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B kuuTe ocBemeHbl BONPOCHl TeOPDAHM HBHMKEHAA MOJ-
3EeMHBIX BOJl A T'H/IPOTE€0JOTHYEeCKAX pacyeToB, NOJYYHB-
ImEe 3HAYUTeNbHOEe Pa3BATHe B IOCJHEAHHe I'OAK Yy Hac
B cTpaue u 3a pybesxkoM. B Belt H3103KeHH TeopeTHue-
CKHe OCHOBH H IPaKTHYeCKH® Mel0JEl, KOTODHE MOryT
6HTL HCIONB3OBAHL IPH TI'HAPOre0JOTHYECKHX HBRICKA-
HAAX H® IPOEKTHPOBAHNA TOPHOPYIHHX MpeJnpHATHIL,
MeJuopalun, BOJOCHAOKeHMH H [pyrAx Bmaax pabor,
CBA3AHHBIX C TI0/J3€eMHBIMH B(QJaMHu.

Kuura MoxeT CAyKHTH HocobmeM .[AA CTYReHTOB
THAPOTe0JIOrd4eCcKoi CnenualbHOCTH IOPHLIX AHCTUTYTOB
yHHEBEPCHTETOB ¥ IPYTHX BY30B IPH [IPOXOKIEHHAU Kyp-
cop OOmEN ¥ CleOUaNbHOH CUJPOreQJOTHE KM JWHAMHLKHU
DOJ3CMHBIX BOX, 0HA GyJeT I0Je3HA TaKKe MJA Clenna-
JANCTOB-THAPOTEONOTO0B U reo/10roB-pa3BeIYAKGOB,



NPENUCIOBUE

Cmpporeonorudeckue pacyeTH — OHICTPO pa3BUBANINASACA OTPaCib
3HaHOsI. 3a camoe mocjgenmee Bpema y Hac B Coserckom Comosze u 3a
rpamnneit paspa6oTaHbl HOBLIE METOAH FHUPOTeOJOTHIECKUX DPACYeTos,
KOTOphie ellle He CTaJd AOCTOAHWEM IIMPOKOT0 Kpyra cHemuajucTOB-
rugporeonoros. lpome Toro, B mopapiaAomeM GONBIINHCTBE CYINECTBY-
omuX paboT mo THAPOTeoJOrHYecKUM pacueTaM HeNOCTAaTOIHO IIOJHO
H3JIaraioTcsd OCHOBHL METOJ0B MOJYYeHHA PpACUeTHBIX B3aBUCHMOCTEIA.
[Mocnenuiie 06BI9HO0 TMPUBOJATCA B OKOHYATeNbHOM BUe, 0e3 BEIBOJOB
U TOSCHEHHM, IOJOKCHHHIX B OCHOBY HCXOJHBIX IIPEJIOCHIIOK.

B cBsasu ¢ 9THM HA IpaKTUKe B OJHAX CAydasX MPOU3BOAATCA M3AMMI-
HUe pacdyeTd, He OTpa)KaloOiie eCTeCTBeHHYI0 WHPUPORHYI0 00CTAaHOBKY
H He 0TBeJaiompe HNOCTAaBJICHHBIM HH)KeHeDHBIM 3aJadaM, & B JpYrUX,
HalpoTHB, BEeo0X0oAHUMEe pacdeTh, HA OCHOBe KOTOPHIX TOJBKO U MOTLYT
OHITH caesiaHbl COOTBeTCTBYIOMIIle NP aKTHYeCKHAe BBIBOABI, HE BHINOJHAIOT-
Cs, XOTA 1 He MPeJCTaBIAIOT OCOOEIX METOAWIeCKUX TPYMHOCTeil.

lipepmaraemaa kuumra «OCHOBH THADOTEOJOTHYECKUX PaCueTOB»
ABISACTCA METOAHICCKHM MToco0HeM B Kakoi-TO Mepe BOCHOJHAIIIUM
oty mpobexnbi. B riaBe mepBoll M370KeHB NPUHOUIBL CXeMATU3ALUH
THPOreoJorudecKoil 00CTaHOBKH JJIA Iejedl pacdyeToB H 0XapaKTepH3o-
BAHBI OCHOBHBIE THIB KDaeBBHIX YCAOBHUil, KOTOPHMH B pacdeTax MOTYT
OBITL OTpa;KeHHl TJaBHeiinime npuponubie (aKTOpH, TaKWe, HAUpPIMep,
KaK CTpOeHNe I YCIOBUA 3ajeraHus BOJOHOCHBIX IIIACTOB, MX B3amMO-
CBfI3b ¢ MOBePDXHOCTHHMHU BOJHHBIME WCTOUHUKAMHU U T. .

I'maBa Bropas cofiep:KuT CHCTeMaTHIeCKOC UBNO03KeHUE BHIBOJ0OB OCHOB-
HBIX Iu@depeHNanbHNX ypaBHeHNH QUABTPANHU, 9TO TO3BOJIAET cHop-
MYJHpOBAaTh (usHuecKre X MaTeMaTHYeCKHe UPeNIOCHIIKHU, JerKamue
B OCHOBe MCTOMKU I'UAPOreoN0THYeCKUX PacdeToB. ITo TeM Goliee Ba:KHO,
4TO COBPeMeHHAsA AWHAMHUKA HOJ3eMHBIX BOJl YK€ J0BOJBHO NpodHO Oa-
3UpYeTCAd Ha MareMaTHYeCKo#d (uaumKe.

B rnaBe Tperbeil paso6pamsl OCHOBHBIE COBpeMeHHbIe METONE aHa-
JAMTHYECKUX pelleHUH 3afad IAaHOBOH (UALTpaNuM, Hanbodee wacTo
BCTpedalomuXxca B rujaporeosorpieckoil mpakruxe. Oco0Goe BHUMAaHue
o0pameno Ha 00OCHOBAaHHME PeKOMEHAYeMbiX METONO0B, ¢ TeM 9YTOOH cmo-
co0CTBOBATH WX TBOPYECKOMY UPUMEHEHHIO THPOTEOJOTaMI.
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B rnaBe uwerBepToil 0CBemANTCA MeTONH AHAJUTHUYCCKHX PACUeTOB
OJMHOYHBIX U B3aUMOJEUCTBYHON[UX CKBAKUH B PA3NHIHBIX THIAX BOJLO-
HOCHBIX miaactoB. llpu BriBoge O6nbmieil yacTu pacdeTHHIX GopmMya 37ech
UCIONB30BaHb BIOJHE AOCTYIHBIE MJA HNIKPOKOT0 KPyra THIPOTE0JOroB
NpHeMsl, OCHOBAHHBE HA TEOPUHM MCTOYAUKOB U CTOKOB W IPUHIUIE
CH0eHUA (PUIBTPANUOHHALIX TedeHUi.

B raaBe mAToll maeTcsa cucTeMaTHUECKOE M3J0KeHUE OCHOBHHIX MeTO-
J0B MOJeJupoBaHuA nponecca ¢unbrpanuu. Heobxogumocts ux monpod-
HOTO ONHCAHHUA OIpeHeNsAeTCS TeM, 4TO yAeJbHBIH -BEC MOJEINPOBAHUA
B NPaKTHKe THAPOTeOJIOTHYECKHX pPACYeTOB HENPEPHIBHO IOBHIUIAETCH,
U MOKHO OKUAATH, 4TO B Ojimkaiiiiee BpeMsA MOJeIHPOBAHHE CTAHET
OJlHUM K3 OCHOBHHIX WHCTPYMEHTOB IPHU TUJPOTe0J0THIeCKHX pacdeTax.

B runaBe miecToit ocBemeHH OCHOBHEE BOIPOCH ONEHKH U METOJOB
ONpefilelIeHUA eCTeCTBEHHBIX peCcypcoB IoJA3eMHHX Boj. DBce Meronsr
onpefelieHds pPecypcoB MOJ3eMHBIX BOJl pasfielieHs HA 4eThipe OCHOBHEIE
IPYNMObl: THUAPOTEOJOTHYECKHE, ONpeJesieHUsA pecypcoB II0 BelduduHe
NUTAHUA BOJOHOCHHIX T'OPU30HTOB aTMOC(epPHBIMH OCAJKAMHU, IO pacuie-
HeHMIO TuAporpada obmero cToKa peKu m IO ypaBHEHHIO BomHOTO Oa-
JaHCA AJIA ONeHKM NUTAHMA apTe3HAaHCKHX OacceiiHos.

I'maBa cembMasa cojeps;kUT ONUCaHHE METOROB HPOTHO3a PeKUMAa
TPYHTOBHX BOJ HA OPOIIa@MBIX TepPHUTOPHUAX. ITH MeToAn Gasupyorcs
HAa AaHAJIUTHYeCKUX U KOHETHO-PA3HOCTHHIX pemeHuAX nuddepeHnuanb-
HBIX ypaBHeHUH HEYCTAHOBHUBUIOTOCA JBUKEHUA.

I'maBa BochMas ComepP:KUT CBOAKY MeTOMIOB OIIpefieJleHHs THAPOreo-
JIOTHYeCKUX IapaMeTPOoB BOAONPOHHUIAEMOCTH ¥ Hbe30NMPOBOJHOCTH IO
JAHHBIM ONBITHHX OTKAUeK M3 CKBAYKHH, a TaKsKe OILITHBIX HAIWBOB
B DIaXTHble KOJNONIH M CKBAKUHEL.

B xmure paccmoTpensl maneko He BCe pasjelsl rHApOreosorude-
CKNX pacueToB. B me#l oTcyTcTByeT, Hampumep, MeTO[NKAa pacueToB
dnabpTpanuu JJA TUPOTe XHUIeCKHUX COOPYKeHUH, BOJNOMOHWKEHHUA H
JpeHajKa IOJ3eMHBIX BON, AJIA M3Y4YCHHS MUI'DAIUU Colell B HOJ3eM-
HoiX Bojax um T. n. Hecmorps Ha 310, aBTOPLI HaleIOTCA, YTO Ipeja-
raemMasg KHMra ABHTCA MOJIe3HLIM [JONOTHeHHeM K yke u3fAaHHHM pabo-
TaM 10 THjporeosorndecKuM pacderam. OHa MoskeT OHITH IPAKTHYECKHM
nocobueM 1A UHKEeHePOB-TUAPOTe0J0r0B, U y4eOHsiM — JJIA CTYNeHTOB
THAPOTEOI0THIeCKON CHenUalbHOCTH BY30B.

Pa6ora aBTOpOoB mpu cocTaBieHME KHUTH pacupefensanach Caenyro-
muM obpasoM: Iriasa mIepBas, 3a HCKIWUeHHeM § 2, riaBa derBepras,
a tarsre §§ 1, 2 u 3 raasn Bochbmoit Hamucams @. M. Bouesepom; § 1
TJIaBBl BTOPOif, riaaBa mmectag u §§ 4 m S riaBel BoCcbMOH HamACaHBI
1. B. I'apmoroBsIM; pasfen mepssiil § 2 riaBy mepBoil HANHCAH COBMe-
crao @. M. Bogesepom u V. B. I'apmoHOBHIM; riaBa cejjbMas HATHKCAHA
A. B. JleGepesvim; §§ 2, 3, 4, 5 u 6 riaBu BTOpO#, riaBsl TPeThA U HATAA
panucansi B. M. IlfectakoBniM.

ABropst OyayT BechbMa NIpuU3HATeJNbHLI 3a BCe KpUTHIeCKHe 3aMeda-
Husd 1o paloTe, KOTOpHe OHHM HPOCAT HAmpaBiaATh B VI3naTenbeTBo
«Hegpa» mo ampecy: Mocksa-llenrp, yn. Kuposa, 24.




T'rasa nepsas

CXEMATH3AIINA HOPUPOAHBIX YCJIOBHN
A LEJEN THAPOTEOJOIMYECKNX PACYETOB

§ 1. IIpusnnnel cxeMaTH3AMA HPHPORHBIX YCJIOBHIi

Iapge:xH0CTh THAPOTEOIOTUYECKHX PAcueTOB 3aBUCUT OT TOTO, Ha-
CKOJBPKO TOJHO OTPasKeHHl B HCXOJHHIX [AHHHKX, OOJYYeHHHNX MpH
H3LICKAHUAX, NPUPOJHBIEe THApoTeoioTrwdecKue yciaoBus. Ho, xpome
JACTAabHOCTH OCBemeHus OPHPOAHBIX YCIOBHHA, MOCACTHNE HOJ;KHH OBITh
coorBercTByOmuM o0pasom puddepennupoBamst. Cpenm HHX ciaegyer
BHIABHTH IiaBHBIE, ompefensomue ¢aKTOpH, OpWdeM NpeAcTaBUTh HX
HeoOX0AMMO B TaKoM BUJE, KOTopHIi obecmedmBai Obl BO3MOKHOCTH
NpIMeHeHHSI caMUX DPacdeTHHIX MCTOJO0B (aHANMTUYECKUX, DKCIIEPUMEH-
TanbHbX). IIHBIME cJaoBamH, [AJas @dedeil KOJMIECTBEHHBIX HPOTHO30B
NpUpoJHasA THporeoJorundeckad o0CTaHOBKA B KayKIOM KOHKPETHOM
ciaydae goiykHa ObITh IpejcTaBieHa B Buie pac9eTHO M ¢ X e M H.

[Tpu mocTpoenuu pacdeTHHX cxeM HEOOXO0JUMO UCXOAUTH W3 TOTO,
910 00JIacTh ABU:KEeHNA MON3eMHBIX BOJ KaK B €cTeCTBeHHLIX YCIOBUAX,
Tak 7 B YCIOBUAX, HAaPYNIEHHLIX BBOAOM B JeiicTBHe TeX MJIN HHLIX CO-
Opy;KeHuii, mpencrapifeT coboit efunAyw duanueckyw obmacTh, BHYTPH
KOTOpOIi pacupefejieHde HAIOPOB, CKOPOCTeH u PacxXof0B MOA3EMHBIX
BOJ] oIIpe/lesiAeTCA TAK HA3hlBaéMHPMU H A9 aI b HH MU W I'p 4 H U 9-
HB MU YCITOBUAMYE UJHW B COBOKYIIHOCTH — K P a € B BI M B YCJIOBUAMH
[45, 581].

HanmomanM, 910 B AMHEaMHIKe MOA36MHBIX BOJ| MO/, HAIOPOM MOHHMAETCS
BeJ(ITUNHA, OmpesiesigeMas clefyomell 3aBUCUMOCTHIO:

H:—Yp-—}-z. (I.1)

3necy H — mamop;
P — THApOCTATHYEeCKOe aBieHHe;
Y — o0BeMHHIL Bec BOMHI;
Z — BHICOTA IIONOKeHHsA, HMJAM IpeBHINeHHe TOYKH, B KOTOPOH
H3MepsaeTcd HANOp, HOJ IIOCKOCTHIO CPABHEHUA.



Benwmﬂa% HA3HBAeTCA ONbHbe3O0OMETPHIECKOHW BHCO-

T 0 ii; Ha 3Ty BEICOTY HOJHUMAaeTCA BoJa HAJ HaHHON TOUKOH IOJ BaMs-
HUEM THUPOCTATHYeCKOTO [aBienms. Ilpm ompejeneHUu BEICOTH II0JO-
YKeHHS Z IJIOCKOCTh CPaBHEHHA MOKHO NPUHUMATHL HA IPOM3BOIHLHOM
ypoBue. OGHYHO HIOCKOCTH CpPaBHEHHWS HPOBOJNHUTCA B IJIOCKOCTH BOJO-
YIIOPHOI KPOBJIM MU MOJOUIBE BOJOHOCHOTO rOPH30HTA. B cooTBeTcTBHN
C 9THM B TOJ(36MHHIX B0JaxX c0 cBoOOIHON NOBEPXHOCTHIO, MMEIOIUX
TOPU3OHTAIBHYI IOOWIBY, HAOP B KaXKAOH Touke cBobojqHON moBepx-
HOCTH, Tfe AasjieHue p = 0, oupesenserca Kak «riayGmua Boxsl A0 BoJo-
viopa», Ho cBoeii alcodioTHON BenwdmHe paBHAA MONIHOCTH BOJOHOC-
HOI'0 TOPHM30HTA.

~ CropocThI ABUKEeHHSA MNON3EMHHX BOJL WIU cxopocho
bmaprpanmuu (V,) masemaetcs pacxom Bofsr (T. e. o0beM BoOfHI,

mporeKalmuilt B eJWHHAIY BPeMeHHW), OTHECEHHHN K eIMHNIE ILIOmaju
TIOMePedHoro CedeHHsA TOTOKA:

rae Q — pacxof;

F — nonmas miomajs IomepevHOr0 CEIeHHsA HOponbl (BRIKYAA H
nIomajb, 3aHATYI0 CKeJNeTOM), deped KOTOPYI0 JBIKETCA
HOA3CMHBI TIOTOK.

Cropocts Quabrpanuu, oupejeinsemas Bopaskenuem (I.2), mpen-
craBasger coloii HEKOTOPYI0 (UKTMBHYI CKOPOCTH [BUIKEeHHSA BOJHI,
OOCKOJBKY HA caMoM Jejle TPOJBMKeHHE BOJb IPOUCXOJUT He depes
BCe CeUeHMe MOPOMBI, & TOJHKO Uepe3 mopsl M Tpemuusl. Caefyer mo-
BTOMY pasid4arh A eHCTBUTEeNbHYW HUJIHX HUCTHHHY W
CKOpPOCTD JABMKeHAA NOA3eMHBIX Boj Vj, KoTopas oIpefeidercs,
KaKk dYacTHOe OT JeJieHHMsA pacxoja Ha DJI0mMagb, 3aHATYI0 IOpaMH
H TpPeIMHAMH B HOIEPeYIHOM CedeHHU HOTOKA:

Vo= —2— . (1.3)

Frop

OrHowenNe IIOmMajd M0 B TPeIMUH K o0mell MIomafn moiepeaHoro
cedeHHA IOTOKA PaBHO mopmcTocTd mopojst n. CiemoBaTeslbHO, CKOPOCTD
¢uabTpamMU U MCTHHHAS CKOPOCTH IBHKeHHA IOJ3EMHBIX BOJ| CBA3AHB
Me;xjy coBofl cilenyomuM COOTHOUICHUEM:

V., —nVa. (1. 4)

@
lTuppaBiaudecKuM YKIOHOM HIM TIpajHeHTOM Ha-
nopa / masmBaT upomsBoAmnylo or mHamopa H mo myrm ¢mabrpa-

nun S. Cpepmwit rpagment mamopa Igp MoskeT OHITH ompejiesieH Kak
gacTHOe OT Jedennsa Iepemaga Hamopa AJ Ha orpeske mytum AS:

H
Icpzm%—. (1. 5)



3HaK MEHYC 3/1eCh CTaBUTCA NOTOMY, 9TO B HAIlpaBJIeHUN QHUIBTpa-
MK HATIOp YMeHBIIaeTcd.

Mesxay ckopocThio QuabTpamuu W IpajuenToM Hamopa (u Haobopor)
CYIIECTBYET 3aBHCHMOCTH, XapaKTep KOTOpPOil yCTaHABIMBAETCA OKCIie-
PUMEHTAJIBHO M PacCMATPUBAGTCA B KadecTBe 3aKoHA QUIBTpanmuu (CM.
Jalee riaBy BTOpPYIO).

B caywae ycTaHOBHBIIErocs ABHIKEHUSA JOIKHH OHTH H3BECTHH T'pa-
HUYHBIC YCIOBUA, BhIPaKeHHHe 3HAYCHHAMHU HCKOMOH HANOPHOR QYyHK-
UUH MM €6 NPOW3BOAHOM, T. €. CKOPOCTH H pacxofia, a HHOTAA TeM HIH
HHBIM COOTHOUIGHMEM CcaMOil HAamopHOH QYHKOUM M €6 HPOM3BOJHOH Ha
IPAaHHAIAX BOAOHOCHOTO TOpPM3O0HTA.

[Ipm HeycraHOBHBUIEMCA [BUKEHHH, KpOMe YCIOBHiH Ha TpaHAIAX
NOTOKAa, HeoOXO0AMMO pacriojaraTh eme HAadaJbHHIMA YCIOBHAMH, KOTO-
PHIME XapaKTepusyeTca CUAPOoJHHAMEIECKOe COCTOSHEE 0051acTu ABUIKe-
HUA TOABEMHHX BOJA [0 Hadala HapyIeENdA WM BO3MYIIeHHA I3TOTO
HCXOOHOTO cocToAnuA. HpaeBsMm yCI0BAAMM BIOJHE ODpPEJEIAITCH
3aKOHOMEPHOCTH pacmpejielleHnsA HANOPOB, CKOpPOCTedl M pacXofoB HOA-
3eMHBIX BOJ B paccMaTpuBaeMoil o0xacTu (UIbTpaOM@d H YCJAOBHA ee
B3aUMOJEUCTBUA ¢ COCeJHuMH o0macTaAMu.

[Tomamo npmpogHBIX (AKTOPOB, KpaeBHe YCJIOBHA OIpPeeIAIOTCSA
TaKKe THUIIOM COOpYKeHHH, JeHCTBYHOMmMUX B IIOTOKe IIOf3eMHHEIX BOJ,
HAOpHMEp CKBayKUH, MAaXTHHX KOJOJUEB, rajepeifi W T. K., H PEKUMOM
ux oxcmayaranmu. CoopysxeHusa cieyeT paccMaTpPHBAaTh B KadecTBe
BHYTPEHHHX «KOHTYpoB» o0nactm ¢mabTpanuu, HAa KOTOPHX, KaK H Ha
€CTeCTBeHHHIX I'paHuliax 00JacTH, JOMKHH OHTh H3BeCTHH T'DaHHTHEHIE
YCJOBHA.

PaccMoTpuM HEKOTOpHIE THHOBHE CXeMH M OOIMYI0 XapaKTepPHCTURY
KPaeBhIX YCIOBHH NPUMEHWTEAbHO K Pa3IWYHEIM CIYIagM.

HaganvrroOoe ycaxoBme, KaK YKe OTMedanoch, XapaKTe-
pHU3yeT pacmpegeieHne OCHOBHHX THPOJMHAMHIECKHX JJIEMEHTOB B BO-
FOHOCHOM TOPH3OHTe B HAYAJbHBIA MOMEHT BPEeMeHH B 0OHYHO 3agaeTcs
pacnpesnenenueM mamopoB H. B mpefieraXx BOZOHOCHOIO TOPH3OHTA. aro
MOKHO 3almCcaTh ClIeAylomuM ofpasoM:

He = f(z, y, z), mim B wactHOM ciayaae H, = const. (1. 6)
I'pannunsie ycaosua GopMyJaupyoTCsa Pa3IHIHHM 00pasoMm:

I'pammamoe ycnoBumenonepBOTropopa. BoaroMcaydae
Ha rpanune of;nacTu 3ajjaeTcs 3HaUeHHe HAIOpal

H, ={(t) maau H, = const, (I.7)
rie L —oGosnageHne rpammns obigactd, B o0mem ciaysae KpHBO-
JIUHEAHOMR;
t — Bpemsa.

B ckBaskmHEAaX yKasaBHOe YCIOBHE BHJIEDP:KHBACTCA B CIydasX CaMo-
113JIMBa uamn opu ]IpOBeI[eHI/IE[ OTKA4YKH4 HacocaMu, eCiam Ipa 3TOM ypOBeHb
BOALI B CAaMOil CKBAKMHE NPAKTHYECKH MOKHO CUMTATH IIOCTOAHHBIM,
a BHE Ipe/[e/I0B CKBa)kKUHH YpoBeHb HoHmKaerca (puc. I. 1, a).



Ha ecrecTBemnmx Tpamwmnax obsactu QuILTpamuu, HaupuMep B pe-
KaxX, ¢ KOTOPHIMHU CBH3aHB BOJOHOCHKE Tropusontsi (puc. I, 1, 6), ma-
IOp BO BPeMeHH M3MeHseTcA (B MepPHOAR MABOAKOB, Mpu cpaboTKe BOo0-
XDAHWTHI H T. J.), TpHdeM rpaduK H3MeHeHNs Hamopa Moser OwTh
npencTaBieH MpAMoil unu mapabounoii. OfEAKO, HanpuMmep, Jisa oHeHKHA
ToJmopa MO3eMHBIX BOJ, pacdera Bofo3abopoB u pemeHnd HEKOTOPHIX
ApyTUX 3afad HANOP 37IeCh MOMKHO NPHHATH PABHHIM HEKOTOPOM Cpef-
Hell MOCTOAHHON BellMYKHE.
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Pric. 1. 1. CxeMBl TPaHHMYHOTO YCIOBHA HepBOTO poja

a — B CKBa)kKHHe; 6 — Ha rpanulie OeperoBoro MoToKa HOR3EMHBIX BOA™
1 — BOZIOHOCHBI| TOPHBOHT; 2 — KPOBJIA M HOmoHIBA BONOROCHOTO TOPM30HTA; 3 — OepBoHAYAJIb-
Hblll («cTaTHYeCKUil») YPOBEeHb Doj3eMHBIX BoJl, 4 — YpoBeHb, WN3MEHMBIIMiicA B Hpoliecce OT-
Ka4yk{ M3 CKBAXKMHB! WJIM IPM Hof’keMe I'oPM30HTA BoAbl B pekxe

I'paEuuHOe ycnoBHe BTOPOTO poJja. Baromcayuae
yciIoBHe XapaKTepusyeT PacXoff MOA3eMHHIX BOJ HA TpaHUIAXx 001acTH
duabTpanuu:

q; = f(t) mam g, = const. (I.8)

Hamop momseMranx Bof Kak Ha caMuX TPaHHNIAX, TAK U B yJajJeHAd
OT HEX NIPH 3TOM MOKeT M3MEHSTHCA BO BPEMeHH.

Ha puc. I. 2 mokaszansl ¢cXeMHE TaKOTO yCH0BUA JJA CKBA;KHHK U TO-
TOKOB HOJI36MHHIX BOJ[, OIPaHNYCHHBIX cAa0ONpOHUIAeMbBIMA (IpaKTHIe-
CKH BOJOYNOPHBIMH) nopojamu. B cKBakuHe (puc. I. 2, a) ycmoBue
IOCTOAHCTBA pacxofa ABIAeTCA OOBTYHKM IPU OTKATKAX € IOMOIILIO
TAK Ha3HBAeMHX NOTPY;KHBIX HACOCOB (T. €. HACOCOB, OIYCKAeMHX
HEIIOCPe/ICTBEHHO B CTBOJ CKBA:KUHEHT).

IIpu mepuoMIeCKOM OTKIIOYeHWM CKBAKMHBI WM H3MEHeHUH IIPO-
H3BOANTENbHOCTE HAcOCa AHHAMHKA pacxojga MoeT OuTh mpefcTaBieHA
B BHJE CTyHmeHYIaTOro rpadmKa MaW JuHEHHOH, mapaboiuvecKoil @ ApPy-
roit saBucumocTd. COOTBETCTBEHHO 3TOMY IPHHEMAETCA OIpefieNeHHOe
ycnosue ¢, = f(1).

B BopomoCHEIX Tropu3oHTaxX OrpaHHYEHHHIX pa3MepoB pacxof Ha
KOHTYpe COXPAaHAeTCS MOCTOSHHBIM, HampuMep, B ciydae, NMOKa3aHHOM
Ha puc. 1. 2, 6. 3gecy mpoucxoaut Kak OB TmepeTeKaHue BOJH H3 BepX-
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HETO TODHW30HTA HECKOB, 3ajleralolMX HA HEIPOHUIAeMOM I0KoJe Tep-
pacot, B HmyKkEWIL. lloRm)KeAWe ypoBHA B mOCjIeIHEM He HPUBOIHUT K W3-
MEHCHMIO KOJHYecTBa BOABI, HOCTyHalomed HmyTeM TaKoro nepeTexKaHusd,
[09TOMY 37€CH MOJKHO IIOJOKHTH ¢, = const.

Ilpr KoHTaKTe BOMOHOCHHIX HOPOJ ¢ UPAKTHYECKW HENPOHHUIaeMBIMU
nopogamu (puc. I. 2, 8), aTo HaGaIOaeTCA MO0 IIOCKOCTAM TEKTOHDYe-
CKIX HapyineHuit (c6pocoB, HAABITroB), B GOPTOBHIX YAaCTAX PEUHRIX

Pue. 1. 2. CxXeMBI Tpaniiunoro ycJIoBHg BTO-
poro pofa

a — B CKBa)KMHe; 6 M 6 — Ha KOHTAKTe BOJOHOC~
HBIX M OPAKTUYECKN BOJOHEUPOHUIIAeMHX UOoPOX;
1 — BOMOHOCHBIN TOPHU30HT; 2 — KPOBJIA U TOHROMBA
BOJlOHOCHOTO TOPU30HTA; 3 — OmepBoHAYANBHBIN
(«cTATMYEeCKNIi») YPOBeHb ToJ3eMHHIX BoHd, 4 —
VPOBCHb, M3MEHMBMIIicA B Bo3MYIIenHoM OoToke

AOIIH HA NPHYICHOHHN A INIOBHAJBHBIX Teppac K KOPEHHBIM CKIOHaM,
B TaK;ke 32 MpefesaMu AO0JIH B cliyuasax danmuarbHLX 3aMeNiennii O HAX
TMOpPOjl JAPYTUMH, MO;KHO npeHe0peudb MOCTYNJIEHWEM BOJH B BOJOHOCHBIMI
FOPH3OHT 32 MaJoCThl0 ee¢ KOJHYECTBa, T. €. 3[ech JONYCTHMO yCIOBHe
g, = 0.

II3menenne pacxofa Ha rpaHUIIaX BOJOHOCHOT0 I'OPH30HTAa IPOHCXO-
NUT, HApUMep, B clydae ero 4acTUYHOTO oCylleHHs B oOmacTu BHXOAA
rOpH30HTA HAa NoBepXHOCTH (puc. I. 3). Iro MomeT OHITH BHIpAKEHO
CICYOMUM TPAHUIHBIM yCIOBHMEM:

AV
(]L:_u At ) (]'9)



rae AV — oOGbeM wactu miacra, ocymeHHOU 3a BpeMa At
It — BOMOOTAAYa IIOPOJ B 30HE OCYyIIEHHA.

Purc. I. 3. CxemMa TIpaHMYHOTO YCJAOBHA
IpA OCYImeHHH BOJOHOCHOTO TOPH3OHTA
B 00/aCTH BRIXOfla €r0 Ha IOBEepXHOCTD

1 — BolioHOCHHH POPH30HT; 2 — KPOBJIA ¥ Ho-
JIoIdBa BOOOHOCHOIO TrOPM30HTa; 8 — OEpPBOHA-
9aybHbIK («CTAaTUYECKHIT») YPOBEHb TOO3EMHBIX
BONl; 4 — YpOBEeHb, U3MEHUBMMUIICA B BO3MY-
MeHHOM DOTOKEe, 5 — 30HAa oCYWIeHUA mJjacTa

I, %
X

Puc. 1. 4. Cxema rpaEHYHOTO YCJIOBHS
TPeTHETO poja

1, 2, 3 — BOOOHOCHHIE TOPH30HTH, ¢ —

OOHOIIBA OCHOBHOrO (BO3MYIIaeMOro) BOMIO-

HOCHOI'0 TOPH30HTA; § M 6 — Ibe3oMeTpnue-

CKMe YPOBHHM NOA3EMHHRX BOI HHMKHEro M
BEePXHEro ropu3oHTOB

B cliydae, Kormpa OJHOBDEMEHHO C BO3MYyilleHHEeM BOJOHOCHOTO TOpH-

B0HTA yCHJIWBAaeTCHd HWHPHIbTPaLUI

arMocepHBIX O0CAAKOB, K IpaBOil

gactu ycnosug (I. 9) cmegyer noGaBETH BenWYMHY MOAYHNSA OuTaBWUA,

: '."-7* L2-5
IR "/7

/- -.///
e

IR
J L

9HCIeHHO PaBHOTO IpOM3Bele-
HU BEJUYNHLI [JOHOOJHHUTEIb-
HOit wMHEHMIBTpAN@WH HA IJIO-
manbk CBOOOMHOI HMOBEPXHOCTH
miIacra.

I'pammvyBHOE Yycuo-
BHe TpPpeTheropofa.
IT0 ycIoBHe BHIPAMiAaCT JH-
HeHHYI0 3aBHCHMOCTH pacxofa
OT pa3HOCTH HANOPOB; OHO
MO’KEeT HMMeTb MecTO, HampH-
Mep, B CHCTeMe BOJOHOCHBIX
TOPH30HTOB, Pa3/ieIeHHBIX Cla-
OOIpOHWIIAEMHBIM CIIOEM B pas-

7/

Puc. I. 5. CxeMa rpanmumoro ycnopms uer- P€3€, B CJIydadX, KOrja Bhl-

BEpTOrO pPojia JepsKuBaeTCH cienyomee

1 B 2 — KOUTAaKTHDYIOMUE B80HB € Da3IUIHLIMI OanaHcoBOe COOTHOIIEHHE
PUIbTPAanUOHHBIMH CBOMCTBaMH; 3 — HomomBa (pnc I 4)
BOJAOHOCHOTO TOPM30HTA; 4 — mepBOHAYAJIbHBIHA ° 1/
(«cTaTHgecKknii») YpoBeHb BOHOHOCHOTO TOPHU30HTA; ko

§ — ypOBeHb, WSMEHMBIIWNCA TOM BIMAHHEM L0~ g, = —(Hy— H,); (I.10)
eMa ropl30HTa BomH B peke L my
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3/|ecb ¢, — PacXoi Ha JMHUH IOAOIWBHL cJIaGoIpoEunaeMoro ciosi (mpm
BePTHKANBHON QuUabTpanmm);

H, n H, — Banmopsl COOTBETCTBEHHO B BepXHEM H HHUKHeM I'OpPH30HTAX;

ko — ro3dpunmenT GuabTpanME caabONPOHUIAEMOIO CIOA;

my, — er0 MONIHOCTb.

l'pammgaHoOe ycIoBHEe YeTBepTOIro poja OTBe-

YaeT ¢JydYal0 B3auMoJeHCTBUA JBYX PasHOPONHBIX Topu3onToB. Ha kom-
TaKTe HTHX TOPHU30HTOB B CUIY HEPa3PHIBHOCTH TeUEHUSA

H, =H,;q, =4, (I.11)

T. €. 37lech HAIOPHL W PAcXOJH depe3 dIeMEeHTapHOe IOoNepeYHoe CedeHme
1106011 mMONOCH TOXa ¢ 00eHX CTOPOH 9TOM I'PAHUIEI PABHHE MeKAy coboi
(puc. 1. 3).

§ 2. OcHoBHbBIE 0CO0EHHOCTH BOXOHOCHBIX FOPH3OHTOB

Ilpm mocTpoenmm pacueTHBIX cXeM M BHIOOpe MeToja TI'HIPOTe0JIOTH-
9eCKOro pacdera HeoOXOJHMO YYUTHIBATH OCHOBHBIC OCOOEHHOCTH IIOTO-
koB monszeMHHX Bon. K Taxmm ocoGemmoctam oTtHocaATca [33, 45, 58]
1) cTpoenme m CTPpYKTypa IOTOKOB; 2) TUAPABIMYECKHH XapaKTep Bojo-
HOCHBIX FOPH30HTOB, MX CBA3bH ¢ aTMOCcdepoil B yCIOBHA ODUTAHAA B Ipe-
Aelax mIOMANY PACHPOCTPAHEeHHA; 3) PesKAM PUIBTPAEOHHBIX TOTOKOB;
4) punpTpamMoHHBIE CBOMCTBA MOPOJ; O) reoMeTpUYECKUe OUYepTaHusA BO-
LOHOCHBIX TOPH30HTOB H YCJIOBUA WX MUTAHWA depes3 GOKOBHE I'DaHUILEL

CrpoenHe I cTPYKTypa NMOTOKOB HOA3EMHBIX BOA. B peanpruil mpu-
ponHoil 00CcTaHOBKe MOTOKH IOJ3EMHBIX BOJ, CTPOTO FOBOPSHA, HOCAT HpO-
CTPAICTBeHHBI XapaKTep W HAMOPHI, CKOPOCTH H PACXOAK B KayKJbIi
JAAHHBIH MOMEHT BPeMeHH [ [OJIKHBI OHpelelAThCA KaK QYHKIUH Tpex
ROopAMHAT Z, ¥, 2z. OJHAKO HOCKOJBKY O0LIYHO pasMephl BOIOHOCHHIX
TOpPU30HTOB B IuIaHe (10 TJIONMANH) 3HAYNTENBHO NPEBOCXONAT HX Bep-
TUKaNbHEE pasMepsl (0 MONIHOCTH), TO B OOJNBIIKHCTBE CilydYaeB A
Hexeit THAPOTEOJOTHYECKHX pPacuyeroB MOJKHO CXeMaTHU3HMpOBaTh peaib-
LBle NMOTOKH INyTeM CBeleHHA HX K NJIO0CKHNM B IINIaHe MJIH B paspese.
ITpi 5ToM HAmOpPH, CKOPOCTH M DPHUCXONHl ONpeNeAIOTCHA yiKe TONbKO B
3aBUCHMOCTA OT JBYX KoopawHaT: r, Y (B miame) ¥ %, z WiIH Y, Z
(B paspese).

B mnockux B miaHe Te9eHHAX IOPH3OHTAIBbHEIE COCTABJIAIONHE CKO-
pocTn QHIABTPANUH MO BePTHKAIH OCPEeJHAITCA H CYATAIOTCA OJHMHAKO-
BeiMu 1. BepTuxanpHBIe jKe COCTaBIAIONME CKOPOCTA PUABTpANUy 37eCh,
[0 CPABHEHHIO C TOPH3OHTAJbHBIMH CKOPOCTAMM, Majbl B UX IpaKTH-
JeCKM B pacyeTax MOKHO He YYUTHIBATh. JTO COOTBETCTBYET T'HpaBIH-
4eCKoil cXeMme (MIBTPAlHOHHOIO TeYeHHA, OmMucHIBaeMoii gopmynamnm
Jllonion, moueMy ®W TOBOPAT, YTO TaKue CXEMBI OCHOBAHBI HAa «IIPefIio-
celtke [Jomon».

1 B ¢HONCTHX BOJOHMOCHEIX TOPH30HTAX IpaBHJIbHEE IOBOPHUTH 00 OCpelHEeHHH
He CKopocTed, a IpaJlleHTOB HAmopa, NMOCKOJBKY BOFOIPOHHIIA6MOCTh PasJHIHEIX
CI0CB M COOTBETCTBEHHO CpEJHSISA T'OpPH30HTANbHAsA CKOPOCTH B HAX OyAyT HeogH-
HAROBHEI.
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Hnrnecrne B pazpese Te-
Ye HU A  XapaKTePU3YWTCA  H3Me-
AAMEeiicA M0 BepPTHKAJIN CKOPOCTLIO
PUNBTPaNUKU; HOCHENHAA ABJIACTCA
3iech QyHKOUeir obenx KoopamHaT
Yy u z '

Hpome rtarkux nnockux (aByxmep-
HBIX) NOTOKOB IIO36MHBIX BOJi, OYCHbB
4acTo NPHXOAUTCH HMETh Aelo ¢ 0o-
nee MPOCTHIMU THHe M EH M A (0 -
HOMEDP HB M) IOTOKaMH, B KOTO-
PBIX HAMOPHI, CKOPOCTH U PAacXojbl
HAXONATCA B 3aBHCHMOCTH TOJBKO OT
ofHOU Koopamuars ¥ unu y. K Takomy
TUIY MO;KHO, HAIPUMEP, OTHECTH ecTe-
CTBEHHbie TIOTOKH I@OfiI3¢MHBIX BOX B
yAANeHUHW OT APEHNPYIOMUX pyced.

CHnskeHne pasMepPHOCTH IPOHCXO-
IUT TaKk:ke B TIOTOKaX ¢ 0CeBOH
CHMMeTDpHUuei, K KOTOPSIM OTHO-
CATCA BeChMa pAacHpOCTPAHEHHBIE TIIO-
TOKH, HAaNpaBleHHHE K CKBa;KHHAM M
KOJOAIaM B 0JJHOPOJHOM ILIAcTe BHANMU
or ero rpamun. Ha puc. I. 6, ¢ noxra-
3aHa cXeMa NOTOKAa K HeCOBEePMIeHHOi
CKBa)KWHE, KOTOPBI, BooOme rosops,
ABNAETCA NpocTpaHcTBeHHbIM. Io B
CHIy TOTO, 94TO B ILIOCKOCTH I, Y Tede-
HAE CHUMMETPUYHO OTHOCHTEJBHO OCHU
CKBa;KMHBI, NHHUN TOKA HAaIpaBJIeHBI
3/leCh pajnaibHO K CKBa)KHHE, a CKO-
pocTH QUABTpANU OAMHAKOBHL B JIIO-
6oM BePTHKalbHOM CE€YeHWH, NPOXOMIA-
meM depes och CKBa)kmHbI. MaTemaru-
9eCKH NOTOK MO;keT OBITh 0XapaKkTepH-
30BaH KaK [ABYXMepPHBII B cHcTeMe
MUIAHAPUYECKUX KOOpAWHAT T, Z.
dnopa CKOpocTel IO BepTHKAaan B
NAHHOM cliy4ae HMeeT CIOKHBIe 0Yep-

Puc. I. 6. CxeMbl pajualbHEIX 0CeCHMMeT-
PHYHLIX HOTOKOB

1 — BOTOHOCHBIA TOPHUBOHT; 2 — KPOBJA M TNOXOMBa

BOZOHOCHOIO0  TOPMB0OHTA; 3 — HepBOHAYAJIbHHIH

(«cTaTHM9eCcKMii») YpoBeHb TOA3EMHEIX Bon; 4 — Ypo-

BeHb HOMA3EMHBbIX BOX, H3MEHUBIMNECA OPH OTKAYKe;
§ — 3Mmpa CKopocTedt PuabTpallnd.



TaHusi, IOCKOJbKY CKOPOCTH M HANOpPHl CYNECTBEHHO H3MEHAKTCA B
9TONM HanpaBJIeHUH.

Ecam ckBaskuHa ABIAETCA COBePIIeHHOH (pnc I. 6, 6), To motor,
HallpaBJIEHHLI K Hell, CBOIUTCA K OJHOMEDHOMY, W HAIOPH, CKOPOCTH
II pacxonsl B 000 TOUKe HAXOQATCA B 3aBHCHMOCTH TONBKO OT pajuyca-
BCRTOpa ' B cHCTeMe MOJAPHBX KOOPAHHAT. JMI0OpPa CKOPOCTeil B BepPTH-
RaIbHOM paspese 31ech, B OTIHYNE OT MpeJbyIiei ¢XeMbl, IpecTaBisgeT
c000if IPAMOYTIONBHEK.

Haxonel, moToOK K mMaxXTHOMY KOJOALY WIH K CKBajKkdHe ¢ JOHHOM
BOIOMpWEMHOIT dYacThioc B BO-
JOHOCHOM TOPH30HTE BeChMa
60110l (TeopeTudecKu OecKo-
Heunoii) momuocTH (puc. 1.6,6),
B IPHHIUTEe ABIAMINANACA IPO-
CTPAaHCTBEHHHIM, CBOJHTCA K
0;IHOMEPHOMY; pacdeT Hamopa,
CROpPOCTH M pacxoja MOKeT
BLITIOJTHATBCA 371€Ch B 3aBHCH-
MOCTH TOJNBKO OT KOOPJHHATH I
B ciicTeMe cepHIecKHX KOOP-
nneat. B mamHOM caydae 91O
nocturaerca Omaromapsa ¢ ¢ e-
pMIecKOH CHMMET-
p 1 U TedeHHs (BOJoTpmeMHasA
YacTh CKBAaKUHBI HIJIH KOJIOAIA
ABIsieTcs moxycdepoit). Imio-
pa CKopocTeil B BEPTHKAIBHOM
paspese 3Jechb HMeeT BHJ TH-
mepOoNBI, CKOPOCTH ¢ yjaje-
HOEeM 0T KOJIOAI A Pe3KO YMEeHb-
aTCA.

I'mppaBauueckmii xapaxrep
BOJTOHOCHBIX TOPH30HTOB H YyC-
JOBHA AX NATAHHA B Opefesax
IO pacmpOCTpaHeHHs.
Ilpn cxemaTH3anuu MOPHPOJ-
HLIX T'HAPOreoNOornYecKHX yc- Puc. I.7. CxeMsl 0e3HAMOPHBIX HOTOKOB:
JIOBUI s Heneﬁ pacdera, 1o a — HOpn OTCYTCTBHYU HAIIOPHOIO MHUTAHIA;
Ipu3HAKY XapaKTepa Hamopa 6 — ¢ HaANOpHBIM MTHTaHHEM
clefyeT BeIenATh: a) O e 3 - éaé‘nfn;Ioﬁfé'p?né‘ﬁ%orfgﬁé’ﬁﬁﬁ’éﬁ’ﬁﬁ ”%‘31“032,“?"_130_-
Haimnmo p HE € HOHE}GMHH{G BO- GopgHaA HOBerHOQTB ropu3oHTa I1; 6§ — NMHhEe30MEeTPH-

o 9eCKMH YPOBEeHBb Iopm3oHTa 2

AT ¢CO0 ¢cBOOOMHOHN MO-

BepXHOCTDHI, CBABaH-

HITe ¢ aTMocdepoii; 6) Ha I 0 p H B € MOJ3eMHbIe BOJH, H30JIHPOBAaHHHE
0T armocdeps BOJOYNOPHBIMH MW cJHabONPOHUIAEMBIMH TIJIHMHHUCTHMHA
NopojaMHu; B) cMeIIaHHbe HANOPHO-0e3HANOPDHEIE BOJBI, XapaKTepuay-
omuecs Pa3iuYHHMHA pPeKEMAMU ¥ Pa3HBIMH YCJIOBHAMHM IUTAaHUA HA
Pa3HLIX yYacTKaX BOJOHOCHOTO TOPH30HTA.
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BessmamopHie moA3eMHEBNE BOXH B npegerax INilo-
majgu MX pacnpocTpaHeHHA BOCIIOJHAITCA aTMOC(i)epHLIMH oCcaJTKaMu
(puc. 1. 7); BMecTe ¢ TeM ¢ mOBEPXHOCTU TIO/3EMHEX BOJ HENOCpeACTBEH-
HO, a TaK/Ke NyTeM TpPAHCHHPANWW BJATY PACTEHHSMH OPOLCXOLUT
ncoapesne. Taxkum o6pasoM, o0mylo BeauduHY NHTAHUA (GE3HANOPHBIX
IO/3eMHHIX Boj, depe3 CcBOOOJHYH IIOBEPXHOCTH MOKHO BHPAa3HUTh
rak 4, 581]:

€s = Egnp — Eucn- (1.12)

3nech NPHHEATH caefyiomue ofo3nadenns (B eJHHKUIAX CKOPOCTH HA eJu-
HURY NOJIomaju, Hampumep B Mm/cymku ma 1 Mm2): :
€ — MOAYJb NUTAaHUA (e3HADOPHOTO BOJOHOCHOTO TOPHB0HTA;
€nup — MHQUIBTPANEA aTtMocPepHHIX OCAJKOB, NOCTYHAMIHX HA ero
cBOGOHYI0 HOBCPXHOCTE)
€pen — ACHAPEHHe MOJ3EMABIX BOJ.

WcrounnkamMu TONOJHEHWS 3a0acoB OE3HAMOPUHIX MOA3EMHEIX BOJ
HepeaKo ABIAIOTCA LOA3eMHEIE BOAH HHUKEJE;KaMHX HAMOPHBIX BOJOHOC-
HLIX TOPH3OHTOB, I€peTeKalomue yepes pasjensiomue IxX ciaabonponuna-
embie ciou (pumc. 1.7, 0). Moaynp nutaEnsA B JaHHOM CIy4ae ONEHHUBACTCH
CYMMOii:

e=¢s+f €. (1.13)

3nech &5 ompegencrea mo (I.12), a & — moayap ray6mmHOrO
OHUTAHHA, PaBHHIU
= ko (H,— 1) (1.14)
h: S my ’ .
rae H, 1 H, — Hamopsl CcOOTBETCTBEHHO B paccMaTpuBaeMoM GesHamop-
HOM TODH30HTe M HHKele;kalleM HAlOPHOM TOPH30HTe;
k, — xoadpdunuent ¢uabTpamum pasfenAiomero caabomnpoHu-
aeMoro CcIios;
my — ero MOMIHOCTb.

Benuunna mHOUABTpamud M HCOApeHUsd, CYIIECTBEHHO 3aBUCHT OT
KiamMaTudeckux ¢axTopos, peabeda, cocTaBa MOpPoJ B 30HE adpani,
XapakTepa PpPAacTHTENbHOCTM ¥ T. A. Boolme rosops, B IPOCTPAHCTBe
¥ BO BpeMeHH (II0 Ce30HAM OJHOTO Trojga W B MHOroJeTHEM paspese) 3TH
BeIINYHHEH He TOCTOAHHL. B 49acTHocTH, HWcnapeHHe ¢ IOBEPXHOCTH
NOJ3eMHBIX BOJ CYMECTBEHHO B3ABHCHT OT IJNYyOWHH HX 3aJleraHuA.
Tem mE MEHEe BO MHOTHX cJay4adx /I OPUONMKEHHHX PacudeTOB MOLYJIb
OUTaHNA dYepes CBOOOAHYI HOBEPXHOCTh INPHHHMAeTCA IOCTOAHHAIM,
NpHYeM ero ompefessiloT CyMMapHO, KaK J0JI0 OT TOROBOH CYMMBI 0Cajl-
KOB.

Moayns rayOMHHOTO NMTAHUA &y, XapPaKTepU3YIOINH HHTEHCHB-
HOCTH HOCTYIJIeHAS BOJABI W3 COCEHNX HANOPHBIX TOPHBOHTOB, KaK Cle-
nyet u3 vpasrenns (I. 13), aBxsercsa Pynkrueit pa3HOCTH HANOPOB oboux
TOpU3UHTOB, CJE0BATeIbHO, B Tpollecce OTKA4KM m3 0e3HAOPHOTO To-
PU30HTA BeJIMYMHA & W3MeHAeTcA KaK BO BpeMeHM, TaK W IO MJIOmMAJH.
Jlvmie npm 3HAYNTENHHON MPOHUOAEMOCTV Pa3JeiAlonmero cJof MOKHO
pLOsMIReHH0 NPUHEAMATH, YTO HOHH;KEHHs YPOBHA B 000X rOpH30OHTAX
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U3MEHATCH Ha OHY W TY Ke BeJHYNHY, B MOJYJIb &y ABIAETCA BeIHYH-
Hoit mocrosEHOU. TakaA pacuermasg cxema raybuHOro muTaums Oblia
npennoskena H. H. Bepurummm {4].

Desnamopusie BOJXOHOCHEIE TOPHB30HTH, KAK H3BeCTHO, BechMa MIH-
poxro pacupocTpanensi. OHU TPAYPOUYEHH! K aJNIIOBHAIBHLIM OTJIOKEHAAM
Pe9HHX [OJHH, JIEeIHHKOBO-QIIOBHOTIANKAIBHLM HAKOUJAEHUAM, MacCH-
BaM TpPeIMHMHOBATHIX B 3aKapCTBOBAHHHIX HOPOX H T. A.

Hanmopusie mog3eMHEEe BOAHK B rOpu30HTaX, MPAKTHYECKH
COBEpIIEHHO M30JHpOBAHHHX oT armocdepnl (pmc. 1. 8, a) m or cocegnux
HJIacTOB, MOJYYalOT NMHTAHWE B OCHOBHOM 3a CYeT MHPHABTpANHUH ATMO-
chepHEIX OCAfiKOB B yMAJEHHHX 00NacTAX BHIXOfAa BOJOHOCHBIX TOPH-
30HTOB HA MOBEPXHOCTH. B 3TOM ciyuae MO;KHO NPUONIIKEHHO CYHTATH,
uro Ha OonbHIel JacTH pacUpOCTpaHeHHA NJacTa MOAYJh OHTAHHA

SB:O- (I- 15)

IIpm vanmaunm cucTeMBl HATOPHEIX BONOHOCHLIX TOPH30HTOB, PasfesieH-
HHIX cunabompomunaemetMu cinosamm (puc. I. 8, 6), ciemyer yaurniBarh
BO3MOKHOCTH IepeTeKaHuA BOJL W3 OJHOTO FOpU30HTa B ipyroit. Monynp
OUTaHWA, HAUPHEMep JJiA CpPEHero Cjos, B cXeMe, IOKa3aHHOM HA
puc. 1. 8, 6, Gymer mMerhb ciepyomui BEN: _

€= €x | &n (I.16)
rje
ko (Hy — H;) B gy = koo (H3—H,)

Ep —
B my Moo

(1.17)

H,, H,, H; — manopw B paccmMarpuBaeMoM cioe I u B CBABAHHHIX C
HUAM COCeHNX BOJOHOCHHIX TOpH30HTax 2 u J;
ky, my— rodpdunuenT GUIBTpPAMH H MOMMHOCTH CjabompoHHIa-
€MOro CJOfd, 3aJeTaloIiero B KPOBJIE paccMaTpHBaeMOTo
HAaNoOpHOro IOpPHBOHTA, T. €. Mexmy cioamum I m 2;

koyy my, — TO 3Ke, B momomBe caoA I. '

3rech TaK ke, KAK A B IMOKA3aHHOU Bhillle cXeMe 0e3HANOPHOrO TOPH-
30HTA, B €CTECTBEHHHIX YCIOBHAX IepeTeKaHHe HPOMCXOAUT H3 TOpPH-
gouta / B ropusont 3 (H3< H,), HO IpH OTKaYKe COOTHOIIEHHWEe HAIOPOB
MOKeT W3MeHHThcs Ha obpaTHoe.

Bo MHormx caysasx HamopHEe BOJOHOCHEIE TOPH3OHTH HEHOCPEN-
CTBeHHO NepeKpHBaloTcA ci1alompoHANAeMEIMA TOPOJAMH, B KOTODHX
cojiepsKaTCA TOf3eMHLIe BOALI €O CBOOOMHON MOBEPXHOCTHIO, CBA3BAHHHE
¢ atMocdepoit U mosyyamue NUTaHWe TyTeM HHQUIbBTpanuu aTMocdep-
HEIX ocaxkoB (pume. I. 8, 6). B rakux cayuasgx peskuM HaNOPHHIX BOJO-
HOCHBIX TODH30HTOB KaK B €CTECTBEHHHIX YCIOBHAX, TAK B 0CO0EHHO 1pH
OTKaYKaX, B 3HAUATENbHO# Mepe OIpefensieTcd pPa3HOCTHIO HANODCR
H,n H,n Bennumnoii Monyns nutauus &;. MonygeM IATaHUA B OCHOBHOM
onpefeliAeTcA HANOp WOA3eMHHIX Box [{, B BepxHeM cJjoe.

Hamopusie BogomOCHEIE TrOpU3OHTH pacOpOCTPAaHEHH B Ppas3nnd-
HBIX Te0JIOTHYECKHX CTPYKTypax. HambGonee monHo omm BHpakeHH B
apresmaHcKnX OacceifHaxX, rie o0pasylOTCA CHCTEeMH WIH KOMIUIEKCEHI
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HamoOpHHX BO/JOHOCHLIX TOPU3OHTOB, Pa3J/ieJCeHHBIX cnaGonpommaemmmn
CIToAMM. ‘lepe3 nochaeHIle oCylieCTBJAACTCA I'HJipaBjudeCKad CBA3b Ha-

Y e,
B &,=0 7

=

Puc. I. 8. CxeMBl HANOPHBIX IOTOKOB

a — Ipu OTCYTCTBUH CBA3M ¢ armocepod m me-
peTeKaHud BOAH H3 COCEOIHHUX CloeB; 6 — UpHU
HalIuauy OepeTeKaBuA u3 cocefHMX TIODPH30H-
ToB 9eped ciaabolpoHmuaeMble IepeKpPHITHA;
6 — TIpH  HeTlocpencTBeHHOoH THADABIVYECKO A
cBA3M ¢ O0e3HANOPHHIM TQOpPH3QHTOM B Iepe-
KPHBAKOINX OTIOHEHUAX
1, 2, 3 — BOOOHOCHBIE TOPH30HTHI, 4 — paspe-
nawomue cnabonpoHuniaeMeie cion; § — cBobom-
HafA NoBEPXHOCTh; 6 — Tbe3oMeTpHYECKHE
YPOBHH HANOPHBIX TOPH3OHTOB; 7 — KPOBIA I
noRomBa BOAOHOCHBIX I'OPIIBOHTOB

TMOPHBLIX BOJOHOCHBIX TOPH30HTOB,
Omarofaps d4eMy 3amachl  BOJH
B HUX — B 3aBHCHMOCTH OT COOT-
HOIITeHUA HAIOpOB CoCEeJHUX TI'0-
PU30HTOB Ha pAa3jiWiIHKX ydYa-
CTKaX HX PpAacUpoCTPAHEHUA —

MOTYT BOCHOJXHATHCA WIH Pac-
XOM0OBaThHCA.
CxeMy Takoro rujpaBjimde-

CKOI'o B3aMMo/leCTBUA HamOpPHBIX
BOJOHOCHHEIX TOPHU30HTOB B Mac-
mrtabe KPYOHBX apTe3MaHCKHX
GacceiinoB BoepBoie gamx A. H. Ms-
tues [147]. O moxasax, B ua-
CTHOCTH, 9TO BO MHOIUX CJIYy4YafgXx
Ha BOJIOPAa3/eJbHbLIX, OOBHIIEH-
HEIX 4acTAX peibeda oTMeTaeTcs
HUCXOJidMee JBUKeHUE IOM3EM-
HHIX BOj (HAmopsl ¢ IiyOHHOI
YMEHBIIATCA) ® HNPOHCXONUT
NHUTaHWe HUKeJeKallux TOopu-
30HTOB, & B JleIpeccHaX mpeol-
JamaeT BocxofAmas QUABTpanUs
(mamopH ¢ rayGUHOI BO3PACTAIOT).
Brarogapss aromy oforamamorcsa
TIepBHIe OT IMOBEPXHOCTU BOJOHOC-
HHE TOPU3OHTH U IPOHCXOMHUT
WX pasrpyska B JIOJUHBI COBpe-
MeHHHX peK. llpm orkaurkax tem
fonce obecmednBaeTcA BO3MOK-
HOCTH TIOCTOAHHOTLO H HOBCe-
MECTHOI'O  BOMOOOMEHa  MEKAY
OTJAeNbHBIMH HATOPHEIMH BOJOHOC-
HBIMH TOPH30HTAMII,
Hanopuo-6e3HEamnop-

H H i pexRHuM I B H K e-
HHA THNOJA3EMHEBX BOJ
Habamomaerca B o0gacTu  BH-

X0J0B HAaOOPHOI0 BOMOHOCHOI'O
TOPM30HTA Ha TIOBePXHOCTH
niu B6JIu3H ApeHupYIOMHX
3JIEeMEHTOB — peK M [ApYyrEX Bo-
I0eMOB, TAe Ube3oMeTpuyYecKuil
ypoBeHb ONyCcKaeTcs HIKe

KpoBau ropusonta. Hepeaxo Takme yciaoBua co37aloTcid OpU HHTEH-
CHUBHBIX OTKauKaX NOJ3€MHBLIX BOJ BOJM3H CKBa;KUH.
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Pesxum GnasTpannoHHBIX MOTOKOB. DrIsicHeHUWe pe;KuMa MMOJ3eMHIIX
BOJL B eCTeCTBEHHHIX YCJIOBUAX M OIEHKA €0 BO3MOJKHHIX M3MEHEeHI nMpH
BO3MYIIeHHH BOJOHOCHBIX TODH30HTOB BeChMa BajKHBI NPH AaHAJI3E
npupoxHoil obcTaHOBKM M paszpaboTKe pacYeTHHIX CXEM.

IopgsemHBIe BOMBI, 3aKIOUYEHHbIE B HerJiy0OKHX ropusontax (a oHH,
KaK W3BeCTHO, ABAAIOTCA Hambojdee MOIHBIMA U OCHIBHBIMEA KOJIEKTO-
paMu BOABI), HAXOXATCA IOX AKTHBHEIM BO3JeiCTBHEM TMOBEPXHOCTHBIX
areHToB, B YAaCTHOCTH METEOPOJOTMYECKHX M THUAPOJOTHIECKHX., ITO
racaeTcss He TOJBKO 0(e3HANOPHHX BOJ, HENOCPEACTBEHHO CBSI3aHHHIX
¢ armMocepoil, HO W HAaNOPHLIX, M30JIUPOBAHHBIX OT aTMOC(Peph TIUHU-
CTHIMH CIOAMH, MOCKOJBKY 9TH HoCJleqHMe HeNb3s CYUTATh Bo BceX
caydasax abCONWOTHBIME BOJOYIODaMWu.

Bce BomoHocHBIE TOPDH30HTE Kak GesHamopHBe, TAK U HANOpPHLIE,
sasgteraomue /1o rayouns 300 —400 x oT MOBePXHOCTH 3eMIHM H COJEpHKa-
mue TmpecHble W ciaboMmHEpain30BaHABIE BOJAbI, COCTABIAKNT TAK HABHI-
BacMyl0 30 HY aKTHUBHOTO Bojgoo0OMemna. 'maporeonorn-
YeCKUe HCCIeOBAHAS, BLITIOJHEHHBE MO PAAY KPYOHBIX apTe3MaHCKUX
facceltnoB (Jluenposcko-I/lonenxomy, MockoBCcKOMY H HEKOTOPHM ApY-
r¥M), NMOKA3adH, 9YTO 3amach BOJAEL B CHCTEMe HAIMOPHBIX BOJXOHOCHBEIX
TOPU30HTOB 30HB AKTHBHOTO BOKOOOMEHa 3aMelfaloTCH «CBejkell» BOJOH.
Takasa Bojia moctymaeT U3 aTMocepsl M M3 TOBEPXHOCTHHIX BOJHBIX
IICTOYHUKOB B TedYeHHe KOPOTKHX noepuofoB, MCYHUCJIAEMBIX BO MHOTHX
cIy4asgx TONBKO NEPBHIMH COTHAMH JeT. B 3ToM sakidwdaeTcsa OfHO H3
CaMBIX CYIECTBeHHHIX OTJIMYMHA TOJ3eMHBIX BOJ YKAa3aHHOH B30HBI OT
fonee rTy0OKMX TOPU30HTOB MUHEPANTU30BAHHBIX BOJ, a TaKkke OT Hedre-
¥ Ta30co/ieprRalfux CI0eB, KOTOPHIE HAaXONATCA B 30HE 3 AaCTOHHOT O
pe xuMa. Boapsl 3To#l mocienHeil 30HH J{efiCTBHTeNBHO XapaKTepPH-
3yIOTCA TMOYTH MONHOIH HMBONANMeir oT aTMocepsl W OT HOBCPXHOCTHHX
BOAHBIX HCTOYHHKOB.

PesruM paccmaTpuBaeMBIX HaMH DOJ3eMHLIX BOJ 30HBI AKTHBHOTO
BOjI000MeHa, CTPOro roBopfA, BCerfa fABIsSeTCS HeYCTAHOBHBIOIMMCS, TO-
CKOJBKY IOCTOSSHHO NPOHCXOJAT WM3MEeHeHWS HHTEHCHBHOCTH UHQHIb-
Tpamuu aTMocepHBIX OCAaJKOB W HCHOApeHHs;, KOoJeONWTCA OTMETKH
TOPH30HTOB H BeJUYUHB CYMMapHOTO CTOKa BoAnl B pexax u T. a. Ho
TaKHe M3MeHEeHUs HOCAT NepHojmvecKmii xapakTtep. OlleHuBag JUIUTENb-
HHIll MHOTOJETHUH NepHoj, ME dacTO0 TNPUHNUMAaeM CpeJHue BeJIHUYNHEL
HaIopOB, CKOPOCTeH M pacXoOXoB HOJ3EMHHIX BOJ M MMM XapaKTepuayeM
Ha4YaJbHEIE YCHOBUA, Ha KOTOpble W HaKJIaJBBAlOTCA BO3MYIIEeHNA,
BHOCHMbIe HPOEKTHPYEMHIMH COOPY;KEHHUAMHU. JTO OKA3BIBACTCA BO3MOK-
HBIM, TIOCKOJBKY HPOCKTHDPYEMBIE COOpPYsieHns B OONBIIMHCTBE CIy4aeB
OPHBOIAT K Oosiee PE3KUM H3MEHOHHAM YKa3aHHHX OCHOBHBIX BJI€MeH-
TOB QHIBTPANHOHHOTO TOTOKA, YeM BTO HMeeT MeCTO B eCTeCTBeHHbIX
YCIOBHSAX TOJ{ BAUAHUEM KIAMATHYECKHX H THAPOTreOJOTHYCCKHX (PaKTo-
poB. VckiogenneM ABIAKTCA JUITb IPUPYCIOBLIe 9aCTH KPYNHBIX peK,
rjie KoJeOaHusa ropusonTa Bogbl M CBA3aHHLE ¢ HAMH KoJdeGaHus yPOBHA
N0/i3eMHBIX BOJ B GeperoBoi Moaoce MOTYT OBITh BEChbMA 3HATHTENbHLIMM.

IIpn nHapymieHMH ecTeCTBEHHOTo pe;KAMa OTKAadyKaMH U3 CKBajKAH
U IPYrUX COOPY KeHUH B MepPBHIl MEPHOJ, OTKadYeK JBHKeHUE MOJ3eMHBIX
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BOjl BONH3W COOPY:KEHWH§ HOCAT Pe3KO BEIPajKe HHWH HEYyCTaHOBHUBIIHUCH
xapakrep. 910 HalnogaeTcs Kak B 0e3HANOPHBIX, TAK W B HANOPHHIX
BOJOHOCHHIX ropusoHTax. llpmuuHOM HeycTaHOBHBIIETOCH [BHIKEHUH
B 0Oe3HamOpPHHEIX BONOHOCHBLIX TODH30HTAX MABJAETCA OCyIIeAue YacTH
BOJOHOCHOTO T'OPH30HTA, OPOUCXOAAMEe IPH NOHMKEHNH YPOBHA B TIPO-
mecce OTKAaYKu. JTOT Tpomecc IPOUCXOAUT HE cpasy, a MOCTeIeiHO,
BCJENCTBHE 4Yero MEHSIOTCA YPOBHHM, CKODPOCTH H Pacxojd (HMCKTCA
B BHUJ[y H3MEHERHUsA B 30HE OTKAYKM BHEe CKBA)KWHKEI; B IOCJE[IHell, B 3aBH-
CHMOCTH OT 3a/IaHHOTO Pe/uMa, MUKT NOMJIePRABATBCA NOCTOAHHKIM
YPOBEHb HJM DPACXOA).

Co BpeMecHe\ jleIIPeCCHOHHAAs BOPOAKA JOCTUIaeT MOCTOSHHOIO HCTOY-
HUKa TMMTaHUsA, HANIpUMep peKHd, o3epa W T. [., KPOMe TOTO, BO MHOTHX
caydasax gabmwoaerca (fojiee vHTeHCHBHOE MOCTYIJIEHAE BONLI B TPEeLl
BOPORKH fienipeccny nyTem HHPuAbTpaluu aTMOCPEPHHIX OCafKOB U Iepe-
TeKaHWsi H3 COCeJHHX BOJOHOCHBIX TOPH3OHTOB, IO3TOMY CHHKEHUE
YPOBHSA ¢ TeYeHHEM BPeMEHH CYIICCTBEHHO 3aMeJUIAeTcHA, U B KOHIE KOH-
0B [BHKEeHNE TMON3eMHHIX BOJ B TAKHX YCJIOBUAX CTAHOBHUTCA HPAKTH-
YeCKM ycTaHoBABMUMCA. Jluuik B cllygae OTCYTCTBUA TepeYHCIEHHBIX
BHIII¢ HCTOYHMKOB MTHTAHWs, HANPHUMEp B BOJOHOCHBIX IOPH30HTAX,
OTpaHHYeHHBIX HEeNPOHUIIAeMHIMHM NOPOMAMHU, a TaKKe TNPH Majoil Be-
amunse ruQUabTpanuu (He yCHIUBAIINENHCA TPH OTKAYKe), HeyCTAHOBHB-
mieecs ABW/HEHNE MOKeT COXPaHATHCA B TedeHNe BCero Mepuoia OTKAaYKH.
To e no:KeT HMeTh MeCTO W NPH H3MEHeHHW BO BPEMEHH YCJOBUMA Ha
rpamuuax obxacta QuabTpanuy.

B ranmopHBIX BOJOHOCHHIX TOPU3OHTAX HEyCTAHOBHBIIEECSH [BUKOHUE
00'BsACIAETCA APYTEMA OPAYNHAMHA, NOCKOJBKY B JaHHOM ClIy4ae HE TpO-
HCXO01UT OCYIIEHHSA CaMOro ropH30HTAa. B COOTBEeTCTBHU ¢ TeOpHed ympy-
roro peXiuMa HeyCTAHOBHBINeECA [BMKEHNE B HATNOPHEIX TOPH30HTAX
00ycaoBIABAETCA NPOUCXO/AMNM IPH CHUKEHNH HANOPOB paclidpeHueM
BOJ(bI, a TaKe CIKATHEM CaMoro IJjacTa ¥ YMeHbOIEHWEM ero HOPHUCTOCTH
(scieficTBUE yOpyrocTH BOfbI B (PUIBTPYIOMEH MOPOJHI).

Teopusa ynpyroro peskuma HOjydniaa IIHPOKOe PasBUTHe B ION3EM-
HOIl HedTAROH rupgpasiuke, B actHocTd B paborax B. H. Illenxauesa
[220], [221], a Tawke M. Mackera [145] m gp. llommmo ympyroctn
caMoro HalOPHOTO I'OPW30HTA, MHOTJA YYNTHIBAETCA TAKKe YHOPYrocTh
KOHTAKTHPYIOINX ¢ HUM caab0npOHUIIaeMBEIX IOPOJ B KPOBIie U MOMIOMIBE
BOJlOHOCHOTO miacTta (215, 234].

Mexaunsm ynpyroit ormadm BOJH K3 HANOPHBIX BOMOHOCHBIX I'OPH-
B0HTOB JOBOJBHO CJIOKEH W HYIKIaeTcsi B J{aJdbHEHIIUX HUCLJIE[OBAHUAX.
PaccmaTrpuBasg Hanopubie BOJ{OHOCHBIE TOPH30HTH 30HBEI AKTHBHOTO BOMO-
obMena, cieyer, KpOMe YOPYIOCTH, YYNTHIBaTh B HKpYyIrue (QaKTOpH,
ofycopnuBaomue HeycTaHOBWBINeecs JBW;kenme B Hux. K mx umemy
OTHOCATCS: a) OCyOIeHHe BOMOHOCHOIO0 TOpPH30HTa B 00iacTm BHIXOMIa
ero Ha MOBEPXHOCTH, I7ie MON3eMHBe BOJIB ABIAIOTCA yiKe 0e3HAaNOPHBIME
(cm. puc. I. 3) u 6) ocymenme Brmienexamux ciabOOPOHUIAEMEIX BOJO-
HOCHHIX IOPOJ, C KOTOPHIMHA T'HIPaBIAYeCKH CBA3aHE HAOPHbBIE TOPA30HTEI
(puc. I. 8, 6). 9T paxTOpH BO MHOTHX CIIyYadX MOTYT HMETh pemiaomee
3HavYenue B QOPMUPOBAHNE pe;kUMa QUIBTPAlli HATIOPHBIX TOPA30HTOB,
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[Ipn manuuum mOCTOAHHOMEIICTBYIOIUX IIOBEPXHOCTHHIX MCTOYHUKOB
OUTAHNA, ¢ KOTOPHIMY CBSI3aHLl HAIOPHBIE BOJLOHOCHBIe TOPH3OHTH, U MH-
TEECWBHOI'0 MHOCTYIJICHHs B HUX BOJE H3 COCENHWX CJO0EB, JBHKeHHE
MO/I3eMHHIX BOJl, Kak ¥ B 0e3HamoOpHLIX VCITOBHAX, CTabuinampyercs
I cO BpeMeHeM IpuoOpeTaeT Xapakrep YCTAHOBHBINErocs. XOTA TeOpus
YIOPYIoro pesKAMa W He OXBAThIBaeT WOJHOCTHIO Ipomecca QuUabTparimu
HamnoOPHBIX IOM3E€MHBIX BOJ 30HH aKTHBHOTO BOR0OOMeHAa, TeM HE MeHee
MaTeMaTH49ecKHH allapar sTOHW TeOPHH BO MHOTHX CIydYasX OKasbiBaeTcsa
BIIOJTHE IPUMEHMMEIM [Jisi THJPOTEOJOTMUYeCKAX PacyeToB.

CropocTh mepepacipe/eeHns HaOPOB W AHHAMAKA OT/a9Yu BOJBI
U3 BOJIOHOCHHIX TOPH30ATOB B YCIOBHAX HEYCTAHOBHUBIIETOCH JIBHKEHUA
ONpESedANTICA BOX ONPOBOAHAMOCTH H Koo dunue u-
TOM OIbe30OpPOoBOAHOCTH. HKospdunumenr mbesomnpoBogHOCTH
nng Oe3HANOPHBIX BOJ, HA3BIBAGMHI Tarkme KOod P PmIHeEeHnTOM
YPOBHEeNPOBOMNHOCTH, HAXOAAT KAaK YacTHOE OT JeJIeHHA
BeIHYHHE BONOIPOBONMMOCTH HA BeJHYWHY BOAOOTAauum. I3 HanmopHBIX
BOAaX KoapMHUeHT Mbe30mpOBONHOCTY 0OBIYHO BBIPA;KAIOT B BHJE OTHO-
HIeHus BOMOUPOBOJMMOCTH K TAK HA3HBAeMOil YyHPYToeMKOCTH BOIXOHOC-
HOrG ropmsonta [220, 221].

Onnaro, yuuTHBasg CKa3aHHOe BHINIE, MO7 Ko5(PHUINHEHTOM Ibe30IpO-
BOJIHOCTH B HANIOPHBIX IJIacTaX MOKHO IOHHMAaTh OoJsiee 00wl moOKaza-
Tedb, OTPAyKAIOM{MH HE TONBKO YIpPyrue CBOMCTBA BONK H IIOPOABI, HO
TaK)Ke M yCJIOBAA NUTAHAA BOTOHOCHOTo ropuaonta [54, 55]. Tak ke, rak
B 0e3HANMOpPHEIX BOJOHOCHHIX TOPH30BTAX, K03P(HIHEeHT NULE30IPOBOJ-
HOCTH W 3[1eCh MOKHO ONpefeidTh KAK OTHOIIEHHE BEJHMYHHB BOXOIPO-
BOJIMMOCTH K BeJHYHHEe (BOJNOOTHAYM», ONHAKO IOCIeNHAHA NOJKHA OIe-
HWBAThCA He TONBKO YHPYTLOEMKOCTBIO CaMOTO HANOPHOTO INIAacTa, HO
H BOJOOTHAYCH IOPOA B 30HAX, W3 KOTOPHIX M IPOHCXOAHUT IONOJIHEHHE
pecypcoB HAIOPHOTO ILIACTA.

3amMeTuM, YTO B OTINHYHE OT YIPYrOoTO PeKUMA, pesKuM QUIbTpalul,
IIPH KOTOPOM YIPYTHMH CHJIaMHU MOKHO IpeHeOpeus, MHOIA HasbIBaeTCs
HecCTHKHM,

@uiapTpaHOHHBIE CBOMCTBA HOPOJ B 00JaCTH JBIKEHHA IOX3EMHBIX
Box. HeogHOPONHOCTh BOMOHOCHEIX TOPH3OHTOB BHIPA;KeHA B H3MEHCHUH
OCHOBHHX (QMIBTPANHOHHEIX MAapaMeTpoB B IiaHe (IO IIOMIAAH) X B pas-
pese (mo rayOmpe). OTH H3MEeHEHHA B HEKOTOPHIX CJyYadgX TPOMUCXOMAT
0e3 BUHMOI 3aKOHOMEPHOCTH, W MEKAy 30HAMH C Pas3juYHON BOMNOIPO-
BOJUMOCTBI0, BOMOOTHAYeil U APYTUMH CBOMCTBAMHU IpAKTHYECKYW HeJb3s
npoBecTH YeTKHX rpamni. Dosiee ninm MeHee OHOPOXHBIE YYACTKHA HMEIOT
caMbie paziuYHHEE W CJIOKHEE FeoMeTpuYecKHue o9epTaHnd, IpHIeM Iiepe-
XO#B MeKIy HAMH OniBaeT TPYAHO BHIABHTH Jajke IpPH JeTaJbHHX
H3BICKaHAAX., TaKoro TtHIA HEOMHOPOMHOCTH YCIOBHO MOKHO HasBaTh
Xa0THYEeCKON MIu HeyUmopsaAJgoOde HHOIMN.

Hnsa onenkn ycioBuii GuIbTpamud B MOPOax C XaOTHIECKOH HeoA-
HOPOJHOCTBI0 OY€Hb 9ACTO NPHXOJHUTCA HMPHOEraTh K OCPeJHEHHIO PUIIb-
TPAUOHHHIX XapaKTEPHCTHK W NPHBEJCHWIO BCel 00NacTm [BHIKEHHA
DO/I3eMHBIX BOJ, K YCHNOBHO OQHOpPpoORHOIMK obmactu. DBos-
MO;KHOCTh OCpPEJHEHHs W IPWeMbl, HCIOJb3yeMble A OSTHX Meleir,
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YCTaHABIHBAIOTCA B 3aBHCUMOCTH OT KOHKDETHBIX YCIOBUIl W BCAKUM pa3s
BOJKHBL OBITH HOATBEP;KACHH OUNTHHMU JaHHrMu. Hepeliko ymoBieTBo-
pHUTeJIbHEE Ppe3yJabTaTsl AAIOT, HaOpuUMep, cpemHeapudMeT u-
YeCKWe 3HAYeHNA WJIM CpeJHeB3Benlie HHHe (D0 NJIONAan
WM DO MOTHOCTH OTAEJBHHX 30H) 3HaYeHMs UIBTPANMOHHKX XapaKTe-
PHUCTHK .

Jlasg oIeHKM TOYHOCTH IOJYyYaeMBIX TakuMm o0pasoM CpefHUX WIH
UpUBEJICHHKX HapaMeTpoB B IOCJE[HEe BPeMs MCHOJbIYIOTCA MeTOAES
MaTeMaTHYeCKONl CTATHCTHKH. -

Bo wmmorux caygasx, opgHako, d)nnbtrpauHOHHon HEOITHOPOITHOCTH
DOPOJ, MOKHO BHIABUTH W DPEACTABHTh B PACUETHHX cXeMaX OIpejeseH-
HHIME 9eTKO BhipaskeHHbIMEU gopmamu. Takyio HEOJHOPOJHOCTH YCJIOBHO
HaswBaloT NI pPaBUJIBHHON, WIM YHNOpPAZoOYe HHO H.

Haubonee pacompocTpasena Tak HA3wBaeMasg C 1 OMCT asg He 0 J-
HOPOJHOCTH, XapakTepHasd HAJs apTesuaHCKHX 0acceilHoB, TIje,
KaK YJKe YKasblBaloCh, BOJOHOCHBIE TOPU3OHTH DHEpPEeMe;KAlTCA CO
crabonporunaeMuiMn  caoamu. Haawil #W3 BOJOHOCHHIX TOPH3OHTOB
3nech ABIAeTcA 00Jee WIU MeHEe ONHOPOAHHM Wium obmamaer Xaorude-
CKOIl HEOJHOPOJHOCTHIO, B CBABHM C 4YeM eT0 IPHUBOAAT K OJHOPOLHOMY
oyreM ocCpeJjHeHnsd DapaMeTrpoB.

ITpm Be cammkoM GOMBIIMX PAasAMIUAX B BOJOIPOHMUIAEMOCTH OCHOB-
HBIX TOPUBOHTOB W pasfelAnux uX crabompoHuIaeMex cioes (KoTma
OTHOINEHWe BEeJUYWH BOJAOOPOBOAUMOCTH He mpeBbimiaer o = 10) caom-
CTHIE TOJIM, KAK U B cJyJae XaOTHYECKOIl HEOJHOPOJHOCTH, 9aCTO OCpe/-
uAoT. Ilps aToM yuuThiBaeTcs IiIaBeHCTBYIOmMee HADpaBIeHNE IBUe HUAS
LO/I3eMHbIX BOJ IDH BBOJE B JeiCTBUE NPOEKTUPYEMHIX BO3MYMAIOTIAX
COOPYsKeHuii.

B cnyvae BeprukampHOR (QuabTpamum cpemmuii  Kospdunument
BOJOIPOHUIaeMocTH, Kak 970 mokasan I'. H. Hamemcrkmit [105, 107],
BHIpaskaerca ciaegylomuMm obOpasom (puc. l. 9, a):

kep.» = %M—, (1. 18)
mi

ki

. i=1
rae m;i U ki — MomHOCTh ¥ Ko3QdunuenT QUIAbTpaAnyu i-0oro CJI0fS
(i=1,2,.... n; n—49UCHO CI0EB);
Meym — CYMMAapHasd MONHOCTH BCEX CJIOEB.
Ecam cpenars BupTyalbHOe IpHBeJeHNEe MOIMIHOCTH, T. €. BBECTH
B paccMOTpeHHe HEKOTOPYI0 YCIOBHYI0O MOIHOCTh DyTeM NIpuBefeHUsA
Bceil ToJmM K KoaPunueHTy QUIBTpAIUK OJHOI'0 U3 CJ0eB, TO DOJYIUM:
n
' m
e Ky T
i=1
Hanpumep, npunnmas kg = ky, 0IA DoKazaHHON HA PUCYHKe TpeXx-
CIOUHOU CXeMBI HOJYy4YUM:

Mpp, s = ko

(1. 19)
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B eayuae, Korma cioii, 00 OTHOHNEHMI0O K KOTOPOMY <«IpPHBORATCA»
MOLIHOCTH BCeX OCTAILHBIX cJoeB, oOmamaerT HamboJbileil TpOHWIIaeMO-
CTHI0 kg N0 CPaBHEHWIO C APYIUMHU CJOSIMHU, NpuBe[leHHAs MOMHOCTH
My, s Oyer 6oapmie meyy, ¥ HAOGOpOT, Korja k, mMeeT HaMWMEHbOIee 3HA-
YeHHE, TO Mpp, g OYAET MEHBINE Mcym.

{Tpu npeobmamaiomemM TOPM3OHTANTBHOM HANPABICHUUM TEYEHUS MOJ-
3CMHbBIX BOJ cpefHIl KospdunuenT unbTpanuu cIOUCTOH TOJMHU MOIKET
ORITH MCYHCIEH KAk CpefHeBsBelleHHHIT mo MomuocTsaM (pmc. [. 9, 6):

(e
E kim;

kop,p = 1= (1. 20)

mceym

4

m”ﬂ npu kg < Na,Ky
Mpp NPU Ky > Kg, Ky

— e - — ————— i —— — — — —

Puc. 1. 9. IlpnBefennass MOIMIHOCTH B CIOHMCTHX TOJIIAX

a — Ipu BePTHKAJIbUOH PujbTpanuy; 6 — OpU rOpPH3OHTAJbHoM OiIbTpaniu
B sTom caywae nmpmBegeHHas MOIM{HOCTH BEIPA3UTCA TaK:
LNV
Mnp, r = — imi. (1.21)
B
Jlaa uzobpaskenHoll Ha pucynke I. 9, 6 cxeMmbl u3 Tpex ciaoes upu
kg = k, MomxeM 3amucars:
ks ka
Mpp, r = My +¢1—m2 +71—m3. (1. 22)

3Jech peayJpTaT IOJAYdYaeTcss NPOTHBOMOJOMKHEI 1O CpPaBHEHHIO
CO CXeMOil BepTHKAIbHO QuAbTpaNyH, T. €. Hpu kg HauboabimeM Myp, 1<y
< M¢ys U OpA Kg HAUMEHBIIEM Mpp, r > Moy
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B Gesmamopmbix 1I0TOKax Iofo0HOe OCpefHEHUE NPOHUNAEMOCTH U
«IpuBefieHWE» II0 MOM{HOCTH ABJAITCA NPUOIUKEHHBIMH, HTOCKOJbKY
OpH BO3MYIMEHWM TAKMX HOOTOKOB W3MEHJETCS MOMHOCTHh WJIH IIyOuHA
BOJGI B OIHOM WX HECKOJBKUX BOJOHOCHHX cl0sx. Bosee Touno pacuers
B TAaKUX YCJOBHUAX MOKHO BHIIOJHHUTH ¢ OPUMCHEHWEM IIOTEHIUAJNbLHOI
¢ymrnmu, BBenernoir H. H. l'upuHCKNM u HocAme#d HazBaHue «IOTeH-
nuana I'mpunckoro» (cM. B riaBe BTOPOW).

Bosmosuocth ocpefueHns KodpduiuentTa mbe30MpOBOJHOCTH B CJO-
MCTHX Toamax ¥ (OPMHE BHPa)KeHUS €T0 OCPeIHEHHHX 3HAYCHUN HEe
cToan AcHH. HexoTopre mpepio:keHWs HO 3TOMY HOBOAY CONEPKATCA
B paborax B. A. Makcumona [25]. B wactroctu, nas cayuas cBoGomnOrO
mepeToKa Me;KIy TOPM30HTAMH, T. €. IPU OTCYTCTBUHU pPasiedsoniax
¢1a00UPOHUIAeMBIX CJI0eB, OH HOJAy4Yua ciaeayomyno ¢opmyay cpej-
HEro 3HadYendsa Kod3PPUIumeHTa OHE300pPOBOIHOCTH:

RE— (1. 23)

The ai — Ko3QPnuueHT mbe30MPOBOJHOCTH [-OT'0 CJIOA.

IIpm wanuwyum MesKNy BONOHOCHBIMU TOPH30HTAMYU PAasAeJAIOMUX
Cll0eB OrpaHWYEHHOM NPOHUIAEMOCTH CPeJHWH Ko3pPuimeHT OHE30-
NPOBOJHOCTE BHIpakaeTcsi Oosee caoskHo. Bompoc sTor Hy:kmaeTcs
B JaJbHEHIINX UCCAENOBAHUAX C YYETOM TOTO, 9T0 B YCJIOBHAX HEYCTa-
HOBHBIIEI'OCH JBWKEHWA NObE30NPOBONHOCTh H3MEHAETCA BO BPEMEHM.

B Tex cayvasx, Korja 3HAYeHHS BOJOOPOBOIMMOCTU OCHOBHHIX W
pasgeaAmAx uX cJabompOHUI[AeMHIX TOPM30HTOB B CAOUCTHIX TOJMAX
CYIMECTBeHHO pazamdanTca (Ipu COOTHOLIEHWHM WPOBORMMOCTed GoJee
5 — 10), ocpepmenwme napaMeTpoB M («HIPUBEICHHEY» CAOHCTHX TOJMI
K ONHOPOMHBIM Yy;Ke HeJb3s cuuTaTh 000cHOBaBHEM. B Takux yclroBusax
IpPH COCTABIGHUH PAcUYeTHON cXeMbl HeoOX0JuMO YYUTHIBATH BCEe TOPH-
BOHTHL M pasfendiomue HX CJou CJAaboUnpOHUNAEMEX HOPOJK M IPOM3BO-
AATH OHNEHKY HapaMeTpoB Ka;KAOr'o B OT/eJbHOCTH.

BecbMa pacmpocTpaHEHHHM YaCTHBIM ¢Jy4aeM YKasaHHOH HEOMHO-
PONHOCTH ABJAITCA JABYXCHOHHHE TOJMY, B KOTOPHX BepXHUH CIOH
c1aboNpOHANAEMHEH, TJIMHWCTHI, & HIKHUA — CHJIBHONDOHHMNAEMELH,
cocTOoAMmM U3 MeCYaHO-IPABEIUCTHIX OCAZKOB WJH J[PYIUX OOPOX, B TOM
Y@ECcJIe KOPeHHHIX, HAUPAMEDP TPeNMHOBATHX HM3BECTHAKOB W MECYAHHKOB.
Taxoe crpoenue gacto Ha0MIONAETCA B Teppacax PedHBIX [OJUH.

Ilpu cxemaTusanu® HEONHOPOJAHEIX CJOMCTHIX TOJm C Pe3KAMH
pa3NuYMAMA B BOJONPOHHIAEMOCTH OCHOBHHIX FOPW30HTOB U Pa3feidlo-
oUX UX cjJabompoHUIAEMHX cJ0eB 0OHYHO NpPHHMMAETCA yHpomeHHasd
cxema ¢uarrpamuu. B Takoil cXeMe Tropu30HTAJbHEE COCTABJAION(IE
cKopocTH (UALTpanmu| B CJaaGONpOHWI@EMHIX CJ0AX 3a MaxocThbio (10
CPaBHEHHIO C TEMU ke CKOPOCTAMH B CHJIBbHONPOHUIAEMHX FOPH30HTAX)
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HC YUHTHIBAIOTCS, YTO JlaeT BO3MOKHOCTh OCHHBATDH QUIBTPAXUIO B CJIOH-
CTHIX TOIN[AX N0 cXeMe ILIOCKOHN (JByXMepHOH ¥ oOIHOMEpHOH) 3a-
AAaTm.

Hpome ciomcroii HeOJHOPONHOCTH, BechMa BasKHOe 3HAYEHHE HMeer
OpaBuUibHAsg, WJIM yHOpsAfOUYeHHAA NJaHOBAas HEONHOPOI/I-
HoOCTBH mopoj B obsnactu ¢uabrpanuu. Pacrnipenesncuane 30H ¢ pasand-
HHIMH QIMIBTPAHOHHEIMI CBOMCTBAMY M UX TeOMeTpHYECKHe OUepPTaHHA
B IJaBe (IO IJON(afM PacHpocTpaHeHAs BOXOHOCHOIO TOPH30HTA) MO-
I'YyT OLITh caMBIMKM pasHooOpasHHMu. B HEKOTOPHX ciydasx 3aKOHOMEp-
HOCTb M3MeHEHHA PUIAbTPANAOHHEX XapaKTePUCTHK IO IJIONIANHA YIAeTCA
BRIDA3HTh MaTeMaTHUYeCKU B BHJE ONpefieeHHOH QyHKIUHE OT KOOpIHHAT
x, y. OnEaKo, KaK NPaBHI0, A NPAKTHICCKHUX HeJiel MOKHO cXeMaTH-
30pOBaTh peasibHYI 00jJacTh (JuAbTpPANHH, pa3sTPAaHAYABAA ee Ha pPAL
YCJIOBHO OJIHODOJHBIX 30H, B IpefiesiaXx KOTOPHIX MapaMeTphl MOTYT GHTH
OCpe HeHHL.

Taram o6pasom, 061acTh PuABTpanMM NPHBOAUTCH K AHCKPETHO- WIH
KycodHOHeo HoponHoi. I1pn sTom Baskmelimieit 3aadeil ABIACTCA YCTAHO-
BjleHHe TIeoMeTpHYeCKod (OpPME TrpaHHIl pasjgeia MeKAYy 30HAMHA
C pasJnYABIMA (QUIALTPaNMOHHHIMA cBolicTBamu. B ofmem caydae 31H
rpaHAOb KPHBOJHHEHHH M MMEIOT CJOKHBIC, BechbMa IPHXOTJINBEIE
dopmei. Hepenko Bce ke B cxeme ofsacTe (QuIbTpaguu ¢ IJIaHOBOI
HCOJHOPOZHOCTBIO MOKHO IIpe[CcTaBuTh O0oJiee LPOCTO, OTPaHHYHBAS
OT/(eJbHEIE 30HB NPaBAJIbHHMU I'eOMETPUIECKEMHA KOHTYPaMu, HAIPHMEp
NpAMONMHEIIHHIME W KPYLOBEIMH.

ITpu omenke B3amMOpeHCTBUA pas3jHYHHX 30H B eCTECTBEHHOH 00-
CTallOBKe ¥ B BO3MYN(EHHOM COCTOSHMM YYHTHBAeTCA HEHpPepHBHOCTH
HAIOPOB ¥ pAacxojoB Me;KHy HAMU. B ciydae 3HAUHTeJbHON pas3HHIIBE
B QUILTPAHOHHKX CBOIICTBAX OTAEJIBHBIX 30H MHOTIA OKIBAeT BO3MOKHO
NPUHIMATh FpaHANH pasjesa MeAy 30HAMH COBepIIEHHO HEIpOHHIIae-
MLIMH — BOJJOYHODHBIMW, MJIA COBEepUIeHHO NPOHHIAEMHIMA — T. e.
CUNTATh, UTO COCefHHe 30HH 00jamal0T GecKOHEYHOU BOIOLPOBOJHMO-
CTBIO.

l'eoMerpuyeckne ouepranusa obaacTH QuUALTPaNMH H YCAOBHA ee
NUTaHOA 4Yepe3 OGOKOBble rpammibl. [Ipn cxemaTHSamuM NPHPOHBIX
yCIOBRI AJA pacdeTHHX nedeil HeoOXONEMO YYHTHIBATh pPacHoJIOyKeHUC
NPOEKTHPYEMEIX COOPY;KeHUH OTHOCHTeJbHO TrpaHMm obGiaacTu HIbBTpa-
oMM HJIHA I'paHAI pasfesa Me:KAy 30HAMH ¢ pasdddHBIMYU QHJIBTpalMOH-
BHIMH cBoifcTBaMu. C 9T0il TOUKH 3peHHs MOYKHO NPCACTAaBHTH cebc TaKne
chaydan:

1. O6nacts ¢pmabTpanuu uMeeT 3EAYMTENbHBIe Pa3MepPHl, HPUYCM CO-
OPY’KeHHsA HAcTOJBKO yHaJeHH OT rpandn obiactd, 9To BJIMAHHACM ITUX
rpaHAIl MO;KHO BoBce mupeHeGpeub, T.e. cuararh obisactb 6e 3T p a-
HEYHON M GecKoHeEYHO H.

2. O6racts ¢uabTpanMn HMeeT 3HAUUTEeJbHHIE pasMephl, HO COOpPY-
JKeHHs1 HAaXOoJATCA BOMM3M OfHON Kakoi-1mbo rpanMmBl objaacTu, Apyrue
e I'paBHUNE yjajleHbl Ha 3HAYUTEJbHOC PAacCTOAHUE W MOTYT He YYUTHI-
BathcA. B srom caygae o6aacth MokHO Ha3BaTh HMOJY OT p aHH-
YTeHHOH, WM nonybeckoHedHO i
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3. Obmacts PuIBPTpanumM MMeeT OTHOCUTENBHO HEGOJbIIIe pasMepsl,
B CBsA3H C YeM IIPOEKTUDpYyeMbie COOpPYKEeHusA HaX0JATCA B 30I1€ BJIUAHUA
TpaHull 00JacTH ¢ HECKOJIBKHMX CTOpoH. Takde o0macTu HazmBAIOTCA
OTPaBHUMYEeHHHNMU.

Jlas cymaeHus o BO3MOKHOCTH NpeHeOpe:KeHWS BIANAHUEM TPaHUIL
B OJHOPOAHHIX 00JacTAX PUABTPAIUU MOJKHO MCIOJb30BaTh CJIEHYIONEe
COOTHOTHEHUE:

Ry > aV at,, (1. 24)

rpe Rg — nelicTBlTenbHOE PACCTOAHNE [0 I'DAHHIH;
@ — KoadPuuMeHT NHE30NPOBOTHOCTH
t, — HaMedaeMblil TepHoJ BKCIIyaTalud HPOERTIPYEMOro Coopy-
JKeHHS;
a — gucIeHHbI KoapduumMenT, mpuHNMaemsiil paBumiM ~ 1,0 < 1,5.

B meopHOpomHBIX 007acTsIX, B YACTHOCTH B CIOMCTHX TOJIIAX BOJIO-
HOCHBIX IOPOX, IPY BOBMOKHOCTU NepeTeKaHus BOJbl B JaHHBIA BOLOHOC-
HBII TOPU30OHT U3 COCE{HHX TOPHU30HTOB, a TaKKe NPH HHTEHCHBHOI
uHuIbTpauy aTMocdepHHX 0CATKOB (yBeJwuMBalomedcs B npoliecce
BKCIUTYaTaly COOPYIKEHUIT) BJIHWSHNWe TPaHUI Mall0 CKasbiBaeTCA JIaike
npu Gosee GIMBKOM UX PacHON0OKCHMY, UCM 3TO onpeeasiercss GopMmyaoil
(1. 24).

I'pamunamm obxacty QuibTpamum, KakK yiKe BHITe YKa3HBaJoCh,
MOTYT ABJIATBCA CTPYKTYpPHbIE TIeoJOTHMYeCKHe 3JIeMeHTH — cOpochl,
HAJBUTH M T. ., HIN TOPOaL, 00Jafaoniye OTHOCUTeIbHO BeCchMa claboil
BOJOTPOBOAMMOCTHIO. Pacxoi mogseMHBIX BOJ CO CTOPOHBI 3THX I'DaBUI]
NpaKTUYeCKH paBeH Hy I0. Takme 001acT¥ MOKHO HA3BATh «3aKPLITHIMIY
N «M0JY3aKPHTHMMI», B 3aBECHMOCTH OT TOT'0, KaKasg 9acTb HX OKOHTY-
pHUBaeTCA T'paHULLAMMU.

Ecxm rpaBmnamum o0JacTv SBISOTCA IOBEPXHOCTHHE BOXHBE HCTOU-
HUKH — PeKH, KaHaJbl, 03ePa, BOJOXpAHNININA, U3 KOTOPHX IPH ompe-
JEJEeHHBIX YCIOBHAX BOJa MOKeT IOCTynaTh B BOJOHOCHLIE TOPH30HTHI,
TO Takue 00JaCTU MO/KHO HA3BATH «OTKPHITHMIY N «IOJYOTKPHTHIMAY,
COOTBCTCTBEHHO NPH 3aMKHYTHIX M HE3aMKHYTHX TI'paHUIaX mogo0HOTO
THIIa.

B peaxpmbix ycaoBuax rpanuns obnacti (uabTpalum, Kak U rpa-
HUIBL pasfella MeKTY 30HAMH C Pa3iMYHBMU QUIbTPAaIMOBHHIMHA CBOIi-
CTBAMHU, HMMelOT HeNpaBMIbHYI0O TeomeTpuieckyo ¢opmy. Jlna mereii
pacdera TpapUlpl, OMHAKO, FaCTO MO;KHO CXE€MaTHM3MpOBaTh, 3aMCHAA HX
OPAMOJUHEHHBIME WJIM KPYyToBuMu. B mpocTteilmux ciayduasgx B pesydib-
TaTe TAaKOH CXeMaTH3aluu BOJOHOCHHE IJIACTHl TPEACTaBISAIOTCA B Cle-
nyomux fopmax (puc. 1. 10): 1) 6esrpannyusiit; 2) moryorpanndennbii —
¢ 0JHOH IPAMOJMHEHHOH I'PaHMIei; 3) ToJoca ¢ ABYMA HapalielbHEMHI
IPAMOJMHEHHBIMH I'PaEMI[aMU, YXONAIMAME B GECKOHEYHOCTh; 4) HPSMO-
YLOJBHUK; D) KPYT.

BrisiBnenune Bcex ocoGeHHOCTEH NPUPOAHBIX THIPOTEOJOTHICCKAX
YCIOOBUN W WX cXemarmsapmus CIY;KaT OCHOBOM AJs Beibopa TOoro min
HHOTO BMJa WCXOAHHX Au@depeENHaTbHHX ypPaBHEHNH M HOCTaHOBKH
(3amamms) HawaJbHHX M TPAHUYHHX YCIOBUH, M0 KOTOPHM HaXOAATCA
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Puc. 1. 10. IIpuMepsl cxeMaTH3aluI reoMet-
pudecknx $opM BOJOHOCHEIX IIACTOB B INIaHe

1 — Ge3rpaHMUHBN TUIACT; 2 — TOJIYorpaHWYeHHHIN
mjacT: 2a — ¢ ofHolt npAMonuHeliHolt rpanuiel
BIONb pexu; 26 — ¢ npAMoJvHed#HoW rpanumen
BIOJIb cOpoca; 3 — moJloca € [IBYMA IIpAMoJMHeN-
HEIMH rpaHuiamMy: 3a — BHoJb Dpexku u Oopra mo-
Bopma Jonruwsr  [erade- JUHE, CJIOKEHHOTO CHJIBHOIIDOHMIIAEMBIMU I10PO-
npoHUYAEMSIe ngpgﬁgy JaMmu, 36 — BJIONb PEKU U 6opTa HJOJIVHBI CJIIOMKEH-

Horo cnabornpoHunaeMeIMd TlopofdaMu, 346 — OpH
ciabomnporuriaembix mmopomax B oboux OopTax mo-
JVHBE, 4 -— NPAMOYTOJNBHIK C TPAMOJMHeNHBMU
rpaHuIlaMy BIOJIB peK; § — KPYIr, OrpaHH9eHHbIHK

cinafoupoHHIlaeMBIMU TIOPOJAMH
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KOHKPeTHHe DelleHHA 3aKad O JBW)KEHHH NOA3eMHHX Box. Meropsl pe-
meHnA MOTyT OHTHL pasnamuasiMH. [ 9THX Iejeil HCHOJB3YITCA CTPO-
rue Wil npubamKeHHHEe aHAJWTAYECKWE METOAbl, YHCJeHHLIE MeTOJH,
OCHOBaHHEe Ha 3aMeHe nu$pPepeHNUATBHHX ypPaBHEHMH KOHEIHO-pas-
HOCTHEIMH yDaBHEHHSIMH, MeTOJB MOJEJHPOBaHMA U NpHOIHKeHHHe
METOfH SKCTPAMOJANAA ONEITHHEIX JTAHHBIX.

3aMeruM, 9T0 0OXapaKTEepPHU30BAHHKE BHIlIC TPAHWYHEE YCIOBHA B Ofi-
HAX cjlyd4aAaX — HOCKOJBbKY 3ajlaua O [BW)KEHWUH IOJ3EMHHX BOJ, KakK
IpaBUji0, CBOAHTCA K IJIAHOBOH 3afadie — yKe YUATHBAKTCA B CaMUX
HMCXOHHX YypaBHeHMAX. H TakHM YCJIOBHAM OTHOCATCA, HANpPHMEp,
TpaHHYHEE YCJOBHS Ha KOHTAKTaX CJIOEB B CXeMaX CO CIOWCTOM HEOJHO-
POJHOCTBHI0 MM YCJIOBHA NHTAHAA BONOHOCHHX TOPH30OHTOB HyTeM WH-
¢unprpanya aTMocPepHHX ocajKoB (MHPUIBTPAAA TaKyKe BKIKYALTCSA
B McxofBoe nuddepeHuaNIbHOE ypaBHEHHE HepaspuBHOCTH). ['panmanme
yciaoBus Ha GOKOBHX rpammpax o6macTu GuiabTpanuu HEIOCPEACTBeHHO
B YypaBHeHMEA HE BXOJAT U 3aJalOTCsA OTAEIBHO, OHU (OpMYyIHPYIOTCA
B COOTBCTCTBMHM C PeajbHOM HPUPONHOE 00CTaHOBKOM.

§ 3. Tuuossle pacaeTHsle CXeMbI

HecMoTpss Ha BCI CI0KHOCTD W pasmoobpasde NPUPOJHEIX TUAPO-
reoJOTHYECKAX YCJIOBHUH, INOCJHeJHAE NPH ICAeYyCTPeMICHHOM aHaJH3e
BO MHOTHX CJy9asix MOKHO IpEJACTaBHTh B BH[€ THUIOBHX pPAaCYETHBIX
cxeM, Koropole 06ecneanBaloT BOSMOIKHOCTH OPHUMEHEHHS CPABHUTEJIBHO
OPOCTHIX METONOB THAPOTe0JOTMIEeCKHX pPacueToB.

Tumossle pacdeTHHE CXeMH MOAPAa3AEAATCA DpPesKHe BCero mo Xa-
paKTepy B3aMMOOTHOINIEHHWH pacCMaTPHBAEMBIX BOMOHOCHBLIX TOPH3OHTOB
¢ arMocdepod H COCeJHUMH TODHM3OHTAMI B BeDPTHKAJILHOM paspese
#, CIIe0BaTeJbHO, 0 YCJIOBUAM WX HATAHMASA B IIpefielax ILIOMagd pacupo-
crpaHeHdsi. B COOTBETCTBUH C 3THM HPU3HAKOM MOTYT OHTH BHIjjeieHH
BOJIOHOCHEI® TOPU3OHTH €O CBOGOHOHX MOBePXHOCTHIO, ODUTAHHE KOTOPHIX
OCyIeCTBAAETCA IyTeM RMHQmAbTpanmm aTrMocPepHHIX oOcafKoB (tmm I,
cM. Tabaany) WM, KpoMe TOTO, IyTeM NepeTeKaHWsA BOMH U3 HHUKEJIErKa-
mHAX TOPHBOHTOB Uepes pasfedAlomue ciabonpoHnnaeMule cioun (tun la).
Buiensorca TakKe HATOPHHIE BOXOHOCHBIE TOPH30HTH, A30JAPOBAHHEE
ot atMocdepw m cocegHnXx ropmsontoB (tTun II) m cesizsammnie ¢ cocen-
HAMHA BOJOHOCHKME Topu3oHTaM# m aTmocdepoit (tum. II, a).

YKazaHHNE THOH BOJOBHOCHBIX TOPHM30HTOB, BEIJEJSIEMEIE HO YCJI0-
BHAM, XapPaKTepH3YIOMHAM WX DPEKHEM H HMCTOYHAKA NHTAHMA, T. €. MO
TPaHAYHHM YCJIOBHAM Ha KpOBJe W NOJOMBE CJOEB, MOKHO PacCMaTpu-
BaTh B KayeCTBE OCHOBHHIX e[[HHHAI| IPH BHOOpE pacIeTHHIX CXeM.

Jlanbreiimee moppasfelenne BOAOHOCHHIX FOPH30HTOB B PABHOH Mepe
OTHOCHTCSI KO BCEM YKa3aHHHM THIAM W NPOU3BOJUTCA B 2ABHCHMOCTH
oT reomerpuyeckoii ¢opMul GOKOBHIX T'DAaHHUI ¥ YCJIOBHW OUTAHUA Uepes
HHX, T. €. B COOTBETCTBHH C IPAHWIHHIMA YCIOBUAMM B ILJIAHE.

Ilpuanman yxasaHHble Beimie npocteiimue POopMH KOHTYpPOB o06:a-
cTeil puAbTPANMH, MOKHO BEIGJHTH TATh THNOBEIX PACYCTHHIX CXEM
(cM. Tabauny u puc. I. 10). B npenenax Kaskmoii 13 3THX CXeM Ha IpaHHANAX
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TAoossie pacyeTHbie CXeMbi BOJOHOCHBIX INIACTOB

I Ia 1I I1a
Lozonocaire BonorocHsIe Hanopane Hamnopatre
[JACTH 18 CTH BOJIOHOCHEI® BOJIOHOCHEIE®
co cBoboaHOMI co cpobopBoit DJIACTHI, 11a CTHI,
[OBEPXHOCTHIO LOBEPXHOCTHIO H30J pOBAHHEIE THUIpaBJINIe CKE
(puc. 1.7, a) npH HaAHYHEA oT arMocdepsl cBsi3aHHEIE
ray6uEHOTO W HWHKEJIEHKAMHX € CoCeJHEMH
HATIOPHOTO BOIOHOCHEIX BOIOHOCHEIMU
OHTaANA TOPU30HTOB TOPU30HTAMH
(puc. 1.7,6) (prc. 1.8,a) (puc. 1.86, 6)
t t t t
I I
+ + Vo - { '
Desrpamgau-  Iloxyorpamm-  Ilaacr-monoca IlnacT-MHOrO- Ilnact-rpyr
HEIl TWJacT  YeHHHIH miacT (pumc. 1.10 YTONBHUK (puc. I.10,5)
(puc.1.40,a)  (puc. I.10, 3a, 6, 6) (puc. 1.10,4)
2a, 6)

MoskeT OHITh m3BecTeH manop H mnu pacxof g, 4To COOTBETCTBYET yKa-
BaHHHIM BHIIIE YCHOBHM mIepBoro @ Broporo poga. Ha romraxre Memxny
30HAMHU C PasIdYHBIMEU QUIBTPANUOHHHIMY XapaKTePUCTUKAMH 3a/1al0TCA
YCIOBHA Y€TBEPTOTO pojia.

B xagecTBe Hag9aabHOTO YCIOBUA BO BCeX IIpUBEJIEHHBIX CXeMax
OPHHEMAaeTCH IepBoHavanbHOE (M0 BBO/la B JeHCTBHE LPOEKTUPYEMBIX
COOpY:KeHMil) pacupefieieHHe HAIOPa MO/I3eMHEIX Bof. B caygae, xorma
npupojuas obcramoBKa He MosKeT OBITH IpejicTaBleHA B Bujie OJHONM u3
IpoCTeHIUX CXeM, [AJSA THAPOTe0JOTHIECKHX pPacdyeToB AOJIKHEL COCTa-
BIATHCS WHAWBUAYAIbHBIE CXEMH C y9eToM 0oJiee CI0KHOTO KOMIUIEKCa
npupoiubix ¢arropoB. I'ujiporeosorngeckye pacueTs B TaKUX YCIOBHUAX
00BYHO TPOU3BOIATCA ¢ MOMOMBIO MoflenupoBarusa Ha npubopax IT'JIA,
TAAPABINICCKOM HHTerpaTope # Ap. (CM. IIaBy HATYIO).



I'nrasa emopas
YPABHEHUA IBUMKEHUA ITIOA3EMHBIX BOJI
§ 1. OcunoBHoit 3aK0H (HABTpAHE

PesxuM nBHi;KeHHWA Noj3eMHBIX BOJ B TOPHBIX IOPOAAX 3aBUCUT OT
XapaKTepa ¥4 pasMepa Iop H NYCTOT, KOTOpble MeHAITCA B IOUPOKHX
npejiesiax B 3aBUCHMOCTH OT COCTaBa TOPHHIX MOpPof. B rmppasamke pas-
JUYal0T [Ba PEKUMa IBU;REeHHUSA TOJ3EMHHIX BOJ| B TOPHHX TOpPOjax,
BO3HHKAOMMX II0J BJiHAHWEM TpPaBUTAUMOHHEIX CUJI, — JaMHHADHBI
U TypOyIeHTHEIH.

JBueHe MOA3eMHBIX BOJ B HOPHCTHIX TOPHHIX MOpojiaX, Kak mpa-
BHUNO, POTeKaeT TpPH JaMUHAPHOM peMnMe, KOIJia Boja JBHW;RETCA KaK
651 B BHJE OTJEJBHHIX OYEHb TOHKHX CJI0EB, He MNepeMelInBaAIN[UXCS
OPYT C EpyroM, a CKODOCTH [BVKeHHA OKaswlBaeTcd MPOTMOPIHMOHAJABHOM
rpaguenty Hamopa. Opannysckmm ruppaBaukom Jlapcu B 1856 r. ma
OCHOBAHUW OMBITOB MO (GHIBTPAmUU B KOJOHHE, 3aTNOJHEHHOI TECKOM,
OblT ycTaHOBJEH 3aKOH GUALTPANUU NPUMEHHTEIBHO K [BUKEHUIO BOJIH
B TOPHCTOU cpepe.

SakoH [lapcu cBA3kBaeT pacxop GUABTPALHOHHOTO IOTOKAa () ¢ mio-
HIaJbI0 ero MOTEepeYHOTOo CeYeHWs ® M TpajlMeHTOM Hamopa i JHHeHHOH
3aBUCHMOCTHIO:

Q =k wi. (IL. 1)
BBopms momaTue ckopocTH ¢mabTpandu v, KaK pacxoja BOXH, NpOTe-

Kamonieil Yepes eRHANY TJIOMIAAII HONEPEYHOTO CeYeHHA NMOTOKA, HalmeM
oo 3akomy [apcu:

v= L. (I1. 1, a)
(0]
Orcioma Mo:xHO onpeneanTh Kodddunuent GUAbTpAnUE KaK CKOPOCTh
¢unpTpanwm npu rpapmente Hamopa @ = 1.
ITpu paccmoTpenum mponecca uAbTPATEM KUAKOCTEH ¢ Pa3IAndHHIMA
TUIPONMHAMAYECKAMY CBOWCTBAM# mejiecoo0pasHO BBeCTH IOHATHE
Kospdumuenta mpomMmaemocTd K, CBABAHHOTO ¢ KodpdunnenToM

PUABTPANUHE COOTHOIIEHUEM:

A N R =1 .
kH_kY_kg’ V= (I1.2)

28



Tiae 1) ® v — abcomoTueil ¥ KuHeMaTuuecKnit KoaPHIHenTH BA3KOCTIL
y — obbemHuLIl Bec;
Q — IJOTHOCTH FKHUIKOCTH,;
g — YyCKOpeHue CHIbI THAMKECTH.
B ¢usmueckoii cucteMe eIMHNI] Pa3MePHOCTD /£ BHPaKaeTCA B KBaJl-

parHHX caHTEMeTpax. boJjee ymnorpeGurenbHON euHHNEH NpoHUIae-
mocti asasgercs maped (1 0 = 1,02.1078 ex®). das Bogsr 00BI9HO MOIKHO
npubJIrKeHHO CYATATh HpoHHmaeMocTh B 1 4, coorBercTBylomei Koag-
dunuenty Punbrpanuu 1 m/cymru.

ITo mamusm I'. H. HameHckoro m pspma apyrux uciepmoBareleir, iu-
HeillHKH 3aK0H QUABTPANUU NPUMEHUM C JOCTAaTOYHOM JI NPAKTUKA TOY-
HOCTBIO He TOJBKO [JIsi MeJKO3ePHUCTHX M KPYOHHX MEcKoB, HO (B yha-
JeHMH OT Boj03abopoB) Takske AJA HecyaHo-rajedIHHx oOpaszoBaHMWIA
I lajke TPEeNIMHOBATHX MMOPOJ NPU AefCTBUTEAbHEIX CKOPOCTAX JABUKEHNA
noazemunix Bog mo 1000 m/cymrku. CnegoBaTenbHo, O pelleHUA TU/PO-
reoJorwdecKux 3ajad B OOJBHIMHCTBE CJAYYaeB MOKHO M0JB30BaThCH
JAMHEHHHM 3aKOHOM QUIIBTpanuH.

B XpynmHoo0J0MOYHBIX M CHJBHO TPENIWHOBATHIX MOPOjaX COXpa-
HAETCA JaMUHAPHBIH PE/KUM JBUKEHUS BOIH, €CIIM OHA ABUKETCH C MAJIOK
CKOPOCTHI0, HO NPHU 3HAUWTEJBHHX CKOPOCTAX O9TOT PEKUM HAPYUIAETCH
1 pasBuBaeTcs TypOyleHTHoe JABuU;KeHHe. B oTamume oT JaMmHapHOTO,
TypOyJeHTHOe BUKEHVWE XapaKTepHayeTcsg MHTeHCHMBHHM OepeMeninBa-
HUEM YacTHIl, MOCJeJHUe ABUKYTCSA He B BHJE OT/eJbHEIX CJI0eB, KaK npu
JaMMHAapHOM [BHMKeHWU, a 10 CJHO0KHBIM U 6QGHOPHHOqu[M TpaeKkTo-
PHAM.

3a mnpeperamMu unpuMeHuHMocTH 3akonHa Jlapcu HamGonee ypoOma
aByuneHHasg Qopmysia, B KOTOPOHl 3aBHCHMMOCTH YKJIOHA OT CKOPOCTH
dunprpanuu BEIpaykaeTcsa B caefyomem Buae [199, 2031

i = Av | B2 ' (IT.3)

3meck A m B koapdunumenTsi, ompejesisieMiie 3KCIEPUMEHTAIBHO.
llpr B = 0 dopmyna (IL. 3) npeobpasyerca B dopmyay Hdapcu. Ilpu
OoNBUINX CKOPOCTAX (GuUABTpanUM MOKHO UpeHeOpedsr wienoM Av 1o
cpasrennio ¢ Bv?; torna ¢gopmyaa (I1. 3) nonygaer Buj, npepiosxeHHbII

A. A. HpacHOonmonbcKuM and TypOyneBTHOTO IBIKeHUA BOJLL B IPOHUT|ae-
MBIX TIOPOJAX:

Q =kroVi, (11. 4)

rie kyp-—Tak HaspBaeMHH KoapdmuHeHT TypOyneHTHOH ¢uinTpaini,
omnpesielAeMblii TOJNEBRMU OTGITAMMA.

ITo naruem B. H. HlearaueBa [222], koaddunumenr K, onpenensierca

cBoiicTBaMu QUABTpyIoniell MOPOAB ¥ He 3aBUCUT OT CBOiCTB QUILTPYIO-

nieit srugKoctu. Pasmeans ofe wacTn ypaBHeHUWs HA IUIOMAjAb HoHeped-
HOTO0 Ce4YeHHs @, MoJydaem:

U= kk V: (1‘1.4, a)

13 ypasmerusa (Il. 4, a) BujiHO, 4TO mpH TYpOYIEHTHOM [ BH}KCHUH
CKOPOCTb TOTOKA MPONOPNUOHAIbHA eT0 yKJIoHY B cTenenu 1/2. Ilpu
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CMEIaHHOM HMJH IMEPEeXOTHOM peskrMe OT JaMMHApPHOTO K TypOyaeHTHOMY
HHOT/Ia MNoJNb3YyIOTcA Takike Qopmysoii CMmpekepa:

v=keV i, (11.5)

rae ke — xoaddunuenr ¢uabrpanuu, mo Cmpexepy;
n — BelMUWMHA, B3aBUCAN[asg OT XapakTepa NOTOKa H CBOICTB
rpyHTa, meMeHaomasca or 1 mo 2.

Onnaxo ¢opmyna Cmpexepa He uMeeT TeopeTHUecKOoTo o00CHOBAaHHA
1 3HAYNTeNbHO MeHee yHUBepcaJbHa, deM ABywiIenHad gopmyaa (II. 3).

Hapymienne nwmueiinoro saxkoHa QUIBTpallUW MOKET HIPOHCXOMUTH
BOnmau Bomo3abopHHIX COOpYsKeHUH, Ifie IPH OIpPEleNeHHBIX YCIOBHAX
cozpaTca Goablie YKIOHB U CKOpOocTH PHABTpamuu. S0Ha, Ifie mpo-
HCXOJIUT OTKJoHeHWe or 3akoHa [lapcu, ofpdHO ABIAETCA W 30HOU Ha-
pYIIeHAsA €CTeCTBEHHOTO COCTOSHHA IPYHTA IOJ BJIHAHHEM €Tro MCKYC-
CTBEHHOTO paspHXieHNA N Cy(QPPO3HOHHHIX IIPONECCOB.

Hpntepuem pasi yecTaHOBJIGHHS BepXHeil I'paHHIEI 3aKoHa QHIBTpa-
nun Jlapcm cay:xkaT 3mauenue OespasmepHoro ducia Peiimoxaspnca (R.).
Buipakenue pus umcaa PeiffHonpica npw miabTpanum B IOPHCTHX Cpe-
max BoepBae mpefno;kun H. H. llaBmoBckuii B cienymomeM Buje:

1 vde
- — —— ————— & — I_
7 0,75n4-023 v (11. 6)

rjle n — moplCTOCTh TPYHTA;

d, — pedcTBYIONI [JiaMeTp 3epHA;

U — cpefHAs CKOpPOCTh (UIBTpAIUM.

Ilo sxcmepmmenranseem pamaeiM H. H. IlaBnoBekuit yerasoBun, uro
BEPXHEe KPUTHYECKOe 3HAdYeHue ducia I, p; OpHW KOTOPOM HpPONCXORMT

K

HapyOleHne JWHeHHOT0 3aKOHA QUIbTpAanuHM, HAXOAUTCA B Opejelax oOT
7,9 mo 9.

Bennuuny KpuTum9ecKoil CKOpOCTH (UIABTpanum, COOTBETCTBYIOIIEN
KpHTHYeCKOMY unciay PeiHONbACA, MOKHO ompefeIuTh m3 (QOpMYJIHI:

vep = (0,75 + 0,23) d—:—Rer. (11.6, a)

B ¢opmyne H. H. IlaBioBckore 3a nuHeHnelii mapameTp IIPHHAT
HeiicTBylomMil fmaMeTp dYacTHI[ TPYHTA, olpejelieHHe KOTOPOIro B HEOJ-
HOPOJHEIX I'pyHTaXx oKaswBaercs He Broawe derkmM. B. H. Illenkaues,
VUHTHBasA 9T0 00CTOATEJABCTBO, 3aMEHHI JeficTBylOmuH AmaMeTp dYepes
KOpeHb KBajipaTHHil m3 KodPuomeHTa HPOHMIIAEMOCTH M, NPOM3BEJA
nepecuersl ganunix H. H. IlaBroBckoro, mpefmosxus ompejessitb 4HCio
Pelinonpaca mo crienytomeit gopmyde:

S
R,— 0 , vVk (11.7)

8 Y

Kpurmueckue amadenus uwcna Peiironbjica, moacuuTamHbe 1m0 Gop-
myae (II. 7), mamensitorca B npepenax ot 1 go 12. Ilpemmymectso ¢op-
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myant (I1. 7) 3akmouaerca B Tom, uTo umciao R, MOKHO OmpejeidTh He
TOJAbKO AJSA 3CPHUCTHIX 110POA, HO H AJAA TPEeIMHOBATHIX, MOPHCTOCTh
A OPOHII@aeMOCTh KOTOPH X H3BECTHHI.

Hpome npuBefedHuix Buinte ¢opmyn llaBroBckoro m Illenkauena,
paxoMm aBropoB (Mmamuoumukos, Horaxos, Mwunckmii, AGnynBaraGos
1 j.; Obliu TakKe IpejJIokeHH (O] Mynbl, ogpefelAINe Iapamerp
Peiinonbaca. [lns ramgoii opMyasl HaBaicsa HOBOMBHO Y3KHU juama-
30H mM3MeHEHH# KpnTude~Koro 3HaYeHUsn mnapamerpa Peiimonbpuca R,Hp,
ompejie/sAlomero BepxXHIOH TPAHANY NPAMEHHMOCTH 33aKOHA (QUIBTpANHH
Hapcu.

MMoppobumit aHasm3 Bcex HCCIeNOBAHM#l IO ONIpeJieieHHI0 BepXHei
rpaHEUBL OpUMeHNMOcTH 3aKoHa ¢masTpanum Jlapcm B mopumcroit cpepe
nan B pabore B. H. Illenkauesa [222], B koTopoii psax BHEBOMOB 0B 0OCHO-
BHIBaJ Ha oubiTax, symonneHHnX A. 1. A6nyaBaraGosmm [1] gaa oGpas-
OB HOpOA € PpasnudabiMu Kod¢dumuumenTamu ¢uabrpanmm — oT 4 [0
1700 M/ ymen.

ITo pesyasraram cnniroB A. M. A6pynBaraboB o6Rapy:Kui, 9To Kpar-
Hble 3HAYEHNs BeJNInHE R — oTAK9al0TCA OffHE OT APYIAX IPEMEpPHO

B 400 pas. B. H. [llexkaueB genaer u3 9T0ro BHBOJ; 9To BO BCEX Ipe/jio-
7KeHHBIX g0 cux mop fopMysax mo ompefesenmio umciaa Pefinosabnca or-
CYTCTBYIOT MAPaMeTDPH, A0CTATOYHO TOJHO XapaKTepuaylomue CTPYKTY Py
nmopucteix ¢pef. OH c9uTaer, 4TO 3HAYEHHH KOdPPHUIUEHTOB MOPHUCTOCTH
I LPOHUIaeMuCTH AJA dTOH LeJu HeJoCTAaTOTHO.

Takoit WHpPOKHH MUHANA30H H3MEHEHHsS 3HAYCHHH R,;Hp, COOTBeT-
CTBYKmiiX GodbmioMy pasHooOpasuio CBOHCTB MCHHTAHHBIX OOPOJ,
MO/{{HO Pa3fleinTh O MHTEPBaJaM, OTBEYAIIMKAM OAHOTHIHEM IIOPHCTLIM
cpencM. Tak, A6pmynBaraboB Ha OCHOBAHMM OPOBEJEHHHIX HM OIBITOB
mogcsaTan mo ¢opmyae B. H. UlenkaseBa uurepsBanb KpuUTUYECKHX
~HadeHni#t mapamerpa PeiiHosbaca AAf pasim9HbIX IPyOn 00pHCTHX
cpen: onmopomHas Apobb — 13 —14; opvoponmmi KpynHO3epHW. THIH
necok — 3—10; HeoXHOPONHKN MENKO3epHUCTHH necok, npeobaanaer
¢paknusa ¢ guamerpom 3eper meree 0,1 mu — 0,034 —0,24; cuementupo-
BanAmit necuaguk —0,00 —1,4.

Ilpnm meycraHoBmBuIeMcs pekuMe QHABTPANUK K CUJIAM COUPOTWBJIE-
HAA OPHHOUOHAAJBHO JOJIKHH TaKke no06aBaATbCA CHAB WHepUHH,
BcaencTBue uwero Bmecro sakoma [lapcm (11. 1, a) moskuo moaszoBarbes
caegylomeii 3aBmcmMocThio [17 ]:

dv

v .
?.—.l—%-ﬂ. (11. 8)

Ommaxko o0n9HO BIWSAHHEM CHJI HHEPOUH MoskHO Operebperard
[17, 1681

CymecTBenuslit HETEpeC A pacdeToB QUIABTPAIAN 9epe3 TIHHUCTHO
HopoAn mpepcTaBisier co0oit Tak Ha3wBaeMblii HAYAJNBHBIA HAIOPHBIR
TpafimenT, Noj, HAM LOJPa3yMeBalT 3Ha4eHHE TAKOro TpaJueHTa HANopa,
HaupHasg ¢ KOTOPOTO NpOHCXOAHT (uIAbTpPAanmA 4Yepe3 [JIHHUCTHE Io-
pPOAHL.
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CymecTBoBaHye HAYaJIbHOTO FpajuenHta Hamopa OBIIO HOATBEPKAEHO
srenepumenTanbuo paboramu C. A. Posza [171]. B ero onsirax mabuio-
7an0ch yBeJmdeHHe KodpPummueHTra TPOHWIAEMOCTH NMOPOAB HPH HOBHI-
LIeHNM HAMOPHOTO TPaJHeHTa BHILC HAYAJIBHOr0. ITO yBeJudemue Ipo-
MCXO[MII0 10 OIpefesieHHOd [ MaHEHOR mOpPOJH BeJWYUHB HAOPHOTO
rpafienTa, BHUDIE KOTOPOTo KodPQUIueHT HNPOHUIAEMOCTH OCTaBayCH
nocroannbiM. CyImmecTBoBaHuMe HAYaJIbHOTO IpajileHTa HANOpPAa B TOHKO-
seprucTHX nopopax I'. B. leparmm (95, 96] n pap npyrnx mccienosa-
TeJeH CBABKBAIT ¢ HaXOKIeHHEM B TOHKOMUMCIEPCHHX Mopofax puddys-
HOTO ® THAPATHOTO CJI0€B BOAB, HaXOAAUWWXCA HOJ BJIWMAHWEM TBEPIHIX
9acTUl HOPOMHI.

CxeMa rpaBHTamMOHHOTO JIBUKEHUS BOJB B TOHKOAHNCIEDPCHHX IOPO-
max no M. A. CynmoBy mpemcraBiisercs B ciexyioniem Bupe. I'paBura-
OUOHHOE [BMKCHME MOKCT HAYarbcsd TOJBKO OpH HEKOTOPOW olpejlesieH-
HOIi BeXMumHE HAMOPHOTO TpajmeHta (HaYaJbHOI'0 TpajgueHTa), OpH Ko-
TOpoM JelicTBylomas cuia Oymer Goxbule comporuBieHUA [HPPY3ABIX
ICPEropojioK, OIpPEeJeAeMOoro BeJUIMHON HX CABArOBO# NPOYHOCTH.
[Ipm manwpHeiieM yBeaWdeHnM TPaileHTa Halopa, KOIAa CHJa [ABUKe HAA
BoAH OymeT OpeBHINAaTh COOPOTUBJEHHE CJABHIY THAPATHOIO CIOs, OH
Takme Oyfer BoBJedeH B IBmykeHWe. D 9ToM ciaydae OCHOBHOH 3aKOH
PuaAbLTpanMu pexoMeHJyeTcs NpMEEMaTh B chaefylomem Bume [1681:

v="FE(i —iy), " (I1.9)

rfe i, — HadaJbHBI HANOPHHIA FPaJ{HEHT ¢mabTpaguy, BeJaHIHHA KO-

TOPOTO [JfA ILUIOTHHIX [JAH MOKET [0CTUrarh 3HaYeHHU, H3MepSAeMbIX
eAMHUOAME M Jake JeCATKaMH.

§ 2. O0uiue ypaBHennsi GUIBTPALHOHHOTO MOTOKA
OpH KeCTKOM pesknMe (QHAbTpAnAU

Iipn suecTkoM peskmMe QUIBTPANMM ypaBHEHHE HEPA3PHIBHOCTH [IA
npocrpancTBennoro moroxa [17, 188] nmeer crepyromumit Bup:

vy vy vy
2 T oy 5 =0 (I1. 10)
rjle Ux, Uy, U; — KOMIOHEHTH CKOpoCTH PrmipTpargiu.
Cuuras cupasensnussiM 3akon [lapen (I1. 1, a), sanumem Buipaskenus
A5 KOMIOHeHTOB CKOPOCTeii:
oH oH oH
Ux;—kx—a—x, Uy——ky'@——,vzz—— Z-E’[-, (II_ll)
rae kx, ky, k; — xommoHenTts! koddpduumenTa QHIABTPATUA.
HopcraBusa BEpa)keHHA A KOMIOHEHTOB CKOpOCTEH B ypaBHEHHe
HepPa3spHIBHOCTH, HOJYIHMM:

() () R () =0 i
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Has omHOpOomHO-aHH30TpPONHOrO TpYyHTA, KOTga BenuduHel Kx, ky
n k, pasimyYHB, HO TOCTOSIHHK B JaHHOM HAIpPaBICHWH, ypaBHOHHE
(I1. 12) mpunumaer B]?Ir[‘

' 92H
MEUBT S NN N ) (I1. 12, a)

J71 m30TpONHOTO KYyCOYHOOTHOPOAHOTO IWOTOKa, Korfa ky = ky =
=k, = k (npudyem BenudmHa £ MeHs€TCH B IPOCTPAHCTBE CKayKooOpasHo),
vpapueniie (I1I. 12) mepexopnr B ypaBuerme Jlammaca:

H2 2 2
SRR S} (I1.13)
T ay 0z
B sToMm mparTuueckn manbosec mHTEpEcHOM cayuae namnop H asasercs
rapMoundeckoii fyuknuei B obnactun ¢unbrpanuu. Y paBHeHHS HEPaA3PHIB-
HOCTU JJifi JKeCTKOTO pesruMma (uiabTpanun, BIOEpPBHE COCTABICHHBE
H. E. HyroscknM B 1889 r. [100], cupasesmuBr Kak [fns ycTamOBHB-
Ierocs, TaK W [Jisi HEYCTAHOBHBINETocH perkmMa QmiabTpanum.
Ypasuenne (II. 12, a) -mosxno yupocrtmts [17], BBeas ¢mkTmBHBIE
opamHatH Y m z':

, ke , ko
y:y]/k_y;z=z =. (I1. 14)
Torsa
i S " N (11.14, a)

oy? 0(y')? ky az2 0z’  ky

OpIl 9TOM YpaBHEHHe NPHUXOAWT K BHAY ypaBHemma Jlamiaca:
02H *H *H
Fr) + 3 (y)? + 9(z')? = 0. (II 14, 6)

Ob0mue ypaBHeHHmS NBWKeHHS TpPH HEJAMHEeHOM 3aKoHe mabTpanum
paccmorpentt C. A. Xpucrmanosmuem [196].

i mIoCKOro B BePTHKAJIBHOM paspese MoToKa (B IIOCKOCTH Z2)
vy = const, Tak uro ypaBHeHua mepaspmBHoctu (II. 10) m Jlamnaca
(I1. 13) mpunumaior Buj:

Qs 1 2, (11.15)
0*H 02 H .
e+ —o. (I1. 16y

I3 ypasnenmn (II. 15) cnenyer, uro cymecrsyer mpusenensas ¢yHk-
oA Toka P = P/k:

D vy= —k “’. (11.17)

N3 comocrasnenust (I1.17) u (II.11) monysaem yenosus fanamGepa,
Jditnepa (Homu — Pumana):
o OH | &y oH

w LT (11.18)
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JTH ypaBHEHUS CBH/ETENBCTBYIOT 00 OPTOromajibHOCTH IWHUE pas-
Boro Hanopa H=const u nuani “TOKa, Ha KOTOPHIX 1p = const. Haiijia ns

(I1. 18) Bropre mpomaBofHHIE P N0 Z W 10 Z, BANHAM, 9To QyHKNAA P
TaK;Ke yHOBJIETBOpseT ypasHeHuio Jlammaca.

W3 reopunm PpyHKNUiT KOMIUIEKCHHX HePeMeHHHX CJIelyer, 9To cobiro-
neEne ycaosua Homu — PumaHa cBHETENBCTBYET O CBA3H KOMILIEKC-

HOTO moreHnmaia H -- i ¢ KoMIeKcHO# nepemMenHolt T -+ {2. ITa cBA3D
JIeKUT B OCHOBE MIEPOKO IIPHMEHSAEMOTO MeTONa KOHPOPMHBIX orobpaike-
auit [17, 159].

