/leHHs Hed-
TPOHOB!:

M, (Ey E)=[rN(r, By E)aV, n=0;2.

Bennunna 1, uMeeT pasMepHOCTh mJjomain. Yacro BMecTo BO3-
pacra HeATPOHOB ylo0Hee MOJIb30BaThC NPOM3BOAHOH OT HEro Be-
JHYAHOH — JJIHHOH 3amenJjieHusi L

L(Ey E)=V,(Ey E) (11.7y

BospacT HeHTPOHOB — OJHH H3 HEMHOTHX IIapaMeTpOB B TEOpHH
3aMe/JIeHHs HeATPOHOB, KOTOPbIA MOXKHO BBIYHCJIUTHL CTPOro B aHa-
JAuTHYecKOH (popme. PopMyna AJg Bo3pacra HEHTPOHOB HMeeT
CleAyIOUYIO CTPYKTYpY (pHc. 77):

W (Ey E) =52 (E)+%(Ey E)+72(E). (11.8y

Tlepsoe ciaraeMoOe COOTBETCTBYeT CpeAHEMY KBaJjpaTy CMellle-
HHS TIEPBHUHOTO HEHTPOHA, HMeloWlero HAYaJbHYIO 3HEPrHio Fo
(aT0 Tax HasmBaeMas NompaBKa 3a nepBbld npober), BTOpoe cJa-
raeMoe — CpeJlHEMy KBajApaTy CMelleHHst HEATpOHA B Ipormecce
coOCTBEHHO 3aMeflJIeHHs, TpeThbe — CMeLleHHIO HeATpOoHa ¢ 3a/[aH-
HOH KOHEWHOH sHepruefl (Tax HaspiBaeMas NONPABKa 3a MOCJeAHHI
npobGer) (cm. puc. 77).

_ L rwyrw) du’_ 11.9
T°(”)_3§ I —h(u)cosy (u) B ()’ o

T = < (1) M (), (11.10)
slech h(u)— moJnas BepPOATHOCTh paccesHHs; coS Y (u)— cpelHHHA
KOCHHYC yIJia paccesiHHsi; &(u)— cpelHsist JorapudmHueckas more-
psi 3HEpTHH B cpelle; Atr — TPAHCTOPTHAs AJHHA CBOGOAHOro mpo-
Gera; u — qeraprus, u=In(E/E).
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Puc. 77 Cxema, nosicysmowas: pH3uteckufl cMucea gopmyan (11 8):

I — mpoGer Do Teppore coyjapenust (.4=0), 2 .- npoler jo v+4-1-Fo coyfapeHbs, 3 ~— OHCKDET-
HOe 3aMeAfende P BOAOROMAoCofep.kallell cpefle; 4 — MQUenk KEMpepuLBHOro 3aMefjeHis (BO3-
p2cTHOE PHEMHMeHuE)

Bripamenre (11.8)— mpubanxensoe (norpewsocts 10—15%).
Ha puc. 78 npuBe/ledtl pe3y/bTaThl TEOPETHUECKOTO PACUETa 3aBH-
cHMocTefl [ANHHBI 3aMelleHHs HeHTPOHOB OT MOPHCTOCTH BOJLOHA-
CEILIEHHOIO M3BECTHAKA JUIA pa3fIHYHHX IOJH3HEPTeTHYECKHX HC-
TOYHHKOB HEHTPOHOB B CpaBHeHHH C JA3aHHHMH (H3HYECKOrO H
MaTeMaTHUECKOIQ MOJeJHPOBAHHS [19]

Ilo pasnwuplo 3aKOHOMEpHOCTEH I1IpPOCTPAaHCTBEHHO-IHepreTHYe-
CKOrG H BPeMeHHOIO pacnpeneneHHs 3aMeANeHHHX HeHATPOHOB cpe-
JH pas’JHYHOTO COCTaBa MOXKHQ pa3fleTHTb Ha TPH TPYNIH: € BLl-
COKHM BOJOPOJDCOJepIKaHBeM; <Pe30HaHCHHE» 3aMeLauTenH, xa-
paKTepu3yIOLHecs APKO BHpaeHHOW pe30HAaHCHOH CTPYKTYpOH
ceueHull BIaWMOAEHCTBHs; «TsXKeNbley 3aMeJJHTeNH — C BBICOKHM
COLEPIKAHUEM THMKeNEIX 3JieMEeHTOB.

B cpegax ¢ BBICOKHM BOIOPOHOCOIEpKAHHEM CIEKTD HeHTPOHOB
onpelensiercdl cBoficTBaMu Bojopofa. CeueHHe paccedHHd HeATpo-
HOB Ha BoAOpafie GHICTPO pacTeT ¢ yMEHbLICHHeM IHEPIHH HEHTPO-
HOB, npHYeM B OJHOM CTOJKHOBeHHH HEHTPOH TEpAET B CPEnHeM
nosgoBHHY cBoelf sHepruu. B cBsian ¢ 3THM Ha GoAbUIHe PACCTOSIHHA
OT HCTOYHHMKA MOTYT DPOHHKHYTb TOJBKO HEHTPOHE ¢ QTHOCHTENBHO
BHICOKOH 3Hepriefl M ManbiM cedCHHeM B3aHMOJEHCTBHA (BeJaHKa
nnaupa ceoGoanorp npobera). DT1o 3HayuT, YTO € yBelHYeHHeM pac-
CTOSIHHS CTIEKTP 3aMelJIeHHLX HeilTPOHOB oboramaercs HeHTpoHaMy
co BCe Gojiee BHICOKOH 3HEPrHel, T. €. CTAHOBHTCA GoJsiee MeCTKHM,
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Puc. 78 3aBHCHAMOCTb JJTHHBI 3aMe[J/IeHHsT HEHTPOHOB L*; ¢ auepruefi 1,5 3B u mau-
Hel AAGGY3uA TEMIOBLIX HeHTPOHOB L4 OT MOPHCTOCTH kg AJA HM3BECTHSKA
HcTouHHKH He#ATPOHOB: [ — peakuua (D, T), Ey=14,1 MsB, 2 — (Po — Be), 3 — (Ra — Be),
4-— (Po — B), 5 — cnexTpa feJenns :CI, 6§ — pacyeT MeTOLOM MoHnTe-KapJio 47 HCTOYHHKA
(Po—Be) (& X. Enuxeesa, B. K. J)KypasJies), skclepuMeHTaJbHble 12HHbIE AN HCTOYHHKA
(Po—Be) 7— /. A, KoxeB¥ukosa, H H MapbeHko ¥ ap, 8 — B, B. Muanepa, B A ba-
phIIeBa, MHOrorpynnoBo#t pacyer A Kpedra 9 — (Po — Be), 10 — 2Cf

Hunyabe 3aMelIeHHBIX HefTPOHOB 06/1a1aeT KPyTHIM NepeiHHV
dpoHTOM, MaJIOH AHChepcuedi M pe3KOf acHUMMerpHed. YrJiosoe
pacnpefesenie ¢ POCTOM JieTaprHU GBICTPO CTPEMHTCH K H30TPOI-
HOMWY, BO3pacCTHOe Hpnﬁ.nmxeﬂne HEIpUMEHUMO.

Ecin nCTOYHHK HEATPOHOB NOJHMIHEPreTHUECKHH, TO BKJay pas-
JINYHBIX y‘laCTKOB ero ClIeKTpa B pesyﬂb’mpy}omy}o IJIOTHOCTE I10O-
TOKa HeﬁTpOHOB CHJILHO H3MeHfAeTCsa ¢ YBeJIHUeHHev \paCCTOﬂHHH
OT HCTOYHHKA: Ha MaJjblxX paccToAHNAX OCHOBHOH BKJajJ Jaer
«MATKasg» 4YacTb CHGKTpa, a Ha 6oJbpHINX pacCcroanuax — «2KeCcT-
kasiy. MHHVMH Cl0BaMH, Ha 6OJbIIMX PACCTOSHHAX MOJH3IHEPTETH-
YyecKHA HCTOYHHK KaK OBl BbIpOXaaeTcsa B XKeCTKHH MOHO3HEpreTHn-
yeCKHi (cpelHfsl SHEPrHA CIEKTpa «HCTOYHHKA» C DacCTOSIHHEM
pacreT, a AHCIEePCHS YMEHbIIAETCH).
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B 3ToM 3akaiouaercs crexTpasbHbll 3ddekT HoJH3HepreTHYe-
CKOTO HCTOUHHKA. IJTOT 3PODEKT TeCHO CBs3aH C 3dBUCHMOCTBHIO
CeueHHsi paccesHHst OT 3HEPrHH HEHDPOHOB (MOXKHO (CKas3aTh, IiO-
poXAaeTcs STOH 3aBHCHMOCTLIO) H HanboJjiee 3aMeTHO IPOSBJASETCS
B BOJOPOACOJepKallluX cpelax (oco0eHHO B cpelaX ¢ BHICOKHM
BOJIOpoJlocoiepKaHueM ), OyAyud XapakTepHelm IJsi JIOGHX cpel,
TIOCKOJibKy 3aBHCHMOCTb CEUEHHS DAaCCesHHS OT PHEPIHH HeHTPOHOB
Hab/0gaeTcq NpakTHIECKH BO BCeX cpeaax

B «pesonancHoM» 3aMefJiuTesle B CIEKTpe HEHTPOHOB UYETKO
NpOABJAsETCST Ppe30HAHCHAS CTPYKTypa IIOJIHODO (CeUeHHs, IpHUeM
aMIIHTyJa HeperyJsipHOCTeH crekTpa 3aMeTHO yBeJHYHBAETCH C
paccroanveM. B untepBajse sueprusi 0,0 MaB<E<1 M3B naGiio-
JaeTcsti HEKOTOpOe yxKeCTOUeHHe CrekTpa, a npu E<0,5 MaB (ce-
yeHHs €1a60 3aBHCAT OT 3HEPTHH) CIEKTP HeATPOHOB NOAYHHSAETCH
3anony 1/E. B 3aBHCHMOCTH OT BOJOPOAOCOAEPXKAHUA 3aKOHOMEp-
HOCTH TIPOCTPaHCTBEHHO-BPEMEeHHOTO paciipejejieHnst NpHOJHIKAIOT-
€5l K 3aKOHOMepHOCTsIM cpefn 1-A uam 3-i rpymm.

B «Taxenom» 3amepuTelie IIPU SHEPTHSX, [PeBbIAOUIUX IIO-
por Heynpyroro paccessHds £™, OCHOBHOH MexaHH3M 3aVielJleHHs —
HeyIpyroe paccesiHHe, IpHYeM CeyeHHe 3TOro mpouecca cjabo 3a-
BHCHT OT 3Hepruu npu £>3 MsB, o 6nicTpo yObiBaeT ¢ ymeHblile-
HHEeM 3HeprHH HeHTPOHOB B CBsi3H ¢ 3THM HA GOJILIIHE PACCTOSAHHS
OT HCTOUHHKA MOTYT NPOHHKATh TOJBKO HeHdTpoHB ¢ E<E* T. e.
CIIEKTP € yBeJHUYEHHEM DaCCTOSHHS CMsArYdercsi, TOHKAas CTPYKTypa
BbIpaxeHa caabo. Mviyibc 3aMe JJeHHbIX HeHTPOHOB CHMMETPHUEH,
obsagaer OoJblioil aucnepchedi. BospacTHoe mprOMMXKeHHe HMeeT
UIHPOKY10 06/1aCTh TPHMEHHMOCTH.

FopHBle TOPOAH OTHOCATCS HPEHMYILIECTBEHHO K «PE3OHAHCHBIM»
3aMennutenay Jljsg TODHBIX NOPOJ H IPHPOAHBIX Cpel B LEJIOM
XapakTepHa BBICOKAs KOHIEHTpalHs AP KHCJAOPOAa (pasJuuHble
3JeMeHTB BXOASAT B HHX, Kak IIpaBHJO, BMecTé C KHCJOPOLOM)
IlosTomy pe3omancHas CTpyKTypa 3HEpreTHuecKOH 3aBHCHMOCTH
CEeyeHHsT paccesiHusl HeHTPOHOB Ha KHCJIODPOJe onpefelsieT Xapakrep
H3MEHEHHsl chekTpa OLICTPbIX HEHTPOHOB IIpH IDPOXOXKJIEHHH HX
yepe3 ropHble NOPOAbI H NPOSABJSETCS OuYenb ApKo. llpucyTcTBHe
sAaep Bojopoaa oGyCJOBJHBAaeT yXKeCTOUEHHe CIEKTPa NpPH coxpa-
HeHHH €ero pe3oHaHCHOH CTPYKTypHl, IpHueM oba apderra ycHiu-
BAIOTCSA C yBeJHUEeHHEM PACCTOAHHSA OT HCTOYHHMKA

11.4. AUPPY3US TEINNIOBbIX HEXTPOHOB
B rOPHBIX TOPOOAX

[lpu caabom MOrJOUEHHH pacnpelleleHHe TelJOBBIX HEHTPOHOB
SBNAETCS pe3yJbTaToM O0OJbLIOro uHcsaa paccesHud. OOMeH smep-
ruefl MexAy HeHTpOHAMH H aTOMAaMH 3aMejljleHHs NIPHBOAHT CHCTe-
My «HeATpPOHHHI ra3» — aTOMbl BelleCTBa B COCTOSIHHE TE€pMOIH-
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HaMHYECKOTO PABHOBECHS, NMPH KOTOPOM cnekTp HeATpoHoB f(E, T)
oflycHBaerca pacnpeienendeM MakcBeana — Boasumana M (E, Tr):

f(EyY=M(E, T,) = exp[— E/(kT )] (11.11)

E
(kTn)?
¢ HauboJiee BepOsITHOH dHepruei

E=kT,,

rie T, — s3pdexTHBHAA TeMmnepaTypa CHeKTPa TeIJIOBHIX HeHATpo-
HOB («TeMmeparypa HeHTDOHOB»); k — mocTosgHHAasg BoapuMana,

%
T,,=T(1+const§—z). (11.12)

IlpocTpancTBeHHO-BpeMeHHOe paclpeleneHHe TEMIOBLX HeHTpo-
HOB OIMCHBAaeTCs HECTANHOHADHBIM ypaBHeHHeM AUb(Y3HH uacTUIl
C OrpaHHYEHHHIM BpeMeHeM XH3HH T

ON /0t = DAN — N/, (11.13)

rae D — xosbdunuent nupdysuu.
IloncranoBkoli N (r,t)=n(r, t)exp(—t/t) ypaBHeHHe (11.13)
yIpPOLIAETCH

dn/dt = DAn (11.18"
H (pOpMaJIbHO coBlaaaeTr ¢ ypaBHOHHEM TEIVIONIDOBOAHOCTH, IO aHA-

JOTHH C pelleHHeM KoToporo dyHxkuuio I'puna N(r,{) HecTanuo-
Hapuoro ypaBueHusa aubdysuu (11.13) moxkno Hamucate cpasy:

N (r, t)= (4suDf)=5/2 exp (_5— 4’;), (11.14)

CranuoHapHoe NPOCTPAHCTBeHHOE paclpefeseHHe TelJOBHIX
HeliTpoHoB N (r) omuceiBaeTcsl ypaBHeHHeM AHDDy3HH

AN(r)—TIZ;N(r)z——%Q(r); 12,=Dr, (11.15)

rae Q (r)— IJIOTHOCTL 3aMeNJIeHHS HAATeIIOBHX HEHTPOHOB, fB-
JISIIOLHUXCS paclipefeieHHBIMH B NPOCTPAHCTBE HCTOUYHHKAMH TEMJIO-
BBHIX HEHTPOHOB.

Pelllenye 9T0ro ypaBHeHHUSA CleAyloLlee:

N =[eu)aqr—rar, (11.16)

rae G(r)— dynxkuus Ipuna ypasrenus aupdysnn ans GeckoHeu-
HOH OJHOPOJHOH cpelbl HMEET BUJ
G (r)=exp(— r/L,)/(4nDr).

Kospduuuent audpdysuu 0 anuna qupdysuH TennoBbX HeHTpo-
HOB 3aBHCAT OT TeMnepaTyphl T, HeHATpOHHOIO rasa M, CJeloBa-
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TEJIbHO, OT TepMOAHHAMHYeCKoH TeMmiepaTypol opein 7. M3vene-
Hue AnPPy3HOHHBIX [apaMeTpOB TEIJIOBHX HEHTPOHOB C IOBHIIe-
HHEM TeMIepaTypu S3aMelyuTess OOGDBICHSIETCS yXKecToueHHeM
CIieKTpa TeIllJIOBbIX HEHTPOHOB H H3MEHEHHEM MJIOTHOCTH BELECTBA.
IloBHilleHHe CKOpPOCTH HEHTPOHOB BHI3HIBaeT yBeJHueHHE KO3ddu-
nueHTa Auddysun u (BCAEACTBHE yMEHDBLIGHHS CeyeHHs 3axBaTa)
JJHHE AudPy3un.

Hamenenne aud@Py3HOHHHIX mapaMeTpoB ¢ TeviepaTypod Hau-
GoJsiee CyLIeCTBEHHO BJIHSET Ha IIPOCTPAHCTBEHHOE paclpejfe/eHue
TENJIOBbIX HEATPOHOB B Cpelax co CnaGblv TIOrJIOU[€HHeM, KOria
pnuHa aubdysuu Gossule RJAUHB 3aMeAJCHUS WIH CpaBHUMA C Helt
[0 BeJIHYHHE,

TemmepaTypubie 3aBHCHMOCTH OIHCHIBAIOTCSl CJeAyOIIHMH (op-

MyJaMH:

2a+1
. & (Tn) * |
Ld(T)_Lg(T")G(T)(_—To) 1, (11.17)
Th \@t+1/2
D(T) =3 D(To) ( - ) , (11.18)

rae La(To), D(To)— 3HaueHHs napameTpoB IIPH HOPMAJbHOH TeM-
nepatype (20°C). I[Tapamerp o Auas BoAbl 6s1430K K 0,5; Anst pas-
JHYHBIX YrJ€BOJLOPOAHBIX COEJHHeHHH OH H3MeHsSeTCs B JHalasone
0,3—0,7 B 3aBHCHMOCTH OT MOJICKYJSIpPHOH CTPYKTYPhI.

PaccMOTpeB npOoCTpaHCTBEHHOE paclipejiesleHHe 3aMelsounXcs
HEATPOHOB B OAHONPYNHNOBOM AUPGDY3HOHHOM NPHOJIHNKEHHH, HOL-
crasuB Beipaxkenue (11.5) B (11.16), moayunm

Qv [exp (—r/Ls) —exp (—r/La)] (11.19)
4ar (L2 — L2y) . .

N(r)=

U3 soipaxkenns (11.19) cnenyer, 4To Ha GOJIBIUMX PACCTOSHHAX
OT HCTOYHHKA GBICTPHIX HEHTPOHOB NIPOCTPAHCTBEHHOE paclipeaeJie-
HHE TEIVIOBBIX HEATPOHOB 3aBHCHT OT CBOHCTB CpPEIRl HJIH yepes
ANuHY 3amensieHus Ls, win depe3 1juHy Anpdysnu Ly B 3aBucH-
MOCTH OT TOroO, KakoH H3 3THX HapaveTpoB o0Jjiajaer HanboJblieHd
BesnyuHOH. [Tocko/ibKy B BOJNOHOCHBIX MOPOJAAX, HACHILIE€HHBIX MH-
HepaIH30BaHHONH IJACTOBOH KHAKOCTBIO, AJinHa NHPGY3uH BCeraa
MeHbllie AJHHBI 3aMelJeHHs, HA AOCTATOUHO GOJBLIUHX PAcCTOAHHAX
soipaxenune (11.19) MoXHO ¢ XopownM OpHOJIHKEHHEM 3aMeHHTb

Bblpa}KeHHeM

Qr exp (—r/Ls) ,
(0 — ) - . (11.19)

N(r)~

OTHOUleHHe MJIOTHOCTEH TeNJIOBBIX HEHTPOHOB, H3MEPEHHHX Ha
JABYX pasJjiuyHbIX (HO JOCTATOYHO GOJIBLIMX) PAaCCTOSIHHAX OT HC-
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TOUHHKA 7| M ry, yKe He 33aBHCHT OT TeIJIOBHIX HeATPOHHBIX Xapak-
TEPHCTHK Cpellbl (a TaKKe OT MOIUHOCTH HCTOUHHKA HEHATPOHOB)

M) 72 e [—(r, —
N(rs) exp (= =r /L. (11.20)

BenuunHa 3TOr0 OTHOLIEHHS BecbMa YYBCTBHTENbHA K H3MeHe-
HHUIO BOJOPOAOCOAEp]aHHA H YCTOHUYHBA NO OTHOWIEHHIO K H3MeHe-
HUSM MHHepa/H3alHH INIaCTOBOH BOAB M THIA TOPHOH NOpPOABI,
KOTOphble CHJIBHO BJHSAIOT Ha BeJHYMHBI T H Lg. DTOT BBIBOJ OCTa-
eTcs CIpaBeJJIMBHIM H B yCJIOBHAX CKBa*KHHHBIX M3MEpPeHHH.

Cpeanuii KBafpaT pacCTOSIHHs, NPOXOLAHMOTO HeATpoHaMH B
npomecce 3aMelIeHHs. H JHPDY3HH A0 MOTVICLIEHHS, onpelxe/ser
BaXKHYI0 HEHTDOHHYIO XapaKTepHCTHKY Cpelbl, Ha3biBaeMylo ILIO-
I1ajAbl0 MUTpaiun HeHTpoHOB M?:

M= [ N (r) rdrs6 | N (1) ridr = L2, 4 12, (11.21)
0 0

Benuunna M HasmiBaercsi NAMHOH Murpaunu. 3HaHue yKasan-
HOH BEJHYHHBI II03BOJISI€T ONHCHIBATh IIPOCTPAHCTBEHHOE paciipe-
AeJIeHHe TeIJIOBbIX HEHTPOHOB OT HCTOYHHKOB OLICTPBIX HEHTPOHOB
B ofHOTpymmoBoM AudpdysHoHHoM npHOMuKeHHH. [ H3yueHHSH
3aKOHOMEDHOCTEH paclnpefie/leHHs TeIJIOBHX HEHTPOHOB B CHCTeMe
npubop — cKBaxHHA — IJ1acT yAo0Hee MOJL30BATHCS HE BEJIHUH-
Ho#i M, a o6paTHOH BeJHUHHON =M1

3HaHHe IJIHHB 3aMeJICHHS ¥ MHTpAaIHu HeHTPOHOB 103BOJIAET
chopMynHpoBaTh CJAEAYIOmHA MPHHIMI (H3HUECKOH 3IKBH-
BAaJeHTHOCTH TOPHBIX INOpPOA: IPH (DHKCHPOBAHHEIX TeXHHYe-
CKHX YCJIOBHAX H3MepeHHH NOpOAb C pa3/HYHBIMH COCTABOM H
NeTpodH3HYECKHMH INlapaMeTpPAMH OTMeyaloTCs OJHHAKOBBIMH IO-
kaszauuamn HHM-T (HHT-HT), ecan coBmagaloT uX AJHHBI MHI-
panuun M (mauHa 3amelenus Ls).

Puc. 79 mnokasslBaeT, YTo NpH (PHKCHPOBAHHEIX TEXHHYECKHX
yCIOBHAX (THN anmapaTypbl, KOHCTPYKIHSI H 3aNOJHEHHE CKBaXKH-
Hpt) mepexod K M (mam Ls) KaK aprymeHTy 3aBHCHMOCTH IIOKa3a-
Hufl (BMecTo k03duuuenta BOAO- HJIn HedTeHACHUIEHHOCTH)
NMO3BOJIAET MOJYYHTh YHHBEDPCAJbHYIO 3aBHCHMOCThL IJIs NMOPOA pas-
JIMYHBIX JHTOTHIIOB. BJjarogapst BO3MOXHOCTH TOYHBIX pacyeToB
HeHTPOHHBIX XaPAKTePHCTHK IODPOJ HPHHIUI (Pu3HYeCKOH SKBHBA-
JIGHTHOCTH OKa3hlBaercs MO0Je3HbIM AJS KOJHYECTBEHHOTO yueTa
u3MEHeHHH COCTaBa Iopol, TepMoOapHYeCKHX H ApPYrHX (pakTopos.

11.5. HEXUTPOHHBIE CBOACTBA rOPHbIX NNOPOJ,

11.5.1. XAPAKTEPHCTHKA 3AMEJNJIEHHS HEMTPOHOB

Teepnas ¢asa. B rasonedranoli reodusnke OCHOBHOH HHTepec
npefcTaBJsieT 3aBHCHMOCTb NapaMeTpOB 3aMe[VIeHHS HEHTPOHOB
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Puc. 79. O6patusie Besinuunbl nokazauui HHM-HT u HHM-T (B emmuunax moka-
3apuil B NIpecHOH BOJe) B HOPORAX PA3JIHUHOTO COCTaBa KaK GYHKUHH 06beMHOR
BA4XHOCTH, BRIDaXKeHHOH uepes anuHy saMelnenns Ls (HHM-HT, Z=475 cu —
kpusast 1) u pnanuy murpauns M (HHM-T, Z=50 cM — kpusas 2).
CkBaxHHa HeoGcaxeHHas, d ., ;=200 cM, nprbop APCT, npHXKAT K CTeHKe CKBaXHHBI (NIO
naupeiM ®. X EnHkeesoff H b. K. )KypaBsiesa, pacueT MeTonoM MoHTe-KapJo)

OT BOJOPOAOCOJEpXaHHsI HOPOA H NOPOA0OOpa3YIOINIHX MHHEPAJOB
pa3JHYHBIX KJACCOB.

PeaysapTaThl pacyeToB AJHHH W BpeMeHH 3aMe/JieHHsT HeHTPO-
HOB NOKa3HBAIOT, UTO Aa’Ke B MpeXdeslaX OAHOTO KJacca MHHEDAaJbE
CHJIPHO PasJjiHYaloTCs 10 CBOMM 3aMeANAIONIUM cBoHcTBaM. Pemalo-
UIYIO POJIb 3AeCh HI'paeT CoAEPKaHWe XUMWUECKH CBA3AHHOH BOJHL.

B pacnpeneseHHH MWHepaJIOB II0 BeJWYHHE MapaMeTpPOB 3aMel-
Jgenus L, s Habaonaercsa onpejelleHHass 3aKOHOMEPHOCTh (pHc. 80).
HezaBucuMo OT Kjacca MUHepaJbl AeAsITCS Ha TPU TPYNIEI BOJO-
poAcodepxamue (L,<<20 cwm, £,<<20 MKc), KHCJOPOICOLepKalIHE
(no 6e3 Bomopona, 20 cM<<Ls<<40 cm, 20 Mrc<fs< 55 MKc) H, Ha-
KOHell, He CcOJepXailie HW BoAopoAa, HH kKucnopopa (Ls>40 cu,
1s>>55 Mxrc).

Ilpu OTCYTCTBHH BOAOpPOA2 3aMeNJsIONIHe CBOHCTBA MHHEDAJOB
oupefeNsOTCs Hajdwuuem KHciaopona. Ms-za BeiCOKOH pacrpocTpa-
HEeHHOCTH KHCJIOPOAA €ro COAEDPXKAaHWUs B DasJHYHbBIX MHHepaJjax
CPABHUMHEI: JHATIA30H M3MEHEHHS [1apaMeTpPoB 3aMeAJeHHs AJs MH-
HepaloB BTOPOMW DPYNIB OKa3HBaeTcs OTHOCHTeNbHO y3kuM. Hawu-
XYAWHAMH 3aMe1Jg0lMMH cBOACTBAMH 0061a0aloT MHHEpabl TPeTh-
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frace Jnura samednenus [em Bpemsn samednenun tg,mre
murepa- T
Ho g0 T H 10 |
70 N0 w” wn s 60 e\t 2" & w2 g0 w020
1 L 1 L 1 L L Lt 1 115 L1t 2 plit L1
bopamsl || - | p— = T
HapboHams!| | - - -1
ﬂﬂClIﬁbl — - .————i ————
Humpams | - | =
Cyrmegamsi| | - ! - - | -
Cununampt] | = |amm ! |
/a20u861 - ; - —— - - } —
L‘y/]bwuib/ | - ——— | !c———.

Puc. 80. 1nana3oHu H3MeHEHHs NapaMeTPOB 3aMelJeHHs HefTPOHOB B NOPOLOOG-
pasyomiX MHHepaNaX PasinyYHLIX KJAacCoB

el TpyNnbl — 0e3BOJHEE TaJOHAB, CyJbQHAB H HX aHAJOTH, CaMO-
POAHEIE 3JIEMEHTHL.

Kunkas ¢asa. [IpH HOpMaJbHBEIX YCJAOBHSIX NapaMeTphl 3aMe/i-
JIeHHs B BOJe H J€rasupoBaHHON HedTH HPAKTHUECKH COBIAAIOT.
OaHAaKO B yC/JIOBHSX €CTECTBEHHOIO 3aJieraHHsi ¢ yYETOM (PA3JHUHS
MOJIEKYJISIDHOIG CTpOeHHsi HedTed pas3JHYHOrO THHA, PacTBOPHMO-
CTH Tasa, TepMOJAHHAMUYECKHX YCJIOBHH OHH MOryT 3aMETHO OTJIH-
yaTbest. JlJg pasJHYHBIX  YIJIEBOJLOPOAHEIX COEAHHEHHH MOXKHO
HOpeAJIOXHTh OUeHb TIPOCTHE AHAJTHUTHUECKHE 3aBHCHMOCTH AJIS Mac-
COBBLIX BEJIHYHH HeHTPOHHEIX TIapaMeTPOB KaK (PyHKuHH OTHOMIEHHSN
YHCJa aTOMOB YIVIepoZa K YHCJAY aTOMOB BOJOPOAAa B MOJIEKYJe
coeaunenus [19]. dusa maccosofi aauum 3ameanennss M. A. Kosa-
yox, B. B. Kyauk u }O. B. SIxoBseB NOJyudJIH c/aeLyIOUIYIO JUHEeH-
HYIO 3aBHCHMOCTb!

(8L)2=a(C/H) +b

¢ TIOrpeliHoCThIO He GoJee 2% B auanasome 0,4<C/H<2,0; xo-
s¢puHeHTH @ H b naHm B TabJa. 24,

lasoBad ¢asa. [Ipu pacuerax MakKpoCcKONHYecKHX CeUeHHH B3a-
HMOJEHCTBHS JJIsi IPHPOAHKX Ta30B IJIOTHOCTL SAep KaXKAOro 3Jje-
MeHTa

n; =v.Nap/zRT,

rAe v, — UYHCJIO aTOMOB [-r0 3JieMeHTa B MOJieKyJe; p — IJIacToBoe
nasaenve; Na— uHcno Asorajpo; 2 — KO3(pPUIHEHT CHKHMaeMO-
ctH, R —rasoBas mocroguHas; I — abGcoJiloTHast TeMIilepatypa.

IIpH HH3KHX JaBJjleHHsXx 3aMelJleHHeM B rase MOXKHO TpeHe-
Gpeub, OMHAKO NpH BEICOKHX IJIaCTOBHIX JAABJEHHAX 3TOr0 yxe je-
JaTh HeNb3s H3-3a CPABHHTEJBbHO BHICOKOIO BOJOPOAOCOJEPXKAHHS
(upn p=62,3 MIla nu B MeTane TakKoe Xe, KaK B BOJE).

281



Ta6nauna 24

HcTouuuk HeATpounon a b
D-T
(Ev=14,1 MsB) 212,61 12,72
Po—Be
(E¢=4,35 MsB) 84,26 —8,67
252Cf
(Ey=2,1 MsB) 46,46 —6,34

11.5.2. JH®PY3ZHOHHBIE XAPAKTEPHCTHKH TBEPJOH $A3bl
H NJIACTOBBIX ®JIIOH10B

l'opHble TOPOAEI COCTOSAT H3 JByX OCHOBHHX KOMIOHEHTOB —
TBEpAOPO MHHEpPAJILHOTO Kapkaca (ckeseTa) H (PJIIOHAOB, HACHILA-
IOUHX [OpPOBOE INpPOCTPAHCTBO, — HedTH, BoAW H rasa. dubdysu-
OHHBIE XaDAKTEPHCTHKH HOPOJbl B IeJ0M MOXXHO BHUHCJIHTB, €CJIH
H3BecTHB AHPDY3HOHHEE XapaKTepHCTHKH TBepAoH (aset u maac-
TOBEIX QJIIOUIOB, a Takxke NeTpOMU3HUeCKHe TapaMmeTphl Ijacra —
HOPHCTOCTh, BOAO-, He(PTe- H ra3oOHaCHIIEHHOCTD.

Ecnu depes K; o603HauuTh JoJiH 0GbemMa, 3aHHMAEMOTO cKeJe-
TOM, IJ1aCTOBOH XKHAKOCTbIO, HeThIO H ra3oM, TO

Ti=311K;; D?*=3D'K,,
¢ i

rae t; H D;— cooTBercTBeHHO AH(Py3HOHHEE mapaMeTpbl KOMIO-
HEeHT NOpOAnl (cKesera H (JIIOHLOB).

Hedtb. Juddysnonnne napamerps HedTH [Jist TENJAOBBIX HEH-
TPOHOB OllpefeJIsiiNCch dKclepaMeHTalpHo (A. B. AHTOHOB H Ap.):
npu 14°C 1=214+3 mxe, D=33700%=1000 cm?/c.

PesysnbTaThl TeOpeTHUeCKHX pacueToB BeJHUHH T u D Xopoumo
COTJIACYIOTCS C ITHMH AaHHHMH. Takum 06pa3om, npH HOpMaJbHBIX
yCJIOBHSAX BpeMst XHU3HH u Koapdumvent iuddysuu TensnoBrX Hel-
TPOHOB B CeNapHpOBaHHOH (AerasupoBaHHOH) HedTH NpPaKTHYECKH
TakHe e, KaK y NpecHoil BoAH. HckioueHne cocTapiaseT kKoapdu-
uueHT AU dysnonHoro oxmaxaenus C, uTo 06BsCHsTCH pasJHyH-
eM MOJICKYJISPHOH CTPYKTYpPH BOJAB H He(ITH.

BeJHYHHA MaKpPOCKOMHYECKOTO CeYeHUs TNOTJIOMIEHHS TENJOBLIX
HEATPOHOB AJst HedTH 3aBHCHT OT ee YIJIeBOJOPOAHOrO COcTaBa
H TJIOTHOCTH, NIPH KOJHuYecTBEHHOH HHrepnperaunH AanHmx HHHM
T HeTH KejgaTeJbHO BHUHCASTH AJs Ka*KIOTO OTAeNbHOIO IJacTa.

Conepxamasica B HeTH B HeOOJBUWIHX KOJHYeCTBAX cepa He
BJHSIET Ha BeJHUHHY 1. B HE3HAUHTEJLHHIX KOJHUECTBaX (IOpslka
1074+10—°%) npucyrctyer B HepTH H OOp, HO3TOMY OCHOBHBIM
TIOTJIOTHTEJIEM TEIVIOBHX HeHTPOHOB B XKHAKHX YIJeBOJAOPOAAX $B-
Jsietcst BopopoA. Bonopon obaanaer B 100 pas GoJnluHM CeYeHHEM
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3aXBaTa TEIUIOBHIX HEHTPOHOB, U€M YT/1epoi, IO3TOMy T HedTH
TIOYTH MOJHOCTBIO OTpe/ieNseTCs COAePXKAHHEM BOAOPON2. YTJIEBO-
Zopoast Hedru onuceBaIcs Gopmyaoli CnHani,, B KOoTOpOH Be-
JUYUHA 2 TECHO KOppeJupyeT C n, NPUHUMAas pasjuuyHble 3HAYEHH:
AJIst apOMaTHYECKHX, HAa(PTeHOBHX H NapadHHOBHX COeJUHeHHI.
Hcnonpsys uspecTnylo Koppessnuio 2z(n), MOXHO NOJYYHTH ya06-
HYI0 3aBHCUMOCTh [Jig ONpeleseHHsl T HeTH MO U3BECTHEIM COCTa-
By U mjoTHoctH [19].

B nuacToBHX yca0BHAX B HePTH COAEPKHTCS pPACTBOPEHHbIH
Tas, KOJIMYeCTBO KOTOPOTO 3aBHCHT OT TEPMOAHHAMHYECKHX yCJIOBHH
3ajieraHus IJiacta — AABJEHHS W TeMmepaTyphbl. BcaeacTBue Ha-
JIYHsl paCTBOPEHHOTO rasa HedTh B MJIACTOBEIX YCJOBHUAX 34HHUMA-
eT 0o.blini 00beM, U ee CBOACTBA (BKJIYAs HEATPOHHHE XapaK-
TEDPUCTHKH) OTJIMYAIOTCS OT CBOHCTB TOH xe HedTH, Haxoxsdmedcs
TIpH HOPMAaJbHHX YCJIOBHSX.

Ko.nyecTBo pacTBOpeHHOro B HeTH rasa xapaKkTepusyercs
BEeJIMYHHOA OTHOUIeHHsT 06beMa HedTH B IJACTOBHIX YCJOBHAX K
ob'beMy TOTO 2Ke KoJinyecTBa He(TH noc/e OTJesleHHsa rasa Ha IMoO-
BepxHoctu: b=V,/V,, rae V, —o6beM He@TH B mIacTOBBIX YCJO-
Busix; Vo -— o6bem HedTu npu armocepHoM naBiaeHuu H {=20°C
noctae gerazaguu. YUem Gospuie BeJHyuHa b, TeM cuJjpHee oTJnYa-
torca AudOy3HOHHBIE MapaMeTpbl NMJAACTOBOH HedTH OT COOTBETCT-
BYIOUIMX 3HAyeHHH IpU HOpMaJbHHX ycaoBHAX. [lockoJbky pacrt-
BOPUMOCTb T430B B He()TH CyUIeCTBEHHO 3aBHCHT OT HX COCTaBa,
nocjae U Takxe GyaeT BJAHATL Ha BeJHYIUHB D u 7.

Takum obGpasom, xora Auddys3HOHHEE NapameTpn HedTu NpH
aTMOocdepHbIX YCJIOBUSAX NMPAKTHYECKH COBNALalOT ¢ AHPPY3HOHHH-
MU XapakTePUCTHKAMH NpPeCHOH BOJH, B YCJOBHAX eCTECTBEHHOI'O
3aJieraHHsl OHH OTJHYAKTCA, U TeM OOJblie, YeM BHIIE Ta30BHH
¢ axkTop HedTU M Jerye NONyTHHE rasbl.

3aBHCHMOCTh OGPATHOTO BpeMeHH XH3HH TeJIOBBIX HEeATPOHOB
B He()TH NPH MJIACTOBBIX YCIOBHAX OT €€ Ta30oBoro (akropa H IJjoT-
Hoctu (10% MKc™!) MOXKHO BBIYHCJHTB 10 QopMyJe

r"=%"—(11,8~—760)—|—~}(0,71—0,18y)G-10‘3,
rie 8 — MJIOTHOCTh JAera3upoBaHHOH HeTH IpH HOpMAaJbHBEIX YC-
JIOBHAX; Y — MJOTHOCTh Tas3a OTHOCHTENBHO Bo3ayxa (y=0,7);
b — o6bemub Koabdunuent HedTH; G — razoBui paxtop HedTH.

IlaacroBag Bopga. XUMHYECKHH COCTaB MJIaCTOBBIX BOJ ONpele-
JsieTcsl MHOTUMH (haKTOpaMH: MHHepaJbHHM COCTaBOM IJIacTa, Xa-
paKkTepoM ero rUApOTe0JIOrHYeCKOr0 pexHMa, BO3pACTOM NODOX,
TepMOAHHAMUYECKHMH YCJAOBHAMH H T. 4. Koapduuuent audoysuu
TeNJOBHX HEHTPOHOB NpPAKTHYECKH He 3aBUCHT OT MHUHEpaJsu3allHu
BOJBI, OAHAKO HaJIHYHe COJIeHl CYI[eCTBEHHO U3MEHSeT BpeMs XKU3-
HU TelOBHX HeHnpoHoB. HanGospliee BJIHSIHHE OKa3hiBaeT H3Me-
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HeHHe COAEpPXKaHUA B NJIaCTOBOH BOAE HOHOB XJ0pa, 00/afamiiero
60JIPIIHM CEUCHHEM MOTJOIEHUs,

Hupdysnontiple napaMerpsl BOAH AJs TEIVIOBBIX HEHTPOHOB,
onpejeNieHHble 3KcnepuMenTaabio (A. B. AuToHOB W Ap.), creayioo-
mHe: npu 14°C 1=207 mkc, D=34800 cv?/c; npu 21°C t=
=207 mxc, D=35500 cm? /c.

Ilpu pacuetax BpeMeHH XH3HH TENJIOBHX HEHTPOHOB B MJacTo-
BHX BOJaX HEOOXOAMMO HMETh B BHAY, UTO COCTaB H VHHepajiH3a-
sl CBA3AHHOH H MJACTOBOH BOJAB MOTYT 3aMETHO pas3/jHuaThCs

ITocKoJIbKY KOJIHYECTBO CBSI3aHHOH (|peIMKTOBOH) BOAHE B rop-
HHX NMOPOAAX KOpPEJHPYeT ¢ MOPHCTOCThIO (Uepe3 NPOHHIIAeMOCTh),
MHHEpaJH3anHsg Aaxe B JHTOJOTHUECKH OJHOPOAHBEIX IJacTax pas-
HOH MOPHCTOCTH MOXKeT ObITh Pa3JIHUHOH.

OfparHoe BpeMs XH3HH TEIUIOBHX HEeATPOHOB B IJidCTOBOH BO-
ne, coaepxamei NaCl,

T1=(4,8406+47,245.10"2C)- 1073 [mKc™],

rae 8§ — naorrOCThL pactBopa, C — coxepxaunne NaCl, r/u.
CosnisroKHCIOTHAA 06paboTKa KapOGOHATHBIX NOpPOJ BEI3LIBAET
peskoe yBeJHUYeHHE X, muaacToBoro ¢uonaa. XJOPUCTHH KaJbiui
CaCly, aBasrpouiniics NpOAYKTOM jpeaKuuH, XOpOINO pacTBOPHM B
BOJAE M AaeT pacTBOP, KOHUEHTpPAUHs KOTOPOTO 3aBHCUT OT HEPBO-
HauaJbHOH KOHIEHTPAUHH KHCJIOTH. [l BOAHOTO pacTBopa XJoO-
pucroro KajeuHs, o6pasoBanHoro B peakuun HCl ¢ CaCO;, coor-
BETCTBYIOIlAs BEJIHUHHA T~! onpezesseTcss COOTHOIIEHHEM

71 = (4,840 4 1,232Y). 1073 [mxc 1],

rae Y — konuenrpanus HCl, %.

Kucnors Gosibmiofi koHueHTpauun AaoT pactBopel CaCly c ce-
yeHHeM IOTJVIONIEHHSI HAMHOrO O0JbIIHM, UYeM HACHIIEHHBIE pacT-
Bopa NaCl.

Npupoanbie ras3pl. HeATpoOHHEIe XapaKTEPUCTHKH NPHPOAHBIX ra-
30B CYIIECTBEHHO 3aBHUCAT OT HX COCTABa H TEPMOAHHAMHUYECKOTO
COCTOSIHHSA — IJIACTOBOT'O AABJEHUS W TEMIEDAaTyphl, ONPeaessevbX
yC/OBUAMH 3aJieTaHHsi miaacra-KoJsuleKTopa. llmacToBbie  ycJOBUs
HedTAHBX H rasOBHX MECTODPOXKAEHHH BecbMa pasHoOOpasHH, NO-
3TOMY ydYer AaBJieHHs H TeMHepaTyphkl HpH pacueTax HeHTPOHHEX
napaMeTpoB rasoB (M raspoHOCHBIX MOPOJA B LEJIOM) HMEET HCKJIO-
YHTENBbHO BaXKHOE 3HaueHue. Bpems xu3HH U kKoaddHuueHT Aud-
¢byauu TemsoBHIX HEHTPOHOB B rasax BHUHCIAIT IO popmyJa,
B KOTOPHX HJIOTHOCTh I'asa

8= Mp/zRT,
rie M— MOJICKYJidpHag Macca; p — HJacToOBOEC JAaBJI€HHE;, 22—

KO3 PHIUEHT CIKHUMaeMOCTH; R — yHHBepcajbpHasl rasopas IOCTO-
AHHad; T — temnepatypa miacra, K.
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Takum O6pa3OM, TIIOTHOCTh €D KaxXKJAO0rMo 3jleMeHTa B COCTaBe
NPDHPOAHOIO ra3a
n; = ‘Vip/ZRTv

rle v, — YHCJIO aTOMOB {-T'O 3JeMeHTa B MoJieKyJle.

Us ompenenenuii BenHunH D H T Cl€AyeT, UTO eCJH H3BECTHLE
napaMetput D(pi, T1) u t(py, T1), 70 3HaueHus D ® v npu Apyrux
TEPMOAHHAMHYECKHX YCJAOBHAX (P2, T2) MOXKHO BHUYHCIHTH NpH
MOMOIIH NIPOCTHIX COOTHOLLEHHEH

(P2 To)=1(py, T1)(ps/Ps) (To/Ty);
D(py To)=D{py, Ty)(pi/p2) (To/T)

(npu ycnoBHu z=-const).

