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AHHOTAIN A

Kuura mnoceamena OCHOBHEIM BOIIPOCAaM TI'HAPOANHAMHIECKOH
TeopuH PUIBTPANUA OFHOPOLHKX M HEOXHODPOAHHX KMIAKOCTell, CBA3aH-
HHX ¢ COBPeMeHHEIMH 3a/ia9aMi pa3paboTKH HeTAHKX ¥ Ta30BEIX MECTO-
pokneHnii. PaccMOTpeHH MeTOOH pacdeTa MHTepPepeHIMH COBepIIEH-
HEIX H HeCOBEPIIeHHNX CKBaKWH, BONPOCH 00pa30BaHAA X yCTOHIMBO-
CTH BOJAHKIX M F'a30BHIX KOHYCOB, a TaKyKe PAJ 3a/a4 BEITeCHEHHUA UM~
KocTeil @ ra3oB B MOPHCTHX cpepax. Il puBefieHn MeTONH HCCAeNOBAHAA
HEKOTOPLIX BOIPOCOB HEM30TepMHYECKOH (uipTpanuy IPAMEHHTEIbHO
K 33jla9aM TePMOMETDHH CKBa;KUH M K MeTOJaM TepPMAYeCKOro BO3fiei-
CTBHA HA IIJIAcCT.

Kaura mnpegHasHadYeHa I CTYJEHTOB ra3o-HeTAHEX BTY30B
¥ yHABEDPCHTETOB, B KOTODHX M3yYalOTCA DIeMEHTH IOA3eMHOH T'HApO-
ra3ofMHAMUKH, & TaKKe A HEKeHe PHO-TeXHHIeCKNX M HAY9IHHIX paboT-
HUKOB He(TAHON WM ra3oBoii mpommmuieHHoctu. OTHeNIbHHE pasjesH
KHHTH MOT'yT IPeRCTaBHTh WHTepeC TakKe AJA I'HIpOre0aoroB, rAAPO-
TeXHNKOB ¥ PaGOTHAKOB Tra3oHe(TeXMMHIECKOH NpOMBIICHHOCTH,
KOTODHM IIPHXOAMTCA BCTPEYATHCA ¢ IpoNeccaMu (UAbTpanum B pas-
JIMIHEIX TEXHOJOTAYeCKHX IIPOIMeccax.
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1. Kadenpa aopormapogmaamaxu  HasaHCKOro  yHHBepCHTeTa.
2. Bopucos 10. II.



NPEAMNCIHIOBHUE

ITo moasemuo¥ raso-HeTAHOR IEAPOAMHAMEKE — TeopHH (HIBTpa-
nuE HeTH, rasa H BOAH — GHICTPO PAcTyINel u pasBUBAIOIIEHCH [UCIIAI-
IMHe — CYImEecTBYyeT OOMUPHAA JHTepaTypPa B BHIe BCe BO3PacTAalOIEro
KOMMUYEeCTBA KYPHAIBHEX CcTaTeil M BpeMsA OT BPeMeHH IOABJIAIIIAXCSH
0TeYeCTBeHHKX M NePeBOFHHX MOHOTpadmil.

MoxHO TakKe yKasaTb IepHojAYeckHe COOPHAKH TPYHOB, BHIY-
CKaeMEle MHOTHME He(Tera3oBHMH HAyYHO-HCCIEH0OBATENBCKAMEA WHCTH-
TYTAMH ¥ BHICIIAME yueOHHIMH 3aBeJeHASMH,

Haunmuaa ¢ raaccuueckux pabor aran. JI. C. JleitGensoma — ocHo-
BaTelNsa TUApPONMHAMEYecKod Teopmm ¢mibTpanme Hedrm @ rasa, oTHO-
camuxcsa K 30-M rogam Hamero BeKa, — K HACTOAILEMY BPeMEHH UMEeTCH
6oabImIoe KOJMMIecTBO padoT, KaK 0000Ialomux, TaK ¥ TOCBAMEGHAKX OT-
HeIBHHIM BOIpocaM M Ipob6iaeMaM 9TOH Ba)KHOM NIPHKIANHOM HAYKH.

OcHoBHOH YyueOHO# amTepaTypofl AnA HePFAHHX U HePTEraszoBHX
uacTHTYTOB ABIsTeA KEErd B. H. llenkausesa u B. B. Jlanyka «Iloa-
semrasa ragpasiaukay (Focromrexmamar, 1949), M. A. Yaproro «OcHoBEE
mopzemuaoit ragpasiaukmy (Loctomrexmazar, 1956), A. M. Hupsepnana
«Hepragans mopsemuan ruppasimka» (Asmedremsgar, Bary, 1956),
a tTaxoxe Gomee mosmasas kaura I'. B. Ilsxagesa «IlogzeMuas rugpasankar
(Tocronrexuszmar, 1961). [aa cTymeHTOB Tex YHHBOPCHTETOB, Tje Y-
TAIOTCA CleqMaJbHEEe KYyDCH 10 HePTAHOH NOJ3eMHOR TI'MIpPOTa3OqiHa-
MUKe ¢ H3JI0KeHHeM pasfiedoB, TpeOylomux G4AbmeHd MaTeMaTHIeCKOl
MOATOTOBKH, HEKeJIH BO BTY3aX, HONXOAAMAA ydefHAs JATepaTypa Io
3TOMY HpeXMeTY IOYTH HOJIHOCTHIO OTCYTCTBYeT M CTYHEHTH BHHYHKEHEL
o0pamarsca K KOHCOEKTaM CBOHX JIOKOUH M OPHTHHAJIBHKM paboTaM.

B cBAsu ¢ 3TAM MOKET OKAa3aThCA HOJIE3HHIM MOABJICHHS HACTOAMER
KHATH, B OCHOBE KOTOPOH IeKaT JeKOUM, HPOYMTAHHEE ABTOPOM I
CTYIeHTOB M ACIHPAHTOB MeXaHWKO-MaremaThAyecKoro gaxyabrera MI'Y
uM. M. B. JIomonocoBa m MUHX u I'll mm. M. M. I'y6xuna B nepuop
1956 —1959 rr., a Tawke mpegmpymue Kmurm asTopa «IlonsemHas
rugpomexarukay (Focrexreopmsgar, 1948), ykasamman Bwime «OCHOBH
noxzeMHoO# rugpaBiaukny n magagHe# B 1960 r. 8 MUHX u I'll xpatruit
auTorpadupoBaHHui Kypc «OCHOBH THApPOAMHAMHYECKoH TeopHd ¢uib—
Tpauun HedTH, rasa @ BOJEI».
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Hunra mpegrasHadaeTcAa B KaYeCTBe CHCTEMATHICCKU HMBJI0KEHHOTO
yue6HOTO oCO6UA, KOTOpoe MOTJIO GH GHTH HCIOJL30BAHO HAPANY ¢ HMe-
lomeiica y4eGHoil JATEpaTYy POl JUIAMH C JOCTATOYHOH MaTeMaTHdeCKOH
HOATOTOBKO, MpUOAMKAOMEHCA K YHHBEPCUTETCKON, Kak OpH u3yde-
HUU OCHOB, TaK M 0oJee CJIOKHBIX COBPEMEHHHX BOHDOCOB IoJ3eMHON
neTAHON r'UApPOra30gUHAMAKH,

Bmecre ¢ Tem aBTOp cTpeMmJCcA IOATOTOBHTH ydeGHoe mocoGue,
paccIHTaEHOE Ha NIAPOKUI KPYyTr YMTaTelel ¢ pasIndnoi GuanKo-mMarema-
THIeCKON HOArOTOBKOH, HeM30e)XHO OTpasHIOCh HA CTHIe KHHTH, TaK
Kak ToTpe6oBAIO B BO3MOKHO KpaTKoi $opme HECKOIBKO 6oiiee mogpol-
HOI'0 M3JI0KeHHA BOIPOCOB, XOPOIMO 3HAKOMEIX OJHOH YacTH ayJHTOpHU
1 HeZOCTATOYHO XOPOIIO 3HAKOMEIX Apyroii. Hampmmep, MeTomn Teopum
$YHKINE KOMIIEKCHOT'O e PeMEHHOT'0 B IIPUJIOKEHNHE K 3aJa9aM TeopHH
¢mapTpanun, nHoHATAe 00 OCHOBHEX YpaBHEHHAX MAaTeMATHYIeCKOI
¢U3AKA ¥ T. II. OPUNIIOCH OCBeTHUTH (ojiee MOAPO6HO, TAK KAK 3TH pa3-
IeNbl Kypca BHICIIEH MaTeMAaTAKM U3Y4aloTCA B raso-EeTAHEX BTy3aX
HEJOCTATOYHO TOJHO.

Hexoropue pesyinbTaTel JEYHEIX HCCIETOBAHHNA, B TOM YHCIE W He-
ONyGINKOBAHHLEE, AaBTOD CYeJ BO3MOKHEIM BKIKYHThL B HACTOAMYIO
KHUTY 0e3 CIenWaJbHHEX CCHIOK.

Hpowme Toro, 6s1a ©CH0Ib30BAHA TaKsKe IPUBEJACHHAA B JIATE PATY PHOM
yKasaTelle, HA B Koell CTeIeHH He IIPeTeHIYIOMeM Ha NOTHOTY, CYIECTBY-
Jomas JIHTeparypa.

Kpome Toro, okasanoch HeOOXORUMHIM OCTAHOBHTHCA HA XOPONIO
U3BECTHHX CTYAEHTAM TIaso-HePTAHHX BTY30B OCHOBHHX CREIEHAAX
reoJOrHYeCKOre M T'HAPOrecJoraIecKoro XapakTepa, CBA3AaHHHX ¢ LpPH-
TOKOM K CKBa)KEHAM ¥ paspaboTKod He(TAHHX U ra30BEIX MECTOPOKIE-
HUM.

Krura pas6mra Ha 10 riaB, DOCBAMIEHHHX KaK OCHOBHEIM, OGHYHO
m3laraeMblM pasfgelaM Kypca, TaK M HEKOTOPDHM JONOJHUTeJIbHHM
BOIIPOCAM.

B rnepBoii riase mamaraiorcA BBOJHBIE MOHATHA TeopuH (QuabTpa-
MUA ¥ CXeMH OJHOMOePHHX IOTOKOB Ha MOJeJH TPYOKH ToKa Iepe-
MeHHOT'0 Ce9eHMA. B § 4 aToH rIaBH 3aTPOHYT BOIPOC O pacHpeneleHHU
NeHCTBHTENLHBX CKOPOCTeW JKMAKMX 4YaCTHI, B HoNlePeYHOM CedeHMH
QUIBTPANAOHHOr0 TOTOKAa. BKiIiodeHme »Toro maparpada IpegcTaB-
IfeTcA Ielecoo0pPAa3HHM B CBA3H C HOJAYYaIOMUM IINPOKOe NpUMeHEHHe
MeTOIOM HCIIONL30BAHUA MEUYEHHX TACTHO AJA ICCIefoBaHWA PHIBTpa-
IHOEHHIX TOTOKOB. Hak maBecTHO, PafHoAKTHBHEE N [ PYTHe MHIUKATOPH,
BEOJMIMbIe B (PHIBTPAMUOHHHIL MOTOK, PACHPOCTPAHAIOTCH ORICTpee Ieii-
CTBUTENBHON cpemHel CKOpocTH TedeHUs. 37eCh, HECOMHEHHO, UTpaeT
pPolib, IOMUMO IPOYUX IPHYUH, HePAaBHOMEePHOe pacIpefeJeHHE CKOPO-
cTell KUAKAX JaCTAIl B CedeHHU NoToKa. Taroe HepaBHOMEDHOE pacupe-
MeJleHMe CKOpPocTell XapakTepHO JJIA BCAKOTO IOTOKA PealbHOH JKHAKO-
cru. B caydae PmaIbTpPaNMOHHEIX MOTOKOB dTa CTeNeHb HePaBHOMEPHO-
CTH yBeJHMYeHA 334 CcYeT HEOJHHAKOBOIO pasMepa YCIOBHOTLO paguyca
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MOpPOBHX KAHAJIOB, XapaKTepPU3YIOIeTocA TOH WAM WMHOM KpHBOH pac-
npeeTeHUs.

Bropas riasa moceameHa AudpepeHUNATLHEM YPABHEHHAM TEOPUU
¢unprpanmn. IlepBuie jBa maparpaga comeps:kaT OOKYHEI BHBOH ypAaB-
HeHuil u3oTepMuIecKoi unprpanun. B § 3 —8 caenana momeiTKa mocTpo-
eHMA IOJNHOM CHCTeMH YpPaBHeHHA HeW30TepMUYeCKoH QUIbTpanuu.
B Bume mpmioskeHmit KpaTKoO paccCMOTPeHH HEKOTODHIe 3aad9M TepMUde-
CKOTO BO3JeHACTBHA Ha HePTAHOX WIACT M YKAa3aHHEIE B IIOCJIETHEe BPeMs
9. b. UeraaokoM BecbMa NepPCHEKTHBHHE BO3MOKHOCTH HCHOJDL30BA-
HUS TePMOMETPHM I HCCIeTOBAHUA CKBA)KHH M ILUIACTOB, OCHOBAHHLIE
ma 3Pdexre I:xoyas — Tomcona.

Hax wuaBecTHO, B GouabmuHCTBe 3afaY (PUABTPAIAH MHEPIHOHHBIMH
9IeHAMH HPUHATO IpeHeOperaTh BBUAY OORIYHO 0YeHb MANEIX CKOPOCTEl
redenns. OJHAKO K HACTOAINEMY BPEMEHH BEABUJICA KPYT BeChMa BaKHEIX
M MHTePECHHIX BOIPOCOB, MJsA pPeleHHs KOTOPHX yIeT CKOPOCTHHIX Uie-
HOB OKa3bBaeTcsa HeobOxogumeiM. Clofja MO{HO OTHECTH NBHKCHHE Taza
B KPYIOHBIX TpelluHAX IpH OoJbImioM Hepelale MaBIEeHHA, HCTeYeHUe
raza B CKBa)KHHY Yepe3 Iepdopal[dOHHEIE OTBePCTHA UPH CBOGOTHOM
doHTAHNPOBAHHH, KOTHA CKOPOCTH TEYCHUS MOrYT NPUGAMKATECH K KpPU-
THYeCKNM, W T. I. HakoHen, B 3agagaX pacupocTpaHeHHs KouaeGaHui
B HaCHIMIEHHHX KUTKOCTHIO UIW Fa30M HOPHCTHX CpefaX y4eT HHePIUOR-
HBIX UJEHOB MMeeT IPHHONNWAJIbHOEe 3HAYeHMe, TAK KAK CBA3aH ¢ Ipa-
BUJIIBHEIM OIpeJelleHAEeM CKOPOCTH paclIpOCTPAHEHWA TOr0 WIH HHOTO
BHAA KolebaHWMIA,

AnmapaTtypa BHCOKOH TOYHOCTH, IPDUMEHAEMAas B HACTOSAIEe BpeMs
opn reo@H3EIECKUX METOAAX HCCIHENOBAHAMA, IO3BOJAET PETHCTPHPO-
BaTh BechMa MaJkle KogeODAHUS MABJCHHA M TeMIEPATYpPH, B CBH3N
¢ 49eM HCCJefloBaHAe BOJHOBEIX IPOIECCOB B MOPUCTHIX Cpexax Npuolpe-
TaeT CyMeCTBEeHHHH mHTepec. Takum o6pa3oM, ydeT MHEPIMOHHEIX Wie-
HOB, KOTODHH O00HYHO CYATAACA IPeJCTABJIAIONMIM YUCTO AaKaJeMU-
9eCKOe 3HAUEHWE, BO MHOTAX CIYYAAX MOKET OKAa3aThCA HeoO0XOZHWMEIM.
B cBasm ¢ staM B § 3—8 mam BEBOJ NOJHOI CHCTeMH ypaBHEHHUI — He-
Pa3PHIBHOCTH, AMIIYJbCOB U 3HEPTHHE —— ¢ YUYETOM HHEPUHOHHBEIX WIEHOB,
B KOTOpBIe M3-3a HePABHOMEPHOTO pAacHpefelNeHUS CKOPOCTed dacTuiy
B CeUYeHHWM IIOTOKA BBeJeHBl MONpaBOYHHIe KodPPuIHMeHTH THHA KOo3Pdhm-
nuenToB Hopuoanmca B BHpa)KeHMA TOTOKOB KOJIHYeCTBA [BHJKEHMSA
u sHeprau. HackoxbKo m3BecTHO, monpasku Hopuoauca B 3agagax guin-
Tpamum J0 cero BPpeMeHH He Npefaaranuch. OGHIHO 3TH HoIpaBKu (-
TYPUPYIOT B 3aJa9aX THAPABIUKEA TPYOOUPOBOJOB M OTKPBITHIX PyCed.

s mpocToTH M HamGodbMIel MOCTYNHOCTH U3JMO/KEHHA YKA3aHHAA
cucTeMa ypaBHeHHMH coCTaBIeHA [IA OJHOMEPHOTO ABHIKEHHUS B TPyOKe
TOKA IepeMeHHOTO CeIeHUu A, XOTH, BOBMOIKHO, 3alHCH B BEKTOPHO-TEH30 -
HOit Gopme Gra 65 Goee 9KoROMHOH. C TOYKH 3PeHHS aBTOPA 3TO OIPAB-
HbIBaeTCs TeM 00CTOATeNbCTBOM, YTO OCHOBHBIC IIPAKTAYECKME IIPUIOsKe-
HUS, KaK OPaBUIO, CBA3AHL ¢ OJHOMEPHEIMH HECTALMOHA PHEIMH JIBHKe-
HWAMH — OpPAMOJHMHEWHHIM, ILIOCKO-pafHalbHEIM H pagmaidbHo-cdepu-
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qeckuM. JPpPeKTUBAEIE METOAL pacueTa HeOAHOMEPHLIX HEeCTAIMOHA PHEIX
ABHKEHMI IIOKA YT0, K COKAICGHHIO, OTCYTCTBYIOT NJIS WOAABIAIONETO
00JbIINHCTBA TPAKTHYECKHA HHTEPECHHX 3ajad.

Tperbs, JeTBePTasd M OATAA I[JABH COJAED/KAT H3JIOMKeHHe B 00mEM
Xopomo ys;Ke paspaboTaHHHIX MeETONOB pacieTa HPHTOKA ONHOPOMHOMH
KUIKOCTH K COBEPIIEHHHM W HECOBEDHICHHHM CKBaKMHAM IIPU YCTAHO-
BHBINEMCH pPeKFMe TeIeHHUA.

Ilecran riaBa HocBamena GesHanopHol ¢mabTpanmu. Ha mepsmit
BaraAg OesHanopHEas ¢uIbTpanuA B ra3o-He(TAHNX 3agavyax IpefcTaB-
JAfeT OTPAHHMICHHHH WHTepeC, IOCKOIBKY I'DaBHTANMOHHOE IBHIKCHME
HeTH €O CBOGOHNHOM HMOBEPXHOCTHIO BCTPEYAETCH JOBOILHO PEHKO, HA-~
mpuMep HpH MaxTHOM [obhue Heprm. OfHAKO HA CaMOM fFele 9TO He TaK:
OCHOBHEIM IPH3HAKOM Ge3HANODPHON (PHIBTPANUH MOSKHO CYHTATH YCJIO-
BlUe JIAHEHHOH 3aBECHMOCTH HAlopa HIA HOTEHIHANA TOYeK CBOGOmHOM
HOBEPXHOCTH OT HMX BOPTHKAIBHOH KOODAMHATH. A 3T0 yCJOBHEe HMeeT
MeCTO B 9acTO BCTPEYANINWXCA CJHYydagX TedeHHA B IOPHCTOH cpeje,
KOT/ia IBHKETCA OfHA JKEAKOCTh, COIPHKACAIOINAACA ¢ [PYyroi, KoTopas
gemopBmwkaa. Ha rpannme pasgena ABMKYmeHcA N HeIOIBIKHOM SKUIKO~
¢cTedl HAODP MM HDOTEHIWAJ SBJIACTICH JWHeHHON ¢ymKImMel BepTHKANbL-
HOH KOODAMHATHL.

B ory raaBy BKIIOYeHH YCTAHOBJIEHHHE B CBOe BpEMsA aBTOPOM
HEeKOTOPHE HMHTeIPAJNBHEE COOTHONIEHMA, OKA3aBmuWecH BeChMa IoJe3~
HEIMA TIpE HCCIeX0BAHWHA psAAa 3amad Ge3HAMOPHOH M HATOPHON miIb-
TPamuH.

CempManA TiaBa DIOCBANIEHA OfHOH M3 clIokHeHAmMuX mpolbieMm Teopum
¢aapTpanEE n eme JadeKod OT CBoero MOJKHOTO paspemieHAA — 3aja-
9aM pPaBHOBECHA W JBWKeHUA JBYX >KHZKOCTeH B mopuctoi cpese. C aroit
opo6aemoil cBA3aHEI TaKHe BajKHEe IPAKTHIECKMe 3aJadud, KAaK [BHKe-
HHEe KOHTYDOB He()TeHOCHOCTH, BOJO-HePTAHHX KOHTAKTOB, YCTOMIUBOCTD
BOASAHKX ¥ ra3oBHX KOHYCOB, 00pasyoMUXCA BO BpeMA NPATOKA K HeCO-
BepIIeHHHM CKBajKWHAM, U T. A. BoJIbmMHCTBO M3 HUX pelmaeTca B Ha-
cTOosAIIee BpeMsA UPHOJMKEHHEME METONAMH, OCHOBHEE U3 KOTOPHX NpH-
BefleHH B IiIaBe. []7A HEKOTODHX 3afad YKA3HBAIOTCA CHOCOGH ONEHKM
HCKOMHIX BEeJIM9MH CBeDXY WM CHH3Y, a TAKKe Pe3yJbTaTH COMOCTABIEHHA
MprOAMKEHENX pemeRnil ¢ Golee TOYHBIME.

ITo npocsbe asropa B. JI. [Jlagmiros mai06e3H0 COTAACHMICA HANMHCATH
OCHOBHY® dacTh § 4, B KOTOPOM IpHBEeHO IOJYYeHHOe MM pelleHue
3a{agd O CTATUBAHEM KOHTYDA He(PTeHOCHOCTH C YIeTOM Pa3jIudYnA BF3-
Kocreit medTr m Bojsl. ITa 3agava ceeqena B. JI. JlanuiaoBwM K pemennio
HEKOTOpOTO wmHTerpo-AHPPepeHNNAILHOTO YPABHEHAS CIENAaJbHOTO
BHJA, 970 OBIIO BHITOJHEHO IPH TOMOMH GHCTPOREHCTBYIOMEH 3T KTPOH-
Holt BrrgucauTenbHod MammeH. Ilonydenane B. JI. [larminoBum pesysb-
TATH MOTYT PacCMaTPHBATHCA, KAK MePBHE TOYHHE PACIETH 3TOH BechMa
CIOHOH W MaBHO NPHBJIeKABIICH BHUMaHHME 3aJaYd.

Bocemasa riaasa HOCBAMEHA HECTAMMOHAPHON (HMIBTpAamAN OXHOPOI-
HOH YIpYro#f >KAZKOCTH W rasa. JToT KPYr BOIPOCOB B YacTH 3ajad,



IIpeducaosue 7

CBOJAMUXCHA K JMHEHHHM ypaBHEHAAM yHPYroro pekuma ¢uibTpanmd,
K HACTOANeMY BpeMEeHH J0BOJBHO Xopomo paspaboTad. OTHOCHTeAbHO
Xy;Ke MCCIeJ0BaHH 3aJadd, CBA3AHHHE C HEJIWHeUHHM ypaBHeHHEM
JI. C. JleiiGensona pmias wWecrarmomapHoil ¢uibTpanuu rasosB. B riase
B C}KATOM BHJIe M3JQKeHH OCHOBHHE CBeleHHA, OTHOCAMMeCA K HecTa-
IUOHADHOH (MIBTPAIMM ONHOPOMHON JKUIKOCTH M Ta3a, M HPHBEJCHO
OIMCAHAE HEKOTOPHX TOYHEX K NpPAGIMIKEHHHX METOfOB pacuera.

HeBsatag raasa mocBAmeHa GUABTpANAN CMecell HECKOJBKHX JKHIKO-
cTeit.

OcHOBHOe Coep;KaHEe TIABH COCTAaBIeHO B paMKaXx Teopun Bakies —
JleBepeTTa, NOHONHEHHOW paccMOTpeHMEM OFHOMEPHHX CXeM TedeHHs
B TpyOKe HEPEMEHHOTO CeYeHHA HPH IPOM3BOJIBHOM IOJe MacCOBHX
CHI M B HEKOTODHIX CIYyYaAX € yYeTOM KAMWILIADHHX 3QPeKTOR.

3ajgadn [BHKEHHA B3aMMOPACTBOPHMHX SKHIKOCTel ¥ BOHPOCH
KOHBEKTHBHON mupdys3mEm B HOPHCTHX Cpefax B 3TOH IVIaBe TOJBKO
ynomuHalorca. TeopHA sTHX IPOMECCOB CO3/aeTCA B HACTOsAMee BpeMs
H He MOJKeT CUHMTATECA B Kako#-nmGo mepe sasepmenHoii. Tem me Menee
03HAKOMJIEHH® YHTATEeJNA B OO 9epTax ¢ BHIBOJJOM HCXOAHHX ypaBHe-
HOf QHABTPanNM MHOTOKOMIOOHEHTHOM UAKOCTH IDH HAJIWINH ($a30BRIX
MpeBpalleHUH ABIAETCH, HECOMHEHHO, I@JeC000PasHEM.

9TOT BHIBOA IpHBefeH B § 9, KoTopHii DO ImpockGe aBTopa Idi06e3HO
coraacmruch manucats 10, I1. Hearos u M. [§. PozerGepr. Kpyr samau
TaKOI0 pofa IPeACTABIAET MHTEPEC B CBSI3M C BeCchbMa IePCIeKTHBHEIMHA
7 Pa3BUBAKIMUMECA B HACTOAINEE BpPEeMA METOfaMu HHTeHCHPHKALUA
HedTeZo0BYM OPH HOMOINA BHITECHEHMA CKHKEHHHMH Ta3aMH, IeHAMA
H T, II., He TOBOPA Y:Ke 0 He0OX0IMMOCTH HOCTPOeHUA PU3NIECKHE U TePMO-
IEHAMAIeCKE OOOCHOBAaHHON TeopHH paspaboTKH Ta30KOHAEHCATHBIX
MEeCTOPOKeHRIA,

B mocxemmeit mecaToit riase paccMOTPeHO HECKONBKO CIEIMATBHHEIX
3ajlad BEITECHOHHMA B IOPHCTHX CpeJaX, IIpefCTABIAIONMX ¢ TOIKHM 3pe-
HHA aBTOPA He TOJXHKO TeOPeTHIeCKNA, HO ¥ 3SHAUATENIbHAEH IpaKTAYeC KM
HHTepec — 0cO0EHHOCTH HPOIecCa BHTECHEHAS B MHOTOCIOMHEX IjIacTax
¥ [BU;KeHMe ra30BOT0 00beMa B HEOTDAHWYEHHOM BOJOHOCHOM IIIacTe.
Ilocnemuas 3agaga B TOUHON ITOCTAHOBKE CBOAMTCA K HEKOTOPOH CHCTEMe
HeJMHeAHHX WHTerpo-guddepenrmanbHpX YpaBHEHMI, JAJA KoTopoil
YKa3aH HOpoILecc pelieHH: ¢ J000i jKexaeMoi CTeIIeHbI0 TOYHOCTH M {aHkI
IpuMepH PacdeToB, BHIOOIHEHHHX OHCTPOMEACTBYIONAME BJICKTPOH-
HHIMH BBIYUC/IATEIbHEMA MaIIAHAMH.

s coBpemenHOro 3Tana HeTAHOM LOA3eMHON IMAPOra3oAMHAMUKH,
KaK M NI oCTAJbHHX DPa3feloB MeXaHWKH CINIONMIHEIX cpel, XapaKTep-
HHIM ABJIAETCA CTPeMeHHe II0 BO3MOMKHOCTA IpaBHIbHEe M TOUHee
OTPA3ATH CJHOAHYI0 KapTHUHY SBIeHHH, BO3HHKAIMUX IHPH [IBH:Ke-
HUH ogHO$A3HMX ¥ 0C0GeHHO MHOro(asHbIX >KHEKOCTeH B TOPHCTHIX
cpenax. Hiaccuueckas Teopusa ¢uabTpamay OXHOPOZHOH KHLKOCTH,
OCHOBaHHAA Ha 3aKome Jlapcu u paccmarpuBaemasn cormacuo H. E. Hy-
KOBCKOMY Kak 3ajiada ABIKEHUA WIaNbHOM JKUAKOCTH B HoJe OCOGHIX
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MAacCOBHIX CHJ COIPOTHBIEHHA, MOCTeNeHHO IOpeofpasyeTca Ha HAmNX
rirazax B QH3MKO-XMMATECKYIO NOA3eMHAYI0 T'HPOra3ofuHAMAKY, OpPTaHH-
gecKH COIeTAIONIYI0 KaK JKCIEePUMEHTAJBHEIE METOAH H pe3yJbTaTH,
TaK M AHAIHTHYECKHE METONH MEXAHHKH CIVIOIIHHX Cpefl, BKIIOYasd
0 BePOsTHOCTHEE.

Cospmanne ob6obmatomeit MoHOTpagum WK PYKOBOACTBA IO (QH3IMKO-
XUMHYECKOM TO3eMHOM THiporasofUMHAMUKE SBIAETCSH XeJIoM Oiuskaii-
mero Oymymero.

Artop craBul ceGe ropasmo 6oiee orpaHWIeEHYIO B CKPOMHYIO 33739y .

CoBpeMeHHBIH pPazMax HAYTHO-UCCIENOBATENbCKOHN PAa0OTH 110 BOHPO-
caM MOJ3eMHOH TMEPOrasofUHAMUKHE MOKHO IIPE/ICTABUTH cefe X0TA OhI
u3 Toro dakra, aro B Kuure A, 3. lllefizerrepa «Pusuka Te9eHAA HKUIKO-
cTeil uepea MOPHUCTHE CPeAbIy, usKaHHoi B 1957 r. u mepeBemenHoit Ha pyc-
crmii A3uk {(Tocromrexusnar, 1960), caenana HombITKAa 0600IEHUA MaTe-
puasior Goxee 2000 pa6or. Crex mop MoABHJINCH COTHH HOBBIX HCCIEL0BA-
muit. Xota GoasmuHcTBO pabor mo ¢masrpanuu pedepupyerca B pedepa-
tusHOM ypHAIE «Mexamuka» UucTuryTamaysnoit uadopmamuu AH CCCP,
B sxypHame «Applied Mechanics Reviews», a TakKe HEKOTOPHX Epy-
rux uH(QOPDMAIUOHHHX COOPHUKAX, COCTaBleHHe Yyde6Horo mocobus,
OCBeMAIOIET0 COBPEMEHHOE COCTOAHWe MOA3eMHOH HeQTAHOH TIuapo-
rasofHHaMUKH, ABIAETCA KpaliHe TPyAHOIN 3amadeil, OpU BHIIOJHCHHH
KOTOpOl HeM30eKHH IpoMaXu M Ipobeiasl, 3a KOTOPHEe aBTOP 3apaHee
TPOCUT CHUCXOMIEHUS.

3uaveHnme IOQ3eMHON TUIPOTa3ofNHAMMKE He TOJBKO JIA COBPeMeH-
HOM TeXHMKHM FoOnIIM HedTH W rasza, HO W JAA pAma XPYyrux obmacrei
HPOMBIIIIEHHOCTH TOCTATOYHO X0pomo uaBecTHO. llosToMy Bo maberxanne
H3JIMIIHeIo yBeJndeHUA 00beMa B KHUIY He BKJIIOYEHO BBEJEHHE C H3JI0-
JKEHUEM 3319 M MCTOPHYeCKMM OJePKOM BO3HHKHOBEHUS WM PAa3BUTAA
3TOI IUCIUIVINHE, TeM 0oJiee UTO BTH BBOHHHE PA3NENHl TOCTATOYHO
[OJHO OCBEIIeHH B MMeIoIieHcs JIuTepaType 0 MOABEMHON I POTra3ogu-
HaMHKe, B TOM 9Hucle U y9e6HOIL.

ApTop BEIpakaer OmarogapHocTh fou. B. A. EBTokumMoBoil 4 GHIBIINM
acmupanTam Kadenpsl obmeil u mopsemuoil ruppasiukg MUHX u I'Tl
um. V. M. I'y6rura, kaag. trexa. sayk I'. . PosenGepry n Usns YWsnyn-
CAHY 3a CofeHicTBMe B HOATOTOBKE MaTepHAaJ0B, MCIONB30BAHHEIX IPH -
cOCTaBIeHNE HacToAme# kauru. Oco0yo HpU3HATEIBHOCTH ABTOP BHpa-
sxaer acnmpanTam A. M. Baacosy, Jlag Wkan-cuny u B. M. EuToBy 3a
6obmMyo NOMOMB NPYM HOATOTOBKE KHUTM K IeYaTH.

ABtop Oaaromaput Takme pernensentos upod. I'. T'. Tymamera u co-
TPYOHHKOB Bo3riamisemoin mMm kadempsr ruppomexanmkd Hasamckoro
rocynapcTBenHoro yrmBepcurtera um. B. M. Jleruna m jg-pa Texn. mayk
I0. II. Bopucosa 3a BHCKasaHHble MU 3aMEYAHUA M IOMKeJaHHA, KOTO-
phle OBIIM YYTEHH B OKOHYATEJBHON pENAKIMK KHUTH.




I'TABA I

OCHOBHDBIE ITOHATUA TEOPIU ®UJILTPAINN

§ 1. Hopucrasa cpepa. CeBaAsp ckopocTH (PuasTpammn
¢ JlefiCTBUTENbHOi (PU3UYECKOH CKOPOCTHIO YACTHI, KNIKOCTH.
3axon Jlapcn. Hoasdpunuents GuiabTpannyu ¥ mpoOHHOAEMOCTH

Qurbrpanueil HA3HIBAETCA [BIKEHHE JKUAKOCTH B IOPUCTOR cpepe.
Jas Toro 9T06Bl OINCATH BTOT WIPOLECC KOAWIECTBEHHO, HYKHO BBECTH
HEKOTOPYI0 CXeMAaTH3AMMI0 HOPHUCTON Cpejs.

IMox mopucToit cpemoit mogpasymeBaeTcs MHOKECTBO TBEPAHKX IaCTHII,
BeChbMa TECHO NPHIeralomux apyr K qpyry. Ilycroe mpocrpancTso meskny
HHMU MO’KeT ORITH 3aMOJHEHO JKUAKOCTHIO WJIH Ta3oM.

Ecam B mopucTtoii cpefie, cofiepskalliel KUNKOCTHE HMJIM Ta3, Oyaer
C03[aH TPaiMeHT HANopa, T0 HAYHeTCA ABH;KeHUE JRUIAKOCTH B HAaIlpaBie-
pnE oT GOJBIOIOTO HaMopa K MeHBMeMY — (QUIhTpamusA.

OCHOBHBIM CBOMCTBOM SKHUTKOCTH, KOTOpOE€ BiaugeT Ha ee (QIIbTpa-
HUI0, SABJAETCA BA3ZKOCTD.

IIpu ¢umaprpanuu mIomagb COUPHKOCHOBEHHA MERAY KEIKOCTHIO
Y TBepHAbIMH 9YACTUIAME OTPOMHA.

Ecan cocumTaTh cyMMapHylo MoBepxHOCTH mecumHok B 1 M3
HOPOXE, TO HoXy%dTesT orpoMuas mudpa, mopapka 10000 w2 tHug-
KOCTH UPUXOIMTCH, TaKMM o00pa3oM, IpeoJoJeBaTh OTPOMHYI0 CWIY
TPeHHUs, a TPeHHe MEKAY JKUIKOCTHI0 M TBEPAEIM TedoM O6YCIOBIEHO
BA3KOCTBIO.

Kpome BaskocTH, MOBepPXHOCTHO-AKTUBHBIE CBOHCTBA TaKyKe BJIHAIOT
Ha nponecc GuiabTpaIuu.

Umerorca srcuepumentr @. A. Tpeouna, M. M. KycakoBa u gpyrux
[1, 2, 3], KoTopie YKa3HBAKOT, YTO PAL 0GCTOATENBCTE QUIUKO-XUMU-
9eCKOTO XapaKTepa TaK:Ke BJuMAeT Ha mponecc ¢uabrpanuu. Bogee
moApo0HO 3TO PpaccMaTpuBaeTcsi B KypcaX ©OuU3NKA HeTAHOrO miia-
cra [3, 4, 5].

Hepeitmem ® xaparkrepucTmre mopucroii cpefum. Ilopmcran cpega
NpeAcTaBieHa OGHYHO COBOKYIHOCTBIO 4YacTHI[ pasHoobpasHoil ¢opMEL
¥ Pa3JIMYHEIX Pa3MepoR.
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B HeKOTOPHX CIydYasX eCTeCTBeHHHE IJIACTHl CJIOKEHHI TaK ILIOTHO,
qyro ¢mAbTpamUA, KaK TaKoBasg, KpaiiHe He3HAYHTENbHA M He HUMeeT
IpaKTAIECKOro 3HAYeHHH.

TeM He MeHee CKBAKWHEI, KOTophie NpoOypeHH B Takoii Hopoge,
mHOTrAA KaoT HedTh, BOAY WK ra3. ITO MOKeT GHThL 00yCIOBIeHO TPemu-
gopaTocTh0. Takmm ob6paszoM, HOMEMO QUIBTPANMHA, BO3MOKHO JBHKe-
HMe SKEOKOCTH B TpemuaHaX. JIBM)KeHHe B TpellMHAX NpubaMKaercs
K ABWxeHnIo B Tpybax. Hugkocth
IBHOKETCA, KaK MOTOK, TeKyulmi
B Tpyfe NIPUMXOTAMBOH (OPMEIL.
Mu 6ygem paccmaTpmBaTh B
OCHOBHOM (UABTPANWOHHEE 3a-
NagH.

RS IS R . Ipome Bcero XxapakKTepHCTH-

3 e R R p, XY nopflcwoﬁ Cpeisl JIaTh Ha Cle-
: NEYAS ) I I aylomeil ¢usudeckodl Mopeau.

/ IlpegcraBum cebe TpyOKYy,

ABIAMYIOCA MOZENBI0 Ia3oBOTO

uian medranoro miacra (puc. I. 1).

Pme. 1. 1. Mogeasr mopucroii cpextt — Taxme Mogend MAPOKO HCHOIb-

Tracra. 3YIOTCA B J1a6opaTOpHOH M dKCHe-

puMeHTANbHOK HpaKTHKe. Ilycethb

Tpy6Ka 3aloJHeHa IOPHCTOH CPefoH W [0 Npe/ella HACHIEHA KUIKO-

cThlo. IlpemmonosKuM, 9T0 B JBYX CeYeHMAX TPYOH CO30aHB Pa3HEe
TaBICHHA p; U p,, OPAYEM HaBJeHWe p, Golbmie, 4eM JABJICHEE p,.

Tlog meiicTBHeM PAa3HOCTH [aBJAEHHH KMAKOCThL HAaYWHAET [ BU-
raThes.

Baxgeiimeii XapaKTepHCTHKON HOPUCTOH Cpegbl ABIASETCA HOPH-
crocth . Ilof HopucTOCTHIO HMOAPAa3yMeBaeTcH OTHOINEeHHWEe ob6beMa Iry-
¢10T Vyyer Ko BeceMy o0bemy V mnacra: m = Vyger/V.

OueBugHO, MOPHCTOCTH 3aBHCHT OT IeOMEeTPUM TACTHI[ B OT CXEeMH
HX YHKIAZKH.

B pame ciydaeB TBepanle 3epHA IOPOAE O0BONAKKBAKTICH TOHKOH
IIeHKOH, OCTAKIeNdc HEeNOABMKHOM Ipu OGHYHHX IPagHeHTaX IaBie-
aua. B sToM ciayvae HoEBWKHAA KUAKOCTHL Oyder 3aHWMarh o0beM,
HeCKOJIBbKO MeHbmHAN Vyyer. HpoMe Toro, B peanbmoil mopuctoit cpene
GHIBAIOT TYIHMKOBEE HOPH, B KOTOPHIX BV KEHHE JKUAKOCTH 3ajep;Ku-
BaeTcA BBuIY oOpasoBaHuA 3acrolimbix obmacrteii. Takmm o6pasowm, mHa-
DALY C TeoMeTPHIeCKOl IOPHCTOCTBIO, OIpefeJeHHOHd BHINe, YaCTO
MONBL3YIOTCA TOHITHEM IMHAMAYECKOIl IOPHUCTOCTH, HMOXPAasyMeBas IOf
Hell oTHomeHHEe 00beMa, 3aHATOr0 IOJBUKHOU JKMIKOCTBIO, KO BCEMY
o6bemy mnacta. B pganbHelimem Iox IOpHCTOCTHIO OyAeM Iofpa3yMe-
BaTh AUHAMAYECKYI0 IOPHCTOCTH. [[JI pealbHHIX IUIACTOB — KOJJIEKTO-
poB HedTH, BOAH MJIM ra3a — 3HAYEHUA m oOHYIHO Je/KaT B Mpejesax
0,15—0,22, mpuueM, KOHEYHO, BO3MO:KHHl 3HAYUTEJIHHBIE OTKIOHEHUHA
B Ty ® JIpyI'yI0 CTODOHY.

—=dz
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B koHme mpomioro cToieTHA aMepHKAHCKHWHA Tmaporeosor Yapabs
CauxTep paccMoTpes HAATH3WPOBAHHYI0O MOJENb TPYHTA, COCTOAILYIO
1i3 MAapUKOB OJMHAaKoBOro paxmyca. I'pyHT, COCTaBIeHHHH H3 DIapu-
KOB, HaskBaeTcA QUKTHBHHM. B 5ToM caygae, 09eBHAHO, HOPHCTOCTH
OyneT 3aBHCeTh OT CXeMH YKIQJKd MAapHKOB, HO He 0T HX pa-
amyca.

IIpn cxeme, nokasammoit ma puc. I. 2, ¢, TmopucrtocTs OygeT Ham-
ooabmas. Horma ke B mpoXodHOM ceueHHU 00pPa3yOTCA KpHBOJIUHENHbE
TpeyroasHukn (puc. I. 2, 6),
MOPUCTOCTE OyOeT  COOTBET-
CTBEHHO MeHbIIe.

Cauxrep paccMaTpHuBai
reoMeTPUIeCKYIO 3a7a9y O TOM,
KaK CBA3aHA IOPHCTOCTL C yr-
JaM#, o0pa3soBaHHKIMHA pau-
ycaM# 3TUX CONPHKACAIONIAXCH
umapos [6, 7]. ®opmyna Cmmx-
Tepa A OoNpeleJeHUA HODH-
CTOCTU JaeT 3HAYeHHA TOPH- Pme. 1. 2. CxeMH yKiagkm cdepraecKux

a ]

cTOoCTH, UpHOMHKAOIMHeCH K 3epeH.
peaIbHBIM. a — Hauboxsmad OOPUCTOCTh; 6 — HAMMEHb-
Bepaemcs K  [BWKEHHIO masg NOPACTOCTD.