CdopmynnpyeM Temepb
OCHOBHEIE TPaHNYHBIE YCJIO-
BHs, KOTOpHIM HEOOXomuMmo
VIOBJIETBOPHTH IIPH pelle-
HUAH nuddepeHIUANBHBIX

- ypaBEEHHH PUIABTPAMHOH-
HOTO TIOTOKA.

Fpanuisr ¢ BOQHEIMH
Gacceiinamni. Ilpn Gonbmux
pasMepax BogHOTO OacceiiHa
(pexknm, Bomoema M T. I.)
MOJKHO CUATATH, 9TO JaBJe-

£ > S 7/ HMe B HeM paclpocTpa-
4 : —¢ HAeTCA MO0 THIPOCTaTHYe-
#nockocms  coabuenur cxoMy 3akony. Torma B Kas-

Puc. II. 1. Cxema Ge3HAIOpPHOTO IIOTOKA mo#t  TOYKe  KaKoro-iamGo

1 — KpmBaA JQenpeccuy; 2 — HOOBEPXHOCTb KalWijafap- BEePTHRAJBHOTO cedeHuAa

HOHM 80HH, 3 — HenpoHMUaeMad aH o
boHmL Tpammia (BOAOYNOD)  ponrypa Gacceiima AD ma-

nop OymeT mMerb TOCTOAH-
Bylo BenmuuHy Hg, crkaagmBaiomyoca coraacHo (I. 1) m3 rayGums
Gacceiina he¢ M opmHATH KOHTypa Gacceiina 2z (pme. I1. 1), . e.

Hg = hg + 21 = const. (I1.19)

CienoBarensHO, KOHTYD GacceiiHa B BEPTHKAJIbHOM CeUeHHH ABJIACTCA
JTUBEe# PaBHOTO Hamopa.

Heunpounnaempie rpanmnst EF gBIsfoTCA AMEHAMH TOKA, TO3TOMY
BIOAb HUX (YHKOAA TOKA HMEET HOCTOSIHHOe 3HauYeHue, a TpajueHT
Hamopa o HOPMAaJH K 3Toil rpaHAIe paBeH HyJIO.

Croboanaa IOBePXHOCTH MOTOKa. Eciam mpemeGpedub BIASHHEM Ka-
OHIAISAPHHX CHUJ, TO CBOGOJHAST HMOBEPXHOCTL COBIAJET C KPUBOM fe-
Opeccuyi, Ha KOTOPOU flaBlieHWe PaBHO aTMOCEpHOMY Pa; OOBITHO CUH-
Taetca, 910 py == 0. Torma m3 (I. 1) cmemyer, aro ma cBobommoOi 1O-
BEPXHOCTH HAIOpP DaBeH ee OpAHHATE OTHOCHTENLHO IIFIOCKOCTH CpaBHe-
HWA Z, T. €.

H=z (I1.20)

B ycnoBmax ycramoBuBmelics (uaAbTpalWH W OpH OTCYTCTBAE MH-
$unpTpanum cBoOOJHAA IOBEPXHOCTh TAaK/Ke ABIACTCA JWHHEN TOKa.
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Hccnenya kuEeMaTHKY NOTOKA Y cBoOommoit nosepxuoctH, II. f. Tlo-
aybapnnoba-Kounma [166, 167] mokasama, 9ro kmEeMaTmdeckoe ycio-
BUe 3flech WMeeT BHII:

UL () (1) H—p 0

. 0H
B gacTHOM caydae ycrapoBuBmeiica QUIBTpamuu T 0.

N3 (II. 21) monyuwaercs ycmosme B. B. esuconma [93]1. Ero mosxno
3anmucaTh TaK:Ke dYeped KOMIIOHEHTRI CKOpOCTBﬁ q)EJ'I])TpaIlEH Ha CBO-
GofHOM IOBEPXHOCTH B CJICAYIONMIEM BHJE:

Ve + vy + (k + w) vy + kw = 0. (11.22)

Bearuura w mpescraBisgeT co60it MAETEHCHBHOCTH HHQHIABTPaIHU,
T. €. Ppacxofl BOMHl, IOCTyHalomeil cBepXy depes 30HY adpaldd Ha efd-
HMOY OJ0Ianyd ¢cBoboXHON MOBePXHOCTHE HOTOKA. 3aMETHM, 4TO B ClIydae
WCIapeHNsA BEeJIMIMHY W B BTHX YDaBHEHHAX ClefyeT NPWHAMATH OTPH-
narejibHoM.

Beananna p ppemcraBinger co0oit M3MeHeHWE KOJIMYECTBA BOJHI
B Dopax mpH KojeGarumax cBoOofHOA NOBEPXHOCTH, OTHECEHHOE K 00BeMy

rpyara. Ilpm omyckamuum cBoGOJHOH HOBEPXHOCTH (%if <0) aTa Be-
AMYAHEA COOTBETCTBYET Kod(YPUIMEeHTY BOHOOTNAYN g, a IIPU HNOBHUICHHM
¢BoOOIHOM MOBEPXHOCTH (%I—t{>0) — ko3¢Punue ATy HEOCTATKA HACHIIe-
HOA Pg. 78 BeIWIUH Py A g MOJKHO 3alHMcaTh clefylomue GOpMYIbL:

Wg = W — Wer — Ws — Wuwms; (I1. 23)
Rua = Wg — We, (11.23,0)

I7le Wy — BIGKHOCTh T'DYHTa B HACHIIEHHOM BOJOH COCTOSHHU (IOf
¢BOGOJHOE IMOBEPXHOCTHIO);
Wer — BIAKHOCTb CTHIKOBOH BOjEE (B YIJIax Wop);
Wyms — MAKCHMAJBHAS MOJEKYJAsADHAA BIaroeMKOCTH;
We — BIAKHOCTb TIPYHTA B BO3LYUIHO-CYXOM COCTOSHHH (HAJ CBO-
6omHOII IOBePXHOCTHIO);
Wy — OTHOCHTENbHOE O0BEMHOE COfep/KaHUe 3amEeMJIeHHOI0 BO3-
nyxa.
Ilas opreETHPOBOYHOH ONEHKM BEJHYMHH [y B YHCTHIX OJHOPOIHEIX
HeCYAaHLIX TPYHTAX MOKHO BOCHOJB30BAThCHA CHEMYIONAMI JAHHBIMU:

dso 0,1 »n 0,2 xn 0,5 nn
Ws 0,18 0,25 0,28

B cynecdammx rpymrax p = 0,1-0,15, a B cyrammmcTax p =~
~ 0,01 —0,10.

Crnosxaee 0O6CTOHUT [1eJ10, €CJH YIMTHBATDH HAJININE KAOWAAADPHON 30HEE
Ha CBOGOJHOi MOBEPXHOCTH, MOCKOIBKY B BePXHEH 9acTn KAIMJUIApPHO
30HH BJ&KHOCTb M3aMeHsmercA mo raybmme [7, 168, 203]. B. B. Bepep-
mnkoB [63, 64] mpemuoskun yYATHIBATH 9T0 0OCTOATENBCTBO BBEJCHHCM
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aKTHBHOM BHICOTHI KaOMIIAPHON 30HH /ix, CIUTAA €e DOJHOCTHIO BOJOHA-
chimennoi. B orom cmydae Ha cBobojHO# DOBEPXHOCTH

%—:—hk;flzz—hk. (11. 24)

OpHaxo mpH HeycTaHOBHBINEHcA QuUAbTpauuyM 9TOT IpUEM MOoKeT
oKasarbcA cianmmkoM rpyOeiM m morpebyercs Gomee mofpolHBIN ydeT
AUMHAMHKY KanouadApHoi somEm [73, 203 ].

Yuacrok BeicaguBanms. Ilpu mogxone 6e3HATIOPHOTO HDOTOKA K KOH-
TYpy cToka (MuMEWH paBHOTO Hamopa) cBo0ogHAs IOBEPXHOCTH BRIXOJUT
Ha OTKOC B Touke B (B TouKe Bbca4MBaHmA), Paclo0EeHHON HECKOIBKO
BHIIe TOUKH ypesa Bojsl A (cm. puc. II. 1). O6pasyerca ydacTox Bmica-
9UBAHAA, HA KOTOPOM B CHJY Haiaumdusa HymxeBoro (armocdepHOTO) maBie-
Husa coxpansaerca yciaosme (II. 20), opuueM BenuumEa z B faHHOM CIy-
gae mpefcTaBiager coboit opAUHATY HDOBePXHOCTH OTKOCA.

Ipm ydYere KaUMANADHHIX CHI KapTHHA BHICAYMBAHUA IOTOKA He-
CKOJIBKO OCJOJKHAETCSA. B 9TOM ciiydae B mpejiefiaX KanmMLIAPHOH 30HH
mOBEPXHOCTH OTKOoca OyjaeT menmpomunaemoi rpamuneii. lpove Toro, Kax
ykassiaax H. M. T'epceBanos [82], 3a cueT cni moBepXHOCTHOTO HATSIKe-
HUA MOKeT OHTH HEIPOHMINAeMON W 30HA yYacTKa BHICAYMBAHWA B IIpe-
nenax BHICOTH /. OpgHaro oTa 3oHa Gyper, DO-BUIUMOMY, HEYCTOMIMBOIL,
OOCKOJBbKY IPH ee 3aMaduBaHUM MEHUCKM OYAyT DOpPBaHH, W BOAA CMO-
7KeT IPOCadnBaThCA HA OTKOC.

B Touke BricauuBanmmsa B kpuBas Jelipeccm? BHIXOJUT IO KacaTelb-
HOM K oTKocy, TakmM o0OpasoM, 3jiech JMHUA TOKA HANpaBjieHA BIOJb
OTKOCA, a IpajjueHT HAalopa paBeH CHHYCY yIia HakJIOHA OTKOCA K Topu-
soHTy. Domee moppo6HO kKaprmHa morToka BOIM3H OTKOCAa PaccMOTpeHA
B pabore [208].

§ 3. YpaBuenue nnanoBO-mA0CKOro GE3HAIOPHOrO MOTOKA

Jlas BrBoja ypaBHEeHMA IIIAHOBO-IIOCKOTO HOTOKA paccMoTpmym Oa-
jaHc OeCKOHCYHO Majoro SiIeMeHTa HOTOKa ¢ OcHoBamueM dx - dy H
BHICOTOM h Ha Bcl0 MomuocTh niaacrta (pumc. II. 2). B sror smemenT 3a
BpeMa di momapgamT: pacxoj §.dy — mo OCH T W Pacxofl ¢ydr — 1o
ocn: Y, KOTOpEle, BHIXO[S W3 DJIEMEHTA, HOJyJaloT HOpHpAaImeHue COOTBeTr-

7} 7}
CTBEHHO % dxdy u 615 dy dz. Hanpasmenue pacxo/[oB IpMHUMAEM II0JI0-

JKUTEIBHBIM, €CJI OHO COBHAajaeT ¢ HampaBJIeHUEM KOOPAHHATHHIX oceil.
Hpome toro, B saement mocrymaer nHGUIBTPALHOHHNIA pacxof w drdy.
Paspuna moctymalomux W BHXOAAMEUX PAcXofoB oOpefesisger NPHpame-

Bre o0BbeMa Bojn B 0JioKe, MHT@HCUBHOCTH KOTOPOTO ompepenseTcs Be-
oH

En
CMaTpHBAaeMOro 9JIeMeHTa WMeeT clefylomuil Bmj:
9

gxdy + qydz + wdzdy = go dy + 5= dz dy + gy dz +

9 oH
+—§7,y—dxdy+!‘«—at—dxd!/-

JMUMHOR W dzdy. CaeposarenbHo, GalaBECOBOe ypaBHeHWe HJA pac-
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Hociae cokpamenmit moJgyduM ypaBHEHUE HepPaspHIBHOCTH MJIAHOBOTO
notoka B ¢opme:

P = — = — = w. (IL.25)

Jl1s mIaHoBO-TLIOCKOTO HOTOKA cOpaBefauBa Ipefnockiaxa Jlomon
0 TMOCTOAHCTBE B Ka/K/OM BEePTHKAaJbHOM cedeHHN TOPH30HTAJBHHIX Tpa-
ANEHTOB HADOpa, ONpefessieMblX Yepes YKIOHH CBOOOJHOM WOBEpX-
HOCTH Ix W Iy, TpHICM

oH . oH
Zx="—ﬁ‘, Zy='——ay—', (11.26)
rre H — mamopst Ha cBOOOAHOW TMOBEPXHOCTH, paBHEE, COTJIACHO
(I1.20), ee opguHATAM OTHOCHUTENbHO INIOCKOCTH CpPaBHEHUA

HATMOPOB.

i ! 2
o f £
4 s et
| ,ffqy+7§‘£ ddzr I
a | -~ S A / .
= L : - _""’{7.2"'% az)dy P // N e
VA E
W 1y Zilelds ils
L . .,.,.,;,1'._""- .
/l(:,___ -7 ‘o .9' NI ."'
ol W, St 06 B I B I
L e D> TIITI IR A 77
Puc. I1. 2. Cxema kK BHBOmy ypasucuus Pmc. I1. 3. Cxema ciomcroro Gesma-~
IJIaHOBOTO GC3HAIOPHOIO HOTOKA TOPHOro MOTCKA
1 — KpuBaA Jemnpeccun (cBoﬁo}maH ToBEPX=
HOCTb)

CremoBaTesibHO, MOJKHO 3aOMCATh BHpayKeHHS AJA YAEIbHHIX pac-
XOJ0B @y W Qy
. oH . oH

q:xtlex——— e Qy—le——T'a—y*, (1126,(1)

rae 7' — mpoBOAUEMOCTh HOTOKA B JAHHOM Ce4YeHUU; A HEOTHOPOMHOTO

DOTOKA, COCTOAIIETO B JAHHOM cedeHHH u3 n ciaoes (puc. I1. 3)

OpH MOLIHOCTH i-0TO CJ0d, paBHOM mi, © mpu Kodpduumente
¢unbrpanun k;:

T =X kimi=km+ ...+ kimi + ...+ knmy. (I1.27)
i=1
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Paznuume sHAKOB Y KOMIIOHEHTOB PAacXof0B M HPOWSBOAHBIX HaOopa
o0BACHACTCA TeM, YTO ABHJKEHHE BOAH BCETAa HPOWCXONAT B CTOPOHY
NajieHEAst HAIOPOB.

IMopcrasnaa (I1. 26, a) B (IL. 25), monyunm obmee ypaBmenue mia-
HOBO-IIOCKOI'0 IOTOKA :

p%=%<T%)+%(T%’})+w. (I1. 28)

Ypasrerue (11, 28) asnderca HenmHEHHHIM, HOCKOABKY B 00meM ciay-
4ae mpoBoAnMoCTb I HE TOJBKO MEHSETCH B IPOCTPAHCTBE (B INIOCKOCTH
Zy), HO W HAXOAMTCHA B 3aBHCHMOCTH oT H3MeHeHm# Hamopa H (Bepmee,
B CBA3W C H3MEHEHUAMH MONIHOCTH HoToKa). [[Jif mpaKTHYECKOro peime-
AHA 3ajad LJIaHOBOW HEYCTaHOBHBIeiicsa ¢uaprpanne sdPdexruproii
oKkasmBaeTcsl nmEeapmsanusa ypasuemua ([I. 28).

Hamnbonee mpocTeiM mpuemoM imEeapusanuu ypasmenmsa (I1. 28)
ABJISAETCA OCPefiHeHHe 3HaYeHWI IPOBOREMOCTH mmacra I Kak B Ipo-
crpancTBe, Tak ¥ Bo Bpemern. Torma ypaBuenme (II. 28) mosker Gwith
npejcTaBieHO B BHJE:

1 o0H 0°H T
TT—ax2+ay2+ 7= (IL.29)

Beanunny a, ompereidomyio CKOpoCTh M3MEHEHHS YPOBHSA HOTOKA
BO BpPEMEHN, MOKHO Ha3HBaTh KOodPPHEImHmEeHTOM ypoBHe-
OpoBOZHOCTH. J[Jig OAHOPOAHOr0 HOTOKA TAKOW MpHeM JHHeapH-
sanmu OB Ipeiiosed By(}CHHBCKOM [227].

Hpyroit mpuem, mpepnoxensuni H. A. Barposum u H. H. Bepnra-
BuM [66], mpeAcTaBasieTr WETepeC AJA OJHOPOLHOIO IO BEPTHKAIH BOJO-
HOCHOTO IJIacTa Ha TOPH30HTAJBHOM BOAOYMOpe B ciydae, korga I =
= kh u MoskBO mpHEATSH, 9To H = h. Torpa ypasuenne (11.28) npnun-
MaeT BHOA:

9 oh a oh w L on :
ww(h ) o (b o)+ 5 =5 (I1.30)
nin
1 /9%h®  -92h? w p dh
(@ + ) =S (I 30,4,

Cpenaem B ypasrenum (II. 30, @) mpeoGpaszosanme:

oh 1 dh?
ot T 2k Tor (11. 30, 6)
M BBefeM jajiee (bym(umo U = 0,5 k% Torna ypasuenme (I, 30, a)
OpHMeT BHA:

U

— B U
el ayz+ =%

Tl (11.30,6)

1 J{as ORHOPOAHOTO HOTOKA TaKoe ypaBHeHUe BUepBhie OLLIO mosydeno Byccn-
HeckoM [227].
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Ocpennmasa nanee Benmuuny h B mpaBoit 9actu ypasrernusa (II.30,s),
10.1y9uM JHHEHOe YpaRHEeHHe:

02U 02U 1 oU
S+ S " + = (I1L.31)
rae KodpunumeHT ypOBHEIPOBOLHOCTH
- Lﬁg (11.31,a)

Benmumaa hep — 9To cpefmsAasa rayOmHEA MOTOKA, KOTOPYIO CleflyeT
BHIOUpATh B 3aBHCHMOCTH OT ycloBHi (opMmpoBammsa mortoka [4, 219].
[Ipn MOHOTOHHOM W3MeHEHHH YpPOBHEH HA TpAHHIAX XOPOIIHE pesyib-
TaTHl JlaeT, HAIPHMep, oIpejeJieHHe BeJHUHEH fp, KAK CpefiHero 3Ha-
YCHHA MEKAY rayOmHaMH IIOTOKAa B pacuyeTHOM CedeHHHM HA HA9aJbHBIH
I PAcYeTHHH MOMEHTH BpeMeHH.

Pacopocrpanenne Takoro mpmeMa Ha ciaydail TOpU30HTAIbHO-CIOU-
croro mnacrta, Korga B ypaBaernunm (LI, 28)

h
=fk%dz; T-——-=fkaH 2, (I1. 32)
0
MOJKHO IpomaBectd, BBoff ¢ymrumio (nmoremmman) Fmpmuckoro G [17]:

h
szk(z)(h—z)dz. (11.33)
0

IIparktayeck:m ompemenende ¢yHKOuEH ['mpUHCKOTO AAA maacTa, CO-
crogmero m3 n ciuoeB (cm. puc. II. 3), mpowsBommrca mo dopmymne:

Gz‘gik;mi(k—zi)= kymyth—2z)4 ...+

+kmith—2z) 4 . .. +kam,(h—2z), (11.33, a)
rHe Z; — paccTrosgHMe OT I eHTPA TAKeCTH {-0T0 CJIO0A [0 BOAOYHOpA.
Mockombry
h h
oG 0H
0 n 0 (11.33,6)
oG oh ok
T ”a‘rf’“dz = kosh 5
0

rae kop — CpejHeB3BelIeHHOe 3HAadeHWe Kodpduumenra ¢uabvrpannn,
1o, moncrasaaa (II. 33, 6) B (IL. 28), ¢ yuerom (Il. 32), m samenss
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Eoph ocpejiHeHHBIM 3HadeHHeM Iposomumoct# I'; mpm w = 0 moayumm
ypaBEeHIIe:

326 | 0% 1 4G T
T T T @ e YT o (L. 34)

KOTOpOe ABIAAETCA JIMHEHHHM OTHOCHTedbHO QyHEIun ['upuuckoro G.

Ypasueunite (II. 28) samerHo ocnosuserca B Tex caydasx, Korma
BEeNNYUHA W CYIECTBEHHO 3aBUCHT OT IAyOHHBI YPOBHA TPYHTOBLIX BOJ.
Oco0cHHO YeTKO TaKasA B3aBHCUMOCTH IPOABAAETCA TPU OTPHUILATEIBHOM
3HAUeHUHU W, T. e. Opu Haauduu ucnapenus. Ha pme. I1. 4 mprBenenst
THIOBBIE TPaQUKU 3aBACHMOCTH OTHOCHTeJIbHOII MHTEHCHBHOCTH HCIape-

a5

Puc. II. 4. Tunosoil rpadux
3aBUCHMOCTH HCHAPEHIIA OT
rayOMHb; PHMCKIMI HI(-
paMi  IOKa3amE  MECAIE,

1,0 K KOTOpHM OTHOCATCA Kpl-
2z - BhEIEe
L_3
Zx
—— 4 w .
HUAaA w — IT[ 0T OTHOCHUTEIBbHOU I‘JIy(’)HHbI YPOBHA TPYHTOBBIX BOJA
[}

z = z/2p (37eCh W, — HHTEHCHBHOCTh NCIApeHHsI Ha MOBEpPXHOCTH
3eMIM, a Zp — KPUTHYccKasi IayOuHA TPYHTOBHIX BOJ, IPH KOTOPOM
w = 0). Cxepyer mmers B BUAY, 9TO

z=1z,—H, (11. 35)

rjle Z, — OPAMHATH: IOBEPXHOCTH 3E€MJIH OTHOCHTEADPHO INIOCKOCTH CPaB-
HeHH .
JHas 3aBHCHMOCTh W (Z), MOKHO COCTaBUTH 3aBucuMocTh w (H)
n ncuoab3oBaTh ee B ypaBHenun (I1. 35). Ilnsa npubnmmenHsx aHaan-
tuueckux meciaegoanuii C. M. Asepbsnos [10] npepnosrra mapaGoan-
4eCKyI0 3aBICHMOCTH CJeAyIOIero Buja:

w=—w,(1— 2, (I1.36)
rme n Mensiercs or 1 mo 3.
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IIpnEOUNUIAaNbHO JOBOJABLHO CJIOKHA TaKyKe M IpHpoJa BOJ00TTadu
1711 HaCLIMEeHUs opo, B 30He KonebaHuii ¢cBoGOHOIT MOBEePXHOCTH I'PYH-
TOBHIX BOJ], 9TO CKa3bIBaeTCsA Ha pacdeTHoM 3HadeHnu . CyniecTBeHHYIO
pOJIb HPU HTOM UT'PAOT 3aKOHOMEPHOCTH (PUIbTPAIUY B KalUIIAPHOH
30HE, ONpeJeNANIue 3aBUCUMOCTH BEJIWIUHHL [L KaK OT CKOPOCTH, TaK
I 0T ycKopenus Koxebamuii cBoGommoii moBepxmoctm [73, 151, 2431].
Hpome Toro, Benmduma | MOKeT MEHATHCA B 3aBHCHUMOCTH OT CTPOEHMUA
30HH adpaluu, OFHAKO ATOT (PakTop 00BIHO BoOOIIe He YIUTHIBAETCS,
MMOCKOJBKY OCTAIOTCs HESCHBIMH U XapakTep 3Toil 3aBUCHMOCTH, H CIO-
¢o0bl ee uBy4YeHUsT B pPeanbHHIX YCIAOBUAX.

§ 4. YpaBreune yunpyroro pesxmma (uabTpaifii

Vupyruit pesxuM GUABTpaUM BO3SHUKAET HPU U3MEHeHHH HATPY3KH
Ha BOJOHOCHBIM TJacT, IPOUCXosMell, HampuMep, B pesyabTaTe H3Me-
HeHusa Hamopa (YPOBHsA) BOJGL MU 32 CUeT W3MEHEeHIsI BHEIIHe# HAIPY3KI
Ha IIacT. Ynpyruii peRuM Quabrpanui ocobeHHO pe3KO NPOABIACTCA
B HAIIOPHHIX TOPHUB0HTAX (XOTA MIPHUH-
IUNHATbHO OH HMeeT MeCTo W B 0es-
HamopHHIX TropusoHTax). OCHOBH Teo-
puM yOpPYroro pekuMa pasobpaHsl
B Tpynax [xeroba [240]u B. H. Illex-
rauesa [220].

Paccmorpum BHBOJI IIaHOBOTO ypa-

a,
(vq,+ 7 dy)ez

BHEHHs YIpYroro pexuMa ¢uiabrpa- Yggdyg B
IY B HATIOPHOM IIJIACTe ¢ yYeTOM m3Me- | \;éﬁl/ (Ve ga az)y
HeHWs faBjeHuil (Hampsa;KeHuit) py Ha A\
KpoOBJie IuiacTa. ot =
Bargenum Oeckoneuno manmiit ame- | .7 4 4 <

A

MeHT NOTOKa ¢ oOcHOBanueM drdy mu 7
BHICOTO HA BCI0O MOIMHOCTh IJjacra m M
(puc. 1I.5). HoamgecrBo (Becosoe)
BOJHL B 3TOM 3neMeHTe dW ompefeinurcs . '

) HOBOTO YpaBHCHITS YHDYrero pe-

BhRIpaKeHUeM: RAMa  (QUILTPARUN B HATOPHOM

AW = Wydx dy, Wy = ynm, (11.37) IIacTe

rie W, — KommuecTBo BOJBI, COjeps;Kamieecss B 2IEMEHTe IOTOKA efH-
HUYHOH MmIOHMIAAN B MIame;
n — MOPHUCTOCTb T'PYyHTA, CBA3AaHHAsA ¢ X03QPUIHEHTOM IIOPHCTO-
&
1+4+¢e’

Puc. II. 5. CxemMa X BHIBOLY IJa-

CTH & COOTHOHIeHIIEM B —

Y — 00BeMHHIT BeC BOJH,
OueBHiHO, UTO M3MeHEHHE ATOr0 KOAWUeCTBA BOJH BO BPEeMEHH

ow a e
uL dafdy:?t—(y e m) dz dy. (I1.38)

m
HOGKOJILRy B paccMarTpuBaeMOM 3JdeMeHTe BeJnYUHa T—F;} npeicra-

BiseT co0oft 00BeM CKeJera TpyHTA, KOTOPHI CUHTAETCS HEH3MEH-
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HEIM, TO 9Ty BeJHYEHY MOKHO BHRIHECTH 3a 3HaK RuPdepeHIHEpoO-
BAaHHA:

1214 m a _m oy de
T = 0 = (e +vr). (IL39)

CBsxeM fanee ma3MeHeHHe 00BbeMHOIO Beca JKUJKOCTH Y U K03(du-
[OHeHTa DOPHCTOCTE & ¢ U3MEHEHHMSIMH NAaBICHUS JKUIKOCTH.
Coraacuo saxomy I'yka, paa Bopgm:

E%!=dp, (IL. 40)

rjae p — naBlieHHE B BOJIE;
E — monynp yupyrocta BOJH.
3BI{OH KOMHpeCCHH TpyHTa 3anpmeM B BHUNe, leHHHTOM B MEXaHHKe

I'PYHTOB:
de = — a, dpe, (I1. 41)

Ine pe — JaBleHue, IepefiaBaeMoe HA CKeJeT I'PYHTA;
a, — KoopPUIMEeHT CKUMAeMoCTH (YIIOTHEHUA) TpyHTA.
3ameTuM Temepb, UTO

dp = YdH; dpc= —y dH - dp, (11.42)

rie H — mamop B paccMaTp@BaeMOM SJIeMEHTe.
HMopcrasasaa ypasmenua cxumaemoctu (II. 40) m (II. 41) 8 (11. 39),

c yuerom (II. 42), monyuum clefiylomee BHpaKeHHe A

%
W, m ev? 0H 2 Opr
3t 1+ ( + Ve - Y“"‘E‘)=
_ 6H Ymag 6pk
=YWy G T e (T1. 43)

3nech Ko3QPunueHT YOPYroil eM<OCTH (0TJauM) maacTa pynp ONIpeie-
asier coboii mameneHWe 0GBeMa BOJHL B dIeMeHTe IIACTa eMHUYHON IJI0-
A B IUIaHe, OTHECEHHOE K H3MeHEHUIO "Hanopa [60], W mMeeT BhIpa-
JKEHUe:

,Lynp=%r”_’s~(-%+a,,). (1. 44)

YpapeeHme 6amarca BoJH B JaHHOM ciydae OyeT mMeThb Clle[yIOmumil
B

a
Vaxdy + vz = [vae+ 5 (v qx)dx] dy +

+ I_YQy + 5 (Y(Iy)dy] dx+ 0 dz dy;

HJIA 110CJae COKpa]I[eHEH
ow 9 9
g = — o (V=) — 5 (Yau), (IL.45)

Ife g M ¢y — KOMIIOHEeHTH pacxofia QUABTPAIMOHHOTO MOTOKA, Ompe-
neasiemsie mo gopmynam [lomon (I1.26, a).
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Beanurra xkosdpdunuenra masrpanum k, a crefoBareIbHO W HPOBO-
puMocTh miuacra ', BooOme roBopd, ABidercad pyHKOmMed €, HO Jid mec-
YaHBIX TPYHTOB 3TOI 3aBHCHMOCTHIO OOKYHO MOKHO TpeHeOpedb W CUH-
Tarh Beauyuny [ ToCTOAHHOM 1.

Nmesa raxsxe B Bupy ypasuemme (II. 40), momyumm:

7] _ 9qx oy 02H 2 oH \2
— (g = — v 2 — gt =Ty 2L 7 (2L (1. 46)

IIpenebperas mocinegaum uienom Beipaskenus (II. 46) B cmiy ero
maxoctu, 3ammmtem ypasmemme (II. 44) B Bupe:

oW, aq 9*H
i =yT<—a;—2—+73—y2—>. (1. 47)

IlpupaBruBag npasue Yactu ypasrennit (I1. 43) u (II. 47), monyunm
caefyoliee ypaBHeHWEe YHPYroro pexnMa QuabTpammm?

oH RH |, 0°H a Opn |
at —a<6.1:2 +0y2)+—'y— ot ! (1. 48)
Tle Ko?pPUIMeHT HHe3ONMPOBONHOCTH 4 MW IlapaMeTp Iepefadd jaBie-
HAA @ ONpeleAA0OTCA BHpaykeHWAMH: 2

r__ _kd+e) LN (11. 49)

, 0= ————,

Wy g (aot) tot 5

a —

Bennuuna xosdpunuenta nre30npoBoJHOCTH NPHHTUINAILHO 3ABHCAT
OT 3HaKa H3MeHeHud jaBiennd [27].

YpaBmenme yupyroro peskuMa OKasEBaeTCH COBHafalomiuM C ypaB-
venueM (II. 29) pna GesmamopHOro HeycTaHOBHBINEIOCA MOTOKA, €CJHH
3aMeHHTD ma pm . P =
Wyunp Wose o T

Amanorgunoe ypaBHeHHE MOJKHO NOJYYHUThH HJA caydasd, KOrfa AMeeT
MeCTO B3amMojlelicTBHe pacCMaTpmBaeMOr'o BOIOHOCHOTO ILIacTa € CO-

celHUME depea ciaabompoHumaemsle paspjenbnsie cxonm (puc. II. 6):
6H H |, 82H ma, Opy ', ...
_ | ) . .
hom - = T (G + 5 ) + - o Kip — KL, (11.50)
’ rl
rie i, W i, — rpagueHTEH HAIopa B BepXHeM U HIDKHEM pa3/elbHBEX
CI0AX N0 OCA z Ha KOHTAKTE C PaccMaTpHBaeMBIM BOJO-
HOCHBIM ILIACTOM.

B ofmemM ciydae 5TH HANOPH OHpeAeiAIOTCA ¢ yUeTOM YIPYLOro pe-
umMa puAbTpanuE B pasmenbHHX cioax [215, 232]. Ecau e atum dax-

1 Meroguka yuera m3Menenus T 3a cHeT M3MeHeRNA HATPY3KA Ha IJAaCT paccMaT-
puBaeTcsa B pabore [150].

2 B. H. Mexkaves [221] NpHBOANT HECKOABLKO WioOe BHIpa’kemme AIA Ko3(dghu-
HUeHTa IIbe30NPOBOJNHOCTH, B KOTOPOM BMecTo Kos(¢mmienta yINIOTHeHAA O BBO-
onTca KoapdninmeHT yOpyroil C;KAMaeMOCTH.
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TOpoM mpeHeOpeds, To mpuxogum kK cxeme H. H. I'mpunckoro —
A. H. Maruesa [17, 168], cormacao koTOpOIii MOKHO CUHTATh:

Hi—H ., - H—H (I1. 51)

m’ m

2
Torpma ypaemenne (I1. 50) mpumer sup:

1 6H 2H 2H a
= e T 5 ‘;% Ph b (H— H) +b,(H,— H),  (11.52)

blZl/ﬂ?‘? b=V 7o - (11.52, a)

Crnepmyer oTMeTnThb, 9T0 [0 HACTOANIEI'0 BPeMeHM He CYHIeCTBYeT det-
KOT'0 IIpe/IcTaBIeHNA 0 XapaKrepe IpolieccOB QUIBTpPaNnu B BeCbMa CJa-
GonpoHNIIaeMEX pasfleldbHLIX Ci0sAX. Tak, HeACHa CIpaBeJIHBOCTD
zaxoHa [lapcu, moCKOIBRY B caaborpo-

#
”3/7,"”//’/ HUI@eMHIX TPYHTAX B3aKoH QuUiasTpa-
LLLLL L Ll LL L ELL A OUH  MOKET HMeTh 0o0Jiee CJIOKHBIM
.z XapaxTep, IpudeM HalmIogaeTcs Jaske

‘ HoABJCHNE HAYalbHOTO  TpajleHTa
dunprpanun, HeoOXOoUMOTO [JA Ipe-

a / 0/{0JeHHUA CHJI B3aUMOJeHCTBUA JaCTHIL
7 3 / Bogel 1 mopopgst (cm. § 1 raaeut BTO-
4w I L / poii). BMecte ¢ TeM Hems3sa yTBepiR-

I AL ED IR gaTh, 9TO ATH HaOIIOTeHUS MPAMO MPH-
— e . W) JA0KUMBI K M3ydeHwIo mponecca Guas-
' ) Tpanun B cAabonmpoHHLaeMpiX IIacTax

7 S RN =&  @CTeCTBEHHOIO CJIO0JKEHHA, IIOCKOIBKY

___M mociefHUmE — HMEIOT  3HAUYNTEIbHYIO

/, MHKpPO- I MaKkpoueofnopoauocts. Cymie-

bbb CTBEHHYI0 MHKPOHEOJHOPOZHOCTD Cila-
L__.._.._,___"_L . ’-.-.. . .- .-'.‘.. ‘..-.. )

GompoHNITaeMBIX CA0EB 0TMedaln, HanpH-

Soeslnsen mep, H. A. OrmabBu 1o JaHHLIM

TTE IS A ;7 MAcCOBHIX olpe/iele H IIPOHHTAaeMOoCTH

. [154]. Bausanue MaKpoHCOTHOPOIHO-

Puec. II. 6 CXeMa‘BSaIIMOI(eHCTBy- CTH OTYeTIMBO IPOABIAETCS, eCIH

IOmMPX BOJOECCHBIX IIJIACTOB

CPaBHHUTH TPOHUNAEMOCTh, OIpe/eNs-

eMyl0 1o aabopaToOpHLIM OUBITaM Ha

o0pasmax ReHapYHIeHHOII CTPYKTYPH W IO JaHHHBIM IOJEBHIX ONBITHC-

¢uapTpanuoHunX pabor (mociaegHHe OOHLYHO MOJYYAOTCA 3HATUTEINHHO

6oxpme). Hpome Toro, mpum msydeHum permoHaibHoii fuabrpanuu 3aga-

CTYIO peliaiollee 3HaYeHUE MOTYT UMeTh TaK HasbiBaeMbie «IUIPOT€0IOTE-
qecKHe OKHa).

Pesxum B3auMopmeifiCTEYIOIUX TOpH30HTOB MOKeT TaKKe B3aMeTHO
OCJOKRHATHCA 32 CYeT BAMSHNA N3MeHeHIA JaBJeHHA Ha KPOBJIIO ILTacTa
noj BoszpeiicTBueM BHeuinux ¢axropos [219]. 1o obcroaremncrBo Mo-
#eT, B YACTHOCTH, NPHBECTU K MPOSABIEHUIO (ICeBIOCBA3H» RAIOPHHIX
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TOPUI30HTOB C NMOBEPXHOCTHHIME ¥ I'DYHTOBHIMH BOJlaM#, HNOCKOJBKY W3-
MeHeHUe YpOBHCH NMOBePXHOCTHHIX M I'DYHTOBHIX BOJ BHI3HIBAeT COOTBET-
CTBYIONIIe W3MeHEHUs JaBIeHHWA HA KPOBII HUKeJe;KaMUX HANOPHBIX
[JacTOB, KOTOPhbie B CBOIO 09epelhb BIEKYT 3a 060l m3aMeHEeHUS HAIOPOB
BOJIKl B HAMOpPHBIX ropuaontax. Orciofia cjiefyer, 94T0O M3MEHEHHWS HAMO-
pPOB B HAMOPHHIX I'OPH30HTAX MOrYT HPOUCXOAUTH WPH IIOIHOM OTCYT-
CTBIY T'HJpaBiAYeCKOil B3aMMOCBA3W HAaNOPHHIX TOPH3OHTOB C MOBepX-
BOCTHHLIMH W I'PYBTOBHIMH BOJaMH.

HexoTophie KOHKpeTHBIe NPOABJCHUA Pe)KUMa <(ICeBIOCBA3W», BO3-
HUKAIOIIero Npd HN3MEeHEeHHWH BHENHEI'0 NABJeHHUs Ha KPOBJIO ILIACTa,
3aduKcUpoBaHK HaTypHHIMU HaOmlopenuavu. Tax, Hampmmep, mabilo-
MaloTcA NOHUKEeHHWS HANOPOB B HAIOPHHIX TOpPW30OHTAX mpu paspaloTke
PAacIoJOKeHHBIX HAJ HUMH KOTJOBAHOB, II0YTH CHHXPOHHBIE KoJebaHusd
VPOBHell HAIOPHHIX NOA3eMHBIX BOJX W aTMocdepHOro AaBienms [225,
2391, Bausune NpUINBOB W OTIAMBOB MOPeil Ha N3MeHeHHSA HANOPOB B HU-
sKeJeskanix ropusonTax [221), ¢Basp Mesxny moJimBaMm M pesKEMOM Ha-
nopunix Bopx [183], saBmcuMocTs KodeGanuit ypoBHe#l WIOJ3eMHEIX BOJ
0T mpoxosxaenusa moesgoB [239] m 1. m.

BmecTe ¢ TeMm oxassiBaeTcs, 9To riiyboKme BOMOHOCHBIE FOPU3OHTH He
BCerjia pearupyiorT Ha H3MeHeHHA yPOBHell B peKax; 37eCh, IO-BUAIMOMY,
CYMIECTBEHHYIO POJIb MOKET HUIPaTh JKECTKOCTh BCeX HMOKPOBHBIX CJIOEB,
KOTOpasd DPHBOJANT K CYyIeCTBEeHHOMY NepepacupefelieHHI0O JaBJeHU.
Hoaromy mpm gadpHe#fninx HCCHe0BAHHAX AMHAMUKHI NOJ3eMHHIX BOJ
B HAMMOPHHX NJIACTaX B CBA3W C M3MeHeHUEM BHEINTHUX HArpPY30K ClelyeT
IOCTAaBUTH BOWPOC 0 HeoOXOAUMOCTH yd4eTa HAMPSKEHHOI'0 COCTOSHUA
BCEr0 KOMILIEKCA BOMOHOCHBIX I'OPH30HTOB H PasiejibHbIX CJI0eB.

§ 5. Koneuno-pasgoCTHBIe ypaBHEHH:A INIAaHOBOH (MibTpaun

Honeuno-pasnocrubie ypaBHeHUA NJAHOBOH (QUIBTPANHH MOJKHO HC-
[0JIb30BaTh HPHW YUCJIEHHHX pacueTax B CJIOKHBIX yCJIOBHUAX; OHW SIB-
AAOTCSA OCHOBOM M [Jisi MOCTPOGHHS TEOPUU CETOYHHIX WHTETrpaTopoB
(cM. rmaBy mATYIO).

Jlia BHBOJa KOHEYHO-PA3HOCTHOI'0 ypaBHEHHS Bech WOTOK pasdm-
BajoTCsl Ha oTHejibHbie 0joku ' (kak mpaBmwio, 3Ta pasbEBKAa HpPoH3BO-
RUTCS CHCTeMOIi OPTOrOHANBHHIX IJIOCKOCTel), a Bech 00beM BOJHI, CO-
mepameiics B 6J0Ke, Kak ObI COCPeloOTOYMBAETCA B eTo HeaTpe. Bugeaum
oouH "3 Takux OJIOKOB W paccMoTpuM OajaHc BOJH B ero Ipefeiiax.
C Kam0Il CTOPOHRI B 3TOT OJIOK IPUXOAUT (QUIBTPAMOHHBIN pacxof
Qi, mpdeM

H}—H°

Qi=—%—") (11.53)

1

1 BriBof KOHEYHO-PasHOCTHOTO ypaBHEHHA IIpHBefieM B Hali0olee ficmoil ¢usm-
gecroil opme, caenya I'. H. Ramenckomy [104, 108], xora sra gopma KpATHKyeTCA
B MaTeMaTH9ecKoil JHTeparype [176], IOCKOIBKY OHa OCIOMKHIET aHAJIHN3 TOYHOCTH
ypaBuennsd.
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rie H; —Hamop B cocegHeMm Oi0Ke (0YeBHIHO, 9T0 jiIf IJIAHOBOTO
DOTOKA [ UpmHMMaeT 3Hasenma 1; 2; 3; 4);
H° — mamop B pacuerHOM Oi0XKe;
@; — duabTpanEOHHOE CONPOTHBIEHHE MEKAY COCeJHMM [-HIM H
pacueTHHIM OJIOKaMH.
ITpm, arom

L
D; = Tib (I1. 54)

rge l; — paccrognde Me:KIy NEHTpPAMHE i-0I0 W pacyeTHoro OJOKOB;
B; m T'; — cpegnsaa mupnHa 06ioka (B IJIaHE) ¥ CpeHAS HPOBOJM-
MOCTh TIOTOKA MEEKAY LieHTpamm i-oro @ pdcuerHOro OIO0KOB.

Kpome toro, B 6ior mocrymaer mAUIBTPANMOHHHIT WOTOK Q.

Qw‘:wiFiy (II'55)

rge Fy — miomajib TOPM3OHTAILHOTO cedeHusa Omoxa,

Ha Gamamc 6aoxa MoryT BiuATh BHYTPeHHHE WMCTOYHUKH NUTaHAA
cToxa (CKBaKMEBI, [PeHH, KAaHAIL M T. O.); 3a0mpaeMuit mMm pacxoj
oGozmaunM uepes Q.

Banancosoe ypaBmemme cOcTaBHM HCXO[sI M3 TOr'0, 9YTO CYMMapHOe
DOCTYILIeHHe BoAb B OjoK 32 BpeMs Af ¢ d4eTnipeX cTOpOH (T. €. IpH
i = 1, 2; 3 14) koMIerCHpYeTCA H3MEeHEHHEM ero 00beMa Ipd MOBHINEeHAY
ypoBHs B nenTpe 6i1oka ma Benmauny AH:

(gQi + Qu+ 06) At= CiAH, ~ (I1.56)

rie C — Tak HasHBaeMad eMKOCTh 0J0Ka, KOTOpAs IpejicTaBisder Co00M
m3MeHeHNe 00BeMa BOJH B OIOKe OpH H3MeHeHHH YPOBHA
B HeM Ha 1 M;

Ci=puFs. (11.57)

IlopcraBusin B GanavcoBoe ypasmenme (II. 56) pmpuBepenmbie Brime
BHPa/KeHASA (IS COCTABIAAIIIAX er0 YWICHOB, HOIYINM KOHEYHO-PABHOCT-
HOe ypaBHeHHe B CIelYIIIeM - BAJe:

4
\ H —H® "
LT“"wiFi'f‘QBB:Ci%Tq (11.58)

=1

rjae couporusieHnd @i u emrocTh 6ioxa C; BEHpaKkaoICA COrjaacHO
(IL. 54) = (II. 57).

Jna gmcaenssx pacseroB ypasaerme (II. 58) memocpepcrBenEo mpm-
MeHHMO TIpE HOCTOAHHHX (mesaBucAmux or H) mapamerpax Fj, wj,
Qs, Ci; B mpoTEBHOM ciiyuae ero meaecoobpasHo HECKOABKO Mogum-
WHPOBATh.
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Tak, gia ropmsoHTaAbHO-0{HOPOKHOTO GE3HAIOPHOTO IOTOKA, KOTNA
= kh, pacxoas Q; Bmecro Bupakenus (Il. 53) memecoobpasuo ompe-
HenAaThs no Qopmyie:

Qi= <_h°) G (1L 59)

206 4

rae hi @ b’ — ray0OuEE noToka B cocefHeM (i- oM) 1 pacueTHOM GJ0Kax.
Couporusnenne @g ; tTakoro moroxa BmecTo (II. 54) MosxsO BHIpa-

3UTHh IOCPECTBOM

L

Dot =i

(11. 59, a)

rae ki — cpegauit KoapPunuerT PHABTPANUN MeKEy IEHTPAMH COCeX-
Hel0 B pacuerHOro OJOKOB.
Torma ypasmernme (II. 58) npuMeT BHJ:

E(’f) (n )+w,pi+()o-ci (11. 60)

i=1 2%6

Jis omfHOPOZHOro HmOTOKA IIPH paBHOMEpHOA pasbuBke [; = B; =
= Az; F; = (Az)?, u ypaseenue (II. 58) mpummmaer Buj:

4

0 o , w(Az)>+0Q5 _ K(Az)?
Zﬂi-—lxﬂ fudal Qs KA Ap o (1161)
i=1
Ecanm momomuTh, 49TO
B g (IL. 62)

B uMeTh B Bumy, 9to AH = H—H°, tne H — ypoBeHb B pacuyeTHOM
Gmoke gepes MoMeHT Af, To ypaBHeHHe IpWMeT Bu[:

H =1 o+ (5 + o) At (I1.63)

rne Hi (cp) — CPefHeapHpMeTHIeCKOe 3HaueHHe M3 ypPOBHeH H; B co-
ceqHUX OJOKax.

Jnss  opHOMEpHOro B TJIaHe NOTOKA IEPeMEHHOH IIHPUHE
(pume. I1. 7, a) ypaBrenme (II. 58) mpmeumaer Buz:

H) ,—H° H} ,—H° AR
1¢i_1 + ‘;in + wiBili 4 Qo = p Bilx Tk (11. 64)

npudaeM
7/ = RS M S (I1. 64, a)

TipBin
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rae li_y, li,; — paccTOAHMA [0 IEeHTPa pacuyeTHOro 06JoKa 0T
nenTpoB 6aokoB i —1 m i 1;

Ti-4, Tisy; Bi_y, Bi,y — CpeiHue 3Ha9eHUS NTPOBOAMMOCTH W TOMPHHBI
TOTOKAa ME:KY PACIeTHLIM U COOTBETCTBYIOHIVIM
cocemHAM OJOKOM.

Jna nureiiHOrO B IiaHe ofHOPOAHOro HoToKa (puc. I1. 7, 6) B; _( =
=Bi=Bij+1=1 M Ti+1=7T;_1=7T u npupaBHOMepHO# pas-

6)
=7 y i+
. ﬁ- . . . . e e o . . ." .
| . [
TR ///////////// /7///////////11/’*/7"/7

e A — e f ——

Prc. I1. 7. Pa3bnpka mOTOKA A/ BLIBOJA KOHEUHO-PA3HOCTHBIX
ypaBHenuit

a — IIJaH MOTOKa IepeMeHHO! IMMPMHBI; 6 — paspes II0 HOTOKY NPH paB-
HOMepHOH pa30uBKe

6uBke, Korma l; 4 = ;.4 = Az, ypasumenne (Il.64) npuuumaer
BU[L;

H} 4+H] —2H°
T 1—1+A,?1 +wAz+ Qs = pAr S (L. 65)
uiu
AH:Tfa%r(Hi’Hi i—1 2H)"‘wm+Q6At- (11. 65, a)
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Eeau monoxuth
n(Az)2 _ (Ax)?

TAt aL\t--:O’S’ (II- 66)

To ypasuerue (II. 65, a) mprnmer Bmp:

0 0
1. _Hi—1+Hi+1+wL\i o Qs At
v 2 TV

(I1. 67)

Ilpu orcyTcTBHH BHYTpPeHHHX HCTOYHHKOB MUTAHWS H CTOKA HAIOP
B pacueTHOM OIOKe oIpefiesieTcs KaK cpefHeapuMeTHIecKoe U3 Hallo-
poB B cocefHHX OmoKax. :

Cooruomenus (II. 62) u (I1. 66) 6ninn pexomengoBanst I'. H. Kamen-
ckum [104, 108] xar yupomaiomue pacuer; H. H. Bmmgemam myrem
9MCIeHHOr0 aHanaH3a mokKasan [4], uro oTH cooTHOleHHA faT ycToii-
9iBEie pellleHHSA KOHEYHO-Pa3HOCTHHIX ypaBueHuii. Crtporoe maremaru-
decKoe JoKaszaTeabcTBO 9T0T0 momoxkenud maa M. I'. llerpoBexumit [160].
Upcnenuslit aHAI®m3 BOIPOCOB YCTOHYHBOCTH HEJMHEHHOIrO ypaBHEHHS
(I1. 60) nposenen H. H. Bungemanom [4].

B cayuasx, korma B mpefenax pacueTHOro OJ0Ka pacliojiaraloTcs
CKBAKHHHB, TPEHST U T. II., HEIIOCPEACTBCHHOE MPUMeHeHHEe KOHEYHO-Pas-
HOCTHBIX YyPpaBHEHHII OCIO:KHAETCS B CBSIBH C pes3Koll aedopMmamuei
moroka BOamsm atiux coopy:kemuii. IlocTaHoBRYy Taxoil 3agadum MO;KHO
CYIeCTBEHHO YIPOCTHTH, €CANM HCIOAb30BaTh HJEH MeToja (QUIbTpa-
NHOHHBIX conporuBienmit [213], mosBonswomue cBssars cpepumit (pac-
4eTHBINI) YpoBeHb BOABl B Onoke H ¢ ypoBHeM B CKBa;KUHAX MU Jpe-
nax Hy. B obmem Bupe 3Ta ¢BA3b HMeeT BUL:

H— Hy = Qg2 (I1. 68)

rie Q¢ — ob6muit pacxom BoAwl, 3a0upaeMoil CKBa;KMHAMH WIN JPeHA-
M B 3TOM OJOKe,
@0 — [OMONHNTEIbHOE COIPOTHBIEHNE, OIpe/ensieMoe XapaKTepoM
P pacmoJosKeHneM JpeH M CKBajskilH B OloKe.
Tax, manpmmep, Ipnm HANTHYMH B KBaJpaTHoM GIoKe pasmMepoM AZ
OfHOH CKBajKMHBI paguyca I'c Beamumpa PO ompefensercsa mo gopmy.ie:

@0 — L (k2 —1,6). (11. 69)

:ZIITs x e

rge I's — pacdeTHas mpoOBOMUMOCTD IIOTOKA B OJOKe.

JTa 3aBHCHMOCTH IOCTPOEHA, MCXO/I M3 IPEMOCHIIKA O PafHaIbHOM
XapakTepe IOTOKa B mpefienax Giaoka co cksBammuoit [189, 218, 219],
B CBAI3W ¢ 4eM 9TH OJOKH Jydnie fienaTh KBajgpaTHO# GopMbI, coBMelas
HX TEHTPHL C MeCTOM IIOJOYKEHHS CKBAayKHHBI.

Toii ;xe OPMYI0H MOMKHO I10Jb30BaThcsA NPH HAIHIUU B GJoKe He-
CKOJBKHX CKBAKHH, PABHOMEPHO OTCTOAMUX APYr OT Apyra, ¢ OMHHAKO-
BbIM IOHIKEHHEM YPOBHA BOAbi. B 9ToM caydae Hago TOJBKO 3aMEHUTH
PajuyCc CKBAKUHBI T'e¢ PAaJlIyCOM IKBUBANEHTHOT0 KOJ0ANA Iy, PaBHBIM
Cpe/iHereOMeTPAYECKOMY PACCTOSHUIO OT KaKoi-in0o0 OMHOH CKBasKUHBI
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o BCeX ocTaibHEIX. Dolee mompoGHO IpmMeHeHHe METORAa CONPOTUBJIE-
HUH [Js1 TaKWX pacuyeTOB H3jaraercsd B TIJjaBe NATOH NPUMEHHTEIBHO
K TOCTPOEHHIO CETOYHBIX MOJEJIeH.

ITonyuennas cBazs H m Hj, nomxEa paccMaTpHBAThCA COBMECTHO
¢ KOHEYHO-PABHOCTHHIME YPaBHEHUSMH.

ITopsimox pemeHuA 5TMX ypaBHEHUIT 3aBUCUT OT pe;KIMa paboOTH CKBa-
;KOA B ApeH. Ecau, Hanpumep, 3afaHHLIM ABIAeTcA Ne0UT CKBa)KHAH, TO
pacdeT MOKHO BeCTH II0 IIPUBEeJeHHHIM BHIIIe KOHETHO-PAa3HOCTHHIM ypaB-
HeawsaM npa (Qp, PAaBHOM cyMMapHOMY #e0MTY CKBa;KMH B IIpefesax
6imoka, a mo ypaBueruio (II. 68) npu mapectabix H; u Q¢ Momer OHTH
IpoBepeH ypoBeHb BOAH B cKBaykuHax H. = Hy. Ecim jxe 3agamEHBIM
ABIAEGTCA YPOBEHb BOJAK B CKBa)kMHAX wiad jgpeHax Hy, To pacxof
6mora Qg mpeaBapuTeabHO H0JzeH ORTH onpeaeneH no gopmyae (I1. 68)
npu H = H°, onpejeneHEHOM Ha HadajJo pPacdeTHOr'0 HHTepBala Bpe-
meanm At. Ogaaxo B 9T0M ciyuae Tounee 3aBmcuMocTh (II. 68); memomas-
3opaHme npm M 3amaHHOM Ha KoHenm mHTepBala Af mpmBoguT K Gouaee
CIOHKM 3aBHCHMOCTSIM, NOCKOJBKY M3 CHCTEMH YpaBHeHHI HpegBapu-
TeabHO Tpebyercs mcKIounTH pacxox Qe [215, 219].

§ 6. ®uapTpauna BoJ, HEOXHOPOJHEBIX MO COCTABY

Bonpocsl ¢uabprpanun Boj, HEOMHOPOAHHIX 10 COCTaBY, BO3HHKAIOT
IpU M3YyYeHUW B3AMMOJIEHCTBUA NPECHHX NOA36MHHX BOJX C COJEHBIMHA
Bogamu Mopei [168, 253 ], ¢popmuporammsa nmE3 npecHEx Boxm [137],
PuabTpamAN ecTecTBEHHHIX pacTBOpoB [178], sarpasHeHHA HIOg3eMHBIX
Bog [211] = 1. m. _

IIpm pemieHus 5THX BOMPOCOB MpesKae BCero HEoOXOIMMO ONPeNeduTh
pacueTHblil Hanop (moTeHOUaa) UABTPANMOHHOIO IOTOKA C YIeTOM H3-
MeHeHHA IUIoTHOCTH Bomsel. L'y06ept [238] mpepnomumm moaszoBaThCcs
NOHATHEM CUJIOBOTO NOTEHIWANA ¢, IPUIEM

q>=gz+f——, (I1. 70)

Q0 — IIOTHOCTPH ;KHJKOCTH;
p — [aBJeHHe B pacyeTHOH TOYKe;
Do — [aBieHWe B BHIOPAHHOH TOYKe CPABHEHWA [JaBJEHHH.

Cornacuo (II. 70), serwamny npusegersoro (pacdeTHoro) Hamopa f
MOKHO OIpefesuTs o gopMmyie:

H=l=z+f—-. (I1. 71)

rjie Yy — o0beMHBI BeC BOJBI.
Ilpyroe mpenioxenune, chopmynauposanrnoe A. V. CmamasM-Bexay-
puaeiM  [178] m o6ocmoBammoe II. f. Ilomy6Gapummosoii-Houunoii,
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3aKJII09aeTcA B TOM, 9T0 NpPHUBeJeHHHE HANOP ompeneldeTcA Io $op-
MyJe:

H:%(p_yfydz), (11.72)
z0 /

rge 2z, — OTMEeTKa INIOCKOCTH CpaBHEeHHSA,

Yo — pacueTHHIX 00beMHBI BeC BOJSI, NIPHMEHUTENHHO K KOTOPOMY

onpepeaserca xKodddunuent ¢uasTpanum.

Ilo mmenuo A. Iaitmerrepa [203] smpasemms (II. 71) u (I1. 72)
ONMHAKOBO T'MIOTeTHIHH M KAaKHX-1n00 MpemMyiecTB APYT mepex ApY-
roM He UMelT, X0Ts ['y00epT mprraeTcest JOKa3aTh NPABUIBHOCTH BEIPAKe-
gua (II. 71) mcxomA W3 NpPHENUIOB TepMONHHAMUKM.

B oTeuecTBeHHOH I'MIPOTeOJOTHICCKON NpaKTUKe IPHMEHAETCA BhI-
paenue (I1. 72) naua npusefenroro Hanopa. [{asa BeiaucieHUA HHTETpala
cun rpasutanuu A. V. Cnanua-Bexaypun [178, 179] pexomengyer BhI-
pasxkeHue:

z
fydz—:_!—_—;i'—z, (11.73)
0

rje Yo, — 00BeMHBI BeC BOJH HA INIOCKOCTH CPaBHEHHSA,
Y — o0BeMEH Bec BOAH B JAaHHOI TOYKE C OPAMHATON Z OTHO-
CUTENHHO ILIOCKOCTH CPaBHeHHA.

A. U. Cunne-Bexuypun ykassiBaer, 9To JJA OfHO3HAYHOCTH OIpeJie-
JNeHMs NPUBEICHHOIO HANOpPa ! ILIOCKOCTH CpaBHeHUSA HAJ[0 IPOBOUTH
TaK, 97005 OHA BCIOKY HPOXORMIA Fepe3 CJIOW C BOJOU OTHOTO M TOTO ;Ke
o0BeMHOTO Beca.

B paGorax [40, 102] norasamo, uro Takoe ompejeleHHe WHTerpa:a
CUJI TPAaBUTANWH SBJIAETCSA CIMIMIKOM TpyOBM, W DpejjaraeTcsi ero
onpefenATs, pasbmBasg MHTepBaJ MHTETPUPOBAHHA Z HA PAJN YIacTKOB
A Zi, PacHoJIOKEHHBIX Me:KJy OTAeldbHHMH HA0IIOMaTeJbHKMA CKBa-
KUHAMHA:

z

fydz:ﬁ;—yLAzqu—u—_ztyiAzz-}—...+\&1TH’lAzn. (I1.74)

0

K osromy cmeayer moGasuth, 9T0 B [laHHOM Cilydae OTCIeT HAMOPOB
clle/lyeT MPOBOJHUTL HE OT IJIOCKOCTH, a OT TOYKH CPAaBHEHHS HAIOPOB
(myneBoil TOUKH), HaUMHAS 0T KOTOPOH BeeTcs olpeflelleHNe HHTErpaia
cun rpasuTanuu. IIpm 3ToM TOoYky cpaBHeHMA NPUHNAINMAIBHO MOKHO
BHOpaTh B a1060M MecTe miacTa, He Hapyllasds OHO3HAYHOCTH OIIpefie-
leHNA NpPHBeJleHHOr0 Hamopa (eClu TOJBKO 9Ta OXHO3HAYHOCTH BooOIIe
cymecrByeT, 9ro mo mHeHn0 A. Illefimerrepa moxa emie cTporo He AOKa-
zano [203]).

B pane cayuaes (mampmmep, mpu aHAAHM3e peKUMAa JUH3 IPECHHX
BOJ|) MOKHO CYUTATh, 9TO NOTOK COCTOMT M3 JIBYX o0jacTeil — COIEHHIX

1 A. U. Canun-Bekdaypin oumepHEpyeT ¢ LIOHATHEM [pABEJEHIOTO JABIGHHA.
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I TpPECHBX BOJ — C Pe3Koll rpamunei Me:xny Bumu. B srom cayuae,
NPOBOJS IIOCKOCTH CPABHCHUSA TaK, 9TOOK O0HA pacceKJaa IDaHHIYYy pas-
meaa obaacTeil, B CUIY IOCTOSHCTBA 06BEMHOTO Beca B KaKIOH M3 HUX
(Ynp AJST TpecHBIX BOJ M Yooy — JAJA COJNICHBIX) U HPHHAMAsA, HAIPHUMeED,
Yo = Ymp, Ha ocuoBamnu (II. 72) sammmem npuBenennsie Hanopsl Hpp
u H. B o6aacTaXx mpecHHX I COMEHHX BOJ B caexyomenm suge (199, 200 ]:

Hup =P+ 2 Ho = ——(p+ Yoo 2). (I1.75)
Yup Yop

QoprupoBaHue HEOQHOPOHOTO TO COCTaBY PHABTPANHOHHOrO HOTOKA
OCIOKHACTCA MHUrpanueit pactsopoB. OCHOBHBIMU IIporeccaMi, omlpeje-
JAMWMHA XapaKTep MUTpani*d pacTBOPOB B TOPHLBIX IOpOAaXx, ABJIAIOTCA
MOdeKyiasiprasg W QuasTpanmonnas auddysun, copbuuA pacTBOPOB I
A3MCHeHIe IPOHHUIIAeMOCTH IJjlacTa IpPHU B3aMMoAefCTBMH pacTBOpa € IO-
pojloii.

IIponeccs Modexyasipuoit auddysnm B mecUuaHBIX IPYHTAX paccMa-
tpuBai M. HanakerOepr [242], nokasaBumimii, 910 B mopmCToil cpeje
nugdyansa pasBUBaeTCA MO TeM ;Ke 3aKOHOMEPHOCTAM, 9T0 H B CBOOOTHOMK
cpefe, HO ¢ uHHM KodpdruuerTom pmuddysum Dur, oupeaedgeMBIM
BBIpaMKeHIeM:

DMp:XnODM, (II. 76)

rie Dy — roaddmuuent modexynsapuoit muddysunr B cBobomuoil cpeje
Ny — AKTHBHAsI NOPHCTOCTH TPYHTA;
¥ — TapaMeTp, XapaKTepU3yU(Hil A3BAINCTOCTD IYTH ABU/REHIA
4acTHILl B TIOPHCTOH cpejfie; Mo peayiapraram onsiroB Hime-
xenbepra piA HCCTEeMeHTHpoBaHHKX pDeckoB ¥ = 0,0—0,7,
a jaa cueMeHTupoBaHpHX ¥ = 0,25—0,5.

Tporeccst duasrpanuonsoii Auddysnn o6yCIoOBIMBAIOTCA HAJOKe-
HIEM MOJeKyJsApHoil auddysun Ha rujpaBiHdecKoe (KOHBEKTHBHOE)
IepemMenIMBaHMEe pacTBopa B HopaX I'PYHTAa, BH3HBaeMoe HepaBHOMEp-
HOCTBIO CKOpoCTeil B mopax rpyHra mpm ¢umaprpanuu. Psm mccaeqosa-
mmii (251, 255] nokasmBaer, uro mpoueccs guabTpanuonHoit nuddysnn
ONMCHBAIOICA TEeMHU jKe 3aBHCHMOCTAMU, YTO M TIPONECCH MOJeKyIsapHOoit
auddyann, ofaaKo KoadpdunnenT PuapTpannonuoi nudpdysnm 3aBHCHT OT
BeJMYMHL H HAUPABJIEHUA CKOPOCTH (PHIBTpANUN.

MosxHO cunTaTh MpAKTHYECKH CHOPaBefJIUBHM Cle/lyoliee BHIpasie-
Hue aas kosddnunenra ¢unsrpanuonnoil gudpdysmm Dy {20, 25]:

Dy = Dyr+ D, (I1.77)

rje U — CKOpoCTh (HIbTpALAHA:

D — roadduunent, sapucsmuii OT BHAA IpyHTAa H HANPABIEHIA

$uALTPAIUOHHOrO MOTOKA.

Bemiunmra D uMeeT pasMepHOCTH NJAMHHE, YTO JaeT OCHOBAaHHE CUM-
TaTh €e DPONOPTMHOHAMBHON AUaMeTpy 3epeH TPYyHTa, IpumdeM Koadpdm-
IUCHT NPONOPIHOHAIBHOCTH OKasHBaeTcs pasBumiM mnpumepuo 0,1,
Onrako ocTaeTcs HEACHHIM, KaKYI0 BEJIHYAHY PacdeTHOrO JHAMeTpa 3e-
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PeH clefyeT NIPHHAMATH [JIA I'PYHTOB, 0OHYHO 00IaalonX HEOXHOPOA-
HOCTBIO. Dosee mojgpo6HOC H3yUeHNE CTPYKTYPH Ko3)PumucHTORB TpO-
MOJBHOH D&) O TonepevHOIl Dip ¢unprpanunornot Auddysuu wmpope-
aaa II. Cagdman [255]. Pemtenne HeKOTOpHIX KOHKpPETHHIX 3amau Qu.iIb-
Tpannonrod Auddysuum mpusexeno B paborax [216] m [251].

Opmako, KaK TNOKAa3pBaeT YHCIGHHHH aHAIN3, Npomecch QLIbTpa-
niorHol MudPysun 0OHYHO CYIMECTBEHHO TPOSABISIOTCA TOJIBKO B J1a00o-
PaTOPHHX YCIOBHAX, B HATYPHBIX jKe YCIOBUAX 3HAYATENHHO 0OABIIYIO
pOJb B XapaKTepe MAI'DANUH PACTBOPOB UIpajoT NPOMEcCH MaKpoRucuep-
cum, ompejeisseMple QUIBTPANHOHHON HEOXHOPOTHOCTHI0O BOJOHOCHBIX
maactoB. s amaiamsa 3TOro sIBJieHHA UTedecoo0pasHO BHENUTH JBa
OCHOBHLIX BH/la HEOJHOPOJHOCTH: HEYHOPSAJIOYEHHBII W CJIOUCTHIH (CM.
IJ1aBy IIepBYI0).

Jlasi omeHKH BIWSHUSA HCYHOPAJOYEHHOHN HEOMHOPOTHOCTH MOSKHO,
DO-BUAMOMY, TIpUMEeHATH o0mue 3aKOHOMEPHOCTH (HIIbTPALUOHHOI
nuddysnu, 3aMeHssA ToAbKO Kod3ddrumenT GuiabTpanuonuoii guddysun
cyiecTBCHHO OoapmmM Ko3QPUIIMEHTOM MAKpPOAMCIGPCUM, 3aBLCSI{UM
0T XapaKTepa HEOXHOPOZHOro IpPYHTA (HAIOMHHUM, 9T0 Ko3QPunHeHT
dunsrpanuorHoi Auddysnm HAXOZUTCSA B JHHEHHOW 3aBHCUMOCTH OT
pasmMepa 3epeH TIpPYHTa). OIT0 NpeRDONOKeHHe OBJIO BHICKa3aHO
B. M. Illecrakosmm [216], a teopernmueckn oGocmoBamo B. II. Iliia-
toBekun  [161].

@uasTpannAa pacTBOPOB B CJIOHCTHX IIACTaX NPOUCXOAUT IpeEie
Bcero To HauOolee TPOHMIAEMBIM CJIOAM, OT KOTOPBIX pacrTBop pac-
npocTpaHsgeTcd MO IJIACTy OyTeM momepednoil xuddysunm B mMazonpoHu-
naemuie caoun [216]. las mpocteiinicii cxemn QuiapTpanyu ¢ momeped-
Hoil muddysneil B MOKPOBHLIII €70l, MOM[HOCTE KOTOPOr0 MPHHUMAETCS
HeOTpaHMYCHHOII, MOKHO BOCHOJNbL30BaThCA pelleHneM JlaBepwe pus
agajgoruaunoii Temmosoit zamaun [244]. Jlna Gomee caosKHBIX ciIydYaes
pellleHHe TAKOro pofa 3afad MOKHO NOJYYHTH HA CETOYHHLIX MHTErpa-
TOpax, NOJb3ysACh, HADPHMEp, NPHEMOM, H3JO/KeHHBIM B pabGore [216].

B psane cayvacB upe3BHl9aiiHO BajyRHO YYHMTHIBATH BJIMSHHWE COPOMmITH
pacTBOpOB Ha MOPORAX, KOTOpasd MOYKET IPOHCXOAHT B dopme Kak Qusii-
gecKoil copbumir, Tak W XemocopOmuu, ujium WOHHOrO oOMeHa, DpUUeM
naubosee pacmpocTpameHHOl sBiIserca nociaenisia gopma [184]. Cy-
HIeCTBYIONMe MaHHBIe 0 Tpomeccax copbumiy pacTBOPOB Ha IpYHTAX
H DOPORAX WMeI0T MOKa OTPAaHHYeHHBIIT XapaKTep U Xal0T BO3MOFKEOCTH
UPUBECTH TOJABKO OpefBapATeIbHBE co00paskeHUA 0 METOAKE UX yYIera.
ITpn cpaBHuTesipHO HEOOIBINOH KCOHIEHTPALUH PacTBOPOB MO/KHO,
TO-BHAMUMOMY, CYATATH CHOPaBEJJHBLIM 3aKOH [eficTBYIOOIAX Macc H
B GoabHinHCTBe clydaeB npeHeOperars BIMSHUEM KWHeTUKH copOnumm,
T. €. CYNTATh ee DPOTeKAalomell TpaKTHYeCKH MIHOBEHHO. B 910M ciydae
AJA ydYeTa cOpOMUI XOCTaTOYHO BO BCe PacdeTHHIE 3aBUCHMOCTH BMECTO
BEeJIMYAHB! ARTABHOW TOPHUCTOCTIH Ny BBECTH BeJHIMHY 3QPeKTHBHOI TO-
pPHCTOCTH M., ompefexseMylo mo Qopmyne [211]:

No="no5+ N; N=-—, 11.78
V=2 (11. 78)

c
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rge N — KonuyeCTBO copOHpyeMOro BemecTBa Hpu ero 00beMHOI KOH-
NeHTpanHd B pactTBope ¢, OTHECeHHOE K equHANe o0beva
rpyara .

Pamom mccnefoBammit, Hagano KOTOPHM HOJOXmaH  paboTh
B. P. 3pmuepa [123, 223], nokasano manmume B BechMa caabompoHu-
maeMBIX I'PYHTaX TaK HaseBaeMoro QuiasTpaguoHHOro sgderra, KoTopsii
OpoABJIAETCS B MOJIYIPOBORAMMOCTH T'PYHTOB JAJs pacrBopoB. llpm ma-
Juanu QuAbTpanuHoHEOro 3PdeKTa rpyHTH GYAYT HpoNycKaTh depes ceds
He BCe MOJIEKYJH pacTBopa, a TOJNBKO HEKOTOPYHI HX 4acTh, YMEHbIIas
TeM CaMHIM KOHNeHTpanmuio ¢uiaprpyiomerocs pactBopa. Iloka eme mHeT
TOCTAaToYHO IIOJHOTO0 OSKCHOePHMEHTAJNBHOIO0 MaTephmana, KOTOPHH Io-
3BoNHI OH CYyAHUTH 0 3HAYAMOCTH 3TOT0 MHTEPECHOI0 ABIeHUS NpH PHiab-
TpaoHd B Pa3aMYHBIX I'PYHTAX, OJHAKO MOKHO CUMUTATH, NO-BHIUMOMY,
9T0 OHO IIPOSABIAETCSA TOJIBKO B YyIBTPAaTOHKOAUCIEPCHHX IPYHTAX, NOPH
KOTOPHX COM3MEpHMEI C pasMepoM MoJeKyJ pacTBopa.

Hccnepopamna B ofnacTu BoOpocoB BO3AeCTBHSA pacTBOpPOB Ha
FPYHTH B DOPOAH IOKA MMEIT BeCchMa YacTHHHA M, KaK IpaBHJI0, Kade-
CTBeHHBII XapakTep W He [alOT BOMOMKHOCTH [JISi TeopeTHuecKux 0000-
MeHUH. 3aMeTHM, 9T0 BTH IIPOMECCH OOKYHO CYMECTBEHHO CKA3HBAITCA
TOABKO B TIMHHACTHX TI'PYHTAX.

1 B ¢u3uKo-XMMHUIeCKO JuTepaType OOHIHO COPOMMOHHYI €MKOCTH OTHOCAHT
K ef@nmme Beca rpyara. Ecam 060o3naunTh 9epes Ny KOAMIeCTBO CO.JIM, cOpOUpOBan-
HOe B 9jleMeATe TPyHTa eJMHHIHOTO Beca, TO N = ypp Ng, The ypp — 00bemukiil nDec
TpyHTa.



I'rasa mpemeosn

OCHOBBI PACYETOB IIJIAHOBOU ®HUJBTPATIUI

§ 1. OGmme Bonpocs! M NMOCTAaHOBKA 3a[ad IIAHOBOH (HIABTPaIUU

YpaBHeHHe HeyCTAaHOBHBIIeHCA NJIaHOBOH ¢uasrpanum mmeer o0~
muii Bugx (I1. 28); k TakoMy ke BUAY MOKHO IPUBECTH U ypPABHEHHE YIIPY-
roro pe:kuma QUIABTpanuu B HAIOPHOM IOTOKE, €CIHM IIOIOKHTh:

a
P = Wynp; W=wsnp=%'—£i: (I11.1)

rA€ Wynp BHpaskaercs coriacHo (II.44).

Pemenue ypaBmerusa (II. 28) pesko ocmoskHseTcsa ero HeNIMHEAHOCTBIO
(mpesxpae Bcero saBmcmmocTbio I' o1 H). B macrosmee BpeMs M3BeCTHHI
HEKOTOPHEe MeTOXH INOCTPOeHAs PpemeHHHd dTOT0 ypaBHEHHA € yIeTOM
H3MeHEHHA NPOBOJUMOCTH — JIJIA OXHOPOXHOTO IO BEPTHKAIH IIOTOKA
Ha TOPH30HTAJLHOM BOJOYmOpe INpHM Hambollee NPOCTHIX TIpPaHWIHBIX
yeaosuax [26, 28, 99, 167, 228]. Ilpakruka yGeskmaeT, OXHAKO, B TOM,
9TO IIPU THAPOre0JOTHYCCKUX pacdeTaxX BIUAHAE HEAMHEHHOCTH HMCXO-
soro puddepernuanbvuoro ypapaennus (I11. 28) me mmeer Toro cepbessoro
3HAUeHUSA, KOTOPOe eMy HHOIYIa IPHIHCHBAKT, IIOCKOABKY BIHIHHE
KonebaHHit ypoBHeH MOTOKA HA €ro MPOBOZHMOCTH OKa3hBAaeTCA 3HAYU-
TeJIbHO MeHBUIHM, YeM BIMSHNE HEOXHOPONHOCTH IJIACTA Ha €ro rumpo-
reoJioryuecKue mapaMeTpel. Il03ToMy OCHOBHBIM IIyTeM IOCTPOCHUS
aHAIATHYECKAX peleHMH YpPaBHeHHSA HEYCTAHOBHBIIEIOCA IJIAHOBOIO
MOTOKA ABJAETCA ero JHHeapH3amus, pasiudnsie CIOCOOH ITPOBeJeHNA
KoTopoil mpusopsaT K ypasmenusim (II. 29), (I1. 31) = (IL. 34).

BaskHBIM MeTOZUYeCKHM BOIPOCOM SIBJISETCsI YCTAHOBIEHWe IIpH-
MEHHMOCTH TOr0 HJAM HHOTO cunoco0a nuUHeapus3alWH B pPeadbHBIX
TAAPOTe0NOTHIECKAX YCIOBASX.

ABanusupysa TEAPOreoJoruvecKyo oOCTAHOBKY B PasiIMiHBIX paiio-
HaX, MOKHO JOCTATOYHO YBEPEHHO YTBeps;KIaTh, 49TO YCJIOBHA, KOTAA
BOJIOHOCHBIH ILIACT MOKET CYMTATHCA OJHOPOMHHIM IO BCeH €ro BEHICOTe,
BCTpedYaoTcsA OYeHb peJKO, a IIPpH COCTaBJCHUYM METOJHKH DPacyeToB
OHU MOTYT pPaccMaTPMBATBCA KaK WMCKI0YMTeNbHBE. DMecTe ¢ TeM Tro-
pasgo Gonee pealbHOH! ciefyeT CYATATHh IPEANOCHIIKY O IOCTOSHCTBE
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OPOBOAMMOCTH BOJOHOCHOTO HJacTa. laras OpeINoCHIIKa NouTH 0es-
VIpedHo BHIMOJHAETCH TIPH ABYXCIOWHOM CTPOCHHU DJIACTa, KOTHA JI0-
Osie Kose0aHns1 yPOBHEH I'PYHTOBHIX BOZ B Ipejenax ciaaboupoHHIiaeMoro
HOKPOBHOI'O CJIOSi IPAKTUYECKY He BIMAKT HA BEAMYUHY NPOBOIAMMOCTH
nnacra. Jas annoBHANBHEX OTJOKEHHI 9TO MONOMKCHNE YCHIMBaeTCs
emie ¥ TeM, 9T0 MX HPOHHLAeMOCTH OOBIYHO yBEJIMIMBACTCA ¢ TIyOHHOII,
0co6eHHO eciil B OCHOBaHWH BOJOHOCHOTO ILTACTA 3aJeTaeT HeCYaHo-Tpa-
BEJHCTHIA CcIoi ¢ 3aMeTHO Oo0XbINell TPOHHIAEMOCTHIO.

Hepenko mpuxoanTed Takske BCTPEYATLCA ¢ MECTPOH W BMECTE € TeM
HEJ0CTaTOYHO MOp0o0HO0 M3ydeHHO{ HEOJHOPOXHOCTHI0 BOJOHOCHLIX ILIa-
CTOB TIPH CYmeCTBEHHBIX KoJe6aHUAX OTMETOK Bogoymopa. B Takoro
pojia yeJIoBHUAX, NO-BHIUMOMY, Tak:;ke 06ojiee UpeIIOYTUTEILHO BBOJUTH
OPEAIOCHIKY O IOCTOSHHON NPOBOJZMMOCTH ILIACTA, IOCKOJLKY OTO
D03B0JIIeT YOPOCTHTH TEXHHKY pacdeToB u OO0BIHO obecmeduBaer He-
KOTOPHI 3a0aC TPH WHIKEHePHO-THPOTeO0JOTHICCKUX pacuerax.

CaefoBaTesibHO, JUHEAPH3aNUI0 ypaBHEHUS NIAHOBO-NJIOCKOTO WO-
TOKa, KaK NIpPaBWJIO, Tedecoo0pasHo IPOW3BOUTH HCXOASA M3 YCIAOBHSA
HDOCTOSTHCTBA TPOBOJHMOCTH ILIACTA, @ OCHOBHHIM HCXOIHBIM jnddepen-
IUATbHBM ypaBHeHNEM ILTAHOBOH QUIBTDPAOUI CJIeyeT CYUTATh ypaB-
merue (I1. 29), B Koropom Benmauna a obosHagaer KodpPuUNUEHT ypPOB-
mernposoaoctr (I1. 29, a) nna OesmamopHOro moTOKa U KodpduuueHT
neezonpoBoguoct (II. 49) pmua wabopmoro wmoroka. [{as wamopHOro
NOTOKA TPH W3MEHeHIH BHENIHETO AABIEHISA Ha TJIACT CIEIyeT, KpoMe
TOrO, BMECTO BEeJHYUHBl W 3a[@BaTh MHTEHCHBHOCTH YIPYTOoIro BO3Jeii-
CTBISI HA TJIACT Wygp, oNpefenseMylo cormacuo ([IT. 1).

IMockonpry ypaBuenme (I1. 29) oTHOCHTCA K KIAacCy XOpoIno U3ydeH-
HEIX JIHHCHHHX ypaBHCHHI mapaboaudecKoro THua (TeIIONPOBOTHOCTH),
OpU ero pemieHHd MojkeT OBITH IMHPOKO HCI0Jb3oBaH Oorarmli anmapar
maremarndeckoii pusukn [127, 188]. Jlumeitnocrs puddepernuannaoro
ypasreruda (IIl. 3) nossoaser mpuMeEATH IPHU COCTABIEHUHN eTO peliie-
HHIl BecbMa 9 QEeKTHBHBII TP MHUMN CIOReHAA TeUeHnl (IPHHUII Cyiep-
NO3WIHAIL), MO3BOJAKMMI COCTABIATH TpefyeMoe pemieHUHE KaK CYMMY
OTAENbHBIX YACTHHX pemeHHii 3Toro ypaBHEHUA, NOAGHUpaeMyI0 TaKLM
oOpazom, uro0bl OHa yJOBJETBODSJIA 3aAHHHM TDAHIYHBIM YCIOBUIM.

Jlureitnocts ypaBueHus (II. 29) m meszaBmcumoctd ero rosddunuen-
TOB OT BPCMEHHU II03BOJsAET YTBCPIKAATh, 4TO €CAU HEKOTOpas QyHRIIA
F (z, y, t) aBasercs pemenuem ypasaerus (I1. 29), ro ¢ymxuns C,F (z,
y, t—ty) + C, (C1, C,, t, — mOCTOAHHEIE BEIUINAHBI) TaKKe SABIAETCS
pemieHneM 3ToTo ypaBHeHWsA. B ciydae oHOpOFHOTO TiacTa pelleHAeM
ypasaenns (II. 29) saBaserca rtawwe ¢ynrnua C.F (xr—zy, Y—VYo,
t—t) + C, (ry W Yo — MOCTOSTHHEIE).

B xagectBe mpumepa norajkeM NpPNMeHEEHe NPHHHMIA CJIOXEHUSA
TeYeHHil [[JiA ydeTa YCTAHOBHBIIETOCS €CTECTBCHHOIO NOTOGKA NPU Ha-
apand WHOUIBTPANWH, cIUTasg BeJHIUHHI w u 1 He 3aBHCAIUME OT
manopa f1. llockonbky ecTecTBeHHBIIT NOTOK ¢ Hanopamu He ToMe 10A-
unnsgercsa ypasHennio (II. 29), To npm ycraHoBuBmeEMCS pesriiMe

02He | 0%He |, w a

G+ g =0 (I11. 2)
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Burauras w3 ypasmenums (II. 29), coctraBmenHOoro Aaa Hamopos [
BOSMYIIEHHOTO noToka, ypasmemuwe (III.2), monydum:

1 9(AH) _ *(AH) | 0% (AH)

a ot~ daxz ! dy>

. (111.3)

Taxkum o6pasoM orasmBaeTcs, 910 ypaBHeHHWe AJNA ONpejeleHUd U3-
iercHA Hanopa AH oTHOCHTENBHO eCTECTBeHHHX yDOBHeH BOJAM He 3a-
BHCUT OT BeaMYLHB HHQHABTpanu# w. Tax, Haupumep, IPH UIY4CHHH
DOAIOpAa TPYHTOBHIX BOJ moCile CO3AaHUA BOJOXPAHHIHO[, KAaHAJOB
T T. @M., BeJHINMAY MOJIOpa TPYHTOBHX BOJ MOJKHO OIpefenaTsh 6c3
ydera mHQUIBTpanuuU, a pesylAbTHPYIOmMUL IOTOK ¢ ypoBueM H ompere-
JATH CHOKeHHEM ypoBHel ecrectsemHOro motoxa H, u mommopa AH:

H=He+AH. (III.3,G)

IImesa pemenusa ypaBuenus (I1. 29) mnsa ciaydas moToxka ¢ IOCTOSAH-
HOIl mpOBOJUMOCTHIO, MOKHO UEPEHTH K aHATOTHYHBIM PelleHHAM 111
OJHOPORHOTO W TOPU3OHTAIBHO-CIAOMCTOT0 Ge3HANOpHEIX moTokoB. Ilpu-
eMbl TAKOr0 IepPexofa MOKHO 000CHOBATH, COIOCTABIAA BHIPayKeHNs
Ad5 yHeIbHOrO pacXofia MOTOKOB IPM PAa3iuIHBIX cXeMaX HX CTPOCHUA:

dH dH
a) cxema I = const gz = — —= __—km-g; ;
6) cxema k = const ¢x= —khﬁ'
x dx ’
. dG
6) cXeMa CJIOHCTOTO ILIACTA §x = — T

rie G — ompepenserca Bepaswennem (I1.33, a).
IIpepcraBuM 9TH BHIpaskeHHS B CIe[yIOMEM BHJE:

o a
ad{k —
d(kmH 2) dG
a) qx-_—__(d’;_).; 6) qxz___(ﬂ___; 8) Gu=— —-.

OueBu/[HO, 9TO 3aBUCHAMOCTH HJA ¢x NIPH Pa3JUIHBIX CXeMaX CTpoe-
HIA TOTOKA efijnHo00pasHBl M MOryT OBITH IepeBeJeHHl OfHA B APYLYyM,
Opu4eM 3aBHCHMOCTH JJA cXeMbl ( (OXHOpPOXHbLI O0e3HANOPHbBIL HOTOK
Ha TOPH30HTAABHOM BOJOYIIOPE) HOJYYAITCA M3 3aBHCUMOCTEH COCTAB-
JeHEHX Ana cxeMH a (I = const) nyrem mpeoOpazosanus:

h2
mH-—>T. (IT11.4)

3aBHCAMOCTH /i1 CXeMHl 6 (FOPU3OHTANBHO-CIOUCTHI TOTOK) TaK:ie
DOMYdYaioTCA M3 3aBUCUMOCTEH, COCTABIEHHBIX [Id CXeMB @, OyTem
npeobpasoBaHuA:

TH - G. (I11.5)

CrneoBaTenbHO, UMes 3aBHCHMOCTH [Jisi HOTOKAa ¢ IOCTOAHHON Ipo-
BOMMOCTBIO, MOMKHO HOJYYHTh AHAJOTUYHBE 3aBHCHMOCTH NJA ONHO-
POMIHOTO U rOPH3OHTANBHO-CAOHCTOTO 0e3HANIOPHOrO0 HOTOKOB HA TOPH-
30HTAJBHOM BOAOYUOpE, 3aMeHAA B MCXOHHHBIX 3aBHCUMOCTAX Hanopsl H
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2

h G
Ha COOTBETCTBYIONIE 3HAUCHAA BEJTHINE o — JUISA CXeMH 6, nan - =

Iy cxeMmbl 6. B Tex ciaydasx, KOIjla B ypaBHEHHS KPHUBHIX JIeNpeccCHii
HE BXOIAT WICHEH, COLePKal(fe PacXo/l I0TOKA, B TOM 4HCIe U HHTeHCHB-
HOCTH MEPUIALTpANHUHA W, TIEpPeXo/ OT 3aBHCUMOCTEll JIJIA CXeMbl NOCTOAH-
HO! HpOBOAMMOCTH K /JPYTAM CXeMaM MOJKHO HECKOJBKO YIpPOCTHTH,
3aMeHsAsA BeJINIMHH HAmopoB J/ COOTBETCTBYWNIMMM 3HAYCHUSAMH BEJI-
yuE h?® — qua cxeMmH 6 uiam BeauduH G — QIS CXeMHL 6.

Cnenndrka ¢opMyIHPOBKH TIDaBHMYHHX YCJIOBHI IIA ypaBHEHUA
mwianoBoit guiabrpanun (mo cpaBHeHWIO ¢ o0mei#l POpPMyIHPOBKOA Tpa-
HUYHBEIX YCJOBHIl, H3TO0MEHHON B § 2 IIaBH BTOpO¥) BO3HMKAeT WpW Ha-

. -.-..‘

flnocrkocms cpabrenus

Pac. I11. 1. CxeMa cBOGORHOA PHABTpAaIMA M3 BOZOEMA

I — oxpaHupywmuit c¢uoli; II — 30HA pa3ppiBa CINIOMHOCTM IIOTOKA;
IITl — rpYHTOBHH# HOTOK.
1 — noBepXHOCTh I'PYHTOBHX BOX; 2 — NOJ0IIBA SKPAHNDYIOMEro coR

JIM9UM THAPOJUHAMAYECKH HECOBePIIEHHHX (HE IOJHOCTHI) BpEe3aHHHIX
B S BOJIOHOCHBIH unac1‘) BOJ[0EMOB — PeK, BOJXOXPAHMIHMI, 03ep, KAHAIOB
H T. II., DOCKOJABKY BOJMM3M TaKuUX BOJ0eMOB BO3HHKAaeT 30HA Pe3Koi me-
dopMamuu MOTOKA B BePTHKAJABHOU ILTIOCKOCTH, INe YyiKe OKA3HBAETCH
HeNpHeMJeMON mpeaunocsiaka Jomion.

Ilpn puaprpanuu ms BogoeMa MoTyT BO3HHKHYTH IBa pesKuUMa QHIb-
Tpamu| NOJ BOJOeMOM: CBOOOmHEIA m mopmepTwiil, Ilas cBoGOXHOTO pe-
;xuMa QuasTpanun xapakTepHO o6pa3oBaHHMe 30HH CBOOOTHOH muHAB-
TPaNENA ¢ Pa3pHBOM CILIONTHOCTH MOTOKA, QuabTpyiomerocsa m3 BOJOCMA.
CroGoxnuit pesxuM ¢uasrpanun obpa3yercs npH HadaabHolt Paze HACH-
nieHusa TPYHTOB TOJ BOMOEMOM M B TOM Cjaydae, KOTHa BOHOEM IOJCTI-
naerca caalonpoHUDAeMEM dKPAHAPYIOMAM cjaoeM (9TOT caydail mpej-
CTaBJAET, NOKanyd, HambONBDIMHA NpaKTHIeCKHH HHTepec), eCad ypo-
BeHb PYHTOBHIX BOJI OKA3HBAeTCA HIKE IOJOUIBE cIabonpoHMIAaeMoro
caos (pme. III. 1).

Ilpu cBOGOmHOM pekuMe WOJ0KeHHe YpPOBHA TPYHTOBHX BOJ He
pamsieT Ha QUIBTPANHIO M3 BOROeMa.
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IlppanMan Bo BHUMaHHKE, 9TO HA HOJOMIBe CAA0ODPOHMIAEMOTO CIOH
HAIOp paBeH 2y (HIOCKOJBKY HpH AOCTYyIE BO3AYXa K IOJOMBe JaBJIeHHE
3ech paBHO aTMocPHepHOMY), BEpTHKAJBHBIN TIPaJAEHT IOTOKA {9 HPH
Halope B Bojoeme pasHOM H, GyneT .

s HO—ZTI, _ ho—f—mg _ ﬁ()__
lo— my - mg —1+m°

3

a CKOPOCTb BepTHKAJIbHOH PuiubTpanmu ¥, ONPEENUTCA KaK
, ky
vo=k0zo=k0<’l+—~_ : (111. 6)
. mo

IIpm mocTosimHO#M ray6uEe BoAsl B Bojoeme h, pacxon Qs ¢umasrpy-
omuiica ¢ miomanu BogoeMa Fy, 6yaer pagen:

Qo= vy Fu—ko (14 22 ) F.. (111.6, a)

IIpu mepeMenHOM 3HA4YeHUH %, BOj0eM pas30HBAlOT Ha YYaCTKH C OT-
HOCUTENBHO HOCTOAHHON riry0nHOM, IOACIATHBAIOT PACXOMIH A KAKI0TO
y49acTKa A B3aTeM CYMMHDYIOT HX. A

Taxum o6pasoM, npu cBoGogHOM peskuMe QUABTPAAE HOJ BOLOESMOM
obpasyercsa 30HA MHYUIBTPANUU C NHTEHCHBHOCTBIO W = Uy, ONPEAeisa-
emoii cornacuo (III. 6).

Ecam ypoBeHb I'DYHTOBHX BOJi IOJHMMAETCS BHIIe NOXOMBHE ¢jiabo-
NPOHUIIAEMOr0 CJIO0S, TO BO3HHKAeT NOANEPTHH peruM (GHIBTpanuu,
Opi KOTOPOM YCTAHABIMBAETCA THPAaBJIHMYeCKass CBA3b MEKIY TPYHTO-
BHIM NIOTOKOM M IOTOKOM 13 BOjoema. QOueBUJHO, 9TO HOZIEPTHIL pesxuM
PmapTpanum Bcerja HMMeeT MecTO NPH (UIBTpannd, HANpAaBJIeHHOH
B BojoeM. llpu mopmepToM pesxmMme moj| BomoeMoM oOpasyercs eSHHEIA
¢uIBTPAaNMOHHNI MOTOK, HAIOPE KOTOPOr0 HENOCPEJCTBeHHO BJAMAIT HA
¢uapTpanMOHHEbIE DPACXOAH BOJOEMa.

Jlas HEKOTOPOro yIpPOI(eHHA PACCY/KNeHHH pacCMOTPHEM fHajiee Had-
Gosee XapaKTepPHHU ciydail BOMoeMa 3HATUTENHHOM JJIMHHL, KOIJ[A MOTOK
B naaHe HanpaBieH 0ojiee MM MeHee HOPMAJBHO K ypesy BOJ[OEMa.
9ToT mOTOK B caMOM 00ImieM CIydae MO;KHO 3aMOJEJHPOBAaTh OPTOrOHAIb-
HOM cerkoit PmapTpanuoHHHX comporupieHuit. Vcmoassys usBecTHBL
B daeKTporexHHKe Merof TpaEchurypamum {32, 192], momno 3amerHHTH
3Ty O0OH[YI0 CeTKY CHCTeMOil COOpPOTHBIIGHWII, COEJAHAEMBIX II0 CXemMe
«3BE3JH» HIU (TPEYroJbHUKAY.

Ecan B 30He pesroil jefopManmym DOTOKA BEIHENHTH CONPOTUBJIEHLA

o o ? rer
aupefinoro moroxa @, n comporupnenua Py, P, P, u Dy, ompefe-
SsieMEe TONBKO medopManusiMu NIOTOKA BOJM3E BOJOEMa, TO CHCTEMH
CONpOTUBJEHI#, MOAeadpylomne mOTOK BOJM3M Bojoema, GYAyT UMeTh
Bij, npuseneHmbli Ha puc. III. 2. Mcmonssys npasumna cuosenus
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COHpOTIIB.TIeHI/Iﬁ, MOAYHO NOKa3aThb, YTO BEJIIUHMHBL 3TUX COHpOTIIBHeHIIﬁ

CBSAZHBAIOTCS ME:KAY CO000il COOTHOIIEHUAMIL:

”

”n ’ ” @
Oy = Oy + 20 Dy = Dy 2+(;H— (I11. 7)
H
, o2 " i 7
Dyg=—1 Py=—"1H_ ([1L.7,a)
20y + Py 20y + Py

EI

I
¢H

A 1] Ab

’

Puc. III. 2. Cxeya k

y9eTy HeCOBepHIeHCTBA

BOJ0eMa TI0 MeTOAY CO-
TIPOTUBJIEHNIT

a — cXeMa HecoBepIIeHHO=
r0 BOomoeMa;, 6 — CoeiuHE~
HNEe COMPOTHBIIEeHNIl Ha He-
COBEPIIEHCTBO II0 CXeMe
TPEyroJbHIIKA; 6 — Te ke
CoeIMHeHHH 110 CXeMe 3Be3-
bl; e—yNpolieHHas cxe-
M3 CoNpOTUBJIeHNH

B yanax A u B oroit cucTeMsl mpH 9TOM Bo3HHKawT Hamopel Hy u
Hy, paBHBHIe Ccpej(HEMY 3HAUeHUI HANOPOB COOTBETCTBEHHO B cede-
HUAX AA (ma meBoM ypese Bomoema) u BB’ (ra npaBom ypese). Paccma-

TpuBas GanaHC TmOTOKA B Toukax A u B, momydmu:

9= 9pa — a5’ 9= 9sp + Yap’ (111. 8)

Irje ¢a U gg — UOTOHHBIE PAaCXOIRE clleBa M copasa
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ITockonbKy

Ja J R -
9pa = oy 945 _(FH T T Py  (L11-9)
ypaBHerus Oananca NPHHUMAT BUA:
_Hp oM g (0 1N M T
q.AI - (DH I d’(ﬁ by § @H ! djg{ ! n (DH ! @g{
~_H-H<__i_ L ) (111.10)
Pn Py

Takum o00pa3om, Ha HpPaBOM U JieBOM ype3e BOJOeMa JOIUAKHB HMETh
vecro augeiiasie coornomenusn (I1I. 10), cBaspBaomue pacxojsl MOTOKa,
YXORAIIAE HaleBO (¢n) ¥ HANPaBO (¢n) €O cpegHnMMH (pPacyeTHHIMD) Ha-
nopamu Ha JeBom H; u ma npaBom Hy ypesax.

Jlnsg BOMOCMOB 3HAYUTEJBEOH IIMPUHE, HAIpUMep /A KPYNHBIX

0
BofoXparuaum, comporusienre Dy oKasLBaeTcA 0YeHH OOJLUIEM, TaK

. 1 1
9T0 MOKHO Tipemefperarb BeJMIMHOM oo 1O CPaBHEEHIO C —. Torpa
H H
HOTOKM Ha pasnnmdHeiXx Oeperax BojocMa NPAKTUYeCKH HE B3auUMO[e-
cTBYIOT ApyTr ¢ ApyroM, a ycaosus (III. 10) gna raxpmoro Gepera mpm-
HIIMAaKwT BHA:
H,—H
— B yp 11
Qyp oy ) (I11.11)

rAe @yp ¥ Hyp— DOTOHEHIA pacxof ¥ CpefHUil HAmOp Ha ypese
BOJOEMA.
Cumrag Havano KOOpAHHAT HA ypese BOOEMA, MOJKHO B3amHCarh
(IIT. 11) B BuAe ycnoBUA TpPeTHEro pPOAa:

o0H B Hp—H,_,
ox _x_:O— (DH *

(I11.11, a)

J1o yecnoBUe DKBUBAJIEHTHO TEpPEMeNIEHUIO Yype3a BojoeMa Ha Be-

anaury AL (puc. IIL. 3), u BHpaskenue ANA pacXofa (yp NPUMET BUJ
H,—H

gyp =T — 2, (IIL 14, 6)

Cpasuusas (III. 11,6) u (L1, 11), maitgem, gro
AL=T®,. (I11.12)

IlepenBunys ype3 Bofoema Ha Benwuuny AL, MOsKHO fgaliee caurarhb
BONlOEM COBepPIIeHHHM, T. €. TOJHOCTHIO IMPOPE3AIMUM BOAOHOCHEIH
mnact. Hasa He6onsIINX ApPeH W OPOCHTeNBHHX KaHAIOB MOKHO, Ha-

0
obopor, caurarb, 410 Py = 0. B sroM ciayuae rumppoguRAMHUYECKOE
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TITITIT IV T

mg
AL=ALy= ‘—_-
6) o=T KMy Xg

.. .i. -‘. . N .-
U e

- YL
.-AL—ALOCthdﬁ, 8= lr,,—ny,r—n}

U O e
AL=ALyth8s

Puc. III. 3. CxeMH AByXCIOHRHOTO CTpOEHMA JIOKa BOTOeMa
¢ 3aBHCHMOCTAME HAIsI ONpefelleHHs BeamauuH AL

HeCOBEPIIEACTBO YUMTHIBaeTcsA Io ympomerHoi cucreme (pme. IIL. 2, 2),
KOTZa OCTaeTcsi ORHO [ONOJHUTeNbHoe comporusienne Dy,

@, = 05Dy, (I11.13)

a cBf3b Me;KAy [ABYXCTOPOHHAM NOTOHHHIM IIOTOKOM K [[POHE gy, Hamo-
poM B npese Hy = Hy ¥ cpefAAM HaIoOpoM Ha JWHHUM [pPeHAKA H,

Oyjer mMeTh BHI:
H, —H,
Gn=qa + qun=—"G6—""-:

HI

(I11. 14)



Ilna ompefesnendus BeJUYMH CONOPOTHBJICHHH, YIUTHBAIOMHUX THAPO-
AMHEAMIYECKOEe COIPOTHBJICHHE BOJOEMa, MTPH CPABHUTEJIBHO HPOCTOM
CTPOEHMH JIO/Ka BOJOEMa MOKHO BOCHOJb30BATHCA MMEIOMMMUCA TI'HAPO-
IMHEAMWYECKMMHA pelleHUAMM. llpefBapHTeNBHO TONBKQ CJIELyeT 3aMe-
TUTH, 9TO BEeJHMYUHSE! DTUX CONPOTMBIEHUI B (e3HANIOPHOM OTOKE, CTPOTO
rOBOPHA, 3aBHCAT OT HOJIOKEHHA KPUBBHIX HEIPEeCCHA, KOTOPHE OKOHTY-
pHBalT QUABTPANMOHHEHEA HOTOK CBEpXY.

Onnrako TaKas 3aBHCMMOCTH HMeeT 0oJiplie TEOpeTUIeCKOoe, 9eM MpakK-
THYECKOe 3HaYeHME, HOCKOJBKY BeJMYMHA CONPOTHUBJEHW HA HecoBep-
IIEHCTBO BOJ0EMOB W ApeH ONpefelsAeTcsi B OCHOBHOM (uIbTpaNHOHHOH
HEOIHOPOAHOCTHIO ILIacTa B 30He pe3Koil fAedopMamuu moToKa, Ha KOTO-
py® o0waso cnabo BAHAKT U3MeHeHWS TOJOKeHMA KpPHUBOM Jempec-
curm [219]. IToaromy yuer Ge3sHamopHOTO XapaKTepa MOTOKa MOKHO TPO-
H3BOAUTH JKOCTATOYRO NpHONM;KeHHO, 3aMeHss GesHaNOPHBIA IOTOK Ha-
nopAasM ¢ QuKTEBHOM (pacueTHO#) KpoBieil, ocpefHsAIEHl cBOOORHYIO
HNOBepXHOCTH MOTOKA BOMU3HM BojoeMa. OTY PacueTHY KPOBJIIO B MePBOM
npuOIH;KeHENU MOKHO HOpPOBOJWTH Ha YPOBHE BOJHl B BojjoeMe, a BO BTO-
poM mpuONM;KeHMH — Ha ypOBHE, COOTBETCTBYIOMIEM CpeIHEMY YPOBHIO
BOnusu BojoemMa. Taxkmm oOpasoM, pacdeTHEHE B3aBHCUMOCTH MOGKHO
B JanbHEHIIEM COCTABAATH TOJABKO JJiA HAMOPHBIX IJIAcTOB C TOPH30H-
TanbHOW KpOBJeH.

3anumeM ofIiee BHpaskeAHE IS CONPOTHBJICHNI HA HECOBePIIEHCTBO

(1]
Dy, Py m Oy B BUfE
0

L : LH
qs,,n_T;n . @B=-T_L-;;; D)= 5 (11L.15)

rme I — pacueTHas IPOBOZUMOCTH BOZOHOCHOTLO ILIACTA;

By — pnuRa ydyactka [gpeHH (TpaumieH), AJA KOTOPOTO oOmpe-
IedAInTCcAa GOI[pOTHBJIeHI(IHI

Lun, Ly, LY — 9KBUBaleHTHbIE [INHEHN HOTOKA, ONMpeHelsiolHe BeJHIHUHBI
COOTBETCTBYIOUIMX CONPOTHUBIEHHIT (3aMeTuMm, 410 Lg = AL
n Lgn = 0,5 LH).
Ilns BomoeMa MIM ApeHH TNPAMOYTOJBHOTO MOINEPEYHOT0 CEYCHHS
OpH 0ZHOPOMHOM CTPOEHMH BofomocHoro miuacra (puc. III. 4)

Lan=mfsp; La=mfy;, L H = mfS. (I1I.16)
Benwawmm f, m f% ompegensarorcas mo rpaduxy pme. IIL. 4, mo-
crpoesroMy Ha ocHoBaguu pemesus C. H. Hymepora [17, 219].
Ipu b, = 0 uw b, = b;/m > 0,25 MosKHO CUMTATE

fan 022_1_008- fg=9‘_21_”;0;t_02.2.; (111 17)
Zlgcth(zg)

0
npu by/m < 0,25 conporuBnenuem Py MoxHEO nperedpeds, ¥ COIPOTIBIe-
HHA Ha HECOBEPHIeHCTBO JPEHH COGJMHATHL N0 YOPOMEHHOH cucTeme
(em. puc. III. 22), C‘II/ITaH'

fan=— ln = 0,73 lg' (I111.17, a)
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31ech d; — pacueTHHI AuaMeTp ApPCHA;RA, OMpeelsAeMbiit ANA Ipel
TPAMOYTOJDLHOTO CeYeHHA 1Mo (opmyite

dy =& (b, - 0,5 by), (111.18)

rpe b, m b, — riyOuaa (mox ypoBHEM BOJsI) W IMWPIHA JPeHAKHON TpaH-
TIeH;
€ — NONPaBoYHLIT KOod(Q(QHilHeHT, OmpesiedsieMblil TO TaHHSIM,
moayyennsin U3 pemerns H. H. I'mparcroro [87]:

- T —;@? 0 041 0,2 0.3 0.5 1,00
2 i

€ 1,0 1,08 1,12 1,15 147 1,18

Jlnisa BecbMa XapakTepHON U BayKHO#M CXeMHl J{BYXCIOHHOIO CTpoe-
gua Jgo:xa Boroema (pmc. III. 2a) mpm 3smadmrenpHOll ero mupmee

Y
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2’0_—‘, [N — ———— — B .
0

ne— | o ———1y —
1,7t— S N
1,60— -1 - N S N N B9 972 /,-Z,‘ML
55— i - p Q“

g o Y
13— - — . —
oy S A S . 7%;/1
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/
’JS\'- [ 7/7777/77/772777///7‘ “
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09— ,\ .- N _l_A__,A/{/*__,A -
’ /1
\\ _q’_—g v
08—~ |- S e N R RN ;#A—T— — —i
\ I~ // 6, 2

NG I R,

_45. - SR T S U722 P20 B S Dy o -]
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Puc. II1. 4. Pacucrunii rpadik Aad OUpefleleBErA NPHBeJEHHRIX CONPOTHBIEHII
Ha HCCOBEpIIencTBO JipeHa B OOPOAHOM IJIacTe
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(mpu B >>2 m ) Beawdusn conporusnesnit @ u @Y MOKHO TONYIHTDH

M3 pellleHUs 3afadd O QUIBTPANMM M3 DKPAHUPOBAHHOTO KaHANA, Ipefi-
craBiersoro A. A. ¥Yrumaycom [190] B cnepywomem Bupe:

1 bB | 1 . _ kg .

rie I'— mpoBoguMOCTb HM;KHEro C€JIos BOaH3u Bomoema.
pw B >% MO;KHO TipeHeOperarh B3aMMOBIIASAHUEM HOTOKOB Ha PO~

TIIBONOJIOKHKX Oeperax W yY4YWTHBATH COHNPOTHBIEHHE J0a BOJ0eMa
nepeMemenneM ypesa Ha Benwansy AL, Koropas ompefensieTcA Mo
saBmcuMocTH, mpuBefenHoi Ha puc. III. 3, a [219].

IIpu cummerpmamoM mpuroke (0TToKe) compormbienme @y He yda-
crByer B paborTe, TaK 94TO I B DTOM cjydae y4eT COOPOTUBIEHHUA JOKa
OCYLIECTBJIAETCA y/IMBeHNEeM IOTOKAa Ha Benuumay AL, ompesenseMyio
[0 3aBHCHMOCTH, IPHUBeJeHHON Ha puc. ITI. 3, 6, monyueruoit u3 ¢op-
myast (II1. 19), B cuny (IIL. 12). '

Ilns gper me6onbpmoro pasMmepa (npn B < 2me) MOJKHO HIPHUHAMATH
VIpOMEHHYI0 cucTemy comporuBneruit (pme. III, 2, 2) m ompegensaTs
BennudHy comporuBinesud @Pgp mo HopMmye:

@H,I=-,§; (fon+ Af)- (I11. 20)

3mech BenuuyuHa fyy ompelieNseTcs, KakK [JsA oLHOPOMHOTO IJjacra —
mo rpagury (puc. I1I. 4). Benmumua A f,,, yauTsBalomas seoXHOPO.-
HOCTh BOAOHOCHOT'0 NJjacra, onpefenserca mo rpapmy pme. III. 5,
HOCTPOCHHOMY II0 HAHHBIM MOJEIMPOBAHAA HA CETOYHOM BJIEKTDPOMHTE~
rparope.

Mpu k—H> 10 MoskHO CumTaTbH:
8

0,73 8my,
kem g T dy

@an y (111.20, a)

rge dp — OpUBeNEeHHHIN AuaMeTp [peHaka, ompefelseMElil mo ¢opmyie
(I11. 18).

Suauende m, B TepBoM LPUONMKEEWH 3ajlaeTci PABHHIM m), BO

BTOpPOM NPHUOTUMIKEHUA MOKHO CUHTaTh Mg = m, (puc. III. 5, a),
tne AH; = Hy; — Hy llpum mannuuy 3Ha9MTeNbHOU KADNIIAPHOH 30HB
clefyeT y4YMTHIBATHL ee pasmepnl [219].

[Ipm meycramoBmBmelicA QuUAbTpanuu B HANOPHHX NJIacTaxX COeNu-
$uyeckme rpaEUWYREBE YCAOBHA BO3HMKAIOT TAaK/Ke B KPAaeBHIX 30HAX
naacroB (puc. IIL. 6). Caurasm pasmep KpaeBoil 30HH 3HAYUTEILHO
MEHBIIMM pasMepa IOTOKAa B IeJoM, 3amuileM (aJaHC BOJH B KpaeBoi
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30He 3a Hepuo] BpeMeHH df NpHW HaTAYAM WHPUIBTpAOUH WHTEUCHBEO-
CTBIO W W UPH OTTOKE C y;];eJII)HLIM pPacxXo/ioM ¢ BHIPa3liM ypaBHe-
mreM [52, 601]:

0H,
(wlnh—q)dt=umH~5—t~ at .

) 7T

Afyy

0,3 F@_ UI C/

] H )’A/-
/’< "6 _ 0,2
3 K - 9
0,2 / ] ! .
7 ? I —
Lt

0,1 .o T

y / "

// / P /S :—ﬁ=0,5
0 — l ms
0,1 0,2 0,3 0,4 0,5 0,6 07 m

Puc. III. 5. K omenke mecoBepmencTBa ApeHH B ABYXCIOHHOM miIacTe
a — cXeMa APEeHH; 6 — rpaduK nad oupeNeneHud BeXuIMHbl Afyy OPpM m=m,; -+ my; I— Kpnu-
Bafg Aempeccuu; 2—3 — IOoJIoMKEeHMe YCNOBHOU KPoBaM Ojacra BOaU3M APeHE

IlockonbKy, KpoMe TOTO,
o0H
qg= —km

ad X l x=1L
GHHHHCOBOE ypaBHeHHe MOKXHO 3a1lmdcaTrh B BHJe

’

km 0H oH )
R G (I11. 21)
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CropocTb paBusKeHWs DTOH IpPAaEMIK B TOPU3OATAILAOM HALpaBie-

HIH Uy == - MOKHO DOJY4UTh, UMesA B BUAY, UTO dL = —%dﬂ. Torpa
ycaosue (III. 21) mosxHO mpeficraBuTh B Buje:
w  mg E .o . o0H
vL___M_.m___IzL, ip = —- x_1° (I1IL.22)

Puc. III, 6. Cxema ocyuieHHA KpaeBoil 30mEI

Ecnu B ecrecTBeHHHX yCHOBHUAX OTMeYaeTcs YCTAHOBUBHIMIACA pe-
JKHM, TO HMEET MECTO COOTHOUIeHue:

w m k.
IR T, (I11. 22, a)
poom 2
rie i, — YKJIOH IOTOKA B KpaeBOil 30HE B €CTECTBEHHHX YCIOBHUAX.
ITpu memsmennoM w ypasmenue (11I. 22) moskmo Tak:e mpegcrasuTh
B BH]E:

vy = — (i —4,). (111. 22, 6

§ 2. Opuomepnas ycranoBMBUWIAsCA (PEIABTPANMA

IIpocreiimnuM caydaaeM OZHOMEPHOT'O HOTOKA SBISAETCA HOTOK C IIO-
croapHO# mposogumocthio (puc. I1I, 7, a), morommstit pacxon wxoroporo
q ompepensgerca mo Qopmylne:

"H,—Hj

— T = km. (I11.23)
Ypasraenue nas gHanopa H B q1060M ceueHUU X ABNACTCA ypaBHeHHEM

OpAMoil JUHAN:

g=1T

Hy—H,
HIHO—-'——L_—Q:. (III.ZS,Q)
Jns amanormYHEOro ropusOHTAIBHO-OFHOPOAHOr0 Ge3EamopHOro Io-
toxa (III. 7, 6) pemenue mosxHO moayuurs u3 (I11. 23) ¢ momompio mpe-
obpasopamus (I11. 4), samensas Benmuuns Hu, H, m H cooTsercTBeHHO
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[ h?
9 - Jieé HEeCJIOx X axa -
3t Ty W 55, + LOTAa MOCJE HECTO/KHIX a rebpaugeckux mpeolpa

30BAHWI HONYydUM H3BecTHHIe POopMynsl W ypaBHemus Jlomon:

Ha

h:—h}
=kt -k (I11. 24)
h>—h} 12— h?
W=hy— 2t 7 wam p = ]'//,’a: 0T (1124, a)

e
< e B A
- S SO
-3
o 1 .
lr:ﬁ.' - 1l =L
Y

7 ///7/

Tx=L

T

)
Ah b )

___g?g—’]‘“/’_r////r//
ﬂ'—%%zj/_/ ey

Puc. IIT. 7. CxeMH OJHOMEPHEIX yCTaHOBHBHIMXCH IIOTOKOB

TIOTOKM: a — ¢ HOCTOAHHOU IPOBOJMMOCTBIO; 6 — ropH30HTAIBHO-ONHOPOMHKI Oe3HanmopHbIil;

6 — TOPU30HTAIbHO-CAOMCTHIH Oe3HanopHBIA; 2 — HanopHo-0e3HanopHbIA; 6 — OLHOPOMHEN Oe3-

HaUoPHE} Ha HaKIOHHOM BOJOYIOpE; € — nmbnnmpaunoﬂﬂmu ¢ — NpPU HCNApEeHuM, BaBUCANIEM
OT TIYOMHH 3ajleraHufd TPYHIOBHX BOX
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Jlns aHANOrM9HOTO TOPW3OHTANBHO-CIOUCTOTO TOTOKA TAKHE ke 3a-
BIICIIMOCTH HOJy9aloTcsd ¢ momombio mpeobpasosamusa (1II. 5) B Bue

G, _G -
q=_2L_£, (II1.25)

G, —Cp,

G = Gy— 2=

(I11. 25, a)

3pecy G, G, u G — smageuns Qynkiuuu I'mpuHCKOTO Ha Tpasumax

z =0, =L nB awboM ceuenuu z. Fmea ceasb mexny G m h, MOxKHO
10 MmoJyYeHHOMY 3Hadesui G HAliTM COOTBETICTBYIOMYO eMy raylbuny
noroka h m maobopor. Hampumep, Ans ciydas TpexcioifHOTO MiacTa,
npuBesiersoro Ha puc. IIl. 7, ¢, monyuum:

Gy = kymy (hy — 0,5 my) + kom, (ho — my — 0,5m,) + 0,5 kam:;

hL+m1> -

G, =kmy (b, —0,5m,) + k,m, (hL — T2

hy, m,
=km, (hy —0,5m,) + kzmz——z,— .

YacTHBEIM CiIyuaeM TOpH30HTAJIBHO-CJOMCTONO IOTOKA SIBJIAETCHA HA-
nopuo-Oesnanopuniit moroxk (pumc. I1I. 7, 2). B arom caydgae 3mauenme
¢yurumn I'mpwHCKOTO mpH pacHoNOKeHMU YPOBHEH BOJALI B BepXHEM
HellpoHHUIlaeMoM cJoe ompenensiercsa cormacuo (II. 33, a) kak maa aByx
cmoes, mpu k, = k; z, = 0,5 m; ky,= 0. Illpu pacnonosxesum ypoBus
BOJIE B HiKEEM cioe (o6nacTs Oe3HAmMOPHLIX EOJ) mpmHEUMaerca: ki =
k; 2y = 0,5 hy.

Torma

hz
Go=km (hy—0,5m); Gy =k, (L11. 26)

a dopmyaa (III. 25) mna pacxoma moToka mpHmEEMAaeT BHJ

2mhg— m2—h}
qzk'——‘—‘r. (III.26,G)
Ilanee HeTpyAaHO HaiiTH, HampuMmep, pacCToOAHUE I, OT BEPXOBOil
rparnsl (x = 0) M0 pas3feabHOTO Ce9eHUsA MeKIY 00yacTAMA HADOPHBIX
0o Ge3gamopHHIX BOJ, TMOCKONBKY B HeM G, = 0,0 km?
Cornacuo (III. 25, a), mmeem:

m (hy—0,5m)—0,5 m2L= hog—m

o—0dm—g—
2m

xp=

L. (IT1.26,6)

ITpusegerssie dopMyssl pacxofa IOTOKA BHIBEAEHH B HPEJIIOJO:Ke-
HMM cOpaBefnuBoctu Hpegmochinku [iomom. Onmako B caydae omHO-
MEpHOTO B IJIaHe NOTOKA HpPH OTCYTCTBAU KANWIJIADPHOHA 30HH OHHE
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OKa3bIBAIOTCSI COBEPIIEHHO CTPOTMMH, YTO JJsA FOPU30HTAIBHO-OXHOPOS -
Horo moroka mokazan M. A. Yapmmit [198].
Yto06K [OKa3aTh 9TO IOJOKEHUE, 3amuilieM o0miee BBHIPA;KEHHE IJaA

IOTOHHOI'0 pacxofa (¢x IO HaIpaBJCHHUIO I B BHUJE

Gx = f vx (2, 2) dz,
0

rle Uy — FOPH3OHTANbHAS CKOPOCTH (uabTpanuu B J1000i TOYKe z pac-
CMaTpPUBAEMOT0 CEUCHMS.
Ilockonpry mo Bakomy Jlapcum

mzz——k—zr,Toqx_.——kji dH“L“ SH=5) g, (I11. 27)

Bocnoabsyemca temepb Qopmynoit gupdepeniupoBanus ompeeIeH-
HoOro uHrerpana mo mapamerpy [182]. Cormacuo aroit popmyne, gada un-
Terpajia, B KOTOPOM IIOJMHTErpajJbHass PYHKIMA W TIpeJesd 3aBHCAT OT
Kakoro-1mbo mapameTrpa, T. e.

92 (@)

I@= J foz)d

91 (@)
CTIpaBeqJINBO CJHEAYIOIEe COOTHOIIEeHHE:
Pz
drI (a) df (oc, z). > dq>
e = f d+f(a(Pz)‘da——f(a P1)— -
Q1 (@)

W3 wero caemyert, aro

P2 D2
df (a, d d d
| T da= g [ (@ 9ds 4 100 0 Gt —1 (0 -G
P1 P1

B suipasxenun (111, 27) gns pacxofa B KadecTBe mapaMeTpa o MOKHO
paccmarpuBarh x. Torga, moxoxus, ut0 f=H; ¢, = h u ¢, = 0, no-

JAy4YuM:
h
d dh
q e -—-k {'E‘;J‘H(I, Z)dZ—Hz_—_—h ‘E':' .
0

Tlockonsry H, -, = h (B aToM cayuae p = 0@ z = h), TO

q— [ foz@—h—J
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dh d h2
WI1u, YIUTHIBAsg, 4T0 A = E?(—?)’ TOJYIHM:
¢— -k (I11. 28)
Inie
h
h2
P = erz——z— (I11. 28, a)

0
Bennumry P Mo)KHO Ha3BaTh pPe3yJIbTUPYIOMEH CUIOH THAPOAHHA-
Mnueckoro gasienus (toumee, mo M. A. Yapuomy, pesyasTupyomas
cuia pasma Yy P).
Paspesssn B (I11. 28) mepemennsie, momxyamm:
gr= —kP - C,

rge C — mpouW3BOJbHAA TOCTOSAHHAA.
Ecnu mam maBectus sHavenns P = P, B cevennn £ =0 u P = P

B ceueHun & = L, To Haiijgem, uto C = —kPy u
Py—Pp

g=k—_"%. (I1I.29)

Jusa caydgas omHOMEPHOro TOTOKA, OTPAHMYCHHOTO BEPTUKAJIHLHHIMHE
CTBHKaMH, Ha KOTOPLIX 3a/lanbl IOCTOAHHLIC 3HAYUYCHUA HanopoB HO = hO
B cevennut £ = 0 mw H; = h, B ceueHun z = L, moxyqnm:

=
[S]

H

2 2 2
o __o_ . _£ — _l‘.
fhdz o P = fhdz L=k (111290
0
Takum o6pasoM oKasHBaeTcs, YTO TOYHOE Bmpamenue (I11. 29)
nas pacxopa cosmagaer ¢ dopmyaont Hromou (IT1. 24).
Qopmyay [lomou MOKHO Tak;ke 3amumcaTbh B BHJE:
byt hy—hy
2 L

g=k

N3 nee caenyer, 9To pacxop ropH3oHTAIBHO-O{HOPOTHOTO Ge3Hamop-
HOTO TOTOKA OmpefielIfAeTcsi KaK mpousBefeHne KodPdumuenra uabprpa-
OMH Ha CPEIHIOI MON[HOCTH HMOTOKA M HA CPeIHWIA IpajWeHT HAmopa.
ITo aromy ke npunnuny B. C. Hosaossm [121] u T'. H. KamMenckum [185]
COCTaBIeHO BHPA;KEHUE [JIs1 pPacXo/a OTHOPOAHOIo Ge3HATIOPHOr0 HOTOKA
Ha HaKkJIOHHOM Bogoymope (pume. III. 7, 0):

hothy Ho—Hy
2 L

Jlis mocTpoenns Kpusoii sempecchy 3ammiieM AHAJOTHIHOE BEIPAIKe-
HEe 1A pacxofa moToKa Meay cedeHusamu z = 0 u Z.

q;k%ﬂ.klf_, (I11. 30, a)

z

q=k (111.30)
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Mockoabry h = H — iz (3nech { — yKIOH BOJOyIOpa), To MPOBERA ILIO-

CKOCTh CPaBHEHMS 4epe3 BOAOYHop B cedenuyu z = (), 3amuiem:

ho--h  hg—h—iz
2 z ’

qg="F (I11. 30, 6)

OTKyZa clefyeT ypaBHEHHe AJS HOCTPOGHHA KPUBOH jempeccuu

h = Vh:-ix(h0—0,25ix)+2~%- z—0,5iz.  (II1.31)

ComocraBieHne dTOro pellieHud co crporuMm peuremuem H. H. ITas-
aoscroro [79, 180] mokaseiBaeT ero XOpolIyI0 TOYHOCTH IPAKTHYCCKIL
BO BCeX peaJbHBIX THAPOre0JOrHYeCKUX YCJIOBHAX.

IIpy Hanwauu MHQUIBTPANUA 33 aHHOH WHTEHCUBHOCTH yPaBHEHHC
O/{HOMEPHOr0 YCTAHOBHBIIEIOCH MOTOKA IOJYYaeTcd KaK YacTHHIL Ciy-

wait ypasuenusa (11. 28) mpu %12-1 =0n %If =0, T. e.
2y
d dH
7x<(TT$-)+w:0. (I11. 32)

Jns moroka ¢ moctosiHHOH mpoBoguMocThio 7 ypasuenme (II1. 32)
NPUHUMAeT BHJ:

) (111. 32, a)

IIpy  mocrosiAHO# HMHTEHCUBHOCTH UHQUIBTpANUN  ypaBHEHHUC
(I1L. 32, @) nomyckaer mouneHHoe HHTerpupoBamde. I[locie mepsoro
HHTeTPUPOBAHEA IOJYyIaeM:

diH w :
@ = —Tct e

Ilocne BTOpOro HHTErPUPOBAHWA MOJYyYaeM BHpajkeHme [NIA Ha-
nopa H:

H=—22 4 0t G, (I11. 33)

3nech C; u Cy — MOCTOAHHBE MHTEIDUPOBAHMsI, ONpefeldeMHe Ipa-
HUYHBIMH YCJOBHAMHA 3aja4u. Tak, AJA 3afaud ¢ 33 aHREIMA HAIOpPaMIil
H = H,npu r =0u H=Hynpn z = L (puc. 111. 7, e) umeem

H;—H, wil

Co=Ho; Cr=—7% ar !
u ypasmenne (11I. 33) mpumumaer Bum:
H, —H
H=H,+ 25—z + (L —a). (I11.34)
Pacxon moToka ¢x B ao6oM cevenun T Gypmer
g H,—H; wl
dx = — T —E"L‘_ = Wwr + T 7 —_— 5.
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B wacrHoCcTH, 712 pacxoioB Ha rpanunax ¢, npa z = 0 u ¢, 1pm
o =L momyunm 1:

q0:T 7 ————2‘-;qL—‘_—T—-—ZI— "2*‘. (III.35)

Hpu mannuuy nemapenus BeJudrHa W OOKYHO CYMECTBEHHO 3aBUCHUT
oT TyOGHHLI TOTOKA.

MpocreiimuM BapuaHTOM TaKoU 3aBHCHMOCTH, KOTOpPas MOKeT OBITH
OpPHHATA B KadecTBe IepBoro nmpuOiu:xeHNs, ABIAeTCs JuHelHasa. Pac-
CMOTPHUM B TaKOi IOCTAHOBKe pellieHWe 337adu o GUIBTpaNiy U3 COBEpP-
IIeHHOr0 Kanana ¢ Hanopom H B 1mmact mocTosHHOH OPOBOJHMOCTH TpH
HOCTOSTHHOW OTMETKe 3eMau z, = 2z (pHmc. _III. 7, a«); mmockocers cpas-
HeHHs TPUMEM Ha OTMeTKe KpPUTUYecKodl riaybmupi. 3aMeHAs 2z depes
72y —H w npmEmMas Ang w sasmemmocth (LI, 36) mpm n=1

om o1 )

(rme w, — DHTEHCHBHOCTD WMCHAPCHWS HA HOBEPXHOCTH 3€MIM), Tpe-
craBum ypasmenme (III. 32, a) B BuUge

d2H  woH
S — =0 (I11. 36)

Pemenue sToro ypaBHenmsa mpu rpaHudHux yeaosusax H (0) = H,
nu H (o) = 0 umeer cmepyomuil Buj:
w,

H:Hoe:x cz =z =% (IT1.37)

Tzp °

Pacxon morora, QuIbTpylomerocsa W3 KaHajia:

—H, ) L (I11. 37, a)

x=0 ___ Zk

dH
Qo= =44

Pemenua 1ot m GoJdee cNOKHBIX aHANOIMYHHIX 3afad mpm mapabo-
audeckoi sasuemMoctTd fas w Bupa (II. 36) opuy n=2 n n =3 mo-
aysenst C. ®. Asepbanosnim [126].

B Tex cayuaax, KOTZa mapaMeTpH BOJOHOCHBIX ITACTOB MEHAOTCH
no JJUHe TOTOKa, 00HYHO 3PPeKTUBHHM OKA3HBAETCSA IpPUMeHCHHE
MeToJla fparMeHTOB, IPU KOTOPOM Bech IOTOK pasfienseTcs Ha psig par-
MEHTOB, B IIPeflesIaX KaKJoro 3 KOTOPHIX IapaMeTpHl JacTa HeM3Me HHEL.
Pemennsa pnsa kamgoro ¢parMenta 3aTeM (CHIMBAOTCSA» HA UX TPAHUNAX
¢ cobaioeHneM yCI0BUN HepaspHBHOCTA HAIOPOB M PAcxXOfOB IOTOKA 2.

1 Kak noxaszaau C. H. Hymepos u II. A. Kucenes, sta gopMyaH AIA pacXofna
HHQIILTPAHOEAOIO IIOTOKA ABIAIOTCA CTPOTHMU.

? Nnes mMeroja parMeHTOB NPHMeHHATEIBHO K (UIBTpanUy B THAPOTEXHNIECKUX
coopy:reruax Gerra chopmyuposasa H. H. Hasxosckum [158, 159].
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Texnuky mpuMeHeHHS MeTofa PparMeHTOB MOKa)KeM HA NPUMEpPaxX peme-
HUSI HEKOTOPHIX OJHOMEDHBIX 33aY € NEPEMEHHBIME IIapaMerpaMy Iio
JJTUHE.
1. loTokK ¢ KYycCOUYHO-DMEepEeMEHHO®N TmpPoOBOJI-
MOCTH 0, COCTOAMAA M3 7 YYACTKOB PA3IMIHON IIPOBOUMOCTH
2) (puc. I1I. 8, a). B mpene-
JaxX KaKJOTO ydacTKa Mo-
I'yT OBITH COCTABIEHHBl BHIpa-
JKeHMST A1 TOTOHHOIO pac-
Xofa TOTOKa q:

")

g ’:;I/ l///
R K
1 @

M—AH%

ST N AH
@ A1 @ Q“Tl !
;——-L—~>}<————L - La-——> q:T A-Hz .
L YLy
g=1T 2, (111.39)

rge AH,, AH;, AH, — 1io-
TepH Hamopa B TIpejesax
COOTBETCTBYIOIIAX y4acTKOB
nanvoit Ly, Li, L, u mpo-
Bogumoctero T4, T4, Tp;

nian
qL
AH]_: Tll yo o .
L.
AHisz,iL,...,

AHp =2 | (I11.38,a)

CymMapras mortepda Ha-
mopa AH cnosxurca u3 mo-
TEPb HANOPA HA OTAEIBHBEIX
ydJacTKax, T. e.

-<—-—’70——-‘T||

SR RN : MM =q( 75+ .+
///// /////////// // // //// v L; L,
Puc. II1. 8. ®parmenTHbBIe MOTOKH + T, +o.. T,;) ?
a — ¢ KYCOYHOo-TIepeMeHHOI!l NPOoBOAMMOCTBIO; 6 — OZHO- OTKy/a pacxol IoToKa

ponublit Oe3HalopHHIT Ha JIOMAaHOM BOZOYIOpE; 6 — -
l‘OpHSOHTaJIbHO'OIlHODO]IHI:IﬁﬁHH(bMJ’lBTDa#HOHHH C KYy- ¢ KyCOYHO-IIepeMCHHON IIPO-
THO-II B
COYHO-TIepEeMEeHHON BeJIMIHHON w BOIMOCTHIO

¢=—7 a4 _— (IT1. 39)

1 i n_

R aRRTE o SRR -
ITocne ompegenenus pacxopma Mozkmo coramacumo (III. 38, a) ompepe-
JUTH TOTEPH HAIOpA HA KayKJOM yYacTKe M IOCTPOUTH KPHUBYIO Aempec-
cuu, KoTopasa OymeT JoMaHOH JMHHEH, COCTOAMEH U3 YUJACTKOB IPAMBIX.

74




2.0pa0poaunii GesHanmopHHA MOTOK Ha I o-
MaHOM BOJOYIOPE. ITOT HOTOK AeJUTCA HA QPArMEeHTH, B mpe-
fenax KaKIOro M3 KOTOPHX BOROYIOpP MMeeT IOCTOAHHBIA yKIOH. [lns
YOpOIIeHWST TeXHUKH peUIeHWs PacCMOTPUM Ciaydaji, Korjga BOZOYyHOP
COCTOUT M3 ABYX mpaAMoauHeitnsix yuactkos (puc. 1II. 8, 6). B raxmom
¢parmente pacxop ompepmenutesi mo ¢opmyme (III. 30):

h,-+h, H,—H
g =kt B gy 40
2

IIpupaBHuBas 5TH BHpaskeHUs [ PAacX0J0B H OPOM3BONA 3aMEHEL
H = hy; Hy= hy + i{,Ly; H, = h; + iyLy + i,L,, momyuum KBaj-
paTHOe ypaBHEHNe, W3 pPemeHHs KOTOPOro ciefyeT ¢opmyna AJjs ompe-
AelleHuda I‘JIY6HHLI IIOTOKa B pa3/ieJbHOM CCUYCHHUMN:

mz[mm%—m+<

’ h2L2 . s\2 L
)/ ERGE e By gy iy, | o
L=1L,+ L,

Tocme ompefesenns BeJdWIWHH /i, MOSKHO HAWTU pacxoj ¢ I0o OFHOH
13 gopmyxa (I11. 40), a sarem mocTpouTh KpUBHE AeIpeccHE B KaxgoM
¢parmenre cormacuo ypasaenmio (III. 31).

