HU3BECTHA
TOMCKOIO OPIEHA OKTABPbCKOM PEBOJIIOLIMKM M OPAEHA TPYJLOBOTC
KPACHOI'O 3HAMEHH IOJ/IMTEXHHYECKOI'O MHCTHUTYTA
um. C. M. KHPOBA

. Tom 281 ] 1976

O TMAPOAHHAMHYECKOM HECOBEPHWIEHCTBE CKBA)KHMH,
" CBSI3AHHOM C HEMNOJIHOTOHW HX NEP®OPALHH

JI. A TIVXJISIKOB

(Tlpeacrasiena HayyHBIM CeMUHAPOM Kadelpel DOPIOYHX HCKOAAEMbBIX)

B oxHo# u3 paloT, MOCBSLIEHHLIX THAPOAMHAMHUYECKH HECOBEDILCHHbIM
ckBaxkuHaMm [4], o6nacTb NpeHHPOBAHUA CKBAXKHUHBI ACJIHTCS Ha TPU 30HBL
30HY BJIHSIHHSI OTBEPCTHH, 30HY CYXK@HHS NOTOKA 32 CUYET HEMOJHOTHL mep-
¢opauuu 4 30HY WIOCKOPaAHaIbHOTO IOTOKA.

IMTon 30HO#i BIUSHHS OTBEPCTUH NMOHHUMAETCS Ta 4acTh 00JacTH JApEHH-
pOBaHHUSA CKBAXKHHBI, TIE OTOK TJIACTOBOH }HAKOCTH pasdensdercss Ha 60/b-
1Ioe YKHCJIO0 CTPyi (IO YMC/y OTBEPCTHH), H BHYTPH KaxKAOH CTPYH IBHIKEHHE
JKHIKOCTH TPOHCXOAUT B HAMpPaBJEHHH LEHTpA HaHHOTO OTBEPCTHS HJH B
HampaBJeHHH OCU KaHaJa HpM HeM. BHyTpeHHeH TpaBHIEH AaHHOH 30HbI
SBJSETCA HapyXKHad IOBEPXHOCTb LEMEHTHOTO KOJblla CKBAXKHHBI, HapyX-
HOM TOBEPXHOCTbIO — LMJAMHIP, ONMCAHHBIA BOKPYr OCH CKBaXHHBI paiuy-
COM Xg, BIPAKaEMBIH COOTHOIIEHHEM

Xo=r+y+s, (1

TIe ¥ — pajaHyC CKBAaXKHHBI HEpel CIHYCKOM OOCaAHON KOJIOHHBI B CM, Y —
rayGuHa (QJHHa) KaHaja NpH OTBEPCTHH B CM M § — PAJHYC BIHSHMS OT-
BePCTHH WM TIOJOBHHA CPEJAHET0 PACCTOSHHS MeEKAY LEHTpaMH COCEIHHX
OTBEPCTHH, CUUTASI O MOBEPXHOCTH LIEeMEHTHOro KoJblla B cM. Ilpu BeICOKOI
TAOTHOCTH nepdopanyy CKBaxKHH, KOraa JJIHHA QUJIbTPA Ha OJHO OTBEDCTHE
He jocturaer 2,557, mapaMerp 3TOT pacCUHTHIBAETCS MO popMyJie

h
s_0,5l/2¢rﬁ, (2)

rae h — AJWHa HHTepBaJsa nepdopallMH CKBaXKUHHI B CM H # — YHCJAO OT-
BepCTHHl B (QUABTpe CKBa:KUHBL. Ilpu HHU3KOH NJOTHOCTH neppopanvH CKBa-
JKUHBI, KOrjlla JANUHA QUIbTpPa Ha OXHC OTBEPCTHE npeBLIlIaeT 2,55r, pafuyc
BJIHSIHHS OTBEPCTHH PAacCUUTBIBACTCH 110 HopMyae

a h2
s=0,51/ 0,96n2r?4~— . (3)
h

[Toa 30H0# Cy:KeHHSI NTOTOKA 332 CYET HEMOJHOTH Neppopaunuu CKBaXKH-
HbI TIOHHMAaETCsl Ta YacTh 06GJACTH JAPEHUDOBAHHUA €e, TAe MOTOK ILIACTOBOI
AKHIKOCTH elle COXpaHsieT eIUHCTBO (T. €. elle He pasfensieTcs Ha MHO-
KeCTBO CTPYH O YHCAY OTBEDPCTHI), HO YKe He sBJAeTCH IJIOCKOpaAHab-
HbIM. BHYTpeHHsiss TpaHHLa 3TO# 30HBI COOTBETCTBYET HapY:KHOI T'DaHHIe
30HBI BJAHAHHsS OTBepcTHH. HapyXHOil XKe rpaHHLed ee ABJAFETCS NOBEPX-

v
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HOCTb umfmmpa, ONHCAHHOTO BOKPYT OCH CKBaXKUHb DajnyCcOM, pPaBHLIM
JIKHEe HaHOO/bLIeH KOMIIOHEHTHI HEMOJHOTH nephopant CKBaKUHBI Oyax.

