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FuaponunaMuyueckas teopis QuanTpanun aHOMATBHEIX :Kuaxocreii. B e p ma-
anmaep M.T,, Earoas B. M. M., <Hayka», 1975.

AHDOMATBHHE HUKOCTI. OTANYAKIU{Hecs 10 CBONM DEOMOrNIecKIIM XapaKTe-
PHCTHKAM OT HBIOTOHOBCKOI BASKOI KANKOCTY, IMUPOKO HENOABIYIOTCA B TEXHO;
JOTHYECKHX [IPOLECCcax, CBA3AHHAX ¢ nepPepaboTKoil MoXHMepoB M CYCeH3Mil
6CTECTBEHHAHIMI AHOMATBLHBIMH JKHIKOCTAMEI ABIATeA T MHorAe Hedru, Gmomo-
rHYgecKIe JKHIKOCTA M KOJJIOHJHBE PACTBOPS!, HOROOHHE pacTBOPY TIAMHHCTHIX
yaeran B Bope. [0aToMy N3ydYeHne JBMKEHMA AHOMAJIBHHIX JKUAKOCTE B mopHc-
TOi cpene mmeer Gosplloe MpPAKIALHOE 3HAYEHUE AAA HedTAHOR W rasoBoi mpo-
MbILTEHHOCTA A XHMHYECKON TeXHOMOTHAI.

HurencnBsAOe n3ydeHne (UABTPALAN AHOMAJIBHBEIX KUAKOCTE HA MPOTAMKE-
AAA mocieganx 10—15 mer mpuBello K HAROITEHII0 00JBLIIOT0 o0LeMa IMIHPH-
9eeKUX JAHHAKIX, a TaKKe K Bolpa0oTKe OCHOBHAX TIpeACTaBieHmii teopad. Pe-
JVILTATH 3TH Pas0pPOCABH TI0 JKYPHANBHOH IMTepaType, CBOfHOe M3N0KeHHe HX
orcyTcrByer. Ilpennaraemas MoHorpads IIpH3BaHA BOCHOXHUTH npolen. B meil
JAHO CHCTEMATHYECKOE HANOMKEeHUe MoJeNed, MATeMATHICCKUX METO{OB U peayib-
TATOB TEOpPUM (HIBTPALIN OXHOPONHHX H HEOXHOPOAHHX AHOMAMBHEIX JKHIKOC-
Teii; BAPANY € 9THM CONEPMKHUTCA TAK/Ke PA3Ee]d, NOCBAINECHHK (AINKE TedeHHH
AHOMAJBHBIX JHMIKOCTEl Yepes MOPMCTHE Cpelbl H PACCMOTDEHHl BOIPOCH, CBA-
3aHHEBE ¢ NPHIOKEHAEM TeopuH K 3ajadgaM Paspaborkd He@TAHHX MECTOPOMKRES-
B,

Ruura Gyaer monesHa cueupanicraM B obgaetn teopuu QUIBTpPANEA N ee
NPHIGKEHAil, B NEePBYI0 odepens paspaGoTKn HeTAHLIX MeCTOPOXAeHHI, a TaKk-
sKe CTYAeHTAM H acnupaHTAM COOTBeTCTBYIOMIUX cmeupnanbrocrein. M. 84, Tabu.
3. Bub6a. 276 naan.
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[Ipenncaosue -

Paapurue Teopuu QUIBTpauuu Hepa3PHBHO CBA3AHO C - €€ TeXHAIE~
CKAMH NPUJIO:KEHHAMH, U B MEPRYI0 odepels ¢ 3aJadaMH THAPOTEX-
HAKA M TEOpUHM Pa3paboTKM He(TAHKIX W Fa30BHEIX MECTOPOKINEHMIA.
Wmenno ameer HakammuBaiorea (akTel W HaGMIONeHHA, KOTOPHE 3a-
CTaRJIAIT IepecMaTpuBaTh ¥ 0000IMATh YCTAHOBABMIAECA NOJOKEHHA
teopun. BepHo u ob6parHoe — feTaqbHOe mWeclef0BaHHE HOBHIX THJ-
POMHAMUIECKHX MOJedell MeToflaMd MeXAHMKM HO3BOJIAET HPABHAB-
HO OUEHHBATH POJL TeX WM HHHX ARJICHMHA B TeXHUJECKAX 3aAa9aX,
HaXOJUTh NYTH HCHOJIL30BAHHA 0OcCOOeHHOCTeH (U3NIECKOH CHCTEME
GKMIKOCTh — NOpUcTad cpefa» wid GOPOTHCA ¢ BPeJHWMH HPOAB-
JIEHUAMH 3THX OCOGEHHOCTeH.

Teopus QuALTpauMM aHOMANBHHIX KHAKOCTeH He sBiIgercA B
9TOM OTHOUICHHH HCKIUYeHneM. lleppomadaapHeii MHTEpee K Heil
BO3HHK C [OABJICHUEM OTAeNABHHX (JaKTOR, YKA3HBAIMAX Ha HapPy-
IieHWe TWHeHHOTo 3axoHAa QuiabrTpanum — 3axoHa Jlapcw — B olmac-
TH MQUBIX €Kopocreil ¢uasrpammu. Co BpeMeHeM CTAJIO0 ACHO, YTO
3TO He pejiKoe WCKInYeHHe, a OOKHTHOe ARINeHHe I OUpPede/IeHHRIX
KJIZCCOR CHCTEM GKHAKOCTE — IOpHACTas cpefa». K HAM, B JaCTHOCTH,
OTHOCHTCA [BH:KeHHEe BOJLl B TIMHAX WM FIMHA3APOBAHHHIX HOpPOAax
u papumkenne Hedrel, cofepKalllnX 3HAYATENHHHE KOJHYECTRA Aac-°
(aTbTeHO-CMOMMCTHIX BEIIeCTB, a Takke Mapa@UAACTHX Hedredi mpm
HOHIKeHHHX TeMmueparypax. WHwMu crosamm, peusb HAET O KHKO-
€TAX, KOTOpHe JdHGO camm no cefe 06IaAA0T NEeBROMIACTAICCKAM
PeOJIOTHIeCKHAM HOBeJeHHeM, JIH00 IprobpeTarT ero IPH B3aEMOAeHCT-
BAH ¢ OOpHCTOH cpemoil. Hadecrremmo Onito sAcHO, 4T0 mOAOGHLE
PeoIOTHYECKHEe AHOMAJIHMHM MOTYT KapIMHAJILHO W3MEHHTH KapTHHY
ABHAEHHA (KAJIKOCTA B IODHCTOH cpeje W KAPTHHY BHTeCHEHAA
OJHOM KMAKOCTH JpYyroii (Haupamep, Hedgrh Bopoil). OcoberHo BarKHO
310 maA HedTAHHIX MECTOPOKAeHHH, rioe Goabmas d9acTh IIACTA
3aHATA 30HOH MalBX TPAJEEHTOB ABJICHIA.

Onnaxo wonudecrBenusie >ddexTs He MOraHm OHTH JOCTATOTHO
HAJIe7KHO OlieHeHK HAa OCHOBe ammapaTa Teopmu QUIBTpATNM, clIefyio-
mei saxony [lapeu. Kak sro uacto GmBaer, pemeHHe TOro Bompoca
OKA3aJI0Ch BO3MOKHHM He BBeJeHHEeM OlpeJefleHHHX HOIPABOYHRIX
KO3(MIIEenTOB B CymiecTRYIOINUe pacuyeTHsle COOTHONIEHHA, a IyTeM
NOCTPOEHHA NOCHeJOBATEALHON TIHAPOAHHAMHYECKOH Teopnu QGHIL- -
TPaUBH aHOMAJBHBLIX KUJKOCTeH. BaHeiillee sHadeHme HWMeJda NpH
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atoM yrasaHHasa eme B 1940 r. C. A. XpHctnanoBu4eM BO3MOKHOCTH
nepeHeceHus B Teopuo PIIBTPAnEH pas3paboTaHHKIX METOHOB ra3oBoi
maHAMUER. TaKUM IyTeM yAadoch PeluTsh 3HAUATENbHOe THCI0 MII0C-
KOX 3afad HeluHeiHofi guasrpanuu. AHaJid3 3THX peleHui O03BO-
IgeT cAeNTATH OIpejeieHHbe o0lN[Me BHBOILI O CTeleHH BIAAHAA
PEeoJOTHIeCKHEX AaHOMANI ;KIIKOCTeH HA XapaxkTep TedeHASA B TODPH-
CTHIX cpenax.

Teopuio BHITECHEHIIA AHOMAJBHBIX RHIKOCTEH 0Ka3aJI0Ch BO3MOIK-
HHIM [OCTPOUTH KAK NPAMOE PA3BHOTHE CYIIECTBYIOMEHR TeOpHH BHI-
TECHeHHA «OOBITHEIX» BAIKHX ;rugkocTeil. U snech adanma peayib-
TATOB pacueTa COIPOIHHAMHYECKHX Mofedell IMo3BoJAeT eaelarb 00-
m7e B3AKJIIOYCHUA B OTHONICHHH WX [IPOTOTHIOBR — T€X pealbHEIX
NPOIECCOB BHITeCHEHNA HedTH BOMOW, KOTOPHE JIe:KaT B OCHOBE Pa3-
paboTku 6GOJBIINHETBA HedTAHKIX MeCTODORAEHM.

VYikaszaHHBIC HATIPABJEHIA TeoPHH (QUIBTPAIHNA AHOMAJBHEIX HHAI-
KoCTe#l ABIAITCA Hamboldee pazpaboTaHHBEIME U TOTOMY 32aHEMAIOT
OCHOBHOE MeCTO B Ipe[iaraemMoil kHure. Bmecte ¢ TeM B KHAT'Y BHIIO-
9eHbl 3HAYMTEIHHO MeHee H3YYeHHbIe BOIPOCH, B KOTOPHIX HAMEKTCA
noka amimb 9actase pesyabratal (ra. VIII—IX). TagponnnaMmgeckan
Teopusa QUIBTPAINI AHOMAJBHHX ;KMIKOCTe WHTEHCHBHO pPa3BHBA-
eTca B IocaegHee necatTmierwe, B ocHoBHoM B Cosercxom Coroze.
He 6yay4u B COCTOAHMI AgTaXbHO H3JI0KATH BCe AMEIUEcs PedyIb-
TATH, ABTOPHL NANU CPABHHTEJNBHO TMOJHYI Ombamorpadmio pabor
B 910i1 obmactu. OcuoBHOE jKe cojep/kaHde KAMTA 0asmpyeress HA
paGotrax aBTOPOB MO TeopUN QIILTPAIMA BSI3KO-IIACTHISCKHAX FKH[-
Koetelt (QrapTpanunm € mpejeBHHEIM rpageHToM AaBiedmsa). Opgaxo
HACHOIB30BAHALIE [IPH HTOM METObl MOTYT HAWNTH NpAMeHeHWe W IA
HCCIIEM0BAHIIL CHETEM ¢ Pe0TOrHYecKHMA AHOMAJIWAMA NPYLoro BHA.

PaccmaTpuBaeMpie B KHETe BOTIPOCH JIE/KAT HA CTHKe HeJNHEHHON
MeXaHHKH 1 ee MPIIOREHI K 3aja9aM pa3paboTku BedTAHEIX MecTo-
POKIOGHAA. ITO NpeIolipefie/IUI0 WOCTPOeHNe KHWTH M XapakTep
HA3JI0/KeHAA.

Usnomenne paccdnrano Ha duTaTead, 3HAKOMOTO ¢ OCHOBAMH
treoparm ¢uiabrpamun (Bce HeoGXoauMmbie CBeleHMA MOKHO HafTH B
xamrax [11, 19, 31, 121, 172, 220] umm ob6zopax [137, 177, 225]).

W3anaraeMele B KIOre UCCHAeJOBAHUA BHIIOJHEHH B OCHOBHOM B
Hucraryte npotaem mexanurn AH CCCP, Mueruryrte mexaunka MI'Y,
HncraryTe reodornn 11 pazpaGoTKH TOPOYAX MCKONAEMHX. DB HEX
Ha pasHHX otanmax npumunmann ygactae M. I'. Ammmaes, T. A. Ma-
maxoBa, JI. fI. Hmronaepa, M. I'. Opmmapua, A. FE. Ceramos,
®. JI. Typeuxas; psy pacueroB somonsen W. WU. Epemmmoii.

OrfeNbHEE IIOCTAHOBKH 3ailad U PE3yabTaTsl 00Cy;KEANIACE €
I0. B. #earosmm, B. M. Prixurom, P. JI. Caaranmkom. Boasmyio
pPOIb B NPUIAHNH MOPOBEJEHHHM HCCIEOBAHAAM TPAKTHYeCKod Ha-
O paBIeHHOCTH cHTpaim coBeTnl m sanmedannsa A. X. Mupsamxan3safe.
Bee ocnoBuble mMoMenTH pafoTH HEOJHOKPATHO ¢ O0ONBIMOH DOMB30H
ana asTopoB obcy:wgaaues ¢ L. M. Baper6aarrom. BeeM ykasamHBIM
OUUAM aBTOPHL NPHHOCAT TIYOOKYI0 6JaroJapHOCTb. )



I'mana 1

QOuzuka TeueHHs AHOMAJBHBIX KAJIKOCTElH
gepe3 NOPHCTHIE CPeNbI

B kKHumre, TOCBAIMMEHHOH TIHApoAmHAMAYeCKoi Teopunu QUIbTpanAn
AaHOMAJILHEIX JKAJKOCTeH, M3mokeHme (QU3MKH NPOLIECCOB, 00YCIO0B-
IUBaloMAX QUIBTPAAOHHbIE AHOMAJINH, IOHEBOJIe OKa3duBaeTea fpar-
meHTapHEIM. OfHAKO 0HO He06X0AMMo JIA TOT0, YTOOH JIATH YIATATEIIO
BO3MOYKRHOCTH yBUAETH KOHKPETHOE CofiePrkaHue HCIOTh3yEMEIX B Iallh-
HeiireM Mofeleidl W NPaBHIBHO OIEHUBATHL 06JACTH OPAJIOKAMOCTH
clelyloIAX W3 HMX BHBomoB. Hamo ormerwrs, 9ro AaNeko He Bee
ellle ACHO B olMcHBaeMoii o6iactn. Pan apnennmili He mMeeT afieKBaT-
HOTO B OOMENPHHATOr0 ONWCAHHA; JKCIeDHMEHTAJIbHHE NaHHHE 3a-
q9acTyI0 IPOTHBOPedYaT APYr APYry WIA JONYyCKalnT HeOXHOIHATHYIO
TPAKTOBKY. B OTHEIBHHIX MOMeHTaX TOYKA 3DeHHA ABTOPOB Pacxo-
IUTCA ¢ CYMECTBYIOMAMA BO33DEeHMSAMHA; YMTareib HafjeT HX H3I0-
/ReHN¢ B YKa3aHHOHW HWKe JATeparype.

§ 1. AHoMaaBHbIC KETKOCTH

Ilox amomansEEIME (MM HEHBIOTOHOBCKEMM) JKHIKOCTAMH HOHHMA-
I0TCA JRUAKOCTH, He CICAYIIIHE MOIeIH JIMHEAHO-BA3KOH IKAJKOCTH
[178, 203, 235), mas woropoii mmeer mMecTo JmHeHHAA H30TPONHAHA

CBA3h MEKNY TeH3opaM; Haupﬂmemm J3j n CKOpOCTeIZ[ ne(bopMamm
&; [113, 193]

6ij = — pd;; -+ 2pey;, (1.1

T/ie p — M30TPOIHOE JaBleHNE, | — BA3KOCTH, §;; — eJWHMYHEIN TeH-
30p, WM, B YOPOMEHHON TPAKTOBKe IPHMEHWTENLHO K HPOCTOMY
CABUrYy, JHMHeHHAA CBA3L MEKAY KaCaTeIbHEIM HATPAKEANEM T T
CKOPOCTBIO CHBATA Y

T = uy. (1.2)

Taxoe «ompefeneHre 0T OPOTABHOFO» BechMa IHMPOKO M OXBATHIBAET
pasanyHHe KIACCH s KEAKocTed. UTob6H HECKOIBKO YTOUHUTL e€ro,
3aMeTHM, 4YTO oONpeAelieBNe BA3KoA xmaxoer:m (1.1) comepxumr, mo
€YyIMecTBy, TPU AOUYINeHMHA:

¢ Mu orpaERYABAEMCA 3ACCH CAYUAEM HOCHAMACMON JRUTKOCTH.



1) MrHOBeHHOe 3HAYeHMe [eBUMATOpPa TeH3opa HAUPAMEHHR ompe-
nelfeTcA MTHOBEHHEIM 3HadeHIeM JAeBHaropa TeH3opa cKopoered ne-
$opmanmn;

2) st fiBA TeH30pa-IeBHATOPA COOCHBI;

3) cBA3B MeRIy ITHMH JBYMA TeH30PaMH JIMHeHHA.

s xupkoctell, KOTOphie MBI Oy/ieM HasbBaTh AHOMAJIbLHEIMY,
Hapymaercd mo kpaiideit Mepe OfHO M3 TPeX YKA3aHHBIX NOMYIIGHMWH.
Han6omee mpocToil caydaii aHOMANBHHIX HBAROCTEH — aTo HeJnHeH-
HO-BAI3KHE JEMIKOCTH, JJIA KOTOPHYX HaPYIIAeTcsA IANib gouymenne 3),
T. €. JEeBHATOP TEH30PA HAUPMHKEeHHH OJHO3HATHO OIpejielIAerca [e-
BMATOPOM TeH30pa cKopoctedl Aedopmanuil; OHM COOCHBI, HO 3aBHCH-
MOCTh MeKy HEMH ABJIfAercsa HeauneiiHoii. Menno, qna HelumHeiHo-
BM3RAX RHAMKOCTeH WHTeHCUBHOCTH KacareabHux Hampsxesuilt T ecth
HelmHeiiHaA (QYHKIUA MHTEHCHBHOCTH CKopoereil nedopmarn (cro-
pocteit cnpmra) I'

T = (asisi)s I=Crtu)> T=F(@). (1.3)

3nech §;; — KOMIIOHEHTH! IeBOATOPA HAUPAKEHAH, P;; — KOMIOHEHTH
JAeBHaTopa cropocredl medopMariuii.

OueBHIHO, 3aBUCHMOCTD T OT P MOKET ObITh CHATA B MpOCTeHIeM
BHCKO3uMeTpe (HAapHMEp, POTAIMIOHHOM BHCKO3WMeTpe, peaiunaylo-
mieM KpPyroBoe Tedenme HysrTa), B KOTOpOM HMeeT MecTo Aedopmangsn
[pPOETOT0 CHBHTA, B BAJe KPHBOI TeYeHHsd

T=F @) 7= o) (1.4)

Hac 6yxyT npeskjge Bce HHTEPECOBATH CTPYKTYPHPYONHECA HelNHeR-
HO-BA3KAE EHUAKOETH, €locobHEEe 06pasoBrBaTh TBEPAOOOpa3HEe
CTPYKTYPH. pPaspyliaiolMecd IIPA yBeJIWYeHMH WHTEHCHBHOCTH Jle-
gopmarman. Tarue kijKoCTH XapaKTePH3YHTCA 1CeBAOIIACTAYECKAM
HoBeJeHneM; KpaBas ¥ = ¢ (T) A4A HAX BeIOykna K ocd T : ¢° > 0.
HKpaiiuaM nposABJIeHHEM HCeBJOIIACTHYeCKOr0 HOBeAeHHA SBIACTCHA
BAZKO-IIJIACTHYECKOEe TIOBEJIeHNe, OIACHIBAeMOe W3BECTHOM MOMebio
Bunrama — [llsegosa

t=r @) @>n) =0 (<) (1.5)

Bemwunna 1T, HasmBaercA NOpeleldbHBIM HaNPAKEHHEM CIBATA.
Bropoe coornomenue (1.5) uaie ykaswBaeT Ha IpeHeGpe;xeHUe COOT-
BETCTBYOIAME CKOPOCTAMA JedopManmil, ¥eM Ha IIOJHOE OTCYTCT-
e TeueHUA. [IpH Heo6XOAUMOCTH PA3IHYATH 3TH [BA CIYYasd MbI
6yaeM roBopaTh 00 YCIOBHOM M HCTHHHOM IPefe]BbHOM HAPAKeHWH
CHBUTA.

YaeTo NCnoabayeTcs /s onucaHid dKCOePHMEHTAAbHX HAHHEIX,
0co6eHHO B HeGOJUBIIOM IHAla3oHe H3MeHeHHA HapaMeTpoB, M CTelleH-
HafA 3aBACHMOCTHL BIJA

7= Kt". (1.6)



Topasno Godee cao:KHbIE HOCIGNCTBAA HMeET HApPyNIeHWe MEPBOro
H3 mepeddcieHHNX Bume 8 jgonymenmid. Ecam HanpsiKeEHd B
JKANKOCTA 3AaBACAT HE TOJRKO 0T TEKyIiero 3HAYeHMA TEH30DA CKO-
pocreii pegopMamEH, HO H OT NpeALICTOPHA JeGopPMHPOBAHHA RaH-
HOTO JKHAKOTO 3JIeMeHTa, RIOIHE €0 onpeleiaAch, TO TaKad KAKOCTE
HaauBaered «apocroity (cm. Hampmmep, [235]). IIpocThiMmH ABIAOTOA
yIPyro-BA3Kue >EAAKOCTH, 0Co0eHHOCTH HOBEJAeHHA KOTOPHX MOryT
6HTH TOHATH Ha NpocTeiimell JmHedmod Mopgenm Mawesemwna, B
KOTOpO#i ¢BA3b MEALYy T M y ODH DPOCTOM C/IBATE ONpeelNdeTcs
maddepeHAAIEANM ypaBHeHEEM

=1/ (v 4 8%), )

I¢e BeJnyuHAa 0 HasnBaeTcA BpeMeHeM penaxcammd. OdeBrAHO, HpH
MeJJIeHHOM H3MeHeHNM Hanpmxenmii Texo MawxcBenmna Beper ceba
KaK BfI3KAA JKAZKOCTH, a IpH OHCTPOM — KaK YHOPyroe Tejo ¢ Mo-
myiem cmpura G = pf0.

CymecTByer 60ibIIOe 9YHCIO JHHEHHHX W HeJIHHEHHHIX Mopenei
BABKO-YIPYTOTO IOBeJCHHA }KAAKOCTeH, Bompoc 06 BX COOTBETCTBHN
peansHHM 0GBEKTAM BO MHOTHX cIydasx HesceH. [las Hac Oymer
BAJKHO B DOCHENAYIOIMEM TO O06GCTOATENRCTBO, YT0 NPH [BAMEHAH
YOPYTHX KHAKOCTeH MOTyT HAKANIHBAThCA Golbmme yOpyrde Je-
dopManuu. B pesyabrate 3TOr0 yIOpyras JKHAKOCTh IO-DasHOMY
BefieT ceGs B CABHrOBOM TedeHAM (HAIPAMED, B 3a30pe BHCKO3HMETpA),
Korga ee dQQeKTHBHAS BABKOCTh IafaeT €O CKOPOCTBIO C/IBHTA X
IpA BHTATHBAHWA JJeMEHTA KWAKOCTH B OJHOM HanmpasleHEn (c
OJHOBDEeMeHHHIM COKpAIiEHHEM ero B ApyroM). B mocaendem ciydae
OpA 0CTaToYHo GOMBIIMX cKOPOCTAX AedopManud «OPOROIABHAA BA3-
KOCTB» KAJKOCTH, ONpeAeiseMad [0 OTHOIIEHHIO [EHCTBYIOMEro B
CeueHHM HANPMKEHHA K CKOPOCTH Y/JHHEHHSA, DE3KO BO3pacTaer.
Ioppo6GHee ¢ 0coOeHBOCTAMH [BHKEHAA BABKO-YIPYIHX MATKOCTER
MOJKHO TO3HAKOMHThCA 1o Kmwmram [118, 124, 178, 235].

Haxomen, yka)keM, 4T0 B HEKOTOPHX €Iy9adX HaM IPHXOJHTCA
CTAIKABATHCA € CHCTEMAMH H fARJICHHAMH, He YKIAJBIBAIOHEMHCA
H B HOHATHE «OPOCTOH ;KEAKocTHY. MK mMeeM 37ech B BHAY B IepBYyIO
ovepefhb CHCTeMHI, HOCAIAE XapaKTep KOIOAJHHX PacTBOPOB, BHYT-
PeHHAS CTPYKTYDPa KOTOPHX MOeT IePecTPamBaThCA IOX AelicTRHeM
OGMEeHHHX H (HU3MKO-XHMEYECKAX mpormeccoB. H TakmM cCHCTeMaM
OTHOCATCA BOJIO-TIHMHHUCTHE PACTBOPH, DA PACTBOPOR IOIMMEPOB M,
Ho-BHIAMOMY, Hexotopsie Hedrm. K coxanemmio, B GOJBINHHCTBE
cIyYaeB Mbl He pAcmoIaraeM afeKBaTHHIM ONHCRHHEM TaKAX CHCTEM
A BLHY/IeHH OTPAHATHBATHCA JHINh KAaTecTRENHOH XapaKTepHCTH-
KOH HX IOBeHEeHNnA.

§ 2. IlopueTnie cpegm

[Topncran cpesa B TeopHE (QHIBTPaNEE XapaKrepHayeTcd B HEDBYIO
ovepejh JBYMA TIeOMETPHYCCKHMH ITapaMerpaMu: IOPHCTOCTHIO M
(oTHOCHTEIBHOI NoMei o6beMa cpefs, 3aHATON COOOMAMITMHCH MEK-
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xy coboii mopamu) 1 nponunaemoctsio k. [IpoAnnaemMocTs — mocrodn-
HasA CpeJsl, ONpeNerdalas HOTOK BASKOH KHJKOCTH dYepes NaHHYH
cpedy B cooTBeTcTBHN ¢ 3axoHoM [lapen (em. mmxe, § 3). IIponmnae-
MOCTE HMeeT PaaMepHOCTE ILIOIAJHA M H3aNepAercs OOLIHO B JAPCH.
OdgeBuIHO, IPOHRIIAEMOCTE MOKHO CBA3ATH ¢ (BHYTPEeHHMM MACIITA-
6oM» mOPHETOl cpefsl — pasMepoM 3epeH cpenst d, Pa3MepoM HOP
{ w r. g. Tax. no muporo pacmupocrpanennoii gopmyne Hoszemn —
Hapmara pas seprmcteix cpepn

m3d2
(t —m) "’

k=C C =0,5-1072, (2.9)
¢ papyroii croponu, mo M. Jl. MmammoHmpKoBy, BHYTPeHHHH MAacIHI-
Tab HeIoCpeICTBEHHO ONpeJelsIeTcA Kak

d =V Epm. 22)

Brenenntie reomerpirieckiie XapakTePHETHKH IOPHCTOH cpemH,
OOBYHREE [T (RIacCHUeckoily Teopuu QUABTPAI(HH, BHPAKAIOT B
ocpeqHenHOM (IHTETPATHHOM) CMEICIEe NPEACTABIeHHe O YHCTO Teo-
MeTpHIeCKoil Poan crelera mopmcroit epenn. Tamoe mpepxcraBienme
ABIACTCA HeOOIMBLIM 110 Melblleil Mepe B JBYX acHeKTax: BO-IEPBHIX,
B 0060 TOHKOIIOPICTHX TeTaX CIJIOBHE LOJA ROJH3N TOBEPXHOCTH
IIOPHCTOTO CReJera MOTYT OKA3HBATH HENOCPEICTBeHHOE BJIHSHNE
Ha JIBIGKeRIEe SKIJIKOCTI; BO-BTOPHIX, BaauMopeicrame QUIbLTPYIO-
MEeHCA SKIZKOCTI ¢ MATePHAJIOM €KeJIeTa MOKeT NPHBOAATL K WaMe-
HEeHHI0 CBOHCTB MUJKOCTH (DAIpHMEp, ee BA3KOCTH) WIH I0pPHCTOMH
cpefsl (HampuMep, H3MemeHie OPOHNIAEMOCTA FIHAA3HPOBAHHON Cpe-
Al H3-3a HabyxaHIA Tann). YRazauHsie dQQeKTh B3anMOJEHCTRBHA Be-
AYT K QUIBTPAIIOHHLIM AHOMAJIAM M PACCMATPHBAIOTCA HU/Ke, XOTH,
CTPOTO FOBOPA, B ITOM CIyYae pedb HET yie He o QmIbTpPAl(HH aHO-
MAJIBHOH SKIIIROCTH, a 00 AHOMANBHOM TMOBEAGHHN CHCTEMBI CRUI-
KOCTh — HOPHETAs Cpemay.

§ 3. Hemneiinsie 3axonnt (wuibTpaman

JInneiiamii 3akon ¢nasrpamnn (3akon [lapc:) ycTamaBimBaeT Ipo-
OOPIOUOHATBHOCTE Il KOJUIHHEAPHOCTh BEKTOPOB CKOPOCTH QHIbTpa-
ouu W ¥ IpajyieHTa MaBIeHnA p (MACCOBBIE CHIH He YYHTHBAIOTCA)

W= —%gradp. 3.1)

3aron [lapcm MoskeT OHITH BhIBe[jeH Ha OCHOBE NPEIIONOKEHHA O
TOM, 970 B NOPOBOM TNPOCTPAHCTBE INOPHCTOH CpPEJHl IIPOHCXO/HT
MejjleRHOe (CTOKCOROE, Ge3bIHePINOHHOE) NBW/KEHMe BA3KROM JKHIKOC-
. [loaromy ecrtecTBemmoe orpanmuenne 3akoHa J[lapem cocromT
B TOM, YTO OH NPHMEHHM [JJIA OCTATOYHO MANHIX CKOpocTel (mianh-
tpamuy. Hapyuienns craHoBATCs 3aMeTHBHIMH, €CJIM YACI0 PeiiHoNbHCA
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NIBTPANOHHOTO TeYeHUS
Re = wdp/p, w=|w], (3.2)

rie d — XapaKTepHHIA pasMep MAKDOCTPYKTYDHL cpeist (pasmep 3ep-
HA WIA PasMep HOPH), NPUGIM;KAeTCA K eAHANe. YIeT MHePIMOHHEIX
adfeKTOB HPABOJUT K ABYTICHHOMY 3aKOHY (UEILTpANAN

grad p = — - w(l + Bw). (3.3)

Aro COOTHOMICHHE CHOPABENHBO [UIA GOJLIIAHCTBA KAJKOCTEH; OHO
HOJITBEPKaeTesA MHOTOUACHeHHEIME arcnepmmenrtama [177, 220, 258]
M WMeeT KauecTBeHHOe Teopermieckoe oGocropamme [126, 127].

B mamGoiee Ba)KHEIX DPHIOKEHAAX Teopuu (HIBTPANAM — THJ-
POTeXHUKe, TeOpUM [BEYKEHWA OPHEPOJHHX KAAKOCTEH B IOPHCTHX
TOPHHX HOpPOAaX, TEOPWH LPONECCOB pa3pafoTkM HeTAHKIX H raso-
BHIX MeCTOPOMKJeHHH — BHX0J B 001acTh GONBIIMX CKOpoOcTell ocy-
IeCTRISETCA JHIb JOKATBHO — BOIMAN YTIOBHX TOo4eK O6GIACTH
¢masrparum win B6aman ckBaxkmH. CTpyKTypa TedeHms BOIH3E Ta-
KHX OCOOHX TOYeK NpocTa, W yder HenuueHHHX 3(derToB B TOM
ciIydae ITPON3BOTATCS AOCTATOUHO IIPOCTO, IO CYINECcTBY, HAa OCHOBA-
HAW pelleHHs ONHOMEDHHX 3axau. TaxuM o0pa3oM YIMTHIBAKICH,
HAPEMEP, [OHOJHATEIHHLHE NOTePH, CBA3AHHHE C KBaJPaTHTHHIM
ainedom R (3.3) BOamam rasoBmx ckBakuH [177]. .

WHoit xapaxTep HOCAT OTKJIOHEHAs OT 3aKoHa Jlapem npu Masbix
cxopoctAx fmasrpamun. OHW 00A3aHE CBOMM IPOHCXOMTeHNEM TA60
HECOOTBETCTBHI0 PE0JIOTMIecKOr0 HOBEACHAA SKANKOCTH MOJENH JIn-
HeliHo-BA3KOTO (HBIOTOHOBCKOTO) Tella, AM00 B3aMMOJEHCTRHI0 MEKIY
;RUKOCTHIO ¥ TBeP/HM CKeJIeToM, IPHBOAIIAM K N3MEHEHHAI0 CBOMCTB
OPHIOBEPXHOCTHEX CJI0EB JKAJKOCTA W BO3HAKHOBEHWI) NOIOJIHM-
TEIBHKX CHI CONPOTHBRIGHUA IBIKeHMo. 3adacryo oda oth asddexra
mepemeTanTes.

IIpuBenem HexoToprie HamdoJIee Ba)KHBE IPAMEPEHI:

1. Panx nedreil, npeactaBisaomux cobofl CIOMKHYI0 CMech yrile-
BOJOPO/JIOR, COJEPMRHUT TAelbie KOMIOHEHTH — Hapa@WHEl W CMO-
mmcro-acaTLTeHOBHE BeIIecTBa, CHOCOGHEIE OGPA30BHBATL TBEPHRO-
ofpasayr crpyxTypy. B pesyabraTte 5TH HedTH XapaKTepH3yIOTCH
HCeBOINIACTAYECKAM WM BA3KO-IUIACTHICCKAM DPEOJIOrAYeCKAM ToBe-
NeHWeM, TIABHEIM 06pa3oM Opnm Hu3knAX Ttemneparypax. OcHoBHbe
0c¢00GHHROCTH, CBA3aHHLE ¢ TAKAM HOOBENCHWEM, MOKHO OUHCATH, IDH-
ASB B KadecTBe OCHOBHOA MOJeNh BA3KO-IIIACTAIECKOro Tela BmH-
rama — [lIsemora (1.5).

Feam BA3KO-ITACTHIECKAS JKAAKOCTh [BW/KETCA B TOPHCTOH
cpefle, XapakTepmayemoli BHyTpeHEEM MacmTaGoMm d, TO ®3 €O-
ofpaskeHAN pasMepHOCTH ¥ W3OTPONAN

grad p = — l:}%wf(m), 0= 3.4)

(nmepiuonnsmu  sddexraMn 1peseGperaem).



IIpa Gonpmax cKopocTAX PONS IUIACTHYECKOTO COMPOTHRICHWA,
09eBUSHO, MOJKHA YMEHBIIATHCHA, B Upefele (w —> o0o) COOTHOMEHHE
(3.4) mepexommr B 3axonm J[lapcm

gradp = — uTw ;o k=d¥f(0).

HanpotnB, mpw Maiplx CKOPOCTAX BA3ZKOE CONPOTHBICHWE CTAHOBUTCH
npeHe0pe;KAMO MAJBIM, TAK YTO

f@) =clo, ©—>co.

TloatoMy mOMOKUM TPUGIMKEHHO

B @) = 1Jk(L +Mw) A= ctdfp (3.5)
H NOJIYyYAM 3aKOH QUIKTPAOAM ¢ NPeJelBHAEIM TPaJHueHTOM
G
gradp:——%w(l—]—%):——u%—p'k:; (3.6)
To To
G:CszdVI:_-. (3.7)

Eemnr rpapuent JaBieHnsa MeHblle IpefedsHOro (7, TO ABHKeHHe
OTCYTCTBYeT, T. e. coorHowmeHme (3.6) ciemyer [ONONHATEL YCAOBHEM

w=0(gradp | <G). (3.8)

Onncanme @uIBTpaDUA BA3KO-IUIACTHYECKON SKH/KOCTH IIPH TO-
MOINA 3aKOHA QIIBTPANAM ¢ NPefeIBHHIM IPAJUERTOM ObLIO BBeleHO
B paGore [130], Tam sxe 6o ycramoBmeHo coorHomenwme (3.7), (em.
raKe [132]).

CxoHOE COOTHOILIEHNE MOKHO MOJYYATH I U3 PACCMOTPEHHASA IIPOC-
Tefillell (KaNM/IADPHOR) MOMEAM MOPACTOA cpefnl. XapaKTepHHH BHJ
3axkoHa ¢masrpammu (3.6) mamwocrpupyer pme. 1.1, roe moxaszana
3aBHCHMOCTD pacxofa () oT mepemaja JgasieHna Ap npu QuasTpanan
BA3KO-IUIACTHYECKOH ;RuAKOCTH (cMech Macel Bamop # GpaiiTcrok)
B ofpasiax pa3aMYHON IIPOHHIAEMOCTH, COOTBETCTBYIONMAA 3aKOHY
$UIbTpanum € NpefelbHHM TrpagmeHToM gapiesus [199].

B rex ecaywaax, xorma (UABTPYIOMAACA KANKOCTh XapaKTepH-
3yeTcA NCeBIOIIACTHIECKIM IOBeIeHAEM, 3aBICAMOCTH CKOPOCTH (Puiib-
TPpamuM OT FpajyMedTa JaBICHUA ¥MMeeT BHJ KDHBOH, BHINYKAOH K
ocu | grad p |, Ho npoxonameit wepes mavamo wooppwnat. JIa momOG-
HEIX cucteM ddifeKTHBHAA MOABIMKHOCTD (k/|)spp, OUPemeseMan Kak
OTHOIIEHAe CKOPOCTH (QHILTPAUMA K COOTBRETCTBYONIEMY IpafdeHTy
AABJIeHHAA, MafaeT ¢ yMeHBIIEHMEM CKOPOCTH, HPH KOTOPOil Ipoma-
BOOUTCA HecaefoBaHue. lMMeetcs GonbmIoe 9MCI0 MPAMEPOB TAKOTO
HOBeJeHUsA, 3alONHAIONAX BCH 00JacTh MeNAY NpeAeJbHHMA CIy-
JaAaMH JmHeiiHOTO (3axoH [lapenm) W BA3IKO-IIACTHYECKOTO MOBeNeHHS
(3axoH (EIRTPanUA C HpedeabHHM TpaguentoMm). XapaKTepHHRI BHY
3aKoHa (GUIbTPALMH AMA TMOROGHEIX CHCTEM IULTIOCTPUpYeT pac. 1.2,
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rAe MpecTaBIeHH JAaHHKE MO
¢EnpTpamAA  BHCOKOCMONHCTOHA
medra npm Temoeparypax 19, 23
n 26° C (kpusme 1—3) [163]*.

Henuneitnre agerTsr, cBa3an-
HEIE €O CTPYKTYPHDOBaHHEM B
BeTAX, OTMeYeHEI y;ke B palo-
tax M. M. Kycaxosa, II. A. Pe-
6ungepa 1 K. E. 3naaenxo, 0o6-
HAPY)KABHIAX W3MeHenme 3fipex-
TABHOW BA3KOCTA He{TH IpH He-
pexone kK Golxee JECHEPCHOH @O-
prcroii epexe [110], m @. A. Tpe-
6uaa [202]. Opgako nmmb B mo-
clefHee BpeMs HAKOILUIGH Mare-
praa naGopaTopHHIX HECHENOBA-
HAA, DOKaswBammuii, 9T0 NI
HefTeit pAA  MecTOPOKACHHMA
CCCP xaparkrtepHO HeiampeiiHoe
peoormdecKoe NOBeJPHAE W €O-
oTBeTcTRyiomMue PUILTPANAOHHHE
amoManmu. K cosxaleHMio, 9TH
Pe3yJAbTATH 33TACTYI0 JHAMb Ka-
9eCTBEHHO CBHUJETEILCTBYIOT O
OCeBAOIIACTHIECKOM XapaKTepe
HcclaeNyeMnX HefitTeld W He mO-
3BOJAIOT NOJIYIATH KOJIMIECTBEH-
HEE XapaKTePHCTHRH (B TacTHO-
CTH, PACCIATATH IPe/elILHEA rpa-
muent nasiaenns). B GonsmnucTRe
PeoTOTHYecKAX ACENeNOBaHMM He-
MONB3YTCA KADMLIADHEIE Deo-
MeTpai. lamMepsioTes mepenaf jaB-
JenmA Ap @ pacxop xupxoctd (J;
110 3TUM BEJIMYHHAM BHITACIAIOTCA
KacaTelsHOe HaupsKeHue Ha CTeH-
Ke M CKOPOCTH CBATA

©= ApR/2L, % = 4Q/nR?

3.9
(R — papmye, L — pnuna Kanmi-
JiApa) | CTPOHTCS KPHABAsA TedeHAA

v (x). Us-3a TpyanocTR H3MEpeHAA
MAIHX [epenajgoB M PpacXofioB

* Cu. tacxe [223, 224].

§,on¥va

e
’Z At
F17
7 o ”_' dg, ar 7
Pae. 1.4
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HCCAeJOBAHNA, KAR IPABIJIO, IPOH3BOJAATCA NPH MOCTATOYHO 6GOJb-
. 1
myx cKopoctax ciasara (P ~ 1071 — 10 —=); Peosormdeckas KpH-

Basg B 00JaCTH MAJHX CROPOCTeil ¢aBHra noJy4aercs IIYTeM 3KCTpa-
monAnun. B To jke BpeMA npH maydenmu QUIBTPALHOHHHIX JBIEEHII
UHTepec NpefcTaBIAIOT Malkle CKOPOCTH ciBHTa Hopagka w/d. Ilpm

w ~ 107* em/cer; d ~ 1072 em nmeem w/d ~ 10~2 c:—n, B pAmde ciy-

daeB NPeACTABIAIOT HHTeDPec I (Gollee HH3KIE 3HAYCHIIA.

Taxnm o6pasom, sHaunTEThHAS YACTH PEONOFMIECKEX Aceae10-
BaHud He(rell He omycKaeT MepeHoca HAa (GUABTPANUOHHHE IBIMKe-
HuA. B cBasu ¢ ariM ocoBoe smaueHme mpmoGpeTamoT TIATEeIHHBE
PEOJIOFIIeCKIe NCCIeNOBANNA B 06JACTH MAaJHX CKOPOCTell caBHra
H Té IRCIePUMEHTH, B KOTOPHIX HEIOCPeJCTBEHHO ONpefiellAICH 3aK0H
$uabrpamme. Tarkuwe ucexenoBamms s Hefreit Bamkupuun mpose-
nemer B. B. JlesauranoBrim u 3. A. Xabubymuusm [49—58, 215],
a g Hedreli Povamkimckoro mectopossmenua — M. E. Momenko
[209—213]. Hewroropse ma nx pe3yabTaroB mpuBeneHsl B tabn. 1.1
I Ha puc. 1.3, 1.4%,

Tabamma 1.1%

IIpenebHoe B IpepeabHeuril rpa-
N | i | Baoroom neg- s ki
Mecroporinenue CHBATITHAI cgnnr;ﬂged)'m, WEeHHOH CTPYK- HecUaHNKA
—_— TYDOii, cnyas e, ar
o " o ()
Taiimy painieroe 851 1,28 16,0 0,95
0,980 — —
0,780 — —
0,200 99,0 —
Tyiimazmuckoe 198 0,100 8,0 0,075
(Anercauponcras 0,098 8,0 0,025
NAOIHATE) 0,090 9,0 0,018
0,006 45,0 —
Apnancroe 902 0,069 8.0 <0,028
0,057 8,0 <0,003
0,030 9,0 <0,003
0,020 10,0 <0,003

* Hauuue [52].

Ha pne. 1.3 morasana sasucuMocTs cKopoctu ¢unsrparun HedTH
OT mepenaja NaBICHAS HA CTAHAAPTHOM 00pasue MOPHCTOM Cpejsl.
Hpusse 7 n 2 nonyuens: mocie ocranosru Apmsmenns ma PazIauHOoe
BpeMsd, KpHBNe 3 I 4 — moc/e HHATEHCHBHOTO mepeMentuBaHums [56].

* PsAp pansasx mo Groisrpamm sedireit IpuBoguTeA B paGotax [3, 46, 48, 108, 133,
134, 163, 216, 217].
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Ha puc. 1.4 upeacrarienst paunsie 1o ¢uabrpannu medru Pomam-
KHHCKOTO MECTODOXIeHNA IpH pasamuasx Temneparypax [9]. Haxo-
gem, Ha puc. 1.5 moxaszaHml jaHHBe 0 BeJWIWHE IIpeJelbHOTO Fpa-
nmeHTa JaBjeHdd AIA Heru PoMamIKMHEKOro MeCTOpPOM/IeHHSA IpPA
PA3IMYHEIX TEMIEPATYPAaX H PA3IMIHHX TPOHMIAEMOCTAX 06pasmoB.
Jlannnie 8 moaydeHH HA AerasupoBaHHONl He@rH, 9 — NMpU HATHIAN
B ofpasme CBSA3AHHOW BONBI; OCTAJBHEIE OTHOCATCA K (UILTpAnEA
NIacToBoi He(TH TPHA COOTRETCTBYlOmMEX Temmeparypax [209].

2. Ilpyrasa BaskHas o6IacTh UPOABIeHAA HeTUHEHHHX 3@derToB—
[BIKeHHe BOAH B TVIMHAX M TIHHA3UPOBAHHHEX mopofax. VMenmo
afech BIepBHE ObUl0 OGHAPYReHO HalWgwe NpefedbHOro (HATAJb-
HOTO) Tepenaja HALOPa U BEEJeHO NOHATHE O IIPeAeSbHOM (HaTalb-
HOM, IOporoBoM) Tpaguente namopa [180, 181, 208]. B nanmom ciygae
gennHeane dpdeKTH CBA3AHH CO B3aHMOMAeHcTBHEM BOILI ¢ DIHHUC-
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THM MaTepHalIoM TBEPIOro CKeleTa. JieMeHTapHble B3aNMOJIEHCTBUA
HPOUCXOJAT HA MOJEKYJIAPHOM YDOBHE: HOJAPILE MOJEKYIL BOMK
B3aNMONICHCTBYIOT € BIeMeHTADHHIMH JelIyAKAMH TAAHHCTHIX MaTe-
pramos. Ma-3a ManocTn rIMHUCTHX WemIyer, HMEOUHX «ATOMHYION
Tonuuuy ~ 10 A, HOBEPXHOCTH BIAUMOCHCTBHA TJIHH € BOJOHA OTPOM-
Ha, poctiraer 700 wM*/r gas mourmopunionura. ITosromy ranmamcTe
JACTHI(h CHOCOGHM NPHCORTMHATE 3HATMTENLHOE KOTHYECTBO BOJIH,
YBCAMIHRBASNCK U I HTOM B ofiheMe, ¢ IPYFOi CTOPOIL, 0HH MOTYT JICIKO
OTPHIBATHEA OT OCHOBIOH Macchl Matepuaia, o6pasya KOJIMOMIHDIN
PacTBOD, CHOCOOHKI K eTPpyKTypHpoBaHmo. [l03ToMy B rIMEHACTRHX
1 TIHHH3NPOBAHHBIX TMOPOJAX MOMET NPOMCXONATE KAaK HMMOOGHIN-
3aI(UA BOABL, G1aro/lapA yAeP:RAHUIO ee BOIM3H YACTHI[ TIAHMHH, TaK
U 3aRyIOpHBaHHe 0P Kowaouaom. O6a sfderta NpHBOJAT K CHUIKe-
HHIO 3@deRTHBHOA HPOHMTAEMOCTU 06DasIA TI0 MeDe CHIKEHHA Ipa-
AUEHTOB NaBJEHUA, T. €. «ICEBNOITACTHICCKOMY» QUIBTPAUOHHOMY
mosefienuio. B 3aBucuMocTH oT KOHKpeTHHX yCIOBHil CTemeHb mpo-
ABJIEHNA HeNUHeHHBIX dPPeKTOB MoxeT OHTH Pa3auvHA, B YACTHOCTH,
MO3KeT CYIMECTBOBATH IpedebHEI FpajUeHT JABICHUA WIM ero MOKeT
me Opre [102, 213, 238, 243, 250, 254, 255, 262, 263].

B pape ciyqaes amieiinoe cooTHOmeHHe MKy CROPOCTHIO QUIb-
TPANAH U FPASUEHTOM JABJICHUA COXPAHAETEA [JIA [IAHAIAPOBAHHKIX
HeCIaHNKOB M [aiKe [UIA TJIAH BILIOTH /{0 OYeHb HE3KUX TPAXACHTOR
maenenns [213, 262, 263]. Ha xapaktep apimsrenns BOJH B TVIMHAX
BAHAET HA/JIMYNE B ROJE DACTBOPEHHHIX BEINECTB M €OCTAB TIHHHCTHX
9acTun. InHUCTHE MaTepHaNH M0 CYMECTBY NPeACTABIAIOT coBoi
eCTeCTBeHHEIe HOHOOOMEHHbIe MaTepPHaIbl; OHH CIOCOGHB «OTIYCKATHY
€ NOBEPXHOCTH B DACTBOP MOHBI MeTalJI0B, IPHOGperad HpH ITOM
PnrcupoBaHHKI HOBePXHOCTHHEA 3apan, B3aNMONeHCTBYIOMUAA H ©
HOHAMH DacTBOPA, M C MOJNAPHHMH MOJeKyJdaMum Boas. Ilosromy
B gopMupoRaHNN (UIBTPANMOHHOTO COMPOTHBICHIA CYNIECTBEHHYIO
Poib ATPAlT JJICKTPOKMHETHYECKHE dPderTs.

Taxum o6pasom, [Bmisenne BOXH M BOAHHIX DACTROPOB JIEKTPO-
JHTOB B INIMHUCTHIX IIOPONAX COCTABJIAET HO CYW[ECTBY HpeaMer Qm-
3AKO-XMMAIeCKOR rAApofuHamMAKT. Fcau ke orpanmaAThes cayaaeM,
KOT/{a IIMHACTHE MUHEPAIH U QUIbTPYIOMAACA KUIKOCTh HAXOXATCH
B TEPMOJHHAMHIECKOM DABHOBECHN, TO /JOCTATOYHO Y9ecTh HeIWHed-
HOCTh 3aroHa (uibTpaitwm.

Hpusenem meworopsie xapakrepusie mammsie. Ha puc. 1.6 [233]
HOKa3aH THIHTHHIN BUJY 3aKoHA QHABTPAIHA BOAH B TJIHHE, XOPOMO
anopoOKCHMUPYEMBId 3aKOHOM (QHUIBTPAIAA € MPeJedbHHM TrpagHeH-
toM; pmc. 1.7 [44] mmmocrpupyer sasmcmmocts w (| grad p ) zasa
rIAHOGeTOoHA ¢ coflepikannem ramAnCTHX gactan 30, 20, 10% (xprsuie
1—3). lokasauusie ma puc. 1.8 pesynsrarst [238] npmmeuarennmt
B TOM OTHOIIEHNH, ITO OTHOCATEA K pPeajbHBIM 06pa3naM mecIaHmKOB
€ AOCTATOYHO BHCOKON mpormiaemoctbio (0,2—1,3 napem) m mamsM
COofep:KanHeM MIMHACTHX ¢pannuit. Tem ne menee, HennHeiinnie -
dexTh BHIpaiKeHH 0CTATOYHO ABHO W 3AKOHOMEDHHIM 06pa3oM CHA-
MAOTCA 10 Mepe yBenndeHnus KoHHeHTpanmm aiaexrpoamra (NaCl).

14



Haxonen, pume. 1.9 [47] na-
A0cTpUpyeT AUHAMHAKY  H3Me-
pennsa 9PdeKTHBHOH NPOHHTIAE-
MocTH  ofpasna rAMHU3MPOBAH-
HOTO DecYagAKa OPH H3MeHeHHY
coctaBa QUALTPYIOMEHACH HKUTKO-
et. 3mecs ¢ — Bpema ¢uabTpa-
WA, 3adepHeHHHe TOIKH OTHO-
eATeA K paccoly, HesadepHeH-
HHe — K TUCTAIAPOBAHHOH BOJIE.

Jlureparypa, HOCBANEHHAA B
Toii mTA MHOU cremeHH PUALTPA-
[HOHHHM TpoIeccaM B IIHHAX,
pecbma obmmpra. llommmo yka-
3AHAEKX BHIIE OTMETHM elmle pa-
Gorw o63opmoro u obobmarnomero
xapaxktepa [95, 244, 246], comep-
JKamme PAN CBefeHHA 1o HelHd-
HeitHo#l PuABTpaMM ¥ JODOIHH-
TeJbHYI0 JIHTEpPaTypy.

3. Horma paecMaTpHBaercn
npm;kenwe HedTm WIM Taza, TO
0GHYHO HEABHO HOJPa3yMeBaETCH,
970 HAPAXY ¢ OTUM B IIACTE CO-
JepKHTCA H HEeKOoTopoe KoJmie-
¢TBO BOJH; YacTo BOAA HMCKYE-
C¢TBEHHO 3aKadYWBaeTCA B IJIACT
B KAYeCTBe BHTECHAKINEr0 areH-
ta. Taxum o0pasom, mOpoBOe
OpPOCTPAHCTBO 3aTIOIHEHO He Off-
HOPOJHOH IKHAKOCTHIO, a MHO-
rodasnofi cCACTEMOH. Iasxe ecam
kaxmaa u3 $as ABIAAercA nu-
HeliHO-BA3KOH HBIOTOHOBCKOHK
MKATKOCTHIO, CONPOTHBIICHAE XBA-
JKeHHI0 MOYHeT 3aBACETH OT B3a-
UMHOTO pacuoio:keHmA ¢as, a
0HO, B CBOIO Odepelb, OT TUAPO-
IMHAMATECKAX CHJI. 9TO CO3/aer
OPeIOCHIIKH JJIA NOABIEHNS He-
auAeiHsX (QAIBTPAHOHBEX 3¢-
dexro upm MHOTodasHOM Tede-
uun., BampeM  $axTopoM B HX
$OpMHPOBAHMHE MOMET ABUTHCA
[XOHONHATENbHOe CONPOTHBJIEHHE,
BOJHHEAONEe OpH MPOXOoK/e-
auH Me;ik@a3AKX TOBePXHOCTeH Te-
pea cy;KeEds MOPOBHX KAHAJOB.
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Heroroprre yrasamis na DEATLHOCTH TaKUX adifleKToB conepxanncs
yixe B usBectioii Kaure M. Mackera [121]; omnako CHCTeMaTugdecKoe
X HCC.TOI0BAHNE HAYATOCH JTHUTH B II0C.TSHITE roaul B AsuHefirexam
nog pyroBojacTsom A, X. Mupsamransage. IIpusemem HEKOTODEIEe pe-
BYIbTATHL OTUX necmenoBanmid. Ha pnc. 1.10 [163] NOKa3aHa 3aBHEH-
Moctb Q (Ap) mis pemskenns KepocHuHa Tepes cMech KBaPIEBOT0 IeeKa
(90%) ¢ raumoit (109%)*.

AHazorudnre peayabrarvs NOAYTa0TeA W A [RIKeHHAS Tasa
B MIMHH3NPOBAHHKX MODHCTHX cpejax, COMIePIKAIAX  OCTATOTHYIO
Bogy*. Tummdanne pesvasrarsr ombrros npencraBiaens Ha pme. 1.14

“[13], rme npaMas 1 oTHocuTes K TIOPUCTOH cpeNe, COETABICHHON W3
79% mecrka w 25% riamEm ¢ 40% ocrarounoii Bopw, npaMaa 2 —
70% mecra, 30% raum npu 409% oecratodnoii Boanl. OnKITH moxasza-
JH, T0 0 TOCTI;REHHA HEKOTOPOTO II0POroBOTO 3HAYEHWA PasHOCTH
AABIEHH, 3ABHCANCTO OT CONOP/KAHMS TIHHEL U BOJH, [{BMIKEHAA
rasza He 6s110. [locite toro wax Pa3HOCTL NaBIeHHH TOCTATIA IOpO-
TOBOTO 3HAYCHIA, JAThHeHuiee H3MeHeHHe pacxona ¢ Xopomei Tou-
HOCTBIO cejloBaTo TuHeiiHoll cBA3m pacxoma rasa Q ¢ Benmumuo#H
Ap®. B KoHTpoxnubIX OHEITAX, ROTAQ DU TOM sKe CONeP!KAHEM BOH
(40%) rauma samensiach MapUIAJLTHTOM  (MeXKo  paaxpoGIeHHbIHR
KBADUEBHII Mecok). mopora nepenaga naBIenus ob6Hapy:KeHo He GhLIo,
W QUIABTDAMA Taza caemoBama oGrraHomy s3akomy Jlapes.

Ormernm, ato Hemmmeiimoct PAacCMOTPEHHOTo THHa Habawmaercs
H Ha ecTeCTBeMHEIX o6paasmax [225], a taw:xe obHapy;xnBaerca npu
HCC/IENOBANNM FA3OBEIN CKBA;RHH (MeCTOpOsIeHme Iazan).

N3 npusenenusix Pe3yIbTaroR SICHO, 9TO AHOMAJIBHOE ¢raBTpa-
NHOHHOe HOBeTeHHe IPI RIKREHITH YIL1€BOJOPOMHBIX JKAMKOCTEH MO-
HeT GRTH 06YCA0BIeN0 HaTmImeM OCTAaTOYHOH BOJH, ocobenHo B
PAMHASAPOBAHHBIX cperax. MoxHo ommarh, o nofo6Hble ARIeHNA
HIPAIOT €YIEeCTBEHHYIO POIb B Ipomeccax paspaboTkm He@TAHBIX
M TA30BRIX MECTOPOMIGHHH; K COKalIeHmo, AMEMUACA MaTepual
HE0CTATOURI [T GOPMY.INDOBKIE 0KONIATENHHEIX YTBeDsKIeHnit.

* Boaee moapoGusie AAHHRC  UpUBeeAn B [128],
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4. Bonpmoe BEAMaHME TPABIEKAT B MOCJefHAE TONH ocoben-
HOCTH [(BIKeHHA B MOPHMCTHX CPefaX moJMMepHHX pactBopos. May-
JeHne WX BaKHO KAaK JUIA MPONeccoB XHMAYECKOH TeXHOJOTHH, Tak
H 1A He(TAHONU IPOMLIILICHAOCTH, T/i¢ 3arylieHne BOIH NOIAMePaMHB
HCIONb3yeTcA HIA IOBHINeHAA 3PPeKTHBHOCTH BHTecHeHHA HedrTH
Bofoii. Hak mpaBmio, MCHOAB3YIOTCA DPACTBOPH MAalloi KOHIEHTPA-
man. CorilacHo CTAHXAPTHEIM peONOrMIeCKAM H3MEPeHHAM HX KpH-
BHe TeUeHAA cNaG0 HelHHeHHN W BO MHOTHX CIyYadAX MOTYT OHTB
onmcank creneHHHIM cooTHomenuwem (1.6). EcrecrBeHHO OMKHAATD,
9T0 M 3aKOH QMILTPANAA A DTUX KUAKOCTeH Oyjer CTerneHHEM

1
k w \7n ! w
grad p = — yd (;0—) = — Cuw*— - (3.10)

B mexoTopex ciayuasx geno ofcromr mmemno Tak. B xagectse
IpEMepa NpPHBeeM JAaHHHE [0 ABWKeRmo 2% pacrBopa KapOoxcHMe-
TIINE/UI0N03H depe3 MCKYCCTBeHHYI0 HOPHCTYI0 Cpefy NpOoHHANae-
mocthio 445 mapem [272] (pme. 1.12). HesawepremAble TOYKH COOT-
BETCTBYIOT 3aBACHMOCTH CKODOCTH C/{BATA Y OT HATIPAKOHWSA T, MOIY-
GeHHOH B KATIMUSIPHOM peoMerpe, a 3adePHeHHBIC — TAKOM ke 3a-
BHCHMOCTH [IA TIOPHCTOM Cpefs w3 mapukos guamerpa d. Ilpm aroM
spderTABHEE 3HAYCHAA ¢ A T NOJCIATHBAIOTCA [IA mopueTOl Cpeihl

mo cxeme HKoszemm — Kapmanma [272]. 3mecs 1=3(1—m) ,::’M .

v = md | grad p | /15, m = 0,37 — mopmCTOCTb CPE/IEL. OrMmeraM,
410 B TMOJOGHHX cayIadX (HIBTPANMOHHOe COMPOTHBIEHHE Y/ACTCH
IOTCINTATh [0 AAHHHM DEOMeTpPHH IIPH TOMOMY MOJelH Kozena —
Kapmana [270, 272].

Omqmaxo AJMA  JAPYTHX CHCTEM (pactTBopsl IONMOKCHATHIEHA,
MoNMAKpANAMEHAA W [Ap.) TNPH TOBBINEHWA CHOPOCTH gunpTpa-
mEv HabIaeTcA  pesKoe yBeNMYeHHE  COMPOTHBIeHHA, Hempen
cxasyeMoe [0 JAHHBIM [eoMeTpHH. Tax, ma pme. 1.13 [272]

4, en¥furc
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TOUKAMH 1I0Ka3aHa 3aBHCHMOCTh HM3MEDPEeHHOH [0 CONMPOTHRIGHHIO
ABH:KEHHIO B TODUCTOH cpefe 3QPeKTHBHOH BABKOCTH PACTBOPOB
NOJHOKCHATHIEHA OT CKopocTH Guabrpanun (3deKTHBHON cKopoCTH
caBura). Jluauamu mokazaro mamerenne 3QQPeKTABHON BA3KOCTH HPH
IBIREeHIM B rRamwiiape. Takoe Boapacranue COmpOTHBIEHHA MOsKET
OLITh CBA3ARO € BABKOVHpYrocthio skuproctn [270). Ilpu gemsxenun

<« S

el T TR
=]
, Hfeex o i t° L]
* >
p . M
{”2 » o \~~
L5 | i,
. v 2
o = =
2
1 b /4
vz 97 n’ v
z, dufen Vs HWeen
Pue. 1.12 Pne. 1.13

B IOPUCTOH Cpejie dileMeHT ;KUIKOCTH NCTHTHBACT NONePeMeHHoe €Ra-
THe W pacmupenne ¢ nepuogom nopaaka d/w. Eenu Bpemsa d/w cra-
HOBUTCSH COTOCTABHMBIM GO BPEM@HEM DeJaKCalii| NOJAMEeDHOro pac-
TBOpPA O WM MeHbUIe HETO, TO PeliaKCALlEA He ycoeBaeT NPOUCXONATH
I CONPOTWBIEHIC TBHKeHMI0 pe3o Boapacraer. Ilommrka paevera
aroro addexta mmeerca B paborax [249, 276]. eranbHoe naaonenne
cBeleHHA Mo HeAuneiiHoil QEALTpPaNEHA OONUMEDPHHX PACTBOPOB CO-
mepsKUTEA B HemaBHeM ofazope [272]%.

OrMernM, 4YTo HADAY C KOHTHHYAIBHOH BA3KOYINPYroCTHIO OIPH
QUABTPANEM HOINMEDHHX DACTBOPOB BAa;KHYI0 PONb HIPAIT Hepas-
HOBECHBIE MPOIECCH, MoposkIaeMble axcopOnUeii MaKpPOMOJeKya Io-
JIAMEPHOTO BEMEeCTBA Ha NOBEPXHOCTH CKeJeTa NOPHCTOrO Telda H
VAep;KaHWeM CryCTKOB MOJHMEepa B CY)KEeHHAX IOPOBHX KAHAJOB.
Copbupyemuiit cpemoii (mo ToMy WIM MHOMY MeXaHA3MY) IOJIAMED
3HAYATENHHO CHE;KAET NMPOHUIAEMOCTh Cpednl, a W3MeHeHHe cofep-
JHAHAA TOIAMEPHOT(O BEIMecTBA B PACTBOPe U3MeHAET BA3KOCTH Puib-
TPYOIMEACH HHIKOCTH. AHAJNS AMEIOMUXE A SKCIeDUMeHTAIBHHX JaH-
HHEIX IOKA3K BAET, 9TO TaCTh MoJAAMEepa CopOupyeTea cKeleToM HeolGpa-
THEMO, B TO BpPeMs Rak [Jpyrasvactb copbupyeres o6paTuMo, mpuieMm
yaep;RuBaeMoe Cpemoil KoWIecTBO IOJHMEpa BO3PACTAET € POCTOM
cKopoeTH Quubrpammu. B peayabrare OKa3MBAETCH, YTO CTAIAO-
HapHOoe cocToAanue npH QUABTpAanuMHM VCTaHABINBAETCA UMb HOCHae

* Cu.orarsre 234, 236, 242, 245, 256, 257, 2670 273
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JIHTeIILHOTO HECTAMHOHAPHOTO Mpolecca Iepexofa K cOpOIIOHHOMY
pamHOBecmio B Xoze aroro mpomecca COIpOTUBJIGHHE CDEABI pacrer.
Fenu qpmxeHne KATKOCTH NPEPHBABTCA, TO HAYAHAETCH Iepepacipe-
NelieAne COPGMpPOBAHHOrO MATepHajia H CONPOTHBJEHME CDEJH 1I0-
CTeIeHHo MAjiaeT; IPH IOCTISAYONeM ABIKeANH CONPOTHRICHAE CPCARL ‘
BHOBb BO3PACTaer. JT0 sABJIEHHE ONMCAHO B HCCIIEAOBAHMAX {236, 201,
mpmdeM mociefHAA pabora COMPPIKHT TaKKe TeoperHIecKnil AHAIHI
POLECCA MIMEHEHUsT COMPOTHBJIEHNA; HeCKOJLKO APYTrad CXeMa onu-
camad upetoskena B pabore [79].

CaencTBueM cOpPOLMOHHKX IPONECCOB ABAACTCHA A3MEHeHHE COI-
POTHBIIHUA CPE/IE € POCTOM CKOPOCTH QHILTPANEH (comocTaBJALTESA
TOJNBKO CTANMOHAPHHE pe;KUMH). BoaMoiHO, UMEHHO B ITOM {a He
B BABKOYIPYTOCTH) 3aKIIOYAETCA NPUIAHA XAPAKTEPHEIX (ICEBIOAM-
JATAHTHbX» QUILTPAMHOHHKX AHOMAJAA MOJIMMEPHHX DACTBOPOR.

TaxmM o6pa3oM, BHe 3aBHCAMOCTH OT HX $usEdecKOl IPHPOIHL
$RILTPAIMOHHBIE AHOMANNM HPMBOJAT K HEIMHEHHOCTHA saxona QHILT-
PanuH, CONPOBOKAAIOMEHACA 3a9aCTyI0 HePABHOBECHRIMU TIPOLeccaMH,
06YCIOBICHHAEMA TEPecTPOAKOM CTPYKTYPHl CHCTEME CKARKOCTD —
mopucTas cpema. B fambHeiurem Mul Gynem paceMarpEBATh MaTe-
MATHIECKy0 Teopmio QMILTPAIMH NDH HEeJIHHEHHOM 3aKOHe COMpo-
THBIEHHSA, OTBJIEKAACh OT ydJeTa HePABHOBECHHX IPOIECCOB.

OcofHit uATepec JIA NPHJIOKeHAH TPL/CTABIAIT OTKIOHEHHA OT
aaxona Jlapen B 06JIaCTH MAJIBIX CKOPOCTeH; AX eCTeCTREHHOH MO/IeNbI0
CIYKAT 3aKOH QWIBLTPAIMA C IPe/eTbHLIM TPAjHeHTOM. Umenno oH
RHIOpAH B KAUecTBe OCHOBHON MOJ HeMHeHHOHR JuibTpamue B IO-
clIeAyomeM H3I0KeHdl, X0TA OOJBIIAHCTBO De3yJIhTaToB momycKaer
06o0menne A Ha Apyrae GoPMEI 3aKOHA gunbrpanun. Ecrecraendo Ha-
4aTh aHAJM3 HMMEHHO G HTOr0, KAap/WHAJIBHO HeJIMHEWHOro M B TO e
BpeMa mpocroro mo Qopme crydasd.

OTMeTHM, UTO MMEeTCHA GOTATHIA NPOMBICIOBHIA MaTepHai, CBH/E-
TeJICTRYIOMHAA 0 pealbHOM HTPOABISHHA HeluHeHHNX (UILTPAAOH-
HHX 2feKTOB B WIACTOBHX yciaoaax (45, 5962, 75, 85, 90, 91, 97,
131, 133, 134, 163, 204, 214] m o ponm arax a@derToB B mponeccax
paapaGoTkn He{TSAHEIX H Ta30BEIX MecTOposk/ieHd. JTHM BOIPOCAM
HOCBAMEH pAJ paloT NPAKIATHOLO XapaKTepa [73, 128, 131, 133,
134, 155, 156, 163]. 3mecp ke OrpaHMIMMCH HBJIOKEHHEM Teopud.



Inana 11

OcnoBrble ypaBHennsi QuibTpanma
AHOMANBHBIX KHj(KocTel (HeauHeiHol (uiasTpamun)
H AX eBoiieTBa

§ 1. OcHoBHbre ypaBmemus.
Ananioruis ¢ JpYrHMN 3ajla4aMH MATEMATHYECKOH (M3MKH

1. Cuetemy ypasHeHnii HenmHeliHo#t QUIBTpamun o6padyer ypanHeHHEe
3aKoHa (UIBTPAIUN, KOTOPOE 3aMUIleM B BHje

—grad H = @ (w) whw, @ (0)>0, O >0, (1.1)

e
H = kplp + kUly (1.2)

— 0006menHkit Hanop, U — moTeHImal BHEHNIHHX MACCOBHX CHII,
U ypaBHeHHe HePa3pPHBHOCTHA

a (mp)/dt 4 divp w = 0, (1.3)

AOTIOJHCHHEIR yPaBHEHHEM COCTOAHM ;RUSKOCTH (NBHMKeHNe CIHTAeT-
€S IB0TEPMUICCREM) I ypaBHeHHeM AeQOPMADUA cpPeasl NpA PHKEH-
POBAHAOM BHEINHEM HANPAKEHHOM cocToAHAE (Golee HMOApPOGHO CM.
(191)

p=p (p)1 dm = dp/I{m’ (14)

rae 8m — mamenenne mopmcroctd, K, — Momyan oGmemHoll medop-
Mamun, ¢ — BpeM:d.

Ecam wmaxoers m mopmeras cpefa memedopmapyemsr, To 3 (1.3)
nMeeM

divw = 0. (1.5)

Cucrema Bupa (1.1) < (1.5) onncriBaer Tak:ke cramEoHapHHE JBH-
FKEHITA C/RUMAeMoil sRUIKoeTH (rasa) MpPHU yCJIOBHM, YTO IPATHEHT Ha-
mopa wrm HeKoToPoii ero ynrmuu p (H) ynaerca BupaanTs depes Mac-
COBYI0O CKOPOCTB j = p W; mpm atoM H zameHseres Ha P, a w Ha j.

Ecan mopneras epena n ssurocts nefopMupyeMs ¢ra6o, 10, anEe-
apusya ypasaenme (1.3), mpuxomum ® ypasHeHmIO

d . d -1
Z—f a—I: +divw=0; K=mp [(deO)] , (1.6)
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o6paayiomemy Bmecte ¢ (1.1) cucreMy ypaBHeHHWI TaK HA3HBAEMOro

yopyroro pe:kAMa QUIBTPan®U. JTH ypaBHEHHA ONMCHIBAIOT HeCTa-

OUoHADHBE QUIBTPANAOHHEE TeYeHHA. -
[Ipu paceMoTpeHnH ITOCKHX CTANHOHAPHBIX NBHKEHA

H = H (z, y); Wi, » 0} =w(zy),
Kak oOm4HO, yA00HO HEIOAL30BaTh QYHKIHMIO TOKA 1
APlox = — v, Py = u. . 1.7

3ajaua Teopuy GUALTPAIY 0GKEYHO COCTOUT B OHpe/ie/IeHUH IOJIeit
JaBJleHuii (HaopoB) W ckopocteil Guibrpammy B 3a/j@HHON obmacT.
VcaoBnsa Ha rpaHune o6IACTH ABW/KeHAA 0OKMHO AMEIOT BHJ, YCIOBHIA
Henporexkanusa (w, — O, TAe w, — HoOpMaAbHadg K rpaHANe KOMIO-
HEHTA CKOPOCTH) WM 3afiaHuA NasjeHds (Hamopa). [lms paccMat-
PABAeMHIX HIGKe 3a/iad THIMYHO Ha/mde B ofnacTd QriisTpanad €To-
KOB W HCTOYHHKOR, MOJeIHPYONAX CKBAKHUHLL, Yepe3 KOTOPHE M3
wIacra AoOHBaeTcA He(Th AW B ILIACT 3aRAYABAETCA BOMA, CIyMKa-
Masa WIA BEITecHeHusas HedTH.