3. ToOpU30HTAaTAb HO-0OJHOPOIJHKHHE ODOTOK C KYy-
COYHO-TIePEMEeHHOl uHTeHCMBHOCTBIO muduabrpamu: (puc. III. 8, 6).

Ilpespe Bcero, wuemoansysa (lII. 4), mpeoGpasyem ypasrenue
(ITI. 35) mpumeHHMTensHO K cxeMe 0Oe3HAIOPHOIO OJHODOJHOrO IIOTOKA
Ha TOPM3OHTAIBLHOM BOJIOyIOpE:

ho—hL  wL H—hp | wl (I11. 42)

3anunoiecM Temeph BHIPAKeHUA AJA PacXofoB B pasfelibHOM Ce4eHUH
B RaykoM M3 PparmentoB. J(na nesoro dparmenrta ¢ = ¢, upa k, =

= hy, a gaa mpasoro parmMenta ¢, = ¢, OpH Ay = Ay

BE—n? B2 p2!
%:h%[L+%?;%=h%f£—%ﬁ.aqu@
1 . 2

IIpupasauBas BhipajkeHds [JJs PacXofoB ¢; Bo parMeHTax, mOdy-
9uM POPMYIY AJA OmpeeaeHNus MIyOHHE HOTOKA B pasfeJbHOM COYCHUU

LiLy(* | M | wL,fwl
M;Vl%ﬁ+ﬂféﬁii. (111. 43)
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§ 3. Oauomepnast HeycTaHOBUBLIAACA QUIBTPAIAS

YpaBHeHne HeycTaHOBUBHICHCH QUIbTpamuu JIHHeHHOTO B MIaHe

o . o0H
LIOTOKA HONydaercsA Kak yacTHHII cnydaii ypasuenus (I, 28) mpu Fri

= 0: -
oH 17 oH \
b= (1 5) + o (I11. 4%)

[locae nuAeapH3anuy ¢ oCpelHEHHEM OPOBOJEMOCTH MOTOKA ypaBHe-
mie (1I1. 44) mpunumaer Bup:
oH 9°H w

= T (I11. 45)

Ecnv mrpuapTpamud oTCyTCTByeT UM ¢e BeJIMUYMHA BO BPEeMeHH He
MeHsIeTCH, TO MONb3yAch MPUHIMIIOM CIO;KeHHS TedeHwit, obmee peme-
HIle 9TOTO ypaBHEHUA MOKHO mpefcraButh, mexopda us (III. 3, 6), B
cIefy0IieM BHJe:

H(z,t) = H,(z) + AH (z, 1), (111. 46)

rae H. — Hanmopsl MCXOJHOTO yCTaHOBHBIIEIOCHA IIOTOKA;
AH — n3MeHeHNA Hanopa, KOTOpPHeE OKA3HBAIOTCA HE3ABICHMBIMH OT
AHQUIBTpAnyuA.

@DyumaMenTaIbHBe PelleHds HTOr0 YPaBHEHUA TOJydeHbl JJsf YCIo-
Buii, Korga ma ofHoli rpamume moroka (r = () mauuHadg co BpeMeHHU
t = 0 mamop MensercA aubo MIHOBeHHO — HAa Beamumuy AH°, nuto
0 JUHEOWHOMY B3aKOHY — C TOCTOAHHOH CKOPOCTHIO V. -

IIpu MrHOBeHHOM M3MeHeHWH YpoBHA Ha rpammme z = (0 KpaeBnle
yeroBus pnsa AH (z, t) dopmyaupywores clregyomuM o6pasoM:

AH (z,0) = 0; AH (0,t) = AHO.

O6muiit Buj peirenus droit 3amauu Oymer:

AH=AH®-F (z, 1), (111. 47)

rae ¢yuarmua F (z, t) saBucur or TMua MOTOKA, OT YCIOBUi HA ApYyroi
rpaHdiie H HEOJHOPOTHOCTH IOTOKA II0 ero AJINHE.
Jlas 0qHOPOAHOrO MONYOrPAHAUEHHOr0 OTOKA HMeeM:

xz

F(z, t) = erfe ); L= = .
(x, ) = exfo o

(11L. 47, a)

3uauenus erfc A oupenensiorcs mo Tabamie, DPUBEIeHHON B HPHIO-
weHnn 1.

J1dg orpaHHueHHOTO OTKPHITOrO IOTOKAa (IPM HEH3MEHHOM YPOBHE
Ha rpanune zr = L) pomydymm:

at

F(z,t)=F,(z;1); T ==: t1=—. (111.47,6)

=~
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3uauvenusa Fo (z; 1) ompenensiorea mo rpadury, m300pakeHHOMY Ha
puc. I111. 10 u mo TaGnuue, ONpUBEAEHHOH B MPUIOKEHHH 2.

Ilnsa oTkpeITOro orpanuuennoro noroka (puc. I11. 9) npm usmenenuun
YPOBHA BOJAH Ha 06enX rpaHumax usMmenenume yposHa AH ompepenmresa
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Prc. 1I1. 9. Ipadur gas oumpepenenus pyuknuit Fg m Ry OTKPHTOro IOTOKA: IYyH-
xrap R,, cniomEene auuuu Iy

1 — HavanbHad KpHMBad HENpeccHd; 2 — KpuWBad HeNnpeccMHM B pacYeTHHRHA MoMeHT BpeMeHm ¢

KaK cyMMa W3MEHEHHA YDPOBHS, HONCUYMTAHHBIX OT JeHCTBAS M3MEHEHUA
ypOBHe#l Ha Kakxoi rpanune B ormenbHOCTH. Hampumep, eciau Ha rpa-
augax 2 = 0 u & = L mpoucXomAT MTHOBeHHBIE MU3MCHEHUS YPOBHA Ha

seamunny AH® uw AH" coorBetctBento B Momentr ¢t = 0 m &t = &, TO
npuass 3a ocuoBy pewenme (I11. 47), momyumm ypaBHeHue A OIpe-
JedeHuss CYMMapHOTO M3Menenus ypoBaa AH:

AH = AH°F, (z, v+ AH"Fy (1 —z; ©');

v= gy v =202 (111. 48)
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Ecau nomoskurs He = Hy = const mw AH® = AHL, 10 B cuay cum-

0H
merpun upa x = 0,0 L uMeem 5y 0. Iloxyuennoe takuM oOpa3oM

pelIeHne CcOOTBETCTBYET cXeMeé MHONYOTKpHToro moroka pamuoit 0,5 L,
TAaK UTO IPH MTHOBEHHOM HM3MEHEHHH YpOBHei Ha rpanune z = ( peme-
HHAE A CXeMBl IOJYOTKPHTOTr0 MOTOKA AJIWHOM L mpumer BHA:

AH = AHF) (z;7); =135 T =1 (I11. 49)

IIpu sTom
'’ - T .t z T
Fy(z, T)=F0(? ’?)+ F, (1——2-; z).
SHaueHus F(; (z, T) ompepensoTcs mo TabauIe, TPUBEICHHOH B HmpH-
aoseHnu 3. e

[Mpu muneiiHoM usMeHeHHu YpoBHsA Ha rpammme & = ( rpaEnugsbe
yeaoBusi mas AH Gynpyr:

AH (z,0)=0; AH(0,t)=ut.
OOmuii BUA pemleHus AisA 9TOTO ciaydas:
AH = vtF,(z, t). (I11.50)

3nech Gespasmepuas ¢ymruus Fp (r, f) takske ompepensercs B 3a-
BUCUMOCTH OT THUIAa HOTOKA. ’
JlasT moIyorpaHdueHHOr0 MOTOKA:

Fy(z, ) =R(A); A= 2:,3; (I11. 50, a)

3uagenus R (A) ompepensiorcs mo tabiuiue, NpUBEAEHHOH B WPHUIO-
JReHUH 4. :

Jlds orpaHUYEeHHOT0 OTKPHTOrO MOTOKA (IPH HEM3MEHHOM YPOBHE
Ha rpanune xr = L):

Fyo(z, t) = Ry(z; 7); = T=15 (111. 50, 6)

T .
Z‘ ’
sHavenusn R, (r, T) ompefedsoTcs mo rpadury, m300pasKeHHOMY Ha
puc. III. 10.

J1a orpaHMYeHHOT0 HOJYOTKPHITOIO0 HOTOKA, Y KOTOPOTO TPAaHUNA
z = L wempoHuyaeMa, pelieHude Hpd JAHEHHOM HM3MEHEHUH YPOBHA Ha
rpadune £ = ( MOKHO IOJYIUTH TEM jKe HYyTeM, 9TO U [iJIA pa3o0pagHoro
BBIIIE cJydYasi MTHOBEHHOTO M3MEHEHUS YPOBHS HA TpaHUIE:

Fv(x,t)=R;(Z;1:)=Ro(-§-;-Z—)—|—RO(1 —= L): (IL50,0)

at

= =
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IlpuMerHenne TPUHIHAIA CIOMKEHHUS TeUCHUN ! MO3BOASAET pacIpocTpa-
HUTH TH peuieHus Ha Oojee o0mue caydam CTYINEHYATOTO WK JOMAHOTO
3aKOHA W3MEHEHUS ypOBHA Ha rpammme x = (.

ITpu crymenusarom rpadure (puc. I1I. 10, @) pewenune mnsa wagansb-
woii crymenu uMeeT Bup (IIl. 47), Ilna mepBoit gomoauuMTenpHOE CTY-
nend — opu by < t < t, — peleHne MOJyIaeTcAd CIOKEHHEM pelneHni

o o 0
0T JBYyX CTyIeHeii — HadvanbHOU ¢ usMeneHneM yposHs AH Ha rpasune,
neilcTBYIOmEi, HATMHAA ¢ MoMeHTa BpeMenud ¢ = (), X JONOJHUTEIHHOR —

aH®
‘ ‘

a) 3

]
q
E—

e,
0
HJ

-

r-—AH,a—-n

b e e o v v oy avn o—

L

O e e e e e e
L T

~N
4
o

AHO
8) vs

AR,

Y

Z

Hsmerenue ypobra
\Ha epanuye

- >t

|
!
i
1 |
Puc. ITI. 10. TunoBse TpadmKM W3MeHEHHSI ypPOBHI HA

I'paHUIaX OmOTOKa
a — CTYHEHYATHI; 6 — JJoMaHkik

ok
w

C H3MeHEHHEM YPOBHSA AH3, NEUCTBYIOMHUM CO CIBHTOM BO BPEMEHM Ha
Beanuunay ¢,. Cormacmo mpuHmumy cymepmosunguu (cM. paspes MEpBHII
9TOl riaBbl) uaMeHenume Hamopa AH 0T JeicTBUSA MOHNOJHUTEIBHOH CTY-
nesd Oymer:

AH, = AHF (z, t —ty).

Cymmapuoe usMenenue ypoBua AH ompenmenurtcs CI03KeHEEM H3Me-
HeHHs yPOBHA OT mepBoil cTymenn, oupenensemoro mo (II1. 47), ¢ Bean-
gnroit AH:

AH = AHF (z, t) + AH,F (z, t —t,).

! BrepBee amaJorudgas MeTOqMKa (IpH Apyroil ¢opmMe JTuHeapn3alun ypaBHe-
s (I1I. 44) 6wma opumenena H. H. Bepwrunwem [4, 68, 69]

79



o amamormm MO;KHO 3ammCcaTh pelmIeHMe IJA n-of CTymeHM (mpi
bh ST B_y):

AH =‘20 AHSF (z, t — t3). (I11. 51)

Hpu nomasom rpadmke mamenmenusa yposuA (puc. III. 10) pemenne
nasa maganbroit BerBm mmeer Buy (III. 50). Has Bersu mocie mepsoro
naxoma (npm I, < t < {,) pemeHNe INOJydaeTcA CJIOKeHHEM pemeHuil
0T JBYX BeTBeil — HAJaJbHOH, XapaKTepHU3YWOIMEHCA CKOPOCTBI0 v, N
NepBOil MOMOJHNUTENHHOM, XapakTepuaylomeiicad CKOPOCThIO ¥; — ¥ € MO-
mMeHTa BpemeHn t;. CymMmapHOe m3MeHeHMe YPOBHS A 3TOM BeTBH Oyjer
paBHO:

AH = vtFy(z, 1) + (v — V) (t — ;) Fo (x, £ — 1).

Mo amamormm maa BeTBH mocie n-oro mamoma (upm t, <t <<t
penenne TPUHAMAaeT BHUJ:

.y

AH = X (v —vi) (1 — ts) Fo(z, t— ts). (I11.52)
i=0

IIpm m3ydeHnm pe;xmMa I'PYHTOBHIX BOJ B €CTECTBEHHHIX YCJIOBHAX
¥ 0COOEHHO NpHM pEmeHnH MEIHOPATHBHHX 3alad BO3HHKAaeT HEOO0XO[u-
MOCTh OIleHKH HOJIIIOPA TPYHTOBBIX BOJ MDY BO3HWKHOBEHWH NIW WHTEH-
cunpuKanuu MI0MAHOr0 WHPUIBTPAIMOHHOTO NMHUTAHUA.

Merognka coCTaBJI€HHA PACIETHHIX 3aBHCUMOCTEH A TAKOTO pPoja
sajgau mambosee moxpobmo paso6pama II. A. ITonxy6apunosoii-Hoaunoit
[167, 168] m C. @. AseprsanoBeiM [126].

Ilpn mocrosiHHON BeAMYMHE WHTEHCHBHOCTH WHPmABTpanunm (w ==

= const), aeiicTByomeit ¢ momenra ¢t = ( B HeorpaHWYEHHOM OJHOPOI-
111. 45) 72 — ¢
soM moroke, B ypasmenmu (III. 45) -— = 0 m, caegosarensno

AH = %t. (I11. 53)

Iaa cnysas w = const B NOJYOrpaHMIEHHOM OJHOPOAHOM IIOTOKe
(pme. III. 11, a), xorga ua rpaxnne moroKa r = ( BHIIOIHAETCA YCIOBHE
H (0, t) = 0 u magaasnroe ycaosue H (r, 0) = 0, pemenne ypaBHEeHN:
(ITI. 45) mokuHO moOXy9InTh, BBOAA, KAK 3TO JexaJ JJsA TaKnxX 3ajad
C. @. Aseposanos [10], dyuxnuo U, cBasarnrylo ¢ Hanopom H ciepmyio-
UM COOTHOLIEHHWEM:

U:H——;’:—t. (I11. 54)
Torga ypasmemme (III. 45) mpmmer Bmp

aU 02U -

'Tt‘:aa_xz', (IIIDD)
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COOTBETCTBYIOMMII ciaydan orcyTcTBuA MHPmasTpanun. Taxum oGpazowm,
0pN HAJATHY CIUIOIIHO 30HBI MOCTOSHHON MEPUIABTPAnuu, BBOAA PYHK-
nuio U, MOKHO CBECTHM 3ajady K cJIydal0 OTCYTCTBUS MHOUIBTPATUH.
B nocrasnenmo# B3ajade TpaHWUHBIE ycaoBma aiad ¢yskmuu U onpe-
aeasitea cormacuo (I1I. 54)

w

U(z,0)=0; U(O,t)::——;t. (IT1.55,a)
w
a) L ¥ 7§ F 8 ¢ 3 3
oy T
an
AH_F.-.-—xr——‘i;e—«x )

- x=0
IS 7 77777

9 T 1 31 1 1 iw
AR NEEE

8) o 28—
IERRER! lz:g
?) x=0

W 2 T T T Ty 3
w3

a) x=28
L T 2 2 2 2 L W
4 L -5

Puec. II1. 14. CxemMa K BHBOJY 3aBUCHAMOCTEH A mo-
JYOTPAaHHIEHHOTO H HOJOCOBOTO HHOWIBTPAIMOHHOTO
HOTOKOB

Ho sru rpammumbie yciaoBma cooTBercTBynoT pemenuio (III. 50),
w
B KOTOPOM HAJ0 TOABKO 3aMEHHTL ¥ Ha — e Torma pemenue pas U
HpIIMeT BH:

= —%tR(k). (I1L.55,6)
HMopcrasass (I11. 55, 6) B (II1. 54), rafijem pemenune 3agadm B Buje:
AH = % tRy(A); Ry(A)=1— R(). (T11.56)

IMoawksysace 9TuMm pelmeAMAMN W NPHMEHAS TPHHILI CyHepIo3n-
LN, MOKHO HOJYYUTH PeIIeHue JJd cAydad I0J0CcOBOH MHPUIbTpanud
Ha ywacTke mmpuuoii 2B (puc. IIL. 11, ¢). Ilpegsapureasno oTmernM,
9T0 pazobpaHHBIH ciaydaili WHQUABTpPANUH B NOJIYOTPaHUYEHHOM IO-
TOKe TOK/IeCTBEH CJYyYal 3€pPKaJbHO-CHMMETPHYHOH MHPHILTPANUU

6 3akas 207. 81



B HeorpammuenHoMm uiacre (puc. III. 11, 6), nNOCKOABRY B BTOM
cayvae Ttaxske Boimoansiercss ycaosme H (0, t) = 0. Jlanee aerxo npo-
BEePHUTH, YTO cXeMa M0J0coBOHl MHPUIABTDAIIMM HHTEHCHMBHOCTHIO w IO-
AYYATCsi, eCIH CJOKHTH jBe CXeMbl 3ePKAJbHO-CHMMETDPUYHON MH-
¢unprpanuu, mupepcraBiaeEHme Ha pmc. 111, 11, e—3d. Jlas KRaspoit us
HUX MOKHO mcmoubsoBarh pemenue (III. 56). Tak, mas cxemu
(IT1. 11, 2) apu x > 0 mogsem yposHa AH,; onmpepmeautcs mo ¢opmyie:

AH, = 2% tR, ().

Ipn z < 0 6ymer mMeTbs MecTo TaKo# e cmaj ypoBHA. (s cXeMsl,
npencraBiaedHoll Ha puc. III. 11, 9, nogsem ypoBusa AH, ompeneaurcs
YpaBHEHHEM:
2B —x

2Va

CooTBercTBeHHO, cyMMapubil nogseM AH Gyner pasen:

AHZ - %‘ tRw (?\.,); 7\,’ -

AH = i}f Ru(z, 1), (111.57)
e Ry (M) Ry (V') 2B
RI] t :__’I.D______L. == z__' ! :-—-—_:x—_ . 7,
(z, t) 5 ;A ek A e (II1. 57, )

IIpu Bwuncnermnu sHavenuit Ry, (z, f) caenyer mMeTh B BHAY, 4TO
¢yrknusa R, () siBasercs HeYeTHOH, T. e.

Ru(— 1) = — Ry (). (I11.57, 6)

Idro pemenne Apyrum mnyrem Buepsoie moayania C. U. Amocos m mon-
po6uo npoarnamusuposan C. @. Asepwsamos [126].

Jlinst paBHOMEpPHON MHOUABTPAIUN B MEKIYPEYHOM (MeRAYIPEeHHOM)
notoke (puc. I11. 14), peitctByomeii ¢ momenra t = 0, mo C. @. Apepna-
soBY [126], MoskBO onpemeants Beamuury nognopa AH mocepepume
NOTOKA.

2
AH, =221 — g0 t=-Fa, (I11. 58)

a B m06G0# TOYKe HA PACCTOSHUM & OT CepeiuHEL morToka mopmop AH:
npuOANKEeHHO MOKHO CIATATH PAaBHEIM:

wh? —. nx - z
AHx———ﬁ—[i—xz—cpo(r)cos —2—] ;T= . (IT1. 58, a)
@Oynrxnus @, (t) nmeer caexyomue 3nadenns [126]:
T 04 0,2 0.3 0,4 0,5 0,6 0,7 0.8 1.0 1,2
Py 0,802 063 0492 0384 0300 0235 0483 0443 0087 0033

n2t

@, =~ 1—2t mpm 1 < 0,1; ¢, =1,03e % mpu v > 0,3.
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ITpn mepeMenwoii Bo BpeMeHH MHOUIABTPANUHA MOKHO 3aMeHHTH Jeii-
cTBHTeNbHHE Ipaduk mHGHUIBTpAamUM CTYHEHYATHIM U BOCHMOJL30BATHCHA
Jajee NWPUHNULOM CIOKeHUs Tedenmit. Ecam, manpmMep, B TeueHme
BpeMeHu !, MHTeHCHBHOCTH MHOUILTpanun Obuia paBHA w, a 3aTeM NH3-
MEHUJIAch [0 BeNWYUHB w;, To Aus cXemst puc. II1. 11, ¢ npm t > t;
1veem:

AH =2 B (2, 1) 4+ 2L =2t — 1)) Ru(z, t — 1,).

Ha 3nagnTenbHOM yHaldeHWH OT MOJOCH WHPHUIBTpAINU MOKHO Ipe-
Hebpeus BANAHNEM ee MHUPWHB U CUATATh, 9YTO BeCh MHPMIABTPANAOHHBII
pacxojf coCpeoTOYNBAeTCA B €e CepejuHe.

Pacemorpmm  cayuwaii, Korja cocpejfoToveHHas HBHPUIBTPAnnA
TIOTOHHOH HMHTEHCHMBHOCTHI0 ¢ = 2wB TiogaeTcA B HeOTPaHNMYeHHBIH
omHOpOHHEIE Gaccelin B cedennu r = (. B cniay cuMmeTpnu MOKHO pac-
cMaTpMBaTh IMONYOTPAHWYIEHHBIH MOTOK HPHW T'DAHWYHBIX YCJIOBHUAX:

dH
H(z,0)=0;, — 2zl = 0,94. (III.59)

Pemenne aToii 3agagu MoxHO TNOAYINTH, eCin IIpOIH/Ili)li)epeH[[HpOBaTB

ypaBuenne (II1. 45) mo z u BBecTH BMecro H mepeMeHHYIO o= H..

Torna sTo ypaBuenne cHoBa HpuMeT Buj YpPaBHEHHA TeNJIONPOBOHOCTH:

_dt—x :a—gx—;—, (11159,(1)

ROTOpOe AOJKHO pemaThCAd OpPU YCIAOBHAX:

H (2,0)=0; H,(0,)=—% (I11.59, 6)

7
ITo anamornn ¢ pemenuem (I11. 47, a) pemenne ypasuernns (I11. 59, a)
npu yeaosmax (III. 59, 6) momyzaerca B caemyomem Bupe:

H_ = ———2—ferfck (IT1. 60)

Orkyna

X

_ 4
H= _ 2Tferfcxdx.

" o0

Mensasa B 9TOM muTerpaie  Ha A, moaydnM ypaBHeHHe JJIS HANOPOB:

-V atP (u), (I1I. 61)
I1e
P = ferfcm =71§e‘“ —aerfer.  (II1.61,q)
A

IImorga ¢yuxmuio P (L) obosmagator gepes ierfcA (cM. mpmiosxenne ).
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HAna cnaydaa pacnonoskeHus OecKOHEYHOH JMHHU PAaBHOTO HPHATOKA
B/l01b TPAHUNB! ¢ NOCTOAHHRM HamopoM (H = () pemenue momygaercs
MeTO/10M 3epKaJbHHX OTOOpPaKeHuil, MOCKOIbKY BIHAHME HTOH I'PaHMIbI
MOJKHO YYMTHIBAThH 3aJJaHMeM CHMMETPMYHOH JMHHM PABHOTO OTTOKA
(puc. III. 12). B orom cayuae NOBHITEHHE YPOBHA ONpEEIUTCS CYM-
MapHBIM BO3jelcTBMEM 3THX JuHUH nmo dgopmymne:

q port . z-42L
AH = -V at[P(r) — P (4,)]; fo_h/a_t. (I11.62)
IIpn pacuerax B soHe Me)xAy aumHMell m rpanuneii, roe x < 0, cie-
AyeT MMeTh B BHAY, 9T0 P (—A) = P (A).
ITepexon or 3aBucmmocteil paa nogmopa AHeep mpa cocpenoro-

49 ai/q
‘,5\\\ (/r/ / / /l7 /1

1

~
N
W\

Puc. II1. 12. Cxema cocpeoToIenHOro 0T6Opa BONH Y pern
1 — HauajnbHaAd KPHUBaAA HeOpeccHN; 2 — KPUBaA HeOpeccMu IpU

BonoOTOOpE; 8 — JAMHMA BoHooTOOpPAa (MMHMA PABHOTO NPUTOKA);
4 — 3epKanbHOe 0TOoOpaXKeHue JuUHMM BOZooTOODA

deHHOU mMHOMaAbTpamun K nognopy AHpey OpA mMOJOCOBOH HWHOHABTpA-

M WATEHCUBHOCTBIO W == 2—%— MOKHO OCYMeCTBUTHh IO (opMyie:
AHpon = AHcocp (1 + 8). (ITI.63)

Baunsnue rpanmunm nmoToka AJS STHX CXeM B GOJBIIMHCTBE CIydaeB
OpPOSABJAETCA OJMHAKOBO, IOATOMY BeIMIMHY O MOKHO HaillTm, cpaBHH-
Basl pemeHus /A YCJAOBIA HEOTPAHNYEHHOTO IIACTa, IPAYEM HOCKOIBKY
B 9ToM cayuae AHgp onpenensierca no ypasrenmio (111, 61), a AH o

no ypasuenuw (II1.57) npm w = 2—%«, TO mMOmpaBoYHBI Kodddunuent §
Oyger paBeH:

_ AHwoa—AHeocp _ 1 Ru(z?) | A B I11.63.a

0= AHcocp - 47"B P() "B 2 y/t;t- ( « U9y )

I'padur zaBucmmoctm 8 0T A mpHW pasAWYHBIX PACCTOAHUAX X OT
Kpas mosock npuBesen Ha puc. 111. 13. U3 aroro rpaduka, B 9acTHOCTH,
cliefiyer, 9TO 10 KpaliHeil Mepe Ha PacCTOSHUMA, GOJBIIEM YIBOCHHOI -
PHHBL 30HBI MOJ0COBOH MHOUABTPAOUA OT Kpasfd, ee HIPAKTHICCKH MOYKHO
3aMEHATH COCPEeNOTOYeHHOH ¢ MOTOHHOH WHTEHCHBHOCTBIO ¢ = 2wB.
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Bce npumBejeHHETe Bl peIleHWs MOKHO NPUMEHUTH H JJIS CXEeMBbI
rOPII30HTAAbHO-0JHOPOAHOT 0 Oe3HAMOpHOT0 IOTOKA, HMCMONbL3ys oligee
nepexopnoe coornomenne (I11. 4). Borom
cayvae Bennmuunni AH = H; — H, cae- 10

2
JyeT 3aMeHATH BeINIHHON %:; ,Tne Ah2 = &9 /
08 x_
— i —h, — pasmocth  KBajparos ray- 5N
GIIH mMOTOKa, COOTBETCTBYIOMUX HANOPAM g4 x'
Hin Hy. 05 F=1 |
ITokaem TeXHWKY TaKOro mepexopna 0'4 . ~
HAa IpuMepe 3aflad; ONpefelleHAs ypOBHA 0’3 TN
B Me)KAYJPEeHHOM MacCWBe NPH MTHOBEH- K /
HOM CHW/KeHHWH YpOBHe#l HA TpaHuIe orT NV
H, no Hy (puc. III. 14, a). Coraacnro a,; | S
(ITI. 49) moseM zanucarh: 01 02 03 % 0,5 06 0,7 6,8 0,910
AH = AHOF ( 1), Pme. III.13. Tpadux mompa-
BO4HOTO Kodddummenta  Ausa
AH — H — H; AH® = H —H Iepexofa OT TIOJOCOBOI K cO-
A CPefloTOUeHHOH  WHQHIBTDAIII
B — 1’ hy — b7
Ilanee, zamenuB AH ma °2 u AH® ra o - npeficTaBuM (mocie

COKpaNleRnsI HA m) 5TO0 ypaBHEHHE B BHJIe, COOTBETCTBYKOIEM CXeMe
TOPH30HTAJLHO-0THOPORHOTO Gespanopuoro noroka (puc. I111. 14,6):

h? — h* = (B2 — h}) F, (z, 1). (IT1. 64)
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Ecnu mocaepHee ypaBHeHUE HCIONb3YeTCA JJsI MOCTPOCHUST KPIBOII
Jemnpeccuu, TO €ro MOKHO p33pe]III/ITI) OTHOCHUTEJIBHO ]22
2 2 2y (. N, at

h=V ho—(hg—hx)Fy(z;1);  T=-3;. (I11.64.0)

Ecnau ypaBHeHHe HCHOJb3YeTCA MJIA ONpeieleHus PacCTOAHIA MeKIY

JApeHaMU MIM BpeMeHH OCYIIeHUs WO 3aJaHHON TriayOuHe BOABI ME:RAY

apeHaMu hy, To ero IenecooOpa3HO HpeAcTaBUTH B CHeJYIOMEM BIjie:

’ ’ hz -
Fi(1)=Fl(L; 1) = —2 (111. 64. 6)

h3 — h2

! o
Ounpenenus Fo (1), MoxHO manee 1o mpuBedeHHOW Huke Tab.IiIe

. at
[126] maiiTH COOTBETCTBYIOIMEe 3HAYCHUE T =77, & 3aTeM Ompesennuth

unu L.
T 0.1 0.1 0,2 0,3 0.4 0,5 0,6 0,7 1.0 1,2
F; (v) 0,003 0,05¢ 0,228 0,391 0,526 0,629 0,71 0,823 0,892 0,934

2t

31ech MOJKHO CIHTATH, 9TO F; (t)=1—1,27T ¢ * upu 1> 0,4.

PaccmorpuM g oTolt cxeMbl Takke ciaydalf, Korja depes IepHOJ
BpeMeHHu t, mocie Hadana paboTsl ApeHa’ka HA Me;KIYpedHHil MaccnB
Ha9MHAeT MOCTYymaTh MHPUIBTPANMA IMOCTOAHHON HHTEHCUBHOCTHIO W.
B npannoMm caxydae AIA cXeMBl HOTOKA MOCTOSAHHON MPOBOAMMOCTH HOHH-
JKeHUe YpOBHsA, ompefeiasemoe ypaBuenuem (III. 49), ymempmurcsa Ha
BemMIMHY Mojnopa 3a c49eT HHPUIbTPAIMU, ONpefelgeMyl COTIacHO
(ITI. 58). CaengoBaTenbno, MOHMKEHHE YPOBHA B cepenuHe MaccuBa AH
MOJKHO BBIPa3uUTh YpaBHEHUEM:

wlL?

AH, = Hy— H,, = MIOF, (v) — 22 11 — g (1—74)); T = 2. (I11.63)

CoorBerctBenno gng cxemsl 6 Ha pme. I11. 14, mocxe amamormassrx
3aMeH, TIpUHMUMAasg BO BHUMaHue Takke, 4ro I' = km, moaydum AId
TIyOuHBI MOTOKA B CcepejguHe MaccuBa /i, ypaBHeHHe!

9 ’ 2
hy — lh = (hy — h}) Fy (1) — 22 [1 — 5 (v — ). (111. 65, a)
Pemenusi, nonydennsie nd nuHeHHOro MOTOKA, MOKHO PacipocTpa-
HHTH ¥ Ha 6ojee oOmue ciydau MIAHOBOTO MOTOKA, €CJU MCHOIb30BATh
Merox HegedopMupyembiXx AuHUE TOKa (H. J. T). ITOT METOJ HPUMEHSI
H. A. Yapuwii npu nsydeHnn mepeMeleHUs BoJo-HePTAHOTO KOHTAKTA
[197]. IIpumenurenbro K GUABTPANMOHHBIM pacdeTaM BOJOTIOHMUKEHHH
1 apenayka ator Meron paccmarpuBaiu C. H. Hymepos, JI. H. IlaBaos-
ckaa [156], A. B. PomamoB ! [174] m B. M. Ilecrakos [75, 214].
Meron negedopMupyeMbIXx JUHHUH TOKA MOKET MPUMEHATHCA KaK JUIA
yCTaHOBHBINEMCA, TaK M AJA HeycraHoBuBmeiics ¢uabrpanuu. B yemo-

1 A. B. PomanoB Ha3eIBaeT 3TOT MeTOJ «dKCIepUMEHTAIbHO-aHaJIHTUIECKINM.
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BIISIX YCTAHOBMBINEIiCA QUABTPAI[HU ITOT METOJ MOKET OKAa3aThCA Ieje-
c000pa3HEIM, HAIPAMEp, B TeX CaydagX, Korga QUIBTPANUAOHHHN MOTOK
JeJNTCS BOJOMOHU3UTENbHHIMK (MMM JPEHAKHHEIMH) JIHHUAMU HA 30HE
CYNMECTBEHHO pAa3INYHBIX pPa3MepoB, HANpUMep, IPH PaCHOJIOKeHII
JUHNH CKBa)KUH BOJIM3M COBepmieHHOTO Koriosana [75].

B ycmoBmax meycramoBuBmiedicas $UABTpAmWM MeTON H. J. T. TpUMe-
HIM B TeX CIy9afX, Korja XapaxkTep JUHHWH ToKa BO BPeMeHH MEHHeTCs
cpaBHEMTeNbHO caabo. Ilpm sToM MO:KHO MOCTPOUTH AMHWM ToKa (HampIi-
mep, Ha Mogenn SJ[A) B yenosusax yeTanoBuBIieiica ¢unsTpannu, a 3a-
TEeM OPOW3BECTH PACYeTH IO OTAEeNbHBIM XapaKTepHBIM JeHTaM TOKa
B VCJIOBHAX HeYCTaHOBUBIIeNcA (UABTpAIMH.

B rakoil mocTaHOBKe pacyer IO JeHTAM TOKAa CBONMTCA K PeIICHHIO
01HOMepoii 3ajaun, HO [JIA NMOTOKA IepeMeHHOH MAPHUHBI. YdeT mepeMeH-
HOCTH IIMPHUHB ¥ HEOJHOPOMHOCTH IOTOKA MOKHO OCYWIECTBHUTH pacde-
TaME B KOHEYHBIX PABHOCTAX WMIH HCIOJB3YA MeTOAH MOJeTUpPOBAHMUS.
ITpn6nwsxkeHHBle aHANNTHYECKHE DPACYETH HEYCTAHOBWBINEHCA (UILTpa-
I MOJKHO IIPOM3BECTH, NPUBOAA JEeHTY mepeMeHHO MUPHHLL B HPOBO-
JMMOCTH K OJHODPOJHOM jieHTe MOCTOsSHHOW mupuubl b. J[asa sroro Jerra
TOKA pa30uBaeTcsA Ha HECKONBKO OTCEKOB (0OBITHO 5—7), M KasK[Ibli OT-
cer, mMemuil cpefHIO NAWHY l;, cpegHIO MUPUHY bi U TpoBOMU-
MocTh T';, 3aMeHSieTCA SKBUBAJEHTHHM OTCEKOM PAacUeTHOW mUpUHOHE b
1t tpoBoauMocThI0 T (Benuumusl b u 7' MPUHIUIHATBHO MOTYT GBITH 3a/{aHbI
d100biMH ® BHOUpawTCA u3 yeaoBuil ypobcTBa pacueros). Mcenmounsys
VCII0BHe HEeM3MeHHOCTH DPAcXooB B 9TMX OTceKaX, cocTaBuM ¢GopMmyxay

0
17 JAWHBI TAKOTO DKBUBAJEHTHOTO OTCeKa [;:
0 bT
li = 5T L . (ITI.66)
Pacuernas punua mentst ToKa Ly, NpUBeneHHas X mupune b, ompe-
JedUTCA KaK CyMMa [JJIMH YKBHBAJEHTHHIX OTCEKOB.
Hns ropusonTansro-ogHOpORHKX GesnanopamX morokos B (II11. 66)

c1elyeT 3aMeHHUuTh COOTHOIIeHHne HpOBOI[HMOCTefI COOTHOIOIeHUueM

T
k
COOTBeTCTBYmUX KoaPdunrentoB ¢uiasTpanun L
i .
0
Ilpn mannduu mEPUABTPanUK €€ pacueTHAS MHTEHCHUBHOCTD w; B KasK-
J0M  OTCeKe ompelienTcA W3 YCJIOBUA HEHW3MEHHOCTH CYMMApHOTO

HHQUIBTPAUOHHOTO pacXofa:
T bl .
o0 Wi, [(I11. 67)

1

w; =

rie w; — pefiCTBUTeNbHAS WHTEHCHBHOCTE MHPUIBTPAIMK B (-OM OTCEKe.
BMmecro peiicTBuTenpHOM BeTMYHMHBI BOJOOTHAYM [ BBOMUTCA pacder-
HOoe 3HadeHHe W', KOTopoe ompefleiseTcA M3 ycaoBud OJUHAKOBOTO 6a-
JaHca BOJH B feifiCTBUTENBHOIl W pacueTHO JIeHTe Toka no ¢gopmyde:

F
o=y, (I11.68)

ric Fp, — nmomanp meficTBATENbHOI JEHTH TOKA.



I'aasa uemsepmas
I'NJIPOTEOJIOTUYECKUE PACYETbI CKBAJKUH

§ 1. Hexoropsie o0umue BOHPOCHI
TH/IPOTre0JOrHYecKAX PacueToB CKBAKUH

3ajadeil THAPOreOJOrMYECKUX PACUCTOB CKBAKUH SBJIACTCA OINpC-
JeJIeHHe OCHOBHHIX DJIEMEHTOB MOTOKA IOJ3eMHHIX BOJ — HAIOPOB, CKO-
pocreii W pacxojoB — B BOJOHOCHHX TOPH30HTaX NPH OTKAYKAX BOJHI
W3 CKBayKMH (WIN IPW HATHETAHAW BOJSL B CKBaskWHHI). ['maporeoiorn-
YecKne pacueTsl CKBJKMH ABIAIOTCA ocuoBOii nias Beibopa mauGoiee
PAaIMOHANBHON X KOHCTPYKI[MH U CXEMBl PacloJ0KeHAsA NP yCeTpoiicTne
BOK03a00pOB, BEePTHKAJIBHHX [PEHAKeH W T. 1.

@opMyJsl A1 aHANUTHYECKHAX THIPOTEONOTHIECKHX PacyeTOB CKBa-
JKHH BRIBOJIATCA W3 PemieHnil oCHOBHHX auddepeHNnaIbHHX ypaBHEHHUIl,
OpHBEJICHHLIX B rjiane BTOpOﬁ.

Pacuemnas modeav crsaxcunvi. Cmoku U UCMOLHUKU

OG6r9HO B CKBajKMHAX NPWHWMAeTCA OfHO W3 JABYX YCJOBHIi:

a) Q = f (), B wactHoM caydae Q = const (Q — eOUT CKBAKUHBI);

6) § = f (), B wactuoM cayuae S = const (S — nmoHEmWKeHNe YPOBHA
B CKBajKHHE IPHU OTKAYKe BOJHL WJIM NOBHIIIeHHE YPOBHA IPH HAarHeTa-
HAN). :
Ha npaxTtuke B mocjeqnee BpeMs, B CBA3N ¢ MHUPOKUM pacmpocTpa-
HEeHNeM MOTPYIKHHX HACOCOB, CKBAa;KMHAKL Yalle BCET0 DKCILTYyaTHpYIOTCA
OpH I[OCTOSHHHX WNJIH HM3BECTHHIM 00pa3oM H3MeHApmuXcA Jeburax.
B aToM caywae mCKOMOi BeINYMHON ABIsAETCA MOHIKEHNe YPOBHA. B ta-
KOX YCIOBUAX JJIA 1eJieil pacdera CKBaKWH yJ00HO BBECTH B PaccMOTpe-
HAE CTOKHW W MCTOYHMUKHA OnpefelJeHHOl MHTeHCHMBHOCTH ILTII
OpPON3BOJATENBHOCTH.

CroxaMu M WCTOYHMKAMH B I'HAPAaBINKe HA3LIBAIOTCA TOUKHU («Todeu-
Hble UCTOYHWUKUY) MW JUHUMN («INHEHHbIe HCTOYHUKNY), KOTOPHIe MOTI0-
AT UK BHILEIAIOT KUAK0CTE 1. Y4nTHBag 3T0 06CTOATEABCTBO, CTOKII

1 TlousiTiie O CTOKAX M HCTOYHIIKAX IHHDOKO HCIOJb3yeTcsa TakKike B Teopll
TellJIOIIpOBOAHOCTH M TeOpHH JJeKTpHu4deCTBa, IJe LIOIUICTBI’H—) HX COOTBETCTBEUIIo (BA-
3BIBACTCA C BRIACJXEHHCM H IIOIJIOIHeHHEM TellJa II 3JeRTpHYeCTBa.
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H HCTOYHHKA MOKHO NPHHATH B KadecTBe MOJeJieil peallbHbIX CKBAIKUH.
JTO paBHOCWJIBHO TOMY, 4TO peajibHble CKBA;KMHH, HMeIOIHe paanyc
r. >0, 3aMeHAIOTCA YCJIOBHHIMM CKBa:KMHAMH «HCYe33I0me MAaJoroy
vasnyea ro — 0. Takoro poga Mopmenn ckBa:kuH B GOJNBIMIMHCTBE CIYYaeB
OKa3KBAIOTCA BIOJHE MPHeMJeMbiMH, u0o MeHCcTBATEIbHBIH pajlyc CKBa-
JRITH BechbMa MaJ mo CPaBHEHHWIO ¢ pasMepaMu Bcedl o0JacTH ABWKeHUSH
MOI36MHBIX BOJI.

MonennpoBanue CKBa;KMH CTOKAMH H WMCTOYHAKAMH UYpe3BHYANHO
vopomaer 3ajfady pacdeTa M JaeT BO3MOKHOCTH HCHOJbL30BaTh HMe-
omuecs B THAPOAKHAMHEKE (2 TAKKe B TEOPUU TeIIONpPOBOAHOCTH M TeO-
PUH DIEKTPUYecTBa) MHOTOYNCICHHEE PelieHns, KOTOPEIMU ONHCHIBACTCHA
MeiicTBHE CTOKOB M MCTOYHHKOB, M IMHUPOKO NPHMEHATH MeToJ, HAaJOo:Ke-
HOg TedeHuii, o0yCHOBIEHHHX WUX JelcTBHEM.

B ra6a. IV. 1 npuBesenst Belpaskenusi, KOTOPHIMUA XapaKTepH3YIOTCA
INHeHHLIA U TodedHbN cTOKN (Mcrounmnkm) [143]; onm sBasloTcsa peme-
HUAMH HCXOMHBIX audPepeHuaNAbHbIX ypaBHeHWH Adsa Ge3TpaHUIHLIX
NOTOKOB. B 9THX BBpa’KeHUAX NPHHATH clefylomue 0003HAICHUA:

Q — pacxop (OpoW3BOIMTENBHOCTH) CTOKA (MCTOYHMKA); BeauanHa Q

MOJKeT HM3MEHAThCA MO J0GOMY 3aKOHY BO BpeMeHH M B 9acT-
HOM CJydae MO:;KkeT OBITH TOCTOSHHOIL,
lkm — mpoBogMMOCTb  BOJOHOCHOTO TIopm30HTa (k — woddpdunmeHT
¢unbrpanuu, m -— MOMHOCTS);
t — BpeMsn;
a — xkodpunueHT Nbe30IPOBOHLHOCTH;
r I Q — pajiAyCH-BEKTOPEl TOYKH, B KOTOPOHA OIpe[edsl0TcA MOHIKe-
ausi ypoBasa S.

Hax caegyer us ¢opmya (IV. 1) m (IV. 2), noumxenue ypoBua S
B caMuX CTOKaX (B ¢opMynax OpHHATO, YTO CTOKH PacIojaraloTcs B Ha-
yajle KOODAMHAT, T. €. B To4KaXx r = o = () paBHO GeckOHeYHOCTH, T. €.
caMI CTOKH OPeJCcTaBIAIT co00#d HeKoTopywo aGerpaknmo. OmHAKO yske
B HeGoAbpmMoOM yJajieHNH OT HHUX, HANpAMEp Ha pAacCTOAHHUHU, PaBHOM
pajIycy CKBayKWHBI, MOHMKEHNE YPOBHA BEIPAKAeTCs BIOIHE ONPe/eIeH-
HOI KoHeuHOH BeduunHO#. To jKe OTHOCHTCA M K CKOPOCTH (UIALTPAL M.
Pacxoj e crora (McToYHMKA) MO YCHOBUIO SABIAAETCH BEIAMIHHOI KO-
HeuHo#. MaTemaruuecku 9T0 BEIpa:kaercsa caegyomum obGpasom. ITo-
CKOJIbKY B TOUKe pacIojlo;keHHA cToka I = g = ( ckopocTp ¢miasTpa-
NN paBHA OeCKOHeYHOCTH, a NJOmanh CTOKAa paBHA HYJIO, Pacxoi,
T. €. NPOW3BeJeHHe CKOPOCTH HA NJOMAAb, [gaeT HEONpPeneJeHHOCTSH,
PacKpHBag KOTOpPYIO B mpejele IOJIyqaeM:

limV ¥ =Q,
Vp— o
F 50

rge V, — ckopocTs Quiabrpanuu; F — nidomanb IOBepXHOCTH CTOKa
(1cToyHMKA)-
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06

DOynrun JuHEIHOr0 # TOYEYHOT0 CTOKOB (HCTOUHUKOB)

Tabauya IV.1

PacueTHafA 3aBUCHMOCTE UIA Onpenelierind NOHUA(EHHNA HAOPIOro YPOBHA

(e=v @ Fy* 17

HaumeHoBaHIE
CTOKA (nc)'roqnu- CxeMa
Ka
HEeyCTAHOBUBIIEECH IBMMKEHIe H(%E{J?EI YCTaHOBHBIIEECHA MBUKEHUE H%{‘;EI
. ) i
e ol B . ¢ ) r2
1 e  hali—1)
—| | —— S — Q( Ta (- 4, V.1 S:——Q—wlnrJrc —_
JluredHHE HAN —| |—-— 4 km t—7 omn km
TOYETHEI Ha —| | — 0
IJIOCKOCTH - .
— (IIOCKHI»
Y
l =y
\‘ y'd 1 ! 0 (1) e
l)e 4a (t—1
T | Swmen e e e | segdee vy
Toueansiit — t 0
«IpOCTpaH- g
CTBEHHBIA»
X




@Dpazmenmu posarue nomoka nodzeMuur 600.
Memod PuavmpayuoHHblx conpomusieHuil

[Ipu pacuerax CKBa{UH BO3MOKHO ¢ BIOJHE JOCTATOYHOM AN MPaK-
TI9eCKUX Ielell TOYHOCTHI0 Bech MOTOK IOJ3EMHBIX BOJ KaK OBl mMOJpas-
JenuTh Ha QparMeHTH M KK/ M3 HUX PacCMaTpUBATHh OT[ENbHO, Oe-
HHBAA B HeM JoKalbHbie morepum Hamopa. Ofmee NoHW;KeHHE HAIOpa
onpegesseTca IyTeM CYMMHPOBAHMA JIOKAXBHHX HOT€pb HALOPA.

BmecTo HamopoB MOKHO paccMaTpuUBaTh (YUABTPANUOHHbBIE COIPOTH-
BIEHMSA, IO BeIW4YNHe IPSAMO DPONOPHMOHANbLHEE HADOPAM, M NyTeM WX
COOTBETCTBYIIIEr0 CYMMMPOBAHMA BBHYUCAATH obmee QUILTPALUOHHOE
cONpoTUBIEHHE Bcero IoToka B memom [41, 53, 17, 157, 207, 1991].

(QOurpTpalUOBHKM COIPOTHBICHAEM, KaK HM3BECTHO, HA3BIBAETCS OT-
HOIIEeHUe nepenajga HanopoB S K pacxoxy Q:

o= (1V. 3)
Q

Bripaskas S B merpax, a () — B KyOMYecKHX MeTpax B CyTKH, IOJYy-
yuM, 4T0 comporuBienue @D mMeeT pasMepHOCTH cymku/m?. Omepanuu
¢ BeIMYMHON COMPOTUBJIEHUS, UMEIOmEeil pasMepHOCTh, CBA3AHBL ¢ OIpe-
JeneHHHMU HeymoOcTBamu. IlosToMy B JadbHEHINeM H3JA0KEHUN BMECTO
cOGCTBEHHO COLPOTUBIEHNUA, olpefenseMoro coornomenuem (IV. 3), MEr
OyjeM paccMaTpuBaTh 0e3pasMepHbBIl mapaMmerp f, IPOHOPLHUOHATBHBII
CONPOTUBIEHII0, KOTOPHIH MO)KHO HasBaTh HOKaszaTemxeM T HJ-
paBaAuUYEeCKOro CcONPOTHMBIEHMXS M, AIA OpocTo O e 3-

pPasMepHBM COODPOTHUBJIEHUEM:

a kmS
vf: Q ?
rae km — IPOBOAMMOCTH BOJOHOCHOTO TOPHU3OHTA;
O — HEKOTOPHI YUCIeHHBII Ko3QQuIMeHT, 3aBUCAUUI OT CXeMEI
¢UNBTPALHOHHOTO TEUYeHUA,

HonmycTuMocTs pasfeneHuss Ha ¢parMeHTH Bcero QUIbTPaNUOHHOIO
MOTOKA, YCTPeMJAINMEerocss K CKBajKuHaMm, 00YCJIOBIMBAeTCA TeM, 1UTO
BO3MYIIeHUs, BHI3bIBAaeMBble OTKAYKOH U3 CKBAKHH W BHPayKaloIuecs
B ICKPUBIEHWH JHEWM TOKa M Haubolee pPE3KOM NOHM)KEHWH YPOBHSA
HOJI3eMHBIX BOJ], JIOKAJU3YITCA B 30HE PACIOJOMKEHHS CaMuX CKBARUH.
3a mpejesaMu 3TOi 30HBI HAIPABICHUE NUHUIL TOKA U IMOHNKEHUA YPOBHSI
HOCAT GoNee CHOKOIHBIE xapaKTep.

EnBa mm He BaykHeHUIWM CJIeJCTBHEM, BHTEKAIOIMUM U3 DTOr0 IOJI0Ke-
HUA, SIBAAETCA TO, 9TO 3YPEeKT caMbiX pasHooOpas3HHEX IO CBOMM TeoMeT-
pHYeCKHM 0COOEHHOCTSAM M pacupefleleHnio fe0uTa Pyl U cucTeM CKBa-
JKHH yyKe B HeOONBOIOM yJalleHHW OT HUX MOKHO OTPasuTh B pacdeTax
OpaKTHYeCKH OSKBUBAMEHTHHIM 3¢deKToM npocTeitmmx mo ¢opme, Tak
CKa3aTh, TUHOBHX IPYNI W CHCTEM CKBayKWH, €CIU TONHKO IIPU STOM
COXPAaHUTh HEM3MEHHHIM CyMMapHbIN [e0UT CKBaKUH PeallbHOR CHCTeMBbI.
Hanpumep, nueeitHBId psij cKBa;kuH B HeGOJBOIOM yAajJeHUH OT HETO
BHI3BIBAET TaKUe jKe MOHWKEHUS YPOBHA M OPUBOAHMT K OPMUPOBAHHUIO
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Obe30MEeTPUYEeCKO [gelpeccud TaKOTO jKe THIOA, KaK eClId Ol BMecTO
pPAJa CKBa;KUH MbI PacCMAaTPHBAIKM CIIOMIHYIO TallIePeo ¢ PACXOMOM,
PaBHBEIM CYMMapHOMY PacXofy BceX CKBA;KMH. AHAJOTMYHO OTpaHUYeH-
HEle TPYNIBl CKBAyKHH Ha ILIOIMA/(M, Jlaze IPUH BECHMa Xa0THUCCKOM IIX
pacmoo;KeHNH, y;Ke Ha HeGOJBIIOM pacCTOAHNYM OKAa3bIBAIOT IIPaKTH-
9eCKU TaKoe }Ke BINAHME, KaK eJlMHNYHAA CKBAKITHA YKDYNHEHHBIX Pas-
MepoB («Oonbmioit KOJIOI_(G[I») pacxop KOTOpPO#A PaBEH CYMMapHOMY pac-
X0Jy BCeX CHBa)KUH peanbHOU TpPymIOH. IT0 00CTOATEILCTBO BechMa
o0nervaeT pelenme 3aja4ll pacieTa B3aUMOAEHCTBYIONMIX TPYII ML
CHCTeM CKBa)KIlH B BOTOHOCHBIX T'OPU30HTAX PAa3JMUHBIX THIOB.

CnenyeT 0TMETUTH, 9TO UBJIOKEHHHIE OCOOEHHOCTH (UILTPAIHOHHHIX
IIOTOKOB IPUHIUIIMAILHO COBIANAIOT C XOPONUIO H3BECTHAIMU CBOLCTBAMU
TEIJIOBHIX ITOTOKOB. B Teopuu remronpoBoguocT (cM., Hanpumep, [143 1)
UIMPOKO HCHOJB3Yyercs TOT GaKT, 4TO TeMmepaTypHble 0. HA HEKOTO-
POM ylaleHHH OT HarpeBaeMbiX (MO OXJNaKAAeMBIX) TeNX IPOU3BOJBHOI
KOHQUTypanuu coBHAJAIOT ¢ IOJAMHA TaK HA3BIBAGMLIX (OCHOBHHIX TEJ»
IpaBUJABHONI reoMeTpmwyecKoil ¢opMEl, HampuMep uiapa, HUAMHAPA, Iiaa-
CTUHDI.

A rtoro 4ro0br TemmeparypHbie OIS PEANbHOTO H (OCHOBHOTO»
TeJ COBHajanu, Heo0XOuMMO TOJNBKO, YTOOH HOTOKHU Temia (B GuiabTpa-
IHOHHOM HoJe — JeOUTHI, pacXojbi), DPOXOAANNe YePC3 HiuX, OBIIM O~
HAKOBEIMU,

B pumamure mopgseMHBIX Boj MeTox (parMeHTHPOBAHHA IOTOKOB II
BLUTENEHUA 30H ¢ PA3NMUHAMU COUPOTUBICHUAMY HPUMEHHTEIBHO K 3a-
TadaMm uIBTpamuu B paifoHe THAPOTEXHUIECKHX COOPY:KeHuil OBut mpel-
nosen C. H. HymepoBerm [17] m HasBaH EM cHOCO0OM «CyMMapHOTO
yd9eTa MeCTHHX moTeph HAMOpa», TaK KaK B OCHOBY €To II0JIO;KEHAa Hjed
00001IeHHOIl OMEHKHN JIOII0JHUTeIbHEX HOTEPHh HANOpa B TaK Ha3HBa-
eMBIX «30HaX pe3Ko maMcHaomelics ¢unbrpauuy. Ilpegmonaraercs, aro
9TH 30HBI HE BAMAIT HA QUABTPANUIO B APYTHX 30HAX IPH KOCTATOTHOM
yhmajesuu uX JApPYr OT Apyra.

C. H. HymepoBrIM ucceoBaHE HEKOTOPHE THIOBEIEe OpMbI B 30HAX
HaNOpHON ¥ HamopPHO-0e3HANOPHON PEe3KOo M3MEeHAMEeNRcss QUIbTPAmUT.
Monyuennrie UM pemeHus IMO3BOJAKT ONPENENATH COLPOTHBICHHA i
HAMOPHl B 9THX 30HAaX, KOTOpbie Opeflaraercd HMCIOAb30BaTh B KauecTBe
TUHOBEIX TP PUABTPANMOHHBIX pacierTax HJIOTUH CO CHO;KHLIM II0A3EM-
HEIM KOHTYPOM, a TaK/ke B clyuasixX Tak Ha3blBaeMoll «1IaHOBOI Quib-
Tpanum».

Jna cKBaykuH MeTO[ ¢parMeHTUPOBAHUA M pasfieleHus IOTOKOB Ha
B0HH C PA3JUYHBIME CONPOTHBIEHHAMM GBI NPuUONU3UTETBLHO B TOT ke
mepuoji Bpemenm cgopmynuposan u npumenen 10 . II. Dbopucosw
B CBA3I ¢ peIieHHeM 3ajiad pa3paboTKu medTAHBIX MecTopokaeHumi [41 ]
M HA3BAH UM (METOA0M QUILTPANUOHHBIX CONPOTUBICHNN), TEM HOXYEPK-
HYTa ero aHaJOrms ¢ MeTojaMM pacueTa 3aeKTpuiecKux peneil. B coor-
BeTcTBuM ¢ 3Toii amamorueii I0. II. BopucoBHM BBefeHH TepMHHbI (BHYT-
PeHHee COLpOTHBIEHWE», KOTOPHIM XapaKTepu3yeTcA CONPOTUBICHUE
B 30HaxX mauboapmieii JedopManui MOTOKA BOJU3M CKBAKUH, U (BHEIIHEE
COIIPOTHUBIEHUE» — A 30H, YAAJEHHBIX OT CKBayKUH.
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Cymmapustii ap@erT uapTpaniOHHEIX COMPOTUBICHUN onpefiensieTc,
KaK W B TeOpHHU DIEeKTpuIecTBa, mo 3akonam OMa m Kupxroda. B obmenm
Bujie, 00o3HaYasg CONPOTHBIEHUA, PacXo] W HOHWKEHHE YPOBHA COOT-
BETCTBEHHO 4epes fi, @i, S; (0OHU ABNAIOTCS aHATOTAMU HIEKTPHIECKUX
BeIUYUH — conpoTusienus [, cuisl Toka [; u pasHocTH JIEKTpUUe-
ckuXx moTenuumanos AU;), moayamm:

Si - <
Oi :T n S = EiSi == %10’1]"1- (IV‘ 5)

3pecs i =1, 2, ..., n; h—9UCH0 CKBAKUH (CTOKOB, HCTOUHWKOB)
HIH Trpynn (CHCTeM) CKBAa)KHUH, OJHOBPEMEHHO JNelCTByMONMIX B BOJO-
HOCHOM TOpHM3O0HTE,

B rupporeomorudeckux 3amagax Meroj (parMeHTUDOBAHUA M pas-
JleIeHUusT TMOTOKOB HA 30HH IO THAPABIMYECKUM COMPOTHBICHUAM WIII
METOJ{ CONpPOTHBJIEHHHA ITUPOKO MCHOJb3YyeTcsT NPU TIPOEKTHPOBAHMI
IpeHaska, BOJOMOHUWKEHMsI H BOf03a00poOB M3 CKBAYKUH, YyCTPauBaeMBIX
A meaeid BomocHaOmenus [52, 53, 156, 157, 207, 2191].

Cmaduu Ppopmuposarus nomora

JiBHKeHUe IOR3eMHBIX BOJ IIPH JeHCTBUM CKBA)KWH, CTPOrO TOBOPHA,
BCerja sABIseTCs HeycTAHOBUBIIMMCs, T. €. HAINOp, CKOPOCTh M Pacxo;]
[IOTOKA B Pa3NWTIHHIX ero cedeHMAX H3MeHsTcsa Bo Bpemenu. OfHaro
XapaKTep pekuMa QUIBTPANMH HA PA3MUYHBIX 3TANAX HEOJUHAKOB.

HaubGomee pesko BEIpasKeHO HEYCTAHOBUBIIEECS JBUM{CHHE B TIepPBOIl
cTafyid, KOTJa HA TeMI CHWKEHIiA YDOBHA M XapaKTep HOBOIl [empec-
CHOHHOH NOBEPXHOCTH CYIMECTBEHHO BAUsET HaualbHOE («GHITOBOEY) pac-
mpejefeHie HAIOPOB. B 3Toi cTafiHK TeMII MOHUKEHUs YPOBHA, CKOPOCTh
dunsTpamuu W pacxof B KAKIOM CEeICHWH IOTOKA Pe3KO Pas3iudaioTcs.
Batecte ¢ TeMm apeKT OTKAIKHI B 9TOT NEePUOR B YAANEHIU OT CKBAKUHLI
OpaKTH4eCKN Malo 3aMeTeH; OCHOBHOE ee BIMAHUE CKa3hBACTCA B Orpa-
HI'Y€HHOH 30HE BOMHU3M CKBAKHHHI.

Ilo apamoruu ¢ TeIIONPOBOAHOCTHIO 3Ty MEPBYIO CTAHI0 MOKHO HAa-
BBATh cTagHuell HEYHODPAJOYEeHHOIrO PeEKHMa.

Ha cmegywomem sTame jBH;KeHUe IOA3EMHBIX BOJ, XOTA H ABJIAETCH
HEeYCTAHOBUBIIMMCS, TeM He MeHee, B 30HE HAHOOIee aKTUBHOTO BIMAHIISA
OTKauyKi (sTa 30Ha BO BPeMeHHU yBelnWdMBaeTcs1) HA opMe HOBOU Ibe30-
MeTpHYecKOM IOBEPXHOCTH YyKeé B MaJol cTeMeHH OTPay{afoTCsA MepPBOHA-
gagpHbe ee ocobeHHOCTH. TeMI MOHmKeHUs YPOBHA, XapaKTep Jempec-
CHIT, CKOPOCTh QUIBTPAIMU M PAcX0j HOTOKA B aHHOI ¢cTaful B KaKIbIil
MOMEHT BpeMeHH HIPAaKTHYeCKHM TaKHe jKe, KaK B YCHOBUAX YCTAHOBUB-
uterocs ABU;KeHUs, M CIef0BATeIbHO, BO BTOPOM IepHOje BeCh UPOLECC
dunpTpanuu MOKHO pPaccMaTpUBATh KaK IOCJEN0BATENLHOCTH YCTAHO-
BHUBILUXCS DPERIMOB.

B cBssu ¢ arum B. H. [llerkages [221 ]| massan pacnopegenenue mamno-
POB IOZ3EMHLIX BOX B 9TOH CTAAHH KBAa 3N yCTAHOB U BIM U M C A,
HIN KBasumCcTaNuUOHAaDPHEM.
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B Teopuu renmompoBojHOCTH omuchBaeMas BTOPAas CTagus Mmporecca
pacopocTpaHeHHsA Tellla HOCUT Ha3BaHWE CTaJWil PpeTYAAPHOT O
TENJIOBOTO PEe3KHUMa.

Obnras pesnuMHEA HOHIKEHUA HANOPHOTO YPOBHA Scyy HA  DTOM
pTame OTKAYKA MOJKeT OLITh BHIpasKeHa JBYMS CJIATaeMBIMII:

SCyM:S(x1 ys Z, t0)+AS(t—t0)’ (IV' 6)

rne S(z, y, 2, {)) — DOHUKeHHEe YpPOBHA B TOUKe C KOOpPAWHATAMH I,
Y, Z HA MOMEHT BpeMeHH {;,, KOTJA ABUsKeHUe HOJ3eMHHIX BOJ M pac-
npejieleAVie HAMOPOB MpHOOPETA0T KBAa3UYCTAHOBMBIIMIICH XapakTep;

AS (¢t — ty)— momonHUTENbHOE MOHIKeHNe YPOBHA 34 0TPE30K BpeMeHII
I — ly; VIS BCeX TOYEK BOAOHOCHOTO TOPU3OHTA B 00JacTH, XapakTe-
pusywomeiici KBa3UYCTAHOBUBIIMMCH [IBIGKEHHEM, BTO HAONOIHUTEIbHOE
MOHUKeHNe YpPOBHA IpaKTHYeCKU OfMHAKOBO (0HO He 3aBHCHT OT KO-
opAavHaT Z, Yy, ).

Haxonen, B TpeTheil ctagun, B ompeJelleHHHX YCIOBHAX, HANpPUMep
Opu HAJUYH{ HOCTOAHHO AEHCTBYIOmMUAX HCTOYHMKOB MUTAHUA BOJLOHOC-
HOTO TOPU30HTA, [JBHKEHHE IIO[[3eMHBIX BoOJ Npulimxaercas K yc¢ T a-
HOBHUBIIEMY CA, U JaXbHEHNero HOHWKEHUS YPOBHA yKe Tpak-
TuIecKu He mpoucxoxuT. CorijacHo Teopui, Takoe IOJOKEHUE MOKeT
HACTYOUTL TOJABLKO OpH GEeCKOHeIHO-0ONBNION IJINTEILHOCTH OTKATKI,
ROTJla ¢ = 00, OJJHAKO B PEalbHBIX YCJIOBHAX BO MHOTUX CAyYIasgXx OHO
Pukcupyercsa BechMa OBICTPO, HHOTJ]A HACTOJABKO OBICTPO, 4TO HpoMe-
JKYTOYHAA CTQAUsA PEryJaApHOr0 PesKuMa MPaKTUIeCKN He HabIIojaercs.

WUsnoskenHsle 3aKOHOMEPHOCTH peKMMa (UABTPAIMK HA Pa3TUIHBIX
CTajuAX OTKAYKU MOTYT ABHUTHCA OCHOBOHW [iA mpulOnum;KeHHBIX pacde-
TOB CKBA;KUH B YCAOBUAX HEYCTAHOBUBINETOCHA B KeHNsA. BechMa BasKkHO,
YTO 3TH 3aKOHOMEPHOCTU COXPAHAIOTCS HE TOJBKO IJsS OXHOPOXHLIX, HO
1 17151 HeOJHOPOJHIX B UIABTPAIMOHHOM OTHONIIEHUH BOJZOHOCHEIX T'OPH-

30HTOB.

§ 2. Opunounasi coBepIIEHHAsI CKBAMKMHA
B (e3rpaHM4yHOM OJHOPOJHOM BOJXOHOCHOM T'OPH3OHTE

Pacqunyo 3aBUCMOCTD QJasA conepmeHHoﬁ CHKBAHUULI B BOAOIOCHOM
ropusoHTe BeChMa (OJNBIION ITOmMANH PAclpocTpaHeHHA (TeopeTHdecKu
B JAaHHOM cjlydae NPUHUMAETCS, 9TO BOJOHOCHHI IOPUBOHT SBJSAETCSH
(e3TPAaBUYHHIM) MOKHO MOJYIUTH M3 IPUBEEHHOTO BEHINIE BHIPASKEHUS
(IV. 1), xapakrepusyomero feilcTBre JUHEHHOr0 MCTOYHKHKA (WIH TOTeU-
HOTO MCTOYHMKA Ha miockocTu). (Cxema oJMHOYHON CKBa;KWHH ORLIA

moxa3aHa ma pue. I. 2a.

Hocmosnuuili pacxod ckeaxcumbl

Tomomum, 94T0 pacxoj ITUHEHHOTO UCTOYHKKA, KAK I PealbHO! CKBa-
FRITHBL, MOJIeJIBI0 KOTOPOI ABIAETCA ACTOYHUK, BO BpEMeHH He H3MeHdAeTCH,

T. €.

Q (t) = Q = const. (IV.7)
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9

r3 . r2
Torma, BBOOAA TOACTAHOBKU = qa; dt = ——da, BMecTo

(IV. 1) noxy4auM 1. 4a (t — 1) 4a a?
S =72 for (IV. 8)
rje
—a .
fCl: f ea d(l"—:——El (—'(l()); (01} ﬁ-é_t_‘t-. (IV. 9)

ao

Hmrerpan (IV. 9) msBecren mojy HasBaHWEM (MHTErPalbHOTO DKCIO-
HEHI[{alla», NIH (WHTeTPANBHON HNOKAa3aTeNlbHON (YHKIWN», YUCACHHLIE
ero 3HaYeHUs OpUBOAATcA B Tabm. IV. 2.

3asucumocth (IV. 8) ;mus pacuera CKBaKUH B MOTOKAX TPYHTOBHIX
Boj Buepssie npenmoxua B CIITA B 1935 r. Teiic [252 ], nospmee, B 1937 1.,
ee mpumenna K mepTsaHHIM 3ajazaM Macker [145]; B oTewecTBenmHIX pa-
foTax oHa MMPOKO UCIIONL3YeTCsA IPW peHleHUu 3a4ad HePTAHOH rumgpa-
BIMKJ B YCHAOBUAX YIPYTOTO PEKIMA, a TaKkKe Opu PUIbTpalHOHHBIX
1 THAPOTEONOTHIECKHX pacueTaX, CBA3AHHHX € [JpEeHa)keM H BojgocHAl-
xemueM [42, 58, 72, 157, 199, 220, 221 u pp.l.

Oyaxnusa Ei (—a,) mpexcTaBiaser coboil moxaszaTens GespasMepHOTO
TUPaBAKIECKOTO COMPOTUBIEHNA IOTOKA IOJA3EMHEIX BOJ IpU OTKAuKe
H3 COBEPUIEHHON CKBAa)KWHLI B BOJOHOCHOM FOPU30HTE BechMa 0GONBOION
IO PAacupocTpaHeHWs ¢ IOCTOSAHHBIM pacxomoM (2. Ilpu mammx

2 2
3HAYEHUAX APTryMeHTa, KoTrxa Zra_z<0’05+0’1 urn ¢t >(2,5+5) IE’ cupa-
BeJINBO ClIeyIomiee NPUOIMKEeRHOe BHPayKeHUe: ?

Ei(— Z’ft) ~ — (1n4_f;-+ 0,577) = In 223! . oawv 10)

ITpu srom dopmyna (IV. 8) cramoBuTca BHemme aHaXOrmIHOHX (op-
Myae J(romou, HO TONBKO OPU «PAZUyCe BAUAHUSA) UM TAK HA3HIBAeMOM
«IpuBeJeHHOM papmyce BaustEuA» [221], saBmcamem ot Bpemenu:

- 9 R
S~mlﬂ—r— ’ (IV.ii)
rae
R =15V at. (IV.12)

IIpu mocTostHHOM NeGuUTe CKBAKUHH TNOHIKEHNE YPOBHA B I€pPBHIe
MOMEHTH IIPOUCXOAUT OLICTPO (B CaMoil CKBa)KUHE W B HEIOCPEACTBeH-
HOH 0(nu30CTH OT Hee — IPAKTUYECKH MTHOBEHHO, CKaukooOpasmo),

1 3pech W jalee Bce pacueTHhie 3aBUCHMOCTH JAIOTCH A HAIOPHOTO IIOTOKA.
Tlepexof K ¢opmyiaM A 0e3HATOPHOTO MOTOKA OCYHeCTBIAETCA II0 COOTHOIIEHMIO
(I1I[. 4), mpuBefeHHOMY B TJaBe TpeTheil. i

2 Oyurnua Ei(—a,) nMeeT OTpHIaTeNbHOEe 3HAUEHHE, 9TO CIeNyeT YIUTHBATH
NpI HOJAb30BAHMH MATEMATHIECKHUMH CIDAaBOUYHHKAMM.
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a ¢ TeueHWEM BpeMeHU TeMII CHWKEeHMA 3aMeliserca. B cooTBercTsun
¢ Bupaxkennem (IV. 11) nmpu srom ycramasiuBaeTcs JorapudmMudeckas
3aBHCUMOCTH MeK[y IOHWKeHUeM ypoBHA S H BpeMeHeM f, T. . rpafuk

B KoopxuHaTax S — In ¢t (rae / :Z:z—) nmpencraBisger cob0oll mpAMYIO
-0

aupmio (puc. IV. 1).

iz
— 9
A
/
74
// L/
@ // ,/ // 7
g=6onst // // //
pays i
t — / ,///
—se, LA 5
s A
>/ // // 4
// //// 4 1]
_ / ] / /"'L*)—_ 3
D 4 Q/ N
7 4 *ﬂx\‘w 07 o —4
/! ~4 e ,
8% AL T
A
i /// //// = 1
EEB=~g AN 0
3 ? r o — 9 + 1 2 3 4 5 6 7 8

int

o 1 ré
ﬁ‘@. “o'm)

Puc. IV. 1. T'padusn 3aBHCHMOCTH Ge3pasMepHEIX CONPOTHBIEHMH fu1, fea B fes
1

or Ge3apa3MepHOTO BpeMeHH ¢ = R
0

Hamensowuiica pacxod creaxcunsl

Teneps mpepcraBuM ceGe, YTO B OCHOBHOM BHIpayKeHUHM A JUHeH-
goro ucrounuka (IV. 1) pebuT () B mpomecce OTKAYKU HM3MEHAETCA IO
pPasiHYHbBIM 3aKOHAM. PacCMOTpPUM CleAyIOmue caydau.

1. CraukoobOpasHOEe H3IMeHEHHE pacxoga
(puc. IV. 2, a)
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B »stoM cayzae umeem:
0<t<<t, Q@=0xn
b <t <ty Q QII,

bpy < E<ln, Q Qn-

ITonp3yAach NPaBHIOM HAJOKEHUA ONIBTPANMOHHLIX TedeHNH npm
TakoM rpaduke maMeHeHus febuTa, MOKHO LONYYUTH CIEAYIOMYIO pac-
YeTHYI0 3aBHCUMOCTL HOIA onopene- Q)
JTeHuA DOHWKEHHA YPOBHA S

q

S = (IV. 13)

4nkm fcl’

rje

for= —Z ﬁlEL( 4a(tih 1))

i=1
(IV. 14)

Y

Qr ) -
3nech Qp — MaKCHMANBHHI pacXof ¢
CKBAO)KHHHL . B Tedenme 0)
BCETO IIepHOfA OTKAYKY; S
Q; — pacxog B  UHTepBale
Bpemenn i (i=1, 2, !
..., RN, RN — 9HUCIO |
NHTEPBAJOB H3MeHEHHUs S S
pacxopa). —}

ﬁ’i _ Qi —Qi

I'padux S — t, cooTBeTCTBY- :
fomuil  »TOH  3aBHCUMOCTH  (CM. | ————
puc. IV. 2, 6), orpamaer Bce uame- |
HeHUA 7ne0uTa, IpudeM HA TpaHn- i
uax HHTEPBAJOB BPEMEHM HPOUCXO- ><._t,_>l
JUT CKAa4oK YpOBHA, a 3aTeM Io- t; -
CTENeHHOE ero MOHMWKEHHEe (MIHU 10- S __.___J
BbIIIEHE, B 3aBUCHMOCTH OT 3HAKA  pyc, TV, 2. CxeMbl CTYIeHYaToOro u3-
U3MEHEeHN A JIG6I/ITa). Basxkno 3zame- MeHeHHu S pacxbna CRBUKHHEI
THTh, 4uro B ¢dopmyne (IV. 14) )
TpU WCYUCHEeHNU O6e3pa3MepHOr0 TUAPABIUYECKOr0 COMPOTHBICHUS
A RajKJoH CTYNeHU W3MEHeHus ae0uTa MPUHUMAETCHA II0JNHOEe BpeMs
At = t—1t;_;, T. €. TaK, KaK ecJau Obl B JaAbLbHEHIIEeM OT MOMEHTAa BPEMEHNU
ti_; 0 MoMeHTa BpemeHu { npupoct gebura AQ = Qi—(Q;_; coxpaHaAlcA
TIOCTOAHHEIM U COOTBETCTBEHHO LOHIDKEHHE YPOBHA IOJ BINAHUEM JTOrO
ne6uTa MPOUCXOJUIO0 B T€UeHUe Bcero mepuona Bpemenu At (Ha rpaduke
S—1t 3T0 moOKa3aHO WYyHKTHDHHMHU JuausMmu). Vmage roBops, BIUAHUE
CKaYK000pa3HEIX H3MEeHeHuid [e0HTa MOKHO PpaccMaTpUBaTh H30IHPO-

g

l
ll
[
!
|
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BAaHHO, KaK BIHAHNE, HAIIpUMEpP, CKBAKUHEL ¢ pacxogoM Q;—Q;_;. Cym-
Mapunit d¢¢QerT BHpPasuUTCA CYMMOH HOHWKEHWI YPOBHS, BLI3BAHHLIX

BceMH CKadKaMu jebura.

2.Jlumeiinoe HW3MeHeHHUEe pacxofga

JlomyceriM, uTo B caMOM Hadale OTKaYKH PAacXofl CKBaKMHE IOCTe-
TIeHHO yBennuuBaeTcd Tak, 4YTo Tpaduk (J—t MOKHO DPEJCTaBUTH B BHIE

OpAMOii:
Q)=
Qr (IV.15)
Yi="7">
rie (., — MaKCuMalXbHas BeIWIHHA pacxona 00 WCTeYeHUM IepHoja

Bpemeru 7.
IopcraBasaa saBucmmocts (IV. 15) B ocHOBHYIO Q)opmyny JIA CKBa-

sgumsl (IV. 1), nomyaum

S = 43,‘;’1 feo © (IV.16)
_ 1 f i‘fda (IV. 17
ot 4aa a ! -17)

rae Q (¢) ompegenserca mo (IV.15), a a —_—.4%; .
Nurerpuposanne Beipaskenus (IV. 17) naer:
foo=— 1+ a))Ei(—ay)—e™ ™. (IV.18)

3naaueHnsn sroit pyExnuu npuBefieHs B Tabn. IV. 2 m B Buje rpadu-
KoB m3obpaens ma puc. IV. 1.

Ilpu Gosiee miu MeHee 3HAYMTEIbHOM npononmmensnoem OTKAYKH,
kKorma oy, << 1, Bmecro (IV. 18) MoxBO mombsoBarncs Goaee mpocToit
3aBHCUMOCTLIO;

t 25 at t 83 at
St (12200 q) = 20 1 084 (1v.19)

IIpu ompefesenuy yPOBHS B CaMoil CKBAKMHE MM B TOYKAX, OTCTOA-
muXx or Hee Ha mHeGompmoMm paccrostuud, fopmyaa (IV. 19) npumennma
OpaKTHYeCKH BO BCEM HHTEPBajie BPEMEHE OTKAuKH.

3ajaua ¢ NEHEHALIM 3aKOHOM H3MEHEHHS PacXojla paccMaTpHBalach

B paGorax 0. Il. BopucoBa [42] u B. M. Illecrakosa [212].

3. UsMeHnermEnme pacxopga
‘o mapaGoamuecKOMY 3aKOHY

B mamHOM cayuae nelicTBuTeNbHEIH rpaduk W3MeHeHus geduTa CKBa-
JRAHEI TPEJCTABAALTCA B BuUJe clefylomell 3aBHCHUMOCTH:

) =vatt (1V. 20)
rae
Qr
Yo = 2 -
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IMocrynas kKak B mpegsaymeM ciaydae, ud popmyast (IV. 1) moxygum:

524%2 fosn | (IV. 21)
1 r rz \2 7%
fca‘—‘—ti‘f(t—‘m> —da. (1V. 22)
Qg

4

— 9

a

/// 8

fou=fir
\>/// ,
5=0" // /

L2 /
N A AN :

V74
et i
J 2 7 -0 + 7 2 3 4 J I's ) 7 8

int
(—=_7_. .
4‘10’ (2 4ﬂt
Puc. IV. 3. I'padur sasmcuMocTH (e3pa3MepHOTO CONDPOTHBIEHHA f¢ 4 OT Geapas-
a

- 1 , T
MEPHOTO BpeMeHH ¢ = — JUIAl pasimIHKIX 3HaYeHud — |B = —
4a, B Y3

ITocme unterpuposanusa (IV. 22) monyuum:

fos = —(1 +2a0+22—‘2’)Ei(—a0)_2(1+%___2_) om0
(IV.23)

2
duaveHna ¢yHKnuu fc, npuse-

Yat”
nens B taba. IV. 2 u B Bume rpaguka ma pume, IV. 1.
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Ta6amma 1V.2
Bespasmepnbie CONPOTUBACHHMA fo 1, fe2y fes

o fo 1 1O d-nie (IV. 9) | 7, ,mo g-me (IV. 18) | ¢ (3130 5133;19
0,0001 8,633 7,734 7,135
0,001 6,331 5,338 4,845
0,01 4,038 3,088 2,629
01 1,823 1,100 0,794
0,2 1,223 0,649 0,426
0,3 0,906 0,437 0,268
0,5 0,560 0,233 0,128
0,7 0,374 0,139 0,070
1 0,220 0,171 0,032
2 0,049 0,011 0,004
3 0,013 0,0024 0,0006
4 0,0038 0,0006 0,0001
5 0,0012 0,0002 0,0001

HPH L0 << 11
__ Q) 2.25at _ Q) 051 at
S~ i (In 255 —15) = 20 1n (V. 24)

Taxkum o0pasoMm, DO CBOeil CTPYKType 3TO BHIpayKeHWE UICHTHIHO
Beipaskendio (IV. 19) nna awmseiiHoro saxkoma wm3meHemmsa nebuta. Pas-
JuYMe MeKAY HWMH TOJBKO B 3HAYCHWH YHMCIOBOro Ko3pdumueHTa mOA
3HaKoMm jorapupma (B mepsoMm cayuzae 0,83, Bo Bropom 0,51).

4. WasmMmenenue pacxopga
00 KCHOHEHNUMAAbLHOMY B3aKOHY

HonyctuMm, uTo rpaduk msMeHEHHA pacxoja MOKeT OBITh alpOKCH-
MUDOBaH CJAeAYIomell 3aBHCHMOCTHIO

Qt)y=0Q,(1—e™'), (IV. 25)

rpe (), — HEKOTODHIl HpefedbHEIH PACXO CKBaKMHEL.

MarkcuManpHOrO CBOET0 3HAYCHUA TEOPETHIECKH OH JOCTUTAET TOJHKO
npu t = oco; B unTepBaie BpeMenu ) < ¢ < T mpoUCXOAUT HOCTEHEH-
Hoe BozpacTamme pacxona ot 0 mo Q.. (cM. puc. IV. 3).

Iopncrasaaa Beipamenne (IV. 25) B ocHoBEHYW 3aBucmmocts (IV. I),
IONyq9uM:

S = (IV. 26)

4:“: km fc 4,

ooe—a. : ooe_(a_ld;:a)
fc4:f - da — e~ V3 f—— da.
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371ech y; — K09PpPUNUEHT, ONpe/eadeMblil U3 ONBITHEX JaHHBIX HIIH
NPUHUMAaEeMBA B COOTBETCTBUM ¢ IPOEKTUPYEMBIM pPeKU-

a
MOM OTKadku (pasmepHocTh ero 1/cymku); B = —;

Ys '’
%o = 4¢rzt ’
B pesyabrare umuTerpupoBamma Buipaxkenua (IV. 26) HanneM [551]:
foa=—@Ei(—0y) — @y, (IV.27)
r2
pr=1—e P91 4qp), (1V. 28)
(_1)71 r2 n-1
2 =G ( 432) ’ (1V.29)
n=32
-4 O r2 >n-1 n-1
T ( 4B? (=" Fte—1) !
P =e n:Ez: e h;: e (V.30

Ipu —;— < 0,05 u oy < 0,1 dpysxnua q>: CTAHOBHTCA npeBedpeKuMo

Malofl 0 CpaBHEHHUIO C efiUHNICH, a QYHKIUA P, MOKeT OLITH BHpaKeHA
NPUOIUIKEeBHO:
72

) 7 P —
r2 " IBza,

(IV. 31)

B orom cixygae

r2
2

. r2
e Gy ——
.fc4N—(1—€ 432ao)Ei ("Uo)——z—;z—a-o—e ’ iB2do (v, 32)

3HadeHUA THU/APABINIECKOTO COUPOTUBIEHHS fcy4 B 3aBUCHMOCTH OT
,
5 ¥ @ TPHUBEJGHH B tabn. IV. 3. Ha puc. IV. 3 noxasaas rpaguru
¢yHKNUN fo4 B 3aBUCHUMOCTH OT Ge3pasMepHOro BpeMeHH @ A Pas3aud-
- T
HEX HaveHuii ——. Ha rpagukax BujHo, 4To B cayYae OKCHOHEHIUAIb-

HOTO 3aKOHA M3MEHEHMA pacXoja 10 ucTedeHWU Gosee MIU MeHee JIu-
TCJIBHOTO BpeMeHN NOHW;KeHHE YPOBHA IPOUCXOAMT ¢ TaKOH ;Ke 3aKOHO-
MePHOCTBIO, UTO W NPH NOCTOAHEOM PAcXofe, PABHOM MAaKCHMATLHOMY
ero sHavesnuwo (.

WNarepec mpepcraBaseT Tak;Ke caydail, KOT[|a u3MEHEHUE pacXoja
MO;KeT OBITHh IIpeicTaBIeHO TAKOH 3aBHCHUMOCTHIO:

Q = Qoe™ ', (IV. 33)

rie (o — HeKOTOpoe 3HadYeHIe Pacxoja B MOMEHT Bpemenu t = 0.
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Toncrapiasas Bupamenne (IV.33) B ypasmemue (IV. 1), momyunm:

Q,e¥tt
§ =20 fes, (V. 34)
o r2
, “TiBra
£ = f - da. (V. 35)
Qo

a .
B pmammoM caygae B = 1/-'\(— ;! Ya— KoodPrnumenT, HPEHAMAEMBIR 10
4 - -

ONBITHHM JTAHHHM JIM B COOTBETCTBHH C IPOGKTHPYEMEIM DEKHAMOM OT-
KauKy;, pAsMepHOCTD eTo, Kak u B gopmyae (IV. 26), 1/cymru. .

Harerpax (IV. 35) mogpo6ro Tabyanposan B padore Xantyma [84].
HexroTopsie ero 3gauenusa mpusejentl B Tabx. IV. 4 u B Buje rpaguros

Ha puc. IV. 4. '
BespasmepHoe colpoTHBIeHNE [ 4 TaGamna IV. 3

(o dopmyae 1V. 27)

T

ap B

0.0t | o ] 0,2 l 0,5 ! 1 ] 2 5
0,0001 1,702 8,633 8,633
0,001 0,132 5,355 6,304 6,331
0,002 0,058 3,661 5,566 5,638
0,0025 0,044 3,050 5241 5,414
0,005 0,018 1,549 3.806 4,721
0,01 0,009 0,720 2,058 4,018 5.038
0,02 0,003 0,279 1,003 3,064 3,355
0,03 0,002 0,155 0,579 2,316 2,956
0,04 0,001 0,100 0,385 1,777 2,663
0.4 0 0,017 0.073 0,435 1.241 | 1.813
0.2 0,001 0,009 0,070 . 0,394 1,130
05 0 0 0 0 0,272 0,556
1 0 0,493
2 0,016
5 0

Be3apasmepHoe CONDOTHBACHNE fc 5 Tabauna IV.4

(oo ¢opmyae IV.35)

_T.
ag B
0,001 0,01 ' 0,1 | 02 | 05 | 1 ] 2 | s
0,0001 8,631 8,398
0,001 6,331 7307 5,829 3,505
0,01 4,038 4,036 3,815 3,288 1,849 i
0.1 1,823 1,823 1,805 1,753 1,442 0,819 0,228
02 1,223 1,223 1,216 1,194 1,059 0,715 0,227
05 0,560 0,560 0,558 0,553 0,521 0,421 0194
1 0,219 0,219 |~ 0,219 0,218 0,210 0,186 0114 {0,007
2 0,049 0,049 0,049 0,049 0,048 0,044 0,034 {0,005
5 0,001 0,001 0,001 0,001 0,001 0,001 0,000 | O
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B npegenre npu t = oo oH npuodperaerT MOCTOAHHYIO BeJINUNHY:
T
foo=2Ko (47 ), (IV. 36)
rne K, — oGosnauenue ¢ymkiun Beccers BTOPOTro poja 0T MHHMOI'O

apryMeHTa HyJIeBOIO mopsgka (tabmuus oToii $yHKIHH OpH-
BOJATCA B MareMaTHUeCKHX CHPABOYHHKAX).

es
— 4
3 =0.0001 fys=1yy i
\Z'/// 8
(/
// 500" —{7
/] _
/ 1
4 5
v
- //
/| 5
V4 —
/ .
4 5%
: PZ Vo
7+ ||
//,/// DN PR N B
A/ 0 1 1 .
44V SIS TR SR I L0 '{. 112
Za S [ S ’
: ///"‘“\_—_ i
= 187 ' i
AT = o,
J 2 1 — 0 + 1 %3 3 4 ; 5 7 8
int

S A
(“mg: %0~ lat

Puc. 1V. 4. T'padur 3aBICHMOCTII De3pa3MepHOTO CONPOTHBIEHHA f¢ 5 OT OespasMep-
- 1 LT a
HOTO BpeMenll ¢ = — I pa3JnuHBX 3padennii — { B = 'l/ —
40y B Ya

/7

§ 3. Opunounas coBepuIeHHAA CKBajKUHA
B BOAOHOCHBIX TOPH30HTAX OrPAaHHMYEHHOH NJIOIAAH
pPacnpocTpaHeHus

PaccMoTpuM BOOHOCHHKIT TOPU3OHT, OTPAHWYEHHBIH ¢ OZHOIT CTOPOHBI
npsAMOJIMHETHEIM KOHTYpPOM, a ¢ ApYyroil — mpocrmpatomuiica Oearpa-
HUYHO. B peadpHHX YCIOBHAX B KadecTBe TAKOTO KOHTYpPA MOGRHO
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npejxcTaBuTh cebe, HAMpuMep, PeKy, ¢ KOTOPONl BOXOHOCHHI TOPU30HT
HAXOMUTCA B ru/ipaBandeckoii cBaAsu (puc. 1V. 5, a), nan 1uHUIO KOHTAKTa
BOJIOHOCHOTO TOPM30HTA ¢ BOAOYHOPHEMH mnopopamu (puc. IV. 516).

Hax MB ykasumBajm Ipu paccMOTPEHAW PAcIETHHX CXeM (CM. IJIaBY
IepBy0), B HEePBOM clIydae MOKHO NPHHATH YCJOBHE HOCTOAHCTBA Ha-
nopa H = const mam paBeHcTBAa HYTI0 HOHWKeHHA yposHA S,= 0;
BO BTOPOM cjydae — yclloBHE DaBeHCTBa HyI0 pacxona gs = 0.!

a) g }\\ +

N

[

]

)

f

[

I 1 S 1

[ :

|

u

Puc. IV. 5. CxeMB K pacdeTy CKBaQKHH B IOJYOIPAHHIEHHHX BOAOHOCHEIX TOpHU-
30HTaX

PacueTHyio 3aBUCHMMOCTDH JJs OompejieieHNs TMOHUMKEHUS YPOBHA NpH
MeHCTBUN CKBAKUHLI B TAKUX YCJIOBUAX MOJKHO IOJYYUTHh IO METOAY
3ePKaJIbHBIX OTOOPa)KeHWil. ITOT MeTOoJ BaKJII0YaeTcss B TOM, 9YTO HaPAAY
C peanpHON CKBAa)KUHOHW B pacCMOTpEHME BBOJUTCA HEKOTOpas (PUKTUB-
HafA uan BooOpaskaeMas CKBa)KMHA, KOTOpas pachoJjiaraercs 3a Ipeje-
JaM# BOJIOHOCHOT'O TOPU30RTA HA TAKOM jKe PaCCTOAHMU OT €r0 TPAHUILH,
9T0 W pealpHas CKBa)KuHA, W mMeer ToT ke nebur. Taxmm obpasom,
(UKTUBHAA CKBAJKUHA SBIACTCA «3€PKAJTBHBIM oToOpakeHWEM» pe-
albHOI.

B caydae mocTogHHOTO Hamopa HA KOHTYpe miaacra nebut Boobpaskae-
MOii CKBa;KUHB NPUHUMAETCH OTPHULATENBHHIM, T. €. B BOOOpasKaeMyio
CKBayKMHY KaK OHl OPOU3BOAUTCA HaTHETAHUE, TAKUM IIyTeM YCHIMBAETCS
¢uIABTPANUA BOJH K PEANbHOUW CKBa;KUHE CO CTOPOHH KOHTypa u obec-
Ne9MBaeTCA MOCTOAHCTBO Hanopa Ha HeM. Ilpu Hamwdum HempoHUILAEMOTO
KOHTypa me6uT BooOpaskaeMolli CKBA;KHMHBI [JOJKEH OBHITH MOJOKUTENb-
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aeM. [Ipenmonaraercsa, 9ro B 9TOM ciy4dae u3 BooOpaskaeMoil CKBasKUHH
KaKk OB IIPOM3BOJUTCA OTKAYKa BOJEL U TeM CaMHIM Ioramaercsa ¢uiabrpa-
{nd BOAK K pPeaJIbHOM CKBayKHHE CO CTOPOHBI KOHTypa.

Hamee yuuthiBaeTcs BAMAHUE YiKe 00eMX CKBasKMH — peasJbHOH M
BooOpaskaeMoii. Tak, ecam MOJENbI0 CKBA;KUHBI ABJIACTCHA JNHEHHBIA
HCTOYHHUK, TO NOHM;KeHHe YPOBHA B Jd1060i1 Touke M (z, y) BOZoOHOCHOTO
TOPM30HTA ONPENENUTCA M3 CJe[YIOMEero BHPa:KeHUA:

S = __4n0}tm (fc x fc o'roﬁp) N (IV' 37)
rne fo B fcoroop — 0e3pa3MepHbIe THpaBJIHYeCKHe CONPOTHBIEHNA, 00y-
CIIOBJEHHHE JieliCTBUeM pealbpHOE H Boobpamaemoil
CKBa;KMHHL,
B caygae mocTosHHOTO pacxofa CKBa)KHHEL, NOJB3YACH BHIpajkeHHEM
(IV. 9), moxyunm:

fo=—Ei(——r) - (1V.38)
fo ooty = —Ei (— 42 - (1V. 39)

Smech r M @ — paccTOAHHA paccMaTpmBaeMmoil Touku M cooTBer-
CTBEHHO OT pearbHOil H OT BooOpaskaeMoli CKBayKMH:

r=VZL 1, e=VZ L+ 0.  (IV.40)

B ¢opmymne (IV. 37) 3rak « — » coOTBeTCTBYeT KOHTYPY C IOCTOAH-
HHM HAOopoM, a 3HaK « - » — HEOPOHWIaeMOMY KOHTYPY.

IIpu pamtenpHBIX OTKAYKaX, Korja aprymeHTn ¢ymxumm Ei cra-
HOBATCA MaideiMm (Memee 0,05 + 0,1), camm a1 $PyBERUUH MOT'YT OHITH
BHpa)keHH depes dorapudM mo gopmyne (IV. 10). Torna, ecrn Ha KOH-
Type miacTa Hamop MOCTOAHEH,

§=-—92 me (IV. 41)

2% km r’

a B ciydae HeNpPOHHMI[aéMOro KOHTYypa

S = oI 222 (IV. 42)

@opmymna (IV. 41) amamormuna mssectHoil ¢opmyre Dopxreiimepa.
OBa mokasmBaeT, 9To OpHM HAJIMIMX KOHTYpa C HOCTOSHHBIM HANOPOM,
T. €. WHa9e TOBOPA, KOT/[a BOJXOHOCHHII TOPHU3OHT CBA3aH C MOCTOAHHO-
AeHCTBYIOIMM HCTOYHUKOM NHTAaHUA, MOHWKEeHNEe YPOBHA IO HCTEYCHHH
HEKOTOPOT0 BpeMeHHW (HpH KOTOPOM J[efCTBUTEJNBHO JoTapupmuieckoe
npubam:xesne QyHKiuu Ei) TIpakTWYecKH IPEKpamaeTcA, W JBUKEHHE
HO/I3eMHHX BOJ| MOKHO CYUTATh YCTaHOBUBIIMMCH.

B BoposocHOM Tropu3onTe, OrpaHMYEHHOM HENPOHHUIAeMHM KOHTY-
poM, Mpl TeOpeTHYecKM He MOoJydaeM mepexofa K yCTaHOBHBIIEMYCH
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COCTOAHMIO. 3/iech, Kak W B Ge3rpaHMYHOM BOJOHOCHOM TODH30HTE, CO
BpeMeHeM DOHWJKeHHme YPOBHA BO3pacTaeT, B CBA3H ¢ 4eM OpUBeJeHHOII
dopmymoit (IV. 42) MokHO m0OIB30BATHCA TOJIBKO B MHTEpBale BpeMeHH,
KOTJ[a TmoJydaeMas IO pacyery BeawduHA S HE NpeBHIIaeT HEKOTOPOi
MaKCHMAaJIbHO JONYCTHMOIl BeTHIMHH Spon, KOTOPAA OUpeeIAeTca MOII-
HOCTHIO BOJ[OHOCHOTO ILJIAaCTa, KOHCTPYKuHe CKBa)KWHB W THIIOM Hacoca.

Ncmoap3ysa MeToj 3epKaJbHHX OTOOPaKeHMHl ¢ IOCIeAYIOmUM CJIO0-
AeHmeM QUIBTpaNHOHHBIX TOJeil, 00ycaOBIeHHHX JelicTBUEM peanHOIl
CKBaKMHbHI U €e 0TOOpasKeHuil, MOKHO IMOJTYIUTH PacueTHHE 3aBUCHMOCTU
IJIE MHOTHX JAPYTuX ciyiaeB. B wacTHocTH, 0OJBINOH HpaKTHYECKHil
HHTepec IpPeACTaBIAT BOJOHOCHBIE TOPH3O0HTHI, KOTOPHE CXeMaTHICCKU
AJIA mesieit pacuera MOTYT GHITh NMpeICTAaBIEHH B BUE I[0JOC, OTPAHM-
9eHHHIX B IJIaHEe ABYMA DPAMOXUHEHHHIMU KOBTYDaMH; K HUM OTHOCATCH
BOJIOHOCHBIE TOPU30HTH MHOTHX MEKAYPeUHil W PeIHHIX JoamH. B riase
nepsoit Ha pumc. I. 10, 3 yxe OHIN mOKa3aHEI TaKue CXEMbI AJMA HEKOTO-
PHX JIEMEHTOB penbed)a a) MKy pedbs; 6) wacTu J0OIUHH, OTPAaHWYEH-
HOIi ¢ OJJHOII CTOPOHBI PeKoli, a ¢ Apyroil — HeNPOHUIAeMEIMH OPOJaMHu;

B) JOJHUHH, [HO U 6OpTa KOTOPOH CI0KEHBI HENPOHUIAEMEIMHE NOPOJaMi.

B paccMmarpuBaeMoM 37iech Ciydae JJIA BHBOJA PAcUeTHHX (OpMyT
yKe Hellb3sAd OTPaHWIMBATHCA OHUM 3ePKAJbHHM 0TOOpaskeHMeM; HAJIH-
9ie BTOPOTO KOHTYpa BHI3HBaeT He00XO0QUMOCTH IPOM3BONUTH IOCIEO0-
BaTeJIbHEIE 0TOOpasKeHUA He TOJIbKO peasybHoil, HO H BceX BooOpaKaeMHBX
CKBQ)KUH OTHOCHTEJIbHO KakJ[0TO KOHTypa, Tak 4YTO ofmjee YUCIO OTO-
bpaskennil Bospacraer X0 0eCKOHEYHOCTH.

Ha puc. IV. 6 npexcraBiena cxeMa, miIIOCTPEpPYIONAA CKazaHHOe.
W3 Bee BupHO, 4TO peajbHasg CKBa;kmHA (ee mEJEKC ()) OTHOCHTEJILHO
BEepXHET0 KOHTYpa, COBIAJAIOIETO ¢ OChI0 Z, oToGpaskaercA B Touke 0%,
a OTHOCHTEJIHLHO HMKHET0 KOHTypa, OpjmHAaTa KOToporo y paBHa L,
T. €. IIWPHUHE IJIacTa, OoHa orobpaxkaercsa B Touke --1*, Opamuara aTiX
orobpasxeHnii, T. €. ©X PACCTOAHUA OT OCH Z, COOTBETCTBEHHO DAaBHEHI — [
n 2L — l. Ho kKak TOJbKO MH BBOJUM B paccMOTpeHME 3TH BooGparkae-
MBI€ CKBAajKMHBI, CJIe[lyeT YYNMTHIBATH BJINAHNE, KOTOPOE OKA3bIBAIOT Ha
HUX TPaHUIH Macra. [[JIA aToro oHM TaKke JOJIKHBI ORHTH OTOOPaKeHE:
BooOpaskaeMasa cKBaKWHA B Touke (* — B Touke -1 ¢ opjgusaroii 27, -
~+ 1, a BooOpamaemas ckBakuHa B Touke +1* —B Touxke —1 ¢ opgmHATOI}
— 2L 4 l. 9tu HOBHE BOOGparkaeMsie CKBa;KMHBI B CBOIO OYepelb OKa-
BHIBAIOTCA IIOJ| BJIMAHHEM TPAHWI MJIacra, A MOTalleHud KOTOPOTO
TpebyercA mx orobpasKeHme COOTBETCTBEHHO B Touke —1* ¢ oppguHaTroii
— 2L — l u B Touke + 2%, ¢ opaunmaroit 4L — [ m T. 1. Ko Geckomed-
HOCTI/I

B raba. IV. 5 npuBeneHs BHPayKeHUA JUIA TEPBHX pPajinyCcoB-BeK-
TOpoB toukn M (z, y), T. e. paccToAHHUil 9TOH TOYKM OT PeaTbHOH CKBa-
JRUHH u ee orobpamenuii. Tam ke mamsl BHpaskeHHA A n-ro ¥ n*-ro
orobpasrennii (n u n* — mopAnKoBEIe HoMepa oToOpaseHuit).

Mcnonssys, Kak m pasblie, [jA XapaKTePUCTHKHU II0JA, cO3JaBae-
MOTO peaJbHOIl W BOOOpa)aeMHMH CKBarkKUHAMH, QYHKOUIO JHMHEHHOTO
Temoporo mcrogsuka (cm. ¢opmyay IV. 41 B § 1 sroit raaBH), MOKHO
OpefCcTaBuTh pacuerHsie 3aBUCHMOCTH [IIA paccMaTpuBaeMOM CXeMbl

106



B BHJe JBYX OECKOHOYHHIX CYMM 3TO# (QYHKOEH IO n u n¥, mMpmHUMAa0-
1IiX Bce 3HAUeHWA OT — oo J0 -} co. 3HAKH pacxofa BooOparKkaeMhHiX
CKBA)KMH 3aBUCAT OT YCJOBHH HA KOHTYpPaX BOJOHOCHOTO TOPH30HTA:

~4i-0 =2*g

4t -2 @

72
%70 TN 20-1 -1*

/f:czinst /?\

=242 -7 @\

8) =
777 7447774 -ie*
9=0 O/— ®
6= -t o*{ ¥

- ¢
i ~ NN .
77 T ¥ ! Sor -
m

! f -z

Q\
S0 2[~0 +71% c:a/ Q

S
248 +1 ‘\5/*
a \‘\'
S=const

44~ +2% AN

‘ /

444t 42 O

Y

Puc. IV. 6. CxeMbl K pacdeTy CKBaKPH B BOJOHOCHHIX T'OpH3OH=
TaX, OTPAHHYEHHBIX NApalTeIbHBIMI NPAMOIHHEAHEIMH KOH=
TypaMu

a — MesKmypedbe, 6 — TON0CA, OrpaHUdeHHAad C OAHOM CTOPOHH peKoff,
a ¢ Jpyroif — HeIDOHMOaeMBIMUM IIOpOHaMH, 6 — NOoJIMHa, AHO U OopTa Ko=
Topo# CJI0MEHHK HenpOHWHaeMBEIMM HOopoTaMM

B clydae oTOOpa)KeHHA OTHOCHTENLHO HENPOHWIAeMOTO KOHTypa BO-
o0paskaeMele CKBaKMHBI, KaK W peaibHble, IpeJCTaBIAT coboii mc-
TOYHAKA C TIOJNOKUTEJIBHEIM B3HAKOM, a NpW orobpaskeHmd OTHOCH-
TeJbHO KOHTYPa C IIOCTOSAHHHIM HamopoM BooOpakaeMble CKBaKWHBI
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Ta6amnma IV.5
Cxema oToOpaKeHMil s («IIACTa — MOJOCHD)

3HaH pacxona Q AnA pasIUyHBIX
Hrmexont oxma- | qou D e ok dondn R0 | Cron e e TV
UL U e€ HeilCTBUTEbHOM CKBAKUHDL
orobpasxennit 7 ee 0TOGpa KEeHHIt
CXéMa @ | cXeMa 6 cxema 6
0 o =r"=2"+(y—0’ + + +
Q}=2"+(y—2L—1)’ + — +
—1 o2 ="+ (y+2L—1)’ + - +
2 Qg =2"+(y—4L—1) + + +
—2 ety =2"4-(y+ 4L —1)* + + +
O6muit unen Q%:xz—}— (y—2nL —1? 4 (—n" +
0* oy ="+ (y+1)° — -+ +
1+ e =2 +(y—2L+1)° ~ - +
—1* o o =2"+-(y+2L+1)° - - +
2% Qs =2" +-(y—4L 1) — + +
—2* 0% pe=2"H(y+4L+1)° - + 4
O6muit wnen | @2, = z%4-(y—2n"L4-1)? _ (—1)"* +

TpecTaBIsaA0T coboii CcTOKM ¢ oTpuIaTeJabHHIM 3HaKoM. B raba. IV. 5
IOKAa3aHbl 3HAKM PACcXOja MePBHX OTOOpaskeHWI A Tpex THUIIOB BOMO-
HOCHHIX TOPHBOHTOB, CXeMH KOTOpHIX IpefcTaBieHsl Ha puc. IV. 6.

B cooTBercTBUM CO CKa3aHHKIM 3aBUCHMOCTH JIIA pacdeTa CKBAKUHBI
NPUMEHUTENHHO K 3THM CXeMaM BEIPa3ATCH CIefyIomuM 00pasoM:

— IV. 43
S = < e av-43)
3aech fen — OeapasmepHOe rHApaBIUYECKOe CONPOTHBJEHUE, OIpese-
JasieMoe ciaemyomuM 1o Gopmymam:
cxema a—Ha ofoux KoHTypax ropm3oHra Hgy =const m
H 5 = const:

a t- )
@ _ 2 5 e & <t T) 2 ft::a( -1 dv; (V. 44)

n=- o n%*=—-00
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cxema 6—Ha OJHOM KoHType g6 = 0, Ha apyrom H, = const:

i

0 4a(t -T) ne 4a(t 1:)
= EI( 1)" ,_e, dt +- _:'( 1){ : dr;

) (V. 45)

cxema ¢—Ha obonx I(OHTyan go = 0:

Aa(t ) aa(t )
@ le e T ey E:f : Tdr. (V. 46)

n=-o00 0 n*=-co0 0

Pagw ¢ ¢ymrnumeil mcrounnmka, mpepcraBiaenusie B Buge (IV. 44) —
(IV. 46), ucmonpsoBaHbl IpH BHBOJE pacdeTHHX GOPMyT AJISA OLHHOU-
HBIX W B3aMMOfeHcTByIomMux cKkBakuu B paborax [50, 51]. Kak moxazax
H. H. Bepurms, pacueTsl CKBajKHH /A KOPOTKHX NEPHOHOB OTKAUKH
nerecoobpasuo TpoR3BOJUTH WO PopMyTam (IV. 44) — (IV 46), mcmoan-
3ya BMecro ucxonmoil ¢pymrumm (IV. 1) wHTerpambHHil dKCHOHEHIHAI
mo ¢opmyne (IV.9). MokHO OTrpaHMYUTHCA TAKAM YHCJIOM YJICHOB
pAfa, 9To0bl abCOMIOTHHIM 3HAYEHWEM IIOCHE[Her0 WJIeHA MOKHO GHLIO
nperebpeur [58, 72].

IIpym gunTeAbHHIX OTKAYKaX MOKHO MOJMb30BaThCA GopMynaMm, HOIY-
gegHBIMH U3 pAjoB (IV. 44)—(IV. 46) u npexncraBmernsiMu B Tabn. IV, 6.

@opmyasr (IV. 47) u (IV. 48), moayuennsre us Beipakenns (IV. 44)
nyTeM npeaejbHOr0 Iepexofa K YCTAaHOBHBIIEMYCA JBuKeHuio (upm
t — co) aHAXOrWIHbI PopMyIaM, BHBEJEHHHM paHee APYIUM IyTeM Ipn
PacCMOTPEHNU COOTBETCTBYIOIMUX 3ajad JJA CTANMOHAPHHIX HOTOKOB
B paGorax A. B. Pomamoa [173] m C. ®. Asepbanosa [5]. Touno
Tak jxe gopmymna (IV. 49) coBmajgaer ¢ $opmyioii, paHee NOJTYIEHHOI
H. A. Oruaseu [155] paa cranmomapHOTO IOTOKA.

13 wamoxeHHOro BUHO, 9T0 IPH [JIHMTENBHBIX OTKAYKax B BOJOHOC-
HbIX TOPH3OHTaX, CBA3AHHHIX C IIOCTOSHHO J[EMCTBYIOIUM HMCTOIHUKOM
nuTaHEuA (ByMA AOA OHUM — B cXeMaX & u 0) [JBUIKEHHE IOJ3eMHAHIX
BOJ, cTa0UIH3NpyeTCAd U JajbHeHNIero NOAMKeHNA YPOBHA HPW HEM3MeH-
HOM je0uTe CKBajkmH He mpomcxoxmr. MHoe mosoKenme cosjgaercs
B mjacTe ¢ JBYMs HEODPOHWIAEMHIMH KOHTYpaMH, T. €. IPH YCJIOBHUH,
YTO BOfa He MOCTYyHaeT CO CTOPOHH GOKOBHIX TpaHUI| IjacTa. B aTom
ci1ydae, KaK # B PacCMOTpPeHHOH paHee cxeMe C OJHOIl HEIPOHHMIAeMOil

rpamumeii, f& — co mpu ¢ — co, B CBasM ¢ deM dopMyIaME MOKHO
10Ib30BAThECA TOJBKO [AJsI MOMeHTa BpeMeHH, Korga S < Spon-

Ha puc. IV. 6 nmokasausl rpaduku usMeHeHUA Ge3pasMepHOro HOHHM-
JReHUA YPOBHA B (YHKHUMM BPEMEHH /A TPeX PAaCCMOTPEHHEIX THIIOB
BOTOHOCHEIX TOpn30HTOB. COOTBETCTBEHHO CKa3aHHOMY B CXeMax a u 6
rpagpukn S — ¢ co BpeMeHeM IprOGpPeTal0T BHA NPAMBIX, HapaaeJbHEX
ocii {, a B cxeMme g, coriacEo dgopmymam (IV. 51) u (IV. 59) KpHBasg
S—t OPONOpIMOHalbHA KOPHIO KBajpaTHOMY m3 I.
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Pacuernnie (opmMyapl Js oOpeneneHEA Ge3pasMepHOro CONPOTHBICHHA NPH JINTEILHBIX OTKAYKAX U3 CKBaKHH

Tabamma IV.6

B BOJOHOCHEIX I'OPM30HT3aX, OrPAHHYMEHHBIX NABYMA leﬂ'MOJl!lHeﬁﬂl:IMl’[ KOHTYpaMn

TIpn ompenenerun nmomuxenusa | Homep IIpn ompejgeleHUN MOHMKEHHA B MOOOH TOYKe BOJOHOCHOTO Homep
Cxema YPOBHA B CKBa:uue (B Touxe O) | ¢-an ropn30HTa (B TOYKEe M) 1158148
¢ nz % (y+1)
Ha ofomx KoHTypax 0,64 L sin nl " ¢h —— —cos —5—
TrOpHE30HTA (a) L IV, 47 f@ =In IV. 48
fo, =2In nz n (y—1)
Hol ==const, re ch -—L— - COS -..T—-
H02=C0nst
6 1.97 L ot nl : [ +c0 n(y4-1 ):l '[chﬂ_}.cosw]
Ha opmHEOM KOHTyD® (6) 27 Le gT IV.49] §© — 2L 2L 2L IV.50
ropmsoHTa g6==0Ha | fop =2In cn Chnx—C . -+ [ch nz e (y—1)
npyroM Hy=const ¢ ' oL YOS 3L oL,
— 56 at .
19 = _7.’_1__‘_/_@‘__{_ 9= 1256 Y at 562/ = ierfe (M)
¢ o L 21 x
Ha o60EX KOHTYpax 12 In—016L Iv.5 - Iv. 52
ropmsonTa 46=0 ro sin Zo- +1n e nz a(y—1)
= P ] [ e BT
4 [ch 7 e08 = ch 708 —
3xecs B fopMyTax, Kpome paHee yKaBaBHHJ;, NPHEATH clegyomne 0603HATCHNAA:
2
i erfe (M) = ——=—A erfc (A); erfc (A\y=1—® (L), (IV. 53)

@ (A) BETCTPAT BePOATHOCTH: Cr0 3HAYCHAA B 3aBACEMOCTH OT apryMeHTa A =

snavenua Qysxunm i erfc (M) Jaun B DpPUIGKCHOE 5; re — PAJEYC CKBaKUHLL

z
2y at

HPHBCACEM B OPMJIOKCHHH 1}



§ 4. Opunounas coBepllleHHas CKBA;KHWHA
B 663I‘paHH‘IHOM CIOHCTOM BOI(OHO!)HOM TOPH30HTEC

[[pn paccMoTpenwnu 3affadu O JABUKEHHU TOJ36MHBIX BOJ B CJIOMCTHIX
BOJOHOCHKX TOPU30HTAX OOBIHO NPWHHMAETCA ORHA W3 ABYX HpeAmo-
CHIJIOK.

Corsiacmo mepBoii (mpefgmochinke J[fomiow) B Kaj)KIOM cJioe TOPH30H-
TaJbHBE COCTABJIAIINE CKOPOCTH 110 IJIyOHWHE CUNTAOTCA IOCTOSHHBIMA.
Teoperuueckoe mcciaegoBanne QUIBTPANUE IO 9JTOH cXeMe [aHO
H. K. T'mpunckum [86, 87]. OGo0menne MeToquKu pacueTa, OCHOBAHHOR
Ha aToit cxeme, cmexano II. fI. IlonyGapunosoii-Koaunoit [168], a qusa
yeaoBuii geycTamosuBmierocs apmxenus — B, Y. Apasunsim u C. H. Hy-
mepoBbiM [17].

Bropaa mpejnocHaKa COCTONT B TOM, 9TO B CJI200NPOHMIAEMBIX
CI0fAX, HIM TAaK HA3KHBAGMBIX (TJIMHUCTHX MEPEMHYKAX», «HECOBEpIIeH-
HbIX BOJOYIIOpPaxX», FOPU30HTAIbHEIE COCTABIANMUE CKOPOCTH PUIBTpa-
UUH OPUHEEMAIOTCH HACTONBKO MAJBIMH, YTO UMW MOKHO mIpeHe0pedn
Il CYMTATh, YTO (UIBTPANUSA B HHUX IIPOMCXOINT IO BepTuKamu. Taras
cxeMa ¢uIbTPAaUM IUPOKO HMCUOJAb3YyeTcs [JIA pemieHus pPasHooOpas-
HH'X 3afa4. B 9acTHOCTH, IPUMEHUTENHHO K CKBa;kuHaM y Hac B CoBer-
ckom Corse oma momyduina ocBemenue B paborax H. K. T'mpunckoro
[87], A. H. Maruesa [1471], II. . Ilony6apunoBoii-Kounroit [168],
B. H. lllenxaueBa u M. A. I'ycceitn-3age u MEorux apyrux. Unrepecusie
HceaeoBanns, 0asupynimuecs Ha DTOH cXeMe, BHIIOJHCHHI 32 PyOem oM,
sanpumep Jxexo6om m XanrymeM (psf ux crareil ony6iaukoBan B cGop-
HiKe mepeBofoB [841).

Crporux KpuTepumeB B OTHONIEHNM BO3MOKHOCTH NIpHMEHEHHS TOM
M APYTroil M3 yKas3aHHBIX ¢XeM 10 cero Bpemenn eme HeT. Ommako ma
OCHOBAaHWUY HEJIOTO PAJa TEOPETUIECKHX M DKCTIEPUMEHTAJBHBIX HCCIE0-
BaHHM MPUHATO CINUTATh, YTO PACUETH IO IEPBOW cXeMe MOKHO IPOM3BO-

[HTH HPH -]1i > 0,00 — 0,1 (k, 1 k — xospdunuenrsr YuabTPaAOuU CO-
0

OTBETCTBEHHO Pa3feNAIero IIIMAKCTOr0 CJI0A H OCHOBHOTO TOPU30HTA).
ITo Bceil BeposATHOCTH, 9TO COOTHODICHHE MOMKET OHITH -CYIIECTBEHHO
VMeHbHIeHO (T. €. pasnniusa B KoapdunumeHTax ¢uabTpanuu MOTYyT GHITH
fojiee 3HAYUTENHHHIMU) B (UIBTPANUOHHHX NOTOKAX GOJBUIONO0 HPOTH-
JReHAA ¢ Mallo M3MeHAImeiica melmpeccHOHHON HOBEPXHOCTHIO. TeM He
MeHee BechbMa OOIMUPHBIA KPYr 3a7ad 0 HPUTOKE K CKBAJKUHAM MOMKET
peuraThCA HA OCHOBE BTOPOH CXEMbI, KOTOPOIl YYUTHIBAIOTCSA TOJHKO
BePTHKAJbHBIE CKOPOCTH QUIABTpPAanuu B CIA0ONPOHMIAEMBIX CIOAX.
IlpuBegem meKOTOpHIE M3 HUX.

1. Hamopase TOpPHU3OHTH, HEpeKpHBalOmMuecs
cniabonpoEMmaeMoil NMTauKOW BOJOHOCHBL X II O-
poja, ¢cBA3aAaHEHX ¢ aTmocdepoii. Hamopase Bogomoc-
Hble FOPHW30HTHI, 3ajerapmue HA HeGOJbmIOW rayOuEe OT IOBEPXHOCTH,
00bIYHO TIEPEKPHIBAIOTCSA HEONHOPOAHOH 0 COCTaBy TONME MOPOX, KOTO-
pad B HeJOM XapaKTepusyercsa B3HAUUTEIHbHO 6Gojiee HH3KOH BOIOMPO-
HunaeMocTslo. OZHAKO NpH JeHCTBUM CKBAKMH B TaKHX HAMOPHHX
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TOPH30HTAX CHEAyeT YIUTHBATH BO3MOKHOCTH MOCTYIJICHNA BOB B3 epe-
KPHBAOMEHl TOJMM; BO MHOTUX CJIYdYasgX 9TO MOKET CYIMIECTBEHHO OTpa-
3UTHCA HA JMHAMUKE YPOBHSA U PACXOfia CKBAKHHHI.

IIpepnonoxuM, 4TO mEpeKpHBANIAS TONmMA MOKET OBITH NpexcTa-
BAeHA B BUAE e€IWHOI0 KOMIIIEKCA ¢ YCPEeNHEHHOI BOLOIP OHNI[AEMOCTHIO,
IprYeM B 3TOM KOMIICKCe COAEP:KUTCSA TOPH30HT I'PYHTOBHX BOJX CO
cBOOOHOI MOBEPXHOCTHIO, HONMONHAEMHE MHPMIBTPanueidr aTMocdepHBIX
ocagkoB. B ecrecTBeHHBIX yca0BusAX o6a ropmsonta — BepXHMIi, CO CBO-
Goamoii HOBEPXHOCTHIO, ¥ HIDKHMIA, HATIOPHHIA, MAAPABINICCKA CBA3AHE
MeskAy co6oif, HO YPOBHM HX, BOOOIIE IOBOPsA, MOT'YT OBITH Pa3ianIHbIMH.

Necxonsa us IPeAmOCHIIKN 00 OTHOCHMTEJIHHO MAaJO# BOJONpOHMIAE-
MOCTH HepeKpHBalomell Nauky MOPOJ, MO}KHO 3aady O MPHUTOKE IMOJ3eM-
HHX BOJ K CKBajKuHe, 3aJI0}KE€HHOHI B HANMOPHOM TOPH30HTE, B [JAHHOM
cllydae pelraTh Ha OCHOBe CIeAyHOmeil cucTeMbl ypaBHEHHM:

e— o =k, (l‘—‘#’—) , (1V. 54)
a*<j£g_+_g,%f_>+%(hzﬂ)= /. (1V. 55)

IlepBoe m3 sTux ypaBHEHMH XapaKTepuayeT [BUKEHNHE B BepPXHEM
TOPU30HTE M MpefcTaBiasAeT coGoil COOTHOIIEHNE MEKAY CKOPOCTHIO YUIIb-
Tpamuud H J[eHCTBUTENBHOH CKOPOCTHI0 BEPTUKAIBHOIO IlepeMeImeHnsd
cBobGofHOIl moBepXHOCcTH. BTopoe ypaBHEHMe ONMCHBAET 3JIeMEHTAPHBII
famaHc BOXBI B HUJKHEM HANOPHOM TOPU3OHTE.
OGo3HaueHnsA B HHUX CJeAYIOmue:
h — roy6una Bomel 0T CBOGOXHOH NIOBEPXHOCTH [0 KPOBIH HIUK-
HEro TrOpU30HTA;

n —Road)dmn;nem BOJOOTA4M BepXHei mauRd MOPOLK;

ky— ee cpexuuit xosddunuent GuibTpPAnUH;

¢ — mHPuIBTPamusa arMocdepHHIX 0CagKOB (3a BHYOTOM WCHAPEHNs,
T. €. MOAYJb IHUTAHHJ BOJOHOCHOTO TOPU30HTA);

H — Banop HWKHEro TOPHU30HTA;

a* — ko3 UUeHT HHE30NPOBONHOCTH DTOT0 FOPH3OHTA

k
a* = T’”- (1V. 56)
3ech km — BOJOIPOBOAMMOCTD;
pu¥ — xosdPEUHEHT YUPYroir BOXOOTHAYM HANOPHOIO IIACTA,
onpefie/igeMblif B 3aBHECHMOCTH OT YHOPYIMX CBOIHCTB BOJH H
BOJOHOCHOH WOpPOAH (W*=pynp; cM. Qopmymy (II.44)):

p* = ymp*, (IV.57)

Y — YIeXBbHBIIX BeC BOJHI;

B* — xoaddumment yupyroemroctu [220, 221].

bypem cunrars, 9T0 [0 BBOJa B peicTBMe CKBazkumbl, mpu t = 0,
H=H,n h= he, rge H, u h. — nepBoHaganbHbIe ((CTATUIECKUEY)
YPOBHE B HANOPHOM TOPM30HTe W IEPEKPHBAIIUX €ro BOXOBOCHBIX
nmopojax.
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HonomxnuM mamee, 94To pacxoj CKBAKMHBI NOAJEPKHBAETCA NOCTOAH-
HLIM:

£>0,7 0, lim2x kmr 2 = — Q,, (IV. 58)

a BCA TOJIA B IJiaHe sBJasgercd (e3rpaHUTHOI.

IHocTymum Tak, Kak 910 OBLIO C/leIaHO B paGore [73] nsia ogHOMepHOIT
3a/1a9M 0 MOANOpe MOA3eMHBIX BOJ B pajioEe Bogoxpanmiunl. Berpasum H
u3 ypasaenus (IV. 54);

. € b oR? '
H=h(1—2)+ 35 (IV. 59)

IMogeraBaaa teneps H mo (IV. 59) B (IV. 55) mocime psaga ynpoma-
OmMAX npeobpa30BaHMil MOMKHO IOJNYYUTH CIEAYIOmMe HpUOIVKeHHEIe

YpaBHEHUA:
02U 1 oU oUu
e (o3 75 ) = 5 (IV. 60)
U=he—h-+2L, (IV. 61)
14
km{l—— -+ ¢
g** ( ko ) , (IV.62)
B
pe = (1=t + (1V.63)

Honpo6amit BeBox ypasmemus (IV. 60) mpusemen B paGore [551].
B ¢opmyae (IV. 62) @, ¢p — HEKOTOpas GyHKHMsA, Boobme roBopd, 3aBU-
cAmAsA OT r U f, HO ¢ TeIEHNEM BPEeMeHHM HpuoOpeTalomas Majoe 3Hade-
HEe 1o cpaBEeHEI ¢ eguauneid. Ilpm BoiBome ypasmemusa (IV. 60) oma
OCPeHAETCA M IPUHMMAETCA IOCTOAHHOW: @ ¢p A~ const.

B coorBercTBum ¢ 3aBucumoctsio (IV. 59) yemosue mpm r — 0 Moser
ObITH HaiileHo W3 ciaeyomero OoOBKHOBeHHOro AuddepeBnnaaIbEOro
YpaBHeHUA:

a
22 910+ P00 =0, (IV. 64)
_ ky—e, . :ko
b=t = (IV. 65)
Pemenune ypasmenus (IV. 64) maer:
0= (1 _ Py (V. 66)

3ajava, TakuM o6pasoM, HAMM cBefleHa K YiKe PacCMOTPEHHOMY BHIIIE
caydawo, KOrma B Ipomecce OTKAYKM IPOMCXOAMT HOCTENeHHOe BO3pa-
CTaHWE pacxofa N0 JKCIOHEHNMANbHOMY B3aKomy (cMm. § 2 macTommel
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raaser). Pemenne ypasmenusa (IV. 60) mpu stom ycmoBum Gymer umMeTh
BUI:

h:he_ % .fc4+

(1——-)km

Tpe fo,— rajgpaBiaudeckKoe CONPOTUBIEHHE, OIpeledseMoOe 10 BHIpaske-
ausam (IV.27) —(IV.30) m raba. IV. 3. ‘
B mux npumen TelpHO K paccMaTpEBaeMoll 3fiech 3ajaue Clefyer
a¥* —r2
NPUHUMATE: B = ]/_j— W HO-UPEKHEMY O = o,
B ¢opmyne (IV. 67) upunumaercs, aro & < ko. Ilpu & = k,, mociue
pacKpuTuUA HeompefenenHocTu B Bepaskenuu (IV. 66), momygaem:

Q = —B,0Q, (IV.68)

T. €. B JaHHOM CclIydJae Kak Obl IPOMCXOQUT JHHEHHOE M3MEeHEHIe PAcXo/a
Bo BpemeHn m BMecTo (IV. 67) Gymer:

p** ) (IV.67)

kot t
h=he + it foa + 1w (1V. 69)

rae fc,—THAPABINYECKOE CONPOTHBIEHUE, ompeenseMoe mo Qopmyie
(IV.18) u ra6a. IV.2.
Bripaskenue a5 samopa / no ucTedeHUH BpeMeHU

3+5)ph -
t= B85 hop kof‘scv (IV. 70)
oupepengerca us (IV. 59):

r2
La**¢

) (IV. 71)

= .8 I o QHe
H=h|1 k, (1—;1.**) 4n;cm(ko—a)t

IlpmBeierHOE pemeHue COOTBETCTBYET MPEAMOCHIIKE O TOM, YTO OJHO-
BpeMeHHO C BBOJOM B JeHCcTBHe CKBa;KHHbI HAYMHAETCH MHOUIBTPAIIA
aTMoc(epHHIX OCaAKOB MHTEHCHBHOCTBHIO €. TaKasg NpemoChIIKAa OTBe-
4aeT pealbHBIM YCIOBUAM, HANpUMep, AJs OPOMAeMHX TeppHUTOpHii,
KOT/ia SKCIIyaTanus CKBAKUHH KaK NPEHAKHOTO COOPYKeHHA HadH-
Haercd ONHOBPEMEHHO C MOJUBOM MOJIeH.

Ecau cantarh, 970 HHQAIBTpAUA NPH AeHCTBUN CKBA;KUHBI HE M3Me-
HAeTCSA, TO BAMAHMNE €€ B Pe3ynpTaTaX pPacyeToB aBTOMATHYECKH YIUTHI-
BaeTcd, MOCKOJABKY OHA HaXOAWT OTpasKeHume B MOMIHOCTH BEPXHEro
TOPH30HTA €O CBOGOAHON MOBEPXHOCTHIO, T. €. B Benuauue h,. B coorBer-
CTBUM C 9TUM BO BCEX IpHBeJeHHHX GopMyaax MOAYIAh NUTAHUA & MOKHO
DONOKUTh PABHBIM HYJIO.

Ilpu AnuTensHKIX mepuogax oTKa9KK B 9ToM ciaydae dopmyust (IV. 67)
u (IV. 69) no BEHemmeMy BUAY CTaHOBAFCA AHAJOTHIHHIME (OpPMyIaM
AIA W30JMPOBAHHOTO BOJOYHOPHOH KpOBIe# M NOJOMBO# HANOPHOTO
ropusonra. OfEaKo mo CBOeMY COREp;KaHHI0 OHM CYMECTBEHHO pasiu-
qaprcd. B paccmarpusaemoii cxeMe qByXcI0@HOTrO miaacTa Koaddumnest
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IBe30NPOBOAHOCTH, KaK BuAHO u3 Bepaskenui (IV. 62) u (IV. 63), zasn-
CHT OT BOA0OTAaYM 060ouX miacToB. IlocKoMBKY BO MHOTHX CJy9asAX BOJO-
oTia9a HANOPHOTO IVIAcTa p* 3HAYMTENHHO MEHBIIE BOXOOTAAYH OCymIa-
€MOro BepXHero ropusoHTa [, To W KodQPHIUEBT NHe30IPOBONHOCTH
B TaKHX YCIOBHAX OKa3wiBaeTcsa ropasjgo Gojee HUSKAM, 9eM B cOBep-
IIeHHO H30JYPOBAHHHX ILIacTax, T.e. a** < a*.

2.Hamoprawme BOJOHOCHBE TrOpPHU3OHTEH, pasi-
JeNeHHHME cXaboMpoHMMAEMHMHE FTAXMHEHHECTHMA
¢xosaMHA. EKcax mmeerca cucrema us AByX ® Gosee BOJOHOCHBIX FOpHU-
30HTOB, paszfieJeHHHX CIa00BOJONPOHMIAEMEMA TJIHHHCTEIMEA CJIOSMH,
TO IJAA ydera B3aUMOMeHCTBHA STHX TOPU30HTOB HEO0XOAUMO TAKKe pe-
IaTh CUCTEMY ypaBHEHUH, KOTOPHMH OIMCHBaeTcsA OalaHC BOAH B KajK-
JIOM TOPM30HTE B OTAEILHOCTH. PaccMOTpHM cxeMy, COCTOAMYIO W3 ABYX
OCHOBHHIX TOPH30HTOB ¥ ONHOTO pPAas3feNsiiOmero CIos.

byneMm cumrars, UTO BORONpPOHMI@EMOCTH PasfeNAIONero cjIos 3Ha-
9NTeLEO MEHbIIe BOJONPOHMIAEMOCTH OCHOBHBIX CJI0€B. Torja, MCXOMs
I3 BTOpO# cXeMmbl ¢uibTpanum, T. €. mpemedperas TrOpU30HTAILHHIMHA
COCTABJIAIIMUME CKOPOCTH (UIAHLTPAIMM B PA3HeIAIOMEM CJI0e, MOKHO
B cooTBeTcTBUE ¢ ypaBHemuem (II. 52) ykasaHmylo cmCTeMy ypaBHEHMII
NpeJCTaBUTh B TAKOM BHJE:

. [ 828, 1 aS 88y -
e ( or2 T_@—,-l‘)_bl(‘sl_sz) "-:-5‘;1‘, (IV. /2)
* 6282 1. aS 682 >
0 (Gt 7 5) —hG—s) =5t aAV.7)

B srux ypaBmenmax §; m §, — NOHUWKeHAA YPOBHA COOTBETCTBEHHO

* -
B IICPBOM H BTOPOM OCHOBHBIX TOPH30HTaX, a; W @z — KO3(HIMEHTH
Ib€30IPOBOJHOCTH 3TUX TOPH30HTOB:

k kr -
g = Fmle ¥ o Lkm)y (IV. 74)
Y M
rae (km),, (km)y, py, By —HX IPOBOUMOCTH H Koa&)cbnnuenfrm BOZIOOTAAYI.
Mnosxurenn b, m b, XapaKkTepd3yIOT HHTEHCHBHOCTH NepeTeKaHHs
depe3 pasmenArOmuil cnoit mpu ¢UIALTPAanUM B BePTUKAJIHLHOM Hampa-
BJICHHU: '
k k -
by =———; by = ——, (IV.75)

w m ’ *m
l'kl 9 pz [

rae ko u my—KoaddunuerT YUABTPANUE H MOIHOCTD Pa3IeIAIMEro CIod.
lonmwenua yposEA S; m S, OTCYHTHBAIOTCA OT HEKOTOPBIX HEPBO-
HAYalbHBIX («CTaTHYeCKUX») ypoBmeit H, u H,, ~KaKIOro ropusoHTA:

S,=H.;,—H, S,=H.,—H,, ~ (IV.76)

rie H; u H,— HanopHele YpPOBHE B KaKAOM TOpH3OHTe B Ipouecce
OTKAYKH H3 CKBaKMH (B TI060if TOuYKe ¢ KooppmuaToii 7 B Jroboil
MOMEHT BpeMeHH 7).
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ITono;xuM, 9T0 OTKAaYKa NMPOM3BOUTCHA TOJBKO M3 OJHOI'0 FOPH3OHTA,
HalpUMep M3 HEKHEro TOPH30HTA 2, mpudeM [e6UT CKBaYKUHBL MOCTOSH-
HH (g = (), = const (MaTeMaTWYeCKH 3TO YCJIOBHE 3aMHUCHIBAETCH IIO
(IV. 58). Bynmem BMecTe ¢ Tem cumTarh, YTO 3Ta OTKa4YKa HC BHI30BET
CKOTBKO-HHOYADL 3aMETHOTO HOHWKEHHF YDPOBHA B COCE[HEM TOPHU30HTE
1 (mecMoTpA Ha TO, YTO OHM THAPABIMICCKN CBA3AHH W W3 TOPH30HTa I
Gyner IMPOMCXONUTH HepeTeKaHne BoJsl B TOPU3OHT 2 depes ciaabonpoun-
IaeMslil pasHeNAlomuil croi), T. e. mpumeM, uro S, = 0.

Taxroe ycioBue 03Hagaer, 9TO MBI CINTAeM 3afachl BOLI B ropusonTte 1
MOCTOAHHO ¥ TEOPeTUIEeCKH MIHOBEHHO BOCHOJMHAIIMUMUCA. B 3TOM ciy-
gae ypaBuetme (IV. 72) us cumcrempl mckiamogaercsa M 0CTaeTcda pPOIIHTH
oxno ypasrenne (IV. 73), B koropom S, yse orcyrcrayer. Temeps pe-
LIeHNe JIeTKO IIOJNYYHTh, HANPHMEp, CIEAYIOMHUM IIyTeM.,

BBenem B paccmorpenume HOBYWO (YHKIMIO:

Sh = Se™, (IV.77)

Torga mocme gudpdepeHuupoBanus soipakenusa (IV. 77) nwo r 1 wo ¢
¥ IOJCTAHOBKM pe3ynprara B ypaBHeuue (IV. 73) momyguMm BMmecTo moO-
¢JIexHero o0b9HOe ypaBHEHUE TEIIONPOBOHOCTH, HO YsKe OTHOCHTENHHO

dyHRIHU So:
o 9780 4 oS! as;
2 2 2 T~
“2( o 7 Tar )_ FT (IV.78)

IIpy aTomM JeOHMT CKBaRMHBL BHIPA3UTCA TaK:

*®

R oS Dot
r—0; Hm2m (km),r —% = —Qye™. (IV.79)

Takum ofpasom, puaABTpanusa w3 COCEHETO BOJOHOCHOIO FOPU30HTA,
B KOTODOM 3amachl BOJH HEOTPAaHWYEHHO BENHKU, PAaBHOCHIbHA TOMY,
4T0 OTKAYKa BeJeTCA M3 M30IMPOBAHHOIO BOJOHOCHOTO0 FOPM30HTA, HO
¢ Ae6uTOM, YBeJIWIMBAIOMMMCA IO YKCIOHEHI[MAThHOMY 3aKOHY.

