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B. M. IllecrakoB, HOKTOp TeXHHYECKHX Hayk, cnenuanucr B obna-
CTH JHHAMHKH NMOJ3eMHBIX BOJ H METOAOB THAPOTeOJIOTHYECKHX HCCJIefo-
BaHHA, wuMeer 50 HayuHHX pabor, ONYGAMKOBaHHBIX B Da3HYHBIX
HAYYHHIX XKYpHanax ¥ cGOpHMKAX, 3 KHUTH.

B faHHOit MOHOrpauM H3NArailoTCst COBPEMEHHBIE TeOpeTHYecKue
OCHOBHI THAPOTEOJOIHYECKHX PAcyeTOB M NMpPaKTHYECKHe PEKOMEHNalHH Ho
HX MeTOAMKe NMPHMEHHTENIBLHO K 3a/a¥aM MPOTHO3a peXuMa TOA3EMHBIX
BOL NPH YCTPOICTBe BOJAOXPAHHJHIN, KaHAJOB, Pa3paboTKe MecTOPOXKie-
Huft NONE3HBIX HCKONMaeMBIX, MeJHOpauuil CeNbCKOXO3SHCTBEHHBX Tep-
putopuit B T. n. Bosinluoe BHHMaHMe yAensicTes, B 4aCTHOCTH, BONPOCaM
FHAPOTEONIOTHYecKO CXeMaTH3aUWH TNPHPOAHHX YCJIOBHi, oNpeleseHHIO
HCXOJHBIX THAPOTEOJOTHIeCKUX MapaMeTpoB, MeTOJAM MaTeMaTHYeCKOro
MOJeMHPOBaHUsl MOA3EMHBIX BOJ H pa3BUTHIO YNPOLIEHHBIX METOJ0B
THAPONHHAMHYECKHX PacyeToB. 3HauMTeNbHas YacThb PaboOThl HUMeeT opH-
THHaJBHBIH XapakTep,

HMananne paccuntaHo Ha LMHPOKHA KPYr THAPOTEOJIOrOB W HAYUHBIX
PabOTHUKOB, 3aHMMAIOLIHXCS BONMPOCAMU JHHAMHKH MOA3EMHBIX BOM; Psil
pasfienoB HamucaH Ha ypoBHe yyeOHOro HOCOOHSI H MOXeT OhiTb HC-
HOJIb30BAaH CTYAEHTAaMH NpPH MPOXOXKAEHHH Kypca <«JIMHAMHKa HOA3eM-
HBIX BOM>».

Tleyaraercs mo NOCTAHOBACHHIO
PeaaxiuHoHHO-H3/1aTE/IBCKOTO cOBeTa
MocKOBCKOr0 YHHBEDCHTETa



BBEINEHHE

B cBsi3u ¢ 06mHM pa3BHTHEM HApPOXHOrO XO3SMCTBA 3a NOCHenHee
BpeMsl 3HAYHUTENbHO YBEMHUHJIHCh MacIuTaObl BO3AefCTBHA HH:KeHep-
HbIX COODYXKEHHH Ha DEXHM MOA3E€MHBIX BOA.

Co3manue 1enoro psjaa KPYNMHBIX BOJOXPAHWUJIHIL KaK B eBpomnei-
cko#, TaK H B a3uartckoit uactax CCCP oGoctpuio Bompocel, cBA3aH-
Hble C H3yueHHeM MOJTOMJIEHUs TpuJerariux K HAM TepPPUTODHA U
3alIMTHl UX OT 3aTONJIEHHS H MOATOIJEHHUS.

Crnenyer OTMeTHTb pe3Koe yBesnuyenue 00beMOB peHa’KHbIX paboT
npu paspaéorxe MeCTOPOXIEHUH MOJe3HbIX HCKOUaeMblX, OCOGEHHO
NPH YCTPOMACTBE OTKPBITEIX KApbepoB i pa3paboTKe KPYMHBIX PYAHBIX
nonei ¢ obpymenueM HX KpoBau. JloctaTouHo yKa3aTb Ha OrpOMHBIe
no cBoeMy MacumtaGy ApeHakuble paGorsl Ha JleGexamnckom, Muxait-
JIOBCKOM Kapbepax u fIkoBieBckom Mectopoxkienun KMA, na Coko-
n0B0-Capbafickom Kapbepe ¥ Ha 1[e710M psifie JIPYruX MeCTOPOXKAEHHH.
3aMeTHblfl KaueCTBEHHBIl CKAauOK Mpou3olles NpU BOJOMOHHIKEHHH B
THAPOTEXHHYECKOM CTPOHTENbCTBE B CBSI3H C COOPYKEHHEM TAKHX THA-
poysnos, kak Kyii6rimeBckuit, Kaxosckuit, Boarorpanckuii, kanana
Boaro-Jlow u ap. Hemanyio posb B pa3BuTHH CIOCOGOB ApeHaxa U BO-
[OTIOHUKEHUS] HTPaeT HeOGXOAUMOCTb COKPAILEHHSI CPOKOB CTPOHTEJb-
CTBA U Pa3pabOTKH MECTOPOK AeHHIL.

Ins 06o3HaueHus HCKYCCTBEHHOIO ITOHHXKEHHS! YPOBHS MOA3EMHbBIX
BOJ NMPHMEHSIIOT Pa3jHuHble TEDMHHbI: BOJONOHIKEHNE, NPeHAX (Ape-
HHPOBAHMUE), OCYIUEHHe H BOJOOTJIHB, HE BCErJa HMEIOLIHe JOCTATOUHO
SICHOE Da3rpaHHUYeHHe. B nanbrefilleM HCKYCCTBEHHOe INOHHXKeHHE

pOBHeH HO}ISGMHBIX BO}l 6y11€M KakK npammo Ha3bIBAThb npeﬂameM'

TEPMHH XK€ «BOJONOHWKEHHE» COXPAHHM JHIIb NPHMEHHTEIBLHO K CpaB-
HHTENbHO HeGOAbIIMM 10 06BEMAM H KPAaTKOBPEMEHHHIM BOJONOHH3H-
TeJbHBIM paboTaM.

Heckosibko ocofoe mosoxeHne 3aHHMaeT MeJTHOPATHBHBIN JPeHAKX,
npH pvaeTax KOTOpOro BO3HUKAIOT csoeoﬁpaame H NOKa ele aanexo
He pellleHHble BONMPOCH! TH/POreoJOrHUECKOd CXeMaTH3allMH. 3aMeTuM,
4TO MHOTWE 3a7auH, pacCMaTpHBaeMble B HacTosmeil paGoTe B OCHOB-
HOM TIDUMEHHTE/JbHO K YCJOBHAM INPOMBILIJIEHHOrO BOJONOHHXKeHUS H
ApeHaxa, OCTAITCH AKTYaJbHBIMH H 8 YCJIOBHH MeJHODATHBHOrO
ApeHaxa.



Hosnie tpe6oBanns, npeabaBiseMble NPAKTHKOMN, €CTeCTBEHHO, Bbl-
3BaJH COOTBETCTBYIOIlee DA3BHTHE TEOPETHUECKUX HCC/IENOBAHUM, H B
YaCTHOCTH METOXMKH THADPOTEOJOrMYeCKHX pPacyeToB NOANOPA H HCKYC-
CTBEHHOI'O NOHHXKeHHA YPOBHA INOA3eMHBIX BOA. Dosee noiapoGHLIMH
CTAHOBSITCS pacCyeTHl IMOHHXKEHHs] YPOBHA BOJLI HA 3alUUIaeMBIX Tep-
DUTOpHAX, TIpHUEM 3@ nocAeOHee 8pemMs HAME4AeTcs pa3surue Mero-
Ouxu u TexHuku modesuposanus noGnopa U UCKYCCTBEHHO20 NOHUCE-
HUS YposHell noO3eMHbIX 800, npexcde 8cez0 ¢ npumerenuem modeset
II'IA u unreeparopos, 4T0 Naer BO3MOXHOCTL Haubosee NOJHO
V4eCTb OCHOBHBlIE OCOOEHHOCTH THAPOTeOJOIHUECKHX YclnoBui. Déas-
WYI0 pOAb Teneps CTAAl UepPATb PACHETdL HeyCTAHOBUBULEZ0CA PEXUMA
(usbTpayul, TOCKONBKY yBedHueHne Maciitab6op paboT NOBJEKIO 32
coGo# HEOOXOQMMOCTb H3YYEHHs DeXHMa NOJA3eMHbIX BOJ Ha 3HauH-
TEJbHHX TePPUTOPUSAX, KOTAA HEYCTAHOBHUBIUHHACA peXUM IIOA3eMHBIX
BOJL MOXKET y¥Ke HMeTb He TOJBKO BaXKHOe, HO M pelllalolliee 3HAUeHHE.

HauGoneé cnoxHo# 3agaueii npu Jo6bIX THAPOTEOJOTHUECKHX pac-
yerax fABJSAETCS ONpefle/leHHe pacyeTHHIX THAPOTeOJOrMuYecKHX napa-
MeTpoB. B nacrosuee spems, kax npasuio, npuxoduTcs CTAAKUBATHCA
C TAKUM NOAOKNeHUeM, Ko20a meTodbt pacueTo8 dasexo 0620HIIOT 803-
MOMCHOCTU Oonpedesenus 3aKAG0bIBAEMbIX 8 HUX naApameTpos. 3ITu
CHOMCHULbLY OCOBEHHO PE3KO NPOABARIOTCA NpU Npo2HO3e (usbTpayu-
OHHO20 pexcuma Ha 060abUUX TepPUTOPUSX, NOCKOAbKY 06bLHHO
ONLITHO-PUALTPAYUORHBIe paboTbL MO2YT XapaxKTepu3osars (uiasTpa-
YUOHHbLE CBOLCTEA B000HOCHBLX 20PUBOHTO8 HA CPABHUTEAbHO HebO0Ab-
wux Teppuropusx. B cesasu ¢ atum 6oavuoe 3nadenue npuobperaior
MeTOObL onpedesenus eudpoceor02u1eckux napameTpos no OanHbim pe-
sUMHOIX HaBA00enull, KOTOpHe JAIOT He TOABKO Gojee NOCTOBepHbie,
HO u 00o0Iennble MO TUIOMAAH 3HAUEHUS TAPaMeTPoB. DTH MeTOIHI
JO/KHBI IPHMEHATBCSH BO BCeX Cydasdx, Koria ynaercsi «pacuudpo-
BaTh» (T. €. BHISIBUTh H OLIEHHTb) OCHOBHble (DAKTOPHI, KOTOPHE Olpe-
NesII0T PeXUM MOA3eMHBIX BOJ B PacCMaTpUBAEMHIH NMEPUON BpeMeHH.

Hacrosimas paGora nuMeet ¢Boeli enbio 0000lieHne M Kaabueliniee
pPa3BUTHE METONHKH PacueTOB MOANOPA M JPeHaXka NOA3EMHBIX BO,
npuueM ocofoe BHUMaHHe yaeNsieTc PasBHTHIO (U3UUECKHX OCHOB
THIPOTCOJIOTHYeCKHX PACyeToB, BOMPOCAM HeyCTaHOBHBUIefics GunbTpa-
MK, MOAENHPOBAHHIO U OLEeHKe THJPOTeOTOrHYeCKHX IapaMeTpoB.

OrpanuueHHOCTb 00beMa KHUTH He MO3BOMHJA 1aTh ONHCaHHe BCEX
OCHOBHBIX TEOPETHYECKHX IOJOXKEHHH, CBA3aHHLIX C H3yueHHeM IO~
Iopa ¥ JipeHaxka NOA3eMHHIX BOA. Tak, He pacCMaTpPHBAJHCh H3BeCT-
Hble peKOMeHJallHH IO pacyeTaM JOKAaJbHOTO MEJHOPATHBHOTO Jpe-
Haxa, paspaboranHble U o6oOmenHble C. ®. ABepbIHOBEIM; cnaGo
OTPaxKeHHl CHellMpHUYECKHe YCTOBHS KPeHaXKa NPOMBILLIEHHBIX TJIOMA-
0K, pasoGpaHHble, HanpuMep, B pabotax C. K. AGpaMoBa; He npuse-
JeHa MeTOQHKa pacyeta KOMOMHMPOBaHHOTO BOZOOT/IHBA (coueralone-
IO OTKPBITBIA BOAOOTAHMB C BOLONOHHKEHHEM), NOCTATOYHO MOAPOGHO
pasobpanHas aBTOPOM paHee M T. Il



T'aasa 1

TMAPOOWHAMHYECKAS CXEMATH3ALLHA H BbiBOJ
OCHOBHbBIX YPABHEHHA NPHMEHHTEJIbHO K 3AJAYAM
noanoPA U HCKYCCTBEHHOIO NOHHW)XEHHUA
NOA3EMHbLIX BOJ,

§ 1. BONMPOCH THAPORNMHAMHYECKOHA CXEMATHU3AUHH

AHajau3 BJUSHUS OCHOBHBIX THADPOreONOTMYECKHX (PAKTOPOB U BO-
MPOCOB THAPOre0TOTHUECKON cXeMaTH3allHi JOCTATOUHO NOAPOOHO pac-
CMOTpEeH NPUMEHUTENTbHO K 3afayaM noanopa rpyurossix sog I. H. Ka-
merckuM, M. K. Tasuuy, H. A. Msacuukosoi, Cy M. Cemenooir [27],
H. H. Bununemanom u @. M. BoueBepowm {2], npuMeHHTENbHO K YCIOBHAM
pa6otrsl 3auuTHbIX ApeHaxkelr — C. K. A6pamoseMm [1], npumenurenspHo
K YCJAOBHUAM BOJONOHHXKEHUS B THADOTEXHHUECKOM CTPOHTENbCTBE —
asropom [17], npUMEHHTENBHO K YCJIOBHSM [peHaXa M OCYLIEHHS Me-
CTOpOXAeHHH moJe3HbIX ucKondeMuX — C. B. Tposuckum, M. B. Cu-
posatko [44, 52], M. H. YenbuoBum u O. B. Ckuprenso [3] u ap. He
HOBTOpﬁH‘STOFG aHaJau3a, OCTaHOBHMCA TOJBKO Ha HEeKOTOpbIX BOIPO-
cax ruApOSMHAMUYECKOH cXeMaTH3aluu, UMelollell cBOell Ieabl0 Hero-
CpelCTBEHHOE BHISIBJIeHHE YCI0BHH, HEOOXONUMHBIX [/ INpOBefeHus
THADPOreoJIOrHUECKHX PAaCUETOB,

Ilpu omeHke moamopa ¥ MCKYCCTBEHHOTO MOHHXXEHHsS YPOBHeH MOx-
3eMHBIX BOJ CJeJyeT Ipexje BCero pacCMOTPETh YC/IOBUS NMHUTAHUS U
CTOKa NMOA3EMHLIX BOJ B pailone KaK B ecTeCTBEHHOK OOCTaHOBKe, TaK
U B npolecce USMEHECHHA YPOBHA MNOA3€MHBIX BOA.

ITuranue rpyHTOBBIX BOJX OCYIIECTBASETCSH OOBIYHO 32 cyeT HHPHUIb-
TpallUH ATMOCHhEDPHBIX OCafKoB M (HAbTPALIMH U3 MOBEPXHOCTHHIX BO-
noeMoB (peK, BOJOXPAHHJHIL, KaHAJOR).

H3zyuenue aGconmoruofl BeauunHbl HHUAbTPALMH KakK 6anaHcoBOro
tdaxTOpa mNpexcTaBAsieT HHTepec, HalpHMep, [Jsi OLEHKH BOAOHDPHTO-
KOB B ropHbie BEIpaGOTKH, OCOBEHHO B CJOMHBIX THIPOreOJOrHuYecKHX
ycaosuax (HanpuMep, B KapcToBeix paitonax). G TOUKH Xe 3DeHHST pac-
4eTOB NMOLMOpa WM HNOHHXKEHHS YPOBHEe#l TPYHTOBHX BOJ OOHIYHO



uMeeT 3HaueHHe He a0COMIOTHAsA BeMMYMHA HUHOUIBTPALHH, 4 JHUIb €e
u3MeHeHHe B npoluecce KojseGaHHs YPOBHeH TpYHTOBHIX BOA. Takoro
posa u3MeHeHHe BeNHYHHb HHOUIBTPALHH PE3KO NMPOSABISETCS, HATPH-
Mep, B 3acCyULIHBHIX 006/1acTAX, Ile 3HAUATEAbHYIO pOJdb MTpaeT HCna-
peHue, MHTEHCHBHOCTb KOTOPOTO 3aBHCHUT OT IMyOHHBI CTOSIHUS TPYHTO-
BLIX BojA. Bompoc o xapakTepe 3Tolf 3aBHCHMOCTH paccMaTpHBAJCH, B
yacthoctH, C. ®. ABepbsinoBeiM [30] u I1. §I. ITony6apunoBoii-Kounnoi
[46), koTOpble HAa OcHOBaHHM ONMBITHBIX AaHHbIXx M. M. Kpwaosa [31]
NPeNTOXKHUAH TPUMEHSATh /s PACyeTOB 3aBHCHMOCTb HHTEHCHBHOCTH
HHQHUABTPALNH W OT rayOWHBI CTOSIHUS TPYHTOBHIX BOJ 2 BHJIA:

w=wo(l—~ 2 ) a1

Zx

Tle Wo-— UHTEHCHBHOCTb MHPHUJIBTPALMH Y TMOBEPXHOCTH 3eMau (mpH
2=0); zx— KpuTHUecKas rayOHHa CTOSHUS TPYHTOBBIX BOJ, HHXKe KO-
TOPOH YpOBeHb IPYHTOBHIX BOJ yXe He BaMfACT HA BeJHYHHY HH(PHIbT-
pauun. OueBuaxo, uro Gpopmyaa (I,1) npumennma npu 2<z2.

MccnenoBanus ¢BA3H MeXIY @ M 2 B Pas3JHyYHbIX YCAOBUSAX, HECOM-
HEHHO, CJelyeT Pa3BHBAaTb Kak /s NMPOBEPKH YHHBEpPCAJIbHOCTH 3aBH-
cumoctu (I, 1), Tak u ans onpejneneHust BeMHUHH Wo U 2x B Pa3JHYHBIX
KJIMMAaTHYeCKHX H THJpOreosordyeckux ycaousix. OcoGoe 3HaueHue
3TOT BONPOC HMeeT NpH THAPOreOJIOTHYECKHX pacueTax MeJadOpaTus-
HOro JpeHaxa.

YcnoBust HOPMHpPOBAHHA TPYHTOBBIX BOX B 3HAUUTENbHOH CTENEHH
3aBHCAT OT XapakTepa HeOJHOPOJHOCTH MJaacToB B pa3spede. C 3Toi
TOYKH 3peHHs caelyerT 0co0O0 BBLIENHTH CXeMY ABYXCJIOHHOTO MJacTta,
KOTOpAasA MMeeT IIHPOKOe paclpocTpaHeHHe M XapaKTepHa AJAf YCJIo0-
BUH, KOTJla OCHOBHOH BOJOHOCHBIf TOpH30OHT (OOBLIUHO NecuaHblil) fme-
peKpbIBaeTCs CyNecyaHBIM WM CYIJMHHCTBIM TOKpoBoM. Taxkoro poxa
yCI0BUs BCTpeyaloTcs, HanpuMep, B Geperax pex Boaru [18, 43], duen-
pa [41, 50] u B uenom psiie APYTrUX paiioHOB.

ITpn BOZOMOHHKEHHH B HANOPHLIX TOPH3OHTAX CPABHUTEJBHO He-
OonbUIMX pa3MépoB B IJaHe 3aMETHYIO DOJIb MOXKET TaKXKe MrpaTh
ocyliemHe MX KpaeBbiX 30H [12].

Ilpu u3yueHum NMOATOpa M HMCKYCCTBEHHOIO TOHHXKEHHS YPOBHEH
TPYHTOBBIX BOJ JOBOJIBHO YacTO MPUXOLUTCS BCTPEUATHCS CO CJAOHCTHIM
B pa3pe3e CJI0KeHHEM BOJOHOCHBIX T'OPH30HTOB.

Pasnoo6pasue u cl0XKHOCTb YCJAOBHI 3a/neraHusi C/0eB He HAIOT
BO3MOXHOCTH NPENJOXKUTb KeCcTKHe MpPaBHAa HX CXeMaTH3aIuH.
B crporoii nocTaHoBKe 37eCh MPHUXOXUTCA HMETb J€N0 C NPOCTPAHCT-
BeHHBIM MTOTOKOM, pacCMOTpEeHHe KOTOpPOro oObluHO GhiBaeT upe3BHYA-
HO caOXHbIM. OOHAKO 8 GOoabWUNCTBE Cay4aes, uMes 8 BuUdYy 3Ha4U-
TEAbHbIE PA3MEPbL NOTOKA 6 NAGHEe NO CPABHEHUNY C €20 MOWHOCTSIO,
MOWCHO NPUMEHATL NPUOAUICEHHbIe NPUEeMbl Y4eTa HeoOHOPOOHOCTU «
CXeMaTU3AUUL YUALTPAYUOHHO20 NOTOKA, NO380AANOUUE NpuBOOUTS
€20 K NAOCKOMY 8 naate (NAQHOBO-NAOCKOMY).

Ilpy croucToM ClOXeHHH TNOTOKA €ro HeNOCPEACTBEHHO MOXHO
NPUBOIUTD K ONHOPOJHOMY B TeX CayyasiX, KOrja COOTHOMIEHHE Ipo-
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HHIlaeMocTell OTJeNbHHX cloeB Hepenuko (mopsaka 10—20). B6ausu
BOJOHOHU3UTENLHON MM JApeHaxHOH cucreM (0cOoOeHHO, ecldd OHH
BKJIOYAIOT HecOBepllleHHHlE CKBAXKUABI WIH [PEHH) NpHBeIEHHE NOTO-
Ka K OJHODOMHOMY JNOJXKHO NPOU3BOAMUTbCS C OOMBIIEH OCTOPOMKHO-
cTbi0. B Tex cayuadx, Korma neperekaHHe MeXAY CJIOSIMH He HMeer
CYIIeCTBEHHOrO 3HAUeHMs], MPUBEJEHHE MOTOKA K OXHOPOLHOMY MOXKHO
JenaTh NpH BecbMa OOJbUIMX COOTHOLIEHHSX NPOHHLIAEMOCTH OTHAEeNb-
ueix cioeB (§ 3, ra. II).

JNs cxeMaTH3alMH THADPONMHAMHMUECKMX YCJIOBHH Ha KOHTYypax
ImacTa B NJlaHe C TOYKH 3DEHHS THAPOTeOJOrHYeCKHX PacyeToB pas-
JeJMM HX Ha THIIOBLIE W CJTOXKHEIE, MPHYEM HOX THIOBHIMH OYAeM Hox-
pasyMeBaTh YCJAOBHS, B KOTOPHX MOryT OBITb MOJY4EHB IPHEMJEMBbIE
aHAMUTHYECKHE PElEHHs BO Bcell paccMaTpuBaeMoll obaactu GOUIBT-
pauud. YCa0BUA Ke, He NOAXOASANIME IIOX XaPAKTEPHCTHKY THIIOBBIX,
BHIJIeJIUM B CIOXHBIE. B HacTosmee BpeMsi K THNOBBIM MOXKHO OTHECTH
CJeIYIONHe CXeMhl KOHTYpOB BOJOHOCHHIX IITACTOB B IJiaHe (puc. 1)
I — neorpannuennsiii!, II — nonyorpanuuennsifi, IIT — yraosoi,
IV — nonocoBoit, V — KpyroBoii 2, nmpuueM KOHTYpH IJIacTOB MOTYT
6bITh 06paaoBabe rpaHHlaMu paBHOTO Hamopa M HEIPOHHIIaeMbIMHU
rpaHUIaMH.

Ilpu pacuerax moanoOpa TPYHTOBHIX BOJ B OCHOBHOM MNpPHXOXHTCH
Bcrpeuathess co cxemamu lla, 1lla, IVa, 6; npu pacuerax 3amuTHOro
ApeHaxa—co cxemamu lla, IVa, 6; npu pacuerax BOJONOHHIKEHHUS
B THJAPOTEXHUUECKOM CTPOHTENbLCTBE — Co cxeMmamu 1Va, 6, V; mnpu
pacuerax ropHoro npenaxa— co cxemamu I, Ila, 6, Illaq, 6, 1V6, 6.

§ 2. AHAJIN3 OCHOBHOIO YPABHEHHS NJAHOBO-IINIOCKOH
SUNBTPALHHU

OcHoBHOe YpaBHEHHE TJAHOBO-IIOCKOTO TPYHTOBOrO IOTOKa, Kak
H3BecTHO [5, 6, 46], mweeT BHA:
) oH
._;. >+ )+w—_=p-———, (1,2
roe H(x,y,t) — Hanop pOBeHb) BO,ZII:I B ceuenud X, y; T(x,y, H) —
ApOBOAMUMOCTb IJ1aCTa, OnpejensieMasl Kak INpOM3BeleHHe CpegHero
xo3bdunnenta $uabTpaluu kep Ha MIyOHHY (MOM[HOCTL) TOTOKA M
w(x,y,t, H) — cyMmapHas BelMYNHA HHTEHCHBHOCTH IVIOLLANHOIO M-
TAHHA TPYHTOBHIX BOJX 3a CUeT UHOQUABTPAUUH H NOAMUTHIBAHUS H3

HHKEJIeXKAalHX BOJOHOCHBIX TOPH30OHTOB; W MNPH MNOATOpe (ZI: >0)

co%rBeTcmyeT Ko3(pUUKEHTY HeZOCTaTKa HACBIMIEHUS My, 4 MPH Claje
a
( Py <0)— K03(p(UUUEHTY BOZOOTAAYH [ig.

Ypabnenne (1,2) B obuieM cBoeM BHIE SBJSETCH HESUHEHHBIM,
NOCKOJIbKY BeJHuHHB T, p ¥ W 32BHCAT OT NOJIOXKEeHHS ypOoBHS Bojsl H.

i Ha puc. 1 ara cxema He npHBexeHa.
2 Toxe.
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Pemennst ypaBHenus (I,2) ¢ ydeToM ero HenuHEHHOCTH paccMOT-
JEHBl IS Ca1yYasi OJHOPOXHOrO MO BEPTHUKAJMH NJacTa Ha FOPH30HTAMNb-
HOM BoOjoynope, koria I ==~kh, u Moxuo 3anats H=h. Toraga ypaBue-
une (1,2) npunumaer BUA

G RNy w0
ox (k 6x)+ y(h 6y>+k k o’ (% 3)

HOana ypaBuenus (I,3) mosydeH psi CTPOrHX ABTOMOJENBHBIX pe-
wennit npu w=0 {7, 46] ana npocreHux TpaHUuHHX ycaoBuii. Kpome
TOTO, pa3paboTaHbl NPUOAUAKEHHEIE CIOCOOB €ro pelleHus!, H3 KOTOPHIX
nmpexje BCEro CAefyeT OTMETHTh -METOA IMOCJHefOBaTeNbHON CMEHb
craynonapHuix cocroauuit (IICCC); meron «ocpenueHus 0h/dts, npen-
noxeHHsllt JO. 1. CoxonoBriM [51] u pa3Buthiii n/1s1 pacueToB BoAO3a-
6opubix cksaxuH M. E. XXepuosniM {25]; MeTon «uHTErpaibHBIX COOT-
HolleHuit», npennoxennslit I'. M. Bapen6aartom [8, 32], u psnx mpyrax
pacueTHHX npueMmos [67,°71, 72, 73].

BmMecre ¢ TeMm, kak HéKa3bIBaeT MpaKTHKa HCCIENOBAHKI H pacue-
T0B, Haubosee 3¢¢exmeubte peutenus 3alfa4 HeycTaHosusuielica
{Imﬂbz‘paz{uu noay4aior nocae Auneapusayuu ypasrerus (1,2), Koro-
PYIO MOMXHO OCYLIECTBHTH C MPHMEHEHHEM Pa3JHUYHBIX COCOGOB.

Ilepsniit nanGonee npoctoit cnocob nuneapusanun ypasHenus (1,2)
CBOIHUTCS K OCPeJHeHHIO 3HAYeHUH NPOBOAMMOCTH miacra T Kak B Ipo-
CTpaHCTBe, Tak M BO BpemeHu. Torza ypaBHenue ([,2) moxer OwTh
NpeACTaBAEHO B BUiE:

1 oH
axs il oyt + — (L, 4)
NpUYEM BeJIHUYMHA @, ONpEeNeNsiolasi CKOPOCTb H3MeHEHHsS YpPOBHSA
NOTOKAa BO BpeMeHH, MOXKeT ObiTb Ha3BaHa KO3(QODUUHEHTOM YpOBHE-
NPOBOAHOCTH .

Jlng onHOpPOAHOrO MOTOKA TaKOH cnocob JuHeapu3auuu Gblm npes-
aoxed Byccuneckom (Boussinesq, [66]).

I pyroit cnocoG, ripentoxennsiit H. A. Barposeim [46] u H. H. Be-
purunbiM {15], npencraBisier uHTepec [IJAS BOLOHOCHOrO MIaacta Ha
rOpH30HTANbHOM BOJNOYMOpe W OXHOPOZHOrO NO BEpPTHKATH, Koraa
MOXKHO BOCHOJIb30BaTbhcsl ypaBHenueMm (I,3), mpencraBuB ero npenBa-
PUTENBHO B BHIE:

T TE R w _uw  on [ 4
— — —_—= . , 4a
2(6x2+6y9)+k ko (1, 42)

Cnenaem B ypaBHeHuu (I,4a) npeoGpa3oBaHHe:

o 1 . 9 (1, 46)

ot on ot '

! Dro ua3sBanne Goi10 Tpepsioxeno asropom B 1953 r. B Kamauparcko#t mmccep-
Tauun, aateM Gbuto nprusto H. H. Bumaemaunom [2] u Bow1o B yueOHYIO JHTEpaty-
py {48].
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u BBeaeM jgaiee ¢ynkuuio U=0,5h2 Torpa ypaBHenue (I,4a) npumer
BHA:
U LU 4ok W (1, 4)

Ocpennsia nanee Bequunny A B nmpaBoi uwactu ypasuenus (I,4B),
TOJYYHM JMHEHHOEe ypaBHEHHE
U U w 1 U khep
S = g I,5
axz+ayz+k a o’ m (1, 9)
rae Acp — OcpelHeHHast TTyOHHA NOTOKA.
Bauskuit x atomy cnoco6 npeanoxker M. A. Uapueim [59].
O606uenne Takoro crnocoba aJs TOPU3OHTAJNBHO-CJAOHCTOrO MJa-
€Ta, Korja B ypaBHeHuu (l,2)
h h
H
790 = (2-2% gz Ti”-zgk—"idz, (1, 6)
Ox A Ox dy p dy

MOXHO, KakK 310 nokasaHo C. H. HymeposniM [6], npousBectn, BBOAS
noreditnaa 'mpunckoro:

Q= Efk(z) (h—2)dz. I, 7

Ilockoabky
h

h
ot 20 (g,
: ox dy J 9y

h
99 _ o —p h R
2 -2 é‘ kdz = koh =, a, 8)

rae kcp — cpenHeB3BelleHHOe 3HayeHHe Kosddulmenta QuabTpaliu,
10, noacrasaas (1,8) B (I,2) ¢ yuerom (I,6) u 3amenss kcph ocpeaHen-
HbIM 3HaueHHeM npoBOAMMOCTH T, MONYyUHM YypaBHEHHE

2o 4 @9 =L .%
T o = (1, 9)

KOTOpOe fABJSAETCA JHHEHHLIM OTHOCHTEJIbHO (QYHKINH @.

IlpuBeneHHble Bbllie CNOCOGH HETPYAHO PACHPOCTPAHHTL HA CaY-
yal, KOrla NpOBOAMMOCTb NJacta I Moxer GbiThb NpPHHATA B BHJIE
HEKOTOPOH 3a7aHHOH (DYHKLHUN OT BpeMeHH:

T = Tor(f), d, 10)

rie To— HayaJbHass NPOBOAMMOCTh MJacTa; 1(f) — 3aKOH H3MeHeHHS
NPOBOAMMOCTH NJACTa BO BPEMEHH.

10



B 3TOM cayuae BMeCTO BpeMeHu ! CJeflyeT BBECTH NepeMeHHyio 0,
OnpejensieMyl0 HHTerpajoM:

b4
= fr(t)d:, (I, 1)

0

¥ ypaBHeHHd OyIyT HMeTb NOCTOSIHHHIA KO3Q(HUIHEHT yPOBHENPOBOJ-
HOCTH, COOTBETCTBYIOIIHH mpoBoauMocTu To [33].

B uekoTOpHIX chAyuyasix MoryT OBITh NMog06paHnl 0cofble CHOCOGHE
JMHeapH3alluy, KaK 3TO, HalpHMep, CAEJAHO JJs OJXHOPOJHOro HOTO-
Ka Ha HaKJOHHOM Bojoymope [60].

BaxHKIM METOAHYECKHM BOIIPOCOM SIBJISIETCSl YCTAaHOBJEHHE NpHMe-
HUMOCTH TOTO MJIH HHOTO crnocofa JIMHeapu3allud B peatbHBIX IHJPO-
reoJIOTHYECKHX YCAOBHSIX. AHaMu3Upysl THIPOTeOJOTHUECKHE YCJIOBHA
Tpexje BCEro IJs npHOpPeXHLIX TeppPUTOPHIl, NpefCTaBJAAIOUIMX HaM-
6oJblIuil HHTEpPEC NPH pelieHHH BONPOCOB NOATOIJIEHHS, MOXKHO I0O-
CTaTOUYHO YBEPEHHO YTBEPXKAATh, UYTO OJHOPOJHbIE BOLOHOCHHE IJTACTH
M0 Bceil BBICOTe BCTPEYAIOTCH OYEHb PelKo, H NPH COCTaBJIEHHH METO-
JUKH pacueToB HX CJHEIyeT PacCMaTpUBATh KaK HCKJIOUHTE/IbHBHIE.
BMmecre ¢ Tem ropasjgo Oonee peasibHOIi OKa3bIBaeTcsl NpeAllocHIKa
O NOCTOSAHCTBE IIPOBOAMMOCTH BOJOHOCHOTO IjTacCTa. 3ra NpeAnocChIKA
nouty Ge3ynpedHo BHMIOJHSETCS NPH JABYXCAOHHOM CTDOEHHH mJjiacra.
B sT1oM ciyuae nio6bie KoneGaHus ypOBHEH TPYHTOBHIX BOA B Iipeje-
nax cn1aBonpoHHIIaeMOro IMOKPOBHOTO CJ10S1 MPAKTHYECKH He BJMSIOT
Ha BeJJMYHHY NPOBOAMMOCTH IJacra.

3TO NOJOXKEeHHEe YCHIMBAETCH €lle M TeM, YTO NPOHHLAeMOCTh ajl-
JIIOBHA/IbHBIX NJIACTOB YBEJHYMBAETCH C myﬁnHOH npHYEM B OCHOBA-
HUHY TITACTOB 3ayacTyro 3aJieraeT MecyaHo- I‘paBEJlPlCTbIH cJoi ¢ 3amer-
HO 6O0Jblleld HPOHHLAEMOCTBIO.

PaccMoTpuM B KauectTBe NpuMmepa JeBoGepexbe Boarorpaickoro BOZOXpaHH-
AulE, THE HMEOTCS NaHHble N0 M3MEHEHHIO XaDaKTePHCTHK aJUIOBHAJBHBIX TECKOB
B 3aBHCHMOCTH OT TJIyGHHBI HX 3anerauus (puc. a) ITocTpouM, HanpuMep, LJs cO-
BpeMennslx (al Qpy ) w BepxueuerBepTHunbX (al Qm) OTJMOXEeHHH KpHBBIE Menpec-
CHM B TOTOKE,-Ha TPAHHNAX KOTOPOTO YCTaHABJMBAIOTCHA TAyOHHE Notoka Ai=10 u
u hy=20 M, cuuTas MOCTOAHHON NPOBOXMMOCThL Miacta (KpuUBas XENMpecCHH — mpaMas
Jmmm) WJIH, CYMTas NMOTOK ONHOpONHbIM (KpMBasi HZenmpeccuH — napabona HiomoH).
B jeficTBUTENBHOCTH 2Ke 3aJieTaHue MIAcTa FOPH3OHTANLHO-CIOHCTOE, H, CleNOBaTelb-
HO, CTPOTHM pelieHueM OyAeT KpuBas JHENMpecCHH, NMOCTPOeHHas C MOMOIIBI QYHKUHH
I'upuncKOro no ypaBHeHHIO

¢= @1+ (P2 — P1) —’1{:, 1, 12)

Tae @, @z B @ — 3Hauenus dynxuun [upHHCKOro Ha rpamuuax x=0 u x=L 1 B Tou-
Ké x.

Hns nocTpoenHst kpupoit genpeccun no ypasaermio (I, 12) uesecooGpasno npex-
ge BCcero MOCTPOMTH 3aBUCHMOCTD @(h), rae h — rayOuna (HJIBTPAUHOHHOrO MOTOKA.
3ta 3aBHCHMOCTD onpexnensiercs uuterpatoM (I,'7), KOTOpHA MOXHO BHIUHCAATL, Pa3-
6uB paccMaTpHBAaeMBIfl ITaCT HA HECKOJsKO yacTefi BhicOTOH Az, B Xaxiof M3 KOTO-

i1



PbIX MOKHO CullTath Ko3(podHuuueHT (HALTPANUH NOCTOSIHHBIM (PaBHBIM CpefHeMY
auayexuio k; ). Torna mpu pa3buBKe Ha 7 yyacTKOB

.4 Z:
(p=k1(h--;§—) Azl—i—kg(h-«-f')z&zz'& +k,,(h-321) Azn, (1, 13)

TJe 2, — paccTOMHHE OT LEHTPa N:HOro CHos Jo BOxoymopa. Bluncass nanee Be-
JAHUBHY @ B OTHEbHBIX TouKax no ypasuennio (1,12), Moxuo, noabsysich rpadurom

T y/
a Mercoemald % K, wioym Mexcocmad) %, K, mjcym Mercocmad, § K, mfcym
729 sziﬁd:ﬂfﬂﬂ 2!’ lo" 7 2!57 i{{ﬂﬁ%’ﬁ 12 4% 0 204056807091 2 74
- 3 ST TSN S i 4 1 I_ i ! i1

g - - . pa
-] sl -t . 1\

x 4- R .. \
3 - B .. ]
N 5 B \ . !
8 N R UE A
S e S g \
$ a B \ .
N = 2
3 NI
S, H Ly
s F L
Y
§ 37 - (o B+
>
NI Puc. 2. Jlaunbie THTOBBIX  pacyeTon

KPUBHX jenpeccufi Aas JepoGepeXxbs
Bounrorpaackoro Bojpoxpannauma {43).

¢ a — JIuarpaMMbl CPeIHEro TPaHyJoMeT-
M DHYECKOTO COCTaBa M KO3(OuIHEeHTOB
20+ OUIbTPAUNH  AJMNIOBHAJBHEIX  MECKOB
19 [43]: ] — coBpemenunle  OTJOXEHHH
- > (al2Q 1), 11 — BepxueyeTBepTHUHbIE
7%+ 2 /f ornoxennst (al Q %), 111 — Bepxue-
77k \/6’7/ / YeTBEPTHYREIE OTJOXKEHHS (al Q }n )%
L 7 1~cymMa dpakuuil Menee 0,05 Mmm;
7% \//_/ 2 2 — dpakuus 0,05—0,25 mm; 3 — dpak-
15+ 7 una 0,25—0,5 mm; 4 — dpaknus Kpyn-
}7)‘ 4 née 0,5 mm.
/4 - 4 6 — KpuBuie Jernpeccuy, - HOCTPOEHHHIE
4 p
I y/ L7t MOTOKa Adumok L MexJy ceuenwd-
7 MH € ray6umamp notoka M=10 # n
7+ 4 hy=20 m: 1 —no napabone iomowu;
/ 2 —mno ¢ynkuuu TupHHCKOro #jd OT-
A aoxennit Qpy, - TO XKe AJA OTAOKe-
77 P SN SN SO W SO TN W S I 1 auit Q }H, 4 —no npaMo#t JuHuu (TO-
2 47 42 43 4% 45 96 47 98 48 10d CToSiNHAs DPOBOJMMOCTH M/ACTa)

cBsian @ (h), HaliTu 3HauenHs A B 3TMX TOuKax. Kpusue nenpeccui, NOCTPOEHHBIE Ta-
KHM 00PasoM, a Takke Mo 3aKOHY MpAMOM AumMm W mo mapaGose Jliomion npuBeneist
Ha puc. 2,6. Kax suaHo, gaxe Npy OTCYTCTBHHM TIOKPOBHOTO CJOS pacueTsl NPH MO-
CTOSHHOM MPOBOAMMOCTH XAIOT NPHMEPHO TaKoe Ke DPacXoXAeHHe C HeACTBATE bHbI-
MH JHaBHbiMH, KaK H 00BI4HO npuMensgeMbie B TAKHX CIy4asix pacucTsl 448 OLHOPOXA-
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soro noroka. Eme 6amKe K npaMolt JMHHH DAacTioJaralotcs XpHBBlE IeNpeccHH, Mo-
CTPOeHHBIE JJI cpejHeyeTBepTHUHBIX (al Q?“) OTJIoXeHHH, TIOCKOJBKY B 3TOM cay-
uze HameHenue xo3hduuuenTa GUALTPAUHUH ¢ rAyGUHOR NPOHCXOMNT eille Golee peaxo.

J0oBONBHO YacTO NMPHUXOAHTCS TaKXKe BCTPEYAThCA C YCAOBHUAMY,
KOTJla BOJIOHOCHHIE .IJ1acThl OO0J2Jal0T NeCTPOf M HepeJKO Hea0CTa-
TOYHO H3YYEHHOH HEOJHOPOJHOCTBIO, a BOJOYNOD DE3KO MEHseT CBOH
OTMeTKH. B KayecTBe NpHMepoOB MOXKHO YKa3aThb Ha TEpPPHUTOPUH, mpH-
JAeraromue K Boaro-Houckomy kauany um. Jlenwna [18]. B rtaxoro
poia ycJ0BHAX, NO-BHAMMOMY, Takxke 6o0lee NpEINOYTHTENBHO BBO-
JAMTb NPEANOCHUIKY O TIOCTOSIHHOH NPOBONMMOCTH NJACTa, NMOCKOABKY
3TO NO3BOJIseT YIPOCTUTb TEXHHKY PACUETOB H OOBIUHO OBecrneyHBaer
HEKOTODHIN 3amac Npu pacuerax NMOANOpa TPYHTOBHIX BOL.

Ipu necTpoM M CJIOHCTOM 3alieraHHH IIaCTOB CYLECTBEHHO MOXKeT
MEHSITbCS M BEIHYHHA W B 3aBHCHMOCTH OT TOTO, B KaKOH CJI0H moma-
JlaeT KpHBas nenpeccHd. JTOT (DaKTOp OGHLIYHO HE YYMTHIBAETCHA NPH
THAPOre0JOTHYECKUX pacyeTax.

Taxkum o6pa3om, MOXKHO clieJiaTh BHIBOJ O TOM, Y4TO npu AuUHeapu-
3ayuu YpasHerus NAAHOBO-NAOCKO20 NOTOKA, KAK NpAsuAp, Heaeco-
06pasHo NpuMenaTs cnocob, ucxol0awjuli u3 Yycao0eus NOCTOAHCTEA
nposodumocty nAacTa, U AUl 8 PeOKUX CAYHAnx, Koada mMoxcHo 060-
CHOBATb CXeMYy OOHOPOOHO20 UAU 20PUBOHTANLHO-CAOUCTO20 NAGCTA,
caedyer npumenars O pacuera ynxyuwo U=0,5h? uiu pynxyuro
Tupuncrozo g.

Ananus npupOAHBIX YCHOBHH NOK23bIBa€T TAKIKE, yTO NPH pacue-
TaX PeXHMa IPYHTOBLIX BOX HA MOATOIJISIEMBIX TEPPHTOPHAX BAHSIHHE
HEJHHEeHHOCTH HcXonHoro aupdepenunanbuoro ypasHenus (I,2) ne
HMEET Cepbe3HOro 3HaueHHs, TIOCKOJbKY BIHSHHE KoJebaHuil ypoBHefl
Ha NMPOBOJAHMOCTb OKAa3bIBAETCS 3HAYHTENbHO MEHBINHM, YeM BJHSHHE
HEOJHOPOJHOCTH MJ1aCTa H HA TMPOBOAUMOCTD, ¥ Ha KO3(hHIHEHT ypOB-
HENnpOBO/IHOCTH.

DT0 NOJOXKeHHe B NOJHOH Mepe CHpaBeNJIMBO M NPUMEHHTENBHO K
pacuyeraM CKBaxuH, iie, Kak 310 noka3auo I'. 1. Bapeu6narrom [7, 9],
HEeCMOTpSl Ha 3HauuTelNbHble KOJeGaHHsT YpOBHEH TPYHTOBBIX BOZ,
O6HUHO JHHeapu3auusi ypaBHeHus (I,3) maer xopouide pe3yabTaThbi.

Hcxoas u3 3roro obuiero IOJTOXKEHHS, MOXKHO C/€1aTh BaXKHBIN
MeTOJHUECKHA BBIBOL O TOM, 4TO OCHOBHbLE pPACHETHble 3QBUCUMOCTU
caedyer npexde 8ce2o cOCTABAATG OAfL YCAOBUL NOCTORHHOL NpPOBO-
dumocru naacra. Bmecre ¢ TeM Bce NOJyuelHHe TakuM 06pasom 3a-
BHCHMOCTH HETPYJAHO PAcCNpPOCTPAHHUTb M HA YCJIOBHS OZHOPOLHOTO H
TOPH3OHTAJbHO-C/IONCTOr0 INJAaCTOB, 3aMeHAsl B 3aBHCHMOCTSX, 110-
CTPOEHHBIX JJA CIyuass NOCTOSHHOH NPOBOJMMOCTH, BEeJHUYHHBI HAIO-
poB H Ha COOTBETCTBYIOUIHE 3HAUEHHs BeJHUHH A%/2m — A OIHO-
poaHoro Ge3HanmOpPHOTO MOTOKA WAH BeAuuuH ¢/T — XA TOPHU3OHTAJb-
HO-CJIOMCTOr0 noToKa. Ecim e B OCHOBHble 3aBHCHMMOCTH He BXOJHT
MOIIHOCTh IIOTOKA #1, TO MOXKHO 3aMeHATH Hanopul H Ha cOOTBETCT-
Bylolilye 3HauyeHHs1 BequudH A2 uan @. [Ipu paccMOTpeHHH e MJIaHO-
BbIX 3alay GuiabTpaluH ¢ npuMenenneM Merona DIJIA B kauecTse
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NOTEHIHAJBHEX (QYHKIHME BHIOUPAIOT: AAf NOTOKA [MOCTOSHHON [POBO-
JAHMOCTH ~— HallOpbl H, A1 OLHOPOILHOIC 663Haﬂ0pH0r0 noToKka —
BeayuHHbl A2 W /I TOPH30HTATBHO-CJIOHCTOrO IIOTOKA — 3HAaYeHUS

(YHKIHY §.
§ 3. YPABHEHHE YNPYIoro PE)XXHMA oUJIbTPALLUH

Ynpyruit pexuM puabTpalliy BOSHHKAeT IPH U3MEHEHHH HarpyskH
Ha BOJOHOCHBI TJACT H 0cOOeHHO pe3Ko NPOABIAETCS B HAMOPHHIX
ropusonrtaX. OCHOBHI TEOPHH YHDPYroro -pexuma OblH 3a/J0XKeHbl
Ixeko6om (Jacob, [69]), a B manbueiiimeM 0oGCTOATENHHO Pa30GpaHbI
B Tpynax B. H. Hlenxauesa [64, 65] npumeHnTeqpHO K 3afayaM Hed-
TAHOH NOA3€MHOH THAPABIMKHM, TNpHYeM OOBIYHO pacCMaTpHBAKOTCH
3ajaul, B KOTOpHX >(dekTHBHAs HArpy3Ka Ha MNJACT H3MEHSETCH
TOJNBKO B 3aBHCHMOCTH OT H3MEHeHHA AaBJeHHs MKHIKOCTH B IJjacre.
BMmecre ¢ TeM u TeopeTuuecku#l ¥ NPAKTHYECKHH HHTEpeC MNpPENCTaB-
JISIeT H3YyyeHHe HPOLECCOB YIPYroro peXuma (QHILTPAUMH TIPH H3ME-
HEHHH WJIH Nepepaclpeje/ieHHH BHEIIHAX Harpy3oK IO KpoBJje BOXO-
HOCHOTO IJacra.

PaccMoTpuMm BEHIBOJ NJNaHOBOIO YpaBHEHHS YOPYroro pexuma
(GHIbTPALHY B HANOPHOM NJIACTE C YYETOM H3MEHEHHs JAaBjeHHi (Ha-
NpsKeHUH) P, Ha KpoBJe Njacra.

YBenitueHue Beca xupkoctd W B sieMeHTe [nacra efHHMYHON
JJIMHBL OTpeJieNiseTcss YpaBHEHHEM:

ow . _ 0 f, &
o ot (Y 1+¢ m)’ (I, 14)

rie € — KO3((QUUHEHT NOPHCTOCTH TPYHTAa; M — MOMHOCTb INIAcCTa;
y — oObeMHbIiT Bec XKHAKOCTH. ITOCKOIBKY B paccMaTpHBaeMOM 3Je-

m .
MeHTe BeJu4uHa Tre npexncraBaseT coGoil 00BneM CcKejeTa TPYHTa,
€

KOTOPBIH CYHTAETCH HEH3MEHHBIM, TO 3TY BEJHUYHMHY MOXHO BBIBECTH
3a 3nak nudepennupoBaHns u 3amucath ypasuenue (I,14) B Buge:

— == o () d, 15)

CBsiKeM Jajiee H3MeHeHHe OG'beMHOrO Beca XKH/IKOCTH Y H K03pdu-
HYeHTa NOPHCTOCTH & C W3MeHeHHAMH AaBiaeHmsi ¥upkoctd. CornacHo
3akony I'yka ajs Boas

E-N _4p a, 16)
Y

rie p — JaBjieHHe B KHAKOCTH; E —— MOAYJIb YIPYrOCTH IKHIKOCTH.
3aKOH KOMIIpeCCHH IpYHTa 3anuuieM B Buje, IPHHATOM B MeXaHHKe
rpyutoB [53, 58]

de = —a, dp,, (1, 17)
14



rie p. — RaBjeHHe, NepejaBaeMoe Ha CKeJeT TPYHTa; Gy — KO3(pdHu-
IIHEHT CXKHMaeMOCTH (YIJIOTHEHHS) CPYHTA.
3aMeTuM Tenepb, 4TO

dp =vydH, dp, = —ydH +dp,, (1, 18)

rie H — Hanop Boabl B paccMaTpHBaeMOM 3JIeMeEHTe.
Hcnonb3ys npuBefieHHble BBHIIIE COOTHOUIEHHS, MOJYYHM CJENYIO-

ljee BbHIpaxKeHue AJasg ——:

ot
(e
B (CROE S S
YpaBHeHue Gajianca BOAbl B HaHHOM caydae Gyler HMerb BHI:
= = e () — o (44,), (1,20)

Tle §x H ¢y — KOMIOHeHTH pacxona (HJAbTPALHOHHOIO MOTOKa, CBS-
3aHHBle ¢ HanopoM ¢opMmyJon ionoun:

e tm g

Bennunna ko3¢¢dunuenta dunbTpauun £ B o6ieM Bujge SIBJASETCH
yHK1Hel €, HO A% NeCYaHHIX TPYHTOB 3TOH 3aBHCHMOCTBIO OOBIUHO
MOXHO npeHeGpeub U CUHTATh BeJHYHHY & NOCTOSIHHOM !,

Umesn tdrxe B Buny ypasuenue (I,16), nafimem

F) g, N _ gy OH ¥ 7 oH )2
—— =—y—% g L =kmy—— +hkm-—(— ). (1,21

- (vg,) = —y Sk —q 2 v g, +hmL ( > 1, 21)

Cunrast HeM3MeHHBIM 3HaueHHe INpPOBOAMMOCTH mnyacrta km=T H
npenebperas nociaeAHuM uieHom Bripaxkenus (I,21) B cuay ero maso-
crd, 3anuiieM ypaBuenue (1,20) B BuIe:

o __ OH , H
2 -—\zT( T ) {1, 22)

IlpupasuuBas npaswle yactun ypaBHenuit (I,19) n (1,22), nonyunm
cleayioliee YpaBHeHHE YIPYTOro pexuma (puabTpaiuu:

OH _ (8 ®H N\ e Op
ot a( ax? + Ay? )+ vy ot 1, 23)

! B paGore [39) paccmarpuBaerTcs MeTOJMKA yueTa W3MeHeHHS K 3a CueT uame-
HeHUSl HAarPy3Kd Ha TUJIACT,
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rrxe Koa(p(dHUHEHT NbE30NPOBOJHOCTH & U NMAapaMeTp ¢ ONpeaeasiorTcs
BHPAXKEHHAMHU L;

ay

a= L Ay Q= ————— (I, 24)
8 €
Y ("'E + av) E +a,

Ina pemenus paga 3afau ygoduo, cienys ®. M. bouesepy, npex-
cTaBHTh KO3 OUIHUEHT He30NPOBOJHOCTH B TaKoH Ke (dopMme, KakK H
K03 UIlHeHT YPOBHENPOBOIHOCTH:

a=-"-, {1, 25)

rjae Pynp — KoaduilveHT ynpyro#i oTaaud naacra, KOTOPHIH onpefe-
JISIeT M3MeHeHHe KOJHYeCTBa XKUAKOCTH B eluHuIle ofbeMa miacra npu
H3MeHeHHH JaBieHusi Ha 1 m cronba xuakoctu [12]. Beanuuna pyyyp
MOXeT 3aBUCETh OT 3HaKa H3MeHeHus JaBjeHus, Ha 4TO OGpaTH/IH
BHumaHue I'. M. Bapeu6rarr u A. Il. Kpsuios [10].

Ananoruunoe ypaBHeHHE MOXKHO MNOJYYHTh A CIyyas, Korja
HMeeT MeCTO B3aUMOJefiCTBHe PacCMaTPUBAEMOTO BOJOHOCHOTO TJIACTA
% cocem)mmr yepe3 pasjensiollie UX OTHOCHTEJIbHO -BOJOYIOPHBIE CA0U

puc. 3):

OH _p(@H | @H . may Opy
Hynp 5 T(612+6y3)+1+8 61+
, o8 ) 9"
+ k& e -4 % Lo {d, 26)

rie H' u H” — Hanopnl B BepXHEM M HHXKHEM pPa3JelbHbIX CIOfX.
B ofuiem ciryuae 3Td HanopHl ONpPEAENSIOTCA C YYeTOM YHPYroro pe-
KuMa QuUABTPallud B pasfenbHHXx cnoax [63, 70], a ecnu Xe 3TUM
(axTopoM npeHebpeub, TO NPpHUXOAHM K cxeMe I'mpuHckoro—MsrueBa
[19, 37], Kornia MOXKHO CuMTaTh

po gt 00T B H oy
02 jz=m m’ 02 |2=0 m”
Torna ypapnenune (I,27) npumer Bux:
1 OH _ &H

- oH o O
a dt—0x2+6y2+ya a T

+ b} (Hy— H) -+ b} (H, — H), (1, 28)

! B, H. Wleaxauen [65] npuBoaMT HeCKOJBbKO MHoe BhIpaXkenHe Ans Kosdduun-
€HTa Nbe3cHPOBOAHOCTH, B KOTOPOM BMECTO KO3(dHIHEHTa CKHMAaeMOCTH BBOXHTCH
KO3(PUUHEHT YOPYroi CXKHMaeMOCTH.

16



rae

—
by = —
1 l/ kmm’

3

g =

(1, 28a)

kmm”

Ananus BAMSAHHA H3MEHEHHMS NAaBJEHHS Ha KpPOBJAI Ijacra NOA
JIeHCTBHEM HEKOTOPHIX BHEWHHX (akTopoB OyjAeT JaH NPHUMEHHTETbHO
K pelleHHI0 OTHe/bHHIX NpakTuueckux 3azay B ra. VII, § 5. Ocrano-
BHMCH TONHKO Ha BJMSAHHH KECTKOCTH BhIIIeJNeXallero KOMIJeKca
HOpOJ Ha XapaKrep YIPYroro pexuMa UAbTpaluH, MOCKOJABKY 3TOT
¢axrop B ofuwiefi Teopuu ynpy-
roro pexkuma paccMaTpuBaetcs %
JuIUb BechMa Oerdio.

B Teopuu ynpyroro pexuma
npenmnoJaraercs, 4To uU3MeHeHHe
NaBjaeHHS DUABTPYIOUICHCS KU~
KOCTH B KakoM-nubo CeueHHH
1JacTa BLI3BIBAeT [0 BeJHUYHHE
TOYHO TAKOe XKe U3MeHeHHe HaB-
JieHUsl Ha KPOBJIO MJacra OT Bhl-
mesexaimux nopox. Ilpd stom
npefAnoJsiaraercsl, YTo Bech Bhlllle-
JeXXKalnui KOMIJIeKe JIOPOX,  $iB-
Jastetcst Kak 6Bl a6COJIOTHO 1O~
JDATIABLIM, T. €. HE CONPOTHB-
aspoliMca  gedopMalHsIM CABH-
ra. B peficTBuTeNbHOCTH XKe W3-
MeHeHHe HaBJIeHHs Ha KpOBJe
TOPH30HTa OOGA3aTEIbLHO BHI30-
BeT NlepepacnpefiefieHde Hanpd-
KeHHH B TOKPHIBAOIHX ero
naacrax, Y4t0 B CBOIO Ouepexb
Oyner BAMATL Ha UX Ae(OpMaLUIO U nepefayy AABAEHHH HA KPOBJIO
paccMaTpHBaeMOro HallopHOTO IJiacTa.

310 nepepacrpesie/leHue HanpsKeHu# BbI30BET M3MEHeHHe 1aBje-
HHsl px HA KPOBJIO T1aCTa, Tak YTO BelHyHHa dpy/dt Gyfer yKe OTIHy-
HOH OT Hy/as. Jla1si ee BEIpaXKeHHst B 3aBUCHMOCTH OT YNPYTHX CBOHCTB
HOKPOBHBIX IIJIaCTOB CJE/YeT [aJjiee BOCMONb30BAThCsl CBA3BI0 MEXIY
HAaUPSKEHHSIMU Py u AedopMalusMy  3TUX IJaCTOB. Paccma'rpnaan
NOKPOBHBIE IJIAcTH .KaK OH B Buje Gajki, Jexaulefl HA ynpyrom
OCHOBAHHH, MOXKHO COCTABHTEL Cleayloliee ypaBHeHne.

»
Y M Vi
_’ //////’//////(/{' {/ DL L

e e | e

T T

Puc,. 3. CxeMa X TI'HAPOIHHAMHYECKOMY
aaamay B33KMOI(EI’ICTB)’IOIIIHX nacToB

{,t = f(E,, G, my, Py, X, 4, 1), (1, 29)

rae Ex u Gp— MOXYJIH ynpyroctTd M CHABHra MOKPOBHBIX TPYHTOB;
1y — MOUIHOCTh NMOKPOBHOTO CJIOf.
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1+¢ om e
Hmes B BHAY, 4TO —m ?t =—a7~, H YUHTbIBAasg YpaBHeHHUS

(I,17) u (1,18), npeacraBum saBucumocts (1,29) B Buze:

X oH
_(?!1“4 = Y Iy '_I‘+ ‘e_‘ f(Elh Gnv mnr pg’ x y! t) (Iv 30)

Ypasuenns (1,24 u 1,30) cocraBisilor 3aMKHYTYIO CHCTeMy, pellie-
HHe KOTODPOM MOXKeT JaTh OTBeT Ha IOCTaBJAeHHYIO 3ajauy.
B uacrdocTd, npu a6COMOTHO JKECTKOM MOKPOBHOM cjioe GajiaHC

BOJBI B MJIacTe MJOLIAAbI0 o Oynaer:
YOQ-—y—»—m—#j‘ X mdo, (1, 31)
(@)

rie Q — ofuiuil pacxoj BOAB, NOfaBaeMo#l B mIacT ¢ O0beMHHIM Be-
coM yo. Ecitu B (1,31) npeHeGpéub nocieIHHM uJI€HOM, TO

O __ 1t+e  y@Q
dt m vo (1, 32)
u ypasHenue (1,24) nanHMaeT BH]_{
oH 02H ,
M (T —6y;) —a, 1, 33)
a = FE. (1+e), o = QE(+e) (1, 33a)
ye ymoe

O6ocHoBaHue yCAOBMH, B KOTOPHIX MOXKHO NpeHeOperarbh XKecCTKO-
CTbIO NMOKDPOBHBHIX CJ0eB, TpeGyeT crelMaibHOro axamusa. Iloka uro,
MO-BHIUMOMY, MOXKHO CUMTATh NMPHEMJEMBIM JONyuleHHe 06 a6comor-
HOH NONATIUBOCTH NMOKPOBHOTO CJIOA B TeX CAyudfx, KOIJa pasMephl
30HBI BO3MYILEHHS NpH YIPYroM pexume GuibTpaluu no kpahHeii Me-
pe B HeCKOJIBKO pa3 GoJbllie MOIIHOCTH NMOKPOBHBIX IJIACTOR, NpHYeM
Jyyllle, KOHEYHO, KOTJa H3MeHeHHUs] HANOpPOB NPOUCXOAAT CpPaBHH-
TeJAbHO IJIABHO.

§ 4. YYET CONMPOTUBJIEHHSA JIO)KA PEK, BOLOXPAHHUJIHHE H KAHAJIOB

Kak ykaasiBajoch BHlle, HA YCHOBHA (OpMupoBaHUS (uiabTpalu-
OHHOTO MOTOKA BOAN3M BOROeMOB (peK, BOJOXPAHHUJHUILI, KaHAJIOB
U T. 1) 3HAYATENbHOE BJIMSIHHE MOXKET OKa3blBaTh (uAbTpallHOHHOE
CONpPOTUBJIEHHE JIOXKA BONOEMA, NpUyeM OCOBEeHHO Pe3KO 3TO BJHAHHE
CKa3plBaeTCAd HAa XapakTepe pas3BUTUd IHOANOpa TPYHTOBHIX BOA BO
BpeMEHH M Ha BeJUYMHe NPHUTOKA K CKBAXKHHAM, KOTJIOBAHAM HJIH
ApeHaM, 3aKnajbiBaeMbeM BOMU3u pek !

Ilpu ananuse BJUsIHUS CONPOTUBJIEHHS JIOXKAa BOJLOeMa cmenyer
paslensaTb ClydYad HaNWudsl Wad PasphiBa THUAPABAHYECKOH CBA3H

! BaxnocTb 3Toro (axTopa orMeuaercs, Hanpumep, B. M Tpuropsesnym [21, 22],
A. T. Jlukomuubiv u M. TT Cemenoseim [47].
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MeXJy BOLOeMOM H (UAbTpallMOHHBEIM noTtokoM. Ilpu oTcyTcTBuH THI-
paBAnyecKoll CBA3U BoJoeM OyldeT Kak Obl 30HO# HBODHILTPALUH,
HHTEHCHBHOCTH KOTOPOH 3aBHCHT OT IPOHHLAEMOCTH JIOXKa BOJOEMa.
Jtor cayuali xapaKTepeH AJs HeOOJBUIHX BOJOEMOB M 3KPaHHPOBAH-
HBIX KaHaJOB NPHU IyOOKOM 3ajleTaHuy YpOBHeH I'PYHTOBEIX BOA. Ilas
KPYHHBIX peK H BOJOXPAHWJIHIL XapaKTepHBIM sIBJAsIeTCS HajJuuue THI-
paBAMUECKOH CBs3W MeXIy BONOEMOM M (HNbTPALMOHHBIM MOTOKOM.
B sroM cayuae ynoGHBIM CnOCOGOM yueTa BJIHSAHHS CONPOTHBIEHHS
J103Ka PeKH ABASETCS CMEllleHHe ype3a BOJIbI Ha Beanunny AL, Kotopas
onpenensercss H3 YCJAOBHS, YTO NOTOK AAMHOK AL u mpoBopumo-
cteio T = km Gyner 3KBHBaNeHTHHIM B (GHIBTPALMOHHOM OTHOLIEHHK
JIOXKY PEKH.

Beauunna AL B OCHOBHOM 3aBHCHUT OT XapaKrepa HEOLHOPOXHOCTH
J10%a PeKH M N0 CyIleCTBY MOXeT PaCCMAaTpPHUBATHCS Kak FHAPOreoJso-
THYeCKU# mapaMerp, KOTOPHIH MOJXKEH ONpeNeNsThCsA 1O NaHHBIM cre-
HUANTBHBIX H3bBICKAHHH.

Jis npocrefimiux cxeM CTpPOEHHSI JIOXKAa DeKH MOXHO NPHBECTH
aHaMUTHYECKHE 3aBHCHMOCTH [7s onpeneieduss BeauuuHel AL. Tak,
IpU ORHOPOJHOM CTPOEHHH J0XKa peKH BeauuuHa AL cocraBiseT npH-
MEpDHO NOJOBHHY MOUIHOCTH IJIACTA M Yallie BCEro ei0 MOXKHO MpeHe-
6peudb Npu pacuerax.

HauGonpiunii nHTEpEC NpelcraBiseT OOLIYHO JBYXC/AOHHOE CAOKe-
Hue JoXa pexu (puc. 4,4), KOrxa OCHOBHOH BOJOHOCHBIH IIacr OThe-
JsieTcss OT peKH MajonpoHHLaeMbiM cioeM. Breipaxkenne mas pacxo-
Aa g, BbITeKalOIero W3 pekH, AJis 3ToH cxeMbl uMmeer Bux [21, 23]

kmAH-i—--ﬂ— 90
g = cha
L+ A

A= l/ kmmy tha, o= B ]/—-’L. (1, 34a)
kl kmml

3aMensisl e CONPOTHBJEHHE N0XKA peKH BeluunHoi AL, BHIpasum
pacxoi B BHIE:

) (1, 34)

_. fmAH {1, 35)
L4 AL
Pemas coBmectro (1,34 u 1,35), naiinem Bolpaxkenue aas AL:
AL=A(1—~—-—I----3"—). (1, 36)
che q

Kax Buzano, Bennuvna AL B o6uieM cayude 3aBHCHT He TOJBKO OT
(buABTPALMOHHBIX M I'eOMETPUYECKHX XapaKTepHCTHK Iacta, HO H OT
COOTHOIIEHHS! PacXofoB, puabTpylolmuxcs B Geperax pexku. Tak, Ha-
NpUMep, NPH OXHOCTOPOHHEM JABHXKeHHH moToKa (go=0)

AL=1/ #"™ oth (B l/ —l’L). (1, 37)
kl kmm1
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Ilpu cUMMeTPHYHOM ABHKEHHH NOTOKa (go=—¢)

_ kemm, B L
AL._l/ 4 (2 ]/ kmml). (I, 37a)

OnxHako Aas KPYNHBIX peK BJHsSHHE COOTHOLIEHHS ¢ofg OGBIYHO
HepeJuKo. Tak, npu a>3 MOXHO CUHTATH BO BCEX CJAyuasx

AL = ‘/ fmmy (1, 376)
k1

Hepenko BerpevaloTes TakXe YCJIOBHS, KOTAA TPOBOAMMOCTD /A=
cra TOJ BOMOEMOM OKa3biBaeTcss MeHblle, 4eM B OCTaNbHO YacTH
BONOHOCHOro mJjacta. B srom cayuae (puc. 4,6) npu OZHOCTOPOHHEM
ABIDKEHUH IOTOKa

—_— i
AL = km 'l/ P -cth (Bl/komoml ) (1, 38)

MPH CHMMETPHYHOM JBYXCTOPOHHEM JBHXKeHHWH

AL =kmY/ —™ _.cth (:‘?. ]/ mﬁ.—) (1, 38a)
k]_koﬂlo 2 komymy
a nas Goabliux BopoeMos (a>>3)
AL = km‘/ (1, 386)
omnkl

Hnas cxemm, u3o6paxenHoit Ha puc. 4,8 (5Ta CXeMa UMeeT MecTo,
HampuMep, B TOM cjayuyae, KOrja Ha 3aToljisieMoit NofiMe MMeercd IO-
KPOBHBIH CJIOH, a B pefefax pycia ero Het, H peKa Nnpope3aer OCHOB-

HOH BOJOHOCHBIH nJacr),
ks th (3 l/ ) (1, 388)
kmmy

AL._‘/

B 3akmioueHue ellle pa3 OTMETHM, UTO CJOXKHOCTH CTPOEHHS JOXKa
pex (BOIIOGMOB) H HeAOCTATOYHOCTb NaHHBIX THAPOreOJOrHUeCKHX
M3bICKaHHH 1a/IeKO He BCerja NMO3BOJSAIOT YeTKO YCTaHOBHThH (uAbTpA-
IHOHHYIO CXeMYy JIOXKa peKH u -OupefeNnTh BeduunHy AL teoperuue-
CKMM nyTeM. B cBsidu ¢ 3TuM Haubojee HaJeXHLIM clIeyer NPH3HATH
crnocod HemocpeACTBEHHOrO ONpefefeHuss Beauuunbl AL 1o naHHBIM
peXuMHHIX HabarogeHufi (3T1oT Bompoc paccmorpen B ra. III).

§ 5. O MOLEJIMPOBAHHH NJIAHOBOM HEYCTAHOBMBIHEHCSH
PUJIbTPALLHHU

Hast MOIenHpOBAHHSA TJIaHOBON HeycTaHOBHBIHef/’ICﬂ duasTpauuu
O0BIYHO HCNOJAB3YeTcsi MHApaBandeckuin uuterpatop B. C. Jlykbauosa
{14, 35]; B mocaennee BpeMst Bce Ooabliee NpHMeHeHHe HAXONAT
3JieKTpoHHTerpaTophl ¢ cetkamu R u R—C [16, 24, 38, 68].
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B ceTOYHBIX HHTErpaTopax CHJIOWHOH HIBTPALHOHHBII HOTOK
pasbuBaeTca Ha OTZeJbHbie 0JIOKHM M MOAEJHPYeTCs CeTKOH CONMpOTHB-
JIEHH#, NPONOPLUHOHANBHEX (DHJIbTPALHOHHBIM CONPOTHBIEHHAM MeX-
Ny OTAeNbHbLIMH GJIOKAMH, H eMKOCTefl, IpONOPUHOHAIbHEIX eMKOCTAM
6/10KOB (BepHee, MU3MEHEHHS eMKOCTeH Ha MOReNdX ROMKHBI GBHITh
HNpONOpUHOHAJIbHE H3MEHEHHSIM COOTBETCTBYIOUIHX €MKOCTell GJIOKOB).

QuabTpalHOHHOE CONPOTHBJeHHe P KaKoro-iuGo yyactka HMeer
obuiee BHIpaKeHHe:

¢ 3 -—-—’»««1 N 39
0 (1, 39)

roe AH — moreps Hanopa, HeoGxoanMas JJist PONYCKaHH# Ha 3TOM
yuactke pacxofa Q.

ITocxonbKy IJisl NJIaHOBO-IJIOCKOTO NMOTOKA pacXof Q Mexny LEHT-
paMu 1ByX GJIOKOB MOXHO 3alucath B BHJIeE!

Q=T Af’- , (I, 40)

rae { u b — paccTosinue H CpefHssl MIMPHHA NOTOKA MEXAY LeHTpaMH

6s0K0B; T — cpelHss NPOBOXUMOCTb IJIACTA B 3TOM XKe NMPOMEXYTKe,
TO B 3TOM cJayuae cordacho (1,39)

4

D= e, I, 41

- 1, 41

s ogHomepnoro B niaHe noroka b=1 u, [=Ax (Ax — paccros-
HHe MeXJy NeHTpaMyu GJOKOB) H

Ax
D= -5 (I, 42)
Insa pagnanpHoro motoxka (puc. 5) BelIHUHHA CONPOTHBIEHHS Golee
TOYHO onpexefseTcs PopMmynoi:

By = —In Tt (1, 43)

2aT e

r— i —7;

Tlpn -i—r~j{—7-5—<l ¢ TouHoCThIO A0 5% u npum %]€:L <05 ¢ Tou-

[ ot i—
soctblo 10 1% Moxuo noassoBathes dopmyaol (1,41) u aas paauans-
HOro NMOTOKA.

ITon eMkoctsio Gioka C nompa3ymeBaercs KOJMMUECTBO BOABI, KO-
TOpOe MOCTyHnaeT B OJIOK WM BBITeKaeT u3 O/J0Ka fpH H3MEHEHWH
YpOBHs1 BOABI B HeM Ha 1 a1

Taxkum oGpasom,

C = pFe,, a, 49

rae Foq — nuomans 6aoxa.
22



[Ipu cocTaBiieHHH CXeMBI THADOMOJENH 1Jsi MOIEAMPOBAHUS HA
TiIIDOHHTErpaTope BeNHUYHHBI THAPABJIHYECKHX CONPOTHBJEHHH p H
eMKoceTell ® onpenensiitoTca U3 VCJA0BHA:

p= G’Pé; 0= a(l)c’ (1,45)

Tle ¢, H Oy~— MacliTabu CONpOTHBJEHHH U eMKOcTed.

BeqvuuHBl O, H 0Op 33AOT M3 YCJIOBHS, UYTO NOAYYalOUIHecs
BEJIMYHHB 9 B @ YyKJAajapiBaioTrcs B ManasoHe HX BO3MOMHBIX
3HAYeHWH Ha THAPOHHTErpaTope.
[lpu wucnonb3oBauny OGHIYHBIX
TPYGOK CONPOTHBAEHHH BeJHUH-
HBl p CledyeT 3azaBaTh B Aua-
nasore 0,1—1 mun/cm? (B Kpai-
HeM CJyuae [OBOAHThL 3HAUeHUd
p no 0,05 murjcm?, npH . MeHb-
LINX 3HAYEHHAX P pacueThl BeCTH
He peKoMeHIyeTcs H3-3a BoO3pa-
CTAlOUIUX MOTPEeHIHOCTEH Moje-
JHPOBAHHUs), 8 BeIHUUHB O YCTa- Puc. 5. Brox papuansHOTO MOTOKa
HaBJAMBAIOTCSI B TNpefenax oT
0,5 no 36 cu? (yBenuuuth ® MOXKHO NMOJKJAIOUEHHEM ONOJHHTENbHBIX
eMKocreii).

KpoMe TOro, snauenus o, H Oy YTOUHSIOTCS M3 YCOBHS MOJyde-
HHA YA06HOTO Macturata BPEMEHH G, KOTOpBIf mpejcTaBasier co6oM
OTHOIEHHEe BpPEMeHH .B HaType Ko BpeMeHn Ha Moxean. Ilas atoro
cielyeT BOCNONb30BAThCsA (OpMYJIOH

@ = {1, 46)

Ang yuera u3MEHEHMS NPOBONUMOCTH NPH KoaAeOaHHSIX YpOBHs
BOAb B GJIOKe. NOMKHA ObITh COCTABJAEHA 3aBHCHMOCTH NPOBOJHMO-
cru T or Hanopa (ypous Boxbl) B 610ke H. Ilpu 51oM rmpomoaenb
NpeBAPHTENLHO PACCUMTHIBAETCS HA HayajbHOe MOJOXKEHHe KPHBOH
JENPECCHH, KOTJa NPOBOXHMOCTSIM To COOTBETCTBYIOT CONMPOTHBJEHUS
po. Ilpu usmenenuu Hamnopa B 6a0Ke onpeﬂemmr COOTBETCTBYIOILEE
3gaueHue NpoBoAUMOCTH T M yCTaHAaBAMBAIOT HOBOE COMPOTHUBJAEHHE O
W3 YCJOBHSA:

Ty
= . , 47
[y T Po (I, 47)
Ecan noTox no BepTHKANH MOXET CUHTATHCS OAHOPORHEIM, TO To=khy,
T=Fkh n

ho

p=—"fo (1, 47a)

1 oaHOpPOAHOrO MmO BepTHKAJJH NOTOKAa Ha TOPH30HTAABHOM BOJO-
yrnope ynoGHO B KauecTBe pacueTHoi (MomendpyeMoii) (GYHKIMH BHI-
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6patb /o h%. B stoM ciyuae OHABTPALHOHHOE CONPOTHBJAEHHE YyyacT-
Ka omnpenensiercs no dopmyie:

@ = A% (1, 48)

rae Ah? — pasznuna Beauuud A? Ha TpaHMlAx YYacrka HpH NPOXOKIe-
HHU 4epe3 Hero pacxofa Q. B srom cayuae mast onpefenenust @ Mox-
HO NOAb30BaThcA B uactHOcTH (Qopmynamu (1,41—1,43), 3amenss
TOABKO B HUX NpoBORMMOCTh I Ha ko3todulinedt GuapTpaluu B pac-
cMaTpuBaeMOM cedueHuH k. B ToM cayuae, ecau moTok GJH30K K OXHO-
POIHOMY (HO OZHODOIHBIM BCe XKe NPHHAT ObITh He MOXET), a BOXO-
ynop GJH30K K FOPH30HTAJbHOMY, MOXET 0Ka3aThCsa LeJecO06pa3HbIM
BBeneHHe (QyHKUHuM FI?, npuyueM NJOCKOCTb CPaBHEHHs HAIOPOB TPH-
ypOUMBaeTCsl K CpegHeMy mnoJoxenuio Bopoynopa. Ilpu stom ypas-
HeHHe TJIAHOBOH YCTAHOBHBUIEHCS! QUAbTPALMM NPUBOAMTCH K BHIY:

0 [y OH2 8 [+ oH2
O (poHEN, O (g oHN o, I
ax k 6x)+ Gy(k dy )+w 0, (1, 49)
F=-L,
H

rae k— ocpeaHeHHoe 3HaueHWe Ko3(pdulmeHTa GUABTPAUHH, KOTOPOE
Npy 3a/laHHLIX BBIIE YCJHOBHSAX JONKHO CPaBHHTENbHO cJaBo 3aBH-
CeTh OT NOJIOMKEHHS YPOBHS BOJHI.

B takoil mocTaHOBKe pemieHHe 3ajauM TOXKe NPUXOANTCS_HCKATh
noxGopoM, HO nogbop obaeruaercs caaGoH 3aBHCHMOCTBIO k2 oT H.
Bennunxa QUABTPALMOHHOrO CONMPOTUBJEHHS ONpeaeasercs 3fech Tak
e, KaK 111 OHOPOAHOTO MOTOKA HA FOPH3OHTANBHOM BOAOYNOpE, HO
B KayeCTBe Kos(houunenTa QuIbTpalny NPHHAMAKIOT BENHUYHHY &, 15
KOTODO#i M0/1e3H0 COCTaBUTh TpadHK 3aBHCUMOCTH OT Hamopa H.

B ycaosusx meycranoBuBlleiics ¢uabTpaunn auddepenunanbroe
ypasHenue (I,2) ananoruyHelM nyTeM NpPUBOAUTCH K BHAY:

O fF N, O (F O o B OH
ox (k ox >+ dy (k dy )~¥ 2w H a (I, 49)

Pemas 3to ypasuenne otnocurenbno ¢ymkuuii H2, crieiyer, ompese-
JAsis CONPOTHBJECHHUS NOTOKA TaK e, KaK U JJia YCIOBUH YCTAHOBHB-
neiicss uabTpanHH, eMKOCTb G10Ka BHYMCHAATD N0 hopMye

C = .*‘7’}:‘-. (1, 50)

B s1oM cilyuae eMKoctn yxe 6yAyT NepeMeHHBIMH BO BpeMeHH, H
NpH_MOAEIHPOBAHHH HX HAJ0 NMOCTENEHHO NMepeKaYaTh.

s pacueToB MAaHOBBIX 3a4au HEYCTAHOBHBINeHCS (HABTpAIHH

Ha anekTpoudTerparope tHna dM-12 uau MCM-1 MOXHO Bocnosb3o-

BaTbCsA cXeMoi cetku JIu6mana [28, 29, 34]. dus sroro ypasHenue nna-

24



HOBOJI HeycTaHOBHBIIefics (UAbTPALUH 3aMEHHM CJIeAYIOMHM KOoHed-
HOPA3HOCTHBIM YpaBHEHHEM:

N H,—H H
P i S Y (1, 51)
=1
rae H; — Hanopel B ueTeipex coceflnHx 6J10KaX B paCueTHBIH MepHOX
BpemenH; D; — QUALTPAUHOHHbIE COMNPOTHBJICHUS MEXJy COOTBETCT-
BYIOLUHMH énoxamn Hy w Hy_at — HAnopw B UeHTpasibHOM GJIOKe B
pacueTHBIi MOMEHT BpeMeHH [ H B HEKOTOPHIl NpelbAyIuii MOMEHT
BpeMeHu f—AL
Ypaeuenuune (1,48) monenupyercs ceTKofi compOTHBJMeHMH, npex-
cTaBjeHHOH Ha puc. 6, rle K OOLIYHON CeTKe CONPOTHBJIEHHIT
R;(Ri, Ry, R3, Ry) noGaBasiercst «BpeMeHHGe» conpoTuBaeHue R;.
Bananc Toka AJs 3T0# CETKH omnpenessieTcss ypaBHeHHEM

e T (1, 52)
=1
Ecau B ypasuenun (1,49) moaoxuth

At
R; =og®; n R, =ag

P‘Fé.n’

1, 53)

Tde aprp— Macmrald cOMPOTHBIAEHHH Ha 3JeKTPOMHTerpaTtope M, 3ajiaB
najee MacwTab MOTEHUHANOB Oy

U=ayH,, U =oyH,, U = oyl u, (1, 54)

ob6uapyxum, uto ypaBHeuus (I,51 u [,52) okaxyrcs ToXAeCTBEHHHMH,
Taxum ob6pasoM, ecnd cobpaTh CeTKY CONPOTHUBJEHHH IO CXeMe
Jlu6maHa 1 3afaTh Ha KOHIAX «BDEMEHHLIX» CONpPOTHBJEHHH 3HaYeHHUs!
NOTeHIWAI0B, COOTBETCTBYIOLIHE HX pacnpeleseHHI0 Ha H3BECTHBHIN
npeabiIymnit MOMEHT BpPeMeHH, TO B y3/1aX CONPOTHBJIEHHH noJdayya-
I0TCca 3Ha4YeHWsT NOTEHIHAJN0B Ha
pacueTHbli MOMEHT BpeMeHH, OTJIH-
yawomyics OT npeAblayliero Ha
IPOMeXYTOK BpeMmeHH Af
CaienoBarebHO, Npu  pacuerax
HeyCTAaHOBUBIUEHCS (DUABTPAUMH TIO
cxeMme JiuGmana caegyer mocie co-
CTaBJIeHHsI COOTBETCTBYIOIICH CeTKH
pa3buTh pacyeTHBbIi NEpUOX BpeMe-
HH Ha HECKOJABKO INPOMEXYTKOB
BpeMeHH Af W 3areM mocenoBa-
TeJMbHO AJid KaXJO0rc InpoOMexyTKa
BpEeMEHH Ha KOHUIAX <«BPEMEHHBIX»
CONPOTHBJAEHHH 3axaTbh 3HAYeHHS
NOTEeHUMAJOB Ha NpejblAyIliHi Mo- Puc. 6. Cxema cerkn Jlu6mana

25




MEHT BPeMEHH, a Ha IPaHHIaX — 3HaYeHHs NMOTeHLUNAJ0B HA pacyeTHH
MOMEHT BPeMeHH; IPH BTOM B Y3JaX IOJYYaTcsl 3HAYCHHA MOTEHHAN0B
Ha pacueTHbI MOMeHT BpeMeHH (uepe3 Af).