[lockoJibKy NpHPOAHHE rasdnl MpeAcTaBlsoT coboil cMech yrJe-
BOJOPOJHKHIX Ta30B C HeyrJeBOAOPOAHHMH, KO3DHIHEHT cxHMae-
MOCTH 2 Ta30BOH 'CMeCH BBIUHCJSAIOT C YueTOM 3aKOHA MCeBAONpPH-
BEJIEHHBIX CBOHCTB rasoB. Haubospiee BAHAHUE Ha BEJIHUYHHY Hei-
TPOHHHIX XapPAKTePUCTHK D) W T NPHPOAHBIX I'a30B OKAa3HBAET MJAC-
ToBoe AaBijieHHe. C poCTOM BeJNHUHHH p 3HaueHusd 1 H D 3ameTHO
YMeHbIIAOTCS, NTPH GHKCUPOBAHHOM p € MIOBHIIEHHEM TeMIIepaTypH
3HavyeHHs t H D) HeCKOJIbKO yBeIHYHBAIOTC.

Io cocraBy mpupojHble ra3s AeNATCA HA Ta3H UYHCTO T'a30BBIX
MECTOPOXAEHHA M Ta30He(@TAHHX H TA30KOHAEHCATHBEIX MECTOPOXK-
AeHult, OCHOBHOA KOMNOHEHT NPHPOJAHHIX T430B — MeTaH. B rasax
rasoBHIX MeCTODOKJEHHi cojep:KaHHe MeTaHa H3MeHseTcs OT 75
10 99%. DTH rass [peACTaBAAT CMeCh YrJeBOZOPOAOB (MeTaHa,
3TaHa, nponana, OyTaHa, MeHTaHA:H T. 1.) C HEYIJIeBOROPOAHBIVIH
razaMu (yrJeKHcahM, CepHHCTHM, asoroM H T. 1.). Cojepxanne
a30Ta MOXKET H3MEHSThCA OT aoJel npouenta 10 20%.

Fasp ra30KOHAEHCATHBIX MECTODOXKAEHHH OTJIHYAWTCA IMOBH-
MeHHBM colepxaHneMm stana (okono 5%), nponasa u OyraHa
(oxono 2,5%), npuuem ¢ yBennueHHeM TJyOHHBI 3aJileTaHHs COJAEp-
J)KaupdA nponaHa ¢ 6yTaHa 3aMeTHO JIOBHINAIOTCH.

CocraB HONYTHEIX Ta30B He(TAHBIX MECTOPOXKJACHHH XapaKTe-
pHU3yeTcs NOBHIUSHHBIM ([0 CPaBHEHHK € ra3aMH UHCTO Ta30BbIX
MECTOpPOXKAEHHH) cOoAepxKaHHeM TAXKENHX YTIeBOJODPOAOB 33 CUeT
VMeHbIIeHHs KOHueHTPaliHH MeTaHa.

M3MeHeHHe XHMHYECKOTO COCTaBa rasa, B YaCTHOCTH COJEPXKa-
HHS TAXKeJAHX YIJeBOAOPOJLOB, BIHAeT Ha HeHTPOHHHIE XaDaKTepHC-
THKH TJIaBHHIM 06pa3oM uepe3 TJIOTHOCTE.

BpeMst XH3HH TeNJOBBHIX HEHTPOHOB Tr B TA430BOH CMeCH C IIOT-
HOCTbIO Y (OTHOCHTENpHO BO3/yXa) MOXHO BBEIUHC/IHTL Uepe3 BpeMs
XKH3HH HX B MeTaHe Tcu, (IPH Tex e TePMOJAHHAMHYECKHX yCJ0-

BHAX):
T, = 4,35tcn,/(1 + 6,1y).
Teepaas ¢asa ocalJouHbix mopoi. UncieHHble pacieTh 3HavUe-
Hufl T W D Ansa nopoaoobpasywoliHx MHHEPAJOB OCAJ0UYHBIX TOPON
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NOKa3HBAal0T, 4TO B OCAJOUYHHX II0POJaX BeJHUHHA T MOXeT H3Me-
HATbCSA TOYTH HA [Ba NOPAAKA (Tmax — y KBapla, Tmin— y TaJH-
Ta). B AefiCTBUTE/bHOCTH mIpejiesbl H3MeHEHHs 3TOTO HapaMeTpa
eile GoJiee MHPOKH: B YIJIGHOCHHX OTJIOXKEHHAX T MOXKET OHTh B
10 pas Goubuie, yem y KBapua, a B GOpCOAEpKAILHX TIOPOAAX T
CYIIECTBEHHO MeHblle, UeM y KaMeHHOH COJH.

OTveTHM HeKOTOpHle OOLIHe 3aKOHOMEDHOCTH H3MeHeHHs AuQ-
() 3HOHHBIX XapaKTePHCTHK, NPHCYLUIHe VHHepa/JbHOMY CKeJeTy
ocanonnpix nopoa. Hauboaee mupokuil AnanasoH H3MEHEHHA T
(noutn B 160 pa3) oTMmeuaeTcss y NMOPOAOOOPA3YIOIHX MHHEPAJIOB
XHMHUECKOTO H  OHOXHMHYECKOTO IPOHCXOXKIEHHs, 3HAUHTEJBHO
MEHpIIHA ~— y 00JIOMOUHHX (HOUYTH B 8 pa3), u elle Gojee y3KHi —
Yy TJAHHACTHX MHHEpaJsoB (mouTH B 2 pasa). AHaJIOTHUHBE 3aKOHO-
MEpHOCTH CBOHCTBEHHH KO3(pdunHentaMm Aupdysuu: y MHHepasoB
XHMHYECKOTO H OHOXHMHUECKOro HpOHCXOXAeHHS D H3MeHsercs
nouyTH B 8 pas, y MHHepaJoB OGJOMOUHHX H TFJIHHHCTHIX NOPOJ —
HIpHMEpHO B 4,6 pasa.

ITo BernunHe anHHB AupQPY3HH TEemwIOBBIX HeATpoHOB Ly mo-
ponooGpasyoliHe MHHepaJibl MOXHO pasfeNuTb Ha TPH TPYIIHL.
K nepBofi oTHOCATCS BOAOPOACOAepKallHe MHHepaJsb € 3JeMeHTa-
mu Li, B, Cl, Mn, Co, Hg, cHIpHO NOI/OMIAIOIIHMHE TeNJOBLIE
HeAiTpoHH. Ko BTOpOH rpymne oTHocADc 6e3BOAHBHE MHHEpaJH,
B cocraB Korophx Bxoaat K, Ti, Cr, Fe, Cu, Mo, Ba (asemeHTHl
HepBOH IpYMIE BO BTOpPYIO yxKe He BXoAAT). K Tperbell rpynme
OTHOCATCA MHHEpAaJbl C 3J1€MeHTaMH, He BXOAALIHMH B COCTaB HeEp-
BBHIX ABYXx ppynn. IlockosbKy BpeMsi KH3HH TEIJIOBHX HeHTPOHOB
He XapaKTepH3yeT pA&CCEHBAIOLIUX CBOHCTB CpeA, N0 BelHUHHE T
OTUETJIHBO BBIAEJAOTCA TOJHKO MHHepaJbl TMepBOH TPYIIEL, COAEp-
JauHe OTMeueHHBle BEBIIIE CHJbHBIE MNOMVIOTHTENH TEIJOBBEIX HEH-
TPOHOB

HersimHucThie H He3arulncOBaHHEIE KapOOHATHHE OTJOXKEHHS OT-
JHYATCS TMOCTOAHCTBOM XHMHKO-MHHEPAaJOTHUECKOrO €OCTaBa, INO-
3TOVY BeJHUYHHB JHP(Y3HOHHBIX HapaMeTpoB cKeJseTa 3THX MODPOX
NpaKTHYECKH NOCTOAHHHEL. JIOJOMHTH3allHSl H3BECTHAKOB, 00yc/OB-
JIMBaWIas NOBHIIEHHe COJAepXKaHHd MAarHHs, HeCKOJbKO yBeJHUYH-
BaeT BpeMs XH3HH HeHTpoHOB. B cynpdaTu3upOBaHHBIX (Pa3HOCTAX
KapOOHAaTHHX TIOpOA HaOJIIOAAeTCAd KODpEJSTHBHAS CBA3b MEXKY
BEJHUYHHOH T H COJEpIXaHHEM cephl, YBeJHUEHHE COAEPXKAHHA Cephl
yMeHbIlaeT BeJHUHHY 1. UHCThie KBapleBHEe NeCUaHHKH H ACJOMH-
TH XapaKTepH3YIOTCSl HaHOOJBUINMH BeNHYHHAMH T ckeneTa. Ecan
H3VieHEeHHe XHMHUECKOrO COCTaBa I[eCYaHHKOB CBA3aHO ¢ H3MeHe-
HHeV TJHHHCTOCTH, TO HabuoAaercda TecHas CBA3b MeXAY T H CO-
AepxKaHueM KpeMHHsA. MHHMMaJbHBIMH 3HAaueHHAMH T CKeJeTa 06-
71a7al0T aHCHADHUTH, PHICH H TJHHHCTHIE HOPOAEL

IIpu pacueTax BpeMeHH MH3HH TEIUIOBHIX HEHTPOHOB B rasoHed-
TeBOAOHACHIIEHHHX KapOOHATHHX IJacTaX HeOGXOAHMO YUHUTBHIBATh
H3VeHeHHe XHMHKO-MHHepaJlOTHUeCKOro cOCTaBa cCKeJieTa C H3Me-
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Puc. 81. 3aBHCHMOCTb BpeMeHH XU3HH HEATPOHOB Tcx B MHHEDAJNBLHOM cKeNeTe mo-
pPOAN OT BeNHUUHBl oTHowienus Al/Si (mo gammeiM J. M. Cpe6poposbckoro,
A B. Asgeesoit, B. A. Bragumuposoit):

{ — rauHa; 2 — aneBpPOAHT; 3 — Mepredb; 4 — NecyaHHK; § — MecoK

HeHueM TopHcTOCTH. IlopHcTOCTE KapGOHATHHX NOPOL TECHO CBf-
3aHa ¢ HpoleccaMH JAOJOMHTH3ANHH M cyibbarusanuu. IIpu ao.o-
MHUTH3AIHH yBeJIHYHBaeTcs (B pe3ysabTaTe BHILCJAAUHBAHHA) eM-
KOCTHOEe MpPOCTPAHCTBO MOPOALI, IOTOMY AOJOMHTH3HpOBAHIBIE
pPa3sHOCTH OTJIHYAIOTcA HanboJsiee BBICOKHMH KOJJIEKTOPCKHMH CBOH-
crBaMu. Cysbdarusanus yMeHblIaeT TIOPHCTOCTb NMOPOX, MOCKOJMBKY
cyidbpaTHele 006pasoBanusd, OTJarafgch B HycTOTax (TpellHHAX,
KaBepHax, KaHajax), CyXHBalOT HX H UYacTHYHO 3aKyHOpHBAIOT.
BoinoJiHeHHbIE HAa OCHOBAHHH XHMHYeCKHX 4HaJH30B 00pasloB I0-
POl UYHCJEeHHBE pacueThl HOKa3aJjH, UTO BpeMs JKH3HH HeHATpOHOB
B MHHEDaJLHOM Kapkace KapOOHATHHIX MOPOA C Pa3JHYHOH NOpHC-
TOCTBIO MOXKeT GbITh CyLIECTBEHHO PAa3JIHYHBLIM.

OCHOBHBIMH HOPOACOGPA3YIOUIHMH 3JeMeHTaMH OCAAOUHBIX TEp-
pUreHHBX HOpPOJ ABJIAIOTCA KpeMHHH, aliOMHHHE, XeJe30, KaJbIHH
U HeKOoTOpele ApyrHe. Hananume anroMHuHufA, KOTOPHH BXOAHT B CO-
CTaB BCeX TJIHHHCTBIX MHHEDPAJIOB, TOBOPHT O CTENEHH TJIHHHCTOCTH
NOpOAH, TO3TOMy oTHouweHHe Al/Si (BejHuMHa Tak HA3BHBAEVOTO
aJIoMO-KPeMHHEBOTO MOAyJfA), TAe KPeMHHH -— OCHOBHOH IOpOJ10-
06pasylollHi 3JeMeHT JIHTOJIOTHUEeCKHX pasHocTed ocajOuHbiX MO-
PO, MOXKHO CUMTAThL NOKasaTesjeM TJIHHHCTOCTH H TECUaHHCTOCTH
HOPOAHL.

Ha puc. 81 mpuBeien rpaduk 3aBHCHMOCTH BpeMEHH XKH3HH
TENJIOBHX HEHTPOHOB B CKeéJieTe MOPOAB! OT BEJIHYHHHI AJIOMO-KpeM-
HHEBOTO MOAyJs. BenuuuHa t #A3MeHseTCs B 3aBHCHMOCTH OT Be-
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auyuHe oTHomeHHs Al/Si. TlpuueMm TOUKH, COOTBETCTBYIOlLHE IJIH-
HaM, JeXaT B NpaBoOH 4acTH rpadHKa, a aJeBpOJHTAM H NeCUaHHM
MOpPOAaM — B JIeBO. AHAMOTHUHbIE 3aBHCHMOCTH MOTYT GHTb [10CT-
poenn ansa Fe/Si w K/Si. Ins TAHHHCTHX TOPOA OTHOUIEHWE
Al/S1 cocraBasier mpumepro 0,3; Fe/Si— 0,173, K/Si— 0,09.
Bosee BhicOKHe 3HaueHHA Tcx COOTBETCTBYIOT aJeBPOJHTOBHIM H
NeCYaHHCTHIM DPA3HOCTAM. BpeMs JKH3HH TeIUIOBBIX HEHTPOHOB B
TJIHHHCTHIX TOpOAax kosebsaerca B mpegenax 200—425 mxc u B
cpendev cocraBageT 312 Mke; B agseBposHTax 250 MKe<CTex <
<425 viKkc, cpelHee Tox R340 MKkc.

Y nmopoji, copepxKallHX T[JIHHHCTHH MaTepHast, BpeMmMs XKH3HH
EefTpOHOB B MHHEDAJIbHOM CKeJeTe MEHbIe, UeM Y YHCTHIX pa3Hoc-
Te#l, IpuYeM TeM MeHblne, YeM O00J/blle MMIHHHCTOTO MaTepHala B
HHX colepkHTcd. BpeMsi XKH3HW HeHTPOHOB 3aBHCHUT OT HAJHUHSA B
CKeJeTe TOpHBIX MOpOJ 3JeMEHTOB ¢ AHOVAJbHBIMH HeHTPOHHHIMH
cofictBaMn  OcoGeHHO Baked yueT Gopa. XOTd 3TOT IJEMEHT CO-
JepXHTC B OCaJOUHBIX TOPHBIX NOpOAdaX B HeOOJbLIHX KOJHUECT-
BaXx (MO COTHIX JOJIed TpomeHTa), OH BCJEJCTBHE CBOHX aHOMaJb-
HBIX MHOTJIOIAMOMHX CBOHCTB NPHBOAHT K CYHICCTBEHHOMY CHHIKE-,
H¥I0 BPEMEHH JKH3HH HEHTPOHOB.

TloBriieHHble coAepkanusg Gopa XapaKTepHH AJS TVIHHHCTBIX
muHepasnioB. OcHOBHbie KOHUEHTpaTOphl Gopa — copbupyloliHe ero
THAPOCHIONE, MOHTMOPHJJIOHHT H OTYacTH — KaoJHHHT. Hawnayu-
wni copbeHT 6opa — KaJHeBas THAPOCHIOLA.

Kpome 6opa B ocafouHBIX TOPOAAX COAepHXKAaTc H ApyrHe aJe-
MEHTE! C BBICOKHMH CEUEHHSMH NOIVIOUIEHHS TeNJOBBIX HEHTPOHOB —
K, Sm, Gd, Na, Ti, Mn, S, P, Fe n ap CymmapHbi BkIajg 3THX
3JIEMEHTOB B MaKDOCKOIHYECKOE CeYeHHe IOTJOIeHHA NOpOJAH MO-
xkeT pocturats 30—509% wu 6ogee. [lostoMy B Hacrosmee Bpems
pa3paboTaHbl clepHaNbHbe (KaK CTallHOHApHBIE, TAK H HMIYJbC-
HEIE) METOAB! H3MEpeHHH Tcx Ha MaJablX o0pasupax KepHa

Ha penuuuny xozdpdunuenta aud@ysuu TeMJOBHX HEATPOHOB B
cKeJleTe TOPHBIX NOpPOJ OCHOBHOE BIIHfHHE OKa3biBaeT XHMHYECKH
CBA3aHHAs BOAA, IPH COJAepKaHHH KoTOopol Gosee 5% BesnuuHa
D mpakTHuecKH He 3aBHCHT OT MHHEpPAJbHODO cOCTaBd CKeJeTa.

11.5.3. JH®PY3HOHHDBIE XAPAKTEPHCTHKH BOXOHOCHBLIX,
HE®PTEHOCHBIX H 'A3O0HOCHBIX NOPOJ,

B o6meM cJiyYae HMOPHCTOrO IjaacTa, COAEpXKaiieno TIHHHCTHIH
MaTepuaJ, BOAY H yrJaeBOAOpoAb (HedTh uaH ras), obpaTnoe Bpe-
Ms1 XKH3HH TeIJOBHX HeHTPOHOB

Ti= (1 - ku - krn) T_ick + ka—im + kukaT-iB + ku (l - kn) T-IH’

TA€ Tcx, Tra, Tm, Tu — BPEMeHa XKH3HH TeIIOBHX HEATPOHOB B CKe-
JleTe TOpPOAHL, TJIHHE, IJIACTOBOH Boje, HedTH (rase) COOTBETCTBEH-
HO; ky — A0S ofbeMa mJacTa, 3anojdHeHHas QaOHLAOM; Ry — 06b-
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Ta6anna 25. BpeMs XH3uu Ten/osbix HEATPOHOB T (MKC) B BOJOHOCHBIX
NJjacTaXx neCYaHHKA, M3BECTHs KA M AOQJOMHTA MApPH DA3AHYHOA MOPHCTOCTH MOPOJ,
H MHHEpA/H3aLUMH NJIACTOBOE pogbl

A MHHepaan3anHA NJacTOBOR BoAbl, %

" 0 3 10 15 l 20 25

0,01 1050 1010 972 936 910 890
615 610 590 573 557 542

924 890 860 8927 794 764

0,03 968 884 780 728 675 644
592 554 518 484 452 423

862 782 712 650 593 451

0,05 883 752 650 567 500 443
570 513 463 420 380 347

824 700 608 535 473 423

0,10 752 580 467 386 324 280
510 433 366 315 273 240

677 550 446 372 314 272

0,20 580 400 300 235 190 160
427 330 258 210 174 148

5924 384 290 230 188 151

0,30 472 303 220 170 135 113
368 266 200 157 127 107

427 296 215 167 133 111

0,40 400 246 173 132 105 87
323 223 162 126 100 84

361 240 171 131 104 86

NMpumMedanue, B xaXaom croadue BepXHsisi OH(Pa cOOTBEeTCTBYET NECYaHHKY, cJe-
AYOLlas — H3BECTHAKY, HHXHSIHA ~— JOJIOMHTY.,

€M TJIHHHCTOTO MaTepHaJjia Ha eAuHUny obObeMma IJacrTa; R — KO-
3¢ (QHIHEHT BOJOHACHILeHHOCTH.

I o6paTHOl Benuyunpl Xo3(pguuuenta audpysnuy D Temo-
BEIX HEUTPOHOB B IUIacTe CIpAaBeAJHBO aHAJOrHUHOE BHpaXeHHe
¢ 3aMeHO# t Ha D.

Taxum o6pasom, AupdysuoHHbEe TapaMeTpsl T H [ TrOpHHX TO-
POl BBLIYHCJAIOT Yepe3 HpefBADHTEbHO OIpefledeHHbHe 3HaueHUS
COOTBETCTBYIOIIHX IapamMeTpOB MHHEPAJIbHOrO CKeJleTa H IJacro-
BBHIX (JIIOHJIOB.

Houny nubdysun Ly HaxoAAT U3 COOTHOIIEHHS

de = DT.

B Tau. 25 mpuBelleHH BpeMeHa XU3HH HEfTPOHOB B IeCuaHH-
Ke, H3BECTHSAKE W JOJIOMHTE DPa3J4YHOH MOPHCTOCTH NPH pasJHYHOH
MUHepaJaU3anUu TJIACTOBOR BOJAHL.

PacueTHas 3aBUCHMOCTb BpPeMeHM XH3HH HEHTPOHOB OT NOPHC-
TOCTH AJIA IJIACTOB € pasyuTHBIMH KO3P(QHnHEeHTAMHU HedTeHach-
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IEHHOCTH He JAaeT NPEACTABJEHHS O peasbHOM XapakTepe Takoi
3aBHCHMOCTH B HeTEHOCHBIX IIacTax. D10 0OYCJHOBJIEHO HAaJHUH-
eM 4eTKOH KOppeJALHOHHOH 3aBHCHMOCTH MeXAy OCTATOYHOH BO-
AOHACHILEHHOCTBIO H TOPHCTOCTLIO, KOTOPYIO HEOOXOAHMO YUHTHI-
BaTb B pacyeTax. XapakTep 3TOH 3aBHCHMOCTH OTNpejenasercs
CTPYKTYPHO-JTHTOJOTHYECKHMH OCOGEHHOCTAMH KOJJIEKTQPOB H Y
pPasJUYHBIX THUIOB OTJIOXKEHHH MOXKeT 3aMeTHO pa3fiH4yaThCH.

BenuynHbl AHQPY3HOHHBIX XapAKTEPHCTHK ) H T Ta3sOHOCHBIX
IV1acTOB ONpeReJATC TJIaBHEM 06pa3soM COOTBETCTBYIOIHMH Be-
JAHuHHaMH D H T MHHepanbHOTO CKeJleTd, a IIPH MaJoH ra3oHachl-
INeHHOCTH — TaK¥Ke IlapaMeTPaMH CBA3aHHOH H OCTAaTOYHOH (mJiac-
TOBOH) BOJHI.

HuppysHonnte xapaKTepHCTHKH ra30HOCHHX TOPOA 3aMeTHO
OT/IHYEIOTCA MO BEJHUYHHE OT XapaKTEPHCTHK BOJOHOCHBIX TOPOR
(32 HCkIIOUEHHEM HH3KOTOPHCTHIX IIPH BHLICOKOM IJIACTOBOM AaBie-
HHH H csaabodl MuHepanu3alliH miaacToBof BoAbl). Hasnuume rasa
B IIOPOBOM HPOCTpPAHCTBE MOPOAB! YBEeJNHYHBAeT BPeMs KH3HH Hel-
TPOHOB T B Ta30HOCHOM IIJI4CTE€ B HECKOJBKO pas MO CpPaBHEHHIO
C BOJOHOCHBIM IIJIACTOM TaKOH Ke MOPHCTOCTH. JTO TO3BOJSAET He
TOJIBKO OLleHHBAaTh XapaKTep HacbIM{eHHS IJIACTa, HO H ONpeleldaThb
B 6J1arONpHATHHX YCJIOBHAX ero ra3oHachlimeHHocTh, Kak mokasbl-
BAalOT pe3yJbTaTHl PacyeroB, pasdjeleHHe HePTEHOCHBIX H rasCcHOC-
HBIX IJAcTOB MO BeJMHUHHe Ko3dhdunuenta AHPPy3un D Bo3MOXKHO
npu 6oJabliem pa3sHoOOpa3HH reOJIOTHYECKHX YCJIOBHH, 4eM 1O Be-
auyHHe T. TakoMy pasaeneHHI0 0/1arONPHATCTBYIOT XOpoline KOJ-
JEeKTOpCKHe cBoficTBa miacToB (k:>20%) npu JjroboM MHHEDAJb-
HOM COCTaBe CKeJleTa, a NMPH TMOHHXeHHOH mopucTocTH (ka2 10% )—
OTCYTCTBHE TJHHHCTOCTH. HaJsHnyHe B IsacTe CBA3aHHOH BOAH (TJIH-
HHCTOrO MaTepHasa, THICA) 3aTPYAHAET KOJHUECTBCHHYIO OIEHKY
rasoHacCHIEHHOCTH H MOPHCTOCTH 1o Koadduuuenty AHbPy3uH.

Kax oTMeuasoch, XHMHKO-MHHepaJIOTHYECKHH cocTaB TOPOXR
NJ4CTOB OTpeNeNeHHOr0 CTpaTHrpapHIeckoro TrOPH3OHTA, KakK H
OJHOTO H TOrO e IJacTa, Kak IpaBHJO, He COXpaHseTcs HeH3MeH-
HbIM 10 paspes3sy H IJOM[aJH: OH H3MEHJeTca OTHOCHTEJIbHO HEKO-
TOPOro CPeAHEro cocTaBa B CBA3H C H3MeHEHHeM COCTaBa CKeJleTa,
NOPHCTOCTH, OCTATOYHOH  BOJOHACHIN[€HHOCTH, MHHEpaJH3alHH
IJIACTOBBIX BOJ, COAEPXKAHHA B HHX TaKHX 3JIEMEHTOB, KaK XJOp,
6op u T. 4. BemepcrBue 3TOro HaGMIOAAOTCA (QUIOKTYalHH BEJHYU-
Hbl BPEMEHH JKH3HH TeIJIOBBIX HEHTPOHOB B IUIdCTaX OAHOTO rOpH-
30HTa H Aaxe OAHOro mnaacta. MaMeHeHHs KOHIEHTpAllHH 3JMeMeH-
TOB OTpPa)atOTCsl Ha CTAaTHCTHYECKHX PACHpelleseHHSIX BEJNHUHH T
A5 BOAOHOCHHX H He({TeHOCHBIX IIJI4CTOB H ONpeAe]saloT 06aacTb
NepeKpLIBAIOIIHXCA 3HAYeHHH, rle OAHO3HAUHOe ONpele]eHHe Xa-
paKkTepa HACHIIEHHS TO NapaMeTpy T HeBO3MOXKHO (pucC. 82).

IlIpH uHCNEHHBIX pacyeTax HEHTPOHHBIX XapaKTePHCTHK TOpHHX
MOPOA H TIeoJOTHYECKOH HHTEPNPETAlHH pe3yJbTaTOB H3MEepeHHR
HeOGXOIHMO YUUTHIBaTh, 4TO COCTaB H (pH3HUECKHE CBOHCTBA Kap-
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Puc. 82. KpHBHle pacnpefiesienHsl BPEeMeHH KH3HH TEMJOBHX HeATPOHOB Trp HJs
nedrenocunix (I, 3) H BomoHOCHHX (2, 4) JAHTONOTHYECKH pa3JHUHHX TNIAACTOB
MecTopoxknenns Yaenb (Mo manumM JI. A. [lyTkapapse u Ap.):

1, 4 — ropuaonTt XIV; 2, 3 — ropusonr XIII

OOHATHBEIX H TEPPUTeHHHIX NOPOL-KOJNJIEKTOPOB He TOJbKO 3aBHCAT
OT YCJIOBHH OCaAKOHAKOIJIEHHS, 4 BO MHOTHX CJly4yasx H onpelens-
I0TCS1 BTODHUHBIMH (3MHreHeTHueckuMH) mpoueccamu. OGpasyiouine-
¢ B CTAJHIO 3NHrele3a rHAPOKCHALI XKeJse3d, KaJbUHUT, IUPHT, THIIC,
fapuT, KBapu, AyTUreHHHeEe TJHHHCTble MHHEDAJBl, 3aNOJIHAA MO0J-
HOCTBIO HJIH YACTHYHO INOPH H TPEUIHHBl KOJJEKTOPOB, yXyAWIAOT
1X QHUILTPAUHOHHO-eMKOCTHBIE CBOHCTBa. JTHIeHeTHYECKHe Npeos-
pPa30BaHUsA BOLOHACHILEHHHBX KOJNJEKTODOB MOTYT IIpeBPaTHThL HX B
NPAKTHYECKH HeNPOHHIAeMble NOPOAE, cHOCOOHBe OBITL MOKPHILI-
kamu'. IlpucyrcrBue HedTH co3naer cpefy, HeG1aronpusaTHyo Ads
Pa3BUTHsI BTOPHYHBIX IpoueccoB. [Ipn paHHEM NOCTyNJieHHH HedTH
B NOPOAY, NPEeACTaBJeHHYI0 Kak KapOOHAaTHBIMH, TaK H TeppHIeH-
HLIMH OT/JIOXKEHHSIMH, B HHX, KaK IIpABHJIO, COXDAHSIOTCA BLICOKHE
NOPUCTOCTh H NPOHUIEAEMOCTD.

KOHTPOJIBHBIE BOTIPOCHI

1. Ilepeuncaute THNH B3aumojeficTBuii OBHICTPHIX H TeNIOBBIX
HeHTpPOHOB c BemecTBOM. KakoBa ux nerpodusuueckas unpopma-
TUBHOCTB?

2. KakoB ¢u3uyeCKHi cMLICA OJHHE 3aMeNJeHus] U AJHHBl MHUT-
pamid HeHTPOHOB? B uem cOCTOMT HX passnyuHe?

3. KakoBo COOTHOWmIeHHE MeXJAy MOJHHEM H (epMHEBCKUM BO3-
pacTaMu HeHTPOHOB?

4. TlepeuncauTe mapaMeTphl, XapakTepusdyollne AADQy3HOHHEE
CBOHCTBA TOPHBIX TIOPOLL.

5. Kakue HefTpOHHble XaDaKTEPHCTHKH TFOPHBEIX TODOA MOTYT
OLITh H3MepeHBEl B CKBAXKHHHBIX YCJAOBHAX?

1 C 9THM cBA3aHO obpasopanHe 3ajexed HedTH HECTPYKTYPHOrO THNa.
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12. YIIPYTOCTb

12.1. ONPEJAEJIEHHE

YrpyrocTe — CBOACTBO BelllecTB CONPOTHBJATLCA IOJ BO3JeH-
CTBHEM MeXaHHYeCKHX HanpsKeHHH H3MeHeHHIO ofbeMa U GOPMH
(TBepArie TeJa) HJAM TOJbKO o00beMa (HKHAKOCTH H Trasbl), 4TO
o6yc/10BIHBaeTCsl BO3pacTaHHeM BHYTDeHHefl sHepruu BemiectBa[6].

I1pu cHATHH Hanpsi2KeHUH BelleCTBO BOCCTAHABJIHBAET CBOU (GOp-
My H o0beM, eCJd He NpeBHIUIEH ero mpepe ynpyroctd. Jedop-
M a1 U H, KOTOpble IIPH 3TOM NPOHCXOAST, HA3LIBAIOT YN PYT UM H,
uau o6paTuMbBMHU [lpu TpeBhileHHH Npefesa YNpPyrocTu B
TBepALIX TeJaxX MOC/e CHSTHS HANDSIXKeHHH OCTAITCAd OCTAaTOWY -
HEE, HIH HeoG6paTHMHe fedopManum.

WsmeHeHnss oGbeMa TBepAbiX TeJ MOXHO XapaKTepPH30BATh OT -
HOCHTEeJbHHMH 06beMHHMH JedOpManmusaMu, H3Me-
HeHnsl popMEl—AePOpMAUHUAMH COBHUTA,

Kiaccuyeckass MeXaHHMKa JOCTHIJA 3HAUHTEJNbHEIX YCMOEXOB B
TEOPeTHYECKOM H3YYEHHH CILIOUIHBIX OJHODOAHBIX H H30TPOIHHIX
cpen. CosnaHbel MaTeMaTHYeCKHe TEOPHH, TMO3BOJSIOUIME OTHCHBATH
HanpsKeHHOE COCTOsSIHHEe B 3THX CpelaX, H3BECTHBHE KaK TeopHs
ynpyroctd u Teopus maactuuHoctH (C. II. Tumomenko, 1937 r;
JI. C. JlefiGenson, 1974 r.; A. Jlss, 1935 r.; H. M. Mycxenuuisuiy,
1954 r. u np.).

Kak c/eiyeT u3 TeOpHH YIDPYrOCTH, AJsS ONHCAHHS HANPSIKEH-
HOTO COCTOSIHHS OJAHOPOAHOrO H AaHH30TPONMHOrO YOpyroro TeJad,
HanpuMep, eAMHHYHOTO KpHCTA11a MHHEpaJa, HeOOXOJUMO HMEThb
wIeCTb YpaBHeHHH, yLOBJeTBOPAIOMINX 3aKOHY ['yKa u cojep:Kamux
36 monyaefi (ynpyrux XapakTepHCTHK cpelH), U3 KOTophx 21 Mo-
AyJb — He3aBUCHMBle KOHCTaHTH. Takue AeTajbHBe HCCAeA0BAHUS
IIPOBONATCS. NPH H3YYeHHH CBOHCTB KPHCTAJJIOB. B rOpPHBX MOpPOAax
KPHCTAJJIBL MUHEPAJOB UMEIOT PAa3HYI0 CHHIOHHIO H OPHEeHTHPOBAHEI
B Pa3HBIX HampaBJeHHsX.

HOns xapaKTepUCTHKH CBOHCTB HIealbHO YIOPYrHX OXHOPOIHBIX
H H30TPONHBIX Cpefl OGBLIYHO HCHOJb3yeTCs OAHA H3 CJeNVIOUIHX
nap KOHCTaHT: Moay./ab IOHra E (MoAyap NMPOROJBHOH yHpyrocrtu)
H ko3pduuuest Ilyaccona v (KospduumueHT NONSPEYHOro CxKaTHA);
KoHcTaHThl JlaMe A u G (G — MOAyJwb CABHra), a TakXe Ko3pdu-
HHeHT O0beMHOH CKUMaeMOCTH P. DTH Ke KOHCTAHTH MOXKHO OI-
peleJuTh Yepe3 CKOPOCTb MPOAOJBHBIX Up H NONEpEYHHIX Ug YIpY-
T'HX BOJH.

Ecau oTHocuresbHylo 0o6beMHYI0 nedopmanuio Teaa AV/V
NpeACTaBHTb B BHAe CyMMbl OTHOCHTE/bHBIX JHHEHHBIX AedopManui
no ocam koopausat AV/V=e.+e,+e, 10 Moayas lOnra E
6yaer Ko>bPHUHEeHTOM IPONOPUHOHAJBHOCTH MeXAy H30JHpOBAH-
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HO-TIpeleJbHEIM DACTATHBAIOMINM HJIH CXKHMAIMIHM HANPSKEHHEM
px (MIH py B p;) U OTHOCHTeNbHOR JuHeHAHOR AedopMmauuedt Mo TOH
HKe OCH ex (UMY ey U ez):

1
ex=-E-px. (12.1)

OTO BHIpAXKEHHE YACTO HA3HBAIOT ypaBHEHHEM HJH 3akoHOM IyKa
JJIst THHeRHHEIX nedopManui.

Kosdpdpuuuenrt [ITyacCcoHa — KaK OTHOWEHHEe OTHOCHTE/b-
HBIX JHHeHHHX fedopManuil TeJa B HaNpaBJeHHH, TOMEpPedHOM Jefi-
CTBHIO HAamNpsiXeHHdA, K OTHOCHTeJbHOH JHHEeHHOH HAedopManud B
IPOJOJBHOM HANDABJIEHHH:

v=gle,. (12.2)

Hans cnydass BCeCTODOHHEr0 DAaBHOMEDPHOTO CXKATHSI TBEpAOTO
TeJa 3akoH I'yka mpuHUMaeT BUJ

AV _3(1—2v) 19
= P (12.3)

rae p= (px+py+pz)/3. Beauunny p Ha3HIBAIOT CPEIHHM HOPMAJb-
HBIM HampsiKeHHEM.

U3 dopmyas (12.3) moxHO HailTH BHpaxeHue AJas k03dhdumu-
eHTa CXHMaeMOCTH HJH OGpaTHOH eMy BEJHYUHE — MOAYJS BCe-
cTOpoHHero cxatusi K HaeanbHO ynpyrofi cpejs:

f I AV 3(1—2v) (12.4)

K p Vv E

Ilpu E=const u v=const p He 3aBHUCHT OT cpeiHero HOPMAJbHOTO
HampsiXKeHHs.

B ypaBHenuu (12.4) HaragfHO HPOSIBUJIOCH OCHOBHOE CBOHCTBO
yIOPYroro Tejaa NpH BCECTOPOHHEM (CKATHH: OTHOCHTeNbHAs 00beM-
Hast nepopManua NPOMODPIHOHANbHA NPUI0KEHHOMY HANpPSXKeHHIO,
Jpyrumu ciaopaMu, kospPHIHEHT P, TaK -#%e, Kak £ H v, ABJISIOTCH
KOHCTAHTAMH, XaPAaKTEePH3YIOUINMH ynpyrie cBOHCTBa TeNa,

OjpHako B MNpUPOAe HHYero HeT HjeaspHOro. ¥xe B 1935 r.
Il. BpuaxMeH, ©3ydasl CXHUMaeMOCTb DA3JHYHBIX MeTaJJIOB U MH-
HEpasioB TIpH BCECTOPOHHMX HAaBjeHusx mo 3000 MIla, ob6napyxui
B MOBEIEHHH 3THX, Ka3aJjoch Obl, OAHOPOLHbLIX H YADYTHX MaTepHa-
JIOB OTKJIOHEHHE OT JIHHeHHOro 3akoHa ['yka. DMIHpHUECKOe ypaB-
HeHne I1. BpumkMeHa fjsi omucaHHA YOpyro# aedopMauuud ¥MeeT
BHA:

LAV e g, (125)
p V

rIe a H b — NOCTOAHHBIE /s JAHHOTO MaTepHana KoaDHIHEHTH,
npuueM b/a=~107¢-+10-5. D10 GBHIIO ONHHM H3 IIEPBHIX HCCJIENO-
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BaHHH, TOK4a3aBIIUX OTKJIOHeHHe AepopMauuu peajbHBIX YNPyrHx
TeJsl OT 3aXOH4, MPUHATOTO B TEOPHH YOPYLOCTH.

B Mudepasax # peaJbHHIX FOPHBIX NMOPOAAX BCerja HUMeEIOTCH
BKJIIOUEHHUS!, MOpbi, KaBepHHl. [losToMy HenuHe#iHOCTh AedopMauui
JOJIXKHA B HHX NPOABJATLCA ellle sipue.

PaccMoTpum pmedopManuio cpelbl, cOCTOSUIYI0O H3  60OJBLIOrO
Yhc/a WapoB OJHHAKOBOrO Auamerpa D, pasMelleHHHIX MO 3aKOHY
KyOudeckod ymakoBkd. OObeM sJeMeHTa TakKOH MOJeJH MOPHCTOH
cpeln Vo, BKaouawouled N3 mapoB, HafiieM H3 BhIpaXKeHHS

Vo= N3D". (12.6)

IIpu mpHIOXKeHHH BCECTOPOHHEro HAaNpsiKeHHUS p 00beM Cpefnl
6e3 cMelleHHs] neHTPOB LIAPOB YMEHbIIAETCs H ero HOBOe 3HaueHHe
B ynpyro#i obmacta AedopMauni

V=N¥(D —a,) ~ N*D*— 3N?D%a,, 12.7

Ijle a; — yMeHplleHHe AHaMeTpa mapa mpH nedopManuu.
Ha ocrHoBanuu ¢opmya (12.6) n (12.7) monyuum

AV 34 (12.8)

Vo D
Jas onpeleneHuss oy HUCNOJb3yeM pellleHHe KOHTAKTHOH 3ajaud
Iepua, Hafigennoe A. M. Oduuaukom (1952 r.) mas cayuas ckartus
IBYX YIPYrHX IIAPOB TOA JAeHCTBHEM COCPEROTOYEHHOH cHaH F:

3F (1 — viyg) o3
aiz[ﬁ] , (12.9)

rie Ers H vz — MOAYJAb IOHra u Kosddunuent Ilyaccona mare-

puaJja 1apos.
Tak Kak HampsiKeHHe, MpHUXOAsUleecss HAa KAXKAYIO MJOCKOCTb

BhiieieHHOro HaMu Ky6a, paBHO

_ MF _F
TN prt
TO, MOACTAB/SAA 3TO paBeHcTBO B (12.9) u satem B (12.8), HaiineM
a2 2/3
AV 3 [_3“ vm)] P2, (12.10)
4 Exp

Huddepernunpys (12.10) mo p, moaydum BeipaxeHHe AJs Ko3pPu-
IHeHTa 00beMHOH CXHMaeMOCTH paccMaTpuBaeMOH MojJend oca-
JOUHOH NOPOABL:
a2 2/3
Blp)=— 5 =2 [T 21
Vo dp En
H3 storo mpocroro pemreHusi ciefyer, 9To KosdpdHunent oGbeMHOM

CXKHMAeMOCTH MOJeJH OCaJf0d9HOH Mopoan, TaK Keé KAaK H ee MO-
AYJb 06BbeMHOTO CXaTus K, He ABJFIOTCS 0 CyUIeCTBY MOAYJ/ISIMY,
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@ 3aBHCAT OT BeJHYHHBl CPEJHero HOPMAaJbHOrO HAMPSIKEHHS p.
3akoH I'yka B 3TOM ciyuyae MOMKHO NPHMEHHTh TOABKO K OeCKOHey-
HO Ma/nblM H3MeHeHHsAM JedopMauuil u nanpsxenuit [15]. Dpyrumu
CJI0BAaVH, B KaXk/J0# Touke AepOpMAIHOHEOH KDHBOH OyaeT cyllecTt-
BOBATh COOTHOUIeHHe, YCTAHABIHBAEMOe 3THM 34KOHOM, HO Bce
ylIpyrue XapakTepHCTHKH Cpelbl MepPevVieHHbl — OHH H3MeHAIoTCH B
34BHCHMOCTH OT IPUJIOXKEHHOTO HATIPSKEHHS:

[ —2
ﬁ(p)=3[—E—(%’3’—. (12.12)

IIpu Takoi dopme sanmcu 3akona ['yka Beauunnu B(p), E (p)
H v(p) He ABJSAIOTCA MOAYJSMH B NPSIMOM CMBICJE 3TOTO €JA0BA —
OHH 3aBHCAT OT MeXaHuyeckoro Hanpsixenus. Jlwboe dukcupoBan-
HOe 3HAaueHHe 3THX BeJHYHH MOXKeT XapaKTeDH30BaTb Cpeay, Ha-
XOAALIYIOCA TOJNBKO B ONpejeNeHHOM HANPSXKEHHOM COCTOSIHHU
I_IpH H3MEHCHHU HANpAXKEHHS H3MeHsieTCss U 3HaueHHe STHX Be-
JIUYHH,

HpyruMu croBamu, 3akon ['yka xak JuHefHass 3aBHCHMOCTb
MeXJy HamnpsixKeHnueM # JedopMauHesi OCTaeTcss CIpaBedJHBHM
JHIIb B npeje/fax 6ecKOHEYHO MaJiblX NpHpaUleHud nampsxeHud H
aedopMamui.

Hnas paccMoTpenHO# HaMHM MOJenH TNOPUCTOH TrOPHOH MNOPOAH,
npeAcTaBjeHHOH YNPYrHMH IIapaMH pPaBHOTO pajiuyca B KyOHue-
CKOH yNakoBKe, HANAeHa CBA3b MeXAy yNpYrHMH mapaMeTpaMH MO-
JIeJd B LleJlOM H MarepHanaa chep. ITO CLeJdHO i€ HCIOJAb30BAHHEM
anmnapara KJ4aCCHYeCKOH TeOpHH YIPyrOCTH IPHMEHHTeJbHO K MO-
JLeqH IHCKPETHOH cpelnl. K coxajeHHIo, CTPOeHHe DeaJbHHIX [Op-
HBIX TOPOJ 3HAYUTEJbHO MHOrooOpasdnee. TPYAHO MOCTPOUTHL TAKYIO
YVHUBEpCAJIbHYIO [1eTeDMHHUPOBAHHYIO YIPYTYIO MOje/p, & 3HAUHT,
¥ HCIO0Jb30BATb NMPHUEMBbl KJIACCHUECKOH TEODHH Yynpyroctu. B sroil
cBs3u ypaBaenue (12.11) crnenyer paccMaTpuBaTh JHIIb KaK IPO-
cTeHmInA NpuMep, YKA3HIBAIOIINA HA BO3MOXHOCTb TaKOT0 NOAXO]A,
a TakXe HA TO, YTO AJSl peanbHbIX TOPHHIX 10OpOJ HEOOXOAHMO
KaxJbl# (pa3 ycTaHaBIHBATh 3aBHCHMOCTb YNPYTHX CBOHCTB OT Ha-
NpsXKeHHOTO COCTOSHHUS.

12.2. OB bEMHBIE JE®OPMALLHH IOPHBIX NOPOJL

dusnuyeckre CBOHCTBA TOPHBIX NOpPOJ NMPH BCECTOPOHHEM HAamps-
JKeHHH, He NpeBHIIAIONEM Tpefe]a YNpyrocTH, W3MEHSIOTCS B pe-
3yaprate o0beMHEX Aedopmanui. C 3THM BHJIOM HANpPSAKEHHOTO
COCTOSIHHS Yakle BCEro IPHXOAHWTCS CTAJKUBATBCA INpH H3YUCHHH
ynpyroctd B mnerpodusuke. dedopmauuu cABHra, XapakTepusyio-
mue H3MedeHue (QOPMEI TBEpAOTO Tejd, CJA0XKHee ONPeJeHTb 3KC-
nepuMenTaspHo. MMu Gosee wWIMpoko TOJB3YIOTCS B MeXaHHMKe
TPYHTOB TIpH M3yYeHHH IPOYHOCTHBIX CBOACTB FOPHHX MOpPoA. B mo-
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CleAyioUleM H3NIONKEHUW HACTOAlIero pa3jlea Mbl OyAeM H3 Tpak-
THYECKHX CO00paXKeHHH MO BO3MOKHOCTH He mpubGeraTbh K MOHATHAM
O CABHTOBHIX AeOpMaIHAX B TOPHHIX NMOPOAAX.