2. CraguonapHeie (UALTPANUOHBEE ABHKEHH ABIANTCA OJHAM
A3 IPOIECCOB LepeHoca. I109TOMy TPHBHANBHEIMA aHAJOTAMH (HIE-
TPANUOHHNX JIBH:KEHHE SBIAIOTCA Apyrue IPONECCH HepeHoca: nad-
{ysIs, TEmIONPOBOAHOCT, BIEKTPONPOBOLHOCTh. CHOpoeTHm $ran-
TPAUO COOTBETCTBYET HEKOTOPHIA morox (morok AEGGYHAEpYOMETo
BeIecTBA, NMOTOK TEILIA, ILIOTHOCTH BIIEKTPHYECKOTo TOKA), HATOPY
H — coOTBETCTBYIOIUHA «IOTEHMMANy (XHMIIECKAN MOTEHIHAN, TeM-
neparypa, 9IeKTPHUIECKHI IOTEHIHAN), aHAJOIOM 3aKoHA (QUIbTPa-
OUA ABJAETCA COOTHOIIEHME MeKAy rpafieHToM MOTeHnaja M moTo-
KOM /ISl JAHHOTO HPOLecca MepeHoca. YKaszaHHKE aHAJoTH (GuisTpa-
IUOIAKX JIBIREHAN SBIAITCA, 110 CYIIECTBY, INOYTH MX QHIAISCKAMHA
amazoramn *. B cayuae nmmeiimofi gmusrparnum 3T0 00CTOATENBCTBO
AABHO I YCIEITHO WCHOJB3Yercsl NPH MOAeJAPOBAHHN 3a/a4 TeOpHH
PUIABTPAaIUE HA JIEKTPOUPOBONHON OGyMmare M B JIEKTPOTATATCCKAX
BaHHAX;, BechbMa IHTEPeCHHH cloco0 MOAeJHPOBAHAA INIOCKHX daan-
TPAIMONHEX [BIDKEHHH UpH HeJlmHeiHOH ¢uUIbTpAnuu HA TOHKOM
eJI0e CBeTOYYBCTBUTENBHOTO IIOJYLIPOBOHAKOBOrO MarepHaja Ipej-
aomen A. fI. Uumamom [221]. Anamormumyio QopMy HMeOT TaKxe
ypaBHEHHA DJIEKTPO- W MATHATOCTATHKM (CM., HaOpuMep, [114]).

B caMux 337aYaX MEXaHHKH TaK;Ke MMeeTcs PAJ, aHAIOTOB ypas-
HeHHiT @uakTpammonHoro nemkenna. (OymgaMeHTanbHOEe 3HAUeHUE
IS BCETO MOCHeqyoIero maioskenms mveer ykasamdaa C. A. Xpo-
cruanosmaeMm [218] amalorms ¢ ypaBHeHHAMHA Fa3oBOi JHHAMMKIH.
JleficTBUTeIbHO, AJAA OOTEHOHAJBHOTO 0APOTPOMHOTO ABHKEHHT He-
BASKOH C;KUMAEMOT sKmAROCTH MMeeM (cM., HanpmMep, [29, 104, 125])

u=—gradg; divj=0; j=pu; p=p(pk u=f(p) (18)

* B HeKOTOPhIX CJAydadAX 9Ta AHAJOTUA COXPAHAETCA W JIA HecTamAOHAPHHX
HBJIEHHﬁ, X0Td ycCaoBlia HOJZ[OGII}I opud 3ToM B YCIOKHAITCAH.
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(mocseHee COOTHOUIGHME MOIYYAETCA ¢ YIETOM Npe/bLyLIEro W3 MH-
Terpana Bepnyium). 3mecs u — cxopoeth rasa, j — maceoBas CKO-
pocth, @ — NOTeHOWANX cKopoctd: Mexmiodas w3 Tpex mociaegamx
ypaBHeHHA p A O, MOJy4OM

J=o@u, divj=0, u= —grady, (1.9)

T. €. CNCTEeMy, aHAJIOTHIHY CHCTeMe yPaBHeHHH Quanrpanun (1.1) =
~~(1.0). Yxasanuas anmanorss nossoliseT HePeHOCHTH B 3aja4d He-
AuHeHHOH GUAbTPamEU - Xopouio pa3paGoTaHHHE MeTOALI TA30BOI
MMTHAMUKA.

VYxasaHHHe BHINIE AaHATOITH CHPABEJTHBLL VIS TPOM3BOJBHEIX npo-
CTPAHCTBEHHHIX [BH:KeHmk. OrpaHMIHBAACH KIACCOM INIOCKHX (HIIb-
TPAaHOHHBIX J[BIGKEHUH, MOKHO YKAa3aTh AaHAJIOTHMA, OTHOCAIHECH
K 3a/iadaM OPOJIOJABHOr0 CABHFA HeNWHEHHO-YOPYIMX W IIACTHYECKHAX
tea [71].

YrakeM elie 0/[Hy WHTeDeCHYI0 aHAJOTHIO. B pAe 3aa4 TeopuH
OBM:KEHHA IPYHTOBHIX BOZX M Pa3paboTKM He(TAHHX W Tra30BHX MECTO-
PO:RJeHHI TPHXOJWTCA YINTHBATh NPHTOK MHEAKOCTH (MHQUIBLTPa-
OA©0) B PAaCCMATPHBAEeMEIl mWiact. [iA IIIOCKOTO NRumKeHAs B TOHKOM
mnacte (eM. ria. VIII) rakoif mpuToK MOMKET TPAKTOBATHCH KaK BHYT-
peHHHA pacupefefeHHnH wWerodHuK (ctok). Ilpm mammumm WHPATL-
TPallWi ypaBHeHHe HePa3PLIBHOCTH NPUHUMAET BH

divw =g (1.10)

H cHCTeMa ypaBHeHMi jpnsxenns cocront u3 (1.1) m (1.10).

HanbGonee BaskeH M "acTo BCTpedaeTCs CIYYAl MOCTOAHHON WH-
guasrpanun: g = const. B arom cayuae ¢masrpamumonnas sajgaga
AMeeT CBOMN aHAJOTOM 3afady KpydeHmsa ILiacTHgeckmx Teia [92, 197]
W 3ajadll [[BH/REHAs HeJMASHHO-BA3KAX JKH/IKOCTell mo TpybaM.

§ 2. OcHorunbie cBoiicTBa ypaBHensit

HeJnneiinoit GunbTpanui B cTaIUOHAPROM enyuae
Ypasuenne (1.1) mo:xkmo 3anmcarh B BHAE

w=—W(&)h/h, h=gradH, 2.1)
rae W — dynnmus, obparsas @, opmwem V' >0, ¥ > 0. Iox-
erasiaaa (2.1) s (1.5), noxyunm ypapHenne

V(Y (VH 5770 2.2)

WIA B KOOPAUHATHOH (popme

dk (h? o
k (k) Th + th(gT)) Vh=0; k=Y (h)h. @2.3)

MoxxHo nHokasats, 4To ypapHeHue (2.2) ABIACTCA IUTHNTHICCKAM LpH
{4
moboM 3akoHe Quabrpammum ¢ Y >0 u ¥ > 0. B cliydae 3aKOHA
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JuanTpanEmE ¢ mpefeNbENM rpagmentoM k = A = 0 mpm h <G,
upE atoM ypasHemme (2.3) y/IOBIETBOPAETCA TOMIECTBEHHO JM0GOR
dyuxmmeit H ¢ | grad H | < G.

B pansneiimem Mbi OygeM NOOyCKaTh BHIPOMIEHAE YpaBHEHMH
roasko upn | V H | < G, 1. e. B orcyrersue Apmxennsn. C yieroM aro-
ro 06ETOATETLCTBA MOMKHO YTBEPHAATh, ITO B 00JIaCTH JBIKEHHA
ypaBHeRME CTANMOHADHOH (UIbTPALMA ABIACTCA ILIANTHICCKHM M
VA Hero ¢HpaBe/yIiB IpmANUD Makcmmyma [29, 129].

Pemenne ypasmenusa (2.2) He Mo;KeT UMeTh MAKCAMYMA WA MHA-
HEMyMa BO BHyTpeHHel Touxe obmacrn mpmwemun (w — ¥ (| VH | >
>0).

Ouesnno, ecin ypasmenme (2.2) smpompaerca upu |V H | <G
A3-32 o6pamieEAs B Hyab k, B 061acTa BHIpOKJAEHUA (3aCTOHHHX 30-
HaX) NPHHNKI MAKCAMYMa MOKeT HapymaThcA. JT0, OXHAKO, He HMeeT
CYIIeCTBEHHOT0 3HAYEHHWS, IOCKOIbKY IDaHAYHEE TOUKH 3ACTOMHEIX
obnacreii, He coBHANAONMe ¢ rpammmneit o6aacTH, 3ajaBaeMoil HaBHe,
obxafaloT ClexyIAM OCHOBHHIM CBOHCTBOM BHYTDEHHHX TOTeK.
Iyers paceMarpmpaerca o6aacts D ¢ rpamuneit 0D m Ha nogofaacTn
D’ — D npomexonar BuposkgeAne ypasoenua (2.2). BoabMeM TOuUKy
M & 4D na rpamane D'; Torna B o6xacta apmxenns D/D’ nainyres
tourn M* m M, raxme, wro H (M*) > H (M) > H (M,). Ito yr-
BepiIenne JIerko clefyer m3 Toro o0cToATeNbCTBA, UTQ TPAaHHMNA 3a-
CTOMHOH 30HH ABJIAETCA IOBEPXHOCTBIO TOKA.

O6paTuMecs Temeph K WJIOCKOl 3ajade, Kotopad m Gyner B oCcHOB-
HOM DaccMAaTPMBATHCA B JlanbHeiimeM. B atom ciaydae, BBOIA QYHK-
IMIO TOKA \ M 3a/aBasd BEKTOP CKOPOCTH €ro MOJyJeM w W yriom 0,
COCTABIIAEMEIM UM C OCBI) I, MeeM

0H[dx = — @ (w) cos 0, 8H/dy = — @ (w) sin O,
plox = — w sin 0, /oy = w cos 0. (2.4)
Ouepupno, BBOJA BeﬁTop o
h* (— aH/dy, 0H/dx}, 2.5)
HONYIuM
divh* =0, grady=— ¥ & )h'/R*, (2.6)

T. e. BeKTop h* MO;KHO paccMaTpuBaTh KaK CKOPOCTb (QUABTPAIMH,
a QyHKOmI0 TOKA P — KaK HANOP HEKOTOPOro (PMKTHBHOTO PUIBTpA-
MOHHOTO IOTOKA ¢ «oGparHEM» saxomoM ¢umasrpamam ¥ (2¥). Ilo-
3TOMY M3 CKA3aHHOIO BHINE Cliefyer, 70 QYHKOHA TOKa P YAOBJIETBO-
pAeT DIIMOTHIECKOMY YDABHEHHIO, W I Hee COPaBE/UIHB NPHHAAH
MAKCHMYMAa, KOTODHH € y4eToM BO3MOKHOCTH 00Da30BAHHA 3JACTOM-
HHIX 30H MOMHO cHOPMYIApPOBaTH cilexywoumaM oGpasom: QyHKIEA
TOKa He MOKeT IPHHHMMATH cBoHM Hambojhimee W HaWMeHBINee 3HAaYe-
HUA BO BHYTPEHHHX TOUKAX oGNAcTH NBWKEHHA HIM TOTKAX 3aCTOH-
HHX 30H, He DPHIEraoIIAX K rpaHuie o0IacTH [BHKEHHA.
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BrumonanM mpeo6pasosanme NepeMeHHEIX, OpAAMMAs 3a HesaBH-
CHMBIe mepeMentnle \ 1 H, a aa uckomsie ¢ymrmun w n 0. Hepexopn

OT IIEPEMEHHBIX 7, § K IepPeMeHHHIM p, H ABIgeTcs HeBHDOKICHHALIM
npH w > 0, DOCKONBKY SKoGHaH

D (p, H)
DE‘;’T = w® (w) > 0. @.7)
IIpeoGpasopannan cmeTeMa ypaBHEHIA nMeeT B
w a0 ow 09 - ¢
w(D(W)WZ—(DQ(U))aT, ‘W:-wz-w. (2.8)

IT0 BIINNTHIECKAA cHETEMA, BO3MOKHO BBIDO/RAAIOMAACH IIPH
w=0.

Orcoma cuepyer, aro aaa moGoii o6mactu, n KoTopoit w > 0, w
Kark ¢yErmua ¢ w H He MoKeT HPIHUMATL BO BHYTPEHHHX TOTKAX
MAKCAMATbHOE MM MHHMMAIBHOE 3HAYHHE.

Cootperersenno, n maa 0 mMeeM IpPHHIIIT MAaKCIMyMa B €ro o6HT-
Hoil gopme: dymkmms O (P, H) He MO:KET NMETH MAKCIIMyMa AW MU-
HIMyMa BO BHYTPeHHHX Todxax obxaacrm. [lamee, mockoiabky o6y
BHYTPEHHIOI) TOUKY IUIOCKOCTH Z, J, B KOTOPOii w == 0, MO/KHO OK-
PY/KATH 001aCcThi0, B3aMMHO-OJHOZHATHO 0TOOpaKAMElicA Ha mmIo-
CKOCTH Y H, ME IDPHX0oAHM K BHBOLY, TT0 MIA w B ILIOCKOCTH zy
COpABeVLIE BH/IOU3MEHeHHbI IPHHOHI MakcuMyMa: Qynknous w(z, y)
NPUHAMAET CBOG MAKCHMAJIbHOE 3HAYEHHE HA Ipammme o6iacrtu; eciidm
MUHAMAILHOE 3HaUeHue w — m > 0, To oMo Tar:ke focTOraerca Ha
rpaHAne obJacTH; B BTOM caydae aas 0 (x, Y) Tarke cIpaBejJIiB
IPHAUN MAKCUMYMAa B 00K9HOM Qopie; MIIHOMAIbHOe 3HadYeHIle W —
= 0 MOKeT JIOCTHIraTHCA BHYTPH 06I1ACTII — B KPHTHYECKIX TOTRAN IR
3acTOMHEIX 30Hax. [lamee, B ciaydae HAIMIA BHYTPH 067AaCTH KpH-
THIECKIX TOYeR IJIH BaCTOHHRIX 3011 IPHHINN MarenmyMa s 0 (z, y)
copaseins B o6braHolt dopre aas1 M0G0l He conepirameil Ux momoo-
Jdactd. B uacrmoeTH, IeKmOUEM KPOTIUECKNe TOURI M 3aeTOIHEE
30HBI, IPOBEASA «OMOJHITE.IbHEE IpaHMiey. Torma MarkcmMmanbHoe
M MHAAMaNbHOe 3HadeHne O (z, y) mocTuraerca Ha WOMHOH IpaHme,
IoNTydasoIeics ofbelHHEeHITeM HCXO/HOH 1 JONOMHNTeNBHON IPAHHIL.

§ 3. Bapmanuonusiii npaHIun
AJIA 3afad CTAIOHADHOI nesmpeiinofi @misTparmn
M HEKOTOpPBIE ero CJeJCTBIA

3ajjagaM TEOPHH QHABTPAIHH MOKHO JATH TaKiKe BaPHAHOHHYIO
GopMynupOBKY, paccMaTpHBad NX KAaK 3aJA9Il MEHIMI3AI{TT GyHR-
guoHala ompefenerHoro snga. Jaa guasrpanum, caenyomed 3axo-
Hy [lapen, manop n QyHKUHA TOKA VIOBTETBOPAOT ypapHeHmo Jlal-
Jaca, a COOTBETCTBYIOINNII BAPHAUHOHHKI NPHHIHI €CTh IIPHHIHI
Mupnxre. Huwe npmsemena papmanmmonnas GopMyIHDOBKA IS aa-
mad  HejuHedHoW duabrpamun. CooTBETCTBYONIE BAaPHAMOHHBIE
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npuBOuIsE nojydedsl B [71] mis nmoexmx TeweHuwidt Ha OcHOBe aHAJNO-
PN MeXAY ypPaBHeHHAMH QWIBTPAAd ¥ TeOPAH DNJIACTAYHOCTH,
If¢ TAKMe NPUHIMIE XOPOINO mH3ydveHsl (cM., HaumpmMep, [89, 152,
153, 266)).

(DopM:;umHo noiygennsie B [71] peayabraThi mpmMenmMEI TOIBKO
K IJI0CKAM (QUIBTPAIIOHHLIM HOTOKAM B OJHOPONHOM cpefile B OTCYT-
CTBHE MaccoBHX cHI. OfHAKO MOMKHO HemocpefCcTBEHHO JIOKA3aTh
X NDPHAMeHHMOCTH [JIA IPOCTPAHCTBEHHEIX Te‘leHnﬁ € MAacCOBBIMHA CH-
JAMH B IEOMHOPONUHX cpegax. Mmenno, momyernM, 9T0 paccMarpu-
BaeTcs TedeHNe B lpoerpaHcTBeHHON ofmaetm [), orpaHHYeHHO# Io-
mepxHocThio €, HA gacth £y KoTOpoil 3ajaH Hamop, a Ha dacru C, —
HOPMAIHHAA COCTARIANIMAA CKOPOCTH @uapTpanuy w,. DBryrpm
obaactu ) BLIIOTHAOTCH ypaBHEHHA

—grad H=0w,p)Ww—g; H= %p; (3.1)
divw = 0. (3.2)

3nees o = o (z, i, 2) — DapaMeTp COOPOTHBIGHHA CPeMH, TaK
garo dO/ dp > 0, g — BerTOp (BOOBmE TORBOPA, HEe MOTEHIAAJIBLHEIR)
Gespasmepanx MaceoBwx cwmit. Ilyers H (x, y, z) — HeRoTopoe moJe
Haoopa. a W — HOPOH3BOJBHOE IOe CHOpOCTed, YHOBIETBOPAIIIge
ypaeaennio (3.1). Umeer Meeto TOMIECTBO

]Sngrad HdV — §) v (wH)dV — (S w, HdS. (3.3)

ITyers Temeps 3amaHo HewkoTopoe pemmenme cmetemut (3.1) — (3.2).
CoerapuM (yHKOHOHAI

D= S [D (w, p) — aw] dV + S w,HdS, (3.4)
rie

1w

D (w,p) =\ ®w, p)dw. (3.5)

BoaeMem Tenepe IpoM3ROIBHOE ToJie CKOPOCTe W', YIOBIeTBO-
pAmMee ypasHeHHmIo HepaspeBmoctd (3.2), m cocTaBnM A Hero
dysxmmonax (3.4).

Nmeem

’

D (w) — D" (W) :S
)

Sl

@ (u, p) dudV + § W, —wn) HAS —
C

~{gw—wyav. 3.6)
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[IpeoGpaaya momepxHOCTHHII muTerpai mo gopmyne (3.3) @ me-
nonasaysa (3.1), monyaum

S (W, — wa) HAS = S grad H (w — w')dV =

C D

= —S G (1w, p) W(“';v—_“) dv + \ g(w—w)dv.
n n

[logcraBnsa ato Bepaskenne B (3.6), moayanmM
D @) — D @) = [} @(u,p)du~®(w,p)M].dV=

w
D “w
£

— ; [§ D (u.p)du — O (w, p)w + O (w, p)w—w“"_]dVg

<S [S O (u, p)du — O (w, p) (w — w')] dav. 3.7
D ~w
Jlerxo y6emuTheA, 9T0 B €Wy MOHOTOHHOTO Boapactamma @ (u, p)
KaK QYHKIUHA & BHPA)KEHUEe B KBRAAPATHHIX €KOOKaX HEIOJIO/KHTEIbHO
BHe 3aBHCHMOCTA OT 3HaKa pasnoctds w — w'. Taxkum ob6pasom,

D* (w) < D* '), (3.8)

IpHYeM PaBEHCTBO JOCTUTAeTeA TOJILKO DPH W = W'.

TakuM o6pa3oM, [OKa3aH IIPHHINI MHHAMYMA HOJHOTO NOTEH-
muana mpucennanuu D* (w) mns ARMGKERUA B HEOHOPOJHOI TI0pHCTOoil
epejie PN HATHIHHE MACCOBHIX CHJI.

OTMertHM, 9T0 B BeIpaskeHue (3.5) BXOJAT TONBKO rpadnvHEE 3HA-
wenma Hamopa f.

Pacemorpum fanee QyHKOHOHAT

R (H) =\ R (h,0)dV, (3.9)
D

e ) h
h = grad H — g, R(h.p) =\ ¥ (k, p)dh, (3.10)
0
a ¥ — Qynxunn, obparaas k @. PacceMoTpuM HapAxy ¢ pernleHueM H
emcremn  (3.1) —(3.2) HekoTopoe HPOM3BOJIBHOE KYCOTHO-TIARKOE
nome H' ¢ rpagmentom h’, yroBIeTBopsiollee TeM jKe TFPAHHTHHIM
yenopaaMm. Mmeem
h
R (Hy— 1 () =\ ¥ @ p)dzav <\ — 1) ¥ (b p)dV <
b

DN

((h—1) b W, p)av = \ (grad H — grad H')ywdV =
h_ A

D

<
D
=§ @ —myw,as =0, (3.11)
C
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TakuMm 06pa3oM, HCTHHEOe pacupeeiieHne HANOPA MUHAMMIHDYeET
JONOJTHATENBHEIH NOTeHOHAN ARccMnanmu [* Mo OTHONMIEHHIO KO BCEM
RPYTHM pacnpejieieHAAM, YIOBJICTROPAIONAM TeM e FPDAaBRYHHM Ye-
JOBAAM.

3ameqganue 1. I3 snBona (3.11) scuo, 9ro comocTaBiAeMHe pac-
OpefeieHAA MOTYT IPHBWMATH padjIMyHbie 3HAYEHAA HAa HeOmPOHUIA-
eMoit wacta rpasmner (w, = 0).

3amevanue 2. JloxasanHble BapHANMOHHKE NIPANIEIEL CIPABEIIH-
BHL ¥ i1 QUABTPANAN ¢ TPeleIbHEIM TpaguenToM (¢ 06pa3oBaHmeM 3a-
cToiinsix 30H). M3 HEX enepyer eqHHCTReHHOCTH paclpefielieHAA CKO-
pocteii B JaHHOH KoHe4yHoHl 00JacTH, ecim 3aJaHEH FPAHHIHLIe YC-
JOBUA YKA3aHHOTO Bmmme Tuna. Uto Kacaerca pacHpenefieHdsa Ha-
nopa, To OHO eMHCTBEHHHIM 006pa3oM onpeneneHo B o6uacra | b | > G,
HO He eJ(MHCTBeHHO, BooGme rosopsa, B obxacta | & | << G. Hocnennee
04eBH/HO (HINIECKH ¥ CIeyeT TaKike M3 TOro 0GCTOATeIBCTBA, UTO
¥ (k) = 0 opu | 2 | <G, 1 coorBercTByOmas 06aacTh He JaeT BKIA- .
Ia B JODOJHUTENBHLIA NOTEHOMANT TACCHIANIMA.

Ecan, nanpords, cuurath DpHHOMI MAHAMyMa NDOTeHOHANA IHC-
cunamuyu (AId AOUONHHATEIBHOTO NOTEHIMANa JUCCHIIANAN) HCXOXHEM,
TO A3 HETO0 MOKHO IOJYYaTh ypasHeHHA (UIBTPAOHOBHOIO [BHMKe-~
HHAA,

Bynem mckars Bexkropayio QyHKmuio w (z, ¥, z), PeaTH3YIOIIYIO
maruMyM Qynxnmonana D* (w), ompenenerHoro cootHomendeM (3.4),
OpU JOHOOJHATEALHOM ycaoBmu divw = 0.

BBoga amarpaw:xeB MHOKUTEnb A (z, Y, z), HIpuBelleM 33aqy
K 3ajade 0 6e3ycHOBHOM MUHEMyMe (DyHKIIUOHAIA

S [D(w, p) — gw - Ldivw] dV - S Hw,ds. (3.12)
b c

Ilonaraa Buadare S w|c = 0, nonyuam ypasHemma Jiinepa 7
Ow,p)w/w—g—gradh =0, divw=0. (3.13)

[Tyers reneps W ypomietnopaior cucteme ypasnenui (3.13).
Torma Bapmamun (3.12) ceopmrea k BARY

& + H)dw,ds,
C

orkyma * A = — H |c,. Takmm oGpasom, JarpaH;KeB MHOMKHUTEIb
¢ TOYHOCTBIO 0 3HAKA coBmajgaer ¢ Hamopom H.

Jonyckasa cyimecTBOBaHHE TMOBEDPXHOCTH PaaphiBa CBOMCTB, JETKO
y0emurbesa, YTO JABIEeHHE Ha 3Tol mopepxHoctd menpepusao. Herpyn-
HO TaKKe BKJIOYATH FPAHAYHHE YCAOBMA B 3anuch yHKIUMOHAJNA Ta-
KAM o6pa3oM, 9ro0s 3KeTpeMyM QyHKIMOHAZIA peain30BHBAICA ObI
UMEHHO Ha (QYHKIUA, YAOBIETBOPAIMEH IPDAHAWYHEIM YCJIOBHAM.

* Sw, =0 Ha C.



Bapnannonasie TPHHITATHL MOTYT GHITH NCNOIB30BAHE ATA TOJXY-
YeHUA YHCAEHHHX pelleHHil ypaBHeHWHA HeJWHeWHoW QUIbTpanun
[28]; moka :xe MHE OFPAHITUMCA HEKOTODHIMU [POCTHIMIT, HO Ba/KHBIMU

CHeICTRAAMA W3 O0MUX CBOICTR YDaBHEHHWIl HelInmHeHHOH (bmlrﬂ'pa—
nag.

§ 4. Hexotopuie cnefieTsua mn3 o0mux epofieTn
ypasuennii remaHeiinoi ¢uanTpanumn

1. Pacemorpum QuisTpanmmoEHOoe TedeHme B obmactu [, mMmeromei
BHJ] OTpe3Ka TPYOKW TOKa, orpaHudeHHoil Gokoeoil moBepxHocThio C
(mOBepPXHOCTBI0 TOKA) M cedeHmamn A, u A,, ABISIONIIMECA HOBepX-
HOCTAME IIOCTOSHHOTO HAIOpa, T. e.

Wnle=0; H|a,=H,=const; H|4,=H,=const. (&1)
HomycramM, 970 3aKoH QUIABTPAIUN HMeeT BHJ )
D (w, p) = pw; Kk = const. (4.2)

Coraacmo § 3 umeem (¢ yIeToM BO3MOKHOCTH 0000IeHnsA ma mpo-
¢TPAaHCTBeHHBIH elydaii)

(Hy— Hy) Q =\ m*1av, (4.3)

rae () — moaHeli pacxof, GEIBTPAOUOHHOIO IOTOKAa. Paccrmorpam Te-
mepb HEKOTOPOe APyroe mose PIILTPAHOHHEX CONPOTHBICHANR p* >
> p W oTBedalIee eMy IIPH IPe:KHNX 3HAYEHIAX HAaNopa HA rpaHmd-
HHX uoBepxuoeTaAx A, n 4, nmoje cropocrein w*. [lome cropoereit w*
ABJACTCH JOUYCTHMBIM [JIA HMCXOMHON 00JacTH, MOITOMY IMOIydaeM

S D (w,p)dV — Q (Hy — H) < S D@',p)dV — Q" (Hy— Hy) <
<S D', p*)dV — Q° (H,— ). (4.4)
D

Hepasernctpa (4.4) enpapeqiuBul OpA JII000M 3aKoHe (HIALTPAIMI
@ (w, p); B caydae crenenHoro 3axona (4.2) mveem D (w) = p w*Y/

J(& + 1), Tag dro
\ D@w.0)dV = - — H) Q. (4.5)
D

TTooromy m3 (4.4) momyaaem
Q* < Q- (4.6)

C @mam4ecKod TOYKW 3PEeHHAA 3ITOT Pe3ydbTAaT OYeBH[EH; OH 03Ha-
4aer, 9T0 NpH yBeaudeHnn (HIBTPANUOHHOI0 COUPOTHBJICHHA B Ka-
Koi-mubo "gacTm obmactu PMIBTPAMUH PAacXOod HPH TOM ke Iepenaje
Hamopa yMeHbmaercda, (OTC0Ia BHTEKAeT BO3MOKHOCTE NIOMyJIeHHA
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ONMeHOK MisI pacxofia QUABTPANMOHHOrO MOTOKA IyTeM 3aMeHH €ero
TedeHAEM ¢ GoJlee mpocToil reomerpmeit. Tak, eclld B MOTOKe HPOH3-
BOJBHEIM 00Pa30M yKazarh HalpaRjIeHAe JIAANH TOKA (ITO PABHOCHIIE-
HO pa3bHEHMmI0 IOTOKA HENPOHWIASMEIMH IeperopofikaMd Ha TPYOKH
TOKA), TO IPH 3aJaHHOM pacupefeleHNH JABIeHAH Ha IPAaHUNAX 00-
IacTd [BHKEHHSA PAcX0] TOJNBKO yMeHwmurtea. JlomycrmM, Tr0 pac-
CMaTPHUBAETCA NBMKEHHe ;KAJKOCTH B CIOMCTO-HEOTHOPOJHOM ILIAcCTe,
OrpaHWIeHHOM HNaPAIEABHHIMA CIOSM HEIPOHANAEMHMHA INIOCKO-
eravma. BooGme romopsa, Guaronapa HenmHelHocTH 3aKoHA HIABTPA-
OUA B IUIACTe MOFKET NPOMCXOTUTH 00OMEH KHAKOCTHIO MEKIY CIOAMH.
ITpoBeaem Temeps MeKAY CAOAMHA HenpoHAMaemue meperopogkd. Tor-
ma [BmxeHpe OyHeT IPOHACXONHTH NOCJHONHHO, NMAPaLIeIbEHO CJHOAM
(cxeMa TPSAENbHO-aHW30TPOIHOIO IacTa ¢ 6GeCcKOHETHO MAJ0A Io-
TePeTHoil ITPOBOAMOETERIO).

CormacHO €Ka3aHHOMY BHIIE, PAcXof IMPH TAKOM TedeHWH Oymer
He Goxsnre, 9eM B mcxomHoM. UTo0nl MONYYATH BEPXHIOK ONEHRY NJIA
paexofa, HOOYeTHM, 9T0 B IOTOK BBEEHH BeChMa TOHKHWE HjeajlbHO
IPOHATAEMEIe OTPe3KH, NePHeHAUKYJIApPHHE HAOPABIEHAN €JOEB.
Torfa Doay9uM cXeMmy IIpeebHO-aHA30TPONHOTO TIacTa ¢ GecKoHed-
HOl momepeYHoil mpoBogmMmocThio. Ilo moxaszaHHOMY TaKad cxeMa
(Toske JIeTKO pacCUMTHBAEMas) [AeT 3aBHINCHHOe 3HAYCHME DPacXofa.

B 3amagax Teopmm dQumanrpammm, caegyomeil 3axomy [apen,
YKA3aHHHE €XeMH IpelelsHO AHH3OTPONHOT0 TPYHTA, BBeJeHHEe
T'. K. Muxaiinosum [136], samam mmpokoe mpnmeHesme, HOA06HEIE
ke TPHEeMHl IMMPOKO DpuMeHAnmch m B paborax UW. A. Haproro.
ITprBeneHHEIA BHBOJX MOKET PACCMATPUBATHCA KAK NOKA3aTeNbCTBO
3aKOHHOCTA OpAMEHeHHWs UONOGHHX npmeMoB M HX 0oGo6Gmenme *.

YacTHHIM €Iy9aeM [[OKAa3aHHOIO YTREP:RACHHAS ABJIACTCA TO, 4TO
OPH <«BRABIABAHAWY BHYTPH o0dacrd QUIbTpPAUd HeNPOHHIAEMEIX
rpaBnn pacxof GHIBTPAEOHHOTO MOTOKA YMEHLMAETCsa, NPH «BJAB-
IMBAHEW»Y ;Ke TOBEPXHOCTEHd NOCTOAHHOTO HANOPA Pacxojn yBeIAIA-
paerca. OdeBn/HO, IO CBOEMY €YIIECTBY 3TH yTBeP:KAeHAA OIA3KE
K HCOO0Jb3yeMBIM IDA ONEHKAX HpeJefhHHX HATrPY30K MKeCTKO-IIa-
crugecknx Tex (cM. [92, 152]), uro oTBedaeT mpeeNBHOMY CIYy9ai0
E=0.

2. Heckonbko Gomee craGhie Pe3yabTaTH MOKHO IOJMYIATH A
OPOW3BOABHOTO 3aKOHA (UIBTPANUM, ONUCHBAEMOTO Bo3pacraioniei
Qynrmmeit O (w).

* JIpuMeHCHHME BapPHAOUOBHOTO JIPHHIWNA A MOJYIeHUA [BYCTOPOHHAX OIE-
HOR B 3ajadax QmIbTpamun OLUIO BOeDBHe, [Mo-BUNEMOMY, Opegaosceno II. M.
Bemamom [22]. HamGomee ofmas (opmMa BapHamAOHHOT0 NPUHOUNA, IIPHTON-
HasA I3 TedeHdd co cBOGORHOI UOBEPXHOCTHI0 B AHAZOTPONHONE HEONHOPOAHON
cpege, faga Mayapcoeprepou [251-—253]. Omaako HemocpedcTBeHAAS IPOBEpPKa
HOKa3HBaeT, T0 mpejIoxernad MayapceGeprepom dopma ydera rpaHEHYHBX yC-
ZoBEA HA cBOOOJHOI mOBepXHOCTH HeBepHA. TaxaM oGpasoM, BOIpoOc O TaKOi
BapuanoRHoi (OpPMyIUpPOBKe 3amad Teopunm (QUILTpANUA, Koropaa Onima GH
SKBHBAJICHTHA 2ajlade O TEUYEHUN cO CBOOOAHOU (BEM3BecTHOI) HOBEPXHOCTHIO
A0 CHUX HOp He pemleH. :
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Hockonsky aus mamopa H u dynkiua Toxa P cupaseme B o6xa-
€TH TEYeHHA NPUHINN MAKCHMyMa, 3TH (QYHKIUU He MOryT MpHHHU-
MaTh MAKCHMAJIbHbIe i MHHUMAJLHEE 3HAa4eHUs BHYTPA 0o0JacTH [IBH-
JKeHHA WIH HA TeX ee IPaHMIAX, rie UX HOpMallbHeie IIPOW3BOJHLIE
PaBHH Hy/0 (IXHMA TOKA ;UIA Hamopa [ U JIMHMA DOCTOSIHHOTO Ha-
mopa 1A QYHKIOUH TOKa \ B clydae IIocKod sajgaym). Paccmorpum
Teleph ILIOCKOe (UIbTPaliMoHHOe TedeHue B obmactw [), orpaBm-
4eHHOH AByMA HempoHunaeMbivu JuHasAMu AB 1 CD u nsyMms IWHAAA-
MM TocTosHHOro Hamopa AD m BC. Hapsagy ¢ stum paecMotpuM 06-
aactes [)’, moaywamoutywca us D «BIaBlIHBaHMeM» JMHHAN TOKa DC
(em. pume. 2.1). Myers, manee, pacxox  oguHAKOB B 060MX CayIasXx.
Torga cupasemiuso clefyllee yTBep:AIeHue.

Bo Bcex tourax oOmactu D' uMeeT MecTo HepaBeHCTBO

PP (4.7
1. Kak c/IeJcTBHE HTOT0, BO BCeX ToYKaX rpaHums AB.
w > w, (4.8)

nepenan Hanopa Ha rpaHiane He yMeHblﬂaeTCH —_
H >H (4.9)

M, BakoHem, Ha «HeleGOPMUPOBAHHHX» ydacrKax nwHnH Toka CD

w < w. (4.10)

Takoro pofia YTBED/RJEHNA B TeopHd (QUALTPAHM, caeiymouiei
sarony Jlapcu, moxazaust I'. H. IMoxomnm [170, 171] n nenonnsosa-
HH MM JUIs TOJY9eHAs OIeHOK pacxofa upd QuibTpamum B o0aactTu
€0 CJOMHOM reoMeTpueil. B corydae paBHOMePHO 9ILIANITAIECKAX CACTEM
(aro cootserctByer 0 <e <L @ (w) < E <<oo, ®(0) =0, rae &
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A E — mocrosnHbE) cOOTBETCTBYIOMMIA peayibTaT ClefAyeT H3 HCCHe-
nmopanmii M. A. JlaBpentseBa [111]. Uro6u moxasaTe BHCKa3aHHOE
yTBepi/leHne 0Oe3 yKA3aHALIX OrpaEdYeHEMi, AOOYCTHEM oGparTHoe.
IMyers %’ > ¢ B BexoTopoii Touke M < D’. Toraa HaiffeTca moxoG-
nacte D* C D, M & D*, B xoropoii ' > 1, OT/le/leHHAA OT OCTAJE-
Hoit 4acth obnactu ) nummeit I', Ha Koropoi ' = . JImana I' nme
MojieT ObiTh 3aMKHYTOM, HOCKOABKY Torga B D¥ B cuny efuHCTBeH-
HOCTH P’ = . AHAJOrMIHEM 06pa3oM, eciau AOIYCTHTh, IT0 067aCTH
D* gpaMuKaet JMMb K OTHOR JIMHAA DOCTOAHHEOr0 HAOPA, To D¥ oKa-
aniBaeTcA 00JIA€THI0 TOTO BH/A, [[iA KOTOPOr0 AMEET MecTO efUHCTREH-
HOCTH TeYeHHsA, TAK YT0 W = w* mmyrpm D*. W3 pasescrsa moneif
€KODOCTH ¥ IPAHHYHAIX 3HaIeHHWA ) m P’ cuexyer P ==y’ B D* B npo-
TABOPeYNe € NpeuojoykeAneM. TaxkmM o06pasoM, OCTaeTCH JAIMD
DOIMyeTATh, 910 001acTh D* noinkma mMeTh BHJ OTpPe3Ka HOJOCH, coe-
KMHAKDEH JAAan paBHOro Hamopa (pme. 2.1). IIpm atom cooGpasie-
HAS 0 eMHCTBEHHOCTH HENPAMEHWMbl, HOCKOJHKY PA3HOCTh HANODOB
H, u H,, BooOme roBops, MoKeT M3MEeHATHCHA IPH Hepexofie OT 3a-
Jaud K 3ajmade.

Opaako, ecium paccMorpers B mojioce D* BaammHOe Tedennme (T. e.
TedeHNe, NoJydaIieecd MOBOPOTOM BEeKTOPAa CKOPOCTH Ha Yron
Y,-n, em. § 2), 7o manma AD u BC npeppataTcs ISt HErO B «Hempo-
HEaeMefe FPaHANEy, a Juamn ', m I'_ B auEAd, HA KOTOPHIX 3aJaHH
3HadennA «Hamopa». OTciofla yie clefyer eMHCTBEHHOCTh TedeHHH,
a TOTOMY H paBeHETBO P = ' 8 D*, B mpormBopedne ¢ NpegHo0-
:xennem. Taxum o6paaom, Beogy B D* nmeemp’ < P, Torna Ha AB

w=|ap/on|w' =|ay'/jan|;
aH jos = @ (w) < IH' [0s = D Ww). '

Orciopa cnenyior yreepsmenns (4.8), (4.9). AsamormanmM o6pa-
30M /IOKasuBaeTcd | yreepicaenne (4.10). Ua (4.7) exenyer raxie, 910
Bce JIAHAA TOKA Ju00 0€Tal0TeA HA Mecre, MAGO BHABIABAIOTCA B CTO-
pOHy Hemo[BA;KHOH JAHAEA TOKA. 3aMerdAM, HAKOHeI, UYT0 BCe Pe3yib-
TATH OCTAIOTCA B CHIE A IOJOCH Me:IY /ABYyMsA IMHAAMA TOKa Gec-
KOHEYHOH IIPOTAKEHHOCTH.

Jlerxo BHAETH, YTO eclW «BAABICHHHIHY YIACTOK JTHHAH TOKa Je-
AT BHYTPHA 3acTOMHONR 30HH P = const JUIf NEXOTHOrO TeUeHHA, TO
BO BCEX TPENLIAYMAX OTEHKAX MMEeT MEecTO PABEeHCTBO.

AHanormUHKEe DpacCy;RAeHHA NOKA3HBAOT, 4TO NIPH «BAABJIHBa-
HHA» BHYTPEL OONACTH JABWKeHMA OfHON W3 JMHHWI PABHOrO HAamopa
Pacxoj] He MOKeT YMEHBIATHCH, PABHO KAK M CKOPOCTH QUIbTPAAH
BO BCeX TOUKAX OCTABIUeAcA HeM3MeHHOU JIWHHH PABHOr0 HAIOPA.

IlpuBefenHire Brile YTBeD:KAcHAS, (U3NIECKA BIOJHE O9eBHIHEE,
MO3BOJIAIT CTPOATH ONEHKH /IS PelIeHW# B TeX clAydadx, KOrxa Tpya-
HO NOJIYYATH TOYHOE PelleHde.

3. BaskHOoe KadecTBeHHOe cClIe/icTBUE H3 IOJYJYCHHRIX peayJibra-
TOB COCTOMT B TOM, 9TO M&iA QUABTPANHOHHHIX TeUYeHHH, OrpaHHYeH-

k) |



HHIX TByMA JIHHHAMI TOKa (TeYeHHe B KOHEYHONR wiu OGecKOHeIHOH Mmo-
J0ce, BO3MORHO, IePeMCHHOH UIMPHHEL), «BAABIABAHNE» BHYTPH 06-
JacTH OJHOU I3 JHHUA TOKA OPH COXPAHEHWH DAEXoJa MOrkeT INpH-
BECTH JIHIIb K YMeHBIIEHWIO 3a¢TOMHAX 30H, MPUMBIKAIMMX K JPYyroi
IUHUH TOKA. B dacrHoeTH, ecanm TakuX 3ACTOMHEIX 30H He OHIIO, TO
OHH He MOTYT M IOABUTHCA.

IT puMe p. 3acroiiHadg 30HA, BOBHHKAWMAA BOIU3H €TEHKU IPH
Te4YeHIIH OT HCTOYHMKA HHTEHEHBHOCTH ¢, DACIOJO;KEHHOTO Ha pac-
eTodAHnH L 0T ¢reHKH (CITOMINEIe THHHI), G0aLmIe 3acToiHOIT 30HBI,
€031laBaeMOil TeM ;Ke HCTOYHHKOM, DACHOTIOREeHHEIM MeR/y JABYyMA
ctenkami (myakrup) (puc. 2.2). llockoasky Bropas 3agada JoIyeKaeT
TOYHOE pelleHie, OTCIOA €lefAyeT HU/KHAA OIEHKA 3acTOHHON 30HH
B IIeDPBOI 3ajadue.



I'masa 111

Ilnockasn sapaua vennueiinoit
cTanuoHapHoii guabrTpanuu

§ 1. OcuoBHble cooTHOmICHNA

Pacemorpnm mimockywo aagady HemuHeiHofl QUIbTpAIUA Hec;KAMAaeMoil
RUAKOCTH, OUMCHBAGMYK) YpPaBHEHHAMU

grad H = — @ (w) ww, ® (w) >0, O'(w)>0; (1.1)
divw =0, H=H(x,y), w=w (@ y), WK o} 1.2)
Beegem ¢pyurumo toka
lix = — v, Pldy = u (1.3)

H yroix 9, COCTABILAEMBIiA BEKTOPOM W C IIOJIO;KUTE/BbHEIM HAIPaBJe-
HHeM ocCH Z JIeKapTOBOﬁ CHCTEeMbl KOODOHHAT .’L'Oy

w=weosH, v=wsinb. (1.4)

Ucnonbsys obmapyxenayw mMm anaiormio cucremnr (1.1) — (1.2) ¢
YDABHEHUAMI [I03ByKOBOi rasosoit puaammed, C. A. Xpucruanosda
[218] (cMm. Tamske [172, 177]) ykasan cmoco6 cBejeHHS 3TOH CHCTEMEI
K TIOCIe[0BATEIBHOMY DeLIeHHI0 JBYX JHHEHHHX cucTeM (KaHOHUYe-
€Kasg CUETeMa):

ds/ov — 80,0n = 0;  dsjap - dBjav = 0; (1.9)
oo = — L2 oHjwv =L %‘5_ , (1.6)

rsie

( g , ®© (w) D ()
s(w):ln(\g W‘g}) dw), Lw) = 2 EITR

(1.7)

Cnerema (1.5) — (1.8) He MeHser eBoero Baa upn KoHGOPMHOM Hpe-
o6pa3oBaHuy MIOCKOCTH [, V, T. €. IIPH BBeJeHAM TAKMX HOBHIX He-
3aBACMMEIX TIepeMeHHHX p* u v*, uro p* 4 iv* amanurmiecrad
Pyuxmus p + iv. Ecau pemenue cucrems (1.5) — (1.6) maiineno, 10
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BOo3Bpaienne Ha (bnanqecxylo ILITOCKOCTH I, I JaercA HNHTerpaiaMu

" cos0 sin O
Ir = S D (U_) dH dll,

. Y <in O cos 1.8
y = —EWdH ap, (1.8)

rme H, ), wu 0 Bapaskensl B pyarmun or p uv. C. A. Xpuecrnanosna
ImMoKA3ad, KaK, HCIOONb3yfd KaHoHmIecKylo cmeremy (1.5) — (1.6),
MO;KHO PACCUHTHIBATH HelHHeiiHbe GUIbTpAlHOHHbEe TedeHUA B 0baa-
€TAX, OTPAHHICHHBIX TPAMOIMHEHHBIMA HeTPOHAIAeMbIMH TpPaHH-
TMaMi 1 THHAAMH DaBHOTO Hamopa. B mirockoern p, v Geperes obaacTs,
COBIANAMAA € PACCMATPHBAEMOil 06/1a¢THI0 B H3MUECKOH IIOCKOCTH

Y, H B Heii pelraercda 3ajada IiHHeliHo# (HUIbTpANEU C COOTRET-
CTBYIOMUMI TpaHianbing yenosuamu. Jlorapndm xoMmiexcHON ¢Ko-
poern aToro PUKTHBHOTO THHeHHOTO TedeHnd Gepercd 3arem 3a s -+ i6;
TeM caMmbiM ypaBHenua (1.D), apaaomumeca ypaBuenuamu Homum —
Pnvana, yI0BIeTBOpAITCA ToRNecTRenHo, a ypasuennd (1.6) mpes-
paIIalTCA B JINHeliHbe ypaBHeNHA ¢ lepeMeHHEIMH KoaddummenTaMu
mapa H.

B pesyasrtarte othicKanme | u [ ¢BOJHTCA K OTHICKAHAIO HEKOTO-
poro JuKTEHBHOTO (IIBTPAIMOHHOTO LOTOKA B cpele ¢ TiepeMeHHOI
«apounaeMmoctpoy L1

Eexam B3aTh B KadecTBe HOBHIX IeDeMeHHHX p* n v¥, ymoMasyTHX
Bhitte, O u s, cucrema (1.6) npiner Bmy

ﬂ I, N aH I anp

0 s ' as o0 ’ (1.9)

AW, eCll BePHYThCH K mepeMeHHHM (0, w),

M () P oH D) o ol

w0y dw 08 " w00 ow (1.10)

Cuerema (1.10) MosreT OHTH HellocPeJcTBEHHO ITONyIeHA W3 CUCTEME
(1.3), ecmm BocmoabzoBarbes yxaszaugsM C. A. Hamnwramsiv [219]
npeofipasoBaHIeM K IepeMeHHHM rogorpada ckopoctu w, 8. Taxmm
obpasonM, cuerema (1.9) mwaa (1.10) ecrp dacrHRIl emydait cMcTeMH
(1.5) — (1.6). 3ror cayuail obaamgaeT TeM IPEHMYMECTBOM, YTO NS
Hero IHepeMenubie KO3QQHIHeHTH 3aBHEAT JWIIbL OT OXHON He3aBH-
CHMOil IIepeMeUHOH W, OHAKO ero HeJOETATOK COCTOUT B TOM, UTO B PA-
me caydaeB o0paszoMm o6IacTH TedeHHUS SBIACTCA HEONHONHCTHAS I10-
BepPXHOCTH B TIepeMeHHHX Trojorpada w, 0.

Hmwre (rm. VI) aror eayuait 6yner paceMmorpen Oonee moipo6HO;
HOKA jKe OTPAHIMIMCA TeMH 334a7aMH, B KOTOPHX B CHAY OIpeNeIeH-
HOW CHMMETPHM TeUeHUA yAaeTcd HoJydurh orobpakeHue 3dIeMenrta
PU3HIECKOH TLTOCKOCTH HA ONHONUCTHYI0 H NOCTATOYHO MPOCTYIO
ofmactb B mwiockoerm rojgorpada w, 0. llo-smmmMomy, Buepmwe Ha
yao0erBo nmpuMmeHnenus npeofpaszoBanua rogorpada Kk sagadaM TeopHd
duaprpanun yrasamx Jnrexyup [239], mogpobro paccmorpesmmit 3a-
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Radd, cBA3aHHHE ¢ ABYWIeHHmM 3akoHOM Qumisrpamaa © (w) = w +
+ P w?. Opuaro aT0T eaydYail MMeeT BechbMa OrpaHAYeHHYI0 001acTh
NPIIO;KeRNsA, W FIaBHHE PeaylIbTarsl B HeM MOTYT OHTh HOdYyYeHEL
Ha OCHOBE IMHEAPM30BAHHHX [OCTAHOBOK. B03MOKHO, II0O3TOMY Me-
TOJi, IPAMEeHEeHHH# JHTEIYHIOM, He OPUBIEK TOT0 BHAMAaHHA, KOTO-
poro oH 3acay:kmBaer. C apyroil cropons, 870 MoskeT OHTh CBA3aHO
W ¢ TeM, 4TO, MO CYIEcTRY, npeoGpazoBanne rogorpada ovdeBHIHEIM
0Gpa3oM IHoxcKa3kBaeTcs BceM manoxenneM paborsr [218]. Ocobenmo
yaoOHEIM oHa3sBaerca upeobpasosanue
roforpada B 3agazax OQmabrpandm ¢
opedeabHEM rpammenroM [66] (D (w) —
— A== 0upnw—>0). B osrom ecayuae
001aeTh TedeHHsaA HE COBIagaer, Boobme
TOBOPA, €0 Beeil 006iacTsio, THe HIETeH
pellieHne; 9actbh oGIacTH OKa3wWBaeTcH
OOKPHTON 3a€TOWHEIMU 30HAMH, T. €. 00-
JaCTAMA, T/e CKOPOCTh paBHa Hy/mo. ['pa-
HANB MEXy 00JacThio TedeHHA W 3a-
€TOWHEME 30HAMHA OKA3HIRAIOTCA HEm3Be-
crEHMH TuHUAMA. OHAKO H3BECTHO, 9TO
HAa HAX €KOPOCTH ofpamaeres B HYIb.
B pesyasrare o6pas oTHX JHMHWA B ILIO-
cRoeTH rojorpada cKOPOCTH M3BECTeH —
910 0Tpe3ok ocm w = 0.

ITpe:cae gem mepeiiTi K mIpuUMepaM, HECKOABKO YTOYHIM CKa3aHHOE.
Nmenrno, ectm @ (+ 0) = A > 0, Mo 6ynemM ropopnrs o GUIbTpanum
¢ OpejleJlbHHIM IpagueHTOM; Iox ob6ixacTri Tedenus OyneM MOHEMATH
TY 9acTh (COROKYIHOCTH TeX BHyTpeHumx touex) D’ obmactm D me-
PeMeHHEIX Z, Jf, B KOTOpo# miercsa pemenne, rae w > 0; mox 3acroii-
HEMA 3oHaMH D" — o6macts w = 0; mopn rpauwneil 3acToiiHO# 30-
HH — 00myo0 waerh rpaamy obmacteit D’ m D" (pme. 3.1). Bynuem
HMCKATEL pellleHHe 3a/[a9d, HeNpPepHBHOe BMECTe CO CBOMMHU NEDBHMH
OPOM3BOHEIMA BILIOTH 0 TPaHMI(E 3acToifHoil 308H. IIpm atom mo-
JydaeM, 9TO Ha TPAHANE 3acTOWHON 30HK BeKrop I'PAgHeHTA Hamopa
H nanpaBneH BOIh IPAaHANH W PaBeH IO MOAYJIO A; BHYTPH 3acToii-
Hoit 30mHH | grad H | < A. Oteciona exemyior Tpu BAYKHBIX A TOCHe-
IYIOmEro HM3JI0KeHnA BHEOA:

1. HoeroasKy HyJIeBOH CKOpOCTH Ha rpamme 0BIACTH BAMKEHAA
oTBedaer HeHyaeBoi BeKkTop grad H, ecTecTBeHHO IPHNUCATE HYJIEBOH
CKOPOCTH B JJaHHOH TouKe Hampasiaenume Bexktropa grad . Iro osHa-
4aer, 970 B III0eKocTH rogorpada ckopoctm wd WMeeT CMHCI Pasid-
9aTh To9Rd ¢ w = 0, orBeuawmme pazmaune 0. Iloatomy B mann-
neiimem w 1 0 paceMaTpUBAOTCA He KaK NOIAPHKE KOOPTUHATH, KaK
ATO IPHHATO, CKA}KEM, B TAB0BOH /yHAMIKe, & KAk IPAMOYroAbHLIe.

2. Us yenosmsa | grad H | = A caegyer, uro rpaHHna 3acTORHOMR
30HN pa3fnBaercd HA JYIH, BIOIb KasKuol U3 KOTOPHIX IpoHaBe/ieHAe
% grad H coxpasfer noeTosHHOoe 3Ha4eAme. (31ech ¥ — eJUHAYHLIA
BEKTOD KacaTelbHOH B HaNpaBICHHEA NOJIOKATEABHOr0 00Xoma 3a-
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cToliHof 30umr.) Hasmman U3 9THX AYT BHITYKIA BHYTPb 3aCTOMHOU 30-
Hbi, IOCKOABKY B IIPOTHBHOM €ydae HAHJeTcA TOYKA BHYTPH 3acTOM-
HOI 30HHL, B kotopoit grad H | > A: ecmi orpesor AB, crarmBarowiuil
1yry AmB TpaHuIBl, 1e/KAT BHYTPH 3aCTOHHOH 30HH, TO -

max |grad H | >A-AmB|AB > ).
AB

3. Yraszanmee B OpeAmjyINeM OYHKTe AYTH OTAeNdeHbl OT AVE ©
IIPOTHBOIOIO/KILIM HAIpPABIeHHeM 06X01a ToYKaMH BO3Bpara. Iro
yTBep/K/eHTe cieAyeT W3 HeupepHBHOCTH BexTopa grad I B TOUKe
eMeHbl HanpaBaenusa o6xona.

C ¢usnueckoil TOYKH 3peHUsA OYEBHIHO, 9YTO 3aCTONHBIC 3OHEHL
06pa3yIOTCS MPIMEPHO TaM, I7ie B OTCYTCTBHE IPe/iebHOT0 TPaHeHTa
o6pa3oBadnch OH KPUTHICCKHEe TOYKH IIOTOKA; TPH 3TOM H30IHPO-
BaHHbIe KPHTHYECKHE TOIKH, HE «DA3POCIIHECA» B HEXYI 3acTOHHYIO
30Hy, BO3HUKHYTh He MoryT. [lefleTBHTeNbHO, B KPHUTIMECKON TOYKEe
| grad H| = 0 u, Mo HempepHBHOCTH, Haillercsa Hexoropaa o06JacTh,
cojep/KAIas ATy TOUKy, B Koropoil | grad H | <A, T. e. obaacrs,
B KoTopoil w = Q.

§ 2. 3apaun, jonyckaiue orodpaxente
HA IIOCKOCTH romorpada

[TpoHITIOCTPAPYEM CKA3AHHOE HeCKOJILKHME HPIMePAMH, JONYCKad,
910 HMeeT MecTo [BMkenme ¢ mpejedbue rpagmentom D (4 0) =
=A>0.

1. Boamomaocts 3Q(eKTHBHOTO pelleHHA IIOCKOH 3a/a4u HeJlH-
HeitHOH (UABTpANUE IPH HOMOMH mpeolpasoBanmna roporpada css-
3aHa C CYIIECTBOBAHIEM B3ANMHO-OJHO3HAYHOT0 OTOOpaKeHus ILIO-
CHOCTH TeYeHHA Z, J Ha JOCTATOIHO IPOETYI0 061acTh MIOCKOCTH FO-
morpadha w, 0. PaccMoTpUM' HECKOTBKO TPOCTHX 3axad, [JIA KOTO-
phIx 5To BminoaHeHo. IlyeTh B mIocKOCTH Z, Y MMEETCA ABA TOUETHHIX
HCTOUHNKA € WITOHCHBHOCTAMH (He6HTOM HA eIHHAIY MOIIHOCTH) ¢
na paceroanun 2L onun ot gpyroro. Torya Tedenne Gyjer cuMmerpmi-
HO OTHOCHTeIbHO oceil x n y (puc. 3.2), H B Hadaze KOOPJUHAT

w =0, |grad H|=0. (2.1)

Ha (2.1) caegyer, 4To HAYAI0 KOOP/UHAT OKPY/KEHO 3ACTOHHOM 30-
moit. Ha ocsx KoopauHat, ABIAIIXCA B €Uy CAMMETDIH THHAAMA
TOKA, TPANNNA 3acTOiHOH 30HH MMeeT Touxm Boaspara (fur. 3.2, a).

Kapruay Tedenns (fur. 3.2, @) merko oTo6pasnTh Ha IIOCKOCTH
rogorpada (dur. 3.2,6). Bropoit KBajgpaHT IIOCKOCTH TeYeHHA Ha
MIOCKOCTH W, O Imepexomur B HNOAYGECKOHEUHYIO HOJOCY € Pa3pesoM
ABCGDEA. Jlauna paspesa CG = a paBHa MaKCHMAJIBHOMY 3Hade-
HII0 HA 0CH Yy cKopocTH PUABTPAIIH, JOCTHTaeMOMY B HEKOTOPOH TOU-
ke G. Bapanee Helb3A HCKIIOUYNTH caydail, KOTJla 3acTOHHAA 30HA 3a-
XBaTBIBAET BCIO 0¢h I} TOTAA Ha pue. 3.2, 0 Touka C yXoAAT B 6ecKoHeT-
HOCTH, a Touka & cimBaerca ¢ C 1w D.
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HAna onmpepenenus  Ay:xH0 pemmaTh ypaesgenme (1.1) B o6nmactm
ABCGDE upn ciepyomux rpanugnsx VCIOBMAX:

PY=0 na ABCGD, Y =gq/2 ra KA,

Y=g (1 —~ 2(—“;_‘”_) /2 ma DE. 2.2)

Hocnenuee ycmosme ciegyer ms toro oberoATenbeTBa, 9T0 Ha Oec-
KOHGIHOCTN KAPTHHA TeYeHUH ACUMOTOTHISCKH COBHOANACT € IOJeM
OIMHOTHOTO TOTEIHOr0 UCTOIHMKA WHTGHCHBHOCTH 2 ¢. dT0 Tpeboma-
H@e, TPUBHAJAbHOE B 3a/aJaX JMHeHHON (UIbrpamad, OKA3HIBAETCH
HeoGXOUMEM OTIOIHATEIHEM TPeGoBaHeM IpH PUIBTPALAE ¢ mpe-
ACJBHBIM TDAJAEHTOM; B MPOTHBHOM CJlydae penieHne 3ajaddm OKazsl-
BaeTcA HEeeqMHCTBeHHEIM.

2. Ilpenmosno;kmm, 4T0 B TIPeABLYINEM IpAMepe OXMH W3 HCTOTHH-
KOB 3aMeHeH Ha CTOK TOH jKe MHTeHcHMBHoCTH. Torja gomxHa ofpa-
30BATHCA BHEWMIHAA 3acToiiHas sona (pume. 3.3a).

JeiCTBUTOIBHO, ecIm TPeANoI0;KATh, YTO BHEMHeil 3acToHHOM
30HEI HET, TO BO3MOKHO MOABICHAE JAHAHA ToKa €KOIb YTrogHO 60Jb-
moii aanns. B cuny sakoHa ¢guabTpammn nepenaj Hanopa H memmy
MOOBIMH BYMA TOYKAMH JIWHHM TOKA He MeHbme, deMm Al, rae I —
RIAHA AT AUHAH ToKRa. B To jKe Bpemsa, MOCKOJBKY HCTOIHRAK H CTOK
MOKHO OKPYKHATH IBYMS 3aMKHYTHIMHI (3KBUNOTOHOHAJAMHAY, TO Ie-
penajf Hamopa A BeeX JNHMHANR TOKA MEHIY 3TUMA DKBHNOTEHIHAN A-
MU KoHedeH. Beupy Toro, 910 TegeHue cuMMeTPHIHO OTHOCHTEIBHO OCH
Z H aHTHCAMMETDPHTIHO OTHOCHTEeNbHO OCH If, CHOBA 4acTh 06IACTH
ABWGKEHMA, JNe;Kamjasd B MepPBoM KBaapanTe, oTobpaxaercs Ha IOXY-
noxoey B mIockoctu rogorpada w, 0 (pur. 3.3, 6). lpnm srom p = 0
Ha ABC, ¢y = q/2 ra DA, H = const ma CD.

C yuerom Broporo ypammenns (1.4) orcioga momydaem

Y = 0ma ABC, 1 = ¢/2naDA, 3p/dd = 0 ma CD. (2.3)

Jlauna orpesxa CD = a Ha mmockocTn w, O TaKKe HONICHKAT onpe-
JexeHuio.

IlpuBesienntie Ba MpIMepa THONIHH KAK B OTHONIGHNA KAYeCTBEH-
HOIl KAPTUHH TeYeHNA B PU3MISCKOil MIOCKOCTH, TAK M B OTHOIICHAR
3ajavd, BO3HHKAKINER B mIocKocTH w, 8. CymecTByeT 3HAYATENBHOO
JUCIO0 CAMMETPHIHBIX KOHQHUTYyparail HCTOYHAKOB M €TOKOB, A KO-
TOPHIX TaK;Ke JIEIKO IIOCTPONTh 06pa3 Ha miockoern w, 0. Hanpumep,
st GeCKOHEYHOTO PAZA METOMHHKOB (pue. 3.4, @) OCHOBHOM dJIeMeHT
mnoexoctn tedenna A BCDE oro6pakaercs Ha noxy6eckoHeuHYy0 mo-
aocy (pme. 3.4, 6). Ilpudem B aToM cirygae sagada paa PyEKOEA ToKA
IO y9aerCcA Mpolle, Tak Kak He ABAAeTcA cMmemanHo#: P = 0 ma rpa-
uane ABCD n = q/4 Ha EA. AmamormaamM o6pa3oM JerKo Io-
CTPONTH OTO0pajKeHMe A ABYX NapA/LIeIBHHX PANOB HCTOTHAKOB
MM NCTOTHUKOB M CTOKOB, a TaK:Ke JUIA KPYTroBHX Garapeil HCTOTHAKOB
H BCTPEYAOMErocA B HedTempoMEHICI0BOI  IpaKTHKe gepeayiomerocs
PacmoIo;ReHHA MCTOYHAKOB M CTOKOB B BH[e ABOSKOLEPHONHICCKOMA
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pemerku (TaKk Ha3HBAaeMble NATH-, CeMH- W [eBATATOUCTHHE CHCTEMEI
paccranoBku ckBaxuH). llpuBemem niaa mpuMepa oTo6parkeHRA HIA-
KpyroBoii 6arapem n MCTOYHAKOB (puc. 3.5) m A dIeMeHTa mATHTO-
ueqHoi cxemul (pme. 3.6). B ofomx aTEX cydasx Dolo;KeHHe KOHIa
paspe3a @ NOJDKHO GHITH ONpefeleH0 MOMOIHHATOIBHO.

§ 3. O HeKOTOPHIX 3KBHBAJCHTHBIX HOPMYPOBRAX

1. Ilpeo6pasopanme Yamaeiruaa — He egMHCTBEHHHIH cmocob cBe-
[eHVsl HeIWHEHHOH cuctemul ypaBHenmit (1.3) k ammeitnoit cmereMe.
WsBectHO, 9T0 TOTO e MOMHO JOGUTHCA NPH HOMOIA IIPeo6pasoBa-
mEa Jlesxannmpa (cm., Ranpmamep; [109]). Takoit npmeM 65LT DpAMenHeH
B TeOpHH UPAMOIHHENRHBIX [BIKEHHI BASKO-ILIACTHIOCKUX IKHIKO-
creit {151, 264] u npm pacemorpennn mpojoaEHEOTO CBETA yHpyro-
nnacradeckoro Texa [268]. B mexoTopmx cayuasx 3To mosBoaser
noxyaars Gollee TPOCTYIO 3ajjady, 4eM IpPA Hemocpesic TBeHHOM IphAMe-
menmm npeobpasoBaaua C. A. Yammsirmna. :

w
7 A Az ',0
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Tomommm

§=_‘P—x‘Px—y‘Pu:¢+WY; _ 3.1)

n=H—aH,—yH,=H + O (w) X, (3.2)
e

X =z cos 0 4 ysin 0; Y =xsin0 — yecos 0 (3.3)

— HOpPOoerInHu pPaauyca-BeKTOopa Ha HalpaBlIeHIe¢ BeKTopa CKOPOCTH
A HePHeHANKYIADHOEe eMy. HpH 3TOM HMEIOT MeCTO COOTHOIIeHHUA

X=[DO'w)] "y H=n—O W) n/0w); (3.4
Y= gun ‘P == g__' w Ew; (3‘5)
z = % Ny - sinB€,; y= (IS)U_](S) Ny — cos 08, (3.6)

NI03BOJIAIIINE BEPHYTHCA K HCXOMHHIM TepPeMeHHEIM.
Nnmeem, mamee, ucnoawaysa (3.1) — (3.5) u (1.3)

b= Ww=0X; Mh=—0wY—>dwsE, (3.7
Taxmm o6pasom, conpsskennsie P u H dynaximmn & u M yOoRIer-

BOPAIOT cHCTeMe, anagormyHoil cmcreme (1.10)

0%, w an an

_ 9%
X =T e o= — w4 (3.8)

Hwae 6yayT npHBefoHH LpHMepPH, B KOTODHIX pelICHHe 3ajadn
3aMeTHO yupomaercs Grarofapa ICHONB30BAHHI0 HepPeMeHHBIX &
7.

2. lonycram, aro @ (w) = 0, @'(w) > 0. B tarom cayuae o6par-
nas K @ dynxnua Q moxer, BoobLie ToBOPA, N306pakaTh HEKOTOPEI
MOMyCTHMBII 3aKon (uabTpanmu. Bregem Bexrops w* m h*, pasnne
no abcomornoii Bexndmue h = grad H 1 W coorBercTBenno, Ho 1o-
BepHYTHE OTHOCHTEIBbHO uX Ha yroa r/2. meem

dww* =0, h* = — grad { = grad H*, (3.9)

opmgem A* =Q (w*). Coornomrenus (3.9) ompenensoT HeroTOpHI
$uabTpaEonnEt noTok ¢ Gynrimeii Tokay* = [ n nanopon H* = —,
rae Hny — namop u PywroHA TOKA HCXOHHOTO fuasTpannonuoro
noroka. [[Ba moroka, ompepmedenmble YHaZaHHBIM BHIIe obpasomM,
Oynem Ha3LBATh coupsukeHHHMH. JIMANHM ToKa OJHOTO W3 HUX MAB-
JOTCA JAHUAMHE PaBHOLO Hamopa Apyroro, m #aoGopor. OuenmmHO,
NOHATHE CONPAREHHOIO0 NOTOKA MABIAETCA eCTECTBeHHHM 0606me-
HUeM TIOHATHA COUPAKEHHS KOMILIEKCHOTO LIOTeHIHANA AIA TedeHUi,

ymosuersopsaiomux sarony [lapen. Liaa furrnsHOoTO mMOTOKA cHCTEMA
(1.10) maer

Qw*)  ap* BT OQu*) g DH*

w*Q (w*) dw* 6 T 368 Gt (3.10)
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AIH, eClN: yIectb, aro w* = h, H* = — p, p* = H

Q) OH Ay Qh) oH o

1

O E W B e 341)

Ecrecraenno, cmeremy (3.11) moskHO 6BLI0 GH HOIYIUTH HEmOCPeR-
€TBEHHO M3 (1 10), BrmonHuB B mrockocTm romorpada mpeoGpasoBa-
ame h = O (v), w = Q (h).

3.HacTHHe cayuamn B garsmeiiuieM B OCHOBHOM pac-
eMaTpuBaercss QuabTpanmA ¢ mpefedbHHM rPajUeHTOM, ONHAKO MHO-
TAe pe3yabTaThl MOLYT OHITH HCIOAB3OBAHHE H HPH APYTHX dacTO
BCTPEYAIOMUXCA HOIUHSHHHX 3aKOHAX q‘mnmpau‘ﬁn. Moatomy aBmixe
HOPUBOMTCA CBOJKA OTBEYAIOMAX MM ypaBHeHWIL.

a). Cremenmnoil 3aKoH QEIbTpamIN

D (w) = wi, Q(h) = b3, (3.12)
Nmeem na (1.10)

3

w0y oH oy 09 OH

T = w0 U = (3.13)

WA

Wy 4 sy, + sPgy = 0; W H -+ (2 — s)wH , + Heg = 0.
3.14)

Ouesngno, ypasHeHu:, ciegyiomume ms (3.11), npuaynomaxbEHO He
otamaaotesa of (3.14); makowen, maa compsmxeHnsx mo Jlexammpy
mepemeHHHX § u 1 u3 (3.8) mmeem

3w (. I

0w © (w) aw + Sy ‘D () 0% =0

(3.15)
O (w) %
O w ) aw + w 02 =0
WK mocixe mofctaHoBKE (3.12)
Wy + (2 — ) wny, 4 snes = 0;
(3.16)

wggww + Swgw _I_ SEQG =0.
6). JlBmxenne ¢ mpeneibHLIM rpaguedatos. VMeeM ypaBHeHAA

w(w"l‘}")lpww‘{—(w_}")wa‘l_\p%:Oy

347)
w(w+)")wa+(w+ 2}")Hw + Hyg = 0;
w W 4 A) Nww + W + 2) Ny + M0 = 0.

s |



6). JIBya:renumit 3akon QuIbTpamum

D (w) =w + B w? (3.19)
w(l + w14+ 20 w) P+ (1 428w+ 3 B2 x
Nwp, + (1 + B w4+ 2 Bw)pge = 0; (3.20)

(1 + B w) H,p, + wH, + (14 2 p w) Hao = 0
(14 2B w) (1 + B w) Ny + w (1 + B w) M, + 10 = 0;

w1+ Pw) By +w(l+2Bw &+ (1 +2pw) ke =0.
(3.21)

Haronen, 9acto Berpedaotess KOMOHHAPOBAHHKE ANIpPOKCHMAI{AK
3aKOHA (QUIBTpAITHH, AIA KOTOPHIX AHATHTHYECKOE BHpAasKeHHe SAB-
JASTCH PA3AMIHHM HA PA3IHIHHIX yTACTKAX; Jamle Bero AJd amIpoK-
CHMAIHI €063 YIOTCH MPHBE/ICHHbIE BHIILIE 3aBACAMOCTH; TOTAA YPaB-
HeHUA B INIOCKOCTH Tojorpada IOAydaloTes PasJAIHLIME B Pasimd-
HBIX «Ca0ax» (cKaxeM, oT ) 10 w = amoT w = a fio oo).

B. B. Coxomonexuii [196] yraszan sakom ¢mabrparmnm

D (w) = wll — w/m*> (3.22)

ofaaanmuii T0H 0C0GeNHOETHI0, UTO A HEro «HOTEHI[AAT» OKAZH-
Baeres aHaJdHTHIeckKo#l QyHKIued ot

L= —In2wil + V1T —w¥m?) + 0, (3.23)

4TO MO3BOJACT NPUMEHNTH K DEIeHHI0 3a1ad HeJnHelHo# ¢mibTpa-
T o6BIUNYI0 TeXHUKY Teopin G VARINH KOMILTeKCHOTO IePeMeHHOTO.
Crazanioe enpaseTnBo I J1IA 3aK0HA PIUTBT DA, IOMYIABMOTO 3a-
Meroit B (3.22) u (3.23) amaxor «muaye» ma «mmoes [227]. Coorser-
CTBYIOIEe BBIPAKeHIE A 3aKoHa QIIBTPALIN MOKHO PAacCMaTPHUBATh
KaK JacTHHE caydaii foee obmero BHpa:keHANS

D (w) = @2 -} A2z, (3.24)

Has 3arona QuusTpammm, BEpPaREHHOT0 COOTHOIIOHHEM (3.24),
y100HO 3amICHBATh ypaBHeHHA B mJIockKocTH Togorpada, BBeA
BCOOMOTaTe/bHHE LepeMendse o, ¢,

@ = A ch'o; w = Ashta; ¢ = 0/n. (3.25)
[Tpu srom nMeen ypasnenms

Pag — (n + 1)511_25¢0 + w:‘; = O;

Hus+ 2(n+1)sh™2:H, - H,, = 0:

9 (eth" 1 5E,)/05 + eth" 1 sk, = 0; (3-26)

d (th" ™ an,)/ds + th" 151, =0

Herpynauo Buxets, 1o npu r = — 1 ypasHenus s Yu H upe-
Bpamaiorca B ypasnenma Jlamnaca; mpuw n = 1 momydaem ypaBme-
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e Jlammaca gna conpsxeHHuX mo Jlexanapy HemsBeCTHHIX § o 1).
Taxam o6pasoM, aToT exaydait Taw/me CBOAMTICA K TODAN AHAIATHIE:
ckmx Qymxomit {164, 165]. Haiinennmii C. B. [Tanbko caydait

O (w) = (W + A2 3.27)

HHTEpeceH B TOM OTHONIEHWH, UTO IPEACTaBIAeT co00# TOT BapHAHT
3aKoHa (QUIBTPANMK ¢ Opefe]LHNM TpajdeHTOM, AJA KOTOPOro pe-
INeHAHA CTPOATCH IAEMEHTADHO, ofHAKo coorHowmenme (3.27) mioxo
anmpoxkemMupyer peansnhie Bhmyriasie [D(w) << 0] saxoms ¢miub-
TPanuy MNCeBHAOIVIACTHICCKAX KHAAKOCTOIH.