[ogeraBassa, Kak 3To MBI fenajd B NpeIHAyIuUX 3agasax (cM. § 2),
Bupaxeune (IV. 79) B ocuoBmoe ypaBmenue pana wmcrogumxa (IV. 1)
(em. § 1), moryuum caenyromyo GopMyny ajiA OUpeaeeHus TOHUMKEHUs
YPOBHS B paccMaTpuBaeMoil 3[ech cXeMe ¢ IlepeTeKaHmeM BOJEL M3 CO-
CeqHero TropU30HTA:

S, =~ (IV. 80)

Qs f
4t (km), 105
rue f.s ompemensiercs mo ¢opmyme (IV.35) m mo tabm. IV.4 B § 2
HACTOALICN TIaBHL. .

[Tapamerpsi, Bxogsmue B dopmyny (IV. 35), mpuMeHHTeIpHO K pac-
cMaTpHBaeMoil 3xech 3ajade B3aUMOAEHCTBHA ABYX HANOPHHIX IOPH30H-
TOB BBHIPAKAIOTCH CHeAyommM obpasom:

__ o/ (km)ym, = V. 81
B-~ kO [ (10 4a:t . ( M )
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B caygae, xorma Kpome ropusonTa 1 mMeeTcsa eme HIKHUII mnTa-
JOIMU I FOPUB0HT 3, M3 KOTOPOr0 BOMA MOKeT MOCTYNaTh B FOPU3OHT 2 depes
c1abonpoHunaeMelit caoit ¢ xkoapdunmenrom ¢unprpanuu ky, ¥ Mom-
HOCTBIO My, B ypaBHenuu (IV. 73):

b . L Fo oo
by —by_ 3= . (m0+ mﬂo). (IV. 82)

B coorBercTBum ¢ sTuM mapamerp B Oymer:

_‘ / (km)amy (IV. 83)

O_l—_'— 00

B § 2 yxe ykassiBamoch, 9TO ruipaBInYecKoe COIPOTUBJIEHHE, BHI-
paxaemoe (QyHENueid f,; 0 WCTeYeHUW [INTEJHPHOTO BpPEMeHH TOCIe
Havana JeHCTBUS CKBA;KWHBI CTAHOBUTCH NPAKTHICCKH MOCTOAHHEIM (CM.
dopmyny 1V. 36). CnemoBaTenbHO, B CAOHCTHX TONMAX, UMEIOMUX BeChMa
DonbiiMe pasMepHl B IJIaHE, B ¢jydae, KOIJla HAIOPH B NUTAIIMUX CIOAX
He NOHWKATed, QuapTpanus NpuobperaeT ycTaHOBUBIIUMCA XapaKTep.

Ograko He BCerga MOKHO NPHHHEMATH HPEANOCHIIKY O IOCTOSIHCTBE
HamnopoB B COCeNHUX TOpPM30HTaX. BO MHOruXx ciydasx, 0CO0EHHO NpH
AAUTeNHHHX OTKAYKAaX M3 CKBAKUHH, NMOHIKEHHA HANMOPHOTO YPOBHHA
OyAyT MpPOMCXOAUTH KaK B OCHOBHOM, 3KCIJIyaTUPyeMOM, TaK U B cOCe[-
HUX, MHTAOMUX BOMOHOCHBIX TOPU30HTaX. [{as Toro dToOB OTpPas3uTh
3TO OOCTOATENBCTBO, HYKHO pemuTh cucremy ypasHenuit (IV. 22)—
(IV. 23) Ge3 panee coenapHBIX YOPOMEHUN, KOTOPHIE CBONAT 3Ty CUCTEMY
K OJHOMY YPaBHEHHIO.

Taxoe pemenue 6p110 monyaeno M. A. Hapusm. K coskanennio, oHO
BHIDQ/KAeTCsA B BeChbMa CJOKHOM BHIEe, HEYAOOHOM JJIsA IPaKTUIECKOIO
NO0JIb30BaHuA. B ¢BsA3M ¢ 9TUM Ielec000pasHO MONYYHTH MPUOIH;KEHHOEe
penieHne To# ke 3amadu. B 9acTHOCTH, IpeAcTaBisAeTCA BO3MOKHLIM,
HANIpUMeEp, MOCTYNUTH CAEAYIOIMUM 00pPaszoM.

Tax sre, KaK 3TO MBI AeJaud JJsA [BYXCJIOHHOHE CXeMhl, B KOTOpOIi
HaTOPHHII FOPU3OHT CBsI3aH C 0OE3HANMOPHBIM, BHIPA3UM U3 yPaBHEHU:A
(IV. 72) mcroMyo mepeMeHHYIO S,:

SZ—S1+ 1 6S __21(6251 41 1 asl>. (V. 84)

MMpoussens ﬂ;Hd)(hepeHHHpOBaHHe 3TOT0 BHIPAKEHUA IIO r W IO § |
HOJCTaBIAA NOINYyUYeHHHH pesyabTaT B ypasmemume (IV. 73), mocae
0TOpacHBAHUA NPOU3BOAHKX IOPATKA BHIIIE TPEThero, MOJAYyIUM CJIEAY-
Iomee npuban/KeHH0e YPaBHeHNe yKe OTHOCUTeNHHO ONHOH mepeMeHHO

Sy
028, 1 05, 45, .
“**("arT 1.5 )_ L (IV. 85)
o+ — Q’E)L};_l;éﬁ'f}l_%_(pl e} (IV.86)
M opt ol (1V.87)

117



B BHIPaZKEHHU I (IV. 86) dyuKuus @,cp OCpefHsAETCA H CUHTAETCHA
MOCTOSAHHOM. i

IIpu oTkayke U3 ropu3oHTA 2 ¢ MOCTOAHHBIM Je6uTOM (Jy, PPaHWIHOE
ycIoBHe Ha CKBajkuHe [Jid Hoaydennoro ypasuewns (IV. 85) 6Gyjer
HMETh CACNAYIOMMIL BUJ (CM. ypasrenue (IV. 84)):

r—0; hm.2::'t(km)2r[6'g1 ,—%-{%(%ﬁ‘)]:—@o

(IV. 88)

HnIu

90 4 b,Q+b,00=0. (IV. 89)
Pemenne 3TOT0 ypaBHEHMS BHIPA3UTCH TaK:

—byt
Q= —0Qo (1 —e™). (IV. 90)
Taxkum ob6pasoM, B JaHHOM CJIydde MH HOJYIWIHN TOT 3Ke 3aKOH M3Me-
HeEHsA [gebuTa, 9To W IIPU PACCMOTPEHMH CHKBaKUHEL B JBYXCJIOIHOI
TOJIE, PemeHne A KoToporo OBIIO mpuBeleHo Bemie. [IpaMenunrtensHo
K paccMaTpuBaeMoii 3fech 3ajade MOKEM B3aOUCaTh:

S, = (IV. 91)

Qo
4TT (km)l fC47

rlle 3HadeHme f.4 ompenexnserca mo Gopmyaam (IV. 27)—(IV. 30) n
taba. (IV. 3) mpu ciaefyomux BhHPa;KeHUsAX NAPAMETPOB:

a** r2
r T e

(IV.92)

3necw b, m a** maxopnsarca coorsercrBenno mo (IV.75) u (IV. 86).

Jna maxokgeHus HOHH/KEHUsA YPOBHS B TOpPM30HTE 2 (U3 KOTOPOTO
[0 33JlaHHOMY YCJOBHIO IIPOM3BOJUTCA OTKAYKA) CAEAyeT HCIOJIb30BaTh
casp (IV. 84). IIpu Bpemenu

5 (35 me

(3=
"

(1V.93)

KOrjla THpaBiMieckoe COMpPOTUBICHNE f“ npubnukeHHo MOKeT OHIThH
BBRIDA}KEHO HHTQFPHHBHOK [[ORa3aTeJIBHOH Q)yHKLUZIeH B COOTBETCTBUU
¢ ypaBmenuem (IV. 84) mMeeM:

Sy~ [—Ei (—ay)+ ~“0( Z?g"“bi;ﬂ' (v.9

W3 sroro Boipakemus CilelyeT, 9To NOHUKEHHe YDPOBHA S, B TOpH-
30HTe 2 B IepBHIE MOMEHTH BpeMeHHN (KOIZla ¢y BEJMKO) 3HAUYMTEIBHO
Gonplie NOHW;KeHNUs YPOBHA S, B BepxHeM ropusonre 1 (ocobenno B6ausm
CKBaJKUHHI, mpu MajoM r). OfHaKo ¢ TeueHHeM BpeMeHH 3TO pasziudue
CIVIJKUBAETCA, W BEJIWIMHH IOHIKEHUS YpOBHA B 0o0OMX IOpPH30HTAX
CTaHOBATCA OaM3KUMU,
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I13 TouHOrO pemenus paccMarpuBaeMoii 3asady 0 QIILTPAIUN B TBYX
I130.IUPOBAHHBIX HANOPHHIX TOPHBOHTAX, PAasfeNeHHHX CcJIabonpoHHIa-
eMoil nepeMergKoif, Jannoro V. A. YapuniM, Tak ke, KaK U3 IPUBEIEH-
HOrO 37iech NPUGAMKEHHOT0 PeHIeHH s, CIEIYeT, 9TO BEINIHHH U CKOPOCTH
MOHIKeHUA YPOBHA B 060MX TOpM30HTAX NPH HeHCTBAM CKBa;KUHBI B OJI-
HOM U3 HUX 3aBUCAT OT IOKazaTeneil BomompoBoguMocTi (KoadduiueHTa
QuUIBTPALMHA ¥ MOIHOCTH) OCHOBHBIX TOPU3OHTOB M Pas/ielfAnmero clIos
Il NbE30NPOBOJHOCTH 06OMX OCHOBHHIX TOPH30HTOB.

W3 momyueHHHX pacyeTHHX 3aBHCHMOCTeil, 0JJHAKO, BHJHO, YTO pas-
JiYMe B Nbe30NPOBOJHOCTH OCHOBHBIX TOPMBOHTOB CKAa3hBAeTCH Ha pe-

3y.JapTaTaX pacdYeToOB B 3HAYUTEJBLHO MEHbIIel CTenmeHu, 94eM PpPa3jInumAa
B IIX BOJONPOBOAUMOCTH.

§ 5. Yuer HecoBepIICHCTBA CKBaKMHBI

Pasnuualor fBa Buja HECOBEpINEHCTBA CKBAKHH: a) MO CTEIEHH
BCKDHITHA M 0) M0 XapaKTepy BCKpPHTHA BOJOHOCHOIO FOPUB3OHTA.

IlepBeit BuA HecoBepmieHCTBA, KAaK CJeIyeT M3 CaMOr0 HAa3BaHUA,
onpejessAercs HEMOJAHOTOH BCKPHITUA BOJOHOCHOTO Topu3oHTa (BOJO-
HpHeMHas 9acTh CKBa;KUHH OXBATHBAeT TOJBKO HEKOTOPYIO 9acTh 0Gmei
MOIMHOCTH FOpPH30HTA). BTopoii Buj HECOBEpINEHCTBA — IO XapaKTepy
BCKPHITHA BOJOHOCHOTO FOPU30HTA — ONPEJeNAETCA OCOOEHHOCTSAMH Ca-
MO BOJOIPUEMHOH YaCTH CHKBaKUHBHI.

O6a BuJa HecOBepUIEHCTBA BHI3LBAKIOT JOMOJHUTEIbHOE (IO CpaBHE-
HHK C COBepPIIEHHOH CKBaKUHOH) CONpPOTHBJIEHHE H COOTBETCTBEHHO
AOMOJIHATEeIbHOe TOHM}KeHNe YPOBHA B NPUCKBH)KMHHOH 30HE M B caMoil
CKBa;KMHE.

ITO MOJKHO BHIPA3UTh CIAEIYIOMEHd B3aBUCHMOCTHIO:

ASpc= 25 ¢, (1V. 95)
3aech ASy, ¢ —IONONANTENLHOE TIOHHKEHHE YPOBHA, 00YyCIOBIEHHOE
HECOBEPIICHCTBOM;
Q. — pacxoj CKBasKUHBI;
{ — o0mas peJHYMHA  [ONOJHHTEILHOTO  CONPOTHBICHUA
BONHM3M CKBa)KMHBI, BOBHHKAKIIEr0 B CBJA3H C €e Heco-
BCPHIEHCTBOM.

B coorBercTBMM €O CKasaHHBIM MOKHO NpEJCTaBUTH ( B BHUJe JBYX
c/laraeMsix:

¢ =L+ G (IV.96)

rfe {; —9acTh CONPOTHBIEHWA, ONpefeiAeMas HENOJIHOTOHM BCKPBITHA,

Co — 9acTh CONMPOTHBIEHHA, ompefeisfeMad XapaKTepOM BCKDHITHA
BOJIOHOCHOTO TOPU3OHTA.

Jinsa onpefesnenusa BeIMduHB (; OOKYHO HCIOJL3YIOTCHA PEIIeHIs

Mackera [145], H. K. I'mpunrcroro [88], B. JI. Babymxuna [3], Koro-

pLIMI WMCClIeJOBaHA 3aJada O BJIUAHAM HENOJHOTH BCKPHTHA BOJOHOC-
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HOTO TOPH30HTA B YCJIOBHAX YCTAaHOBUBIIEIOCA [BM;KeHuA. B mocie nne
TObl MHTEPEeCHbIe pPeIIeHns ITOU 3afadu JJIA HEYCTAHOBUBIIETOCA JBI-
senna monxydensl Tarxe A. JI. Xeinom [194], H. H. Bepuruaem [70]
u Xaprymem [84]. Bo Bcex arux paGoTax paccMaTpmBaeTcs Hamop-
HHI MOTOK, TipudeM JJsA TONYUYeHUA PACUETHBIX BaBUCHMOCTEH, € TI0-
MOMIBI0 KOTOPHIX MOTYT OBITh BHYUCIEHB 3HAYEHHUS (,, HECOBEpMIEH-
Hble CKBAyKUHBI MOJETMPYIOTCA TOYEYHHIMU HCTOYHMKAMU, HENPEPHIBHO
U paBHOMEPHO pAaCHpeJeJeHHEIMH BJOIb OCH BOJONPUEMHOHE dYacTH
cKBa;KuAB. DYHKIUA TOYEYHOTO MCTOYHHKA, MEHCTBYIOMmEro B TeUeHUE
Bpemenu t, Bupaskaercsa Gopmynoit (IV. 2), npusenennoit 8 Tabxn. IV. 1.

2
Ilpunsas B sroit popmyne = const u BBeIA MOACTAHOBKY .@——(TQ:?)— = dq,
TONYYUM:
. . o 2
S = L _da; 0= - (IV. 97)
4k o Y a 4at
WnrerpupoBanue 3TOro BHPaKeHWA NAET:
§— -9 erfe—2 . IV.98
At k 0 2 1/at ( )

3mecw erfec ()= 1 — @ (1); @ (r) —wHTerpan BepoaTHocTH (CM. ¢op-
myny (IV.53) B § 3 m mpunokenme 1); B maHHOM ciIyuae A = T
at
Q0 — paccTogHHe OT IeHTpa MCTOYHMKA [0 TOUYKH, B KOTOPO# ompeje-
nAeTcA NMOHUKeHUe ypoBHA S. '
B cucteMme muIMHApPUYECKHX KOOPAWHAT ¢ HAYAJOM B IEHTpPE HCTOU-
HITKA

o=VrET 2 _(IV. 99)

Ilpu Gompmmux sHavenusax wpemenu ¢, erfc ]Q/__—>1 u popmyiaa
2Vat -
(IV. 98) mepexopur B x0pomio u3BeCTHYIO GOPMYIy IA TOIEUHOTO HCTOT-
HUKa B YCIOBUAX YCTAaHOBUBIIETOCS MIBW/KEHUSA:

Q
S = ey (1V.100)

@opmyna (IV. 99) npn z = 0, ¢ = r wacTo WCHONB3yeTCA B THAPO-
re0JIOTHICCKOH NpaKTHKe JJIA pacdeTa MAXTHHIX KOJOJNEB, BCKpbIBa-
OMUX HAaIOPHEIH BOTOHOCHBIA TopusonT (6e3 yrayOunenus B Hero). [laa
oTHX @ededl oHa peKomenposana DopxreiimepoM.

Has Toro 4To0W MONYYATH BHpAaskeHUS, OIMCHIBAIOMUE AEHCTBIIC
MHOKECTBA TOYETHHIX WCTOYHUKOB HA yYacTKe, COOTBETCTBYIOMIEM JUIMHE
BO/JOTIPUEMHO 9aCTH CKBaKUHHL, HykHo pyHKiun suga (IV: 2) u (IV. 3)
unu (IV. 98) u (IV. 100) mpounterpuposars ot C mo C + I (puc. IV. 7).
BmecTe ¢ TeMm, yumTeiBasi, 9TO KpPOBIA W IOJ0IIBA BOJTOHOCHOTO TOpH-
30HTa HEIPOHHUIAeMbl, HEOOXO0/MM0O, KaK JTO JeJIaj0ch BHIIEe NpH pac-
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CMOTPEHUH BOJOHOCHHIX TOPH30HTOB, OTPAHUMYEHHEIX IBYMA MPAMOIU-
HelfHBIMH KOHTYpaMu B TOPH30HTAIBHON ILTOCKOCTH, IPOU3BECTH 3ep-
KalabHOE OTOOpaskeHrme YKAa3aHHOTO MHOKECTBA WCTOYHMKOB OTHOCHU-
TeNIbHO KPOBJAW W IIOJOMBHL B BepTUKalIbHOM paspese. B pesyapraTe
IOAYIUM: '

a) IpE HMCHONH30BaHMYU B KadecTBe ucxommoit gopmyist (IV. 98):

o, C+1 0o +
1 n \ 1
S =-L —erfc—2—d — erf d
dnk n;—-oozjc Qn 2]’/at§+n*=2‘— =fC onx 'l/t E
' (I'v.101)
0) mpu HCHmONTH30BAHUE B Kade- |
cree ucxommoit ¢opmynnr (IV. 100): . 1
o% er‘ 14 it g 'J
S =" = TN\
4n nimw zic On sy 7 7 /J"/ —_r

+ X [ avaee)

B otux BrIpameHHAX Qn H Qnr—
paccTogHusA OT TOYKU, B KOTOpOil Ha-
XOAMTCA TIOHWKEeHHe YpoBHA S, 10
peanpHOli CKBA)KWHBI W €e 3epKalb-
HHX OTOOpayKeHuil:

=V 124 (2 —2nm —E)?,
=V + (z — 2n*m — E)2.

CxeMa oTo0paskenuii B JTAHHOM
ciydae Ta ke, 9To IIp:m BeiBoge ¢op- Puc. IV.7. Cxema Xk pacuery me-
MYJIBl Qi CKBa)KHHEI B II0JIOCE, Orpa-  COBEPIICHHON CKBAKUHBL 1O CTe-

o IleHH BCHKDHITHA BOAOHOCHOI'C IO-
HHYEHHOU /[BYMA HENPOHUIAeMBIMU pH3oRTA
RoHTypaMu (CM. (bopMyJIy IV. 46 n
puc. IV. 6 § 3 aroii raaswr).

Ilocnie wmrerpmpoBaHusA Bmpamemm (IV. 101) n (IV. 102) mosxmO
IOTYyYuTh YPABHEHUA [JA olipefeeHAA MOHMKEHHA YpoBHA S B M000i
TOYKe ¢ KoopawnaTaMu r u z. llpu sToM moBepXHOCTH PaBHBIX IMOHHUMKE-
HHUIl reoMeTpudecKU OIU3KYU K DIHICOUITAM BpAalfeHus, KOTOpHe Iepece-
KaloT HMUIMHIPUIECKYI0O OOKOBYIO MOBePXHOCTHL CKBa;KWHEI, U CJIeJ0Ba-
TeJIbHO, MOHVKEeHNA B Hell HA pPasHHX MIyOHmHAX OKa3HBAIOTCA Pa3nmi-
HBIMH. JTO, eCTeCTBeHHO, HE COOTBETCTBYET peANHHHIM YCIOBUAM, IO-
CKOJBKY BO BCeM CTBOIE CKBA;RUHEL NOBMKCHHE YPOBHS OJMHAKOBOE,
He MeHSmeecs 110 BepTHKAMMU.

Jlas ydera aToro o0CTOATeNHCTBA MONyYalmeecsd YKA3aHHHM IyTeM
pacYcTHOE MOHIKeHHe YPOBHA BIOIH OCH BOJLONPHEMHONR 9aCTH CKBAaKUHEL
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oCpe/lHACTCA, T. e. OIpuHuMaeTcd CpejHeB3BelleHHad 1O JJdHHE
(bIIJIBTpa BeJIMUMHA OOHUKCHUA:

Sep= % S, dg, (IV. 103)
c
3neck Sy, — HaxogaT mo (IV.101) u (IV. 1025 npu r =r, (re — pajguyc
CKBa;KIHH).
ITocme BHmoONHEHUA BCeX YKA3aHHHX OMepalluit (xo;( ux moxpobHO
ocsemaerca B paborax [70, 84, 194]), naxomar ciaegyomyo o6myio

3aBHCHMOCTH JIJaA ompefeyeHnA NMOHMKEHUA YPOBHA HPH OTHKAYKe M3 He-
COBEPINEHHOH CKBa;KNHBL:

§= g9 [rr (s 5 w)]- (IV.104)

IlepBuii wieH B KBafipaTHHIX cKoOkax mpejcraBiger co0odl Geapas-
MepHO€ CONpPOTHBIEHHE NPH JEHCTBHU COBEPIIEHHOH CKBA;KUHBI, a BTO-
poil XxapakTepmayeT JONOJHUTENBHOE CONPOTHBJICHHE, OOyCIOBIHBa-
eMoe HeCOBepIIeHCTBOM CKB)KMHHI IO CTeIIEHW BCKPHITHUA.

Benuuuna f. B cayuae HeycTaHOBHBIIErOCS NBUKEHUA BHIPayKaeTCsA
mo ¢opmyae (IV.9), T.e. umHTerpamabHOil HOKasaTedbHOH OyHKIHER
¢ xKoapdpunumentom 0,5, mockombKy mepej ckoOkoit B popmyme (IV. 104)
MH IPHHAJIU B 3HameHarenxe 2, a He 4, kKak B ¢opmyne (IV. 8), a mp=m
YCTAHOBUBIIEMCS JBHIKEHUW — JIOTapAPMUIECKEM UICHOM, BXOAAMUM

B popmyny Hiomiom: f. = In ;Ii B kpyramx crobkax mpm Ookaza-
[+

Tese {, yKasaHbl mapaMmeTphl, OT KOTOPHX OH 3aBHCHT.
A. JI. Xeita [194] mpepcrasnger Beamdumy {, B BHje pPasHOCTH:

£y = L1 — Cuy (1V.105)

rpe §po — CONpPOTUBJIEHNEe, CBA3aHHOE € HeCOBEPIIeHCTBOM CKBa;KHHELI
npH yCTAHOBHBMEMCA JBHKEHNN; :
§1¢— 9acTh 3TOr0 CONPOTUBJEHUA, HPOABIAIMAACA B YCIOBHAX
HeyCTAaHOBHUBIIErOCA JBUKEHNUA M 3aBUCANAA OT BpeMeHI.

Benwuuna {,: co Bpemenem ymeHbmaeTcﬂ K eI0 MOKHO 3a MaJOCTBIO

mpenefperath yme mupu o = —~<_ 9 - 107% 1. e. mpakTHUYECKH BO

BCeX CJIydasx, KOIja onpenenHeTc;I BeJIMIMHa IOHMKEHIA YPOBHA He-
IOCPE/ICTBeHHO B CKBAKUHE MIW B HeNHOIBIIOM yJaleHHH OT Hee.
Ipu aTom

1= Cuos (IV. 106)

4TO COOTBCTCTBYET 3HAYEHHIO 3TOI'0 MOKAa3aTelsd, OJXYy4YeHHOMY JAJd ycTa-
HOBUBIIETOCA [IBUJKeHHMA NpPH HCIONb30BAHHUM B KauyecTBe HMCXOJHOI
sasucumoctu (IV. 100).

I'paduru gas onpenesenus {;, MOCTpOeHHEE II0 BHYNCJICHUAM, Cle-
aaHEbiM B pabore [70], mpepcrasaenst ma puc. 1V. 8 u IV. 9. Ilo HuM
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MORHO HaIuITI/I 3HaAYeHUA ;1 Aad II[HpOROI'O auamna3oHa U3MeHeHUud napa-
l m ' .
METPOB —— U —- (I — npauHa BOmMOMpPUEMHOM dYacTH, M — MOJHAA MOII-

HOCTh TOPH30HTA, I' — PajUyC CKBAKUHBI HMJIHM PACCTOAHAE [0 CKBa-
;RAHBL — THe30MeTpPa, OTCTOAMEN HAa PACCTOSHUM I' OT OCH CKBAaKUHEI,
H3 KOTOpPOI HPOU3BOAKTCA OTKAYKA).

'
75

T
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70+ 1}7
H

BRI AL ANy -
RESARRNY
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Sor 2~ 1000
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4ot "
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0 qr 0z 03 04 Q5 06 07 08 09 1 m

Puc. IV. 8. Tpadur dynrnvnm {, 1Jad pacdeTa HECOBEPIIEHHKIX
CKBaRUH npu C = O (PHIBTD CKBOKUHH IpPHUMHKAaeT R BO-
AOYHOpPY Ha KpOBJIE WK IIOf|0NIBE FOPH3OHTA)

I'paduru, uzobparxkenusie Ha puc. IV. 8, npumenumH A ciydaes,
KOT[la BOJONpHEMHAs 9acTh CKBRJKUHH NIPHMBIKAET K KpoBJie WM Ho~
nomse mpu C = 0, a ga puc. IV. 9 — nua cnydaeB pacnonosxeHAd BOJO~
npueMHO¥ 4acTm DpubiausuTeNbHO B CpeqHeidl TpeTu BOXOHOCHOTO TOpH--

sora npu C + é = (0,35 + 0,65) m.

M3nosxenurte 37ech pe3ynbTaThl pelleHUA JJIA HECOBePIEHHOM CKBa--
JRUHBEI, CTPOTO TOBOPA, JI@MCTBATEIBHH TOJBKO JJid HaIOPHHX BOJOHOC--

123



HHX ropuszoHToB. OnHaKo AJA NWpUOIUMKEHHBIX pPacdeToB OHHM HCIIOJIb-
3YIOTCA TaK:e IPU pacdeTaX CKBaKUH B YCIOBUAX Oe3HATIOPHOTI'O ABU-
menusa. B paGorax [157, 209] mpepnaraercsi mpueM ompejeleHus: Be-

G\ a)
sS4k 0
szt He: Ty 0 m
_ S e
9 Y
3
28}
m

26} F=1000
24+
221 =500
20+

18 =200
16}
218 =100
12}
70l Z=30

8 =

m
6L \ =10
ol ISOR
m

0 4§91 Q2 43 494 65 66 47 08 49 1

Puc. IV. 9. T'padmrn ¢pyuruun {1 ans pacdeTa HeCOBepIIEHHEIX
CKBayKIIH IIpu C - —;— = (0,35 = 0,65) m; QmABTp CKBAMRUHEL

HaxofmTcA B CpefiHell 9acTH TOPU3OHTA

auauE m u,l s Ge3HaNOPHEIX NOTOKOB, OCHOBAHHBI Ha NpPEAIOCHIIKEe
0 JOKAJIU3aluy BIUAHHA HECOBEPHIIEHCTBA CKBA)KUBEL B HPUCKBaKUH-
HOM obxacru.
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Bo Muorux cayuadax /I yOPOIEHAA PacdeToB, KaK NpPeIOKUI
H. K. Tupusckuit [88], npunumaerca cpegas pacdeTHas MOIHOCTD M
00 CHEAYIOIEMY COOTHOMEHUIO:

So

CooTBeTCTBEHHO 3TOMY pAacueTHas JJIMHA BOJIONPHEMHON YacTd omIpe-
ledseTcsd CAeNyIOmuM 00pazoM:

npu HezaTomleHHoM ¢Qunsrpe (pue. 1V, 8):

L=y — 20 (IV.108)
npu saroniieHHoM ¢uiasrpe (pue. IV, 9):
l=1I; C=Co—32. (1V. 109)

B arux cooTHOWweHMAX A — NepBOHAYAJHHAS MOIHOCTH O€3HATOP-
HOro ropEsoHTa (ray0mHa OT «CTAaTHIECKOT0 YPOBHA» O TMOJOMBHL);
Sy — NOHMKeHWe YPOBHA B CKBa)KuHE 3a BpeMma ¢, [, — peambpHad
IidHa BojoNpHeMHOi Yactd; Cy — riuy0mHa ee HOTPYKeHHA OT «CTaTH-
9eCKOTO YPOBHAN.

OGparaMes Temeps K0 BTOpoMy caaraemomy Gopmyasr (IV. 96) &,
XapaKkTepU3YIOIMEMy CONPOTHBICHME IO XapakTepy BCKPHTHS NIacTa.
K coxamenuio, ymOBIeTBOPUTENbHHIX PEOICHMH IJA NONHOH ONCHKH
9TON 9acTH CONPOTHUBIEHUA MOKA HeT, 3aTPYAHEHUA B MOJYICHHAH TAKOTO
penieRus CBA3AHH ¢ PA3HOPOAHOCTHIO M paszmoobpasueM PaKTOPOB, ompe-
IeIAIUX COUPOTUBICHNE IO XapaKTepy BCKPHITHA IJIAcCTa.

ITo compoTuBIeHUE 00YCIOBINBAETCA, BO-NEPBHX, CAMHM QUIBLTPOM
¥ ero KOHCTpYyKHueil. Bo-BTophiX, cymecTBeHHOe 3HAYCHUE WMEIOT W3-
MeHeHHA B QUIBTPe, a TaKKe B CTPYKType IOPOJH M, KaK CJIEICTBHE
3TOT0, B €€ BOMONPOHHUI[AEMOCTH B MPUCKBAXKUHHON 007acTH, MPOUCXO-
asimue Mpu OypeHWE CKBR;KUHL H B IEPHUOJ €e DKCINIyaTaluu B pesyab-
TaTe Pa3IUYHOTO PojAa MeXaHUYECKHX W PU3UKO-XHMHUYCCKHX HPOIECCOB
(paspymenue ¢uIbTpa HOA BIAMSHEEM KOPPO3UM HJIM YMEHBIEHWE ero
CKB)KHOCTH B peayibrTarle XmMHUYeCcKOro sapacraHusg, cyddosus,
KOJbMaTasK, XHMHUYeCKOe 3apacTaHWe NOpojsl). B-Tperbux, J0mOIHU-
TeJbHHE CONPOTHUBICHUS BO3HUKAIT B CBA3H ¢ HapyllcHWEM IWHEHHOTO
3axkoHa QuabTpanuu BOAN3M CKBAKUHEI.

TaISHM o0pasoM, B o0ImeM Bujie BeadYdHY [, MOKHO HpeJICTaBHTH
CYMMOII CJIaraeMbIX:

€2:€2¢+€2n+€2,’m’ (IV.MO)

Ir'je MHIeKCcaMu gﬁ, n, HA 0603Ha‘leHH CONpOTHUBJICHNA, BEI3BAHHBIE COOT-
BETCTBEHHO caMuM QUIBTPOM, TOPOOH B IPUCKBAKUHHON 30HE U OT-
KIOHEHMAMH OT NWHEHHOr0 3aKoHa QUILTPAI[HH.

OGmee CONMPOTHUBJIEHME B CBA3U C HECOBEepPIHEHCTBOM CHKBaJKUHH,
0co0eHHO Ty €r0 9acTh, KOTopas 00yCIOBIMBACTCA XapaKTepOM BCKPHITHA
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Iracra, MOJRHO OIeHUTh JNHUIb HI)HGJH/I}RGHHO, HO B HEKOTOPAIX
clIydagx NPONU3BECTU TAKYI OLeHKY B0OGIIe HEBO3MO:KHO H3-3a OTCYT-
CTBHUS COOTBETCTBYMOIel Merofukd. OcobeHHO 3TO OTHOCHTCA K COCTa-
Bagome# ,, , XapaKkTepHayiomedl CONPOTHBIEHNE NOPOAH B NPUCKBA-
SKUHHOM 30HE. -

YumreBasg 310 00cToATENbCTBO, Hambojee HAJle/KHHBIM B HACTOSIEE
BpeMs ciefyeT CYATATh MeTOJ KOMILICKCHOU ONEHKH CyMMAapHOTO CONpO-
TUBJICHAA CKBAKUHB! 110 TAHHKIM ONKTHHX M SKCINIyaTallMOHHKX OTKa-
4eK. Bo MHOTEX CIydYasgX IpPH 3TOM BeJHYMHA ([ BBOAWTCA B OCHOBHYIO
dopMyny ANA coBepIIeHHON CKBa;KMHBI M paccMarTpuBaeTcA (HKTHUBHAA
COBepIIeHHAs CKBaKHHA C NDUBEJeHHHM AumamerpoM d,. Hampumep,
B Oe3rpaHmYHOM BOJOHOCHOM TOPHM30HTe, Kak BuRHO us dopmyx (IV. 11)
u (IV. 104), npm arom monyzaem:

2nkmS, 3Va
== ]-n 7 1
Q. d

c

(IV. 111)

i d, = det, (1V. 112)
e d, = 2r, (rC — pajuyc peaxbHOI cxnamm{m).

Beamunna d, MokeT ObITh Goiblle M MeHbINE d, B 8aBHCUMOCTH OT
xapakrepa fmedopManmii B NpUCKBa)KHHHOW 30He W 3HAKAa y NOKasza-
Tensa C.

YxKazamesiii npueM omnpefesieHAA IOKasareasl CYMMapHOrO COIpPO-
TUBJeHHEA § 10 ONBITHHIM AHHKIM ocBemen B paborax [220, 221] u gpy-
IUX, TAe BIMAHUE CONPOTUBJIEHWSA B NPUCKBAKUHHON 30HE paccMarpu-
BaeTcA Kak «CKuH-30derT», T.e. dPpPerT «mwieHKHM» AaH «000JOUKHY,
KOTOpOii Kak Ol OKpYeHa CKBajkHHA. HeKoTOphle ONHTHEE JaHHHE
C HCIOJB30BAHHEM 9TOTO NpHUEMa U3JIOIKEHHL B pa60Te [591.

§ 6, BsammopeiicTByomue CKBAKHHBI

OcHOBHIBagich Ha MeTOfie¢ BAaJNOKeHWd TeUeHWl, pacdeT Ipymnmsl Baa-
AMOJIeHCTBYIOMHMX CKBAKAH (M1006IM 00pasoM pacmosOKeHHHX) IeTKO
BHINONHUTH N0 fopMyiaM, NMPHUBeJeHHBIM B OpeAnAymux naparpadax.
OOmuii BUJ, pacueTHHIX 3aBHCHMOCTeil A 3TUX Neieil HmpeJicTaBIAAETCA
caepyomuM obpazom:

(IV.113)

Sea, M = 431: km 'f1’

i=1
— cyMMapHad BeIHYUHA NMOHIDKeHHA YyPOBHA B Touke M moj

BAMSAHEEM BCEX B3aMMOICHCTBYIOMUX CKBayKUH;

Qi — pacxop i-ofi CKBasKUHLI;

fi — GespasMepHOe conpoOTHBIEHHE, 00yCIOBIEHHOE OTKAYKOM
u3 i-oif ckpazmuH (i=1,2,3,..., n; n— obmee ducio
CKBAayKUH),

rie Ssa. M
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Tax mampmmep, A 6e3rpaHUYHOTO IIACTA IPHMEBHTEIBHO K CXEME,
mokasannoii Ha puc. IV. 10, a, B coorBeTcTBum ¢ $opmynamn (IV. 9)
u (IV. 10) (cm. § 2 »roii raaBu) yxasangsaa sasmcumocTs (IV. 113) pac-
KpHBaeTCA CJAGNAYIOmMUM 00pasoMm:

. ' 2
_ Q . Ty Qe . Ty
Sea; M T 4nl:m Ei <_ 4at ) T 4nkm Ei (— 4at > -
2 2
Q: . r Q4 . s ).
— E;(— zjt) - Ez(— = ) ; (IV.114)

- R Q2 R Q3 i3
Sem = Tk B o T 3mkm B o T Sk 25, T T Am

TJIe Tj =Ty, Ty, I's, Ty — PACCTOABNA OT Toukd M 10 Ka/oll CKBaKMHEL;
‘R=1,5} at — ycnosamii paguyc BAMAHNA Bcell Ipymmbl Baau-
MOEHCTBYIONUX CKBAKUH,

a) "6

/91

%
?\’2 7“’<\ Ml E &7
d ° TN 2 %
2 $ \@
J J

Puc. IV. 10. Cxema K pacueTy B3auMOAeliCTBYIOmUX CKBa}KHNH B Ge3TrpanidHOM
BOJIOHOCHOM T'OPH30HTE

B TeX ciaydaAaXx, Korja IIOBH;KeHUe ypOBHH olrpeniesigeTCA Henocpea-
CTBEHHO B OI[HOﬁ N3 CKBa)KMH, a He B yJaJIeHUHM OT Hee, 3aBHCHUMOCTH
(IV. 113) ynoGmee sammcars Tax:

- n

Qoi ) v i
Sea;M :m(fcz—I—ZQ)TZ —Eok—m—f"‘ (IV116)

i=1

37ech B NpPaBOil YacTM MNEPBBIM TIEGHOM BHIJ[eJiATCA NOHHREHUE
YPoBHA, 00ycI0BlIeBEHOE OTKAYKOM H3 TOil CKBaKUHLI, B KOTOPOil onpee-
JAeTcA HOBIKeHHEe YPOBHA Se. DbespasMepHOe cONpOTHBIEHHE DTOH
CKBa;KMHBL COCTOMT M3 [IBYX caraeMuix:j f.; — 0e3 yueTa HecoBepIIeHCTBA
H 2 { — MOMOJBHUTEIbHOE CONPOTHBICHHE, OMNpeesAeMoe HecOBepIleH-
CTBOM CKBa:xHBH. Bropoii ules B mpasoit gactu ypasuenus (IV. 116)
XapaxkTepusyeT BIUAHUE BCEX OCTAJBHBIX CKBAa)KHH, B3aHMOJEHCTBY-
0mMUX ¢ i-ofi. SHAYOK ¥ MOKAasHBAaeT, YTO JIaBHAA CKBa/KMHA WMCKJIIO-
yaetcA u3 cymmel. Ha pwuc. IV. 10, 6 touka M; maxonurcsas Ha cTeHKe
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CKBA)KMHKI, mWMewmel Homep i = 4; packpmuiBag ¢opmyay (IV. 1106)
IpHMEHUTEIbHO K CXeMe, NOKa3aHHOIl Ha 9TOM pHCYHKe, HOIYYHM:

2 2
B 0 . r Qs .| i
Ses;m“_mlzm [E‘( 4at) 2@] 4th2m El(“ 41a:)_

2 2
——QLEi(— rH)— < Ei(——s—-‘&); (IV. 117)

4 km 4at 4tkm 4at
nJin
_ @ R @ — R
S83; M4 — 23'[ I:m, ( ro4 1+ C) + 231: km n ry—4 + 2ﬂ: Zm ln To.g +
NI T P L (IV. 118)

2n km T3-a

3mech Ty = TFy_,; I'y_4q; Vo a M T34 — PAJHyC €KB. 4 W paccTosigme oT
Hee /10 BceX OCTAJBHEIX B3aMMOJEHCTBYIOIIUX C HEH CKBa;KHH.

B cayugae ’HOJIyorpaHquHHoro mnacTa CTPYKTypa NPHBeJeHHBIX
Gopmyx ocraerca Toit ke, HO B KadecTBe f; HYJKHO HPHHUMATH BHI-
paxenusa (1V. 38) u (IV. 39), r. e. yuuTeBars He TOJABKO peaTbHBE
CKBAaKMHHI, HO Takske MX oroOpakemmsa. Tawxxe W Jas Bcex Hpyrux
CXeM.

OCHOBHOIl CMBICA W3IO0/KEHHOTO MeETOJa 3aKJIIYaeTcsi B TOM, 4TO
OpH pacueTax B3amMoJefCTBYHOINNX CKBAKMH YYHTHIBAeTca BIUAHUE
KK 0 CKBAKUHK B OTAEABHOCTH KaK OBl He3aBHCHUMO OT OCTAJBHBIX
CKBQJKVH, IPUIEM IJIA OMpejeeHus HOHMKeBHA YPOBHA UCHOJb3YIOTCH
dopMyaH, flaHHEE paBee [JId ONUHOYHEIX CKBAKHAH B PA3iIUIHHIX yCIO-
BHUAX OTKAYKM U B PAas3aMIHBIX TUIAX BOJOHOCHBIX ropusounrosB., Cymmap-
guii opPerT OTKAUKU U3 BCeX CKBAKAE BHIPAKAeTCA axreGpaudecKoil
CYMMOH MOJTYYeHHBIX TAKUM IyTeM HOHU;KEeHUIl YPOBHA, BEH3BAaHHLIX Jeii-
CTBHEM Ka KI0II CKBAKHUHE:

Sca;M=81+Sz+ s s “l—‘Sn, (IV.119)
rae Sq, Sy « . . ., S, — moHmKeHUA ypoBEA B Touke M mop BamMA-
HEEeM OTKadek u3 ckBakuH 1, 2, ..., n ¢ pacxonamu Q Q,, . .. Qn.

Ilpu manu4um HECKONHKUX TPYNN B3aUMOMIHCTBYOIMHUX CKBayKIH
B3aNMHOE UX BIMAHNE MOKHO OLEHHUTH OPUOIUIKEHHO, HCIOAb3YI METOJ,
CONPOTUBICENIT ¥ pasjedeHuss GUIALTPANUOHHOTO IMOTOKA Ha GparMeHTHl.
KHagr 6mao ykazamo B § 1 macroAmeil raassl, rpynmnbl B3auMojeHCcTBY-
00X CKBAKUH B TOYKAX, YJaXeHHHX 0T HHX, OKa3bIBAIOT TaKoe ke
BIUAHNe, KaK e[MHWIHAsA YKpYNHEeHHAdA CKBaKMHA, PacxXofl KOTOPOH
PaBeH CYMMAapHOMY Pacxojly BCeX CKBa;KHH.

YaureiBag 910 0OCTOATEJBCTBO, MOKHO BHPA3UTh TOHUKEHHE
YPOBHsA, 00YyCIOBJIGHHOE OTKAYKOH M3 TIPYNOB B3aMMOJEHCTBYIOMHX
CKBa/KHH B yHaneHHHX Todkax (cMm. puc. 1V. 10, ¢), caenywomeii 3aBu-
CUMOCTHIO:

Qcym r?
Sun = 22 B~ ). (1V.120)
~-2 R
MNE%M;; ln~r—. (IV- 121)
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B atux ¢opmynax:
Qcym — cyMMapHB pacxof AeilcTBYIOMEN TpyNNH CKBAKWH,

r — paccTosgHHe OT eHTpa 3Toll rpymmst I0 Toukn M, B KoTopoii

ompefensiercA MOHIM)KeHHMe yDPOBHA.

Taxoii mpreM pacdera OKAa3HIBAETCA NPAKTUIECKH JOCTATOYHO TOT-
HBIM B TeX CJIy4adaX, KOTJa PACCTOAHNE T PABHO MAKCHMAIHHOMY PacCcTosd-
HUI0 MEKIYy KpaflHIMM CKBO)KHMHAMH HAa y9acTKe HX pPaCHOIOMeHUsA
II¥ TpeBHOIaeT 3T0 paccTosHIE.

Bosmosxaocts mcmonbzoBagus upubamxeHHbix  fopmyn (I1V. 120)
u (IV. 121) Becpma ympomaer TaKKe 3amady pacdeTa B3auMOJeHCTBY-
IOMUX CKBAKAH B MJIAacTax, olpaHMUYeHHHX KOHTypaMu nuTaHua (MId
CTOKA) M HeIPOHMIaeMEIMH KoHTypamH. Ilonxpsysce MeromoMm 3sepranin-
HHX oTo0Opaskemmil, B 3TUX CIydasX MOKHO oro0paskeHHHe («Boobpa-
/KaeMble») TIPYONH 3aMeHATH ENMHAYHHIMM YKPYIHEHHBLIMH CKBaKU-
HaMU.

B nocmennee BpeMsa niA meseil pacdera B3aMMOAeHCTBYIOIUX CKBa-
JRIH MpH 00Jiee UIW MeHee KOMTAKTHOM ¥ PABHOMEDPHOM HX pasMelleHHH
OIMPOKO MCHOOJB3yeTcs MpHeM, OCHOBAHHBIY HA IPHBEJIEHHHA CKBAYKAH
K Tak HasbBaeMHM 00 O0OGTm e HHHM CHCTeMaMm.

Cymuocrs mMeroga pacuera 000OMEHHBIX CHCTEM COCTOMT B TOM, 4TO
peanbABle TPYynOb CKBA)KAH 3aMEHAKTCH OCKOHEYHHIM MHOMKECTBOM
AUHEHHBIX HCTOYHUKOB ¢ HOCTOAHHHIM PpacXofoM, pPaBHOMEpPHO
pacompejgeleHENX 00 JUHWUY HIH NOJIO0IMNAaJH, NpHA-
OMU3UTETBHO COOTBETCTBYWMAM  IeHCTBUTEIBHOMY PAacHOJOKeHNI0
ckBaykma. CyMmapubifi pacxof 3THX HCTOYHMKOB IPUHENMAETCA PaB-
HEIM CYMMapHOMY pacxoly peaJbHHX CKBaKHH:

QC’YM = ;1 Qi =q0,

rae Q; — pacxoj i-ofi cKBaykmHBI (n — 00mee YMCIO CKBaKIH);
g — pacxon HA eIUHHUIY AJIHHE KOHTYpa WIM INIOMAAA ©, B Hpe-
HelaX KOTOPHX pacmoNaralrcd CKBAajKHHEL

Taxum mytem Gonblioe KOJMYECTBO CKBAaYKUH, KAK ¥ B NpeAbyIieM
clydae, 3aMeHAETCA OJHUM YKPYOHOHHHBIM COODY’)KeHHWeM, HAmpuMep
TOPH30HTANBHOH [IpeHOH, ranepeeid, MIW OpeAcTasliseTcd B BHje
«Gonbmimx Koldoxmes» u T. A. OfHAKO B TaHAOM CJIYy4ae BIWAHUEC B3aUMO-
RefCTBYIOIUX CKBAKMH ONEHMBAETCA CYMMapHO HE TONBKO B YAaNeHHHIX
TOYKAX, HO W HA CAMHUX y4acTKax MX PaCHOJNOKEHU; 37eCh OHHU TOKe
kak 0wl o0o0marTess. OTo Aafo ocHOBaHWe HA3HBAaTh mX 00 o 0 1y e H-
HEIMH CHCTEMaMH.

Hoummxenne ypoBHEA TWOA3eMHHIX BOJ, BEI3BAaHHOE [EHCTBHEM TaKUX
0000meHHEIX CUCTEM, ecTeCTBEeHHO MEHBIe MOHUKEEMA YPOBHA B caMUX
CKBa)KMHAX, MOCKOJIBKY HPH 3TOM M3 PACCMOTPEHHA HCKIIOYAKOTCS 30HLI
nambonpmeii feopManuu HeNpPecCHOHHON MOBePXHOCTU BOJMBU KarK-
HOi CKBayKHHBL B oTHelbHocTH. OTHAKO HONB3yAch MeTomoM QUIBTpa-
OMOHHKIX COOPOTHBJIeHNII, BeINUNHY WOHUKEHHMSA MOKHO yd4eCTh B pac-
9eTax, [ONMOJHUTENBHO ONpelelisid JOKanibHHE MNOHIKEHUA YDPOBHA
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B CHEBaKMHAaX. HOJ’IHOG TOHIDKEHUEe B MIOCHCTHUX IpH 9TOM BLIpAsuTcd
CYMMOIil:

S, =8, -+ AS (IV.122)

CKB’

rae S — uonmnenue yposns, obycaopicuroe jeficTBaen 0§odenHoit

CHCTEMBI;
AS¢, s — MOTOJTHITEIHPHOC TIOHIKeHHE YPOBHA B CAaMOil CKBa:dinHe.
CoorBercTBeHHO HONHoe 0Oe3pasMepHOe COMPOTHBIICHHE BHIPA3ZUTCA

TaK:

Fo=e fyt Mo (IV. 123)

3iech BenwunHA f, XapaKTephusyeT B He Il H e e CONPOTUBICHIE,
KoTopoe 3aBHCHT OT pPa3MepOoB cHCTeMHl B3aUMOJelCTBYIOMITX CHKBaKUH,
ycaoBuili Ha T'paHEUIAX BOJOHOCHOTO miacTa, Koafduimenra mbesompo-
BOJAHOCTH U LPOROJ;KUTEJIBHOCTH OTKauku. Bemuunna Ajf., — aro co-
mpPOTUBJAEHUE, KOTOPOE HAXOAMTCS B 3aBUCHMOCTH OT PACCTAHOBKHU CKBa-
JKOH BHYTPHM CHCTEMbI; €T0 MOJKHO Ha3BaTb BHYTPE HH U M COIPO-
tuBrennem [42, 199, 2071

Pemenua ana o0o0meHHHX CHCTEM B3aUMOACHCTBYIOMHX CKBAKUH
B BHJE NpAMOil JuHuu (rajepen) orpaHuvdeHHHX PasMepoB, KOJbIeBoll
GaTapeu u KpYToBOIl NJIOmMAAH PAcCMOTPEHBI B YKa3aHHOH BHINE pa-
Gore 1531, re maercs mogpobran 6ubaumorpadus mo sToMy Bompocy. 3aech
MHl TPHBOJMM pe3YJIhTaThl PEHICHWS AHANOTMIHHIX 3a7ad JIJA CIydaes,
KOrfla CKBaYKUHBL pPaBHOMEpHO pacupepeiasoTcs: 1) mo mmomasu
B miacte, uMelomeM dopMy OecKoHEUHOII mOJoCH; 2) IO JMHMUII BEChMA
6oapINoil MPOTAMKEHHOCTH B HOJYOTPAHUYCHHOM IIIacTe.

1. CucteMa paBHOMepHO-pacumpegeudeHHSH X
CKBasKMUH 00 HNIOMAajg®d B NjagacTe-mouaoce. Ha
puc. IV. 11 nokasassl Tpu cxempl TpaHAYHBIX YCHAOBUHM JJIA paccMarpu-
BACMOM 3aJJayi: B CXeMe @ BOJOHOCHLIH FOPU30HT C OJ|HOH CTOPOHBI Orpa-
HUYHMBaeTcd JWHNEHd, Ha KOTOPOHW IOJ/IeP:KUBAETCSA IOCTOAHHBHA Hamop
(pera, KaHAN), ¢ Apyrofi — AHHMEH, Yepe3 KOTOPYIO HPOTEKaeT MOCTOSAH-
HBIH pacxon. B cxemax 6 @ 6 ycnoBusA Ha TpaHUIAX OJHOPOJHBEE: B IMep-
BOIl cxeme 3afaHBl HAMOpPH, BO BTOPOH — pacxojsl.

Bo Bcex aTux cXxeMax NpPHHATO, 9T0 BCA IUIOMA/lh BOROHOCHOI'O IOpwu-
30HTa pasfieliaeTcs HA KBAJPaThl CO CTOPOHOM [ U B I[eHTPe KaKA0ro KBaj-
paTa pasMemena cKBasknHa ¢ pacxojom Q. Enuawanstit pacxop (¢ eiumauIsi
miIomanu) mpu sToM Oyjer:

0 ,
q:%zﬂﬁz , (1V. 123')

rage £y — mpuBeeHHAbT PAaHyC OKPY/KHOCTH, ONpefesAeMbld II0 Ipi-
Onumsennoil opMylie, BRITeKAlOWel W3 paBeHCTBA ILTOmaseil
9Toll OKpPY/RHOCTH M KBajpara:

Ry ~ 0,564 1. (1V.123")
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Ucxomsa m3  mpemmocHIIKEI
0 paBHOMepHoM or0ope Bojbl Ha
BCell IJIomiamu, 3ajady O pacuere
CKBa;KMH  pCUIMM HA OCHOBE
puddepeHIUANBHOTO YPABHEHHA:
028 0
= 25 (V.12
3/ech ¢ UMeeT pasMepHOCTH CKO-
poctu (m/cymru).- Ilpumem, dUro
[0 BBOMA B [MelcTBHE CKBajsKUH,
apu t =0, S = 0. VYcaosua =Ha
IpaHMIaX  3alHMIIyTCA TakK:
HAuga cxeMub amomydaem:

z=0;S=0 (IV.125)

.08 g6

3mech g — pacxox BOMHI, TO-
cTylamomieii B BOTOHOCHHINI Tropu-
30HT H3 OKPYMKAlOmUX MOPOA;
YCJIOBHO DPHHUMAeTcs, 9TO Be-
JUYMHEA eT0 B Ipollecce OTKAUKH
He u3MeHsercA. PasmepHocTH
g6 M*/cymru.

NuacxemMHn 6 Ha obenx
rpasumax (r = 0, z = L) Gynem
umers yeamosume (IV. 125), a
AXAA CXeMB 6 — JacTHHI CIy-
waii yexosus (IV. 126) — g5 = 0.

Ypasmenue (IV. 124) nyrem

¢
nojgcranoBKku S* =85 — q~* npu-

BoguTCA K OOBYHOMY YypaBHe-
HHI0 TeljompoBomuocTu. llpm
oToM ycmosua Tmma (IV. 125)
H3MEHAKTCA:

z=0;,z=L; S*=
= :{, . (IV.127)
Yenosua ke rtmma  (IV. 126)
ocrarca 6e3 M3MCHEHHIA.

Puc. 1V.11. CxemBl paBHOMEPHOIO
pasMelieHNA CEBKMH IO IJIOIA[H
B BOJIOHOCHBIX TOpDH30HTAX C Iapal-
JeJABUKMMHA TpAMOJMHEHNHBIMA TpaHil-
naM#  («IIaCTH ~— ITOJOCKHD)
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Pemenua momoOHBIX 3amad HW3BECTHH B TEOPHH TeIJI0IPOBOJ-
poctr [143)]. IpmmenmtenvHo K pacueTy mofIopa IOX3EeMHEIX BOJK
B paiioHe BOAOXPAHWIMII ¥ HA OPOIIAeMHX TEPPHTOPHAX OHH paccMa-
tpuBamuch B paborax C. @. Asepranosa [10], H. H. Bepuruna [4]
u fap. B yKaszauHO# 37mech MOCTaHOBKE 3TH peIIEHHA MOTYT OBITH Ipen-
CTaBJCHB B clefayomeM Buje:!

Sp = % fumy (IV. 128)

rie foy — Ge3pasMepHOe FUPAaBIMYIECKOE COMPOTUBJICHHE.
Ilna paccMoTpeHHBIX cXeM a, 6 B ¢ 9Ta BeJJudKHA 0003Ha9aeTcsa cOOT-
BETCTBEHHO: fux (@), fun (6), fux (6) W Beipakaercs Tak: !

far @ = (2= 5-) — 8 (h,vo) —Z-,  (1V.129)
fax @ = 5 (1— ) — 20 (4, Vo), (1V. 130)
fan 0 = S5 (IV. 131)

3necs I, — mmpmHa BOXOHOCHOTO ILIacTa; ¢ oOmpefieligeTca IIO

(1V. 123"); a — xo3ddunnenT mbe30mpoBOgHOCTH, P — QYHKIHEA, 3aBH-
at

camaa oT A = z—xL— 7z A= —2—; Yo = 777 B Yo = Z—i — COOTBETCTBEH-
HO JIJId cXeM a H 0, H mMelomas BH[:
[o0)
P (Vo) = —5- Yy sinaunie "V (1V.132)
n={

Yncnennsie 3HaYeHNsA 3T0H QYHKIOME [JIA Pa3addHBIX A B Yy, NIpUBEJEHH
B taba. 1V. 7.
Tabamuma IV.7
3naavenua P (A; y,) mo dopmyae (IV. 132)

Yo

1074 | 5-10~*| 1072 | 107% | 2-107%| 3.107%| 5-1072 | 0.1 0.3 0,5

01— | 0,045| 0,045 | 0,044} 0,038} 0,033 | 0,03 0,025 | 0,015} 0,002} 0,0003
0’9
0.25— { 0,094 0,094 | 0,093] 0,084{ 0,075 | 0,068 | 0,056 | 0.034] 0,004 |0,0007
0,75
0,5 0,126 0,125 | 0,425{ 0,415( 0,05 | 0,096 | 0,079 | 0,048 0,007 | 0,0009

Wz taba. 1V. 7 Bugso, uTo mpH y, > 0,5 $ymknmeii B BHpame-
aaax (IV. 129) m (1V. 130) MoyxHO 3a ManocTh0 mperebperars. B atux

1 IIpubnimkennoe pellleHHe AHAJOTHYHON 3aJayd HOPHBEJEHO B TIJaBe Tperheil
(cM. popmyny III. 58, a).
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cayyasX yKasaHHHE BHpaKeHHs XapaKTepPU3yIT yCTaHOBHBINeECH pac-
TpejiciIeHNe MOHMWHKEHUN Spy BO BCCM BOJOHOCHOM T'OPH30HTE.

B cxeme 8, xak caemyer m3 ¢popmyxsr (1V. 131), BcmemcrBme otcyT-
CTBUA IIOCTOAHHOTO HCTOYHMKA TUTAHAA MNOHWKeHHAE YPOBHA Hempe-
PLIBHO YBeJdU4YUBaeTCA.

B ynamemum oT rpamuil BOJOHOCHOrO TOPU30HTA UpH YKa3aHHOM
BHIlIIC PABHOMEPHOM pAasMeleHUH CKBLHXMEH HAa OOJBMUX MJIOMANAX
(cM. cxeMHl, moKa3aHHEBe Ha puc. 1V. 12) pacder CKBaKUH MOYKHO TpOU3-
BOJUTD, pacCMaTpHBas TOJBKO OfHYy sdeiiKy B Upefellax KBajpara.
JamacaMu, CoCpefl0oTOYeBHHEIMI B 9T0# sdeiike, Oymer obecneuuBarnes
IpOU3BORMTEeIbHOCTh KajKloro Bojoszabopa, H MemAy sAdeiikamu oGpa-
3YI0TCH (BOJOPA3MENE», HA KOTOPHIX IPAXMEHTH WMOTOKA pPAaBHH HYIIIO.
MNuaue rosops, Kaskgag A9eiiKa Kak Obl OrpanvdYMBAeTCA HENPOHMIA-
eMoH MI0CKOCTHIO I IMpe/icTaBisAeT co6oil «3aKpPHTYI0 CTPYKTYpy». Iomu-
JKeHHe YPOBHH TPM OTKauKe W3 CKBA;KMHB B TAKHAX YCJOBUAX OIpese-
adgeTcda MO ClIefylomedl mpuOIMKeHHOH 3aBACHAMOCTH, BHTeKAWMel #3
pemieaus M. Mackera [54, 1451]:

Sa_Q Q

Ry
n km R: + on

0, (IV. 133)

km 1nr

rge r* = yr — HeK0TOpoe NPHBEJ[CHHOe pAacCTOAHMe TOYKH, B KOTOPOIl
omnpefielieTcs NMOHMKeHME YPOBHA S OT MEHTPA KONb-

IEeBO CHCTEeMBI CKBAYRIHBI.
B cayuae paccmarpmBaeMoii HaMu CXeMHl IEHTPAJBHOIO PACIHONosKe-

HHAA CKBAXUHEBL:
5 _:__ 2
y= ool (V. 134)

Ry — maxomurca mo ¢opmyne (1V.123").
puBognM 3HaueHUs Yy OpPH pPA3IAYHHIX T

0,25 R, 0,5 R, 0,75 Ry R,

0.51 0,93 1.2 1,28

Metogmka pacdera CKBajKMH B «3aKPHITHIX CTPYKTypax» C y4eTOM
uEQUABTpANAE aTMOCPEPHHIX OCAJKOB ¥ B3aMMOMCHCTBUA BOXOHOCHEIX
FOPH30HTOB B INIaHe M B paspese monpoOHO ocBemeHa B pabore [541.
3aMeTnM, 9T0 H3NOKeHHHI 3/eCh pacueT AJA IJIOMAJHBIX CHCTeM CKBa-
FXAH MOsKeT OHITH TaKKe CIeNaH C YY4eTOM OPOUCXOAIero NNTAHASA BOJ0-
HOCHOTO TOPW30HTA B Ipollecce OTKAYKH. [lasa sToro B mcxommoe ypasHe-
e (IV. 124) Bmecto g cremyer BBeCTH MORYJIH NHTAHHA Ecyw, KOTOPHI
BHIPA3HTCH Pa3HOCTHIO:

oy = 4 — Ep> (1V.135)
rae &, onpemenserca mo ¢opmyne (1.16) (cm. raasy mepsyio).
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2. luuHe#inasg cucTeMa

a) /@WTW i PaBHOMEpPHO pacupe-
M‘-f‘*‘*)?ﬂ!/ ,/f?/: JelleHHEHX CKBAajUuUH
.=_=——'—:_——~:/}:Fz‘7.,/“//////ff// B NONYOTrpaHHUYECHHOM
-TUASTITY L nxactTe. llolmoauM Temeps,

A YTO0 pAR CHKBAXKMH Pa3Memaercs

Hy ‘ BROJIb  JHHHH, HapalyelIbHON

m KOHTYPY BOJOHOCHOT0 IJacTa,

| Ha paccTogHMu [ “0T TOCJELHEro

Z Z Z Z (pxuc. IV. 12).  Paccrosinue
"xl" N Me/KAY CKBaxMHAMH paBHO 20.

O6masa pmuna psaga pasEa L,
6) mpHYeM  mpefloJaraercsA, 4To
I AAMHA PAJA 3HAYUTEIHHO 00JIbIIe

v i 2 i f " paccToAHMA 0T KXOHTypa, T. e.
= : =T \-‘CM/@‘//f// L > I; sro pmaer B03MOYKHOCTH
=90 A § ///v:./;z/ AR cuuTaTh €ro TeopeTHIeCKH «Oe-
! CKOHETHHIM)».
3aMeHuUM pSAJ CKBa)KHH Ta-
M e L aepeeii ¢ yaeabHEEM (paBHOMEPHO
pacrpefieJIeHHEM) PacXxojioM:
T T % AL 22 Q

B paunom caywae pacxom ¢

uMeeT pa3MepHOCTH MP/cymEu.

3ajlaua 0 TPUTOKE NOA3EM-

HHIX BOJ K TAaKoOll cuCTeMe CKBa-

HA{HH penraeTcA Ha OCHOBE TOro xe

ucxopuoro ypaBHenms (IV. 124),
q

go 0e3 umeHa e MOCKOMIBKY
: pacxol CKBajkKUH YUMTHIBaercsd
‘ TpAHMTHHIM YCJIOBHEM BHJA:
Ve o
L g 08 8S _
RN — T 6z |i1-o o J1+0
2)
_ q
— T (TV.137)
- - o 970 yciaoBue BHpaxaeT coboil
7“~/.(\D 7 /////// % y p o
Lay STA A 00CcTOATEeNBCTBO, YTO OOmMi
m, T " s,
.4 / A '< / //
/ \ s 7
s y W,
A7 7RY S S S s Hel
//5//// 7 7,000 PIIC." {V. 12. CxeMLI_ JHHEeHHBIX CHCTeM
CKBa R4 B HOHyOI‘paH“‘iGHHHX uiaa-
m CcTax
[} .
Z , a — INTacT ol'PaHHIMBaeTcA pexod; 6 — To
AL AL sKe TIPM HaJIngMu cnaﬁonpgﬂnnaeuom SKpaHa

€ B PYyCiIe; 6 — KOHTYD IIlacTa FABJIACTCA He-
IIpoHHIaeMbIM; 2 — BBIX0Hd Hanoproro B0J10-
HOCHOI0 INTacTa Ha NoBepPXIIoCTb
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pPACXOJ JHeHHOTO PAJA CKBaykHH CKJIA/BIBaeTCH H3 MOCTYILICills BOJBI
CO CTOpOHBI KOHTypa, obosHauenmoro mupexkcom ! — 0, m Boan ms Oe-
peroBoil 30HH, PaCIOiOKeHHOH 0T pAfga CKBa:kuH B Tay0b Oepera;
eil coorBercTByer wuujaekc [-}-0.

PaccMoTpum ueTsipe CXeMBI IOJyOrpaHMYeHHOro INIaCTa IPH HaAM-
4l TAKOTO JHCHHOTO pAAa CKBa)KHH. YCJOBHA HA KOHType ILiacTa
(mpu z = 0) B aTUX cXCMaX CJAeAYIIuC:

cxema a: S =0, (IV.138)
cxewma 6: %—:}»S, (IV.139)
cxema 6: -gi—z(), (1V. 140)
cxema a: 7‘1‘%9“:_—{;?- (IV.141)

B mepBoii cxeme NpuUHATO, YTO BOXOHOCHBI MIacT OTPaHUYIBAETCH
peKoii, mpudYeM He YUHTHLIBAeTCA HeCOBepIIEHCTBo (HCMOJAHAs Bpe3Ka
B IUIACT) pyc.ia peKH, ero 3amjleHHOCTh H HEOXHOPOAHOCTH (puc. 12, a).

Bo Bropoii cxeme (puc. 12, 6), 3amaua perraercsa ¢ yuetoMm sTHxX (ak-
TopoB, uTo oTpameno B ycuaoBuu (IV. 139). 3pech

A=athab; @ —=— 17/ Bk (IV. 142)
komy my
e ko, mo — KodbPUIMeHT QUIBTPANMH W MOI(HOCTD 3aMIEHHOTO
TIMHICTOTO CJ0sf B pycie;
ky, myu ky, my — KodpPuITICHTH QUIBTPANNE I MOUTHOCTIT COOTBETCTBEII-
HO MORPYCJHOBOro W 0OCperoBOro BOAOHOCHBIX CJIOEB.

B cxeme 6 milacT orpaHuMYeH HENPOHMIIAEMBIM KOHTYpOM; HAaKOHEH,
mocieHASA cXeMa @ OTBedaeT CJxydYai0, Korfia HAMOPHBIA BOXOHOCHBIIl
IJIacT MMeeT HA TpaHWUIe BHXOJ Ha IOBePXHOCTH, M B Mpomecce OTKAUKH
I3 CKBa)KUH 37ech MPOUCXORHT €ro 4acTU4HOe ocyIleHme. B yciaobum
(IV. 141), coorBercTByIOmEeM 3Toli MociexHell cxeme:

M= 0 (IV. 143)
pnmy
3mechb M ¥ M — MOMHOCTH IJIaCTA B OCHOBHOII ero YacTii W B 30He
BLIXO[{a Ha TOBePXHOCTD;
L — BOKOOTAAYa IiacTa B 9TOH 30mE;
k — xosddunment Guabrpaiuu.
Bo Bcex ykasaHHBIX cXeMaX NpPWHMMaeTcs, 970 B 0OJBIIOM yaleHUH
OT KOHTYpAa IpPH T — ©° HANOP OCTAeTCA HEM3MEHHBIM M, Cle0BATENBHO,
S — 0. HawaxnHoe yciioBHe, Kak W Wpesrfe, OMpenciseTcsi TeM, 4YToO
To BBofa B fieiicTBue cKBaskuH npu ¢ = 0, S = 0. Ilpu yKazasabIX ycio-
Buax u3 ypasrenus (IV. 124) puiBomutcsa caenywomas obmas pacdersnas
3aBHCHMOCTh [JIA oXpeflelleHNsA NOHMKeHMA ypoBHA [02]:

l
-2 g, (IV. 144)
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rme fn — OGeapasmMepHoe rmApaBimdecKoe compoTmBienme. /[las pac-
CMOTPEHHEIX CXeM OHO BoIpaskaeTcsi TakuM oOpasom (OykBeHEble HH-
JdeKchl mpH fn 0TBEYAIOT COOTBeTCTByIOmHM cxemaMm; cM. pmc. IV, 12):

1=zl jerfe 112
fn (a) (1erfc SVt ierfc 2}/5) , (1V. 145)
Itz Aa+x+rzat Aa I+z
fa(6) = fa(a) + - M [erfc Vet e erfc( 4 +2Vat ﬂ
(IV. 146)

’ __l—}—lrfc

fu (6) = @(1 V - ) (IV. 147)

_ . 1 |z _ B +x)+p%at M 4z
fa () = f (0) ,“[erfczﬂ7 ¢ (Er=+ 55
(1V. 148)

3necy dpymrnmu ierfc (v) m erfc (v) (v — oGosmadenne cooTBeTcTBY-
I0IMX aprymMenToB B fopMyiax) onpepensiorcs mo Berpaskenmam (1V. 53),
TPHBEIGHHHIM B § 3 HACTOAMEH TIaBH.

3uavenun A maxogar mo (IV. 142), Beamuuny P ompepgensior mo cie-
IyomeMy COOTHOINEHHIO:

B L

B_Ma = um (IV.149)

rie p* # p — Ko9PPATIMeHTH BOZOOTHATUM COOTBETCTBEHHO B HAMOPHOMU

9acTH miaacTa W B 00sacTH BEHIXOHA €ro Ha MOBEPXHOCTH.

Ha pmc. IV. 13 n IV. 14 opusegenst rpadurn f; (a, 6) m fu (s, 2)

AJA yciuoBHA, Korga r = [ VI3 mux supmHo, 9TO mpH JeHCTBAM pAfa

cKBa)KkHH BOAm3Wm peKu BenmumHa f; (@) co BpeMeHeM cTpeMHICH K Io-

cTroauHOi Benwumue. llpm ¢ — o0 compormBienme fn (a) oKassIBaeTca
PaBHBIM:

mpa zoT O 1o I, fx(a ):—l—, (IV. 150)
npu z Gonbme I, fx(a)= 1.

Iipr manuumm 3amieEHOT0 W IJIMHACTOTO dKpaHA B Pycie COMpo-

THBJICHHE B Tpefieiie BO3PacTeT HA BeJMUAHY lLA’ KOTOpasd TaK:Ke He
3aBHCUT OT BpemeHH. llosHoe conpOTaneHne fz (6) Tpm 3ToM paBHO:
opa z ot 0 mo I, fx(6) = (x—l— 3 ) —  (Iv.151)

opu z Gompme I, f;(6) = <1 -+ l_k>

B cxeMe 6, Korma KoHTYp IuiacTa HeIpoHMIIaeM, CTa0WMam3ammy Imo-
ToKa CO BpeMeHeM He DpOHWCXoAmT. lIpm gamTennHOR OTKaYKe MONYUHM:

fale) ~ 1,43 12 (1V. 152)

Ho mpu wacTudHOM ocymeHHH miacTa B 00JIacTH BEIX0fa ero HA Io-
BePXHOCTH (cXeMa 2) CONpPOTUBJIeHAE YMEHBIIAETCA, MOCKOILKY B 3TOM
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caydae HPOMCXORAT H3BATHE HEKOTOPOH J0JM TAK HA3LBAGMBIX CTaTH-
YeCKAX 3a1acoB, yjAeJbHasd BelMYuHA KOTOPHX (HA eguEMIly o0BeMa
niacra), oupefeaseMas BONOOTAAUCH | B 30HE OcymeHnus, oOBYHO mpe-
BHUIIAET yOpyTHe 3aIacH B HAaNOPHOW 30HE, omeHHMBAaeMEle W0 Koadpdu-
nuenty p *. )

Conporusnenre fy (¢) mpM MJIHTeABHHX OTKAYKaX NpHONAKEHHO
BHIpajKaeTcs clefylomeil 3aBHCHUMOCTDHIO:

faer ~ - (1,43 V af + ) (1V.153)
1R=1 #(2) u £16)
/ \‘ bt »
A 1 12=3 ’
" i
()/ SN LA=5 12
/A/,/ AN\ T/
= g iy g s s [ 1/
—T N \\ 08
\f.”/a} s
7(6) 06
] 04
0,2
0
o 10 20 30 40 S0 700 150
at
12

Puc. IV. 13. TI'padpuku Gespasmepuoro comportusiaeuns f, (a) u f, (6) npu z =1

Jlnsa ompepienedns IOHMMKeHMT HENOCPEICTBEHHO B CKBaKHHAX BO
BCEX PACCMOTPEHHHIX ¢JIydasdx (UPW PABHOMEDHOM PacupefeleHun CKBa-
JHUH [0 IUIOMAAH ® BAOJXD JIMHAX) HEOOXOAHEMO OIpEAeisATh BeJH-
9uly AScxs (cM. dopmyay (IV. 122). Ina sTux mesell MOKHO HCUOIb-
30Barh CENYOIMYI0 3aBACAMOCTD:

ASCHB_—_-?JE%n—(ln:—:—}— g), (IV.154)

rae ) — pacXoj CKBajKHHB, B KOTOPOH ompefeiserca MOHHKEHHe
ypoBHA Sy; '
Fn— NPHBEeHHK pafHyc HEKOTOPOil ycaoBHOH ofmactH BIu-
AHUA JAaHHOH CKBa}KUHBlI BHYTPH CHCTEMEL;
r¢ — pagdyC CKBa)KUHHL.
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JIag KOHTYPHHX CHCTEM CKBajKUH — JUHEWHOII ¥ KOJBIEBO —
BelIMYMHA Ty OPUHMMAETCA B 3aBUCUMOCTH OT Cpe/(HeI0 pPacCTOAHHUA
Me;RAY COCeTHUMH CKBayKMHAMM:

rams 2002 (V. 155)
£18)u £(2)
_ %&4‘5
s
_ %////
LA “
] ’%\»/&V‘ e
NP~ B’ 1,
Y
A —— N
27 L7 7 /3}
Y
_ﬁ/ //1/ Lpsﬂ,’ r/‘// 2
/ A+
3 /// L

/’ / 17

V4l

4
k | t s 0
/] 5 0 15 20 25 30
4
0z

Puc. IV. 14. T'padukn Ge3pasMepuoro cOIPOTHBIEHHA f, (6) U fo () upn z = 1

B caydae NIOHMAJHOTO pPAacnojioyKeHHsA CKBa)KUE I'y OoOpelendaeTrcs
0 3aBIICHAMOCTH

ra~047) L2, (IV. 156)

rne F, — nimomans Hpyra, paBHadg MJI0MARAN HEKOTOPOHd YCJIOBHOI
OﬁﬂaCTH, OI‘anIlquHOﬁ JUHAAMHE, OPOXO0IAIINMU IOC peItae

ME;KAY COCeJJHMMH CHBayKHHAMIIL.
Bxogamasa B Qopmyny Bemmumma { mpejcrasaseT coboii Oespasmep-
Hoe CONpOTUBIEHWE, 00YCHOBICHHEOE HECOBEPIIEHCTBOM CKBAKWHBI, OHA
onpeneasierca 1mo GopMmyJiaM, IpUBEJeHHLM B IpepbAyOieM naparpadge.



I'rasa namasn

MOJAEJINPOBAHNE ®NJbTPAIINN

Ilpu mccaemoBaHAAX QMALTPAINHE TPHMEHSETCA (PU3MICCKOE M MaTe-
MaruuecKkoe MopedunpoBaEne. (Dmsuueckoe MopesmpoBaHHE —OCYIe-
cTBasfercA Ha QIBTPANVOHAOM (IPYHTOBOM) JIOTKe, TIji¢ CO31aeTcs
PUABTPANMOBHHI MOTOK noA00HHIT HATYPHOMY, HO B YMeHBLUICHHOM
Macmrabe. SHauurTelbHO OoJbliee HpAKTUYECKOE NPHMeHEHUE HMET
MeTOBl MaTeMaTHYecKoro MOJeAMpOBAHUA, B KOTOPHIX HCHOIbL3YIOTCH
pasiauunble (UHUECKHE AaHAJOIUH, MO3BOIAWIINE BMecTO mpolecca
¢IpTpanyH  paccMarpuBaTh KaKoH-Tu60 AaHAJIOTHYHBIT (QU3HICCKU
IpoIecc, ONHMCHBaeMHH TeMH e RU(pPepeHIHATBHHIME yPaBHEeRUAMU,
910 U mpouecc (PUILTPAIUI.

OcHOBHBIMII aHATOIUAMHI, HCIOIL3YEeMBIMU A pelleHus ¢uibTpa-
IIIOHHBIX 3a7ay, ABIAIOTCH I'MJpPaBIUYeCKasd H JIeKTplUYecKas, a MOJeIn
yerpauBaores aubo craonrgeie, jgubo ceTounbe.,

CnioimiHasg rufpaBiIuuecKas MOfe)ib OCHOBAHA HA AHAJIOTHM ME:RLY
LJI0CKMM (QIILTPANMOHHLIM HOTOKOM M JaMWHAPHHM IOTOKOM B Imeju
MKy JIByMs CTEHKaMW; B 0T€YECTBEHHOH TEPMUHOJOIMN OHA HOCUT Ha-
3BaHHe IIEJeBOT0 JOTKA.

HanGosee nimpokoe mpaKkTuieckoe pacIpocTpaHeHHe HMEIOT DIeKTPH-
YecKue Mojely, OCHOBaHHbLIE Ha 9JIeHTpOI’H}lpOILP[HaMIi‘IeCHOﬁ arajJioruu
(ATAA), 1. e. anayoruu MeKAY PUIABTPAIMOHHHKIM TOTOKOM H IOTOKOM
aileKrpmdectsa. llpuBeneM ocHOBHBIe aHamoru (GUIBTPAIUOHHOTO II0-
TOKA H 9JeKTPUIecKoro TOKa:

D uAbTPAUIIOHHBLIE HOTOR DIERTPUIECENT TOKR
nbesoMeTpadecKuil Hamop H BIeKTPHYeCKHH moTermuax U
1
roo(dunienT gunabTpanuu k yheabHas IPOBOAUMOCTD ¢ = ) (0 — yaeabmoe
COMPOTHURIIEHTIE)
pacxoj motoka Q cnna toka [
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ITockonpKky mnonmoe pemieHHMe (GUABTPANMOHHBIX 3a7ad CBONUTCH
K HOCTPOEHMIO CEeTKH JABMKeHUA, COCTOAMEH M3 JUHUI PAaBHOIO HAmopa
U JuHUE TOKa, To u o0meill safadeél 9IeKTPUYECKOr0 MOJCIMPOBAHUA
ABJIAETCA IOCTPOEEWE HA MOJEJH JUHNN paBHOro motennuaia U (9KBH-
noTeHNualell) U JUBHHA 3JIeKTPHYCCKOrO TOKA.

Jl1a mepexofa oT HamopoB QMIBTpAamUOHHOTO IOoTOKa H K cooTBeT-
CTBYIOIUM 3HAUYEHUAM HOTEHIUATOB dieKTpuiecKoro moxss U ymoOHO
THOJb30BAaTbCSA COOTHOUICHWEM:

H— Huin

Hmax— Hmin

— _ U—Unmin

Umax— Umin

=U, (V. 1)

rae Hpin, Hpax ¥ H — Banopsl MWHEMAJIbEE, MAKCHMAJbHEIM U B JaH-
HO# TOUKE;
Umin, Umax 1 U — cOOTReTCTBYOINUE 3HAYCHUS IOTEHI(AATOR;

U — mpuBefleHHER HOTEHLHMAJN B AAaHHOH TOYKe, KO-
TOPHIT ¥ ompejessiercsi HeMOCPeJCTBEHHO HA
mopenn ITIIA.
COOTBETCTBeHHO DpPHW W3BECTHHIX 3HAYCHUAX DPHUBEJCHHOTO LOTCH-
nuana mamop H onpemeasiercsa mo gopmyie:

H-:Hmin—l—(Hmax—ﬁmin)fj- (V-iva)

Ha conommnix mopmensx II'JIA ¢unbrpanuosHHHIE TOTOK MoAeIU-
PYeTCH UIJIOIIHBIM BJIeKTPUIeCKUM IOTOKOM, 00JacTh KOTOPOTO 33/1aeTcs
reoMerpuyecku IofoOHOil o0macTu paccmMaTpuBaeMoro (UIbTpAIMOH-
Horo motoka. Ha ceTounsix MofensaX cmiiomHoN ¢EIBTPANMOHEBII HOTOK
MOZCIUPYeTCS OPTOrOHAIBHON CETKOH TIHIpaBIMYECKUX HJIN JIeKTpU-
9eCKHX CONPOTUBIecHWHA. TeopeTHUecKyl0 OCHOBY CETOUHHX MOJeJei
COCTaBJIIeT MeTroJ| ceTOK (MeTof KomeYHBIX pasmocTeil). llockoabky Ha
CeTOIHHIX MOJIeJIAX, IO CYIECTBY, IPOUW3BOAUTCA YiKe He MOJAeJIMpOBa-
HHEe, a HHTerpupoBamue AuddepeHENNaNbHEIX ypPaBHEHUH MeTOROM KO-
HEYHBIX pPAa3HOCTEI, TO CETOYHHIC MOAEIHM HOCAT HAa3BaHHE CETOYHHIX
MHTETPaTOPOB (THAPABIMYECKOr0 WU DICKTPHIECKOTO) 1.

WspecTHpl ciyyau OpUMeHeHWS W MHBIX AHAJOTMHA [ pellleHUA
dunpTpanuonEELIX 3anau: MemOpammoit  [241, 251, 253] u marmumr-
noii [253] — paa yeramoBusmieiics guabrpanuu; renaosoit (117, 248] —
0ias HeycramoBuBImeiics ¢uabrpanmuu. OHAKO 9STHM aHAJOTUH He
HDOJYYHJIM 3aMETHOT'0 IPAKTUYeCKOTro HPUMMeHeHUS U TMOTOMY B JaJbHeli-
nieM paccMaTpuBaThCA He OyAyT.

MopenupoBanue sIBAAETCA OYeHb BasKHHIM WHBCTPYMEHTOM, pOJb
KOTOPOTO B HCCJIEOBAHMAX W pacdeTax NPONEecCOB HeIpPepPhIBHO HOBBI-
maercsa. Ecam Hagalo MoJCJUPOBAHUA CBS3aHO B OCHOBHOM C HCCIEJ0-
BAHUAMH OPUPOAH PUILTPANUOHHHX NpPOMECCOB W pa3paboTKoit Mero-
AUKN QUIBTPANMOHHBIX pPAacueToB, TO 3a IOclHefHee BpeMA pe3KO

1 Crsiomable MOTENH TaK/Ke WHOTAAa mashBaloT uuTerpatopamu [193]. Opuako
BpAA JI TelecoofpasHo ymoTpebaaTh 9TO HasBauwe, BO H30cRaHHe TeDMUHOJIOTH-
YCCKOH IyTanHULl IpH pasfe/eHHU CIIOIHHX H CCTOYHHX MOJeTCH.
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MOBBHICHJICA YAEJALHBII Bec MOJleAMpPOBaHUA B TUJPOre0JOTHIECKUX pacye-
TaxX AJ5 peajdbHHX 00BeKToB. DB mepByIO o9epesnb 9TO OTHOCHUTCH K pa-
cuerar QuAbTpaluM NPHU TUAPOTEXHUYECKOM CTPOUTENBCTBE, TE A
nojlas;sAoImero OOJbMIMHCTBA KPYUHBIX OOBEKTOB NpOBOAATCA $uib-
TpalOHHbE pacueThl Ha CIVIOMHBIX Mofexsax JI'IA.

3a moclefHHe [lecATH JeT 3HAUNTEJBHO BO3POC MHTEPEC K MOJeau-
pOBaHMIO HeyCTaHOBHBIIeHCA QuabTpanay Ha OONBINUX TEPPUTOPUAX pe-
TrHOHAJBHOTO MacmTaba, BOZHUKAWIEH NPU YCTPOWCTBE BOLOXPAHUINIL,
KaHaJIo0B, OPOIIEHNY CEIbCKOX03ANCTBeHHHX 3eMeJIb U J[peHaKe Ha MeCTo-
POKAEHUAX MONE3HHX McKomaeMHX. lloka faa »Tux Ienelt game Bcero
IpUMEeHsSIeTCsl THUAPOMHTErpaTop; HadaTo TAKKe UCIOJb30BAHUE DIEKTPO-
WHTeIPATOPOB, NpUMEHEeHWe KOTOPHX WMeeT, Ho-BHAMMOMY, XOpOoIIue
mepcmeKTuBsl. lIpofomxkaromeecs yBeamdenme MacmTala MCCIEXYEMBIX
00’beKTOB BiedeT 3a coboii Bce Ooibliee 0CJIOKHEHUE TPUPOTHOHR o6CTa-
HOBKM, 9T0 HECOMHEHHO moTpelyer eme 6oJiee MIMPOKOIO PasBUTUA MO-
IeUPOBAHUA W NIOBBICUT ero YAelbHHH Bec B TUAPOTE0JOTHYECKUX
pacuerax. Hmme OygyT paccMOTpPEeHBEI OCHOBHBIE BOIPOCH METOJMUKI
MOJIC/IHPOBAHUSA TPUMEHUTENbHO K MOJENsAM, MMeIomuM Haubonbilee
IpakKTH4decKoe 3HAYCHUE.

B zaxarowenme BBOMHOM 9acTu IJIaBH NMPHUBEJAEM HCIOJb3yeMule B Heil
OCHOBHBIE MacHITaOHBIE COOTHOUICHHA.

N 1
Jinefiubit MacmTab @ = 77 — OTHOmenHe pasMepoB B HaType K pasMepam
M
HA MOJIeJIH.
t
Macmntad BpcMenH ag = ;- — OTuOIIeHFe BpeMeHH MPOLecCOB B HaType M Ha
M
MoJem.
k
Macmrad kosddHIIeHTOB QIUILTpAnAU «ap = =
M
MacmTad x0a())HIIEHTOB BOFKOOTHAUN oy = -”i
) M
MacmTab pacxofioB ag = 4 _ ormomenmue pacxofoB HOTOKa B HaType ® HA

dn
MOJICIIH.

v
Macmtab ckopocTn PHIABTpamuN Gy = -0
M

. D
Macmtal THApABIHICCKUX COMPOTHBICHHE 04 = &, — OTHOmIeRHe drabTpa-
2
IIIOHNUBX COIPOTHBIEGHHHA K COOTBETCTBYIIIHM TI'HIPABINYECKAM CONpOTUBJIEHHAM

Ha TIPOMHTErpaTope.
. C .
Macmrab ruipaBindecKnx eMKOCTell a, == & — OTHONEHFe HpHBeJeHHOy

eMEoOCTM 0JIOKA K ILTOMAJN cedeHHA COCY/OB eMKOCTH HAa THADOMHTErpaTope.
Ilpu pacuerax Ha odleKTpHYecKHX Mofienax OI'IA ynaobmec HIpHHUMATE:

AU
macirad noTengalioB (IU = A_[':’ — OTHOIIeHHEe H3MeHeHUA NOTeHIOHaJ0B Ha

ymopenax 9L [JA K cooTBeTcIByOmeMy H3MeHeHHIO HATOPOB QHILTPAMOHHOTO IIOTOKA,;

AU 1

— = 5 OTHO-

. AH Hpax — Hmin

menye H3MEUCHMH OTHOCHTeNbHBX IOTEHIHAN0B HA JJeKTpHYeCKHX MOJeIAX
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K COOTBeTCTBYWOU[eMY H3MeHeHHIO Hamopos (o - AU, = ap, rae AU, — momnas
pasHuOa MOTeHIUAJO0B Ha MOJIEJNI).

. R
Maciitab 9/CRTpHIECKAX CONPOTHBIEHMI Qp == @ — OTUOUICHTE BAEKTPIIC-

CKUX M (MILTpAIUONHBX COIPOTHB/IINI HpH MOAeJANpOBAaHHN Ha 3J1CKTDONHTC-
rpartope.

I
MacmTad cuiaHn TOKa ;= T — OTIIOIIEHNC CHJIK TOKA HA MOMAEII K COOTBCT-

CTBYIONIEMY pacxofy (UIbTpaLIIONHOIO HOTOKA.

§ 1. OG30p MeTOMOB M OCHOBBI TEOPHH MOJEIHPOBAHHA
DusbmpayuornHulii LOMOK

Quabrpanuonusiit n10otok Buepssie  Ost1 mpumenen @O. Dopxreiive-
poM B 1898 r. gna mayuenmsa noroka BOau3u ckBazmunl [253], B gannb-
HefilieM OH MHUPOKO IMPUMEHAJICA [IJs peilieRusl pasnoobpasusix 3ajad —
¢unprpanuu u3 kanaaos [126], npuroka k cksamunam [2, 13], Baaumo-
HeficTBUA paanuumhiX skupkoctein [25], ¢uaprpamumu mpu Bakyymupo-
Bagnu [19] u . m.

OcHOBHOC TOCTOHHCTBO (UIALTPAIMOHHOTO JOTKA 3aKJII0YaeTCsA B BO3-
MOKHOCTH  (U3NYIECKOTO  MONEAMPOBAHMA IPoIeccoB Quabrpanuu,
910 IO03BOJHET MCIOAB30BATh ero KOTJa HeACHA MaTeMarHyCcCcKasd
Teopus Upomecca, KaK, HANDUMep, P GUIBTPAINUU C HETOJHLIM HACH-
meHueM mop (B 30HE adpayMy MJIM B KAUWUIAPHOI 30HE), IpH B3auMo-
NefcTBUU JBYX KUAKOCTeH (CMEHIMBAIOMUXCA M HECMELINBAOIMUXCA),
opu mpoABiaeHUAX cyddosuoHHHX NpomeccoB, W 1. u. llepcmexrusmo,
O-BUAUMOMY, TakKe NpuMeHeHHe (HIDTPANHOHHHX JIOTKOB [JA H3Yy-
YeHUsA NPOCTPAHCTBEHHBIX 0E3HANOPHHIX MOTOKOB,

H 4uncay vegocrarkoB QUABTPAUOBHBIX JOTKOB OTHOCSTCH HPEKIE
BCEr0: IPOMO3JKOCTD, TPYAOEGMKOCTh M3rOTOBJCHUsA U HeM30esKHAS He-
OJHOPOAHOCTH Mojeleil. BanAanne HeoZHOPOZHOCTH yCHIMBAETCA, KPOMe
TOT0, UCKAYKEHUAMU 3a CYCT 3aIMEMIEHHOr0 BO3/AyXa.

PacemorpuM Temeph ocHOBHBIE BOIPOCH TEOPHH MOAENIPOBAHUA
B QUIBTPAfUOHHBIX JIOTKAX.

Obmue MmacmralHpie COOTHOIMEHUs, omnpefedAmue mogodiue Mo-
feJbEBIX U HATYPHHX HPONECCOB ¢ y9YeTOM UHEPIIIOBHLIX CIJ, CBA3H-
BaOT MacmITalnl JJAWHH 7, BpeMEHH O, Koddpduuuenra QUIpTpanuu oy
n xoosddumuenra BopgoorHaum oy caepyoomum obpasom [206]:

a=Vu; o= % (V.2)

"

ITH yCaOBUA OKA3bIBAIOTCHA BEChMA TAMKEIBIMHA JJs HPAKTHIECKOTO
HMCHOJNb30BaHUsA, HOCKOABKY OHH IO3BOJAT M3y4arh TOJBKO OLICTPO
OpoTeKalomue NPOWECCH B OYEHDL XOPOUI0O MPOHUIAEMbIX I'pyHTaX.

Macmrabuble COOTHOUICHHsA CyMECTBEHHO YIPOIMAIOTCH, €CJHU Tpe-
HeOpeYp BIANAHUEM CHJI WHEPHHUH, YTO OOBYHO OKA3BIBAETCS BIIOJHE
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obocuoBanuuM. Torga geBusxeHme OyneT OHHCHBATHCSA ypaBHeHueM Jla-
nnaca npu yeaosmu (II. 21) ma csoGopgmoit mosepxuocTu. Ilockoabry
ypasuenue Jlanrmaca mpu ycloBMH HePaspHBHOCTM IOTOKAa 0e3aycloBHO
BLINONHACTCS KAk B HAaType, TaK M HAa MOJEIH, TO KpUTepu: Nomobus
MoryT OHITDH moxydeHsl u3 anaimsa yciaosusa (II. 21), xoTopoe gas mo-
pean npu w = ( 3anumieTcs B cieAylomeM BHJE:

.ul\I_.aHM___(aHM)Z_(aHM)z_}_ OH -0 (V.3)
kEy Oty Oz Oym Oypg

Wnnexc M noxaspiBaeT, YTO BeJMYMHA OTHOCUTCHA K MOJECJNH.
CBs3piBasi HATypHbIE W MOJEALHBIC BEAMYMHBI COOTBETCTBYIOIIUMHU
macmrabamu:

H =aq, HM; T=0,Ty; Y=Yy t = a, tM (V 4)

k=aky w=apm;
u uopcrasiss ux B ypasuenue (II. 21), merpyamo ycranosurs, 9to gus
rompecTeenHocTy ypasmemmit (II. 21) m (V. 3) mommuo BHIOAHATHCA
e[ MHCTBeHHOE MAacIITabHOe COOTHOUIeHME:
@,
aiay

=1. (V. 5)

Bumecre ¢ TeMm, Komeuno, o6s3aTeNbHHIM SABISAETCS BHINOJHEHHE JH-
HeflHOTO 3aKoHA QUIbBTpapuM BO Beeil o0JacTH [BUIKeHHS HA JOTKe.
Jlast aToro Hajzo moKasaTh, YTO MaKCHMaJbHOE 3HadeHme umciia Peii-
HONBJCA HA MOJEIM OKAa3blBAGTCS MEHDINE KPUTUYECKOTO, T. €. JOIKHO
BHIIOJNHATLCA HEPABeHCTBO:

d
MM -4 10, (V. 6)

v

TAe vy, — MaKCUMaJbHasg CKOPOCTb QUIBTPAMM HA MOJENI;
d,; — Cpefnuii [maMerp 3epeH MaTepHala MOJCIH.

Hpﬂ HGOGXOIIHLIOCTH MHCIJIT36HOFO MoOzxeJanpoBaBuA BBICOTHL KanluJ-
ASAPHOI 30HLI MOYKHO MCXORHUTH M3 TOTO, UTO €e BHICOTA 0OPATHO NMpPOLOP-
NuoHanbpHa JguameTpy 3epeH rpynra. CooTrBeTcrBenHo MacinTab 3epeH

TPYHTA —— [OJKeH 0BT 00pPATHO NPOMOPHHUOHANEGH JIMHEHHOMY —Mac-
M
mraby o.

Janpueiitiero ynydiieHds MAacIITAOHBIX COOTHOIIEHMHA MOMKHO [0-
CTUTHYTH, €CIAM TPUMEHHUTDh JKHJKOCTH CO CIEHEAJTBHO I0J00paHHHIME
TUAPOAMHAMUYeCKUMHI CBolicTBamMu. B ToM ciydae, Korja HaTypHas u

MofieIbHas RUAKOCTH XapaKTepU3yIOTCsA IJIOTHOCTAME Q ¥ Q,y, AUHAME-
YeCKNME BA3KOCTAMH 1) U 1)y, KodpduuuenTaMn NOBEPXHOCTHOTO HATH-

JREHHA O U Oy, KaK CJlefyeT ua peaynbTaTos mcciegosannii E. Munnepa
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u JI. Munaepa [246, 247], macmraGuele coOTHOIIEHNs MPUHAMAIOT CJe-
Nyomuil BUJ:

_ % e .
=% %=y %oy @
d
Qg = —d:\;
_ (Io.ad . -n .
R ey BT, O (v.7)
(12(1 ay
[ T
a; = (Id(l‘ ap (8)
Qa
= — (2)
aoad

ComnocraBierne wmacmrabmux coormomenuit (V.7,6), (V.7,86) u
(V. 7, ¢) nosBonger monyduth APYTHE BEPAMKCHHS I O; H O

. (lo.(ln
at - agag (a)
(V.8)
(IQCL(%
ap = o (6)
n

Ilpu sroM macmra6 cKopocTeit QuUIBTpayud o, ¥ HETeHCHBHOCTEH
MHQUIbTpAUU «, OyJeT COOTBETCTBOBATH MacmTaby KosppumueHTOB
QuiabTpanuu O, a MacmTal yIedBLHHX PAacXofoB Oq Oy/eT paBeH:

a (ld
Og = Uyl = 00y = ——2, (V.9)
Oy

Takum o6pasom, TpeGoBammsa MOAENMpPOBAHMA MOJKHO COONIOCTH,
eCJH MCIONB30BATh HCKYCCTBEHHO MOJI00paHHYI0O NOPHUCTYI0 Ccpeny,
mofo6HyI0 HATYpHOH’ !, W KUAKOCTD ¢ COOTBETCTBYHOMEH TIOTHOCTBHIO,
TMOBEPXHOCTHHIM HATSKEHBWEM, BA3KOCTBI0O ¥ HYJEBHM KOBTAKTHBIM
yIaoM.

. A. Rpaitenrodd Ban ne Jlep mokasan [243 ], aro ymaunoe pemennue
IOoNydaeTcs, €CId HPUMEHATH B KAJecTBe MOMENBHOW >KUKOCTH HATH-
AeCSATUIIPONEHTHYI0 CMeCh MeTHIM3MPOBAHHOTO CNHUpPTa W BOXEl. Takas
cMech D0 CPaBHEHHUIO C BOMOM HMMeeT MeHbIIee MOBEPXHOCTHOE HaTAMKe-
mwe (0 = 2,5) u Goasmyo BsakocTh (On =~ 0,45) npu Gamskoit mmor-
Boctn (a, = 1,07).

IIpumenenne QuUIBTPAanUOHHOrO JIOTKA MOKET OKas3aTbCA WENecood-
PA3HKIM IpM peIIeHWW HEKOTOPHX (UIGTPAaNMOHHEIX 3afad MeTofiude-

1 BoumpocH HoA00MsT MEKPOCTPYKTYpP HOPHCTHX cpef OBCTOATENBHO paccMo-
tpenst B. H. Hukomaercrum [25].
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CKOT0 XapaKTepa, oco0eHHO B TeX cIydasx, KoTZ{a padMepHl II0TOKA B pas-
NWYHAIX HANPABIEHMAX COM3MEDHMMHBI C €r0 MOIHOCTHI. IlpuMmensATh
¢uUILTPAUVOHHBIA JIOTOK JJNA MOJeJHPOBAHUA pEANbHHX O00BEKTOB,
ocobeBHO UpU M3ydYeHHH QEIbTpanuu Ha 60JBMMX TEPPUTOPHUAX, ABHO
HenenecoobpasHo.

Ieaesoii womor

Broepsoie menesoit motor Owtnm upemimosken I'. Xeme-IlToy [2361,
B CBs3M C 4eM B 3apyOe:xubix paboTax oH 00BYHO HOCUT HAa3BAHUC «BA3KO-
muprocTHoit Mofenu Xeme-Uloy». lna pemermus ¢unpTpanuonnbix
3aJ1a¥ menesoi 10ToK puepssic npuMerut E. A. 3amapmn [101). B gans-
HelioieM mieJieBoi JOTOK NPUMEHANCA A M3Y9ICHWA HEYCTAaHOBUBINHUXCH
QUILTPANMOHHEIX MOTOKOB IPU KoJNeDaHMAX ypoBHEHA HAa HX TpaHMI{Ax
(15, 17, 109, 235, 254 ], nccacmopanuii KUHEMAaTHKHU HEYCTAHOBHBIIETOCSH
notoka [204], waydenus [BukeHNsT IPaHMIE pasfela ABYX KUJIKOCTeil
[210, 226, 253] u r. m. O630p 3apyleskHEX paboT CO MEJeBHM JOTKOM
nanm Bup u JI. Tomg [226, 253, 254].

IleneBoit TOTOK mpocTeiiluieil KOHCTPYKIHMYU COCTOMT W3 JABYX IIEK-
CUTJACOBHX CTEHOK, IMENb MEKAy KOTOPBIMH PETyJHPYyeTcs CIelHalb-
HHIMU BEjIapblinamMu, u ourawmux 6agxos [204, 210]. IIpu cpasaureanno
HeGoMBITUX pPasMepax JOTKA TaKoil KOHCTPYKuu (xors O B OJHOM Ha-
IpaBJIeHUAN, HallpUMep, IO BHCOTE) U MPH HCHONL3OBAHHH IS CTCHOK
TOJICTOT0 ILTEKCUTIIACA TOYHOCTDh 3aJlaHusA MICJAH OKa3bIBAETCA HOBOIBHO
BHICOKOH. OfHAKO Ipu CPaBHUTENLHO OONBHION BHCOTE JOTKA IIOTpEIl-
HOCTH 3aJIaHMA melu ToanmHod 1 —2 mm MokeT oKazarhbesd Goablme 1o-
nycrumoii. Jins Gomee TOoYHOTO 3aMaHUS TONMUHBL MEAHA KOHCTPYK-
U0 mEeJNeBOT0 JIOTKA YCIOKHAIT, Aelas OfAHY CTeHKY H3 MAaccUBHOIL
JUTOH MeTAJNTMUeCKOH ILIUTHI, a BTOPYI0 — U3 TOJCTOTO ILICKCHIIAca
unu moiuposamuoro crekna [15, 110]. Ho mpwm sToM T0TOK HAcTOIbKO
YTAKENACTCA, 94T0 €TI0 NPAXOJUTCA MOHTHPOBATH C HOMOIBIO CICI(HATb-
HOTO KpaHa.

B xauectBe pabodgeil KuIKOCTH B HeIeBOM JOTKE Wamie BCETo IpUMe-
HAIOT TIANECPUH, KOTOPHIA MMeeT KWHEMArUIeCKYI0 BAZKOCTH IOPANKA
5—10 cm?/cer. CymecTByIOT UpenNosKeHHsI 10 HpUMEeHeHHI0 Goiee BS3-
KUX JKUJKOCTe#, HampuMep BHHUOONA (BUHUA-OYTHIOBOro cCIHpTa)
¢ v~ 100 cn?/cer [110]. Takaa mumKocTh MO3BOJNACT HEPETH K IIeNH
Oonpmeir Toamuusl (mopsgra 1 ca), obecmeunmparwmei TpeGyemyo Tou-
HOCTD ee 3afanmsa. HemocTtarkoM 5TOro MeToia ABIAETCS 3aMeTHOE M-
JAUIlaHUE BA3KOM JKHJIKOCTH K CTEeHKaM H 3HAYHUTCILHAA 3aBHCUMOCTL €e
BABKOCTH OT TeMIepaTypH.

OcHOBH TeopwH MoJieUPOBAaHUA Ha IEJEBOM IoTKe Oplin paspabo-
tadsl B. M. Apasumeim [15, 17]. On BBenr MmacmTabusle COOTHOIIE-
HudA (V. 2) npuMeHEUTENBHO K TCYCHUIO B MEJNeBOM JOTKE U LOKAa3alk, 9To
npoHuitaeMocTh meau (amamor rospduuumenta durprpanun) kg cesazaH
¢ ee TonmuuOoi O Qopmymoii:

2
F :f_2. . (V. 10)

10. 3axas 207. 145



Taruy o0pasoM, cpeHAA CKOPOCTH ABWKEHUA SRUJKOCTH B MEIN Uiy
1l PacXoj MOTOKA ¢ B CEYCHNH BHICOTOH My CBA3AHH ¢ I'PAJIeHTOM Ha-
nopa i COOTHOMIEHMAMU:

l?m — kmi - 63" % m[u' i. (\7. 11)

2 g .
'—;'l, qnx—*vm‘a'mm— 12

12

Iipu opummakoBoM rpagmeHTe Hamopa PAacXofBl W CKODOCTH IOTOKA
B parype 6yayT DpoNOpPUHOHAABHEI KodPPUOUeHTy QuABTpPANUH U NPHU
MOJEJIUPOBAHNN HEOTHOPOLHOT0 MO TPOHUIAEMOCTH (QUIABTPANMOHHOIO
MOTOKA IMMPWHA [MeJdW B 30HAX PA3TNYHON NPOHMUIAEMOCTH AJA coXpa-
HeHWS OJJUHAKOBOTO MacinTaba pacXofoB JOJKHA OHTH NpOoNOPOUOHATBHA
KyOMuHOMY KODHIO u3 Kodfdunuenra (HUIBTPANUA COOTBETCTBYIONIUX
30H QMIBTPALMONHOIO IMoToKa. lIpu MogeaupoBanun HeyCTaHOBUBIIEHCH
¢unprpanguu, KpomMe TOro, AOJKHO OBITH yAOBIETBOpeHo MacinTaGHoe
coornomwenue (V. Jd), B KoTOpOM cielyeT UPUHATE My =— 1; ay = p
(ecam me y9YUTHIBATh NMPUIUIAHHA JKUAKOCTH K CTeHKaM mexan). B stom
ciayuae JJIsA HEOMHOPOAHOTO PUIBTPANUMOHHOTO IIacTa B obmeM ciyyae
KuHeMaTudeckoe cootHomenue (V. 5) oKa3pIBAeTCS HECOBMECTHMBIM
¢ coornomenuamu (V. 11), moCKoABKY s BHIEP/KHUBAHUS MOCTOSHCTBA
macmraba ckopocreit, coraacuo (V. 11), roamuna mean goxykHa OHTD
OPOTMOPIMOHAJIbHA KODHIO KBAaJPAaTHOMY M3 3HA4YeHHH Ko3QPUIMEHTOB
punprpannu. B HeogHOpOAHEIX TIpyHTax /Js BHIOJIHEHHUS COOTHOIIE-
aust (V. D), KpoMe Toro, MPOHUNAEMOCTh IMENU JOJKHA OBITH HPOIOP-
MUOHAJAbHA TOJIMUHE -MeJU, TAK KaK B 9TOM cJdydYae BoJoO0T[ada Meu
OKa3siBaeTCs1 MPOMOPIMOHANbHOK ee Toamuue. BexexcrBue aToro mope-
JAUPOBAHUE HEYCTAHOBUBMIEICS (PUABTPANUU B MIEJEBHX JOTKAX BO3-
MOKHO TOJBKO JAJASl OJHOPOMHHIX BONOHOCHBIX TJACTOB WJIH B TeX CJIY-
9as1X, KorJla KpHBas JenpeccHd B TeUEHHWE BCEI'0 MCCIEIyeMoro Mepuojia
¢uinbTpanMyu pacmoaraeTcsi B oJ[HOM cloe. B mocumegmem ciaygae pocra-
T09HO, 9T00H cooTHomenue (V. 3) yHLOBIETBODATOCH TOJLKO AJA BepPX-
HETO0 CJOS.

Crnaownvie modeau /A

Mopneanporanue QUIBTPANUOHHBIX 334aY HA CIJIOMHBIX MOAENAX
ITHA snepsnie Grto mpepsoxkeno H. H. IlaBroBckuM npumenuteabuo
K U3yYeHUI0 QHIAbTPANUH HOJ THAPOTeXHAYeCKUMH ooy kemmsamu [158].
IIpocrora uarotosaenust momeneit II'IA, mocrynmmocTs M jgocTaTouHaA
TOYHOCTH PACYETOBR HA OTHX MOAEJAAX O0OyCIOBHJIN IIUPOKOE pacnpo-
CcTpaHeHHE 9TOr0 METOMAa MOMAeNUPOBAHWS ISl pelmieHUs IeJoro pAja
QUABTPANUOHHLIX 3a4a4. ITO TMOJOMKEHWe XOPOIIo HINIOCTPHDPYeTcH,
Hanmpuyep, 6uGamorpaduueckumn csemenusamu o Merony OIIA, npm-
segenavimn H. V. [pymunuasim [97 ],

Kpatko ocTamoBUMCSI HA OCHOBHHIX BONPOCAX TeXHOJOIMH H3rOTO-
snenns nmojuesien ATIA. Ilpu meoGxogumoctu Gojee aeTalbHOrO O03HA-
KOMJICHISI C HVMM DeKOMeHayeM o0paTHThCA K ysKe yNoOMHHAaBIIeHCs
padore H. . [Ipyxnunna.
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HaroTornenne Mopenei

Mopens, maobpakaomas 0671acTb UALTPAMUOHHOTO HOTOKA, MOKET
OBITH M3TOTOBJEHA U3 PABINYHHX TOKONPOBOMANMMNX MaTepHa’ioB, K KO-
TOPHIM IPeABABIAIOTCA ClefyOIue ocHOBHbIe TpeGoBanmsa: 1) omHopon-
HOCTD; 2) cTabUIABHOCTH YIEKTPUYECKUX CBOHCTE; 3) OTCyTCTBHE HM000Y-
HBIX TpPONECCOB, HCKAKAIMUX 3IEKTPUIECKoe IoJe; 4) ouruMaibHoe
YAeIbHOE COMPOTMBICHNEG — HE CIMIIKOM Majxoe, 9ro0bl MOMKHO ObBLIO
HOCTAaTOYHO TOYHO MPOBOAMTL UBMCPEHHE BIEKTPUYECKOTO MONA, U HE
CIMmMEKOM Goibmoe, 9ToOH He C03JaBaTh ODIYTUMBIX HOTEePDH B IOABOAMA-
meit cetu. K comanenuio, B macrodmee BPCMS HET MaTepUaJ OB, J0CTa-
TOYHO TOJHO YAOBICTBOPSANMUX OSTEM TpeboBaHMAM.

duaexkTponpopoinaa Gymara MOJyduiaa 3HAYUTEIBHOE PAacmpocTpa-
HeHHe 3a Iocje[Hee BpeMsa H ceifidac siBisercs maubosiec pacmpocrpa-
HeHHBIM MaTeprajoM AJf Mofeseidi. OHa M3rOTaBIAMBACTCA HATOJIHOHHEM
oGeranoit Oymaru caeil u rpadgurom [90, 193 ]; yneanbnoe comporusiienue
aucra 6ymarm mamensiercst or 100 mo 100 000 om/cm '. Taxas smekTpo-
IpoBofHasi GyMara BIOJHE YIOBISTBOPAET TpPeGOBAHMIO CTAGHUIBHOCTH
U OTCYTCTBIA ICKa)KalOMHUX UPOIECCOB, OJHAKO NOKA eme He yIaeTcs
MOCTHYH BIOJHE YHZOBJICTBOPUTEABHON ofHOpOAHOCTH Mojesku. Ha
puc. V.1, ¢ uszobpameno THmmMYHOe I0Je YAEABHHIX CONPOTUBICHHUIT
oTpeska Oymaru, KOTOpoOe CBUeTEeIbCTBYET O TOM, 9TO WX BeJAMYEHA Ha
OTJeNBHHIX y4acTKaX MoJeldd MOMKeT pasandarhcs B [Ba pasa. Bmecte
C TeM [usl CPAaBHUTEJbHO IUTABHLIX B ILJIaHE IMOTOKOB omuOKa 3a CYCT He-
OHOPOJZHOCTH MOjelN OOBITHO OKa3piBaeTcs HeOOJDBIION, Aasd HpOCTHIX
cxeM Quasrpanuu mofi GawTdcTOM X B 00X0 COOPYKCHITI, 10 JAaHHBIM
II. ®. Quapuakopa [193], oma me mpesprmaer 2% or obmeit pasmuIst
TOTeHIIAN0B HA MOJedH, OAHAKO IPH MOAeJIHPOBAHUN CKBAaKIUH M JIPeH
HCOONBIIOTO pasMepa omuOKa MOMKeT pe3sko BO3PAaCTH.

HeogmopomuocTs yKIagKH JacTHYCK CasKH CO3JaeT TaK;Ke aHHW30TPO-
om0 Oymarm, BCIefcTBHe Uero YHeJIbHHE CONPOTHBIeHNA OyMmarit Qx
U gy, 3aMepeHHHe B IBYX HalpaBleHUAX, 3ameTHO pasnuansl. Hoopdu-
IUEeHT AHU30TPOHUM Qax = 3&&5_02_ (rme cpemmee  COIPOTUBJICHNE
aucra GyMaru Qcp = 1 QxQy) [0 JaHHKIM, HplizefenHsM B pabore [193],
mosxeT pocrurath O—10%. Jlna ymeubimeHns BAMAHUA aHU30TPONHU
mpepsaraercsa (193] warorapaumparh Mojennm U3 CIBOCHHBIX JUCTOB, KO-
TOpHIE COGAUHSAIOTCS TAK, 4TOOLI HANpPABICHIE MUHHMAJBHOTO COIPOTH-
BIEHHS OJHOTO JHCTAa COBIAJANO ¢ HANPABICHUEM MaKCHMAJbHOTO
conporupaenus gpyroro. Ipu sTom morpeumrsocrs MoeanpoBanns yMeHb-
maeTca mpuMepuo B 1,0 pasa.

Ha comporusnemme 6yMaru cymecTBeHHO BIHUAET ee BJIAKHOCTD,
TAK YTO XpaHUTH GyMary HeoGXoquMo B cyxom Mecre. Hpoae Toro, co-
OpoTuBieHne GyMaru HECKOJIBKO MEHAETCHA B 3aBHCHMOCTH OT HM3MEHEHN

1 Jlog yHCIALHHEIM CONIPOTHBJICHMEM Jlicra OyMarll IOHHMAETCS COMpPOTUBIEIC
}(Ba}lpaTa JHICTa ﬁymaru MeXAYy INHHAMII, [OIpIIO/KEeHNBIMH K IIpOTHBOIIOJOARIBM
CTOpOHaM RBa,E[paTa.
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Codepreare CuSO, 82 wa lem*pacmbond

Puc. V. 1. XapaKkrepHCTHKN MaTepHaIoB CILTOMHEIX Mofienell ITTA

a — TuliuyHoe TIoiae HeOMHODOLHOCTH dlekTpoupoBoaHoi Gymarm. IIo B. B. Pyrmany [37]; 6 —
rpadlik 3aBUCHMOCTH YHeNbHOMN BIeKTPONPOBOIHOCTH 0T KOHIEHTpAanui pacTBopa CuSOy4 B UCTHI-
NNPOBAHHOI Bole



TCMTIepaTypPhl M BPeMeHIl HArPCBAHWSA IPH NPOXOKJEHMU TOKa, NpHYeM
OTHOCHTeJbHHEe H3MeHeHHWs coupoTusjeHnsa pocturaot H—10%. Mo
OKOHYAHWY BO3IeHCTBUSA TOKA CONPOTHRIGHNHE HE BO3BPAINACTCA K CBOEMY
JICXO/IHOMY 3HAYEHHIO, T. e. HabamopaeTcsa mersst rucrepeanca. Caurawor,
YTO MOCKOJBKY 5TH (PAKTOPH BIUAIOT HA BCIO MIomajb OymMaru, UxX BIHA-
une Gyper HecymectBennuiM [193 ], opHako Takoe mpeamomoskenue Tpe-
6yer Gosee moppoGHOro 06OCHOBAHHA.

JInnuu paBHOrO moTennuana Ha OGyMaskubX Mogednx I JLA ma Brem-
HUX TpaHniaX, Kak OpaBuUjoO, 3aJal0TCA 3a;KUMHLIMH [IWHAMM, 4 HA BHY-
TPeHHUX TPAHANAX — NPUKJICCHHHMH IPOBOJOYBBIMU mimHamu. WHorma
HPUMEHSIOTCS TAKKe NPUSKVUMHbBIE TOJOCOBBIe IIWHBI, OJHAKO OHH He
Bcerjfla o0eceduBaOT XOpPOMWil KOHTAKT ¢ OyMaroii.

Upu sajgannm JTuHUA mepeMeHHOTO NOTEHIMANa PEKOMEHIAYeTcs Npu-
MEHATH OPYTKOBHIC JIMHEHHBIE NIMHLI, CHOCO0 M3TOTOBJIEHUS KOTOPHIX
nojipo6ro onmcan B pabore [193], uau mamocurs mo dToR AMHMU cioi
JIeRTPONPOBOOTHOTO KieAa 3HAYMUTCIAbHON NpoBOONMOCTH, YCHUJIHBAsI ero
NpUKIEHBAHUEGM IOJOCKH OyMaru Maloro COIPOTUBICHMSA; HOCIeHWH
cmocob TeXHMYECKHM Ipome, HO TpeGyeT Gojiee 9acToTo 3afaHus IOTeH-
[MUaJ0B BIOADb JUHUWN.

ITo menmpommmaeMbM TpaHHIAM HA MoJedHU fexaloT Bhipess. IlmacTe
C pasnHMIHON IpPOHHIAeMOCTHI0 MONEIUPYIOT KYcKaMu OyMaru pasiamd-
HOU yMeIbHOW NPOBORMUMOCTH, CKJIECHHEIMEM MEKAY C00O0H CHeIman bHbM
DAGKTPOIPOBOJHHM KieeM, OpUIeM IPOBOIUMOCTH HAHOCUMOTO CI0A Kies
nosxHa OBITH B MHTeDBaJe MPOBOIMMOCTeH CKJIenBaeMbiX 30H. Ecam e
TMPOBOMMMOCTD KJesi 3HAYUTeJbHO BHIIE, TO CIefyeT cAelarh IOmepex
UIBA HaJpesbi, 4ToOB MCKIIOYNTH BO3MOFKHOCTH MCKaKeHUs JTHHUI TOKA
BLOID IIBA.

B. U, llanunuiue peKkoMeHAyeT CHEYIOODLYyI0 peUenTypy BdIeKTPo-
nposopmoro kiaes [193]: Boga 65 cm®, smematun ororpadumgecknii 10 e
(mnu mameBoit — 15 ¢), ranuepun 2 e, cuupr 90 —96° 20 cu®, casxa ra-
soBasg mpocesinmad o —10 2 (B 3aBucHMocTU OT TpeOyeMod dIeKTpoHOpoO-
BOJHOCTH Kiesi). B Bofy KIayT jKeNaTUH U BEIEP)KABAIOT B Te€UCHHE 3 —
5 uac po wmabyxamusi. HaOyxmmii emarme mogorpeBamor go 40—50°
Ha BojsfHoii Game. OgHOBDeMEHHO NPUTOTABIUBAIOT HAcTy M3 CAaMKH,
JJA 9ero B CTaKaH BCHIIAIOT CA)Ky, BJIUBAIOT IIUIEPUH ¥ 9acTh CIIHPTA,
PacTHPAIOT MAJOYKOM [0 IOJHOrO CMAYMBAHUS Ca;KH. 3aTeM XOJXY4YeH-
HYI0 macTy 7o6aBisIoT B pacTBOP jKeNaTNHA U, SHePTUIHO HepeMelluBasd,
KamIsMA BAMBAWOT ocTaplnmiica cuupT. Haeit cregyer XpanuTh B BaKpHI-
TOM CTEKISAHHOM COCYJie; Tepefi ynoTpebienueM ero Ha HecKOoJbKO MUHYT
OTYCKalT B TOPAYYI0 BOJAY U IepeMerIuBaioT.

K umcay HepgocTaTKoB 5IEKTPONpPOBORHON OyMaru OTHOCHTCS TaKjKe
OTpaHRYeHHAS BOBMOKHOCTH €€ WCTOJb30BAHUSA JIJIsI PelleHusl NPOCTPAaH-
CTBCHHHX 3ajad.

JIeKTPoIuTHI, TaKke MOBOIBHO IMHPOKO HCIOJb3yeMble B KadecThe
MaTepHalaa I.I8 Mojelel, o6bYHO HPECTABISIOT c000M BOLHEIE PACTBOPEL
coxeit, Haubonbimee pacmpocTpaneniie Ha TPAKTHKE MOJIYIUIN PACTBOPEL
TOBApeHHOH COJHM, MEIHOTO KyIopoca, oOHYHAs BOJONPOBOAHAs BOJa
(mpenBapuTenbHo o0e3BosaylmeHHas KUNAYeHWeM WIH BaKYYMHPOBa-
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uuem). B mporuBomososmHocTE GyMare, DIEKTPOJIUTH XOpOIL0O YAOBIe-
TBOPAT TpeDoBaHMIO OJHOPOJHOCTM MOJedu, HO IOpasio XYyKe OTBe-
4ai0T TpeOOBaHMI0 CTaOUIBPHOCTH M OTCYTCTBUA MCKAKATONUX IIPOLECCoB,
MOCKOJBKY IIPU HATOKEHHM DICKTPUYECKOTro T0JA BOAM3I ITHH BO3HIU-
KawT DJICKTPOXUMUYECKHEe MPOICCCH, BH3BIBAJOMUE MOIOIHHTEIbHbIE
KOHTAKTHHE NOTepH TOoTeHUUaJa Ha IIXHAX.

B QJEKTPOIUTUICCKUX MOJOeIAX JINHUN PaBHOI'O IIoTeHHWaJJda yCTpaji-
BawTcA oOBYHO M3 MefHBIX uWiau jgaTyHubx muH. [loBepxHocTm muH
JIOJKHBL OBITh TIIafkumu (DOAMpOBaHHRIMU), 0e3 IapamuH H BEOoDH.
Xopouiie pesyabTaTHl AaeT NpuMmeHenue mocepeGpeHnbix mwH. Hempo-
HuyifaeMbple TpPAHUILL YCTPAMBAOTCA M3 U30JAAUMOHHBIX MaTGpPIEUIOB:
CTeKJa, IUIeKCHIJIaca, WeJayJoujaa, BOCKa, napaduHa, ITaCTHIMHA
u T. 0. Pasauunasg mpoHHIaeMoCTh MoseT OHTH o0ecmedeHa Ha MoJeild
oyTeM H3MCHCHUA KOHIEHTPAIHM pPacTBOpa B JOBOJIBHO IIMPOKOM -
amasoHe, KaK 3TC NI0OKA3aHO, HAIIpAMEp, [JIS PACTBOPA MEIHOTO KyHopoca
na puc. V.1, 6 [97]. Tlo pexomempamun H. WU. [ipymununa siaextpo-
anTel Hesecoo0pasmo TPEMEHATL IIPM COOTHOIIEHHH TIPOHHIIaeMocTel
Ha Mofeau He 6osee dem B 100 pas, mpudveM HAWIYUIIUMH NPH3HAIOTCA
pacTBOPBl MCAHOTO Kylopoca Mannx kommentpammit (0,001 —0,01%).
Mexay ciaosMu ¢ PasiandHON TPOHUIAEMOCTHI0 YCTAHABANBAKTCH Iepe-
TOPOMKM, KOHCTPYKIKS KOTOPHIX JoJbkHA ofecmeuWparbh mepefady
BJICKTPHICCKOro TOKA NpH DOJHOU ruapousonsanuu. OCHOBOMN I pasfe-
JUTENBHBIX Meperopofox OOBIYIHO CayyKaT TOHKME IJIACTMACCOBHIE ILTa-
CTHHBI, OOCPHYTHC MEZHBIMH MO0 JAaTYHHHIMH XOMYTHUKAMU IIMDHHOI
1—2 mm, mau uepfopupoBaHHHE KyCoYKaMu MefHOIT mposoaokn. Hau-
foee TIaTeaAbHoOe COGIUHEHUC CIOEB MOMKHO OCYINECTBHTH, eCJI HA pas-
JeNBbHYI0 IUIACTHHY, TpefBAapUTeNbHO HpOKIecHHYI0O Kieem Bd-2, Ha-
MOTaTh TOHKYIO H30JIMPOBAHHYIO MPOBOJIOKY, & 3aTeM JITA Jyullero Ipiu-
KJEHBAHHUS TPOTIATUTEH ropadunmM ytiorom. [ladee ¢ Hapy:;kHOH CTOPOHBI
H30JTNI0 MOKHO CHATH HasknadHolli 6ymaroii, a BIoJAb ofHOr0 U3 pedep
OJACTHHBL NIPOBOJOKY TOJHOCTBIO CTOYUTH. PazfedabHbie 11JIaCTHHBI, KaK
¥ BCe OCTAIbHBIE KOHTYPH MOJENH, OOBI9HO KPelMAT HA MOJCTH IJIacTi-
JHUHOM.

Hpome Gymaru u sieKTpPOJUTOB, B KadecTBe Marepuaia JJs MoOJelIud
HCHONB3YIOT caMble paszHoo0pasHble MaTepUaJbl: arap-arap, dIeKTpo-
OpOBOJHBIE KpaCKH, Kiell, cMech MOpPOIiKa I'paduTa ¢ IOPOIIKOM MpaMopa
WIM TeCKOM, djeKTpompopoinsiit Kapron [97, 112], rume [237] u T. 1.

OmpenesneHre TOTEHIHAJOB W TOCTPOEHME IHMHHIL TOKA
Ha cmIomHHEX Mojeasax JILJIA

Onpefienenue mpusefeHHOr0o moTeHnuana Ha Mojeasx II'IA, raxw
TIPABHUIIO, IPOM3BOAUTCA € IOMOMBI0 MOCTOBOH M3MEPHUTeAbHOM CXeMbI,
TIPUHIAT IOCTPOeHUsI KOoTOPOH moKazam Ha puc. V. 2, a. Jlasa ocyme-
CTBIEHUA DTOIl CXeMBI IapalIelbHO C MOJEIBIO ToJcoefHHAeTCSA obpas-
OOBHLT Jenuresnb (aromerp), COCTOAMMIE M3 MarasyHOB COIPOTUBJCHUII.

H. M. [lpy:RuHrH peKOMeHJyeT NPHMEHATH B KadecrBe MarasuHA
conpoTHBIeHu# porda;kueit Marasund Tuna HMC-4 mrm gpyroit marasns,
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nuMeIIuil Ee MeHee 9eThipex mexkan. Ilociaemusas mekana JOIKHA COCTOATH
u3 conporunrcumit He Huke 0,1 om. ITpu sTOM colpoTHBIeHNME KATyuleK
nepBoil mekannt oyger mo 100 om, a MUHUMAaIbHOE CONIPOTUBIIEHUE BCETO
marasuna Oyjer pasmo 1000 om.

AroMeTp mMeeT MOJBIYKHON KOHTAKT, KOTOPHI Yepes MHAUKATOD HY I
7 M3MepHTeNbHYIO NIy HOACOeNHAeTCA K Mofexu. Ecau wria ycraHa-
BJINBAETCA B TaKO# TOUKe MOJeNM, 9T0 WHAHKATOp IIOKA3EBAaeT HYyJeBoe
HO0JI0KeHUEe UHAMKATopa, TO IOTEeHIHAIH — 3aMepsAeMHl Ha MOJelH H
YCTaHABJIMBAIOMUIACA HA TOABUKHOM KOHTaKTe — OyAYyT paBHBL MemKAY

a)

!z/uuHaI

wunall

Puc. V. 2. Hsmepureapuasa
cxema Mogeat ITTA

a — 1pu paboTre Ha IOCTOAHHOM
TOKE: 1 — MOJenb, £ — Hrua,
3 — ranbBaHOMETp, 4 — al'oMeTp,
5 — HMCTOYHUK IWTAHWA, B TOYKAX
A"m B"U =0mn U =1000/,
6, 6 —npu paboTe Ha HepeMeH-
HoM T0Ke: P—1 n P—2 — peocra-
THI, PeryJIupYyIOL{ile COOTBETCTBHE
moTeHuuaioB 0 m 100 9% Ha aro-
MeTpe M Ha Molenu; II — mepe-
KIII04aTeab

coboii. 3Haa coupormsienuss R, m R, ma pmenuresne, HaliieM 3HadeHue

npuBefleHHOT0 moTeHmmaina U B 3THX ToyKax mo Qopmyle
U - '&‘ )
Ros
rac Rp— moxHoe compoTuBieHue jgenuteds (Ry= R; -+ R,).

IlpocTefimiuMn MHAUKATOPAMH HYJAA B IEIAX MOCTOAHHOTO TOKA
ABJAIOTCA Pas3IMIHbIe CHCTEMH FaJibBAHOMETPORB, a B IeIsIX mepemMe HHOTO
ToOKa Mo0aBaneTcsA BHIIPAMUTEIbHASA CHCTeMa.

Cxema ycranoskm OI'JIA pmma paborsl Ha HepeMeHHOM TOKe,
cmonrupoBansas Bo BHUWUT um. Bepeneesa [17], mpusegena ma
puc. V. 2, 6,6. 3mech NepeMeHHWII TOK Npu momMomu TpaHcdopma-
topa Tp momnmaeres Ko 10 —12 ¢ u 4epes peryamposouHuiit peocrar P
mofaeTca Ha Mofienb. llapajienbHo Momgenn mojxiodaeTcss aromeTp Ae,
a B AMaroHaJb MOCTa MexAy aromerpom m mriaoit 4 — renedon T u cu-
cTeMa BHIPSAMIEHUs TOKA, COCTOANIAA M3 KyIPOKCHBIX BrImpsmMuTereil K,
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n K,, cTpenousoro raipBaHOMETpa MATHUTOJJNEKTPUIECKOH CHCTEMBI |
koHfleHCaTopoB C; nm C,. YKazareqAMy ToKa B AMATOHAJIU MOCTa CIy KaT:
npu rpy0oit HacTpolike Ha HyJb — TexedoH, a OpM TOIHOH — raabBa-
HOMETP.

Ynausoe pelleHNe N3MEPHTeIBHON CHUCTEMB HOJYyIaeTcss NP UCIIOdb-
30BaHUM B KadecTBe yKazaTead Toka ocumiidorpada. B paborax [17, 971
IpuBeieH onucaHusg 0oJjiee CJIOKHBIX JIEKTPHICCKUX CXEM.

JInenu ToKa 9Yame Bcero CTPOAT IpadMUecKHM OyTeM mocie MOJyde-
HuA 9JKBUIOTeHNUAJEH U3 YCJIOBUA OpPTOTOHAJBHOCTH JHMHMH Toka
¥ JKBUmoTeHnuaxeil. B mepBoM mpubauxeHEuuM WOCTpoeHKMe JIHHUH TOKA
OpOM3BOAMTCA «HA IJas», 3aTeM HX NOJOKeHHe YTOUHAETCA HpoBep-
Ko#f KOHQOPMHOCTM YyYacTKOB KaKHOM JEHTH TOKAa, KOTOpHie 3aKIIo-
93510TCA MeKJy DYKBHIOTeHNWAJAAMH, IPOBeJeHHHIMH ¢ HOCTOAHHEM
ImaroMm.

JImanm Toka Ha Mojeau II'JIA Moryr GwITH mOCTpOCHB W Hemocpes-
CTBeHHO HyTeM pelleHUs TaK Has3wBaeMoil obpameHHOM 3amadm, Korja
B KadecTBe HOTeHNMUANbHOH QyHKNmu Beibmpaercss ¢ymrmma toxa [62].
OpHaxo HpaKTU9eCKH STHUM OpHeMOM HOJB3YIOTCA CPaBHUTEIbHO PefKo,
HOCKOJBKY 0oslee mpocroit rpaduveckuit cmoco6 o0nuHO obecmeduBaeT
JOCTaTOYHYI0 TOUYHOCTh TOCTPOEHUSI CeTKHM [(BUKeHH.

Cemounwie aaekmpounmezpamopst

Hpes m o6ocHOBaHMe CETOUHOIO IJIEKTpOMHTerparopa 0w chopmy-
auposausl C. A. Tepmropmasim  [83], a paspaGorka xomeTpykmuii u
BHefipeHue 3nexrponaTerparopoB B CCCP mpeskje Bcero cBsizaHsl ¢ Tpy-
mamu JI. . I'yreumaxepa [91]. Ha ceroumom smexrpounrerpatope
CILTOMHON (PHIABTpANMOHHHNN MOTOK MOJedUpPyeTcs OPTOTOHAJILHOH cer-
KOl DIeKTpPUIECKNX comporuBiaenmit. Illpm TakoM MopenmpoBanum
HCOOJB3YIOTCA NPWHIUOK MeTOAa KOHEYHHX pasHocTedl, Korja Bech
duapTpannoOHHHE MOTOK pasduBaerTcsi Ha OTHeJbHBIe OJOKHM, a Boja,
cofilep:xamascsa B Kak[oM OioKe, Kak Obl cocpefoTounmBaeTcsi B IGHTpe
aroro Gmoka. Taxum o6pasoM PUABTPAMUOHHKA IMOTOK CBOAUTCA K CHU-
creMe (UIBTPAIMOHHEIX compoTuBieHnit @, ompenensgeMux 1o $opmye

l
D = T (V.12)
rpe I, F n k — paccrognue, cpegHss NJIOManb MMONEpPEeYHOro CeIeHUA
¥ cpefHee 3HaUeHUe Koapdunuenta QUABTPAIUN MEKLY
coceHUMH OJIOKaMH.

Ilpm sToM B KaKMOM y3J0BOiH TOUKE JOJKHO BHINOJHATHCS OataHCo-
Boe ypasuenue (II. 58), kotopoe B ycaoBusx ycramosmBrmeicst duiabTpa-
UM WMeeT BU:

3

"ﬂqﬁ);ﬁg_}_gizo, (V.13)

b

.
_-

rfie Q; — pacxoi BHyTpeHHWX HucrouHMKOB muranua (Q; = w;F; + Qs);
n — 9uca0 coceqHUX 0J0KOB ¢ -Hamopamu Hj;
H — mamop B pacueTHOM GIoKe.
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Ha wunTerparope cerxa ¢uabTpalMOHHBX COIPOTHUBICHMII 3aMe-
HSETCS aHAJOIMMIHO MOCTPOCHHOMN CEeTKOH BJEeKTPHYEeCKHX CONPOTUBIe-
HIIi, B Y3J0BYIO TOUKY KOTOPOI [IA MOJeNMpPOBAHWA BHYTPeHHUX HMCTOU-
HUKOB OHTaHHA IopaeTca TOk cuioi /;. Bamanc Toka B ysmoBoit Touke
onpefensieTca ypaBHeHHEM:

n

Z&———I—L-O (V'14)

1=1

Jast TompecTBenHoro mepexopa ypasmemma (V. 14) B ypaBmenme
(V. 13) meoOxoguMo, 9ToOBI COXpPAHSANACH AHAJIOTHA ME;KAY DOTEHIHA-
JaMHi ¥ HamopaM#, T. €. JTOJKHO OBITh:

AUi=aUAHi; AU, =U,—U; AH,=H,—H.