JKUJKOCTH B TpyOe, 3amoJIHEH-

HO#l TBepArMu dactumamd. (OGosHauuMm depe3 f INIOMALL IOIEePEeIHOTO
cedennsa Hamero mracta — Tpy6m (puc. I. 1). Bymem cuurars KEIKOCTD
HEeCKUMaeMoH.

OueBHHO, MKHUIKOCTh JBHIKETCA He depe3 BCIO INIOMARhb f, a TOJABKO
49epe3 IUIONIAAb IIPOCBETOB fnpocs, KOTODYIO MOKHO CYATATH JKABBIM
cedeHWeM IOTOKA.

BenemerBre odeHb Goabmoro 9HCIa YaCTAIN W3 CTATHCTHUECKAX
COO0pasKeHAA MOKHO CYHTATH, 9TO BO BCeX CeYeHHAX TPYOH IUIOMALb
fopocs OyHeT WMeTh WIOCTOAHHOe 3HAYeHWe, HECMOTPA HA Pa3IHIHYIO
KOHPUrypanumo JacTHO B 3THX CeYeHHAX.

Odenb Ba)KHHIM HABJIAETCA NOHATAe CcKopocTH ¢uabrpanum. Ilof
CKOPOCTHI0 QUIBTpAINA W NMOApasyMeBaeTca JaCTHOE OT JAeJeHHA 06heM-
goro pacxofa Q Ha BCIO ILTOmAjgb WiIacta — TPyou f:w = Q/f.

OueBuanao, CKOpoCcTh QUILTPANWHE W He ABIAETCA [AeHCTBHTeJLHOM
CpefiHeH CKOPOCTHI0 ABW;KEHHA B SKUBOM CEeYEHHH.

WctnrRasn cpegmas CKOPOCTb Wpeners (AHOTAA OHA HA3HBaeTcA QH3H-
9eCKOM WJIH [eMCTBATENBHOM CKOPOCTHIO IBVIKEHHA) TOIYIATCA, eCid
pacxon (Q pasmeauTh HA IJIOMAXEL NIPOCBETOB frpocs. 1AaK KAK IUIOMATb
IpocBeTa Bcerga MeEbIIe INTOMAnM CedeHUA Iacrta f, To AeHCTBHTENb-
Hasg CKOPOCTh ABH;KeHAA OymeT Golabime CKOPOCTH QHILTPAIHAH:

= —Q > ——-—R =w
Waeiicrs = Jepacs F
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IlepBoii 3ajgaqeil ABIAeTCA yCTAaHOBIEHHEe CBASM MEKAY W U Wyepcrs-

JTo MOKHO cHeJarb ciaegymomum obpasom. IIposemem nBa ceuenmsa
Ha paccrogHuA dr mpyr ot japyra. llpealiomoskuMm, 9To JKMAKOCTE, 3a-
DONHAKIIAA INIOWAgh IPoCBeTa, NepPeMecTHIAach H3 ONHOTO CedeHHS B
npyroe 3a BpeMs df.

O6meM srkupkoctu dV, KoTopHiH ymameH H3 00JaCTH MEXKAY STHAMHU
ABYMSA CeYeHUAMH, MOJKHO PACCYHUTATH TaK: ¢ OMHOH CTOPOHH, 3TOT 00BeM
paBHAeTCA MpPOW3BEJIEHHI0 PACX0Aa HA BpeMA; ¢ APYTOH CTOPOHH, OH
ABIAETCA 06beMOM IIYCTOT, KOTOPHIH HAXOMUTCA BHYTPH 3JEMEHTA ¢ IIIo-
majbo cedenus f u gaunoi dr. Orciona

dV = Qdt = mf dz,
OTKyZa ciaegyeT
Q dr

7 —m—dt .

Ho dz/dt — peficTBHTEIBHAA CKOPOCTH ABM:KeHNA, a /f — cKOpoCTH
dunsTpanuu.

Taxkum o06pazoM, CKopocTh (UIBTPAIMN W PpaBHA OPOU3BEIEHUIO
MOPUCTOCTA 7@ Ha JAeHCTBHTENBHYI CKOPOCTH [BIDKeHHA WaW HA $u3@A-~
YeCHKYI0 WJIH HCTUHHYI CKOPOCTh IBHKEHUA:

W — MWyeiicTs- (I 1. 1)

Orcroma ellfe TONXYYaeTCA, ITO TLIOMIAAB HPOCBETOB, eJeHHaA Ha BCIO
ILIOMIANh, PaBHAETCA MOPUCTOCTH: HelicTBuTeabHO, yunmthiBag (I. 1. 1),
nMeeM

w _ Q

Jnpocs m mf "’

Wrejiers —
OTKY/3

f"%% —m. (1.1.2)

Ilpocrenmeit reomerpudeckoil XapaKTepHCTHKOH NIOPHCTOH Cpeasl
aBxsaercda adpPerTHBHLIH fuameTp dactur rpynta. OH oIpefeliseTcA B pe-
3yJabTATe MEXAHATIECKOr0 AHAIM3A,

I'pysT mpocenBaloT 4epe3 Ha6op CHT ¢ PABIMIHON ILIOMAABIO OTBEP-
ctuii 1 oTMeYa0T QpPaKIMUN, KOTOPEE HPONLIX CKBO3E OJHO CHUTO M 3aJep-
JKAMUCHh B JAPYroM, KOTOPHIe IPONLIM Yepe3 ABA CUTa M 3afleD:KalHCh
B TPeTheM H T. 1.

B pesyxbraTe moay4aloT KpuUBYI (PPAKIUMOHHOIO COCTaBa, KoTopad
HMeeT MpuMepHO BUA Kpuboit (puc. I. 3).

ITo ocm aGemucc OTKIAABIBAIOT IOCIEJOBATENBHO BO3pacTapIlde Aua-
MeTPH YacTHI Kaykod Pparund, BeNHINHH KOTOPHX HAXOMATCA B MH-
repanax 0 —di, di —ds2, do —ds ... m T. §., MO OCH OPAMHAT — CO-
nepxanne (% ob6bemu. waum % Bec.) Pparnmii, MCHBMUX JAHHOTO AHMA-
MeTpa.
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3aTeMm ycioBHO BHIGUDAIOT cpe/{HUH, HanGosee XapaKTepHEHA AuaMeTp
gacTall, 0003HATAEMEIH (og.

CymecTByeT MHOTO CII0c060B BeGOpa 3TOro cpefHero >POeKTUBHOTO
aHaMeTpa. ITH CIOCOGK ommcawnl, B 3actHocTH, B KEMre JI. C. JleitGen-
soHa [6] m B gpyrax pyxosomctBax [8].

Yacro musa ompeneneHust dsg DOIB3YIOTCA GopMysoi Reca cpemmeit
9aCTAIBL .

S 5%
daq)zl/ = (1.1.3) 400t

7 ?
2ni

rae d, — cpeguuit AnaMeTp ¢parmmu Ho- sot
Mepa i; d;= —;—(dl 4+ d;) — HOXyCyMMa

kpaitamx sHavenmii d;, d;, AMaMeTpoB BTOIH 0t
¢paxomEn.

MNmeetcs u psag Apyrux cuocoboB ompe-
nedennsa 3gHeKTHBHOTO JuaMeTpa. 40

IPPeKTHBHEIA JHAMETD ABJIACTCA BasK-
HO#, HO He WCYepIHIBAIONled reoMerpude-
CKOI XapaKTepHCTHKOHM HopucToit cpenmnt, 20t
IOTOMY 4YTO OH JaeT IPefCTABIEHHUE TOJb-
KO 0 pasMepax 3epeH, HO He 00 ux gopme,
ePOXOBATOCTH, CXeMe YKJIAaJKu U T. X. 0 ] 7 7
Ecau B3aTH 1Ba 06pasma mopucToil Cpessl d, MM
¢ ONMHAKOBHIMHM »(QQPeKTHRHEIMA ITHAMET-
pamMu, Ho ¢ pasawdHoil dopmoil 3epHa
M pPa3IMIHOd CTPYKTypo#l ykaagkum, to Pme. I. 3. Kpmsaa rpanynomer-
$IIbTPARMOHHBIE XaPAKTePUCTUKA ¥ HUX PHMECKOTO COCTaBa TPYHTa.
OynyT pasiauvyHEE.

Takmm oGpasoM, [IA oIpefielleHHA TIeOMETPUYECKON CTPYKTYpHE
HODUCTOH cpeXbl, KpoMe IOPUCTOCTH M 3PPeKTHBHOrO AUAMETPa, HYHKHEL
ToNMOJIHATEAbHEe OOBEeKTUBHEIE XapaKTepHCTHKH. MMeeTca pam mcciae-
NoBaHU, TOe NeaaloTCA OOOBITRY M3YYeHUS TeOMeTPHYECKOH CTPYKTYPHI
B BHAe TeX MW MHBIX KPUBEIX pACHpPefeeHHs PasMepoB IOP IO yCIOB-
HBIM papuycam (3, 4, 9]. Cuenyer otMeruth Tamske paGory A. @. Boro-
mosoBoii m H. A. Opxosoit [10], 8 KoTopOil JaeTca o0beKTUBHLI MeTOX
OlIpefleJIeHNA KPHUBOUl pacHmpejfelieHHs pPACCTOAHHN MEKAY COCeIHMMM
TBePABIME 3¢ PHAMU IOPOAH IyTeM CIeOUAJBHOro oOMepa miaudos mMopo-
IBl TIOK MHUKPOCKOIIOM.

Kpusasn pacupegenenma ycIoBHRIX pajuycoB Hop TI0 MX pasMepaMm
00LIYHO TpefcTaBIAeT c0o6OI KPHBYIO, II0 ocHu abeciuce KOTOPOR 0TJI0KeH
paguyc r mOpoBOTO KaHAala, YCIOBHO HOPHHHMAeMOr0 KPYILAEIM, a HO
ocu opAamMHAT — INTOTHOCTH pacHpedeidenmss paguycos v (r) (puc. 1. 4).
IlaoTHOCTS pacmpesienennsi pagmycoB v (r) ompefenseTcs, Kak OGLITHO
B TEOPHH BePOATHOCTH M MATEMATHIECKOH CTATHCTHKe, IIPOU3BeNeHHEM
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v (r) dr, OpefcTaBIAIUM €060l OTHOMEHMEe UUCJIA MOPOBHX KaHAJIOB,
pajHycH KOTODPHIX JeKaT B Hpedesax MeKAy r # r - dr, k¥ obmemy
qHCJY HOPOBEIX KAHAJOB, NMEpPeCeKANMX NHOHEPEeUHOe CevYeHre MNCCe-
ayeMmoro obpasma mopucroil cpefn. TaruMm ob6paszoM, HO OLpeleNeHHIO

Oj?v(r)drzi.
0

Takue KpuBHe OOHYHO MOTYIANTCH DKCHEPHMEHTAIHLHO B Pe3yIIb-
TaTe MCCIeJOBAaHAS KPUBHIX KaNWJJIAPHOTO HABJIeHAS IPH BHITECHEHHH
OJIHOM JKHAKOCTA APYrofl M3 MOPHCTON CPeRH ¢ Mocaegylomeil oOpabor-
Kol Mo usBecTHO! opmyle Jla-
maaca, CBA3LIBAIOMEH pajuyc Ka-

NWIIApPa U KaNWaaApHoe JaBje- J
mue [3, 9, 10]. Boobmie sxe Kpyr :
vir) N
Q=
1t i
= :
~
g 7 0
Puc. I. 4. HpuBas pacupefenesus Puc. I. 5. Cxema onmnTa K BHBOAY
pasMepoB HOp 0[O MX YCIOBHEM sakona Jlapcm.

pagmnycam,

BONPOCOB, CBA3AHHMIX C I'eOMETPHUIECKOd CTPYKTYpoill HopHCTO#l Cpejs,
BHSICHEH elle JajleKo He JO0CTAaTOYHO, U 3fech IPeACTORT Gosipman paboTa.

Ocuosuofi sagageit Teopuy PUALTPATHA ABIACTCA yCTAHOBICHUE 3a-
BHCHMOCTH MEKIY PacXoJaMM, KOHTYPHHIME HaBJICHHWAME, DasMepaMa
M CTPYKTYpoil racta 1 uangecKUMu cBoHCTBAMEA TeKYIIAX B HEM 3KHAKO-
cTeil.

OnHEM U3 OCHOBHHIX 3aKOHOB TeopHH (UIbTPANUN ABASETCH YCTAHOB-
sennniit B 18506 r. saxon JJapcu, maromuil cBA3h MeKAY IOoTepel Hamopa
Hi — H: u 06beMHEIM PacXofoM KAAKocTH Q, Tekymieir B TpyOKe ¢ II0-
a/[bI0 olle PEYHOTO CeYeHUs f, 3aMOTHeHHOMN 110 pucToi cpefoi (pumc. 1. 5).

Hamop amsa Hec)kUMaeMOW JKEJKOCTH HMEeT BWA:

2
H_zi P 42
+5 T %

rjge z — BHCOTA UOJIOKEHHA; -—;L — IIbe30OMeTpHu4YeCcKas BHCOTA; Yy —

O0BeMHHA BeC, U — CKOPOCTh [BUKeHHM: KmAkocTH. Tark Kak UpH
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dunbTpamEM cKOPOCTH U OGHYHO BechbMa Maja, TO B JajdbHeileM 1OJ
panopoM OyJeM NOHWMATH BeJIWIHHY

H=—z+ 2
+ Y
2
npeHebperag BeJJMUAHOH CKOPOCTHOIO HAmopa —;g—.
3aror [lapcm mMeeTr BHJ:
H,—H.
Q=c ey, (L1.4)

rie ¢ — KospduImmenT NPONOPIUOHANBHOCTA, HA3HBaeMHH Koaddmmm-
entoM QmibLTpanuu.

3akxor JlapcH mOKAa3EBaeT, IT0 MEKAY HoTepedl Hamopa M pacXofoM
CYOieCTBYeT JHHEeHHAA 3aBUCEMOCTH. lIpH NOBHIIEHHN CKOPOCTH JABHKe-
HUA JKAAKOCTH JUHEHHOCTH, T. e.
sakon [lapcm, mapymaerca. Hpa-
TepHeM CUpPABEJJMBOCTA 3aKOHA
Hapcu oGRHYIHO CAYKHT COIOCTAB-
nenme dnciaa Peinonsaca Re =

ua
=-TQ ¢ ero KpuTHYEeCKHMM 3Ha-

YJeHHeM mmoc KoTopor
eHue Rexp, mocze xoropo % Ppue. I. 6. Cxema (UILTPALHOHHOTO TO-
JAHEUHAA CBA3L MY, HOTEPEM  yox3 5 Tpy6Ke TOKA IIEPEMEHHOTO cede-

HAIlopa M PacXofoM HaPYMaeTCd. HHA,

B Bupaskemunm gucia Re: o —

ILIOTHOCTh JKHAKOCTH; . — ee abCONIOTHAR WIM JHHAMHIECKAs BA3-
KOCTh; ¥ — XapaKTepHas CKODOCTHh TeYeHHS; ¢ — XapPaKTePHHHA Teo-
MeTpH9IeCKHAl pasMep HOPHCTOH Cpef, KOTOPHi pa3HEEe aBTODPH OHpe-
OensawT do-pasmomy [3, 11, 12, 13].

Sanmmem 3axkoH Japcu B pguddepenmmanpHOi dopme. B obmem
caysae H = H (s, t), rie s — paccTosHHe BIOJH OCH KDHUBOJIMHEHHON
Tpy6ru Toka (pue. I. G); ¢ — Bpems.

HMonbayscy ¢opmymoir (I. 1. 4), moxmo zakom Jlapcu mepemmcarh
B BHjE

Q. H(s,)—H(s+As,t) oH
w_T—igl-ino As =—C—7- (I.1.5)
HIA B BEKTOPHOH ¢opMme
w=—cgrad H. (1.1.6)

Kosdpduupment dunbrpanmm ¢ xapaKkrepusyer cpefy H sRUIKOCTH Of-
HoBPeMeHHO. IJTOT KoadpduuumeHdT OOHYHO MCHOABL3YeTCA B THMIPOTEeXHH-
YeCKMX pacyeTax, Ijje NPHXOHUTCH HUMETH Hedl0 ¢ ONHOH JKUTKOCTHIO —
Bofofi. B reopum ¢miprpanum HedTH m rasa Heo6X0oAEMC pPa3eNUTh
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BJINAHHUE IIOpI/ICTOﬁ Cpefinl 1 BAWAHUE FAHUAKOCTH. HOBTOMy 3aKOH Jlapcn
3alUCEIBaeTC O00OHYHO B HECKOJBKO MHOM BHJAe, a IMEeHHO

w— — ky O0H
p o 0Os
niu
k ap
w=2 2L, (1.1.7)

e W — abconloTHHE KodoammeHT BABKOCTH; Y — OOLEMHEH Bec
AHAKOCTH; Kk — KondPuIueHT DPOHMIAEMOCTH, XapaKTepuaylomui cpe-
ay; p = yvH — npusepennoe papnenwe. OYeBHAHO, 9YTO UPUBEJEHHOE
JaBleHpe COBIajaeT ¢ MCTWMHHEIM npu 2 = (.

B ¢dusnueckoit cmereme emguHun [k] = cu?. B cmemanHo# cucreme
equant, xorma [pl = kl/cu?, [p] = 0,01 2/cm . cex = 1 ens, [s] =
= cm, k usmepsierca B papcu. O9YeBHIHO, 4TO IPH U POHUINAEMOCTH
1 0, BaskocTu, paHOH 1 cns, nepenane nasnenna 1 xl'/cu® Ha 1 cu u wio-
manu cewenns, pasHoit 1 em?, pacxon Gymer paBeH 1 cu3/cex.

CBsA3b MemIy IPOHWIAEMOCTHI0 B (U3MIECKOH M CMEIIaHHOW cHCTe-

1 _
Max eJMHMI] BHpPaykaeTca cooTHomeHneM 1 0 = mm 8 cw2. Toicad-
2
Hast JOJsA Japch HA3HBAEGTCA MHIIHAAPCH.

W3 cpapuerusa (I.1.4) u (1.1.7) noxygaem

PRA (1.1.8)
w

ITpounnaemMocTh MeCIAHKX KOILIEKTOPOB OOKYHO HAXOAWTCH B Ipelenax
k = 100 = 1000 #0. ITH UpeHedH MBIAATCA CYrydo YCIOBHHME, TAK
KaK BO3MOYKHH 3HAUWTEIbHEE OTKJIOHEHHA B Ty U JAPYLYH CTOPOHY.
Kpaiine Masofi UIpPOHHIAEMOCTH) XAPAKTEPU3YIOTCH TJHHEL (TH-
csAYHbIe oM Mutugapeu). Bo MHOTHX ciyJasX OHH CIATAIOTCA HEUNPO-

aunaemeivu, k£ = 0. ,
IIponunaemocTs OIpefesAeTCA TeOMETPUIECKOM CTPYKTYpoil HopHU-
CToif cpelH, T. e. pa3MepaMu H PopMOR YACTHUI[ U CHCTEMOI HX YHAKOBKH.
WmMeeTcst MHOKECTBO MOTBITOK TEOPOTAICCKHN YCTAHOBUTE 3aBUHCUMOCTD
IIPOHMIIAeMOCTH OT 3THX xapakrepuctuk [3, 6, 7, 11], ncxonsa u3 3akoHOB
Ilyazeiinsa maa namumEapHOoro ABwKeHus B TpyGax m Crokca gasa obre-
KaHUA 9acTUI[ UPH TOH WIM MHOH CXEeMATU30BAHHON MOZENH HOpPHCTON
cpennl — HaGop cdepudecknx gacrtun (Ppumxrusamit rpyHT Camxrtepa),
cmeTeMa IapaieJbHHX KaOWAAAPOB (WpeanbHb# rpyET) m T. A. Ilo-
CKOJNBKY peayibHBE I'DYHTH, KAK IPaBWIo, He YKIAAHBAIOTCA B PaMKH
STHX TeOMeTPUIeCKHX Mofejeill, TeopeTuUYecKHe pacYeThl MPOHUIAEMOCTH
HeHaAe KHH. IloaroMy OGEHYHO HpPOHMIAEMOCTH ONPENEISETCA OIEITHBIM
oyTeM B 7a60paTOPHHIX yCI0BUAX HemocpeacTenHo u3 Gopmynn (I. 1. 7)
1o HaGIomaeMoit CBA3Y MeKIY HepemafoM JaBJeHHI U PacXojoM, a B Ha-
TYPHHX YCIOBHAX IYTeM CUENHAJBHOr0 MCCIAEJOBAHUA CKBAKUH, B KO-
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TOPOM TaKjke HMCIOAb3YeTCS YCTAHABIMBAEMAs B OIHTE CBA3L MEKAY
H3MCHEHHEM JaBJIeHAA B CKBA)KHMHAX M MX HAe6HTOM.

B macroamee Bpems paspafoTaH psAX IEAPOFHHAMHYECKHX MeTOZOB
oupejieleHHs IIapaMeTPOB IIACTOB, B TOM 9YHCIEe M IPOHANAEMOCTH, OC-
HOBAHHHX Ha HAOMIOIEHUAX YCTAHOBHUBOIErOCS ¥ HEYCTAHOBUBINErQCHA
npuToka k ckBaykmHam [14, 15, 16]. Herkotophie U3 3THX MeTOZOB M3J0-
JKEHEl HYKE.

§ 2. Opaomepuoe tewenme. lIpuTok HecKIMaeMoil KmKOCTH
K CTOKY M MCTOYHHKY HA ILUIOCKOCTH M B NPOCTPAHCTBE

B cayvae ofHOMEDPHOTO TeYeHUS HeC:KHMaeMo MKUAKOCTH B Hepedop-
Mupyemoii TpyGkKe ToKa mepemeHHoOTo cedenus (puc. I. 6) gepes cede-
BEve 1 BTexaeT KOJIMYECTBO IKUIKOCTH B IHHHUIY BPEMCHH, PABHOE

0
Q (s, t), u BriTeKaeT 4epe3 cedeHHe ¢ KOJINIECTBO ;KHRKocTd Q -+ 52—2 ds,
OTKy/[a ypaBHeHHE HePasPHBHOCTA HMEET [JIA JTOT0 CIyYasd BUJ:

Q.
“os _O

uau, 3aMeHsAs () 4epe3 ero BeIpajKeHWe cOTJacHO 3akoHy J[lapew, mo-

nyJaem
14

m{ﬁ@)ﬁ}—o 1.2.1)

JT0 ecTh ypasHeHHWe MJs HANOPa NPU NPOCTEHINHX OJHOMEPHEIX
Teuenuax. Ecam ¢ = const, To

p@

Ecin nomokeHme TpyOkuM TOKa (MKCHpPOBAaHO B NIPOCTPAHCTBE, TO,
YUHTHBaA, YTO >KAJKOCTh HecixmMaeman () = const, ypasuenme (I, 1.9)
MOKHO IIPeICTABHTHL B BHJE

af]:o. (1.2.2)

Q=—cZ16), (1.2.3)
OTKyJa HaliieM pacipefejieHUe HAIOpa IO AJUHE S:
—dH = Q-2 (I.2.4)

cf (8)

Unrerpupys (I.2.4) mo s or s =s; o Tekymero 3Hadenus s, a
ne H or coorsercTeylomux sgpadenmii H, m H, moxyuaem

Hy—H=— Qfdm. (1.2.5)
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Ilpr aToM ¢ Mo;KeT 3aBHCETH OT §.
Ecam msBectnnt wamop H,, H; B [BYyX cedeHHMSAX §;, Sy, TO H3

(L. 2.5) nonyaum
H,—H, H,—H,

Q=3 = Roa) (1.2.6)
* ds
J cf (s)
s1
rage
- ds
R (s, ) =f7(3)— (1.2.7)

st
QUALTPAEOHHOE CONPOTHBICHHE,

Gopmyaa (I. 2. 6) nanommuaer 3akon Oma. 113 Hee coriacHo 3ako-
naMm Oma m Hupxroda gerko moaywarorcA IpaBHIA pacieTa TeYeHTH
B cucTeMaXx TPYOGOK TOKA, CoeHHEHHHX IIOCHENOBATeIBHO, Iapai-

JeJbHO HAH 0ollee CIOKHHEM 00pasoMm.
O PaceMoTpuM HEKOTODHEIE YACTHHIE CIY-
qad,

1. f(s) = const, H = H (s) — ycrano-
BHBIIeecs Te4eHHWE B IHJIAHIPHYCCKOM
< rpybe. YpasrHenme (I.2.2) mpunmmaer
BUA:

o 924

_632—:0 mm H=C;s+4C,, (1.2.8)

T. e. B PAcCMaTPHBAEMOM cCjiydae HANOP
pacupefeiseTcd JAHEHHO HO [JIuEEe TPYOHI.

2. Inocko-paguanbHOE yCTAaHOBUBIIE-
ecsa naBweHHe (IPUTOK K COBEPHICHHON
cksakuue). TeueHne mmeer Buj, m3obpa-
yxeHnbdi Ha puc. I. 7, rae A — MomHOCTH
IIACTa; I'e — PajNyC CKBaKMHE;, H, —
saboitEuit Hamop;, Hy — Hamop Ha Kpy-
roBoM KoHTYpe; r = Ry,

B stom caysae f = 2 n rh m ypasHe-
aue (1. 2. 2) mpm 3ameHe TePeMEHHOH S
Ha pajguyc r HPUHAMAeT BUJ(:

dH 1 dH

i
h—~

Pume. I. 7. CxeMa miocko-pagu- dr? T Tdar T 0. (1.2.9)
aJbpHOTO IPHTOKA K COBEpIIEH-
HOK CKBa)kuHe. Ero penienne HMMeeT BH[I!
H=Cilnr+C,, (1.2.10)

nprdeM npm 7 = () uMeercs 0coGeHHOCTb, HO TaK KaK pajdyc CKBa-
JKUHK T¢ Bcerfa KOHeYeH, TO 3TO He WMeeT 3HAYeHHA,
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3ajaBasch I'PDAHMYHBIMMA YCIIOBHAMH
H=H., npa r=re,
H=Hy npu r = Ry,
mociie 3JIeMEeHTAPHHX Npeo0pasoBaHHI mOJaydaeMm
_ He—Hg

€y SR (L. 2. 11y
In

Tc

Ha ocmosanuu (I1.1.5) u (I.2.10)
dH ¢,
w=—cd—r:~cT, (1.2.12)
OTKyJa ¢ YYeTOM HamnpaBieHHA CKopocTm ciexyeT, 9to mpm Cy > 0
CKBa)KAHA ABIAETCS CTOKOM, a npE C; < 0 — HCTOYHHEKOM.
Tark Kak KEAKOCTH 10 NIPEANOJOMKEeHWI0 HeCKUMaeMa, TO QIA Je-
0HTAa CKBAJKMHH B cjydae MJIOCKO-PafimalbHOTO TeYeHHA HNMeeM

Q =2nrk|w|. (1.2.13)
Ilopcrasasaa B (1. 2.43) ckopocts u3 gopmynnr (I.2.12), morygaem
Q
|Cl| = 2nhe
u corzacHo (I.2.11)
Q = 2m he Hx=He (1.2.14)
K
In
Te
naa
Qo Hy—Hg
g=-—-=2nc e (1. 2. 15)

rle ¢ — Me6UT HA eMUHHNY MOIIHOCTH ILIAcTa.
®opmyna (I.2.14) nasusaerca ¢opmynoir [[romom.
U3 dopmyn (1.2.10) m (I.2.11) Gynmem mmers

H=5%Inr+C,. (1. 2. 16)

Beegem ¢yrrmmio O, nassBaeMyio TIOTEHI{HAJIOM:
cp.—_-cH:i;L. (1.2.17)
Mopcrasnasa (1.2.17) B seipamenne (I.1.6) maa ckopoctm ¢uiIb-

Tpanuu, mojydaeMm
w = —grad @,

T. e. O JeACTBUTENbHO IOTEHIHAN CKOPOCTH,
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Us (I.2.16) mDonyuaemM BrlpasKeHHe ISl MOTEHNAANA TOYedHOTO
CTOK3 MJA HMCTOYHUKA HA NIOCKOCTH:

q
@=L nrtc, (I.2.18)

g > 0 — me6AT cTOKAa HA eJAHHOY MOUIHOCTH IIJIACTA;
q < 0 — 7e6uUT HMCTOYHMKA HA eJMHWAITY MOINHOCTH MJIACTA.

3. Pagmansro-chepmaecknii NPATOK K TOYEYHOMY HCTOTHAKY WITH
CTOKY B HPOCTDPaHCTBe.

B srom caydae f=4nr? m ypaBaenwe (l.2.2) mpmaummaer BmW[I:

d [ dH\
o (’ *dr—) =0
wan, yaursBas (I.2.17),

d [, dd\ _

7l;(r —dr—)~o. (1.2.19)
Orkyma caeayer, 4To JJS pagAalbHO-cepUdeCKOrO TeIeHWS

o=5 40, (1.2.20)
CxopocTh QUALTPAIEM w ONpe/eIAeTCA HOo (opMyiie

. dd  C

& = a

Ouepugno, opu C; > 0 B meHnTpe cheps HCTOYEMK, upu C; << 0 —
CTOK.
JleOmr pasen
Q=4nr?|w|=4n|C|,
OTKYJa

__Q
O = 7 +C. (1.2.21)

Ilo aTo#t dopmyne ompefensercs MOTEHNUAN TOIETHOTO WCTOIHHKA
B npoctpanctse opm @ >0 u croka nmpnm @< 0.

Pemum 3amawy pAud ABEKeHHA MEAYy [OBYMA KOHIEHTPHYIHHIMHE
cepamMm W BHIACHUM, KaKoil oHa mMeerT QH3MYeCKHH CMBICI.

Bygem cumrars, 910 Ha BHyTpeHHel# cdepe pagmycoM re H3BeCTeH
noreanuan @, Ha BHemHedl cdepe pagmycom Ry — morermmanr Dg.
B nenrpe cdepst npu 3TOM A0NKEeH GHTH CTOK MIH HCTOYHUK.

Haiinem ne6uT sxugkocTr, IpoTeKaomei MesKy 9THMHE JBYMA chepamu.
Ilycts B menTpe cdepn maxomurea crok ¢ aeburom Q. Torma

o=—-2 1. (1. 2.22)

4mr

Obparumcs & popmyne (1.2.22).
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Horennman B a1060if TOUKE MPOCTPAHCTBA BOKPYT MCTOYHUKA OIpe-
neagercs mo gopmyue (I.2.21) (BoxpyT cTora —- o gopmyse (I.2.22).
CaepoBaTenpHo,

_ Q _ Q
Po= —Zmry + 6 Pu=— G +C (1.2.23)

B nonydenHmX ypaBHGHHAX [Ba HEH3BECTHHIX s pAebuta Q m
KoHcTanTu C.

Orpammummcs HaxosKienmeM Aebmra. Buumraem mepsoe ypanHenme
B3 BTODOTO:

N N

4n X Ire H}(
Orcrona
Q = & P2 (I 2. 24)
e Ry

Hwuxe 6yner nokasano, 9ro popmyna (I. 2. 24) mosker GHITH HCUOAB30-
BaHA /A COBepHIEHHO KOHKpeTHOH 3agaum. OpHOBPEeMEeHHO BHACHUM
cxoncTBo 1 pasaugne Gopmyast (1. 2. 24) gus npaToka K TOI€THOMY CTOKY
B npocTpancTee ¢ Gopmynoi Jiomion (I. 2. 14) mua NpHUTOKA K TOIETHOMY
CTOKRY HA IIOCKOCTH.

Bepremcsa k mcxommmmM ¢opmynam (I. 2. 18) u (I. 2. 22). 3amerum
HOIyTHO, YTO paccMAaTpPMBAeMbie 3aJadl OTHOCATCH K TeOPHM IOTEHIHA-
1a — OJHOMY M3 Ba)KHeHWINNX PasNesoB MaTeMaTHIeCKo#l QH3WKH, BechbMa
X0poIo Pa3paboTaHHOMY B HACTOAIIEe BPEMs,

@opumyna (I. 2. 18) ompegeaser NpUTOK K TOYETHOMY CTOKY NIpH
g >0 unu ucrounuky npu ¢ <. ( Ha INIOCKOCTH.

Dopmyna (I. 2. 22) onpemeaser paguanbHO-cPepAdecKoe TETEHUE
K To4edHOMY cToKy npu (< O muu mcrounury mpu @ >0 B mpocTpan-
cTBe.

HKoncranra B dopmyne (I. 2. 18) mosxer 6mTh ompepmenena, ecan Gy-
JeT HW3BeCTHO HABIeHWe M, CIeJOBATeNbHO, MOTeHIHAN, B Karod-iubo
TOYKE IIOCKOCTH.

Yro0s HaliTh Ne6UT M KOHCTAHTY, HYKHO 3HATEH HA OTHON OKPYRHOCTH
® = @O m ma gapyroii O = Dy,

SagaBaTh NoTeHnmai Ha Geckomegnoctd B dopmyne (I. 2. 18) meanas,
MOTOMY 49T0 JorapufM crpeMurcs K OecKoHedHoCTH W fopMyna TepseT
CMEICJI, OOCKOJABRY GGCKOHB‘IHOG 3HaYeHHNe IIoTeHIHAaJa (bHs]Z[‘IeCKIZI He-
BO3MOJKHO.

B stoM cymecrBennaa ocobermocth Qopmyast (I. 2. 18), cBazamHan
€O CBOHMCTBOM JiorapmmudecKoro ImoTeHImakza ofparmarbcd B OeckoHeY-
HOCTh Ha GECKOHEYHOCTH.

O6patumcs & dopmyae (I. 2. 14) Hromon.
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Uro6h oIpeiet AT JeGUT TOIETHOTO CTOKA HA MIOCKOCTH, HaM HYKHO
3HaTh pagmyc obaactam Ry.

B peanbHHX yclIoBHAX paguyc o0JAaCTH IOUTAHMA HWKOIIA He M3-
BeCTeH a0CONIOTHO TOYHO M IPH Ie0JOTHIeCKHX ONpPefeIeHHAX pajnyca
KOHTypa OHTAHMA MOLYT IOJY9YaThcA OMHOKE B HECKOABKO pa3 (Halpu-
MeDp, B 2—3 pasa u Gouree).

IlpencraBam ceGe, 9T0 MH omAGAMCH B 7 pa3 IPHA ONpeNeeHUU
Ry. Torpga

IZRK R

r: +lnn. (1. 2. 25)

In = In

B peansHmX ycnoBuax orHOmWeHHe Ry/re BhpakaeTcd YHCIAMHA IIO-
paara corex u thcad. CuefoBarensro, Tepsraiit wren B (I. 2. 25) paer
JorapuM COTeH WM THCHAY. JTO BeJUIMHH mopamka 6—7.

Hycrs Mu omu6anes B 2 pasa: n = 2, In 2 ~ 0,6. Taxum oGpasom,
nepsuiit wieH B (I. 2. 25) ropaspgo 6oabme BTOporo.

IMosTomMy nmorpemmocTs B 2—3 pasa B olpefelneHur Ry BIoJgHE 10~
OyCTHMA, TaK KAaK 3TOMY COOTBETCTBYeT HOrPEIMHOCThL B BHYHUCICHUH
nebura oGO He Goabme gem B 10%.

O6parumca temeppb K popmynam (I. 2. 22) u (I. 2. 24).

B. dopmyxne (I. 2. 22) KoHcTaHTA HWMeeT COBEPIICHHO OTYeTIHBHIHA
cMmuic. Ha 6eckonegnocta npo6s 1/, ipH r — co yMeHBINAeTCA J0 HYJIA.
Crneposarensao, C B (I. 2. 22) ecrs moTemmuan Ha GeCKOHEIHOCTH:

C:(Doo-

Bo MHOTHX cIy9asx MO;KHO CUHMTaTh, 4T0 Ry > re.
1 1

Torga - > g ¥ BTODHM WIEHOM 3HAMEHATO/A B (I. 2. 24) moxmO
[+ K

Boobme npeneOpeus. Iloaromy ¢opmyna (I.2.24) cranosuress ocoben-
HO TIPOCTOH:

Q=4 @=%) _4rr (@ — D). (1. 2. 26)

Te

PaccmorpuMm ciefyomuii nprMep HPUTOKA K HeCOBePIIEHHOH CKBa-
/KMHe, BCKPHBIDGH IiacT Ha Mauaylo rayommy. Ilpemmososkum cHadaia,
gTo TIACT WMeeT OecKoHedHo 0o0abmyl0 MomHocTh. O6G03HAYMM depe3s
Do moTeEnUan Ha GOJBIIOM yAAaJEHUHA OT CKBA)KHHH, WIH, 9TO TO Ke,
HOTeHIHaJ] IUTacTa IPH OTCYTCTBMA OTKAYKM M3 CKBakuHH. Hadgem
OeOHT CKBAKEHH, ecau 3agadH moreHnNual O, Ha CTeHKe CKBaKUHBI:
O, # Do. [n1a upubamykeHHOTO pemeHHA 3TOH 33KaYd MOYKHO BOC-
noanaoBarbea gopmymnoi (I. 2. 26) caegylomum oGpazom. 3aMeHAM ILIO-
magb, 9epe3 KOTOPYIO KAMKOCTH MOCTYIAeT B CKBAKHAHY, PaBHOBEIHKOMN
noxycdepoit pagmycom re (puc. I. 8, a).
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BepxHaa rpammma miacra — KpoBias — Helnpommmaema. Torma co-
rIacHO CHMMETPUHM MOKHO HAWTH fe6UT Hameldl CKBaKWHH, pasfeinB
pomonaM aebmT croxa B ¢opmyrne (I.2.26):

Q =2n7e (@ — Do). (1.2.27)

Npegmonoxum Temepp, 9T0 UMEETCA IIACT KOHEYHOH MOINEOCTH A,
BCKDHITHI TOH ke CKBYKHHOHN Ha Maaywo ray6uny (pumc. 1. 8, 6), npudaem
re & k. Illyers paccrosmume Ry 10 KOHTYypa HUTAHWA ¢ NOTEHIHATIOM

2, n
¢
N_ @ "
N ¢ Puc. 1. 8. CxeMa IpHTOKa K HeCOBepHIEHHOA
~ CKBaKHHe MAJIOro 3araybieHns.
~—
a

@k, KaK o0RHYHO, ropasgo Goabime MOIHOCTA ImacTa. [le6uT CKBarKUHBI
¢ 3aboiEbiM moreHnmuainoM @O B 3TOM cirydae MOKHO HpHOIUKEHHO
HAUTH CJaefyIOINEM 06pasoM.

Ha mexotopom paccrosmum R,, paBHOM ONHOH-ABYM MONIHOCTAM
Laacra

R
1< h" < 2,

IIpOBeAeM MHCJIEHHO IMHINHIPHIECKYIO TIOBePXHOCTh, COOCHYIO CO CKBa-
FRUHOH.

JBmxeHne MeKOY KOHTYpOM IHTaHuA Ry M quinHApHYdecKoll IoBepX-
HOCTBI0® Ro MOKHO CUMTaTh HPAKTHICCKH IUIOCKO-PANUAJBHEIM M ONpe-
densarh Aebmr uz dopmyas Jlomion [gis «CKBLKUHEY pagmycoM R,

h (Pg—
Q= 2D (1. 2. 28)
In R,

rae @y, — mpoMeskyTouHEIH MoTeHIMan Ha rpasune R,. IIpUTOK ke
MeXIYy MOBePXHOCTHIO Ky U CKBasKMHOH DPagUycoM re MOYKHO C JOCTATOI-
HOM TOYHOCTBIO paccMaTpMBaTh (ecau re < k) Kak JB¥MKeHHe B IIacTe
OecKoHeUHOH MOIHOCTH U paccunTeBaTh 1o dopmyne (I. 2. 27).



24 Ta. I. Ocnoenvie nonamus meopun urbmpayuu

Taxam oGpasom, moixydaeMm ypasHeHHe
Q = Zr@u=P) _ 9511 (@, — D).

JTo ypasHeHume Jif Oncrpedmero umckiodenus @O, moskuo mpegcra-
BHTH €IIe, BOCHOJH30BABIIACH HPABHIOM IPOM3BOJAHNX npomopnuii. Tax,
21 h (Dx— By) 2 h (Dg— D) 2wk (Dx— D)
Q= = = . (1.2.29)
Ry h Re &
In == — In — 4 —
R, re R, re
MoXHO HPHHATH B NepBOM NPRGAWKEHHH, 9TO YAOBJETBOPHTEIbHO
cornacyerca ¢ pesyapraTamu A, A. Jlammrmmoii [25], Ry~ 1,5h =
JeOMT CKBaKMHE, BCKDHIBOIeH miacT Ha Manylo ray6may, re < h, omnpe-
IeJATh U3 OpudImKeHHOH (OpPMYIIH
Q o 2J'Ih((DK~(Dc)
- h RK
LB Ll
re +1 1,5h
JTAMA cpefeHAAMA O DOTEHI(MANAX TOYedHBIX CTOKOB WU NCTOYHH-
KOB Ha IIJOCKOCTH M B IPOCTPAHCTBE HOKA MOKHO OFPaHHIATHCA.

(1. 2. 30)

§ 3. OguomepHoe ycTaHOBHMBIICECA [BHKEHHE
OJHOPOIHOI C:KIMaeMoil KUAKOCTH B TpyOKe TOKa
MEepPEMEHHOr0 CeYCHAS

IIpuBemennsie BeIe Pe3yAbTATH, OTHOCAUIMECA K ABMIKEHUIO HECHHU-
MaeMOM JKUEKOCTH, JeTKo 0000Ial0Tca HAa CIyd9aill OJHOMEPHOTO JBHe-
HHA C)KUMaeMO# »KUIKOCTH HMJIH Iasa.

OO0HIYH0 M3MeHEHUeM TeMIepaTypH QIIOUL0B B ILIACTOBHIX YCJIOBUAX,
NPOREXONAIINM 0T TepMoguHAMHYecKUX 3PdexToB, MOKHO TpeHeGpPedb

M TpU pacueTax CKOpocTell W JaBiIeHUH Nperd-

#o) nojgarath ABIKEHHMe u3oTepMuiecKnM. DBoiee
M ip) () mofpoO6HO B3TOT BoUpoC OyAeT paccMoTpeH
Mp B § 6—8 rmaser II. Torma o6beMHEIE Bec vy

/ Ko(p) MOKHO CUNTATH M3BeCTHOH QyHKIMeH JaBieHNA
/ y =v (p). Haa o0mmocTa Gyaem cIATaThH
MPOHHIAEMOCTE W BA3KOCTh IepPeMEeHHEIMH M

comIacHO ONHTHEM maEHEM [3, 17, 18] npen-
CTaBUM MX B BHJe
p

Puc. I. 9. 3asucumocth p=u (p), k= k(s’ P) - kl (s) ke (p) (I' 3. 1)

BABKOCTH ® NPOEUAEMO- Tunuunsie 3aBucumoctu p (p), k2 (p) npen-
OTH OT NaBjeHus crapimenn Ha puc. 1. 9. Ilpu crammonapHoM Te-
9eHHM BecoBOHl pacxon G IKUAKOCTH HMIM Ta3a B JIO00OM CeYeHHH
TpyOKE Toxa OyHeT NIOCTOAHHEIM.
IIpegnmonosxum, 4T0 IpoeKiueil Ha HaNpaBieHHe IBIKEHAA MacCo-
BEHIX CHJI, TAK¥WX, KaK TAMKeCTh, MeHTPOOEKHHE CHIH ¥ T. ., MOKHO
nperebpeus. Torpa cormacuo (I. 1. 7), mpexgnoxaraA xBUsKeHUe ciaegylo-
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pimM 3akomny Jlapewm, Hoayaum [OjA BecoBoro pacxoma G

~ k@ k{E) dp
6= MO AL (1.3.2)

Caenya JI. C. JleitGenzony, BBegeM HOBYI QYHKIWIO [AaBIeHHA
Py (p):

_ k2 (p) Yy (P)
PMM—f—jEW—dp (1.3.3)
Torpa (I.3.2) mpumer BumA:
G = k()21 f(s). (1. 3. 4)

W3z cpaBrerus dopmya (I. 3. 4) u (I. 2. 3) ycranaBimsaeTca aHAJO-
THA MOy CTAIIMOHAPHBEIME [BU)KEHHAMEH HEC;KAMAeMOHM M CIKHMAaeMoi
FKUTKOCTH: B cIydae OffHOM u Toil ke 3aBucumMoct f () aHamorom o0beM-
HOro pacxofia ( Hec:KUMaeMO#l SKUNKOCTH SIBISIETCA BECOBOH PAaCXOX
G crumaemoil, aHamorom Haunopa H — ¢ysruus Pi, asagzorom koag-
¢unmenta PuabTpanuu ¢ — QYHKIUA Oporumaemoctu A1 (s), amamorom
00'beMHOMl CKOPOCTH W B CJIyYae HECIKUMAEMON IKUJKOCTH — BeCOBaA
cKopocTh yw crmmaemoil. Ilonp3yach srToit aHamormeil, pemeHHA
3aa¥ ABYIKEHOA HeCKMMAeMO# JKHIKOCTH MOKHO PACIHpPOCTPAHWUTH HAa
AHWIOTHYHHE CIyIay NBIDKeHUS CHEMaeMOH JKHIKOCTH MJIM rasa.