12.2.1. MOHATHE O JH®PEPEHUHAJBHO-YIIPYTHX CPEJAX

TpynsOCTH, € KOTOPHIMH BCTPETHIHCL HCC/TelOBATENH IIPH H3Y-
YeHHH JAedOpMalMH TOPHCTHIX Tes, 3aCTABHIH HCKATH HOBBHIE TpH-
eMbl. B 3TOM OTHOIIeHHH GOJBIIOTO HHTepeca 3ac/yXKHBAWOT paGoTH
M. Buo (1941 r.}) u ®. Taccmaua (1951 r.). B uwacrnoctd, ® Tac-
CMaH MpelRJIOKHJ DPACCMATPHBATL MOPHCTHE MOPOALl, Kak audde-
peHIHa/bHO-yIIDyTHe TeJa, T. e. TadKHe, OTIAeJbHble KOMHOHEHTH!
KOTOPBIX MOXKHO YTOJAOGHTb HOPO3HB YIPYIHM TejaM H TPHMEHHTH
K HHM 33dBHCHMOCTH W3 TEODHH YIPYrOCTH CILIOLIHBIX Cpeld B JAHD-
¢pepennunanbHofi dhopMe. B mocnenywimem HW. Imperma (1957 r)
noKasaJ, yTo HeCMOTpS Ha Kaxylleecs pasnauuue Mopmene#t M Buo
H ®. I'accmana, MaTeMaTHYeCKH OHM 3KBHBAJEHTHH

M. Buo u @. 'accmaH paccMoTpenu nedopMaKHio BTOPUCTHX TIO-
poJl, He COAepKAUIUX MOMHMO BOABl APYrHX MHHEPAJbHBIX BKJIOUYE-
nu# B nopax. B M. Ho6pwrun (1970 r ), HCHOAB3Yys TOAXOR
® Taccmana, paccvorpesn GoJsee O6IHA cayyaH, KOrZa B Nopax
NOpPOABl HAXOIATCs MHHepaJbHHE BKJAIOYeHHs (IVIHHA), OTJIHYAIO-
HiMecs Mo ynpyrdM CBOHCTBAM OT CKeJeTa M He CBSI3AHHBIE C HHM
MeXaHHYECKH,

Fopuble moponel B ofuieM cayuae — JOBOJBHO CJOXKHBIE 06Gpa-
soBanus. O6peM mopodnl V, paBHBIA No Beanunne 0GbeMy TBepAOro
cKenera Vex, CKJajbIBaercss U3 o6beMa TMOpofoobpas’sylomux MHHe-
panoB Vi3 n ob6beMa mycrorT WAy nop Vi, 3anojHeHHBIX (QJIIOUIOM
(Boxo#t, He(PThIO, TA30M HJH CMECHIO HX):

Ve Vo= Va+ Vo (12.13)

BHyTpd ©mop mOpOABl MOTYT HaxoAuThes BKaloueHAs (Vik),
npe/cTaBIeHHble MHHEPAJbHBIM BelleCTBOM (rMHAMM) HIH (aiou-
JIOM, OTJHYHBLIM O CBOACTBAM OT MiacroBofl BoAbl (HedTH, rasa).

TepmunoMm «ckeser nopoabl» (Vexk) OGyneM MOJb30BaThest B TeX
cayuasx, korfa Tpebyerca ompejenuTs AedopMmanuio NMOpoas Ges
yueTa ymnpyrux CBOHCTB HACHUIAIOUIHX TOpOAY (JIIOHI0B, T. €.
TONBKO MpH H3yyeHHH Aedopmauuil. Tepmun «oGbeM mopoau» (V)
npuMeHserca B Goslee MIHPOKOM CMBIC/e, KOTAa Tpefyercs onpefe-
JHTb HeOpMAlHI0 TOPOABI C YYETOM YNPYTHX CBOHCTB (II0MIOB.

O6beMHas JepopMallusa cKesaeTa IMOPOAHL CKJIALBIBAeTCs H3 Je-
(popManiy NOPOA00GDPA3YIOUIHX MHUHEPAJOB H MOPOBOTO IPOCTpPAH-
CTBA TpH W3MeHEHHH CpeJHEro HOPMAJBHOTO Hamnpsxenus (dp),
06yCc/IOBJIEHHOrO BeCOM BhlleJexanled TOJUA IOPOA, TIaCTOBONO
nasnends (dpna) u Temnepatyph (dT).

NupdeperunpoBanse ypaBHeHns (12.13) n03BONIHIO TOJMYYHTH
CJIeyIOUlHe BhHIpaXKeHHs LJs ONpejlesleHHst OTHOCHTEJbHBIX Jedop-
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TaG6anua 26. Pekomenayemble sHadeHHd Kos(dHuHeHTOB Bp H Pr
B NOPHCTHX Topubix nopomax [15}

Tlopona Bo My
Tasopachimennag ~1 ~1
Bogouacuuienuas MaJ03aTHHR3NPOBARHAR ~1 ~1
('ﬂrn<0,2); ﬁnx/ﬁu<3 H aax/ara< 10)
BononacuIueHHas TAHHHCTAA (Nea>>0,2) wp>0 Han ue<0 we <0
B 33BHCHMOCTH
OT Mra

mauuit crenera dV/V, noposoro tpocrpanctsa dV./V. TBepnoi
¢passl dVis/ Vs, nopo.m [15]):

-, = ﬂcrcd (p p]m) + ﬁmdpm- — aTBdT
M—M@pﬂﬂﬁmmm%m (12.14y

Va
1 n
ﬁJ&%HLﬁQM%

Vas (1 —ka)
— (I — prkn) a
(1 — &q)

T8 3

rie
Pp= (1 — Nz ﬂanlﬂ'rs)](l e N (11— 'flm%n/aw)/(l — M)

Bexr Bn M Bre — KO @HUIHEHTE CKHMAEMOCTH COOTBETCTBEHHO CKe-
Jera, mop H TBeplofl ¢asbl HOPOAH; fsx — TO Ke AJs TJHHHCTBIX
BKJIOYEHHY; gk, Qs — KOS(Q@HOHEHTH TemJIOBOTO pAaCIIMpEHHS.
TJIBHUCTBIX BKJIIOYEHHUH M MHHEDPAJOB TBePHAOH QasH NOPOAH; T)rn —
OTHOCHTEJIbHAS TJIMHHCTOCTh.

Koaq‘quuuemm pp H pr B ypaBHeHuu (12.14) orpaxamoT Baus-
HHE DACCESHHOH TMIMHHCTOCTH B NOPax mopoan Ha nedbopManuio
TIOPOBOTO NPOCTPAHCTBA U TBePLOH (asLl NOPOALL.

PexoMeHnyeMble 3HAYeHHS] KOS(Q(QHUIIMEHTOB (p U | IpUBEAeHH
8 Ta6.1. 26; Gosee noapo6uble rpaduxu B paore [15].

Mexay kospdHuueHTaMu CXKHMAaeMOCTH HMeeT MeCTO CBSI3b

B c« = Robn + Ben- (12.15)

12.2.2. OOHOPA3IHDIE H HU3KOINOPHCTLIE NOPOABI

MHorue MHHepaJsbl, MarMaTHYeCKHe H MeTaMOp@HuecKHE rop-
Hbl€ TOPOABl, KAK H3BeCTHO, HMEWT BeCLMAa HU3KYX BOPHCTOCTD,
H3MepsieMylo eAHHHIAMHA npoueHTOB. TakHe NMOPOAB MOXKHO pac--
cMaTpuBaTh KaK Of\HOQasHele. MX ynpyrie cBOHCTBA MOTYT MEHSTh--
CSl B 3aBHCHMOCTH OT KDHCTaJJIHYECKOA HJH CTPYKTypHO# &HH3O0-
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TPOINHH, HO CBOHCTBA 3THX TeJ B HANPSXKEHHOM COCTOSHHH, Xapak-
TepusylomHe 0O0beMHBe Jedpopmauun (HampuMmep, ob6beMHas
CXKHAMAaeMOCTb), OLOOHH HIeaJbHO YOPYTHM CpefaM.

W3 ypaBuenus (12.15) cnenyer, uto ecin B mnopucroff cpene
&1—>0, TO Pex—Pre. JpyrumMu cjJoBaMH, O0OGBEMHAS CXHMAEMOCTb
TaKOH CJOXHO MOCTPOeHHOH MOpOAB NMPHGIHXKAETCS K CXHMaeMo-
cTH ee TBepJloH (aswl. DTo mpelenbHBIH CIy4ad HCMOJIL30BAHHA
MOJyYyeHHBIX ypaBHeHHHA Has omnpefeneHus JedopManufi ropHBIX
nopol, Mo3TOMYy OH TpeOyeT HeKOTOpPOH JeTaausanuu aedopmailu-
OHHOH MOJeu.

B peasbHBIX MUHepaJax, B MarMaTHYeCKUX H MeTaMopdHuecKHX
Nopoaax, a Takxe B COJsX Bceraa Hmeercs HeOoapmoe (no 1—
3% ) kosaumuectBo BKJOueHHH wid mop. Hamnnune takux «gedektoss
HEecKOJIbKO yBeJNHYHBAeT C2KHMAaeMOCTh TAKHX TeJ, COXpaHss ofliue
YepTH JeQOpMAalHH CIJOUIHBIX TeJl.

Kosd¢puuueHnT cxXHMaeMOCTH TAKHX HU3KONODHCTHIX TeJ MOXKHO
OUEHHTh ¢ NOMOIIBI0 Mojenu 3. XamuHa, NpeAcTaBisaoiieid cobod
CILIOMIHOE YNPYyroe TeJO € paBHOMEPHO paclpelleleHHBIMH B HeM
HIaPOBBIMU BKJIOUEHHSIMH, 3aHHMAIOMHUMHU JHIIb HeG0JAbUIOH 06beM

3TOTO TeJla:
(I — vgs) (53 )
3———— | — 1|k
B _ (1 +Vos) \Brs
5:3 =1+ 1o (T — 2Vop) [‘ﬁs——(—ﬁa——l)'k] » (12.16)
(l + 2‘VTB) BTB BTB o

rie Bo, Prs, Pz — KOIPDUIHEHTH CKHMAEMOCTH COOTBETCTBEHHO Te-
J1a B ueJoM, TBepAod $ase U 3amoJHHATE]s HOpP; Vs — KO3bduun-
enr IlyaccoHa TBeplo# ¢asHL.

Pacyersl MOKa3BBAIOT, YTO fAaxe INpH PufPfra=10 1 2x=2%
BeJHYHHA Po MpeBHUIAET Bra 34 CUET IOPHCTOCTH MeHee ueM Ha 5%
H IpPaKTHYECKH He 3aBHCHT OT BeJHYHHB HampsixeHHs [15].

Takum o0pasoM, MuHepasnhl H HU3KOMODUCTHE TOPHBIE TOPOLH
MOXHO TpH HHXEHepHBIX pacyerax OObeMHBIX pnedopmanuf pac-
CMATPUBATh KaK HJeaJbHO ympyrude teja. [jas HUX Xxapakrep Ha-
TPY30K (cTaTHUueckHe uid KojebaTe/bpHbHe) He HMeeT 0OJBILOro 3Ha-
yenus. Jlpyroe jelo — MODHUCTEE [OPOLH, cofepXKaiige B MOpax
3HaYUTEJbHOE KOJHYECTBO (JIIOHJOB.

12.2.3. ZE®OPMALHH NPH CTATHYECKHX YCJIOBHUAX
HATPY)XEHHA

Cucrema ypaBHeHH# (12.14) mosBodser onpeleJdTb yIpyrue
€BOficTBa TOPHBIX NOPOJ HpH CTATHYECKHX YCJOBHUAX HATPYXKEHHUS.
Hmeorcs B Buny JgafopaTopHble H3yueHHs NOPOJ HA YCTAHOBKAX,
HMHTHPYIOUIHX ecTecTBeHHOe 3aJeraHue mopom.

Buj ypaBHeHHH B 3TOM Clydyae 3aBHCHT OT FPAHHYHBIX yCJIOBUH
OIBITOB. PaCCMOTPHM HeKOTODHIE H3 HHX.
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1. B nponecce zepopManuu spdekTHBHOE HaNpsKeHHe H TeM-
fiepatypa NOCTOAHHBEl (pP—pua) =const u T=const. YacTauM cay-
YyaeM 3TOrO HATpyXKeHHs SBJSETCS HCC/Ael0BAHUEe B COCYAe BHICOKO-
ro JaejeHus ofpasna, He 3aKPHITOrO 3JaCTHYHOH 0GOJOYKOH

(p—pna) =0
YpaBuenusi (12.14) B 3ToM ciydae NPUHHMAIOT BHJ:

S S T
V. J(p=ppa). T Vi J(P=paa): T\ 1 —ppka

dVTB = = —
X( Vig )(p"ﬂm(). T Bredp B15dPuy-

DTOT npuHeM HCHOJB3yeTcsl JAJs OnpefeneHHs Prs NO pe3yabTaTaM
H3MepeHHs o6beMa obpasua.

KosbduuHeHT cxKxuMaemMocTH TBepAoH ¢ a3 Bz XapaKTepH3yeT
CXKHMaeMOCTb MHUHepaJbHBIX 36peH, (CH4ralollHX cKeJeT [OPOARI,
N03TOMY OH 6AH30K K KO3D(UNUEHTY CHUMAEMOCTH CIJIOUIHOTO
yIPYroro Tedaa.

PaccvoTpeHne pe3ysibTaTOB 3KCIeDHMEHTAJBHHX OMNpeieeHui
K03hdHIHEHTOB CXKHMAaeMOCTH TBepHoH (a3bl HEKOTOPHIX TOPHBIX
nopoa (taba. 27) nokaselBaeT, 4TO KO3(PGDUHHEHT Brs XAPAKTEpHU-
3yercs HeGOJbUIOH BeJHYHHOMH, MPAKTHYECKH He 3aBHCsAUeH OT TpHU-
JI0XEeHHOTO fasJjeHus. Ero cpenHee 3HadeHHe HA OXHMH-ABA TIOPsAKA
Hike Ko3(dunuedTa cKHMaeMOCTH nop 0o6JOMOYHBIX H KapGoHAT-
HEIX HOpPOJ,.

2. B npouecce nedopManuu TemmepaTypa U JaBieHde Hachlla-
fouled MOpH TOPOAB! XKHAKocTH MocTosiHHBl (I =const, pm.=const).
Cucrema ypaBHeHufi (12.14) B 3THX yC/I0BHSIX NpHHHMAeT BHA:

- (d_v)p,m, = Baed (P = Pu;) = Badp;

14
dVa
— = Badp; 12.
( - ) = Budp; (12.17)
dV.s = 1
—< Ve )pﬂﬂ' T (1 — kn) ﬁTde'

STOT cnocob HarpyKeHusl 4acTo HWCHOJB3YIOT JAJs ONpeleleHHs KO-
2 PUIHEHTOB CKHUMAEMOCTH TMOPOAH W B YACTHOCTH KO3 Hiuer-
Ta Pn.

Ha puc. 83 mpexcrae/ieHH pe3yabTaThl 3KCIepPHMeHTAaJIbHOTO
H3ydeHHs GOJNBUIOH KOJJIEKHHH TOPHBIX TOPOA € TpaHyJspHOH mHo-
pucTocThIo. [/sl Bcex WM3yueHHBIX MOPOX HabJamjaercs 3aKOHOMep-
Hoe yMeHbIIeHHe CXHMaeMOCTH HOp ¢ yBesauueHHeM BCeCTOPOHHETrO
5 PeKTHBHOTC AaBJeHUS:

(P — Pun)min (12.18)

Bn - ﬁn max (# — Ppua) !
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Tab6awua 27. 3Hauesns xosdduumueHToB CKHMaeMocTH TBepaod Ham
HEKOTOPHX MOPOJR

B,y 10-5 MITa—!
Tlopona Pasupie Hccaenosateas
p=0 }p=I12 MIla }p=60 MIla {uaTepBaIH
I aBJeHHH
Jonomur 1,17 1,17 1,17 —
Mpawmop 1,36 { 1,85 1,24 — ®. Bepy u ap.
H3pecTHAK 2,421 2,40 2,36 —

» 2,86 | 2,70 2,30 —

» — — — 2,5 |JI. A. Ilpesinep
Tlecuanuk KBapUHTOBLIH 2,62 | 2,60 2,55 — ®. Bepu 1 ap.
Tlecuapnk KBapi-1oJeBO- — — — 3,1 H. ®dert
IMaTOBHH
Tlecox Kmapueshit —_ — 4,3 |T. B. Ucakos
Ksapn — — — 3,0

» —_ — — 2,7 L. A. AuroHop

rae Bamax H (P—Paa)min~2 MIla — KOOpAHHATH TOYKH Ha 3KC-
MepUMEeHTAJNbHOH KPHUBOH, HAYHHAs] C KOTOPOH CTAHOBUTCS ClpaBen-
JAHBHM ypaBuenue (12.18),

Bennuuna Kosp¢ullHeHTA CXHHMAEMOCTH IIOP Pnmax SBJIAETCH
CI0KHOH (yHKIHeH JIHTOJOTHYECKOro «CocTaBa, Ero BeJIMUHHA 3a-
KOHOMEPHO YBEJHYHUBAETCss C POCTOM TIJIHHHCTOCTH HIOPOA H YXYA-
menuem ee orcoprupoBannoctd [15]. [lo Mepe yBenuuennst sadpodexk-
THBHOTO HAMDAXEHHS BJAHAHHE JUTOJOTHH ¥ IOPHCTOCTH MOPOR,
HuBenupyercs. Poap temmeparypsl B mpefienax ot 0 no 200°C ot-
HOCHTeJIbHO HeBeJHKa.

3. Bospuioit wHTEpEC Ajs NOA3EMHOHM THAPOAHHAMHUKH IpelCcTaB-
JseT usydeHne oO0beMHOH AepopMam#M TOPH3OHTANBHOTO IJIACTa
NOpoji B pe3yinbTaTe NajeHHs B HeM NJacTOBOTO JAaBJeHHs (p=
=const, T=const). C atoft ueanpo nonwp3ywTcs NOHATHEM KO3(-
¢bunMenTa CXHMAaeMOCTH [OP JIOPOJHL B JPEHHpYeMOM Iljiacre:

| dVn (12.19)

Bu. xm=7/—n_ dpan
[oncrasum cormacuo (12.14) 3snauenne (1/Va) (dVa/dpna) npu
yeaosuu p=const u T=const B ypaBHenue (12.19):

Bo. 5y =B (1 = 7] — ppbw (12.20)

dprn
[IpakTayeckoe ucnosp3oBanue ypasHeHust (12.20) crameT BO3MOXK-
HBIM, €CJH ONpejeneHa BeAHYHHA dp/dppn. NS ciyuyas TOHKOTO
TOPH3OHTANIBHOIO I1acTa 6eCKOHeYHOTO HPOCTHPAHHSI MOXKHO Mpe-
HeGpeYb OTHOCHTEJbLHBIMH OGOKOBHIMH CMelleHHSIMH npu AedopMa-
uud. Pemenue 3To# 3ajgayn AJMst 4aCTHOTO cayyash HeCXKHUMaeMOH

300




SN
1
Q
S
™

L4 [
Sy - . ed s \f\':.:. oo ® ey
J \,.’ Zl_ | i1 r L 1‘.... A I $ﬂ+ L

\

...../.
../

-
7
o
V4
2/
L.

-
-

s
ﬂ BN | i 1 \ L ! L. ‘\‘..I.‘_.__, 1
w0 g 4 60 0 49 60 U 4y 60 0 p-pMha

Puc 83. Pesy/bTaTH 5KCIEPHMEHTANBHOTO H3YYEHH K09D(HIMEHTAa CXKHMAEMOCTH I0p Bn PA3MHIHEIX OCAZOUHBIX MOPOJ B 3aBH-
CHMOCTH 0T 3G PEKTHBHOrO HANPSKEHHS (P—Pua):

@ — TlecqaHHKH XOPOWIO OTCOPTHPOBAHHLe M OKAaTAHHble, 6 — neCYaUHKU TJHHUCTHle, NJ0XO OTCOPTHPORAHHBIE; 8 — NECYAHHKH U ANEBPOJHTEI HH3-
KOIOPHCThIE ¢ IJIHHUCTO-KapOOHATHBIM LEMEHTOM, & — aprHAJAHThl CHJBHO YyIJNoTHeHHDble, (0 — U3BeCTHSKHM W MEPreéJH nloTHbe, UHSKOMODHCTHIE,
€ — H3BECTHSIKH H JOJAOMUTH IJNOTHBle, KaBeDHO3HbIE, K — NeCUaHHMKH HOAMMHUKTOBHIE (3anafmuas Cu6upn); 3 — aJleBpPOJIMThl NOJHMHKTOBbIE
(3anagHas CHOUPb), u ~— HecuawHk# KBaphephle (Boarorpajckasi OGM); K — NecyaumHK® NOJHMHKTOBhie (FOMEbIft Manryimaak)



TBepaoit $asm (Brs=0) nano B pabGore M. I'mprema (1957 r.).
PaccmoTpuM 3To pelnenHe Ans 6onee obiiero ciyuas.

CornacHo nepsoMy ypaBHeHuio (12.14) npu H30TEpMHYECKOM
CXKAaTHH HMEeM

-—(%)’ = ﬁchdp - (ﬁCK - ﬁTB) dpnn'

PaccmarpuBas mjiacT Kak ylnpyroe Tefto, 370 ypaBHEHHE MOXKHO ¢
nomoibio BHpaxeHusa (12.12) npeo6GpasoBaTs, onycTHB AJas Ipoc-
TOTH HHAeKCH NpH Koadduuuente [lyaccona u moayne Oxra:

(VN 3 (=2 o g (=2
(), =3 T dp — 3= Bon | dpur

BBeseM NpAMOYroJibHYK CHCTEMY KOOpPAHHAT H HANPaBHM OCb
Z NepneHAHKYJISIpHO K IIOCKOCTH IJjacta. B cuiy cHMMeTpHn 3a-
Jlaul HaNpaBJeHHS TJaBHBIX HOPMAaJbHBIX HANpPAXKEHHHA COBNAAYT
¢ HampasgaeHusiMH ocell xoopauuar. Torxa BHIpaxKeHHe AJs TOPH-
30HTAJbHOH COCTaBJASIOUIEH OTHOCHTEJNLHOH AedOpMaiHK e, IlracTa
0pd H3MCHCHHMH CpeJHero HOPMAaJbHOTO HaUpsXKeHHS Ha BeJHYBHY
dp MOKHO C yueToM NpeJBAyLIero ypaBHeHHS 3aMHCaTh:

v — 2V

— o= — L ldp, +dp) 5 |35 B | dpye (1221)
TlockosbKy B cujiy OCeBOH CHMMETpPHH 3ajauH pr=p,, U HaNpsxKe-
HHe, CoO3/aBaeMOe BeCOM BHILIeJeXalUX OOPOX, NOCTOSHHO
(dp.=0), 1o, mpeniebperass GOKOBEIMH OTHOCHTEIBHHIMH JedopMa-
HUAMH B IJacTe GeCKOHEYHOro NpOCTHpaHHsA e,=e,=0, ypaBnenue
(12.21) moxHo npeobpasoBaTs:

1——2v—-E%r3

dp,=dp,= dpuy (12.22)

—V

[ockonbky p=1/3(px+py~+pz) =%spx+'/sp. u pz=const, To dp=
=2/3dp,; u3 ypaseeHus (12.22) najigem:

Prs
dp 2(1—2v——E——3)
dpnn 3 (1 —w)

HocneaneMy ypassenuio ¢ noMowmblo paBeHcTs (12.4) u (12.15)
MOXKHO IIPHAATH BUA

dp___ 2 (1—2v) (l— Bra/ (kubn) ) (12.23)
dpns 3 (1—w) 1+ Bra/ (Bafn)

Ecaun B ypamHeHun (12.23) npeHefpeub CXKHM2EMOCTbIO 3epem
NOPOJH, TO OHO Nepefifer B H3BecTHoe ypaBHenne M. I'mprema.
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B necyaHO-IJIHHHCTHIX BHICOKONIOPHCTHIX KOJIEKTOpax (CM. pHC.
83) kuPu>Prs, Pre/kupu—0 H ypabHeHue (12.24) mnpuHHMaeT BHJE

dp 2 (=2 (12.24).
dpun 3 (1—w)

Ilpu 3Havennn kosdpduuuenta Ilyaccoma v=0,2; dp/dpm;=0,5,
T. €. KO3((HUIHEHT CXHMAEMOCTH IIOp TakKO# NOpoAHbl, ONpejleseH-
HH} 110 NTaf€HHI0 I1J1aCTOBOTO AaBJeHHs, paBeH NoJOBHHe K03dbdH-
LUHeHTa CKHUMAEMOCTH 110D TOH Xe IOPOAK, HAHAEHHOTO LpH BCECTO-
PGHHEM CXATHH: Prun=0,5 Pu.

B TpemmuHOBaTHIX NOpoJAaX, OTKPHITAass TIOPHCTOCTL  KOTOPHIX
oueHb HHM3Ka (k;=10-3), a ponp TBEpAOH $aski HrpaeT HenpoHHILAE-
Mas  «MarpHUa», Py>Prp, OTHOWIEHHE  Py/(R.Py)  oKazaTeed
cyuiecTsenHo Goablue efusuus., Torpa dp/dpg,—0 u coraacHo
(12.20) Buaa— (Pu—ppprs).

PesyanbraTel HccllefoBaHUN, NpPHUBeNEeHHHE B HACTOSILIEM pasje-
Jie, CBHAETEeJBLCTBYIOT O TOM, YTO NpH obbeMHHX Aedopmaumusx, B
YCJOBHUSIX CTATHYECKHX HArpy30K VIpyrue XapaKTepHCTHKH TOPHBIX
MOpPOJ 3aBHUCAT OT KOHKPETHHIX HANpPAXKEHHHX COCTOSIHHE. ITo 06~
CTOSITEJNBCTBO HEOOXOAHMO YUHTHBATHL OPH HCCJEJOBAaHUSMX.

12,2.4. JE®OPMALHU NNPH KOJEBATEJ/IbHbBIX
JHHAMHYECKHX HATPY3KAX

Ilpy u3syyeHHH yNpPyrux CBOACTB FOPHHIX NIOPOA B CKBaXKHHAX
CTaHAAPTHHMH aKyCTHYeCKHMH NpHOOpaMH HCIONB3YIOTCH Koaeba-
TeJpHHE nonst HanpsiKenuid ¢ uacroroil 20—30 xl'u. Ecan yuects
JOCTATOYHO BEICOKOE THAPaBJHYECKOe CONPOTHBJACHHE IOPOBOro
npocrpancTBa y 6GoJbHIMHCTBA NOPOJA B eCTeCTBEHHOM 3aJleranui,
a TakKke KPaTKOBDEMEHHOCThb JefcTBHS koJiebaTelbHBIX HaNpsiKe-
HUH, MOXHO JONYCTHTh, YTO B NOPHCTHX I[OPORAX HAaCHILA0OMmAS
BOZa He CMOXKeT [epeTekaTh B Opax NOX AeHCTBHEM TaKHX AHHAMH-
gyeckux Harpysok, ClefoBaTesqbHO, B 3TOM CJayyae MOPH MOXHO
CYHTATh THAPABJHYECKH H30JHPOBAHHBIMH. DTO MIpPEANONOXKCHHE He
SIBJSIETCS CTPOTHM, TaK KaK OHO CJeslaHO 6e3 yuyera HePaBHOBECHHIX
TePMOJHHAMHYECKHUX NPOLECCOB H He YUHTHIBAET BJAMAHHS YaCTOTH
koJjebarensHoro npouecca. OxHako A1 BHYUCAEHHH, NPUHATHIX B
NpakTHKe, Takoe NPHOJIHIKEHHE II03BOJISeT BOCHOJb3OBATECA MNPO-
CTEIMH JAe(OPMALHOHHHIMH MOJeNSIMH IPH H3YUEHHH 3aKOHOMEPHO-
crefl, CBA3aHHBIX ¢ KHHEMATHYECKUMH XapaXTePHCTHKAMH BOJHOBEIX
npoueccoB (CKOPOCThL YIPYTHX BOJH). DTO UpHO/IHKeHHe He MOXeT
HCIIOJNB30BAaThCA NIPH H3YHUEHHH AHHAMUYECKHX XapakTepHUCTHK (3a-
TyXaHHe yOPYTHX BOJH), TpeOYIOIIEero yyera BJHAHHS HepaBHOBeC-
HEIX TePDMOJHHAMHYECKHX IIPOLECCOB B IIOPOBOM IpPOCTPAHCTBE
TOPO kL
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BocnosbayeMcsi NOHATHEM O KOadduuHeHTe 06beMHON cXKHMae-
MOCTH NIOPHCTOrO TeJa, HMEIOIIEro CHCTeMY THAPABJIHYECKH H30JH-
POBaHHHIX IIOp:

Bo=— '117 (%) (12.25)

Torga npn T=const ¢ nomompio ypasHenuit (12.14) u (12.25)
TONYyIHM

_ (dTV)r = Budp =Bord (P— Pus) + Bro@Pse (12.26)

OTKyAa

dpaa dpua
Bo=Pax (1 — 222+ Py 122 (12.27)

B samkHyTo#l cHcTeMe nop HaMeHeHHe oObeMa nop dVy/Vy mon
BJIHAHHEM CPEJHEro HOPMaJbHOTO HanpsXKeHHS AOJKHO OBITh paB-
HO H3MeHeHHIO O00beMa XKHAKOCTH dV/Viy:

TlpupasuuBasa (12.28) u (12.14) u npeobpasys nonayderHoe, OyaeM
MMeTb AN JaHHBIX TPaHHYHbIX YcJoBHE AedopManuii:

dpun . bn ; (12.29)
dp P =4 P — Upbrs
dpny — Bex — Prs (1230)
dp Bex — Pre + En (Px — UpPrs) ’
TloactaBus 3Hauenue dpgy/dp B (12.27), Haiimem
b+ s G
0= . (12.31)
Bn -+ ﬁCK - ﬁTB
n Px — Wobrs

B uvactHOM ciydae AJds TMOPOAH, He cojfepXkalleH B Nopax TJIHHHC-
ThIX BKJIOUeHHH (pp=1), ypaBHenue (12.31) npespamjaercsa B H3-
BecTHoe ypaBHeHHe . [accmana.
B ypaBHeHnu (12.31) Bcx MOXHO BHIDa3HTb 4eped Ko3pduLHEHT
C2KHMaeMOCTH I1op Bn (cM. 12.15):
ﬁo — (nPr + Brs) (Bx — UpPrs) + Bubrs
Ba -+ Px — ppbre

Hocnenﬂee paBeHCTBO MOXKHO npeoﬁpasoBaTb:

= PPy , 12.32
po Brl - B — Ilpf)-m kuﬁn"_ ﬁTB ( . )
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Breaem o6o3HaveHne:

ﬁ)K’“ }LDE’TB — 1 . (1233)
Bt Bx— ppPes 1+ B/ (B — ppbre)

HasoseMm acp — Ko3dduunenTom ynpyroii cssasu das. Toraa okonya-
TEJBHO NOJYYHM ypaBHeHHe Aas xo3ddHUHenTa ofbemMHOH cXKHMae-
MOCTH NOPHCTHIX Tesd NPH KoJjiebaTeNbHBIX HATPY3KaX:

ﬁo = acnknﬁn + 61‘3' (12'34)

Ananus ypasuenuin (12.33) u (12.34) nossosser HafTH npeaenb-
Hble YCJOBHA JJiS OlpeflejleHHS Po IIPUMEHHTEJNBHO K Pa3jHYHBIM
NOPHCTHIM HOPOAAM.

PaccmoTrpuM uetkipe ciayuas,

1. Kosdbduurenr nopucroctu nopoasl k0. Coraacuo (12.34),
Ko3hduHeHT 00beMHOH CHKHMAEMOCTH Tako# NOpPOAR NpH kojeba-
TeJbHEIX HArpy3kax Po= Pgs. JTO 3HaueHHe coBNajgaer ¢ Ko3dpdH-
LiHEHTOM OODBEMHOH CXHMAeMOCTH AJIT HHU3KONODHCTHIX IOPOA NpH
CTATHYECKHX Harpyskax [cM. ypaBHemus (12.15) u (12.16)]. 3ro
03Ha4aeT, YTO AJig CIJIOUIHEIX HJH HH3KONOPHCTHIX NOPOX Py Mato
32BHCUT OT HM3MEHeHHs HAUpSAXKeHHA. ITO YCJOBHE AJA HAEANBHO
yupyrux tet. Cjieposarenstio, obbeMHple gedopMaindd MHHEPaaOoB,
HHU3KONOPHUCTHX MarMaTH4ecKHX H MeraMopduyeCKHX IIOPOA MPH
KoJjeGaredbHBIX HATPy3Kax MOXHO ONpelensTh H3 ycJaoBHHA Aedop-
Mandd HaeaJsJbHO YOPYTHX TeJs. YUeT BJIHAHHS OueHbp HeOOMbUIHX
3HaueHHH MOPUCTOCTH NpH HeOOXOAUMOCTH IIPOH3IBOAHTCH IPH 3TOM
no ypasHeHuio (12.16), ecqiu HalOpsXKeHHUS BCECTOPOHHETO CXKAaTHUSA
(pactsikenusi) BrLe oUPeNeNEeHHOA BeJHYHHH, UPH KOTOPOH Opo-
HCXO/JHUT CMBIKAHHE MHKPOTPeLIHH, BO3SHUKIIUX B IIOPOJe Nocae CHA-
THsI TeOoCTAaTHUECKOro AaBjeHHS. [l MarMaTHUeCcKHX H MeTamop-
(HyeCKHX NOpPOJ 3TO HAUpsKeHHe B cpeaHem cocraBsaser 50—
100 MIla.

2. KospbHunent CKUMaeMOCTH 00D Pp 3HAYUTENBHO IIPEBOCXO-
AUT 30 deKTHBHYIO CXHUMACMOCTh 3alloJIHAmero ¢JaoHAa ¢ TIHHH-
CTHIMHM  BKMIOUEHHUAMH: eClH  Puf (Bm—Upbre) =1, TO o= (Bm—
UpBrs)/Bn. ¥YpaBHenue (12.34) B 3TOM cjayuae NpHMeT BHA!

ﬁo = knﬁx( +(1— “Dkn) Bra- (12.35)

ITockoabKY P H s MaJO 3aBHCAT OT HaANpPSXEHHS, TO By TakxKe
MaJI0 OT HETo 3aBHCHT. PAKTHYECKH 3TO UPH3HAK HAEaJLHO yNpYyrof
Cpelbl — COBepIleHHasg YINpyras CBfA3k MeXAy (asamu (wes<l).
JlaHHOMY YC/NOBHIO YAOBJIETBOPSIOT BO/JOHACHIIIIEHHbEIE HECIIEMEHTH-
posanHele H cJjabocleMeHTHpOBAHHBIE NODPOAEI, HaXoAsIlHecd MpH
He0O0IbUIHX HANpsiKeHUAX (BOJH3H TOBEPXHOCTH 3eMJH).

3. OddexTHBHAS CXKHMaeMOCTh HachHlauiero GJoHia 3HAUU-
TEJLHO MNPEBOCXOAHT KO3()dUIHEHT CXKHUMaeMOCTH 0D  NOpPOJH:
Bof (B—ppfrs) <1, acs=1, ypaBuenue (12.34) npuHHMAaeT BHA

Bo = £Ba + B (12.36)
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B 3ToM caydae xos3dduuueHT o6BbEMHOH CHKHMAEMOCTH IOPOALE
He 32BHCHT OT CBOHCTB HacHIlaomero ¢Qpaonaa, ynpyrie cBoHCTBa
OMIPEACNSIOTCS TONLKO CYXHMaeMOCThIO CKeJeTa NOPOAR, T. €. Je-
(opMalUHH TBEpAOro CKeJeTa NOpPOALl He BBI3HBAIOT AedopMauui
Hacelampilero damouga (OTCYyTCTBHE YNPYro#l CBA3H Mexay dbazamu
aecp=1). DTOT Cayuali MOXET HMeThb MecTo NpH JdedopMmauuu ra-
3CHACHUIIEHHBIX TOPOS.

4. CoorHolleHne KO3PHUUHEHTOB CHHMAEMCTH mop H diaouia
H3MEHSIeTCsl B Hana3oHe

LB
10 Px — ppbrs

Ilpn HacellleHHH TOpOA NNAcTOBOH BOXOH HAH HedThio B 3TOT
JHANa3oH NONafanT BCe IIOPUCThE NMOPOAB! ¢ KO3(DPULUHEHTOM CXKH-
mMaeMocTd mop ot 5-10-% mo 500-10-5 MIla—!. OH oxBaThBaer
NIPAKTHUYSCKH BCe BOAO- H HedTeHACHIICHHLIE CLEMEHTHPOBAHHEE
NeCYaHHKH, TIHHHUCTHle H KapOOHAaTHble NOPOABI C JIOOEIM BHAOM
NOPHCTOCTH, HAXOASILIHECS Ha caMblX pasHeix raybmuax. Konkper-
HOe 3HaYeHHe (g B KaXJAOM OTAEJLHOM cjydae OymeT 3aBHCETh OT
JIUTOJNIOTHH TOPOABI, BHAAa MNOPHCTOCTH H BeJHYHUHBI 3dPeKTUBHOIO
Aasjenust {15]. KosdouuneHnr, xapakrepusyomuil CBA3b MeXAy
AByMS ynpyruMu pasamu, H3MeHSeTCs B 3TOM Cjy4ae TakxKe [IHPO-
kKo: 0,09<a¢3<<0,91. Ero cpenHee 3HaueHHe (%¢s)ep=0,5 Mmoxer
OBITE NIONYYEHO, €CAH Pu/ (Ba—UpPre) =1, T. €. TIPH YCIOBHH pABEHCT-
B2 CXHMaeMOCTH IIODOBOrO NPOCTPAHCTBA U 3heKTHBHOH CKHUMAae-
MOCTH HACBILIAOIIEro ITOphl BJIOHAA.

Takum oOpasoMm, MOXKHO NPHHATh, YTO ILIOTHEIE MUHEPaJBl B
HH3KONOPHCTEHE MAarMartH4Yeckue M MeTamopduuecKHe NOPOABI NPH
KosebGaTeslbHBIX Harpy3kax, HCIOJb3yeMEX IIPH aKyCTHUYeCKHX HC-
CJICIOBAHUSAX CKBaXHH, AedopMupYyIOTCH NMOAOOHO HAeANBHO YNpY-
ruM cpefaMm. BogonacuiuenHble HeCUeMEHTHDOBAaHHHIE H CJaabo-
CUECMEHTHPOBAHHNE [€CUAHO-TJMHHUCTHIE MOPOAH, B KOTOPEIX KOH-
TaKTHas YIPYroCTh HEBEJNHKA, TaKXKe NPHOOPeTAOT YePThl HAELAJBHO
YIPpYrux cpeld — ux o6beMHast yNpPYrocTb HE3HAYHTEJBHO 32BHCUT
OT BEJWUYHHB TPHUJOXKEHHBIX HamNpsXKeHHH H oOlpejesercst, Kak
cpefHeB3BellleHHasd N0 o0beMy BeMHYHHA YIPYFOCTH KHUAKOH H
TBepAOH as.

B rasoHaceIeHHbIX CIEMEHTHPOBAHHBIX MNOPOAAX C MeXK3epHOo-
BBIM THUIIOM ITOPHCTOCTH ¥ HEKOTORHIX TPeUIMHOBATO-K2BEepHO3HBIX
NOpORaxX C HeNlpOHHIaeMoH MaTpHuell Ko3(ddHUMeHT 00 beMHBIX 1e-
dopMauHuil NPaKTHYECKH e 3aBHCHT OT BeJHYHHBI '230HACHIIIEHHSA
N onpeldensieTcsl rjaasHbeIM oOpa3soMm YINPYrHMH CBOHCTBaAMH CLeMEH-
THPOBAHHOI'O CKeJeTa MOPOJH.

BonbIIMHCTBO CUHEMEHTHPOBAHHEIX NOPHCTHIX HedrTe- W BOAOHA-
CHIIIIEHHBIX OGJOMOUHBEIX, KapOOHATHBEIX H IJIMHHCTHIX, & TaKXe Io-
PHUCTBIX MarMaTH4YeCKHX H MeTaMopduueckux mnopon ob6aaganoT
3HAYUTEJLHONA KOHTAKTHOH yIpyrocTeio. O6beMHule aedopMaunuud B
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HHX NpH KoJeGaTeJbHHX HArpy3kaX 3aBHUCAT He TOJbKO OT YIDYIrHX
CBOMCTB TBepaoH H KHAKOU ¢pa3, HO M BecbMa CYIIeCTBEHHO OT
NIOPHCTOCTH, COOTHOLIEHHS YNPYroCTeH CLeMeHTHPOBAMHOIO CKeJje-
Ta ¥ XHUIKoH ¢aspl, 3¢p¢PexTHBHOro HanpsaxkeHHs H JHTOJOIMHA

12.3. CKOPOCTb YNIPYTUX BOJIH B MUHEPAJIAX,
HHU3KONOPUCTBIX MATMATHYECKHX,
METAMOP®HUYECKHUX K OCAJIOYHBIX NOPOJAX

MHoroo6pasne BCTpeualoUHXcs B IIpHpoae IOPHBEIX IIOPOA, pas-
JMYHe Hx YIpPyrHx cBoifictB tpebylorT ocoboro noixoia K TEOpETH-
YeCKOMY H 3KCIIEPHMEHTaJbHOMY HM3yYeHHIO BOJHOBRIX IIDOLECCOB
B HuX Tak, aJqa olMCaHHA 3aKOHOMepHocTeH paclpOCTpaHeHHs BOJH
B BBHICOKOYINPYIHX H MAaJOMNOrJOLAILINX 3BYK IWIOTHEIX MHHepaJax
HJA H3BepXKEHHBIX IIOPOAAX MOIYT HCIOJbB3OBaThCA €  XODPOUIKMM
npHOAHKeHueM MeTOJBl MeXaHHKH CIJIOMIHbIX HAeasbHo YHNPYLHX
cpei. B ro ke BpeMs AsAs onHCaHHS IIpolleccoB PaclpocTpaneHust
VIPYTHX BOJH B NOPOAAX-KOJJIEKTOPAX, HACHILEHHHX HePThIO, ra-
30M H BOJOH, nHeo6X0AHMMO NpHMeHeHHe MeToloB MEXaHHKH aedop-
MHDPYEMBIX NOPHCTHIX Cpej H TEPMOJIMHAMHKH HEOOPATHMBIX MpPO-
LecCoB

CaoKHOCTL TeoperH4ecKoro H 3KCIIepHMeHTaIbHOIO H3YYeHHs
4KyCTHUECKHUX CBOHCTB peasbHHX TOPHHEX NOPOA, KPOMe TOrO, 3a-
KJII0UaeTcst B neobXOAMMOCTH MOJeJHPOBaHUSL HE TOJBKO HX (PH3H-
KO-MEXaHHUeCKHX H (DHABTPAIHOHHHX EMKOCTHHX CBOHCTB, #HO H
JCJOBHH €CTeCTBEHHOIO 3aJjerasHs I0opol

ITovuMo xnaccHueckHX paboT Mo TeopHH yNPYrOCTH CILIOLIHHX
cpenr C II Tumomwesko (1937 r), JI C JleiiGensona (1947 r),
JI I Jlawpay u E. M Jlusmwxya (1965 r) H3BECTHH TeopeTHUEC
KHe HCCJE/IOBAHHSI aKyCTHUeCKHX nojeil B mopHCTHx cpemax Te
opeTHuecKue paboThl, NOCBALIEHNbIE H3YUEHHIO aKYCTHUECKHX HoJel
B TNOPHCTHIX HaCHIUEHHHX cpelax, HeMHOroYHCJ/ACHHBI Cpenn nux
MOXHO HasBaTh HccdedoBanus I KM @peskeas (1944 r),
M A bBwuo (1952 ), H P Ilarepcona (1956 r ), B H Huxosnaesc-
koro (1963 r), IT IT 3osorapesa (1965 r), ® M Jlaxoeuukoro
(1972 r) ITH HcclenoBanHsa 3HAUMTENBHO NPOJMBHHYJM HalIH
npeACTaBJenidss O MeXaHHu3Me paclpocrpaneHns YOPYTHX BOJH B
HaCHIEHHHX NOPHCTHX cpeaax Onuako B npakThHKe GoJjbliuee pac-
npocTpateHHe NONYYHJIH HCCAEI0BAaHHs KHHeMaTHYeCKHX Xapakxre-
PHCTHK BOJHOBHIX NoJeH, oOCHOBaHHHe Ha HCIIOAP30BAHHH YIPOLIEH-
HBEIX MOjleJieli MOPHCTHIX cpell, BHITOHEH e, KaK Npasuio, 6e3 yue-
Ta BJHAHHS YacTOTH BOJIHOBHIX IIpOIECCOB HA CKOPOCTh  YIPYIHX
BoaH Taxune npuOAHIKeHHS jesalOT MOHATHHM UEJABIHA pAj BaxKHbIX
ABJEeHHHA B MexXamH3Me DaCHpOCTpaHeHHs YNpyrHX BOJH H OYeHb
nojesss Ha npaktHke OJHAKO 3TO Bce 3Ke YACTHBIE pelUeHdsl u
TpeOyIoT 3KcIepHMeHTa bloH KOPPEKTHPOBKH MOJAENEH B 3aBHCHMO
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CTH OT KOHKDETHOro o6'beKTa HCCJaeNOBaHHi. B 3TOM HanpasneHHH
pabornt BuinoaHenst 1O. B. Pusuuuenxko (1949 r.), M. P. Bunau,
A. P. TIperopu, I. X. F'apmuepom (1956 r.), I. A. Bpanarom
(1956 r.), U. Tuprcma (1961 r.), E. A. Kosaosnim (1965 r.),
B. M. Jo6puauanm (1965 r.), I'. H. Ilerkesnuem u T. 3. Bepbur-
ckuM (1970 r.), O. JI. KysneuoBsiM (1967 r.) B ApyraMH uccaeno-
BaTensiMH.