ITon XOMIOHEHTAMH HENOJHOTHl mNep(OpalHH CKBAaXKHH TOHHMAIOTCA
HenponepOpHPOBaHHbEE B NpefiesiaX NPOJYKTHBHOIO IJacTa y4yacTKH, eC/IH
OHH NMPHUMBIKAIOT K MOZOIUIBE HJIH K KPOBJIE, MJIH TOJIOBHHbl 3THX YYacCTKOB,
€C/M OHH OPaHUYUBAIOTCS C OGEHX CTOPOH NMpomnepdOpHpPOBaHHBIMU y4acT-
KaMH, HHaue €CJIM OHM He MPHUMBIKAI0T HU K NMOJOIIBE, HH K KPOBJE HJAacCTa.

IIpuHsATO Clexyollee HaHMEHOBaHHEe KOMIOHEHT HEMOJHOTH mepdopa-
IIMH CKBAaXKHUH,

EcjlH B CcKBajKHHEe HMeeTcs OJHH Henpornep(OpHPOBAHHBIH Yy4acToK,
IPUMBIKAIOMIHA JHG0 K KpoBJe ero, JiHGo K MOAOLIBE, TO OH OyAeT Ha3hi-
BaTbCsi NEPBOH KOMTIOHEHTON HEeMOJHOTH nepdopanHd H 00603Ha4aThCA
uepes 8,. CkBaxKHHa XKe, Y KOTOPO# GyleT TOJEKO TakKofi Hemponepdopupo-
BaHHBIf y4yacTOK OyJeT Ha3blBATbCS CKBAXKUHOH C OXHOKOMITOHEHTHOW He-
MOJIHOTON mepdopauuH.

Ecau B ckBaxuHe OyAeT OZMH HernponephOpHpOBaHHbBIN YYACTOK, HO OH
He GyAeT NPHUMBIKATbH HH K KPOBJIE, HH K MOJOLIBE IJIacTa, TO €CTh Mo 00e
CTOPOHBI ero GyAyT pacnoJaraTbCsl Nponep@opHpPOBAHHbIE YYaCTKH, TO Ta-
Kasi CKBaXuHa OyJeT Ha3blBATbCA CKBAXHHO# € IBYXKOMIIOHEHTHOH He-
noaHoron nepdopaund. [Ipy 3T0M KaxAas U3 KOMIOHEHT OYIUET CUMTATLCA
paBHO# 1OJIOBHHE HemponepdOpHPOBAHHOTO yyacTka M 0003HAUaTbCsd 4epe3
6y. JIBYXKOMIIOHEHTHOH K€ HEMOJHOTAa mneppopaluyl CKBaKHHbI OYIEeT CYH-
TaThbCsA H B TOM CJyuae, eCJM B CKBaxKHHe OyAeT [JBa HenpomnephopHpoBaH-
HBIX yYacTKa, OJMH M3 KOTOPHIX OyJeT NPUMBIKATL K MOROLIBe Imjacra, a
BTOpOi#l — K KpoBJe. [Ipu 3TOM, ecad OHH OyAyT HMeTb OJHHAKOBYIO IJIHHY,
To 06a 6yayT 0603HAYATLECHA Yepe3 Oy, a eCHH PasHYlo, TO GOJBIIHH — yepes
8) ¥ OYJMET Ha3HBATbCs NEPBOi KOMIOHEHTHOH, a BTOpPOH — depe3 6y U Ha-
3bIBAaTbHCS BTOPOH KOMIIOHEHTOM.

TpPeXKOMIOHEHTHO! HeNoJHOTa nepdopalun OyAeT CYHTaThCA B TOM
c/yyae, eclM B mpefenax HPOAYKTHBHOTO IIaCTa OCTaHYTCH Herponep@o-
PHPOBAHHEIMH JBa y4acTKa, OXHH H3 KOTODBIX Oylner NMpHMbIKaTb JHOO K
KpOBJIe, NGO K MOJOIIBE, a BTOPOH OyJeT pacnonaraTbCst rie-T0 NOCPENHHE.
Ilpy 3TOM. PACIOJOXKEHHBI Y KPOBJIH HJIH MOLOIIBBLI YYACTOK Oymer coor-
BETCTBOBATb IOJHOH KOMIIOHEHTe, a pachnoNOKEeHHbLIH B CpelHHe TJacra —
ABYM. ‘