Benmunna comporurienmit R momkua ObITh HpOoOOPIHOHAIBHA COOT-
BeTCTBYIOmMUM QUIBTPAIMOHHBM conpoTuBienusim D, T. e.

R =a,®.

Bemmamea o, Bu0mpaeTcs B3 yciaoBhs, dTo0m compormBiaeEHsa R
Hambosee ymoOHO YKIAABIBAJIMCh B HOMEHKJATYPY COIpPOTUBICHHH HA
unarerparope. Torga ypasuemme (V. 14) mpumer Bup:

oy AH‘L
Cp

+I; = 0. (V. 14, a)

s rompecrsennocT ypasmenuii (V. 13) um (V. 14, a) neoGxomumo
BHIIOJIHEHHE COOTHOUICHUA:

a
R I = Q.
Oy
I
Orkyna wmacmTab CHIH TOKa O = T ONpEfieJIUTCH MACHITA0HBIM
COOTHOUIEHUEM:
)
= (V. 15)
Gp

Jnst pemenns QuIBTpAUHOHHBIX 33734 IeJiecoo0pasHo HMCIOAB30-
BaTh 3ueKTpommTerparop tuma OM-12, komeTpykmms KoToporo mofi-
po6HO onucana B paGore [92]. Ilpunnmnuanbuas cxema mpmbopa mOKa-
saga Ha pmc. V. 3. OcHOBHoil ero 49acTpi0 sABJIAeTCA OPTOrOHAJAbHAA
CeTKa COMPOTUBIEHUH, COeIMHeHHBIX B Y3A0BEIX Toukax. CeTKa y3ioBHX
Togex wMmeeT 16 nmuuit mo Beprurkanum m 28 mo ropm3oHTANX — BCErO,
rakuM obpasom, 448 rtouex. Hakpmoe comporuBiemme mpexcTaBiageT
co0oi ABYXIeKAafHBI MAarasuH CONPOTHBIeHWH, MI03BOJAIMIl yCTa-
HOBUTH conporunieHnst oT 0 go 1000 om gepes rampeie 10 om. Hpome
TOTO, HA TpPaHUOaX MOJleJid WMCIOTCS TCpaHHIHbe CONPOTHBICHHA,
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roropuie MerATCA 0T 0 10 10 000 oa wepes raxane 100 0. Bee st co-
npoTUBJICHUA pa3MeHLeHI)I Ha BCPTI/IKa.TII)HOﬁ CTeHKe UHTerpatopd. I’Iamep0~
Hue norennuanion Ha 9M-12 mpoBoguTca rak jre, KaK M Ha CIVIOITHLIX
MoJedAX — IO KOMIEHCAIMOHHOII cXeMe, a B Ka4eCcTBC HY./Ib-MH/UKa-
TOpAa NPIMEHSAETCS YCHIUTEIb JIePeMeHHOTO TOKAa W ONTHYeCKINT IIIuKa-

Top-1amna 6E5. Tounoets ompegeaenns mnorenmuana 0,1 —0,2%.

a) . r T

TR o e
e DT T

4)
{7} -
P g
a HirEpumeferioe
ik e

ws___T°

Puc. V. 3. Cxema ycrpoiictBa 31eKTponHTerparopa 3H-12

@ — NPUHIMIAAIBHAA CXeMa COeNIIHCHUA CONpOTUBIEHUA M eMkocteli; 6 — Onok-cXema; I —

CeTKa COIPOTHMBIIEHUM; 2 — m3MepuTenbHasd HaHenb; 3 — IaHeNb 'DAHUYHBIX YCIOBHU, 4 — Ma-

ra3uH eMKOCTel; 5 — IlaHeNb NCTOKOB; 6 — TpaHchopMaTop-HeauTeNIb UCTOKOB; 7 — THE3IHoE IoJie

HeauTeNIA UCTOKOB, 8 — aBToTpauchopMaTop-JieIuTeNIb TPAHUYHBIX YCJIOBUii; 9 — TIe3IHOE IoJc

JeJIUTeNISA PPAaHUYHEIX YCJIOBUi, 10 — mM3MepHTeNnbHOE YCTpolicTBo; 11 — TpaHcdopMaTop rpaHng-

HBIX yCJIOBMii; 12 — kabenbHad cOopka; I3 — KOJOOKAa OMTAHWA; 6 — cXeMa IJA ONpeHmeseHisl
mapaMmeTrpa eMKOCTCH

Ilnst 3samaBEnsa BEYTPeHBMX MCTOYHMKOB HUTAHUA B KAKAYIO Y3IO0BYIO
TOYKY HONKII0OYEHbl Mara3wHbl KoHmeHcaTopoB eMkocTbio 20 000 mrdg,
pasMellleHHble B HUKHeH 9acTH MHTErparopa, IJie YCTaHOBIEHH TaKiKe
TpanchopMaTop ¢ JeNUTesieM HAUpAKeHUsT TpaHudHBX yciaosuit (or O
mo 100% gepes ramse 0,0%), uamMepuTenbHOE YCTPOMCTBO M [eJIUTe b
HCTOKOB, BBIBOJBl OT KOTOPHIX KOMMYTHUPOBaHH HA CHOENUATNbHHX IIaHe-
IAX.
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Cmna Tora I;, momaBaeMas B Y3JOBYH TOYKYy, HpOHOPIHOHAIbHA
noTennuany Vi, 3aaHHOMY Ha [iednTejie HCTOYHHKOE, T. .

[—0.-AU, .V, V,— (V. 16)

i m Ve V= ‘

PV

3nech Koodpdunment 6 ABisgeTca mapaMerpoM MHTeTrparopa, OH ompe-
nedseTcss pasMepoM eMKocTell ¥ HalpsKeHHWeM, IlojjaBaeMbiM Ha Jlelu-
T€Jb HCTOKOB, UM — NOJIHOe HaOpAKeHue Ha MOJelu, Vi — orHocu-
TeAbHBI HOTeHUHWald Ha Jednrele HCTOKOB (B HOMAAX eIWHMIbL).
Ucnonwssysa coormomenue (V. 15), maiimem:

Vi = a,0, (V.17)
npuyeM
a a
U U
o, = = , (V. 17, a)
V. oaph AU, bap
rje o, — Macmral OTHOCHTeNBHBIX NOTeHIHAIOB.

Ilna onpepeseHus: BeJudIuHE O TpOBOAMTCA ONKT MO cXeMe, m3obpa-
sweHHOH HA pme. V. 4. OmpefeiinB OTHOCHTEJBHBH IOTEHIHAT B TOU-
ke a — Uy, MOeM 3a0AcaTh BHIpajkeHme NIfA CHAR Toka [, mpoxops-
meid gepes coumpoTHBieHHe R:

Uq Uq

ComocraBisia 910 Bhipamenue ¢ supaenuem (V. 16), madimem:

Ua
0=F. (V. 19)

OumT cnefyer NpOBECTH B Pa3iHYUBIX TOYKAX ¢ PasINYHHMH COIpO-
tusineHuAMn R; 3Hauenus O mpu 3T0M AoJKHB OHTH OauzkuMu. 3a pac-
9eTHOe 3Havenuwe O Oeperca cpe/lHee M3 MHOTOKpATHBIX OIpefeleHUil.

IMIpamep pacuaerTa. llpn zagmammom R = 1000 om ompefe-

emo U, — 7,2% = 0,072. Ilo dopmye (V. 19) maxogam 6 = 2072 —

1000
= 7,2 1075 1 om.

Jlng pemenus HecTalmoHAPHHIX 3ajad B HACTosNee BpeMA BHIY-
cKaeTcs ceTodHEN diaexTpomaterparop tuma YCM-1 [149], B xoropom
CyImecTBeHHO yCHJeHA ©MKOCTHas 9acTh u 000pymoBaHBL yCTPOHCTBA
AJiA 3afaHus HeCTANMOHAPDHKIX TPAHWYHBIX YCIAOBUH M [JAA u3MepeHns
HECTAMOHADHBIX MPOLECCOB. JTa MamIMHA 3HAUATEJIHHO CJIOKHEe, deMm
OH-12, u MoskeT OBITh MCHONB30BAHA TONBKO B CHENUAJBHEX BHIIHCIH-
TeabBHX HeHTpax. OgHako ogue OM0OK 9TO# MAmIUHE, BHIIYCKaeMod Hox
nmasBaanmem MCM-1 (manaa ceTouHas MOfelb), BIIOJHE MOKeT OBITH
ucmoab3oBaH BMecTo mHTerparopa 9M-12; omucamme MCM-1 momxHO
naiitu B pabore [149]. merorcst Takyke HEKOTOpHie CHEIMATBHEE THIIE
DIEKTPOMHTETPATOPOB, ONMCAHAS KOTOPHX IPUBEJIeHs, HAPHMED, B pa-
6ore B. H. Boawrnckoro m B. E. Byxmama [74].
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Tudpasauueckuii unmezpamop

T'mppaBnudecknit unrerparop BuepBeie 6ran cospgan B. C. JlykegHo-
BuM B 1934 r. [140]. IlepBoHAuaNbHO OH TPUMEHAJICH AJNS pelleHHSA
TeIJIOBHX 3ajad, a B [ajbHeiilileM OB HCIOIB30BAH JIA pellenus
¢naprpanmonnnx 3agau [141]. Ilosgmee upmbop OHI cymecTBeHHO
yCOBepIIeHCTBOBAH ¥ NyTeH B CepHilHOe MPOU3BOJCTBO, 9T0 obecmednIo
MIAPOKOe pacupocTpaHeHWe TMAPOMHTETPATOPOB IJIA pelleHHA PABIHI-
HHIX 3adad, B TOM d9HCJe THAPOreoJOTMUECKHX.

Ilonpo6uoe ommcanme XoHcTpykiuu rupponHrerparopa MIJl m tex-
HOJIOTHH paboTHl ¢ HNM HOPUMEHUTEJBHO K pelIeHWI0 THAporeojorude-
ckux 3anad npusefeno B paGore [62]. TlooToMy MBIl 0OCTAaHOBHMCS TOJBKO
Ha OCHOBHEIX IOJIOKeHMAX YCTpOHCTBa THAPOMHTErparopa W MeTOJHKH
MOJeJIMPOBAHNUA.

I'mppounrerparopst mapku WUI'JI cocrosit m3 ceTku THApaBIHdeCKHX
COIPOTHBICHNI, K KOTOPHIM B Y3JIOBHX TOUKAaX MOJCOEHHEHBI TH/PaBiIn-
seckne emkocTH (cocyne). I'mapaBiaudeckme compoTmBiIeHHS o0pasyioT
TaK HasblBaeMble TPyOKHM COIPOTUBJEHWH, YCTPOMCTBO KOTOPHIX IOKa-
3aH0 Ha puc. V. 4, a. VsmeHeHWe compOTHBIEHUH JocTHraeTcd HM3Me-
HeHMEeM [JHHB KOJBIEeBOTO KaHala Me [y KOPOyCOM H INIYHKepoM
Tpy6bru (Tonmumua droro Kamaxa 0,18 mm). OO6bigHBe TpyOKH coOIpo-
THBIeHHHM HM3TOTABIMBAIOTCA € HOMHHANOM comporuBienms R, 1o
1 mur/cm®, y Tpy6oR HOBHIMEeHHHX compormBieHuid R, Bo3pacTaeT [0
10 Mmur/cm?, UprYeM HHKHEM OpefielioM COIMPOTHBIIEHUS MOJKHO CIMTATh
Beanuuny mnopsagka 9—I10% or mommEama.

B y310BBIX TOYKaX CONPOTHBJIeHWH MOMEMEHH COCYABl eMKocTeil
M3 Hep;KaBelome#l cTaju ¢ NPSAMOYTOJbHHIM HONEPedHHIM CedeHMeM I1IO-
manbo 9, 10 m 20 cm? (pue. V. 4, 6). [\na nsmeHeHUA OiIomiafH mole-
PeYHOT0 CedeHHWS COCY[JOB HCHOJB3YIOTCA TaKsKe MeTajiaudecKHe HIH
IJIeKCHTIAacoBhle BRIAIHMIIU momepednniM cedenueM 0,5 m 2 cun?. Hpome
TOr0, B COCTAB eMKOCTell BXO[AT CTeKIAHHEe TpyOku cedernem 0,5 cm? —
mhe30MeTPHl, PacHoNoMeHHble Ha NepefHeHd M 3ajHell CTeHKaX CeKIUH.
Taknm o6pasom, Haubonabmas mIOMAaAb COCYROB MOKeT OHITH 3a/iaHa
36 cm?, a naumenpmaa — 0,5 cu? (mpu ofHOM mepejHeM mbedoMmerpe)’.

Hemouku compoTmBieHUR U eMKocTell 0OBEMHAIOTCA B CeKIHUH IO
10 ysnoBrix Touer B kammoi. Ha safHeli cexnuu pasmemalorcs TPyOKn

. M
COHPOTHBJICHUN JJisi 3afaHNs BHYTPeHHEro OHTAHUA C PacXoloM qy .
. M

Ilpm 3amamHON BelHWYMHe ¢, BeadInHa compoTuBneHuns R,, Tpybok

M

BHYTPeHHETO IWTAHMA YCTAHABIHBAeTCS IPHM Pa3HOCTH HAIOPOB A Ay,
mo dopmyle:

M

Rew — .
i

(V. 20)

1 T'paEAmsl eMKOCTeil HeCJI0KHO pacliupuTh. CHIKeHe HIDKHeH IPAHAIE JOCTH-
raercd yMeHbIIeHWEM MONEePEYHOTO CedeHHA Nbe30MeTpa, HOBHIIIeHUWe BepXHed rpa-
HUNB — HOAKII0YeHNeM CIenuadbHON MPHUCTaBKHU K CeKIUU MHTEerpaTopa € cocyaaMu
GO0JIBIIEro MOMepedHoro Ce4eHwus.
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Jid BHBOMA OCHOBHEIX 3aKOHOMEPHOCTeHl MOJelMpPOBAHUA HA TUAPO-
HHTETpaTope paccMOTpUM ypaBHeHuWe OamaHca B y3I0BOHl TO9Ke HO-
mepa i (puc. V. 5). lndg yupomeHuss TeXHUKH PACCMOTPUM OFHOMEDHY IO

. . M M
IemoUKy cONpoTHBIeHmil m emkocreil. Ecau ¢4 i, ¢; i+1 — pac-
XO[H HA TUAPOUHTETpaTOpPe MC/K;]y COOTBCTCTBYOHIIIMHM Y3IOBBIMH TOU-

b)) )
O.cM?— 95 50 10 20 05
6 T
59{ r=r
™ \\
i@l
176 -1
05
”’43— 2\" —/;/3
- 3
= /7 5066 . S
»£S/4
\)A‘ |7 E Y
I Mt
| 4
N7 14
] |
5
Ll
~ \/—‘\J -

K KONNEKITIODY e ’ : -
UTIOHUT

K MEmoniuyeckomy =
KooKy
Puc. V. 4. OcHOBHEIE 9JIEMEHTHI TN pOMHTeTpaTopa

a — TpyOka conpoTuBjennii: 1 — Kopuyc, 2 — INIYH:Kep; 3 — KoJbIeBoH kaHaa; 4 — IMTOK;
5§ — YCTaHOBOUHBIN MeXaHU3M; 6 — mMKajga TPYOKH; 7 — caJdbHUKU
6 — cocymbl eMrocTeli: 1 — MeTaqnudecKkne cocynbl; 2 — nepegHUuid nbes3oMeTp; 3 — 3agHHI Ibe~
30MeTp; 4 — PEe3UHOBHE TPYOKHU; 6§ — BarHUMBL

M
KaMH, a Ahj — mojmeM ypoOBHA B COCYfe eMKOCTH ILIOHIAfbI0 Wi 34
BpeMsa Aly, To

1 M M
(G, 40— gt ivs + qu) Aty = 01 AR (V. 21)
M, M M __pM
M - 1
i-1,i= 11? . —5 Giiet = 7;——4?—-, (V.21,a)
2(i-1,9 2 (i, i+1)
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rae R,i_1,4 1 R, i) — IUEpaBIAYCCKHE COMPOTHBICHUA MEKLY CO-
OTBETCTBYIOLIMMHU y3JaMm.

Ypasrmerme (V. 21) amanoruumo GajaHCOBOMY ypaBHeHHIO HeycTa-
HoBuBIeroca ¢uabrpannonHoro motoka (II. 56) mpm orcyrcrBum BHY-
TPeHHUX HCTOYHAKOB-CTOKOB (Q¢ = 0), a dopmyan (V. 21, a) coorser-
creyfor ¢opmyaam (II. 53). Ilaa umx TomHAeCTBEHHOCTH CJERYeT BBECTH
MacIliTabHbIe COOTHOUICHUS:

AH = o, ARY; ®=a,R,; C=a,o0; (V. 22)

e?

M, . M
g=0a,9; t=a,i; szaqu.

A ol
32
3
vhiﬂ M
= N P o
el wlier] |
2 2 3 -
// ,/ ,
] i NS
w wl
Wiy t W4 q
W
1 o 1
Rioi2 Riier
e —
Ti-1,i Giist

Puc. V. 5. Cxema yaxa rugpounTterpatopa HIJI

1 — ocHoBHbie TPYOKM compoTwBlIeHMii; 2 — cocyasl eMiKocreli; 3 —
TpyOKKU BHYTpPeHHero HmutaHuA (MHOUABTPamMOHHBE); 4 — NUTAIONUIA Bo-
—  HOCJuB

N3 comocrasnenma (I1. 53) u (V. 21, a) caenyer, 9To
a
ag = —2-, (V. 23)
Qa C
@
Cle/|oBATeNBHO, PACX0ji BHYTPEHHer0 MMTAHHA ¢y AOJKEH OHTH DAaBEH:

M wiFy
qw == Tq_' . (V. 24)

U3 comocrasaenus (II. 53) m (II. 56) ¢ (V. 21) moxyumm ¢opmymy
IIA ompefeneHds macmraba BpeMeHM:

a; = agpa C. (V.25)

T'upgpomnrerparopsl HM3roTaBJuBaloTICA HPH pa3iIMYHEIX BapHaHTaXx
COeIMHEHAN COHOPOTHUBICHUIT M eMKOCTeH: mo ofHOMEpHOH cxeMe (mHTe-

158



rpatopsr 1UT'JI-1-2-1 na 20 ysaosuix touexk u 1MI'JI-1-3-1 — ma 30 yauo-
BRIX TOUEK), HO JAByXMepHoil cxeme (ummrerpatopsr 2MI'JI-1-5-2 — ma
50 yanosux Todex u 2MI'JI-2-10-4 — na 100 y370BBIX TOYeK) U HO Tpex-
mepnoit cxeme (mmrerparopst 3UIJI-3-3-15-3 — na 150 ysaoBuix ToUer
u 3UTJ-4-24-10 — ma 240 ysmoBeix Todek). Ilemouxm compoTmBicHMIT
1 emKocTeli o0beunsaoTca B cexinuu mo 10 y3I0BBIX TOUEK B KaK/OM.

Jlnsa sagaHns rpaEMYHGX YCIOBUI CIY;KUT cHemualbHass yCTAHOBKA
¢ TOABUKHBIMU BOJOCIAHBAMM, KOTOpasg gaeT BO3MOMKHOCTH 3a7aBaTh
m1060i 3aKOH U3MeHEeHMSI YPOBHCH B TpeX PasiTudHBIX BapuantaX. Tarum
obpasom, B 00mem ciydae OfHA YCTAHOBKA I'PAHUYHBIX YCJOBHIT II03BO-
Js1eT 3aaTh TPaHUYHbIe YCIOBUA B TPeX TOYKax. poMe Toro, B KOMIIIEKT
ruppounterparopos M T'JI BXoasaT ycTaHOBKM ¢ OmIAABAIOIMMII COCYLAMH,
KOTOPBIe CIYKAT JJIA MOJeTHPOBAHUS CKPRTOI TeIIOTH, 00y CcIoBIe HHOIT
“3MeHeHUeM arperaTHoro cocTosrusd cpeasl. [ad duabTpanionenx pac-
4CTOB OTH YCTaHOBKM 0oOHTHO He mcmoianaymoTcsa. Pasmepst rumpomnre-
rpatopoB B miaHe (0e3 ydeTa yCTAaHOBOK C NJaBAONITMIL COCYHAaMH)
npuBeeHsl B Tabmauie.

PasMeDt, | | WTJI-1-2| (VMIVI-1-5 2UDJI-1-5) SUDJI-2-10-4 | STITVI-3-5-5 | 3LIVT-4-24-10

Jdnnna 2,3 2,8 3.3 1,5 nan 3,8 3.8 4,3
mno ¢pon-
Ty
Oinpuaa 0.8 0.8 0,8 0,8 » 2,0 3.3 4,6

§ 2. Odmue BONPOCHI METOAHKH MOKETHMPOBAHMS
npH pelleHHH rHIPOTe0JIOTHYECKHX 3ajad

Hanopnvie guabmpayonnse nomoku

Meropudeckie Bompocsl Hambojlee 9eTKO pPemiafoTCsa MPHUMCHUTEILHO
K MOJeIHPOBAHUIO HALNOPHHIX IOTOKOB IPH KECTKOM pes;rume QuIbTpa-
nuu. Taxkue ycaoBusA damie Bcero BeTpedaloTess mpu M3ydeHun QmiIbTpa-
MU TOoJ, THAPOCOOpY:KeHuAMU. B oTux caydaax miabTpamuoHHbIl TOTOK
o0pIYHO WMeeT CPaBHUTEJHHO HeGOJbIWe pasMephl, a ero [AJHHA OKAa3hi-
BaeTcA COM3MEPMMOil € MON[HOCTHIO.

MopennpoBanue Taxkoro poja IOTOKOB YHAa9HO OCYHICCTBJACTCS
Ha crmomusx Mogenax SI'JIA, npudem miockue s3ajadn mesnecoobpazHo
pematrbh Ha OYMajKHBIX MOJeNsX, a HPOCTPAHCTBEHHBEIE — HA DIEKTPO-
JINTHYEeCKuX. BaMeTI/IM, 9T0 MOogeJdupoBanme NpPoCTPaHCTBeHHBIX HOTOKOB
B o0meM HX BHe OKAas3BBaeTCH 4UYPe3BHUANHO TPYMIOeMKOli 3ajadei,
peimeHue KOTOPOH HOCHT XapaKTep HAYYHO-HCCIeN0BATeIbCKOH paboTwl.
OnHaKo HEKOTOpLle YACTHRIE CIyUYad MNPOCTPAHCTBEHHBIX 3ajiad, KOTZAa
IOTOK HMMeeT, TaK CKasarb, OTpaHMYeHHO-IPOCTPAHCTBEHHHBIH XapaxTep,
MOJIeJIHPYOTCS CPAaBHUTENBHO JIETKO. TaK, HanpuMep, OPH HAIWYAA He-
COBepPUIEHHOTO BePTUKAJBHOTO JIPeHAKa NMOA IIOTHHOH 3a9aCTYI0 MOKHO
BLIJIeTNTH B IJIaHe IOJOCY IIOTOKA, HO IMUPHHE PAaBHYI PAaCCTOSHUIO
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MKy CKBa;KHHAMHW, W CUYMATATh, YTO BHIJIEJEHHAS I0JI0CA HE B3amMOJieH-
cTByeT ¢ cocemmmmmu. B dTOM caydae raybwHa ciiof 3IeKTpONMTa Ha
MOJEJH JIOJ;KHA COOTBETCTBOBATh TOJMIMEHE MOJEINPYEMOil TOJOCH I0-
TOKa, T. €. PAcCTOAHMIO MeKJy CKBakmHamu. Ilpw cpaBEMTEnbHO He-
OoNbIINX PACCTOAHUAX MEKNY CKBAa;KMHAMM PH/ CKBA;KHH MOKHO 3a-
MEeHATHh TpaHimeedl, BBOIA IONOJHHUTEJbHOE CONPOTHUBJIEHNE, YYWTHIBa-~
omiee netbopmanmo MOTOKA MEK[Y CKBaKWHAMM 1, 9TO IO3BOJAET CBECTH
3a71a9y K ILIOCKOH B paspese.

Y4ecTh Takoe COIPOTMBJIEHHE MOKHO OyTeM MOAKIeWBAHMA HA MO-
Hedd BIONL JUHAA pafodedl YaCTH CKBAKHAHBL JOMOJHHTENBHOTO JCTA
3JIeKTpONpoOBOiHON Oymarm, miamHA KOTOpOTO O, ompenensiercss mo Qop-
MyJIe:

of; fu=pln="r, (V. 26)

6c == Q

ocol
I/le 0 — PacCTOsTHNE MEKAy CKBAJKMHAMH C JMaMeTpoMm d,;

Qc X Q — yJedbHBE CONPOTHBICHUA HOMOTHATENBHOIO JHCTA W MOJEJH.

I10T cnocob obecneunBaeT LOCTATOYHYIO TOYHOCTH 3aJ{AHMUA TOMOJIHHA~
TeNBHOTO compoTmBieHua: mopsapka 10% wnpm o < m, (m, — pacuer-
Has MOMHOCTH IJIacTa, NpuBeJieAHAA K Koapdunuenty ¢uabrpanun cios,
B KOTOpOM pacmosaraercsi ckBaskmma), 1o 20% —mopm o0 < 2mp =
mo 30% —mpm op<h my,.

Bonpocst mopfennpoBaEns npu H3y9eHMH QUIABTpAnUM HOJ, THIPO-
COOPY:KeHMAME 0GCTOATEIbHO OmMcambl B psje pabor, manmpmmep [18,
97, 1931.

Ilpu m3yvenun niockoi B pazpese HaNOPHOH QUABTpanum BO B3aWMO-
NefiCTBYOMUX BOJKOHOCHHIX TFOPHW30HTAX, 0COOeHHO mpW pemenum obpar-
HHIX 337ia9, mesiecoo0pasHO MCIOIb30BATH MOJEIUPOBAHNE HA CETOTHOM
ssiekTpomuTerparope [219].

ITaockas e paspese 6esnanopnas Qduabmpayus

Coenndmra mIOCKMX B paspese 3anad 0OespamopHO ¢uabTpamum
CKa3BhBaeTCA Ipe;k[ae Bcero B HeoOXORMMOCTH 3ajjaHus CBOOONHOM 1O-
BePXHOCTHA (HUABTPANMOHHOTO IOTOKA.

Ecnu nmpemebpedd BiusAHWEM KanWANAADHHX CHJI, TO cBOOOHASA 1O-
BePXHOCTH COBHAJiaeT ¢ KPUBOM Jienpeccud, HA KOTOPOU BHIMOJNHAETCH
ycaoBme p = p, = 0 (p, — aTmMocdeproe pmaBiesme) wiau H = z
(z — oppimEaTa KPHBOM JieNIPECCUM OTHOCHTEJHHO IJIOCKOCTH CPaBHEHHA
HANIOPOB; 4amie BCeTO 3Ta IIOCKOCTh 3a/{aeTCs HA OTMETKe MEHIMAJIBHOTO
manopa # Torga Hyin = 0). B ycroBnax ycranoBuBIneiica QuiabTpamun
KpuBas JIeNpeccuy MABIAETCA, KpPOMe TOTO, JHHHEH TOKa (mempoHMIiae-
Mot rpamuneit). Ha Oymaskmoil Mofenu KpuBas [enpeccHN yCTaHABIM-
BaeTcA mo juHUN o0pesa; HA BIEKTPOJINTHICCKON MONENN OHA MOJEeIH-
pyercsa nubo ruOKuM M30aATOPOM (eXayaonxom), n1ubo CTeHKOM H3 BOCKA
nian napaduHa.

111 HMeHI/ITEJILHO K yCaoBHAM 3JIeKTpOOCle[eHHH aHﬂJ’IOI‘I/I‘{HHH CIIOCO6 M3J10-
JKeH B pa60Te [139].
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IMoctpoenue KpuBOW jlempeccHH OCYHECTBASETCA IO YKAa3aHHBIM
Bl MpU3HaKaM myTeM noxbopa. B mepBom mpubiauskeBHu KpmBas je-
npeccun 3agaercs npomsBoibHO. Ilo TexHWYeckuM cooOpaskeHuAM Ha
OyMaKHOH MOJieId peKOMeHAyeTcs 3ajjaBaTh ee IOJOKeHWe C 3aBHINIC-
HUEM, a Ha JKUKOCTHOI Mojien# ¢ mapadmBOBOi (BOCKOBOH) TrpaHm-
neii — ¢ sammxennem. Cuas ma wmopmenm II'JJA moTenmmanst Boab
cBoOomHON moBepxHOCTH u oupefenuB mo fopmyne (V. 1, a) ssavenns
HanopoB M, ciexyeT cpaBHEATDH X C COOTBETCTBYIOIIMMU BeIWIMHAMU Op-
nuHaT cBoOommoil moBepxmHocTm. Keaum oxassiBaercs, 9to z<C H, 1O
KPUBYIO JIEIIPECCHH B BTOM MeCTe HYKHO HeCKONbKO NOJHATHL, npu z > H,
HaoGopor, omyctuth. llompaBuB Takum oOGpaszom Ha MoOjenn KpuByiO
Henpeccuu, MOKHO IPOBECTH MOJIeTMPOBAHNE BO BTOPOM NPUONUMIKeHNH
U CHOBa CONIOCTAaBUTh HAmopH Ha cBoOopHON moBepxHOcTH H ¢ ee
oppuHataMu 2z, OGHYHO NOCTATOYHO [ABYX-TPeX NpUOIMKeHUH s TOTO,
9T00H J{OCTUTHYTH HOCTATOYHO XOpomero coBmajiesus H m z.

Ilpr vanawuun ranuangpHO#W wKaliMel ¢ dPdeKTUBHON BHICOTOI Ky
Ha DOBePXHOCTM DOTOKAa (KANWIJAPHON KaWMEBI) BBHIDOJHSAETCH YCIO-
Bue (1I. 24). B ocranbHOM DOpsA/IOK ec mofbopa OCTaeTCA TaKUM sKe.
Kpusymo genpeccun (rie p = pa = () HaxonaT B 5TOM cirydae, Kak Iu-
HU0, Ha KoTopoit H = z.

Ilpu mopmenupoBannu wHPUABTPANMU BafAHHON MHTCHCUBHOCTH He-
00X0jiuM0 MOJABaTh COOTBETCTBYIOMEH CHMJBI TOK HA NUHHUIO CBOOOLHOI
noBepxpocTH. Ha Gymaskmeix mojensix II'JA sro MomHO ocymecTBUTH
OyTeM NOAKIeMBAHUSA K JIMHUM CBOOOHON MOBEPXHOCTH IONOC BICKTPO-
npoBojipoil Gymaru jgausol I, (puc. V. 6, @) U yaeabHHM cOmpOTHBIIE-
HUEM Qy, K cBOOOJHOMY KOHITYy KOTOPHIX HOABOAUTCA moTeHmuax Uy.

Cuna tora [,, Dpoxofamero depes TAaKyI NONOCY HIMPUHON by,
Oyfer paBHAa:

Uw—U
Iw—_z—Q;—lTu—‘iIL b, (V. 27)
rie Uen — moTernuan Ha cBOOOAHON mMOBEPXHOCTH.

CooTBercTByIONUN 3TOMYy 3HAYeHHI0 [, TOTOHHHIN WHQUIHTpANUOH-
HHIi PacXof ¢, Ha y9acTKe DIHPUHOH by B HaType

g, = wb, (V.28)
Pasgenus (V. 27) va (V. 28), moxyuum:
b
9w m  Up—Uen
lw =S Iw . wa . Qw . (Vo 29)

PaccmarpuBas mojmobuee ydacTku moieii ¢uabTpamuu u TOKa, Ha-
nHieM:
dH 1 au
; I =——=5b

qz—ka—dl-;, PR T

37iech Q — yleJXbHOe CONpOTHUBICHUE MOJeNH;
le u dZM —- COOTBETCTBYIONIYe 9JeMEHTH JIJINHL NOTOKAa M MOJeJH.

11 3akas 207. ’ . 161



a) Cemp | %) Cermb

magm 0% 100%

! L B : A
NS lem -
= | ¥
! | S
0 T nolcxojcymbs C}‘JdgHEHLLﬂ_j 0
t———4 X ——2] ,

L777777/7//7J//7/7;7)7/77777W774[77/77/%27/777J777727)%

4

- i
~ *
S 3
L
J Ri ivy
._.,J{AM AN — -1 - A,
i+t

Prc. V. 6. CxeMsl MOmeIMpOBaHHA BHQIUILWTDAnNUU Ha ILIOCKOH B pasdpese MOJeII
alrjJA

a, 6 — cxenpl pi BUQGUABTPaNNN sagannol unTercneBocTy: Tpl — Tpaucdopmartop, MHTATONIMIT
MOLEJTh, HaupAxichucM 20—30 ¢, Tp2 — Tpanc@opmaTop, NONAKIMA TOK MUQIIBIPaNVOHHOTO
ruranif, HaupakenueM 120 6; 6 — cXeMa DpH HcNapeHIM, 3aBICANIEM OT rayOiAB HOBEDXHOCTH
TPYHTOBBIX BOI:
I — TIOBEPXHQCTh BCMJM; 2 -— KPHBAaA JelpeccHil; 3 — CONDOTMBIEHNA, Momcinpylonine ¢Qiib=
TPalWOHHBIL TOTOK; 4 — CONPOTMBIEHIA, MORENMDPYOIIHUE MHclapeHne



Orciofa »
0y = =+ = kguy. (V. 30)

Iogcraasin B (V. 29) macmrabHsie Ko3QPUIuentsl W y4UTHBASA
(V. 30), momyumm:
_ k. e %
lw - 'J'E‘TL‘(Uw—Ucn)-

Hmax —Hmin
AU
pasHUlla HAUPAKEHUHA Ha MOJielld, COOTBeTCTBYOINAs Pa3HOCTH HAIO-
poB Huyax — Hmin, mony4uM oromdarenbuyio Qopmyny gas I, B Buje:

SaMeHAd 0y 9epe3 OTHOMeHUE , Tfe AUM — molHag

k Q l_fwﬁﬁ-c

ly = —+—— ——— (Hmax — Huin). V.34

Vw v 0w ) ( max mm) ( ‘.)

Tlpn MopenupoBaHN#E HCIAPEHUA C WCIOJAb30BAHMEM DIEKTPHICCKOH
cXeMbl, WMeMoIeiica HemocpencTBenHo Ha npubope IITA, ma 100%
mKkansl mpubopa MOMKHEL OHTH pasMemeHH: pPAas3HOCTh IMOTeHIINa-
J0B AUM, Je#cTByOmMasd Ha MOJielll, H Pa3HOCTh IQTeHIMANOB AUw,
obecreunBanmas Hojgady HeoOxomumoii cuisl Toka (pmc. V.7, a), Tak
aro AU, m AU, 0ka3uiBaloTCs BeIWIMHAMU OJHOTO mopsAzika. Iloaromy,

n3MeHeHue MOTeHIMAana Ha JleIpeCCHOHHOU KPuBOHM B Ipoliecce pellleHUA
3a7javyd BejeT K 3ameTHoMY maMeHenuio AU, B KamAoil Todke ¢cBoOoHONA
MOBEPXHOCTH. IJTO B CBOIO OYepefib BH3HBAeT HCKasKeHHe 3aJaHHOTO
NPUPOJHOr0 MCIApeHusi, TaK 4TO MO XOy pemleHUs 3a7a9d BO3HUKAET
HeoOXOUMOCTh KOPPeKTHPOBKM pAa3HOCTH MOTEHINAlN0B HA KOHIAX
nonoc. Takoro HefocTaTKa B TeXHUKe MOJieIUPOBAHUA MOKHO M30e:KarTsh,
ecan k npudopy II'JIA mociemoBaTenbHO MOMKIOYUATEH KONOIHAUTENbHHII
HCTOYHHK TOKAa C HaNpAKeHUeM, B HECKOJHKO pa3 MpeBHIUIAIUM Ha-
npsuxenne ua npuGope IUIAA (pue. V. 6, 6). B arom cayuae MosxHOo Ha
MojesH ucmoabazoBaTh Bclo 100-mpounenrmylo mKamy npubopa, a mo-
ckonbky AU, < AUy, TOo H3MeHeHHe IOTeHIAN0B Ha HOBePXHOCTH
JeIpPeCCHOLAOIl KpHBOil B Ipoliecce pemienus 3amadu OyjeT He3HAYH-
TeJbHHM II0 CPaBHEHHMIO C PA3HOCTHIO MMOTEHIMANOB Ha KOHIIAX I0JOGC
Oymaru (pasmoctdb norennuanos U, — Ucy Oymer mano 3aBucers ot Uep),
U 337IaBHYI0 AHTEHCUBHOCTh MCIAaPeHHA MOYKHO MOJielupoBarh Ge3 Kop-
PeKTUPOBKH B Ipouecce pelienus 3ajfadu. MopenmpoBanue mo »ToM
CcXeMe CYIeCTBeHHO COKPAIlaeT BpeMsA pellleHHs 3a/jadH. ‘

Conporunienue mosockl Oymarm AamHO#d [, MokHO, KOHedmo, 3a-
MenuTh nwWOHM compoTHBicHueM [, BeIHYMHA KOTOPOI'O COIJIACHO
(V. 31) moa;xra OpTh paBHA:

E - Up—T,
Ry=—1¢ — - (Hmax — Huiin). (V 31,a)

w ay by !

Ha osnexrpounterparope MHPUIBTPAIMI0 3aMaHHOI WHTEHCHBHOCTU
MO3KHO MOJie/lMpOBaTh ¢ moMomplo ucTokoB. Ilorennuan Vi, mogasaemeit
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¢ feJIMTeNIs HCTOKOB, onpesensercsa o popmyne (V. 17) npu Q; = wiA zi,
T7ié Wi — NHTEeHCUBHOCTh MHYUIBTpANUHU B JaHHOM Oi0Ke, a AT — funHa
610ka mo ropusonTanu. llpm MopmeampoBamnm UBQUABTpAmUHM BTUM
cnocofoM NpPUXONUTCS pemaTh 3agady B jBa npuema. Cpagama Ha-
xoAAaT Hanopsl H,, He yauTsiBasd nEPUABTPANUIO, DU 3aaBEHX IPaHNY-
HHX VCIOBUAX, 3aTeM ONpEeAesITCS [ONOJHUTeIbHKE Hamopsr Hy,
BOBHMKAOIUe 3a cYeT BMHQMIBTpAMU; HpPUA BTOM HA BCeX IpaHHIax
¢ 3aJlaHHLIM HANODPOM YCTAaHABIMBAKITCA HYJIeBHe B3HAUeHUA TOTeH-
nuana. Pesynbrupylomue HaAnopH moToxka M moxydanwrcs cyMMHpo-
Banuem HamopoB H, m H,.

Ilpu momenupoBaHMM MCHAPEHUS €0 BeIUIUHA MOKET CYMECTBeHHO
3aBuceTh OT ruiy6uHHE IrpyHETOBHX Box. Hambomee mpocTeiM BUIOM TaKoi
3aBHCUMOCTH sBJIAETCA JUHEHHAA, KOTa B Ipefenax AIMHH IOTOKa AZ
moTOK ucunapeBua A Q, EMeeT BeJNMIUBY

AQw = Wy (1 — —z-) Az,

Zp

Ine Zp — KpUTHdecKasd IiyOuHA TPYHTOBHIX BOJ.
Hockonsry 2z = 2z, — H, rme 2y — OTMETKM TIOBEPXHOCTH 3eMIU
OTHOCHUTEJIbHO DIOCKOCTU CpPaBHEHWsI HAIOPOB, TO

AQw = 22A% (H 2y - z3). (V.32)

Zp

3amaBag ma Oymasxmoit momenu IIJIA coorBercTByOmMYy CHIY
toka Al, "epes «undurbrpammonnoe» comporusienue R, mo cxeme,
msobpaskenHoit ma pmc. V. 6,6, momyanm

U—U U—U

Al, = o v = o Y_AU,,. (Vv.33)

CeasmBas pacxon AQ, ¢ cuioit Toka Al, gepes Macmral pacxo-
o, coraacso (V. 30), momydnm ypaBHeHuUe:

 T_7
(.H 2 + Zh) = —-—-————Rw

wy Az

75_0—" AU,. (V. 34)

‘p Q0q

9To ypaBHeHHEe CTPOTO YJOBIeTBOpsercsi, ecaum moreBnuan U, 3za-

JaTh COOTBETCTBYIONMUM HAIOPY Zo — Z, 8 HEQUIBTPAIMOHEOE CONPO-
TuBieHEne R, ompemenuth mo d¢opmyne:

Ryp=q—.2h (V. 35)

Ha »smexrpomnTerparope mHQHIBTPAMOHHOE CONpOTHBIeHHE Ry,
MofleUpyloOliee HWcOapeHWe, ompepensercd mo Qopmyre:

R —a 2k (V. 36)

w ™ "R wyAzr °

164



Ecnm zaBucuMocts w (2) OKasLiBaeTCsA HEIMHEHHOI, TO COIMpPOTHBIe-
nus R, ompemgexsior mo Qoprrymam:

P S S —q 1
Ry = Qu o 3 T umm R =a, ot T (V.37)
rie
B i (V.37 0)
wy (1 —12) 2

IMockoabky B 3ToM ciaydae Bedamumna R, oOKasbiBaeTcd 3aBHCHMOil
oT ray6uHH TPYHTOBHIX BOJ, 3afada pemiaercs nof00poM, NpuueM
B ImepBOM NpHOJIMKEeHHM MOKHO cYuTarh, 4ro w = 1. OueBmAHO, IpH
9TOM HMCIapeHHe 3a/{aeTCs TOJBKO eCam 2z < Z.

1 <8+~ e e o a8 S S i
éo A AZU 2
L — —_—
< np
Scon
3

Puc. V. 7. Moneap npHKaHAAbHOL JHH3H HPECHBIX BOJ

1 — RHO KaHaja; 2 — KpuBad Hdenpeccur; (cBobogHAaA DOBEPXHOCTH);
3 — IpaHNNa pasjiesia CoJEeHBIX M IIPECHBIX BOX

Ilpm mopmenmpoBanun QUEABTPAUMOHHOTO MOTOKA, BRJIIOYAIOIETO
00,1aCTH KaK COJICHHIX, TaK U OPECHHX BOJ[, BOZHUKaeT HEOOXOHMMOCTH
MOZieImPOBAHNA B3aMMOJEHCTBYIONNX IIOTOKOB pa3AuYHON HJIOTHOCTH.
Ecan Mmomxmo npenebpeub mnpomeccamum ¢uiabTpainunosHOl nuddysun
(xora Obr B mepBOM NpuUONMKEHHM) M CYMTATh, YTO TPAaHUIlA pasjeia
uMeeT YeTKYIO, «HepasMasanuyo» GopMy, T0 B KadecTBe IOTEHI[HATBHON
dyHKIMN ciIefyeT MPUHUMATH mpuBenernse HAMOPH Hypy # Heon B 06ma-
CTAX COJEHHIX M NMPEeCHHX Bof, ompenenasemsie coraacuo (II. 76). Haubo-
Jee NPOCTO TaKoe MOJieMpPOBaHME OCYIECTBJAACTCA B ciaydae, KOTHA
B 00J1aCTH COJIeHBIX BOJi JBUKeHHE OTCYTCTBYyeT, HAIpHMep KOT[a JHH3a
OpecHHX BOJ ¢opMuUpyeTcs Ha NOBEPXHOCTH OacceiiHA COJEHBIX BOJ
Goabmoit Momuoctm (pmc. V. 7).

CoBMecTHM MIOCKOCTH CpPAaBHEHHS C IOBepXHOCTHI0 OacceilHa coue-
HeIX Boji. Torma ma cBoOOmHOII mMOBepXHOCTH JHH3H, rhe p = 0 (mas
YIPOmMEHIA PacCysRAeHNN HaIuIne KaNUJNAPHHIX CHI He YYUTHBAETCH),
BHNoaHAeTcA yeaosue (II. 20). . -

Jig TO9KE ¢ KOOPAMHATON Z, pPacmoJ0;KeHHOH Ha TpaHmIe pasjesa
OpecHHX M COJeHHX BOM, AaBJeHHe B 006jacTu IPECHHX BOJ Pup PaBHO
Yo (H—2), THe Yo= Ynp-— O0BeMHLIl Bec mpecHux Bog. Ecam B 06mactu
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COJIeHHX BOJ| JiBH/eHHMe OTCYTCTBYyeT, TO HAamop B JI000N TOUKe B3TOif
o6siacTH paBeH HYJIO, M aBIeBHE Poonr = —YconZs THE Ycon — OOBEMHBIH
BeC¢ COJEeHHX BOJ.

Ha rpasume pasmena fousgHO OLITH Pnp = Pcoa M, CJI€10BaTeNBHO,

H= h’—;-o:—h]z[. (V. 38)

Hockoasry B mamuom ciaydae Hypin = 0 u Hmax = 2o, TO

U=, (V. 39)

Zp

Hopcrasaas B (V. 39) suipamenns H.us (V. 38) m (1I. 20), coorser-
cTBeBHO noayuuM 3HateHns U Ha cBo6ogHOH noBepXHOCTH (U )en It HA Tpa-
guie paspeaa (U)rp.

Un=— (@) Usp=2)z] (5). (V. 40)

Ecimit sxe B 061aCTH COJEHBIX BOJ MMEETCS QUABTPANMORHBIE TOTOK,
10, Bhrumras Hpp, ua Hoyy 1 uMed B BHAY yCIOBHe paBeHCTBa JaBle-
HBHUA Prp = Pcon; HONy4HM oOmee chOBHe Ha TpaHuIlle pasjeia:

Heon — Hup = ‘C°;§o Yo (V. 41)

Taxum oGpasoM, pasHulia IpPIBLeHHHX HalopoB B o0xacTtaX pac-
NpOCTPAHeHNA COJEHHX H IIPECHLIX BCJ Ha TpaHmle pasiela JOKEA
uMeTh OllpejieleHHOC 3HAUYGHMe, 3aBYUCHILCE OT OPJAMHATHI TPAHULHL pas-
mena cormacuo (V. 40).

Ipanuny pasgera COJCHHIX M HPECHBHIX BOJ, THe [JOJIES BHIIIOJ-
garbea yemosua (V. 38) wau (V. 41), maxomar mopSopom, aRaIOTHYEO
TOMY, KaK HaxXOQAT IOJOReHWe KpHBOii pAempeccun. Hawnpumep, pias
TMH3Bl HPeCHHIX BOJ, IlaBalomeil B 0acceilHe CONEHBIX EBOji, 3TO MOKIO
OCYLieCTBUTH ciacayomum obpasom. IHa 3aroTroBRy Mopesn, Koropas
Gepercsa 3aBej{oM0 0OIblIe OKUJAEMBIX pasMepoB 00iacTu IPeCHBIX BOJ,
HAHOCAT PAJ TOPHBOHTAABHBIX IPAMBIX, mcXoaa us yciaosus (V. 40, 6)
A KayRO0il U3 HUX BBIULCAAKT OTHOCUTEAbBLIM moTenuuala Uy, Ha Tpa-
HuIle pasjiesia; 3aTeM HA KaykHoil TCPUBOHTANBHOII MIHNH HAXOLAT TOYKY
¢ ILOTeHLKaNoM, COOTBETCTBYIONIIM aamnmeill roopjumaTe 2z, ofpesaior
MOeIb HPHMEPHO N0 HONYYeHHOMY KOHTYpPY, IOCXNe 9eTo LiniyT HOBY IO
cepuwo Touck. IIpomecc mocaegesareanmhiXx npuOHMICHUil TPOTONIKAIOT
o Tex Iop, ToKa BAOJb HIEHeil IpaHHIBl JArH3BI He OyaeT ocyme-
cTBasAThea yeaosue (V. 40, 6)

Ilociie mocrpoeBus HW;KHEI TpaHHLE u3 yemosus (V. 40, a) nojubu-
parT BepXHOW0 TpaBuUly (KpUBYIO JelpeccHH), KoTOpas# [0 dTOT0 3aja-
Bajmach NPHOIMKENHO, W CHOBA KOPPEKTHPYIOT TOJOKEHHe Hu;KHEel
rpaHuipl. llpn He0onpIMO pPasHOCTH DAOTHOCTEH IPeCHLIX U COJIeHBIX
BOJ{ IOJOKCHIIE JIeIPeCCHOHHON KpPHUBOil cnalo BINAET HA IOJOKCHUE
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HIRHEEI TPaHMIB TPECHHX BO;T, TAK 4TO B BTOM cjydae KPHBYIO Jlempec-
CLI 1A MOJeJM MOZKRHO 3aaBath HPUOJMKEHHO B BHje IpPAMOM JUHIN.
TexnudecKn M3MEHATH IMOJOKEHIe KpPUBOil Jlelpeccuu DpH ee mojibope
MOJHO, Jiedas BepTHKANbHEE HAJpe3s B BepXHeil WacTu MoJeid; Hpu
3TOM HajpesaHHag YacTh BHKI0OYACTCA U3 olmacTu (bnnmpanlm.

MojenupoBanie II0CKUX B paspese 3ajau HeyCTaHOBUBINeHcA Qman-
Tpanuy NP JREeCTROM PCrRUuMe (i)HJIBTan\I/]II MOM{HQ OCYIICCTBJATDH Ha MO-
nensax OTIA, HOCKOJABRY B 9TOM Ciiydae HOTOR BHYTpHU o0iacTs QuiabTpa-
MU omickBaerca ypasmennevm Jlammaca. Ilpu stom na cBoGomuoii mo-
BepxHocTH ocTaworeA B crie yeaosua (II. 20) mam (I1. 24), mo mosepx-
HOCTh y;Ke IepecTaeT OHTH HEIPOHIIAEMOil, a IPA OTCYTCTBHA HHQHIb-
Tpanue mepeMeINaeTcs BROJD JIVHHE TOKa €O CKOPOCTBHIO

Uen = T" Ien, (V. 42)

rjie Ion — rpasuent mamopa ma cBoGOTHON NOBEPXHOCTH BJOJb pac-
cMarpuBaeMoil JuHNK ToKa., B 3ToM ciaydae menecooGpasno mpu Mojienii-
POBaHHHE KPUBOIl [lelpecCHM HCIOJAb30BATh THORYI JHHEHHYIO NIMHY,
B XapaKTepHHIX TOUKaX KOTOPOIl 3a7aloTcs 3HAYeHMS IOTeHIMAJOB IO
yenosuam  (II. 20) nmam (II. 24).

Hpn MOJieTHPOBAHUNM BeCh TpOIecC HEeYCTaHOBMBIIeica GmabTpanmi
pasbuBaeTcs Ha PAJX CPABHUTEABHO HEOOJBITHX IIPOMEIKYTKOB Bpe-
mesn Af (ux BenmumMHA JoJykHA OHITH BEHIOpaHa M3 YCJOBUA, 4UTO 3a
BpeMsi Af He IPOMCXOUT PE3KOT0 IBMEHEHHMS KAPTUHBL JBU;KEHUS
RHYTpH obxactu ¢uabrpanun). B mepswiit mpome;ryTox Af Ha Mofesn
YCTaHaBINBAT CBOGONHYI0 MOBEPXHOCTH, COOTBETCTBYIOMYIO ee HAYalb-
HOMY IOJOReHUIO, I Ha Hel 3ajaoT HANoOpH (HOTeHIMAaJH) B COOTBET-
ctBun ¢ yexoBuamu (1I. 20) wau (I1. 24), mocme wero crposar ceTky jBu-
sReHNnA BOIM3U KPUBOIi lellpeccult, a o pAAY JHHUA TOKA B COOTBETCTBUA

¢ (V. 42) oupeneasior orpesor AS, Ha KOTOPHIil IepeMemaercss KpuBas
nenpeccxm mo ¢gopmy.e:

AS = 3 Ten At (V.43)

I'paguent Ic; y cBobojinoit MOBEPXHGCTH OIPEIENAIT IO JAHHEM
MOJIeJIVPOB aHIS.

Takum ofpazom ompefesifercsas NONOKeHHe KPUBOM Jempeccun Ha
MOMEHT BpeMeHu ¢ = Af, KoTopoe fIBJAETCA NCXOIABM JJA pacdeTa
Ha caenyiomnii orpe3ok Bpemenn Af. Ilpu stom ma cBoGonrOIll TOBepX-
HOCTH BHOBb 3ajal0T HOTCHIIHAILI B c00TBeTcTBHE ¢ yeaosusanmu (11, 20)
mu (II. 24), nocse gero cTposT cerky jBumenus BOnU3M KPUBO enpec-
CUI, HAXOMAT IepeMeieHHA KPIBOIl /lempeccHr 3a CIeyIomuil Iepuos
Bpemenni A¢ u T. ;.

ITpuyenense TaKOTO pofa METOAIKM 1M BOIPOCH OMEHKU ee TOYHOCTIH
paceaoTpenst, nanpuMep, B paborax (17, 97, 237, 250]). Awanormuuym
MeTOAUuRY MO/RRBO IIPUMEeBRTDL 1T A0 paC‘iC‘TOB HCPGI\«IC‘-II[GHHSI TpaHH]lbI
pasjesa codeHNX II TPECHIIX BOJX BO BPEeMOHI.
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Yemarnosusuwuiica naano80-nAOCKUL NOMoOE

OcolenHOCTH HAMOPHOT'O IIAHOBO-IIOCKOTO TOTOKA TPOABIAITCH
B BO3MOKHOCTH M3MEHEHHsA HE TOJHKO IPOHHUIAEMOCTH TPYHTOB, HO H
MOIJHOCTH BOJOHOCHOTO TJIAacTa. ITY 0COOEHHOCTH HECIORHO YuecTh,
eCJH 3a/laBaTh DIEKTPUIECKYI0 MPOBOANMOCTH IIACTA IPOMOPHHAOHATHHO
He Koapdunmenty ¢uapTpanuu, a mpoBofmmocTu miaacra I (z, y).

TexHUYeCKN W3MeHEHMe MPOBOJIUMOCTH IIacTa HA MOJeJAX M3 3JIeK-
TponpoBoAHOil Oymar:m ocymecTBIfeTca DyTeM HapalefibHOTO CKIeH-
BaHHA JNUCTOB OyMaru OfUHAKOBOII MIM PA3IMIHON IPOBOJAWMOCTH.
CyMMapHas IpOBOJIMMOCTH CUCTEMHI 13 HECKOJIBKUX JUCTOB ONpeieTHTCH
OpH BTOM KaK CyMMa IPOBOJMUMOCTeil OT/[eTbHBIX JHUCTOB (C yY4eTOM 3JeK-
TPONpPOBOJiHOCTE Kies). Ila 9IeKTponuTudecKuxX MofeldsaX CpaBHMU-
TeJbHO HeOONbIIoe W3MeHeHHe IPOBOIUMOCTH MOKHO YYeCTh IIyTeM I3Me-
HeHHS MOMIHOCTH CJXOf DIEKTPONNTA, IS 9ero JAHO MOJe]H JeraioT
W3 IUIACTHINHA, BOCKA HIH APYIUX IIACTUIHHX MaTepHaoB.

Ilpr mopmenupoBanunm Oe3HANOPHOTO IJIAHOBO-IIOCKOLO IIOTOKA Be-
TUYMHA TPOBOJAMOCTH, BooOIe roBops, 3aBUCHT OT YPOBHE! I'PYHTOBHX
Boji. IlosTomy B 00meMm ciyduae MofeiampoBanue 0e3HANIOPHOTO IIAHOBO-
IJTOCKOT0 TOTOKA J{OMKHO OCYMECTBIATHCA MOK00POM, IpHYeM B mepBOM
npubIm;KeHnH 3HaYeHud TMPOBOJUMOCTH ILIACTA 3a/IAI0TCA NPH OPUEHTU-
POBOYHHX 3HAYEHUAX YPOBHEH I'DYHTOBBIX BOJ. 3aTeM dTH yPOBHU yTOU-
HAKTCA IO JAHHHM MOJIeNUpOBaHMUA B TepBOM OpUOIM:KeHHH, IOCIe
9ero ycTaHaBIMBAITCA 3HAUYeHMA HMPOBOAMMOCTH IJTACTA BO BTOPOM HpPH-
OnusKeHMHN X T. 4., 10 TeX IOp, IOKa 3HAYEHUsd IPOBOAMMOCTH He OymyT
JIOCTaTOYHO TOYHO COOTBETCTBOBATH DPACUETHHM YPOBHAM TPYHTOBHIX
BOJ.

Ecian moror 6m1u30K K OHOPOHOMY, a BOHOYIOpP OTHOCHTEILHO I'0-
PpH30HTAJeH, TO IIOCKOCTH CpaBEEHHUS HATIOPOB Iieseco00pasHo HpUYpoO-
9UTh K CpeJHeMy IOJOKeHUIO Bojoymopa m mpu w = ( mpepcTaBnTh
ypaBuenme miapoBoii ¢unprpanuu (II. 28) B Bupe:

- 2 = 2
—;L(k a—H-)+i<ki‘-’-"~)=o. (V. 44)
z ox dy ay

“ T -
3necy k = 4 — OCDeiHeHHOe 3HAYeHUe roapduruenra dunprpa-

UM, KOTOpoe IpW BafaHHHX BHIIE YCIOBHAX HOMKHO CpaBHHTEIbHO
MaJo 3aBHCETH OT TOJOKeHWUs YPOBHA BOJHI.

Ilpu pemenun BHa mopenm ypaBuemus (V. 44) B KauecTBe TOTeHIH-
anpHOl QyHKUME mpunuMmaerca Benuwuumna 0,5 H?, a mpoBogUMOCTH Mo-

Jedd 3ajjaeTcA NPONOPHUOHANLHOW BeauduHaM £ B COOTBeTCTBYMOMIMX
cedennsnx. Pelmenue 3ajfadum XoTsA W BefeTcs MeTojoM moxbopa, Ho 1ofi-

Gop oToT obneruaercA HeGONBIIMME H3MeHeHmAMH Bexmaunw k. Taroi
npueM neixecoo0pasHO TPHMEHATH B TOM clyyae, Korja raybuna io-
TOKa 3HAYMTe]IbHO MeHseTCs Wo ero AauHe. Hampumep, ecnn paccmarpu-
BaeTCs MPUTOK K COBepIIEHHOMY KOTJIOBaHY, To HeldecooOpasHo 3aaBaTh
IJIOCKOCTh CPaBHEHNA HA YpOBHe BOOYHOpA Yy KOTIOBAaHA, Ijie MOM[-
HOCTH TOTOKA YMeHBIIaeTcsd IMOUTH [0 HYJA.
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JLmg oZiHOPOHOT 0 0 BEPTUKAIU MOTOKA B IIPH FOPU30HTAILHOM 3aJIe-
rauun Bojoymopa BemwunHa £ = k = const w H = h (h — raybuua
mOTOKA /10 Bojoymopa). B aToM ciyuae BBeJleHre B KauecTBe MOTEHIMANb-
Hoit ¢ymknun 0,5 £? Do3BOIAET HPOBOAUTH MOJENHpOBaHUE 0e3 mpoMe-
yyTogHoro moxbopa [16].

Ananormaneim  oGpasom Oes I
mojibopa pemaeTcsa 3ajada mpu T N 2
FOPHU3OHTATBHO-CIOUCTOM CIIOAE- g
HUM TIOTOKa, KOIJa B KadecTBe 3
pacueTHoii mpuEuUMaeTcA PyHK- -
nusa I'mpmnackoro [17], Benuguua 4 5
KOTOpOil ompenensserca mo ¢op- ' v

myae (I1. 33, a).

OneuM m3 BayKHBIX (PAaKTOPOB,
BO3HUKAIOMMX MPH peHleHny Imia-
HOBHIX 3ajad ¢QuibTpanuu, sAB-
Jagerca HeoO0XO[UMOCTh y4era UH- 6 6
¢unpTpanun (uauM HWCTApPEHUA).
HemocpejictBenHoe 3ajiaHue uH-
¢unsrpanuu Ba Moxmenn OIIA
CBOJUTCA K TOJade HAa MOJenb
TOKa, CHJIa KOTOPOTO0 COOTBeT-
CTBYeT WHTE@HCUBHOCTH WHQUIBT-
panur w. B. WU. Apasum [16]
TpejaraeT MCIONb30BaTh s
9TO# meJu cxeMy, HOpUBeJeHHYIO
Ha puc. V. 8. 37iech TOK momaercs
B OT/eJbHBIE TOUKN MOJEJI, KOTO-
phie paszdHBAaIOTCA MO KBAJpaTHOMN
cxeme. Cumna Toka [, rammgoro Puc.V.8. JnexTpuduecKasd cxema JIA 3a-

T Jaunsg UHQUIBTpaunll Ha IJIaHOBOH MO-
HCTOYHHUKA oupene.nﬂe'rca o i Henn QPHA

dopmye: -
1 — UCTOYHUK TOKa; 2 — peocTaT; 3 — aro-
a MeTp (DenuTenb HanpHMeHNdA); 4 — rajsibBa-
I — w:F; U . HOMeTp ¢ urjaoi; 5§ — BoabTMeTpP; 6 — COIPOTH-
w = Wil'i—» BieHUA; 7 — MIJIHAMIIEpMeTp; &8 — THesla
ao InA ero IMofKII09eHUd; 9 — MuHB, I6 — Mo~
genb, 11 — TouKl UNHOUIBTPaNWoHHOTO NHTa-
=07 7. 45 HuA
a,=0T. (V. 45)

Cuny Toka MCTOYHUKA PeTYJIHPYIOT 4epes peocTaT ¢ NOAKJIYeHHLIM
K HeMy MMIIMaMnepmMerpoM. B KadecTBe peocraTra MojkeT OHTH TaKiKe
HCTOJNIb30Bana OyMaskHasg I0JOCA CO CKOJB3AMUM YO Hell KOHTAKTOM.
ITa. cxema, TAaK sKe KAk U pazo0paHHAsA BHITEe aHAJOTHYHAS cxeMma (CM.
puc. V. 6, a) pua miockoil B paspese Mojedu, TpedyeT peryJIupOBRH
CHJIB TOKA myTeM moj0opa, MOCKOJBKY ee BeJIWYNHA CYIecTBEHHO 3aBU-
CHT OT HEeHM3BECTHOI'0 3apaHee MOTEHINAJIa HA MOJeJH B JaHHOH TOYKe.
Yrobmt uzbeskars mogadopa, MOKHO TaKyKe TMPUMEHHTH CXeMy OT/IelIbHOTO
OUTAHUA MCTOYHUKOB ¢ OONBITMM HANpAKeHHeM HWCTOYHMKA UUTaHHA,
nopiBeleEHy0 Ha puc. V. 6, 6,
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Ilpu pacuerax naIaHOBHX 3aJaT HA CETOTHOM BICRTPOIHTEIPATOpPE
$uapTPANUOHHOE COIPOTHBICHNe MEA1Y OTIeJbLbINL Y3A0BHMH TOU-
ramu ompenednsiercss mo oboymnm dopmy.aam (I1. 64, a), a smekrpudeckiie
COOPOTHBJICHUA 3aJa0TCA  OPOMOPIIIOHAIBHBIMI  COOTBCTCTBYIOMIUM
¢unpTpamuonHsiM comporuBrenusM. Ilpum memoapsoBaHIL  ypaBHC-
aus (V. 44) n BuGope B KadecTBe pacueTHolt ¢ysrumu Beanduus 0,5 /12
opm ompejesdenun (QUIBTPALMOHHBIX CONPOTHBIEHHIH clejyeT 3aMeHATH

npoBoauMocth I aHATOTHIHBIM 3HAYeHUEM K. ;

Mpu szagasun wHGUIBTPANUM HA CETOYHOM DIeKTPOWHTErparope
¢ DOMON[BI0 JieuTeNisi MCTOKOB pacdeThl OPOBOAAT TAR ke, KaK M [Aias
OJ0CKOII B paspese 3ajadu — B fABa srana. llorennuman pexumrens
NCTOKOB B Kaykpmoii Touke Vi ompefeaserca mo ¢opmyae (V. 17) mpm
Qi = wiF;, rne F; — mnomans Giora.

fojenuposanne mepeMeHHOIO WcHapeHUsA OpH JauHeilHONl 3aBHCH-
smoctu w (z) Buma (II. 36) mpu n = 1 ocymiecTBisieTcA Tak ke, Kak
M s IIOCKOro B paspese moroka. H Touke Ha MOJedn HoAcCOCTHHAIOT
comporuBieHne R, onpejelsemMoe 0o opmye:

7 . _
R, = ooF % %e=0 T, (V. 406)
Ha KOHIE KOTOPOTO 3ajaeTcs IHOTEHI[IAX, COOTBeTCTBYHIHII HaHmopy
zy — zz. llpm meaumelinoit 3aBucuMocTu w (2) B BeJWYUHY COOPOTHU-

Birenua R, BBoguTca mompasBka w (z), kak B 3asucumocrax (V. 37).
Ilpu mopenupoBamum 3Toil cXeMbl HA 3IeKTPOHHTErpaTope BeJi-
quny Ry onpeaensior mo gopmye:

R —=a —2 : ¢« =§. (V. 46, a)

w Ry Fiw

B Tex cayuaax, Korma Mojenupyercs HAJTOKeHUE BIMAHUA HCKYC-
CTBeHHHIX (AKTOPOB (BOJOXpPAHUJINOY, KAaHAIOB, TPeHa)Ked M T. I.) HA
CYIecTBYOIMUN eCTeCTBeHHb IIOTOK, & WHTeHCUBHOCTbh WHQUIBTpA-
OUN W OCTaeTCsa TAKOM e, KAk M B eCTeCTBEHHBIX YCIOBHMAX, AJdA ydeTa
UEQUIBTPANNE MOKeT OHTH 3@EPEeKTHBHO MCIOIb30BaH HPUHIUI CJIO-
FMOHMA TedeHUil, TEOPCTHYECKHC OCHOBHL KOTOpOro wusios;keusl B § 1
IIaBbl TpeTheil.

Cornmacso 3TOMY MeTO/Ly PesyIBTUPYIOMMI TOTOK MOJydaeTcsa HATO-
MKEHICM Ha eCTeCTBeHHBIH MOTOK JONOJHUTETHHOI'0 MOTOKA, BO3BHUKAI-
mero 3a c4eT BIUAHNA HCKyccTBeHHHX partopos [56]. Jlomoanurensupiii
HOTOK Mojenupyerca Ge3 ydera mHQUABTPAMUMOHHOTO NUTAHMA, KOTOpoOe
aBTOMAaTMYeCKH YUHTHIBACTCA YPOBHAMN €CTeCTBeHHOI'0 HOTOKa. Merox
CO/ReHNA TeUYeHNU HOPUMEHUM TOJABKO B TeX cIydaax, KOorja MCXOfHbIC
nuddepeHnaIbHNe YPABHEHNA MOMKHO CUHTATh JHHeWHBIMH, T. €. AIA
DOTOKOB CAeAyIOMMX THOOB: IOCTOAHHOI HPOBOIHUMOCTH, OJHOPOAHOTO
Ha TOPHM30HTAJIHHOM BOJOYHOPe, TOPH30HTAIbHO-CIOHCTOr0. B wacr-
HOCTH, JAJA IMOTOKA MOCTOAHHOH HIPOBONMMOCTH HANOPHl pPe3yJaBTHPY-
fomero noroxa H B KaskgoH Todke HaXOAAT, KAK CyMMY HAaIOOpOB ecTe-
crBeEHOr0 notorka H, m gomoamureasnoro AH, a mamops HA TpaHUIAx
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J0TIOJIHATEJILHOTO IOTOKA COOTBETCTBEHHO KAaK pasHoCTh HamopoB H
u H, ma 9tux rpagunax, npudeM GopMel TpaHHI] OPUHUMAKOTCHA TaKHUMHA,
KaKIMH OHU OKAa3bBAIOTCA B YCJIOBHAX pe3yIBTHPYIOmEro IIOTOKA.
Cresyer uMeTh B BHAY, Y4TO IpPHMeHEHUe MeToja CHOKeHHS TEYeHMId
He UCKAIYaeT HeOOXOMMMOCTH y4eTa PHAbTPANIIOHHON HEOXHOPOAHOCTH
noroxka B maame [219].

Moskno peromenpgoBarh CIeAYIOMUN IOPANOK PpPacdeToB MeTOLOM
ciomenua Tedennii: 1) crpourca ¢uabTpamMoHHAs cXeMa pe3yabTH-
PYOIEro HoTOKa — OIpPeCAAIOTCA BHENIHHE ¥ BHYTPeHHHME I'DAHHUIIH
MOTOKAa, 3ajgaeTcsa QUIBTpAHOHHAA HEO[HOPOAHOCTH IOTOKA B paspese
U mjaHe; —2) 3aJa0TCA HAMOPH Pe3yIBTHPYIOIEI0 H ecTecTBeHHOTO
MOTOKa HA TPAHUIAX Pe3YILTUPYIMEro HOTOKA ¢ 3aJaHHBIM HAIIOPOM;
3) oripepessIOTCA TpaHUYHBIE YCJAOBHMA [ JOHONHWTEJBHOTO IOTOKA,
npuueM ¢opMa rpaHmN ROHOTHHTEABHOTO IOTOKA 3af{aeTcA TaKo# ke,
KaK 7 pe3yAbTHPYOIETro HOTOKa, a HATOpH Ha I'PAHANAX ¢ 3a{aHHBIM
HATIOpOM OTpeJeifl0TCA KaK PAa3HOCTh HANOPOB pPe3yAbTUPYIIEro H
eCTeCTBEHHOTO IIOTOKAa; 4) ¢ 3aJaHHKIMH TAaKWM 00pa3oM I'PaHAIHHEIMU
YCIOBAAMU NPOH3BOXATCA MONENMPOBAHEE JOMOJHATEeIBHOTO IOTOKA,
NosBoJIAOmee oIpefleMnTh BenudgHl AH BEyTpm obxactm ¢uianTpa-
nuu; 9) cymmupys seauduasi AH u H,, monydaor Hanops pesyabTd-
PYIOIETo mOTOKA B 1000l ToUKe.

ITranoeas neycmamnosuewascs Puabmpayus

MonenupoBaHue miaaHoBOIl HeycTamoBuBIIeiicsa ¢uapTpanuu mambo-
jiee YHNAYHO OPOXOMAT HA CETOYHHIX HHTErparopax — MAPABINYECKOM
(koTopeIl ToOKa mcmoab3yercA game [16, 146]) m saexTpumyeckom. B
9TOM ciaydae QIIBTPAaNMOHHHIT MOTOK pasOMBAIOT HA OTHeIbHBE OIOKH
0 3aMeHAIT CeTKOH QUIBTPALMOHHBIX CONPOTMBIEHUMA, PACTOTIOKEHHBIX
MeJKIY y3JaMHI OTAeNbHBIX OJOKOB, M COCPeNOTOYeHHHX eMKocTeH, pac-
MOJ0KeHHBIX B y3iax (meHTpax) OI0KOB.

QuabrpanuorHoe comporusierne @ Kakoro-amb0 ydacTKa 31eCh
TaKxe ompejeaserca nmo ¢gopmyaam (II. 64, a). Ilas npamMoyroabEoil
CeTKN mAaroM AZ B HanpaBieHHM £ W AY B HaOpaBieHUU Y 3HAYCHNA
comporuBinennii @, u Py B COOTBeTCTBYIOMAX HAUpPaBIeEUAX OymyT:

Az | Ay -
7 Ay y @y—- ,TAQ? . (V."/l:l)

Hdna ogHoMepHOro B IIaHe WOTOKa, HANpaBJIeHHe KOTOPOro COBMA-
JZaeT ¢ ochio x, Ay =1 m u

Az - .

D = Tt (V.47,a)

Ilaa papmansHOro moroka (puc. V. 9, @) BeamumHa cOmpOTHBIEHUA
@i, Mexrny Omoramu i —1 n i Godee TounHO ompefensercs GopMmyoii:

1 ri
?1‘17 In T-_i_ (V 47, 5)

Dioy =
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r:— 1
Jlaa Takoro moTOKA (npn * " <1 ¢ TouHoCTBIO 10 5% u IpH
i1
.

r.—
—ir—~ < 0,5 ¢ TOYHOCTHIO Ro 1%) MOKHO TaK/Ke HCM0JIb30BaTh Qop-

1
myay (II. 64,a) wpu I, , =r,—r,_, u B, _, =2nr,
Tox emrocThI0 6noxa C mozmpasyMeBaeTCsA W3MeHeHHe o0beMa BOJIH

B OnoKe mpu u3MeHeHAW B HeM ypomHs Boas Ha 1 m. Taxum oGpasom,
C =pFay (V.48)

rjae Foy — nnomans 6Gaoka.
Ha ruppounrerparope cmcreMa QuUIbBTPAIMOHHHIX COIPOTHBIEHUI
H eMKOcTeH MoJelnpyeTcsi CHCTeMOH THAPaBINYECKHX CONPOTHBICHAMN

Pumc. V. 9. Cxembr conmporisieninii

a ~— ¢XeMa A pandasibHoro ToToka: 1 — ceDeiyiHa; £ — IEHTP TAMKeCTH; 3 —
rpaHuIb 67I0KOB;
6 — ceTra JIuOMaHa AJIA OJAHOBOIO IIOTOKA

1 eMKOCTe#, M3 KOTOPHX COCTABISETCH TMAPOMONENb PUIBTPaNUOHHOTO
noroka. Ilpu cocrasieBum cxeMHBl TUPOMOAENM AJA MOJe/IUPOBAHAS Ha
TUPOMHTEIPATOPE BEJTHTUHE THWAPABINYeCKUX CONPOTHBICHAI R: m
eMKOCTell ) OmpefienATCA M3 YCJIOBUA:

R,=0,®;, o=0a,C, (V. 49)

rpe a, = 1/0, u o, = 1/a, — MacmTabH CONPOTUBNEHNIl M eMKOCTeii.

Benuaunsl ap m 0, 3afa0TCA U3 yCAOBHA, 4TOOB IONyTAIOMUEC
BenuauHel R, 1 0 yKIafpBajiuch B JUANA30H X BO3MO;KHHX 3HAYEHUI
Ha THJpOUHTErpaTope.

Kpowme Toro, smauenns o, um ¢ yTOYHAKICA U3 YCIOBLA IMONYYe-
anA  ymobmoro Macmraba BpemMeHm oy, ompefexseMoro mo ¢op-
myne (V. 25). -

Hna ydera msMeHeHNA NPOBORUMOCTH Opu KoleOaHHAX YPOBHA BOJHI
B Onoke moiskHa OBITH COCTaBieHA 3aBHCUMOCTH mpoBofumocTH I oT
namopa (ypoBma Boan) B Gioke H. Ilpu srom rugpomopens mpeasapii-
TeNIbHO PACCUYMTHIBACTCA HA HadaJdbHOC M0J0keHHMe KPHMBOH Jempeccum,
Korga mpoBofimmoctaM 7y COOTBETCTBYIOT TOmoOpaHHLIE COOTBETCTBY-

[
romuM o6pasom conmpoTusnenus R,. [lpu usmemenuu Hamopa B Omoke
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ompe/e IfieTCsA COOTBETCTBYIOmee 3HadeHme IpoBojumocTé I' H ycTaHa-
BINBAETCA HOBoe compoTruBienue R, m3 yciaoBus: :

R, =10 R.. (V. 50)
Ecau morok mo Bepruranu oguopoupeH, tTo I = kh, Ty = khy n
R,=lo R} (V. 50, )

MopeaupoBanue WHPUABTpAOWN 3aJaHHOH MHTEHCUBHOCTH OCYIIe-
CTBAACTCA dYepes MHPUABTPANUOHHbIE TPpyOKHM, a pacxoj BoOAH dYepes

aTH TpyOKH qff, yCTaHaBJINBAaETCA W3 COOTHOIIEHHMA:
M
Guw = agWFg,, (V.51)

rge MacmTal pacxomoB g ompepeasercsa mo cooTHomeruio (V. 23).
Jlasa pacdeToB ITaHOBHIX 3a7a4 HeyCTAaHOBHBINeicA QuabTpanuy Ha
asexTpounterparope Tuna IM-12 mosxHO BoCIOAB30BATECA CXeMOH CeTKH
Jlubmanma * [112, 219]. Ilaa sroro ypaBHeHme I/IaHOBOH HeyCTaHOBHB-
meiica QUABTPAOUN 3aMEHUM CJIeIYIMUM KOHeYHO-PA3HOCTHHM YypaB-

HEHUEM:
4

Hi—Hy Ui —Hy_y (V. 52
prali] D; - At ‘ : )

i=1

3nmech B deBoit gactn yepes H; o0o3nauensl HallOpH B 9eTHpeX cocef-
Hnx OJokax B pacueTHwii mepmop BpeMenu, @D; — PuabTpanuoHHLIE
CONPOTHBACHUA MY COOTBeTCTBylomumn Oxoxamu, a H,m H, ,, —
Halopsl B HEHTPaJbHOM OJ0Ke B pacuYeTHHH MOMEHT BpeMeHH ! W B
upeabigymuii MomeHT Bpemenm ¢ — At

Ypasuernue (V. 52) mopmeampyercs ceTkoil CONpPOTHBIeHUH, mnped-
craBierHo#l Ha puc. V. 9, 6, rme K oOm4HON CeTKe ComporuBieHuit R;
(Ry, R,, R, Ry) noGaBasercss «BpeMenHoe» couporusienue R;. Bamamc
TOKAa JJdA 9TOil CeTKH 3amUCHBAeTCA ypaBHEHUEM:

4
NU,—U  U—U

R (V.52, a)
i=1
Ecau B ypasmenun (V. 52, a) mpunars, 9TO
At
R,=0,9, R:""“R'T’ (V.53)

1 lna pemeHus NIaHOBLX 3afad HeyCTAHOBHUBIIeca QUIBTPANMA Ha MOJENAX
II'IA u3 aiexTpompoBofHOH# GyMarnm amanorudHas MeTOAMKA He3aBHCHMO 0T JInG-
mana Obina mpefaoxena C. H. Hymeposum [153]. IIpuMennTedbEO K 9IeKTDOIATH-
geckum Mopenam I A ee passmBarm M. M. Terensbaym m . A. Enbmeran [187].
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rje ap, — Macmral CoLpOTHBJIeHNWH Ha dJIeKTPONMHTerparope, u IOTO-
JKUTDH fadee:

U,~U=oy(H,—H), U—U =ay(H,—H,_,) (V.53,a)

To ypaEenua (V. 52) m (V. 53, a) oKaRyTCA TOKZECTBeHHBIMII.

Taxum o0pasoM, ecau coOparb CeTKY CORPOTHBIEHMUI o cxeme Jlud-
MaHa M 337aTh Ha KOHIAX BPEeMEHHHIX» COIPOTHBjIeHWI 3HAYEHHS IO-
TeHIMAJIOB, COOTBETCTBYOMNe MX pacHpe[eseHNI0 HA M3BECTHbIl IpeTsl-
NyImui MOMEHT BpeMeHH, TO B y3laX COIPOTHBIEHMWI IOJIyYaTcs 3riade-
HAA NOTeHNWAajJ0B HA pacueTHHI MOMEHT BpeMEHH, OTAMYAKIMHICA OT
OpeBIymero Ha IPOMe;KYTOK Bpemenm Af.

CaenoBareabHo, NPW pacdeTax HEYCTaHOBUBIIeiicA Quuabrparun mo
cxeme JluOGMama ciaefyeT mocjie COCTABJIGHHMA COOTBETCTBYIOmieil CeTKU
pasburs pacderHHil HmepmMoj BpeMeHW HA HECKOJIBKO IPOMERYTKOB Af,
3aTeM TOCJIEOBATENBHO A Ka/KIOT0 IPOMEKYTKA BpeMeHH Ha KOHUAX
«BpeMeHHHIX» CONPOTHBICHNI 3aaTh 3HAUCHNA IOTeHIMAIOB HA Ipe/sl-
Jymuii MOMeHT BpPeMeHH, a Ha T'paHWNAX 3HAUYeHHs HOTeHINANOB — HA
pacueTHHIf MOMEHT BpeMeHHU ¢; OpH 3TOM B y371aX HOJYJATCA 3HAUCHUA
TOTeHIMANOB HA pacdeTHH MOMEHT BpeMeHH (depe3 IIPOMEKYTOK Bpe-
Mernn Atf).

Npr manwamu wePUABTpaOMH 3ajaHHOH MHTEHCHBHOCTH M OTCYT-
CTBHM BHYTPeHHMX HMCTOYHNKOB-CTOKOB KOHETIHO-PA3HOCTHOE ypaBHeHHe
(II. 58) mosxmO mpefcTaBUTH B BUjE:

ﬁ'\‘ Higfft —C H‘_(Ht":;_{_% At) . (V. 54)

i=1

OueBnpHO, 9T0 NPH MOJeAMPOBAHNHE 5TOT0 YPABHEHHA IO CXeMe JInb-
MaHa cJefyeT Ha KOHTAX BPEMEeHHHIX COUNPOTUBJICHUN 3aaBaTh 3HATE-
HMA TOTeHIMAaJ0B, COOTBETCTBYyIomUe Beauwdnmee mamopa I1 At -+

w .
-+ m Af. Taxum oOpasom, K 3HAYEHUAM OTHOCHTEJIBHEX IIOTEHTHATOB,

OOoMYyIeHHHX HA IPeABAYIMMiII MOMEHT BpeMeHH, cIefyeT H00aBIATH
peamauuy AUy

AU, = ay= At. (V.54,a)

Ilpu MopesupoBaumm ucHapeHusi, 3aBUCAIMEI0 OT TAYOHHB YPOBHA
TPYHTOBHIX BOJ, CAeAyeT, KpoMe TOro, A00ABUTH (MHQUIBTPAIIOHHbEY
compormBienna R, (cm. pme. V. 6, 8), onpemeasemsre mo $opmyie
(V. 47). Ha KoHIax 9THX CONPOTMBICHUH 3a/[al0TCA MOTEHI(HATH, COOT-
BeTCTBYIOIWE HALOPY 2o — 2.

JAs pellleHMs MHOTMX NMPAaKTHIeCKHX 3ajiad IIAAHOBON (PUIBTpPaI(iu
MOKHO HCHOJAb30BaTh He TONBKO T[OTOBEIE CeTYaThie WHTeTPATOPH,
HO W CeTKHM, COOpaHHBe 13 CTAHAAPTHHIX YTOJBHHX WA OPOBO.I0YU-
HHX HCpeMeHHHX CONPOTHBIGHMI. OTH CONPOTUBJISCHUA IIpejBapu-
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TeJBHO He TapupyIoTcs, a A8 KarkaoH 3a7a4n HoA0MpaTCcsa ¢ MOMOIbIo
yHiBepcaabHOr'o MocTa. J[lIA m3MepeHMH mMOTEHINAJOB MOYKHO HOJB30-
BaTbCSA MOCTOBOII cxXemoit, cMouTmposanmoii aas mofedeit ITJIA. Tna
3a/{aHNs MOTeHIMANOB HA KOHIAX BpPeMEHHHIX COIPOTUBJIEHHN mpu He-
0OXBIIOM WHCIe TOUYEK NPHTOAHBL CTAHAAPTHEE AENWUTENIN HaIpsKe-
st IIIH (Bxomsimme B cocras II'J[A-9/60). Ho mpn Goapmiom unmcie
TOYeK 3Ta CXeMa CTAHOBHUTCH I'POMO3AKOIl, M AJs 3afaHUA NOTEHIMAIOB
MOJKXHO BOCIOJB30BATHCA JAUGO CHENUATBHBIME peocTaTaMu He6GoJBIToro
comporuiaerns (mo 10 om), aubo TpamchopmaTopoM, KaK 3TO fiedaeTcA
Ha CeTOYHHIX MHTeIpaTopaX, HO B MoCJaefHeM ciIydae MpHXoAUTCst pabo-
TaTh Ha IEPEMEHHOM TOKe.

Hecrkonbro mMogupumupys cxemy JImbmanma, MOKHO HPUMEHHTH ee I
IJIA pacyeToB HEYCTAaHOBHBIIelHcs MIaHOBOW QUABTPAanuH Ha CIVIOMHBIX
(6ymammusix) Momeaax 2TJIA. B srom ciyyae BpeMeHEbe CONPOTHBICHIA
rmoacoennusaioTr K Mogeaun II'JIA, BumodnexHoili oOBIYHBIM OmyTeM, B OT-
NeAbHEIX y3JaxX IO CeTKe MAaroM AZ IOCPECTBOM 3JIEKTPONOB [AmaMe-
TpoM d,. IIpu TAKOM MOJleIMPOBaHUN CJIelyeT YYUTHIBATH HeCOOTBETCTBME
MeR/ly NOTeHOMAlaMu B Y3JI0BHX Toukax (Ha snekTpopmax) U, m cpen-
H 1 [OTeHMUANaMu B mpepjeidax jasHoro Onoka U, BO3HUKaomee
B CHAy 3HAUYNTEJbHOIl KOHIEHTpAI#AU NOTOKAa BOJAM3M Y3NOBHIX TOYeK.
Teoperudecknii aHanms HO3BOJsET - YCTAHOBHTH CAEAYIOMYK CBA3b

MERAY U, u U:
U=0,+ ((7.—(7°)_;f-, (V. 55)

rpe U® — snavenue U B naHHOM OJloKe HAa npebAyImUili MOMeHT Bpe-
MEHH, 3aJlaBaeMoe Ha KOHIle BPeMeHHOro conporunlenus R;;

fe 1 f; — mpUBefleHHEE 3BAaYeHMA NPHAIEKTPOJHOTO0 M BpeMeHHOI'O CO-
TIPOTHBJIEHMI, OIpefelseMbie N0 GopMyaaM:

fo=03661g5% —0,1; fi=28L —fi—Afs,  (V.55,0)

/s aa x

rge Af, — upupenenuoe comporusiIenue Komrtakra siaexrpopma (cM. § 3).
BpemenHoe CONpOTHBIEHWEe OpH 3TOM ompefelsercs mo Qopmyme:

Ri =g fu (V.55,06)

rie Q — yleJbHOe CONPOTHBJIEHME JHCTA MOJETH B JAaHHOM y3Ie.

Ilfar Az BpeMeBHBIX CONPOTHBIEHMIl 3a7aeTcsa Tak, 4TOOK MeKAY
rpaHuneii ¢ TepeMeHHHIM TOTeHIMUAJAOM W HeMpPOHUIaeMoil TpaHuIeHk
pasMemalioch He MeHee TpPeX-JeTHpeX Y3JOBHIX TOUEK, & MeKAY T'paHu-
naMil ¢ IepeMeHHBIMM HOTeHIuAajamu — BABoe Goabpme. Ha rpammpax
MOJIeNN y9acTOK, NPUXOAAMMIACH HA JAHHHI y3eJ, MOKeT OKa3aTbcs He
kBafpaTHoii gopMu; B arom caydae B (V. 55, a) BMecto Az ciefyer
safaBath J o, Tae © — NI0Mab TAKOTO yIaCTHA.

Ilpm pacgerax mo »Toil CxeMe Ha IepBHI nHTepBal BpeMmenu At

K KOHIAM BPEMEHHHIX CONPOTMBJIEHUH mOmalOTCA moTeHNmaan U°,
175



COOTBeTCTBYIOMYe HAYAJIBHEIM 3HAYeHUAM HAUNOPOB B Y3JOBHIX TOYKAX,
W 3aMepAIOTCA NOTeHNHANH U,, TOCHe WeT0 pPAacCUMTEHBAIOTCA CpeflHHe
noresnuanst U no gopmysae (V. 55), 3HAYeHMSA KOTOPHX W 3aal0TCH
Ha KOHI{aX BPEMEHHHIX CONMPOTHBIeHWH B KadecTBe U° Ha ciepywomuit
HHTEPBAT BpeMeHU H T. f.

Bamepus noremnuai U, B mo6oil Touke MONEH HA DPACCTOAHHE I

0T 3JEKTPOJia, MOKHO YTOYHHTH ero pacuerHoe 3HadeHue U, mo ¢op-
Myle:

T, = O» + AU 22 1, (V. 56)
f(r) =0,3661g = 10,08 ?2 —042 r==. (V.50
r r

3nechk 3a AU npmenMaercsa M3MeHeHHe NOTeHNHUANa B JaHHOI TOYKe
3a NpomeuIuii HHTepBanl BpeMeHu Af, a 3a rgx — paccTOAHNE IO pa-
IUycy, OpPOBefeHHOMY depe3 AAHHYI0 TOUKY OT DJAEKTPOAa [0 T'PaHHIL
O6noKa, NPUXOAAMEroCA Ha STOT y3el. _

W3no0xerHas MeTOMMKA MaeT BO3MOJKHOCTh HCKJIIOYATH BpeMeHHBIE
CONpPOTHBIICHNA, €CJANW NOJOKUTE:

aAt -——f f (V. 57)

B sToM caygae cpeanﬁ HOTeHIMAM B pacdeTHOM 0I0Ke MOMKHO CUH-
. 2
TaTh PaBHEIM CPefiHEMY sSHAYEHWI0 HOTeHNNajza HA PACCTOAHHN -5 Az

OT 3JeKTpofa (eTo MOJKHO OIpefejuTh B UeTHPeX TOYKAX, PACIOI0/KeH-
HHIX 10 B3aUMHONEpIEeHJUKYJIADHEIM HAIpPaBICHUAM).

Ilpm mopmeanpoBammum mo cxeme JluOmama BrOMpaTh mar mo Bpe-
Mmenu At ciaemyer, YIWTHBasg, 4TO 3Ta cXeMa IpeXycMAaTpuBaeT IHHeHOe
H3MeHeHNUe NOTeHNIMAka B Dpefeiax Kaskgoro mutepsana Af. Wexopa
U3 DTOTO coo0pasKeHUs K OCHOBHIBasfch HA MaTepmalax CIeNUaJIbHBX
THNOBHIX pacueToB HAa MOMedAX, Ipu MOHOTOHHO MeHAKNMUXCA I'paHud-
HH'X YCJIOBUAX MOKHO DPeKOMEHJ0BaTh pasbuBaTh pacHernoe BpeMs t
Ha ABa-Tpu HHTepBajda Af, a Opu KojJeGaHHAX ypoBHell Ha IpaHumax
3aflaBaTh Beauuuny Af Tak, 94To0H 3TH YPOBHM B npenenax KaKJ[0T0
HHTepBaja yJOBIETBOPUTEIHBHO ANPOKCUMHPOBANUCH NPAMOIl JMHNEH.

§ 3. OcoGenHocTH MOJEINPOBAHMA CKBAKMH W JpeH

Modeauposarnue ckeaxncurn na modeasx I A

MogenupoBarne cxkBakuH Ha cmiaomeBx Mmopenax II'JIA oGuuno
OCIIO/KHAETCA MAJBIM pPasMepoM 3JeKTpofa, MOENUPYIOMEro CKBayKUHYy.
Onrako mMMesA B BHAY paquallbHHI XapaxkTep IOTOKa BOIW3M CKBAaKUH,
5TO OCJHOKHEHUe HeTPYJAHO YCTPaHuTh, €CiM YCTAHOBUTH HA MOJENN
9ieKTpop Gonbmero AmaMeTpa dp, a MOAYIAMIMYIOCA MPH 3TOM Pa3HHIY
CKOMIIEHCHDOBATh BBEJeHHEM B JJIEKTPUYECKYI0 CHUCTeMY MOMOJHHATEIb-
Horo comporusieHusa R (puc. V. 10, a). Beawauma R~ ompemensercsa
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KaK COMNPOTHUBIEHNE MeXKAY HOBePXHOCTAMHN ABYX HHIMHAPOB: OJHOIO
¢ AguameTpoM dp M APYroro ¢ fumamMeTpoM d, paBHEIM ANaMeTpy CKBAaRUHBI
B MacmTabe momeam [17].

HJ’IH SJIeRTPOJ'IHTHtIeCEOH MOJeIm MMeeM:

d
RC — 2:“: 13 ln d 0,366 —3:;-,- In —dp- ) (V 58)
rjae l, — IAHHA BJIEeKTpoja Ha e
MOJIens; @
Q> — yAelbHOe  COHpPOTH- ]
BJIeHNWE 3JeKTPOJUTa. 5—»@ !
B saexrponutudeckoit Mo- }5/ {
fenn conpoTuBaenne R MoHO 8 ,

3ajfiaBaTh ¢ NOMOMBIO HPAMO-
yroabHOH BaHHH [AJAUHOH [, )

mupuuoit b uw BoicoTOH O 2

C DJeKTPONMTOM TOr'0 Ke Co- Z b
cTaBa, 49YTO ¥ HA MOJeIn ! :
y  ckBaxunn.  Ilockoabky @ /

CONPOTUBJIEHNE 3IEKTPOJHTA
B 9To#f Bamue Oyser )
R — 2y ( 59) Prc. V. 10. CxeMa MomelHpOBaHHA CKBAIKHH
¢ b-8& 7 Ha Mofensx AT JIA
TO JOJAMHO BBAEP/KUBATHCA  a — cXeMa JJiA ONIMHOTHON CKBAXMUHBI! 1 — MOJeNb;

. 2 — BNEeKTPON-CKBaXKUHA; 38 — NOIOJHUTeNbHOE CO=
COOTHOMLIEHNE! B poTinitenue Ty

l 6 — cxXeMa [ KOHTYDHOM cHCTEeMBl CKB)KHMH Ha
—_— OymarkHOM Momenu: I — JMCT MoHeaw; 2 — JOIMOJN-
b.d HUTeNbHBIY jucT OymMarm, HawigeeHHBIH (@A ILTOT-
HOCTH) HA JIACT BaTMaHa (OYHKTHp); 3 — IDUHA €
0 366 (V 59 a) NOTEHINAJIOM U COOTBETCTBYIOU{UM HAIOPY B CKBa-

JKHHE

Ha 6yMamHoﬁ Mofleant conporuBienne R, yno6mo 3ajaBarb amcToM
OyMarm ¢ Toil jKe BIEKTPONPOBONHOCTHIO, KOTOPYI0 UMeeT MOJiesib y CKBa-
A#uEH. Ilnusa ! m mupuma b raxoro amcTa ycTaHaBIUBAITCA M3 COOT-
HOUIeHHS:

- =0,3661g 22 - Afy, (V.59,6)

rae Af, — mpuBesienHOe CONPOTUBIGHNE KOHTAKTA 3JIeKTPoja, KOTopoe
MOJKHO NPUHOMATH N0 clefyomuM gamHHIM: Af, = 0,03 npu
d=10 mm; Afp =005 npu d=5 mm u Afp=0,08 npn
d=3 mnm.

IIpu MopenmpoBanuu HecoBepHmIeHHHIX CKBAa)KWMH JleliCTBHTENbHBII
’
AaMeTp CKBAaKUH dp cieflyeT 3aMeHUTH pacieTHHM d, (cM. § 5 rnasu
4eTBepTOil).
Anarormausiii IpueM Mo;KHO OPMMEHNTH W OPH MOAeIMpPOBAHUN CH-
CTeMBI It . PaBHOJAEONTHHX CKBa;KHMH, PACHOJO;KeHHHX HA CPABHHUTEIBHO
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HCOOJBIINX paccTOAHUAX OfHA OT [pyroil (mo Kpaiimeil aepe He
IPeBOCXOMAMIIX paccToOAHNA [0 Oumskaiimeii rpanuns mwiacra). Ha mo-
Jean TaKyIo CHCTeMY MOYKHO 3aMeHUTDh DJAeKTPONOM, pafliyc KOTOPOTO I
OIpPeseIUTCA COOTHOILEHIeM:

lgr, = ——Elg

i=1

Ifie r; — PaccTosAHME 0T KaKMOH CKBAKEHHI [0 pacdeTHOH TOUKH, B KO-
Topoii 3ajjaeTcsa TMOHNKeHue YPOBHA BOABI (IPH BTOM HA djeK-
Tpojie 3aJaercA MOTeHNHAaJ, COOTBETCTBYOMIHII 3TOMY YPOBHIO).
TexH1YeCKNM HEOCTATKOM HEIIOCPEJCTBEHHOT 0 MO/ie A pOBAHAS CKBa-
JKUH ¢ IOMOMBIO 3JAeKTPOJ0B ABJIAETCA BO3MOMKHOCTH HAANIUA IOTpemi-
HOCTeHl B TPUOAEKTPOAHON 30HE, KOTOpHE BO3HUKAIOT B DJeKTPONUTH-
9eCKUX MOJeNsAX 3a CUeT IoJAApU3aluu 3IeKTpofa (B JaHHOM cCiaydae
ee Oonpmas WHTEHCHBHOCTH OIpefiensieTcs 3HAaYNTeNbHOM NIOTHOCTHI
TOKa Y dieKTpoaa). Ha OyMasKHBX MojiesiaX IMOTPemHOCTH MOTYT BO3HH-
KaTh 3a CYeT HEMJIOTHOTO HPUMHKAHHA 3JIEKTposa K Oymare m ee He-
OTHOPOTHOCTH.
Ilpn wmopeaupoBanuym KOHTYPHHIX CHCTeM CKBKHH HAa MoJedsx
M3 3IeKTPONpoBonHOr OyMarum Takoro poAa IOTPCITHOCTH MOKHO
3HAUATEIHHO YMEHBIIUTH, €CJAN TPHMEeHHTh YIPOHIEHHYID cXeMy
(puc. V. 10, 6), B KOoTOpPO! MCHOAH30BAHE NPUHIHUILI MeTona QUIbTpa-
INUOHHKX COHmpoTuBAeHnd. B sroM caywae mimmra, Ha KOTopo#l 3amaeTcs
OOTeHHUaa, COOTBeTCTBYIOMUii YPOBHIO BOALI B CKBaKMHAX, IOJCOENN-
HAeTCA K Mojeday yYepe3 JOHMOJHHTENBbHOE COINPOTHBIEHHE, KOTOpOe
yno0Ho cieaars M3 aucra OyMard mupuHoil O, IPUKIEEHHOTO0 K OCHOB-
Hoii Mogean. Ecau 3ToT orpesor Oymaru uMeer TY ke HPOBOJUMOCTH, 9TO
1 OCHOBHAA MOJeJb B MecTe paclONOKeHHH MOAeANpPYeMOoTro YYacTKa
CKBa)KNH, TO BeIMIuHY O clemyeT ompejedsaTs Ho dopmyne:

8=0,f, (V. 60)

e C)'.,u — paccrosHNEe Me}KAYy CKBasKMHaMH B Macmrade MoJeau,;

fr — BHyTpeHHee cONPOTHBjeHNe KOHTYypa CKBajKuH, KOTOpoe s
COBepIIeHHBX CKBAKUH € INAroM ¢ BHpaskaeTca ¢opMyloii:

0'

= 0,3661g —- (V.60,a)

Ilaa cmcreM HecoBepmleHHBIX CKBA)KUH NPU ¢ > m BMeCTo JeHCTBH-
TeJBHOTO JuaMeTpa CKBAKUHH dg B ti)opmy.ne (V. 60, a) crenyer npusm-
MaTh PACUCTHHH [MaMeTp CKBAMKIH d,, oumpeneldseMmii corzacso § 5
rnaBul detBeproit. Ilpun o <G m B doprayae (V. 60) mago, Kpome Toro,
K BeapumHe fp npubaBuTh BeAWIHHY JKOIOJIHUTEABHOTO COIPOTHBICHUA
KONTypa HecoBepHIeHHHX CKBKMH fuy (75, 2191
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Moleaupoearue ck6aMUH HA CEMOYHBLY UHME2PAmMOpax

Metoquka MofeIMpoBAHHMA CKBaKMH HA CETOYHHIX MOJeaaX cCyme-
CTBEHHO PAa3Jin4aercs B 3aBUCHUMOCTU OT TOI'0, 3aAOTCA PaCXOAH CKBa-
JKUH WJAH YPOBHHU BOAS B HUX. I1pu 3aJaHHBIX PAcX0fax CKBaKUH CETOU-
Hasg MOMeJib paccInTHIBaeTcA 0€3 yJeTa HATUIMA CKBa)KUH; B DTOM Cay-
Yac HAM0 TOJIBKO, 4TOOB B KaKABIH OJMOK, BHIIOYAIOM{IH CKBAYRKUHEI,
Ob1 3ajlal MOTOK, COOTBETCTBYIOMUII CYMMAapHOMY PAacXofly CKBaOKUH
B d9ToM O;10Ke. 3ajaBaTh TAKOW IOTOK HA THAPOMHTEIPATOpE MOGKHO
no cxeme, pasoOpawHOl pasa ycaoBuii WHPHIBTPAMUOHHOT'O NMUTAHUA,
T. e. gepe3 TpyOKU ¢ comporuBienueM B, ,, ompefensieMsiM 1o gopMyTe
(V. 20) npu ycxoBuu, 410

@ =, (V.61)
rae Qg — CyMMapHEIT pacxof BceX CKBasKIH, HAXOAAMUXCA B JAHHOM
0JioKe.

Cuny Tora, MOHeIMpyIOmyIo pacxoj CKBaKMH B Ouoke (s, MOIKHO
3afjlaBaTh Ha DIEKTPOHMHTErpaTope Yepes AeauTe]Ib MCTOKOB, Oompeesss
noTeHmual fgeautens Vi B gammom yaie mo gopmyie (V. 17) mpu Q; =
= (. ITa cxeMa IPHMEHMMA TOJAHKO OPH HYJEeBHX TPAHHYHHX YCIO0-
BusAx. B mporusmoOM ciaydae pacxon (s MOMHO MOHEIUPOBATH, MOAaBas
B y3eJd TOK depe3 HomoJHUTedbHOe conporuBiaernue R. (em. puc. V. 10, a),
Ha KOTOPOM 3aJaeTcd IafleHNe OTHOCUTEIbHOI'O nmorenmuasia AU.. Beawu-

quasl AU. u R. cBA3aRH COOTHOIIEHHEM:

AUe . 20 g, (V. 62)

R Cp

Beauuuny R cienyer samaBaTh Taxoii, uTo6m AU, uMeno ymodHOe
sHadenue (mopsgka 0,1—0,3). B orom caygae Bemmauny U, Haxopmar
nor0opoM, MOCKOIBKY HoTeHmualx B Oiaoke Us 3apaHee HEHU3BECTOH.

SafaBafg YpoBHH BOAH B CKBajKUHAX, OPH COCTABIEHHU MOJQ.IH
ciefyeT YIUTHIBATh XapakTep HOToKa, gopMmupyiomeroca BOAM3U CKBa-
swuH. JlAA sTOr0, MEMOAB3yA NPUHIUOE MeToga QUILTPAIMOHHEIX CO-
OpoTHBieHMiA (cM. § O rIaBH BTOpOIl), caeayeT B 0J0KaX, BRIMIAIOOIIX
CKBQKIHEl, MOJCOeNMHUTH MOMOJHUTEIbHbE QUIBTPANUOHHEE COIPO-
rusrends @P° (pme. V- 11, a). na caydas oguHOYHON CKBayKUBLI
B Ou1oke Beaudnsa @° ompeperaserca mo gopmyae (II. 69).

Ilns cucTeMBl paBHOMEPHO PACHOJOMKEHHBIX CKBJKMH BEIHIUHY
MOTMOJIHUTEIHHOTO comporuBieHns @P° rTaxsKe MOMKHO OHpeNeNATH IO
dopmymne (II. 69), Toapko 3amMeHuB CKBajKUHY (QUKTUBHEIM KOJOJIEM
¢ paguycom 7y (cM. § O raaBel BTODOI).

Cnoco6 yuera BHyTpemmux pmedopmaiuii moToxKa BOJXUI3H CKBAXKHH
nyTeM BBOJEHNA JONOMHHTEIbHOT0 comporuBienua @° B GioKe cO CKBa-
ARUHAMU OPUMEHUM M A MOJAEIMPOBAHUSA KOHTYPHBIX CUCTEM CKBaRUH
(kar 9TO caemyeT m3 CymecTBa MeTola compoTuBieHHit). B 9ToM caydae
naa OA0Ka NAOCKOro B IJiaHe NOTOKA, BRINYAIOIMEr0 He CKBaKHH,
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PACIOJIOKEHHBIX 10 HPaBUJIBHOMY KOHTYPY HA PAacCTOAHHE O OHA OT
Apyro#, IOIyuuM:
1
. 0 -
@ - ncT fk’ (V' 63)
a jas OeCKOHEYHOrO pfAfA CKBAKUH, KOTJAA NOTOK NPUBOJUTCA K JIH-
HeflHOMY B muade, mupuHod 1 m:

D= — fn, (V. 64)

rfe fr — BHyTpeHHee CONPOTHBJIEHHEe KOHTypPa CKBAJKIH, OIpeleiseMoe
coraacuo (V. 60, a).

Piuc. V. 11. Cxema CONpOTHBIEHHH I ydeTa IUpOJANHAMMIYe-
CKOT'0 HecOBepIIeHCTBA CKBAJKMH, KaHAJOB U HpeH

a — ceTHa COUpPOTHBIEHUE JNIA OjoKa CO CHBKUHAMA WIM KaHAIOM;
6 — cxema Gnoxa ¢ KaHajoM (apemoif): I — menTp GioKa ¢ KaHAJOM;
2 — HeHTp cocemuero OiioKa; 3 — rpaHuinsl OyloKa

IpusnUnUATBEEFM HEJOCTATKOM METO0B HEIOCPEJACTBEHHOI0 Moje-
JUPOBAHHA CHUCTEM CKBAKUH ABJIAETCH WX KOHCEPBATUBHOCTH. Pe3ynb-
TAaTHl pacdeTa, HPOBEEHHOI'0 TAKAM MeETOJ0M, MOTYT OHITh HMCIOIb30-
BAaHEL TOJBKO [AJA TOW CXEME PacCTAaHOBKH CKBa)KUH, KoTopasg Oniia
3ajiaHa np® MojeaupoBaHun. Ecan jxe jkenaTeIbHO paccMOTpeTh pasiand-
HBle BAPHAHTH PACCTAHOBKHN CKBA)KHH, TO MOJKeT OKAa3aThCA Meaec000-
PA3HHIM HCMOJb30BaHUE NPH MOJEJUPOBAHUU TPHHOHIA CJIOKEHUA Te-

wennit [218, 2191

Modeauposanue Open u Karawoé

Crnemudura MofesupoBaHUA [[PeH W KAaHAJOB NPH pPeHIeHUHN IIAHO-
BHIX 8aJa4 CBOAUTCA K HEoOXOAMMOCTH yYeTa UX THUAPOJMHAMHYECKOTO
HecoBepmieHeTBa. Mcenoap3oBanue Meroma QUIBTPANHOHHEIX COIpO-
THUBJICHHI M0O3BOJAET yCTaHOBUTH (cM. § 1 rmaBe TpeTheil), 9To AJIA yUeTa
THAPOAMHAMUYECKOT0 HECOBEPIIEHCTBA B o0mem ciydyae cliefyeT B IO-
HNEePEeYHOM CEYeHUH JPEHH WM KAHAla BBECTH [ONOJHHUTEJILHEE CONpPO-
THBJEHHUSA 110 CXeMe «TpeyroJbHuKay uiau «3sesger (cm. puc. 1II. 2, 6, 6).
IIpu mamom pasmepe KaHasa uMau ApeHH (Hampumep, MAJIA TPyOUaATOIo
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ApeHaKA) BeANUMHA TOPU3OHTAILHOIO COIPOTHBICHUA @I‘; OKAa3BIBACTCS
He3HAYNTENBHOI, B 3TOM Cjlydae MOsKeT OBITH MCI0JIb30BaHA YIPOIeHHAS

cXeMa C BBEJICHHEM OJIHOTO JOTOJHUTEJNBHOro conporusieHus @, =
= 0,5 @y.

Insa yrnduramum pacueroB Mopeneir BBogurca (cm. § 1 raaser
TpeTheli) MOHATHE SKBUBAICHTHHX INMH 30H peskoil gedopmanum, Koro-
pHE COOTBETCTBYIOT /JMHAM JMHEHHOro WTOTOKA mHpoBopmmocTeio T,
HMCIOMIEr0 TO K€ CONPOTHBJIGHHME, YTO W 30HA peskoil Aedopmanmm,
BH3BIBacMag PUAPOJMHAMUYECKUM HECOBEPIIEHCTBOM CcucTeMH. PeKomeH-

8 1]
Rauuu Mo oNpeAeTeHMI0 SKBUBAJICHTHHX Jiaud L., L, u LHﬂ, COOTBeT-
0
CTBYIOIIMX COMPOTHUBICHUAM QDH, @H i1 @H,ZZ’ npuBeficHs B § 1 ruasee

TPeThei.
IIpu pacuerax compoTHuBJEHUH IO cXeMe «3Be3AB» DHKBUBAJICHTHEE

’ ” ’ n o,
naunet Ly u L, coorserctylomue comporusienuam @, u D, Oymyr
paBHEL:

, ' L? . . L, L}
2L+ LY 2L+ LY

3asucumoctu (V. 65), cBasmBalomue L'H " L:I ¢c L, u LL, MOXNy-
YAlOTCA W3 YCJIOBHSL OKBHBAJEHTHOCTH CXEM (TPEYrOJIbHHKA» N
«zpesas» [192].

Ilpm pacuerax ceTok COOmpOTMBIEHMH HA MHTETparopax ydueT THAPO-
AMHAMHYECKOT0 HECOBEPIIEHCTBA IO YHOPOIIEHHOW €XeMe B YCJIOBUAX
IJIAHOBOM 3a/{aYu MPOMU3BOJUTCHA MyTeM K00aBJIeHHA B y3ei OIOKA, BKIIIO-
YAIOMEro JpeHy, MOHNOJHUTENBHOI0 QUIbTPAMOHHOTO CONPOTHBIE-
ausa @0 (em. puc. V. 11, a), BeawumHa KoTOpOro ompexpensierca mo gop-
Myae:

o0 — @fﬂ _ ;PLUI , (V. 66)
a a

rae Lﬂ—amma ydacTKa JApPeHH B mpefenax AaHHOTO Oaoxa (A am-
HeifHEX B muade sagau L, =1 n).

Benwuuna ke ropusoHTAdBHBIX compoTmBiIcHW @i MemAy OIoKOM
¢ PeHOH W cocexHMMH OJIOKAMM BBIUMCIAECTCH OOBIYHBIM ITyTEM.

Ilpn ucnonbzoBaHMM MONHONM CXEMH CONPOTHMBJIECHHMI B 60K, BKIIO-
YJAIOMUi KaHal, MOJCOeAMHAITCA MOIMOJHUTEIbHbE COMPOTHUBICHHA MO
cxXeMe «3BesTB» (3TA cXeMa OCymECTBIAAETCS Hpome, 9eM cXeMa «Tpe-
yroapHHKa»). B s1oM cayuae cerka QuUIpTpAmMOHHEX COIPOTHBIEHMIA
ocTaeTcA NPHHIMNHATBHO Taroii ke (puc. V. 11, a), Ho FomosHMUTETbHOE
¢unrTpanuonsoe conporusieHue DO omnpemeaserca mo Qopmye:

Ty

@ = (V. 67)

Ly’
rge Ly — nnuHA yYacTKa KaHaita B upefenax JlaHHoro OJo0Ka,
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Hpome TOr0, MEHAITCA pacdeTHbIe 3aBUCHMOCTH MAJA oNpefelieHUA
FOPH3OHTANBHKX conpoTuBieHuit @D;, COCAUHANIUX IAHHHIT GJI0K C
cocemaumu. [l 1066 00pasoM pacnoaoskeHHOT0 KaHata (puc. V, 11, 6)
3TH CONPOTUBJICHHA oIpefedsAoTcA Ho obmeit doprmyme:

1 (L , Lu . L
@:-T—<B: —,LL—Iismai), (V. 68)

rae L; — paccToAHIe OT CepeJUHLI yJIacTKa KaHala Jo LieHTpa cocell-
Hero O6i0Ka;
B; — mupuHa 6J0Ka B 9TOM HANpPaBIEHHU;
0; — yros, cOoCTaBIfeMblii KaHaloM ¢ JuHAKell, mo Koropoil 3a-
maercs comporuBienne @;; cJefoBaTeIbHO, eCJIl Halpasie-
Hus KaHama m comporusienus @; copmajgarpor, To a; =0 1
BTOpoil wien B dopmyne (V.68) mpomagaer.

Puc. V. 12. MogeanpoBaniie ma OyMaKHBEIX MoJie-
aax OTOA coémmuennii mo cxeMaM TpeyTOJBHITKA
(a) 1 sBesum (6)

1 — OymakeBI IMCT MoflenM; 2 — DINHA € IIoTeHINAaNoM,

COOTBETCTBYIOMMM YPOBHIO BOJBI B IPEHEe UM KaHajde; 3 —
IIBH [0 Kiew; 4 — U30JIALUOHHBIA T GyMaru

Yuer HecoBepmIeHCTBA JpeHa:ka Ha OymakHoit mosmenmn STJIA mo
VIpOmEeHHOH cXeMe MOKHO OCYIeCTBHTh, TOJAKIEHMB K MOJedU B0JIb
JAWHAN APeHsl JUCT GymMard Toil ske NPOBOJUMOCTH, 9TO M Gyrara MoJesIl
(ecm. pume. V. 10, 6), upmuem:

1
N - (V. 69)

Jlia ydera HecOBepIeicTBA APEHAKA 110 MOJHOM CXeMe BMECTO 0ZHOTO
HOMOJHUTEIBHOTO NHCTa CAeAyeT HOAKIIOYNTH TPH, COEJUHAEMBIX IO
cxeme «rpeyroasHukay (puc. 12, a) mam «ssesgsp» (puc. 12, 6); pas-

! 6. 8%, 8 .8 HHL 6 :
MepI)I TUX JUCTOB — o 0 0 ITe) I(OJI}{\HI)I BITH daﬂaHH COOTBET-

0 ’ »
CTBCHHO DKBUBAJCHTHGLIM IJIHMHAM LH, LH, LH u LH, T. €.:

1 ; 1 . 7o~
5;1:‘({[’11’ 6‘}-1‘_"5[’0:1’ (V.170, a)

’ 1 ', ” 1 » o
6H=—al LH, 6H=~—a[ LH. (x. IO, 6)
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U coosmHBIX YCOOBUAX, AJS KOTOPHIX HeT PaCUYeTHHIX 3aBUCHMOCTell,
BCIINYIHB CONPOTUBIEHN HA HECOBEPIIEHCTBO MOTYT OBITH ONpefeIeHb
10 JLaHHBIM MOJIeIHPOBAaHHA 00MacTi peskoil fedopMannu noroka BOam3n
RaHala HJIM JPEHBI, pasMep KOTOPOU OOHYHO MOMKHO 3ajJaBaThb JBYM-
TpeM MOMHOCTAM IOTOKAa ¢ Kaxigoill croporsl. DeamduHy comporusiie-
nug @, A KaHaTa WIH JIpeHsl  YAO0OHO OHpeNelATh, 3ajaBas Ha

MO CcXeMy CHMMeTpmYHOro wupuToka (puc. V. 13, a), worsa Ha

a) Wuna 0% _
(Maf_?e.qb dpenst)
i )
e b e L — »M»— —————— —-——-—---—>°'\
S ® - S
Q- o =
) I - 2
3 S
3 ®
0,
6) Wuna 0% s
(modens Gpensl) 3
| X
~ 8
2 L ! L &
[ ® :
S ® &
3 3
S ® g
7
<

Puc. V. 13. Moge1nt 711 onpejclenns CONpOTHBJAeHN Ha
HEeCOBePMIeHCTBO KaHajda HJIN JpPeHH

a — ABYCTOPOHHIHA NoTOK; 6 — OMHOCTOPOHHNMIA HOTOK

rpaannax sagaerca morennuan 100%, a ma xamaze — mortemmman O,
no gopMyie:

AH L
O, =L — 1, (V.71)

rjge T—-cyr.mapHaﬁ NIPOBOOIIMOCTE IJAaCTa;

¢ — TIPHUTOK C R&K0II CTOPOHLL PN pPajHiHLE HAMOpPOB HAa TpaHIle
u B ramane AH.
Bemuuuny ¢ ompepessiioT mo AaHHKIM MOJEJHPOBAHWA. ¥ YUTHIBAA,

HampuMmep, 49To BOMM3M TIpaHUOBl MOTOK UMeeT NWHEIHLI Xapakrep,
MOJKEM 3amIlCaTh:

g=TA 1 A Ay, | (V.72)

rge AH’ — pmepenaj HanopoB HA YUYaCTHE HATYPHOTO MOTOKA miauHOil L';

AU’ — coorBeTeTByiomuii mepenajy NoTeHUHAN0B, oNpegedaAeMblii Ho
JIAHHBIM MOJeJUPOBAHIA.
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HopcraBnaa (V. 72) B (V. 71), maiimem d¢opmyay pas ompepene-
mig @, u L

1 ! L’
D = — L s L =-————1. .
( ) w = (V. 73)

Tarkum o6pasoM, A onpeseIeHNs @H u LH 0 JJAHHBIM 3TOTO OIBITA
HY/KHO TOJBKO NMOCTPOMTH SKBHMIIOTCHIMAJDb Ha paccrosHuu L' oT rpa-
HUIB, 10 3HAUCHWIO OTHOCUTENLHOTO MoTeHHmuajna U’ Ha 5Toll 9KBHIO-
rernnuanu Haiitn AU ' = 1 — U’ u mogcrasuth ee B dopmyay (V. 73).
Beauuunst L' u L B 9r0it dopmyne GepyTca Ajig HATYPHOrO HOTOKA.

Janee MoyKkHO HANTM COMPOTHMBIEHUE cDI"{, 3a7]aBasgi HA MOJEIU CXeMy

ofHOCTOpOoHHero mputoka (puc. V. 13, 6). B srom caywae rax:ke ompe-
[eJAI0T OTHOCUTEJIBHBIN MOTEHIMA Ha paccTosaun L' oT JeBoil rpaHumsl

" 0
(c mmuoit 100%), a Bemmumny @, paccumtsiBatoT mo Popmyie:

— . (V. 74)

ITHMH jKe 3aBMCHMOCTAMH MOJKHO BOCIIOJNIb30BATHCA [JA PACYeTOB
o (4
conporusnenuit @, u @, Ha ceTOYHOM DIEKTPOUHTErPATOPE HPH MOJE-

JUPOBAHNU N0 AHAJOIMYHBIM cxemMaM. B arom cinyuae L’ cooTBercTBYeT
pPacCTOAHMIO OT FPAaHUIB! [0 TEPBOr0 BEPTHKAIBHOIO pPAJA IEHTPOB

6i0k0B, a AU’ — pasHOCTM TOTEHIMAJOB MEKAY TpaHUmed o oTUM
PAIOM.
0
Ecan conmporusierus @, u @, 3aMeTHO 3aBUCAT OT IOJOKEHNMA

KPHUBOH [empeccuy (pacxomoB MOTOKA), TO MOJKHO IIPOBECTH MOMEJIUPO-
BaHHE IPU HECKOJBKUX PAas3JNYHHX PEaJbHBIX Pacxojax IoToKa (Mofe-
JUpPYSA yiKe H TONO0KeHHMe KPHUBOI mempeccuy) M COCTABUTH rpadur sa-
BUCHMOCTM ITUX COMPOTMBJEHMI 0T pacxoja MOTOKA, KOTOPHIil BIOXHE
NpUTrofieH AJA TPAKTUYECKUX pPacueToB.

Ecan pamom ¢ KaHajoMm pacmosiaraeTcs ApeHA, IMpuueM paccTogHUE
Me;KAy HUMM MeHbIIe PasMepoB 30H pesKoil fedopmanui, BO3HHKAIOMIX
H3-3a TUAPOAMHAMMYECKOTO HECOBEPHIEHCTBA CHCTEMBI, TO CUCTeMa [0-
TMOJIHUTEJBHHX COMPOTHBIEHUI CTAHOBUTCA 00Jiee CIOKHON; JaA TAKUX
cllyuaeB peKOMEHJAIMU IIo pacueraMm mpuBeneHsl B padore [192].

BBefennie qomoHUTENBHBIX CONPOTHMBICHMIT HAa OyMa;KHLIX MOJEJIAX
II'JIA 1o wusnoKeHHOH BHIIIE METO/MKE MO’KeT BBI3BATh TeXHUYECKME
0CIO0;KHEHMA TIpPH OJMBKOM pPACIOJOKeHUWU JUHUI CONPOTUBJIEHUIT K Ipa-
Huam mMopenu (MeHbmuM deM 2—3 cam). B aTom cayuae ynoOHee ucmoinsb-
30BaTh METO/l MPUOIMKEHHOT0 3a/[aHUSA CPEeHNX ypPOBHeH Ha JMHNU Ka-
HaJMOoB W ApeH. Hampumep, misa GeperoBoro ppeHaska, pacHolio;KeHHOIO
BOMb o0macTu DUTaHWsA (peKM, BOTOXPAHMIMIA) Ha paccrosHnu L,
cpeHUN ypoBeHb HA nuHUHK ApeHaska H; coraacuo (I11. 14) ceaseiBaerca
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¢ IMOTOHHBIM [BYXCTOPOHHHM NPHTOKOM K JApPEHAKY ¢ 00meil s3aBucu-
MOCTBIO:

Hu= Hy+ <2~ Luy. (V.75)

TlpaTok K OpeHa:ky ¢y CKIaAHBAeTCA W3 pPaCcXofa, IPUTEKAIONIETo
K J[peHe CO CTOPOHH BOJI0eMa gp, U PAcXofa (g, MIPUTEKAIOIEI0 CO CTOPO-
an Gepera. Vmest B Buy, 9T0 B paccMaTpUBaeMoM ciydae o049HO ¢5 > (g,
MOKHO B NEPBOM HPHOMW;KEHHU CYUTATH (§; = (m, CIEJOBATENBHO:

.

-
o ——— -t

e el el Ll

Puc. V. 14, Momennr mjis  olpeRefeHyss COIPOTHBIEHHIT
CHCTeMH KaHal — JpeHa
a — QuAbTpanmonnas cxema; 6 — Momeab SI'TIA:

1 — KpuBaf fenpeccuu; 2 — BePXHAA rpaHuna Mopenan (yclloBHaA
KpuBafd menpeccun); 3 — MUHa Mopeaupyloniad KaHaa, 4 — INHa,
MOAENUPYIOIAA JPeHaXk; § — HelpoHMllaeMad TpaHHia

Bemuuuny H; moskHo Haiitu mo ¢opmyie:

_ Hp—Hp
Hn——-H;g—|-mLHn- (V77)

Paccunras no gopmyne (V. 77) sradenus Hy Blols TMHEMM ApEeHAKA,
clefyeT HAJOKHTH BIOJb JUHUHN APEHAKA HIUHY ¢ NepeMeHHHM IOTeH-
IMAJIOM, COOTBETCTBYIONIMM 3HauenusM H .

Ilpr MopenmpoBammy ycrasnoBuBilelics ¢uiabTpamum 5TOT pacder
MoyxeT OWTBH YyTOYHEH, eCIW U0 JAHHHKM MOJENHDOBAHHUA, IPHBEJICHHOTO
B TepPBOM UpPHONMKEHWH, ONpeeluTh NOTOHHHIA pacxof ¢ Geperomoi
cTopoHBl ¢ W Haiite H; Bo BTopom mpulimxeHnd MpH

L R (V. 78)
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AHaToTH4HBI MpHEM MOJRHO NPHUMEHNTD M JJA CXeMbl NPHKAaHAAbLHOI
nperst (pmc. V. 14, @), ecin mpuTOK M3 KaHala B jIpeHY CYHMECTBEHHO
Goabnie pacxojia BOJH, NpocKakuBaomeil mopx Apenoii. lIpenebGperas
9TEM PacxXojOM, MOMHO HCHOJb30BaTh yIOpomeHHyY0 Mopexb ITJLA
(puc. V. 14, 6), npubaurenro 3aaBasgd KPUDYW JelIpeccil, KaK 9ToO
noxnaszawo Ha puc. V. 14, a. Torpa cpennuit yposens H; Ba niHum ci-
cTeMbl OyJIeT COOTBETCTBOBATH IOTEHIMATY, OmpererIseMoMy Ha KOH-
Type wHenpomlaemoit rpamursi. Ilocme ompepmemerus Beawann My
(0HM MOTYT MMeTh I Pa3JUYHHE 3HAUCHHUA B PA3NHX CCUCHNAX B CBAZH
¢ IePeMEeHHOCTLIO HAOPOB U CTPOEHUA IIACTA) MOJETHPOBAHIE CHCTEMBI
OpH pemieHUM IUIAHOBOM 32;1a1Ui OCYIIECTBISAETCA HAIOMEHIOM M0 JUHHH
RaHala IAHK ¢ MOTEHIHAJaMH, COOTBETCTBYIOIMUMI sHadeHuaM Hp.

3ameuanus no CocmasAeHuld cxremw modeau

OCHOBON JJIA COCTABJIGHHA CXCMBI MOJEJH SIBISETCA PuiIbTpanuou-
Hag cxeMma wmojieaupyemoii obmactu ¢maprpanuu. Ilpm cocrasienum
PUABTPAMMOBHOA CXeMBI MpesKJe BCETO BHJICJAIOTCH OCHOBHEIE BOJO-
HOCHBIE TOPUBOHTH ¥ YCTAHABIWBAETCSA B3aMMOCBA3bh MEXKTY HUMU.
LI KasKkmoro BOMOHOCHOTO TOPH30HTA ONpefelsieTcA Xapaxrep TpaHmiy
mracta (¢ 3aJlaHHBIM HAMOPOM, € 3a/laHHBIM PacXo;[0M, HEeNpOHUIAeMbIe)
M YCJOBMA Ha 9ITMX TPAaHWNNAX (3HAYEHIS HANOPOB M PAacXofoB),
a TaKk:Ke OHpeMessIT BOIMYHHY HMHPUIBTPAIMOHHOTO NHTAaHMMA. 3areM
T0 [AQHHBIM H3HICKAHWI CXeMaTusupyoT HeOJHOPOLHOCTH BOJOHOCHBIX
MIACTOB — YCTAHABIMBAIOT 00JAaCTH C OHHAKOBHIMM QUIBLTPAMOHHNMU
XapaKTepUCTUKAMU ¥ 3HAUYEHHA dTUHX XaPaKTePHCTHK B Kayk[o# obmacTH.
OneHHBAIOT —COMPOTUBJICHAE JIOKA BOK0eMOB (peK,- BOKOXPaHMJIHI),
KaHAJOB, J[PeH, CUCTEM CKBaKHH M T. I., BXOAmMHX B 0bmacTe Mojenu-
poBaHUA.

Ecan B karkux-T0 HAOpaBICHAAX MOMelb He OTPAHMYMBACTCH ecre-
CTBCHHHMHU TPAHUIAMU, TO CHefiyeT OTPAHUIATH MOJielb HeTipoHuiaeMoll
TpaHnIeid Ha TAKOM PACCTOAHUM OT MHTepecylomeid Hac oOsactu Puiab-
Tpamiu, rle ee BIAAAHAE CTAHET HECYLIeCTBCHHBIM. Tak, Hampumep,
Opu QUABTPAIMM IOJ COOPY/KEHHAMH OOBYHO TPUXOMUTCA OTpaHUYI-
BaTh MOJ[eJb ¢ BEPXOBOH M HH30BOM CTOPOHHI; PAcCTOSIHUE OT COOPY:He-
HASA [0 TPaHMIBI MOJeIU MOJKHO 3a/1aBaTh MOPSKAa PasMepoOB TpexXKpar-
HO{ MomHOCTH moroka [181].

Cocmasaernue cxemwr sodeau I A

PaspaGorka momenu OT'J[A mawnnHaercsa ¢ BmOOpa jAias Hee MaTe-
puana. Ilpw MofemupoBaHMHU IJIOCKOTO WJIl MPUBOIMOTO K NIOCKOMY
HOTOKa (B paspese MIJIH B ILIAFE) MOKHO PEKOMEHIOBAThH MOJeIH U3 dIeK-

_TpompoBofHOI GyMarm Kax TeXHHIeCKH Haubo:see TPOCTHIE, a TPH pe-
MCHN TPOCTPAHCTBEHHHX IUIA PaJMaTbHLHX 3aj7jad HeaecoolpasHn ma-
PeXOUTh KA MOJeJN W3 3JeKTpoantoB. Heckoanko ocolo pemiacicd
BOTIPOC O BRIOOpe MaTepnafa MOJedH Iipn hadnuuu B o6Iactn Quiab-
tpanny ckBuryE (eM. §§ 2, 3 rmanpr mAToil).
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Ilocae Bmilopa Marepmaia MoOJeJM cJelyeT 3ajaTh ee pa3MepH,
HMes Opeskje Bcero B By, 4To Mopedb II'JIA momasmxma GHITH reoMerpm-
qeckU nofoOHa uccaepyemoin obmactu ¢uiaprpamuu. Pasmep Mopaean
BbIOUpaeTcA TAKUM, YT00H QUIbTpAUMOHHHA MOTOK MOr OHIThL H3YUYeH
A0CTaTOYHO HOApo0HO; AJA HEOHOPOAHEX o0iacTeil pasMep OTAENBHEIX
cJ0eB HA MOJeJH A0J/KeH 3HAUYMTEJbHO HPEBBIMIATH TOJIHAHY pasfieib-
HHX IHH AJIM IIAPHHY CKJIEMBAaeMoil mojiochl. Kciam jke B OTJeTBHBIX
9acTAX MOJEe]U €€ pa3Meph OKaspBAIOTCA HEYAOBIETBOPHUTEIbIBIMHU,
TO Tocie MojeampoBaHuA Bceit obiacTy PmAbBTpamMM MoKHO IO SKBH-
TOTe HIMAIAAM M JIAHAAM TOKA BHIPE3aTh OT[eJbHbIe YACTH MOJeN M 3aMo-
JdeampoBarh MX OT/AeJbHO B §ojiee KpymHOM MacmITale.

Jina mayuemus QuUAbBTpaUMM TOA COOPYKEHAAMM HAHOOlee Xapak-

tepun Mmacmrabs MomeaupoBamua 1 :100—1 : 500; paa ¢uarrpamum
Ha OoJpmimx Teppuropuax (ob0xopHas qmﬂb'rpannﬂ dunprpanus Ha
opollaeMBIX M OCYIIAeMBIX TeppuTopmax X T. m.)— 1 : 5000 —1 : 20 000.
Nnorpa gua nayvenus GuibTpauuu Ha KPYIHBIX PerHOHAX BHICMPAIOTCA
un Gonee menkme macimitabpl. Hampumep, H. W, Jlpy)xkusuH mpoBomui
MojieaMpoBaHie Teppuropum [[HempoBcKo-[loHCKOro MeKgypeubd ILIO-
manpio 437 Teic. Km® B macmrade 1 : 1 000 000 [98]. Opmako aro BpAx
JM panUoHAIBHO, NOCKOJIBKY KPYIHEE TePPUTOPUM BCeIr[a MOKHO pas-
OouTh Ha Gojiee MeJIKHE, HPAKTHUYECKH M30JIMPOBAHHLIE YYACTKH, JIA
RasKJ0r0 U3 KOTOPHIX B OTJAEJIBHOCTH M OCYIHECTBUTH MOJEIHpPOBaHIE
B Gosee KpymHoM Macuitade.
" llocae Bm0opa pasyMepoB MOjeNH W MaTepHasa 3aJaloTCsA TPaHRMIB
Mozmeau IIJIA: Ha KOHTypax ¢ 3aJJAHHBIMH HaIOPaMy yCTAHABIHBAIOTCA
IIHHL; HeMpOHUIACMEIe 00.JaCTH Ha MOJelasX nz Oymaru olpesalorcs,
a Ha BICKTPOINTHYCCKMX MOJENAX MOJETHPYIOTCA MBONANUOHHOH CTEeH-
ROfI; 3ajanicAa 30ULl C pa')*umﬁon BJIGHTPHQGCRO]:[ OpOBOJHMOCTDLIO
MOJIe S 1.

Ilpa MopenmpoBaHHI HIOCKO-PAJUAAbHEIX 3a7ad MoyReT OBITH HC-
0JH30BAHA BDJACKTPONUTHUECKAT MOJEAD BI‘I[A C HAKJIOHHBIM JHOM.
VYroa HaxkioHa jHAa Mofedu BeiOHpaeTcs U3 YCJIOBUA, d9TOOH IHHHA,
MoOJIeHUPYIOIaA Kojofel, OblIa JocTarouno Oo0JLIIOr0 pasMepa, KO-
CKOJABKY IPU MAaJOM paaMepe HIMHH BO3PACTaeT BO3MOKHOCTH TeXHIMYe-
CKUX HOTpellHoCcTel.