- Beanuwny Af npu Heu3MeHHBIX {MI‘HOBGHHO H3MEHSIOHXCa) rpa-
HUYHBIX YCIOBHSX MOMKHO 3a1aBaTh PaBHOH /3, T. €. 10CTATOUHO BECh
NepHoj BpeMeHH pa30HTh HA TPH NPOMEXYTKA; IIPH NMEepeMEeHHBIX rpa-
HHYHBIX YCJIOBHSIX 3aZaHHe BeJHUHHB Af clefyeT YCTAHABJIMBATH TaK,
yToOBl I'PaHHYHBIE YCIOBHS OBIH OTOOpaKeHbl HAa MOJETH AOCTATOYHO
HOApOéHO (B mpenenax oinoro Af rpaduKn U3MEHEHHS TPAHHYHHX
YCAOBHH JNOJIKHB JOCTATOUHO TOYHO 3aMEHSThCA HPSIMON JHHHEH),

ConocraBienue pacueroB no cxeme JlubMaHa co CTPOrMMH pellie-
HUSIMH JUIs1 THMHEHHOH M paalaNbHBX 33734 NIOKAa3ano, 4To, C/i MeX-
Ay rpaHullaMu NOMeIlaTh He MeHee YeThipex GJOKOB, TO NPH peKOMeH-
JOBAHHOM BhILie 3afdHHH Af oBecneudBaeTcs TOUHOCTb PacyeTos Iu-
panka 5%.

Pacuerst mo cxeme JIu6MaHa MOrYT OCYIECTBASTLCH HE TOJNBKO HA
CeTOYHOM UHTerpaTope, HO ¥ Ha cniomHux Mogensx STJA, mpuuem
B STOM c/yyae CONPOTHBJEHHS MOIYT H3TOTABAHBATBCA M3 3JIEKTPO-
npoBonHoil GyMmaru (1p¥ HU3rOTOBJAEHMH CONPOTHBJAeHHHA u3 OGymaru
cjleyeT TOJNbKO CTPOro NpPOBEPATH ee 3JICKTPHYECKYIO0 OJHOPOJHOCTB,
cTabuabHOCTE CONPOTUBJCHHH B Npollecce MOAENUPOBAHUS W HaJexXK-
HOCTb KOHTAKTOB MEX[IY  OTHEJbHBIMH JHCTAMH).

s pemenus niaHOBBIX 337134 HeyCTAHOBMBLUeHc (uAbTpaiuy
Ha Mojxeasx DA u3 31eKTponpoBOAHONA OyMarn aHaJjOrHYHAs MeTo-
nnKa HezaBucuMO ot Jlu6mana Opia npegnoxena C. H. Hymepo-
BbIM [40]; IpUMeHHTENBHO K JJIEKTPONUTHUECKHM MojensM 2 A oHa
paccMarpuBanace M. M. Tereanbaymom u . A. Enpmerazom [55]

PazsuBast 3Ti npensioxKeHus, pazpaboTaeM MeTOAHKY MOIEIHPO-
BaHUS MJIAHOBOIl. HEYCTAHOBHBIIeHCs (UAbTPAUWH HA OyMaXKHBIX MO-
nensx ATA ¢ JoAk/IIOYeHHEeM BPeMEHHbBIX COMPOTHBJEHHI MO CeTke
¢ marom Ax gepes 3MeKTpoibl pajuyca re’.

i OLeHKH MOTPeLIHOCTH, CBS3aHHON € MHCKPETHHIM 3ajaHHeM
BpeMeHHBIX CONpPOTHBJACHUH HA CIVIOUIHON MOJENH, CONOCTaBHM H3Me-
HeHMst YPOBHsi B HeOTPAaHHYEHHOM INOTOKe IPH CIJIOUWIHOM H JAHCKper-

o . OH
HOM 3alaHHH BPEMEHHOH NPOU3BOJNHOH ? B npeneaax OJFHOro iuara

Af, C‘{KTaﬂa}_}e&iSMeHHHM CyMMapHHii GajgaHc NOTOKa (TPH AHCKPETHOM
sajaHin - COOTBETCTBYIOIMH elf pacxox Q; nojgaercs no paBHO-

MepHOIii ceTKe ¢ maroMm Ax).

B cuay BcecTOpOHHeli CHMMeTPUM BMECTO CeTKH 3JeKTpPOIOB B
HeorpaHHYeHHOM NOTOKe pPacCMOTPHM OJMH 3NEKTPOHd B KBaapaTe pas-
MepOM AX, OKpYXXeHHBIM HeNpoHHLaeMofi rpauulieli. B 3ToM cayuae
nopsliieHe ypoBHs H  Ha PacCTOSHHHM 7 OT LeHTPa MOXHO Ofpele-

' C. H. HymepoB pexoMeHZyeT 3alaBaTh BDEMEHHBIE CONPOTHBIEHHS Hak/IeH-
BaHHEM Ha MOJe’b elle OJHOTO JUCTA GYMary, HO 3Ta CXEMa TexHH4YeCKH HecoBep-
ilenHa.
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Ax
JHTh, KaK I/ «GOUKH® PajUyCOM 7, == i 0,56Ax , BocnoAB30-

BaBuIMCL pemteHneM Mackera [36], cornacno xotopoMy npH '%ti“>0’l
K

= Q& [ga I 07540 (L)’} 5

H= =% [2 ; 02— 075+05( ). (1, 55)

Ho u3 yenoBus HéM3MeHHOCTH 00Iiero 6ajaHCa NpH CHJIOIIHOM H
IHCKPEeTHOM 3afanuu 0H /0t

ey AH A
Qf’—p' At Ax»

rne AH —noabeM ypoBHs 3a BpeMs Af npH CIVIONIHOM 3ajiaHuH
0H/ot. Torpa

- _AHAR e RAY
H, = H+ - [mr 0,75+0,5<,K)], (1, 55a)

rae H — cpexnuit Hanop B npenenax 6J0Ka.

OueBHIHO, YTO OTHOCHTENBHYIO Pa3HHUY & MOXKHO [P 3TOM oOlle-
HUTB N0 opMye:

—uﬁﬁ:}{‘: sz‘ ) -_""-:——
= = = 1, 56)
F(7) = 0,3661g — — 0,12 - 0,0872. (1, 56a)

3HaueHus f(?) MOXHO HAHTH NO CAeIYIOIUM JaHHBIM:
r 0,1 0,2 0,33 0.4 0.6 1,0
6] 0,25 0,14 0,06 0,04 --0,00 —0,04

Ecn HCKJI0UHTH B3 3aMepOB OGjacTb BOJIHM3M CKBaXXKHHBI B Pajuy-
ce /s Ax, To MaKkcuMaapHaa OIHOKA Ouaxec COCTABUT:

Ax?
Oyae = 0,04 =7
Takum o6pasowm, ecau 3ajgaBath
f;:< 1-2,5 nan Ax < (11,57 adt, {1, 57)

T0 omubKa 3a cueT QHCKpeTHOCTH 3anauua dH/[dt ne 6yner npesocxo-
Autb 5—10% OT H3MeHeHust YPOBHSA B NaHHOM GJOKe.

CreunuyHbM B TaKOM MOJEIHPOBAHUH ABASETCS TO, YTO HAMOPH
B Y3/I0BBIX TOYUKAX He COOTBETCTBYIOT CpeNHEMY Hamopy B Mpemenax
OTHOCSIIEACH K Hell Mnoildakd Mmogmenu. JlomomaurenbHoe ¢uabTpa-
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unoHuoe conporuBienue A®., Bui3bIBaONIee TaKOe HECOOTBETCTBHE,
onpepenutcst cornacHo ([,55a):

H.—H 1
o Hemd 2 I, 58
ao Bt Ly, (1, 58)
f.=0,3661g L — 0,12, r, = 0,56Ax, (I, 58a)
re

rie H; — Hanop, cOOTBeTCTBYIOIUMIT MOTEHUMANY HA 3JEKTPORe, rc —
panuyc saektpona (pasymeercs, Ax U ro Opd pacyerax Cjaeayer 3ana-
BaThb B ONHOM Maciurabe).

3uaueHus fo AN XapakTepHBIX AX/ro NpUBEIeHBl HHXKe:

Ax 20 30 40
re

fe 0,14 0,26 0,33 0,37

[Mostomy, eciu GuaAbTpaLHOHHOE BPEMEHHOE CONPOTHBIIEHHE

= A
7 pAe
TO Ha MOJeJIH ero clefyeT 3aaBaTh MeHbIIHM Ha Beanunny AdDe, T.e.
At 1
Py = Py — AD, = A T fe. (I, 59)

ITockonbKY AMst MJIAHOBOIO NMOTOKa MacwiTal CONpOTHBJAEHHH Ha
monenun DI JA

ﬂR=%=PT:

rie p — yAelbHOe CONPOTHUBJIEHHE MOJE/H, TO BpeMEHHOe 3JeKTpHue-
CKOC conpoTHBAeHHe R; onpenessercs no $opmy.e:

Re=ofn fi=———F (1, 59a)

Ecan xpome TOro yuecTb CONpOTHB/IEHHE KOHTAKTa 3JEKTPOAa C
1
mMozennio Ad, = Afx, TO BeIpaKenue nas fr npuMer BHA:

fo=y —F— Al (1, 596)

NpHYeM B COOTBETCTBHH C ONMBITHBIMH AaunuMH Af, = 0,02 npu r, =
=5 mm, Af,=0,04 npu r,=2,5 mm u Af = 0,07 npu r. = 1,5 um.
3HaueHHe cpefHero NOTeHNHana B npefeadx 6a0ka U MoxHo naii-

TH H3 CJAedyOWHX cOOTHOweHHA: cortacuo (I,54)
U=Uc“‘[t'aR'A¢c=Uc—ltpfm (1, 60)
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rine I; — cuna toxka B GJI0OKe, COOTBeTCTBYMOIlas pacxomy Qg a pac-
CMaTpuBas NMOTOK Yepe3 BpeMeHHOe CONPOTHUBIeHHe R;, uUMeeM:

=Y =0 (1, 60a)

roe U’ — norenuual, 3afaBaeMblil Ha KOHIe BPEMEHHOr'O COMPOTHB-

JleHus.
IMoncrasasas I; uz (1,60a) B (1,60), Halinem

U=Uc+(c7c—~c7')%. a1, 61)
t

IIpu MogennpoBaHun MHGUIABTPALMHM HHTEHCHBHOCTRIO W K omnpeje-
astemoft TakuM o6pa3oM Beamuune U crenyer no6aBisiTh BeJHUMHY
AU, npuuem

AU, = ay At a if; {, 62)

(ay — MacmwTa6 OTHOCHTEIBHBIX NMOTEHIMAJI0B),

PexoMennyercs cienyiomuii NOpsaoK MOAeNMPOBAHHA: a) BbiGH-
paercs IIar no BpeMend Af (U3 Tex Xe CoOOpaKeHHH, KOTOphie chop-
MYyNMPOBaHbl NIPUMEHHUTENBHO K pacyeTaM Ha CETOUHOM HHTErpaTtope);
6) onpeneisieTcs mwar BPeMeHHBIX CONPOTHBAeHHH Ax coriacuo (I,57);
B) MHpu BHIGDAHHOM InaMerpe 3ekTposa (ayuile 3a1aBaTh ro=0,3—
0,5 cu) OTIPeeNsIOTCs BpeMeHHBle 3JIeKTPHYeCKHE CONPOTHBJIECHHS;
I) mocie ycTpoHcTBa MQnean (OHO NPOBOAUTCH OGBLIYHLIM NyTeM) H
MOJK/IIOYEHHUs] BPeMeHHbIX CONpPOTHBAEHHH R; Ha KOHLAX 3THX COMPO-
TUBJIEHHH NIPH pacdeTe Ha HepBoe Af 3a5aloTCs MOTEHLHANbI, COOTBET-
CTBYIOIMe HAYa/AbHLIM HANOpaM’ B 3THX GJ0OKaX, H 3aMepAIOTCH IOTeH-
U HaJIbl U, na 3JeKTponax; a) no dopmyre (1,61) HaxoasTes cpeanue no-
TeHUHab! B IpeielaX KaxA0ro 6/10Ka, KOTOPble H 3a1al0TCA Ha KOHIAX
BpPeMeHHBIX CONPOTHBJAEHHH N/ PACUETOB Ha ‘CAepyomre Af U T. I

3aMepsl MOTEHIHAJAO0B MOTYT OCYILECTBJISITHCS B JIOO0H MOMEHT
BpeMeHH OObIYHBIM NMYTEM; CJAeAYeT TOAbKO NOMHHTL, YTO M3 3aMepOB
HCKIOUJeTCH 30HA BOKPYT SJeKTPOAOB HAa PACCTOSHHU /s Ax — 31echb
HOTeHIHaabl HAXOASATCH MHTEPNONAALHEH.

IpoBenennas Cepusl ONMBITOB MOKa3asa, 4ToO OlMGKa npu pacuerax
go ge/é(omeﬂnyemon MeTOJHKe, KaK NPaBu/IO, He BHIXOAMT 33 NpeAenhl



TF'arasa 11

METOAHKA NMPOTHO3A NOJANOPA F'PYHTOBBIX BOJ HA
NPUBPE)XHDBIX TEPPUTOPUSAX

Pesynbrathl uccjleloBaHHH - MO BONPOCAM THAPOTEOJOrHYECKHX
pacueToB NOANOpPa TPYHTOBBHIX BOJ, TIPOBEJEHHLIX B OCHOBHOM COBeT-
CKUMHU yUeHBIMH, CBeJeHH B paboTax [1 4, 17, 20, 23, 31]. Pa3suBas stu
UCCJENOBAHHS, BO3MOXHO YyXKe mHepelTH K paapaGorxe AOCTaTOUHO
npocroit ¥ siCHOM Me'ronnxn npomosa noxnopa rpyHTOBHIX BOA, YuH-
ThIBalOLIeHl OCHOBHBIE NOCTHXKEHHSI TeOPETHUECKHX HCcHen0BaHHUM.

§ 1. BONPOCHI METOJAHKH PACYETOB YCTAHOBHBLIEIOCH NOANOPA
TPYHTOBbBIX BOJ,

B runpoiornyeckoi Jiurepatype CYUIECTBYIOT AOBOJBHO NMOAPOGHO
paspaGoTaHHAasi METOAUKA PACUeTOB YCTAHOBUBLIETOCS MOANOPA IpyH-
TOBBIX BOX JJIsl CPABHUTENHLHO HECHOXKHHIX THAPOrEONOTHYECKHX YCi10-
Buit (cM., nanpumep, {31]). BMmecte ¢ 'reMBHascmﬁmee BpeMs BCe qame
H uallle M3YYeHHE NOANOPA TPUXOANTCS CTABUTHL KAK peruox{amhym 3a-
lauy T1aHOBOH (PUALTPALMH, KOTfa MOANOD TPYHTOBHIX BOX 3aXBaThi-
Baer GoJiblline TEPPUTOPUH ¢ PA3HOOGDAZHEIMU THAPOreOJOrHYCCKHMH
yeiopusiMu. TIpH 3ToM coBepiIeHHO ecTeCTBeHHOe NPHMeHeHHe H pas-
BHTHe I pelleHisi 3a/au yCTAHOBHBLIEroCs moanopa mnpuoGperaer
meton STJA (cM., HanpuMép, [4, 6, 26]), KoTopuit aBaserca HanGonee
smcpe’(msﬂwm CPENCTBOM peLIeHHsi 3a/a4 YCTAHOBHBHIeHca GuIbT-
paunul,

Hpn pacueTax MOANOpa CJOMXKHBIE METORMUECKHE ‘BONPOCH BO3HH-
KaloT OOBIYHO NPH yueTe BHYTPEHHHX HCTOYHHKOB IHTAHHHA BOLOHOC-
HOTO FODH30HTA U €ro HeOJHOPOAHOCTH.

K BHyTpeHHMM HMCTOYHMKAM NHTaHHA B NAHHOM CJyuae OTHOCHATCS
HHGUABTPALMS ¥ MOJAMHTHBAHAE U3 MOACTHIAININX TOPU3OHTOB yepes
MajonponuilaeMble ciaou. ClHoXHOCTh yuera 3TuX (akTopos ompene-
JSeTCsl He TOJIbKO 3aTPYAHEHHAMH B TeXHHKe MOJEIHUDPOBaHUS (a Takue

1 an\{eHQHHE METOXa KOHEeYHbIX paaﬂocmﬁ H MEeTONAa TrHJpPAaBJIHYECKHX aHa.10-
rHi Aaas onpenencHus  yCTaHOBHBUIEroCs IIOANOpA, KAK NPABHJI0, HEPAUHOHAJBHO.
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3aTpyJAHEHHs OKA3bIBAIOTCs AOCTATOYHO Cepbe3HBLIMH), HO M Heompe-
JeNeHHOCThIO KOJHUYECTBEHHOH OlEeHKH MH(PHUJIBTPALUH M NOANHTHBA-
Husl. B CBSI3H C 3THM HeCOMHEHHbIl MHTEpeC Npe/cTaBJsieT TpUMeHeHHe
IJis PacueToB MOANMOpAa IPYHTOBHIX BOA MeTOJA CJOMXKEHHS = TeueHHst
[6, 14], cornacHo KOTOPOMY pe3yIbTUPYIOUIMH TOTOK, BOZHHKAIOUHH TTOC-
Jie TIOANOpa, MoJy4yaerTcsi HaJoXeHHeM AONOJHHTeNbHOro IMOTOKAa (MoA-
nopa), BbI3BIBaeMOro M3MeHeHHUsIMH YpOBHell B pekax (BopoeMax) IO
rpaHillaM IJ1acTa, Ha eCTeCTBEeHHBIH NOTOK rpyHTOBBIX Box. [IpH 3TOM
JNONIOJIHATEJIbHBIH MOTOK OnpelensieTcés yxe 6e3 yuera BHYTPEHHHX
MCTOYHHKOB ITHTAHHUSA.
Dt1or npHeM sBJAsETCS NPUHUKNKHAALHO NPABUIBLHEIM B TOM clyuae,
KOrja IocJe CO31aHusl NOANOpa BHYTpeHHee NUTaHHe TPYHTOBBIX BO1
KaueCTBEHHO ¥ KOJHUECTBEHHO He M3MeHAeTCsl WM KOrja ero uaMeHe-
HHeM NPAKTHYECKH MOXKHO npeueépeqb B ¢Bsi3u ¢ 3THM paccMOTpuUM
pacueTHOe ypaBHeHue IJIAHOBOH ycraHoBuBiliefics ¢uaprpanun (I,3),
KoTOpoe 151 HanopoB H. ecTecTBeHHOro (ycraHOBHBIIErocs) MOTOKA
6yaeT UMeTh BUI:
2
Ze o+ ”‘f+-;_=o. (IL 1)

Ecau Buiyects ypaBHenue (II,1) u3 ypaBuenus (I,4), To nonyuum
ypaBHeHHe

PH—H) | PH—H) _ 1  0(H—He) (11, 2)
Ox? Ay? T ot ! ’

B KOTOpOM pacueTHOfi (yHKkIHeli dBJaseTc BeJUYHHA MOANOpa
AH=H—H, OTHOCHTEJILHO eCTEeCTBEHHOro IMOTOKa M OTCYTCTBYeT HH-
uabTpanus.

Ecnu ke nuiolllallHOe nuTaHWe B npoliecce MNOANOpAa H3MEHseTCH,
TO NpH ONpefeJeHHH NOANOpa, MOJb3YsCh METONOM CIAOXKEHMS Teue-
HUfl, B pacueT cJejnyeT BBOAHUTh Pa3HOCTb NMHUTAHHS MOCJKE H 10 MOA-
nopa.

Buecre ¢ TeM npHMeHeHHe MeTO/la CJHOXKEeHHS TedeHHH NPUHIMNA-
allbHO He HCKJAIOYAeT HeOOXOAMMOCTH yyeTa GUABTPALMOHHOH HEeoqHO-
PONHOCTH BOJOHOCHOrO MJIacTa B NJaHe, XOT B HEKOTOPHX clydYasx

H CMAr4aeT ee BAHsHHE. DTO NOJIOKEHHE MOXHO NPOMJJIIOCTPUPOBATH
Ha JBYX IpuMepax OmpejeseHHs NMOXNOpA B HarOPHOM MIaCTe.

B nepsom npumepe (puc. 7 a) Ha BepXOBOil rpanulle naacra Gynem
CUMTATh 3aJaHHBIM MOCTOSIHHBIH pPacXof GUABTPALMOHHOTO MOTOKA.
B stoM ¢/ayuyae BelHyHHA no,rmopa H a4 onﬂoponﬂoro U JJis HeO4HO-
PORHOro mJjacta 6yneT MOCTOSIHHOH 1O Bceft ero AMuHE, TaK UTO B 3THX
VCHOBUAX AOHOJMHHUTENbHBIYI NOTOK MOXKET OnpenensThcs 0e3 yuera
q;nnmpaunormoa HEOJIHOPOJHOCTH I71acTa.

Bo BTopom npumepe (puc¢. 7,6) Ha BepXxOBOH rpanuue nJjacra 6y-
JleM CUHTATh 3aNaHHBIM [OCTOSHHBIA Hamop. B srom ciyuae Bennuuna
noanopa AAs OMHOPOAHOrOo NzacTa Oyler MeHsTHCA BAOJAb NMOTOKA IO
JIUHEe/IHOMY . 3aKOHY OT npenenbﬂox BenuuuHbl Ao Hyas. Ecam 3TOT
NOANOp ([LONOAHHTEJNbHBIH MOTOK) HANOKHUTb Ha HavYaJbHbI/ IOTOK,
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TO pe3yAbTUPYIOLLHH TOTOK OKaKeTCsl HeBEDHLIM, NPHYEM TOJYYeHHaf
ouinbka MOXKeT HOCHTb Ja)Ke KayecTBEeHHBIH Xapakrep (puc. 7,6).
B rex cayuasix, KOrja HeOJXHODOAHOCTb MOTOKA MOMKET INOBJIHATL HA
BeIWUHHY TNOANOpPa TPYHTOBHIX BOJ, HEOOXOMMMO Y4YMTHIBATH ee IIpH
MOIENHPOBAHUH JOMOJHUTEIbHOIO MOTOKAa. ITO OGCTOATENLCTBO TpeE-
Oyer Gojiee OCTOPOXKHOTO NPHMEHEHHUST METOAA HANOXKEHHS TeueHHH
L5 yyera ecTeCTBEHHOrO
NOTOKa; B KaKAOM cCiydae
€ro TNpUMeHeHHUs CJeryeT
BHHMaTeJbHO NpOaHa/ u3H-
POBaTL BO3MOXHOE BJAUSIHUE
HEORHOPOAHOCTH  TIOTOKA,
ocoBeHHO eCnU OHa Heno-
CTaTOYHO H3y4YeHA H He MO-
xeT ObITh HeIloCpeACTBEHHO
yureHa B pacyerax.

§ 2. BONPOCHI
METOOHKH PACHETOB
HEYCTAHOBUBHIEroCst

NMOAMNOPA I'PYHTOBBIX BOJL

Bonpocam pacyeToB
passiTus Nnoanopa TpyHTO-
Puc. 7. Xapakrep noanopa rpyHTOBBIX BOJL: BEIX BOJ BO BpEeMEHH ylc-
a ~— MpH TOCTOSHHOM pacxojié Ha BepXoBOH rpa- JICHO 3HAu4YUTeJbHOe BHHMA-
fics 0 DK IOCIOnUoN 1anape 18 1A sane b oresecteniof u ua-
QP—HAgﬁéTBHl:GJIb‘;{aﬂ' KDHBI;K nengeccw nocie  CTHUHO B 3apyGexHoit -
noanopa; 3 — KpuBas Jenpeccud, MoAcuMTaHmas  Teparype. Tak, nanpuMmep,
o MeTojy COMKeHHS TedeHHH Ge3 yuera HeOJHO-  PACCMOTPEHBI OGIIHE NOJO-
PORHOCTH TAacTa JEHHs PacyeToB HeycTaHO-
BHBIIErocs moanopa [1, 27,
32], pa3paboTannl >h¢eKTuBEble NpHeMbl PacyeTOB NOANOPA AHANHTH-
yeckuMu Metonamu [1, 20, 32, 33], c mOMOIBLI0 KOHEYHOPA3HOCTHHIX
ypasHenuii [1, 17}, na runpasnuueckom nuterpartope {7, 18, 21, 23, 301
1 medesoMm JoTke [3, 19, 20].

Ipu pacuerax HeycTaHOBHBILIErocs NMoANOpa TPYHTOBBIX BOX CJe-
AyeT mpex/e BCETO MMETb B BHIY, UTO XapaKTep DasBUTHs IoAnopa
BO BpeMeHH, Kak NpaBui0, ONpenessercs ¢ ropasio MeHbLIEH TOYHO-
¢TI0, YeM BeJHUHHA YCTaHOBUBLIErocs noanopa, u6o BpeMst GOpMHU-
pOBaHHs TOANOpPA HAXOMWUTCS COOTBETCTBEHHO B TPAMOil H 0OpaTHOH
3aBHCUMOCTH OT KO3((HINeHTa Hel0CTaTKa HacCblUleHHs ¥ KO3 du-
LueHnra HUIbTPANUH, NPaKTHYECKass TOYHOCTh ONpele/CHHA KOTOPHIX
(ocoGeHHO Ha 6OMBLINX TEPPUTOPHAX) CPABHUTEILHO HEBEIHKA.

Ipu pacuerax Heycranosusulezocs nodnopa & Goabuled CTenex,
4em NPU PACcHETAx YCTAHOBUBULE20CA NOONOPA, Cnpagedaus cOesanHoiil
svuue (§ 2, rn. 1) 861600 0 sbibope 6 kauectse pacueTHol gynkyuu
nanopa H, 4o coorsercreyer auneapudayuy ypasHerus HeycTaHoBUS-
wetica pussrpayuu no nepeomy cnocoby (§ 2, ra. 1). Ananoruynsii
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BEIBOJ AAsi TaKoro poaa sajau cienad C. . Asepoaunosnim [20]. Takas
JKe TOCTaHOBKa -TIpHHUMaeTcss OGBIYHO H B 3apybexHbXx pabortax
[36, 37, 38].

PaccMotpum npexze Bcero pelileHusi JJisi ONpeflesieHdst NOJnopa
B OZHOMEpPHOM IIOTOKE C NOCTOSIHHOH NpPOBOAMMOCTBIO ILIACTa, KOrma
auddepennuanbioe ypasHenue noxnopa AH umeer Bui:

o BBH)__ a(AH)
o

(11, 3)

HanGoapumuit uaTepeC ¢ TOUKH 3pEHUS ONpENNEHHS NOAIopa
TPYHTOBBIX BOJX MMeIOT pellleHus ypaBHenust (II,3) npu MrHoBeHHOM
M nuHefHOM H3MEeHeHHX YpOB- g4
Hsl HA TPaHUIAX NJacTa. WL

ITIpu MrHoBeHHOM H3MeHeHUH
YPOBHS BOJH Ha rpaHulle x=0 8
MoMeHT BpeMeHnH £=0 Ha BeruuH- N

0 . X I
Hy AHO o6iee Berpaxenne ans <
NOANOPa MOMKHO MpEeACTABHTL B . !
BHJE: 3 ]
| I -

AH = AHF (x, t). (II, 4) 2,20 ?, I3

Ilpy nuHeitHoM u3MeHeHHH
YPOBHs BOAb Ha rpanhue x=0 4 . .o —
€O CKOpPOCTLIO U ofliee BHIpaxKe- v/,/

HHE IUJist [IOAII0Opa MOXHO npef-
CTaBUTb B Buue:

|

|

AH = utF,(x, t). 1, 5) %2 | :
| l

i

N
<

Buan oyakumit F(x, t) u
F,(x, t) onpenensercs xapaxre- S S
pom rpamuly naacta w aas tuno-  Ze<? 7 ’z z
BBIX ycsioBuit npuBejeH B raba. 1.
one npnBeneHHpTaK}Ke AHIDAE Puc. 8. Fpaq)um;p::;a;gennx ypOBHS Ha
H¥s JINd rpajneHra Hanopa o B a — CTymMeHYaTHl, 6 — HOMaHHIH
ceuenun x=0 gJIs cjayuas MrHo-

BEHHOro HM3MCHEHHs ypPOBHA Ha rpandune x=0 (/.— yKJIOH eCTeCTBeH-
Horo moroka npu x=0). Ilpu cocraBrenun Ta6a. 1 WIHPOKO HCNOMAB-
30BaNIHCh Martepuannl uccaenoanuit H. H. Bepuruna [1].

[Tonb3ysich MpUHUMNOM CJOMKeHHs! TeueHHH, MOXKHO MONYUHTH HO-
CTaTouHO OOIUlHe pelleHHst AJs CTYNEHYaToro (puc. 8,a8) u JOMaHOTO
(puc. 8,0) rpaduxos nsMeHenns ypoBHsi Ha rpauuue x==01. Tax, nas
CTynmeHyaroro rpaduka B npepenax A-HOH cTyneHbkH (- <7< 1t,)

n—1

AH= ZAH?F (x, t—1,)), (11, 6)
i=0

! Takoro poAa MeroAMKa Iis PacyeToB MOINOpAa IPYHTOBHIX BOJ, BrepBbie OhIIa
npumerena H. H. Bepuruunm [1, 9]

33



Bupaxenne nas yuxumn F(x,f); F,(x, t); OTHOCHTEJIbHOTO

CXeMul [OTOKOB F(x, B)

TonyorpauuueHHsi MOTOK,

x
= 1 — ¢ M A, E =
erfc A) Syar
E \iﬁ%i‘._ _ 3 e (X)-—*m{’fl‘eapail OMIHGOK .
< iS _— YeHU S erfc OTpEeeNsIOT
= 1 no Tabumuue, TpUBEACHHON B HpH-
. Z_ ] aox. 11, 13, 28

TITII7777 777777 10777777 7707 7 70 07772007 d 7e

TTonyorpaHuueHHEIH OTOK,

B sone 1

—X

il

]

o st Attt
T K s 1
erfcA + ——"- AF;

] ”“ ‘\-\’rs- @ t+x

vy

o

|
il

¢t @) @ x_ﬁ.‘/[g?:

LTI 77 i 7777777777 777777777 777777777777 k2 "
Suawennss AF onpegensior no rpa-
¢uky (puc. 9)
B 3one II
% \A[/1 !
— n—
AN [(—*x—) erfc }m}
L+ 14y
n==1
x—L 2n—1) L
- (@2n—1)

=V T 2Var




Tabauua 1
noanopa €; MW rpaauenta noroka [, (B cevennm x = 0)

Fy {xt) & I

ORHOPORHBIR MO LJIHHE

2, F(x, t) AHO

= (1 + 24 erfc A ——= Ae¥ .t

R(A)=(1+ 20)erfe A~ Ae le—

3navenus R (A) onpexensior mo
tasuie, nMpUBEefeHHOR B
npuioxk. 2 [1, 9]
Aneo;mopoami’x no AJmHe
B 3one I Fix, 1)

1 —
R(l)-f-'l':_‘)‘;‘AR’

. - _l::...x_. n—1 ’ "
AR “2( 1 '+x) [ROL)—R ()],
A==l

, onL 4 x

Ay ==

"2yt
2 o 2nL — x
"2Vt
B some II

o0

,,__.._2_76..“(_*_:3.)‘1
AR =17 &l\1Fy) RGW

n=1




CxeMbl NOTOKOB | F(x, 1)

OrpaHuyeHHbI NOTOK € NOCTOSHHBIM

X X
Fol—: tl=1———
0 'L * L
o0
z 2 NV e g PAX
A —_ e sin ,
n n L
f==1
FITHI T LT E T 8T LT LTI T TET 777777 t
a
T= I

3uauenns Fy onpepensior no
rpaduky (puc. 10)

" OrpanyyenHsfi TOTOK C HENMPOHHLEE

X LI
Fo(-z-; 'c)::Fo(EE. n )+

X T

3naserna Fy (6 ©) = & (% M)
onpezeasior 1o rpaduky (puc. 12,0)

+

aH°
[ ] 344
’:'il \
§\\\\\ ANNNNNRRNNNNNRNNN
~

1

77777777777 7777777777777 777777777777/

a 15 OMaHOro rpaduKa B Mpefenax A-HOro yyactka (fny i< i)
n—1
AH = Y (0 —0) (t— 1) F, (e, t—1,). (1, 7)

=0

Jlas OrpaHMYeHHOTO MOTOKA C MEHSIIOLIMMHCA YPOBHSMH BOJH Ha
HH30BOH H BepXOBO#W FPaHMLAX ClelyeT MOACUMTATH NOANOP OT H3Me-
HeHHs YPOBHS BOAH Ha KaXJOfi rpaHulie B OTAeJbHOCTH H CJHOXKHUTD
NOJyyeHHHE 3HAYEHHS.

Bonee clloxHble pellieHHsi NOJYYAIOTCH, €CTeCTBEHHO, AJs IJIaHO-
BOTO NIOTOKa, KOTJa ypaBHeHHe MOAIOPa HMeeT BHI:

#(AH) |, B(AH) _ 1 0AH
ox + op a0t (I, 8)




_ MIpodosncenue maba. 1

F,(x 8 & I
YPOBHEM Ha BepXoBOH rpamuue
‘X L x Ipu © << 0,15
R"(L’ T>~ L~xF°(L’ t} . _ A
x  x? Jlna onpeneneHus ¢ Vrat
TS BEJMUHHBI €¢
= ILTX( —_ -——-1—1———1-‘1) MOMXHO TIOJIB30- Tpu v>0,15
L 67 BaThCS TpadHKOM o
. (puc. 12) AH© vy
1 ST nax le —— - (14e )
4— &=HT sin P L
nét nd
n=I\
x
3uauenus R, (T;T) ONpefensiiorT
o rpaduxy (puc. 11)
Mofi BepxoBofl rpammueil
R X ‘) = F(x, 1) Ipu v<<0.2
L’ AHO
(s )+ © Vit
0 ’
2L 4 Ipt T>0,2
r % 0 —Xt
+Ro(1-—~ oL T) lo—2 2H_ T

Hna ypasrenus (I1,8) usBecten HeGoabLioii Kaace pelleHHi,

Tak, nna yraosoit o6aacru Quabrpaunn (cMm. cxemy I1La, puc. 1)
IDH MTHOBEHHOM H3MEHeHHH YPOBHS Ha rpannuax x=0 u y==0 na Be-
Jauyuny AH® nonmop Ha paccTosiHAM X H Y OT PpaHull MaacTa, KaK 5TO
nokasano H. H. Kouunoit, 6yner

AH = AH[1 — & (A)- D (A)]; A, (11, 9)

=T, Ny=—E,
2yVat’ VT oyar
rae @ (A) — unrerpan ournGox.

AHanoruuHbiM 06pa3oM MOMKHO COCTABATb pelleHue AJsl NPAMO-
yronbHMKa o cropoHamu Ly no ocu x u Ly mo ocu y, npuuem Ha cro-
pOHaX, paclONOKEHHEIX 0 OCAM X U Y, YPOBEHb B MOMEHT BPeMeHnH f
MPHOBEHHO MEHsleTCsi Ha Beauuuny AH®, a npe Apyrue CTOPOHH OCTa-
I0TCSl HeNpOHHIIaeMbIMHU. B sToM cayuae:
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AH = AHO {1 —[1 —e, (x, M)[1 — &, (9, 1)1}, (I1, 10)

o x - Y x Y
x=-2 y=A_ . p =T . =—2 _ . (1,10
rae L’ L, F 2yat ' Y 2Vat (I 2)

a g;=F, onpenensiercs no rpacduky puc. 12,6.

Pemmenne ans 06x0fHOTO (UIALTPALHOHHOTO MoOTOKa (puc. 13,a).
Korjla Ha BepXoBoil rpanulle y=0 u x>0 ypoBeHb BOAB MTHOBEHHO
u3meHsiercss Ha Beduuuny AHO, a ua rpanune y=0 u x<0 ypoBeHb

ér I3

7 Al T
)

26 A

45

z
0 47 42 43 494 45 46 47 48 44 [0 17 12 73 [4 75/1=7==

Puc. 9. Tpadux dysrund AF: cnuiownble JHHMM OPH X = L NYHKTHPHBIE NPH
x=0,5 L [34]

ocraercss HeudmeHHbim (AH®=0), paccmorpeso H. H. Bepuruusim
[11]. Cornacho 3ToMy pelieHuio
AH = 0,5AH°[1 — & (L) 4 B(%, 0)]. (11, 11)

I‘pac})ux ¢yukuuu B (A, 0) npusesen na puc. 13,6.
. H. Bepurunsim [11] npoananusupoBaHbl # HECKOJIBKO Golee
CJIO)KHHE cxembl 06XOJHOrO NOTOKA, KOTOpHle HENOCPEACTBEHHO ITOJY-
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4aloTCsl U3 INPHBEJEHHOH IpOocTelllell CXeMbl METOAOM CJOXKEHHS
TeyeHu .

Jasi pacCMOTpeHHBIX NIaHOBLIX 3a7a4 METOJAOM C/OXKEHHA Teue-
HHH MOXKHO MOJYYHTH pelleHHs] ¥ NPH CTYNEeHYaTOM H JIOMaHOM Tpa-
tbuKax H3MeHeHHsl ypOBHell Ha TpaHullaX aHAJOTHYHO TOMY, KaK 3TO

£

70
499
NN
08
\\\\\\
47 \\\&\\\
\‘\\ \\\\
RAAN RN

a6
’ \ \\ \\\\\\
' NS
9 OO

\ \\\\ AN

‘\ . ‘\?)’08\
99 2N

R R
. VRSO RANS
/] ~N NONN
a7 \i: G \\\\
’ SN \\\\§§
y ‘\\_:\Q
77 47 43 44 45 46 47 48 48 [07L

Puc. 10. Tpadux dyuruun Fo (Z 1) [13]

OLLIC CAeNaHO Bhillle MPUMEHHTENbHO K pellleHHIO JHHEHHBIX B MJaHe
3ajad.

HiMess B BHAY, 4TO noTpeGHasi © BO3MOXHAsl TOYHOCTb OLEHKH H3-
MeHeHHS YPOBHS NOI3eMHBIX BOJA BO BDEMEHH CYLIECTBEHHO HHXKE
TOYHOCTH ONpeJeJeHHs] YCTaHOBMBIIEroCst MOANOpa, lenecoo6pasHo
NpH CPaBHHUTENBHO CAOMNKHBIX FPAHHUYHBLIX YCJHOBHSIX pacuer HeYyCTaHO-
BuBuierocs noanopa AH; npoussonuTts no ¢opmyne:
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AH, = e,-AH, a1, 12)

rae AH — ycranopuBminiicss MOANOP, ONpeledseMblil 10 AaHHBIM MO-
nenupoBanus MertoxoM IIJIA; & -— BeIHUHHA OTHOCHTENBHOTO (BO
BpeMeHH) NOANOpPa, KOTOPYIO MOXHO ONpeNeasTbh NPH CPaBHUTEJIBHO
rpyGoit cxeMaTH3alluH, NPHBOAS NOTOK K OTPAHHYEHHOMY ONHOMEDPHO-

N

NS

X
/ﬁ
|

;

|

A
g0

44 ™
\ .A\\ N
43 NADR-N
\;’ < \\\
g2 NG
N \\
~ TN
u | NG,
7 9/ 92 g3 g4 45 g5 47 g8 g9 - L

Puc. 11. T'padux yukuun Ry (x, )

My (npd 5TOM MOXHO BOCHONB30BATLCS METOAOM «Hele(hOopMHPYEMBIX
JIMHEA TOKa») U HCIONb3Ys peKOMeniauuu 1aba. 1 u rpaduxu puc. 12.
TTockoapKy pasBHTHe MOANOpa NpPeJACTAB/AET HHTEpEC AJs CPaBHU-
TeJIbHO GOJbIINX NMEePHOAOB BPEMEHH, TO 3TH PEKOMEHAAlHH NpUBeHeHb

JJIs C1yuast MTHOBEHHOTO H3MEHeHHs YPOBHsI HA IpaHulle.
HecnoxH0 HaliTH TaKXe 3HAYEHHST OTHOCHUTEJNbHOTO MOANOpA TpH
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Puc. 12. Tpaduks OTHOCHTENHHOrO MOANOPA TPYHTOBBIX BOL € 4

@ — B NOTOKe C NMOCTOAHHHM HAaNopPoM Ha BepxoBOfi rpaHuiie, 6 — B NOTOKe C HENpo--

HHLAeMOf! BepXoBofi rpanuuedi [14] npr x=x/L



CTYNEeHUAaTOM HM3MeHeHnu YpOBHell Ha rpanuuax, onpememus AH; mno
ypasuenusm (11,6) u (I1,7). lna orpanuuenunoro TOTOKA MPH H3MeHe-
HUM ypoBHe# ua rpanuuax x=0 (AH®) u x=L (AH’) MoXHO cuurtath

At AL o A (), AHL = AH'T,

8 = r
f AHY + AH.,
AH = AH"(I _32) + AH %, 5= (1, 13)
c
884
ot ¢ |y
499 \q{_
A
44’-\0‘»" 6
AN -

Bepawud ﬁ’aa’p

97 m_s\ " Hunmai iow T

|
/3
N
/

42 G A \\\\
~] : \\ N
47 e~ N
\\\ ™ . A= L
Y 8:0° Tt Qvat

41 42 43 44 45 46 47 44 49 70 77 12 13 44 55 136 1716

Puc. 13. K pacuery o6xosHoro motoka Ha miaockocr NPH TOYEYHOM NPUMBIKAHHH
COOPYKEHHS:
@ — 0621aCTb 06X0LHOTO MOTOKA, 6 —rpadur Gyskunu

42



Tle &) M & Onpejensiotcs 0O rpaduxy puc. 12,a, npuueM mpu pacyete
& 3aMeHsieTca X Ha L—x u x—Ha 1—x.

Jnsa 30HBl 06X0NHOH OUIbTPALHH OTHOCHTEJBHBIH NMOANOD & MOXK-
HO TMOJCYHTATb KaK JJIs TuHeHHON 3ajauu, NpUHUMas B KauecTBe pac-
CTOSIHHSI X Kparuaiilllee paccTosHHe OT o6JacTi moamopa Xo. B wacr-
HOCTH, JJis1 OJYOrpaHHYEHHOro noroka (cM. puc. 13)

e, = erfc (ﬁ) , (11, 14)

npuyeM B 30He BepXHero Obeda Xo=X, a B 30He HuXKHero Obeda
X0 =V X2+ 42

Jas ofocnoBaHus 3TOTO MpHeMa Gulio NMPOBEJSHO €ro YHCJEHHOE COMOCTanaeHie
¢ pemenneM H. H. Bep: 'una pas tpex jyueit BepxoBoro (6=45°), cpexnero (6=90°%)
» HusoBoro (6=135°), uMen B BUAY, YTO B YCJAOBHAX YCTAHOBUBUIEHCH OGHALTPAUHH
H TIOIMOP HA 3THX Jydax GyReT paBeH COOTBETCTBEHHO /4, '/o u /4 OT moamopa B peke.

Jns BepxoBoro Jayya

x
gy 0 0,1 0,25 0.5 0,7 1,0
2y at

ITo H. H. Be- 1,0 0,92 0,76 0,56 0,39 0,20
pHrHay

& Mo dopmyae 1,0 0,89 0,72 0,48 0,32 0,16
(1, 14)

Jlnst cpendero ayua pacyers no ¢opmyse (I1,14) crporo cooTBercTBYIOT peieHHIO
H. H. Bepuruxa,
Jins HH30BOro Jyua

x
— 0 0,1 0,25 0,5 0,7 1,0
2y at
ITo H. H. Be- 1,0 0,79 0,52 0,23 0,10 0,025
e pUTHEY
tTlo cl)o;iMy.ne 1,0 0,84 0,62 0,32 0,16 0,045
(11, 14)

Peay:ibTaTsl COMOCTABIEHHS CBUAETENBCTBYIOT 06 YIOBJNETBOPHTEABHON TOYHOCTH
NpeasaraeMoro fpueMa, TPH MOJb30BaHHA KOTOPHIM MpeAenbHas olHGKa OKA3LBaeT-
ca 8—10%.

Ilpy HEOXHOPOZHOM CJOMKEHHH JOXKa PeKH (BOLOXPAaHHAHIIA) HA
BeJIMYUHY NOANOpa H OCOOEHHO HA XapaKTep ero pasBHUTHs BO BpeMme-
HH 3HAUYMTeJbHOE BJIMUSHHE MOXET OKa3hliBaThb CONPOTHBIEHHE JOXKa
pexn (BONOXpaHHWJHHIA), KOTOPOe, KaK 3TO MNOKa3aHo Boie (§ 4,
ra. 1), yio0HO oneHmBaTh yaJiMHeHHeM [OTOKA -Ha Beauwunny AL,
B ycaoBusax HeycranoBuBLUeHCs (UAbTpAUMH BenHunHa AL 3aBucur
OT BpEMEHH, XOTs 3aBHCHMOCTb 3T4 3aMeTHO NPOsiBAAeTCS JUUIL B Ha-
YaJIbHbIH NepHOA pa3BHTHA NOANOPA, KOTAAa NOTOK ciaelyeT YAJIHHSTDH
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Va
AL
HHe, COOTBeTCTBYIOIee yeTaHOBUBIIEHCSt dubTpatuu, a AL; — Heycra-
HoBUBLIefics GpuabTpauun). s onpenenenus AL MOXHO MOJb30BATh-
cst rpadukoM (pHC. 14), NMOCTpOEHHBIM HJIS CJly4aeB MTHOBEHHOTO H
napabosuyeckord uaMeHemuii YpoBHs Ha TPaHHIle IOJYOrpaHHYeHHOrO
noroka; npu y>1,5 Moxuo cuntate AL;=AL.

Ha BeaMuuHY AL;, 3aBHCAmYIO OT mapamerpa y= (AL — 3naue-

ais
AL
A
e el
’ 1\ /,
97 >
/4 4 ,<
ﬂ)i // AY
45— 4
44
497 /
/¥4
q97
wE
70 30 30 V57

Puc. 14, Tpadux A8 OueHKM 32BHCHMOCTH BelawuuHhl AL OoT BpeMeHu:
1—npu MrHOBEeHHOM H3MEHeHHH YPOBHMA Ha rpasuue, 2-— OPH_NapaGoJuuecKoM

H3MeHEHWH YPOBHR Ha rpamuue (AH°=a} )

Jns oueHKM TPHMEHHMOCTH TpeLNaraeMoro NPHEMa IIPOBefeM CONOCTaBJEHHE
AHAJUTHUECKHX DAcyeToB C Xacqeramu Ha ruppaBanyeckom uuterpatope B. C. JIyke-
SIHOBa, BHINOJHEHHHIMH M. A. BeBHOPOBCKOHN, AJs HeyCTaHOBHBIUErocs HoAnopa NpH
(QHABTPALMH H3 BOJOEMA, PACHOJOMKEHHOTo Ha OXHODOAHOM JoXe (puc. 15), xKoraa
BeanunHa AL onpenensercs [33] dopmyioi:

¢]
AL=mum+mn&%n (1, 15)

Pacyerst npou3BoAuuch Tpu k=4 mfcyr, ho=0,1, m=200 u, B=200 », npuuem
[0 mayaja MOANOpa MMEN MEeCTO €CTECTBeHHnH IMOTOK K BOZOEMY ¢ ITOFOHHBIM
pacxoncM go=3,05 #*/cyr, a B MoMenT ¢=0 NPOH3OUIIC MrHOBeHHOE H3MEHeHHe
ypoBHA B BofoeMe OT 7;=205 u no A=215 m.

Coraacuo (I1L15)

2002
AL=0,44-200 4 0,08~ = 104 .
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Pacuer noamopa NPOH3BOAHACA To dopMyde:
x+AL
2vVat J’

W =k} + (h) — 1) erfc(

fae
Eath)
2p

npuyém BeauwunHa ALy onpegeasnack no rpaguky (cM. puc. 14) npu AL=104 u.

B ra6n. 2 mpuBefeHsl [aHHBIE pacueToB ypoBHefl BOJAR AHAMHTHUECKHM IyTeM
H Ha THIDPaBJHYECKOM HHTerpatope Ha HayaJbHbili MoMenT BpemeHn (f=0) Ha nBa
XapaKTePHLIX MOMEHTa HEYCTAHOBHMBINETOCH MOANOPA, HA PacCTOSHHAX X OT ypesa
BOJOXDaHH/MILA, TPAYEM 32 HyJb OTCYeTa YDOBHeH "BOAB TIPHHMMAJACh OTMETKA
IHa BOJOeMa.

g ==

TaGaupa 2

Conocrasaenme yposuel NoToKa, PACCUHTAHHHX AHAJHTHYECKHMH METONAMH
H Ha THApOMHTETparope

PaccrostHie OT BOAOEMA XO pacyer-
Holl Touk® X, M

Cnocob pacuera i, cym
75 125 175 300 500

AHamuTHUECKHA . . . . o v . e e e 56, 58| 6,0] 6,4! 7,2
Ha rugpousrerpatope . . « . « . . « . . 0 56| 5,8/ 6,0, 6,5| 7,2
Avanataveckufi . . L . oL . . . . . 12,477 11,8 11,21 9,9 8,7
Ha rappounrerparope . . . . . . . . . .| 10 | 12,6 11,7 11,0| 9,6 8,8
AHaJHTHUECKHH . . « . . . . . . e 14,6 | 14,4 | 14,3 | 14,0 | 13,7
Ha ragpounterparope . « « . . . . . . .| 100 | 14,6 | 14,4 | 14,3 | 14,1 | 13,7

Kak BuaHO, cOMOCTaBjieHHe NaeT TIOJNOMKHTENLHBIE Pe3yJbTarThbi.

B CMOXHBIX THAPOreONOrHYeCKHX YCJAOBHAX, Korga Tpebyercs Io-
BbILIEHHAS TOYHOCTb, LeJeCO06Pa3HO NPUMEHATh JJIg pacueToB Pas3BH-
THS TIOATOPAa BO BPEMEHH KOHEYHO-

pa3HOCTHble ypaBHeHHs] W THAPAB- 8
nnueckuit uurerpatop B. C. Jlykb- | R
SHOBA. :

TPYHTOBBIX BOJ C NpHMEHeHHEeM KO-
HEYHOPA3HOCTHHIX ypaBHeHHH 06-
crostenbHo Hanoxeda H. H. -bBus-
nemanoMm [11. K stoMmy caepyer no-
§aBHTb TOJBKO KOHEUHOPA3HOCTHOE N AR AT
ypaBHeHUe /5t NepBOro 'GHQKa, pa'c- /////// VI A
NOJIOXKEeHHOTo BOMH3N BogoeMa (pe-

KM, BONOXPAHHUJHILA), [Je CAeyeT  Puc. 15. CxeMa HemoiHoit BpesKu Bo-
YUY€cTh COTIPOTHBJICHHE JIOXKa BOJO-  foemMa TpH  OAHOPOXHOM  CTDOCHHM
i . . J0KA:
eMa BEEHEEHKEM MOTOKA Ha BEMM- ;. ujjepas kpusast genpeccns; 2 —
HUHHY OTOM TJy4ae USMEHEHHE  ypupag nenpecchn B pacueTHBIA MOMEMT

yposusi AH, B nepBoM GJIoKe, LEHTP BpeMenH ¢

ol

cETet e nf.

Meronuka pacueroB noanopa %‘Tm"‘“—:‘“
| -
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KOTOPOTO pacrosiaraercss Ha paccTosuud Ax; OT ype3a BOLOXPaHHJIH-
a, onpefessieTcss YpaBHeHHeEM:

AH,— 28 (Hy—H _ Hi—H, )+ oAt (I, 16)

2Ax; \Axy 4+ AL Axy N
rae Ax; — paccrosiHHe OT ype3a BOABl B BOJOEMe OO LieHTpa MEpBOro
6s10Ka; Axy — pacCTosiHMe MeXJy LEeHTPaMM NepBOro H BTOPOro 06J10-
koB; Hy, Hy u Hy — ypoBHM BOABl COOTBETCTBEHHO B BOJOEME, B LEHT-
pax mepBOro u BTOpOro OJIOKOB.
Ilpn paBHOMepHo#H pasbuske Ax;=0,5Ax, Axo=Ax u

AH, = - -(_ 0Tl L H,— Hl) + % At. (11, 16a)

Meronuka pacueToB moanopa TPYHTOBHIX BOA Ha THAPABIMYECKOM
HHTErpaTope NOCTAaTOYHO HORpoOHO pa3obpaHa B psage pabor [7, 18,
21, 23, 25].

3aMeTuM TOJBKO, YTO NpH OnpeleseHud (GHUIbTPALHOHHOTO CONMPO-
THBJIEHHS] MeXy BOJA0eMOM H NPUMBIKAIOIINAM K HeMy GJIOKOM cjenyeT
VUUTHIBATH CONPOTHBJEHHE JIOXKa BOROeMa, K06aBjsis K PACCTOAHHIO
OT ype3a BOJbl B BOjfOeMe A0 LeHTpa GJoKa BeauunHy AL.

§ 3. BUAHUE WHOHJIBTPALLUHU WJIH HCNAPEHHA
HA MOIXNOP IrPYHTOBBIX BOJ,

ITpu u3yueHuw pexKuUMa TPYHTOBHIX BOJ B BCTECTBEHHBIX yCJIOBHAX
H 0cOOeHHO TNpH pelieHHH MeJHOPaTHBHLIX 3ajauy BO3HHKAaeT HeobXo-
IUMOCTb OHEHKH MOANOpa IPYHTOBBIX BOJA NpH BO3HUKHOBEHHH HJIH
uHTeHcHDUKAIUH HHODUIBTPANHOHHOTO MHTAHUSA.

MeronuKa cOCTaBAEHHS PACUETHBIX 3aBUCUMOCTEH IJisi TAKOro PoO-
Aa sazau Haubosee mnoxpOOGHO pasoGpana II. $I. TToay6Gapunosoi-
Kounnoit [28, 29] u C. ®. Aseppanosnm {20].

[as cXeM HEOrpaHMYEHHOrO W NOJYOrpPaHHYEHHOro IOTOKa O6mIyIo
3aBHCHMOCTE AJIS OnpeleseHust noanopa AH, BosHHKAWOIIEro yepes
BpeMsi f noOCle HaJOXeHHss HHOHUAbTPALHH, MOMXKHO MOpelACTaBUTh B
cAeAyIOIEM BHAE:

AH:E”f-Fw(r-—"->, r= 2 (I, 17)
i B B2

Bripaxennss nns Ge3pa3mepHOH QyHKIHMH HHGOHIBTPAIMOHHOTO
noanopa F, 1Jis HeKOTOpHIX CaAyuaeB ripelcTaBjeHs B Tabua. 3.

IMpu BHIBOME 3aBUCHMOCTelN AJsi HHOHABTPALMOHHOrO NOANOpA MpH
Ha/IHYUH CTJICHIHOH 30HB WHDUJIBTPALUHM MOXKeT ObTh HCHOJB30BAHO
caenyoomee npeobpa3oBaHue JIHHEeAPU3UPOBAHHOTO YpaBHeHUs] HEYCTa-
HoBuBwieHcs puaprpanun (I,4), koTopoe ANt 3THX 3agau  BOEpPBBIE
npuMeneno AsepbsiHoBbIM [20]. BmemeM ¢yukuuio U, caasaunywo ¢ H
dopmyaon:

U=H— -';’—-t. (11, 18)
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Ta6auua 3

PacueTHnie 32BHCHMOCTH JJsl ONPEAENEeHHS MOANOPA NPH HHHUALTPAL UM

CxeMa NOTOKOB

Boipaxenne xnist GyHKUHH Fw

S—; —

7777777777777 777777777777777777 777777777 77777777777,

Heorpaunuennntit norok
(mosiocoBas MHQUILTPALKS)

B cepenune noJjochl HHOUIbTpaIAK

1
Fp= Fwo('r)-=<25(—~ y

2V?7)+

(tabinua dynxkuma Foo npusenena B
paboTte [20] H npuiIox. 3).

B mo6Goli TOUKE Ha pacCTOSHHM X
OT CEepeluHB! MOJIOCH HHOUIBLTPALMK

npy x < B

Fyy = Fype = Fuyo (V) + Fao (T,);
, at v at

T ) =TT
B T (B—ap
opu x > B

Fy=F ;= Fiy (v,) — Fo (T}).

Tonyorpanuuennsiit notok
(crytowmHast WHUIBTpaLUs)

Fw=Rw(}')=1"“R(A');

x
l=—1
2y at "’
dynkuns R (M) onpepensercs no
Tabauue B NpHJIOK. 2 (Hauado
KOOpJHHAT MPHHATO Ha TpaHHle nJia-
cra)

e i

____/ "
Z

7777777777 777777 7777777777777 77777777777/

|I

TonyorpanuuenHstlt noTok
(noJjiocoBas HHGHILTpa LK)

X
Fw = F‘wx (T, "B—) —

— Fg |1, ==
w2

(Hauasio KoOpaMHAT npUHATO B Cepe-
JHHE 30HbI HHOUIBTPAIH)



ITpodosnenue Taba. 3

CxeMa NOTOKOB Buipaxkenne Ans GYyHKUHH F,w
Orpanuuenssifi NOTOK — (cRAoMmHAR
30Ha HHQUIBTPALHK)

1— 52 4
Fo= ot <
Ut 1 7T ¥ V77 ¥ 7 1) )
- - 1
g ] n+l e
- e XE( ) @ —1p <
: 1
nx
///////////////777/;3/////////////////// X cos _E -(@n—1)x
2n—1
X exp [— fen =172 nzr];
T =
B
Torna ypasuenune (I,4) npumer Bua:
& @u 1 W (11, 19)

Ox? oy? a ot

COOTBETCTBYIOIMH CJIy4ai0 OTCYTCTBHS WHOuIbTpaluu. Takum obpa-
30M, IpH HAJUYHH CIIOLWIHON 30HBI MOCTOSTHHOH MH(HABTPALMH, BBEAsS
¢yukunio U, MOXHO CBeCTH 3a7auy K CAydaio OTCYTCTBHSI HHOHIbTpA-
LuH, NpUYeM TpaHuyHble YCaoRus M Gyuxkuun U onpelensiTest coot-
nowenuem (I1,18).

Jlns orpaHHYeHHOro MOTOKA MPH HAJUUHU CMJIOUIHOH 30HH HHOUIBT-
palUH BeJUYHHH HHOWILTpAaLHOHHOrO NOxMOpa yno6Hee ONpenessiTh
CeVIOIUMH 3aBHCHMOCTSIMH:

B cepenune noroka (no C. ®. AsepssnoBy, [20]):

AH =221 — g, ()], v= 2, (11, 20)

TIe @u— DYHKUHS, oNnpelenseMasi no Tab/uie, NPHBEICHHOH B IpH-
n0XK. 4; B JO6OA TOYKe Ha PACCTOSIHMM X OT CepejuHbl Ijacra IpH-
GIMAKEHHO MOXHO CUHTATh:

-

AH = %‘? (I —x%— @, coS féf) . (I, 21)

[Tpu nepemennoli BO BpeMeHH HH(HILTPALHUH MOXKHO 3aMEHHTh
JeACTBUTEeNbHBIH rpaduK HHOUIbTPALMH CTYNEHYaTHIM H BOCHOJIb3O-
BaTbCA JlajJee METONOM CJOXKeHHs Teuenui. Ecaum, HampuMmep, B Teye«
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HHH BpeMeHH f;, OblIa HHTEHCHBHOCTb HH(UIBTPAUNH W, a 3aTeM OHA
MTHOBEHHO H3MeHHJach N0 BeJIHUMHH W@, TO Ipu >0

wt — .
AH =2 F, (tw, 33”) + %ff’ (t—t) - Fy (1,,, —1, %) :
v = 2 (11, 22)

T. €. JeficrBue JoOaBouHOH HHUALTPalNM @,—wW HaKJaIbIBaeTcs Ha
JeficTBue mpeApiaymes nHbUIBTPAllUN ¢ 3ana3fibiBaHHEM HA BpeMs ly.
3aBHCUMOCTH [Jisl TpeTbell W RaJbHeHINX CTYyNeHeil MOKHO NOCTPOHTH
[0 aHAJIOTHH C NOCTpoeHneM 3aBucumoctd (11,22).

Ecai moanop NMpoOHCXOAMT M 3a CueT HAJOXKeHUS HHOUIABTDALHH H
3a cueT KoJsebaHMH YpoBHeli Ha TPaHHIaX, TO CJeIYeT NOACYHTATH
BeJIMUHHBI TOANOpA OT HeHCTBHS KaXkAOro u3 (pakToOpoOB B OTJENbHO-
CTH, a 3aTeM CJOXHTb NONYyYeHHBle 3HAYeHHS CO CBOHMH 3HaKaMH.

Ilpu naauuum HcnapeHHst 3aflaud peWIalOTCS TaK Ke, Kak M NpH
uHGuAbTpaluy (C U3MeHeHHeM 3HaKa w), €CJAH HCOapeHHe [pHUHH-
MaeTcsl He 3aBHCAIUM OT rayOusH nortoka 2. Ilpw yuete 3rtoill 3aBu-
CHMOCTH AHpdepeHnnalbHOe YpaBHEHHe HeCKOJABKO YCJIOXKHseTCd.
B uacTrHOCTH, Asis JHHEHAHOTO B IJiaHe YCTAHOBMBUIETOCS NOTOKA C
NOCTOSTHHOH NPOBOAHMOCTBIO OHO NPHHHMAaeT BH:

725 _ i), (I, 23)

ox2

rie 2 —rAyOHHA NOTOKa OT NOBEpPXHOCTH 3eMJH, B KaxJ0# TOUYKe
nuHeliHo cBsidanHas ¢ H. C. ®. ABepbsiHOB NOJNYYHJ pelieHHe YpaB-
Henusi (I1,23) npu crenmennoit 3aBucuMoctd @ or z suga (I,1) nmas
NOJiyorpaHHyeHHOro MJiacTa M NOBEPXHOCTH 3eMJH, coBmajgaimomeil ¢
ypoBHeM BOJH B KaHaje. B 3TtoM cayuae rayGuHA nOTOKa 2 Ha pac-
CTOSTHHH X OT KaHaJja onpefensieTcss YPaBHEHHSIMHU:

mpu n = 1
2=z, (1 —e), F=x]/ 2o (2)
- T l’ Tz |
Opy =2
1 .
2“2‘[ - Zﬁ"ﬂi;ﬁ] ’ (6) (11, 24)
f1pH n=3
_
F TW:L/}"_ . (B)
x

YaenvHHit pacxof notoka ¢ npu x=0 6yner
% =a ]/Twl)z)n (Ill 25)
e a=1 npu n=1; a=0,812 npu n=2 u ¢=0,707 npu n=3.
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HeficTBuTeIbHEE 3aBUCHMOCTH @ OT 2, KOHEYHO, OTIMYAIOTCH OT
napaGoauveckoit. Ilpumep peanapHOH 3aBHCHMOCTH @ OT 2, IO
M. M. Kpuinosy {22], npusenen Ha puc. 16,0 1715 XJONKOBOro NOJsi HA
HIOHb, 2 Ha puc. 16,6 mocTpoena sasucumocts Igw or lg(1—=z). Ecau
OBl 5Ta 3aBHCHMOCTb Obila napabouuyeckol, TO Bce TOYKH JOJKHEI
ObIH Jieub HA OXHY NPAMYIO, Yo HaKJIOHA KOTOopoi# kK ocu lg(1—z)
onpeneNuT BEJHYHHY 7. B NeHCTBHTENBHOCTH Ke paCYeTHHE TOYKH
3aMeTHO OTK/JOHSIOTCA OT CpefiHell NPAMOH JIMHHH, COOTBETCTBYIOLIeH
IpUMepHO Besduuuue n==2,

Tpu HEO6XOXMMOCTH YTOUHEHHS PACYETOB, OCOGEHHO MPU CAONKHOM
peabede NMOBEPXHOCTH, LeJ1ecOO6pA3HO NPOBOAHTHL pacyeThl KpHBOM
Jenpeccuy -IpU 3aJaHHOH 3aBHCHMOCTH W OT Z HAa 3JeKTPOHHTerpa-
tope. Oco6eHHO 3ddeKTHBeH TaKOTO poAa pacuer, KOrjaa 3aBHCHMOCTb
HCIIapeHus OT TIYyOuHB TPYHTOBHIX BOJ fABAsieTcH -JHHelHol -(n=1).
B stoM cayuae Ha uHTerparope Mojpeaupyercsi ypasHenue (I1,23) B
€r0 KOHEYHOPA3HOCTHOM BHfie:

Hiwy — H; Hy — Hi4q z )
ek b S =g (1 — =) Ax, 11, 26)
D1 Py 0( Zx

ree Dy 1 Dyiq1 ~— GUIBTPAUUOHHBIE CONPOTHBAEHHS MEXKIY COOT-
BETCTBYIOLIUMH CEYEHUSIMH, 2 OCTajJbHble 0003HAauYeHUs NpPUBELEHH Ha

puc. 17,a.
Iockoabky 2=2z¢—H, rae zo — OTMETKa MOBEPXHOCTH 3€MJIH OTHO-

CHTeJIbHO MAOCKOCTH CPaBHEHHsi Hamopos, To ypasHenue (II,26) mpu-
BOMUTCH K BHAY:

Hima =Hi _ Hi—Hirt . @0 Ap(g 54 2). (I1, 262)
"'bi—l.i ¢i.i+1 2

Ypasunerue (II,21a) Momenupyercs ceTKoW CONpOTHBJEHHE, Tpen-
cTaBjeHHON Ha puc. 17,6, 015 kOTOpO#l GanancoBoe ypaBHeHHe Oyner:

ViU Ui=Usr _ Ui=Un (1, 266)

R;_1: Riit1 Rwi

CpasHuBas ypasHenus (I11,26a) u (I1,266), HerpyaHO yGenuTncH,
YTO OHH TOXKAECTBeHHBI, eCliH

Ri1;=agd;_y,, Ri.i—H = 0g®P; 141,

Ry = og—"5— a1, 27)

a norennuans Uy, 3a1a10T COOTBETCTBYIOMUMH HAMOPAM 2p—2x. B sTOM
cnyyae norennuanst U; 6yayT cooTreTcTBOBATHL HanopaM H.

Ecau ke 3aBucuMucTh w(2) HejquHeHHa, TO CONPOTHB/IEHHE Ry
onpenensiercs no GopmyJe:

Ry=ag—> —o=—2 ., 7=2, I, 27a
wt R Ax-wyw wy ([ —2) 2y {a )
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Puc. 16. Jlaunble npuMepa pacueTa QHJIbTPAUHOHHOTO NOTOKAa ¢ HCMapeHHeM, 3aBH-
CSIIUM OT TVIYOMHBL TPYHTOBHIX BOJX:

a — KpuBasi 3aBUCHMOCTb @W= W/W, OT 2= 2/2y, - 6 — JNorapudMuuecKkas 3aBHCHMOCTb

—_— —_ ) o . — —_— Wy

w oT | — 2, 8 — KpUBHE 3aBHCUMOCTH BEJHYHHH | — 2 oT X=X "'7? :

PN . : I M EET o . - . %

. 1 —xpupay, paccuutanuas Ha Mawmune WIIT-5; 2 — kpusasn, -pactynranfas Mo

ypassenuto (II, 19); 3 — kpuBas, paccyuTaHHasi Ha 3MEKTPOMUHTErpaTope



ITockonbKy B 3TOM cayuae w, a CIeAOBaTeNbHO, H Ry 3aBHCAT OT 2,
TO 3ajaya pellaeTcs NOCAeOBATEAbHBIMH NPHOIHKEHASIMH.
Ha puc. 16,8 npusenenst 6espazmepHbie OPAMHATHI | KPHBOH nenpec-
CHH, nOJyyYeHHble pelienueM ypasuenusa (I1,23) npu w(2), samaunnim
KpuBoi#l puc. 16,a, Ha ceToy-
HOM uHrerpatope dU-12, a
TaK¥e Ha JJeKTPOHHBIX
cueTHBIX Mamuuax HWIIT-5
u «Crpenar !, npuyem Kpu-
BAas MO XAaHHBIM PacyeToB HA
«Crpene» NpakTHYECKH COB-
naja ¢ KpPHUBOiH, TOJyueH-
HoH Ha DHU-12, rak uro Ha
o puc. 16,6 oHa He mokaszaua.
Conocrasnenne 3Tux pacue-
TOB y0exmaer B BBICOKOM
3(p¢peKTHBHOCTH  TpeAna-
raeMOi MeTOIMKH PacyeToB
Ha dH-12: ux tounoctr He
yCTynaer TOUHOCTH pacue-
T0B Ha «Crpene» u npesoc-
XOAHMT TOYHOCTH . pacuetoB
Ha WIIT-5. Kpuswle, no-
CTpOeHHBlE HA MAIIHHAX,
YIOBJETBOPHTENBHO COT/IA-
CYIOTCS TaKXe C KDUBOil,

a

VIIIRT7T77777 777

‘j‘.’ a‘ ”{1"

Puc. 17, K mozenupoBaunio notoxa ¢ uena-
penueM, JHHEAHO 3aBHCAIAM OT TJYyGHHB

FPYHTOBBIX BOJ Ha CETOUHOM 3/eKTPOHHTEr-
parope:

@ — GuabTpanuonnas cxema (O — O — naoc-

KOCTb CPaBHEHHs): 6 — CXeMa CORNDOTHBJIEHHH

NoCTPOeHHOH N0 ypaBHEHHIO
(11, 246), Tax uto B nepBoOM
npuGIHKeHHH MOXKHO TpPO-
BOJIUTH TaKHe Pacuers, 3a-

MeHss JNeHCTBHTENBHYIO

KPUBYIO 3aBHCHMOCTH @ OT 2 napaboJiHueckOil ¥ onpenesiss BEJTHUHHY
7 1o dopmyJe:

ﬁ=3,3]g -~1 »

W5

rie Wos—- Bednuuna @ npu z=0,5. Ilpu 3maveHHu n, CYLIECTBEHHO
OTITHYAKOUIeMC  OT 1IeJIOTO, KPUBYIO JIENPECCHH MOXKHO NOAYYHTh
HHTEPNOJAALMER MeXJYy KDHBBIMH, HOCTPOEHHBIMH NpH GauKalumux
HesbxX 1.

! PacueTsl Ha 57eKTPOHHBIX MAUIHHAX MPOBORUIUCH HA Kadenpe MepanoTOBe-
Zewust B. T. Menavenom, a Ha OU-12 —na xadeape ruaporeonornit U. I1. Kpasuen-
ko 1 10, O. 3eerodepon,
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§ 4. OCOBEHHOCTH PACYETOB MOIANOPA B NBYXCJOHHON CPEJNE

IToxmop rpyHTOBBIX BOA B ABYXcHoiHOH cpene (puc. 18) mas
OTHOMEpHOH B IJ1aHe 3ajayl ONHCHIBAeTCs CJAeAYIOIied CHCTEMOH
ypasuenuit [13]:

#2H H—h
b g At (11, 28)
oh . H—h

CosMmecTtHOe npeobpasoBanue ypapuenuil (11,28) u (I1,29) npuso-
JUT K YpaBHEHHUIO:

a[ﬂ(l__.‘i)_l_ﬁ«_f{‘i]:.?f_._ﬂ,, a=*" (1, 30)

Ox2 ky 2k, Ox20t of n i
npuYeM ypOBeHb Ha TpaHulle A=Hh® cBs3bIBaeTCA C HANOPOM Ha Tpa-
Hune H® 3aBUCHMOCTBIO;
Oho HO — ho
}L—&—«kaT—{—w, (H, 31)

a BeJIMYMHA W ONpefeJsieTcss NJsi BEPXHEro CJOs.

B pa6ote [1,13] 6blau moxasaHel HeKOTOphle CHOCOOBI peleHHS
ypaBuenus (I1,30) mas cayyass MrHOBeHHOTO H3MEHEHHsI Hamopa Ha
rpaunie. OnHAKO OHH OKa3aJHCh BCE-TAKH NOCTATOYHO CIOKHBIMH H
JAOUWHMH [pHeMJeMoe pell€HHe TOJAbKO IAs CJydas MTHOBEHHOTO
H3MeHeHHsi TPAHHYHOTO Hamopa.

3nayurenbuo Gonee 3¢ppeKTUBHBIM NyTeM NpejcTaB/isiercs JHHea-
pusanust ypasuennit (I, 28) wu P

(11, 29), xoraa B 3HaMeHaTelde HX 74_—
NpAaBO¥ YACTH BeJMYHHA R 3aMme- A — S
HS€TCS OCPeAHeHHO! BeHUHHOH Aep. /
/ <
t“ T

Torpa ypasnenne (II, 30) npuun-
Maer BUA:

— —

Ox2 o Ox20f

s —

R

ey T

£y A A
@, =—=,  (II, 32a)
Whep Puc. 18, Cxema gmsyxcroiiHoft cpeabt

a ypasnenue (I1,29) npepcraBnseTcs nuuneHHBIM ypaBHeHHeM fepBO-
TO mopsAnKa

oh
> + o= a,H - —3 . (11, 33)

Pewenne ypaenenns (I1,33) onpenenser oBmwuit Bug rpanuunoro
yenoBus pjisi uameHenHs ypoeHs Ak (0; £) =Ah® upu usMeHeHuu rpa-
HHYHOTO Hamopa Ha Beamuynny AH (0, ) =AH°
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AR = g% f (aBAHl’ + -’5-) % dt, (I1, 34)
J ,

PaccMorpuM ¢yHnaMenrtanbHoe pelleHue ypapHenus (I11,32) npu
w=0 #nsa c1yyas MTHOBEHHOTO M3MeHeHHsl Hamopa Ha rpanuue x=0
[OJYOrpaHHYEHHOTO NOTOKA, T. €. KOTAa AH%=const.

Torna u3 (I1.27) HaxomuM

ARO = AHO (1 — &%), (11, 35)

Peutenne ypaBuenus (I,32) B raxofi mnocramoske paccMorpeno
B paGore [5], npuuem B mpUHATHIX Beilile 0603HAUEHHTX OHO UMEET BHI:

Ah = h— hy = AHOF (A, 8), (H, 36)

|
I
i

i
i
1
S
i i
1
1
I}

[ R
SE DA L s
R I |

b

7 Y/ £ ,: PN .
Tl

Puc. 19, I'padux oyuxuuu F (A, 6)

rie A u hy— OpAHHATH YpOBHEH BOAB B pacueTHHH MOMEHT BpeMe-
ua ¢ u npu f=0

gt 2 (BT (BN
FQ\, 0)=1—e" “5 ; [exp( 4+§1) exp ( e)]dﬁ,
) (1, 37)

P S Y. (11, 37a)
2Va Bhep
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Fpadux ¢yuxuuu F(A; 0), noayuenHsii uncieHHnM nyTtem [5, 35),
npuBenéx Ha puc. 19. JlonomHuTe/dbHBIH aHAJAH3 3TONO pelleHHs MPo-
Beflen B paGore [35].

Hns onpenenennst Hanmopa B HUMKHEM CJIO€ MOXKHO BOCIHOJB30BaTh-
ca ypasueHueM (I1,33), paspeinas ero orsocuteasHo H:

1 oh w
H“—&;'*;?T—Fh“?z:h""’ (11, 38)
a npu w=0
_ 1 ah‘: oh
H= h—}—-«-ﬂIB > h+ R (I1, 38a)

TIpuMensis MeTOX 3epKadbHHIX OTOOpaXeHHil, MOXHO Hajiee Moay-
4ATh AHANOTHYHBIE DellleHHs [IJisi OTPAHHYEHHOTO 1O AJIMHE MOTOKa,

Tak, ana noroka anuHof L ¢ 3af{aHHBIM YpOBHeM (HanopoM) Ha
rpanune x=L mpH MrHOBeHHOM H3MeHEHMHM YPOBHs Ha rpaHulle x=0
Ha BesnuuHy AH® mopmop Ak B BepxHeM cioe ONPENeJNUTCS ypaBHe-
HHEM:

-

A

I

Ak _ RS Sy B
= =Fo(h ) =F(a, 0)— VI(F(\, 0)—F(\, 0)], (IL 39)
n=1
, 2nL —x " 2nL 4 x

7»” = —E]“/;a:t' -y Ay = ‘5‘7’;{"‘ 1 (1. 3%a)

2
npudyeM J1Ji8 HavaJdbHOTO MNEpHOofa MOANOpa (npu t< -%;) , Korzia

JABYXCJIOHHOCTb IIOTOKA CKa3HiBaeTCsa HaunboJaee CYILIGCTBEQH_BIM obpa-
30M, MOXKHO CYUTATh:

Ak = F (A, ) — F (M, 8) -+ F (A1, 0), (11, 40)
riae
o 2L—x ar 2L +x
M= M= TR (II, 40a)

B pasbHefilleM ke pacuer OGBIYHO MOMKHO BecTH, He YYHTHIBAS
JBYXCAOHHOCTb MJIacTa, H ONpeAeNsATh BeJIHUYHHY IMONMOPA MO AaHHBIM
Taoa. 1.

Hns orpaunueHHOro notoKa ¢ HeMmpOHUIlaeMOW rpaHuuel npu x=L

8E~F(4,0)+ SIFO,0—FO,0L (1, 4)
n=}|

Ao 2Lt (=Dx a2l —(—1)Tx

n 2ya " °oVa
2
npuyeM st HAaYaJbHOTO IIepHOAE MORNOpa (npx 1L é‘—») MOXKHO
a
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CUUTATh
Al = F (), 8) + F (A, 8) — F (Al 0), (I1, 41a)

rie A, M" u A" onpenpeasiores u3 (11,37a) u (I1,40a). Ocpennennoe
3HaYeHHe MOIUHOCTH NOKPOBHOTO /0 Acp MOXKHO OOGBIYHC 3a1aBaTh
OPHEHTHPOBOYHO B COOTBETCTBHH C TOYHOCTHIO OnpeneneHus Koadou-
LIHEHTa YPOBHENMPOBOJHOCTH BepXHero closl Kp/pn, KoTopas, Kak mpa-
BHJIO, GbIBAeT CPABHUTEJBHO HEBBICOKOII.