Ec/iH Bce TPH KOMIIOHEHTH OYAYT paBHbI MeXNY €060, OHH GYAYT ob6o-
3HAuaThCst Uyepe3 o3 M HA3bIBaThCs TPETBUMH KoMroHeHTaMH. Ecin oxna us
KOMIOHEHT GyJeT NpeBOCXOAHTh ABE JAPYLHX, TO OHa OyJAer Ha3bIBATHCA
nepBoli U 0G03HauaThCA 4epe3 6y, a JBe APYTHX 6yAyT Ha3bIBaThCHA TPETHH-
MH ¥ 0003HayaTbesl uepe3 03 LCJAM B paccMaTpHBaeMOM Clydae ABe KOM-

OHeHTbl GYAYT NPEBOCXOAHTb TPETbIO, TO 3TH JiBe OYAyT HA3bLIBATLCH BTO-

pHIMH H 0603HAuUaThCs uepe3 Oy, a OCTaBLIAsCs OYACT Ha3bBATHCA TpeTben
1 0603Ha4aThcs uepes 0.

HoMmep KOMIOHEHTH! JOJZKEH BbIpAXaTb ee 1oBTOpsieMocTs. B nocaen-
HeM cJyyae HAMMEHbIIAst KOMIOHEHTa MOXET OBITh OTJIOMeHa B Ipejenax
GOMbIIMX JBa pa3a W B COGCTBEHHLIX Npelenax B TPETAH pas. B mpensidy-
IeM CIy4ae OJMH pa3 oHa Moraa GHTb OTJOXKEHa B Npefelax HaHOoJbIIed
KOMIIOHEHTH M ILUIIOC ABa pasa B COGCTBeHHbIX npenenax. Hakonen, B mep-
BOM cjIy4ae, KOTAa BCe TPH KCMIIOHEHTH ObliH PaBHEI MeXNy coboit, JaH-
Hasi KOMIOHEHTA TaKXkKe MOBTOPsAJach TPU pasa.

- Vi3 cKa3aHHOrO ciaeayeT, uTO HanOOJblIeH KOMIOHEHTe HENOJIHOTH JIEP-
(opalHH COOTBETCTBYET HAHMEHBLIMH HOMED ee.
_ UeTHIPeXKOMIOHEHTHO! HENOJHOTA neppopanui OyJeT CUHTATHCA B
ABYX caydasnx. IlepBHii cayyali — B npelenax NPOAYKTHBHOH 4acTH Ijacra
ocTajauch HemnponephOpHPOBAHHLIMH 1Ba y4acTKa, HM OJHH H3 KOTOPBIX HE
i
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NPUMBIKAET HH K MOMOIIBE, HH K KPOBJE IJIACT4. 34 KOMIIOHEHTH HEMOJHO-
Thl 3AeChb OYAYT NPHHATH MOJOBHHBI MAaHHBIX Y4acTKOB. Bropoit cayuait —
B mpenesax NPOAYKTHBHOH YacTH TJacTa OCTAJUCh HemponeppOopHpOBaHHBI-
MH TPH Y4acTKa, OJUH U3 KOTGPBIX PacrooXKeH Ie-TO B CpeiuHe HHTEpBa-
Ja nepdopallvH, a ABa JAPYrux npHMBIKAmwT JUGO K MOJOIIBE, JUOO K KPOB-
jge naacra. [lpu srom yerBeprToil OyJeT CUHTATbCS HaHMEHbUIAS KOMIIO-
HEeHTa, OCTAJLHLIM HOMEpa NPHCBAHBAIOTCA B COOTBETCTBHU C H3JIOKEHHBIM
BBIIIE [IPABUJIOM.

Henonxnora nepgopauuu CKBaXKHH MOMKET XapaKTEepPH30BATLCS H OO0Jb-
IIHM YHC/JIOM KOMIIOHEHT, OAllaKO pacCMAaTpHBATb BCE BO3MOXKHBLIE B 3ITOM
Hampas/eHUd BapHaHTHl HeT HeoOxogumoctu. Hac B gaHHOM ciyyae HHTe-
pecyeT BONpOC, YTO CYHUTATh HAUOOJbLIEH KOMNOHEHTOH HE[NOJHOTHI MNep-
(¢opauxu M KaK, B COOTBETCTBHHU C 3THM, OINpPELEJHTh BHEIIHIOW TI'PaHHIY
30HBI CY?KEHHS NOTOKA.

30Ha IIOCKOPAAHAJALHOTO NMOTOKA XapaKTepH3YyeTcsl TEM, UTO €C/H pac-
ceyb MJACT MJIOCKOCTBIO, cofepxKalie B cebe 0Chb CKBAXKHUHBL, TO NPOEKILHH
OT/IC/IbHBIX 3JE€MEHTOB NOTOKA MJIACTOBOH KHUIKOCTH OYAyT NapasaejbHbI
IpYyr Ipyry. A ecyqu Ha 3TV CHCTEMY CMOTPETh CBepXy (BAOJbL OCH CKBaXKHU-
Hbl), TO OTAEJbHbIE 3JEeMEHTbl TIOTOKa OYyAyT HalpaBJ/ieHbl K OCH CKBAaXKHMHBI
no paavycam.