Cocmasaenue crexm cemourux odeaell

OCHOBHB!M BOIPOCOM, KOTOPHIL IpesKie BCCro BO3HHKAET IPH COCTA-
BIEIN CETOYNHX Mojeneil, sBIsieTcs BbIGOp Liara CCTKM — pasMepa
Gaoxon. lloka 1o 3TOMYy LOBOJY EHeT ROCTATOYHO YETKMX pPCKOMEH/a-
it U MO}<He BHCKA3aTh JHIUDL HCKOTOpHE dMIUpPHYECKHE cOO0pasKeRUA.
Tax, mpu pelieHnn IJIAHOBBIX 33Jad CleAyeT Zo0ORBATHCA, 4TOOB MEKIY
mo0bIMM TpaBUIiaMy HOMEIZATOCh He MeHee UeTHpex 6iaokoB. Amalno-
rUYHyI0 pPasOHBRY CJCAyeT 3a/iaBaTh MekAy IpaHuleif n JApeHaKHBM
psagom. llckarouenmeM MoskeT ABAATHCA Ciydail EeycTaHOBUBIIEHCSH
dunprpannu npu BechbMa OJM3KOM PACHOJIOKEHUH APEeHAKA K I'DaHHIE,
KOT/\a MEK/(y Ipannleii W [JpeHas:icil OYeHb OLICTPO YCTAHABIMBAETCA
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cTa0NAM3UPOBAHHHI pe/RUM, B OJIOK ¢ APEeHAKEM MO;RET OHITDH IOJCOC -
HEH HEMOCPEACTBEHHO K TpamuIe.

Ilpu ™MopenmpoBammMm HeyCTAaHOBMBIIEHCA (UILTpPAUH [0 CXeMe
JluOMana mrar ceTKM BpPEMEHHBIX CONPOTUBICHHHA MO;KHO [ejaTh MeHee
IpobuBiM, gem mIar ceTku B miuane (mo gawusM II. M. Berxant u A. M. Ku-
puanuea [31] — BxBoe). Ha snexrpounrerparopax tuna YCM uucio
TOYEK, B KOTOpHE¢ TOACOCANHAIOTCA eMKOCTH, MOKET OHTH HA HOPANOK
MCHBII¢ 00mero 4ucia ToYeK.

B caouctrix (mo paspesy) miactax npH DOCTPOCHHM CETOTHOM MOJEIH
clefyeT IMOAB30BaThcA mnpemnocklakoit I'mpumckoro — MatmeBa, mos-
BOJIAIOMEH MCKIKYUTH BePTUKAJIbHEIEC CONMPOTUBJICHNSA B XOPOIIO HPOHK-
MAeMBIX CJI0AX M TOPM3OHTAJLHBIE CONPOTMBIEHHA B cJaabo TpoHmma-
eMBIX.



I'ara8a wecmas
OIIEHRA ECTECTBEHHBIX PECYPCOB IIOA3EMHBIX BOJ

B rmpporeosmormm o cmMx mOp HeT OOMENPHHATON TEPMUHOJOTHMK
B BOMpOCe O KOJWYECTBEe MOA3eMHBHIX BOX. PasHele aBTODPH pasinvHO
HOHMMAIOT COJIePsKaHNMe TePMIHOB «PECYPCH» 1 «3aIAachl» MOI3eMHBIX BOJ.

Bonpoce TepMmHOJOrMM KOJAMYECTBA TMOM36MHHIX BOJ moapobHO
paccMoTpensl B HeaoM paae pador. Omuoit u3 mocaeguux pabor, B KoTo-
poit sTOT BOmpoC HameJ noApoOHOe ocBemeHue, MABAAeTcA pabora
B. W. Kyneauna [130], B Heii aBrop mpepiaraer BHeNATHh B KJIACCH-
PUKamMy KOJMYECTB TOM3EMHBIX BOJ (TeO0JOTMYECKMe 3amachly W «pe-
cypesy. T'eosormueckne 3amacsl OH HpeJjiaraeT pasgeiATh Ha obmue —
reoJOTHYeCKME 3aMACEl, JErKO W3BJIEKAGMbIe KANOTAKHEIMH COOPYKe-
HUAMU, W yOpyTHe 3alach apTe3waHCKmX miaacToB. Pecypcew Hypmenumn
MEJHT HA eCTeCTBeHHBIE M DKCINIyaTAUMOHHEIE,

Brnepsoie TepMEH «ecTecTBeHHBIE pecypch» OB BBeleH B THAPOTEO-
normuyeckyo nureparypy awagmemmrom @. II. Casapemckmm [175], mo
ompefieJIeHAI0 KOTOPOI'0 HOJ €eCTeCTBEHHHIMH pecypcamy IOJ3eMHBIX
BOJ cliefiyeT HOHMMarh obecnedeHrne B BOJHOM OajiaHce MAHHOTO paifoHa
HOCTYHJeHHA IOA3eMHHX BOJ 3a CUeT OUTAaHUA aTMochepHBIMM OCaj-
Kamu. JTOTO ONpefiesieHMs MBI u OyleM NpMIAEPIKUBATHCA B HacTOAMEll
pabore.

EcrecTBerHBle pecypcsl B o6meM BOgHOM OajiaHCe OHpeeJeHHOTO
facceiiHa COOTBETCTBYIOT BEJIHUMHE MOA3¢MHOTO CTOKA M KOJMYECTBEHHO
BHIPAKAIOTCA CPEHET0{OBEIM PAaCXOMOM IOI36MHOTO MOTOKA (BEIPa;KeH-
HOM B MeTpax KyOMYeCKMX B CyTKH), WJIM CJOEM BOMH! (BHIPA/KEHHOM
B MUWJIJIUMETpPAx), MOCTyHAIONeil Ha NMTAHWE IOI3EMHBIX BOJI.

OmeHKa €eCTeCTBEHHHIX pecypcoB IOA3EMHHIX BOJ uMeeT Oobimoe
OpaKTHUYeCKOe 3HaYeHME, MOCKOJIbKY MOA3€MHEIe BOMAH NMIMPOKO MCIOJIb-
3YIOTCA 1A TPOMBITNIIEHHOTO, KOMMYHAJIBHOTO M CeJXbCKOX03ANCTBEH-
HOro BofmocHaOmeHusa. [lpm mpoexTupoBaHMM KPYHOHBIX BOJ03a00pOB
HO{3eMHEIX BOJ 00eCMeUYeHHOCTh BKCIIYaTAMOHHBIX PEcypcoB OOHIHO
KOHTPOJMPYETCA UX BOCHONHAEMOCTHIO 38 CUET €CTECTBEHHKIX PECypcoB.

EcrectBenHBE pecypcHl MOR3eMHHIX BOJ OIpeeIAITCA:

1) TugporeonormUeCKUMM METOJNAMH — ¢ HOMONIB pPa3BeJOYHBIX
A OmWTHHX palor;
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2) DO BeJMYMHE NHUTAHUA BOROHOCHHX TOPH30HTOB ATMOCHEPHHIMI.
OCaZlKaMu;

3) MeTop0M paculleHeHHs Tuaporpada o0INero CTOKa peKw;

4) BomHOOATAHCOBHIMU pacyeraMd — [JA OLEHKH NUTAHHA apTe-
3MaHCKAX OacCeiiHoOB.

§ 1. I'mpgporeonoruyeckne MeTOXbI OUPEXEICHUS
€CTeCTBEHHBIX pecypcoB IOA3EMHBIX BOJ

EcrecrBeHHbie pecypchl BOJJOHOCHOTO TOPHM30HTA MOJKHO BHIYHCJIUTH
oo gopMmysie pacxofa HOM3EMHOI0 HOTOKA:

Q= _kl'_(’h%__kllfi]l, (VI. 1)

rae ky m ky, — cpenrue Kod(pduLeHTH (IIBTPAn BOJXOHOCHOTO TOpH-
B0HTA B HEPBOM I BTOPOM CEYEHHAX IIOTOKA, PAaCHONO-
JREHHBIX TEepPHeHAUKYJISAPHO HAmpaBlIeHHIO [BHIKEHUSA BO-
OB, T. €. HO JTHHHAM PaBHOrO Hamopa (rUAPOM3OTUICAM
HJIM TUAPOU30Nbe3aM);
0y I 0, — IUIONA/lb CeYeHHIT;
I — HanopHLIA TpafgMenT HOTOKA MEEJV TEepBHIM M BTOPLIM
CedeHUAMU,

Eciu kospdumuents: Quabrpanun MOPOJ,- MONIHOGTH BOJSOHOCHOTO
TOPH30HTA U YKJIOHBI HOTOKA MEHSIOTCA MO 00mEeMy PacyeTHOMY CeYeHHUIO
HOTOKa, TO pacdeTHOe CeYeHHe CJeAyeT pa3felnTh HA YYaCTKH, B Iipe-
Aesax KOTODHIX OTMEUEHHHIE mapameTpH BOJIOHOCHOTO TOPH30HTA 0osec
WO MCHEe MOCTOSEHH. i Ka/KECT0 BHACICHHOTO YYacTKAa IPOU3BO-
JIATCA pacdeT pacxofa HOTCKA, HOCHke YeTO PacXojibl OTAeJIBHLIX y4act-
KOB CYMMHpPYIOTCH,

l'upporeosorugeckiii MeTo/| ONEHKU €CTeCTEBeHHEIX PecypcoB TpPYyH-
TOBBIX BOJ| paiioHa, OCHOBAHHHI HA [@TAaJbHBIX Pa3BEJOTHHIX, ONMLITHHX
n aaGoparopuerx paborax, HpUMeHAJCHd W HOJYYHJ AaixbHeiimiee pas-
BUTHE B 007aCTH CIENUAJbHOTO KapTUPOBAHHUA €CTECTBCHHLIX PECYpPCOB
(nuaamMuueckux samnacos) rpyuroBsix sog V. B. 'apmonosuim 1 I', H, Ka-
meuckuM [78] mpu ompejeseHnu ecTECTBEHHHIX pPeCypcoB (JMHAMuue-
CEUX 3amacoB) TpYHTOBEX Boj Ilexopcko-Hymasenckoro patioma. Hapra
JUHAMITYeCKUX 3amacoB paiioHa, -IOCTPOEHHAsT 3THM  METOfoM, TO03BO-
AUIA KOHKDETHO BBIABUTH H3MCHEHHE KOIUYECTRA TOA3EMHWIX BOJ
B PasiNYHKX YYacTKax BOMOHOCHOTO IIACTA UAW KOMILIEKCA TIacTOR.
JTOT METOJ IOKa3sIBAET, YTO MPH OLEHKE eCTeCTBCHHHIX PecypcoB moji-
3eMHHIX BOJA HEOOXOJMMO YUYMTHEATh HEOJHOPOAHOCTH BOJOHOCHBIX
TOPH3OHTOB. s

Ha cocTaBieHUA KapThl eCTECTBEHHHIX PeCcypPCOB TPYHTOBHIX BOJ
He00X0/IUM JIOBOJBHO 3HAUYMTEJbHBIH 00BeM OYPOBHIX, ONMLITHHIX M Jabo-
paropusix pabor.
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§ 2. Ounpegenenue CCTECTBEHHBIX pPecypcoB MON3eMHBIX BOJ
[0 BEAHYITHE NNTAHNS BOJXOIOCHBIX TOPLH3OHTOB aTMOCKHepPHBIMM 0CAJRAMH

EcrectBenmuie pecypchl TPYHTOBBHIX W apTrTesvMaHCKIX BOJ MOI'yT
OBITH OIpefieJieHH 10 BeAWYMHE MHPIIBTPANUH aTMOCPEpHHEX 0CATKOB
HA YPOBEHD MOJ38MHBIX BOJ B 60MacTy NMUTaHUS BOXOHOCHOTO TOPH30HTA,

Takoii Meroj oTpejgelleHHA €CTECTBEHHBIX PeCcypcOB IIOf3eMHBIX
BOJ| ABJsSeTcA TpnOATREHHBIM, CTpajaeT PSJA0oM HeTO0CTaTKOB I He BO
BCeX CIydasX MOKeT JaTb HOCTAaTOYHO Y/OBIETBOPHUTEJIBbHBIE pPe3yiIb-
tarsl. O0pacHASTCA 310 ciaenyonnM. llutanue BOXOHOCHHX I'OPH30HTOB
OPOHCXOMUT HE TOJBKO 3a c4eT MHPUIbTpaunu arMocPepHHIX 0CAJKOB,
HO U 3a cYeT TepeTeKaHUA BOJH U3 BHIIIe- U HU/ReJeKanMX BOJZOHOCHBIX
TOPU30HTOB Yepe3 OTHOCUTEJBHBEIE BONOYTOPH U «oKHa» B HuX. Hpome
TOTO, B Ipegeaax o0JacTH NHTAHWUA MOMKCT TPOMCXOAWTH HE TOJBKO
IHQUIBTPANIIOHKOEe TMHTAHWe, HO WM PACXOJ0BaHIe BOAG 3a CUeT HCIIa-
peHusd.

IIlpn mturaAus BOJOHOCHOTO TOpPW30HTA 3a c4YeT WHPHUIBTPALUN
arMocepHEIX OCAJKOB eCTeCTBeHHHIE pecypcH BrIpaskaoTca Popmyoii:

Qc=W.F, (VI. 2)

raec W — uH@QUIBTPAIMOHIIOe THTAHWC 33 CYET OCAJKOB HA EeIUHAIY
TI0nIA/ 36 pKaia BOJOHOCHOTO FOPH30HTA B €IHHUILY BPEeMeHH;
F — nnoutags_0061acTH mMATAHHA BOJOHOCHOTO TOPHBOHTA. )

Hemocpencreennoe onpejieienne BeIUYMHBL NUTANNA TI'PYHTOBBIX
Boj (W) nipm BOZHOOAMIAaHCOBEIX HCCAEOBAKUAX NPOU3BOJUTCA ¢ MCTONb-
30BAHHEM JM3HMETPHYECKHX YCTAHOBOK PasiiuHOH KOHCTDYKIUMM, KOTO-
peie O0KIYHO pPAa3MEN(AIOTCs HA OTBITHHX YIACTKAX W CHeNHAaTbHBIX
CTAHIIMAX.

IIpumencrue pesyabTaroB HaOmwmenuii 3a MEQMIbTpaNieil ocagKoB
HA JUH3NMETPHYCCKIX YCTAHOBKAX [JA OLEHKHU €CTeCTBEHHHIX PECYpPCOB
TPYHTOBBIX BOJ BaTPYJHAETCA CIOKHOCTHIO DKCTPATOJAIUM DTHX JIaH-
HHX Ha BcK 004acTb TWTAHHA BONOHOCHOTO TOPH30HTA, MOCKOJIbKY
BesuunpHa nuQUABTPAN@H aTMOCPEpPHBIX OCAJKOB B3aBHCHT OT I[eJOTO
pana npuponueix Gakropos. K mHuM orsHOCATCSH: TIyOmua 3ameranHus
TPYHTOBLIX BOJ, MEKpopcabed, Xapakrep MOYBEHHOTO TOKPOBA H PacTu-
TeJBHOCTM U HEKOTOpHE Jpyrue, BIUAHKE KOTODPHIX MAJCKO He BCerja
yraeTca yCTaHOBUTH NpHW HAOMIONEeHHAX HA ONBITHHIX yYacTKax.

Ilpyrum meromoM ompejencHus UHPUIbTpanuud aTMocdepHBIX ocaj-
KOB SIBIACTCA METOJ, OCHOBAHHHI Ha IpMMeHeHNMH ypaBHeHuil Heycra-
HOBMBILEroCA JBIKEHHA TPYHTOBHIX BOJ B KOHEUYHHIX pasaocTax. On
6s1 mpeanioswer I'. H, Kavenckum [105] n passar B nemom papge pabor
ero yuennramu: M. A. Besunoposcroii [61], A. B. JleGenessim [132, 1361,
IT. A. Kncesessin [116] m ap.

ITOT MeTO;T MIPOKO OCBENIeH B JuUTepaType, B 4aCcTHOCTH, eMY HOCBSi-
uicH § 5 rmasw BrOpoOil macroAmel padorsl. 3gech OTMETHM Iuulb, YTO
eTO TpUWMeHeHINC Takme TpeOdyeT NMpoBeeHIT HOBOJBHO 00JLITUX Oypo-
BLIX, OOBITHLIX W ada0opaTopHsIX paboT, 9T0 3aTPYy/AHAET HCTOJML3ORAHIE
METO/ia KOFeUHMX pasuocTeil /A peruonybHON OLEHKII eCTCCTBOHEHX
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pecypcoB IpyunroBwix Boj. Ero ¢ ycmexom nupumensan A. B. JleGenes
[133, 135] pna YCTAHOBJICHHS BeJMTHHE UTAHAA TPYHTOBLIX BOJL M DK
NOCTPOGHHU KapT Mopymedl H KodQQPUIUeHTOB TPYHTOBOIO CTOKA Ha
Banakosra-CHHIONIMHCKOM Mexaypedbe Ha IUIomanu okoao o0 kmZ.

Pesyaprarsi mabmopenuit 3a Koae0aHUAMH YPOBHe#d TI'PYHTOBHIX
BOJ[ MOKHO MCIOJb30BaTh JIJIA pacdera mapameTpoB BOZOHOCHHIX ILIACTOB
(koadduienta ypoOBHETPOBOJHOCTH, BOZOOTAAYM M Ap.) W JAJIA HOCHe-
AVIOIUX PacuyeToOB BEJMYUHBl MHOUIBTpanunm arMocepHHX OCaJKOB.
Itu PacuCTH BHNONHAINCH C TOMON[BIO AHANMTHICCKUX peiueHuit
ypaBHeHUII HeYCTaHOBUBIIErocs ABMKeHUs TpyHTOBHX Bojy G. . ABeps-
amopam [10], a ¢ mnpumenenmem MeTojga KOHEYHHIX pasHoOCTeil —
H. H. Bungemanom [34] u A. B. JleGemenmim [135]. Meron ompepene-
HHA BeJWYMHB MWHQUIbTpanuu aTMocQepHBIX OCAJKOB JJIA YCTAHOBIB-
miefica QuabTpanuu B YCHOBHAX MEMIYPeYHOr0 MaccuBa OBII Tpemo-
wen I'. H. Kamenckum [105].

§ 3. Omnpepnenenyie eCcTeCTBEHHBIX PeCypcoB IOJ3eMHBIX BOJ
MeTO0M pacwieHeHHs rupporpada oduiero cToka

Meron pacunmenenus rupporpada peKH LI pPerHOHAJIbHOH OIEHKE
€CTeCTBeHHHX PpecypcoB TO3eMHHX BOJ 30HH HHTeHCHBHOIO BO0J000-
MeHa TO3BOJsAET NMPOU3BECTH ONEHKY pecypcoB, He mpuberas K mpoBe-
JEeHUI0 JOPOTOCTOSNIMX Pa3BEeJOYHHIX M OUHTHHX pador. OneHKa pecyp-
COB NPOMBBOAMUTCA HA OCHOBe 00pa0OTKM MMEIIUXCSA MaTepHajloB IO
TH/POTeOJIOTHH B PeYHOMY cTOKY. HapThi mogsemMHOro cToka, mocTpoeH-
HEE ¢ MCTOJb30BAHUEM 3TOTO0 MeTOMA, ABIAIOTCA 0630thIMH U CIYHAT
OCHOBOM pasA Goliee [eTAJIBHOTO M3YUYEHHS pECYPCOB IOA3EMHBIX BOJ.

Rax umsBectrno, pednoit crok gopMmupyerTcss 3a CUeT IMOBEpXHOCTHOTO
u noaszemuoro croxa. Ilogsemunie Bogsl mpuoOpeTaroT ocoboe 3HAYEHHE
B Pe;KUMe peK B JeTHHH U 3MMHUN Ce30HH (MeeHb), KOTla PEKH B OCHOB-
HOM THTATCA MOJI36MHBIMH BOJAMH, M BOJIOHOCHOCTH MX ONpejesAeTcs
MPeNMYIIEeCTBeHHO BTUMH ucToYHMKamu nuTaHus. Ilosromy Mme;xeHHHIR
pacxoi pexku B KakoM-i1u00 CTBOpe TpeAcCTaBJiseT c000if cyMMapHEHIH
PacXxof TOA3eMHBIX BOJ, APEHUPYEMBIX PeKOil BEHIIE TOT0 CTBOpA.

Beanunaa mopizeMHOT0 CTOKAa B peKy oupejessAeTcsi MeTOJOM pac-
wienenus rupporpada pex. I'mpporpadom HasviBaerca rpadur, Ioka-
3HIBAIONUA U3MeHeHHe pacxopa peku Bo Bpemenu Q = f (f). Ilzomans,
orpaHuvenHas na rujgporpade ocwio abcmuce (BpeMA) U KpaiHUMHE
opguHatamu (pacxomom), paBHa 00meMy CTOKY 3a COOTBETCTBYIOIHMK
nepuon Bpemenu (puc. VI. 1). Amanusupys rugporpad, MOKHO BHIAC-
HOTh PEeXKUM NHTAHMUA PEKHM, XapaxkTep pacupejeleHHs NOBePXHOCT-
HOTO CTOKA B TeYEHKE TOJIa ¥ OIPE/IeIUTh BeJIMYUHY TOJ3€MHOr0 MUTAHUA.

IlogsemMHOC THTaHHe PeK B CBOK O4epelb JEIUTCA HA TPYHTOBoe !
u apresuanckoe. OCHOBHHEIM MCTOYHHKOM TO[36MHOr0 THTAHUA pek
SIBIAOTCA TPYRTOBLIE BOABL. -

! [Topy rpyHTOBHIMI BOJAMH B JaHuOM clIydYae IIOHNMAOT Bce HeTIyO0oKo 3aie-
rajoiye OezHallOpHBIe (MJIM C MECTHRIM HAIIOPOM) IIOfi3eMHEIe BOJEI, JpeHIpYeMbie
pexamMu ¥ ApYyToil 5po3MoaHoil ceThlo W GopMHpYlONie TPYHTOBHIH CTOK.
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Puc. VI. 4. Tammo-
BHIE CXeMH pacdie-
Hemus rupporpada
PeKH B 3aBUCHMO-
CTE OT TIEJPOre0Jo-
TUYeCKUX YCIOBUIH
petnnx OaccelfHOB
H peKmMa IOJ3eM-
mgoro croka. Ilo
B. 1. Rypemnumy

1 —— BONOHOCHHE IIO~
POAH; 2 — BOHOOYIIODP-~
HBle IIOpPOAhl;, & —- IIo-
BEPXHOCTHHI CTOK;
4 — HOHN3EMHHIA  CTOK
13 BOJOHOCHBIX TOPHU-
80HTOB, TI'MIpaBJIMIe-
CKM He CBA3aHHHIX
C peKoit; § — rom3eM-
HEBI CTOK U3 BOIOHOC-
HBHIX TOPM3OHTOB, I'H-
ApaBIUYecKU CBA3AH-
HHX ¢ Dpexolt; 6 —
apTe3uaHCcKuit CTOK,
7 — YDOBHU TIIpJ3€eM-
HBIX BoOH, HIB —
HUBKUIX TOPUBOHT BO-
s, BI'B — BuicOKUl
ropusonT Boubl; T —
Bpema GeperoBoro pe-
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HOCTHOIO CTOKa; — A
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IMopzeymnoe muranne pex eme ¢ cepequant XIX B. BHjedAnoch Ha
rupporpade o0mero CTOKAa pEKH IyTeM COeJMHEHHS HUBKAX TOYCR
rugporpada mpsamoil nuHmeil. Brjerennas takuMm o0pasoM HIGKHAS
yacTh rujporpada H TPUHHMANACh 34 BEJAUYUHY TOJ(36MHOTO CTOKA.
B paabmeiimes mpejiaraduch pasiudHbe CHOCOOLI BHIpayKeHUA J(MHA-
MHUYHOCTH TOJ3eMHOT0 CTOKa B TojioBoM mepuoje. OgHE aBTOPH Hpef-
jJaraju yBeJHYHBATh 3HAYeHHE TOJI3EMHOTO CTOKA B MEPHUOJ| MOJOBOJBA
M TAaBOJKOB, ApyrHMe — YMEHBOIUTH €ro, TPeThbd CUNTATH BEJIUYHHY
1I0/[3eMHOT0 CTOKA IOCTOSHHOI B TeUeHHe Troja.

Haubonee obocrnoBanHy0 cXeMy TIpPyHTOBOTO BOJOOOMEHA pPeK Ipej-
ao:xu1 B 1936 r. B. B. Iloaskos; B 1946 r. ona Obiia HeCKOJIBKO H3Me-
pena. OT pasee mpeJJIo;KeHHHX CXeM pacwicHeHus rujpporpada pex
oTa cxema oramdaercsa TeM, 4ro mno [lodAaKoBYy smadenue 1mOI3eMHOTO
NUTAaHUA € HaYada BeCeHHETO0 IOJOBOJbA HE YBeAUYMBAGTCA H _He
0CTaeTcsi NOCTOSAHHEIM, @ YMCHBIIAeTCS W BCAGCTBHE BO3pacTaHUA
THJ[POCTATHIOCKOTO JaBJIeHHA PEYHOH BOJHBI HA PPYHTOBHIE BOJBI MOKET
JIOCTHYb HYJA B IEPHO/] HPOXOK/AeHUA rpebusa naBojka. B atoT mepmoj
PaBHHHHBIE PEKHU CAY/KAT HCTOYHUKOM HUTAHUA TOJI3EMHBIX BOJ TOHMBEI
u Geperos [169].

b. . Rypeaunn, amanmsupysa cxemy bB. B. Ilomaxosa, ykasau,
9T0 OHA ODPABHUJIBHO OTpaykaeT TUJPaBIMYECKYIO MPHUPOAY SABJICHHA HOJI-
mopa, KOTjla uMeeTCA TH/JPAaBJIUYeCKas CBsA3L BOJOHOCHHKIX TOPHU3OHTOB
¢ pexoii. B rex cayuasx, Korja pexa nuraercs I3 BOJOHOCHHX TOPH30H-
TOB, THJPaBIHYeCKH He CBASAHHEIX C PEKOW, UHUTaHHe ee TpPOoNC-
xomur mHan0oiee MHTEHCHBHO B TNepuoj Becemunx mnoJosojauii. Cxema
b. B. IlonsxoBa, Kpome TOro, He OTpakaeT aCHHXPOHHOCTH pPasBi-
THA CTOKOBBIX HpOIECCOB B 0acceiiHe U He CONEP/KUT DIEMEHTOB pac-
JeTa.

JnHaMHKa T0/13¢6MHOTO CTOKA OT/IETBHBIX BOJOHOCHHIX TOPH30HTOB
ompejieIfAeTCs CTENEeHbIO TUAPABINYCCKON CBABM BOJONOCHLIX TFOPH-
30uTOB ¢ peroii. Iloaromy B. 1. Ryneaun npu umsywemuu mojizeMuoro
nuTaHuA per pasamuaer (cMm. puc. VI. 1): 1) rpymrosbie BoOmm, rujpa-
BJAHYECKN He CBA3AHHHE ¢ pPeKoii; 2) TPpyHTOBBIC BOJIBI, THJPAaBIHYECKH
CBABAHHBIC C PeKROil; 3) cMeIlaHHOe TPYHTOBOE MHTaHMe; 4) cMellaHHOe
ITPYHTOBOE H apTe3HaHCKOe MHTaHUE.

KonkpeTHpie BedHMYHHBI KaK/0TO BH/Ja HHTAHHA PAcCUMTHIBAIOTCHA
[0 YyCTAHOBIEHHBIM 33KOHOMEPHOCTAM HOJ3EMHOTO CTOKA B PeKy, 3aBH-
CANIAM OT YCJOBHIl 3aneraHus BOJOHOCHOIO TOPM30HTA W TIOJOKEHUS
MecT pasrpys3KW N0 OTHOLIEHII0 K Ypesy BOJK B peKe. JT0 [AaeT BO3-
MOJKHOCTh PACYJICHUTH mnporpamb PeKHU - 110 BHaM THTAHWA, HCXOIA
U3 TUJPOre0JornyecKUX ycroBuii OacceiiHa peKH u Xapakrepa BzauMo-
CBA3H TOBEPXMOCTULIX U MOJ3EMHBEIX BOJ.

Has npumenenns meroga B. U, Kyjeauna momxes ObITh M3BeCTHHI
THAPOTeOIOrHIeCKNe yCJa0BUA OacceiiHa peKM W XapakTep B3aMMOCBA3HN
NO/I3eMHBIX BOJ ¢ TOBEPXHOCTHHIMH.

PaccmorpuM  KparTko MeTOHKY pacuIeHeHHA rugporpada pernm
AAA PAasAMIHLIX  CAyYacB mnpamnqecnon CBSI3M BOJIOHOCHBEIX TOpII-
30HTOB C PCKOIi.
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1. Pacunenenune rujjporpada pexu, nuraomeincsa
I3 BOMOHOCHLX IFOPHUBOHTOB, THApPAaBINYECKH
He ¢CBA3AaHHHX ¢ pexoi. Ilogsemunie BOAH, THAPABINTCCKH
He CBA3aHHLIE C PEKOH, HMEIOT pe;RuM M (Pasn cTOKa, OMMBKHe K TMOBepX-
ROCTHOMY cToKy. OT/Hupe 3aKA0YaeTCA JHIH B TOM, 9TO NMHK I'PYHTO-
BOI'0 CTOKA BLIPAyKeH MeHee Pe3Ko, 4eM Yy PEeYHOTO0 ¢TOKa, M OH HACTY-
maeT IO3[Hee, YeM MK PeYHOr0 TMOJOBOAbA Wiau NaBosika (puc. VI. 1, a).

B srom cayuae, xapakTepHOM NpPeMMYIeCTBEHHO [JIsI FOPHHX peK,
pacuwieHerue rufiporpada PeKH peKOMEHJYETCA IPOM3BOJNTH MO METOAY,
npegiosxennomy @D. A. Maxapenro [144]. Pacuer mopsemuoro croka
IPOU3BOAUTCA TO (QopMyJe:

~ 3 7
Qnon3.=9‘]’«1+---—i—9"]¥n, (VI.3)
178 g — Me;ReHHbLI pacxo/{ pexu (IPHRIMACMBII 32 Mepy TOJ3CM-
HOTO TNTAIIA DPCKI),
ky .. .k, — KooQduUIUeHTH (HATPHMEp, e:ReMeCAYHbIe), XapaKTepusylo-

e peskiM I'DYHTOBOTO CTORA PEeKlI B TCYEeHlIC To1a, BbI-
BOJUMEE M3 KpHBOIi pO/RIIMA cyMvapHOro jebuta onop-
HEIX pomuuKon OacceiiHa, rpe Kosdduiiient k; oTBedaeT
BPCMEHH MC/ReHHOTO CTOKA POKIl Ii mpupasunBactesa k 1.0.

C moMomp10 BTOTO MeTO/[a 00beM TIOJ[36MHOI0 CTOKA MOFKHO BHIYUHUCIUTH
Oe3 mocTpoennsa rupporpada obmero croxa peru. [as pacuera mHeob-
X0/ HMO BHATh JHWIIb €JUHWYHBIE ME;KeHHBEC PacXORBl PEKRH. ¥MHOKAsM
nxX Ha KOSPPUIUMEHTH [UHAMHIECKOTO CTOKA, KOTOpPHE TNOJIYYRHICA
03 KpUBOM cymmapnoro febuta OMOPHHIX POJHHEKOB Hacceiina, MOKHO
NOXYYnTh 00’beM TOJI3eMHOT0 CTOKA 3a Ioj| wiam ii00oii Apyroil oTpe3oK
BPEMeBH.

B. 1. Rypnenun uposexn ydger croka poguukoB {menmposcko-Iomen-
ro#t Bomapmubst u llenrpansro-YUepHoseMHOI MOJOCH ¢ I(eJIbI0 YCTAHO-
BJIeTIMA [{OJH YYacTuA TOJ(3eMHOT0 MUTAHWUA U3 BOJOHOCHLIX TOPH30HTOB,
THApaBINdeCKH He cBsAzaHHHX ¢ pekoii. Ilomyuennsie un jandsie moxa-
3aJI, YTO POJTHWKOBHIf CTOK HI'PaeT MOIUHEBUYIO POIb B OpMHPOBALINH
Me/KeHHOI0 CTOKA PaBUMHHBIX pPCK HeHTpanbHoil gactn Esponeiickoii
reppuropun Corosza CCP, cocraBaas scero ot 0,0 ([lecma y cea. I'o-
aydou) mo 5,2% (Orxa y Opaa). TuaaBHEIM IHCTOUHUKOM IIOJ3€MHOTO
NUTAHUA PeK HTOH TeppHTOpLU ABJIAIOTCA T'PYEIGBLIe BOJBI, TiijipaBiu-
YeCcKH CBs3aHELIE C PeKoil.

2. Pacanenenne rugporpada pexrH, -THUTa-
oneifica W3 BOJOHOCHBX TOPHUBOHTOB, THJIPa-
BIUYEeCKH CBA3AHHBX C pexoit. Pernv croka momsem-
HbHiX BOJ{, TUApPAaBINYeCKH CBABAHHLIX C pEKOil, IIOJHOCTBIO BaBHCHT
OT pe;KuMa CTOKA peKH, HO HMeeT HPOTHBONLONOKHYI0O HAUPAaBICHHOCTH
$a3 croka mO CpaBHEHHIO ¢ HOBePXHOCTHBIMI BOjgarmu., Maxcumym mo-
BePXHOCTHOTO CTOKA COOTBCTCTBYET MUHHMYMY TOJI36MHOTO CTOKA
(puc. VI. 1, 6). Ilpu mosmimmennu ypoBHA BOAH B pexe Habaogaercs
yMeHbIIeHHe TUAPaBINdecKuX YKJIOHOB M pacxoja TO[3eMHOT0 IOTOKA
B perRy (sABJeHme noxmnopa). B mepuopx BeceHHEro MOJOBOJibA (B BOCXO-
JANIYIO cTajuio) B mpuOpes;knoit 3ouc o0pasyiorcs obparTHbie THpaBIN-
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qecKne YKIOHEL TPYHTOBOTO TOTOKA H OPOUCXOAUT HEQUIBTPANUS
pednsix Boj B Gepera. B mepuop cumapa (Bckope mocie TpoXoskaeHHUA
NUKa), KOT/Ia YPOoBeHb BOJBL B Pexe OBICTPO mafaeT, 3epPKAJ0 TPYHTOBOIO
NnoToKa BHOBb IpPHOOpeTaeT HAKJIOH K DeKe M B0300HOBJIAETCA CTOK
B PEeRy HocTynmBIDeii B Oepera pedHoit Bojsl. PaccMorpenHble Boriie
ABIeHUA MHEQMIBTPANUU DPEYHHX BoX B Oepera B IepHOJ BOCXOAAMmEen
cTajuu TOJOBORBA W Bo3Bpar ux B pery npu cmaje B. 1. Kypenun
Ha3BaJ 0eperoBHM peryjlupoBaHHeM II0BepXHOCTHOTO CTOKA.

B. 1. Kypmeann ycradoBua, 4ro o0mas HPOJOMKUTEJIBHOCTH Oepe-
roBOT0 PEeTryJIHPOBAHMA MOBEPXHOCTHOTO CTOKA NPHUOIM3HTE]HHO paBHA
o0meMy HepHO/y BeCeHHEro HOJIOBo/bA. B BeceHHee momoBojibe B Geperax
pek oGpasyloTcsi GoJablIMe 3amackl HO/3eMHBIX BOJA He TOJBKO 3a cUeT
uHQUIBTPANUN H3 DeKH, HO H 34 CYeT AKKYMYJIANUH NOA3EMHBIX BOJ
facceiiHa, He IMeIUX CTOKA B PeKy m3-3a moxaunopa. Hawominerue mopu-
3eMHBIX BOJI 32 CYeT MO/IIOpA MPOUCXOUT HA GoJiee IIMPOKUX IPUOPERHBIX
30HAX, YeM 30HA WHOHUIBTPALMYU W3 PeKU. 3amach BOJH, HAKOUUBIIHECH
B Oeperax 3a BpeMf II0JIOBO/{bsI, OKA3KIBAIOT 3aMeTHOE BIUSAHNE HA PACXON
PeKH B Me;KEHHBIH Hepuof,.

Bce craszamHoe Bhlmle cOpaBeiiMBO B OCHOBHOM J[Jisi DPABHUHHBIX
PeK 30H YMEPEeHHOTO M M30BITOYHOTO YBJIayKHeHUs. PeKu 3acyMIIHUBBIX
paiioHOB HA TeX WMJIH HHHX yYactKax BooOme B TedeHHe BCero I'ojia Ciay-
3KAT MCTOYHHKOM IMTAHAA TPYHTOBHIX BOJ.

3. Pacunerneume rTugporpada pexKd IOIDPH CMe-
MaHHOM e€ INHTAHWNH U3 BOJOHOCHSBX T'0pH3O H-
TOB, THJApPAaBIUYEeCKH CBA3AHHLMNX M THADABIU-
YeCKY He CBA3AHHKX C peKoi. Meroguka pacuieHenus
rufiporpada pexkH B 3TOM CJAydae CBOFUTCA K CJeJYIOIUM OIEpaIUAaM.

Brauane ma rupporpade (puc. VI. 1, a, 6) oTkiagbiBal0OT BeJHIUEY
TO/{3eMHOT0 CTOKA M3 BOAOHOCHEIX TODU30HTOB, THADABIUYECKU CBA3AH-
HBIX C peKoii, 10 MeToJ[NKe, OMMUCAHHAOIl Bhille. 3aTeM HA HIKHIOKW 4acThb
BEIJIGJIGHHOT0 OTpe3Ka rujporpada HAKIAFBIBAIOT BeJIUYUHY CTOKA M3
BOJOHOCHBIX TODH30HTOB, THJpPABINIECKH He CBA3AaHHEX C DeKoil.
Jna ororo cyMMmapHBIi AeGUT POJHUKOB - 0acceiiHA DeKH B JeTHIOK
MesKkeHb (WJIH B JIpYroil cesoH WJIM JaTy) YMHOKART HA Koadduument
QUHAMHYHOCTA CTOKA WX B TedeHHe Toja.

4. Pacunenmenne Tugporpada pexum IpHU CMe-
MaHHOM TPYHTOBOM M apTe3HAaHCKOM NHUTAaHUH
B aTom HauGoee c0:KHOM cayHae CTPpoeHHA PEIHOTO GacceliHa HA IH/PO-
rpade BHaJasge BBIIENAIT T'PYHTOBHIN CTOR 13 BOJOHOCHBIX TOPH30HTOB,
THAPABINYECKY CBA3AHHBIX U He CBA3AHHBIX ¢ peroi (puc. VI. 1, a, 6, 6).
IopzeMHEIT ¢cTOK U3 apTe3UAHCKUX BOXLOHOCHLIX TOPU30HTOB YCTAHABJIM-
BAIOT 110 TAHHEIM BOCXOAAIIIEX HCTOYHUKOB IPU I'U/IPOTEOJTOTHIECKUX CheM-
KaX WJIM IPH CKPHITON pasTpy3Ke apre3wanckux Box myTem pacuera [130].

Pacemorpum fgamee Bompoc 06 ompe/esieHNE CPeIHEr0J0BOTO II03€M-
HOTO CTOKA II0 BHYTPUIOJ[0BOMY pacmpeaeneHuto obmero croxa. Meron
OmpeJieIeHUA CPeHeTol0BOTO IO/3¢MHOTO CTOKA MO0 BHYTPUTOJOBOMY
pacupefie/ieHH0 00IMero cToxa paBHUHHHX peX mpeniosken H. II. Jlo-
‘Ganckoit [138]. Cyrp merona zakaiouaercs B caemyiomeM. Ilo gauHBIM
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pacupefieieHuss 00Iero CTOKa B MHOTOJIeTHEM paspese yCTaHABIHBAaETCS
OTHOCUTEJBHBI 00BeM BeCeHHEI'0 IOJOBOJ(bS M NABOJKOB 3a JETHE-
ocennue mepuonnl. OcraBmuiica o0BeM paccMaTpEBaercsi Kak o0bem
CPeTHEMHOT0JIeTHET0 CTOKA, MOJyYaeMHI 3a cYeT HO/(36MHOTO IUTAHUA.

IMopsemuBIil C¢TOK 3a HepHoj NONOBOJABSA NPEHAMAETCH DPAaBHBIM
HyaI0. B mepumoj neTHe-0CEHHHX HABOAKOB IIO/I3€MHOe NUTAHWE NPHAHU-
MaeTCsi NpPHOAMKEeHHO PAaBHBEIM CpejHEeMY 3HAYEHUI0 pacXofa BOJH
B HaYase M KoHie HaBoxka. Taxum obOpasoM, B merome H. II. JloGan-
CKOIl JocTuraercs YIpolleHHe. -

H. II. Jlo6anckasa pas 39 mymarrtoB [uaenpoBcKo-[oHenKoii Buaguasr
u lenrpansao-UYepuoseMuoit monocs ompesiesnnna cpelHETOJOBOX MHOTO-
JeTHHA TPYHTOBHH CTOK II0 MaTepHaiaM BHYTPUTOOBOTO pacipefese-
Hust croka. ComocraBieHHe TMOJYYeHHHIX Pe3YJIbTaToB € JAHHBIME
B. 1. Rypenzna moxasamno, uto pesynbrarsi pacderos H. II. Jlo6anmckoi
OTRJIOHAKWTCA ¢ 3aHmKeHneM B cpegmeMm ma 10%.

IToMmuMo npuBefieHHHX 37lech MeTOJ0B pacuneHenus TuAporpada
00LeTo CTOKA peKH, Hpejlarajuch U APYTHe METO/B olpefeleHHud MOJ-
seMHoro mutamuA pex: rujpoxuMmudeckue (A. T. WUsawmos); ruapomxoro-
ruaporeosoradeckue (C. @. ABepnsiHoB); (HU3NUeCKHe, OCHOBAHHBIE
Ha pelleHdHu ypaBHeHuUs TemwroBoro Oananca (B. B. IlmorpoBud) m Heko-
TOpHe Jpyrue.

§ 4. Boruncaenne monpyireil m kodGHIHEHTOB MOX3€MHOIO CTOKA

O0BeM HOJ3eMHOTO CTOKA, BBHIJIeIEHHOTO B HUJKHEH 4acTH pacueHeH-
HOro Tuaporpada peKH, BHYUCAAETCA IPH HOMOINY IIAHEMETPHEpOBa-
pusa. OH XapakTepusyer TO0BO pacXof HofSeMHHIX BOJ S0HH APEHH-
pOBaHUS, OTHOCAIUNCA K BogocOopHOH miIoman® peusHoro Oacceiina
BEIIE CTBOPA M3MEPHTEJbHOIl CTAHNUH, W BHIPAKaeTcsi B KyOHMUeCKHX
MeTpax.

HamGonee ymoOHOil XapakTepPHCTUKON BelIMIHHEI MOJ3¢MHOTO CTOKA
ABIAIOTCA MoOAyAb H Kodppuuwenr mofsemuoro croka. MoAyns nof-
3eMHOT0 CTOKAa BHpakaeT pacxoj HofAseMHoro croka ¢ 1 km® mromanu
facceitma (B mumrpax B cexyHay). CpemHerojioBoili Mojyab HOA3eMHOTO
croka My Beuuciasercas mo Qopmyde:

1000 - Qg

Mn = Fq-31,5-10°

[ - cer/Em?], (VL. 4)

rje @ — MOJ3eMHEI CTOK 3a Toj|, ONpejesedHEIl IO rugporpady, M3,
F — nnomans BogocOopa peuHoro Gacceiina, kn?;

31,5-10% — gucno cexymm B romy.

Kosdpdunument mogsemuoro crora ki mpeficrasiageT coboil oTHONIeHHE
o0BeMa mof3eMHOTO cToka Q' K 00BeMy BHUaBmux B Gacceitne ocafikos X
3a Kakoii-nu0o mepHoj BpeMeHd, OOBIYHO 3a ToA; OH BHpakaeTcsd
B TPOLEHTAaX HUIHE OTBJeYeHHBIM YHCJIOM:

k

x— I 100%. (VI.5)
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Puc. VI, 2. CxemaTHdecKas KapTa CpejHEro ro-

JIOBOTO 1LOABCMIIOTO CTOKA B pelH (B

MUJINME-

rpax). llo B. U. Ryneanny
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Ha ocmoBanmunm pmamHmXx o momsemuoM crToke B. . Kymeamm [130]
IpefJiaraeT CTPOUTH CJeAyIOmme KapTHl, MMeWIiue IpaKTuIeckoe 3Ha-
YeHME [IA XAPAKTePUCTHKA €CTECTBEHHHIX PECYpPCOB IOA3eMHHX BOJ
30HBI [PEHNPOBAHUA: CPEXHEr0 TOJ0BOTO IOX3eMHOIO CTOKAa B PEKY,
B MmiamMmerpax (pme. VI. 2); cpegmx romoBuoix KoagduimeHTOB mOJ-
36MHOr0 CTOKa, B mpomenrax (puc. VI. 3); usonmuuit cpegHux romoBHX
MOAyllell MOJ3eMHOT0 CTOKA, B JUTpax B ceKyHAY ¢ 1 km? (pmc. VI. 4);
U30NUHANR CPeHUX TOJOBHX K03QPUIHEHTOB IO/3¢MHOTO CTOKA, B IPO-
menTax (pme. VI. 5). ’

Pacuer pacxopa mogseMHHX BoJ AaA Jn000# miomagm BomocGopa
MO;KHO IIPOM3BECTH, MOIb3YACh KAPTOH IOA36MHOr0 CTOKA (BHIpasKeH-
HOTO B MUIIUMETPax closg) mo $opmyne:

h.F.108

Q=W=2,74'}1'F, (VIG)

rie Q — pacxop moAseMHHX Boj ¢ muomapn F, m3/cymku;

h — cJoil TIOM3eMHOTO0 CTOKA, MM/200,

F — nnomage BojocGopa MOm3eMHBIX BOj, kM2,

Pacuer pacxoma mo wsonmEUAM MOAYJIe#dl IOJA3eMHOTO CTOKA MpoO-
usBoguTcA mo gopmyre:

My - F - 86400 .
Trae Q —pacxou IOJA3eMHBIX BOJ C nIaomagu F, .Ma/cymnu;

Mn——Mo,t(ynL IOJ3eMHOT0 CTOKA ¢ 1 EM2, a/cex;

F — nnomags Bomoc6opa mMOX3eMHEBIX BON, KM

Ionpsysick Kaproit CpefHNX TOXOBHIX K03(QPUIHEHTOB MOH3EMHOIO
CTOKA, MOKHO II0 BeNWYMHE O0CAJKOB, BHINAAAIONMUX B TOM HJIH HHOM
pafioHe, ompeleiNTh BEeJWYMHY IOJI36MHOIO CTOKa 10 (opMmyme:

[y -z F 108

Q=—3gqe =27 ky-z-F, (VI.8)

rpe Q — pacxop Moj3eMHBIX BoJ ¢ miom@amn F, m3/cymru;
k;; — KoaddunmenT IOJ3eMHOTO CTOKA;
F — mnomangs BomocGopa MOJ3eMHBIX BOM. Kx?;
Z — BEIMYNHA OCAJKOB 3a TOJi, MM CIOA.

§ 5. Oupepenenne ecrecTBEHHBIX PeCYPCOB APTE3HAHCKMX BOJ
nyTeM pellCHHA YPaBHEHHsS BOJHOrO OalaHca JAIA pedHOro OacceiiHa

BanancoM mojzeMHBIX BOJ{ Ha3HBAeTCSA KOJHIECTBEHHOE BHIPasKEHNE
Kpyroo6opora BOAH B BOJOHOCHHEIX CIIOAX Kakoro-nmGo paiioHa 3a ompe-
JelieHBBIA TpPOMEeKYTOK Bpemenm. Ilpuxopmmaa wgacth GamaHca cocra-
BJISAETCA 3a CYeT NUTAHUA MOA3EMHHIX BOJ aTMocepHRIMH OCajKaMiu,
KOHJICHCAINU BOJAAHBIX IIapOB BO3JAyXa, NPHUTOKA IOJA3€MHBIX BOJ B H3-
yJaeMbii PaioH ¢ COCeHUX TePPUTOPHH, a TaKsKe MOTIOMEHAA BOJ peK,
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osep m 7. . Pacxoprylo uwacTh 6anaHCa COCTaBiAET OTTOK HOJ36MHBIX
BO;] W3 HpeJeNioB M3yd4aeMoil TeppPUTOPHHU, A A HeTHYOOKO 3aseTaAl0MinX
TPYHTOBHIX BOJl — TaKyKke HCIAPEHHE.

B rmaporeomormueckoii NpaKTHKe CYIECTBYeT MHOTO MIpPHMEpOB
onpefesieHns BogHOro GamaHca TPYHTOBHIX Boj. Dun mpepmosken psap
VpaBHeHuil, IO KOTOPHIM M HPOM3BOXMTCA pacdyeT WHPHXOHa BJIArm HA
VPOBeHb I'PYHTOBHIX BoJ. OJHAKO CJI0KHOCTH MOJIYYeHHSA BCEX dJeMEH-
TOB BOJZHOTo 0OajaHca JelJaeT 3TOT MeTO[ NPAKTHYeCKH LPHMEHHMBIM
JAHUIb JJiA BOJOHOCHHX TOPHU30HTOB HEGOJBIIOTO0 pAacUpOCTPaHEHHS.

YpaBHenne BojgHOTO OaNiaHCa [JA 3aMKHYTOr0 pPEYHOro Oacceiina
B Haumbomee obmem Buje mpegunoxma M. A. Beaukamos [65]:

X=Y4+Z4+U+m, (VI.9)

rige X — ocafiku HA ILIOmMAAs BOmocOopa;
Y — peunoit crox (B CKpHTOM BmJE CIOJa BXONHT IOJ3EMHBIT
CTOK);
Z — ucmapeHde 3a BHYETOM KOHJEHCAI[HIL;
U — nonoKuTeJbHOE HJIM OTPHLATEIBHOC KOJNYECTBO BCEX H3Me-
PEeHHBIX 3aIacoB BIAari (HampuMep, Bo3pacTaHme min yGwiBa-
HHME CHE/KHOTO IOKDPOBA, INOABEM HIIl NaJleHWe ypPOBHA TpPYH-
TOBHIX BOJ, YPOBHS BOJBI B pPEeKe WM 03epe H T. J.);
m — BeJINYHHA BOJ0OOMEeHa HAaHHOTO Gacceiima ¢ coceJHMMH (mOJO-
JKUTEJNBHAA WIM OTPHI[ATENHHAS).
Yacrueim BoipaskeHmeM ypaBrenuA (VI. 9) saBasierca ciepymomad
ero ¢fopma:

X, =Y,+ 2, (VI.10)
rie Xo= th — HOpPMA OCAJKOB;
Y,= 2:15’ — HOpMa CTOKA;
Zy= th — HOpMAa HNCHApeHHA;

>y, Dy, 2z — CYMMBI 0CAJKOB, CTOKA ¥ IICHAPEHHUA 3a n Jer,
KOTOpHIE CHPABEIJIUBLL [JIsI MHOTOJIETHETO DAAA,
n

Korja %EuHO, a BOJMOOOMEH ¢ COCeJHUMH

1
n-> 00

bacceifHaMu (m) OTCYTCTBYeT HIH HACTONBKO Mal
00 CPAaBHEHMIO' C JADPYTHMH B3JeMEHTAMH BOJHOTO
famamca, 9T0 @M MOJKHO mpeHe6peub.
B upaxruke rmgposornuecknx pacderos ypasrernme (VI. 10) mcmoab-
3yeTca [ pacdera HOPMHE MCHapeHUA ¢ miuomanum GacceilHa, AJA 9ero
B HEM oOmpeJelisercs aHadeHUe Z,,

Z, =X, —Y, (VL. 11)
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Ypasuenusa (VI. 10) u (VI. 11) mupoko mcmons3ywrca BaunuHas
C KOHIIA IPOILTOr0 CTONETHA [JIA ONpeesieHUsA BOZHOTO 6araHca H HOPMbE
UCIapeHusA A pedHHX 6accediHOB M BooOIMe AN OTPAHUYEHHBIX Tep-
PHTOPMIT HE3AaBUCIMO OT WX THJporeosormieckoro crpoenus. 5. M. Iiy-
denud [130] cupasemnuBo camraer, 9To 5TO HEJH3A NPU3HATH TPABUIL-
HBIM, IOCKOABKY TPYAHO OKHIATH COONIOJeHUS YCIOBUIl, NPHHATHIX
opu obocuoBanun ypaBmenua (VI. 10), mas Bcex peunmx Gacceiinos.
OH B cBA3HW C OTHM paccMaTpUBaeT BONPOC O IPUMEHHMOCTH ypaBHeHIIS
(VI. 10) pmas HeKOTOpHIX pedHHIX GacceifHOB. )

Ilpn BmBoe ypapuenus (VI. 10) 6pnu mpWHATH ABAa OrpaAHHMYEHTIsA:

n
1) TtmEu—)O u 2) m=0.

1

N -+ CO

ITepBoe ycaoBue, kak ormeuaer B. WM. Kypenun, cobuomaercs aas
BCeX DPEYHBIX OacceilHOB, IOCKOALKY yOHIIb BIAr# B 3aCYIIIHBEE OB
KOMIeHCHpyeTcst mpubbiablo BO BiaskHbie TOfibl. B mpejexe mas MHOTO-
JeTHeT0 PsAa MO/KHO NPHHATH /N BCeX OacceilHOB, 9TO CpelHee MHOTO-
JeTHeC II3MEHEHMEe 3aMacOB BIArW CTPeMHTICS K HYJIO.

Bropoe ycaoBue me Mosker cobnogarbCcsa BO BceX pedHHX Gacceiinax,
INOCKOJBKY BEJIHYLHA M 3aBHCHT OT TeOJOTHYECKOr0 CTPOCHUS PEIHbIX
facceifHOB, KOTOPOe OCTAaeTCA HeI3MeHHBIM T 00ycIoBIMBaET OILpele-
JeHHYI0 HANpaBJIeHHOCTh HPOIECCOB IIOJ3EMHOI0 CTOKA H Boj0o0MeHa
JaHHOro OacceiiHa ¢ cocefHuMHU. B pesyaprare dTOro B 3aBHCHMOCTII
OT THAPOTe0;IOTHYecKOro CTpPOCHHS pedHbiXx OacceiiHOB B OJHHX CIy-
qasgx m 6yaer uMerb MOJOKUTENBLHBIA 3HAK, B APYTHX OTPUIATEdbHLI
H JuIlb B 9YacTHHX ciaydaax m = 0.

IlogsemuHii cTOK (mMOMHUMO M) B CKPHITOM BHJe BXOAUT B pedHOIf
crok. O dopmipyeTca 3a cder Toil dacTi aTMocPepHBIX 0CaKOB, KOTO-
pasg pacxojyeTcd Ha HOHUTAaHHe IOJA3eMHHX BOJ, APeHMPYeMBIX peKcil.
Ha ocuoBamun ypasueunsa (VI. 10) mo:xHO cpienarh 3aKI04eHHe, YTO
Ta YacTh arMocepHHX 0Caj(KOB, KOoTopas IieT HAa MHPUIBTDAIUI, 3a
MHOTOIeTHHY HePHOJ depe3 HOX3eMHBIIl CTOK MOJHOCTHIO BO3BpAIiaeTCs
B pery. Ho ar0 monoskeHwe Henb3a CcunTarh 3aKOHOMEDHOCTHIO s
BceX peunnix OacceitnoB. Eciu Gpl paBeHCTBO 0CAfKM = CTOK —+ ICHa-
peHue coGJI0faloch B MHOTOJETHEM Iepuoje BO BCeX pedHBx Oacceli-
HaX, TO HUKAKas 4acTh 0CAJKOB W HuI/le He mOCTymasia OB Ha INTaHIC
apTe3HAaHCKIX BOJOHOCHBIX TOPH30HTOB.

ITosromy aas TeX pedHBHIX GaccellHOB, B KOTOPHX 9acTh MHQHUABLTpY-
IOIMAXCA aTMocepHHIX OCAJIKOB paCXoAyeTcs HA NOATaHHe TayOORHI
apTe3UaHCKUX BOJOHOCHHIX TOPHB0HTOB, HeJb3d HMCHIOJNb30BATH ypaBHE-
mne (VI. 10). Ero meapss npmmeHarp u jjs Tex peunnix GacceiiHos,
B KOTOPHX HMEIOTCA BHIXOAH apTe3WaHCKHX BoJ, HOCKOIBKY B IIOBepX-
HOCTHOM cToke OyAyT Y4YacTBOBATH BOMK IiayGoKOro IOA3EMHOT0 CTOKA,
copmupoBaBmInecs U3 aTMOCHEPHBIX OCANKOB U HE YYATHIBAeMEIE DTHM
ypaBrenueM. ¥Ypassenme (VI. 10) cupaBemimo TOJBKO JIA TAaRHUX
PeIHEIX OacceiiHOB, B KOTOPHIX apTe3HAHCKUE BOMBI NePEKPHITHL BHIAEP-
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;RAHHBIM BOJOYIIOPOM, a TIOBEPXHOCTHBIe H apTe3HaHCKIe BOIBI COBep-
HeHHO He MMelT MeKAy coboil cBA3M.

B. 11, KymenuH faer ciefylomue dacTHbe BHIPAKeHUs IS ypaBHe-
una (VI. 10) ¢ ygeToM pasimuHBIX Te0CTPYKTYPHBIX I THIpOTe0/Jornye-
CKOX YciaoBHil.

1. JInst pedmsix GacceifHOB (MM WX 9acTH), PACHO10AeHHBX B obia-
CTAX OHUTaHNA apTesmaHCKuX OacceiHoOB:

X, =Y, Z,+ I, (VI.12)

rie I, — mopma MHOUIBTPANHN HAM CPEJHEMHOTONETHAA BeJudHHA
mEQUAbTpaNUN, UAYIIAA HA NHTaAMe TAYOOKMX apTe3NaHCRIIX
it
BOJIOHOCHBIX TOPII30HTOB, IIO UpeAsayweMy 7/, = %—
2, JIna peunsix GacceiHOB (MM MX 9acTH), PaCHOI0KEHHBIX B 06.1a-

CTAX Pa3rpysKM apTesmaHCKUX OacceiHoB:
X,=Y,+4+2Z,—U,, (VI.13)

rae U, — HOpMA WM CPE/IHAA MHOUOJETHAA BelluiiHa TJIYG0KOTO
apTe3smaHCKOro CTOKAa (pasrpyskm) B pedHorm Gaccelime; U, =

3. Jlns pednuix GacceiiHOB (WM MX vacTH), PaCHOIOACHHEIX KakK
B 00acTAX OATAHUA, Tak H B 001acTAX pasTPY3KH apTesnaHckux Gac-
cefiroB:

0:Y0+ZO+10—U0' (\114)

B o0men Bujge ypaBHeHHe BoJHOTO 6anaHCA 3aMKHYTOI0 PEYHOIrO
JacceliHa [JfA MHOTONCTHEro paAga HMeeT BUI:

Xy=Y, + Zy =W, (V1. 15)

rie Wy, — cpenHeMHOTONETHAA BeaU4liHA HHOUIAbTPANHI B TaY{oRIe
BOJOHOCHBIe TOPHM30HTH B 00ACTH MUTAHHd, BEIMYlHA apTe-
BHANCKOTO CTOKa B 00JACTH PAsrPy3KH N PAa3HOCTD MEAIY
HUMIL.
Pacuer HOpM wucmapeHus IpOM3BOAUTCA B COOTBETCTBHI ¢ THIIOM
pedHsx GacceifHOB.
B obmewm Bufe ypaBHeHue JJIA pacieTa HOPMEI MCIapPEHHA, COTIACHO
ypasrermio (VI. 15), moxHO 3amucatp caemyromunm ofpason:

ZO =5 Xo_‘ YO iWO' (\"In 16)

YpaBHeHUe CpeJHEr0 MHOTOJETHETO BOAHOTo OanaHca 3aMKHYTOIO
peanoro Hacceitna (VI. 15) B. U, Kypmeaun ucmonbayer a;sa ompefeie-
HUA ecTeCTBEHHBIX pecypcoB apTe3amaHCKHX OacceiiHoB, pelmas ero
otHocuTenbHO W:

iW():XO—YO——ZO' (\YI» 17)
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Jlns mopcyeTa ecTeCTBeHHBIX peCYpCOB apTesHaHCKUX 6acCeiiHOB
no ypaBrermio (VI. 17) mopMy mcmapennsi Z, HAXOHAT KAk HE3aBHCH-
MBI wieH ypaBHeHHUs BojgHoro Oamanca. MeTogura pacueTa u SKCHepH-
MEHTAJAbHOI0 W3MEpPeHWUs CYMMApHOTO0 HMCIapeHus NoApoOHO N3I0KeHa

B paGore B. 1. Kymenuna [130].
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Pne. VI. 6. CxemaTndecKas KapTa CpeflHHX MHOTOJETHHX BeJil-
9UH -=wp (B M 8a TOM) HA TeppHTOpUH JHEIPOBCKO-JOHELKOrO
apTesnanckoro Gaccefina. ITo B. . Kynenuny

VYpaBueHue cpegHeMHOToJETHer0o BojgHoro Oanamca (VI. 17) momxuo
IPUMEHHTh ¥ I W3Y9YeHUsA BogHoro Oananca OeCCTOYHBIX paiiOHOB.
B arom cnysae Y, = 0 m o0miee ypaBHeHHmE CpeJHEMHOTOJETHETO BOI-
woro Gamamca (VI. 17) mpmuumaer Bun:

+W,=X,— Z,. (VI. 18)

Taxoit MeToq oumpefielicHHs ©CTECTBEHHEIX PeCYPCOB aAPTE3MAHCRUX
BOJI, CBONAMMICA K BHJEICHAIO B o0meM BojHoM OaxaHce OacceiiHa
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ray0oOKoro apTe3WaHCKOrO CTOKA, T, €. TOH YacTH MOA3eMHOIO CTOKA,
KoTOpag B 00JacTH NUTAHUA apTe3maHCKoro GacceifiHa He JApeHUpYeTCA
peudnoit cernio, Bmepshle 0w mpumened B 1954 r. B. 1. Kypmennnsim
I OUEHKHM pecypcoB apresmanckux Boj Jlmemposcko-I{omeuxoit Bia-
nupbl. Mccnenys obmacts mutamusa [[HenmpoBcko-IloHeumkoro apresauan-
cKoro GacceiiHa, pacHmON0KEeHHYI0 B BepXxHeil yactu J[Hempa u ero jieBo-
Oepe;KHBIX UPUTOKOB, oH mofpasgenunn ee Ha 11 BomgmHOGamamCOBHIX
Y4acTKoB, KOTOpHE B CBoI0 odepexnb Oblam pas36urh Ha 206 Goiee Meaknx
yacTei.

Jns KasKmoro m3 y49acTKoB 3HAYeHAA Y, aBTOP IOJydal Mo Marepua-
JaM TIycTOH CeTH BOROMEPHBIX IOCTOB, 3Ha4eHHe X, OH BHUHCIAI IO
CBE[ICHUAM O HOpPME OCAIKOB MeTEOPOJIOTHYeCKHX CTaHLHil, pPacmoio-
/KeHHBIX B Oacceile, 3HaueHue Z, pPacCUYUTHBAI THAPOPU3MICCKUM
meromom [1301]

CpepneMHOroNeTHYE 3HAYEHUSA BeJNNIUHH TIyO0KOM HEPHILTpAUUH
W,, monydennsle myTeM pacdetoB, mpuBepensl Ha puc. VI. 6. Brmoa-
nennsre b. 1I. KypenunsiM BommoGaiiaHCOBEIE pacyeTsl IOKA3ajm, 4TO
CpelHKIT MHOTOJNeTHUN feUUUT BJard B o6;1acTu muTaHusa [[HEIpOBCKO-
Jorenkoit Buaiuusl cocrapasetr mpumepro 5 - 10° w3 B rog. 3ro roau-
9eCTBO BJACW HJET Ha (GopMupoBaHHE TIIyO0OKOro IOJ3eMHOTO CTOKA
B OTJIOKeHHMAX IaJieOTe€Ha, Me30305 W Iaje030a. Pacxox apre3maHcKHX
Box Ha 1 kM dpoHTa mOTOKA, ofecmedeHHB MAPUABTPaNHel aTMocdep-
HHIX OCAJIKOB, B CpeflHeM [/ BCero apTe3maHCKOTO GacceifHa cOCTABJaSgET
npumepro 16 200 m3/cymru.

Ananoruunyw pabory npoBeau JI. M. Pomanmuxa u B. . Kanmernro
[172] mo ouenke ecrectBennsx pecypcos Asoso-KyOanckoro apresman-
ckoro OacceifHa. PesynnraTsl BRIMOJHEHHHIX aBTOpAMH pacueToB HOKA-
3aJIM, 910 [JiA Beell obaactu nutanus Aszoso-HybGaHckoro apresmaHcKoro
Gacceilma o0mas CpeHEMHOTOJETHAA BeIWIMHA aTMOC(epHOTO UMTAHUA
apTesnanckux Boj coctasiser 1892 -« 10° 3 B rop, uam 1892 xxu3 B ron.
ITO KONUYeCTBO BOAH (opMHPYeT riayOoKuil apTe3uaHCKHil CTOK B Ipe-
fenax Bceil TOAI{M BOJOHOCHOTO KOMIJIEKCA apTesmaHcKoro 6acceiina.

PaccmorpeHHBIA MeTO] naeT BO3MOMKHOCTH Npu HeGOMBHIX 3arpa-
TaX U B KOPOTKHEe CPOKH peliaTh BOIPOCH 0GeCmedeHHOCTH KPYTHBIX
PETMOHOB €CTeCTBEHHLIMU BOJHEIMH pPECypPCAMH.

Pacuem numanus per nanopuvimu nodsesmvinu eodamu no yvemody
C. ©. Asepvanosa

HeobxopumocThs ydera ofmimx THApPOTreOJOTHYECKUX YCJIOBHUI IpPH
aHaiu3e W PacueTax THUAPOJOTHYECKOTO pPe/RMMA DPeK HOATBEPIKIAaeTCA
XapaKTepHHM nmpuMepoM, paccMorpenaniM C. @. AsepssanoseM [11]. On
paccMaTpuBaeT cAydyail MUTAHHA peK HAMOPHEIME IIO/{3eMHBIMI BONAMH,
KOTJla CpaBHUTeAbHO Hebolplime peKHW, NPOTEKAWI(ue B TAKENHX
CYTVINHKAX M He UMeIOIue SIBHOTO HMMTAHMS HO3EMHBIMH BojaMmu, obxa-
ZAIOT IOCTOSTHHBIM JIeTHUM MeskeHHBIM croKoM. C. @, ABepssHOB 00BAC-
HAET 9T0 ABIEHAE B3AUMOENCTBHEM BOJOTOKOB C OTHOCUTEIbHO I'1y60KO
3aJeTalOIIMA HANOPHEIMH TOJ3E€MHEIMH BOJAMH.
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Jlna npuBeIcHHON cxeMbl ABepbAHOB TIIpeJlIaracT CleJyHLY o
dopmyay omnpedeleHHs BeIHYHHHE NPUTOKA HAINOPHHX BOJA B pPERY
(puc. VI. 7):

nkAH
T 16T .
Q= lnn(d—{LAh) (V1. 19)
rac @ — NPUTOK HANOPHLIX MOA3EMHHIX BOJ B DPeKy-ApeHy;
k — rosdpdruieHT GUILTPAIMU THARENHX CYTIHHKOB, B KOTOPHIX
3a;10RE€HO0 PYCJA0 PeKlr;
T — MOIHOCTDL CYFIHHKOB;
d — IIPHHA PEKH II0 Ypeay BOJIE;
AH — mpeBweIe mnLe30MeTpUYIecKOro Hamnopa BOJOIOCHOTO IJIACTA
HAaJ YpOBHEM BOJR B peKe
Ah — mpepoiieHite YPOBHA TIPYHTOBLIX BOJ HAJ YpPOBHEM BOJM
B pCKe.

A
7 y
S S ,

_M ALl

Jo. *’g e
BRI e e e

L
Puc. VI. 7. Cxema nuTaHUA pPEK HANOPHLIMII TOA3eM-
HBEIMH BOJAMU

1 — 1 — 1be3oMeTpHYEeCKaA NOBEPXHOCTh HaNOPHOr0 BOJAOHOC-

HOro Iacta; 2—2 — NMOoBEPXHOCTb  TPYHTOBLIX  BoA. Ilo
C. ©. ABepbAHOBY

Ilpaseseunas ¢opMyra BHIBelleHA UpPH YCIOBUH, 9YT0 pPACCTOSHHE
Me:kAy BofoToKayMu B 3nadnTeabHO Gosbnie TyOuHE! 3aleraHus BOmO-

HOCHEOTO IIJIacTa, T. €. 12 s> 3.

PacemarpiBass KOHKDETHBIT npuMep, ABepbAHOB NPHBOIUT CIELy-
10 He nanpme k=01 n/eymeu, AH=5wm; T =20 wm;, Ah = 2 u;
d = 20 a. Ho;cmmaa sTH fAaHHble B ¢opmyny (VI. 19), momyumm:

AN .5
Q == hi4 (1)61 2)0 = 1,03 M3/cymru Ba 1 noz-m.
231 750 %)

Ecnu paccrosune Mesmjy BOLOTOKAMU, AaHAJIOTHMYHHIMU pPacCMOTpEeH-
HoMYy, paBHO O KM, 710 mna 1 km BomOTOKA WpuUXOAUTCA MIOIMAJb
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~(00- 1000 . . -
— 0000~ — 000 2a, ¢ xoTopoii BHyTpenHmii cTor OyjeT paBeH Q =

= 1000 - 1,03 = 1030 m3/cymkw. ITo coOTBETCTBYET MOAYIK CTOKA ¢ ==
1030 - 1000

" 500- 86400
Ha ¢1a60 mpoHHIIaeMble TPYHTH, BeJHMYNHA MOM3EMHOI0 CTOKA IOy TIi-
Jach BIOJHE peaxbHas. '

= 0,024 a/cex ¢ 1 2a, nau 0,00024 a;cek ¢ 1 ku?. Hecniorpa

Pacuem numanus apmesuanckoeo e0donocHoz0 2opusoHma
no memody II. A. Kucexresa

Jlasa permomaipHO# OIeHKHM eCTECTBEHHHX pecypcoB HAmOPHOTO
BOJOHOCHOTO TOPHM30HTA IIJAM KOMILTEeKCAa BORKOHEOCHBIX IIJAacToB Cylle-
CTBEHHOC 3HAYeHHE HMeeT OLpC/esieHre X NUTAHUA depe3 OTHOCHTEJhHO
BOJIOYIIOPHEIE NJIACTH MJIM 4epe3 «OKHAa» B HMX HA TOI WM HHOM ILIO-
maau pacupocrpadenus. [Lna sroii nean . A. Kucenes [116] mpena-
raeT HCIONbL30BaTh ypaBHeHme 6ajJaHca TPYHTOBHX BOJ:

RZ=0Q W, (VI. 20)

rje QW — HeJOCTATOK HACHIUEHHS TOPOIb;
Z — BeJHUYWHA H3MeHEHNS YPOBHA Ha J1000il MOMEHT BPeMeHII 10
CPABHEHIIO ¢ €ro IOJOMEeHHeM Ha HadYaJbHBIII MOMEHT Bpe-
MEHH;
Q — GoKOBOIl OTTOK 10J3eMHBIX BOA (Pa3HOCTh MEKRIY HPHTOKOM
M OTTOKOM IOJ3eMHRIX BOJl) HA TOT yke MOMEHT BpPeMeHH;
W — BenmumnHa mnHMTaHIA BOJOHOCIOTO ILTACTA 38 pPACCMATpPHBAENOE
BpeMs Ha eHHHOY IIToUIajnd.
Jlaa nanopusix Bog pu Z = (0, a BeaW4YuHY OHTAHUA HAIOPHOTO BOJO-
HOCHOTO TOPH3OHTA MO;KHO OIpEREINTH ciaefymwineil Gopmytoi:

W, =—0,. (VI.21)

B Beanuune WH yauTeIBAeTCA TaKyke M3MCHenne o0beMOB BOJH,

NPOHCXO/sAlIee 32 cY4eT YIPYToTro peskuMa BOJOHOCHBIX ILIACTOB.

Pacuer Benuiuns @, AJMA 0OHOMEDHOIO NOTOKA MOeT OHIThH HPOL3-
BC/I€H 110 JIAHHKIM JIBYX, TpeX, 9eThIpeX CKBA/KUH NPHMEHNTEIbHO K Ha-
HNOPHOMY BOJAOHOCHOMY TOPH30HTY; MHJf [ABYXMEPHOIO0 IOTOKa MORHO
IiCIIONB30BATh [AHHBIE CKBAa)RUH, PACIOJOKEeHHBX [0 pPasIuIHLIM
cetkaM (KBafipaTHOM, TPEYroNbHOH M T. A.). B wacTHoCcTH, Aad Tpex
ckBasrug (I, 2, 3) upu ogHomepHOM moToxe moay4duMm (puc. VI. 8):

Q —_ (QI _?2)1 At1+(QI —Q2)2 At2"’£" R ‘J‘(QI'—(]Z)n Afn , (VI.22)
H 0.5 (li-+1)
rjie ¢; M ¢y — PACXOZHI HATIOPHOTO NOTOKA B CPeJHHX CeYCHUAX

Me;ny ckB. 1 w 2; 2 1 3, BHUIcJIeHnbie 1O ¢op-
MyJaM TUHAMAKH II0I3eMHBIX BO;
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[, u l,— paccroAanaug Me;kny ckB. I u 2; 2 u 3;
At,, At, ... At, —orpeskH BpemeHH, IJIA KOTODHIX OIpeAeNAITCH

Pa3HOCTH PACXofoB (; — o)1 (G — o)z - - - (@1 —qy)n-
Obmass BenMuIMHA HOUTAHUA V  apTesmaHCKOro BOJOHOCHOTO TOpH-

30HTA HA TOM WM HHOH miomajnu F ero pacupocTpaHeHUS OmpeleasieTcs
mo ¢opmye:

Vp=—QuF = W,F. (VI. 23)

Il pumep. Hamoprsiii BOXOHOCHBI TOPM3OHT, CIOMKEHHHIA me-
ckamu (cM. puc. VI.8), umeer cpepuwio momiaOoCTs M = 20 M, Koad)d)n-
nueHT QUIBTpalUH IeckoB K = 5 m/cymku. Bepxmuii ¥ mmKHOA rau-
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Puc. VI. 8. Cxema moroxa K pacuery pecypcon HANop-
Horo Bogonocuoro ropusonta. Ilo II. A. Kuceneny

HHCTHE BOJOYHOpPHLIe TIAcTH MecTaMu omecdamensi. CkB. 1, 2, 8 ¢ orMer-
ramu yposus H,, H,, Hj; pacnonoskensl mexny coboif HA paccTOAHHAX
1, =979 % u 1, = 3015 .

Tpebyerca onpepenuts: peawuuny nuranua W, HamopHOTO BOmO-
HOCHOTO IJIacTa HA eJMBHMIY ILIOMAJIM €ro pacmpocTpaHeHus; ob6myio
pennuuAy murtausa V, ma miomagz B 10 000 Em?, a TaKme MOMymab
naranusa BofoHOCHOTo Wwracta My, (B 4/cek ma 1 km?) Ha yKazaHHOI
ITOIA/I.

Pacuer pacxo0oB TIPOUBBOAUM 110 dopmMye AJsS HATOPHOTO BONOHOC-
HOTO TUIacTa:

q= kmy_lz‘f.[i ]
2
Buawane ompegensiem penmuumy Q.. 3HaueHHs @, 32 NepHOX

pe:xuMunx HaGmiomenuit ¢ 19. III mo 16. V, paccunranusie mo gopmyne
(VI. 22), npusenenn B tabuauite.

208



n
OTMETKI YpOBHA, M Q (q1—q2) At
Iara cf"rto}( Mslqcly’m- M3/qc2;;m- H 0,5 1+ 12)
ru ru
Hy Hg Hg " l
AR
19,111 | — — — — — — — —
1. IV 13 118,32 | 117,61 | 115,17 0,072 0,081 —0,0000586 | —0,0586
7.1v 6 118,37 | 147,67 14546] 0,071 0,083 —0,0000946 | —0,0946
13.1v 6 | 118,39 117,70| 115,28 0,070 0,080 | —0,0001246 | —0,1246
25.Iv 12 118,38 | 117,73 115,32 0,066 0,080 | —0,0002087 { —0,2087
1.V 6 11828 117,72 | 11531 0,057 0,080 | —0,0002778 | —0.2778
10.V 9 118,43} 117,68 115,26 0,046 0,080 | —0,0004310| —0,4310
16.V 6 118,40| 117,64 11525 0,047 0,079 - | —0,0005271 | —0,5271

Coraacro popmyne (VI. 21), nmeem W, = 0,5271

an = 0,0005271 u

ga 1 »® nnomagm pacupoctpamemus wiracra. Ilo gdopmymne (VI. 23)
o0mee muramme Ha miromaxu 10 000 xm® pasmo:

V= 0,0005271-10000-1 000 000 = 5,271 man. x®,
unm 527,14 3 ma 1 M2

Mopyas nuTasEua BOXOHOCHOTO HiIacTa OyHeT paBeH:
Myn = 527,1-1000:(58-24-60-60) = 0,105 a/cexr.



T'rasa cedomasn

IIPOTHO3 PEKMMA TPYHTOBBIX BOJ
HA OPOHTAEMbLIX TEPPHTOPHAX

IIpod:iema ynmpaBiaeHHss PCKMMOM TPYHTOBBIX BOJ| B CBASH C Oponle-
HlUeM fABjAeTcs IlaBHelniedl B IPOeKTHPOBAHUH, CTPOUTENBCTBE U 3IKC-
NyaTalni OpPOCHTEJBHHIX CHCTeM, TOCKOJBKY OT HOJIOMKeHHMA YPOBHA
M XHMHYECKOTO COCTaBa BTUX BOJ, WX H3MEHeHMIT B OyyImeM 3aBICAT
MeJINOpaTHBHOE COCTOAHME 3eMeldb M MPOJIyKTHBHOCTD CEJIBCKOTO XO03Ail-
cTBa. Jlas pemenna »Tofl mnpoliemsl, HaNpuMep IIyTeM HPUMEHEHHSA
Pa3iMYHHX THHOB [PCHaKa, HODMHUPOBAHIA pe;RMMa NOJUBA, BHeJpe-
-HOA TepeflOBEIX METONOB arpOTeXHHKH M T. I., TpebyercA cocTaBieHIe
NpPOTHO30B HPeJCTOAmEI0 W3MeHeHUs peskiiMa TPYHTOBHIX BOJ AJA 3a-
J1aHHBIX TIPOEKTOM TPAHHYHHX M HAYQIBHBIX yCJIOBHIl.

Ilo cymectBy, cocraBieHHe NpPOTHO30B pe;kMMa TPYHTOBHIX BOJ
ABi1sgeTca Haubolee OTBETCTBEHHOI 9YacThi0 NPOEKTHPOBAHUA OPOCH-
TeJIbHBIX CHCTEM — IPU OPOCHUTEJBHBIX MeJHOpanuAX H 9acThi0 IPOEK-
TUPOBAEWA JIPEHAKHBIX CHCTEM — NpPH OCYIUMTeNBbHLIX MeJHopaluax.
BwmecTe ¢ Tem pellleHEe 3a/jad 0 IPOTHO3Y M3MEHEHHS PE;KAMa TPYHTO-
BBIX BOJ AIBJIsIeTCS OOpATHHIM pemieHMIO 337184 110 AHAIUZY HTOTO PerkhMa
B aHAJOTHUHHIX NPHPOJAHBIX W BOJOXO03ANCTBeHHHIX YCJHOBHAX. Taroii
aHaJIM3 B3aKII09acTca B ompefedennr HHOUIBTPANMOHHOTO NHTaHNA
H BBHINIOJTHACTCA IO TeM jKe 3aBHCHMOCTAM JUHAMMKHN IOJ3eMHBIX BOJ,
4TO K IPOTHO3 pPejKMMa HX. :

AHaJH3 peykUMa TPYHTOBHIX BOJi Ha OpOIIaeMbiX TEepPPHUTOPUAX
(M. M. Kpsuton [128], C. ®. Aeprsmon [10], A. B. JleGemes [134]
II p.) BHIOJHACTCA C IEJBI0O COCTaBieHUA OanaHca TUX BOJ, B 9acT-
HOCTH — OTPeJeIeRNsI NX NUTAHUA (WAGUABTPAaTuH cBePXY U HCIAPeHNs),
napaMeTpoB BOJOHOCHHX IIACTOB, KOJIMYECTBEHHOIH ONEHKU PasIUIHBIX
daKkTOpOB, OIpEJENAIOIMUX HPUXOJHEE U PACXOJHEE 3JeMeHTH BOJHOTO
1 coneBoro GanaHcoB M T. I. Pesynbprarsl amainmsa BOJHOTO 6ajaHCa
HCIIOMb3YIOTCA HEIOCPEJCTBeHHO AJA HPOTHO3a HOCJHe/YIOMUX H3MeHe-
HHH pe;KHMa TPYHTOBHIX BOJ /JfA BHOBB 33J/laHHBIX BOJOXO03AMCTBCHHBIX
YCTOBHII — PEKOHCTPYKIUH OPOCUTEIBHHX CHCTEM, OCBOEHMSA HOBBIX
3eMeqab, X KOppeHHOH Meamopanuu W T. II.
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ITpormoast pejkuMa rpyHTOBBIX BOJ HA OPOIIAeMLIX TEPPHTOPHAX IIO
X HA3HAYEHHIO MOKHO pPAa3ieJHTh HA CJHELVIONIHe TIIIEI:

1. IlporHO3 HaMeHeHHA YPOBHA FPYHTOBHIX BOJ Ha HEGOIBIIHX N10-
agaX B 30He BIARAHHA MarUCTPAJbHBIX M OPOCHTEJIBHLIX KAHAIOB,
a TaKsKe JIpeH, A KOJNYeCTBCHHOH OMEHKH POJIM dTHX KAHAJIOB B M3Me-
HeHUN TIOJO/KeHWA TPYHTOBBIX BOJ, ompefgeleHnA (HILTPALHOUHBIX
ToTephb M3 KAHAIOB MIM [PEHARHOTO CTOKA. Tako# mporHo3 HEoGXomM
A BeI0OpA THIOB JIpeH, KOHCTPYKIHE KAHANOB, OTpPEAENEHHA IX
K. IO. . | Ip.

2. Tlporuos usMeHeHEA pesRUMa FPYHTOBBIX BOJ HA 0O0IBIIUX Teppl-
TOPEAX M0/l BIKRAHKEM CHWCTeMbl KAHANOB H JPeH JJA DerHOHAJIBHOI
OHeHKK OyAVIEero IMOJOKEeHUsA DTHX BOJ| B Ipejeaax HeJbIX OPOCHTeNb-
HbIX CHCTEM, YTO BAKHO [JdA IPOEKTHPOBAHWA pPEKAMOB OPOIIEHIH
B LEJIoM. )

ITo mpmrvenaeMLIM MeTOfaM BHINIOJIHEHHA OSTH IPOTHO3HL ENATCA
ciaenyomuM oldpasom:

1) cocraBieHHBIe HA OCHOBAHNE aHANHTHUYECKHX pelenuil nudde-
pPeHUKAIbHBIX ypaBHEHMII HEYCTAHOBWBIIETOCH JIBHMKEHIIS;

2) cocraBieHHBIC € IOMOIIHI0 UKCIeHHOTO (KOHCUHO-PA3HOCTHOTO)
pelleHnA TeX ke ypaBHEHMHIL;

3) cocraBreHHbBe BOXHO-0AJaHCOBHIM METOJOM;

4) cocraBieHHBIC C NOMOLIBI0O METOJI0B BApPWANMOHHOI CTaTHCTUKH;

D) COCTaBIeHHBIE HA OCHOBE MOJENWPOBAHMA JUHAMHKH IO3eMHLIX
BOJ MJAA 3aJaHHLIX TPaHHYEBIX U HadaJbHBIX YCJOBHUIl HA THIPO-
I YJIeKTPOMHTErparopax.

B rawecrBe cpeacTB /iisi BLITIOJHEHUA 60HmeHCTBa BTHX IPOTHOB0B
MOTYT OHTb ICIOJIL30BAHBI CUETHO-PEIIaJOINEe ycTpoiicTBa M, B dacT-
HOoCTH, aHajdoroBas cerounas mammuua ¥CM-1. Bce st Bumst mporso-
30B Heo0X0o WM HaA BHOOpAa KOHCTPYKIUE OPOCUTeNbHOH CeTH,
KODPEKTHPOBAHUA IUTAHOB BOMOIOJb30BaHKA, O00OCHOBAHMA [peHARA
U APYTEX Mep T0 YIPAaBJEHNK peKEMOM IPYHTOBHX Box. IIpu mamuca-
HUM BTOH TJaBbl ABTOPOM OBIAK IIKPOKO MCIOAB30BAaHBI PaboThl
C. @. Asepoanosa [10], A. H. Kocrakosa [124, 125], H. H. ®aso-
puna [191], M, M. Kpuaosa [128], A. B. JleGenena 134, 136] n ap.

OcHOBHBIC BAKOHOMEPHOCTH PEKEMa FPYHTOBHIX BOJ Ha OPOMIaeMLIX
TEePPHUTOPUAX CBOJATCA K CJIEAYIOMEMY:

1. I'naBBefiinMyr npHYMHEAMM W3MeHeHHMA YPOBHA H XHMHUYECKOTO
€0CTaBa TPYHTOBHIX BOJ Ha OPOIIAaeMbiX TePPHTOPHAX ABIAIOTCA H3Me-
HeHHA COOTHOUIIEHUI MEKAY NPHUXOJHBIMU W PACXOMHBLIMH dJIeMeHTaMII
nx 0ama\Eca, pe;KHM OPOUIeHHsA, arpOTeXHRYECKKE H THAPOMEJHOPATHB-
Hple MepONPHATHA, HaIpaBIeHHHe HA MNOJJep:iaHHe OITHMAaJIbHOIO
BOJHOTO W COJIEBOTO PERMMOB I0YBO-TPYHTOB, HeOOXOJUMBIX JIJid MHTEH-
cHQUKANWY CeNbCKOX03ANCTBEHHOTO HPOU3BOACTBA.

2. Ilpu craGom ecTecTBeHHOM OTTOKe TPYHTOBHIX BOJ U HMX He[0CTAa-
TOYHOM MCKYCCTBEHHOM JpeHarke MOKET IPOKCXOAUTD IMPOTPeCCHPYIOMMUIl
noAbeM 3TUX BOJ K JHEBHOH IIOBEPXHOCTH, 9UTO YTPORACT BTOPUIHBIM
saconenuem unn 3abosadnBaHKEM 3eMellb.
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3. Ilo gocTusKeHUH YpPOBHA TPYHTOBHX BOJ OIpefielieHHHX (KpmATH-~
YecKNX) Fay0MH OT HOBEPXHOCTH 3€MJH YCHJIeHHOE pacxojloBaHHe HX
Ha HCIapeHWe M TPaHCHMPANHIO PaCcTUTENBHOCTHIO MOKET OFpaHHIHATH
JajibHEWIIKH ToJBeM YPOBHA BOJAB, HO B TO jKe BpeMA IOCTAaBUT 95TH
BOJIBI U TOYBH IOJ{ YTPO3y 3aCOJEHHA.

4, B npomecce ¢opMHUpoBaHUA peKIIMA YCTAHABIAHBAETCA OTHOCH-
TEeIBHO TOCTOAHHHH XapaKTep Ha3MeHeHHWIl YpOBHsA, oIipefleasdeMbIi
YCIOBUAMU NHTAHUA M APeHAPOBAHWA TEePPUTOPHH.

5. KHoneGarms ypoBHeil MOBePXHOCTHHX BOJ OTpajkaloTcs HA ypOBHE
IPYHTOBHIX BOJ, IpHueM HaGI0IaeTCA MOCTeNeHEOE YMEHbIIEHENEe aMIUIU-
TyAs Kosebammil 1o Mepe yjalleHHs OT MCTOYHMKOB IHTAHWA.

6. Iopy BauaHueM monuBoB ¢opMupyiorcsa Oyrpsl rPyHTOBHIX BOJ,
pasMepsl KOTOPHX M3MEHAIOTCA BO BPeMEHM U NPOCTPAHECTBE B 3aBHCH-
MOCTH OT BHOBBb CHOKMBIIMXCSA TpPABEUIHHIX YCIAOBHE — M3MeHEHMA
MOJIOKeHHUII ypoBHEH BOJBL B KaHajax, JpeHax.

7. Pe;xuM TPYHTOBHX BOJ] Ha OpOMIaeMHIX TEPPHTOPUAX KaK Ipo-
ABJIEHNE WX HEYCTaHOBUBIIErOCA JIBHREHUA MO;KeT OBLITh PasiaWIHLIM
B 3aBHCHMOCTH OT 3HaKa UX romosoro 6amanca (HakomijeHHe BOJI B pas-
JHN9HBIE Ce30HH rojia WM yORAb UX NPU HCKYCCTBEHHOM PeryJIHpOBaBUH
OO0/|3eMHOT0 CTOKAa), a TaKKe B 3aBHCHMOCTH OT TeX HJIK HHHX BoO3Jeii-
CTBYIOMUX Ha pEeKUM HPpPUTAmHOHHBIX (AaKTOPOB.

Bouaee nmogpo6ubie cBejjeENA 110 5TEM BOIpPOCAM MOKHO HaiTH B pabo-
trax H. H. ®asopuna [191], M. M. Kpuunosa [128], J[. M. Hamn [113] u ap.

B usyuemnru pe;xmMa rpyHTOBBIX BOJ[ C IEJbI0 ompefieleHus Heol-
XOJUMHX JJa IPOTHO3a MapaMeTpPOB BOJOHOCHHX IIJIACTOB, BHIACHEHWA
B HaType cxeM ¢uiabTpamum, 6anaHca TPYHTOBBIX BOJ M T. . 60JABOIYIO
ponp wurpaor cranuosapuble mabmogenns (M. M. Hpwuros [128],
A. ©. Casgres [181], A. B. JleGeges [136] u ap.), npoBoguMEle B Ha-
cToAmee BpeMsa rujaporeosorudeckumu cradiuumamu B CCCP.

B mnpomecce cocraBieHMAa NOporHO3a peKMMa TDYHTOBHX BOJ pe-
HIajoTcA CJe/YIONKEe BOIPOCH: ,

1. Xapakrep u3MeHeBHA ypoBHEH TPYHTOBHX BOJ Ha OpONIaeMHIX
TepPHTOPHUAX.

2. lpofomKnTenbHocTh mepHOLa HACTYINEHHA OTHOCHTENBHOM CTa-
Ounmusamuu ypoBHEN.

3. Pacuer ocHOBHHIX moOKaszarelell BogHOro OaraEca B T0/J0OBOM
paspese /IS HOBHIX YCJIOBUM OpOMIeHMA ¢ HeJbl0 060CHOBAHMA METO/OB
yHpaBjJeHWA PEeKMMOM TPYHTOBHX BOJ.

§ 1. IlpnvMeHenne aHaIATHYECKHX perreHnit
nuaddepenAaIbabIX ypaBHEHMIT HeyCTAHOBHBIIErOCA JBHKeHHA

Ha opomraemsix Teppuropuax u BO6AM3H OT HHX B 3aBHCHMOCTH OT
JIUHH TOTOKA W XapaKTepa IPaBEMYHBIX YCIOBHI BCTpeUaioTCA Pasini-
HEE THIEl IPYHTOBHX IOTOKOB: HOJNYOrpPaHMYeHHHH, HEOrpaBMYeHHBIA
XM OTPAENYEHEHH ¢ JBYX CTOPOH KaHAaJaMH HJIH JpeHaMH.

OcroBuBe quddepeENEanbHEe YPaBHOHUA M HX pelNieHMA IJA STHX
IOTOKOB paccMOTpeHH B § 3 ruaBel TpeTheil, MOCBANEHEOM OIHCAHHIO
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0 {HOMepHOil HeycTaHOBHBIIeiicA (UABTpanuu. 37ech MH PacCcMOTDPHM
IpHMEeHeHNe JTHX pelleHHH JJAs NOIYyorpaHMYEHHOI0O W HEOTpaHUYeH-
HOTO NIOTOKOB B YCIOBHAX OPOIIEHHNs, a TaKKe MEeTO/IBl pellleHHd aHaJIo0-
TMYHBX 3aja9 JJAAd KOPOTKHX IIOTOKOB, OTpaHMYEHHHIX C JIByX CTOPOH,
KOTOpHIE 9acTO BCTpEYaloTCA HA OpOIHaeMHX TepPUTOPUAX. BojbilIWH-
CTBO I I/II?OJII/IMBIX pemiennii 3aumcTBoBaHo u3 paboret C. . Apepps-
HoBa [10].

Iloayoepanuuenunli nomok

B canyuae nmpakTHwaecKu OBCTpPOro HM3MEHe-
HUSA TOPHUB3OHTA BOJAHK B KaHale MU OTCYTCTBUA MHPHIb-
TPanUOHHOTO0 nHTaHWsA cBepXy (w = 0) mo MaHHEIM O KoJebGanusAXx
YPOBHSA TPYHTOBHX BOJ B IpHOpeKHOH 30HE ¢ IOMOMBI0 GOpMY.IBE

X

77777777777 /. 7 7 7777777777, VI /7 T

= B B B3 =

Puc. VII. 1. Cxema naMenenlls ypoBHS TPYHTOBHX BOJ B 30HE BIANSHIIA
KaHaJa

1—4 — KpuBLIE QENpeccill Ha pPasnuuHble MOMEHTH BpEMEHH; § — IepBOHaYaJbHBIN
YPOBEHb TIDYHTOBBIX BOJ

(111. 47, a) MO;KHO BHYMCIUTH BeChMa BajKHBIH HJisI IPOTHO3a PeKUMA
TPYHTOBHX BOJ K03QQUINEHT ypPOBHEHPOBOMHOCTH ILIACTAa:

__ Fkhep
” k]
rie k — rkosounuent Quabrpanuu;

hep — CpeHAA MOIIHOCTb TIOTOKA;

p — KoagduIMeHT BOJOOTAATH.

Taxoit ciyuail Mosker umerb Mecro npu riyGokom (Gomee 4—5 m)
3aJeraHUU YPOBHA TPYHTOBHIX BOJI, OTCYTCTBMHM IOJWBOB M BHIHAJeHHA
0CAJIKOB, HaNpUMep, B XOJOZHOe BpeMs Tojla, KOTJa BOCXOAAMUI
KaOWIIAPHHE TOK BjIard OT 3epKajia PYHTOBHX BOJ HHYTOKHO Madl,
a McoapeHWe ¢ NOBepXHOCTH Oam3Ko K mymio (puc. VII. 1).

ITpamep. B npubpexnoil 3one Kanaja 3a mepuof ¢ 1. X o 4. X1 yposens Tpyn-
TOBEIX BOJ IO cKB. 1 cunsmica Ha 0,40 &, a TOpW3OHT BOAH B KaHaJjJe BCKOpe IoOcie
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1. X ycramosiica mwke HepBoHadaibuoro ma 1,20 a. PaccTosiHme CKBaAMKIHB OT
ypesa Boger B Ranate 200 m. TpefyercA BHYIUCTUTH KOIPPUIICHT YPOBHENPOBOT-
HOCTI a.

Peueune. Coraazuo rpuyiae (IIL. 47, a), nmvoo

AH 0,40
D(h)=1— AHO =1— 190 =0,666.
Ilo Tab.1mue, moyemennoii B OpIIOMeHIAX, 3uafd @ (z), naxoamm h = 5 /zr —
54 at

== 0,68, orryga npun z = 200 x, ¢ = 31 cyrTru;
ozt 2002

40t 4-0,682- 31

Ecam roadpdunnent sogoorpaun p = 0,10, a cpemruii kosdpduiment

$uiabTpanui BofoHOCHOTO Iiacta kK = 1,5 m/cymxu, To Jis 9TOro mpl-
Mepa cpeJHAA MON[HOCTH TPYHTOBOTO IIOTOKA COCTABHT:

=695 n2/cymru.

Hoassysaces dopmyaoit (II1. 47, a), momHO cocTaBUTH PAJ BCHOMO-
raTeNbHHX QOPMYJ JJIA pacdera BPeMeHH ! W PaccCTOSAHHSA I OT KaHAJLA
JUIA pa3THYHKIX BeJHINH OTHOCHTEIBHOTO IH3MEHEHHUS YPOBHA TPYHTO-

H
BLIX BOJ ZAPT B JlaHHOM cedeHuH ImmoToKa. lIpuBogmy stu dopmy:as:
(mo C. ®. Amepsaunony [10]).

I Y H
Hepemen- PR SHAUEHIAX — o
HHIC
1% ‘ 2% [ 39 I L%
= ST —
z 3.64 ] '—h;—’lt- 3,30 ]/ Fhept | 5 - 1/ khopt | oo,/ Kb Khopt pt
L p’ pr pz?
‘ 0076 0,092 —— | 0430—"— | 0153
/ khc O khc l"hC khcp

3masa kK, hep, W, MORHO s 3aJaHHBIX OTHOCHTEJIBbHBIX M3MEHEHIH

YpoBHA - B J@HHOM Ce€YeHWHU IMOTOKAa I BHIYIICJIHTH COOTBETCTBYIOillee

AHY
BpeMA ¢ ycTaHOBIeHHA 3tux mameHenuil. MoskHO 11, HaoGopor, ompefe-
JUTH PaccTOAHHE X OT KaHala, Ha Koropom Oyaer Habmomarses 3ajaH-

HOe OTHOCHTEJIbHOE€ M3MEeHeHHe YpOBHA uepes ompe/ieienHoe

AHY
BpeMsa f, cuuTas INocIef{Hee OT HAYaja MOABCMA TOPH3OHTA BOJAMLI B Ka-
nate. TakuM Iyrtem ompepmenserca pasMep 30HH BJIHAHHA KaHAIOB.

Pacxon Boapl, mpymeii Ha ¢mabTpanmio u3 KaHajga B 00 CTOPOHBI

OT Hero, ompelexasieM 1o gopmyie:

Q- O—TAHO] "W Ehop. (VII. 1)



Jdroit opMyIT0il MOFKHO MOJIB30BATHCA U B CIydae KOPOTKUX HOTOKOS,
T. €. KOTJla BOJIU3W IepBOTO KaHAJA HA pacCTOAHMM 2L NMpOoXOoauT Ipy-
roit, H0O mpH HENPEeMEHHOM COOIIOJIeHHHN YCIOBHA, UTOOK OTHOCHTEIbHOE
BpeM#, cuuTasg Hocde Hadada paGoTHl KaHala, OBIO ONpe/leleHO U3
cootrHOmerns, npusegennoro C. ®. Apepwsinosem B ero pabore [10],
rje maeTcs JeTajbHBII aHAlW3 pekuMa TPYHTOBHIX BOJ H YCJOBIIL
QuapTpanUMu U3 KaHAJIA Mid paccMaTpPUBAEMBIX 3ajau:

50<0v507
t w2
I1e [30: = T:W'

Kak yxaseiBaer C. @. Asepbsnon [10], «insa mavamsuoro meproja
paborsl Kanama (f,<C 0,50) mgamua IOTOKA HE WIpPaeT CYHeCTBEHHOIT
pPONM W He OTpaskaeTcs HA 3HAYEHHAX pPacXofoB M 00BEMOB BOJBI, Tak
Kak OHHM ONpeJeNAiOTCA TeMHI jkeé 3aBIHCHMMOCTAMHU, 9TO H I 0YCHb
JTHHHOTO TIOTOKAY.

Bcnywae paBEOMEpPHOTO BO BpPeMEeHI IOJBD-
eMa HIH HNOHHUIMEHHA YDOBHSHA BOJH B KaHajie ILII
apere (mpm = = (), KOorja U3MEHEHHC DTOTO YPOBHA NpHOIMKaercs
K JUHEWHOMY 3aKOHY, AN pellieHus 3ajad 10 IPOTHO3Y pe;KAMAa TPYH-
TOBHIX BOJ MomHO npumenuts ¢dopmyny (II1. 50). Ilpum srom pacuer
napaMeTpa @ mO JaHHHM 0 Kone0aHuAX ypoBHA B IpHOperkHOIl 30ne
Il pacdeT OJKH/AaeMbIX YpOBHeil Ha 3a/JaHHBE MOMCHTH BpeMeHM aHAI0-
ruuBsl pacdety mo dopmyne (IIL. 47, a). [laa stux ke medelt caymut
trabauna sHadenuit ¢yuxmun R (A), mpuBegeHHasg B NPHIOKEHHUAX.

JIlnsa ompefeneHUsA BpeMeHH 3aJlaHHOTO IOJBeMa YPOBHA T'PYHTOBHIX
BOJ Ha pAa3NMIHBIX pPacCTOAHNAX OT KaHala ¥ /JIJA BHACHEHHA B0HH
BIUSHHUA TOCIHEHET0 MOKHO BOCIIOJH30BaThCA QOpPMYyIastu, 3aMMCTBO-
BaEeiME y C. @. ApepnAHOBA.

AH
ITepenen- IIpu 3HavenuAx AHDO
HbiE
1% 2% | 5% | 10%
o Thept ki khept Fhonl
z 2,96 V LFhept 2,56 Vﬂ?“’t 2.06 Vk_hcp_t 1,66 Vﬂiﬂ.
u 0 u u
’ (NTVR LR R REEI L 022622 | 0363 L
M e 27 ey =20 Thhey ’ Ky,
p 0114 0,153 0.226 0,363

J ¢ .
B ot1om 1abanme BenmymuA ﬁ:r_ npejicTaBiseT co0oil  OTHOCH-
x

TeJIbHCE BpeMA, Tx — BpeMsA CTa6I/IJIH33[[HI/I IIOTOKa, KOTOpO€ paBHO:

_(VIL.2)

- W
khep *

Tx =
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BenuuuBEa T, DOKasmBaeT NOPANOK BpEMEHH, 3a KOTOPOE IIOTOR
KOHEUHOH [JHMHHK I10CHe BO3MYIMEHUA JOCTHTAeT HOBOro, 0Oojee Han
MeHee cTanmoHapHOTO peskuMa. C yBemuwueHueM KodddumueHara ypoBHe-

kh
IIPOBOJIHOCTH @ = —Tfl BpeMdA cTabunusanuyu T, yMeHbIIaercs. B arom

ciydae IIOTOK CTaHOBHTCH JerKO YIpaBisAeMbiM, TaK Kak HM3MEHEHHA
TOPM30HTOB BOJGI HAa €ro Kpaax (HampuMmep, KaHalaX) OTHOCHTENBHO
Onictpo mepepaorcsa B ray6e Geperos. VI HaoGopor, BHCOKHME 3HAUEHHS
BPEMEHH T, YKa3hBaloT Ha O0MBMIVI0O MHEPTHOCTH HOTOKA B CMEICHE
mepeyadd KodeGaHUN YPOBHA.

Pacxoy HeycraHoBMBIIErocs mOTOKa TPYHTOBHIX BOJ B 00e CTOPOHHI
or kamana omnpesenserca no C. @. Apepeanosy [10] us Bmipamenna:

0 3
Quoo = Sib-1-47) Eiben (VIL3)
rie T — BpeMsA moJBeMa TOPM3OHTA BOJH B KaHale (£ = () Ha Beau-
quny AHY;
! — BpeMs IOXBEMa YPOBHA TPYHTOBHIX BOJ Ha DAacCCTOAHUH Z.

CpasruBag (VII. 1) u (VII. 3), MoHO Buaers, 4r0 pacxof BOJH Ha
$napTpanuio M3 KaHala NPH IOCTENEHHOM M PaBHOMEDPHOM IO HATHII
B HeM ropusonTa Bojel or O mo A HO BgBoe Gonbille pacxoja, COOTBET-
CTBYIOINET0 TOMY jKé BPCMEHH II0CJIe MTHOBEHHOTO HOJHATHA TOPUB30HTA
¥ MojJleps/KaHUA ero B TedeHKe Toro s;xe BpeMmeHu. IlogseM ypoBHA rpyH-
TOBHIX BoJ Iipu ! = 7, B mepBoM cJydae — IIPH PABHOMEDPHOM IOIBEME,
He TONBKO MeHBIIe, YeM IPH MTHOBCHHOM YyBeIWUYeHWHM Hamopa, HO I
pacupocTpaHAeTcd Ha MeHBIIEe PACCTOAHWE B CTOPOHBI.

ITpyr Banmnuuyu WEPUIBTPANKOHHOTO IUTAHWA FPYHTOBHX BoJ (w > ()
unn npu ucnapeEnu (w < (), Koropeie COYETAITICA CO CIEAYIOHUMH
yeaopuavu: 1) nuHeiiHoe H3MeHeHHe YPOBHA Ha KOHIE IOIyorpa-
HRYeHHOTO moToka, T. e. AH (0, {) = vt; 2) magaxbHOE yCHOBUE
AH (z,0) = 0, pemerue ypasrerws (I1l.45), mammoe A. B. JleGe-
JeBbIM, MO/RHO 3alIECATh B CJEIYIONEM BHJIE:

AH (2, 8)= SE 11— RO+ AH (0, hR (Y, (VIL4)

rae AH (x,!) — u3MeHeHMe yPOBHA TPYHTOBLIX BOJ B CEUYeHHH T 3a
BpeMA [, u3aMepeHHOe IocjIe Hadajda M[OJBeMa YpOBHA
Ha KoHme motoka (z = 0);
AH (0, t) — m3MeHeHHe ypOBHA BOJI 3a TO ke BPeMsa B Hadalb-
HOM ceueHuu = (), KoTopoe OOHYHO HPUHAMAETCHA Ha
ypese BOJBL B KaHale.

kh
3HaA KodPPUNUERT YpPOBHEIIPOBOJHOCTH 4 = —”01, a Tarixe Qax-

THYeCKHid TIpaduK KodebaHHil YpPOBHSA TPYHTOBHX BOJ II0 CKBajKHHE
¥ TOPHM30HTA BOJAH B KaHale, MOKHO /A JJaHHOUX PACUYETHOU CXEeMBI C I0-
Mompio dopmyast (VII. 4) HaiiTu BenwuwHy WHTEHCHBHOCTH IHUTAHUA
IPYHTOBHIX BOJ W IIPM DaBHOMEPHOM IIoJbeMe ypoBHeil.
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Ina cocTaBleHHs NPOTHO3a NOJABEMa YPOBHA TPYHTOBHX BOJ IIOX,
BIIAHHEM HHQUIBTPAlMM IOJAMBHBIX BOJ, O0CAZKOB W KojJeOaHWS TOpH-
30HTOB BOAH B KaHalaX BHIMOJHAeTCA o0paTHHN XoJl pacdera, [Jf
KOTOPOTO BeJMUMHY WHTCHCHBHOCTH IIMTaHHA W ClHelyeT YTOUHATH
Ha OCHOBAHWH HOPMHI HOJNUBA.

Ecan rpadmr wmsMeHeHHWil TOpM30HTAa BOJH B KaHale BO BpPEMEHIL
HMeeT XapaKTep JIOMaHOH IUHHWM, TO HeoOXOJHMO BOCHOJB30BAThCA Me-
TOLOM CJOKEHWsA TeYeHWH, Kak 9T0 cAelaHO BHUle (CM., HampuMep,
dopmynrr (I1I. 48), (IIL. 49) u mp.).

3amernM, d9ro mepBoe ciaraemoe B $opmyne (VII. 4) Bmpamaer
BeJIMYMHY M3MEHCHHsI YPOBHA IPYHTOBHIX BOJ B BOJOHOCHOM ILIacTe
B pesyJbTaTe HNUTAHAS CBEPXY 3a BpeMA ¢ Ipu w = const m KpaeBHIx
yenosuax: AH (0, t) =0, AH (z,0) =0, (cm. dopmyay III. 56).
Bropoe cmaraemoe B Qopmyne (VII. 4) orBewaer wsMeHeHWIO YDOBHA,
BLI3BAHHOMY W3MEHCHHEM TOPH30HTa BOZH B KaHane mpunx =0 m w = 0.

Heoepanunennwill nomok,
NOAYHAOWULL RUMAHUE HA Noaoce 60abULoll Oaurbl

Taxoit ciaygail IBHKeEHA BCTPEUALTCA 9acTO B YCIOBMAX OPOLICHWA.
Kaxk yxasuBaer C. ®. Apepbanos [10], smech xapaxrepno oTcyTcTBEe
HOJ{3eMHOTO OTTOKa B KaKue-1ubo JpeHH, HO NPOMCXOIUT OTTOK 3a IIpe-
JelBl OPOUIAeMEIX MaCCUBOB, B CTOPOHY HCOPOIIAEMHIX 3eMelb.

Penrenne 8ajad mo mporHO3Y YPOBHA I'PYHTOBHIX BOJ IPH IOJOCO-
0o0pasHoM pa3MeIIEHWHM OpPOIIAeMHBIX 3eMedb, Ije w = const, Kormga
COOTBRTCTBYIAA I0JOcA HNpPAMOJWHEHHA m mMeer OONBIIyI0 AJNHHY
cpefiu HEOTPAHWYEHHOT0 IOTOKAa, CBOAMTCA K NPHMEHEHHI0 §OpMY I
(I11. 57), momydemHoii Ana pauHmxX ycmosmit (pue. VII. 2),

IIo C. ®. AsepssanoBy [10], B oTcyTcTBME mOANMTHIBAHWA HAHOD-
HHIMH BOJAaMM pacdeTHhie QOPMYIHl MOKHO HANHMCATh CJeNYIOMHM
o0pasom:

a) naa BEemseit obmactu (|| = L)

AH (z, t) = %’f_{ [1“‘R(7¥1)];“’—R(7~3)] }; (VIL. 5)

0) nna BEyrpenneii o6mactu (|z| < L)

AH (z, 1) = L;’L‘_{““R‘M”j“"mﬂ” I (VIL. 6)
EN
A =21 +E),
ba=hy(1 —2), 1, (VIL. 7)
7‘3 = 0(_“"— - 1)’
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L———k—‘ e Y2 IR0 — ~~~—-/—>Ll o T mmim e 2O e

Puc. VII. 2. floseM n0BepXHOCTH IPYHTOBEIX BO OJT OPONIAEMBIM MacCIBOM 1T JHHA-
Muka noaseMuoro orroka. Ilo C. @. ABepbsiHOBY

a — I3Menenie ¢ TedcHUEeM BpeMenM pacxXoza (P) n o0bema (y) 1MoA3eMHOro OTTOKA 3a Ipeernn

opolllacMoro Maccusa B JOJAX OT pacXona IMUTAHUA PPYHTOBHIX Bold Qp = 2 wL u obbeMa NHUTaHMA

wg = Qgl; 6 — NogbeM MOBEPXHOCTH IPYHTOBHX Box AH (B MeTpax) ¢ TeYeHHeM BpPEMEHH B pas-

JIMIHBIX CEYeHIAX,; 8 — MOBEPXHOCTI I'PYUTOBRIX BOX II0[ OpOoIlAaeMbiM MaCCHMBOM 11 B CTOpoHE OT
HErQ 4Yepes pasmudHble CPOKN focne Havana opomeHHA

218



Ecaun mepefity K orTHocnieabnoMy Bpemenn, to Momuo (VIL 7}
npeiCTaBUTb B BHJE!

A= b (1 | EQ_)
V‘f’o §
1 Bo :
by = /-<1-—]/ﬁ—é’) : (VIL 8}
< F Mo
Ay = 1_( Bo _ )
-2 Po p
12 T i~ i I I T O T A V4
E R QRN
0,5_““"“* e *—\;"-——/}v—l’*;
| J_A _ L, B S S g‘t\ [ N N
r~ | ' i —? }/; o _[ -
S T N
o L L] ] L
SMTT T LT ZAN
S e A I TN
= B B — = i
o _—-i‘_l-.—«_y{ - [;Mﬁ; o Ukarna _Jl
0 — B H JS S SN U SO ,._.,_,_tj:—
200 160 160 140 120 100 080 080 340 420 0
QU G700 0097 Q12216 070 075070040250070100 200 4008020800
Uhomr 8= 3006 525007

Puc. VII. 3. 3asuenmocts [1 — R (M)] n § or A uf. o
C. @. ApepbanoBy

[4
rjge ﬁ = .E — OTHOCIITE/IbHOE BpeMA IJIA NaHHOTO CeyeHHsI, HaxXOoJdA-
merocA Ha pacCToAHAM I OT IIeHTpa IOJTO0CH IIOJIIBA,

w2
Fhop

t
ﬁ(,:-—_r————OTHOClITeJIbHoe BpeMA JJdd TpaEHNB MaccHsa, T. e.

Ty == ~— BpeMA CTadINII3anHH JIJIA CedyeHuA I,

oA x = L;
L2

T= ey BLeMA cTalIIsanuy st TPAHUI] IOTOKA.

Honszosanue Gopyuynamu (VIL. 5), (VIL. 6) ve mpemcrasmr Tpyia,
eciii cocTaBuTh Oodee JetaabHuiil rpaduk ynkunn R (M) wau 1 — R (A),
kak 9To cpexan C. D. Aseposmop (pnc. VII. 3), u BocmonbzoBaThCs
ero Ttabuamneii.

Corsiaczo CKa3aBHOMY BBIIE, HJA Ka;KJA0T0 3HAUEHNIA A MOKHO Ha-
OECATh BHPA/KeHUA 1A OTHOCHTEIBHHX BPCMEH B CjelyOIeM BIfe:

. ﬁ() . kh cpt ~
Bl_“(L+2y = Re+pr AR

A : kR
b= (ioz)z T A (V1L 9)
Bom —Po . — Kol g,

(z—1;2  N(z—Lp
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SHavenna ¢ysrnmum R (A) ana pasauuseix P m A nmpusesens
B rtabm. VII. 1.

TaGamma VII 1
PacyerHast Ta0muna @yHKUuil

1

Bo ’~=2—]7ﬁ—; 21 RM | t—R® U A R
0,00 ©o oo 0,000 1,000 0,000 | 1,000{ 0,000} 1,000 1,00
0,05 2,24 4,47 0.000 1,000 0,000 | 1,000{ 0,000 1,000| 1,00
0,20 1,12 2,24 0,037 0.963 0,002 | 0,998 0,000 1,000| 0.96

0,30 0,913 1,83 0,076 0,924 | 0,010 | 0,990 0.002 | 0,998 0,93
0,40 0,791 1,58 0,116 0884 | 0,025 | 0,975| 0,006 0,994 0,89
0,50 0,707 1,41 0,151 0,849 | 0,046 | 0,954] 0,012 | 0,988 0:86
0,60 0,646 1,29 0182 0,818 | 0,068 | 0,932 0,019 0.981{ 0:83
0,598 1,20 0210 0,790 | 0,091 | 0,909 0,028 0,972} 0:81
0,559 | 1,12 0,236 0,764 | 0,414 | 0,886 0,037 0,963 0,79
0.527 1,05 0,259 0,741 | 0,136 | 0,864 0,047 0953 0:78
0,500 1,00 0,280 0,720 | 0,157 | 0.843] 0,057 0.943| 0,76
0,408 0,816 | 0,361 0,639 [ 0,249 | 0,751 | 0,106 0.894| 0:72
0,354 0707 | 0,417 0,583 | 0,317 | 0,683 ] 0,451 | 0,849 0:68
0,316 0,632 | 0,463 0,537 | 0,371 | 0,629 | 0,490{ 0,810 0:66
0,289 0,577 | 0,497 0,503 | 0415 | 0,585 0.225{ 0,775| 0165
0250 0:500 | 0,549 0,451 | 0,480 | 0,520 0,280 0,720 0:63
0,224 0,447 | 0,587 0413 | 0,527 | 0,473 0,325 0,675 0:61
0,204 0,408 | 0,616 0,384 | 0,564 | 0,436 0,361 ] 0,639 0:60
0,189 0,378 | 0,639 0,361 | 0,593 | 0,407 0,392 | 0,608 0:59
0477 0.354 | 0,658 0,342 | 0,617 | 0,383 | 0,417 | 0,583 | 0:59
0,167 0.333 | 0.675 0,325 | 0.638 | 0,362 0,442 0,558 0:58
0,158 0,316 | 0,689 0,311 | 0,655 | 0,345| 0,463 | 0,537 0:58
0,144 0.289 | 0,713 0.287 | 0.683 | 0,317 0,497| 0,503 | 0:57
0,134 0267 | 0,732 0.268 | 0,706 | 0:294| 0:526 | 0,474 | 0:57
0,125 0,250 | 0,747 0253 | 0,724 | 0:276| 0,549 0,451 | 0:56
0,118 0.236 | 0,760 0,240 | 0,739 | 0261} 0,569 0,431 0:56

o 2]
o

oo
SS

Sodbodbdoond

e A
OO WO 2O DOS

20 0,112 0,224 | 0,771 0,229 | 0,751 | 0,249 | 0.587] 0,413 0:55
25 0,100 0,200 | 0,793 0207 | 0,777 | 0:223] 0,622 0,378 0:55
30 0,091 0,183 | 0,810 0.190 | 0,796 | 0:204] 0,648 | 0.352| 0:54
35 0,085 0,169 | 0.822 0478 | 0,811 | 04189 0,671 | 0:329| 0:54
40 0,079 0,158 | 0,833 0467 | 0.823 | 0,177 ] 0689 0,311 | 054
50 0,071 0,141 | 0.849 0,451 | 0.842 | 0438 07201 0,280 | 0°54
60 0,065 0,129 | 0,862 0,138 | 0.855 | 01145 0,739 0,261 ] 053
70 0.060 0,120 | 0,872 0,128 | 0:865 | 0,135] 0,756 | 0,244 | 052
80 0.056 0,112 | 0,880 0,120 | 0,874 | 01126 0,771 | 0229 052
90 0,053 0,105 | 0,887 0,113 [ 0,882 | 04418 0,784 0:246 | 052
100 0,050 0,100 | 0,892 0,408 | 0.887 | 0,143] 0:793| 0,207 | 052
150 0,041 0,082 | 0911 0,089 | 0,908 | 0.092| 0.828| 0:172 ] 052
200 0,035 0,071 | 0,922 0,078 | 0920 | 0,080 0:849{ 0,151 | 052
300 0,029 0,058 | 0,938 0,062 | 0,935 | 0:065| 0,878 0,122 | 0'51
400 0,025 0,050 | 0,946 0,054 ] 0,944 | 0,056 0.892] 0,408 0:50

Hna pacuera BeaMYHMHEI MOABEMA YPOBHA TPYHTOBHIX BOJ IO IeH-
TPOM OpOMIaeMOT0 MacCHBa HeO0XoA¥MO mnpHHATE Z = 0, 4UTo paer:

AH (0, t) = ";L_‘ [1— R (M) (VII.10)
3reck 0003HAYCHUA Ipe;KHME.
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Bumecrte ¢ mocmemmeii ¢opmymnoit JeficTBHTENBHO TaK/Ke YpPaBHCHIE
CBA3W M3MeHEeHHWSI YPOHS ¢ PAacXojoM MOTOKA B cedeHum T = (0:

AH(0,t)=QE, (VII. 11)

rae (J — pacxopx mpH COCpPeTOTOYeHHOM NHWTAHHNN IOTOKA;

— ow LYt ,
= e———e——— \’II. 12
¢ v o khep ( )

VRO _ 1
t= ZEU—RG; ho= 55
Kosdppnmment { moxasmBaeT, HACKOABKO MOABEM IOBEPXHOCTH
FPYHTOBBIX BOJ IOJK HEHTPOM O0POUIAEMOT0 MAaCCHBA OTIHYAETCH OT IMOXB-
eMa ypPOBHA 9TUX BOJ mPH TOM j;Ke cymmapEoM muranun @ = 2 wL, Ho
MOCTYIAIOMEM COCPelOTOIeHHO.
Hns pacdera u3MeHeHHs YPOBHA TIPYHTOBEIX BOJ IOJ MEHTPOM
OpOIIaeMOr0 MAacCHUBA MM TOJ KAaHAJAOM IIPH PacCMATPpEBAGMBIX YCJIO-

L2
BHAX [0CTATOYHO IOACIMTATH BpeMA cTabmamsammu T = l;:h , OTHO-
cp
ty t
CHTeJNbHBIC BpeMeHA —T’—, —1—2— m T. . H© 1o rpaduKy 3aBHCEMOCTH

1 — R (A) mafiTm Ty pasHOCTb, a 3areM mo gopmyne VIIL. 10 Brrum-
caath ucromoe AH (0, ©).

Pacxox moroxka PpyHTOBHX BOX, OTBOZHEMBIX B 00e CTOpDOHHI 3a IIpe-
nensl opomaemoit mromanau no C. @, Asepsamosy [10] pasen:

1 .
Query = Qo ¥ [qJ —1— @(—/—_m)} (VIL. 13)
v Bo

3aechy @y = 2 wl — cyMMapHHI pacxof NHWTAHUA; KaK MO Hpe:rje,
2
60 = .—.t‘_; T = .——“L R
T khep

C. ®©. Asepssanos [10] mpepmaraer ompemensaTh cyMMapHbBIE IOCTYI-

NeHAA WHPUILTPAIMOHHLIX BOJX 3a IPeAessl OPOUNIaeMOro MAaccmBa IO

dopmyae:
W, = W0 Y, (VII. 14)

rae W, = Q,t — xonugecTB0 HHPIIBTPANAOHHHIX BOJX, MOCTYIHBIINX
CBepXy HA OpPOMAaeMyl0 INIOMAAb, KOTOPHE MOCTHLAOT
3epKana TPYHTOBHIX BOJX 3a BpeMA f;

1
Y - R ( _—> )
vV Bo
Iror kosdpPuImeHT MOKA3BIBAeT Ty 9YacTh 00beMa NUTAHWA [PYHTO-
BHX BOJl, KOTOpasA OTBOAUTCA 3a IpeJelIbI MACCHBA.

Kpome ykazamumsx Beimie (QyHRIWHE, Mid onpedesieHHs Hamopa —
R(AM) n 1 —R(A), pacxogoB —p m 1 — 1, obvemoB —yu 1 —y,
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C. @. ArepbsaHOB BBOAHT *

3aBHCAT OT GTHOCHTEABHOTO BpeMenH P, m A =

dyExumo BaromieHus v. Bce stu $pymrnum

1
——ﬁr; OHII IPHABeJie HE!
[

B taba. VII. |, rze B 0000meHEOM BHJe HPEACTABIEHHI HIEMEHTH pe-

T K1) |
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7 77I77/ T 77 TR 7T T e 777
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Puc. VII. 4. PacgcTHBle cXeMH HeyCTa-
HOBUBIVelicA QUILTPAIIHM M3 CHCTeMHl
KanaioB B 6e3ipeHasnHX YCIOBUAX.

ITo C. ®. ABeppAHOBY
K — Kasal, h — MOLIHOCTb BOJOHOCHOTIO
nnacrta; £ W — UHTEHCHUBHOCTH NHMTaHUA

PPYHTOBHIX BOJ INIM HCHapeHud ¢ MX TIOo-

BepXHoCTH; @ — (IIbBTpAUMOHHBIN Dacxof

U3 KaHala B YcJoBHAX «cBobomHolt GuibT-

panun»; L — TOJIoBMHA DPACCTOAHMA MEXIY

Kananamu; a, 6, 6 — moAmnepTad QPuabTPa-
nuAa; ¢ — ceobogHaa PuabTpallA
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MUMa TPYHTOBBIX BOJ| IIpH HeycTa-
HOBUBHIEMCA [BHKEHUH [Jd 3a/]aH-
HBEIX T'pPaHMYHBIX YCJOBUIA.
Hos¢dunuenr paxonmenmst v
MOKA3LIBAET, KAKYK [JT0JHK COcCTa-
BJIsIeT TI0]IbeM YPOBHA TPYHTOBBIX
BOJl IOJ OCBI0 KAHAJIA WJHU B HEHTpE
opomaemoro maccuBa (AH (0, 1)) or
MAKCHAMAJBHO BO3MOYKHOTO IOfAbEMA
IpHU OTCYTCTBHU PACTeKaHUA MOTOKA.

ITomok epyrnmosuz 600,
02PAHUMEHHVIE € 08YZ CHLODOH
KaHaiaM, NPU omcymcmeuu Oper

C. ®. Asepovsanos [10] amaan-
3UpPYeT TaKKe CJaydal JBIUKEeHHS
TPYHTOBHIX BOJ Me:KAY KAaHaJaMI,
pacmosioeHHBIMH  Ha HeBoJabUIOM
PACcCTOAHNH OfUH OT APYLOro, MpH
KOTOPOM OTMEYaeTcsi HUX B3aUMO-
sausnue. CooTBeTCTByWIME TPYH-
TOBBIEe IIOTOKIHL OH HAa3bIBaeT 0TO-
KaM{ OTpaHHYEeHHOH IJIHHLI B OT-
cyTterBue JipeH (B YCHOBHAX JiBU-
yxeHuss 0e3 or1Tora, puc. VII. 4).
PaccmoTpnM  BEpaTHe  pacueTHbie
CXeMLl, IPHBEJCIIHEE HA BTHX pPIi-
CYHKax.

1. IBw:kenue npn  OTCYTCTBINR
BAArooGMeHa LKOTOKa ¢ arTmocdepoii
(pme. VII. 4, a). Ilpu HermyGorom
HAYaNbHOM  HOJO;ReHHH  YPOBHA
TPYBTOBHIX BOJ € CAaMOro HAYaia
PunbTpanEu BOIBL 3 CHCTEMBI OPO-
CUTEAbHLIX KAapwajoB, PacIoJoKeH-
HBIX OJUH OT APYroro Ha paccros-
ppu S = 2L, BO3HMKAWT YCIOBHA
nogmopa. Ilpu orcyrerBum DuTaHMA
cBepXy 3ajada CBOJUTCA K pellle-

1 Yrolm Ie cMemiiBaTh 3T0T KO03d-
durent ¢ 0003HATeHIICM BOZOGTAAWI W,
Mbl 06035aUUIAM €r0 1dcpe3 v.



gnio ypasuenusa (I11.45) mpm w = 0 m npm cireayomux KpaeBoIX

YCJI0OBHAX!
HAYaJIbHOE YCJOBHUE

AH (z,0)=0 (npm ¢ = 0);
TpaHWYHBIE YCJAOBUA

=0, AH =AH° (rns t>0)

= T T 0,
rae AH (z,t) = H (z, t) — H.(x).
3xech H (x, t) — oTMeTKa ypOBHA BOAB B CeUYeHNH I B MOMeRT Bpe-

MEHH I;
H,(x) — orMeTKa yPOBHA BOAHl B TOM Ke CeYeHHHl B HAYAb-
HbIIT MOMEHT BpeMeRH.
Hawano koopaumar x, §¥ moMemjaeTcs IOA IepBHM KaHAIOM Ha BOJO-
yrnope TpPyHTOBBIX BOf.
Pemennem ypasmenusi (I111.45) pna saganssix ycaosuil 6yaer ¢op-

MyJa:
AH (z,1) = AH (1 — ), (VII. 15)
rae ¢ =2 i‘;n sin A,z exp (—Ant),
1
hn=(@2r—1)5, n=1,23...
i=, t=atp T=d

t .
Mpu B, == > 0,2 ¢ Mo0cTAaTOYHON TOYHOCTHI) MOJKHO BOCIIOIb-

s3oBaTbcsa GopmyIoil:

hbhp——m——er . nz
¢ = -}/ exp (—aBy) sin TE-.
7T 2
B taGa. VII. 2 nmpuBemenst 3Hauenws QyHKIMH ¢ B 3aBICHMOCTH

ot P u g = exp (— n® fy) AIA PABAMYHBIX OTHOCHTETBHLIX -BEIHUNH

paccToAHUA T =—%.
Pacuer mo ¢opmyane (VII. 15) cBogutca k caegyomeMy:
p L2

1. 3mas p, L, k, hep, onpeneasier speMsa cTabUAN3aNAN T = T
: ) ~ Fhep

2, Jlaa HY;XKHOrO MOMeHTa BpPeMeHH ! HaXOJUM OTHOCHTe;IbHOe BpPCeMSA
t

Po = —.
T
3. 3uana Py, nmo ta6a. VII. 2 ompemensieM BCHOMOTraTeXbHYIO BejH-
auny ¢ = exp (— n?p,) HaAM HEMOCpPeJCTBEHHO IO 3HadeHUIo P,
- . .
AJA PAa3TIHAYHBIX T — ~L— B TOM ;Re Taﬁmme HAXOJHUM 3HAaUeHHUA q))’HKIH/lI/I ¢.
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Tabamga VII.2

3HaveANsA BCOOMOTraTeNbHOH QYHKOMHM @ [IA ompellelieHNA MONbeMAa NOBEPXHOCTH TPYHTOBBIX BOX mpu dmiabTpanmd
N3 CHCTEMbl KAaHAJOB N OTCYTCTBUM OTTOKA

q
1 BHAYCHUAX —5—
P Bo

-_ X

X T ———
L 0,001 0,01 0,05 0,10 0,20 0,30 0,40 0,50 0,60 0,70 080 0,90 0,05 1,0

0,700 0,467 0,304 0,234 0,163 0,122 0,093 0,070 0,052 0,036 0,023 0,011 0,005 0

0,05 0,017 | 0,032 | 0,047 | 0,057 | 0,069 | 0,081 | 0,092 | 0,406 | 0423 | 0147 | 0,485 | 0.266 0,37 1,00
0,10 0,035 | 0,063 | 0,094 | 0413 | 0,438 | 0460 | 0484 | 0210 | 0244 | 0290 | 0,36 0,51 0,67 1,00
0,15 0,053 | 0094 | 0440 | 0469 | 0206 | 0238 | 0,272 | 0,31 0,36 0,42 0,52 0,70 0,86 1,00
0,20 0,070 | 0,424 | 0486 | 0223 | 0272 | 0,31 0,36 0,41 0,47 0,54 0,65 0,83 0,96 1,00
0,25 0,087 | 0454 | 0231 | 0,276 | 0,34 0,39 0,44 0,50 0,56 0,65 0,76 0,91 0,99 1,00
0,30 0,403 | 0483 | 0273 | 0,33 0,40 0,46 0,51 0,58 0,65 0,74 0,84 0,96 0,99 1,00
0,35 0,118 | 0,210 | 0.31 0,38 0,46 0,52 0.58 0,65 0,72 0.81 0,90 0,98 0,99 | 1.00
0,40 0433 | 0,236 | 0,35 0,42 0,51 0,58 0,65 0,71 0,79 0,86 0,94 0,99 1,00 1,00
0,45 0,447 | 0261 | 0,39 0,47 0,56 0,64 0,70 0,77 084 | 091 0,97 1,00 1,00 1,00
0,50 0460 | 0285 | 0,43 0,51 0,61 0,70 0,75 0,82 0,88 0:94 0,99. | 1,00 1,00 1,00
0,60 0484 | 0,33 0,49 0,58 0,69 0,77 0,84 0,89 0,95 0,97 1,00 | 1,00 1,00 1,00
0,70 0,202 | 0,36 0.54 0,64 0,76 0,84 0.89 0,94 0,97 0,99 1,00 1,00 1,00 1,00
0,80 0,216 | 0.38 0,57 0,68 0,80 0.88 0,93 0,97 0,99 1,00 1,00 1,00 1,00 1,00
0,90 0.225 | 0,40 0,60 0,71 0.83 0,91 0,95 - | 098 0,99 1,00 | 1,00 1,00 1,00 1,00
1,00 0,227 | 040 0,60 0,71 0,84 0,91 0,96 0,98 1,00 1,00 1,00 1,00 1,00 1,00




4. Ha ocmopaumu dtoro mo ¢opmyise (VIL. 15) maxogmm Benmauny
U3MEHeHUsI YpPOBHS TPYHTOBHX BOJX B 33JaHHOM CeYeHHH I B MOMEHT
BpeMenu {.

Pacxof moToka IPyHTOBEIX BOJ B OJHY CTOPOHY W3 Kamajia (B cede-
nnu z = () Oymer paBen:

Q =Ml y, (VII. 16)
rpe ¢y = H,(0) — ¢pyBrmA, 3aBHCAmasg TOABKO OT OTHOCHTEIbHOIO
BpeMeHu P, = —tr—, rfe T — BpeMs CTa0WMIu3amuu.
B rab6a. VII. 3 npusenens 3madenws P B 3aBHCHMOCTH OT OTHOCH-
TeJXbHOTO BpeMeHH fo = -
Tabanuga VII.3
3ravemna P (fo)

Bo ¥ Bo ¥ Bo ¥ Bo ¥

0 o] 0,09 1,88 0,50 0,582 1,60 0,038
0,01 9,65 0,10 1,78 0,60 0,454 1,80 0,024
0,02 3,99 0.15 - 1,44 0,70 0,355 2,00 0,014
0,03 3,26 0,20 1.24 0,80 0,277 2,50 0,004
0,04 2,82 025 1,09 0,90 0,216 3,00 0,001
0,05 2,52 0,30 0,957 1,00 0,169 3,50 0.0004
0,06 2,30 0,35 0,843 1,20 0,103 4,00 0,0001
0,07 243 0,40 0,745 1,40 0,063
0,08 2,00 0,45 0,658

2. JlBm:kennwe  NPH  HAJIMYMM ~ MCHAPEHHS  IPYHTOBBIX  BOJ
(pue. VII. 4, 6). dror caydait JOBOIBHO TAcTO HAONIONAETCS B YCIOBUAX
HernyGoOKOTO 3ajeramns 3epKajia TPYHTOBHIX BoX. B oTimdme or mpepsi-
Aymein cxemsl, sfiech QuabTpylomuecs A3 KaHAaJI0B BOJH PAcXOAYIOTCA HE
TOABKO HA HOJBEM INOBEPXHOCTH TPYHTOBHIX BOJ, HO W HA WCIApEHHE.
Iosromy ymectrno npumenuth ypasuemue (I11. 45), B Koropoe caemgyer
nojcTaButh w = — Urp, 4 BeJUYHHLI HAOOPOB BOJAEI 3aMEHUTDH HX H3-
mMemenneM 3a Bpems ¢, T. e. AH (z, t), rae Upp — MATEHCHBHOCTH
HCIapenus TPYHTOBLIX BOJ.