- § 4. JnemenTapHBIe pelIeHHA NJOCKAX 3a8A%
HemuHeiiHo# duasTpanym

Uecnenoranne HenMmHeHHBIX 3afad eCTeCTBEHHO HAYATH TaK jKe, KaK
u B amHeitnoit reopun [172], ¢ anmanmsa nosepgenwust pemenns BOANIHE
0c00HX TOYeK TPAHHANH 00JACTH ABMeHUsA (YriIOBhHe TOUKH, TOTIKH
CMeHHI TDAHMIHKNX YCIOBAA U T. J.), BOAM3N HCTOYHAKOB M HA Gecko-
HedHOCTH. TaK jKe, KAK W B aHATOTAYHHIX 3aadaX Ta30Boi AHHAMAKHA
[192, 269] n Hemmmeiinoii Teopum ynpyroerm [154, 2601, pas orm-
CKAHUA COOTBETCTRYIOIMIX OCOOHX pemenuii yAoGHO HepelitTh Ha ILIO-
ckocth roporpada.
1. Cuetema (1.10) mouyexaer paj pemenmii BHAA

—P W) T (®); TH=F@wS ) (4.1)

Taxme pemennmsa Mu OyfeM HA3kBATh JIeMEHTADHBIMA M B 3TOM MHa-
parpade IpoBejieM X AaHATH3 W AAJWM MM COOTBETCTBYIOMIYIO HHTEp-
mperagmio. [lopacraBaaa (4.1) B (1.10), maiiymem

w? d Oz 4P T

57 G (W ) = 7= = —1* = const. (’*'2)
ITyers npesspe Beero r = 0. Torga

r@=4+8 P=cl “’q‘f;(‘“’)) dw + D, (4.3)

npudeM B cmay mHBapradrHoctd ypasuenmi (1.10) mo ormomenmio k
casury no O (moBopoTy oceit KoopmuHar B Qu3amdecKOR MIOCKOCTH)
upu A = 0 mosxno caarark B = 0. Ecim A =0, 10 T (0) = B =
= const, yHKIOAA TOKA He 3ABUCHT OT yria 0, HO 3aBHCAT OT CKOPOCTH.
Uto6H paccMOTpeTh COOTBETCTBYIOMY0 KapTAHY Ha QH3MIecKoH miao-
CKOCTH, Bocmoub3yemcA coorHomenaamu (1.8), cunraa B Bux ¢ m H

¢yarnaamMa w u 0 ¥ BEpaxkas opoumssonusie Hy u H,,qepes Py B P,
oMy TuM

dx:—[ Ve +Sm91pm]dw+

cos® O (w) sin 0
+ [ w [i1 3 (w) q’w - %] dev (4'4)




dy = — [_sz;(-) by — coz,e \Pw] dw +
sin® ®@G) | eosO
+ [ w D) v T T qn] do.

B mannon eiryqae Py = 0. O6pasom anmmm 0 = 0, — const B fusude-
CKOH IJI0CKOCTH OyIerT MHHuA

de — — 51;1]60 P dw: ‘dy: cozﬂo P, dw

mwiu ¢ yaeroM (4.1), (4.3)

. ACD’ (e ACD!
d.L' = — SIn 60 Tuil;)du’; dy = COS GOWW()IU) dw (4.5)
I
_ ACsin® | _ ACcos o "
EE T Tow T VS Tpy o T Y (4.6)

31eck Yw, Yoo — KOOPJAMHATHL TOYKH, OTBedAmEell w = co. (M
npepmoxaraeM, 410 @ (co) = o0.) Taxuy o6pasom, qumm 0 = 0, =
= COnst — OTPe3KU NMPAMHIX, TPOXOAAMHX deped ToUKY M (T, Yoo
H IepHeHHKyIAPHBIX HANPABIEHIIIO CKOPOCTH, 3aJaBaeMOMy yTJioM 0.

Jlmnmm w = const, coBmagamIue ¢ JIHHOAMH TOKA, KAK SCHO W3
(4.6),— nyru oxpy:kuocreii panuyca 1/ (w) ¢ menrpom B M. Herpya-
HO NOHAThH, YTO HOCTPOCHHOE TeUeHNe OTBEYALT TOYETHOMY BUXDIO B
Touxe M. Jlanee, ecam myeer mecto TeUeHUe ¢ Ipe/iebHBIM TPAJHeH-
ToM (D (0) = A > 0), ro o6macte Tevenus (0 << w << o0) ecTh KpyT
(mam cexrop Kpyra) Komeunoro pammyca AC/A, BHe Kpyra w = 0
(mermaermie orcyrersyer), npn @ (0) = 0 gBHKenue 0XBATHBAGT BCIO
IIOCKOCTE (COOTBETCTBeHHO ceKTop mwiocKocrn). Hawomer, ma (1.10)
HAaXOJ[UM

H =28 (0) = — AC-0. (4.7)

Tarum o6paszoM, npamsie 0 = const — JIHHANA MOCTOAHHOTO HaIopa,
4 (MHTEeHCHBHOCTBY BUXDA XapaKTepusyeT cKOpocTh M3NMeHEHUA HAIIO-
pa ¢ uaMeHeHmeM yraa. TeM caMbiM Mul DOJVUHTIH, 970 HAfeHHOe
redenne upu 0 <C 0 < @ BO3HUKAET Mewy ABYMS JHHAAMU [I0CTOAH-
HOTO HAIOPA, 06PA3YOMIIME Me;k1y €o6o0il yrom o mpu pasHocTH Ha-
mopos MexAy Humu H, — H, — AC-o. Ormernm, uro mosie Hamopa
He 3aBUCHT OT BH/A 3aROHA (UIBTPAIII.

AHaOrEYHO yeTamaBaNBaeTcA, 4T0 cootHomenms (4.3) mpm 4 =
=¢q /2n #0; B = C = 0; D 5 0 xapakTepusyior 0cecuMMeTPIIHO®
TeueHne OT TOYEYHOTO HUCTOYHIKA HHTEHCHBHOCTH ¢; JMHAH TOKA,
COBIIAfAlOMHe ¢ JUHUAMU 6 = const,— IpAMsie, NpoXoAAMOe Yepes
HCTOUHHK; HCTOYHHKY OTBeYaeT w = oo; JHHMH W = W, = const,
COBTAMIAIONIHe C JIHHUAMH DABHOTO IANOPA,— OKPYKHOCTH DagUdyca
q/2 ® wy; mepenay HamoOpa Me#Ay ABYMS TAKEMA OKDY/KHOCTAME pa-
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BeH, oqemmﬂo’;
R.
H—H,= @ (%) dr, (4.8)
A,

menserca or (O o oo HpA NaMeHeEmm w oOTf oo fo 0; mpmdeMm
Iole CKOpOCTell He 3aBUCAT OT BHJA 3aKoHA QUIBTPAlHH; TeYeHH®
0XBATHBAeT BCK ILIOCKOCTH IPA HPOM3BOJIbHOM 3aKoHe QRIbTpannm.

VYrasapHsie pemrenus u uX o600MeHAs Ha KyCOYHO-HEONHOPONHEIE
cpedsl paccMarpuBainch pAgoMm aropom [43, 149, 240, 241]. B gaer-
HOCGTH, VIMEHHO Ha TevyeHHwm THia BAXPsS ['eoprunp BOepBhle yCTaHO-
BWJI HAJH4We 3acTOIHMIX 30H IpPH JBMKEHOM € TPEeelIbHLIM Tpaja-
eHTOM JaBIeHNA.

PaceMoTpuM Temeph dJeMeHTAapHOe pellleHme, OTBedawmlee I 7= 0
M mMelomee BHf

P (w, 8) = P (w) sinr 0, (4.9)
rme P (w) — peilenme ypaBHeHHA
d o2 dP (1)
o () — P P =0 (4.10)

[Tpu focrarouno o6MMX YEIOBHAX (H0CTaTO9HO, HANPHME, IOTpe-
GoBaTh cremennoro pocra @ (w) mpm w — co) MOKHO BHJNUTE ABa
TaKMX JMHEHo0 He3aBECHMBLIX pelleHHA yPaBHeHHA (4.10), opmo m3
KoTopHX (P,(w)) HeorpaHWd4eHHO BO3pacTaeT mpU W — 00, a Apyroe
(P,(w)) erpemurea K HYNO IPUA W —> 0O .

B euny yenosmit

®(0) >0, D'(w) >0

pemenue P,(w) He MeHsder 3HaKa W MOHOTOHHO (ero MOxHO €YATATH
HOJOIKATEIBHBM W MOHOTOHHO yOmBamomus). B pesyibrare cyIie-
¢TByer (KoHewdHbiil Wi 6ecKOHETHIN) TIpeiet

0<limP1(lU)—_—“A1<OO.
w—0

B kadectBe P,(w) BosbMeM pemnlenue, obpamaromeecsa B HyJIb OpA
w=20
w , d
Py(w) = Prw) | ZEEE (4.11)
P D2 (1) Pl ()
Pemenne P,(w) MOHOTOHHO BO3pacTaeT W NpPA W —> OO P,(w) — oo.
PacemorpuM PU3MIECKYI0 UHTEPIPETANHI dJIeMeHTapHOTo pere-
HAA BUIA

P = P,y(w) sin r 0. (4.12)
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Ha moanu 8 = 0 myveem 3 (4.4) n (4.12)
dr = — rw2Py(w) dw; dy = 0. (4.13)

Ha (4.13) emesyer, aro kaprimua Tedenus, oTBedaiomas peuremmo (4.12),
3aBHCHT OT HATerpupyemoeTn Gyarnnm w2Py(w) upuw — Omw — oo.
IMoxasesm, 9To MHTErpaI

A

I(4,a) = S P, () -2 (4.14)

ws?

a

CXOQUTCA Mo Kpaiileil Mepe Ha ogHOM Ipefene (T. e. CYyIECTBYeT KO-
HeqHbIl npeen au6o npn A — oo, an6o upu ¢ — 0). Hz (4.10) ameem

A
14,0 =\

[

t d <(ID‘~’ (Zl))dw:

D dw \wd dw |

= (T ), +14,0)]

re w
RN

o P ]A (4.15)

(r* — 1) I (4,a) = [W+T »
Myers r > 1. Torga, nockoanky I (4, @) > 0, axeras wactb 1160 or-
paadvena, ambo eTpeMureda K +~oo npH @ — 0. Ograxo npasas 9acrb
opu @ — O MoeT ;160 ocTaThCA OTPAHIYECHHOM, OO CTPEMUTBES K
— 00, TaK KaK BHPA/KCHIE B KBAJPATHHX CKOOKAX IOMO;KATEJLHO.
Taxmm obpazom, mpu r > 1 1 (4, 0) << oo; oHOBpeMeHHO IIOTydYaeM
ogenrn (upu r > 1)

P P

— = 0(1y; = 01) (w—0).

Caemosarennno, npu r > 1 npegea I (A, ) upu a — 0 cymeernyer
Ipu T000M BIle 3aKOHA (PILIHTPAIHH.

Ecan r < 1, 1o mepas wacts Brpaskenns (4.15) memomosxurenbaa
(orpumarenbna npu r < 1), nosromy, yerpemisia A k GecKoOHeYHOCTH,
IOTYIHM OIEHKU ’

’ P
=0, 2 =0(1)  (w—),
npmaem opu 7 < 1 nmeerca romewnsiit npeten I (4, @) mpr 4 — oo.

Taxnwy o6pasom, nnrerpan [ (4, ¢) upur # 1 cxomnrea mo xpaii-
Hell Mepe Ha ojuoM npefgerxe. [Ipocroit mpumep auneitroro (mam Boo6-
e CTeNeHHOTo) 3aKoHa PUIBTPAIINN IOKA3KBAET, IT0 B 00mEeM cIyIae
npn r = 1 murerpax I (A, a) cXxogATea TONBKO HA OXHOM mpepene,
a opn r = 1 pacxoaurca Ha o6omX.

Ecan, onmaxo, mmeer Mecro GUIbTpanuA ¢ mpejesbHEIM TpajyeH-
oM @ (4 0) = A > 0, to murerpan I (4, a) Bcerna mMeer KOHeUHHII

46



npenea npu a — 0 (u, ciremosatensuo, npu r << 1 marerpan I (oo, 0)
romeueH). [lyers r < 1 u nyers I (4, +0) = oco. Torga, ¢ yierom
womeanocta @, merko moayaurp ma (4.10), a0

r’I (A, a) ~ (P O[wD)y -,
a u3 (4.15)
I(4, a) ~C(P/w)y—,-
Taxum o06pasoM, UMeeM ACHMOTOTAYECKH

P'® 2 P P,
v T W e~ g
Orcioa P @ = const B mpormsopeune ¢ yeaosuem P (0) = 0.
pn r = 1 n3 roswaectna (4.15) monygaeM mepBHIA HHTErpax ypas-
menun (4.10) B pume

OP’ P
vt =0

oTKynma ofmee pemeHme

w
C ' D
P =68w¢)dw—|—3 (4.16)
0

(C u D — woctosanHbIe).

Pemenmio P,(w) oreedaer D = (), pemennio P;(w) cooTBEercTByeT
C=0. llpg ®(}0) =1 >0 peuenne P,(w) nMeeT KOHOIHHIA
mpenen upa w — O; nas P, ameeMm

P, = —S wd dw. (4.17)

Ecan gonyernts, aro @' (w) nveer npu w — 0 He GoJiee IeM CTEIEHAYIO
ocobernocth, To Py = 0 (w'+¢), ¢ > 0 n aurerpaal (4, a) cxonmres
Ha UIKHeM Iperele.
Haxoner, nia y6nBaomero Ha GeckoHedmoern pemenns Py(w),
A
ouesmrno, unrerpan [ (A4,a) :g P‘T(;”) dw exomarca mpa A — oo
a
H pacxomurca npnm ¢ — O upn ao6oM r.
Bepuemcsa Tenmepp K amaamsy pemenns (4.12).
[yers r << 1. [Ipumem 3a Hadaxo KoopauHAT B QH3MIECKON IIO-
CKOCTH TOGKY, OTBETAKIMYO w = oo, O = 0. J{na rodex anamm § = 0
HMeeM

0<x:r& .Pz(lljl—’zm-<r§£2(;;)i, y=0. (4.18)
w 0
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Tarum obpasom, muaaa 0 = 0 — ayu mwin, ecau I (oo, 0) << co—
KOHEYHHII 0TPe30K, YT0, KaK GBLIO IIOKA3AHO BHIUIE, MMEeT MECTO JJIA
ABH;REHHA ¢ NPEeNeIBHBIM TDAJHEHTOM.

Pacemorpunm temeps ofpaz amHnm w = const, 0 << 0 << 0, =
= q'r. lMeem B0aIb Hee

sin @ cos r , cosOsinrd O .
dr = [_ ﬂ_f}_wco—r p2 (w) - [ . in r > EZ)) Pg (w)] de,
-¢0s 0 0 in0sinr® O (w)
‘dy _ [; [ swcosr Pg (w) + sin l:m: - ((zlz;) Pz (w)] 0. (4.19)

N3 exomnmoctit marerpanos (4.18) ma Bepxuem mpesene caexgyer, 9to
npaBas 9Yactb Bhpa;keHHH (4.19) erpemureda ® mymo mpm w — oo.
Taxmum ofpasoy, «orpesory 0 < 0 < 0, w = oo mIocKOCTH TOKOrpa-
da orobpakaerca B Touky £ = y = 0; muma § = 0, Kak JTerko Bu-
IeThb, oTobpasKaeTcA B OTPE30K (HIH MOIYIPSAMYIO)

x = —tcosfy; y=1sin6; OgtgrSPz(w)%, (4.20)

0

IloBenenne amumit w = const upi w — O BHOBB oNpeeTAeTca ¢XOMHU-
moctbio unterpaia I (4, a) mpu a — 0. Eenu I (4, a) << o0, T0, 0ve-

q
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BugHO, Py(w)/w — 0 npu w — 0 @ cymecTByeT KOHEIHHII mpenelt

1 D (W) P (w)
= }UI_I}; w®’ (w)

Taknm 0o6pa3om, cymecTByer npejenbRas JuAAs, oTBedamad w = 0
H oIpefelseMas ypPaBHEHHAMH

.+ dr=ycos0sinr8d0; dy=ysinBsin r0d08.  (4.21)

Ha upepeasnoit aunun P = 0, tax kar P,(0) = 0. _ _

Ectn e @ (0) =0, to upw w— 0 Bemmamasr P, (w)w n
@ (w) P, (w)/w O'(w) HeorpanmIeHHO BO3PACTAIOT W IIpeeNbHOM
auHan HeT. TaKkmM 00pasoM paccMOTpeBHHH cllydail OTBeYaeT Tede-
HMIO B (IIeTe», o6pasoBannoil aueneii Toka | = 0. B npoiinoii Touxe
aroift nuamn (Ha9ano KoopauHAT) QyHKIOUA TOKA AMeeT 0c00eHHOCTH.
OnucaHHAA KapTUHA OTBEUAET TEUCHMIO, CO3/1ABAEMOMY «0000mMEeHHbIM
NIIOJNeM», 3aKII0Y9eHHHM BHYTPH yraa pacrBopoM 0, — m.

Ecmu r > 1 (8, < «), 1o nurerpaml (A, a) pacxonurcd Ha BepX-
HeM mpefielie, HO CXOJATCA Ha HmkHeM, [IpnHUMAA 32 HATAIO KOODIH-
HAT TOYKY, B KoTopoil 0 = 0, w = 0, u moBTOPAA IPOBEJEHHbIe BHIIIE
paceysaieHds, y6exumes, uto pemenme (4.12) mpu r > 1 oTsedaer
TEYSHUI0 MEeAy ABYMS IOJYIPAMEIMH, PACHOIOREHHLIMM HOMX YT JIOM
n — 0, («BHyTpeHHee ofTexamme yria»), mpudem npa @ (0) = 0
TedeHMe CyMeeTBYeT BILIOTH 0 BepmmHsl yria, a npa @ (0) = A >0
BOJIMAN BePIIUHLI 00pasyercA 3acTofHAA 30HA W TedeHue OrPAHMIEHO
npefensHod muHRelt w = 0, conpAraomeil cToPOHHl YIia, KaK B IpU-

mepe pme. 3.7. o |
7
-1
150 156%
L H=4Z Pt
AT e 2 X
- 32°%
v
L&l 120°
o
a9
-
a7
=] 95°
4 <
ju=-& g
43 72
L s
a1+ 24 Z i~
TR A < L

Pre. 3.8 Paec. 3.9
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Ecan 3a 0cHOBHOE pemieHme B3ATO yOHBaOmMee IPH W —>» 00 pe-
menne P(w) m r >1 (0, <<a), T0o, KAk HerpyaHo yGeautbes,
dyaxkmaa p = Py(w) sinr 0, r = Gy/rt onpegenser BHemHee oGTeKa-
HHe yria pacTBopoM i — 0,. [Ipm arom 3acroiinas aoHa He oGpasyetca
mnpu aobom 3Haverun @ (0).

Eemn Py(w) — oo 1pm w — 0, T0 cyMMapHHIA pacxof MOTOKa Gec-
KoHedeH; echn ke P,(0) << oo, 10 cyMMapHBIi pacxoj KOHEYEH, 9TO
ABNAeTCA chenmdUIecKoil 0c00eHHOCTHI0 3aJad BHENIHETO0 OO0TeKaHudA
¢ LPeIeHbHBIM TPAaHCHTOM.

Eenn r — 1, croposs yria ¢cMHKAOTCA U 3aja4a [IEPeXouT B 3a-
magy o0 oOreramum wracrunsl. Harowen, npm r << 1 cropomm yraa
«MeHAIOTCA MecTaMIy, I KapTHHA TedeHus B U3HIecKol INIOCKOCTH ¢Ta -
HOBHTCA HeopmHoAmeTHOH. Tem He MeHee efl MOKHO TPHIATH OIIpPe-
meseHHBIH Quangeckmit cmpicx mpu Y, <r <<1 (n <8, < 2m).
3ameTum s atoro, wro muauA 0 = 1/, 8, npeacrasiaserca Ha $usn-
decKoil INIOCKOCTH IPAMOI, pAcmoJo;KeHHOI Moy, yrioM Y/, (4 0,) x
upasoit, orsevaromieit 0 = 0, upuaem upm 0 = 1/, 6, mamop H cox-
paHaser NOCTOsAHHoe 3fHadeHue. TaxuM o8pasoM, BHemHee o0TeHaHUE
yraa s — 0, MORHO paceMaTpuBaTh TaK jKe, KAK TeYeHHEe B yrie pac-
tBOpoM (1t -+ 6,)/2, ecam ogHa W3 cTOPOH HENDOHOIAEMA, & HA JPYTOi
IO /ePHUBAETCH MOCTOSAHHKNE Hamop. llpm Tako#t wmHTepuperammn.
MOKHO paceMarpuBarh 3Hawenod 0, << 2 .

Mp1 orpaHmYEMEs 37IeCh JIMOIb JABYMS IIPHMEPAMN, OTHOCAIIMUCH
K QuIRTpaAnAn ¢ TpefefbHBIM IPAJHEHTOM.

Ha pue. 3.7 moxkasans amuHma 1 = const, O = const, Xapaxre-
pu3ylome Ioje CRKopocTelf, M ceTHa TedeHms (MuHHE P = const,
H = ¢onst) pms BHyTpemHero TeueHHsA B yrie pactBopom Y/, m (A=1,

Q =—2), ma puc. 3.8 u 3.9 upuBejieHH Te jKe ceMeficTBa JHHWA A

TEYeHId, CO3ABAGMOrO THIIOJEM, ITOMEeNeHHLM B Hadaje KOOPIHHAT

r=1/,, 0=—0, 85). Bonee moapobHO NIpHMEepH »JeMeHTADPHHX pe-
2

mennit pacemorpenst B [10].
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I'nasa 1V

IlocTpoenne TowHBIX permenuii
B 10CKOCTH roforpada

Ilocne mpeo6pasoBanuma K miockoeTn roforpada ckopoer:m ¢GmibTpa-
I[MH 33/a9 OMMACAHHOTO BHIIe BAJA CBOJATCA K TANMIHKM KDPaeBBIM
3afiadaM A ypaBHeHAS BTOPOTO MOPAHKA

a @2 (w) allJ + ® a?ap 0 (0'1)

dw wd (W) dw | w2 902

B moaymnosnoce 0 < w << oo, 0 0 <0, ¢ ongAM IIA HECKOJBRAMHE
«IIPOMOJLHKIMEY PAa3pesaMn, T. e. paspe3aMd BHOJL JuHAR O = const.

OcHoBHO# crenuadukoil paccMaTpABaeMHX 347144 ABAAETCH TO, TTO’
001acTh, B KOTOPOIl MIETCA pelledme, COCTABIAETCA M3 DIeMeHTap-
ALIX Joaymonoc 0; < 0 < 0;4,, 0 <{ w << oo, mpAdYeM B CAIY BRIPOXMK-
nenna ypasHeHna (0.1) opu w = 0 o6xacTh MaMeHeHAA apryMedra w
B PaccMaTpUBAEMKIX 3a/la¥aX COBIAJ{AeT ¢ eCTeCTREHHOM 006JIacThio ero
u3menenna. JlomycraM, 94T0 OTHICKMBaeTcA oTpaHAYeHHOE MPH W —- 0O
pewenme ypaBHeHEA (0.1). PacemoTpum BHadame orpannYeHHOe IpH
w-— oo dIeMeHTapHOe pemienne ypasmesna (0.1) Bmpa

shsf
P(w,s) { chsﬂ}
d o d ()
d_w [Tt}%- W P(ZU, S)] + S2F P (w-, s) = O- (0'2)

Torma obmee pemenwme ypasaenns (0.1) B smeMeHTapHO# MOJIOCE
npejcTaBifeTcA UPH OOPeJe/eHANX YCIOBAAX B BHJE

0 (w,0) =\ R(s,0) P (w,5)ds; 0.3)
R (s5,8) = A(s)shs6 4 B (s)chs0,

rlie naTerpat Geperca mo coexTpy 3amaun mia ypasHeans (0.2) ¢ coot-
BeTCTBYIOMUME KpaeBRIMU yejoBuAMA. [lanbHeiinmee pemenne 3ajatn
cBofiuTeA K orhicKannio ¢yHrmmit A(s) m B (s) n3 yenaoBmii compske-
AasA A dyariau P (w, 0) Ha TpaRANAX 3MeMeHTAPHHIX IH0A0c. UTOGH
chopMmyapoBatTh 9TH YEIOBAA, HEOOXOAMMO 3HATH BHIDA)KEHHWE A
R (s, 0) gepes P (w, 0), T- e. EMerhb o0Imge pelmeHEe AHTETPAIBHOTO
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ypasuenns (0.3)
R(s,0) =\ K w,5)v@w,0)dw. 0.4

Qopmyam (0.3) — (0.4) ects He dUTO MHOE, KaK GOPMYJIH Da3loKeRHA
QyHKIAA W3 OUpeJIeIeHHOr0 KiIacca B MHTerpaj 1o coGcTBeHHBIM
dyarmuam ypasuenns (0.2). @opmyaa (0.4) onpepmensieT uoTerpaib-
Hoe mpeofipazopamme mo mepemenHo# w; dopmymna (0.3) maetr ero o6-
pamenne. Vmesa stm QopMmyns, MBI MOKeM HCIOJB30BATh AIA De-
nieHnsA 3aiad B ILUIOCKOCTH roforpada Belo OOHYHY TeXHWKY WHTEr-
panbpHEIX npeoOpaszoBanmii. B gwactHoerH, ecmm npeoGpasomaHHe
(0.3) — (0.4) coBmajiaeT ¢ OJHIM U3 XOPOIIO N3yIeHHANX HHTErPATBHEIX
npeo0pasoBaHAi, MH MOJREM LOJB30OBATHCA BCEMH TOTOBRIMH HpHe-
MaMH OOCTPOEHHA pelieHui, BIUIOTH /0 HCHOJIb30BaHHS TAGIHUI mpe-
o6pazoraHuii. IImennao Tax oGCTORT /1e)I0 OPH CTeHeHHOM 3aK0He (HIb-
rpamun (D (w) = w*), Korma cobeTrenHble QYHKIMYM — CTeNOHA W, A4 HH-
TerpajibHOe Npeofipasoranme ecth npeoGpasosanue Mesumana (eM. § 5).
B napyrux ciiytasx MoskeT oKaszaThes HEOOXO/HMEIM HePBOHAYAIBHO
HOCTPONTH COOTBETCTBYIONU anmapar. EcrecTBeHHO, 3T0 OIpaBAaHo
JOnis Opu HeoOGXOTHMOCTH €Tr0 NPHMeHeHHS K JOCTATOTHO HIHPOKOMY
Kpyry 3amad. Taxoii nyrh GbT BRIOpAH HAMO IJIsT aHANH3a TedeHM
¢ MpefedbHKIM IPAJHeHToOM TABICHNS; ITOMY AHAIH3Y NOCBAMEHH B 0C-
mosuoM riaass 1V—VI1. Eenn ske 1A HeKOTOPOTO KOHKPETHOTO 3aK0HA
QUILTPAI[Id pACCMATPHBACTCA IHINTE HeOOJBIIOE YHCIO «OIOPHHX)
3aja4, T0 MOTyT OKa3aTbcA Godee yAOOHBIME YHHBepPcalbHEIE MeTO/bE
pemuenus, Goliee IPOMO3AKHe, HO He Tpe0yioli@e IOArOTOBUTEIHHOM
paboThi.

§ 1. Hurerpanbroe npeodpazosanie 1Mo NepeMeHsoi w
opu (MUIBTPAIH € NpefelbHBIM CPANHEHTOM

[Tpu maprparmm ¢ mpemenbuniM rpajgueHtToM (O (w) = w -} A) ypas-
senme (0.1) mpmENMaer BHA

W W + M) iy + (W — M) Py 4 Yoo = 0, (1.1)
a ypasmenne (0.2) — Bug _
ww-+ 1) Y'(w +w—»7AY (w -+ Y (w) =0. (1.2)

Ypasuenune (1.2) ects wacTosifi caydall IHIOePreOMeTPAISCKOro
ypaBHeHusi; /s moctpoeHms QOpMyad pasioskenud ¢yermman f (w),
0 < w << o0, no coberrennnM Gyaruam ypapHerna (1.2) momHO HE-
HOJB30BaTH OOWEH MeToN, M3IoskeHHHN B kumre Turamapma [201].
B aroii kaure (pasmen 4.16) meransuoo pazobpaH elxydail pasiomeHns
no co0CTBeHHBIM (QYHRI[IAM rHIePTeOMeTPHIeCKOT0 ypPaBHeHU

z+ DY+ + @+ )2} Y 8Y =0 (1.3)
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(0 <z << ), mo gums mpm y > 2; ypasmenme ke (1.2), ecam
nonoxutk u = w/k, cosnanaer ¢ (1.3) mpr y = —1, @ = 0. Tem He
MeHee MCKOMEIE Pe3yNbTaTH yaaerca moxyunth [67], mourn 6yxsaabHO
HOBTOPAA paccy:xkneana TUTIMapina; pazaadue COCTOHUT JAIMH B TOM,
YT0 B KAYeCTBE OCHOBHOIO PENIGHUA, M0 KOTOPOMY BeleTcHA Pasioke-
Hue, BeIOupaered pelleHue

Pyu) =uvF 2+ is, 2 —1is, 3, —uw)

(F — rumepreomerpudeckas ¢ymxmaa [21, 115, 247]). B manbHeii-
meM Me OyeM TOJIB30BATEECA COKPAIEHHKM 0003HaueHueM

FQ2+4is,2—is, 3, —u)y=F (s, — v). (1.4)

B pesyasrate moaydum chegyiomme OCHOBHbE (OPMYIEH Pa3IOKe-
HAA: ‘

g =g u| S F 6 — g 0 (1.5)
g =41 +.0eFE —v)d. (1.6)

0

Dynarnmo g*(s) Ms GyreM HasmBaTh, Kak 0OL4YHO, TPaHEHOPMAHTOM
g (v), a dopmyny (1.5) — dopmymoii obpamenns.

Cormacuo [201] Baaummoe cootsererrue (1.5) — (1.6) noxasano
mia Gyusnmit ¢ (1), YNOBIETROPAIAX YCIOBHAID

S%gnu)du<w. : (1.7)

B 10 :xe BpeMA mpm pellleHHH KOHKPETHLIX 3a4aT NDPHXOMUTCA pac-
cMarpuBath (YHKIMH, He yHOBIeTBODPAMUE YKA3aHHKM TPeGOBAHH-
AM. B 9acTHOETH, NPHXOAWTCA paccMaTpmBath (yHKOEW, He YOI
Baloliue Ha GECKOHEYHOCTH W He o6pamanmuecs B Hyab upn u = 0.
Yrobr 0606muTE mapy mpeo6pasopanuit (1.5) — (1.6) m #a PyHKIUM
TAKOT0 BHAA, MOKHO BOCHOOJB30BATECA OOMUM HPHEMOM BHIXOHA B
KOMIITEKCHYI0 IUIOCKOCTH IapaMeTpa npeobpasoBaHdmsa s = ¢ + L T.

OpHAaKO Tmpesk/ie BCero HeoBXOuMo IOMYINTh HEKOTOpEe (OPMYIIBI
NIS 4acTo BCTPEYAIMUXCA B AaHHOM pafore TrHIePreoMeTpHIeCKHX
pynrmuit, BrBony 3tax QopMya NocBAmeH Cleaylomuil maparpad.
Ilaa ymo6Gersa B aToM maparpade N3lokeH Tarke PAX U3BECTHHX €Be-
JNeHud 0 runepreoMeTpuIecKuX (QOYHHIMAX, 9acTO HCIOIb3YyeMbIX B
TEKETe.
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§ 2. Hexoropoie cregenus
00 HCIONb3yeMBIX THIEPreOMETPHYECKHX (YHKIAX

Pacemorpny rinepreonerpmdeckyno GyHKIMIO
F(s, —u)y=F (2 +is,2—is,3, —u). (2.1)

Jra QyHEIUA TIpencTaBiseT coGoll MENyI aHATHTTIECKYIO dynrnmuo
HepPeMeHHOH s; OHA YeTHA 110 § B CHJIY CBOHCTBA CHMMETDPHH THIEPreo-
MeTpHIecknx QyHsnuii. OTciola B COOTBETETBHH ¢ H3BECTHOH Teope-
moit [loam — Bumepa [35, 228] momaygaem, uro wocmmye-mpeoGpa-
aosaume Dypre ot F (s, — u) mo s — uUUTHAA QYHKIOHA, T. 6. FOI-
RHO HMeTh MecTO IpeJcTaBIeHne

a(u)

F(s,—uy= \ /(r,u)costsdr, _ (2.2)

0

I7ie BePXHUil Npenen o (u) KoHedeH IIPH Ka:KAoM u. Hammamne mpexcras-

JeHus Bifga (2.2) Gyner Urpath CyIECTBEHHYID POIb B MOCIEAYIOMEM

H3JI0;ReHHN; ceifIac Mbl OJIYIHM ero B ABHoM Buje. Umeem
F(s,—u)= —

2 d . .
mwF(l—{—LS,i—ZS,Z,—u). (2.3)

Bocnoasayemest $popmymoli aHAIATIHIECKOTO HPONOIKEHAA THIIe]-
reoMeTpHIeCKUX QyHRITHIT

: _ _ oy @I (—2i)
F(1+is,1 —is,2, —u) = STy (i
XF(1 + is, is, 1 +2is,-—71-)+
L LT

. . 1
P (1 —is, —is, 0 — 205, — L) 4
20 i) F < is, — is is ” (2.4)

A 3aMeHHM QyHKOUHM, BXOAAMMe B NIPABYIO YacTh CooTHomeHma (2.4),
X WHTErPANLHBIME IpejicTaBiaeHnsaMua Jitmepa [21, 115].
Nmeen

. 1, ,
. . 1\ T2 £i-1 (f _ g)is
F (1 + is, is, 1 -} 2is, — T> = T TATH S TR dt
o
(2.5)

HoneraBaasa ato Buipaskenue B (2.4), moaydum

1 .
. . B T(—2s)T(14-2is) 1 ¢ ~*dt
F(Atis, 1 —is, 2, —u) = ZRE( % (I —is) I2 (i5) 7;8 XEEN) )’
4]

(2.6)
rae v =t (1 — /(e + ¥).
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Ucnompaya ¢opmyny T (2) T (1 — 2) = s/sin nz, momyaam

A . . 1 i
F(1+is,1—is,2,—u)=2Re( Sin? (rués) g Ve dt )=

— sin (2mis) mis p t(t+u)
1 s
th ns vis 2t v 8t
RS (S tE+u) +S t(t—L—-u))' (e
0 0
0603uaunm
R:‘: _ 1 v:F‘l-S dt . _ t (1 . t) (2 8)
1(37u)—gw, v—u—-i—t—' .
0

Ouesupro, materpax 8 (2.8) cxogarea mpm Im s < 0 m mpepcTaBiaser
coboll aHANATAYECKY QYHKIHIO S.
[IppauMas 3a mepeMeHHOe HHTErDHPOBAHAA Vv, JErKO HOXYIATH

1 Vg
a o) th b
§ AL _§ Vi
_ 1 { = dv 2.9)
u (Sf(v) v VAa—v—duv (29)
3nech v, — MakcuMasnbHOe 3Havenme v (£) mpm 0 1< 1, a ¢t &
!t~ — ]Ba 3HAYEHHMA {, OTBeYAMHUE JAHHOMY V,
=1 — 4uv;
v, =14+ 2u—2Vu@+1). (2.10)
Ilonaraa sarem
va=e", 1n=|lnv|=—lnv ’ (2.11)
n ucnoabaya (2.9), Moxxuo npmsectn BHpaxkenme (2.8) K BAmY
1 o Sh%dq 8
R (v, s)= TS emins . 3 u=sh*4 (2.42)
’r‘ .
8 sh’T—-shzT (Ims<0)

Ilpa 1 — oo apo6s B HopmHTerpasbHOM BHpadkenn: (2.12) crpe-
mutea K eppaune. [[o6aBaada m BRMETAA 03 Hee eHHHAILY, TOLYIHM

: o 1

_ 1 isB sh 23
Ry (u, s)= o S
8

+\ e-ins -(Shz%—sm%)% —1|dn;.

is

(2.13)
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Ipencrannense (2.13) naer aHATATHIECKOE TIPOKOTIKEHNC Ry (v, s) Ha

noaymaockocth Im s << 1 ¢ BHKOIOTOH TOUKOH § = 0, rme Ry (u, s)
AMeeT IOJI0C.

Taxam oGpasom, memoanaya (2.13), moaydaem ma (2.8)

F(L4is, 1 —is, 2, — 1) = — 22 (R} (u, 8) + Rj (1, )] =

2ms
n , N B -
_ thas | sinsg _”.“ cOsS Ms (511—2—,— sh? —- —sh?—5 ) p
s s a3 1
B 1‘3_]_ h? I
| Sh 2 — 8h- 2
(|Ims|<<1) (2.14)

PaccMOTpPHM TI0 AHAOTHE ¢ TeM, KAaK 9TO [/IAeTCA B TEOPHH QyHK-
muit Jleskamgpa [115], naverpan

sh % -+ il/shz—%- — 5112—;]—
I= R eins

¢ ‘/ 5112—2— — sh"‘%

B3ATEI [I0 KOHTYDY, COCTOAIIEMY WH3 TIDOXOJMMOIl €jleBa HAIpaBo
JeiicTBHTeNBHOR ocu ¢ 06XonoM Touer 1 = = f cHEH3Y TO MambiM
[IOIyOKPY/AKHOCTAM, M DaBHHI eMy uHTerpat [’ mo npsaMoi Im n =
— — 1. IIlpupaBHUBas 3aTeM HYII0 BeWECTBEHHYI M MHUMYK HacTH,
nMeeMm pasa [

an,

sins ¢ sh _2“ — ]/ sh? % - shz—g—
I=i ‘ —Rcosns 2 ¥ s dn —
' 8 l/-sh“!l — shzi
2 2
a sh—g-
_Ksinns N —; 2.15)
g l/ Shz%_shg n
B To ke BpeMa
o ¢ -8Bt
GhT_VS])ZT+ch2 T
I'=T= — e\ costs dr. (246)

[} Vshz_B_ + ch? _t.
2 2

Taxkuum oGpasom, memoasays (2.15), (2.16) m (2.14), monyunm

sin nssh —g— dn

€]
F(1+is,1—is, 2, —u) = th as S

2nisu 3 n
Q l/sh2 T — sh? 5
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t TRt
& ch -5 — V Sh’—g— + chﬁ—‘z—

— e—“sS costs S dt
0 V‘sh“‘-—g——l—chz-.—[
. 1
_ thas § sm’qssh—-é—dn
T 2msu | —a
DY el
t B i
by c¢h— — -l/sh2—--|— ch? o
—ems S costs I S T - dt| - (247) .
T e ey

B peayabrate umeem

: M
1 a sin s sh 5 dan

o\ ———
3 Y sl sty

[Tpemerannenue (2.18) Gymer mupoKo NCIOIB30BATHCA B LOC/IEAYIOMEM
N3JI0KEHNH.
Coraacno (2.13) u (2.18) nveenm

F(-+4is,1—is, 2, —u) = (2.18)

. 1
F N 2 d 1 8 sin s sh—5- dn (2 19)
(3’ '—u)_‘ - sl £ s9) rm TS T—_n_ 5 .
3 Y ol — o
u = sh? % .
Otryna |
9 g Sh—g—sinns—sthz-g—chg-cos nsd
F(s’_u):ns(i—l—sz)uzg —_B———_T ’rl_
0 ]/shz—z- — shﬂ—z—
B ——————————— e
. 4 . n B K3
T st SS‘“ ns sh—- 1/5“2 - —sh?—-dn. (2.20)

0

AHaJgoruYHHM 06pa3zoM MOryT OHTE IOAYUeHH clefyiomme IIpen-
€TaBJEHHUA, KOTOPHe HMOHANOGATEA Lo3fHee:

Fis,—is, 2, —u)=Fy(s, —u)=

1 8 sh-E—(chn—shz-g—>sinnsdn
=

N

4 tl2—B— l-—t— i thossr
1 Sscn 5~ sh Zsmsr—l—c 5

Tl l/—T—F
0 sh -—2-—Sh 5

dx. (2.21)
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Hapany ¢ npueelleHALME IpeNcTaBieHUAME B BOge MATErpasa o
KOHETHOMY OTPe3Ky 3HAYATEJIhHYIO DOJIFP UTDAKOT B ,T_[aJIbHeﬁ[]]]eM npen-

craBieHns;, aHaixoruaaere (2.14). Ilpesje Bcero, wemomssys (2.14)
m (2.3), monyamm

F(s,——u)—:—F(2+is,2—is,3 —u)=

th ns th s
T F e du L (RY - RY) = =i B+ R (2.22)
r/e
o n . n
. d 1 ShT—LsthzTchT
RT(S,U)Z,TURT(S,u):—FSemS ; dn
# l/ 2 —shtg

U OUEeBM/HKM 00pa3oM MoeT OHTHL NMpPOJO//KeHAa AHATUTHICCKH B
HIKHIOO IOJYILIOCKOCTE. Jlajee, MOCTYIAA NOJ0GHO TOMY, KAk IpH
BhiBoAe dopmyan (2.14), MORHO HOJTYyINTh IpeJCTABICHOE

Fo(s, —u)=F(is, —is, 2, —u)=

i (1 +u) d _
- 4;((1 g thats o (DG (s, 1) — DG (s, W] =
{4 _
= 1 i athas (g + Ro). (2.24)
3nech
= S on <Ly L T e L
Dy = —ws B = . (2.25)
3 <5113—.2- — sh? %) 8 (shz% — shz—g-) /

OT1MeTHM, 970 CXO/CTBO KaK caMux (opMyJ HHTETDAJLHHX Ipe-
crapjeHHil, TaK W MeToJa WX IOJYIEHHS € COOTBETCTBYIOIUIMI WH-
TerpaJIbHBIMI OpefcTaBiaeHmsamn ¢yHxEl Jemasapa Heemywaiivo.
[emo B ToM, 9TO paceMaTpuBaeMoe ceMeilicTBO QYHKNIMA CBA3aHO €
¢yurmuamun Jle;kaHapa cooTHOmMeHHEeM

Fnt+is,n—is,c, —u)=

n—~c+1

N . T@T @)L (—is) d" u 2
_(hi) 2l (n+is) T (n —is) g™ [(u+1> x

X (PR (1 20) + PR (142w)] (2.26)

KOTOPOe MOMKHO IOJYyYHTH, NCIOJB3Ys1 060y cBA3b Gpyurmuil Jlexan-
Apa ¢ rnuepreomerpmdeckumn gpyuxuusamu. WUa (2.26) moxuo momy-
YNTh W OPHBeJleHHEe WATErpaJIbHbie IPEJICTaBIeHHA, OJHAKO COOTBET-
CTRYIOIHE BHYUCICHUA BECHMA TPOMOBJIKIL.
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§ 3. OGoOmenue maTerpamLHOre NMpeoGpasoBanmsn
o nepeMeHHOR w

Bocmoneayemes BuiBeieHHEBIMA GOPMYITaMIL JUIA TOTO, 9TOGHL HECKOIBKO

06o6muTe gopMysl pasioskenus M o6pamenna (1.5) m (1.6). m pac-

mMAPATH UX 06TacTh DpuMeREnMoeTH. [{JIA 3TOro mpEMeHNM o6mmit mpu-

eM BHIX0/]a B KOMIUIEKCHYIO INIOCKOCTH mapamerpa s [35, 200].
TTomoxmm

2

B | |
i (ersh 1) s B e L an. (30)

0

Qi (s, u)=

Ouesnmao Q% (s, u) — nenme amammTHIecKme YHKINA S, DKCIOHEH-
OUAJIbHO YOBIBAKNIME COOTBETCTBEHHO B BePXHeil W HIWKHeH molry-
wiockoern. Cormacao (2.20)

F(s, —u) = - [Q* (s, u)— Q" (s, v)]. (3.2)
Nrrerpanm
6 ()= (1 +v) 0% (s, v) g (v) dv (3.3)

PABHOMEDHO CXONATCA AJA M0G0l orpanmdenHoil ¢ymkmmn g (v) upn
Ims > 8 > 0 (coorserersenno npum Ims < — 6 << 0) u mpencras-
1107 €060l aHanmTAYecKkue QYHKIAHA S B COOTBETCTBYIOMAX MOJY-
mIocKocTsAX. [lamee oHM HA3HBAIOTCA «ILTIOCY M «MHHYC-TPaBCHOpPMAH-
TaMm» (npeo6pa3oBaHuaME) QYHKOUA g. .

Ecam cymeerryer ompepenennas e tpanchopmanta g*(s), To

g*(s) = [G*(s) — G~ (s)V/is.

ITpmwaem G*(s) = G~(— s).
Henonrays (3.1), mnpemcrasmm «mwmioc-rpascdopmantys G*+(s)
B BUJIE

6 () = =\ eg (n) dn, | (3.4)

roe

[e <]

gE(m)= Sh% S v g (v) l/v — sh? —g dv. (3.5
n

sh2
2

Ouesupro, yuxmna g (n) onpegemena mia moboi pynxmmm g (v), pac-
Tymeid mpu v— co me Omcrpee /v, ¢ > 0. Coormomenue (3.4)
noxasmBaeT, 410 G*(s) ABAAeTCA «umoc-upeo6pasopannemy Dypre
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$ynrman Z (1) B o6branon exmiene [200], m notomy o dopmyme obpa-

[OIeHAA
‘ o-tie
10 =~ S 3G (s)ds, ¢ >0. (3.6)
—oo4-ic

Jouyermy, aro § (E) maiigeno. Torma mna g (v) mMeen ypapuenme

g(E):sh% S g(l)]/u~sh27__,

(3.7)
sh2
IToaarasn

=, y©=g0/), (3.8)

3T0 ypaBHeHHEe MO;KHO NPHBeCTH K BHAY ypaBHenms AGens [84]

- @ g
od -
5112T -

(3.9)
Peman oro ypasHeHuHe, Halizem
_taf{ Xxpa_ 1{XQd .
1 () = — dm§—vm—c - §_Vm—c , (3.10)
noekoasky u3 (3.7) u (3.9) cxexyer, aro X (0) = 0.
Hamee,

_y=d_ VYo d {X@Qd
y(@)~V‘D o S

© t do YVe—C
Momowmm v = 1/w. Hoayamm
1 ' Y x4
a, 0 X' (D) d¢
g(U)Zy(‘D):_TU'Ed_}.S%- (3-11)
Q V 2/_‘ — c
Tarum obpazon,
9% d o — ch—73 (£) — sh = ¢ (%)
g(v)=— ; (;,, v X /- = dE.
— 2= i
2arsh Vo ]/ sh 5 7 sh? D)

(3.12)
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[lomcrannas ciopa Buipaxenme (3.6), momryanm Gopmyay obGpa-
meHAA B BHAS

o fie € ch— fissh—o
1 d — 7y 2
g(U) = — z—n S VY a7 VU Gt (S) S —_— X
—oot-ic 2 aresh Vo -I/Shé’—g— —?
dg ' x+ic d
—1. Z_ e S/ﬂ
X et X ds = o S vl — X
sh?—- —ootis
1 & isG* (s) (2 sh? % — shz—g—) .
< |-\ 2 2 ) uegeds. (3.13)
v = sh? % .

MoskHO MOKA3aTh, IT0 BHPAKEHHE
£ g
_ 2 e¢h —— 1 issh—3—
Ve i Sl S

2 aresh Vo -‘/Shgé —v ShgT

pPaBHO B ofmeil o6xacTa AHATATHIHOCTH

is§° sh% -{—isch%bh?%

“/kshg%——v
Taxmm 06pa3oM, OHO NaeT aHAIATHYEeCKOoe mpomosbxeHMe R (s, v)
BIIOTH 70 mpaMoi Im s = 1.
B pesynbpTaTe MO:KHO DEPEHACATH upe;c[cTaBJIeHne (3-13) B Bume
oof-ie
v? . —
gv) =2 () isG* (s) B (s, v) ds. (3.14)
—oo'—l—ic
3aMeTHM Temeps, YT0 B CHNYy AHAJHTHIHOCTA M BKCIOHEGHIHANDL™
HOro yOmBamma G+ (s) m R* (s, ¥) B BepxHeil TMONIYIIAOCKOCTH HMeeM

e~i2 dE = 2isv?R™ (s, v).

oo--ic
2 a
Ln g isG* (s)R* (s, v)ds = 0.
—oot-ic
B pesynprare MojkHO 3aunmcath
. o-t-ic
g =% | sG @@ +R)ds =
—oot-ic
cotic
= i S s2(1 - s?) oth sG* (s) F (s, — v)ds. (3.15)
—oot-ic
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COBGI)I.HGHHO AHAJTOTUIHO MOKHO IDOJTY9IHTH

x—iz

g{)= — iv? S s*(1 + s*)ethns G~ (s) F (s, — v) ds. (3.16)

—ox—ir

Eenn npencrasmenna (3.15) n (3.16) coxpanAT eMHCH BILIOTH
IO BeMIECTBEHHON OCH, TO, CKJIAABBaA WX, NOIYyIAM

oo

2 31 2)
gy =5 \ S e (90 F s, —v)ds, (3.47)

—_

T. €. BHOBE dopmyny obpamenus (1.5). Horma nepexon ¥ aHTErpupo-
BAHMIO 0 BEIECTBEHHON OCH HEAONYCTHM, MOTYT GHITE METONB30BAHK
npmeegednaso puine coorHomenus (3.14) u (3.15). Jlamee, nemonbaysa
COOTHOIEHH®

1 co—ic

—u? S isG~(s) R~ (s, w)ds =0,

—oo—ir

MOKHO 3ammears QopMyay ofpameHnsa B BHIE

octin

g (u) = L: R isGt (S) R (S, u) ds —
—:";:‘*—i"
u? =t 42 ocot-ie
— ,7#05)“‘ isG™(s)R™ (s, u)ds = — T_@Sﬁ( ¢ (s) R~ (5, u)ds.

(3.18)

PacemorpuM B KauecTBe TIpHMeDA 9AacTO BETPEYAOMIYIOCA PyHK-
A0

g)=H(a—u), (3.19)
rne H — dyurnnsa ckauxa XeBucaiifa.

Unteen

a

g (s)= g(l +e)F (s, —v)dv =

0

2

(1 — Fo(s, — a)]. (3.20)

52

Taknm of6pasoM, «IpsAMoe» IPeobPa3OBAHHE BHYHCIACTCA B TAHHOM
enygae snemertapro. OqHaKo BHIOJXHATH ofparHoe mpeoOpasoBaHme
o gopmyne (1.6) HemocpeacTBOHHO HENIB3sA H3-3a MeJJIeHHOro yOnBa-
aas g* (s) upu s — oo,
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WUcnonbaya mpepcranmenne (2.21) pas F, (s, —a), momoscum

g (5) = 16" (5) — G~ (o),

E ¢ sh 1/at (ch T — sh?1/z ) ist ‘
GE(s) = + —+ 2nas2 S Vs etissdy, (3.21)

a:shQ—;—oc.

B supawennax (3.21) MomnO0, cunTam s AKAMEAM B COOTBETETBY-

IOI[[BE OOJXYNJIQCKOCTH, nepen'm K Ipepenxy opa @ —» oo, ]IO.TIY‘IEB opra
9TOM

G* (s) = T 1/is. (3.22)

Taxum o6pasom, nmeem (mo kpaitHeii Mepe, (bopmanbﬂo) COOTBET-
CTBHA

H@—u)<>252[1 — Fy(s, — a)]; 12572

(3.23)
H(u— a)<-252Fy (s, —a).

Horaskem Tenepn, kKak MOTYT GHITH MONYYEHHEL COOTBETCTBYIONIEO
dopmynsr oGpantenna. Iycrs

g ()=252%  GE(s)= F1yis. (3.24)
ITo dopmyme (3.6)
1 oco-fic dn 1
gm=—7 | emd=tn (325
—ootic

Haiee, mo gopmyane (3.12)

N N R T A
gv) = — —-v¥ 2| v R = —1. (3.26)
2

2 arsh o'/
Taxmm 06pa30M, COOTBETCTBHE
152572

HOJTHOCTHIO MOKA34HO0.
ITycrs remeps

* . _ + 0 i ¢ sh /2 ¥ sin st (ch v — sh? o/2) dv
g (s)=— Fo(s, a), G*(s)= 4 338 Sy e —swE

(3.27)
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Tipa f > « upencrasaM Gopmyny o6pameHis B Bije

f-ie
g =—2 \ orER @ ud=
—oc-tic .
e d ‘ cotie 1 Pl (ch% +issh —§_> e dE
=g | | TP —o ds
A P\ g 1/ £ 8
cot-ie f shz':z Shz.—‘z — sh? 5
(3.28)

B emny yemosna [} > o (¢ > a) MO/RHO 3aMKHYTh KOHTYD HHTe-
FPEPOBAHHAA Jyroit GeckoHedHo GONBIIONO pajgumyea, pacuoIoykeHHoli
B mmuHe#d moaxymiockoetit. [Ipm orosm mosmydnm

g(u)=—2u | Vie \ - |=1. (3.29)
8

Hamporus, mpu f << ¢ aHaJOTHYHHE PACCY/RICHHA NPUMEHHME, OC-
JH BOCHOJB30OBATHEA HpeacTaBieHneM (2.25). Ilpm arom jerxo moday-
9UTH

g(w)=0. (3.30)

TeM caMuIM JOKAa3aHO NOCIeTHee COOTBETCTBUE (3.23).

§ 4. Hexoropbie TouHble pellieHis 3afa1 b rpangn
¢ HpefenbHbIM TPaiieHTOM

1. PaceMoTpuM CIeRYIONY 3a7ady [IA VpaBHeHHA (1.1):
u (v +1)‘lpuu+(u—1)‘lpu+‘p93:0; 0w = wfk < 003
(4.1)
W, 0)=0; P, 0)=gdu—a; O 0=0 (42

HpuMeniM K ypasHenmio (4.1) BBesieHHoe BHIIe MHTErPATLHOS upeos-
pa3zoBaHne II0 TePeMeHHOM &, T. €. IOMHOKHIM (dNua(l+u)F(s;—uw)
n mpommrerpupyem B mpegenax ot 0 go co. B pesyaprare moayauM
mocie WHTErPUPOBAHHA IO YaCTAM

PO (5, 8) — — 2(0, 0) = 0. (43)

B paccMarpmBaeMoM cijrydae mpaBas 9acTb B CHIY yeaoBuil 3aadu
pasaa mymo. TaknM o6pasoM, YUHTHBAA TPAHMUHLE yCJAOBNA (4.2),
nosygaeM i npeoGpasoBannoll GyHRIUE P* (s, 0) eregyomyr Kpa-
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eByio 3apady:

%*SZ‘P' =0 90)=0; P @)=q( +a)F(s, —a). -

(4.4)
B pesyuasrate mmeenm

Y* (5, 8) =g (1 -+ @) F (s, — a) shsO/shsd,. (4.5)

Ucnomnaya ¢opmyny o6pamenns (1.6), momyumm

P(u, 8) = q(i—;a)lﬁg $3(1 45 shsH F(S, —u)F(s, — a)ds. (4.6)
0 . .

th 5ts sh s, .

2. HerpynHo nmomars umamaeckuii emurca MOCTPOEHHOT0 pereHus.
Uenmonnsya gopmymn BO3BpaMeHns Ha QHINIECKYI0 MIOCKOCTh, yOe-
AuMcd, aro aaarn 0 = () oTBewaer KoOHeYHELH OTPE30K OCH I; OTPe3Ky

‘v = ( — KoHeTHAA myra 3acroitmoii 30HH, a orpe3kaM 0 = 0,, u >
>eu =0, au<a— IyYHd, COCTaBJIAIMEEe yrolt 8, ¢ ochklo Z.
Taxnm o6pazom, nocTpoentoe pentenne npu O << 8, << 7 oTBewaer
00TeKAHUI0 IIOCKAM QRIBTPANMOHHEIM HOTOKOM €0 ckopoersio IV =
= @) Ha GeCKOHeYHOCTH HeIpOHWIAEMOl TpaHuIH (¢CTeHKW») ¢ yeTy-
nom (pue. 4.1).

Hoaysennoe pemenme mpemcranmser HATEepec B TOM OTHOMICHHH,
UTO HOBBOJACT OIEHUBATH, XOTA Gil rpy6o, pasmepH 3acTOHHMX 30H,
CO3/laBAeMEIX MPENATCTBAAME B (HALTPAIHOHEOM IOTOKe BABKO-IIIA-
CTIIecKoH sxmaKroctr. [lus pacerosama 04 mveem

x

39 Jo—p u? 22 th ms sh s0y

0A1:z4: 1 §<ﬂ> du _ q'(1+a)S #F (5, —a)ds 1)

A
0 0

®opMa rpanumm 3acTORHON 30HLI ompepnelisteTcsl OOMUMHA COOTHOMIE-
My (4.21) raassr 111, Tlogerapnsasn B mnx (4.6), momyumm

]
2(8) = 74 +—1—Sewx(e)de=

0-

— o
&zA_{_"q(i—l—a) eieiosf‘(schsﬂ——tshse)
- A

F(s, —a)ds. (4.8)

9=0 .

th s

0

Bripaikennem (4.8) Moxmo mompaoBaThes opr 6 << 0y; mpm 68 = 8,
Hen3A auepeHnnpoBaHAe W LIpejelIbHRIA mepexof| BEIIOJIHATh ITOX
3HaKoM mHTerpaia. llosTomy mpepenbmmii mepexox mpm 0 — 6, exe-
AYyeT BHIOIHATH HOC/Ie BEYHCICHUA mATerpana (4.8).

3. Brrumenenne HHTEerpasoB B coorHomenuax (4.7) n (4.8) MozKer
OHITH IPOM3BEEHO ¢ MEIOIb30BAHAEM HHTErPAJIBHHX IPedcTaBICHHIT,
ycTaHOBIeHHHIX B § 2, n panos Taycea aia runmepreoMerpaaecknx QyHK-
numii. Ilocnexnee mpencraBaenue yRo0HO HWEHOJIB30BATH OPH MAaJIEIX

3 M. I. Bepuagmuep ) . 65
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3HAYEHWAX @; Npu GONBIUX a ynoGHee mpeobpasoBarh HHTETPANH IO
noxynpaMoi s > 0 B HHTErpaNsl nmo Bcel ocH — o0 << § < 00, a 3a-
TEM, NIEPEHOCA KOHTYD HHTETPHDOBAHHMA HA UPAMYI0, DADALIEIbHYIO
HefCTBATEIBbHOA OCH, IIOJNYyYATH REpa)keAme piasa r4 u z (0) B Bape
pana. He ocraBapianBasce Ha [eTajifax BHYACICHHHA, OTMETHM JIHIIb,
9TO WHTErpansl, Bxogsamue B (4.8), momyckamor caemyompme Ipen-
CTABJIGHAA:

(e}

I___S s3sh sO F(s,-—a)ds: sin 0

th ms sh sQo a®(a +-1)sinfo

oo Ll . A 2
_ 2sin (ﬂe/eo)S sh—p= ch— (25h2 5~ —sh2— )d"l . (4.9)
a® (1 -}-a) 0o o o an\?
a sh? - — sh?—- (ch =+ cos 90)
¢ stchsd 8
ch s €08
L=\ wrsaa P —a)ds = gotits —
0
o M N n 2
= sh gy e (2500 - — w3 X
. S
@ (@+1)6 J l/shﬂ%—shz%
’ e \ .
cosi(;—0 2sin2nTS 1
x| — o+ T s (4.10)

— m nd
Z = ch 5= 4 cos .
ITpruem

I (8y) = a?(a + 1); ]
" n n L3
= Fern aZ(aJrl)eﬁS NN PR
> 51728, sh?—- — sh? 5~

(4.11)

IMoncanraem Temeps «BHCOTY BHETYHA», T. . PACCTOAHHE MO HOP-
MaJd K rpanune Me;xny anauama CO n BC Ecnm xy, 1 yo, — KOOpHAA-
HATH TOYKH B, To

h = zy, sin 8y — y, 050y = — Im (25, e-i%) = q (1 + a) I/\. (4.42)

Taxum o6pasoM, <HHTeHCHBHOCTEY §-QYHKIAN ¢ M BHICOTA BHCTYIA
h cBA3AHH €OOTHOMIEHHEM

g = Aa®h. (4.13)
4. Cnyuait npamMmoyroasHoro ycryma. Hano-
Jiee TPOCTOR YACTHHIA caydail — mpaMoyroabamid yeryn (0, = %n).'
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B aroM caywae muterpasan B (4.9) u (4.10) MoryT GBITh BHIUWCIEHEL
B KOHeYHOM BH/E; aKTHUIECKH pacdeT B 3TOM CIydae IPOBOJNICA Hec-
KOJIBKO HHHM, 0olee TPOMO3IKAM, CIIOCOG0M, TPHBOJANMM K BEIpA-
JKEHASAM, ¢ TOUHOCTLIO 10 3AMEHB ePeMeHHON COBIAfAIOIIMM ¢ IpABRe-
nenHsME Beime [27]. Peaynbrarsr pacuera mpejcTaBieHH Ha puc. 4.2
(mOKA3aHH TPAHHIH .3ACTOAHHYX 30H H 3aBHCAMOCTL GespasmepHOM
IUIOMANHA 3aCTOMHEYX 30H S/h? OT HHTEHCHBHOCTH IOTOKA a).

Han6onee Bakaasg M B H3BECTHON CTENeHM HEORHJAHHASA 0CO0eH-
HOCTH PeayJIbTaTa 3aKJOMAETCA B TOM, UTO 3acTOHHHIE 30HH, BoOOME
rOBODs, CPABHHTEIBHO HEBEAMKI BILTOTH 0 BechbMa MAJIHIX 3HAYCHMI
napamerpa @. JT0 HOKA3HBaeT IpeHIe BCero, 4ro HHTYUTHBHOE mpes-
cTaBjeHne 06 ONMACHOCTH HOABICHHWA 3ACTOHHHX 30H («reHeiiy) npm
oOTeKAHHN LPeNATCTBAN (UILTPANNOHHHEIM IIOTOKOM BA3KO-ILIIACTH-
TeCKOMH JRIKOCTH He¢KOIbRO 06MaHInB0. G APYroil cTOPOMEL, 3TO 103-
BOJIAGT TI0AB30BATHCH ACHMITOTHKON MajHX ¢ IIPH pacdere OpaKkTH-
YeCKH WHTepecHHX CIydaes.

OTMernM, 9T0 B JaHHOM cIydae

I0)=0; I(,a)=a?(a+1) : (4.14)
S 1 a(—a) -
hO=aamll = e (415)
12 (1 —a?) [ n —
Salal St A L B 2a. ).
+ i 2(1)5‘2< 5 arctg Vl -+ a)]
IIpn 6 = Yym
. 1—a x—2arctg Va
TaxmM o6pasom, [Ia Toukd B eXona sacroiinoii somst uweem u3 (4.8)
. 13 n—2arctg Va

nnpu ¢ — 0
h

ygzsiﬁf[l——(3——%%>a4—00ﬁﬂ. (4.18)

Coornomenna (4.17) u (4.18) no3sonanT rpy6o omeHHBATH paswephl
3ACTOMHRIX 30H.

5. TlomyuenHnoe pememme (oGosHaumm ero wepes P, (1, 8, a, 0,))
M03BOJIAET IOCTPOMTH DA APYTHX TOTHHIX PELICHWIl, HMEIOMHX HHYIO0
$UM3HIECKYI0 MHTEPIPeTaluIo.

Paccemorpum

b 0) = \ o (1, 0, a, B)da =

b

:Wﬂsu+mmﬁ

(T 725 1 500 F (s, —u)[Fo(s, —b)— Fo(s, — )l ds.

(4.19)

0



¢ 4 VAN
.
-2
&y @ NI
0\\ N N Z
g A
N
N
Pae. 4.4

Pemenue Buna (4.19) ymosmersopsaer ypasmemmo (4.1) B Toit 3xe
TOJYIION0Ee IPA KPAEBHX YCAOBHAX

P, 0 =90, v)=0. Y, B) =0(u<<b mm u>c);
P, 8) =g <uo) (4.20)

Ucnonbays dopmyns BosBpamenus Ha UaHuecKyo IIOCKOCTH, Jer-
KO0 yGenatsesd, aro pemenme (4.19) orBevaer PUIBTpANEOHHOMY IOTO-
Ky Mexly NPAMOJAHEHHOX H CTyNeRYaroll HempPOHUNAeMHMA IPaHm-
namu (pac. 4.3), IpEYeM ¢ — NONHEN PAacXojy MOTOKA, a PACCTOAHAA
MeIy TPAHANAMYA B Y3KOI 2, W MADPOKOH A, 9acTAX PaBHH

hy = qlch, hy = q/Ab. » (4.21)

CooTBEeTCTRYIOMMEe BHDAKEHAA IS KOODAWHAT TpPAaHUIH 3acTOHHON
30HBl MOTYT GHITH HalifleHEl MHTerpHMpoBaHmeM 10 ¢ BHpaskenns (4.8)
U TIONy9eHHEIX M3 Hero yupolmeHHHX NpecTaBleHdmi pasgena 3 naH-
Horo maparpada. :

He ocramaBnmmasce Ha 3toMm Goiee noppobHO, mepeiiaeM B pe-
mennd (4.19) & npeneny ¢ — co. IIpm bToM pemeHne HpAHEEMAeT BHJ

o

Pp=1(u,0,b, 8))= quzg %cﬂ F (s, —u) Fy(s, — b)ds.
. 0

(4.22)

Cormacro (4.21) mpu atom A, — 0, Tak 9T0 B mpexeie MOIYIaeM KOH-
¢urypanmio pme. 4.4, T. e. TeueHHe, coagaBaeMoe TOYCTHHM MCTOT-
HUKOM, MIOMEMeHHKM B Hadajie Koopamaat (. Brosp mamGonee mpax-
THIECKN MHTePeCHHH ciydail oTegaer 0, — 1/,n. B cany emmmerpnm
OH OTBeYaeT TeYeHUIO, CO3NaBaeMoMy GeCKOHEYHOl MeNoIKONi HCTOIHH-
KOB ¢ PaBHHIM [e6uToM 4q, Haxomamuxca Ha paccrosaum 2L = 2q/Ab
apyr or apyra. Takmm o@pasoM, moxydeHHOe pemeHHe MOJEIHpYeT
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9acTo BETpedanniyocsa B HeTelpoMHICI0BOil IpaKTHKe €mETeMy pac-
HOMOeHNA CKBAKHH [IAHHEIMU PATAMH (IedOYKAMH).

KoopauHaTsi rpaHuI(sl 3aCTOMHOM 30HBL HOIYINM, BHTETPADYA BHI-
paxenne (4.8) mo a or b Ao oo. Hmeen

% ¢ s(scth—ishsG)pi"
2(8)= A S th s sh s0o

Fo(s, — b)ds = L [Ty — I,].
[1]

(4.23)

IIpn6ersenM K TOMY @ HPUeMy, UT0 W TDH BHBOjE BHIPAKGHHH
(4.9) wm (4.10). B pesynnrare moayaum

in -2 o 1 1 3 h? 8 dn
sin 6 SN T, shmym\ehn—sh"73
Iy= ot — bﬁuﬂ S - - (4.24)
3 Vsllz—i‘—sllzT C®,7m)
n
: a0 b4
030 . °°sh%(chn—sh2%><l+cos—ﬁch 62)05“
Is= Zpsinte — beog —n .23
3 sh‘-’-T —sh? 5= cz(9,n)
(4.25)
—ch-M il
C(®,m)=ch % + cos -5~ -
Tax gto
R apeTY cos 0 J-isin§
2 (9) Ab et sin Qo +
9 Pl sh%-(ch'u]—sll?—.g—)
+9—°g a1 5
8 Vshz—2———sh2—z—
0 n o
%(1+cos—g0—cll—%>—isinm—0(0,n) 496
o cT0, M N (4.26)

OnpeneanM KOOP/MHATH BEDNIMH 3aCTONHOI 30HEHI, OTBETAMIME
yraam O = 0 m 0 = 0,. Mnmeenm

© gh—L B
1 9 K sh 5 (chn—sh2 2) dn
sin® 92 ) n 3 an
"3 l/sm?_shd 5 1 ch

(4.27)

n 0=




) n e sh%(chn—sh’%)dn
21 (00) =~ el ctg B, — i + S BT W .

9_3 a l/slﬁg— sh“‘% (ch -%2—— 1)
(4.28)

Ha pue. 4.5, 4.6 nokasano pacmonosenne u pasMepsl 3acTOMHEIX

30H B ABYX Ham0O/Iee MHTEPECHEIX caydanx 9, = 57, 8, = m). Ha-

OHOMHHM, 9YTO0 Ie€PBHIA u3 HUX co-
OTRETCTBYET TeIeHUI0, CO3[4aBaEMOMY Ife-
MOYKOH pPaBHOXEOMTHEIX CKRaj<HH, pac-
HOJIO}KeHHOH B HeOorpaHHYEHHOM ILIacTe,
a BTOPO# — TaKoil ke IMemOdKOiL, pacno-
J0EHHON Tapallie]IsHO HenpOHHIAeMol
rpaHune (3kpany). 3a XapaKTepHYI CKo-
poctb U B 060HX ¢Iydasx B3ATa CpeqHAA
CKOPOCTH IOTOKA BAAMM OT Heuouku. Buan-
HO, 4YTO BO BTOPOM CIydYae 3acToiiHue 30-
HH 3aHUMAKT Y;Ke LDPH CPABHATEIBHO X b,
HeGOJMBUINX MHTEHCHBHOCTAX DOTOKA b —
= U/\ nourm Bce npocTpaHcTBO MERIY

MEeNOYKoR M 3KPAHOM. / / ;

Paccyorpmm crenyromyio zagaay g ¢ - £
ypasnennsa (4.1): » momynonoce 0 < 0 < 7 4 z/L !
<O 0K u < oo '

g—g(,:eo: 00<u<<=);  H=0(m=0) (4.29)

Y=00=0; u<d) Y=q (0=0, u>b).

YL
B[

AMHHHITETT E E TS

Pre.~4.5

Ouepngno, nmckomoe pemesnne (oGo3HaunM ero wepes v,) coBmamaeT
C perieHneM 3agaTd B HOJNYI0N0Ce MUPHHEK 0, = 20, npu caMMerpmy-
HHX YCIOBHAX

P (w, 0) =Y (1, 8;) = qH (v — b). (4.30)

Hoaromy pemerme 1, MoseT GHITH BhpaskeHo 9epe3 MOCTPOSHHOE BHIMO
pemenne 1,

‘\pz = 'lpl (u) e’ ela b) + 1191 (u1 e1 - 91 61» b)' (431)

CMEICT TONMyYeHAOro pemeHws Ierko BHACHAGTCH; 3TO pemennme o0T-
BETAeT TeICHNI0 MY HeIPOHAUaeMbIMI IapaiebHHMA OCH X Tpa-
HIIAMA, CO3/[aBaeMOMy HAKJIOHeHHOi mox yraom 0, + Y/,n k rpanmne
JUHAH MOCTOAHHOTO Hamopa. Hrepecen caywait 0, = l/,m, €00T-
BETCTRYIOIIMA TEYEHHIO, CO3XABAEMOMY TPeI{IHO, paccMaTpaBaeMoii
KAk NOBEDXHOCTh IIOCTOAHHOTO JABJIEHNS, DACHOIOKEHHAS MEKIY
ABYMA HENPOHHI[AeMEIMA rpaHMIamMu (pmc. 4.7, Tie TpeIuHe OTBedYa-
eT oTpUIaTeqbHag IOJIYOoCh ).