BHyTpeHHell rpaHULeEl 30HB IIOCKOPAAMHAJBHOTO I[OTOKA SIBJASIETCS
BHELIHSS UPaHHIA 30HBI CY:KEHHS MOTOKA 3a CUET HEeTMOJHOTHl nephopanuu
(cM. Bblle), a BHeIUHe#H IpaHullell ee — MOBepXHOCTb IIHJIHHIpA, ONHCAHHO-
ro pagHyCOM BJHSIHHS CKBAXKHHBL.

B cooTrBercTBHM ¢ H3J0KeHHBIM, (opMyJa Tepenana daBJeHHH MpH
NPUTOKE B THAPOAHHAMHUYECKH HECOBEPLICHHYIO CKBa:KHHY OyJeT HMEeTh BHA

Paa—Py= (G, 4 Gyt Gp), )
2 it ksr_p

rae Pn;  u P3— niactoBoe u 3aGofiHOe TaBJeHHS B aTH, Qu; ~— NPHTOK B
CKBayKHHY B IIACTOBBIX YCJOBUSIX B cM3/c, W& — BSI3KOCTb HedTH B mjaacro-
BbIX YCJAOBHSIX B CII3, Rsp — 3(QeKTHBHAS MPOHHIAEMOCTh IJIaCTa B IaPCH,
n — 4UCJI0 OTBepCcTHil B ¢uibTpe (6e3pasmepHast Bennuuna), G, Gy u Gp—
reoMeTpHYeCKHe XapaKTEPHCTUKH 30HBI BJHSHHUSA OTBEPCTHH, 30HBI CyXKEHHA
IOTOKA 33 CYeT HeMmOJHOTH Nnep¢opauHd ¥ 30HBI IJIOCKOPAaAHAJbHOTO HOTO-
Ka COOTBETCTBEHHO B l/cM.

[IpuTOK B MJIACTOBHIX YCAOBHUAX pPacCYUTBIBAETCA 1O opmy.ae
Qrm =] 1,574 QnB . b; (5)

rae 11,574 — xoadduuuenT, Belpaxkammui yucao cMdfc B M3/cyT, Qus—
MPUTOK B CKBAXKHHY, H3MEPEHHBI B NMOBEPXHOCTHBIX YCJIOBHUSIX B M3/cyT, H
b — obbemHubill kKo3hPuurent HedTH, Oe3pazMepHast BeTHYHHA.

['eomerpuueckast XapakTepHCTHKAa 30HLI BJAHAHUS OTBEDPCTHH IpPH BbI-
COKOIl MJIOTHOCTH Nepdopaliyu W OTCYTCTBUH KAHAJOB y OTBepCTHil (PbIX-
JbIl IJ1aCcT) pacCUMUTHIBAETCS MO q)opMyJIe

R
Gy L 02 s +00625-—— 00117 S 4 (e)
A S r A r3

rige A — paadyc OTBEPCTHE B CM, 7' — PAfHyC CKBAXKHHBI Tepe] CIycKOM 00-
CagHOM KOJIOHHBI B ¢M. HH3Kas IJIOTHOCTH Iep(opaunuu B HACTOsLIEee BPeMsi
BCTpeuaeTcsd KpaliHe peJKo M NMOTOMY COOTBEeTCTBYIoLlast eif ¢opMmynaa AJs
OnpejiesieHHs] TeOMETPHYECKOH XapaKTEePHUCTHKH 30HBLI BJAUSHHUS OTBEPCTHH
B HaHHOH paboTe He NpuBoAUTCA. [IpH HanWuuM KaHAJIOB y OTBEPCTHH pac-
cMaTpHBaeMblil IapaMeTp pacCUHThIBaeTcs 1o QopmyJae

.
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LipletNs 025, 4y qo605 S=E X6

y  (y+s)h r+y Aty - (r+y)

rje y — ray6uHa (O/KMHA) KaHAJOB NMPH OTBEPCTHSX 3a MpeneiaMd LEMEHT-

HOTO KOJIbLla B M, A— CpeHH{l pajuyc KaHala B CM. o
leomerpiueckass XapakTepPHCTHKA 30HBl MJIOCKOpPaJHAJbHOTO [OTOKA