Kpaessie yeaosus gageoil 3aKaqu BHIPAIRAIOTCH CAeYIOMUMA ypaB-
HeHUAMH:

HavyaiabHOe YCJOBHE:

t =0, AH = 0; pana pceit obaacra (— L <z < L);

TpaHUYHLIE YCIOBHA:

= + L, AH = AH° (MroosemmOe yBeJIWYemme Hamopa B Ka-

Hanax);

JAH
z = 0, 5 = 0 (mocpemmHe MeKQy KamajlaMd TOPHE30HTAJBHOE

JABHKeHWe BOJ OTCYTCTBYeT).
Hagano wkoopammar BrifpaEo B 3TOM MecTe Ha ypOBHE BOLOYIOpA.

15 Bakaz 207. 225



Pentenne ocEoBHOro ypasmenus (11I. 45) mpm yrasauHHX ycaoBHAX
IONy4aeTcd [JOBOJBHO I'POMO3JKHM M JUIsi TPAKTHIeCKOTO 1CIOJIb30Ba-
Ana Mano upmrogHo. Ilaa pememma Ooiee yskoit 3ajadyi — oupejene-
HUA JANHAMAKHA IOBEPXHOCTU TPYHTOBHIX BOJ INOCpeuHEe ME:KAY KaHa-
gamu (z = 0) C. @. ABepbsaHOB peKoMeHayeT QopMmyay:

AHO

_ _Urpl?®
rae "= Thep A

B ra6n. VII. 4 npueepenn swademusi Beqmuur (1 — @), (1 — ¢,)
w L2

— BpeMa  cTabunmsamuu.
khop

¢
B 3aBUCHMOCTH 0T o = — e T =

Tabanmna VIIL 4
3navennsa 1—o@, 1—q,

Bo 1—0Q 1—o Bo 1—Q 1—@1
0 0,000 0,000 0,45 0,580 0,660
0,01 0,000 0,020 0,50 0,629 0,700
0,02 0,000 0,040 0,60 0,710 0,765
0,03 0,000 0,060 0,70 0,774 0,817
0,04 0,001 0,080 0,80 0,823 0,857
0,05 0,003 0,100 0,90 0,862 0,888
0,06 0,008 0,120 1,00 0,892 0,913
0,07 0,015 0,140 1,20 0,934 0,947
0,08 0,025 0.159 1,40 0,960 0,967
0,09 0,037 0,179 1,60 0,975 0,980
0.10 0,051 0,198 1,80 0,985 0,988
0,45 0,136 0,288 2,00 0,991 0,993
0,20 0,228 0,370 2,50 0,997 0,998
0,25 0,315 0,443 3,00 0,999 0,999
0,30 0,393 0,508 3,50 1,000 1,000
0,35 0,463 0,565 4,00 1,000 1,000
0,40 0,526 0:616

C. @. Asepssnos [10] maeT Tarme BHIpa:KeHHA [AJA pacxofa IOTOKa
B cedeBnu r = L (Ha ypese KaHaya) W Aad APYTUX aHAJOTHYHHIX CIY-
qaes ¢unbrpamuu (cm. pmc. VII. 4).

3. [Ipuskende npH HAAMYHM HHPUIBTPANMOHHOrO NHMTAHHA TPYHTO-
BBIX Boj, Ha mytu noroka (puc. VII. 4,6). B cnyuasx, Korga rpyHTOBHE
BOJHL 3aJIerar0T HHUKe To# riayOmHBI, HAYMHAA ¢ KOTOpoil mapuabTpanus
cBepxXy mo abCoJOTHON BeAMYMHE CTAHOBUTCA OGoabime abCcoaOTHOH Be-
JMYMEH WCHAapeHHA 9JTHX BOJ, HEHNOCpeJCTBeHHO NPHMEHMMO ypaBHe-
gue (II1. 45). B srom ypaBEenmuum w — MHTEHCHBHOCTH NHUTAHWA TI'pPYH-
TOBHIX BOJ cBepxy (ma/cymrku). HadanvHbie W rpanmgfbie yCJOBHA —
Te ke, 9To W B TIpeAbIAyIneil cxeme.
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@opMyna pis pacdera MOJbeMa YPOBHA I'PYHTOBHX BOJ HOCpefHHE
smeskay xamasiamu, mo C. @. AsepbanoBy (10), BRHIIsauT Tak:

AH (0, t) = AHO(1 — q) + 20 (1 g, (VII. 18)
. wl?
rae M= Ty ALY *

3navenusn 1 — @, 1 — ¢, onpefensatorca mo tadn. VII. 4 B 3aBucn-

MOCTH 0T 3maveHH P, = -

4. ]IBm:kenume mnpu ¢BOOOAHOI (uUAbTpPamUm H3 CHCTEMBI KaHAJOB
(puc. VII. 4, 2). Ecniu mepBonavasnbHEas moBepXHOCTH TPYHTOBHIX BOJ
3azeraeT Tak riay0oko, uro PuabTpamuA K3 KaHaJda HOCHT CBOOOIHHK
XapakrTep, T. €. ODPOHCXOAUT HHPHUIBTpPANUA BOABl W3 KAHAJIOB B OTHO-
CHTEJBHO CYX0il I'PYHT 6e3 MOANOpa TPYHTOBBIMI BOJAaMU B OTCYTCTBHE
nuTapua mo miomanu (W = 0), To npu AIHTeaAbHOH QUABTPAMNE MOYKHO
NpHOIHKEHERO NPUAATDH, 4T0 QUIABTPANMOHHARIA pacXoj U3 Kagana Q, =

= const. B JelicTBUTeABHOCTH 3TOT PacXoj YMEHBIIAGTCH € TeYCHMEM
BpEMEHH.

Jlus pemenusa 3ajadd O IIPOTHO3e YPOBHA BOABI MEKAY KaHAIAMHI
caefyeT mcxoauTh w3 audpdepennumanvEoro ypasuenns (II1. 45), rme
w =0, Opu crefyOMUX HAYAIHHHX W TpaHuYHHX ycxoBuax: 1) ¢ =0,

dAH
AH =0; 2z =0, — = 0; 3)z = + L, Qy = const. Ilpu arom
OpPHHUMAETCSA, 9TO HA CcepefilHe PAacCTOSAHNA Memxly KaHAJIaMH JBHKe-
HIE TPYHTOBEIX BOJX OTCYTCTBYeT, a B CeUeHHAX KAaHAJIOB PaCXOJH HMOTO-
KOB IIOCTOXHHBI BO BPEMEHH. JTO MOJOKeHHe 0TBeYaeT YCIOBUIO COXpa-
HeHNA YKJIOHOB IOTOKA IOJ KaHalaMH 0e3 H3MeHEeHHA BO BpeMeHH.

. t
JIlas ManuiX 3HAaYeHWH OTHOCHTENBHOIO BpPEMEHH ﬁ——:?, o

C. @. ABeprsaHOBY, BeJINYNHA H3MeHeHHA YpOBHA BOJbL IOJ] KaHaJaMH
onpenensiercsi U3 BHPayKeHHA:

AH(L, 1) — 22V (VII. 19)
V u khep

B ycnoBusnx cpoGopHoii unduipTpanuu BMecTo (), MOMHO IPHHATH

Qo
- (cM. mmxe).
W3 paccmoTperns sToil GOpMYyJH jesaeTcsd BHBOJ O TOM, YTO B Ha-
gajie [BIKeHHUA MOAbeM TIPYHTOBBIX BOJ NOX KaHAIOM IIPOHCXOAUT
Tak, Kak Oymro 0w kamanx pabdoraer OfMH. 3aTeM ¢ TedeHHEM BPEMEHH
CKAa3bBAETCA IOANMpammee feHCTBUE COCETHHX KAaHAJIOB, X IOABEM
TPYHTOBLIX BOJi YCKOpHAETCSA. Ecnu B mavame 3aBucumocts AH ot ¢
pMeeT mapaGomamdeckuii Xxapakrep, To B IIOCJeAyiolee BpeMs, IPHA B3an-
MOACHCTBUY KaHAIOB, OHA CTAaHOBHTCA JHHEHHOH.
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Ilpu prurenpHOll puibTpanuy N3 KaHAIOB IOABEM IOBEPXHOCTH I'PYH-
TOBHIX BOJ IOJ KaHAJOM MOKHO ompefennTh no gopMmyJe:

AH (D, ) = 52 Q@ (14 5). (VIL. 20)

rme Q. = 2Q, — pacxop Ha QuUibTPAmHI M3 KaHAIAa;
Q, — pacxof ¢MABTPAUOHHOI0 IOTOKA B CEUEHHWH KaHAIa;
T — BpeMsA ¢Ta0UIA3aNN.
Ilo C. ®. ABepbanoBy, B QUIbTPYIOIEM CPYHTEe HMEETCA 3aMEMJICH-
ABA BO3AYX, IO03TOMY

Qp = Kyl ( >(B + 2ho); (VII. 21)
rage ‘
Ky=k (=)™, (VIL. 22)

rre K, — KoaddunuenT BOAOIPOHANAEMOCTH 1 orpevaromuii MOJTHON BiIa-

T0eMKOCTH I'PYHTA W, = m — p (3/1eCh M — HOPACTOCTH I'PyHTA;
P — OTHOCHTeJIbHOE COflep/KaHNe 3ameMIeHHOr0 BO3yXa, Mpi-
mepro pasroe 0,05-+0,06), a Tarxe — cofiep/KaHUIO «CBA3AH-
HO#» BOJH W,, MpPN KOTOPOil HAYMHAETCHA HHTEHCHUBHOE [BH-
sKeHHMe BOJXBl B T'pyHTE;
k — rosppunment ¢uabrpanum;
| — nuHA KamHaxa, M;
H, — Broicota RanMuUIAPHOTO NOAHATHA,
B — mupuna KaHaJXa II0 ype3y BOJH;
h, — raybuHa HaAmOJXHeHHA KaHAJA.

@opmyna (VII. 21), xar ykaseBaer 9TOT aBTOp, HpPOBEpeHa Ha Mare-
pHANax ONmBITOB M J[0 TojiydeHUus 0ojiee COBEPUICHHHX PEIICHWI MOKeT
OBHITH PEKOMEHIOBAHA [JIA OIpeJe/ieHus BeJWIMHHE QHILTPANHOHHHX
Hotepb MpH YCTaHOBHBUIeiicHs cBoOORHON ¢uibTpamum.

O6pasoBaBmuiicA mojx KamanoM Oyrop TpyHTOBBIX BOJ Bcerja BHIMIe
«cpefHEro» TOABEMA, MONCYMTAHHOTO IO CYMMAapHEIM IOTEPsAM, HA Be-
NUYUAY:

QoL
6khop °

Ah, = (VII. 23)
IloepxHOCTH T'PYHTOBHIX BOJ MEKAY KaHamamu OymeT HIKe «cpef-
HEro» MOjfheMa Ha BeJHYUHY:

QpL

Ah2=mc—p'.

(VIL. 24)

! Koaddmnnent BomonponnnacMocT K p, 3aBACAMIAIL OT COfepKAHAA B TPYHTE

3aIMEMIIGHHOTO BO3/[yXa, OTINdaercsa oT Kosddunnenta QUabTpanuu k, OTBETaloOmero
IIOJIHOMY 3amolHenmio mop rpyara sofoit (C. @. AsepwsaunoB [6, 10]).
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Tarum oOpasom, OpeBLIlIeHMe HOBEPXHOCTH TIPYHTOBBIX BOJ 110
KaHaJIOM HAJ NOBepXHOCTHI0 TPYHTOBHIX BOJX Me;KAy KaHalIaMH IpH
JUIMTe IbHOR (QUABTpAallMM oCTaeTcsi NPHOAU3UTENBHO MOCTOSHHBIM H
PaBHHIM
QoL

-
P (VIL. 25)

Ahy + Ahy =

C. @. AseposaaoB [10] moapoGro paccmarpuBaer caydanm ABUKeHUSA
TPYHTOBBIX BOJ ME:KAY KaHAJXAMU NpH HaJWINH MeKAY HHMH CTOKOB,
T. €. ©eCTeCTBeHHBHIX WJIM HCKYCCTBeHHBIX JPEHNUPYIOMUX MOHMKeHNIT
penbeda, OTKPHITHIX KM 3aKPHITHX J[peH (KaHaino0B, KOJJIEKTOPOB H
T. II.), a TaK:Ke ABH;KeHHe BOJ IOJ KAaHAJaMH B YyCaoBuUAX cBOOOAHOI
UEQUIBTPANNA W3 HUX M OTPAHAICHHBIX HOTOKOB. 37eCh MBI JIMMb OT-
MeTHM IJaBHeiNIne O0COOeHHOCTH pelleHWs 3aqad 0 MPOTHO3Y YpPOBHSA
TPYHTOBHX BOX ® ONpefeleHnI0 (uAbLTPANMOHHHX PAacXofoB B BTHUX
YCIAOBHAX.

Yd4er medopmanuu IOTOKOB TPYHTOBHIX BOJ H [OMOJHHTEIbHHX IIO-
Tepb Hamopa IpH IOCTYINIeHWN HX B JpeHY WM <(BHCAYMI» KaHAX
(RomnmexTOp) mpom3BOAUTCA BBeneHWeM B ¢opmyay Hiomon Koaddu-
nueara a < 1 (ABepssios, [10]). Ilpu meycramoBmBumleMcs [BU:;KeHAH
5TOT j;Ke KOd(pPHUImeHT BBORUTCA B HmapaMeTp BpeMeHHM CTadmiusannu
LY 7
" khgp @’

Tg

§ 2. Ilpumepsr nporuo3a pe;KAMA I'PYHTOBBIX BOJ
¢ IOMOUIbI0 AHATHTHYECRUX pemreHmii puddepennuaiIbHbIX ypaBHEHMI
HEYCTAHOBHUBIHETOCH [BIDKEHHA

IIpnvenenne pacueTHEIX 3aBHCHMOCTeil, pacCMOTpPeHHEIX B IpPeXBIAY-
mem maparpade, MH MIIIOCTpUpPYyeM IpUMepaMu, 3adMCTBOBAHHBIMH
tTakmxe (06e3 cokpamenns) us paborer C. @, ABepbamosa [10].

3apaua 1. TpedyeTca COCTaBHTHL HpOruo3 OYAYHIEro PE:KIMa TPYHTOBHX BOJ
B 30HE BIMAHMA BHOBL COOpY’;KAaeMOro KaHAZa IOCJAE HAYANA ero padoTH MO HILKe-
CAeAyIOmAM MCXOMHEM TAHHBIM .

BomonOCHEIe TPYHTH — Cyllech ¢ KoaddmmuenTom ¢nabrpamun k = 5 u/cymru.
Kosdunmenr ¢mabTpaumu Joka Kamada k = 3 a/cymru, MaKCEAMAaXbRas BHCOTA
ranmmasgproro moguAartua H, = 1,8 », mopucrocts rpyatra m = 0,46; moxmas
¥ MHHUMAJAbHAA (HanmMenbllasd) BraroeMkocts wy = 0,40 u wy = 0,25 (B gonax enu-
nnusl 06bema). IloBepxaocTs Bojoymopa HaxoguTcsa na rnybmue 40 x, a mOBepXxHOCTH
Oaccefima TPYyHTOBHIX BOX — mHa rayOmme 20 m OT mOBepXHOCTH 3emAnM. Kpymmmx
IpeHHpYIOIAX TOHWKEeHUH MM HCKYCCTBEHHHIX ApeH HeT. PasMmepm xamanxa: ray-
Ola HANOJHERHST KaRANA hg = 2 m; IIMpHAHA ero mo Oy by = 6 m, Koaddmuuent
3aI0MKenusa 0TKOCOB m = cig @ (0 — YyroJd MeXKAY OTKOCOM I FOpPH30HTAJNBAOH OCHIO)
cocrasiaser 11/5. Ilpegmonaraercs, 4ro Kamalx OydeT paboTaTh HelpepHBHO.

Pemenmnue

1. HaiifeM Bennunny ycTamosmBIIeiicss cBoGOgHON QEABTpanuy (YIUTHBAA Iay-
f0oKOoe HAYANbAOE 3aJeTaHme TPYATOBHX Box z = 20 m).
Husa BoaMokmocTH UpiMeHeRWMa ¢opmyast (VII. 21) mafijem mpefBapHIeabHO
Kopddpunment Bomonporungaemoctn mo (VII. 22):
wy — Wy )3-5 o f 0,40—0,25

3,5
KB:k(m —3(m) =0,92 -M/Cymw-
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IMupunya ranata Mo ypesy BOABL paBHa:
B =by+42mhy=6-42-15-2=12 u,

Pacxof cBOGOHmHOIl PU16TpPAIIHI COCTABNT:

Qp—Kp (1—{-0,5 —‘%’i) (B 4-2hy) =

1,8

=0,92 (1+0,5 —i—5~> (12+2-2)=15,8 #3/cymru wa 1 noe. x,

2. B coorBercrsnm co exemoit H. H. [laBioBckoro, onpemensiiouiel XapakTep
¢uALTpanIII I3 Kavana, DpuMeM IMUPHHY PacTeKanus Npu cBoGOuoH QHALTpammu:
2L=B+2hy=12-}+2-2=16x umam L=8 x.

3. Bpems crabmausamiit onpegediM o PopMy.e:

L BL*  (040—025) 8
khcp 5'20

=(,096 CyTOK.

ilenas ompegeanThL mogo:KenHe MOBEPXHOCTH TPYHTOBHIX Boj Ieped & = 0,25;

?
- . t
0,5, 1; 2, 5, 10, 30, 60, 450 cyTok, BHUUCIAIM OTHOCUTEIbHOE BpeMA Py = —1'—;

t = 0,25; 0,5; 1; 2; 5; 10; 30; 60; 150 cyrox

Bo = 2,6; 5,2; 10,4; 20,8; 52; 104; 313; 625; 1565.

4. Hognem momepxmocTi TPYHTOBBIX BOJ ONpefdennM 1o Qopmyram (VII. 5)
u (VIL. 6), monaras, 4ro MEQMIBTpAaLMH WM IIMTalde IOTOKA CBePXY IIPOECXOJUT
¢ OfHOM HMNTEHCIRHOCTHI0 HA HPOTAMEHUN ero No wupime 2 L npu odenb GoabInoil
ITHHe.

Ilasn puenmeil o6nacra ((z| > L)

[1—R(A)]—[1—R (A)] )
2 N

wt
AH (z,t :——{
(z, 1) m
Hasa Buyrpenneii obnactn (|r|=<< L)

A (z, 1) = th{ “*R(M)]-;-H-—R(lz)ly}’

rge 1 — R (M) — ¢yuruna mnoaneMa IOBEPXHOCTH TPYHTOBHX BOJ, 3aBHCAIASN
TOJBKO OT OTHOCHTeNXbHOro BpeMen B (cm. taba. VII. 4 u puc. VII. 3). lIpn z=L;
Ao = A3 = 0; [1 — R (0)] = 0, 1 popmyannt (VIL. 5), (VII. 6) garor Tomaectsenubrii
pe3yabTat, 9T0 H JOJKHO OBITh.

J1s onpefelculis MOgLeMa YPOBHA I'PYHTOBLIX BOJ HA PasiININEX paceTosdHNAX
0T Kamajia, nHaiineM mo ¢opmyuae (VII. 9):

__ B . g B . __ B
61 (1+:’—:-)2 ’ ﬁ- (1_‘5)2 ) 53 (5_1)2)

(5 wot).

"-mapasch pa3dnYHBIMK PacCTOARUAMHE, HadieM 3natenus f1, P o, P s, a o dop-
Mydtasm . II. 5), (VII. 6) ompesensieM BenduHMEE MOFHeMa MOBePXHOCTH T'PYHTOBBIX
BOA. B gacrrocTH, modyuum:

mna z=0 B =Po=pe
1

AH(O,t):%[i—R(xo)], M:Z—VT’
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ats o g=L, z=1, ﬁlz%ﬁm By =00
2o=0, 1—R(Ag)=0;

AH (L, t)zzi;» [1—R ()],

1 1 b ﬁ:)
rac }q: —— S =2/\0; ,S]:__,
2 Vb v Bo 4
AIs BucmiHell omacTii - —z =5; mo (VII.5) nmeen
AH (5L, t):ipf [[1—3(6%0)1—211—1%(47»“)1 ] ,

re A= Ao (1+ ) =6My;
Br=-D2s Ry (F— 1) =40

3
_ B

133" '16 *

IIpon3poAs BHUICIAEHIS TO 3THM (GOPMydaM, HOJyYdM, HATPHMED, IS T =5:
wt  Qt 1581
p o w2l 045-2-8

=6’6 i.

Torga

[1— R (6M)] —[1— R (4)o)] }
) 2 :

3Hauenns ¢ysknuu {1 — R (A) onpenensem no Tadm. VII. 1,
Haia t=025 cyToKk:

AH (5L, t) = 6:6 t{

_025 .. o B0 26 o . _ .
ﬁu— 0.096 —2’5’ ﬁl' 36 = 36 "40107‘-4 1 R(kl)_0?998)
~ Bo 26 ) naT.

Bo— o = =062 1—R (k) = 0,974
R JA
AH (5L, 1) =6,6- 025 - 220098 _ g5 .
Jdaa t=05 cyToRk:
05
—_—— =59
Bo=-3,006 — %
B2 04445 1—R (M) =0,980; Bo= 22 =0.325;
36 ’ SRS e
1—R(hg) =014 AH (5L, 1)=6,6-0,5 &9—895&913=0,11 .

Jlanbriciimue BEAUCTEHHA, TPOM3BEJEHHHEe INPH MOMOIIH TOTapHPMUTECKOil
THHeHKH, npuBefennl B Tabx. VII. 5, rae BBefennl cienyiomiie 0003aadeHIA:

1— R (%) =R, (i=0,1, 2, 3).

Pesyaprathi Beaucaennii nokasanst Ha pme. VII. 5, tme sugua ¢opma mapacta-
OIIETO II0F KaHaToM Oyrpa IpyHTOBHX BOJ, pacTeKauile efo B CTOPOHBL M JMHAMHKA
1iobeMa TPYHTOBBIX BOA. 3aMCTHM JIIb, 9T0 MOBEPXHOCTh TPYHTOBHX BOX BOJIW3M
KaHala Fasa ¢t = 150 cyTok Hameceua yCIOBHO, §e3 yuera Hcrapends. PazoOpannsii
npuMep O;‘Be‘laeT CJIyYal0 ICUTIE COCPEAOTOUEHHOTO NLTAHIIS IIOTOKA T'PYHTOBHIX BOJ
(L = 8 m).
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PeayapraTsl pacdeTa B3MeHCHUI ypoBH:

(sana

BpeMa OT Ha-
gana palboThl

ITogmeM HDOBEPXHOCTH IPYHTOBLIX BOJ

KaHama w x=0 =L x—5L
2u L’ .

- AH, al, |~ r® | A H,

incoi; Bo M fo R " £1 RO o _f%. kT i
0,072 0,998

0,25 2,6 1,65 26 10530 0,87 ] 0,65 | 0.804] 0.66 0,02
0162 0,974
0,444 0,980

0,50 5.2 3,30 52 | 0,407 | 1,38 1,3 | 0,671} 1,11 0,11
0,325 0,914

0,289 0,928 |

1.0 10,4 6.6 10,4 | 0,306 | 2,02 2,6 | 0,530 1,75 0,41
0,650 | 0,804
0,578 | 0,825

2 20,8 | 1321 208 | 0226 | 2,98 52 | 0407] 2,68 1,02
1,30 { 0,671
. 1,44 | 0,651

5 52 33,0 52 0,148 4,9 13 0,277] 4.6 2,66
3,25 | 0,490
289 | 0.51¢

10 104 66 104 | 0,106 7,0 26 02041 6,7 4,5
6,50 | 0,373
8,67 | 0,330

30 313 198 M3 1006241 12,4 78 0,422 12,1 9.7
19,5 | 0.232
17,311 0245

60 625 396 625 10,0446] 17,7 | 156 | 0.088| 17.4 151
39,1 | 01069
43,3 | 0,162

150 | 1562 1 990 | 1562 | 0,028 | 27,8 | 390 | 0,055| 27,5 26,2
97,7 | 0,109
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Taonunga VII.5
rPYHTOBBIX BOJ BOIA3H OPOCHTEIBHOTO KaHaja
qa 1)

Ha Pa3JHIHHX pPacCTOAHMAX OT KaHaJja

x=10L x=20L x=30L x=100L
B | RO Jam, | g | RD VAaE VB | RO Pam, | B | RD | AW,
B3 r® M B3 rR® M Bs | r® M Bs R® M
0,022} 1,000 0,006 | 1,000 0,0010| 1,000 0,0003} 1,000 0
0 0 0
0,032] 1,000 0,007 | 1,000 0,0011 | 1,000 0,0003] 1,000
0.043 { 1,000 0,012 1,000 0,0020| 1,000 0 0,0005| 1,000
0 0 0
0,064 | 0,998 0,014} 1,000 0,0022 1 1,000 0,0005{ 1,000
0,086 { 0,996 0,024 1,000 0,00401 1,000 0,0010f 1,000
0.04 ) 0 0 0
0,128 1 0,985 00291 1,000 0,0043 | 1,600 0,0010{ 1,000
0.472] 0,972 0,047 | 1,000 0,0080| 1,000 0,0024} 1.000
0,20 0,01 0 0
0,2571 0,941 0,058 | 0,999 0,0087 1 1,000 0,0021} 1,000
0,430 0,873 0,118 | 0,988 0,0200¢ 1,000 0,0052] 1,000
1,11 0,13 0 0
0,642 | 0,806 0144 | 0,980 0,0217 | 1,000 0.0053| 1,000
0,860 | 0,750 0,236 | 0,949 0,040 | 1,000 0,0103{ 1,000
2,51 0.66 0 0
1,285} 0,674 0,288 1 0.929 0,043 | 1,000 03,0106} 1,000
2,59 | 0,631 0,710 0,787 0,121 | 0,987 0,031 | 1,000
7.2 39 0,30 0
3.86 | 0,458 0,868 | 0,748 0,131 | 0,984 0,032 1,000
517 | 0,408 1,42 | 0,652 | - 0,241 | 0,947 0,062 ! 0,999
121 7,7 1,6 0,20
7,72 | 0,347 1,73 1 0,613 0,261 { 0,939 0,0631 0,998
12,9 | 0,278 3,35 | 0,474 0,600 1 0,818 0,155 0,977
22,3 15,8 6,9 0,50
19,3 | 0,233 4,33 | 0,422 0,652 | 0,804 0,458 1 0,976
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Paccvorpuy Temeph: THOWYnEH IpnMep ANA ODHTAHMA TpPYHTOBDLIX BOJ IO ero
JInEC.

3agaga 2.

3a/laga COOTBETCTBYET IpHPOANEIM YCIOBAAM B CTeDHHX pailoHaX oposeind
(Yrpawua, Hosoaxbe 1 gp.).

B cTenwoM waNM paBRURAOM paione co cia0o paculeHEHHEM peIbedoM Tpem-
NoJaraeTcss OpOCWTH OTHENbHbH MaccHB BaJoBoli miomageio 2000 ea.

Macens nnecT B I1aHc ¢opMy modockl pazmepoM 2 X 10 gx; miromasne oportic-
HUF, DACHOJOARENHAA B TpauillaY OpOCUTEIbIION ClICTeMBI, cocTaBiser (OpyI1To) —
1800 2a, anmomash, HOHOCPCACTEEHHO 3aNATad Mo ToamBH (He110)—1600 2a; Kead-
drinuenT weroabsovaHus  3emedbioro domma 1800 : 2000 =.0,9; xodddninent
HCIIOTh30BaHIA opoldaeMBiX 3cxeian 1600 @ 1800 = 0,89.
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Pume. VII. 5. Tlognesr TORCPX;IOCTIL TPYHTOBHIX BOX HOJ KPYLHED KanaloM II BO/BH
Hero ¢ Tedeilied Bperienn. Ceba HOEa3aH MOAbeM IOBePXHOCTII IpyATOBBIX BOJ, AH
(8 MeTpax) 1oJL I OM Kanaja ¢ TeTeileM spemend [ kpusasa AH (1) ]; CnpaBa HanmeceHl
IIOBePXHOCTH TpYUTOBLX BOJ B pasjiYdOe BpeMd IIociae Hauaaa padoThl Kauana;
TOPH30HTAABUIT MacmTad mpunAar B epunuuax L; L = 8 x. Ilo C. @. ABepsaHOBY

T'pyHTEL 37ech CYTINHKIN, DOACTILIACMEIE TA:4eJ0il CyIllechlo; COBpeMennas Tiiy-
Guna ypoBHA crabosacodcniibiX ITpydHToBRX Bopg — 10 a.. TpyHToBEIe BOIb D]pef-
crapagioT codoii baceclin  WiomuocThior hep = 10 a, Koaddunument ¢nanTpaunie
BOJOROCHCTO IlIacTa k = 3 x/cymru; mopucroctb m = 0,50; WoiHas BJIaroeMKOCThb
w1 = 0,45, MnnuMagbEasg BIaroeMkocTs wo = 0,30. fIBHO ApenupyloIuxX noun-
snendii modausocrn uer. Ilpoextnas opocureannas nopma My = 2000 x3/za, mpo-
eKTHOe 3HadYeHlie KOD(PILIenTA JI0Me3110T0 HefiCTBIA CHCTeMN 0pOCITeNIbHBX Karia-
aop 1 = 0,70.

BBrAy TOrO, 4TO IPYHTOBEie BOJK 3aCOJeHHI M IMCCTCS yIrpo3a KX HEROUYCTNMe
BEICOROTO CTOAN)'SL TIOCde OpolleinIisi, TpeOyeTcsA ONpCAetuTb AWHAMHKY Y pobHH
TPYHTOBHX BOJ HIOCJI€ OCYL{CCTBAEHNA OpOIlielNA I OICHHUTb ¢ TOYKU BpenIlA Mealio-
PaTHUBILOTO COCTOAHN 3CMCIb AONYCTHMOCThL IIPHHATHX B IIPOEKTe BeIYuy g 1 1.

Pemeune

1. OnpepmeInM CpPeAHIOID ORITACMYl0 WHTEHCHBHOCTL IIMTAHHA TPYHTCDL'X BOJ
0T NOTephb NPH OpOINeH L.

IIpu opocnieTvnoit mopme My = 2000 m3/ea 1 3 = 0,7, Bomosabop ma 1 za
NOTHBHOM IIJTONLRI COCTABIIL:
_ 2, 2000

= = 2860 x?/ea,

M
B 1 0,7

o
<o
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T. €. HOTepH IO TYTI OT BOXOICTOUHNKA 10 Hodeil coctaBut 860 m3/2a opomaemoit
ITONIATH HeTTO.

BygeM cantarb, 410 %/3 QHIARTPANMOHHEIX TTOTEPb 13 CETH OPOCHATENbHEX KaHa-
A10B 6YAET CHyCKATHCS B TPYHTOBEIE BOAKL, a /3 HCMO0JIb30BATLCH PACTOIUAMI H HCHA-
PATHCA € TOBEPXHOCTHA (OTMeTHM, 4TO TaKoe JOUYIIculie ABIAeTCA yCJIOBHEIM, H 3TOT
Bompoc Tpelyer oGcroArennbHOro m3ydenms). Torma B cpeameM ¢ 1 za opomaemoii

2 = .
LI0M@ARE B TPYHTOBRe BOOE OymeT moctynath Oroao 860 - 3 = 570 n3/ea. Koan-

94eCTBO BJATH, HOCTYIAIONEH ¢O Beell MAOMAAYN OpPOUIeHTIss B I'0J B IDYHTOBHEE BOJHI,
cocTaBHT OKOX0 Qo = 570 - 1600 = 9,1 - 105 m3/e00.

Yautesas, 910 HCUOJUBHAS ILIOMafb, cocTaBisiomas 2000 — 1600 = 400 za,
pacnpedeileHa B BIIe YIacTKOB CpeaM BCell BaJO0BOH IJIOMAM, HONYINM BejHIHHY
CPCAHErofOBOIl MHTEeHCHBHOCTH NITANHA TPYHTOBHX BOX:

;9’1 . 105

W = 560010 060

-=0,0455 M /200 ~= 46Yun /209 =1,26- 10™* a/cymru,

OtMerdM, 4UTO TIITAHHe TPYHTOBHX BOX B 40 mM/208 COOTBeTCTBYeT MOAYIIO
BayTpennero croka ¢ = 0,015 z/cex ¢ 1 2a, 910 3MATIUTCTLHO MeHbTTe MORYJAS BHYT-
peHHero CToKa ¢ XOpOINo JPEeHHPOBAHHBIX CHCTEM.

2. MaccuB BRITAHYT B ILIaHe, IOBTOMY 3a PacdeTHHI CTBOp TpIIMel IOIepeddlik,
NepNeHAUKYJIAPHLIE K NPORonbHOL ocH miaomaaun. OupemenllM JHHAMUKY YpPOBHA
TPYHTOBHX BOJ ¥ IOA36MHOTO OTTOKA.

Eskeroqusid moxbeM IOBepXHOCTH TPYHTOBHX Bop (6e3 ygeTa pacrexauns) co-
CTABHT:

wi 0,046
AH = B 045

3nech cBoGOaHAS TTOPO3HOCTD, BBIAY ITyGOLOTO CTOANHA TPYUTOBHX BOX, I'pIl-
HATA PaBHOH U = wi — wy = 0,45 — 0,30.

Canras, 970 ZONYCTHMAS Kpurudeckas raydmima Jo Boan Ay = 3 ., mHailigen,
4T0 HpefebHAHS BHCOTA e¢ CTOAHUA OyaeT jecturnyra 3a 23 roga.

Bpema craGnnnsamira oopesiedi mo QopMye:

_ BL® _ 045-1000% o
T= hop =—31 =5000 cyr10x =13,7 aXeT.

OnpegeauM ToJbeM YDOBH i TPYHTOBHX BOJ AJA HEHTpA OpOIIAeMOro Macciira
npu x = 0, Ha ero rpaguge * = L = 1000 # 1 B 1 x» B CTOpOHEe OT €ro rpanuiib,
T. e. upi z = 2 L = 2000 ». Pacuerubie dopmyas (VII. 5) n (VII. 6) B pacemar-
pU/BaeMOM cIydYae YIpPOMAIOTCH T HPHHAMAIOT CAefylomuil Byl

=(,306 a/200.

oIaa z=0
A (0, t):%‘—n—R(ko)],

] ¢

hop=——, =—, =—

0 2B Bo=— T khep
Z=1, hi=h (1+2)=2A,

B _1g
ﬁl—" (1 -l— 5)2 4 60’

ho=2no(1 —2)=0, Py=o00, 1—R(0)=0,

gaa xz=1L

dopmyna (VII. 6) npurumaer BUJ

2 ?



PesyabTaTsl pacuiera usMeHeHHil ypoBHA
(3ama

ITogbeM MOBEPXHOCTI T'PYHTOBBIX
Bpena oT HaYa- 8 i i

J1a OpOMeHnA

u B .
roamt Bo ” Bo }1—R:(7Lo) AH, u| By ;}1—1% ()| AH, m

1 0,073 0,31 0,073 0,997 0,31 0,018 1,000 0,16
5 (,365 1,53 0,365 0,898 1,37 0,091 0,995 0,76
10 0,730 3,06 0,730 0,782 2,39 0,183 0,963 1,48
15 1,095 4,59 1,095 0,705 3,24 0,274 0,934 245

20 1,46 6,12 1,46 0,646 395 0,305 0,898 2,75

25 1,825 7,65 1,825 0,603 4,61 0,457 0,864 3.31

30 2,19 9,48 2,19 0,566 5,20 0,548 0,834 3,83

40 2,92 12,24 . 2,92 0,508 6,21 0,730 0,782 4,79

50 3,65 15,3 3:65 0,469 747 0,914 0,738 5,64
nna z=2L

B _ 1 _
ﬂl_ (1+2)2_ 9 ﬁO’ ﬁs-—ﬁo,

Gopmyay (VIL.5) MoxHO 3anucaTs Tak:

[1—R@BM)]—[1—R ()] }
5 .

AH (2L, t) =-"£-{

IIposemem pacdern piia ¢ = 1; 5; 10; 15; 20; 25; 30; 40; 50 Jer npHuAMas, 910
wt _ 0,046¢
m Y 0,306 t m/200. [Ina sTOrO, Kak W B HpeHAyIeM NpmMepe, HOCTY-
maeM ciaenyiomuM obpazoM. {14 3amaBHEOrO BpeMeHE ¢ = I, olpesensieM P, = %;

A HHTepecylomero cedemwst Haxoamm Bi1, Pfs, fs w coorBercrBywIuUe 3HadeHus
¢yurmnu 1 — R (A) mo tada. VII. 1 mam ma pme. VII. 3. Ilocxe sToro mo mpuBe-
JeHHNM BuIle popMynaM rnaxonum AH (z, t). PesynbTaThl BHIHCICHHH IOBepXHOCTH
TPYHTOBHX BOj HpuBenentl B Taba. VII. 6.

JInHaMHKa pacxofa MOA3eMHOT0 OTTOKA 3a IIpeelbl OpOINaeMOro MacCHBa OIpe-
neastercs o gopmyre (VII. 13):

OL:QO P,

rie
Q¢ — pacXop OHTAaHWUA TPYHTOBHX BOJ;
P — KooddHNAEnT, 3aBHCAMMAN TOALKO OT OTHOCHTENBHOTO BpeMenH f§,
7 onpefienseMsit no taba. VII. 1.
Bemuauna Q¢ = 2 wLl = 2 - 0,0455 - 1000 - 10000 = 0,91 - 108 m3/z00.
Ilo 3madenmsM Py m3 Taba. VII. 1 B3ATH 3HadeBHA | H OIpefeleH PacXof
IIOA3eMHOTO OTToka (Tada. VIIL. 6).
CyMMapublii TIOA3eMHEIH CTOK 3a TpeJeNnl OpONIaeMOr0 MacCHBa HAXOAUTCA
no dopmyne (VII. 14) Wy = W,y, Ime y 3aBHCHT OT OTHOCHT@IBHOTO BDeMeHH H
Oepetcst mo taba. VII. 1. Benmuwmna W, = Q,t = 0,91 t man. u3. Pesynvrars
3TIIX pacderoB cefens B Tabn. VII. 6 m mzoGpaxenn ma puc. VII. 2.
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Taoannma VII. g
TPYHTOBBIX BOJ H 00BeMa UX OTTOKA '

ga 2)
BOJ Ha PABAMYHHIX PaACCTOAHMAX Hamererue %;cﬁ%%iegg?:cgagf beMa OTIOKA
o X= 2L
P i—¢ 3.‘1’1;—{ Y {—v mny
Ba | 1—R (A3) L’Hf”_%l(’ 21 A i, : #3 (200 M3
0,008 1,000 0.003 0 0,000 1,000 0 0 1,000 0
0,041 1,000 0,402 0.08 | 0,020] 0,980 0,02 0,004] 0,996 0,02
0,081 0,996 0,214 0.33 ] 0,098 0,902| 0,09 0,031 0,969 | 0,28
0,422 0,987 0,282 0,65 | 0,474 0.826]| 0,16 0,066 | 0,934| 0,90
04621 0,975 0,329 1,01 | 0,242 0,758 0,22 | 0,402] 0,898 | 1.86
0,203 0,962 0,359 1,37 | 0,293} 0,707 0,27 0,435} 0,865] 3,07
0.244| 0,946 0,390 1,79 | 0,338} 0,662 0,31 0,466} 0,834] 4,53
0,325 0,914 0,406 2,48 | 0,405{ 0,595| 0,37 0,2171 0,783 7,9
0,405 0,882 0,413 3,16 | 0,457 | 0,543 0,42 0,266 | 0,734]121
Jy !
AX >
r‘/ 4 » i

[

= Z 3
M //// y+x /-W
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Puc. VII. 6. DieMent ABYyXMepHOTO B IJaHe TpYHTOBOro HOTOKA
I ¢parMent rpaduka KodeGanmil ypoBHA BO BpeMeHE

ciaeBa — CXeMa pasMenienua HabmomaTeIbHHX CKBa)kuH: I — HabarofarenbHad
CHBR)KMHA MM DacieTHad To4Ka; 2 ~—JHMHUA TOKa; 3 — BJIEMEeHT HOTOKa;
conpaBa — ¢parMeHT rpadpura KoaebaHui ypoBHA

W3 BbIIOJHEHHOTrO pacyeTa HETPYAHO CHEJAarh pPAJ BEIBOLOB:

1) maa paccMarpmBaeMHX YCJIOBUH YpoBeHb IDYHTOBHX BOJ IOA-
HEMETCA [0 NpefelbHO MOUNYCTHMOTO NOJOKeHHA upubiausureabHO
gepes o0 mer;

2) paccMarpEBaeMHI MacCHB SIBASETCA ONAarONPUATHHM AJIA MEIHO-
pauuy 3eMeab (e3 NpUMeHEeHHA HOPOTOCTOAIMAX JPeHAKHEX COOPY:IKe-
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Ui, TaK KaK 3/eCh HA JIANTe]bHOe BpeMsa o0ecleueH HOJ3eMHKU OTTOR
B CTOPOHY HEOPOIMAeMEIX 3eMellb.

PasofpaHHBiI mpuMep MoKaskBaeT, YTO0 UPH HAJIHIHU COOTBETCTBY-
IOMUX HKCXOMHHX MAaHHHX HECHORHO ONUCATH NpeANoiaraeMbid pPe;RHUM
TPYHTOBHIX BOJI.

Taxue NpPOrHO3H pejkuMa TPYHTOBHIX BOJX HEOOXOMHMO COCTaBIATH
A4 “KaKaoro 0ojee MIM MEHee KPYIHOTO OPOCUTENbHOTO, OOBOJHN-
TEeJBHOTO COOPYKeHUs, YTOOH C¢JesaTh BHIBOABL O JONYCTUMHX K. O. .
CHCTeM, UX ONTUMAJBHOM pasMemeHWd H TIp.

§ 3. Ilpumenenne mMeToa KOHEYHBIX PasHOCTEI

s clOKHBIX THAPOreOJOTWYeCKUX YCIOBUI, HAUpUMep, IpU He-
OJTHOPOZHOM CTDPOEHWHU BOJOHOCHBIX TOJIN TMOPOJ, LPH ABYXMEpPHOM
ABUREHUYW BOJ B IIaHE, CJIOKHOM OYEepPTAHWU TPAHUI] IIOTOKA, a TaK:ke
OpH YacTO#l CMeHe BO BpPeMEHH ¥ NPOCTPAHCTBG WHTEHCUBHOCTH OUTAa-
HUA TPYHTOBHIX BOJ CBEPXY pPacdeTHHA NPOTHO3 YPOBHEH MOskeT OHITH
BHIIOJIHGH ¢ IOMOMBI0O METOJla KOHEeYHHIX pasHoCTed. JTOT Mero]| Biep-
Bele Obli  paspaboraH [ peumleHWA THAPOTeoJOTMYeCKHX  3ajad
I'. H. Kamenckum [104] m npumemen pasa rujpouMHEaMHUYECKOr0 aHa-
JiM3a pejkuMa TPYHTOBHIX BOJ WM, a B JaJbHEHIIeM, W ero yIeHHKaMII
A. B. JleGemessm [134, 136], II. A. Kucenessm [116], C. M. Cene-
HoBo# [108] m np. Meropn Oma MCHONB30BAH TaKMke A COCTaBIeHHA
NpOrHO3a PesKUMa TPYHTOBHIX BOJ B CBA3H C HOAIOPOM IOJ BIWAHLEM
IHPOTeXHUYCCKUX COOpPY’KeHUH, NpU OUpPeJIeJIeHUd BOJONPHTOKOB
B ropHhe BrIpab0OTKM X OpU OPOIIEHUH.

Cymecrsyiomue B HACTOAMEe BPeMs BJIEKTPOMHTEIPATOPH W aHAajio-
FOBEHIe YHMBEeDCAJbHHE ceTOYHHe Mamues (Hampmmep YCM-1) raxske
OCHOBaHH HA 3aMEHE ypaBHEeHHIl B YaCTHHIX NPOHU3BOJHBIX CHCTeMOIT
KOHEYHO-DA3HOCTHHX YPaBHEHWU, B KOTOPHIX BpeMsA ABJACTCA HEIpe-
PHBHEIM.

IlpumernTenbHO X 3ajadaM OPOTHO3a pEMKUMAa YPOBHA TIPYHTOBHIX
BOJI Ha OpOIIAEGMOM MaccuBe OpW JBYXMEPHOM B IJIaHEe J(BU;KEHUHU BOJ
B TOPU30HTAJIbHO-OHOPONHOM OE3HANOPHOM NOTOKEC MOJKHO BOCHOIIb-
soBarbcs ypasmeHueMm (II. 60), a mpum paBHOMepHO# pasfuBke obmacru
¢unsrpanun — ypaBueHuem (II. 61). Ilpm orcyrcrBum BHYyTpeHHIX
HCTOYHUKOB OUTAHWs HJIU CTOKOB (HAmpuMep, Ha 3eMeJBHOM MAaccuBe,
I7ie OTCYTCTBYIOT BOJI03a00OpHbBIC CKBaKUHE, JPeHH W KaHAJH), BMECTO
(I1. 61) MokHO mHammcarb pacdeTHyl (QOpPMYAY AJsA TPYNOH W3 IATH
PaCHIeTHHX TOYCK WIM CKBAJKUH:

&

;Hi,s+1

4a At w
H, s2=H, s+ (Az)? 4 —H, 541 +~M—At’ (VI1.26)
rie H, ., ,— ypoBeHb (alc. orMerKka) sepraia IDYHTOBHX BOJ B Cpei-

Heil TouKe WM CKBasKUHE # DJJIEMEHTa IIOTOKa Ha II0-

238



cienyomuii MoMeHT BpeyMeHd f-- Af, oGosmauyaemblii MH-
nexcom S -+ 2 (pumc. VII.6);

Hn,S— YPOBeHh TPYHTOBLIX BOJ, B TOil Hie TOYKe WMJIM CKBa/KHHE
n B TpeiiecTByIOmMuii MOMEHT BpeMeHu f, 0003HAYaeMBIil
uHOEKCOM S;

H, ,, — YPOBeHh TPYHTOBHX BOJ B GOKOBOIi CKB)KHHE { HA Cpeji-
guii S -1 MoMenr BpeMeHH, OTIHYAKINMICA OT Tpej-
+ At
MeCTBYIOMEro MM II0CTe/[yIOMeTo MOMeHTOB Ha —-;
n,§+1~ YPOBEHb TDYHTOBOH BOAHL B CpejHeii TOuKe n HA CPef-

Mt S+ 1 MOMeHT BpeMeHH;
. khep
a — Ko3pPunmenT ypoBHENPOBOMHOCTH, PABHBIIT —;
At — mpoMe;KyTOK BpeMeHH; OCTAJbible 0003HAYEHUA NPERIHe.
Jlas nByXMepHOTO B IIaHe HOTOKA Oy/eT NeiiCcTBETeNbHO COOTHOIIE-
HHE:

pz—27/ LEL (VII. 27)

Ilo aT0it dopryne JlerKo BHUMCINTHL PACCTOAHUE MEKIY PacIeTHHMU
TOYKAMH UM HAOIIORATeIbHEIMU CKBa)KAHAME, IO KOTOPHIM HaMeTaeTcs
OIpeAeNIATh TPEJACTOsANMee H3MEHEHNE YDOBHA AHH:Hn’S+2 —H_
3a mpoMes;kyTok Bpemenum Af. Des cynieCTBeHHOM HOTPENIHOCTH MOSRHO
3aMEHNTh YPOBHH BOALI HA cpepmnnit momenT S -+ 1 ypoBHAMEH mpej-
mecTByWmero Momenra Bpemenu S m, yuarwmBag (VII. 27), Bmecro

(VIIL. 26) manucaTse:

) i,8
Hysp0 =" — T 3 AL (V1I.28)

e g

I

Jlns ogHOMEpHOrO B WiiaHe MOTOKA CyMMa B HpaBoil dacTh GopMyiIs
(VIIL. 28) 6ymer cocTosATh M3 ABYX CJIAraeMHX, B KOTOpPHE BXOJAT ypOB-
HI BOAH B CeUeHHAX, PACHOJOKeHHHX BHIIe W HUMe 10 IOTOKY.

Jlo BEImomHEHUA PacueTHOTO WPOTHO3a ypPOBHEH TPYHTOBHIX BOJI HA
opoITaeMoil TeppPHTOPUM OYeHL BA;KHO IIPOAHANTM3NPOBATH paHee Ha-
OnrofaBmuiics peykMM YpOBHEH B AHANOTUIHEIX IPHPORHHIX U BOJIO-
xosaiicTBenrwx yemosmax [134], [136]. Maa sroro amammsa mpume-
HAIOTCA BCE pacCMOTPEHHBIE BHINIe YPAaBHEHNA, BHTEKAIOMuUe W3 KOHETIHO-
Pa3HOCTHOTO M AHAJIMTHUECKUX pemenuit AuddepeHLatbHOTO ypaBHe-
pug (I11. 45). Buuucnenmnsie mpm 3TOM amanuse BeJdWIWHHL HHTEHCHUB-
HOCTY HHUTaHHA IPYHTOBHX BOJI W 3aTeM YTOUHAIOTCHA MO KOpPpelAlMOH-
HBIM 3aBHCAMOCTAM OTHX BeJWYHH OT DJIeMEHTOB BOfHOTO Oamamca m
OT Apyrux (aKTOpPOB HpM TPOEKTEPYEMHEX BOJ0X03fAMCTBEHHHX YCIO-

Fhep,
uw
BOJAUTCA TO BXO/IAIMUM B HETO BeaudusaM kK, hcp, W miu mo KojeOaHMIO
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YPOBHA HA TOM HWIM WHOM YyYacTKe OPH OTCYTCTBEHM OHTAHHA CBEpXY,
xorja w =0

Ilpu 3mammm mapamerpa ¢ m moabzoBaEum ypasmemusamu (VII. 26),
(VII. 28) ormamaer EBeo0XONEMOCTH OTAEIbHO OHpPEAedATh MOIIHOCTH
TPYHTOBOTO HOTOKAa. JTO BechbMa Ba)KHOE 00CTOATENBCTBO HOKAa3HBaeT,
49T0 OYeHb yHA00HO OmepHpPOBATH TAKAM HAapaMeTpoOM B MPPUTalHOHHBIX
paifiomax, I'ie TO4YHAsA MOII-
BOCTH TOTOKA 4acTo GHIBaeT
HEW3BECTHA, ~HO MABIACTCA
HocTaTouHo OOJbBIIoH, ©HO
pejimuMHe 3HaunTeabHO (60-
aee uyem B O—10 pas) mpe-
BHOIAIOMEH aMOIATyAy KO-
neGaHus ypoBHEIA.

Rax nDoxasamm coort-
BEeTCTBYIOMIE UCCIAEOBAHAA
A. B. Jle6enesa [136], paa
TMOJYyYe HU S pesyabTaToB
pacuera 10 MeTOAY KOHEY-
HHX pasHOCTe#, OpaKTHie-
CKM COBOAJAOMUX ¢ TOTHBIM
D S | { \ pacyeToM O aHAMUTHICCKAM
pemerusam nuddepeRnmaIb-
HEIX YPaBHEHUIT, JOCTaTOIHO
Pa3fesHTL pPACYETHHII me-
. puox Bpemenu I Ha Bo-
Jeflalz - | ceMb p;BHHX OPOMERYTKOB
’7 At = —

) ) - ! 8
¥3 HAX BHYHCIWTH Bce HPO-

ax
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Puc. VII. 7. CxeMa paclonosieHdsi pacieTHHIX
TOUeK IMpH pacuerTe YpOBHeH TPYHTOBHX BOJ, BO
BpeMeHH I 1101y OrDaHNYeHHOTO HOOTOKa

1 — KOHTYP pPaCYeTHHIX TOoUeK, B IpeleyiaX KXoToporo
MBBECTHO pAacipefiejieHne HAYAJIBHHX YpoBHel# BOAHI;
2 — KOHTYD, B KOTOPOM BO3MOMKHO oOIpeNejieHue YPoB-
Helt TOJBKO JiA OKOHYAHMA NepBOro IpoMeKyTHa Bpe-
meHu At (Ha MomMeHT S - 1); 8 — To Xe, JJA MOMEH-
ToB, BRaWUAaA S -+ 2; 4 —T0 Ke, BKdwIAA S -+ 3;
5 — 0 e, BRAWIaA S - 4; 6 — To ke, BKIIOUAA
S 4+ 5;7 — Touka, oTparkawllad TrpaBEUIHOE YCJIOBHE

Me;KyTOYHEE YPOBHH.

Sajapmach  HeoOXonu-
MBIM IPOMEKYTKOM BPEMOHH
At w 3mas BedWuumEy Da-
pameTtpa a, u3 (VII. 27) na-
xopar Azx. OKolo moBepx-
HOCTHBIX - BOJOTOKOB WIH
ApeH, TAe BO3MOHH 00Jb-
Tide YKJIOHH MOTOKA, CETKY

PacYeTHHIX TOYEK CrymaloT [AJasA JoCTH;KeHHsA TpebyeMoll TOYHOCTH
pacyeToB, a TaK;Ke AJs TOTO, 9TO0B Ha KPAaWHHAX JIMHWAX CETKH pacuo-
JAOKAIACH YpPe3h 3THX BOJOTOKOB, C KOTOPHIMH T'HpaBiIAYeCKH CBA-
3aHsl TPYHTOBHE BOJHL.

B kagecTBe HavaabBHOrO YCIOBHS [AJA pelieHds 3aJadd OPOTHO3A
HACOONB3YIOT M3BECTHOE MOJOKeHMe 3ePKaja o MIOmAJ¥ Ha WCXOJHBIMH
MomeHT Bpemeru ? = (. Jlna 3T0r0 Ha KasKAHM JaHHHA MOMEHT CTPONTCHA
KapTa THPOHM3OTHNC, HA KOTOPYI0O HAHOCHTCA CETKAa PAacUYeTHHX TOYEK
(pmc. VII. 7). B radecTBe rpaHMYHEIX YCJIOBHIl HCHOJB3YIOT:
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1) n1s DOTOKOB, oOrpaHUYEHHHKX CO BCEX CTOPOH — H3BECTHHIE
rpagukn KoseGamuMii Bo BpeMeHU TOPH30HTOB BOALI B BOJOTOKAX MJIH
ApeHax, C KOTOPHIMH THAPaBIHYeCKH CBSi3aHBl TPYHTOBBIE BOJKI, HPH
DTOM CeTKa paCIeTHHX ToYeK [NOJIKHA pPACHPOCTPAHATHCA HEMOCpes-
CTBEHHO [0 TPaHUI[ HMOTOKA, T. €. 0 YpPe30B BOAH B BOJOTOKAX;

2) BIA DOTOKOB, OTPAHWYEHHHIX C OJHON CTOPOHH (DOJXYOrpaHUYCH-
HBIX), KPOMe OJIHOTO M3 YKa3aHHHX YCJIOBHIl, HA OCTAJIbHHX CTOPOHAX
OPUHAMAIOT OlHO H3 ABYX YCIOBHI: MIN DOCTOSAHCTBO YKJIOHOB HOTOKA
Ha ero nepuepud, UYTO OTBEYAET KBABHCTAIMOHAPHOMY JBU;KEHMIO,
09eHb 9aCTO BCTPEYAIONEMYCd HA PaBHUHAX IpPU paBHOMEPHOIN HMHOHIAB-
TPanul WJIFW OJHHAKOBOH WHTEHCHBHOCTH MCHAPEHHUS N0 INIOMAfHW, HIN
PaBeHCTBO HYJIO HA TOIH ke mepudepuy YKIOHOB MOTOKA, 9TO [EHCTBH-
TeIbHO NJA BOJ0Pa3fielloB TPYHTOBHX MOTOKOB WJIM KOHTAKTOB HX
¢ HeIPOHUIAEMEIME DKpamaMu — 0OpTaMu [ OJIHH.

Ecnu B3saTO mepBoe ycioBue, yKazarmaOE BO BTOPOM OYHKTE, TO B IPO-
necce pacuera yposHeit mo Qopmymne (VIIL. 28) B camom oTganennOM
CeYeHMH MO;KHO JOOYCTHTH, YT0 W3MEHEHWE YPOBHS PaBHO H3MeHEBHIO
ero B COCElHEM CeYeHUH (TOYKE CETKHM), HAXOJsmeMcs Oamske K BOMIO-
ToRy. Eciam B3ATO BTOpOE yCi0BHWe, TO HeHmOCPeJCTBEHHO MOCIie mepBOTO
BHIYACJHEHHSA YPOBHS NPWHUMAETCA, 9TO B [BYX CaMBIX OTAAJEHHBIX Ce-
9eHHAX (COCOHUX TOYKAX COTKH) OTMETKM YPOBHA I'PYHTOBHIX BOJ B Te-
4YeHME BCETO BPEMEHHM OJFWHAKOBEHI.

OnHaKO ecnm pasMepsl CEeTKH PAaCUYeTHHIX TOYEK C H3BECTHHIM pac-
Ipe/ieIeHUEM YPOBHsI JOCTATOYHO BEIMKH, To MOKHO 000itTHCh 7 Oe3 3na-
HISA KPaeBHIX ycaoBmit. B srom ciyuae mporHO3 ypoBHEe#t MoOkeT OBITH
OTpaEMYeH OJHHM HANpaBIeHNEeM, a TaKKe OMNpEJEJIEeHHHM MepHOOM
BpeMeHH.

Heiictemrennno (cM. puc. VII. 7), B Tex caydasix, Korja HOJOKeHIE
3cpKajla TPYHTOBHX BOJ M3BECTHO TOJIBKO IO ONHOMY Kpalo ceTKu (Ha-
npEMep, B CBASH ¢ HAJIMYNEM TaM KaHaia), a HAa APYTHX IPaHANAX yCI0-
BUS HE 3aJaHHI, JOCTATOYHO OOPE/ENUTH YPOBHY N0 OJ{HOMY CTBOPY TOUEK
(mampmMep, ¢ — u Ha puc. VII. 7), a mazanbHOE ycaoBre MOKHO HCOOIb-
30BaTh [JIsI MOJicieTa YpoBHEH BO BCeX TOYKAX, 32 HCKIAIUYEHWEM TOYEK
Ha BHemHeM KomType 1, ma mepBHiil sajammbiii Moment S - 1.

Ha Bropoit mMoment S -+ 2 paccuuTHBAIOTCsi YPOBHU, HCXOAA U3
N3BECTHHX pPAacUeTHHIX YPOBHEH HA NpejmecTBYomui MoMeHT S - 1,
JJIA TOYEK, JesKamuX HAa KOHTYpe, obo3madenHOM Nudpoil 3, ® BHYTPHU
mero. Toske momosKeHHE COXpPAHACTCA B OTHOIIEGHHHW APYTHX MOMEHTOB
BDEMEHH, T[OCIe KaKJ0T0 U3 KOTOPHIX MOCIEeHOBATOAbHO BHIORBAIT
I3 pacyeTa TOYKH, PACHONOJKEHHBE HA OTHAJeHHHX KOHTYpax.

3aMCcTUM, 4YTO BCJAEACTBMEe HE3aBHCUMOCTM XapaKTepa pPa3BUTUsd
HEYCTAaHOBHBINETOCSH NBHKEHHS T'DYHTOBHIX BOJ BO BPeMEHH OT .HA4aldb-
HOTo YKJOHA WX IOTOKA, MK Bupase B ypasmernax (VII. 26) u (VIL. 28)
3gadenuA ypoBmeii H 3aMeHHTh 3HAUCHHAMHE W3MeHenuil ypoBmeit AH,
OpOM30LIeIINX 3a BpeMA Hocjie HadadabHOro MoMmenra (¢ = (). Cueno-
BAaTeJNbHO, OTMETKH YPOBHA MO KaKIAOMY CeUOHHIO HOTOKA MOJKHO OTCYI-
THIBATh OT NEPBOHAYAALHOU KPHWBOM JEmpeccHd B COOTBETCTBYIOIMX
cegeHuAX.
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Bonee mogpobHoe ommcanue MeToja KOHEYHBIX pasHoCTeH A Hpo-
THO3a YPOBHEIl IPYHTOBHIX BOJ| MOKHO HaiTi B pabore [134], a nasa ana-
ausa 6amanca srux Box — B pabore [136]. B tex e paGorax A. B. Jle-
Genesa, a Tar;xe B pabore I'. H. Kamencroro, U. K. T'aBuu, H. A. Msc-
uuroBoii @ C. M. CemenoBoit [108] nas pasnmummix ycnoBmii 1BHseHNA
TPYHTOBHIX BOJ HOpHEBEJeHSl JacTHbI® BHH pPacueTHHIX 3aBHCHEMOCTel,
kotopsie BHTeRaoT w3 dopmyast (II. 1). Hampumep, nas ommomepmoro
B nIjlaHe moToka B mpasoil wactm ypasmemms (VII. 28) ¢urypupyer
ITOJlyCyMMa MONIHOCTeHl IOTOKA, B3ATHX B COCEJ(HHX cjeBa M cHpaBa
cedenusax, a sgauenme Az B (VIL. 27) ymensmaercs B 1,414 pasza. Crepo-
BaTeNbHO, IPH OJHUX W TeX Ke 3HaweHUAX k, hep B, Af ans naByxmep-
HOro B IJaHe NMOTOKA pacCToAHmA AZ ciefyeT npmaumarsb B 1,41 pasa
foapmuMu, 9eM s OJHOMepPHOTO.

Jlns amanmsa peskuMa TPYHTOBBHIX BOJ, HPOBOJUMOrO ¢ IEJbI0 pac-
YeTa BeJHYMHB! MX HUTAHAS CcBepXy, a TaKyKe BEJHYHHE MECTHOIO IO-
HOTHEHHSA NOJ3eMHOTO CTOKAa (PasHOCTH MEKIY OTTOKOM H HPUTOKOM
nof3eMHHX Boj (I, — (J;) HCHOJB3YIOT Te jKe ypaBHeHHA HEYCTAHOBHIB-
merocsi OBH;KeHWsI, KOTOpHle MBI YK€ paccMarpuBadm, B YacTHOCTH
VpaBEeEUsi B KomeWHHX pasmoctax [105], [134]. Jlam moxydenus
HMCXOJHHX JAHHMIX HCHONB3YIOT Pe3yabTary HAOMoNenus 3a H3MeHeHNEM
YPOBHSI BObi BO BPEMEHN M IPOCTPAHCTBE, a TaK;Ke MmapaMeTphl BoJLOHOC-
HHX IactoB k, p, hep. Ilpu orcyrerBumu mogseMHOro IONIUTHIBAHUA
TPYHTOBBIX BOJ CHMBY 3a cYeT HAHOPHHIX BOJOHOCHLIX TOPU3OHTOB BCe
ypaBHEeHUA HEYCTAaHOBUBIIETOCS [BH;KeHWA MOKHO 0000mieHno 3anmcarhb
B BHje ypaBHerusd 0anaHca TpYHTOBHIX BOJ [JSA DIeMeHTa HOTOKA:

wAH = —9-},_—92- At 4 wAt, (VIL. 29)

3necb AH — m3aMeHeHHe ypOBHS T'DYHTOBHX BOJ B DIEMEHTE 33 BpeMS
At, onpepensieMoe, Kak oOwWYHO, B cpefneil 10 TOTOKY
HaOaORAaTeIbHOI CKBAMKIHE;

Q1 Q, —cpegune o BedWYMHE 3HAYEHUA HPUTOKA W OTTOKA TPYH-
TOBOII BOMBI, MOCTYNAalOmelli B BIeMeHT M BHTeKawomeil u3
Hero B eJUHHUIy BpeMeHH,

W — cpefHAd WHTEHCHBHOCTH IMTAHWS TPYHTOBHIX BOJ, PaBHAA
pe3yAbTAPYI0Diell WHQUIAbBTpANUU W HcHapeHud, OTHECeH-
HEIX K eAIIHNIle BPEMeHI,;

F — ropusonranpHas TpoEKMUs IUTOMANH DIEMEHTA HOTOKA,

At — npoMeskyTOK BpeMeHn.

C. @. Aseposinos [10] conocraBm pacxofpl BOJE, BHYUCJICHHEIE TO
dopmyne meycramoBusmierocsa psmxenns (VII. 1) m mo popmyne [lromron
(ecmu paceMarpuBaTh 9TO JBHKCHHE KAaK IOCHENOBATEJbHYIO CEePUIO
CTAlMOHAPHLIX JABUKEHNIT), H c/elal BayKHBII BHIBOJ O TOM, Y4TO BOOOIIe
ToBopsA, NPH HEYCTAaHOBUBIIEMCS pe)KUMe [OjbeMa HOBePXHOCTH TPyH-
TOBHX BOJ pacxox mx Ooiblle pacxoja HpPH CTANUOHAPHOM PpeKHMeE.
OTHOWEHNT BTUX pAacXOg0B 3aBUCAT OT OTHOCUTEIHHOTO BpPeMeHH
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p= o e Tx = They BpeMa crabunmsamuun. C yBeJamuenueMm Ro3Q-
¢unnenta P ommbra or mpmMmermeHWs Qopmymast [[fomon yryeHpOIaeTCS.
Vixke mwpu B >0,80 (4T0 oTBewaeT dWacTO BCTPEUAONMUMCH CHYIAAM
T'HIpOTe0JOTUYeCKHX PacieToB NPOTHO3a YPOBHSA) OTHOHDIEHWE PacXojo0B,
HOJICIATAHHHX YKa3aHHEIMHA MeTomamu, Haxogurca B mpejpexax 1,00 —
1,10, 9To BHmONHe AOMYCTUMO [JsI WPaKTHIeCKHX medeir. Ha atoM ocuo-
Banun C. @. ABepbsiHOB JellaeT BHBOJ], YTO IPH PAa3MEMEHIN CKBaKUH,
3aaHHHX /IS XapaKTePUCTHKHA MOTOKA TPYHTOBHIX BOJl B €CTECTBCIIBIX
YCIOBHAX, pacueTHBE CEUCHUS CJeyeT pacmojiaraTh KaK MORHO OINWIKe
OJHO K APYrOMY M K KaHAaJaM.

Bosspamascs K ypasmenmio (VII. 29), merxo sameTurs, 9ro eciu
ypoBeHb TPYHTOBHIX BoJ He maMeHsierca 3a rop (AH = 0), To Bca mm-
¢unsTpyomanca Boga (w > 0) maer Ha mMOA3eMHbI CTOK W3 JaHHOTO dJje-
mernra motoka (@, > Q). Ilpu w< 0 npmrekaomas Boxa pacxo-
ayeTcss Ha mcmapenue ((; >> (J,) B TOM ke dIeMeHTe, €CIH MO-IPCKHEMY
AH = 0.

OnepHpyA 9TUMY YACTHHIMH cAYYasiMHA, BHTEKAIIMMH U3 BHIPaKeHASA
(VIL. 29) opn AHpoy == 0, ¥ 3HAA OCpPeIHEHHYIO 3a TOJ MHTEHCHBHOCTH
NUTaHUS TPYHTOBHIX BOJ cBEPXY Wcp, JIETKO PAaCCIMTATh HpeeiabHOe IOo-
J0KeHne 3epKajia TPYHTOBHIX BOJ Ha opomaeMoit TeppuTopuu. Hecom-
HEHHO, 9TO 3TO MOJOKeHWE SABAACTCA YCIOBHBIM, MOCKOJIBKY MBI OHEpHU-
pyeM OCPeJHCHHHIMH 3a TOJ BeJIMIWHAMH W, a WyTeM pacdera IMOJaydaeMm
AUIIL CpejHeTofoBLIe ypoBHU. Tar, HampmMmep, JAJIA pacyera Opeaeiib-
HOTO TOJIOKEHHS YPOBHS TPYHTOBBIX BOJ, YCIOBHO OTBEYAlOMETo CTa-
OUOHAPHOMY Ppe;KEMY, HjisA pacueTHoii ceTkm (cm. pumc. VII. 7) cocra-
BJIAIOT CTOJBKO MPOCTEMIINX ypaBHEHHI, CKOJIBKO PacYeTHHIX TOYEK Ha
CeTKe. Y PpaBHEHHS OTH CJefyIomero BHaa:

(Az)?

(wn,s—‘Hj,s_Hz,s“H3,S’“H4’S):‘—w. (VII.30)

HoanuecTBo ypaBEEHHIT paBHO IWCAY HEW3BECTHHIX YpoBHell B pacuer-
HBIX TOYKax. J|Jsi pemenus TaKkoil CHCTEMBI YpaBHEHHI METOIOM MOCIEI0~
BaTeJbHOTO MCKIIOYCHHS HEW3BECTHHIX YHOOHO LPHMEHHTDL 3IeKTPOHHO-
cueTryo Mamuany BICM, xkoTopas cupaBasercsi ¢ aToi 3amaueil 3a 10—
20 mun. Kax Bugno us gopmyns (VII. 30), aasa pemmenusi paccMOTpeHHOI
3ajladd 0 WPOTHO3e TMpeNeNbHOr0 W3MeHeHWS ypoBHeil TpeGyercsa 3HATH
ko duimear QuIbTpanyuu, CPEeJHIO MOIIHOCTH MOTOKA, MePBOHAYAIb-
HEle YPOBHHA HAa MaccuBe OPOIIEHWs, CPEHIN BeIHUYMHY NMUTAHUS TPYH-
TOBHX BOJ ¥ Hocle[yIOmue W3MeHeHHsi yPOBHEH Ha rpanumax QuabTpa-
MHOHBEOTO TOTOKA.

A. B. JleGesies B paGore [134] B nensax cocrasnenns npmGausKeHHBIX
MHOTOJCTHAX HPOTHO30B W3MEHEHHs YPOBHS TIPYHTOBHIX BOJ HA BHOBB
OCBAMBACMBIX MaCCHBAX OpPOUNICHHS MPEe0:KHI OPEMEHATH METO] aHa-
JOTHH, a TaK;ke YNPONIEHHHN METOJ, OCHOBAHHHE HA BMOINPHYCCKUX
38BHCHMOCTAX MejKIy djeMcHTaM:u Oallanca IPYHTOBHIX BOJ, COCTaBle-
HIE 0aBaHCOB BIIaTH B 30HEe adpamuu u GAajJaHCOB IPYHTOBHIX BOJ MAJA
KOHKDETHHIX Yy4YacTKOB.
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§ 4. Bopguo-GanaHcoBwmiii MeTo[

Opocurenbrsie MeJIHOpalHH 3eMesib, OHPOBOAUMEE C IEIbI0 peryJin-
poBaHUs BomHOTO Oajiamca W yBejMYeHHs BJIaro3amacoB, HeoOXOMMMEIX
NS JKU3HEJIesITeIbHOCTH KYJABTYPHHX pAaCcTeHHi, CYMECTBEeHHO BUJLO-
U3MEHAIOT PE)KUM T'PYHTOBHIX BOJI. Y POBeHb DTHX BoJ| IPH ONpe/eie HELIX
COOTHOIIEHWSX UPHXOAHHX ¥ PACXOJHHIX 3jJIeMeHTOB o0mero BOJAHOTO
faranca MOKeT MOJHHMATHCA [0 [HeBHOI moBepxHoCTH. Ecim B ycio-
BHSAX pacUpoCcTpaHeHus MOPECHHIX TPYHTOBHIX BOJ M HE O4eHb 3KAPKOTO
KJIUMaTa B CBSI3M C HO[HEMOM DTHX BOJl BO3HHKAaeT mpolieMa Opeaympe-
suneHusa 3abosiaguBanms 3eMesis @ GOpBOK ¢ HEM, TO HpPH 3aCOJEHHEIX
IPYHTOBHIX BOJaX B apHAHHIX YCIOBHAX BO3HHKaeT U BTopas npobiema —
6oprba ¢ BTOpHYHKIM 3aCOJIeHEEM HOYB, BOSHUKAIOMUM BeJeACTBHE HCHA-
penus.

B ofoux cayuasx paspaboTka OOTEMAJbHEIX PE;KEMOB OpPOIICHHS
U ynpaBjlenue peKHMOM IPYHTOBHIX BOJ A HOJJEPaHus UX YPOBHS
HIRE KPUTHIECKHX (T. €. TAKUX, OPH KOTOPHX OPOUCXOMAT 3HAYMTEh-
HOC MCHapeHue W BTOPHIHOE 3ACOJICHHE MOYB) OCHOBLIBAIOTCA HA COCTa-
BIEHMH U aHAJIN3e CYmeCTBYIOmEro M HpPOeKTHpyeMoro Gajanca TpyH-
TOBHIX BOA. Ilpeskne weM mepeliTH k DPOTHO3Y pesKUMa CPYHTOBHX BOJ,
OCTAaHOBHUMCs Ha BompocaXx (opmupoBanus Oajanca »TuX BOJ B Opomia-
eMBIX palioHax.

Han6omee mommoe BmipaskeHue Oajamca TPYHTOBHIX BOJ JJA ITHX
yeaosmit gan A. H. Kocraxos [124]. Ypasmemme Bogmoro Gasamca
(3a ompemesennoe Bpemsa Af) opomaeMoro MacCmBa B YCJIOBHUSAX Hempe-
PHIBHOTO HOMOJHEHUsi TPYHTOBHIX BOJ] ¥ OpHpAmesUsi uX ypPOBHSA, HPH-
BefieHHoe B ero pabore [124], B mamux oGosmadenusx (BHpasKeHHOE
B MHJLIEMETpPax) BHIJAAUT ciaepylomuM obpasom:

PAH =J, 4 fo+ N —(@i -+ vn—ny) + (v —v,) +
+(C,—Co) -+ Q01— Q. (VII. 31)

rae J, — KoauuecTBO BOJEI, MOJJaHHOe HA OpoIHaeMhble HOJ;

fr — KOJIMYeCTBO BOAH, HOCTYMANiee I3 OPOCHTEJIBHHIX KaHAJIOB
oyreM QWIbTPANud;

N — xonnuecTBO aTMOCPEPHHIX OCAJKOB, MOCTYHAWOMX HA HOYBY;

Uy — KOJIMYECTBO BJarH, moTpedisieMoe pacTeHUAME (TpaHCOMpanus);

Up — KONWYECTBO Bjaru, McHapuUBIIedCA € MOYBHI;

n; — KOJUYeCTBO BJArd, OOCTyHUBINIEN B HO4YBY C IIOBEPXHOCTH
IPYHTOBHX BOJA mpu HEIJIyOOKOM HX 3ajeraHud;

v’ — KonnueCTBO HU30HITOYHHX MOBEPXHOCTHHX BOJ, IOCTyHAKOMINX
B OPOCHTEJBHYIO CHCTEMY M 3aJiep’KMBAMIIUXCA B HeH BCiIef-
CTBHe HeyperyJinpoBaHHOCTH Bojo3abopa, 3aTOmIeHNIT BO BpeMs
maBoOJKOB, TPOPHBAa KaHajaoB M jgamMb, NWPHUTOKA JIHBHEBHIX
¥ TaJeX BOJ, pasnmBa COPOCHHBIX Boj U Ap.;

U, — CTOK HM30LITOYHHIX, HEHOTJOmEHHBIX I[OYBOH IOBEPXHOCTHHIX
BOJl 3a Opelienkl OpONAaeMOTo MaccuBa M cOpoc BOAH 3a Hpe-
JeTBl CHCTEMEL;
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C, —3amac BJIaru B MOYBO-TPyHTE OPOMAEMOTr0 MacCHBAa BHIIIE
yVPOBHsA TPYHTOBHX BOj{ B HAyalle pacCMATPUBAEMOTO TIpOMe-
JRYTKa BpeMenu Af;

C,— samac Biaru B TOIl ;Ke ToJdlle IIOYBO-I'PYHTOB, KOTODHII MO-
JKeT yaep:RuBaThcA B Hell Ge3 CTexanus B TPYHTOBHE BOJEI
W COOTBETCTBYIOIIMI TaK HAa3kIBaeMOil UpenelbHOH HOJNeBOIl
BIIATOEMKOCTH T'PYHTOB;

() — nofi3eMHBI NPUTOK B Ipegedsl NAaHHOU IJIOMATH T'PYHTOBHX
BOJ, B TOM gHcle BOBMOSKHRII 3a Cyer OIPUTOKA QUABTPAHOH-
HBIX BOJ C COCeHUX 3aTOMJEHHEIX, HATPUMep, PHCOBHIX mHoJeii,
¢ IIPpOMEIBHHIX ILIOINaned @ Ap.;

Q, — OTTOK TPYHTOBHIX BOJ 3a M[pefensl OpONIAEMOT0 MaccHBA

B BOJONPHEeMHHKH HAH B CTOPOHY COCeHHX HeOpPODIaeMBIX
3eMelb OyTeM 0OKOBOTO PacTeKaHHA.

Usmenennme yposma rpymToBuix Bojy AH (mm) mpumumaercsi Kak
CpefHee IJsA JaHHOTO MaccuBa. |aKske OcpegHEHHOHN ABISETCS HEJOCTa-
TOK HAaCHO(CHMSA 10 HOJHOH BIaTOeMKOCTH HIH BOJOOTHAYA NOYBO-TPYH-
TOB M.

A. B. JleGenes B cBoeit pabore [135] yraswiBaer, uto anreGpanyeckas
CyMMa Bcex ciaracMuix npasoil wactu ypasmenusi (VII. 31), Ges pas-
noctu @, — (J,, BHpaskaer co0oit obmiee KONMYECTBO IOBEPXHOCTHOI
1 aTMoc(epHOI BOAH, NOCTYyNHUBIIe# myTeM NHPUIBTpAIMH B OPOHIKIIE
[0 3epKala IPYHTOBHIX BOJ, T. €. DONOKUTeNbHOe NUTaHHmE TUX BOJ 32
CPABHHTEIHHO KOPOTKOe BpeMs HofbeMma ypoBHA. [[na Goapmux mpome-
JRYTKOB BpeMeHu Af, B OTJeNbHBIE OTPE3KH KOTOPOTO MO;KeT IPOUCXO-
INUTD eme M cyMMapHOe HCIIapeHWe I'PYHTOBHX BOJ, BeJWYMHA R, B ypaB-
verauu (VII. 31) mexmiogacTes, mMOCKOIBKY OHAa COKpamiaercs ¢ TOil Be-
JANYKHON HMCIapeHHA IPYHTOBHX BOJ, KOTOpas JONONHHTENHHO JOJKHA
YYHTHBATbCA O 3HAKOM MHHYC.

M. M. Kpuunos [128] gna opomaemuix paitomos ¥YaGekmcTana mnpefi-
CTaBIfeT BOAHHIT 0anaHc OpolNIaeMBHIX MAacCHBOB CJEAYIONAM YpaBHe-
HueM (B Hamux o003HaYeHHAX):

WAH + Dyt Dy =N Jeble=le lem02 4+ Ky — V,(VIL. 32)
rae Dy, Dy — npupamieHis BIaro3amacons HAa JTHEBHOH MOBePXHOCTH U B
30HE a’panum, MM;

J» — KONMYECTBO TPYHTOBHX BOJ, BHIXOAAMUX HA JHEBHYIO IO-
BeDXHOCTh (TaK HAasEBaeMoOe (BHIKIMHABAHHWE» HX) HA
rpaHuile OajgaHCOBOTO palioHa, M3;

K, — ronmuecTBO BOnH, O0pasosaBmieiics BelelcTBHe KOHIEHCA-
IUH BOASAHBIX IapoB B T0YBe U Ha MOBePXHOCTH 3eMIH, MM;

V — cymmapHOe HcunapeEMe ¢ IOBEPXHOCTH, MM;

® — mlomanb 0alaHCOBOTO palioHa, 2a; ocralbHEIE 0003HAYEHHS
npexaue; @y, Qs Jn, fr— (37eck BoipaskeHEnt B M° 3a
JaHHOe BpeMs).

Ecnm ucnmons308aTh AU3EMeTpHYeCKUe HAOIIONeHAs HAJ MHOHIBTpA-
el HOBepXHOCTHHIX BOJ M O0CaIKOB, a TAK)Ke HaJ HCIIapeHueM Py HTOBBIX
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BOX, TO Jerko cocTaBuTh 6Gamamc rpymroBwx Box. Ifo M. M. Kpw-
noBy, 9T0T GandaHC (B HammX 0003HAYeHHWS X HEKOTOPLIX BEJHMYWH) BHI-
pawkaeTcsa CIEYIONHM ypaBHEHHEM:

WAH =gy BT O gy (V1T 33)
3]eCh: I; — NPOCOUUBMIAACA YaCTh ATMOC(HEPHHIX OCANKOB, MOCTHITIAS
3epRaia TPYHTOBBIX BOJ, MM
fn — TipocouuBUIagCcA dYACTh OPOCHTEAHLHON BOJSGI, - MONAHHOH HAa
mons, M3
K; — KOHJIeHCAIlHOHAOe THTAHHE TPYHTOBHIX BOX, MM,;
U — CyMMapHOe WCIapeHme TPYHTOBHIX BOJ, MM; OCTAJbHbIC
0003HAYEHUA TPOsKHHE.

B pa6orax M. M. Kpuunosa [128], A. B. JleGenesa [136] u ypyrux
aBTOPOB HOAPOSHO PACCMOTPEHH DKCHEPHMEHTAIbHNE B THAPOAHHAMI YL~
CKIEe METOJB OHpefieleHnsi BCEX DJIeMEHTOB BOJHOro Oajamca.

He mmesn BosMo:kHOCTH jaste KpaTKO paccMOTpeTh 5T MeTOAH B Ha-
croAme# paboTe, yKa)KeM JIWIMb HA BaKHOCTH HAPAJJebHOTO MpHMe-
HCHHA TeX ® APYTuX MeToAoB, OJarofapst 4eMy uCKII09aoTCs IpyOnie
TOTPeIIHOCTH U YTOYHAIOTCS TOJNydaeMble Pe3ybTaThl.

Tax, manpumep, omnupemenssi 5SKCIEPUMEHTAJILHO BCe dJAEMEHTHI,
A —0y

100 ’
MH TOIy9aeM WX ajrebpamdecKyio cyMMy, PaBHYI0 BeJIWYMHE HUTANIA
TPYHTOBHIX BO# w Af. 9Ta cyMMa HENMOCpPe[CTBEHHO YUYMTHIBACTCSA ypaB-
HCHHEeM HeyCTaHOBWBIIErocs ABWKeHWSI B Komeunsix pasHocTax (VII. 29).
C momomipio THAPOAMHAMAYECKOTO aHANM3a PEKAMa TPYHTOBHIX BOJ 9Ta
BeIHUMHA WX TuTanuAa w Af ompenensieTcsi pacdeTHHIM TyTeM, KaK YKa-
3aHO B § 3 oroii riaasei. [[as coOTBeTCTBYIOMUX pacdeToB He Tpebyercs
NpoBe/IeHUA TPOMO3IAKUX BOMHO-GamancoBeix Halbmrofenmii, a JOCTATOYHO
JULIb CBEJIEHUH O pe;KMMe YPOBHS U O THIPOTEOIOTHYECKUX YCJIOBUIX
MaCCHUBOB OpOIICHMUA.

3ajjada IO COCTABICHHI0 TPOTHO3a CPEJHET0 W3MEHEHWS YpPOBHS
rpyrTOBHX Bojy AH, HA opomaeMoM MaccuBe ABJIAETCS 00paTHOIl 3agaue
COCTaBJEHMA ¥ aHaJm3a Gajamca >TuX BoJ miad obmero sogHoro 6axanca
Ha JaHHOM 3eMeIbHOM MaccuBe, Kak Buano us ypasmenmii (VII. 31) —
(VII. 33). Amanus Gamauca AN CYMECTBYOMUX YCIOBUHA OPOMIEHAA 103~
BOJIAET BHACHUTH U KOJWYECTBEHHO ONEHHUTH POJb OTHEJBHEX HPUXO0[-
HHIX M PAcXO[HHX DJeMEHTOB B OPMHPOBAHUU PEKEMA TPYHTOBHIX BOJ
z ux Gamamca. [nsa mporHosa ypoBHE#H B caydasix mepeycTpoiicTBa opo-
CHTeIBHHIX CHCTEeM YYUTHBAIOTCSH TPOeKTHPYEMbie BeJUYUHBI COOTBET-
CTBYIOHIMX JJIEMEHTOB O0ajaHCa; ecJWm TNOACTaBHUTh HX B paccMo-
TPeHHbIE YpaBHeHHs, TO MOKHO HEHOCPe[CTBEHHO OMpEjeIuTh BedH-
quny AH.

ns BHOBH ocBamBaeMWX 3eMedbh MHOTHE U3 DPAacUeTHHIX JI€MEHTOB,
HATpUMep TaKWe, KAaK pacxofl BOAK HA TPaHCOUPAIUI0 PacTeHwui,
HucHapeHne ¢ MOYBH, OTHOCHTEJbHEE HOTEPH MOAWBHHIX BOJ Ha HHPHMIB-
TPallYio X T. 0., IPHHUMAITCA MO aHAJOTHYM C CYHOIECTBYIOOUMHU CXOJ-
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HBIMII B OPHPOHOM M BOJOXOBAUCTBEHHOM OTHOIHEHHSX OPOITACMBIMIL
yvaccusamu. 1lodroMy cucreMariiuecKuii aHaIW3 CYIICCTBYOMETo Oaiam-
ca I pe;XuMa I'PYHTOBHIX BOJ B paffoHaX OPOBOAMMOIO OPOIICHHS TAaK JRe,
Kak I TPOU3BOJACTBO caMUX HaOJIOeHMII 33 PeMUMOM TOA3eMULIX BOY
I' TJaBHeHIINMHE dacvenTaMu ux 0ananca, ABIseTCA aKTyaabHoli sajadeii
Opu DKCIHAYAaTaHuy OPOCUTEJBHBIX CHCTEM.

IIpursTo cuuraTh, 9TO €CAHM B pe3yibTaTe aareOpamaeckoro CymMmit-
pOBaBisl DRCICPUMEHTATIBHO OTpe/leJieHARX DJIeMeHTOB Oalanca u Jelc-
His 65X axredpanydecKoif CyMMsl HA MapaMeTp W HoJydeHHas pacueTHasd
BCNT'YMHA M3MEHeHWs YDPOBHA 3a pacueTHHl nepmop Bpemenu AH or-
auvaercs or fanTudecku Habaonaemoll Bcero ma 10—20%, 1o 6Gamame
cocTaBleH yaoBierBoputedsno. Hpu mporuosax mamenenus yposust A H
ciieflyeT cocTaBAATH OalaHCH BOAK 32 Kask[IBIA Mecsi.

B rauectBe mpumepoB cxem gopmMupeBanmst Gananca IPYHTOBHIX BOT,
ROTOpHle HMMEIT BajKHeiiliee 3HadeHWe B IPOTHO3¢ YPOBHEH FPYHTOBLIX
BOJ Ha OpOMAaeMHBIX TePPUTOPHWAX, NPFBEISM HEKOTOPHIC X HUX, 3aiiM-
creoBannbic uz paborm H. H. Masopura [191].

I. CymMma npuxofBBIX ¥ pPacXoAHHX 3DIEMEHTOB BoOMHOTO OalaHca
3a roj 6auska K pyao. OfHAKO 110 CE30HAM T'OfIa 0TMeYacTICcs HePABCHCTBO
9TUX BJEMEeHTOB U U3MeHeHMe YpOBHeil. BaykHO 3Harh, KaKoil pacxonHbrii
daxTop ARIALTCH pemalomuM B 0anaHCUPOBAHHM — OTTOK MAM Hela-
penue. Ilpu snaunTenNpHOIl BEINYMHE OTTOKA W WCHOAPEHIST OPOLIAEMEIC
MacCCUBBl, OJATOTMPUATHHE B MEJUOPATUBHOM OTHOMEHHM, MOTYT OKa-
34Thes B 1eONarONpPUATHEIX YCIOBUSAX B OTHOHICHHMH 3aCOJCHIA.

Il. Cymma mpmxXofHEIX ¥ PacXoJHHX DIeMEHTOB He Gajancupyercs
B TeueHWe TOAA W Psja MOCAeAYIOMIX JeT. Pe3yabTaToy 0TOTO ABJAETCH
e:Kero/lnoe H3MEeHeHI:e YPOBHs TpyHToBeXx Box. Ilpm mopbeme ypoBHs
3a Toj MeluWOparuBHOE COCTOSTHUE 3eMeldb yXyaniaerca. llpm Tawoii
cXeMe OCHOBHBIe BIIBI 0aranca IPYHTOBBIX BOJ IO OPOIIACMLIMH Mac-
CHRAMH CBOJATCS K CHCTYIOMHM:

1. llpuxonsrie crarepd Oajanca ONpPeHENsIOTCA B OCHOBHOM oOpoLIe-
HUEeM W TOCTYINIEHHEeM OCeHHe-3MMHUX OCAJKOB, a PacXojHLe — HCIa-
peHHUeM ¢ HOYBH M TpaHCHupammeit. Taras cxema 6ananca xapakrepua aJs
cpeaneil moxocs Eppomeiickoii wactu CCCP (wampumep, Kyryayreras
opocuTeJ bHAS CUCTEMA).

2. Ilpnxonusie crarpu Oajlanca OMpefeNAMTICA TAAaBHLIM 00pasoM
opolleEMeM (HOTePII w3 KAHAJ0B, HOJWBLI, IPOMBIBKI, IpelloCceBHbIE
HOJIMBH), & pPacXojHbe — UCHapeHmeM I Tpaucumpaimeii. Ocragbusie
crarajomue OajaHca WMEIT BTOPOCTeNeHHOe 3HaUYeHHe. Bo3MOIRHLI
pa3HOBHIHOCTY 9T0T0 6ananca, pasianvaliuecs [0 OTHOCHTEIbHOM POl
OpeJIoCeBHBIX U MPOMBIBHEIX H0JuBOB. Takue Ganmancel TPYHTOBHIX BOZ
CBOMCTBOHHH [0:KHHIM paiionaM EBpomneiickoit wactm CCCP, 3araBrasns
u Cpenneit Azuu.

3. Ilpuxopusie crarpu 6aaECca OTIPeIeISAIOTCA B OCHOBHOM OpPOII@HUAEM
(Bogomojaueii Ha Hos1A X PUABTpaNAeil ©3 KAHAIOB), 8 pACXOAHBIE — HCIa-
peHuUeM ¢ TOYBKI, TPAHCONPAIHell ¥ XOPOIIO BHPAKeHHHM €CTECTBCHHBIM
OTTOKOM TIDYHTOBBIX BOJ, O0eCTIEUYeHHHKM B TeUeHmne roga. Lakoil B
6anaHca malmogaeTcs, nanpuvep, na HybaHcKoil prcoBoi opocuTeaIbHOIL
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cucreme 1 Ha IlpackoBeeBckoil opocurenbHOil cucreme CepepmOro
Hagsxasa.

4. Hlpuxomaere crarbd GalaHca OOpefeNsilOTCS B OCHOBHOM OpOIIe-
HUEM U 3HAYHATEIbHHM BHEIIHHM HPUTOKOM TPYHTOBHIX BojJ (OyTeM MH-
PurbTpanuu U3 peK, BOJOXPAHWINN] M U3 BHIIIE PACIOJOKEHHHX MO IIO-
TOKY pailoHOB), @ PaCXOJ{HbIe —NCIAPeHMeM B TpaHCOUpanuell mpu Maxoil
POILI IOJBEMHOTO OTTOKA. Taxoit Bup Gamamca mabmofgaercs Ha o3ep-
noit teppace Ceip-Ilappn B 'onopnoit Crenn, B HuzoBssax Amy-Jlapsi.
a Takyke Ha nepudepuum KOHYCOB BBIHOCA.

5. Ilpuxoxnsie crarbm GalaHca oupefedAIOTCS TJIAaBHHEIM ob6pasoMm
OpOIIenIeM U BHEIIHUM OPHTOKOM, & PAcXOJiHble — HCIApeHUeM W BHeII-
HIM OTTOKOM. DB 3aBHCHMOCTH OT COOTHOWICHHA MEKIY 3THMH CTAThAMH
fanamca peKuM IPYHTOBHIX BOJ Oy[eT CXO[eH ¢ Pe;KHMOM, OPHBefeHARM
B pasfenax 3 uand 4.

HKax yraseiBaer H. H. ®asopmn [191], gua opomaemsix MaccnBoB,
pacIoOIOKeHHKX Ha aJNJMIOBHAJBHEX Teppacax Baxma (mo paEHELIM
E. A. HRanmmckoro), OPHXOJHHIMA CTAaThAME ABIAIOTCA: HPPUTALMA
(81%), atmocdepnsre ocankm (8 —10%) m momzemuwii npuTok (9 —11 %)
a pacXojHHMH — Hcuaperme ¥ TpaHcmupanus (03 —61%), mogsemmbrii
orrok (17—39%) u moBepxmoctamit oTToK (0—30%).

6. llpuxommsie crarbu Gajanca oOIpenedsilOTCA TAABHBIM 00pa3oM
opolieHmeM H NPOMBIBKAMH, a PACXOfHBE — WCOAPeHHeM H OTTOKOM,
CO3[aHHBIM [PEeHAKHHIMH yCTpoiicTBaMm (HampmMep, B HEKOTOPHIX
paitomax Xopesma, Myramm m fgp.).

. H. ®aBopun B Toit 3%e paboTe yKasmBaer Hajee, 4TO AJAf HpO-
rHO3a Oy[ymero pe;KAMa IPYHTOBHIX BOX Ha BHOBbL OCBAUBAGMHX OpOCH-
TeJLHKX cHCTeMaX BCe BeJNMYHWHBI, BXOJsIIEe B ypaBHeHHH 0adaHca,
NOJGKHK OBITH 3aJ{aHBl HA OCHOBAHWN W3HICKATEJhCKHX M HPOSKTHHIX
matepunanoB. MckoMoii Benmannoit 6ymer wAH, 1. e. u3MeHenne 3aMacoB
IPYHTOBHIX BOJ 3a OTPe30K BpeMeHH Af,

OpueHTUPOBOYHbIE MOACYETH 0AaNaHCOB TPYHTOBHIX BOJ AJA HEKO-
TOPHIX 1260 OTTOYHHX opocuTedbHHX cucreMm Cpefueit Asuu, cocTaBien-
HbBle NI yCJHOBHHM KECTKOTO COONIOJeHusi HOPM BOJMOMOJNb30BAHUA U
npu orrOocHTeaAbHO BhIcOKOM (60%) Kovdpduumente momesnoro meircTsis,
MOKa3ain, 9T0 ¢ m3MeHeHueM KosPunuenTa 3eMebHOT0 HCHOIb30BAHMS
or 10 mo 100% sBemmumna pWAH — usMeHenusi 3amaca TPYHTOBBIX BOJ,
nMeeT OTPHOATeNbHOE 3HAYEHHE [0 TeX Mop, MOKA KOdQPUIIenT 3eMelb-
poro mucmoabzoBaEmsi He pocruraer 40-—45%. Ilpm smauennm Koad-
dunumenta 3eMeIbHOr0 WCHONb30BanmWs Goabnie 45% HaumpaeTcs HO-
TDoJHeHHe TPYHTOBHIX BOJ; B CIyYafgX OTHOCHTEAbHO Herayboxoro mux
3aJleTaHUsA TOBeM YPOBHA BTUX BOJ JOCTHTaeT KPUTHUECKUX TiIyOIrH
3a 3—9 Jer.



r's2a8a gocemasn

OIIPEJIEJTEHUE I'MJIPOTEOJIOr'MTYECKUX NTAPAMETPOB
IO JAHHBIM OIIBITHBIX OTKAYEK,
HAJINBOB I HATHETAHUN

§ 1. Hexoropsie 00mme BOIPOCSH

3anaga onpefelNeBus THAPOreoJOrAYeCKHX IapaMeTPOB ABIACTCSH
OXHOM M3 BajKHeHIIMX B THAporeoJormu. I'mpporeojormueckue mapa-
METPHl CIY’KaT OCHOBOH JJIA THJPOTeoJOrHYeCKHX PacdeToB, BBHITOJIHA-
eMHX B CBH3H C OPOEKTHPOBaHWEM BOM03a00pOB, ApeHAKEH W APYTHUX
COOPYReHHuH.

Cnenyer, mpaBfa, OOJ9epPKHYTH, YTO OOpefieieHWEM THEPOTeOIoTH-
9eCKHX DapaMeTpoB OTHIO[b He OTPAaHWYMBAETCA Bech KPYrI BOIPOCOB,
CBABAHHHX C OCBelleHIleM HPHPOJHON TUIPOTe0N0rngecKoit 00CTaHOBKIL.
Kax ysxe yxkasuiBajoch pagee (CM. I1aBy mepBYIO), HajemHOCTH THJPO-
Te0JIOTHYCCKUX PacueToOB CTOUT B HPSIMOM 3aBHCHMOCTH OT TOT0, B KaKOi
Mepe B HuX (pacdeTaX) yY4uTHIBAETCA BECh KOMIIEKC IPHPOMHLIX YCJIO-
BHil, HACKOJIBKO NPAaBHIBHO U MONHO OTPasKeHHI MOCJIeHNHE B HPUHATOH
pacueTHOH cxXeMe. I'miporeomormuecckme mapaMeTpHl TOJBKO MOMOJHAIT
pacdeTHYIO cXeMy, HO He 3aMeHAIOT ee.

Onpenesiene THAPOIeOJIOrHIeCKUX HapaMeTPoB ¢ MOMOMBIO OTKaYeK
U3 CKBAKHH W HArHeTaHMH W HAJIMBOB BOJB B CKBARUHE H TYpPOE
cOCTaBsgeT OCHOBHYIO YaCTh TaK HAa3biBACMHX O H THO-PHIBT p a-
IHOHHBX HCCIeJoBaHuIi, BHNOJHAEMEX OPH THAPOreoio-
I'M9eCKNX W3HCKAaHUAX.

I'mpporeonormueckne mapaMeTpsl MOMKHO MOAPA3feauTh HA JBe IPyI-
nel. IlepBas rpynma BriIOYaeT mapaMeTphl, KOTOPHIMEH B OCHOBHOM Xa-
PaKTepHU3yIoTcsA ¢aMU CKBAKMHHE U 30HH, HENOCPEICTBEHHO K HUM HpH-
neraromue (mpuaszaboiiHbie WIM TPUCKBa:KUHEHBEC 30HH). K mx wmcay or-
HOCATCSA: BeJWYMHA YyJenbHOTOo nefuta ¢, T. e. B Goiee oOmeM Bume —
38BHCHMOCTD, CBABLIBAlOMas eOUT CKBAKUH W MOHWKCHME YPOBHA B Hel
U ABIAKIMAACA OCHOBOH [l IOCTPOeHHMA KPHUBH X pAeluT a,
UM, KaK HX Ha3bpIBAlOT B HedTeIPOMHICIAOBOM fleie, W HX M K & T O p-
HeEX KpuBHX (= f(S), a Takswe morasareds oGoOmeHHOIO CO-
mpoTuBJeHNA CKBaKUHBL (Iy).
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Ho BTOpoii rpynme moryr OBITH OTHECEHH IOKA3aTeil, XapaKTepli-
3yIOOIie BOJOHOCHBIA TOPH30HT B 30HAX, 00Jee MIM MeHee YaJCHHLIX
OT CKBRKMH. TaKMMH IOKasaTelAMH ABIAWTCA: a) Koddfumment
bunasrrTpanuu (k) minm xoMIIEKcHAs XapakTepUCTHKA B O [ 0-
OPOBOJAHUMOCTH, T. €. IpousBefenne Koshduuuenra QirbTpanuu
Ha MOITHOCTH BOJOHOCHOro ropusonTa (km unm kHcy); 6) Bo oo 1-
I adamnopox B 6e3HATIOPHEIX NOTOKaXx (W) MmoKasaTeab BOJO-
OTHadY| WIH MK OCT M BOJOHOCHOTO TOPH30HTAa B HAUNOPHHIX
YCIOBHAX, ONpE/eJsAeMblii B 3aBUCUMOCTH OT YHPYTUX CBOIHCTB BOIBI
¥ TOPOJ, B CBA3AHHEI, KAK oTMedaloch BHUIE (CM. INIaBY 9eTBEpPTYIO),
TaK;Ke ¢ MOCTYILNIEHVEM BOJHK B JAHHBI TOPUBOHT U3 APYTUX MCTOYHUKOB
(n*; p**); B) Ko0d9PPunEEeHT NHEe30OPOBOAHOCTH
(B OesHAmOPHBIX IIOTOKAX €ro IPUHATO elle HAsHBaTh Ko3PdHImeHTOM
YPOBHENPOBOJHOCTH), ONmpEJeAAeMBli KaK 9YacTHOe OT [eJeHMA BOJ0-
mpoBofuMOcTH HA BojooTAaqy (a). IlbesonmpoBogHOCTE siBMIsACTCA BaKHel-
MIEM 1apaMeTpoM, XapaKTepHSYIOIUM CKOPOCTh IepepaclpefeieHus
HAamopoB B mpolecce HeyCTaHOBHBIeiHcA ¢(uiasTpaunnm.

Kpome yxaszammmix mnapaMeTpoB, IpHM ONHITHHX QUIBTPALUOHHHX
HCCHEeOBAHMAX YCTAHABINBAETCA eIle IeJHd PAX BaKHBIX JaHHBIX,
WCHONIB3YeMbIX TpH THAPOTEOJOTHICCKUX pacderax. Tak, HampmMmep,
B psAjge CIydacB IO OTKAYKAM W HATHCTAHWAM IPCHCTABJISACTCSH BO3MOK-
HEIM ONEHHBATh IAJbHOCTD JledcTBUA ((Pajityc BINABLSY) CKBaYKMHH R,
IepPBOHAYAJIBHBI HWamop BOXOHOCHOTO TopuszoHTa (H,) W HeKoTophe
npyrue.

IMoseBsie onuTHO-GUIHTPANHOHHBE HCCIACOBAHAA B HPAKTHKE THIPO-
reoJOTHYeCKIX M3HCKAHNN MPUMEHAIOTCA 09CHbB JaBHO, HO 0 MOCJICTHUX
JeT MeTOJHKa UX mIpoBefeHuns u o6paboTKu OCHOBHBalacCh HOYTH MEJH-
KOM Ha TeOpUHN YCTAHOBUBINEIoCd IBUIKEeHHSA IIO[3eMHEHX BOJ. JTa Me-
TONMKA ONMMCaHA B MHOTOYHCJICHHRIX paboTax COBETCKUX THIPOTe0JIOTOB
[21, 22, 35, 98, 105, 106, 179].

B macrosmee Bpems Bce Gosee mMUpoKoe pasBUTHE MOJIYIAOT OMBITHO-
dunpTpanMoHHKC HCCICHOBAHWA B YCIOBHAX HEYCTAHOBUBINETOCA IBH-
JKeHHA TOJI3CMHHX BOJ. 9TO OmpefenAeTcsa TeM, YTO IPH HEyCTaHOBUB-
mieMcA JBU;KeHUH 0ojiee HOIHO OCBEIIAIOTCA IapaMeTPHl BOJOHOCHOTO
TOPU30HTA, a HEKOTOPHE W3 HUX, HANpUMep Ihe30IPOBOJHOCTH, WHAUe
BooOmic He MOryT OBITH HAMJ[eHHI.

Kpome Toro, oTkaukud u3 CKBaKUH HEPEJAKO IPOBOJLATCA C IEAbio
HOJIy9eHAA «OPAMHIX» JaHELX 00 5PPEeKTHBHOCTH HPOEGKTHPYEMBIX CO-
opyskepuit (Bomo3a6opoB, BOJONOHUBUTEIBHHX YCTAHOBOK W T. 1.).
B aToM ciydae oTKaukm OOBYHO HOCAT JJIMTENBHEI XapaxTep, u Ae0HmT
X comsMepuM ¢ JieOUTOM OPOGKTHPYEMEIX yCTAHOBOK, BO MHOTHX CiIy-
4agX BeChbMa BHICOKHM, B CBA3M C 49eM JBH)KeHHEe IOJ36MHHIX BOX, BO
BCAKOM CIydYae Ha MEPBOM 3Talle OTKAYCK, ABIACTCA HeyCTAHOBHBIIMMCA.

MeTonuka NpoBefeHHS W HMHTEPNPETANUH AAHHHX ONBITHO-QUABTPA-
HUOHHKX HNCCAeOBAaHUA B YCJIOBUAX HEYCTANOBHBIIETOCH JBHKCHHSA
ocBellleHAa BO MHOrmX paborax Kak 3apyOexmsx (riaBEBEIM obpasom
aMepHKAHCKUX B B MeHbIIe# cremerd (PaHIUY3CKHX), TaK W COBETCKHX
apropoB. QOcoGenno OGonbmoe BEIMaHUEe OJTOMY BOIpOCY Y/eiaseTcs
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B TOCHeJHHEe TOJfbl B TOW BETBM IOJ3EMHOIl THAPOXUHAMUKII, KOTOpasd
cBa3aHa ¢ paspaboTkoil HedTAHWX H rasoBHX MectToposkpewuii. OGsop
MeTO[OB OIpefeieHns HapaMeTpoB IO JAHHHM IOJeBHX HCCIeOBaHWIl
OpH HeCTAalMOHAPHOM pEe;KUMe Yy Hac B CTpaHe jaH, Hampumep, B pabo-
rax B. K. Mleaxagena [221], B. C. Yepnosa, M. 1. Basnosa, A. K. HKy-
xopa [2011, H. H. Bepuruna [71] u muorux gpyrux. B mepBrx apyx
3 HaszBapHLIX pabor mpuBomutcsa obmupHag Gubmuorpadus.

IlpuMeresye yKa3aHHHX METONOB B aMepPHKAHCKOIl T'HpOTreoJorude-
CKOii IpaKTHKe OCBellaeTCs, HampuMep, B cBofHOII pabore MPeppmuca,
Kuoyneca, Bpammna m Craxemasa [230]. Jlamee OGymyT cpeman
JIOTIOJTHATEIbHO CCHIIKKM HA paboTsl, MCIONb3yeMble HaMHM HpHU Xapak-
TepUCTUKe pPAaB3IMIHEIX DOPHEeMOB M MeTOJ0B 00paloTKH ONBITHHIX
TaEHHX.

Haubosee pacmpocrpaBeHHLIM BHIOM ONBITHO-QUIBTPAIMOHHBIX HC-
CIeNOBAaHUEA SABIAIOTCA ONBITHBIC OTKadyKu W3 ckBaykuH. OB mompasfe-
JAOTCA Ha NpobHbie, ONMHTHBE W ONBITHO-IKCILUTY aTallHOHBHE.

IMpo6GuBse 0TKAaYKHK OPOU3BONATCH HEMOCPEJCTBEHHO IIOCJIC
OypeHUs CKBa;KHHHI C IEJbI0 ee TPOYUCTKE (¢IPOKAYKUY), YCTaHOBICHIIA
TeXHUYECKOIl mcmpaBBHOCTU 000pyHOBaHUA U IOJYYeHHUs HpejBapurelib-
UBHIX AaHBBIX 0 nebure u moHwKenun yposusa. lIpoGunie oTkauxi o0mTHO
ABAAIOTCA KpaTKoBpeMeHHBIME (O —8 uac).

OunmTHBE OTKAYKHK IpeJHa3HAYalOTCHd Yyme Adsd Goxee
ReraldbHHX wucciemoBapmit. Ha mx ocHoBe BHABIAETCA 3aBHCHMOCTH
MNeKny fe6uroM W HOHW;KeHWEM YPOBHsS W PACCIUTHBAIOTCH KoapPUIueHT
$HABTPANA ¥ BOTONPOBOJUMOCTH ropusoHTa. ONBITHHE OTKAYKHA 00BITHO
OPOU3BOAATCHA NPKH HECKONBKHX (He MeHee 2—3) CTYHNEHAX TOHMKEHHS
YPOBHA U COOTBEeTCTBERHO fe6urTa W HIATCH HECKOIBKO CYTOK.

OODBTHO-KCOAYyaTaOqUOHHBEe OTKAa49KH BHIOJ-
HAIOTCA C I[eAbI0 IOJTBEPsKAeHNS BO3MOKHOCTH MONYYCHUS MPOCKTUPY-
emoro ebura (s eseit BOFOCHAOKeHIAA) NN BO3MOIKHOCTH {OCTHKeHH S
3alaHHHX MOHWKEHUH YpPOBHA (IpPU OCYUIeHMHM MECTOPOKACHHA IOJe3-
HHIX MCKOIAeMHX, IPpeHa)ke U T. J[.) U IO CBOCil MHTCHCHBHOCTH J{OJKHLI
OBITH COM3MEPUMHIMM C WHTEHCHBHOCTHIO IPOEKTHPYEMBIX COODPYIKEHMIl.
OnBTHO-3KCIUTY aTallHOHEKE OTKAYKK OOBYHO BeJyTCH B TeUeHHe JJIi-
teabHoOro BpeMenn (1,5 —3 mecamna u Gomnee).

Pasauyaror oM HOYBHE E I KYCTOBBH ¢ ONHTHHC OTKAUKII,
T. €. COOTBeTCTBeHHO (e3 HabmoaTe bHBIX (IHE30METPUIECKIX) CKBAKIH
u ¢ TakoBemu. HoamgecrBo mHaGaoiaTelbPHX CKBayKMH M UX PACIOO-
JKeHHe IPUHUMAIOTCS B 3aBUCHMOCTH OT KOHKDETHHIX THAPOTEOJIOTHYC-
cKEX ycaoBmii. Bo MHOTUX cayvasx HabGaopareabHbBC CKBaKUHBL pas-
MeImalnTcsa IO ABYM AuWHASAM (TydaMm) — BJIOAb HOTOKA W HOPMAJbHO
K moToky. OfHako Takas cXeMa He sBjisgeTcs obOssareanHo#. B ojiHO-
POJAHHIX BOJOHOCHHX TOpU30HTax OOXBINON ILIOMAJ} pacmpocTpaHe-.
HASA MOKHO B00OIme OrpaHMYuThCA OJHOHN muBHell HaOJIOMaTeIbHHIX
ckBaxuH. HampaBnemue 3To#l NMHWHM OTHOCHTEbHO MOTOKA IOI3EMHBIX
BOJ{ He WMeeT CYIECTBEHHOTO 3HAYeHHS, OHO MOeT OHITh JIO0BIM —
HapaaieJbHKM, HOPMAIbHHIM WU IOX HCKOTOPHM YIJIOM K Hampas.e-
HUIO TeYeHHA MOJ3EMHBIX BOJ B €CTECTBEHHHX YCJIOBUMX.

251



B peogHOpONHBIX BOJOHOCHHIX TOPU30HTAX HAOMWOIaTeIBHEE CKBa-
JKUHBL, Hao00poT, cIegyer pacmoixararh mo 2—3 aydaMm (a mHOTIA U 00-
zee), U OPUCHTHPOBKA UX JOJUKHA BHIOMpPAThCA TaKuM 00pazoM, 9ro0LI
HEOZHOpPOAHOCTh OBIJIA OTPa’kKeHA B pesyabrTaTaxX OTKadeK Hauo.ee
monso. BOaumsu pex HabmiopaTelpHHE CKBAKUHBI TeidecooOpasHo pac-
monararh BIOAb PyCla UIW HOPMAJAbHO K HEMY.

Haxogen, B c1o0uCTHX BOJOHOCHBIX CHCTEMaX P BO3MOKEOM B3aHMO-
JIeCTBUH BONOHOCHHIX TOPU30HTOB I0 Bepruxanu HabaogaTeanubie
CKBayKUHBI HYKHO pasMellarh He TOJBKO B TOM BOLOHOCHOM TOPHW30HTE,
13 KOTOPOTO OPOU3BOAATCA OTKAYKH, HO U B COCCJHUX — BHINE- H HILKe-
PACTIOJNOsKeHHBIX TOPU30HTAX.

§ 2. Onpenenenne mapamMeTpoB HO JAHHBIM OTKAYeK
M3 CKBQKWH NPA YCTAHOBHBLIEMCH PEKAME

Kpusas Oebuma

B pesynbrare ONHITHEIX OTKA4eK INOJIydalTcA [aHHBIE O HeOHTax
CKBKUE (), a TakKe O COOTBETCTBYIOIMIKX MOHW/KCHHAX YPOBHA B CKBa-
JKUHE, W3 KOTOPOM BefeTcs oTKauka Sy W B HAONONATEIALHBIX CKBAKU-
nax Sp. Ilo Bemmamnam Q u S, Mosxer OHTh mOCTpoeH rpaduk, HaznBa-

eMBf KpuBO#W gebnrTa CKBAaKHUHB, HIM HHJLAKATO P-
HO#H KpwuBoi.

Hpusasa pebura, Kax y:;ke 0TMEUAT0OCh, ABIACTCS BayKHelmIed xapax-
TePUCTHUKOM, MO KOTOPOIl OIEHHBAGTCA NIPOM3BOJUTEIABHOCTh CKBAKUHHI,
a Takke oOmee compoTuBicEMe (uUAbTPA W MOPOJ B INPHUCKBAKUHHON
30me. Teopernuecku wpuBas nebura, Kak caexyeT us fopmynst Hiomon
JUIA COBepIIEHHON CKBA/KMHE IPH YCTAHOBUBIDEMCSH [(BHJKCHUH, J[OJKHA
uMeTh BHUJ, Nokaszamperi Ha puc. VIII. 1. Jlas mamopmeIx Bojg — 3TO
npsiMasi, ypaBHeHHe KOTODOIii:

Q = AS,, (VIIL. 1)
rjae
ok .
4= (VIII. 2)
In
Te

Kosdpduinenr A B laHEOM Ccaydae paBeH Tak Ha3EIBAGMOMY Y [ € 1 b-
HoMY ge0uTy CKBaKHHH, SBIANIMEMYCA NOCTOAHHOIN BeJIWIHHOMN
nasi T00HX TOHIDKeHHH ypOBHA:

A=q=—3%~=const. (VIII. 3)

Fpadux ¢ = f(S) Bopaskaerca mpAMoil, mapaiielbHO# TOPH3O0H-
TanbHOII ocu MoHMKeHmit. B GesmamopHiIXx Bojax KpuBas nebmra mmeer
dopMmy mapaboxrt, oTBewaiomeil ypaBHEHHIO:

Q = A'S,— BS,, (VIIL. 4)



rae

A= ke p_ mE (VIIL. 5)
R
In— In —
Te Te

CoOTBeTCTBEHHO CPeJHUI yAeJbHBIN feOuT CKBasKuHE B 6e3HAIOPHBIX

Bojax Oymer
a)

g=-L = A —BS, (VIIL6) )
0 q A ‘

Taxkum obpasom, 31ech yieib-
ol pebur ¢ yBeJmueHHEM pas- 9 <
MEpOB IOHUKEHUS YPOBHA YMEHB- )
niaercsa, a Trpadpuxk g = f(S) /g -
npexpcraBiafeT coboir  mpAMYIO, ~—_ 7
HaKJIOHCHHYI0 TOJ HEKOTOPHIM iy
YyIJIOM K TOPH30HTANBHON OCH IO- Z
HIDKeHU.

B  ¢opmymax (VIIIL. 1) —
(VILL. 6) mpusATH caexywonue
o6osnagenusi: Kkm — BOZOIPOBO-
AUMOCTH TopusoHTa, H. — mep- )
BoHadYajnbHaA (o magama oOT- A
KavuKH) MOmHOCTH Gesmamopmoro ¢ 4 s
ropuszonta; R — «papmyc BaumsA-
HUAAY OTKA4YKH; r. — pagmyc -
CKBa;KHUHKI. q -

B peanxpsmx ycmoBuAX Kpu- -

Bei¢  JiebuTa, TOCTPOCHHKE IO 7 7

ONLITHHIM IaHHBIM, B O4YeHb MHO- 4 ~~a

TUX CIyvasX HE COBHAgalT ¢ Te- ~N—~-

opeTudecKuMH KpuBbiMu, OO6BIHO

danrugeckme rpafurn Q — S

UMEeIOT BHLE KPHUBHX, OTKIOHA- Sp

fomuxcs 0T TEOPETUHIECKUX  pye. VIIT. 4. Kpmsme gebuta Ipu or-

BIPaBO, B CTOPOHY OCH IOHH- KauKe H3 CKBARHHEI

ReHU U YPOBHA, KaK 9TO INOKAa- 4@ — B HAIlOpHOM BOJOHOCHOM FOpM3OHTE;

3aHO IYHKTUDHBIMH JIHHUSIMH 6 — B Ge3uamopHOM BOZIOHOCHOM TOPH-
sonrte: [ — TeopeTHdecKle; 2 — ONLITHEIE

ga puc. VIIL. 1. Tlpu osrom m

rpadukm yeabuoro gebura ¢ — S

TaK/Ke IPeHCTaBIANT c000il KpuUBBE, CYMECTBEHHO CHEKAIOMHAECHA IO

Mepe YyBeJHUeHHAA pasMepoB MNOHMKeHUS ypoBHA. JIro o0BACHAETCA

pasnnIHBIMU BHJAMH HECOBEPIICHCTBA CKBA;KHH ¥ BO3MOJKHBIM HApy-

IMMeHWEM NPH OTKAYKaX JHHEHHOTro 3aK0HA QuABTpAaImH.

3aMeTHM, UTO B CBSSH C HECOBEPIIEHCTBOM CKBAJKHHHK H HAPYLICHHEM
TUHEHHOTO B3aKoHa (HUIBTPanmUU, BHPAKAIOMMUMUCA BEJIUIHHONW J10-
HOJNHATEIHHOTO comporuBiaenusa { (ecM. § 4 B rmaBe weTBeproit), opma
KpuBLIX nebuTa m ypeasHOro gebmra, BooOme roBops, MoKeT OwITH
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camoit pasmooOpasHoit. Ecam yaarsiBaTh TosBKO (aKkTOop HaApymeHHS
nuueHOro zakoHa Quiabrpanui, To Hanbosee oGOCHOBAHHEIM IPHHATO
CUMTATh AaHAJUTHYCCKOe BRIpPA)KeHHE KPUBOM Jfe0HTa, BHITeKawIIee wH3
ABYWICHHOH 3aBHCHMOCTH MEKAY TPAJIUEHTOM H CKOPOCTHIO (UIBTpa-
miu. IIpuMernTeIBEO K COBepHIGHHOH CKBajKMHC 3TO BHIPasKCHHE HMEET
TaKOH BH]:

Sy =aQ +b0Q2,  (VIII.T)

rne a 5 b — KospduumentH, 3a-
BHCAIMUE OT MapaMeTpPoB ILIACTA,
pasMepa CKBa;RHMHH (ee pafmyca)
u gnciaa Peitmoapmgca.

JlJist HecoBepPIIEHHEIX CKBAKUH
KoaddunuesTsl @ u b CBA3AHH
TaK;Ke CO MHOTHMH Jpyrumu gax-
Topamu, XapaKTepA3y I UMK
TeXHUICCKOE COCTOSIHHEe CcaMoil
CKBAKUHLI, IIOITOMY HAJCHKHO WX
6) TMOYKHO ONpefieduTh TOJBKO IO

OUHITHRIM MaHHBIM. JlJiA 3THX Tie-
Syl Jeil mcmoab3yerca, Hampumep,
' npueM TOCTPOCHHA JHHEApU30-
BaHHoro rpaduka mo ypaBHEHUIO
(VIIL. 7). Ecmu pazmeruTs mpa-
ByI0 M JeBYI0 YacTH ypaBHEHUS

N
N
y

S
Ha Q, TO B KOOpJHHATAX Q—“ —Q

MBI TMOJYYUM IOPAMYIO, YLJIOBOU
Ko3pdunuenT KoTopod pasen b:

|
!
]
|
!
|
|
lL

> tgy=>0=
ingy ing, ing EY
Puc. VIII. 2. Cxemm rpadoanainrade- (.&L) — <.§£)
CKOTO ONIpeJiefleRAA IIapaMeTpoB IIo ypap- _. \ ¢ /2 \ (¢ /1 (VIIL.7,q)
HEHWAM KDUBHX HeOHTa Q;— Qs : -

Hawanbpas opjuHaTa DpAMOi, T. e. O0TpPe30K, OTCeKaeMHH IpAMoH
“ S
HA BCPTUKAJIBHOH oCH 6—0, paBsa a (puc. VIIL. 2, a). B tex cayuasx,

KOT/[a ODKTHHIE TOTKH ) ¥ Sy XOPOIIo J0KATCH Ha TAKYI0 OPAMYIO, MOGKHO
canurarb, 1ro ypassepue (VIII. 7) mefictBurenbrHO oTpaskaeT pealbEhHe
ycioBHEa. OQHAKO B CMJIY TOT0,9T0 HA XapaKkTep KPHBHX JebHTa 0KazhH-
BAWOT BIMAHUE pPasHOOOpasumie dakToph (He TONLKO HapymWeHHe JuHeil-
HOT0 3aKOHA QWIBTpanMu), HEPEJKO Jyduine pesyAbTATH MOJYyJaloTcs
P MCTIONb30BAaHWK CTeNCHHOM 3aBHCHMOCTH IJsA KpuBo# nebura:

S, — pQ™, (VIII. 8)

rae p # m — KodPPUIMEHTH, OIIpeIeigeMble, KaK U B IpeIHayIIeM CIy-
Jae, IO OMHTHBIM JAaHHEBIM.
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Ins mocrpoeruss Kpupoil nedmra mo ypasuennwo (VIIL. 8) mosrmo
TaKsie NpuOeTHYTH K npeo0pasoBaHHI0, B pe3yJabIare KOTOPOTO OHO
Oymer BHpajkaThCsl mpaAMoil Aubueil. Tax, ecinm mpoiorapid upoBarh
5TO ypaBHCHHe, To B KoopauHaTax In Sy—In Q momyuus upsiniyio ¢ yrao-
BHM K03QQPUIeHTOM, DaBHLIM m:

tey =m=—">""-. (VIIL. 8, a)

Hawanbras opgurara B 91oM ciydae paBaa ln p (cm. puc. VIIIL. 2, 6).
3asucumocts (VIII. 8) MokHO cuuTaTh cupaBeIUBOI, €CJN OIBITHHIE
TOYKM JI03KATCA HA NPAMYI0O B YKA3aHHBX KOOPAMHATAX.

Ha upaxruxe Babuaonalorcs ciayqau, Korpa rpadura Q — S, cocra-
BJICHHBIE IO ONETHGLIM JaHHHM, BLIPA;KAOTCA B BHJIe KPUBOii, o0pamen-
HOM BHIIYKJIOCTHIO BHU3, K 0CU mommzKenwuit. [IpunsaTo cuurars, 910 TaKue
rpaduK® SABISIOTCA CJHEACTBUEeM NedeKTHOCTH ONBITa, HANpIMep Heo-
CTaTOYHOM WX [JIUTeJTbHOCTH, HW3MeHeHust febuTa B Ipomecce OTKaueK
7 T. .

W3 crazamEHOTO BUAHO, UTO TaKoH XapaxkTep IpaduKoOB MO:KeT OHTh
CBA3aH C W3MEHCHUSIMA CONPOTHUBJCHUSA B CAMOU CKBajKUHE M B IpHU-
CKBayKUHHOW 30HE B Tporecce OTKauKku. [[efiCTBUTENBHO, ¢ YBEJIHICHHEM
pasMepoB NOHMKEHUA CYMMapHOe CONPOTHBJEHUE 3][eCh MOKeT yMeHb-
muThcs (Hampmmep, B pesylbTaTe BHHOCA MeJIKO36PHHCTOTO MaTepuajia
1 yBeIWICHUS BONOUPOHUIAGMOCTH MPHCKBAKUHHON 30HHI).

B HanmopHHX BOMOHOCHKX TOPHU3OHTAX UPH 3HAYUTENHHBIX ITOHHHLC-
HUSAX YPOBHA B pesyjibrTaTe NepepaclpefesieHUs JaBjeHWUs U BHI3BIBA-
eMOT0 B CBS3H ¢ STHM M3MEHEHUS MOPUCTOCTH IMOPOJ MOMKET H3MeHATHCHA
TaKyRC BOJONIPOBOLAUMOCTH miracTa B YZAJEHHBIX OT CHBAKHHBI 30HAX.
OKCTpanoJANKa OOHTHHX HawmueX Q um S, IO Takoil KPHBOM MOKET
Aarh cymecTBennse omnbOxu. IlosToMy mpu sHauuTenpHLIX M3MeHEHUAX
CONPOTUBICHNA B IpOIECCe OMBITHON OTKAYKHA HEOOXOMMMO IOCJIeHII
OpOBOJUTEH MOBTOPHO, ¢ TeM YTOOH HA BCeX cTymeHAX sHadeHuil Q u S,
VIUTHBAIKCH M3MCHCHINS, BO3HHKAIOMUE B NPHCKBaKUHHOII 30HE.

Onpedeaenue roapgpuyuenma dusvbmpayuu
U 8000npo6odumocmu no OAHHBM ONBLUMHBL OMKAYEX

s oTUuX Oesiell UCIOIB3YIOTCST HAGMIOTaeMBIe IPU ONBITHHX OTKAaYKaX
BeNUYUHH pacxofa () ¥ DOHIGKeHHIt ypoBHs S, pacmoiiarasg KOTOPHMH
MOKHO H3 ypaBHEHWII JJiA IPUTOKA BOJB K CKBajKUHE HAWNTH 3HAYCHUSA
rosddurmenToB Punbrpanuu k u BeJIMIUHY BOJONPOBOJUMOCTH Km.

HomycTuM, 9T0 OOHTHEE OTKAYKU NPOUBBONATCA M3 ONHOPOXHOTO
BOJIOHOCHOTO0 TOPHW30HTA, IPUYEM ONHTHAs CKBA)KUHA ABIAETCA HECO-
BepOIeHHOI M pacmoios;xeHa B Touxe M,. Paguyc ee r.. [na samepa
OOHMKEGHU YPOBHA BO BpeMA OTKadeK Npobypewn fiBe HAOMIOaTeILHEIE
cKBa;KUBH B TokaXx M, u M,, HaxoqAmuecsa oT OCH ONBITHOW CKBAYKUHHI
COOTBETCTBEHHO HA paccToABHAX r; u r, (puc. VIIL, 3).



[Mommwxenns ypoBHA B KasKIOM CKBaykuHe (ONHKTHOR M Hab0KaTe 1b-
HBIX) MO;KHO BHpasuTh mo ¢opmyiae Jliomou ¢ monpaBKoil Ha HecoBep-
MIEHCTBO CKBAKMHHL:

So = g (10 7=+ 5o )+
81 = gmgm (In -+ 1), (VIIL9)
Sy = Zanm (h‘ TI:’ + ‘;2>‘

3neck Sy, S; U S, — NOHHKeHMsT YPOBHS COOTBETCTBEHHO B OIIBIT-
HOH ¥ HaOMIOJaTeIbHHX CKBaKMHAX;
Q — pacxoj CKBayKHHBI;
R — «paguyc BamsHus?;
£y, & B [y — GesapasMepHLle CONPOTUBIIEHHUS, ONpEACIACMEIe
HECOBEPIIEHCTBOM CKBAJKIH.

My My M
- AY ‘——‘L{l'—“ifz >
—_— N3 L 5
5 T | ! T
NI 4
%
. v ’
Lz L Yo
N
& § u iz ' ¢
m oy ., }4 L/
2 A Y
Ui v iz N N o
7 lnr:ln—;—
-4—--—.—‘-—~/-z—~» l

Puc. VIII. 3. Cxema pacnonorenntst cksa- Pue. VIII. 4. Cxema rpadoanadi-
SKHHH B ONHTHOM KyCTe (K OTpeleleHm0 THYeCKOTO OIpefelennsi km H g
ROPQuIHeHTa PHIALTPATIII) 00 AaHHHM OTKadeK MpPH yCTaHo-

1 — GUABTD HeHTPANBHON CKBAMUEBI, 2 — To sxe  BABIIEMCH DERUME. Tpaguxum AS =+
B HaOmionmaTenbHHX CKBAXKUHAX; & — ?epaoﬂa‘lanh)- = Inr: 1 — 1m0 ONBITHON W HAOJIO-
Had be30MCTPHYECKAA HOBEPXHOCTh (IO OTKAYKH); . _ _
¢ — TIbe30MeTpHYecKad NOBEPXHOCTh HPH o'maq}(e’ RaTeIbHO CKRAMKUHAM, 2 — IO Ha
OIIomaTeIbHEIM CKBarKUAAM

Ecan mspecTHH BCe 9TH BeJWYMHLL, TO m3 d06oro ypasuenus (VIIL. 9)
MO:;KHO Ha#Th KodPduument ¢uapTpanuu kK ¥ OPOBORMMOCTH BOXOHOC-
Horo ropusonra km. O6riuyHO OGepercsd PasHOCTH HOHMKEHMH YPOBHA IIO
IBYM COCGIHMM CKBa;KHHAM — ONKTHOM u HabmlogaTelbHOH, HIM 1O
neyMm mHabmogateabusiM. lpu aroM mcriogaeTcsa TpyAHO ompefelseMasn
peauunna R, m gopMyusl 1us mpoBoguMocTH (B fasbHeinieM OyjeT pac-
cMaTpHUBaTheH TOJBKO aToT o6o0meHEHE napaMerp) upuobpeTaior
COCHYIOIUA BHUJ:
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I0o ONHTHON W DHDepBOoUd HaOAIOZaTenb
CHKBAUHAM:

-9  (|1pL .
fem = 27 (So— Sy) <1n Te + %o Ql) ; (VIII. 10)
DO ABYM HabGANlOTaTeAbHHKNM CKBAaJKHHaAaM:
=% (g —
km = 5 e (ln TG Cg)- (VIIIL. 11)

IlocKOIBKY HECOBEPIICHCTBO IPOABIAETCA TOABKO BONH3M OUHTHOM
CKBa)KMEH (HA PAacCTOSHHH, UPHONA3UTEIHHO PABHOM MONIHOCTY TODH-
30HTa, TeueHWe IpmobperaeT YjKe XapaKTep IIOCKO-DPASMAIbHOTIO),
B ¢opmyane (VIII. 11) pasroctpio {; — {, no cpaBHeHHUIO ¢ Jorapudmude-
CKUM WIEHOM BO MHOTHX CJydYasx mo;xmH0 mpereGperars. Torma

Q T2

310 006CTOATENBCTBO MaeT BO3MOJKHOCTH HAXOJHMTh IOKazaTelb {,
HeIIOCPEJCTBeHHO H3 ONHTHHIX JAHHHIX, YTO HOMeeT CYmMECTBEHHOE 3HAa-
4eHHME, IOCKOJBKY, KaK MBI YKasbBaJIW BHOIE, IPAMOE €T0 OIpeeieHMe
B CBARH ¢ KpallHeH HEOJHOPOJHOCTHIO COIPOTHBJIEHHMH B CKBa)KHHE
I B NPHCKBaKHHHOA 30HE CBA3aHO ¢ OOJNBIIAMH TPYHLHOCTAMH.

HeiictBuTenpno, modaras (; = 0, Upu H3BeCTHOM 3HadYeHHHM Kkm,
rKoropoe BHuuciasercs no ¢opmyne (VIIL. 12) ucxomsa ms mommwenuit

YPOBHA B HaOIOlaTeAbHKX CKBasKUHAX, MOsKHO u3 ypasrerusa (VIIIL. 10)
ONPENeINTh:

km:

QOZELS_%—_SO,._IHL, (VIIL. 13)

To

Haiinernoe takum o6paszoM 3HaueHme {, [ajnee MOKHO PacYIeHUTH
oyTeM OIpejieleHAA OTHENLHO IOKAa3aTeass HECOBEPNIEHCTBA CKBAKUH
[0 CTeIEeHH BCKPHITHA BOZOHOCHOTO T'OPH3OHTA (.

ITpu 3sHauMTeAbHOM KOMHMYECTBE HAOIIONATEIbHK X CKBAKAH 00paboTRy
pesyabTaToB KYCTOBBIX OTKAadeK W ompejelenue km u {, clefyeT mpoms-
BOJUTH IpadoaHalnTUICCKHM myTeM. J(isi 3TOr0 PasHOCTH MOHUKCHHUIL
VPOBHA IO BCeM paccMarpmBacMbiM mapam cKBakmE AS = Si—Si,
HaHOCAT Ha O0ch OpPIZUHAT, a Jorapudm OTHOMIEHHS pPAaCCTOSHMI DTOH
mapH OT ONHWTHON ckBasmEH In r = In _’1r+_1 — -Ha och abcmuce

1
(puc. VIII. 4). Ilpm Takom LOCTPOEHMHE ONEITHBIE TOYKH [[OJKHE OHITH
pasmemeHsl no OpAMEM J u 2, COOTBeTCTBEHHO IO IapaM CKBAKHAH, H3
KOTOPHIX OfHA OIKITHAsfA, U IO CKBA)KUHAM, YIAJICHHHM OT OIHITHOI.
ITepBasa nupsamas, xak aro caexnyeT us dopmyast (VIII. 10), xaparrepn-
3yeTcsA HalWYueM HAYaJIBHOUW OpamHATH A, II0 KOTOPOIl MOKHO ONEHHTH
INOKa3areab CyMMapHOTO COLIPOTHUBICHHUA {,:

L= 4, (VIIIL. 14)

17 Baras 207. 257



rge B — yraoBoit kodQQuUAEHT NPAMBIX, paBHBI TaHreHCy yria ux
] AS;—AS,
HakaoHa K ocu abcuymec: B = tgy = ——=—"L,
In 2
n
ITpoBopuMocTh miacTa BHIPAKACTCA PABCHCTBOM

km = -2 (VIIL. 15)

= %nEB "

B caydae OesHamopHBIX BOJi BMECTO MOMIHOCTHM ILIacTa M CJIeyeT
OpaTh CpejHIOI MOMHOCTH, PaBHYIO

Hep = —— 1L, (VIIL. 16)

rae hi m hiyq — MAyOUMHEL BOAHM [0 BOJOYHOpa B COOTBETCTBYIOLIEH
nape HaOMOQaTeNbHKX CKBAaJKUH.