Tlpn HeoGXOAMMOCTH €e YTOUHEHHS MOXKHO BOCHIOJBIOBATHCS IOJOKEHHIMH, BHl-
. paGOTaHHLIMH NPH H3YUeHHH CTOCOGOB JuHeapusauuwy ypapHenus Byccunecka. Tax,’
50hdexTHBEEM OKasasica cnocol, MPH KOTOPOM CPefHEee 3HAUEHHE MOLIHOCTH I[17acTa
NIPUHUMAETCS PABHBIM TJIy6HHe NMOTOKA B CEUEHHH € MAKCHMaJIbHON B HAHHBIH MOMEHT
CKOPOCTBIO H3MEHEHHS! YDOBHA BOABL IIpHMeHsst 3TOT NIpHHUMIN X paccMaTpHBaeMmoil
3afaye 0 MPHOBEHHOM TMOJAbEMe YPOBHSI BOAH Ha FpanHlie ABYXCJoHHOro miacTa, 3a-
METHM, 4TO B TIePHOXL 3aMETHOTO BJHSIHHUS CONMPOTHBJEGHHS BepXHero cJjosi Haubogee
HHTEHCHBHO® H3MeHEeHHe YDPOBHst BOILI B BEDXHEM CJO€ TPOHCXOJAMT HA TPauHile mo-
ToKa (x=0). B CcBsizgu ¢ 3THM HCNOMB3YeM TaKoli crnocol JMHeapH3aIMH, IPH KOTODOM

- 44°
/)—A//,
10
49 = d|
=
47 ﬁ‘\ et
é’ﬁ' 54431//
25 LA 9H°hhy 8Ky Hy -}
) A
V7% fpu 6,52
73 /4 8% 5/8,+7)
/4
o Y
0 2 14
7 2 7 b,

Puc. 20. Tpaduk jas onpemenesns pacyerroro napamerpa 6

3HauenHd ypOBHA Ha TPaMHlle NOTOKA B CTPOTOH M JMHeapH3UPOBAHHON MOCTAHOBKE
OKa3EBIBAMCh Gbi OIHHAKOBBIMH. JIsi yNpolleHns TeXHHKH pacueta mo 3TOMY CrocoBy
YA00HO BOCTIONIL30BATECA TPatHKOM CBS3H MeXJy OTHOCHTR/bHbIM YPoBHEM Ha rpa-
HHle W GespaimepHuM BpeMeHeM Op (puc. 20), TOCTpOEHHBIM TO ypasuenno (IF31)
npu f%=const, korna oHO nonyckaeT pasienenue MepeMeHHbIX H MOocAe HHTErpHpoBa-
Hus npu h%(0) =#% npunumaer sun:

——I—%‘ln(l —7) =0, (11, 42)
rae
— h“—-hg HO-—-hg kot
=T 0 e 0= R (II, 422)
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1
npuyeM Kpusas mpi O == Fo = (npx noxmnope GeCKOHeYHO MaJjioM N0 CPaBHEHHIO
€ MOIIHOCTBIO 1171acTa) COOTBETCTBYeT JHHeapPH3HPOBAHHOMY pelnenunio. [las onpenere-
HHs 3HaueHust O caenyer, paccuutas npensaputenbao Op cornacuo (I, 42a), mo rpu-

Bofl, mocTpoenyol AR JdaHuoro 3HayenHst H°, walitH h, nanee no KpuBoit O6=0
HaliTH COOTBETCTBYIOUee 3HAUeHHe 68, a 3aTeM M B=668.

JI151 olieHKM TipefjiaraeMbiX pacueTHBIX 3aBUCHMOCTeH 6bL10 IPOBEEHO COMOCTAB-
JleHHe pe3YJbTATOB AHAMHTHYECKHX DAacUerOB C AAHHBIMH pACuUeTOB Ha THJAPaBJIHye-
ckom uuTerparope B. C. JIykbaHOBa 1/ MFHOBEHHOTO MOJ'beMa YpOBHS Ha rpaHulle
(x=0) nonayorpanudenHoro notoka [13, 35]. ComocraBienne KpuUBHX IIOKa3biBaeT,
YTO pe3dyabTaThl PacuyeToB MO HpeiJsiaraeMofl MeToJHKe XODOIIO COMJIACYIOTCS ¢ pe-
3y bTATaMH pacueTOB Ha THApoHHTerpaTope, TakuM o6pa3oM, HoaTBepxAaeTcs €O06-
paX¥KeHHe O TOM, uTo mpakTHueckd B ypasueHuu (II, 30) Moxuo mpene6peup uneHoM,
cofiepallluM MPOU3BOJIHYIO TPeThero Nnopsjka, JHO0 YYecTb ero HpHOIHKeHHO.

[MoayyeHHOe pellieHHE pacnpocTpaHsieTcs M Ha cayuyail, Koraa
YPOBHH Ha TpPaHULAX TJIacTa MEHSIOTCS N0 CTYMEHYaTOMY 3aKOHY.
B sToM ciyyae MoxHO Bocnonb3oBaThes obuie#t saBucuMoctoio (I1,6),
MONIOXKHB TOIBKO B HeH [ NONYOrPAHMYEHHOrO MaacTa

F(x, t) = F (A, 0), L, 43)

a nas OTpPaHHYEHHOrO IJjaacra npu U3MEHEHHH YPOBHS HA rpaHuue
F(x, 1) = Fo (M, 0). (11, 44)

IIpu 3TOM B KauecTBe OCPENHEHHOH MOIIHOCTH BEPXHErO CJOS MOXKHO
6path ee 3HaueHMe, COOTBETCTBYIOLIEE CPEIHEMY MOJOXKEHHUIO YPOBHS
BOJHI Ha TpaHHuIe.

[Monyuyenunsle pemieHuss NO3BOASAIOT OUEHHTb, B KaKHX CJyuasx
BIHsiHIE JBYXCJIOMHOCTH cpeibl (CONpOTHBJIEHUS BepXHero caosi) Oy-
JeT NpOsBJATLCH CYIIeCTBEHHO, a B KaKUX CAyyasdX MM MOMKHO NpeHe-
O6peub. AHanM3 TOKa3blBaeT, YTO 3TO BJAUSHMe B OCHOBHOM 3aBUCHT
OT 3HaueHus O U B MeHbluell cTeneHu ot sHauyeHus A. Tak, us rpaguka
oyuknun F(A, ), onpenensiioniefl OTHOCHTENbHBEHL NOANOD YPOBHA BO-
bl B BePXHEM CJ0€, BUIHO, UTO NpH

kot
8=t S 510 11, 45
> (11, 45)

BEJHUHHBI OTHOCHTEJIbHOIO MOANOPA, MOACYMTAHHEIE B YCAOBUSX JBYX--
CJIOHHON Cpeabl W NS OJHOPOAHOTO NMOTOKa, NMPAKTHYECKH COBNANAIOT
(c Tounoctbio 2—3%). Takum o6Gpa3oM, MOXKHO CYHMTATh, UTO ECJAH
Beinoansiercss yeaosue (11,45), To MOXHO npeHeGperaTh BJHSHHEM
HOKPOBHOTO C/10S M NPOBOAHTEL pacyeThl KakK MJIsi OXHOPOXHOTO NOTOKa
¢ MOCTOSIHHOH NPOBOJHUMOCTBIO km u  Ko3dbuuueHToM HejpocTaTKa
HacellleHus (Bopootaaun) — p. K TOMy xe pe3yabraTy MOXKHO npuil-
TH, aHaJIM3UpYs APYrue pelieHHs AJs JBYXCJIONHON cpexwl, HanpuMep,
npu JUHEHHOM H3MEHEHHWM YpOBHS HA TpaHulle NOMYOTPAHUUEHHOTO
noroka (ypasuenue I11,42). CnenoBateabHo, npu JA10GHX COOTHOMIE-
HUSAX Rp/R, HAUMHAsi ¢ MOMEHTa BPEMEHH, OMpefe]sieMOr0 HepaBeHCT-
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soMm (11,45), BausHHe ABYXCIOHHOCTH CPeNBl OKa3plBaeTcs Hecylle-
CTBEHHBIM H UM MOXKHO TpeHeGpeus.

U 310 BuiBOn u KpuTepu#t (11,45) cyulecTBeHHO PacXOmATCsS ¢ KpH-
tepueM, npemaoxeHHsM M. A. Besuoposckoir [l, 25}, xoropas cum-
TaeT, 4TO JABYXCJOHHOCTH MOTOKA CJaelyeT YUHTHIBATH, €CJAH BHIIOJ-
HAETCS HepaBeHCTBO:

mle

e > 20, (11, 46)

rie Je — YKIOH eCTeCTBEHHOrO MOTOKA.

B 5TOM KpuTepHH fBHO npeyBeqHYEeHA POJb YKJOHA eCTeCTBEHHOro
noroka. B wactaoctn, nns  yenosuit Gaccefina (le=0) npumeseuue
kputepus (11,46) BoBce TepsieT cMuic..

B yenoBusix AByxc/aoHHOH cpeanl 60JblIoe 3HaYeHHE MOXeT NMeTbh
BJHSHME KalUAJAPHOH 30HM Ha (GOpMHPOBAHHE (UIBTPALHOHHOTO
NOTOKa BO BpeMeHH.

YuuThiBasi HemoJAHOe HachilleHHe KaNWLISIPHON 30HBI BBeleHueM
3¢ HeKTHBHOH KaNHAMSPHOH BBICOTH /Axan, B NMpeiesax KOTOPOH mpu-
HUMAETCsT YCJAOBHE IOJHOTO HACHIIEHHs, NMPeACTABHM ypaBHeHle 06a-
nanca moroka (I1,29) B BepxHeM cioe B Bule:

Ot ban) _ p H—h
p= T k2w, (1L, 47)

K 5ToMy ypaBHeHHIO IpHcOefHHSIETCS ypaBHeHHe GajnaHca MOTOKOB B
TPABKTAllHOHHON M KaMHISPHOH 30HAX BEPXHEro CJos:

0
H-—h Reian — Pean .
by~ =~ - (II, 48)
h hKaﬂ
rine Ry — 3d@QeKTUBHHA K03pdulleHT QUABTPAUHN KanuaasipHol 30-
HBI, ho,{‘a,,—‘MaKciumanvaag s3¢dexTuBHas Kanuwauisipuas BbicoTa. Ilo
npexBapurenbHLIM AaHubiM [13, 20] MOXKHO, 110-BUAUMOMY, TPHHHMATH

1 N o
k, = 5 k,u K%, paBHON %/3 OT MOJAHON BBHICOTHI KAMWISIPHOTO MOAHS-

THS,
CosmectHoe pemenue ypaemenuft (11,47; 11,48 u 11,28) npu w=0
NPUBORUT K C/IOKHOMY HENHHEHHOMY YpaBHEHHIO:
dy )
o (h —_
phm N O e T (11, 49)
ot
(9: {3
kkhgan
- . 9
ks (H — h) + kyh (IL, 432)
Ypasuenue (I11,49a) MoxHO JMHeapH3upOBATb, Kak 1 YpaBHeHHe
(1L,30), npexne Bcero ocpeiHsis BeJUUHHY A, CTOALLYIO B NepPBOM
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o 0
yjleHe ypaBHeHHS Mepej MPOU3BOXHOH —a—ty_’ a 3aTeM, OCpefHss BedH-

yuny y. Torma ypasnenne (I1,49) npusomurcs k ypasmemmo (I1,32),
B KOTODOM TOJbKO BMECTO | ClelyeT 3aJ1aTh BEJHYHHY Ycpl, TAE

Ycp — OCpENHEHHOe 3HAYeHHe ¥.

ChnepnoBaTenbHO, JJIs1 pacyeToB HEeYCTaHOBUBIUe#cs (HAbTPAlHU B
JBYXCJAOHHOM MJAacTe€ C YYeTOM KamHAASPHBIX CHJI MOXKHO MOJAb30-
BaTbCsl BCEMH NDHBeJEHHBIMH BhIllle 3aBHCHMOCTSIMH, 3aMeHsisl TOJBKO
B HUX (L Ha BEJUYHHY YcpMm. I[IPH MOHOTOHHOM H3MeHEHHH YpOBHeil
3HAYCHHE Ycp HpHﬁJ’IH}KEHHO MOZKHO ONpeaeaAdTs A8 Ka)Xaoro ceye-

HHS B IaHHBI MOMEHT BpeMeHH 10 GopMyJe:

{4 [kan (11, 496)

rxe Ah-—— mopgbeM YpoBHS B NAHHOM CEYEHHH 3a pacCuyeTHHE NepHON
BpeMmenu 1.



IF'aasa 111

ONPEJEJIEHHE THAPOTEOJIOTHYECKHX MAPAMETPOB
MO JAHHbIM PE)XMMHDBIX HABJIIOJEHHH

Buibop e2udpoeceosocuueckux napamerpos peuiarowum o6pa3om
8AUsET HA JOCTOBEPHOCTb NPOSHO308 PEAHCUMA 2PYHTOBBIX 800 U NOTO-
My onpedeneHue napameTpos8 OGONNKHO COCTABAATL HEOTBEMAEMYIO
4acTe eudpozeosroeutecko2o pactera.

Ha Goabuinx TeppuTOpHAX 3a4acTylo He yAaeTcd HAHTH mapaMeTpH
N0 JAHHBIM ONBITHO-QUABTPALHOHHBIX PabOT H B 3THX YCAOBHUAX JJIA
onpefeJeHHs TUAPOTEOJOrHYecKHX I[apaMeTpoB C YCHEXOM MOryT
ObITb HCTOJb30BAaHBEl HaG/IIOJleHHs 3a YDPOBHSAMH TOA3EMHEIX BOJA TNpH
YCTAHOBIBINEMCSA H HEYCTAHOBUBLIEMCS peXHMax (QHIbTPALHHU.

ITpu ycraHoBuBlIeMCs pexxuMe (QuaAbTpauun 3QPeKTHBHO OLEHHBA-
IoTCsl GUALTPALMOHHAS HEOAHOPOAHOCTb 1O AJIHHE TOTOKA, COMNPOTHB:
JeHHe Ji0XKa BOJOeMa H OTHOCHTE bHAs HH(PUABTpALHUs.

Ipu HeycranoBHBIIEMCA pexuMe (QHABTPAUMH HaHGOIBLUIMN HHTE-
pec npeiacrabfsier onpejeJeHue KosdduuueHTa YDPOBHENPOBOLHOCTH
BOJOHOCHBIX TJACTOB, HO MOXKET TaKKe OLEHHBATHCH CONpPOTHBJEHHE
JoXKa Bojoema. He nposoxs ofmero aHanusa 370l nmpoGJsemsl, orpa-
HHYHMCS €€ PacCMOTPEHHEM [IPHMEHHTENIbHO K YCJOBHAM NPUGPEKHBIX
TEPPUTOPHH B NEPHOJ NMABOAKA, HANOJHEHHS HJIH ONOPOXKHEHHS BOJO-
XpaHUWJMIL, KaHANOB H T. . MoOXKHO yTBepXKIaTb, UTO ONpeNeseHHe
Ko3(}uuMeHTa ypPOBHENPOBONHOCTH MO NAHHBIM PEXHMHBIX HabJlo-
HeHHi B NEPHOJ MaBOJKa M OCOGEHHO B Hauya/IbHBIH NEPHOA DPa3BHTHS
MOAIOpA TPYHTOBBIX BOH TapaHTHPYeT TOYHOCTb NPOTHO3a PAa3BHTHS
NOANOpa BO BPEMEHH Ja)e B OYEHb CJOXKHBIX THIPOTe0JOrHYECKHX
YCHOBHSAX.

§ 1. YCTAHOBHUBUIMNCYH PE)XHM oHJIBTPAUUH

ITpu ycranoBuBuiemcst pexuMe uabTpauuu MoxeT ObITh AaHa
oieHKa (UABTPALHOHHOH HEOJHOPOJHOCTH BONLOHOCHBIX IJIACTOB H
NOYYEHB XapPaKTePHCTHKH BEJHUYHMHB HHOHIBTPAllHOHHOTO NHTAHHA
No naHHBIM 00 YPOBHAX B CKBa)XHHAX HA0/I0OfAaTeNbHBIX CTBODOB.
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Hau6oaee npocto n yI056HO TAKOro pOAAa aHAJN3 MOXKHO NPOBECTH,
ecnn HaGaOXarTeslibHBIH CTBOp, COCTOMIIMA M3 TpexX CKB.— 1, 2 1 3,
coBmajaeT ¢ HampaBJeHHEM NOTOKa MOJA3eMHBIX BOA. B sTtoM cayuae
TIpH HAJMHYHH JuHedHOro B NJiane (GUAbLTPALUOHHOTO NMOTOKA W OTCYT-
cTBud MHGUAbTpauMH OroHHbIH pacxol GuUABTPALHOHHOrO mNOTOKa
Mexny JByMs HabmojatesbHbIMH CKB. 1—2, HaxoAdlUMHCs HA pac-
CTOSiHHA AXj—p APYT OT Jpyra, onpepeautcs GopMynao:

AHp-,
Axy_g

g="Ti 9019, o= (I, 1)
rae T1— ¥ ij-p — CPeAHHE 3HAYEHHS TPOBOAMMOCTH W IPagHeHTa MoTo-
Ka B cTBOpe; AH |2 — pa3uuna ypoBHell BOABI MeXIY ITHMH CKBaKH-
HaMu. AHaloruyubiM 06pa3oM MeXAy ckB. 2—3
. . AH,_
q=Torsip3 i g=—=2, (111, 1a)
Axz—s
rae To-a, i9—3, AHy 3 — 3HaueHusi NPOBOZHMOCTH, TPajgHEHTA HAMOpa
H pasHHUbl YpoBHEH MeXAy ckB, 2—3.
Conocrasaas (I11,1) u (I1l,1a), nasinem dopmyny ana onpenene-
HHSI COOTHONIEHHS NPOBOAMMOCTH B 30HaX MeXay ckB, 1—2 u 2—3:

Ti-s _ L= (111, 2)
Ty-s l1-2
T. €. 3HaueHHs NPOBOAHMOCTH BOJOHOCHOrO IJiacta B JAaHHOM ciaydae
OKa3blBaIOTCSi O00paTHO MPONOPLHOHANbHBIMH rpanaveHtaM (uabTpa-
LHOHHOTO MOTOKa.

Mpu Hanuuny HHOHABTPAUHOHHOTO MUTAHHSA pacXon (GUAbTPALHOH-
HOrO TMOTOKA yXe H3MEHseTCs MO €ro AJHHe, MpHYeM Ha JHHHH CKB. 2
pPacxoj MOTOKA ¢2, NPHUXOASLIETO CO CTOPOHB! CKB. 3, ONpeieNHTCs
BbIpaxKe€HHEM:

IIDAX3:§_
B .

gq = T2_3i2_.3 + (IH, 3)

BripaxeHue /s 3TOro e pacXoia, BHITEKAIOMEro B CTOPOHY
cKB. 1, Gyner

IDAXI._g

5 (I, 3a)

g3 = Ti9 i1 —

Conocrasass Boipakenus (I1I11,3 u 111,3a), nainem dopMmyay aas on-
penesieHus Beduuunn w/To_3:

_7_‘1:3,l —i
_® _ T T
Tys Axcp ’
Ax,y = Bzt Atis (1L, 4)
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Has pacyetos no ¢opmyrne (I11,4) caenyer npeasapurensHo omnpe-
AennTb OTHOWeHue mpoBopuMmocTe#t Ti_o/Ts—3 nmo ¢opmyae (II1,2) ma
nepuod OTCYTCTBMA HHGHJIBTPALHH.

Jlast niaockoro B IJiaHe (HeJHHeHHOro) NMOTOKA aHAJOTrMYHHe pac-
YeTHl MOXKHO NPOBECTH, BHIAEAUB BAONb HabJI04aTeIbHOTO CTBOPA JIEH-
TY TOKa MeX1y ABYMs JHHHAMH TOKA, NPHBOAHMBLIMH OPTOTOHAJbHO
FHAPOH30TrHICAM (ruApou30mbe3aM). B’ stom clyuae AHAAOTHUYHBIMH
paccyXIeHHSIMH MOMKHO T0Ka3aTh, UTO IIPH OTCYTCTBUH HHOUIABTpALHU
%2:& = -‘:i-:é;llz:i , (111, 5)

23 iy—g-by—a
rae bi_p v by_3 — CpefHHe 3HAUEHHs WIHAPHHBL JEHThl TOKa MeXAY COO0T-
BEeTCTBYIOIUMH CKBaXKHHAMH, a NPH HAJMWUYAH WHOUABTPALHH

Ty—
w -7-:1“’“1'1—2 bi—g—ig—3-bo—3
— _Taa e (111, .6)
Tz-—s QCP
rae
0 = Mtrrbia t iy (1L, 6a)

Onpejenus cooTHOLIEHHe NMPOBOAMMOCTEH IJ1acTa, MOXHO HAHTH COOT-
HOllleHHe CpelHHX K03 duuneHTOB GHUAbTpaunH ki_p ¥ k23 B 30H2X
1—2 u 2—3: '

ky—s Ti—g My-3
e s T 1, 7
ky—s Tees My ( )

Tae My 0 Mg_3— CPeIHNE MOLIHOCTH NOTOKa B COOTBETCTBYIOLIHX
30HaX:
M= tath oy o etk (11, 7a)
2 2

B cayyae cnoxHOro Xapakrepa NMOTOKa H HeNOCTATOYHOro YHcJaa
Hab/MofaTeAbHBIX CKBAXKHH, KOTAa HCKIIOYaeTcss BO3MOXKHOCTb o6ocC-
HOBAHHOTO [TOCTPOEHUS THAPOU3OTHIC H NPOBeJEHHUS PAacyeTOB 1O Xa-
PaKTepHHM JIEHTaM TOKa, MOXHO PeKOMEHJIOBAThb [/ OLEHKH HeOqHOo-
POAHOCTH NJ/IACTOB HCIIONb30BaHHE MOAEIHPOBAHHA (UIBTPAUHOHHOTO
MOTOKAa Ha CeTOYHOM 9JIeKTPOHHTErpatope.

Jas OleHKH CONMpPOTHBJIEHHS JIOXKa PEKH TaKiKe Jydyllle BCero BOC-
NONB30BATLCSA Mbe30OMETPHYECKHMH HAG/MIONEHHAMH B NEPHOA CTAIHO-
HapHOro TOJIOXKeHHS KPHUBOH HeNpeccHH, eCAH HMelOTCs RaHHble MO
YpOBHSIM B peKe W JBYX Mbe30MEeTpax, PacHOiOXKeHHHX BOJIMU3H DPEKH
(puc. 21). Torna npu cnmmerpmmoﬁ cxeMe NpHTOKa (OTTOKa) HJH
NpH OTCYTCTBHH B3aMMOJeHCTBUS NMOTOKOB Ra oGoux Geperax MOXKHO
CUMTaTh:

H —

AL =27y — 5, (i, 8)
Hy -
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Ilpu nBYXCIOHHOM CTpPOEHHH JIoXKa BojgoeMa (puc. 4,8) MOXKHO
Jajee OLEHHTb TPOHHLAEMOCTb 3SKDPAHHPYIOIEro CJO0s, NOCKOJbKY
B 3TOM cJyuae

AL=—cth 22, =1/ (111, 9)

kmmy

Haiiag us (111, 9) HecsiokHBIM MONGOPOM BefiMuMHy b M COOTHOIIEHHE
k(/k npu u3BecTHOM &, IOyuuM k.

Tlpu necumMeTpuunoM mnOTOKe (OTTOKe) Beanuunsl ALg u ALg,
onpefeneHHble [Jis IEBOrO H NpaBoro Gepera, CBsi3aHbl ¢ COOTHOLIEHH-

LxB7 oxb 2

| al v 7 /s

& 4

TT77 77 D277y 7777772 7T T 20077 7270 7 0777 17 72T 77 7770777700777

Puc. 21. K onpefesen#tio CONpOTHBJGHHS JIOXKA DeKH

€M DacXONOB ¢u H g, MOCTYNAIOLUIHX COOTBETCTBEHHO C NPABOIO H Je-
Boro Geperos, ypasueHnaMa, caenyomumu w3 (1.36):

n (1 chbB Gn b ! (IIT, 10a)
AL = {14 1 . G\ cthbB 106
" (1 chbB  ¢q ) b (IIT, 106)

Onpenenus Beawunnl ALy u ALy nas xaxkuoro Gepera B OTHeJb-
Hoctu no ¢opmyne (I11.8), a coorHoltenne pacXonoB gu/ga OCHIYHBIM
o6pa3oM (HamnpHMep, N0 COOTHOLIEHHIO I'PAJHCHTOB NOTOKA B NMPABOM
# neBOM Oepérax, ecH TIPOBOAMMOCTH IUIAETa TIPHMEPHO OJHHAKOBHI),
MoOXHOo 1o opmyaam (I111,10a, 6) momGopoM HailTH BemuuuHbnl b A
ki/k, npuyeM B KayecTBe pacyeTHHIX MOTrYT ObITh NPHHATH CPeNHHE H3
BeJHYLH, ONpefeNeHHbIX 0 KaXKJOMYy H3 Geperos B OTAEJbHOCTH.

O7HaKO NmpuMeHss 3TH 3aBUCHMMOCTH, Haj0, KOHEYHO, OBITh TBEPIO
VBEDEHHBIM B YCTaHOBHBIUEMCH XapaKTepe ypOBHeHl mOTOKa 3a pacuyer-
HBI MMepHOA BpPEMEHH.
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§ 2. HEYCTAHOBUBIIHHACSA PEXXHM ®HJIbTPALLHH
a. MpuMeHenHe aHAJTHTHYECKHX METOJORB

HauGosiee npocToif W YHHBEpCAJbHBIH cnoco6 onpefeneHHs K03¢-
¢HLHeHTa YPOBHENPOBOJAHOCTH J1aCTa B NePHOJ NaBOAKa H NEPHOA Ha-
MOJIHEHHS] BOJMOXPAHUJIHINA TI0JY4YaeTCd, eCAH BOCMOJb30BATbCA pellle-
HHEM ypaBHEHHs HeyCTaHOBUBIIefics QHUIbTPALMH NIPH JHHEHHOM H3Me-
HeHHH YPOBHsI BOABI Ha TPaHHLE MOJYOrpaHHYeHHOro noToKa (raba. 1),
COrJIaCHO KOTODOMY H3MeHeHue YpoBHsi AH Ha pacCTOsHHH X NpH U3-
MeHeHuH YpOBHsA Ha rpanulue x=0 c HOCTOSHHOH CKOpOCTBIO U GydeT:

AH =ot-R (M), (1L, 11)

a NpH U3MEHEHHH YPOBHS Ha rpaHulle x=0 c mepeMeHHOH CKOPOCTbIO—
10 3aKOHY JIOMaHOH JuHHH (cM. pHc. 8,6):

AH mi 0 — ) =) R (M), (111, 12)
=

x
7\-,- R e,
2V a{t —ti-y)

IMoab3ysicb 3THM pellleHueM, MOXHO ONpefenutb K03 HHUHEHT
YPOBHEIIDOBOAHOCTH ¢, WMesi JaHHBle N0 H3MEHEHHIO YPOBHA B JIBYX
nbe3oMeTpax, pacrnonaraeMbiX Ha PacCTOSIHHH X JPYyr OT Apyra o Ha-
NpaBJeHUIO TeueHH TPYHTOBOTO MOTOKA B nepuoj nasogka. as 3To-
ro mbe3OMeTp, PaclofokKeHHBH OJMXKe K PeKe, paccMaTpPHBAIOT Kak
TpaHUYHBIA, nNpHYeM NEHCTBHTEAbHBLIN rpaduK H3MeHeHHs YDPOBHS B
HeM MoxeT OBITb 3aMeHeH JIOMaHOH JMHHel; JPyrod xe Hbe30MeTp
paccMaTpHuBAIOT KakK Haf/ofaTesbHbI (HHAMKATOpHHIN), YpOBeHb B
KOTOpOM Hu3MeHseTcst coryacHo ypaBHenmo (II1,12). Hanee caemyer
BBIOpaTh pacyeTHbIH MOMEHT BpeMeHH, KOTAa H3MeHeHHs YPOBHsSI mpo-
M30LIIM JOCTATOYHO OTHETJHBO, H, MOAb3ysich ypaBHennem (III, 12), B
obmeM caydae noxbopoOM HalTH Takoe 3HAUEHHe BEJHYHHBI @, NpH
KotopoMm 3Hauenus AH, Bbluucientble no ypasuenuio (I11,12) u 3ame-
peHHble B HabJiofaTeNbHON CKBaXKHHe, MPaKTHUECKH coBmajgalor. Pac-
YET PE3KO YIpomiaercss, eClH CKOPOCTb H3MEHEHHS YPOBHsSt B T'paHHY-
HOM Nbe30MeTpe cYHTaTh NOcTOosSHHOM . Torza MOXHO BOCIONB3OBATLCH
ypasuenueM (III,11), npencraBus ero B BHe:

AH
AH = R(A), (I, 13)
Tne AH u AH® — u3MeHeHus YPOBHS B HaOMIONATEIbHOM H IPaHHYHOM
nbe30MeTpax 3a nepuon BpeMenu I 3uas AH u AHY ma xakoil-to Mo-
MeHT BpeMenu f, onpefienum no ypasuenuto (III,13) Bemnunny R(1),
Ranee no tabaulle NpuaoXK. 2 HalileM 3HaYeHHe A U paccyHTaeM BesH-
HUHY @ 10 hopMyJie;
x2
43¢

! Takoit cnoco6 6bit HemoabsoBan C. &. AsepbsinosbiM [7).

(I11, 14)
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UncneHHbld aHa/u3 JefdCTBHTENbHBIX rpadUKoB NmoaibeMa YpPOBHeH
BOJBI B NbE30METpPax 3a MNEpHOJ NaBOJKa IOKa3biBaeT, YTO OOLIYHO
OHH JOBOJBHO XODPOLJO- ONHCHIBAIOTCA NapaboaHYecKoll 3aBHCHMOCTDIO,
TaK 4TO IIpH pacyeTax BeJHYHHBI @ B NepHOZ MTOA'beMa NaBoAKa Jyullle
3aMeHATh AeHcTBUTENbHHH rpaduxk noxbeMa YpPOBHS B TPaHHYHOM
nbe3oMeTpe He NMpAMOl JuHuel, a napabosolt BURa:

AHY = ay/t, (I1I, 15)

rfle BpeMs ! OTCUUTHIBAeTCS OT Hayaja 3aMeTHOro HojbeMa yPOBHsS BO-
Obl B rPaHHYHOM TNbe30oMeTpe. B 3TOM cayuae, wuCnmoab3ys COOTBET-
CTBYIOLee pellieHHe TeOpHH TemjonposoaHoctd [11], moay4ynm caenyro-
HIYI0 3aBHCHMOCTb, ONPENeNfolyi0 COOTHOIeHHe ypoBHeH B Habaiwo-
JlaTelbHOM M TPAaHHYHOM Nbe3oMeTpax;

AH . A .
=€ Va-AericA. (I, 16)
Ta6aunga 4

3asucumocts A or A'H/A H® npn [napaGoamueckom Xapakrepe H3MeHeHHS YpOBHewH
BOAB, cocrasienHad no ypasuennio (I, 16)

A

AH

T 1 7 > ’ ’ » ’ ) '
NG 0,9 {0,8 |0, 0,6 {0,5 0,4 0,3 |0,2 |0,15]0,1
A I 0 l 0,055‘ 0,1151 0,18 ‘ 0,26 ’ 0,35 l 0,44 l 0,57 I 0,71 l 0,82 l 0,95

Tlpu pacuerax no 3aBucumocty (III,16) nyuuie Bcero GpaTh Benn-
gunpl AH u AH® Ha MOMEHT MaKCHMaJibHOTO NOAbeMa yPOBHSI BOIH B
rpaHHuHOM mnnesomerpe, OnpeneauB fAantee no TaGa. 4 BeauuuHy 2,
HaiiieM a no ¢opmyne (II1,14).

TMpennaraembiMu GopMyJNaMu MOXKHO MOJIB30BAThCs, €CIX 3a pac-
yeTHBIl TIepHOA BPEMEHH TaBOJOK He PACIpOCTPaHHJCH 1O BepXOBOH
rpaguibl nmjacta (MOCKOJbKY OHH ITOJYYEHBl [JIfi TOJYOrpaHHUYEHHOro
IOTOKA) .

Jlpyrue aHaiuTHuecKue CNOCOOL  OmpeneeHHs Kodbduluenta
yposrenposogHocTn npeanaraiuce H. A. Oruabeu [13] u I1. A, Kuce-
JeBnM [6], Ho cnoco6 H. A. Orunbsu siBasieTcs Goee CIOXKHBIM, a CHO-
co6 T1. A. KuceneBa -—— MeHee YHHBEPCANbHBIM.

Onpenenenne BeauunHbl AL ¢ MOMOLIbIO aHAJTHTHYECKHX MeTO]0B
MOKeT NPOBOAUTbCS TOJABKO B TOM C/iyuae, KOTa He POMCXOMHT Cylle-
CTBEHHOrO CMelLeHHMsi ype3a BOABI B peKe NPH MPOXOXKIEHUH NaBOAKA,
6o KOorjaa ypes cpasy pe3Ko CABHraercs, a B faJbHefIleM ero mnoJo-
XKeHHe MPAKTHUECKH He H3MEHSeTCs.

TIpuseeM MeTOnMKy pacyetoB Beauuunst AL 1as cayvas, Koraa
ypoBeHb B BOjOeMe MeHseTcsl MpaKTHYeCKH MTHOBEHHO OT BeJHYHMHbI
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H® po Bennunnst AHy', 4to XapakTepHo, HanpuaMep, AJs MepHOAA Ha-
NOJIHEHUS BOI{OXP&HHHHma HamnoJiHeHHA HJH OIOpOXHEHHA KaHaJa0B
u T. n. M3 penleHus aHaloruyHOf 3amadd TeOpHH TEIIOIPOBOJHO-
cru [11] HaiiieM, 4TO COOTHONIEHHE W3MEHEHHsI YPOBHS B BOZOeMe
AHy=Hy'—H® u B mbe3oMerpe AH, orcTositlleM HAa pacCTOAHHH X OT
BojoeMa, Gyaer:

AH

— =0, II, 17
AH, (A, ), (1L, 17)
rie
W SR 4 (I, 18)
2V at AL+x
Ha puc. 22 npusenen rpadux ¢yukuup © B 3aBHCHUMOCTH OT A H
AH .
7. ITo sTOMy rpaduky npu u3BeCTHOM B = R (B34TOM Ha pacuéf-
P
P HBli MOMEHT BpeMeHH f, OTCUH-
10 e ThIBaeMblil OT MOMeHTa H3MeHe-
» i HASL YPOBHS B BOJOEMe) H ompe-
24 Csin 1 JeeHHOM 3HauyeHHH A NMOAGOPOM
4 A MOJKHO HAHTH BEJHYHHY T, IO KO-
; TOPO#i HEeCJOKHO OnpeAenuTb AL,
98 e nockosibKy cornacuo (II1,18)
y) /’=” -
47 ~ AL=Y . am19)
/ y. /{"42"‘
g5 // T Ilna ycnoewii maBoaka Hau-
D GosMlee XapaKrepHOH sBigercs
45 B 47.4.4 RN napabosvyeckas  3aBHCHMOCTD
7 y AT M3MEHeHHS YPOBHSI B peKe BHAA
4av.y = (111, 15). B atom cayuae Teope-
441 pay . TI[4  Tuyeckas cBA3b MeXAy H3MeHe-
AL T HMSAMH ypoBHel AHp—B peke
43 =g b 1T AH — B mbe3oMerpe, pacmnoJo-
u ey 1//- s 3KeHHOM BOJIH3H ype3a pekH, HMe-
—— et pua [11]:
iy (A RRMARRRRRRARRER
117 / /; RN, AH \
2t S A70 T N 1 —e®.erfcr,
di//am :
4 T —
7 &l L - ;;j{ ' r=—Ye4 1, 20)
b 7 AL +x
Puc. 22. T ; ©: cnaow-
i Mﬂuﬁa?f‘%?y"mfmn wxnppas A€ X — PacCTOSIHME OT Ibe3o-
auunst — O (lg 1) npu X MeTpa 10 ype3a DeKH.
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Ta6nnua 5
Cea3p Me)u.y A H/A Hy, u ¥, NOCTPOEHHAR MO 3aBHCHMOCTH (lll 20)

A 101 o2 |03 |04 |05 |06 [065]07 [075]08
AH,
x lo,ossf 0,2141 0.3 | 0,53 l o,77i 1,11 * 1,34 ! 1,65 lz,m lz,sg

Pacuer no sasucumoctu (I11,20) pexomenayerTcs NMpoH3BOAHTL HA
MOMeHT NHKa NaBoxka. Iloap3ysce Tabs. 5, MOXHO 10 H3BECTHOMY
A{i/AHp HafiTW T, a 3aTeM OIpejeNuTh W BeauuyuHy AL no dopmyie
(111,19)

6. lIpuMeHeHHe KOHEMHOPA3HOCTHLIX YPaBHEHH

TTpuMeHenHe KOHEYHOPA3HOCTHHIX YPaBHEHHH JJs onpejeleHHs
Koa(puuneHtTa YpOBHENIPOBOAHOCTH II1ACTa nonpoéﬁo H Pa3sHOCTOPOH-
He pasoGpano H. H. Bunnemanom [2], KoTophlit | mpeasoXua ueTsipe
cnocoba pacuera BeJMYHHB @ M0 PeXUMHBIM HAGMIOCHHAM B MEPHOL
naBogka. He maBas moppoGHOro u3/noxeHHs 3THX CNoCOGOB, paccMOT-
pHUM TOJILKO BONPOC O LeJeCOO6Pa3HBLIX IPaHHUAX HX TIPHMEHEHHS.

HauGodee XecTkde YCIOBHA Ha HeOGXOZMMOe YHCJAO Nbe30METPOB
HaKJaJAblBalOT BTOPOH M UeTBepThili crocolnl, KoTophle TpebyloT ycra-
HOB.I€HHS IIOIaAH HacblLleHHs Ilacta BOZOH mpu nasogke. OGBIYHO
JNOCTaTOYHO pejKas CeTb Nbe30MeTPOB He MO3BOJSET YCTAHOBHTH BeJH-
UHHY MJIOI{AAH HachllleHusd, W NMOTOMY 3TH fBa croco6a B jpafibHeH-
ureM paccMatpuBaTthesi He OyAyT, TeM boJiee uTO OHH HE MMEIOT 3Ha-
YMTEbHbIX NPEHMYUIECTB N0 CPABHEHHIO C JAPYTHMH Cnocobamu.

IMepsuiit cnoco6 H. H. BunaneMana 61H30K MO CBOei Hiee K H3J0-
KeHHbIM BHIlIle aHAJTHTHYeCKHM MeroxaM. [lns ero npumenemm Heo0-
XOMUMBl HaHHBIC MO JIBYM CKBaXKHHAM -— I'DAHHYHOH, PacClOJOXKeHHOH
6mKe K peke, n HabaofaTebHOR (MHAMKATOPHOH), pacmosaraemoit
Ha PacCTOSHHM X OT TPaHUYHON NepHeHAHKYNIPHO JHHHM OGepera
(BROMb JHHMU TOKa).

Ilas pacuetToB npuHHMAaeTCs YNpPOLUEHHBIH BHJ JHHeHHOr0 KOHEYHO-
Pa3HOCTHOro ypaBHeHust (puc. 23,a)

AH, = éﬁ&;—‘?ﬁ% — AH, (I 21)
KOTOpPBIH, KaK H3BeCTHO, MOJy4aeTcs NpY YCAOBHH
Q22 . (111, 22)
2aAt

Jlanee, pacyeTHbIl. nepuoj BpeMend ! pa3OuBaeTcss HA HECKOJIBbKO
vactet At (H. H. BuHneman pekomennyer coornoueHue f/Af==8-+10)
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1 OBLIYHBIM TIyTeM !, 3a/1aBas Ha rpaHuie H3MeHeHHUs YPOBHs, KOTOpHE
HMEIOT MeCTO B IpaHUYHOM Wbe30MeTpe, POU3BOLUM pacyeT H3MeHe-
Hus YPOBHell BOJAH B OTAENbHBIX ceyeHusX. Jlajgee 3TH uU3MeHeHHS co-
NOCTaBASIOT ¢ rpaduKOM KoseGaHusi YpOBHA B HabMioAaTeabHOM
nbe3oMeTpe M YCTAHABAMBAlOT TO cedeHHe HoMepa N, B KotopoM co-
TJlacoBaHue pacueTHHIX W HabJIOJaTeIbHbIX YPOBHEH OKa3hlBaeTcsH Hau-
AYUIipM 2,

Tperuit cnoco6 H. H. Bunnemana ssasiercs passutueM GajaHco-
Boro crnoco6a I'. H. Kamenckoro [5, 9], ana ucrnoab3oBanust KOTOPOro

F

Puc. 23. CxeMBl HOTOK2 K BBEIBOAY KOH@UHO-DA3HOCTHBIX YPaBHeHuf

HeoOX0oAHMbl HaOMOAEHUs! MO TpPeM CKBaXKMHAM, pacnofokKeHHBIM 10
CTBOPY, NeplleHAHKYAApHOMY peke. BanaHcoBoe ypaBHeHHe cpelHerc
oTceKa 3a nepuop Bpemenu Af uMeer Buj (puc. 23,0):

— g, = MAF
ql () Af 3 (IIL 23)

TAe §1 U go— NOTOHHBIE PACXOXbl NOTOKA COOTBETCTBEHHO MEXIY ceye-
auaMu (ckBaxuHamu) 1—2 u 2—3. Ilas toro utofbl CMACYMTh BJHMA-
HHe cay4aMHBIX HCKaxeHHH Xapakrepa [OTOK3, KOTOpbie MOTYT pesKo
CKasaTtbeca 3a HeGosbuoii nepuon Bpemenu Af, H. H. Bungeman npen-
N0xuJ1 npocyMmupoBath ypaBHenne (II1,23) 3a 6 npomexyTKos Bpe-
MeHH 3, T. . HCIONB30BATh YPaBHEHHE:

8
1 §p) = —>— ;== II1, 24
2(4 Ga) = RV (111, 24)
=1 ie=1
) 5}’ B stom cayuae ypasmenwe (III, 21) ynoGuo pewats rpadguuecknm nytem [1,
* PacueTHoe 3Havenne N MoxeT GLITh TIPHHATO H He LeJIHM, a NOJY9EHO HHTEP-
NOJAAIHEH, ec.nn,naﬁmonaemb!e YPOBHM pacnadsararmoTres MEXKIY pacueTHBIMH YDOBHAMH
B IBYX COCERHHX CE‘IGH!{?X.
[is,ltmx TNJOCKOr0 B NJiaHe MOTOKa 3TOT Crocol B RanbHelileM NpHMeHeH B pato-
Te .
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rie AF — o0uiee u3MeHeH#e ILTOWANH HACHILIEHHS 32 Bechb PacyeTHbIH
nepuon BpemeHun Af, onpejenisieMOe Kak NpPOH3BelleHHe MOAbeMa YpOB-
Hsl B Cpe/iHeM Nbe3oMeTpe 3a BpeMs Af Ha CpelHee pacCTOsiHHe OT
CpeJlHero A0 KpaHHHX Nbe30METpPOB.
ITockoabKy BHpaMeHHus AN PACXONOB §; U g OyAyT
Gi=Ti2lio 1 gy =T 3iz3, (I, 25)

rie T u i— 3nayeHdss NPOBONHMOCTH IJIACTa M YKJIOHA NOTOKAa MeXAy
COOTBeTCTBYIOIIHUMH cedeHusiMu !, to ypasuenue (I11,22) moxno mpen-
CTaBUTb B BH[E, Pa3pelleHHOM OTHOCHTEJbHO a

T AF
Qs = S22 S — (111, 26)

=— :
# N/, To3 |
MZ L =
i=1 -2

B pa6ote [2] H. H. Bunfieman cuutaet 310T MeTol HauGoslee yHH-
BepCajbHBIM, MOCKOJIBbKY OH mo3Bosder nudpdepeHIHpPOBAHHO OLEHUTh
P POFre0JIOTHIeCKHE NapaMeTphl B YCJOBHAX HEOXHOPORHOro miacra?

BMmecte ¢ TeM B yCJIOBHSIX HEOXHOPOAHOIO mjacra 6OJblloe BJHSA-
HHe Ha pe3y/JbTaThl pacyeTOB MOXKET OKa3bIBAaTh COOTHOLIEHHe NPOBO-
DuMOcTed MexAay ceueHuaMH To3/T1—s. Ecin e npeneGpeyb cOOTHO-
LIeHHeM NPOBOAMMOCTEN, T. €. CYHTATh €r0 PABHBIM eJIHHHIle, TO Ompe-
nenende BeauunHs @ no ypapHenuio (III,26) moxer npusectn K pesko
OWKGOYHBIM U Jaxe K abCypAHBIM pe3yabTaTaM (a<0).

TIpusenem, B 4acTHOCTH, XapaKTepHL HpHMep PeXHMa YPoBHeHl B CKBaXHHAX
HabJMoNaTe bHOTO CTBOPA, YCTaHOBJeHHoro THIponpoekToM Ha nesoM Gepery p. Boa-
ru B pafione r. Boarorpana (puc. 24).

CKBaXKHHB PACMOJIATAlOTCH B OTHOCHTENBHO ONHOPOMHBIX Xa3aPCKHX IleckKax, o
3aKOHOMEDHOM H3MeHEHWH NPOBOJMMOCTH KOTOPHIX B TpeXesiaX PaccMarpHBaeMmoro
CTBOpa HeT HMKAKMX AaHHBIX. BMecre ¢ TéM 1Ag 3T0fl CHCTEMB! CKBAaXKHH pacdeT Be-
JIMYHHB @ Ha Nepuoj naBojxa no ypasHeHuwo (III, 26), cuutas nyacr omHOpOAHBIM,
NpHBOMMT K abecypxHoMmy peayabraty a=—2,4. 105 m¥/cyr.

B 3TOM OTHOWEHHH 3HAYHTENBHO MeHee NPHUTA3ATENBHBIM OKa3nBaeTcs nepoHﬁ
<noco6, KOTOPHH, B YAaCTHOCTH, MPHHIAIHANBHO He MOXET NMPHBECTH K HEPEANLHBIM pe-
3yabTaTaM. Ecii, HanpuMep, Noab3ysch HepBHIM CHOCOGOM, ONPeR&NUTS BEJIHUHHY @ N0
LaHHBIM TeX Xe CkB. 413, 415, 417, To nonyyaercs a=1,3-10* #¥/cyt no cks. 413, 415
H a0=0120‘ Myt no cxs. 413, 417, uto npu nposonmmocTn naacta 300 M2fcyt faet
1=0,02.

Taxnm o6pa3oM, nprMeHeHHe 3TOrO cnocoGa OmpeieJeHHs Beau-

YHHBI @ JOMYCTHMO JHWb NpPH YCAOBHH, 9YTO NpefABapHTENIbHO Oyner
YCTaHOBJIEHO COOTHOLIeHHe MPOBOAMMOCTell IiflacTa mno ero AJuHe.
Hccnenosanns  mpuMeHenus KOHEYHODA3HOCTHBIX YPABHEHHH AJs
ompelesneHns TMapamerpos npoBojmiaHch taxkke I1. A. Kuceaesbim [6]
u A. B. Jle6enesum {9, 10].
' T. M. Yepnomamwennes [16] npennoXua Heckoibko 6GoMee CHOMKHBII CHOCOS
onpeneneHus CyYMMapHbelx pacxonos, ODpHHHMas, YTO0 NpOoHHIAaeMOCTh IlAacra OJAHHAKO-
Ba no Beelt ero BeicoTe. | oCJlelHee RONYHICHHE DE3KO CHHXKaer obnacts NPAMEHHMO -
CTH NIPEAJIOKEHHOrs HM crnocola.

? H. H. Bunjemalt IpHBOAHMT 3Ty 3aBUCHMOCTb Ge3 yyera pa3/HuHst NpPOBOLHMO-
cTel maactTa Ha OTAe JJbHBIX YYACTKaX. '
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B. TlpuMeHenHe THAPaABJIHYECKOr0 HHTErpaTopa

ITpumeneHue ruapaBJHYecKOro HHTErparopa B HaHHOM cjydae Le-
J1ecoo6pa3Ho, ecau BOJOHOCHBIH NJACT OKAa3hBaeTcss HEOJHODPONHBIM
H aHaJMMTHYECKHE pelieHHs NpHMeHeHbl OLITh He MOTYT.

ITo cyumiecTBy 3Ta 3ajdua Ha MHTErpaTope MOXKeET pellaThCs B Ta-
KOH 2Ke NTOCTAHOBKe, KaK W IPH pacueTax B KOHEYHBIX Pa3HOCTHAX.

Jlns onpenenenusi BeJHUHHBI @ MOXKHO BOCIIOJb30BATHECH JaHHBIMH
0 HAOMIOJEeHNHaM B ABYX [1be30MeTpax, OJHH U3 KOTOPLIX NPHHHUMAET-
csl B KayecrBe TPAaHHYHOrO, a APYyroil — B KauecTBe HabJIOAaTeNbHOTO.
Janee Bech npoduab pasbuBaeTcss HA HeCKONBbKO GJIOKOB TakK, YTOOH
o6a nbe3oMeTpa nonanu B LEHTPHE 6JIOKOB, a MeX1y HHMHU pa3MeCTu-
Joch enle JiBa-Tpu GJ0Ka.

IMpu sTom, ¢ ORHOI CTOPOHEI, TIpaHuL@ TOTOKA COBMellaercsi C
TPaHHYHBIM NbE3OMETPOM W Ha Heil 3aJaloTcst YPOBHH, HaGmiolaeMble
B TDaHMYHOM Nbe30MeTpe, ¢ ApPYrofi — norok Jaub0 oOrpaHuuHBaeTcs
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Puc. 24, Jannpie Mg onpejeneyds napameTpos mo cTBopy I'mapompoexkra y r. Boa-
rorpajga (neswit Geper p. Boaru):
Q— nJIaH Pacro/OXKeHHs] CKBaXHH, 6 — rpaduxu KoJjieGaHHs YPOBHeil BOAOHOCHOTO
ropH3oHTa B Hab/OAaTeNbHLIX CKBaXWHaX (no xauHeiM [HaponpoexTa), 8 — paspes
no creopy I'miaponpoexra

eCTeCTBeHHOU rpaHullel, Ju60 Ha PACCTOAHHH ~4 V at or nabawoia-
TEJBHOrO Tbe30MeTpa 3afaeTcs HelpOHUllaeMasi TpaHuLa. YCTaHaBJIU-

Bas Jajee rujpaBauyeckue COTPOTHBJEHHS p HA HHTErpPATOpe Iponop-

X
LHOHAAbHO 3HAYeHUAM (UABTPALHOHHOTO CONPOTUBJEHH P= -

a4 eMKOCTH Ha HHTErparope o - - MPONOPLHUOHANBHO €MKOCTAM 6J0Ka B
Hatype C={Ax’, MOXHD Jajlee NPOBECTH pacdeThl AAHS HECKOJALKHX
3HdYeHHH W W MOZGOPOM HAHUTH TaKoe 3HAUEHHE, NPH KOTOPOM COBMA-
AeHHe pacCiuTaHHBIX W HAOJNIOJEHHbIX M3MEHEHHH YpOBHS BOJBl B Ha-
GMIOAATENbHON CKBAXKHHE nOAYYaeTcs HAWTYYmiuMm. Beluunna a naxo-
nuTcsA 10 caenywooliedl Gopmyse, HemocpeACTBEHHO NoJdyyamoutefics 3
dopmyasr (1,46) nnsg macmitaba BpemeHH:

a= 208 (111, 27)
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Ecan B nepBoM npuOAHKEHUH CUHTATH MJAACT OAHOPOAHBIM, TO A
ofnpeleleHH @ C NOMOLLBIO THADOUHTErpaTopa MOMXKHO TNPHMEHHTH
npueM, aHaaoruuHsiii nepsomy cnoco6y H. H. Bunnemana (cm. § 3 na-
crosuedt raasn). Jaa aT0ro caepyer Ha UHTErpaTope 3a1aTb LENOUKY
OJHHAKOBBIX CONMPOTHBJEHHH p H eMKOCTeH  NMPOU3BOJBHON BEAHUHHBL,
NpHYeM IENOoYKa AO/MKHA GHITh JIOCTaTOYHO AJHHHOH, YTOOH Ha ee KOH-
Ie 32 pacyeTHbI!l MepHO] BPEMEHH HE NPOH30LIIC 3aMETHBIX H3MEHe-
Hult yposua. OOmee KoauyectBo 64a0k0B Ny onpenensercs H3 3TOro
YCIOBHA HEpaBEHCTBOM:

No>4al/ ., (I11, 28)
=10
rae fy— pacueTHOe BpeMs Ha Mojeau (HHTErparope).

IMposens namee pacuer Ha MHTErpaTope Npu YpPOBHE HA TFPAHHIE,
COOTBETCTBYIOIIEM U3MEHEHHIO YPOBHSI B TIpPAaHUYHOM Nbe30MeTpe,
HaXoQuM TOT HOMep cedenust N, B KOTODOM M3MEHEHHs YPOBHS COOTBET-
CTBYIOT H3MEHEHHIO YPOBHA B HabatoxarenpHOM nee3oMetpe L. TIpu stoM
BeJIHYHHA a onpejensercd no dpopmyJe

a=—2_ (I11, 29)

IMpu 3ananun 3HaveHn#t p ¥ © HenecooGpas3HO BhAEPKHUBATb COOTHO-
tuenue

po = (0,05 +0,1) = (11, 30)

aa,

t

B KOTOPOM BE/JMYHHY @ MOXKHO 3aJaTh IO NPEABAPUTE]bHBIM c006pa-
JKEHHAM.

Ipu pacuerax Ha HHTErpaTope MOKHO TaKXe BOCIONB30BATHCS
OpHEeMOM, aHaJ0THYHBIM TpeThemy cnocoby H. H. Bunnemana, ucnodin-
3y MaHHBle PEXHMHBIX HaOMIOJeHHHt B TpeX CKBaXKMHAX, KOrja ABe
KpaiHHe CKBAXKHHBl PAaCCMATPUBAIOTCH KaK TPAHHUHBIe, a CpeaHAs
CKBaXHHa —- Kak HaOmoparenbHas. [Ipoduas MeXny rpandusbIMH
CKBaXKHHAMH pa3bUBaeTcs NpH 3TOM Ha 5—6 6/0KOB Tak, 4TOGH! Ha-
GalopaTenpHas CKBaXKMHA NONanana B LEHTP ORHOTO M3 GJOKOB; CHA-
paB/IHYeCKHE CONPOTHB/ICHHA Ha HHTErpaTope p 3aalOTCs MPONOPLHO-

X
HaJbHO (PUABTPALHOHHOMY CONPOTHBJIEHHIO ¢>=——i—-, a eMKOCTH ® —

NPONOPUHOHANBHO eMKocTaM 6a0koB C=pAx’. TlpoBoaa peulends Ha
HHTErpaTope HpH DPAa3JHYHBHIX eMKOCTHX ®, HafijeM TO HX 3HAYEHUe,
MpH KOTOPOM COBMAJ€HHE PACYETHOrO M HabalogareasHoro rpaduka
H3MEHEHHS YPOBHsi B Ha0/I04aTeNbHOH CKBAXKHHE sBJASETCS HAUJYy-
wuM. Tlpu sTom Beanmunna a onpeneantcs dopmyaoit (II1,27).
3aMeTuM, 4t0 NPH NONb3OBAHHH 3THM CIOCOGOM CYLIECTBEHHAS M0-
TPEIHOCTb TaKkKe MOXET BO3HHKHYTb 3a CYeT HENpPaBHAbHOrO yuera

! 3neck takke BenmunHa N Moxer GbiTh He Weofi.
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HEeOQHOpPOAHOCTH maacta. Eciu HeONHOPORHOCTh MJlacTa He MOXKeT
6blTh OlleHEHa [0 JAAaHHBIM ONbITHO-GHUABTPALHOHHBIX paGor HWJAH 1O
PEeXHMHBIM HaOJIOJleHUSM B MEepHOJ CTAlHOHADHOTO TOJOMXKEHUS KpH-
BOfl AENpecCHH, TO MOXKHO OJHOBpPEMEHHO NMOoAGHpaTh HA HHTerparope
H BeJIHUHHY @, U COOTHOIUIEHWS MeXJAy NpOBOAMMOCTSMH mjacra I B
Pa3JIHYHBIX CEUYEHHSX, H JlaXKe BEJHYHHY HHOQUIBTpPAUMH B OTAE/bHBIX
CeueHHsX, PacCMATpHUBasi XapaKrTep HEYCTAHOBUBIIEHCH GHABTPALUH
3a JJMTENbHBI Nepuoj BpeMeHH (HampuMep, TOJOBOH IHKJ).

Ipu 3TOM B nepBOM npHOAHMKEHHH BEJHUHHA @ MOXeT ObITh Ompe-
JlelleHa ¢ MOMOLIbIO TIePBOTO NpHeMa Hiu ¢ OpHMEHEHUEM aHAJUTHYE-
CKHX 3aBHCHMOCTEIL.

Has onpenenenuss BenuuuHbl AL Ha uHTerparope lenecoo6pas3Ho
OPeAJIOKHUTL Cnoco6, HCHOMb3YIOHIMHA CBsi3b MeXAY YPOBHAMHU B peKe
1 B 6JuKakIleM K peKe nbe3oMerpe (nmpuueM, ueM OJuxKe 3TOT Nbe30-
MeTp K peke, TeM pacuer 6yzxer Tounee). [Ipu pasGuBKe THAPOMOZENH
LHeHTp nepBoro 6/0Ka YyCTaHABJHBAIOT B MeCTe PAaCHOJIOMKEHHsi IepBOTO
Hbe3OMeTpa, a OCTaJbHYIO pPa30uBKY [elaioT paBHOMepHOH.

B 3TOM cayyae CYHTAaOT H3BECTHBIMH BEJHYHHBI IPOBOJHMOCTH
H BOJOOTAAQYH NJacTa, YTo JaeT BO3MOMKHOCTb ONPEfeJUTh Ha THAPO-
MOJie/Id BCe eMKOCTH M CONPOTHUBJEHHsi, KPOMe COIPOTHBJEHHS po,
KOTOpOe COOTBETCTBYET (PuUIbTPALHOHHOMY CONpPOTUBJEHHIO PO Mexay
peKol M LEeHTPOM NepBOro 670Ka RAHHOHA Axy, MpHUEM

qbﬂ:éii“—T?:s—"?‘i. (I, 31)
Benuuuny po HaXOAST HA MHTErparope moaGopoM M3 YCJAOBHs, YTO
B NepBOM Ibe30MeTpe pacueTHBfl rpadHK HM3MEHEeHHs YPOBHs JyU-
Ile BCero €OOTBETCTBYeT MeHCTBUTEBHOMY (IPH 3TOM HA TpanHile
3aJaI0TCsi_H3MEHEHHs1 YPOBHs, COOTBETCTBYIOULHE HU3MEHEHWIO YDOBHS
B peke). 3Jech Tak Xe, KaK # NpPH PAacyeTax B KOHEUHHIX Pa3HOCTSX,
MOXKHO HAauHHAaTh PacyeTel ¢ JIOOOr0 MOMEHTA BPeMEHH, OJHAKO IpHU
3TOM B Nbe30MEeTPax JOJKHBI GbITh YCTAHOBJEHBI YPOBHH, COOTBETCT-
Byioulie HaOJIONEHHBIM H3MEHEHHSIM YPOBHA HA HaAyaJbHBIH MOMEHT
BPeMeHH 10 OTHOLIeHHIC K ycTaHoBHBLIeMycsi. Hadias noa6opom Benu-
YHHY po, OTIpefiesidM danee AL no ¢opmyae:

AL = ,éflét-_A¥?“ . -——pg— _— 0,5Ax1, (Hlv 32)

rae Axs — pasmep Broporo 6.0Ka, '
@ — CONPOTHUBJIEHHE HA HHTErparope MeKAY NEepBHIM H BTOPHIM
610KaMHu.

§ 3. OCOGEHHOCTH ONPEREJEHHSA THAPOTEOJOrHYECKHX
NAPAMETPOB B JIBYXCJIOAHOH CPENE

a. OueHka NPOHMIAEMOCTH BEpXHero cJjaos

s OLleHKH MPOHHLAeMOCTH BEPXHEro Cnos YAOGHO BOCIOJNB30-
BaThCsl N2HHBIMH HaOaloAeHHi B CKBaXKuHAX-1yOJaepax, pacmonoXeH-
HEIX B HHXKHeM W BepxHeM Closix (puc. 25) no KoneGaHHsaM ypoBHeR
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IPYHTOBBIX BOA TpH NaBOJAKe /1M HaNOJHEHHH BOJOXpanuaua. B stom
tnyuae NMpH M3MEHEHUH HANopa B HHXKHEM CJIoe HayHeTcs BePTHKAaJb-
nas GuabTpalliss B BepXHeM cJoe, NpHueM, npenebperas ynpyruMm pe-
KUMOM GuJIbTPaLMKH B BEPXHEM CJ0€ M NPHHHUMAsi €ro OXHOPOMHBIM,
MOXHO 10.1ararh, 4TO 3NI0pa [AaBJeHHs W HANOPOB B BEpPXHeM CJoe
npsiMoJHHeina L.

Ecau npuusTh B KauecTBe MJ0C-
KOCTH CpaBHeHHsi TPAHUIY pasfena
MEXy BEePXHHM W HUKHHM CJ0eM
H cuuTaTh H3BeCTHBIMH Hanopw H
u H’ B mbe3oMeTpax HHXKHero H
BepXHero ¢Josi, TO 3MOpa Hanopos
B BepxXHéM cJjoe OyaeT wWMeThb BHI,
TaKxe ApeJicTaBieHHBlil Ha puc. 25.
VI3 reoMeTpuYeckKHX cO0GpaxeHUH
clenyer, 4To

H—h R 1, 33)

Puc. 25. CxeMa pacnoJoKeHHS Mbe30- Otciofa nocste HECHOKHBIX npeot-

METPOB A8l OMpejiesenHst Kosbduimen- pasoBaHUil  HAXOAHM BEHIpAXKeHHE
T4 YPOBHEMPOBOAHOCTH TPyHTOoB no- AJA OpAHHATBL YpOBHS BOAB B

KPOBHOTO cJI0S1: BepxHeM cuoe h:
1 — npesoMerp B HmXHEM cjoe, 2 — H
Nbe3OMeTp B BEPXHeM ciioe, 3 — 3miopa h= ———— k', (Ill, 34)
HATIOpOB H—H +h

Hanee MOXHO HCIIONB30BaTH 6anaHCOBOe ypaBHeHHe A/ BEPTUKAJb-
HOrc MOTOKa B BepXHeM CJIoe, KOTOPOe HPeJACTABHM B BHIE:

p H—H o (111, 35)

TAé W-— HHTEHCHBHOCTh HH(UIBLTPALHH.
Ecau cuurats w=0, 1o u3 ypasnenus (111,35) cnenyer, yto

(111, 36)

|
[1
|
i
|

" H—H dt ~— H—H At

Has pacueToB N0 NPEACTABJIEHHBIM Bhillle 3aBHCHMOCTAM CJedyeT
npexJe Bcero, noab3ysack popmynoit (111,34) u nawumiMu 06 H3MeHe-
vud H u H’, nmonyyaeMbBIMH 1O PeXKHMHBLIM HaOJIOAEHHSM, NMOCTPOUTh
rpauK H3MEHEeHHs] OPAMHATHI KPUBOH Jenpeccun A OT BpeMeHu £, 1O
KOTOPOMY MOXHO Ha D MOMEHTOB BpeMeHH ONpefeJHTh CKODOCTh

h
uaMenenus yposus dh/dt== -%7. Hanee crenyer BuiGpath nepuos spe-

MEeHH, KOTda HHHIbTPAUHS NPaKTHYECKH OTCYTCTBYeT, H IO (opMyse
(111,36) nafitn Bernunny Ko3dhuUUEHTa YPOBHENPOBOAHOCTH IPYHTOB
BEPXHErO €105 Rp/, IpHUEM IenecooGpasHo AJsi pacuera BHOpaTh ne-

! B npouecce noaroToBKy Aansoli paGorsl Ghiia ony6aukosana crated E. JI Mun-
Rura [12], B Koropofi paccMaTpuBanach aHaJOTHYHASA 3a4aud.
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pHOJ BpEMEHH, KOTAa CKOPOCTb HU3MeHEeHHst YPOBHeH W pa3HHLA Hamo-
poB B nbe3doMetpax H u H’ 6oJjee uld MeHee CTaGHNH3HPOBANIUCH, TAK
KaK B 3TOM CJIyyae CHHXKAeTCsi MOTPeLIHOCTb, BHOCHMasi 3a CUeT mnpe-
HeGpexKeHHst YIPYruM XapakrtepoM (HIbTPaluuH U KANHJIJISDHBIMH CH-
JaMH. 3Hast BeJUYHHY Rg/p, MOXKHO 3ateM Io (popMyJie

h k H— H
w _ Ak R H—H (111, 37)
ll- At uo h’
ONpeNeNUTh BEJIHUHHBI W/p HA PasjHuHble MOMEHTH BpEeMEHH.
Ecau roMy Xe 10 JaHHBIM onpenesieHus BJAXHOCTH BhIllle U HU-
JKe JeNpecCHOHHOH MOBEPXHOCTH YCTAHOBUTH BEAHUMHY {t, TO HETPYIHO

Ha#iTH BeauunHy Kozddunuenra GUAbTpanHH BEpXHETO COst Ry M HH-
TEeHCHBHOCTH HH(HUAbTPALHU W.

kg
B xayecTBe IpuMepa NMpuBegeM NaHHbe ONpefeseHHs BeJAMuMH — .15 cTBCpa

Crapas Maiiga (puc. 26), pacmoioxenuoro Ha npasom Gepery p. Boaru no nassbiM
HaGmoNeHnii 32 YPOBHAMH B CKBaXKMHax-1yGuepax (107, 108 w III 112} o H3J0-

=0,5—

sxeHnolt BHINe Meronmre. Kak Bupmo, ans cxs. 107, 108 monyuuiocs "

k

0,7 m/cyr, a nns ckB. 111, 112 — -‘*—ILL =0,2—0,3 m/cyr, uro npu p=0,1 naer ky=
=A4.1072 Mfcyr. Obpamaer na ceGa BHuManHe TOT (AKT, UTO 10 ABYM CTBOPAM
MOJTyYHJIHCh 3HAUCHUS -*j , OTIHYAIOWIHECT APYT OoT Apyra B 2—3 pasa, yto cBHU-
ZeTeIbCTBYeT O HEOJHOPOLHOCTH MOKPOBHOTO CJIOS.

IT10 06CTOATENBLCTBO elle pa3 JA0Ka3blBaeT BO3MOXKHOCThH YIpoOle-
HHSl 328BHCHMOCTEH, ONUCHIBAIOUIHX QUABTPANHOHHBIH NOTOK B MOKPOB-
HOM ¢J10€, 4 B YAaCTHOCTH BO3MOXKHOCTH JUHEapu3anuu COOTBETCTBYIO-

IMX YpaBHeHHH HeYCTaHOBHBUIeHCST PUAbTPAmUK (Kak 3TO IpelioxKe-
Ho B § 3 ra. II).

6. Onpenenenne xoapduumuentTa ypoBHENPOBOJHOCTH BOJLOHOCHOTO
nracra

Brepsbie MeToAnKa onpeieleHust Ko3((ullueHTa YpOBHENPOBOA-
o m
HOCTH JBYXCJIOHHOTO BOJOHOCHOTO MJacTa @= —-— [0 N4HHBIM pe-
AKHMHBIX HabM0deHni Obla npeanoxena H. H. Bmmemaﬁom [2], xo-
TOPHIl MPHMEHUJ JJisi 3TOr0 METOJ KOHEUHBIX PA3HOCTeH ¢ HCMOJb30-
BaHHUEM JAaHHBLIX HaﬁﬂIOIlEHHﬂ 1o '-IeTblpeM nb€30MeTpaM Ha JiBa MOMEH-
Ta BpeMenH. Ilonydyennyio Takum o6pasoM popmyay ags ciydast pas-
Horo paccrosuust Mexny ckBaxunaMmu Ax H. H. Buyuaeman samucaa
B BHJE:

2 (Ax)2 AR
a= —— — — —»(-u—)»v e C— (111, 38)

Hy + Hs + H, +H3~2(Hz+ Hg) At
rae Hy u Hy —s3navennss HamopoB B pacueTHOM CEYEHHH Ha HAUajo
#l KOHEll pacueTHoro nepuona speMenn Af; Hy, Hy, Hs u Hiy — auano-
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Puc, 26. THaporeosoryueckyit npoduab U RanHbie PEXUMHBIX Hadmone-
a — riaporeoNorudeckuii npoduan; 6 -— rpadHKH HIMEHeHHHA yposHeit B Habmopa-

rHYHBlE 3HAUYEHHS HANOPOB B COCEJHHX CeueHHAX, OTCTOAIMMX OT pac-
4eTHOTO Ha paccTOsHUH Ax; Ah-— u3MeHEHHe YPOBHS B BepXHeM Cy0€

3a BpeMs At
MoXHO B 3TOM Cayyae NOJAb30BATBCA HJid ONpejeNieHHs BEJH4H-

Hbl @ u Gomee Tounoit dopmynoi (111,24), B KOTOpOH NAOWMAAL HACHI-
uenns 3a BpeMs Af clefyeT OrpeflensiTh 10 OpAMHATAM KpPHBOH Je-

npeccun A.
IIpn pacuerax BeqHYHHB @ C NPHMEHEHHEM AaHAJIHTHYECKHX 3aBH-
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uult no creopy Crapas Maiftna (o gamssim M. A. BeBuoposckofi):

TEeNbHBIX CKBAXHHAX; 6 — DACHETHHe 3HAYEHHS BEJHUHHEL Ku/jL

CHMOCTeH Ciie/lyeT mpexe BCero NOJyYHTh pellleHHe AJIA caydas, Koraa
YpOBeHb Ha TPaHHIE MOJYOrpaHHYEHHOTO ABYXCJAONHOrO J1acTa, HauH-
Hasg ¢ MOMeHTa BpeMeHH f=0, H3MeHsieTCA IO JIHHEHHOMY 3aKOHY.
B atom ciywae 3anaua cBoauTCs K pellleHuic ypaBHeHHs (I1,25) npm
FPaHHYHbBIX YCAOBUAX

H=0npi t=0u H=H"=o0f npu x = 0. (111, 39)
Pemenne 3Tofl 3aaun MOKHO NOMYYHTh, HCXONS H3 PA30GPAHHOTO
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paHee (§ 3 ra. II) peutenus Aaa caydasi MTHOBEHHOTO H3MEHEHHs
YpPOBHsi HAa TpaHHIle, NOCKOAbKY Hanop B maacte H aas 1:060ro 3akoHa
u3MeHeHust ypoBHst H°(f) na rpanune x=0 CBA3bIBAETCH C OTHOCHTENDb-

i H
ubIM Hanopom H (x, t):Xf—ﬂ IpH MTHOBEHHOM HM3MEHEHHH YPOBHSI HA

stoit rpanuue [11] o6uieft 3aBHCHMOCTBIO
t

H= Y HO(f — ) ﬂg_ﬂ dr. (111, 40)

Vimes B Buay, uto coriacwo (II, 86, 37 u 38a) H(x, t) =F.—=F+
+0F[00 npu rpauuynom ycaoBuu (III,39), zaBucumocts (III,40)
3amullleM B BHAE:

t
— 0 9Fx
H= é‘u(t )28 dr. (I11, 41)

Pemas unterpaa (I11,41) mo wacram, zaligem
H = uvtR, (8, €), € = A0, (111, 42)
npudem A H 0 onpeneasitores coraacuo (II,37a), a

8
R, (0, e):%fme, £)do =
0

2 Fsn@VE) [ (__ &
-1-= 5 ! [1 exp( - 9)]dz. (111, 43)
0

Hmesn B Buny 3asucuMoctd (I11,26a), waiinem, uto

]
R,(0, €) = -E‘)— 51«*,, ©,e)d0 =F (0, e) - F@,¢e), (I, 43a)
0

rae F(0, €) — cpennee 3nauenne GyHkuun F(0, €) 3a pacueTnsil ne-
PHOJA BpEeMeHH.

3uauennss Qynkuuil Rq(A, 8), onpenenennsie rpaduuecKuM nyTeMm
coraacuo (I11,43a) !, npencraBaessl Ha rpaduke (puc. 27)

Ias onpenefieHdst @ no AaHHBIM PEeXWMHBIX HaOJIONeHHH ¢ npuMe-
nenneM ypasuenus (I11,42) MOXHO BOCHONB30BAThCS METOIMKON, H3-
JOXeHHOH B § 2 HacToAumEe! IV14aBH; ClelyeT TONBKO BO BCEX 3aBHCHMO-
cTax BMecto GyHkuun R (A) moacraButh dyukunu Ry (A, 0). [Ipu 3tom
HaJ0 TOJbKO NpEeABAPUTENbHO ONPENeNHTh BENHUHHY Ry/pt COIIACHO
(IT1,36), noap3ysich NaHHBIMH PEXHUMHBX HaOJI0AeHUH B CKBAKHHAX-

! TlpenBaputenbHo GblH TOCTPOEHB BCIOMOraTe/bible MpadHKd 3aBUCHMOCTH
Fu(0, £) u R,(9, ).
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ny6aepax. OcpenHeHHbIl yPOBeHb BEpXHEro cJos ue.necooﬁpasﬂo npu-
HHMaTB COOTBETCTBYIOLUUM CpeldHeMY 3a pacuyeTHHIH NepHOA BPEMEeHH
YPOBHIO B HHAHKAaTOpHOH ckBaXkune. Taxkum oﬁpasoM BesiMyuHa O Ha
pacyeTHHIHl NepHOA BPeMeHH CTAHOBHTCS H3BECTHOMH, M 3ajaua, Kak u
paHee, CBOIHTCH K ONDeNE/NEHHIO BEJIWUHHBI A, TIO KOTOPOH yXe Haxo-
JUTCS KO3 PHUIHEHT YPOBHENPOBOHOCTH 4.
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Puc. 27. Ipadux dyuxunu Ry (X, 0)

§ 4. Ob YYETE HHOHUJIbTPALLHOHHOIO NMUTAHHUS NMPH ONPENEJIEHHH
IF'HAPOTEOJOTHYECKHX MAPAMETPOB B MEPHOJ NABOAKOBOIO
PE)XHMA

B nepuonx naBoaxa OGBIUHO NPOUCXOAUT Pe3KOe H3IMEHEHHe pexuMa
HHQUABTPAUMH, HaKAabiBaIOLee ONpe/eeH Bl OTNeYaToOK Ha PeXHM
TPYHTOBHIX BOJ H CHMUXKaiollee BJHAHHE MaBojka. BausHue uudHABT-
paunHy MOXKHO Y4ecTb, €C/I¥ 3HaTh 3aKOHOMEpDHOCTH ee H3MEHEHHsi BO
BpeMeHH. BrisiBleHne 3THX 3aKOHOMepHOCTEH npejacraBasieT coboit 10-
BOJIBHO CJOXKHYI0 3afady, NOCKOJBKY OHH BKJIOUYAWT Hedslil psl
¢daxropoB, Gosee UAH MeHee CTPOTHIl YUeT KOTOPHIX B HACTOsiIlee Bpe-
Ms He OpejICTaBJsETCS BO3MOXHBIM.
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Ha npubpexXHbIX TeppHTOpHSIX BCTpeyaloTcss JBa XapaKTePHBIX
THIA PeXUMa, BO3HUKAIWHUX noj JAedcTBuem uHuabTpauuy. Ilepsrlii
THI pEXHUMA HMEeT MeCTO NPH HAJUYUM XOPOLIO TPOHHIAeMOH 30HHI
aspauuu, Korfa Boja, MOCTYNHUBIAS B TPYHT TOChe TasiHUA CHETOB H
BeCeHHHX HoXKJell, NOBOJbHO OBICTPO JOCTUTaeT NOBEPXHOCTH TPYHTO-
BHIX BOJ[ U TOBHIIIAET ee Tak, yTo B Teuenue 10—15 muelt K MOMeHTy
Hayana naBoika (opmHpyeTcs TPAKTHYECKH CTAOHABHOE TOJOXKeHHe
KPHBOH [elpeccHM 3a cueT HHOHUAbTPAIHH.

B kauectBe npumMepa TAKOTO THNA PeKHMA MOXKHO NPHBECTH JAHHLIE MO OJHOMY
M3 PEXHMHBLIX CTBOPOB B NpHpeuHoii uactu r. Topbkoro (pue. 28). U3z 3Tux gaHMbIX
BHAHO, UTO 33 cueT HROQHIBTPAUMH TIPOHCXONUT PE3KHI TONBEM YPOBHEH T'PYHTOBBLIX
BOL BO BCeX HaOmonaeMbix CKBaXMHax B mepuon po 15/IV, uocie uwero perxum Ha
HaJeKHX OT DPEKH YYacTKaxX IPAaKTHYeCKH CTaGHJIM3HPYeTCs, a Ha OIHXHHX K Deke
yuacTKaX HauuHaeTesi BJMAHME NABOXKA, NPHYEM BO BCEX CJyYasx Ilepexop oT pe-
KUMa HHUIBTPAUHH K PEXHMY NABOAKA SCHO TIPOSBJIAETCH, XOTA H HeGOJbIIHM, HO
YeTKO BBIPAYKEHHBIM «TIOPOKKOM» H3MeHeHHs yposaeii ma 15/IV.

B 31oM ciyuae u3aMeHeHHst YpoOBHell 3a cyeT maBoAKa CJeXyeT OT-
CUHTBIBATH OT YPOBHA, COOTBETCTBYIOLEIO BpeMeHH CTaGUNU3AUUY HH-
pUABTPALIHOHHOTO peXHMa, NOCTAe Yero MOMKHO NpeHeGperaTh BAMSA-
HUEM HHQUJIBTPALHH NpPH M3YYEHHH HABOIKOBOTO PeXuMa.

TlpumeHute 1bHO K paccMaTpHBAaeMOMY CTBOPY YPOBeHb CTAGHJIM3alMH yuHIb-
TPALUHOHHOTO pexnma TNpunuMaerca ma 15/IV  («mopoxexs unduasrpanun).

IpneeneM npumep pacuera Koa¢duumeHTa YPOBHENPOBOAHOCTH MEXKIY CKB. B H
7 na meprox 15/IV—13/V, xorma noxbem yposHst B rpaHHuHOHN CKB. 5 ABJfeTCs OT-
HOCHTENILHO DABHOMEPHBIM. B 3TOM _ciyuae pacyer MOXKHO BeCTH no GopMylne
(111, 13) npu x=200 m, t=28 cyr, AH=105 s, AH =145 &,

AH 1,05
RM=775= a5 =07

Tlo ra6muue B npuiox. 2 Haxonum A==0,14 u cornacno (III, 14)

NI S
=Taa T 4-0,1a2.08 18- 100 #eym.

Ecau mpoBojuMocTh Tlacta 3aechk Nopsiaxka 500 m%jcyr, ro u=~0,03.

Bropoit Tun pexnma XapakTepeH NJs YCIOBHHl MaJonpoHHNAeMOofl
30HBI HH(PUIBTPALKH, KOTJla BPeMs MHTEHCHBHON HH(HAbTpALHH oKa-

Puc. 28. Tupporeosornueckuii ¢TBOp B paiioHe . I'opbkoro (1o ZaHHMM TOPHKOBCKOH
THIPOTEOJIOTHYECKOH CTAHIIHH):
Q — ruporeoJorHyecknit npoduab, 6 — rpaduxu yposHel B HaGMOAATENBHBHIX CKBa-
JKHHAX
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3biBaeTcsl 3HayuTeNbHBIM. B 3TOM caydae MOXHO B NepBOM npu6/u-
JKEHHH CYWTATh, YTO HHTEHCHBHOCTb HHOHABLTPallUu B NEpPHOJ NaBOAKA
ocTaeTcs TaKoff Xe, KaK u Obljla HelOCpeACTBEHHO nepex stuM. Torxa
H3MeHeHHe Hanopa.3a cyer HHOuabTpauuu AH, onpepeasior coriac-
HO obutefi 3aBucumoctu. (11,12):

BH, =S (1—R ) A (111, 44)

%
P Sty

FAe Xp — pacCTOsiHUsSE OT CKBAXKHUHBI IO PEKH, fw—BpeMﬂ, OTCYUHUTHIBAE-
Moe Or HadaJja HH@HﬂpraHHOHHOI‘O nUTaHud.

w
Beauyuny —  MOXHO ONpeleTHTb N0 CKOPOCTH NOAbeMa YpOB-
w

He#l B HayasJe MHQUIbTPALHOHHOTQ

omm.p nepuona, IoAb3YsICh YpaBHeHHEM
(111, 44).
-5 A B nepuos naBoAka INOAbBEM
ypOBHell CKAaABBAETCH U3 NMOIbeMa
/ | 3a cuer maBoAka W MOABEMa YPOBHs
/ AH,, onipeeiseMOro 3aBHCHMOCTBIO
. A, (I11,44) 3a cyer unduaBTpa-
P y 7 Huu.
K. 415 78 A /
o8 205 B kauecrBe mpuMepa BTOPOro THNA
g f SAHUS H H npuse-
R T, w0205/ g:f: H;a::xnggnp};;;uMpfrib?;(era%anuroEeani’? : no
y/4 Vi g ¥ /4 creopy Imnpompoexkra Ha neBoM Gepery

p. Boaru B paitone r. Boarorpama ~(cm.
puc. 24). PaccMoTpense JaHHBIX DeXuM-
HBIX HabNIOJeHH#l MOKa3bIBaeT, YTO BJHA-
HHe TaBOJKAa HACTymaeT H0 CTabWiau3auuH
HHOHIBTPAUHOHHOIO peXHMa, NepHox Ko-
TOpPOro pacTArHBaercs, NO-BHIMMOMY, B
CBA3H C HaJHUHEM 3HAYHTEJBHOr'O MOKpPOB-
HOrO CYINIMHHCTOTO CJIOA.