OgHoMepHOe ABM;KeHHe B TPYyOKe TOKA MePEMEHHOT'0 CeICHHSA JIeTKO
paccuMTHIBaeTCd W IPH HeJuWHeHHOM 3aKome ¢masTpamuu. IlycTts 3akon
$dunprpanymu 3a7aH B BHOE

~%=cp([w]) —l%_l (1.3.9)

o (Z—i’ —1 /| dp dp | —Zf—
w:*)_ﬁ__q) ({dT):w(lW) _x—ﬁ— , (I1.3.6)

ds ds

rie @ — m3BecTHaA QYHKNuA;, @ | — $ysKnmA, obpaTtHag @.
Yacro 3axkoH ¢uabTpanuu 3a7aeTCA B BHIE OJHOWICHHOH cTeneH-
HOH 3aBHCHEMOCTH

ap
. ds dp |r
w——’@ 2T, (1.3.7)
ds

rge C ¥ n — 3MOAPUICCKEE KOHCTAHTH.
Ilokasatens n HaswBaeTca IIoKazaTeJgeM pexHMa (QUIBTPAIME |

1
o0BIYHO JIEKUT B Tpegesax <1< 1. Ero M0:KHO CBA3aTh C 9HACIOM
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Peitnonbaca ¢unerpammornoro moroxa [3, 19]. T'opasmo Goxee o6ocHO-
BaHHKM PM3NIECKHA ABIAETCA OBYLICHHHH 3aKoH (QuiabTpanan
d w w b

~%::—';—w+mbgw2=—:—w+m—-gv—w2, (1.3.8)
Tfle MepBOe cIaraeMoe JaeT MOTePIo ABIEHAA 0T HPAMOTO TPeHUS MEKIY
SKHEGKOCTBIO W NOPHCTOH Cpefoil coraacHo JmHefiHoMy 3akorHy [lapcH,
BTOpOe, COflep:Kamiee ONHTHHEA KoadpdunmerT b, moTeplo [aBieHHA,
CBASAHHYI0 ¢ CY/KEHACM ¥ PACHIMPEeRNeM JIeMEeHTADHHX CTPYeK HOTOKA,
ofTexaomux 6eCHOPATOYHYI0 CHCTEMY TBePHHX YACTHAIL, CJIATAIOMIX
DOPHCTYX cpefy, HOBOPOTH CTpyeK W T. n. lIpmmepHEle 3HavyeHns ma-
pamerpa b npmpementt B [12, 20, 21]. Bropoe craraemoe MoxHO Ha3BaTH
Toreped MaBIeHMA HA (MAKDOMECTHEE CONPOTHBJICHMS» B OTIHYME OF
TePMHHA «MeCTHEE COIPOTHBIEHHUA», HPUMEHAEMOTO B TPYOOIpPOBORHOM
THAPABIAKe W OTHOCAMEroCA K JeTalAM TPyOompOBOJHOH apMaTypsl
(3amBIKKM, KoJeHa, IEPEXONE OT ORHOTO cedeHAsA TPYD K Apyromy),
reoMeTpU4eCKEe pasMepPH KOTOPHX HeCPaBHeHHO O0oJbIle pa3sMepoOB
TeCIMHOK, 00TeKaeMHX QUIBTpallMOEHEIM HoToKOM. IIpm ManaEXx cKopo-
CTAX W W COOTBeTCTBeHHO MaJuXx guciaax Peitmoabpca B (I. 3. 8) mpesa-
JUpyeT NepBHIA WieH, Op: Goxbmux — BTopoit. CumTas CKOpOCTE
¢MIBTPALMM HANPABIEHHOH 110 OCH § M 3aMeHAA

Qe G
) v

w = (1.3.9)

3 (I.3.5) monyuaem

dp G
» _ cp[Y (p)f(s)]. (I 3.10)

Tlepemennne B (I. 3. 10) npu ogHOWIeHHOM CTeIeHHOM 3aKOHe QHIb-
TPanuu Pa3feiAlTICA, ¥ MHTeTPHPOBAHWE BHIIONHASTCHA 0e3 3aTpyAHe-
guii. @opMyasl paa OpocTeHmMpx ciaydaeB IOPAMOIAHEHHOTO, INIOCKO-
pajiMaIbHOr0 ¥ PpPagudanbHO-cPepHIeCKOTO TedeHMi, Korga f (s) cooT-
BeTCTBeHHO BHIpakaercs B Buge [ = const, f = c1s, f = c2s?, npuBefeHH
B page pyxosopcTB [8, 19].

IIpn apyanensom 3akoHe (I. 3. 10) npmemmaeT Buj mocie 3aMeHB
w u3 (I. 3. 9):

Td s & b

ds ki (s)ka(p) v(D)f(s) g Ay’

B obmem caywae u = p (p), k = ki (s) ke (p) ypasrenue (I. 3. 11)
NPUXOMATCA MHTeTPHPOBATH WHCICHHO WM TPHOIMKEHHO, AIIIPOKCH-
mupya kosdpdumuentt ypasaenus (I. 3. 11) B Buge cuemmansHO moOAOH-
paeMBix 33BHCHMOCTeﬁ, AONYCKAIIHUX HNHTETpMpPOBaHWe B aHaJIuTHn4Ie-
cKoil dopme.

Mpu p (p) = p = const, &k = const ypasmenme (L. 3. 11) maTerpm-
pyercsa cpasy mocie BBeedns Qyaxmuu P, HasuBaeMo#l 00HYHO (PYHK-

nueir JleiiGensona:
P ={vy(p)dp. (1. 3.12)

(1.3.11)
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Heiicteurensno, ymuomasn (I.3.11) Ha y (p), moxyzaem

dp _w G b ¢
Y0P o =% e T e
nIn
e _pw G b G ‘
& T FTe T T A (I.3.13)
OTKyAQ
S
o 2 ds ‘
P, — Py = Gf = foz(s) (1.3.14)

81

rge P; m Py — 3nadenns ¢Qyuumun JlefibeH3oHA B cedeHHAX TPYOKHM
TOKA §;, Ss.

§ 4. O pacupegenennn cxopocreil B IOIEPEYHOM CEYEHHU
¢uIbTPAaLMOHHOIO NOTOKA

PeanpHble mopucrhe cpepsl O0LIHO COCTOAT M3 MHOMKECTBA TBEPAWX 9YacTHAN
PasHHEIX DaaMepoB m (opM, TCM MJIM MHKM 00pa3oM ymaxoBaHHmX. PuapTpanus
TipejicTaBiasger cuobOM TedeHVE JKMIKOCTH KM rasa, KOTOPOE MO)KeT HPONCXONHThH
B UYCTHX IPOMEKYTKaX MEXIy TBePNHMY 3eDHAMH. BBRAY OYeBHIHOH CIOHHOCTH
TAKOI'0 TEYeHWS reoMeTpMUecKasi CTPYKTYpPA NOPHCTOH Cpefs TeM WIH WHBIM 00pa-
30M CXeMaTHW3MpyeTcs, a JAJA XaPaKTePHCTUKH (POPMH 3ePeH BBOJATCH Te MW HWHEE
cHoco6H OIEHKHM OTKJAOHEeHAA (GOpMul 3epeH oT cdepHIecKoi.

HanGonee npocrast reomerpraeckas cxema ¢uiasTpanum — ¢gpasrpanus B QHK-
TUBHOM I'pYHTe, COCTOAINEM U3 JacTun cdepunieckoir GopMul, PACCMOTPEHHAA BIEPBHeE
CamxTepoM M nNonpoGHO MCCIEOBAHAAA W ONMCaHHAA B KJIACCNIECKWX KHATAX
JI. C. JleiiGensona (6, 7). OGsunO mpuMeHsAeMas B TEXHMIECKNX pacdeTax cxema —
3TO CXeMa MIeaJLHOTO TPYHTA, B KOTOPOH IOPH NPEeACTABJEHH B BHJEe NWIKHIPHTe-
CKAX TPYGOK. JTa cXxeMa IOMPOKO HCIONB3YeT Pe3yIAbTaTH TPYOOIPOBOSHOR rujpas-
NUKA W 017 ABMMKEHNS OJAHOPOMHOH MMAKOCTH OOKRYHO JaeT NPaBHJIbHEE DPesylb-
TaTH TPV pacieTax pacXofioB B cpemHux ckopocreid. IIpH [BroxeHNN 3Ke HeOXHODPOA-
HBIX JKBAKOCTeHl M TNPH M3yYeHHHW peanbHOro (GU3NYecKOro MeXaHMA3Ma IIpornecca
BHTECHEHHA ORHOH KIJQKOCTH JPYTOH B MOPHCTOR cpele cXeMa I'PYHTa, COCTABJIEH-
HOT'0 ¥3 OANAAKOBRIX YaCTHI], OKa3hHIBaeTCs HeNOCTATOYHOH. B nocrensee BpeMs Ope-
UPHHAT pAJ NOHEITOK BBECTH TeM KN HHHM 00pasoM CTaTHCIUYeCKHEe XapaKTepH-
CTHKH IIOPHCTOIl CPejH W WCIONb30BATh A ONMCAHUA Ipolecca QMIBTpanum an-
napaT TeOPDHF BePOATHOCTEH M MaTeMATHYecKOH craTucTHKH. cciemoBaEua B 3TOM
HANPABICHMH, eIle JajeKEe OT CBOEr0 3aBePIIEHNs, NO3BOJAIT PACCIHTHBATL HA
cyIecTBeHENI Nporpecc HalIIX NpeJCTaBJeHuit 0 MexauuaMe gursTpanmu. Hekxoro-

ke Pe3yabTaTH IpHBEeHH B 0030puoil kumre Ileiigerrepa [3] m B paborax
{)22 23, 24].

Heonnoponnocm HOpPHCTOH CPeAiEL MO¢eT GHITH 9acTHYHO YITEHA KPHBOW pucmpe-
NeJIeHRA TeX WIH WHWX TeOMeTPUIECKITX ¥aPaKTePACTHK MOPUCTOll cpefjH — KPHMBOI,
N0 yYeHHON MCXaHWIeCKEM A HAJIM30M FPYHTA Yepe3 CHTa PasTUIHEIX PasMepoB A od-
penesenns TaK Ha3WBaeMOro »$QeKTABHOTO ANaMeTpa JacTHn (Haubomee pacipocTpa-
HeHHLH Ha NpakTHKe cnocol), KPHBOH paclipefeleHNsA PasMepoB TOP 1O UX pajuy-
caM, IoJydaeMofi Ha OCHOBAHNHM IPAMBIX ONpefc/HeHMH N0 3aKPAIIE€HHRM IIadamM
TIOPONE BJIW B Pe3yJbTaTe ONKTOB MO0 KANWIIAPHOMY BEITECHEHHIO ONHONW MXHIKOCTH
ApyToit m T. O.

CaMo TNICHATHE pajuyca LOPH ABIACTCA HECKOJIHRKO VCIOBHOH BCIUYHHOH,
IIOCKOABKY ()0pMa JEHBOTO CeYeHHUs! fIOTOKA B IpefelaX OKHOW NHOPH B DPeadbHEX
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rpyETax o0nvHO oriMgaeTcA OT Kpyra. [loaTroMy Gosnee mpaBHIbHHM Oymer noj-
pasyMeBaTh IOj] «PAfycOM» DOPH ee TIUIPABJIMYeCKMHE pajIyc, Ka) 3TO JelaeTcsH
B TPYOOIIDOBOJHOI THIPABINKE.

Od9eBHIHO, pasiIMd¥e paaMepoB HOP 0OYCIOBIABAaeT W Ppasjimide CKOPOCTEi
B Tpeferax IONePeyHOro CeveBns (QHABTPAIMOHHOIO IOTOKA, NPUIEM NoApasyMe-
BAaeTCs, 9TO MIOMAAb LONEPEeYHOro CeNeHHs MOTOKA BO MHOTO pas (osbime MIOMAann
CeUeHHS OT[eJIbHOH IOpH.

Ha puc. I. 10 mokazan upuMepHud B Kakoro-1u0o y4acTKa [MIOMagH TOTe-
PeYHOro cedeHus QUARTPAamHOHHOro 1oroka. CedeHus TBepAMX 3epeH IIOPOJH 3a-
INTPHUXOBAHK. B NPOMEMKYTKaX MEKAY HUMHM HAXORATCH )KUBbIE CEYEHUA OTHENHHEIX
CTPYeK, PaguycH KX, TOYHEe, THAPABIHYeCKAE DAXUYCH KOTOPHIX Da3JHYHEl B Upe-
IeJax JAHHOI'O CeYeHNA W IOMYHHAIOTCH HEKOTODHIM 3aKOHAM pacnpepeienus. Ecam
MexaHHIECKUil coctap rpyHTa Gollee MM MeHee BHIIepKaH 1Mo 00beMy, wro Gymaer
NpenoNaraThcs B NajibHeiineM, TO pacnpefejJeHHe DasMePOR IIOP COTJIACHO CTATH-

CTUHEeCKMM CO00pasKeHMAM MOMKHO CUMTATH OfR-

HAKOBHIM BO BCeX TIONEPEYHBIX CEYeHHAX IOTOKE.

OueBHAHO, B NpejeJaX HEKOTOPOl JBIMHH, paB-

HOl 1O TOPAAKY BENUYNHHI pasMepy OXHOIO

3epHA, ABWKEHHME BJIOJh KaKoH-a1ubo crpyilkm

MOKHO pacCMATpHBAaTh KaK [ABIKeHHe B TPyGwe

TlepeMeHHOT0 ceYeHHA. Becb (UIBTPAMOHHEI

TIOTOK MOYKHO NPeACTaBHTh KAK HEKOTOpPOe Ha-

OpaBJIeHHOE B CpeJHeM [BIDKEHHE KAKOCTH

BHYTPH OTDOMHOIO MHOMXECTBA COOGIAIOIUXCH

Meny coboil TpyGOK, JN¥HA KOTOPHX B OTHENb-

Puc. 1. 10.uHonepeqH“0e ceueHUe f;g;;mga?;;;i TIOPAAKY BEIMTHHAL  PAIMEPY

peanpHON IOPHCTOM CPEIBL. Tlorepio Eanopa MexIy KaKEMU-THGO ABYMS

TONEPETHHMH CEIeHUAMHE MOXKHO PacCMAaTPHBATH,

€CJIH CIeIOBATh BHONb KAKOM-AHMG0 CTPYHKH, KAK CyMMy IIOTePh HANOPA HA TpeHHE

OpH ABIKEHAN B YKA3aHHKX TPyOKax W CyMMY IOTEpPh OT MECTHHIX COIPOTHBIE-

HMiT, IMEIOMHUX MeCTO MPH BHXOJe CTPYHKHM M3 KOHIIA OJHOH TPYyOKHW W BXOoJe B IpV-

ryio. 910 06CTOATEIBLCTBO, KAK YIOMUHAIOCH BHIME, MOJKET CAYIKATH O0OCHOBAHHEM
ABYyQIE€HHOro s3akoua ¢uanrpamua (I. 3. 8).

OnesuM ToTep:o Hamopa k. Ha TPelMe U MECTHYIO IIOTEPH HAmopa hy B Upe-

Aelax ofHOW TpYOKH, T. e. B Ipeie]aX pPazMepOB OPMMEPHO OJHOM TBEpHAOH TaCTHHH
COTJIacHO OBKYHHM (opMyiaaM ragpaBaukn [apcm — Beitcbaxa u Beiic6axa:

I u? . u?
hy 217?&7, hM:"z—’ (I.4. 1)
rge A u [ — Ge3pasMepHbie KodbdumumeHTtH, 3aBHCAm@e oOT uucjaa Pefinoabaca ®
dopMur 9acTUn; ¢ — YeTHPeXKPATUHIl I'MAPAaBIMYeCKUil pafuyc TPyORM; [ — HIuHA
TpyOKu; u — geiicTBUTENbHAA CPeIHAA CKOPOCTh B Tpydke. llo MOpsAAKYy BeWUHH,
YYMTHIBA¥ NOHOpPaBKE Ha HepaBHOMepHOe paclpefejeHHe CKOPOCTell B ceueHUM
TPpYOKYM IpU JaMMUHapHOM DPeKHUMe, MOKHO NPHHEATH

64
A —— =~ 2. (I.4. 2)
Re ’ 5
Beanuupa { =~ 2 B3fTa ¢ 3aNACOM, K2K AJ#A IOTepH NIPM HCTEYEHUH CTPYH B 3a-
TOMJIEHHOE N POCTPAaHCTBO. B jleficTBuTeasnoctd § < 2. YuurmBasg, 4T0o B CiIydJae
neicTBEA 3akona [apcm momsxuo Guth 1o Jlmanxsumery (11} Re<C 4, m monaras

B [IPEAieTAX ONIHOTO 3epHa ~—-~ 1, NpUXOJUM K BHIBOAY, 94TO MeCTHBIE [I0TePH 10 Kpai-

Hell Mepe Ha HOPAJOK MeHbme ToTeph Tperns. Orciofa cilefyeT, 9T0 HOCKOABKY
TPYGRE €O06MAIOTCS MEKAY COGOH, TO KaXK/Ias CTPY#Ka N0 BRIXOIC M3 NaHHOH TPpyOKn
GyneT cTpeMuThes BOiTH B Gamuaiiniyio K Hell TPYOKY BO3MOMKHO MAaKCUMaJbLHOTO
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cegenrs. Ilpu 5TOM, OYeBHAHO, CTPYIlKHW, ABHralmuecs B DOpPax HAUGOJBHIMX pas-
MepoB, DPOJOIKAT CBOE JBMKCHME TAKMKE B JaJbHeHmuX mopax HamGOJBIINX pasMe-
POB W UPH pacOpefleIeHHM DasMepoB IIOP, BEAepKMBAIOMeMCA B JaHHOU obaactm
TPYHTA, VCTAaHOBUTCH paclipefielieHHE CTPYEK INDHMEPHO OJHHAKOBHX IONEPEeYnbiX
CeleHNH.

Econm B KpalffHEX CedeHHAX MOTOKA 3afaHH Hamopel Hi ® H,, TO JJIA BceX CTPy-
ex Gyfer ofHa M Ta Ke NOTEPA HANOPA, OTKY[Aa CleJyeT, 9TO IIPH IPUMEPHO OfMHA-
KOBOW CyMMapHO# JimHe L cTpyek CpelHWE CKOPOCTH B CTPYHKax [AOJKHH IOAYH-
HATHCA YCJOBHIO

= it
-‘d—z' ~z Const,
BEITEKAIOMeMy U3 M3BECTHOH ¢GOpMyJAH TIHAPABIAKH AAA JaMAHAPHNOTO TeyelHs
Auv L
Hy—Hy~ =0 =, (1. 4. 3)
rae v= —”—-~RnHemaTI/mecxnﬁ KoagdunueHr BAsKocTH; A=32 AAA Kpyrioi

TpyOkun. OTClOa clIefyeT, YTO cpefHAA (U3MIECKasA CKOPOCTHh TedeHUA u, CBA3AH-
- w «
Hasgd €O CKOPOCTHIO (MIABTDAOUE w OTHOUNIEHWEM U = ;p? COOTBETCTBYET Teuenmo

B TpybKe HEKOTODOrO CPEfIHero AmaMeTpa d. CKODOCTH e BN CTPYEK u CBABAHH
¢ u coraacHo (I. 4. 3) dopmynoit
dz

u
—— 4
== (I. 4. 4)

Ilpy namwEapHOM peskiMe B I'peAciax TPyOKN MaKCWMaJbHAA 0CeBafd CKOPOCTBb

Uo OPUMEPHO B 2 pa3a NPEeBOCXOAMT CPefBIOK u. TawmM ofrazoM, MakcEMajdbHas

¢manueckan CKOPOCTb KUAKOH YacTHAN B QUILTPANNOHHOM IOTOKE CBA3aHA CO CPeji-
Hell (U3NIECKOI CKOPOCTHIO COOTHONICHHEM
2

(#g)max ~= 2 ;a‘u (I. 4. 5)

¥ B 3aBHCEMOCTE OT OTHOIIEHNH dmax/d MOKET 3HATUTENHHO €€ IPEBOCXOAMTh. J10T
BBIBOK TONTBEeD;KAaeTcA JabGopaTOPHEIMH M HATYDHRIMU OIKTAMH IO W3MePeHUIo
cKOpocTed IpA OMOMMA MeZeHNX aToMoB. HepasHoMepHOe pacnpeneleHne ckopociei
BCJeICTBNe HEPaBHOMEPHOTO paclpefiefieHUsa pa3MePOB IIOP ABAAETCA (H3WTCCKHM
o6ocHOBaEWEM TaK HashBaeMhX AuQ(Y3HOHHEX Teopuil GUILTPATMH, KOTOPHM 3a
nochenHee BpeMA yHelseTcA JOBOJLHO MHOro sHumamEma [3, 23). Habatopeunsa cxo-
pocTH IepeMerieHNA TeM WM HHEKM 00pazoM OTMEYEHHHX YaCTHI JKUIKOCTH B IOPH-
cTOi cpefie, HaNpuMep, IPU NOMOMM DPANHCAKTHBHHX K30TONOB WAYW, YTO HpOIE,
BBe/leHHEM B MOTOK OW€Hh MAJKIX N00aBOK KPACKHN HIM COJledl NPMANMIMAIBH) TO-
3BOJAIOT MOCTPONTh KPHBYIO PacUpefeJeHAsa pasMepos fop. OTMeTuM, UTO € HOZblie~
HHeM CKOPOCTH $MJIBTPaLM B BapyuieHneM 3akoBa Jlapcm koadgumirent A B (1. 4. 1)

2
YMCHBIAETCH M MHOMKHATCID A 67 CTAJIOBIITCA CPaBHAMKM C (; B atom caydae clregyer

oKAjaTh Gojlee PABHOMEDHOTO pacupeleleHAsi CROPOCTel, He/KejM IS IBUKEHMNA,
noagWHANIMErocs 3axony Hapcu.
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I'’TABA II

MOOEPEHIVAJILHBIE YPABHEHUA TEOPHN OWJILTPALAT
OJHOPOJHON JKMKOCTI

§ 1. Indxpepernnaibabie ypaBHEHAsA HM3OTEPMHYECKOH (mALTpanun
0e3 yueTa MacCOBHIX CHI

B npmanune ofmue ypaBHeHWA QUALTPAIAN ONHOPONHOHR >KHNKOCTH
JOJMKEH ORTh HonydeHsl u3 ypasHenmii Habre — Croxca myrem BBefie-
HEA HAAJIEKAMUX CTATHCTHYECKNX XapaKTepPUCTAK (HIAbBTpamuoHHOI
cpenst. OOHAKO IO CHX MOP 3TO elle He ¢AeaHO, XOTA HMeeTCH DAL HONEI-
tox [1]. Mu BuBegeM ypaBHenusa QMIbTpanuM KaK 00obImenne 3aKoHa
Hapcu [JIr. 1.6, 7, 2].

Bume 6nmo moxkasaro, 9To 3akoH Jlapcm MoKeT OWTH 3ammcaH B

Bafe ([.1.6)
W= — %grad D,

rme p =vy H — ana mec:xmmaemoit sxupkoct; H — Haunop; p copma-
JaeT ¢ HaBIeHWEM IJIA C;KAMaeMoi skuakocTa. JIpw Takoi 3anucu B ciay-
4dae CIKIMaeMO# HUJKOCTH IpeHebperaeM MacCOBEIMHA CHJIaMU IO CpaBHe-
HUIO C IOBePXHOCTHHIMH.

Y paBHeHHe HEPA3PHBHOCTH [JIA CIUIONIHOTO HOTOKA JKHAKOCTH HMeeT,
KaKk H3BeCTHO, BUJ:

do . -
T -+ le(QU)) =0.

IIpn BHiBofe ypaBHeHHs HEPA3PHBHOCTH B TeODHEM QUIBTPANAHN He-
00XofuMO ydecTh, 94T0 AKTHYECKH JKIIKOCTh HAKAILIMBAETCA B 00BeMe
mdV, rope dV — snemenT o0bema HOPHCTOR Cpefnl; m — IOPHCTOCTD,
OTKy/la clIegyeT, 9T0 ypaBHeHNe HePAa3PHBHOCTH HMeET BHJ:

20 4 div(ew) =0, (I1. 1. 1)

THe w — BeKTODP CKOPOCTH (PUMIABTPANUU HUJKOCTH.
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IIpoeknuu ckopocTy (UIABTPALMH HA OCH KOODAMHAT paBHEL

- k dp
==
k Op
v=— ———, 1I.1. 2
5 (IL 1. 2)
_ k dp
w_——T 9z

B ofmem coaydae IofieskaT ONpefeleHUI0 BeIWYUHEl U, ¥, W, P,
Q, M M TeMIIePATYPH RUIKOCTH M IOPHCTONH CpejiH, NpHIeM TeMIiepa-
Typsl mopuctoil cpegil Tep u skupkoctH 7T MoryT OGHTH pPAa3HEIMM.
Temneparypa MoKeT H3MEHATHCA, HAOpHMep, IPH 3aKadKe Topsadeit
JRUKOCTH, I'a3a WM Iapa B HeTAHOH IIacT, 970 MHOrJA NPAKTHKYeTCH
nasa doeoimenusa aepreoTnaqu [3, 4, 5, 6]. B ganbreitmem B aTOM 11aparpa-
¢e mpunumaeM ITe¢p = T = T = const, T.e. TemIOBBIX ABIeHNH He
paccMaTpHmBaeM.

Tarkum obpasoM, Aas onpemeneHud mectr QyHKUUA 2, v, w, p, 0,
m umeeM dethipe ypasHenns (I1. 1. 1) u (I1. 1. 2). Uro6n cucrema ypasHe-
Huit ORIZIa 3aMKHYTOH, Heo6XofEMO MO0ABHTH YpaBHEeHWEe COCTOAHUA

e=ce(p T) (I1.1.3)
U ypaBHeHWe IJs HOPHCTOCTH
m = m(p). (I1. 1. 4)

IlocmemHee ypaBHeHWEe IpefcTaBAsgeT co00d OCHYHO JHHEHHYIO
QyHKIHWIO, PasHyl IPH Harpys3Ke W IIpE pasrpyske,

Paccmorpum wacTBHIT caydait Hec:KHMaeMOM JKHJKOCTH U Hem3Me-
HAeMo# mOPHMCTOHl cpefs, T. e. @ = const, m = coust. B stom cayzae
ypPaBHeHHWe HepaspPHIBHOCTA YMeeT BH!

divw = 0. (11.1.5)

IIycrs pns obmuocts mnponumaemocTh mepemeHHa. IlogcraBuss B
ypasHenue (11.1.95) Bupamenma (II.1.2) m momaras p — const, mo-
aydaem

kv?p—+ gradkgrad p = 0. (1. 1. 6)

Ecau k& = const, To

vip=0, (11.1.7)

T. e. J/laBleHHMe yHMOBJieTBOpseT Hpu k = const ypasHenmio Jlamnaca.
Ha ocuomammm (I.2.17) moxHO HammcaTh

v =0, (11.1. 8)

T. e. npu %k = const moTeHmman TaKKe YAOBIETBOPAET YPABHEHHIO
Jlannaca. IlepenmucriBasg ypasuenme (II.1.8) B moaspuux mam cdepu-
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gecKEX KOOPAMHATAX W YIATHIBASA, YTO COTJACHO CAMMETDHH [IA
MIOCKO-PAafiAANLHOTO M PagualbHO-CPePHIecKOT0 TedeHuM

D = @ (),

nonygaem ypapaeEns (1.2.9) m (I.2.19) coorBercTBenHO.

ITpa k == const ypapmenme (II. 1. 6) mpuEmmaer BecbMa CJOKHEIA
pup. J{na o6mero caygaa k = k (p, z, y, z, ) TOUHEIX pelmeHui IOKa He
umeetca. OTHocHTeNbHO Oojlee mpocTas 3ajada, Korfa HPCHHIAEMOCTH
ABIAETCA W3BecTHoM ¢yHKmmeidr woopaumar k£ = k (z, y, z), [II. 1. 6]
ofpamaeTcd B JEHeHHOe ypaBHeHHe ¢ NepeMeHHEIMA Koaddrumentamm.
HexoTopsie To49HBIE pelleHHsA s YacTHHX BHIOB 3aBHCHMOCTHA
k = k(z, y, z) ykasargu I'. C. CamexoBrM [7] m pyMmuECKEM Hccaemo-
pateneM T. OpoBary [8].

Eme Goxee oOmmm caydJaeM ABIAETCA AHM3OTPONHAA NOPHCTAA
cpea, Korga BEoab ocedl z, y, z B dopmynax (II, 1, 2) mporunmaeMocTn
ky (D, 2y, 2, 8), Ky (D, 2, 9,2, 8), k. (p, 2, y, 2, t) pasanvaL.

ITpzx 2TOM OKa3hBaeTcs, 4TO IPOHMNAEMOCTh — TEH30PHAA BEJIMIM-
HA — ¥ TPajdeHT JaBjeHAs He COBIAgaeT M0 HANPABIEHHIO ¢ BEKTOPOM
CcKopocTH (UIBTPANMH, 3a HCKIIYEHHEM TpeX B3aUMHO-NEepPOeHIAKY-
JAPHHX HAUpAaBIeHWil, HASHBAGMEIX [IABHEIME OCAMH TeH30pa IPOHH-
maemocTd. JTH 3agadm mcciaegoBanucs Meppammomom m ApyruMaA [JIT.
I. 3]. Topasmo OGosee MmpoCTHIM ABIAETCA CIyYail OTHOPONHO-AHU3O0-
TpoTHOil cpelH, KOTAA IpoHUNaeMocTd kyx, ky, k, MoCTOAHHK, HO pa3iimd-
Hil. M0osXHO NOKa3aTh, 9T0 IPOCTHIM IIpeofpasoBaHAEM KOOPAMHAT 3TOT
cuydail cBoguTCA K omHOpOAHOI cpepe (§ 3, ri. V)., Hmxe, ecim 910 He
Oyger coenmaJbHO OTOBOPEHO, MOPHCTAs Cpefa UpefHojaraeTci M30-
TPOIHON BO BCeX HANPABICHHAX.

§ 2. Busop H. E. JKyxoBckoro nnddepennmarsnubix ypasHenuii
HM30TEPMHYECKOT0 [IBWCKEHHA SKMJKOCTH B IOPHCTOH cpefe
€ yIeToM MaccoBbIX cul n3 AnddepennuaIbnbIX ypaBHeHHHA
Jdiinepa A BICAIBLHON MHAKOCTH

H. E. #yroBckuii nan saMedaTen bHKHA BrBof 06mux Audde peanuazs-
HHX ypaBEeHHi Teopnu QuiIbTpanmun, cieqynmeit sakony Jfapen, ucxons
M3 ypaBHeHMHA JBMKeHHA HCAJNbHOU KHIKOCTH.

YpaBHeHnﬂ JBAHKCHHA n}leanbuoﬁ JKEAKocTH JiIepa HMewT BHI:

. 1 dp
et u— +U +w =4 - %
dv av dv g 1 dp
2 T Yo ¥ —l—wé—az =Y — S (I1.2.1)

ow ow ow w
o te g vy T =2
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rjge u, v, W — NPOEKIUN CKOPOCTH sKuAKOH dHactmne; X, Y, Z — mpo-
€KIEM MAacCOBHX CHJ, OTHECEHEHE K eJMHHUIle MACCH JKAJKOCTH; @ —
IJIOTHOCTD; p — AaBJeHHE,

Korpa BHemHe# MaccoBoit cuaoil ABIAeTCHA cAJIa TAKECTHA, HAIpPaB-
JAMAg OCH Z, ¥ B TOPH3OHTAJLHOI IJIOCKOCTH, a OCh Z BePTHKAJb-
o BBepx (puc. 1I.1, @), moxydum

X=0,Y=0,2Z=—g, (11.2.2)
e g = 9,81 M/cek? — ycropenne cuiIbl TAMKCCTH.
2

W«
r
? 2
X=w'x
_, 2
Y=y
z=_g'[ -sz'
| -
|
0 x 0 JI x

L a y ]

Puc. II. 1. Ilpoeknuy CHJIH TSKeCTH M LEHTPOGeHON CHIH
(x BuBORY AuddepeHINATLHIX yPaBHEHHH NBIKOHAA FKHIKO-
CTH B NIOPUCTOH cpepe).

Korfa BHEIIHEMM MacCOBEIMM CHJIAMH ABIAIOTCH NeHTpobeRHas
cAla W cuJa TaKecTH (BpalleHme BOKDYT BeDTHKaJbHOH  ocHm)

(pmc. I1.1, 6),
X =o’rcosp = w?z,

Y = o?rsing = w?y, (I1. 2. 3)
Z = — &,

rjae @ — YyrjaoBas CKOPOCTI BpalleHNs OTHOCHTEJILIIO OCH 2, r — pagayc
BpamIelNsa; @ — YyroJd MeKAY PajuycoM BpAlleHUs M OCbI0 I,

Ecan B mopucToii cpefe NpoucXoquT QHILTPANIMA >KUJKOCTH, WO-
ABJAETCS CWIA TPeHHUsA 10 IIOBEPXHOCTH 3epPeH, CJaralmoliuX HOpPHCTYIO
cpeny. Tak Kak »Ta IIOBePXHOCTb OYeHb BeJMKa, TO MOKHO CYHTATh,
9TO CHJA TPEHWs paclpefelieHa Mo BceMy o00beMY NopHCTOH CpefH.
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CrnefoBaTeabHo, € BHCOKOH CTeNeHbIO TOYHOCTU MOKHO DAaCCMaTPHUBATHL
cHIy TpeHHA KaK o0BeMHYKI CHIY.

TaxkuM o6pasoM, MOKHO BOCNOJB30BaTbea ypasuenuamm (II.1.1)
ana GrapTpanuu KAJKOCTE B IOPHCTOH cpege, HO cYATAThH, ITO Mac-
COBBle CHJK BKJIOYalOT B cebs JBe dacTu:

X=X1+X2; Y:Y1+Y2; Z::ZI+Z2,

rae Xy, Y1, Z,— UpOeKNUH BHEMIHAX MAaCCOBHIX CHJ; Xy, Yo, Zg —
IPOCKHAM MACCOBHX CHJ COIPOTHBJAEHAA, 3aBHCAIMX OT CKOPOCTH.

Ecan mog u, v, w mogpa3yMeBawTCAd OPOEKOAH CKOPOCTH OHIBLTpa-
oA, TO, MpPeANOJaraf IS HPOCTOTHL II0PUCTOCTL M MOGTOAHHON, MMeeM

1 du 1 ou du u 1
Twﬁmﬂmﬁ+wﬁ waﬂ=—yﬁ%x+xm
1 ov 1 v v vy
m ot 5?(“‘5;'*” 3y +’w5ﬁ =--Q ay + Y1+ Y, (I1. 2. 4)
1 ow 1 ow ow Jw
7?T+mﬁﬁﬁ+VE"+WEJ:“?7T+&+ZS

OO6BI9HO0 CKOPOCTHh (PMIABTpAIME O0YCHb Maljia U KOHBEKTMBHEIMH dje-
Hamu B JeBoil wactu ypasueruil (II. 2. 4) mMomuo mpeme6pedn. Mosno
TWOKA3aTh TAKKe, UT0 W JIOKANbHbEE TPOM3BOJHHE IO BPEMEHH, KakK
npaBwuio, MOryT OHTE orbpoment. Torga ypasmenma (II. 2. 4) npumyT
B

op
az

_QXZZOv

” —eY;—Y,=0, (1. 2.5)

ap —0Z1—0Zy, = 0.

s cpaBHeBEHA ¢ 3akomoM Jlapcm mpu OTCYTCTBMM MACCOBHIX CHI
cuenyeT, 910 @ X5, 0Y 3, 0 Z; UPONOPHAOHANBEE M NPOTHBOMOJOKHH
NPOeKNHUAM CKOPOCTH (HJIBTPAOHA M BHIPAMKAITCA CJaedyIOUEM o6pa-
30M:

QX2=——:—U,,

eY:=—1to, (1. 2. 6)
_

sz—’—TW,

rAe k£ — DPOHANAEMOCTh NOPHCTOH Cpedn; [ — aGCoNOTHAA BIA3KOCTh
FRUAKOCTH,
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TarknaM o6pasoMm, ypaBHeHHA ABHKEHHA SKAAKOCTH B IOPHCTOH cpe-
Jie EMeloT CclelyIommMil BUA:

. k [ ap
u=—(ar QXI)’

. k [ dp

k [ dp
wz"T(‘ﬁ“QZI)'

PacemoTpum caydail, Korga MaccoBo#l cHIONH sABIfeTcA cHAA TA-
mecrn (puc. 1I.1, a). Coraacmo (II.2.2) ypaBmenma (I1.2.7) Gymyr
HMeTh BHI:

__k ap . k op
b=""0 8z V=~ Wy

% | op (1. 2. 8)
w=~r<7+v>,v=eg-

IIpu Gonpmux ckopocTAX QUIbTpanUK, HAIPUMED, B CJIy4ae MOOIHOTO
B3pHIBA B IUIACTe HY)KHO OCTaBUTH JeBble dacTH ypaBmenma (II. 2. 4),
910 TpeGyer Gosee mompoGHoro pacemorpemma [9, 10].

lpn gemwxeEHH, He chegylomeM 3akony Jlapcu, MaccoBEEe CHJIH
conporEBieHuA X2, Y2, Z2 ABAAKTCH HeJIUHeHHHME (YHKIUAME KOM-
HoHeHTOB cKopoctd ¢uabrparuun. [ndpdepennuanbusie ypaBHEHHAA AIsA
atoro cayuas cocrapiaensl JI. C. JleiiGenzonmom [JIt. I. G, 7]. Pemenna
A OMHOMEPHHX CTALMOHAPHHIX TeUeHHIl B TPyOKAax TOKAa IePEMEHHOTO
ceueHuA, KaK ORI0 CKa3aHo Bhme B § 2—3 raasu I, moryr 6uTh momyye-
HH Oe3 OPUHOMNMAIBHHX 3aTpyqHeHuit. MeTons pemeHwus [iAs HEKOTO-
PHX HEOXHOMEDHHX TeUeHHINi, He CIeAyIOmMuX 3akoHy Jlapcm, yKasagm
C. A. Xpuctuanosmdem [11], B. B. Coxoxosckum [12] m ®. JHrenyn-
nom [JIt. I. 21].

IIpuBeneM HeKoTopoe NMpeobpa3oBaHWe ypaBHEHHH NBW)KeHUA, IpeJ-
mojarad HapaMeTpHl KUAKOCTH 3aBUCAINIMMH OT [ABJIEHHA.

Ilpenmonoskum, 4ro mede MaccoBux caix mMeer morennman U (z, y,

-
z, 1), T. e. BEKTOp MaccoBoM cmunt £, ¢ mpoekmuamm X,, Yy, Z,
MozKeT OHTH NpefcTaBled B BHJP

F=—gradU (11. 2.9)

HJIH B IPOEKIUAX HA OCH KoopAuHar

U ou aU
X, =— e ’Y1=__—ay v Zy=——— . (1L.2.10)

Mycrs ana obmucetn npomunaeMocTs &, BASKOCTH W ¥ IAOTHOCTL Q
SIBIFIOTCA M3BeCTHsIME QyHRUMAMM NaBiendas p, k= k(p), n=p(p),
e =0 (p). C yuerom ypasuenuir (II.2,7), KoToptie yMHORXaeM Ha @ (p),
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g (11.2.10) anrsa npoexmmiz MaccoBoil ckopocTdn QHALTPANHA QU, QU,
Q W LOXyqIuM

oo _[EDe®) % | k(D)o p) U
w(p) 0=z u(p) oz
_ _[k®e® %, k@e(®) U
ev=—[FopP B+ OGRS, a2
— [ k®ea(p) op | k(p)@*(p) OU
ew= [u(p) ) 6z]‘

Qopma ypasrenmi (II.2.11) HaBoguT HA ecTecTBeHHYI0 MEICIb
BBCCTH JBé (YHKIAHM HNaBICHHA:

_ _ [ k(p)e(p) _ __ k(p)o?(p)
(D-—q)(p)_f et dp, © =0 (p) = =B (I1.2. 12)

OueBupgHO, IpE oTcyTCTBUE MaccoBHX cul O = @ (p) aBaserca mo-
TEHIIMAIOM MaccoBo#l CKopocTH (uIbTpaIuy.

J1. C. JleiiGen3oH B Teopum §mibTpPanW¥ Ta30B BIEPBHE BBeJ aHAJIO=
rranylo ¢yeknmio. lloatomy @.(p) Gynem masmBath 0600mennoit Gpynk-
nueit JlefibeH30HA MIA C:KUMaeMOil OTHOPONHOH KHAIKOCTH.

Vpaprerusa (II.2.11), kak HeTpynso BUMAETH, IPAHAMAIOT BHL:

oD ou ob U
Qu=—< iz +@7;), QU=—(a—y'+@737>,

od oU
9’”:—(7“97)-

(IL. 2.13)

HeiicTerTenpHo, o ompegenenmio materpana a3 (II.2.12) mmeem

dD = k(p) o (p) d
u(p)

a n3 (POpMYJH TOJIHOTO nmbd)epenunana ansa dD u dp moayumm

a0 = 22 dz 4 d + 2 a2t~

_ k®e(p) 01’ op
= = [ dx+ dy—|— dz + 5 dt] .
W3 npomssonbHocTr pguddepennuanop dx, dy, dz, dt caegyer, 9ro
Koa¢dunmenT npn dz, dy, dz, dt pasEm. Otcioma cornaceo (1I.2.10)
HeMe[JIEHHO BHITeKaeT copaBefaumsocTh ypasHermit (II.2.13).