TPH OTCYTCTBUH 30HBI CYXKEHHs1 [I0OTOKA PACCMHTBIBAGTCA 1O (opmyie

Gs*': ll’l

Lo n R :
Gg = H b ry+s’ (8)
a IPH HAJHYNH TAKOBOI — N0 (popmy.ie
n R
Gp*=—In , . 9
RH s ®)

rae H — nonsaa MoWHOCThL MJaacta B ¢M H R — panuyc BJAHAHUS C‘KBa)KI/Ii
Hbl B ¢cM. B cBolo ouepelb palnyc BJAUAHUA CKBAXKHHBI PACCYHTBIBae€TCcAa IO

dopmy.e
2Vy
=maHP;’

rie V§— cymmapubii o6beM HedTH WM APYTOL KHAKOCTH, OTOGPAHHOI W3
CKBAaXXHHEI B MpOLlecce ee UCNBITaHHs, B ¢M%, m — MOPUCTOCTh MIJacra B AO-
JSIX eIHHHULB, o — KO3(PQUUHEHT CKHMaeMOoCTd He(TH HJIH APYToH KHIKO-
cT B l/at, Py — fenpeccusi Ha NJAacT Ha IpaHHIE 30HBI BAMSIHUS OTBEpPCTHIl
B aTH, pacCuUTHIBaeMas no gopmyJie :

R?= (10)

G; +Gp (1)
Gs+GB+GR ‘.

Taxum ob6pasoM, 3fiech OcTaerca paccMOTPETh JHllb (GOPMYNy reamer-
PHYECKO#l XapaKTePHCTHKH 30HBI CYXKEHHUS MOTOKa 3a CYeT HEMOJHOTHI Iep-
dopauuu ckBaxKuHbl G, KOTOPOIl MOCBSIAETCA HACTOSILIAS CTATbA.

Hpyrae aBTOpHI, Kacalouinecss NpoGaeMbl MPHTOKA HedTH B THAPOLHHA-
MHYECKH HecoBepUIeHHble cKBaxHHBI [l, 2, 5, 6, 7], paccmaTpuBadu Jullb
CKBaXXHHBEI C OMHOKOMIIOHEHTHOH HeMoJHOTOH nepdopanuu. 1o GBIIO CAex-
CTBMEM TOIO, 4TO y4YeHHe O THAPOAMHAMUUYECKU HECOBEPIIEHHBIX CKBAMKHHAX
pasBujoch Ha Gase CKBaKHH, 3a60H KOTOPBEIX He JOCTHTAJH IOROIUBHLI M-
CTa H KOTOPBle B HAacTosdllee BpeMs HAa3bLIBAIOTCA THAPOAMHAMHUECKH HECO-
BEPIIEHHBIMH MO CTENeHH BCKPbITHSA MyacTa. [Ipu 3Tom npeanosaranock, 4to
BEChb BCKPBITbI CKBaXMHOH MHTEpBaJ IJjaacra nepdopupyercs.

Hayuenne paHgoro Bompoca aBTOPOM HacTOAIIEH cTaTbH NOKA3aJ0, YTO
BCKPBITBII CKBAXKMHOI HHTEpBaJ mjacTa nepdopHpyercss HEMOJHOCTBIO H UTO
ABa HenponephOpHPOBAaHHLIX HHTEPBAJa HEPABHOLEHHBI OJHOMY, AJMHA KO-
TOPOT0 paBHA JBYM HCXOAHBIM. B coorBercTBuM c 3TuUM, npejjiaranack ¢op-
MyJa JJIsl ONpeJeieHUs] TeOMeTPHUYECKOH XapakTepHCTHKH paccMaTpUBaeMoil
30HBI, KOTOpast Oblia NPHTOAHA JJisd DEIUeHHs MOCTABJAEHHOI .3ajauH, Kak
NpH ONHO-, TAK H IIPH ABYXKOMIIOHEHTHOH HEMOJHOTe mepdopalnu CKBAXKU-
Hbl [4].

Onnako pasbHeiiliee H3yueHHe 3TOTO BOMpPOCA NMOKA3aso, YTO BCTPeva-
IOTCH CKBAXKHHBI ¢ GOJIBIINM, UeM J1Be, UHC/AOM KOMIOHEHT HENOJHOTH mep-
¢opauuu. B cBA3M ¢ 3THM BO3HHK/IA HEOOXOIHMMOCTb COCTABHTb W COOTBET-
CTBYIOIHE (DOPMYJIBl A ONpeleJeHHss PAacCCMATPUBAEMOll T€OMETPUUECKON
xapakrepuctuku. OnHOBpeMeHHO GbIIO YCTAHOBJEHO, uTO JJ8 HauGoJee
YaCTO BCTPEYAIOIUXCS CKBAXKWH ¢ OJAHOKOMIIOHEHTHO! HemOJHOTOH mepdo-
panun nMeeT CMBICJ II0/1b30BaThcsd 0Oo0jiee MPOCTOH, yeM NPH JBYXKOMIO-
HEHTHOH HEMOJNHOTE, CTeUHATH3HPOBAHHON (GOPMYJMON, BBIBOL KOTOPOIT MpH-
BOIHTCA HHKE,

Ps=(Pm1_P3)

Oy
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Jast BoiBofa GOPMYJbI FeOMETPUYECKO! XapaKTePHCTHKH NPH OJHOKOM-
TIOHEHTHO! HeMOoJIHOTe Nepdopauuy MOCTyNaeM CAeAyIOUHM 06pasoMm.