12.3.1. CKOPOCTDb BOJIH B HAEAJIbHO YIIPYITHX CPEHNAX

Ilox BaMsuueMm pedopMmanuil B TBEpABIX YNpYIHX OeCcKOHeYHHX
Cpefax BO3HHMKAIOT BOJHH Npogosabnbie (P) u monepeuynnie (S).
B XupkocTgx 4 rasax nonepeunple BOJHHE OTCYTCTBYIOT. IIpomonnb-
HEHE BOJIHH SBJAIOTCH cJeAcTsveM jedopmaunfi  paclIHpeHHd —
CXKaTHsl, a IonepeuyHpie — AedopManufi CcHABHra.

B Teopuu yupyrocTH NpH BHBOZE BOJHOBHIX YpaBHeHHH 1.3
UAeaJbHO YNPYTHX TBepABX TeJ AeNAlTCs TPU CJAEAYIOUIUX INpel-
nonoxenus: 1) AaunHa ynpyrofl BOMHH MHoro GoJsblle pa3MepoB
3JIEeMeHTaPHEX 00BEMOB, U3 KOTOPHIX COCTOHT Cpejia (HOHOB, MoJje-
KYJa MJIH KX accoudapMi — KPHCTaJJIoB) — NPH3HAK CIIOLIHOCTH
cpeinbt; 2) A0 NIPHXOXA BOJHEL Cpejfla HaXONHTCSl B COCTOSIHMH IH-
HaMHYeCKoro paBHoBecus; 3) TelJIooOMern MEXAY 4YacTHIAMH
CINOMIHOY cpean (Tak Ke, KakK AJsl XKUAKOCTEH H Ta3o0B), HAXOAA-
LIAMHCS B (pase CXKaTHA U Pa3psKEHHA, B CBSA3H C MaJOH Telaonpo-
BOAHOCTBIO TNpeHeGpexHMo MaJ. JIpyruMH cJjoBamMH, TeIllo, BhHJE-
JsieMoe TIPH paclnpocTpaHeHHH BOJIHEI B (pase cxxaTus (Harpes) 3a
neprox kKonaeGaHHs, He YyCIeBaeT PaclPOCTPAHUTBCHA K UYaCTHIIaM,
Haxoasimumcsa B (ade pacTskenusi (oxnaxpaeHus). Ilocaennee
yCJOBHE O3HauaeT, YTO B CIOWIHOA HaeajbHO YIOpPYrod cpeje
3aTyxaHHs ILJIOCKOro (pPOHTA YIPYTHX BOJH He HaAOJMI0ZaeTcs.

Baxuelduwnli KunemaTuuecKH#i OapameTp YNpPyr#x  BOJH — UX
CKOpOCTh, H3MepsieMasi B cucreMe CU B M/c nan kM/c.

Knaccuueckass TeopHsi YOPYTrOCTH CIJIOWIHBIX CpeX OIpereJsieT
COOTHOLIEHHE CKOPOCTH YIIPYTHX BOJH C APYTHMH YHPYTHMH KOH-
CTaHTaMH CJefyouIIMH (PopMYyJaMH:

U1 CKODOCTH IIPOJOJNBHBIX BOJIH

_ E (1 =) 3(1—v)
vP“V@(lTv)(l—zv) B (1 )~ (12.37)
rpe 6 — MJIOTHOCTDH CILJIOLIHOH CpeAkbt;

AJ12 CKOPOCTH TIONEPEUYHBIX BOJH

_ E 1/ 38 1 1=2%) Vg— 4
”S_V2'6(1—+v) AR I NI 5 (12.38)
rae G — Moayab CABHTa;

JAJisl OTHOIIEHHS cxopomeﬁ

] —
S ]/ ((1 _2”3) (12.39)
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B upmeanbHo yupyrofl cpepe, nepecedeHHOfl HMJAHHAPOM (CKBaXH-
HOMl), 3amOJIHEHHBIM TaKXKe HA€aJbHO YNPyrofi xHAKOH cperoll ¢
IPOJONBHOM CKOPOCTHIO Up, B CKBAXKMHE BO3HUKAWOT BonHbl JIamba —
Croyuau (TpyGHble BOJHH):

Uy
U= (12.40)
VT+8/8@w/vs)®
rae 6o — IJOTHOCTD XKHJIKOCTH, 3AN0JHAIIIER CKBAXHHY.
M obparHo, sHauYeHHe CKOpOCTeH YIPYI'HX BOJIH MOXeT OBTh He-
NOJB30BAHO JJIst OINpejesieHHs] BaKHeHIIHX MOARyJeH yIPYrHX cpei:
moayast IOHra

. Bes (8025 — 4u%p)
E = 2 (o — 1) ; (12.41)

ko3t Ppuuuenra Iyaccona
I Rk i N (12.42)

T2 (vp— tig)

MOAYJIsl CABHUTA

G = dvi; (12.43)
Moayns 06beMHOTO CXaTHS (pacCHIHpeHHs)
1 4
= — =8 {t?p — =2 .
; (up ; vs>. (12.44)

12.3.2. MUHEPAJIBIL, )KHIKOCTH H TA3b}

BoabIUIHHCTBO 10p0/L006Gpa3yIoOWIHX MHHepasnoB ob/gajaer aHH-
30TPONHBIM KPHCTAJJHYECKHM CTpoeHHeM. KpHCTajJHYecKHe pe-
LIETKH MHHEP2JIOB XapaKTepH3yIOTCs 0co60ro poja 3JeMeHTaMH
CHAMMETPHH (OCH CHMMETPHH HJ¥ TEPNEHAMKYJAsPH K TJAOCKOCTAM
cummerpun). CKOPOCTH NPOAOJABLHHX H NONEPEeYHHX BOJH B pasiHi-
HBEIX KPHCTAJJIMYECKHX HaIpPaBJACHHAX MOLYT CYHIECTBEHHO pasJiH-
qaThes [7]. D10 CBOHCTBO HCIIOABL3YETCS NPH H3YYEHHHM KPHCTAJJOB,

OxHako B TFOPHHIX NOPOA2X OCH CHMMETPHH KPHCTAJJOB MHHe-
pajoB 4acTO OPHEHTHPOBZHK XaOTHYECKH B pasHunie CTOPOHHL. [lo-
3TOMY IPH H3yYeHHH BJIHSHHS MHHEpaJbHOrO COCTaBa TOPHHIX IIO-
PO/ HA BEIHUHHY CKOPOCTH OGHIYHO NONB3YIOTCS CPeAHHMH 3Hade-
HHAMH CKOpOCcTefi B MHHepaJjax

CkoOpocTh NpOROJBHEIX BOJH B MHHepajax HaMeHsfeTcs OT 2 J0
18 xM/c, nonepeunrix — ot 1,1 no 10 xm/c. Huskue ckopoCTH Xapak-
TEePHH AJiss CaMOPOAHHX METaJJ0B (30J0TO, nJaTHHA), BHICOKHE —
MU1s1 2JIIOMOCHJIHKATHHX H OKHCHBEIX Ge3KesesHCTHX MHHepasnos (To-
nas, NHHEeb, KOPYHA); HaHOoMABLIAS CKOPOCTh — B ajMase,

Ilpeacrasnende O BeJqHUHHe H H3MEHEHHAX CKOPOCTH yIPYrHX
BOJIH B 3JIeMEHTaX, MHHepaJax H FOPHBIX IIOPORAX MOXKHO TNOJYYHTD
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Puc. 84. IuarpaMMa CBsi3H CKOPOCTH NPOAOJBHHX BOJH Up H MJIOTHOCTH 3JeMeH-
ToB § (1), MunepasoB (2), ropunix mopoa (3) (no H. B. Hoptman, M. Il Ma-
THI)

H3 pHC. 84, rje BBIIEJSIOTCS 1Ba THIA CBI3eH MeX1Y CKOPOCThIO H
NJ0THOCTEIO. K nepBoMy THIY CBsi3H, XapaKTepU3yeMoil Pe3KUM BO3-
PaCTaHHEM CKOPOCTH C YBeJHUYCHHEM MJIOTHOCTH, OTHOCHTCSI 3aBHCH-
MOCTb AJs OOJIBUIMHCTBAa TBepABIX NeTporeHHbix 3JjeMeHToB (Na,
Ca, Al, Si) ¥ n1oporoOGPA3YIOWIHX CHJIHKATHEIX H WACTHYHO OKHC-
HBIX MHHepaJioB. B aToll Xe rpynne HaXOAsTCsl TaKHE MOHOMHHe-
pajbHbIE XeMOreHHble OCaJOYHHE MOPOJH, KaK KaMeHHas coJb (ra-
JIUT), THNC H aHrHAPHT. CKOPOCTh YIPYIHX BOJIH H IIOTHOCTE 3THX
3JIEMEHTOB H MHHEDAJIOB B 3HAUMTENBHOH CTENEHH 3aBHCAT OT IJIOT-
HOCTH YNaKOBKH aTOMOB B KDHCTa/Jax H €r0 CTPYKTYpHL. YpaBHe-
HHE CBfI3SH HMeEeT BHI:

Up = Up, [€Xp 0,5 (8, —2,6) 4+ 0,2 (20 — m,_p)] [xM/c],

rle upp=6 KM/c, Ml cp— CPENHSAS aTOMHas Macca 3J]eMeHTa, MH-
Hepasa HJAH TOPHOH NOPOAHI; Oy-— IJIOTHOCTH MHHEpaJia.

Jlist MuHepaJioB, 06pa3yoUHX CBA3b €PBOro THNA, XaPaKTePHO
yBennyeHHe moxnyJs lOHra m MoAayns cABHra no Mepe BO3paCTaHHUS
NJIOTHOCTH. JTO CBA32HO C yBeJHUEHHEM IJIOTHOCTH YITAaKOBKH aro-
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MOB B KpucTajagaax. [Ipu 3ToM caMa NJOTHOCTh MHHEPAJOB H3Me-
HSIETCSI B OTHOCHTEJLHO MEHbLIMX npelesax. Ko BropoMy THIY
CBSI3H OTHOCHTCSI 3aBHCHMOCTb JJIS TSIKEJBIX MeTajnaos, cyab(QHIOB,
OKHCHBIX DYAHBIX MHHEPAJOB H CAMODOJHHX MeTalJjoB., JTo obyc-
JOBJEHO 3HAuUUTeJbHHIM YBeJHYeHHeM cpejHef aTomMHOU# MaccHl
Macp OT 20 mo 200 B 3THX 3JEMEHTAaxX B CBA3H C 3aMEHOH JEIKUX
KATHOHOB Ha OoJiee TsizKeshble, a4 TaK¥Ke HEKOTOPHIM YMeHbIIeHHEM
NJOTHOCTH YNAaKOBKH aToOMOB B BeleCTBe.

Taxum o06pa3oM, CKOPOCTh YIPYTHX BOJIH 3JeMEHTOB H MHHepa-
JIOB YBEJHYHBAETCS C POCTOM TJIOTHOCTH YNIaKOBKH aTOMOB H yMEHb-
raeTcsi ¢ yBeJHYEHHEM CpefiHeil aTOMHOH Macchl, siBJsiomefica Me-
polt HHEpPUHOHHOCTH BemlecTBa [6].

B cBsi3H ¢ HEOZHOPOMHOCTHIO CTPOEHHN (HaJHYHe BRJIOYCHUH,
MHKPOTPENHHE) CPefHsisl CKOPOCTh YIPYTHX BOJH B MHHepaJax Mo-
JKeT 3HAYUTEAbHO YBEJHUHBATHCS C POCTOM CPeJHEro HOPMadbHOrO
Hanpsxkenus ot 0 go 100 MITa. Ilpu GoJiee BHICOKHX HaANpsKEHUSX
ee pocT samejasiercs [7].

B XHAKOCTSIX H ra3ax pacmpoCTPaHsIOTCS TOJbKO NPOAONbHBIE
BOJIHKI. B HpeasbHREIX rasax H KHAKOCTAX NPH OTCYTCTBHH 3aTyXa-
Hust 1 v=0,5 CKOPOCTb NPOAOJBLHEIX BOJAH cordacHo (12.37) pasHa:

Up= V—ﬁé— , (12.45)

rle Pa-——azHabatuyeckass CKHMAaeMOCTb; § — IJOTHOCTL ¢lIoHAa.
O[HAaKO CKOPOCTb TPOAOJABHBIX BOJAH B peajbHbIX MHHEpaJdH30-
BaHHBIX BOAAX 3HAYHTEJbHO PacTeT ¢ yBeJdHUEHHeM MHHED ajJH3aliH
H J1aBJEeHHS H CJOKHO 3aBHCHT OT TeMmepatyph [1].
Cpenussi ckopocth B Hedtu mpu 7=20°C u ppz=0,1 MIla
vp = 1300 M/c 3HaYHTEJbHO 3aBHCHT OT IJIOTHOCTH H ra3OHaCKIIEH-
HocTH HedTH; B Bo3ayxe — 330 m/c, B MeTane — 490 m/c.

12.3.3. MATMATHYECKHE H METAMOP®HUYECKHE MOPOABI

Yupyrue cBOHCTBAa U CKOPOCThL BOJH B MarmMaTHYeCKHX H Mera-
MOP(HUIECKHX NOPOAAX 33aBHCHT OT XHMHYECKOIO H MHHepaJdbHOTO
COCTaBOB INOPOXA, BHjAa IIOPOBOrO 3allOJNHHTENS] H TeMIepaTypHO-
CTPYKTYPHHX 0cOOeHHOCTeH MOpOL.

Kak caenyer n3 ypasHenHs (12.16), cxxkumMaeMOCTh HH3KONOPHC-
THIX MarMaTHYeCKHX H MeTaMOp(HUYECKHX TMOPOA 3aBHCHT OT CiKH-
MaeMOCTH TBepAOH (pasbl, 3aNOMHHTEN NOp (BKJAIOYEHHS) H KOJH-
yectBa nop. Mcemoab3oBaHHe 3TOr0  BHPamKeHWss B ypaBHeHHSX
(12.37) u (12.38) moszBoJIieT TEOPETHUYECKH OIEHHTb POJb KaXKAOro
H3 IepeyHcJeHHbIX (GaKTOPOB B OTAEJAbHOCTH. DTH HCCJAeZOBAHHSA
NOKa3hBaIOT, YTO B MarMaTHYeCKHX NOPOJaX BJHSIHHEe XHMHUYECKOIO
H MHHepaJbHOTO COCTABOB Ha CKOPOCTb YNPYTHX BOJH AOMHHHpPYeT.
Haunmenbiefi cxopocThio 06/1a1a10T MUHEp A, 0GoTallleHHbIe JTerKH-
MH OKHCJIaMH KPeMHHs, KajJaHud U HaTpHus (KBapl, KaJHeBHH MOJeBOR
mnar, aJbOUT, OJUICOKJIA3 H 1p.).
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U, KM /C 7 Puc 85 3aBsucuMocTb Cpepn-
P HHX CKOpocTell yOpyrsx BOJH

7 B MarMaTHUYeCKHX H MeTaMop-
3 thuyecKux NOpoAax oT nasJe-
4 HHUF BCRCTODOHHEro CHKaTun
S ! — ONIHBHHHT, 2 — MepHJOTHT;
3 — 3KJOTHT, 4 — NMHPOKCEHHT;

o — ra66po 6 — claHel, mnapan-
e bHON CJAOHCTOCTH, 7 — RHabas;
‘s — am@rOONHT, 9 — RHOpHT, 10 —
rpPaHORHOPHT, [l —cjaHel, nep-

5 TeHAMKYASAPHOHR CJAOHCTOCTH; I2 —
panuTorse#ic, 13 — ruefic; I4—

é; pauut (6]

7 2
7
Vi
Z
73
4

5

)
J L I ! - |
J 7 Zp,(Ma

C yBenuueHHeM COAESPXKAHUA TAXKENBX OKHCJIOB MAarHmusi, Kajb-
s, Xeje3a, BXOASIUIHX B COCTAR MHHEpPaNbHHX aCCOIMALMA OCHOB-
HOTO COCTaBa. CKOPOCTh BO3pacTaerT.

C yBesqHYeHHEM OCHOBHOCTH MAarMaTHUECKHX IIOpPOJ CPeAHAs Ipo-
JOJIbHAS CKOPOCTb YNPYTHX BOJH BO3pacraer: TCpaHHT->rabépo-—»
—MIHPOKCEHHT —~NEPHAOTUT—-OJUBHHUAT {pHC. 85).

B meramopduueckHx NMOPOAAX TaKKe OTMeuaeTCs 3aBHCHMOCTb
CKOPDOCTH OT MHHEpaJbHOIO COCTaBa, HO HMeeT MeCTO H BJHIHHE
Jpyrux ¢axropos. Hanpumep, B nopozax GJHIKOrO MHHEPaJbHOTO
COCTaBa CKOPOCTb YOPYTHX BOJH YBeJWYHBAETCS OT HH3WHX K
BHICHIHM 3a CYeT YIUVIOTHEHHsS IIOpoA, 3HayHTeJbHOe BJAHSHHe DJja-
rofaps MNOPHCTOCTH MeTaMOp(QHUYECKHX INOPOJ OKa3biBAe€T BOJIOHA-
CHILIEHHOCTb — CKOPOCTh BOAOHACHILEHHBIX NIOPOL 3HAYHTENBHO BbI-
1re cyxux. Ha ciaaHiieBbix MOpoxax BeCbMa CYIECTBEHHA aHH30TPO-
MHst YIPYTHX BOJIH (CM. puc. 85)

B Meramopduueckux Nopoiax cpelHss NPoOAOJAbHAsS CKOPOCTb B
pasnoofpaszumix rHeiicax 6,1—6,3 k¥m/c, B ambpubonurax 56—
7.2 ¥M/c, B OCHOBHHIX rpanyautax 6,3—7,2 Kkm/c, B aKJorurax 6,6—
7,5 km/c.

Marmartnyeckne u MeTaMopdHUIecKHe NOPOALI HapAAy C NepBHY-
HOH MOPHCTOCTbI0 YaCTO HMEIOT H BTOPHYHYI (TPEeIlHHOBATOCTB).
HmeroTcss naHHbie 0 TOM, YTO BJIHSIHHE TPEIMHHOBATOCTH IOPOL
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TaGauua 28, Ckopocr, ynpyrMx BOAH B MarMaTHuecKux nopoaax |6]

Topona Ups KMfC | vg, wM/C oy, eMTl ch T/cM3

I'paunr

6uoTuToBEII M GuOTUT-aMuboso- 5,60 3,20 0,028 2,62

BhIl

panakuBH 5,55 — — 2,62

JAefIKoKpaToBbi i 5,36 2,85 2,61
T'panuro ruefic 5,65 2,80 0,037 2,65
I'panoavopur 5,95 3,35 — 2,67
KBapuesnifi Anopur 6,10 — — 2,70
Juopur, ruefico guoput 6,20 3,55 — 2,80
Anoprosur 6,0 — — 2,73
Ta66po 6,40 3,65 0,023 2,94
I'aG6po HOPHT, OJNHBHHOBHIT HOPUT 7,25 4,10 0,014 3,07
Merara66po, MeTara66po-uopur 6,60 3,80 — 2,96
Jnabas 6,40 3,65 0,019 3,02
Tunep0asuT (NHPOKCEHAT § nepHLOTHT) 8,20 4,60 0,013 3,31
Iunepbasut avbuGoansuposanuuit 7,45 4,15 — 3,20
C(pneHTHHAT 5,30 — — 2,60
Tanbkur 5,30 — — 2,90
CHeHUT — HedeTMHOBLIH CHEeHUT 6,15 3,25 — 2,66
Hitonur nelikoxpaToBHi 6,05 3,45 — 2,80
Hiionyt Me3okpatosbii 6,65 — — 3,03
Wionur-yprar 6,25 — WRAYiAS 2,91
Jlunaput 5,0 3,00 — 2,35
Anzesnto 6azanst 5,05 2,90 — 2,71
HBasaabrt 5,50 2,95 -— 2,81
O6cuanan 5,80 3,45 — 2,33

YMeHbIIaeT CKOPOCThL ¥ yBeJHUMBAET 34aTyXaHue YIOPYTHX BOJH,
yBEJHYUBAET AHH3OTPONHUIO MOPOH 110 CKOPOCTH, BJAUSHHE HANPAKEH-
HOT'O COCTOSIHHS.

B ra6a. 28 u 29 npeacraB/iieHb pe3yabTaTh H3yYeHHs CKOPOCTH
YIOPYruX BOJH BOROHaCHIIIEHHLIX 06pa3loB MOPOJA W3 CKBaXHH pas-
JHuHHX paMoHoB Coserckoro Corwsa. HccaegoBanus 6Gomaee 4000
00pasloB MOKA3HBAIOT, YTO MEXKAY CKOPOCTbIO H IIOTHOCTHIO Mar-
MaTHYECKHX H METaMOPQHUYECKHX MOPOJ HMeeTCa KOPPENANHOHHAs
cBsi3b. JlaA TOPOA, He U3MEHEHHHBIX BTODHYHHIMH IIPOLECCAMH, KO-
a¢pduunerT xoppenduun paser 0,9 [6]:

Up =vp, [exp 0,5 (85 — 2,6)] & Av,, (12.46)

rie uvpo=545 KM/c; Av,-— TEKCTYpHO-CTPYKTYPHHIA KO3()DHIHEHT,
00yCJIOBJIEHHBIH BJAHAHMEM TpemuHOBatocTH (AUr~ 40,5 xm/c).

Hasinune mop u MuxporpemnnoBatocts B MarMaTdYeCKHX U Me-
TaMOPPHIECKHX NOPOKAX MPHBOAUT K Pa3HOMY BO3PACTAHHIO CKODO-
CTH OT BCECTOPOHHETO faB/eHWS Ha HAYa/IbHOM yYacTKe KPHBHIX OT
0 mo 200 MIla. 3xech cMbiKalOTcs MHKPOTPELHHBI B yMeHbIHaercs
nopucroctb. IIpu maBmenusx or 400 mo 2000 MIla ckopocTs Go.b-
IIHHCTBA TOPHHIX IOPOA BO3pacTaeT OT AaBJeHHsA NPAKTHYECKH JH-
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Ta6uauua 29, CKOPocT, yupyrux Boju B MeTamopdmueckmx Topomax [6]

IToponra vp, KM/C | Ug, KM/C ch, r/cm3 k%

I'reitc

6uoTMIoBRME u OnoTuT-amdubono- 5,80 3,05 2,682 1,3

BBI{, MUTMaTH3HPOBatubif

6notnT-aMpuGosioBufi 1 amduboso- 5,85 3,3 2,80 1,2

Bufi
AM¢puGonut noieBoWNATOBHI 6,20 3,6 2,97 1,0
Ampu6OIHT 6,80 4,2 3,09 0,8
Toprbilenaut 6,40 — 3,16 —
T'Hefic BBICOKOTIHHO3EMHCTRI 5,75 3,2 2,78 1,1
Kansuur 5,85 3,5 2,67 —
Ipanyiur

NJIATHOK/A30BHIA 5,80 3,1 2,83 0,4

cpelHero cocrapa (THIepCTEHOBHIA) 6,20 3,5 2,81 1,0

OCHOBHOI'O COCTaBa 7,0 4,3 3,02 0,6
Skaorat (Koabckuii moayocrpos, Kok- | 7,15 4,2 3,35 1,2
yetaBCKasi ran6a)
Axaorar (KHMOEDAUTORHE TPYOKH) 7,45 — 3,27 0,7

HefiHO (CcM. pHc. 85). Husi HEeXOTOPHIX 1OPOJ ¥ MWHEPaJoB B 06JaCTh
BLHICOKHX JIaBJeHHH HaGaIOfaloTCsl CKAYKH CKOPOCTH, CBSI3AHHHIE C
noJuMOPGhHKMY TPeBpalleHHsIMu ® feruapatauuei [7].

12.4. CKOPOCTb YNIPYIrHX BOJIH B NOPHUCTDIX
OCALOYHBIX NTOPOOAX

12.4.1. TEOPETHYECKHE HCCJEJOBAHHA
B MHOIO®A3HbIX CPEIAX

[Tpouecc pacupocTpaHenust YOPYrux BOJH B TakKHX CpeRax B OT-
JHYHE OT CIJIOIIHBIX TBEPABIX Ted, }KHJlKOCTeI':I H ra3oB nporekKaert
OlHOBPEMEHHO Ha JABYX YPOBHAX: MeXNy (hazaMy cKaTusa H DacTd-
JKeHHS B TIpefeJsiax JJIUHBL BOJHHL H MeXJYy TBepaolf ¥ Mumko# ¢a-
3aMH B npejesax eJHHHIHOR TOPHI.

Pewrenue 3T0f 3amaus, Beinoddeduoe B. H. Huxkosaesckum, mo-
Ka3pIBaeT BO3MOXHOCTD PaCcupPOCTPAaHEHHA B TaKHUX HEOTpaHYK‘{eHHbIX
CpefaX BOJH TPeX TUNOB: ABYX NPONOJbHEIX (IIepBOro u BTOPOro
pona) ¥ opuoi nonepewHoir. IIpofosnHas BOTHA BTOporo poja
CBSI3aHA C MePeyNaKOBKGH TBEPABIX UACTHIL B PHIXIIHX NOpOAAX, 3a-
TyXaeT Ha HeOOJbIIOM PacCTOSHHH OT HCTOYHHKA M DACIpOCTpaHs-
ercst nojoBHo pudPysHomy 3BYKY. OHa HabJORAETCAd B CYXOM mec-
Ke, HaXoAsileMcsl NPH aTMOC(HEPHOM AaBJeHHH. B clleMeHTHPOBAH-
HHX TOPOJAX el0 NPaKTHYECKH MOKHO mpeHeGpeub.

[TpononbHast BoMHA MEpPBOrO Pofa, KOTOPYIO PETHCTPUPYIOT NPH
AKYCTHYECKHX HCCAEfOBAHHUAX, 00yC/a0BJEHA CHKHUM aeMOCThIO
TBEPAOTO CKEJIETA HOPOAB H QUIIOHAA-TIOPO3aNONHATENIS.
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Mexanuam pacnpocTpanenus 3TOH BOJHB 3aBHCHT Takxe OT
CTENeHH THAPOAHHAMHYECKOIO H TEePMOAMHAMHYECKOr0 B3aUMOMIeH-
CTBHA MeXAy TBepaof u KuAKOH (asamu. IIpn HH3KHX YacTOTax
GII0HL U CKeJieT MOPOJAH CMellaioTest B dase, MOLVIOEHHE BOJHB
IPONOPIHOHAJBHO KBaApPaTy YacTOTH, YTO COOTBETCTBYET YCJOBHAM
6e3 yyeTa TepMoimHaMHuecKHX siB/aeHui. C yBeqHYeHHeM daCTOTHI
OPOSBJISIOTCHA Pa3JHYHa B BSA3KO-HHCPLUHOHHBLIX CBOHCTBax (has, ABH-
KeHue (JIOHIa HaYHHAET OTCTaBaTh OT IBHKECHHSA cKesera. [Toss-
JAIOTCH KOMIIEKCHBIE [HHAMHYECKHe IlapaMeTphl CPeAbl: AHHAMH-
yecKas MJIOTHOCTb, KOTOPAs MeHbie CTATHYECKOH, H AHHAMHYECKas
BA3KOCTh, DTO MPHUBOAHUT K yBENHYEHHIO CKOPOCTH H 3aTyXaHH$ BOJIH
¢ 4acToTOH. [loMHMO BA3KO-HHEDLUHOHHOH JHUCIEPCHH CKOPOCTEH
BO3HWKAET TEPMHUECKAs HCIEPCHs 32 CYET HePAaBHOBECHOIO Tel-
J000MeHa MeKAY KHAKOH H tBepioll daszamu. B coorBercTBHH C
teopemoli I'mH3bypra o BceoOiieil CBsI3H TOrJAOUIEHHS H JHCIEPCHH
BOJIH, BS3KO-HHEPIHOHHOH H TepMHUYECKOH AHCHEPCHAM COOTBETCT-
BYIOT BSI3KO-HHEPLHOHHOE M TepMHYECKOe norsoimleHus [18].

CyMvapHbi KO3 (HIHEHT 1OMVIOIEHHS COCTOHT H3 ABYX COCTaB-
JAAIONHX a=0a;+0g, [le o ONpelensieTcs Bs3KO-HHePIIHOHHLIMH, a
ag — TepMudecKuMH 3 dektamu. C yMeHbIieHHeM CLeMEHTHPOBAH-
HOCTH TIOpOs KOaddHIHEHT TOrJOUIeHHS o Bo3pactaer. OqHako A
CUEMEHTHPOBAHHbLIX BOJOHACKINIEHHLIX IIOPOA OTHOLICHHE op/a; H3-
MCHSIETCH He3HaYHTeJbHO.

MaJsio HaKOmJIeHO JOCTOBEPHBIX 3KCNEeDHMEHTAJbHBIX AaHHBIX O
3HAUCHHAX KOI(DHHINEHTOB NOTAOMIECHHA o U ap AJAS MHOTOG a3HbIX
HACBIIIEHHBIX Cpel.

B cpenax ¢ 6oabmumH KO3 HUIHEHTAMH NOLJONEHUS, KaK Ipa-
BUJIO, HMeeT MeCTO 00beMHas AHCIEPCHS CKOpOcTeH, T. e. yBeJHYe-
HHe ¢a30BOil CKOPOCTH BOJIHB C yBeJHYEHHEM YaCTOTHL.

Uccaenosanua @, M. Jlaxosunxoro (1988 r.) mokaswBamoT, 4TO
nonepeyHble BOJAHB B HedTe- H BOJAOHACHLILEHHBIX NOPOAAX HMEHOT
MaKCHMaJbHyI0 Aucnepcuio A0 3%; NMpOAOJIpHEE BOJHB — CYLIECT-
BeHHO MeHee 2%; B ra3oHachllleHHBIX TOPOJaxX MAHCHEPCHS ellle
HHXKe

B H3BepKeHHHX H KPeNKO CIeMEeHTHPOBAHHKIX OCaZOYHKIX IIO-
pomax aucmepcuu CkKopoctTedi He Haluromaercs. [lHcmepcHs CKOpO-
CTell TOmepedHBIX BOJH HHXKe.

12.42. MOZEJIH MHOT'O®A3HDBIX CPEA AJIS1 ONIPEAEJNNEHHUA
CKOPOCTH YNIPYrUx BOJIH

Ecan He yYuTBIBaTH AHCHEPCHIO CKOPOCTH VIDYLHX BOJH, TO
CJIOKHH e YIPYrHe MOJAeJH MOIyT ObITh 3aMeHeHH 00J/ee IPOCTBIMH
nyTeM NOJACTAHOBKH BhIPaKeHHd A5 KOIDPHUHEHTA CKHUMAEMOCTH
MHOroasHeX CPel NPH KoJeOaTeIbHHX AHHAMHYECKHX Harpyskax
(cM. ypaBHenue 12.32) B ypaBHeHHe <CKOPOCTH /S HA€ajbHO Y-
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pyrux ted. B 3TOoM npuONUAKEHHOM DelUCHHUH OTPaXkKaeTcsi BIHSHHE
Ha yOpYyrocTb cpeibl TaKHX BakHeHIIHX (aKTOPOB, KAaK COOTHOLIe-
IIHEe YIPYyrocTH CKeJeTa MNOPOABl H MOPO3aNOJHAIIHUX QUIIOHIOB,
CTPYKTYPHO-JIHTOIOTHYECKHE OCOOCHHOCTH MOPOAH ¥ BEJHYHHA (-
(QEeKTUBHOIO  MEXaHWYEeCKOrOo HAampAKeHHs, KOTOpoe HCIIBIThIBAeT
nopofa Ha IyGHHe ee 3ajeranud. Bce aTH daxtopsl MOryT OHTh
y4TeHbl pa3HooOpasveM Ko3(POHIHEHTOB CKHMAeMOCTH IOp, TBep-
J0# 4 KUAKOHU (has, NMIOTHOCTH H NOPUCTOCTH HMOPOZRHL.

IloncraBum 3nadenHe Po, 3apanHoe ypasienHem (12.32), B ypas-
nenusi (12.37) u (12.38) anasi ckopocTel MPORONBHBIX M MONEPETHBIX

BOJIH!
3 (1 —vn) :
Up= V BoBa (1 - va) (12:47)
1 —ov)
V2ﬁaf5n T (12.48)
rae
1
ﬂoz knﬁn"—ﬂrn;

[1 + 51’1/(51{( - p’pﬁ’m)

vy — Koagpdunrent Ilyaccora nopofbr; On — MJIOTHOCThE MOPORHL.
YpaBHeHHe HHTEPBAJILHOIO BpPEMEHH Npofera mponoJbHBIX BOJIH
B NOpOAe MNOJYyYHMM U3 BhripaxeHus (12.47):

, Y
==/ Belu vy (12.49)

N 3(T—vn)

Ha pHc. 86 cruiomrHbIMH JHHHSIMH H300pazkeHbl KpUBBE Up=
=f(ky, Bu), paccunTaHHble Mo ypaBHeHHwo (12.47) s mOpHCTOCTH
BOJOHACHIEHHHX TNopoA. [TapameTpoM KpHBBIX CJAYKHT Koaddu-
LIHEHT CXKHMAaeMOCTH NOp fj, BeJHYHHA KOTOPOro W3MEHsercss B
IHPOKUX mpefenax ot 5-10-% no 100.10—5 MIla—!. B sT1ot nuana-
30H CKHMMaeMmMOCTH MNOMajaloT caMble Das/iHYHBE CIeMEeHTHPOBAaH-
Hbie OPOAL C PasHofl CTPYKTypoH mopoBoro mnpocrpancTea. Pac-
CMOTPHM HEKOTOphIe H3 HHX.

Teppurennbie u KapOoHaTHLIE CLEMEHTHPOBaHHbIE NOPOALI C NEp-
BHYHOH (Mex3epHoBo#) mnopHcrocTeio. Ha pHc. 83 uzoGpamenn
33BHCHUMOCTH KO3G(DHIHEHTa CHUMAEMOCTH MOP Pas3HHIX 1O JHTOJIO-
THH TMOPOJ C MEepBHYHON MOPHCTOCTBHIO B 3aBHCHMOCTH 0T 3¢ deKTHB-
HOTO HaNpPsiKeHHA. ITH JaHHBle NOJyYeHh MHOTHMH aBTOpaMH 9K-
CIepHMeHTa bHO NPH M3YYEeHHH KePHOB. BHAHA ofllas 3akoHOMeEp-
HOCTb — ¢ yBeJsuyeHHeM 3¢ GeKTHBHOIO HaNpsKEHHUS CHKUMAeMOCTh
yMEHbIIaeTCs U NHaNa30H M3MEHEHHS CKHMAEeMOCTH NOp AJAA KakK-
JOH JIMTOJOTHYECKOH DAa3HOCTH cyXaeTcsd — KO3 (UIUEHT CKHMae-
MOCTH TMOP NMOPOJ C MeK3CDPHOBHIM THIIOM NOpP OT IOPUCTOCTH 3aBH-
CHT MaJ/jo. DTO NO3BOJAAET BHABHTh ONpPENeJeHHEE 3aKOHOMEPHOCTH
B H3yuCHHH BJMSHUs KO3(DPHUHEHTA NOPHCTOCTH MOPOJ HA CKOPOCTD
YyUPYr¥X BOJNH B YCJIOBHAX eCTECTBEHHOIO 3aJjleTaHus MOPOA.
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Puc 86 ConocrapieHue Teo-
peTHUecKHX KPHBHIX Up=[(kn,
Brx) ¢ 3KCIEpUMEHTAAbHHMH
HannhiMy, NOoJdydYennniMu Ha
HacHIIIeHHbIX MUHEepaJH30BaH-
noil Bomol (250 r/m) oGpas-
1ax B YRACTOBBIX YCAOBUAX
(p— Pna>=40—50 MIla)
a — aoaomuTsl (o B IT IToramo-
[ A IJ By H ap) 6 — HaBecTHaKH (T€
XKe aBTopbl), & — KBapueBble 9H-
1 L | CThle MeCYAHUKH Iudp kpH-
RHIX — Ko bdH ¥ HT <) HMaevio-

0 20 I0 kg, % cTH mop P, 10-5 MTia—

-

Ha puc. 86 mokasano comocraB/iedue TeOPeTHYECKHX KDHBBIX,
pPacCYHTaHHbIX MO QopMysae (12.47) ¢ sKCnepHMEHTAJIbHHIMH HaH-
HBIMH 171 00pasloB JIOJOMHTOB, H3BECTHSKOB H KBaPLEBHIX Iecya-
HHKOB B QJAaCTOBHIX YCJOBHSAX.
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~ MKC Puc 87. TeoperuueckuHe Kpu-
tnou Buie To=f(ks, Bz) B como-
CTaBJeHHH C JuHue#d, NoJay-
yeHHO# IO YPaBHEHHIO Cpeld-
HEero BPeMEHH'

90T (10.7-’”) TL——TT—B—= Fo0 1luhp KPHBBIX —
Ty—Trg 1—0

ﬂ“, 10-* MIla-*

wog 100 /

0 qu 88 kq

[auubie 2as1 ZOJOMHTOB amnpOKCHMUPYIOTCS KPHBOH C mapamer-
poMm Py=10-10"5 MIla~!, aas u3BecTHAKOB f;=15-10-% MIla—! u
JJs KBapleBbIX MNeCYaHHKOB [p=20-10-° MIIa~.

Kak BuaHo H3 puc. 87, KpHBbIE HHTEPBAJbHOIO BPeMeHH IMpoO-
fera mpojioJbHBIX BOJH (Ty=1/Up) ¢ yKa3aHHBIMH Bbille ImapaMer-
pamMH MOXKHO JHIUL OYeHb MPHGAHKEHHO aNpPOKCHMHPOBATH MPSIMEI-
MH JIHHHSIMH, NIPOXOASIIUHMH Yepe3 fABe TOUKH C KOOPAHHATAMYU
(0, Ter) H (I, T), TA€ Trs H Tx — HHTEPBAJbHOE BpeMs B TBepAOH
dase u B Kuakoit pase. YpaBHeHHe ITHX NPSIMHIX HMeeT BHI

Tn— e _ Fo— 0 (12.50)

T — Trp 1—o0°

9To ypaBHEHHe HA3bIBAIOT YpaBHEHHEM CpeIHEr0 BPEMEHH
(M. P. Buaau, A. P. Tperopu u A. B. Tapzauep, 1956 r.). Ero uame
3aMUCHIBAIOT B BUIE

To= (1 —ky) 1,5+ Ry, (12.51
Taxum o6pasom, guneiinoe ypaBHenune (12.51) siBasiercs BecbhbMa
npubAnKeHHsM. OIHAKo, KaK IIOKashbBaeT OMBIT, OHO /JOBOJbHO

XOpPOIUO ONHCHIBAET ISKCUEPHMEHTAJdbHbie MAHHBE, NOJYYCHHHE B
IJIACTOBBIX YCJAOBHAX (p—puz=40-+50 MIla) Ha YHCTBRIX CHEMEH-
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THPOBAHHBIX NOPOLAX O NEPBHYHOH TMOPHCTOCThIO. [l/15i ero HCmodb-
30BaHHs HYMKHO 3HATh 3HAYEHHS T H T

WutepBanbHoe BpeMsi mpobera npogoibHBIX BOJH B TBepAOH (Pa-
3e MOPOABl Trp, MKC/M:

Kpapu . . . . . . . . . . 164
TToaesor mmat . . .. . . . 170
Kagbuur . . . . .. . . . 1bb
HoaoMur . . . . . . . . . . 142
Tmguna. . . e .72
Awrgpur. . . . . . . . . . 164
Kamesnas comv . . . . . . . . 208—230
Cmoma. . . . . . . . . . . 118

WnrepBanpuoe BpemMs nmpobera NPOAOJNBHBIX BOJIH B KHAKOCTH
3aBUCHT OT BujAa XUAKOCTH (HedThb, BoZa): A1 HehTH — OT raso-
HaCHIIEHROCTH TOCJ/efHell, 1aBJIeHHs H TeMIepaTyphl; 1Js BOAB —
OT MHUHEpaJH3alHH, NaBJeHHS H TeMmepatypm [1, 3].

B ramHHCTHIX MOpOZax ¢ MEK3epPHOBOH MOPHCTOCTbIO KO3((DHIH-
€HT CXKHMAaeMOCTH HOD BO3pacraer, H ypaBHeHHe CpDeJHero Bpe-
MCHH IlepPecTaeT yAOBJETBOPATb NpsAMOW JauHHu. H3BecTHnt aABa
IMIHPHUECKHX crnocofa, KaK MPeojo/eTh 3TO HecOOTBeTCTBHe.

[TepBriét croco6 3akmaouaercs B YC/AOXKHEHHH CJOHCTOH MOZeNH
TMOPOAW nyTeMm jgOGaBJeHHs TPETHErO TJIHHHCTOrO CJA0g. DTO ypaB-
HenHne, mnpeanoxenunoe B. H. [laxnoBmIM:

Tp= Trp 'Jl‘ k;n“ (T;x - TTB) + kl:yf" (Trn - TTB)’ (12'52)

TAe My H Mp;— NOKa3aTeJH CTENeHH, 3aBHCAILHE COOTBETCTBEHHO
OT CTPYKTYpPbI H CTENCHH IIEMEHTANHH KOJJIEKTOpa H H3MeHsIoliHec s
¢ ymioTHeHHeM nopods! ot 0,7 go 1,5.

Bropoii cnoco6 3ak/amouaercss B NOBbILICHHH CTENEHH YpaBHEHHS.
I1o xybuueckoe ypaBHenue, npeinoxensoe I'. Baxrosabiem:

Ty = Tyq - by -+ cB? - ARy, (12.53)

e b, ¢ u d— BeduuHHH, 3aBHCcAIHe OT 3(PexTHBHOrO Hampsaxe-
HHA H YOPYIHX cBo#cTB mopoxsl [l].

Onucatgple BBIIIE TEOPETHUECKHE YPaBHEHHS H IMIHDHYECKHE
3aBHCHMOCTH CPCIHEFO BPEMEHH OT KO3(pQHIHEHTa  IOPHCTOCTH
MOKHO HCIIO/Ib30BaTh JKIIb IIPH NPHBEAEHHH CKODOCTH HJH HHTEp-
BaJBHOrO BpeMeHH mpofera YIPYTHX BOJH K YCJAOBHSM eCTECTBEHHO-
ro 3ajieralHds NOpoj, T. €. K 3QQeKTHBHOMY HANPSIKEHHIO (p—pPung)
u naactoBo#i temmepatrype T. [las 3TOro MoXeT GbITh HCIOJAb30BAHO
poipaxegHe [7, 15]:

0 (2 pums T) __ Tw(®  _
vp (0) T T (Ps Pruas T) Kikaks, (1254)

rae vp(p, pua, T) ¥ Tu(p, Pun, T) — CKOPOCTb M HHTEPBAJbHOE Bpe-
Mf B MJIaCTOBHIX yc/0BHAX; Up(0) H 14(0) — To xke B aTMocdepHbix
ycaoBuax; Ki, K; u K;—d4acTHpe OTHOCHTeNbHbIE H3MEHEHHS Be-
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JHYHH Up H Tp COOTBETCTBEHHO B 3aBHCHMOCTH OT 3(@PEKTHBHOTO
HanpskeHHs, MJacTOBHIX MHaBJCHUA H TEMNEPaTyphl.