B COOTBETCTBHH €O CKa3aHHLIM Bhille BOCIOJb3YeMCH JJI H3MEHEHH® YDOBHS B
nabmonatenbuoit ckBaxuue ypaeuenusmu (1H, 12) u (111, 44). Ilpeasaputensno no
HayaJLHOMY TIEpHOAY NOMBEMA VPOBHA B Hadbhed ckB. 415, maxoadumiefics oT pekH

Puc. 29. I'padukn KoneGanuit ypoBHeit
B nee3omerpax Boarorpaickoro ¢1so-
pa: CrJoIUHBIE JIHHHH — JeBCTBHTEN b~
HEle TPadHKM; MYHKTHPHBIE — PpadukH,
nonpaBJienHble ¢ yuyeToM HHPHIBTPaUUH

w
Ha paccrostuuu 750 M, ompefeadeM BeTHUHHY — no ypasuenuio (I1I,44) npu

pasnmuuubix sHauemnsx a. Ilo famupiM wa 10/V, cumras mavano undmisrpaumd 1/1V,
umeeM AHy, =04 » npu {=40 cyr. 0

Banasas a=4000 M?/cyr, waiiiem A, = ?]74;0—{)6—4:0 = 0,937, mo rabiuue

npuaox. 2 HaxomuM Ry =1—R(A)=0,93 u cornacso ypassenuio (II,44)

—_——=—— = = =(},0108 4 .
b Role  093-40 H/cym

w
AnanornunpiM 06pasoM HAX0IUM —'!;" =0,0{14 n/cyr npu a="=6000 M2/cyr.
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Hanee nposonum pacuer KosddHiHenTa YpoBHENPOBOJHOCTH @, cuntas cks. 205
rpannyHoil, a cks. 415 Habmoparenvroit Ha nepuoxy 10/IV—20/VI, TipensapurensHo
HCK/OYaeM BAHsAHHE MHOHIBTPAIMH, BHUATAS 3HAYEHHS NOABEMA ypoBHelt Boanl A,
onpeneastembie  ypasHerxnem (III, 44). Taxkum o6pa3oM -cTpositcsa HOBHE pacyeTHsie
rpadHKy H3MeHeHHS yDPOBHeH B CKBaXKHHAX, HA KOTODHIX OTKJAABIBAIOTCH 3HAYSHHUH
AH ;=AH—AHy, rne AH — pefictButenbHellt MOXBeM YPOBHS B CKBAXKMHAX, OTCUH~
THIBAEMHH OT OCpPelHEHHOTO NpeANaBOAKoBoro ypoBHs; AH, — nogseM ypoBHA B
CKBaXHHAX, KOTOPHIi TPOMCXOMHT TOMbKO 32 CYeT BJIHSAHMUS NaBoaka. IHombayscs rpa-
¢ukamu AH, paa rpannyrofl H HaGnoAaTenbHOR CKBAXKHH, MOXKHO JaJjee NpPOBOIHTH
pacueTsl BeJHYHHBI @ Ge3 ydera HH¢HIbTpaln, Hanpumep, no ypasuenasm (111, 13;
111, 14). Taxkue %aquu, mocrpoenusie Aiad cks. 205 u 415 npu a=4000 »#?/cyr, npu-
Befedsl Ha pHe. 29.

Tlposopmm pacyer BenuuuHe @ B nmepHox ¢ 10/V no 20/VI, cunras noamem ypos-
#s1 BOJB! B TPAaHHYHOA CKBaXKHHe PasHOMePHBIM. B 3TOM cnyuae pnst onpeneseHds a
MOXHO Bocrnoab3oBathes ypassenuem (II1, 13), ouuman semwyunnt AH u AH® ¢ no-
CTPOEHHOTO rggrpm(a AHy . Vimes B Buay, yro AH=055 # u AH%=1,55 u, nafinem

s

0
R{() = Tss ==0,355, a mo TaGmuume B mpHioK. 2A=0,412. Cornacuo (III, 14)

X2 3502
T 4A% T 4.0,4122.40
Han yrounennus pacyeToB MOMKHO Janee MepecynTarh Beauyuusl AH, npu a=
=4500 m?/cyr, mocTpouTH HOBHE TrpadHKH NaBOAKOBOIC TOXbBeMa yposhs AH; u
NOBTOPHTb 3aTeM on;]zlene;xeune a no >tuM npadukaM. ITockonbky BenHunHA HHDHIBT.

paunounoii cpe3ku AH, cnao 3aBHCHT OT a4, To Mosy4eHHoe 3Hayenue a=4500 #2/cyr
MOMHO CUHTATb OKOHYATE/BHLIM.

a == 4500 m2/cym.

Cnenyer 3aMeruth, 4TO NpHUBEJEHHbIE BHIIIE PeKOMEHIALUH 110 y4e-
Ty HHQUIBTPANUHU AajleKo Hedb3sl CYHTATh HCYEPHBIBAIOUIMMH H K Me-
TOAAMKE pelLIeHHs 3TOro BONpoca KaxXAbH pa3 HYXHO TOAXOAUTH C
TBOPYECKHX MMO3HLHH.



IF'rasa IV

OCHOBbBI ®HJBTPALLTHOHHBIX PACYETOB
BOAONOHU)XEHHUS H OPEHA)XA C NPUMEHEHHEM
METOIA ®HJBTPALHOHHBIX CONPOTUBJEHHH

§ 1. OBIIHE NOJOXEHHUSA METONA ®HJBLTPALLHOHHBIX
CONMPOTUBNEHUH

CyuiecTBeHHOe yIpollleHHe H PA3BUTHE METOXHKU W TEXHHKH (GHIb-
TPAUUOHHBIX PAacyeTOB BePTHKAJbHBIX CKBAXHH W TOPU3OHTAJBHBIX
JpeH CBA3aHO C NPUMEHEHHeM MeToja (UJILTPALHOHHBIX CONPOTHBJE-
HHH, KOTOPHA N03BOJIAET HecOBepIUeHHble CKBaXKHHBI W JApPeHbl MpHBe-
CTH K 3KBHBAJIEHTHBIM COBEpILIEHHBIM, a CHCTEMBI CKBAXKHH MPHBECTH K
3KBHBAJEHTHBIM COBEpIIEHHBIM TpaHILesiM.

Onpenenum ¢UIBTPALHOHHOE CONPOTUBJIEHHE YuyacTKa nortoka @
KaK OTHOLIEHHe NOTeph Halopa Ha 3TOM yuacTKe K pacXxoay nporeka-
I0LIero yepe3 TOT yyacTOK noroka. CONPOTUB/IEHHSI NMOTOKA 3aBHCAT B
OCHOBHOM OT TNIpOHHI@EMOCTH TPYHTOB ¥ XapakTepa TrHAPOAHHAMHYE-
CKOll CeTKH [IBHXKEHHA B IJIaHE H B pa3pe3e, IpHYEM 4yeM pe3ue Jedop-
MHpyeTcsl ceTKa [BHKEHHS, TeM OOJblueli OKa3hiBaeTcsd BeJUYHHA
conporusaenns. OueBHAHO, YTO OOliee COMPOTHBJEHHE MOTOKAa CKjaa-
AbIBaeTCs U3 CONPOTHBJEHHA OTAENbHBIX €r0 YYacTKOB, IIPH 3TOM Ilpa-
BHJIA CHIOXKeHUs (UIbTPAUHOHHBIX COMPOTHBJIEHHH OCTAOTCH B TPHH-
uMne TAKUMH XKe, KaK H MPABUJIA CTOKEHHS 3JeKTPHUECKHX COMNpOTUB-
JIeHW#, UIHPOKO IpHMeHAeMble B 3dJekrporexuuke [11, 37]. OcHOBHBIM
NOJOXKEHHEM MeTOna (UALTPALMOHHLIX CONPOTHBJICHHH, NpeJOXKeH-
HBIM 17 pacueros cucreM ckBaxul 0. I1. Bopucoswim [11], a nas
¢dusnbrpanun nox ruapocoopyxennsmu C. M. HymeposwiM [8] siasieTcs:
BbllleleHHe CONPOTHBJEHHH B 30HAX ¢ pe3KO NeGOpPMHUPOBAHHBIM Xa-
pakrepoM ¢QUABTPAUHOHHOTO MOTOKA. OKasbiBaercsi, YTO ecjdd 30HBI
pe3kol JehopMainuu NOTOKA pacnojaraloTcs Ha JOCTATOYHO GOJBIIOM
paccrosHuu OT obnacrteii TuTaHUs (CTOKA) W APYT OT ApYyra, TO GHIAbT-
palHOHHbIE CONPOTHBJIEHUS B 3THX 30HAX MOTYT ONpedeNsaThes TOMBKO
JIOKAJIbHBIMH YCJIOBHAMH (DOPMHPOBAaHMS IIOTOKA B 3THX 30HAX He3a-
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BHCHMO OT YCJIOBHH (pOpMHUPOBaHUSI BCEro (pUABTPALHOHHOTO HOTOKA
B LEJOM.

3aMeTuM, YTO TAKOTO POJAa NPUHLUHMIBI IIHPOKO NPHMEHSIIOTCS B pas-
JIHYHBIX 00JacTAX MeXaHHKH, HaNpHMep B TeOpuH ynpyroctu (npuH-
uun Cen-Benana), B Teopus TemI0MpPOBONHOCTH (CBOHCTBO cTaGU/IbHO-
CTH Temnosoro noroka, no A. M. Befinuky [21]), B rumpasnuke T1py6
(cioxeHnHe MeCTHBIX HOTepb Hamopa) u T. I

Coenracto obuwum npunyunam meroda CORPOTUBACHUL (HUALTPA-
YUOHHBUE NOTOK HA HEeKOTOPOM PACCTOAHUY OT CKBAXCUN UAU OpeH onpe-
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Puc. 30. Cerka apuxeHHs BG/H3H HecoBepUIEHHON ApeHB B ABYXCMOHHOR  cpene:

k
a—1pH —1 =25 6 —npu —— =8; I — spena
k 'R

deasieTcs TOAbKO pacxodom noroka, 3abupaemozo (nodasaemozo) ckaea-
HUHAMU UAY OPeHAMU HE3ABUCUMO OT TO20, ABALIOTCA OHU COBEpULLH-
HOLMUL LA HECOBEPULEHHbIMU, gederca au 3a60p u3 pada CKBAXCUH UL
u3 cosepuientoli Tpanweu u T. n. Paznuya 8 cTpyxrype notoxos, obpa-
BYIOUUXCA TAKUM 06pasom, umeer MecTo TOAbKO 86AU3L CKEANCUH UAU
dpex u ‘obycaocsausaer norepu Hanopa, HeoGxodumsie HA NO0X00 no-
TOKA K CKBAXCUHAM UAU OpeHaM 8 HENOCPeOCT8eHHOt BAUOCTY OT HUX.

OCHOBHBIMH BHMJAMH MECTHBIX CONpPOTHBJIEHHH, NpPeACTaBIAIOUHX
ocoObIfl HHTepeC AJA PACYETOB BOAONOHUKEHHS H APeHaxa, sBJAAITCH
COMPOTUBJIEHHS HA HECOBEPUIEHCTBO CKBaXKHUH, TOPHU30OHTAJNbHBIX APEH
H BHYTPEHHEro COIPOTHBJEHUS KOHTYPA CKBaXKHUH.

CompoTHB/JIeHHe HAa HECOBepIIeHCTBO TOPHU3OHTANbHOTO JpeHa)ka
BO3HHKAeT 3a cyeT gedopMauuil JUHUH ToKa NpU BXoxe PUABTPALKOH-
HOro notoka B Apeny (puc. 30). Bo3MoxHOCTL H lenecooSpa3HOCTh
nNpUMeHeHHsT MeTOHa (GHALTPAMUOHHBIX CONPOTHBMAEHHH B JaHHOM CJy-
yae onpefenasercs TeM, 4T0 Ha OONbIIUX TepPPHTOPHUSX TOTOK NOX
JeficTBHeM ApeHaxa ipopMHUpYeTCs HE3aBHCHMO OT TOTO, ABJSETCH JH
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Puc. 31. Cerka notoxa BOIM3E CKBAKHH!
4 — ONMHOYHas RecoBepueHias CKBaXMHA B GesHamopsoM fotore, no Hap-
ranry (Nahrgang G.), [45]; 6, 8 — NOTOK K Ilernouke COBEPUIEHHHIX W HECoBep-
LeHHbIX CKBAXKHH B NOJ0OCE MeXLY XBYyMs obnactamu muramms, mo C. K. A8

pamosy [1]
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OH COBepIIeHHBIM HJH HeCOBepIUeHHBIM H TOJNBKO B HelloCPe[CTBeHHOR
6.TH30CTH OT JApeHa)ka IPOHCXOAHT pe3kas AedOpMalHs MOTOKA, ONpe-
ReJsolas cTelelb ero MHAPOAHHAMHYECKOrO0 HeCOBEPIIeHCTRA.

To xe caMoe MOXHO CKa3aThb OTHOCHTENbHO (GOPMHUPOBAHUSA (PUIb-
TPAUHOHHOrO [OTOKA NOX AefcTBueM (HALTPALHM M3 KAHAJOB.

ComnpoTuBieHHe Ha HECOBEPUICHCTBO CKBaXKHH oOnpelefsiercss le-
dopManusmMu_auHui ToKa BOJIM3M cKBaxuH (puc. 31,4, 8), HMeOUIUMH
MeCTO BOKPYT CKBaXKHHH Ha PACCTOSHUH NOPSAKA MOHIHOCTH BOLOHOC-
HOTO HJacTa.

BHyTpeHHee conpoTHB/eHHe KOHTYPA CKBaXKHH BO3HHMKAer NpH pac-
npelefieHHH TOTOKA MEXJAY CKBaXKMHAMH -H OIpeRensiercsa Aedopma-
uuell TMHUH TOKA B nuaHe B6/IM3H ckBaXkuH (puc. 31,6, 8).

Jas npuMeHeHHS MeTOA CONDOTHMBJEHUH B HaHHOM CAyyae cie-
IYyeT npexie Bcero pa3obpaTe METORUKY ONpPENeseHUst MeCTHbIX PHIb-
TPAUMOHHBIX CONIPOTHUBJAEHHH B YKa3aHHBIX 30HAX pe3kux Jedopmanuil
NOTOKA BOMM3M CKBAXHH HJAH JpeH. B aTOM, ecrecTBeHHO, ocoboe BHH-
MaHHe mpHJAeTcs OOpaTHTb Ha XapaxTep GuAbTpallid B NPUCKBAKUH-
Ho#t mau NpuApeHHOH objacTu. ITOCKONBKY pasMepnt 5Tol  06JacTH
HeBeJHKH, a NPH pacyeTax BOLOHOHUXKEHHS M ApeHaxka NpeacTaBlIsior
1HTepec OOBIYHO NOCTATOYHO AJMHTeJNbHBIe MePHOXB PaGOTH CKBaXKHH
1Y ApeH, TO IPH H3YdeHHu 00gacTell MECTHHIX CONPOTHBICHHH MOXKHO
paccMaTpuBaTh B OCHOBHOM YycCJ0BHS yCTaHOBHBLIeHcs (pUALTpaLH.

§ 2. PHABTPALHOHHBIN NMOTOK BBJIM3U OOHHOYHBIX CKBAXXHH

Bonpocsl ¢uapTpailun BOIUM3H COBEPLIEHHBIX H  HeCOBepIIeHHBIX
GIHHOYHBIX CKBAXKHUH PACCMOTPEHH! B I[eJIOM Psjie HCCAeAOBaHUil U 06-
obuleHsl B paborax [1, 2, 13, 14, 15, 22, 23, 26, 35, 37, 46 u ap.].

PaspuBagq pesyabraThi 3TUX paboTr, MOXHO yXKe NMOAXOJHTH K pa3-
paboTKe OOIIUX TOJOXKeHuH MeTOXHKH GHJIbTPAllHOHHOrO pacuera
CKBaXXHH.

a. OauHOYHBIE CKBAXKHHLI B ‘HanopHoOM MNOTOKe

B HanopHoM noTOKe OCOOBI BOMpPOC mMpeAcTaBJser Co0O#  yuer
BIHSHAS THAPOJMHAMHYECKOTO HeCOBEpIIEeHCTBA CKBAXHHBl Ha ee [e-
6ur.

- Ilas onpenenenust Ae6UTa HECOBEPIIEHHOH CKBaXKUHBI NPHHUMAaET-
cs obuias 3aBHCUMOCTb, OCHOBAHHas Ha MeTofe (HJIbTPAHOHHBIX
conporuienuit [11, 37], cormacHo Kotopoii B faHHOM cayyae

_ ki (Ho— He) IV, 1
Q ot e av, 1

rae Ho-— OBITOBOH cTaTHYeCKHH YpOBEHb IOTOKA B MeCTe pacnofoxe-
HHS CKBaXuH; H— InHaMuuecKuil ypoBeHb B CKBaxuHe; fe — IpuBe-
neHHoe puABTPalliOHHOe CONpOTHBAeHHe ((PYHKIMS MOHMKEHUS) aHa-
JIOTMYHON COBEPLIEHHON CKBaXKHHBI, a fmc— JONOJHHTENIbHOE NpHBe-
JleHHOe COMNpOTHBJIeHHe HA HECOBePLIeHCTBO CKBAXKHHBHIL,
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PaccMoTpuM METORHKY OINpelesteHHsl JONOJHHTENbHOrO COMPOTHB-
JileHHs] HA HeCOBEepIIeHCTBO fuc L.

Meronuka ruApOAHHAMHYECKHX HCCIeOBAHHH HecOBepIIeHHBIX
CKBaXXuH OOLIYHO OCHOBLIBAETCS HA 3aMeHe CKBaMKHHBI CHCTEMOH paB-
HOMEpHO pacnpefefeHHLIX CTOKOB C NMOCTOSIHHOH JIMHEeHHOH HHTeHCHB-
HOcTbio. I1py 3TOM TONBKO pAa3JIHUHBIM NyTeM OLeHHBAaeTCH 3¢ ¢eKTHB-
Hblil TIOTEHIHAJ Ha CHCTeMe CTOKOB, COOTBETCTBYIOIIUI Hamopy Ha
CKBaXKHHe.

O6ulee pemeHHe AJs BePTHKAJIbHOH CKBaXXHHBl B OJHODOJHOM Ha-
MOpHOM NOTOKe OrpaHuyeHHOH MomuocTn (puc. 32,a) nosyueno
“A. JI. Xeiinom [34], a sarem H. H. Bepurunnim 2 [13, 14], xotopsie npu
onpegenenun 3¢peKTHBHOTO NOTEHIMANA HA CKBAaXKHHE CUMTANH ero
pPaBHBIM CpefHEMY NOTeHNIHaNy No ee KOHTYPY (3TOT croco6 paer Xo-
poilye pe3yJabTAThl 1 OKA3bIBAETCH BECHbMA PAllHOHAJLHBIM).

Pesyabratel uccienosannsi mpexpctasienst H. H. Bepurnunim B
BHIe IpacduKOB, ONpefesAIOUiUX HONOJHUTESbHOE CONPOTHBJIEHHe Ha
HeCOBEpIIeHCTBO CKBAXKHHBI paluyca rc B 3aBUCHMOCTH OT Tpex 6es-
pasaMmepubix mapamerpos (m/re; l/m; ¢/m); oagHaKo HeoGX0AHMOCTH
BECTH pacyeTnl NO LEJIOMY PSAY FPadHKOB ¢ CHCTeMOH pacyeTHbIX KpH-
BHIX JeJlaeT UX IPaKTHYECKOE HCHONb30BAHUE 3aTPYAHHTEIbHBIM.

W3 paciernblX 3aBUCHMOCTEH IJisi CKBaXKHHBl B HeOrDaHHIEHHOM
no raybuHe NMOTOKe (NPH C->00) caeRyeT, uTO GOPMYJIY AJisi MOHHKe-
HUA B CKBaXXHHe S¢ MOXHO NpeacTaBUTh B Bulle:

=-9 (L ;
Se= 5 (In - +A), v, 2)

TZe BeluuuHa A 3aBHCHT TOJABKO OT coorHourenus //m. MoxHo moka-
3aTh, YTO AJS CXeMBl IIJIACTA HEOIPAHHYEHHOH MOUIHOCTY NPH PellieHHH
3agadyyd MeToaoM cpegHero nmoreyguuana

A=1In ( 1,47 -”i—‘-> 42 pLtD v, 3)
1 (6 40,50

Anamusupysa $opmyay (IV,2), MoXKHO NpeaoKHUTH aNNnpOKCUMAIIU-
OHHYIO 3aBHCHUMOCTD JJisi CONPOTHUBJEHUA HA HECOBEePUIEHCTBO CKBaXKH-
HBI [qc IIPH JIOGOM ee NOJOXKEHHH B BOJOHOCHOM ILIacTe, MOKOOHYIO
3aBUCHMOCTH, MpeaoXKeHHOH panee [38] mJs cKBaXXuUHBI, NPHMBIKAIO-
uleli K BOJOYmOpY, C HCHOJb3OBaHueM petenus Mackera. B o6uiem
claydae 3Ta 3aBHCHMOCTH NpeNCTaBAfeTCs B cJeAVIOlleM BUIe:

l _- —
fa -:.-M»}-—ri(ln l«*—-e); I=-L, (v, 4)

Tae & — BeIUYUHA, 3aBUCALIAS TOJBKO OT ABYX napamerpos ¢/l u ljm,
OnpefeasIOUlHX MEeCTONOJIOXKeHHe CKBAXKHHBI B TLTACTE.

' B npanbHeillueM CONPOTHBJEHHE HA HECOBEDUIEHCTBO CKBAXKHH  Ofpefessiercs
Je3 yuera cONPOTHBJEHHS OuIbTPA, OXHAKO ero HeTPYAHO YuecTs, A0GABJAA BeJH-
YHHY NPHBENEHHOTO CONMPOTHBJCHHS PHABTPA K BeJHUHHE [y 4.

2 H. H. BepurueniM 5To pelileHue yTOYHEHo M GoJlee mogpoGHO TaGyaHpoBaHO.
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Hcnoabsys pewenue H. H. Bepuruna, noctpoum rpaduk Aasa onpe-
mesenus BequuMubl & (puc. 32,6, 8), u3 koroporo no ¢opmyne (IV,4)
HEeTPYAHO HaHTH BEJHUUHY [OIMOJHUTEIbHOTO CONPOTHUBJICHUS Ha Heco-
BepLIEHCTBO fgc. ComocTaBienue fge, MOACYNTAHHOR 1O ¢opmyJe
(IV,4) u nonydennoit mo rpaduxkam H. H. Bepuruna, mokasasno, uto

a
7
s
14 [=05 14
S |~
I s U VA1 T =N w
714 lﬂ y A /) A
/ /T e L TR\
21 I I e 98 ////- - TN \g,j
10 05 - 46 / A N\
ool 2 “ ] . ~N\ 2

1‘25 / 4z i A \42’
g4 // 174 e J
10/
92 1 2 02
oA -4+ 74
g 4qr 42 43 g+ 45 4é ﬂ,{_éé’lﬂ 17
-02 SN B S .y
) £
-04

Puc. 32. K pacueTy CONMPOTHB/EHHS CKBAXHH HA THAPOAHHAMHUYECKO® HECOBEPUIEHCTBO:
@ — CXeMa HEeCOBEpIIeHHOH CKBAXKHHBI B HAMODHOM nnacre; 6, 8 — rpaguxu and of-
peneneHus €

cTpykrypa ¢opmyas (IV,4) saBnsercs npaBuAbHOH IPH  AOCTATOYHO
Boapiiux cootHoulenusx [fre. Ipu l/re>10 (4T0, KaK IpaBuUsIO, BHIIOJ-
HseTcA HA IIPAKTHKE) DAacXOXJeHue B pacueTax He NpeBblliaeT 3—
49%. i

T'paduku Benuuunnl & nocrpoennl po [=0,5. Ilpu [>0,3 MoxHO
CUHTATH

e=18—027-+1,38Vc(1—¢), ¢ =m—¢7, IV, 4a)
a [N CKBAaXKUHHI, IDHMHKAIOUIeR K BOROYIODY (—c=0), npu MoGbIx |
e=1,97— 2% (1V, 46)

14V
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AunanoruyHoe BblpaXkeHHe /A fmc NONYYEHO TaKke DBpoHcoM
(Brons) u Maprunrom (Marting) [43] pacuetaMu Ha 3/€KTPOHHOK Ma-
wrHe (IBM-650). Ono npaxruuecku coBnajaer ¢ Boipaxkenuem (IV 4),
ecly BeNHUHHY &, onpelensieMyio 1o rpadukam puc. 32 u dopmyae
(IV,4a), yeenuuutpb ua 0,1.

Cnemyer oTMeTHTh, YTO XapakTep THIPOZMHAMHYECKOrO HecoBep-
IIeHCTBA CKBaXKHH MOXET CYLIeCTBEHHO 3aBHCETb OT HEOJZHOPOLHOCTH
BOJIOHOCHOTO IJacTa IO BepTHKanH. IToka 4TO 3TOT BaXKHBIl BONpOC
He HMeeT AOCTATOYHO OnpeleJeHHOro peurennss HekoTopble uacTHble
CXeMHl HeCOBepIeHHbIX CKBAXKUH B HEOJHOPULHBIX NJacTax HMEIOTCH,
HanpuMep, B paborax [10, 18, 19].

Yuer rufiponHHaMHYECKOro HECOBEPINEHCTBA CKBAMXKHH MOXKHO Npo-
u3BoauTh [11, 37], BBOAA B pacueT BMeCTO AeHCTBHTENLHOrO pajuyca
CKBaXXHHHI rc GUKTHBHBIN (pacueTHHI) pamuyc r.’, onpeneiseMmlii 3a-
BHCHMOCTBIO:

ry = re exp (— 2mfyc). (IV, 5)
6. CKBa)XXUHBI C HE3ATOIVIEHHBIM (HILTPOM B GE3HANIOPHOM MOTOKE

Anpanus ycnosufl NMPHTOKa K COBEpUIGHHBIM CKBaXXHHAM B Ge3Ha-
NOPHOM TIOTOKE NPOBOAM/ICH B MHOTOUMCJHEHHHX HCCHAeJOBAHHMAX U 3a-
Beplinacs ussectHoil paoroii M. A. Yapuoro [37], nokasaBuiero mpus-
HUNHAJbHYIO ClpaBeltuBocTh (opMynsl Jlionon [Aas onpeleaeHus
neduTa CKBaXKHH.

Jle6uT Xe HecoBepIUEHHBIX CKBAXKHH B G€3HANOPHOM OJZHOPOIHOM
TIOTOKe MOXKHO 1o aHanorum ¢ Gopmynoit (IV,l) onpenennts mo cae-
nywoue# o6iueli 3aBHCHMOCTH:

2 2
hg— h

== R ey 7 6
=k T 1. 9)

rae hy u he — rayGHEBI IOTOKA COOTBETCTBEHHO OT CTATHUECKOrO M AH-
HaMHYeCKOro YpoBHeHl B CKBaXXMHaX 10 BOJOYymopa.

CrenucpuueckuM B JaHHOM CJydae IBASETCH TOJABKO ONpeneneHHe
BEJIHYHHE CONPOTHBJEHHST HA HECOBEPUIEHCTBO fge. DT BeAHUMHA 1O
CBOEH CYHIHOCTH JOJKHA ONpe/ensiThbCcsl KMHEMAaTHKOH NOTOKa B o6ja-
CTH, NpHJIEraouiell K CKBaXKHHe, KOTOpast B CBOIO O4epelb NMpH AOCTa-
TOYHOM OTHANEHHH OT KOHTYpa NMHTaHUA 3aBHCHT TOJBKO OT IapaMer-
poB: rc, he, le, Q=Q/k u o1 XapakTepa HeONHODOAHOCTH BOIOHOCHOIO

nJjacra BGJAH3H CKBAXKHHBI, TaK 4YTO JJs IOTOKa OAHOPOJHOTO CTpoOe-
HHA NPpUHHLUNUANDBHO AOJXKHA HMETh MECTO 3aBHCHMOCTD:

fH-C = f(fc, hcy [cy Q)» (I\'y, 7)
HJIH
Fue = f(re, he, L, By). (IV, 7a)

Ctporoe Teoperuueckoe ompeiefeHHe 3Tofl 3aBUCHMOCTH He Npef-
CTaB1A€TCs BO3MOXKHBIM H3-32 HCK/IIOUHTENbHBIX TEXHHYECKHX TPYIHO-
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cTefl; MJS SKCNEepPHMEHTANBbHOrO ee NMOCTPOEHHS NIOKAa He XBaTaeT JaH-
HBIX.

B cBA3H C 3THM NPHXOAUTCH NpHOErHYTH K {IPHGIHAKEHHOMY IIpH-
eMy, CcOIVIaCHO KOTOPOMY BeJIHYHHA frc B Ge3HANMOPHOM MOTOKE B Iep-
BOM NpuGAMXKEHUH ONmpeleNsieTcsi IO TOH Ke METOAHKe, YTO0 M AAd
CKBaXHH B HamOPHOM MOTOKe.

CrnenuuusbiM B JaHHOM CJydae fBJIseTCS TOJAbKO BEIOOp BeauHuH-~
HBl pacyeTHOH MOUIHOCTH M pacueTHO aauHbl (uaprpa. ITockoabky,

a J{ e | JJ}] 7

Vil

%y

e

!

72 77 7T 77 Tl 77T 7777774 I T 71 77

Puc, 33. Cxema HECOBEPIICHHBIX CKBAXKHH:
a — ¢ HezaTomieHHBIM QuasTpoM, 6 — ¢ 3aToMIeHHHIM (HILTPOM; I -— craruye-
CKHl ypoBeHb BOXM, 2 — KpHBasi Jenpeccud TpH paborte cKBaXuH, 8 — TouKa
BHICAYHBAHHS, 4 — TOYK2 HABHCAHHSA

KaK M0Ka3blBAlOT MHOTOYHC/IeHHbIe HCCAef0BaHud, AedpopMalnu NOTO-
Ka 3a CueT HeCOBEPIIEHCTBA CKBAaXKHH IPOABIAIOTCA JHIIL B HeloCpes-
CTBEHHO# 6JH30CTH OT CKBAXUH-— HA PACCTOSIHUH MOpAAKa MOLLHOCTH
NoTOKa, TO HMEHHO B lpenenax rny6uH TOTOKa STOH 30HBI H CAenyer
3a/aBaTh PACYETHYIO MOLIHOCTb /151 OLEHKH BJHSHHUA HECOBEPUICHCTBA
CKBaXKuH.

I'ny6uny notoka Ay Ha pacCTOSIHMH, PaBHOM MOLUHOCTH NOTOKa Y
cxBaxHHH h, (puc. 33,a), MoxkHo onpefenuts [40] no npubauxenHo#

tdopmy.Je:

he =V K+ 207, 1V, 8)
rae
' = 0,366 Ig -{i (IV, 8a)
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Q° — npuBeneHHHI 1e6HT, KOTOpPHI HMesa Obl paccMaTpHBaeMast CKBa-
KuHa, OyAy4H COBeplUIeHHOH.

Onpenenus BeTUYHHY Ay, MOXHO Jlafee CYUHTAThL CONPOTHBJEHHE HA
HECOBEpIIeHCTBO, KaK I CKBaXXHHH B HalOPHOM MJjacTe ¢ MOLLHO-
CTBIO M=y,

PekomenznyeMslil coco6 pacyera Jaj XOpoOlIHe pe3yabTaThl IIpH
comocTaB/ieHun ¢ onslTHBIME nauubiMu IO, T'. Tpodumenxosa [30] u ¢
pesysasTataMu YHCJAeHHBIX pacueToB bopenau (Borelli, [42]) u Hapraura
(Nahrgang, [45]) aast CKBaXKuHB! B OTHOPOAHOM- Ge3HANOPHOM IOTOKe.

Jast onpeneneHuss yuaCTKa BblcauHBaHus /iy BOMH3M COBEPIIEHHOH
CKBaXKHHbl B OZHOPOJHOM NOTOKe pekoMenayercsa [40] Bocnonb3oBaThes

dhopMyoit:
hy = ]/(0,73 FRATE 0,51)Q+ Hi—hi

P
Q=—, (v, 9)

KOTOpasi C HeKOTOPHIM NpPHOIHKEHHEM NpUMeHUMa H 151 HeCOBeplIeH-
HBIX CKBaXKHH, KOra Haxo 3aMeHHThb Ac HA lo.

B. CkBaxkuHa ¢ 3aTonieHHbIM (DHALTPOM B GE3HANOPHOM MOTOKe

Has onpepenenus peburta ckBaxuu (puc. 33,6) c 3aTON/EHHBIM
dunprpoM H. K. T'mpunckuit 1 H. H. Bepurun npepsaraior noab3o-
BaThCsl MeTOAOM (HIBTPAUHOHHBIX CONPOTHBJIEHHH, ONpenesssl Conpo-
THBJICHHE Ha HECOBepIHeHCTBO, KAK JUIs CKBaXKHHBl B HANIOPHOM HOTOKe
MOUIHOCTBIO —}—’9—"}2—1&“— . [Ipennoxenue 310 B NpUHUKMIE SBIsSETCA MJIO-
JIOTBOPHBIM, OJHAKO CaMBlfi cnocol NpHBEAEHHS NMOTOKAa K HAanOpPHOMY
MOXHO pacCMaTpuBarth TONBKO B NOpPSAKE TNEPBOTO NpPHOIHIKEHHS.
Jleno B TOM, 4TO CONPOTUBJEHHe Ha HECOBEPUIEHCTBO MO CBOEMY Cylile-
CTBY AOJ/IKHO 3aBHCETb TOJbKO OT CTPYKTYPH NOTOKa BOJM3H CKBAXKH-
HBI, 2 YCJOBHSL HAa KOHTYpE NHTaHUS MOTYT BJIMUATH HA €0 BeJHUUHY
JUlIb KOCBEHHO, uepe3 npuBeleHHBIT Hebur ckBaxuusl Q. Ilostomy
npefcTaBasieTcss GoJjiee NpaBUIbHBIM HAXOAHTH PACUETHYX) MOIIHOCTD
IIOTOKAa PaBHOM, KaK U JIJIsi He3aTONJIeHHOTO (HJAbTPA, IMy6HHe ITOTOKA
hyw, onpegensisi hy no dopmyne (IV,8). TakuMm o6pasoM, u B faHHOM
cnyyae neGHT CKBaXXHH Ompenessiercs 3aBucuMoctoio (IV,6), B koTo-
poll NpH pacyeTe CONPOTHBJEHHS Ha HeCOBepIIEHCTBO MO ¢opMmyne
(IV,4) cneayer mpuHUMaTh:

T=4_ §=—_° __ (v, 10)
P P — 1

JIns onpeflefieHus y4acTKa HaBucaHus Ay Heo6X0AuMO HANTH CBSA3h
MeXJy MOTeHLHua OM B TOUKE HABHCAHHS U NOTeHUHAJOM B CKBaXKHHE.
Jns atofi Henu HefCTBUTENBHYIO CXeMY NOTOKA Y CKBAXKHHBI MOXKHO
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3aMeHHTb CXeMON HAMOPHOrQ MOTOKAa C BEpXHHM BOAOYIOpOM, pOXO-
IAIEM uepe3 TOYKY HABHCAHHA, TAaK Kak CBSI3b MeX1y HamopaMmu
u ha B CKBaKHHe W B TOYKe HABHCAHHUA ONpejesisieTcd B OCHOBHOM 00-
JacThio GUABTPALHH MeXKIY CKBAXKHHOH M TOUKOH HABHCAHHA.

Uecnons3ys npuMeHHTENBHO K 3TOH cxeMe pelienne Mackera [22]
IIST 3JIeMEeHTapHOTO JIHHEHHOTO CTOKAa B NJ1acTe KOHEUHOH MOIHOCTH,
nocae psifa npeoGpasoBauuil [40] MOXKHO TONYUYHTH Clelyiollee ypaB-
HeHHe JJisl ONpelelieHHs BBICOTH HABHCAHHHA Ay

R Y R W T Y (7 o BT SO ¢
hy = he + (2:1: In , =4+ fuc fa>, (Iv, 11)
rjpe
R i e R U L S RUATD)
4n he + hy L PR

KOTOpOe MOXeT peliaThcd MOAGOPOM.

§ 3. NPUMEHEHHUE METOJA $UJIbTPALLHOHHBIX CONMPOTHBJEHHHA
JJist PACYETOB KOHTYPHBIX CHCTEM CKBAXHH

Meton GuABTpaUHMOHHBIX CONPOTHBJEHHH YXKe MOMYUYHJI UIHPOKOe
pacnpocTpaHeHde NpH pacyeTaX KOHTYpPHBIX cHcTeM ckBaxuu [l1, 26,
37, 38, 39].

CornacHo 3TOMYy MeTOLY pacyeT KOHTYPHBIX CHCTeM CKBAXKHH MOX-
HO NPOH3BOAHTb, CUHTAST CKBAXKHHBI «pPa3Ma3aHHBIMH» 10 KOHTYDY,
KOrJla KOHTYp CKBAXHH KaK Obl 3aMeHseTcs TpaHUleeil, BeJMYHHA H
pacnpelleieHHe NPHTOKA K KOTOPOH OCTAIOTCS TAKHMH Xe, Kak H AJs
paccMaTpUBaeMOTr0 KOHTYpa CKBaXKHH.

[MTonnxenue ypoBHs B J1060# TouKe S OT HeHCTBUS KaKOro-au6o
y4acTka KOHTypa CKBAa)KHH, COTJIACHO MeTOAY CONPOTHBJeHHH, ompeje-
JaseTcs B oOleM BuAe 1o (opMmyde:

S = =2 (fy o+ Af) = -2-f, v, 12)
rie Qc— NPHUTOK B CKBaXHHe; fp— DYHKIUSA NOHHKEHHS, XapaKTepH-
3yomas 3pdeKTHBHOCTb yuacTKa KOHTypa Npu pa3Ma3HBaHHMH CKBa-
KUH; Afc — HONONHHTeJbHOE CONpPOTHBJEHHe, ompelelseMoe HaJHYH-
eM JHCKPeTHO DaclOJOMXKeHHBIX CKBaXHH.

Ilns yenoBuil ycraHoBuslierocst ABuxkenus 0. I1. BopucoriM no-
Ka3aHo, YTO HAa HEKOTOPOM YHajleHHH OT KOHTypa (Mopsiika paccros-
HUSL MEXJY CKBaXXHHaMH) Afc~<0, a Ha cTeHKe CKBaXKHHbBI (IIPH PaBHO-
MEpHOH HX paccTaHOBKe)

1 o
Afe=Ff, =—-In—, v, 13
fo= =g In 2 v, 13)
rie fx— BHyTpeHHee CONPOTHBJeHHe KOHTYPAa CKBAXKHH; G — PaccTosi-
HHUe MeXAY CKBaKHHaMH, a d.— HX IHaMeTp.

Jlng onpemesieHuss BeNMYHHBl [x MOMKHO NOJAB30BAThCS HOMOTpaMm-
Mmo#t (puc. 34).
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Puc. 34. Homorpamma ans

omnpejeieHdsi BHYTPEHHEro

CONpPOTHBJEHUS  KOHTYpa
¢KBaXKun [y

OnpenenuM J[ONOMHUTENBHO BeJHUHHY
Afe B ycnoBusX yCTAHOBHBLIETOCS JBIDKe-
HUst 0J1s J0GOoi TOYKM Ha JIUHHM CKBAXKUH.

Ilnst 6eCKOHEUHOTO psila CKBAXHH, pac-
TIOJIOXKEHHOTO Ha paccrosiuuu L ot obnactu
nutanus, npu L > 0 OYHKUUS NOHMKEHUS
[% SJilo601‘i TOYKe Ha JIUHHH CKBaxuH Oyaer

L, 1 in 2%
f=i 4L ln(%sm e ) (IV, 14)
Hmes B BHLY, 4TO fo= % (1V,14a)

HaflleM JJg 3TOro ciyyas
Af, = —3‘ ; ln(2 sin i:) (IV, 15)

14
Hs ypasuenns (IV,15) uaxopum, B ua-
CTHOCTH, YTO IIOCPENHHE MeXJAY CKBaXKHHA-
mu (mpu x=0,50)

Afc:—-é‘; In2=—0,11. (IV, 15a)

HHTepecHo OTMeTHTh, 4TO fp OueHb 6J1u3-
KO K CpefHeMy 3HaueHMIO [=f¢p Ha NHHHH
ckBaxxud. Murerpupys ypasuenue (IV,14)
B NpefieNiax re X< 0—7¢, nocjae npeobpa-
30BaHUil HallfleM BeJNHYHHY fep:
fop =1+ Lc-(l +1n-2 ) (IV, 16)

o ne fre

npHyeM HeTPYAHO BHAETh, 4TO TpH re K O
BTOpPOi 4IeH OdYeHb Majl M BhIpaXeHus
(IV, 14a) u (IV,16) npakthyecku coBmna-
LLaioT.

Takum xe 06pa3oM MOXKHO HAaHTH 3HAYEHHA
BeJHuHH Afc M NIl TPAKTHUECKH HHTEPECHOro CJay-
yas ABYX PsAOB ckBaxuH (puc. 35), BOCMOJb30BaB-
wucsr pewwenneM B. H. Illenxauesa [35] ans nenou-
KH CKBAaXXHH B MOJOCOBOM IJacte MeXJy 006Jactbio
NHTaHus ¥ HenponuumaeMoi rpanuueii. Cormaceo 3ro-
My pemenuio Hanop H B moGofi Touxe ompejenurcs
ypaBHEHHEM:

L— 2
2 [ [ a-2E=0_ —”’5} +
4nkm o o

+In [ch _2§(L T _ cos &tx_]} +C,
o o
v, 17)

rae C— MpOH3BOAbHAA NOCTOAHHAA,



. ” re

Haifiiem snaueHusi BeJHUMH Afg , Afc. Afc # Af,  COOTBETCTBEHHO Ha CKBaXH-

ue 31 B Toukax 1, 2, 3, onpegensia cornacro (IV, 17) Hanmops B 3THX TOYKaX, a Takke

cpe HHH Hamop Ha JIHHHH CKBaXKMH, KoTophiit HaxoguTcsa coraacso (IV, 17) npu
06—+ 0. ITocre HekoTOpHIX mpeoGpa3oBaHuil Moayyaem:

° L 1 2nL 1 o
Me="g— 5 1n(2sh o >+ o M d
. L 1
Afc=—c—;'+““]ﬂ(28h “‘“‘”'),
- L , 1
Aff = ~—— ==In[2sh —-), av. 18)
LY ]

» L
Af, = ——-—-——-l—J;—ln (4sh _?.gé.

Boaslloit uuTepec npelcraBisieT NpHMeHeHHe MeTONa (HJIBTpalH-
OHHBIX CONpPOTHUBJIEHHH B YCIOBHAX HeyCTaHOBHBINeHCs ¢uabTpaunuu.
Taxoro poza npennoxenne OnlI0
crenano 1O, I'1. Bopucosnim [12], oa-

HaKO OHO He MOJIYYHJIO B ero pafote 4
pocTaTOYHOro O6OCHOBAHHS. ‘?‘-g‘ s ﬁ)—r
[lonbiTaeMcst moKa3aTh rpaHuUbl =< =1

BO3MOXHONO MPUMEHEHHS METONa 7 2
CONpPOTUBJICHUU TNIPU pacuetrax KOH- T, A g
TYPHBIX CHCTEM CKBaXKHH B YCJOBH- }__5/2 <
SIX HEeYCTaHOBHBIIe#ca GUABTpaLIUH. 7
Tlpexnie Bcero npoBefeM COMOCTaB- - — — b —4=
JeHHe pacyeTOB METOJOM CONpPOTHB-

JeHHH U MeTONAOM HCTOYHHKOB —

CTOKOB (YUHTHBAIOLINM THCKpETHOE Puc. 35. Cxema ABYX psifioB CKBamuH
pacnonoxesHue CKBaxuH) naa Oec-

KOHEYHOTrO JIMHeHHOTO pPsia CKBAaXXUH B YCJIOBHAX HeyCTaHOBHBINelics
GbuabTpauu.

Ha ocHoBamnu  TeopeTHuecKoro HCCIeNOBaHHS 9TOH 3amaud
C. H. Hymeposrm [25] nokasaHo, uto npu

Yl 04 (IV, 19)

o

2L

&
¥

Be.IHYHHA OMIMOKH NpH Nepexoie K METONY CONpPOTHBJIECHHIH He MpeBbl-
waet 1%. Yucnennnii ananu3 [41] nogTBep:xaaeT NPaBUIBLHOCTL 3TO-
r0 AO0Ka3aTedbCTBA M AJMS YUaCTKOB CKBaXXMH KOHEYHOH IuHBI (NpH
YucJe CKBAXKHH He MeHee Tpex).

Has ananusa kpurepus (IV,19) BBeseM pasMep 061acTH BJIMSHHS
OTKAYKH Ryy, KOTOPHIHI MOMXKHO CUMTATh NPHMEPHO DaBHBIM 2,57 at.
Torpa xpurepuit (IV,19) MoxuO npexcraButs B Buie Ryy>0. Tarkum
06pa30M, OKasblBaerTcs, YTO €cjad 06JacTh BJAUSHAS GOJblle PaccTos-
HUsI MeX]1y cKBaxuHaMu, T0 KpuTepuii (IV,19) eimonuserca. Ilo-
CKOMBKY cayuall Rpny<<O NpaKTHYECKOTO HHTepeca OGHIYHO He mpel-
CTaBJseT, TO NPH pacueTaX BOLONOHHMKEHHA W JpeHaXka MOXKHO yBe-
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PEHHO MOJIb30BATBCS METONOM CONPOTHUBJEHHH NpH pacuerax paGoT
CHCTEM CKBaXXHH B YCJIOBHSIX HEYCTAaHOBHBHIecs (DUIbTpaLuH.

Jlinst HecOBepUIEHHBIX CKBAXXHH BEJIHUHHY [y CJedyeT OmpenessirTh,
BBOJSI BMECTO [eHCTBHTENbHOrO PacuyeTHHI paguyc CKBaxHH r¢/, onpe-
neasgeMeii o ¢opmydae (IV,5). dtum cnocoboM MOXKHO MOAL30OBATHCS
H Js B3aHMOJEHCTBYIOIIHMX CKBaXXUH, PaclONOXKEHHBIX He CIUIIKOM
6JHu3KO IpYr K Apyry (mpu o>m).

OnHako B BOIONOHHKEHHH NPUXOAHTCH CTATKHBATLCSA H C JOBOJILHO
YaCTHIM paChOJOXKEeHHeM CKBaXKUH, KOrjla Ha HecOBEpUIEHCTBO CKBa-
JKUH HaYUHAIOT BAHSATH YCIOBHS uX B3auMmojeictBusi. s yuera storo
cdakropa CleiyeT BBeCTH AONOJHHTENIbHOE INPHBEIEHHOe CONPOTHBIE-
HHe fyx Ha HeCOBEPIIEHCTBO KOHTYpPAa CKBAXKHH, KOTOPOe NOGaBasercs
K BEJHUHHE [uc MPH ONpEJIe/eHHH PaCUeTHOrO pajuyca CKBaXKHH.

Besuuuna fux 0pu o=0/m < 1 MOXeT OnpeesThCA 110 CAeAYIONUIeH
annpoKCHMAanHoHHO 3aBucuMocTH [39]:

3 pom
Ekzmk:&$2§_&m r— L, (1V, 20)
o m

Te fur — NPUBENEHHOE CONPOTHB/AEHHE HECOBEPUICHHON TpaHIIeH, NpH-
ueM, no pemenuio C. ®. Apepranosa [3],

fm=~%m@m%0. (v, 21)

ITpu >0, BEJHUHHY frr MOXHO ONpPeNesTh 0 CACAYIOUHM AaH-
HBIM:

Lo oo oo oo 0,1 0,2 0,
0,

,5 0,75 1
3 T 0,59 0,374 1

3 0
251 0,11 0,026 0

C. H. HymMepoBrIM JaHO HeCKOJbKO HHOE TeODETHYeCKOe pelleHHe
aroi 3ajauy, a JI. H. ITasnosckoil [27] nocTpoenst rpaduku fng onpe-
JeJieHUs BeNHYHMHB fyp MO NAHHBLIM MOJeaHpoBaHusi MeroxoM DT JIA.

Be/yuiHa CyMMapHOTO CONPOTHBJEHHS Ha HECOBEPUIEHCTBO CHCTe-
MbI CKBaXKMH MOxXeT GHITh onpellefeHa u apyruM nyreM. Kak nokasano
B [20], MOXHO nepeliTy OT Psifia HeCOBEPUIEHHBIX CKBaXKHH K HeCOBep-
IIeHHOH TpaHlllee, BBOAS CONPOTHB/IEHHE KOHTyDa CKBaXKHH, ONpefe-
asiemoe no bopmyse (IV, 13). dro conmporusienue ['ye, OTHeceHHOe
K TOJHOH MOIWHOCTH nJiacra, Gyner:

1

fH.C == “Z“fw

[Tocne tTakoro mepexofa OCTaeTCss TOJNBKO YYeCTh THAPOAHHAMHUECKOE
HeCOBepIIEeHCTBO TpaHIleH, BeTHUHHA KOTOPOTO ['x¢c, OTHECEHHAS] K IIH-
PyHe NOTOKa o, onpenesnsercss ¢GopMyaoi

»

1
fmc = 5 fﬂ:r-
Torna cymMmapHoe conpoTuB/IeHHe

m=%n+$m. (v, 22)
4
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STy 3aBHCHMOCTb MOXHO NpuMeHATh npu o< 1.

Ilepexox OT psima CKBaXHH K TpaHIlee NO3BOJSIET HCHOJAb30BaTh
NI y4eTa HeOLHOPORHOCTH NJacTa CnocoObl, pacCMaTpHBaeMble HHXKe
[IPHMEHUTENABHO K TOPH3OHTANLHOMY JpEeHaXYy.

B Hactosiilee BpeMsi JOBOJNBHO YaCTO YYHTHIBAIOT THAPOAMHAMHYE-
CKO€ HeCOBEpLIEHCTBO CKBaXKHH, BBOJAS KO3 (HIHEHT HecoBepllIeHCTBA
Oy, MPEICTABJAIOMHUE co60 OTHOLleHne ZeGHTa HecOBepllleHHOH CKBa-
XHHBL K JeGHTY COBepIeHHON B aHa/JOTHYHHX YCI0BHSX. D1y Beau-
YHHY ONpelensioT pasTHYHBIMH 3MOHPHUECKHMH 3aBHCHMOCTAMH, H3
KOTOpHIX Haubonee npoBepenHolt asasiercs popmyma C. K. AGpamo-

Ba [1]:
agzi(u-?‘/—'nc?lni). (IV, 23)

Kaxk yxe ormeueno M. A. YHapusim [37], nonb3oBaHue Takoro pona
YVHHBEpCAJIbHBIMK 3aBHCHMOCTAMH JJg Ko3(OhuiuHeHTa HecoBepllen-
CTBa MOXET NPHBECTH K Cepbe3HbIM OMIHOKaM, TaK KaK 3HaYeHHs Ko3d-
thHIHeHTa HeCOBEepIIEHCTBA, NOJYyYeHHbBle OMIHPHUECKHM OyTeM, Clpa-
BeJJIHBbI TOMBKO AJA TeX YCIOBHH, B KOTOPHIX OHH [OJIYUYEHH!, H B 4acT-
HOCTH TOJBKO IpH OYeHb MaJHX COOTHOLIEHHSIX NJMHH NOTOKA H pac-
CTOSHHA Mexay ckBaxuHamu (npu L/o mopsgxa 1—2). TlockoabKy
TaKHe ycJOBHS OYeHb PeJIKO BCTPeUAIOTCs Ha NpakTHKe, a Ko duuHedT
HeCoOBepLIeHCTBA CHIBHO 3aBHCHT OT BeJaHuYMHB L/0, TOo ero mnpumede-
HHEe JJIF pacueTOB KOHTYDHBIX CHCTEM CKBAXKHH HEAOMYCTHMO.

Jnst wanocTpauuy 3TOrO MONMOXEHHss CONOCTaBHM  pe3yJbTaThl
pacueroB I psila HeCOBepLICHHBIX CKBaXHH paiguycoM rc=0,1 x,
PAacHoNOkKeHHbIX NOCpeJHHe MeXY ABYMs 00JacTAMH NHTaHHUS HA pac-
crossuun 0=200 m Apyr OoT Apyra, NpHueM pacCTOAHHe Mexay obJa-
cramu nutagusa 2L=10000 x, MomuocTh naacra m=10 M u gauHa
duaprpa [=2,5 # ({=0,25).

Hng sroro cayuas no popmyne (IV,23) noayuaercs ay=0,50, a
npH pacyerax Mo MeTONY CONpoTHBJeHHs ax=091. BMecTe ¢ Tem mo
crporomy pemtenuio b. M. Cerana [29] nna psina HecoBeplIeHHBX CKBa-
XKHH 31ech nojyyaercs ax=0,92. Kax BHEHO, pacyer 1o MeToLy cOnpo-
THBJAEHHI aeT XOpollee COBNAJEHHE CO CTPOTHM pacyeToM, a pacuer
no dopmysae (IV,23) B 1anHOM cayuyae faeT 3aHuXeHue JebuTa NpH-
MepHO B 2 pa3a.

B ycnoBusix HeycraHOBHBILeiHCs ¢hHIBTpAUHH BEJIHUYKHHB pHBEJEH-
HBIX CONPOTHBJICHHH H3MeHAIOTCA BO BpeMenu [13, 34], onnako oux no-
BOJMIbHO OLICTPO CTpeMATCA K CBOeMY lpeleibHOMY yCTaHOBHBIIEeMYCH
3HAYEHHIO, TAK YTO NIPH pacyeTax BOJONOHHKEHHd M JpeHaxa 3TH Be-
JIMYHHBI PAKTHUYECKH MOXHO CUMTAThb IOCTOSTHHBIMH.

Takum o6pasom, npuMeHsis MeTOX ¢(UABTPALHOHHBIX CONDOTHBJIE-
HMH 151 pacueTOB KOHTYDHHIX CHCTEM CKBaXXHH, MOXHO 3aMeHHTb HX
KBHBAJEHTHHMH TpaHIUEsIMH, TOHHXKEHNe YPOBHS B KOTOPHIX 3ajaer-
Csl paBHBIM CpeJHEMY MOHHXKEHHIO Ha JHHHH CKBaXHH Sy, CBA3aHHOMY
¢ DOHHXKeHueM YDOBHS B CKBaXKWHaX S¢ COOTHOLIEHHEM:
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S, =8 —.f (IV, 24)
T,
WJH 1S HAnopoB Ha JMHHKM CkBaxHH Hy u B ckBaxuue f,
Hy=H 4+ -2 f, (IV, 24a)
T,
rae T.— cpenusis IPOBOAMMOCTS IaCTa B Npefesax OT BOLOYNOpa H

no yposue#t Hy u He. B wacTHOCTH, A18 OXHOPONHOrO GE3HANOPHOTrO
NOoTOKAa

T.=k ﬂ%—’-‘s«, (v, 25)
u coorsoutenus (IV,24; 1V,24a) npunumaior Bun:

= K242 %-f

e =h%—2 -%fo. (IV, 26)
I a5t ropH30HTaNbHO-CAOHCTONO NMOTOKA:
(pﬂ = (PC + chl{‘l (IV’ 27)
Qo =@, — QCfR’

rjae @c H ¢y — GyHkuun [HPUHCKOrO, COOTBETCTBYOLIME TAYGHHAM NO-
TOKa B CKBaXHHe A U Ha JauHud Ay

ITpu nonp3oBaHHK METOLOM COMPOTUB/EHNi MOXKHO PeKOMEHA0BATh
CAEAYIOIHI NOPANOK COCTABNEHHSA PAcYeTHHIX 3aBHCHMOCTEH NJd JI0-
ObIX KOHTYDHBIX CHCTEM CKBAXKHH:

1. 3aMensaeM JAuHAH CKBaXHH TPaHWIesMH C YpOBHAMH Ha Hux H,
(nau hg) u norounsiM nputokoM ¢= Q./c.

2. 3anuchiBaeM BhIpaXKeHHe M5 PAacXofa MOTOKOB B 30HAX Mexay
JHHHAMH CKBAXKHH U FPaHHLAMH NOTOKA, a TAKKE MEXIY OTAEeAbHBIMH
JUHHUAMH CKBaXHH, ONEPHUPYS yXKe TPaHIUIESIMH, a HE JUHHAMH CKBa-
KUH.

3. CocrapnisieM ypaBHeHHs OajaHca MOTOKA HA JMHHAX TPaHIUEH.

4. CoBMecTHOe pelreHne 0anaHCOBHIX VPaBHEHHIl C YpaBHEHHAMH
(IV,24—1V,27), cBsi3bIBAOIMMH YPOBEHD HA JHHUH CKBAXKHH U B CKBa-
MUHAX, KaeT HCKOMOe pelllenue 3agayu. [anbuefitiue npeo6pasopanus
9TOfl CHCTEMBI 3aBHCHAT OT TOro, KaKue BeJWYUHLl ABJSIOTCH 3adaHHbI-
MH, a KaKue — HCKOMBIMH.

Ecnn, HanpuMep, 3afansl 1eGHT U PacCcTaHOBKA CKBaXKHH H, CJAENO-
BaTeJbHO, H3BECTEH NMOIOHHBIN MPUTOK ¢, TO N0 GaNaHCOBHLIM YpaBHe-
HHAM MOXHO HafiTH YPOBHM Ha JuHuH ckBaxkuH (Hy uanm hy), a 3ateM
0 YpaBHEHHSAM CBSI3H YPOBHel Ha JIMHHM U B CKBaXKUHAX ONpeequTh
ypoBeHb B cKBaxuHax (¢ uan hg).

Ecau e 3ajaHHBIMH SBASIOTCS YPOBHH B CKBaXKHHAX M paccTa-
HOBKa CKBaXHH, -TO, peilag GalaHCOBble YpaBHEHHS C YpaBHEHHAMH
(1V, 24—1V, 27), NpexJe BCeTo clelyeT HCKIIOYHTH H3 HHX BeJHUHHY

neéma CKBaxHH Qc' H, ecan. HEOéXOZl[/lMO, TaKXe YpOBE€Hb Ha JIHHUH
CKBaXKUH.
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Puc."36. Cxema aumefiHoro psa CKBaXKHH BGJH3H 06NacTu mutaHust (pexn):
@. 6 — BepTuKaibHEIE paspess! AJA. MOTOKA ¢ MOCTOSHHON NMPOBOAHMOCTBIO H A O/-

HOPOAHOTO Ge3HaMmopHOro MOTOKA, 8 — IJIaH;

I — 6piToBas Kpusas Jempeccus, 2, 3 — KpuBbie nenpeccuu mo JuuusMm ABC
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A’B’C’; 4 — cpejHee MONOXKeHUE KPUBHIX Jenpeccuir BOIHIH CKEAKHH



TMosicHuM TnpeaJiaraeMelil MOPSAOK Ha NpHMepe H3BECTHOH 3a1auH
o pa6ore paja ckBaxuH BOJH3H pekH (puc. 36) B HanmopHoM bacceiine
TpYHTOBBIX BOJ (mpu ge=0).

3aMeHss JTHHMIO CKBAXKMHBI TpaHileell, nailieM, 4To NPHTOK X Hefl
Ha yyacTKe LIHPHHOHA ©

kmS
Qe =—"0

Q o
Ioacrapaas Beipaxenue nada fp 8 (IV,12), sanmuem ypasHenue
LISt OnpejieieHus TIOHHXKEHNA IJIS Psiia CKBAXKHUH:

§ =X (% + A/&-). (VI, 28)

kmS, L
fp e ZOA

B wactHOCTH, MOHHIKEHHE B CKBaXkuHe S¢ NMOaYyYyuM, noaaras Afc=
=f1( U3 (IV, 13)

L 1 o
§—Q (L Ly o) v, 20
km \ ¢ - 2n ntd, ( )
a TOHMKeHHe MeXIY CKBaxkunamu S’ maiifieM, nojacrasasag Afe cormac-
Ho (1V,15a):
S = &(i-o,n). (1V, 292)
km \ o

®opmyarr (IV,28; 1V,29) Bnepsoie 6biin noayuensl Popxreiime-
poum [33], Kotophfi oOparTu/ BHUMaHHe HA CBA3b MeXIy BhIpamKeHus-
Mi [Uig IIPHTOKA K JIHHUM CKBaXXMH M TpaHlliee, HO He cIeJaJ H3 3TO-

ro Kakux-iu6o NPakTHYECKUX BHIBOJOB.

§ 4.0 NIPUMEHEHMH METOJA ®HAbTPAILHOHHBIX CONPOTHBJIEHHHA
JJi PACYETOB KAHAJIOB H TFOPU3OHTAJILHOIO JPEHAXKA

B03MOXHOCTD NpHMeHeHHs MeToaa (UJIbTPAUMOHHBIX CONPOTHRIE-
HMH IJ18 ydeTa TMAPOAHHAMHYECKOTO HECOBEPUIEHCTBA BOLOEMOB, Ka-
HaloB U ApeH o6yC0BINBAETCSA OrPAHHUEHHOCTHIO 30HBI Pe3KOi Hedop-
Manuy noToka BO/IM3K BOLOEMA, KOTOPas OOLIYHO He PacnpoCTpaHsercs
3a TpelleiHl OZHOA-ABYX MOIIHOCTEH mnJacra.

IToTok B 30He pe3kofi nedopMamun B caMoM o6lleM BHIe MOXKHO
3aMOIeJIUPOBATh OPTOTOHAJBHOH CETKOM CONpOTUBJEHHH, Koropas
CYUIeCTBEHHO YNIPOLIAETCs ¢ [OMOIIbIO XOPOIIO H3BECTHOIO B 3JI€KTpO-
TeXHHKe Mertoaa TpaHcdurypaunu. Hcnonbdysa  3tor MeToA, MOKHO
noKasath {32], uTO yuer HecOBepIIEHCTBA OAMHOYHOTO BojgoeMa (KaHa-
jga)! B caMom obuleM cayuae OCYIUECTBJAAETCS MOAKTIOUCHHEM IONMOJ-

! Mox BoNOEMOM B [AHHOM CjydYae MOHAMAKTCA JMoGble UCTOYHHKH TOBEPXHO-
cTedl BOABL PEKH, 03epa, MoPs, BOAOXPAHHIHLILA, APEHAPYIOLIHE NOTOK, OBpParH ¥ T. M.
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HUTeNbHEX CONPOTHBJAEHHH 1O CXeMe TPeyrojbHHMKA, COCTOALIETO H3
JIBYX OJMHAKOBBIX BEPTHKAMAbHBIX CONPOTHBJAeHHH Py u FOPH3OHTAMD-
HOro CONpOTHBJICHHS by (nonHas cucreMa Ha pHuc. 37,a).

Ilna yyactka Kananma wiH ApeHBl AMUHON 1 M compoTuBienus Ha

Lrema
FOKS] PEIXIL PeQapratuls nomoxe
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Puc. 37. Tunosble cxeMbl CONpOTHBJAEHMA AJSL yuyeTa THAPOJAHHAMHUECKOTO He-
COBEPIICHCTBA JPeH, BONOEMOB H KaHaJoB:
a—— oAuHOuUHBIR KaHan (apeHa); O — JpeHa BGIH3H BOAOéMa GOJBIIMX pa3Me-
poB; 6 — ApeHa BGJAM3H Kauajxa
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-y

@ &)
HCCOBEPIICHCTBO MOMHO NpeACTaBHTh B Bhge! &, =— ; Pp= "

— —0 km Em
rie @y n Pu — COOTBETCTBYIOIHe NPUBEeHHbIE CONPOTUBAECHHS, KOTO-
phie MO}KHO_ paCCManH}BaTb KaK 2KBUBAJNEHTHYIO JJUHY JHHeHHOT O
NOTOKa TPOBOAHMOCTBIO km.

Has npen HeGoabluioro pasMepa CONpOTHBIEHHE <1>§ OKa3blBaercs
HeOOJBIINM H YY4eT HX HECOBEpIIEeHCTBA MOXKHO MPOH3BOAMTH MO YNpo-
IleHHOH CHCTeMe v— C BBeJleHHeM OJHOrO CONPOTHBJAEHHUS

~ L
¢H'n = 2 ¢".

B srom cayuae HeCOBeplUeHHYIO JApeHY ¢ HamopoMm Hy moXHO 3a-
MEHHTb COBepIUeHHOH ¢ HanopoM Hj, BBOAsl NpuUBEJEHHOE CONPOTUB-
JleHHe HecOoBepIIeHHOH ApeHbl Pyy, npuueM notepn Hanopa H,—Hj,
onpejendeMbie 3THUM CONPOTHBJAEHHEM, OYAyT Bbipakarbcsa obuieH
33aBHCHMOCTbHIO:

q — p—
HJI — Hn = ’k‘:{ ¢HJ[, ¢u_n = km¢ﬂ_ A (IV, 30)

rlle ¢n— NOTOHHbII NPHTOK K JpeHe, a conpoTuBieHne Py onpeie-
JseTcsl AN TMOTOHHOTO (YAeNbHOr0) NOTOKA WIMPHHOH 1 M.

Hns omHoponHoro Oe3namopuoro mnotoka 3asucuMoctb (IV,30)
yA06HO npeJCTAaBHTh B BuJE:

K—h=2 —‘-’ké— - (IV, 30a)

Benuunna @yn 3aBHCHT OT CTeNlCHM HECOBCPUICHCTBA H OT HEOXHOPOA-
HOCTH BOAOHOCHOTO MJAcCTa.

CxeMbl COMPOTHBIEHUH, YUHTHIBAIOLIMX THAPOAMHAMHYECKOe HeCo-
BepIUeHCTBO KaHAJOB H JApeH B (oJiee CAOKHBIX CAyyasiX, mpHBeleHH
Ha puc. 37,6, 8. s 0OQMHOYHOrO KaHajla BMECTO CXeMbl TPeyroJbHHKA
MOXKHO TaKiKe NONb30BaThCs CXeMOH 3Be3/bl, COCTOsIEH U3 ABYX COMpO-
tusgennt @5” u ogmoro Py’ (puc. 38,a). CBsi3zp MeXAy CONpOTHBJIe-
HUSIMH, COeIHHAEMbIMH 110 CXeMaM 3Be3/lbl U TpeyroabHuka (puc. 38,0),
MMeeT BHI:

. @®? » &, 0
Py=—— e, Py, (I, 31)
20, + &% 20, + ¢
. . " b ,
b, = Dp+ 2Py, Dy =Py | 2+ ;{L ) (IV, 32)

H

ITokaxkeM XoI COCTaBNeHMs pacyeTHBIX 3aBUCHMOCTEH 1O mnpes-
JlaraeMoll MeTogHKe Ha mnpuMepe paboThl HeCOBEpIEHHOH JpeHH B
OJIHOCTOPOHHEM H JBYXCTOPOHHEM CHMMETDHYHOM MOTOKe ¢ NOCTOSH-

I B nasbuefimieM 6yAeM onepHpoBaThb TOJMBLKO € MOTOHHBIMH CONPOTHBJIEHHSMH Ha
HeCOBEPINEHCTBO, OTHeCeHHBIMH K | a JAuHBI BOJOEMA, KaHana WIH JpeHbl

102



HO/l NPOBOAUMOCTBIO km 6e3 yuera MH(UIBTPAUMH M NOXMUTHLIBAHHA
U3 HHXKeJeXalluX TOPU3OHTOB.

Jaa cxembl OgHOCTOpOHHero npurtoka (puc. 39,a4) npu ge=0 no-
FOHHBI# NMPHTOK K 3KBUBAJIEHTHOH COBepllleHHOH Tpaxlliee Oyaer

Hy= H,
g, = km— T (v, 33)

3amenss B (IV,31) Hy cornacko (IV,30), nonyuum dopmyay mis
ofpeleseH!s §x:

q)( = km—-—': -. (IV, 34)

Jlna cxeMbl CHMMETPHYHOIO ABYXCTOPOHHero mpHtoka (puc. 34,8)
e Boipaxenun (IV,39) pacxom Hago yOBOHTL M TOTA nHoclae HeOOJb-
WHX TpeoOpa30OBaHUHA NMOJYYHM BHIpAXKEHHE HJIA pacxona:

Gy = kM—— v, 35)

Takas xe MeTodHKa MOXeT NPUMEHATHCS Y MPH HATHYHH HHOHABT-
pauuu. PaccMOTpHM B KauecTBe MpHMepa CHCTeMATHYeCKHH HecOBep-
LIeHHBIH IpeHaX B MJAacTe C NOCTOSIHHOK NPOBOJMMOCTBIO IPH HAMHYHH
HHQUIBTPAIUM C HHTEHCHBHOCTBIO
w (puc. 39,2). B atom cayyae no-
FOHHBII TPHUTOK K KaXKAOH JpeHe
byner pased 0,5 wL, u ypaBHenue
(IV, 30) npumer Bun:

v 4

N

Bmecre ¢ tem ypoBenp nocepe-
IOuHe MeXAy ApenaMu Hp Oyner Y 27
CBfI3aH C YPOBHEM HA JIMHHU Jpe- #

Haxxa H; usBecTubiM ypaBneHueMm: pye 3. CoeuHeHHs CONPOTHBIEHH

wl? THOA:
HL=H,,+ - .

a — 3Be3fa, 5 — TPEYrodbHHK
2km A pey

HMckaoyas u3 stux ypasHenuft Bennuuny Hy, nalineM ypasHeHue,
CBA3bIBAIONlEe YPOBeHb MeXAY ApeHaMu W ypoBeHb B JApeHe:

L -
Hy=H, + -2-%;- (L + 4Dy ). (IV, 36)

Hasa omnopoanoro Gesnamopuoro noroka ypasaenue (IV,34) npuMer
BHI:

Wy — B+ -‘fki (L + 4B, ). (IV, 36a)
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AHamornuHeIM 00pa3oM CTPOAT pacyeTHble 3aBHCHMOCTH H AJf
HHBIX YC/JOBHH, NPHYEM MOXKHO PEKOMEHIOBAThL CJAeYiomui NOpAIA0K
TAKOTO poja NOCTpOeHHuH:

1) secoBepiieHHble IpeHbl 3aMEHSIOTCST COBEpIIEHHEIMH W BeCh
GUABTPATMOHHBIH NOTOK pasjedsieTcs Ha 30HBI, KOTOpBle 00pasymrcs
MEX1y JpeHaMH M TpaHHLAMH NJacTa M MeXAY OTIeNbHbIMH Jpe-
HaMH;

2) cocTaBAfOTCA BBHIPaXKeHHS JJs PacxOma MOTOKa B Npefenax
KaXJo# 30HbI, CUMTaf JPeHbl COBepPIIEeHHBIMH ¢ HanopaMu Hy;

3) ¢ nomoubio coorHomenus (IV, 30) snauenns H, cBasbiBamoTCH
C YpOBHAMH B jpeHax Hj.

Has onnoponuoro Ge3HANOPHOro MOTOKa CAeAYyeT BO BCeX 3aBHCH-
MOCTAIX OGBLIYHBIM IyTeM 3aMeHMTb BeJuYHHb MmI Ha COOTBETCTBYIO-
mue 3Hauenus 0,5 4% rme A —rayO6uHa NOTOKa B CedYeHHH ¢ Hamo-
pom H.

B MuorocsoifHBEIX nJaacTax Ha 30HY pe3koll nedopmauun 6ymer
CYLIeCTBEHHO BJHATL NepeTeKaHHe MeX/IY XOpOIIO NPOHMLAEMBIMH
caoamu (¢ KosdduunenTaMu GUIBTPAUMH Ryaxc) Yepe3 c1aGOMPOHH-
aeMele caon (¢ koddpdulHeHTaMu GUIABTPALUH Ryyy). V3 Teopun

T T T
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Puc. 39. Cxema pacnofiosenns TOPH3OHTAJNBHBIX JpeH:
@, 6 — npu OfHOCTOPOHHEM MPUTOKE, 6 — M JABYXCTOPOHHEM CHMMETPUUHOM MPHTO-
Ke; 2 — B MeXKAypeuHoM Maccuse

nepeteKaHus Cjaenyer, UTO pa3Mep 30HBI pe3Koil nedpopMaiuu B ITOM
Clyyae MOXKHO OLI@HUTh BHpaKeHHEM:

Lyx =1,5 l/ e Phusse M, (1v, 37)

kMHH

rae Myake U Mlygg — MOILHOCTH CJoeB ¢ KoddduuuedramMu ¢uabrpa-
IUH Ryaxe U Ramm.

Ilns xaHnanoB, CONPOTHBJEHUE HA HECOBEPIIEHCTBO KOTOPHIX YuH-
ThiBaeTCs MO CXeMe TPeyroNbHHKAa, CBA3b MeXAY PacxogaMu NOTOKa
Gnes U Gnp, TPUXOASAINMMHU CJeBa W cnpasa, HanopaMu Hges u Hyp Ha
rpaHuIax 30HB pe3KOit fedopMaluu TMOTOKA U CONMPOTHBJAeHHAMH Dy
u @5 HaiiieM, coCTaBass 6alaHC TOTOKA B CeueHUH npaBoOTO W JeBO-
ro ype3oB KaHaJja:

Gnp = Gup-n + Gaps G2 = Gax — Gup-n,
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rle Qup-x ¥ Ga—x — PACXONH, MOCTYNAIONIKE B KaHAJ CO CTOPOHH! fpa-
BOTO H JieBOro 6eperoB; @up—; — Pacxoll, NPOXOAALIUA mojA KaHaJoM
OT npaBoro K JesoMy Oepery. ITockonbky

Hup““'HK Hy— Hy
= —_— . P R
Gnp-x o, s Gnx &,
_ Hmp— Hi
Gop-n = "mfd)g s

ro 6ajJaHCOBble YpaBHEHUS NPHHHUMAIOT BHI:

Sren, == H.nea (Tl‘ + ’“..;l“”) "‘ﬁ& ——-{_{Kf~'
@

ke 5 ®) @ 3,

g, 1 i H H

gy () e B v, 38)
km Dy D, Py >,

D, = kmd,; D= kmd..

3Has BelMuuHbI COMPOTHBJIEHHH, BXoAsue B ypaBHenns (IV,38),
HETPYJHO COCTABHTh pacuyeTHble 3aBUCHMOCTH TAaK XKe, KaK 3T0 OblIO
CleIaHO 151 TOPU3OHTAJBHBIX NpeH W HeGOJbIIHX KaHAJOB.

Pac. 40. Kanan B MexaypeyHOM MaccuBe

HanpuMep, nss ciyuas pacrno/ioXKeHHss KaHaja B MeXAypPeuHOM
maccuBe (puc. 40):
Hi— Haen_

H,
Qres = kM — L » ‘an:km L

— Flp, (IV, 39)

IoxcraBasia 5TH BHIPAXKEHUS IS Gnen U gnp B (IV,38) u pemas
noJyyeHHBle YpaBHeHHs, HanpuMep, OTHOCHTeNbHO H i, HalizieM, uto
npu Hy=0,
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2 ST |
e b f L " d’nf_ e (IV, 40)
Aes ) 1 1 ¢0 50 i ’
—+=+ T+ ) — =5
L @ 0 ., Ly [

Ioacrasnas 3nauenne Hues B mepBoe u3 ypasHenuit (IV,39),
ONPENeNuM §qep; IO TIepBOMY U3 ypaBHeHuit (IV,38) moxuno Haiitn Hyp
u Bropomy u3 ypaBHenuit (IV,39) — gup.

§ 5. ONPEAEJEHHE CONPOTHBJEHHH HA THAPOIHHAMHYECKOE
HECOBEPUIEHCTBO JIPEH ¥ KAHAJIOB

Ilpu onpenejeHHH CONPOTHBNEHHH MJIs ApeHaxka GyaeM paccMaTpu-
Barh ABe ero KOHCTPYKUuH: 1) Tpy6uartsifl npeHaXk ¢ KPyNHO3epHHUCTOH
o6cninkoit (puc. 41,a) u 2) tpyGuarslil ApeHaxk ¢ 3achiNKoH MaTtepHa-
JoM oKpyxawuied nopoxpst (puc. 41,6). B nepBom cayuae (gpeHax c
OOGCHINKOH) 3a KOHTYp APeHa)ka, Ha KOTOPOM 3ajaercs Hamop, COOT-
BeTCTBYIOLME YPOBHIO B JIpeHaxe, IPHHHUMAeTCsl KOHTYp OOCHINKH, I10-
CKOJIbKY TIOTepH Hamopa B O6ChiMKe NpH NPaBHJALHOM ee YCTPOHCTBe
GbiBalOT He3HauHTeNbHBIMH. Bo BTOpOM cayuae npomumaemocth 3a-
CHIMKK CYMTAIOT TAaKOH e, KAK ¥ NPOHHIAEMOCTh OKpYy:Kaloiueii mopo-
ABl, H B KauecTBe KOHTypa JpeHaxKa NPHHHUMAIOT KOHTYP TpyOHL.

B 6esnanopHoM notoke Ha BeJauuHHY Ppy BAUSET NOJOKeHHE
KPHBOH fenpeccuu BONH3M ApeHa)ka U pasMep KanWJSPHON 30HH, MO-
CKOJILKY OHH OTpeesIfI0T BePXHIO rpaHuily noroka. OQnsako naunbo.ee
Pe3kuM axkTopoM, 1O CyUIeCTBY ONpefelsioulMM THAPOLHHAMH-
Yeckoe HeCOBEPUICHCTBO JpeHaXa B peadbHBIX THIPOTeOJOTHUE-
CKHX YCIOBHAX, OKashlBaeTCA OOBIYHO HEOJAHOPONHOCTh MJacTa.
TlosTOMY BaIMsiHHE NOJAOMKEeHUS KPHUBOH JenpeccHd MOXKeT OHTb YuTeHO
JAOCTATOUHO NPHOIHKEeHHO, TeM (oJiee UTO NMPH PACMNOSONKEHUH APEHH
B CpPaBHHUTEJLHO MaJONPpOHULIAEMBIX TpYHTaX (a Takoil cayuaii spaser-
€Sl ¢ TOYKM 3peHHsl yueTa HeCOBepIIEHCTBA NpeHa)ka Haubojee HHTe-
pecHbiM) 3TO BaAHsAHHEe GYAeT YCAOXKHSATBCA H B KaKOH-TO Mepe Craa-
JKHBAThCcA HaJHYHeM KanWIJAsPHOH 30HHL

TakuM o6pasoM, AJns yyeTa HeCOBepUIEHCTBA JAPEHAXa MOMHO 3a-
MeHfTb NeHCTBHTENbHYI0 KPHUBYIO JENnpecCHH OCPeXHEHHOR rOpH30H-
TalbHOH JIHHMEH, cayXallefi pacyeTHON KpoOBJNeHl NJacTa y ApeHHl
(cM. puc. 41), npuyeM pacueTHyI0 MOLIHOCTE TOTOKAa My BOJM3U Ape-
HH MOXKHO NPHHHMATh

my= 22t h, (IV, 41)

rae Axan — 3 deKTHBHAS BbICOTA KANHMIAPHON 30HBL

B nepsoM npuGamxKeHHH MOXHO OGBYHO NPHHHMATh My= /Ay + Axan
UM =Ny~ Agan, AMes B BUAY, UTO NepBbIE BADHAHT NaeT 3aBhHILIEH-
HOe 3HayeHHE CONPOTHBJEHHH, a BTOPOH — OOLIUHO 3aHUKEHHOe.

Ilpn ¢uabTpannn us kanana (puc. 41,8) 06BIYHO MONKHO CUMTATb
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My=Mny; AJs KaHAla B ABYXCJAOHHOM IJIAcTe€ 3TOT BONPOC PaccMOTpeR
HUKe HECKOJIbKO NOApOOHee.

Tpsamoyroabubiii  (uIM TpaneLOXAANbHBIN) KOHTYD JApeHaxa ¢
OGCHINKOH O6BIYHO Ueseco06pa3Ho MPHUBECTH K MOMYKPYIJIOMY KOHTY-
py AnameTpom d, npuyeM penuyuna d, cornacHo pettennto H. K. Tu-
PHHCKOTO, MOXeT Onpe/easiThest no Gopmyde:

d = 1 (b, + 0,5b,), (IV, 42)
rje nonpaBouHnlit Ko3pPuIHeHT 1| HAXOAUTCH N0 CAeLYIOIUM TaHHBIM:
2y/be wnn bef2y | O | 00 | 02 | 0.3 | 05 |10
- | 1.0 | 1,08 ] 1,02 | 1,05 | 17 [1,18
&
7 \\”\- \/ /*
PN s 22 i ///'41/

L / \vai/3

e s e

e .t bt el Pac 41 Cxembt HecoBepIIEHHBIX TO-
A .-+ .+ .}, +|..~ PH3OHTANBHBIX NpeHawell W Kaua-
: ’ . JI0B:

.3 . @ . . B ‘&l ., I-—xpusas menpeccun, 2 — nosepx-
LN, A HocTs sdexTHBHON  KanuaAspHO®
I . <0 T e f ot ." z0HBL & — pacdeTHas KPOBAS niacTa
» ] . . P T e . * L.

77757 W;:::%m/%/
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a. Kanan wan apenaxuas Tpasiies B OXHOPOJAHOM NOTOKE

Ilas onpenesiends CONPOTHBJIEHME TpaHIUIeH Ha HECOBEPIUEHCTBO
B OJHOPOJHOM HallOPHOM TIOTOKe B OGUIeM CJllyuae MOXHO BOCHOJb30-
Bathest pemendem C. H. HymepoBa [24], corsiacHo xkoropomy mnpu
HYJEBOM HAamNope B TpaHlliee:

Hiygy = 255 f, oy Srent Supee

k
qn Gaes + Gn . 8
Hyp =22 g, S g (IV, 43)

rie fg 1 fx — Ge3pasMepHele (DYHKINMH, 3aBHCALLHE OT CTeleHH Heco-
BepllieHCTBA JpeHbl; rpacdukd 3TuX GYHKUWH npefcrapieHsl B pabo-
Te [24]L

CpaBnusas soipaxenus (IV,38 u 1V,43), naiizem, uro

@, = myf,, Bn=mfn, (IV, 44)
npuyeM
Fo=fat2F, PO, = ’% Fue (IV. 44a)

Tpadpukn dynkuuii fx u fa nNpuBeleHH Ha puc. 42. Aunannsupysa stu
rpadukn, MOXKHO OTMETHTb, UTO NPH IIHpHHE JPEHbI MEHbUIeH yeTBep-
TH MOIIHOCTH TIACTA BENHYHHA fg CTAHOBHTCS CTOMb HeGOJBLION, YTO
comporuBienteM D0 MOKHO mpeHeGpeub M CONPOTHBJEHHS HAa HECO-
BepUIEHCTBO COEJMHHTb MO yIpoLleHHOH cucteMe npu Pyyx = 0,5 P,
(cMm. puc. 37,a).

st TOpU30HTAMBHOTO ApeHaxa, pa3Mepbl KOTOPOTO OGLIYHO 3Ha-
YUTENBHO MeHblLle MOIIHOCTH IJIACTa, NPAaKTHUECKH MOXKHO CYHTATh

B = M fuo fg = 0,5 fu= .i_ ]n% —0,731g % (IV, 45)

Hora ppenaxka ¢ 3acHIIKOM, 3ariybaeHHOTO NOA KPOBMIO Ijacta
(cM. puc. 39,6), Beauuuny fuyx MOXKHO ONpeaessTh, HCHOAb3YS PellleHHe
®. M. BoueBepa /st CKBaXKHHBI B MOJI0CE MEXIY ABYMA HempOHHIlae-
MbiMu rpanunamu [13], no dopmyne (IV,45), 3amensia TONBKO B Heil
NeHCTBUTeNbHBIH fuaMeTp ApeHbl d pacueTHOH BeJuunHOH d’

d = 1,13l/mgd sin (IV, 46)

my

6. Kanaa u apenaxkHas TpaHules B JBYXCJIOHHOM MJiacTe

B nanHoMm ciyuae paccMaTpHBaeTCsi BechMa XapaKTepHas CxeMa,
KOTAA KaHaa WM JpeHy pacnonaraloT B BepXHEM CJOe, KOTOPHIH 06-
Jajaer MeHbllell NMPOHWIAEMOCTBHIO, yeM MNOACTUIAIOMIUE ero HMUXKHHI
cnoir (puc. 43).