"



Uenonsaya (4.31), nisa KoopamHAT TPAHADE 3ACTOMHOM 30HHI IO-
aygaeM

Z3 (6) = Zp + 2y (B, T, b) -+ 7 (ﬂ: - 8_1 T, b) (4'32)

(zepra o6o3HagaeT IEPEXOJ] K KOMILTEKCHO-CONPAKEHHEIM BeIAIuHaM,
nocroAHHAs 7z, onpepuenser paccroanue AB). [lua AB nmeem

1 ¢ 2 d 1 d
AB = — T% T‘f_ 9=1/sn _ui = TS b (w, 1/2n)% : (4'33)
0 ]
Ns (4.31)
3 s(1 452 [shs@ +shs(x —0)]
b= quzg th ms shas F (s, — u) Fo(s, — b) ds.
]
(4.34)
ToncraBaas 9To Bpa;eHne B (4.33), momyanm
¢ ch s sk o
4q senms STy .
AB = x’ 5 ————— Fols, —b)ds. {4.35)

Hcnomp3yst mpesicrapierne Jiiiepa u QOPMYIsl AHANUTHIECKOLO
IPONOILKeHTA TIIePreoMeTPHIECKAX QYHRIAA W MEHAS HOPAJOK MH-
TErPUPOBAHUA B BO3HAKAKMEM JBOMHOM HHTETpaie, HOXyInM

1
2 A2 2 11—
AB-_mg[ln et 1+v2](1——t)dt,v_———t+b .

’ (4.36)

PeayIbTaThl OMpeJeIeHAs TPAHNIE 3aCTONHON B0HK IPH HPHTOKEe
K TpeIdHe NOKAa3aHH Ha pHe. 4.8 A HECKONBKAX 3HageHnmil b.

BsauMHEM K IOCTPOGHHOMY fARBJIACTCA TeUeHHe, OTBEYaomee
B IWIocKoeTH roforpada samage

0
28— h(u—a)0=0;
1p=O(u———0,0<9,<60;9=60,0<u<w). (4.37)

Jlerko y6equThes, IT0 9T0 TeYeHHE OTBeYaeT 0GTeKAHMIO GUuILTpa-
[UOHHKM HOTOKOM €O CKODPOCTBIO Ag 3y6UaToil CTeHKH.
Pemenue 3ajfadn, Kak HeTpy/HO BHAJETH, MMeeT BHJ

w(u, e, 60, a) =]
 Gdayhe ¢ e shs (@ —00)
N 2 S th s ch 50 F(s, —a)F (s, — u) ds.

0

(4.38)
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Pac. 4.8

3acroiinbe 30HE, 06pasyomueca BO BIAJHHAX, MOTYT GHTH paccim-
TAHbl M0 aHAXOTHM ¢ pasgenoM 1 mammoro uaparpada.

OrMeTuM eme 3atadu, B3aUMHABIE K paHee PAcEMOTPEHHEIM, AJSA
KOTODHIX JIeTKO HOCTPOWMTE TOYHOE PelleHne B ILIOCKOCTH roxorpada:

a) TedeHme, CO3[aBaeMOe CTYNEeHYATOll JHMHMel IOCTOAHHOrO Ha-
nopa, W TeUeHAe MeKAY CTYINEeHYATOH N OpAMONHHEHHONR JINEAAME MO0~
CTOAHHOTO HAIIOPA;

6) ofTexaEme MIACTUHKA ME;KAY ABYMsA Iapa/iefbHKMA JTAHAAMA
LDOCTOSTHHOT'O HAIIOpA.

Tar e, Kak W IpenBIAYmAs, 9TH 3aJa9d He MMEIOT J0CTATOYHO
TMOJIe3HHX OPWJIGKEHNA B Teopuu QUALTPANAH, HO TPEACTABIAIT CY-
MIECTBEHHBIA HHTepec [JJIA aHAJOTWIHHIX 3a/ad TEOPHH NIACTETHOCTH
B HeauHeiHoil yunpyrocrm [188—190].
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/L R 6. OtMeTuM, 9T0 B TIPUHITUIME
z : HpHBEJCHHEE 3aTATH MO/KHO 6HIIO
e L 6 pemats u merogom Dypre,
pasiaras penieHme B PAX IO CH-
/ HycaM M KocuHyeaM. Takxoe pe-
/ MIeHAe IerkKo HOAYIUTh W A
s 4 MPAMOYTONBHON 06/acTH, WMe0-
/ ¥, mell KOHEYHYI) NPOTAKEHHOCTh
/ / mo u:0<CO<Ch; a<Cu<o
g IIpu arvoM mMoryT OHTH IOJTYUeHH
TOUHBIE DeIleHns fiAA obmacreit
¢ TpaHHIasM cueruaibpaoilt dop-
r / MBI, KaK 9TO JeNnaeTcs IPHU pelle-
/ HOu  oOparHHIX 3a/a1 TEOPHH
A / dunprpamen [160, 161] 1 kax ato
/ / o " OBUIO TPEJIOKeHO B 3ajade o
/ / KOHIEeHTPAMH HAIP A3KeHnid BOIu-
) P 34 BEIPE30B B ILTACTUIECKUX Te-
N\ 7/ nax Heii6eposm [259].
g 7. Jlo cux mop peds I1a JIMIIL
\s 06 ompefeneHnu penteHAS B ILT0C-
7 Koctu rofporpada u 0 IOCTPOSHAN

/1 o -
/ FpaHHH,LI 3aCTONHONA 30HRI KaK
A
Y /

/ - g

Haubollee BajHOH KavuecTBEHHON
XapaKTEePUCTHKH TEUEHHA € TIpe-
meJBHEM rpaguentod. OgHAKO Te
z/L Ke MeTogsl NPHNEHUMB W JIH
pacuera Bcero MONA TeYeHUs B
TIeJI0M.
IMpogemonerpupyeM BO3IMOK-
HYI0 TeXHUKY BHYMCISHU HaIIpH-
Mepe TeUeHHA, CO3aBAeMOro IeMoYKoll CKBaKUH B HeCKOHETHOM mia-
cre. [Ipumen 3a Hauano xKoopauHat xy B QUIHUECKON ILIOCKOCTH Of(IH
H3 MCTOUHMKOB (puc. 4.4). Hneen

Puc. 4.9

o0

_ 29 ;¢ sFa(s,—b)
z(0,u) = n ¢ % sh sf, th res X
0

X [sehsOF, (s, —u) — 2i shsOF (is, —is, 1, —u)|ds; (4.39)

- ¢ 1+ h s0
P (1, 8) = qu? S 0 mssilss:)f F (s, —u)Fy(s, — b)ds; (4.40)
[¢]

co

[ +s* chsd
H (1,0) — H(,0) = ¢ | G~
[t} -
X [Fo(s, —v) — Fy(s, —u)] Fo(s, — b)ds. (4.41)
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Dopmyan (4.39) — (4.41) 3agator sasmcamocta u (z, y) 1 0 (z; ¥),
Y (2, y) 1 H (z, y) B HesABHOI W mapamerpudeckoil fopme. Brrameaas
HHATErPAJLl ¢ MEOoJb30BaHUEM PAMOB [aycca W HHTErpaidbBHX Ipef-
CTaBJICHUN TUOepreoMeTrpuyeckuX (QyHKI(Wil, BHIBEASHHKX B TIpeJbIy-
Ieii riiaBe, MOKHO TMOCTPOUTH CeTKy Tedenmsa. Ha puc. 4.9 DOKa3aHK
PAcCYATaHHEE TAKAM o6pasom amama 0= const, u =const opu b = 0,1.
Ileprsie U3 HuMX, OTMEeYeHHEIE GyKBamMu @ —— A, COOTBETCIBYIOT O =

= 0,524 =~ 1,44 ¢ marom n/12; nuBmEm ¢ HOMEpOM j OTBEYaeT U =
= u; = sh%(0,05 j).

§ 5. Tounsie pemendsa 3agaw meuneiinoii QuUILTPAINT
npu BejluHEHKIX 3aKOHAX,
OTIMYHLIX OT 3aroHA (WIbTpawm
¢ IpeJeabHbIM rPaueHTOM

1. Eenn wmexopHas 3amada Ha -UIOCKOCTE rogorpada IDPHBOJHTCA K
KaHOHHYECKOH * , Kpaerofl 3ajade B moiymoixoce Gea paspesa, peilme-
HHE ee MO;KeT OHITH HOIYy4eHO HE TOALKO ¢ MOMOIIHI0 MHTEerpajibHOTO
npeofpa3oBaHNA 00 NEPEMEHHOW W, HO W IIyTeM PA3JOKEeHAA B DAN
@ypee o 0. Pemenue paznomenneM mosyuaerca Gollee TPOMO3IKHM,
3aT0 He TpeGyeTcs mHATErpaIbHOro npeodpasosanua. CoocoboM paaio-
sxensa Jareayny [239] npubnmsenno pemnn 3amady 0 TPATOKE K Te-
Oo9YKe CKBAKMH HPHU [BYYICHHOM 3aKose QHIBTPANUA; IPHA HOMOILH
pPAT0B 00CIe[0BaHO ACUMITOTHIESCKOE IOBEACHAE PeIIeHuH 3axad puin-
TPaHHU ¢ IpedeIbHHM I'PAJHeHTOM M IOJAyYeHHl DpPefelbHHE perde-~
nusa [66]. B paborax [135, 140] 6nma mpoanaausmpoBaHA CTPYKTYpa
pelleHHsA B psifax jisA ypasHenud obmero Bupa (0.1) B momymonoce |
0 <0 <0, upu Kpaesmx ycuosuax P (w, 0) = 0; P (0, 0) = 0;
P, 0) =00 w< e, b<w< o) (w8 =0 (a< W<
< b) (dusmdeckne sagadm, KOTOpHE OPUBONATCH K 3T0l KpaeBoil aa-
Jade B IJIOCKOCTH rofgorpada, ykasanu B § 4), pemleHH 3ajaqu O NpH-
TOKE K IelI0YKe CKBAKUH NMPH KYCOYHO-THHEnoM 3aKoHe (HIBTpAAR

DWw =wle, wCwy,, DWW =w-+Ai, w>w,

g = wyl(w, + A) (5.1)
u opu 06o6meHAoM 3aKoHe PuabTpanuu ¢ mpefebHEM FPAJHCHTOM
O W) = (w* + Aoy, >0 (5.2)

I

@ (w) = A (@A) + 1].

* [Top «KaBOHWYECKOi» MOHWMAEM KpaeBy0 3agady, AJAA KOTOPOH THI KpaeBHX
YCIIOBHH He MeHALTCA Ha KAXKXOM U3 IPAMONMHEHLX oTpeakos rpapani. Taxk,
3agaga ¢ yeaopaaMa Py = 0(0 =0), P = f (8) (w = 0), Py + ap = f (w),
o = const — KaHOHMYecKas, a 3amada ¢ ycaoeuamu P = 0, Bciomy, Kpose
0=100 a<w<<hd Pp=qg(@ =0, o< w<x b), — HeKAHOHAIOCKAH.
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Vxasannbie pemeHnA moNe3ds MU aHAJHW3E CBOUCTB PeINeHAR yII-
pYTO-ILIACTAYECKAX 3a[au, OKBUBAJEHTHHIX 3a]adaM HeJInHeHHOH
dmabpTpanEnA B cANy aHayornd, yrasaHHoi B § 1 ri. I11. Taxoit ananns
mpusesieH B patorax A. F. Ceramnosa [188—190].

2, Jlna cremennoro saxoHa QIILTPanun

O (w) = w* (5.3)

KPYT 3aja9, U1 KOTOPEX MO;KeT OHTh IOCTPOEHO TOYHOe pelmeHne
B ILIOCKOCTA Toforpada, 3HAYWTETHHO IMAPE pPaccMoTpeHHoro B § 4.
O6bhsacHAETESA 3TO TEM, YTO B OTOM CIydae HE TONBKO BecbMa IIPOCTO
pemmanTed «KAaHOHHIECKHE» KPaeBHe 33a4a4d B IJIOCKoOCTH roforpada,
HO W MHOTHE M3 (HERAHOHHYECKHX» 3a7ad yHAAeTcsI CBECTH K ypaBHe-
ami0 Bmaepa — Xomnga, pemaemomy oOWMYIHHIM MeTomoM. PAJ KoH-
KPeTHHX pelreHnil 3agau uABTPAIUH UPY CTEIEHHOM 3aKOHE COIpO-
TuBJIeHnA moayden TakuM nytem B. 1. Boponunrm u B. B. Camoxza-
agosen [36—38, 186]. Yncmo permaeMux raxmM o6pasoMm 3ajad MOM-
HO CYyIMEcTBeHHO pPacmnpuTh. B YacTHOCTH, METOaMH Hpensymen
PIABH 9JEMEHTAPHO pemaercs 3a/jaga o6 ofTexaHny CTeHKH C YCTYIOM,
pemennas wacxaetno & padore [232].

3. Eciu ypaBrenne B miockocTH romorpada HeKOTOpPOi 3aMeHOH
TepeMeHHbX MoxeT GhTh nmpeoGpasosaHo B ypapaeHne Jlamnaca, Kak
3TO HMeeT MecTo B cayuae 3axkoHa B. B. Cokomoscioro u 3axona, nmpefs-
noxendoro C. B. [lansko, ¥ pemmennio 3agauu B naoeKocra rogorpada
OPUMEHHM Bech amiapar TeOPHA aHANATAIeCKUX (YHKOHUHA, TaK 9TO
pemenue, B IIPUHIINe, Ioayaaerca Becbma npocro. He ocramasiam-
BasAchb Ha arom 6oiee moApobHO, yKaxkeM Juuib padoret [12, 83, 165,
227], B KOTODPHIX paccMATPUBAKTCH TAKHE PeIleHHd.



I'maa V

IIpnOmmkennble permennsa IIOCKHX 3a1a4
¢uasTpanHu ¢ NpefeIbHHIM TPAHEHTOM

B mpegnpymux riaBax Geam pacecMOTPeHH OCHOBHbBIE IIOCTAHOBKH 3a-
mau UIbTpPamuu ¢ HpeJe]bHHM Tpai@erToM, MX Npeo0pa3oBaHHe
K miIockoctn rogorpada u, 0 u sagaum, gonycKAanIAe TOUYHHE peme-
HAsA. Bo3MO}KHOCTE MOCTPOEHAA TOYHOTO PEMICHAA ONPENeNANach TH-
oM 06JIaCTH, B KOTOPON OTHICKMBAETCA peNIeHAe B IUIOCKOCTH TOJ0-
rpada, m xapaxkrepoM FPaHAYHHX yeJoBHMii. B Tex-ciaywasx, Korga 06-
JacTh UMeeT BUJ IOJOCH ¢ Pa3pe3oM HIM HECKOJIBLKHMHA pa3pe3aMu
HIN KOITA MPOMCXOAMT CMeHA THUOA I'DaHAYHOTO YCIOBHA HA CTOPOHAX
IOJIOCH, IOCTPOATH TOYHOe pernenme we ynaerca. OgHAKO B 3TOM CIy-
92€ MOMKHO NOCTPOUTh 3dPeRTHBHOE NpubimienHoe Pelenne 3aJa4n.
IIpm aTOM MMEOTCA B BUAlY PemIenns, I03BOIAKINEES TOCTPORTH 3aCTOl-
HEE 30HH W OPH Heo0XOIUMOCTH NoJiA TeucHusa. Hapamy ¢ aTEM Mox-
HO, MCIOIb3YyA HEKOTODHE MaKOPAHTHEIE CBOKCTBA PaccMaTPHBACMBIX
PeIIeHH, TOCTPONTH CBOETO POMa «MAaGIOHKD, M03BOJASKIAe rpy6o,
HO GHICTPO OTEHICKMBATH PASMEPHI 3aCTONHEIX 30H, BO3HMKAKIMAX B TOH
nId uHOMW 3amade (Tak HasnBaeMme mpenmenbasie pemenns). [locrpoe-
"HUE YKA3aHHHX HOPUOIMKEHHEX H IIPeNe]LHLIX pPeIeHAd cocTaBJAer
colep;kaHne HacToAmedl raassl. VanoskeAme ocHOBaHO HAa paborax

66, 68—70, 77]. .

§ 1. ®opmy:mposkra ocnopEbLIX 3ajKau

1. BonsmuaHerB0 paccMaTpHBaeMHX 3a7ad HoOcIe oTo6paMKeHHA

Ha IIOCKOCTh roporpada u, O npusBojar K eJefylOmuM IBYM OCHOR-
HHIM 3ajgagam:

dapgaga A. Hafiru pemenne § (1, 0) ypanHenns

w (@ + Dy + (@ — Dy + Yoo = 0 (1.1)

B noroce IT {0 < u << o005 0 < 0 0} ¢ paspesom ya )
0=0,0<0,<0; O0<u<ax oo, (1.2

ecad Ha tparune I'y o6macrm sagamnt spagenna ¢ (u, 0).
danaua B. Haitrn pemenwe ¢ (z, 0) yparnenns (1.1) B momo-
ce IT {0 < u << 00; 0 L0 0} ¢ paspeaom 15

0 =0;0<0,<8,; a<<u<o . (1.3) -
OpA 33JaHHKX TPaHUIHLIX 3Hagenuax P (u, ) Ha rpammme I's.
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ITyers TpanugHbie YCTOBAA AMEIOT BHJ
P, 0) = f(w); P (u,8) =falw); (0,0 =¢(®); (1.4
P (u, 0, 4+ 0) = f4 () (ma paspese). (1.9)

Pacemorpim yaxmmio P, (v, 0), ABIALIYyOCA pemieHAeM ypaB-
nermnsa (1.1) B nomoce IT (6e3 paspesa) npm xpaesnx ycaosusax (1.4).

B coorBerctBuu ¢ 1. IV pemenue Y, (u, 0) Terxo MoskeT GHITH Hail-
faeno (mo upaiineii mMepe gopMaNbHO) B BHUAEL

u?

D1 (1, 0) = TS (1 1 $2) F (s, — u) cth sisw; (s, ) ds. (1.6)

3nech w’f (s, ) — peinenmne ypaBHeBHUA

2,

— — S = — 29 (0) (1.7)
IIpA KPaesbplX YCIOBHAX

D150 =/£1()  i(s)00) = fa(s), 1)
Thae

fra(s) = Sf(i +u) F(s, — ) f12 () du. . (1.9)

TaxknM o6pasoM, Qymkmus P, (s, 0) Momer canrarbeA n3pectnoi. Ilo-
Jaras Tenepb

¥ (1, 0) = ¥ (u, 0) 4 1 (2, 6), (1.10)

BauM, uro pymkrua ¥ (u, 0) Asiasercsa peluendeM Hepsoff KpaeBoil
sama1d s ypasaennd (1.1) B monoce ¢ paspesoM mpu HyJeBBHIX Ipa-
HITYHEIX YCJIOBUMAX BCIONY, KPOMe paspesa (ya WIH Y5 COOTBETCTBEHHO).
ITosTomy Ges orpapmvennsa OOGHIHOCTH MOKHO PACCMATPUBATL 3a7avd
A u B cpa3y npm HyJeBHX ycaosusax Ha rpammiax 0 = 0, 8 = 0,
nu = 0, r. e. nonarasna

hw) =F@w =9 (@®) =0, (1.11)

9T0 U UPHUHHMACTCA B JlaJILHEﬁlI[eM.

2. Paccmorpum samaay A ¢ yeaosuamu (1.4), (1.5), (1.11). O6o3-
Haamm gepes P* (s, 0) TpaHcPOPMAaHTy MCKOMOTO pelleHHs (pesyibTar
IpPUMEeHeHnsA K HeMy AHTerpajibHoro npeoGpasosanns (1.6) rmasm 1V).

Ipn 0 < 0 < 0, uMeeM ¢ yIeTOM rPaHMIHLIX yenoBmit mpu § = 0
nuy=290

P* (s, 0) = 4 (s)shsd (1.12)
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7 aHamormaHo mpm 0, << 0 << 0,
P* (s, 0) = B (s)shs (B, — 6). (1.13)
Ipn 6 = 0, mmeem B cmry (1.5) = (IV.1.6)

a

P (5,0 + 0)— 9" (5,8, — 0) = { (1 +w)F(s, —w) ¥

X [f, () — f_ ()] du = 51 (s), : (1.14)
OTKYHa
B (s) = [0y (s) + 4 (s)shs6,]/shsd,; (1.15)
0, = 8, — 0.

Ilast Toro, YTOGH y/OBIETBOPHTH BCEM YCHOBUAM 3a/ati, OCTAIOCH
eme morpe6oBaTh HEMPEPHBHOCTH IIPOHM3BORHOM /a0 mpm O = O,
u > a u samonHenns yexosua ¢ (v, B, —0) = f_ (v), u < a. G yue-
tom gopmyax (1.5) raaset IV u (1.15) ata yenosaa AawT

2UE) pio ) C(s)ds=0 (a<u< o)

T I

thns
(1.16)
¢ s 1+ s2 h s01 sh s0 . -
S LU g,y s ) gy — by ) (0 <u L),
o .
Fae
C(s) = s [A(s) shsBy + o1(s) eh s02] /sh s0a; (1.147)
hy(u) = 2f _ugu) + S (1 +s%) ————cslilss%zuigg F (s, — u) oy (s)ds.
. 0

(1.18)

Taxknm o6pa3oM, 3afada A CBOAHTCA K PeINeBMIO MApHHX ypaBHe-
gt (1.16) nus ompenenenna C (s). ‘
Paccmorpam Temeps 3agady B mpm ycnoBmAx

117(0, u) = w(uv 0) = 1P(U‘1 e()) = O; 1[’(”1 e1 io) = gt(u)' (1'19)

AHATOTWMHO IpeL/ymemy Tpancdopmanra P* (s, 0) BHORL MOKET
6uth upencrasiena B Bujge (1.12), (1.13), rne A (s) m B (s) cea3aBH
coorromenmeM (1.15) ¢ 3amenoit ,(s) Ha

Sz (s) = g (s)— g () grls)= S (1 +uw)gs (w) F (s, —u) du.
’ (1.20)
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Ynosaerropas mocae atoro YCIOBHIO HeUpePHBHOCTH /A0 npm 0 —
= 0 u < awuyenosumoy (u, 8, — 0) = g (@), u>> a, noryanm map- .
HEIEe ypaBHEHHA

[e <]

Ss(l—}—SZ)C(s)cthﬂsF(s,—u)ds:O (@ <<u << o)

0

(1.21)
¢ (11 5%) sh s
S si) i@l shss)Ggsthsns C(s)F (s, —u)ds = ha(u) O<u<<a)
0
C(s) = s*[A(s) sh 5D, — g (s)]; (1.22)

B & s+ [ o6(s) a (s) sh sy
ha (u) = S th s [ th s0a sh 50y sh s0 F (s, —u)ds. (1.23)
[Mapawe ypasmenma (1.16) m (1.21) ygo6mo IPOMATErPAPOBATE 110 L
B Hpeieax or & 0 0o. (IT0 cBA3AHO CO CPABHATENBHOM MPOCTOTOM
HHTeTPANBHBIX IpejcTaBieHudl Gynarmumit F, (s,— u), Bo3RUKAOMUX
opu mATerpupoBanmu. lIMesa B mumy coorHomeHme

\ (s, —w)du = s Fls, —w), (1.24)

crenyiomee u3 gopmyn nuddepeHnupOBAHUA THIEPTEOMETPAIECKIX
dyurnmit [21, 115], nonxyuum ypaBHenms:
nast 3agaTa A ’

\ sPethasFy (s, —u)C(s)ds = 0 (a < u< o)
’ (1.25)

o Sh 501 5h's0

$ th s sh s

Fy(s, —u)C(s)ds =

38

———— (s, —u)s(s)ds —

0
x

(g ch 503 sh s01

o sh s th rts

0

=H,u)y+ri O<u<a)

du
—Sf—(u’) uz
u aua 3amgaaad b
SscthnsFl(s,——-u)C(s)ds:O (@ <<u<20);
0

(1.26)
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sh s0o
sh 50y sh 502

5 ) = Haw) 412 0 <u<a).

Boanm{afom;ue P AHTErPHPOBAHAN MOCTOAHHES Iy H Iy ONPeJENIAIOT
BHOOCJICACTBHM, HCXOfs H3 TPeGoBAHMA HA pemeHns.

3. Tlapusie ypasmenns (1.25) u (1.26) mMelor MEOTO 00mEero ¢ pac-
CMATPUBABIIAMACH paHee KiIaccaMd NapHEX ypasaenmii [198, 206,
274] m ocoGenno [182], ornugagcs or mux Tomom agep. OGLUBEME
B TeODHMH OADHEIX YDaBHeHH{ HpPAeMaMH OHH MOFYT OHITH €BeJeHEH
K ypasmeamo QDpearoxsma I poaa, a B orMenbHHX CIyYagx — pemie-
HEl FBHO.

Hayo exaszars, 910 caocobn pemeﬂuﬂ mApHHIX ypaBHEHHA 0OHTHO
A3JATAlOTCd TaK, WT0 3a4ACTYI0 pelmenme IOpedcTABIACTCA CKopee
YTQIaHHEIM, 9eM HalJeHHHM pPeryiIapHnMA npuemamu. UrToGH B Ka-
KOHA-TO Mepe BOCIIOJHATE DTOT He0CTATOK, IMOMKTASMCH H3JIOKATH JIO-
THRY pemenuA HOAPHHX ypaBHeHHmH Ha npumepe sagaau A. Ilpemnae
.BCET0 3aMerTmM, 970 NepBoe ypanHeHHe (1.16) moxHO 3anAcarhk B BUAe

e T S
0 fw) I<u<a,

rae f (v) — HenssectHas Qynkmasa. OGpamas 3T0 COOTHONMEHHE B co-
orsetcTBHA ¢ Popmyoit (1.6) raasw IV, moayanam *

Cls)= ZS%MF(& — u)du. (1.28)
0.
Hamee, F (s,—u), kax 9eTHasA menas aHAIATHICCKAN PyHKOEA 5, AMe-
eT IIpeacTaBJICHHE

s*cthwsC (s) Fy (s, — u)

S~ 2

Bw)
F(s,—u)= S 0 (u, t)cosstdr; B (1) > 0.
(1}
[Toperasass aro Bupaxenue B (1.28), noxyaam

a Blw)
C(s)zsz(:ﬂ:—u—)— S p(u, t)cosstdr du =
0 1] .

=2Scoss1: S Mp(u Tdudv=
- 0 u(t)

i

8§

S(p(r) cosstdr = LS @(t)sinstdr; o =B(a). (1.29)

* [locKOIBKY 37ech pedn HAeT 00 UBNOHEANM HABOAANNY cO00DAKEHNI. ME €IV~
TaeM Bce HeoOXOoqAMEIe JedcTBUA BOIMOIKHEIMI.
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Takumy o6pasom, C (s) umeer npeacrasienne (1.29), npmaem GyHK-
A ¢ (t) Mosker, Boo6me roBopsA, MMeTh 0COOEHHOCTH HA OTpe3Ke {0,
a]. B paccmarpusaemom wactHOM cayuae dysrmua f (u), Tpaedop-
MauTOl KoTopoit aBaaerca C (s),— 3To, OUEBHHO, CKATOK HOPMAaJb-
Hoi#l MPON3BOAHOHA 1Mo ofe CTOPOHHE pa3pesa; KaK oOLYHO, B TOYKe @
oTa (QYHKIEA uMeeT 0COGEHHOCTH BMAA ¢/ Va — u u arnserca Taap-
Koil mpu © << a. Hcnoxp3ys 9T0 M KOHKPOTHHI BHAJ IPeACTaBJIeHAA
ana F (s,— ©), MOKHO yCTaHORUTH, 4ro @ (T) MOKeT HMeTb ocofeH-
f0cTh (IIpIdeM M3BECTHOTO BHjIA) TOJABKO B TOUKe T = 0. TeM caMEM
M5l HAmu «o6mee peurenme» nepporo ypasmerma (1.16) (wma 1.25).
Temeps T3 BTOPOro yPABHEHHA OcTaeresl HaiiTH ¢ (T).

Moncrasasaa (1.29) Bo Bropoe ypassenme (1.25), moxyunm

Scp(r)g si};—ﬁ%:g;iFl(s, —u)sinstdsdr = H; (u) +ry;
0 Q

O<u<a, (1.30)

o
fpMIeM R paccMaTpHBaeMoM ciaydae a = sh® 5 -
BaMernM Temeps, YT0 MHTETPAIbHOE HPefcTanIene fusa Fy (s,— u)
MOMKHO DPAaspeliuTsh OTHOCHTENBHO Sinftls, MOJydnD

sh2
)

. s 4 ) —u)d
sinns — 2s‘n o S wFy (s, —u)du —=A, (SF1 (s, — u))’
sh- b ]/shz .

rje gepe3 A, 0603HaYeH COOTBETCTBYIOMMUIT HHTETPANLHAIN ONeParop,
npudeM Hajngue GOpMYIH MOXO0HOr0 POjia OImpejelisfercs He crernu-
Juroii gagHoro cemejicra QyHKIWA, a MO-TIPe;RHEMY JHUIIb HX aHa-
nurAgeckoil npupopoii. Ilpumensas omepatop Az Kk ofenM JacTAM pa-
pencrea (1.30), momydmmM

o

S(p (‘c)% Msinsrsins@dsdt =

shsBoth ns
0 0
sh’-?—
_ 9 i_ % u (Hi(u) +ry) du (1 31)
h—B— a3, /T ) )
sh= 0 l sh? 5= —u

Bocnonassyemcs Temephb TeM, 9o (dopManbHO)
S sinstsinsgds = %G(B—— ), . (1.32)
0

e 8 — penpra-QyHKIHAA.
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Torna, oueBumHO, mMepas gacrs (1.31) pasna

0@+ 0@ K (5,8)dr,
Ie Anpo

x

- h 50, sh s6. 1 . .
K(t,B)= S (—SSIJZG:%—T) sin st sin B ds (1.33)
aQ

CHMMETPUYHO W AHAIATHYHO IO 06OMM apryMeHTaM.

B peayabrare ypasrenne (1.31) npespamaercs B ypaBuenne ®pen-
roiibMa 11 posma 1 Moxer GHTB pemeHo oGHYHEIM 0GPA30M.

Ilpusenennsie paccy:xaeHNA, KOHeyHO, He SABJIAITCA CTPOTIMA,.
OfHAKO OHH IIOKA3bIBAIOT, YTO, IO CYMECTBY, HAa MEPBOM 3Tale DapHhe
YPaBHeHHs npeolpa3yoTca B CHHTYJIAPHOe BHTerpalbHOe ypaBHEeHHe
B (CKPHITOM» BHe, KOTopoe 3areM auGo pemaercss ABHO, JuO0, KAk
B TaHHOM CIyd9ae, PEryJApuU3yercd u cBogarea K ypaBreHmio Dpen-
roasMa. I[Togo6uas ke caryanus npocMaTpuBaerca m JJIA IPYTHX Hap-
muX ypasumesmi {198, 274, 182].

Hoxyanw Temeps crporo ypasmenme DpejromsMa I BEmOMOTa-
Tenbroll QyHrnumu ¢ (T). Ilomoyxmm

2 sh 50 sh 50 3
—-tshfwls—%: 14 & (s); EI(V)ZS &, (s) cossvds (1.34) |
0

W [O/CTaBUM BO Bropoe ypasmenue (1.25) npencrasaennme (1.29) gasn
C (s), mpencrasmenue (2.18) raasm IV pua Fy (s,— u) u (1.34). Tlony-
9AM IIPH ITOM

x

o | L+ ea(5)

0

8 sin ns sh % dn
\ X
0

Vs —aeg

a

% S(p (¥) sin vs dv ds = Hy (u) -1y (1.35)

0

Jlerko yGexmrbes, uto mpomsBenenue

14 ¢ (s))S @(v) sinstdr

Q

mpejcrasasger coGoit cuEyc-mpeoGpasoBaEme (GyHKIEA

XM=0@®++ 0@ B —v)— B+ dv. (138



qumnaﬂ, qTro BTOpOf’[ COMHORHTEJIbh B IOOABHTErpaJbHOM BHIpaMe-

aun (1.30) upejcrapiaser co6oit cunye-mpeoGpasopanue QyHKIHAH,
paBnoit

[

2]
=
[»"I_j

» n<p

—shi2——

lvl w

7 HyJA0 Op4 ) << 1, U OPHAMEHSSA TeopeMy O CBepTRe A anyc—npe-
o6pazosanmit [198], momyaum ma (1.35)

a X
sh 2dr

X (1) ——— = 4u (H, (u) 4+ ry). (1.37)
S 1/511?l —S- el 4

0

2

IloxgcranoBroi ch% = E ypanuenue (1.37) mpeo6pasyerea B na1e-
rpaibpHOe ypaBHenme AGens, peniasi KOTOPoe MOJyIAM

T
sh? —
2

X()=—2_ 2L S —% du. (1.38)
nt sh = 0 l/shﬂ o5 —u

Taxmm obpasom, dyuriua X (v) oxasbBaeTcAa BEIPAKEHHOH uepes
n3pecruyo gynsnmo H, (1) u mocroaruyio ry. IIpu arom (1.36) mpe-
BpamiaercsA B unrerpainsuoe ypasuenue Openronsma 11 poma gna ompe-
meneHna ¢ (). 113 »ero moxHo HaiiTy ¢ (t), HpEdeM HalifeHHOS BRIpa-
meHue Oy/ieT comepsxarh (JINMHEHH0) HEH3BECTHYIO HOETOAHHYIO ry. TeM
CaMBIM Ompe/e;ieHH (OIIAThH ¢ TOTHOCTHIO [0 <JaraeMoro, JuHeiiHo 3a-
BUCAMETo of ry) fyusnusa C (s), a motromy 1 A (s) m B (s), gepes KoTo-
psie Beipaskaercd pemenne § (¢, 0). Takum o6pasom, pemenHne 3agadn
HAHIEHO ¢ TOTHOCTBIO [0 CIATAeMOT0, COME/KAMEro MHOKHATEIeM Mo-
croaauyio r;. K Bompoey o Brifope 5T0r0 MHOKUTENSA MBI BepHEMCH
Tio3yHee.

4. Tlepefimenm temeps K 3agade B. Pemenne mapHHX MHTErpaib-
wnix ypasuenuit (1.26) snoss Gymem mexars B Buge (1.29). Ilpm arom,
ofHaKo, Graroqapsa Gollee HA3KOM CTENEHH § B NOJHHTErPAJIbHOM BH-
paskennu B JIeBoit wacTm mepsBoro ypasHeHust (1.26), BosHmkEeT oco-
Gennocts npu s = 0, ecau Tompko C (0) 5% 0. Ilosromy, 9TOGH TOM-
AeCTBEHHO YAOBAETBOPHTHL DTOMY YDaBHEHHIO, cliefyer HmoTpefoBaTh
C (0) = 0 mam

a

\to(mdr=0. (1.39)

ITocne moxeranonkit (1.29) Bo Bropoe ypasuenue (1.26), meiticTBysa
TaK jKe, KAk H B ciaydae 3ajauk A, noayuaeM s @ (t) mETErpajnHoe

84



ypasaeane @penronsma II popa emma

oL

M+ B vomdv=x @), (1.40)
e °
Ey(t,v) = 28 &5 (s) sin st sin sv ds; (1.41)
(1)
eth s sh s6 .
Ea (S) = 2sh s0:1 sh sﬁoz -4 . (1 42)
sh? /o
X@®=—>i—2 S M @) tur g, (1.43)

wsh— 3§ ]/shZ%——u

Taxmm o6pasom, i B 9TOM carydae 3ajjaua NPABOJIUTCA K MHTETPAlb-
Homy ypasrenmio Openroxsma (1.40), conepxameMy B IpaBoit dacTh
HEM3BECTHYI0O TOCTOAHHYIO Iy, ONpeNeNsAeMyl0 M3 NOIONHATEALHOTC
yeaosua (1.39). .

§ 2. Ilpanoskennn. 3agaua A

1. Ilpumennm mosyueHHnie B mpemmaymem mnaparpade pesydbTATH
K OTHICKAHOIO 3ACTOMHBIX 30H JUIA 3a7a4 QBIBTPALAA € HPeNeabHHM
TpajuenToM, UPUBOJAMAX K 3amade A. Kak moxasano B riaase III,
Te4eHHe, co3aaBaeMoe KPyroBoi 6arapeedl u3 n CKBaKHEH (HCTOYHAKOB
PAaBHOW WHTEHCHBHOCTH ¢ = 2(), PACHON0OMKEHHWX B BepIIAHAX Npa-
BHJIBHOTO 7-yTOJIBHAKA, PHC. 3.4), IPUBOAMT K 3agade ONpenedeEns
P (1, 0) xax pemenns ypasuenns (1.1) B momoce JI{0 <C 0 < 8,, 0 <
<L u < o0 ¢ paspesom ya{0 << 0 << 0, << 8,, 0 < u < a} npHE yeuo-
BUAX

Y. 0) =0, $(0,0=0 (088,

\P (u’ e1) =0 (O <U, < ﬂ,), (2'1)
$(0,0) = Q2%  (B1<< <8 =0y + By),
'q)(u'r 90) = Q'
[Ipu arom
0o =n, O;=n(n— 1)/n. (2.2)

Onpepennm pemenne sagaqanm 1, (u, 0) Gea yuera yeaopmii Ha paspe-
36 ya. Nmeem pusa tpancdopmants pemennme

Pi* (s, 0) = A (shs® (0O 0. , (2.3)
Ipr 6, < 0 < 0, ana Tparcdopmantn moxyuaeM ypapHeHHe

dup: - 9 _
AR U= NI (2.4)
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OTKYNA

¥ (5, 0) = B(s) shs (0 — B) - ~LO_00 (2.5)

W3 yenonuii HenpeprBHOCTH PYHKIIHH 1p1 (s, 8) n npousBogHoil Glp;/ 9
npu 0 = 0, momygaem aas A (s) u B (s) ypasnennsa

A (s)shs9y = — B (s)shs0,;

sA (s)chs8; = sB (s)chs0, 4 _?)2@7 , (2.6)
OTKYJIA
A(s) = oL shsdy;  B(s) = — e shsby. 2.7)

IoaroMy B coormerctBum ¢ Qopmysnoil o6pamenus (1.6) raasm IV
opu 0 < 0 < 0, petuenne Py (1, 0) umeer Bup

¥ (s 9) — %1;- i 1 -} s shsOsh sO: F( — u)ds, (2.8)
0

th s sh sQa

a opm 0, <0 <9,

_Q@—0) _ Qu {14s
Vi (u, 0) = 0= T Xthns

sh s (0 — o) sh 50y
K
sh s0o

F (s, —u)ds. (2.9)

TarxuM 06pa3soM, B IAHHOM CIyIae BO BCIOMOTATEJbHOH 3ajade A ¢
HYIeBHMA YCIOBHAMH 113 FPaHHIAX IOJOCHE

@ =f@=—%ub) @<a, a=0 (210
Ianee, B coorsercrsmu ¢ (1.18), (2.8) u (1.25)

2Q * sh sB; sh sO: —
Hl(u) - 02 S th nslsh s6o Fy (s — u)ds =
0

=—£ {1t +e@I i —u)ds, (2.11)
0

ToxcraBaas ato Bepasenme B Qopmyrny (1.38), samensaa ¢yHK-
muo Fy (s,— u) ee marerpanbumiM mpepcrasiennem (2.18) rmasm IV
N BHIIOJHASA - HHTeTPUPORAHHE IO U, DOJYyIHM

x

Xy (1) = — [1+%S (s)Sizﬂds]—{—-i—rlshr. (2.12)
0
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B cmny akcnomeRnmmameHOro crpemieHHA e, (s) ¥ Hym0 TpA 5 —> 0©
mATerpan B (2.12) npescrasiser co6oi nemyio aHATATHIECKYIO QyHK-
A0 T, pasnaralomiylocd B PAN OO0 HedeTHHM creneHaMm t. [loatomy
npu mobom ry pyanua X; (t) mpencrapiser coboit eIy aHaAIuTHIeC-
Ky QyHEIHIO T, paBHYyIO —2Q/0, npu v = 0 u pasaAraOMyo0cd B pAx,
He cofep;KaMiAil YeTHLIX €TeleHeil T, HAUMHAA ¢O BTOPOIi.

Haxee, B coorsercrsmm ¢ (1.34) snpo E (v, v) ypasnenna (1.36)
pasiaraercda B pAj BHAA

E(t,v) = 200Ey — o (¥ +v) By + ..., (2.13)

e

By = S s2g, (s) ds. (2.14)
)

Psp (2.13) pasHOMepHO cxomurest mpH MO6HX KOHEYHHX T M V H
MO;xeT GHTDH B NPUHIANE HCIONb30BAH /1A CBOJCHAS yPABHEHHAS (1.36)
K ypaBHEHWIO € BHPOxKIeHHNM AxpoM. W3 (2.12) n (2.13) cnenyer, aro
npu a06om ry pemenne @ (T) IpencTaBIAETCA B BHAE

?(r)= — i—f + @1 (v), (2.15)

Ifie @, (T) pasnaraercA B PAJ IO HEYCTHHM CTEeHAM 1.
Pemenue mexonmoit sapaun npu 0 < 0 < 0; maercsa BHIpaykeHHEM

x©

P, 0) = ¥(u, 0) 4 ¥ (1, )= %uﬁ S [SZC(S)—I—%QZ—] %

sh s0 sh s@i

X (L + 5" ) thmansn, £ (6 —w)ds, (2.18)

rae C (s) onpeneneno gopmymoii (1.29). :
lpn v < a, 8 = 0, mmeem P (u, 0,) =0, a npomsBogHaa /3o

RomkHa GHITH METETpUpYeMolt GyHKIMed 1. MoxHO moKasaTh, 94T0 U3

Tpe6oBanua uHTErpupyemoctu /30 clieflyeT ycaoBue
@ (a) =0, (2.147)

CayRainee 11 ONpeesieHnA HOCTOAHHO ry. Tem camuM Pysarnus ¢ (t)
B NPHHIMIE OUPENEHSETCA TMOJIHOCTHIO.

OGpasoM rpaHWYHOi KPUBOI 3aCTORHOA 30HH ABIAETCH, KAK yixe
TOBOPWJIOCH, JUHAA

9
z(0) = %Sx(e)eie A0 +2;  %(0) = lim 1%, (218)
0 u—
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Hoperapass ciofa supakenne (2.16), momygmm

0

; schsO—ishs® shsb 2 .
Az (6) = e S ch s0o th Jts2 [820 (S) + -EQ;] F (s’ o u) ds=

o0
— i S schsO-— i shsO

= s¢ch sBy
a

a

<K T;hh—jte: ((p' (>)sinos —S ¢" (%) sinst dv ) ds. (2.19)
a

2. OmncaHHBIi BEIIe CIOc06 cBefennsA 3agaun A K MHTETPAIBHOMY

ypasuemmo @pexroasma IT poga 6sLI nenonpaoBan [UIA TOCTPOCHAS

3aCTOMHEIX 30H B HECKOIBREX 3ajjayax. PaccMarpmsazach sagada

0 KouIbIeBo Garapee n cKBakuH, chopMyaupoBaHHAA BHIE (rPAHM-

g/t
/
7
N
WX
\ 5
}!
7 / ﬂ'/4 Y, Pue. 3.3

z/L



0\ 4

. 54 )i

7 _ v z/L

Puae. 5.5 - )) /V rz\/ﬂ
-y U z/L

N
-

45 AN
\ 4
\7
2
Pnre. 5.6 *
/4 5 Vi 15 §,=nf

wubie’ yemosusa (2.1), (2.2)), upu n = 2, 3, 4, 6, 8 m npu paznm-
HHIX 3HAYCHUAX lapaMeTpa B Wiockocrd rogorpada a. Ha pme. 5.1—5.5
DOKA33aHH COOTBETCTBYINAE ceMeiicrBa penennii (FpaEANna 3acToAHOMR
30HHI [UIA 3JIEMEHTA CHMMETDHM TedYeHH:), mpwdeM 3a MacmTab pamH
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Ta6amga 5.1

No KpuBOit 1 2 l 3 | 4 5 6 7 8
N
puc. el 005 0,1 025 | 05 1 ) 5 10

n=m,

51 2 1,0 1,51 2,7 | 4,27 | 7,72 — — —
5.2 3 0,60 0,90 1,66 | 2,76 | 4,82
5.3 4 0,33 0,59 1,10 |1 1,86 | 3,30 — —
3.4 6 0,20 0,31 0,61 11,06 1,953,841 8,32 (17,9
5.5 8 0,125 | 0.20 {0.,406[ 0,72 | 1,34 | 2 67 ~
5.7 0,019 0,053 [0,206} 0,57 | 1,55 — -
5.8 0,052 0,142 (0,51 10,232,779 — — —

OpuHAT pagayc 6arapen L (I0I0BUHA DACCTOAHMA MeKAY MPOTUBOIO-
JO;RHBIMY HCTOIHUKAME). BenoMoratenpumne rpagusn pre. 5.6 u Tabir.
9.1 CBABHIBAIOT BeIMIHHE OCHOBHOTO Ge3pasMepHOro mapaMerpa 3aja-
9 B QusmuecKoii maockoern Q* — (/AL W OTHOCHTEIBHON MIOMALA
II0JIHOM 3acToiinoi 30HH S* = S/nl? u ocuoBHOrO GeapasMepHOro
napaMeTpa 3aQa4M B MJIOCKOCTH Toforpada a aas pemenuii pue. 5.1—
9.95. Ilpu mocrpoenm pemeHmii WHTErpaibHOe ypaBHEHHE pEIIAIOCH
YACJIEHHO ¢ KOHTDPOMMPYeMoil TOYHOCTHIO, 3aTeM HaiifleHHasd QyHKIUA
@ (7), mpesicTaBIeHHAS HECKONBKAMU WICHAMH ee PAsIOKeHHs B DI
Dypre, mofcraBasanacs B Gopmyay (2119) maa ompeneseHns Koopnu-
HAT 3aCTOHHON 30HHI.

Pacuetsl mokassBaiT, 9ro pemeHue WHTErPANBHOFO yPABHEHHSA
U DOCTPOEHHE TPAHUYHON 30HH OCYLIECTBIACTCA GHCTPO U ¢ BHCOKOM
TOYHOCTI0 (He MeHee 1%) upu 3HaYeHHAX @ BIIOTH 0 HECKONBKHX
e[IIHUI, TPUIeM TOYHOCTH DelleHUA TeM BEHIIe, 9eM MeHbIe 3HaYe-
HEE Q.

3. Hoxydunm remepb mpmbauskeHHOE PelleHNe 3a7aIn NPU MAJHX 4.

U3 wunrerpanpnoro ypasnenus (1.35) mmeem, mcmoassya (2.12),
(2.13) m (2.17), BEpaxenune

0= B[t e )]
E = Ey + Eqa, (2.20)

mofcTaBiadd Koropoe B (2.19), moaydmm

< i ch s6 — i sh s0) o
xz(e):%—?—g e (s shs0s

sh 8o " thas
0
i 1 202F
<[ S 0 —
1 2 ¢ T sin st

0
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Mnuosxurens nepen kragpatHoii cko6roit B (2.21) npu s — oo BegeT
cebs xak (s — 1)e%es®-%)/2. [TosTomMy AnsA MAIEIX 0 AMeeM

Az () = —29% ei9[°§ (M — -;—ses(""’ﬂ) ds |+
"0

th mts sh s6o
a2 203E
Tt 3+ 1 ar £ a
T @ —(T+T)(1—TamgT)—

_ i{(%—l— —Z‘) arctg—g— — Z_u[(az_l_ £2) arctg _Z__ag] i
- °§ (:hh_;z:% —%e“si) dS}] (E=0,—0). (2.22)
0

YTo6H ompexeants MONO;eHHe 3aCTONHON 30HEI, HE0OGXONHMO BH-
9UCINTH €lIe BeIWIuHy z,. Vmeem

< x> a

1 a4y (u, 0) s sh s0. ,

Azg = S —uﬂ—_faTdu: S shTeoth‘zWS(P (t)eosstdrds =
[\ (1} 0

20

_2&[ s sh s0a
T 02 S sh 0o
0

cth nsds+0(a2)] . (2.23)

B kadecrBe mpmMepa paceMOTpHMM TedeHme, Co3[JaBaeMoe MAPOM
PaBHOAEOUTHHX MCTOIHUKOB (¢ neburom q = 2(Q). B srom ciygae 0 =

= 20; = n. Imeem npu stom E,y = 3E,;, = —1/n; E = — 4/3n;
_Q 1 2 20 sin 0 8
AZ(G)——n_ee{cos‘ﬁe + T eos + ncos* 0 | (r— 200 +
2(1+'i2 Si)
3 7 9w 8a n—20 2
+ n 2 +(1—3n2)( o arctgﬂ.——ZB _2)_
a4 (T—e)
, 2 o T—20\2 20 ]
- L[(T*?— T) Jarctg o5+ 5 —
20 4
— 0+ 1g0 4 = — —os [k M (2.24)
x
4 ssh 5—sch s 9 -
7"20: _nQ— S sh? s ds = :zn Q"‘: 0’5210' (2‘20)
0

Jasa pepmmHn 3acroiinoit 3omnl (0 = 1/2) nMeem

@) =32 Q2T ) (226)

o n2 o 9n2

Ha puc. 5.1 TouxaMm moKa3aHH IPaHUNB 3aCTOMHKIX BOH A pas-
AWIHBX 3HAYEHHA a.

n



VYpasnenne TPaHUIE 3acTOAHOR 30HH MOKHO IPUOIMKeHHO IPeACTa-
BHUTh B BUJE

(LL_;T(”O)) + (J—(Z,—z)—)' =1, (2.27)

rae L = z (7/2) n y (n/2) gaorea BeipasxenmeM (2.26). IIpm sTom rpa-
HANA 3acTOHHOH 30HEI peAeTaBiser cO0OW BHTAHYTYIO BJOJIbL OEH Y
acTpoufy, © IOJHAA IJIOMA]b 3acTOMHON 30HK COCTABIAET

-y~ 3 (1 og ) (1= 52 Q)-
(2.28)

ABaJOrHMIHEIM 06pa3oM CTPOATCA NPUOJIM;KeHHLIE peimeHua 3anqadn A
M OPH APYCOX 3HAYEHNAX THCIA CKBAKUH N. '

4, 3amaua b5.

Pacemorpmnt Temeph HECKOIBKO CIyYaen, OTHOCAMUXEA 110 BBeqeH-
ol B § 1 raacenduramum x sagade 5. Ogun w3 HamOojee BayRHBIX
CIydaeR — JTO TeUeHHe, CO3EABAGMOE 7 UCTOYHUKAMH DPaBHOI HHTEH-
CHBHOCTH ¢ = 2(), DACIONO;KeHHKMI B REDIIAHAX TPABHILHOTO 7~
YTONBHMKA, I €TOKOM WHTEHCHBHOCTH 2n(), PACION0KeHHHM B €ro MHeH-
tpe. Kak norassBaiot IPUMEPH!, IPURE/ICHHEE B LIl 11T (cm. pue. 3.9),
B ILIOcKOGTH rogorpada JaHHOA 3amage oTBedaeT 3agada 5 ¢ mapamer-
pamMu

—a(n+Ding 0= B, —a/n (2.29)
IIpH HyJIeBI)IX FpaHI?I‘IHI)IX YCIOBHAX H& (BHCEOITHHX)» rpaﬂnuax
Hhw)=f(u)=9@®)=0 (2.30)
H ITOCTOANHOM 3HAYEHHII (byHKHIIH TOKa HAa paspese ’YB
Y=/ W= W) =Q O=0, a<ul o). (2.31)

Eeam miiockoers DOKPHTA CETKOIl NPABHIBHEIX n-YTOJLHHKOB,
B BepIIMHAX KOTOPHIX DPACIOJI0;KEHH HCTOYHHMKI, a B IeHTPaX — €TO-
KW WHTEHCHBHOCTH ¢ (e n — 4 UIA IATHTOYeIHON CHCTEMH paceTa-
HOBKH CKBAIH, n = 0 OIA CeMATOYeTHON CHCTEMBI PacCTaHOBKM),
TO TAK/Ke BO3HWKaer 3ajada b (em. pue. 3.6) ¢ napamerpamn

By = 2nfn; 0, = 0, = n/n; (2.32)
L) =L =0@)=0 f@=/@=q2=0. (233

Hexoroprie ppyrme npumepst GysyT PACCMOTDPEHBH HAKe.
[Mpoanmanmaupyem Temeph momapoOHee caydail samagm b5, ompeme-
asesoii yeaosuanu (2.30), (2.31). B arom enyuae uz (1.20) moayaaem

g (s)=¢g (5)= (s —a)  ®=0 (2.34)



n cornacuo (1.23), (1.24) u (1.20)

i 5% sh sQ0F1 (s, — u) Fo (s, — a)
Hy(u) = —2Q S th s sh 50y sh s0a ds. (2.35)

Aas gynsnuu F (s,— a) nmeem cornacuo dopmyae (2.21) raasst IV

Fy(s, —a) = —

o
dr; a =sh?—-.
s

2

(2.36)

Raxk yie rosopmitocs B § 1, pemenue 3agaan umem B Buge (1.29), rme
@ (t) ymosmersopser ypasaenmio (1.40) mpu yexosmm (1.39) masm Bai-
6opa HOCTOAHHOM ry, BXogAmeR B Brpasenme (1.43) aas mpasoit gac-

™ X, (7). Yaursisan (2.35) u (2.36), naxommm, uro ¢ (¥) mpecraBager-
cA B BHJE -

T a
1 iShT (cht—-sh2—2-) sin st

a o T \2
0 shi—- (ShgT*ShZT)

20 sh —;— (cht—shz%)
(p (T) = T - 1y _l_ r2§ (T)‘ (2'37)

o T
a (ShzT—Shz—z')

3necs £ (T) ymOBAETBOPAET ypABRHEHHIO
1 ¢ 1
L(v) + TS L) Ey(t,v)dv = L shr, (2.38)
4] .
rae anpo E; onpegeneno gopmynoii (1.41). B curry coornomenmit (2.38)
u (1.41) C (v) pasmaraercsa B pAj o HEYOTHEIM CTENeHAM 7.
0. Memonsaya supamenus (1.6), (1.12), (1.22), (1.36), (2.36) n
u (2.37), npencrasnm pemenne ) (z, 0) npu 0 < 0 < 0, B Bage

o a

u? s 1«}—32)511.6 1 .
P(u, 0) = - S —&W[Tgm(r)smsrdr—l—
0 0

- +2QF,(s, — a) ]F(s, —u)ds =

22 ¢ (14 s® sh 50 ¢ ) \
= r2 S (ﬁﬁ‘(s, —u) SC(r) sinst dt ds. (2.39)
0 0

Hooppurarh rpaHamer 3acroiiHoit 30HM mgaioTea UpH 3TOM BHpa-
JeHuAMHE, ciefyiomamn us (2.39) u (2.18),
o0 @

Azg =Ty S s ‘;tl?:éf S L () sinstdv ds; (2.40)
0 0 '
Az () = rpe® (% _ z) S % S L(v)sinsvdvds.  (2.41)
’ 0 0 :
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OTMeTHM, 9TO 3aj7ada B MPHHATON NOCTaHOBKe o6jajgaeT OYEBHHOM
cHMMeTpHeif, TaK YTO PelleHNe 3a/a49d W KOOD/JMHATH 3acTOHHOA 30HE
B obmactu 0; << 0 <{ 0, Mo:xHO TIoNMyuHTH W3 BHpaskeHui (2.39) m
u (2.40), sameuss 6 Ha 0, — 0, a 6, Ha 0, u obparmo.
[pu MambIX o HMeeM oTeofa, onpenensas § (t) s ypasaenna (2.38)
M IOCTOABHYIO ry B3 yeaonua (1.39),

o0

Mo =20 ( X wd 1 O(a); L (2.42)

shs
0

sh s0 cth ns

AMz(0)= — {ZQei" (i ——ae—) ais(“—w —e‘si) ds —
— e 59 ( )[oc 62 +%—E(1—%)arctgz]+
ERpL 6Q [3‘72 E,; fh; + (1 : arctg 3 ]}

gzel_e, 243

Hapsny ¢ onpenenennem PaHUI(E 3ACTOHHONA 30HHL IJIA [BAEHNI,
OPUBONALMINX K 3amade 5, BawHO 3HATh TaK:ke Hepenaj IpuBeer-
Horo Hamopa H Me;ay MCTOYINKAMH M CTOKAMH (paccMaTpHUBaeMEIME
OpPH DTOM Yike KaKk CKBaKMHRI MAJIOTO, HO KOHEYHOFO pajgmyca).

ITpuBegeHHasIll Hanlop KaK ({)yHHIJ;Hﬂ oT u, 6 MoyKeT GHITH ompefeneH
HMHTErpupoBaHNeM ypaBHeHHH

aH 14u oy oH (1 +4u? ap

du w2 40’ 30 u ou’

cnenyomux w3 (1.9) rnass 1V nocie samensr w/h = u.

OnpefenumM, UCHONB3yA OTH YPABHEHNA, Nepenaj HAmopa MeKIY
TodKaMH JuHEE ToKa 1\ == (). Brmbepem BHAYaNe TOURY U = u1>1
T. €. TOUKY, Je/KAIY0 B QH3HIeCKOIl IIIOCKOCTH B HEMOCPOICTBeHHOU
6aM30¢TA OT MCTOUHHKA (HAa pacerogHmu mopaaka Ry = Q/Amu,). Ile-
pelaj Hamopa Me;KkAY aTofi TOIKOM H BEePIIHHOH 3aCTONHON 30HK paBeH

H, — Hy= S LEwn 20 0) g,

0

1 g 1+ [1— Fa(s, —m)l] Rg(r)sinstdtds:

s th rts sh sOy

0
 Qlnua
=~ 24 0@+0(f

Jlia mepenajga Hamopa Me;KAY TOUKAMH TDAHHIH 3ACTOHHON 30HHI
RMeeM

) (2.44)

1o uy

] -5} x
1--5?) (chs® —1) .
—H@®) = Sx(G) A=r, S { stsh 1(: ;li o ) SQ(T) sinstdtds.
0 0

0
(2.45)




B =ac¢rroern, upn 6 = 9,

fe ]

Hy—H(0,) = r, S LT ezigg(r)sins_rdrds ~

sthas
0 1}
o 9
~20 S (1 + N\ e —1 [ ds + 22 4 50 4 01y, (2.46)

1]

Mo enx mop paceaarpusanach wacts pemenus, orseanman 0 < 0 <
< 0,. Ogmako, B cmily yxe ykasaHHOH cumMMeTpuH 3ajaim 5, Bece
opMyIHI coxpaHAOT eMBICT M anA obmacTu 0, < 9 < 04, ecnm 3ame-
Huth 0 Ha 0, — 6, a 0, Ha 0, = 0, — 0; ¥ OTCIATHIBATH KOOPAMHATHI
He OT METOYHMKA, a OT cToKa. Takmm o6pa3oM MokeT GHTH IOAHOCTHIO
TOCTPOeHA TPAHWUINA 3aCTOWHON 30HH W OIpeJeNeH Ueperay JaBIeHds
MeKIy MCTOIHUKOM H CTOKOM. ‘

6. I pumep. Ipusenennnie GopMyis MO3BOJAOT ONPETSIHATEH
BCe IPeNCTaBIAKIIAE IPAKTHICCKAA MHTEPAC BeJWIWHBI AJA 3aMa9d
06 ncrounuke u croke (pue. 3.2) (wim, 9ro TO ke camoe, [ BATATH
06 mcrouHnKe BOIM3N NPAMONWHENHOr0 KOHTYpa OMTAHMA, T. €. JIH-
HUI DOCTOAHHOTO Hamopa). JToMy e¢ay4alo orsedaer 0, — 0, = m.

Ilo dopmyne (2.42) nua paccrogHwsa OT MCTOYHMKA KO ocTpusd
33CTOHHOHM 30HEI HMeeM

Mo =20 | ZRTDL - Q. (2.47)

Hamnee, (2.43) maer npu 0 = &

Az () 3 o2 1 .| 6 1

=) i) (248)
Haxonern, n3 (2.44)

Ho—H(m) =23+ 520 _ 10 (2.49)

Coorromenne (2.48) ycranaBmmpaer cBA3p Me:y NapaMeTpaMu
0 M W NOJOBUHOA pACCTOAHMA MKy WMCTOYHHMKOM M CTOKOM
L = — z (n). I'panuna sacroiinoii 3oms, paccamranHas mo Popmyire
(2.43) npu meckonpKUX 3HaweHmAX ¢ — sh’a/2, moKasaHa HA pHE. 5.7
(Tourn).

Hapsany ¢ atum ma puc. 5.7, 5.8 npencraBieHH pesyIbTaTsl, MOLY-
IeHHBIe IlyTeM JHUCICHHOTO PellleHns WHTerpajJbHOro ypasnenuns (2.38)
U onpefielieHnA 3aTeM rPaHMITH 3aCTONHONW 30HH IO HPHBEJCHHBIM BHI-
Ui COOTHONIEHMAM Il HAPH MCTOYHHK — CTOK M IJA IATHTOYETHOM
CHCTEMH CKBA'KWH; HAPAMETPH, COOTBETCTBYIOMME OTHEILHEIM KpPH-
BHIM pHue. 5.7 u 5.8, ykasasw B Ta6ma. 5.1. (marsl 3Hagenus q/AL).
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Pac. 5.7 " Pame. 5.8

[IpuBenennnie pemieHHsa LIO3BONIAKT PACCIUTATh Tepenaj Hamopa
MEKy CKBA)KMHON NOCTATOTHO MAIOr0 Pagmyca H KOHTYPOM IIATA-
Hus. Brime yire 6110 MOKA3aHO, 9TO A OXNHOYHON CKBAZKUHBL BOJIA-
3u Koutypa naranmus (pue. 3.3; 5.7) xopourue pe3ysbTATH faer mpnb-
JIGKEHHOe pellleHne JIA MaJILIX 3HAYEHHHA @, OITOMY MOIyYeHHLe
Ha ero ocHome 3asmcnMocTH AH/AL or /AL (Gespasmepubie MHIHKA-
TOPHBIC KPUBHE) MOKHO IPAHATH 34 3TAJOHHBIE IIPH OTHICKAHHHU IIPO-
CTHX NPHOIMKeHHHX QOopPMynN /Jid pacdera Tepenaja NABJIeHAS B ye-
JOBHAX [BHMGHHMA € LPENeJIBHHM TPAJUEHTOM (CIUIONIHBIG JIMHMAIH
Ha pme. 5.9). )

[Ipocrejinree nmpuGamkeHHoe INIpeCTABICHHE MOKHO NOJIYIHTH,
eciii MPocTo JoBABATH K Iepenajly HAIoOpa MpPH QUIBTPAHH, CISTYIOo-
mieit saxony /lapewn, mepemay AL, Heo6X OfMMELH I TPEOFOICHUA TIpe-

2 ] [
A7
AL Ln,Tl;.a=if / ALV i
' P
7

4 - rd r T
; %/ noy /"
! i A 1
B P

’ | ’ %

/ v
- AL I an

o _4n
7 IIL]/Z_ 2

/ a r—
J 1 a0
4 2 ’

2 ol g/AL

Pure. 5.9 Pme. 5.10



MeJILHOTO TDANUEeHTa TABJACHUA MEMKAY CKBASKAHOM N KOHTYDPOM HHATA-
HUA (UITPUX-DYHKTAPHAS aunuA). Bugno, 9ro rakoii npuem maer aHa-
unrensuyio (30—40%) ommbky B cropomy sammikeHms Hamopa. Dro
HETPYHO HOHATH, 8C/IM yUecTh, 9To o6pa3oBaHme 3aCTONHKX 30H IPH-
BOJJUT K CTECHEHMIO LIOTOKA, B PeayJLTaTe 9ero ¢KOPOCTh PMIbTpamun .
Ha OCH IOTOKA BO3pacTaer. JT0 BO3PACTAHAE CKOPOCTH M IPHBOIAT
K yBeJIMYeHHIO Iepenaga Hamopa.

Houmaecreenno aTo MomHO yueers cnepyommm o6pasoM. Honyc-
TUM, 9TO pacnpefelenne ckopocta ¢miasTpanun w (r) masectro. Torpa

L L
AH — S O (w)dr — S (W 4 Ny dr.

Ilpumem reneps npmbimxenHo

w(r)~ + (ah _%qz_) (2.50)

q
2nr
(Taxoe BHIpaskeHHe EMeeT IpPaBHIBHYI0 ACAOTOTAKY Opn r — O @ mpm-
HUMAeT Hy;KHOe 3Ha4YeHue B MEeHTpPe CUMMeTDHH IOTOKA).

Torma momyaum ‘
_ 9 L q
A = In = o (ax — m) L 4 AL. (2.51)

Uenounays masectnyo sasmemMocts a (g/AL) (HmKHAA KphBasm Ha
puc. 5.9), jerxo mocrpours sasucamocts AH (g/AL). Peaynsrar pac-
Uera TaK;ke MOKa3aH Ha puc. 5.9 (mymxrmpHasa amensx). Hak sagao
U3 rpadura, pe3yabTaT OKa3HBAETCH 3HAYATENBHO OIMmxe K HaljeH-
HOMy OpAMEIM pacdeToM (ommbka ~ 10%). [omoxmurensno y6emnrs-
cA B 5QPEKTUBHOCTA HMCHOJIB30BAHAOTO NMpHEMAa MOMKHO HA IpHMepe
TedeHus, ciepyomero 3akony [lapen. B arom enydae MmEEMambHOe
3HAYeHHE CKOPOCTU HA OCH cuMMeTpnm pasHO ¢/nl, Tark yro npuim-
FHEHHO

9 (1 1 _ 4 L .
wi)= 5= (++1), AH= ﬁ(ln -+
(BMecTo TOWHOrO 3IHATCHHA 2—1 -In ETI—‘), TaK 9r0 ommbKa coeTaBsaer
c

In —52 /In -2r£ ~ 4%. Ilpm momomu Toro e mpHeMa MOCTPOSHA ¥ 3aBA-
cmroers AH or g/AL npu naruroueunoii cxeme PacCCTaHOBKH CKBa;KHH
(pmc. 5.10) mua ln% = 7,3475. HeobxogmMana 1A pacuera 3aBHCH-
Moerb a (g/AL) Takxe HOKasaHa Ha 3TOM PHCYHKE.
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§ 3. UpndmukenHoe permenie 3agaym
B NJI0CKOCTHI mnorpa(ba
npsa MaJaBbIX JHAYEHIIAX HpeI[EJIbHOI‘O rpanueu'ra

Ipn A = 0 3apaya GUIBTPALII ¢ TPe/leIbHEIM IPafHEeHTOM Nepexoanr
B eTaJbHO M3y9eHHYIO 3a7ady JAuHefiHod (uasTpalny, Tak 910 ec-
TECTBEHHO O/KUIATh, 9TO IpH MATEX A (@ > 1) pemenne sagaun 6y-
per GIH3KO K PENIeHHI0 COOTBETCTBYIOUell TNHEeHHOHA 3aKadu. fleno,
OJ[HAKO, YTO TIOUBITKA HCKATh pelleHHe IyTeM OPAMOTO Pa3/lojReHUsA
B DA 110 MAJIOMy IapaMeTpy A ypasseHmA B Gu3MYECKOil NIIOCKOCTH,
KaK 9T IIPeJIATaNIoch B OfHOM 13 panHnX pador 'eopruna [241], moam-
HAa IPHUBECTH K GOIBIIMM 3aTPyTHEHITAM, I0CKOIBKY QYHKITUA TOKA BMe-
e B 3ajiage GEIBTPAIAN ¢ IPEIeIbHEM I'PATHEHTOM 001aCTH IOCTOAN-
¢TBA (3aCTONINE 30HEY) I LOTOMY 3aBEJIOMO He MOKET GbITh MpeycTaB-
JleHa paBHOMEPHO CXOATIHMCA DPANOM M3 AHANMTHIECKAX (yHKRIUK
(pemennit ypasuenuit Ilyaccoma). G Apyroi CTopoHH, B 1IOCKOCTH
rogorpada mapaMerp A oKa3mBaeTCsl PABHOMEPHO MAalkM BCIONy BHE
HemoCpeCTBeHHO OKPeCTHOCTH IMHHN HylIenoil crkopocth (w = 0),
I7le XapakTep BEIPOAEHHS oCHoBHOTO ypasuenns (1.1) cymecrsenso
pagmmden npu A = 0 u A 7= 0. Orcioga HANpPAITHBASTCA cJIe/y IR
MOAXON: HCKATH UPUGIH/KEHHOE Pelllenne 3aain B 061acTi He camil-
KOM MAJIEIX CKODOCTEl Pa3iioskeHNeM 110 HapameTpy A, a 3aTeM Hpo-
[OIKATH PelleHHe B 00/IaCTh MAJIHX CKOPOCTEd B COOTBETCTBUM € TOY-
HBIM peleHneM.

Jlajtee MBI IMINB HAMETHOM XOJ PACCMOTPEHUA JACTHOTO CAydadA 3a-
naa;m A*. 3aMeTuM, 9To 5Ta 3a/aYa CBeleTCA K H3YYeHHRIM B I 1V,
ecnim GyerT usBecTHO pacmpepexenne P (w, 6;) = g (W), w > ah. Ilo-
CTPOEHHE ACHMIUTOTHKHE DONIeHUs MPH MAJIBIX 3HAYSHHAX LPENeIBHOTO
rpagmenta (2 > 1) 0CIOBAHO HA eCTECTBEHHOM COOOPAFKEHHU O TOM,
gro mpu A — 0, a—> oo (ah == w* = const) pacupenenenne g (w) erpe-
MUTCH K PACTIPeNENeHRI0 g4 (W), HMEIeMy MecTo B COOTBETCTBYIO-
meit 3agade QUIBTPAIlAN, CAEMYIOMEl 3AKOHY Ilapcun (A = 0).

Bocmonsayemes BHosb ypapuenusmu (1.16). Brpaman A (s) aepes
g (w), momyumm

A(s) = e X W, 0) (L + ) F (s, — u)du =

= ?111s—61[8 gAY +u)F(s; —u)du +

+{ @+ wF e —wd. 3.1)

Mopecrasasas sro Brpamenne B (1.17), a moxyleHnoe BHpaKeHHS
nis C (s) B (1.16), Gynem umeTs I g(uh) cHHTyIADHOE HWHTErPAIBHOS

# Jlevadil MOTyT OLITH HAiijIeHH B paGare [68].
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ypaBHeHHe

\ 8 @M K (@, v)do = £ (u; (3.2)

e o)

w1+ st (1 + s?) sh s (.« _ .
K, v)=— S thsshsorsnsg £ & —VF (6, —u)ds;
0

4 (4 2) F —
@) = — Y g zdis e 9

0
N f-@)(1+2) F(s, —»)shsBedr ch 502
X [g e oy (s ]ds. (3.3)

0

Ucnonnsya acmMurormueckoe momepenue ymprmmit F (s,— v) upn
60NLIINX 3HAYCHHAX APTYMEHTA S, yAaeTcd BHIETUTh TJIABHYI0 CHH-
ryasapaywo qacts K, (v, v) agpa K (u, v).

ch? % th % th“/z%
Ko(u, v)=Ko@, 1) = - X
2irt Sh‘T -
i°° sin Qof, e B\E .
X S § sin 04€ sin 028 (e‘* ) dt; (3'4)
u=sh2%; u:shQ%
U NpeACTaBUTE ypasBeHHe (3.2) B Buje
\ & () Ko, v)do = 7 () +
+ | (Ko ) — K @, v)) g (M) do = g (w). (3.5)

Ecnn mpemenno cuutaTe ¢ (1) maBecTHOi (yHKIHMEH, TO OKA3H-
Baercsa, 4T0 MHTerpansHoe ypasHenme (3.5) sdderTnBHO pelmaeres,
T. . g (vA) MO:xHO BHpasuThb wepes ¢ (1). CBA3aHO BTO ¢ TeM, YT HMeH-
HO TaKoe ypaBHeHHe BOZHHKIO Oul, eciu 6H epasy penianach He 3aja-
qa QuIbTpanmuWA € IpejleNbHHM TPajHeHToM, a 3ajaua QEILTPaNHM,
cregyomeii aaxony [lapeu. Ilosromy Heof6xoamMoe pelleHHe MOMKeT
OnTh HaiileHo, HAIpPMMED, IPH TOMOMY KOHYOPMHOTO OTOGDPASKeHHA.
C npyroi cropoHsl, MO}KHO moKasarb, uto K (1, v) - K, (v, v) npu
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a — oo (A —> 0). Paspemasa (3.5) ormocutensHo g (v, A), momyduM

x

g(vh) = S £ () Ry (e, v) dus +-

a
oo [e=]

+ % g (wk) % Ry (u, v) [Kqy (&, v) — K (u, v)] du dw. (3.6)

Vpasnenue (3.6) ects ypasnenue Dpenronbpma ana g (vA), mpm-
9eM APO ero B HEKOTOPOM CMEIC/IE Maso Ipu Goismux g (Maasix A).
[MToatomy ero Mo;rHO 3QPEKTUBHO PenuThH METOXOM MAIOro mapamerpa.