Hau6osiee cyuieCTBeHHOe BJHsIHHE Ha YNPYyrHe CBOHCTBA oca-
JOYHBIX TIOPOX OKasbiBaeT 3d@eKkTuBHOe HanpskernHe. C yBeuYeHH-
eM 3¢ ¢EeKTHBHOrO HaNpSKEHUA CKOPOCTh YNPYTHX BOJH BO3pacta-
er. [IJg npuBefeHHsi YOPYIHX CBOHCTB K eJHHOMY 3(Q@GEKTHBHOMY
HanpsKeHHIO pagp2=40—50 MIla yacto nNpHMEHSOT Cjelviouee
BhlpaxkenHe (B. M. [do6pwinnn, 1965):

Ktzi’f‘_zfﬂ_z_(”sdﬂ) X (12.55)
pa(bz

TJe 7 — SMIUPHYECKUH NOKa3aTe/b CTENEHH, 3aBHCANIHA OT CLieMEeH-
TLPOBAHHOCTH, [JHHHCTOCTH H XapaKTepa HAcCBIIEHHOCTH MOPOA.
Beauuuna n usmensetrcs or 0,02 nas Kpemko CcLeMeHTHPOBaHHbIX
nopox Ao 0,2 nas peIXJBIX ra3oHachlnleHHbIX NecYaHHKoB. Ee Bean-
4HHa IJS NOPOJ ONpeReJeHHOH JHTOJOTHH ONPeNesfeTCs 3IKCIEPH-
MeHTadbHo. [l BOAOHACHIIEHHBIX MECUAHHKOB H  ajeBPOJIUTOB
n=0,051—0,067; nng ussectusakoB— 0,021—0,029 u paa 1o0I0MH-
to 0,038—0,045 [3].

Koagdumuent K, yuuThiBaeT BJHSIHHe CKHMAaeMOCTH MHEepaJfb-
HBIX 3€peH NoPojA. B mopuCTHIX mOpoAax ero 4acto MOMKHO NPHHATH
pasHbM efuHHue. KoaddHuHenT K3 yUHTHBAECT yMeHbIICHHE CKOPO-
CTH YOPYTHX BOJH ¢ TemnepaTypoil. IIpu yBesHuenHH TeMnepaTtyph
ot 20 no 250°C yMeHbimeHue CKOPOCTH cocTamiasier okoqo 5%, a B
IJIHHHCTBIX mopopax jpocrturaeT 20% [7].

CaoxHble Koaaekroput Hedtu u rasza. Koagpdunnenr obwed no-
PHCTOCTH k; NMOPOABI, comepiKaniefl MexK3epHOBHE TOPHI, TPEUIHHK
H KaBepHH, OIpejAessdercs ypaBHeHHeM (3.2).

KoaddHunenT cxKHMaeMOCTH nOp Takodl cJ0XKHOH mopomsl B 06-
meM Buae 6yaer paBeH [15]:

Rgan ko, ua
Bam o B o Byt T B (12.56)

rie Br, Pras H Poma— KO3PODHIMEHTH CKHMAEMOCTH COOTBETCTBEHHO
TPeLIHH, KaBEPH H MEXK3ePHOBLIX OTKPHTHX TOP HOPOJIHL.

Ilns mecuaso-r/JIHHHCTOH MOPOABI ¢ MeXK3ePHOBOH HOPHUCTOCTHIO
ki=0, kxaz=0 H kn=Fyws ypaBuene (12.56) mnpuunaMaer BHR
[15]:

nzﬂn.nu: by "y (12-57,
(1 — ep)
rie Bn; — KO3(@PHUNEHT CKHUMAEGMOCTH HOD YHCTHIX IMeCYaHHKOB,
Nrax — OTHOCHTEJNbHAS TIJIHHACTOCTD NECYAHOH HNOPOJHL

MHorounc/eHHble 3KCHEPUMEHTAbHEE HCCACAOBAHEA CRKUMAae-
MocTH 1mopoja (cM. puc. 83 u 86) CBHEeTeNbCTBYIT O TOM, UTO NpPH
3(Q(PEeKTHBHOM HANPSKEHHH Pagp=40—50 MIla (H=3000—4000 M)
CpelHee 3HAUCHHE UMCTHIX CHEMEHTHPOBAHHbIX KBapileBEIX HeCuUaHH-
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KOB ¢ MeX3epHOBOH MOPHCTOCTBbIO pPaBHO By =220-1075 MITa-!.
Torna ko3 dHIHEHT CKHMAeMOCTH NOP TJIHHHCTOTO NecuaHyuka Oy-
JeT YBEeJHYHBATLCS ¢ DOCTOM TJIHHHCTOCTH 110 YPaBHEHHIO

20 105
= 210
1 — My

Jlnsi NMOpOBO-KaBEPHO3HBIX I[IeCUaHBIX NOPOJ, AJs KOTOPHX TH-
MHYHO OTCYTCTBHE TJHHHCTOCTH (nrr=0) H R;=0, ypaBHeHHe
(12.56) npHHHMaeT BHA:

kKaB

kKaB kl’l M3
ﬁ ﬁﬂan+ fn f’n Ma:Bu M3~ (Bu M3 Bnas)' (1258}

Kax BHAHO H3 ypasHeHust (12.58), npH Bran<Pums HaJIHUHe
KaBepH B TNeCUaHOH nopoje BeJeT K YMEHbUIEHHIO KO3(p(HUHEHTa
cxuMaeMocTH mop. [locaenHee 1051 mecYaHHKOB OOBSICHSIETCS TeM,
uyTo 6Jiarofapsi NepepaclnpejeseHHI0 HanpsKeHHH BHYTPH INaacra
BOKDYr §oJiee KPYNHBEIX Nop (KaBepH) 3epHa MOPOIbl YNJIOTHECHBE
6oJiblIe,

TeopeTHueckasi Oll€HKa NOKa3biBaeT, YTO CXKHMaeMOCTb BTODHY-
HBIX H30MeTpHYecKHXx mop [15]

3 (1 — vy 59
ﬁﬂaa"’ 9 (1 ——2VM) ﬁM’ (12-D~)‘

rie By — CKHMaeMOCTb BMENIalolel MOpojs (MaTpHIbI), conepxa-
Ined He CcOOOIMIAOINHEC MeXAY CcOOOH mopei; vy — KO3(OhHIHEHT
Ilyaccona MaTpHIBL

ITpu vu=0,2 ¥ kyms=10—12% (maact-HexoasnekTOp) By= 1,45,
Brs H Bran=~9-10-5MIla—!. Torna ypasHenue (12.58) npun Bnys=
=20-10-5 MIla~! npumer BHA:

B, == 20.1075 — 11105k, /kq. (12.60y

BesnnunHa Brap JOJKHA NMPOBEPSTHCS Ha ONBITHBIX JaHHBIX.

Ha puc. 88,a nsob6paxeHn TeopeTHuecKHe KPHBbIE€ HHTEDPBA.Ib-
HOTO BPEMEHH Tn=1/Up, paccuHTaHHble Mo ypaBHeHno (12.49) aas
necyaHnkoB. )KHpHasi KpHBasi MoOJyueHa MJs UYHCTHIX NECYAHHKOB
(Mr2=0) ¢ Mex3epHOBOH MODHCTOCTHIO, HaXOISIIHXCA Ha TJyOHHe
3000—4000 M. IIasT HHX Bpwe=20-10-5 MITa—!. Bhillle 3TOH KPHBOH
pacrnoJaralpTcs KPHBBie JJ51 TJHHHCTBIX TNMOPOXA, a HHXKe — 14
YHCTHIX NOPOBO-KAaBEPHO3HKX. [IpHHATO, uTO KO3 PHuUHeHT [lyacco-
Ha nopojAnl H3MeHsieTcst OT vg=0,1 npu ky=0 (xBapu), 10 vp=0,2
B MOPHCTHIX Pa3HOCTSX.

Kap6oHaTHble TpelIHHHO-KABEPHO3HbIe KOJIJIEKTOPH  OOHIUHO
NMPHYpPOUYEHbl K YHCTHIM HH3KOTJHHHCTHIM pasHocTaM (Mo 0).
Jasi nopoBO-TPELINHOBATOTO KapOOHATHOTO KOJIJIEKTOPA ypaBHEHHS
(12.56) npuobGpeTalor BHA:
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Puc. 88 Teoperuueckue 3aBUCHMOCTH MHTEPBAJBHOrO BPEMEHH Ty OT oOIIeH IOPw-
CTOCTH KOJUIEKTOPOB  CJIOXKHOIO CTPOCHHST 1Ip¥  5QQexTHUBHOM HanpsiKeHHH
40—50 MIla (A=3000—4000 m):

@ — feciaHHKH KBapueBL'e 3arjHHH3HPOBatHule, YHCThble (T, ,=0) MEXK3eDHOBBlE H KaBRepPHO3-
Hbe, IWHQP KPHBBIX B KPy*hKax —1M, ., B ](Ba}!pﬁTﬁX‘kKaB/kn, 6 — YHCTBle TpeulHHOBaThbe H
KeBeDHO3HbIe M3BECTHsIKY, MHUbpP KPHBBIX B xpy)xkax—k /Ry, B hBaleaTax———kKaE/k"

krl M3 " kT

f’u k ﬁr+ k ﬁn. M3 k ﬁ’r ko ><
XBH, M3 ':_:;*(Br“—ﬁu. Ma) + ﬁu. M3

TlockonbKY f1°> B wa, TO noc.nem{ee paBeHCTBO:
Bo=—" H—ﬁu war (12.61)

Hs pabotu [15] caenyer, 4To ckUMaeMOCTh TpeliHH

135 10-3
BT == .
(P — pus)

dast p—pugy=50 MIla §,=270-10"5 M[la—!. Ecau TNpHHsiTS A5
H3BeCTHAKOB IIPH TOM e HanpsAXeHHUM Ppme=15-10"5 MITa!
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(cm. puc. 86), TO ¢ yueTOM nOCHenHUX 3HaueHHil ypaBHeHHe (1261)
AOJyuaeT BHJ

— *r 970.10-5 .10
ﬁu_kn 270-107% 4-15.1073. (12.62)

Ha puc. 88, 6 n3o6paxenbl TeOpeTHUECKHE KDHBbIe HHTepBaJb-
HOTO BPEMeHH [Jid TPEHHHHEIX H KaBeDHO3HbIX KapOOHATHBIX NMOPOI,
pACCYHTaHHBIE ¢ HCINOJb30BanueMm ypasHenuit (1258) m (12.62) B
ypaBHeuun (12.49). Ilpn 3ToM BeJHYUHHA Pras A8 KapOHOHATOB
NPHHSATA M3 T€X K€ TEOPETHUECKHX COO6pameHNUH Buapr4X
X108 MITa~!, a Bre=1,3-10-% MIla~!, a vy usmensiercst or 0,30
(xaapuuT) Ao (0,35 (mOpHCTbIE pPa3HOCTI).

PaccMmoTpeHibie majeTkd Mo3BOJISIOT MO AAHHBIM JIBYX reodHsm-
YeCKHX METOLOB (2KYCTHUECKOrO H HeHTDOHHOro (HJHM ramMa-ram-
Ma) OIEHHTH JAO0JII0 TPEHHHHOH NMOPHCTOCTH B TOPOBO-TPEIIHHOBATHIX
nopojgax H JA0JK0 KaBEPHO3HOCTH B INOPOBO-KaBepHO3HBIX. OIHAKO
4JacTO TPemHHBI H KaBePHBl NPHCYTCTBYIOT B NOPOAaxX OJHOBDEMEH-
HO, a BJIMsiHHE HX HAa BeJHYHHY HHTEPBAJBHOTO BPEMEHH HPOTHBO-
NOJIOXKHO DTO CO34aeT YCJOBHs AJA HEOAHO3HAUHOH HHTepHpeTa-
nud. OjHAKO YMEHBIIHUTh HEOLHO3HAUHOCTb MOXKHO, HCNO.Ib3Ys
Ko3(pdHIHeHT 3aTyXaHus YNPYTHX BOJIH. TpelulHHOBATOCTh VOXKHO
pacrmo3HaTh 1O YBeJHUeHHIO kosdduiHeHTa 3aTyXaHHS.

CueMeHTHpPOBaHHbIE Ia30HACHIEHHbIE 0CAJ0UHble MOPOABI C I'pa-
HYJASApHOIl HOpPHCTOCTBIO. KakK mNoKa3biBaeT aHaJM3  ypaBHEHHIT
(12.33) u (12.34), ans rasoHachimeHHBIX MOPOJ (Bm—o0 H KO3D-
dHnHeRT oep— 1) ynpyrasi cBa3p Mexay $aszaMH OTCYTCTBYET H
ypaBHeHUE JJd ONpejeseHHsi 0ObEMHON CXUMAeMOCTH MOPOABI NPHU-
obperaer Buj ypaBHenHst (12.36). IlockosibKy B BOIOHACHIIIEHHBIX
CIIEMEHTHPOBaHHBIX MNOpPOJAax CpeAHee 3HaueHHe acx=x0,5, 71O
HaJiyHe rasza B NOPax NOPOJbl 3HAUHTEJIbHO YBEJHUHBAET Pg H TeM
CaMBIM CHHIX2E€T BEJHYUHY CKOPOCTH NPOROJLHOI Boanb. Hekotopoe
yMeHbIIE€HHE TMJOTHOCTH MOPOJ 3a cueT raza He3HAYHTEIbHO KOM-
NEeHCHpYeT 3TO YMeHblIeHHe.

J{nsi BHICOKOMODHCTHIX CLieMEHTHPOBAHHMLIX NOPOJA, HaXOMSIIHXCSH
Ha HeGOJBUINX TIYOHHAX, QcaRfubn>Prp H ypaBHeHue (12.34) moxHO
YIPOCTHTb: PoR ®cakuPn. B 3THX yCJIOBHSIX pasiHuiie B CKOPOCTH
NpPOJOJbHEIX BOJH TOJbKO 32 CYET TA30HACHIUIEHHHA COCTABHT:

.5 (rdn)e
~ —,
Up r (ocedn) s

rje Upy H Upr— CKOPOCTb NPOJOJBHBIX BOJH COOTBETCTBEHHO JJIsi
BOJOHACBIIICHHBIX M TA30HACHINEHHBIX  1opoh; (cteslu)r H
(2tcp0a) n — TpOH3BeJieHAE KO3GDHIHEHTOB YUpyroH cBsi3H ¢as H
NJOTHOCTH COOTBETCTBEHHO Ta30HACHIIIEHHO# H  BOJOHACHIIEHHOH
nopo/.

Ecsu s rasonachilleHHON N0pogsl aep = |, a cpejtee 3HaueHHe
JJIst BOAOHACHILEHHOA 0cp 20,5, TO ¢ y4eToM MNJOTHOCTH MOJYYHM
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vpy/vpr~1,30. C yBenHueHHeM TJAYGHHH 3aJeraHnst [OPOJHI
fr yMenblIaeTcs H JHpdepeHIHANHA CKOPOCTeH CHHXKAaeTCs.

Nuddeperinalnst mexay CKOpocTsiMi B HeTe- M BOJOHACH-
1leHHbIX Mopoaax 6yner meHbllle. OHa ompeledsieTcsi COOTHOUIEHHEM
C:KHMaeMOcTeH He(TH H BOIBI H BHIOM OPOBOro MPOCTPAHCTBA.

U ewe oana zakoHoMepHocTh. CoraacHo ypasHehHio (12.36) B
Ta30HACHIIIEHHOM nJlacTe KO3(Q@HIMEHT Jo oOnpeaensercsi TOJNbKO
CKHMaeMOCThI0 cKeseTa. Ilockoabky auddepeHnHanus CBOHCTB
TBepMOH ¢a3h H raza BecbMa BeJHKA, TO YCJIOBHE den <Y | 10JXHO
COXPAHHTBCSt M NPH YACTHYHOM HACHIIEHHH TMOPOAH rasoM. ITO
03HayaeT, YTO CKOPOCTh MPOAOJBHBIX BOJH B CIIEMEHTHDOBAHHBIX
nopojax caabo 3aBHCHT OT BeJHYHHH KO3((HIIHEHTA ra30HACHILIeH-
HOCTH,

[MopucThle HecueMEHTHPOBaHHble BOJOHACHIWIEHHHWIE H cAalo-
CIleMEHTHPOBaHHblE MOPOALI BOJH3M MOBEPXHOCTH. B 3THX OTsOXKe-
HHSIX CXKHMAaeMOCTh TNOp 3HAUHTEJbHO NpeBhIAeT 3(Q¢eKTHBHYIO
CXKHMAeMOCTb JKHIKOCTH:

511 1 ~ ﬁx{ s llpﬁ'rn .
P — 1pPrs » o e Pn

Vapyruf ckener xak Obl HepecTaeT UrpaTth PONL IKECTKOTG Kap-
Kaca H MOJeJb Nojgo6Ha MeXaHHYeCKOH cMeCH TBepJAbiX MHHepajoB
H XHIKOCTH — COBepllleHHas CBsi3b MeXIy (pazaMH (CM. ypaBHEHHe
12.35).

B TakuX «MATKHX» cpeflax Kaxjas ¢asza ledopMHpyeTcst Heza-
BHCHMO OT APYro# (1o aHaJOTHH ¢ JehopManHAMH, BOSHHKAKUIHMH
IpH pacnpOCTPaHEeHHH BOJH [aBJeHHsi B CMeCH [BYX XHAKOCTeH).

B cBsI3H ¢ HH3KOH CXKHMAaEeMOCThIO XHAKOCTeH H TBepAbIX MHHe-
PaJIOB CKOPOCTb YIPYTHX BOJH MaJO 3aBHCHT OT 3((eKTHBHOTO Ha-
NpsKEeHHs, ONpelessieTcss MIOTHOCThIO MOPOAbI H CpPelHeB3BelleH-
HOl To 06BbeMy CXKHMaeMOCTbI0 ABYX ¢a3 mo ypasHeHuioo (12.35),
H3BeCTHOMY Kak ypaBHeHHe Byna [l1].

B cBs3H ¢ Tem, yTO K03(duiHeHT [lyaccoHa B BOAOHACHIIEHHBIX
TPaHyJHPOBAHHBIX HECHEMEHTHPOBAHHLIX CPelax MOXHO TIPHHSTH
vy = 0,5, ypaBHeHHe JAJsi NPOJOJHHOH BOJIHBI MEePBOTO pojga Ha oOc-
sosauun (12.47) n (12.35):

Up ={[RaBu + (1 — k) Brs] 8} /2 (12.63)

B cyxoM necke uabnoaanTcs:
npojn/biag BoJHa BTOPOTO poja, mpejcrtaBasiollasg cobofl BoJ-
Hy NepeynakoBKH YACTHI, — BO3JYHIHYIO BOJHY (Upss), XapaxiepH-
ayomytocsi 00jlee HHTEHCHBHBIM 3aTyXaHHeM:
Up gy & (kuﬁ33683)~1/2v (1264)

T1€ Pgs H Opa— KOI(PDHIHEHT OOBEMHOM CXHMAEMOCTH H ILIOTHOCTD
3aMOJHSIOIEro NMOPhi BO3YXA;
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npoaoJsibHas BOJIHA NEPBOTO poAa HO CKeJeTy nopoAsL
0P cx = (BenOrs) ™%, (12.65)

rie Pex=FRupn+ Prs — CKHMAEMOCTb CKeJIETAa INOPOABL; &rp— MJAOT-
#HocTb TBepLOH (asml

BosmoxfiocTs 06pa3osanisi NMPOAOJbHBIX BOJH IEPBOTO U BTOPO-
O pojia B NOPHCTHIX CIIEMEHTHDOBAHHBIX MNOPOAaX AOKa3aHO Teope-
Tuuecku (B. H. Hukosaesckuf, 1970 r.). OxHako, Kak yKa3aHO Bbl-
ile, BOJHBL BTOPOTO poja OBICTPO 3aTyXaloT.

CyuiecTBOBaHHE NPOJLOJbHBIX BOJH JBYX POLOB J0KA3aHO TaKKe
IKCIEPHMEHTAJbHO Ha CyXHX NeCKaxX H TPaHYJAPHBIX MOJeJsX
{H. P. Ilerepcon, 1956 r.). TeoperHueckHe HCCJEN0BaHHS BOJIH B
HeCIleMeHTHPOBAHHBIX CPelax AaloT He COBCEM XOpoliee COBNAJeHHE
BHIUHCJEHHBIX H H3MepeHHbix ckopocted (B. H. Ko6pauosa,
1986t.).

12.5. NTOTJIOWEHHUE YNIPYIUX BOJIH

B cnsouiHbIX TBEpbIX, XKHJIKHX H ra3000pa3HbiX cpejiax 3HepPrus
BOJIH yNPYrocTH PacXoAyeTcsi Ha TpeHHe MeXAy KOJeGMOLHMHCS
YACTHIAMH, NpeBpallasich B TEIJIOBYIO, H PACCEHBAETCs B NIPOCTPAH-

CTBE.
AMNJHTYla BOJH yNPyrocTH A H3MEHseTCs ¢ PaccTOSIHHEM X OT

HCTOUHHKA KOJEOGAHHA 0 3aKOHY

A=A, (f—)m exp [— a (x—xp)l, (12.66)

rie Ag— aMIUIMTYa BOJIHBI Ha PACCTOSIHHH X OT MCTOUHHKA; 7 —
(aMnJIHTYAHBIA) TNOKa3aTesJb DacXoXIeHHS BOJH OT HCTOUHHKA;
o — (aMnJaHTYIHBIH) KO3 GhHIHEHT NOTJOUIEeHHS (HJIH 3aTyXaHHH)
BOJIH.

Has muockoro dponra soseel n=0, AJI8 [HJIHHIPHUECKOTO
n=1/2 n pas chepuueckoro n=1.

B CKBaXHHHBIX HCCJEJLOBAHHAX NPHMEHSIOTCHS 3O0HJBI, pa3Mmep
KOTOPBIX I103BOJISET NPHOJHXKEHHO CUHTATL QPOHT BOJIHBL y HpHEM-
HHKa HJIOCKHM (n=0). YpaBHenHe (12.66) B 3TOM ciyuae MpHHHMA-
€T BHJ:

A= Ayexp(—aS), (12.67)

riae S-— 6asa npubopa — DACCTOSHHE MEXKAY ABYMS HCTOUYHHKAMM
YAPYTHX BOJIH.
OTKyna nonayuynM xo3Q QHIHEHT NOrJomieHHs

a=Ltint, (12.68)
S A

Ypasreune (12.68) nosBoJsseT ydecTb paccesiHMe YIOPYTHX BOJH
B npoctpaHcTBe. Ero BegHuHHa B peaNbHHX JKHAKOCTAX M rasax
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Puc 89. CxeMaTuueCKue 3aBHCUMOCTH KO3(QGHUIHEHTOB NOTJIOWIEHHST NPOLOJbHbIX
Olp U TIOTMEPEUHBIX Gs BOJIH OT HACTOTH IOJSA ¥ XapaKTePHCTHK YIPYTOH CpPeibl.

a, 6 — OT YacTOThl [OJA AJA OC2AOYHBIX [OPOJ, HachIEeHHbIX BOAOH (B), HedThiO (H) H Tra3om
(r), 8 — OT TAHHHCTOCTH MOPOA, & — OT KO>(P(dHINHeHTa TPEUIHHOBATOCTH JICpoA. Fipuveudanre:
a0 wgane f— 10% ,10¢ .10* I'y

MOXKeT ObITb OIlCHEHa C MOMOIIbI0 KO3(OHUIHEHTA KJACCHYECKOro
KHPXTOog(O-CTOKCOBA MOTJIOIIEHHS Ole, OOYCJIOBJICHHOTO TOTEPSAMH,
CBS3aHHBIMH C B3KOCTBIO M TEMJIONPOBOAHOCThIO cpeant (J1. [. Jlau-
aay, E. M. Jlumuu, 1965 r.):

o [4 1 1
= —_ }\' —_— 0 2' 9
o = go e b Il (12.69)

rae o=2nf—uacrora; 8 — IJOTHOCTb; LW.-— CABHIOBAsi BSI3KOCThb;
A — TemJIoNpoBOAHOCTh; Cy u Cp — yAe/bHBIE TENJ0EMKOCTH.
PacnpocTpaHeHue NpoOXOJbHBIX H TONMEPEUYHBIX BOJH B DeaJjibHBIX
TOPHBIX MOPOJaX COUPOBONKJIAeTCs NOTAOWIEHUEM 3HEPrHH, UTO CBS-
3aHO C TNpOsiBJIEHHeM BSI3KOCTH (HeHAeaJibHOH yNPYroCTH CPeIbi)
H HeuJeaJbHOro temjoobMeHna. Tak ke, Kak # B XKUIKOCTSX, IOTJO-
nieHue 371ech TakxKe O0ycCJOBJIEHO KuPXrodgo-cTOKCOBEIM MeXaHH3-
MOM, YUUTHIBAIOIINUM BS3KOCTh H TEMJIONPOBOAHOCTb CPEabl, KOTOPHHK
NPOSIBJISIETCSE HA PACCTOSIHUSIX, COM3MEPHMBIX C JAJHHOH BOJHBL

ap =[5 b+ HEGREE (1 - 2 28] (1270)

28w C?p 3 v’p
o?

ag —
2802

rne w; H g — OObeMHBIE BA3KOCTH (as; fo— cKHMaeMOCTb NOPOJLL.

Kak BUAHO U3 ypaBHeHHH, NOTrJoIlieHHEe NPOJOJBHBIX BOJH CBS-
3aHO C TeMJOBLIMH H BS3KOHHEPLUHOHHLIMH MpOlieccaMy, a MorJolle-
HHE TMOMNEPEUYHBIX BOJH — TOJBKO C Bsi3KO-HHEPIMOHHBIMH TIPOliEC-
camu.

DKCnepuMeHTAJbHBIMH HCCJAENOBAHHAMH Ipoliecca MOTJIOIEHHSA
YyIPYTHX BOJIH YCTAHOBJIEH PSi BecbMa BaXHbIX 3aBUCHMOCTEH, KOTO-
pBI€ He MPOTHBOpEUAT NPHBEICHHBIM Bhillle ypaBHeHusiM. Hanpumep,
KO3 QHUHEHTHl NOIJOMEHNSA ap H s YBEJHUYHBAIOTCS C 4acTOTOH
3Byka (puc. 89, a, 6).

PacueTsl mOKaseIBAlOT, UTO COUYETAHHE TEPMHUECKOTO H BSI3KO-
HHEPLUHOHHOTO 3aTYyXaHHs NPHUBOIHT K TOMY, 4TO KoapduuueHTH
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3aTYXaHHA B BOJO-, He)Te- H ra3oHACHINEHHBIX TePPUTeHHHX NOPO-
JaX pacmoJaaralTcs B PAJ op sn<<Op un<<Oprm, & JJIS NMONepedyHhbX
BOJIH og pr=>0s pn=>Asrn- 11pYH 3TOM axpdepeHnranysa nopoj ¢ NOpH-
crocthio 20%, HacHIICHHBIX pa3sHBIMH (JIOBIaMH OpPH 4acCTOTaX
~1083—10¢ Ty wmoxer jgoctuus 300—400% (B. H. Hsakus,
E. B. Kapye, O. JI. Kysuenos, 1978 r.).

ITH OOGCTOATENLCTBA MOTYT OKAa3aThCsi BeChMa NepCHeKTHUBHBIMH
TIPH HCCJELOBAHUH CKBAXHH, OypsmUxcss Ha HeDUJbTPYIOUIUXCS
TIPOMBIBOYHBIX MKHUJKOCTHX.

KoadhpHIHEeHTH HNOIJIOmEHHs] BO3pacTalOT ¢ yBeJHueHHEM TJIH-
HHCTOCTH TPaHYJSIpHEIX nopoj (cM. puc. 89, 8) u kos3hduHeHTOB
TPEIHHHOBATOCTH TPELIMHOBATO-KaBEPHO3HHIX Nopoj {cM. pHc. 89, ¢2).

Ilonepeunnie BOJIHB $0Ji€€ UYBCTBHTEJbHB K YBEJHUEHHIO <HE-
OJIHOPOJHOCTH® HOPOBOTO HpOCTPaHCTBA.

Bosiee ray6okoe ucnosbsoBanie Teoperudeckux popmya (12.70)
3aTPYJHEHO B CBsi3H C TPYAHOCTAMH 3KCOEPHMEHTAJbHOH OIEHKH
06beMHBIX BsiskOcTeH TBepabix Ted. [loaTomMy uacTo aast pacueroB
KO3 dHIHEHTOB [OTJIOUICHHUS BOJIH YNDYFOCTH B TBEPABIX TeJax
AOJb3YIOTCS  IMNHPHYECKHMMH  ¢opmynamu  (JI. . Jlanaay,
E. M JluBwun, 1965 r.):

2w?

U”p

o~

aPN

(12.71)

>

Tie n>1.

Kpome Toro, BBHJY pa3HOOOpa3Hfi BO3MOXKHBIX MEXAaHH3MOB
IOTJIOMIEHUsT BOJIH YHPYrOCTH B MHOTOdasHBIX Cpejax AJs OLEHKH
peasIbHbIX BeJHYHH KO3(h(HUUHEHTOB morjouieHuss Boan P u S
[peAJaraeTcs HCHoJb30BATE CYMMapHbIH KO3 ODHUIIHEHT NOTJOMmEeHH s
(b. H. Upaxkun, E. B. Kapyc, O. JI. Kyszenosn)

Q= Qpepy + g+ Ly (12.72)

T€ Cpepm — KOIDOHIHEHT TEPMUUECKOTO NOTJIOMEHHS 3BYKA; Cpy —
K03 dHIHENT BA3KO-HHEPIHOHHOTO NOTIJIOUIEHHSA H o — KO3 dH-
uuent Kupxrodpgpo-CrokcoBa HOTJOILCHUS.

PacueTrl nokasbBaloT, uTO KO3P(HIUEHT KJIACCHUECKOr0 mOrJjo-
NEHHS oe MOXKET OBITh B OCAJOUYHBIX MOPOJAAX CYIIECTBEHHO MEHb-
e, ueM J00aBOYHble MEXAHH3MbI MOTJIOMEHUS Clrepy+ Cpu. 1aK, JJSE
yactoThl f=10 x['11 B rasonacumeHHoM naacTe ouc=1,2-1073 M~'<
< Olpepy. DEPOSITHO, TAKOH TOIXOJA TO3BOJHT NPHOJHKEHHO paccu-
1aTh OCHOBHBIe mapaMeTpPhl YOPYroro noJjst AJst psija MoJeJsield nopu-
ctoli cpenbl. Ojuako 3Ta npobjemMa B HPUJOKEHHH K DeajbHBIM
MHOrodasHbiM HOPOLaM eme BechMa jaJjexa OT paspemenns [18].

KOHTPOJIbHBIE BOITPOCHI

1. Hanuwnre ypasHeHne I'yka Ajst JUHEHHBIX H OO'BEMHHIX je-
¢gopManuil OAHOPOAHBIX YNPYTHX TeJ; AaHTe (PHU3HUECKOe TOJKOBA-
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HHe OCHOBHHEIM YyHDYTHM KOHCTaHTaM ModyJb HOHra, Moaysab ciaBu-
1a, MOAYJb BCECTOPOHHETO cxaTHf, kKoapduuuent Ilyaccona

2 UeMm oTaHYAlOTCSl YNPYTHE AeOpMallHu peaJbHbiX TOPHHX
NOpoJ OT yNpyTrHx jaedopMaiHil OJHOPOAHBIX TeJ, YTO Takoe 0600-
meHHEHA 3akoH I'yka? Urto Takoe pandepeHlHanbHO ynpyrue
cpenbr?

3 HanuunTte OCHOBHBIE ypaBHeHHs 1751 onpeleJeHHst ledopva-
UHH JHQQepeHIHANbHO YNPYTHX Te€J IIPH CTATHYECKHX yCJOBHAX
HarpyxeHHs1 Kakoe npakTuueckoe 3HA4Y€HHe MOTYT HMeTb 3TH pe-
LIeHHsl, B KakOH o06JacTH TOPHOrO Jena?

4 B ueM ocobeHHOcTH pedopMaunHil nH(pGepeHIHaIbHO \IPYTHX
TeJ TNPH AHMHAMHYEeCKHX Harpyskax? UrTo Takoe KO3 GhHIHEHT CBSI3H
MeX1y dhasaMH H ueM OnpejaensieTcsi ef0 BeJAHUHHa?

5 HanuuuTte W OODBSICHHTE OCHOBHBEIE€ YpaBHEHHS [JIl CKOPOCTH
YyIPYrHX BOJH B HjAeaJbHO-ynpyrux cpegax OO6bscHHTe, rie HX
MOXHO HCNOJIb30BAaTh B TOPHOM Jede?

6 OT KaxHX (aKTOpOB 3aBHCHT CKOPOCTb YNPYTHX BOJIH B MHHe-
paJjax, MarMaTHYeCKHX H Me€TaMOp(HYECKHX TOPHHX Nopofax”’

7 B ueM 0COGEHHOCTH pacnpoCTpaHEHHs! YNPYTrHX BOJIH B IOPHC+
THIX OCaJQUHBIX MOpOgax?

8. Hto Takoe ypaBHeHHe CpelHero BpeMeHH, AJs KaKHX NOPO.X
U yCJOBHA €ro MOXHO TPHMEHHTb?

9. Kax H3MeHsieTcsl CKOPOCTb YIPYTHX BOJIH TNpPU YCJIOKHEHHH
CTPOEHHS OCAJOYHBIX TOPHBIX NOPOjA (BJAHAHHE TJHHHCTOCTH, Tpe-
UIHHOBAaTOCTH, KaBEPHO3HOCTH)?

10. Uro Takoe 3aTyxaHHe yHNpyrHX BOJIH, YeM OHO XapaKTepPH3Y-
eTcsl, OT Kakux GakTopoB 3aBUCHT?

13. UCNNOJNb30OBAHHUE
NMETPO®PU3SUUYECKHUX CBS3EH

JJ151 TEOJIOTHYECKOW UHTEPIIPETALLUU
PE3YJIbTATOB TEO®PU3HUYECKHUX
UCCAENJOBAHUH CKBA)KXHH

13.1. OBIUUE NMOJIO)KEHUA

[leTpopnsnKka Kak ogHA H3 CaMOCTOATEJbHHX HayK o 3eMmJje
opopmuiacy B CCCP u 3a pybexom B 40—50-e roasl Halero cro-
JETHsI, Ipex/je Bcero kak (PH3HuecKas OCHOBA HHTepPHpeTalHH pe-
3yJbTaTOB reodH3HueckHx HecaenosaHuil ckBaxkuy (I'HC). Meronm
aaektpomerpun ['MC (conporusaeunii, CII, BII), paspabotaHHHe
B 20-e TOABI, HAIIJIH IIHPOKOe NDHMEHEHHe B He(TAHOH, a 3aTeM
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8 yroJbHo# npomeliedHoctd B 30—40-e rojpl. DneKTPOMETPHA
CKBaXHH, HeCMOTPsI Ha OTCYTCTBHE B HayaJsbHbIA NEPHOJ €€ NMPHMe-
Henusi nerpodHaHyecKol 6askl, JOBOJLHO YCNEMIHO pellaja 3ajiayH
JIUTOJIOTHYECKOTO pacuJeHEHHsi paspe3a CKBaXHHHI H BbIJEJNEHHS B
HEM TPOAYKTHBHbIX HE(PTEHOCHBIX HJH YTOJbHBIX maactoB. B ray-
6OKHX pa3BelOYHBIX CKBAaXKHHaX, OYPALIHXCH Ha HedTb, NpH Npak-
THYeckl IMOJHOM OTCYTCTBHH B HHX TPEeACTAaBHTEIbHOrO KepHa
pesyabtatet 'HMIC okasannch efHHCTBEHHHM HCTOYHHKOM HHbopMa-
uud o paspesde. ONHOBPEMEHHO CTAHOBHJ/OCH OYEBHAHBIM, YTO KpPYT
3ajauy, KoTopble pemalT no marepuaiam ['MC, MoxHO cymecTBen-
HO pacHIMpHTb, €clH HHTepupertaiHio pesyapratoB I'MC nosonuthb
JIO KO.JTHYECTBEHHBIX 3HAUYCHHH NapaMeTpOB, XapaKTEPH3YIOIHX
GHABTPAIMOHHO-€MKOCTHEIE CBOHCTBA H JIHTOJIOTHK MOpOJ B paspe-
3e. JTH 3aJaYH MOXKHO OBIJIO PEIIHTb TOJBKO TNPH YCJOBHH, YTO
OYAYT VCTAHOBJEHH 3aKOHOMEDHBIE CBSI3H MeEX/LYy TapaMeTpPaMH,
NoJyyaeMbiMH NPH HHTepnpetanuu AaHubix [HMC (yrenabnoe conpo-
THBJIeHIe, NH(P(QY3HOHHO-a/icOpPOIHOHHAS AaKTHBHOCTB), ¢ OJHOH
CTOPDOHBI, H NapaMeTpPamH, XapaKTEePH3YIOUHMH eMKOCTb, He(TeHa-
ChIIIEHHOCTD, POLYKTHBHOCTb NOPOJH-KOJJEeKTOpa (KO3 (HIHEHTHE
TMOPHCTOCTH, He(TeHACHIIICHHs], TPOHHIIAEMOCTH) — ¢ JPYTO#.

OcHoBrl neTpodH3HKH 3aj0xeHbl B. H. /[axHOBBIM, KOTOPBIH Ha
OCHOBE HCCJICNOBAHMM, BBHINOJHEHHBIX HM, TPEICTABHTENSIMH €r0
IIKOJIBI H PANOM OTEUECTBEHHBIX H 3apYOEKHBIX re0pH3HKOB, Npe-
JIOKHJ HCIIOJNB30BATh [/ ONpejiesieHHss mapaMeTpos NpPOAyKTHBHOIO
KOJIJIEKTODa TeTPO(H3HYECKHE CBSI3H MEXKAY NapameTpoM MOPHCTO-
ctd Py ¥ kK03 HIIHEHTOM NOPHCTOCTH Ry, MapaMeTpoM HACHIIEHHS
Py w Ko3p(pHIHEHTOM BOJOHACHILEHHA Ry, AHDPY3HOHHO-A-
copOIHOHHEOH aKTHBHOCThIO Ap,, ammuutypoii CITu kosddunnentom
MOPHCTOCTH (AJI5i TEPPHTEeHHBIX TMOPOM), NMapaMeTPOM HACHIIEHHS
Py 1 K03 PHIHEHTOM NPOHHIAEMOCTH Ky, NpeieJbHO HedTeHachi-
[ICHHBIX KOJIJIEKTOPOB.

B nanbueifimem no mepe pacmupexdst koMmnaexkca 'MC 3a cuer
BHEJPEHHS SINE€PHBIX, aKYyCTHYECKHX H [PYrHX METO/OB pacUIHpHJICS
H KpYr 3ajaay, pemaembix no gaiibiMm ['HMC npH cooTsercTByIOIIEM
abecneuenun ['MC nerpodusnyeckoii ocHoBoii. C xoHma 50-x ronos
Gnarojapsi Co3flaHHI0 NETPOH3HIECKHX OCHOB KOMIJIEKCHOM reoJio-
rHueckofi uHTeprnpetanid I'MC cTano BO3MOXHBIM  peryJaspHoe
ucnosb3osanre marepuanos 'MC npu nojcuere 3amacos HedTH H
rasa ¢ OIpe/iefleHHeM M0 JaHHBIM TPOMBICJOBOH reo(H3HKH Tpex
OCHOBHBIX MOACYETHLIX HapamMeTpoB — 3((EKTHBHOA TOJIIHHBL, KO-
3¢ OHIHEHTOB NOPHCTOCTH H HedTerazoHachimends. C  cepenHHb
60-x romos nannble 'MIC Hcnosb3yloT NpH npoOeKTHPOBAHHH paspa-
GOTKH 11 ONpejeseHusi KO3 (GHIHEHTa NPOHHIAEMOCTH, H3yUYeHHs
HEO,IHOPOJHOCTH pe3epByapa — 00bekTa paspaloTKH — H MOCTpoe-
HHSL ero MOJIeJIH.

B 60-x ronax B. M. o6puinnubiM K ero yuennkamu B CCCP u
panom HccdefosaTeNled 3a pybexoM ObIO CO3[aHO HaNpaBieHHE
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NeTPOMH3HKH TOPHBIX NMOPOA AJs YCJAOBHH €CTECTBEHHOTO 3aJjleraHusa
AGPOJiEl, YTO MO3BOJIHJIO NPOTHO3HPOBATHL 30HE AaHOMAJLHO BBICOKHX
(ABIT/1) u aHomasabHo wH3KHx (AHIIJIl) niacToBHX NaBjeHHH B
npouecce 6ypenus no gauubiM I'MC, Yuer tepmobapHuecKHX yCJao0-
BHH MNpH TNOJYyYeHHH H HCHOJIb30BaHHH MNETPOPH3HUECKHX CBs3EH
N03BOJIHA §0Jiee KOPPEKTHO OI€HHBATh MOJCYETHbie IapaMeTphl
NPOJAYKTHBHAIX KOJIJIEKTOPOB.

IleTpodusnueckoe obeclieucHHe KOMIJEKCHOH HHTepIpeTaulH
Matepuasos I'MC nas HCnoJb30BaHHS HX HPH 3aKAHYHBAHHH KaxK-
JoH Oypsiuedcs CKBaXHHbI, NMOJACYETE 3aNacoB H NPOEKTHPOBAHHH
pa3paboTKH BKJKYAeT CJAEeAYIOUIHE 3JeMeHThl: |) HaJduuHe nmerpo-
(hH3HYeCKHX CBsizell, MO3BOJAIINHX NMEepeHTH OT napameTpoB, Onpe-
JleJisieMbIX O JAHHBIM HHAHBHAYaJbHOH reOpH3HYeCKOH HHTepmpe-
taunn kaxjaoro mMerojga I'MC, k 3nayeHHsIM mapaMeTpoB, XapakTe-
PH3VIOIHHX JHTOJOTHIO H (OHJIBTPalHOHHO-eMKOCTHEIE CBOHCTBA IO-
poa; 2) ycraHoBJeHHe «neTpodH3HuecKOoTO 06paszay KaxAOTO JHTO-
THIIa, NPHCYTCTBYIOIIETO B H3yYaeMOM paspese, T. €. TPaHHYHBIX
3HAYeHHH pa3JHYHBIX (PH3HYUECKHX HapaMeTpoB, ONpeAessIolHX
JIHana3sOH H3MeEeHEeHHsi NaHHOrO napaMeTpa, XaPaKTepHBIH IJIsi Ka-
JIOr0 JIHTOTHIIA, MHHePaJbHHIA C€OCTaB JHTOTHHA.

Koaneknns 06pasnos nopoj, HCHOb3YyeMbIX JJs1 CO3JaHHs MeT-
podusnueckoii ocHoBbl HHTepnperanuu I'VIC B H3yuaemoM obbexTe,
JIOJIKHA YIOBJETBOPSTL CAEAYIONUM YCIOBHSIM: BKJKOUATL 00pa3liu
BCeX OCHOBHBIX JIHTOTHIOB H3yYaeMHX OTJOXKEHHH — KOJJeKTOPOB
H HEKOJJICKTOPOB; 4HCJO 00Da3I10B A0JXKHO COOTBETCTBOBATh TPeho-
BAaHHsM MaTeMaTHYeCKOH CTATHCTHKH; 3HAUYHTEJbHAs YacTb 0Opas-
OB JOJIKHA APHHA/LJeXAaTb HHTePBaJjaM CHJOHIHOTO oT6Opa KepHa
¢ HeoOX0AHUMOH 4YacTOTOH OTO6Opa 06pasNoOB HAa aHaau3 (He MeHee
naT™ Ha | M paspesa).

ITo criocofy mnoJiyueHHsi meTPOPH3HYECKHX 3aBHCHMOCTEH DasJiH-
4alT CaeLyloliHe BH/bI MAPHHX CBsi3ed: KeDH — KepH (K -— K}, reo-
¢H3Hka —KepH (T —K), reodusHka — ruApojHHaMHKa (T —ri),
reoHsHKa —reopusnka (r—r).