IopcraBana (II.2.13) B ypassenme uepaspuBuoctm (lI.1.1), mo-
Jdydaem ‘

d(me) __ 0@ , 5D 220 U
ot T dx2 ' 9y? + az2 + az(@ az)+

+;_y(@%’_)+ﬁ(@ 2’;) (1. 2. 14)
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MMoansyscy ypaBaenuamm cocrosama (1. 1.3) = (II. 2. 11), =3
naddepenrmanbaoro ypaesaenma (II. 2. 14), Boo6me rosopsa, MoOKHO
MOIY4YATh, CMOTPA N0 jKenaHuio, audpdepeHnnanbHOe ypaBHeHHEe A
opuoit u3 ¢ymkmmit O©, p, ¢. Hanpumep, piaa ¢yaxnun @ nmeem us co-
ormomenusa (II. 2. 12) @ = @ (p). Paspemasa HociexHee ypaBHEHHE
OTHOCHTENBHO p, HomyiaeM p =p(®) m 3zateMm m = m (p) =

= [p(®) = (®), ¢ =2 () = e[p (P)] 2 (0). 6 =6 (5} =6[p (V)] -
= @ (P). Taxum o6pasom, ypasuenue (II. 2. 14) Mosxer GEITEH 3amuCaHO
B BHJE COOTHOIMEHWA TONBKO s ofHoll ¢yHrmum @ w amamormeHo AJst
p H Q. ITO COOTHOMEHKE B 06INEM ciIydae IPUBORUT, KAK BHAHO, K BeChMa
CI0KHOMY HeIMHelHOMY, KaK IpaBmio, guddepeHIUaIBLHOMY ypaBHE-
HUI0 BTOPOT0 MOPAAKA B YACTHHRIX IPOM3BOJHHX IapafonmuecKoro THMOA.
B HexoToprx caydasx, kKak OymeT NOKA3aHO HUIKE, OHO MOKeT OHIThH
JAMHeapU30BaHO H CBEIeHO K OOBIHOMY YDPaBHEHHIO Tel10HPOBOAHOCTH.
B oGmewM jxe caydae 3afada OKashBaeTcA BechMa cioskHo#. llpu ycra-
HOBUBINEMCSH TedeHHH, IpeHebperas maccoBmmm cmiamm, 3 (II. 2. 13)
pas @ nomxydaem ypaBHeHue Jlammaca

V20 = 0, (IL. 2. 15)

KOTOPOMY YIOBIETBOPsieT [aBjeHue UpH (EABTPALIMH HeC)KAMaeMoH

JKEJKOCTH TOCTOSHHON BA3KOCTH B HeU3MeHAEMOH HOPHCTOH cpefie ¢ IIO-

CTOAHHOH NpOHWMIAeMOCTHI0. Takum o06pasoM, peleHHd, HTOJydYeHHEIE

Iiaa 3amad PWILTPAIME HECKAMAEMOH KHIKOCTH, 0000IMArTCa, KAK

ykasamo Tamsxe B Kamre I'. B. Iluxawesa [JIt. I. 8], mHa amanormumsre

VCAOBHA [OBHMKOHUS CIKUMAaeMOHl JKMIKOCTH, IpWYeM, KaK Jerko BHIETD,

k " . o

BerMIMHA f sameHserca 00o0menHON ¢ymknmein JleiGemsoma @, a

o0beMHA CKOPOCTh QUIBTPANEHE W — MACCOBOH CKOPOCTHI0 (PuibTpa-
oy

uve Q w.

- -
Moskro BMecTOo MaccoOBoOH CHROpocTH (bHHBTpaHHK Q W oupexeaAaATb

BECOBYIO CKOpocTh Puubrpanuu y w = g ¢ w. IloTennuan BecoBoil cxo-
pocta QUILTpAnEH B 3TOM ciaydae Oyper

= f "‘PW"’) dp, (I1. 2. 16)
a IpH NOCTOAHHEHX W (p) = M == const, k(p) = k = const
@:-&-fy(p)dp:%, (I1. 2. 17)

rfe depes P o6o3HaYeH MHIOrpal

P= [y (p)dp, (I1. 2. 18)

HHOTIa HasuBaeMHii ¢yHKuwmeil JlefiGeH30HA ANA OFHOPOXHONA CKEMae-
MO KAJKOCTH.
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IIpu mocrosmEmx k, W, npede0perasd MAaCCOBHIMHE CHJIaMH, H3
(11. 2.14) moxnyzaem

a(my) k& s
——at——?v P, (1I. 2. 19)
Morennman, Kak u pyErmua P, ompefenserca ¢ TOYHOCTHIO 1O af-
nutaBHO#A (r. e. mpumbaBiAeMoil) IPOM3BOJBHOE WocTogHHOIM. IloaTomy
materpaiast B (II. 2. 12) nau (II. 2. 18) moryT ocraBaThes HeompeaeeH-

HLIMA WJIH 3alACHIBATECA B BHe |, Ifle po — Aio0oe faBleHMe, B YacT-
o
HOCTH HYJb.
Haiigem Bup ¢yrkoum P niid razoB d yOpyToil KaneJabHOR KHIKOCTH.
Jas rasoB, 0co6eHHO YIIeBOZOPOAHHIX, yPaBHeHHE COCTOSHHA y =
=+v (p, T) dacTo Geperca B BHe

—’Y’- = zRT, (I1. 2. 20)

rge R —rasoBasa noctoAHHaA; I — aGCoJOTHAA TeMumeparypa; 2=

T o
=z ( pp - )— TaK Ha3HBaeMHid Kod(PUIHEHT CBepXCIKIMAaeMOCTH,
KD KD

onpefensAeMuil mo sMIupmdeckuM dopmyaam uin rpaduram; Txp, Prp —
KpUTHYeCKHe TeMueparypa ® fgasieHme. [[JA HmeaabHOro rasa, cie-
gywomero ypasHenmio Hiuanmeiipona, z=1,

Hua P monydum

1
P=fv(p)dp=ﬁf§dp. (I1. 2. 21)
Ecam naBienme MeHAETCA HE3HAYUTONLHO, TO
1
P~ TRTag p? + const, (11. 2. 22)

THe Zcp — CPefHee 3HAYeHHMe z B IpeflellaX M3MeHEHHA [aBJIeHHA.

[ua Gomee TOYHHX pacdeToB, pasyMmeercs, meTerpax (1I.2.21)
clief[yeT BLIYACIAATH COOTBOTCTBEHHO TouHee, [l uAealbHOro rasa,
IPHBUAA K aTMoCPepPHHIM YCHOBHAM Yar, Par, IPH TeMumepaType Tede-
aua I moixygaeM

P _ Par _ pr, (I1. 2. 23)
Y Yar
_ Yar .o

P = 5par P + const. (I1. 2. 24)

Ina omnopomHoil ynpyroi KamedbHOH KWAKOCTH, BBHEY MAaJjoro
namerenua vy, y(p) B (11.2.17) MomHO cunTaTh OOHYHO IPAKTHICCKH
IOCTOAHHO# vy (p) = vo. Torma

P =y, p + comnst, (I1. 2. 25)
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§ 3. 3JaMevanna o cncTeMe ypapHenmil s ofmiero cayyas
HeA30TePMAYCCKOH ¢(uabpTpanum

B GonsmuHcTBe CIydaeB ABMKeHAE DPUPONHEIX JKALKOCTEH H ra3oB B HX ecTe-
CTBEHNHIX KOJUIEKTOPaX — IOPHUCTHX CpejaX, CJIaralomuXx NpOAYKTHUBHEE ILIACTHI, —
npennoNaTaeTc H30TePMHYECKUM, XOTA M3BECTHO, 9TO NPH STOM TeMIlepaTypa WaMe-
HAETCA, Npasia, 00KNYHO HezHaunTenbHO. IlprMepoM ABNsAeTCA ONHCHBAEMEIl BO BCEX
Kypcax TepMOJMHaAMUKH Kiaccumdecknit apdert Imoyas — Tomcora.

B cBA3E ¢ pa3BATHEM COBDEMEHHKIX, BeChbMa TOYHHIX METOAOB TEPMOMETpHR
IJIaCTOB M CKBAa)KWH XIPEJCTABIAET WHTEPEC COCTABIeHMe MOJMHOW CHCTEMEl ypaBHe-
HR#l, CBASBIBAIONIAX CKOPOCTHW, JaBJeHNWA W TeMIepaTypPH J>KHIKOCTH W IOPUCTOMH
cpennl. Mudopmanua, JocTaBifeMad B BHIE TEePMOTpPaMM OJACTOB W CKBAajKAH, MO-
3HET OKA3aTLCHl TIOJIeRHOH NPH W3yYeHMH WX (PMIBTPANIMOHHHIX I8 PAMET]OB.

113 pa6oT, BHIOJIHEHHHX B 5TOM HAalpaBlelNnW, CJeRYET OTMETATH MCCaeoBa-
ma 3. b. Yerxariora, NOCBAIIERHKE 3alade O CBASH MEXAY TRIDOANBAMHYECKHME
A TePMHYECKHMM NapaMeTpaMA (GHILTPAUPOHHHX IIOTOKOE, W NPEJIO}KeHHEe UM
MEeTOJN MCIIONb3OBaHMA 9TOM cBasm [5, 6].

Lonbmoil pHTepec Takike NMpeACTaBisAeT 3afiada O HATHETAHWH [Opsded JKEIKO-
CT¥, Tasa WA Hapa B MIACT [IA NOBEIIEEHA He(pTeOTAaud U yJyYmeHnus HPOHAIae-
MocTH Tpn3aGoiiHOH B3OHH.

Jdas upocroTn GyaeM mpefionaraTb DOPUCTYIO CPefly HeM3MeHsIeMOil ¥ OHOPOA-

=

HOH. 3aMKHYyTafl CHCTeMa ypaBHEEHH NJiA AaBIeHUA p, BEKTOPa CKOPOCTHW w, WJOT-
HOCTN @ NAM o6beMHOTO Beca y M Temnepatryp T m T MKHAKOCTH M LOPHUCTON cpefn
MOKeT OHTH NOAYyYeHa, KAK M BO BCeX 3ajladaX MeXaHUKW CIVIOMHAHX Cpef, IpH LO-
MOmMM OCHOBHHX (PyHIaMeHTaJbHEIX 3aKOHOB COXDaHEHHS, CIIpaBe[JINBHX IJA JIO-
0oli CHCTEMH MaTepHAJLEHX Tel H TOY9eK, — 3aKOHA COXPaHEHUA MACCH, 3aKOHa
M3MEREHHMS KOJPYeCTBA JIBUKeHWA M 3aKOHA COXPAHEHWs BHEPTHH.

O6K9HO B RALTPANMOHHEHX 337a7aX BBHUAY BeCbMa MaJRIX CKOpPOCTedl JKMAKAX
9acTHI B OCHOBHOI 00JacTH TeYeHMA B YPAaBHEHHAX ABUKCHAA W SHEPrAW HWHePLUOH-
BRIMH WI€HAMH B KWHeTHYecKoH sHeprueil mpumuATO mpeneGperars. MH 3TOro HOKa
Jies1aTh He GyneM W nocrapaeMca 1A OGMHOCTD MOJYINTH NMOJHYIO CHCTEMY ypaBHe-
HWH, DPHTOARYI0 ANS WCCIEAOBAHHA JBWXEHWI, THe CKOPOCTAMH dYacTHL lpeHebpe-
raTh HeJb3d, HAOpHEMEP, NPH DPUTOKE rasa B CKBAXKMHY 1depe3 mepdopalnoHBEe
OTBEPCTUA, KOrja YCJIOBHA HCTeYeHWA NPUOAWKAITCA K KPUTHIECKNM M CKOPOCTH
CTPYEK rada B OTBEPCTHAX MOTYT GMTE CPABHUMEL ¢ 3BYKOBHIMH, & TaKMe Ui APYTHUX
c/yuseB TeUeBHS B NODHCTOH cpeste, rie HecOXOONM yder WHEPIWOHHHX YJICHOB.

B xauecTBe mpEMepa MOKHO YKa3aTh HEJZOCTATOYHO eDIe HCCAeJ0BauHRIA KPYr
8ayla9 0 paclpocTpaHeHHH Kojge(GaHWH B NOPHCTHX Cpefax, 3allOJHENHHX HNIKOCTHIO
nI¥ rasoM. B armx 3ajjavax, NMPeLCTABIAWMMX HHTEpeC NJIA pasBUTHA ceilcMude-
CKRX, 8KVCTHIeCKUX W APYIHX aHaJOTWYHHX METONOB HMCCAENOBAHMA W pPasBeKn
He(Te-, BOAO- M Ta30HOCHHX IJACTOB, y4eT WHEPIMOHHHX WICHOB ¥MeeT NPUHIHU-
NHAaJbHOE 3Ha4YeHHMe IPHM pacueTe CKOPOCTH PacIlpPOCTPAHEHHA TOTO HJIH WHOTO BHAa
MexaHudecknx kosebaguii. IIpn orGpachBaHNN MHEPNHOHHKX WICHOB aKyCTHYECKHE
CKOpocTH nonyvalorca OecKoHewHHIMU. B oxumx 3ajagax 3T0 06GCTOATENBCTBO HE
BHOCHT CKOJIL-A160 CYIMECTBeHHOH IIOrpeimHOCTR, B APVIHX jKe, €CJH, nanpudep,
'rpc(»yercn Oonce TOUHO HccaxeaoraTh NpOmecch, BO3HWKAKINIE B HadajdLnbie MO-
MEHTH fl0cjie TPHX0ofla POHTA BOJHH JaBieHHS, HeOOXOAMMO YYMTHEATH KONEYHOE
8HAUeHNE CKOPOCTH 3BYKa.

Tlonpan cucreMa ypaBHeRHMs Insi obmiero caydas IBWKEHHS B TIOPHCTOH cpene
CHIMaeMOll MiIu HeC)KUMaeMOH BA3SKOH JKMAKOCTH TNPHHUUNNAILHO MOKeT OHTb
IOCTPOPHA, KAK YIIOMHHAJNOCH BHINE, IYTEM HaJJAeKaIlleT0 OCPeNHeHNsa ypaBHeHM
HaBre — CTOKca M ypaBHeNHS DHEPTHH, 1TO JIO CErO BPEMEHH NOKA 9TO He CHeNaHO.

Bmecto atoro, cnenys H. E. JykoBckomy, coriacHo CKa3aHHOMY BHIIe
B § 2 MOKHO paccMaTpHMBaTh (MILTPANMOHHKI IOTOK KaK WACAJAbHYIO MHWIKOCTH
A cWIH (WALTPanNOHHOTO TPEHUA OTHECTH K OOBeMHLEIM CHJIaM COUPNTHBJIEHHA.
Torpza MO¥HO BOCHOJNB30OBATHCA XOPOMIO W3BECTHRIMH YPAaBHEHHAMH JIBIJKORNSA
HIeanbHON 3KHIKOCTH, UPHBEACHRNMH B JIOGOM COBPeMERHOM Kypce THAPONHAMBEKH,
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rasoBoil JMHAMAKY WINM MeXaHUWKE cIioulHEX cped [13, 14, 15], moGasms k peanxbro
CyMecTBYIOINUM OOBEMHHM CHIaM (UKTHBHHE VKa3aHHEE BHINE CHILI CONpPOTMBIE-
HUH.

Jna npakTHYeCKNX DPHIOKeHUIT lienecoo6pa3HO MMeTh NOJHYI0 CHCTEMY ypaB-
HeHHMI s TpyOKM TOKAa C 3aJaHHNM 3aKOHOM H3MeHeHMA ILIOMAAH QHJIBTpanum
f (s). IlonpoOHEIE BHIBOE AJIA DTOTO KBAa3HOJHOMEPHOrO TeUeHHA INPHUBElEH HUMKe,
flocde Yero ypaBHEHMsd, BHPaKalompe pacCMaTPHUBAaeMEIi 3aKOH, BHINCHIBAIOTCH
HEIOCPEJCTBEHHO B KOOpAuMHATHOW dopMe.

IlpumMesrM 3aKOHH COXpaHeHHA K TOTOKY
AUOKOCTH, TeKyedl BHYTPHM TPYOKHM TOKA, BHIJe-
JeHHOU B PmABTPAaNMOHHOM TNOTOKe M OF PAaHMIeHHOMH
IBYMS IIOIePeYHbIMA cedeHHSAMA f1 & f, (puc. I1. 2).
Jlust ApOCTOTH GyReM CYMTATH [OJOMKeHHe TPyGKH
TOKa B TipocTpancTBe pUKCHpoBaHHKM. Kar n BhIe,
1105, AeHCTBUTENLHOH CKOPOCTBIO YKUAKOH _JacTHIH
6yneM MoIpa3yMeBaTh BeITWIUHY w/m, TIe w — Bek-
TOP CKOPOCTH (UABTPAnMMA; m — TOPHCTOCTD.

Hamomunmm ofmmit Mero 3anucH M3MeHEHRHA Puc. II. 2.
KaKkoi-nu6o BemuamEn @, CBA3AHHOM C NOTOKOM
JKHJKOCTH,

PaceMarpuBaoTcs Ba HOMOMKEHHA YACTHI B MOMeHTH f¥ ¢+ At (pme. II. 2).
QOueBmHO, MBMEHEHNE paccMaTpmBaeMoil BeamyuHH (P MOKHO 3amHCAThL TaK:

AD =[(Pypy); 4 ar+ Pyl — [(@ryp)e + Pl=
=0 — O+ (Pyyy)yppar— (@yppdee (I1. 3.1)
Ynennt @, @, ompefensnoT 3mateHde BeauImHR O B o6peMax 9acTHI[, BH-

I
megmux u3 ceqemm fo u Bomemmmx B cedeHMe f; 3a BpeMma Af, ((DIII)t’

(Py11)t 4 At — €€ 3HAYCHHA B o6mem o6peme III B MoMmeHTH ¢ m ¢ Al.

ITepexox ® mpegeny nmpm At — 0 m CORpAIIeRne Ha dt JaT COOTBETCTBEHHO
KOABEKTUBHYK) TPON3BOJHYI0 pacCMATPHBaeMOil BeJMIHHH, O0OyclIOBJeEUylo Iepe-
HOCOM 4YaCTHI, M JIOKAJHHOE ee H3MeHeHMe B eQMANIY BPeMeHHA, OOYCJIOBJICHHO®
HeCTalHOHAPHOCTRIO I polecca.

AHaJOTMYHHM 06pa30M IIPON3BOLWTCA 3alNCH AIA JABMKymeroca obnema mpo-
#A3BOJBHOR (HOPMEL.

§ 4. 3akom coxpamenmsn Maccbl (PHIBTPAMOHHOrO MOTOKA

3aKkoH COXpaHEHNA MacCH H Beca 6yl[e’l‘ UMeTh BHA:

G —Cy= fmydv (11. 4. 1)

61: o)
e G, ¥ G,—BeCOBHE PacXOAH COOTBeTCTBeHHO B cedeHHAX f, H f; V —o0beM
TPYOKM TOKA MeXXAY cedeHUsiMH f; U f.

Ecim ceuenns Geckoneuno 6amaxm, 10 dV =f(s)ds m dopmyaa (II. 4.1) mpm-
HAMAaeT BUJ:

G (s, t)— G (s+ds, t)=Lg;ﬂf(s)ds
"
G (s, t)—[G (ss t)—i——%— ds]=_%§—ds=%'t‘l)-/(s) ds,
G 6(m 0 (my)
— = f(s) (IL. 4. 2)

T. €. MBl HOJNYyYHJIM OOKTHOE ypaBHeHHe Hepa3PHBHOCTH.
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Ecau OOPHUCTOCTh M OT BpPeMeéHM He 3aBHCHT, TO

aG oy
— e =m 5 1(s). (I1.4.3)
B xoopgaHaTHOH ¢opme ypaBHeHHAe Hepa3pPHBHOCTM HMeeT OOIeH3BeCTHHIH

o dtywe)  3(ywy) 0 (yw)]_ 2(my)
YWy a(yw Yywy) | _ my
_[ ox + ﬁyy + 9z ]— at ’

(11. 4. 4)
Ifie Wy, Wy, w,— OPOSKIEH BEKTOPA CKOPOCTA (UILTPANMH w HA OCH Z, Y, Z.

§ 5. 3akon HM3MeHeHUs KOJIMYCCTBA ABWKEeHHA (HIBTPALUOHHOTO
HNOTOKA

Bropoe ypaBHeHHe HONYYaeTCA B peayJbTaTe IPHMeHeHHA 3aKOHA HM3MEHEHUsS
KOJIMIeCTBA [BIKEHHSA CHCTEMH K JKUAKOCTH, TeKyDleld BHYTPH TPYyOKH TOKa My
cegeHnAME f1 B f,.

CoryiacHO 9TOMY BaKOHY H3MeHEHHMe KOJIM9ecTBa [ABIKEHWA CHCTEMEl MaTepH-
ANBHNX TOUEK 33 KAKOC-THOO BpeMA DAaBEO CYMMApPHOMY UMITYJABCY BCEX BHEMIHAX
CHN, OPITOKEHHNX K CACTEM®, 3a 3T0 BpeMA. Ecia¥ BpeMsa paBHO efWHRHE, TO CyM-
MapHHH EMOYJbC BHEIIHHAX CHJI YWCJAEHHO DaBeH HMX INIABHOMY BEKTODY.

3aKoH H3MeHEHUA B €IMHUNY BPEeMEHH KOJWUECTBA JABIGKEHHA IJAA TeKymei
BHYTPH TDYOKH TOKAa JKUIKOCTH MOKHO 3alACaTh CJAEAYIOIMHM 0Gpa3oM:

-~ = @8 w .
Jo—Jit 57 f@%de=P1+P2—‘ar+B,,+W+T1+Tz. (I1.5. 1)

)
rae

- ,‘,,’ - e
Jy= J‘—r—n—gdq; J = f%gdq (11.5.2)
(f2) (f1)

INABHEE BEKTOPH IOTOKOB KOJMYECTBA JIBMJKEHHS MACCOBHX PacXO/0B COOTBET-
CTBEHHO B CeUeHHAX [, H f,; dg=wndf—daeMenTapaENil o6BeMHHI pacxonm depes
9JEeMeHT mWwioMans ouasTpanuu df, TA® wp, — HOPMadbhHad K df KOMIOHEHTA CKO-

pocts ¢masTpanmd; P; m P,—riaBHEE BEKTOPH Pe3yJIbTAPYIOIMAX CHJI JaBleHMl
—
B CeYeHHAX fy, fa; Rp—TraapHHNE BEKTOP Pe3YJIBTHPYIOMMX CHJ AAaBIEHHA CO CTO-
[vy ! I
POHH 60KOBOH HOBEPXHOCTH TPYOKH TOKa; R, — rIaBHHH BEKTOD HOPMAJBHHIX
-

pearnuil TBepHLX 3ePeH NOPHUCTOH CPelH, IPUIOKEHHNX K JKUAKOCTH; W — riiaBHHM
BEKTOD MaCCOBHIX CHI, TeHCTBYIOMMX Ha JKHAKOCTh, HANPHMED TAMKECTH, LEeHTPO-
6exBEX W T. A. 7;—TIJaBHEH BEKTOD CHJA TpeHHUA MEKAY IKHUIKOCTHIO BHYTDH
TpYOKE M GOKOBOH HOBEPXHOCTHIO TPVOKH; 7 — IVIaBHHLE BEKTOD CHJI TPEHUA MeXKAY
KUJKOCTBI0 BHYTDH TPYOKM M HmOPHCTOH cpemoi.

Ilpu paccmoTpeEN®E QHILTPAIMOHHHX TOTOKOB OOHYHO CYHTAETCH, 9TO B KarK-
JoM ajemenTe ofbeMa dV HMeercs CTONb GOJIBIIOe YHCAO TBEDANX 3€PEH, 4TO KAMN-
KOCTB W IIOpHCTas CPefia B OTAEABHOCTH MOT'YT MPeAUONaraThCH CIIOWIHKMY CPeIaMH.,

YerpeMaM paccTOAHWE MeKAy COTCHUAME K HYNI0 W TepeiiieM K mOpejedy.
Ilepen Tem xak sanmcarh ypasHesme (II. 5. 1) mus storo mpenenbHOro NOAOKeHRAA,
yaTteM cienyiomee. LyneM cauraTh, Kak OOKYHO, IVIOTHOCTH, MOPUCTOCTH U TeMIle-
paTypy B cedeHHAX TPyOKN TOKAa PaBHOMEDHO pacHpefelleHHEIMH, a pachpejelleHHe
AABJEHHS — TUEpocTaTHueccKuM. J[JIA ckopocTeil w/m coraacHo § 4 raaBu 1 aToro
JenaTh HeNAb3fA, TaK KAaK BHYTPU IIOPOBHX KAHAJOB BBHLY BASKOCTH >KHAKOCTHE
ckopocTH OYAYT pacHpefielieHH 3aBEefOMO HepaBHOMEpPHO.
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danommeM Temeph, EMeA B BHUAY cAelaHEHe SaMeuanmsd, ypasmerme (II. 5. 1)
B IIPOGKOHY HA OCh § [JIA NpefeAbHOT0 HOIOKEeHHA, KOTAA PacCTodHHe MEXIY cede-
HAAMA fi H f, paBHO ds:

faiss—ds-{—-g—t(g w)f (s) ds= —dP + (dR, ), +(dR )y 4 dW — dT ;;—dT,, (11. 5. 3)
2
wn 2
Jom ufgi;iwndf= fg;df=<1+§)97wf(s)=——‘j§ L.6(s, 1) (I1.5.4)
) )

rie & —nonpaska Kopmoamca Ha HepaBHOMEpHOe pacHpefieieHHe CKOPOCTEH B BH-
paKeHMH HOpPOeKIMH NOTOKA KOJAWYeCTBA MBWKEHAH, BHpayKaeMas H3BECTHHIM H3
KYPCOB rufipaBIUKH COOTHomeHHeM [16, 17]

fw:ldf
14+E= ‘”wzf -, (11. 5. 5)
w:ﬂi—_, (11.5.6)

Iie w— CPejHAA B Ce4eHHH CKOPOCTh (uabTpanuu.

Jlna Rpyraux 1py6, xar msBectHo [16, 17], nupn maMmHapHOM pemmMe § =1/,
mpu TypGymenraoM § =~ 0,03. lna meXeBMIEMX KaHAJOB IIPH JJAMAHAPHOM DeKAMe
£ = 0,2. {na noprcroil cpern § 6yMeT cymecrseHHO 3aBHCETH OT OPMH M pacupe-
JleleHUs PasMepPoB CeYCHHH 1I0DOBHX KAHAJOB M BO BCAKOM CJIyiae He MeHBINE, 4eM
A OJNHOrO KPYIJIOrO KanaJja.

BeauunHy § MOKHO CBA3aTh C PacHpele;IeHEEM PasMepOB MOP IO MX VCIOBHEIM
pagmycaM npm 1omomu gopmyaun (II. 5. 5) n kpusoit pme. I. 4.

IloTox KommuecTBa ABMKEHNA B eAEHANY BPeMeHH depe3 OAHY HOPY MOKHO
IPeJCTaBUTH B BUME

Ji=(1+E) @ qiv;. (I1.5.7)

Wnaerc 0 oTHOCHTCA K OgHOM mOpe, ¢;, W; — COOTBETCTBEHHO PACXO[ ¥ CPeIHAR
CKOPOCTE JJIA OFHOM MOPH.

IloTok KonmuecTBa ABM:KeHAA depes BCIO IJOMAAL QEIGTpammé GYAeT ¢ yueToM
dopmynnt (I.4.3) m (I.4.4) pasen

T=tiee Rulh=d+bee () 7 XA a1s9

rae h=H,— H,—Torepa Hamopa Ha AamHe [. (I1.5.9)
Iompaska HKopwonmca gns Bcero MOTOKA BHpaKaeTcsa o ompefenennio Gop-

My o
gh 2 Lt 4t 9
14p— J___Jf =(1+§)og(——A”) TZ‘fiTEdi _
QQw QQ2 gh = 3 ),d‘ 2
Q(Avl Z) (_‘ i)
zdSZd: 11.5
TN Ay . 9.1
(zdg)z ' ( 0)

=(1+8o)
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Ilepexons K HellpepHIBHOMY pacHpefeieHHI0 pasMepoR IOpP, HOJydaeM
(o] [ee]
f rév (r)dr f r2v(r)dr
14+E=(14F)-2 — ¢ ) (11. 5. 11)
[[ rv(r)dr]2
0

TaknM 06pa3oM, B MOPACTOH cpene B GTIMYHE OT JBUMCHAA B TPyGaX HOMPABKA
Hoproauca B BHpPasKeHUM IIOTOKA KOJWYECTBA JBIDKEHHS 3aBACHT HE TONBKO OT
$OpMH OTHENTBHOIO KaHAla, HO M OT paclpefeleHHS PasMepOB BCeX KaHANOB, CJa-
TAIOMUX KUBNE CeueHHe (IILTPALHMOHHOIO IIOTOKA.

OrparganMcs cly7aeM, KOTA3 MacCOBOH CHMNON ARJIAETCA CWIA THAKECTH W OCh 2
Haupaenesa Beepx (puc. II. 4, a). Bexnwaunsl, crosimye B DpaBoil dacTd (GOPMYIbE
(I1. 5. 3), ¢ TOYHOCTBI0 [0 MAJKX BTOPOTO NOPAJKA MMEIOT, KaK HETPYAHO BHJETH,
caeynoIie 3HAYCHUA:

dP =d [pmf (s)], (I1. 5. 12)
(dRn)s=pd [mf (s)], (1. 5. 13)
dWs=——ymf(s)ds-—Z% , (11. 5. 14)
(dR),),=0. (I1. 5. 15)

ITocnenuee ypaBHeHMe IOJYyYaeTcs COTJACHO YCIOBHIO O PABHOMEDHOM KBAa3H-
HEIIPEPHIBHOM PACIPEfieIeHNY TREPAHX 3epeH BRYTpH ojdeMmeHTa [ (s) ds. B atom
clIydae TJIaBHHI BeKTOP HX HOpPMaJLHHIX DEaKOHil paBeH HYJIO.

Hdpyroit upusemeHHuil Hmie BuBoyg ycmosma (II. 5. 15) O6max mpepmoxen

’ ’
B. M. ENTOBHM H OCHOBAaH Ha IpAMOM pacuete cuianl (dR,),. Bemmamma (dR,),

CKJIaHBAeTCA N3 TPMIOMKEHHHX K JKUIKOCTH BHYTDH 3JeMeHTA IPOeKNUHA Ha HANIPaR-
JIeHNe s HODMAJBHHX peaKUWi TBeDAHX 3ePeH M MOMKET OWTE ¢ TOYHOCTHIO 0 Ma-
JHX BTOPOrO IOPAAKA pasbuTa HA YeTHPe JACTH.

1. Tlpoexnuu peaknum TBeDAHX 3€peH, PACCEUEHHHIX cedeHWeM s. JTa 9acTh
paBHa

(1—m) f(s) p. (a)

2. IlpoeKnwu peaKu# TBeDAHX 3epeH, paccedeHHHX cedeHHWeM s -+ ds. JTa
93cTh paBHA

~la=mi@pt g - mi@rlas) . (b)

3. Ilpoeknuu peaknmu TBepAHX 3epeH, PACCEYEHHHX OOKOBON TOBEPXHOCTHIO
Tpy6xm. 3Ta 4acTh paBHA
pa[(1—m)f(s)]. (c).

4. TIpoeKOHE peakupy OCTAJBHHX TBePAKX 3€PeH, HAXOAAIMHUXCA BHYTDH
Tpy6ku. OueBHAHO, NpoeKONd HA ds PeayAbTUPYIOMNEH CHIH JaBleHUA, JeHCTBYIO-

. 3
me#d CO CTOPOHK KEHAKOCTM HA 3TH TBepAne 3epHa, paBHA — 7’; (1—m)f (s)ds,
rne (1 — m) f (s) ds — o6beM 3zepen. COOTBETCTBEHHO peaKknus 3ePeH, IIPHJIO-
JKeHHAS K JKUJIKOCTH, TPOTHBODOJOKHA 3TOM CHJe M paBHA

(0 Z_ﬁ’_ (1—m) f(s)ds. (d)
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CxJanmBasg yKasaHHHe 9eTeHpe BeJHYAHH, HOayIaeM
’
(dR,),=0. (2)
Beamanuu dT  u dT,, NMeloT pasHHe HOPAAKH Maxoctd: dI, — cnaa Tpe-
HUA BIOJAbL GOKOBOH MOBePXHOCTH 3JeMeHTa [ (s)ds — HeCPDABHEHHO MeHEBIIE CyM-

MApHOH CHAE TPEHHAA MeIY MKUIKOCTHIO U HOPHCTON cpeloil BHYTPH TPYOKH.
TaknM oGpasoM, mpaBaf dactb ¢opmyan (II. 5. 3) nmpaBoaMTCA K BRIpa’KEHHIO

—d [pmf(s)]+ pd [mf(s)]—ymf(s) ds—;:—~des=

= —dp-mf(s)—pd[mf(s)]+pd[mf(s)}-—ymf(s)ds %—deS:

N ap dz
——Es—dsmf(s)—ymf(s)ds ds——des. (I1. 5. 16)
Ypassenne (11.5.3) mocie cokpameHMs Ha ds mpHHEMaeT B!
d[1+E w d(ew),, .  op dz __ AT
E[Tm G(S,t)J+ EY, f(s)_—gs—mf(s)—'ymf(s)g s (11.5.17)

daT
Cuny TpeRus —([T“‘, crenya H. E. HyxoBcromy, 6yaeM paccMaTpuBaTh

KaK 00BeMHYI0 MIN MacCOBYIO CHIY CONPOTHBIEHUA 1.
IIpeanonaras nBmenme caegyiomuM 3axkoBy Japem coraacuo (II. 2. 6) m yum-
THIBafl, 9TO BeJMYHHA ITOH CHJK, OTHECEHHON K eMHMIe MACCH KHAKOCTH, DPaBHA
w
e TMoxy49aeM
kg

pwe pw
desZ—k*Q—— mf(s) ds:——k—mf(S) ds. (I1. 5. 18)

Rak ynmoMunanocs smme (§ 3, ra. I), Ipm Hapymeruax zakona Jlapch mpa-
pojly CONpPOTHB;IeHUA OMMke BCETO OMMCHIBAeT AByuneHHblil saxom (I.3.8), KoTo-
pHii Hexecoo0pa3Ho WPEACTABATL B BUAE

9 _pw L
=Bl tew 2o (1L 5. 19)

rne [ — GespasMepHE Koa()QWIMEHT, 3aBHCAIMII OT TeOMETPHE LOPMCTOH CpefR
H B cuaboit cremeHm oT umcaa Peiimoabaca ¢uanTpagmoHHOro motoka. OmHako,
Cyla 10 (PaKTHYeCKMM HHANKATOPHWM KPHUBHM CKBaMud fe6HT — gelpeccus, Ipe-
BOCXOJHO, KaK IIPABIIO, COTJACYOLIMMCH ¢ ABYWICHHEIM 3aKOHOM (mibrpanmud, §
B NPAKTHYIECKHX 3afauaXx MOKeT CUUTAThCH JUIA NAHHOH TMOPHCTOR CpefH IOCTOSH-
HEIM, T. €. oT umcaa Peilnoanica me saBucamum. Beanuuna a B ( I1. 5. 19) osHawaer

1 Momxuo ormernth, uro B paborte [24] cuny Tpesma H. E. MyxoBckoro, orme-
CEHHYI0 K elMHHIE MACCH }KUNKOCTH, OpeljiaTaeTcsd UNCATh ¢ JUINIHNM MHOKHTEIeM
1 uww .

-, B BEIe E}l:_' Herpynuo BupeTh, uTOo npm 3TOM HapymaeTcs HPaBAIbLHREA
Bun ypapuenn#t [japcw (II. 2. 7). B pesysabpraTe TAKOro mpeficTaBieHAA CHIN TDEHAA
HHEePIHMOHHHE QJeHH YpAaBHEeHMil ¢uiabTpanun B pabore [24] orawualorcs oOT

. 1
OORITHOI WPaBMTBHON AAaNMUCH, KAK, HApuMep, B [2], oTCyTCTBHCM MEOMKHATENNH e
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XapaKkTePHWH JIFBeHHLH pa3Mep TIOPHCTOH cpens, KOTOPHH pa3Hhe aBTOPH oOnpe-
JenannT no-passoMy. Haupumep, Macker, Jlugaksucr [JIr. I. 11] momarawnT a =
= dpp — 3¢exTHBHOMY AHaMerpy TBepAnx 3eper, M. 1. Mumurmonmukos [JIT.
1. 12} nonaraer a = V' k/m, J. M. Munn {Jr. I. 13], Konern n apyrwe [Jr. 1. 3]
IOJAralT a DaBHHM THADABAWIECKOMY PafMycy IUIOMAAM QUIbTpanue, T. e, a =
= mf/ll, rae Il — cymMapHHIl cMO4eHHHIH TBeDHHIH UePAMETD }KWBOTO CEYCHHA.
Tak Kark nopucras cpefia UpefloJaraeTcA CTaTHCTHUECKM OLHOPORHOHE, TO B Ipe-
Fenax ofbema dV IJIOMAAM W HepPEMETPH BCEX KMBHX CEYEHHH OJHHAKOBH,
Orcoga ciemyerT 9acTo NPHMEHAEMOe IIPeICTaBIeHNe a B BHAe

m

a=§,

(11.5. 20)
2
rme Q—yheapHas OOBEPXHOCTH MOPHUCTOHR CpefiHl B % , T. €. CyMMapHas IOBepX-

HOCTh TBEPALIX 3epeH B eAMHUIE 00beMa — OflHA M3 TeOMeTPHUECKAX XaPAKTePHCTHK
mopmeToi cpenst [JIT. 1. 3, JIT. 1. 13]. Coraacro (II.5.418) u (I1. 5.19) npm nBywnen-
HOM 3aKOHe CllefiyeT IOJOKATH

dTZSz(”_]:”_+%sz |—"u§|) mf (s) ds. (IL. 5. 21)

3aMeTuM, 9TO OTHOINEHHe

w

ol (I1.5. 21a)

aT
_ e _pw T
mf (s)yds =~k +asz

MOKHC PacCMaTpMBaTh KAX CINIY TPeHHA, OTHECEHHYIO K eHHAIe 00beMd KHAKOCTH.
J7a e A, OYCBHANO, PABHA M MPOTMBOIONOMKHA 00BeMBOH cHile TPeHAA, NIPHIO-
SKeHHOH K TBepALIM 3epHAM, HAXOAIUMCS BHYTPHE 9TOr0 €JUHEAYHOIO JKAZKOTO 00B-
eMa. EXBANUHE 06beM SKMAKOCTY pasMeIieH BHYTPH CyMMapHOro 0GheMa HOPHCTOR

—m
! . Ha arot 06peM TBED-

CPeiKl, PABHOTO —:T H cofiepyKamero 06oeM TBePAHX 3epeH

IHX 3epen | feiicTeyet cmaa (11, 5. 21,). O1ciofa cria TpeHndA, OPANOXKEHHAA K eIH-
Hune o0beMa TBepAHX 3epeH NMOPHCTOA cpefitl, paBHA

o w?

dT
2s  1-—m _m pw T )
s m —1—m< % +a . (11. 5. 216)

PeaynbTHpYOmMAsA Ke HOPMAAbHHX CHA AABIeHEA, KaKk OHJIO NOKasaHO BHUIE,
paBBa Hymo [ypaBEenme (e)].

Ecam TpebyeTca COCTABATH yDaBHEHNs IBIKEHHA WJIN PaBHOBECHA CaMOH IO-
pEcTOM CpefH, KpoMe HAaIpsKEeHHA, CVIECTBYIOMEX B CKejlere, B YACTO JeH-
CTBYIOIMX HA TBephle 3epHA CHJI CJIeJyeT BKJIKYATH NEHCTBYOIyI0 CO CTOPOHH
MHOKOCTE obvemEyo cmiy Tpemms (II. 5. 216). 3axon mmmyascos (II. 5. 17) ana
$EILTPAaNMOHHOrO IOTOKA B TPYOKE TOKA MOKHO NPe[CTaBUTh B BHie

0 [1+E w d(ow) . 9p dz
g | e e 0|+ TG == Jhml =y () g —

’

_(ﬂ_i_c o w? w )mf(s). (I1.5.22)

k 3 |w|

@opmyny (I1. 5. 22) MO}KHO HECKOIBKO NPe06pa3oBaTh, KaK 3TO 9aCTO AENAETCH,
mcnons3ys ypapaenne HepaspmBHocTH (II. 4. 3). Brnoamaa pupdepeEnnpoBaHwne,
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yamtaBas (I, 4. 3) m cumras mua TPOCTOTHL IIOPHCTYIO CPEAy nenedopMuUpyeMoil H,
cAeR0BAaTeNIbHO, NOPHCTOCTH HE 3aBHCANIEH OT BpeMeEH, HOJydYaeM

é s, 0[1+§£’_]+1_+§ w 96 (1;91 w 6v>f(s)_

1) — — 1
’)as g m g m Js g 0t g Ot

__%%mf() ymf(s)%—(—liki—}—%ng |Zl)mf(s)

JleBylo 9acTh IOCJIefHETO ypanHeHmI MOKHO IIPeJCTaBATH TaK:

d [1 1 a
66 05| T | R oy G O 6=
i)
=G(s,t)5;[1—i,‘§~%]—%"’%}—f(sw%??—ff(s)-

®opuyana (I1.5.22) npumer BuA:

a 7}
660 g5 | e | aff(>+z, 22 o=

p
a m@=ymi O (B g ew (o) mf @

HIH, COKpamias Ha ymf (s),

(2]
_‘”_i(ﬂi)_éilﬂ 1 \mJj _
m s g m g my ot +g at
1dp dz 1fpw § 4
=% s _E‘V(TJFTQ *Twt ) (I1.5.23)
Yaen —§~£— ! av mpesicTaBadgeT co0oil dacTh IIOTOKAa HMIyJbCa, 0GyCIOBIEH-
g my ot pex ¢ acr ¥y » 00y

HYI0 HEDaBHOMEDHHM paclOpefeleHHEM CKOPOCTeH M CIKIMAaeMOCTHIO RMIKOCTH.
IIpg & =0-—-paBHOMEpPHOM pacOpeleIeHNH CKOpocTedl—m® m=1 (bop—
myna (II.5.23) paer o6uuHyI0 3allMCh 3aKOHA WMIIYJIBLCOB A CTPYHKH c:KAMaeMolt
mmaroctn. Ilpm £=0 m m < 1 (11.5.23) mpeacrasasger co6oii ypaBHeRne Jitnepa
I7AA OTHOMEDHOTO dmnb'rpaunormoro OTOKa.
B xoopaunaTHO# ¢opMe LonyuaeM TPE ypaBHEHMA, ABJIAIIIACCH 06obmenyem
ypaBHeHmH Jimepa — HK{YKOBCKOro:

¢21x~+1_[,,,x ;I(1+§ wx>+wy 2 (1+§ wx>+ Zaz<1+§ wx>]

gm ot m g m g m

_Ewxd Oy 10 A [pfw] T L) wx
em oy yar v\ k e Twl’
1 awy A 9 (14T wy 9 (1+E wy O (R w )] _
gm at +7n—[w33; g m—)%—wyW( g m +w’az g m
_Bwy Loy 40 A plw] L) Y
g m y ot Yy 0y v k a jw] ?
4w, A d {1+t w, 9 (1+E w, 0 (4% w; \]_
gm ot +—E w“%( g 7)+ ya_y( g 7)+w282( g m
E w, 1 3y 1 dp 1 (plw £
a3 E )y (et ewray . @s
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§ 6. 3akon coxpamenms PHeprad g1A (RIFTPANHOHHOrO HOTOKA

B sagagax, rie JABW/KeHHe MOKET CYHTATHCA IPAKTAYECKHA H30TePMHIECKAM,
Halp¥Mep NP Me[JEHHO N3MEHAIOTEMCH TedeHUr Ge3 IPHTOKA TenJxa u3BHE, ypaBHe-
HIe COCTOAHMSA HMCeT BRJ y == y (p) u comectno ¢ ypapHeHneM (II. 4. 3) m sakoROM
uMoyascos B Buge (II. 5. 22) mam (IL. 5. 23) monyvaeM 3aMKHYTYIO CHCTEMY I
Y. P W

B ofmeM caysae ypasHCHNe COCTOARUA BMeeT BHA Y == y (p, T) ¥ 1A 3ambKa-
HHS CHCTeMH ypaBHeHHMII He0OXOMUMO UeTBEPTO€ ypaBHEHHe, KOTODPCGE MOKHO noxy-
THTh, (PAMEHAA K IOTOKY KUJIKOCTH 3aKOH COXPaHeHHA HHEPriH.