1. BHYTpH 30HBI CyK€HHSI MOTOKA BHIAEJAHM TOHKOCTEHHOE IIHAHHAPOINO-
no6Hoe Teso, 3akaHYMBapleecs noaycdepoir paauyca p, AMHHON UMJIHHA-
pHYecKOH yacTd A M TOMIHHONA cTeHOK d p. OueBMAHO, MOBEPXHOCTb LAHHOTO
Tesa 6yAer BbIpaXKaThCsl COOTHOLIEHHEM :

F=2nph+2p2, (12)

M HCXOJHOE BHIpAXKEHHE JJIS INOJYYEHHS TeOMeTPHYECKOH XapaKTePHUCTHKH
paccMaTpHBaeMOHl 30HbI 6YNET HMeTh BHI .

A6l ——"1 4, 13
2mp (h+ p) P (13)

2. Y3 noJyyeHHOTO BLIDA:KEHHS 27 MePeBOAUTCA B OCHOBHYIO GOpMyay
nepemana nxasjeHuin (4) 6e3 uaMeHeHMil. B urore BrHpaxenue (13) mnpu-
HUMaeT BU] . .

n
dG=———d p. 14
T e (14)
3. IlpounterpupyeM JeByi0o HacThb MOJYYEHHOTO BHIPAXKEHHs1 B Ipeje-

Jax O<< G<G£, a NpaByi0 B npefienax xo<< p << 8;. B wurore nosyuaem
0

[ . h+
G =-1 e
s 7 in ” ; (15)
’ Xo
' n h+d, . h+x
G, = h( In : In—~ ) (16)

HJIH T10CJIe COOTBETCTBYIOLLHX HpeoOpa3oBaHHli

I n ., (h+x)5 '
G == — —_—
h In (h4-3))x0 " : ('_7)

[Npu- AByXKOMIOHEHTHON HenosHOTe nepdopauuy CKBaXKHHBI M PaBeH-
cTBe MexXJy co0oil 06enx KOMIIOHEHT, TG ecTh MPH OTCYTCTBHH NEPBOH KOM-
MOHEHThI HCXOAHOE BRIPAXKEHHe AJA BbIBOJAA (POPMYJLI FeOMETpHYecKOll Xa-
paxkTepHCcTHKH GyAeT HMEeThb BHJ

1n : |

[Tocsie cOOTBETCTBYIOUMX NPeoGpa3OBaHMI, aHAJOTHYHBIX TeM, KOTOphle Obl-
JIH NIpOBeJleHbl [1PH HaXO0XKJAEHUH BbIpaxKeHuda (17), moayuaem
I n

_n (h+2x0)82
G, =7ln (h+2%) %0

Eciu ke y CKBaXHHB ¢ ABYXKOMIIOHEHTHOI HEIOJHOTOH mepdopanuu
OT/e/bHble KOMTIOHEHThl GyAyT OTJIHUATbCA APYT OT Apyra Mo pasMmepam,.To
ecTh MpH HAJIUYHM 37echb M MepPBOil KOMIOHEHTH, To GopMyJay reomerpude-
CKOIl XapaKTepUCTUKH [/l Hee MOXHO MOJYYHTH CJAEAYIOIMIUM OODPa3oM.

Pasnenum 30HY cy:KeHHs Ha J[BC [OA30HBI: BHYTPEHHIO M BHEILIHOIO
TaKUM 00pa3oMm, uToGbl TpaHulledl MeXAy HUMH Obla NMOBEPXHOCTL LHJIHH-
Apa, ONUCAHHOrO BOKPYI OCH CKBaXKHHbI KOMIIQHEHTO# 6, QueBUAHO, A/
BHyTPeHHeH IOI30Hbl reOMEeTPHYecKas XapaKTepPHCTHKa GyAeT BbIpa)KaThed
cooTHoleHueM (19).
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Jlas BHelilHefl MOA30HBI 3Ta XapaKTepPUCTHKA OYIeT BHIPAKaThCs COOT-
HOLUeHHeM, aHaJJOTHYHBIM cooTHOlleHHIo (17},

7 (A" +x0") 2,

G'= i In WEERE (20)

e _ .
-~ x'p= 0y, ’E (1)

h =h+3,. (22)

[Mocse COOTBETCTBYIOLIMX NPeoOpasoBaHuit Bblpax;ei{yl_e (20) npuHHUMaer BHA
Gy= 1 in E2%) : (23)

v B8y (A4 8:4-3;)8,

H (GopMy/sa reOMeTPHUECKOH XapakKTePHCTHKH 30HBI CyXKE€HHsl NOTOKa IIpH

JBYXKOMIIOHEHTHO!I HENOJHOTe B oOlleM BHae OGyleT BhIpa)kaThCsi COOTHO-

uleHHeM, KOTopoe OyieT HpeicTaBAsATb co0oil cymMMmy cooTHomenuit (19)
u (23) .