Cesasu THna K— K. IToayualoT B pesysabraTe H3MepeHHs B Ja-
GcpaToOpHH JBYX NapaMeTpPoB — OJHOTO <«reohH3HYecKOro» y, T. e.
napaMeTpa, noJayyaeMoro Ha nepBofi cragwH HHTepnperanud I'MC
(reotnsnueckass HHTepPNPeTaIHs), HANPHMep, mapameTpa MOPHCTO-
CTH Py HJHW yieNbHOH DPajHOaKTUBHOCTH §; TOPOJBI, H mapaMmerpa
X, XapakTtepHayomero (QHAbTPalHOHHO-EeMKOCTHbie CBOHCTBA  HJH
JIHTOJIOTHIO, HaNpHMep, KO3 HUHEHTa NOPHCTOCTH Ry HJW TVIHHH-
croctt Cry. O6a nmapaMerpa ONpejiefisilOTCsl Ha OJHOM H TOM Xe
KycOuyKe KepHa IIDH aTMOC(epHHX HJH TepMOGAPHUYECKHX MJACTOBHIX
ycaoBHsix. IlosyueHHbie fJsi KaxXjaoro obpasma 3HAY€HHS Xy, Ux
ONpeJeasioT NOJ0XKEeHNe TOUKH JJs1 3TOTO 0o06paslla B CHCTEME KOOD-
anHat x—y. COBOKYNMHOCTh TOYeK 06pabaThiBAIOT H3BeCTHbIMH IPH-
emMaMyu MaTeMaTuyecKOH CTATHCTHKH, MoJyyasi ypaBHeHHe DerpeccHH,
KCa(DPHIHEHT Koppessinik H T. A. B 30—50-e rogbt HCHOJB30BadR
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fipH HHTepllepTalUH CBA3H TOJBKO K-— K, MOCKOJBKY TEXHOJOTHA
ot6opa KepHa He ofecneuHBajia CHJOIIHON 0TGOP KepHa. DTH CBS3H
H /10 HACTOAILIErO BPEMEHW AOMUHUPYIOT B NPaKTHKE ONEpaTHBHOM
Harepnperauud 'MC u npu ucnoae3oBanuu I'MC pas moxcuera
3amacor

Cesasn ThHna r — k. Crasnu moJgyuaTh Hauunas ¢ 60-x rogos B
CBAI3H € €O3]aHUEM TexHoJoruu oTOOpa Kepna, obecneuHBaiouied
100% -1 oT160p H BHHOC KepHa Ha noBepXHocTh. IIONEITKY NoNyUeHHs
CBsI3elf T — K OHJIM M paHblile, OAHAKO BBHAY HENOJHOr0 BHIHOCA
KepHa I1aHHue H3yueHyf KepHa OnLIM HENPEICTABHTENLHBI H  He
cormoctaBUMhEl ¢ gaHuuMu ['HFIC, mosToMy ycTaHOB/IeHHLie HAa TAKOM
MaTepHa.le CBSI3W COBepLIEHHO He OTPaXKaJjH MCTHHHEIX 3aKOHOMED-
HOCTe#l 1 JUCKDEeIMTHPOBAJH reoJoruyeckyio nurepuperanun HC.
Ilpy ncnonb30BaHMM pe3yNbTATOB H3YYEHHA KepHA, BHHECEHHOTO
OJHOCTBIO, HCCJAEA0BAHHOIO ¢ JAOCTATOYHOH YacTOTOH H HAJNEXHO
npuBazandoro Kk Mmarepuanam ['HC, addexrtuBnocts cBsizell r—K
pe3Ko Bo3pacraer.

st noJyuenuss CBfI3H T — K BHINOJHSIOT CJEAVIONIMe MPOLeAy-
PH: a) COCTABJAKT KePHOTPpAMMBI Pa3/JuYHbIX NapaMeTpoB, ycCTa-
HOBJIEHHBIX Ha 06pas3iax KepHa, MO W3yyaeMOMY yyYacTKy pa3spesa
CKBaKMHH NYTeM HAHECEHHA TOUEK LJAf Kaxkjaoro o0pasia B CHCTe-
Me KOOpPAHHAT HccJaeAyeMbli mapaMerp —riay0HHA B TOM Xe Mac-
wrabe raydouH, ywro u gauarpammul  HUC, w#cnoas3ayemble 104
uHTepiperauuu, mampumep 1:200; 6) B ucclenyemoM HHTepBaJje
paspe3a 1o kommiekcy I'MC BuAeastIOT JIOCTATOYHO OAHOPOJHBIE
MJacThl U ONpelensioT AJS KaXA0ro U3 HUX (H3HYeCKHe MmapaMeT-
PH L5 TOCJEAYIOUIero COMOCTABJEHHS C JTAHHBIMH KepHa; COCTaBJIsi-
10T rpa@HKy U3MEHEeHHH ITHX NMapaMeTPOB 10 Pa3pe3y; B) HCHOMb-
3ys KepHOrpaMMy H rpacuk pesyabTaroB uHtepuperauuu I'MC nns
ABYX OJIM3KHX 110 CBOeH NpUpOJie NapaMeTPOB, IPHUBSI3LIBAIOT AaH-
uHe KepHa K marepuanaMm I'HC no ray6uHe; r) Ha Kaxao# KepHO-
rpaMMe BBHIAENSIOT TMJIacThl, yCTaHORBJEHHble 110 MaTepHasam ['HC,
ONpeNeqflOT cpelHee 3HAUYeHHe ITapaMeTpa M0 KepHY st KaXA0To
nJaacra; A) B CHUCTeMe KOODAMHAT jr (1apamerp, onpedesJeHHbIH 10
THC) — z, (mapameTp, PACCUHTAHHBIH IO AAHHKIM KepHA) HAHOCST
TOYKH, COOTBETCTBYIOUIHE PA3JHYHLIM HJjacTaM B H3yyaemMoM ydacT-
e paspesa. ITockoJbKy 3Hauenust jr no gauuuiv  THC  wmaxomst
B TJIACTOBHEIX VCJIOBHSIX, 3HAYEHHS X,, €CJAH OHH OIpEeAeNeHH MpH
atMocdepHBIX YCAOBHSIX, HEOOXOAUMO TIPHBECTH K I1J1aCTOBHIM. Ha
OCHOBE TOJYYeHHOH COBOKYNHOCTH TOYeK HaXOASiT YDaBHeHHe per-
PeccHn ¥ CTATHCTHYECKHE NApaMeTPhl, XaDaKTepH3YIOIIHE TECHOTY
CBfA3H, KakK M B HpeIBAylIeM cJyuae.

CpapHeHMe aHaJOIMYHHIX CBA3e# THNA K-—K U T'— K, NOJyYeH-
HHIX Ha (haKTHYECKOM MaTepHaje MHOrHX dapaMeTPHYECKHMX CKBa-
XKHUH, T0KAa3aJ0, YTO NPH He3HAYUTEJLHOM pAa3JHYHH yPaBHeHuH
perpeccuH, a HepeAKO TPH NMOJHOM HX COBNAJCHHH, CBA3b T —K
xapakrepuayercss OoJiee BBICOKHM KO3D(DHIHEHTOM KOppeJsilyu
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(M KOppeJsSUHOHHHM OTHOLIEHHEM 1,) H MeHbIUe#d JHcnepcHel
o. IIpuyHHOH 3TOTO SABASIETCST TO, YTO 3HAYEHHS jr, T, BHIYHCIEHHBIE
JJI51 TIJACTOB, H Yy, Xy AJi5i OOPa3UOB OTHOCATCA K OOBEKTaM pasHBIX
ypoBHefl. 3HAUEHHH [y, Tx YYHTHIBAIOT HEOAHOPOJHOCTh H3YyYyaeMBIX
06beKTOB B GOJibiliel Mepe, UeM Yy, Xi. CBsI3H T — K 3aCIyXKHBAOT
NpeanoYTeHHsI, MOCKOJbKY OHH COOTBETCTBYIOT OOBEKTAM TOTO XKe
YPOBHS, YTO H NJACTOBbLIE MepeceyeHns, IJs KOTOPHIX oNpelessiioT-
cst nogcuerHble napamerpbl. CylieCTBeHHBIM OTPpaHHYEHHeV  BO3-
MOXKHOCTH WCMOJBb30BAHUS CBsideli THMa r — K SIBJAsIeTCA OypeHHe
HeHOJABINOrO yHcaa 6a30BbIX (mapaMeTpHyecKHX) CKBAaXKHH, B KOTO-
PHIX TPOU3BOAAT CNJIOLWHOH 0T6OD KepHa H paclIHDeHHBIH KOMILIEKC
TUC.

Cesisu m™ina r—ra. Iloayuarr, comocrtasisgs TreoH3HUIeCKHH
napaMerp yp H napaMeTp Xry, yCTaHaBJHBAeMBId MO JaHHLIM THI-
POAMHAMHYECKHX HCCJAENOBAHHH H XaPaKTePU3YIOUIHH (DUJABTPALHOH-
Hbl€ CBOHCTBA TJACTa, HANPHMED, KO3()(PHUHEHT NPOHHLUAEMOCTH Ryp
HJIH yIeJbHBIH KO3()(HUHEHT NPOAYKTHBHOCTH Tnp. J3HAUYEHHS Yr
H Xpg PACCUMTHIBAIOT 115t oqHopoaubix no aauuuM I'MC HHTepBasOB
UCTIBITAHHH pa3pes3a, B KOTOPHX (HJbTPallHOHHBIE NAaPAMeTPhl MOXK-
HO ONpelde/HTh IO KPUBOH BOCCTAHOBJIEHHS AABJEHHS HJH APYTHMH
H3BECTHBIMU clIocoOaMH 0OPabOTKH JaHHBIX THAPOJHHAMHUYECKHX
nccsenoBaHul. AHAJOTHUHbIE CBSI3H THIA I — K JAaXKe IPH YCJIOBHH
HCHOJB30BAHHS Pe3y/bTaToOB onpeaeeHus GuAbTpauHOHHOrO napa-
MeTpa, HampuMep Kpp, Ha o0paspmax npelcTaBUTENBHOIO  KepHa
YyCTYNAOT B HAAEKHOCTH CBSI3H T — T/, NOCKOABKY GUABTPANNOHHLIR
napaMeTp HauboJsiee NOCTOBEPHO OIpeaessieTcs 10 JaHHHIM THI-
POAMHAMHUYECKHX HccaeldoBaHuH. OcoOeHHOCTh CBsized ©—rpa  3a-
KJAKYaeTCsi B TOM, YTO B 3TOM CJyyae CONOCTARBJSIOTCH MHTErpajib-
HHE 3HAaYeHHs mapaMeTpOB, BuIYHCJAeHHBIX no ganHeiM ['MIC 11 rux-
PORUHAMUWKH.

Cessn tina r—r. [IBa reousnqueckHx mapaMeTpa T —T M0po-
BOJAAT, HAHOCH TOYKH C KOOpPAHHATAMH Iy, Ty (TapaMerpbl, BHUHC-
JeHHble 1O JAaHHHM JABYX Da3JHYHBIX Treo()H3HYECKHX METOJOB)
Ha IJIOCKOCTb B CHCTEME€ KOOpDJAWHAT I'—Ty. Takoe CONOCTABJieHHE
NpOBOASIT MJsi pelleHHsl CJAeIYIOUHX 3ajaau: a) MOHCKa obJacreit
3HaYeHHH Ty, Ty, XAPAKTEPHHX A/ Pa3JHYHBIX JHTOTHNOB, MJsi HC-
NOJL30BAHUST UX BMNOCJAEJCTBHH NPH JHTOJOTHYECKOM pAaCUJeHeHHH
paspesa no pauuniM I'HC; 6) onpeaeaenus oGaactell, COOTBETCTBY-
IOMUX OPOAYKTHBHHIM H HENPOAYKTHBHBIM KOJIJEKTOPaM B H3ydae-
MOM paspe3e, IJs HCHOJL3OBAHHS HOJYYEHHOrO IIOCTPOEHHS TpH
OlleHKe XapakTepa HACHIEHHS KOJJEKTOPOB.

I'pauuunl obnaactefl HaXoAsT rpadUUecKH HJH XapaKTepH3YIOT
UX ypaBHeHHeM perpeccid. OToXIeCTBJeHHe KaXJIoH o0saacTH ¢
ONpEJeJEeHHBIM JUTOTHIOM HJH KJAaCCOM KOJJEKTOPA C H3BECTHBIM
HACbIOICHHEeM HNDPOBOJAT, HCIOJb3Ysl HONOJHHTENIbHYIO TeQJIOTHYeC-
Kyl HHpopMalHI0 (NpH Da3lefieHHH Ha JHUTOTHOBI) HJH pe3yJbTa-
TH HCHUHTAaHHst (MpH pasgeJedun  KOJJEeKTOPOB No  Xapakrepy
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HacuieHns). Tako#l moaxox K KiaaccHbHKAauHH TeO0NOTHYECKHX
00BbeKTOB B paspes3e MO ABYM NapaMeTPaM Ha MJIOCKOCTH NOJyYHJL
3aTeM DAa3BHTHe B NPHMEHEHHH NpOorpaMM pacno3HaBaHHA 00pasoB,
npeIdas3HaueHHLIX 4Js pasleneHHs OO0BEKTOB Ha KJacChl MO He-
CKOJIBKHM NapaMeTpaM B MHOIOMEDHOM TpOCTPaHCTBe, JTH HpO-
rpaMMH, peanuayeMbie Ha DBM, NpuMeHsalOT B AByX BapHaHTax: €
npejiBapuTebHHM o0ydeHHeM W Oe3 oOydeHusi. B mnepsoM cayyae
Ha srane obydyeHns B DBM BBoAATCA mapaMeTpul KaXKAOTO 00bEKTa
H coobmaercsi PHHALJIERKHOCTE €ro K ONpeleseHHOMY KJjaccy, Ha
OCHOBE aHa/jH3a BBeJeHHOTO MacciBa IJBM  npoBogur rpaHuib
MexJy KJaccaMH B MHOTOMepPHOM mpocTpaHcTse. [lanee Ha 3stane
pacno3HaBanusd B DBM BBoafAT MapamMerpul KaxJIOTo pacnosHaBae-
Moro ob6bexta 1 IBM onpenessier Kiracc, K KOTOPOMY NPHHAIJIEXKUT
nauunii 06bekT. IlporpaMmul pacnosuaBanusi 6e3 o0ydeHus pemiaoT
3ajauy kaaccudukanuy 6e3 sTana obydenust [33].

B oTaeabHBIX Caydasix mapaMeTphl [y W Tp CONOCTABJAAIOT AJf
NOJy4eHHsT CBSI3W MEXLY HUMH, OAHAKO MaciuTalul MCHOJL30BaHHS
TaKHX CBsi3edl MpH uWHTepnperanHd marepuatoB I['HUC  yerynaior
MacuitabaM DpHMeHeHHsi cBsizef K—K, T —K, I —T/.

IlpakTHyecku Bce neTpodu3uUecKHe CBA3H, HCNOJL3yeMbie IPH
reoJiorHyeckoil HHTepnperauun Marepuanos I'MC, siBasiorcsi Koppe-
JSIMUOHHLIMH, IJTO CBsI3aHO C TeM, YTO OOBEKTH HCC/AEIOBaHHS TeT-
pobusuku (06pasusl H NMJacTel TOPHHX NOPOA) HMEWOT CJIOXKHBIE
MHHepaJbHbLIA, XHMHYecKHH H (a30BHIfi cocTaBhl, a TaKXKe OYeHb
CJOXKHYIO TeOMETPHI0 TPaHui, pasjena a3 W YacTHI PABINYHHIX
MuHepasoB. OgHakKo 00Jbllyi0 4YacTb 3THX CBsizel, HeCMOTPs Ha
KODPEeJSILHOHHHHE XapakTep, ¢ H3BECTHHIM TNDPHOJIHKEHHEM MOKHO
paccMaTpuBaTh XKak (YyHKUHOHAJLHLIE, NOCKOJLKY Mo (opMe OHH
O0JH3KH K (PYHKLHOHAJbLHHM 3aBHCHMOCTSIM, PACCYMTAHHBLIM IO TeEO-
peTHYeCKHM dopmyaaM AJAS JOCTATOYHO NMPOCTHX (DU3HYECKHX MO-
nenefi. PaccmoTpuM JBa mnpuMepa.

Ilpumep 1. [Insi uaeansHOro rpyHTa NOJyYeHH TEOPETHYECKHE
dopmyna Py=Fky! npu usBuaucroctd T,; KaHanoB, paBHOH I,
Py=T2%,/ky npu Tyy>1 (cM. pasna. 7). Dumnupudeckass $opmy.a
Pr=aky™, WHPOKO NpHMEHsEMAs] HA TNPAKTHKE IS OUpENeseHus
Ko3d¢dHuureHTa TOPHCTOCTH N0 napamerpy Py, nMeer Ty e CTpyK-
Typy, YTO H TeOpeTHYeCKHe BHLIPAXKEeHHs AJNA HAEANLHOrO TPYHTA.
B rteopernyecko#i dopMmyJie ycaoXKHEeHHEe T€OMETPHH TOD BHIPAXKAOT
BBeJE€HHEM nNapaMerpa I, B SMIHPHYECKOH — BBeLEHHEM KOHCTAHT
a u m

Ilpumep 2. dmnupuyecKoe BhipaKeHue Py=akyy, ucnoJb3ye-
MO€ /71 OUEeHKH Ko3(pdHUHeHTa MPOHHUAEMOCTH NpefeNbHO HedrTe-
ra30HACBHILEHHHX THAPOMHUJILHLIX KOJAEKTOPOB 1O BE&JIHYHHE Napa-
MeTpoB Py, mocJe HeKOTOPHX NpeoOpa3oBaHHl NEPEXOIHT B Teope-
THYecKoe ypaBHenHe Koaenu — KapMaHa, npepJioxeHHoe Afdst He-
TJIHHHCTHIX HECUEMEHTHPOBAHHHIX TopoX (cM. pasg. 6).
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Yacre ucnosabdyeMbix npu uHTepnperanun I'MC sMmuupuyeckux
ypaBHeHHH XOTSA U He HMEIOT 2HAJIOTOB, MOJYYEHHBIX aHAJHTHYECKHM
nyrev, 0IHAKO X2PaKTePH3yIOT OCHOBHBIE 32KOHOMEPHOCTH, CJAERYIO-
uHe H3 GH3HYECKOH MPUPOABI paccMaTpPpHBAeMhIX IapaMerpoB. [lpu-
MEepPaMH TAKHX KOPPEJSIHOHHHX 3IMIIMPHYECKHX CBsI3eH SIBJAAIOTCS
ypaBHeHHA THNA Apa=0o+aMrg+m%iy HIH  Gu=bo+biko1+
+ bok?q, cBA3RIBaOUIHe OHG(HYIHOHHO-2ACOPOUHOHHYIO AKTHBHOCTD
H VIeJIbHYI PASHOAKTHBHOCTE MOPOAK C MapAMETPaMH TIHHHCTOCTH

[Tapuasi KoppeadsiHOHHAS CBfi3h XapAKTEPH3YeTCsiw ypaBHEHHEM
perpeccHH H TpejfesaMH ero MPUMEHHMOCTH B BHIE 3HadeHuf X/,
x’ uau g, y”, orpaHHYUBAIOMIHX 00JaCTh CYLIECTBOBAHHA WOJYYEH-
HOH CB53H; KO3 GPHIHEHTOM KOPPEJSIHH r, €CJIH ypaBHEHHE perpec-
CHII SIBJISIETCS YPABHEHHEM IPSAMOl, HJIH KOPPEIsLHOHHHIM OTHOLIE-
HHEV 1), eCJIH CBA3b OTJHYHA OT ypaBHeHHsi NpAMOiH; xoshduuien-
ToM B, KOTOpH# XapakTepH3yeT OTHOILEHHE IHAMAa30Ha H3MEHEHHS
QINpele]sieMOro ¢ TMOMOLILIO NIOJYYEHHOH CBSI3H mapaMeTrpa H 10-
IpeUIHOCTH OINpefesieHHst 3TOro mapamerpa, oO6yCJOBJEHHOA CTaTH-
¢THYecKOH mnpupojofi pawnHoW cBs3u [22].

Koaddnunenr xoppeasuuu

r=‘/1_{fg/_x]z, (13.1)

TAe Oy/x — CPefHee KBAADATHYECKOE OTKJOHEHHE MapaMeTpa y OT
3HAYEHHS ITOTQ l1apaMerpa, BHIUMCIEHHOTO 0 YPABHEHHIO PETPECCHH;
0, — Cpe/iHee KB2JpaTHUECKOe OTKJOHEHHE MapaMeTpa ¥ OT CBOEro
CPC/IHEr0 3HAYEHHS

B 32BHCHMOCTH OT TECHOTHI CBA3H BeJHUHHA r MEHfeTcs B JH-
anasone 0<r<<l. [lpu r=0 cBsI3p MeXIYy CONOCTABJSIEMLIMH Mapa-
MEeTpPaMH OTCYTCTBYeT, IpH r= 1 KOppeasifHOHHAS CBSI3b CTAHOBUTCS
oy HxoHasabHO#, YeM Oosibliie r, TeM TecHee  KODPEISHOHHASN
CBAA3b

(13.2)

KospduuneHT 6 moxasbiBaeT, BO CKOJbKO PAa3 HOTPELIHOCTh Ompe-
JeJIeHHSi OZHOI'0 H3 COTOCTABJSIEMBIX MaPaMeTPOB, HalpHMep Y, 10
YPABHEHHIO PErPECCHH MeHblle MOTPELIHOCTH ONpeaeJeHHs ero Kak
cpennero JIJsd Bcefl COBOKYIMHOCTH TOYeK, HCNOJb30BAHHOH MpH MO-
JIyYeHHH YPABHEHHSI PpErpeccHH.

Koadduuuentur r v 0 cBs3aHu dopmysoi: r=}1—0-2.

3nauende 0 uaMeusiercsi B mpenenax ot 1 go oo, OTCyTCTBHIO
CBfA3U cooTBeTcTBYeT O=1, dyHKUHOHANBHOH cBA3H O=oc0. Koad-
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dunuenT 06— Gosee 3hheKTHBHAS XapaKTepHCTHKA  [TOJE3HOCTH
KOppeNsinHOHHOH cBsiddH, ueM Koadduuuent r. Tax, pgaxe npu
BLICOKOM 3HaueHHH r, OJH3KOM K 1, KOppeJasiiHOHHas CcBsidb He pe-
KOMEHJyeTcsl AJs NMPAKTHYECKOro HCHOJb30BAHHUA npH HeGoJblIoM 0,
Hanpumep mnpu 0=15—2 [22].

Hpu unrepnperanuu naaaeix 'HUC Henonb3yloT TaKke MHOXKECT-
BeHHBIe KOpPPEJSIIHOHHBbIe CBSI3H, BHPAXKAIOUIHE 3aBHCHMOCTH MekK-
1y Tpems u GoJee NepeMEHHEIMH. DTH 3aBUCHMOCTH TaKIKe BhIpaXKa-
I0T YPaBHEHHAMH DErpeccuH, COOTBETCTBYIOUIUMH IIOBEPXHOCTHAM B
n-MEpPHOM [IpocTpaHcTBe (Tjie 11— YHCJIO COMOCTABJAgEMbIX NapaMer-
POB); TECHOTZ MOJYUYEHHBIX CBA3€H BhIpaxaeTcs 3HAUEHHSIMI MHO-
’KeCTBEHHOTO KO3pGdULHEHTa KOpPpeNAlHH HJAH MHOXeCTBEeHHOTOo
KODPEeJISILHOHHOrO OTHOIIeHHst [33].

OnpiT npuMeHeHHst ypABHEHHH, MOJYYEHHHX B Pe3YJLTAaTe MHO-
JKeCTBEHHOH KOppeJasinMH HeCKOJbKHX TneTpodH3HUecKHX napamer-
POB, NMOKAa3aJ OIPaHHYEHHBIE BO3MOXHOCTH HX HCMOJb3OBAHHST
BCJIENCTBHE CJAEAYIOIIHX MPHYHH: a) BHJA 3THX ypaBHEHH, BhpaxKae-
MBIX IPEHMYUIECTBEHHO B BHJE HOJUHOMOB, Yalle BCEro PE3KO OT.IH-
qyaeTcst 0T BHAA yPABHEHHH JJIsi CBSI3H TeX Xe aPaMeTpoB, OJYUeH-
HbIX TEOPETHUECKH AJsi YIPOINEHHBIX TNeTPodH3HUeCKHX Mojenel
NOPOLL, U TIOITOMY JHIUeH (QH3HYECKOTO cMucaa; 0) obgacTb npH-
MeHEeHHs] TAKHX ypaBHeHHH orpaHHyeHa OcOGEHHOCTSIMH TO# BrIOOD-
KH, 0OBIYHO HeNpeACcTaBHTEJLHOH, MO AAHHLIM KOTOPOH TOJYYEHO
ypaBHEHHE, YTO MNPAKTHYECKH HCKJIOYaeT 3SKCTPANoJALHI0 ypaB-
HeHHst 32 Tpejiesnl 3Tof 00JacTH. YKa3aHHHE 0COOEHHOCTH Toaob-
HHIX ypaBHeHHH MpPAKTHUECKH He MO3BOJSIIOT HCNOJIL30BaTh HX AaXe
NPH HE3HAYUTEJHhHOM H3MEHEHHH CBOWCTB H3yYaeMoro reoJiorHyec-
Koro 06'beKTa (COBOKYIIHOCTH MJACTOB) 110 CPaBHEHHIO C CBOICTBAMH
MHOMecTB2 00BbeKTOB (MJ1acTOB HJH 00pasuoB), AJdd KOTOPHX M0.1Y-
yeHO ypaBHeHHe. DoJlee nepcneKTHBHBIM TPEACTABJSIETCS HCNOJIL30-
BaHHE TIeTPO(U3UYECKHX YPaBHEHHH, CBf3LIBAIOIIHX HECKOJbKO
HapaMeTpPoOB, MOJYYEHHHIX JJsi KOHKPETHHIX neTpodH3uYechux
MojeJseli, KOHCTAHTH KOTOPHIX UMEIOT CTATHCTHYECKYIO NPHUPOAy H
MOTYT IIPHHUMATL DPAa3/WUHLIE 3HAYEHHA B 32BHCHMOCTH OT CBOHCTB
MHHEPAJbHEIX H (PA30BHIX KOMIIOHEHTOB, 00pa3ylomux 3Ty Mole/b.
3acayKHBAIOT [IPEIOUTEHUA yYPABHEHHS, CBs3bIBAIOUINE KOMILJIEKC-
Hble NeTpodH3HYeCKHe NapaMeTPhl, KAXAKH H3 KOTOPhIX 3aKJ0UaeT
B cebsA mBa-TpH npocThIXx napamerpa. IlpuMmepamu KoMmsiekCHBbIX
napaMerpoB, PACCMOTPEHHHIX B TPEALAYIIHX TIJ1aBax, SBJAIOTCSA
npHBeIeHHAsT eMKocTh o0MeHa §n=08g/ky, OTHOCHTENLHAST TJHHU-
CTOCTb Mrq=Kra/(Ron+Ka), CPENHUH THAPABJIHYECKHH paadyc ROD
r=cVkm/ky ¥ T. I

BiugHue TepMobapHUecKHX YCJIOBHHA 3ajleTaHHS MOPOAH B pas-
pese NpH MCM0/b30BAHHH METPOQH3HUECKHX CBsi3eH M 3HAYEHHH OT-
JeJbHEIX TeTPOo(PH3HYeCKHX NapaMeTpoB HeOOXOJAHMO YYHTHIBATH,
NOCKOJILKY OTCYTCTBHE TA4KOro yueTra BeleT K CHCTEMATHUYECKHM
OIIMOKAM TPH NOACYETe 3aMACOB H NPOEKTHPOBAHHH Pas3spaboTKH
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MecTOpOXKAeHHH HedTH U raza. B mpakTHKe 3TOT yyeT ocyluecTtisiia-
0T B CJEAYIOULHX CJAyYasx:

a) TPY HCTOJL3OBAHUW [PH MOICUETE 32MACOB 3HAYEHUH KOaDdu-
4(HeyTa MOPHCTOCTH Ry H TIPH NPOEKTHPOBAHHU pa3paboTKu Koadhdu-
HHEHTa TPOHHLAEMOCTH FKyp, H3MEDPEHHHIX Ha o6pasnax KepHa MpH
aTMOCQEPHLIX YCJAOBHAX, B 3TH 3HAYEHHA BBOAHMTCA TONpaBKa AJ4
fIpHBEIEHUA MX K MJAACTOBHIM YCJOBHSM MO MaJeTKaM HJU 3aBHCH-
MOCTAM 1JA AaHHOTO KJjacca mopoid (cMm. pasa. 3 u 6);

6} IpH HCNOJbL30BAHHH 3aBHCHMOCTEH THNA K — K AJA MAaCCOBHIX
ornpefeleHdit QUABTPALHOHHO-eMKOCTHBIX TaPAMeTPOB NO JAHHLIM
THUC pekomenayercsi BRIOOD 32BHCHMOCTH, HOJYYEHHOA € yUeTOM
TepMoOapHYeCKHX YCJOBUH, B TepBylo ouepels AJAs CBA3eH THNA
Pn~ku H T—kn;

B) nporuos 3ou ABIT/L u AHII/ moaHocThio OCHOBAH HAa 3aBH-
CHMOCTH (PH3HYECKUX CBOHCTB I'JIHH OT COOTHOIIEHHS TOPHOTO H MO-
pPOBOr0 JIaBJeHHU H TeMNepaTyphbl TJIHH B [JACTOBHIX  YCJIOBUAX
{16].

IleTpodusugeckHe CBA3H HCMOJHL3YIOT, K2K MPaBHJO0, HPH pelle-
HHH OOPATHBIX 32424 TeoJIOTHUECKOH HHTEpPNpPEeTalHH MaTepHaJsoB
T'YIC, korma no pHarpaMMmam, TMOJYYEHHHIM B CKBaXKHHE, BOCCTAHAB-
JHUBAETCA TeosorHuecKufi paspes ¥ cBOHCTBA OOBEKTOB, CJAraIMUX
paspes. B nocnenHHe roanl 3a py6GexkoM H B Halllefi cTpaHe HaMeTH-
Jach TEHAEHIMS HCHOJAL30BAHKS METPOdU3HYECKUX CBsI3efl MPH pe-
LIEHHH TIPAMOH 3aJ2YH — MOCTPOEHHS TeOQPH3HUECKHX  JHATPAMM
I MOJeJd pas3pe3a W CpPaBHEHHS 3THX AHArpaMM € peaNbHLIMH.
ITapamerper MonesH pa3pe3a WU3MEHSIOTC AO TeX HOpP, MOKA «CHH-
Tetuueckas» gHarpamma I'MIC He coBmajaet B mpeAesax 3afaHHOro
HuTEepBANa AONYCTAMOrO PACXOXKIEHUS C peaJnHOH JAnarpaMMoHn
cooTBeTcTBylomero Meroga I'MC. Mrepauuouusit npoyecc 3aBepa-
€TC YCTAHOBJIEHHEM ONTHMAJLHOH MOJeNH pa3pesa, BKJYAOIEH
ONTHMAJbLHEA BHI 0eTPOQH3HUECKHX YPaBHEHHH H HX KOHCTAHT.
Ha 3ToM mupomecce ocHOBaHL MpPOrpaMMbl ABTOMATU3HDPOBaHHOMN
06paboTku W uHTepnperauuy I'MC B HHTEDAKTHBHOM peXHMe, HPH-
MeHAeMble 3apyOEeXKHBIMH (DHPMaMH.

13.2. PEIHEHHUE 3AJAY
I'EOJIOTMYECKOW MHTEPNIPETALLUN THUC
HA OCHOBE NETPO®HU3HYECKHX CBSI3EHN

13.2.1. IHTOJIOTHYECKOE PACYNEHEHHE PA3PE3A

DTa 3ajaya YaCTHYHO pelliafach yXKe B HauaJbHOH CTaAHH NpH-
MeHeuHa MmetonoB 1'MC npu orpanuuendoMm KoMmjekce I'MIC u mer-
podr3uueckoM obecrneueHud. B Hactosmee BpeMs JHTOJOTHYECKOE
PacuseHeHHe pa3pe3a CKBAXKHHB BHIOJHAETCS HAIEXKHO B 0o0Jib-
{IHHCTBE CJy4aeB 32 HCKJIOueHHeM HauboJee CJIOXKHEIX DPa3pesos,
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Puc. 90. ConocraBaenne o6b- ), tfcm?

eMHOR mJoTHocTH Op u meil-
TPOHHOH NHOPHCTOCTH K(mn
KapOoHaTHHX NOPOX AJA Ol-
peAeJIeHHss HX JHTOJOTHH H
koaddHuuenTa obmel nOpu-
CTOCTH Ry

Y 42 au

2

L)
npeacraBieHHEX 3(QGY3UBHBIME, BYJAKAHOIeHHO-06J0MOYHEIMH H

KapOOHATHO-THAPOXHMHYECKHMH OTJIOXKEHHIMH.

HcnonpayloTes caelyiomue clocoGbl PELIEHHs 3aJlayi.

Cnoco6 kpocc-maoTos, PaceMoTpuM cymmhocTs cnocofa Ha npw-
Mepax xapOOHATHOTO M TEPPUTEHHOTO Pa3pes3oOB, COAEpKAIUUX JBE
MHHEpaJbHbIe KOMIOHEHTH TBEpPJOTO CKeJera.

KapbouaTHH# pPa3dpes upeicTaBied YepeaoBaHHeM W3-
BECTHAKA, A0JOMHTA H AOJOMHUTHM3NPOBAHHOTO HM3BECTHAKa pasjinu-
HOII cremeHH ROJOMHTH3anuH. KOMNOHEHTH MHHEDAJbHOTO CKeJe-
Ta — Kajawuur CaCO; u nosiomur (Ca, Mg)CO,. 3anaua pemaercs
MyTeM KOMMJEKCHOH HHTepnperaluH AuarpaMM ABYX reoQH3HIECKHX
MeTOoyl0B — raMMa-raMMa (mnorsoctHoro) (I'C'M-nm) u  uHedTpoH-
uefitpontoro (HHM) wunu wefitpomwmoro ramma-meroga (HIM).
Hickomeuie sennunys: KoatdduuuedT o6ieid NOpHCTOCTH £y H 06beM-
Hasl A0Afl NOJOMHTA Bnoy (CTENeHb NOJOMHTH32LHH) CKeJera JOpo-
anl. Herpodnsuyeckoll ocHopoli sABssioTcA: a) Ga3ucHHE TPaduKH
8p=[(Rwmn) LA WHMCTOTO HU3BECTHSKA W UMCTOrO JOJIOMHTA B CHCTE-
Me KOOpAuHaT 00beMHas IJIOTHOCThE Oy — HeHTPOHHAA NMOPHCTOCTD
ky (puc. 90); 6) rpadure Su=f(kmn) ¢ NPOMENKYTOUHHMH 3HAUE-
HHSMY HapaMeTpa Rypon; BMecTe ¢ Ga3uUCHBIMH OHH O0pasyloT cemeii-
CTBO 3aBUCHMOCTEH Oy=fhwn ANA PA3IMUHBIX Rgon=const oT 0 no
1; B) cemefictBo rpadHKOB §y~=[(Rumn) A PASIHYHBIX Ry CEKyHIHX
rpadHku cemelicTBa ¢ mubpoM Kyon=const; 3HaueHHe k; H3MeHd-
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eTcsl OT HyJas N0 MAaKCHMAaJbHOTO, XapaKTepHoro AJs H3yuaeMoro
paapesa. CoBOKYNHOCTb ceMelCTB rpaHkoB obpasyeT XKpocc-ILjiorT.

HHurepnperanus 3akialodyaerca B TOM, 4To no AHarpamMam ['TM-n
7 HM Buiaensior B paspese NJAacTsl, HCNOJb3YSA H3BECTHHE NPHEMEL
o6paboTku puarpamm I'TM-n u HM, HaXoadat ajas Kaxkaoro mJjacra
3HAYeHHA Oy H Rmni AJIA KaXIOTO mJacTa, 3aTeM Ha KPOCC-IJIOT
HAaHOCAT TOYKH, COOTBeTcTBymoUlue nJactaM. IlosoxeHne kaxgol
TOYKH OTHOCHTEILHO TPpadHKOB KPOCC-MJOTa MO3BOJSET ONPEeeNnuTh
3Ha4eHUs kg H Eyon, COOTBETCTBYIOIME RAHHOMY miacTy. Ha ocHo-
BAHHH MOJy4eHHHX DPe3yJbTaTOB COCTABAAIT TaGjaHIy H CTPOAT
CTyneHYaThie JAHarpaMMhEl HJH HENpephiBHble KDHBHE H3MEHEeHHA ¢
ray6uHOl 3HaYeHHH KBy H Rpon B 32JJaHHOM /s H3YYEHHS HHTepBaJje
paspe3a. DTH AHaTPpaMMBbl CJYXaT OCHOBOH JIMTQJOTHYECKOTQ pac-
YjieHEeHHA pa3pesa.

TeppureHHHH Dasdpes NpeiacTaBjeH UYeDelOBAHHEM YH-
CTHX KBapUEBHX NECYaHHKOB H aJieBPOJAWUTOB, YUCTHX TJMH H
NPOMEXKYTOUHBIX pa3HOCTeH — [VIMHHCTHX TNECYaHHKOB H aJieBPOJiH-
TOB, NMECYAHHX H AJIEBPHTOBBIX TJIHH — ¢ Pa3JUYHBIM COAEPIKAHHEM
TAHHHCTOTO Matepuania Crn. KoMIOHeHTH MHHEpaJBHOTO cKejeTa —
KBapu H TJHHa OmpeleseHHOro cocTaBa. Kak H B paccMOTpEHHOM
Bhille IPHMepe, 3aja49a pellaeTca NyTeM KOMIUIEKCHON HHTepmpeTa-
nuu gHarpamM I'TM-n 1 HM (HHM-T uwan HI'M). Hckombimp
ABAAIOTCA K03 ¢uuHeHT oblledl NMOPHCTOCTH Ry H KO3 GHUHEHT
riapHuctocTd  Cry _

IleTpodHanyeckofi ocHOBOf fABJAAETCA COBOKYNHOCTh CJE€AYIOLIHX
HOCTPOEHHH B CHCTEME KOODAHHAT Op—Kmmn: a) 6a3ucHHH TpadHkK
Su=[(kmn) A" DOpON C KBAPIEBHM MHHEDAJBHHIM CKeAETOM, HE
COJepXKaIUM TJIHHY — YHCThie MecYaHHKH H aJieBpoJHTH; 6) TOuKa,
XapaKTepuayonias NJAacT YUCTOH TJAHHB ¢ YCPeIHeHHBIMH MHHE-
pPajdbHLIM COCTABOM H TOPHCTOCTBIO, XapPAKTEPHHIMH NSl H3ydae-
Moro paspesa; B) ceMelcTBO rpaduKoB 6= (Rmn) A7 PasdiaHUHHYX
Cry=const, pacnosoXeHHHX MeXJAy Oas3HCHHM TpaduKoM On=
=f(kmn) ¢ Cr:=0 H ToyKoH AjdA MaacTa 4HcTON rJAHHH ¢ Cr;=1;
r) cemefictBo TpaduKoB Op={(Bmn) AJAsT pa3IHUHBIX fy=const,
cekymux rpaduku Sp=f(kmpn), Aaa pasanydblx Crp=const (puc.
91

Ilo puarpamvam I'TM u HM B paspese BHIENAIOT IJIACTH; ON-
penendioT B HUX 3HaueHus Oy M kn; HAHOCAT TOYKH ¢ KOOPAMHATAMH
KaXJ0r0 MmJacTa Ha KpOcc-1JOT, N0 NOJOXKEHHI0 TOYKH B CHCTEME
rpadukoB 8y=f(kmn) 418 pasauyubix Cry=const u ky=const
onpegensior 3Hauedns Cry; H ky B Kaxkjaom miaacre. [lajee cocras-
AT tabauny 3HaueHHi Cry; H By TO Paspe3y H cTPOAT CTyNeHYa-
ThHle WJM HenpephiBHHE fHATpaMMbl W3MEHEHHA ¢ TJyOGHHOH hnapa-
MetpoB Cry H 2y [locsennue ABJSIIOTCS OCHOBaHHEM AJSA COCTABJE-
HHUA JHTOJOTHYECKOTO pa3pe3a ¢ BblgeJeHHeM B HeM YHCTHX kBap-
LeBHIX NECYaHHKOB H aJ1€BPOJHTOB, TJIHHUCTBIX MECYAHHKOB U aJIEB-
POJIHTOB, NECY2HO-ANEBPUTHCTHX TVIHH H YHCTHIX TJIHH.
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Puc. 91. ConocraBaente 06k 4, r/cud Bodz
eMHOfl nnotnocTH On ¥ uefi-
TPOHHOR  HOPHUCTOCTH R(mn
TEPPUreHHHX TOPOX ANA OI-
pellesIeHUust HX TJIHHUCTOCTH H
koadduuuenra obuieii NOpH-
CTOCTH Ra

/fn)n
HeTpO(pnsmxecxoﬁ l'lpe}IHOCI:IJIKOﬁ cnocoba KpocCc-1jioTOB B pAac-
CMOTpPEHHHLIX BapHaHTax sBJsETCA CHCTeMa ypaBHEHHﬁ:

Sp=0(1 —ky) +Eybps  Riayn = @opnkn + Wrakers, (13.3)

rae Opp — MJIOTHOCTh MHHEPAJBHOTO CKenera; Opy; H Wgsg — COOT-
BETCTBEHHO NJIOTHOCTL H BOAOPOAHBIA HHIEKC XKHIKOCTH, HAChILIal0-
ueR nopbl; Rpy H Wy — COOTBETCTBEHHO 06'BeMHOE cojlepKanue TJIH-
HH ¥ ee BOJMOPOAOCOAEPKAHHE, 00YCAOBJIEHHOE XHMHYCCKH CBsI3aH-
Holl Bofol. B npuMepe nida KapGoHAaTHOTO paspesa rauHa B paspese
OTCYTCTBYeT, 03TOMY Rp;=0, BesHunHa §; onpenessieTcsd BhIpaxke-
HHEM: 6H=2,71 (l—kuoﬂ) +2,85 klIOJ'I-

Ecau B mopojmax H3yuaeMoro paspesa NPHCYTCTBYeT TPeTHH MH-
Hepaabdulii KoMnoHeHT, Hanpumep, aHTHApHT, CaSO,, B KapboHart-
HOM pa3spese JJsl pelieHds NOCTaBJeHHOH 3aJayd NPHBJEKAIOT JaH-
Hue TpeThero Meroga I'MC — akycTHYeCKOTo, UYToOul nyTeM TpadH-
YeCKOTO pelleHHA CHCTeMBl TpexX YPaBHeHHH IJig KaXjaoro mniacra
HalTH TPH HEH3BECTHBIX — By, Epon H Ramr (0ObemHOE COfepKaHHe
aHTHJPHTA), a 3aTeM COCTABHTh JHTOJOTHYECKHH paspe3 C BheJie-
HHeM B HeM KDOME& PacCMOTDEHHHIX DaHee JHTOTHNOB 30H cyJbda-
TH3A[MHH KapOOHATHHIX NODPOL.

Cnoco6 pacniosnaBauMs oGpa3oB. B 3aBHCHMOCTH OT mpejnoJia-
raeMoro 4ucjia JHTOTHNOB B paspe3e NMoAGHDPAIOT COOTBETCTBEHHO
3TOMY YHCJIY KOJHuecTBO passdublx MeronoB I'MC, satem pemaror
3aja4yy KJaccHpukamuy o6beKToB C NOMOWBIO HPOFpaMMbl Pacnos-
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Puc. 92. ComocraBjieHHe [apaMeTpOB Puc. 93. ConocTasiienHe 3HaueHHA oCIT
fso MU kx JANA ONpeNeTeHHst 3HAYEHHA H Top AJAA  ONPeNENeHHA TPAHHYHOTO
5.5 3HauUeHHs ACIIrp

HaBaHHS C [peiBapuTe/]bHBIM oOyyeHueM uau 6es obyuenus. Iloc-
JlefHWH BApHAHT HPOPAMM —PACNO3HABAHUS Ha3KHBAIOT HHOTAS3
KJacTEPHBIM AHAJU30M.

13.2.2. BBIAEJEHHE KOJIJIEKTOPOB

dra 3ajava fBJSETCA COCTABHOH YaCTbIO 32744 JHTOJOTHYEC-
KOTO pacCujeHeHHs, OJ[HAKO BBHAY NpaKTHYeCKO# BaXKHOCTH ee pac-
CMaTpHBalOT Kak caMocrtositesbuylo. Ilerpodusuueckasi ocHOBa
peuresus 3a1a4H — PpaHHYHOe 3HadeHHe Ry, Cry ¥ APYrHX nmapaMer-
POB TOPOABI, XapaKTepPH3YIOUlee TPaHHUY KOJIJIEKTOP — HEKOJIJIEK-
TOp. 3Hasl TPAHHYHOE 3HAYEHHe Ryrp WIH Crgrp, NIPOBOJST Ha [HA-
rpaMMe 3TOTO apaMeTpa, NOJyYeHHOH 1Jis NaHHOTO paspesa Cnoco-
60M KpOCC-TJIOTOB HJH KaKUM-JIH00 APYTHM, JHHHIO, apaJLIebHyOo
ocH rayGuH, COOTBETCTBYIOMYIO Rpy= Ry rp HAH Cry== Cryrp, HOCHE YETO
OTHOCAT K TIOPOLAM-KOJAEKTOPAM BCe TJIACTHl € Rp>FRpp HIH
Cvn<crn.rp-

Hcrnonbayior Takxke rpaHHYHOe 3HadeHHe reouH3HyecKoro mapa-
Metpa, CBA3aHHOTO C ky uiau Crp HanpuMmep, HHTepBaJbHOE BPEMA
ATy npono/bHo#i BOJIHBl DY HHTEPNPETANHH A¥ArpaMM aKyCTHUeC-
KOT'0 ME€TOJda HJIH OTHOCHTENBHYIO aMIJIHTYLY G.chpp IPH HHTEpHpe-
tanuu Amarpavmel CII. TlerpodusudeckuM obocHoBaHHeM TpaHHU-
HOro 3HAYEHHS, HANPHMED Rprp MOXKET CAYKHTb KOppeasuHOHHaA
3aBUCHMOCTb kg o—ERp (puc. 92); B 3TOM cAydyae B KaueCTBe TPAHHU-
HOTO HCHOJB3YIOT 3HAYEHHE Kgrp, COOTBETCTBYIOUlEE BeJHYHHE
kg o=0,7—0,8, xapakrepHo#i A1 TPAHHUubl KOJJIEKTOP — HEKOJIJIEK-
TOP MEXK3ePHOBHX THAPODHJIbHHX KOJJEKTOpOB. [pyruMm cnocoboM

340



YCTAHOBJIeHHS] TPAHHYHOTO 3HAaYeHHs sABJsETCS  HCINOJb3OBaHHe
CBsi3eH THNA T — I'A, HAOpHMEP, BEJHYHHB acrn C YAEABHBIM K03(¢-
(UIHEeHTOM NPOAYKTHBHOCTH Mgmp B TEPPHTEHHOM paspe3e; B 3TOM
cllyyae B KauecTBE Qcrirp OEPYT Ha TICPECEUCHHM JIHHHH PerpeccHH
Qey—Tmp C OCbI0 OPAHHAT, T. €. OPH Nmp=0 (pHc, 93).