CoraacHO 3TOMY 3aKOHY HM3MeHeNMe IOJHOH »HePrAH JAaHHOH MacChl JBIKY-
medcA KUUKOCTH 3a HEeKOTOPHIH NPOME;KYTOK BpeMeHM paBHO pabore 00BeMHHX
¥ IOBE€PXHOCTHEIX CuJl, NeHCTBYIOMMUX HA MKUAKOCTH 34 5TO BPeMsl, CAOKEHHOH ¢ IOJ-
BelleHHOW TemlOBOH SHepruei.

Ilon monHOH aHeprmei mojpasyMeBaeTcs CyMMa KHHETHYeCKOH 9HEPTHM H BHYT-
PeHHel 3HEPTRH, OLpeNeleHRe KOTOPOIl IaeTcA B TePMOIHHAMMKe.

Ilpamenssn 3aKOH COXpaHeHRA JHEPrHH K IOTOKY JKRAKOCTH BHYTPH Hamed
TPYOKA TOKA MEXKAY CeYeHHAMU f1 B f,, IoJdyIaeM OGHMEYI0O B MeXaHWKe CINIOMHBIX
cpes ¢opMy 5TOro 3aKOHA B BHAE

T (e [

2

o [l e

%) v
— f(% —}—;)ydq——a— Y zm dV 4+ Lyg + QB“ ) (11. 6.1)
) )

B ¢opmyae (II. 6. 1) jeBasa uwacTh O3HaYaeT W3MEHEHAEe B eANHAOY BPeMeHHA
NONHOH JHEPTMM pAacCMATPHBAEMOUM MacChl >KWAKOocTH, npmieM u == u (p, T) —
BHYTPEHHAA 5HePrus B TENJIOBHX €MHANAX, OTHeCeHHAS K COAHUTE Beca >KUIKOCTH,
IepBHe /IBa MHTETPana B TpaBOd 9acTH 03HAYAIOT BHIOOJHAEMYIO B eHHANY BPeMeHH
HaJl SKHIKOCTHI0 paGoOTy CHJI NABNGHHA B CeMeHHAX fi, f, W CHIIH TSKeCTH; TPeTmil
HMHTErpajl — JONOJHUTEAbHYI0 pafoTy CMIIN THXKECTH, BHIYHCIAEMYIO II0 JOKAaJbHOMR
TIPOU3BOAHOH! TI0O BpPeMeHW OT NMOTeHNHANHHOH BHEePrWH CHIH TSKecTH. DusndeckH
TpeTHii 'HTerpall O3HAYaeT N3MeHeHHe NOTEHOMATLHOU SHEPTrMH B TIOJXE CHIW TH-
JKeCTH, OOyCJOBJEHHOe HECTAIlMOHADHOCTHIO ABHJKEHAA, KOTJA BO3MOMKHHL BCIEA-
CTBHE CKHMAEMOCTH JKAAKOCTH BEPTUKAJIbHHE IepeMeleHusa IleHTpa TAKECTH
KAAKON Macchl B TpyOke Toka. BeamuwHa Lgpy M Qg 03HAYAIOT COOTBETCTBEHHO
NOABOAMMEIE K mnnxocm B e[MHWIY BPEMEHM BHEIHIOH MeXaHWYeCKyI pabory

B Temwio: A = 427 kxaa/kl - w — TepMEdIecKMil SKBHBAJEHT pPaGoOTH.

Caefyer OTMETHTH, 9TO paboTa CHJI TPeHAA BHYTPH JKEAKOCTH U TeNJOTa TPeHAA
B3aNMHO KOMIIEHCUDYIOTCH U HOITOMY B ypaBHeu!e HePrHH He BOIIIM.

Jlanee MOKHO MONOKATH C BHCOKOM CTemeHbl0 TOTHOCTA Lgy = 0, TAaK KaK Ha
6OKOBOH LOBEPXHOCTH TPYOGKHW, COCTOAINECH W3 MHICICHHO PACCEYCHHHIX TBEeDPANX
3epeH H VYACTKOB, 3aHATHX ;KHIKOCTHIO, COOTBETCTBEHHO CKOPOCTH DaBHA HYJIO
BBHIY NPRANIEAENA K TBEDPAHM ITOBEPXHOCTAM (OCHOBHAA THIIOTe3a THMADOLMHAMAKHA
BASKOH KMAKOCTH O TPAaHUYHLEIX YCIOBHAX Ha TBEPAHX IIOBEPXHOCTAX) H KacaTelb-
HO® HANIPA’KEHUEe IO CPAaBHEHUIO € OCTAJNLHEIMH CHJaMA IPAKTAYECKH DAaBHO HYIIO
BBAJY CBOOOJHOTO IPOTOKa KMAKOCTH MeMJy 3epHAMH TOPHCTOH CPeAK M Ipef-
HOJOKEHNA O CTATHCTHIECKON OJHOPOZHOCTH TeOMeTPHIECKOH CTPYKTYDPH HDOPHCTOMR
Cpenu.
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MokHO flaTh eme OxHO O0OCHOBaEWe yTBep[AeHHMH, 4r0 Lgy = 0. OueupHo,

Lyg B HameM caydae 510 paGora cuian TpeHHs 71, ¢urypmpyiome# B ypaBHeHHH
uMnyabcos (II. 5. 1) u (I, 5. 3). Kak 610 yKa3aHO BHIIe, 3Ta CAJA HECOIOCTa-

BAMO Majla IO CPaBHEHHIO ¢ CHIOH T, ITO HOPAAKY PaBHOH peaylabTHpPyoOIel cma
pasiaennsa. Orciofia ciaefyer, 9ro paGotra Lpy B HAaHHOM ciydae IIpeHeOpeKHMO
MajJa TI0 CpaBHEHHI0O ¢ paboToil cHa JaBiIeHNMA M MOSTOMY MOKeT OHTH OTGpOMeHa.

Boobme ke eme pa3 moguYepKHeM, NOCKOJBKY Ha ydJacTKax GOKOBOHl moBepx-
HOCTH TPYOKH TOKA, 3aHATHX KHJKOCTHI0, CKOPDOCTh HE PaBHA HYJI0 M KacaTeJbHHE
HAIPAMKEHUA MOryT OHTL TaKie He paBHH Hyulo, ycaopme Lygy = 0 caegyer pac-
CMATPUBATh Kak OPUONMKEeHHOE, HO MAA OMILTPANMOHHHX IOTOKOB IPAKTHIECKM
TouHoe. B Apyrux 3ajadax MeXaHUKM CIUIOMHEIX ¢Dejl BeaumydaHa Lpy IIPEACTaBIAsSET
paboTy rpaENYHEIX KacaTeJIbHHX HANPSIKeHHMHA M HOIMKHA BXONUTh B YyDaBHEHHE
JuepruH. Temio Qpy ’RHAKOCTHL HOJYYaeT OT CKeJeTa MOPUCTOA Cpedsl MyTeM KOH-
TAKTHOH TemJomepefladl M MYTeM TeIIOIPOBOSHOCTH.

Ilycrp paccTosiHMe MeXJy CeYeHHAMA f1 ¥ f, HEOTPDaHMYeHHO YMEHBIIAETCH
a paBHO ds. Torma (Il. 6. 1) mocae HexoTOPOH DeperpynOApPOBKHE WIGHOB H C yde-
TOM dV = dfds MOXHO IpeCTaBUTL B TAKOM BHIE:

a p u 1. [ w\*?
] [l e
(f (s))

+3_[ f[z+—}+%(%)2]vmdf}ds L la (1, — 1) 7 (s) ds+

A [
(f (s)
+i[xﬂmf (s)] ds_(x ﬂ) m 1l (s) ds}. (11.6.2)
ds os on
cp

ITepBrtii 4wieH NpaBOH 9YacTH O3HaYaeT TEIJIO, IIONYIaeMOe JKUIKOCTHI0 B efA-
HANYy BPeMeHH IIyTeM TeIlIONEpefiadd OT NOPHCTOX Cpegl COIJIACHO B3aKOHY
HuoToRa; a — Kood@duMeAT Temnomepefiladd OT NOPHCTOM CPejHl KHAKOCTH B
xxaa/n?-°C.cex; Q — yneapHas IOBEPXHOCTh MOPHMCTOM CpeAH B #2/m3.

Bropoit wieH mpaBoil YacTH — 3TO TEILIO, NMONYYaeMoe B eMHANY BPEeMEHH
JKUJKOCTHI0 IyTeM TeNJIONPOBOTHOCTH COTJIAacHO 3akony (Qypre B HaIpaBieHAH
oca TpYGKA s; A — KO3(PPHIHEHT TemJIONPOBONHOCTH KAAROCTH B kkaa/M - °C .- cex.

Tpern#i 4aeH — TemJio, IOJyJaeMoOe FKHAKOCTHIO B €AHANY BPeMEHA HYyTeM

TeIIGIPOBOJHOCTH JePea GOKOByW NIOBePXHOCTH TPYOKE Toka; ~(A %)cp — cpen-

Hee 3HAYEHWEe ITOTO TEIVJONPUTOKA BRoab nepmmerpa II (s) TpyGka Toka, 87/dn —
TPOH3BOJHAA 0 BHYTDeHHeH HOpMaiu K TpPyOke TOKa.

Kax wm BHile, y4YTeM HepaBHOMeDHOe pacIlipefieIeHHe CKOpPOCTell BBeleHHEM
COOTBeTCTBYOIEeH nonpaBkn Kopmoinca B BHpa)KeHHWHA IOTOKA KAHETHYECKOH sHep-
run. Ilonoyxam

1 w\2? 1 w \2 BRIV AN \
o= f(;;) Ydg= 5 (7) Ywndf_Tg—l(Tn-) G, (11.6.3)
5

upndeM B npasoid wactu (II. 6. 3) mog w nopmpasymeBaercs cpegHsAsS B CeYeHHM f
€KopocTh ¢uiasTpanun. Kak m3BecTHO, [IA KaHAJOB Kpyriaoi ¢opmm §; = {1 mpm
JaMHHapPHOM perkEMe T & =~ 0,1 npu rypGynenTHOM. ITOT HOPAAOK LBGP ABIAAETCH
BEPOATHEIM W [JIA OCTAJbHHX (OPM cedeHMA LHOPOBHX KaHaJOB.

INonpaBka £1 B BHpa)KeHAN HOTOKA KUHETHYECKOH HEPrHH, KAK M AJA LMOTOKA
KONBIecTBa [BUKERNA, 3aBWCHT OT KDPHBOH pacmpefie/ieHAA pasMepPOB IIOP IO HX
YCJAOBHHIM pajinycaM.
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Paccyknuenns, anajJOrMIHEE TeM, OPA IOMOIM KOTOPHX OBLTA BHEefeHH $op-
myasr (IL. 5. 10) » (IL. 5. 11), UpuBOAAT K CHEAYIOIIAM pPe3yIbTaTaM:

>di (T 4)
dy?

a [AnA HeUpepHBHOro pacupefeineHdsa v (r) (pmc. 1.4)

1+E8:=010+E& (11.6.4)

f rsv(r)dr[f r2v (r)dr]?
1+ 8 =(1+E)o > - , (11. 6.5)
[f r¢ v (r)dr}®
0

npaieM, Kak B B dopmynax (I1.5.41) = (11.5.12), mumexc 0 OTHOCWTCH K ORHOH
mope.

2
HOamee B (II. 6.2) BxoauT mHETErpaln f(%) mdf, B KOTOpPOM % — MOAy b

BEKTOPa CKOPOCTH YACTULH Kugroctd. O003HATUM

;—g f(i)zmdf: L (i)sz(s)- (11. 6.6}
h

m 2g Ne

B upapoit wactu (II.6.6) w o3magaeT CKopocTh QEUIBTPAIUN B cedenmu f (S).
Ecim cropocTs wacTHOH COBIAJaeT ¢ Wwn, TO &' =¢, rme £ onpegedeno Gopmy-
noit (I1.5.5). BooGme ke, CTPOro roBopA, § W £’ MOTYT pasiHIaThCA. Y paBHEHHE
(II. 6.2) nocxe coxpamernma Ha ds ¢ ygerom (II.6.3) m (II.6.6) Oyaer nmers BHAS

,

e

2g
B e
='}T {aQ (Tl-—T)f(s)-}-aa—s [k —'Z% mf (ﬂ}—(’» Z—:)cpmH(S)} - (L.6.7)

Jas onpeferennsd TeMuepaTypi 71 NOPHCTOH CPEAH MOKHO COCTABHTH aHAJO-
TAYHO ypaBHeHMe dHePrMu nisA nopucroit cpepbl. Ecam nopmcras cpega jgedopmma-~
pyemMa, TO B ypaBHEHHE DHEPIHUH JJs IOPUCTOK CPeAH MOJKHH BOUTH KHHeTHUecKan
9HePrusA 3epeH TPYHTA ¥ NOTEHNUAJbHAA 2HePrufa fefopMAOUN TPYHTOBOH MaccH.
Jedopmanum mOpHCTOR CPEAbl HOCAT TMCTEPE3HMCHHN XapakTep, M B 9TOM BOHIpOCE
eme HeT MoaHOH scHocth. Hpome Toro, B ciydae JedopMmpyeMoil mOpHCTOH cpejins
ypaBHERMe BHEDPrHd A KHAKOCTH JONKHO OHITH [NONOJHEHO YJIeHAMM, BEIDAKAO-
muMr paboTy HOpPMAJABHOH peakmum 3epeH. [JoaHH#E yder Bcex OGCTOATENLCTB,
CBA3AHHHX ¢ ydeToM 9pdeKTOBR AedopMHEPYEMOCTH NOPHCTOM CpPefHE, BRIXOAWT 33 paM-
KM 3TOH KHATH, U AJfA YOPOmMEHHA NPWHATA MOZelb HeH3MeHAeMOH HOPHCTOH Cpedk.
[aa mefedopMupyeMoil MOPHCTOR CPENE MEXaHWYECKAE COCTABIAIINYE B YpPaBHeHHR
9HEePrum OTCYTCTBYIOT M OCTANOTCA TellIOBHE. B 3TOM chaydae BHYTPCHHAA SHEPrUA
CeVHAIH Beca NOPUCTOH cpedsl olipefeafeTcs BHPAKeHHEM

uy=¢61Ty, (I1.6. 8)

TAe ¢; kkaa/kl - °C — TeWI0eMKOCTH HOPHCTONH CpeLL.



§ 6. 3axon cozpanenus smepzuu 048 HuabMPAYUOHHO20 NROMOKE 51

VYpaBHeHHe 3Heprum Jis HeaeHOPMHDyeMO#l mopmcTOil cpefHW mMeeT BHL

(—meyny 2L 1) =a (111 () [12 222 L a—mi )] -
—(M Zﬁ‘ )cp(i—m) (s), (I1. 6. 9)

rfie Ay — TEIIONPOBOJHOCTE IOPUCTOH CPelH.

B (II. 6. 9) mepBuii wieH mpaBo#l WacTH 03HATAET TEMIONPUTOK OT MKHAKOCTH
B8 e[MHHIY BpeMeHW. JTOT YWieH paBeH ¥ INPOTABOMOJIOMKEH IO 3HAKY, COOTBETCT-
syomeMy wiedy B (II. 6. 7). Bropoit wieH 03HaZaeT TemIOHPHTOK B eANHHIY Bpe-
MEHH {IyTeM TelIONPOBOXHOCTH BJOJb OCH S, TPeTHH WieH — depe3 OOKOBYIO IIO-
BEPXHOCTb TPYOKM TOKA.

Ypasuennsa (II.4.3), (II.5.22) mum (II.5.23), (II.6.7) m (II. 6. 9) oGpasyior
COBMECTHO ¢ ypaBHEHHEM cOcTOAHHA Y=Y (p, I’) 3aMKHYTYH CHCTeMy JJA HeEus-
secTHHX ¢ymrmud w, p,vy, 7T, T,.

YpaBHenwme dHEPrum (II 6 7) o6HYHO m[peoGpasywT caeayomuM o6pasoM.
Beefiem B paccMOTpeHwe OJHY W3 OCHOBHEIX TePMOJMHAMPUecKHX (yBKOHI— 3H-
TaJIBIMIO eJNHUIE BeCA JKAJKOCTH

i=i(p, T):u—i—A%. (I1. 6. 10)

Jas 3HTANBINA cOpaBelMBO OZHO M3 OCHOBHHX AnddepeHNUATBHEIX COOTHO-
IMeHU# TePMOTAHAMAKH

di=cp dT+A[u_T(—§%>p] dp, (I1. 6. 11)

rAe Cp— TeIWIOEMKOCTh JKUAKOCTH NPH NOCTOSHHOM JaBiemmm; v=v(p, )=
N T

Y (2.7)
of6seMa v mo TeMOepaType B UDeAUONOKeHHH, 9TO JABJeHAE NOCTOAHHO, KOTHA D
u T sufupajorcss 3a He3aBECHMEE TEPMOJHHAMAYECKHO INAPaMeTPHl KMAKOCTH.
C ywerom ¢opmya (I1.6.10) = (II.6.11) ypasmenme smeprmm (II.6.7) momuo
mpencTaBaTh WHade. Tak xak B (II. 6. 11) ¢urypapyior moaHne nufdepeRnnan,
CTpPaBeIABH COOTHOIIGHHA

dz_——ds—}- dt_.cp(aT ds +_—dt)+A[u—T(§;—>p](%—’t’ds+%’ dt),

o v
— YAeABHELIA 00beM; (W) —49acTHAA NpPOM3BORHAA OT YAEIALHOTO
\ p

M3 KOTODHX, cpaBHMBag Ko3(PmuumeHTH npm ds m df, MMeeM

ai aT op
%?_CPW"'A[”*T(M) ] ;

a1 ar av\ Jap
W"”PW'}'A["—T(M)] :

YpasaeHne dHeprmu Aisa xuproctH (II. 6, 7) Temepp MOKHO 3amHCATh TaK:

9 {[z+z(p,r> n 1;6751 (%ﬂc(s.t)}Jr

(11. 6. 12)
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A (2 -

m

~tleanror 2 p X mf(s>]—(x o), m)

] {[z+t(p,T) - 148, (\%)2]0(3,1)}-}—

2g
+Z—t{l¥)— p—i—v[ e (m)]}mf(s)=
1 aT

=—I{a9(T1—T)f(s)+§s-[ or mf(s)] ( a—n-)cpmﬂ(s)}. (11. 6. 13)

B. B. Janyx [JIt. I. 19] upemunoxni paccudTHBATH M3MEHEHWSA TEMIEPATyPH .
S CHIMaeMOl JKHIKOCTH B IIODHCTOl cpefle, MCXO/\i M3 YCIOBHA i =
= i (p, T) = const, T. e., npeneGperas KUBETHIECKOE dHepruedl W BrHcoTOR HOIXO-
JKeHAA, PAacCMATPHUBATh (QUABTPAamUI0 KAK IPOCCENBHH IIpormecc, CIeAylONIBA 3a-
rgony [:oyaa — Tomcoua. ITpm 53TOM W3MeHEHVS TeMIepPaTypPH OKa3HBAKTCR OGHIT-
mo manmmu [JIt. I. 19]. HUs (I1. 6. 13) caemyer, gr10 i (p, T) = const TONBKO
UpA YCTAPOBMBIIEMCHA TEYEHWH M . OTCYTCTBUM TEILIONPHTOKA K FKHIKOCTH.

Tem He MeHee, B GOAbMIMHCTBE 3aa4 NpPH pacdeTe JaBJIFHUA A cKOpoeTel
ABWYKEHME ¢ JIOCTATOYHOH TOYHOCTHIO MOKHO CYATATH H30TEPMUIECKIM.-

B obmem cayuae ycaosme i (p, T) = const He BHIOIHAETCA W JJIA PacIeTa
Y3MEeHEHH TEMIIEPaTy Pl CJIefyeT 06pamAThCA K TOXHOH cHcTeMe yPaBHEHWH.

Brunonnas pudpdepennuposanne (II. 6. 13) m yuuTnBag ypaBHeHHWe HepasPHB-
noct® (I1.4.3) u ¢opmyan (II. 6. 12), nonygaem

108, 90 1+8 i(p,T) , 1+E G
oo g orar [ () el g+ A8 (2] 52+

niIn

8 - 2 (2] 2w
+Yg—t[z—l—Hz_§ (m>Jmf(s)=—109(T1—T)f(8)+

+ais[x -js—mf (s)]—(% ,,—:)cpm o (S>} ,

ool S [a-r (b e 5 (2T

z(p.T) pAtE (v *19v {vcp aT
2g1(?> ]a—z”‘f(sH' i o

A
e+
[ (T)] }"‘"HA Bt f(s>——mf(s)+
+

(% ] mf (s) + ¥ 5 [ e (—‘;—)]mus)=
ol 2

IR
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1 v ap , 8 1+8 [(w)? Yep T
+[7*T(W)p]¥+7s[’+7gl‘(?)]}+ 2 o "o+

+-§T*}(%) mi () at{ +14F (%) ]mf(s)-

2¢
—v1(%), Lm0 =t (@D 16+ 2[4 Lm0

orT
—(x m—)cpm I (s)} ) (11. 6. 14)
MoskHo eme pmanee npeoGpasoBaTh 3T0 YPaBHEHHE, BOCHOJbL3OBABHIACH yPaB-

HernneM mmuyiascos (II. 5. 23).

IIpeaBapuTteasHO paanemm obe zactr (II. 6.14) Ha y mf(s), B pesyasrare
9ero noJyuuM

w (ep 8T 1 aw)lop o 14§ (w)z]} cp 0T
zle % [V*T(ﬁ)p_'azﬂ—s[”—‘z?‘" W) A Tt
V-t (w\?1 0y 0 1+§'( ” <av) ap _
T L(m) y7o7+at[+ 2% \m) | T er)ha=

_ 1 [eQ(T,—T) 1 a [, or aT II (s)
=~ e s [ a0 ) ) e

Beamanuy %ﬁi , Bxogamyo B (II.6.15), mokuO BHpasuts 3 (II. 5.23), cun-
Tags w>0:

2 1 d .
gt o) vg R R ()

a ds

L1 (%) zia]

. o WY (11. 6. 16)

) (e
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18woy ,(ov)twoy, of 148 wz}
+yg’ﬁat T(aT)pgmaz+ [ 2g1<—r7f)]+
ep 0T | T —F, 1 dy 1+t [ w)\? w\ ap
Ta e Ty (z) v ot Tar [ by, (7)]‘T<ﬁ>p—t—

ep fw 0T | aT 1 v w (k¥
-z (2 3:+7)—[7—T<ﬁ>p]7( e+

g(w)zay ap _1{aQ(T1——T)
—e\m) % T )T AT my T

1 8 [, ar aT\ T (s)
Y mie) o [” s ™ ‘”]‘(" 797>cp vf(S)}

(),

v
T a
-t )2l
_ S T A (A ) I ) PRI Y A A I I 6. 47
0 T(ar) vive\ar L=y ' Ty \ar)s (11.6.47)
or v w
at
2 .
as

WIH, TAK KaK

17
v

2
g (2 o) |
e[ ()] a o (e 2+
+HEFE ) L (2 2 [ (2] - (), |2 e

w 0 (L4E v}, v 0 (8 )___E_(K)zi"_Y_LQ}_
+7_§( g m)+mg at g\m -

1 fe@(T—T) , 1 [, er _(, 3T\ I(s)
"A{ my Ty as[” 25 "’”s’] (‘ 0n)cpvf(s)}' (II. 6. 18)

TaknM 06pasoM, ypaBHEHHe SHePraH MOKHO Gparth B BHAe n106oi ma dopmya
(11. 6. 14), (I1. 6. 15) mam (II. 6. 18).

B sagagax ¢guasrpanuyd, rhe CKOPOCTH MaJH, Bce JHHAMHYECKHWE UNeHH B ypaB-
HeHPAX [BWKEHANA H DHEPrAH, KpPOMe CHJ CONPOTHBICHWA ¥ JaBienni, OOKYHO
OT3pacHBaKTCA.

ITpuBenennrtii BEIMe BHBOX 10 BO3MOMKHOCTH € ITOJHHM y9eTOM BCeX NAHHAME-
9eCKEX (aKTOpOB, TIOMAMO METOJMYECKAX cooGpaskeHnH, JaH AJiA BO3MOKHOCTH pac-
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CMOTpeHMUs 33724 QUABTPANMU ¢ GOJBNINMEA CKODOCTAMH U MCCXEAOBAHAA BO3HMKAIO-
m@X OPA 3TOM TePMHIeCKUX 2QPeKToB.

B peanbHHX HNOPHCTHIX cpejax BelmymHA { OOKHYHO 1Ype3BHIAHHO BEAMKA.
B sTux ycaosmax temumeparypu I' m T1 B KasKAOM BIeMEHTapDHOM 00hbeMeé BHIDABHU-
BAWTCH HpaKTAYecKM MTHOBeHHO. OIeBEKAa CKODOCTH BHDaBHHBAaHNA TeMileparyp
upwsefena B paGorax [6, 18] *. Taxum oGpasom, MokHO mpmaares T3 = 7. Ilpen-
BapHTeNbHO oOparumea k ypapmenmio (II. 6.9) m paspimM ofe ero "actnm Ha
Ay mf(s):

i—m ¢y, 9T, =QQ(T_‘T1)+ 1 i[xl ﬂ(1—~m)f(3)]_

Am vy 8t Aym Aymf(s) 0s ds

—(x ﬂ) U—m(s) (IL. 6. 19)
cp

! "on Ay mf(s)

CiomuM Temeps NpaBhe ¥ JeBwe dacTH ypasHeEmd (I1. 6. 19) m (TL. 6. 15),
a sarem (II.6.19) m (II. 6. 18). Unenn, BHpa)kawIAe KOHTAKTHYI Telliomepe-
JAavy, COKPATATCA. YYHTHBAA BO3MOKIOCT, IpPHHATL I1 = 7, MOJYYHM YypaBHEHHe:
3HEPIHH [ HACHMEEHOH (mIpTpylomel >KEAKOCTbI0 IOPHCTOH cpemn

e (2 9T ﬂ) 1—m oy 0T _w (6_"> _Aler
T(m % T o Am y 6t_mT8Tp % 7s_+

Jv ap 1 a aT oT II (s)
+T (ﬁ)p o Tt Iy o [* o ™ ‘”H“ W)cp—*—A YFe

1 a aT 1 aT 1—m
+Ame(S)3?[MW“—m”(S)]— 7 (xlﬁ)w w1

BN, yMHOKasg o0e wactH Ba Amy,

oT aT ov 1| dp
Y epw -+ [my ep+(1—m)c 4l W—AW'Y [T (ﬁ)p'— 7]—[?—*'

v\ @ 1 0 ) ’
+AmvT(y}—)pa—f—l-flmveﬁrma—s{[m7»+(1——m)7»1]]—as£f(s)}—
——{[m A+(1—m) A, (%)}cp I;—g; . (11. 6. 20)

Bemmauan [mycp+(1—m)ecyy,] m@ mA 4 (1—m) Ay MOTyT COOTBETCTBEHHO
paccMaTpHBaThCA KaK 00beMHAasds TeNJA0eMKOCTb H TeImJONPOBOJHOCTH HACHINEHHOH
SKAJIKOCTBI0 TOPHCTOH CpeAn. BBogsa ofosznavennms

my cp-+(1—m)eyyy=C rras/°C-#%, mi+({1—m)dy=A, (IL6.21)

* Pasymeercsi, eCIH pPaccMaTpMBAIOTCA 3ajadYd, B KOTOPHX MH HHTEpecyeMcs
H3MeHeHWeM I1apaMeTPOB IIOTOKA M NOPHCTOH CpeAH B TedeHWe HWHTEPBAJOB Bpe-
MOHH, CpaBHHMHX C BpeMeHeM BHIDaBHHBAaHAs TeMiepaTyp, Haupmmep, B crydae
BHICOKOUYACTOTHHX KoJe(aHMH, pasnmadme Temnepatyp I’ m T,iciaeayer ydYHTHBaTh.
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monyiaeM, yanrusad (IL. 6.17),
or ar dv 1{dp oy | 9p
Ve -+ Cgp = Awy [T('a‘f)p Y ]W —Am o (aT por TAmYET

19 aT 6T) 11 (s)
+—f ) s [A s j(s)]—(A an Jep T(s) (II. 6. 22)
OprdeM g; 03HaYaeT MaJu# mpH OOHYHNX CKOPOCTAX (HABTPAIUM WIOH:

A N A

2 m 28 vy ot
9 | 1+¥
at[ %2 (m)] (11. 6. 23)

Ananormaso, n3 (II.6.19) n (I1. 6. 18)
e w oT 1—m ¢y, 07 14 ov w{p L
(2 6t) Am Ty 7—[7—T<ﬁ) ]";(T Lou)-
oy ) 1 dp 1 ] T II (s)
Y (ar)py o Tt dny 7 6s[ "‘”s’] ( _a‘)p Avim

1 9 aT or (1--m) 11 (s)
T Ay mie) o [ T (l—m)f(s)] (7“1 on )cp Ay mi (s)

“nm, yMHOMKAA ofe sacte Ha Amy m yaurusaa (II.6.21),

vew Gt Grmawy 5o (F7), (B2 45 ew)-
v 1 0p 7] or
—Am T(ar) T et AYme o 6s[ Ts””]‘
oT\ TIi(s)
—-(A m‘)cp 'Ts)~ . (II- 6 -24)

Tiie € OPH OGWYHEIX CKOPOCTAX (QHMILTPANAK MAJNas BeJMIHHA
_ i{i _Erﬁ(_": : _zi(fi z)}_
=" e [ T2 \m mas\ g m
=5 1 > 1 a_Y__ & (E _T_(_al) {_“’_ dz
_(2+§gm v ot 2gm+y 6Tpmds+
w 0 (1+E w l_a_(i)_g (i)zifﬁf_}
+'r_n—5s—(—g- m)+mg ot \m) g\m] y at})" (II. 6. 25)
B s1eBoji 9aCTH 5THX ypaBHEHWH (HryPUPYIOT WIEHH, ONpefesionde NOBHIIe-

HHe TeMIepaTypH JZ(B]DK}HIGHC}I YaCTHIH KUJKOCTH B eNHNIlY BPEeMeHA, B IIp&BOH b
d)ﬂKTOPH, olpegeaaArmne 2TO0 DOBHIIEHNE.
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peangymue ypapHeH#A MOryT OHTH HPW KeJaHHA IPelCTaBIEHH B KOODJA-
HaTHOI ¢opme, [Tpn 3TOM KOHBEKTUBHASA MPOW3BOAHAA B NMPOEKONHHX Ha OCH Z, ¥, =
6ymer WMeTh BHJ COTJAaCHO IpaBuJiaM BEKTODHOTO aHAaJH3a:

aT or oT

ar
W G = e 0y Gz (1L 6. 26)

Yaen w a—}; , BHpakawmuii paboTy CHJ JaBIeHHA, MMeeT BH[:

ap ap

w §=wx Ox

a )
+"’Va_§+’”‘%‘ (11. 6. 27)

Ynenw, Brpaanwmue 30$eKT TemIompOBOJHOCTH, COraacHO 3akony @Dypbe

a ar 9 aT d ( 6T)
MOTYT OHITH 3aMeHEHH BHDa’kKeHHEM FP (A e ) + £ (A 3y > + Er ‘A Fral
obpamaromuMca NpE A=const B A/ 2 7 —npaByl0 9acTh KJIAaCCHYECKOTO YpaB-
HeHMA TemNONPOBOJHOCTA NIJIA TEBEPMOTO Teia.

B nepeoM npuGnmKeHAM €CTECTBEHHO HE PacCMATPUBATHL BCK CHCTEMY yDaBHE-
HAA COXpPaHEHAH MaCCH, KOJTHYECTBA JIBYKEHNA U SHEPruM, a IPelIONioKATh JBHKe-
HHMe H30TepMHYecKHEM. Torna n3 ypaBHeHRil cOXpaHEHHS MacCH H 33KOHA MMITYAbCOB:
MOKHO HaMTH [oJe cKopoctedl puabpTpanuy ¥ fapienuil. Ilocie 91070 W3 ypaBHERHS:
9HEePrAN MOMHO HaiiTH paclipelleleHNe TeMOepaTyPH, KoTopoe GyleT IlepPBHIM IpPH-
GImKeHMeM K HNEHCTBHTENBHOMY. 3aTeM, IIOCKOABKY H3 YpaBHEHHA COCTOAHHSA
v = v (p, T) MO:xHO HafiTH YTOYHeHHOe pacCIipejclieHNe NIOTHOCTH WiIH 06BeMHOTO-
Beca, NPON3BOANTCA YTOYHEHME Toaelt ckopocrell ¢puasTpanun n nasiaenuit. Ilpomece
NOCASAOBATENBRAIX NPUOIMKeHNH IpPUHUANNAJBHO MOKeT OHTH HeOorpaHHIeHRO-
DPONIONXeH A0 AOCTHHEHUA HeoGXOMMOU TOYHOCTH.

31eck MOI'YT OKasaThCs BeChMa IOJIE3HEIMA COBPEMEHHEIe ORICTpOeicTByIOmpMe-
BHUACAATETbHEE ycTpolicTBa. PaayMeercs, eCiH B ILIACTe IPOMCXOAHT 3aBEHOMO:
Pe3K0 HeHM30TepMHMUeCKMi 1pomecc, HANPMMEep, HPH HATHETAHUH KUJKOCTH C TEMOe-
paTypoil, 3HATNTENLHO OTANYAIIEHCA OT IJIaeTOBOH, YKa3aHHHIA METOH Umepexona
OT H30TEePMMYECKOTO TEUGHAHA K HEVW30TEPMUYECKOMY He TONWTCH M B DTOM Clyuae
cieflyeT HCXOAWNTh M3 IOJHOH CHCTEMH ypaBHeHMH.

§ 7. Yacrabie cayvanm

Jdaa apanmsa ¢nsmaeckod UPHPONH (AKTOPOB, ONPENEIAIIIAX H3MEHEeHHe:
TeMIepaTyPhl, PACCMOTPHM HECKOABKO cily%aeB, mpmieM Oynem npenefGperats ma-
JHIMY JWMHAMWYECKAMP HJeHaMH €1 A 8,, BHPAKAKIUMHA H3MeHPHHE TeMIIPPaTypPH
B 3aBACHMOCTHE OT H3MeHeHHA KHHETHYECKOH DHEPTHH, a TakKKe TEeNIONPATOKOM

BCIEACTBAE TemuaonposofsocTd. B arom caygae (II. 6. 22) m (II. 6. 24) 6ynyT mMers.
BHA:

or T i) 11 ap AmT(ay ap
¥ epw as+CW—A”’V[T(W)p_7]K" Y ﬁ)pw' (I1.7.1)

oT T _ 1 v ] pw | ¢
Ve gt —A"’Y[?“T<?»—r-)p,(*k‘+ﬂ'”’ -
_ AmT (dy) ap
= (W)pii . (11. 7. 2)

PBCCMOTpI/IM CHavYajla yCTaHOBHBUIICOCHA [BMKEHWE. B arom clyJae moayvJaeM

ar 1 dv pw L _ ov 11]dp
¥ et gg = Awy [V‘T(ar ),,]( % FQ'”’)“A"’Y[T(TT)JV]W
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HUIA
ar 1
Sl () b)) 2]

W3 (II. 7. 3) BugHO, YTO MPHPOCT TeMIEPAaTypPH ompefexdercs (UIbTPANHOHHNM
TpeHEEM H MHOKHTENeM 8:

1 v
6——'Y —-T (_6T )p. (I1. 7. 4)
Ecau xmpkocTs Hec:xuMaeMa,

v=const, 6=1- .
Y

df A fpw | ( . Adp
Cp E—T(T—I‘;‘Qu)z)——— 'Y dS . (11.7-5)

Qopmyana (1I. 7. 5) BHpaskaeT odYeBHAHHII N3 (mamgecKHX cooGpaskeHmE pe-
8yABTAT — paboTa GUASTPANUOHHOrO TPEHAsA IPH VCTAHOBMBHIEMCSH TeUeHWH, Iepe-
XOAAMAA B TEMITOTY, DPAKTAYECKH NEeJAKOM WMAET HA HaTpeBaHne KHAKOCTH BROJIb
Tpy6kn Toka. Ecam jxuakocTh Hec)KAMaeMa WM JBIJKEHHE HeyCTAHOBUBINEECA, TO

¥ cpw +c = Aw (”k"’ Sgw-)=_Awg*:. (I1.7.6)

(DopMyJIa (I1. 7. 6) BupaKkaeT, YTO OPH HEYCTAHOBHBIIEMCA TEUCHHH HECHKH-
MaeMOii JKH[JKOCTE TenJoTa TPEHWA PACXOAyeTCA Ha IyTeBOd HAIpeB KEAKOCTH
¥ JOKAJbHHI HATPEB KUJKOCTH M IOPHCTOH CPENH.

B caygae maeannHOTO rasa ¢ ypaBHemHeM cocrosHHA pv=RT, rge R—ra3o-
BaA MOCTOAHHASA,

v ) R 1 RT RT
—) ==, f=———=r———=0. 11.7.7
(dT p P Y 4 p ( )
TaxkaM o6pasoM, OpPH CTAOMOHAPEOH QUABTPamuH HAEANBHOrO rasa, KOTAA
gtg = 0, maMeHeANe TeMuepaTypH rasa paBHO HyJ0. DH3mdecKm BTO O3HA9IaeT, ITO

Harpesafde OT QUILTPANWOHHOTO TPEHWs KOMIIEHCHDPYeTCH OXIaskK/leHHeM Tasa IDH
ero pacmupeHNH.
Ecay ApvKeHAe HeyCTaHOBHMBIIeeCd, TO N3MeHeHHe TeMIePaTypH HIealbHOro
AmT 6y) 9p
Y ot

rasa GyAeT OLpPeRENATLCH WIEHOM —

N3 ypasEenusa Knameiipona
__p "_Y) P
Y=R7T' \aT )p RT® '

T

ar or  Am P 8p__ Amp dp ap I
YC”wW—*—CW—_ v ( T) = Am . (II.7.8)

ot Y RT ot ot

B sToM cjyJae CKOpPOCTh HATPeBA raza NpOHOPOHOHAIBHA CKOPOCTH NOBRIICHHAR
JaBlieHHAA.
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B o0meM cayvae peadbHEIX Ta30B H KUAKOCTeli M3MeHeHHe TeMIepaTypht
TecHO ¢BA3aHO ¢ 3PderroM [xxoyns — Tomcoma [19, 20]. U3 dopmynm (1I.6. 11)
nas di clegyeT, UTO eCJM DHTANbINA IOCTOAHHA, TO COpaBefJHBO COOTHONMEHHE

aT A v A
(%)iz—"c;[v_"”(a_f)p]=—?=~& (11.7.9)

BenmumHa € HaswBaercs koapddnoumentom Jxoyras — Tomcoma m Tabammu &
RJIA pasHHX TasoB JAOTCA BO MHOTAX pyKoponcteaX [20, 21). OrMedeBHHE BhIme
$axT NWoCTOSHCTBA TeMOePaTYPH (UABTPYIOMErocA HAEANLHOTO Tada ABJAeTCA
CAEACTBEEM KJACCAYECKOTO YCIOBUA, 4T0 B 3TOM ciydae &€ = 0. B obmem cayuae,
Kak yKasHBanoch, & 5 0, mpageM Moryr GuTh ciydau &€ >0 m £ <0 [19, 20, 21,
22]. Monuio npeoGpasosate ypasaennsa (I1. 7. 1) u (IL. 7. 2), BBema Tyma xoaddua—

AmT 0
OHCeHT &, NJA 9ero HeOﬁXOAI’[MO aopeagBapHUTEIBHO BRIAUCIHNTD MHOKITEADb (l) .
P

or
Ha (IL. 7. 9) moxyunm

l(a_y —_(1_"”1’3

y \oT ] A )

VYpasnerna (I1.7.1) m (II. 7. 2) npamyT BHA:
T aT ap AmT [ oy dp
Vo 5y +C G =—Avy W*T(ﬁ)pw—

—— Awy 28 dp  AmT (ay> ap

43 Ty \aTha=

_ dp AmT ﬂ op

8
rpe —?(%)p upegcrasisger co6oil koapPunmenT 06beMHOTO PACIIMDEHHS JKHJ~

KOCTH IPH HATPEBAHAH ¢ TOCTOSHHHIM JaBJEHHEM (TeMUePATYPHHI KoadddmnomenT)

1fovy A fay) .,
()= 5 (3, b= {L 749
Jns KameAbHHX KAAKOCTed (BOJA, KepOCWH) [ mMeeT IOPAAOK

g 1

B~ 10.2+1]1107 % o .

Taxum o6pasoM, gopmyan (II.7.1) m (II.7.2) MOKHO IpeACTaBUTH elle TaK:

oT | . 4T 3 P)
Ve 5+ C g =8V e 5+ AmT B 5=
w a
—ey cpw (l‘k_+%_g wz)—I—AmT ﬁa—f i (11. 7. 12)

Kosgpmnmenrer ¢ m B cormacumo (II.7.9) u (II.7. 11) cBASaHH 3aBACHMOCTRIO

A F:
e=;—[v— T (%)p]:éip [v—TB(p, T) v]=7p‘4T (1—B(p, T) T]. (11. 7. 13)
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Ypasuende (II.7.12) Terreph MOKHO TPE/CTABHTH B BHIE

aT . . oT A ap ap
Yo +CW=—cp_y“—ﬁ(p’ I)T)yepw g‘FAmTﬁ(P,T)E":
7} 7}
= —A[1—B(p, T) T10 S5+ AmT B (p, k. (I1. 7. 14)

Hs (I1. 7.13) caeagyer, 9r0 A KaledbHHX JKEAKOCTeH ¢ He3HAYHTENLHEIM
kospdrmmenToM 00BeMHOr0 pacliupeHHs

A
cpyY
Jna Bonnl, HaupHMep, yIUTHIBAadA, UTO B JTOM ciydae cp~~1 xxas/xI'+°C um
v =1000 xI'/u3,
Stds 1
&~ %27-1-1000

Ilasa wedreit & MO MOPANKY BeJIAUMHH Oymer
B HecKoJbKo pas Oonpme 0,05—0.08 °C/am.