Ykazanmasa cxema penienns HO3BOJMAET HOJAYIATH PEryaApHOE pas-
no:xeHue B PAX OpH MaJuX A. OJHAKO eclIn JOCTATOTHO OFPAHAYMTH-
cA TJAABHHIM WIEHOM Da3lo/KeHIlsT peuieHuss, 3HAYATEIbHO ymobHee
IpOCTOil MeTOM, paccMaTpuBaeMulii B elefyiomeM naparpade.

§ 4. Ilocrpoenne mpuOImKEHHBIX pelIcHAR
MeTofoM BHeMIHHX M BHYTPeHHUX Ppa3NoKeHHi

1. IpoamamuaupyeM eTPYKTYpy HPHOIIKEHHOr0 DeINeHNA 3again
B HECKOJBKO Oolee obmewm caydae. [lyers 3agaga NpHBOAUTECA K OTH-
ckarmo pemennsa ypasaenus (1.1) B moaymosxoce B IIOCKOCTH TOJI0-
rpada (pume. 3.1 = 3.5) M FOIYCTHM, UTO NJA BCEX KOHIEBHX TOYEK
paspesos (a;, ;) mapaserpst a; > 1. Jlomyernm cBepx Toro, 4To mpu
0 < u < a, a>>1 rpanuansie 3HAYeHAA QYHKIAN ) HIH HPOM3BO-
foit /30 Ha paspesax m Ha GOKOBHIX CTOPOHAX IIOJNOCH IIOCTOAHHBIE
(XOTA, BO3MOKHO, PA3/IMIHSEe HA PA3HHIX CTOPOHAX paspesa). Mokuo
yGenuThes, ToRoGHO TOMY, KaK 2T0 OBUITO €161aHO BHIIE, 9TO IpH A~
— ( pentenme 3aJa9l PABHOMEPHO CTPEMATEA K DPEMEHHI0, KOTOpOe
COOTBETCTBYET OGBIamOMy JmHeiiHoMy 3akony Quasrpanma (A = 0)
n naxonures Kondopmub orobpaskenuneM. OnHAKO JJIA ONPeNeIeHNs
TPaHUIE 3acToitHoll 30HE HeoOXoanMO BHIHCIATH TIpe/en

h(0) = lim — 2&.

w0y du

BOIHU3N OTPe3koB JuHMA ¢ == 0, HA KOTOpLIX P = const, a A aTOIl Be-
NAYAHE PABHOMEDHAS CXOMUMOCTH yiKe He meer Mecra. JleiicTBi-
TeJdbHO, IIPH MAJNHX ¢ PeleHne BONA3U JIMHAA U = 0,0, << 0 < 0%,
Ha Kotopoii P (0, 8) = 0, MoskeT OHTH NPEJCTABICHO B BANE

P(u, 8, L) = 2, Bou®F (2 — 2y, 2 4 %y, 3, —u)sina,8;  (4.1)
m=]

oAy = mmj07,
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Ilockonrry F (0) = 1, yxasannuii piime Ipeen cymecTBYeT LPH
no6om 0 m pasen

2 2B,,sin a0,

m=}

TaK 9TO B HEro AT BKJaf Bce wieHn pafa (4.1). C apyroit eropomsr,
B cayiae A = () pemenme mph MAibIX W IIpefCTABIAETCS B BHJE

- Po(u, 0) = D) Cru*msino,,8 = P (u, 9, 0). . (4.2)

m=1

B peayarrate mpemexn A (0) me cymecryer npm m/0* << 2, pasen
mymo npu 1t/0% > 2 m aumms npun 0* = n/2 mMeer KoHewHOe 3HAYe-
ame. Bo Bcex enydasx mpefienprHoe moRefeHme ONpeleNsaeTcA HePBHM
qrenoM paga (4.2). .

HepasromeprocTs NpUGIM;KEHAS NPOU3BOIHEIX IPOABIACTCA JIHIID
B Y3KOid mosoce, mpuieramomieii k¥ quamd u — () H OpegcTaBIAMel
coboii norpanmgHmii caoii. OTciofa caeayer MpoeToil MpueM IOCTpoe-
HYSI DABHOMEDHOTO NpHOIMKeHUA: mcKomoe pemenme ¢ (1, 0) =
=Y (u, 0, A) zamensgerca mpubmmwxenmnm P, (u, 0) = ¢ (v, 0, 0)
B oOmacTm 1 > 1, a sarem ¢ (u, 0, A) mpomomKkaerca B 001aCTH MAIHIX
3HAYEeHMHA 1 yie Kak pemenne ypaBuennsa (1.1). Takoii npmem mpume-
HAM BCEINIA, KOIZLA BeJMIHHA @ JOCTATOYHO BeJAAKA W COMATCA JAML
I BRIYUCIEHAA MIaBHOTO WIeHa acaMuToTuku. Boobmie rosops, Toldb-
KO - 3TOT WJICH HE 3ABHCAT OT MOJIOKEHAA BEIOMOTATeIbHOA TPAHHIEL,
HA KOTOPOil TOYHOe PelleHHe 3aMEHAeTCA NPHGIMKeHanM (IPH yElIo-
BHUM, 9T0 TDAaHAIA HOpoBefeHa B obmactd 1 > 1).

Herpygno Bupmers, 9To upm 3ToM MH IPUXOJAM K OJHOMY M3 Ba-
PHAHTOB METO/la BHEMHWX W BHyTpeHHMx pasuomennii [32]. Ilocrpo-
UM BHENINee pemenwue 3afgadn P (w, 0), momaraa A = 0, n HaiineM rias-
HEIA 9JIeH ero aCAMIOTOTHKHA B Ka/KNOM M3 WONIOI0C ‘
(0O <Oy, 0; L0, 0, <00, u << a), HA KOTOPHIO LpPH-
Jerapmang K aaunu w = 0 9acTh 0CHOBHOI NOA0CH pa3bmBaeTca pas-
pesamu. Tormga mMeeM AJIA IJIABHOTO WieHa pasio;keHus mpa w — 0

P ~ Blw** sin 0,0, (4.3)

rie B? mapecruo.

C npyroii cTOpPoOHH, MOCTPOHM BHyTpEHHee peliedne AAs AAHHOHA
nognonxocel, mmenmee B (4.1). Ero acmmmrormrka mpm w/a — oo
UMEeT, KaK JIeI'RO yCTaHOBHUTH, ACHOAL3YH (OPMYJH AHANATAISCKOro
upogoisKenna (eMm. raxme (4.25) raasm I11), Bapx :

i T (2, ) w \*m .
~ 2 si " S L4
P "22123,“}. sin a,,0 T Ta ) TAT) ( T ) (4.4)

- Tpe6ya, urobH 3T0 pemeHme cOOTBeTCTBOBANO acAMuTOTHKE (4.3)
u 9T00H Opu PUKRCHPOBAHHOM i pemenme (4.4) 0cTaBaJOCH PaBHO-
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MepHO orpaHwueHHEM 1upm A — 0, moxydaem

L PC+a )r+a) 2 - c
2T (2o = ; Bm =0 0“ m 2)' (40)

B1 = B(; Aim

m)

Orcroia caeqyer, 4T0 KOOPIWHATH TPAHHIE 3aCTOAHOM 300 JAKOTCA
BHIPAHEHAEM

. a1 T2 rad = 0%
#(0)+ iy (8) = B TEEEEEM (1 4 o0t

in
e %—- (sin 0,0 — iaty cos o,8) 1-c. (4.6)
N a"

1
Bripasxenue (4.6) onpenenser momoKeHne 3acCTORHHON 30HH € TOYHOCTHIO
[0 MApANIeNbHOTO HmepeHoca.

13 npusefenHuX paceyAAeANi ¢JIeyeT, 4T0 ¢ TOYHOCTHIO 0 Ma-
JIHX BeJIHYNH IIOJTO;KEeHMe 3aCTONHONR 30HH COBIAAET C IMONIOHEHHEM .
KPUTHYIECKUX TOUCK MOTOKA JJA 3a7adn THHEHHOH ¢miapTpannn.

2. PacemoTpin B KadecTBe TIpEMepa 3aAady o KoibleBoil 6arapee
exBaskna. COOTBeTCTBYIOMAA 3ajada B ILIOCKOCTH rogorpada mpen-

¢raBiIeHa Ha pHe. 3.5; 3acTofiHoi 30He orseuaer orpesok 1 = 0,0 O <

n—1
<0, = , Te n — 4HACII0 CKBAYKIH B Gartapee.
n

HaiimeM, cormacHo cKa3amHOMY pamee, pelleHHe COOTBETCTBYIO-
meit 3anaum opu GEAbTpannm, ciexyomei 3axony [Hapen. B mamnom
clygae perieHne 3TO 1Ipome HCKaTh He B INIOCKocTH rofgorpada, a me-
MOCPeNCTBeHHO 3AIIMCAB KOMIUIEKCHBI HOTeHIMan TeueHusa B dusn-
JeCcKOo# IIIOCKOCTH

W=—H-iyp == ;—nln(z"—Ln),

rie L. — paguyc Garapen. 1A KOMINIEKCHOH CKOPOCTH HMeeM

qnzn—]'

we — —A— |
2% (2° — LM

Orciona BO6IM3M KDPATHUSCKOHl TOYKI morora z = () maeeM

N 1z y 3"
we ~ — T2 W= — LT ,
2L 2n L
OTKYAA
n i an
2nLw\n—1  n—1
wz_%&_n) e " (4.7)

Oreioa moxydaenm, 9ro B6mman amamm u = 0, 0 <0 < Oy,

n

2 Lw \n—1

.4 . On 4.8
1!;«——2‘;(——'” ) sin w—1" ( )

102



IIpn stoM xapakTepHoe 3HAYEHME CKODOCTH B 3ajade HA IJIOCKOCTH
roforpada U paBHO MaKcHMaAbHOMY 3HAYEHHIO CKOPOCTH HA OCH CHM-
METPHH MeXAY cKBakmHaMu. lleuoansysa seipayxkesue (4.6), maxogum

n—1

U=5t(n—1) " . (4.9)

Honaras B (4.6) B coorBercTBHM ¢ (4.8)

n—1

B 4 (ZKL> = (4.10)

17" 2n n r—1"°

Haxo[#M FPABANY 3aCTONRHOU 3OHHI.

Bocuonbayemca BOBMOKHOETBIO CONOCTABIEHHMA MONYy4aeMOro Ta-
KuM 00pa3oM MPHOIIMKEHHOT0 DEeIeHHA ¢ Pe3yIbTATAMI TOYHOTO THC-
aesHoro pacuera (§ 2). [lpammemn = 6, o, = 1,2. Ha pme. 5.4 como-
CTaBJIEHEl Pe3yIbTATH PacyeroB (HyHKTupHbe aaaud 7' u 8') mo npm-
Ommmennolt gopmyne (4.6) ¢ umemennnM pacuerom g a = 5 m 10.
Comocraniienue MOKA3kBaeT, UTO0 UPHGIMKEHHOe peilleHHe IPHEMeHM-
MO BILIOTH /10 @ = J.

IlpeumymecTBo mPOCTOro0 NPUGIMKEHHOTO PACCMOTPEHMS, W3AO-
KeHHOT0 B JaHHOM naparpade, COCrOHT B TOM, YTO OHO B PABHOHA Me-
pe IPUMEHUMO U B TéX CIAy4asgx, KOTAA B 0OGIACTH BechbMa MAaJLIX CKO-
pocreil w (BUiKeHNe He CleAyeT TOYHO 3aKOHY QUIbTPANHUA ¢ Ipeelb-
HEIM FPAaeHTOM, a OTKJOHAETCS 0T Hero u MofauHAerca 6ojee CIOK-
HEM 3aBucmMocTsN. Ilpm atom xapaxrep Tewemmsa B ofmactm Maimx
CKOPOCTel MO;KeT GHITH UBYTEH 110 MPOCTHIM HJIeMeHTAPHHEM PelIeHHsM,
4CIIABAEMEIMY ¢ BHEIIHHM DellleHnmeM, IIOJYyYaeMEM HA OCHOBe JIMHE-
HOTro 3aKoHa ¢uiabrpanun. Iro obcroaTenserso Gymer Gomee moxpobHO
pacemorpeno Bmke (ra. VIII).

3. Haxomern, Tor e mpueM MoskeT GHITH TPUMEHeH IPH KOCTATOU-
HO MaJHX A K Golee CIO}KHBIM TEYEHHAM, He JOUYCKAIONEM B3aHMHO-
O[{HO3HAYHOr0 OTOGpaKEeHHA Ha IIIOCKOCTH roforpada. 3hech 3acToii-
HEle 30HBI MOTYT BOBHUKHYTH BONA3A KPATHYECKHX TOYEK HEBO3MY-
meHHoro Tedenns (A = () mam B6in3u GeckoHeuno yAANEHHON TOYKH,
T. . BOIIM3M TexX ToueK HeBO3MYIEHHOTO TEUeHHs, Iie CKOPOCTh 06pa-
IAeTCA B Hylib, H BeIWYNHA A OKA3HIBAETCA CYIMEGCTBEHHON, KaKoi 61l
Mallo# oHA Hu 6noa. .

Hampyo Kpurmaeckylo To4Ky MOKHO OKDY/KHTH JHHWEH, Ha KO-
TOPO# CKOPOCTH W TpPHHAMAET TOCTOAHHOEe 3HAYeHme a>>A. Torma
Ha 3TAX TPAHWYHHX JHHAAX pacOpememeHue QYHKIAE TOKA B CKOPO-
CTH MOMHO CIATATH TAKUM 3Ke, Kak u upa A=0. Teuenue jxe mayrpH
BEIJIEJIEHHBIX OKpecTHOCTeH 06IajiaeT ToKANBHON cHMMETpHER B COCTO-
UT U3 HEKOTOPOTO YMCIA OJHHAKOBHIX CEKTOPHANLHLIX obmacTeil, Kam-
Aafd U3 KOTOPHX AONYCKaeT oro0paskeHHe HAa IPAMOYFOJUBHHK B IIOC-
koctu roporpada. B pesyabrare nerko mocTpomTh NPHGIMKEHHYIO
KapTuHy T€9eHAA W 3aCTOMHEIe 30HH B BEIENeHHLIX obxacTax. Eerect-
BEHHO, YT0 HANOOIBITHA WHTEDEC UPECTABIAIOT B ATOM CIydae BHEMI-
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HUE 3aCTOMHKE 30HH, OKpy:;Kampae OeCKOHEYHO yAa/eHHYI TOUKY,
TAaK Kak 3acTOWHKIe 30HH BOAN3N BHYTPEHHIX KDPHNTHYECKOX TOYeK
LOTOKA HMEIOT TPI MaJkiX A MaTkle pasMepH.

§ 9. IlpegensHbie pemeHus W OLEHKN
I 3ACTOMHBIX 30H

1. g ypaenenns (0.1) rnasm 1V B mrockoern rogorpada ¢Kopocta
CIIPABEIIAE MPHHIAN MAKCAMYMAa CO BCeMH BHITEKAIOHMH H3 Hero
caepcreaamu. Ilyern, B wactmoerm, rpanuma I' obiractm A B miioeko-
¢ru rogorpada coeromt m3 rpex uacreir: I' , I'g m I',, mpuuem

Plo. = minps =m, Plr, = maxps =M, mPl,<M.
(5.1)

«BmaBum» Teneps 4acTh rpamunsl 1' BHYTPH obmactu A (B cMEene
§ 4 ru. II), 1. e. uepeiigem or 3agaun B obmactu A K 3ajade B o6aacTa
A" C A, npugem 1p|P: = m; Y |rr_= Vo, I'/I_ =T/T_. Tornas

touxkax obmactm A’ ummeem, odermgHO, P <Y, a Ha o6Iieil yacTH rpa-
auns '/dn < d/dn (uponsBogHEe GepyTea B HAIPaBJIeAUN BHYTpeH-
meil Hopmaun). «BnasamBanme» qactm rpammns I', mpuBoguT K mpo-
THBOIIOTIO;KHBIM HePABEHETBAM.

Hpumenum Teneps cKasanaoe K 3ajgade A, oTBegaomeii Kpyrosoii
Garapee n-MCTOYNNKOB paBHOil mHTencuBHOCTH (puc. 3.4). «Paspes»
0 < u < a, 8 = 0, cocraBisier 9acTy rpanuus I'_ @ ero «ngasamBa-
Huey», T. €. YBeJIHYeHHe 4, TPUBOJUT K YMEHBIICHAI0 PEIieHHA BO BCEX
TOYKAX I er0 HOPMAaJBHBIX IIPOH3BOHKIX BO BCeX o6IMMX TOUKAaxX rpa-
aunpl. Taxkmr obpasom, umeeMm (a” > a)

alp(l' aq)(L .
Vo K Yoo O<w<%—<—% (0= 10);
GV
Q2 e T Qe (0= 00 5.2)
- a, Ao

0 < d(lﬂ) < 8(11’) S

70 0-<0<y, u=0).

3ech HCLONBR30BAHA eme odYeBHIHASL 1A JIAHHOM 3a/[a9M OIIeHKa
0
0<h(u, 8) < 3 (5.3)

a OpH BHYACISHUH HOPMAJILHOM IIpOI/ISBOIIHOH npun © = O BBefeHa
BCIIOMOTATeIbHAs KOODAHHATA, pPaBHag ul.

" Yepes }, 0603HaYEHO peleHHe, OTBEIAMEe IPeNeIbHOMY CIIydaro
a = 0, 310 pemenne, KOTOPOE ETKO IOCTPOUTDH B ABHOM BHJIE MeTO/a-
mu ra. I'V, msi 6ygmeM Ha3HBAThH INpeNeIbHEIM.

2. Hcmonsays HepasenerBa AMS HPOM3BONHHX (5.2) m dopMmyms
BO3Bpamenna Ha ¢usmueckyo uaockocrs (1.8 rmasm III), ymaerea
[I0Ka3aTh, 9TO NDH HeM3MEHHHIX B3HAYEHUsAX mapamerpos ¢, 8y, 6,
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¢ yMeHbIIeHHeM IDapaMeTpa 4 3acToiiHad 30HA B OpeAelax 3jJIeMeHTa
CIMMETPHN TEYeHUS «OTO[BUTAETCHY» OT COOTBETCTRYIONEro MCTOYHHKA
[66]. CxemaTuaecku pacmosnokeHHe IPAHEI, 3aCTOMHHIX 30H IPHA pa3-
JINIHEIX 3HAYEHAAX OapaMerpa e mokasaso ma puc. 5.11 (ay > ax >
> a3 > ay > ay = 0) qaa TeueHus B 3eMeHTe B BHAE KIAHA C YoM
pactsopa 2(w — 0,). (OueBnano, Ha u3HIECKOH NIOCKOCTH PO He-
NPOHANAaeMnX CTEHOK KJIMHA MOYYT MIParh IUIOCKOCTH CEMMETDHHA Kap-
THHH Teweuns.) XapakTepHMi pasmep L, IpeicTaBLIOMENA -coboi
PaceToHHMe OT MCTOYHMKA /0 HEIPOHUIAeMO#i CTeHKH, MOHOTOHHQ
BO3DACTAET ¢ YMEHBUIGHAEM @ OT HYJA HPH @& = 0O [0 6eCKOHEYHOCTH
opu ¢ = 0 (mociegaee Gynet JoKa3aHo HEse). B To jKe BpeMA Xapax-
TepHHIA pasmep AB MaMeHAeTCA OT HyJA [0 HEKOTOPOIro IpeleibHOTO
snadenud I, pocraraemoro npa ¢ = 0. Us pue. 5.11 ciexyer Bech-
Ma IpocToil, XoTA U rpy0sii coco6 oMeHKHM CHE3Y PasMepoB 3aCTOM-
HOM 30HH: ecJM 3aaHH HHTEHCHRHOCTh MCTOYHHKA () W XapPaKTePHRIA
pasmep L, To 3acroiiHas 30Ha Gymer 3aBemoMo Gonbloe, TeM ITOMAAI0-
mas BHYTPh KJIWMHA 9acTh 3acTOiHON 30HH, orBedaomeil ¢ = 0 (ma
puc. 5.11 samrrpuxosana). Ita omenka Gymer TeM Aydme, FeM GOb-
me Benmuuna L (npm npounx pasHHX yeaoBusax). Haoporms, opr L <<
< L, sinb, oma, oueBmpHoO, cTanoBUTCA TpuBnadsHoil. Camo mpenelnb-
Hoe penienne ¢ ¢ = () OOACHBaeT CTPYKTypPy NMOTOKA BOJIH3H «OCTPHA»
3aCTONHON 30HEI.

3. Amajorm4moe pOBEEHHOMY PAcCMOTPEHME JONYCKaer W 3a4a-
ya b npm KpaeBnx ycaoBuax Bmaa

P0,0) = 0 =9 (0,8) =0; PH(u,0)=Qa<<u <(§°zii

I B aToM ciydae nmpu yMmeHsIIeHmH mapaMerpa ¢ pemenne P (u, 0)
BO3DACTaer, PABHO KaK M €10 HPOM3BO/IHEIE 110 HAPARJICHHIO BHYTPEH-
Heil HOPMaJIH K «BHEIIHMM» TpaHmnaM obiactm. VIMeeM, TakEM oGpa-
30M,

0 oo <o SPa<<Wo (&7 >); - - (5.9)
0T (u, 0)C Q86 (0LOLOy);
0o (u, 0) << Q (8o — 8)/(8, — 6,) (el<e<90);

alpa’. alpa 00.
O<T<a_e<—a%<%1 (920);

_ 9 N, . O, )
— << S G<0 @=0)
alpu.' ;hpa
8(u“)<8(u2)

a
<

(56)

o=

J
<o (@=0%

&pa 6lpa’ '
o S (#>e0=06-0)
ap, _ oy,
R

<

o
S N

ANy
>35>

> ®“>a,0=0,140).

D
o
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Hcnoarszysa coorHomenns (5.6) u GopMyJsl Bo3Bpamenns, TaK:kKe
ynaerca yoequTECH, 9T0 ¢ YMEHBINEHHEM IapaMerpa a 3acToiHbe 30HE
B 3JeMeHTe CHMMETDHH TEeU4eHUS «OTO[BUTAKTCA» 0T COOTBETCTBYIIOME-
TO NCTOYHHKA, YREIHYABAACH NPH 3TOM B Pa3Mepe 1[0 aHAJOTHH €0
cxemoii puc. 5.11. Ilpegensnoe (a = Q) pewenue sagauu 5 mosmer
OHITH MCHOJIB30BAHO [UIS TONYYEHHST HEGKHEN OIEHKH pa3MepoB 3ac-
TOMHMX 30H MOA00HO TOMY, KAK 3TO OIHCAHO Ha upumepe sagadd A
B pasnmexe 2 maHHOrO naparpada.

4. Ilpenensnsie pemenus 3agad A m B NeTKO CTPOATCA METOTAMY
ra. IV. Tax, ana samaan A ¢ yCIOBHAMI

P 0)= (0, 0)=0  (0<O<0,) 6.7)
P(0,0)= QO —01)/0, (0,<<I<T0=0,+0,); Pu,0)=0Q

(puc. 3.5) upemenbHOoe peLIeHHe HMeeT BHT

0= LD s <0<
0

(5.8)

0—0 W ¢ (1 4% shs (B — ) sh s0
¥, 0) = Q(ﬂz 1)+ Q‘: \( +S):h:t‘s(s(]'1sﬂo)smIF(S’~u)ds

0
(8. <<B < By).

Orerofia moayvaeM auaa A KOODIUHAT IPABIILL 3a€TOHHOI 30HBL, COOTBET-
erByomeit otpedry 0 < 0 <0, u =0

Q o sch s — ishsd
s el S m—-— Sh .5‘9) ds. (5.9)

2(8) =

Jlna BaskHEAIIETO YACTHOTO ¢liydast, OTBEYAIIEro 3agade o KoJbIle-
Bo#t 6arapee n ckBakuu,By, = m; 0y = n (n — 1)/n, Tax aro

. Q 19 [02¢€058 +sin B 0sin B2 4 B2si0 0 .
z(9) = %m0 ' [ c0s 02 + cos O + (cos B2 - en3 B2~ 8 —
. OsinBs + Gasin O
T " T G0s02+ cosO ] © < B)-
(5.10)

Ha pue. 5.12 noxasamsl TPAHHIEL 3aCTOHHEIX 30H, COOTBETCTBY-
Iolfdge IpenenbusM pemenmaM 3amaun . II3o6pasken yuaeror rpa-
HANBI B OTHOM 3JeMEHTE CHMMETPHH TeYeHHsd, HAYalo KOOPAHHAT
BHODAHO COBIAJAINAM € WCTOYHHKOM, NPHHAUIEKANHM J[aHHOMY
3IEMEHTY CHMMETPUH.

Hakx y:re roBOpmIOCH, HIpemedbHBbIC DEINEGHNA I03BOIAAT  OIfe-
HUTH CHH3Y pa3MepH BACTOHHBIX 30H I PACCMATPHBAEMHX YCJIO-
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Buii. /s aTOro MOCTAaTOYHO M306pa3nTH HA OJXHOM depTee B Geapas-
MEPHHIX KoopanHarax § = Arn/q, = Ayn/q dnemeHT cHMMETPUH pac-
CMaTpuBaeMoil KOHQHIYDaNMH ¥ TrpaHUI[H 3aCTOMHOH 30HH JJIA
COOTBETCTBYIONIEro OpeJellbHOTO pemenna. Torga momagamoimas
BHYTPh JAHHOTO 9JIEMEHTA CUMMETPHM 9YacTh NPENeJbHON 3acTONHOM
30HH OyJeT IeJMKOM JI€KATh BRYTPA MCTUHHON 3acTOHHON 30HH.

Pue. 512 1

nf5
/4
V) \
Pue. 5.11 w2
ar =
a) 5=0
2z
a, A 5
-7
+
SN 7 5 &
L

[IpuMeps upuMeneHNMA Takoro emoco6a IOCTPOSHHA ONEGHOK IIpW
HOMOIM pemrenuii pac. 5.12 mokasans Ha puc. 5.4 xaA caydasa Gara-
ped IMecTH MCTOYHMKOB 1 = 6 (TodHOe pemieHnme — CILIONIHEE JNHAM;
npefenpHoe — MTpHEX-IyHKTEpEEE (37, 477)).

AnanormgarM 06pa3oM MOTyT GHITH HOCTPOGHH W HEIOJB3OBAHEL
OpefelbHNE peueHnsa safgaum 5.



I'masa V1

Penienmne sagau dmaprpamun
¢ MpefedbHbIM TPAHEHTOM
B clly4yae HeOJHOJIMCTHOCTH OTO0paReHus

B paccmorpeHHHX pamee 3ajauax yAaBajiioch BHJIGNHTL TAKOH »ie-
MEHT CHMMETDHH TEYeHHs, KOTODPHH MOMYCKAd B3aWMHO-OHO3HATHOR
orobpasrenne Ha aockoeth rogorpada. Ioaromy cospaeresa sueuarie-
HEe, 9TO DTHMU CAYIAAMI HCUCPILIBAIOTCSA BCe TE€ CHTyallud, KOrja
apdexTnBHO mpHMenenne upeobpasoBamnd rogorpada. Hmme ma mpu-
Mepe QuapTpauu ¢ MPEeeAbHEM TPATHEHTOM MOKA3aHO, Y4TO Jake B
3afavax, He JONYCKAIMX OJHOIHCTHOTO OTOOpaXKeHHA Ha MJIOC-
KoeTh roforpada, npeobpaszoBanne roporpada mMosker OKas3arTbCA IO-
JIe3HBIM, IO3BOJAA CBECTH 33731y K DEMeHul0 ¢BI3AHHHX KPAeRHX
3314 OJHOBPEMENIO HA HEeCKOJIbKHX JHCTAX IUIOCKocTH romorpada
w, 9

Ilpn sToM mHemONB3YCTEs TO 0BCTOATENLETRO, YTO OTOOpAREHIE
obaactn tevenna (w > 0) ma mwIoCKoETL roorpada ABAASTCH KBA3M-
wonudopmasn [29, 111].

§ 1. Dopmysmposka 3agaut.
Orofpasensie Ha MHOTOJIICTHYI0O HOBEPXHOCTH

1. PacemorpuM BHAYame ¢paBHUTENBHO NPOCTYI0 3a7Mady O Tede-
HHH, CO3JaBAeMOM [RYMJ HCTOYHHKAMH DPAa3JAYHOA WHTEHCHBHOCTH
(Q u ¢), upHHEMAs P 2TOM, ¥TO HA GECKOHEYHOCTH TeYeHMe CTPeMMT-
¢d K PajHaJbHOMy TedeHIlo, oTBedaolleMy notoky ¢ + ¢ (puec. 6.1).
Herpygro npencraButh ceffe KauecTBEHHO BO3MOKHYI) KAPTHHY Tede-
auA (puc. 6.1, a). Bosnuraer Boumpoc: KakoBa CTeNeHL IPOH3BOJIA
B 3TOH KapTOHe H 9TO J[aeT IIOUKTKA O0TOOpa/ReHHA ee Ha ILIOCKOCTH
rogorpada €KOPOCTH.

Pacemorpmm BerToprnoe mome cropocteit duaprpanun w. Qcobne
TOYKH 3TOT0 MOIA — HCTOYHHKH M CTOKH, ABJIANMMECA B TOHOJIOrH-
gecxoM emuicae [105, 146] yamamm, u, BO3MOMKHO, KpUTHYECKHE TOU-
KH, IpeRpamaiolnecd npiu QUIsTPALNE ¢ [PEeNeJbHHM TPAJHeHTOM
B 3acroiinsie o6xactu (3onn). Bee atn ocodsie Touku u o6iracta cocpe-
AOTOYEHH B KOHEYHOMH dacTH wIocrocTH. IIpoBond okpyasHOCTD MocTa-
TOYHO GOJBIIOTO pajiyca, JerKo MOJCYHTATh HA Hel BpalleHne BeKTO-
pa cropocTH QIIBTpaUE, KOTOpOe oOKasmBaercs paBumM |1
(T. e. upu o6xo07e ee BeKTOpP CKOPOCTH PUIBTPALMM COBEPIIACT O
obopor mpoTHB 4acoBoil erpenrm). Orcioma cxegyer, 4T0 CyMMa TOIO~
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JNIOTU9eCKUX WHAEKCOB OCOOHIX TOYEK W 3ACTOMHBIX 30H, HAXOMAMUXCA
B KOHEUHOH YacTh MIOCKOETU, papHa |1, cymMMapHHIiT UHAEKC KPHATH-
YeeKUX TOUeK (3acToiiHMX 30H) pasen —1. I'panmnm 3acroiiHol 30HKH

00pa30BaHH BHIUYKJIMMM BHYTPL Hee J{yraMd JIAHAA TOKAa, CONPAran- .

mMuMHACs B Togkax Bo3dspara. OTcona enexyer, 9ro IpH 00xofe 3acTol-
HOIi 30HH IPOTUB JaCOBOM CTPEJIKA BEKTOP CKOPOCTH QUIBTpAIAY Bpa-
IAeTCA [0 9acOB0ii CTPeJIKe i IpH I0JHOM 06xofe coBepiiaer n 060po-
toB. Tarkum ofpasoM, MHIEKE 3acTOHHON 30HK paBeH n. Beawdunay n

Pue. 6.1

7 8 =

_ fy/ieM HA3HMBAaTh KPATHOCTHIO 3acTOHHOM 30HH, nph n = 1 GyneM ro-
BOPHTH 0 NPOCTOl 3acroiimoil 3ome. B cayuae, ecian 3acTOHEIe 30HKI
He 06pasylOTCs, COOTBETCTBYIOIEE OTPHNATENbHEIE HHJCKCH HMeIOT
KpATUdecKne TOYKH (IIPOCTHE W KpaTHHE).

Teneps 04eBHIHO, UTO B IpHBefeHHOM IpEMepe ofpasyerca ofHA
(1 TompKO ofHA) mpOCTas 3acTofiHas 30Ha (KPHTEIECKAA TOIKA, €CIAH
IpefeNbHbA IPAJUEHT OTCYTCTBYeT). )

2. Jlomycrum Temepb, uTo Ha puc. 6.1 mpoBemenH IAHEM PABHBIX
HanpasjeHuil ckopocta 8= const. BexTopr BanmpaBieHyil 9THX JaEHAA
o (0,, —0,) 06pasynT HOBOe BEKTOPHOe mGJe, KOTOpoe GyneM HAa3H-
BATH IPOM3BOIHEIM II0 OTHOIIEHHIO K nomo wW. Fcam aaTepHpeTApoBarh
® Kak QUKTHBHYIO CKOPOCTH, TO yroa 0 mpexcraBimer coGoit «pymk-
mmio Tokay aroro ¢urrTmBHoOro mortoka. Orcoopma epasdy cirefgyer, Iro
npu 06xoe 0coBHX TOYEK HOJIA CKOPocTeji — MCTOTHHKOB B CTOKOB —
yrox 0 mosyuaer KoHeIHOe MOJOKETeIbHOe NpHpalleHAe, & IpPH 00-
Xofie KPUTHYECKAX TOUEK WA 3aCTOHHHX 30H — KOHETHOC OTPHIA-
rexpHoe npupamenne. Taxmm o6pa3oM, HCTOYHAKE A cTOKA QUIBTPA-
[AOHHOT0 [OTOKA HIPAKT pPOib MCTOYHAKOB HKTHBHOTO IOTOKA @,
3 KpUTHYECKHEe TOYKM W TPAHANH 3acTOMHHX 30H — POAbL CTOHOB.
(Todedannx mam pacupeeNeHHrX no guHan). O6GX0gYy KaK{oi H3 3TUX
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TOYEK HJH 3aCTOHHON 30HH COOTBETCTBYET HOJOKHTEIbHOE BpAIeHHe
BEKTOpa @, T. . BCE YKA3AHHHE TOYKN ABIAOTCA Y3IaMH H HMEIoT,
PaBHO KaR I IPOCTAA 3acTOlHAM 30HA, HOMOKUTEILHBI HHIEKE, pak-
HHil 1 1o oTHOWEHHIO K mox . Bupy ommosHagsoctm yriaa O Bo
BeeX HeocOOHX TOYRAX [OJA W JPYTHX Y3JX0B BHYTPH 00JIACTH ABM-
JReHHA UoJIe HMeThH He MoskeT. OHO MO/KeT HMerh eme HeKOTOpoe THEI0
KDPUTHUeCKOX (CefaoBHx) Touer. [lofcunTaeM MX 4HCIO AJA PACCMOT-
pennoro npmsepa. Ha Toil ;ke ygareHHOH 0KPY;RHOCTH BpalleHme Io-
asg o pasHo 1. OTcioga caemyer, 9T0 €yMMa MHJIEKCOB BCeX BHYTPEH-
HIX 0c¢O0HIX TO9EK M 3acToiiHOi 30HHK pasna -1-1, a oTo oamauaer, mo
CKa3aHHOMY BHIIIE, TT0 HMeeTcA Ju00 ABA OPOCTHX cefla moad, aubo
OlNO ABYKpaTHoe. B cuay cHMMETpHH PacHoNo;ieHne cepesl OTBedaeT
puc. 6.1, 6 u B Hux 6 HpuHUMaer neroroprie 3nagenns +0*, Cormacuo
obmeit Teopnu gepes cegmoOByrO TOUKRY /N IPOXOJUT Mapa JMHHA ypOB-
HA 0 = 0*. Yernipe Bernu nuuumu ypoBHa 0 — 0%, BpxomAmme u3
OJTHOTO CeMa, JORHA IIPHHAICKATh K MYIKAM, CXOIAIUMCH B pas-
JMYBHX y3Jax H Ha 3acTOAHOM 30HE, TaK KAK HHade o0pasoBaliach
OBl 1IeTHds1, OKpY:keHHAs maHmein O = 0%, Taxmm o6pasom, Mo ofHOM
BeTBU IMHHH YPOBHA O == 0% Brixogutr M3 KOHKIOr0 HMCTOYHHRA, OHA
BeTBh YXOIT Ha TPAHHIY 3aCTOMHON 30HH H emIe ogHAa Ha 0ecKoHed-
HOCTh, Kak MoKasaHo Ha pue. 6.1, 6. BekTopu o ngrad w oGpamaiores
B HyJb B obmactn Tedennsa (upu w > () ognoBpemenno. Orewga BH-
TeKaeT, YTo To9Ka N ABJIAeTCA TaK:Kke CEeIOBOH TOUKOM JUHMEA ypoB-
aa w. [lamee, gerko y06e urbes, 9ro Ha Ka;RIOH U3 BHECICHHLIX BeT-
Beil aummu ypoBHA 0 — 0% mpoussogHan OT MOXYIA CKOPOCTH BAOIL
auHun ypoBHA Jw/ds He obpamaercd B HyIb HUT/E, 3a HCKIIOICHAEM
kpurmdeckoit Toukn N. [losromy Bgoms Kajmodl us BerBeil JauHHA
ypoBHA 0 = 0% u Bjpoas moboit APYrol TUHHH YPOBHA yIiia MOXYIb
CKOPOCTH H3MEHseTess MOHOTOHHO, W MO;KHO HA KayKI0H JIMHUAU YPOB-
HA ykasars Hanpasienne. [log mogomurensEEM HanpaBIeHUEM J1aliee
TMOHUMaeTeA HAlpaBlIeHue yomBauma Mogyist ckopoctu. CooTBereTBeH-
HO y3JH HOIs JHHAH TOCTOAHHOrO yTia M TPAHHYHEE JTHHHE MOTYT
OBITH HOAENeHH Ha OTTAMKHBAKINME (0T KOTOPHIX JIMHAH YPOBHA yraa
OTXOAAT) M NpPHTATHBAKINNE (K KOTOPHM JIHHAW YPOBHA yria IIOA-
XO[IAT).

H rakgoMy ceply MOIXONAT ABe BETBH JTAHEM ypoBHA O = 0%,
U OT Hero OTXOAT TAaK:;ke JBe BeTBU JAuHHY ypoBHsd. [logxopsmue in-
HHH YPOBHA BMecTe ¢ Tpamumneil 3actoilHo#l soun paabusaior 001acth
ABIKeHNs Ha aBe 3actu D) u Dy (puc. 6.1, 6). Jlwbasa obmxacrs, me-
JUKOM JejRalas BHyTpH onHod u3 obxacteir Dy wnu Dy u He 0XBATH-
BAIOMIAA OCOGBIX TOYEK (MCTOYHMKOB) HJIHM 3aCTOHHON 30HLI, oTOGpa-
sRAeTCA Ha ILUIOCKOCTH Toporpada B3aMMHO-OJHO3ZHAYHO. JTO OCHOBHOE
ANA TOoCTeAYIero yTBep;KACHHe CJIeyeT U3 TOro oGCTOATeNLCTBA,
910 J00ad 06JacTh YKa3aHHOTO BHAA HOKPHBAaercsa ceMeHCTBOM JIm-
Huaii O = const, OTHOCAIANCA K OJHOMY IIYYKY, CXOAAIEMYCA Ha 3a-
¢TOHOH 30He NN B GecKOHEUHO YAAGHHON TOUKe, H HOTOMY K pas-
JHIHHM 3HAYeHHAM Y14, a Ha Ka/K/T0d U3 9THX JIHHEHEA MOTYJIb CKOPO-
€TH H3MeHseTes MOHOTOHHO,
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OTMeTUM emle, 9T0 MOKHO GHIIO GH «pa3pe3aTs» MIOCKOCTH HE MO
OIXONAMIUM, a 10 OTXOXAMEM OT ceyia JHEHsAM yposHa. lIpm aroM
cHeJapHOe yTBEPs/eAne COXPAHMIOCh O MONHOCTHI0, TONBKO NpWII-
nock 65 morpeGoBaTh, YTOOH paccMaTpEBaeMEle 00IACTH HE OXBATHI-
BaJ MCTOYHUKOB.

O6nacts D pas6upaercs ocbio cummerpun Oz HA NBe CAMMETpHTI-
Hpie gacTi. PaceMoTpuM 0ToGpaykenme HA ILIOCKOCTH Toporpada Bepx-
Heii moxosuHHE 06macta Dy ¢ BHKoM0TOM Toukoil B (merounmiom). Jler-
KO BUIeTh, 4To 00pa3oM yKazaHHOH# 00IACTH CIAYKHAT IOJYIIOI0CA
A TIiocKocTH WA ¢ paspesoM BAOIb oTpeska w* < w < 09, 0 = 0%,
e 0* m w* — 3HAYeHme yria U MOJYJA CKOpPOCTH, OTBedanmue Cejt-
nosoit Touxe N (pme. 6.1, 8). Bepera paapesa cay:xat o6pasoM cenapa-
Tpuch cepra 0 = 0%.

Ananormgso, BepxHAs TonosmHAa o6mactm Dix orobpaskaeTca Ha
Takyio sxe moxymnoxocy (Ar) € paspesoM; COOTBETCTBHE TOTEK MOKa-
aamo Ha pmc. 6.1, 6.

3. B maocroctn rogorpadia GyHROEA TOKA | YIOBIETBOPseT ypaB-
germo (0.1) rmaea IV Bo Bcex BHYTpeHHAX TOTKAX obnacreit A; &
AII-

TIpm oToM JO/KHH BHIIOJHATHCA OYEBH/IHEIE TPAHAIHHE YCJI0-
pus: B obmactm Al

p=0 (0=0, OCw<oo; w=0, 0O
0=mn, 0Cw< o), 1.1
B obnactu Agp

Pp=—1q B=0, 0w o) ¢=—%+—2°7;(q+0)

w=0, 0LoOCm), $=20 0=mn, 0w o). (1.2)

Taxum 00pazoM, ocraanch HEBHACHEHHHMH JIAMEL YCIOBHA HA
Geperax paapeaa ANB, ompefensiomme CBA3b My DEMICHHAME B
obmacrax A 1 Ap. Ha nmamm ANB B u3HIeCKOH INIOCKOCTH

wr=wy; =0y x=xm Y= ym =Y, (1.3)

T. e. Ha Tpanmie Mexay obmactamu Dy m Dy (A1 1 Arr) HempephIBHEL
JuamIeckme KOOPAMHATH, KOOPJHHATH B IOCKOCTH rojorpada =
dysxima Toka. B nmockoerm roporpada messlid Geper paspesa B 00-
mactTd A oTBegaer mpaBoMy B o6mactu Ajr, B 06paTHO. B pesyubrare
moiydaeM npm w > w¥

VY1 (w, 0° 4 0) = Yy (w, 6° F0),
1 (lU, 0 i 0) = X1 (w, 0’ i 0), yr (w, 0* _—l_— 0) = Y1 (w, 6“—T— 0).
(1.4)
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Yno6Ho meckolbKO mpeoGpa3oBath NHOCHegHAe ye.IoBHA, upoxadde-
peHOUpoBaB AX oo w. liMeeM, ¢ yueroM BeipaskeHmil JJA KOODX@HAT,

dry (e, 0* - 0) - cosB® AP (B*+0)  sinf* dpy (9 +0)

dw Tl 00 T T w =
030" Oppy O —0) _ sing* 2y (8 —0) _ dmyg(e,00—0)
T w? EL) T ow - dw (1.9)

1 T. A
C ydJeroM paBeHCTBA
AP (07 £0) Iy (0°F0)
ow - ow !

CIeYIOIero U3 HepBHX AByX ycsosmil (1.4), moaysaem ms (1.5)

(e, 8* 4-0) . MPyy (w, 0* F0)
a0 - a0 :

Tarxmm o6pasom, ua yerrosmii (1.4) cnegyor ypaBHenus

Ny (w, 8°10) O (w, 8" F0)

a0 a0

Y1 (w, 0" 4= 0) = Y1 (w, 0°-F 0), .
(1.6)

Bypem paccmarpusars obaacti Ap m A Kax gBa ImETa ABYJIMCT-
[40il PEMAHOBOH IOBEPXHOCTH M CUMTATh, UTO [IeBHI Geper paspesa
Ha HIGKHEM JHCTe CKJIeeH ¢ IPAaBHM GeperoM paspesa HA BepXHeM
amcTe, a JeBHit Oeper paspesa Ha BePXHEM JIMCTE CKJIEEH ¢ IMPaBEIM
Geperom paspesa Ha HiKHeM Jucre. Yciaorusa (1.6) osmauaror, uro
dynrmua P(w, 0), pasraa Pr (w, H) Ha HepBOM JECTE PEMAHOBOM 1O-
BepxHocTH 1 Py; (w, 8) Ha BropoM IMCTe PUMaHOBO MOBEPXHOCTH,
MIaJKO [POJOJI/KACTCA ¢ JIMCTA HA JIHCT, T. €. YAOBIETBOPAET ypaBHe-
Hmo (1.2) Ha Beeil ABYIMCTHOW DPMMAHOBON HOBEPXHOCTH.

ITpn mepexoge ot 3agaud B QU3MYecKOll IIOCKOCTH K 3aJadYe B
niockocta rojorpaga Bemrmumas 0* m w* mrpaot poab meompesne-
TeHHHX mapaMmeTpoB. [lnd HX ompefeneHHs HeoGXOTHME [JBa Yyemo0-
BHsA; OJHO YCJIOBHE COCTOHT B TOM, 4TO PACCTOAHHE MeAKAy MUCTOUHU-
KaMH JIOJGKHO OPHHAMATh 3ajammoe 3nadende L.

YroOH MONYyYATH BTOpPOe yCJIOBHE, 3aMETHM, 4To mpu o0paTHOM
mepexofie ¢ maocKocTu rojgorpada Ha QU3MIECKYIO TUIOCKOCTH IP006-
pasn nuunit AC u FB o0asarensno 6yayT mapaIelbHL, HO He 0051~
3arenbHO OyAyT Ko/UTMHeapHH. [0mM0JHUTEIbHOE YCI0BIe KOLIMHeap-
HOCTH HMeeT, Kak ciaefyer U3 opMyJa Bo3BpalieHAA, BHJ,

¢ 3

Ssinelimiﬂde — 0. (1.7)
w

0

w50 ow

Yenopme (1.7) ormocuress K caydaw JBIGEeHHS -€ IIpedelbHBIM
rpagmenToM. Eeam npegeabHOTo rpajimenra Her, TO HeT M 3aCTONHBIX
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z ]

30H, TAK 9TO YKA3aHHOE BHIIE TOTOMHUTENBHOE YCIOBHO TePHET CMBICI.
Onmaxo m B 3TOM cIy9ae MOKHO yKa3arh OMOTHATETBHOE ycaosue,
€ocTosAIee B TOM, 94TO TOIKAa, B KOTOPYIO CTATABAETCA 3aCToHHAA 30HA
u KoTopad orobpamaercs B Jmumo0 w — (0 maockocT: rogorpada,
ABJIACTCA KPHTAIECKOR TOUKOH, T. e. KpaTHOH TOUKOM JuHAA YPOBHA
¢yaxmun Toxa . Orcioga caegyer, aro B OKPEeCTHOCTH JuHEH 1 = (),
Ha KOTOPOii p mocToAHHA, pazHocTs Y(u?, 8) — (0, 8), rae w® — noc-
TaTo9HO Majoe 9MCI0, AOKHA MEHATH 3HAK npH maMenendmm O or 0
Ao ;. ITo o3HAYAET, YTO B PAIIOKCHHA

Y= D) APy (w)sin k0, (1.8)

k=1

CUpPaBEAJIMBOM BOIN3H IHHAR w=0, rge P, (w) — orpanmyeHnke
opr w = ( pemmeHwms ypasHeHAA

w2 d 02 ap
©® dw ( wd (w) %—) — kP (w) =0,

1IepBHIE KoaduiuenT goker ofpamarsesa B Hyab (B ciIydae KparHoii
KPUTHIECKOU TOYKH B HYJIb JOM/KHO 06pamaThes COOTBETCTBYIOMIES
uncio wienos pasnoaennd (1.8)). Herpygao Bmpmers, uro yxasamHOe
yeaosue cosnagaer c¢ (1.7).

B kawecrse BToporo mpmmepa paccMoTpHEM TedeHHe B 3IeMEHTe
IPAMOYTONBHON CeTKH CKBaskmH (puc. 6.2).

Tesenme yxasamHoro smma obmagaer, ogesmaHO, OEHTPAJBHOK
cHMMeTpHel; HeHTD caMMerprd (Touka F ma pme. 6.2) ABaserca cern-
N0BOH TOIKOI; oTBEYAIOMHE eif SHATCHH yraa 0* g cropocrm w* me-
n3BecTHH. OT06paskenne INIOCKOCTH TeUeHHA Ha ABA JIACTA IIOCKOCTH
rogorpada nokasamo ua pme. 6.2, 6.

MBa nmera nnoexoern roforpada cmmTH «HanepeKpecT» Io pas-
peay AFE, na KotopoM BENomHANTCA yexosusa (1.6).
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[Mapamerpamn ¢uamdeckoil 3agadu ABAAOTCA BeXWINAH ¢, H u
L (puc. 6.2); napaMerpamm 3a1a9u B ILIOCKOCTH roforpada — Beaudn-
Bol ¢, 0% m w*, ABe W3 KOTOPHX HOMJeRaT oNpe/eIeHUIO.

JlanbHeiimne HpAMepH TedeHIH, NPABOXANAX K KPaeRKM 3ajauaM
Ha MHOTOIWCTHOH mOBepXHOCTH, TpHBeNeHH B [72].

Ilpn sroM maa opuux 3agad (HampuMep, [ 3afa¥l O TeUeHHN
B IPAMOYTONBHOM 3JIeMeHTe CeTKH MCTOYHHKOB I CTOKOB, pmc. 6.2)
9UCIO0 MAapaMeTpoB B (H3MIECKO# MIOCKOCTH M INIOCKOCTH Tojorpada
onEHaKoRo. B apyrmx e samadax (B 9acTHOCTH, B 33fadax o JABYX
HCTOYHAKAX) WHCAO IapaMerpoB 3aXadd B (H3MdecKod IIOCKOCTH
MeHBIIe, 9eM R ILIocKoetHm rofgorpada. JTo o3Halaer, UTo 3amgada B
mIockocTH rogorpada colep:;KAT W30HTOIHbE DellleHnsda, He NonycKalo-
mue TOH MHTepUpeTaldd, KoTopasd OBUIA 3aj10;KeHa B KapTHHe Tede-
guAa Ha Quamdeckoif miaockoctw. W30BIToUNbIe pellleHNA MOABIAITCA
M3-3a TOTO, 4TO B COOTBETCTBYIONX 337(a4aX BHYTPH 06dacTH JBH-
/KeHNA AMEIOTCA 0Co0He TOUKNA (MCTOYHAKA WM KPATHIeCKHe TOWKM)
nin o6aactr (3acToNHbIe 30HH), OKPECTHOCTh KOTOPHIX He IOIYCKAeT
O{HOIHCTHOTO 0TOGpakeHHs HA IINOCKOCTH rojorpafa wl. B pesyib-
Tare mpH oToOpajkeHnN NPHUXOAUTCA TPOBOAWTH B Qmamdeckod ImIOC-
rkoctn paspessl. Ilo gusmgeckmm coobpaskeHMAM Ha DTHX paspesax
HeIrpepHBHH Koopauuars! z 1 y. Onmako npm gopMynupoBKe 3amadn
B3aMeH YCIOBHA HENpepPHBHOCTH KOODPXMHAT OHUIO OPHHATO yCIHOBHe
HeIIPePHBHOCTH TPOW3BOAHLIX OW/d0 um A/dw. B pesymbrare d10r0
pellenye 3afa9N B IIOCKOCTH rojorpada He yHoBIeTBOpsAeT, BooOIIe
TOBOPHA, YCIOBUI0 PABEHCTBA KOODAMHAT B COOTBETCTBEHHBIX TOIKaX
GeperoB paspesa, W 3T0O YCIOBHE AOIKHO GHTH HaNOeHO NOIOIHH-
TeIbHO. BHIIe 3T0 yiike OBUIO IIPOJEMOHCTPAPOBAHO HA HPOCTOM IIPH-
Mepe TeUeHHMS, CO3[aBAaeMOr0 HCTOUHMKOM H CTOKOM DA3JIHYHON HH-
TeHCHBHOCTH.

§ 2. O pemreHHH 3a7a4Y HA JBY/MCTHOH NOBEPXHOCTH

KpaeBse 3ajadnm Ha JBYJIHCTHHIX H MHOTOIHCTHHIX HOBEPXHOCTAX
MOTYT GHITH PenleHsl TeMH jKe MeTOlaMH, UTO M OJHOJNHCTHHE 3a1adn.
B paBote [72] morkasano, B 9acTHOCTH, 9TO0 J1A QHIBTPALAN ¢ HPeeb-
HBIM TPafHeHTOM HTH 3aQ9f MOTYT OBITH DelleHbl MeToJaMi HPORXE/Y-
meil TIaBH, T. €. CBeJeHHl K CHCTeMe MAaDHHX MHTErpalbHLIX ypaB-
HeHmii, a 3aTeM — K cncreme ypasueHmit @penroasma, HomycKaomei
apdexrasnoe pemenne. B paGorax [86, 87] mccaemoBanma paspermn-
MocTh cfOPMYTUPOBAHHLIX BHIIE KPaeBHX 3a4ad M IIPeJIOHieH0 WX
pemaTh UHCIeHHO IIOCIe IPefBAPHTENBHOr0 0ToOpaKeHHA HA O[(HO-
anctHY© o6nacth. OgHaro IPH 3TOM TepPAIOTCA MHOTHE M3 NDenMy-
meers npocrors ypasaenmnit (0.1) rxassr 1V, Iloatomy npepcraBiis-
ercs 6oJee ecTeCTBEHHKIM pelarh IACJIeHHO HEIoCPelICTBeHHO 3aKa1y
Ha MHOTOMHCTHOH TOBePXHOCTH.

Ileransmeie pacders Takoro pofa mpoenenst B [28], wactmamo
onn npuBojaArcsa B [82], rae moaydens moas ckopocrteil gibTpanny,
Hamopa N (QYHKIUO TOKA I CHCTeMbl (MCTOYHMK — CTOK» H JIA
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TeJeHHs B OPAMOYrOJbHOM 3lIeMeHTe CeTHKM CHBAYKAH NpE QEIBTPaA-
UHd € IpefileIbHEIM TPAJHEHTOM A HOPA KyCOYHO-IHHEAHOM 3aKoHe
Puabrpanun papa (2.4) raaser VIII.

Amanna arax pe3ynbTaroB IO3BOJAET €/ejaTh PAN BHIBOJIOR 06-
mero XapakTepa.

I[Ipesne Bcero mpamoit pacger DOATBepIMI mpaBoMepHocTh mpub-
JIREHHOr0 MeTofla pacyera Iepemaja Hamopa MeXIy CKBa;KAHAMH,
npenaoxentoro B § 2 raasn V. Ha puc. 5.10 arm pesynbrarTsi mo-
KagaHHl (JIA JJeMeHTA UATHTOYEYHOH CeTKH CKBA/KAH) TOUKAM.
Manee, ynommmapmmiicss BHme sddext yemneHms HepaBHOMEPHOCTH
$UIBTPAHOHHOr0 MOTOKA W3-33 HEIMHEHHOCTH 3aKOHA (PHIBTPALAK
OT9eTNIMBO OPOABIAETCA LIOMUMO 00pPa30oBAHHA 3aCTONHEIX 30H B TOM,
4T0 06,1acTh, Yepe3 KOTOPYI0 IPOXOHAT OCHOBHAS 9YACTh IOTOKA, CY-
ARACTCA MO0 Mepe yMeHhIIeHHA AHTeHCHBHoCTH Motoka. Tax, Ha pxe.
9.10 moxasaHo OTHOMEHHE MAKCAMAIBHOMN mmpansl cTpyn Al, gepea
Kotopyio npoxoaur 80% mortoxa (xpusas 1) n 20% moroka (kpuBas 2)
K pasMepy cerku L [yia KBajpaTHOTO 31eMeHTA.



I'nasa VII

Hexoropeie 3ajayu BbITECHEHMsA
HeCMEHIUBAIOINXCS sKHKOoeTel
npn HeJduHeiiHOH uiabTpanum

JTo cux mop peus mia B OCHOBHOM O ABM/KEHUH O{HOPO/HOI HKUAKOCTH
ITo TOT PAasne] TeopwH, KOTOPHIl Golee Bcero paspaGoraH, KOMYCKAeT
Hawbosee deTKY0 (opMyIHpOBKY 3amad u Hambojee AeTanbHoe HX
HccaenoBale. BMecTe ¢ TeM 9T0 MMEHHO TOT DPasfel TeOpHH HeJIH-
Heifroil QUabTpaUY, KOTOPHIl HoJHee BCero ofeclieieH IKCISPUMEH-
TAJAbHHMU AHHGIMEA.

B ro ke BpeMs, BMes B BHAY HOTPeGHOCTH MPHIIOHKEHUI X B Mep-
RYIO oUepelb HOTPeGHOCTH TeopHu PaspaGorku He@TAHBIX W rasoBHX
MeCTO POsKIeHHIR, 7KeIATeIbHO PACCMOTPETh I 60Jlee CIIOKHENH caydain—
ABM;ReHWE HeONHOPOMHHX KUAKOCTel M IPOIeccH BHITeCHeHHHA
(samemenus ofgHoli sumaxocThio Apyroi). llourm momHoe orcyrcTBME
AKCIIePHMEeNTAIbHLX JAHHHX B 9Toit obiacTu * 3acTaBifeTr CTPOUTH
TEOPHK) HA OCHOBe OOMUX co00paKeHWil, aHAJUOTHN C H3BECTHHIMU
pesayIbpTaTAMH TEOPWH [/ HBJOTOHOBCKHX KHMAKOCTedl M TMIIOTe3.
Taxoit mogxos, HECMOTPA HA CBOIO OTPAHMYEHHOCTH, IPEACTABIACTCH
OUpPABJAHHLIM, TOCKOJBKY POJL TEOPHH B PaccMarpuBaeMHX BOI-
pocax 0coGeHHO BeJHKA BBUAY HX CJIOMKHOCTH.

§ 1. Ypasuenusi cOBMECTHOIO BIKEHA
HeCMeINUBAOIMXCA BA3KO-IIIACTHYECKAX KIIKoCTei

JLnst supocreil, cleRyomux JuneiinoMy sakony ¢mibTpanad, 06o6-
IMeHAe Teopuy Ha cjaydail COBMECTHOTO [BHAEHAS HECKONbKUX Hec-
MeiraBaomuxesa srnakocteil (faa) oOHYHO JoCTATAETCA CISAYIOMEM
obpasom (177, 184, 231]. Bpoparca asa paBieHUsA (nas TPOCTOTH
[OIyCKAeM, YT0 HMeeTcs [Be HO CMeNIIBAOMuecs Mes iy co0oi (dasH)
p1 ® Py, ABE CKOPOCTU QUIBTPAIIMA Wy H Wy H HACHIIEHHOCTH § HOPO-
BOTO TpoOCTpaHcTBa ofiHO# m3 ¢as (FampmMep, mepBoid, HMpepmosarae-
Moii Gojee cMATHBAINMII MaTepwal CKelera miacta). TOrga ABUKe-
HHe OMHCHIBAETCSA CHCTeMoH ypaBHeHW
kf.(s
W= — fi )gradp,-; j=1,2; (1.1)

7

* JIMefoumecs PRCIepuMeHTanbENe nanawne [3, 41, 42, 96, 98, 119, 163, 169] no
CHX II0p HeJOCTATOUHEHL I KOJMYecTBeHHOH NPOBEPKH TeopuH.
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P1— P2 = p(s) (1.2)
divw;—(— 1Y m % = 0. (1.3)

3necb oTHOCHTeNbHEIE (A3OBHIe L POHUI[ACMOCTH /is) m ramanaapHOE
AaBieHne p,(s) ABIANTCA PYHKIUAMA HACHII[EHHOCTH S. IIpenmo-
JAaraerca, 4T0 BHJ OTHOCUTENbHEIX (a30BHIX NMDPOHAHAEMOCTed He 3a-
BUCHT OT CBOHCTB ;KH/KOCTeHl M LIOPHCTOTO CKeJeTa, a OIpefeaercs
JAMB T6M, KaKad W3 KHAKOCTed o0najaer IpeMMYIECTBeHHOH cMa-
1HBAGMOCTHIO TI0 OTHOINEHAK K MaTepmaixy ckeiera. [laa xammmmap-
HOTO [TaBIeHHA HMeeT MECTO 3aBHCHMOCTD

De(8)=ccosO ]/g J (s), (1.4)

rie J(s) — Geapasmepnas QyHKuuA, HasmBaeMasg pyuxnueii Jlereper-
Ta. B oupenenensoM amaunasone A0cTaToYHO MadbIX CKOPOCTEi Bhi-
TeCHEHNA W = w, + W, OTHOCHTeNbHHe (a30Bhie OPOHANAEMOCTH
fi(s) m dyaxmua Jleseperra me 3aBmesTt oT cropoetn. Ilo gamHEIM
Il. A. 3dpoca [231], rakas HeaaBucmMocTs HACTyIAeT NPH 3HAYeHHAX
Geapasmepnoro mapamerpa mopoGms IT, = o/p,w, wpeBocxOTAMMX
108,

Taxosn Te ocHOBHEIE dieMeHTH TeopHH JABW/KEHMA HECMEITHBAIO-
IUXCA JHAJKOCTel B MOPHCTOM cpe/ie, KOTOPHE MOKHO CUHTATH B HAC-
ToAMmee BPeMs oOMMeNDHHATHMHU H KOTODHe JIEeKAT B OCHOBE BCeX
paKTHIecKux pacderos. Herpynwo smpers, d9ro cooTsercTByOmas
TEOPUA MO;KeT GHTH IOJHOCTBIO BHIBE[eHA M3 JBYX OCHOBHHIX Ipef-
HOMOReHNH: .

a) Buaarogaps meiieTBmi0 KammanspEEX cua (asH B IIOPOBOM
HPOCTPAHCTBE pacupefe]dioTcA TAaKmM o6pasoM, YTo0H MOIHAMH3N-
PoBaTh CBOOOJHYI0 MOBEPXHOCTHYIO JHEPTHIO, T. €. 60JIee CMAYHBAIO-
mad paza 3aHUMAET MeJKHe KANMLIAPH, MeHee CMAUMBAKMIAA da-
32 3aHMMAET OCTAILHYI 1aCTh IOPOBOrO IPOCTPAHCTBA.

Bosnuxamompe mpm pmBmsteHEmM KHAKOCTH TIHAPORHAAMEIECKEE
CHUIBL B pacCMaTPAIBAaeMOM JUHANA30HE CKOPOCTell He B COCTOAHHH HA-
pymurek pacupegeinenne $a3, o6yciIoBIeHHOe KANMIIADHHEME CHIa-
MH. i

0) Hamman u3 :KUmKOCTed BHKETCS B 3aEMMAeMOH €10 IacTH II0-
POBOro IpocTpaHcTBA TakmM o0pasoM, kak ecam 6w Bropaa dasa
«oTBep/jenay u OpefCcTaBiaAia Okl eauHOE Melloe ¢ TBePALIM CKelleToM.

Hago cxasats, uro memanoe umeao Qaxror CBUJIETEIBETBYET O
TOM, 970 W NpPeINoJoeHde a), M Hpejmodo:keHne 0) NMeOT CBOIO
OTpauMIeHHYI0 06/1aCTh MPUIIOKEN.0CTA W BHE ee HYKIAOTCA B yTOU-
HeHmH. Baknefimee 13 3TUX yTOYHeHU{T €BA3AHO ¢ BO3MOKHEIM BIAA-
HHeM TH/pOoANHAMAYeCKHX €W Ha pacmpededenne dasz (. e. ¢ yTod-
HeHHEeM IIDe/IION0KeHHA &), ONHCHBAEMHM G6Ge3pasMepPHEIM IIapaMer-
pom IL;; yrounenne Broporo mpemmoosceHma cBS3aHO B IepByI0 oYe-
pens ¢ adexramMu cMasknm, Korma Goxee cMaumBaomasa fasa obGBosga-
KHBaeT 3epHA CKejleTa H CIOCOGCTBYET CHHIMKEHHIO CONPOTABICHHSA
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JABMKeHNI0 MeHee cMAaumBalOieil n 6onee pA3koi wuproctn 261, 631,
OjHaKO ecTeCTBeHHBIM IepPBHM UIATOM JIOJKHO SIBHThCH 0006meHIe
CYIECTBYIOMEH Teopiu Ha HeHbITOHOBCKHe cpeisl. Hmke Ttakoe
ofobimenme JaeTcsA Jid OCHOBHOTO €Iy9as BA3KO-IUIACTHYCCKHX ;RAL-
KocTeH.

1. Ilo eymeersy Heobxomumoe o6o6NeHNe 3aKI0YAETCA B TOM, UTO
ykasaHdHe BHIIe OCHOBHBEE [OOymeHHA a) m 0) TeopuHM TedeHH
HECMOIIHBAITAXCH ;KUIKOCTell COXPAHMITCA B HEU3MEeHHOM BHJE.

Taxum ofpasom, mpusmeMm mpeskie Bcero, 4ro pacupepelenme a3
B [IOPOBOM TIPOCTPAHCTBe B TI060H Touke obaacTu QuiabTpamun ompe-
AelAercA KANMATAPHBIMH CIHJIAMH W He 3aBHCHOT OT THADOAMHAMMYE-
CKHX CHI, CBfI3AHHBIX C ABH;KeHHeM :kuaroctn. IIpm stom mpomece
3QUO0IHEHNA TOPOROTO TPOCTPAUCTBA IPeNIoJaraeres OJHOHAIIPAB-
JeHHHM (HAOpHMep, IocTemeHHoe 3aMelmenue medTu Bopmoi), m cMa-
YABAIAA KUJKOCTH 3aHOMAET NPEAMYIIECTBEHHO HODH MeHBIIero
pamuyea.

Ha uepswniii B3rIAx A BABKO-IUIACTHIECKUX KUAKOCTell, obma-
MAMAX OTIAHIHHME OT HYJS IpefeIbHHMH HAUDDEREHWSAME CABHIa
T;, Xaparrtep pacmpefeneHnsa ¢as GygeT HHHM, HOCKOJIBKY ILIACTU-
YecKafd RUAKOCTh GyMeT 3amodHATh Hanbolee Y3KUE KAHAIH U BHTeC-
HATBCA U3 HAX ¢ TpygoM. OEHAKO 3TO HHTYUTHBHOE pacCy:KAeHHe He
YUHTHBAGT HCTHHHOTO COOTHOIIGHHA ME/KIY IUIACTHISCKUMM Hamps-
JREHUAMH T; M KAUMITAPHBIMI CILIAMH.

O6osnaanm uepes d XapaKTePHEHI PasMep oD TOPOBOTO IIPOCT-
palcTBa — «BHYTpeHHIE Macmraby 3samagm *. Hapymenme xanmi-
JSIPHOTO PABHOBECHHA IPHBOANT K HMOSBIEHHID KAIIULIAPHOTO CKaUKa
nasjienns mopsAaka of/d. Beamummra RaumaaspHOro AaBleHAA He 3a-
BHCUT OT PasMepoB Toil o6ractu, B KOTODoil HAPyMeHO DaBHOBECHe.
C mpyroii cTtoponsl, AmA Mo60A SKUTKOCTH, KOTOPaA MOKeT OHTH M10-
GRITA M3 IIOPHUCTOM CPebl, COMPOTUBICHHE, 0KA3LIBAGMOE €10 IBHKeHHIO
(cyMMa BA3KOTO W TUTACTHYECKOTO coupormsieHus), Ap/L upaxrmde-
cxu He Mosker mpesbiarb 10t pna/em® (1 ar/m) (dame Bcero mpuKiIa-
npiBaemMble Tpaguents masixenus Ap/L ue mpessunawor 102 pua/c? (me-
CATHIX floNieil aT/M)).

[TocKOABKY MUIACTHIECKOE COMPOTUBICHNE ABUKOHMIO (TIpeenbHEil
TPafiMeHT JABJCHAA) HMEeT MOPAMOK

G ~ 1/d, (1.5)
OOJYIAM OTEHKY

t/d << Ap/L << 1 ax/m.

Taxun o6pasos, JIs OTATBHOTO KaHIWLIAPA AuaMeTpoM d M JIMHON
1 mapneHne, HeoHXoMUMOE A IPEOOICHNA MIACTHISCKOT0 COIIPOTUB-

* Cnepgya M. JI. MuomnmommnxoBy, 3a BHYTpPeHHHI Macmra® JacTo mpPHHAMAIOT

BeJMIAHY V kim. IIpn aToM s ONHOTHOHHIX cpen d = CVk/m, mpuieM Ko-
adduunment C MOeT JOCTHIaTh HECKOJBKAX JIeCATHOB.
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ASHHA RUNKOCTH, cocTasiasger tl/d = at, rage @ — koaddamment yux-
MMHEHHOCTH KANWILIADA.

[InacTaaeckoe conpoTHBICHNE He CMOKET 3aMETHEIM o6pasoM no-
BIHATE Ha pacnupeneieHne Qaa, ecam

at < o/d;  atld << old?. (1.6)

Hpr & ~ 0,4 Mm = 0,01 em; 6 ~ 30 nmmn/em copaBa B (1.6) cromt
BeamuuHA ~ 3-10° mmma/em® = 30 at/m.

Taxnm ob6pasom, ecm Be Gpats mas o 9epecdyp 6oNbIIHE 3HATCHUS,
yeaosue (1.6) MOKHO CUNTATD BHINIOJHEHHEIM. OpHarko Ha HEro MOK-
HO B3IVIAHYTh H € JAPYTOH CTOPOHEHL.

3amernM, 9ro ecam 6H peds uia He o POA MIACTHIECKOH COCTAB-
JAAmel CONPOTHBICHNA, 4 0 BABKOH, TO MECTO COOTHOMGHUS (1.6)
3aHANO OB COOTHOIIeHIE

220 — ad|gradp| = 22 4y < o, (1.7)

Hepasenerso (1.7) momno nepemmcars rtamme B BHJE

5 d2
M= >2 . (1.8)

Herpyaso Bupmets, uto yciaosme (1.8) — sro yrasammoe pamee ye-
JI0BAe aBTOMOJleNbHOCTH 0 napamerpy II,. Taxmm o6pasom, aBTOMO-
ACIBHOCTE HACTYMAaeT TOTAA, KOrga IHApogMHAMIYecKHe CHIH 3HAa-
TEeJILHO MeHbIe KAUMAIAPHEX. B npasoii sacrn coornomenns (1.8)
CTOAT BeIWIUHA, umelmaA mopamok 103 < 10%. Jleno B ToMm, uUTO
aHAJNA3 JAHHHIX MO I[POHUIAEMOCTH INOKA3KIBAaeT, 9T0 OTHONICHHE
@/l mmeer mopsamor 10% <~ 103, To e zaKIIOTeHAe MOKHO €eIaTh
U Ha OCHOBAHMH W3BECTHON mOTysMmupudeckoit gopmynnt Kosenm —
Kapmama. Uro xacaerca menmanum o, T0 0 Hell MOMKHO €YIUTH JIHIIH
KocBeHHO. Hewroropyio madopmanuio B 5ToM OTHOIMEHAR MAKT OIEITE
[0 BHITECHEHHIO OCTATOYHOHX He(TH NPH MOBHINEHWH CKOPOCTH IpO-
KauKku Boaw [275], u3 KoTopHX caexyer, wTo ocTaTouHAN Hed1h 06pa-
3yer B Iopax y/INHEHHHE «OCTPOBKUY JIMHON IPAMEPHO B JECATH
HOpoBHX KaHaxoB. Tawam o6pasom, ycmoBHe aRTOMOHENBHOCTHE IO
napamerpy Il, osmawaer mpesnimenme KaumMIApHEX CAT  HAN PHI-
PO/IMHAMITIECKUMHA TPHMEPHO Ha [(Ba mopanka. Tem caMmM mpuaerca
BIOOJHE IIPOCTOH (M3UTECKHA CMHCT HECKOSBKO HEOHKHEAHHOMY
KpatmieckoMy sHadenmio mapamerpa II, (TI, = 10%), ykasammomy
. A. 3dpocom [231].

O6pamascs Tenepb K COOTHOIIEHHAM (1.6) m (1.7), Bupum, uto oum
mMeioT o6y 061acTh IPAMEHAMOCTH, A AMEHHO 06J1aCTh He CIHIIKOM
BHICOKHX TrpajueHToB faBiednd. [losromy B ToM e acCHMITOTIIECKOM
CMHIC/IE, B KAKOM MO/RHO €TATATh JONOYNieHWE a) CIPABEeJIBHIM I
BASKHX JKAJKOCTEIA, 6ro MO/KHO CYATATH BHIIIOTHEHHKM M S BA3KO-
IIaCTHYeCKNX xugKocTell. Uto Kacaeres mpegmomoskeHns 6), To mpo-
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BepKa ero BHUMOMHAMOCTH IIyTeM KaKHX-IA0G0 OMeHOK BPAX JIM BO3-
MO;KHA 1 0HO NPHHAMAETCA 0 AHAJIOTHA ¢ COOTBETCTBYIOIIAM AOIY-
MeHAeM TeopHH TeUeHIH HecMemMWBAMIIAXCHA BAIKHUX SKHKOCTEN;
ero ONpABJAaHHeM WIH HOATBE[:KIeHHEM I KOHKDPETHHIX ABYX:KA-
KOCTHBIX CHCTEM MOKeT CIY:KHTh IKCIEePHMEHT.