- n | (h+2x0) 6, ng (h+235)3,

_ . 24
G N B xe T ETE L Rt o 8) 5 (24)

B /3
dopMy/sa TeOMETPHUEOKOH XapakKTePHCTHKH 30HBL CYXKeHHS NOTOKa IJIs
CKBaXXHHBI C TPEXKOMIIOHEHTHGII HeNOJHOTOH nepdopanuu Moxer ObITh NO-
JyyeHa B TOM Ke HOpsiAKe, YTO H aHaJoruyHas (Gopmysa Ajas CKBAXKHHBL C
JBYXKOMIIOHEHTHO# .HEIIOJIHOTOH, a UMEHHO: NpeXJAe BCero HeoOXOAHMO BHI-
BecTH (GOpPMYRy JJIS Cayyast, KCrja BCE TPH KOMIIOHEHTH! HEMOJHOTH nepdo-
pauun GyJayT paBHbl Mexay cobofi. [lo aHamoruu ¢ BeipakeHuem (14) uc-
XOJIHOe BbIpajXeHHe JJisi BhiBojga NaHHO! ¢opMyJibl 6yaeT UMeTb BHI

dG P _dp, (25)

" p (A +3p)

H caMa reoMetTpuyeckass XxapakTepuCTHKa B OKOHUATeJbHOM BHJE BBIpA3HTCH
COOTHOlLUEeHHEeM -

Il ETRT
¢ oy, (hE3%0)%

) h (}l+383)XU ’

[Ipn TpexxomMnoHeHTHOH Heno/iHOTe nepdopaumud CKBAXKHUH BO3MOIKHBI
eie nBa cayyas. IlepBuift (Hanb6osee pacnpocTpaHEHHBIN) — OXHA KOMIIO-
HeHTa HEeNONHOTH J, NpeBblllaeT ABe [PYTHX, KOTOpble B CBOIO O4Yepeib
paBHBI MeXJy coboH M HasbiBaloTcsa O3 DopMysid reoMeTPHYECKON Xapak-
TEPHCTHKH JABYWIEHHas, NIPH 3TOM MEPBLIA uJjeH BbIPaXKaercs COOTHOLIE-
nueM (26). Ilas BriBOoZa BTOPOTo uieHa 3Toil ¢opMyJbl 3a OCHOBY Gepert-
cs Bhipaxkenue (20), ongHako B Hero B XauecTBe A’ mnojcrasiasiercs h+28s,
a B KauecTBe xo’ — 63. B urore dopmyna npuHUMaer BHI :

m-r I n (A +333)8,

» —4 TayesIn (h+285+81)3;

(26)

G

(27)

11
rae G6 BbIpakaeTcsi COOTHoLIeHHeM (26).

Eume oxun cayda#i npH TPEXKOMIOHEHTHOH HemoaHoTe mepdopalkH
OKBaXHH — JIBe paBHble MeXIy c00O0H KOMIIOHEHTHl 8; INpEeBHIUAIOT Tpe-
TbI0 03 POpMysa BBHIBOLHTCS B TOM Ke TOPAAKE, YTO M NpeAblaymias, of-
HaKo NPH BLIBOJE BTOPOT'O UeHa 3a OCHOBY Oepercs Bhipaxenue (19), ko-
TOpoe NMPHBOAUTCA K BHAY

n (h'+2x¢")3,

o A G r

at 131

(28)



[Toacrasasisi xxe B Hero B KauectBe A’ cyMMy A+ 03, a B KauecTse xo — o3,
rnoJyyaem
HI-11 G“I n (h+-383) 6,
— - ) 1 ™ Y N
2 o h40; (A4854+23,)3, "

no-NpexKHeMy BhIparKaeTcs cOOTHouteHueM (26).