OueHka xapakrepa HachilieHHSI KOJJNEKTOpa H BbiAe/eHHe Mpo-
JAYKTHBHOTO KOJIJIEKTOpPAa BBHINOJHSAIOTCS NyTeM CPaBHEHHS YAEIbHOTO
CONPOTHBJEHHS Py NJNACTa-KOJNJIEKTOPa C ero yIeJbHbHM CONPOTHB-
AeHHEeM Qg = Pgpp NPH NMOJHOM HacBIIEHHH NJacTOBOH BOJOH. Ecan
On=>0g o — KOJIJIEKTOP BOJOHOCHHIH; €CIH Pr=>Qgy NJIACT COAEPKHUT
HedTh HJIH Ta3, HO ellle HEH3BECTHO, ABJAAETCHA JH OH NPOMHIIIeHHO
NpoayKTHBHEM Il1act cYHTalOT NPOAYKTHBHBIM NDH YCJIOBHH Or>>
>pnxp, TAE Purp— KPHTHUYECKOE YAENbHOE CONPOTHBJIEHHE paccMar-
puBaeMoro KJjacca KOJJaeKTopa BedHUYHHY pmxp H COOTBETCTBYHOILLEE
3HauCHHE Py p=0pnxp/0pn YCTAHABAHBAIOT C MOMOLILI0 3aBHCHMOCTH
Py=f(ks) B COOTBETCTBHH C BeJIHUHHOU Kgp, ONPEAECNCHHOH IyTEM
4HaJIH3a KPHBHIX OTHOCHTEJNbHOH (Da30BOH NPOHHHAEMOCTH AJA CH-
cTeMbl HeTh — BOAa HJIH Ta3 — BOJAa B 3aBHCHMOCTH OT TOTO, 4eM
HacHIeH KOJJeKTop (cM pasf. 4).

HanGonee yno6HHIM JMJs1 NMPakTHUECKOTO  HCINOJb30BAHHA NPH
BbIleJIeHHH NPOAYKTHBHBEIX KOJJIEKTOPOB SIBJsieTCS COIIOCTaBJ/eHHE
npoBefeHHOe Ha pHc. 48 3pecy rpanuueli 06JacTH KOJJEKTOPOB,
JaloMHX NPH HCNBITAHWH YHCTHIA NPOAVKT, H OGJAacTH HENPOMBIII-
JIEHHBIX KOJUIEKTODOB fBAsieTcs! TPaAQHK pnup=[(kz) Ilasi nporxHosa
Xapakrepa HachIIEHHS KOJLUIEKTOPa TOUKY C KOOPAHHATAMH QP(my,
k(m),, COOTBETCTBYIOILYIO 3TOMY KOJJIEKTOPY, HAHOCAT Ha ToJje cemel-
CTBa IpaHKOB pp=f (k) ANs pasjHuHBIX kz=const (cM puc 48).
Ecnn rouka nonapaer B ofJacTb 1, KOJMJIEKTOD sIBJAsieTCS NPOMBILI-
JEHHO NPOAYKTHBHHM. IlocTpoenune THITa NpPHBEAEHHOro Ha PHC 48
MOXKHO BHAOH3MEHHTb, OTKJAAAbIBAsi IO OCH abcuuce BMeCTO Ry OJHMH
13 Teo(H3HYECKHX INapaMeTpPoB, CBA3aHHHIX ¢ KoO3(PpdunHeHTOM
NOPHCTOCTH, HanpuMep, AT, aex H T T TOrna NpH HaHeCEHHH TOYKH
B CHCTEME COOTBeTCTBYIOIUX KDHBBIX B KauecTBE KOOpAMHAT HC-
MONb3YIOT BEJAHYHHBI py H COOTBETCTBYIOIErO reodH3UYEcKoro napa-
Merpa (AT, acr HT. 1L).

IleTpohH3UUECKHM OCHOBAHUEM [AS Pa3feleHHs KOJJIEKTOPOB
N0 xapakTepy HAacHIIEHHA MOXeT CJIYXUTb CEMEHCTBO PacyeTHHIX
rpadHKoB ex=f(ks) A PasgHUHHX Es=const (cM puc 52), a
Takxe 3aBHCHMOCTeH An=f(ky) HIH to=[(ky) AN pa3JIHUYHBIX

s=const (B mocjefHeM ciayyae Ay H T, COOTBETCTBEHHO BpeMeHHOH
HEKPEMEHT NMOTJOLIEHHS H cPellHee BPEMS YKH3HH TEILIOBHIX HeHTpO-
HOB, ONpefesieMble B H3y4yaeMOM KOJJEKTOpE MO IHarpaMmaM HM-
nyJbCHOTO HeHTpOH-HedTpoHHOro Mmeroxa (MIHHM) Ilpu ouenke
Xapaxkrepa HACHIEHHS KOJJEKTOPa N0 AaHHBIM JHJIEKTPHYECKOro
merona H MHHM Takxke MOXHO BOCNO.Ib30BaThCs — ceMeHCTBOM
3aBHCHMOCTEH &y HJH Ay OT OLHOTO H3 rec()U3HYECKHX NapaMeTpoOB,
CBSI3AHHOTO C K.
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B paspese CKBaXKHHBI NPOAYKTHBHble KOJIJIEKTOPH BBIAEJAI01
npu cnjowHo# obpaGoTke (Hcnoasdys DBM) nanmnix T'HC ny-
TeM HENPEepHBHOrO HJH IMOIJNACTOBOTO CPABHEHHS 3HAUeHHH pp H
Qrrpy P H psn (CnOCO6 HOPMAJH3ALHH).

1323. ONPEAENEHHE NOACYETHbIX TAPAMETPOB

HeoGxoauvsv ycaoBHeM ONpeAejeHHS NOACUETHHIX NapaMerpos,
ycranapiapBaeMuix no gaHueiM  [HC, — s¢dekTHBHOA  TOMIHHH,
KO3hOQHIHEHTOB NMOPHCTOCTH Ry H HedTera3oHaCHIUEHHS Rgp— AB-
JseTC HCNOJIb30BaHHEe TNeTPO(H3HUECKHX KDHTEDHEB  BHAeJEHHSA
OPOAYKTHBHOTO KOJJeKTOpa (TPaHHUHBIE 3HAYEHHH Rprp, Raxp H
T. X ) NpH ONpeAe/eHHH fap H NETPOPH3HUECKHX CBA3€H, N03BOJIAIO-
WHX HAATH By H Rqp N0 reoH3HUECKHM NapaMeTpaM.

IlpuMeHeHHe TpaHHUHBIX 3HAYeHHH AN BBHIAEJEHHS NPOAYKTHB-
HHX KOJIJIEKTOPOB DPaccMOTpEHO Boille [IpaBHAbHOCTL BEIGOpA 3THX
3HayeHHH AAs H3yyaeMmoro oObeKra NpefonpefedseT HaaeXHOCTb
onpeleneHnus hyy B paspede KaXAOH CKBAXHHBI, a C/0BATENbHO,
ofbeMa M CTPOEHHs 3ajexH B UejoM no miomazd Caenaem
KpaTkuii 0630p reodpH3HuecKHX CocOOOB Olpeje/eHHs NapaMeTpoB
Ry ¥ kup, YACIHB OCHOBHOE BHHMaHHe NeTPodhH3HYECKHM NpPeLNOoCHJI-
KaM Kaxjaoro cnocota

Koaddpunuenr mopucrocrd. PaccMorpum Haubosiee MHPOKO HPH-
MeHsleMble TeOpH3UUECKHe CNOCOOKl ONpefieieHHst Ry MO YAEJbHOMY
CONPOTHBJIEHHIO MOJHOCTHI0 BOAOHACHIIEHHOTO NJACTa Ppn, 30HBI
NPOHHKHOBEHHS Pap H NPOMHTOH 30HBl pnp MNPOAYKTHBHOIO HJIH
BOJIOHOCHOTO KOJJlekTOopa Bee 3TH cnocofvl NpHMeHsOTCS AJA O1l-
pefeneHus napamerpa kp MeX3ePHOBOTO THAPOGDHIBHOTO KOJJEKTO-
Pa ¥ OCHOBAHBEl Ha HCIIO/Jb30BAHHH 3aBUCHMOCTH NapaMerpa NOpH-
CTocTH Pr 0T KO3p(dHUUHEHTa TNOPHCTOCTH Ry

Ilpn BHOOpe 3aBHCHMOCTH YYHTHBAWIOT cjeAyoollde TpefoBaHH

1 3aBHcHMOCTb THNA K — K A0JxHa OHTh NOJyyeHa B jaafopa-
TOPUH Ha IpeAcTaBHTEIbHON KOJJIEKIUH 06pas3unoB H3yuaeMoro
re0JIOTHYeCKOro 00 bEeKTa; ecJH TaKas 3aBHCHMOCTb OTCYTCTBYET, HC-
NOJAB3YeTCA 3aBHCHMOCTb, NOJYyueHHAs [Js CXOAHOrOo 00Bbekra
GamKaliniero MecTOPOXAEHHS JaHHOTO DErHOHAa, HJH 3aBHCHMOCTD,
UpHBefecHHAs B JHTeparype AJf OTJIOXKeHuil, 6IM3KHX 1O CBOHCT-
BaM K H3yuaeMmbiM

2 PexoMeHayercss HCNOJb30Bath 3aBHCHMOCTb /IS NJIACTOBBIX
TepMoGapHuUecKHX Yyc/a0BUH, NOJYYeHHYIO Ha ofpasmax JaHHOTO
00beKTa HJH 3aHMCTBOBAHHYIO M3 JHTEPaTypHBIX HCTOYHHKOB OT-
CYyTCTBHE yuyeTa TepMOOapHueCKHX VCJIOBHH BeJeT K CHCTeMAaTHYeC-
KOMY 3aHHXEHHIO Ky

3 Ecan o6beKT mpelcTaBjeH ABYMs-Tpemst H Gojee THNAMH
KOJIJIEKTOPOB, XelaTebHO N0Jb30BATbCH HE €AHHOH AJs BCEX JHTO-
THIIOB 3aBHCHMOCTBIO, @ CeMeACTBOM 3aBHCHMOCTEH, B KOTODOM Kax-
Aast cOOTBETCTBYeT ONpefefdeHHOMY JHTOTHNY. TIpHHAIJIEXHOCTD
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KOHKDETHON 3aBHCHMOCTH ONpeAeleHHOMY JHTOTHNY Hepeako 0603-
HaualoT JHana3oHOM 3HaueHHHA Tperbero napamerpa (Rump, Mra,
tler H T. 1.). Kak B cayyae 0JHOH 3aBHCHMOCTH, TaK ¥ IpH HaJHUHH
ceMeficTBa MX 00f3arejqbHO YKashwBaercss 00JacTh CYNIIECTBOBAHHSA.

Bennunny P paccuHTHBAIOT NO CACAYIOUHM (opMynam.

1. Ilpy HCHOJMB30OBAHHH YAEJBHOIO COMPOTHBJAEHHS BOLOHOCHOIO
njiacra ppy N0 popmyne Pp=ppn/ps, TAE pp— yA€IbHOE CONPOTHB-
JEeHHe NJIacTOBOH BOMH.

2. I1pH MCMOJIb30BAHUH YAEJbHOTO CONPOTHBJEHHS TIPOMBITOH NO-
POnBl ppy MO opMysnaM Pr=pnn/pgll A8 BOZOHOCHOTO H Py=
=0 /P11 Pu.o 0751 NPOAYKTHBHOIO KOJJIEKTOPA, TAe pg— YAeJIbHOE
CONPOTHBJIEHHE (PHIbTPATA NMPOMBIBOYHOH KHAKOCTH; II — Ko3¢p¢pu-
LIHEHT NOBEPXHOCTHOH NMPOBOAHMOCTH; Pyo— MapaveTp ocTaTOYHOIO
HedTe (razo) HachlIICHHS.

3. IIpx ucnosib30BaHHU YAENbHOTO CONpPOTHBJEHHS! 30HBL NPOHHU-
KHOBEHHSI NOJb3yIoTcA HOpMyJaMy, NPUBEAEHHBIMH BBHIUIE AJA NPO-
MBITOH 30HBI, NOJCTABJAsS B HHX QPzp BMECTO puy H Pg¢ (YHeIbHOE
COTNPOTHBJIEHHE CMeCH (PHJbTpPaTa H NJACTOBOA BOJbl) BMECTO Pg.
WHoraa, crpeMsich u3Gexarb HCNOJNb30BAHHS BEJHUNH psg H Pro,
KOTOpbBIE OLEHHBAIOT ¢ MaJjofl CTeNeHbI0 HAAEXKHOCTH, COCTaBIRIOT
CBSI3b THNA I'—T, CONOCTABJAA NapamMerp pnu/PepPr HAH Ppu/pePn
¢ ky Mo miacTaM, NOPHCTOCTh KOTOPHIX yCTAaHOBJEHa APYTHM reodH-
3HYECKHM METOAOM, Hampumep, akycrHdeckuM. L[lonyuns Takyio
CBfI3b, HCNONB3YIOT €€ B JajbHefllieM AJS ONPeNesieHHS] Ry NO pgn
MJH Qurn, NPHMEHSA METOA MTEPANHH, NOCKOJbKY 3HaueHHeM Pg
BHauaje NMPHXOMUTCHA 3ajaBaTbCs MNPH pacuere yYKa3aHHbIX KOM-
NJEeKCHBIX napamerpoB (pdc. 94).

Onpeznesnenne k; no jpuarpaMMe HHTEPBAJbHOIO BpDEMEHH
Atp TponoAbKONR BosHE. JTOT cnocol NPHMEHAT JJs pacuera
Rnms B TEDPHTeHHOM M KapOOHATHOM pa3spesax IPH Aopoiied H yAO0B-
JIETBOPHTENbHOH CTENEHH IEMEHTAHMH 3€peH NOPOoAnl. K pHIXJIBIM
OT/IOKEHUAM (NECKH, clabOCLEMEHTHPOBAHHBIE NECYAHHKH, JOJOMH-
TOBAsl MyKa) 3TOT CNoc0o0 HeNpHMEHUM BBHAY €JaabOro akycruuec-
KOrO KOHTAKTa MEXAY 3epHAMU CKeJjeTa TakHX MOpOj.

[Terpodpnanueckolt ocHOBOH onpejeseHHa ky no Benauuune ATy
SIBJISIETCA YPaBHEHHE CPeNHETO BPeMeHH, KOTOpPOe JJS MOPOALl MO-
HOMHHEPaJlbHOIO  COCTaBa  3alHCHIBAETCS B BH/E ATy=
=ATy (1 —ky) + AT by PellleHHeM YypaBHEHHS OTHOCUTENbHO kg
asdsiercs BopaxeHne: kp= (ATo—ATy ) [(ATw—ATs ) YparHueHne
3TO NpHOAUXKEHHOE H NpH 6JaronpHATHHX YCJAOBHAA (AOpouLIHil aky-
CTHYECKHH KOHTAKT MEXAY 3€pHAMH CKeJeTa, OTCYTCTBHE HJH CJa-
60e BJHSIHHE Ha NPOXOXKJAEHHE BOJIHH BTOPHUHBIX TIODP) V/OBJETBO-
PHTEJIbHO BHIPAXKaeT cBA3b MeXAy napamerpamu ATy U ky B Anana-
30He k;=0,05—0,25. Heo0X0ZHMO HCNOJb30BaTh 3aBHCHMOCTH
ATy=[(ks), TOJNYUEHHYIO C YYeTOM TEPMOOAPHUECKHX YCJOBHH, B
IPOTHBHOM Cayyae OyieT CHCTEMATHYECKOE 3aHHKEHHe NapaMerpa
ky.
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£in Puc. 94. Tlpumep 3a-

7 BHCHMOCTH napaMeTtpa
4o n Ps n/PoPr o1 Ko3hdHLHEH-
JT ° Ta NOPUCTOCTH Ry AJA onl-
peneseuHs NOPHCTOCTH MO

° Pan
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i 1 ot ¥ i -
f 10 20 kny /o

B cBa3u ¢ 31HM HaubGoJsee NPABUABHBIMH SBAAIOTCS ClelyOlIHe
cnocobu nosnyueHust ypaBHeHuss ATp=f(kg): a) cBssb ATp—Fky
THNA I — K, noayueHHas no gausiM TMC u kepra B 6a30Boit ckBa-
xHHe; 6) cBfA3b ATp—Fky THNA K-—K, NOJNyuYeHHAs HA NpPEeACTABH-
TeJbHOH KOJJIEKIHH KepHa NPH cOGMIOeHHH TepMOGapHYECKHX yc-
JIOBHH.

Ilpu onpeneseHHH k; B nopogax ¢ OUMHHEPAJbHHIM COCTaBOM
KOMNNIEKCHPYIOT aKYCTHUECKHII METOX C OJZHHM H3 METOJAO0B NODH-
croctu (FTM unn HM), pemass 3agauy cnocoGoM KpOCC-NJIOTOB.
Ilpu HaxoXIeHHH Ry TePPUTEHHEBIX TJHHHCTHIX KOJJEKTOPOB CO CMe-
INaHHOH (CJIOHCTO-PACCEAHHOI) TIHHHCTOCTBIO KOMNJEKCHPYIOT aky-
CTHUECKHH MeTOX ¢ ofHHM H3 MeronoB ranaucrocth (CIT uam 'M),
HCIIOAb3Ysl B KayecTBe NeTPO(H3HYECKON OCHOBHL CEMEHCTBO rpacdH-
KOB ATy=f(ka), oObIYHO NHHEHHBIX A/ Pa3JHYHBIX kpy=const HIH
acn=const uau A/;=const.

Hnas MOHOMHHEpaabHOH MOpoAL BeJHUHHY Ko3ddHuHeHTa 0011eR
NOpHCTOCTH Ry no gaHHblM [T'M-n paccunteiBaloT 1o  Qopmyae
kn= (61,5—0n)/(61.s—06:x), KOTOpasi sIBJAsETCS pelleHHEM neTpodH-
3HYECKOTO YyPaBHEHHS Op=06r1p(l—Fkg)+ 8xky. 3aMernM, uTo 3TO
peakHil npHMeD ¢YHKUHOHANbHOH CBSI3H MapaMeTpoB.

Hns nopoasl ¢ 6UMHHEPAJbHHIM CKEJETOM BEJHYHHY Ry HAXOIAT
PaccMOTpeHHBIM Bbille CHOCOG0M  KPOCC-NJOTOB, KOMIJIEKCHPYA
TTM-n ¢ HM HJH aKyCTHYECKHM METOAOM.
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Kosdduuuent obuielt nopucTOCTH &y MOHOMUHEPANbHOH NOPOAbI,
He cojepiKailell B TBepAOK (haze XUMHMUYECKH CBS3aHHOH BOABI, pac-
CYMTHBAIOT, UCNONB3YS] HEHTPOHHYIO IOPHCTOCTb R(myn, MOJYUCHHYIO
N0 JaHHBIM CTalMOHADHOTO HeHTpoHHOro Metoxa (HHM-T unam
HI'M), no ¢popmynae &y=~&mn/Wx, TA€ Wy — BOLOPORHBIE HHAEKC
KUJIKOCTH, HacblaoueH nopoan. [Ipn Hanuyuu B cKelJeTe MOPOABI
JBYX MHHepPaAbHBIX KOMIOHEHT, U3 KOTOPHIX oJAHa (MHAEKC [) He
COJEeDPUT XUMHYECKH CBA3AHHOH BOAbl, a Apyras (uHAeKC 2) ee
COZEPKHT

kn, n — Woky
k“:__—wm—_’ (13.4)
TAie Wy H &y — COOTBETCTBEHHO 00BLEMHOE BOJOCOAEpHaHUEe H 00b-
eMHOE COfepXKaHHe B T10POJe KOMIOHEHTH! 2 TBepAoH (azH.

Tunuunble Npumepsl TAKOH NOPOABLI B TEPPUIEHHOM paspese —
TJAHHUCTHE KBAapUEBHIH I€CUaHHK, JIJS KOTOPOro POJb KOMIIOHEHTHI
2 vrpaer rJuHa, B kKapOOHAaTHOM paspese — 3aTUNCOBAHHBIA H3BECT-
HsK, B KOTODOM KOMIIOHEHTOH 2 sABJsieTcs rumc. B 3THX caydasx
COOTBETCTBEHHO Wo=Wp; H Ro=Fkpy WIH Wo=Rmme, Ro=Rmme.
B paccmarpuBaemom cayuae HM KoMIneKcupyioT € METOLOM TIJH-
nuctoctu (CIT unu M) B TeppureHHOM KGO ¢ OAHUM H3 METOJOB:
nopucrocru (I'TM-nm unau AM) B kapGoHaTHOM pazpese A/ OAHO-
BPEMEHHOTO OIpeJeseHUsT ABYX HEH3BECTHBIX — COOTBETCTBEHHO ki
H key waM ky U Rrune.

3anaua onpeaeneHus k; B nopoje GHMUHePaJbHOTO COCTaBa He-
33aBHCHMO OT TOTO, COLEPXKHT CKeJeT XUMHUECKH CBA3aHHYIO BOAY
HJW HeT, pemaeTcs 1o naHHuM HM B xomnaerce ¢ TTM-n uan AM
crnocofoM KpOCC-NJIOTOB, €CJH M3BECTHO, KaKHe MUHEDaJbHBIE KOM-
NOHEHTBl CONEPKHT CKEJET.

CyIecTBEHHO OCNOXKHAETCA, & HHOTIA CTAHOBHTCS HEBO3MOXKHBIM
NEPEXOA OT Ry U Ry, €CJH NOPOJ2 COLEDPKUT 3JEMEHT C aHOMaJb-
HbIMH HEHTDOHHBIMH XapakTepUCTHKaMH (KaAMHH, TafoJuHui,
6op, xkene3o u T. A.). B aTOM caydae aas pemenus 3agaud Tpebyer-
¢q JONOJHHUTENLHAs MHGOPMAUHA O COLEPKAHUU B IOPOLE TaAKOTO
3JeMEHTa.

Tlpu Hanuuuu B cKedaeTe Nopoabl 6osiee JBYX MHHEPaJbHBIX KOM-
IIOHEHTOB JJISi OllpeNeJieHHsl kg PEmaloT CHCTeMY JHHEHHBIX ypaBHe-
HHHA BUAA:

Y= bty + (1 —ky) & kit (13.5)
i=1

rAe Y;— NapaMeTp MOPOJAnl, onpenensieMbldi N0 AAHHBIM HHAHMBHAY-
aJbHOH HHTEpIpeTauuHu j-reoU3HUECKOr0 METOAA; X; H R; — COOT-
BETCTBEHHO (DH3HUECKOe CBOHCTBO {-H MHHEpaJbHOH KOMIIOHEHTHI
u ko3dduuueHt (oObUHO O06LEMHOe COAepMAHHE), XapaKTepu-
syolmu# BKJAaj i-rO KOMIOHeHTa B ()OPMHUDOBaHHE NapaMmerpa y;
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Xx — COOTBETCTBYIOIlee (PH3UUECKOE CBOKCTBO MKHAKOCTH (B0OG-
e — (GIIOHI0B), 3anoJiHsAWINed NOPOBOE NPOCTPAHCTBO.

TlpocrefiiinM NPHMepOM TAKOTO yDaBHEHWS S$BJSETCS BBHIpaxKe-
WHe JAJisi IJIOTHOCTH NOPOABI, cOAEp¥Kalleli # MHHePaJbHBIX KOMIO-
HEHTOB. JTO BhIPaiKeHHe, B JIEBOH YacTH KOTOPOro Y= 0y, yCTAHAaB-
auBaeMoii mo 'TM-n, B npaBofi yacTH 3HaueHHs X, =35, COOTBETCT-
BYIOT ILJIOTHOCTH MHHEPAJbHEIX KOMIIOHEHTOB cKejeTa. C H3BECTHBIM
npH6aMKeHHEM ypaBHeHHe (13.5) cnpaBeaqHBO AJs ONHCAHUS CBS-
3H HefiTPOHHOH MNOPHCTOCTH KRy, BPEMEHHOro AeKpeMeHTa IMOTJOLLe-
HHSl TeNJIOERIX HEATPOHOB H HHTEPBA/bHOTO BPeMeHH IOJHMHHE-
PanpHOH nopoanl ¢ OOLEMHBLIM COAEPXaHHEM PasJHYHHX ¢as H
MHHEPaJbHBIX KOMIIOHEHTOB CKEJETA.

Pesyabrar pemeHHs cucremsl (13.5) npencraB/siioT no paspe-
3y B BHJe CBOJHOH AHAarpaMMbl, NPHHHMas o0beM NOPOAB 3a elH-
HHIY. HenpepolBHHe rpadQHKH, OpHEHTHPOBAHHblE MO BEPTHKAJH,
pasfensioT NOPOLY Ha KOMMOHEHTHl H XapaKTEePH3YIOT COOTHOUIEHHE
uX 00LEMHOrO copepXaHHs Ha pasjuyHbix rayb6Huax. Takum obpa-
30M, B Ji060M 3alaHHOM HHTepBaJie AAIOTCS 3HaueHHe KO3 PHIHEH-
Ta NOPHCTOCTH k; H MHHepa/bHHA cocraB nopoxn. HapexHocTb
pelleHus 3aJayH TapaHTHPyeTcs, €cJH HCCAEA0BATENb HCIOJb3YET
neTpoH3HUECKyl0 MOJeab [OPOAB,, AaAEKBATHYI0 H3yyaeMoMy
00BeKTY. 10 TpebOBaHHe obecleyHBaeTesl NPH NPaBHJIBHOM BbibOpe
[JIaBHHX IOpPORO0OOPA3yIOHIHX KOMIOHEHTOB H COOTBETCTBYIOHIHX
OeTPOPH3HYECKHX KOHCTAHT.

TpeGoBaHHe DaBeHCTBA uHCJa YpaBHEHHH UHCAY HMCKOMBIX He-
M3BECTHHX 4acTo He cobJjiofaercs. B aroft cHryauuH nobuBaiorcs
pellleHHs 3ajayd ¢ NOMOIbI0 CMENHAJbHEIX NPHEMOB, H3BECTHHX B
MaTeMaTHKe (cnoco0 MHHHMAaJbHOH HTPONHH H ap. [33]), Ge3 npH-
BJICUEHHST [ONOJIHHUTENbHOH TeQJIOTHUECKOH HH(OpMAaIHH.

Kosdpuuuenr nedrerazonacoimenusi. KonaeKTops ¢ ABY X-
da3HHM HacbhimedueM. K TakHM KOJJEKTOpaMm OTHOCATCS
HeTeHOCHHE HJIH Ta30HOCHBIE, cojaepXamHe B nopax Ase ¢as3bl —
#eTs U BOAY, ra3 H Boay. [3BecTHO HecKONbKO TreO(H3HYECKHX
METOJOB ONpeleqeHHs Koa(¢HUHeHTOB HedTe- H Ta30HACKIIEHHS.
OHAaKO UIHPOKO UPHMEHAIOT, 0cOOEHHO Ha CTaAHH PAa3BeiAKH H
110/ CYeTa 3anacoB, TOJbKO OLHH — onpeleseHHe KO3 hHIHEHTa BO-
ZOHACHUIEHHSI Ry NO YIEJAbHOMY CONPOTHBJIEHHIO NOPOABI-KOJJIEKTO-
pa c NocjeayoumuM pacueroM kp=l—=Fky uin kr=1—k; Herpodn-
3HYECKOH OCHOBOH ONMpefejieHHs ky SIBAAETCS MIHPHYECKOe ypaBHe-
uue P,=ak,™" nau 6ojee npocroe P,=k,~n. IlpH pacuere mapamer-
pa Py no dopmyne (7.46) (cm. pasa. 7) HCNONB3YIOT NeTPOdH3H-
YecKOoe COOTHOUIeHHe Pp=k,~™ y 3HayeHnue k,, HafiieHHOE OIHHM
#3 PacCMOTPEHHBIX BHIE cnoco6OB, a TakXKe HHPOPMAIHIO O MHHE-
panusauuuy Cp H YAEIbHOM CONPOTHBJIEHHH p, NJIACTOBOH BOABI NpH
TeMneparype IiacTa.

3aBucHMOCTh Py=f(ks), Hcmogb3yeMass NpH OnepaTHBHOH HH-
tepuperauuy 'MC u nozncuete 3amacoB, OGLIUHO ABJASETCS CBA3LIO
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THIIA K— K, OIpUYeM OYE€HbL YacTO NMOJYYeHHOH He Ha KaMEHHOM
MarepHasne u3yyaeMoro o0BeKTa, a U3 JHTEPATYPHHIX HCTOUHHKORB
AJS KOJJIEKTOPOB jaHHOro THna. IIpW HAJIHYHH CKBaXKHHHI, Hpoby-
FeHHO# ¢ PHO, npu cnjomHoM oT00pe H aHaJIH3e KepHa H3 Npo-
AYKTUBHHX OTJIOXKEHHH NOABASETCS BO3MOXKHOCTH NOJYYEHHS CBA3H
Py—Fk, THIA T— K OyTEM MOMJACTOBOTO COMOCTABJAEHHST 3HAUeHHH
Py, BLIUHCIEHHLX NO AAHHBIM 3J€KTPOMETDPHH (MHIAYKIHOHHBIH Me-
TOM), H ky, U3MEPEHHHX MO AAHHBIM NpAMoro Meroia. ITo mMatepua-
JlaM TaKHX CKBaXHH MoOXeT ObLIThb NO.JydeHa cBsA3b pp— Wy, KOTO-
pas Takxe NpPHMEHSETCA B NPAKTUKE MOJcYeTa 3anmacoB (cM. puc. 47).
Npenmymmecrso pp— Wy — oTcyTcTBHE HeOGXOAMMOCTH 3HATH BEJH-
UHHY ps, UTO CYIIECTBEHHO NPH H3MeHsdOUeHca B 3aJ€KH H 33 €€
fpefejaMH MHHeDaJH3amHH NJaCTOBBIX Bojx. OnpenenHs BeJUUUHY
Wy no pn, paccuntmBaioT ky= Wy/ky 1 kyp=1—k;.

EcaH KOATeKTOpH H3yuaeMOro o0beKTa NPEACTABIEHH ABYMs-
TpeMs JHTOTHNAMH, [JA ONpENEIEHHS ky HCNOJB3YIOT CEMEHCTBO
rpadpuxoB Py=f(ks), mHDpOM KOTOPBIX ABJAETCA MapaMeTrp, Xxa-
PaKTepH3yIOUIHA HX CPeiHIO TJIHHUCTOCTH {TEPpHIEHHBle NOPOAH),
NOPUCTOCTh HJIM NPOHHHAeMOCTh (KapOoHaTHble mopoiwl). IlJia na-
XOXKJAeHHA Ry B KaxJOM JIHTOTHIE HCHOJB3YIOT COOTBETCTBYIOLIUH
emy rpaduk (cM. puc. 46).

PaccMOTpeHHBbie 3aBHCHMOCTH NPHMEHAIOT IJS1 pacuera K, B
rUApodHABHBEIX NPOAYKTHBHBIX KoJajekropax. IlJiss yacTHUHO THAPO-
(POOHBIX KOJIJIEKTOPOB- UCNOJAB3YIOT TE e NPHeMBl pacuera kg, NMPH-
gamasg n>2 IlpaBunbublfi BuIOOp 7 3aTpPVAHEH, MNOCKOJBKY JJs
3TOr0 HaJo NPeXje OUEHHTHL CTeneHb THAPodOOH3auHH H C yYeTOM
ee B3ATb ONTHMAaJabHOe 3HaueHHe n. OTCyTCTBHe yuera THAPodOO-
HOCTH PeajbHOTO KOJJEKTOopa MPH OmnpeleNeHUH kg, kr NO BEJTHYHHE
Py NPHBOIAHT K CHCTEMAaTHUECKOMY 3aBHIIEHHI) HChOMBIX NapaMeT-
poB.

BansauHeM TepMoOapHuecKUX yCIOBHIT Ha 3aBHCHMOCTD pr=f(ks)
o6rugo npenebperamT, A Yero HMEIOTCH OCTATOUHBIE OCHOBaHHUA.

KospbunueHT BOAOHACBHILIECHUS Rs, & C.Ie10BAaTENBHO, K03hdu-
UHEHTH k; HIU kp, MOXKHO pPaccuuTarh, pelliasg COOTBETCTBYIOUIHE
ypaBHEHHS, NPHUBEJieHHbIE B pa3jede 7 3, N0 AaHHLIM JH3JEeKTpHYeC-
koro Metona 'C, noayuenusimM B ckBaskiige ¢ PHO

Koa@pdunneHT raszoHacHileHus paccUYUTHIBAIOT TaKKe N0 pe-
3yJbTaTaM HCCAeA0BAHMHA HEHTPOHHHM TraMMa-MeTOAOM HJH Hel-
TPOH-HEHTPOHHBIM METOJOM IO TEeNJOBLIM HEeHTPOHHBIM, BHIOJHEH-
FBIX B HeoOcaxeHHOH ckBaxkuie ¢ PHO wurn B  obcaXkeHHOA
cxBaxHHe, npobGypendofi ¢ PBO, npu monHocteio pacopMHpoOBaH-
HOH 30He NPOHUKHOBEHHS,

- Fn—kmn 13.6
& ko (1 —wp)’ (13.5

rae Rmn oupeleasiercs no HM; ky— no AaHHEIM APYTOro MeTona
T'UC; BomopoAHHi HHAEKC raza B MJACTOBHX VCJAOBHAX W=
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=1,6-10"3 pra(Tarm/Tux) (1/2). 3Aech ppyx— nacToOBOE HAaBJCHHE;
Tary, Tnn— TeMmepaTypa Ha 3€MHOH NOBepXHOCTH H B ILIACTE;
2 — k03 HIKHEHT CBEPXCKHMAEMOCTH Tras3a, MeHAOMIHACA B npefe-
Jax 08—I1,1 B 3aBUCHMOCTH OT Puy H Tun

Kosdduuuedr BogoHACHIICHUS ks H COOTBETCTBYIOLIEE €MY 3HA-
yeHHe Ry He(pTEHACHUICHHOTO MjacTa MpH 6JaronpHATHLIX YCJIOBH-
sX (OTCYTCTBHE B MOpOJE 3JEMEHTOB C AHOMAaJbHbIMH HEHTDOHHEI-
MH mapameTpaMH, BHICOKad MHHEDAJH3AlHs IJacTOBOH BOAH
Cp>100 r/a, 3HauuTeNbHAs INOPUCTOCTb KoJJekropa R;=0,2)
ONpENe/sioT [0 BEJHYHHE An, BHIUHCJACHHOH B peayJjbprare HHTEp-
nperanuu  pesysabraroB HccaenoBannii THHM B HeoGcaxennoft
ckBaxuie ¢ PHQO uau ofcaxeHHOA CKBaxHHE, HNPOGYpEHHOHA ¢
PBO npu noaHocrbio pachopMHpOBaHHOH 30He NPOHHKHOBEHHS,
fyTeM pelleHHs YPaBHEHHS

Ay = Ao (1 —ko) +Ayen, (13.7)

Tae hx=Aska+Au(1—ks); Acx, An, Axw — COOTBETCTBEHHO ACKPEMEHTH
NOTJIOLeHHsT TENJOBBIX HEATPOHOB B CKejleTe MOPOAR,, ILIacTOBOH
BOAE H HePTH.

KonnekTops ¢ Ipex$pasHBM HacolOeHHeEM.
B s1HX koassexkTOpax, comepKamHX OAHOBDEMEHHO HepTb H ras
{ra30HOCHBIH KOJIJIEKTOP C OCTATOYHOH HedTblo), Tpebyercs pas-
JeJbHOe onpelesieHHe kyx H ke, 3ajava peulaercsi ¢ HCHOAb30BAHHEM
paccMOTpeHHBIX NMeTPOQH3HUECKHX CBA3€eH H YPaBHEHHH MO cxeMme:
1) Mo gaHHBIM METOAA CONPOTHBJEHHI HJH AH3JEKTPHUECKOH mpo-
HHIIAeMOCTH HAaXOAsiT BeJHUUHY KodbhhHIHeHTa HedTerasosachiule-
BUs1 kyr=Fks+ kr; 2) MO peayabTataM cHENHANbHHIX HccAenoBaHHMA
HM onpenensior Ar H pacCUHTHIBAOT Ry=~Ryr—Rr HAH N0 NaHHLIM
crnenHanbHeX Hecienosanniit THM onpepensiior ky H paccuuThiBa-
10T kr=hyr—Fky.

KosdpdrunensT npoHHumaemocTH. [l OUEHKH KO3h-
tunuedToR abcoMIOTHOH U (a30BOA IPOHHULAEMOCTH IO AaHHBIM
THC oreuecTBeHHBIMH H 3apyGeXHBIMH 4aBTOPAMH  IIPEIJOXKEHO
6o/b1II0E KOJHYECTBO c10c0GOB. JIOCTATOUHO LIHPOKOE NpPHMEHEHHE
TIpH IPOEKTHPOBAHHM pa3pabOTKH HalLIH ABE TPYIUNLl CHOCOGOB:
OlleHKAa BEJHYHHBl Rpp MO YI€NbHOMY CONPOTHBJEHHIO pn TEPPHUTEH-
HOTO THAPO(HILHOIO MEX3epHOBOrO KOJJIEKTOpa B 30HE NDPENEJb-
HOMO HACBHIIICHHS 3aJeXH YIJeBOAODONAMH; OLEHKA BeJHUUHBI kpp
TEPPHreHHOTO MEXK3€DHOBOrO KOJJEKTOpa ¢ mpeobJjagaHHeM pac-
CesIHHOTO TVIHHHCTOTO IeMeHTa HEe3aBHCHMO OT XapakKTepa Hachillle-
#Hs. Ilerpodusnueckoil OcHOBOH cocO0OB MepBOf rPyNNbl sBJAAETCS
ypaBHenHe Kosenu — Kapmana (cm. pasn. 6), xoropoe nocie Beeae-
HHS B Hero napameTrpoB Py U Py M HEKOTOPBIX npeoGpasoBaHui
MPHBOAHTCY K BHAY:

kﬂD:‘KPrlquH, (138)



Puc. 95. Manetky 1As on- Py
peneneHus xoabdunuenra 000
NPOHHUAEMOCTH Rnp THA-
POOHIBHHIX  TEPPHTEHHBIX
KOJJIEKTOPOB HO H3BECT- -
HHM 3HaueHusIM Py 4 &g
(mo B. M HoGpuinuny).
ladp rpusbix — kg

/.

N7 A

0 100 -3 1000
knp 10 MKM2

tae K — nmocTostHHas, XxapakTepHas AJs H3yJY4eMoOro pesepByapa,
YUYHTBIBAIOLLAS CPEJHION TOJNIUMHY NJeHKH CBs3aHH0f BOAM H
TeOMETPHIO NOPOBLIX KAaHAJOB; p H ¢ — SMIHpHUYECKHe TIOKA3aTeny
CTEIEHH, 3aBHCAIIHE OT CBOHCTB KOJJIEKTOPa M HACHMIAWOWHX (aro-
HJO0B, IpHueM p 6au3k0 k 1, a g k —1. Tax, B opmyne Aan pacyera
kp, npeanoxentoii B. M. Ho6puinuasiM B C. A. CynrasoBeM aast
TEPPHUIeHHEIX KOJJEKTOPOB AeBoHa Tartapwu u Dawxupuu, p=1;
g=—1,075 {(pHc. 99).

Bennunny K HIH Npegenbl ee H3MEHEHHH YCTaHABJUBAIOT IJsd
H3yuaemoro oOGBEKTa ONBITHBIM IHyTeM, pemass ypasHeHue (13.8)
OTHOCHTEbHO K Jusl I1aCTOBBIX MepeceueHHil, B KOTOpblX Ko3bhdH-
LHEHT TPOHUIIAEMOCTH YCTAHOBJEH HO NaHHHM THIPOAHHAMHYECKHX
HCC€eI0BaHHAHA.

IMockombry aubPy3uoHHO-aACOPOIMONHAS aKTHBHOCTL Ap, #
YAenbHast PafHOAKTHBHOCTL §qn NECUQHHKOB H aJ€eBPOJIHTOB CBsi3a-
HBl C NapamMeTpaMyi TJHHHCTOCTH Wpy H Ry, @, ¢ Apyroff cTODOEH,
cozepXaHue B NMOpoJe TJAHHUCTOTO MaTePHaJjia OKasbiBaer cymliecrt-
BeHHO€E BJHSHHE HA NPOHHIAeMOCTb HOPOAL, ANA TEPPUTEHHHX KOJ-
JIEKTOPOB C pacCesHHOH TMHHHCTOCTBIO IIPH HE3HAYHTENbHOM COAEP-
3aHUHM ADYTHX BHAOB HEMEHTa HJAH OTCYTCTBHH €ro ycTaHOBJeHa
LOCTATOYHO TecHas CBA3b napaMerpoB Agy H Gyp ¢ BEJHYHHOH
&yp. dT0  sBAfETC  neTpodU3HUECKOH NPENNOCHLIKOH — OLEHKH
kyp Mo guarpammam CIT w I'M. 18 npOAYKTMBHEIX OTJOXKEHH
MHOTHX DErHOHOB NOJY4eHpB! KOPPeNsIHOHHbIE CBSI3H OTHOCHTENbHBIX
aMIUIUTYR Oeg H Afy ¢ MapamerpoM Rg. OJHUM H3 CYIIECTBEHHBIX
QrpaHuueHHd BO3MOMXKHOCTH OIEHKH Ryp N0 3HAUEHHAM Qep H AJy
ABJSETCA OTCYTCTBHE CBA3H aqem, Ay ¢ KO3QdHIMeHnTOM nponHilae-
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MOCTH AJ1% C.1a60TJTHHHCTHIX KOJIJEKTOPOB C BHICOKHMH (PHJBTP allHOH-
HO-eMKOCTHBIMH NapaMeTpaMH, NOCKOJbKY B TaKHX KOJJEKTOpax
3HayeHHS! kyp MOTYT H3MEHSTBCS B AOBOJBLHO LIHPOKHX Npefesax He
3a CueT TJIHHHCTOCTH, a OJarofapst H3MeHeHHIO IPaHyJIOMETPHUECKO-
TO cOCTaBa CKeJeTHHX 3epeH [8].

Hmeercs ellle 0fiHA BO3MONKHOCTb OLEHKH kppy no panaeim I'HC,
ccHoOBaHHasl Ha 0oJiee HJIH MeHee TECHOH CBSI3H MeXAY NapameTpa-
MH kypp H kg B OoJibhiedl 4yacTH MeXK3ePHOBBIX KOJIJIEKTOPOB KakK
TEPPUTEHHBIX, TaK H KapOOHAaTHHIX. JTO daeT OCHOBAaHHe HCIOJb-
36BaTb reo(H3HuUeCKLEe METOAH Olpeae/eHHS Ko3(phHIHeHTa NOPH-
CTOCTH MEX3EPHOBHIX KOJJEKTOPOB A5l OLEHKH HX NPOHUIAEMOCTH.

Ilennocts Hcnonb3oBaHus Marepuanos I'MC aaa ouenku napa-
MeTpa kg, COCTOHT B TOM, YTO Aaxe NMpH HeOOJbLIOH TOYHOCTH Ta-
Koii ouenkH pgaHHble 'MIC mosBosfioT BBHIAENHTH N0 KpafdHedA Mepe
JBa-TPH KJacca KOJJIEKTOPOB H 0XapaKTePH30BaThb HX pPasMellleHHE
0 NJOIafAH H B 00beMe 3adekH He(TH HJH rasa, a 3TO CO3[AaeT
NPeANOCHIJIKH [J5 NMOCTPOEHUS TPeXMePHOH MOHAeJH pe3epByapa —
o6bekTa paspaborkH. DddexrusHocTh HeNoab3zoBaHHa I'HC masa
3TOH LeNH CYIIeCTBEHHO BO3pacraer NpH KoMmiekcHpoBaHHH [HC
¢ ceficMopasBeAKo#.

KOHTPOJILHBIE BOITPOCHI

1. Uro rakoe nerpotpusnueckoe obecleueHHe KOMIIJIEKCHOH HH-
Tepnperauun pesyjabratos [HC?

2. Kakue szanayn pewatorcss no aanaeim F'FIC Ha ocHOBe nerpo-
(pH3HUIECKHX CBA3eH?

3. HNafite knaccHOHKanHIO H3BECTHBIX DBam nerpogH3HuecKHX
cBA3eH.

4. ChopmyaupyiiTe KPUTEPHH BBIAEJEHHS NPOAYKTHBHHX KOJ-
JIEKTOPOB H AafTe HX IerpoH3HUeCKOe 06OCHOBAHHE.

5. Kako#t nerpocusHdeckod HHpoOpManueH HajA0 pacnojarath
IJ HaAeKHOTO olpexejeHHst KoahduuAeHTa NOPHCTOCTH MO fAaH-
Heiv ['HC?