Eciam mpunars mpefmodo:keHAs a) u 6), To RanxbHeiimee moc-
TpoeHMe TeopHm mpomanofntcs Gea ocoboro Tpyma. Ilpm ramgoi ma-
CHIEHHOCTIL TOJOBOTO MPOCTPAHCTBA § Kammasa w3 $as XBIKETCA
B 3aHATOH €W TACTA IIOPOBOTO HPOCTPAHCTBA KAk B HEKOTOPOi (uk-
THBHOH mopHcToii cpefe. [T0aToMy MO/KHO 3amucarh Uil KOKIOM H3
$a3 3axonm PEIBTPANUA ¢ TpefeIbHHIM TpagmentoM [25, 261

O T orad % _grad p;|; (| grad p;| > 6

]_ [gra P~ [grad 5,182 p;],(lgra pi| > Gj);

w;=0 (Jgradp;| << Gy).

IIpn 3TOM, TOCKOIBKY IO Mepe yBelWdeHHs HACHIMEHHOCTH CMa
qupawmeil dazoii oHa mocaegoBaTeNbHO 3ANONHAST BHaYajle camble
MeNRIe, a MOTOM Gojlee KPymHbLe IOPH, CPeHAH pasMep IOP, 3aHA-
THIX KaK cMaTmBapmeil gasoit (d;), Tak m HecMaumBawmelt dasoit (ds),
MOHOTOHHO BO3DAcTAeT ¢ yBejmdenmeMm s (JUif OepBOH oT HyIA 10
cpeHero pasmepa rop crelera d, A BTopo#t — 0T d [0 HEKOTOPOTO
MaKCHMAIBHOTO pasMepa d*). B coorBereTBHH ¢ NpABEJeHHOH OIlleH-
Koit mast G4(G; ~ v;/d;) BerHwIMAA HpeIBHOTO TPajHeRTa A1 ofenx
$as FoMsKIA MOHOTOHHO YGHBATHL ¢ POCTOM HACHIIEHHOCTH §, 0CTaBa-
g6h JUIA cMaTIBaomeit dass Gonblle, a IIA HeCMAYABAKMIEH — MeHb-
e 3HAYeHAsA UIA IBHKEHHSA COOTBETCTBYIOIMEH OXHOPOAROH JKAN-
KOCTH.

Vpasmenna (1.2), (1.3), (1.4) m (1.9) oGpasywT cucreMy ypasHe-
HAN QenoMeHOIOTIMecKoR TeopHH ABYX(asmoid GuibTpanmM BA3KO-
mnacTHIecKnx skanKocteit. Ilpa atom Qyuxmmu fi(s), J(s), G(s), Bo-
ofmme ToBOPA, NOJKHEL OLUPedelAThCA U3 IKCHePHMeHTa. N3 o6munx
c006paKeHH 0 COOTHOUICHHH MeAy KANMUIAPHHMHA CHJIAMHE A CH-
JAME ILTACTHYECKOTO COLUPOTHBJICHAS MOKHO O/KANATH, 9TO QyHKIAA
J(s), BXogAmada B BHpaKeHHe /A KANALIADPHOTO JIaBJIeHHS (1.4),
1e GyeT B mepBOM MPHOIKeHIN 3aBACETH OT HAMHYHA Y JKHAKOCTEHd
npefeIbHOr0 NANpSUKeHHA CABHIA. JTOTO HeIb3fl CKasath 06 OTHO-
cHTeIBHHX (Aa30BHIX TIPOHUIAEMOCTAX f;(s), HOCKOABKY IIDU HAJMIHH
MIACTAYCCROTO CONPOTURJIEGHHA JacTh KAOHIIAPOB MOJKET OKAa3aTheA
mepexpuToil WwIacTHYeckEMu npoSkama. Morxuo IHIIE yTBEPIKAATE,
9T0 KauecTBeHHO (a30BHe NMPOHHI{AEMOCTH BEIYT ce6d Tak ke, Kak
¥ I BA3KHX JKHIKOCTel, T. €. IPOHUIAeMOCTD AT HeCMaTHBA (el
dasst yoEBAET ¢ POCTOM §, a [JiA CMAYMBAMIIeil BO3PACTaeT, IPHIeM
CYIECTBYeT HeKoTOpasd MHHOMAIbHAs HACHIIEHHOCTH HOPOBOTO IPO-
cTpaHcTBA HaHHOH (aszoit, 0 ROCTHKEHNA RoTopoil manHag da3a He-
TOJIBIIKITA

AE) =0 (s <sy)i  fls)=0 (s >5%).

(1.9
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B pa6orax [96, 166] 6rima ¢genana momtTia BHACHETH BIMAHMS
IIpefieIbHOrO rpajAeHTa HA OTHOCHTeIbHEIe (asz0BHe MPOHANAEMOCTH.
Onnako noTyYeHHHe Pe3yIbTATH O3BOJIAIOT CYIATH JHAINb 0 HATAIAN
34BHCAMOCTH OCTATOYHOH HACHINEHHOCTH OT NPEeAedbHOro Fpajuenta
B He TO3BOJIAIOT ONpefeiInrhk dazosble MPOHANACMOCTH. .

2. Pacemotpam Teneps, OnmpaAch HA TOIyYeHHbE BHIHE ypaBHE-
HOst, QpOHTANBHOE BHTECHEHHWEe BA3KO-IUIACTHIECKAX I KHAKOCTEl
0ea ydera KaUMILIADHOrO CKAYKA TABJICHHA. IIpm atom p; = ps =
= p(x, t) n IBH;KEHNE ONMCHBACTCHA CHETEMOM ypaBHeHHHE

N Uy XU R K :
W = TR 1 p ’ a—$|>G11
ax
_ dp ]
wy = 0 (37 <G,), | (1.10)
_ _Eh) ap Ga(s) \ . ap ]
wz~—p—28—x(1f-lfl ) ‘3;I>Gz,
ox
a
wy =0 (a_i <Gz);
duwn as .
ox + m737= 0; (111)
Jwa as ‘ »
o M =0 (1.12)

Cucrema (1.10) = (1.12) sasasercs amamorom cHereMsl Bakiaes —-
Jlemeperra [19, 14] naa BA3KEX KANKOCTeH W MO3BONAET ONACATh OC-
HOBHOW JUIA OPWIOMEHWH mHponece — QpoHraabHOe BHITECHEHHE Hec-
MeIMBaIMEXCA afKocTeii. Tak ixe, Kak u ypaBHeHEA TeOpHH ABYX-
dasnoit ¢unbTpanuE BAKEX KHUAKocTeit, ypasmemma (1.10) mempm-
MEHHMH B TeX 0o0nacTAX, IJie HACHIIEHHOCTh NPeTepPneBaeT pe3Kme
uameHenns. Taxme o61acTé peskoro M3MeHeHHA HACHIIEHHOCTH OT-
BeJaoT QPOHTY BHITECHeHHAs, BOJHM3NM Hero KANWIUIADHHE H THAPO-
AUHAMAYCCKAE CHILL COMOCTABMME [0 BeJIMYHAHE, W JONYIIGHUSA a) H
6) mepecraior OHTH cupaBeguIuBHMHU. MoskHO 0:KEEATH *, YT0 BOIA3H
$ponra BuTecHeHHs camo moHATHe (A30BHIX IPOHAMAEMOCTell cTa-
HoBHTCA coMHATeAbHHM. O6aacTm pe3koro H3MeHeHHS HACHIIEH-
HOCTH B JajdbHelimeM M3 aHalIH3a HEKANYATCA.
CxnampiBas ypasnerna (1.11) m (1.12), momyumm

wy + wy = w(t), (1.13)

rie w(f) — cymMMapHas €KOPOCTb NOTOKa (CKODOCTH BHITeCHEHMI).
Honaras ary cropoers mocrosnHoit, mpuxomaM K 3amade Barmes —
JleBeperta o (pOHTANLHOM BHTECHEHWHM ¢ HOCTOAHHOH CKOPOCTBIO..
3dajaua aTa XopoIllo W3yYeHa UiA BASKAX ;kuprocreid [14, 19, 2201

* Jro olcroAaTensctno yKaaamo I'. M. BapemGaarrom [15, 18].
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Kaxk 6yger morasano HuMe, HATNIHE ¥ KHAKOCTeH mpefeIbHOTO Hall-
pseReHnA cjsura (mpefeabHOTo rpajiuenta G; B ypaBHeHHAX 3aKOHA
PUALTPANMA) TPUBOAMT K DAY CYUIECTBEHHBIX ocoGeHHOCTeld.

operaBasaa B ypapuenme (1.13) Bupamenme (1.10), momyqmn,
canTan mas onpefedenHoctn w > 0, dp/dx << 0,

w=20 (l g—i|< min (G, G2)> g

kiy ) ap kf, (s) )
[ br o Gy (Gl < < G;;) ; (1.14)
(=1, k=2 upn G;<{Gy 1=2, k=1 npn G, &);

(Nt f2 (8) >3_P_ ) o k@) 4.
w= h( TR 7 T O

9p
ax

(l % | > max (Gy, G2)> .

Bripaxkaa otciona dp/dx u noxerasasdA B (1.10), nonyumm npu &, << G,

’

Wy = w (w< (Gz—"Gl) kf (S) )’

B

“ : v f1 (S)ﬁ-(izfz ) + ™ [?lfzs(;)%ﬁl(}? )1 (G2 — Gi) (-4
(0 = py/iho),
upu G; > G,
w=0  (w<(@— 6) L),
" fi(s) kf () fo (8) (1.16)

R Y OENTAR) - o [f1 (s) 4 fz (s)] (Gs — ).

AHANOTHYIHBE BHIpaskeHusA AJAA CKOPOCTH BTOPOH §a3nl NMoJydanTc:d
3aMeHOIl WHEKCOB.

epenumem coormomenust (1.15) n (1.16) B Buge

wy = Wk (s, u, w). (1.17)
3mech

Fs,mw)=Fa@)[t + 28 (6, — @] (1.18)

Fy(s)== ()

FIGENTACI
Fy(s) — obuanasa ¢yurrnusa Baxnea — Jleseperra. IloneraBasas BH-

paskenue (1.17) B ypapuenue nepaspsiBHOcTH (1.11), mosryumm ypas-
HeHUe

a )
m—gft-—{—wFsa—iz 0, (1.19)
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00wraHOe B Teopmm Baxmes — JleBeperta ¢ TeM, OJHAKO, BAYKHHIM

oTnminem, aro Pynrmusa F, aasmenr o CKODOCTH BHTECHeHH: 1.
VYpasnenne (1.19) npencrasasmer coBoii KBasunMHeiiHOe ypaBHeHHe
HepBoro NopAAKa; CBORETRA ero perreHmit OIpesleNIAITCA BAIOM QyHK-
nma F. Ilocronsky kammoe 3suadenme s HaCHMIeHHOCTH mepeHOCUTC A
BlOAL XapakTtepuerak ypabaenua (1.19) co croeit CKOPOCTBIO, paB
Hoit wFi/m, T0 ocHOBRHOE 3HAYeHme mMeeT XapaKktep 3aBHCUMOCTH F
0T HacsImennocTy s. Duamaeckn oge-
BHIHO, UTO yBelAWYeHHe HACHIIEH- s
HOCTA § [ONKHO TNPHBOAATH mpH
$urcnpoBannoit cxopoeTw w K yBe-
JAMIEHNI0 CKOPOCTH WepBoii (asw,
Tak uro F, > 0. Haree, npu s < Sy
nmeenM 3aBeoMo F = 0; mpn s > s,
F=1. Taxum obpazom, o6muit
Xapaxrep 3aucumMocTu F(s) octaercsa
TaKUM jKe, KaK W I BASKHAX KA/ -
KOCTeH,

Onmnako nosBuenme » dopmyre
(1.18) nononaATenBHHIX WiIEHOR TO L
CPaBHEHHIO ¢ OOHYHBIM BbipajKeHIeM 0 5 &
ana dynxmun Baxmes — JleBeperra * 0
OPAROJUAT K PAAY 0coGeHHOCTel. Pue. 7.1
3apaxeapyem 3mauenme w umw mo-

CTPOUM TpPaPHKU 3aBUCHMOCTH OT s

dyurmit Fy, u F. Ilyers smauame G, < G,, Tak 9TO HMeeT MeCTo
Bhipaxenne (1.15). ITpn s << s, nmeem fi(s) =0, u kax F,, Tax n
F pasust mymo. 3arem mo Mepe YBeJIMIeHAs S OT Sy /0 3HAdeHH:A s°,
OTBEYaOIEero PaBeHCTRY

F

Bl = [6y(%) — 6, (9] £, (s9), (1.20)

CMpaseninBo Bropoe coornomenue (1.15) u, HOCKOJABKY Mo0aBOYREIL
4IeH moJdoiKATedeH, F > F,.

B zasacumoctn or coormomenma napaMeTpoB MOMKET OKAa3aTheA,
70 s” > s*, u Torga BumoTE MO § — & cOpaBeJJIABO BTOPOE COOTHO-
menne (1.15) (xpusas 7 na pne. 7.1), 1o s* < s* u Torga, HauMHAA
€ s —=s"<<s* mmeem F = 1, at0 oamauaer memoaBmIKHOCTH BTOpOI
dassr (kprsast 2 Ha pue. 7.1). Dror ciry4ait, kax Buguo n3 (1.20), 3a-
BEIOMO HMeeT MeCTO MPH MATBIX EKODPOCTAX BHTECHEeHIS.

Beamanna 1 — min(s°, §*) Arpaer pomb HecHWKAeMOH HACHIMIEH-
HOCTM HMOPHCTOH CpPemul Bropoit daszoii. Tarmm o6pa3oM, ecam maeT
BLITECHEHNE BASKO-TLIACTHECKOH KuaKocTH (Paza 2) Baswoit (dasa
1), xak ato mmeer meecro upa BriTecHeHHH HedTH BOSOH, BeJIWgmHA
HECHU:RAeMOil HeTeHACHIeHHOCTH 3aBHCHT OT CKOPOCTH BHITCCHEHHS,
OKa3LBasCh TeM Goxbimell, dem MembIme CKOPOCTB,
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Ecau G, << Gy, T0 mmeer mecto oOparHas kaptuda. IIpm mansix
3HAYEHHAX S BedWInHA fy(s) B mpaBoit YacTH HEPBOTO HepaBeHCTBA
(1.16) 61m3Ka X eHHANE M € POCTOM § YMEHBIIAeTcH o Hyxa. dTo
KacaeTcd BeluaaHH (4(s), To oHa 1o oijeBKe (1.3) m ¢ yyerom 3aBHCH-
MoctH dy(s) reorpanuderno Boapacrtaer npu s —- 0. Ilosromy naiimer-
cA Tanoe 3HAYCHHE HACHIIEHHOCTH §;, 3aBHCANee OF W, Yro TpHA
s < S

k
w < (G — Gyl

n nepras Qasza neropBmkHA. O4YeBHIHO, 9eM MeHbBIIe CKOPOCTH W,
teM 60blEe COOTBETETBYIOMEee eif 3HadeHHe HACHIIEHHOCTH So. lIpm
§ > s, MieeT MecTo BTopoe coorHomenne (1.16) (kpusas 3 ma pue. 7.1).
Brungy veiaosus G, << G, cKopoers mepRoit dassl GyneT Bce BpeMs
MeHBbINe, TeM IS COOTBeTeTRymero enydaa Laxnes — JleBeperra.

Taxum oBpazom, ecIH NPOU3BOJATCA BHTecHeAHe BA3ZKO-TLIACTH-
qecKoil ;RUIKOeThIo (mepBas asza) BA3Koi (Bropas ¢asa), Hampumep
BHTeCHeHIe HedTI LTI BOAB IIeHOH, BeAymeil ceda B MOpHCTOH cpejte
KaK BA3KO-ILIACTHICCKAS RUIKOCTH, ABILREHNE BHTecHAOMmel (asni
HAYAHAETCS JTHINb IO JOCTIKeHHI HACHIIEHHOCTH Sy, KOTOpaA IPH
MOCTATOYNO MAINX CKOPOCTAX BHITeCHEHHA MOKET OBITH 3HAUHTEIbHO
BHIe TOH HACHIMEHHOCTH §,, IPH KOTopoil ofpamaerca B Hyab da-
30Bad IIPOHATNAEMOCTE fy(s).

Herpynso BuUmersb, 9To HpH IpejedbHOM mepexofe w — 0, s, —
— s*%, "5, m F mpespamaercA B cKauKkooGpasmyn QyRKIAI.
ITpumennTeIbHO K 3ajiade BHTECIeHHS JTO 03HAYAET Iepexo] K KBa-
3HOOPIIHEBOMY BEITECHEHIO, KOTJa HACHIIEHHOCTH NMPIHAMAeT II0G-
TOSHHKE 3HAUeHHA mo o0e ¢TopoHH @POHTA BHITECHeNMA, HA KOTOPOM
OHA H3MeHACTCH cKAuKoM. I1pi 3TOM RETecHeHIHe ¢ MAJdBIMI CKOPOCTH-
i HanBodee 3PPeRTOBHO NPH BHTECHEHHN BA3KHAX REAROCTEN BA3KO-
IIacTHYecKUMH 11 NanMenee 3QQPeKTABHO DDPH BHTECHEHUH BA3IKO-
OTACTAICCKIIN RAIROCTEH BA3KUMIU.

CoRepIIEHHO AHATOTHIHO MO7keT OBITh paccMoTpeHA 3ajada o
IIOCROpPATHAIBHOM  QPOHTATLHOM  BHITECHEHIH TeHBIOTOHOBCKUX
munrocteil, [IpH 2TOM, MOEKOJIBKY CKOPOCTH BHTeCHeRHT N3MEHASTE A
06paTHo HPOHOPIMOHATBHO PACCTOAHNI® I OT HCTOYHHKA, yCTAHOB-
JleHHHE BEIIIe 3aBACHMOCTH IOKAa3aTeTIs BLITECHEHHA OT CKOPOCTH
HEIoCPECTBEHI0 MePeXo AT B 3aBUCHMOCTH OT r.

§ 2. YcroitunBoers QPOHTAIILHOYO BBITECHEHWS

Bume 6eio mokasaHo, 9ro ypasneHHSA nByXdasHoi @uintpamuim
CROJATCA K KBaswmauAedimoMy 1nddepeininaTbHOMY YPABHEHHIO A
ompejieeHIA HACHIEHHOCTH BTecismoneil ¢asbl, AomycKaomeMy
paspeiBHOE penienme ¢ o0pazoBanmen CKaIKa HACHIMEHHOCTH.
YeroifanrocTn paspuBnoro pemenns 3ajadn Bawxaes — Jleseper-
Ta, OOACHBALINCH PIIFTPAWI BA3ZKOH SRIIKOCTH, XOPOUIo H3Yy4eHA
[19, 220, 177, 271,93, 185]. Beu1o obuapy:keHo, uTo QPOHT BBITEC-
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HEHAA IPOJBATACTCA YCTOUIMBO, €CIM MOABMIKHOCTE BHTECHIOMIeH
$a3sl MeRbIte MONBMKHOCTH BEITECHAEMO

kl k2
T Ba °

Hpnsenenmsiiit xpurepmii yeroiiampoctn MoskHO IpeJICTaBATh .B Hec-
KOIILKO WHOM BH/IE, MOJYIAIIEMCH, €CIH MOJeqHTh IpeEIAyIiee ye-
JIOBHe HAa CKOPOCTh QUiabTpamum w

dpx - dp1

@ dz
IIpMIeM Takoe Npe/icTaBiIeHAe ABIAETCA Gomee 06mAM, TaK KaK BRIIO-
9aeT KPATEepHH ycTOHYHMBOCTH BHITeCHeHHH ¢ Y9eToM CHIBl THHKEeCTH
[271]. Kax 6ymer norasamo HH}Ke, KpHTepHH yCTOWIABOCTH BHITEC-
HEHI C y4eTOM HPeJeNbHOro rpagmeHTa WMeeT COBEPIIeHHO AHAMO-
THYHHIH BHJ.

1. Paccmorpmm omHomeproe PponTansHoe BHTecHeRHE ¢ mpeaens-
HEIM TDajHeHTOM HEeCMeIMHBAIINWXCA KANKOCTEH €O CKATKOM HACH-
MEeHHOCTH Ha (POoHTEe BEHITECHEHHS. IIpesmomxosxmm, aro 3a PponroM m
OEpe HAM HaCHIIeHHOCTh MMEeT NOCTOSHHHEE 3HAYCHAA st H s~ < s+
COOTBETCTEEHHO M ()POHT BHITECHOHHS IHOPEeMEI[AeTcA B MOM0KATEN b
HOM HANDABICHHH OCH Z ¢ MOCTOAHHOM ckopoctsio U, KOTOpasg oo~
pefiefinerca BHIPayKeHAEM

_w F(sY)—F(s)
U= —fe-

ITyers B masansHEH MoMenT Bpemenn ¢ = ( moBepxHOCTh PpPOHTA BHI-
TecHemns ecrh minockocTs z = 0. HanommM ma ocHOBHoe TeueHme
MAJIEIe IByMePHEIe HeCTANOHADHEIE BO3MYMeHAA, KOTOPhIE HAPYMIAIOT
ORXHOMEDHOCTE TeYeHHs, MOCTOAHCTBO HACHINEHHOCTH B €00TBETCTBYIO-
mAxX 061acTAX B MCKaMA0T PPoHT BHITeCHOHHA, KOTOPHH HpHAUMAET
BHT

x = X(y, 9, 2.1)

TA¢ y — KoopaMHATA B HEBO3MYIIeHHON mmockoeTH (Pporra z = 0.
VYpasuenus nBymepHO# draerpanan (1.9) m nepaspuBHOCTH (1.3)
B HPEI00KEHAN MAOCTA BOSMYIIEHAR B CPABHEHAN ¢ OCHOBHEIMHE
BEIMMHHAME TEYeHUSA JHHEAPA3YIOTCH, a FPAHAIHEIE YCIOBHS HA RO3-
MYIIEHHOA OBEDXHOCTH (POHTA BHTECHOHMS (2.1), supamaromme
PaBEHCTBO NIaBIeHWHA p+ = p~ m pacxomos

Win — Win = mU, (S+ —s) Wan, — Wyn = mU (s — S+)

(magexcoM «n» oGo3HazeHH HOPMaJIbHLIE COCTABJMIOMHAES CKOPOCTeH K
moBepxHoeTH cradka (2.1)), cmocarca ma HEBO3MYIIEHHYI0 WHOBEPX-
HOCTh (POHTA BHITECHEHHA z=0.

Ilorpe6yem orparmaennoctn BO3MYIIEHAI B KOHEOTHHIX TOTKAX
[LIOCKOCTH M CTPeMJIEHMA UX K Hymio Ha GeckoHedHoctn. Torma s
OLPENGNCHHA BO3MYMEHHH CKOPOCTeH, aBIGHUA, HACHIEHHOCTH
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moyImM ypaBHeHHA (BO3MYIEHNA 0603HATAIOTCS TIEPTOUKOM CBEPXY,
a OCHOBHHe BeimuAHbl HHIEKCOM «O»)

e = — {60 B+ 5[0 6+ 160 (F + 6]} @)

- k G, ] ap
Wiy = — E‘fj(so) [1 + e 3y
w, dw, . Js
ix U 4y 95
ax + dy m( 1) at

¢ TPAHUIHBIMH YCJOBHAMH Ha HEeBO3MYMIeHHON moBepXHOCTH (POHTA
xz=0 :

—+ — —+ — + - — —

Dy — e =mUqy (5 —5 )+ mU (85 — Sp) = Wax — Wax; (2.3)

- +
N vy dpoj
p b =7 dr dr |°
[oacTaBI BHPAKEHNA s BOSMYIEHHI ckopocTeid GuibTpanun

B yPABHEHHS HEPa3PHBHOCTH B cHcTeMe (2.2), HCKIOUAM AaBjeHue p
u pasmoskmy BosMymenus B mnrerpar @ypse mo y

,

o

oz y, 1) = \ @, e dl, (2.4)
Il [0 @ IOAPA3YMEBAIOTCA BO3MYIIEHHNsd, BXOAAN(HE B CHCTeMY
(2.2) — (2.3). Torxa moayIHM CIe1yoI{Ee COOTHOMEHNH A ONpe/e-
nenns Kommouent Dyphe-npeoGpaszosanna (2.4):

kf;(sq) Op dp i (s0) Ef.(sy)
e — L2 (s g ) ) G
ikF; (s9) V' [ dp
Wiy = — : dpoo g dJ? + G.7> Pu
¥ "z
1+ Efi (s0) (1 kfa (so0) Ga ) )
— tw Paw w , 8 sy .
DL T B 0 i (5 F (30)_6?+7‘)' (2:9)
T mpapae (G2 —G1)
i kf1 (so) G1 kfa (s0) G2 w o %, s,
(A_l g wow ) <7 F7 (s) 27 t aFar
kfa (so) -
12 —WT— (Gg — Gl)
L ) s s,
— ’ (SO ___+ ’
m ox at w fi (s 0) ,
kfa (s0) a G + m (F(SO) f1 (s0) —F (SO) -
—_l"’lw (G2 — G1)
kfy (s0) Gy \ 951 0
- p,lw or — M
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TakaM o6pasom, aamaua daxTmaeckn cromgmres k oupegeneHuio
BO3MYIIEHNil HACKHINEHHOCTH M3 ypaBHEHWs (2.5) ¢ eoorBercTRyIOmME-
MU FPAaHAIHHIME YCIOBMAMM.

IIpesxne wem 3anmcars TpaHUYHKE ycaoBuA mia Dypbe-KoMmo-
HOHTLl HaCHIMEHHOCTH §;, CAeTaeM clefyomee 3ameuanue. Wasecrno,
ITO CRODOCTH PACTIPOCTPAHEHHA BOBMYMIEHHI OLNPEHeNACTCA HAKIO-
HOM XapaKTepucTHK B IIOCKOCTH (z, £). [loaromy BoaMymenns nepex
CHATKOM PACHPOCTPAHAKTCA €O CKOpocThio w/m F'(s™, B, W), a cxo-
pocth Ppouta ButecHends U paBHa w/m F'(s*, u, w), m ycaoBmeM 06-
Pa30BAHAA CKATKA HACHIIEHHOCTEH ABIAETCS HOPABEHCTBO

F'(s*, p,w) > F' (57, , w),

B @Iy KOTOPOro u 00pa3yercsa HeOgHOZHATHOCTE PelleHVA ypaBHeHHSA
pacupejienenus Hacumennoctu (1.19). Ma aroro mepasemcra cie-
AyeT, 9T0 B Kakoil 6H KoHeTHO# Touxe nepeR CKAYKOM HH BO3HHKJIO
BOBMYHICHHE, CHAYOK, ABMWIKYIIUHCH CO cropoerslo U/, 3a KoHewHHH
OTPE30K BPEMEHH OTOHMAT 9TO BO3MYIIEHHE, IOCKOIBKY ero €KOPOCTh,
pasHasg w/m F' (s-, p, W), MeHBIIe CKOPOCTH CKA9KA, W (IOTIOTHTH
ero. Takam o6pazom, BHIOHPAsA COOTBETCTBEHHO HAYANO OTCIOTA Bpe-
MEHH, MOKHO CUMTATh, 9TO B 06GJACTH Iepes CKATKOM BO3MyIeHAA
OTCYTCTBYIOT, H HCCJIENOBATH PACIPOCTPAHEHHe BO3MYIIGHNH 32 $pon-
ToM BHTecHeHus. Temeph rpamwanmie yeaosma maa Dypre-kommo-
HeHTH HACHINEHHOCTH §; IPHHEMAIOT B

kf, (s G kf, (st) Ga
+ 1\%o + 2\°0

SR 1 Os
o ST EN R )=
k2 (s;) fa (33-) m (30) dx at
¥ papam (G G1)
dpy,  dp;
=& ( i Ik (2.6)
kfy (s3) Ga kf, (s3) Ga
9% 9%
Ww Pow - W e, + 1 i
kf, (58 (WF (50) 5z + 5w ) +
12 WT (Gz — Gl)

i (s , kf, (sH G, dzx -
(P e, g

Hpuvennm npeobpasosanme Jlamraca mo ¢

0

Pro = S Pu(t) et dt

0
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% ypasmenmio (2.5) m rpamnamsM yeaosuam (2.6). Tocae senenuts
oGo3nadenmii
kfy (s;) Gy kfy (s;) G2 .

Paw Pow ?

A =1+

kfy (53)
20 (6= G

B(sy) =

MOJIYIAM OKOHYATE/IbHO

A (s;) W o 4 d“slm d‘-"slm
B (s)) (7? F () g 0= )—
1 w , dsy,
T it )
w 5 f; (So+) e kfl (s(’;) Gi dslm o -
o (F () fh F(s0) = paw z O @1

DA YeT0oBMAX HA HEBOBMYMEHHOM (POHTE BhITCHHHA 2 == 0

pynA (sy) W e TS )ﬁ (dpo‘ _ dpy .
kB (s'(‘;) fl (Sg) ( " F (SO) dx 4 0810 ) = Zpa az dz )1
(2.8)
A(S;) W gy Pl ds) w f + fll (S;)
e (o Fr ) g o) b (F D S —
. kfy (53) Gy _
— F'(sy) — —_]|(J.10T1‘> S1e = 01 (S5 — So)- (2.9

Pemenue ypasuenusa (2.7) mmercs B BAje
St = €€,

e ﬁ-—— Hoperb XapaKTepI/ICTquCKOI‘O MHOTOUYJIeHa

B (sd)
B (s} (

v et k + G’ .
23 ( A0 sty — B () ——i(s")—l) 0. (2.10)

m fa (s;) Py

U3 yeaosus npu T -—>— oo clienyer, uto Re p > 0. Haiigem casn
MEALY KAUKALM KODHEM XAapaKTepUCTHIeCKOTO ypPaBHEHHA (2.10)
¥ COOTBETCTByOIMME 3natenasmu @. [aa ororo upeoGpasyem rpa-
pmansie yesaosua (2.7) — (2.8) x Buay

2P Bt o) (S F )B4 o) +

m B S;) m

m

cppymA () (

w ’ - . dp; dﬁ .
\lsz (33) fl (3'(‘)') —'F (SO)B J[_ (J)> = Xin ( dx dz ) ) (2.11)
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m

BAGH [ w ., 4 ow w F )

ErTE = (— F'(s4)B 4+ (D)+ o (F (s0) ) -

kfy (3) G
yw

— F'(s5) — )= 021055 — ). (2.12)

U3 coornomenmit (2.11) — (2.12) ¢ yweron (2.10) merpymHO MONYyIATH
BHIDAsKEHAE JIIA

l2kf1 (s;) (dp; . dp;) (2 13)
muBA () (st —s) \ dz Tdz [/ )

Hoeroanky Re p >0, m3 (2.13) memepnenmo caemyer, UTO BO3MY- .
WennA yGrBaior co Bpemenem (Re w < 0), ecau BHmoNEACTCA yciloBHe

dpy  dpy
- — 0 <0, (2.14)

Hns caysan ogaomeproro mopmmesoro BEITeCHEHHA, Monaras s; = 1,
so = 0, xpurepmit yeroiiamsocru (2.14) upeo6Gpasyem & BEmy

w(:—l—%)+G1—G2>O, (2.15)
1 2
43 ROTOpOTO Kak YaCTHHI cayuail npu G, = G, = 0 caegyer m3pecT-
HO€ yCJIOBHe YCTOWYMBOCTH OJHOMEPHOTO MOPIIHEBOr0 BHTECHEHHA
BAIKMX SKHIKOCTE.

Yeaosue yeroitumsoern (2.15) merko o6obmaercs Ha cnyTait fpon-
TAILHOTO BEITECHEHUA B HAKJIOHHOM ILIACTe, KOrAa Heo6XOogmMo yam-
THBATh BIMAHUE CHJIH TIRECTH

w(% - %:-)+G1_G2+(91—92)g5ind.>0;

3/IeCh P — TIOTHOCTE ;KUAKOCTH, 0. — YroJl HAKIOHA HIacTa K TOPH-
30HTY, & — YCKODEHHe CHMUIH TSIHECTH.

Haxoner, ormernmM, 9ro B HedrenpoMmucToBoi IPaKTAKE 9acTo
BCIOB3yeTCS BHITECHeHWe ¢ HPHMEHEHWEeM IIPOMeKYTOYHOTO areHTa,
Korpa, HampuMep, «IODIIEHbY M3 UWeHH HIH JPYTOTO XOPOIIEro BhI-
TeCHATes1 IPOTANKABAETCH BoJoi. B cmasm ¢ sTEM mpegcraBiser
CYIECTBEHHLI MHTEPeC WCCTEOBAHUWE TAKOTO «IBOHHOTO» IOpIIHE-
Boro BrITecHeHHA. [lomyckas, 9410 B HeBO3MYIPHHOM JBWKEHAH HMe-
I0TCA [(Ba HapandleabHHX (poHTa BhitecHeHHA (mIockoetH z = 0 m
z = L), ipmxymuxca B HAIPABIEHAR 0CK Z ¢ OAHAKOBOM CKOPOCTHIO,
MOKHO JOKa3aTh, 9T0 NBUREHME yCTOWYMBO, €Cld HA Ka[od rpanm-
Ie BHUOXHAeTcA ycmoBue (2.14), m HeycroifumBO B IPOTHBOIIOIOIK-
HOM ¢aydae. B uacroern, eciu BeiTecHeHMe ;KEIKOCTBIO 2 JKHKOCTH
1 yeroiiumpo, a MeKDy HUMH HOMeDIaeTcsA cJIOM JKAAROCTA 3, emje
MeHee HO/IBWJKHOW, 4eM JKHAKOCTH 2, TO YCTOHYABOCTH BHITECHEHUA
HapyImaeTcH.
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§ 3. Hexorophie NpHMEpHI pacdeTa NpOMecca BHITécHemus *

Jlas oneHKN BANAHNA TpeJeNBHOTO TPAJUEHTA Ha Tapamerps BH-

TecHeHNA 3aBICHMOCTH (a3oBHX HPOHIIAeMOcTed 0T HACHIEHHOCTH
poabMeM B Buje [185]

) = s 1) = (1 + (1 — ) 3.1

a |t — OTHOIIEHHAE BA3KOCTH BOALL | K BASKOCTH HehTH |1, — PABHEIM
0,2 n 0,4.

Hexoropsie cpepenns o 3apucumocetu dj(s) MOryT OHITH IOXyIEHbL
A3 aHaMN3a KPHBHIX pacnpefejeHHdA mop mo pasmepaM. Tax, Haup-

Mep, coriiacHo [24] nua TecUaHHMKOB MeCTODOM/IEHBH PoMamruao
(mammsie A. @. Boromomosoi)

d, = d(0,47 + 0,53);  dy = d(1 + 2,4s). (3.2)

PeaynbTaThl pPacdeTtoB NOKa3aTeseil BHITECHEHHA — 3aBACHMOCTH
HACHIIEHHOCTH Ha {poure sp U Koaddunmenta srrecHenus Ky (o6BeM-
Has 077 BHITECHEHHO#A HedTH) OT mapamerpa & = wily/kG, (AaH mio-
CKO-PAMATBHOTO  cydas & = QU/2nrkGy, Gy = otgy/d, — Bemrid-
Ha TpefelbHOTO rpajdenta Jid HedTH, KOrJa OHA IOJHOCTHIO HACK-
maer HOPHCTYI0 €Pemy) HpHBeJAEHSLI Ha DHC. 7.2.

JHadennA HACHUleHHOeTH Ha $poHTe B KoapdHIMenTa BEITECHE-
HUA, oupefelennne mo teopnn Barnmes — Jleseperra, AIA U = 0,2
pasan 0,65 u 0,82 cooTBeTcTBEHBO, A AIA [ = 0,4—0,68 m 0,9. IIpm
pTOM ecoH o Teopmm Dawies — Jleseperta ¢KOpOCTh 3aKauKkW He
BIMSET HA BeJANYHAY HACKIIEHHOCTH Ha (ponTe, To B ciydae QuiIb-
TPAIH ¢ TIPE/IeIBHBIM IPAJHEHTOM BINAHUE BeJHTHHE W MOKET OLITDH
sHAGUTENbHHM. Tag, OpH BHTECHCHUHM BASKO-ILIACTHYHOR HedTH BO-
[oii CHIKeHme CKOPOCTH 3aKa4YRH BOJBI BeJeT K CYIIECTBEHHOMY CHU-
JKeHMIO TOJIHOTHL BHITECHEHHA HedT™W M, HA00OPOT, IPH yBeIHdeHUH
CKOPOCTH TOJHOTA BHITECHEHHS NPHOIIKAeTcA K BelHYHHE, OLpeje-
asemoit teopmeit Bawnes — Jleseperra.

XapakTepHAsA 3aBHCHMOCTh IIOKa3aTeleil BHTECHeHWA OT CKOPO-
CTA 1POABJIAETCS He TOMBKO B M3MEHEHWH KOHEYHOH HACHIIeHHOCTH,
Ho ¥ Bo BeeM xofe ButecHerms. Pemas ypassenme (1.19) oO6mgHEIM
06pasoM, JIeTKO IOJYYUTH pacUpefeleHHe HACHIEHHOCTH HO jIHne
o6paama (B 3aBHCEMOCTH OT KOODIHHATHL ) MDA Pa3IHTHEIX $ureHpo-
BAHHEIX €KOPOCTAX BHITECHEHHA W M YCIOBHAX

s(0, z) = 0; s(t, 0) = min (s, %), (3.3)

1. e. pemrenme 3ajaun Baxiea — Jleseperra.
Pacupejelenie HacHIIEHHOCTH 1O jyimHe o0pasma HpH BhTeCHe-
HEE BOJOH BA3Ko-IIactaaHodt (@ = 0,5) m Baskoit medru (Z = oo)

+ [ macroAileMy BpeMeHH PACCYMTAHEI MHOTHE c/lyYaN BHITECHEHWA BA3KO-IIAC-
rmaecknx Hedireil BOfoil, B TOM YUCiIe H BECHMA eIoiHEIe. PeayibTaThl pacyeroB
nanokeHs B paborax [33,106, 107, 146, 117, 147, 148, 206, 207). B ocaoBHOM OHH
CAENYIOT TEM ke 3aKOHOMEDHOCTAM, UTO ¥ DACCMOTPeHHEIC B TEKCTe HPHEMEPHL.
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opuBefeHoO Ha pmc. 7.3 pas
p =02

Yaer KanmmiApHEX can [206,
147, 148, 116, 117] me BHOCHT Ka-
9eCTBCHHKIX H3MEHeHHA B HOJy-
9eHHEE BHIIE DPe3yIbTATHL.

Yro6s mecnenosath yeroitan-
BOCTh (pOHTAIBHOrO BHiTeCHEHHA
ANA cAyd4ad BHTECHEHHAS BA3KO-
IjacTUIecKoil HedrThm Bojoli mpm
UpHBeJIeHHKX  BHIHe  (HA30BHIX
OPOHANAEMOCTAX M PA3THIHBEIX
3HAYEHUAX COOTHOMIEHHSA BAIKO-
cTeil | ¥ mapamerpa i, mpeo6pa-
3yeM KpuTepmii  ycrofiumBocTR
(2.14), memonnays (1.9) u (1.13),
K BHANY

_ fa (s)

a4 ——r

fi (S)"%s 2 >+
T + fa(s) :

3nech neBas wacTh HepaBeHcTBa
BHIECIACTCA OPH  PPOHTATBHOM
BHAYEHMN HACHIMIEHHOCTH S, KO-
TOPasA, B CBOIO 09epefib, 3ABUCHT
0T mapamerpa & (pme. 7.2). laa
JA0CTATOYHO OONBIIAX SHAYCHHIT
napamerpa 2 (iZ — oo) sp ompepe-
IAeTcs  pemleHmeM  Daxuaes —
JleBeperta m npaxTEYeckm ot i
He 3aBHCUT. JTO NMO3BOJIAGT NPH-
BeJleHHH KpATepuil ycroiumro-
CTH CYHTATh 3aBUCAIMAM OT CO-
OTHOLICHUA BASKOCTEH | U ompe-
JAe/IUTH KPATAIECKOE 3HAYCHHAE |,
KOTOpOe oT/ensder oGIACTh BO3-
MOKHKX YCTOHIMBHIX [[BIGKEHRMIR
$ponra BHTecHenma npm moctm-
KeHNHu JOCTaT0IHO GOTBIIOro 3HAa-
9eHHA IapaMeTrpa 2 (WM, 9TO
TO jKe CaMoe, CKOPOCTH 3aKaTKM)
or o61acTn abCoMOTHOR HeyCToH-
9IHBOCTH POHTA BHITECHEHHA (KO-
Ta HA IIPA KaKUX CKOJIb YroaHO
GONBIIIX CKOPOCTAX  3aKAUKH
YCTOHIMBOCTE NOGHTHCA Hebas).

/fg,S‘p
7
//’———:
#:ﬂ,ll// //""
ol
"""
V% %”"’
1= e
—_— 5y
g 45 7@ -
Pae. 7.2
\E=m
7=45
z
Pae. 7.3
-
2
p ,
7 g% 98 1o
Pme. 7.4
5+ 11



3HadeHme {1, OmpefielideTcA A3 YCIOBUA

f1 (sg)
-l—ui‘-*—fa(s(b) =1,

*

TJie Sp BHMACTHeTCA 1o Teopmn Bakmea — Jleseperra. Peienne aToro
ypaBHeHHA JaeT [, = 0,13, 410 XOPOMIO COrIacyercs ¢ pe3yabTaTOM,
monydennsiM B paborax [93, 185]).

Eexm << Py, ABmAkenne @GPOHTA BHTECHOHIA BCET/A HeycToi-
11BO.

ECIm i>>]ly, MO;KRHO DOF06paTh TaKyK CKOPOCTh 3aKa1RM W, 97006
npojpimkenie @porTa OHII0 YCTONIHBHIM. Ha pme. 7.4 mpuBesieHa
3ABICIMOCTh KPHTHIECKOTO 3HAYEHIIA IMapaMerpa i OT COOTHOIMEHUA
BABKOCTEI |1, IO3BOAIIAA LI KUKIOTO [V OLUPENENHTE TO MAHIMATL-
HOoe 3HAYEHIE CKOPOCTH 3aKAUKM, HAUAHAS ¢ KOTOPOTO $pOHT BHTEC-
HeHuA TPOJBUTAETCA YCTONIHBO.

Taxgm of6pasoM, IPHBEEHHBE DPe3yIbTAaThl IOKA3EBAIOT, MTO
yBe/IIdeHne BASKOCTH BHTECHAMMIEr0 areHTa H B HEKOTOPLIX yCJI0BU-
X CKOPOCTH BHITECHEHDs LDUBOJHT K CTaGuimsalpm QpoHTA BHITEC-
HOeHWS W YBeINYEHAI0 KODQQPUIAEHTA BHITECHEHUA, a TeM CAMBIM X
sedreoradn m1actos. 1TpH MIOCKO-PalAATBLHOM BHITGCHEHI, KOT/Ja
BHITECHAIONIMI areHT 3aKATHBAETCA B HarHeTaTelbHYIO CKBaRHHY, 110
Mepe yaamenus (QPOHTA OT CKBA/RNHbL HACHIMIEHHOCTL HA dpoHTE
[ajiaer.

§ 4. MopermpoBanue BBITECHEHI
BABKO-TIACTHYECKOH JKIIKOCTH BAKOM

B mpeawaymux maparpagax BhIBe/eHB obIHe ypaBHeHHA COBMeECT-
HOTO TeUeHMs [BYX  RIKOCTeH H PACCMOTPEHBI OCHOBHEIEC DJIGMEHTHI
mpoiecca BLTecHeHnA. Ter He MeHee OCTAlCA HEH3YTeHHAIM nauGolee
CXOHEM 9TAI BHITECHEHHA — DTANl IIPOJBIReHusA ¢ponTa BHTEC-
HeHUS B TOM ABYMEPHOM MOTOKe, KOTODHIE CO3/aeTcd B CHCTEMC
ckpaurpH. Jame WiA BABKAX /KEJKOCTEH M3yueHHe JTOLO dTama Tpe-
Gyet (3a HeGOIBITIM HeKITIoueHIeM) TIPHMeIeHIA THCICHHX METOTO0B,
K HACTOAMIEMY BDeMeHH ellle JAJeKo He COBePIIEHHBIX; OIle CIoIKHeS
o6CTORT [IeJi0 IIPH BLITECHEHWH BA3KO-IUIACTUYECKON RUKOCTH.

B aTAX YCAOBHAX HEKOTOPHE CBEJIEHHs MOKHO MOJIYIHTD, MOIeIB-
pyA TpolLEece BHTECHEHHs Ha DIEJIeBOM JIOTRE (srotke Xene—Illoy).
TloTok BAZKO-TIACTHYECKOH sRIIKOCTIL B 3a30pe IeNeBOro JOTKA O~
pefeseTcsl M3BECTHOR dopmymoit (6 — mmEpIHA sazopa) [178]

, &P [, T 2% \2
w-ﬁr(1+?§>(1—pa)- (4.1)
Biech W' — MOJYIb CDeJHell HO CEUeHHI0 CROPOCTH, P — monyas

TPajJeNTa [[BICHNA, HAIPABISHUA BERTOPOR w' u P cosmapmamor.
Ipa Pd > 1, umeeM

' P§2 3
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Ouenmpro, nagee
divw’ = 0. _ - (4.3)

Taxam o6pazom, ocpegmennoe mo TOJNINAHe 3a30pa [BIMKEHHE
BA3KO-NLTACTHIECKON HUKOCTH ONMCHIBACTCH TEMH ke YDPaBHCHHAMH,
9TO0 ¥ IJIOCKOe PUIBTPANHOHHOE [BH/KEHHE ¢ HeIHHeHHLIM 3aK0HOM
¢mrbTpaman Bana (4.1), ecnm mopx w' moHEMATH MOJYJIE CHKODOCTH
duiapTpanm, a mog P — MOJy/Ab rpagueHTa JaBICHAA. ACHMIOTOTAYE~
CKOe cooTHomenme (4.2) mOKa3mBaeT, 9T0 ACHMITOTHYECKH JIBI;KeHAS
B 3a30pe Mopennpyer GUILTPANEIO ¢ IIPeIebHEM I'PaAeHTOM. Ifpak-
TUYECKN yNo0Hee HEe IOIB3OBATHCA DACIETHHIM COOTHOIIEHMEM (4.1),
4 HEIIOCPEACTBEHHO ONPEeNeNATh 3aBACAMOCTE w'(P) skcnepmMeHTANB-
HO (cm. Hmwke). [pu arom OKa3HBAETCA, YTO IIA OGHYHO ACIONb3ye-
MEIX MOZEIBHEIX JRH[KOCTel 3aBmeHMocth w’(P) mveer pup

, Pj2 G’ .. , .

B IIAPOKOM JAaNa30He CKOPOCTeH, YTO mO3BONAET HMCIOMB30BATH WX
VI MOJENNPOBAHUA NBIKEHWH C IIpeebHNM IPATHEHTOM.

IIpn yeranosiaennn macmraGosn MOJEIUPOBAHAA YA0OHO B3ATH B
KadecTse OCHOBHEIX BEJWIHMH FeOMeTPHYCCKHI pasmep (L m L’ coor-
BETCTBEHHO), CKOPOCTH (W, W wy') 1 opefeJsAnid rpaguenr (G u G).
[Ipm stroM mmeem yenosmsa moaobusn -

g 2w’ Ty Tw, Q _ Q (4.5)
kG T 820" L, L ¢ w;L' - wyL -

(T — xapaxrepnoe Bpems; Qo — XapaxTepHHIA Ae6uT Ha egEHANY
MOIIHOCTH), a TAaK/Ke OYeBHJHEE YCA0BHA FeOMETPHYECKOro momobms.
Eemn paccmarpupaeres mopmmeroe srrtecmemme BA3KO-IINIACTAYECKOR
JRUIKOCTH BASKOH, TO BRINOMHEHHe yedoBHs mopobma (4.5) OgHOBDe~
MeHHO ofecliegdBaer M MOo6He TedeHm BA3KOH xAAKOCTH H (B cHIYy
COBNAZIPHUA YCJAOBUA Ha Mew{asHoil rpamume) mogobue TedeHmid B
eToM. _
Iipu mposenennn sxenepuventon menoas3oBaICsH FOPHA30HTANBHbEL
INETeBOd JIOTOK, JRUJKOCT B KOTOPOM IBIKOTCH B 3a30pe MemAy
ABYMA JIMCTaMU Oprcrekna. PaGodas rommmma 3asopa peryampyercs
MPORJIA/IKAMH; B OUACHIBAEMBIX OTKITAX TOJIMHA 3330pa OhIIa TIpH-
HATa paBHOH 1 MMm. Uctounmen w croxnm (cKBasRWHEL) MOTEIIAPOBAIHACE
WITyoepaMu, CIy;KAIUMH [AA TOABOJA W OTBOAA KHIKOCTH.
Ilomemas B 3a3ope T0TKA pesUHOBHIE HOPOKJIANKHA, MOYKHO MOEIAPO=
BaTh TedeHHe B 06JIACTAX JOCTATOYHO NPOM3BOILHOLO BHJA.
OJKCIIeDUMEHTH 110 W3YYeHHI0 BHTECHEHMS IIPOBOJAIACEH IS . 00- .
macreil B gopMe KBajpara ¢ momaueit m O0T00POM KHJKOCTH B IPOTH-
BOIIOIO/KHAIX YFIAX KBajfipaTa (MOJeanpoBaHAe BHITECHEHHA B IATH-
TOYETHOH cXeMe INIOMATHOTO 3aBO/IHEHAnA) 1 OPAMOYTOJNbHAKA € Pa3-
MCIMEHUeM UCTOYHAKA W CTOKA B CepeUHAX MAIbIX CTOPOH (MOJeIH-—
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Pue. 7.5

poBaHHEe BHITECHEHHS MPH DPAJHOM Da3MelleHUN ckBaxkuH). BHagame
pHiGpaHHAA 0o6nacTh 3amosHAIach paboyeil 'KIJKOCTHIO, MOTeNHPYIO-
meil HedTh, a 3aTeM HaUHHATAch II0ATA BHITECHAOIEH BA3KON KU~
KOETH TpH TocTosHmoM pacxoge. (DHKCHPOBAICA MOMEHT IHOABTEHNA
BEITOCHAIOMEH JKUJAKOCTH H3 «HATHETATENIbHOH CKBAa:KMHBIY, A 3aTeM
IePHOMMYECKH HPOoBOAmIoch dororpagupoBanme KapTHHEL BHITECHE-
HAS B 3aMEPAINCH KOJMIECTBA KANKROCTeH (BHTeCHOMel I BEITeCHAe-
Moii), oTo6paHHEE U3 MOJemH. JKCHEePHMEHT TPeKpallalcsa nocie
TOr0, Kak uepe3 MOJedb TPONLIO JOCTATOYHO BOJIBLIOE KONHIECTBO
FRAKOCTA H yCTAHOBHJIACH CTAllHOHApHAs KapTHHA pacCIOJIOKeHNA
IeJIUKOB.

[lepen mpoBefeHumeM BHITECHEHWA OJKCIEPHMEHTATbHO CHHMAIACH
3aBACHMOCTE MEEAY PACXONOM MOJeJNbHOH cMecH U TPaXHeHTOM NaB-
genmst B mean w'(P). C a10il 1eapi0 GHUT HCTIOIB30BAH npoctedmuit
MmeeBoll BHCKO3MMETD ¢ Tolu@uOil 3azopa 0,8 MM mpa ammHe pabo-
geit gacta 51 eM u mmprre 2,6 eM. BamzocTh ToAmmHBL 3a30pa K TOM-
IEHe 3a30Pa B NIeJaeBoM JOTKe (~ 1 MM) N03BOIH/IA HONYIUTH 3aBH-
cumocth w'(P) B TpefyeMOM [Hama3oHe CKOPOCTeil. JTOo OKaBaAIOCH
BAKHBIM B TOM OTHOIIeHHIi, Y70 HCIOIb3yeMble CMeCH He ClIeIyIT CTpo-
ro cootgomenmio Buarama—IlIBemoBa 11 HX peolxormyecKne Imapamer-
pHl IPH ANDPOKCHMAIMN STHM COOTHOLICHHEM OKA3hBAIOTCHA DAa3HBIMI
B PasHHX AHANazoHax ckopocrteil. [1pE BeexX KONHIECTBEHHBIX COIO-
eTaBJIeHAAX MCIOJIb30BAJNCH NAHHBIE, OTHOCAMMECH K MAJbIM CKOPO-
€TAM.

Trnuasasd KapTHHA BHITECHEHHA BASKO-TUIACTHYECKON KMIKOCTH
BA3KOI MoKa3ana Ha pue. 7.0 s cliydas PAJHON PACCTAHOBKY «CKBA-
oAy, MojeIapyeTca NMPAMOYTOJIBHBI DJIEMEHT TeTeHHA, cofepiKa-
muii OfHY «HATHETATENBHYH CKBA/KHHY», depe3 KOTOPY NOJaercd
BHITECHAONIAs KHIKOCTh, U OJHY ¢DKEINIYaTAIl[HOHHYH», Fepe3 KOTO-
py®o mpomssoaarea or6op. XapaxrepHO fnicTpoe o6pasoBaHUe «A3H-
Ka» BHITECHSIEH KUAKOCTIH, IPOPHBAKIMETOCA B «IRCIIyaTallHOH-
HYHK CKBA/KHHY», ¢ IOCJHEAYON(HM OCTeleHAHM OTMHIBOM o6oiineH-
HHIX Y9aCTROB BHTecHAeMoll ;xmarocTd. OTMBIB HPOJOIAeTCA [GIH-
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TelIbHOE BPEMA (OKOM0 MOCHENOBATENBHERIX Kazpos pue. 7.5 ykazamst
CyMMapHEIE 00BeMH Ipomemest JKAIKOCTA, OTHEeCCHHHE K pabogemy
00beMy JIOTKA), ONHAKO He 3aKaHYHBALTCA IOJTHOCTHIO, 4 IPHBONHT
K ofpa3oBanmo o6xacTeii HEBHITECHEHHOH KAJKOCTH — II6THKOB;
AHAJIOTHYHASA KAPTHHA HMMEET MeCTo W JyiA KBaJIpaTHOrO 3JIEMOHTA.
Hommuecrrenno xon Brecnenms XapaKTepu3yeTcsa 3aBHCAMOCTAMH
obsema oroGpaHHo#t «HedTH» OT CyMMapHOTO 00beMa MIPOKAYAHHON
KAAKOCTH. Bamelmum otamameM of €IyJas BHITECHEHHAH BAIKUX
HUJKOCTEH ABIACTCH M3MeHeHHe BH/Ia yKa3aHHOH 3aBHCHMOCTH TpH
U3MEHeHNN TeMIa BHITECHEHHA W NOABICHHE HEHOTOPOH mpeneIbHOA
CTCNEHN  BEITECHEHUS, COOTBETCTBYMINEH 06DA3oBAHHI) CTAGHIBHEIX
IXeIIMKOB.

Oco6eHHOETD TETHKOB BA3KO-ILIACTHICCKOMN SKATKOCTA COCTOHT B
TOM, 9T0 OHHM, Gnarofaps HaIHIMIO OpeAelbHOTO FPafineHTa, MOLYT
HEOrDaHHTIeHHO MIONTO COXPAaHATH CBOW (opMy. Te MAKCHAMANBHHX
PasMepoB MeJNKW, KOTOPHE YAOBIETBOPAIOT STOMY YCIOBHIO, Aajiee
HasnBalores npejieNbHO-paBHOBecHEMU. OmpeeeHue paaMepoR H
PopMEI TIpepeILHO-paBHOBECHEIX LIeJUKOB HO3BOJIAET ONEHATH BO3-
MOHEIE OTePH He(TH OPH BHTECHEHHH ee BOJOH, W O3TOMY HAMeer
OoneNIoe npHKIagHOE 3HAYeHme., () HEKOTOPOH HeI0CTATOYHOCTH Ta-
Koro mopxopa mogpobGHee GydeT cKaszamo HIKe.

§ 5. Ilesmaxn m npenesmabIi Koapdunuenr oxsara
UpH BEITECHEHWH BA3KO-NIACTHYECKAX JKUJKOCTeH BAKHMA

1. Jlomycrum, 9aro B X0e BHTECHeHHS BA3KO-IIIIACTHICCKON HATKOCTH
(medrm) BA3KOil (BOmOIA) 00pa3oBajuch HemoJBW/KHEIC 06JacTH, 3a-
HATHE HedThI0 (MeNnKR) ¥ TpaHmdaumre JuGo ¢ rpaHAaMu  o0JacTH
ABmKenusas D, am6o ¢ o6aacThio JABMIKEHHS BOEL ITpm arom dopma
[GIAKOB ABIAETCA MPEMIEBLHOR B TOM CMBIC/IE, ITO HA TPAHHIE HE@Th—
BONA TDANMeHT [aBieHus NPUAMMAeT NpeferbHOe IIA Hedrd 3HA-
9eHne (G W yBelNWdeHHE CKOPOCTH JBHHCHMA BOJIHI IOBJIeYeT 3a cofoik
JaCTHIHLIA DasMblB NednkoB. B o6macTn jpwmenas Boms YHOBIOT-
BOPANTCA ypaBHenns ¢uibrpammm, crepywomeii saxony Jlapen

= — %-grad p;  divw =0, (61)

Hlasnenne p momiuo YAOBIETBOPATh OGHIYHHEIM KPAeBhHIM YEIOBHAM
Ha BFeIHEHd TpaHANe O0JIACTY B KEHHA H CHBaJKHHAX, 4 Ha TpaHALE
[eMKOB MMeeM /IBa YCJIOBHA: YCJIOBHE HEIPOTEKAHUA

aplon = 0 (5-2)

(n — Hanpasnenme HopMaium K rpaHnie) m yclaoede upefelbHOTO
PaBHOBecHs :

[oplod = G , (5.3)

(v — Hampammenme mo xacatenbHolR K rpaanne). Wuumu cioBamu,
naBJedade P Amerca Kak rapMoOHHUYecCKas (i)YHI{]IEH B HEKOTOpOM IOQ~
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obmactn D’ ofmactu Teuenma D, yMOBAeTBOPAOMAA OOBMIHEIM Kpa-
eBBIM YCAOBHAM Ha obmieil gactu I rpamnmig I' u 1" obnacreit D n D’
a ua octadbmoit gacta I {1V/T"} rpanmis obaactn D', ynoBaerBo-
paomas aeyM yeaosuas (5.2) u (5.3). Hacts rpanmiht T’y ABIAETCA
HeM3BecTHOI, W JIIHee YCI0BHE HA Hell CIY:KHT s €€ OTHICKaHWA.

Cdopmyanposannas 3ajgada BechbMa 6iH3KA IO OCTAHOBKE (1o He
0 BOBHHKAIMIM KOHKPETHHM 3ajadaM) K 3ajade TeopHH CTIPyd
aneaasHoit smumroct [104, 112, 192] m Moswer peularbeA N3BECTHHIMU
MeToxaMH 3T0il Teopun. [IpaMennTeabHO K HABTPAIHH € TPe/ieILHEM
rpajileHTOM 9Ta 3ajada Omula BIEpPBEE PACCMOTPEHA B paGore [8], Ho
He KAk 3a7a9a 00 OIpe/e/IeHNH Pa3Mepa eJHKOB, A KaK MPHOTHHEeH-
Has HOCTAHOBRA 3ajady 00 olpeeleHNI DA3MEPOB 3ACTOMHHIX 30H.
B stoit 1 nocnenyomeii [6—9, 23, 194] paborax mpuBefeHH pelleHN
PANA KOHKPeTHHX 3ajad. Ha BO3MOKHOCTH HCIOIB30BAHUA KaK MO-
CTAHOBKH 3474, TAK UM HMEKIIHXCA €e DPelleHuid AJA oIpefeseHusd
pPa3MepoB NpejelbHO-PABHOBECHBIX 1[@JIHKOB YKA3aHO B o63ope [177].

2. Ofmuit mpumen  pelleHIs IUIOCKOH 3amaum o6 ompesieTeHnn
JOpPMBI I[ENKOB 3aMMCTBOBAH H3 TEOPHH CTPYH W COCTOMT B CIEJyIO-
menm. B ofmactn ABImReNns BObL BBOJUTCA KOMIUIEKCHBIH IOTeHTIHAIL

W) = — H + i, (5.4)

rne H = kp/p — npusepennmii Hamop, ¢ — QyHKIEA TOKA, 2 =
= z -+ iy — Toura obuacrm D’. B OGoibmmHETBE PAccMATPHBACMEIX
sajad auG0 MHEHMAasg, NEG0 JeHCYBHTENbHAA YACTH KOMILIEKCHOTO
TOTEHIHANA I3BECTHH, BO3MO;KHO, C TOYHOCTHI) JI0 HECKOJBRHX KOH-
craHT HA Beell rpaunmne ofmacte D’ mam ee dieMeHra CHMMETDHU.
Broquted KOMIUIEKCHAs €KOPOCTD

o (2) = dd = we9, (9.9)

VI KOTOPOH Ha Beeii rpaHmie obiacth D’ (BawYas U HEH3BECTHYIO
gacTh rpanumis I',) A3BecTHH 1M00 MOAYIE W, auGo yroxa 9 ¢ ochlo .
FareM HIETcA KOMILIEKCHE motenrmual W B miocrocTH © H I0TyIa-
etess guddepeHimanbHoe ypaBHeHHE

dV (o)
_di“_’, (5.6)

pelllense KOTOPOTO II03BOJIAET B IPHHITHIE HANTH BCe XapaKTePUCTHKA
TeueHIA; NMeA B BHAY NPHIJIOREHHs, Yalie BCero OrpaHmIABAIOTCA
OTHICKAHIEM TPAHHI] HEIHKOB. 1'paHHIe HeldHKOB 0TBe4AaeT B INIOCKO-
era o JmEEA w = A, 0, << 0 < 6,, npmuem Ha droil JmHMU P =
= const.

JlomycTEM Temephb, 4TO 3a;a4a HBMeHAETCA TaKEM o0paszoM, dTO
IIPH HeH3MEHHOM 3HAaYeHHH QYHKIHH TOKA ) Ha HeM3BeCTHOH rpaHMIle
HeJMKa IPONCXOJWT yBeNHMUeHHe P B paccMarpuBaeMoil 061acTH
miockoetn Tojorpada cropocrw. HerpyAamo BHIeTh, DOBTOPAA €
HeGoJIBIIIMA H3MeHeHHAMHA Paccys;kfAeHnsd M. V, 970 Takoe N3MeHeHNE
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dyBKOAM ) OpEBeleT K OTOABATAHWIO T'PAHUIH IEJAKOB OT HCTOYHH-
KOB (pacmupeHmio o6acTeil TedeHds). JTo MO3BOJIAET CTPOATH M HE-
OOIB30BATH [UIA OLEHOK [0 AHAJXOTHA ¢ MNpeeIbHBIMA pPelIeHUIMA
A 3acTOMHBIX 30H HPefelNbHHE pellennsd A IeJHKOB.

B raweerse mepsoro mpmmepa paccMoTpmM o6pa3oBaHHe NEIHKOB
BOJIA3A MENOYKM DaBHONEGHTHEIX CKBayKWH ¢ e6utoM () Ha eIUHEIY
MOIMHOCTA IJIACTA, DPACHOJI0:KEHHON B HeorpaHmIeHHOM miacte. Pae-
CTOAHME MeK/Iy CKBA;KWHAMHA B Iemodke coctaBiaser 2/. B atoMm caydae
moJjydaeM 3afauy B IIockoeTdm romorpada (w, 0) =

1 9
22, L, o<, w>M

Pemenne stoii 3ajaum mmeer smy [7, 68]

I TaW W
we = i) 200“(]/1—91(1)(— TEQ )—1/“2—31(9 9] );

(5.8)

2
ag—1 . a
A= Bo=3"-

a3+1 ’

Haa rpamumsl neiamxa moaydaem muddepeHIAAIBHOE ypaBHeHAe

dz=—en 22| g, (5.9)

W =
penreHne KOTOPOro mMeeT BH[

al—1 2a, cos 0 2a
arctg — —
as—1 T

2 cosf 4

z —_—
=

(V445 A+ 2a;sin 0+ al 9 .
1 —_ 0. 5.10)
+l( 2n n1—2aosin6+a3 k11 i ) (

Ha pme. 7.6 mokasaBo pacmoo:kenme rpaHHI MeJdKOB A 3aBHCH-
MOcTh IIOmAfgM Nenmka S OoF mapaMerpa HMHTEHCHBHOCTA IIOTOKA
aq = Q/4Ml. EcrectBenHo, 4ro npm @, — 1 TpaHANA HEIHKA YXOTAT
B 6EeCKOHEYHOCTH, HO IIOIMAAG S MMeeT KOHeuHHA mpemen, PaBHHMA

Se = 2P/x. (5.11)

ITpu gy <<1 pemenme (5.10) u (5.11) ¢PopmanbHO TepAeT CMBEIC.
B aroM exyuae mpoucxoquT ecrecTBenHOe CyeHne 06IACTA JBHKEHAA,
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TAK 9T0 BOJA IIPOPHBAETCA IO IO~
soee mupuHo# I = Q/4A, a menn-
KO ¢€OCTOAT W3 TOJOC¢ MIAPWHON
[ — I' m pomoyHHTENBHHX o06Ia-
cTeill, oTBeuamEx gy =1u l=170".

ITycrs Temephb ILEmOYKa CKBa-
JRHH PAcIHodOo/ReHAa MeKHy rpa-
HHIed nTacTa 0 AHHUeH MOoCTOAH-
HOTO JaBJeHHs, IpAIeM JaBIedne
Ha Hell MOKHO NPHHATH DaBHHM
HYII0 BBUJY WHBAaPHAHTHOCTH
ypasHeHU# (UIBTPADHU OTHOCH-
tTenpHo egsura o p. IIpenmoma-
raetcsa, 9YTO TPAHHIA I(EJIUKOB,
06pasyomuxcs MeKAy NeImoIKon
¢KBa;KOH W TDAaHAINEH ILIacTa, He
mepecerkaercA ¢ mnocaegdeii. B
CHTy  CHMMETPHH  JOCTATOUHO
paccmotpets  obnacte ABCDE
(pme. 7.7).

B mmoekocru romorpada (w, 6)
uoleTes aBaguTIIecKan QyHKIaA

1V, ymoBIeTBOPAOMAA CIeAYI0-
O[IM TPAHHIHHEM YCIOBAAM:
ImW=(Q/2
O=—n/2, wp<<w< o)
ReW =0
(9= —na/2, wp<lwlwg)
ImW =0
O=—n2, Mlw<wp;
— 202, w=M\;

B =m/2, I<w<o).

Kordopyuoe mpeobpasoBanue
. 1
0= —L}\,(d—— -+

VE

oTo0paiaeT BepPXHII0 MOJyIJIoc-
KOCTH KOMILIEKCHOTO e PeMeHHOT0
1] Ha WN0CKOCTh Tojorpaga o



TaK, 9TO0 OCYINECTRIACTCA COOTBETCTBAE TOUYEK

1 1
T]A(—)O, T]BHH, T]C(—ﬁm’ Np<> 00, TNg—e.

Hapamerpst d u e eBAsank co sHawenmAME eKopocTH B Toukax D u E
COOTHOIEHAAMHA

d=—0,5(wp/A+Mwp), Aje=d+0,5(ws/r 4 Mwg).

Anamntmaeckas Qyaxmaa W, ynoBieTBopAlmAas HA JeHCTRATENb-
Holi oenm § mimockocTHm v yesoBmaAM

ImW =0, — o0 <50
Im W = Q/2, 0<E<e
= ImW =0, e <& oo,
nMeer BHJL
L Ye—ut Ve » 5.42
W=2In——2 T 12 Vi vVs (9-12)

Koopmmaarsr rpaHanpl IelnKa ¢ TOYHOCTHIO [0 IOCTOAHHHIX OI-
pelieIA0TCA COOTHOIIEHAAMM B IIapaMeTpHuecKod d¢opme

- g S,
o | Vi) i

1/(1+-d)

I

(5.13)

v _0QV: § (1—t) .
A 2mAA wira) E/eVe—¢

s onpepenennA NOCTOARANX HeOOGXOXAMO VAOBJIETBOPUTE YCIO-
BHIO

=0 mpu E=1/d—1)

H ompereautsh paccrosnve AB 0T CKBA)KHHEI [0 BeDIIAHHI I'DaHHAME
T{eJIAKa -

-5 | -tV T e

1/(d—1)

.(5.14)

Jxa onpepenenna mapamerpor d m e BOCIIOJIB3YEMCH TeM, T¥0 M3-
BECTHBI PaccTodHUA [ @ A O ne6AT KaKmol CKBAKAHLI, OPH 3TOM Tio-
IydaeM ypaBHEHHA

Vil (=t Y 1) iy — 22

=tV () ) ==

(5.15)
e

me/ag =}
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Pac. 7.9

Eean mapamerp d = — 1, 10
0TCYTCTBYeT uuTepdepeHnua cKBa-
JKNH B TRMOYKe 1 Tederne pasdom-
BaeTCA HA COBOKYIHOCTH TeYeHHH,
¢O3JaBaeMEIX HeB3aEMOJAeHeTRYIO-
MMM [IAPAMH HCTOYHMKOB U €TO-
koB. [logerapaaad = — 18(5.13),
UHTErpEPYA U Npou3Beas 3aMeHy

I — g2\2
620,5<T> ,

P FP ot 6% (@A o)

257 (5% — @?)?

HoJay4aeM COOTHOLIeHHs, OpHBe-
nenunie B pabore [8] A cuctemi
HETOIHNK — CTOK.

OTHOCHTRIRHO ypaBHeHHAN
(5.15) HeoOxoAIMO 3aMETHTE CJe-
aywomee. [lockoasry atu ypasHe-
HAA He yJaeTcA pPaspelInTb OTHO-
cuTeNbHO d W e, TO IPH pacuerax
no napamerpasm d H e GBLIH ompe-
NlefieHsl YucJaeHHO 3HadeHHEs QM
u Q/AA. 3arem OHIA TIOCTPOCHBI
3aBACAMOCTH NApaMeTpoB d U &
of OespasMepHoil KoMOWHAOHO
Q/AA 1A pasnuIHEIX 3HAYCHHA
ornomenua A/l (pmc. 7.8) (mpa-
meie — lg (— d)). Ha pme. 7.8
HpHBeJeHA TAKKe I[IpefelbHad
KpuBaAa (€), COOTBETCTBYIOIAA 3a-
BACHMOCTH mHapamerpa e ot 8/AA
AIA  cayYag HCTOYHHK — CTOK
d=—1).

BriscHun 3aBmcmMocTh  Koad-
dunmenTa oxprara f§ Or reoMerpHH
pPACCTAHOBKN CKBKAH H UX [le-
6urta. HKoaddumuent oxsara f§ on-
pelensAetcA Kak AoAA TLHOWANK
macra, 3asArad Bojioi, § = S/,
n Buuucngercd no dopmyie

S A A
B=2r o (5.46)

3mecs S/A? oupepeasercsa HU3 pe-
mesnda 3amaan, A/H xapakrepnm-



3yeT TeOMeTPUI0 PACCTAHOBKH Ife-
TMOYKHA CKBa;KWH B ILIacte, a A/l lg4z
XapaKTepU3yeT COOTHONIEHUE Mesk- 1
Xy WIOTHOCTHI0 CKBAKHH B [IRI09-

Ke M DAcCTOAHUEM ME:XIy Iemod-

KOH W JMHUHA NOCTOAHHOTO [AB- 0
meHnsa. 3asucumoctb S/A? or ma-
pametpoB Q/Al, Q/AA m A/l mpm- £
Begena uHa pue. 7.9, 7.10. Ha
pme. 7.10 opnrenena 3aBUCAMOCTh 25
S/A? or mapamerpa Q/Al upm ms- i

MeHeHHH TOJILKO pacetodHud [ \
Meray ckBaskuHamu. Hpmeaa e

HA 3TOM rpaduKe COOTBETCTBYeT 7
TeM 3HadeHHAM [, IPH KOTOPHIX / 2 J
TPaHHOH TEJIAKOB OT ofomx pA- =
JOB CMHKAKTCA W Pean3yercs
CIy9ail HMCTOYHAK — CTOK. JTH  -[5
snadenusa [ = [, B 3aBucumocTm g 4 _ 2
or mapamerpa (@/AA upnseneHs

Ha puc. 7.11. Jlanpueiinee yse- Pac. 7.40
AmdeHHe paccrosHUA [ Memmy
CKBA)KMHAMH, BBHJYy OTCYTCTBHSI
uHTepflePeHIMN CKBAKMH B Ie-
Ho4Ke, He BIMAET HAa BeIHYAHY

S/A?, Bamanune Q Ha xoapdnruent L lom
oxBara f BuisgcHAerca Hemocpen- 4 4
CTBeHHO n3 rpagmra pmc. 7.9.