@opmyay (11. 7.14) MO3HO elle IpPeACTaBATH
B B/, ZONYCKaolieM ee YPe3BhYailHO IPOCTYIO

e~z

(11. 7. 15)

~= 0,02 °C/am.

H3HTECKYI0 HITEPIpeTalyIo:
Fls) * ! ’ ;)T T
Puc. I1. 3. CxeMa Tevenns mpwm Yepw 5+ 0=
6eCKOHe9HO GJHM3KOM pacuoJo- ap y P
/KeHHN BXOJIHOrO ¥ BHXOJHOTO - Aw °P op
cedeHmMii TPyGKH TOKa IepeMeH- = —Aw 5o +AB(, N Tw 50+

HOTO CeYeHHA, +AmTB (p, T) % . (I1.7. 16)

Ecam xunrocTh mecxmmaema, P (p, T)=0, TO BTOpo#l W TpeTHdl WieHHW B mpa-~
Boit vacra (II.7.16) oGpamarorca B Hyub u (II.7.16) npmammMaer BEA:

aT orT ap
Y e — +C F T Aw s (11.7.147)

@opuyaa (II. 7. 17) BepaskaeT TOT OYeBANHHI (axT, YTO TEM1O, B KOTOpOE
ofpamgaercsa paGora TpeHus npH QWILTPAnUH HeCXKHMaeMOH ;KMIKOCTUB ajamabaTm-
“eCKA WM30AWPOBaHHONR TpyGKe TOKA, IEINMKOM pacXofyercs Ha HArpPeBAHHe KAJ-
KOCTA W HOPHCTOH CpeMH.

He mpencrapiaser Tpyja HeNOCDPEACTBOHHEII BHIBOA 92ToH (GopMyan ©3 yKa-
3aHHOrO BHEMIe cooGpaskemmsi. BoapbMeM .1Ba cedeHWA TPYOKM TOKa sHW s + ds
(puc. 11. 3) ¢ obbemManm pacxogoM Q. Eciam or6pocHTh CHJIH HHEPIHA BBHAY
MaJHX CKOPOCTeH GUiabTpaOnmM, TO CHAH JABJC€HWA R TPeHHA B KAKAWE MOMeHT
PaBHE U DPOTHBOLOJOKHH MeELY co0oil, a pabora cuil JaBieHHA UHCICHHO PaBHA
pabore caa TpeAns.

a
Pabora cmn JaBmesmsa 3a BpeMma df paBHa —Z—Z- dstt=—5’sldsf (s) wdt,

ap
qeMy COOTBETCTBYET ee 3Ha4YeHHE B TEIIOBH X eguHANAX — Awf (5) Bs ds dt. Bugeaus-
meecd TeNAO B 9TOM KOJWMYEeCTBe ILIIOC TeIJI0, BHOCAMOe IyTeM KOHBEKIWH, H3-
pacxofyeTcsi Ha HAarpeBaHAe ;KUNKOCTH M CKeJIeTa HOPUCTOM Cpefsl, KOTOpOe MOMKHO
OUpefeNnTh CcaeAyomuM ofpasoM. Temmo, BHOCHMO® IIyTeM KOHBEKOHH, PaBHO

Y epQ {T (s, t)—[T—{-%f— ds]} dt=—1vy.cpQ (Z dsdt. Takum 06pasoM, yIATHBAH,




§ 8. Ypasnenue snepzuu Oas neusomepmuuecroli guavmpayuu 61

970 KEAKOCTH 3aHAMaeT o0beM mop B TpyOke mf (s)ds, a TBepamil cKeneT — 06BbeM
{1—m) f (s) ds, monygaem

— Awf (s) %—I;—dsdt ych—dsdt_[mycp—}—(l—m)ylcl]f(s) dsﬂ-dt

®JH, COXKpamas Ha f(s)dsdt,
ap Q or _ _ aT
—Aw —=—Y¢p st"—le ept(—m)yiaa] -

aro cosuagaer ¢ (II.7.17).

Ecanm skugkocTh c:K¥MaeMa, TO NPA pacieTe M3MEHEHMA TeMIEepaTypH clenyer
eme yyectb 3(pexT HAarpeBaHMNA TPH CHKATHM, B Pe3ylSbTaTe 9ero MO'KHO NPHHTH
K ypasHeunro (II.7. 14).

BriBon ypaBHEHUSA DHEPIWH B HECKOJBKO ADYToi ¢opMe, HeKkeaw BbIme, Npen-
JokeH J. B. Yexanokom B paborax [5, 6,

§ 8. IpnMepsl NPAaKTHYECKOrO MCNOIL30BAHAA yPaBHEHHA sHepram
UId HEH30TCPMHYECKOH (raABTpanun

3. BE. Uekamok 1IPeaoKuG MCHOIE30BATH CBH3L MeKAy U3MEHOHHEeM TeMIiepa-
TYPH ¥ paBieHNeM, BHpazkaeMmyl dopmynoit (11.7.12) Ges umema ¢ dp/dt, Ansa
WCC/IE0BAENA Np#3a00AH0IT 30BH BOJAHKIX YN neqnsumx ckBaxun [5, 6]. Hmxe
B HeCKOJIBKO LPYTOM BHe, HeeIM B |5, 6], Usnaraercsa cymHocTb NPeAoOKeHHOTO
AM MeTOfia.

ITponHTeT pHpYyeEM yPaBHeHIe (JI. 7. 12] o6LYHEIM METOXOM XapPaKTEePHCTHK,
HPHMEHACMEIM JUIA YPAaBHEHNHA NepBOro NOPALKA B 9aCTHHX HPOM3BOQHBIX, JUIA Yero
COCTaBMM CHCTEMY oﬁmxﬂonemmx JuddepeHnualbHEX ypaBHeHUHR, COOTBETCTBYIO-
mux ypapmenmio (II. 7. 12):

ds
Y cpw

dt dT
—r=———- (11.8. 1)
—8Y cpw =

Pa¢cMOTpEM @epBOe ypaBHEHHe CHCTeMH, TP2ABAPATENbHO IPE/CTABHB €TI0
B BHfle
fis)ds _ dt

Y ¢pQ [

OTKy[a HaXOAMM TIePBHIH HHTerpa, Iojaras AJAA DPOCTOTH (uandgecKre KOHCTAHTH
HEeH3MEeHHBIMM M Q =const:

8
[ 1) ds=Y—cch—t+(const,)l
89
®iaH, BBOAA oGo3Haueume st o6bema V (s) TPyOKE TOKa,

V=V (s)= [ f(s)ds, (11.8.2)
80

V- Y CPQt

C = (const),. (11.8.3)
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Bropoil 9acTHHI MHTErpaj DOJYYHM A3 yPaBHeHHA

ds ar
Yewr 9p
ey cpw 95
HIA
dap ar

Ilpr ¢rapTpammu KameabHOH KUIKOCTH ¢ LOCTOSHHEIM pacxoioM Q pacupe-
Jlelieyie JaBJeHHsA MOMKHO CYATATh NPAKTHYECKA YCTAHOBHBLIAMCH, T. €. IOJAraTek
p=p(s). Torga (I1.8.4) M0KHO NpeJCTABATHh B BHJE

4T
8

p+—%=p(8)+—Tv(—t)

— dp —=
HIH

=(const),. (11. 8. 5)

O0mee pemeHEe YPaBHEHHWH B HACTHHIX HPOM3BOJHHX MOMKHO NPEJCTABUTH
B Buae @ [(const), (const);]=0. rae ¢ —npoussonbHasg (GYHKIMA HIH, 9TO JIA
Hamux Iedei ygoOHee,
(const . =1 [(const),],

p(s)+L8 D) t) —¢<V—Y—cgg’—) . (11.8. 6)

t
rae P— npousBoabHaA (YHKOHA apryMeHTa Das3HOCTH V—Y%—Q— .
B ceasm ¢ aTem yno0Hee OoT mepeMeHHOil s mepeiiTH kK o0beMy V (s), mmen
B BHAY $opmyay (11.8.2):

(VH_T(V ) 'q,(V_Y_Cé&) . (11.8.7)

Bua ¢ynknmm ¥ ycraEaBiuBaeTcs W3 HAYaJIBHEIX ycaoBHi 3amaun. Iyers
SKHAKOCTD paHee TOKOMJACh M TeMIepaTypa B Heil Obila BCIOAY IOCTOAEHA W PaBHA
To. llycrs B MomeHT ¢ == (0 HauWHaeTcs ABIKeHHE ¢ pacxopoM Q m B TpybGxe ycra-
HABJIHBAeTCH IDPAKTAYECKH CTANMOHAPHOe pacupefeleHHe AaBJIeHAS p (s) wam,
aro 1O ke, p (V).

Torpa m3 pemenund (11. 8.7) mmeeM

PVt =p (7). (I1.8.8)

Temeps BEX QYHKOWA P YCTAHOBIEH — OH COBIIAJaeT ¢ paclpejeeHAeM JaB-
nerma p (V). Ua (11.8.7) u (I1.8. 8) moxyqaem

py+ 10 e

TV, )—=To_AT(V, 1) =P(V_M‘_)_p(m. (11.8. 9)

g e C

TakmM o6pa3oM, HauaJpHOe paclpedeideHAe faBuenus p (V) mosBodsgeT ompe-
JeIATE: Hoclhefylollee HM3MeHeHHMe TeMIepaTypn B aioboM ceueHnH V, B J1000i
MOMEHT BPeMeHHM IO Pa3HOCTH OpIMHAT OQHOM (HKCMpoBaHEOH KpuBo# p (V) B TOu-

xax V=V, u V=V2=V1—chot .
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TIpeAnonoKuM Temepb, 9T0 B HEKOTOPOM PUKCHPOBAaHHOM Ce4eHHA s =5, V=1V,
m3aMepsierca NoBuenue Temneparypal AT (Vy, t). U3 (I1.8.9) mmeem

AT (:l, D _p (Vl _Y CgQ‘ )_p i (1. 8. 10)

rue 14 (Vl_.vc—in>
c

upencTapasier coGoil JapaeHAe B CedeBNH, PacIOJOMKEHHOM OTHOCHTENBHO V) BBEpX
10 TeueHpio, npudeM o0beM TPYOKM ToKAa MEMIy STHM CeueHMeM M PHKCHPOBAHHKIM
ceseHHeM V;, OYeBMAHO, PaBeH YCC‘,'i .

@opmyana (II. 8. 10), Takum oGpa3oM, [M03BO/IAET [0 M3MEPEHHIO TEMIIEPATypH
B pasinYHble MOMEHTH BPEMEHE B 33JaHHOM (HKCHDOBAHHOM CEYEHHH ONDPeNeldATh
PasHOCTH AaBIEHUN MEKIY CeIeHHEM, PACIOJOKOHHEM BBEDX 10 TEIEHUIO, M JARHHIM
$UKCUPOBAHHBIM cevenueM. Jpade TOBOpPsS, KPHBAaA TEMIepaTypa —  BPEMSA MaMeT
ORITH IepecTpoeH2 B KPHUBYIO jaBienne — oGbeM TPYOKH TOKAa MW, TaK KaK 00beM
€CTh M3BeCTHas (YHKUUA PACCTOAHHUA, TO HEIOCPEACTBEHHO B pAcClIpelejeHHe JaBjie-
HAA BROJIDb TPYOKM TOKAa. PaccTosHMe s OT (PHKCHPOBAHHOrO cedeHMA, Tle M3Mepd-
eTcsA TemmepaTypa, coraacHo (I1.8.2) m (II. 8.10) onpeaensderca dopmyJoi

V= [1()ds=Y2 (11.8. 11)
0

I mprMepa OycTh Moc/e IycKa BOAAHON Ui HeTAHOH CKBAXKAHH ¢ NOCTOSH-
HEM Je0uToM ( TOyGMHHHM TEePMOMETPOM DPeTHCTpPHpYyeTCA IOBHIIEHNEe TeMIepa-
Typi A T cBepx HavausbHOK NaacToBoi Temneparypel Iy. Torma xpueas A T (i)
MOKeT OHTH NepecTpPoeHa B KPUBYI paclpefelleHUsA JaBJIeHAS B Npu3aGoiHON 30HE
p = p{r) — p (re), TRE r¢ — pagUyC CKBAKMHEL, & r — PAacCcTOSHHE ,10 OCH CKBa-
JKUEH., Eciau cKBajKMHA THAPONUHAMUYECKA COBEpINEHHAsd, T. €. BCKPHJA NJacr
HA BCIO MOmHOCTB /i, TO BpeMsa ¢ u paccrosaune r coriacuo (II. 8. 11) cBasaun coot-
HOIICHUEeM

,
2 2 cpQt
V= [2nrhdr=n(r "c)h=Y—gQ—,

Te

VAT (I1.8. 12)

3aMeTuM, 9TO TIpM 3TOM HH 33KOH (WIBTPALAA, AM XaPAKTED pacUpefejeHHAS
TWPOHUNaeMOCTA B Npu3aGoiiHON 30He poiM He WrpaloTr, TaK KaK KpusaA p (r) moay-
gaercs 1o OfHOH ToabKO KpuBoiL A I' = A T (f). Ilocae mocTpoennsa KpuBoi pac-
apenenenus papieHus p (r) Mo ee BUAY — KPYTH3HE PA3IHYHHX YIaCTKOB — MOYKRO
CYAUTH O Xapaxrepe W3MeHeHWA NMPOHUNAEMOCTH Npu3a(oilHOH 30HH.

HOns HecopepulenHHX ckpaxuH ¢opmyaa (1I. 8. 12) HesepHa u 3mech ciaenyer
AIMETh J\OTIONHUTEAbHYI0 HHOOPMAOMIO O reOMeTPHHM (UILTPALMOHHOLO IOTOKA,
0o6ycIOBIeHHOH BHAOM HECOBEPHIEHCTBA CKBAYKMHEL.

N3noxenHslil BHIOIE MeTON, TAKMM 06pa3oM, OCHOBAH HAa IIpeHeGpEe)KEHHMH Te-
OJOUPOBOJHOCTBIO W HA BHAHUHA TeOMeTpMM (UIBTPATINOHHOTO IOTOKA. IlosroMy
MeTo;| ABJIfieTcH NPUOAMKEHHRIM H eT0 cTelleHb TOIHOCTH JAOKHA GHTh yCTaHOBIEHA
JaJbHeHIINME ClenuajJLHHMI OITRITHHMY Wccaepopaumsama, C TeopeTrMueckoi ke
CTOPOHHL 3TOT METOX TIpeACTaBiaseT Ge3yCNOBHHH WMHTEpeC, KAK ONHO M3 BO3MOMKHEIX
HaIpaBIeHW HMCHOOAbB3OBARUS PE3YIHTATOB TEPMOMOTPHUM IS HCCIENOBAHUS CKBA-
MHH ¥ TAACTOB.
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B kagectBe ciemylomero npmMepa pacCMOTPHM 33aJy O HarpeBaHHH MM OXJa-
JKIIGHMN NJIacTa IPM HATHETAHWH B CKBAKMHY HECKHMAaeMOH KUAKOCTH ¢ TeMIepa-
Typoit Te, orawmynoil oT BawanbHON maacroBoi To. Ecam pasmocrs (T¢ — T'o) Jo-
CTATOYHO BENRK3, TO B NEPBOM OpHOAMKenMn M0KHO mpeHeOpeds sddertom ¢uus-
TpanuouHOTo TpeHuss. Bosee cCyniecTBeHHHM SABIAETCA IIpeHeOpekeHHe yTedIKaMH
TenJa BCJEACTBHE TENJONPOBOJHOCTH. B sTOM ciygae ypasrenme (II. 7. 17) nmpmem-
MaeT oco0eHHO DpocToil BUY — B mpasoil wactm Gyaer Hyab. O0mee pemenue, Kak
JIETKO BH/ieTh, HMeeT BHA:

cv
T (s, t)=11f(t—Y—ch—>, (I1. 8. 13)

rae ¥ —upomssoasHag ¢yHKnAs, a V=V (s) oupegemneno dopmymonr (II.8.11).
Hycrs mpu s=0 n V =0 u3BecTHa TeMuepaTypa mojaBaemoi mugroctd Te=T¢ (t).
Torga coramaceo (II, 8.13)

T©, )=Te (=Y (&), (1. 8. 14)
T(s, )=T(V, t)=Tc<t———Y—c;pLQ). (I1. 8. 15)

CoraacrHo mocienHell gopmyrae temmeparypa T¢(f;) B MOMEHT ?; Y0 MCTedeHHN
33laHHOr0 HHTEpBaJa BpeMeHu Af{ AOCTHrHeT ce4eHH:A mnaacTa V, NOJ0KeHHe
KOTOPOTO ONPEeJeNsieTcHA U3 ypaBHeHMs

cv
o+ at— - 4,
1+ Y ep0 1
T, €.
V=X290'A. (11. 8. 16)
v epQ

Takmm ofpasoM, BeJUuWHA — 310 00BEMHAsT CKOPOCTH pacmpocTpa-

C
HeOWA TeIJOBOK BOJHHE, TeMIOEpPaTypHHA mNpodmib KOTOPOHt B 3THX YCIOBHAX
COXpaHsAeTCH.

Coraacro (II. 6. 21)

yepQ Y epQ Q 1 I
= - .8.17
4 mycot+(1—mleyy, m H_ﬂ_ﬂ ( )
m Cp Y
Benmanna % npencTaBiasger cofoli 06beMHYI0 CKOPOCTH (ppoOHTA HATHETaeMOR

wagrocti. Cormacro (II. 8. 17) o6beMHAA CKOPOCTH TEIUIOBOH BOJHE OKA3HBAETCHA
CYIIECTBEHHO MCHBIe OGHeMHOH CKOPDOCTH ()pOHTa HATHeTaeMOR KMIKOCTH, Iepe-
MeInapmeroca B o61acTi ¢ HAYANBHOA niacToBoil Temuepatypoii To. M mage rosops,
GPORT TemNOBOl BOJIEK BCerna OTCTaeT OT (PPOHTA MATHETAEMOH MMTKOCTH.

JaxrpHeiimee uccaenoBanue dTON 3aaYl ¢ NPAGIMMCHHBEIM YIeTOM TENJIOBHIX
yTedeK BCIeENCTBRE TEeITONPOBONEOCTH fAano B paGorax 9. B. Yexamoxa [5, 6],
JI. H. Py6namreiina [23], T. E. Manodeesa [3, 4] m apyrax. TemnompoBORHOCTH
OOPHCTOH CPCIOH M JKEAKOCTH CKashBaeTcsd B «PasMasbiBaNHUID IPOQUIA TeNJOBOH
BOJINEL C yAajleEMEM OT MeCTa HaTHeTAHWA TeMIepPATYDH >KUAKOCTH K mjacta cOam-
JKAIOTCA.



§ 8. Vpasnenue anepeuu 8. neusomepmuueckoil gusvmpayuu 65

JUATEPATVYPA

1. Hubbert M. K. Darcy’s Law and the Field Equations of the Flow
of underground Fluids. Petroleum Transactions AIME, 1956.

2. Moany6apurnoBa-Koumma I, fl. Teopma ABMHeHHA TpyHTO-
Bux Bon. IocronTexmanar, 1952.

3. Manodeesn I E. Mccuegosanme pacupeelenHA TeMIEPATYPH B OIacTe
i MOTEeph Telja B KPOBJIO W NOROLIBY IIPA 3aKawKe B IJACT TOpAYeH BOAM ¢ 0OTBIO
yBenwaerus Hedreorpaud. Juccepramua. MUHX m III, 1959.

4. Mamrogdgeen I E,, Cepreer A. WU. HccrnegosaEnme TepMHIeCKHAX
cBOHCcTB HeTeHACHMEHHNX neckos. HedTe m ras, Ne 4. 1958.

5. Hexauanmok 3. B. Ocumou nibesoMerpuu 8ale:xeii medrm m rasa. Ioc.
na3g-Bo TexH. autep. YCCP, Knmes, 1961.

6. Hexaamwo x 9. B. Hexkoropee TepMOZNHAMHYECKHUE ABJIEHAA B IOPHCTOR
cpefie W TYTH WX WCIONL30BAaHNA B HedTAHON NPOMEUDIIeHHOCTH. JlMccepranma.
BHHU, 1962.

7. Caanexos I C. K ompepenenmo ¢yHKONE JapieHIA B HEOQHOPOZHHX
niactax medraHnx Mectropoxpenmii. [lorx. AH CCCP, r. 105, Ne 6, 1955.

8. 0roveanu T. Asupra miscarii unui fluid incompressibil printr-un

mediu poros neomogen, comunicalile Academiei Republicii populare Romine,
t. VIII, No. 1, 1938,

9. Yapewnii HU. A. Ilogsemras rujpoMexaHmKa. [octomrexmapmar, 1948.

10. Memaxaep M. H. 06 yuere cun HHepOMd B ypaBHeHHAX MILTpanam
c;fcsnmaeuoﬁ JKHOKOCTH B C:KMMaeMoii uopucroit cpege. Tpymw YoHUH, pun. III,
1958.

1. XpucrtmanmoBua C. A. ]Jlsmxkenue 'PYHTOBHX BOJ, He Cleylollee
saxkony Jlapcu. IIpmka. mMaTeM. n mMexaH., T. IV, BuI. 1, 1940,

12, Coxonoscxnit B. B, O HeammeiiHO# (MIBTPaOEA TIPyHTOBRIX
Bog. Ilpuri. Matem. n MexaH., T. XIII, Bun. 5, 1949.

13. Jolinamckuii JI. I Mexangka sKEAKOoCTH H® raza. locrex-
usgar, 1957.

14. ’mas6ypr WU. II. IpmxnagEaa ragporasoguHamMmka. Msn-so Jleman-
rpajckoro yEmBepcurera, 1958.

KHouwme H. E,, Kun6eas U. A, Poze H. B. Teopermieckan

rafpoMexadgrKka, T. II. OTU3, Tocrexmsmar, 1948.

16. HaBsaoBcrxuit H. H. I'mapaBamueckmid cnpaBoYmEK. I'ocamepro-
m3gar, 1937.

17. bperskxeanr H. 3. TI'mapaBimka. Tocsmepromagar, 1956.

18. Yapaw it H. A. Harpepanne npusafoiiHoil 30HH NpH 3aKadke TopATed
KEAKOCTH B CKBaOXKMHEY. Hedr. xos. Ne 2, 3, 1953,

19. Jurteur A. M. Texuuveckas TepMouanrammka. I'ocamepromspar, 1956.

20. Kapameroarsnm M. X. XnMmugeckasa TepMopuHaMAKa. I'ocxuM-
m3gar, 1953.

2. Handbook of Chemistry and Physics, 37 ed. Chemical Rubber
Publication, vol. I, II, 1955—1956.

22, Yapemid W. A. Ocunosu rasosoit ammammku. ['ocrourexwmanar, 1961.

23. Pyomemreiim JI. U. O TemMmepaTypHOM mOie IJIACTa NPH HATHE-
TAHAM B Hero TemiuoHocurens. Tpyaw Ydmmckoro medraroro me-ta, BHI. 11, 1958.

24. Menrvauesp B. H. Yrounesue BHBOA OCHOBHHX JWHAMHUYECKAX
ypaBHeRR# Teopnn ¢pmiavTpanun. Mas. sucox yueGH. sasen. Hedrs mras, N 2, 1961,

25, Yex axok 9. B. VYpaBueHme coXpaHeHWs 9SHEPrAH [AJAf TOTOKA
CKEMaeMoH »¥HAKocTE B mopmcroit cpege. Tpyam YrkpHUTPU, Bru. III. Tocronm-
rexmaaar, 1963.



I'’TABA I1I

IVIOCKME 3AZTAYN TEOPUU OMJIBTPAIIIU O MPUTOKRE
K COBEPIIEHHBIM CHBAKNHAM

§ 1. CBass Teopum QyHKROMiT KOMOJIEKCHOrO IIEPEMEHHOTO
¢ IIOCKOl 3ajiaveil Teopun ¢unbTpaguu. OyHKIUSA TOKA.
Kommaekcnbiit moTeHmuan

Ilmockoe pBUKeHMe HECKEMaeMoOH JKMIKOCTH B HOPHCTOH cpepe,
caeqyomee JuHelHOMY 3aKoHy ¢UABTpanum, ABIfAerca Haumbolee Xo-
POIMO MCCJIeTOBAHHHEM (aarogapsa ToMy oGCTOATENBCTBY, YTO 3/1eCh OKa-
3aJI0Ch BO3MOJKHHEIM IPUMEHHTH ONHO M3 HanGojiee MOLIHBIX CPEACTB Ma-
TeMaTHIeCKOro0 aHajJ@M3a — amnapaT Teopuu QYHKOUH KOMILIEKCHOTO
oepeMeHHOTo.

PaccMoTpuM NMIOCKOe ABMKEHUE HECKIMAEMOM JKUIKOCTA B I0pUCTON
cpege. B sToM caydae MH HMMeeM cleAyIiOUmyle YpPABHEHWS [BHIKEHUA!

oD )
u:-——bT, (1111.1)
o
==
IIpoexknma ckopocTw Ha ochb 2z w =0, noreamuan @ = cH = —I:Li

3@8BHUCHUT TOJBKO OT KOOPAWHAT T H Y.
Vpasnenne HepaspHBHOCTH AJAs1 HEC/KUMaeMoOil YKHIKOCTH YPUHU-
MaeT BHL:
du
oz

a
+%=o. (I11.1. 2)

IlopcraBnsas 3Ha9eHHA KOMIIOHEHT CKOPOCTM U, U W3 YpaBHeHHI
(1I1.1.1) B ypaBEenue mnepaspeiBHocTH (III.1.2), moxywaem ypapme-
Hme Jlamiaca Ha NAOCKOCTH

dzo d2®
2 —
VIO = dz? + dy?

=0. (I11.1. 3)

Haiitem ypaBHenMe JMHUIA TOKA HAINETO IIOCKOTO JBYKEHHA.
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HanoMawMm onpefielieHre JIMHWN TOKa. JIMHHA TOKa — 3TO JNWHHA,
KacaTeJbHag K KOTopoil B n1060if TOUKe cOBIAfaeT IO HAMPABICHMIO
¢ BEKTOPOM CKOPOCTH ;KHAKOCTH TaCTUIH, HaXOAAmMe#ACA B 3Tol e TouKe.

Mo:xHO IoCTpoRTH HOBYIO QYHKINIO, CBA3AHAYIO OIpe/leIeHHNM 06 pa-
30M ¢ DOTeHIMAJIOM CKopocTeil. JTa HOBaA QYHKINA, HABKHBAeMadA QYHK-
nMeil TOKa, JacT HaM NpelcTaBlIeHHe O Bcell KapTwHe ABMWKeHddA. K co-
JRAJEHHI0, TAKYID QYHKOUIO YAAeTCA BBECTH TONBKO JIA IJIOCKOTO WIM
0CECEMMeTPHYHOTO JBMiKeHHA. JlJA IPOCTPAHCTBEHHOro TpeXpasmep-
HOTO JIBUkeHHA TaKoil QyHKIMH BBeCTH He YAAeTCH, U II0ITOMY NPOCTpPaH-
CTBEEHOE J(BH;KEHHMe M3YIeHO Topasfo XYyrKe, 4eM ILIOCKoe.

Juddepennuanbaoe ypaBHeHHe JHHHH TOKAa YCTAHABJIHBAETCH Kak
caeicTBHe onpefieleBHA »Tol nuBwA. B o6mem ciydae nsmKeHns Hanpas-
JA0m7e KOCHHYCH KacaTelbHOH K JMHMHA TOKA, T. . KOCHHYCH YIOB
1, G2, Gs KacaTeJbHOH ¢ OCAMYM KOODAMHAT, PABHH KOCHHYCAM YIJIOB,
KOTOPEIe COCTAaBJAET C 3TEMH OCAMHE BeKTop cKopoctr V. Orciona cnenmyer

dz u dy v
CoSO0lj=—=—F—, COSQg = — = ——,
ds |V ds [ V]
dz w
COSQg = — = —— II1. 1.4
877 s |71’ ( )

rie ds — sIeMeHT JUHHM TOKAa ¢ mpoexnuamu dr, dy dz; |V | — monyas
BEKTOpa cKopocTd. [{IA MIOCKOro ABIKeHMA OCTAIOTCA [Ba YPaBHEHWA:

dz _ u d_y_ v :
s |V ds |7 y
MIH
d _d
v v !

vdr —udy=0. (III.1.5)

Bynem wmcrkats wuHTErpa’a
3TOTO maddepeanuaIbHOTO
VPaBHEHHA B BHJE HEABHON
33 BECHMOCTH

¥(z, y)=C. (III.1.6)

Mensasa nocrosuryw C, mo-
JiyJyaeM YpaBHEHHe CeMeHCTBa
nuanii Toka. Uamenesme C co- 0 T
OTBETCTBYET NePexXofy OT Of- Ppc. III. 1. DKBUNOTeNOHANA ¥ JHHHA TOKa
HOl JHMHWH ToKa K Jpyroi Ha KOMIJIEKCHO# ILTOCKOCTH TeYeHH.
(puc. III. 1).

Brenennaa mamm ¢pysrmua ¥ = ¥ (z, y) obnamaer Tem cBoiicTBOM,
9T0 0Ha HOCTOAHHA HEe BO BCEX TOYKAX IUIOCKOCTH, & TOJBKO BIOIB
3ajlaEHON NWHEM ToKa. lIpH mepexofie K mpyroit IUHWE TOKAa KoHCTAaHTa
C mensercsa. Oynxnua ¥V (r, y) HasmBaerca yAxmueir Toka.
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Haitziem cBA3s QyHKOUHM TOKA ¢ mOTeHNnaxsoM ckopoctd @ = @ (z, y).
Bnone nmumm Toka W (r, y) = const. CnemosartedsHo, nomamit pad-
depernman PyHKOME TOKAa onpefelseTCHA ypaBHeHHEM

ar = 2% gz 4 %@:0. (I11.1. 7)

VYpasuenua (I11.1.5) = (II1.1.7), oueBupno, cosmamator. Taxmm
obpasom,
o . ¥
d‘I’:—‘ﬂ—dx+a—ydy=vdx—udy=O. (II1. 1. 8)

CpasamBass B ypapHesgum (1II.1.8) xosdpunmmentst mpm dzx m dy,
Ho1y9aeM

v | oy
U=W’u=_W. (III.i.g)

CpasanM npoeknun cxopocteir u m v m3 cacremur (I11.1.9) ¢ mpo-
eknuaMH cKopocTeil m3 ocHoBHOW cumcremer (III.1.1). Ilonywaem

- _ ., 9° 07
- dx oy T dy ~ oz ?
OTKyHa
oD oY D v
T =y T am (1. 1.10)

Ypasrernua (II1.1.10) =asmBaloTca o0wHIHO ypapHeHmAME Homm

n Pumana.

Hokaxem, uro V¥ (z, y) ynmoenerBopser ypasHenuwo Jlammaca.
Na cucremu (111, 1. 10), nudpdepennupysa neproe ypaBHeHHe IO Y, BTO-
poe 1o z, MOINyIaeM

L A )
dzrdy  oy* ' dydx  ox®

Briuntas BTOpOe YpaBHEHNe N3 MepPBOro, moJaydaem

oy a2y
T T o = 0. (I11.1.11)
Ypasuenusn (III.41.10) umeror cBA3b ¢ Teopmeit ¢yHKOmiT KoM-

OJNEeKCHOro MmepeMCHHOTO.
BBeI(eM KOMILJIEKCHOE IepeMeHHoe. HYCTB IJOCKOCTh TEYeHUA HOpH-

HATA 33 IUIOCKOCTh KOMIIGKCHOTO HepeMeHHOTO Z = Z -+ iy, i%= —1 1.

1 3necs He BO3HUKAST OfACeHHS B CMeMEHAM KOMIUJIEKCHOTO IEePeMEHHOro
z = x + iy ¢ Tperneill oTcyrcrBylomell KoopauHaTol z.
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AHAIOTMYHO TOMY, KakK COCTABIEHO KOMIUIEKCHOe IepeMeHHoe
z=ux - iy, cocTaBUM HOBYyl KommiexkcHyl ¢yurxumio @ (z, y)+
+i¥ (z, y).

BosemKkaer caexylolmmii BOONPOC: MOMKHO HJIA HeJAb3s NPEACTABHTH
3Ty QYHKIOWIO B BHUe HEeKOTOPOH (YHKIMH KOMIUIEKCHOTO IepeMeHHOIo
F(z)=F(z+ iy)?

He Bcsarkasn womonexcmaa ¢ysrmma M (z, y) +iN (z, y), rTRe
M (z, y), N (z, y) — oponspoiabHEe GYHKOAU ABYX IEPEMEHHHX T H Y,
6ynmer ¢yHKOMER KOMOJIEKCHOTO NEpeMeHHOro z ==z -iy. B ToMm, d9r0
3TO TaK, MOKHO yOeguThcAd HA OUeHb IPOCTOM IpHMepe.

Bospmem pymrnmumio F(z) =22 = (z + iyh)?! PackpuBas KBafipaT cyM-
MbI, IOJyd9aeM

F(z)=22 =2 —y? 4 i2zy,

TaknM ofpasoM, ecim B3ATH ABe QyHROHA
M(Z‘. y) = xz-—yzv N(zv y) = 2xya

BaTeM COCTABHTE KoMmiekcHywo ¢ymxmmio M (z, y) +iN (z, y) =
=z? —y®+i2zy, TO B JaHHOM cly9ae MBI «IKCIepHMEHTAIbHO» yOe-
goMcd, 4To 3Ta QyEKOUA 2% — Y2+ i2ry [eUCTBHTENLHO SBIAETCH
¢ynKImei KOMIJIEKCHOTO MEpPeMEeHHOro Z =z -} iy,

A Temeph BO3bMEM M (HCIOPTHM» KaKy¥0-1m00 m3 3THX QYHKIHI,
HanpuMmep, mouaoxum M, (z, y) = 2%+ y=

Ecnua cocraBute Temepns ¢yurmuio M (z, y) +iN (z, y) = 2 4
+ y? + i2zy, rae omna m3 »THX QYHKOHUI «MCOOpPYEHA», TO TAKOM KOMII~
JeKc yiKe He OyaeT ¢yuKmmeil KOMIIEKCHOTO NEPEMEHHOTO 2 = - iy.

OxasmBaerca, aro ypasaesna (III.1.10) sBasoreca mBeobGxommMbIM
H JOCTATOYHHEIM YCJOBHEM JJIA TOro, 9TOOR KOMIUIEKCHYI0 (YHKIHMIO
Dz, ) +i¥(z, y) (rme @ — morenmuan cxopoctn; ¥ — dyHKUEMA
TOKAa) MOMKHO OHLIO paccMarpuBaTh Kak (GYHKIUIO KOMOIEKCHOTO Iie-
peMeHHoOro z =z -+ iy.

BaxuOoCTs 3TOTO 0GCTOATENBCTBA BAaKM0YAETCA B TOM, 4YTO QYHK-
OFH, 3aBACALOKE OT AByX IepeMeHHHIX T W Y, 3aMeHAOTcA (yHKOue,
3aBucAmel opMaabHO OT OFHOTO TEPEeMEeHHOro z = I -+ iY.

Yro6n gokraszars, 9ro D 4 i ¥ ABIfAeTcs HE IPOCTO KOMILIEKCOM,
a ¢yHKmmeldl KOMILIEKCHOTO MOepeMeHHOro, o0paTuMcs K yDaBHeHHAM
Homu — Pumana (I1L. 1. 10). [Ipm sToMm Gymem paccy:aaTh Tak: eciam
O 4 i¥Y apaserca QyHKIUeidl KOMIIEKCHOTO IepeMeHHOIOo 2 = I + iy,

@ (z, y) +1 ¥ (z, y) = F(2), (I11. 1. 12)

dF
TO, cJedgoBaTeJbHO, MPOM3BOAHAA Ty noJix{Ha HMeTh OJHO HM TO 3Ke

3HaYeHNe HE3AaBHCHMO OT 3aKOHA cTpemaeHua Az — 0,
Umes 70 B BURY, mponnddepennupyem ypasuenme (II1.1.12) mo .
VYuaurrigaa npasuiao AupdepeHnApOBAHUA CIOMHEX QyHKIHHA (a Taxmxe,
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910 z = z -} iy), moaydaem:

0z

3z = 1-7 6—y' =1,
b | . ¥ dF 9z dF
wt i T m T w (. 1.13)
Ilponnd¢epennnpyem Temeps ypaBmenme (III.1.12) mo y:
o0 . 8% dF 8z  , dF
Sy T i S mata

Pazmennp mociegree ypasBEeHHe Ha i, NOJYIAM

dF 1 od ¥ v . 00
A =i (I11. 1. 14)

Taxmm o6GpaszoM, ms ypasmemmii (III.1.13) u (IIL. 1.14) caemyer
dF op . 0¥ ¥ . 0b

?_—_TZ— l——a—x—_—ay— l—ay—. (III.1.15)
CpasumBas B ypasuennmu (III.1.15) pmeficTemTenbHyi0o B MHEMYIO
gacTH, moaydaeM ypasBueHmA Komwm — Pumana

Ly oY ad o

9z oy ' oy oz’
monHOCTHI0 coBuagaomume ¢ ypasmemmamum (III. 1.10).
CaemopaTennHo, ecam B3ATh JM00YyI0 (YHKIHI0O KOMIOJIEKCHOTO Ie-

PEMEHHOT 0
F(2)=F(z+iy)

W OTHeJUTh B Heli felicTemTensHy0 4acTb Re F (z) or MauMoit Im F (z) 1,
TO MOKHO TPaKTOBaTh JeficTBATENRHYI0 YacTh, KaK IOTeHNHWAN HEKO-
TOPOTO IIOCKOT0 QMABTPALHOHHOTO NOTOKA, MHUMYIO JaCTh — Kak QyHK-
OUI0 TOKA 3TOTO TeUYeHUA:

ReF (1) = @ (s, y), ImF (2) = ¥ (s, 9).
IIpmpaBruBag AefCTBATEJNBHYI0 9acTh NOCTOSHHOW BeJWIWHe, HO-
JydaeM ceMeiicTBO SKBAMNOTeHIHAJeH:

O (z, y) = const.

[IpmpaBEMBasg MAAMYIO 9acTh APYrod KOHCTaHTe, IOAYYaeM ceMeil-
creo aumamit Toka ¥ (z, y) = const.

1 Re F (z) — o6o3naYcHE® MAEHCTBATENHHON 9YacTH (GYHKOWMA KOMILTEKCHOT O
nepeMentoro F (z); Im F (z) — oGosnauenne ee MEmMoil gactu. CumMBonrst Re m Im
ABJIAKTCA NEpBHMU GyKBaMd (PaHIy3CKUX CIOB «AeficTBHTenbHEIY (reel) M «MBU~
MH» (imaginaire).
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Taxkum o6paszoM, Kakaoli (yHKOAM KOMINIEKCHOTO NePEeMeHHOT'0
MOJKHO COINOCTABAUTh HEKOTODPHHA IUIOCKMH (HIBTPAIMOHHLIA NOTOK.
3nan ¢YHKIUI KOMILUIEKCHOrO nepemeHHoro F (z) =@ (z, y) +
+i¥ (z,y), 2= x - iy, Ha3HBaeMy¥ XapaKTepACTHIeCKOH PyHKIAEH
TeUeHUs WY KOMIUIEKCHEIM HOTeHIHAJIOM, Cpasy HoaydaeM BCIO KaPTHHY
IOBHKCHHA: CeMENCTBO SKBUNOTEHIHANEH, ceMeiCTBO JUHUIH ToKa K IoJje
CKOpocTeHt.

Teopua PyHKOHHA KOMIUIEKCHOTO NePeMEHHOTO B HACTOAINee BPEeMs
HMeeT IDUpodaiinlee NPHMeHeHWe B TrHIpofHHAMAKE, aspoIWHAMEKe,
Teopud (PEABTPANWH, TEOPHH YIPYroCTH, TEOPHUH DJIEKTPHYECTBA H Ten-
JOTH U T. J.

JlokaemM, 9T0 JAHUHA TOKA M DKBHIOTEHIMANBHEE JUHAA 00pasyior
OPTOTOHAJBHYIO COTKY, T. €. KOKIAad Napa KPHUBHX 3THX ABYX CeMeilCcTB
nepeceKaerca TWox HpAMHM yriaom (puc. II1. 1),

VYpaBHeHHA 9KBUIOTeHOMAJel M JWHHI TOKAa HMe0T BHJ:

@ (z, y) = const, ¥ (r, y) = const. [(I11. 1. 16)
Orcofa

oD o0 oy o

VYraosoit kospPunment (d—y) =k, KacaTeJdbHOA K B3KBHIO-
dZ | —const
TeHmEaIN ompepenserca m3 nepsoro yrasmenma (II1,1.17):
o
i %k III. 1
— = — —0=H .1.18
(d”)¢»=cout oY ) ( . )
9y

Cosepmenno aganorngso Haiigercs us Broporo ypasaerud (111, 1. 17)
U yraoeoir KoapdmoumeHT Kk, KacaTeNbHOH K JMHHH TOKa:

ar
Ay = g I11.1.19
<dI )‘I’ =const .0_ly__ > ( o )
9y
Ns ypasmeenmit Komm — Pumana caepyer, 9to kikg = — 1. Heii-
creuTensHo, ygurhiBag (III. 1.10), monygaem
90 oY
ox Oz
ke = 55 —og =—1
9y oy

970 (KaK HM3BECTHO M3 aHAJHUTATICCKON TeOMeTDHH) WMMeeT MeCTO s
OpAMBIX, TIepeceKampxcA Mol npAMeM  yriaoMm. Taxkmm o6pasom,
JUHMHM TOKA OYAYT IepeceKaTh DKBUIMOTEHUHAAM HON IPAMHM YILJOM.
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§ 2. IlpuTok K TOYEYHBIM CTOKAM M HCTOYHHKAM HA IJIOCKOCTH.
Cayuaii paBHOfeOMTHBIX cTOKa M mcrounmka. IlpmTox K ckBaskmue,
SKCIOEHTPHYHO PACHOJOKEHHOIl B KPYroBOM II1acTe

PaccMoTpuM YacTHHIN caygail ABMIKeHHs, KoTopoe GyXeT HAC MHTEpe-
coBaTh, — OPHUTOK K CTOKY WJIH HCTOYHAKY, HOMENIEHHOMY B Hadale
KoopauHaT. VM3BeCcTHO, 9T0 DOTEHIMAN TOYETHOr0 MCTOYHHAKA HJIM CTOKa
onpepenserca dpopmymnon (I. 2. 18):

_q
®=-Llr+c. (I1L. 2.1)

CeMelicTBO 3KBHIOTEHLHANEN
6yneT OKpPY)KHOCTAMH I = const,
rak kak @ = const mpm r =
= const.

HanomamMm, 410 pebumt ¢ Ha
e[WHUIy MOIHOCTH IUIacTa CUM-
TaeTcad  TOJOKHUTEIBHEIM  JJaA
CKBRJKHHH-CTOKA (dKCITyaTanu-
OHHOf) W OTpPHOATEABLHHM JJId
CKBaKUHH-NCTOYHUKA (HarHeTa-
TeJNBHOMH).