! Beauunusl f; u f; C. H. HyMeposbiM o6o3uauensl uepes @ u @*,
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Ilpn npoHHLAeMOCTH BepXHero cJOs 3HAYHTEJbHO MeHbIlIeH, 4eM
NPOHHLAeMOCTb HHXKHero clos (Rs<0,1 ky), npubanskeHHoc BHIpaxe-
HHE, CONPOTHBJEHHS Pyn HJAA OpeHbl HeGoabluoro pasMepa (npH
b:<0,5 my) wHaifigem, HCXOAst M3 JOKA3aHHOTO ONBITHBIMH JAHHBIMH
NONI0OXKeHHss O MaJoM H3MeHeHHH Hanopa Mo KPOBJe HIDKHEro Clos
B mpefenax 30HH pe3koH Adedopmauuu moroka BOAH3U APeHBI, FAe OH
MOxeT ObITh NPUHSAT PaBHBIM CpeJHEeMY HANopy no JAuHUM japennt H ;.
Kpoue Toro, kpusylo nenpeccud BOAKM3H ApPeHbl 3aMeHHM HellpOHMLae-
MO} TrOpH3OHTAJBHOH MJOCKOCTBIO B COOTBETCTBHH C PEKOMEHAaLlHAME
10 3TOMY Bonpocy, npuBeneHubiMu Ha crp. 107, cuuras, yTO0 B nepBOM
npubJHKeHHH 3Ta MJIOCKOCTh NPOBOAUTCA HA YPOBHE BOLbI B JIpeHe
(pHc. 43,a). Ilonyuennylo takum o6pa3oM CXeMy MOXKHO, TIpUMEHssA
3epKasbHOe 0TOOpaXkeHue, IPHBECTH K CXeMe, NOKa3aHHO#M Ha puc. 43,0,
AJisi KOTOPOH, nepexonst OT PUKTHBHOH MPAMOYro/IbHON ApPEHbl K KpY-
roBOH, BBIpaXKeHHe YIeNbHOrO pacxoga ¢  3anuchlBaeTCss B BHJE
[28, crp. 420]:

*_ 2mhy (H,—Hy)
S LIS

o In ..~8_~",lfL
nd

TAe d — NpHBeJeHHHH NuaMeTp JApeHbl, OMpefensieMblli (popMyaoit
(IVA42).

Himes B Buay, uto ¢=0,5¢’, monyuuM cienyioliee BuipakeHue AJd
NPHUBEASHHOI0 CONPOTUBJIEHHST HA HECOBepIIeHCTBO JAPEeHbI

F, - =y Ha=Fa .73 fu yg Bm
Bun=1ufure fux= ko0 =073 2 1g 2 (IV, 47)

Jlas npeHbl, He NPHMBIKAIOLIEH K BOXOYIOPY, MOXKHO 110Jb30BaThCH
¢opmynoi (IV,47), samensin B Heli BeawumHy d Beauuunoit d’, npu-
yeM, cornacHo peutennto H. A. Orunbeu [13]:

4 =16V dm,tg %"?l. (IV, 48)
Mg

Ins nposepku Tounoctd dopmynst (IV,47) 6wo npoBemeno MomesupoBanue
metonoM IIIA Ha Moaensix ABYXCJIOHHOH CpPebl, COCTABJAEHHOM M3 IBYX Pa3.HUHBIX
JIHCTOB 3.JEKTPONPOBOAHON Oymaru, MOAENHPYIOIUX CNoH ¢ Kod(duunentamn Guibr-
PallHH Kz M Ky MOWMHOCTL C/0eB Ha MOJeNH 3ajaBajach Mg =My =7,5 ch; pac-
CTOSIHHE OT JpeHbl Jo TPaHul MomedH — 37,5 cm; mmpuua apens! by=0,75 cm. Tlpu
MOAEGJAHPOBAHHH PacCMaTPHBaNach CXeMa JABYXCTOPOHHEro MPHTOKA, KOTAAa Ha JeBol
W Ha NpaBoil TPaHUNAX 3a4aBaJuCh WMHBL C noTeHuuaaamu 100%, M cxema ogHocTO-
pOHHEro NpUTOKa, KOrda Ha JeBoil IpaHulle OCTABAAJACH IIMHA € TOTEHIMAJIaMU

100%, a npaBas rpanuna 3afaBajach HenpoHuuaemoil. Beanuuna fopx= -—”1-—- Py n
g:1

onpenensnack W3 ypasHenust (IV, 34), B xoTopoM BeiMunsa NpHBeNeHHOTO Dacxolda
Gx HAXOI1HWTach MO CeTKe ABHXKEHHs, NOCTPOeHHON HA MolesH.

3HaueHus! NPUBENEHHBIX COMPOTHBJEHUH Ha HECOBEDIHIHCTBO APEH, MOTYyUEHHbIe
st Mofeseldl ¢ ABYMS PAa3IHYBLIMU COOTHOMIENHSAMH KO3(DOHUHEHTOB (DUILTPAUUH CJo-
€8, npusesenbt B Taba 6 (cM, crp. 112). Kak Buano, pesyibraTel MoAesupoBaHHs
AOCTaTOYHO XOPOINO coraacyiotes ¢ pacyeraMp no dopmyae (IV,47), 9ro naer ocuo-
BAHYe DEKOMEHN0BaTb e€e K MPUMEHeHHIO Mo Kpafielt Mepe mpu kgy/ks > 10.
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Ta6auua 6
3Hauenus fH.A no pacuetaM M No onmiTaM Ha momesw IJA

—_ . EA . e

2 ~L o8

ky kg

CxeMbl MPHTOKA by/mpg
MOZIeJL dﬁ%{{%ﬁ MOJIeJIb ‘b‘("[’ﬁ’}’,’

JBYXCTOpPOHHHH . . . + + & « .« . 32,9 10,2 »
Onxocroponnuit . . . . . . . . . 0 B 7737‘0 9,7 9,1
JIBYXCTOPOHHHE ¢ « o o o o & + & 21,8 5,6
OaHOCTOPOHHHE . . . . . [N 0.2 22,7 20.8 5,9 5.1
JBYXCTOpOHHME . . . . . . . . . 13,4 3,
OnHocropoHHuil . o .« . . . .. 0.5 12,8 12,9 3,5 3,2

Iana pByxcnofisoro maacta npu 1 > k,/k, > 0,1 wHago yXe yuu-
THIBATb MPOBOJHMOCTb BePXHEro CJA0s M CUHTATL PACYETHYIO IPOBOIH-
MOCTh PaBHOH CyMMe NPOBORHMOCTEH BePXHEro M HHIKHETO CJI0eB kM =
=kgMy+kgmy. IlpuBeleHHOE CONPOTHBIEHHE Ha HECOBEPILIEHCTBO
3aech Oyaer

By = (m+%~m) ; (IV, 49)
B

2

TIPHYEM BelHYHHY [n, Ledecoo6pa3HO ONpefessiTh Kak
fﬁ,u = fur+ Afux, (IV, 49a)

rie fan— 6e3pa3MepHOe COMPOTHBJEHHe APeHbl B OAHOPOAHOM Iia-
cre, onpenensemoe no dopmyne (IV,45) uau, kak 0,5 fg mo rpaduky
(cm. puc. 42); Afqy— Ge3pasMepHoe CONPOTHBJEHHE, YYHTHIBAWIIlee
HEONHOPOJHOCTh BOMOHOCHOrO mJacra. [ onpeneneHud BeJAHYHHH
Afux MOXHO BOCHONB30BaThCA rpadukoM (puc. 44), TOCTPOEHHBIM O
HaHHbIM CepHH DAaCYeTOB HA CETOYHOM HHTerpatope dU-12.

Ins Kpynubix KawatoB (mpu Innpune Kadana B »my) npubiau-
XKeHHOe BbipaXKeHHe IS CONPOTHBIEHHA Ha HECOBepIIeHCTBO MpH
MOJMHOH cXeMe conpotuBjaeduil Dy u @) moxmuo MOAY4YUTh, NpeHeGpe-
rasi GOKOBEIM paCTeKaHHEeM B BepXHEM CJoe H paccMaTpuBas OUJAbT-
pauuio nojx KaHaaoM no cxeMe A. A. Yruuuyca [31]. Pemenne nis
91Ol cxemul npu Hy=0 npexcrasieno B Buje:

H, H
— bmb — P — — tTaes_\,
Gren = krnt ( H ., cthbB o ) Gup = kmb (H,,p cthbB e )

b= 1/ ks (1V,50)
Ry iy My

CpasunBas ypasuenns (IV,38) u (IV,50), mafizeM, 4T0 B JaHHOM
cayyae

cth 28 “g::-l‘;sth. (v, 51)
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Pacuersl, npoBesieHHble Ha 3JekTpouHTerparope dU-12, nokasany,
4TO AAS ABYXCJOHHOro maacra YIpOlIeHHast cXeMa COMpPOTHB/IEHHIH
(mna neOGOABIIOro KaHaja WJIH ApeHB) NpHMeHHMa NpU UIHPHHe Ka-
Hajla, MeHblllell YABOEHHOH MOUIHOCTH BepxHero ¢iaosi. CoOTBeTCTBEHHO
NpH WHPHHe KaHana, 0osblledl YABOEHHOH MOIIHOCTH BepXHero cJos,
MOXKHO MOJNb30BATHCA ITIOJHOH CHCTEMOH CONpPOTHBJEHHH, BeJHYHHA
KOTOpPHIX onpefensiercss popmyaamu (IV,51).

249
—,:/
47 7 =X,
o AL e
2 ’/,//
2
97 /I/A// 1" A4 ——
2 A 7l
A
g g £ q7 "
47 42 43 4+ 45 4 o ey

k
Puc. 44. I'paduk onpepenennss BeJHUUHBL Afﬂ.n (Afﬂ_n= 0 npu —;~= 1)
H

B ycaoBusix nByXciI0iiHOH cpeabi, 0coGeHHO mpH dbuapTpanuu M3
KaHa/na, s3aMeTHoe BJIHSHHe Ha THAPONHHAMHYECKOE HeCOBepLIEHCTBO
MOKeT 0Ka3aTh MONO0XKeHHe KPHUBOH HeNpeccHH.

Meronuka ompeneneHnsi BeJHUHHBI CONMPOTHBJIEHHS Ha HecoBep-
UIeHCTBO KaHana Puy Ans ciydast QUABTPALMH H3 KaHajia HeGoJbllio-
ro pasMepa, Korjga CcoONpoTHBJeHHe Pyyx 3amaeTcs N0 YHpoLieHHOM
CXeMe, TaK e Kak CONPOTHBAEHHe Ppy AN ApeHa)ka, B YCAOBHAX
AByXCJIOMHOM cpemsl Obina  paccMorpena JI. H. ITaeiosckoit [27a],
Hcnoab3sosapieit pemtedne C. H. Hymeposa [8] nas moaneproit uss-
TpaluHH W3 KaHa/la B MJIACT, MOACTHJIaeMblil cioeM GecKOHeYHOH MpOHH-
uaemoctn. HMcnonbays ato pellleHne, MOXHO COCTaBHTH C/IELYIOLLYIO
3aBHCHMOCTb 1/ PUBeEHHOTO CONMPOTHBAGHHS Puy KaHana B ABYX-
C/IOfHOM T1aCTe C YYeTOM MOJI0KeHHs KPHBOIL JenpecCHu (nmpu duabr-
pauuu U3 KaHaja):

aﬂ.x = mafu.x; fu.x = (1 + g) fH.}z, (Iv, 52)

Tae fax ONMpegensieTcst Kak B HalOpHOM MOTOKe (B COOTBETCTBHUH C H3-
JIOKEHHOH Bblllle MeTONMKOH), a NONpaBOYHbI Kosbduuuenr & npu
by L by u AH ;= H—H, paccuntsiBaeTcs 1o bopmyaam:
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AH,

S= s m—an, P15, SO0
AHm B (v, 52a)
g == 0,4 "(“2—'"‘18; ATJO*B" an "ftn“;‘ > O, 5.

Ecan Bepxuuil cI0fi ABYXCHOHHOH Cpelbl MPelCTaBJeH CynecsMH
HJIH CYIVIMHKAaMH, TO Ha BeJHUYHHE [gx MOXET CYLIECTBEHHO CKa3aThCH

HaJuule KaMuJJISiPHOIl 30HBI,

pacwupsiomeii o06gactb GUIAbTPALHU

(puc. 45). IlockoabKy MO BepTHKAMH 3TO paclIHpeHHe NPOHCXOIHT

Puc, 45. Kapruna notoka B6JIH3H Ka-

Haja OPH HAJIHYKH KaMHIISAPHON 30HBI:

1 — noBepxXHOCTb BOXH C YUYETOM Ka-

naAAsApHOf 30HB (A gan =2 M), 2—

TO ke 6e3 ydueTa KaIMJIAPHOH 30HEL,

8 —pmo Kanana, 4 — oTKOC KaHala,
5 — nmuEMM paBHOro Hanopa

ckoll. OfHAKO npH 3HAUHTETBHOM

NpuMepHO Ha BeAUYHHY Alkan (CM.
cTp. 58), T0 ass ydyera sToro Qak-
TOpa MpH onpelnesieHHH § BMeCTO
AH; crnegyer BBOOHTb BEJNHUHHY
Hy—H ;—hyan.

B ta6ua. 7 npusenennl 3HaUyeHHS
fax, TodydenHele Ha GyMaXHBIX
monpeasx STJIA, no 3aBUCHMOCTSM
JI. H. ITaBnosckoit ¥ no  dopMyine
(IV, 52) nas cxeMBl CHMMerpHu-
HOr'o noroka (cM. puc. 39,8).

Haunnste 1a6a. 6 cBUAETENLCTBY-
I0T TIpeXje BCero O TOYHOCTH Qop-
myas (IV, 52). B cayuae manoit
BEJIMYHUHBI KallMISAPHOH BBICOTHI
XopouiMe pe3yJbTaThl AaeT pacuyer,
no npennoxennto JI. H. ITasaos-
hxan (@ B yCJIOBHSIX IBYXCJONHOHN

Cpefbl, KOTAa IOKPOBHBIM CJIOH MpeACTAaBJeH CYNecsiMH HJH CYIJIMHKA-

MH, KanWLIApHas BhICOTA MOMeT

pocturarb 1—3 M) Heyyer 3TOTO

tbakropa MoxKeT NPHBECTH K CyLIECTBEHHOMY H3MEHEHMIO XapakKTepa

Ta6auuwa 7

Conocras/ieHHe RaHHHX PAcyeros COMPOTHBJCHWN HA HECOBEPIUIEHCTBO Kawana
B GesnanoprHoM AByXCaoHHOM moOTOKe

Hexomnsie fangble

HKA-—

B, u L, u -—:(p, mg g | My H xH/xB
6 45 4,6 |76 | 7,b 28
6 45 | 4,5 | 7,6 |75 | 28
6 45 4,5 |75 |7,5 15,3
6 45 4,5 7,9 15,3
6 | 45 |4,5 |7,5 | 8 |13,6
6 45 4,5 {7,56 | 7,5 12,8
2 | sl 2 |75 | 7,5 | 19,2
2 45 4,5 7,1 7,5 11,8

—
[
o~

Benuunnia By o o M

< | & b 8

) :( r: = = < =
0 & s -
han. | $£& £3 %é §:>:
g é g=8 g 3 ) ge
0 370 | 350 250 340
2 260 | 350 -250 280
0 190 190 130 180
0 200 | 200 150 190
2 140 170 130 140
2 120 150 110 120
I 290 | 350 270 310
2 180 | 300 160 190




noToXa BOJM3M KaHaja M K 3HAYNTeJIbHOMY 3aBbilleHHIO COMPOTHBJe-
HHSl KaHana, 4To MOXKHO BHIeTh, HalipuMep, CONOCTABJAS KpHBble He-
npeccuy, NpHBeleHHble Ha puc. 45. B 3ToM cnyuae ymoB/1eTBOpHTe/b-
Hble pe3yJbTaThl 3a4acTyl0 AAIOT pacyeTsl COMPOTHBJIEHHs Oe3 yuera
MoJ0XKeHNsT KPUBOH fieripeccHn (KaK [AJsi HAallOPHOrO MOTOKA).

IMpu ¢uapTpanun u3 HeGoabuioro Kaunana (B<2 my) ouenky ero
HecoBeplUIeHCTBA PEKOMEHAYeTCsi BECTH CJeAYIOUMM NyTeM: fux Ofpe-
HeNsIoT Kak [1JAs ApeHbl B HalOpPHOM MOTOKe NpH My=My; gajee Ha-
XOmAT (pacuetom MM Ha Mofensix) Beanunubl Hy, AH;=Hy—H —
—h%an, BHIYHCAAIOT BeanuuHy nonpasku & cormacHo (IV,52a). Eciu

a 6

7 il

N

.?5@0_'.:.&':'?0': ;-@'.jE N LR
. ’ e T . . - .. v - PERE B
SR RS RIS PERE WIS GO RS i B

.0 . o /7 l Lot m S m

Puc. 46. JIpeHaxk B CJIOHCTHIX TPyHTax

BJHSHHE 3TOH NMOMpPABKH OKa3blBaeTcs B Mpejlesnax 3HAUMTeJbHO MeHb-
el TOYHOCTH OMpenejeHHs Ko3pduuneHta DUIbTpAUMKM BepXHEro
105 Rp, TO €10 MOXKHO NpeHeOpeyb H CYUNTATD [mx=[myx KAK AJIA HATOD-
HOTO [0TOKA; B NPOTHBHOM Cllyyae Ha{O NMPOBECTH pacueT BO BTOPOM
NPUOJHKEHNH, 3AMeHHB fry HA fnx, BEJMUHHY KOTOPOH Ompenessior
1o Gopmyne (IV,52).

Hecosepinenctso kpynusix Kanajnos (npu B>2 my) cna6o 3aBHCHT
OT MOJIOXKeHHs] KpMBOH HeNpeccHH, TaK 4TO BO BCeX CJAydasx COMpO-
TUBJIEHHS Onpeneasiorcs corsaacHo (I1V,51).

B. Kanaasl Ham JAPEHb NPH CI0XKHOM CTPOEHHH BOJLOHOCHOIO MJACTa

Ilnst HeKOTOPBIX CXeM CJIOMCTHIX NJIACTOB MOXKHO AaTh MPHGJIHKeH-
Hble PeKOMeHJAaUMH, YYHTHIBAIOUIMe XapaKTep (HAbTPAUMOHHOIO M[O-
TOKa.

Taxk, HanpuMep, ecnn JpeHa pacrnosaraeTcs B BepXHeM MaJoNpo-
HHLlaeMOM CJiOe, TIOACTHNIaeMOM JABYMsS CJa0OAMH GoJblllell nponuunae-
MocTtd (puc. 46,a), npudem cpeJHHil MIACT MMeeT MEHbINYIO NMPOHHIAe-
MOCTb, 4eM HHXKHHUH, TO 3Ty CXeMy MPHUBOAAT K CXeMe ABYXCJONHOLO
nmacra ¢ kospduuuentaMu GuabTpauun kp=~k, n ky=k, u pacter-

k
HBIMH MOHIHOCTSMHM M, = m; -+ -—k—‘— my 0 om, = my -+ _ki ms.
2 2
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OueHb HHTEDECHBIM fABJASETCS CJaydail TPeXCJIOHHOrO m1acra, KOTo-
PHIIl COCTOMT M3 IBYX CJIOEB 3HAYMTE/JBHOH IPOHHIIAEMOCTH, pa3jeneH-
HBHX clabonpoHunaeMelM npocnoem (puc. 46,6). J[as Hero Moxer
ObITH HCHIOJB30BAHO pPellieHHe 3ajaud O (QUIbTPAaUMM BO BaauMmomelicr-
Bylounx ropusontax (§ 1 ra. VII). Hexops us atoro pemenns Hait-

1 ,5 k3m3m2
AeM, 4TO elJiy AJdHHa NOTOKAa GoJaplle BeJHUYHHH T“" T s
2

TO

- 1 ks, 1 Famy -+ kaig

@ . = e LR [y A ......) . 3 o, e et 6 .

1T &, o)t I Funs
Fm kgm
o= 1/:}_._1_"*,'“_2. 2, (IV, 53)
kymy

rje fag— 6e3pasMepHOe CONDOTHBJIEHHE HA HECOBEPIIEHCTBO JIPEHH B
OJNHOPOJHOM IlJacre, ONpejejseMoe AJs BepXHEro c¢jos B NpeAnoJo-
JKEHHH, YTO CPEAHHMH CJIOH ABJIsSETCS BOAOYMOPHBIM.

OT0 XKe pellleHHe TIPUMEHUMO M IS CJIyyasi.yeThipeXCaoHHOro mia-
cra (puc, 46,6), npu 3TOM Haao TOJbKO B dopmynae (IV,53) 3amenuts
Ry, my, ko, Ma 1 k33 COOTBETCTBEHHO HA Ry, My, ks, Ms H kimy, a
BEIHYHHY [upy ONpeNensTh Kak A HNBYXCJAOHHOTO MJAacTa NPH BOJO-
yrnope Ha IpaHHlle BTOPOrO H TPETbEro cJoeB, T. € N0 dopmyae
(IV A7) npu my=m;, My=ny, ky=Fko u ky=~,.

OTH peKOMeHJalH| NPHMEHHMH TakK Xe M JIJs PSNOB CKBAXKHH.
Tax nna psga CKBaXKHH, BCKPHIBAIOIMX BEPXHHI CJIOH B TPEXCJIOHHOM
njacre, MOXHO Noab30Batbes popmydolt (IV,53), 3aMmensas B HeRt fup

Ha -$~ fx Te fx onpenensercs no popmyne (IV,13).
1

Has cxeM cTpOeHHs mjacta, He NOANAIOUIMXCA AHAMATHUECKHM
pacdyetaM JJIsl ONpexeJeHHs BEJIHYHH CONPOTHBIEHMH Ha HecoBeplleH-
CTBO, MOXHO BOCMOJIb30BaThCS PA3MMYHBIMU UMCHEHHBIMH TpHEMaMH
pacueroB. K Takoro poza npuemam npexjJe BCero OTHOCHTCH METOR
TPaHCQHUrypalL UK, OCHOBHBIE TOJIOKEHHS KOTOPOTO H3J0XKeHb B [32].
Onnako npu GonbIIOM YHCAe CONPOTHB/IEHHH 3TOT METOX CTaHOBHTCH
Ype3BBIYaHHO TPYAOEMKHM M HENpPHEMJEeMBIM IJsi TPaKTHYECKOro Hc-
Tonb30BaHuA. B sToMm cayuae umenecooGpasHo nepexomuTh K NpuUMeHe-
uuto meroga IIJIA, npuueM MopesupOBaHHe MOXHO NPOBOIMTL HA
ciaomHbx Mogeasx DI A (KuAKMX win GYMaXKHHX) M Ha CETOYHBIX
dJeKTpounTerparopax. Jlns onpeReneHHst COMPOTHBJICHHH HA HeCoBep-
IIEHCTBO KaHAaJOB M JipeH NOCTATOYHO MOJENHPOBATH TOJBKO 06/1acThb
pe3koii medopmaunuu NOTOKa, OrPAaHMYKUBAS ee OGHIYHO HA PACCTOAHHUH
Nopsiika ABYyX-TPeX MOILHOCTel mjacTa oT KaHana (ApeHH).

PaccmorpuM Meronmky —ompefiefieHuss conpoTHBAeHHE Py u &3
JJs1 omuHOuHOro kKaHaja (cMm. puc. 37,a). Cocrasiss MOJeab 30HBI
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pe3xofl JeopMaliuu NOTOKA, NPOBOAHMM Jajee MOJAEJIMPOBAHHE, BO-
NepBHIX, A/ CXeMbl IBYXCTOPOHHETO IPHTOKA, KOraa Ha 0GeHx rpaHu-
pnax 3apaioor norenunasns 100%, a na xanane—0% (puc. 47,a) wu,
BO-BTOPbIX, I/ CXeMBl OIHOCTOPOHHEro TPHTOKa, KOTopas OTJAMYaeT-
Csl OT CXeMbl JBYXCTODPOHHErO IPHTOKA TeM, YTO OJHY M3 TPaHHI NJia-
¢Ta HenaloT Henmponuuaemoil (puc. 47,6).

7
i3
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Puc. 47, Cxemst mogean I JIA ans onpesieniernsi CONPOTHBIIGHNS HA HeCOBepIIEHCTBO
APeHB! NMPH CJIOMKHOM CTPOGHHH INIacra:

@ — IByXCTODOHHAR CHMMeTpHuHas, 6 — OJHOCTODOHHAA, 6 — APeHa Y BOZOeMa;
1 —mmna Apensl, 2 — minHa BOZOeMa
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s cxembl JBYXCTODOHHEro MPHTOKA NOTOHHBIA pacXol MOToKa C
KaXXJioll CTOpOHB OyHmerT:

g- “*‘LM” ., (v, 54)
T P
HJIH
o, =20 L (IV, 54a)
q km

rie AH — nmepenajx Hamopa Ha rpaHdlle H Ha KaHajde. BeluuuHy q
onpeledslOT Ha MoJenH OObIYHHIM nyreM. Eciu BOAH3H TpaHUIBI 110-
TOK HMeeT JIHHeHHbIl XapaKTep, TO MOXKHO CUHTATh

g=km 2. (1V, 546)

rie AH’ — cpenHuil mepenal Hamopa Ha AJuHe TMoToka L’
Conocraass (IV,54 u 1V,546), uainem

By = — ( -AL-U',--—L), (IV, 548)

i, AH’
rue AU’=—A?1——mepena,a OTHOCHTeJIbHOTO [OTeHLHana Ha RAuHe L/,

onpejiessieMblil 0 JNAHHLIM MOZENHPOBAHHUS.
s cXeMbl OXHOCTODOHHEro NMPUTOKA BbIpaxeHHe IJas pacxona
6yneT UMeTb BHI:
AH
g=——"" (1, 55)

—- 1P
km

Te CONpoOTHBJIEHHE b onpenendaercd 3aBUCHMOCTHIO

1 1 1
-g = >, -+ EH—:;EE. (IV, 55&)

[To pesyabrataM MOfenHpOBaHHS MOMKHO CHOBA HAHTH NMOTEpH HAmopa
N0 AJWHe TjacTta B MNpefedaX 30Hbl TOPH3OHTAJBHOrO HaMpaBJeHUs
NOTOKa, TOCJe 4ero BelHYHHY @ MOXKHO paccuutaTh 10 (opMmynaam
(IV,54), samensisn B Hux Py ua ®. ConpoTuBnenue P, HaXomaT 3a-
TeM M3 COOTHOIIeHHS:

sh=— ' o, (IV, 56)

D Dy -

B KOTOpOM BeJHUHHY Py 3a7al0T 1O JaHHBIM MONEJIUPOBAHHUA NpH
NBYXCTOpPOHHeH cXeMe. DTHMH e 3aBHCHMOCTSMH MOXXHO BOCMOJb30-
BaThcA JUIS OMpejleNeHHsl CONPOTHUBJEHHI HA HECOBepIUEHCTBO Ha ce-
TOYHOM HHTerpartope. B stoM cayyae npu pacderax no Gopmyae
(1V,54a) Bemwiuny L’ ciexyer GpaTh OT rpaHHUH [0 NEPBOTO BepTH-
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¥aJbHOTO psjia HeHTpoB GjoxoB, a AU’ nprHumaTh paBHO# TajeHHIO
OTHOCHTEJBHBIX TOTEHUHAJNOB MeXIy FpaHHHeﬁ H 3THM DSANOM.

ITpu HeGoabiioM pasmepe KaHasja (npH UIHPHHE, MeHBIIeH yeTBep-
TH MOLIHOCTH IJ1acTa) BeJHYHHY Ph MOKHO CUMTAaTH PABHON HYJIO H
3aflaBaTh IJs yueTa HeCOBEPINEHCTBA TOJbKO OJHO COIIPOTHBJIEHHE
Dy 10 ynpoumeHHo#l cucteMe (cM. puc. 37,a). YNpOLIEHHYIO CHCTEMY
OObIYHO YBEPEHHO MOXHO [IpHHATH, HanpuMep, MPH MOLEIHDPOBAHHU
TOPH3OHTANBLHOTO ApPeHaXa.

Has cayuas pacnonoxkenusi ApeHbl BOMH3M BOZOEMa Ha pPaccros-
HHMH, MeHbIleM pasMepoB 30HH pe3kod zedopMalliu - moToka (cm.
puc. 37,6), conpoTuBIeHHs B 3TOfl 0GJACTH COENMHSIOTCA IO cXeMe
HECHMMETPHYHOTO TpeyroibHHKA. Jlna onpefeneHust CONpPOTHBEHHH
b/, by, Py na mogenn TIA MoxHO NPHMEHUTb CXeMY, TpUBeleH-
HYI0 Ha puc. 47,8, Korja Ha IIHHBL, MOAENUPYIOIIHE [PEHY H BOJOEM,
TIOTEHUHANE] MOAAIOT Yepe3 ONUHAKOBHe conporuBdenrua AR, cooTser-

L
CTBYIOIIHe (UABTPALUHOHHOMY CONPOTHBAEHHI0 AP = 7 TOTOKA ¢
m

pacueTHOH npoBoxHMOCTBIO km u Iunoit AL,

Ha sToft Mozenu Hano clienaTh ABa OmbITa, MPHYEM NMEpBHI H3 HHUX
lieJIecoo6pasHo MpOBeCTH NPH OXHHAKOBBIX NOTeHUMANaX Ha apede JI
1 Boxoeme B (puc. 37,6), xorna ua Mogeanm (puc. 47,8) 3agmaercs
Up= U, noaBopoM 6au3KHX K HYJIO NOTEHIHATOB C’ﬁ n 09, a ma
neBOf rpaHuie sanaior norenuian U=100%. O6osnauas pacxoibl,
NPHTEKAOUIHe X JipeHe # BOJOEMY 4Yepe3 ¢n # §s, MOXKHO 3aIHCATH
BBIDAKEHHA NI pacXomoB, TpOTeRAlOmWMX 1o yuactkam OA, AJ]
H AB (umeq B BUAY, 4TO B cHJy PaBeHCTBA MOTeHIHANOB B TOUKax D
n B pacxoz na yuactre B/l paséu Hymo) npu uanopax Ho, Ha, Hx #
Hsg, coorsercrsyiomux noreHudanaM Ha rpammue, B Touke A, B npe-
He (Uy) u B Bopoeme (Ug):

g oA L
‘h‘f %-— & ’ (p'" Em (a)1
Hy—Hy
g, = T (6), (v, 57)
H,—~Hg
=2 5"~ ().

Pewas cosmecrro (IV,57a) u (IV,576), naiinem BHpaxeHne mis
onpeseseHusl COMPOTHBAeHHA Py':

. Ho—H ,
® :(m"»w«m-%_~¢) (1 -‘-’-ﬂ_). IV, 58
! e + an ( )
3ametuM, uto npu Hy=Hy
_ Hi—H] Hy—HS
ST BT T g
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Gat-ga= ==

o — -
rae HY u H3— Hanopbl, COOTBETCTBYMOIIHe NOTEHIHANAM U u TC
Torna

@;:( Ho—H: _App— qb)( )(IV 58a)

2H, — H) — Hy

Hmest kpoMe TOro B BHY, UTO OTHOLIEHHE NOTePh HANOPOB PaBHO
OTHOUIEHHIO COOTBETCTBYIOIIHX NOTePb OTHOCHTE/bHBIX NOTEHIUAJIOB,

upusenem popmyay (IV.,58a) x suny
, L 1 -0, AL Uy —0°
Dy = ~—-—(~—:~--w~~-:~~ T 1)(1 + 5 EX)»). (IV, 586)

AT Yy

AnanornunniM 06pasom uaxonum opmysay AJs ONpeleseHHs CO-
npotusaenns Py :

o L mﬂ_ij_@“m_ AL -0
q’"“km( Uy — U UY L 1)(1+ Uy—U° ) (v, 59)

s onpenexeum conporus/endss Py” lenecoobpasuo chenath
onbrt, 3aasast Uy =0; Us=100% (na KOHType BOZOEMa HCKTIOUAeT-
Csl COTPOTHBJIEHHE AR) a JIeBYI0 TIPaHHIly — HeNpOHHUaeMOH. Ilpu
5TOM PacXoll e, NOCTYNAIWMI U3 BOJOEMA B apeny, 6yXet mpore-
KaTb uepe3 NapaJJiejibHble cOnNpoTHBAeHHs Py” u &) + P (ua yua-
ctke OA pacxop paBed HYJII0), TaK 4TO

1 !
e = (Hy— H;) (E”;‘” - ®g + ‘15,; ) (1v, 60)
IMockoabKy, KpoMe TOTO,
Hy—H®
Qe = "'135‘“5‘ ) (IV, 60a)

T0, petasi coBMectHo (IV,60 u 1V,60a), naiizem dopmyay nas onpe-
Jeenns BeauunHn Dy’

& 1 R (Iv, 61)

1—Uy AT ol+ o

AnanoruunpiM nyTeM (XOT# TeXHHUECKH H HECKOAbKO Gosee CJIOXK-
HO) MOryT GBITb ONpejiesieHBl MeCTHble CONpPOTHUBJIEHHS NMPH HeCHMMeT-
PHYHOM NIOTOKe M3 KaHajka B IPHKAHAABHYIO IpeHy (puc. 42,8).
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3aMeTuM, 4TO TaKyl0 METOAUKY MOXKHO MCMOJb30BaTh H IPH OlEHKe
COTMPOTHUBJIeHHH HA HECOBEPUIEHCTBO CKBaXKHH.

HanomunM, uTo BO BCexX cayuasix pa3Mep MOJXeNH JROJKeH OBbITh
TaKHM, 4TOObl PaCCTOSTHHe OT TPaHMIBl 0 KaHala HAd ApPeHbl GbLIo
GosbIInM - pa3Mepa 30HBI pe3koll AedopMalinu TIOTOKa.

r. [IpaMep pacuera ppeHbl B 0e3HaNMOPHOM NOTOKe

Jlns MosicHeHMA METOMMKH pacyeTa M HarjfAjHON OUGHKH BAHSHHS HEOAHOPOLHO-
CTH BOAZOHOCHOrO NJjlacTa NpHBeleM NpuMep pacuera GRJIbTPALHK K JApeHe B C.Iyuae
OJHOCTOPOHHEro NMPHTOKA K NPSIMOYTOMbHON JApeHe ¢ HyJxeBoll rayGuuof Boxabl B Heil
(puc. 48).

t
0

4, =20m

. s . C e

T T T T T T

Puc. 48. K npumepy pacuera HecoBeplleH-
HOH JApeHH

B mepBylo ouepesb PacCMOTPHM cXeMy OZHOpojHoro maacrta. Jlas 31ofi cxeMmnl B.

nepBoM NpHOMHKEHHH ONpeJe/HM BeJHUMHY COTPOTHB/EHHS HA HECOBEPINEHCTBO | m.a,
NpRHAMAnA My = Ay =20 #. Torpa, umest by=0 u by/my=0,025, no dpopmysne (IV, 45)
npu d=05 by (n=1) Haxomum:

4m -
fa.;ﬁ: 0,731g _:r;b; = 1,25; d’a.n = mnfﬂ_n= 20-1,25=25 .

Moauduunapys dopmyay (IV, 34) nas cxeMst oamopoxHoro GesmamopHoro IHo-
Toxa 3amenolt Hp na hg/2m u Hy Ha 'h§/2m, Ha#7eM TOTOHHbI TPUTOK K ApeHe §p
apu k=10 mfcym

2 2
9x hy — hy 302 — 202
= —— = =5 = s —- == 2,0 M, = 20 M2/cym.
e T e+ 8, 20100+ 25) i fey
Benmuuuy cpematero Hanopa hy==H, wa Jauudmr jgpeHaxa Hafgem m3 (IV, 30), rae

pacueTHasi MOLIHOCTb M paBHA CPelHeli MOLIHOCTH Y JpeHaxa My, OMpelenseMol
coraacuo (IV, 41), npuuem B nepsoM NpuGHKenud my==Hh 5 H

B3 _ona 205
hy = hy + E'¢H'n_20+ 50 225 =225 m.

Bo BTOPOM NPHGNMKEHUU NpUHAMaeM iy, = 21 M, cooTBercTBeduo by ==1 a. Tlpu

= - =0,25

2, 2



Haxoaum n=1,14 u no dopmyne (I1V, 42) d=1,14(1,04+0,5-0,5) =1,4 #. Torna cornac-
no (IV, 45):

2-21 —
fux=0.731g CRYRI =0,7, ®,,=21-0,7=:14,7 x.

Hanee,

- 500
=———— =2 18 M, gy =21,8 M3/cym;
=5 (100 + 14,7) #: 4n fey

1
hy=20 +-—%1§«,14’7—_—21,5 M.

B tpethem npubamiKenuu mpH My == 20,8 M TakHM Ke 06pasOM HaXOAUM §p=
=216 M, ;= 21,6 #*/cyr u h,=216 u. Ilo pemenumo C. H. Hymeposa [8], aas
31O0r0 Cayyas g = 2,12 » u h;= 21,8 x. Kaxk Buano, pesyasrathl o6oux pacyeTos
XOpOWIO COTJACYIOTCH MeXay CoGofi. L i ]

PaccmorTpuM 3Ty e 3ajauy Ans CXeMBl IBYXCJIOHHOrO mjacta, HUMHH{ CJ0I
KOTOporo MomHocThio 10 M wWMeer Koadduuuent - PuanTpauuu ky= 18 M/cyr,
a BepxHHi cioli uMeeT 2y = 8 m/cyr. Ilpu 5ToM CpeaHsis NPOBOIMMOCTH TOTOKA
ocTdeTCst Takofi e, Xak H B OpebayuleM ciayuae — 250 m%/cyr.

OnpezeaseM BeIHyHHY @, 5 cornacuo (1V,49). Vs npeasinymero pacueTa miee
Sup=07. Tlo rpaduxy (cm. puc. 48) npu ky/ky = 0,62 u my/my + my=0,5 Ha-
XOLHM Af,m= 0,09. lasee BuIUHCASIEM:

- k 13
By = (mB + k—" mH) fan= (1o+ —§—-10>-o,79 =20,7 a;
B

30 — 20
=2 T 90,7 wefeym;
=200 00 7 Hijeym
9x —= 20,7
By=hgt—— A G 90— 0h 7900 u
Pt ety P =2 g0 1300 *

B naunom cIyyae pacxofl TIOTOKa H3IMEHHJ/ICH He3HAUUTEJbHO, a YyCI0BUSA OpPEHH-
POBAaHUSA HECKO.1bKO YXYAIUHJHCDH.

DTy Xe 3ajauy pacCMOTPHM, MpelnoJaras, 4To Ha ray6une 10 & pox Apexoii
pacro;iaraerca HeGOJBINOH CYNeCYaHO-CYIIHAHCTHI _caoji MowHocTs0 1 M ¢ Koad-
10-10 4 10-10
__)_Ai;m_,-: L4tuf, =05

10-10 R

Haxoaum mo gopmyne (IV, 53) compoTHBIEHHE HA HECOBEPIIEHCTBO ApeHbI
- 1 10-10-1°

=—V —-=(1,41—0, 20-0,5 = =45 A
.z = o1 (LAL—0.71) 4 20-0,5 =35+ 10= 45 »

¢uunentom puabrpauun 0,01 m/cyr. Mpn a =

Torna
- 30200
92="2 (100 + 45

= 1,72 u; gy = 17,2 m2/cym;

_ 17,2
= byt =2 B, =204 5= 23,9 a.

Ha stoM npuMepe oTueTnHBO nposiBAseTCs BAMSHHE He0OIbLIHX
MaJonpOHULlaeMbIX TIpocoeB Ha 3heKTUBHOCTL JpeHaxa. Yke Ha-
Judne HeGOMBIIOrO CYIJIMHHCTOTO NPOCIOS 3aMEeTHO YXyAliaeT ycao-

122



BHs paboThl ApeHbl (KynoOJ BOABI 32 ApeHOH yBeJuuuBaercs Gojee deM
B 7Ba pa3a). ATOT YaCTHHIH HpHMep HAarJALHO NMONYEPKHBaeT HeobXo-
IHMOCTb H3YUeHHS H YYeTa CTDOeHHs nnracra BOIW3H ApeHaxa.

§ 6. ONPEAENEHHE MECTHBIX CONPOTHBJIEHHA MO JAHHBIM
ONbITHO-¢UJIbTPALLHOHHLIX PABOT U PE)XMMHBIX HABJIOJAEHHA

Ilpu Hanuulyi NOX CKBAXKMHAMH WJIH IPEHaMH CJ0eB DAa3JIHUHOH
npoHullaeMocTH (0cOOEHHO NpH Mepec/lauBaHUH 11eCKOB, CYTJIHHKOB H
cynecell) H3JMOXKeHHble BBIIe MeTOAbl OLEHKH THADPOIHHAMHYECKOro
HecOBeplleHCTBA CKBAXKHH W JPeH MOIYT AaTh CyIlecTBeHHbIe norperi-
HOCTH, TMOCKOJBKY CYIIECTBYIOLiHe MeTOAb H3BICKAHHH He JalOT BO3-
MOXHOCTH NOCTATOYHO TOYHO OHEeHHBATh [POHHIAEMOCTb HeGOJBIIUX
cnabonponnllaeMbix HpocioeB. B atux cayuasx sddekrusuble citoco-
6Bl OLleHKH THIPOAMHAMHYECKOTO HecOBeplIEHCTBA JPeH MOXHO, I10-
BHAHMOMY, HalTH, IPOBOJS NOJEBYIO ONBITHYIO OTKauKy H3 CKBaXKHHBI
TOro e pa3Mepa, YTO ¥ B IKCIAYATANUOHHBIX YCHAOBHSX.

Ilpn HeoGXOANMOCTH OIEHHTH THAPOJHHAMHUUECKOE HecoBepilleHCT-
BO OXHMHOYHOH CKBaXKHHBI, XapakKTepu3yeMOil BeJHUHHOH [y, B NpUH-
IHIe MOXHO HCNO/b30BaTh JaHHble KYCTOBOH OTKayKH, KOTAa KycCT
COCTOHT M3 IeHTDaJbHOH HecOBEepIIEHHOH CKBaXXHHBI, IMy0HHA KOTO-
pofi cooTBeTcTByeT rJy6uHe 3KCIJyaTaUHOHHON CKBaXKHMHB, H HBYX
COBepIUeHHHX HabJ0JaTe/bHbIX CKBAXKHH, PACHOJaracMbpiX BHE 30HbI
peskoit nedopManuu noroka. Ecnu nox 3a6oeM ueHTpanbHOM CKBaXKH-
Hbl HeT JOCTaTOYHO MOLIHBIX Ma/JONPOHHIAEMBIX CJIO€B, OTAEAAIOIIUX
OT CKBaXKMHbI HHXeJleXalllge CJIOH, TO IepPBYIO CKBaXKHHY MOXHO pac-
TI0JIOXHTh HA DACCTOSIHHM f) MOPSAJLKA NMOJOBHHBL MOUIHOCTH I1aCTa OT
LeHTPaJbHOH, a BTOPYIO HA PAacCTOSIHHH e — NPUMEpHO BTpOe Hajb=
we. O603HaunuB NOHHXKEHHEe YDOBHA B TePBOH HAGMI0aTedbHOR CKBa-
XKuHe uepe3 S;, BO BTOpoH uepes Sy, a B 3atpy6HOM npe3oMmerpe
HeHTpPaNbHOH CcKBaxKHHH Yepe3 Se, u3 (IV,1) mpu f.= _21;{ In-L=

T,
NOJYYHM: ¢
Se=Su= (g In 24 fue),
Sy — 8 =—L.Inl2,
_ QHT ry

[Tonenns onHO ypaBHeHHe HA JApYyroe, mocie HeGo/bIIKX mpeobpa-

30Banufl HaligeMm:
fue = 0,366 (ﬁcwlst gl g _'L). (IV, 62)
81~ S, ry Te

Hmes B BuAY, yTO B Bhipaxeuuu (IV,4) or HeomHOpOAHOCTH 3aBH-
CHT TOJNIbKO BeJHYHHA &, HalJeM ee 3HayeHHe MO MOJYUEHHOMY BhIpa-
xenrio (IV,62) nas fae

e=In-t —on ~l—~l~7 fue. (1v, 63)

re
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Benuuuuy fue RJIS1 CKBaXKHH JPYroro 1uaMerpa MOMXKHO ONpeNeIuTh
nanee no dopmyne (IVi4), ucronb3ys MmojiyueHHOe 3HAYEHHE &.

KpoMme Toro, conmpoTHB/IEHHS HAa HECOBEPLIEHCTBO CKBaXHH fac
5 PeKTHBHO MOTYT OMpeAesaTbCcst [O JAaHHHM IIOJEBHIX ONBITOB B
YCJIOBHAX HeycTaHOBHBLIeiics punbTpanuu, MeTonnka KOTOPHX Tpely-
€T, OHAKO, ellle HONONHUTEJNbHEX Pa3paboToK.

Oco6eHHo aKTyajleH BONPOC ONpeJeseHHs] CONPOTHBJICHHS HA Heco-
BEpUIEHCTBO APEH W KaHAJAOB, NPOXOASUIHX B HEOJHOPOLHBIX BOJXOHOC-
HBIX [JIacTaX, MOCKOJBKY
BJIHSIHHE HEOJHOPOAHOCTH
3/lecb BeCbMa CYIIeCTBEHHO,
a OUEHHUTb ero, NPUBOASA TH-
JApOreojioruueckie ycJoBHS
K onpejefieHHO# QuabTpa-
LHOHHOH cXeMe, OUeHb TPYA~
HO. B cBA3M ¢ aTuM Haugdyy-
HIde pe3yJbTaTH IIPH OLEH-
Ke HeCOBEPILEHCTBA YKe Cy-
IeCTBYIONMX ApeH M KaHa-
JIOB MOXKHO MOJYYHTb, HC-
IIOJIb3YysI HNAaHHble peXHM-
HBIX HaGalofeHuit Ha mpH-
JIEraloWuX K HUM TEPPHTO-
pusx.

Ilpr  HecuMMeTpHUHOM
NPUTOKe K fipeHe (HaH OTTO-
Puc. 49. Ha6nonatensusie cropst ans onpege- K€ OT KaHalla) HeoGXOHHMO

NIEHHA COMPOTHBJIEHHH Ha HECOBePIIEHCTBO: HMeTb  Nbe30oMeTpuuecKui
a-— Apensl, 6 —Kanana CTBOD H3 JBYX CKBaXXHH C
KaXXJ0f CTOPOHB IpeHH,
npudeyM OMmKafIlasg M3 CKBaXHH QOMKHA ObiTb HA PACCTOSIHHH OT
ApEHHl NOpAAKA ONHOH—BYX MoluHocTelf motoka (puc. 49,a). IIpo-
JoJKasi NpAMYIO JIHHHIO, NPOXOASILYIO Yepe3 YPOBHH B cKB. /—I1’ u
2—2’ 1o mepeceueHus ¢ OCbIO APeHH, HafiieM cpenHuil YpOBeHE Ha
JIEHEN fpenbl Hy. Ecnw noTok orporo omgmopomeH, To 3Hauenus ypoB-
Heil H;, noayyennsle no oGoum CTBOpaM, AOJIXKHBI GbITb OJUHAKOBBLIMH.
OznHako mpakTHYecKn OHM GYAYT HECKOJILKO Pa3HHTBCA 3a cueT HeoJ-
HOPOJHOCTH I1ACTa, TAK YTO B PAcyeT MOXKHO BBONMTH CpejHee M3
TonydeHHbIX TakuM o6pasoM snauenuit Hy. Hcnonbsya ceass (IV,30)
Mexny Hy u Hy u umes B Buay, uto npu npoBOAMMOCTH nJjacra Ty H
T, ciieBa u crpaBa ot fpeHb
qx = Tiy + Ti,,
HaiiieM GopMyny Ans onpefeseHus BemnunHH Py .
5 . H;,—H,
A e T T, (IV, 64)
rae Ty — IpOBORHMOCTD IIACTa MOJ apenoit. Cuurasa Ty=Ty=Ty, no-
JAYUHM:
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o fa—Hy
Bug= 2L (IV, 65)

ITpu oueHke HecoBeplleHCTBA KaHaja B o0lleM ciyuae HeOGXonu-
0
MO Ollpeje/uTh ABa CONpOTUBIeHus — P U Py, UTO MOKHO CreaTh
TOJNBKO NPH HAJUUYMH CYLIeCTBEHHO HECUMMeTDHUYHOro noToKa BOJM3H
kanana. Ilpu stom (puc. 49,6) Takxke Heo6X0OOMMO HMETb CTBOPH U3
IBYX HaOmioXaTenbHBIX CKBaXXMH Ha KakJoM Gepery KaHaxa.

ITo ypoBHSIM B 3TUX CKBaXHHaX ONpefeasioT FpajueHTHl TOTOKA
iy W i3 COOTBETCTBEHHO CJjieBa W cmpasa oT Kauada. CoctaBass ZaJee
ypaBHeHuHe 6asaHca pacXOJOB Y KaHaja H MONarast B HUX Gpes=171i1 H
qup="Ti,, nocae anreGpanyecknx npeobpa3oBaHuil HalileM CJeLylOLiHe
BbIPaXKeHHA JJs TIOTOHHBIX CONPOTHBJEHHH KaHala Ha HecoBeplIeH-
CTBO:

QHK—HJLK_HJLK (a)
T@i+i)

. , . . (IV, 66)
(H.n.x - Hin.x) (2Hy — Hn.x s Hn.x?__ (6)
T[il(HK_H;l‘x}—-i2(HK-_‘Hn,K)]

&, =

@} =

B ypasuenusax (IV,66) Hy npeacrasasier co6oii Hanop BOAHl B Ka-
Hane, a Hpy' u Hyx” — Hamopbl Ha JUHHHE NIPAaBOrO u jeBoro Gepera
KaHaja, onpeje/iseMble NPIMOTIHHeNHON 3KCTpanossinuedl KpuBol je-
NPECCHH 10 CeyeHHs ype3a BOAH. Tak, Hampumep, eciu Ha NMPABOM
Gepery pacrnosarailorcst nBe CKBaXXuubl (puc. 49,6), B KOTOpHIX 3aMe-
peHH Hamopel cooTBeTcTBeHHO Hp u Hy, TO MOXHO CUuTaTh:

Hpw = Hy + (Hy— Hj) =, IV, 67)

A:\'g

Ilpu xapakrepe notoxa, G/H3KOM K CHMMETPHUHOMY, BMECTO CKBa-
*KUH 1 B 2, pacnosaraeMuix no GeperaM KaHaJja, MOKHO 3a70KUTb Of-
Hy CKBa)KHHy 11O OCH KaHana, YPOBeHb B KOTOPOH Hnx Gyfer paBaHbIM
NpHMepHO cpefiHedl BenuunHe Mexnay yposusmu H, wu H . B atom

cayyae BequuuHy @y paccyuthiBaloT no dopmyne

e 9 He—Hax
=2 =T (1V,68)

BaxHo uMeTh B BHAy, 4TO BO BCex cayuasix pabouass uacTb Ha-
6mo1aTeNbHBIX CKBAXKHH NOJIKHA Pacno/iaratbes B NpefleliaX OCHOBHBIX
BOXOHOCHBEIX TJIACTOB, XapaKTepH3ys CPefHuil Hamop BOAOHOCHOIO Tro-
PU3OHTA B KaXKJIOM CEUeHHH.
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B cayuae, ecln NOTOK MMeeT CHMMeTpDHYHHIN Xapakrtep, Helnocpen-
CTBEHHO MO JaHHHIM peXHUMHBIX HAGIIONeHHA MOXHO ONpefesnTh

TOMBKO BeJdHuyHHy Py, paBHYI BeaHuuHe AL, npuyeMm pnJst ompejere-
Buag AL MOXHO HCNONB30BATH MeTOAMKY, H3JOXeHHYIO B Taase IIL

. 1]
Jia oueHKY BeJHUYUHBI CONPOTHBJEHUS Py B 3TOM Cjyuae MOXKHO
y

BOCMOJIB30BATbCH CBSI3bI0 MEXKAY BeJHUHHAMHU ¢g n Dy, npuBegeHHoii
B TabauyHol QopMe aMs KaHaNa MUPHHOH B mpu AByXcAOHHOM cTpoe-
HHH IJ1acTa MpoBOAMMOCTHIO T, MOCKOJILKY 3Ta CXeMa sIBJisieTCs JocTa-
TouHO tunuuHofl (rati. 8).

Ta6auua 8

Cesi3p conporusiennit O, B <1>?, no cootnomenuio (IV,51)

B/AL 0,2 0,4 0,6 0,8 1,0 —
DL/ Py 0.57 0,46 0,7: ; 1,07 “1V,;6 | M:ﬁ
_'AL/B 0,2 w(;:3 0,4 0,5 0,7 1,0m
e | oos| o] oms | ome| ou | oess

ITpumeuanwne: npu AL/B<0,2 MoXuO CuHTATh 452/4‘)“ == eXp (1%) ,a
npu B/AL<02 ®J=B/T.



Tarasa V

PACHETbH!I BONONMOHU)XEHUA H JDPEHAXA B YCJIOBUAX
YCTAHOBHUBHIENACA ®HJbTPALHH

MeroauKy pacueToB BOAONOHHXKEHHS Ie/]ecoo0pasHo noapasie-
JSiTh TIPUMEHHTEIBHO K THNIOBHIM M CJIOXKHHIM yciaoBuaMm (§ 1, rr. I).

B TunoBbIX ycn0BHAX BOJIONOHU3UTEJNbHbIE YCTAHOBKH PAaCCUMTHI-
BalOT B II&JIOM KaK CHCTEMBl B3aHMOAeACTBYIOWHX cKBaXKuH. [Ipu He-
GoabuwioM uucae ckBaxuH (~xo 10) pacuer MOXHO BECTH, YUHTHBAs
KaXAyl0 CKBaMuHy B OTAeabHocTH. OfHako npu HeGOJBUIOM UYHCHe
CKBa’KHH TAKOro pOAa pacyerbl OKa3blBAIOTCA CAHIIKOM TPYAOEMKHMH.
B sToM cayuae JJIs THNOBHIX YCJAOBHH Ieslecoo0pa3HO NepexoiuTh K
cXeMe BOJONOHH3WTENbHOr0 KOHTYpa, COCTABJASEMOro M3 OTAEABHBIX
NPSAMOJHHENHbIX YIaCTKOB KOHTYPA, BAOJAb KAXKIOrO H3 KOTOPHIX ycTa-
HaBJIMBAIOT NMOCTOSAHHYI HHTEHCUBHOCTb BOA00TOOpA, T. €. IPHHHUMA-
10T pABHOMEDHYIO PAacCTAHOBKY PaBHOAEOMTHHIX CKBAXXHH (CM. HuXKe).

B c/oxHBIX yCJA0OBHSX, XapaKTepHBIX JJA KDPYNHBIX KOTJIOBAHOB,
pacueT NpUXOAMTCH BECTH He JJs BCeil YCTaHOBKH B Lle0M, a 1o OT-
IDeNbHBIM Y4acTRaM, KOTOpHle XapaKTepu3ylOTCs OXHOPOAHBIMH THApO-
TeONIOTHUeCKUMH  YCJAOBHSAIMH, I@pudeM IO KOHTYpPY YCTAHOBKH
00BIYHO 3a7AIOT ONpeElefieHHble YPOBHM (TIOHHXKEHHS) TI'PYHTOBOTO
noToka. B uactHocTH, Korma mo BceH InToilafm¥ KOTJIOBaHa Tpe-
6yeTesi NONYYHTh NMOCTOSIHHBIH YDOBeHb I'PYHTOBHIX BOA, TO OGBIUHO
3TOT e YPOBeHb 1esieCo06pa3Ho 3afaTh 110 BCEMY BOAONOHH3UTEIbHOMY
KOHTYDY.

PexoMmenayercs caenyoliuii mopsiok (GuIbTpanHOHHOTO pacyera
BOJOTIOHHU3UTEABHBX YCTaHOBOK. IIpexie Bcero ¢ moMoullbio TpuOIH-
JKeHHBIX TNPHEMOB OIEHWBAIOT OGWIMH NPUTOK K BOJONMOHMH3UTENBHOH
yeraHoBKe. g TUNOBHIX YC/IOBHE o6UIdi TPUTOK K CUCTeMe CKBaXKHH
MOKHO ONpelessiTh, TPUBOAS ee K cXeMe «GoJblioro Komoama». as
KOTJIOBAHOB, HAXOMAIINXCS B CAOKHBIX YCJAOBHUSIX, MIPHTOK ONPENENAIOT
N0 OTAeAbHbIM y4acTKaM HJH NO JeHTaM TOKa, NOCTPOeHHBIM rpacu-
YeCKHM IyTeM.
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Ilo noayuenHoMy ofuieMy # I[OTOHHOMY INPHTOKY B [€pBOM NpH-
6muxennn noabupaercs HacocHoe OGOpYHLOBaHHe W 3ajmaloT YHCIO
CKBa’XKHH, a, KpOMe TOro, B 3aBHCHMOCTH OT MOIUHOCTH NJacta 3aJanoT
rayOuHY CKBaXKHH.

OnpeneanB, TakuM o6pa3oM, NpeaBapHTEbHBI BapHaHT BOJAONO-
HU3HTe/IbHON YCTaHOBKH, MOXKHO nepefiTH K Gojee JeTalbHOMY pacie-
TY, XapakTep KOTOPOro 3aBHCHUT IIpeXJe BCero OT rHApOreoJorniecKnx
ycaosuit B paspese. Ha ocHoBaHuM 5THX pacueTOB MpPOu3BONST YTOY-
HeHHe paCCTAHOBKH CKBaXHH M OKOHUATEJBbHHIH BHGOpD HACOCHOTO
o60pyROBaHHS.

AnanorpyHeiM 06pa3oM MOXKHO NMOAXOAUTb K pacyetaM HeGobIUHX
IpeHaxef.

ITpu pacuerax KpPYNHBIX ApeHaXKHBIX YCTAHOBOK CXEMBI THNOBHIX
ycaoBu#l ynaeTcsl HCIONB30BATh PelKo.

Pacuersl GeperoBoro npenaa, pacnojaraeMoro NpuMepHO napad-
JelbHO ype3y BoJZoeMa (peku), MOXKHO INPOH3BOAMTL MO YyacTKaM
(cuntas nuHHHM ApeHaXka GeCKOHEUHO IJMMHHBIMH) HJIM XapaKTepHBIM
JeHTaM TOKa, eC/IH PacCTosiHue MeX/Iy JApeHa’KOM H BOJAOEeMOM, C O~
HOM CTODOHBI, H MeXJy JpeHaXoM M 3alllHllaeMoll TeppHTOpHed, C
HApyro#, 3HaUYUTeJLHO MeHbllle AJAHHB ApeHaxa.

Pacuerbl cucTéMartuueckoro apeHa)a MOMKHO TakKe OGHUHO MPOH3-
BONUTD, CUHTAA NOTOK JHHEHHHM B TJIaHe.

ITpu pacuetaX KpYNHEIX BONONOHH3MTENbHBIX H JPEHAKHHIX YCTa-
HOBOK Ieseco06pasHo BO3MOXKHO GoJee IIMPOKO [10Ab30BATHCH MeTO-
IaM¥ MOJleTUPOBaHHA HA CIVIOUIHBEIX H CETOYHBIX MONeJsX.

§ 1. ONPEJENEHHUE NPHTOKA K BOJONMOHU3UTEJNbHBIM YCTAHOBKAM
H PACYET B3AMMOJEHACTBYIOWHX CKBAXKHH B TUNOBBIX YCJIOBHAX
NHTAHHS

B THNOBBIX yCI0OBHSX /s onpeneleHuss NPHTOKA MOXKHO NOJIB30-
BaTbhCs pacueTaMH 1o cnocoby «6oabliioro Koaoxuas. CoraacHo sToMy
crnoco0y rpynma n CKBaXKHH MoxeT OHITh IpuBefeda K SKBHBaJeHT-
HOMY KOJIONY, IPHTOK K KOTOpOMY GyNeT COOTBETCTBOBATH CyMMap-
HOMY OPHTOKY K rpynme ckBaXXuH. Pagnyc Takoro KoJjopia 7y B 06-
uleM CJAy4Y3é onpenetsioT [0 3aBHCHMOCTH:

n
-1V
lgr,=— Yigr, (v, 1)
i=1
HIH
B TR v, 1a)

T. €. KaK CpellHereoMeTpHueCKOe M3 PACCTOSHHMH OT KaMKNoil CKBaXKH-
Hbl N0 LeHTpa HX rPYNnmel, B KOTOPOM 3afaioT (HJAH ONpelessioT)
pacyeTHOe MNOHUXKeHHe YpoBHsa TPYHTOBHIX BOI.
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Jlast cucrteMbl GOJBLIOTO 4YHCJA2a CKBAaXKWH, pacnojaraeMbiXx OTHO-
CUTeJbHO PaBHOMeDHO MO ONpeleIeHHOMY KOHTYDY, BeJNHYWHY Fx MOXK-
HO Ha#WTH [0 HU3BECTHOH ynpoiueHHoiH QopMy.e:

Fy
=1/ & v, 2)

rae Fyx — niomianb, 3akJa0ueHHass BHYTPM PaccMaTDHBAaeMOro KOHTY-
pa CKBaXKuH.

JJas BHITAHYTHIX B IJIaHe YCTAHOBOK (NMPH COOTHOUIEHHSX O6O0Jb-
mioro pasMmepa K MeHblleMy OoJibllle TpeX) BeJIHUMHY ry Jyulle onpe-
IedsiTe o (opmyJe:

, (v, 3)

rne Py — 1/MHA BOJNONOHHU3UTENBHOr0 KOHTYpa (mepuMetp).
O6mui nputok Q K BOJOMOHU3UTENbHOH YCTaHOBKe PaCCUHTHLIBAIOT
no caeiyiomein obmeld 3aBUCUMOCTH:

Q=273 (V, 9)
Ig—
1473
rie Sx— pacueTHoe TNOHWMKEHHE YPOBHA BOJNH BHYTPH BOIOMNOHH3H-
TeJbHOr0 KOHTYpa, &8 R — pacuetHoe paccrosHue no obJjacreft mura-
HHS U CTOKA, ompefe/isieMoOe AJsA TUIOBBIX cXeM MO NaHHBIM puc. 50.
PacueTHOe NOHHXeHHe YDOBHSI [OJN3eMHEIX BOX NOpH [edCTBHH
OZMHOYHON CKBAXKHWHBI BhIpaxaeTrcs o6lled 3aBHCHMOCTBIO:

S =

2 ., (v, 5)
rae fo — GyHKuMA NOHMHKEHHS OT HeHCTBUH OJWHOYHOH CKBaKUHBHI,
xapakrtepusywouas 3¢dekTuBHOCTb ee pabGoTh, OnpegeaseMas IJs
THIOBBIX CXEeM MO JaHHBIM Tabua. 9.

ITpu HeiicTBUM cHCTEMBl 7 OZHHOUHBIX CKBaXKMH 0fllee pacueTHOE
OHUKeHHe HAXoAsT KaK CYMMY pacyUeTHBIX NMOHWXKEHUH OT HeHCTBUSA
KaXIoH CKBaXKHHBI B OTNEABHOCTH, T. €.

n n
1
S - ZSL ""_k_n:ZQcifciv (V' 6)
j==1 i==1
nprH4yeM IIpH OJAMHAKOBHIX nebutax CKBaXuH
S =L fo (V, 6a)

rae fcyM—‘ CyMMapHas (byHKHHﬁ IIOHUXKEeHHUsA CUCTEeMbl CKBAaxKHH
fcyM =fc1+ fc2+ LI +f€n'
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Ta6auua 9

3aBHCHMOCTH ANs onpejeneHHst GYHKIHHA NOHMXeHHS

CxeMbl PACIIONOKEHHA CKBAXKHHA

Bolpaxente sl GYHKOHE [MOHHKeHHSA fc

B xpyroBoM KOHType NHTaHHS

xd ¢ “f:

)
Jbnacme nyme-
nur (pera)

]/ R§+(’—)2§' . -ttt
Rk

r
[24]

0,366lg

Y T
0,366 1g AT . yt+r

(y nonoxurened, ecny Toyka M HaxopuTcs
MEXAY CKBaxuHOH M pexoii)

Mexay nByMs o6nacTAMM nHTaEMs (MM CTOKA)

Jbnacmes numawus [cmoxa)

S T e
—— —— — e e —

Jbnacms numanud (cmoxa}

ch'nx — cos 7t (2L + 1)

0,1831g = [2,17,19]
ch ntx — cos y
he x . "____y_;. 'M_.»I"
=T, 4= e,



IIpodorxcesue mabauysr 9

CxXeMHl DAaCHOJIOKEHHS CKBAXHH Boipaxenye 11 QyHKUHH NOHHXeRU f,

Mexny o6aacThio NUTAHWA M HENPOHHUAEMON TrpaHuueid

_fi””ffm_‘”‘ffm”i’{ 0.1831g ch stx + cos (2L + u)

e = ch stx — cos 7 (2L + 4)

chnx + cosqy_
ch 1t — cos ty

Mpumeuvanue Jlag ABYX NOC/HeNHMX CXeM DEeUICHHS MOTYT OhITh PaCHpoCT-
paneHsl Ha CaydYadf, KOrZa NepueHiHKYJSAPHO OGJNACTH IMTAHHSA NPOXOAMT HENPOHH-
naemas rpanuua. Jlns yuera STOH rPaHHUBI HAA0 BBECTH (UKTHEHYIO CKBAKHHY,
ABAAIOMYIOCS 3ePKaJbHLIM OTo0pakeHHeM AeHCTBHTENbHON OTHOCHTE/NLHO HenpoHH-
ltaeMofl TpaHHUBL. BejuunHa QyHKUHM nOMMXeHHS HOMYYHTCS TIPH 3TOM Kak CyMMa
GYHRUUM TOHMMKEHHS OT NHCTBMS 0GeHX CKBAMUH (ASHCTEHTENBHON H (HKTHBHOM).

Qopmyabl s OnpefeNeHds BeNMUHH [, TpHBeJeHs B Taba, 9.
DYHKUHIO MOHMMEHHA B PACUETHOH CKBaXKMHE BHIYHCAIOT MO (op-
MyJse:

fon = 0,3661g -, v, 7)

Cc
rie BeTHUMHY R Ompeelsior no na#€HbiM puc. 50.

Ilns paBHOJAeOGHTHBIX CKBaXXUH TMpPH GJU3KOM HX B3aHMOIMOJIOMKE-
HEM (MO KpaiiHeli Mepe, KOrla MOJMOBMHA HAHGOJBIIETO PacCTOSHHS
MeXJy CKBaXXHHAMH MeHblle HX CPe/lHEr0 pacCTOSHHSA A0 KOHTypa
NHTAHHSA) BeNTHUHHY foyw MPHOTMMKEHHO MOXKHO HafTH MO (hopMyae:

fcyM = nfc.a, (V» 8)

e feo— Ocpennennas (3ddekTuBHas) BeAMuHHA GYHKUHH TOHHXKE-
Hus, onpenendemas no cdopmyae (V,7) ana QYHKUMH NOHHXKEHHS B
CKBaXKHHe ¢ 3aMeHOH ee paauyca Ha 3¢dekTuBHOe PaCCTOAHHE ry OT
CKBaX{HBI 10 pacueTHON TOUKHW. Bemwunna onpepensercs Tak xKe, Kak
paguyc GosbIIOro Kosdoaua rx no gopmyxe (V,1), a pacuernnie pac-
CTOAHHS. 1O KOHTYDOB NHTaHua UMM croka (Ry, L; u L) npunuamaiofr
PaBHBIMH CPEJHHM MeXAY pacCTOSHHEM N0 ILeHTpa KOTIOBAaHA ¥ KO
pAacueTHOH TOUKH.
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dopmyay (V,8) crenryer TONbKO HeCKONBKO MOAUGHIHPOBATH WPH
pacuetax TOHUKeHHUS B CKBaXuHaX, BbIReJsid QYHKIHIO MOHUXKeHUS
B CKBaXHHE — fexg U CUMTAS

fcyu =fcxn+(n"'l)fc.s, (V, 9)
J 1
2 . . _"I' < Z ”!‘
l;' ) ,n
:' v '.
R=2¢ J 1 _ i‘

=

AR RTTRRRRRRRRRRRRRRNW
Lo

— — —

|

Zf
R=21 sz-z-
7

Puc. 50. CxemMH ycaoBui
0 — KONMOJIEll Y PeKy y AuHeiinolt 06/1aCTH NHTAHHA, 6 — KOMOREL B yriy, MeXay By
1aeMo# rpaHuiiell, 2 — KoJoel B IOJOCe MeXAY ABYMsl O6JACTAMM HTAHHA HIH CTOKA,
M0fel B KPYroBoji o6nactu HUTaHHS, X — KONOAel B HEONHODOAHOM MOAYOrpPaHHYeH

npuueM fco — 3hdexTuBHas OYHKLUHS NOHMIKEHHS, OnpefenseMas B
JIlaHHOM cjlyuae OT JeHCTBHS BCeX CKBAaXHH, KDOMe PacueTHOM.

IIpn nanuuuu GoJBUIOrO uuCAA BOAONOHH3UTENbHHIX CKBaXUH
Iiesiecoo0pa3Ho BeCh pacyeTHHIl KOHTYp CKBaXUH Da3NenuTb Ha Al
NpSIMOJHHEHHBIX YYaCTKOB, BAOMb KaXJOTO H3 KOTOPHIX MOXHO TNpH-
HATb OfIMHAKOBOH PaCCTAHOBKY paBHOAEGHTHHIX CKBaxuH. Ilocne 3To-
TO, HCNOJAB3Ys NPHHUMNOBI MeTOAA CONPOTHUBNEHMH, KaXKIblii y4yacTOK
CKBXXKHH MOXHO 3aMEHHTb TpaHlleeHf, KoTopas 0O CYIeCTBY Gyaer
MpeAcTaBnsTy coO0f NHHHIO PAaBHOTO NPUTOKA, T. €. JHHHIO, JBYCTO-
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MUTaHHSA KOMORUEE!
Mst 06JaCTAMH NHTAHHS, 68 — KoJojen B YPy MeXAy 061acThlo NHTAHHS H HEIPOHH-
0 — KOJIO/lell, B 10JI0Ce MeXIY 06AaCThiO NHTANHA H HeNpPOHHIAEMON rpaHnlell, ¢ — Ko-
HOM njacte

POHHUM NUrOHHBIA NPHTOK K KOTOpO# NOCTOfIHEH NO ee AjauHe. Mero-
AHKa TAKOro poia pacyeToB H3foxeHa B paborax {16, 23].
§ 2. OBULHE NMOJO)KEHUS PACYETA BOOOMOHU3UTEJbHBIX
H IPEHAKHBIX YCTAHOBOK B CJIOJKHBIX YCJIOBHSAX NMHTAHHYA

It ycTaHOBOK, HAXORAWIMXCA B CJOMKHBIX YC/IOBHSIX NHTAHHS,
OCHOBHHIM CIOCOGOM pacyera NPHTOKA ABAfETCA TOMYIHBLIME mHpo-
KO€ pacnpocTpaHenHe Ha NMpaKTHKe CMOCOG pacuera no yuactkam. Ox
CBOLHTCSH K TOMY, UTO BeChb KOHTYD BOJXOTIOHHXKEHHS HJIH IApeHaxa
pasbuBaeTcss Ha OTHeNbHBle YYACTKH, K4K Gbi pasnenenHsle Mexay
oGOl HeNMPOHHLAGMBIMH CTEHKAMH, MPHUEM B npenesax KaXuaoro u3
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3THX YYacTKOB THADOTeoJOTHYECKHE YCJIOBHA NPHHUMAIOTCS OAMHAKO-
BbIMHM, a4 Ha BOJOMOHU3HTEJNbHOM (IpeHaXXHOM) KOHType 3ajzaircd
onpelelieHHble YPOBHH TPYHTOBHIX BOJ, COOTBETCTBYWOIHe MpPOEKTH-
pPYEMBIM YPOBHSM Ha 3allulaeMofl TEPPUTOPHM BOJH3H JAHHOTO Yya-
CTKa.

Cnoco6 pacyera mo yyacTkaM B €r0 HeNoCpeJICTBEHHOM BHAE MOX-
HO HCMOJIb30BaTh NS OPHEHTHPOBOUHBIX PACUETOB IPHTOKA K KaxJo-
My yuactky Q;, ompenenseMoMy mo gopmyae:

Se
Q = TCth‘ L g ¥

cp
rne Tep— CpelHas NPOBOAHMOCTb NOTOKA B MpefesaX paccMaTpuBae-
MOTo y4acTka; Scp — CpPellHee pacueTHOe NMOHHKEHHE MeX1y YPOBHeM
Ha KOHTYpe NHTAaHHA M YPOBHEM Ha KOHType BONONOHWMKeHHs (Xpe-
HaXa) B Mpefejax paccMarpuBaeMoro yuacrtka; Lcp — cpesnee pac-
CTOSiIHME OT yyacTKa KOHTYpa BONONOHHXKeHHWS N0 KOHTypa NHTaHH;
B; — mmnprHa paccMarpHBaeMoro yyacrka.

Has onnopoanoro Ge3HalOPHOTO MOTOKA BeJWYHHY NPHTOKA Onpe-
JelsoT 1o popMyle

(V, 10)

h2  —h?
K. K
Q; = kB, o, (V, 10a)

rae Ayxg— rayOHHA MOTOKA HA KOHTYpE MHTAHHUSA, Ay~ IIy6HHA NOTO-
Ka Ha KOHTYpe BOJONOHHXKeHHs B HpeleNaX paccMaTpuBaeMOro yda-
cTKa.

IJast 0HOPONHO-CAOHCTHIX TOTOKOB TaKXe CAelyer MOJb30BaThCH
¢opmyon (V,17), samensa B Heft TepScp HA pasHULY COOTBeTCTBYIO-
wux ¢pyHkuui [upunckoro.

OOGwufi MPUTOK K KOHTYPY BOJNONOHHMKEHUS (IpeHaXa) HAXOLAT
CYMMHpOBaHHEM NPHUTOKOB K OT/JeJbHHIM €ro yyacTkam !,

Has Gonee TOUHBIX pacyeToB BOAONOHHKEHWS (ApeHaxa) B CAOXK-
HBIX YCIOBUSX LeJeCOOOpa3HO paccMOTpeTb Ciocol pacuera no Xapax-
TepHbIM JIEHTAaM TOKAa, KOTOPLIH HBASETCH NadbHeHLIAM pa3BUTHEM
cnocoba pacuera mo ydyacrkaM,

Crnioco6 pacuera Mo JIeHTaM ToKa 3aKJAIOYAETCs B TOM, YTO Ha
BOJLOTIOHH3HTE/ILHOM (JPEHaXKHOM) KOHTYpe BbLAENSETCS DSN Xapak-
TEPHLHIX MECT, OT KOTOPbIX K 06/1aCTH MNHTAaHUS NPOBONSNTCH JIEHTHI
Toka (oOpasyeMble XBYMs JHHHSMH TOKa), npHYeM CUYHTAETCA, YTO
KOH(UTYPALUA HX MaJO MEHSETCS OT MepeCTAHOBKH CKBAMXUH BHYTPH
CHCTEMBbl BOJONOHMKEHHS (ApeHaxa) u onpefeisiercss obUIAM Xapak-
TE€POM NOTOKA K CHCTeMe BONOTOHMMKeHUs (npeHaxa). Takas mocra-
HOBKA 3a/1auy JaeT BO3MOMHOCTb JZOCTAaTOYHO NPOCTO CTPOMTbL JEHTHI
TOKa, HCIO/MB3YA AJA CPAaBHHTENBHO NMPOCTHIX CIydaeB rpaduueckuit
MeTOl, a s Gofee CJAOKHBIX cayyaeB — Metox DTJIA. TloctpoenHbie
JIEHTEl TOKa Pa30HBAIOT JUHUAMH, NEPHeHAHKYASPHBIMK JHHHAM TOKa,
Ha HECKOJBKO OTceKoB (OOBIYHO JOCTATOYHO 3anath H—7 OTCEKOB).

! Ynorna mpu pacyerax o ydacTkaM I101b3YIOTCH 3aBHCHMOCTAMH 1As Kpyro-

Boil GaTapeH CKBAaXHH, UTO HellelecooGpasHo, TaK Kak IIPH 3TOM BHOCATCA M3JIHII-
HHE YCHOXHEHHS B METOJAMKY H TeXHHKy pacyera.
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Janee Kaxnubiii OTCEK, HMEIOMHA CPeaHIO IMuHY [;, CpefHIOn INHpH-
Hy b; u poBOauMOCTb T;, 3aMEHAIOT 3KBHBAJIEHTHBIM OTCEKOM pacuer-
HOM LIHpHHON b u npoBoauMoOcTbio T, KOTOPHIe OOBIYHO Liesecoobpas-
HO NPHHHMATbh DABHBIMH INHDHHe JeHTH TOKa M IpPOBOXHMOCTH Ha
KOHTYpE BOJOTIOHMMEHHS] WIH JIpeHaxa.

0
JInuHy TaKoro SKBHBaJEHTHOTO OTceKa /; onpefensior no ¢op-
Myae:
T

0""' .
=l (V, 11)

PacueTHyio njuHy JeHTHl TOKa Lpp, NpuBeAeHHON K wWinpHHe b, Haxo-
JAT CyMMHPOBaHHEM [IJIHH SKBHBAJEHTHHIX OTCEKOB, T. €.

)
L,=¥Y 2, (v, 12)

=l

rae 8 —— YHCIO pacYeTHBIX OTCEKOB Ha JIeHTe TOKa.

15 OnHOpOAHEIX MO BbICOTe Ge3HANOPHHIX MNOTOKOB B (hopMyle
(V,11) caenyer 3ameusnts T/T; ua kjk;.

Takoro pona mpHeMsl NMO3BOMSIOT CBECTH CJIOXKHBIE CXEMBI NPHTOKA
K CXeMaM GeCKOHEUHHIX PSIO0B CKBAaXKHH HJM FOPH30HTAJbHHIX IPeH B
TIOJIOCOBOM TOTOKe. B CBA3H ¢ 3TUM PacCMOTPHM BHIBOA pPACUETHHIX
3IABUCHMOCTEH [UIsl TAKMX CXeM, NOJb3YsSCh METOAOM (UJIbTPAUUOHHBIX
COTIPOTUBJIEHHH U cilenys pekoMeHaauusam § 3, ra. IV. Tlpu sTom ocHOB-
Hbl€ 3aBHCHMOCTH ByleM COCTaBJATb HJs MOTOKA C MOCTOSHHOH IPOBO-
JAUMOCTBIO IiacTa, MOAHQHUHPYS HX Xaniee 1M CAyyas OXHOPOAHOrO
fe3HaNopPHOTO NOTOKA.

§ 3. PAAbl CKBA)KHH H JIPEHBI B NOJJIOCOBOM NJACTE

a. Papbl CKBaJKHH MeXJIy KOHTYPOM THTaHHS H HENPOHMLaeMo#
rpanuueii (cm. puc. 36)

PacemorpuM cHavana ycloBHs, Korfa [0 YCTPOHCTBA CKBamHH
HMeJl MeCTO eCTeCTBeHHBIH NOTOK ¢ TIOTOHHbIM PACXOIOM {e, 0GPa3yeMbiM
3a cyer HHQUIbTPALHOHHOrO NHTAHMS Ha 3allHIAeMOH TepPHTOPHH,
npayém GyneM CUHTATh, YTO MHTEHCHBHOCTb 3TOTO ITHTAHHHA HE H3Me-
HfeTCsA Y mocAde yCTPOHCTBA CKBAXKHH.