ITpu samanmmx smavenuax [ u A 20
yBenmdesne jebura () CKBAKHUH Iy
BeleT K yBeJdndeHUo KoaddumueH-
Ta oxBata f.

Ipu stomM okaszmBaercd, d9TO
YMeHBINeHNe pACCTOSAHUA A mpm
3aMaHHEIX 3Hadenuax Q, H m !
BefleT K CYMECTBeHHOMY YMeHB- B ; /

lMIII
1

&

15

meHuo koa@urmenTa oxparta 3a
€4eT TOro, 9YTO YREIWIUBALTCH
ToliA TIOMaqd WJIacTa MEmay &
TpaHUIEel 3aJeKA W IEMO9KOI,
He oXBadeHHas zapogHenueMm. Ha-
IPOTHB, PACTHONATAA ETIOIKY BO3-

\
N\

MO}KHO OIM:Ke K TpaHmme 3aje- K4 7 4 7 J
KH, MOKHO 3HAYATENLHO YMeHh- War

mIWTh uoTepH HeTH B ILIACTe,
CBSI3aHHBIC ¢ HAJIHUHeM mpefenasn- Pue. 7.11
HOTO TPajueHTa.
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Puc. 7.12

g/

1

z/l
25 '
g

7
5712
/
l: —_
4 YT gy
g5
I |
7 7 2
¢
lgﬁ
Pue. 7.13

a,=/
7
1025 4
125
4 |
g N g

7

Ilepeiinem Tenmeps ® Bompocy
O BINAHHA DPACCTOAHHA MERIY
CKBA)KHHAMH B [ENOYKE Ha Kod-
dunuenT oxBarta f.

IIpomorapudmuporas Brpase-
mAe (5.16) mia rosmumenra ox-
BaTa f§, mosydum ¢ y1eroM Toro,

=) /(%)
1gB=lg%+lg%—

Q

A
—lg & flg. (547)

Ilpn nsmenennn /B npasoii wacra
cootHomenus (D.17) wMemAwTCA
JUmMb HepBHe ABA CIAaraeMeiX, a
OCTallbHHE 0CTAITCA TOCTOSHHE
yn. [loaTomy npueenenHas na pue.
7.12 3aBucMMocCTD IMINL MOCTOAH-
HEIM  Kos{ipunmeHTOM, pPABHRIM
H/A, ornmmgaerea or f. Iloan-
aysachk rpaduxom (pmc. 7.12), me-
TPYDHO BEUICHATEH BIMHHAE ILIOT-
HOCTH CKBaKHH B IIENOUKe (Beiid-
4mMHH [) Ha KospumEmeHT OXBaTa
p. Hopenenne xpuBrIX Ha puc.
7.12 yxaspiBaer Ha CyIIEcTBOBA-
HHe ONTHMAJLHOIO PacCTOAHUSA
lour, IPE KOTOpOM Ko3(PuUIAenT
OoXBara MMeeT MAKCUMAJBHOE 3HA-
deHHe. 3aBHCEMOCTHh lon/A oF
mapaMeTpoB pa3paGoTKA mpUBe-
IeHa Ha pme. 7.11.

Ecmu A yerpemurs ® Gecko-
HEYHOCTH, TO BHIPKCHHE IA KO-
OpIUHAT TPAHANE NEiuKa UpPH-
MeT BHJ

Q
2mwAl

I—
T

(m arcsint —

—7 .1 —mt
—V m* =1 aresin -

—_VI=# 05 (m—

—Vm)>;

(5.18)



Paccunranmsie moxoskeHms rpaHmm IeINKOB M 3AaBHCHMOCTh WX
omany 0T HHTEHCHBHOCTH LOTOKA @, = (J/2Al npenecrasieHm Ha
pue. 7.13. Tak jxe, Kak U B HpemETyNEM eXydae, IpH a, << 1 mpo-
HCXO/fIT aBTOMATHYECKAA (HOMCTPOMKA» TEUeHWA K peNIeHH0 INpH
a, = 1 ¢ o6pa3oBanmeM GeCKOHETHRIX EJAKOB-HOJI0C U «KOPAIOPOB»

£ £ AN
||y
£ .
24
4 F
13 & 7
Q'% F V/j ~oo /) 7fe a o
/ g 8 C DBRFE A &
4 V/j
A
PR B
a ] 5 ¥ 4
Paec. 7.14

BurecHeHusA. [lomo6no 3acTOMHLIM 30HAM MeNHKH pe3Ko yReIMIHBA-
I0TCA OpPH TePexofie 0T CPABHMTEIbHO GHaronmpaATHON (cHMMerpud-
HO-PsAJHOM) CXeMEI PACCTAHOBKA CKBakuH (puC. 7.4) K Hebraronmpuar-
HOH CXeMe C De3KMM II0BOPOTOM HOTOKA BOJIM3W HEIpPOHHIaeMoi rpa-
Hunil. Pazmwmume B paaMepax menmkos TeM Gouble, YeM GoJbmme CKo-
POETh BHTECHEHWs; LUDPA MAJHX CGKOPOCTAX BHTECHEHHA OCHOBHYIO
POJib HAYHHAET WrpPaTh 06pa3oBaHHe UEJIMKOB-TIONOC MEAIY cocel-
HUMH CHBA/KWHAMH, U DA3MAIAe -MeKAY €XeMaMi BHTCCHeHHA yMeHb-
maetcs. IIpm HANMYAM HECKOJBRMX DANOR €KBAKAH 3aada yCIOMK-
HAETCA; ¢ TOYKH 3PEHNA NPAKTHYECKOTO IPAMEHEHHA NOMYYeHHEIX
pelleHMil Ba)KHO 3HATH, KOIJA BIHAHEEM COCeJHHX DAJOB MOKHO
npeneGpeds. B nanuom enyuae HeKoTOpHIe BRHIBOMEI MOJKHO €elaTh,
eonoerasiaa (pue. 7.13, 6) mromana nenankos, o6pasyomuxca B6mH-
37 HeNPOHHNAEeMOro sKpaHa B GeckoHeyHOM maacTe (TOYKA) M IPH Ha-
mmann Ha paccrosnmu A = 3! ramepem (cniomnaa nmewa). Baaso,
9TO B 9TOM ClIydae rajeper0 MO;KHO CUMTATh GeCKOHEYHO YIa/JeHHOIL.
B rawecrre caegyiomero, Gomee ¢I0;KHOTO mpAMepa PaCCMOTPHM
TeUeHHe B CHETeMe TpeX DPAMoB ckBaykaH (puc. 7.14). Nmeem B mimoe-
KOCTH KOMILIEKCHOH €KOopocTH & = we ¥ zagady, NIpelcTaBleHHYIO
Ha pume. 7.14. '
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Kommnexcumit morenrmuan W upepctaBiaser cofoit amanuradec-
Ky QyHKIHDO © B o6mactu|o | > A, 0 < 0 < 3n/2 ¢ paspeaom Boab

aysa |0 |>a = (g + Q)/l, 8 = n/2 npn ycnosnax (pme. 7.14, 6)

ImW=0, w=A, 606=mn/2, 0=3n/72; (5.19)
ImW =q na DFE; ImW = —(Q Ba AE.
Orof pasenne
1+ Vn\"Vad+ Va ;
:x( _> 1+ V. )= — ik 5.20
o=MiTwva) vavy °© (©:20)

HepeBOIAT pPaccMaTpHBaeMyio 06JacTh B BeDXHIIO TOIYILTIOCKOCTE 1)
HOpU COOTBETCTBUM TOYeK, NOKA3aHHOM Ha pme. 7.14, 6. Ilpm arom
A KoopmawHATH f ofpasa To9rm F mveeM

f=@+2Vay+2Va. (5.21)

[Mapasmerp d momkeH ompeneisTbea ocobo (cM. Hmwke). B momymio-
exocta Im 1 > 0 mo/ukHA GHITH OmpeneeHa aHAIHTHYeCKAA QYHKIUA
W, npmuem Ha peHcTBHTENBLHOI OCH

ImW=0; n<i n n>d;
ImW = g; IT<n<e
ImW=—¢0Q; e<n<d N
OTtryaa
W=Lhi=l_Zmi=l, (5.22)

Uneem pajdee gaA woopamuaar ¢(@amdeckoii HIoCKocTH
dam (LAY VIV sl
14+Vn) Vi+Va\the—mit—m

Q@ —9
nMd—m@—mOdW

(5.23)

T'panviia umeauKa cOOTBETCTBYeT OTPHIATENLHOM JeficTBUTeIBHOH mo-
ayocu (n < 0), 1 ee ypaBHeHHe ¢ TOYHOCTHIO /10 C/ABHIA OIPeNeIAETCS
cooTHomenmeM (5.23), ecau B HeM CYHTATH 1] OTPHIATENBHEIM AefcT-
BHTeJIBHEIM 9HCJIOM. l'eoMeTpms 3a7add B (H3WYECKOH I[IOCKOCTH
OydeT BUOJIHe OIpejelieHa, ecld 3aJaTh elle HOJ0/KeHHsI HCTOYHUKOB
OTHOCHTEJBHO Ieanra. HMseem gagee

L+ Ve a1
o= 2 (P 2 s e

Taxkmm ofpasom, ¢, a TOTOMY H d MO;KHO BHPAa3HTh B BHAe GYHKI[AA
ot ¢ (opu magHOM ). Ilpn ¢ukenpoBaHioM i, 3HAYeHUE e HAXOJUTCH
OO0 W3BECTHOMY PACCTOAHHIO 2 MEKIAY COCeAHUMH PAJAMH CKBAYKHH.
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Hemonraya (5.23), moayaaM Aiss 9T0r0 PacCTOAHAA
h=y(B)+ AB;

x

OO EAETES ATCER ) T I ST P
Virnd+n @+me+n  d+netrn/ "

[ by
0
(5.25)

i"(lfﬁ—p,qfﬁ_v(?( Cd—a _ de—1 )dn'
I\Va+1) Va+rvald—me—n  d—ne—n/""

" =q/(Q+4q); Q =QUQ+9).

- OrmetEM, 9T0 HauGOJILIMAN HHTepec IPEACTABIAT 3HAYCHHUA U,,
6n3kne k egmaEAne. [Ipn arom u3 (5.23) monygaem e> 1 (Tak, u, =
= 1,1 pmocruraercda ammb npm e¢ > 100). B stom ciysae n3 (5.25)
moJiy1aeM :

FrBQn+aly L~ 2Qn—gT) (26

AB
T

:alg

rae
_(RVE+Vidtnld—a 4.
Jl(“)_§ Vitne+rn@—m "
Jz(a)zg [2Vm + V"(“")”i,_” dn;
v @dnet+nd -+t
c e—d .
J‘"’(a)_§ e (Va Ve v
e
Tue) =\ sy dn
vd

Ha pumc. 7.15 noxkaszaHa 3aBHCHMOETH MEHAY ]/d H o, ompefieide-
MaA cooTHomeHneM (5.24), N HeCKONBKUX 3HAYEHHHA Uy, YKA3AHHEIX
madpamu oKoJI0 KpuBeX. Memoabays ary €BA3b, MOKHO OOCTPOHTH
3aBHCAMOETH HHTeTpaiioB J; or mapamerpa o« (pme. 7.16).

IIpu samavHEIX &y, g% m Q¥ nMeeM

_’;—:%&(Q.(J1+J3)—q*("2_‘,4»1 (9.27)

4T0 m0sBoJAET WO h/l ompegennts o, a 3arem mo rpagmkam pme. 7.19
u V' d, mocne dWero pemeHMe OKA3HBaeTCA BHOJHE ONpe/eleHBHEIM.
Tax, xondurypanusa puc. 7.14, a cootereTByer ciydao ¢ = ( = 1,
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ug = 2,1, hil =1,47; rpann-
Ia IejinKa PacCIuTaHA H3JI0rKeH-
HEIM BHIIIE MeTOXOM M TOKa3aHa
B MacmTafe.

Kpome psaasoit cucreMsl pac-
CTAHOBKA CKBAKAH, IPH KOTO-
poii HarHeTaTeJbHEE W JKCIAya-
TAmMUOHALE CKBARWHEL pacmoia-
TaTCA PAJAMHA (€M. PACCMOTPEH-
HBIE BHIIE OPAMEPEH), 9aCTO BCTPe-
gaeTcA TAK/Ke ILIOMAJHAs cHcTe-
Ma 3aBOJHEHUsd; CXeMATAIeCKH
OHA COOTBETCTBYeT TOMY, YUTO
IJfacT B IJaHe MOKPHBAETCA CeT-
KOU MPaBMABHEX nN-yrOJBHNKOB,
B IEHTPaX KOTODPHIX pacmojara-
I0TCA HArHETATEJNBALEe CHBAKH-
HEl, & B BepIIHHAX — BSKCILIyaTa-
umoHHme. Takasa exema pacera-
HOBKH  CKBMKHH  HAa3HBAETCH
(n + 1)-roueqnoii.

PaecemoTpnM TedeHHE B die-
MEHTEe CHMMETDHA HATATOICTHON
cxembl sapopmennsa (pac. 7.17, a).
B mmockoctd ® AMETcA AaHAIN-
raaeckaa dyaxmma W, npm cie-
AYIOMAX TPAHAYHEIX YCAOBHAX:

ImW=0; 6=0,
A< w < o0; — 0L,
w=»A;

9:——%::, A <<w < o0;
ImW = Q/$; 0=——,
wg L w < oo

Konjopmooe upeobGpasoBanme

A=V (Vd—Vnh
o= AT
(5.28)

nepeBOANAT BEPXHIO IIOJIYILIOC-
KOCTh HOMILIEKCHOIO IIepPeMeH-
HOTO 7] Ha IVIOCKOCTHh ® IIpA €O-
OTBETCTBAA TOYEK, YKA3aHHOM Ha




pac. 717, 6. Oyaxma W ameer
BU i
Q4. 2—n
W= Q In m - (5.29)
Hoopomaars rpammmer menm-

Ka ¢ TOYHOCTBIO A0 IIOCTOAHHEBIX
ONIPpeIeTA0TCA COOTHOMEeHNEeM

QU—a)
8l

Z-——
- =

g

_“u—vau@—varx
La+VE (Vi Ve

e .
T—HE—®
E= Ren<Z1. (5.30)

[locrosHame ompepensores wus
yelaoBui 4/t

&

%—)1 npu E,——)—oo;

y—0 upu E—0, (5.31)

a napamMerp d — mo H3BECTHOMY
PaceTOAHUI0 MEKRY CHBAYKTHAMNA

QV2d—1),

16mAl
d — - —
&[(Va—invﬂ—-V&]%x
JL(VE+1) (Va+ Vi)

aE ,
X m—- 1. (5.32)

[pamnnu nemuxor m 3aBACHMOCTE
HpefeAbHOr0 Koaddumrenra ox-
BaTa ILTACTA 3aBOJHEHMmeM [} mua
Pa3NYHKIX 3HAYeHUH Gespasmep-
Horo mapaMerpa /Al moxazaHH
HA puc. 7.18.

EcreetBennsiM  o606menuem
upenpiAymel aamadd - ABIAETCH
cIydail DACCTAHOBKH CKBAYKUH IIO
npaMoyronsnoit cerxe [74]. Jlan-
Has 3afjada ABIAETCA ONHOM U3
YacTHHIX €yJaeB Gomee obimeit 3a-

Il | ] E
Eﬂ-” EA=’ EE=E Eﬂ=d

Pae. 747
78
A
% . /
)
/] ; n
. J
z,
4
zft

£

Pme. 7.19
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A9, paceMOTpeHHoi B raase VI, u ¢BOIATEA K OTHECKAHMIO aHAINTH-
9ecrofl fyHROAH HA JBRYJIHCTHOW pPHMAHOBOW NOBEPXHOCTHA HepeMeH-
Horo rogorpada. Jra aHamurodeckad (QYHRIHEA BHparkaercsa depes
BCIOMOTaTeABHYI0 HEN3BeCTHYH (YHKOUO, ABIAIYIOCH pellenmeM
KpaeBoil 3ajaunm B ofHoJamMcTHOM ofaacta. M3BecTHHMHA MeTomaMu
[40, 150] ara samaua pemaerca sddextmBro. B pabore [74] mompo6ao
ofelleloBaH ACHMITOTHIECKAH €IyTail MATHX HHTEHCHBHOCTEA IOTOKA
H NpHEBeeHH 3aBACHMOCTH ONPefelIAI0MAX INTapaMerpoB B IJIOCKOCTH
rofjorpada or UIMYECKHX TAPAMETPOB.

B sakmouenme 3Toro pasgeiia paccMOTPHEM 3ajiady O IIPefeTLHO-
PaBHOBecHO# KoHQUrypamun rpanuns neankos CD B ofmaerm, orpa-
HEMeHHOW KPHBONHHEHHHM COMMETPHIHHIM OTHOCHTENHHO OCH X KOB-
TYpoM HoeroAHHOTO (paBHOr0 Hyaw) pasienmsa BCE (pme. 7.19).
Havamzo xooppunat nmpmHEMaercAa B Tourke B. 3agaum Takoro taAma
Buepahie paccMmorpensl JI. M. Koxaapom u 9. B. Ckpopmosum [103];
HH;Ke H3JIaTaeTesl IPeIOReHHEI UMY ¢1I0¢00 peneHlA, onnApanmuiesn
Ha Metopsr Teopud crpyit [192]. O6xacte Tewernns B usmIecKol mio-
c¢KoCTH z KOH(POPMHO oro0pakaeTcsi HA BHYTPeHHOCTh IOAYKpPyra B
BepXHeHl HOMYyIIOCKOCTH KOMILIERCHOTO IEPeMeHHOIo [ TaK, 4T0 rpa-
Huna ueamra CD 1epexonnT B jelicTrBATeasHEE amametp (— 1 <
<L Re ¢t <{ 1), a KoHTYP IIOCTOAHHOIO JABICHAA — B IMOJIYOKPYIKHOCTD.
B miockoetn ¢ onpenenAerca KOMILTEKCHBIA NOTeHOHAT IOTOKA

2 2
W) =-Lin % , (5.33)

I'le 4 — KOOpAHHATA CTOKA B ILIOCKOCTH [. Komnexcnaa CKODOCTh
TeYCHHA HOpeacTaBIAeTCA B BHAE

£(@) = x (1) e 20, (5.34)

ajeck ¥ (f) — KOMIJeRCHAs CHROPOCTH, YIATHBAOMASI HATWIRE 0CO-
GennocTell B NOTOKE,— pelleHUE 3a7a4l 06 WCTOTHAKE H CTOKE

_ (@ +ia) ¢t 4 i/a)

Henssecrran ¢yurmma Q) — 0 4 it — aHanwrudeckas, peryiap-
Hasg BHYTDH MNOJYKPyra, NPHHUMAKIMAd jeldcTBUTelIbHbe 3HaYeHAA
upu Re ¢ = 0. Henonwsays npunman cuMMerpun IllBapna u yauteisasg
OTPAHIYeHHOCTE £2(f) Ha equHHIHOM KpPyre, Q(f) MO/KHO Pa3I0KATH B
pag

Q(t)= 3} eat”, (5.36)

OpHUEM Cpx = 0 B cmiay cHMMeTpHMH OTHOCATENBHO MHAMOH OCH.

B coorHomennm (5.36) ormendmoTca HeACTBHTENLHEE W MHEMEE
yacta u pBoguTcA QynkouA a{c) = — dB/de (¢ — moaApHHEA yroa
t = éi%).
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Ucnonsaya coormomenna (5.33) m (5.34), MomKHO HOJYIHTH BH-
paKeHWe 1A KPHBM3HE KOHTYpAa IOCTOSHBOTO NABJIEHHSA

e _ X (6) €19V dojds ) . 37)

dW{ds
Memny 0(c), t(0) m a(c) ycramammmparoTcs cJIeJJ;yIOIIme d)yHKI(HO-
HaJdbHBIE 33aBUCHMOQCTH:
/2
Jo(s)=0(c) = S a(s) ds’;

0

. sin(s T
Da(o) = 7(s) = = S a(e)In |[— 2 | dv. (5.38)
.0 sin 3

Moperasnas (5.38) B (5.37), nomydaem ypapsenne Bmia aas dyHk-
o (o)

o= Mf(s)n(Jo)e, (5.39)

3nechb M= —2Q01 — a%/n, f(o) = (1 4+ 2a sino + 4?72,
R — pagmyc xpuBH3HH KOHTypa [aBicHHA B Touke B, a Geapaamep-
HuIA mapamerp (@ = ¢/AR.

3naa w(o), HeTpyAHO onpenenuts 0(c), T(c) @ Bce XapaKTEPHCTARH
TeYeHWA W IpaHuny Ieauka. IIpm atom mapamerp ¢ BHUMCIHAETEA IO
H3BECTHOMY paccro;mmo r croKa or To4xkH B

_ t exp (iQ (1))
i Mg___dz (5.40)

(t -+ a)? (at 4 1)2

(moy ¢ moppasymeBaercA MHHMas 9acrh ).

Jlna pemenua ypasHenua (5.39) mcmonn3yercAa MeroJ, ONMCAHHELA
B paGote [248]. Iloacrasaas (5.36) B (5.39), TIOYTHM JUist HeHaBect-
HHX KOIQQUIUEHTOB Cyyy CHCTEMY ypannemm BAA

Cokp1 = TZ/c_z—[]-taT{ § %(0)f (s)exp (— k%ﬂ Cor+1 €08 (2K + 1)6) X
X sin (2k + 1) ods. (5.41)

3uaa Q u r/R, MeTOOM UTepamuii MOKHO HafiTH @ M BCE €y LIpak-
THAYECKHA yaoOHee 3a/[aBath NapaMeTpH a u r/R. Hoop;mnacm rpaHAOE
NenuKa, OTHeCeHHHe K [, ompepmenalorea w3 cooTHOomenui (5.33) m
(9.35) ¢ ygerom (5.36). Ilocume mpeoGpasoBanmii moaydIaeM

1

. t exp fo ()
P S(t+a)2(at+1>2‘”+M X

St [fs ) sin f1 (5)—fa () c0S fa (¢) ++ i {f2 (¢) sin fu (£) +- s (¢) cos fr (A)})de
(B4 0?2 (1 § 2272 R
0
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Pae. 7.20

rae ! — BellecTBEHHO,

folt) = 2 (=1 £ ()= 2 Cont™;
K—0 k=0

f2(5) = (B2 — 1) — (@ — 1)*t% fa(t) = 2at (1 — 2)(1 + a?).

st caydas, KOrla KOHTYD [aBIEHHA ecTh [yra OKpPY:KHOETH
(% = 1), peayabTaThl pacuera IPAHMIH TEMHKOB LIPHBEICHB HA puc.
7.20, sanmerBoBaEHOM H3 paGotnt [103]. Uexomuue nanxse misa pae-
YeTOB UpHBeJeHH B Ttabamie 7.1.

Tabnaga 7.1

Ne 1 2 3 4 5
a 0,3

r/R 0,25 0,15 —0,25 —0,5 —0,75
0 0,8746 0.5785 1,335 3.146 5,435

OcHOBHOII HHTepec TWPH MOJEAMPOBAHAM BHTeCHEHHA BA3KO-
ITacTHIecKoil HedTu BOTOH MPeIcTABISLI BOIPOC 0 TOM, €00TBETCTBYET
A paccMoTpeHHasd B atoMm maparpade mpefeianHad cXeMa TeM I[eNH-
KaM, Koropsie popMupyioTes npd 3aBofHeHHH. ComocTaBIenne Teope-
THYE€CKH PACCYMTAHHBIX IE€IHKOB B DIEMeHTe NIATHTOYCYHON CXeMEI
€ pesylIbTaTaMH MO/e/HPOBAaHMA M0Ka3aldo, ITO B {AHHOM cJIydae Te-
OpeTHIecKas W IKCIePHUMEHTANbHAA KAPTUHH €XONHH MeXKIY CoBOM.
Bonee toro, 6nio mporemeno comocraBieHme pPacueTHHX 3HAYeHHAH
Koaddumiuenta oxBara (OTHOCATeTBHOH ILIOM{AH VYacTKOB, B KOTO-
PHIX BhITeCHeHHEe IIPOLLIO HOJIHOCTHIO) €O 3HAYCHHAMH, HOIyIeHHHIMH
opn  MojerupoBanmm. PesyasTaTH comocTaBleHHA moKasaHH HA
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pac. 7.18, rme comomHAs THHMA OTBEYaeT TEOPeTHISCKAM, a KPYiK- °
KA — JKCHePHMeHTANbHEIM 3HadeHHAM. Takmm of6pasoM, B JaHHOM
ClIydae 9KCHePAMEHT B OCHOBHOM COFJIACyeTcs ¢ PACIeTOM.

JAna eXeMH DPAXHOro BHTECHeHWA pacueT NpeelbHHX NEelITKOB
OPABOJAT K KOHQHUrypanun, cAMMeTPAYHOIH IT0 OTHOMEHUIO K ofpame-
HAIO HAUPARJIEHWA HarHeTaHAA. MHy KapTHRY [aeT JKCIepAMeHT
(pmc. 7.5). 3mech XapaKTepHHe IIABHO CXOAAIIAe HAa HeT IIeMAKH
06pasyioTes JIAME BOIA3H (IKCIUTYyAaTAHOHHKIX CKBAMKHH»; BOIA3H
HarHeTATeJhHHX HX HET BoBce. lIpomcxosimenme TaKoro pasinmddsn
HeTpyado noHArh. OTTecHeHWMe BHITECHAEMOH ;KHIKOCTH OT HATHETA-
TEJIBHLX CKBA)KHH HPOM30INI0 HA paHHell cTamgwm, KOrga (POHT BH-
TeCHEHH: elje He MCHLITHBAJN CYIIECTBeHHOrO0 BIAMAHHA JKCILUIYATAIKA-
OHHBIX CKBA:KWH U OHJ GIM30K K KPYyroBOMY; eCTeCTBEHHO, 4TO «BOC-
CTAHOBJIEHHE) Ne/IAKA He MO0 NPOou3oiTh. B To e BpeMA B OCHOBHOMA
9aCcTH «IIacTa» M BOIW3H «AKCILTyaranmoHHOH CKBakuasly, roe dop-
MHAPOBaHHE IeJIAKA IPOUCXOXUT yiKe Moce MPopHIBa, ero gopma Girms-
Ka K dopMme mpeferbHO-PABHOBECHOrO Ieapmka. TakmM ob6pasoM, pac-
9eTH 0 cXeMe IPefedLHO-PABHOBECHBIX TEIHKOB MOJKHH HCIOIb30-
BAThCA € YI6TOM YKa3aHHHX 0Co0eHHOCTeH BHITECHEHHA.

B nenom m3 aHanmsa JaHHHX MO MOJETAPOBAHMIO MOMKHO CHENATh
caenyomuii BeBog. Ha peanbHOil BellmumHe MEIAKOB OCTATOYHOM BRI~
TECHAGMON KHIKOCTH CKAa3HBAaTCA ABa obcToaTenbersa. IlepBoe m3
HEX — W3MeHeHNe KMHEMATHWKH IOTOKA B X0fe BHITECHeHHA. B moGom
clydae DDA BHTECHEHWH B CHCTeMe CKBAMKHMH IPOACXONHUT HEPeXof OT
dpoHTANILHOrO BHTECHSHHA HA HAYANLHOH cranWm (BOAM3H Harme-
TATEJIBHEX CKBAKAH) K (IOCHAOAHOMY OTMHBY» Ha 3aKIIOYATEIHHOM
CTagAl mocde NPopHIBA BHTecHAOmeH §@asel B IKCIIyaTaHOHHYIO
cxBaxmAy. CxeMa pacdera mpe/eIbHO-PABHOBECHHX IEIHKOB TaKoBa,
9T0 OHA MOMeT ONHWCATH OPABWIBHO JHMb PeayibTaT OOCIOHHOrQo
OTMHIBA BHITeCHAeMoH a3k, HO He peayabTar (POHTAILHOIO BHTEC-
nenndA. [losromy ara exema nyume ommeniBaer Te cIydam, rie FeoMer-
puA TedenmA obecmedmBaer OGHCTPHIA NMPOPHB BHTECHAIOMEH RAIKO-
CTH, & TAK/Ke COCTOAHHE INeAMKOB BOIM3M SKCIUITyATANMOHHEIX CKBa-
JHAH. YKasaAHoe OTKIOHeHHe MPHBOJUT K 3aBHIIEHHIO ILIOMAXH Ie-
JWKOB IIPHE pacdeTe IO IPeelIbHO-PABHOBECHOH cXeMe.

C npyroii ¢TOPOHE, NpPaKTHIECKH OTMHB HMET He K0 KOHIA 61aro-
7apA KOHEYHOCTH IPOKATAHHOTO 065eMa BHTECHAIOMEH JKUFKOCTH.,
B pesyasrare pacuer mo mpemenbHo-paBHOBeCHOH cXeMe HeOONEHABA-
eT pasMep IeddKOB. JTO 06CTOATEIBCTBO Arpaer TeM GOJbLIIYIO POIH,
9eM Goablme OTHOMEHWE BA3KOCTH BHTECHAEMOH JKHIKOCTH K BHITEC-
HAOMEH | 9eM MeHbIIe PABHOBECHAA ILTOHIaAh NeankoR. OHO MOMKHO
CTaTh OUPeNeNANMUM npu O0TsMHX 3HAYCHHAX DApaMeTpa WHTOH-
CHBHOCTH MOTOKA. :



§ 6. Ouenrxa BMAHNA NpPeNeIHHOr0 rpaguenTta
HA KOHEUHHIii Ko3(dumumeRT oXBaTa 3aBOHEHIEM
Ha npavepe II utacra Apaanckoil nuromanm

Aprnanckad mIOMANE ABJIAETCSA ONHON M3 OCHOBHHIX Ha Apnanckom
HedTAHOM MecTOoposKIeHAH B BamKkupuu. 310 MeCTOPO/KICHAS COCTONT
H3 IIeCTH W30JHPOBAHHMX IeCYAHO-AJMEBPOJHTOBHX JIACTOB, Pacio-
NMOMEHHBIX [JPYT MO IPYTOM.

IInaer 11 npaxrudecKd H30AHPOBAH OT OCTANBHKIX ILIACTOB HEIPO-
HAMAGMBIMM FIMHECTHIME npociosamu. HMudopmanmo o eBoiterBax
H CTPOEHAN ILUIACTOB ITOMYYaloT HA OCHOBAHUN H3YICHAA MaJIOA OKpecT-
HoctH (Mpu3abofHOM 30HHI, COCTABIAAIOMEH npuMepno 1 M) CKBaKHH,
PACIIONIO;KeHHKX APYT 0T APYra HA €OTHA MeTPOB. 310 06CTOATENBCTRO
B COYETAHHN €0 CEO/KHOCTHIO PHAPOIUMHAMAYECKAX PACIeTOB IPHUBOIAT
K TOMY, 9TO, KAK IPABHIO, BCe pacdeTH BeAYTCA HA 0cHOBe CPEJHUX
XaPAKTEPHUCTHR INIACTOB M KBJKOCTEH B HHX.

B npegenax Apnamckoii nonagn cpeaHaAs BA3KoeTh HedTH B mia-
CTOBRIX yCIOBHAX cocrasiser 17 cmyas; cpepnee 3HadeHue MOMHOCTH,
OlIpeelIeHHoe KaK cpefHee apuMeTHIecKoe II0 3aMepaM B CKBAKH-
HAX, paBHO 3,5 M; cpemgHee 3HAUeHHe AGCOIIOTHON MPOHUMAEMOCTH,
ONpefielIeHHOe [0 WCC/e0BAHAK KEePHOBOTO MAaTepHANa, COCTABIAET
0,7 mapeu [187]. Hecaemosammst apaandckoit medru B mabopaTopHBIX
VCIAOBUAX IIOKA3ANM, YTO BeJIMIMHA IIPEJebHOr0 TpagueHTa IIPH
npouurmaemoctn 0,7 mapem coctaBaser 200 mam/em® (0,02 ar/m)
{179].

PaszpaboTka ApiaHekoil TIOMAIM, KaK W BCEr0 MECTOPOKAeHUA,
Bejlercd ¢ IOJeP:RaHueM INIACTOBOTO JABJICHUA MyTeM 3aKAYKA BOJH
BA3KOCTHIO IPH mAacTosux yesosnx 1,65 ciyas gepes wargeTareIbube
cxsaunsl [187]. Tlpm arom warmeraemas Bofga BHTecHAeT HedTh
K 3KCILIYATAIHOHHLIM CKBA/KIHAM, 9epe3 KoTopuie HedTh oT6upaercs.
Ha Apunanckoii mwromass ocymecTBIACTCs TaK HaaKBaeMas pPATHAA
exeMa paspaborru (puc. 7.21): naruerareabsle (TPeyrolbHARA) M 9K~
[UIyaTal{HOHHLNE CHKBAKEHH PACHOJATAOTCA PATAMH, MEKIY ABYyMA
COCeHAMM PANAMH HATHETATOIBHHX CHKBAKHH DACHOJIOMKEHO OT
ABRYX [I0 IIATH PANOB BKCILTYATATIHOHANX (TOHKMe quHMH Ha pue. 7.21,
YKHpHBIE JUHAH -— TPAHMIH y9acTKOB; mudpsi — mx Homepa). Ilep-
BHIH PAJ| HATHETATENBHEIX CKBAJKMH DPAacHOIOkeH 3a rpaHuneil o6ia-
cTH HeTEHOCHOCTH, KOIHMYECTBO CKBAKHH B HEM 3HAYATENHHO MeHB-
Ole, 4eM B OCTAIBHHYX HATHETATeJIBHHWX PHAMAX, a CPegdAs IIPUHeMU-
€T0eTh — 00beM BOAB, HArHEeTAeMOH B CYTHH dYepe3 ONHY CKBayKU-
Hy,— Boime u pasma 1000 m3/cyr, B To BpeMA Kak B OCTAIBHHX
225 wm?/cyr [187]. Pagum marmerarenbHHX CKBAKHH denAr Apian-
CHYI0 ILIOM{a[{b HA CAMOCTOATENbHEE YYACTKH, IPAHMIB KOTOPHX
OPOXOJAT 10 HATHETATeNbHHM pamgam. Taxms ob6pasom, Boja, HaTHe-
tTaeMad B IJIAcT 4epe3 BHYTPEHHHI Psij| HATHETATEIbLHHEX CHBAKIH,
DOETYHACT OJHOBPEMEHHO B [BAa COCENHHX YVYaCTKa, depes IePBHH
PAI — TOJBKO B OTPAHMYCHHEIA MM, a Mepe3 MOCAelHWH, ABJIAIAA-
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pal e SO N -
Pue. 7.2 b D

cAl PPAHUIHBIM MEHIY Apnanckoit u cocenneit Huxoao-Bepesonexoit
miomanAva, Ha yiactku VI m 'V ApnaHeKoii M COOTBETCTBYHOIMMI
yuacrox Huxomo-Bepesorckoii miomanei (puc. 7.21). llpepmona-
raerca paBHOe pacmpejielleHHe oGbeMa HarHeTaeMOH BOAH IO COCE.-
HAM yd4acTKaM.

Paccrosane Me:y €KBajKAHAMA B PAZaX M MEKAY PANAMHA MeHA-
eTcsl OBOJNBHO 3HAUATENLHO Jajke BHYTPYU OTHENbHOTO ydacTHa. Io-
aTOMY Kayikfblif YIACTOK JIeITHTCA emle Ha 30HbL TaK, 91008 BHYTPH
Kaskmoll 30Hs pACCTAHOBKA CKBA)KHH B PAJaX M DPACCTAHOBRA PANOB
U3MeHANHCHh HeCYMEeCTBEHHO. Bryrpu kamgoll 30HB BHJENACTCH
IeMeHT cHMMeTpHH, OIpeesieTcs ero Koa@gunuent oXBara f;, KoTo-
pHit Gymer coBnafatb ¢ k02 PunEenTOM 0XBaTa COOTBETCTBYHIIEH
somn. 3dmas KoAPPOWIMEHT oXBaTa 30HH M OO ee IUIOMAMA S; B

V4 a g
]
i o
P K M! P
N \‘
L /vlI
4 j | T 7
S
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Pue. 7.22 750m J75m 4 J75m J75m
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ofmeil wromanu IuIactTa S, onpepgensercsa rosppuOuenT oxBara
Becero Il miaaera

3= D5, 6.1)

=1

rae » — aueno 3ou 11 mnacra. )

HAust mpamepa pacemotpum ompegeienme xosdunuenta oxmara
ount I ygactra 3. PaspaGoTka a1oil 30HH BeXeTCsA JeTHPLMSA IKCILIY-
aTaHOHHEIMH PASAME CO CDETHUM PACCTOAHHEM Medry Humu 750 M,
CHMMETPHIHO DPACLUOJO;KeHHEME MeKNy JABYMA HATHETATeNbHHMI.
Cpepnnee paccrosinme MestIy CRBAKHHAMH B DALY (MarcmTyaraumonHoM,
1 HarueTareIbHoM) coctasiser 625 M. CymmapHsie 06beMbl HATHETaE-
MO BOJIEI dePes Kask/kii K3 PANOB B 300y 3—1 paBHBI, m0OaTOMY MOMK-
HO BEJGJIUTH 3I€MEHT CHMNETDHM TeUeHAdA, NpeJCTABICHHHIH Ha
pme. 7.22. Ilpemmomaraerca, uro o6BeM mOCTymammeir B aJeMenT
CHMMETDUH BOJABI HOPOBHY DacIpeieldseTcd Meuy HaXOIAI[IMUCST
TaM IKCILTyaTAllHOHHKIME CKB)RUHAME (KPY/KKH), T. e. Ke6AT Kasoil
CRBaREHH cocTasasger 96,20 m3/eyr. Beegem konryp moerostamoro
AaBIeUHA UOCepeJune MeRay ABYMA PANAMH 3KCILIYaTAMOHHHIX
CKBaRUH (UYHKTHD Ha pue. 7.22). Baraumenum Beamauny A ¢ ydgeroMm
TOr0, YTO BBHITECHAINHNA aredT JBIKETCA Mo 061actm, cofmep:Kameil
OCTaTOTHYI0 HE(PTh, CHIGKAIOMYIO IPOHANAGMOCTH JUIH BOJAH B LpPO-
merroit aone ¢ 0,7 po 0,3 gapem [187]. Tonygaem A = 0,4-10-4 em/cexk.
OupegennM BeTHINHY cKOPOCTH (HJIBTDAUE BOAB MMy HATHe-
TATJIBHBIM PAKOM H HEPRBEIM dKCILIyaTamuonusiM w = (,7-10-1 ¢um/cek.
Hockonsry ormomenne w/A > 1, To MexAy HarHETATeNbHBIM panoM
U IOePBHM IKCIVIYATAHOHHKIM Leqmik He ofpasyercsa (HOToK mpen-
noxaraercs nupaMoauueiinniM). Meskay mepBHM 3KCILIYaTAMOHHBIM
PANOM M JIMHHeH Truipoanmammdeckoir cummerpuu CD, mockombry
Besmauaa  w/h = 0,875, ofpasyeres monoca HeBHTECHOHHON HedTH,
mupaHa Koropoil KL pasna 35 M (cM. § 5 aroii rxasw). OrMerum, 4o
npu w/h > 1 aroit monock we 6rito 66, U, Hakomer, paccMorpuM 06-
JacTh MeRAY JUHMeH p = const u auHmeit cummerpan CD. Takas cu-
Tyauusa OmIa paccMoOTpeHAa B IPeRbLYINeM naparpade, BeJXHYHHEL
BRIMBIBAGMOM ILTOIATH MOTYT OHITH ompesenens mo kpusoil I ma
pue. 7.12 mus Q/AA = 4. Cymmupyst BCio BHMHBAEMYIO IUIOMATb #
fledis ee Ha ILIomManb 3ouk 3—1, moaydaem Beawauny xoaddumuenta
oxBara pasoit 0,67. Amamormumo onpemensorcs xoddduEenTs
0XBATa BCEX OCTATBHBIX yuactroB. [lomsaysce dopmymoit (6.1), moxy-

TaeM, 910 Kodddunment oxrara Il miacra Aprasckoii ILTOMAIA pa-
Ben ~0,75.



I'masa VIII

Teuenne aHOMAJIBHBIX KAMKOCTEH
B reTepOreHHoll nopmeroil cpene

Herpymuo opeapugers, 970 0CHOBHOI KadecTBeHHEN 3QflerT HONARCH-
Hoif (mIbTpanam — mepecTpoiika IOMel TeYeHMA NUPA H3MEHEHNH
¢pefiHe WHATEHCHBHOCTH IOTOKA — [OJKeH NDPOABRIATHCA M NP
JBIMKEHNN B HEOAHODPOAHHIX cpefax. Ommaxo y4eT HEOJHOPOTHOCTH
cpejiHL eme Golee YEIoKHACT 3a1aTy, N JaKTHIeCKH PACCIATAHE MOTYT
OBITH JIMME IpocTedimme JactHble caydad. Hambosdee BayKHHIA mOT-
Jauicd pacdery ¢Iydail — 3T0 ABIHKEHHE B CJIOWCTO-HEOTHOPOM-
HOM ITacTe, T. €. IIacTe, COCTOANIEM U3 OJHOPO/HEX CJI0eB, OTANIAI0~
muxcA Mexay c¢o6oil Mo cBOHCTBaM, Ipexse BCero IO IPOHANAEMO-
ctn. BaxuocTs 3toro cixydas ofycaoBieHa TeM, 9TO TaKadA cxeMa
OpEOIMKeHHO 0TOGpaXKaeT pealbHOe ¢IOWCTOe CTPOEHHE NAACTOB
0Ca09IHLIX TOPOJ, W3 KOTOPHX xo6nBaerca HedTh, a CPABHATEND-
Hadg IPOCTOTa — TeM, 4TO Y/aeTcd OrpaHWIATHCA JIBYMHA IpejelbHEI-
MH cAydadMH: INIAcTa € WAEAIbHO PAa300mMEeHHHIMH TPOILIACTKAMI,
KOT/Ia OT/[eIbHEIE CIOH CIATANTCA B3AAMONeHCTBYOIMAME MEKIY c060it
INmb 9epe3 HoCPeqCcTBO BCKPHBAIAX AX CKBAYKAH, W ILIACTa € Be-
AIBHO COOOMAIOIMAMACA MEKIY co00i mpomIacTEaMM, KOT/[a pacupene-
JIeHHe [JaBJeHud [0 TOJAOIHHE IIacTa MOMKHO CYHTATh TH/POCTaTHIe-
CKAM. JTU ABA cAyJasd COOTBETCTRYIOT [BYM HM3BECTHHIM cXeMaM Ipe-
melbHO-aHmaoTpomHoro rpymra mo I'. K. Mmxaitrosy [136].

My orpanwduMes 374ech JWIIb HEeCKOJBKMMH ITPAMEPAMH, AILIIO-
CTPUPYRIIAMA MeTOdbl W Pe3yibTaTH pacuera TedeHHA B CIOMCTO-He-
OJHOPORHKIX IJIACTaX, MHOTHE J[PYrHe 3aJa4l PaccMOTpens B paborax
[lé, ]24, 34, 77, 78, 107, 117, 122, 123, 128, 138, 149, 163, 167, 168,
1831.

§ 1. Teuenue omHopoAHOI KUNKOCTH
B TOHKOM CJIOMCTOM IKIACTEe

PaccMoTpEN ToOpPH3OHTANBHHI INTAacT € HENpPePHBHHIM pacmpefele-
HHeM NpPOHHIaeMocTH mo MomuoeTH k (2z). Byaem cudrarh miact ToB-
KAM HAETOAbKO, UT0 paclpenejeHHe JaBJeHHA BAOIb KaKI0H BepPTH-
KaJbHOIl JMHAHA B HeM MOKHO CYHATATH FAAPOCTATHICCKAM (TeM CaMBIM
upe/oIaraercAa, IT0 OTCYTCTBYT COBePIICHHO HeNPOHHUMAaeMEle IpO-
[IACTKA). :
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TpexmepHoe pacupenenenne JaBleHASA R IIACTE IPH CHeNAHHBIX
MPeJIIoNI0/KeHAAX MORHO BIIOJHE 0XapAKTePU30BaTh, 3aJlaB pacipe-
JejieHde MABIeHHSA B OHOH TOPH3OHTAJNBHON miockoctH p (z, Y).
AHanormgHEM 06PA30M Ka:kI0A TOYKE ITOH MIOCKOCTH ¢ KOOPIUHATA-
MH Z, § MOKHO COIOCTABHTEL CDe/Hee 3HAYCHHMe CKopoeThm QAIbTpa-
OAA 0 MOMmHOocTH 1iacta H

H
1 <
w(z, §) = 37 | w(z, v, 2)dz (1.1)

[i]

(ochb z mampaBlieHA BepTHKATBLHO BBepx). 13 mpengmomoskenna o run-
POCTATHIECKOM pACIIPe/IeIeHHd JIaBleHud [0 BePTUKATY clelyer, 9T
BO BCeX TOIKAX C OJHHAKOBBIMH KOOPAAHATAMH Z, Y CKOPOCTH (UiIb-
TpaIHy HAIIPABJIEHA B OJHY CTOPOHY, XOTS M MEHSETCH 10 BeJIMIUHe
momepeKk ciaos. JlomycTnM, IT0 B KayKIOM OTHEIBHOM CJI0e 3aKOH
dmasrpanum npencrasiaen sopazsenunes (3.6) m (3.8) rmasm 1. [TopeTa-
BHM 3T0 BHIpaskeHHe B ypasHenue (1.1) n BBemeMm QyHRIU0 pacmpene-
nenna npoHAnaemoctn F (k/ky), monyaaem

k ko
- ko ¢k k\ gradp k
ka'O

(npeanonaraercs, uro GyHKIAA F He 3aBHCHT 0T £ ¥ J). 3/1ech CpeqHAA
H

OPOHAIAeMOCTh Ky = % \ k(z)dz, kg M0 KOTOpPOTO IPOM3BORUTCA
0

mHTerpupoBanme, onpenedserca ycaosmeM |grad p | = G (k/k,),
a k,,— MaKkcHMANBHASA OPOHHIAEMOCTH ILTACTA.

Jlerro y6emmibesa, aro ypasHenwe (1.2) Bripaskaer HeIUHEHHYO
cBA3b Me:ROy W B grad p (z, y) (pume. 8.1).

IIycts Temeps paccMaTpHBaeTCs JBWARHHE B IUTACTOBOH cucteme
B 1esioM. BeeneM B RasRQo# TOURE TIIACTA CPEIHIO CKOPOCTh W (Z, Y)
u3 coormoutednst (1.1) m ycaomsHoe naBieHHe, paBHOe ABICHMAIO
p (z, y). Ocpenuaa ypaBHeHie HePA3PHIBHOCTH

div u =10

0 MOIMHOCTH ILTAacTa, HETPVIHO }'66HHTBGH, 9T0 CcpenaHdAd CKOPOCThb
YOOBIeTROPAET ABYMEPDHOMY YDaBHEHHIIO Hepa3pLIBHOCTH *

divw = 0.

OTGIOJIR claeayeT, 4To OCpeIHEeHHOe [IBU/eHIe B CIQHCTOM IjIacTte
MO;KHO pacCMaTrpHBarTh Tak jKe, Kak IJIOCKOe (i)III[praI_[IIOHHOe OBHRKEe-

* AHANOTIYHBIM 00DazoM Moer GHITh PAcCMOTPEHO YPaBHEHNe HepasphLIBHOCTIH
JUISL HeCTAL(TOHAPHOILO ABIDKEeHNA B ITUHeiiHO-MedoDMOpPYyeMOM miacTe H BhIBe-
AeHH ypaBHeHNA YIPYTIOro PeiKuMa OPH HeldNHeliHoM 3axome dnubrpanpa (1.2),
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w dp,ar

2
7 & (gradpl g 25 40 /B
B ) §,n¥/ecym.
Pae. 8.1 Pue. 8.2

HUE HeC:KNUMaeMOHd KAJKOCTH B OJHODOMHOM ILIACTe, HO IDH 3aKOHe
¢unbrpanun, ommcsiraeMoM ypasuenmeMm (1.2).

Taxmm o6pasoM, paccMoTpeHme HApPARY ¢ 060OIIEHHBIM 3aKOHOM
Hapen (3.6) raasu [ Gomee 06mux HeTMHEAHLX 3aKOHOB (HILTPAAR
MO3BOIIACT OIIMCATh BayKHOE JUIA NPAKTAKY JBIKeHAEe B HEONHOPOJHOM
mnacte ¢ m3MeHeHHeM 3PPeKTHBHOA MOIHOCTH IJIACTA IPH M3MEHe-
HHHA rpagmedTa jasiaenns. [leficrsurensno, coormomenne (1.2) moxa-
3HBaeT, B KAKOH YacTA MON[HOCTH IJIACTA [BM/KeHWe IPOHCXONHT,
4 B KaKO#A — HeT.

OrMeTAM emge, 9T0 P OCPeJHEHMH II0 CYNMIECTBY He yUTEHHI Te
OepeTOKH M3 IPOINIACTHA B NPOINIACTOK, KOTODHEe HeOOXOIMMEL A
BHIDAaBHHBAHNA NABIEHUA [0 BePTAKAIH. ITO MOJKeT IOBECTH K HCKa-
JHEHHI0 TIONA cKOpocTell W jaBieHdii BOIU3M MeCT MaKCHAMAIbHHIX
IePeTOKOB, T. €. BOJIM3H TeX MeCT, Ihe BKIITAITCA WX BHKIOIAKT-
¢d HOBHE IIPOILIACTKA, OJHAKO HE MO;KET 3aMeTHO MCKA3WTh TedeHHe
B neiaoM. Hpome Toro, passuras cxema npepmmoJsaraer, 4T0 gaxie OpH
OTCYTCTBHA OCHOBHOTFO JBHKEHHA B HEKOTOPOM €JI0€ BCE jKe HMEITCH
MeJJeHHLe MePeTOKH, KOTOphe Heo6XOogHMH [iA BHPABHABAHAN
MABJGHHA.

n
Eenu nmacr cocront U3 n mpomIacTEOB MOIHOCTHIO /2; (H = 2, hi)
i=1
H IPOHUNAEMOCTEI0 k; KagHi, To coorHommenne (1.2) DpuHAMaer BHL

i
1 dp @ y) _
Wz, y) = — 7 2 i grad p(a, y) — G Beg L EL ] (1.3)
i=1

3Heck mHAEKC j, O KOTOPOro NPOHM3BOJATCA ¢yMMHADOBaHHe, ompe/e-
ASTCHA YCAOBHEM -

G; <|grad p| < Gju-
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B xagectBe mpmmepa npuMeHeHHs Pa3BATOH CXEMH PacCMOTPHM
HPHATOK C Ie6HTOM ¢ K CKEA/KWHE B KDYyroBoM miuacte. Ilpm atom ocpesn-
HeHHAadA CKOPOCTh W HANpaBleHAa K CKBa)KAHe DagAycare d o6paTHO
OPOHOPUAOHAILHA PACCTOAHUI) OT CKBAKWHEL 7r

w(r) = q/2nrH. (1.4

Hogcrasaaa smpaskenme (1.4) B coormomenme (1.2), oupegemam
u3 nero dp/dr, a 3areM, HHTErpUPYS,— PacHpefeleHAe NABISHAS 1O
anacry. '

Hpmvep rakoro pacuera mpmeefieH Ha puc. 8.2 aIA caydas «Tpex-
CIO0MHOro» wiacTa ¢ mapamerpaMu &, = 1 gapem, G, = 200 nua/cm®
(0,02 ar/m), by = 1 m; ky = 0,25 napen, G, = 400 gua/cm® (0,04 ar/m),
hy = 2 m; ky = 0,1 mapen, Gy = 600 qua/cm® (0,06 at/m), by — 3 M
(xpmpas 7). OueBupro, 9T0 JIA IJIACTA C HENPEPHIBHEIM PACH PeLeIe-
HHeM HPOHWIAeMOCTH 3aBHCHMOCTE ¢ (Ap) GyneT mpescTaBIATH coboit
HJIaBHYI0O KPUBYIO, 00pameHHyi0 BHIYKIOCTHIO K ocH Ap.

§ 2. 3acroiiHbIe 30HBI B €JIOHCTOM ILIACTE

Jlas mccueXoBaHHA OCPENHEHHOTO CTATHOHAPHOTO JBMKEHAA B CJIO-
UCTOM HIIAcTe NPHMEHNMA MeTOJUKA MePeXofa K INIOCKOCTH TOJorpa-
da. llpu aTOM MOTHOCTEIO COXPAHAETCA MOCTAHOBKA KPaeBHX 3ajad,
paccMoTpenHHX pamee (ra. 111--V).

Yparnenne A1A GyRKIUE TOKA P B IIOCKOCTH Toforpada npHHMA-
MaeT BHI

» 3 p
w(w+xi)%+(W—‘xi)a—:ﬁ'+a—gz:0 »(2-1)
(w; <w < win),
rie
¢r 2k LD kG
R W R QU < S 2.2)
}‘ h; ‘ ki
=1 =1

N3 ycnosua mempepsiBHOCTH PyHKIUA TOKa H KOODAWHAT B Pm3mde-
CKOW MJIOCKOCTH HA JIHHHAX W — W; 10JIy4aeM yCJIOBAA CONPKEHAA

i @, —0,0) 1 8w, +0,0)
w; Ay ow = w; -+ M ow ‘ (2'3)

[Toasnenie MONOJHHTEIbHBIX ITapaMeTpoB }\.i, 3aBACAINAX OT CROMCTB
OTIEeJBHEIX €JIOEB CHOHCTOIO NJIACTa, [ejaeT 3arpyqHHTeIbHBIM, ecIn
e BOOGIL(G 6eCHepCHeKTHBHHM, JdeTaJIbHOe H3ydenrde KOHKPETHHIX 3a-
aaqd. B c¢Basm ¢ atAM Ha nethrfz'( OJaH BRICTYNIaer BO3MOKHOCTE HONY-
9eHUA TeX WA HHBIX HPHGJIEH(GHHLIX pemeHHﬁ nJIM OMeHOK Ha 0CHOBe

158



pentenrsa ympomieHHHX 3afad. [Ipm atom Gonmmyio poib HIpaer To
00CTOATeNHCTBO, YTO NIA ypaBHeHuA (2.1) Jerxo B ABHOM BHJe BHIH-
CEIBAIOTCA 3eMeHtapHble pemesna (ri. III). Pacemorpum aro Ha
npuMepe TeIeHHWA, CO3[TABAEMOro KoJibOeBoil Garapeeil CKBa)KWH B
ABYXCIOHHOM ILTAcTe, KOTJa B OJHOM M3 NPOILTACTKOB IPOABIAETCH
npefelbHHA rpajuedT, a B Apyrom Her [77]. 3axon ¢masTpannd, or-
BedaloMuil TaKOA cXeMe, MMeeT BHJ

gradp=—(WE) @+ w>ws A=kGp;- (2.4)
grad p = — pw/ks; WL wy; &= w[,u-;lo— P

Ha pue. 3.5, ¢ morasano pacmolioskeAme CKBa;KHH, MOJeNHpye-
MHX TOYHHIMA NCTOYHNKAMA WHTEHCHBHOCTH ¢, a Ha pHc. 3.5, 6 —
COOTBETCTBYIOI[asA 3ajada B IiIocKoeTm Toforpada cropoctm. Pe-
NIeHAe aHAJIOTHIHOH 3afJauu A ONHOCIAOHHOTO ILIAcTa UPHBEACHO
saime (ra. V). Ha pue. 5.1 < 5.5 nokasaso pacnosioxeHre 3acTOHHKX
30H npn QMIKTPaNAN ¢ OpeAedsHEM IPAJACHTOM, HOJYIeHHOEe ITyTeM
9UCICHHOTO pacdera. XapaKTepHO, 9T0 pasMePH 3acTOMHHX 30H
BeChMa BeJIMKH JaiKe IPH AOCTATO4HO GOJIBITNX 3HAYCHAAX IapaMerpa
2y. ITO OTKPHBAET BO3MOKHOCTh NPUMeHeHHSA K 9TAM 3aJadaM IIpH-
OnmKeHHOro mpWeMa, yKazamHOro B .. V.

IIpuBefennoe TaM conocTaBiende MOKaskBaeT, 4TO0 IPHOIMKEH-
HEIM PelléHAeM MOKHO NOJIb30BaTheA BILIOTH 0 &y = O € JOCTATOTHOR
A TEXHUIECKAX Hellef TOYHOCTDIO. .

OnpepermM  pacmonokeHue XapaKTePHHX JHHAA OCTOAHHOK
CKOPOCTH 1pH QUIABTPANAE H0 KycouHO-IMHeitmOMY 3aKoHy (2.4).

Pacemorpum Tewenme, oTBeualoniee BHyTpeHHeMy OOTEKAaHMIO Yria
pacTBopa (1t — 0,) (ugeanmsanmio TederHs y KpHrmdeckoil Toukm). Ha
mI0CKoCTH roforpada cKopoeTn aToMy ciyJa OTBeIaeT 3agaqa B MO-

aynomoce 0 << 9 <8, 0<<w<oo. Jlaa yurnua ToKa | EMeeM
ypaBHeHRns

WP + Wiy + Poo = 0, 0w <wos

ww+ Moo+ @ — Mo + P =0, weSw<oo
npH yeJIOBHAX

P (w, 0) = (0, 8) =1 (w, §) = 0. (2.6)

Ilpn w = w, pemenns ypaprennii (2.5) AOHKHH  YAOBACTBOPATH
YCJIOBHAM CONPSKEHUMA, CIeNMyIOmAM N3 Tpe0oBaHNA HeIPepLBHOCTH
QYHKOHEA TOKA W KOODAUHAT ToYeK (PM3AISGCKOH MIIOCKOCTH. Jlerxo
IPOBEPHTH, UTQ ITA YCIAOBAA AMET BHJ

(2.5)

P (wo 4 0,0) = P (wo — 0, 0); (2-7)
we P (wy—0, ) - M (wy 40, 0) (2‘8)
wy - A dw ow ‘
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COOTBGTGTBYIOHIGG 3MéMeHTapHOe pellieHHe ¢ TOYHOCTHIO [10 MHOMKHA-
TeJNd onpeaeaaeTcsl BhlpamKeHnsaMI

Y= Cwssinsd; w<wy;
= [4oM(w +N) F(s—1,s, 25— 1, Mw + L)) +
+ Bo(w/AY F (2 —3s,2+s,3, —w/A)]sinsd;  w>wy, (2.9)

npu s = 1t/8, = n/(n —1).
CBoGogunil MHO;KHTe]Nb BHOepeM H3 yCI0BuUA, UT0OH pelleHHe
poeio upm w — oo kKak w'. Torma mmeem

reg+srq ) wy (g - A)° 2
Ay — ( ‘;S}(zi)#—s 1Lo(u}13-i- ) [2(w0+7\.)F<2—S,2+S, ’_%)_.

_swoF(2—s, 2 45,3, — f%“)] (F(s—1, s, 25, M(we + M) +

+F(—1,s+ 1,14 25, Mo+ MI™S

M@ L+ e)
2T (25)

By = (2.10)

o= E—(W(%YP (wo-+1) F(2—5,245,2, — 22) x
XF(S—'l s, 14 2s, — )+sw0F(2—32+s,3—;’;’})x
X Fs—1,541, 1-{—23,u P (s — 1 1425, 2) +
(st s k1,1 425 I

Aeumutoruka storo penrenna npu A — 0 nmeer Bmg

2n n
2r (T> T
'lp _ C . n 1 ~ (%) sin n—n_gj'l“ 1 (2.11)
F<2+ IL—‘1>F<14‘_ n——1>
rae C = C'B,. B pesynprare HaxoquM
=2 _r=t (2.12)

2T (pa)D

H meKoMoe perrenue monydaerca ua (2.9) samenoit 4,, By, Cona C'A,,
C'B,u(C’'C,. B 4actHoeTH, THHAA W = w,, OTBeYAIIAA TOIKE H3I0MA
JIoMaHOM, OoNMCHBAaWINeid 3akoH QUABTpPAUN, OpeBpalaeTcA B OK-
PY/KHOCTE pajmyca

o SFQ(&') 2t RA 1/(n-1) . "
= T 2s) ( qn > )y 8= WK Ay (2.13)

KOTOPHIA XapaxTepU3yer NpHMepPHoe HoJioAeHNe FPaHANB 3acTodHOH
30HLI B TOM €JI0€, I'le JBU/KeHHe HUJKOCTH HPOMCXOJAT ¢ OpeeIbHhIM
rpaguenToM.

160



Mpr crexyroomux sHaseHEAX mapamerpos: k, = 1 mapen, ky = 0,2
maped, by = 0,5 M, hy = 0,2 M, n = 6, p = 8 cmyas, G =0,G, =
= 200 pma/em® (0,02 ar/m), ¢ =10 m%/cyrkn, R =200 M, BergauHa
R' = 0,495R.

Tarnm o6pa3zoM, maske npm cpaBHHTedbHO HeOOJBIION BeJlmdmHe
OPeNeabHOro TpajueHTa B OJIHOM M3 HPOMIACTKOB MOMKET 0KAa3aThCA
HeNOJBMKHON 3HAYATEbHAA 9acTh ;RAAKOCTH., MoHO modarars, 4To
B X0fle BHTecHeHNd He)TH BOJOIi B HOKOOHOM CHTyarun B MAJTONPOHA-

[[aeMoM miacre o0pa3yoTecd IeJIHKM GOJbIIMX pa3MepoB, TPHBOIA-
mye K 3HAIATEALHEM moTepas HedTi.

§ 3. Keasuognomepnoce BhITECHEHNE B CIOMCTOM ILIACTE

Ilycrp Temeps HeO HODPOJHEIX MIACT, HACHIIEHHBIA BA3KOIIACTHYe-
CKO# ;ruIKOCThIO (HeTHIO), BCKPHIT HArHeTaTe/llhHON raiepeeil, depes
KOTOPYI0 3aKavHMBaeTcHd BHITECHAWMUA BA3KMiA arent (Boga) co CHo-
pocreio w (£) [183]. EcrectBenno camrars, 9ro Boga Oy/er mperMymecT-
BeHHO LOCTYNATh B BHCOKOIPOHMI[AGMble OPOINIACTEH. TOrja B Kajk-
JOM CEYeHHM BLIIeAAITCA TPH 30HLHI ¢ IOC/IENOBATCIBHO YMEHBIIA-
meiica nponumaemoctb: 1)  3oma ¢ mpommmaemoctsio oT k. O
k,, 3amATa” BOMOl; 2) 30Ha moxBmrHON Hedrm ot A, 10 kg, rae k, ompe-
Rensercs ycaosueM G (ky/ko) = |0p/dx-|; 3) soHa HemopsmxHON HedTm
ot kg mo nyaa. o roapdumuenrom oxBara mo MONIHOCTH § 3AeCh IOHM-
MAeTCA MOJAH HPOILIACTKOB B COUeHHM, 3aHATHIX Bofol. Hus omeHEn
BeIMYUHbI § IPUMEeM BEITeCHEHHe B BIIGMEHTAPHOM ¢Jioe dz KBA3HAIIOPI-
HeBBIM, BLITECHCHHE C IOCTOSHHBIMM 3HAYeHHAMM HACHIIEHHOCTH
BOABI s* B 00BOHEHHOU 30He U HATANBHON HACKHIIEHHOCTHIO Sy B HeTA-
Hoil. Britecnenme B cnoe dz omucniBaercsa ypasnennsamu (1.10) raass
I11, B KoTOPHIX fJa30BHE IPOHUI[AGMOCTH AMEIOT IIOCTOSAHHEE 3HATSHHS,
COOTBETCTBYIOINE §) M §*, a abcoOTHAA NPOHANAEMOCTh W MPENeIb-
HBIH rpaTHeHT ABIAOTCH QYHKIHAME Z.
H
Bremest cpepmmmii  mpenenbmmii  rpagment Gy = %g G(2)dz
Q

H poBeJeM omepaumiio ocpexneHns. [loayvaeM ocpenHeHHH 3aKOH
GUIBTPANAA HeCMEMIMBAIMUXEA ;KHOIKOCTeH

_ ko?B (s) ap .
wB - — _p'B "a? P
__ ky [ 7 a3
Wy =— Ej[fﬂ (s, Op/ox) L+ g (s, ap/f?x)] . (3.1)
31ecs
Ky lkq
- k

Fo(s)= 750 S o AF (el ko);

K lieg
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3 gL’Eo

Fuuls, 0pjoz) = fuo) \ 4 dF (kfkok: (3.2)
iylkg
e

g (s, 0pldx) = fy (5o \"'HG(k/ko) dF (kiko).
kgl

Y paBHenuda HepaspeBHOCTH (AKTUTIECKA He MEAANIOTCA, JHIIbL M 3aMe-
HAeTcA HA m; = m (s* — s;).

Bresiem 6eapasmepryw cymmapuywo cxopocts u (£) = w (¢) pu/k,G,.
IMocrynaa manee . tak ke, Kak B Teopma Baxaes — JlaBeperra, moay-
TUM /1A S 0OJHOPO{HOe yPABHEHNE B YACTHHX NPOA3BOAHHX 1-ro mopan-
Ka, aHalormYHoe ypasHeHno0 Baraes — Jlepeperra. Pemenme ero
cTpourceda TeMa e Metogamu. Oyuxnua Bakaea — Jleseperra B man-
HOM cily4ae GydeT 3aBECeTh KaK OT s, Tak H oT u (£).

Jaa mumoeTpanus paceMOTpUM OpAMeEP, B KoTopoM QyHKIMA pac-
Hnpefe/IeHAs] NPOHUIAGMOCTH NMPEACTABRIACTCA B BHAE

F (ko) = V I3y, 0l < Bko. (3.3)
Mopcrasmm (3.3) B (3.2) u (3.1), moxyunm AnA eymmapHoit Geapas-
MepHOil ¢kopoctn dmasrpanud u () BHpaKeHHO
1 / 2 1 53 1
u(t) = —ngs—-—-%—-—?‘-—l—g(ﬂfl——1)(3—32—1—?)4_%—}—6&—?).
(3.4)
31eeb
- 5 d
M= /B(s )llH/fH (SO)EJB; E=— V3 %/GO = 1/(1 — Sw)s

Te S, — MaxkcuMajJbHasd BO3MO:KHAS BOJOHACHIMEHHOCTH NPH JaHHOM
rpagmente AanjeHndA. ¥ panHeHue (3.4) JaeT HeABHYIO CBASL MEHLY
u, £ 1 s. UI3 HEro MO’KHO YHCIGHHO IIOJIYIHTH 3ABUCHMOCTD § OT & H §.
[ns ompeneneHusa mpeaeabHoro 3HaveduA KoadduimeHtTa oxBata
sm w3 (3.4) moayuaem cooTHoIeHUE

S — 8§20+ 53/3

TVE T T e
OTcoma npu MaIHX

sa~uy 3IM, (3.6)
a mpu GoabmwHX L _ .

POV DN S— 3.7)

3(V3uyM—1)

Wnmes sanaemmocth & (s, 1), ¢ moMomsio GopMys (3.4) MOMHO TOCTPO-
ntb Pynxmmo Bannes — Jleeperra f (s, u) u o6uTHHMU MeTOAAMHA
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"Halita xoaddmmment oxsara $

x(s, 1) = zo(8) +
!
+a\fiwa  (38)

0

(z — GeapasMepHAA KOOPAMHATA).
Ha pume. 8.3 mokasan BHA

DyHKIAH fs» paccUMTAHHOA A
M=05, a Ha puc. 8.4 mprBefeH mpe-
menpHEH ko3hdEOEEHT ~ OXBaTa
$p,. W3 rpadmkos BHAHO, [TO,
BO-IIePBHX, Sp, HEBEIHKO JAKe
IpA CDABHHETEJNBHO GONBIUAX 3HA-
4eHHAX U, N, BO-BTOPHX, POpHB
BOJIHL IPOMCXOAT Kpaiine GHICTPO,
a xoappUIUEHT DXBAaTA HApacTa-
er xpaiime Mmemuendo. llpmumna
vaxkoli mH3Kkoi 3dPeRTHRHOCTH
BHITECHEeHHA — B IMpeolIajandu
MATONPOHHAIAEMHEX TPOCI0eB DA
pacmpenenenmn Tima (3.3).

Kax BEAHO #3 IPOBEAEHHOTO
HCCJIeNOBAHAA JTHHEHAHOTO CIY-
yad, Kod(ummeRT oxBaTa CHIb-
HO 3aBACHT OT cKopocTH u. B6nn-
8H CKBA)KWHEI, TT[8 CKOPOCTh BH-
me, 3PdeKTABHOCTD BhITECHEHHA
qomsKkHa 6errh Bhume. Jlas BeAc-
HeHAsL 9TOr0 - OOCTOATENLCTBA
MOKHO COBOPIIeHHO AHAJIOTATHO
paceMoTperhb ciydail paguaib-
HOT'0 TeueHHA.

3aBHCHMOETE Sy, OT ' IS M-
¢Ta ¢ paciupese/eHAeM OIPOHANAe-
moctH Bmaa (3.3) moxasaHa Ha
pac. 8.5.

§ 4. /Immxenne B NJACTe
¢ U30TUPOBABHBIMH
NPONVIACTKAMY

B rex ciyYafix, KOrAa OT/elbHbIO
IPOIIACTKH, B3 KOTOPHIX CA0MEH
paccMarTpHUBaeMEIA TIIACT, A30JIH-
poBaEHL APYT OT ApYyra Ha BCeM
NpOTAHEHAN H €000IAI0TCA TONB-

u=J

/i

05— #f

Qsen
Puc. B.5

6 -

& a7
2nrky &y
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KO B CKBA'KMHAX, BeCh AHAIH3 IBILKeAHA MOMKET GLITH NPOBe/ieH Ha
OCHOBe yile H3YYeHHEIX 3aja4 TeIeHAA B OJHODPOIHOM ILIAcTe. Hony-
CTHM, HalpHMep, 4T0 BCe ILTACTH BCKPHITH 00meli CHCTeMOf CHRa-
#aH. O6o3magum wepes P/ naptenume B j-i cxBa:kuue, wepes p;—
faBteHne B i-M npomwracrre. Yepes ¢/ oBozmazm pacxo udepes j-it

OpOILIACTOR, a dvepes () — cymmapumii pacxof. Torga, owermpamno,
HMeeM: HA KOHTYpe j-Ii cKBa;KIHBI

pi=pi=..= P, _ pi, (4.1

2\ alhi = Q. (4.2)

i=1

llonoGunie cootHoureHUA MMel0T MecTo HA M0G0l IIOBEPXHOCTH TMOCTO-
AIHHOTO JIAB/TeHI, 06meli 11 BeeX MpPoILIacTROE, HaopMep Ha KOH-
Type UATaHHHA.

3HaA 1A Kakioro U3 HIPOIITACTHOB CBA3b MKV JaBIeHAAMI
B CKBKRHHAX H TeGHTAMI, DONYIEHHVIO U3 DelleHIA COOTBETCTRYIO-
mieil 3afadi IsA 0HO POIIOro mracra, moxyTaem n3 (4.1) u (4.2) en-
CTeMy YDABHEHII, [OCTATOYHYH A ONpeeTeHdA HeH3BeCTHEIX
q{ u P’ (ecxn 3aaunt Q) mr. . Tax, B upocreitimen clyvTae DPUTOKA

K OEHTPANBHO PACIOTO/REHHON CKBA;KAHE B KPYTOBOM ILIACTe pagmy-
ca R umeenm!

2nk1.hq. Ap—Gl.H Aps RG
= T R, (Ap > RGy);

¢ =0 (Ap<RG), (4.3)

1 coorHomenne (4.2) oupexesser cooTBeTCTByOMMIT HaHHOMY TIepe-
oagy cyYMMapHHE 1ebur.

Pesynsrar pacdera ji1s cToncToro WJIACTA € HapaMeTpaMI, IpuBe-
ACHABIMH B § 1, HO B OTCYTCTBHE BHYTDEHHHX IIEPeTOLOB MesKAYy mpo-
ITACTKAMU MOKa3aH Ha puc. 8.2 (rpusad 2). Kar sumino, B mammom
ciaydae paziamdue MerRny Kpusen I mw 2 Hemeamko.