CemeitcTBO n@AN® TOKA Gypmer
OPTOTOHAJBHO DKBUIOTEHIAAILAM,
T. €. JIMHAA TOKA GYAyT OpefcTas-
aATh coboif Jyud, BHXofAMUe
u3 Havajga xoopamHAT. Ilo pTHM
nydam OGynmer HaDpaBlIeH BeKTOP
Puc. I11. 2, TlpuTok k Towewmomy croxy CKopoctu. Jlna CcToKa BeKTOp

Ha IIOCKOCTH. cKopoctm  OymeT  HaIpaBleH

Kk nentpy. Hampas JmENA Toka

AIBIAETCA NPAMOH W COCTaBJsAET C OCAMHU KOODAWHAT IOCTOAHHEI yrox

0 (pmc. I11. 2). Bpoapr amEpm TOKa §YHKOUA TOKA — NOCTOSHHAM

BeIM9NHA; 3HAUAT, B HOIAAPHKX KOOPAUHATAX I, O ee BEpakeHme Oyner
uMeTh IIPOCTOM BUA:

¥ = A0+ B, (111.2.2)

rie A @ B — HeKOTOpHe IOCTOSHHHE,
CceraBEM Tenmeph KOMILIEKC:

(D-]-i‘{f:-z—i-lnr—}-iAO-}—iB—l-C.

CoofeHHO mpocToe BHIpasKeHHEe MOCJHEAHET'0 KOMIIEHea HONYYHTCH,
q

ecau Dpupanmm A 3Hagenme A = o

® +i¥ = 5 (In7 + i6) + const, (111.2.3)
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rae
const = iB +C.
Haee
Inr4i6=In (re”).

KommniekcHoe mepeMeHHOE Z B [JeKapTOBHX KOOPEMHATAX HMeeT
BAX z=1 4 iy, a B HOAAPHHX KOODAHHATaX, TaK Kak I = rcosH,
y =rsinb,

z=r (cos0 - i sin6).

Ho cornacHo m3BecTHoii m3 AuddepeHnUaIbHOrO MCIACIEHHA (Gop-
Myie Jijepa

i 8

cosf 4 isinf=e'",

Taxmm o6pasom,
In(re'’) = In[r(cos8 + isinf)] = Inz. (I11. 2. 4)

OTcioga mosydaeM BHpaskenme, y/Ke OKOHYATENBHOE, XaPAKTEPHC-
THYecKod (YHKOMM HCTOUAMKA MIM CTOKA, NOMEHmEHHOTO B Hadaje
KOOpJHHAT:

F(z)=é]n—1nz+C. (111. 2. 5)

Hac cefiuac 6ymeT mHTepecoBaTh KapTHHA JBWKeHUsA, 00pa3oBaHHAL
PaBHOIEOUTHRIMA HCTOIHAKOM M cTOKOM. (DM3WYIeCKH 3T0 03HATAET [BHIKE-
Hue, o0ycIoBIeHHOe PaboToil [BYX CKBa;KHH B HEOTPAHHMYCHHOM ILIACTE:
epPBO — HMH)KeKNHUOHHOH, BTODOHl — KCILIYyaTAMOHHOMH.

IIpesxpme dem paccMoTpeThb 9Ty 3afady, HOCMOTDHM, YTO H3MEHHTCSH,
€CJIM NCTOYHUK MM CTOK GyAeT HoMelleH He B Hadaje KOOPKHUHAT, 4 B Ka-
KO#-To ToUKe, ¥ KOTOPOH KOMIIeKcHas KoopAaumeEaTa OyAeT zo = Zo -
-+ iyo.

Jlerko BHAeTs, YTO A 3TOTO ciaydas HYKHO B3ATH (YHKIHAIO
TOTO jKe caMoro BHJa, HO 3aMenuth B Qopmyae (III.2.5) z pas-
HOCTBIO (2 — Zp). [[ma xapakrepmermueckoil QYBKOWE NoayqaM

F(2) = 5-In(z—2) + C. (I11. 2. 6)

Ilepefimem Temeph K YKa3aHHOMY BHINE CIYYAl0 ABYX CKBAKHH —
HATHETATEJIBHON M OKCINIyaTalmoHHOU. J{iA IpPoCTOTEL pasMecTHEM HX
Bgoas ocu z (puc. III. 3). Ilycts B Touke 2 = a, y = 0 HaXOAMTCA CKBa-
JKHHA-CTOK, B TOUKe £ = —a, y = (0 — ckBakmHa-ucrounnk. Haiigem
IOTeHI[AAJ ABUKeHUA, 00pPa30BaHHOTO COBMECTHOH paGoToil ABYyX CKBa-
skue. IloteAnman um ¢yHKIUA TOKa [iad DepBoMl CKBa)KMHH (ODyCKas
IOCTOAHHEE cjaraeMsie) OyayT paBHH

@y =-Llnr, ¥i=-L0, (I11.2.7)
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I'fie ry — paccTosHEMe OT Toukwm M, rHe oOIpefedseTcA NOTEHIHAA, MO
IHepBoOfl CKBaMKMHH; 0, — yros, cocTaBisieMHH pagAycOM-BEKTODOM Ty
¢ OChI0 Z,

CoBepmieHHO aHAJOTMYHO 1A BTOPOIl CKBajKMHH (TaK:Ke omyckas
KOHCTaHTY) HOAYIHNM

=—1 =—-L19 II1
(D2 PP nro, 11}'2 o 2 ( .2. 8)

rue r, — paccrogame ot Touknm M Ao BTOpoil cKBasKmHLI, Oy — yrou,
COCTaBJEHHLIH I's C OCBIO Z.

y

Puc, III. 3. Teuennme npum paBHOAeGUTHHX CTOKe W HCTOYHHKE Ha
ILJIOCKOCTH.

Jo6aBiAsa NPOMBBOIBHYK MOCTOSHHYI0 C, IogydaeM BHpaKeHHe
KOMILIEKCHOTO IOTeHNHajia Pe3yJbTUDPYIOMEro TedeHHA B BHJAE

z

—a
e+ (I11. 2. 9)

F(2) :zin In

HoxameMm, 9T0 nMHME TOKa OYAYT OKDYMMHOCTAMH, BHXOIAIAMA
M3 HaTHeTATeJBHOH CKBAKMHH W 3aKAHYHBAOMUMHCA B JKCIIyaTa-
nuonHoil. OTnensia BemecTBeHEYI 9acTh B dopmyne (III.2.9) u yun-
toiBag Gopmyast (III.2.8), maiigem moTenmuwanl um QYyHKIHIO TOKa pe-
3YNBTHPYIOLIEro JBUKEHMA:

q>=cp1+q>2:2L1nL+const, (I11. 2. 10)
fy ry
¥ = qf1+\p2:%(eliez). (I11. 2. 11)
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Ycanosmio ¥ = const cooTBeTcTBYeT, YTO Ha JHHHA TOKa

6, — 05 = const. (111, 2. 12)

Ho, oueBmaso, 6; — 03 — yrom, mom KoTOpeIM BH/IGH OTPE30K
[—a, a], ecim Ha mero cMorpeTs u3 Toukm M. CaemoBarenbHO, JHHAA
TOKa ecTh TeOMeTpHIecKOoe MeCTO TOYeK, W3 KOTOPHX OTPe3oK —a, a,
COeIAHAIOIIAIN CKBAKAHEI, BUAECH IO OAXHAKOBHM yrioM 0; — 0, = const,
3 pieMeHTapHOH TreoOMeTDPHH M3BeCTHO, YTO TAKHM TeOMeTPHYECKEM
MecTOM TOYeK ABIAETCH OKPY:KHOCTh. CaefoBaTelbHO, B 3aBUCHMOCTH
oT BeamueH yraa 9, — 0, Gyjaem moaydaTh pasHEE OKPYMHOCTH — pas-
HEe JIHHAA TOKA.

Taxum 06pasoM, ceMeHCTBOM JHHHH TOKA ABISAITCH OKDPYKHOCTH,
IpoXoAsmue dgepes CTOK W HWCTOYHHUK.

Jlerko BHIETH, YTO CeMeACTBO OHKBHNOTEHIHAJEH, IlepeceKaomux
JUHHM TOKAa Iof NPAMHM YIJIOM, TaXxe OyneT ceMefiCTBOM OKPYKHO-
cTeil, OPTOTOHAJBHNX HepBoMy cemeiictBy (puc. I1I. 3). Jlio6ymo n3 aTHx
OKDYKHOCTEH-dDKBUIOTeHOMAIel MoKeM BHIODATh 3a KPYroBo# KOHTYD
TATAHHA.

Heiicreutensro, cormacHo ¢opmyae (III. 2.10) @ = const B TOU-

1

ls
Kax, rie —- = const.
2

r o
T'eoMeTpHgecKoe MecTO TOYEK r—‘= const ABIAETCA KpHBOH, ypaB-
. 2
HeHHe KOTOPOH B MeKapTOBHX KOOPAAHATAX HMeeT BHUA:

%_T_Z);Ti% —c, (I11. 2. 13)

TJe ¢ — HEKOTopasA TWOCTOAHHAA,
ITocmegHee ypaBHeHHe MOMKHO HpPeJCTAaBHTh TaK:

(z —aP +y* = c(z+a)* +
(1—e)a* + (1 — )y — (1 + 0) 2az + (1 — c) a? =
x2+y2—2a%x+a2= 0. (IT1. 2. 14)

Vpasuernme (III. 2. 14) Moxao fia;iee MPENCTABUTE B BUAE

22— %a 1—f—cx+( 1+c) ( 11—!:2) +12+a2=0

14 14c¢\2 __ 4a?c
(z-—a )+y [(\r)—i]_m. (I11. 2. 15)

niin

c

IlociegHee ypaBueHuwe ABIseTCA ypPaBHeHHEM OKDYKHOCTH pajgHy-
com 2a)/ c/(1 —c) ¢ nenTpom B TouKe zo = a (1 +4-¢)/(1 —c), yo = 0.

Takum ob6bpazom, MeHsa c, OyaeM NepeXOoJUTh OT OJHOU OKPYMKHO-
CTH-3KBUHOTEHIUAJAA K HPYroi.
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BygeM cunTaTh H3BeCTHHIMHA PATAYC I'x == i OHOH 9KBUTOTeHOHATN —
KOHTypa OHTAHAA — K SKCIEHTPUCHTET O, XapaKTe PUBYIOMHAN IO 0KeHIe
CKBAKWUHKL.

Ham npmaercs B janbHelilleM BHIPa3NTh JUHeHHHA mapamerp @
B (III. 2. 9) wepe3 8 m Ry.

Haijigem crawana me6GuT ¢ CKBa)KWHEI, LIPeRNONaras BeIHYAHY «a
ussecTHO. O003HAYNMM HOTEHNUAJH Ha KOHTYpe Ry M KOHType CKBa-
MUHLL 7 depes Py 1 Dy.

Tark KaK ORPY/KHOCTH Ry sBIfAeTCA SKBHUIOTEHHUANBIO, TO JIAA HO-
Tennuajza Toukm M’ — jeBoro KoHmA AmaMeTpa — coraacHo GopmyJe
(I1I. 2. 10) u pumec. II1. 3 moxeMm HaDuMCaTh CAERYIONIee YpaBHEHHE:

rl'—_Rx(—b; 7'2=2a~(RH—6)

Ru—0 5+ Cs (III. 2. 16)

_ =3 g fivn—0
Dy =@, = 5 In 5=

rre C — NOCTOSHHAA.

Bropoe ypaBHenue NOJydaeM, HCIOJbL3YA HM3BECTHHI IOTEHIHAN
D; KOHTypa CKBa;KWHHL.

IIna ToYeK KOHTYPAa CKBAJKHHH Ty = rF¢. UTO KacaeTcsa ry — pac-
CTOAHHA [0 CKBUKUHH-HCTOYHHKA, TO 37eCh IexecoolpasHo chellaThb
caefywomee npabawkenge. Bennumna r, GypeT sakaiodaTecs B mpefeaax

2a —reLrp<2a+re.

Tax xKak r; CUATAeTCA MAJNLKIM IO CPABHEHHIO C 24, TO NOJNOMHM
r,N2a.
Torga BTOpOe ypapBHeHme GyAeT HMeTp CleyIOMMUA BAN:

@, = zinlnz’_;Jrc. (I11. 2. 17)

Berauras ypassenme (I1I.2.17) ms (III. 2. 16), momygaem

2a (RK"—'é)
Ox— D= —=In . IIL. 2.
K ¢ on re [2a— (Rx—0)] ( 18)
OcraercA HAllTH CBA3D MEXKAY @, KOTOP0® HEM3BeCTHO, M HapaMeTpaMm
RR' 6-
g »TOro MOMHO BOCHOIB30BATHCA YCIOBHEM, YTO HOTCHIMAIE
Touex M’ m M” ofUHAKOBH, OTKY[AA CleAyeT, 9TO

Gt = (32

ITH OTHOMEHAA WMMEIOT BHUA:
Ry—0 Ry+96

2a— (Rx—8)  2a+4Ryx+06 °
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Hocneanee ypasnesme mossoimr Ham HaiiTu 2a. Ilonydaem
2a(Rx+ 0) — Ri+ 8" = 2a (Ru— 8) + Ry — 8",
220 — Ry + 0= —2a8 4 Ry — o,
R _§? '
2a = "T . (IT1. 2.19)

Tenepr ocraercsa HaiifenHoe 3Ha4YeHne 2a DOACTABUTH B (opMyry
(I11I. 2. 18).
IlpegBapuTensuo ompefenseM Bexuuunnl, Bxogamme B (III. 2. 18):

2a Rf{—ﬁﬂ
?z ére
R: ¢’
28 — (Ry—8) = ~* 2" — (Ru— 8) = "2 (Ry— 8)

@opmyna (III. 2. 18) npuaumaer BuA:
(RE — 8% (R,—8) &
6 reRy (Rx—39)

DOy — O — z—iln

AIR
Oy— Do =L In [ﬁ (1. —72’—)] (111 2. 20)
Te X
Juaa pmebura moinygaem
27 (Pye— Do) (I11. 2. 21)

q= .
|- )]
c R“

Ipr 8 = 0 dopmyxna (I1I. 2. 21) o6pamaerca B dopmyry [lomom.

Iloxamem B o6mmx weprax, xar, mMmed 5Ty GopmMyiay B BOJEe HCXON-
HOif, IOXYIRTh GOPMYIH [JIA pANa APYTHX CIydYaeB PaclojoKeHUA CKBa-
JKHH.

Panee 6mna ycraEoBIEHA CBA3H MEKIY TeopHedl QYHKIMI KOMIUI®KC-
HOr0 TepeMeHHOT0 M TeopHedl IUIOCKHX QHABTPAUMOHHHX IIOTOKOB.

JdTa cBA3L MO3BOJAET KKAYH GyEknuo F (z) KOMIUIEKCHOrO Hepe-
MEHHOTO 2z = Z - iy TPaKTOBaTh, KaK Ilojie HEKOTOPOTO IUIOCKOTO ABH-
JKEeHUA.

Tenepsr 3aMeHEM IIepeMEHHOE W BBefleM HOBOE KOMINIEKCHOE NepeMeH-
HOe [ = § -+ im, CBABAHHO® CO CTApPHIM INEPEMEHHHM 2 COOTHOIIeHWEM
z = z (L), rme 2z ({) npom3BoJbEAf aHAIMTHYECKAA (QYHKIHA.

TlepBoe nBHKeHMe IPOMCXOAUIO HA INIOCKOCTH KOMILIEKCHOrO Hepe-
MeHHOTO Z ¥ XapaKTepH30BAJTOCh KOMILIKCHHM IotenuuaizoM F (z).
IlopcraBasas BMecTo z = 2z (§), momyuaem

F (z) = F[z()] = Fy (0),

rae F1 — moBasa Pynknus.
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lonysennan m3 F ¢ymrunma Fi1 omnpefenseT HEKOTOPHI NIOCKHH
¢nabTPAaMOHHKHA MOTOK HA IIocKocTd (. OYeBWAHO, M3Yy4YHMB IIePBEIH
moTok F, MOKHO Jierko maydmth moTok Fi (§).

Taxum o0pasom, sagaBaAck Toil Wiy wHOU Npeofpasyomeit pyarnuresr
z = z (t), u3 ogHOrO NoTOKA F (2) WWIOCKOCTA 2z MOYKHO IONYYUTH Gec-
9HCIeHHOE MHOKECTBO APYIMX IOTOKOB Ha IIockocTH (. Max mpmmaro
TrOBOPATH B TeOpPUH QYHKIAA KOMILIEKCHOTO MepPeMeHHOro, yHKOud z =
= z ({) peamusyer kKoHopMHOe oTofpaskeHuWe ILIOCKOCTA Z Ha ILIOC-
KocTh (.

Jna pemenHua 3amad EATeppepeHNEN CKBAKAH B KadeCTBe HCXON-
HOTO NMOTOKA yH0o6HO B3ATH PacCMOTPEHHOE BHINIE TeUeHWe K CKBA;KUHE,
SKCIOEHTPUYHO PACHOJOMKeHHOH B KPYroBoM ILIacTe, ABJIAIONEECS BMeCTe
¢ TeM, KaK OBIO IOKA3aHO paHee, TeICHHEM MEKAY PaBHOAeGUTHBRIMM
HMCTOYHUKOM M CTOKOM.

IIpumenenne meroma KoHPOPMHOro OTOOPAKEHHA IIO3BOJNAET HOJY-
9UTH pemleHNA psAAa 3amad uATepdepeHINY CKBAKUH 3HAYATEIBHO OHICT-
pee, HejKeJH MeTOZAMH, OCHOBAHHHIME Ha IPAMOH cylie pHo3HLMU HCTOY-
HHUKOB M CTOKOB.

Meroy KoHQOPMHHX oTOOpa)keHHMil B HACTOAIEe BpeMA IDMPOKO
OpAMEeHseTC BO MHOrUX (U3NMYeCKUX ¥ TeXHWYeCKHX 3agadax. Psax
npumepoB MoxkHo Hailitm B kmmre M. A. JlaBpentheBa u B. B. IlladaTta
[1]. K sagagam rupporexHumYecKoii QUAbTpPanMuM — pacueTam oOTeKa-
HUs TON3E€MHEX KOHTYPOB IIOTHH (UILTPAIMOHHHM HOTOKOM — CH-
cTeMaTH9eCKoe WPHIOKeHHe MeTofa KoHQOPMHEIX oToOpaskeHHiT OHUIIO
cmenano srepseie akan. H. H. ITasmosckmm [2]. IIpm momomu storo
METOIa yoaeTcsA PeIldTh PAJM IUIOCKHX 3afad HANOPHOW M Ge3HANOPHOMH.
éounbrpanuit. [lompobHoe wu3iIoKeHMe M PpAX NPUMePOB IPUBEIEHH
B [JIt. II. 2, 3, 4, 5], a Takke Hume B § 3, 4.

§ 3. BoiBox meroToOphIX doOpMYyS 1A NPUTOKA K CKBAKHHAM
IpA OOMOINA KOHQOPMHOrO OTOOpPAKEHHA

ITpegnososxum, 94To Ha TIOCKOCTH KOMILIEKCHOIO IePEeMEHHOIO 2z ==
= g -} iy [OaHO HEKOTOpoe TedeHUe C KOMILIEKCHBIM IOTEHI[HAIOM
F (2). BeemeMm HoBoe KoMILIeKcHoe mepeMeHHoe [ = § -+ i1, cBA3aH-
HOE CO CTAPHM HePeMeHHHIM Z 3aBHCHMOCTHIO 2z = 2 (§) wam § = (2).

Otpenas B oyuxnmuu z = 2z ({) meificTBHTENBHYI0 9acTh OT MHHMOW,

nojaydaem
2(8)=2z(E+in)==x(En) + iy (Em),

§=§('Z’y)7 Tl=”l(xvy)-

YpasHenus (I11. 3. 1) ycraHaBauBaioT cOOTBETCTBHE MeHIY TOTKaMU
maockocteil { u z. B 3aBucuMocTH OT TOTO, Of{HO3HAYHA MJIM MHOTO3HATHA
npeobpasymomas Pyrximua z = z ({), Kammgo#l Todke ILIOCKOCTH { co-
OTBETCTBYET OfHA WJIM HECKOJNbKO TOYeK IIOCKOCTH Z.

OTKYZA
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TouBO TaK 3e KaK[OH JUHHY OHOM INIOCKOCTH COOTBETCTBYET OHA
MM HECKOJDKO JHHAHA Ha Jpyrof miockKoctd. Takmm o6pazoM, JIHHHAM
TOKA ¥ DKBUIOTEHI[UAIAM, T. €. CeTKe TeUCHM: OfHOH INIocKocTH, OymeT
COOTBETCTBOBATE BIIOJIHE ONpefleIeHHAA CeTKa TeIeHMA Ha Jpyrod mioc-
roctu. IIpm atoM, pasymeercd, camu 3HaUeHHA NOTEHIHANa cKopocTH @
u Qysxnun Toka ¥ 6ynyT oRMHAKOBHIMH HAa COOTBETCTBYIOIIUX JPYr
APYTy TUHAAX 00enx ILIOCKOCTe.

an

d dz,
d;@d;l av dZ{bdZ,

0 ¢ 0 2
Puc. 1I1. 4.

ITpoussogran dz/df ectb Takke HeKoTopad PyHKIUA KOMILIEKCHOTO
IePeMeHHOT0, BIOJHE OIpe[eJieHHAsd B COOTBeTCTBYIOIIUX APYT HAPYTY
TOYKaX o0enx ILTocKocTed 2z U {. ITo 03HAYaeT M0 CaMOMY OIpe/lelIeHHI0
TPow3BOAHON, 9TO Tpedes OTHOLIeHUA

. . Az+i Ay
llm —_— = llm —_—
AL-0 Ag AE-0; AN—0 AL +i An

He 3aBHCHT OT 3aKOHA CTpeMJIeHHMA K HyJI0 oTpeskoB AL m Amn. Orciona
clegyeT, 94TO B KayKNoH ToUKe IIOCKOCTH { M COOTBETCTBYMWIIeH (wim
COOTBETCTBYIOINUX) eif ToUKe IIOCKOCTH Z OTHOIMEHHE COOTBETCTBYIONHX
6eCKOHETHO MAaJIKX OTPe3KoB dz u df moctoarHo. Ho m3 xapoil Touxkm
IJIOCKOCTH { MOKHO HpoBecTH GECKOHETHOE MHOMKECTBO OTpe3KoB d{a,
dtz, ... UM OyayT coOTBeTCTBOBATH Ha IIIOCKOCTH 2 0ECKOHEYHO MAaJhie
oTpeskm dz1, d2zs, ..., TAK)Ke HMCXOJANIAEe M3 TOYKM IUIOCKOCTH Z, COOT-
BeTCTBYIOWIeH paccMaTpmBaeMoil Touke mmockoctm { (pme. I11. 4).

dz -
Tax Kak (l_/" B KaM{Joi TO4YKe eCcTh BIOJIHE oIpe/eJieHHas BeJn-

k)

JuHa, TO

dzy _ dey  dzg .
el EEL L (I11. 3. 2)
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Uz (III. 3. 2) cunemyer mpomoprus

ApryMenT apoGu paBeH Da3HOCTH apryMeHTOB YACIUTENA H 3HA-
meHaTena, Ho argdz, — 370 yroa MesKIy HAUpPABJICGHHAMH 3JIeMEHTA
dz, m ocvio ,

Taxum o6pasom,

arg dz, — arg dz, = arg d{, — arg dC,,

T. €. YIB MeKEYy orpesxkamu dzi, dzz m orpesaramu dfi, dls paBHEL

IMoatomy mpeoGpasoBanne z (L) wnum { (z) HaseBaeTcs KOHGOpPMHEKIM,
TAK KaK OHO COXpaHseT Hmogobue 6eCKOHETIHO MAJHX 3JIEMEHTOB B COOT-
BETCTBYIOIAX TOYKAX.

IlycTs Ha IIOCKOCTH Z MMEETCHA CKBAKHHA PAgHyCcOM Tg.

Ha nmocroctn { eit 6ygeT cooTBeTCTBOBATh CKBAKMHA DaiiyCcoOM Qc,
gpaIeM TaK KaK PaguycH CKBAKHH 00eHMX INIOCKOCTEH MOKHO CYHTATH
OYeHb MAJILIME IO CPABHEHHIO C pa3MepaMm o0macTell TeueHWs, TO Ha
ocaoBagmn ¢opmyan (III. 3. 2)
ag

dz

7o (II. 3. 3)

dz
Te = | ra Qcy Q=
ITokaskem Temeph, 4TO UpA KOHPOPMHOM 0TOOPAKeHUH HAeOMTH CKBa-
JKEH — CTOKOB WJIU MCTOYHHKOB — COXPAHAKTCA Ha 06enX INIOCKOCTAX.
JIas 3T0r0 OKPY/KUM CKBAKUHY HA INIOCKOCTH Z HPOMW3BOJBHHM 3aMKHY-
THIM KOHTYPOM [, KOTOPOMY Ha ILIOCKOCTH { OyZieT COOTBETCTBOBATE TaKiKe
3aMKHYTHA KoHTYD A. IlycTb dn u dl — s1eMeHTH HODMaln ¥ KacaTelb-
HOH JJf KOHTYpa [ Ha ILTOCKOCTH Z ¥ COOTBETCTBEHHO dv m dA — musA
KOHTYpa A Ha INIOCKOCTH (.
Torga aGconoTHas BeJauInHEa KebuTa | Q| CKBAsKMHHI Ha IIOCKOCTH 2
BHIPA3UTCA HHTErPANOM 0 3aMKHYTOMY KOHTYDY

d®
|Q|=§d—n \di], (IIL. 3. 4)
dd
TAK KaK W, = — —— — COCTABJAKMAA CKOPOCTE (HIBTpAaNWHE IO HOP-

dn
MaJu K KOHTYDY.
Ho mo cMeicay xomdopMmuoro mpeoGpasoBaHHA, COXpPaHAKIIEro IIO-
nobme OGecKOHEYHO MAaJHX 5JeMeHTOB B COOTBeTCTBYIOMUX TOYKAX
obenx miockocteit, corzacuo gopmyde (III. 3. 2) mmeem

dz
ldn| = |2 |jdv],

jf (11. 3. 5)
|dl|:h§ [dA | .
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Iopcrasnsas »>te BHpakenua B dopmyny (I1I. 3. 4), moxygaem

dd v | dz
$ Tnlf"”':gﬁ &l .
dg
Cokpamas ma j—g, GyneM HMeThb y

@ =const @

i_f“dz;=gil£’d%\|du. (I1. 3. 6)

B mparoit wactn ¢opmyam (IT1. 3. 6)
cornacHo Gopmyme (III. 3. 4) crour abeo- Y-const
JIOTHAST BeJWINHA HeGHTa CKBAKUHH Ha
IIOCKOCTA §, paBHAA aGCONIOTHOMY 3HA-
4eHNI0 He0uTAa CKBaKUHEL HAa IWIOCKO-
cTH 2.

3a UCXOOHHIA MOTOK eCTeCTBEHHO IIPH-
HATH TIpocTedmuii BUI TeYeHus, HAIDH-
Mep ILIOCKO-TapaljielibHOe TedeHHe

F(z) = Az. (111. 3. 7)

Mycte A — moxoxmrensHan u  feii-
CTBUTENbHAA HocTosSHHAA, OTmeass maeii-
CTBATENLHYI B MHHAMYIO YACTH, HONYIaeM

F@)=®+i¥ = A+ i),

Pmc. III. 5. CooTBercrBme Mo~

OTKyna JKAY SKBHANOTEHOHAJAMH H JH-
q) = A.Z', (III 3 8 HUAMH TOKa IpH IJOCKO-TIapalg-
\Il‘ — Ay ° T ) JeJIbHOM TeYeHHU M TIIPHTOKe

K TO4eYHOMY CTOKY Ha IjgocC-
Takmm  oGpasom, SKBAOOTEHIHAIH KocTa.
O = Az = const saBuagALTea cemeiicTBOM
OpAMBIX, HapainenbHHX oca y (pue. II1.5), a nmemm Toka ¥ = Ay =
= const — NPAMKMHY, IapalIeJLHEME OCH I.
[Ipoexnun cxkopocTn QUIABTPAN¥UE &, v PABHH

oD
b=—Z =—4
oD

Targum o6pasoM, XapakTepucTAYeCKasas (QYHKIEA TedeHnusa F (z) = Az
ompejesAeT IJIOCKO-NApajie]bHOe TeUeHHEe B CTOPOHY OTpHIlATeIbHOI
0CH T ¢ TOCTOAHHOM BO BCeX TOYKAX CKOPOCTHIO U = — A

CpemaeM Temeph 3aMeHY IePEMEHHOTO

z=1Ing, (ITT. 3. 10)
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rje §=§+-in=Qei°.

3fech @, O — monApHKHIe KOOPAHMHATH HA INIOCKOCTH {.
Torna

z=z+iy=In(ge’) =1Ing+ i, (I11. 3. 11)
OTKYJa, cpaBHHABAasA neﬁcmmenbnme 1 MHUMHE JacTH, Ioayd9aeM
z=1Ing, y=106. (II1.3.12)

@ psamem 1uauAM z = const mmoc-
KOCTH Z COOTBETCTBYIOT HAa INIOCKOCTH
{ xpuseie In @ = const, @ = const,
a p—rg T. €. OKPY;KHOCTH C IEHTPOM B Hadaje
T e KOOpAMHAT, a4 IPAMEIM ¥ = const —ay-
l = qu § = const mrockocta § (puc. I11. 5).
{ ClemoBaTedbHO, CeTKe TEYeHHA
® = Ax = const, ¥ = Ay = const
Ha INIOCKOCTH 2 COOTBETCTBYeT Ha
MJI0CKOCTH { CeTKa TedeHUA Q = const
¥ 0 = const, T.e. npu 4 >0 upurtokr
K TOYeYHOMY CTOKY B Hadajle KOOpPIH-
HaT ¢ gefuroM ¢ = 2w A.
PaccmoTpum 3agauy o TpHTOKe
K CKBa)KMHEe B TIacTe ¢ IpPAMOJHHEMH-
HbHIM KOHTYPOM NHTAHUA M pPEHIAM ee
opd UoMmomu KoHPOpPMHOrO oToGpa-
YKeHMA.
BosbmeM 3a MCXORHHEI NOTOK HpH-
TOK K TOYeIHOMY CTOKYy Ha ILIOC-
KocTH (:

F()=——Int+C, (I11.3.13)

Puc. III. 6.

rie C — npoM3BoAbHAS KOHCTAHTA.

Iycre HA miockocTH z B Todke z = 0, y = a HaXOMUTCA CKBAKHHA
Majioro pajuyca re, IpHYeM oCh & ABIAAETCA OZHOH SKBHIOTeHINAIHIO
O = Oy, a OKPYKHOCTH MajJoOT0 paguyca T¢ — APYroli SKBHIOTEH-
maanbo @ = @ (puc. III. 6). Ha miockocTH 2z MBI HMeeM IPHTOK
K CKB)KMHE B I0JYy(GeCKOHEYHOM ILIAcTe ¢ OPAMOJUHEeHHHM KOHTYPOM
OATAHAA.

Ecnu ymacrea majitu npeoGpasosanue { = { (z) mam oGpatHoe z =
= z (), Koropoe peanusyer Kon(opmHOoe oTO6pakeHme BepXHeil Io-
JNYWIOCKOCTH Z B KPYT @ = Qg JUIOCKOCTH [, a TOUKY 2z = i0 INIOCKOCTH
Z, THle pacIuoIoAeH LeHTP CKBA;KUHLI PAJUYCOM 7o, B HA4aJlo KOOPHAUHAT
{ = 0 maockoctu {, To 3azada Oyier pemesa.
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910 4 Apyrue mpeo0pas3oBaHud, KOTOPHe HaM HOTpPeGyIOTCA HHiKe,
OpuBefieHH B JTI060M ydefHUKe II0 Teopu¥ QYHKIUN KOMIIEKCHOTO Tiepe-
MeHHOTO H ABJAKITCA HpocTelimumMu mpuMepamm KoHQODPMHHIX 0To6pa-
JHeHHH,

B mamem caywae mckomoe INpeoGpa3oBaHHe HMeeT BHJ:

z—1ia
HeficTBuTesibHO, Hosarasa 2z = ia, u3 ¢gopmyar (IIT. 3. 14) momy-
gaeM { = 0, T. e. NEHTPY CKBa;KAHBI HA ILIOCKOCTH 2 COOTBETCTBYeT Ha-
yajio KoopauHatr { = 0 mHa miaockocTH .
To4YKY BeNECTBEHHOH OCH X IVIOCKOCTH 2z NEPEeXOJAT B TOYKH OKDPYik-
HOCTH Q = Qx Tnockoctm . [eficTBuTensHO, Iomaras B ¢opmyle
(IT1. 3. 14) z = x — a06oMy BelIECTBEHHOMY HHCAY, HMeeM

a

- —iarctg—
¢ z—ia Vziiate x —i 2arctg %
= O z+-ia = Qx = Qx

iarctg a2
Vz2i-ate x

OTKyZAa ciaenyer |{| = Qu.

Taxum o6pasom, qeHCTBUTEABHAA OCh Z = & Nepelliia B OKPYKHOCTH
Ox TIOCKOCTH [, a ToYKa BepxHell IOJYILUIOCKOCTH 2 = ig B HAYAIO
rKoopaunat { = 0. Orcmoga acuo, ato dopmyna (III. 3. 14) n ects my:n-
HOe HaM npeoGpasopaune. Paguycsl cKBakUH 00eHX TIOCKOCTEH COTIACHO
dopmyae (III. 3. 3) cBsasans cooTHomeHHeM

, (IIL 3. 15)

Qc = Te.

dz

Orcrwona coraacmo (111.3.14) moxydaem

. (z+ia)—(z—ia) 2ia
Qc = Qx (a+ ia)? (2ia)?

re = o~ re. (IIL.3.16)

A rc = K
z=10

I[JIH KOMIJICKCHOTO HmOTeHUHaJla Ha IJAOCKOCTH Z moJgydaeM

F(L@)=Fi(2) = 5 Ingu— g +C =
q z2—ia ’
rie C' — HoBad KOHCTAHTa, PaBHAsA
C'=C+ = Ines. (111. 3. 18)

Jlna pebuta coraacuo gopmyie [omon umeem

271 (Px— D)
1= °
In =&
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Ilopcrasasa cioga @ u3 dopmynn (III, 3. 16), moaygaem

2n ((DK—' ch) _ 2n (q)}(—q)c)
= Ol = O L3.19)
QrTec Te

IToxaskem tenmepn, kaxk m3 ¢opmyam (III.3.19) moayumrs pmeGur
CKBQ/KHHH, DKCOEHTPAYHO DPACHOJIOKEHHON B KPYTOBOM ILIACTE.
Bossmem TO e mpeoGpasosamme (III.3.14)

z—ia

§=QH Z-—{--iﬂ, E]

HO TPEANOJIOKAM TeHeph, 9TO HA INIOCKOCTH 2Z IEHTP CKBA;KUHEL pa-
IAYCOM Tre pacHojokeH He B Touke & = 0, y = a, KaKk paHbllle, a B
apyroit Touxke C muEmMoil ocu z = 0, y = b, npmiem & =~ a (puc. I1I. 6).
Herpyauo Bugers, 910 To9KaM z = iy, y > 0 MHEMOI 0CH IIIOCKOCTH
Z COOTBETCTBYIOT TOYKH JeHCTBATEIBHON OCH {, pacloiioKeHHEe HA Jel-
CTBUTENBHOM JNaMeTpPe OKPYKHOCTH Qx, —0Ok << & << O, M =0. [Heit-
cTBUTENBHO, Monarad B gopmyme (III. 3. 14) z = iy, mmeem

iy—ia y—a
= 0ox yia = %y (I11. 3. 20)

OTKYJAa CcJeAyeT, 9To upu m3MeHeHuu y B npefienax 0 <y =< oo § mame-
HAeTCA B mpeflelaX —Qx << & << 0w, = 0.

Ienrpy ckBaskmun C mmockoctu z(z =0, y=1>0) Ha NIOCKOCTH {
6ymeT cooTBeTcTBOBATH TOUKa C:

b—

T. €. Ha WJOCKOCTH { cKBajkmHA OyJeT pacnmoiosKeHa BKCIEHTPHIHO.
Pagmycy rc cornacao ¢opmyae (III. 3.3) coorBercTByer paguyc Q:

dg . (z+ia)— (z—ia) _
Qc:l dz ac=é)r"_QH (z+ia)? NP
= =
= o |20 | = 20 (I11. 3. 22)
=\ p e |7 raE c . 9.

Ilycts Ha naockoctn { 3apaHel Qe u 0O,
Brupaskaa us (II1.3.21) b wepes 0, a pagmyc rc 4epes Qc, HOJy-
qaeM

b=a—2 (111, 3, 23)
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148 2 4a2
(b+a) = (a 52 +a) :Ti_)
\ Ok
_ (b+a¥oc _ 4a? Q¢ 2a Qc
Te = T ¥ 1_i2 S on — 1_i2 o . (IT1. 3. 24)
(=) <)
i ®
2%
24 b
X 8= C/’c 0'0§
<P?L §=2%
3 =
Px
Puc. III. 7.

Ecam Ha mI0CKOCTM 2z CKBa)KHHA OTCTOMT OT JEeiCTBHTENIHHON OCH He
Ha DacCTOAHMM @, KaK PaHbIIe, 8 HA PACCTOAHWH b, To, 0YEBHIHO, CO-
xpamar cuxy dopmyaa (III. 3. 19), B Koropyw BMecTo a HY:KHO HOACTa-
BHTH b:

g = 22 @x—Dc) (1L 3. 25)

Sameraa b m re coranacmo gopmynam (II1,3.23) m (III. 3. 24), mo-
ayuaem u3 ¢opmyant (I11.3.25) dopmyay nas fnebmra cKBaMHHH pa-
AHYCOM Qc¢, SKCIEHTPHYHO PACIHOJOKEHHOH B KPYroBOM IJIacTeé pajmy-—
coM Qi Ha pacctogHum O or menrpa kpyra (pumec, 1II.6):

—_ 231 ((DH_(DC) _ 2“: (q)}(—q)c)
q= nl2a 1+6/ox (1—8/Qx)? ox_ = I ﬁ(i—_‘sﬁ_ﬂ (I11. 3. 26)
P)
1—38/0x 2a c 0c &

®opmyaa (II1. 3. 26) cosnagaer ¢ popmyroit (II1. 2. 21), BuBenerHOR
OPYyTUM IIyTeM.

Brsenem remepn, mcxonsa us ¢opmyan (III. 3. 26), dopmyny nnsa
JlebuTa CKBaKMH B KpYyroBoli Gatapee m3 m PpPaBHOJEOHTHEIX CKBAKIH
(puc. II1. 7).

IIycrs Ha miocKocTH 2z B Iiacte paguycoMm Ry BIOIb OKPYHHOCTE
paguycom Ri pacmoiosKeHO m DpaBHOAeOHTHHX CKBA;KNH B BepIIMHAX
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TIPABHUJIIBHOTO M-YTOJBHUKA; PANUYCH CKBAKUH re, 3a00fHEE MOTEHI[HA-
JIBL q)c.

CorsiacHo cuMMeTpUH OCTATOYHO PACCMOTPETh IPUTOK K ONHOHM CKBa-
JKUHE B CEKTOPe ¢ IEHTPAIBHHM yIioMm B = 2 mt/m.

BosbmeM mpeoGpasosanue

¢ =2 (I11. 3. 27)

, "
lonaras z=re'® m { =g¢€'", momyuaem

o=r"
0=mo. (I11. 3. 28)

Taxum o6GpaszoM, mnpeoGpaszoBanue (IT1.3.27) mepememer yrox
2n
—m—=§ IJIOCKOCTH Z B yroa m f = 20 Ha mWIOCKceTH §, T. e, pas-
pepHET yroa P maockocTH z B OKPY/KHOCTD.

Cornracro ¢opmyae (111. 3. 28) menTpy cxBaskmEW 7 = R, Ha mioc-

xoctn § Oypmer cooTsercTBOBaTH Q = RY .
Pagnyc cksaskunnl Q¢ cornacHo ¢opmyre (I11.3.3) pamen

re=mR7 're. (I11. 3. 29)

=ZC

— |98
Q= I dz

Pamuyc oxpyssuoctm @y cormacuo ¢opmyne (III.3.27) pasen
ox = R . (I11. 3. 30)

TaxkmMm oGpasoM, Ha IIOCKOCTH { MOJIYYaeTCsd TeueHHE K CHBajKuHe,
SKCOEHTPAYHO pACHOJIOKeHHOH B KPYroBoM miacTe Qg == Rx Ha pac-

crosama & = RY oT uentpa.
Jebur ckpaxmant coraacHo ¢opmyae (I1I.3.26) mocie 3ameHH
3HAYEHMl Q¢, Qx, O paBeH

25 (Og— D,
P { C)Rzm\ _ (111.3.34)
K i
ln[ P (1—~ o ]
mBi Te I’?K }

\2m
Ilpn amcne ckBaskmH B GaTapee m >> 5 oOBIYHO 4jeH ( ﬁ‘x ) <1
u ¢opmyna (III, 3.31) yupomaercs:

g = 22}(:13“—@0)3 . (111. 3. 32)
1
mIn R, +IHW
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@opmyna min mebATa CKBaKHHH B IPAMOJHMHEAHON OGeCKOHEYHOH
menouke (pme. III.8) momywaerca npm momMomm nDpeoGpasoBanmsA

imz

£ =o0oxe? ’ (II1. 3. 33)
IMonomnm z =z 4 iy. Torma
LEL I _my mx
g_—_—QHeU(er):.QHe de 9,
OTKyHa
v nz
e=exe °,0=——. (II1. 3. 34):

[ ®©

@ /
20 | 28
%c \g-0
<t~F;’TnZ' ) &‘3 #e ‘37::1.22'.'.7.-‘.£

Puc. III. 8.

L )

Uz ¢opmynsr (III. 3. 34) caepyer, 4uro peiicTBuTenbHas ock y = 0
IUIOCKOCTH 2z IepeXofuT B OKPY/HHOCTH Q = Qy ILIOCKOCTA L.

LienTpsl NeNOYKA CKBaKHH € KoOpaMHATAMM = = +20n, y = L,
n=20,1, 2, ... cornacEo dopmyxne (III. 3. 34) mepeitnyr B omuy u TY
ke ToIKy C Ha II0CKOCTH [ ¢ KOOpAHHATAMME

mt L

g=0xe °,0=x2nn n=0,1,2,... (IIL.3.35)

Pagmyc ckBaskmHH Ha iockoctu [ cordacno d¢opmyae (III,3.3)
paBen

nL

o

re. (LLI. 3. 36)

n —_
rl;:QH—a—e

Qc=|% .