Cnenys pekoMeHIyeMOMY TOpPAAKY COCTAB/IEHHS PACUETHHIX 3aBH-
CHMOCTEH 110 MeTOJy CONpPOTHBJIEHHH, 3aMEHHM JIUHHIO CKBAXUH
TpaHuieeli ¢ yposHeM H . TIOroHHBli TPHTOK 4 K 3TOH TpaHiiee cO
CTOPOHB! KOHTYpa NUTaHHUA OynHer:

T H—H,

q,= 2

, (V, 13)

a ¢ BePXOBOH CTODOHBI IO YCJOBHIO IPHTEKAeT PacXo[ e, Pa3mep KO-
TOPOro B €CTECTBEHHHIX YCJOBHAX MOXeT OHIThb YCTAHOBJEH 1O H3BECT-
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HbIM GopMyJaM IHHAMHKH [OI3eMHBIX BOA. YpaBHeHue GajlaHca Ha
JNHHHE CKBAXXHH HAXOAHM H3 YCHOBHS, YTO NPHTOK K YUacTKy WIHDPH-
HOH O paBeH HebUTY cKBaxuH Qe:
H—H
Qe =(q1+ 90 =0T — —* +-¢g.0. (V, 14)
Ypasuenus (V,14) u (IV,24) cocraBisior 3aMKHYTYIO CHCTEMY,
MO3BOJSIOLIYIO ONpENeNHTh OCHOBHBIE 3JeMeHTH (HILTPALMOHHOTO

[OTOKA.
Ilns omnoponuoro 6e3amopHoro notoka ypasmehme (V,14) npu-

HHMaeT BUJL:
Bt — h? ,
Q. =ko——"- 4 g0. (V, 14a)
oL
Ec/iu U3 3TO# cHCTeMBI HCKJIIOUHTD YPOBeHb Ha Juaud Hz, To mony-

YUM YpaBHEHHUe, CBA3b{Bamlee AeOHT cKBakuH Q¢ H YpOBeHb B CKBa-
)KHHe Hc:

o T(H—Hc)+ gl 15
Q=+t g, (v, 15)
a I OJHOPOXHOrO Ge3HamOPHOrO NOTOKA
k(h? — hd) + 2¢.L
Q.= ke —h)+ e (V, 15a)

TlonuxeHHe YPOBHS BOJBI, KOTOpOe GYNeT MMeTb MeCTO Ha 3aluHiiae-
o 8

Moit Tepputopuu npu T=const, 6yner pasumM Hy—Hy, rae Hy—

YPOBEHb €CTECTBEHHOTO [1OTOKA HA JHMHHH CKBaXKuH. s OXHOPOAHO-

ro Ge3HaNoOpHOr0 HOTOKA

S=h—V I —hes+H2, (v, 16)

re he # hoq — IMYGUHB €CTECTBEHHOro NOTOKA B PACYETHOH TOUKe H
Ha JHHUH CKBaXHH.

Ipu pacyeTax BONOMOHXKEHHA M JPEHAXKA C NOMOLILIO 3AMKHYTHIX
KOHTYDHBIX CXeM XapaKTepHBIMH SBASIOTCA OJHOSPYCHAA H NBYXbApyC-
Hasi CXeMbl PACHOJOKeHHST CKBAaXHH BOKDYT 3alllHilaeMOil TeppUTOpHH
(puc. 51), KOTOpHIe IPH YCJAOBHH OAHHAKOBOTO MOHWXKEHHA YPOBHA
BHYTPH KOHTYpa IIDHBOAATCA K pACCMATpHBAaeMOll CXeMe I0J0OCOBOro
nna(g‘a MeX1y obaacThio TMHTAHMS H HEMPOHHLAeMON TpaHuued npH
de=V.

B »roM cnyuae pebut ckBaxuu paga Gymer:
Q.= o, v, 17)

136



PacueTHOe MOHWXeHHe YpOBHA B CKBaXunax Sc cormacuo (IV,24)
6yner

- Qe
Sc - SK + Em fK’ (V: 18)

rne fx — BHyTpeHHee CONpPOTHBJEHHE KOHTYpa CKBaXHH, Olpenelse-
Moe o HoMorpamMe (cM. puc. 34). Ina GeaHamopHBEIX TOTOKOB B (Op-
myae (V,18) B KauecrBe m ClefyeT NMPHHUMATD fx.

PacyerHoe nonuxenne ypoBas S B o6aactd MeXAy KOHTYpOM IH-
TaHUA U BOJONOHU3UTEJILHBIM KOHTYPOM ONpPELeNHTCA YpaBHEHHEM:

S=SK(1——~’£—), (V, 19)

Ile X — paccTosiHue, OTCUATHIBAEMOE OT BOJONOHU3HTENBHOTO KOH-
Typa.

Wl
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Puc. 51. Pansl ckBaXuH BOXPYT KOTJIOBaHa:
a, 6 — ofHOAPYyCHAan H IBYXDbAPYCHAs CHCTEMbI

137



Jns awnanoruuxo#l AByXxBApycHo#t cxeMwl (puc. 51,6) nebut Q.
KaxJ0# cKBaxuHbl psiga I 6yner:

, Ly
8, — Sy
Q.= Litl, (V,20)
__.Ell_‘g__- +f
01 (L1 + Lo) Kl

rae S;’ — pacuerHoe MOHWXKeHHWe B CKBaXKuHaX psja /.
He6ut Q.” ckBaxuubl psjga 2

- Se @O L v, 21
Qc = kmo, L+ Ly Q o L+l v, 2D
[Monuwxenne S’/ B ckBaxuHax pspa 2 HaxoAAT mo GopMyJe:
" Q.
Se= Sx +— fx2' (Va 22)
km

31ech fxi 4 fxe — BHyTPEHHHe CONPOTHBJEHHS KOHTYPOB, COOTBeT-
CTBYWIIHe pfAjaM CKBaXuH [ u 2, onpenenseMble 1O HOMOrpaMMe
(cM. puc. 34) cOOTBeTCTBEHHO NMPH 0=0; H 6=03. Jl1g Ge3HanopHBIX
norokoB B (V,22) MOKHO IPHHHUMATDL 11 ==Hy.

6. Pan ckBakuu Mexny o6nacTaAMU MUTAHHS M CTOKA

3aMeHsieM psAx CcKBaxuH (puc. 52) TpaHWee#dl ¢ ypoBHEM MNOTOKa
H . TloroHHBIH TIPUTOK ¢y K 3TON TpaHllice B 30He 1 Gymer:

(v, 23)
a B 30He 2

ga = hm-—2 0 (V, 23a)

rae H, u H,— ypoBHH noToka cOOTBEeTCTBeHHO HAa KoHTypax I u 2.
VpaBHenue Gasanca Ha JUHUH CKBAXMH ONpefessieT, YTo HAa OT-
pe3Ke JIMHUH, PABHOM O, NpPHTOK Oyler paBeH febuty CKBaxuu Q:

- SR S R S
Qe =(gutam)o= | [-f —Ha(p )] (V.20
HJIH, YYATBIBAs, YTO L -}-»i—: L
'y ’ L L, LL, ' HOJIYUUM
= (g, Lo g \_oL_
Qc'—'(HI Pl ,,) N km. (V, 25)
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Puc, 52. Pan ckBakuH MeXIy 06JacTAMH NHTAHHA HJH CTOKA:

0, 6 — paspesbl LJS HANOPHOTO W OAHOPOAHOTO Ge3HAMOPHOrO IOTOKA, 8 ~— IMaH pac-

[Tockoabky

H,

MMOJIOXKEeHHA CKBaXHWH

L2 +H_LLL'::H0;[|
1

(V, 25a)

rae Hop — HavadpHBIl YpOBeHb Ha JIMHMM CKBaXKHH, TO ypaBHeHHE
(V,25) npunHuMmaer Buu:

Q. = kmS,-

:SnzHOH—Hn'

(V, 26)
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Hasi opHoponHoro GesHanmopHoro notoka ypasHenue (V,26) npn-
HUMaeT BHI:

A oL, (V, 27)

mpuueM riyGHHA NMOTOKA HA JHHHHM flax 1O BOJONOHHXKEHHS Ompele-
JISIeTCA BbIpaMKeHHeM:

L, L
R (V, 27a)

YpaBuenne (V,26) coBmecTHo ¢ ypaBHenneM (V,24) cocraBiaser
CHCTEMY, CBS3BIBAIOMIYIO MeXAY coboi Benuuuusl Hy, Qo u H..

Hékmouas u3 310l CHCTeMB BeJuuuHy My, TOJYdHM ypaBHeHHe,
csﬁi}:maxdmee ne6uT ckBaxkuHe Q¢ C ypOoBHEM BOAH B CKBAXH-
He c-

- kmS, - kmS, L 8
=T foo il 1o ” v, 28
oL Tk oL T ox T
SC=HOJ|MHC'

Ias oxnopoxnoro GesHamopHoro mnortoka GopMmyna s xebuta Qo
IpUHUMAET BUI:

hg— 2
ol i o

Taxkoe e pelllerine NOJAYYEHO METOAOM HCTOUHHMKOB-cTokOB U. A. Uap-
HbM [19] 1 MeTonOM KoHdOpMHBIX 0TOGpaxenui A. B. Pomanosuim [17].
Hanopsi H B Kaxaoft 30e npu T'=const MOryr 6bith OHpeaéieHHl
0 YpaBHEHHSAM:
1) B 30He I Ha paccTOAHMHM X; OT CKBaXKHH

H=H, Hi—H, Xy, (V, 30)
L
2) B 30He 2 HA PACCTOSHUH Xz OT CKBAXKHH
H=H, + .&2{1& %y. (V, 31)
2

B. Ba psafa CKBaXKHH MEXNY 06JacTAMH NMHTaHHA U CTOKA

3aMensieM DsiAb CKBaXHH (pHc. 53) CIVIOMIHBIMH TpPaHILIESMH, Ha
KOTOpHIX B JAHHOM CJyyae Takxke OYAYT HMeTh NOCTOSIHHOE 3HAYEHHE
ypoBHu Hpi, nonnKenust Sy (Ha auuun 1), Hao u Sye (Ha aunum 2).
Ha konrtypax I u 2 3ajmanbl ypOBHM noToKa coorsercTBeHHO H; u H.

140



W

: ; .ﬁ’aﬁaz JM”
SHLTERITE | MR ."'.'éz.: . g

YA/ I/ e 7/ WV Y

N :

o R N

.. - S S R
~ P Yy Lo

s N : 2% 1 A RN

e N EORTLAPATRS N (1 o8 NEREIS
: FEE ."~-I’:.-»~::::.
_"_fj__'::"_i'_ o L ?:‘..."..: ;:h .~~._'.“l..|:.0,
T T2 T 07, ///////////// s

’ / L L -
ll! ‘ ‘é"‘" ‘t
| ‘“

|
! | 4 L2 1 £y

-— <

oy
‘ \'"4

Puc. 53. Jlpa psiia CKBAXKMH MeXAY ABYMS OGMAcTAMH NHTAHMA MM CTOKA:
@, 6 — pa3pesnl A/ HANOPHOTrO H ORHOPOJHOrO GE3HANOPHOrO NMOTOKCH, 8 — NAAH pac-
NONOKEHHA CKBaXHH



OG6o3nauum 1e6uT CKBaXHH pafia | uepes Q, u ne6ut CKBaxKuH pajga 2
uepes Qo.
CocTaBuM BHIpaKeHue JIJis NOTOHHOTO PacXojia B KaXJIoit 30He.
B 3one 1

gy = km ﬁif_’i&. (V, 32)
1
B 30He 2
gy = km -f’ﬂlil”—”—. (V, 32a)
B soune 3
g = km M —Hy (V, 3206)
Lg
ITockonbky
—g, =& =g =
J1— G =qn o H @y — 3= (5 P

TAe Gz U §a2 — MOTOHHBIE PAcXOibl Ha JuHHAX 1 ¥ 2, TO MOXHO 3a-
nucaTh 0aNaHCOBHE YPaBHEHUS:

Hl"'HJll — Hu— Hyy — 7 dn

L I, I = em (v, 33)
H
Hu—Hyy  Hpy—Hy — e dn2
L I Gag = (V, 33a)
Ha ypasuennsi (V,33a) caenpyer, uro
Ha = Gualat Hoa (14 72— Ha- 2 (v, 34)
3 3

Toxcrasasia BelpaxeHue ats Hq u3 (V,34) B (V,33) u nposensa
HECNOXKHble npeoGpa3oBaHusi, NoayuuM Gopmyay Alds onpenene-
Husa Hg,:

Hyy = Hos — gLy + @ua (Ly = Ly)] ”‘%3*’ (V, 35)

rae Hoy — 3HaueHHe YPOBHSI TPYHTOBOTO NOTOKA HA JMHHH 2 A0 pabo-
Thl CKBAXKUH:

Ho = Hy— + Hy 1L, (V, 35a)

ITonukenue ypoBHS BOJAB B CKBa)KHHaX PANa 2 ONPENENHIOT NMOJ-
craHoBrO# 3asucumocta (IV,24) B (V,35):

=& & Ly Q-
So=[Blit B Lt L] 2ot Bf (V. 50)
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COOTBEeTCTBEHHO AJSl CKBaxKuH psijga | nmonuxkenwme Sei Oynaet:

L , \
Sa= [T llat L)+ Ly |t b B fa, (V.57

npuyYeM 3TO TIOHHXEHHE OTCYHTBIBAETCH OT HAYaJbHOTO YDOBHSHA Hoi:

R e (V, 37a)

Ilnst onHOpOAHOro Ge3HAINOPHOrO MOTOKA COOTBETCTBYIOLUHE BHIpa-
JKEHHA IS HAYaJbHBIX THYOHH NOTOKA HA JHHUAX CKBaXHH pizxa 1 g
u psiia 2 hog GYAYT HMETb BHI:

Ly+ L L
By = 12T

L
By=h2 2t mlth, (V, 38)

ITonukenune S MeXny psasaMu ckBaxKuHu (30Ha 2) Oymer. ompesie-
AThcsl YpaBHeHHeM (OpAMHATA X OTCYUMTHIBAETCA OT JuHHM 1)

S =Sy SeSat (V, 39)
Ly
npayeM
St = Hox— H,
1 01 1 (V, 39a)
Sag = Hog — a2

Tlpu oauHakoBHX Je6uTax ckBaXHH (Qi=Q:=Q;) nebur Q. Mo-
XKeT OBITH HalfeH no HopMynaM:

kmch . "‘Zl‘:"
— 3
=T (V, 40)
Oy + Og X2 L3
UIau
kmSeq ¢ ZI:“
Q.= - 2 . (V, 40a)
Ll L L
0y Oy b L

Pemenne 3710 3anauu panee nosiyueso A. B. Pomanosnim [17] Me-
TOJOM KOH(OPMHHX oTOGpaxenui L.

1 Pewenne A, B. PoManosa mipeictasneno B nHoll opMe, Ha Ham B3rJsg, He-.
CKOJIbKO MeHee YAOGHOH /IS IPAKTHUECKOI'O HCTIONb3OBAHHS,.
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r. FopusoHTanbHag JApeHa MEXAY KOHTYPOM MUTaHUS H
HeNMpoHuLaeMo# TpaHuUel

PaccMOTpHM 3Ty 3ajauy B TexX XKe YCJIOBHSAX, UTO H JJs COOTBETCT-
sylouleit 3anayu ¢ psaaom cksaxuH (§ 4, n. a). Ilpu 3TOM coxpanuTtcs
B cune ypasrenue (V,23), a ypaBHeHue GajlaHca 1O JHHMM JApeHaxKa
[MO3BOJUT YCTAHOBHTh OOLIHH MOTOHHBIA NPUTOK K JAPEHAXKY gt

H—H

=qn+qe=km-L——”~ Ge- (V, 41)

Hns oxnoponnoro 6e3HamoOpHOrO IIOTOKA 3TO XKe YPaBHeHHe NpH-
HUMAaeTrT Bunu.

h2 — A2
qa___:_.k ,,,,,,,,,,,, "}‘Qe (V, 413)

Ins uckiloueHUs YPOBHSA HA JuHuu Hy; 5TH ypaBHeHHs Cleiyer
pelinth coBMecTHO ¢ ypasHeHuneM (IV,30). Torma noroHHmlfi MpHUTOK
onpejequTcs IS IOTOKA C MOCTOSTHHOM NPOBOAHMOCTHIO YPaBHEHHEM:

km (H — Hy) + el

gy = —*—E_?_*d-jﬂt;“* ) (V, 42)

a AJsi ONHOpOJHOro 663H8HOPHOI‘O [IOTOKa

k(h? —h2 2L
— FW ) 2k (V, 42a)

[TonuxeHnuss ypoBHS Ha 3aLIUIIAEMON TEPPUTOPHH ONPENEIAIOT Tak
Ke, KaK ¥ NIPH pacyeTe psila CKBAXKHH.

A. FopnsoHTanbHas ApeHa MeXAy ABYMsi KOHTYPAMH NUTAHAS HJIH
ctoka (puc. 54)

3ameHsAsi HeCOBEpUIEHHYIO ApPeHY COBepIIeHHOH TpaHlieeir, OCTaB-
nsieM B CuJe ypasHeHue (V,23), a 6asnaHCOBOe ypaBHeHHe 3amulleM
B BHIe:

km(H — Hy)
G5 = Qs = — = ——, (v, 43)

LiL,
TIe Hn——-—HaanIbeIﬁ yPOBeHb Ha JIMHHMH [ peHHl, onpelessieMBIdl, Kak

u Hj, ypasuenuem (V, 25a).
s omnopomHoro Ge3HamoOpHOTO NMOTOKA BHIPaXKexue JNJs [OTOH-
HOTo NPUTOKAa K jpeHe 6yneT MMETh BHI:

_kI(hD? — A3
2L,L, o

qg=—" (V, 43a)
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Pemwasi ypasuenue (V,43) cosmectno ¢ (IV,30), a (V,43a) ¢
(IV,30a), aast noroka ¢ MOCTOAHHON NPOBOLMMOCTBIO MJjacra INOAY-
HUM:

km(HY — H)
9= —fg*g*“ “ (V, 44)
1543 =
Lo* + dsu 5
JJ1g OlI.HOpOlIHOFO 083HaIIOPHOTO foToKa:
hO 9 h2
g, =k— if 2 (V, 44a)
2 ('”;;‘2‘ + ¢H.A>

KpuBble penpeccun B KaXXJ0H W3 30H MOryT ObiTh IOCTPOEHBI IO
OGBIYHBIM ypaBHeHHSM (NpsiMOH JIMHHU AJsi NMOTOKA IOCTOSIHHOA Npo-
BOXMMOCTH M napabosoit Iiomion A/ OZHOPOXHOrO Oe3HanopHOTO
MOTOKAa) NpH YpOBHE Ha JHHHH JpeHaxa, paBHOM Hy nau A

_ Hy
¢ 7 1L oy
14 /'/
_ -
A

N2

------

U e el LU Ll L etV

[
- —h—\
&N
N
.
pa

e

« ..

DY

777 ////////////)////}////////)/)////)/k///)//l/////)//}/ L
V4

Puc. 54, Topusontansuas ApeHa MeXAy ABYMS KOHTYPAMH TMHTAHHS WJH CTOKa:
a—B MJacTe C MOCTOSIHHOM TpPOBOJAMMOCTHIO, 6 — B ONHOPOLHOM Ge3HANMOPHOM
iacre



e. Pan ckBaXXWH BOJM3M KaHnala B NMOJOCOBOM miacte (puc. 55)

CocTaBuM pacueTHble 33BHCHMOCTH JUJISI PSila CKBAaXKuH, pacrnoJo-
JKEHHBIX BJOJIb KaHajla B TMOJOCOBOM IJIacTe, OrpaHHYeHHOM B 00Ja-
CTSIX pasrpy3ku (muTaHus) KOHTypaMu ¢ 3aJaHHbIMH Hanopami.
3aMeHuM HecOBepUIEHHBI KAaHAJd W DS CKBaXKHH CIVIOWIHBIMH TpaH-
fllesiMi ¢ HANOpPaMH, COOTBETCTBYIOMIMMH CPEIHHM HAmopaM Ha JIHHH-
fX KaHaJa u Bojxo3abopa. Ilpu 3ToM Ha JHHMM CKBAXKHH YCTaHAaBJH-

Auwur Bodosabape

Yo
1204k U Jbracms
¥‘_/72/“ 7 TN w PA320Y3kY

L, 7 Ll ////W}Z/Z{}/)/ 7777777, )/}/Q)/'///).///}/ 77
2 .

Puc. 55. Pan ckBakun B6JIM3M KaHasla B MOJOCOBOM NJjacrte

BaeTcs ypoBeHb Hy, cBA3AHHBIH C YPOBHEM B CKBaXKHHAX YpaBHEHUEM
(IV,14), a Ha nuHME KaHAJTa B CBSA3HM CO 3HAUMTENBHOH €ro UIMPUHON
yCTaHaBAMBAIOTCA pasjuuHble YPOBHH Hny u Hpx” Ha JuHHSX mnpa-
BOTO ¥ JIeBOTO ype3a BOJABI B KaHaJe, KOTOPHE CBSI3LIBAIOTCS ¢ pacXo-
HaMHu NoToka ¢x’ u gx” coorsomenusimu (IV,38), neckonbko Momudu-
IMPOBAHHHIMM H3-33 DAa3JIMYHbIX NPOBOAMMOCTEH NOTOKA chpaBa H
c/leBa OT KaHaJa:

q:: _ HK_H;[.K . H;I.K T_H_:u;(_ (a)
T By L
. . . . (V, 45)
G M =
™ &, ®

Henonb3ys cpeiHne YpOBHH HA JIMHHM JPeHaXa ¥ ype3oB KaHa-
Jla, COCTaBHM YpaBHEHHS JJIsi Pacxoja B Tpex 30HAX:
MexXIy JIeBOH 06JacThbi0 PA3TPY3KH M KAHAJAOM

Hrr L]

. —H
g, = i _A—KI:_”‘__Q- , (V, 46)
MeX]y KaHaJIOM M JuHue# Bopo3abopa
, . H, —H,
g =T —2 (v, 47)
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MeX 1y AuHAell Bonosabopa H npaBofl 06JacThio pa3Tpy3KH
go=To—"oL-, (v, 48)

npuuem T”, T n Ty — cpellHHe BeJMUMHBI IPOBOZMMOCTH ILIacTa B
COOTBeTCTBYIOIIHX 30HAX.
CocraBuM, KpOMe TOro, ypaBHeuus 6Gasanca Ha JHMHHH BOJO3a-
6opa:
Q

‘7‘{‘% qc““Ta

rhe gc— MOTOHHBIH NPHTOK K JIMHHH CKBAaXHH, HJIH

H,  —Hy . Hy—H,
[ sz; — T HL» 0 = {- (V9 49)
0

3anucaHHble TaKUM 06pa30OM ypaBHeHHSI COCTABJSIOT 3aMKHYTYIO
CHCTeMy Ins ee pelleHus HCKNIOUHM TpeXje BCEro pacXomsl gx H
’. C srolt Uenblo MOACTaBHM §x” 1 g« u3 (V,46) u (V,47) B (V 45):

Hox—Hi _ He—Hye H

— . tax 1K
L B, 0 (@)
» ” ” » » (V' 50)
Hy—Hy — Hye—Hy - HJ!.KWHJLK (5)
L” aﬂ Eg :
M3 (V,50a) naiinem
. . o) B ®)
Hn.x:H:x.x( + - + ) HK "‘5" (V, 51)

HMoncrasaas (V,51) B (V,506), nocne anreGpanueckux mpeoGpa-
30BaHui IIOJAVYHM:

Hyi= A+ AH,, (V, 52)
H H
Tt te) _
Al == L '¢2:
1Pz —1
w5
A, o a7 (V, 52a)
¢0 BO ¢0 ¢0
cp1-l+—~—~+ ,,%-1+-~+——-- (V, 526)
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TMoncrasass panee Hpx u3 (V,52) B (V,49), noayunm dopmyay,
CBA3HBAIOLLYIO YPOBeHb HA JUHHH CKBAaXHH C TeOGHTOM CKBaXKHH:

s Hy— Ay
oT” T Ly
Ha= T T T e (V’ 53)
0
Ay i —1

IMonyuennsie GOpMyJIB JalOT BO3MOXHOCTb OLEHHTh YCIOBUSL pa-
GOTHl psifia CKBaXKHH, HAPUMeEDP NpPH 3a1aHHOM JeGuTe CKBaXuH Qc H
paccTosiHueM MeXIy cKBaxKuHamu o. s 3TOrO mnpexie BCero Io
bopmyne (V,53) onpenensiercs BeauuuHa H;, 3arem no ¢opmyde
(V,52) seauuuna H'jx, 1o ¢opmyne (V,51) — Besimuuna H” x u 10
ypaBHenuto (IV,24) — Bestnunna H..

Hanee no dpopmyaam (V,46), (V,47) u (V,48) moryr 6niTh Hafine-
HBl PacXoJbl MOTOKA B Pa3JHYHBIX 30HAX.

§ 4. MOAEJHPOBAHHE BEPTHKAJIBHOIO H FOPH3OHTAJILHOIO
JAPEHAKA METOJOM 3rjA

PunbTpallHOHHBIE pacyeéTHl BOJOMOHHMKEHHS M JpeHa)Xa Ha Moje-
aax DT A nonyuunu B TnocldelHee BpeMs ONpeleseHHOe H BIIOJHE
3akoHoMmepHoe passurue (6, 7, 12, 16], KoTopoe co BpeMeHeM Heco-
MHeHHO 6yJeT NpOrpeccHpoBaTh. YKe cefiuac MOXHO HaCTaMBaTh HA
o6si3aTe/IbHOM npuMeneHun Metoma ST JIA pis pacueToB KPYHHBIX
BOJONOHM3HTENbHEIX M JAPEHAXKHBIX YCTAHOBOK, B CBS3M C UeM cie-
ZlyeT, €cTeCTBEHHO, OOpPATHTb 0co60e BHUMAaHHE HA pa3BUTHe MeETONH-
KH TaKoro poja pacueros.

Kak ykasbiBasioch Bbillle, IPDH pacueTax KPYNHbIX BOJOMOHU3UTENb-
HBIX K J(peHaXKHBIX YCTAHOBOK, KaK NPABHJIO, C/leIyeT PaccMaTpHBATh
YCIO0BHSA ILIAHOBO-MJIOCKOrO MOTOKA, KOrja Hanopel NMOTOKAa MO BepTH-
KaJ{ CYMTAIOTCA ONHHAKOBBIMH. IIpH 3TOM HaJ0O YuHTHIBATH TOJBKO
COMPOTHBJEHHS IOTOKY, BO3HHKAIOLlHe B 30HaX Pe3KoH AedopMmanuu
NOTOKOB — B JIOXKAX peK, KaHaNoB, BOJNU3H XpeH, CKBAXKHH M T. 1.

PaccMoTpuM npexie BCero HeKOTOpDHle BONPOCH MeTOAMKM Helo-
CPEe/ICTBEHHOT0 MOJeNHPOBAHHS CHCTEM BePTHKAAbHOrO ApeHaXa! Ha
mogensx DTJIA nns ycnoBuft ycranoBuBuiefics GuabTpaluu,

Ipu MojmennpoBaHHH CHCTEM CKBAXKHH OGBIYHO BO3HHKAIOT OCJAOXK-
HeHHus B CBf3M € MAJbBIM JHAMETPOM 3JEKTPOAa, MOASIHPYIOUIEro
ckBaxkuny. OJHAKO 5TO OC/JOXKHEHHE JIErKO 06ORTH, €caM YCTaHAaBJH-
BaTh Ha MOJelMu 3JeKTpoA O6oJbllero AuaMeTpa, BBOAS TOJABKO B
3MEeKTPUUECKYIO CXeMY JONOJHHTeNbHOe conpoTuBaeHune R’ [7, 12,
onpefensieMOe JJist IVIAHOBOTO NOTOKA 3aBUCHMOCTBIO!

R =p-tint, (V, 54)

T Tloa BepTHKAALHBIM APEHAaXeM MOHMMAIOTCS 34eCh BCe BHAM BOJONOHHXKEHHS,
JipeHaxa ¥ BoJ03a60pOB BePTHKANLHLIMH CKBAXKAHAMH, KOJIOAUAMH H T. .
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rlle p — yAelbHOE CONPOTHBJIEHHE MOJeNH, OnpefiefseMOe Kak COMNpoO-
THBJACHUE KBAAPATHOTO SJEMEHTAa MOAeNH; dy — JAUaMeTP CKBAXHHH
B Macmrabe Monesu; d;— BHOPaHHBIH JHAMETDP 3JEKTPoOaa.

Conporunenne R’ yno6HO 3a1aBaTh OpsMOYTOJIBHEIM JHCTOM Gy-
Mard (QJIsi MOIeJu W3 3JMeKTPONpPOBOAHOM GyMaru) TO# Ke HPOBOAH-
MOCTH, UTO W Ha MOjenH, JubO BAHHON C 3JEKTPOJIMTOM TOro ¥Ke CO-
CTaBa, YTO H Ha MOJelH Y CKBAXKHHH (A 3JEKTPOJIHTHYECKOH
MOAeNH), NpuyYeM JJauHa /y W LMpHHA by Jiucrta GYyMard MM BaHHBI
JIOJI)KHBl CBSI3HIBATHCS COOTHOLIEHHEM:

Lu. 0,366 1g -2 (V, 54a)
by dy
(npu 3TOM TOJNINMHA CNOS 3JEKTPOJNHTA Ha MOJNENHM H B BaHHE JOJK-
Hbl GbITh OJMHAKOBHIMH).

AnanoruuHbifi MpHEM MOXHO NPHMEHHTb H [PH MOLENHDOBAHHH
CHCTeMbl 7, DABHOAEOMTHBIX CKBAXKHH, PACIOJOXKEHHBIX Ha CPaBHH=
TelbHO HeGONBUIOM DACCTOSIHMH JPYr OT Apyra -(nmo KpaiHel Mepe,
MeHbllIeM pAcCTOSHHM A0 Oauxaifimieif rpanullsl naacra). Takyio cu-
CTEMY MOXHO 3aMEHHTb Ha MOJENH ONHHM 3JIeKTPOLOM, PAJHyC KOTO-
pOTO 75, ONIpeNesIUTCs YPaBHEHHEM:

"c
1
Igr, = . E lgr,, {V, b5)
=1

rie r; — paccTofHHe OT KaXJOH CKBaXKHHBI 10 PACYETHOW TOYKH, B KO-
TOPOH 3a]1a10T HJIH ONPeNeNsiOT NOHUKEHHe YPOBHSA BONb! (NIPHU STOM
Ha 3JeKTPOje YCTaHABJAMBAETCH NOTEHIHAJ], COOTBETCTBYIOLIHHA ITOMY
YPOBHIO).

TeXHuuecKMM HENOCTATKOM TAKOrO INpHeMa SABJISEeTCS BO3MOX-
HOCTh HApYIIeHHH NOJAA B NPHIIEKTPOLHON 30HE, KOTOPHE BO3ZHHKAIOT
B 3JeKTPOJHTHYECKUX MOJeNAX 3a CYeT HHTEHCHBHOW MOJSPU3ALHH
3JIEKTPOJa, ONpeleNiieMOA 3HAUMTENbHON TJOTHOCTBIO TOKa Y 3JeKT=
pona, a ma O6yMaxHBIX MOJeJAX 3a - CYET HEMJOTHOrO NPHMbIKAHHS
3JIEKTpOAA K GyMare H 3a Cuyer HEONHOPOAHOCTH Oymaru. IIpoBepeH-
Hasg HaMH CepHsi SKCNIePUMEHTAJbHBIX paGOT TOKa3bIBaET, UTO NOrpell-
HOCTH, CBSI3aHHBIE C TAKOrO Pola HapYUIeHUAMH, MOTYT GHITL 3HauH-
TETbHLIMH.

PsinoM onbiToB 6b0 MOKa3aHO, YTO OTHOCHTENbHAS NOTPEUIHOCTH
3a CYeT KOHTAKTHBIX CONDOTHB/JEHHH Ha Gymaxuelx Mmojensx DT IA
cnabo 3aBHCHT OT copta 6yMary M OKa3bLIBaeTcs JOBOJBHO CTaGH/b-
HOH, TaK YTO OHa B H3BECTHON CTENEHH MOXKeT OHITh VuTeHa, eCJH
BMecTO d, B (opmynn (V,54) BBOAMTL S((BEKTABHLI THAMETP SJIEKT-
pona dy’, ompeflefisieMblii MO CACAYIOMHM JaHHBIM: dy =85 MM Hpu
dy=10 um, dy'=4 mm npu dy=5 mm u dy’=2 mm npu dy=3 mm; npH
3TOM 1leslecoo6pa3no 3anaBarte d, He MeHee 5 mm.

[IpuHUMNHATLHEIM HEJOCTATKOM METO/IOB HEMOCPEACTBEHHOrO MO-
AleIMpOBaHAA CHCTEM CKBAXKHH 4BJsieTCH HX KOHCEPBATHBHOCTH, TAK
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KaK [OJyYeHHBe TakKuM 006pa3oM pe3yJabTaTbhl MOTYT OBITh HCIOJb30-
BaHbl TOJNBKO B YCJOBHSIX, 3aIaHHBIX NIPH MOAEJUDPOBAHHH; JOCTATOUHO
HU3MEHHTb HeOHT XOTs Obl OMHOH CKBAaXKHHBI MJIH YHCJO CKBAaXKHH, YTO-

6b NaHHBIE MOIEJHPOBAHHS

74 CTalll HEeNPUTOAHBIMHU.
) ‘(2 V1 2 Tlpu pacueTax KOHTYpHBIX
] CHCTEM BepPTMKAJIBLHOTO H TO-
Af' PH30OHTANbLHOTO ApeHaxKa IS

yueTra ero ruipoanHaMH4YeCcKo-

P N ro HecoBepIeHCTBAa IeJieco-

¥ 06pa3HOo MCIONBL30BATh HIEH
Q [ MeTOoOa ‘(bPIJIBTpaLII/lOHHle CcO-
-7 NPOTHBJEHHEH, BBOAA BIOJb

p N JUHHMM Ha Mogaeau AT A no-
| BN MOJIHUTEJbHOe COMPOTHUBJIEHHE,
7 | 1 YUYHTBIBawllee THAPOANHAMHU-
.J | / YeCKO€ HeCOBEepUIeHCTBO Jpe-
Ha)¥Ka 10 YNpoOUIeHHOH cXeMe

Puc. 56. K mogesupopanmio mecosepmennoro (§ 4, ra. IV).
IPeHaXa HJH JIHHHH CKBAXKHH Ha OyMaXXHOH TexuHuecku HauboJgee

mozesu DTIOA . _
a — ynpolleHHas cucTeMa, 6 — MoJHasi CHCTe- TPOCTO TAKOro pola MOLeJHA
Ma 10 CXeMe <«3Be3fax: poBaHHE OCyHIECTBJAIOT Ha
1 — nwer, MOZeNHPYIONME OCHOBHOH BOJOHOC-  MOJENSIX M3 3JEKTPOIPOBOA-
HBIl mJacT; 2 — UIMHA C TIOTeHIHAJIOM, COOT-  HOH 6ymar14; LJIsl yyera Heco-
BECTBYIOUIHM YPOBHIO BOJB B CKBaXHHAX, _
JIpeHe, KaHane, H T. I.; 3 — JIHCTH, YUUTHIBAIO- BEPLIEHCTBA NOTEHLHAAI, COOT
LlHe BHYTDEHHee CONMpOTHBJIeHHe Koytypa u  BETCTBYIOIIMH Hamopy B Ape-
CONMpPOTHBJICHHE HA HECOBEPILIEHCTBO JpeHaxa, HaXe, NOJBOJSAT K OCHOBHOMY
4 — H30JIALHOHHASL NPOKJAJAKa JHCTY 6yMaI‘H, MOaeJINpylonie-
MY BOJOHOCHHIH MJacT B IJjia-
He, yepe3 JOMNOJIHUTENbHHH JIHCT OyMaru To#l Xe HPOBOAUMOCTH MJIH-
HOM Oux (puc. 56,a), mpuueM BenuuuHA Oy MOXKeT OLITH ONpeneNeHa
no gopmyae:

61-1.;( = a'ld)ﬂ.zx, (V: 56)
rae o — JuHeHHBIE Macmital Mojaenu (OTHOLUEHHe MOLENLHHIX pasMe-
POB K HAaTYPHHM), a @y — NPHBEACHHOE CONPOTHBJICHHE HA HECOBEp-
NIEHCTBO [peHa)ka, KOTOpOe AN TOPH3OHTANBLHOIO JpeHaxKa HaXOLHUT-
Csl B COOTBETCTBHH € pekoMeHaauusmu § 4, ra. IV: ans BepTHKaabHOrO
apeHaxa Pux=ofx(fx onpenensercs mo ¢opmyne IV, 13). Ecan
BeJIHUNHA Ony, NOACYMTAHHAA mo vpopMytse (V,56), okaspiBaercs Jau60
CHHILIKOM MaJjo#, nu60 CaAuIKOM GOoJbUIOH (ONTHMAJbHBIM MOXKHO
CYHTATD Oxg=2—5 cM), TO NONONMHUTENbHBIH NUCT AenaloT H3 GyMmaru
HHOTO YIeJbHOTO CONPOTHBJIEHHS P; M B 3TOM cCaydae

- g_: 0B x, (V, 56a)

raie pm — YACJbHOC CONPOTHBJACHHE JHUCTA MOJEJNH B MECTE pacioJjo-
2KE€HHUA ApeHaxka. JIJIH XKECTKOCTH RONOJHUTENbHBIN JHCT HaKJenBaeT-
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¢Sl Ha TOJIOCY MJIOTHOH GyMarH, a JJisl YCTpaHeHHs HCKaXKeHHs I0TOKa
BIOJB JIHCTa OH NPOpPE3aeTcs BePTHKAJIBLHBIMH HaJpe3aMH.
AnanoruyHHIM 00Gpa3oM MOXKHO MOASJIHPOBATH HECOBEPIIEHCTBO
KaHanoB (u/u BOAOEMOB) IO MOJHOH CXeMe, NpHYeM TeXHHuecKn 60-
Jee yNo0HO# SIBJASETCSA CXeMa 3Be3/Hl, KOTopasi Ha OYMaXKHOH MOJeNH
AT A ocyuwecrsasiercs NOAKJAeHBAHHEM IBYX JONOJHHTENbHBX JHCTOB
Tak, KaK 3TO MOKAa3aHo HA pHc. 56,6; ANUHBI 3TUX JHUCTOB, U3TOTOBJsIe-
MBIX H3 TOH Xe 6yMmaru, 4TO ¥ MoJelb, ONpenensioTcess no dhopMmynam:

8 = Cl«l(—i);x = Q!T ;, & = aié:{ = a[T¢;h (V: 57)

npuyeM BeJduunHbl Py’ U Py’ — NOrOHHEIE CONPOTHBISHHS HA HECO-
BeplIEHCTBO, ONMpefiefisieMble B COOTBETCTBMH ¢ DPEKOMEHAAUUAMH,
usnoXeHHbMH B § 4,5 u 6 to. 1V; T — npoBoguMoCTh BOJLOHOCHBIX
‘TIIACTOB NOX KaHaJOM. 31eCh, TaK XKe Kak M AJs1 YIPOLLEHHOH CXeMB,
JJHHY JIACTOB MOMKHO H3MEHSTb, BhlOupas OyMary Jpyroro COIpOTHB-
JieHHsl, YeM Ha OCHOBHOH Mopeau. JIJsi JKEeCTKOCTH 5TH JIHCTH HaKieH-
BAIOTCA Ha MJIOTHYI 6yMary M npope3aloTcsi BepTHKAJbHBIMH Hanpe-
3aMu.

CxeMy TpeyrosbHuKa UenecooGpasHO NPHMEHSTH B TOM C/yuyae,
ecau okaswBaercs Py = B. Torna conporusienne P§ peannsyercs
aBTOMATHYECKH H OCTAeTCS TONbKO NMOAK/IEHTH «IAOMHK» H3 IBYX OIH-
HAKOBBIX JIUCTOB JJIMHOH, COOTBETCTBYIOlIef BesnuuHe Pg.

Ilna GeperoBoro fpeHaxa 3TOT CHOCOG. MOAEMHPOBAHHS MOXKET
NPHBOAHTD K TEXHHYECKHM NOTPEIHOCTSM, eC/H DPACCTOSHHE MEXAY
JpeHO!l M 06JacTbi0 MuTaHuA (BOJOEMOM) OKAa3hLIBAaeTCs HAa MOJENTH
He0o/bWHM (MeHbIIHM 2—-3 cm). B 3TOM cayuae Gonee 3hpeKTHBHEIM
SIBISETCSA CHOCOG NpuONHKEHHOTO 3aJlaHHsl CPEJHErC ypOBHS Ha JIH-
HHH 1peHaxa Hy, KOTOpHE CBA3BIBAeTCS € pPacXOLOM ApeHaXa gy
0o06LIeH 3aBUCHMOCTBIO;

H.« = Hn+ ”‘%%‘ E’x.)x;

NpHYeM IJsi TOPH3OHTAJLHOTO ApeHAXKa BeduunHa Puy onpenensiercs
no pekoMernfianusm § 4—6, ra. IV, a aas BepTHKasbBHOrO IpeHaxa
Prx=0fx, THE Bemmunna f, paccuutsiBaercst mo dopmyre (IV,13) c
BBeJlcHHeM DacueTHOro pajuyca r¢’ 1Js HeCOBepUIEHHBIX CKBAXKHH.
Pacxoa gy cknagmiBaeTcss H3 pacXola, NPHTEKAWOIEro K IpeHe CO
CTOPOHBI BOKOEMA ¢z H PACXOMla g5, TIPHTEKAIOLIETO CO CTOPOHH Gepe-
ra. Mmest B BuAy, uTO B paccMaTpuBaeMOM caydae gg> go, MONKHO B
NepBOM NPUOTHKEHHH TOJOXKHTE §n={p H, CYHTAA

HP—“HI
L+d,,’
rae L — paccrostHue ot BomoeMa no IpeHaxa, Hy —wanop Bonk B

BojoeMe (peke), HaliTH B TNePBOM NPUGMWIKEHHH BenWunHy Hy 10
Gopmyie:

‘73=T
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H)I — s
= Hyt =" 5, Bur (v, 58)

Hasee cienyer HaNOXKATH BIOJb JHHHHM IPEHAXa IIMHY C INepeMes-
HBIMY NOTEHLHAJNAMH, COOTBETCTBYIOUMMY 3HaueHusmM Hy, paccuuraH-
HEIMH JJ151 '0T[ebHBIX TOueK mo «popmyde (V,58). Tlocne nposenennst
TAKOTO MOJe/MDOBAHHS MOXHO ONpENIeNHTD GeperoBoll MPUTOK K ape-
HAXY g6 ¥ Haltu 3Hauenns H; BO BropoM npuGnuxenun no ¢op-
MyJe:

. H,—H, 9% \ =
Hy=H,+ (”““}:‘“' + ) Bz (V, 59)

Ecnn monpaska B 3Hauenusix H; okasbiBaeTcss He3HAUHTENbHOH, TO
MOKHO Orpanﬂqmbcg nepBEIM OpHOIHXKEHUEeM W NPHHATh NOJYYeH-
Hble TakuM o6pasoM pe3y/ibraThl MOZEJMPOBAHHSI 3a pacyeTHHE.
B nporusHoM cilyyae ciefyeT cllelaTh pacyeT BO BTOPOM npnﬁnmxe-
HUH, 32JaBasl Ha JWHUH ApeHaxa Hanopu H,, onpenenennsie o dop-
myde (V,59a). Oanako 06blYHO GBIBAeT AOCTATOYHO MEPBOrO TPHOJH-
KeHus.

Ilpu mporHo3ax peXMMa IPYHTOBHIX BOX HA 3HAYMUTEJIbHBIX TeppHu-
TOpUAX BONbLIOe 3HAUCHHE MOXKET HMeTh PeXUM HHpuaAbTpanuu. Ecan
CUHTATh, YTO NOCJAe YCTPOHCTBA KaHaJOB WHOUIbTPALHsA He MeHseTcH,
TO HCXOASI M3 METONA CJIOKEHHs TeueHHH MOMKHO NPHMEHSThH NpHBe-
JeHHBIE BHILE 3aBHCHMOCTH, 3ajlaBasi TOIbKO B KauecTBe HauaJibHBIX
ypoBHe# (H,g u hg } X 3HaueHWs] AJIST eCTECTBEHHOrO MOTOKa TPYH-
TOBBIX BOJ, B MecTe pacrnoiaoXeHus napeHaxa. Eciam ke ciexyer
yuecTb H3MeHeHHe HHOWIBTPAUlHOHHOIO NHTAHHS, TO B METORHKY
pacyeToB TPUXORHUTCH BBOAHTH CYIIECTBEHHBlE KOPPEKTHBEL

§ 5. PACYETHI CHCTEM CKBA)KHH 1O METOLY CJIO)KEHHSA TEYEHURA
C NPUMEHEHHEM MOJIEJIEX 3THA

[pu pacuerax cycreM CKBAXKHH N[O METOAY CJAOXKeHHS TeueHHN
¢ Hcrmosb3opanueM o6meft 3aasucumocty (V,6) AJs NOHHXKEHHS ypOB-
HA S HeoGX0AMMO 3HATh 3HAUeHHA QyHKUMHE NonuXKeHus f. B pacuer-
HBIX TOYKAX, KOTOpHe B (JOMKHBIX YC/I0BHSIX, He NOJNAIOWHXCS aHAJIH-
THYECKOMY pacuery, MOIYT GHiTh -Ompenenenbl na Momeasx IILIA.
B rakoii nocraHoBKe 3ajlaueil MOJeNHPOBAHUS ABASETCH He IIOJHBI
pacuer fpeHaxa, d JHIIbL ofipenenenue pyuruui nonuxenus fo, Korto-
poe MOXeT NMPOBOAUTHCH 3apaHee, N0 NMPOEKTHPOBAHHUS JpeHAKa.

3aMeTHM, UTO TaKas ke MeTOAHKa 0coGeHHO (peKTHBHO MOXKel
ObITh HCTOJB30BAHA INpPH pPAcUeTaX BOK03aGOPOB, MOCKONLKY B 3TOM
CnAyyae OTKphIBaeTcsi BO3MOMHOCTL BHHMATeJIbHee OUEHHBATHL BapHAH-
Thl paclpelle/leHHss CYMMapHoro BOH03a60pa MeXIy OTHelbHBLIMH
CKBaXHHAMHU.
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Ilpu pacuerax cuCTeM CKBaXKMH IO METOLY CJIOXEHHS TedeHuH
y106HO B KayecTBe MCXOJHOrO PaccMaTPHBAThb NOTOK, KOTOPHI HMe
66l MeCTO NpH OTCYTCTBHM CKBaxXHH, B ToMm cayuae, ecau npu pabote
ApeHaxXka yC/lOBHS ITHTAHUA H
CTOKa He M3MeHSIOTCs, B Ka- % .
YeCcTBE  HCXOAHOTO CJeAyeT -
NPUHUMATL €CTeCTBeHHBIH no- ~/27 LIS ~25+504
TOK, OT YPOBHe# KOTOPOTO H J
6yAyT OTCYMTHIBATHCS MOHH-
Keuus S. B TOM Xe cayuae,
eC/Ii YCJAOBHUSI NMUTAHHS HJH ) ‘

CTOKa wu3MeHstorcs (mepe- J
KPHIBAIOTCS DKM MJIM HX NpH-

%
~—O——G—y HomeH-
V78 N

TOKH, YCTPAMBAIOTCHA “KOBILH, s

BHIIONHSIION(HE POJIb APEHAXK- Herma

HBIX TpaHmleH, ¥ T. 1), TO HC- IR TPOF -
XOAHBIH TOTOK moJyyaercs CAOIMIE

pacuetoM Ha Moxeaun ITJIA o0

NpH 3aJaHMM BCeX TPaHHL -
MOTOKa, HO Ge3 ydyera CKBa- Konmgy sadanwozo wempa /0=0f
KHH BePTHKAJBLHOI'O IpPeHaxa.

TMocie mocTpoeHust HCXOA-  Pue. 57. Cxema Momenn STJIA pas ompefe-
HOro IOTOKa H€O6XORHMO BbI- JIEHU S qJYHKllHH NOHUXKEHUA NpPH pa60're CKBa-
GpaTh pacueTHble TOUKH H Off- HHHE
pelenuTb B HUX (PYHKUHH NO-

HHXKEHHS OT AeHCTBHS OTAEJNbHBIX CKBAXKHH HJHM CHCTEM CKBAXKHH.

[TockoabKy GYHKUHKSI NMOHMKeHUS B KaKo#-mn60 Touke OT AeHCTBUSA
OnHOM CKBAaXKMHH omnpeneasieTcsi GhopMyJaok:

\

TS
fo=—, (V, 60)

Q
rae Q¢ — meBuT CKBaxXKHuHbBL, a S — pacueTHoe MOHMKEeHHe B 3TOH TOU-
Ke, TO, HCIIOAb3YS 3JIeKTPOTHAPOAHHAMHYECKYIO aHAJIOTHIO, MOXKHO 3a-

NHCATh cJeAyiolllee BhIpAXKeHHE [l onmpeneleHust GyHKIHH NOHHXKe-
Hua #Ha Mopean DIITA:

fo= ¢3¢ (V, 60a)

rle ¢, — yleJbHAsl 3JeKTpuueckas NpoBoauMocTh Mogmean; AU —na-
NeHue 3JeKTPHYeCKOTO MOTeHuuana; /[, — cuiaa ToKa, MPUTeKaKoLlero
K CKBaKHMHe HA MOJeJH.

Jlas onpenesennss GYHKIUM NOHUMKEHHS fo C MTOMOIIbIO MOAENHPO-
BAHHA MOTYT yNOTPEOJSTbCS PasiiiyHble Coco0Ll NPUMEHHTENbHO K
GyMaxkHbIM H 3JeKTposurudeckuM Moneasm II'JIA {22]. ¥Yuusepcanb-
HOH sBAsieTcs cXeMa, u3o0paXkeHHast Ha pHc. &7, Korja Muas H3Mepe-
HHsl MIPUBENEHHOH CHABI ToKa [¢/C; HCIONB3YeTCs] H3BECTHOE JOMOJHHU-
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TeJbHOE CONPOTHBJECHHE, MOAK/IIOYEHHOE MOCJAeN0BATENbHO K 3JEKTPO-
Ly, MoenupyouieMy ckBaxuny. IIpu Henonp30BaHuM XHUAKOH MOAENH
3TO CONPOTHBJEHHE BHINOJHEHO B BHJe 3JEKTPOJUTHYECKOH BAHHOUKH
pa3MepoM [yXby, a TIpH HCHOJNb30BAHHM OYMaXKHOH MOAENH — B Bh-
ne OyMaxHOro Jucra pasMmepoM lyXby YaeabHYylO IpOBOAHMOCTD
BAHHOUKM M OYMaX>XHOro CONpPOTHBJAEHHS 3aXalOT COOTBETCTBYIOUIUMH
pacueTHO#l mpoBogMMoOcTH nJiacta T.

HsMepsis oTHOCcHTeNbHBIE NMOTEHUMAJH Ha 3JeKTpoXe, Hafinem, yTo

cuaa ToKa [l., MpoTeKalouiero yepes CKBaXKHHY, H JONOIHHTENbHOE
conpoTuBJeHne Oyner:

Io=(1—0') AU, ¢, -

M

’

a MOACTaBasAA 3TO BhlpaxeHwue B obumyio dopmyay (V,60a), noayuunm
pacueTHyo GOpMyJay nJs onpexeeHus fe:

17 I
fo= =t X, (v, 61)
1—U" bu

rie U— oTHOCHTeJIbHBIH NMOTeHIHAJ, 3aMepeHHbil B PacueTHOH TOUKe.

Hnsa obecneueHHs: [OCTATOYHON TOUHOCTH OTCUETOB PEKOMEHAyeTcs
3aJaBaTh JOMOJIHHTENbHOE CONPOTHBJAeHHE TakuM, utobn 1—U’'=
=0,1—0,3.

Mocae onpenenenus GYyHKIMM TOHHKEHHS LeNecOO6PA3HO pACCUH-

TaTh JUIS 3aJlaHHBIX TOUEK PaCyeTHOe PACCTOSIHME N0 FpaHHIl IVIACTA
R no popmynam:

R=rée um 1g R = 2,73f,, (V, 62)
r

re r — paccTOsiHHe OT JaHHOH CKBaXKHMHH! 10 pacueTHO! Touku. Bemu-
ynHa R Kak Obi mpefcTaBisieT co6oil paguyc TaKoro KpyroBoro KOHTY-
pa, KOTOPbill B GUIbTPALIHOHHOM OTHOIUEHHM SIBASETCS S5KBUBAJEHTHBLIM
3aaHHOMY.

Beanunnbl R usMeHsIOTcs B o6nactu ¢uibTpauun ropasgo Gosee
MJIaBHO, YeM BEJHUYHHBI [o, NOCKOJbKY TOCACAHHE BOAH3H CKBAXKHH
MMelOT JorapudMuuecKuil XapakTep, Tak 4To 3HaueHus R ropasjo Jayu-
lle HHTEPNONHPYIOTCA MeXJy OTIAeNbHbIMH TOYKaMu. Kpome Toro, mo.
BesqMunHe R jierye KOHTPOIHPOBATh NMPAaBUILHOCTH PACYETOB, NOCKOJb-
Ky 3Ta BeJIHYHHA N0/XKHA GbITh CONOCTABHMOM C PACCTOSTHMAMHY 10 KOH-
TYpPOB IL1acTa.

B cBoI0 ouepennb, 3Hast 3HaueHHe R, HETPYAHO HaATH QYHKIHMIO MO-
HuxeHus fo Mo popMmyne:

fo=0,3661g . (v, 63)

Ocobenno nenecoo6pasHo IPUMEHSTh TaKOi NOPANOK pacuera Aas
ompenenenus fo Ha CaMoll CKBaXHHe, MNOCKOJAbKY HeENOCPeCTBEHHOE
OTIpe/IeIeHNe [ B 3TOM CJydae COMPSIXKEHO € OMACHOCTHIO TEXHHYECKHX
norpemrHocTed. s yMeHbIIeHHst 9THX NOrpelIHOCTEeHi MOMKHO Ompes
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HEJNTb BEJHUYHHH [, © R BOKDYT 3JeKTPOAA-CKBAXKHHBI, 3aTeM HHTEp-
noJISLHeH HAHTH 3HAYeHHe R B TOUKE PACIOJNOXKEHHS CKBAXKUHBL, a 1O
dopmyse (V,63) noacunTaTs BeTHUHHY fo.

MoxHo pekOMeHIOBaTh CeNYIOMIKH NOPSAOK pacyeTa CHCTEM Bep-
THKAJBHOTO ApeHaXa Mo NpefsaraeMoil MeTOIMKe.

ITpexxne Bcero no/mKHB ObITh BHIGpPAHBl pacUETHEIE TOYKH B MECTax,
rje 3a7alOTCs TOHHMKEHHS YDOBHS BOJAB M Ha CaMoOfi CHCTeMe BepTH-
KaJIbHOTO ApeHa)Ka, HpHUeM s ciayyast HeGOJIBIIOTO YHCJIA KPYIHHX
KoJoaueB (HanmpuMmep, AJs WMIaXT WM JYYeBHIX BOR03aGOpOB) pacuer-
HBle TOUKH 3aJa0TCA HA KaxKIOM BOH03a00pe B OTAEALHOCTH, a I
KOHTYPHOH CHCTeMBl CKBaXKHMH B KaueCcTBe pacueTHbIX BHOHUpaeTcs He-
CKOJIbKO XapaKTepHBIX TOYEK HA KOHTYpe CKBAXKHH; AJs HeGOJbUION
CHCTEMH CKBaXKHH YaCTO MOXHO OIDaHHUYMTHCS OJHON pacyeTHOH TOY-
KOH, 3a1aBaeMOH B CepelliHe CHCTEMHL.

IMo nauHbIM peXXHMHBIX HAGMIONEHHH HMAH CIIEUHAJBHEIM PacyeToM
Ha Moziesn ITJIA HaXonuTCA HCXONHBIH TOTOK, KOTOPHI HMen Obl (Hau
HMeeT MeCTO NPH OTCYTCTBHH CHCTEMB! BEPTHKAaJbHOTO fApeHaxa). [Ipu
STOM CJe/lyeT HMeTb B BHAY, YTO JJfl TIOTOKA C MOCTOSIHHOA NPOBO/H-
Mocthio T B KadecTBe NMOTEHUHMANbHOA (YHKIHA MPHHUMAETCS HATOP
H, a gns onHOpORHOrO Ge3HANOPHOTO MOTOKA — KBAJPAT IMTYGHHH MO-
TOKa — h2,

Yeranasansas Ha Mozenu DTJIA no BceM KOHTYpaM C 33aJaHHBIM
HanopoM (rie noumkenne S=~0) HyseBOEe 3HAUEHHe MOTEHLMANA U Pa3-
Mellas 3JIEKTPOJBLI B PACYETHHIX TOYKAX CHCTEMH CKBAXHH, HAXOLHM
3Hauenne QYHKUHH NMOHHXEHASE BO BCEX PACUETHHX Toukax. I1o 3aBH-
camocta (V, 62) ompenedsioTcst 3HaYeHHs PACYETHOTO DACCTOSHHST R
J0 TpaHHIl MJaacra JUIs BCEX PAaCueTHbIX TOYeK. ITOCKOMbLKY BeaHuHHa
R uaMensieTcs 0GBIYHO CPABHHTENBHO MJABHO, TO TIO MOJYYEHHHIM 3Ha-
YEHUAM MOXKHO NMOCTPOHUTh KPHBHIE H3MEHEHHS R M0 KOHTYPY CKBAXKHH
H MHTepnoAsiliiedl HaHTH 3HAYeHUst R AAs OTHAEJbHBIX PacUeTHHIX TO-
YeK.
Hanee dpyuxumio moHuxenus onpegensior mno dopmyae (V,63),
TpHYEM IJsi pacyera OJMHOYHHIX CKBaXKHH B KayeCTBe 7 TPHHUMAIOT
AeHCTBUTENbHBIE PACCTOSHHSA OT CKBAXKMH JI0 PAaCueTHOH TOUKH, AJS
CKBXXUMHBI — DAajHYC CKBAXKWHH Ie, a IJIS JTHHEHAHBIX CHCTEM CKBa-
XHH — pacyeTHble PACCTOSHMS OT JHHHU CKBAXHH IO pacueTHolH ToY-
xu [9, 23].

Ioce nposenenns STHX omepauyil, MMEIOMIAX NPENBAPHTENbHBLH
Xapakrep, MOXHO MEPeHTH HENOCPEeCTBEHHO K (PHUALTPAUHOHHOMY pac-
UeTy BePTHKAJILHOTO JpeHaXka, IPHHLHNE KOTOPOTO H3JO0XKeHE!, HalPH-
Mep, B paborax [9, 16].

§ 6. OCOBEHHOCTH PACYETOB BEPTHKAJIbHOTO H FOPH30HTAJILHOTO
APEHA)XA HA CETOYHBIX 3JIEKTPOHHTEFPATOPAX

Tlpu pacuerTax BepTHKANBHOrO ApeHaka MLeJIeCO06DPAa3HO IIHPOKO
HCTIOJIb30BATL CETOYHBIE HHTETPATOPHl (3/MeKTPHYECKHIl ¥ THApPABJIHUE-
CKHI) Kak JJ1 HENOCPEeICTBEHHOTO MOAETHDOBAHHS CHCTEM JIpeHaxa,
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Tax ¥ JJis onpeneneHus (GYHKIu HOHMKEHHS OT JeHCTBHSA OTAe/bHBIX
CKBa>XUH WJIH CHCTeM.

He ocranaBnuBasich Ha OGILeM ONMCAHHM CETOYHBIX HHTETpaTopOB,
NPHHIUNB YCTPOACTBA KOTOPHIX NOJPOGHO PacCMaTpHUBAIOTCA B Clie-
nHaabHOH Juteparype [8, 11], ykaxkeM Ha cnemuduyeckKrHe MOMEHTHI,
CBSI3aHHBbIE C MOAENHDOBAHHEM CKBAXKHH W JpE€H HAa WHTerparopax.

MeTo0anKa MONETUPOBAHHSI CHCTEM CKBAXKHMH HA CETOUHBIX MOJENsX
CYHIECTBEHHO pa3/jMyaeTcs B 3aBHCHMOCTH OT TOro, 3aJaloTes . pac-
XOAbl CKBaXWH W/HM YPOBHHM BOJAB B HuX. IIpu B3ajaHHBIX pacxoiax
Ha/lpuHe CKBaXKHH He BHOCHT CYIIECTBEHHBIX H3MEHEeHHH B CETOUHYIO
MOJeJb; B 3TOM cjJydyae Halo TOAbKO, UTOOBI B KaxkKIAHH OJO0K, BKJIO-
yalomuh CKBaXHuHbt, OblJ 3a/laH NOTOK, COOTBETCTBYIOIIHM CyMMapHO-
MY pacXony CKBaxkuH B 3ToM OJioke. [1osToMy B HasnbHelillleM OCTaHO-
BHMCS Ha Cayyae 3ajlaHusl HalOpOB B CKBAaXHHAaX M B JApeHax, KOTAa
NpH COCTABJEHHM MOJe/H HAal0 YuMTHIBAaThb Xxapaktep jedopMaimi
noToKa, ¢opMupymoulerocss BOIU3H ApeHaXka.

4 2

A g —— = il

] Q{TN

A' ¢c A 6’
\ .

f
e

AN %
N |7

az

S CDNSNSIE S

Puc, 58, Cxema ceTkn y 6710Ka €O CKBaMHOI:
@ --- CeTKa CONpOTHBJEHHH; 6 — cxeMa GJIOKA €O CKBAXKHHOMN,
1— cKBaXHHa, 2 — UEHTP cocefiHero GJoKa

TIpexxne Bcero paccMOTpPHM TeXHHKY MOMEMMPOBAHHS OXHHOUHOM
CKBaXXHHbI B YC/AOBHSAX NJaHOBO-NJIOCKOrO TOTOKAa. B6aM3# cKBaXKuH
NJIaHOBBIH TOTOK pesko AedopMupyercst nm 3iech Tpebyercss BecbMa
noapoGHast pasbuBka Ha 6s10KH. ONHAKO NPHMEHSIT METOX COMpPOTHB-
JeHni, MOXHO, cneays 0. T'. Toncrory [18], yuects nepopManuio mo-
TOKa BOJHM3M CKBaXXWMHBI BBEIEHHEM JOMOJHHTEIBHOrO (UIBTDPAILHOH-
HOrO conmporusiesus P°, nonkmouaeMoro K ueHtpy 6aoka (puc. 58,a).
ITockonbky B Lentpe 6i10Ka ycraHaBIMBaeTcs CpefHWii B Npefenax
6a0ka Hanop He, a Ha KOHIle conpoTuBeHnst PO 3aKaeTcss HANOp BOAH
B CKBaxXuHe H¢, TO

@ = Zo =, (v, 64)
rae Q¢ — oGumuit MPUTOK K JAHHOMY GJIOKY.
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CooTBeTCTBERHO A1 OfHOpogHoro Ge3HanmopHOro MOTOKA, Korja B KauecTse No-
TEHIHATBHOR GYHKIHE BHIGHPAeTcsl BenHUHHA !/oh%, Bennunna DO cAsbiBaeTCH ¢ ray-
SuHaMd NOTOKA B Onoke hg H CKBaxuHe M. COOTHOUICHHEM:

2
=t
2Qs

B sToM cayuae Bupamenue aas D9 HaxofHTCA TaK XKe, KaK M AAs [OTOKA ¢
NOCTOSHHON NPOBOAUMOCTDIO € 3aMenoit T Ha k.

0= (V, 64a)

Beaununny D% M0OXKHO HaAWTH, HCXOHA M3 TOrO, UTO BOMH3H CKBAXKHHBI
MIOTOK MMeeT paiauanabHblii Xapakrep. Cuutasi, 4TO IOTOK MMeeT pajaH-
aJbHBIl XapakTep TONBKO B 6J10Ke CO CKBaXKMHOH, HalinieM ¢uibrpa-
I[HOHHOE COMmpOoTHBAEHHE P, MEKAY CKBAKHHON M cocenHuM GJIOKOM
(puc. 58,6) kak cocrosuiee U3 CONPOTHBICHHUS !/ D MEXKIy CeUeHHIMH
/P—~B u A’—B’, npuyeM npu NOCTOSHHOM miare pasbusku P=1/T, u
conporuBJenus P.” cekropa 60Ka Mexay ceuenneM A—B u CKBaXKH-
HOH, TaK 4TO

1 d 1 2 alx
b =L b+ =—-(o,5 2 1n ) V, 65
c=g P b= o re (v, 6)
ITo naHHBIM MOJENKHPOBAHHSA HA CETOYHOM MHTErpaTope H Ha MOMe-
au ATJJA 6bino noayueno a=0,53.
Janee nafinem sennuuny P° u3 ycaoBHSA SKBHBAJEHTHOCTH CHCTEM
conporusienuii 4P, u 4P 4 PO;

& =1 (@, —1) =-—-—1-~(ln aAx -—0,785) -
4 2aT e
1 ‘ Ax _ i - 1 __L
= (m - ) 11— 0,785, (V, 66)

Taxoro poma Bbipaxkedue Aas D° BuepBbie ObIO NPENJOKeHO
10. T'. ToncroBbiM, NpHYEM IO €ro NaHHBIM, NONYYEHHHIM [0 Pe3yJbTa-
TaM ONBITHEIX PACYETOB HA CETOYHOM uurerpatope, A=1,62; 8 YOHHUU
{10, 21] nonyuynnu A=1,57, pacnpocrpaHss pagualbHbIii XapaKTep fo-
TOKa RO HeHTpa cocennero 64oka; npu a=0,53 umeem A=143.

Pemenne psana THTOBBIX 3aiay Ha 3JeKTPOMHTErpaTope IoKasaso,
4TO NPH pas/HYHHIX pa3bukax A uamensercs or 1,6 (npu noapo6uoi
pasbuske) nmo 1,43 (nspﬁ penkonr pa3GuBKe); [OITOMY IPaKTHYECKH
MOXHO cuntath A=15, TeM Gosnee, uTO HeGOMbLINE H3MEHEHHUS BeJH-
yuHbl A HE3HAYHTELHO BJHAIOT HA PE3YJAbTATH PAaCYETOB.

Ipu nanuuum B G70Ke n PaBHOMEPHO OTCTOSIUMX APYT OT ApPYra
CKBaXHH OfNHAKOBOr'O PafHyca rc ¢ 3aJlaHHEIMH YPOBHAMH MOXHO 3a-
nHCcaTh YPaBHEHHA:

R

m

_ %R, @ R o
Sl 2aT In re 2nT In ra et 2nT In

Si= iR B Ry g ey R

2nT 1y e 2aT Tns
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S, = ..9_1_1;1._8,._]_ _Q_Lln_fi I &Alni
onT  rin onT  rop ol re
rae Si, Sy, ..., Sp — TOHMKEHHA B CKBaXuHAX COOTBETCTBYIOLIEro HO-
Mepa; Qi, Qg ..., Qn— 1eOUTH CKBAXHH; Fin — PACCTOSHHE OT CKBA-
SKHHEL HOMepa [ 10 CKBaXKHHHl HOMep Nn; R — pacueTHOe paccTosiHde A0
obnacrefi nurauusa. M3 aro#i cucTeMbl ypaBHeHH# HaliieM 3HayeHue
cpenHeapnMeTHIecKOro NOHUXKEHHS:

Scp: Sl+sz+"'-+sn

=

n
Q ] R Q. R
= ~ 111 In e ———— JRPN
2aT Vrc-rn-...'rm—}. 2aT "/fﬂ'rc”.n'm+
+ Qn In R

ol Vrmfmc .- 7c
IMockonbKy IS PaBHOMEPHO DACIONOMKEHHBIX CKBAaXKHH

V”c"'m‘---"ln:]/fzx"’c’---fzn=Vfa1‘fnz‘---fc—'“'-f;u (V, 67)

TO Bhipaxenue A S¢p MPUHHMAET BHA:

— QcyM __R_
S, = %?ln o (V, 68)

T. ©. OKa3HIBAETCS BO3MOXKHBIM 3aMEHHTb CHCTEMY CKBAXKHH 3KBHBA-
JIEHTHBIM KOJOALEM, PAHYC KOTOPOTO Iy Onpefensitor coraacuo (V,67),
NpHUYeM NOHHXKEHHEe YPOBHA Ha 3TOM KOMOMle HAZO 3afaBaTb PaBHbBIM
CpefHeMy NOHHXKEHHIO YPOBHA B OTAENbHBIX CKBaXKHHAX.

Cineno0BareNbHO, IPH MONETHPOBAHHH CKBa)KHH, DABHOMEDHO pac-
NOJIOKeHHHX B Npefenax OloKa, BeJHYMHY AONOTHHUTENBHOrO CONpo-
TuBenuss D0 MoxHO Haxoauth no ¢opmyae (V,66), 3ameHsas TOJbKO
CKBaXHHY DHKTHBHBIM KOJMOLUEM C DAaJHYyCOM rx H NMOHMXeHHeM Scp.

DTOT npueM MOXeT NpUMeHsTbcs B Godee obweM ciaydae —IpH
HATHYAM B GJOKe HepaBHOMEDHO PAaCHONOXKEHHBIX CKBaXuH. Beauuu-
HY ’x MOXHO IIpH 5TOM pacCUMTHBATL MO J@HHBIM MOAJIHPOBAHHUA
CHCTEMBl CKBAXKHH, HaXOASIIMXcsl B Tpefenax AaHHOro O/l0Ka, B yc/o-
BHSX ycTaHOBHBUIeHcs (QHIbTPAlMK NpH MPOM3BOJIBHOM KOHType mia-
CTa, pacmojaraeMoM Ha JROCTAaTOYHOM YIAJEHHH OT CHCTEMbl CKBAXKHH
(nopsinka ABYX pasmepos 6ioka). OmpenesnB pacxon, npuTeKaoUHH
K cHCTeMe CKBaXkKHH, MOXHO Jajiee HaHTH BeJIMUHHY 7x M3 COOTHOLIE-
HuA:

g R =273 S (V, 69)
Tx Q
rie R—pacuetnoe paccTostHMe 1O o6nacTeidl NMUTAHWA Ha BcnoMora-
Tenbrolt Monenu. (Ecau na BenoMoraTebHOM MOJENIH 3a1aTh KPYTroBylo
rpaHuUy, TO BeJuuMHa R GyzeT paBHa ee Pamuycy.)
Vcnonbays Metof GuiabTpallMOHHBIX CONPOTHBJIEHHH, aHANOTHIHYIO
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METOZHMKY MOXKHO NPUMEHHTb NPH MOAETHPOBAHHH KOHTYDHBIX CHCTEM
cKBaXKHH u JpeH. B 3TOM ciayuae cpezHufi ypoBeHb B 6joKe Hg Gyzer
COOTBETCTBOBAThH CpefiHEMY YDOBHIO Ha JIHHMM CKBaXKMH WM ApeH Hj.
3nas 3aBUCHMOCTb, CBSI3bIBaIOIMYI0 Hz ¢ He unun Hy, MOXHO 1O ¢op-
myaaMm (V,64) Haiitn BepaxeHus aiast @0 B pasHbix ciayyasxl.

Ilns GecKOHeuHOro psiia CKBaXKMH, KOrja MOTOK NDPHBOAAT K JH-
HellHOMY B I1aHe, IPUYEM AJjsl NPOCTOTH ero LHPHHY NPHHHMAIOT PaB-

ot 1 M (xorna Qs=¢g=4Qc/0), a H; cBsA3aHo ¢ H; mno ypaBHeHHIO
(IV,24):

= (v, 70)

Jlasi MJIOCKOrO B MJIaHe NMOTOKA NpH HAJXHUMH B PaCyeTHOM GJOKe
ne cKkBaxkHuH (N¢>3), pACNONOKEHHBIX N0 JHHEHHOMY B NJaHe KOHTY-
DY, MOXHO CHOBa BOCMOAb30BaTbcs cooTHowennem (IV,24), wumes
T0.1bKO B BHAY, 4T0 Qs=n.Q.. Torna

@ =

n.T
Jaa GecKoHeyHO! HeCOBEpIIGHHOH IOpeHH!, KOTZa NMOTOK CBOAHUTCS

K JuHehiHOMY, Beamuuna Hy cesasbiBaercsi ¢ Hy ypasuenuem (IV,30),
npu Qo= gy, NONYUHM:

fe v, 71)

& — 3‘;&5,{_,1. v, 72)

Jas naockoro B MyaHe NMOTOKAa HNPH HAaJHYMW B pacyeTHOM OJoKe
HecOBepILeHHOH ApeHHl NIUHON By

B = —BE, (V, 73)

T. e. 31echb conporunienne PO onpenensieTcs KaxK AJs yyacTka MOTOKa
JJHHON Dy M LIMDHHON, paBHOH AAUHe APeHBl B Mpefenax 6aoka By,

Ipu MomenupoBaHHK GeCKOHEUHBIX DPsNOB CKBaXKMH WM JApeH H
JUHENHOM XapaKTepe NOTOKA B IaHe PAa3OUBKY Jyullie OCYILECTBJIATDH
TakuM 06pa3oM, uTo6bl JHHHH CKBAXKHMH M peH NPHYPOYHBANHUCH K Ipa-
Hunam GJOKOB.

Jns uIMpOKMX KaHAalOB H BOJOEMOB CONPOTHBJIEHHS NOJMKHBI MOX-
KM04aThC N0 TOMHON cXeMe —3Be3AH HIH TPEYTOAbHHKA (CM.
puc. 37, 38), mpuueM Ha CETOYHBIX MHTErpaTopax yAOGHee OGBIYHO:
ocyulecTsasercss cxema 3Be3nn. Tlo 3Toit cxeMe Aasi OZHOMEPHOrO B
niaHe NOTOKAa KaHaubl. (BomoeMbl) IlesecoofpasHO pacnojarartbh 1O
rpaHHUaM GJIOKOB M TMOACOSAMHATh HX Yepe3 (PHAbTPALKOHHBIE COMPO-

. Ax
tuienus Py n Py i11=Py, i-1=Pa"+ - (puc. 59,a), npuueM 3Ha-
YeHHA 3THX CONPOTHUBJEHHH ONpPENeNsIOTCS B COOTBETCTBHH C PEKOMeH-

! TpuMeHHTe/BHO K DPacyeTaM 3JeKTPOOCMOTHUECKOH ¢uAbTpAlMH TaKoro poxa
cxema npensoxena B pabore [14].
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nanusimu § 4—6 ra. IV, Ias n1aHOBOro moToKa nmpu NPOH3BOJILHOM
pacrnosioXKeHHH KaHala (BogoeMa) B OJIOKe JONMOJHHUTEIbHble TOPH3OH-
TaJ/JbHble CONPOTHBJICHHSA noéasnmo'rca K TOPHU3OHTAJbHBIM CONDOTHUB-
JeHuaM MexXay Gaokamu (puc. 59,6), packjajbiBasch B pa3JHYHHX HA-
npaBJeHHAX [0 NMPAaBUAY HapaijenorpaMma. B coOTBeTCTBHH C 3THUM:

— ~—

?, A D
Ar cosa, D, == ' " sina. (v, 74)

T TAy TB, TAx ' TBy
Ilpu nocTpoeHHH MOXEIH CETOUHOIO MHTeTpaTopa 3ajaloTCs CETKH
FHAPAaBAHYECKHX CONPOTHBAEHUH O MJIH 3JEKTPHYECKHX CONpPOTHBJE-
uuft R, nopo6uble MoOAeTUpPYeMBIM CHCTeMaM (HIbTPALMOHHBIX CONpO-
THBJIEHUH, IPHUYEM BEJTHUHHE 0 ¥ R ONpefeastioTcs Mo BHGPAHHBIM Mac-
mrTabaM CONPOTUBAEHHH O, HIU OR, T. €

p=a® uR=a. (V, 75)

Hanpnmep, OpH MONENHPOBAHUH HA THApOHHTerpatope O6JoKa C
KOHTYPHOH CHCTeMO¥ CKBaXXHH HJM JpeH (cM. puc. 59,8) B y3ses, COOT-
Bercmymumu 3TOMy 6JI0Ky, H00OaBasieTcst THAPaBJAHYECKOe CONPOTHB-
Jerue p® yepe3 KOTOpOe y3eJ COefHHAETCH C BOJOCAHBOM, MOAEIHDY-
IOLIM YPOBHH B CKBaXKHHe WJIH JpeHe, NpHuYeM

00 = a . (V, 75a)

Puc. 59. Cxema® conpoTuBiennft B 6/10KaX CO CKBa’KHHAMH, ADEHAMH H KaHalaMH:
a — Kanan (ApeHa) npH OJHOMEDPHOM B NJaHe NOTOKe, 6 — KaHan ‘(mpeia) npH _JBYX-
MepHOM (TJIOCKOM) B MJaHe NOTOKE, 8 — DPSII CKBaXHH (y3Kas JApeHa) NpPH JHHeAHOM
B nJjaHe INOTOKe
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T'rasa VI

OCHOBbBI PACYETOB BONONOHHU)XEHHUS U APEHAXA
IPH HEYCTAHOBHUBIIEMCS PE)XUME ®HJIbTPALIHH

§ 1. HEYNIOPAALOYEHHBIE CHCTEMBI H PAJlb!I CKBAXXHH
NnPH NOCTOSHHOW HHTEHCHBHOCTH BOJOOTBOPA

a. OauBHOYHble CKBAXXKMHBI H HEYNOpAJOUYECHHbIE CHCTEMbI CKBAXKHH

Pelienus /st HeYNOPSAOYEHHBIX CHCTeM CKBaXKHH B THIOBBLIX YyCJaO-
BHSIX HCXONST M3 pelllenust Tefica NI CKBaXXHHBI (HCTOYHHKA-CTOKA)
B HeOTpaHMUEHHOM IO IJIowWaau naacte [5, 22, 28], cornacHo KoTopo-
MY TMOHHXKEHHe YPOBHS S Npu OTKauKe M3 CKBaXKUHH ¢ J1e6uToM Q Ha
PAacCTOSIHHH OT CKBa*KHHB # B MOMEHT BpeMeHH [ ¢ Hauaja OTKauKH

Byner:
_ Q I r2
S=2futr 0, felr ) =— - Ei(—=1). (VLD

rae Ei— yurerpanbHBfi 3KcnoTeHHuas, Tabaupa 3HauyeHHH KOTOPOro
npuBefieHa B NPUAOXK. b.

Hcnonbsyst MeTOf, 3epKaabHBIX OTOOpa’KeHUl U H3BECTHBIE METONH
pellieHust NapaGoAHYeCKHX ypaBHeHHH, MOXHO MNOIYYUThb pellleHds N5
pas/MuHbIX THIOBBIX YC/IOBHI Ha KOHTYpax miacta. HauGoslee noapo6-
Has CBOJKA TaKOro poja pellenuft npusefena B paborax [5, 16].

Ipu HaJuuu¥ HEYNOPSTOYEHHOH CHCTeMbl CKBAXHH ofIlee MOHH-
sKeHne ypoBHeil OnpefielsieTcss KaK CyMMa NOHHXKeHufi OT AeHCTBHA
KaXJ0H CKBaXKHHH B OTHEJbHOCTH; NpUUYEM, eCAd CKBAXKHHBI HAayHHa-
0T paGoTaTh B pa3HOe BPeMs, TO BeMHYMHA [ JUISt KaX/OH CKBaXHHBI
OTCUHTHLIBAETCH OT MOMeHTa ee BKIIoueHusi. Ecau Xe HeGuT CKBAaXUH
CO BpeMeHeM H3MeHsIeTCsl, TO MOXHO JeHcTBUTeNbHb rpaduk nebura
3aMeHMThb CTyNeHYaTbiM, Korja B MOMeHT f=0 neGur usMensiercs ot 0
10 AQo, a B MoMeHTH ¢; — Ha AQ;. Toria pellleHne Ha n-HYI0 CTyNEHb

HMeeT BUI:
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Y40
S =Y felr, t = 1), (VL,2)

=0

Ilpu MOHOTOHHOM 'BO3pacTaHuu JeGHTa CKBaXKHH MOXHO TNpHMe-
HATH NPUGJIMIKEHHBIH [IPHEM, ONpeenss TIOHUKeHHe YPOBHS S or Jefi-
CTBUSt ONXHOM cKBaXuHbl no dopmyie (VI,1) u npuHuMmMas B KauecrBe
Q ero 3HaueHHe Ha pacueTHHIH TIEPUOJ BPEMEHH; IPH ITOM BMeCTO Aefi-
CTBUTETBHOTO BDEMEHH OTKAuKH [ cilelyeT 3afaBaTh PacueTHOE BpeMs
tp, onpenensieMoe no ¢popmyae:

W
fp =5
rie W — ofiiee KOAUYECTBO OTKAUEHHOH BOABI U3 HAHHOH CKBAaXKUHHL

Crporue pelieHusl A48 CKBaXXHH NPH HEYCTAaHOBUBIIEMCS peXHME
huAbTpaluE MOTYT ObITh NOJNYYEHbI ISt CPABHUTENBHO OTPAHHUEHHOTO
kpyra yeaopuil, ITpu c/OXKHEIX KOHTYpaxX NUTaHHA LleJecoo6pasHo mo--
n06pare npubaIMKeHHOe pelleHue 3afauy, KOTOpoe 1aBaJo Gbl XOpOUyIo
OLIeHKY W3MeHEeHHS! YPOBHeH BO BpeMEHH H COBMAafaJo CO CTPOTHM pe-

nieHueM npu ycrasoBusmefics duabtpanun. C 3THX MO3uuui npubau-
JKEHHYIO 3aBUCHMOCTb ISt ONpeleNeHHsl [c MOXHO TIpeACTaBuTb B

BHIE:
e Y Tl 2\ _E{_R
fe= 4n [El( 4at) Et( 4at ] (VI, 4)

rae R — pacueTHoe pacCTosHue N0 oGjacTel NMUTaHUS M CTOKa, Ompe-
nensemoe o ¢opmynam (puc. 50), a B o6mEeM BHIIE — COTJIACHO
(v,62).
ITockobKY npu OOMLUIHX ! MOMXKHO CUHTATh:
2
— Ei ..._.’_M)= In2:2% gl _Ii’_.) =022 (y1, 5)
4at 4at Re

re

(VI, 3)

T0 ¢opmyna (VI4) neilictBuTenbHO B mpelene Npu f~>co MepeXoaHT
B Bbipaxkenue (V,63) nns fe npu ycranosusmeiics gpuabprpauuu. TakuM
oGpa3oM, npejenbpHOe 3HAayeHHE [OHUKEHHS YPOBHsI ONpelessieTcs €
ucnonap3oBaHneM Gopmyan (VI,4) coBeplieHHO TOYHO.