N3snoxenustii npuem rpadoaBaautnieckoit 00paboTkd ONHTHHX OTKA-
9K JIIA ONpPE/EeNCHWs BONONPOBONMMOCTH km u mokasarens o0mero
CONpPOTUBIEeEHA (, MMeeT TO HPEHMYIECTBO Hepej OJHHOYHKEIMU AHAJIH-
THIECKAMI DPacyeTaMu, 4TO OH [aeT BO3MOKHOCTH 6olice 00OCHOBAHHO
BHOpPATh CPefHHE 3HAYCHWS 3TUX MapaMeTpoB IO MHOKECTBY OIHITHEIX
nanfaHX. [{ng BHOGopa HampaBicHHA UPAMON W onpejieleHHA yIIa ee
HaKJIO0HA K 0CH a0CIHACC MOJKHO BOCIIONB30BATHCSA CACAYIOIIUM 09CBUTHHM
COOTHOHICHUEM:

=T
Bw————n , (VIII. 17)
rae 1, 2, ..., n— HOMepa ONHITHHIX TOUeK (7 — MX 00mee YHCIO).

ITpm 5ToM W3 CYMMEI JOJKHHE OBITh MCKIIOUCHH! TOYKH, [0 TEM WA
HHHIM OpUYHHAM ABHO He COOTBETCTBYIOIMWE HCXOJHOMY YPaBHEHUID
unu «mederTHHE.

Haxoremn, npe u3BeCTHHIX 3HAUCHHAX Am u {, MOJKHO ONCHWTH BeJU-
9HHY «paguyca BIUSAHWAY» OTKAUKH:

2t kmSy ~Zo

R=re Q ) (VIII. 18)

I'padoananurugeckuii npueM o00paGoTKH pe3yabTaTOB OMBITHHIX
OTKaYeK H3 COBCPIICHHHIX CKBa;KHH /Ui onpefeieHnsa Kodpdumuenra
¢uasrpanvum B cBoe Bpemsa O mpefiosken C. A. Homem [122] m
E. E. Heprmcom [114].

Omnpepenenre BOJONPOBOAAMOCTE Am W JOKasareds CONPOTABICHHUSA
{o TpH OTKAaYKaxX W3 CKBaKMH B BOJOHOCHHIX IOPH30HTAX, MMEIOMIAX
OT'PAaHMYCHHY O ILIOIMA/b PACIPOCTPAREHHU S, MOKHO IPOU3BOINTE, HCXOMSA
U3 3aBHCUMOCTei, NpHBCJeHHELX B § 3 raaBm derseproit. Has mpocreii-
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OINX ¢XeM NOJYOTpAHMICHHHIX TOPU3OHTOB MOKHO HOAB30BaThCA GOpMy-
Jamu, NpUBEICHHHIMA B gamHoM maparpade. B mux samensmor peiicTBu-
TeJIbHBC DPACCTOAHMA r; OT ONBITHON CKBajKMHBI 10 HaOJIOmaTesbHBIX
u pannyc ONBITHON CKBA&KIHEBI Iy HEKOTOPHIMH IpUBeeHEBIMU BeJ N9 HHAMUA

ri @ r, mo CEeRYIOMUM COOTHOIMEHU IM:

DOpMYABI KIIA OlIpe-

neJleHud:
* *®
Ti Tc
CxeMa ¢ mpsAMONAHEAHEIM KOHTypOM, .
ri Te
Ba KotopoM H =const (peka) . . . L il
Qi Qc
Ta e cxeMa ¢ g= 0 (Henponnuaemme

mopomsl) . . . . . coe e TiQ4 Tc Qe

37ech Qi W Q¢ — PACCTOAHMA OT TOYKM DaCcHmoJiosKeHMsA i-oif Habio-
RaTeJIbHON CKBAKWHBI M ONBITHON CKBAaKWMHBI J0 X 3epKAJbHHIX oTolpa-
JKeHHIl OTHOCHTEJNBHO IPAMOIMEEHHOT0 KOHTYpA.

B meopHOpONEBIX BOZOHOCHBIX TOPHU30HTAX OIpefieleHUe BOLOIPOBOJ-
HOCTH M JPYIUX TapamMeTPOB II0 JAHHHM OIBITHBIX OTKA4YeK IPOLBBO-
OUTCA HA OCHOBe POpPMYJ, KOTOPHIMH OINUCHIBAGTCSA HPUTOK IOJ36MHBIX
BOJL K CKBa)KMHAM B COOTBETCTBYyOIMUX ycaoBuaAXx. Merogmka Tarux
onpeJielIeENA s CIAOHCTHIX TOJI, W HEKOTOPHIX CXeM HEeOZHOPOJHOCTH
B muane ocBemena B paborax B. J. Ba6ymxuma [21, 22, 23].

§ 3. Onpegenenne napaMeTROB IO TAHHBIM OTKAYCK
H3 CKBAKHH IPH HEYCTAHOBHBIIEMCH PesRAME

OcHOBHAA HjeA MeTOXAa oIpefelleHMA TUAPOre0JOTHICCKUX IIapa-
METPOB TI0 OTKAYKAaM M3 CKBAKMH B YCJOBHAX HEYCTaHOBHBIICTOCS [BH-
JKeHHA O0CTAeTCA TOH jKe, 94TO M OpHh CTANUOHAPHOM pPE/KAME — JJIA dTHX
IeJeil WCHOJB3YIOT COOTBETCTBYIOINME pEHIEHHWs] O HEYCTAHOBHBIIEMCS
TMpUTOKE TMOJ3eMHKIX BOJ K CKBasumue. Pacmonarasi JaHHHIME O pacXofax
¥ YPOBHAX B PasiMduHbe MOMCHTHI BpeMeHH (II0 OTKAYKaM), U3 3TAX ypaB-
HeHUH OI} efleIAI0T BEJIWIWHB BOJONPOBOTUMOCTH KM W IHE30IPOBOJ-
HocTH a. IIpuMernMOCTE 3TUX penreRUil, #aK U B ¢/1y9ae yCTAHOBUBIIETOCS
JBIDKEHNsA, ONpEJIeasieTcs MX COOTBETCTBHEM TPHPOJHHIM YCIOBUAM
U yCIOBHMAM IIPOBEJCHHA OIBITA.

PaccmoTprM mMHPOKO pacmpocTpaHEHHY B TNPAKTAKE METOJUARY
ompeJieJleEUA TapaMeTpoB IO OTKAaYKaM U3 CKBAKUHBI B OJHOPOJHOM
BOJJOHOCHOM TOPH30HTG BeChMa 3HATMTEAbHOM MIOMAJM PACIPOCTpaHe-
HuA (TeOpeTHdeCKd Ge3rpaHudHOH).

Omkauku npu nocmosHHoM pacxode

B caysae, Korma OTKaYKE HPOMBBONATCA IpH IOCTOAHHOM DPacXojie
ckBakuEB () = const, ux 06paGoTKy U ompeje/ieEne IapaMeTpPOB MOAKHO
mpousBoputh mo 3aBucaMoctsm (IV. 18) m (IV. 11). Bsas moummxernus
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ypPOBHA S; M Y, COOTBETCTBeHHO B MOMEHTH BpeMeHH I; W I, MOMKHO
Ha ocHoBanmu dopmyast (IV. 8) cocrasuThs oTHOmeHME:

, r2
S, £ (—7or)

S s
. Ei(_4;t )
2

37ech W3BECTHH BCE BeJIHYMHEI, KpoMme Ko:—)@r}munema Ibe30IPOBOJ-
HOCTH @: T — PacCTosHWe TOYKHM, B KOTODOH IpOM3BOJATCSA 3aMephl
ypoBEs S; ® S,, OT OCH ONBITHOH
s 4 CKBOKUHB. JTO [aeT BO3MOKHOCTH
nyreM noxbopa OIpelelnTh 3HAYE-
are KodPuOmenta IBE30IPOBOHO-
CTH. 3HAS BEIWIMHY &, MOMKHO jajee
I n1060r0 M3 B3ATHX 3HAYEHAH S;
1 S, BHYUCINTHL BEIWYMHY BOJOIPO-

(VIII. 19)

I
: BOIMMOCTH:
‘ - Q.
km = ——Ei X
E 4SSy o
L“ - L —- __.__rz
tnty  lnty wnt X ( Zat;_ 2). (VIII.ZO)

Pnc. VIII. 5. Cxema rpadoaunanu-

THYeCKOTO Ol pefiellenysl km M amo HPH << 0, 1 + 0,05, xorna cra-
AQHiEIM OTKader —HpH HEYCTAHO-  gopyres cnpaBemnmbIM asorapudmMude-
BUBIIEMCHI peHUMeE .

ckoe ppubiammenue Qymkmmn £Ei, na-
pamerpsr km m a B coorsercrBum ¢ Qopmynoir (IV. 10) maxopar us
cllelyIOMAX BHPaKeHUIH:
t
Q0  gpt
47 (Sg— S1) iy
4:1:km51_2

T (VIIL. 22)

km =

(VIIL. 21)

-a = 0,445

ti 2

Ias Gonee modHOrO ydera BceX AAaHHHX 00 ypOBHAX, HOJydaeMbIX

B TpoIecce OTKAYKIM, U JJIA BOBMOKHOCTY HX 060CHOBAHHOTO OCDE/HeHNS

oupefiellenne mapamerpos mo szaBmemmoctsam (VIIL. 21) u (VIIIL. 22)

00BIIHO TPOM3BOJAT € MOMOIIBI0 MOCTPOEHMA I'paduKOB B KOOpAHMHATaX

S — In t [44, 58, 220, 230]. Ilpu stom ypasmenme (IV. 11) Brpaskaerca
npsamoii nunmnedt (pue. VIIL. 5); ee yriooit xosddumment

— o Se—8 Q|
B=tgy= o Amkm
o
HavasibHasn opauHata A = B In 2325 . Tlo oTMM XapaKTepUCTHKAM Ha-
XomAT km u a:
__Q
km = B’ (VIII. 23)
A
a=0445r2eB. (VILI. 24)
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IIpm ompenenenuu mapamMerpoB 10 JAHHKIM OTKAYKYM M3 OJHOH CKBa-
RuHBL 03 HAGJIOATeNIBHEX CKBAKHH B HPMBEAEHHHX OPMYyIax NpPHHU-
MaeTcsi, 4T0 I = I,, TJie I — Pajguyc OOKTHOW CKBAyKUHEI.

Taxkum o6paszoM, Kaszamoch OBI, MOKHO CJeJaTh BBIBOJ, 4TO OpH
HOYCTAHOBMBUIEMCSI ABHMEHUM [OCTATOYHO TOJYYUTH NAHHEE TOJBKO
10 ODHITHON CKBa)KMHE, a TPOBOAUTL KyCTOBHE OTKAuK: (¢ Habmioma-
TEIbHHIMM CKBa)KuHamu) He oOszarenbpo. Ciepnyer, ofHaKo, WMeThb
B BHJY, 9TO TIPW HEYCTAHOBUBUIEMCS [BW)KEHWH, TaK ke KAK M B CTANHO-
HApPHBIX YCJOBHAX, CyIIECTBEHHOE BJIMAHHEe MOTLYT OKa3aTh PasiIMyHbIC
BUJIHI CODPOTUBIEHAS CKBayKUHBI M 30HHI, Dpmieraomei k Hefi. Dopmyiast
(VIII. 19), (VIII. 22) u (VIII. 24), wcnoabsyeMmsie AIA OIpefeTeHHA
Ko3Q(unueHTa THE30TMPOBOHOCTH, IpPW DOACTAHOBKE B HHUX BeJIMYAHEI
r = rc, 63 BBeleHHsA TOKAa3aTeJsi CYMMapHOTO CONPOTHBIEHUA {, MOTYT
JaTh HepeaxbHble 3HaAUeHWS dT0r0 Kosdpdnuumenta. IlocKOMBKY ke TOKa-
3aTellb CYMMapHOTO COUPOTHBIEHUS HEIb3s HAME;KHO ONpPENENHNTh Teo-
peTHIecKu, ToO M TPOM3BECTH ONEeHKY KoddduumenTa mbe3ompoOBOABOCTH
110 HAOJIOMEeHNAM B OTHKTHHIX CKBaKHHAX B GONBIIMHCTBE CIydaeB IpaK-
THYECKH HEBO3MOKHO.

B nmedrsmoii mpakTuke M3 BTOro 3aTpyAHEHMS WHOTAA NHITAIOTCA

za , KOTOpHI# onpefielifeTCA
cup

[0 OUBITHOH CKBaKWHe. BelmunHa repnp OpefcTaBlsgeT co0of HeKOTOPHIIT
TIPUBEJIEHHHBIH PagAyc ODBITHON CKBAKWHHI, B KOTOPOM YYHTHIBAIOTCA
JOTOJHHUTeJbHbIE COIpPOTHBIEHUA CaMOil CKBAKUHE WM TPUCKBAKMHHOM
30HBL. [l71s Toro 94TOGH HAlTH BEAWYMHY Temp, HYKHO KAKAM-IN00 MHBIM
cmocoboM oTpefieNiuTh 3HAYERWE @. B YacTHOCTH, 9TO DpeJJIaraercs Je-
JAaTh, npuBuMasg Kospduuumenrs yupyrofi crxkmmaeMmoctu (HedTH, BOJHI
M MOPOJHI) IO DKCIIEPHMEHT AIHHBIM J1ab0paTOpHEIM JaHHEIM.

B rafporeosorngecKux MCCIeOBAHMAX TaKO# WyTh MaJlo HpuemieM,
TIOCKOJIbKY HYU TEOPETHYECKH, HHM dKchepuMentamu Ha obpasmax B mabo-
paTopHoii 06CTaHOBKe HENb3sI HAJEKHO OHEHUTH ROJOOTHATY M Ko3pdu-
I[HeHT IHe30NPOBOJHOCTH BOJOHOCHOTO ropm3outa. IlosToMy m B ycio-
BHSIX HEYCTAHOBHWBIIETOCS JBUKEHHS OTKAYKH C IEJIBI0O ONpejelleHUA
NbE30TPOBOMHOCTH, KaK NpPaBUI0, DPOM3BOAATCA ¢ HaOMIONATeIbHHIMHA
CKBaKHHAMH.

Habnoparenbnarie cKBa;KHUEH, yaalleHHEE Ha 0ojee MIM MeHee 3HA-
YUTEJbHOEe PACCTOAHME 0T ONLITHOM, HAI0T BO3MOKHOCTD HAXOLHTH K03-
QUIMEeHT THE30MPOBOHOCTU 0e3 yYeTa CONPOTHMBIICHWA ODKTHOM CKBa-
JKHHEBl W mpuieraiomeii K meit 30HH. Ilo HMM ke, Kak M [0 ONBITHOM
CKBA)KUHE, MOKHO OIpEJeJIATh 3HAYEHWE BOJOUPOBOJAWMOCTH.

Haiinernsie Takum obpaszom mapaMeTpsl BOJOTPOBOAMMOCTH U TbE30-
TIPOBOJHOCTH TIO3BOJIAIOT 3aTeM OUpeeNTh BelWYUHY DOKaszaTessd
CYMMapHOTO CONpOTHBIeHHA L, J[uis 3Toro MoKHO BOCIOJIDb30BATHCH
ocHOBHO# mcxommoil saBmcumocTbio (IV. 8), B cooTseTcTBHE ¢ KOTOpOU
MOy YnM:

BHIHTH, BBOAA KOMIUIEKCHHH Dapamerp

2
Co:ﬁ%ﬂ+%Ei(_ 4’;), (VIIL. 25)
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Ilo ucTeuennn BpeMeHnm, ompepensieMoro kpurepuem (IV. 10),

2 kmS R
C":__Ti_lnf' (VIIL. 26)

Idra mocuegBAsa QPopmyna cxogra ¢ dopmymnoin (VIIIL. 13), mo mo-
CKOJIBKY B Hee BXOJUT IOHWIKEHWe YPOBHA S, B OIATHOH CKBAMKUHE
K KOHLY mepmoja ¢ (a e pasHOCTb YPOBHEH B IByX TOUYKAX), B UHCJIMTee
ooy, 3HAKOM JorapmMa NPWHMMAETCS BeJIMYMHA YCIOBHOIO paguyca
BIUABAA OTKAYKM Ba TOT e mepmon R = 1,5} at: Omur ompenedeHus
BEJIMYMHBL o 10 TAHHEBIM QUIBTPANAOHAKX HCCICIOBAHMAN ONMCHBAETCH,
manpumep, B paGore [59].

Has yuera Bce#l COBOXKYOHOCTH
ONBITHHIX JAaHHHX Iejecoo0pasHo mpH:
onpefenesun L, no dopmynam (VIII. 25)
u (VIII. 26) mamocurp TOYKM (aKTH-
decKnx Halmlomennmit HA TpaduK B KO-
OpANHATAX:

27nm Sy
q

S=

= . r - R
= St—I-%El(—ﬁ?) WK St+1n7,
roe S; = 2mkmSt ,Z)mSt .

—Ee/z—-f} B Takmx KoopAMHATAX OUBITHHIE

Prc. VIIL. 6. Cxena rpagoamany- ARHEME OIKHEH  YKIAIMBATHCA Ha

THYeCKOTO  OmpejelleBAA o mo UPAMYIO, OTCEKAWIyl Ha OCH OpAu-

AAaHHEM OTKaueK MpH HEYCTaHO- HAT, T. €. HAa OoCH S, OTPE30K, paB-

BHBIIEMCH PEAAME sui [, (pmc. VIII. 6). 3mecr Beau-

9uHE kM ¥ a y;Ke M3BeCTHH 1o OIpe-

IOeleHAAM, CIeJaHHEIM HA OCHOBE 3aMepOB YPOBEHEH B HaOIOZaTelbHHIX
CKBQ)KMHAX,

Kak mp1 yrassiBann panee (cM. § 2 u 3 B rnase TeTBepToif), Gopmyna
(IV. 11) xapakrepmsyeT KBasMCTaHMOHADHHWIN pexuUM QHABTPAUAM BO
Bceil 30He, Ifle OHA CTAHOBHUTCA CIPAaBe[JWBOM, T.e. HA PACCTOSHAH
r << (0,5 + 0,75)3 at or ocu ONHTHO} CKBasKHHEL. B 5T0#l 30He KpuBas
Jenpeccuy mOMIMHAETCH Jorapudmuueckoin 3asBmcumoctu. Ciaegosa-
TeJDbHO, 3[[eCh MOKHO OLIpeNeNaTh km 1o BHIIeNpMBeIeHHHM POpMyiaM
(VILL. 9)—(VIIIL. 13) n mo rpadury, msobpaxkemsomy mHa pumc. VIII. 4
N YCTaHOBYMBIIETOCA [ABMIKEGHWS, WCHONAB3YSA HAHHHE O MNOHWKEHUAX
VPOBHA B ONBITHON M HabJI0MaTeIbHKX CKBA;KMHAX B KasKIblil JAaHHBII
MOMEHT BPeMeHH.

ITpuemvt obpabomku Ganuniz no HaOAIAMEALHBIM CKBANCUHAM

Ha pwuc. VIII. 7 moxasamst rpadmen S —¢ u S —In¢ gas onwitHOM
¥ HaOMIOTaTeNbHKX CKBaKMH. V3 HMX BHAHO, 9T0 B OOLITHOM CKBaKHUHEe
KpuBasg S—{ BHadame XapaKTePH3YeTCsI Pe3KAM HOIBeMOM, a 3aTeM
OOCTeNeHHO BHIIONaykmBaercsa. B woopmmuarax S — In? M, Kak yixe
0TMEYAJIOCh BHIMIE, 0OYeHb OHICTPO IOJydaeM OPAMYH JIMHMIO.
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WUpasa xkapruaa oTMedaeTcs mo HalIOAaTeILHHEM CKBAKHHAM. 3fech
B HaYaje OTKAYKU NOHIKEHUA YpoBHA BooOmEe He NpOUCXOAuUT, HIH,
TOYHee, OHO NPOUCXOJHT B TAKMX HWUITOKHHX pa3Mepax, 4TO IpaKTHIe-
cku He obmapyskuBaercs. IloHm:KeHme QUKCUpPYeTCA TOINBKO IO HCTede-
HHI OIpelelleHHOTO OTpe3sKa BpeMeHH, TeM Ooabmero, em Ha 6Ooiee

BHATATEJIBHOM pAaCCTOIHHUM
HAXOAHMTCA  HabInIaTelb-
Hasg CKBaJKHHA OT OIBIT-
Hoii. B janpmefinieM KpuBhie
S —t mo mabiromaTelbHHM
CKBQ)KMHAM IUIABHO IOJHU-
MaoTcid, OpHIeM B HHX
X0poUio BHpa)keHA TOIKA
meperu6a (rourm II,, II,
Ha pucyske). Ilocie mepe-
rua gopMupyercsa Ta 9acTh
KpPHUBHIX, KOTOpas CXOmHA
mo d¢opmMe ¢ Kpusoii mo
OUHTHOH# CKBa)KUHE (37€Ch
ol mDapasnienbrs). Coor-
BETCTBEHHO B KOOpPAMHATAX
S—In ¢t rpapmru mo ma-
Ou0gaTeIbHEM CKBaKIHAM
BHIXOJAT HA NPAMYIO TOJIBKO
Ha TOCTeIHUX, KpPAEBHIX
y9acTKax.

B cBasu ¢ stuMm upm me
09eHb [JUTEIbHHX OTKAY-
KaX JJ4 ompeeleHUs ma-
paMeTpoB IO [AHHBIM 3aMe-
poB ypopHeil B mabaoma-
TeJIbHHX CKBAKITHAX HEJIb3sA
T0JIb30BaThCsl  OpMyJiaMu
(VIIL. 21) —(VIII. 24). an
9TUX CJIydaeB NpUMeHUME
tToJabKo Qopmyas (VIII. 19)
u (VIIL. 20), copmepmamue
HHTETPAJTBHYI0 IOKA3aTeNIb-
By Qyaknuio Ei. -
TeJILHOCTD mepmopa HabIo-
JeHUi, B TedeHHe KOTOPOTo

e
Ap
i
KA”, / int
~Ayz b

Puc. VIII. 7. T'padukn saBucumoct S —i H
S—Int w©pum HeycTaHOBHBOIEMCA peRknMe

1 — onBITHAA CKBR)KHHA; 2 — HabmwparespHHeE CKBa-
FHUHE

clefyer moxbsoBarbea gopmysiamu (VIII. 19) m (VIIIL. 20), ompepne-
JAETCA BO3MOKHOCTBIO 3aMeHH (ymxnuu Ei ee norapuMuieckuMm mpH-

OnReHUeM:

> (2,5+5) =, (VILL. 27)

rfie r — paccTofHUe OT HAOIIOfaTeJIbHOM CKBa)KMHLI 0 ONBITHOM.
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Mockonbsky, ommaro, Ko3@PunueHT DHLE30OPOBOJHOCTH a 3apaHee
HaM HeM3BECTeH, TO M OLEHKY HeoOX0oquMOil JIuTeIbHOCTH HAOII0He HUi
no coormomenuw (VIII. 27) npakTudecKn nmpoussecTu HeBOo3MOkHO, OO0
5TOM MOKHO CYAMTh Immb 1o $gopme rpaduro S — In¢, mocTpoernnx
no (axkTHuecKMM [AHHEIM, HAYAN0 UX IPAMOJIMHEHHOTO yYacTKa COOT-
BETCTBYeT YKa3aHHOMY BPEMEHH.

VauTeBasg 370 06CTOATEAbCTBO, A 06paboTKU PaKTUIECKUX TaHHBIX
0 NOHWXEeBUAX YPOBHA N0 HaOMIOAATENbHEIM CKBAKHHAM C IEJBI0 OIpe-
fleIeHUA IapaMeTPoB HEPEAKO HCHIOJB3YIOT «METOJ, ITANOHHON KpPUBOMY,
CYIHOCTh KOTOPOLO B3AaKII0YaeTcs B ClefyIOIeM.

CrpomtTcst TeopeTudeckas (PTalOHHAA) KpUBAsA B KOODPIMHATAX

1n[—Ei(—a0)]+ln%~ 7 ¢axkTuyecKas KpHBasg B COOTBETCTBYIONMUX

Koopiauuarax In S < In ¢ Ilpm coBMemeRuH 3TaNOHHON B PaKTHIeCKOI
KPUBHX (JIf Takoro COBMEmEHHsA 3TANOHHYI0 KDPUBYI0O HaHOCAT HA
KalbKy) @pPOMCXONAT CABIDKKA YKAa3aHHHX OCeil: BepPTUKAIbHHX

In[—Ei (—a,)] ulnS nasenuuuny In S° = In TOPUBOHTAIBHBIX

4t km?
1 r2
lna— Z In t —ma Benuumay In t° =In TR dTo mpsAMo caeayer m3
0
HCOONb3yeMoro 3fech ocHoBHOro ypasHemmsa (IV. 8) mms mpmroxa mosm-
3eMHHIX BOJ K CKBakiHe B 0e3rDaHHYHOM BOJTOHOCHOM TOPU3OHTE.
B camom pese, us (IV. 8), norapudpmupys ero, moxygaem:

In S =1n-% 4 In[—Ei(—a)l. (VIIL. 28)
Bmecte ¢ TeM mockodbKy @, = %:t—, TO
r? 1
1nt=ln4—a—i—ln?0-. (VIII29)

OTH BHIpaskeHUA NoKaskBalT, 4o In Suln[—Fi(—a,)]kak Gu cme-

1
4—~——nkm,aln tnlngo——

Ha BEJIAYUHY ln—!:-:— (pme. VIII. 8). OmpenenuB yxaszamabM oGpasom

MeHLl OTHOCATELHO APYT APYTa HA BeIHYAHY In

sHagennsa S° u t° M0 COBMEIEHHKM KPUBHIM, Jajlee HAXOAAT mMapaMeTphl
km » a:

km = 2, (VI11. 30)
. r2
a= 1 (VIIL. 31)

Ecnu COBHNAJJeHNEe KPHBHIX — ONHTHOR M DTAJOHHOH — JOCTHUTaeTcA
He BO BCeX TO9YKaX, MOMHO [AJA YTOYHEHUA OIpefeUTh IIapaMeTpPhI
OTAEJIbHO IO HECKOJBKHUM TOYKaM, B KOTODPHX KpDHBHE COIPHUKACAKTCA.
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B sroM cayuae momyamm:

QEi(-—ao)M \
r (VIII. 33
‘= dagpty +99)

3mech muziekcoM «M» 0603HaYEHE COOTBETCTBYIONMME 3HAYCHUA KOOp-
IHHAT B ToUKe Kacanus KpuBmx (cM. pumc. VIII. 8).

2
—_ tl=-
4a n A [n-L
T e
/
% /
?Q 2 "
% D - N S —
QG
< 4
3 L) A
\f St . ‘/6
lnff/-dd],u—J in Sy M i

Py
¥

A
¥ /

VA
r/ inty —int

Puc. VII. 8. Sramounasa (TeopeTnuecKad) M ONKTHASA KpUBHE IIA ONpeeleRusa km
M o 10 HAGIIOAATEIBHEIM CKBaRUHAM

1 — KOOPIMHATH 5TAJIOHHON (TeopeTMYeckoil) KpuBoiil; 2 — 5TaloHHAA KPUBAA; 3 — KOOPAUHATH
OUBITHON KpHUBo#; 4 — OUBITHAA KPHUBAA

Meropn sramomsHO#l KpumBoii m3BecteH m3 paboT aMepMKAHCKHMX aBTO-
poB (cM. ymommmaBmyioca csoixy [230)]. Om ocBemiem B paborax
10. II. Bopucosa u B. Il. flkomena [43] m B. M. Illecrakosa [217].

Onpedenenue napamempog no RpPOCAEHUBAHLIO
3 B0CCMAHOBAEHUEM YPOBHA NOCAE OCMAHOBKU CKEANCUHEL

IIpm npexkpameHuN OTKAaYKM, NpOW3BOJMBIIEIICS C HOCTOAHHHEM pac-
xofoM (), Haummaerca mojxbem (BoccTamoBieHue) ypoBHA S. Benmuuna
HOHMKeHHA B mi000il MOMEHT mOCle NpeKpameHus OTKAaUKH oOmpexe-
JAETCA MO CJCAYIOmEeMY YpPaBHEHHIO:

§——% [Ez(_z(—;}ﬁ) —Ei(——%;—)]. (VILI. 34)
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3aeck T - ¢ — monHass UPOXOIIKATENPHOCTh NMEPHONA OT HAYaxa OT-
KagK{ /10 MOMEHTA, KOrJa B IIPOIecCe BOCCTAHOBIIO-
HuA ompefelsieTcA IOHW)KeHWe ypoBHA S B TOYKe
C KOOPOHHATOH T,
T — pnwrenbHOCTh HEPHOMA OTKAYKK JO OCTAHOBKH CKBa-
KUHBL (I Hayala BOCCTAHOBIEHHA YPOBHA).

a)
Sh o ah
S e ———— ’—}‘T
s*
Sr
q
Stet
A &=
4
T t
- T+t
6)
ATt A
-
Puc. VIIL. 9. ? Steg —
Cxema K ompepc- S
Jemyio  mapa- 7 / .
MeTpOB 0O Ha- * T
ONI0MeHUAM  3a Hg - §
BOCCTAHOBJIe- - A_j W
HueM ypoBHA . A
B OCTAaHOBJEH- Hy
HOW CKB&;KHHC i
a t_ rpgtbnﬂt g —_ -
litao— - -
rpapux H (1 S) — 4 t ——> =00
T+1
— In :
inT n L;—é - g

Ypasmenue (VIII. 34) BuBojuTC HAa OCHOBAHHM IPEJHOCHJKH, YTO
‘0CTAHOBKA CKBQ)KMHBI, JeHCTBOBaBINeil ¢ pacXofgoM (J, B rumpasimde-
CKOM OTHOIIGHHM PAaBHOCHIhHA HATHETAHHMIO B HEe BOJHI C TeM ke pac-
xoa0oM (. MoxxHO Takike IPOU3BOJUTH YACTUYHYI0 OCTAHOBKY CKBaKIHHI,
T. €. IEPEXOJUTh HA APYryl, MeHbmylo Beaumuauny nebura. Ilpu srom
B CaMOif CKBa)KuHe M BOIU3M Hee IIPH OTHOCHUTEIbHO MAJIOM 3HAYCHHH U,
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rorjga ¢pymriumio Ei moykEo 3amenuTh dorapupmom, dopmyna (VIII. 34)
HpPejCTaBAAeTCA B TAKOM BHNE:

§=-9 pIrt (VIII. 35)

4 km t

Ecam yuecrs, aro S =H —H rme H, — mepBoRaIaibHbL

e T+#
IBC3OMETPHYECKA YpPOBeHb (0 Hadalda OTKAYKHU), TO B KOOpJAMHATaxX
T+t . .
H, ,+~In t sasucumocTh (VIIL. 35) BEpaskaercsa npsamoit IuAWCH.

[lpomonmasa 3Ty AMBHWI0 [0 WEPECEUCHWS C OPJAMHATON { — o0 MIH
Ty
t
senuunny H,, koropasg npu JIUTeIbHHX OTKAaYKaX OKa3bIBAGTCA BO MHO-
IHX NpaKTHYeCKHX CiaydasX HeusBecTHo#. Ilpm o6paboTxe maHHHBIX 0O

Tt

PR

nossosiser onpenenutrs mo ¢opmyne (VIII. 23) uposogumocts BOmO-
HOCHOTO ropusonmra km (pmc. VIII. 9). ‘

Caegyer, OmHAKO, MMETh B BHIY, 9TO K KOHIy ONKTHHX OTKAa4eK

JIOCTATHYTOE MOHHUKeHAe YPOBHEA S, n3MeHAeTcA 06GKYHO MaJio, I BIAAHNE

IIPOJO;KANIET0CA CHUKCHHA YPOBHS, WM (HACIEICTBOY OTKAYKM IO
CPABHEHHIO C BEJWIMHOHE ero MOBHIIEHWA (BOCCTAHOBIIEHHS), HPOMCXO-
AAMEro Mmocje OCTAHOBKH CKBa)KHHB, HUYTOKHO. IlodTomMy B GobIminA-
CTBE CJy4aeB NPWHUMAIOT, YTO [0 OCTAHOBKHA CKBAKHHH IeIPECCHA
ABJNAETCA CTAllMOHApHOM, T. e. S, = const. Torga numammky BoccTano-
BIEHHUS YPOBHA MOJKHO OXapPaKTepM30BATH TeM >Ke WMCXO[HHM YypaBHe-
suem (IV. 11), 9ro u npu orkaukrax.

IlpuBenenrtie BHINE MPIEMbl ONpeJeJeHNs HapaMeTPOB MO OTKAYKAM
HOJHOCTHI0 OPUMEHHMHI W JJIfi ONBITOB ¢ HPOCJIEKMBAEMEM 34 BOCCTAHO-
BIIEHMEM YPOBHA TOCHE 3aKPHTUA CKBAKWUHLI, €Cld BO BCEX pAaCIeTHHIX
BaBHCHMOCTAX WM HA rpaguKax BMeCTO NOHIMKEHHA S NPUHEMAThH IOBH-
wieHne ypoBHA S*:

In = 0, MO3HO, KaK 3TO mpejaraerca B pAae paboT, onpeennts

BOCCTAHOBJI€HMH YPOBHA, yIiIoBo# Kospdunment npsamon H

S*=H,,  —H, (VILI. 36)

14— TEKymHAd HaOOPHKE YpOBeHbP B MOMEHT BpeMeHU t;
H_ — ypoBeHb B MOMEHT NDEKPAmMEHHMA OTKAYKU (NI PHHHMAeTCH
aro H, = const).

AanTeabHOCTH TMepmoJa BOCCTAHOBIGHHS YPOBHA ¢, IPH KOTOPOH
nipegmiecTBYOmui nepuox I (10 0CTAHOBKH CKBa)KHHH) OTBEIAET CTAI[HO-
HAPHOMY peKuMy, OpUOJUKEeHHO MOYKHO IPHHATH:

t < (0,1+0,05) 7.

roe H

Dakmopbt, YCAOHCHAIOWUE UBLOICEHHYIO MEMOOUKY
onpedenerus napamempos.

OxapakTepH3oBaHHas BHIIIE cXema 0OOpaGOTKH ONBITHHIX [JAHHBIX
RIS ONpeJiefieHNsA IAapaMeTpoB Kkm W a HEPeAKOo OCHOMKHAETCA. ITO
CBABAHO CO MHOTUMH 00CTOATEIbCTBAMH, KOTOPHIE BHIBHIBAIOT Jedop-
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mannn KpuBeiXx S — ¢t u S —Iln ¢ W HeBO3MOKHOCTL B CBS3W C BTHM HA
BCEM MHTEPBAJIe BPEMEHW WCHOJb30BATh X [JiA MHTePIpeTaHHN yKa3aH-
HBIX TEOPeTHUYECKNUX 3aBUCHUMOCTEH.

Cremyer mpe;kfe Bcero OTMETHTH PaKTophl, 00yCIA0BINBAKOITE NCKA-
JKeHMe HAadaldbHB X Y9aCTKOB KpuBeix S —¢tm S —In ¢
@opMyaH, IpUBeJleHHEEE BHIIe JJs 00paboTKU ONHTHHX NAHHBIX, IOTY-
9eHpl UCXOMSI U3 MPEJIOCHIKM, 9T0 B MOMEHT HA4aJa OTKAuKkm mebmt Q
yCTaHaBJIMBaeTcsA MTHOBEHHO. LT0YHO TaK jKe IIpeiIoJaraercsa, 4ro
B MOMEHT BaKpHITHSA CKBAKWHH W HAYaJa BOCCTAHOBJICHUA yPOBHA NpPO-
HCXOIWT MTHOBEHHOE IpeKpameHne IPUTOKA K Hell, T. e. mebur Q crano-
BHUTCA PaBHHM HYII0. B felicTBuTenbnocTn Ke qebur () B Havaje OIBITa
nm3MeHAeTCA, TAK KaK IPOMCXOJUT OHOpOKEeHHe (OpW OTKAYKe) WK
3amoJsinenne (mocjde NPEeKpaleHUs OTKAYKH) CTBOJIA CKBAKUHBEL.

B crporoit mocraHoBKe 3amada ¢ yueToM M3MeHeHHUA JeOuTa ION BJIU-
AHMEM OTOro (aKTopa MOJ;KHA pemarhCsi IpH 33MaBHH CAeLymero
TPAHAYHOTO YCJOBHA HA CKBAKUHE:

t>0, r=r, 2nkmro-—nrr . (VIII. 37)

Taroe pemenne 6pz0 mosryueno amanmtudecku b. C. Ilep;xykoBrM
u H. U. l'amaronosem [203a] u C. I'. Hamenenkum, a Taksxe Ha TUApo-
uarerparope Bo BHUWUHedrn. I'padukm S —In ¢, coorsercrByromue
BTUM peIIeHHAM, BHAYaJe MMEIOT XapaKTep KPHBHIX, OTKJIOHAIIAXCH
OT NPAMOM, W TOJDBKO IO HCTEYEHWH OIPeJeJeHHOT0 BPEeMeHN OHHM NpH-
ONmKa¥TCA K 9TOH mocleqHeil.

9. B. Yeramok [202] maer xpurepmii, mo KOTOPOMY MOKHO olpefe-
JUTH MOTPENIHOCTH, BHOCHMYI0O B PacieTH IapaMeTpoB mpeHeOpesKeHmeM
OPUTOKA B CKBAKMHY M WMCKQKEHMEM HAYAJIbHOTO ydYacTKa rpaduka
S —1n ¢
V()
Qt ’
rae V () — o6beM BoOAB, 3AMONHAIOMUI CTBOJN CKBKAHBL K MOMEHTY

BpeMeHu {;
Q — meOHUT CKBaKHMHH.

Ecaw sagarbes senmmuunoit €, ro n3 (VIII. 38) moskmo maiitu Bpems,
B TeUeHMEe KOTOPOT'0 HEJb3s MOJb30BATHCA IS OIpefelieHnsa mapaMeTpoB
BHIIENPHUBEeHHBIME QopMyliaMu, He YIMTHBAIMMA NPHUTOKA B CKBa-
KHHY:

& —

(VIII. 38)

t< L0 (VITI. 39)
eQ

OugeBumno, 9T0 B momaBAAImMEM O0JBIIXACTBE CAYYaeB HOPH HCCIENO-
BAaHMAX CKBAKWH, NPEIHA3HAYCHHHX Js BOJOCHAOKeHIECKUX IeJiei,
BOJOMOHMKeHUA | p., Bpems ¢ mo (VIII. 39) gaske mpm sxectkux Tpebo-
BAaHAAX B OTHOIIEHMHM TOYHOCTH PACUeTOB HABJIAETCA HAYTOKHO MAJHM.
Hanpumep, o6bem ckBaxumm amamerpoM 0,4 M IpH MaKCAMATbHOM
nonmskennn yposusa 50 m cocrasiasier Beero 6,28 3. Ilaske npy cKpoMHOM
nebure ckBazkuupl, mocruraomem 500 m3/cymru (5,8 4/cex), yKasamHsIH

obpem Oyner samosnmen nmpumepno 3a 0,3 uac.
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Taxum oOpasom, aua Gojee uIW MeHee BOJOOOMIBHBIX BOJOHOCHBIX
TOPUM3OHTOB NPH MOHUKEHUAX YPOBHSA, HE NPCBHIIAIOMHUX HECKOIbKUX
JeCATKOB METPOB, HET HaJOoOHOCTM HPW OWBHITHBIX ONIpejeNeHUAX mapa-
METPOB YYUTHIBATH H3MeHeHUs Je6uTa BCIEACTBHE YTEIKH BOABL HIIN
3aTOJHOHMA CTBOJIA CKBA:KWHBL. Jlumb B BecbMa ciaabo DPOHAIAEMBIX
BOJOHOCHHKX TOPW30HTAX M OpW 3HAUWTEJIbHHIX HOHWKEHHWAX YPOBHA
B 9TOM MOKET BO3HUKHYTH HeoOXOLHMOCTH.

Wmeercs menslit psAj npeiIoKeHUT O METOMKe ydeTa 3Toro gakropa
npu 06paboTKe OMBITHHX [aHHBIX 0 BOCCTAHOBIEHWH YPOBHA (CM., HANPH-
mep, (201, 202] n mrorme gpyrme paGorsr). Haubosee ymo6ra u mpocra
Mmetonuka, npepiokennan @O. A. Tpebuawim u I'. B. [llep6akoBpim.

Has ydeTa OTKJIOHEHHUS KPWBOU BOCCTAHOBJEHUS YPOBHS B KOOPHAH-
HaTaXx S — In ¢ (To ke oTHOCHTCA W K cIyd9al0 HOHWKeHUd YPOBHA IpH
OTKAaYKe) 3TH aBTOpsl mpepgaranr BBectm B ¢opmynsr (VIII. 20)
m (VIII. 21) nonpaBounstit KoddPMOUeHT, oOpeHeIAEMBI TO OIBITHHIM
TaHHBIM:

Q

L= Gy (VIIL. 40)

rae Q — nebur cKBa;KHUHE;
q (t) — mebur, «3aTpavuBaeMHiily HA 3aNOJHEHHE CKBAKUHLL MU yTeUKy
W3 Hee BOJBL. :
HRosddunuenr 2z BBogurca B opMyasl B KagecTBe MHOGKUTESA
K HabII0/IeHHBIM BeMYnHAM HoHReHuA yposuaA S. Ilpu ¢ (¢) >0,z >1
u B wmpeferxe, kKorma ¢ (2) — 0, z— 1. Hpaxruueckn 3Hauenue q (t)
onpefiesigeTcA MO CIENYIOmeil 3aBUCUMOCTH:

2 AS

q(t)y=mre—-, (VIII. 41)

S
rjge AL T CKOPOCTL NIOBHIIIEHUA WM HOHWMKEHUA yPOBHA B CKBa)KUHE,

KoTopas MorkeT OBITH HaiifleHa JJIA KAajKIOT0 MOMEHTa Bpe-
MeHHI { Kak TABPeHC yIJia HAKIOHA KacaTedbHOH K dax-
THyeckoll kpusoit S — ¢.

Bonee cymecTBeHHbIE OTKIOHEHUSA HAYaJbHBIX yYacTKOB TpadHKOB
S—t u S—Int moryr, mno-BEAWMOMY, HPOUCXONWTH MO/ BIUAHUEM
HECOBEPIICHCTBA ONBITHOIl CKBAYKUHK M BCET0 KOMIUIEKCA CONPOTHBIICHUI
B HEe#, a Taw;Ke B NPHUCKBa;KUHHON 30He. C 3TUM CBA3AHH OTKIOHEHUS
OT IpAMOJMHEHHOro y4YacTka rpaduxa S — Int Kax BBepxX, Tak W BHU3
oT Hero. B mepBoM ciygae compoTwBieHUS 3/€Ch NOHUKEHE IO CpaBHe-
BUIO ¢ 30HAMHW, YJAQJeHHHMU OT ONHTHOI CKBaKUHBI, BO BTOPOM — IIO-
BBHIIIEHBI.

PaccmorpnM Tenmeph mekoTopble 0co0EHHOCTH KpaeBH X Yy 1 a-
¢TKOB rpajpukoB S—¢t u S—In¢, xoropsie HepegKo 3aTpPYMAHAIOT
ompeslelleHNe MAapaMETPOB [0 W3JI0KCHHOI BbHIIIE METOJMKe, IpUIeM OHHU
KacaloTcsd Kak ONBITHHX, Tak u (Jase B eme Oonbimeir cTemenn) nadimio-
AATeIbHBIX CKBayKUH.

Ilpu Gonee mim MeHee [JAWTENbHHX ONKTAX CYNECTBEHHOE BIHMAHUE
MOTYT OKa3aTh KOHTYpPH BOJOHOCHOrO I'OPH30HTa M €ro HeOJHOPOJAHOCTH
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[25, 44]. Ha puc. VIII. 10 mokazaHel oTKIoHeHHs rpadukoB S —I u
S—1nt¢ opy Hanwguu KoHTypa UHTAHUA (MM CTOKA) ¢ HOCTOSHHHIM
HamopoMm (H = cobnst) u mHempomumaemoro koHrypa (¢=0). B mepsom
ciaydae rpaduK acHMUTOTHYECKH OPUOAMKaeTCss K OpsAMOil Mapallienb-
Hoil ocu Int (BerBp I ma puc. VIII. 10), BO BTOPpOM OH OTRJIOHSETCS
BBepX (BeTBb 2). B GearpamumunoM ropusonTe rpaduk S — lnt umeer

XapaxkTep OpsAMO, a B KOOpAMHATAX
sk S —t —9T0 KpuBasg, TaHTEHC Yria
52 HaKJIOHa KacaTeJbHOMN B KaKIOH TOUKe

. 1
KOTOPO# HPONOPHHOHANEH —-.

S—wgonst Ecau BOMOHOCHBI TOPU3OHT OTpa-
et e HHYeH HEeUPOHUIAeMBIM KOHTYPOM He
7 TOJIBKO C OJHOH, a cO BCeX CTOPOH W

npeficTaBisgeT coboil KaK O «009Ky»,

rpag¢uk S —1Int co BpeMeHeM OTKJIO-

HAETCA BBepX B eme Ooxapmieli Mepe,
= OOCKOJBKY B 9TOM Cjydae TOHHUKE-
¢ HHE YPOBHA CTAHOBATCH OPAMO NpPO-
OOPHUOHANBHKIM BpeMeHH (B KOOp-
nmHaTaXx S —1© HMeeM LPAMYI0).

Ilpn manueum B HEKOTOpOM yna-
JeHHH OT OOHTHOIO Yy3Ja BOHH C
AHHIMY 3HAYEHUAMH BOJONPOBOHMOCTIH
4 NBe30NPOBOIHOCTH OTKJIOHEHWA Ipa-
dura S —Int or mpsamoit Moryr npomc-
XOlUTh B TeX jKe HaNpaBJIeHHAX, XOTSH
¥ He CTOJh DPe3KO; KpaeBhe YydJacTKH
rpaduKa COOTBETCTBEHHO OYAYyT 3aHH-
-~ MaTh HPOME;KYTOTHOE MOJIOMKEHHE MeK-
Ny VKa3aHHEBIMH BHIII¢ OpefeibHBIMHK
> WX HaupaBJICHASAMH.

int T
aKoro e XapakTepa Jedopmaruu
Prc. VIII. 40. Tpagmxu S = /(9  ppgyonuneitanx rpaduros S —Int Ha

# S= fi(ln ¢) upw orkauke m3
CKBKHHE B BOJIOHOCHHIX TOPH30H- onpe/le;ICHHOM HHTEpBajie BpeMeH! MO-

Tax T'yT OPOHUCXOIUTH U O] BAUAHUEM JpYy-
1 —c KOHTYPOM HHTAaHUA (cTORa); 2 —— I'mx HquHH, HaHpHMep, B I‘OpHBOHTaX
¢ HETPOHMLACMAIM KOHTYDOM ¢ HAKJOHHBIM BOZOYOOPOM, OpH Hepe-

TeKaHHW BONH B JaHHBI BOTOHOCHBIH
TOPU30HT H3 APYIAX IOPH30HTOB H UpH QUIBTpANUXA H3 DeK.

Msorue apropw (cm., Hampmmep, paborm [25, 197, 201}) mpen-
naraloT HCHOJB30BATh KpaeBwe ydacTku rpaduroB S —Int pua peme-
HUA 00paTHOM 3ajadu, T. €. JJid yCTAHOBJIECHHS PacCTOSIHUSA KO0 KOHTYypa
BOTOHOCHOT'0 T'OPH30HTA HJH [0 TPAHMHOH pasfela 30H C Pa3IHIHBIMU
GuUIBTPANUOHHKIMYE CBOMCTBAMH, a TaKmke /JiA OUpe[leieHHsI TeOMeTpH-
9ecKOil OPMEI BTUX TpaHHI ¥ T. . ITO, OMHAKO, aJleKO He BCerna OKa-
3BIBAETCA BO3MOIKHBEIM, HOCKOIBKY I'pa@uKH He MOTYT GBITH pacmafpo-
BaHH OJHO3HAYHO: MHOTMEe UPHUPOIHEIE PaKTOPH TIeOMETPHYECKHM HA
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rpadHKkax OpoABIANTCA of@HaKoBo. OcobeHHO TPYAHO HMCHOIB30BATL:
Jas BTHX Neseil rpaduku B UPOMEKYTOUHOH CTaJMHM, KOIMa TOJBKC
DOABAATCA OTKIOHGHHA OT HPAMOJMHEHHEIX Y9acTKOB. 37iech, KpoMe
OTMEYEHHHX OPHPOMHHX (PAKTOPOB, MOTYT CKa3HIBAaThCS TaKKe TeXHHU-
qecKHe OCOODeHHOCTH ONHTA: M3MEeHeHHA JAebuTa ONHITHON CKBaKUEH,
BRIYEHHE ¥ BHKIOYGHHME B3aHMOJECTBYIOMUX CKBayKUH M T. [.
EcrecTBenno, mosToMy, 9TO IpaBHJIbHAs HHTEPUpPETANHA OUBITHHIX
TAHHHIX B BHOOp pacieTHHIX 3aBHCUMOCTEH i KOJHICCTBEHHON ONEHKU
mapaMeTpoB IO KpaeBkiM ydyacTKaMm rpagukoB S —Int moryr 6mirh cne-
JIaHH TOJIBKO IPH YCIOBUH SICHOTO IpefcTaBIeHUs 0 XapaKTepe AeiicTBU-
TeJIBHON OPHPONHO OOCTAHOBKE ¥ YCIOBHAX UpPOBENeHUS ONBITA.

Omrkauku npu usmensioujemca pacrode

B cnyuaax, Korjma OTKauKM M3 CKBa)KUH MPOU3BOAATCA C U3MEHAIO-
oMcsA pacxofoM, IPHHOMIMAJbHASA cXeMa OIpeJeieHusl FUIpOoreooTH-
9eCKHX IapamMeTpoB OCTAeTCH TAKOH ke, KaK H BHIIe, ¢ TOM TOABKO pas-
HUel, 9TO0 OpH BTOM WUCHOJB3YIOTCsA pacdeTHEe (OPMYysEl, BHIBe-
JeHHBIe [IJId Pa3JHIHHX 3aKOHOB HM3MEHEHHA pacxofia (cM. § 2 rmaBu
weTBepToil). B 3aBucmMocTH 0T cTafuu omHTa (6ro IPOMOJILKUTEN b~
HOCTHM) pacueThl TapaMeTpPOB UPOU3BOAATCA IO CTPOTUM WUIH HpPH-
OamxeHasM  GopMysiaM, WO3BOJAIONIMM HCHOJb30BaTh rpadoaHanuTH-
9ecKUil MeToj ¢ IOCTpOeHHeM JIUHeapwW3oBaHHHX rpaduroB S —Int.

Boapmoit unTepec pmus onpefiesieHUsA IiapaMeTpoB NPefiCTaBIAIOT
MJUTeNbHHEe OTKAYKUW U3 CHCTeM B3anMOMIefiCTBYIOMUX CKBajKHUH, BH-
OOJIHAIOMMXCA B Tpollecce [eTaJbHHX U3BICKAHHI W DKCIUVIyaTaluu.
JlanHple TaKMX OTKA9eK DTO3BOJAKT OIEHUTH CpEIHUE 3HAYCHHA
BOJTOIIPOBOJIUMOCTY ¥ WHE30UPOBOXHOCTH [JsA KPYIHOW TeppHTOPHU.

O6paboTKka pe3ynbTAaTOB OUHTHHX OTKAadeK M3 CHCTEM B3aHMOJIeii-
CTBYIOIIUX CKBa'KUH HOPOM3BONUTCA [0 3aBUCUMOCTAM, IPUBEJeHHHM
B § O raaBe geTBeproil. C MX DOMOMIBIO MOTYT OHITH YYTOHH pa3iHIHHIE
W3MeHeHUs B JUHAMUKE OTKAYKH, 00yCa0BIMBaeMBleé Pa3zHOBPEMEHHHIM
BBOJIOM B JIeHCTBME CKBAKHH HJIH UX OTKIIICHUOM.

Haupumep, mas caywas, xorma rpaduk usmeneHmil nebura mmeer
BUJ CTymeHYaToii Kpupoii, 3aBucumocTs (IV. 113), mpuBenennyio B § 6
TJIaBH 9eTBEpPTOIl, MOKHO 3aIMCATh B CIEAYIOMEM BH/E:

S = © (o +1na -+ In tep).

4t kmS
I'padur, cooTBeTCTBYWOmMUIA 5TOMY YpaBHEHMIO, IIOCTPOCHHBIH IO
S‘ .
ONBITHHM JIaHHBIM, B KOOp/IMHATaX U—If—ln tep, OyleT BEHIpajkeH
CYM, 1
OpAMOA JNHHMEH, YriIoBoH KodpduiumeHnT KoTopoil
S’ S”
A A
B* — QCyM QcyM . 1
- ’ . ” - nkm b
Int,,—Int,, 4
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a HavYalbHag opamHaTa A™ = B* (a0 -+ Ina);

2:25 , Qi 1n 4.
¢= 2 QCYM ’ In fep = QcyM Int:.

i=1

Eciam opHOBpeMeHHO ¢ mW3MeHEeHWEeM Ne0MTa CKBaKUH MEHSETCA MX
9UCJI0 M PAacHoJIoKeBHe, TO OIBITHHIE ,ZIaHHbIe OpeJcTaBIAITCSA B BUe

rpadmKka B KoOpIMHATAX S —-. Ilpm aToM @ u Intc, BeIpa-

QcyM i I'l

AHATCA TaK:
n

a=0,81; Inte, = V _Qi_ In — tl
HQcyM i ’i
i=1
3pmech Qi — 0T i-0li CKBaskHHHI (00IMee YMCIO CKBAKUH 1);
Qcym — anredpaugeckass cymMMa [e0HTOB BcexX CKBajKuH (IpH
OCTAHOBKE CKBa/KMH B (OpMyJly BBOMUTCS UJIEH C OTPUIlA-
TEJIBHHIM JIe0WTOM, pAaBHHIM [eHCTBHUTEJIBHOMY [e6HTY O
OCTAHOBKH);
ti — paKTU9IECKOEe BpeMsa JeHCTBHA KasKMoil CKBayKHHEL (B TOM
qncle W YCJIOBHO PACCMAaTPHUBAEMBIX ¢ OTPHIATEJIbHBIM Jie-
OMTOM) /0 MOMEHTa BpeMeHH f{, B KOTOPHI OUpeersieTcs
OOHW/KeHHe YPOBHA S.
Pacnonaras smauenusamu A* mw B* (ompepmensieveiMu 1o rpadury
S —Intep), Moxkno maitte km n a:

1

A%
¢
a=e? . (VIII. 43)

IIpuMepst ompefieieEMss N[apamMeTpoB IO WM3JI0;KEHHON MeETOJIAKe
upuBeieEN B paborax [57] m [224].

§ 4. Onpepgerenne BOJONPOHUIIAEMOCTH HEHACBHIUIEHHBIX IPYHTOB
00 JAHHBIM HAJIHBOB B IYpQbI H CKBAKHHBI

Onvimubie Haaussl 6 uypgul

JUts  oupepelieEMs BOJOUPOHUIAEMOCTH HEHACHIIEHHHX TpPYHTOB
B 30HE adpalud, KOTJa 3epKajio TPYHTOBHIX BOJi HAXOAUTCsS HA TiIyOmMHe
HE MeHee D M, HPOBOMATCA OHBITH H0 WHPMIABTpAmuUA BOAH #U3 mypdos
A CKBajKdH.

HeitcTBylomumyu canamMu IpH WHQUIBTpANUE BOoAH H3 Imypda
ABJIAIOTCA THUAPABIMYECKWH HANOP CJ0A BOAK M KAUWIIAPHOS OTPHIA-
TeJIbHOe J[laBJieHWe, NPOABJIAKIEECS B MaHHOM c¢jIydae KaOWJIIAPHBIM
BcachBaHmeM Bopk. llpocasmBasichk B cyXoil TpyHT, Bofia BHITeCHAET
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U3 Hero BO3AYX, Ha HPeOjl0JIeHHE COIPOTHMB/CHMA KOTOPOTO 3aTpaum-
BaeTcs HCKOTOpas Mods 00IMmero feiicTByIOmero mamopa. Bo3sjyx yaa-
NfeTcs M3 WOP LOPOABI, He IOJHOCTBIO, YacTHIHO OH B HHUX 0CTAETCH
B BH/Je TaK HA3hBAeMOT0 «3ameMJIeHHOTo Bo3AyXa». Haxr nDoxaszanu
accaegopanns C. @. Asepeanoa [0, 9], name nesmaunrensnoe comepsxa-
HUe BO3/lyXa B TPYHTe pe3Ko CHU;KaeT ero BojonpoHMNaemocTh. IIpasna,
OpH [0CTaToUHO AJIuUTedbHOH WHQWIBTpANHM Hy3HPBKH BO3AYXa MOTYT
HCYEe3HYTh BCJEJCTBHE LOCTEHEHHOTO PACTBOPEHHs BO3AyXa B BOJe.

Pacxox ¢uiprpanmonnoro moroka mo lLlyHkepy Bmipaskaercs cie-
Aywomeit dopmyoit:

0 = EEEt A (VIIL. 44)

rpe Q — pacxoj Boisl Ha UHQMILTpanuio;
© — II0MAJh HOTePeIHOT0 cedeHus GuabTpyoMed KOJOHHL IPyHTa;
H — BricoTa cosi BOABE HMOJ HOBEPXHOCTBIO IPYHTA;
z — riiy0MHa IpOoCaduBAHUA BOJIHI,
h), — RanuIIspHOe [aBieHWe, Pa3BHRBAONEeCs NPH HAQHIBTPALIN;
A — conmpoTHBIIeHNE BO3QyXa.
Hamoprwit rpajinent pasen:

Jo=HREE s gy g g g B (VIIL. 45)

B orHOCMTENPHO XOpPOIIO HPOHMIAEMBIX NOPOJAX, HECKAX, JEeTKHX
CYTIYHKAX KanuJIaJddpHbe CHJIbBl HNYTOKHLI, B HUX BOJa 3a BpeMsI OHBI-
Ta IpocaymBaeTcss HA BHAYNTeNbHYI0 TuyOumy. IlosToMy Benmumna
I—{—"L;—}"r’ﬁ K ROHLLY OITbITA CTAHOBUTCS He3HAYHTEJIBHON O CPABHEHUIO C eJU-
HUIeil, u npu pacdeTe Koadduipienra QuabTPAMHM MOKHO JOHYCTHTH,
YT0 HHPHIBTPANUSA TPOHCXOAHT B OCHOBHOM IOJ] MEeHCTBHEM TuJIpaBIN-
geckoro uamopa. B cia6o mpomuiaeMsx mopomax, cynecqx, CYIITHMHKAX,
ndccax KamHIIADHOE JIABIeHNe OCTHTaeT (oJbUIO BOJMYIHLI, BTOPON
qren B ypapuenuu (VIII. 45) B mpouecce HempoMossxuTeIbHOTO OTHTA
3HAYMTENLHO OoJbLIe CHMHMILI, W TPeHeOpPeIKCRe MM TPH BHIYMCIEHUM
KosdpdurmenTa ¢UIBTPANM BH3BIBACT 3HAYUTEJLHLIE MMOTPEIUTHOCTH.

BeaepceTBre peficTBUS KanuijIspHBLIX CHJ BOJA JIBHKETCS He TOJLKO
10 BepTHKAJIN BHI3, HO PACTEKAETCs B CTOPOHBI M JIaiKC ABIKCTCS BBEPX
oo cTeHkKaM .umypda.

BemepcrBue caoswgoctu npomecca urduanTpaiiwu us iy pda, npi ero
HCCIeJOBAHHH PEKOMCHJYeTcs OCHOBHIBATLCH HA TIHAPOMCXaHUYeCKOM
TCOPUU HOTOKA CO ¢BoOOANOIi HOBEPXHOCTLIO. BONBIIMHCTBO MeTO/OB
omopejaeiendnsa BOJOUPOHMIIAeMOCTH HCHACBIHEHHBIX TPYHTOB, HIOJYYHMB-
IMAX pacHpocTpaHeHHe, He YIOBIETBOPAT 3TOMY TpeboBaHuio, ¥ BCe
OHM UMEIOT Te HJIN HHBIe HEeJOCTaTKU.

Bo Bcex mpepmoskeHHHIX MeTOMAX, 3a HCKIIOYCHUEM HOBOTO MCTOMa
H. H. Dusjemana [35], wuduasrpaiusa n3 niypda paccumreiBaeTcs II0
YPaBHeHMAM YCTAHOBHUBLIeHCA PuUALTPANinM, TMOCKONBKY dopmMa BepXHeil
49aCTH TOTOKa, QuianTpyloimerocs us uiypda B meciaHkie M CymecIaHbe
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HOPO.ILE, ePE3 HOROTOPue BPeMi HOeIe Badaia OHNTa CTasoBUTeA BOTil
HeR3MeHHOI. OHarno 1pd 5T0M HEPCIKO HC YUUTHIBACTCH 3a1IeHUE Jila
iypda i1 yOICTHeKUC BeDXHAIL QUILTPY I HaeTH JOPO;ih, BCICUCTBIe
Yero YCTAHOBURUIHIICS DACXO GRABMBACTCS L KarhyBuINCH.

Merog A. K. Boagprpena. Meroll oupeeioniag Beionpoiizo oo
HCIMACHIMCHHLIX ITDYHATOB ¢ TOMONLLIU 1!!1@;&.’.“;5’1‘}?-‘;!11!!n HO I myp(}(m
gnepssie npeinomna A, . Boanapes 15481 O saroneeres B caeiylo-
meM. D reinreyenmoit mopojte uipuiraiot wvpd. Y Gpopwru mypda verana-
BJIMBAIOT BA COCY/id eMKOCTBIO 110 1) —20 .7, 13 KoTopiiX ma aro niypda
110 omymicunoli BREI3 TpyOKe LEHPCPLIBIO 10TaeTcs BOAZ. Y pOBCHL
BOAK B mIypde BCe BpeMs MONKCH OCTABATBCH 1OCTOSLITNLIM — CKONO
10 e mag qEor. OOBT HPOTONAACTCH Jo TEX 10D, TOKRA PacXo’ Bojnl He
cTadeT 00.0C WM MEHEE TIOCTOSIHELIAL

3aTeM  ONpeeasioT KOAWYCeTBO BoAb (4, moctyuaioweii B wypd
B €[MHIULY BDGMCHHE, ;LI YCTC TIO ONBITHLIM JIAHHLIN CTPOSIT KPHBYIO
Q - f(#). Cupras TIAPABTINUCCKITIN YRITOH PABHMM €,0NnIe, BhyucasIor
rosPppuinent duanrparmirn 1o doparyie:

e Yy (V111 46)

w

Meron DBoaamipeBa laer npeypeanvensoc spaucnie xodddmuwenta
Guabrpannn, T KaK B HCM HC YYHTHBAETCA 30102 DORORGIO paCTeRaAHNA,
KOTOpasi B MPAKO3@PHKCTHX NecKaX M cymecAax B O —10 pas mipe noroka.
$uasTpytonerocst mz mypda. B HeM He yUnTHIBRIOTCH TaKike Kamiiiagp-
HBIe CHIN, B YACTHOCTUM RATMIAAPHOE JBUIKEHKE BBEPX MO CTEHKaM
urypda.

Mero; oM bHoappipeBa MoKHO HOJIB30BATHCA B TeX Ciay4asxX, Korja
tpebyerca aniub npubamKeHHoe omnpeneaeiiic Koapdurmenta Guiantpa-
11K B NecIdanhilX ¥ TPCHIHHOBATHIX ITOpeaaXx, I/(€ BAMAHHC KAOWAJAPARbIX
CUJI BUUYTOHHO,

Merox Il. C. HecrepoBa. llectepoB yconepurenersosaI Metoi ho.-
anIpeBa, uTO II03BOJINIO MCKIOYNTH ODIMOKM Ha QUIbTPanyl BBCPX TIO
crenkam mypda W 3HAYUTEIHHO YMEHLIIATH, OOKOBOe pacTeKamme BOJML.

Hpu npoBejernw ombita 1o Meroxy Heereposa B cuiamBpoBaHHOE
aHo miypda Ha rayduny 5 —8 cm, He HAPYDIAA NIOTHOCTM IPYHTH. KOH-
JCHTPUYHO BjiABIANBAIOT IBa CTAJALHMX Luauvijipa sureoToit 20 ex. oguy
HECKOJILKO MeHbiie apyroro mo guaverpy (pme. VIII. 41). B oda nn-
aunpa panuBaoT 8oy ciaoeM 10 ey 1 mojyie psRUBAOT HA OHOM YDOBHE
B Te9eHIEe BCEro OIbiTa ¢ OMOMHI0 JBYX ONPOKUHYTHX cocy/loB Mapu-
OrTa, eMKOCThH) 3—0 1, HAMOJNHEHHbIX BOJO0il. OnbT I1POJI0T:KAOT A0
crabuiam3anuy pacxoja BOJIH.

Hpenmosaraercsi, 94T0 BOJA M3 BHEMHEOTO KOJAbIA PacXoiVeTcH Ha
npocadusanne, OGOKOBOe pacTeKanne M KaDWIIHPHOC BCACDIBAHAE.
Bona w3 BnyTpenHero Koablia ujeT rJIaBELIM ofpa3oM Ha WHQHIbTpa-
10 B BCPTHKAJbHOM HAIPABIEHUW, UTO I03BOJIseT NPHHATH Homepey-
Hoe CceuenMe HHPUILTPANEOHHOTO TIOTOKA PABHKM IIONCPEYHOMY Cede-
HPK BRYTPEHHCTO UMIMHATIpA.
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Koaddumment QuabTpanni pacculrbBakt 1o §opayie:
0.3 . -
Bo=— i (VL1 47
® (hp-—-5--H) -
BHAUCHUC KAWL PHOTO JlaBAeHus, OAM3Koe TipuvepHo H0% max-
CHMARBEOT BRCoTh Ravmiaaproro nomstusa, H. UL Buawieman peromen-
Aver onpegedsirn no o tada. VI L

~
N

T
/»i‘

YEFFE)

N AR

1 vy
Puc. VUL 1L, Oommit Byl oubirnoil ycrauonku. Ifo
H. C. Hecrepony
1 — mepHad  mnHeltka; 2 — OyTelab; 3 — cnoi rpaBna; 4 —
BHYTPpCUHCe TOIRIG; 5 — BHCOTHEE KoJbhlo

TaGmuna VI

Ramaaspuoe pasaenus

FAp— BricoTa Kanaianp-
Yt ITOTO NOUUATINN

f
f
CYTIRNOR TamReAHI e e e e ! 1,00
CyrameoR Jerkn# . . . . . . . L .. L L .80
X
1
i
|
|

Cyuech Taselas 0,60
Cynmech JeTKag . . . . . . . . . . 0,40
Hlecork MENKOBCPHRUCTHIT T INHIC TR 0,30
llecOR MeAROIEPHHCThII Y Thiil . . 0,20
lHecor cpeHesepHMCTHE .« . . . . . . L L L L 0,10
Hecor KpynaosepHBCTHIT . . . . . . . . . . L] 0.05

I'nyOuny upocauusanus 2 onpejlensioT OypeHueM JABYX CKBaKBM
neborpmioro amamerpa. Onny ckBa:imuy rayOommod 3—4 m Oypar po
OlIBITa, €¢ B3aKJAJHBalOT Ha paccTosHunm 3—O M or mypda. Hpyryw
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CKBaKMEY TOIi e Ty GuHb Gy pAT mocie OIBITA, 3aKJNa/(bIBAdA ee B LEHTpe
BHYTpeHHEr0 Koabha. /13 06enx ckpakme 0TOHpaioT o0pasmel s onpe-
NMelleHUs BJaKHOCTH TPYHTa. Ilo cOmOCTaBIEHMIO BJIA;KHOCTH yCTaHA-
BIMBaeTCA IIyOMHA IPOCAYMBAHMA BOJEL 3a BPeMA OIBITA.

Mertox HecrepoBa maeT myuutme pesyibTaTH ompefieieHusi Kodddu-
umeHTa ¢UIBTpanud, d4eM MeTof LoanelpeBa, HO OH Takke He JHIIeH

HEOCTaTKOB. Ilpenmosno-

{ Eh GEB ’KeHIIe, 9TO BOJ[a M3 BHYTPOH-
NP Hero KOJbIAa pacXojlyeTcs
T L—ﬁ %&:‘: T riaBesiM o0pa3oM Ha HH-
- $uIBTPAUI0 B BEPTHKAIh-

- - - HOM HAmpaBIeHAHW, He WOoJ-

S | ) HOCTBIO OTBedYaeT JeHdCTBH-
T . - - = - tTeapHocTH. Hak wmokazanu
- - - ' OOBITH, HPOHCXOMUT CyIIe-
CTBeHHOE pacTeKaHHe Cpej-
Hell dYacTum ©ToToka. Hepo-
CTaTKOM  DTOTO MeTofa
AABJsAETCA TakKKe [JINTelb-
HOCTBH OILIBITA, HeoOxommMan
IUIA  TOTO, 4YTOOH MOKHO
Ovtiio  mpeHeOpedb  Kanmii-
ASipHBIM  BcachlBaHWeM B
I'pyHTax.

Merox HecrepoBa paer
Jyduine pe3yiabTaThl B CJa-
00 mpoHMIaeMHIX TOpPONax,
0c00eHHO B  HOKPOBHHX
CYyTImHKax Hu Jéccax co
croaf9aTol  CTPYKTYpOH,
Korja mpeobiafiaeT BepTH-
KanabHAA COCTaBIAIOMAN
dunprpanmm.

: Metrog H. K. Tupunu-
6 ckoro [89], paspaloTranifhiii

Puc. VIIL. 12. Ycramoska E. B. Cmmomosa HMm B 1951 1., ABIseTcs
4 OUBITHHX HaixmsoB mo Merony H. K. I'm- Qojee coBepuieHHbIM, TakK

PUHCKROTO KaK OH OCHOBAH Ha THJpPO-
1 — mepHas (caHTuMeTpoBaA) JenTa; 2 — MepHbllf 6a~  yMoxapHYeCROIR TeOpUH IO-
Yor, 8 — pesmHoBaA TpyOka ! =6 wm; 4 — CcCTKa;

& — cTanblOe KOMbIO; 6 — coff_MpoMbIToro KpymHoro TOKA €O CBOOOJHOI moBepx-
Hecka Tonulumol 2—3 cat HOCTDIO, CHMMeTPHYHOTO OT-
HOCUTCJIBHO BePTHHKAJBHON OCH. OTHM MCTONOM YYHTHIBAIOTCA pacreKa-
Ame (QMIBTPAMOHHOTO HOTOKA, CHJIB KalMJIJAAPHOLO  BCACHIBAHMSA
M BINAHIe 3alieMIEHHOT0 BO3J[yXa, OCTAIOIMErocA B HOPax NOPOALI IpHU
$uabTpanuu BOAN u3 mrypda.
OunprT mpomsBofuTCesA CiaefyommM obpaszom. B mcciemyemoit mopoje
npoxoAaT mypd Ao rayOWHB, Ha KOTOPOil mpefmoiaraercsi NpoBecTH
omprter (pume. VIIIL 12). Mumumansroe cederne mrypda mpmaato 1,0 X
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% 1,5 ». B pHe mypda, Hocepejnne MCLY €r0 JJIMHHBMEA CTOPOHAMH,
Oumilie K O{HOH U3 KOPOTKUX CTOPOH, IPOXOMNAT OUBITHHI 3yMud riay6u-
HOIl 15—25 ¢a ¥ B Hero BCTABIAIOT HUJIHHAP M3 JUCTOBOTO KeJje3a TOJ-
muHoit 1,5—2 ma u Beicoroit 35—40 cx. Bensy BHemuuit Kpait muannmpa
3aocTpAT. MuUBUMaNbHHIA [uaMeTp NWIMHJpA OPHHAT 35 cm; npu
TAKOM JHMaMeTpe pacdeT KodddummeHTa (uipTpamuMm YIpOmAeTCA.

B mecke u pHXJofi CymecH NUIMHAD [OCTEINEHHO IOTPYKAeTCA
B rpysT Ha 15—25 ca, a o Mepe IOrpy:KeHUs U3 HErO yAalifeTcA IIO-
pona. locie aroro nmo symnda BHIpaBHUBAaeTCHd, M NUIMHAD BIABIH-
gaerca Ha 1 cm. B mumoTHoi cymecw u cyramekax B mypde sapamee
BrIpEBaercsa symuod ruyomuoi 15—25 cu,
nHO 3ymnda BrlpaBHMBAaeTcsi, @ B Hero
yCcTaHAaBJAUBAETCA  TUIUHAD,  KOTOPHIH
BraBauBaerca B rpynT Ha 1 cm. Ilpo- 250
CTPAHCTBO MEKIY 3yMOPOM U MHJIUHIPOM
IJIOTHO 3a0HBAIOT YBJaKHEHHOI MOPOIOH,
nHO 3ymida HOKPHBAIOT CJ0EM TpaBusd
TOIMUHOH OKON0 2 CM.

Hnsa momaun Bommi B mypd Ha 10- i

&,cm Imun

200

BepXHOCTH 3eMIu y Kpasa mypda ycra- acﬂi‘zz___________ Lo
HaBJIHBAIOT ABA MePHHX MIINHIPHIECKAX

faka; sKejiaTelbHO, 9TOOH BHYTpPEHHWUI "

puamerp Gaxos Ovin pasen 35,7 cam. lpu 100200 400 600t mur
TAKOM jiAMeTpe KAAISHi CAHTUMETD BE- . po yi[[ 43, Kpmsan Q —
coTHl 6aka CooTBeTCTBYeT o obbemy 1 4 =7

Bogsl. MepHbic 6Gaxkd COefUHAT TPOIi-

HAKOM, K Of{HOMY M3 OTBOJOB KOTOPOTO

OPHCOEIUHAIOT DPe3MHOBYH TpyOKY, HOZAOmYI0 BOAY B HUIMHAP, THAe
HOJIJiePsKUBACTCS MOCTOSAHHNI 1ol Bojsl Bricoroit 10 —20 cm. Ius pe-
TyJUPOBAHWSA HOJAYM BOJH B MepHbie Gaku m B mypd ma TpyOKax, oT-
xofAmmx oT 6aKoB, m Ha TpyOKe, mojalomed BOAY B NWJIHHJP, CTABAT
KpaHbl win 3a:ruMbl. 00a MuauHIpa TPafyudpoBaHkl, 4TO HMO3BOJIfAET pe-
THCTPHPOBATH 00beM BOJH, IOIVIONICHHBIH TPYHTOM, Ha KasKIbi MOMeHT
BpEMeHII.

E. B. Cumonmos [189] mupemiosun aBroMaTuueCKMil peryisarop,
OOIJeP/RUBAOMINY YpPOBeHb BOAb B OUJIMHAPE HA 3aMaHHOA BHI-
coTe.

Ilocse BamosHeHMs UMJAMHZPA BOJOM 10 YCTAHOBIEHHOH BHICOTHE
OpPOBONAT ydYeT BOMB, pacxojyeMoit Ha HHPMIBTPANMIO, HA OCHOBAHUA
gero CrTpouTcA TrpaduK BaBUCHMOCTH pacxoma BOAM OT BpeMeHU
(puc. VIII. 13). KpuBas @ = f(¢) uepes HeKOTOpOe BpeMs CTAHOBUTCA
IpUMEPHO mapaiiejbHoit ocH abcmuce, 9T0 yKas3biBaeT Ha cTabuUin3anuio
pacxomga Boasi. Ilociie Toro Kak B TedeHHe 2—3 4Yac CpejiHME PaCXOHL
BOJH 3a ONpefieJieHHHe MPOMEKYTKU BPeMEeHHM OYIYT OTAHYATHCA OJUH
ot xpyroro He Gosiee ueM Ha 10%, owsiT MomHO mperpaTuTh. Ipomon-
YKUTEJLHOCTDh OMBITA [IJIs MEJKO3ePHHCTHIX mecKoB u cymeceid H. K. I'm-
pusCcKuii mpuanMaer ot 5 go 10 uac, pusa cinabo TpoHUDAEMHIX HOPON —
H6onbmie.
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3aBUCUMOCTDh 3HAUeHUN A OT () AJiA OUpEMleJIeHHOTO nMaMerpa WH-
JUHpA BHpaMkaeTcs ciaenyomei $opMyoii:

k=10C-Q, n/cymru, (VIIL. 48)

rge { — KoadduiuenT, BeINIMHA KOTOPOTO 3aBucHT 0T H - Ay

Q — yCTaHOBUBIIUWNCSA PACXOJ BOMHI, 4/MUH;

H — Bricora ctonba BOMB B TUIHHGPE, M.

BricoTy KanMIIAPHOTO WOMHATHUA BOMHI /i OIpeessiorT maboparop-
HHIM nyTeM. OpHeHTHDPOBOYHO ee MOKHO moayuuTs u3 raba. VIIL. 1.

duagenue { AaA cayduas, KOrja AuaMeTp HUIMHpa paBeH 35 cx,
a muIuHAp 3aray6saen B fHO symuda ma 1 cxm, upuBenens B raba. VIII. 2.
Onu B3sare us pa6ors: H. K. Tupunckoro [89], rme uznosmen onucrisae-
MBI 37eCh MeTOJi ompefeseHus Koadduimenta GUIbTpaATUU.

Ta6anma VIII, 2
3nagenust

H+hy 4 H+hy ¢ H+hy 4
0,15 4,66 0,32 2,70 0,49 1,89
0,16 4,47 0,33 2,64 0,50 1.86
0,17 4,30 0,34 2,58 0,51 1,82
0,18 4,44 0,35 2,51 0,52 1,79
0,19 4,00 0,36 2,45 0,53 1,76
0,20 3,86 0,37 2:40 0,54 1,73
0,21 3,72 0,38 2,34 0,95 1,70
0,22 3,59 0,39 2,29 0,56 1,67

‘0,23 3,48 0,40 2,25 0,57 1,64
0,24 3,37 0,41 2,20 0,58 1,62
0,25 3,26 0,42 2,16 0,59 1,60
0,26 317 0,43 2,42 0,60 1,58
0,27 3,08 0,44 2,08 0,61 1,55
0,28 3,00 0,45 2,04 0,62 1,53
0,29 2,93 0,46 1,99 0,63 1,51
0,30 2,85 0,47 1,95 0,64 1,48
0,31 2,78 0,48 1,92 0,65 1,46

Hak ormewasochk Bwime, B IOpoOfie, HachmaeMoil Bofoil M3 mypda,
OCTaeTcs 3ameMJIeHHBIH BO3JyX, B3aHUMalOuil dYacTe oObemMa mop,
9TO 3aHMKaeT 3HaYeHue Koddpdunuenta QUIbTpAnUH, MOJYIEHHOTO OIBIT-
peiMm oyrem. Oupepmemenme Kodpdunuenta QUIBTpamuH OpPH OTCYT-
CTBUM 3aHICMJICHHOT0 BO37AyXa, T. €. Kodpdumuenra ¢QUIbTpamuu, Ko-
TOpHiT OymeT COOTBETCTBOBAThH HOPOJie, 3ajeraiomeil Huke YpOBHA HOJ-
3EMHKIX BOJ[, IPOHU3BONAT O dopMyie:

kp=Fk -gi, m/cymrw, (VIIL. 49)
2

rie kp u k — xoopdunuents QUIbTpamUM IIPH OTCYTCTBUI H HAJINIHH
3aIEMJIEHHOT0 BO3IYyXa;
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a; — K03 PUIMeHT, COOTBETCTBYIOMUI MOPUCTOCTH HEXACHIIEH-
HOH IOpOJIHI;
a, — K03 UI{HeHT, COOTBETCTBYIOMUHE HOPUCTOCTH, B3HAYCHUE
KOTOpO#l 4MCIeHHO paBHO 00'beMHOIl BI&yKHOCTM LOPOJIHI,
B3ATOM HEHOCPEJCTBEHHO IIOCJe OIEITA.
SHaueHNA O; ¥ O, MOKHO ompepnenuTh mo Tabm. VIII. 3.

Ta6ampma VIII. 3
3navenna xoddduonenros a

Hopn%/:focm, a ITo pn%'/ioc:cb, «
26 0,0119 37 0,0381
27 0,0135 39 0,0452
29 0,0169 41 0,0534
31 0,0212 43 0,0627
33 0,0260 45 0,0730
35 0,0316 47 0,0846

Jlas ompesiesieEMs TOPUCTOCTH M 0OBEMHON BIaKHOCTH 0TOUpAaioT
o6pasnisl moponsl mox nuanHxpoM ¢ rayoues 1o 30 ex. llpm ouniTe B mec-
Kax o0pasmel 0TOHpaoTCA B TedeHHE O MUH TOCJe HAYajia OUHTa, a B CY-
mecAx — B Tedenue 15 mumn,

Meroxg H. H. Bunpemana [35] mpemycmaTpuBaeT BHIYHCIEHHE BOJO-
OPOHUOAEMOCTH HEeHACHIMIEHHEIX TPYHTOB Ha OCHOBAHUM ypaBHEHWIA
HeyCTaHOBUBIEToCcA nBWKeHHsA. ONHT TPOBOAMTCA TO cmocoly, mpef-
noxenaomy H. C. HecrepoBrM.

Koadpduument ¢unpTpanuu BrlUUCIAT mo ¢dopmye:

=8V (VIIL. 50)

-

rge V — o0'beM BoOJipl, UBPACXOMOBAHHON OT Hauala OIGITA;
® — IJIOMAJh TEeHTPAIbHOI0 KOJbNA;
{ — TPOJIOJI’KUTEIBHOCTh BCETO OIKITA;

B=1—StIn(1+4-),

rpe H, — Hamop, paBHHH CyMMe BHICOTHI ctoinba Bojet B mrypde H m
RamWIJIAPHOTO [aBIEHUA Ap;
z — rjiyOuHa mpocaduBaHUsA BOJH 3a BpemA L.
Insa oupenenenus: Beawmauns § H. H. Bunrgemanom mocrpoena xpm-

Bag: P=f (—;1-) (puc. VIII. 14). 3pecy t; — mpoMeKyTOK BpeMeHH,

3a KOTOpH 06beM BOJ(E COCTaBiAET MOJOBHHY 00beMa BOAH, IOTJIOMEH=
HOM 3a BpeMA ¢ BCero OmmITa.

Meton BunjgeMana uMeeT psj mpeuMymecTB 10 CPaBHEHUIO ¢ APYTHMHA
MeToflaMU IpH oupefieienuu KosddunueHTa ¢uabTpanuu B ciabo mpo-
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punaeMeix moposax. Ha omeir mo merony bBumpemana satpaduBaertcsa
MeHbIIe BpeMeHH, 9eM Ha ONBITH, IPOU3BOAAMWEcCA 10 YCTaHOBIeHUA
crabunmsanum pacxofa Boxn. KosdpunuenT ¢uabrpanuu ompeiesercs
B Iepuoj, KOTAa JHO 3aWJCHO elle He3HAYUTENbHO; KpOMe TOTO, YYUTH-

Y, BaeTcs Bech 00beM IpOcadHmBa-
70 IoIOeiics BOXBI, 4TO maeT 00ib-
09\ My TOYHOCTH PACYCTOB, MPH
’ N\ 9TOM aBTOMATHYECKHA YUYUTHI-
48 BAETCA BIMAHUE KAUUIIAPHBIX
97 \\ CHLT.
06 . Bumecre ¢ tem wmeton Bun-
’ \ JeMaHa 1I03BOJsAET OJHOBpe-
05 ‘“"‘ MeHHO ¢  Ko3PPunmeHTOM
Q41-B=036- __T,X UIBTpaIUy ONpefeasiTh BeIu-
23 N 9EHY KaOWITAPHOTO JaBJIeHUuA
: \\ hr B HegocTaToK HACHIEHUSA
42 T b, T. e. mapaMeTpH, Heo6xo-
41 =372 ™\ JAUMBIE Ui NPOTHO3a HeycTa-
A e HoBuUBMIeHcs QuabTpanmu. Bee

¢
%022 24 26 28 30 32 3% 36 38 40¢, OTM IAPaMETPHl MOKHO MHOIO-
¢ KPaTHO ONpefielsATh Mo ypa-
Pge. VIII. 14. Kpnmeas § = f(z-) BHEHHAM HeyCTaHOBHEBIIET0CH
NBUKeHAS JJIA OJHOIO H TOTO
3Ke OIIBITA, YTO JAeT BO3BMOJKHOCTD IPOU3BOJKUTH B3aNMOKOHTPOIb pe3yiib-
TaTOB.

Buime MBI paccMoTpesn® MeTORBl ompefiesieHAs Kodddmumuenta Hmib-
Tpanmu [Js H30TPONHHX rpyHToB. Pacuer kosddumnmenrta ¢miabTpanum
€ y9eToM aHW30TPOIHOCTH [PYHTOB TEOPETHYECKH IIOYTH HE paspaboTam
¥ 3/leCh He paccMaTpHBaeTcsi. B JmIeparype mo 9TOMY BOIPOCY MMeeTCs
QUG ONMCaHAe WcciefoBamusi, Bumoxnennoro H. K. Impmuckmm [89]
A caydas TOPH30HTANBHO CJIOHCTHIX IPYHTOB.

Onvimmuble Haaugsl 8 CKREaMCUHbL

OmnrniTHRE HAJIWABH B CKBa;KUHH JIJA oOpefleleHAsS Kodpdmumenta
GUABTpaANUN CYXHX IOPOJK HOCTATOYHO MOAPOOHO paccMOTpeHH! B palo-
tax B. M. Hac6epra [148] u H. H. Beparuna [72]. x mommO0 mpoms-
BOJUTH KAK B COBePIICHHbIe CKBAKAHBI, NPU HeGOJBIION MOIIHOCTH IIIa-
¢rTa, TAK W B HeCcOBepIIeHHHE, NPHW 3HAYATEIHHOH er0 MONIHOCTH.

Ecnn nanuB Bofbl B CKBa/KWHBL IIPOU3BOXATCA [0 YPOBHA HAXOAMIE-
rocsa BHIIe MCIOKTYeMOTO MHTEpPBANa, TO B 9TOM CAydae BO3HUKAaeT Ha-
nopHo-6esnanopuas ¢uabrpanus. llpm Goabmom Hamope HaJ HCOBITYe-
MBIM HMHTEpBaJOM II0 CPaBHEHHWI0O ¢ MOIMHOCTBIO Iiacra (ciaydair C
COBEPIMEeHHOM CKBAaKUHON) W BEICOTOMH 30HHI pacTekaHusa (caydait ¢ Heco-
BepHIEHHOH CKBA'KMHON) CHJIaMH TAIKECTH MpeHeOperaloT, m pacuer Kosd-
¢unuedara ¢mabTpanum BefyT WO TeM ke GopMmysaM, 9TO W IPH HalHe-
TAHAH.

Ecam nannrs B cKBa)KkHHEY BORY N0 YPOBHS, HaXOMAAMErocs B Ipefie-
JlaX OOBITHOTO HMHTepBaja, TO B He#l BOBHMKHET OesHamopHasa QHIbTPa-
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nus. B arom cayuae Hamop OymeT MeHbOIe MOIMHOCTH ILIAcTa U MeHBIIe
BBICOTLI 30HBI PACTeKAHHA; CHJIBI TAKECTH OYYyT HTPATh OCHOBHYK DPOJb.

Huxe M paccMoTpuM HepeKO BCTpeHAlOIuIiiCA B IPaKTuUKe caydail
HAAJ¥MBa BOAH B COBEPIICHHYIO CKBAKUHY, 3aJ0/KeHHYIO B HEBOJOHOCHBIX
M30TPONHKX HOPOJaX, HpPHA HOJOKeHUM YPOBHSA BOAB B pabodeil uactu
duasTpa.

Onpedeaenue kosduyuenma guabmpayuu
U aEMUGHOU nopucmocmi no JAHHBLM ORLIMHLLY HAAUGS
¢ cyxroll epynm, nodcmusaembvlli 20pU3OHMAALHBIYM 6000YnopoM

I'. U. BapenGaarr u B. M. HllecraxoB [29] paspaGoranm MeTomury
ompenenennsa Kosdpduumenra funprpanuy kK m aKTUBHOH IOPHCTOCTH [4
0O JaHHBIM OIBITHHIX HANWBOB B CYXOil I'PYHT, HOJNCTUIAEMbIi TOPH3OH-
tadbaHM BopoymopoM (pmc. VIII. 15).

——Hrl—d-

Pre. VIII. 15. Cxema K pacdeTy QHIBTPanMOHHOTO NOTOKA OpH
HaJIHUBaX BOJE B COBEPUIeHHYI0 CKBa)KHHY B HeBOJOHOCHBIX I130-
TPOUBHX NOpoJax

1 — KpuBLe Jenpeccuil, 2 — HabmoJaTenbHasd CHBAKIIHA

Meronnka onpejiesienns CBOANTCA K HAJIUBY MOCTOAHHOTO KOJIMYECTBA
BOJB! B COBEPIICHHYI0 CKBa;KHHY W HAOJIIONEHNI0 33 M3MeHEHUEM BO Bpe-
MeHH cBOOOJHON MOBepXHOCTH CO3JAHHOIO TaKuM 00pa3oM TPYHTOBOTO
noroxa. HalmofieEus ocymecTBIAKTCA B CHEMHAJBHO UPOOYpPEeHHMX
CKBasKMHAX — ONWTHOH m HaOmdwaarennHoil. Paccrosame or mabmiona-
TeTbHOM CKBA;KUHBI [0 OIBITHOM (IEHTPaJAbHON) He JIOM;KHO IpeBHIIATh
HOJOBUHE BHCOTH CToa0a BOXH B HEHTPAJbHOU CKBa)KUHE.

Has pacuera QuiabTpanumoHHKIX XapaKTepuUCTHK HEoOXOJMMO HMETH
JBa 3aMepa ypoBHell B ONBITHO# W HaOMIOJ|aTeTbHOH CKBaKMHAX Ha MO-
MeHTHL BpeMeHu t = t; m ¢t = t,. Hpowme Toro, momxen OvTh H3BECTEH
pacxoj Bojel (J, MONAaBAEMOM B CKBA;KUHY.
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HAna mabnoparensHOR CKBAyKHEBI HMeEeM:

k=-S5 P(2), (VIII.51)

rie h — ypoBeHs BOJbi B HAOMOJATOIHHOH CKBAKIHE;

a

{=—=.
Vi
Hpu §>0,1; F(2)=2,23—1,39V7—0,12¢. (VIII.52)
f(¢) [ onpenelenns BeNNYAHEL aKTHB-
2,5 HOH IIOPHCTOCTH |1 yPaBHEHHE IIpej-
CTaBJEHO B CJEYIONIEM BHJEC:
20 | =028 VEQ. (VIIL53)

3nechb I — paccrosiHYe OT MEHTpalb-
HOH 70 HaOMIOHATeJabHON CKBasKHHEL;

15 ; "
—_— 8)6 —Jdy

\\ a=Vt1t2( 34al+1a2 a5 5841) ;

o \ (VIII. 54)

4 hl 4.
0,5__ \ a1=Vt2—E—]/_t1’

N | e
a, =Vt —7;‘1/?51;
- o —h
0 95 10 75 20 ag = ha—hy a,
a G

Vi rie h; u h, — BelcoTa cTONGA  BOAHL
Puc. VIII. 16. Tpadmk sammci- B Ha6II0aTeNbHOM CKBa-
Mmoctr | (C) JKHHe COOTBETCTBeHHO B

MOMeHT BDeMeHU &, U {,.
Beanunny f (£) ompepgensior mo rpadmxy (pmec. VIII. 16) maum us
dopmynsr (VIII. 52) B 3aBucuMocTdH OT BeJWYHHBI Z_‘,=]7az—_. Pacuer

pesuunnsl £ mo ¢opmyme (VIII. 51) Bemercss oTgeabHO IS MOMEHTa
BpeMeHHu {;:

k=-2_p(t) (VIII. 55)
:rl:h1
rae &, = a——— 3
C Ty
U OIdg MOMEHTA BpPEMEHH i,
k= ﬁ?fz (Z,), (VILI. 56)
rae Ly =—=

o
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[l ONBITHON CKBAKWHBIL:

_ 046Q . 1 ,
= g (VILL. 57)

rae hy u Hp — BelInulHAa TOHMKEHHA B ODBITHON (LEHTPaNbHOII) CKBa-
SKIIHEe B MOMEHTBL ¢, 1 f,.

p=0,28%VTa, (VIIL. 58)

rje r — paguyc OIBITHOH CKBa;KHUHHL,

4 rpvac
&

K 2 ~ |
.

- - P "y

~ M LN N
/

W \_“_.'L

———t— A L

(S

3 6 9 12715 18 2 243 6 9 12 15 18 2 24 3tva
24 /v 25/wr 26/a

Puc. VIII. 17. T'padukn 3aBUCAMOCTH (HABTPAEOHEHOTO pacxofa oT
BpeMeHN

3pech TaK:kre BeldmunHA a ompepeiserca m3 dopmyast (VIIIL. 54),

h h
HO OTHOIIEHIE —- 3aMEHAeTCH HA —- .
hy Hy

IlpuBeneM HECKOABKO NPUMEPOB.

HOpumep 1. Tpedyerca onpemeanTs RKo3QPHUUEHT QILIBTPANHH CYIJIHNHKOB IIQ
crnoco0y HecrtepoBa. I'pymToBhie BOAH BCKPHTH CKBaKMHOM Ha TIayOmae 8,5 x;
IuaMerp BHyTpenHero koabna 0,25 x, Buemmero 0,5 »; Toamuaa cI0A BOAH B KOJIb-
iax 0,1 ». OnsT mpoBofguiIcs ABoe cyToK. I'padur 3aBHCAMOCTH (PHIBTPaLMOHHOTO
pacxofa OT BpeMenH NpuBefeH ma puc. VIII. 17.

[aa onpefeiden¥s IiayOMHH IpocaiuBaHMA BOAW OHIN IpoGypeHH [Be CKBa-
AInH ray6unoil mo 4,0 & (cunrad or Hwa mmypga); obpasuil MopoAsl AJdd Olpedere-
HHA BJIaKHOCTH Or6Hpanmch depe3 0,5 m. Peyanpratsl olpefeneHdsa BIa:RHOCTH
cyTaitHKoB npuBefers B Taba. VIII. 4.

Pemen ne. Hospdunnenr ¢uasrpamnu mo HecrepoBy, omnpepenserca mo
dopmyme (VIII. 47):

P, S
o (Hp+z+H) -~

3pagenne @ Gepem mo rpadury (cM. puc. VIII. 17) 3a BpeMa ¢ 24 uac 25. VI
o 6 yac 26. VI. loayuaeM, uro Q = 0,3 a/uac, nan 0,0072 u3/cymru.

CpaBHeHFe BIQ/KHOCTH CYIVIHHKOB JI0 I IIOCTe OIBITA IOKAa3HBaeT, 9TO IayOmua
nmpocaunBagna z mocruriaa 3,25 x. Ilnomans momepedHOro cedeHUd BHYTPEHHErO
xoabna @ = 3,14 - 0,125% = 0,049 x3.
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Tabanuma VIII. 4
PesyapraTel onpegenenmii

Tayouna orGopa o6pas- BraskHOCTb, %
N: o0pasna na oT gHa mypda,
» 7O OWBITA | mOCIe OMEITa
1 0,05 19,1 28,1
2 0,5 20,4 23,6
3 1,0 20,9 2341
4 1,5 20,8 22,8
5 2,0 19,7 21,7
6 2,5 19,8 20,9
7 3,0 18,7 19,3
8 3,5 18,5 18,3
9 4,0 18,6 18,4

Kannansapuoe gaBiacaue Hp, pasBuBawomeccsa IpU HHQUIBTPALUIL, onpe/:(e.nﬂeu

—I— 08 _

mo Tta6a. VIII. 1. JlnxAa cyriuuKoB B cpefHeM NPAHIMAaeM ero paBHLIM -
= 0,9 m. IlogcraBnAasa unciaoshie 3madenla B Qopmyay (VIIL. 47), onpenenﬁmr
K03 (UUMenT (UIbTpanu:

B 0,0072 - 3,25
T 0,049 (0,91 3,25 0.1)

=0,19 xu/cymru,

HOpumep 2. Tpebyerca onpeneantd KoadUuuenT QHUIBTPAIINT MeIK03EPHACTOIO
c1aboUuanCcTOr0 mecKa [AA ONHKTa, HPOBEEHHOTO 00 MeTony I'mpwackoro Npn
yeaosuax: puaMerp mumuegapa 0,35 x; nuiuuap saraybiaen B AHO symnda Ha 1 cx;
BEICOTA cTOA0a Bogst B mumimapape H = 0,15 »; ycrapoBuBmMuIicAa pacxof BOJHL IpII
paauBe B mypd 2,5 ./z/,wun ITopuicrocts, 06’LeMHLIII Bec cKedera W BJIa’KHOCTH ONpe-
JeeHH s ABYX 00pasmoB: ogmoro ma ray6wne 0,15, n = 40%, § = 1,58, 0 =
= 21,5%; Broporo ma ray6une 0,25 m, n = 38,0, 8 =1,62 1 0 =19, 7%

Bmcm*y KalINLIAPHOTO MOAHATHA BOIHL hp OepeM mmo ra6a. VIIL 4 1 IIpUHITMA eM
ee pasnoil 0,25 x.

Pemesne H-4 pp=0,15+40,25=0,40x. Ilo Tabum. VIII. 2 paa
I 4+ hp = 0,40 » vaxomgum, uro § = 2,25. Koagdiment dnaprpanm necka, coaep-
Malero 3amleMIeHHbI BO3MYX, paBeH:

E=170§+Q=2.25.250 = 5,62 n/ecymru.

CpefHaa BeqUIUHA HOPUCTOCTH HecKa coctasuT 39%. OO0beMnaa BIAKHOCTD
mecka mocie onnta Ha rayoune 0,15 n 0,25 » passa ny, = o - § = 21,5 - 1,538 =
= 34%; B cpegmeM ona Onusxa K 33%.

Ho ta6a. VIII. 3 maxopgnm npu n, = 39% a1 = 0,0452; npu n, = 339
= 0,0260.

3Hadeune JelicTBATEIbHOTO KoaddumuenTa GiasTpamul MOJYIUM 73 GOopMYyIH
(VIIL. 46):

Ao =

<o

0 0452

=9,8 &/cymru,

IIpemep 3. Tpebyerca ompenenuts KoddPunment GIIbTpaniil JeTKAX CYIIIH-
koB mo Merony H. H. Busaemana . B muo mypda BeraBienbl KOHOEHTPUILO ABA

1 TIpmMep B3aT m3 paborot H. H. Buagemana [35].
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KOJbLa, AHAMeTp BHyTpemmero Koiaema 0,25 x, Bmemnero 0,75 x. Yposenb Bojmsl
B Koapmax H = 0,10 x. PacXoJ BOJEI IBMepAICA dYepes Kaxkgplid dac. Jlaumble 0
pacxoiy moxasamil na puc. VIIL. 18. 3a BpeMa omblta, KoTopwiil Hpojo.Raldcs
12 wac, Gb110 HBpacxofoBaHo Ha nEdHALTpanuo 8,4 2. W3 puc. VIII. 18 Bumio, w10
MOJOBHHA 9TOTO0 00BeMa IIPOCOTIIach 3a BpeMs # = 3 u. 50 a.

Otnomenne — 12 mac. 05 eyr. 3,12.

i 3 wac. 50 mus, 0,16 cyT.

GOy— 1 17 - T T ] “—]
85 ;ﬁxﬁ_t::::::::*_::::g:_; :_::::@
89 / |
e e e e R S
e e
§ g5 - L —
g I Ve B |
S 40 P/A 1
] A . A |
s | |
L SRR |
N —‘__"_"5/"“‘“’ -
3 4o e e o e e
Q
S A T |
g 25—~~»’; »-i»i +- S NS S ,~J'
s }
R I B e I N
R A et | L S BN NS ~——-7—J'
3 |
IS 24 B - _*i
g5 =
0 TR T T Ty T lllllll”l‘
7 8 g 19 11 1
t f2vac -

Bpema om navana onsima § vac

Puc. VIII. 18. I'pa¢ukr 3aBHCAMOCTH (PHIBTPAINORHOTO
pacxofia OT BpeMeHH

ITo rpajpuxry (pme. VIII. 14) ormomeniio t—t = 3,12 cooTBeTcTByeT 3HavYenmue
1
B = 0,36.

. 2
IInomans OenTpanbHOro KONboa o = n——oﬁim 0,05 x2; o6beM Bogsr V, mspac-

X0/l0BaHHO OT Havana ONKTa, paBeH 8,4 4, wim 0,0084 3, HpPOMOMKHUTEABLHOCTE
onpita t = 12 gac. mau 0,5 CyTOK.

Ilo dopmyae (VIII. 50) ompemensiem:

0,36-0,0084

k= —_0:0—5_-0,_5—_:0'12 M/CYymEU,
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Hpumep 4. Tpebyercsa paccaurars ne Metofy I'. M. Bapenbaata u B. M. Ilecra-
KoBa Koa(pHOuenT (MIBTpPAnMI N AKTHBHOH IOPHCTOCTH ! IO JAaHHBIM ONBITHBIX
HaJIMBOB B CKBAQ/KVWHY B HEBOJOHOCHHIX W30TPOIHHX IOPOAaX, DOACTUIAEMBIX TOpil-
30HTAIEHEIM BofioyniopoM. Ilpn yeaosun, aro r = 1,0 &; I = 10 &; Q= 250 x3/cymru.
Ilo manmwM 3aMepoB noaydeno: t1 = 0,5 cymru; to = 1 cymru; hy = 0,85 a; hy =
= 1,35x; %L ~ 0,63.

2
Mo ¢popmyae (VIIL. 54) HaxomguMm 3HA9eHUA ay; A, U ag.
a;=1—0,63 0,5 = 0,47;
a;=1—0,63 y 0,5 =0,555;

_ 1,35—085 _
ag == - 0,555 = 0,205.

Ilo dopuyne (VIII. 54) onmpenensem:

Ve 0472 R 1__ .
o Vm(y 34,5+ 0,47 +16<s.;3550,205 5,8 0,47

oo gopmyne (VIIL. 51) npm ¢=1, u h =h, HaxoquM BeJIUYEHY Xk, IPeBAPHTENBHO
a

onpenenns 1mo rpaduky (puc. VIII. 16) smasenme [(L2); C2= 1/z—=1’04;
f (1,04) =0,69; )
e 250 gega ,
b= 314 1asr 009 =21 w/cymm.
TMoncrasnaa HodyicHHHE 3HAYeHHA a ¥ k B fopmyay (VIII. 53), momywaems
. 1)042 FYBRGYT: D
p=1028. =0 -y/21-250 = 0,22.

§ 5. Onpepenenne felicTBUTENBHONH CKOPOCTH [BIGKEHHMA
IOJI3EMHBIX BOJ, H AKTHBHOH NOPMCTOCTH IOPOJ,
B IOJEBHIX YCIOBHAX

Jns onpepeneHEsA neficTBUTENbHON CKOPOCTH HOJ3eMHLIX BOJ| B HOJe-
BHIX YCJHOBHAX NPHMEHAIOTCA METOHbI, IMHPOKO HM3BEeCTHHIE B T'HIPOTeo-
JOTUH#, MOSTOMY 371eCh HeT HeOOXOJMMOCTH OCTAHABJAMBATHLCA HA HX OOH-
cagud. OTMETHM TOJNBKO, YTO TJaBHEHIIMM CPeCTBOM AJS ONOLITOB IO
onpeJieieHUI0 JeHCTBHTEeNbHOI CKOPOCTH [BHUJKeHHS MOJ3eMHLIX BOJI
ABIAIOTCA TAaK HAsbBaeMble HHUKATOPHl (KpacsAmiue BemiecrBa, XJOpPH-
CTHIE COJW, COJNHW JNUTHA, COJMM, CHIHHO NOBHIIAINHAE BIeKTPOIPOBOIK-
MOCTB BOMBI M Jp.), T. €. BENECTBA, BBOAYMEIE B BOJOHOCHHI T'OPHU30HT
¢ menpl0 HaOMOeHuA 3a [ABUKEHMEM BOJbl. B Hacrosameii pabore MbI
pPacCMOTPHM JHIlb HEKOTODHIE TeopeTHHYecKUe M MeTOIMYeCKHe BOMPOCHI
OepejBMKeHNs BOJBI B mOpax rCPYHTA.

JiBmeHme Bojmbl B HOpax TpYHTA NpPeJCTABJIAETCA B CJIeqyIOMEM
Busie. Croil BOjbI, HEMOCPEACTBeHHO NPHIETalONHii K YacTHIaM TOpHOMI
TIOPOJbl, POYHO Y/EP/KMBAETCA MOJEKYJIAPHHIMU CHUIAMHU ¥ OPH TpaBHU-
TAIMOHHOM JBU;KeHUU BOAH ocTaercsa HemoaBm:xHLIM. Clenyrommi ciaoi
9aCTUIl BOJbl NPHW JABWKeHUU HCOBITHIBAET TPeHHE OT CONPHKOCHOBEHHA

1 TIpumep 3ammcTBOBAH W3 pabors I'. M. BapenGuara m B. M. lllecrakora [29].
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¢ HeIOJBUKHEIM CIOeM BOJbl. 1aKoe ke TpeHHe IOoCJeoBaTelbHO Pa3BU-
BAETCSI M B JPYTUX CHOAX dacTul Bogel. 1lodToMy cKopocTh ABH:KeHUS
BOJIBL BO3PAcTaeT OT CTEHOK IIOP K UX cepejliHe, IJe OHA JAOCTHIAaeT MaK-
CUMAaNbHON BeJNUIWHBI.

PaccmarpuBasa MeXaEM3M JaMHHAPHOTO ABUKEHHS B KaOUuANAPHOH
TpyOKe, Ifie sKUAKOCTh Kak Obl pasfeneHma Ha pPAA NUIHHAPUICCKUX
¢II0eB, CKOPOCTH JIBMKEHUSA KOTOPHIX BO3PACTaeT OT CTEHOK TPYOKHU K ee
nenrpy, H. H. IlaBnosckuit [159] nua ompefeneRus BeJUYUHEL CKOPO-
eti U, Ha KaKOM-TH0O0 PacCTOSHUH 7 OT OcH TPYOKY NPEIORII 10ab30-
BaThCcA caefylomeir Gopmyinoii:

U, =5 (—1%), (VIII. 59)
n
rae A — IIOTHOCTHL BOJHL;
i — Koa(pPUIMeHT BAZKOCTH;
J — namopEHIl rpajuneHT;
Iy — PAnHyCc KAamWIdApHOH TpyOKH;
I — paccTosHHE OT OCH TPYOKH 10 paccMaTpHBaeMoil cTpyu, JBH-
myleicsa co ckopocrrio U,.

OrraageiBasg AJdsA oIpefeNeHHOIo cedenus TpYyOKu 3HAdeHHE CROPO-
cTeil 1yiA pasHEIX PACCTOARMI OT oc¥ TPYOKH, IONYIUM KPHUBYIO pacmpe-
nexerns ckopocreif. Oma Oyner mapa0oioii, 0CHIO KOTopoﬁ CAYIKUT OCh
TpyOKH.

B ecrecrBemmBIX yclnoBuAX ¢unbTpalus pacTBOPOB B I'PYHTaX mpef-
craBasger co0oii, KOHeYHO, ABieHUe O0Jice CIOKHOE, BKINYAIOIEEe BO-
NpOCH HE TONBKO TUAPOMMHAMUKN, HO M (U3HYECKOH XUMHKH, OpUIEM
HeXOTOPHIE OCHOBHBIC MOJOKEHNs, BHTEKAlOINue W3 3aKOHA JaMuHApP-
HOTO JIBUREHUS, COXPAHAKTCA U 31ech. OTMETUM, 9TO CKOPOCTH ABUIKe-
H1is BOJIBI B BOJOHOCHOM CJioe 3aBHCHT He TOIbKO OT HAIIOPHOIO TPpajiieHTa,
HO TaKsKe u oT pasmepa nop. HamGosabnieir ckopocT:m Boga OyAeT JOCTH-
rarb B Haubonee KpymHHIX nopax. Bce BrmecKkaszaHHOE 1aeT BOSMOKHOCTD
DO0/I0fiTH K ONEHKE KAapTHUHH ABH/KEHUA BOAH IpH DpUMeHEHUH HHAUKA-
TOPOB.

Cropocrp pBu;keHMsA BOJBI OymeT HepaBHoOMepHoi. HaubGombmeit
CKOpoCTH 6yAyT AOCTHIATh OCEBHE CTPYHKHU BOJb B Hambodee KpYIHBIX
nopax. CTpyiiku BOH B MeTKHX NOpaxX, a 0co0EHHO y CTEHOK Hop, OyayT
TBUTATHCA C MEHBIICH CKOpocThio. IlosToMy Ha KOHTDOJNBLHBIX IIYHKTAX
0 DOTOKY BHadaje MOABATCA COJlepsKamjie WHJUKATOpP CTPYWKHM BOJH,
JABHYIOMECA B KPYIHHIX DOpax ¢ Haubombimel CKOPOCTHIO, 3aTeM HAYHYT
npubHBaTh HOBHE CTPYHKEH, 9T0 OOHAPY:KHTCA IO BO3PACTAIOMEMY
Coflep/RaHUI0 MHUKATOPa B BOJle HA KOHTPOJHHOM IyHKTe. B maBecTHBIH
MOMEHT cojieps;KaHue HHANKATOpPa B BOJie HA KOHTPOJHLHOM IyHKTEe LOCTUT-
HeT MAaKCHMyMa, 3aTeM OHO HAYHET CHUKATHCA M JOCTUTHET HYJIS WIH
[lepBOHAYANLHO KOHUEHTPANAM HHIUKATOPA B BOJile B eCTECTBEHHHX
yeaoBusax (puc. VIII. 19).

Jna uHETepmpeTanuA OOBITOB ¢ MHAUKATOPAMHU CYINECTBEHHBIM MOMEH-
TOM ABJAETCA BOOPOC 0 COOTHOMEHUHN ME;KIy MaKCUMaJAbHOIN W cpejHel
HAH JeHCTBHTeJAbHON CKOPOCTAMHU JBHKeHNMA JIO[3eMHBIX BOJ.
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A. TuMm, npepjo:KuBmMUil MeTOJ, OIpeeleHUA CKOPOCTH ABHMKeHAA
[OJI3eMHLIX BOJ ¢ IIOMOINBI0O IIOBAPEHHOH’ COJH, OIpeedas CKOPOCTh IIO
MaKCHMAJIBHOMY COJEepsKaHWI0 PacTBOpAa B HIKHE#l KOHTPONBHOII BHI-
paborke. OH cYuTaj, 9YTO NPOMEKYTOK BPeMeHH MeKITY MOMEHTOM
BBeJIeHUsI PAcTBOpA B OIKITHYH BHPal0OTKY H MAKCHMYM COMEp:KaHHA
XJOpa B KOHATPOJNbHON BHIPA0OTKe ABIAETCA BpeMeHeM, HeoO X0 UMbIM JJIA
IOPOXOKJeHNA pacTBOpa OT BepXHeil BHIpaboTKU [0 HEMsKHeil. Paspenus
paccTosiHMe Mes;say BeIpaloTKaMu HA YKasaHHOe BPeMA, THM BHMUCIAT
CKOPOCTH JBIKeHHA TPYHTOBHIX BOJ.

I'. H. Kamenckuii [105] ma ocHoBaHUN pesyabTaToB Ja0opaTOpHBIX
OIILITOB NPHINET K BHBOJY, 4TO eCJU JAJA pacdeTa AedCTBHTeJbHOI CKO-

poctTH TPUHATH JKWBOE cedeHue
v IIOTOKA PAaBHBIM TOJHOH IJIOIMAmM
/4 Iop, TO CPefHAA CKOPOCTH OIpeje-
JUTCS BpeMeHeM IPOXOKISHUA BOJHE
¢ MAKCHEMAaJbHON KOHIEHTpanuei
UHAMKATOpa B KOHTPOJbHOI BHIpa-
0oTKe.
a Hexoropsie ucciaeqosareJn BBII-
¢ Ay HeACHOCTH  9TOrO BOIIpoOCa

Puc. VIIL. 19. H3menenue KOHIlEH DPOANATANN UPH MIHCOKAHMAX IR

Tparii HHANKATOpA CBHaﬁJIIOJIaTIéJIB- TUJPOTeXHUYECKOTO CTPOMTENBCTBA

HOIl CKBa)kKMHe BO BpeMeHH (1) HPUHEMATDH CPeJIHIOI0 CKOPOCTDH BH-

a -— TO4YKa NOABJIeHUA MHOMKATOPA B CKBa- HeHns HOJ13eMHHX BOH ¢ 3aBplile-

HUHE; ¢ — TOYKA MaKCHMambHOM KOHNEH- HHEeM, II0 MOMEHTY IIOsABJIeHAA

Thatuil uiAnKatopa HHJMKATOPA B HUMKHeH  BwIpa-

Gorke. Ilpm wmsmckammax gaa

BojlocHAOKeHUA, HA000POT, PEKOMEHJ0BAJOCh NPUHWMATH OTY BeJH-

9UHy ¢ 3aHM/KeHHeM, II0 MOMEHTY MpOXOKaeHHA depesd KOHTPOJb-

HHII IYHKT BOJAB C MAaKCUMAaJbHOH MHTeHCUBHOCTHIO OKPACKH HHIUKA-
TOPOM.

H. H. Bunpeman [36] ¢ nenpio yrounenus MeTojia olpejieJeHUs pac-
X0la TOTOKA [0 CKOPOCTH ero JABUJKeHHA NpPOBOAUA abopaTopHBIE
pa0oTH, HA OCHOBAHHW KOTOPHIX OH IPHUIIEN K BHBOAY, 4TO AJA IOJe-
BHIX OIIHITOB IPH 3HAYUTENbHOH JTuHe MyTH GUIABTPAIUA CKOPOCTH Iepe-
JBUKeHHA BOAB ¢ MAKCHUMATBHBIM COJiep/RaHUeM WHAMKATOPA MpPHOJII-
JKaeTcA K CpejHeH CKOPOCTH TIIOTOKA.

Tounmbie Teoperudeckyue HCCHENOBAHHA DTOTO BOMNPOCA BHIIIOJHUI
B mocaennee Bpemsa B. M. Hlecrakos [218]. Om ormeTma, 4To OCHOB-
HBIMY IIPONECCAMH, OCIOKHAIINNMY TepefiBUKeHe pacTBOpa B IPyHTAaX,
ABnAOTCA QunbrpanuonEai auddysus, copOous pacTBOPOB HA TPYHT
m nepedopMuUpOBaHNE IPYHTA MOj BoafeiicTBHeM (UIBTPYIOMEro pac-
TBopa. (DU3UKO-XUMIYeCKOe BO3JICIiCTBHE PAacTBOPA HA TPYHT OCOOEHHO
PE3Ko CKa3kBaeTcA B IIVHHCTHIX TPYHTAX; B NECYaHHIX TPYHTAX H3Me-
HeHUEeM QUIBTPANMOHHHX CBOMCTB IIOJ] BO3JelCTBHEM PaCTBOPOB MOJKHO
npene6pedb.

B meckax OCHOBHHIM TIPOLECCOM, OCJTOKHAKMUM TepeBAKeHIe
pacTBopoB B rpymTax, Oymer ¢unbrpanuonnas nudpdysma. llo mammrnim

288




M. 3. Aspoa m H. V. Yumuka [20], xosdduuuent ¢mabrpanuonnoi
audpdysnu  paBeH:
Dy = Dy Dy-V,, (VIII. 60)

rne V — cropocth ¢unnrpaunuy;

D, — kosdppunment nuddysuu B cBoOogHOU cpeje;

D;;—-Koati@nunem, 3aBUCAINMA OT BHAA TPYHTAa W HAUpPABIEHUA

$UTHTPANHOHHOTO MOTOKA.

Ha ocroBanun Teoperugeckux mucciaenosanuil B. M. Illlecrakos momxy-
gt PopMyAy [UiA ONpefiesieHNsA AKTUBHOI IOPHUCTOCTH TPYHTOB 1 110
ONBITaM B KOJOHHAX:

_ Vitmax—0.5 1

=, (VIIL.61)

n

rpe Vg — cropoctsh QuibTpanyy;
t{ — BpeMsi MaKCUMyMa HHIMKATOPHOH KpHBOIL;
! — pnvHa NyTHE QUIBTpANUM;
ly, — BBICOTA CTOIOMKA KONOHHEIL, B KOTOPOM €JUHOBpEeMenHO pas3-
Tpy/KaeTcsaA «IaKeT» MHAAKATOpA.

Ilpm momeBwIX ompITax, mcmoibays noiydenHyio IllectakoBrM 3aBu-
CHMOCTD, B I[eJAX OIpefieJieHns aKTUBHOU IIOPUCTOCTH 7 MOKHO IIpeHe-
Opedb BOJMINHOM 0,5 1, Hocneprss B aTOM caydae 6yaeT paBHA paguycy
ONHITHON CKBA’KWHH, a BeJWYMHA 5Ta He3HAYUTeJbHA II0 CPaBHEHUIO
¢ naunoit Quabrpanum nytu [, T.e. paccTogHUEM MemApy oubTiiol H
KOHTPOJIbHOH CKBa)KUHAMU. Y paBHEHUe [AJS aKTHBHOM HOPHCTOCTH IpH-
HIMaeT CJenyoluil BHUL:

n =@ tmax (VIII. 62)

Orcloa cropocTh Quabrpanmuu Oyfer paBHA:

Vo=, (VIIIL.63)

tmax

a cpegHAA HIH ,U;efICTBHTeJII)HaH CKOPOCTh JBHXKeHHA IIOTOKa oIpeje-
JUTCA YPaBHEHUECM:
l
V= .

t max

Wrak, Beawuuny peficTBHTENBHOM CKOPOCTH [ABUMKeHUS IOf3eMHBIX
BOJi cJjejiyeT OIpeflelATh 10 BpeMeHH MAaKCHMAalbHOW KOHIEHTpaHUU
UEJAKATOpPa B KOHTPOJBHON CKBAaKMHE.

Onsako fake B HAcTOsNIee BpeMs dABJeHUA, BO3HUKAKOIHMe IpHU
TIPOBEJIeHIH OTIFITOB 0 HAOII0/IeHUIO 3a TIOBej/l[eHAeM NHUKATOPOB B I'PYH-
TOBOM TIOTOKe, HeJb3fd CUUTATh IOJHOCTHIO HCCHEOBaHHHIMH. B d9acT-
EOCTH, [0 CHX IIOp HesiCeH MeXaHM3M IIpoliecca BHTeCHeHHSA pacTBOpPa
13 CKBQ;KUHLI BOMNOH. DBedemcTBme pasiudHoOl IJTOTHOCTH pacTBOpA
A BOJIHI, BOJ[a MOKeT BEITECHATH U3 CKBAKWHBI pacTBOp He TOABKO 110 ropH-~
30HTANU, HO M II0 BepTHKAJ@ BHU3Z, MPHAYeM 9TOT IpoLecC IPOUCXOTHUT
Ja’ke IIpH He3HAYNTeNbHOM pasHANEe B INIOTHOCTH PacTBOpPa M BOAYI.
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OPUHJTONMEHHUA

1. Tabauna dysxmuit @ (A) m erfc A

@(x):%fe-“d(x); erfc A=1— (A)
0

A

A D (A) erfc (A) A & (A) erfc (A) A [o)] erfc A
0,00 0.00 1,000 0,41 0,438 0,562 0,81 | 0,748 0,252
0,01 0,011 0,989 0,42 0,448 0,552 0,82 | 0,754 0,246
0,02 0,023 0,977 0,43 0,457 0,543 0,83 | 0,760 0,240
0,03 0,034 0,966 0,44 0,466 0,534 0.84 | 0,765 0,235
0,04 0,045 0,955 0,45 0,476 0,524 085 | 0,771 0,229
0,05 0,056 0,944 0,46 0,485 0,515 0,86 | 0,776 0,224
0,06 0,067 0,933 0,47 0,494 0,506 0,87 | 0,781 0,219
0,07 0,079 0,921 0,48 0503 0,497 0,88 | 0,787 0,213
0,08 0,090 0,910 0,49 0,512 0,488 0,89 { 0,792 0,208
0,09 0.401 0,899 0,50 0,520 0,480 0,90 | 0,797 0,203
0,10 0,113 0,887 0,01 0,529 0,471 0,91 | 0,802 0,198
041 0,124 0,876 0,52 0,538 0,462 0,92 | 0,807 0,193
0,12 0,135 0,865 0,53 0,947 0,453 0,93 | 0,812 0,188
0,13 0,146 0,854 0,54 0,555 0,445 0,94 | 0,816 0,184
0,14 0,157 0,843 0,55 0,563 0.437 0,95 | 0,821 0,179
0,15 0,168 0,832 0,56 0,572 0,428 0,96 | 0,825 0,475
016 0,171 0,829 0,57 0,580 0,420 0,97 | 0,830 0,170
0147 0,190 0,810 0,58 0,588 0,412 0,98 | 0,834 0,166
0,18 0,201 0,799 0,59 0,596 0,404 0,99 | 0,839 0,161
0,19 0,211 0,789 0,60 0,604 0,396 1,00 | 0,843 0,157
0,20 0,223 0,777 0,61 0.612 0,388 1,05 | 0,862 0,138
0.21 0,234 0,766 0,62 0,619 0,381 110 | 0,880 0,120
0,22 0,244 0,756 0,63 0,627 0,373 1,45 | 0,897 0,104
0,23 0,255 0,745 0.64 0,635 0,365 1,20 | 0,910 0,090
0,24 0,266 0,734 0,65 0,642 0:358 1,25 | 0,923 0,077
0,25 0,276 0,724 0,66 0,649 0,351 1,30 | 0,934 0,066
0-26 0.287 0,713 0,67 0,657 0,343 1,35 | 0,944 0,056
0,27 0,297 0,703 0.68 0,664 0,336 1,40 | 0,952 0,048
0,28 0,308 0,692 0,69 0,671 0,329 1,45 | 0,960 0,040
0,29 0,318 0,682 0,70 0,678 0,322 1,50 | 0,964 0,036
0,30 0,329 0,671 0,71 0,685 0,315 1,60 | 0,976 0,024
0,31 0,339 0,661 0,72 0,691 0,309 1,70 | 0,984 0,016
0,32 0,349 0,651 0,73 0,698 0.302 1,80 | 0,889 0,011
0,33 0.359 0,641 0,74 0,705 0,295 1,90 | 0,993 0,007
0,34 0,369 0,631 0,75 0,711 0,289 2,00 | 0,9952 0,0048
0,35 0,379 0,621 0,76 0,718 0,282 2,10 | 0,997 0,003
0,36 0,389 0,611 0,77 0,724 0,276 2,20 | 0,9981 0,0019
0,37 0,399 0,601 0,78 0,730 0,270 2,30 | 0,99883 | 0,00117
0,38 0,409 0,591 0,79 0,736 0,264 2,40 | 0,9993 0,0007
0,39 0,419 0,581 0.80 0,742 0,258 2,50 | 0,99958 | 0,00042
0,40 0,428 0,572
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2. TABJINIA ®YHKIIUU F (z, 1)

T
x

0,03 0,05 0,075 0,1 0,15 0,2 0,3
0 0 0 0 0 0 0 0
0.1 0,68 0,75 0,8 0,823 0.855 0,873 0,89
0,2 0,41 0,53 0,61 0,65 0,715 0,745 0,782
0,3 0,22 0,34 0,44 0,5 0,58 0,627 0,672
0,4 0.1 0,2 0,3 0,37 0,46 0,515 0,567
0.5 0,04 0,11 0.2 0,26 0,35 0,412 0,467
0,6 0,02 0,06 0,13 0.48 0,26 0,317 0,37
0.7 0,01 0,03 0,07 0,11 0,18 0,229 0,275
0,8 0 0,01 0,44 0,16 0414 0,447 0.18
0,9 0 0,007 0,012 0,029 0,055 0,072 0,09
0 0 0 0 0 0 0 0

(o0}
- - 2 1 . -
Fy (z; r)_—_l—x—?‘-S—;e n2 12T gin (n 7t )
n=1

z ___ =
21/5—21/’?)

Fo (z; 1:):1——5—% e~ Tsin (nz) mpm 1> 0,2

Fo (z; 1) =erfc A mpa T < 0,05 (k=

3. TABJIUIA ®VHKINN F, (z; 7)

T

x

0,08 0,12 0,16 0,2 0,3 0,4 0,6 0,8
0 1,0 1,0 1,0 1,0 1.0 1,0 1,0 1,0
0.1 0,78 0,83 0,86 0,88 0,990 0,91 0,96 | 097
0,2 0,61 0,68 0,73 0,76 0,81 0,85 0,91 0,95
0,3 0,46 0,53 0,59 0,64 0,72 0,78 0,86 0,91
0,4 0,32 0,41 0,48 0,54 0,64 0,72 0,83 | 0.89
0,5 0,21 0,31 0,38 0,45 0,57 0,66 0,79 { 0,87
0,6 0,14 0,53 0.3 0,37 0,51 0,61 0,76 | 0.85
0,7 0,09 0,46 0.23 0,31 0,47 0,58 0,74 | 0,84
0.8 0,05 012 019 0,26 0,43 0,55 0,72 0,83
0,9 0,05 0,09 0,16 0,23 0.4 0,53 0,71 0,82
1,0 0,03 0,08 0,45 0,23 0,38 0,53 0,71 0,82

Ilpa t<C 0,08 MoxnO cumrath F. (z; ) =erfc A; k:—-z——_-—:-—x—:;
pur T o (%50 2y 2y a

- . x
opa T > 0,2 MOXHO CYHTATh F; (x; r)=1--§- e—0:25 “ZT-sm(ﬂ: 5 )
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4. TABJIWI[A GYHKIUH R (1)
R (W) =(1+20)2erfc h— 2= ) e—*?
Va

R (%) A R (X) A R (A)
0 1,000 0,49 0,639 0,42 0,349
0,01 0,978 0,20 0,623 0,44 0,331
0,02 0,956 0,21 0,607 0,46 0,313
0,03 0,934 0,22 0,592 0,48 0,296
0,04 0,913 0,23 0,578 0,5 0,280
0,05 0,892 0,24 0,558 0,6 0,209
0,06 0,872 0,25 0,549 0,7 0,154
0,07 0,852 0,26 0,535 0.8 0,112
0,08 0,832 0.27 0,522 0,9 0,0803
0,09 0,813 0,28 0,509 1,0 0,0568
0,10 0,794 0.29 0,496 11 0,0396
0,114 0,775 0,30 0,483 1,2 0,0272
0,12 0,757 0,32 0,458 1.3 0,0184
0,43 0,739 0,34 0,434 1,4 0,0122
014 0,721 0,36 0,412 1,5 0,0080
0,45 0,704 0,38 0,391 2,0 0,00076
0,16 0,687 0,40 0,370 2,5 0,000043
0,17 0,670
0,18 0,654

5. TABJINI[A OYHKIUH P (A)=i erfc (1)

]
o

P () A P A P (&)
0,0 0,564 0,22 0,371 0,44 0,230
0,01 0,554 0,23 0,364 0,45 0,225
0,02 0,544 0,24 0,356 0,46 0,220
0,03 0,535 0,25 0,349 0,47 0,214
0,04 0,525 0,26 0,342 0,48 0,209
0,05 0,515 0,27 0,335 0,49 0,205
0,06 0,506 0,28 0,328 0,50 0,200
0,07 0,497 0,29 0,321 0,52 0,190
0,08 0,488 0,30 0,314 0,54 0,181
0,09 0,479 0,31 0,308 0,56 0,472
0,40 0,470 0,32 0,301 0,58 0,164
0,11 0,461 0,33 0,295 0,60 0,156
0,12 0,452 0,34 0,288 0,62 0,148
0,413 0,444 0,35 0,282 0,64 0,141
0,44 0,435 0,36 0,276 0,66 0,134
0,45 0,427 0,37 0,272 0,68 0,127
0,16 0,419 0,38 0,264 0,70 0,120
0,17 0,410 0,39 0,258 0,72 0,114
0,18 0,402 0,40 0,252 0,74 0,108
0,19 0,394 0,41 0,247 0,76 0,102
0,20 0,387 0,42 0,241 0,78 0,097
0,21 0,379 0,43 0,235 0,80 0,094




Npopgonmxenne

A P (1) A P () A P
0,82 0,086 0,96 0,057 1,5 0,009
0,84 0,081 0,98 0,054 1,6 0,006
0,86 0,077 1,0 0,050 1,7 0,004
0,88 0,072 14 0,037 1.8 0,003
0,90 0,068 1,2 0,026 1.9 0,002
0,92 0,064 1,3 0,018 2,0 0,001
0,94 0,061 1.4 0.013
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Yeaxycaemorii uumamens!

B usmarenncrse ,,Henmpa‘‘ roroBarcAa K meYaTsl W BBLil-
AyT B cBerT BO BropoM moxyrognu 1965 r. HOBHe KHUIHM
IO THAPOreoJIOrMiH W MHKeHEePHOH IreoJIormu:

Hpymnuur H. . Nsyveune permoHaTpHbIX MOTOKOB HOJ-
3eMHBIX BOJ, METOAOM JIEKTPOrHAPOAMHAMAYECKNX aHaxormii, 20 .
I. 1 p. 15 x.

B xuure pacemorpen cmocol moctpoenmss merogom IIIA xapr
u30aMHUil THYOHH 3ajMeranus DOA3eMHBIX BOJ, TUAPOU3OTHIC (e3-
HANODHKX ¥ THADPOM300bE3 HATOPHHX HOTOKOB WOI3€MHBIX BOJ
¢ YydYeToM ¢H3NKO-TeorpadmueckuX u IOYBEHHO-TEONOIMICCKHX
YCJOBUIl; IpUBEMeH DPAA NPAKTHYECKUX HPHMEpOB MCCIeJOBaHMUI
U u3MepeHNIl HoA3eMHHX Bog ¢ momompbio MeToga OI'[{A; moxasaHo
UCHOJBb30BaHNe KapT IMAPOM3OTHIC I THAPOM30NEE3 IPH PEelleHunu
pAfa HAPOAHOXO3AMCTBEHHBIX IIPOOIEM.

Runra paccuutana Ha THAPOrEoJOroB, - TUAPOIOTOB, MHIKEHEPOB-
THAPOTeXHUKOB, pa6OTHHKOB HAYYHO-HCCIEeT0BATEIbCKUX HHCTH-
TYTOB M MOKET CIY)XHTh moco6ueM mno xabopaTOPHEIM Hccle-
JOBAHUAM TIPH H3YYEeHUU TEOpHU OUIBTPANNH, TAAPOTEOIOrHU
U rugpoJIornu.

JdJapunounos A. K. HmkeHepHo-reoqornyeckoe W3yueHHe
CTPYKTYPHI poIXasix ocagounsix mopon. 20 mx, If. 1 p. 15 k.

B wmKenepnoil reoJormut B 0O1JIMUMe OT OCAN0YHOH HeTporpaduu
OpH HCCAEAOBAHAH CTPYKTYpPH OIEHUBAIOTCS B3aWMOOTHOIMIEHHUS
U pPOIb BCEX TPeX IVIABHBIX COCTABHBIX YacTedl PHIXJIKX TOPOJ:
TBEP/Oil, JKUAKOI M Ta3006pas3HOil.

[lo3Hanue CTPYKTYPH H XUMHKO-MHHEDAJIOTUYECKOTO COCTaBa
0CaI0YHEIX TOPOJ] IIOPOI IIO3BOJISIET PellaTh Y3I0BOI BOIIPOC WHIKE-
HEPHOIl Ieo0JOTUIl — BHABIeHAE MCXAHWYECKON HIPOYHOCTH,

B kHHre m31araercs COBPEMEHHOE COCTOSHME STOTO BOmpoca Kak
B CCCP, rax u 3a py6e:xom. [ToMumo 51010 IpuBOgATCS pPe3yAbTaTHl
MHOTOJIETHHX HCCIe[OBAHUI aBTOpa B 06GNACTH WHYKEHEDHO-TE0JI0-
rU9ecKOTO U3YYeHUS CTPYKTYDH,

Huura paccuurapa ma MUPOKHA KPYT MH/KEHEPOB-re0I0roB, MeTPo-
rpadoB U CIENUANNCTOB, paboTalomuX B 06JIaCTH MEXAHUKHU I'PYHTA,
ocHOBaHHUII U QYHIAMEHTOB,

1] pedseapumebnvie 3axasvl Ha IMU KHU2U Harpasasiime no adpecy:

Mocksa, A-47, mi. Bexopycckore Bok3ana, 3.
Napateasnerse ,,Henpa‘‘. Oraen pacnpocTpaneHus.