OTwerumM. 9T0 paccMoTpenHbe pe/iebHEE CXeMbl TOAYIAIOTCA U3
PeaThHO IBYMepHoil 3anadn 1060 nyTeM BReNEHHA WieadbHO HPOBO~
AN BEPTARATLHLIX 0TPe3Kos (ca1y4ait €Bo6oIHOro meperora), aubo
IyTeM BREJeHHA IeUPOHIIAeMHIX IePeroPoJoR MeRIy ciaosmm. Ilo-
STOMY INDH JAHHOM 3HaveHun Ap 1e6HTH, paccUmTaHABIE IO KBYM
TpelleIbHLIM cXeMaM, GyAyT 3ariIi0uath Me:k1y coGoil 1e6mr, oTse-
TAOMMEA pearbHoMy pmkenuo (cp. § 4 v, I1).

Hpmenmy Temeps Ty ke cXeMy pacuera K OTHCKAHHIO CHOTEMLI
npefie.IbHO-PABHOBECHEIX II@NKOB B CIOHCTOM ILIacTe.

Ipu onpemeneHnn npejeasHO-paBHOBECHOH KoHQATYPAIHT Iesm-
KOB [aB.IeHNE B Ka:RAOM MPOITACTKE ONpeelIAercd KAK BellecTBeH-
Hajd 9acTh KOMILIEKCHOro ToTeHnmana tedemma W (ra. VII, § 5).
Taxr, a1a naTurodedHoll ceTkm CKBA;KHH COOTHOMEHMS (4.1) — (4.2)
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1gFf

3
A
Al »
x
\z/w’
0"
Vi 1
'\/
a
Pne. 8.6 4 £
V/j 2 gd

¢ yaerom (5.29) raass VII mpuEEMaioT Buj (MHAEKC j omycxaem)

— Ter —_1 q :
sl ] =V Fmel e 2
. (4.4y

n

RN VTR
Al H l | kGl

i=1

Cmetema (4.4) MOIUKHA pelraThbes OTHOCHTENHHO HEH3BECTHRIX 6eapas-
MePHHIX mapaMmerpoR ¢;/A;l. B cnny neammeiHoCTH CHCTEMEI pelileHAe
ee OygeM HCKaTh TpadHUecKH.

Baegem @yuxnmo F cooTHOIIEHHEM

P el e ()] =

n, wemonbays (5.32) raass VII, mocrpomM sasmcEMoctb GyRKIUM F
mua apavennii //r, = 10% u 10* i ¢/Al or mapamerpa d (puc. 8.6). Ecun
m3BecTHA BeamamHa g/Al /1A ofHOTO TPODIIAETKA, TO PHC. 8.6 mo3-
BOJIAET MOMYIWTh 3HAaUenns ¢/Al EIA BCeX OCTANBHHX HPONIACTKOB.
JleitcTBATENBHO, IyTh N3BeCTHO ¢,/A,l. IlonbayAch kpusoit I (puc. 8.6),
ompepeiaeM BedwInny dy, a 10 KPABOM 2 — 3paveHnde QyHKOUIHA F,nna
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OpomIacTKa ¢ HoMepoM 1. 3maa senmamnm k,/k,, k,/kc, m T. 1., BEHC-
aseM 3HaTeHAA GyRKRIEA F 115 0CTaABHLIX DPOLIIACTKOB, Ae/if 3HA-
tenme QyHKn@A Fy naua mepsoro npommacTka ma memmamay V i fk;
JUIA COOTBETCTBYIOMErO i-T0 IPOILIACTKA

F,—F, l/’:f_l . (4.6)

Ouarp momk3ysck puc. 8.6, ompemenaseM o 3HaTeHHAM dyaxman
F; menwuwmnmt ¢;/A;] nns BceX mPOmIACTKOB.

Ha crazannoro AcHO, 9T0 JOCTATOMHO ONpPeREINTH BOIMINHY q/M
WA, 9TO TO Ke caMoe, BenIuny d WA oaHoro npomaactka. [{aa sroro
HeoO6XoauMo 3a7aTh rabop 3madennii mapamerpa d m, ACHONbAYHA
rpapurn puc. 8.6 mua oupemenenms q;/A;l KIS KaKEOr0 3HAYEHHA
mapamerpa d, HOCTPOUTH 3aBHCEMOCTH QYHKITHA

- g, h K,
(DZEIT;TT:"/T; (4.7)

or d pna 3agaunnx spavennit o/ H n k;/k,. HaGop mapaMerpos q;/A;l,
npa xotopom dyurmua @ mpusumaer 3nagenne, parmoe Qufk,G,l,
COOTBETCTBYOT MCKOMOMY pemrenmio cuereMu (4.4). Koaddunment
oxsata f}; B KaKAOM LpOIIACTKe ompenenserca mo pme. 7.18 mus
COOTBeTCTBYOImEro 3Hadennsa ¢/A;l. Jlna ompegenendsa ofneMuoro
rkoaddunmenta oxsara § HEO6GXOMIMO BOCIOIL30BATHCA COOTHOMIOHAOM

n
B =Dl Bihy/H. (48)
=1

B ragecrse npuvepa paccMOTPHM BHTecHeHHe HedTH B BYXCJOf-
Hom miaaete (2 = 2) r mapamerpayu: Q = 200 »®/eyrrm, p- = 1 emyas,
ofmas MomumocTh miracta H = 4 M, a MOIHOCTH HPOILTAGTKOB €00T-
BeTCTBeHHO Ry = 0,8 M, k, = 3,2 M, mpommmaemocth mepBoro mpo-
mracrka k; = 0,5 fmapem, a mOpoHWIIaeMOCTH BTOPOF0 IPOIIACTHA
ky = 0,125 mapem, Tak 9ro cpemHAA UPOHMIAEMOETH BEero mIacra
paesna 0,2 gapcm, BenmumHA IpeAeTLHOTO T'PAJMERTa B IEPBOM po-
miactke Gy = 200 mau/em® (0,02 ar/m), Bo Bropom G, = 400 mua/cm®
(0,04 ar/m), paccrosmme Mey HATHETATEJNHHHMH CKBA'KEHAME
2] = 500 M, a paamyc ckBaxmam r.= 10 cu. Torpga noaygaem, uaro
KoaGPHUHeHT oXBaTa B IEPBOM, BEICOKOUPOHMNACMOM, IPOILTACTKE
B, = 0,9, a Bo Bropom, MaTonporHAmaeMOM, — B, = 0,5, r. e. BhITEC-
HeHHO NPOACXOJUT IPEHMYMECTBEHHO M0 BHIEOKONPORANAEMOMY IIPO-
nxacTry. O6seMunit Kosddumment oxpara B s paccMaTpABAEMOTO
caydas cocraniser (0,58, aro cymecrBenHO HEIRE, WeM A OJHOPOJ-
HOFO TLIACTa TOM Ke CyMMapHOii MONIHOCTH, W €0 CpefHel OpOHANAe-
MoeThbio, pasroit 0,2 mapem (§ = 0,73). Na®sroro%enenyer, uro me-
O0530BAaHAE B PACIeTaxX CPE/HETO N0 MOIHOCTH 3HAYCHAA MPOHHAIAe-
MOCTH OPHBOJIAT K CYMECTBEAHOMY 3aBHINCHHI0 KoGPHImeHTAa 0XBa-

Ta MHOTOCJIOMHKX IIACTOB.
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A}

AHAJIOPHYHO peliaercA 3afaga o6 onpee/leHHH ob6nemuoro KodpdE-
EeHTA OXBATA HPH IKCIIyaTANUH MHEOTOCOHEOH monocooGpasHoR
3alIeKA ABYMA DANAME CKBAKHMH. ‘ -

[oxydaem moeae npeo6pasoBaHmil, aHAMOrAIHEX TeM, KOTOpHEe
6L OpHABEJeHE BHIIE, CHCTEMY /A ONpeeaeHAA BeapasMepPHBIX
mapamerpos  ¢;/A;A -

oo A) oy (et B
ﬁ‘g(?—,&r—c)f-"—l/r—ﬁg(u i) 49

1
T _h_‘l/ B - Qe
S NAH k,  FGA’

e e; ecth ynrmaa ¢;/Al n All, a ocranpHEHE 0603HATEHAA MMEIOT -
TOT 7€ CaMBI, PuanIec K CMEIC. Jlna rpadgmaecKoro perreHu A cucTe-.

MH (4.9) mocTpouM 3aBACHMOCTH
e g A 1gr -
(i) H
or mapamerpa ¢/AA pisa pasiamd- 4 1°
amx spagenmid A/l m Alr, (All= -
©= 0,5 1; 2; Alr, = 10% 10%).
B caay caaboit 3asmcmvoctn Ig F
ot mapaverpa A/l npu usMeReHAH /
A/l or 0,5 Mo 2 fjiA KAHHOTO HH- & :
TepBala M3MEHEHWA NApaMerpa
A/l erpoumTeA KpHBAA CpefHAX
anagennit Ig F (puc. 8.7). I'pade- 7 ¢
“YeCKHiT METOJ PelleHHA CHCTEeMEI g W ! 5 i
(4.9) moaHOCTHI0 aHANOTWYeH H3- N Lg-’-lg-‘- T,
JI0'KeHHOMY BHIIIE. :
B kagectBe mpuMepa paccMor- Pae. 8.7
PEM ABYXCJIOHHYIO HOXOCO06pas- . R
HYI0 3AJIeKb ¢ IaPaMeTPaMd, YKa3aHHEIMA BEIIE. Torna noaydJaeM, 9o
k03 QUIEHT 0XBAaTA B BHICOKOTPOHANAEMOM mpomnactke B, = 0,63,
a B HmaxompommmaeMoM — -f, = 0,35. O6nemauit KoafpunmesT OX-
pata mMeer 3uazenme f = 0,4, 9ro CyMECTBEHHO HIGKO gHAYeHBSA
xoapEnMenHTa OXBaTa WIS 3ANEKH TOH e cyMMapHOil MOI{HOCTA H
cpenmeli o 06BeMy MPOHAIAEMOCTH, PaBHOH 0,2 napen (f = 0,58, em.
Jt. Vi1, § 9). i :

=107
dyuxnun F = 'Xq'A_lg S




Fmasa IX

Heroropsie sapaan HeCTAIMOHAPHOTO [IBH:KEHHA
AHOMAJBHEBIX KUIKOCTel. ‘
BoamosksoeTn onpejerenus IIapaMeTpoB TIACTA

TeoLun mecramuonapmoii PUABTPAIHI AHOMATLHEIX RHUAKOCTER pas-
paboraHa BechbMa HeIOJIHO, XOTA U II0JLy9eH0 60IbLIoe 9UCT0 pelneHuit
(r1aBubIM 06pazoM OPUGII;REHHBIX) OJHOMEDHEIX 3a/1ad, 9YT0 CBA3AHO
npeisle BCEF0 € OTCYTCTBUEM JIOCTATOHO YHHBEPCAIBHBIX METONOB
pemenus. Hmxe npusogurea pax Todnsix (aBTOMOAEABHEIX) pemTeHMit
3a/iad HeCTANHOHAPHOTO JBHKEHUA AHOMAJBHHIX KUTKOCTEH M HeKo-
TOPbIe TIPUOJIMKeHHBIE pellleHWs, CBA3AHHEE C €YyIMEeCTBYOIMUMA U
HePCOeKTABHEIMU TPHIOKeHAAMA TEOPHH.

§ 1. ArtoMonensubie pernenmsa 3agau
HECTaHOHAPHOH QHIBTPALME AHOMAIBHBIX KHKOCTell

Honoxauss ypasrenne saxona duabrpanum

k

gradp = —Q)(w)% (1.1)
YpaBneHHueMm HepaameﬂocTn

a Do s y

G- 4 div (pw) = 0 (1-2)

H ypaBHEeHHAMH

dm 1 dp 1

m TRy A = A, - (1.3)
HOTydaeM ypaBHEHUSA YOPYToro peRmmMa
ap Koo . w W
ar T 5-divw=0; gradp:—T(D(w)u—,, (1.4)

e K = (1/K,, + 1/K.) — MPHBECHHHIA MOYIbh 06GBEMHOTO ¢3KATHA
IUIACTOBOH CHCTEMH.
1. Paccatorprym ogroMepHoe OPAMOINHERHO-IAPALIEABHOe TBIKe-
HOe B I7IacTe, 3aHAMAIONMEM MOJIYIPOCTpaHcTBo 2 > 0,
Hxreey ypapoenus
a0 gy (1.5)

ot m Jx ! ox
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Ilpu npomasonsroM 3akone ¢unsrpanmn ypasaenas (1.5) gomyckaior
aBTOMOJlelbHOE pelleHne BHaA *

p=Gzf(E), E=22V nt, w=EkK/my, (1.6)
ecI HaYalbHbE YCIOBHA MMEIOT BHJ
p=A" -} Az (1.7)
a Kpaesoe ycionue mpu £ = 0 Buy
px (¢, 0) = B. (1.8)
Hopcrapnas Beipaxenne (1.6) B (1.5), nomyunm ypaprenme |
— 28/'®) = 7 Y/ + ) (1.9)

(¥ — dyuruua, o6paraas k @, T. e. yHKOAA, oNpeeNAOMAs 3aBA-
euMoctb w ot |grad p|) Oopu ycumosuax

f(0) = AlG = o; l_ifg (f + &)= B/G =8. (1.10)

Paccmorpam pemenme ypasmenmsa (1.9) mpm KycouHo-IEHeHHOM
3aKoHe GUIbTpanEn

Y (z) = ez (|z] <L) A.11)

VY(z)=¢ez+4z—sgnz (|z|>1).

B arom cayuae merxo momydaerca aAmmoe pemenme samaum [64].
Yerpemnan B 9TOM PelIeHMM € K HYIIO, MOKHO LPOCIEJATH Hepe-

XOJi K TeIeHHIO € IPeJelbHEM IpaguenToM nasienna. Tak, na pue. 9.1

IIOKA3aHO pacipeyeienne 6e3pasMepHoro faBiaeHns p* = p/G-2) nt=
= Ef (E) mna caygas uycka rajepeM B NepPBOHAYAJNBHO HEBO3MYINEH-
HoM wiacte (o = 0, § = 2) upu ¢ = 0; 0,1 n 1,0. 3necs mpmMeda-
TeJBHR Ba obcToATenbCTRa. 1Ipesiae Becero B 0CHOBHOM JacTH (BOAH3E
rajepen) pacnpejenenna jasienns gis € = 0 m & = 0,1 Becema
Oamakn gpyr K Apyry. Bo-Bropmix, Boamymenye B 3aade QUABTPAAR
¢ OpejeJbHHM TpagHeHTOM 3aXBATHBAeT KOHeYHyH0 o00IacTh, T. e.
AMEeT MECTO KOHeYHAas CKOPOCTH pAacIpocTpPaHeHUus BO3MYIIEHAA; Ha
TpaHUTEe 30HH BO3BMYINEHHS pelieHHe HMeeT YIJIOBYI0 TOUKY. ITO
CROACTBO pemieHMA BechbMa cxofHo ¢ obHapyxenssiM I'. . Bapen-
GaarTom momefieHmem penneHnii sajad GeaHanopHOil GEABTPAIMHA B CY-
xoi rpynr [16] (em. Tarke [19]) n ameer, oueBmamo, Ty ke mpEpoAy.
Momuo yGegurscst, 9ro ofHapymeHHEIH XapaxTep peIIeHus Bﬁnnsg
TPaHUNBL 00JaCTH BOBMYINEHMA He CBA3aH ¢ YACTHOH MOCTAaHOBKOM
3apa9M, a OPHCYIH JI060MY pPelleHHI0 ¢ HATAJIBHBRIM DacHpefejeHEEM

* CopaBegIMBOCT 9TOr0 yTBeP/KAeHHS cllejlyeT M3 OGEMHKX COOGpaKeHHi ana-
Jaasa pasmepaocteii [191].
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p (z, 0), ymoBieTBOpAIOMHAM Yye-
4@ w JE aosumo | dp (z, 0)/oz | <G [174,
.y Z// - 176, 177]. 310 o6cTOATENIBETBO

/, oy HCTIOb3yeTed NPA  MOCTPOEHHH
4 npubAMHeHHRX I IHCJICHHEIX Pe-
ZY IMeHNii HeaRTOMOJICJBHKX 3ajad.
V' Ne-g Ecmu HaganbHEE yCIOBHA CO-
/ OTBETCTBYIOT HANWIWNIO IBYIKEHUA
/ (8 mammom caygae |a | > 1), T0
10 BO3MyIleHTe PaCIpocTpaHseresa ¢
GecKOHedHOH CKOPOCTBIO; Xapak-
Tep pemreHUs st 3aja9u 06 oe-
Pae. 9.1

taHomke HotToKa (@ = 0, f§ = 0)
H 0 BCTPEUHOM ABmwKeHHH (¢ = 2,
p = —2) npu ¢uabrpanEn ¢
a0 : upepeabHEM  rpaguentoM (g = 0)

=2, f=-2] e=0 // pufer u3 pumc. 9.2.

g5

2. Heenowno modyants TaK-

z /// He aBTOMOJleJIbHOE pelneHue 3a-

Jadn QUIBTPATUE € IIpefeJbHBIM

/< IPAJUEHTOM B O0CECHMMEeTPHIHOM
/ w=2| =00 eayaae [80]. Ilpue arom ypamae-
48 2 HHe [BH/ReNNA HMeeT B,
ap 1 9 ap \
— = o [r(F -6
7 wE
. (12 ]|>6);
Pue. 9.2 or ’ (1.12)
Lo T o - " %pT:O ('g—p‘ <G)ﬂ
4001 a0 o 1E r
a : — .
H HMeeT aBTOMOJeJIBHOe pellleHne
0% W I YEJOBHY, YT0 HAYaJIbHOE Ja-
2 BieHne nocrosgHHo p (7, ) = 0) m
75 X / HeOHNT CKBaKHHH IpPeHedpeRAMO
R MAJOTO pajHyca H3MeHAeTCA 10
%4 / / 3aKOHY
4 :
) l / / / q= lim <2nrﬂ> =C ]/Z.
' 7 S
V4 Pemtenne mmeer Bup
L/ e g’
cVt —
#(E) . p=-—5—fE); E=r/2)/ 4,
Pue. 9.3 (1.14)



rae f(§) ymomiersopser ypaBHeHHIO

B+ (L+ 28 () — 28 (®) — y — 25 V2 (1.15)

opna YCI0BAAX
limEf @ =1 /®=0 ¢>X);

1 (X) = 2G YV »/C.

Pemenne yxasaHHo#l 3ajaud HaXOQATCA UYMECIAeHHO, Pe3yJILTATHL
pacderos u sasmemmocts X (y) mokasams ma pue. 9.3, 9.4 coomAk-
v muamamu (Q = C/G).

3. OTMeruM eme BechMa IPOCTOE aBTOMOJENbHOE PelieHHe 3aJATd
HelwHelHO# QuibTpanuu Opd HAIWIAH CBOGOAHOA MOBEPXHOCTH.
Pacemarpusast ¢misrpammio B cy-
xoit rpymr, I'. U. Bapen6marr 7% g
[16] mokasan (nns mBuxenus, cie- u

(1.16)

Ayioniero 3akony [lapcu), uro B
cliydae OJHOMEPHOTO IPAMOJIN-
HellHO-Ia pallAeNbHOTO JBM:KeHuA 45 af

Hatiop A (x, f) ABisAercs anneii-

Hoil QyHKUmeH KoopmmHATH I, J(‘,/
aq

€CJIM Ha rpammne nxacta x =

Hallop mameHsercA Jmueino. He- aq00t qor a 7 §/2v%
TPYAHO HpOBEpPHTH, 9YTO ITOT Pe-
3yAbTAT COXPaHAeTCA IIPA IpPom3- Pac. 9.4

BOJBHOM 3aKoHe (i)HJILTpaI.[HE[.

HeficTBuTeNBHO, YDABHEHMA HOIOrOTO 6e3HAIIOPHOTO /[BIKEHHA TDH
HeJIUHeUHOM 3aKoHe (UIBTPANME HMEIOT BH

B ah\ on d (hu) _
u——c‘I"(E), my — 20 . (1:47)

rae h (z, 1) — nanop; u (z, £) — ckopocts ¢maAsTpamEA B HaTIpaBie-
HHA 0CH Z; ¢ — NMOCTOAHHAA Pa3MEePHOCTH CKODOCTH.
Herpynso Bagers, uro cucrema (1.17) umeer pemenne saga

h = At — Bx (0 <<z <<At/B); h=0 (z > AB), (1\.18)
ecnn nocrosnAe A u B ygosrersopanT coorHOmeERH ,
mA = BcW (B). ) (1.19)

B uacrtHoctH, mpHM JBIKeHAM ¢  HpeJENBHEM TpaaEeHTOM
¥ () = (| b | — Lo) b [ | by b |l >Ly m (1.19)-npurmMaer Bug
mA = ¢B (B — Ly,). (1.20)

4. 3HauntennHo mmpe Kmace aBTOMOJENNGHBIX PeINeHHd IPH CTe-
IeHHOM 3aKoHe (uunrpammm, nayvemmmii I'. M. Bapen6marrom [16,
19]. Ecin psmxenne B miacre rRHAgaIe OTCYTCTBOBAJO, TO IPH TAKOM
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3aroHe (HIRTPAUMH ABTOMOJEJIBHH DelIeHHA 3aJadm O IIpUTOKE
K Tajepee HIH CKBaKIHE IIPH CTEIICHHOM 3aKOHe H3MeHeHds JaBje-
HHs Ha TaJepee 1M fieGHTa CKBa/KIHEL.

Hau6onee HHTepeceH CJaydail NMyCKA CKBA/RUHBI € IMOCTOAHHBIM
aeburom () = (J, — const. B asrom ciyuae [Oad CTeleHHOr0 3aKoHA
Puasrpammn ¢ o > 1 (n <1) («ucesponacTHIecKoey noBeieHIe)
719 aBJeHIA B CHBaAIIHE IIMeeM

Po = an]Hn)/(g—n) .t(l—n)_'(a—n) , (121)

npudem Ko3pOHUIIenT a MPOmOPIHOHANEH roaddunuenty C B 3anoHe
dunprparuu (3.10, ra. T). Coornonrenue (1.21) oTKphiBaeT BO3MOIK-
HOCTH Ompe/ie/ieHHs apaMeTpoB 3aKOHA QIUIBTPAIIL B TPOMBICIIOBHIX
yeaoBaax (cy. Himme, § 2).

§ 2. Hexoropble HeaBTOMOREILHBIC 3aKA9N
MBIDKEHIA AHOMAJBHBIX JKHKOCTeH

ABTOMOTEIBHBIE pellieHls COOTBETCTBYIOT BeChMa CIlellHaJbHBIM Ha-
YATBHSIM H 0CO0HHO TPAHIYHHA YCIOBHAM I aJeRO HE IMOKPBHIBAIOT
nparTogeckux norpebuocreil. LIpi oTHCKAHIIL PeITeHIIS 60IBITHHCTRA
3afadq MpHXoNTes npuderats K TPHGIIGKEHHBIM MeTolaM, IpecTas-
AsouM co6oil  PasHOBHAHOCTIE METOJA IHTET PaNbHBIX COOTHOIIEBNH
(17, 191. IIpu atoM npuBeJeHHbIe ABTOMOJENbHHIE PENICHIT HMEKT
nBosikoe suavenne. G OJHOI CTOPOHBI. ONII YKA3HBAOT Ha PAN Kade-
CTREHHHIX OCOBeHHOCTeH penienmsi, HAIPHMED Ha CYUIecTBOBAHUE
KOLGUHOH 0GMACTI ABILKEHIST IOocHe HadajJa JIBIKeHUA B IepBOHA-
YaIpHO HEBO3MYLIEHHOM Irtacte Hpn (QUIbTPAmuN ¢ IPe/eabHbIM
rpagmentoM. C Apyroii ¢TOpONE, OHI IO3BOSIOT HPOBEPHTH HCHOMNL-
ayenpie IPHOIIGKeHHbE PemeHIs. Ha pue. 9.3 1 9.4 Tourann noxasa-
HBl DPe3yIbTaThl PACIETOB COOTBETCTBYIOIIX 3ajad ITPH HOMOIM METO-
Jd MHTETPAJBHBIX COOTHOWMENHI ¢ LEHOIB30BANLEM TPeXdIeHHoro
npubII ke st A TOTOKA SRIIKOCTIN YepPe3 COOCHYI €O CKBAKITHOM
[I0BepXHOCTH, BILIHO, 9UTO OCTHIAETCA BEChMA BHICOKAS TOUHOCTH
IpubAUAeHHA, J0CTATOYHAA J1H TeXTITeCRIX npiio;kenuit. Iloato-
My B IPUBOAUMHIX HIGKE PeTIeHIAX HCIOJIb3yeTCs Ta ke CTeneHb
npubaRenHA.

1. PaccMOTPHM OCHOBHYIO JJdA TIPIJIOKEHIN 3a1ady O TyCKe
CEBA/KMHEL ¢ TOCTOSHHLIM jefnToM Ipn QUIbTpanmuu ¢ IpefedbHbIM
TpaIUeHTOM.

Waeem encreMmy yp aBHeHHH

q = 2nru(r,t) = — 2.::-k (% — >§ pr> G
2.1)
. 1 9 a (
g=u=0(p <Gk 3= —F
¢ HAYaJAbHHIME I TPAHIYHLIMH YCJIOBISMIL
g(r,0) =p(r,0)=0; g0, = — Q = const; Q>0. (2.2)
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Bynem mekarts npuONmkeHHoe pelleHHe 3aJadu, 3aJaBasch Pacipene-
JIGHHEeM Pacxoja

gr, =000 —r/)) (U=1@>r>0);
g(r,t) =20 r>1. (2.3)

Henoasays neproe yparHenue (2.1) u saMeHsAa BTOpoe ypPaBHEHHE
(2.1) uHTerpaIBHBEIM COOTHOIIEHWEM MaTepHAJbHOro DanaHca, Haljem

p(r, t)~—[ln—+(1—m)(l—L>] (r<Ci)
nQ !
2 4;rth 12t (2'4)
T g e
Cootromennst (2.4) D03BOJAIOT JErKO HCCAE0BATH XapaKTep M3MeHe-

HUA JaBJ/JAeHHA Ha CHBaRUHE D, TIPH CbHJIpraHI/II/I ¢ OpejelbHbIM I'pa-
AUEHTOM. Ecnm P — paguyc CHBaRWHKBI, TO

P = plp, 1) = & 2 [ln—+ 1 2nkGl]

pQ
(3mech yuTeHo, UTO MPAKTUIECKH €Pa3y Hoc/e MycKa CKBaRUHEL O << [.)

XapaHTep H3MeHeHHs JTaBJIeHud B CKBAa;KHHE OKA3bIBAETCA CYIIECT-
BEHHO DPA3JNYHLIM IPU pa3JUIHBIX BpPEeMEHaX. HprI MaJIBIX BpeMeHax

(2.5)

" 1 2
V<t = 15 () (2.6)
uMeeM
. =] — B
< 2nkG ?

W XapaKTep N3MeHEeHWs NaBJeHHS OKA3bBaeTCA TAKUM e, KaKk ¥ IpHa
awrHefiHO# ¢uabTpanud, T. e.

12xt
pc~_4“_f,;n T (2.7)

HanpoTtus, npum gocratoddo OGoJbIIMX BpeMeHAXx &> t* umeeM

Il 3“‘“0) _ (2.8)

n

1
oo, ) = — G (M | 2Oy, 2ok B2 29)
nkG 6k T 3putQ 47tk

Tarum of6pazom, npu OOJBLINX BpeMeHAX 3aKOH NaJeHUd JaBlIeHHA
HaMeHAETCH ¢ JOrapH@MHUYECKOro Ha cremeHHoll (p ~ ct's), TpmdeM
K03 hPUIIEHT NPONOPIMONATBHOCTH ¢ BO3DPACTAET ¢ YBeAHIEHHEM [ie-
futa @ kax Q'". B mpuHmune 3To OTKPHBaeT BO3MOKHOCTH JIiA 0OHA-
py:ieHHsI B ILTACTOBHIX ‘YCJIOBHAX HPOABIeHHIl IpexeJqbHOT0 Trpajm-
€HTa JIaBIIeHHI.
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[ Toro uTo6Hl OTKJIOHEHHE OT JIHHEHAHOCTH MOKHO OBIIO JOCTA-
TOYHO yBepeHHO 00HADY:RHATH, XapaKTepHasa mamHa [* moskAa OHITh
Malla CPaBHUTEIbHO C PACCTOANHEM ME:RAY CHBORMHAMH H JDYIHMI
XapaKTePHEIMH pasMepaMi HaacToBoil cucremsl L. Onenmm 3ToT
pasMep JIA eJeAyIOMHX XapaKTepHHX Beandmu: [ = 8 ecmyas,
kE = 0.5 papen, G — 300 mun/em® (0,03 at/m), Q = 10 M¥cyTem =
= 1.2 enm*/cex.

Hyeem 1% = 104 en = 100 .
OryeroM, 9T0
. pQ Q
= WG~ T (2.10)

Tarnm o6pasom, asa rTex ciaydaes, korga mapamerp (/AL pasen
e[InHHIle IN MeHee, otHomeHne [*/1, mopanka 0,2 nim menee. IToaTo-
My I TeX MeCTOPO/RAeHHi, /UIA KOTOPHX HAImdme OpedelbHOTO
TpajiedTa JABIeHNA CYMIeCTBEHHO H3MEHSET XapaKkTep TedeHHs
B miaacte (cM. ria. IV—V), nennHeliHocts 3akoHa PIIBTPAAN TaK:Ke
CYMECTBeHHO N3MeHseT BHJ KDPHBHIX N3MeHEHHS NAaRIeHIA NPH MyCKe
CHBAKUHG.

2. Jlo cux mop peup nira of JM3MEHEHHN [aBJeHHA NI IIyCcKe
ckBakuHB. OOBYHAS B IPAKTHKE HpoIefypa HCCIeJoBANHA CKBaKWH
cOCTONT B OOpATHOM: HecAeRyeTes He NafeHHe JaRJIEHHS IPH IIycKe
CKBA/KHHB B 3KCILTyaTalll0o, 4 BOCCTAHOBJEHIE JABJICHHA NPH OCTa-
HOBKe paHee JKCILNIyaTHPOBABIIEHCA CKBajkumuul (T. e¢. NpH IpeKpa-
meHUT ordopa H3 Hee). Ecan pacemarpmnsaercs mI0cKo-paEaibHOe
ABILKEHNe ¢ IpelelbHEM TPajOeHToM, TO CTAIlHOHAPHOE ABILEeHHE
ynosaersopser cucreme (2.1) ¢ ¢ = @ = const, a HeeraumoHapHOe
ABm:ReHIe — TOi ke cuereme (2.1). Bamkmo npu atom, 9to M B eTaimo-
HapHOM, H B HECTAIHOHADHOM JBILKEHII FPA/JIeHT AABJICHHA IPeBOC-
XO/UT OpefelbHB TpajHeHT, Tak 4ro cHcteMa (2.1) orasniBaeres
anHeitHoil. Oreroma cpady cliefyer, 470 H3MeHeHIe JABJEHHA Iocie
OCTAHOBKM CKBAKHHEI IIPIT JIBIGKEHNH C IIPEIEABHBIM I'DAJUEHTOM Clie-
IyeT TeM iKe 3aKOHOMEeDHOCTAM, 4T0 M IDH /BIVKEHUN, CAeyIOmeM
3arony [Hapcn. HHEMEO enoBamu, HeluHeHHOCTH 3aKoHa QUILTpAMAN
¢ TpefleIbHEIM FPAHEHTOM He MO;keT ObTh OGHApy:KeHa UPH Heciaeso-
BAHAH CKBAJKHH METOJOM BOCCTAHOBJICHHA AABIeHMS.

3. Herpynuo Bumers, 910 BOCCTAHOBIEHNE MABIEHHA IpU HHIb-
TPaOHAIl ¢ IpemeIbHHIM TPAAHEeHTOM ITPOHEXOMHT [0 TeX Hop, IOKa
TPaJiHeHT AABACHIA B KaKEOH TOUKe INIACTa Ie JOCTHIHET Ipeeib-
HoTO 3HaveHDsA (7. B erygae KPyroBoro mracra ¢ NenrpaabHoil cKBaHE-
HOHl BOCCTAHOBIEHIE JIABJeHHA IPOUCXOMIT, OYEBH/INO, BILIOTEL [0
NOCTHACHIIA paclpeneIeHus

plr) =P —G (R —7), ' (2.11)

rie P — nmaBieHHe Ha KoHrype mmtammA (r = R).
B wacrHoetn, pammenme Ha ckBaknHe (1 = p << R) okamkercs
paBHAIM

P (p) = P —GR. (2.12)
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C npyroit ¢ropoHst, ecmu Gur mep-
BOHAUYAJIBHOE [BA/KEHUE IIPOMCXO-
U0 B HAUpABJEHWU OT CKBaskm- 4
Hbl K KOHTYDY IHTaHHUA, TO HOCJIe
IpeKpAMEHAA [BUKeHUA Pacipe-
NeJIeHWe ABJICHAA UMeJI0 Obl BAJ

py () =P +G (R —7);
Pz (p) = P +GR. (213)

Paanmune wmesxny maBaeHmAMu
pip) m p, (p) (masBauHBIME
HIDKHEIPeJeJbHIM W  BepXHe-
LUpefeNbHEM NABICHAAMA) ORLIO
OOJ0KEHO B OCHOBY HPeIOHKeH-
moro B [1, 2] MeTtoga ompeneue-
HHUA OpefleTbHOTO TIepemafa jJaB-
aeana Ap, = GR u wuermmmoro  FHe. 9.5
IJIACTOBOTO JiaBleHuA P npm
ABMKEHUH BA3KOIIACTAYECKUX HeTedl B IMPOMBICIOBHX YCAOBUAX.
Cornacno aToMy Meroxy jia oupeneinenns Ap, u P BHauaie CKBa-
KUHA OCTAHABIAMBAJACh U HOCJEe YCTAHOBIEHUA NABJICHAA OUpeness-
Jlach BeJMIHHA p; (p). 3aTeM B CKBa)KMHY [OJIMBAJIOCH HEKOTOPOE KO-
JndecTBO HedTH W IOCIe YCTAHORIGHWA JABJIEHAA WM3MEPAIACH €ro
BEeMYMHA, KOTOpPas OPHPABHABAJACH BepPXHEIPEeNBHOMY JABISHHAIO
P2 (p). Iloeme atoro P m Ap, oupenenannch mo o4eRHTHEIM QopMyIaM

Apy = [pa(p) — p1 (PN/2; P = [pa(p) + p1(0)]/2 (2.14)

Herpynuo Buners, uTo onmcaHHsIi MeTol, ¢BA3aH ¢ OPeOI0KeHA-
€M, UTO 3aKaYKa JI060T0 KOJW4ecTBA ;KHAKOCTH B ILIACT HeMeIeHHO
H3MeHseT pacupelelleHHe JaBleHWsA c¢pady Bo BCeM ILIacTe ¢ HUKHe-
IOpefieIbHOT0 [0 BepXHeOpenedasHoro. Memgry Tem maaer ofmajgaer
KOHEUHOM yIPYTOeMKOCTHI0 W NepecTpoiixa AaBleHHA B d060H ero
KOHeYHOH dactu TpebyeT 3aKAUYKM KoHedHOro ofbeMa JKHIKOCTH.
Orciona exeqyer, 9ro 3aakadka B INIACT He CAMIIKOM 0OJBIIOr0 ofbeMa
amgKoeTn V mpuBeneT K M3MeHeHHWI0 JaRMeHHA JWMb B Oamuxalimei
K CKBajKHHE YacTH TIACTA, NPHYEM Mocjle IPeKpalieHusdA [BHHeHHs
OpefenbHoe pacnopefieleHAe RapjieHnA Oyner HMeTh BHUX JOMaHOMA
A'BC (pme. 9.5). Ilpupasnmpas KoauWdecrTBo 3aKaYAHHON KHIKOCTH
N3MEHEeHWH) MaccHl KUAKOCTA B ILIACTEe B peayJkTaTe yupyroro gedop-
MUDOBaHAA IIACTA W AUAKOCTH, HOJLYIHM

’ VK /s 1 5
R = (2nth) ' (2-15)
rje h — MOIDHOCTH MJjIacra. Hp]Z[ 3TOM OJsA néBﬂeHﬂH B CKBa)KHHE mMeeM
’ [12VK s
Po=11(P) + 2GR’ = p, (p) ( e Gz) . (2.16)
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Takny o6pazoM. TpPeBHIeHIe TABICHIA Ha CKBAKHHE HaJl HUGKHE-
TIpe;ICABLHAM TIHefo 3aBICHT OT BeJITIAR |, mpidesm 1o roaddu-
IIeHTY HPOIOPIIOHAIBIOCTI MO/RHO B TPIHIIIE OLEHUTH BeJHIHHY
npeneabHoTo Tpammenta G. Rorpa rpamuna /27 30HHM BO3MYIMIECHHA
MOCTHTHET RONTYpPa IIFTaHua [, JaBIeHIIe B CKBAJKIHE CTAHET PaBHBIM
BepxHenpeneasuomy p°  Hasmepss 1 mojgcTaBaAd B dopmyast (2.15) u
(2.16). MO:HO OICHTTH TAacToBOE JaBlenme P 1 mpeaebHBIA Hepemna/,
Ap,. Ouennsaa R. orcioga Mo:kHO ouleHNTE I G ~ Apo/R.

OTMeTIIM, 9T0 HApPYINeHIe TOHefHOCTH 3aBHCHMOCTH  Apg ~ Vs
MO;KeT CBI;IeTeIbCTBOBATH 0 HEOQHOPOJHOCTH ILTACTA B PaAHATBHOM
HAIIPABICHHII.

4. BIrionm3vemnentas MeToJUKA INpOILIA IePROHAYAIBHOE OIPoso-
BAHHe Ha HeCKOABKNX MecToposkjenmmax Asepbaiimxana (C. JI. My-
cradaes), Yabexucrana (H. P. Paxumos) n Hasaxcrana (B. 1. Naea-
es) [75].

Ha pue. 9.6 norazans xapakTepHbie KPUBbe H3MelleHIA aRAeHIA
B CKBa’RIHE II0C/]e TIPeKpAlleHHA ordopa (HILKHAA KpUBad) H Tocie
3AKAURIL B Hee PANMTHEX 00BEMOB KIAKOCTH; Ha pue. 9.7 npuseje-
HBL CBOJNBIE STAHNHE 10 3aBHemMocTn Ap, — V's qua rpynmst mcele-
[OBAHHIBIX CKBA:RIH. PasaudHile 3HATKI COOTBETCTBYIOT DA3JIMYHBIM
CHBARITHAM.

113 mprBejileHNbIX JIAHHBIX BIIHO, ITO OCHOBHOH BHIBOJL O 3aBHCH-
MOCTH 3aMepeunoit BemmamHel Ap, oT o0bema |” 3aKadKH IOJTREPIK-
naetesn. [lamee B GoNbHIIACTBE ICCJHETOBAHHKX ciydaer crabmiusa-
IAA [ABJCNIS He HACTYMIUIA, T. €. U3MepeHHple 3navenun Ap, sase-
JOMO HIEe QARTIIeCRI CYHIeCTBYOMIIX.

Hoaywennne snpauenns Ap, pocraroano seamrs (1—10 ar), wro
MO3BOIAET ¢eIaTh BEIBOJ 0 HAIIYHI B IIJACTOBBIX YCHOBUAX Ipeeib-
HoTO rpajnenta gasaenus mopska 10°—10? nun/ens® (1072—1071* ar/Mm).
Harosel, OTMETHM, 9T0 PE3KO DAJIYHbBIA MO HCCIEIOBAHHBIM CKBA-
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JRIHAM TeMII HAPACTAHAA CTATHIECKOTO Tepemaja Apg ¢ pocToM o6beMa
3akagkn V Mosker GBITh CBA3AH He TOABKO ¢ Pasid4deM B 3HAYeHHAX
OpesieIFHOTO FPafilenTa JAaRTenns G, Ho W ¢ pazamumem B dfdexTHn-
HHIX 3HAYEHIAX MORYAA 00BeMHOro c:raThHA Kpp. B MecToposKAeHHAAX,
paspabaTEBaeMEHIX HA DPEe/KAMEe PACTBOPEHHOTO rasa (MeCTOpPOKIeHHS -
(Meprasckoit goamar), QPEKTHBHASA CHAMAEMOCTh DIIACTOBOW CH-
CTEMH MO;KeT OKAa3aThesA Pe3ko TOBHIIEHHON NO CPARHEHWI0 ¢ CrREMae-
MOCTBI0 IIACTOBOH CHCTeMBI, HACHMEHHOMH RuAKocTEO. B atom cay-
gae A JOCTH:REHHA BePXHEIPEIeNbHOTO /AaBACHMI P, MOMET IO~
TpefoBaThesl 3aKAYKA HEJOCTMKAMO GOJBINOTO O00BEMa KHJKOCTH.
Tax, npn G = 200 gua/enm?® (0,02 at/m), » = kK/mp = 3-10° cm?/cex.,
k =1 mapen, K =~ 5-10° gun/cm? = 5-10° ar mpm m = 0,2, u =
= 8 enyasz, h = 10 m, R = 200 M o0beM 3aKaIKA K MOMEHTY erabm-
mm3anum coerapiager 64 M}, masmdme B IMOPOBOM IPOCTPAHCTBE 2%
raza mpn gasienan 90 ar cHwRaeT Kog 7m0 ~ 800 at 1 yBenmiaBaeT
HeoOXomuMENL 00BeM mpaMeprao B 6 pas.

5. CorilacHOo TEOPHH [RW/KEHUA ¢ IPeJebHHM I'PAJUEHTOM [RUKE-
HUe TOJHOCTBI0 IpeKpalfaeTcd IO JAOCTIGReHHH INpelelIbHOTO 3Ha%e-
HAA IpajieHTta JaBiennsa G U ¢OOTBETCTRYIOMee pacupejesieHue 1aB-
MeHWs cOXpaHderess HeoIPAHMYeHHO foaro. OUeBHAHO, IOCIEHHH
BHIBOJ| CBfI3aH € HOJIHBIM UpeHeOpeskeHneM BO3MO;KHOCTBIO JBIGKEHUA
IOpH TPajMenTax AABICHWS MEHBINX (; M OKasKeTCA HeBepHhIM, eclH
[ABA;KEHNe IIPJ TOM BCe 3Re BO3MOKHO, XOTA OH M ¢ 09eHb MAJbiMHA
CKOPOCTAMIL.

Bymem paccMarpuBath OfHOMEDHOe ILIOCKO-PajfidalibHOE [(BURE-
He H JAOOYCTHM, 9TO 3aKOH QMIBTPAI[AA WMEeT BH[

 k(op E _(dp\. ap )
wm— (- 0)—e(3F) < (F>0);
o ap ap
[Tpu oTOM MMeeM /id jaBieHua p (r, {) ypapHeHHA
op 1 9 ap 1 ap ,3p (0P )
'aT”“TﬁF[r(?_G)]JFT“S (?)T)+“8 Fr (ar >6),

Z—I:: xs’%zr%—}——:—us (Z—f) (-?# <G) . (218)

(217)

Ecan paccMaTpuBaeTcda 3ajjada 0 IMycHe CKBARMHBI ¢ HOCTOAHHEIM Jie-
GHTOM, T. €. HUMEIT MecCTO yCIAOBHA

-

p(r, 0) =0; L (2.19)
q(0,¢) = £L1{'1 (2n—u—r¢£> = Q = const,

TO MOYKHO IOKA3AaTh, YTO IIOTOR KHUAKOCTA YepPe3 COOCHYI0 60 CKBa:RH-
HOHW IOBEPXHOCTH

q(r,t) =2mru(r, t) . (2.20)
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ABIAETCA UPH M06oM ¢ yOnBawmeil fynrmmeit r m upn mobowm 7 BO3pa-
craomei gynrnumeit ¢ [65]

dq dq

Oterofla IerKo Clegyer, 9To
1. O6nacte sravenmii 7, B KOTOPOH BHIOMHACTCA HePBOE ypaBHe-
e (2.18), wonedna;
k
r<R<-2_; g = =2 (G). (2.22)

RETT

2) Mo:kno ywasarh Takoe Bpema %, 4ro |Q — ¢ (r, N/ o<b
npum ¢t > t;, tae § — moBoe 3amanHOe Majoe 4neno (r $nKenpoBaHo).

3) Mo:xEo yrasarh Takoe aHaUenme ip > 1, YT0 JUIA MIOORIX IBYX
TOUeK 7y, 7y << R

[P €)= D(ras )| — | P ) — (s, )] < 8 (2.23)

opu ¢, £ > tp.

Honaras r, paBHEIM Daguycy CKBaKIHW p, a r, — paBHEM R,
ybesnmaemes, 910 Besa 06aacts r < R He BHOCHT BKJIA/IA B ACHMIITOTH-
YeCKHIl XapaKTeD NM3MeHeHHs JaBleHNA Ha CKBaRUHe p (p, {) mpm
t — oo. Tlocaenmee o3madaer, 4I0 ACHMOTOTHRA I3MEHEHHS mMaBje-
HHA TPH {-> o0 TOJHOCTHIO ONIpefeliAeress XapaKTepoM MAaJoH Mo-
upaBkn & (dp/dr) B 3axone guubrparmun. Jlerko mecaenoBaTh aCHMIITO-
THRY H3MeHeHNA NABIeHHsA, IoJarad € cTelleHHo#dl Qyrunmeii. B atom
€Iyd9ae MOKHO BOCHONB30BATHCA KAK METOJOM HHTEIPAJBHHIX COOTHO-
INeHAA, TAK M HeOCPe[CTBEHHO aBTOMOJICNBHHIM DellleHAeM 3ajadH,
IOJay4eHHHIM B pabGote [16].

He ocramasiupasch Ha NeTaxax, IPHBENEM OCHOBHON pe3ysbTar:
ecny IPH MANLIX 3HAYeHUAX Op/dr 3aKoH EABTpAIIL IIMeeT BHI

ap\*
= C(w) , (2.24)
TO ACHMUTOTHKA M3MEHeHHS JABJCHHs BMEeT BI
1+ a—1
p(r,t)~ —const.Qs—1l.sa—-1 ¢ (2.29)

Taxnm o6pasom, uMeeT MeCTo NpsAMaA B3aUMOCBASL MEKAY HOKa-
3aTelleM CTelleHM B 3aKoHe (HJIBTpAIMA O, MOPANKOM pocra p (r, £)
opu {—- 00 H moKazareaeM () B Koapduumente BoipaskeHus (2.25).
Ilocnennee o6GeroATesiberBo IpemeTaBiAeT HAWGOIBLIIMIA AHTEpEeE,
MOCKOJIBKY OTKPHBAeT BO3MO;KHOCTD OIEHKH HOKA3aTedA o 0 JaH-
HHM LDOMBICAOBHIX HaOmionermit. Hax nmpasmimo, npommciaoBire me-
CIIe/0BAHNA HECTAI[HOHAPHOTO TMPHTOKA 3aKAHIHBAIOTCA MOCTPOeHHmEM
3aBHcHMOCTei Ap ~ In 7, KoTOpHe 3aTeM aNNPOKCOMIDYIOTCA IPAMEIL-
MH, 1 00 HAKTOHY NPAMEX ONPeEIAETCH THADPONPOBOAHOCTh IIAcTa

kh Q dAp (2.26)

W A [ d(nn
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Muorue mcelefoBaHAA HOCHENHWX JeT NOKasand, 4r0 BeaminHa
oIpefieNeHHOH TaKAM 06pa3oM THAPOOPOBOJHOCTH 3aBUCHT OT nebn-
Ta (), IpH KOTOPOM poBoRATCA Hecaefoanme [30, 128, 45, 59, 94, 61,
62]. EcTeeTBeHHO DONHEITATBGA NPOAHAIN3UPOBATH ITH PedyabTaTH,
nexons w3 coorHomeHuda (2.26). Pap oxemepnMMeHTaNIbHBIX AAHHBIX
TAKOTO POJa IpefcTanded Ha puc. 9.8 B koopmunarax g Q — Ig kh/p.
3neck coBGpaHL JAHHEE TO CIEAYOMPM cKBaKAHAM: I — CKB. 1608,
2 _ cxn. 1544, 3 — cws. 1529, 4 — cxs. 367, 5 — cks. 1288, 6 — -
ckB. 1246 (nce cxpaxumEn TyiAMa3uHCKOrO MECTOPOICHUA [94]),
7 — cxB. 4429, 8 — ckB. 4264 (Pomamxmmo, [62]), 9 — cxB. 1418,
10 — exn. 600 (Yaenn, nannsie B. . Nnnaesa). -

Bunmo, 9to 3HaUATeNbHAS 9ACTH JAHHHIX COPJIacyeTcA C 3aBHCH-
Moerbio (2.26) M annpoKcEMEpyeTcA B JIBOMHEIX norapuPMAIeCKAX
KOOpPAUHATAX IpAMHEMA. BMecTe ¢ TeM -NpABe/leHHHE Pe3yIBTATH
3aBEOMO He ABIAITCA OKOHYATeNBHHIMHA W HYAAIOTCA B YTOYHEHHMH. -
Boxee Toro, OTAeabHEE NaHHHE (HaOpPHEMeD, [AaHHEE IO CKB, Ne 367,
1246) yxasmBaloT Ha Goliee Pe3Kyl0 3aBACHMOCTB, TeM Te, KOTODLE
MO3KHO TIOJYIUTh HA OCHOBAHHM HCIOJB30BAHHEIX CTENEHHBIX AIPOK-
caMarmii. Bo3MoMKHO, 3TO CBA3AHO € T€M, IT0 [IIA ITHX CKBAYKAH HMECT
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MeCTo Hagozkenime 3GQeKRToB. CBA3AHNHIX ¢ HEIHHEOHHOCTHI0 3aKOHA
fuapTpanumi. 1 3pHeKToR. OOVCIORICNHBIX L3MeHeHHeM 3a60iHOTOo
AaBIeMIA (CKBa/MIHU, I8 KOTOPHX XapakTepHO anoMaldbHOe IoBe-
JeHNe. ABIAKTCA HATHCTATENBILIMIL. 11 AT HIUX VReINYeHHe eGHTa
CONPOBOIRIACTCH VRCIIMEHITEM 3a00iTHOTO JaBICHUA, YTO MOKeT TPK-
ROIUTL K YREANMTENI) TILIPABRTIIecKeH [TPOBOJUMOCTI HPHCKBAKIH-
HOil 30msr) [ 14, 83, 157 —159].

B meaxom npnBejeHHbIE NAHHME CBIETETBCTBYIOT O ITPOABISHHH
B IUTACTOBHIX YCIOBUAX HeJmeifiiocty 3aroHa ¢naprpamum. [lpm
3TOM OKOHYATECIRNLI BI HeJANHEIHOCTH OlpefeNAeTcss B3amNoeieT-
BleM 3Q(eRToR HelmHefHOH GUIbTpanii I HeoHHOPOIHGCTH MIIACTa
I0I00HO TOMY. Kak 9T0 GBLIO PAccMOTPEHO Bhille JIA CI1ydasd CIOICTO-
ro miacta,

6. Bpimre y:ke 6blT0 cRA3amo, 4TO 3aKCHOMEDHOCTH H3MEHeHIs
JaBIEHNA OPpH NYCKe EKBA;KUHBL € TTOCTOARUBLIM Je6ITOM H IPH 0CTa-
HOBLE ee nceie pafornl Ha YCTAHOBIENIEMCSA PERTIME Pe3KO Pa3JIITHbl
MY €000l KOO CROPO paceMaTpIsacTCs PILIBTPATUIA ¢ TIpeaeTh-
HBIM TPA/WCHTOM; 6Co0eTIn BeIURO PA3TE 9L0€ MLy UIMI B OTHOLE-
I aCOMIOTOTHYOCKROTO 3aKONA INBMCHCHI 1anideHns. Hapruma we-
HACTCA. €CIH JONYCTUTL BO3MOKIOCTH ABILKelNNSA TPH PPAIIeHTax
JABIEIUIA, MCHLUIIX IIpeJeThHOTO, XOTA Obl 1t ¢ Maasimn Qe TIBHEL-
MII IPOHIIReMoCTAMI. [T Rycodno-nnuefinoro sakona QuanTpanmm,
ONUCHIBAIOWETO OCPeTHOHHOe IBIGKEHNe B [BYVCIOHHONM ILTacTe, cCOIO-
CTABJICHIIE KPNBBIX IN3MENeNNst TARACHIA TPH IIyCKe I OCTAHOBRE
CRBA/RINBE IIPON3BCIeNo B pabGore |76]. Xaparrepro. ato ecam gaxke
ABIGEEHTIE TIPTT MATHY CKOPOCTAX NIPOLCXOINT ¢ RECHMA MaJABIMH 3d-
deRTHBOMMI OpoHaniaemMoctTsaMi (~(0.1 oT mpoHEUaeMocTH P 60JB-
TIHX CROPOCTAX), RPHBLIE BOCCTAMORICIIIA I CTaOILIH3ALII [SABJEHHSA
OKA3HBAKTCA BeChMA GAMBKUMIL. IT0 CJAYRIT KOCBEHHHIM OIIPaBA-
HHeN TPIMEeHeHIA TOTyYeIlHbIX BoIIIe COOTHOMICHIN [T aHaan3a KpH-
BBIX BOCCTAIIOBICHIA JTABIEIHA.

7. Obmmpanie meeldefoBANM DeCTATINOHAPHON (UILTPALHE TIPH
HeJAIHeIIHOM 3aKOHe COIIPOTIBIEHIIA BLIOJHEHL 3a Toclefmile T'OJh
B HazaHCKOM ToCYyIAPCTBEHIOM YHIBePCHTeTe; 3TH UCCIEN0BAHUA
nzaoxedsr B knure [0, M. Moaorosuda u 9. B. Ckroprora [144],
a tax:re B page crareii [139, 141 —143, 143, 222, 229]. Ocobwii
nHTEepec npelctaBideTr ocyigecrBiacunoe 0. A, Nopamasuessnt 1
10. M. MosokoBmueM 21eKTPOMOJeTUPOBAHIE HecTAHHOUADHEIX 3a-
Aaq GuApTpaLil ¢ IpegeldbHuM TpaanentoM. OTcnias duratelnsd 3a
JeTa’AMI K opHTHHadpHEIM nybanrapuay [99, 100, 101], ormernm
ANIE, YTO TAKIM CIOCO00M O0RA3A7J0CH BO3MOYKHEIM HCCAeA0BATH Pac-
HPOCTPaHeHIIe 10 HIACTY KoJeDaHIil TABJEHNs, uTo He yIaeTcA cle-
JaTh CYHIECTBVIOUIUNMI TNPUOIIReHHEIAMII METOMAMIH.

Hapsajy ¢ yrazauupMi Boile I0dYYeHO 3HAYNTEIBHOE YHEIO
TOYNBIX H NPOOMIGKEHHBIX pelieHuil 3aJad  HeINHeifHoH Heetarmo-
papuoii PIabTPAanII, IPeACTARIAMINIX IHTePeC ¢ MeTOIHIYeCKOH TOY-
KII 3PeHUA ILTH B CBA3H ¢ ONpejelIeuleM IapaMeTpor Iracra [5, 39,
81, 162, 173—175, 195, 230, 237, 265].




Jaraouenue

13 paccMOTpeHHHIX IPHMEPOB SICHO, 4TO BIAAHUE IpefelbHOr0 Tpa-
JMeHTA JARJIeHHs Ha Xapakrep TedeHUs TeM Goablne, 9eM MeHblle
¢PeJIHAA CKOPOCTH H HEOMHOPOJHOCTH MOTOKA, oGycaoBieHAasi FeoMeT-
pHeil PACCTAHOBKIL CKBA/KUH B HEOAHOPONHOCTHIO TLIACTA. [lepebiii BhI-
BOJ| KA4ECTREHHO OUeRU/ICH U3 OOIHX co0BpaKennil, OfiHaKo HPOBE/eH-
HHe PACUeTHl Pa3MepOR 3ACTOMHHIX 30H (en. IV—VI) nossonsairT AaTh
eMy KoamuecTBeHHylo Qopmymmporky. Ecmu o6oanauuth wepes U xa-
PAKTEPHYI0 CKOPOCTh PUIBTPAHOHHOTO HOTOKA (manpumep, €KOPOCTD
Jia GeeKOHETHOETH WIH CKOPOCTH, HOJyJagMykd AelleHieM HHTeNCABHO-
¢TH MCTOYHHMKA HA XapaKTepHHA pasMep Kondurypanuu paccTaHOBKH
CKBA/KUH, TO MepPo#l MHTEHCHBHOCTH IIPOABJICHAA adderron Dpeeab-
HOTO TpajmeHta OyjeT OTHOIUeHUE @ = U/\; gem Goamme a, TeM IIPHA
TOii e FeoMeTPHH MeHbINe HeluHeinne 3QEQexTH (xapaxTepmu3yeMble,
HAI[PHMEp, OTHOCHTEIBHO IIOMAMBI0 3ACTOMHKX zon). OpHako ecid
3adaThCsi HEKOTOPHIM JOTYCKaeMbM 3HadeHueM OTHOCHTeNBHOH TJI0-
Maqd 3acTOMHHIX 30H, TO OTBeYalOlige eMy KPHTHIECKOe 3HavYeHne
mapamerpa a 6yfer Tem Goibliie, UeM MeHee O/HOPO/EH TIOTOK. JTY
3AKOHOMEPHOETH JIETKO IIPOCIeUTh, paccMarpuBas Nepexon oT Tede-
HISI, CO3/ABAEMOT0 TIPSMOTHHEHHOM NemodKold CKBAKIH B HeoTpaHH-
qeHHOM ILIACTE, K TEYEHHIO, CO3/ABAEMOMY TAaKOM e TemouKo# BOIH-
3M HeOpPOHHIAEMOTO OKpaHa, WIH UOCIefOBATENHHOCTE TeueHHH,
€03/1aBa@MBIX KOIBIEREIME OGaTtapesMd CKBa;KUH HpA pasamdHOM HX
anene (puc. 4.5, 4.6, 5.4 = 5.5). U3 eomocrasieHass puc. 45 m 4.6
BU/IHO, UTO 3aMETHHIE 30HH BOIM3N LENOYer o6pasynTca Jumb IPH
snagenusx uapamerpa a ~ 0,1—0,5, Torna Kak B HeHodKe BOJIA3H
JKpaHa 3ACTOMHAs 30HA MOMET 3aHUMATH 3HQUATELHYIO 9aeTh IPO-
CTPAHCTBA Me(ly CKBA/KHHAMEA U DKPAHOM ysie IIpH 4 =
OCTAHOBHMMCS eIle Ha O/HOM aclleKTe JBM/KEHWA C mpeAeTbHEM

rpagueHTOM. Ecam MBL paccMarphBaeM OIHOPOAHBIA TOTOK C HEKO-
TOpOii cKOPoeThI0 U, TO BHE 3aBUCHMOCTH OT BeJUTUHEL 9TOH CKOPOCTH
3acToiiuLIe 30HH He ofpasyiorcs. BosHukaer BUedatieHue, HTO oHO-
POJIHOMY TOTOKY IIpefelbHHIA FPaHEHT «He CTPAIEH). Onmaxo 9r0
BIIeUATIeHNe WeUedaeT, ecliM PaccMOTpPeTh cpefy <o c1aboit HEO[LHO- -
poxpsoetbio. Jlomyetnm, 4To ¢pefia cOCTOMT M3 OCHOBHOH ¢peJbl,
XapakTepuayemoii mapamerpama k m G, @ BKJIIOYEHNH ¢ IapaMerpa-
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Mu &’ m G'; mpeamonaras, 4To TPAJMEHT JABNEHHS z OJHHAKOB B
00eux KOMIOHEHTAX CDefbl, ILOJYIHM 2 == wWk(U 4 6G), u ecan
z <G’, TO [IBI/REHIC BO BKAOUEHIAX IPOHCXO/ITH He oyner. Oreroma
BHAHA DPOIEL CpefiHell CKOPOCTH NMpPH JBIGKCHNI ¢ Tpefe]bHHIM Tpa-
AHEHTOM: YeM MeHBIIe CKOPOCTh, TeM MeHBIIHe PA3Inuus B 3HAYCHUAX
IIpeeTEHOr0 rpajiiedTa Gy yT NPHBOJAUTE K NPEKPALEHHIO [BLKe-
HITAL BO BRIIOYEHIAN. JTO XOPONIO BIIIO Ha NIPIUMepe TeIeHHA B CJAOM-
eroM maacte (ra. VIIN). Moskno cxasath. 4to mode €KopocTeil nmpu
ABUZREHINT € TPeJeNBUBIM [PATHEHTOM OKA3HBACTES HeyCTONIHBBIM
110 OTHOMIGHIII0 K RO3MYINEHIIO NAPaMETPOB OFHOPONHOIO TMOTOKA.

Taxmm 06pasom, B pealbHIX YEAOBUAX MOKHO O;RHIATH NposIBie-
HIA Pe3ROil HeO;IHOPOHOCTI IOTOKA BO BEEX CAYIAsN, KOTTA ABILKe-
lHe POUEXOIAT CO CROPOCTAMI, MEHBUINMII XapaKTepPHOH CKOPOCTH
(T. e. upn suavennax a << 1) (eM. BHBOJ B (123}).

Jaiee, ananna nsewomuxea paHARY (4acTh KOTOPHIX IIPUBe/eHa
B 1. | u 1X) nokasnisaer, 9ro ma pane MECTOPORACHUI PealdbHo Ha-
0/I0/aI0TC  3HAYEHIA NPEAETBHOTO TPAAHEHTa B  COTHU ne/em?
(HECROJBRO cOTHIX 101eft arsocdeps Ha merp). Ilpn ofwrannix pac-
CTOAHIIAN MeKNY CKBA:RIHAMI B COTHH METPOB 3TH 3HAYeHHSA OTBe-
Hal0T UPe/Ie;ThHEIM (Hava bHBIM) uepenagam mopagka 105--107 mru/em®
(1 =10 a7), 1. e. mpumepuo 10% ot monHOro 3HATEHH FHAPOXAHAMA-
deckoro nepenata. Jlerxo yGemurres, 4To 910 €o0TBeTCTBYET TOMY,
IT0 HAa KOHType NNTAHIA JOCTHrAaeTCHd 3HAYCHHe OTHOCHTENBHOH KO-
poert /A —= Q2nkhAR == 1. Tem caMnM yike Takoe 3HadeHue
IpeeqbHOTO  Llepellajla  yRas3nlBaeT Wa CymIeCTBEHHOCTh HPPeKToB
I[PEeeIBHOTC  TPAIEHTa NP HAINIHE HEOJHOPOIHOCTH IIOTOKA WM
eCTeCTBENHOU Heopmopognoctn cpensl. Ilo  cymectBy ewasammoo
BHIIE  OTHOCHTEABHO BILKEHIA OJHOPOHONR RHIKOCTH NepeHOCHTEA
I Ha 3a/[a90 BeITecHeHusa nedrn Boxoii (ra. VII).

ITpu MaawIx crOpoeTAX RINAHIE NpeReabHOro FpagHeHTa CKa3bl-
BaeTcs HA BCeX CTPYKRTYPHHIX YPOBHAX, HAYHHAH ¢ OTACABHBIX DIIe-
MeNITOB LOPUCTOH CPefB I KOHTas MACHITaBanu MecTopOKIeHHs.
OcHOBHMM TlapaMeTpoOM, XapaKTePU3YIOLEM IpoLece BHTECHeHNA,
SAIBJIACTCA OTHOLUIENNEe XapakTePHOH CKOPOCTI BHTECHEHNA K CKOPO-
et Ay = k,G/p,, the Ay Uy — TPOHHIIAEMOCTHh BOJL M BA3KOCTH BO-
el OGBIYHO NPOHMIAEMOCTh [T BOJHL B LIPOMEITOH 30He k, snaun-
TeabHo (B 2—3 pasa) MeHble aGCONIOTHON NMPOHUTAEMOCTH epems,
HO BABKOCTH BOJEI HACTOJNBKO MEHbINE BA3KOCTH Hedrm, ato A, > A
I TPUBEJEHHBIC OIEHKH DPOJH HPeJedbHOTO IPamlleHTa OTHOCATCA U
K jmanHoMy eaydao. Ha mikpoyposme samsnme npesmeabmoro rpa-
HENTA y BHTECHAEMOU (asel CraswBaeTcs B CHW/KEHHH Kod(dduiu-
eHTA BRITECHEWHA (KAK TeKYNeTro, Tak I KOHEYHOro) 110 CpaBHEHUIO
¢ BBEITCCHEHMEM THCTO BA3KOM 'KHAKOCTH H 3aBHCHMOCTH BeIWTHHEL
9TOTO CHHAKEHHA OT CKOPOCTH BRHITeCHEHHs (TOJHOTA BHITECHEHMA TeM
HIORe, WM MeHbIle ckopoers). Har mokaseiator pacuerst ra. VII
(pue. 7.2), cHW/KEHHE OTHOCHTENLHON CKOPOCTH BHITECHEHMA HILKe
3HAYEHIT I = 1 MoiKeT MPHBECTH K 3aMETHOMY CHUKEHMIO IIOJHOTHI
BBITECHEHIIA II HEOOPATHMEIM IIOTePAM HedyTw.
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Jpyroit TecHO CBA3AHHHI ¢ IPeHAYIAMA MOMEHT — 3TO BIMA-
Hyle TIPefe]bHOr0 rpaideHTa JABJICHAA Ha yCTOUYIABOCTE BHITCCHEHHA.
HopmM MoMeHTOM 3[ech ABIAeTCA JAecTa6MIA3anAA TeTeHHA NPH

HA3KAX CKOPOCTAX BHTECHeHMA B MMPOKOM A@alazoHe «BIaromoxyy-

HBIX» OTHOIIeHWH BA3KocTed (pHC. 7.4). B 3aBECHMOCTA OT OTHOIIGHHA
BABKOCTEHl CKOpPOETH JecTabmim3anuu MOTYT OHTH OTHOCHTENBHO
GoNBIIAMA, HAIPOTUB, IPX HASKAX CKOPOCTAX & = 1 pgectab@amM3n-
pyIOTCs faKe TedeBHA ¢ OTHONMIEHHEM pssrocreir 0,5, (Jaa Baakax
AREAKOCTell fecTraGmIM3amua He UMeeT MecTa faje IPH 3HATATENBRHO
MEHBIONX 3Ha9eHUAX OTHONICHWA BA3KOCTell (BIIOTE JO ~ 0,15).)

MoxHoTa OXBATA IUIACTA 3aBONHEHHOM, ONeHMBAEMAA IO CXeMe
1IpefieTbHO-PABHOBECHHX TedmKoB (§§ 4,0 riL. VII), kadecTBeHHO
clleflyeT TeM e 3aKOHOMEDHOCTAM, ¥TO W [OJHOTA 0XBATA IIACTA TE-
weHWEM NpH JBIKEHAH OXHODPOAHOH maxoctd. JlomoaAMTENBHO OT-
MeTHEM, UTO €Ka3aHHOe O (HeYCTOMYWBOCTH» OJHOPOJHOTO ABHKCHHSI
IPA MATEIX CKOPOCTAX II0 OTHOMEHHWIO K M3MEHeHHI0 HapaMerpoB CPejihl
CIIPaBeINBO M 10 OTHONICHHI0 K BHITECHEHHWIO (W, BO3MOMHO, eme
B Gonbimeit cremenu, Omarogapa jJectabmiamsanmd Ipomecca BHTECHEe-
HEA), YTO BUJHO V3 IPUMEpPOB, IPHBEJIEHHKX B Tl VIIL.

TaxuM 06pa3oM, 0CHOBHOH BEIBOJ B OTHOIICHAH pazpaboTKHE Mecro-
POsEIeHNH BA3KOILIACTHYECKAX Hedrell B 0J(HOPOJHKIX IIACTAX 3ARIO-
waeTCA B TOM, UTO KAUeCTBeHHHE MOKA3aTequ Ipomecca paspaborku
OKHH yIYyIMATRCA ¢ yBelddeHWeM HHTeHCABHOCTH paspa6GoTkm *.
HauGosee pesxo 3T0 LIPOABIsAETCA OPH HAKAX CPE[HAX CKOPOCTAX
mporeeca, KOrja OTHOCHTeNBHAsA CKODOCTB U/\, onpeneneHHasa yKa-
3aHHHIM paHee cmocoGoM, GIM3Ka K e WHALE B/ MEHBIIE TOro 3Ha-
genus (0 HEKOTOPHX WCKIIOYATENBHEX CAyIaAX Gy/eT cKa3aBEO HEKE).

Jlasee, npu coOXpaHeHHHA CPeHAX TeMIIOB pa3paloTKHE TIOKA3aTeNH
Ipomecca CYIMECTBEHHO 3aBHCAT OF CTENeHV OHOPOAHOCTA TOTOKA:
ClIelyeT CTPeMHTHCH K MAKCAMAIBHOH OJHOPOJHOCTH MHOTOKA, mabe-
ras pe3kHX MOBOPOTOB. B wacrTHOCTH, BETpeYAlOMAACT H3PejKa CXeMa
PACCTAHOBKHA CKBAXKMH CHMMETPHIHLIMY PATAME C JMHAeH CAMMETPHH
MeIY DAAMHE 3aBeOMO HepalMoHaJbHA, HOCKOJABKY BCA NPHJIErars-
mas K JAMHOW CHMMETPUM 00JacTs WCKITIOTaeTcd h3 paapaforsnm
yiKe IpH BeBOJBIMNX 3HAUEHWAX Mpe/elbHOT0 rpajenTa. )

B seogHopomumx mwiacrax addexTH mpejedbHOTO rpajEeHTa yCH-
AmBanTCA OnarojapA M3MeHeHHWI HPOHANAEMOCTH H HPEAelIbHOTO
rpajfeHTa OT TOYKM K To4ke cpefs. V1 B aTOoM cCiydae yBe/IM1eHHE
TeMIa pa3paloTKm GIArONPHATHO CKasmBaeTCA Ha CTelleHA OXBata
miacra neikeHmeM. OfEako TpHBejXeHHEe PAacieTH [UIA CIOWCTOrO
[TacTa HSEHO MOKA3KMBAIT, YTO yBeIHYeHWe TeMIa CIOoCOGHO yBeln-
YUTh OPOM3BOJUTEIBHOCTH cKBaMH ¥ 3QPeKTHBHYI0 MOMHOCTH
mIacra, HO He cmocofHO camo mo cebe, BO BCAKOM Cliydae HPHE DPE3KO
reTeporeHHOM ILIACTE, CYIMECTBeHHO MOBHCHTH OCHOBHEIE TEXHOJOIH-
HJecKHe MoKazaTeln — Oe3BOJHYI0 M KOHeuHYI0 Hedreoraady. Amanua

# JroT BHIBOJ B CBABH ¢ KAUeCTBEHHHM DPacCMOTpeHHeM poJd gefimHeHENX ade
¢erroB B mporecce pa3paforKu caedan B pa6oTtax-[155, 156].
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peay/IbTaToR pacieTa N TaHHHX [0 HedTeoTqawe HO3BONAET yTBEPIK-
AaTh, 9T0 B reTePOreHHOM IUIacTe HeiTeoTAada ONIpeNe/IsIeTCs B3amb-
MOIEACTBHEM AKTHBHOTO BHITeCHEHIA II0J MeicTRHeM THAPOTHAMIYIC-
CROTO Nepelrana JaBJeHIs I IPOTecca KAMILLIADPHON MPOIHTRH, o6ec-
HeTHBAMEro N3BIeYeHHe HedTH M3 €TabONPOHHIIAEMEIX YIACTHOB,
OOGXOUMEIX OCHOBHBIM I0TOROM. [loaToMmy jast TeTeporeHHOr0 TIAcTa
VBe/IIMeHNe CKOPOCTH BHTECHEHIA caMo MO cefe MOKeT 0KazaThes
HepauHoHaabHEM. A ogHoponHoro 1macta Takoe yBeAHdeHAEe BHI-
TOMHO, 3a ICKIIYEHHEM TOTO C.JIyYas BRITECHEHISI B HAKIOHHOM TLIA-
cTe, KOIINQ YCTOMINBOCTH BHTECHEHIS O06YVCIOBINBACTCA Pa3HOCTBIO
IIOTHOCTEH JROQKOCTEH I YBENIYeHIe CKODOCTH BHTECHEHHS MOKET
MPHBECTH K AecTabIINs3aIii.

OrMernM cie, 9T0 OpH MaJOH HUTEHCHBIIOCTI pa3pabGoTRIl MOsKeT
NIIPOHCXOINTE DA3fesieHIe 3a7e/RH 3ACTOITHBIMIT 30HAMII HA He B3aWMO-
feiicTByiomue Mexny coboii wacti. Ipn 3aBopmenin 3ameskn B3amMo-
filelicTBIE BOMK MOYKET OKA3aThCHA OIOKIPOBAHHBIM nmepemagoM naB-
JeHIIA B 3aCTOHHLIX 30HaX. [IpH 3aKOHTY PHOM 06BORHEHIIT BTO MAKET
IPHBECTH K GOJIBUINM HEIPON3BOITEIBHBIM OTEPAM 3aKATHBACMON
raarocti (en. [204])).
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