Ouenka npumeyuMoctH Gopmyan (VI,4) nas TUNOBBIX KOHTYPOB
nuTaHus (IpAMOJHHEHHOrO W KPYroBOro) MoOKa3ala, YTo HX Horpell-
HocTh He TipeBbitiaer 10—15% [26].

JLs1s1 KOHTYPHBIX CHCTEM, COCTOSIIIMX W3 GOJBIIOro YMCAa CKBaXKHH,
nenecoo6pasHo, KaK U B YCJIOBHSX YCTAHOBHUBLIETOCH PeXHUMa (QUABT-
palyi, NepexofuTh K CHCTeMaM JHHHU paBHOro NMpHTOKa [4, 7, 16].

0. Psannl CKBaXKHH

ITonb3ysich METOROM CONpOTUBJAEHUE, epeiieM OT PSIOB CKBAXKHH
K GeCKOHEYHO JJHHHBIM TpaHIUesM (JIHHHAM DaBHOTO IPHTOKa), Ha
KOTOPHIX NIPH MOCTOSHHOM JeGHTe OTKAYKH AOIMKHO BHIIOMHATBCH YCa0~
BME€ DABEHCTBA BOXOOTGOpA W3 CKBAXKMH NPHTOKY K JHHHH C ABYX CTO=
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pos. /st noToka ¢ NMOCTOSIHHON NMPOBOAMMOCTBIO, KOFJa Hauago KOOp-
auHat (x=0) npunuMaercs Ha JUHHH, 3TO ycjaoBue OyHer:

( oH
km
ax

Q
s o hee) 7= (VL0
rie g — HOTOHHBIH HpHTOK K JUHHH CKBAaXUH.
Jas JuHUN B HEOTPAaHMUEHHOM OJHOPOIHOM IIacTe
oH oH |
._é; x==-}-0 _TB;:— [x=—0
n (VI,6) npuxuMaer BiJ YCJOBHSI BTOPOIO poja:
=q=2 (V1, 6a)

x=0 o)

okm 2
ox

Penienne oanomMepHOro ypaBHenusi HeyCTaHOBHBIIEHCS DHIBTPAIHH
npu rpaHuyHoM ycaoBud (VI,6a) um HauaabuoM ycaoBuM S=0 uMeer
sun [13]:

—-%;—VE?P(K), xﬁ—ﬁ; (VL, 7)

3Haqeﬁm ¢yuxkuun P(A) Moryr ompenensTbcs no Tabaulle, npH-
BeeHHOH B NpHJIOXK. 6.

Has caysas, KOraa JHHHS CKBaXKMH pacnoJjaraercss BOiusu o6ia-
CTH NUTaHuS CTOKAa (peKH), NOAb3YysCh METOJOM 3epKaJbHBX 0TOGpa-
JKeHul, TOMyUuM:

B Vo P\ —
S_km Vat[P(\)—P(\)], A=

X
rae t’'=2L+x — paccTosiHue OT OTpaXKeHHOH JAMHHH 10 PaCUeTHON TOY-
Ku. Ilpn pacuerax nOHMXKEHHS YPOBHsi MeXAY DeKoH M JUHHeH HaNo
HMeTb B BuAy, uto P(—A) =P(}).

Ias caydyas, KOTAa JMHHS CKBAaXKHH pacnojaraercst B IOJOCOBOM
nJacTe MeXny NEyMs 06JacTAMH TIHTaHHA HJAH cToka (puc. 60,aj, pe-
uIeHHe TaKXe MOXeT ObITh NOAYYeHO MeTOJOM CJAOXKEHHS TeueHHH B
BHJe 0ecKOHEeyHOro psja:

§=-2Vat{P() + WP () + P () — PO~ PO (V1 9)

n=1

___Lch-—,ﬂ C AnL—Lc+x. = AL+ 4nL - Le—x

T oeyam " ova " oya
+  (@n—1N2L—L.—x - _ en—D2L+ Lo+ x 9
)"li ha 2]/52 H z‘n 2,/*&-2 * (V}'! a)
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Ilpu pacnonoXeHHH JHHHH CKBaXXHMHBHI B NOJOCOBOM IJlacTe C He-
NPOHMLAEMBIMH TpaHHIAMU aHAJOTHYHBIM 06pasoM MoOXeT OuThb IO-
Jy4eHo:

S— f‘... Va {p () + 2 [P(A)4- P(An) + P(MY P (A7 )}}, (V1, 10)
m

n=1

Tle 3HaYeHHS A, An', A", Ant, An~ Onpenensiior cornacuo (VI,9a), npu-
ueM BeaHunHs L, Lo, X HAXOAAT TaK Xe, KaK U B MpeAbIAyLiel cxeMme.
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Puc, 60. CxeMpl X pacuery psifla CKBaXXHMH B IIOJIOCOBOM TJiacte:
@ —naactT MeXAy o6JacTAMHM NUTAHUSA — CTOKA3, 6 — nyacT MeXAy o6/aacThi0 NuTa-
HUSL — CTOKAa M HEMPOHHIAeMbIM KOHTYpOM; [ — KpHBasi [eNpecCHH eCTeCTBEHHOIo
N0TOKa; 2 —TO e NpH OTKauKe H3 CKBAXKHMHBI; J — JHHHS CKBAXKHH
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Taxum ke o6pa3oM Ajas Ciyuasi, KOTJa JHHHS CKBAaXKHH PAcCnoJo-
JKeHa B MOJOCOBOM mjacre MeXAy 06sacTbi0 NUTAHHS W HelpOHHLA-
eMofi rpauuueit (puc. 60,6),

- 9 v = ’
S~——;,;~Vat{1’(7v)+’§( 1P [P (h) +

+ P (M) + (=1 P (M) +P‘<mz}. (VI, 11)

Jns npakTaueckux pacuetos npu L>0,5 V af MoxHO yrepKHBaTh
TONBKO YJeHbl psfa ¢ n=1.

§ 2. CHCTEMATHYECKHHA JIPEHAXK C NMOCTOSSHHBIM MOHHWXXEHHEM
YPOBHS (cm. puc. 39,2)

Pacuer cucreMaTHueckoro ApeHaxa (Bemea.anoro MM TOPH-
30HTAMBbHOrO) B YCIOBHAX HEYCTaHOBUBUIEHiCS c}mnb'rpaunu ¢ MCno/b-
30BaHHeM MeTOoAa (HILTPAUHOHHLIX CONPOTHB/ACHUH 15 yueTa I'HAPO-
JMMHAMHYECKOTO HeCOBEpUIEHCTBA JApPEeHaxa CBOAMUTCA AJS NOTOKA HO-
CTOSTHHOH npoBoAuMOcTH TpH @=0 K pewenuio ypasrenus (II,3) npu
CJIenyxoxmlx FPaHUYHBIX YCJAOBHSAX:

H=Hy, npu t =0, ~A——0npnx=L,
9H _,_f!:_ffA -
=% opu x = 0, V1, 12)

rne ®n— npuBeneiHOe CONPOTHBJIEHHe HA HECOBEPLIEHCTBO ApeHa-

a; N5 FOPH3OHTATbHOTO ApeHaXxa D, =2 D, ;, npuuem Py, HAXOXAT
B COOTBETCTBHH C peKomenmanusmMu § 5 ra. IV, a 1as BepTukaabHOro
BpeHaxa

5“ = 20f,,

rfie fx onpenensior no dopmyne (1V,13).

B rakoit mocraHoBKe ypaBHeHHe [Js8 ONpeleleHHs TNOHHKEHHS
ypoBHst S npu orcytcTBuM HHbuAbTpamud (w=0) MOXHO NOJYYHTH,
HCIONB3YSl COOTBETCTBYIONEe pelieHUe YPaBHEHHUS TemJONPOBOAHOCTH
.im? OrpaHHYEHHOTO NTOTOKA NpPH YCJOBHH TPeTbero POJa Ha rpaHHuax
13]:

S=Hy,—H=(Hy—H,)-E(x,1). (VI, 13)

Beapasmepnyvio dyukuumio F(x, f) B nepuox pa3BHTHA KpuBOH Je-
npeccun (pu L>2 Vat) MOXKHO OnpefensdTb KaK AJs NOJYyOrpaHu-
YeHHOro NMOTOKa, Koraa F(x, ) =0 (A, t), npuuem O (A, v) HAXOHAT NO
rpagury (cm. puc. 22), 3auMcrBoBaHHoMy u3 [13, ctp. 147] npu
X Vat



B nepuon cpabotku kpuBo#t aenpeccuu (npu L<2 V;t) s pac-
YeTOB YpOBHEH MeXny ApeHaMu Beruuurny F(L, f) MOXHO onpegeisith
no gopmyJe:

F(Lf)=1—Aevs, vy = Y2, (VI, 14)
rlie napamerpbl A ¥ v HAXOJAAT N0 CAEAYIOUWIHM JAHHBIM:
Lidg, .. .... 0o 0,2 0,5 1,0 2 5 10 fore)
A, ....... 1,00 1,031 1,07 1,119 1,178 1,240 1,261 1,273
2 0 0,433 0,653 0,80 1,077 1,314 1,429 1,571

Ipu 72> 3 MOXHO MOJAb30BAThCS YNPOLEHHBIM NPHEMOM PacyeTos,
OCHOBaHHBIM Ha yAJHHEHHH NOTOKa Ha BeauuuHy @y B sTOM cryuae
Besuuuny F (x, f) MOXHO pacCuHTBHIBATbL I/ NEpBOro Hepuona (NpH
L>2 Vat) KaK [JIf CXeMbl NOJMYOrpaHHYEHHOro NOTOKA, a AJ1s BTOpOro
nepHoia KaK /IS CXeMbl OFPAHUHEHHOTO MOTOKA ¢ HeNPOHHIaeMOft
BepxoBo#t rpanuuei (cM. trabn. 1) pnmuoit L+ Py, 3aMenss BO Bcex
cayyasx x Ha x+ Py, T.e. KaK OB cHOBHMaf JAPeHY HA PACCTOSIHHE
AL=3,,

Jl1s 0HOpOXHOrO Ge3HANOPHOrO NOTOKA Ha FOPM30HTAJbHOM BOLO-
yHope MOXHO CYHTATh IyOGUHY NMOTOKAa A B MOGOM CEYEeHHH HO ypas-
HEHHIO:

h=V B— B —K)F(x, 1), (V1, 15)

npuueM F(x, f) onpenensiorT Kak W paHee NMpH a= ﬂ‘fi . Cpensioro

ray6HHY NOTOKA Acp PACCUHTHIBAIOT B MEPBLIH Mepuod no Gopmy.e:

hy = 2ot le, (V1, 16)

BO BTOPOH Nepuoi— B MepBOM npubamxennn no ¢opmyne (VI,16),
a BO BTOPOM MNpubanKeHuH — 1o dopmye:

hp = =12 (VI, 16a)

Tle hi—ray6uHA MOTOKa B cepejuHe MeXAY ADEHAMH B pacueTHbIH
MOMEHT BPEMeHH.

Ilpu Hanuuun KpoMe TOro HHOHABTPALMH HHTEHCHBHOCTBIO W, KO-
TOpasi NeHCTBYET B TeueHHe BpPeMeHH f, 1O MOMEHTa pacyera, pelie-
HHe MOXHO NOJNYYHTb, BOCNOJNb30BaBUIMCL ypaBueHueM (11,21) u mpu-
MeHsIsi METOA CJICXKeHHS TeueHuHl, B cjaemnyiolleM Buie (mpu T>3):
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1) nas noroka ¢ T=const Hanop H B n1060i Touke HAa PACCTOSAHHUH
X OT JpeHbl OnpelensiioT ypaBHEHHEM:

H=Hy—(Hy—H,) F(x, 1)+ 22; (2,;~ M — gy sin %)

PR PR . S (V1, 17)
L+, L+ By
2) nas OgHOPOAHOTrO Ge3HAaNOPHOTO NOTOKA HA TOPH30HTAJbHOM
BOROYHOpE

h= ‘/hﬁ—-(hg——hi)F(x, t)+i”fi(2£._£§-%sm -"-2"—) (V1, 18)
Tlie Qp HaXOAAT no Tabaulle, NPHBEAEHHOH B NpHIOK. 4 nipu f=1ly.

§ 3. ABA PAJA JAPEHA)XA C NOCTOSHHBIM NOHMW)XEHHEM YPOBHSA

JLnst 57O cXeMHBl IpeHaxka pacyeTHble 3aBHCHMOCTH COCTABHM TOMb~
KO JIJ5i CXeMBl NIOTOKa C HOCTOSIHHOH MPOBOAMMOCTBLIO, HMes B BHAY,
YTO 1/ OLHOPOAHOFC H TOPH3OHTAJNBHO-CAOHCTOTC Oe3HaNOPHLIX IO-
TOKOB DemIeHHs MOI'YT ObiTh COCTABJEHB! ¢ MOMOLUBIO OOGIMHX NEepexoj-
“HBIX COOTHOLIEHHH.

Ilpn pacuerax IpeHaXKHHX PSAJOB C TNOCTOSHHBIM MOHHMKEHHEM
YPOBHS B JpeHaXKe, HCHOIb3ysi MeTO[ (DUIbTPALMOHHBIX CONPOTHB/E-
HHH, GopMyaupyercs clelyiouiee rpaHHYHOe YCAOBHE Ha KOHTYpe Ape-
Ha)a, pacrnonaraeMoro B cedenus x=1L:

9 .98 _ 55 = S1—S:
T 0 |x=L-0 0% |r=L40 ER (V1, 19)
npHYeM
@,z =05, (V1, 20)

a. Peunienne AJist O0HOTO PAAA CKBAXHH B HEOrPaHHYCHHOM OHOPOAHOM
Jjiacre

Pacnonoxum npeHax B Hauaste xoopaunat (x=0) u 3amernm,
YTO B 3TOM CJy4Yae B CHJAY CUMMETDHH:

95 = 95
x=—0 O0x

=Tz
x==-0 r

u ans ob6aactu ¥ > 0 ycaosue (VI,19) npunumaer BuA:
98,
Ox

Ocranbrble yeaoBua chopMyanpyeM oObiunbpIM ob6paszoM: S=0 npu
t=0, S=0 u 0S/0x=0 npu x—>oo. TakuM 06pa3oM, 3agaya CBOAHUTCSH
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Si=S:i g, =8

3

(VI 21)

x==0



K pelieHulo ypaBHenusi Pypre npu ycaoBun Tpetbero poxa (VI21),
KOTOpoe pa3ofpaHo B Teopuu TemaonpoBomHoct [13] u B nmpuHATHX
o6o3nauenusnx npu x>0 uMeet Bun !

S=S8_08( 1), A=, 17=—-V€t-. VI, 22
w8 (4 T) 2V at B+ x ( )

Tpaduk dyurunn © (A, ) npusened Ha puc. 22.

6. Pacuer pa6oThl ABYX ApeHakHblx psapos (puc. 61)

[Tpumensin MeTox (QUIBTPAUMOHHBIX CONDOTHUBJEHHY, CBOAHUM MNO-
CTAaBJIEHHYIO 3aJayy K pelleHUI0 OJHOMepHOTO YDaBHEeHUS HeyCTaHO-
BUBHIeficd GuIbTpaluy¥ NPH HauaJbHOM Yca0BHH S=0 d TpaHUYHBIX
yeaosusx: na Apenaxe (VI,19) u Mexnay ApeHaxHbIMH psZaMH (B CH-
JY CHMMeTpHH):

95 0 mpu x=0. (VI, 23)
ox

Crporoe pemedue IOCTaBAeHHOA 3aflaud  JOCTATOYHO CJAOXKHO,
3¢ eKkTHBHOE ee pellleHHe NOJYyyaeTcs C HCIIOJb30BAaHHEM CETOYHBIX
MHTErpaTopoB — FHAPABJAHUECKOT0 H 3jJeKkTpuyeckoro. Ilpu pacuerax
Ha ruipasauyeckom uHterparope B. C. JIykpsiHOoBa cxema ruapomoe-
JH B JaHHOM cJyuyae HUMeeT BUJ, NpeAcTaBJeHHBIH Ha puc. 6l.e. Tun-
paBauyecKHe CONPOTHUBJEHHS Q 3afalOT NPOHOPHMOHAJBHBIMH (GHJIbT-
PANHOHHBIM COMPOTHBJAEHUAM P, a eMKOCTH & — NPONOPIHOHATLHBIMA
eMKocTsaM 610KoB C, KOTOpHle Onpefessior 0 GopMyIaM:

4
® = A;‘ , C=pAr, (V1, 24)
rie Ax’ — paccrosHue Mexnay 6aokaMu; Ax — nauHa 670Kka (mpu pas-
HOMepHOH pa3buBKe Ax=Ax’); u— BoROOTAAYa Naacta (B YCIAOBHIX
HallDPHOTO NOTOKA B KayecTBe W cJelyeT NMPHHUMATL YIPYILYIO BOJO-
oTgauy naacra). Macuitab BpeMeHH o BHIYUCASIOT 0 GopMmyIe:
4
ArAx’ (VI, 25)
apw

CB0oe0Gpa3sHbiM B 3TOH CHCTeMe SBJSETCS y3eJ, COOTBETCTBYIOLIHH
JHHUH CKBaX{WH, B KOTOPOM HaJZO BuINOAHUTHL yciaosue (VI 19). Kak
nokasoiBaJjock pasee (§ 6, ra. V), mpu pelleHHsiX C HCHOJb30BAHHEM
MeToda (uABTPAUHOHHBIX CONPOTHBJAEHHH s CHCTEM JpeHaxa ¢ 3a-
JaHHBIM (B JAHHOM CJAyyYae NOCTOSIHHEIM) MOHHXKEHHEM YDPOBHS BOJABI B
fApeHaxe [peHa*kKHblfi 60K NMOLCOEAMHSIIOT K YCTaHOBKe TpPaHMYHBIX
VCAOBHH, COOTBETCTBYIOIIHX VYpPOBHIO (MOHMXKEHHIO) B JApeHaxe:
Hyp(Sgp), yepe3 monodHHTeNbHOe G(GHIBTPALHOHHOE CONPOTHB/IEHHE:
@0, onpenensieMoe B JaHHOM clydae 1o (opMyJe:

b
PO — nE (1V, 26)
T

o, =

! B HecKOJbXO HHOH NOCTAHOBXe aHaJoTMyHoe pewedne noiyyeso M. U, IIsu1-
nepoM [23].
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Iostomy Ha runpounterpatope G6JIOK, BKAIOYAIOUIMA JAHKIO JpeHa-
JKa, TIPHCOEMHAIOT K BOJAOCIMBY, 3afalolieMy TpPaHHYHOe YC/IOBHE
(ypoBeHb B CKBaXKHHe), yepe3 CONpOTHBJAeHHE p®, KOTOpOE MOXKHO Hai-
TH H3 COOTHOLIEHHS

0 P
R S (IV, 26a)
P Ax

ITpn pemenun 3Tofl 3ajlauy Ha THAPOHHTErpaTOpe INOCJAE MOATOTOB-
KH THAPABJHUYECKOH CXeMbi BO BCeX Nbe30MeTpaxX YCTAHABAMBAJIACH
MOCTOSIHHEIE YPOBHH, a 3aTeM YPOBEHb B BOAOC/HHBE MTHOBEHHO NOHH-
¥KAJACS 10 BEIHYHHBI, COOTBETCTBYIOLIeH ypoBHIO B ApeHaxe. [lanee B
OlpefieeHHbIe MOMEHTH BpeMeH# (QHKCHDOBAJHCh YDOBHH B OTHelib-
HBIX Tbe3oMeTpax. I1o JaHHKWIM NIPOBe/leHHBIX PacueéTOB COCTaBJEHH!
GeapaszMepHble rpauku (puc. 62) oTHOCHTENbHBIX NOHHKeHHH YPOBHS
Ha JUHWH ApeHaXa S;=Sz/Syp U MocepefHe MeXIy NPeHAXHbIMH
psinamu (Ha HenpoHHUaeMoM KoHType) Sy=Sy/Spp, Raa paznIaUHBIX
L=Ly/L, npiyem kpusas npu Ly=0 nmocrpoeHa TeopeTHYECKHM IIyTeM
¢ ucnoan3opanuem tabaun H. H. Bepuruna {1]. 3asucumocts S; oT
Ax ipu A;>0,6 okazanach MpaKTHYeCKH He3aBHCHMOMH oT L.

Hasi cnyvaeB L=0,2 u L=1 6ba Tak¥e NpoBeleH NOBEPOYHBIH
pacuer Ha JIeKTpOHHTErpartope no cxeme Jln6maua (§ 5, ra. 1), xorzaa
JOTIOJIHATENbHO K OGBLIYHOH cXeMe COMPOTHBJeHUN ROGABAAOTCA Bpe-
MeHHble comporusaenusi R; (cM. puc. 61,0), onpenesnsieMble B JaHHOM
ciyyae no Gopmyne:

At
Ri= —-. (VI1, 27)
pAx
Pacyersl Ha uuTerpaTopax JajlH Xopolllee COBIAJeHHE, TAK UTO NMpH-
BeJeHHble IpaduKH MOTYT UCNOJB30BAThCS B KauecTBE PaCyeTHHIX.

§ 4. MPUMEHEHHE METOJA KOHEYHbBIX PASHOCTEH AJIS PACHETOB
CHCTEM CKBAJKHH

Jna pacueToB CHCTEM CKBaXXHH B CJOXKHBIX THIPOTEOJOTrHYECKHX
YCJIOBHAX, KOra aHaJHTHYECKHe MeTOAbl OKa3bIBAlOTCH HENMpHeMJeMbl-
MH, MOXHO TaKiKe NPHMEHATh METON KOHEUHBIX Pa3HOCTeH. -

HenocpencrBenHoe npuMeHeHHe METORA KOHeWHHIX PasHocTed s
pacyeToB CHCTEM CKBaXHH Upe3BHYaHHO TPYJOeMKO B CBS3H C OUYeHb
CJIOXHHIM XapaKTepOM NOTOKAa BOJM3M CKBAaXHH (I ero pacuera
tpefyercs: BecbMa noppobHasi pa3buBka). OnHako 3Ty 3a/auy MOXHO
CHJILHO YIIPOCTHTB, €CJ¥ MPH MNOCTPOEHHH KOHRUHOPA3HOCTHHIX YypaB-

Puc. 61. [Isa nmpenauuix psifa B OZHODOZHOM HANOPHOM MjacTe:
a, 6 — QuabTPAUKOHHAN cXeMa ANA PSANOB CKBaMUH, 8 — TO Ke /s TOPH30OHTAJNLHOro
ApeHaka, 2 cxeMa THAPOMofenH, O -— CXeMa 3JeKTpOMofenu no ceTke JIuGmaHa;
1 —KpuBas HenpeccHH MO JMUHMM, TPOXOxsAulell Yepes CKBaXKHHBI, 2 — OcpejHeHHAd
KpHBas JeNpPeccHH; 3 — HaualbHble YPOBHH BOABL 4 — OCb CUMMETPHH
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HeHHH MCNOJB30BaTh HAEH MeTOAa (HAbTPALHOHHBIX CONPOTHBJEHHH.
PaccmoTpuM B TaKOH IOCTAHOBKe pacuyeThl OeCKOHEUHBIX JIHHEHHBIX
pAAOB CKBAaXHH, Koraa OuIbTPaUUOHHBIA NOTOK HMeeT B OCHOBHOM
JUHeHubIN B NJaHe Xapakrep. )

Crnenys nmpuHUHIaM MeToma conpotuBlenuit (ra. IV), caoxubiit
¢uabTpalHOHHBIH MOTOK BOJH3H KOHTYPZ CKBaXKHH MOXKHO 3aMeHHTb
SKBHBAJIEHTHBIM eMY NPSIMOJIHHEHHBIM NMOTOKOM, HO IIPH 3TOM Ha JIHHHH
CKBaXXHH CJeayeT 3alarh HeKOTOpHIHl OcpelHeHHBIH YpoOBeHb IIOTOKA

1 s _
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Puc. 63. Pa3buBka 0JHOMEPHOro TMOTOKA (K BHIBOAY KOHEUHOPA3HOCTHOrO ypaBHedHs):
WTPHX-IYHKTHPOM NOKa3aHbl LEHTPh 610KoB, 0—0 — MAOCKOCTL CPaBHEHHS HamopoB

Hy, KOTOpBIH CBS3aH C YPOBHEM BOABI B cKBaxunax H, o6muMun ypas-
nenusamu (IV, 24).

IlpumeHnenye takoro cnocoGa MO3BOJIsIET HCMOIb30BATh MJIs pacue-
TOB KOHTYDHBIX CHCTeM CKBaXKHH 3aBHCHMOCTH, COCTaBJIeHHble [
COBeplleHHbIX TpaHlledl. B CBSI3W ¢ 3THM BO3HHKaeT Heo6XOIHMOCTH
COCTaBHTb KOHEYHOPA3HOCTHOE ypaBHeHHe NAsl clyuasi, KOTAa B cepe-
ZHHe pacyerHOro GJIOKa pacmosoXeHa TpaHIIes, W3 KOTODPOH OTKAuH-

'

BaeTCda NOTOK C yAeJNbHBIM PacXoJioM g= ?l‘ .

OGosunauas pacyerHelit 610K HoMepom i (puc. 63), 3anuimem Ganan-
COBOE YpaBHeHHe B 3TOM 6JoKe:

H,  —H, H,,—H, .
—PASAx = Tp —1 0 A Ty LT Af Az, (VI 28)
Axt‘—l Axt'i};l

rae Tioy=Ri1mioy 0 Tip1=Rip1Miy) — CPeliie  3HAYCHHS TMpPOBOH-
MOCTH IIJ1acTa MeXAy HEeHTPaMH GJO0KOB.
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IMpu T=const u Ax=const ypasuenue (VI,28) npunumaer Bua:

T u(TAA:)z (Hit + Hipt — 2Hy) + -2 "A‘ , (V1, 29)
a ecJM TOJIOXKHTH!
T —0, (VI, 30)
TO
AS = ’1&!_;2_’_5:1 +Hy B g _%, (VI, 30a)

ITopsiaok pacueToB MO KOHEYHOPA3HOCTHBIM YpaBHeHHSIM 3aBHCHT OT
TOTO, KaKue yc.noanﬁ 3a/1al0T Ha KOHTYpe CKBaXuH: 1) 3anaHHoro ne-
6uTa cKBaXHH Q¢, 2) 3amaHHBIX YPOBHe! Ha JHHHUM CKBaXuH H; (unn
ray6uH NMOTOKA Ay), 3) 3amanublXx ypoBHel B ckBaxunax Ho (wiu ray-
6uH 10TOKa Ag).

IMpu 3anaunoM gebGute cKBaXuH Q¢ MOXKHO JJISl PACUETOB MOHHKe-
HHSl YPOBHS HAa JIMHHH CKBaXKHH HeIOCPeJICTBEHHO BOCHOJb30BAThCS
ypasHenHeM (VI,29), nockonbky MOTOHHBIE NMPHUTOK § fABJsETCsS H3Be-
CTHBIM (IIpH 3TOM INPeANoJaraioT H3BeCTHOH PACCTAHOBKY CKBAXHH H,
C/1el0BaTeNbHO, BeJAHYHHY O).

Ilpu 3ajaHHBIX YPOBHAX Ha JIMHHM CKBaxuH H; pacuer H3MeHeHHs
YPOBHeHl TPYHTOBHIX BOJ BeAYyT G OGBIYHBIM 3aBHCHMOCTSIM, a ITOTOH-
Hbifl IPHTOK coraacko (VI,29) ompeneasitor no ypaBHeHHIO:

H, ,—H Hy, , —H AS
g=Ti—" " T = L oA (VL 31)
Ax; 4 Ax‘_H At

ITpu 3apanmbIX YPOBHAX B CKBauHaXx H. Hano mpexie Bcero pe-
WHTh coBMecTHO ypaBHeHus (VI,29) u (IV,24), uroOB MCKIIOUATH U3
KOHEYHOPA3HOCTHOTO YpaBHeHHs BeAH4HHY ¢. IIpn 3TOM Haxo TOJNBKO
HMeTb B BHIY, uTO cBA3b MexAy f; u H. cienyer 6Gpatb Ha pacuer-
HBI{l MOMeHT BpeMeHH:

Qu = =2 (H,~AS —H,), (V1, 32)

rie Ty — cpennsas HpOBO}lHMOCTb MJ1acTa Ha JHHHM CKBAXKHH.
Torna, noxcrasassa Q. u3 ypasrenus (VI,32) B ypasuenne (VI,29)
M pelllasi TIONyYeHHOe YpaBHeHHe OTHOCHTeJdbHO AS, moayuyuM:

H,—H,_ H. —H; T
Tl—l __ﬁA_x,,,j,_l._ + Ti+l ._‘Xk_iil‘ - (H. ,,)
AS = = M « . (V1,33
Ax T,, (V )
l“
fx

! Coornowenue (VI, 30) 6Guio pekomenposano T. H. Kamenckum {10, 11] ¢
uenbtlo ynpouenus pacueroB; H. H. Bungemanom [1} uncieHHmM aHa/iu3oM NOKasa-
Ho, uto cootHomenue (VI, 30) maer ycTofiuusble pellleHHsi KOHEUHODA3HOCTHBHIX ypas-
Heﬂuﬁigwiaremamqecxoe JOKa3aTeJbcTBO 3Toro noaoxenus pano M. T. Ilerpos-
ckuM [20].
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B obuem cayyae ypasuenne (VI,33) momaxkno pemartscsa mogGopom,
TaK Kak JJsi onpefenenns BeauuuHsl Ty, Hano 3aatbh AS. Onnako
0ObIYHO TIOTOK BOJ/IM3H CKBaXKHH NPHHHMAaercs OAHOPOAHBIM. Toraa
npu nocrosuublx I 1 Ax ypasuenue (VI,33) mpumer Bun:

Ax

2H,—H,_—H, 1+ — (H,—Ho)
. ol
AS = b (A Ax . (VI, 34)
TA¢ ofy

Ias onuopoaHOro Ge3HamOpPHOTO NOTOKZ NOHHXKEHHe TJYOGHHBI Mo-
TOKa Ha JHHHH CKBaXXHH Oyner:

AS = h, +- of, %‘- — (VI, 35)

~ ‘/ (ha - of A3r ) B0 (bl 4 — Hi) — B+ 1

kAt

OnpenenusB BeNu4yuHy H3MEHEHHS YPOBHA HA JHHHHU CKBAXKHH, MOXK-
HO HaJsiee HaiTH neGHT cKBaxuH 1o ¢popmyne (VI,32).

IlpuBeneM Tenepsp cBOIKY KOHEUHOPA3HOCTHBIX ypaBHeHHH IS pac-
YeTOB KOHTYPHBIX CHCTEM cKBaxKHH. B Oaokax 6e3 CKBaXHH IpH
BbIGpaHHOM cpeflHeM Kos(duuueHTe GUABTPAUHK R NMOHHIKEHHE YPOB-
us1 AS onpenensitior oObIUHLIM YPaBHEHHEM:

AS = Ay, (VI, 36)
pAx
npuyeM, B oOmmeM Buje:
Hi—H Hi—H,_
N = my ———F pomy ———1 (V1,37)
Ax Ax

i+1
a fMpuBefeHHble PACCTOSAHHS MeXJy HEHTPaMu GJOKOB Axiyy H Ax;p
O6ynyT Axiyp= ;"*'AXH-]; Ax;y= —Ax;y.

. k.
i1 i—1
Jas ogHOPOAHOTO HaMOPHOTO MOTOKa npH Ax=const

N = —A-"i- (2Hl —H[-|_I _HI—I)) (Vl’ 373)
X

a JJS aHAJOTHYHOTO ONHOPOAHOTO GEe3HaNOPHOrO MOTOKa

IR PP YL ST BY
N =~ — (2 — hii —h). (VI, 376)
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[Tpu u3Menenuu WupHHb GUIABTPALHOHHOTO TOTOKA B ILJIaHe

b- H"'-‘ H bi-—-l H"‘* Hl—
1V='~mi+1<1+ '_H) ; - -J,—m,-_l(l-}« p ) ‘2 R
by Ay : Ax,_4

(VI, 378)

rae bi-1, by, biy1 — 3HaUEHHs1 CpeliHeli IIMPHHBI IOTOKA B COOTBETCTBY-

jouux 6J0Kax.
B 610kxax Ke, BKAIOYAKIIUX B cels CKBaKUHbI

_ Ay Q
AS =2 (N - ) (VI, 38)

npuueM H;=H; CBsa3b MeX]y YpOBHAMH Ha JHHUH H; U B CKBaXKHHE
H: onpepnensiercs o6IIMM YpaBHeHHEM:

H = H,—AS—2

T: Fer (VL39)

raie Ty— cpelHsii MPOBOAMMOCTb NOTOKa MeXAy YpoBHamu H,—AS
H H¢. B yacTHOM caydyae JJs OXHOPOJHOro Ge3HaNOPHOTO IOTOKA

K= (h,— AS)2— 2 _"2:— fo. (V1, 392)

AnanoruynbiM  06pa3oM  COCTABJSAIOTCS pacyeTHble YPaBHEHHA
JIByXMepHOTO B IVIaHeé NOTOKa {27].



Tarasa Vil

HEKOTOPBIE BONPOCHI B3AUMOJEHMCTBUSA
BOJLOHOCHbIX TOPU3OHTOB

Ilpu usyuennn spdexra B3auMoOAeHCTBHS BOJOHOCHEIX TOPH30HTOB
uepes pasjie/bHEIE MaJONpPOHHLAEMble NPOCAOH OGBYHO TPHHUMAIOT
caefyioliue TPeNnoCE/IKH: BO-IePBHIX, UTO IBHXKEHHe Yepe3 pasjelb-
Hbie CJIOH NPOHCXOJHMT TOJNBKO 110 BepTHKAlM; BO-BTOPHIX, YTO B pas-
JeJIbHBIX COSIX He YYMTHBAeTCs YNPYTHH PeXuM QuIbTpalMu H CKo-
pocTH (QW/IBTPAUMH CUHTAIOT MOCTOSHHBIMH MO BepPTHKAJH; B-TPETbHUX,
NpH paccMOTpeHHH (QHAbTPAlMH B OZHOM TOPH3OHTE HANODH B Cocen-
HHX TOPH30HTAX OCTAIOTCA HEeH3MEHHBIMH. DTH NPEeNNOCHJIKH BBEIEHB
B ruaporeosornueckue pacuersr I. H. Kamenckum [9], H. K. anmx-
CKHM [7] A. H. Msruesnm [11}, Jxeko6om (Jacob, [19]) u B oreuect-
BeHHOH JIHTepaType Ha3biBAIOTCS NPeANoCHIKaMu I mpHHCKoro-Msrue-
Bal.

ITpuMeHeHHe 3THX MpPeANOCHIOK 3a4aCTYl0 OKa3hBaeTcs BeCbMa
NJI0/IOTBOPHBIM, OJHAKO JaJeKO He BO BCeX C/1YYasiXx MOXKHO MMH MOJb-
30BaTbca 6e30TOBOPOYHO.

IMpexxze BCero ¢ OCTOPOXKHOCTBIO CAeNYET OTHOCHTbCA K TpeThel
NpeANOCHlIKe O HEM3MEHHOCTH Hamopa B cocelHux ropusounrtax. QOue-
BHIHO, YTO Ta HPEANOCHIKA MOXET IIPUMEHATbCH B TeX CAyd4asx, Kor-
Ja cocelHHe TOPH30HTH! SIBJAIOTCH 3HAauHTeNbHO Gosiee BOXOOGHIBLHH-
MH, YeM pacCMaTpHBAeMbifi TOPH3OHT. TunuuHBIM NPHMEpPOM TAaKOro
poJla YCJOBH #B/IsieTcd Pa3rpy3Ka CPaBHHTEIbHO cJaGONpPOHMIIAEMBIX
HallOPHBIX TOPU3OHTOB, IOANHTLIBAEMBIX CBEPXY H3 3HAUHTEAbHO Gosee
BOAOOOUIBLHOTO aJ/IIOBHAJBHOrO FOpHU30HTA. [IpH H3YUEHHH XKe B3aHMO-
neHcTBHA M1yOOKHX HAMODHBIX TOPH3OHTOB 3Ta MpeldNochbliKa OOLIYHO
OKAa3blBaeTcsl CAMIIKOM rpyo0of.

B pame ciyyaeB OKasmBaeTcsl CAMIIKOM IpyGoit M BTOpas Inpef-
NOCBIIKA, NpejnoJaraloiiasl XeCcTKull peXuM OHJIbTPalUuu B pasiefb-

! Br1a xe npearocklKa 6una ycnewno ucnonbiosana H. A, Orusbsy B ero kam-
aupaTckon aucceprauis (1946 r.), xortopaf, K COXaJeHHIO, He 6biaa ONyGAHKOBaHA.
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HBIX CJ10s1X. DT0 06CTOATENHCTBO MOXKET HMeTb 0coGoe 3HaueHHe MPH
aHaJM3e pe3yJNbTaTOB ONBITHO-(DHIBTPALMOHHBIX pabOT H NpPH H3yue-
HUHM HAYaJbHOTO NepPHoJa BOJOINOHUXKEHUS.

I m3yueHus pexuMa INoA3eMHBIX BoJ GOabINOi HHTepec MOryT
NpencTaBaATb ABMEeHHS [ICeBIOCBA3H BONOHOCHBIX TOpPH30HTOB, NpOHC-
XOAfilIHe 32 CYyeT MpOABJAEHHH YOPYroro pexuma (QuabTpauuu Opu U3-
MeHeHHH BHEINHHX HAarpy30K Ha BOJOHOCHHIE T'OPH3OHTHI.

Crnenyer OTMeTHTb, YTO [0 HACTOSILIEIO BPEMEHH He CYLIECTBYeT
SICHOTO MpejCcTaBJeHHs] O XapakTepe npoleccoB (puabTpalud B BecbMa
c/1aBoNpOHUNAeMbIX Pa3felbHBIX ¢10siX. Tak, HesicHHIM OcTaeTcs cnpa-
BeITHBOCTb 3aKOHa JlapcH, mMOCKOMbKY, KaK H3BeCTHO, B C1aGONpOHHU-
laeMbIX TPYHTAX 3aKOH QHJIbTpaLHH HMeeT Bojiee CAOKHKIH Xapakrep,
npuyeM HaGai0faeTcsi NOSIBAEHHE «HAUAJMBHOTO I'pajHeHTa» (HAbTpa-
U¥H, HeOBGX0AHMOTO /15 NPEeONONeHUsI CHA B3aUMOJAeHCTBHS YaCTHI BO-
nbl ¥ nopoAan. Hennss yrBepxkpaarh, 4To 3T HaOJIONEHHS HPSMO NMpH-
JOXKHMBL K H3yYeHHI0 OuabTpauuu B c1aBGONPOHHNAeMbIX Iacrax
€CTeCTBeHHOTO CJI0XKeHHd, [TOCKOJIbKY OHM HMEIOT 3HAYUTEJbHYIO MHK-
po- ¥ MakpoHeofHOpoxHOCTb. CyllecTBeHHast MHKPOHEOIHOPOIHOCTD'
caabonpoHHuaeMbx cioeB oTMevena H. A. OrunbBH no JaHHBIM MHOTO-
YUC/MeHHBIX onpeleseHHil NMPOHHLAEMOCTH. Bausinne MakpoHeoaHopos-
HOCTH YeTKO NMpPOSBJSieTCs, ec/IH CPaBHUTL NPOHHLAEMOCTb, ONpejeise-
MYI0O 10 JnaBopaTOpHBEIM OMBITAM ¢ 00pasuaMH HeHapyLUeHHOH
CTPYKTYPbl H IO [aHHbIM IIOJIeBHIX ONBITHO-PUIBTPAUHOHHBIX paboT
(nocnennss oferyno foNydaercst sHaunTenbHo Gonbire). Kpome Toro,
IpH H3YYeHHH DervoHanbHOH GUAbTPAIMH 3aYacTyio peuIalouiee 3Ha-
YeHHe HMEIOT TaK Ha3blBaeMble T'MIPOreo/orHyecKHe OKHa.

Takum o6pa3om, MoCTaHOBKa 3afay GuABTpaluy uepes ciaabonpo-
HullaeMbie pa3jlenbHHe CAOH TpebyeT NdasbHeliiiero aHaau3a. OnHolt
M3 peanbHbIX (hOPM TAKOro aHaNH3a ABJASeTCH H3yueHue (DuAbTpanuoH-
HOTO TOTOKAa BO B3aUMOJeHCTBYIOUIMX FOPH30HTAX MO AaHHHBIM PeXHM-
HbIX HaOAlOneHHI.

§ 1. AHAJIH3 ECTECTBEHHOIO NOTOKA NOJA3EMHBIX BOJ
BO B3AMMOIEACTBYIOUHX BOAOHOCHSLIX I'OPHU3OHTAX

a. IToTok c 3afaHHBIMK HAMOPAMM B OGXACTH RHTAHHSA

PaccMorpuM THIOBYIO cXeMY (GOPMHUDOBAaHHS (DHIABTPALHOHHOLO
IOTOKA B JBYX B3aHMOMAEHCTBYIOLIHX FOpH30HTAX, pasjefeHHBIX Ma-
JIONPOHHIaeMBIM npocnoeM (puc. 64). O6aacty nuTaHAs y 3THX TOpH-
B0HTOB H MX Halopbl B 00JaCTH MHUTAHHS COBMAfAIOT, 0oOJACTBIO CTOKA
ANl TAKHX TODH3OHTOB sIB/ieTcs DeKa, HeNOCPeJCTBEHHO IPEeHHpYIo-
uasi BepPXHMH TODH3OHT (IOC/IeIHEee OrpaHHUYEHHE - HeCYUeCTBEHHO —
BerHm?)I lropyxaoﬂ’r MoxeT OuITh OTHelleH OT PeKM MaJIoNnpOoHUIaeMbIMAR
CJAOSIMH ) *.

! O6mwee pemenne Taxoro poAa 3afaud paccmorpero M. A. Tyceiin-sage [8].
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Tpu ycraHopuBuwefics ¢GunbTpauun IJas Hanopo H — B HuXHeM
ropu3oHTe H H’— B BepxHeM ropu3oHre GYAET CHpaBeluBa cHCTeMa
IBYX ypaBHeHuH:

bm d*H =k, H—H

dx? m; ! (a)
- 0 Vi, 1)
wm S = by )

KOTOpble OOBIYHBIM IyTeM MoJiyyaloTcss H3 aHadu3a OasaHca MOTOKA

B BepXHEeM H B HHXKHEM TOPH3O0HTAX ¢ YUETOM IMepeTeKaHHsd Mexay
HUMH.

..“5- - .
‘ . \‘K AATARARRARRRARRRANERERRRRENNANSS

MR

= s ) \I\

Puc. 64. CxeMa nmoToka BO B3aHMONEHCTBYIOLIHX IJacTaX ¢ 3afaHHBIMH HallopaMH B
06/acTH NMUTaHUSA

dTa cucreMa J0MKHa OHTL pellleHa NPH YCAOBHSX:

Ha BepxoBofl rpaunne: H=H=H; npu x=0, (a)
(VIL, 2)
Ha Hu3oBo# rpanuue: H' =0 u H=AH_ mpu x=L, (6)
rie AH; —Hanop B HUXHeM FODH30HTe B CEUEHHH ype3a DeKH.
BpezieM cienyoiine NepeMeHHble M O0O3HAUEHHS:
AH=H—H, #=x|/ 2. (VI1L, 3)

kmm1
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Torna ypaBuenus (VII,1) MoxHO mpeacTaBuTh B BHIe:

LH _AH (a)
dx2
H (VIL, 4)

Km ¢ BH __ SAH )= —AH. ©)
km dx? dx?

Hcknwouas u3 cucreMbl ypasuenuit (VIL,4) dyukuuio H, monyuum
ypaBHeHHe A/ Pa3HHLH HANOPOB B IOPH3OHTAX:

dzAH T

i o’AH =0, a? = prot (VIL, 5)
T =km+-k'm’,
KOTOpOE JIO/I)KHO DEeliaThCsl TPH YCJIOBHSX:
AH=0npn x=0u AH =AH, npu x =L, (VII, 5a)
Pemenne 370ii 3aauy NpeicTaBldeHO B BHAE:
shax —
AH = AH DY, L—L ‘/”ks:};;f' (VI1, 6)

Has cocraBneHusi pelleHHsl, ONpPENeJsIOUIero Hanop B HUMKHEM
cnoe H, mnoxcrasam Bupaxenune (VII6) nas AH B ypaBHenue
(VIL,4a)

a2H !
L ag Shee (VIL, 7)
dx? shal

Hnrerpupysa ypasuenne (VII,7), nonyuum

AH.  shax -
— s M et
@ shal

Ilpoussonbrbie mocrosuubie C; u C, oOnpelneauM u3  YCAOBHIM
(VI1,2). TIpu x=0 naxonsar Co=Hy, a npu x=L

AH, = -2 L eI+ H,

o2
HIH
1
o even(—1)
1= L
Torna oxoHuyaTenbHO
- 1.__{!_) [.Lfﬁef.w(i_. )_x_] .
H ( )t [ S~ () AR (VIL®)
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Hna Haxoxnedusi BenHudHbl AH. onpexe/qHM Temepb MOFOHHBIH
pacxojn NMOTOKA gr B HHXXHEM IOPH30HTE B cedeHHu x=L

|4 ( =)
= km —,:"“AHC —- cthabL — —

(VII, 9)

rae

kmm1

PaccMarpuBas Hapsay ¢ 3THM HOTOK MOJ DeKOH, MOAyYHM
kmAH:b

e (VII, 9a)

qr =

HckaiouuM H3 CHCTEMB! YpaBHeHHN Dacxol ¢p H PelidM NONY4eH-
HOe ypaBHedue otdocurenbHo AH.. Torna

M, = BHe ) .. (VIL 10)

L
Hn bLth 5B + o cth abL + 1 — —
a a?

[TpuBenenHbe Bhillle pellleHHs] KAIOT BO3MOMHOCTb OLEHHTDb n(gorm-
LAEMOCTb Pa3fAE/NbHEIX C/IOEB 10 JAHHLIM eCTECTBEHHOTO PEXHMA (QH/b-
TPAUHOHHOTO NOTOKA.

ITpoBenem uncieHHBIA aHAAN3 3aBHCHMOCTH OTHOCHTEJNBHOrO OCTa-
ToyHoro Hanopa AH. ot cooTHoweHust k/ky npu m=m'=30 u, L=
=30 kM, km=Fk'm’ Ja= V'2/ u B=300 x. [lanuble pacyeTOB BENMUHHbL

AH. nas storo cayuas caexymoliue:

Blhy v v v e 108 104 108 100
AHe v ov v v v v . 0,03 0,12 0,36 0,77

Auanu3 nonyyeHHBIX pe3yJNbTAaTOB NOKAa3hiBAET, UYTO NPH TaKOro
pOZia pa3Mepax MOTOKA 3aMeTHasi Pa3HHMLA HANOPOB MEXAY COCEHHMH
FOPH30HTaMH B CPellHell 30He 00/acTH (GuAbTPALAH BO3HMKAET JIHILD
IIDH COOTHOIIEHHAX KO3(POHUHEHTOB DUABTPAUHH BOZOHOCHHX H Pa3-

k
JeJbHBIX C/I0€B NOpsAAKa -«> 103+~ 10* u CcylecTBEHHO NpPOSBASET-
1

cA Npu ——> 10% =108,

Has ananuaa NaHHBIX PEXHMHBIX HaOMIOeHA!l MOXHO CONOCTaB-
JIATb PA3HHLY HAMOpOB B cpejHell yacTd naacra AH u nox pekoit AH,
H N0 YpaBHEHHIO HUX CBH3M HafTH COOTBETCTBYIOLlee 3HaueHHe R/R;.
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[Ina ynpouienns Takux PacuetoB MOXKHO BOCNONb30BATLCS 3aBHCHMO-
creio AH/AHcx or Lix (x=x/L), xapaxrepusywlueiics ClIeLyiOUHMH
NaHHBIMH:

AH
= 1 0, F )7 09 ] 0: 1
TAH. 9 0,8 © 5 0,3 2 0,1 0
I/x 0 9 3 4 6 9 11 14 o0

Onpenenus no u3pectHuM BenumunsaM AH/AH, u x Bennunny L,
HallleM pajee

ko _(alp
kl mmxfﬂ

MoXHO TakXe OLeHHBaThb COOTHOILEHHEe NMPOHHIAEMOCTEH BOXOHOC
HOTQ M pPa3lelbHOTO CjJoeB 10 Beawsunam AHq/Hy n AH/Hy, ucnonb-
3ys ypasuenus (VIL8) u (VII, 10).

IMonyuennoe pellicHHe MOXKHO TaKkKe HCIONb30BaTh IJist onpene-
JIeHHsI CONPOTHBJEHUS Ha Hecosepmencmo Ipentl, 3aKAanbBaeMoll B
Be xHeM ropusoHte. [Ipenebperas mupunost apennt (npu B=0), u3

11,10) umeem

AH, = LN : (VIL, 10a)
bL 1
—cthabl — — 41
a a?

Pacxon B BepxueM ropusonte ¢’y npu x=L unafinem u3 ycaosus:

» — dH’ = — B'm j_‘t_{,_.... E_A—I;]_ =
go=—km dr fe=L km ( dx dx )"=’~
=tm LT~ AH#m'ab cth abL =
dx  lx=L
_ Hyk'm’ab cth abl - . Ha .- (VII, 11)

bL 1 L 1 1
— cth abL — — — 4 = [a~ L
a cth abL aﬁ+l T+ (a )thab

3anuieM fajiee BHPaXeHHe NNs ¢'r, BBOAS NONONHHTENbHOE CO-

NPOTHBJIEHHE HecOBeplIeHHOH JpeHbl Pyyx, NpHUEeM [OCKOJBKY pacs
CMAaTpPHBAETCH CHMMETPHYHKH JBYXCTODOHHHH NOTOK, TO

g, =T—"o (VIL, 11a)

Conocrasasist (VII, 11) u (VII, 11a), naiizem

A Y PR &
Bua= — (a d)thabL, (VIL, 12)
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a npu abL>1,5 ¢ Tounoctbio 10 10% MOxXHO cumraTh thabl=1 u

& L (o LN _ _km mykmE'm’
Bux= 5 (e — 1) ék,m,l/ e (VIL 122)

HHTepecHO, 4TO Takoe e BHIpaxeHue st Pgy NONYyUAETCH, €CAH
paccMOTpeTh CXeMy OAHOCTOPORHero npuroka. TakuM o6pasom ycra-
HaBJIHBaeTCHd, YTO NPUMEHHMMOCTL YNPOIIEHHOA CHCTeMBl CONPOTHBIE-
HUH 19 yueTa HeCcOBepIIEHCTBA IpeHHl (KaHala) OnpesiefseTcss TOMb-
KO IIMpuHOH JIpeHH (KaHANa) W He 3aBUCHT OT CTPOEHHUS BONOHOCHOTO
naacra.

6. HuduapTpauHoHHbifi IOTOK B MEXAYpEYHOM MacCHBe

Paccmorpum Tenepb Apyryio THIOBYIO cxeMy (GOpPMHPOBaHHS MOTO-
Ka NOJ3eMHBIX BOX B ABYX B3auMOAeHCTBYWOI{HX ropHsoHTax — CuM-
MeTPHYHOTO MH(UILTPANHOHHOTO MOTOKA B MEXIypedyHoM (Mexnay-
ApeHHOM) MaccHBe (pHuc. 65).

S L O O O L T B

an,

e

e . . . 0 - " .t T .
“e s e, ., PR . . »oe .

o

Q\\\\\\\\\‘;\\-\\\\\\\\\\\\\\\\\\\\‘;\\\\ AN

U L Ll

Puc. 65, CxeMa MHOHABTPAUMOHHOTO IOTOKA BO B3aHMOJEHiCTBYIOIHX TOPH30HTAX

Hnst yenoBuit ycranosusiiefics GUNLTPANMH TPH HHTEHCHBHOCTH
HRGUAbTpaluy W Hanophl H' u H B BepxseM M HUXKHEM TOPH30OHTaX.
NPOBOAKMOCTH KOTOPHIX K'm’ ¥ kM npHHUMAlOTCs MOCTOSHHBIMH, GYIyT
ONHCHIBATLCS YPABHEHHAMH:

@H’ -

P H—H)+T=0, ()
&2H (VI1, 13)
B —H) =0, () ’
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rae
b = ko ‘/__ff!,u,u_ w=-2. (®)
k'm'my kmmy k'm’
ITH ypaBHeHHS NI [IOCTABJAEHHOH 3aJaYd NOMKHBL peliaThes Npu
TPAaHHUHBIX YCAOBHAX:
H =0 npa x =0, i’%:o mpr x=L; (VI 14)

= 4 _ AHc 0 421 _ =L
H=AH_ u = A pH X O,dx Onmpu x=1L;

npuyeM BeauyuHa AL, XapaxkTepHayiolllas CONpPOTHBJIEHHE JIOXKA DEKH
JL1s1 HUXKHEro ¢J10s, MoxKet ObITh onpeneaena coraacto (1,37a) no ¢op-
Myae

AL = 7,1“ cth (6'B). (VII, 15)

Beegs ¢yukunio AH=H!—H, npeo6pasyem cucremy ypasueunit (VII, 13):

dtH’ , -
i ('PAH4+ w=0, (a) i 1
eH B (AH) — '
i T ae +b2AH=0 (6)

Boiunras ypasuenwe (VII, 166) us ypasmenus (VII, 16a), nosyuum ypasunenue
s pasHulsl Hanopos AH B BepXHeM H HHXKHEM CHOAX

BAH o —

‘*;XT — by AH +w=0, (VIL, 17)
rae

bo= V5% + (b

370 ypaBHenHe IOMKHO PewiaThCsl NPH YCAOBHAX

dAH
AH=—AH.npp x =0 u 7;*-:0 npH x == L.

Beoas Bmecro AH ¢ynkuuo U=AH—-—§’5~,
(]

fipuBesieM ypasuenue (VII, 17) x suny:

U
P bU =0, (VI1, 18)

ofiee perierne KoTOPOTO XOPOLIO H3BECTHO
U = C; sh bex -+ Cs ch byx. (V1I, 19)
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TIpoussoatHure nocrosuubie Cy W Cy OnpeNe/anM H3  YCJ/IOBHI

= npe x =0 u

U=—8He= 13

%‘* =0 opu x = L. (VII, 19a)

W3 ycnorua npu x=0 carenyer, uto

—

c,:-(AH+—"1) :

3

a H3 YCJIOBHA MIPH x=L MOxHO NOJYYHTb:

Ci =y thT = (AHC + %”2—) thL, T = b,L.
[
Bosspamasice K nepemenxoii AH, nonyumum:
w - - W
AH = (AHc + ] (thL-shx —chx)+4 R x = byx. (VII, 20)
0 0

Hs ypasrenuit (VII, 13) MoxHo Walitu Hamopnt H” u H B BepxueM H HHKHEM
croax. Ma (VII, 13a) caenyer

H _—_”[—EHW AH]dx dr+ crx + ¢y =

— g2 b \2 w - —_ b"\2 . x?
=—w 2 _—(b(v) (AHC-{--};;)(chx——thbshx)—i-(-;}:) w?-{-c;x—{-cf:
»

== 9“£ 1—8 (AH ) Cy; 0= LYy_L VII, 21)
—“"wz'}‘(‘“) _bg,+clx+c" -(b,)_a"( )
Ananoruuro u3 (VII, 136) Haxonum

H =—bzﬁ AHdxdx + cjx + ¢y =

w _ x2 , .
=9(-—- AH - -b-2“>»—9w—2— +epx + ¢y (VIL. 22)
i

Onpefle/lkM Tellepb NPOu3BOJbHbIe TocTodAnnsle. M3 yeaosus H =0 u H = AH,
mpu x=0 HMeeM

w , w
c,=(1-—e)<AHc+-gg~ Vo= AHc(l-—e)—-e;g—,

H dH’
a M3 yonoBHA —— =

Ix . =0 opn x=1
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TaxuM ofpasoM, ypaBHeHus s HANopoB B BEDXHEM M HIKHEM TODPH3OHTAX
6yRyT:

H’ = (1 — 6) (AH, — AH) + 6wx (L — 0,5x), (V11, 23)
H=AH.— 0 (AH. + AH) + 8wx (L — 0,5%). (VII, 24)

Jlas onpenenenns Beamunusl AH. BocnoneayeMcs TPaHHUHBIM - YCJOBHEM
{VII, 14) pas H npu x=0. U3 (VII, 20) cneayer, uro

AAH be (Af{c + -—‘%) (thT chx — shx). (VII, 25)
dx by

Torpa npu x = 0

dH w - - AH,
= —0by [ A — thT L= —-
i |, ,( He+ b§)th + 6w AL
" -
AHC—.-:%”—- IL —thl (V11, 26)
o —
— t
9AL+b° hL

nprueM BeanuuHa AL moxer onpeaensirbes no dopmyne (VII, 15).

Ilpn sTOM, ecn oGo3nayuth b B=B, 1o Buipaxkenne ais AH . MoxHO npeacra-
BHTb B BHIE:

AHe= 2 AR, AB,— ——— L (VIL 27)
b 1 - _
ath{ —B)-+thL
a
Ha (VIL, 20) naxoaum AH = AH; npn x = L, na Bogopasfene
v 14 AR
AHp = — 5 AH, AHL=___+ e 1, (V1L 28)
0 chL
Hs (VII1, 23) u (VIL, 24) nonvuum:
Hy=—035", (V1I, 29)
0
A= b2LE (1 e)(1+m)(1 1
L= 0 ¢ ¢hL > ’
, W —.
HLz-gi‘ H; (VII, 30)
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COCT&BHM TaK K€ BBIDAXKEHHS AJAS COOTHOIIEeHHH HAmopOB H pPa3sHHIl HATNoOpoOB B
pa3nAnRyYHbIX CEeUeHHSIX!

— — — 1 1 -
= —_ ——— _— 2
H;, = AH, 6(1+AHC)(1 ChL>+ 5 oL,

AH,  AHL 1 1+ AR,

(VII, 31)

5 L _ _or
L™ AH, — 28H,

1 1 1

l1—6){ —— 1l——1, VII, 32
+( )(HL+6§_>( —=). (VL3
Vpasuewusamu (VII, 27 — VII, 32) u BcnoMorateasHbMu rpaduramu (puc. 66),

nocTpoeHHsiMH NpH B=0, MOXKHO NOJb30BaThCSl S PacyeToB JpeHaxa B TPeXCao-
HBIX CHCTEMAX, a TaKke JAs pelieHMs oGpaTHBIX 3ajau.

B vacTHOCTH, npH H3BeCTHHIX

H0 AaHBLIM HAOJOAEeHHH 3Ha- ,3"0”.‘ npu i>3; 88,1 41

yenusx Hanopos Hr, H'y u AH, 261 . .4

IJIS1 OlleHKH NPOHHIIAeMOCTH pas3- gg.ﬂﬂﬂéﬁ,‘é}?—;

IeNBbHOTO CJI0OS MOXHO HalTH 244 peag {1 .

BeqMuHHY 8L, a mo rpaduky 22417 //7,:@’4»:,-

puc. 66 onpenenuTh 3aueHue L; 40110 < I

nosydyeHHoe 3HaueHHe L ueneco- % 1% AP

06pa3HO  YTOUHHTb, HONB3YSACH ”:4‘; T A"

zaBucuMocteio (VI 32) nns 12 ] Zi /

81, mOCKoNbKY BesuyuHa O G6o- ,:” 195 { /

Jiee YeTKO 3aBHCHT OT MpPOHHIae- 48 104 ~N P

MOCTH PA3[eJIbHOTO CJIOS. Hanee 25 -é.? ~<{% 7,

MOXHO HaHTH napamerp nepere- 94122 ’ -

KaHHg bo=L/L wu Benuuuny 4244711 A }

KoaddHriHeHTa DUIABTPALKK pas- g | , L

NeJLHOTO c10s 1o hopMye 9 7 72 i 4 4

b= mib kk'mm’ Puc. 66. F_ggcpuxp; 3aBHCHMOCTeit AH.,

1 %0, T rm AH;, 8] or L= bol

a no ypasuenuio (VII, 28) onpenenuTh 3nayeHHe WHTEHCHBHOCTH HH-
¢unbTpauun @, Haxons AH; no rpagHuky pHc. 66.

8. O npUMeHeHHH MoeIHPOBaHUA QHABTPAIIHH BO B3aHMOeCTBYIOHINX
faacTax NJsi OUEHKH NMPOHHMLAEMOCTH Pa3fie/IbHBIX CI0eB

B cnoXHBIX YCNOBHAX A5 OUEHKH NPOHHIAEMOCTH pPasfielbHbIX
C/I0EB cJenyeT BOCIOJIb30BaThes pellleHHeM OOPaTHBIX 3amay MeTona-
MH MOJe/IHPOBAHHUS, IPHUEM C 3TOH L(e/1bl0 JyYllle BCero NpUMEeHATh Ce-
TOYHBIE 3JIEKTPOMHTErpaTOp, MOCKOJNBKY OH II03BOJSET JIErKO Iepexo-
I4Tb OT.OXHOrG BapHaHTa K APYroMy.

[Mpuniiun pemenns o6paTHOH 3afayd HA HHTErpaTtope B YCJOBHSX
ycraHoBHBIIeiics (HIbTpalluu 3akjloyaercss B TOM, YTO COCTaBASIOT
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CeTOYHYI0 Mofedb (GUIbTPAUUOHHOTO NMOTOKA, a BEJMYHHBI CONPOTHB-
JNeHH#l Ha MOZeNd MOAGHPAIOT TAKUM 06pa3oM, YTOOGH NMPH 3aKaHHBIX
VCAOBHSIX IIHTAHHS H CTOKA pacueTHble 3HAYEHHS HAMoOPOB COMVIACOBLI-
BanHch 6H ¢ HabGJaogaeMbIMH B JNeHCTBHTENLHOCTH.

TToscHAM. TeXHUKY TAKOrO pacyeTa Ha NpuMepe H3YUeHHS KOMII-
Jlekca BOLOHOCHHIX TODH3OHTOB B MeXaypeube To6oa—Y6aran
(puc. 67). DTOT KOMIJIEKC COCTOHT U3 FOPH30HTA I'PYHTOBHIX BOJ B Na-
JeOTeHOBBIX M UeTBEPTHUHBIX -OT/IOKEHHSX, ABYX HANOPHHBIX TOPU3OH-
TOB B OTJIOXKEHHUSIX IajieOreHa H MeJia; TPETHiH HAMOPHHII TOPH3OHT
npuypoueH K ApeBHel KOpe BHIBETPHBAHHMSA NaJe030HCKOr0 KpHCTANIU-
yeckoro ¢ynramenra l.

ITorok nom3eMHHIX BOX B 3TOM paHOHe HMeeT THIHYHO BOJOpa3-
IZeJbHBI XapakTep, cnabo nedhopMHUpPYsich B IIaHe, TAK YTO €r0 MOKHO
CYHTATL NVIOCKHM B pa3pe3e.

3aMmepeHHbIe 3HAYEHHS HANOPOB B OTHAEJBHBX TOYKAX BOAOHOCHBIX
TOPH30HTOB NpHBeAeHH Ha puC. 67,a. KauecTBennblit aHanu3 ykasuiBaer
Ha aHOMAaJbHOCTb NAHHBIX 3aMepOB HamoOpoOB B TpeTheM (maneosoii-
CKOM) HanmoOpHOM TFOPH30HTe IO CKB. 55, MOCKOMBKY HAmop B 3TOH CKBa-
KHHEe HUXKe, UeM ypOBeHb BOJAHI B p. ¥6araH, Koropas sBjasiercs G/au-
Kalllledl 001acTbI0 CTOKA M 1O CKB. 7, IOCKOJbKY B HEH Hamop HHXKe,
yeM B TMOKPHIBAIOIUEM FOPH3OHTE Meja, IDTH AaHOMAJUH MOTYT GHITh
00BACHEHH TOMBKO HAJHYHEM JIOKaJbHOrO HPEHHPOBAHHS TOTOKA ma-
JIe030HCKHM (YHIAMEeHTOM, OIHAKO Fe0/IOTHYecKHe H reoMopboaoruye-
CKHe YCJOBHs paiioHa He JalOT JOCTAaTOYHOrO MaTepuasa, NOoATBep-
KJ2I0LIero BO3MOXHOCTb TaKOTO JIPeHHPOBAHUS, 0ITOMY NaHHEE STHX
CKBaXHH B pacyerax He YYHTHIBAJHCb. B Cuay He3HAUHTEILHOCTH Ma-
TepHaja NPHULIOCh TAKXe HCKIIOYHTH H3 PACCMOTPEHHs AaHHble 1O
HanopaMm B BepXHEM TPYHTOBOM I[OTOKe.

ITpu cocraBrenun ceTouxoll Mojeau OblIa HCHOAbL30OBaHAa CXeMa
FupuHcKOro—MsiTHeBa, COTIaCHO KOTOPOH B BOLOHOCHBIX FOPH30HTAX
NOTOK MPUHHUMAIOT FOPH3OHTANbHEIM, @ B Pa3/elbHBIX CIOSX — BEPTH-
kaneHbIM. Ilpu pas6uBke moTOKa Ha GJOKM MX DACCTAHOBKA onpefe-
JJ1aCh U3 YC/AOBUSA HAUJYUIIETO COOTBETCTBHS LEeHTPOB 6JI0KOB Habuaio-
NaTeJbHEIME CKBAaXXMHAMY, a JUIMHA GJIOKOB Nox6upasach TakuM obpa-
30M, 4TOGBI CONPOTHBJEHHS HA MOJe]H He CJAHUIKOM pe3Ko (He Goaee,
ueM Ha OJuH NOPSAOK) OTJAMYAUCh APYr or Apyra. O6uuno Haubosee
VAOGHO! siBJISIeTCS OTHOCHTENbHO paBHOMepHasi pa36uBKa G6J0KOB
(puc. 67,6).

ConpoTup/ieHHs B XOPOLIO NpPOHHLAEMHIX CIOSX GyHeM HA3HBATH
TOPH30HT3/IbHBIMHU; B C1a00NPOHKIIaeMbIX Pa3leNbHHIX C/IOSAX — BepPTH-
KanpHbIMu. PacueT QuabTpannosnsix conporusaesuil @ NaIs MI0CKOTO
B paspese NOTOKA, TOJIIMIMHY KOTOPOTO NMPHHUMAIOT paBHOU 1 M, mpous-
BoauTcsl mo obmed popmyne:

&=L,
- kB

{;]I‘mnporeozxornqecxue ycaoBus paifiona NPHHATH B OCHOBHOM [0 JAAHHBIM pabo-
TH {5].
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tae B —wupuna 6maoka; [—paccrosuue
MeXay LUeHTpaMH G6J10KoB; R — Koaddu-
I HeHT - GuIbTpanun 610Ka (CpefHHA Mex-
oy UedTpaMu OJIOKOB).

Tlpu onpeneneHuH TOPH3OHTANBHBIX CO-
npotuBaenuil [=Ax" u B=m, rre Ax’—pac-
CTOsiHMe MeXJy HeHTpaMi G6GJOKoB, a
M — MOIIHOCTb BOJOHOCHOT'O FTOPH30HTA, TaK
uTO

Ax”

.

km

T

IIpu ompeneneHuy BePTHKAJbHBIX CONPOTHB-
neHuit I=m’ (m’—MOUIHOCTb pPa3JeNbHOro
cnost) u B=Ax, rne Ax— aanna Ox0ka;
Toraa

ml

kK Ax

Pp = .
rae & — gospdunuent ¢uabTpanud pas-
JeNbHOTO CJI04.

ITepecuer $uAPTPALHOHHLIX COMPOTHB-
JeHuit @ B 3MeKTpHYecKHe R NMPOU3BOJUTCH
no gopmyine

R'—':' G‘R¢)

rfie Gg — MacliTa6 COMpOTHBJEHHI.

TakuM o6pa3oM Ha CETOUHOH MOJeNH
GLIIH BOCIPOHM3BeleHbl CPegHHH MenoBOH
H HHXHUH 1a7e030HCKHH TOPH3OHT C COOT-
BETCTBYIOLIMMH pa3fe/bHBIMH CIOSIMH, a
BepxHHii (ManeOreHOBHI) TOPH3OHT pac-
cMaTpHBajcs Kak rpasuma noroka (o6-
JacTh IMHTAHHL).

3HaueHHsl OTHOCHTEJNBHBIX I[OTeHIHaJOB
U, sagaBaeMbiX Ha 3TOfl TpaHHIile, ONpexe-
nsiuch 1o obutelt hopmye

Hmla«c“Hmm ’

rae Hyaxe — MaKcHMMaNbHLEIA HANOP B MOTO-
Ke, TIPUHSATHIA paBHBIM 152 #-—— 1m0 YPOBHIO
B BepXHeM TOPH30HTe, 3aMeDeHHOM B
ckB. 10; Hyun— MHHUMAJBHEIH HAMOp, IPA-
HATBIH pPaBHHIM Hamopy B p. Y6aran —
100 m; H —Hamop B y3JOBOH TOUKe.

Ucxonuble mnapameTphl i pacyera
conporusnenuit 3afpaun (I Bapuant) TpH-



HHMAJHCh Ha OCHOBAHHH AAHHLIX ONBITHO-QHUJIBTPALMOHHBIX paboT H
nuTepaTypHHX Martepuanos. OnHako KosddbuuueHT QuiabTpauMu pas-
HelbHEIX C/I0eB OBl cpa3y e YMeHbIleH Ha J[Ba TOPsSAKA — J0
10~% mjcyr, MOCKONBKY OPHEHTHPOBOUHHIE PacyeThl MOKA3aJu SIBHYIO
HepeaNbHOCTh pEKOMeHAOBAHHOH mnpelIBapUTeNbHO TI'HAPOTE0JOTaMH
BeJMyHHbl £ =10"3% sm/cyr. »

Pemenne I BapuaHnta 3ajauu NOKasano, UTO pacueTHbHle 3HAYeHHd
HAMopOB IO BepXHEeMY U HHXKHeMY BONOHOCHBLIM FODH30OHTaM, KakK mpa-
BH.10, OKa3aJIKCh BhIlle eCTECTBEHHBIX HANOpOB, IO3TOMY B CJEAYIOleM
BapuaHTe K03 uiueATH GUALTPAUHU Pa3feJbHBX CJl0eB ObUIH MOHH~
KeHpl ellle Ha OJHH NOPSNOK — npuMepHo no 10~¢ m/cyr. B nanbueit-.
IeM MOJesb YTOUHAJNACh N0 HAWIYYIIero NpUOGIHKeHHs pacmpenene-
HUS TIOTEHLHAJOB HAa MOJENH K eCTeCTBEHHOMY MX paclpefesleHHI0 B
COOTBETCTBYIOIMX TOYKAX NYTEM U3MEHEHHS SNeKTPHYECKHX CONpPOTHB-
neuudi BHYTpu oGnactu. JlaHHble mepBOro M IOCAERHErc PacUeTHHIX
BapHaHTOB NpuBefeds B Taba. 10, a Ha puc. 67,0 npuBegeHbl NONYYEH-
Hble TaKuM 06pa3oM 3HaueHud Ko3hUIHeHTOB (HAbTPAlLMU pa3fielb-
HbIX cJ10€B. 3aMeTHM, YTO pellleHue oOpaTHOH 3ajZaun HaeT BO3MOXK-
HOCTh HOJYYHTh TOJNBKO OTHOCHTENbHble 3HAUEHHS NPOHHIAEMOCTH B
pa3nHyHbIX OO6MacTAX NOTOKA; Nmpu pacueTe aGCOJNIOTHHIX 3HaYeHHH
ko3 duinentos GuabTpalud OBJIO HCIOAB30BaHO Haubojaee [OCTO-
BepHOe 3HaueHue Ko3dduuueHta GHABTpALUH HHXKHEro ropH3oHTa —
0,25 m/cyr.

§ 2. BONONOHUW)XEHHE B JIBYXCJIIONHON CPENE

PacyeTn BONOMOHUXKEHHS B ABYXC/IOHHON cpeme, Korxa OTKauka
BOBI OCYLIECTB/ISIETCS M3 OCHOBHOTO BOJOHOCHOTO FODH30HTA, MOTYT
IPOBOMUTLCA B TeX Ke NMPEANOCHIIKAX, KOTOpble NPHHHMANHCh M JJd
pacueToB MOANOPA TPYHTOBHIX BOX B aHAJOTHYHHX ycaosusax (§ 4,
ra. IT). TIpu aTOM CBSI3b MEXY HANOPOM B HHXKHeM cjoe H u yposHeM
BOAH B BepXHEM cjoe A omuchiBaercs ypasHeHueM (I1,29); ypaBuenue
HEpa3pHIBHOCTH B HHMXKHEM CJIOe AJs JHHEeHHOrO B NJIaHe MOTOKA HMeeT
Bua (11,28), a ans pagnanbHOro B MiiaHe MOTOKA ypaBHEHHe HEpPa3phIB-
HOCTH MOTOKa B HUXKHEM ¢/1oe MpHHHMAaeT BUA:

km—L 2 (r ﬁi) =k A=l (VI1, 33)
r Oor or h

Jlns ynpoieHHs MOCTaBlIeHHOH 3a 1Ay JIMHEAPH3UPYeM MOJYUYEHHYIO
CHCTeMY YPaBHEHHH TaK e, Kak 3TO CAeNaHO NPHMEHHTeJbHO K pacye-
TaM TOANOpa TPYHTOBHX BOZ.

PaceMoTpuM B Takoll mOCTaHOBKe pellleHHe 3a/auu O BOJOMOHMKE-
HHH B HEOTDAaHHUEHHOM T1acTe € MOMOLLbIO 6eCKOHEUHO AJAMHHOTO psala
CKBaXKHH, paGoTaOWKX ¢ NOCTOSiHHBIM 1ebutoM Q.. Mcmonb3yst MeTon
COMPOTHBJIEHHH, 3aMEHUM DSl CKBAXKUH CIJIOIIHON TPaHIleeHl ¢ IOTOH-
HBIM JBYXCTOPOHHHM INPHTOKOM §=Qc/0. B 31OM ciyuae 3agaua cBO-
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NUTCHA K pelUeHHI0 JHHeapu3upoBaHHoro ypasHenus (II,32) mpu w=0
W TDAHHYHOM YCJIOBHH:

2 035

0x |x=0

HOubdepenuuposannem ypasuenuit (11,28) u (11,29) Moxso moka-
3aTh, YTO B JMHEAPU3HPOBAHHON MOCTAHCBKE OHH NPHUBOAATCA K BHAY:

gy ky T
9u . B g 5
n o3 frep (95— 95) (V‘I»3 )
H

o _ ks 6
km — hey (9x — 95, (VII, 36)

rjae
Gy = km —aaii“ y §p=km _a‘h' ’ (VI11, 37)

X ox

a Bmecto ypaBHeHus (VII, 32) GyzeM umeTs:
02 1
o L0 g L % ] _ 0 (VII, 38)
Ox2 Ay 6x261' ot
KOTOpPOe NOJDKHO DelaThesl NMPH YCJAOBHAX
gy =¢,=0mpu ¢t =0; g,= 0,59 mpu x =0. (VII, 39)
Takas mocTaHoBKa COOTBETCTBYeT 3ajiaue MOANOpA B MOJAYOTpaHH-
YeHHOM NJ1acTe NPH MTHOBEHHOM W3MEHEHMH HAINOPa B HHXKHEM CJIOE,

pasoGpannoM B § 4, ra. 1I, nostroMy MoxHO mNpeacTaBUTH pelieHHe
ypasnenus (VII, 38) npu yeaosusax (VIL39) B Bunme

g» = 0,5¢F (A, 6). (VII, 40)

HUcnonesys nanee (VII,37), nafineM ypasueHne Aasi ONMpeleneHust
TOHMXXCHHSA YPOBHA S:

S=_9.
=7 SF(% 0) dx, (V1I, 41)
wiu
A~
§=-1 Vat - P(}, 0), (VII, 42)
rie
P, 0) = 517(; 0) dh, x_~7»:-, (V1I, 42a)
= et
Phep
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[Monyuennsie cormacuo (VII,42a) 3uauenus P (A, 8) npencraBieHbt
Ha rpadure puc. 68.

PaccMorpum teéneps pellieHue AJIsi NOHMMKEHHS YPOBHS B BepXHeM
CJIoe NMpPH OTKAaukKe M3 OJHHOUHON CKBaXKHHBl C IOCTOSIHHBIM pAebu-
ToM Q¢. B 3TOM cnyuae ypaBHeHue, ONHCHIBAIONlee H3MEHeHHe YpPOB-

f/’/l,'ﬁ’/

A
g5

\\_q
'3’435\ N\ [77 BE

NA 1
43 N -

AN

g2, Dy

JE
/

iy ot
; — R
q 7/&’747 »,j; -y ] .
Vi l I o e s S o
45 10 15 2

Puc. 68. I'padux pyuxumu P (A, 6)

HeHl B BepXHeM Cloe, MONYYHTCS COBMeCTHHIM pelileHeM ypaBHeHHH
(VI1, 33) u (I1,29) B crenyomem Bume (mpu w=0): P

A o, on 1 o o4 1 o
r ar(r 6r)+aar' a,’af(r'—é;")‘“‘a_'?, (V11, 43)

NPpH TPAHUYHBIX YCJAOBUAX

H=h=hynput=0 u 2urm %H =Q,. (VI 44)

r lr=r,

Pentenne ananoruuno#t mareMartuyeckoi 3anaun npu re—>0 pac-

cMotpeno B paGore [1]. CormacHo 3ToMy pelllennio MOHHXKeHUe ypOB-
HA S B BepXHeM cioe Gymer

S= 5;%2 F, (& 0), (VIL, 45
r kgt
wte, = e
k= Va wheg,
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rjae

F,= S'——Jfﬁg—)— I —exp [~ ~——v%—-;— dv. (VII, 45a)
v I+“‘%“

[

Tabnuua ¢yukuuu Fr(E, 0) npuBenena s npunoxk. 7. Jlng pacuertos
nenecoobpasHo M0 AaHHBIM 3TOH TabaulbI MOCTPOUTH FpadHK 3aBHCH-
moctu F, or 1g & npu pasnnysbiX 3HaueHusx 8.

Ilpu Manbix 3HaueHusX © MOXKHO BOCMOJB30BATBCHA XOpOLUeH CXO-
JNIUMOCTBIO Pa3JiOiKeHHST FKCIOHEHUHAAbHOH DYHKIUHH B CTeNeHHOH pan
BO BCeM HHTepBajie uHTerpHpoBaHus. OrpaHHuuBasich TpeMs HJeHaMH
pana, obecneunBas TakKuM 06pasoM TO4ROCTb 5%: mpu 80,5 u 1% —
ripu 6 < 0,25, Ha6unp Padaun nonyumn crepyiomee npHGIHXKeHHOe
BhIpaxenne aas F,:

F,=(e—~—%2-+§i)f<o<e>+f§il<l(s),

e=§/‘é=~ﬂ/§, (VII, 456)

rae Ko u Ky — dynkuuu Beccenst BTOporo pona OT MHHMOTO apryMeH-
Ta. [loHUKEHHE YPOBHA B HUXKHEM cjioe Sy HaliieM u3 o6ue# 3aBHCH-
moctu (11,336), KOTOpYIO MOXKHO NpeACcTaBuTH B BHIE.

9 ks
P =St G
Orcoza
= _Q_
S, P F..GE9), (VII, 46)
rne
F,,=F,+ 1 9 _ f.Lo(f,_é)d[l _ ,..,,L,_ exp (__ v )] dv.
a, Of v el N
) 1 + 1+
(VII, 46a)

Ipn Mmanbix 3naueHusix O Aas F, MOXHO BOCMONBL30BATBHCHA BHIPAXKE-
uueM (VII456). Torna

Fo=Ki(e)+ 5 (14 5 ) Ka(®). (VII, 465)
U3 soipaxenuss (VII,466) crenyer, uto cpasy e B HayalbHBI MO-
MeHT BpeMenu f=0 u 8=0 B HHXXHeM CJoOe H3MeHAKTCA YPOBHH Ha
BeTHUHHY

=-2 — Ko (e). (VII, 468)
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KoHeuHo, B peajbHBIX YCIOBHSIX TaKOe H3MEHEHHe MPOHU3OHIET He
MTHOBEHHO, @ yepe3 HeKOTOpOe BpEMs, ONPEJeNsieMOE YHPYTHM PexH-
MOM GuJbTPAllHH B HUXKHEM CJOe.

Hab6unp Padann nox pykoBOACTBOM aBTOpa MPOBeN THIOBHEe pac-
4eThl (pUIBTPALHK B ABYXCAOMHOM IVIacTe HA THAPO- U 3JeKTPOHHTErpa-
TOpax, KOTOpHe MOATBEDPAMJH BNOJHE YIOBJETBOPHTENBHYIO TOUHOCTh
topmyanl (VII,45).