G (29)

1

111
rne G_
O
IIpy yeThIpeXKOMIIOHEHTHOH HeNOMHOTe Hep(POpalyl CKBAXKUH TaKike
BO3MOXHO HECKOJIBKO CJy4Yaes.
Cayuwaii mepsbfi. Bce KOMINOHEHTH DaBHBI MeXAy coGoil u 06o-
3HayaoTes 4yepes o4 ['eoMeTpuueckass XapaKTePHCTHKA 30HBI CYKEHHS IO-
TOKA 3J1€Ch BbipazKaeTcsi COOTHOIEHHEM ‘ : :

nog (h-+4x) o4

h o (h+48) % °

Cayuwair BTopoii. OHa KOMIOHEHTa MMeeT MEHbLUIYIO0 MO cpaBHe-

HUIO C OCTaJNbHBIMH JJIHHY, a TPH JPYFHX PaBHBI MEXKAY COB0H xo<< 84< 0.

I'eomerpuieckas xapaxrepHcTHKa 30HbI CYXeHHs NOTOKA 31€Ch BHIPa3UTCH

COOTHOMIEHHEM . -
IV-11I v n (h+484) 8,

Ga :Ga T h+'6, In (h+8,+383) 8, °

GIV = (30)

(31)
Y .

rae G BuipaKaercst cootHoutennem (30).

. r) -

Cayuaii Tperuil. JIBe KOMIOOHEHTH MMEIQT OJIHy AJINHY, a JBe —
APYIYI0 xo<< 64<C 6y, ['eoMeTpHUECKAA XapPAKTEPHUCTHKA 3OHbBI CYKeHHsl 1Oo-
TOKd BHIPAKAeTCcs COOTHOIIEeHHeM

IV-IE 1V n (h+43,) 8,

s Y T N r g on,)

jaY
rae G BeIpaxkaercs dopumynoir (30).

(32)

Cayuait yverBeptTh ii. Tpu KOMHOHEHTHl PaBHBI MeXAY cofoil H
VCTYNAT 1Mo AJHHe YeTBepToil Xo< 64< 8y. ['eomeTpuueckas XapakrepH-
CTHKA 30HDLI CY2K€HHST MOTOKA BHIPAXkKAaeTCsl COOTHOLIECHHEM

V-1 v 1 (h+484) 9,

G, =G, + n135, TR anEa

(33) -
A% ,

rie G sweipaxkaercs popmyaoii (30).
0 .

- Cuayuait psaToil. JIBe MEHbIIHX KOMIIOHEHTH HMEIOT pasHylo JJHHY,
iBe OOJBUIMX — OJMHAKOBYIO (X< 0s<C d3< 8y ). @opmyJsaa reoMETPHUYCCKOI
XapAKTePHCTHKH 30HbI CYXKEHHsI NOTOKA 3/1eCh UMEeT BUI

GI'\'-I'II-II Gw-m ] f (h+ 34+ 333) 6,
I ~ ~ n ) N X -
b 5 SRSy (A 04 03+ 285) 3,

(34)

BASIH ,
rae G_ BbIpaxaercs cootHoweHusMu (31) u (30):
0 .

Cayuait mecrtoil. HauMenblmias u HauGoOAbIIAS KOMIOHEHTHI He-
NapHble, KOMIOHEHTH NPOMEXKYTOUHON MJIHHBI TapHbie X< 0y<T03<3, .
dopMysna TeOMETPHYECKOH XapaKTEPUCTHKH 30HBI CYXKeHHs YIOTOKa Oymer
HMETb BHJ ’

IV-1111 1V-111 n (h+ 8,4 38;5)9, .
G =G — 1 < , 3
] ) h+ 8,428, n (h+0,+23;419;)0, (35)
IV-111 ' ’ :
rie G Bbipaxaercs cootHowenusimu (31) u (30).

0 -
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Cayvyaih cexbmoil (Hanbosee pacnpOCTpaHEHHHIH B CKBaXKHHAX
C YeTHIPeXKOMIOHEHTHO! HeNoaHOTOH). JIBe HauMeHblIYe KOMMNOHEHTHI MMap-
Hble, H3HOO/IbLIME HEMapHEE, TO eCThb pasHble MO MIHHE X< 8,4<T8;<Th,.
dopMyJ/ia TeOMETPHYECKON XapaKTePHCTHKH 30HBI CYKEHHs] MOTOKA NPH 3TOM
OyaeT HMeTb BHI

; V-ILD - IV-I n (h+284+285) 3,
G, =Y TRE28, 5 In (A+234+432481)3, " (?’6)
IV-I1
rae G_ BhIpaxkaercsi cooTHouenusimu (32) u (30).
0

Henoanora nepdopauun CKBaxKHH C YHCJAOM KOMIIOHEHT 0oJjiee yeThlpex
BO3MOXKHA, HO MaJjo BeposTHa. [ToaroMy paccMaTpuBaTh reOMeTpHUEcKHe
XapaKTePUCTHKH 30HBl CyKEHHsl MOTOKAa JJs CKBaXkHMH ¢ TAKOTO pojfa He-
MOJIHOTOH B Npelenax AdHHOH CTaTbH HET HEOGXOAUMOCTH.
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