6. Uro takoe nerpodH3HUeCKHE KOHCTAHTHI?

7. Kakne KpHTepHH HafAeXHOCTH NeTpodu3HuecKHX cBsiseli Bam
H2BECTHHI?



14. TIETPOPU3UUYECKOE PAMOHHUPOBAHHUE
U POJIb NETPOPU3UKH

NP KOMINIJIEKCHOW UHTEPNIPETALLUMU
JAHHbBIX TEO®H3UYECKHUX METO OB

14.1. NETPOPHU3HUYECKOE PANOHHUPOBAHHUE
14.1.1. OBLUME NPHHUHUNBI

Ilna ycTaHOBJIEHHS aHaJOrHH TEOJOTHUECKHX NPOLeccoB H obpa-
30BaHui B NPAKTHYCCKHX LEJAX NOHUCKOB TNOJE3HBIX HCKONAeMBHIX,
NpPOrHo3a 3allacOB IOJe3HBIX HCKONAeMbIX M APYLHX HHXXEHePHBIX
3aja4 JABHO U LIHPOKO HCIIOJb3YETCs] CPaBHHTEJBHO-TeONOrHYeCKUN
meTol. Ero ocHOBHOH HeZOCTATOK — HCNOJb30BaHHE NPH3HAKOB, HO-
CAMUX NPEHUMYIIECTBEHHO KaueCTBEeHHbIH, aTpuOYTHBHBII XapaKTep.
B nocieanue roibl HHCTPYMEHTOM CPaBHHTEJBHO-IeOJOFHIECKOro
MeTO/a CTAHOBATCA METOAB HATYPHOTO MOJAENHPOBAHMSA reoJoruiec-
KHX OOBLEKTOB, KOTOPHle COCOGHL NPHAATh HEKOTOPYIO CPaBHHUTEb-
HYI0O KOJIHYECTBEHHYIO XapaKTepUCTHKY TeOJIOFHYECKHM IIpoleccam
H obpasosanuam (JI. B. Pososckuit, 1969 r.).

Ha ocHoBe 06mux npunuunos teopuu nogobus JI. b. Po3oBcku#
«POPMYNTHPOBAJ OCHOBHblE KPHTEPHH NOAOOHS TeOJOrHIeCKHX 00b-
€KTOB NPUMEHHTEJIbHO K NpaKTHKe re0JOrHYeCKOH pa3Beikd, B ero
HCTOJKOBAHUK TpeTb (o6paTHast) TeopemMa MOAOOHA UHTAeTCH:
«UTo0Bl reosorndyeckHe NPOLECCH, SIBJEHHST U 0Opa30BaHHSA OHIIH
nof06Hb, HEOOXOMUMO K JOCTATOYHO, YTOOL OHH OBLIH KaueCTBEHHO
OJIHHAKOBbI, XaPaKTePH30BAJHCh OJHHMH H TEMH K€ KPHUTEPHSIMH
Toa00us W HMeaH ofuiue YCJIOBHA OJHO3HAYHOCTHY.

Ecau ucnosbpsosaTe ¢u3uueckue CBOACTBa TOPHBIX NOPOJ AJsA
UeJsell YCTAHOBJEHHS MNMOJ0OHS TIe0JIOrHYeCKHX OOBEeKTOB, TO 37eCh
TpeOOBAHNHA HECKOJbKO u3MeHAKTCH. Du3uIecKue CBOHCTBA MOPOI,
TI0Jy4eHHbIe NIPH H3YUYEHHH TeQJIOTHYEeCKUX O0BEKTOB FeoQpH3HUCCKH-
MH MeTOLaMH, CaMH SBJAIOTCS Pe3yJbTaTOM pelleHuss oOOpaTHON
3aja4yd IPpH MHTepnpeTauud reoduiudeckux noJeit. Ilpu peruenun
3TOH 3aJa4YH YUYHTHIBACTCS M [EOMETPHS H3YUAaeMOro IPOCTPAHCTBA
(rmy6uHa 3ajeraHus, NpOTSIKEHHOCTb, 00'beM FeQJIOTHUECKOH HeOl-
HOPOJHOCTU H T. I.). DT0 0O3HAayaeT, UTO IPH HCIOAb30OBaHUU (HU3H-
YeCKHX CBOHCTB NOPOA .51 HJIeHTH(PHKAHH Te0JOrHIeCKOro 06~
€KTa TakHe YCJOBHSI OAHO3HAUHOCTH, KaK reoMeTpuyeckue mapamer-
pBl H3yYaeMOH CHCTEMHl, HauajbHble ¥ TPaHHUHBIE YCJOBHA 3ajfaq
6oJbIIOH pPONIK yKe He MrpalorT. B gaHHOM caydae caMu (Qu3uyec-
KHe CBOHCTBA IeOJIOrHYeCKHX OGBEKTOB GYAYT BHINOJHATH YCJIOBHSA
ONHO3HAYHOCTH HX uiaeHTubuKauuu. Ecau npu 3TOM yyecTb, 4TO
K03 (DULHEHT NPONOPLUHOHAJLHOCTH NPH HATYPHOM MOJENHPOBaHHH
O/M30K K elIuHHLle, a NeTpOodH3HUeCKHe NapaMeTpbl NepeMeHHHI,
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CTATHCTHUYECKH 3aBHCHMBI M HEOJHOPOIHH, TO HEOOXOAHMMHIM H J0-
CTATOYHBIM YCJOBHEeM NIOAOOHS TIeoJorHUeCKHX ONOBEKTOB HJM HX
yacTteil GyAeT siBASATbCA GJH30CTh HX BELIECTBEHHOTO COCTaBa, CTe-
MeHH HeOJAHOPOAHOCTH H KO3(D(hHLHEHTOB OAHOHMEHHBIX YpaBHEHHH
perpeccHH, CBSI3HIBAOIKHX COOOH JIMTOJIOrO-CTPYKTYPHLEIE H reo(H3H-
ueckHe CBOHCTBa cJaaratouux nopox (B. JI. Komapos, 1971 r.).

14.1.2, PETHOHAJIBHAS NMETPO®H3UUYECKAS
XAPAKTEPHCTHKA 3EMHON KOPbI

JlarepasbHaa AudbdepeHunanus nerpodhH3HYECKHX XapaKTepH-
CTHK TFOPHHX TOPOJ, CJaralliHX BePXHIOK YacTb 3eMHOH KOpHI,
OTpaxkaeT ee JJHTEJbHYI FEOJIOTHUECKYIO HCTOPHIO K 06YCJOBJeHA
o6pa3oBaHHeM OCaJlOYHBIX 6acceffHOB, FOPHBIX COOpY:KeHHH, MPOHHK-
HOBEHHEM B 3€MHYI0 KOPY MarMaTHu4ecKHX HOpOJ, 3PO3HOHHBIMH
npoueccamu [6].

Cerons HakonjeH OoJblION MaTepHaJl N0 NeTPODOH3HUECKHM
cBoficTBaM (rJaBHBIM 006pa30M TJIOTHOCTHRIM M MArHHTHHIM) KOpEH-
HBIX TOPHHIX TOPOJA HJH TNOPOJ, NPHKPBITHIX TOHKHM CJOE€M UYeTBep-
THYHBIX 0CajgkoB, Ha OCHOBaHHH CHCTEMaTH3alldH 3THX JaHHBIX
H. B. Hoprtman, U. ®. 3orosoit ¥ M. . Marua 8 198! r. noctpoe-
HBl TIeTPO(H3HYECKHe KapThl reosordueckux gopmaiuii CCCP.

AHanu3 pacnpefesieHHst IVIOTHOCTEH H HaMarHHUYEHHOCTH TIeoJio-
FrHYeCKHX (opmauui, a TakkKe OAHOPOAHOCTH MHJH JHCKPETHOCTH
3THX NapaMeTpoB TO3BOJAET BHAEAHTb MIECTb KPYNHBIX acCOLMalHi
reoJIorpueckux ¢popmaunii, OO6uiasi 3aKOHOMEPHOCTb MEXKAY H3Me-
HeHHsIMH IIOTHOCTH NOPOJA B 3aBHCHMOCTH OT HX MHHEPaJbHOr0
cocTaBa H CTPYKTYPBl, a Tak:Ke CBfi3b MeXKJAY IJIOTHOCTBIO H JAPYFH-
MH TeTPO(PH3HUYeCKHMH CBOHCTBaMu (YIPYTHMH, 3JeKTPUUYECKHMH H
TenJI0(hH3HUECKHMH) TIO3BOJSAIOT aCCONHALHH FeoJoTHUeCKuX popma-
Uu# paccMaTpHBaTh Tak Ke, KaK NeTPOPH3HUeCKHe aCCOLHALHE
KOHTHHEHTaJbHOH 3eMHOH KOpH [6]. Ha puc. 96 moxasana 3BoJio-
Iua MeXAy NeTpohH3HYECKHMH acCOIHANHAMH H HX Te0JOrHYeCKOR
XapakTepHCTHKOH AJIS PAa3HOBO3PACTHBIX OOpa30BaHHi.

Ilo aTuM AaHHBIM NeTpodH3HYecKas accolualus la u 16, xapak-
TEPHU3YIOIHAfACA MaJoi HHU3KOH MJOTHOCTBIO U CJAab0H HaMarHHYeH-
HOCTBIO, OO0 BeJHHAET BCe OCafOUHBle popMalH H YacTb ¢popMmalui
KHCJIBIX MarMatHueCkHX NopoA. OHH XapakTepHB [JJisl  MOJIOABIX
(Ia), mpesnux (I6) nmmardopm H ckiaguatbix oGjacreli PR—KZ.
Cpean ocafgouHBIX (GOpMAlKi B 3TOH acCOLHALIHH YETKO BBIAEJSIOT-
cA caaGoNHTHQHUHPOBAaHHBIE B JHTHQHUHPOBaHHBle IPYnIb! hopma-
unit, CraboauTHPHUUPOBAHHEE HMEIOT HH3KYIO NJOTHOCTh H TIOPH-
CTYI0 cTPYKTYpy. MIMu ciaratorca o0WIHPHBE TJOL(aAH HEAHCJOLH-
POBaHHBIX NOKPOBOB MOJIOABIX M JAPEBHHX 1JaaTdOpM, NPOrHOH,
MYJbAH, O0pasyloupecs B NEPHOA TeKTOHHUECKOH acCCOUHALHH pe-
THOHOB.
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Fpynna nurhbuuuposanusix GopMaumit xapaktepHsyercss Hu3-
KOH H cpenHeft IntotHOCTBIO. Ha Pycckoii niardopMme ¢ 3THMH IO-
polaMK cBsi3aH MaJIGO30HCKHH 3Tan ee pasButusi. Ha paHHel
CpelHel craiusiX MTHGHKAUKMU HalJiofaercsi CBA3b MexJy IJIOT-
HOCTBIO H TOPHCTOCTPIO Ha nosgHel craauu (MeraMopduueckKHe
nopoasl) auddepeHuruanusi NOPOL 10 NOPHCTOCTH YMEHbBLIARTCS.

B 3710fi Xe NETPOPR3UYECKOH accoumaldkd HAXOAATCH YrjeHoC-
nble popmaunu. CylllecTByer Xopolias BO3MOKHOCTb OLE@HKH CTa K
JUTHOHKALHH 3THX ¢GopMauuii no cremeHHn Meramopdusma yriei
(C. A. Tomopewu, 1975 r.; B. B. I'peuyxun, 1980 r.). IltotHOCTB
YTJIEHOCHBIX TOJII, H3MEHsieTCs B MIHPOKHX mpexerdax oT 2-10° go
2,75-10°% kr/m3. HaMmarguyeHHOCTb cJaGasi.

K accounauun I oTHeceHBl TakKe KHCJble H YMepPEHHO-KHCJHE
HHTPY3HBHHE H 3(¢ysuBHBE 06pa3oBaHHs, XapaKTePH3YIOLIHECsH
CpefHell ILUIOTHOCTBIO M cJaboi HaMarHH4eHHOCTHIO.

Ilerpodusnueckast accounauuss II BKJIIOUAET MarMaTHYeCKHe H
yabTpameraMopdHueckie dhopmanuu cpeaHei W NOBBILEHHOH INJIOT-
HOCTH CO CpenHed HaMarHuYeHHOCTbIO. DTH NOPOABI IPHYPOUYEHH K
ck1aguathiM o6jactsiMm AR—KZ.

Ierpodusnueckass accouunauus 111 o6benuHsier auddepeHuupo-
BaHHBIe IO IJIOTHOCTH, HAaMarHH4e€HHOCTH H COCTaBy 0CaJ09HO-BYJ-
KaHoreHHble GopMalluu, BKJIOYass perHoHaJbHO-MeTaMopdHYecKHe
HOpPOJHl, yJbTpaMeraMopduyeckue, asromeTaMmophuieckue ¢opma-
nuu. Creunduka o6pasosanuil srux ¢opMauuii — WKHPOKul Juana-
30H TeMIepaTyp ¥ AaBJEHHH —— OT THIHYHO KOPOBHIX J0 MaHTHIHBIX.
Berpeuatorest 3TH Qopmanum B CKaagdathix ofgactax AR—PR
(murer)  [6].

Ilerpodusnveckue accounanuu IV u V BKJIIOZAOT tbopMmalun
IIOPOJ, OCHOBHOI'O H YJIBTPAOCHOBHOTO COCTaBOB BHICOKOH IJIOTHOCTH.
OcHOBHOe pa3/HinHe MeXJAY 3THMH acCOLMALUsMH 3aKJJyaercsd B
HaMarHM4eHHoCTH: dopmauur IV accounalfn HMEIOT BHICOKYIO Ha-
MarHu4eHHOCTh, (opmannn V accolmauii — clIaGOMaTHHTHH.

B IV accounanuio BXOAAT HHTPY3HBHHE B 3G (y3HBHEE NOPOAB
OCHOBHOIO H Dexe CPeIHero CoCTaBa IIEJOYHO-3eMeTbHOr0o H Ie-
JIOYHOTO PAJOB, a TakXke INeJOYHHEEe YJIbTPAOCHOBHBIE MOPOLHL.
Hurpysuun npeacrasiaensl rab6po, raG6po-Hopuramu, rabGpo-guada-
3aMH, ra66po-aHOPTO3UTaMH, rab6po-IHOPUTAMU U JHOPHTaMH C
NJIOTHOCTBIO 3THX mopox ot 2,90-10% go 3,1-10° kr/m3, sddysusube
nopoJbl — 6a3a7bTOBONR U aHAe3HT-0a3albTOBOR (GOpPMaIHAMA.

K V accounauun oTHocsarcsi Gasur-runep6asuToBasi rpymmna,
aHOPTHTOBAsl, NMUKPUTIOPHPHTOBAass M 3IKJIOrHTOBas QopMaluu
nJaoTHOcThI0 OT 3-10% 10 3,4-10% kr/M3® B C BHICOKHM cOJepXKaHHEM
(mo 10—15%) :xenesa, Bxogsiero B clabo0MarHHTHEE U TeMHOL(BET-
Hhie CHJIMKATHHIE MHHEpaJIhl.

B VI nerpodu3sHIe€CKyo acCOLHALMI0 BXOAHT KoNTOoreHHasi Gop-
Malus, o6pa3oBaHHass B YCJIOBHAX HEPaBHOMEPHOrO yA4apHOTO AaB-
JieHHs1 (B NMOPOBO-KOCMHYECKOM peXHMe IO NeHCTBHeM MeTeopPH-
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QPuc. 97, Cxema pafioHHPOBAHHUs BOCTOYHON wacTH BajTuiickoro muTa no nerpodu-
3uyeckuM fanuuM (no H. B. Joprman, M. III. Maruz, 1980).

ApxelickHlf CTPYKTypHO-hOpMANHOHHBA KOMIIIEKC, MJAOTHOCTb: [ — HHM3Kas, 2 — cpeAHAs, 3 —
BBICOKAsI; NMpoTepo3oACKHe CTPYKTYpHO-hopMaUHOHHbBIe KOMILIEKChl H NaJeo3oficKaa aKTURH3A-
THA, NJAOTHOCTB: 4 — HU3Kas, 5 — cpeRusisg, 6 — BbiCOKasl; 7 — LXONONHHTeAbHbLIE 3JEeMeHTh Mar-
WHHATHOR XapaKTepHUCTHKH; & — OCHOBHblE IJIYGHHHbIe pa3zioMmsl, MeralGiaoku: [ — MypMmaucksdi,
&1 — Koancknit, 111 — BesoMopckn#, .V — Kapeasckuit, V — JlafomcRut



TOB). 310 cbop&auml HMIIAKTHTOB (3IOBHTOB, TAraJjJMTOB H AP.). 3TO
OOBIYHO MSrKne TeJa WIOTHOCTBIO oOT 1,9-10% mo 2,75.10° kr/m3,
HMeIOIle HeNOCTOSHHYID HaMarHH4eHHOCTD.

Ha puc. 97 npuresen npumep nerpodu3uyeckoro paloHHpoBa-
HYs OOUIHPHON TeDPUTOPUH BECbMAa CJIOMKHOTO Fe0JIOFHYECKOro CTPO-
enns. BolienenHble Ha PHCYHKe GOPMAIMK OTHOCSTCA K apXeHCKOMY
H OPOTePO30HCKOMY CTPYKTYDHO-QODPMALMOHHLIM  KOMIJIeKCaM, a
Takxe K NOPoJAaM Naneo30HCKOH aktuBu3auuu. [IocKOMbKY Kax a0
neTpothu3uyecKOn accounanyu HpopMaluii COOTBETCTBYeT OlpeaeeH-
HBA KOMIUIEKC TeoJioriyeckux (Gopmauui, K KOTOPHM NpPUYPOUYEHBI
Te WJIH HHbIe TOJIe3Hble HCKOIlaeMble, TO NeTpodu3HyecKOe paHOHH-
poBaule Ha cpe3ax 3eMHOH KOpH INO3BOJHT OoJiee HampaBJeHHO
BECTH IIOMCK MOJIe3HBIX HCKONAeMBIX reO(u3HYECKHMH MeETOJaMH,
T. €. CHOCOOCTBYeT B KOHEYHOM HTOTe INOBHIICHHIO 3(PGHEKTHBHOCTH
TeoJIOropa3BeloYHbIX paboT.

14.1.3. NETPO® H3NYECKOE PAHOHHPOBAHHE
HE®TETA30COLEP)XAII(HX OTJNO)XEHHH

IleTpodusnueckoe pafioHHpOBaHHe MeCYaHO-aJeBPHTOBHIX JIEeBOH-
CKHX H HHMHEKaMEHHOYFOJIBHBIX OTJIOMEHHH psfa He@TAHHX Me-
cropoxenuit Tarapuu u Dawkupuu suinosneno B 1971 r. B. JI. Ko-
MapoBbBM. BeposTHO, 3T0 GHJIO OHHM M3 NEPBHX KPYNHBX 060611e-
HHH TAKOFO pojJa, B KoTopoMm Oblia paspaboraHa MeToinka paHo-
HHPOBAHUS H H3ydYeHO OOJIbLIOC YHCJIO CKBAXHH, CHCTeMAaTH3HPOBaH
KDYHHBII MacCuB NaHHHX 0 KepHaM TNPOJYKTHBHBIX OTJIOXEHHH.

Ha ocHOBaHuu 3THX HCCJeJIOBAaHHHE aBTOD BBLIACJWJ IATh IETPO-
¢U3HIEeCKHX 30H B 35TOM OFPOMHOM peruoHe.

YeTagoBA€HO, UTO MOILIHOCTb INepexOAHOH BOZOHEDTAHOH 30HH
upeacTaBisier co00H CHABHHN NPH3HAK, NO3BOJAOMHMA HASHTHD HIK-
poBath OOGBEKTH HCCJAEIOBAHHS IO KOMIUIEKCY CTPYKTYPHBIX
CBOHCTB NOpOA ¥ (QuU3HKO-XMMudYecKux csoficts Hedrtu. Ilo stOMYy
PU3HAKY BCE AEBOHCKHE IJIACThl, WMEIOUIHE TOJUIHHY [ePeXOodHOH
30HB OT 3 10 4 M, OTHeCeHBl K eIHHOH FpyIle, 4 IJIACTH TYJbCKHX
M PajgaeBcKo-G06PHKOBCKHX HHMKHEKAMEHHOYTFOJbHHX OTJIOKCHHH C
TepexoHOH 30HOH MeHee 2 M BBHIJeJeHBl B APYrYI0 €IHHYIO Fpynmy
OTJIOKEHHI.

ITocse storo no uaubosee GIH3KUM 3HaYeHHAM NOCTOSTHHBIX KO-
3P dUUKHEHTOB B NAapHBIX W MHOTOMEDHBIX CBSI3fX MeXKAY nerpodu-
3HYECKHMHU NapaMmeTpamH GbLiu MPOBeJEHB FPAaHHUb IATH NeTPOPH-
3UYeCKHX 30H. Kaxgas Takas 30Ha xapakrepuzyercss HabopoMm u3
6—10 nerpodusnUecKHX YypaBHeHHH, KOTOPBIMH DPEKOMEHAYeTCs
101b30BAThCS C MOMOILBIO METPOpU3HTECKHX CBsi3ed.

AHamoruugbie paboTh mo leTpodH3HYECKOMY DPalOHHPOBAHHIO
MeJIOBBIX MPOAYKTHBHBIX oTjoxeHnuii 3anaaHoft Cubupu GBUIH BH-
moiHenn B 1975 r. E. . JleoHTbeBBHIM.
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14.1.4. NTETPO®H3UHYECKHE PA3FPE3bl

s u3yueHHA 3aKOHOMepHOCTeH H3MeHeHHs NeTPO(H3HUeCKHX
CBOHCTB ¢ IVIYOHMHOH cTpoAT NeTpodu3HUYecKHe pas3pesbl, KOTOpble
ABJISIIOTCH OCHOBOH /I M3YUeHHs INTYGUHHOrO re0JOFHYECKOT0 CTPO-
eHHsl pernoHa no reodusuyeckUM gaHHEM. CTPOsAT NeTpodH3HUYeCKUe
paspesbl IO pesyJbTaTaM OypeHHsl TJIYOOKHX IapaMeTpHYECKHX
CKBaxKMH, MCIOJNb3Ys C 3TOM Lesblo KepH, manuele I'MC, a takxke
CBOHCTBa 00paslloB IOPOJ, BbIBEIEHHBIX B Pe3yJbTaTe TeKTOHHUEC-
KHX TIPOILECCOB Ha TOBEPXHOCTb C YYeTOM BBeJeHHs IIOTPaBOK 3a
BJusiHHE TepMOOapuueCKHX VCJIOBHH 3ajeranusd.

Ha puc. 98 uzobpaxkeH ruayOuUHHBIH HeTpoQH3INUECKHA paspes
reoJioru4ecknx o6pasoBanni IledqeHrcKOro CHHKJIHHODUSA, 3aIOJHEH-
HOrO 0CaJ0UHO-BYJKaHOreHHBIM KoMmIuekcom (PRg). Komngexc co-
CTOUT M3 BYJIKaHOTEHHBIX TOJIH OCHOBHOro cocrasa (3. b. Hanusku-
Ha M 1p.).

Bepxusis Tomma IV c/loXKeHa rjaaBHEM 006pasoM c1a00OH3MEHEH-
HEIMH JIMa6a3aMid cO CpelHHMHU IUIOTHOCTBIO 6;=2,99-10% kr/m® u
ckopocTbio Up=6,6 kM/C. Ilox BIHAHHEM aKTHHOJIHTH3ALMH B TOJILIE
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111 yBeanumsaercs cpeaHsisi NJAoTHOCTh 10 3,03-103 Kr/M3 W yMeHb-
UIaeTCs CKOPOCTh IPOJAOJILHHEX BOJIH 3a CuUeT IOBBHIIIEHHOH Tpeiju-
HOBaTocTH. Anoana6as3oBble H anoaHgesHToBbe ciaaHubl Toau II u
I xapakrepusyiorcsi 60Jee HH3KHMH IUIOTHOCTBIO H CKOPOCThIO NpO-
JOJBHHEX BOJIH.

Paspe3 OCHOBHHX BYJK4HHTOB IIEYEHICKOTO KOMILJEKCAa B OCHOB-
KOM cinabomarHuted. Mckmouenue cocrasJgaseT Il BoicokoMarHuTHas
TOJIIILA.

14.2. MOCTPOEHHUE BEPTHKAJILHOHA
TEOAKYCTHYECKOH MOJEJIH CPELbI

BunsiHne MHOXecTBa PasJIHYHBIX CeHCMOreOJOrHueckKHx ¢akrTo-
POB Ha XapaKTep 3alllCH B ceficMopa3BelKe Ipejgolpe/essieT H Be-
POATHOCTHBIA XapaxkTep MOJY4aeMblX CTPYKTYPHO-QOpMAalNHOHHBIX
OLICHOK paspe3a. [IoBBICHTE Hal€XKHOCTh 3THX OLEHOK I03BOJISET
KOMILJIEKCHPOBaHHe Ha3eMHBIX (CeHCMOpasBejKa), CKBaXKHHHBIX aKy-
CTHYECKHX HCCJIeN0BaHMH, NOAKPeNJIeHHBIX H3ydeHHeM YIOPYIHX
CBOHCTB KEpHOB IHOPOA.

Posp ckBa:KHHHBIX H TeTPOQH3HUECKHX HCCJIeI0BaHHHA COCTOUT
B [OCTPOEHHH JHHEHHOH (BepTHKAJbHOH) reoaKyCTHUECKOH MO/eJsH
CpeaBl, corjacoBaHHOH ¢ ee CTPYKTYPHO-(panuaJbHBIMH OCOGEHHO-
CTAMM.

OCHOBO# /11 NOCTPOEHHSI I'€OaKYCTHUYECKOH MOJENH SIBJSIIOTCS
nangple [MIC (aKycTHYeCKHH W raMMa-raMMa-MeTOJbI), BEPTHKAIb-
Hoe ceficMuueckoe npoduauposanue (BCII) u nerpodusnueckue
HUCCJIeIOBaHHSI KEPHOB.

B mocienyiomem ¢ yieTOM Has3eMHBIX CEHCMHUeCKHX HCCJelI0Ba-
Huii MOB u BCII crposit adheKTHBHYIO CECMHUECKYIO MOLETb.

FeoakycTuueckass JuHeHHAasi MOJAe/Nb NpeACTaBjser COOGOH JHTO-
JIOTHUECKYI0 KOJIOHKY CO CcTpaTHrpacHuyeckol pa3OHBKOH, KpUBBIE
H3MeHeHus] WHTEPBAJbHBIX CKOPOCTeH U IJOTHOCTH MOPOJL ¢ TJIyGH-
HOH, rpaduk NOJOXKEeHHS HaHOOJ/ee 3HAUHUTENBHBIX OTPaKaloiHx
rPaHuIl B KpHBBIE CPEIHHX CKOPOCTeH H IIOTHOCTH NOPOJ, CJaralw-
LIMX paspes.

Takum o6paszoM, INpPH NOCTPOCHHH Te0AKYCTHYECKOH JHMHeHHOH
Moienu ucnoap3ylorcsi panusle [HMC gis1 onpegeneHHsi JTHTOJIOrHH
HopoJ, UX yHnpyrux (aKyCTHYeCKHH METOI) M ILIOTHOCTHBIX (raMma-
raMMa-mMeTo]) XapakTepHCTHK.

Crporo rosopsi, IpH HaJHYHH NepeuHcjaeHHbIXx auarpamm [HC
HeT HeOGXOJHMOCTH B HCIOJb30BaHHH NeTpodU3HUeCKHX HCCleloBa-
uui. OnHako yacTo HaGJIogalomMecs: Ha NPAaKTHKe HCKaXKeHUsi KpH-
BHIX AKYCTHUECKOTO M ramma-raMMa-Meroja B pesysbTare He(Jja-
TONPHSITHBIX YCJOBHHA HM3MepeHHs (KaBepHH, OOJpIIOH  JHaMeTp
CKBaKMHBI [IpH OYPEHHH IIOJ KOHAYKTOP M [ApyrHe NPHUKHH) Tpely-
10T YTOYHEHHsS MOJY4YeHHBIX JaHHHIX, HX COIJIacOBaHMsA T mneTpodH-
3HYECKHMHE (aKTopaMH, HCIOJb30BAHHS CTATHCTHYECKOTO IOIXOAA

359



Ta6auuna 30. Koppeasunonubie 3aBHCHMOCTH MeXAy Up, On B kg
AJs1 MeCYaHO-TIMHHCTHX oTJoxKeHnik weabda Caxanuna

Uncno | Koppena-
Topoaa YpaBHeHIe perpeccHH nap LLHOHHOE
OTHOLUEHHE
vp=(,207—0,525- 10— +0,759- 10— H?*— 466 0,897
—0,184-10-5H3
6n=0,203+0,339H—0,946-10-*H*+0,968-10-8H? 436 0,740
§:=0,33241,51v~0,38 - 10~3vp24-0,336- 10— 70,3 435 0,893
IRTCE] vp=—2373,14+767,26 In H 120 0,87
8,=1,45640,131n H 120 0,83
n=73,99—7,69 In H 120 0,82
kn=248 43-—28 49 In vp 120 0,88
vp=0,195—0,275H~+0,822-10-3H2—0,183- 10— H?3, 347 0,820
6,=0,204+40,159H—0,425-10-*H?+0,105- 10— 7H? 347 0,660
Gnt0,226——0,320;}_1+0,153- 10—40p2—0,172- 10~ Tvp3 21}2(7) 8,27315
vp=1609,7 40,83 2 ,75
Hecaantx| § 009+ 9,42.10-5H 120 | 0,47
6.=1_8941,21-10-%vp 120 0,71
kn=60,3—5,57 In H 120 0,49
Rq=36,97—0,00587vp 120 0,71

IPH NOCTPOEHHH CKOPOCTHOM M IUVIOTHOCTHOM XapaKTePUCTHK pas-
pesa.
C 3710i1 1eabIo 1e1€CO06Pa3HO HCNOJIb30BaTh HOPMaJbHbEe (3Ta-
JIOHHbIE) 3aBHCHMOCTH TeTPOMH3HUIECKUX CBOHCTB TOPHBIX HOPOA C
ray6unoi (A. I. ABep6yx, 1982 r.) uau Kpushle H3MeHEHHs IETPO-
(Gu3MYECKHX CBOUCTB OT 3((PEKTUBHOIO HANPSKEHHS (KOMIpPeCCH-
oHHHe KpuBbie) (B. M. Ho6puiHun u ap., 1982 r.).

Hopma/bHble 3aBHCHMOCTH ¥ KOMIIPECCHOHHLIE KPHBHE OTpaxa-
0T U3MEHEHHe C TVIyOMHOH (WJH C JaBJeHHeM) CBOHCTB OJHOBO3pa-
CTHBIX, JHMTOJIOTHYECKH OJHOPOJHHX IOpoa, o00pa3oBaBIINXCSd B
YC/I0BUSAX MOHOTOHHOIO NOTFPYXKEHHS H YIJIOTHEHHS Hpd CXOJHBIX
¢amua bHbIX 06CTAHOBKAX. JTH KPHBHE CTPOSIT HA CTATHCTHYECKOH
OCHOBE C HCIIOJIb30BAHHEM HCC/AENOBAHHH wmJ/aaMa H KepHoB. Hop-
MaJibHble H KOMIPECCHOHHLIE CTATHCTHYECKHE KPHBBIE MOTYT OHITH
HCIOJMb30BAHE AJ51 NPOTHO3HPOBAHHUS AKYCTHUECKHX H IJIOTHOCTHBIX
CBOMCTB Ha IJyOHHH, He BCKPBITHIE CKBaXKHHAMHU, /s BOCIOJHEHHA
H KOPPEKTHPOBKH KOHKDETHHX CKBAXKHHHBIX HCCJACJOBAHHH, BHIABJIE-
HUS 30H aHOMAJbHBIX [1aBJeHuid, [epepbiBOB B OCAJKOHAKOMJCHHH,
HapyweHu# u T. 0. Bce 3t JaHHBHE 3HAYUTEJBHO IIOBHIIAIOT
JOCTOBEPHOCTh re0aKyCTHUYECKOH JIHHeHHOH MOjedH Cpelbl, HCIOJIb-
3yeMOd /i NPOrHO3HPOBAHHS TeOJOrMYeCKOr0 paspesa WM Ips-
MBbIX IIOHCKOB NOJe3HbIX HCKONaeMhiX IO JaHHHM CeHCMOpa3BelKH.

Pasputble cerofHs Meroibl  KOPPEIAUHOHHO-PErPECCHOHHOTO
aHaJ/k3a NO3BOJIAIOT NPEICTaBUTh 3TH 3aBHCHMOCTH B BHJAE ypaBHe-
Huil. B xauectse npumepa B Ta6.1. 30 npeAcTan/eHbl Takhne KOppesi-
LHOHHBIE CBA3W, NOJY4YCHHLle AJs IeCYaHo-TJIMHHCTOTO paspesa ce-
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Bepo-soctoyHoro lenndpa Caxanmna (M. M. Xsemuyx # 4p.,
1988 r.).

ITpr mocTpoeHHM reoaKycTHIECKOrO JHHEHHOro paspesa € NOMO-
IBI0 KOPPEIANHOHHBIX 3aBHCHMOCTeH G0Jplloe NpaKTHIECKOe 3Ha--
YeHHe HMEIOT 3aBUCHUMOCTH THNA Up(8y) U Og(vp), MO3BOJANOLIME
NMpPOrHO3HUpPOBaTE OJMH IapaMeTp IO JPYromy.

leoakycTHueCKylo JIHHEAHYI0 MOAesb NePeBOAAT B CeHCMHUECKHH
IHanasoH 4acToT NMyTeM aBTOKOPPEJsSLHOHHHX (yHKUHH cefcMHIec-
gkux Tpacc B Mertoge OIT. C 310l mesapo MO JaHHHIM Teo-
AKyCTHUECKOro paspesa pPacCUMTHIBAIOT CHHTeTHUeCKHe celcMo-
rpamMMHbl, nOAOOHBIE 3KCNEpHUMEHTAIbHBIM ceficMOrpaMMam, NoJydyeH-
HbIM BOJIH3H CKBaXKHHBI. DTOT aHAJH3 I03BOJsET OIEHUTh HHPopMa-
THBHOCTb KHHEMATHUECKHX K ANHAMHUECKHX NapaMeTpoB cedcMHUec-
KHX 3anHced, nepefiTH OT BpeMeHHOr0 X TeoJIOTHUECKOMY paspesy.

14.3. UCNNIOJIb3OBAHUE NETPOPU3HYECKHUX
HCCJIENOBAHUH NPU KOMNJIEKCHOMH
UMHTEPNPETAUUH TrEOPU3HYECKUX JAHHDbIX

BaxxHoe MecTO B Ipolecce KOMIVIEKCHOH MHTeplpeTaluH reodH-
3HYECKHX JaHHBIX 3aHMMaeT ¢u3HKO-Te0JIOrHYeCKass Mojejp —
06061uenHoe H QopMmasiH30BaHHOE NpeAcTaBieHe 06 OCHOBHHIX I'eo-
JOrHUeCKHX H (HU3KHUECKHX XapaKTepPHCTHKaX HCCJAEAYEeMOrO reoJio-
ruueckoro o6bvekra (B. B. Bpomoso#, 1980 r.). dusuko-reosorunuec-
KHe MOJEJIH MEHSIOTCA B 3aBHCHMOCTH OT IeJieH FeoQU3HYeCKHX
HocJefloBaunit (MPOTHO3, KapTHPOBaHKe, MOHCK MJH Pa3Belka).

ODU3HKO-reoJIOruIecKkass Moaesb MoXeT ObITh IIPeACTaBJjeHa rpa-
duuecku B BHIe MaciitaGHOro H3oGpaxkeHus (paspesos, NPodHIel),
Jinbo onMcaHa aHaJUTHYECKH C MOMOILIbIO YpaBHEHHH H TaOGJHUHHX
AaHHHX. Tpu OCHOBHBIX aKTOpa ONpeHeNsAoT (H3IUKO-reoJorHyec-
KYy10 Mojenb: 1) ¢Hu3uuecKHe cBOHCTBA FOPHHBIX NOPOA; 2) reoMmer-
pHueckie pasmepH, ¢opma ¥ riyGHHa ofbekra; 3) BJIHAHHe NOMex
T€0JIOTHYECKOr0 W HEreoJIOTHYecKoro IpOUCXOXKAeHHA.

B cooTBeTcTBHHM ¢ 3alayeif JaHHOrO pasjesa OCTAHOBUMCH JIHUIb
Ha nepsoM ¢akrope. MupopManHsa o GH3KUECKHX CBOKCTBAX FOPHBIX
MOPOJ HCIOJb3yeTCsl Ha BCeX CTajUAX reoJoropas3BeioyHoro Ipo-
grecca.

Pu3HyecKHe CBOHCTBA NOPOJ M3MEHSIOTCA B 3aBHCHMOCTH OT HX
€OCTaBa, Bo3pacta, IMyOHHBI 3ajleTaHHs, CTeleHH MeTaMopdH3Ma
#1 Apyrux daxTopoB. DTH BCe H3MeHEHHUs JOJIKHBI HalTH OTpaXKeHHe
8 (HU3HKO-re0/IOrHYeCKOH MOoaenH.

Ha puc. 99 nokaszan npumep ¢H3HKO-Fre0JOrH4ecKoil MOJARTH KOJI-
YeJaHHOrO MeCTOPOXKIEHHs, 3a/erapinero B riApoTepMajbHO H3Me-
HeHHBIX CEDHIMTO-XJOPHTOBHIX NOPOAAx ¢ cyAbGHAHOH MHHepaJu-
sanueii, Ha Mozenn oTpakeHsl FreOMeTpHsl B CBOACTBA BMeEIAOIHX
MECTOPOXKJCHHE IOPOJ, NOKA3aHB TPH BO3MOXKHHX NpOdHIs H3Me-
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Puc 99 Du3uKO-TeoNOrHUACKAA MOJeNb KOJ1eJaHHOIO0 MECTOPOXAEHHA C OXH-
AaeMEIMH (bHIHYECKHMH NOJNSIMH (2JIEKTPOpa3Belka Px, IpaBHpasBellka Ag U MeTon
BHI3BAHHOA NOJPH3ALMH Nx) NPH DA3HBIX NONOXKEHHAX SPO3HOHHOTO cpesa (mo
M H Cronnuepy u xp )

1 ~ nOKpOBHME MEe3030/CKO-Ka¥HO30fCKHe OTTOXKeHHs, P, =0—100 OmM M, §;=1-24 ricwd, %=
=(0—40) 105 ex CH 2-— nazpyiaHag TOJla aHAE3HTO-Ga3a7TbTOBOTO cocTaBa, Q.=
=(3-7) 10> Om M B,=275—29 r/eM®, »=(12—125) 10-% en CH, Ay=1-3%, 3— nucaue
DPYROBMeEULalOUHe BYJAKaHHTH (p,=(1—3) 10° Om M B8,=255~270 rjcm®, ®=(0—25) 10— en,
CH A,=2+10%), 4--ruapoTepManbHO H3MEHeHHble CEepPHUHTO XJOPHTOBbIE NOPOALI C CYJbe
dupHOR MHHepaaH3auuedl, p,=25—1000 OM M, 0§, =28-33 r/cm?, %=(0—6) 10— ex CU,
A, =~5—~40%; 5 — MacCHBHBle KoaueamHele DYZel, 0,=1—100 OM M, §,=3,5—46 rlcw’, x=0,
Ap=40% 6=p., 7—Ag, 8 —MN,, 1—I1I/] —ypoBHH 3PO3HOHHOTO Cpe3a

HeHUA TeaPH3HYECKHX [ApaMEeTPOB HAA 3TOHR MOIEIBIO NPH TPEX
BO3MOXKHBIX TOJOXKEHHSIX 3PO3MOHHOTD Cpesa

[Ipu nocTpoenun HHUIUKO-reoJOrHUecKHX Mojenefl BaXKHYIO POAb:
TaKkKe HIPalT KOPPEeNRUHOHHBIE CBR3M MeXAy HeTpoH3HdeCKHMA
napaMerpaMH paspe3a IlpuMeprl TakuX CBaAzell MeXAY CKOPOCTBIO
Up U IMJIOTHOCTBIO 8y, 4 Takxke MeXAY 3THMU napamerpaMmu ¢ IiyOH-
HOH 3aleraHds IOPOJRI OblIH NPHBEAEHBbl B NPeALAyHleM pasiene
HacTosiuelt riaBol K 3TOMy MOMHO A004BUTH ele 3aBUCHMOCTH
MEXIY CKOPOCTBIO H 3JIEKTPUUECKHMHK CBOHCTBaMM Paspesa, MeXAY
CKODOCTbIO H APYTHMH [POMBICJOBO-re0(H3NUECKHMH NapaMeTpaMi
(B C BoassoBexuit, H {d Kyuun, E W Tepexun, 1977 r) Ilo-
JIyUCHHEIE ¢ IOMOLILIO TeodH3nyecKns H3MepeHHii H KepHOB Koppe-
JISLIIHOHHBIE CBA3W IUHPOKO NPHMEHSIOTCA TIPH NPOEKTHPDOBAHHH H
KOMIIIeKCHO! HHTEepHpeTaunn reopuanuecKux naMmepenuit, Cpelenns
O paclnpeAeseHHH NJOTHOCTH NOPOL B MOASIH OCAJOUHBIX INIODOJ
T03BOJNISIOT OLEHUTL H3MEHEHHE YNPYTUX CBONCTB CDEAM ¥ HDPEANO-
JIOXKHTb BO3MOXHOCTH CEHCMODAa3BEIKH, CleiaTh 3aKJIOYEHHE O

362



NPHPOJE H BO3MOXKHOCTH HCHO.JIH30BAHHS TPABHMETPUUECKHX IMOJeH.

B kauectBe 0JHOTO H3 NETPOPHM3HUECKNX NPH3HAKOB MPH INOUC-
Kax PyIHHX MECTODOXASHHH HCHOAB3YIOT XapaKTep KOppeJsluH
MeXAy NJAOTHOCTHIO M MATHUTHOA BOCHPHUMUYMBOCTLIO MarMmaTtndec-
KHX nopoj. B noponax, He H3MEHEHHBIX SHIOT€HHHIMH IPOLECCaMH,
HE3aBHCHMO OT HX COCTaBa M TeHe3nca HMEeT MECTO NOJONKHTENb-
Hasl KOPPENAUNOHHAA CBA3L MEXAY 6p U x — yBeaudenuto §, cOOT-
BeTCTByeT YyBeAHYeHHE ¥.

B 30Hax THAPOTEPMaJbHO-METACOMATHUECKHX IIPOIECCOB NPOMC-
XOAUT HaPYIUIEHHEe TOJOXKUTENbHOH KOPPENANHOHHOH CBSA3H BINOTh
A0 7nosBACHHR oOpatHOH cBfA3m MeEXAY 3THMH BeJIWUHHAMH
(B. M. ITaxoMmoB). JT0 NO3BOASIET DPE3YALTATH NETPO(HU3NYECKNX
YCCAEAOBAHNA HCNOJb30BATEL JAS BBHIIEJEGHHS 30H THAPOTEPMAaNbHO
HU3MEHEHHHX TNOPOJ, NEPCNEeKTHBHLHIX Ha MHOTHE pyJIHBIE NOJE3HHE
HCKOT aeMHe,

IlpumepoM Taxoro NMpHMEHEHHs ABAAIOTCH TAYOUHHBHE netpodu-
3pyeckne paspespl. IIpH MOCTPOEHHHM 3TOTO pa3pe3a HCMOABL3YIOTCH
fieTpouznueckue, reopu3uYecKre U TeoNOTHUeCKHe KaPThl, JaHHBIE
I0 TAyOOKHM M CBEPXTJIyOOKUM CKBaXKUHAM, MyOUHHBIM ceficMuuec-
KHM 30HAMpOBaHUAM [6].

KOHTPOJIbHDBIE BOITPOCDHI

1. Uro rakoe nerpodu3nueckoe PafOHHpPOBAHME, [Aad KaKux
geneft OHO TNPUMEHAGTCH?

2. TTouATHe 0 neTPOPH3NYECKHX ACCOUMANNAX, NeTPOPH3NUECKUX
paszpe3ax, ONUIINTE UX CYHIHOCTH, NIPUBEAUTE OPUMEPHL.

3. Uro takoe reoakyCTHUeCKad MOJEAb CPeNH, KaK OHa CTPOUTCH,
ANd Kakux uenefl npuMeHsercA? Ponap reousnyeckux Hccienosa-
HUE CKBAaXHWH 0OPU NOCTPOEHHH TEOAKyCTHYECKOH MOILAH,

4. KaxoBbnl HampaBJeHUA HCNOJL30BAHUA NETPOPH3UYECKHX HC-
chaefloBaHMH TNPH KOMIJIEKCHOH uHTEpnpeTaunuu reodH3mMyecKux
JaHHBIX?
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