Pemenne aHanoruyHo# 3aflaun NpH MOCTOSIHHOM NTOHHKEHHH YPOB-
HS B cKBaxKuHe paccmotpero B. A, Bacunwessim u A, C. Xabupo-
BuiM (4]

Pelllenust ans CHCTEM CKBaXKHH WJIH CHCTEM DPSII0B CKBAMXKHH MOTYT
OuITb COCTaBJIeHbl C NOMOILBIO METOAA CAOXKEHHA TeYeHHH.

ITpuMensss MeTox 3epKAMbHBIX OTOGPaXKeHH#l, MOXKHO MOMYUHThb
AHA/JOTHYHBE pellleHHsA AJAS MOJYOTPAaHKYEHHOTO M MOJOCOBOTO [a-
CTOB KaK 1/ LeNoueK, TaK M IJs HeyNopsIOUeHHBIX CHCTEM CKBa-
KHH.

PacuerHyio MOWHOCTH MJIacTa MOXKHO B TOpsJKe NepBOro npHGJIH-
JKeHUsl ONpeNeasaTh 10 3aBHCHMOCTH:

hep = mmy — 2L (VH, 47)
(M0
rge o — IJIOIIAAb, Ha KOTOPYIO PacCHpOCTpaHieTcs BJAHSHHE OTKAYKH;
1 — BOJIOOTAAYd BEPXHEro CJOs.
Jlng onuHOYHOM CKBaXKHMHBEI B HEOTPAHHUEHHOM IIIACTe MOXHO CYH-
TaTh:

® = 10at
"
Q.
hep = my — 0,1 P (VII, 47a)
Has paja cksaxun o =20y af (B
@ /)t
hy=m—21/ . (VII, 476)

ﬂﬂfi MJIOMIAJHOr0 pacnojioKeHHss CKBa*XHMH IO CeTKe ¢ paccroda-
HUEM ¢ JpYT OT Apyra o=02

§ 3. YYET NEPETEKAHHUSA BO B3AMMOIEHCTBYIOIIUX I'OPH30HTAX
NPH BONONOHMXEHUH U IPEHAXE

Jlnsa yuera mepereKasus MeX]1y B3aHMOEACTBYIOIHMH TOpPH3OH-
TaMH DA MHTEPEeCHBIX pelleHHH, KOTOpble MOTYT ObITh HCHOAb30BAHEL
ANS pacyeTOB HCKYCCTBEHHOTO NIOHHXKEHHA YPOBHA T'DYHTOBBHIX BOJ,
moJlydeH Ha OCHOBe npeanocwiiok I'mpunckoro—Msaruesa. Tak, mast

ciyuasi GeCKOHEUHOTO psia CKBaXKUH, H3 KOTOPHIX BEJeTcs OTKauka ¢
NOCTOSIHHBLIM PAcXofOM (¢, B MJlacTe C IpOBOXUMOCTbIO km 1 Ko3ddu-
UHEHTOM INbe30TIPOBOAHOCTH @, OTAEJeHHOM OT MOAIMHUTHIBAIONIEro ro-
DH30OHTA CJI0EM MOLIHOCTBIO My ¢ Koadouinentom ouapTpanun kg
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(puc. 69,a), pewrenne monyuero ®. M. Bouesepou [2], kotopurii 3ame-
HSUL PSIZi CKBAXKHH CIUIOIIHOM TpaHIleell ¢ MOCTOAHHBIM JBYXCTOPOH-
HHM TIOTOHHBIM NPUTOKOM ¢=Q./0. 3anaBas

S=0mput=0u km—5~==0,5'q mpu x =0, (VII, 48)
X

pellleHHe MOCTaBJEHHOH 3ajayd OBIIO NONYYeHO B BHje:

S = OSq]/—m«F( n), (VII, 49)
rne
Fp (M, m) = 0,5[eb* erfc (A —mn) —eb* erfc (A + n)], (VII, 49a)
— T

= ---—- _— V meyﬂ]‘) oy b —_ "é";ﬁ;n’ . (VII, 496)

B npenene mpu t-—->oo Fp(h, ) =eb* n

B —bx

S=0 5(]‘/ P e (VII, 498)

IToHuKeHue ypOBHSI B CKBaXKUHAX S¢ npH aroM Gyner:
Qc
S.= ( 2o T 1) (VI1, 50)

Jlns yenosuit BONLONOHHXKEHHA XapaKTepHbl CXeMbl MIBYX pPSfOB
CKBaXXHH, KOTOphle OKOHTYPHBAIOT 06JacTh BOJOMOHHXKeHHA. B sToM
cJyyae 3aBHCHMOCTH, CBA3LIBAIOIHEe MOHHKEHHsl YPOBHS HA KOHType
MeXy MHHHAMH CKBaXKHH Sy, Ha NHHHM CKBAXKHH S;, B CKBaXuHax S
H pacxon ckBaxHH Q. B yC/IOBUAX YcTaHOBuBIIefics (GHABTpauuu 6y-
IeT HMeThb BHI:

—_— Sa . L Se o
Se= Gl = ToL 4 vor, ol Loy 0 @ (VILSD

=@ v
kmo  b(1-+thbl) ©)

B ycnoBrsix HeycranosuBLIeficsi GHABTPAUMH NPH TOCTOSHHOM Je-
GuTe CKBAaXXHH pelleHHe IS ABYX PSANOB CKBAaXKHH MOXHO HECJOXKHBIM
06pa3oM MOJY4uTh, CKNAALIBAS MOHUMKEHHs OT AeHCTBHS KaXAOro psi-
Aa B OTIEJNbHOCTH, NIPHYEM 3TH NOHHXMKEHHs ONpefeasioTcs no hopMmy-
ae (VI11,49)

Has ounabTpauMOHHBIX DAcyeToB [ABYX pAAOB CKBaXHH IPH IO-
CTOSIHHOM TOHHMKeHHW YPOBHS B CKBaXKMHAX AHAJMTHYECKHE pelIeHHS
MONYYHTH TPYAHO H 1eNecoo0pasHo BOCMOAB30BATHCS METORAMH MOJe-
JHPOBaHHS.

Ecnn, nanpumep, paccMOTpeTh pellieHHs 3aJauyd O BOAONOHHIKEHHH
B HalODHOM IIaCTe MeXAY HOBYMSI DSiIaMH CKBaXHH C TNMOCTONHHBIM
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MOHHIKEHHEM YDOBHS B CKBAXKHHAX H C YueTOM MepeTeKaHHs H3 HUXKe-
JleXauero ropu3pHTa, HAmop B KOTOPOM CYHMTAeTCA HEH3MEeHHBIM
(puc. 69,a), na runpounterparope B. C. JlykpanoBa, 10 cxeMa ruapo-
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Puc. 69. Mojgennposatue QuIbTpaUHy NPH MOAMHTHBANHM H3 TOPH3OHTA ¢ TOCTOSH-
HbIM Haropom:
a — QuIbTPAUHOHHAS CXeMa, 0 — ¢xeMa THAPOMOjeNH

Mozienu GyfeT WMeTb BMI, MpeAcTaBleHHbil Ha puc. 69,6. Ilo cpasue-
HHIK® C aHAJOTHYHOH CXeMmoll Ge3 yuera mnepertekanus (§°3, ri. VI)
IOMOJHHTENbHBIM B JaHHOM CJyYae SIBJIsieTCA HaNHuHe COMPOTHBJIE-
HHll o/, KOTOpble NPOMOPUHOHAMBHBL CONpOTHBJAEHHIO @D’ 3jeMedTa
pasneanHoro cjost pasmepom Ax. TTockoabky
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PI _ @l _ }
I (VII, 52)

rae b — nmapaMerp neperekanus, onpeneiseMbiit cornacuo (VI1I1,496).

Cayuyali OTKA4KH M3 OJMHOYHON CKBaXKHMHB C ITOCTOSIHHBIM fAeGH-
TOM Q¢ NPH NOANHTHBAHUK N0 cxeMe ['upuHCKOro—MsiTHeBa B yciio-
BHAX HeyCTaHOBuBIIelics (PuabTpanuy B HEOTPAHHIEHHOM ILIAacTe NOA-
poGHo paccMorpenu Jxeko6 (Jacob) u Xanrym (Hantush) [21]. Co-
rJ1acHO HX PelIeHHIO, MOHHMKeHHe YPOBHS B JIOOOH TOYKe Ha paccTof-
HHH r OT CKBaXXHHH ONpeneJsercs no dopMyie

S=-217 o), (VII, 53)
km
rpe
_ 1 (4 .
Fa= o J . exp( y— ) (VII, 53a)
r=br, a, = yprendt A L rVoa, . (VII, 536)

Ias unrterpana, sxogsuero B pemrenne (VIL53), Xantyw cocra-
BHJ JOBOJBHO TMOAPOGHYI0 TabJHLy, MO HAaHHBIM KOTOPOH NOCTPOEH
rpadur (puc. 70). Tlpu l/ay=4ab*>10 HeycraHOBMBINMICH peXKUM
GuUIbTpaUuk YKe NPAKTHUECKH NepecTaer CKa3biBaTbCs H

o= = - K or), (VI 538)

rie Ko — ¢yuxuusi Beccenss Broporo poja OT MHHMOrO apryMeHra.
B stom cayuae dopmyna (VII,53) coBnagaer ¢ peueHuem, nojaydeH-
ubiM aast otux yeaosuil H. K. Tupuuckum, A. H. MaruesniM, JIxeko-
6om u H. A, OrusbBia.

B panbueiiiiem Xauryur paccMoTpes elie psji  pelieHHE  AJs
HeycTaHOBuBIUelHca OuabTpauu#d BO B3aUMOAEHCTBYIOUIHX IIACTaX
[22, 24]).

B yka3aHHBIX BBILE peHIeHHsIX He YYHTHIBAIOT BJIMUSHHS YIPYroro
pexxHMa B pasfgelNbHbIX MANONPOHHUAEMBIX chosXx. A OleHKH
3TOro <paKTopa paccCMOTPUM 3axauy o GHopMHDOBaHHH GUABTPALH-
OHHOI'C NOTOK& BO ' B3aUMOJEHCTBYIOIIMX TOPH3OHTAX INpH HANHYHH
yrnpyroro pexuma (QuibTpaouy Kak B BOJOHOCHBIX TOPH30HTAX, TaK H
B pasleNbHbIX CNOAX, OCTaBlsiss B CHJE NPEANIOCHUIKY O BepTHKAJb-
HOM HANPABJEHHHM NMOTOKAa B Pa3feJbHHIX CA0fX.

B Takoft mocraHOBKe pacCMOTpPHM NpexJe Bcero 3ajayy O B3aHMO-
HeHCTBUH HBYX TOPH30OHTOB, DA3/ENEHHBIX MAaJOMPOHHIAEMHIM CJI0eM
TIpH OTKayKe H3 CKBaXHHBI B OXHOM H3 ciioeB (puc. 71,a). Tlocrasaen-
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Hasi 3ajaya CBOJMTCS K pelIeHHIO CHCTEMBI TpeX AuddepeHUHANbHBIX
ypaBHEHHH:
B HIDKHEM CJIOe:

L oH 1 o/ OH _f  OH
= (r > >+ ooy lymo,  (VIL5)
B paslesibHOM CJioeg
- Ao (VII, 55)
a1 6t 6y3
7 o
%{‘_
'\ mpu T <47
73 .,/
AMun \ ﬂzﬂo,«p’mﬁ/-%‘”}
-—4 \ -1 npy &, <4917
N 73t
[ [ ] \
PR EEANLY IENEREEE
(4 \‘ \ HERE 1]
- -\\* \ 4&:‘“/ ”o
\\ \ 1]
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WA\NCRe
L X NN N\ _
N AN N
'\ \& )
_ \\\\ \o)d\ N, N
EENEEERN 2> 4 N
\u \\d- - \\ \‘x‘ ‘\\‘
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Puc. 70. I'padux dynxuunu f,,(;? a,)
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B BePXHEM CJIOE:

1 °F _1 ( (V11 56)

1
) k'm’ ay y=my

STH ypaBHEHHA CBA3BIBAIOTCA MeXAY c060il YCAOBHAMH HEPa3phiB-
HOCTH HallOpOB Ha KOHTaKTaXx CJOEB.

Jas ciyuass HeorpaHHYeHHOrO IO MOLIHOCTH Pa3feNbHOrO ¢Jof,
KOT[la He YYHTBIBAeTCS BJHSIHHE COCEJlHEr0 BOJOHOCHOTO FOPH30HTA H
H3 3TOil cHcTeMbl BhNajaer ypasHenue (VII06) (npu 3TOM 3apmaercs
veaosue H=0 npu y—oo), aHanurHuecKoe pellleHHe MOCTABJCHHOM
3a/layd NpH OTKauKe (HaJuBe) B CKBaXKHHE C MOCTOSIHHHIM pacxojioM Q
nonyyusa Xauryw (Hantush, [23]). CornacHo 3ToMy pelieHuio uame-
HeHHe Hanopa H B HuXHeM ¢noe

=3 ..—.--_- m_.._.ql Ik e- PR A
R T 4“1{ ; fc( T m)dy, (V1I, 57)
_—— . poth /@
M= N=es) (VII, 57a)

IFpadux dynxuuy fyy npu-

BelleH Ha puc. 72 —~eJE S 76 I N2 NS T

B o6meM Xe ciydae aHa- R T
JMTHYECKHE DEIIeHHSt TaKOro
pona 3ajadv CBASAHBI C 3HA- g4l
YHTEJbHBIMH  TPYAHOCTSIMH,
TaK yTo Hesecoo6pa3Ho 06- y=70
PATHTLCA K UHC/EHHHIM MeTo-  ,,l p<7
AaM DeuIeHHs! CHCTEeME) ypaB- P
Henuit  (VII, 54)—(VII, 56). perpt
B pa6ore [168] cocrassena .| y0
COOTBETCTRYIOLIAS  CHCTeMa
KOHEYHOPA3HOCTHBIX ypaBHe- £, YA/

HUH, NJis pelleHHs KOTOPO#H
paccMOTpeHsl pacyers! Ha ce-

90

Puc. 72, Tpadux dynxuun fy

TOYHOM 3JIEKTPOHHTErparope
no cxeMe Jlu6mana (ee ocHo-
BH u3JoxeHol B § 5, rai. I). ITo aroit cxeme (puc. 71, 6, 8) B KaXnhii
y3es no6aBisieTcss BpeMeHHOe CONpPOTHBJeHHe R;, BEJIMUMHY KOTOPOrO
BHIYHCJISAIOT HO tpopmy.ne

Pnc 71 IIsa ropusonta, pasfiefieHHbe MaJONPOHUUAEMBIM CJIOEM:
a — GunbTpanHoNHas cxeMa; 6 — pasGHBKa Ha 6J0Ku (rpannnsl G7OKOB MOKa3aHbl
CONOIMHBIMH JIMHUAMH, 8 MX HEeHTPH ~— TOYKaMH, HaxXOAsAUWUMHCA Ha WTPHX-TYHKTHD-
HBIX JHHESX), 8 — CeTKAa CONPOTHBJIeHHA No cxeme JIu6Mana

(R =550, Rz =500, R; =390, R, =250, R; =200;
R'y=910, =500, R’y =100, Ry =10, R's = 50;
Rn—-l40, Rn —'400 Ry = 80, R te = 50, Rt.'» = 40;
R4 =320, Rip=1 R yg= 40, R'yy= 30 R 5= 20;

conpommemx B oMax OpH ap =10° om- m¥cyr)
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Ry =g 2, (V11 58)
Rynp®
rie o — MIOWAAb FOPH3OHTAJbHOTO CeYeHHsl JAHHOTO O6J0Ka; ag —
MaciiTab CONPOTHBJEHHH; Hynp — KO3 OdHUHEHT ynpyroi oraauu B
nauuom Gioke, onpenensiemblt cormacuo (I,25), rme npu sananum
nposoguMoctd (T'=km) B kKauecTBe /M NPHHHMAIOT BHICOTY 6JI0Ka.
[MpuMeHHTeNbHO K TNOCTaBJEHHON 3ajaye B BePXHEM H HHXHeM
CJI0SIX TOPH3OHTAJIbHBIE CONMpPOTHBJEHHS R; MeXny yanamu i u i+l
onpefieffloT no hopMye:

R, = —R _jplit (VIL, 59)

2nkm r;

a BDEMeHHbIe CONPOTHBJIEHHS B i-TOM y3ae 6yayT

Ry = ag- L (VII, 59a)

kmom;

st BepxHero cyios npu onpeneneduu R u Ry no dopmynam (VIL59)
km 3aMensitior Ha k'm’.

B pasngennHOM csioe mpu miare ceTkH Ay BepTHKa/lbHBIE CONPOTHB-
Jienust onpejeastor no dhopmyae:

R, = o3¢, (VII, 60)

ko,

a BpeMeHHBIE COTPOTHBAEHHS OYAYT

' aAt .
, == Olp ——
Rfl EyAyos

(VII, 60a)

Mo onucanHOl BHIIE METOAHKe GLLTH MPOBeeHb pacueTh AAs cydas &y =10—3 m/cyr,
a; =10 mfeyr, my =10 u, km=Fknm' =20 sm¥fcyr, a=4a = 10° ¥¥cyr, Q=
= 1000 #3/cyr.

Tlpn pacuerax MeTOAOM KOHEUHHX pasHocTedl A/s TepBOro 6710Ka NMPHHAMAJIOCH
ry=200 #, a manee BLIAEPKUBANOCH fyyy/r;=2. Pacuer NMpouBOMHJICA C HHTepBa-
noM Bpemenn Af=0,2 cyr no ¢=3 cyr. B cpennem cnoe Guuto 3anano Ay=2 .

Pa36uBka ua GAOKM M CeTKA COMPOTHBJIGHHH, MPUHATHE HA CETOYHOM JIeKTDO-
MHTErpaTope MpH pacuetax no cerke JimGmaua !, mpusenenni Ha puc. 71,6, 6.

Tlo peaysnbTaTaM 5THX PacueTOB MOCTPOEHH GespasMepHble TpadHKH 3aBHCHMOCTH
H3MEHEeHHs HamnopoB B TIEPBOM, BTOPOM H TPeTbeM O/MOKaX HHIKHETO H BEPXHEro cJos
(puc. 73); Ha 5TOM e rpaduke MOCTPOEHH COOTBETCTBYIOUIME KpHBBHE, NOJyueHHHE
no gopmyde (VII, 57). Cosnagenre KPHBHIX 0Ka3aJoCh YA0BJIETBOPHTE/BHBIM, pHUEM
AIBHO JIyuluHe Pe3ynbTaTH LAIOT pacteTs Ha 3/eKTPOMHTErpArope mo cetke JInOmaHa.

Ioarydennole Oartble NOKA3LIBANT, YTO Ynpyaull pexcum 8 mano-
nporuyaemsix (pasdensHvix) CA0AX MOXCET 0KA3bl8ATL 8ecoma Cyuje-
CT8eHNOe BAUAHUE HQ XAPAKTep HeyCTAHOBUBULE20CA (PUALTPAYUOHHO-
20 noroka 8 8000HOCHLLX 20pu30HTaX. Tak, B BOLOHOCHOM TOPH3OHTE,
H3 KOTOPOTO MPOU3BORUTCH OTKAuKa, NMOANHTHIBAHHE H3 MaJIONPOHH-

————

! CocraBniente ceTKH ¥ BHINOJNHEHHE PACYETOB NPOBENEHO N. C. TlamkoBeKEM H
10. O. 3eerodepom.
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Pue. 73. Tpadur usmenenus 6ypoanep‘x nIp¥ OTKayke BO B3aHMOJEHCTBYOUIMX IIACTax:
@—38 paGoueM TopH3OHTe, 6 — B COCeJHeM TOPH3OHTe; [ — pacier Ha 3ACKTPOHH-
Terparope (no cxeMe JluGmana), 2— pacuer no dopmyae (VII, 57); & — uncaenusit
Pacder No ypaBHeHHIO B KOHeYHBIX paawoctsix, 4 — pacuer no dopmyae (VII, 63a)



1[aeMOro npocJjOs 3HAYMTENbHO YMeHBbINAaeT NOHHXKeHHS YPOBHS BOAH
no xpatinelt Mepe yxe npu k,>10-* am/cyr, npaueM CKOpOCTb H3MeHe-
HHUS Hanopa yMeHbllaeTcss npuMepHo BaBoe. Heyuer atoro obcros-
TeAbCTBA MOXKET HPHBECTH NMPHMEPHO K TAKOMY e 3aBHILEHHIO NPO-
BofuMocTH miacta. Ho ocobeHHO pe3Ko ynpyru#i peXHM B pasienb-
HBIX CI0SX BJAHSeT Ha Xapakrep B3aHMOJeHCTBHS BOJAOHOCHBIX [11aCTOB,
NOCKOJMILKY Tepefiada Hanopa B COCeNHHe TOPH3OHTH NPOUCXOAHT 3a
CYeT ero BJMSIHHS CO 3HAYMTENbHBIM 3anO3/laHHeM, NPHUYEM BpeMd
3anasiniBaHusi fp B Nepefade Hanopa MOMHO OHeHHTb 1o (opMyae

me
£, =(0,1-=0,15)

L. (V11, 61)
ax

OueBuziHO, 4TO BpeMs OTKAuKH, UMEIONIEH UeNbio H3yueHHe B3aHMO-
neHCTBHSA BOZOHOCHBIX TOPH3OHTOB, 06A3aTeNbHO JOMXKHO NPEBHIIATh
BeqnuuHy fo. B npoTHBHOM ciyuae B mpollecCe OTKaukKH B3auMojei-
CTBHE TOPH3OHTOB He OyAeT OTMeUeHO [axKe Torjia, KOraa OHo B Jedi-
CTBHTEJBHOCTH HMeeT MecCTo.

IMoabsysice dopmynoit (VII,61), Moxuo olenuts Ko3h@HUHeHT
NbEe30NPOBONHOCTH Pa3ie]bHOro CJ10s @ N0 NAHHBIM ONBITHON OTKau-
KM, €CIH OTMETHTb BPEeMs 3anasjibiBaHus Nepeiays HanopoB B COCeX-

HHE TOpH30HTH. Torga B nepBOM NpUOIHXKEHHH MOXKHO CYHTATh
m2
a = — . (VII, 6la)
82‘0

Takum o6pasoM, Kak NOKa3bBaeT [peJBapUTENbHbIli aAHAJHS,
BIHSIHWE YNPYrOro pexuMa B MaJONPOHHLAeMBX INpPOCIOSX HMeeT
BeCbMa BaXKHOe 3HaueHHe, OCODEHHO NpPH ONpesieSIeHHH THAPOreoJOTH-
YECKHX ITapaMeTpoB IO JaHHHIM HABTPAaLMOHHOro onpoGOBaHHA NJia-
CTOB B YCJNOBUAX HeycTaHOBuBIlelica ¢uabTpanuy.

YuHTBIBas NPHOIHXKEHHOCTh NOCTAHOBKHM 3alay NepeTeKaHHs, yKa-
3aHHYI0 BO BBeJleHHH K HacToslleil rjase, W TO, YTO OXHOPOXHOCTb
pasfesrHHIX CJI0eB MOXKHO pacCMaTpHBAaTh TOJMLKO CYIIeCTBeHHO
OCpe[lHsisi HX CBOHCTBA, MOXKHO DEKOMEHJIOBAThb HECKOJBKO YNpOLieH-
HYIO TIOCTaHOBKY 3aJay B3auMOJEHCTBHSI BOJOHOCHBIX TJIACTOB TNpH
HeycTaHOBHBIIelicH (QUJbTPALHH, OCPeAHsAs HANOPH B pasjesbHBIX
CJAOSIX 1O BepTHKaMH. DTO YNpOLIeHHE COOTBETCTBYET 3aJaHHIO NPO-
cTeiluedl KOHEYHOPA3HOCTHOH DPa3sGMBKH PasfeNbHOIO CJIOsi, KOrna Io
BepTHKaJH OH yMemiaercs B OBHOM OJIoOKe (B KOTOPOM HMeEeT MeCTO
CpefHHH N0 BEPTHKAJIbHOMY CEueHHIO HANOp H%)f} Torna B ypabuenusix

(VII,54) u (VIL,56) unenm SH | —_ 3aMeHSIoTCH
u gy / =0, ;% | g=m,
COOTBETCTBEHHO UNEHAMH: 2 -—~—m~—f~n2~hm~9~,'rax YTO 3TH ypaBHe-
1 1
HHA NPHHUMAIOT BHM:
1 oH 1 2 oH 2k
B T Tt (i (daialiy ._,..b2 — bﬁz__}m_ — N
a o r &( or ) (H Hp)’ mT’ T = km;
(VII, 62a)

204



(S R E —Hy), )= 2 T =k
or mlT’
(VII, 626)
a ypasuenue (VII,55) Moauduuupyercs crelyiomum o6pasoM:

'712 H
’ 1 0 P
e f— ety e e V
H 1 H 2HP 2 Py , ( II, 628)

MOCKOJIbKY B YNPOLIEHHOH NOCTaHOBKe 0aJjlaHCOBOe ypaBHEHHe B pas-
JOeJbHOM cJ10e Byaet:
oH H—H H —H
, P P . P
95 + qp = 61m1 = s §p = le ——— (]p = 2k1

ot my my

¥

(90 ¥ gy’ — pacxonbl NOTOKa, NOCTYHAIONIHe B PA3AeNbHBI CJIOH CHH-
k
3y u cBepxy; Pi = ——K0o3)OHUUEHT YNPYTrOeMKOCTH B Pa3jiebHOM
a1
cioe).
Briunras ypasrenust (VII,62a u 6) ogHo u3 apyroro, HaiigeM, uto

NpH ONMHAKOBBEIX NMapaMeTpax BEepPXHEr0 M HIDKHEro cl1oeB (a=a’ u

b=10’) pasHHUA HANOPOB B BepXHeM H HHXKHeM caosix AH =H’—H onu-
CbIBaeTcsl ypaBHEHHEM

1 oAH 1 _}1 ri’—Aﬂ)-—bﬂAH,
a ot r or or

T. €. B 3TOM cJyuae Beauunna AH okasblBaeTcsi He 3aBHCsLIeH OT

YIIpYyroro pexuMa B pa3felbHOM cjoe. PellieHue 3TOr0 YpaBHEHHs IJist

PacCMOTPEHHOi BBIIe 33a1aud NMPUMEHHTENIbHO K OTKauKe ¢ IMOCTOSIH-

HBIM DacXomaoM Bbxgamae'rcg q)ogmynoi’i (VI1,53), B xotopo#i caemyer

TONbKO 3aMeHHTb S Ha Afl, a b? onpenenutp cormacuo (VII,62a).
CaoxuM tenepb ypaBuenus: (VII,62a u 6):

A oH+HY) L8 [ p QHAH)

—p -
a ot ro o or ] ORH + H' —2H,).

O6osunauas H -+ H’'=u, paspelliuM 3T0 ypaBHeHHe OTHOCHTENBHO Hp
M NOJACTaBHM MNOJIYYeHHOE BHIpaXKeHue B ypaBHeHue (VII,628):

Lo 1o o Lo (pay Lo
a, Of r or or )— day | r Ordt ar a o |’
2
1 i ml 1 k;mx
Aoy e L R
ay a + 4(11 a + 2Ta1

[IpuGauxKenHoe pelleHHe 3TOTO YPaBHEHHSt MOXHO IONYYHTh, NO-
Jiarasi NpOU3BOJAHBIE BHICLIEro NOPSAKAa, HAXOASILHECs B ero npasoi
yacTd, paBHBIMH Hymo. Torna:

....__Q_ -—-_.....]L.... Pf_. 2 s r —
= ch(}“), fe(V) = in Ei(— M), A= sy .
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3uas AH w u, HeTpyZIHO COCTaBHThH BHIpaXKeHus 1js Hamnopos H u H’

He= M = L )+ ha (o)l ()

2
(VII, 63)
’ —AH r.
H :erﬁg‘_[fc(x)_fn(r’ a")]’ (6)
_ r P .‘QE; m“i*'
AMW?V@ , r=br=r T’ T apsag’

NpUueM BeNUuHHa [y onpefensiercss no rpaduky puc. 70.
OueBunno, uto ypasuenue (VII,636) MoxeT NpHMeHATBCH TOABKO

npu fe(A) >fa (r_,-(ﬁl)-
Ipu A<0,2 u r<0,1 MOXHO cUHTaTh

fo(h) = —Loqn 2Bty 1 g,

113
4x e o T

H TOoraa

H=-92 mb2Val p_ Q 1 88py/ ad.
4nT br2 4AnT

Conocrasienue pacueros no ypasuennio (VII,63) ¢ pacueramu ua
3/IeKTPOHHTErpaToOpe /s pa3obpaHHOro BHIE NpUMepa JlaHO Ha rpa-
buKe puc. 73; KaK BHJAHO, Pe3yJIbTaThl CONOCTABJEHHS! OKA3HIBAIOTCSH
YIAOBJIETBOPUTENbHBIMH.

§ 4. JPEHAX B TPEXCJIOHHOH CPEJE

Criendnueckue ycaoBus $hopMupoBanus GUALTPALMOHHOIO HOTOKA
BO3HHKAIOT NPH ycTpoHCTBe NpeHaxka B TpeXciaoiiHo#t cpeae (puc. 74),
Korfla 1Ba BOROHOCHHIX MJIacTa —— HamopHH# W GesHANOpHHIA — paspe-
JieHbl C1aboNpOHRLIaeMbIM TPOCIOEM, A IPeHAXKHBIE CKBAMKUHBI YCTAHOB-
JieHBl B HHXKHeM cioe [16]. B aToM cayuae npu Koctatouno 60bILAX CO-

OTHOLUBHPIHX%- o MOXKeT HMeTb MeCTO 3aME€THOe pa3nesieHHe IiO-
2 2
TOKOB B BepXHEM U HHXKHEM CJIOSIX BIJIOTH A0 TOrO, YTO NOTOK B BepXHEM

cjloe BEIHIET HA OTKOC B TOUYKe B, 4To MOKeET BHI3BaTh, HEOGXOXUMOCTh
JONONHHTENBHEIX HHKEHePHBIX MEpONpHATHI No ero nepexsary.

PaccmorpuM 3anauy B ycoBUSIX, KOrAa PSA CKBaXHH pacloNOXeH
BAOJDL peKH, MPHUeM, MOJb3YACh METOAOM COIPOTHBJEHMH, 3aMeHHM
paj) CKBaXKHH CIJIOHIHOH TpaHllleer ¢ HamopoM H; u CBelleM TNOTOK
K JuHeHHOMY B INJaHe,

ITockonbky B nmpefenax pycna pekH MaJONPOHUIAEMBIH NpPOCIOi
3auactylo OblBaeT pasMHIT W HapylleH, OyneM CUMTATh, TG B CEUECHHH
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x=0 Hamnop B BepXHeM H HIXHEM TOPH3OHTAX OJUHAKOB H COOTBETCT-
BYeT YPOBHIO B peke.

Pasfenum notox Ha /ABe 30HBHI: BEPXOBYIO — 10 TOUYKH MepecedyeHus
KPHBOH NeNPEecCHH ¢ MONOUIBOA BEPXHETO CIOs (touxa A) u Hu30BYIO.
TloTok B HH30BOH 30He HECJIOKeH, TAK UTO MPeXKJe BCEro paccmorpum
ycnoBusl QUAbTPALlHH B NMpelesax BEPXOBOH 30HBIL.

TlpuHuMasi B BepXHEM H HUKHEM CJNOSX CIPABEMJIHBOH Npenno-
coiiky [lionion, a B cpelHeM CJ0e YUHTHIBASL TONBKO BEPTHKAJBHYIO
¢uabrpaumio, ry6UHL I0TOKA A B BepXHEM CJI0e U HANOPhl H B HHX-
HeM ¢Jloe ONMHCHIBAIOT CHCTeMOH NBYX ypaBHeuui {16]:

d (, di\ _, h—H
A G S |
i g (VII, 64)
k3m3 —'k - (6)
dx? mg

el E .:. S @‘ Mm ‘{ .J.p. : e

. . . . e
e . ..
. . . ..
.,_

’///////////////////0’////////5’///////////////////7///////////// ///////7:

Puc. 74. CxeMma tpexcrofiHoro moToKa

Crnoxus ypasuenus (VII,64a u VII,646), npoussens najee HHTErpH-
poBaHHe H HEKOTOphIe anreﬁpauqecxne npeoGpa3oBauus, Haligem
ypaBHeHHe, cBsi3biBawoliee Hp u [

([ M

Ypasuenue (VII,65) HemoctartouHo nss pellieHHs TOCTABJIEHHON
3ajauu, TaK KaK OHO KpoMe [ COJAepKHUT H HeH3BECTHYIO Beauuuny Hp.
Jns cocrapiaeHus AONOMHUTENBHOTO YPaBHEHHS BOCIONb3YeMCs cJe-
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AYIOIHM NpHOJHKEHHBIM METOLOM, KOTOpPbIH Ha3BaH HaMH «METOIOM
cootBetcTBHsI». O603HaunB AH =H-—h, 3anumem ypaBHenus (VII,64a

4 6) B BHze:
X
X X
DY : (VII, 66)
bl I
kg =~ o AH. (6)

Benuunny AH npuGnuiKeHHO NpeNCTaBHM B BHAe INOJHHOMA n-HOH
CTeneHu

AH%AHn=a1-?~+a2—§;+...+an—-zx§—. (VII, 67)

TlousaTHO, 4TO YeM BhILIE CTeNeHb 3TOTO NONHHOMA, TeM OauXe Gy-
Ayt seauunHsl AH u AH,. OgHako ¢ yBeJuHyeHHEM uHClia 4WJIEHOB
TONHHOMA BO3pPacTaeT H CJHOXKHOCTb pelIeHHS, OITOMY CJAEIyeT OCTa-
HOBUTbCS Ha BO3MOXKHO MaJIOM 1, JalOlleM INPaKTHYECKH 0CTaToy-
HyI0 TOuHOCTb., CilefiyeT TakikKe HMeTb B BHAY, YTO H3JHIIHEEe YCJIOXK-
HeHHe 3aBHCHMOCTH AH oT X Helleecoo6pasHO C THIAPOTeOJOTHYECKOMH
TOUKH 3peHMsl, TAK KaK H BeJHUHHA Ky H XapakTep ee H3MeHEHHs 1O
IJMuHe NoTOKa OOBIMHO ompenensgioress ¢ HebGoablioll TouHocTsio. ITo-
CKOJIbKY B PeaJbHBIX YCJOBHSIX KpHBble JeNPECCHH OKAa3bIBAIOTCS [0-
BOJbHO NOJOTHMH, TO NPAKTHUYECKH MOXKHOC NOJOXKHUTh

AH~AH, = Hp~;— . (VI1, 68)
IToncrasum B (VII,66a u 6) AH, BmMecto AH u HHTErpupoBaHueM

HafineM BbipaxkeHuss H, u h;, KOTOpble SBASIOTCA NepBBIM NpUGIHKE-
HHEM DpelIeHHs

= X x ,___k’“ff{?f_, 212
Hl-—h,,<1 l)+Hp L e (=), (VIL, 69)
YR e
hy 1/ 1= ) + somr e, (VII, 70)

Ecau 6b penienne 6b10 cTPOrHM, T0 AH; JOJKHO GbITh PABHBIM
passoctu Hi—h, npu noGoM 3nauenun ¥ B npepenax 0<x </ Ilpu-
O/IHKEHHOE XKe pellleHHe 3aJayd MOMKHO IOJYYHTb, €CHH YHOBJETBO-
puTbh paBeHCTBO Beanuyud AH, u Hp,—h, Xotst Gbl B HECKOJBKHX KOH-
KDeTHBIX TOYKaX (TOUYKH COOTBETCTBHS), KOJHUYECTBO KOTOPHIX Ompene-
JisieTcs cTelleHbIO noauHoMa n. Ilpu monuHOMe nepBol CTeneHH MOXKHO
BHIGpaTh OJHY TOYKY COOTBeTCTBHs npu x=0,51

IToncraBam B yciosue
Hy—bh =AH, mpu x=0,5] (VII, 71)
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soipaxkenns AH;, H; u hy, noayuennwme u3 (VIL68), (VIL69) n
(VIL,70), npu x=0,5 [ nocne anre6pauyeckuX npeoGpasoBanuil nail-
IeM elle OJHO BhIpaKeHHe, CBS3biBalollee BenuunHsl Hp u [

H,= .?.’%’LI’:JIE%, (A—VELH), (VII, 72)
2
rje
A=hy+ 250 m, (V11, 722)
1

Cucrema ypasrenut (VII,65) u (VIL,72) nmaer saMkuyTyio CBSI3b
Mexny BenHuuHamu Hp u [; peumieHHe 3TOH CHCTEMbI CPABHHTEIBHO
HECJIOXKHO NoJAYYuTh Noa6opoM, Ans yero ypapHenue (VII,65) ynobuee
NpejCcTaBUTh B BHIE:

LR,

[ = ZF2Ts L. (VII, 73)
Jaho 4y
2]?3:‘?13 1

U3 cosmectHoro paccmorpenus ypasuenusr (VIL72) u (VIL73)
MOXHO HaliTH 3HayeHue Hanopa Hy, UPH KOTOPOM KpHUBAas Jenpeccuit
B BeDXHEM CJIoe BHIIeT Ha OTKOC KOTJNOBaHA, ecnu [=ly:

Hy = St (A— B — hy =t A (V1,74

kzl i K 2k3m3

Kaxk u cienoBajo oxunarb, s3Hauenus Hp w H; noayuawores orpuua-
TeJbHBIMH.
ITockosbKy NOrOHHBIM NPHTOK K JHHHH CKBaXXHH MOXHO OINpese-
JuTbh no bopMmyine:
Hp — H,

q = kymy R (VII, 75)

10, nofcraBasst Hp us Bepaxenus (VII75), maéimem dopmyay mas
onpenenenusi nebuTa CKBaXKHH:

kgmySy -+ 0,5k hg
——————

Q.= 7 ) (v11, 76)
HIau HpPI 3aAaHHOM TIOHHXKEHHHU ypOBHH B CKBaXHWHAaX:
kamgSc + 0,5kyh2
= 11, 76
Q. e (VII, 76a)

rie Sc u S, — nonwKenus ypoBHedl B CKBaKHHAX H HA JHHHH CKBAXKUH
OTHOCHTENbHO TJI0CKOCTH AB (NOJOIIBE BepPXHEro cJos).
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B cJyyae BbIXOJaA TMOTOKA Ha OTKOC 3aJIOKEHHEM M BeJIHUUYHHA 06pa-
3yIOLIErocsi MPH STOM Y4YacTKa BHICAYHBAHMSI A MOXKET ONpeNesiThCs
no npubiuKenHo# popmyJe:

@b,

h,= 0,5) —m———, VII, 77

(m+0,8) =5 (v, 77)
L P
= P o

drta 3ajaua paccMarpusanach takxke JI, H. ITaBnosckoi [12], Ko-
TOpasi NpH ee pelleHHH HCIOJb30Baja IpHeM OcpeJHeHHUs (QyHKIHH
T'upuncKoro.

§ 5. 0 PE)KHME HANMOPHBIX TOPH3OHTOB NPH HBMEHEHHHW BHEIMHEN
HATPY3KH HA BOJOHOCHDBIE NJIACTbBI

Kak caenyer u3 o6uieil Teopuu ynpyroro pexkuma (§ 3, ra. 1), us-
MeHeHHe HaNopoB B BOJOHOCHBIX FOPH30HTAaX MOTYT NPOHCXOIUTH He
TOMBLKO 3a CUeT TuJpaBavuyecKuXx (aKTOPOB, HO H 3a CueT H3MEHEHH:
BHelllHeH Harpy3kKud Ha BOJOHOCHBIH muaacTt. Bausnue 3arozo akropa
MOJCET, 8 4ACTHOCTU, c030aTb OOCTAHOBKY «ncesdocsnsus mexly Ha-
NOPHLIMU 20PUBOHTAMU, C OOHOL CTOPOHbLL, U NOBEPXHOCTHLIMU U
2pYHTOBbLIMU 800aMU — ¢ Opyeol, MOCKONbKY BCsIKHE H3MEHEHHs! YPOB-
HeH NMOBEPXHOCTHBIX M TPYHTOBHIX BOJ BHI3HIBAIOT COOTBETCTBYIOLHE
U3MEHEHUs NaBJEHHS Ha KPOBJIO HMXKeJeXalllMX HAaNOPHLIX MJacTOB,
KOTOpble B CBOIO OYepejb BJAEKYT 3a cOoGOH U3MeHeHHs HANOPOB BOJbI
B HAMopHBIX ropu3oHTax. OTclO[a cle/yeT, 4YTO 3TH H3MEHEeHUs HaIo-
POB MOrYT NPOMCXOAMTb TMpPH T[OJHOM OTCYTCTBHH TUApPaBIHYECKOH
B3aMMOCBSI3H HANODHBIX FOPU3OHTOB C NMOBEPXHOCTHHIMH M TPYHTOBHI-
MH BOLAMH.

PaccMoTpuM  HeKOTOphHle KOHKpEeTHble  MPOSBAEHHS pPexuma
«TCEBAOCBA3H», BO3HUKAIOLIET0 MPH H3MEHEHHH BHeUIHero JaBJeHHs
Ha KPOBJIO MJAacTa.

B pale cjlydyaeB OTMeUuaeTCs MOHUXKEHHE HANOPOB B HANOPHHIX TO-
pH3OHTaX TpH pa3paboTKe PaCNOOKEHHHX M0J HAMH KOT/IOBaHOB !
Xapaktep 3TOro mnpouecca MOXeT OOBSICHATBCA BJHSHHEM JBYX
OCHOBHEIX (akTopoB: GuibTpanuu uYepe3 MaJONpOHHNIAEMBIE CJIOH,
OTAeNsIONHEe HATIOPHBIE TOPM3OHTHI OT KOTJOBAHOB M IPOSIBJAEHHSA
yupyroro pexkuma ¢uabTpallud 3a CcueT YMEHbLIEHMS JaBJeHUs1 Ha
KPOBJIO HAalopHOrO TOPH30HTA CO CTOPOHH BhiLIeJIeXKaUIUuX TPYHTOB
ApH BbleMKe KOTJIOBaHa.

Odudpdepennuancuoe ypaBHeHHe, ONUCHBAK llee paclpeleleHHe
HaNoOpOB B YCJIOBHAX NOCTaBJEHHOH 3aflauH, NMOJYYUTCS H3 YPaBHEHHs
(1,28), B xoTOpOM cClEIyeT MOJOKUTE:

! Takoro posa sBjenue Ha6/I0a/10Ch, HANpUMep, NMpPH Pa3paboTKe KOTIOBAHOB
Boarorpaackoro ruapoysna (B mponefickom ropusonte) u ocobenno CapaToBcKoro
THApOy3Ja (B TOPU3OHTE HEOKOMA).
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0 o= L9 ¥ T (VII, 78)

rae hy — rny6uHa BBIHYTOH YaCTH KOTJIOBAaHA B JAHHOM CeueHHY;
Y — CPelHHH B Npeflenax 3TOH rayOuHbl 00beMHBIH BeC TPYHTOB KOT-
JopaHa (BMecTe C colepxkamieiics B HHX BOJOI); kM — NpOBOJMMOCTD
HaNOPHOro rOpPU30OHTA; M, M Ky — MOWIHOCTE M Ko3pduiuent Punbt-
pallud ¢J10s, OTAeJSIONIero HamopHHH TOPU30HT OT KOTJOBaHA; Hy —
panop (ypoBseHb) BOAH B KOTJIOBaHe. BripakeHue Ansi Uy NOJYUEHO
U3 YCJIOBUSA, UTO AABJeHHE HA HANOPHBI FOPH3OHT OT BHILEJEXKAaU[HX
TOPU3OHTOB IlepefaeTcsi M0 BepTHKadW 6e3 pacCeMBAHUA ero B CTOPO-
uel. Ciényer OTMETHTD, UTO B JEHCTBUTEBHOCTH CHHXKaéMoe NaBjaeHue
1O KpOBJie HaNOPHOrO rOpH30HTa GYAET HECKOJBKO nepepacitpelesiTh-
ca. OgHako B cBA3M C TeM, YTO pasMepbl KPYIHBIX KOTIOBAaHOB B
fJ1aHe OOBIYHO 3HAUMTEJNbHO MPEBHIIAIOT IMYOHHY 3aM0XKEHHUS Hamnop-
HBIX TOPH30HTOB, MMeIOUIUX MPAKTHYECKOE 3HAUEHHE, TPEANOCHJIKY O
BePTHKAJbHOH Nepeflaue AABJAEHUSI MOXKHO B JAHHOM clyyae CuHTaTh
BIIOJIHE TIPHEeMJIEMOTI.
Vpasnenue (1,28) npuMer Bux:
L O _PH . PH g gt
i Py + o +b*(H,—H) —a — (VII, 79)
O6uiee anamutuyeckoe pemlenue ypasuenus (VII,79) upesBniuai-
HO cnoxHO. [TosToMy mpu' Heo6XOAMMOCTH HauGoJee MOMHOrO yuera
KOHKDETHO OGCTAHOBKH LeTec006pasHO MpeACTaBHUTb ypaBHEHHE
(VIL,79) B koneunnix pasHoctsaX. B 3ToM cayuae uaMeHeHHe Hamopa
AH B 3jeMeHTe ¢ NaHOBHIMH pa3MepaMu Ax u Ay npu pasHOMepHOR
pa30uBKe NOX KOTJIOBAHOM 3a Bpems Af 6yner:

H H —2H H H., ,-—2H
AH = aAt[ wta ¥ S * e B H— HK)] -
—a -%- - AR, (VII, 80)

rae Hnyi, Hooy w Hiyy, Hij—Hanopw B cocegnux 610Kax no Ha-
npagnenmm X ¥ Y, a Ahy' — naMeHeHHe ITyGMHBHL KOTJIOBaHa 3a Bpe-.
ms At '

Bumecte ¢ TeM lenecoo6pasHo PaccMOTpeTh HeKOTOpble YacTHHie pelLIeHHsi ypaB-
genus (VII,79). Tak MoXHO MoJyuHTb pellieHHe N/ HEOTPAHHUEHHOTO OJHODPOAHOTO
TI0TOKA, KOrJa KOT/IOBaH TIPAMOYro/bHOl GopMBl B Miame fauioit 2A # wupuHoit 2B
paspabaThiBaeTcsi € NOCTOAHHON MHTEHCHBHOCTBIO (Uyx=const), a meperexaHue oT-
cyrerByer. B aToM cayuwae mnoa KkoraoEaHOM B mpAMoyrodbHHKe — A< X < A M
— 8 <Y< B nMeer MecTo ypasHeHHe

- g (VII, 81)
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a BHe NpeeJOB 3ITOTO MPSIMOYTrOJbHHKA CHpaBeJ/IHBC OGHIYHOE YpaBHEHHE YIPYro-
ro pexuma

1 oH ozH oH

= — —_ (VII, 81a)

Pewenne 3Toft 3ajadu mno3BoJser mnoayddth [16a] criepyromee BbipaxkeHHe AaS
MOHUMKEHHS YPOBHS BOAB MNOJ LEHTPOM KOTJIOBAaHAa miacwanpio: ok =24 X 2B,

Uy~ Oy A
S=a a -FK(B ,‘l’), (V1l, 82)
T e
at
T
A 1 N x2 -} g2

Fy ("E‘ , ‘C) == — WdejEf (-— "—‘i;y*) de.  (VII, 82a)

0

A
Jns onpeaenenns sHadeHud GyHruui Fy 5‘, 1) MOXKHO OOGBIYHO CUHTATH

2
A 1 r2
F —— =——2Fi| — > . 2
K( o o El< o ) (VIL. 826)

npuyeM r, — NPHBEAeHHHI pajuyc ILIomiafu KOTJIOBRaHA, KOTOPHIA, Kak IpaBujIo,
MOJKHO OnpefeauTh To ¢opMyJe

ry = 0,09P, (VI1, 825)

rie Py — lepuMeTp KOT/IOBaHaA.

TlpaxkTuuecKuit HHTEpeC MPEACTABJAIOT TaKkKe 3aBUCHMOCTH AJA NEpHOAA NOC/e
pa3paboTku KOTJIOBaHA. B 3TOM ciyuae HauHeT MOCTEMEHHO NPOUCXOAHTL BOCCTAHOB-
JeHHe Hanopa Moj KOTJIOBaHOM, NpHYeM INOHHIKEHHe YDOBHS INOCPefHHE KOTJAOBAHA
OTHOCHTE/BHO HAYaJbHOrO (CTATHYECKOro) Hanopa onpefenutcs GopMyJoi:

o0 T A A ‘
s=a 2GR (Gemn)]. o
at aty
T= ", Tp= "1,
B2 B2

rie f,— BpeMs, B TedueHHe KOTOPOrO paspabaTbiBaeTcsi KOTJIOBaH CO CKOPOCTHIO Uy.

B pa6ore [16a] mpuBeseHEl TaKKe PEKOMEHJAUMH MO Yy4eTy pas-
TPY3KH 4epe3 cJaGoNnpoHHllaeMble NMPOCJOH, NPOSIBASIOUIHEC HaApSAY C
HW3MeHEeHHeM BHEIIHeH Harpysku.

VsmeHeHusi naBleHUs Ha KpPOBJIO MJacTa NPOUCXONAT M Npu KO-
Jne6aHUAX YpOBHEH IpYHTOBHIX BOJA Haj mjactoM. B sToM cayyae

1 ope (
Vo Rr. 2, (V11, 84)

Ille Urp— CKOPOCTh KOJeGaHHs YDOBHA TDYHTOBBIX BOJ B JaHHOM
cedeHHy (MOJOXKHTeNbHAs NMPU MO keMe H OTpUllaTelbHAg OpH CHaje).
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PaccMOTpHM, HanpuMmep, HHTEPECHBIA YACTHbIA cjydall BO3MOMKHOTO NPOSBJEHUS
NCeBJAOCBSA3H I'OPH3OHTOB IIPH OTKayke M3 IPYHTOBOIO TIOTOKA, KOFAA MOXKET NPOHC-
XOAHTb H3MEHEHHE HANOPOB B PACNOJIOKEHHOM HHXKe HANOPDHOM TODH3OHTE IIPH OT-
CYTCTBHH THADABJHYECKOH CBA3H MeXIy ropu3ontamu, B 3toM ciayuae nonukenHe
ypOBHeil B TPyHTOBOM NOTOKe Sy onpeaenntcs dpopmynos (VI, 1) u

Fad

Lok 3% _ Q- Ty
r.B. ot _ 6t 43_‘7,0! s Hp B y

rae To W @y — nNpoBOAUMOCT H KOIGQHIHMEHT YPOBHEMPOBOAHOCTH Ge3HANODPHOrO

naacra.
B cuny panguanbHoro xapakrepa notoxa auddepenunaasioe ypasnenue (VII, 79)
Ans sT0ro cayuasn (npx 6=0) npHHHEMaeT BUA:

oH 1 7} oH Q = Sad
——g— — [ g —— . Vi, 85
ot ¢ r or (r or ) @ 4nayt ¢ ( )
2
Baeaenuem nepeMenHoi A= 7:;;, npuseaem (VII, 85) K OGHIKHOBEHHOMY YPaBHEHHIO
BHAA:
dzH dH
A=+ (14 24) — -— A=, 11, 86
ge TUT2) - —Ae (V11, 86)
429  _a
Qo (2%}

Pemenne 3toro ypaBHeHHA, YAOBJETBOPAIOIEe YCJOBHAM 3ajayH, MaeT caeaynouee
BbIpaxKeHHe AJA CHHUXKEHHUA Hallopa S s HamnopHOM TOPH3OHTE 34 CYeT ICeBAOCBA3H

S= .1 [— Ei(— &) + Ei (—eM)]. (VII, 87)
B yactuom cayuae, ecnu a=ap, 10 e=1 u (VII, 87) npunumaer Bug
S = Ae >,
Ipu aauTenbHoOi orxauxe, xorga A<<0,1 u eA<0,1,.
Ine aQ Ine
Spp=A— ==~ — i1,
e e—1 e e—1 (V11, 88)
1 IpH € ==1
a
Spp=A4= Q. . (VII, 88a)
iy

Hns KonuuectseHHOH ouenkn nNpomecca nonoxuM Q=Ty See, Tae Syc — NOHHKEHME
ypoBHA B OTKauuBalouie#l cksaxune, u=0,1, a=1. Torpa A=0,03 Socunpua = a
(3=1) Snp=0,03 S()c, npu (121000 (8: 10) Snp=0,008 Socy npu a= 10000 (8=l00)
Snp =0,0015 Socu T. A. Kak BHIOHO, 3aMeTHOE BAWSHHE MCEBAOCBA3H npH OTKayke
H3 TPYHTOBBIX BOA MOXeT NpPOABIATHLCH NPH KO3GhQHUMEHTe NbE3CNPOBOAHOCTH Ha-
MIODHOT'O CJI0f @ MeHbleM WJH JHIIL HEMHOTo GoabluieM KoaddHuuenta ypoBHENpPO-
BOJHOCTH DMPYHTOBOTO IMOTOK3, H3 KOTOPOrO IIPOH3BOAHTCH OTKAUKa.

[TposiBnenne mceBnOCBA3M MOXKeT Ha6MONaTbCA NMpPH 3ajluBax To-
Jeil (pHCOBHIX, XJIONKOBLIX H T. N.). B KauecTBe npuMepa MOXHO NpH-
BeCTH JaHHble B pafioHe T. Hykyca!, rae Benuch nabnofenus 3a

! o marepnanam IlpHapanibekoil SKCOEHIHH, NPEAOCTABACHHHIM aBTOPY THAPO-
reosorom M. A. Copoxunoi.
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YPOBHSIMH BOAbl B a/IIOBHAJbHOM IOPH30HTe (TOHKO- H MEJKO3EepHH-
CTHIe TTeCKH MOLIHOCTBIO 12—15 M, mpuKpHIBaeMble CYneCUaHbiM CIOEM
MOIIHOCTBIO 0 2 M) ¥ B 3a/eramoolleM riay6xe BepXHEMeJOBOM TOpH-
soHTe (caalbifl ecYaHMK C NMPOCTOSMH CYIIMHKA MOUIHOCTBIO OKOJIO
30 M), pa3feneHHBIMH C€/I0eM TSXeJOrO CYIMIHHKA MOWIHOCTBIO 4 M.
B nepuon 21—25/I1 661 mpoussened 3aiuB KapTodeabHBIX nosedl ¢
Leabl0 UX NPOMBIBKY, NpHUEM B TeyeHHe 3TOTO BPeMEHH HA MoJe MOA-
nepxkusaicg cjoél Boabl 10—20 cu. Cpasy ke nocie 3anmuBa mnbe3o-
METpbl, PAaCnonOXKeHHbe Y Kpad NoJeH, I[OKa3adaH INOAbeM YpPOBHA
BOAbI B aJJIIOBHa/NbHOM TOPH30HTE Ha D3 CM, a B MEJOBOM TOpPH3OHTE
Ha 45 cm. BMecTe ¢ TeM B 3TOM JKe MecTe NPOU3BOAHJIACh OTKauKa
13 MeJIOBOr0 rOpH30HTA, B Npolecce KOTOPOH He OHJIO 3aMeueHO CHH-
KeHHs] YPOBHEHl B aJIIOBHAJbHOM TODH30HTE, YTO CBHAETENLCTBYET O
cnabof rHAPaBAHYECKOH CBA3H MEXAY 3THMH FOPM30HTaMHU,

B stoM cryyae u3MeHeHue Hamopa MOXeT OLEHHBAThCS TakK XKe,
KaK ¥ NpH BbleMKe KOTJOBaHa, NPHHHMAas TOJABKO 3a Wy IJOWAAb 3d-
JIUBAeMOTO MNoJd, H

v =2 Qo (VII, 89)

rie Ahy — cJioft BOAbI, NOCTyNuBIIell Ha nose 3a BpeMsi Af, Qq — cpex-
HHH pacxoj BOJH, noxasaemoi Ha noJse. IIpu 3toM Do dpopmynam
(V11,82), (VII,83) onpenensior He NOHMKEHHE, a NOBbILIeHHE YPOBHS
TI0f3eMHBIX BOA NOA noneM. Ilpu HannuuH HeCKONBKUX 3aHBaeMbIX
noned cyMMapHOe TOBBHLEHUE YDPOBHS HAXOJHTCH CJAOXKEHHEM NOBHI-
IWeHuil yPOBHS, ONpeXeJeHHOro0 OT 3a/JuBa KaXJAO0ro MoJas B OTAeJbHO-
CTH.

B yactHOCTH, pacueTsl M3MeHEHHH YPOBHS BOAbLI NPH MOJHUBe MOJelt
ONHCAHHOrO Bbillle mpuMmepa paiiona T. Hykyca panu pesyabrath,
Osu3Kue HaGJIOeHHEIM,

CyutecTBeHHOe M3MeHEHHe HArpy3KH Ha BOJOHOCHBIH MJIacT MOXKeT
Npou30iTH NPHU KoJMebaHUSX BOAbI B peKkax, 0coGeHHO B MEpHOX na-
Bojka. [sis mepHoma moabeMa ypOBHs B peke C MOCTOSIHHOH CKOpO-
CTBIO Uy NMpH WiupuHe peku 2B, ucnoansys ypasuenne (I1,17) pas
CXeMbl NI0JIOCOBOH HHUIbTpanuy, Hafiiem, 4TO U3MeHeHHe Hanopa AH
3a'BpeMs { Ha PAcCTOSIHUA X OT cepelHHBI peKd Gyaer

AH = Ak F, (1:, -’;-) : (VII, 90)

rie Ahp — noxbeM YpOBHsi BOJBI B peKe 3a pacueTHbI mepHoa Bpeme-
Hu. Ecou nocsie nogbeMa co CKOPOCTBIO Uy 3a BpeMs Iy CAefyeT cnaj
CO CKOPOCTBIO U, TO Beduuuny AH onpeRensiioT no ypaBHEHHIO:

AH = av tF, ('c, %) — 0O v) (E— ) Fy («c,,, %) , (VII, 90a)

= at—1t)

" B
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Psaaom na6monenuit [6, 17, 18] moka3ana cBasb MexAay Kosde6GaHus-
MM Hanopa ¥ aTMmocdepHoro AaBiaeHus. Eciu cuutath, 4TO H3MeHEHHE
JaBJIeHUsl BO3yXa P, 6e3 CylIeCTBEHHbIX OTEPh NepeflaeTcs Ha KPOBJIIO
HANOPHOro NJacra, To

_1_ Opa '
T (VIL, 91)

U, =

Has ororo cnyuas B KoHeuHopa3HocTHOM ypasHenun (VII,80)
veAR'x clenyer 3aMeHHTh HAa Apg, rle Ap, — u3MeHeHHe aTMoc(hepHO-
ro naBJeHus 3a BpeMs Al

PaccmatpuBasi BnusitHue aTMocepHoOro AaBieHHsl, MOXKHO OGBIUHO
CUMTaTh U3MEHEHHsl NAaBJIeHHs1 cna60 3aBUCALIMMH OT DACCTOSAHHA H
otH otH
npeHe6peraTb MpPOH3BOJHBIMU e H i Torna ypaBuenue (VII,79)
X Y
NpUHUMAeT BHUL:

OH & 0P (VI1, 92)
ot

T. €. U3MEeHeHHe HANOPOB OKa3hIBaeTCsl INPOMOPHHOHAJbLHHIM H3MeHe-
HUIO JaBJeHusi, a KoapdHiueHT NpONOpUUOHANbHOCTH 3aBHCHT OT CO-
@THOLIEHHSI XapaKTepHCTUK CXKHMAaeMOCTH TpPyHTa ¥ Bojabl. DT0 006-
CTOSITENBLCTBO JlaeT NPHHIOUIHAJBLHYIO BO3MOXKHOCTE OHeHUTh Ko3bdu-
LUeHT YNJIOTHEHHUS] TPYHTA Oy, €CIAM H3BECTEH MOAYJb YIPYroCTH BO-
ael E, 3Hasi COOTBETCTBYIOLIHE H3MEHEHHsI aTMOC(epHOro naB/IeHHS
Ap, u Hanopa AH, no popmyae:

a4 =— """, (V1I, 93)

Apa
E (YAH '"l)

Orta topmysna Gwulna BnepBbie BbeiBeneHa JlxekoGom (Jacob [18]), a
3aTeM WHBIM nyTem Oblia nmonydeHa B. IT. HkosaeswiM [17]. MaBecTHn
TaK e Ha6alomenusi [20], 3apukcupoBaBlliMe M3MeHEHHEe HAMOPOB 3a
CueT M3MEHEHHWs BHEUIHHX HArPy30K NpH NMPHAMBAX M OTIMBAX MOpH,
NpU MPOXOXKJEHHH TOE3T0B ¥ T. 1.

OnHaKo NposiBAeHHS peXHMa MCEeBAOCBA3H OTMEUAalOT He BO BCex
clyyasiX, KOrla OHO IONKHO HMeTb MeCTO, COIVIACHO H3JIOXKEeHHOH
TeOpHH 3TOro mponecca. Tak, Hanpumep, OKa3bIBAETCs, UTO I1yGoKHe
BOJOHOCHBIE TOPU3OHTHl He BCErfa pearupyioT Ha U3MEHEHHs YPOBHed
B pekax. Ilo-BupuMoMy, B JaHHOM ciaydyae HeJb3sl CUMTATh, YTO H3Me-
HeHHe [NaBJEHHs NepelaeTcsl MO BepTHKAJM, TaK KaK CYLIECTBEHHYIO
pOJIb MOXKET UI'pPaTh *KeCTKOCTb BCEX NOKDPOBHHIX CJI0€B, NPUBOASIIASN
K mepepacnpefiedenuio naBieHus. [1o3ToMy mnpu ganbHeflINX Hccade-
JOBAaHHSIX AMHAMHKH MOJ3eMHLIX -BOJ B HANODHbLIX IJACTaXx B CBsA3H
C M3MeHeHHeM BHEUIHHX Harpy3oK CJeJlyeT NMOCTaBUTb BONPOC O HeoG-
XOAMMOCTH YYeTa HAaMpsXKEHHOrO COCTOSHUS BCEro KOMIUIeKca BOJO-
HOCHBIX TOPH3OHTOB M PasgefbHLIX CJIOEB.
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OCHOBHBIE YCJIOBHBIE OBO3HAYEHHA
X, Y- KOODAHHATH Ha TJIOCKOCTH;
r— pajManbHas KOOpAHHATa;
t— BpeMs;
H - nbesomerprueckuil sanop;
h— rayGuna QuabTpanMOHHOTO TNOTOKA JO BOJOYIOpA;
S-— nonnxeHHe YPOBHA BOAH;
b, He—riiy6uua moToka ® Hallop B CKBAMHHE,
Je— PAOUYC CKBAKHHE

m—— MOUFHOCTE BOZOHOCHOro mjacra (& GesHamopHOro moTOKAa M=f};

T— npopomuMocTs Miacta (NpoH3BeleHHE cPefHero Kosdduuuenta (uILTpa-
IMH Ha MOLIMOCTH IJIacTa);

H— Koo HIMEHT BOXOOTRAYH (NPH ONMYCKAHHH YPOBHS BOAB) HAH KO3(DU-
UMENT HEZOCTATKA HACHINEHHS (HDDPH €rc Topbeme);

00— Ko9QOHUHEHT Nbe30NPOBOJHOCTH (I HANOPHOTO NOTOKA) HJH YPOBHE-
npoBofHOCTH (A8 Ge3HaNOPHOTO NOTOKA);

go— MOTOHHBIN Pacxol MJIAHOBOIO HOTOKA;
hyan— s0deKTUBHAS KaNUANAPHAS BHICOTA;

W— HHTEHCHBHOCTH HH(HILTPAIHH,



NPUHIAOXEHHHA

Mpunroscenue 1

TaGmmua dyuxugun erfc A

A [ erfc A A erfe A A erfe & A erfc A A erfe &
0,00 {1,000} 0,25 {0,724 0,50 | 0,480 0,75 0,289 1,00 0,157
0,01 10,989 0,26 {0,713} 0,51 |0,471 0,76 0,282 1,05 0,138
0,02 |0,977| 0,27 |0,703] 0,52 10,462 0,77 0,276 1,10 0,120
0,03 10,966} 0,28 {10,692 0,53 {0,453 0,78 0,270 1,15 0,104
0,04 10,955/ 0,29 |0,682] 0,54 | 0,445 0,79 0,264 1,20 0,090
0,05 |0,944| 0,30 |0,671| 0,55 {0,437 0,80 0,258 1,25 0,088
0,06 {0,933) 0,31 {0,661} 0,56 0,428 0,81 0,252 1,30 0,066
0,07 {0,921 0,32 |0,65!| 0,57 | 0,420 0,82 0,246 1,35 0,056
0,08 {0,910 0,33 {0,641 0,58 |0,412 0,83 0,240 1,40 0,048
0,09 10,899 0,34 10,631 0,59 | 0,404 0,84 0,235 1,45 0,040
0,10 {0,887| 0,35 {0,621} 0,60 {0,396 0,85 0,229 1,50 0,036
0,11 {0,876} 0,36 | 0,611} 0,61 {0,388] 0,86 0,224 1,60 0,024
0,12 0,865/ 0,37 {0,601 | 0,62 [0,381| 0,87 0,219 1,70 0,016
0,13 |0,854{ 0,38 {0,591 0,63 {0,373 0,88 0,213 1,80 0,011
0,14 {0,843| 0,39 |0,581} 0,64 {0,365 0,89 0,208 1,90 0,007
0,15 10,832} 0,40 |0,572| 0,65 | 0,358 | 0,90 0,203 2.0 0,005
0,16 10,8197 0,41 {0,562 0,66 |0,351 0,91 0,198 2,10 0,003
0,17 |0,810| 0,42 [ 0,552 | 0,67 | 0,343 0,92 0,193 2,20 0,002
0,18 10,799! 0,43 {0,543 0,68 | 0,336 0,93 0,188 2,30 0,001
0,19 10,788| 0,44 | 0,534 | 0,69 | 0,329 0,94 0,184 2,40 0,001
0,20 10,777| 0,45 0,524 | 0,70 0,322 0,95 0,179 00 0,000
0,21 10,766 0,46 {0,516} 0,71 10,315 0,96 0,175 — —
0,22 (0,756 0,47 (0,506 | 0,72 |0,309| 0,97 0,170 — —
0,23 10,7451 0,48 [ 0,497 0,73 {0,302 0,98 0,166 —_— —
0,24 10,734| 0,49 10,488} 0,74 |0,295| 0,99 0,161 — —_

erfich =1 —P(h) = V2— Je"x’ dx
14
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[Tpuroscenne 2
Ta6auua pyskunun R(A)

A Rix) A R A R
0,00 1,000 0,20 0,623 0,5 0,280
0,01 0,978 0,21 0,607 0,6 0,209
0,02 0,956 0,22 0,592 0,7 0,154
0,03 0,934 0,23 0,578 0,8 0,112
0,04 0,913 0,24 0,558 0,9 0,0803
0,05 0,892 0,25 0,549 1,0 0,0568
0,06 0,872 0,26 0,535 1,1 0,039
0,07 0,852 0,27 0,522 1,2 0,0272
0,08 0,832 0,28 0,509 1,3 0,0184
0,09 0,813 0,29 0,496 1,4 0,0122
0,10 0,794 0,30 0,483 1,5 0,0080
0,11 0,775 0,32 0,458 2,0 0,00076
0,12 0,757 0,34 0,434 2,5 0,000043
0,13 0,739 0,36 0,412 0,00
0,14 0,721 0,38 0,391
0,15 0,704 0,40 0,370
0,16 0,687 0,42 0,349
0,17 0,670 0,44 0,331
0,18 0,654 0,46 0,313
0,19 0,639 0,48 0,296
0,20 0,623 0,50 0,280

R(A) = (1 4 2M)erfc A — 72:43-.;&:

k14

Tpusosxcenue 3
Ta6auua dynkunn F , (tabn. 3)

T Fa T Fyp T Fyp
0,05 1,000 1,5 0,637 12 0,287
0,1 0,994 2 0,583 14 0,268
0,2 0,963 2,5 0,537 16 0,253
0,3 0,924 3 0,503 18 0,240
0,4 0,884 4 0,451 20 0,229
0,5 0,849 5 0,413 25 0,207
0,6 0,818 6 0,384 30 0,190
0,7 0,790 7 0,361 40 0,167
0,8 0,764 8 0,342 50 0,151
0,9 0,741 9 0,325 60 0,138
1,0 0,720 10 0,311 100 0,108

2 1

Tlpn v >> 20 Mox#o cuntarh Fogp== ——— — ———
Var 2t
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1T punoxcenue 4
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Hpunoscenue 6
Tabmmua Pynkuun P(2)

A P(h) A P(r) A PeA)
0,00 0,564 0,28 0,328 0,62 0,148
0.01 0.554 0,29 0.321 0,64 0,141
0.02 0,544 0.30 0.314 0.66 0,133
0.03 0,535 0,31 0,307 0.68 0,127
0,04 0,525 0,32 0,301 0.70 0,120
0.05 0.516 0.33 0,294 0.72 0.114
0.06 0,506 0.34 0,288 0.74 0,108
0,07 0,497 0,35 0,282 0,76 0,102
0.08 0,488 0,36 0.276 0.78 0,096
0,09 0,479 0,37 0,272 0.80 0,091
0,10 0,470 0.38 0,264 0.82 0.086
0.11 0,461 0,39 0,258 0,84 0.081
0.12 0,452 0,40 0,252 0,86 0,077
0.13 0.444 0,41 0,246 0,88 0,072
0,14 0.435 0,42 0,241 0.90 0,068
0.15 0,427 0.43 0.235 0,92 0,064
0.16 0,419 0,44 0,230 0,94 0.060
0.17 0,410 0.45 0,225 0.96 0,057
0.18 0,402 0,46 0.219 0,08 0,053
0.19 0,394 0.47 0,214 1,00 0,050
0.20 0,387 0,48 0,209 1,10 0.036
0.21 0,379 0,49 0,204 1,20 0,026
0.92 0,371 0,50 0,200 1,30 0,018
0.23 0,364 0.52 0,190 1,40 0,013
0.24 0,356 0,54 0,181 1,50 0,009
0.25 0,349 0.56 0,172 1,60 0.006
0.02 0,342 0.58 0,164 1,80 0,002
0,97 0.335 0.60 0.156 2.00 0,001

P(A) =ierfcA= —-l:_ e~ — Aerfed
n

ITpuroxenue 7
Ta6mua ¢yunxuuu F, (§, 6)

N 005 | o1 02 05 10 15 20 3,0

NS

0,1 0,4110,35| 0,29 0,20 0,13 0,10 0,070 0,040
0,3 }0,98]0,80 1 0,63 0,40 0,23 0,16 0,100 0,050
0,5 1,421 1,14 0,88 0,53 0,29 0,18 0,105 0,055
1,0 |2,28]1,8 1,37 0,70 0,35 0,20 0,120 0,040
2,0 12,771 2,15 1,63 0,87 0,42 0,22 0,115 0,035
0 3,4 12,70 2,02 1,13 0,52 0,24 0,105 0,020

Mpumeuanne. Ecan 6>1, To unrepnonsunio suauennft F, (&, 0) cnexyer npous-
BojuTb He mo O, a no 1/0.
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W3IATEJNIBCTBO MI'Y MMEET B HAJIMYHH
U BBICBIJIAET HAJIO)KEHHBIM NJIATEXXOM

CJHEAYIOIHUE KHUTH
o TEOJIOTHHU:

JIAHTE O. K. Noasemunte Bogsl CCCP, u. 1. 1959 r,, 270 crp,,
it. 90 xom.

Kuura collepXHUT MaTepuas, OCBEM{AIOUIUE TIMAPOTeoNOrHyecKre
yeiosua esponeiickoi wacty CCCP, ngaiorcs CBeleHHsT O pasMellleHHH
BOAOHOCHHIX ropu3onToB Ha Tepputopnu CCCP. PasMelenne rpyHTOBBIX
H apTe3daHCKHX BOJ paccMarpHBaercs 0GocOGIeHHO.

Wspganue paccynTaHO Ha CTYAGHTOB TreosiordyecknX (akynnTetos
VHHBEDCHTETOB, TEONIOTOPA3BEIOUHBIX H TODHBIX HHCTHTYTOB, TeXHHKY-
MOB, HayuHbIX paGOTHHKOB — I'MJPOJIOros.

JIAHTE O. K. Mop3emubie poaw CCCP, u. I1. 1963 r,, 282 crp,
u. 95 kom.

Kunra nocesuieHa PerHOHaJbHONR THAPOTEONOrMH Aa3HATCKOM 4acTH
CCCP. B Heft paccMOTpeHbl THADOTeOJOTHYECKHE YCJNOBHA (GOPMHUDPOBa-
HHS H Da3BHTHS TPYRTOBBIX ¥ apPTe3HAHCKUX BoA 3ananxoit u Bocrou-
noit CnGupu, Kasaxckoro muskoropes, IOxuoro Ilpuypanss n Cepepno-
ro IMpukacmus, Cemupeunsi # Cpensefi Asun.

YueGroe mnocobGue PacCuMTaHO Ha CTYJNEHTOB YHHMBEPCHTETOB THApO-
Te0JIOTHYECKOR H HHIKeHEePHO-Te0JIOrHuecKoil creunasnpHocTell, TOPHHIX,
Te0JI0ropasBeiouHbIX | APYrdX BY30B, KHHra MoXer OuITh HOJie3Ha AAf
JINL, TpaKTHYecKH PaGoTaloumux B 061acTH BoAOCHAGKEHHS, OCYLIeHHSH,
OPOUTeHHS H MeJHODauKH HOYB, HCIOMAb30BAHAN NOA3EMHLIX BOJ ¢ Jeqes-
HbIMH HEJSIMH H KAk JIPOMBIIJIEHHOTO ChIPbBA.

JIEOHTBEB 0. K. Kparkuit Kypc Mopckoii reosiorun. YueGuoe no-
cobue 15 Bysos. 1963 r., 462 crp., u. 1 p. 22 k.

B nepsofi raane KHHMH RaeTcsi 06INast XapAKTeDHCTHKA 3a4au MOp-
CKOHl Te0/0riH, €e OCHOBHBIX HaNpPAaBJEHHH H CBEJEHHS MO HCTOPHH ee
¢popMupoBanus. B chenyioliux riaBax NPHBOASTCA AaHHBIE O pefbede
AHA MUPOBOrC OKeaHa, pacCMaTpHBaeTcsi TeONOrHdYeckas CTPYKTYpa
OKeana M faercss 0030p SHIOTEHHBIX IEOJOTUYECKHX W SK30TeHHEX dax-
Topos. [locrenyomise rmaBw OCBEIAIOT OCHOBHBIE BOMPOCHL OCAXKO0G-
pasoBaHHs B MopAX H OKeaHaX, cOmep:ar 0630p H KJaaccHHKAUHO
THIIOB COBpEMeNHBIX MOpCKHX OTIOKenn#t. [Jlalee paccMaTpHBAIOTCS
BONPOCH! TEONOrHuYecKOro ¥ reoMop(osOrHIecKoro PasBHTHA MOPCKHX
Geperos, OCBEIMAIOTCH OCOGEHHOCTH TeOIOTHYECKOTO CTPOSHHSH, OCALKOB
u peaveda lennda, mepexomHoll 30HH M JIoKa OKeaHa, Hajaaraercs
npoGneMa NPOHCXOMISHHS H DA3BHTHA OKeAaHOB. B  nocaexauedl riiase
OCBEW(AIOTCSl BOMPOCH MPaKTHUECKOrO NPHMEHEHHs HAHHBIX MOPCKOM
FeOJOrHH.

Knura npeicrasiser coboit yue6Gnoe mocobue 10 Kypey MOpCKoil
TeONIOTHH ANt CTYReHTOB OKeaHOMOrH4eCKOHN cremManpHocTH. Moxer
OHITh HCTIONB30BAHA CTYAEHTAMH TeoMOpPdOJOrHUeCKON CHeHMalsHOCTH
reorpaduueckux (aKyabTeTOB VHHBEDCHTETOB H CTYNEHTAMH  TIe0JOrH-
YeckuX (aKyanTeTOB,

Mep3noTunie uccaenosanus, swa. 1V. Ilox pea. B. A. Kynpssuesa.
1964 r., 424 ctp., u. 1 p. 88 k.
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COopHHKR TOCBAILEGH AKTya/dbHbIM BONPOCAM  HCCAEIOBAHIS  Ce30H-
HOTO NPOMEP3aHHs TPYHTOB M MHOTOJETHEMEP3IRX FOPHBX NOPOIL, MeTo-
JUiKe IIPOTHO3a MX H3MEHEHHs B CBA3H ¢ XO3aHCTBEHHON JeATeIbHOCTSHIO
YEJIOBeKa, H3YUeHHIO CBOHCTB Mep3JbX MOpoIL M JbAOB, 4 TaKXe Pesylb-
TaTaM DPETHOHAJILHEIX MEpP3J10TO-THIPOreoTOrHIeCKHX HCCile10BaHuH, Bbl-
HOJHEHHBIX 32 TMOCACAHNE ToIbl Ha Kadelipe Mep3JoToBeIeHIsT Feo.10ri-
ueckoro Gaxyasreta MI'Y.

COopHEK pacCUHTAH Ha IIKPOKUIl KPYI reo.10r0B, HHKEHEPOB— ICOJC-
ros, FHIPOreo1oroB U crpoute’ell, paboraloninx B paionax Myorolerse-
Mep3.ﬂblx opoA HMIM € Ce30RHBIM HpOoMep3anHeM IDYHTOB, 4 Takixe .ia
npenUJaBaTeJ{eﬁ H CT}'JQHTOB CpeaHnX H BRICIHNX CHEIHAMLHBIX }'Lit‘thb!X
3aBejeniii.

OPHATCKHIT H. B. Mexaruka rpyHToB. YueGHHK 110 VHHBEDCI-
reron. 1962 r., 446 ctp.,, u. 50 xon.

B vuebunke daito olllee ONHMCAHHE MCXAHHUECKMX CXCM, NnUMense-
MBLIX A PACHETHOTO MOZSJIDOBAHIS COCTOAHNHS FOPHHX HODOI, H3J10-
s<eHpl H3MYCCKIE OCHOBLI MeXaHHKH OTIEIbiblX BHAOB TOPHBIX H0DOI,
Jado olocHoBaHIe lloxasaTelell MeXauiuecKHX CBOMCIB 3THX HOpolL
PaccMoTpenb! OCHOBHbiC 3a1aud MeXaHHKH, CBsi3aiHble ¢ OLCTKOH veso-

#if COCTOMHMS FPYHTOB B MAacCHBaX H B OCHOBEHHAX COODYKCHIL

YueOHHK pacculiTan HA CTYAEHTOR T€0J0TMYeCKHX CHeluaThliocTell,
Ha uMTaTeldelf, He M\ICIOUINX CIENHANbHON MOATOTOBKM MO CTPOUTENBHOM
MCXAHHKe, HO 3HAKOMBIX C OCHOBAMH MEXaHHKM TI0  OOGHIEMY Kypey
huanKH.

CABEJIBEB b. A. Crpoenne, coctas ¥ cBoficTBa AefsHOTO NOKpo-
BA MOPCKHX M HPecHBIX BogoeMoB. 1963 r., 540 crp, u. 2 p. 70 k.

B mepBom pasaesde paboThl paccMartpiiBaercst MHKPOCTPOCHHe Ib14.
ycaoBis 00pa3oBaHHs 3apOABIIA, TEPMOJMHAMHKE H KHHETHKA KPHCTAI-
Jdu3aunl, GopMHPOBaHHe, Npeo6pasoBaHie M pa3pylleHHe JIeJIAHOTO
nokpoBa. Bropoh pasjies MOCBSAILEH XMMHYECKOMY COCTABY JCXSHOrO
nokposa, a30BoMy COCTaBy JeISHOO NOKPOBA, NPOmECcaM MUrpauuH
¥ H30HMpaTC.IbHOMY XHMIUECKOMY BHCAJIMBaHHiO. B TperheM pasiele
paccMaTpuBalOTCs NpoUecchl 0Gpasosanus mop HpH (GopMHpOsaniHu Jie-
ASHOTO NCOKPOB2 M AacbHeiliee H3MeneHde MOPHCTOCTH.

Msnaune paccunTaso HA CTYASHTOB €CTECTBEHHBIX (DaKy.IbTETOB
B KayecTBe yueGHOr0 IOCOSHSA 10 TISUHOIOTHH, MO DA3JIHUHBLIM HAYVUHBIM
¥ TEXHHMECKHM BONPOCAM, CBA3AMIEIM CO JAbIOM H MEP3JILIMH TODHBIMI
nopoaaMI.

YEBOTAPEB H. I1. Yuenne o cvoxe, 1962 r,, 406 ctp., u. 2p.50 &

B Ksure M3I1aralorcs TEOPETHUECKHE HCCTEI0BaHMS, METOTH H pace
YeTH 115t NIpAKTHYECKOro NpPHMEHEHHs] BONPOCOB CTOKA peuHnX Bacceil-
Hoe. PaccMarpuBalotcs $akTopsl CToKa, CTOKa TOJ0BOAbA, JOKAEBOro
CTOKAa, CTOKa TO/J3eMHOro NUTaHHfA, TOI0BOr0 M BHYTPUTOI0BOTO CTOKOR
H TBepHOro CTOKA.

M3znanue paccuiTano Ha CTYJEHTOB YHHBEDCHTETOB H THIPOMETEO-
POJIOTHUBCKHX WHCTUTYTOB, HHJKEHEDOB (THIPOJTOrOB, THADOTEXHUKOER,
MeJHOPATOPOB), ACIHPEHTOB H HAYUHIX DAabOTHMKOB NO THAPOJCTHYe-
CKOfl CHEUHaIBHOCTH.

3agazml CJepyer HanpasasTh no aapecy: Mocksa, B-234.
Hanaveancreo MI'Y. Orpen pacnpocrpanens.
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