2=z

He6nr opnoil ckBammun uorxywaem ua gopmyan (III. 3. 26), B Ko-
nlL

topoit coraacuo (III. 3.35) momaraem & — gge O :

210 (D — D) 21 (Og— D¢) .
qg= L ¢ L = G K ;L . (I11.3.37)
nL s T o ln( sh )
0 T(i e 7 re o
In mox 7o \ - Qﬁ
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2n L
Ecam, xak o6wgmo MoxHO cumTaTth, € 9 &1, BMmecro ¢op-
myau (II1.3.37) moxygaeM ¢ mocTaTo9HOE TOYHOCTHIO

21 (Og— D)
qg= . (IIL. 3. 38)
n L +1n [}

g Are

§ 4. Teuennme Mexny KOH(PORATLHHIMH DIIHICAMH

9T0T caiydail MOKeT IPEACTABUTH HHTEpEC MJIA TEYeHUA B ILIACTAX
OBaNbHOH (opPMEL.
Bossmem ¢ymnxmmio H. E. Hlykosckoro

z=—§—<§—|—%), (I11. 4. 1)

G]

Pmc. III. 9.
TIe
c=VaE—_b (I11. 4. 2)

ecTb Qorycroe paccrogame (pme. 1II. 9). Kak u3BectBo, 3Ta $yHROHA
IepeBOANT KOHTYD SJIHIOCA MJAOCKOCTA 2z B OKPYMKHOCTE pajHyca

R = ‘/ Z"’__Z niaockocTn §, a paspes, coeguHAIMANA GOKYCH, — B OKPY K-

HOCTH eJMHWIHOTO pajamyca.
U3 dopmyam dronion moixyImMm

o 2n(Dg—Dc) _ 2 (Pr—Bc) _ 2n(Px— D)
TR E T axb | etb . (1. 4. 3)
1 ana—b :




§ 5. Ipumoxr k cksasxcunam e naacme 08aibHOL HopMbL 89

3nece ¢ — moTennuan Ha Kpaax pastesa. Ecaw moreHnumansr @y
u Q¢ 3a7aHHl Ha KOHTYPAaX [BYX KOHPOKAILHHX 3JJJUICOB ¢ IOJY-
OCAMH @k, by, ac, be, TO, OueBmIHO,

_ 2n(Pr—De) 471 (O — De) ‘
7= V ax -+ bx o 1n (ax+by) (Bc—be) ° (L. 4.4)
In ag— by (ax— bx) (ac+ be)

V ac+be
ac—be
HpH 9TOM TIONyOCH 000MX BJIJHICOB CBA33HH COOTHOICHUIMIT
¢’ = af‘ — by = ai — b5, Orcrona
_ 4T (CD}(— (I)c) _ 2n ((D}(— (DC) e
7= In (ax - by)? 2 - In ax+ bk (IH' 4. 0)
c? (ac+be)? ac+bc

nan

g = BB g el R~ 7R (L 4.6)
K

C

In

Taxum o0pasoM, DPUTOK MeKNY KOHPOKATHHEIME DILTUICAMA MOKHO
paccanThBaTh o ¢opmynae [[oniom mnA KpyroBoro IIacta PpaguycoM

Ry ¢ meHTpambHO#l CKBAKHHON pagmycoM Re, OpudeM BeIHIUHE HTHX
paguycoB coraacuHo (III. 4.6) paBmel momycymMmaM Noayoceil omiamn-
COB.

YxraskeM, 9T0 HeKOTODHe TOYHHE PONICHAA 33/1aYd O IPUTOKe K pas-
pesaM B INIacTe KpyroBod (OPMH, IOJYYAKINUMECH B SIIHOTHYECKAX
¢yarnuax, upueegenss B paGote @. E. Uermna [G].

§ 5. llpaTOoR K CKBa;KEHAM B ILIACTE OBAILHON (opMbI

Todroe pemenne 3ajjaqd 0 HPATOKE K CKBAKAHE B JIAOTHYECKOM IIIacTe JaHO
II. A. Noay6apunopoii-Kounuoil npu nomMomy KOHGOPMHOro 0T06pamends dIIHICA
Ba kpyr [JIr. II.2].

Bonee ynobnmiii nna npakraueckunx medeil cnocob 3aKiIIAeTCsT B TOM, GTO KPVI
KOHPOPMHO OTOGpaskaeTcA B Kakoi-nmGo oBan, me 06A3aTeAbHO JIIMIC, C 3alaH-
HHMH IONYOCAMHU,

Ilockoaery pemena 3amada O TPATOKE KUAKOCTH K CKBAKAHAM, PacIOIOKeH-
HEIM B KPYTOBOH 2alekH, TeM caMbiM OyfmeT pemeHa 3ajfada JJIA CKBAXKHH, Pacnojo-
JHeHBHX B 0BaJbLHON 3ade:xu. DyHKORNHA, npeohHpasylomux KPYT B OBAJ, MOMKHO IIO-
Jao6path 09eHbL MHOTO. OCTAaROBHUMCA Ha cjefylolieM cnocofe mogGopa. Dosbmem Ha
ILTIOCKOCTH 2z ABYYrodbHMK 4BCDA, 006pa3oBaHEHN NBYMA PaBRAHMM IlepeceKaio-
mumucAa Kpyramm (pue. III. 10, a), m oTo6pasuM ero mpm NOMOIMH Hajajexamed
éynknnm { (z) B Kpyr eVHUYHEOTO pafnyca @ = 1 maockocrs {. Torpa Kpyr papuyca
¢ < 1 orobpasutca B oBaa L, BHYTDH KOTOporo [ He Gyaer mmers ocoleHBOCTEl.
Opan L ® npmMeM 3a KOHTYp IIacTa.
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Qynrknua, 1peobpasyoman ABYyroasHEHK ABCDA B efAHHYHEI Kpyr, AMeeT
BHAJ;

)%
(111. 5. 1)

rae TMpUEATO
OA=—1, 0C=1.

=

. (IIL.5.2)

Y — Yrol mepecedeHHSA OKPYMKHO-
creit.:

BMecTo jiBYYrOJbHHKA MOYKHO
ele B3ATH HA INIOCKOCTH Z MOJOCY
mupuroit 5t (puc. 111, 19, 6) 1 oro-
6pasuTh ee B eQUHHIHHHA KpYT.
Torpa xpyram @ < 1 6ymyr coot-
BETCTBOBATH TaKke oBaJe. DyHK-
nud, npeofpasyomias mojiocy IOH-
PHHOM Tt B eIMHWIHBIE Kpyr, mMeeT
BUJ:

D

a

8
h\ f=th——. (IL.5.3)

) . —x

[ a Wvesa pelmesde 3ajfadqnm MAJA
= KpYra, TeM caMEIM TIOJydaeM TpH
v nomomy Gopmyan (I1I. 5. 1) mim

(111, 5. 3) pemeHme 3amadM AJA
opajiop. JluA mepecdeTa CKOpOC-
Teii W PAaJEYCOB CKBAIKHH HY)KHO
3HATh  3HAYeHAA  NPONU3BOJAHON

T

df
Puc. I11. 10 dz
ne. 111 10. Iocae BHYHCIeHHA HOTYIHAM
_L2\yu—1
¢ (-2 (111 5. 4)

a o [( 42+ (1 —2))?
nTRyna, yamrieas (I11. 5. 1), 6ynem uMmers

dz 1—z2

7{"%1—@2 , (111. 5. 5)
g | _ (1—Ey+n2(1+E)?+n?
- |=* AP T A2y y® (I11. 5. 6)

Orgensa B (I11. 5. 1) peiicrBuTelbHYI0 ¥ MHAMYO 4acTH, HaiiieM

f=ge " (111.5.7)

?
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V=) ) (g0 20
(t+2)"+y] ' t—@+y))
z =r¥cosxl, yy=—r) sinxf, (I11. 5. 8)
LY U= P4 2y
R R S BT T @y

z=ztiy=re'®.

®@opmyanr (III. 5. 8) mawT BOSMOKHOCTE ONpENENNTh TOUKY ILIOCKOCTH (,
COOTBETCTBYIOINYK) 3a7agHON ToUKe ITocKocTH 2. Haofopor, ecam HY)KHO HalTH
TOYKY IJOCKOCTH 2, COOTBETCTBYIINYIO 33aJaHHOM TOYKe ILIOCKOCTH (, TO, pemasn
(IT1. 5. 1) oTHOCHTEABLHO z W OTHAEJNAA 3aTeM [AeHCTBUTENBHYIO H MRUMYI0 HacTy,
noJayuaem

z=ret®; (I11. 5. 9)
V-0, +4g;sin’, g g 2025000,
1420 cos0,+¢] 1—g,
¥ b VA—rrigsin
Q=0 T =T 1 95cos0+02
20sin® . i
tgglzi’_ﬁ, t=t+in=gel (I11. 5. 10)

Jlia NpakTAYecKHX pacdeToB HYKHO ONPeNelHTb Qg M %, COOTBETCTBYIOMUE
KOHTYpY L oBaapHOH dopME ¢ moayocamu a m b (puc. 3.10, a). Uz (II1.5.1) =
(I11. 5. 8) mosnysaem mociie IPOCTHX BEYAC/IEHHI

_ 1-+a . x® 2b
1+ 1+a
uid, 9T0 TO Ke caMmoe,
_ ® 14a) % 2b
ox=th (—2 1n T— )_tg (7 arctg 1= ) . (I1I. 5. 12)

M3 oTmxX pBYyX YypaBHEHHHA onOpeReAfAlOTCH Qg M %. HanoMHuM, dTO 3fech
J0JPKHO OHTBL ¢ > b M GosiblIasg NOJYOCh ABYYrOABHHUKA [PHHATA 33 ENHHUIY..
Manasa moayoch asyyroibHuka OB =0D, xaK Jerko IOKa3aThb, ONpeNeIAeTCA H3
ypaBHEHHA

OB=tg _Z_ . (I11. 5. 13)

b
3aMerum, 9T0 aJA 33JaHHOI'0 OTHOIIEHHA —a— BeJIAYNHY & MOKHO BhlﬁldpaTb

OpOHM3BOJbLHO, HO, KOHedHO, a < 1. Ilpm aToM 6yayT MosAYy9aThECA PA3AMYHEE OBAJK
C ONHAM M TeM e oTHomeHHeM ocedl. [na ¢ymxnum (IIL.5.3) amamoradHmM
ofpa3oM NOAYyIHM

g _ 1 z
&z ‘7(1—“12—2-) : (I11. 5. 14)
135 =%V[(1—§)2+n2][(1+§)2+n21- (I11. 5. 15)
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Orgensia B (I1I. 5. 3) feilicTBUTENBHYI0 M MHEMYIO 9aCTH, HaiigeMm

E=E8+in,

shz siny

t= chzfcosy ' chztcosy ° (I11. 5. 16)

OfpaTHOe olpefenenme z IO W3BECTHOH { mpomie BCEro CAeNaTh CJIelYIOMAM
o6pasom. Tar Kak paspemenmne ypasuenmi (I1I.5.16) oTHocHmTeldnbHO z W ¥ O4YeHb
rpomosgko, to (1I11.5.3) upeacraBuM B BHJe

e’ —1
p=""
e’ 41
OTKYAa
o — %‘g . (I1L. 5. 17)
Ilonaraa pmamee
C =g e‘l 9,
w3 (III. 5. 17) momywaem
e’ =Re'?, (I1L. 5. 18)
rae
V= 47 sin® 6
1—20cosf+4+g2
tg@:%’- . (IIL. 5. 19)
Orciopa
z=InR, y=0 (—% <@ < %) ) (111. 5. 20)

JanpHedmue pacdeTH BeAyTcA OO GOpMyJaM HiA KPYroBoro ILJIacTa.

§ 6. IlpaTok K ckBa;KUHAM B KPyroBOM ILIACTE NPH nepeMEeHHOM
JaBACHNN HA KOHType OUTAHWA.

O6u9H0 WMHTEpdepeHnHA CKBAKHH PACCYMTHIBAETCA JISA CJIy4asd OOCTOSHHOTO
JIaBleHNA Ha KOHType nuraHna. MHorna okasurBaeTcA Heo0XOMNMEM pacCMOTDETh
9TY 3a/layy NpW HepPeMEeHHOM [ABJIeHHHM HA KOHTYpe IMATAHMA,

BosbMeMm KDyroBoi nmacT pajiiycoM Qg C !IEPEMEHHEIM KOATYPHHM HaBJIeHHWEM
Px = px(B), BHYTpH KOTOPOTO pacmonoKeHo N CKBa)KWH C 3afaHHHIMH je0HTaMH.
Tpebyercsa HaliTd pacmpeneleHHe NOTEHOHAJTA BHYTPR ILIacTa.

PaccmorpnM cragana cayuail HOCTOAHHOrO KOHTYpHOro mapjeHnsl (M, CIeNOBa-
TenbHo, morennnana My = const), Korga B IJacTe WMeeTcH OfiHa IKCIEHTPHIHO
pacnionoxennas ckBaxmHa (cM. pue. 1II. 6). Pacnpenenenne moreanuana Ha ILIO-
cKocTn § pnsa caygasi OQHOM CKBA’KWHEL, BKCIEHTPAYHO PACIOJOKEHHOH B KPYTOBOM
njacTe, MOKHO HOAYIUTH ciaeaylmuM obpazom. Ha nmockocrd z HeHTP CKBa*KMHHL
B4XOONTCA B TOUKe zZg = ib M KOMIIEKCHHY IOTeHIMAJ TedeHUS B HNACTe C OPIMO-
ARHeAHEIM KOHTYDOM NHTAaHHA BHpa)KaeTca ypaBHeHMeM (OOycKad aJIUTHBHYIO
KOHCTAHTY)

q z—ib

F(Z):z—nlnm—. (III.G. 1)
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Hpeo6paaonaﬂne, naBaemoe @opmynoﬁ (III. 3. 11) CBASHBAOMEE TOYKH ILTO-
crocTed z M {, NepeBojUT TOYKY 2z = ia B TOUKY == 0, a TOUKY 2z == ib B TOUKRYy
t = 0, npuuem b m & cpsasamn dopmyaoir (II1. 3. 23). Bexanna a ABIAETCS napa-
MeTpoM nipeo0pasoBaHnA W MoskeT OHTH BROpaHa fpomsBonbpHO. BrpasmM Teueps
npn uomomm (III. 3. 14) z gepes §:

A F
r—ia ‘ZELZ‘ . (111. 6. 2)
o

JIIA HaXOMKNEHAS KOMILTEKCHOTO HOTEHIHaNa Ha IUIOCKOCTH { 3HA4YeHASA z U3
dopmyanr (I11.6.2) m b u3 dopmynsr (II1. 3. 23) moperaBum B dpopmyny (II1.6. 1):

ia oG —ia o198
=9 ox—C gu—90
Flz()]=5=1n s T oo
ok—§ 0k —0

q (0x+1T) (0x—8)—(ox— ) (e 1-9)

=_—"1n

Zn (@x+ &) (Que—8) + (e —) (Qx+9)
0 QR-HSQH 0d— 0 —Qr T L0— 0B+

HiIn

Flz(Q)]=5—
q . ox(£—38)
=g -ln=—5>—". I11.6.3
Z ) (-89
®opmyna (II11.6.3) Momxer GHTb UHTEPHpPETHPOBAaHA CIEAYIOINM o0pasoM:
Flz®)]=o- " 1o (6= 6)2 =§;Ir-ln 5=8 i const,  (IIL6. %)
(-]
8
re )
=9 g, e
const = o In 5 .

Cnaraemoe T(:It— In ({ — 8) — woMmIeK-

CHH{ UOTEHIHAN CKBAJKHHEI-CTOKA, IIOMe-
menHol B TOYKe { =3 B HEOTPaHMIEHHOM
niaacre.

2
Cnaraemoe ——2— In ( — Q—K) —KOM-
2n I+

ILJIeKCHEH NOTe HHAJ PaBHOXeONTHO I CKBa-
JKUHB-ACTOYHAKA, HaXOJAmelica B TOYKe
2

C:—QFH (roura C’, puc. III. 11). IIpmcy-

Puc. III. 11.

1ePIO3ANUHE 2THX [IBYX CKBaJKHMH: OIHOIi
PeansHON — CKBAKUHK-CTOKA, HAXOAA-
mejicd B Touke { =43, n Apyrofi PUKTHBHOI — CKBAIKKHL-MCTOTHAKA, HaXoAmelica
2
o
HA NPOOIKEeHAH TOTO jKe Pajayca B TO9Ke c:-(;i (Tak HasnBaemoe mpeobpasosa-

Hre WHBePCHH), OKPYXHOCTs |{|=0Qx OKasnBaeTcs AKBUIIOTEHUHAIbI-E306apoi.
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Otpenss B dopmyne (II1. 6. 4) feircTBuTenbHYIO 9aCTh, 1pnbaBNAa aAIUTABHYIO

KOHCTAHTY ¥ Hodaraa {=gpe' =@ (cos 0 isin0), maiifeM pacipefielleHAe LOTeH-
nuaia:

O = (g,8)=Ro -1 In =3 _pe_9 n_0fcosbiisinf)—3

2n o> 25 o
Z;—-—é—h Q(cosEH-isinﬂ)—TK
9 1 (Qcose—éz)“‘—{-gzsinﬂﬂ +C=
4T o) 2
(Q cosﬁ—TH) ~+02sin26
:f—nln 924‘462—29‘5:0” +C. (111. 6. 5)
92—}—%%——2996—"cos9

ITocroaunyw C onpeneisem m3 yciaosud @ =®yx npu 9=0x:

2 2
8" — 20,06 cos
(DH:Z—JT]D QH+A i 3 +C=
2 QH QH
Q“+§_2Q“T cos
2 2

g o +06 —20,0cost _q 8
= In— +C=--In 2 +c,

Y
6—: (62 + Qi — 20,06 cos 6)

OTKyfna
2

— Ot L 2
C—(Dx—l— An In 52 .
IoacraBasaa ato smavtenne C B dopmyny (III. 6. 5), moxyzaem
(@°+ 8" — 206 cos §) Qf( _
i ) =

Qz—}—%—ZQ%COSB) &2
\

m:cpﬁz”;ln

_ q Q2 - 62— 206 cos 6
=Dy + i In Sig? . (I11. 6. 6)

4ok — 208 cos

H

®opmyna (IT1. 6. 6) moayueHa AJasA caydasg, KOrJa IEHTD CKBAKWHH JEKUT
Ha nouapHoil och. Ilycrk Tenepp NOAAPHBE KOOPAMHATH IEHTPA CKBAKUHH GynyT
0 u . lloBepHeM OoCh x HA YTOJ o ¥ BBeleM HOBBiil noaapuuii yrox 8 (pme. II1. 12),
Ouesnpuo, yroa 0’ m crapuii yrox 0 cssasamn coorHowenneM 8’ = 0 — a. Torga
coraacHo ¢opmyae (III. 6. 6)

2 2__ 9 '
(D:@H_;_Z;ITIH 02+ 62— 208 cos B

2p2 -
o S —l—Qi—ZQB cos 6’
Cx
2 2__ —_
=®l<+%ln 02 4-62—200 cos (I — a)

(I11. 6. 7)
202
8 S +Qi—2gdcos(6—a)

K
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®@opmya (I11. 6. 7) Jerko ofobmaeTes IA MHOTHX CKBA#HH, PacTONOKENHLIX

P KPYrOBOM ILIACTE PajiliyCOM Qx C 1I0CTOAHHBIM KOHTYDHHIM faBieHneM pg. [lyere N

CKBa¥MH ¢ 0e6BTaMi g1, g,... PACHONCKEHBI B TOYKAX C TIOJSIPHBIMI KOCDRUHATA MU
(51, as, 62, [0 TYN

TloTennmaj pesyJbTHPYIONMEr0 TEeYeHHA HOAYYUTCA CYMMHDPOBAHHEM BHIpajke-
anii  (1I1. 6. 7):

N 2 2
1 @ 4 0; — 208, cos (0 —a;)
O =Dy — giln'— ) (I11. 6. 8)
47T 820

L —i—Qi — 209, cos (6—a;)

K

Pnc. IIT. 12. Pnc. III. 13.

IlepeiineM Tenepnr K Oonee o0lleMy caydalo, KOrJa KOHTYPHBIH mnotenmman Dy
TiepeMeHHEA B ABJseTCA W3BecTHOH GyHKNMeHd moaaproro yraa 0

Herrocpencrbennoe npamenede ¢opmyanr (III. 6. 8) me mpmsemer k wuean,
Tak Kak coraacHo (III. 6. 8) npu @ = @y KOHTypHHI norennuail POy NOCTOAHHLIN
(®g = const) BMecTO TOT0, uT06u 0OPATHThECA B 3aJlaHHYI0O QYHKIHIO yria 0.

Jlaa pemleHHsA 3ajadd BO3bMeM CyMMY

o +6' — 208; cos (8 —a;)
D (o, 9)—-(1)“—{-—- ( -+¢(0,9), (I11. 6. 9)
*f—QK 200; cos (b—a;)

rpe @Oy — cpepHUIl TMOTeHNHAJN N0 MePNMETPY Q= Qx (IIOCTOSTHHAA COCTABIAIOIIAN):

— 1
(D“-'—z—nf Dy (6) 40, (I11. 6. 10)
0

a @ (0,0) — Hosag wmenssectnaa GyHKIusd, YROBIETBOPAIMASA, KAK U MoTeHnuan @D,
ypaBHenuio Jlamnaca.

dynknua @ (g,0) BUyTpu Kpyra He MMeeT JorapupMmdecKux ocobenHoCTeil
¥ 00f3aHa CBOMM ILIPOMCXOKeHMeM IlepeMeHHOHl cocTaBisomeil KOUTYpHOro Io-
Tenmuana @Oy (9).
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BeaARyo mepHORNYecKylo §yHKIHIO MOKHO IDEACTaBUTh B Buge paga Oypwe [7]

[ee]
Dy (B) =0+ D) (@, cos n 8+ D] sin n0), (I11. 6. 11)

n=t
rae xkosppunumentst O, u (D;; onpefensoTcA N3 GOpMyI

1 2;: 1 2;1
O = - | @y (6) cos n 648, Q;z:? | @, (0)sinnbds. (III.6.12)
0

n
0

Itu xoddpPuiMeHTH Beerga MOryT OHTH ONpefleleHH AHAMUTHYECKA MM YHAC-
aerso. OueBujgHO, ecau IorpeboBaTh, 9T00H ¢yHKDMA ¢ (0, 0) Ha oKpy:KHOCTH
© =y o0pamanace B HDepeMeHHYI0 cocTaBisiomymo paga (II1.6.11)

(o]
90 0)= D) (@, cosnb+ D sinnb), (I11. 6. 13)
n={
T0 cornacHo dopmynam (III.6.9) m (IIL.6.11) samasa 6ymer pemeHa.

TaxuM oOpasoM, ¢yurummsa ¢ (g,0), ynrosnmersopsiomas ypaBenuio Jlammaca,
I0JKHA OHTH HafileHa BHYTpU Kpyra Q=0Qx L0 ee HM3BeCTHOMY 3HAUYeHWIO Ha
OKPYKHOCTH Q==Qy, KOTopoe naerca gopmynoit (III.6.13) —aT10 3agaga Aupnxie
ans kpyra. PelleHnme ee XopoImo M3BeCTHO M IpUBeJeHO BO MHOTHX PYKOBO[CTBAX
00 MareMaTHYecKOMy aHaumady [7]. OHO mMeeT BuA:

[e o)

qp(g,e)=2 (®,, cos n. 8-+ @, sin n 6) (Qi“)". (111. 6. 14)

n=1{

Taxmm obpasom, corsacHo ¢opmynam (III.6.9) wm (III.6.14) wmoTemmman
O =@ (g, ) ompepenserca ypaBHeHHEM

D=0 (g,0) =Dy 2 (@, cosn 6+ @, sin n ) (&)n-k

n=1
1 N\ Qz—{—éf—ZQéi cos (f—a;)
_},.4_“ g; In S2T (III. 6. 15)
i Q
=1 ;2 —{—Qi—2g(“>i cos (6—a;)
K

Ecau samann saGoiinsie moTeHnuanu @;; HA CKBa’KMHAX DPAJUYCAMHA Qci, TO
NeOHTH MOTYT GHITH HalifieHbl CAelyIOIIEM O6Pa3oM.

B gaxog-nnﬁo TO4YKe M KOHTypa j-f CKBasKEHH DagmycoM Q.; (puc. III.13)
4YjleH @ -{—«5]-—2965 coS (B—aj), 09eBHAHO, OydeT KBafPATOM DACCTOAHRHA 3TOH
TOYKH [0 IeHTPAa CKBAKUHH, T. €.

Q" +8; — 208; cos (8 —a;) =g, (I11. 6. 16)

B ocranbusix wieHax ¢opmyan (III. 6. 15), Hoap3yacs Mad0CTLI0 PARAYCa Qcj)
Opu HaxOKMleRnu 3aboiinoro moremnmana Mg; momaraem g=38;, 0= aj.
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Torpa noxyanm

[ee]
cpcjsaer}: (@, cos n 6+ @, sin  6) (-g—i)nT'
n=1{
N ’ 2 2
L siln (:jj—éi — 28;6; cos (a;—ay)
; J —}-Q';—Zéi&j cos (a;—ay)

2
K

i=1
1 Q5
) ci
+4—n‘bln o
7 2 2
Ox
HIH
o0
— Y . 8; "
(pc].:(pk-}-z((Dncosnﬂ—l—d)nsmnﬂ) o)+
n=1

N ’
2 2
1 85 48%—26,3; cos (a;—a,
T iln —gig LR )
i=1 123 —{-91—263-61. cos (a;—a;)
K

. 82
gl (- )
27 Qcj Q}(

N

(I11. 8. 17)

’
IMtpux (') y cyMMmu Z 03HAYaeT, YTO NPH CyMMHUPOBAHWH OT i =1 no i=N

i=1
onycKaeTcsa 4iIeH i=j.

'uJIH mj1acTa MOIMHOCTLIO h, B KOTOPOM DPpAacHIoJIOKEeHEl CKBAXHHH C neﬁm‘alul

Qi, nepexoja OT MoTeHIHaJa K JaBJIeHHNAM H BCIOMHUHAA, 49TO

moxyvaem u3 (I1I.6.15)

— ?o ’ n
P (0,0)=pgx+ 2 (p,, cosn8-4p, sinnb) (&) +

n=1{

N

2 2
p S \ ) o +6; —208; cos(d—a,)
+“——4n %h | Q;In 6%92 -
é, + 0x— 208, cos (68— a;)

K

i=1

(111.6. 18)



98 La. I1I, Haockue sadavu dusbmpayun k cosepULEHHBM CKEANCUNAK

U3 dopmyx (11I.6.16) m (I111.6.17) pna 3aGoiHuX naBreHWd Gyger

(o]
— Rl P 31 \n
pe j=px+ Z(pncosnﬂ—l-pnsmnﬁ) (Q—:{) +

n—{

85 +8;—28;8; cos (w;—a;)_

N
+ ; Qiln
4m kh ‘ 22

ij 2
i=1 —3 T 0 28;8;¢08 (a5 —ay)
K

2
B0 | ex _"’_f)
anh]n[gc]_<1 a } (I11.6.19)

Ecam cKBa)KUHK HecOBEPUIEHHBE, TO, KAk Gyjer moxasaHo B §2 u 4 rnaswm V,
fi07 Q¢;j CJEAYyeT NONPasyMeBATH NPHUBE/EHHNH pajuyc, YIHTHBAIOMuUil ee HecoBep-
[IeHCTBO.

[MonygenHue BEme GopMyas MOryT GuiTh MPHMEHEHH K HCCAeJOBAHMUIO ILIACTOB
¥ CKBayKWH IIPA INOMOIOYM KADPTH m300ap cienyomaM ofpasoM.

IIycTh NIA KaKOTO-IuGO MEeCTOPOMKICHWSA M3BeCTHH Kapra ®aobap, nebmra B
saboliHble JAaBJIEHAA CKBAKHEH. YcpefHeHHOe 3HagYeHWe mapamerpa kh/p Bioan
HEKOTOpOil MIOmajy MOXHO oupene-
aats npu nomomu gopmya (IT1. 6. 18)
u (II1. 6.19) caepyromnM 0GpasoM.

BrijeanM Ha Kapre uaolap Mecrto-.
POsKIeHus KPYT 5KeJIaeMOTO pajdayca QOx
(puc. III. 14). IlenTp Kpyra O ciemyer
OMECTHTh B TOYKe, YHAJEHHOHX OT
CKBJKMH HA PACCTOSHWE HO MEHELIIE
HeCKOABKNX MomaocTedl mmacra, Ifo
Kapre u300ap HEIOCPeACTBEHHO MOKHO
OIpeleHTh TJIaCTOBOE JJaBIeHAE B JIO-
6ol TOUKe Kpyra M, CIEZOBATEIBHO,
JaBlieHFe pg HA KOHTYP® Dk, KOTODPO®,
TaraM o6pa3oM, GyJeT B3BeCTHOI GyHK-
nueit px (0) mnonaproro yraa 0.

Uz ypapmenmit (III. 6. 12) wmec-
serHo [7] Moryr Gurh HalmeHH KO0dg-
duruentt dypre p, u p, . Torna,
3HA II0 KapTe n3obap JaBieHAE , 8)
Puc. IIl. 14. Cxema Kapth usobap g mo6oit p"rque np ne6mTH Qpi’(Q n3

MECTOPORNeHH A, ypasrenns (III. 6. 18) MoxHO HaiiTa

napamerp kh/u. Ecam miacrt ofHOpO-

meH, JuA JI000A TOYKE BHYTPE Kpyra C KOOpDAWHATAaMHE Q, O m3 dopMmyian
{111. 6. 18) GymeT moxyuaThCA ONHO M TO Ke 3HAUeHWe YIapameTpa kh/p.

Ecanm nnacr, kax 870 00n4HO GHIBaeT, HEOAHOPOAEH, [AA Pa3HHIX TOYEK C pas-
AKMA KOOpAMHATaMd Q, § 6ynyT monyuaTnca HEOAMHAKOBHE 3HaZeHns kh/u. MoxHO
TpefmoaaraTh, 9TO cpefiHee BAOLL TUIOMAJN 3HAYEHNEe kh/|L NOTyInTCA MO JABIACHHIO
Po B NeHTPE Kpyra — Touke @ = 0, KoTOpoe Tarwke Gepercs mo kapre m3obap.
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Jaa aroit Toukm m3 (I11. 6. 18) umeem

N 2 N
_ 8 _
- L N - N NP P
Po=Put Zaam o @10 m =P g X g,

i—=1 R i=—1

OTKyJIa
N
$ons
Kho =t (1. 6. 20)
B 27 (px— Po)

Onpegenrns m3 (III. 6. 20) khi/p, 1o H3BeCcTHHM 3aGOMHEIM NABJIEHHUAM Py
m3 ypaBHeHEA (3. 6. 19) MoHO HaliTH uUpHBeJieHHHE pPAaJUyCH CKBAKHH Qcj.

Takum o6pasoM, CTPOA Ha KapTe M300ap KPYru KeJaeMEHX DalmycoBs, COfiep-
JKalFe BHYTPM XOTh OAHY CKBAXKUHY, MOKHO HAHWTH yCPeJHEHHHE BJOJIb 3THX Kpy-
TOB NMapaMeTpPH LJacTa U CKBAa KUH,
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I'”TABA IV

INPARTHYECKUE METOObBI PACUETA TITPUTOKA
K COBEPHIEHHBIM CHBAKIHAM

§ 1. Beonnme samevanmsa. Ilorenmuman HeCKONbKHX
TOYEYHBIX CTOKOB B HEOTPDAHMYCHHOM ILIACTE

B raase 11l Owmutu paceMoTpeHH HEKOTOPHE FHAPONUMHAMMYECKHE 3a-
faun QEABTPANAA O TEYCHUAX DU HAJIMYMM 3aJaHHOTO YMCIA MCTOY-
HUKOB WJM CTOKOB HA IJIOCKOCTA, JTH 3aJa49d TECHO CBA3AHH ¢ OCHOBHOMH
npoGiaeMoii pa3paboTku Hedre-BOAN-Ta30HOCHHX IUIACTOB — PACYeTOM
OPUTOKA K OHOYl WM Tpynne COBePIWIEHHBLIX CKBa)KMH. TOYHHE pelle-
HHUA, KaK IIPAaBHIO, OKA3BIBAIOTCA BEChMAa CJOYKHHMH M T'DPOMO3JKUMH.
Jaa DpaxTUdecKMX medeil o0BMHO NpuMeHATCA Golee NPOCTHE TPH-
GamsKeHHEIE, HO BMeCTe C TeM JMOCTATOYHO TOYHHIE METOAH pacuera,
ROTOpPHIe M3JI0KEHH HEIKe,

Hedranre MeCTOPOKAEHUA 3SKCINYATHPYIOTCA OOKIHO GoaMbmmuM
YHCIAOM CKBa;KHUH.

Moryr OpiTe fBa BHAA 3apmad.

1. 3agaerca geOuT CKBayKHH M TpeOyeTcsa oIpefeJuTh HeoOXomMMoe
A aToro nebuta 3aboilHoe faBileHMe W, KpoMe TOTO, JlaBleHUe B J1000#
ToYKe ILIACTA.

3anaBarh [e0UT CKBAYKUAL BHOIG W3BECTHOIO Ipefesia HeAbL3dA, TakK
KaK JJiA STOTO MOMKeT NOTpeGOBATBHCA CIMIIKOM GoNbmiad AelpeccHsA.
Ecam yBenmdeHme [elpecCHMM COIPOBOMKIAGTCHA CHMKeHHEM 3a00HHOTO
JlaBIeHnAsT, TO MOKeT CAYIAThCH, 9TO AIA ofecledeHUA AAHHOTO JeOHTa
morpebyeTcs 3aboiiHoe MaBIeHWe, PABHOE HYII0 WIA Ka)Ke OTPHIATENb-
HOe, YTO PU3AIECKH HEeBO3MOMKHO.

2. B GonpmuHCTBe CiayZaeB IPUXOXHTCH BCTpPedaThCA € IPyroit
safavedi: 3ajgano saboitHoe jaBieHue, TpeOyeTcs oUpefeauTbs HeOHT.

3alboiiHoe MaBiIeHWe HA CKBAXKHUHE OTMpeNeNsaeTCA TeXHOJOTMIeCKUMH
YCAOBHAMA HKCINIyaTalluM, KOTOPble ObIBAIOT cambie pPasHooOpasHHe.

Hanpnmep, saboiiHoe JaBiieHMe HOJMHO OHTH OIpefedeHHRIM 00pa-
30M CBA3aHO C JaBJIeHMEM HACHUIEHWA, T. €. JaBIeHHEM, IPH KOTOPOM
sech ra3 pacTBopeH B HedTH.



§ 1. ITomenyuar HecKOALKUT MOYEUHNT CMOKO8 8 Heozpanuuennom naacme 101

Ecnn paBneHne B KakoH-HEOYAHL TOYKe HU)Ke JaBICHUA HACHIIEHHA,
To U3 HedTH GymeT BHOENATHCH r'a3 B Buie NysHpbKoB. IlysnpbkE rasa
3aKyHOPHBAIOT HIOPOBOE IPOCTPAHCTBO M HPHA MOCTATOYHOM CHUMKCHHH
NaBlleHAA MOTYT CHIKATh IPOAYKTHBHEE CBOHWCTBA CKBajKWHAI.

Camxenme 3a00HHOTO HABIEHNA, T. €. yBeIWYeHNWe AeNPECCHH, JeH-
CTBYET 37ech ABOSAKHM 06pa3soM: ¢ OfHOA CTOPOHH, OHO JOJNKHO BECTH
K yBeXWIGHHIO Ae0UTA JKUIKOCTHA; C APYroil CTOPOHH, CHEKOHHE 3a-
6oiHOr0 faBleHHAA HUKe MaBIeHWUA HACHIIIEHHS M CBA3AHHOE C 3THM
pasrasupoBapye SKAJKOCTH BHBLIBAIOT yBelHYeHAe QHILTPAMEOHHOIO
COIPOTUBIEHAA MPA3a60HHOA 30HK BBUAY €€ YACTHIHOTO 3aKyIOPHBAHUSA
BEIACNAIONIAMACA Ty3HpbKamMu rasa. ONTEAMaJbHOe B TOM HMIM HMHOM
cMBICIe 3HAYeHMe 3a00HHOr0O JAaBIEGHHA [OJKHO CIENHANBHO oOIpefe-
JATHCA B KaJKIOM OTHEIBHOM CIydae.

Haxkonenm, ecim Bo3MoKeH BHIHOC Hecka M3 Iutacta Ha 3a6oil CKBa-
JKUHBI, TO CKOPOCTH cbnnmpaunn Ha CTeHKe CKBa)KHHHI JOJKHA GHITH
MeHBbIIEe HEKOTOPOH IpelenbHOH BeJIWYHHEL.

TakuM o6pasoM, MOTYT GHITH 3aaHH Pa3JXIHEE YCIOBUA HA CTEHKAX
CKBa)KMHH B 3aBUCHMOCTH OT T€XHOJOTHMYECKOTO peKEMa dKCIIyaTaIlHH.

Haxnuit nedTAENK Xopomio 3HAeT, ITO €CJIH SKCIIyaTHpyeTcd IPyn-
Ta CKBa)KUH B OJWHAKOBHIX YCJHOBHUAX, T. €. C OMUHAKOBHIM 3a00#HEIM
JlaBIeHNeM, TO Ae0HUT Bcero MeCTOPOKAEHHA pAaCTeT MeJJIeHHee UACIa
CKBQ)KWUH, BBOAUMEIX B sKcminyaranuio. Ilpm stTom mpegmosaraercs, 4To
BCe CKBA;KUHEL HAXOJATCA B ONMHAKOBHX YCIOBHAX.

Moskno mocraBuTh TpeGoBaHHE — IKCILIYATHPOBATH MECTOPOs /e~
HUMEe TAaK, 9TOOKH CYMMapHHEI e6UT Bo3pacTal HPOHOPIHOHAIBHO YHCIY
CKBKMH miam maxke Onrctpee. Ho B aTux caydaax 3aGofiHoe MaBiIeHUE
mpiIeTcA HelPePHIBHO IMOHWKATH W, HAKOHEL, MH AoiliemM g0 Hpefea,
Korga ysKe cHmH3UTh 3aGofiHoe maBieHuwe Heab3d. Torga ouaTh KpuUBas
cyMMapHoTo gebuta OymeT CTPEMHATHCA K HEKOTOPOMY Iipefileny IIDH BO3-
pacTaHAM 9HCJIA CKBAaKHH.

Panbime cKBa:KMHB PACCTABIAIACH HO CETKAM-TPEYTOJBHUKAM HIH
B IMaXMaTHOM IopsAAKe. B HacToAmee BpeMaA BHABUHYT APYyroid IPHHIUI
PACCTAHOBKM CKBAKMH — B BHJe DAMOB, PACHONOKEHHEIX BIOJDb JIH-
HUil, reoMeTpUIECKH nouo6HHx MePBOHAYAJLHOMY KOHTYPY HedTeHOC-
HOCTH.

Pemum BHadYaze 3amavy, HaseBaeMyIo INIOCKOM 3afadeil uaTepdepen-
unn ckBaykuH. IlycTh mIacT MOMHOCTEI0 A BCKPHT MHOKeCTBOM COBep-
MeHHHX CKBKMH. [l1acT 3amoameH OTHOPORHOH HECKHMAEMOM JKHAKO-
CTHIO.

ITnesomeTpudecKde BOPOHKE WMEIOT IPAMEPHO BHUJ, MOKA3aHHHIHA Ha
puc. IV. 1, a.

B nnane 6yger o6aacts roil miu uHoil dopMi, orpaHmIeEHAS HEKOTO~
PLIM KOHTYpOM, Ha3KHBAae€MHIM KOHTYpOM NHHUTAHHUA, HA KOTOPOM IpPeRIO-
Jaraercd 3aJaHHHM JaBjleHHWe Py M, CIeJ0BATeJbHO, M3BeCTeH NOTEH-

kPK

nuan O, = =X
BT
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BryTpu aToro koETypa pasmemeHO MHOKECTBO KPY’/KOUKOB, SBIAIO-
mExcaA OpoeknuaMmu ckBakue (puc. IV. 1, 6).

Ha ckBaxxmBax pagmycamu r, ycTaHaBIHBaeTcA 3aboiiHoe JaBiIeHHe
Pe ¥ COOTBETCTBEHHO 3a0oiHEN mortennuan De.

Benwamen pe Oyayr saBuceTh oT meGuTa ® JeOMT — OT BeJHYZH
3a00HHEX JaBJCHUI.

Ecan p; paBHO py, TO HmKakoro mputoka Her. CTaTHIeCKUil ypoBeHb
BCIOZly OffUH M TOT }Ke W paBeH px/y. Eciu K ckBaKkmBEaM HauHeTcs IpH-
TOK, TO 00pasyerca PpasHOCTb
AaBleHUR py — pe — Jelpeccus,
OOA JeHCTBHEM KOTOpPO# IHuj-
KOCTh OyfeT IPHTEKATh K CKBa-
JKIHAM.

Hna pememma o6paTmMca
Kk dopmyae (L. 2.18)

D = _2_‘;_ Inr+ const (IV.1.1)
1 TOCTAaBHM 33ady O IPUTOKe
He K OIHOMY, & K MHOYKeCTBY To-
YeUHHX CTOKOB WM HCTOYHUKOB
Ha IockoctH, g = Q/h — pebur,
OTHECEeHHHI K eAHHHIE MOIIHO-
CTH IUIAcTa.

PaccMoTpuM HeOT paHWYEeHHYIO
MJO0CKOCTh M PasMeCTAM Ha 3ToH
IJIOCKOCTH IPOM3BOJBHOE KOJNU~-
9eCTBO CTOKOB WJIN HCTOYHHKOR.
Baskno mwogdepKHYTH, 970 BHa-
gaje OeperTcA WMeHHO HeOlpaHU-
4eHHAA TJIOCKOCTH, HE OrpaHH-
geHHHI B ILIaHe ILIACT.

ITpn nuneitEOM 3aKoHe QUIB-
Pmc, IV. 1. Cxema UPHTOKA K CKBa)KMHaM TpANUM ¥ HAJMIMM HECKOJBKHX

Upa HAUOPHOM pemuMe. CTOKOB BHI3BAaHHHE HMH ¥OTeH-
OMaJel MOMKHO anarebpamuecKn
cymMMmpoBaTh. IloTeHNMAX pe3yabTHpYIOUIEro TedeHHA OyaeT pas-
HATBCA anrefpamdecKod cymMe IOTeHIHANIOB, BHI3BAHHBIX Ka;KNBIM
CTOKOM B OTAeJbHOCTH. OTO HAa3HBaeTCd IPHHIUIOM CYNepHo3uIuu
WIW Clo<eHUA TeUeHAH m ciaegyeT M3 JmHeliHoCcTH ypaBHeHus Jlamnaca
JJIA TOoTeHLMAJa W BO3MOKHOCTH CYMMHPOBAHHMA ero YacTHHX pelrne-
Huit. CKopocTn TeYeHHA TPH 3TOM CKJAANBIBAIOTCH IeOMETPHIECKH, Kak
BEKTODHI.

Boabmem mpomsBodkHylo Touky umaacta M (pme. IV. 2), B KoTopom
PACIIONOA{eHO MHO;KECTBO CTOKOB € AeOUTAMM i, ¢2, .-.

MoixHO, TOTB3YSICh MPHHIUIOM CIOYKeHHA TeUeHWd, HAHTH pe3yiab-
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TAPYIOIAA OoTeHUHax ToUYKH M, cyMMHOpyA IOTeHIMAlH, OIpejesse-
muie popmymroir (IV. 1. 1):

®M=(%lnrl+cl)+<g—; lnr2+C2)+...+

In
+-(2n Inr, + Cr), IV.1.2)
rjie ri, rz, rs, ... — COOTBETCTBEHHO PACCTOAHMNA TOUKU M oT 1epBoro,
BTOPOTO, TPeTHEro U T. K. cToKoB; C1, C2, Cs, ... — NocTonHHke (const),

pxopsaume B gopmyay (IV. 1. 1), paszama- g
HHE JJIA KajKIOoro CTOKA.

OT KaEmoro cToKa 0yaeT CBOS COOCTBEH-
HaA KoHCTaHTa. Ecam WX CI0MKHUTH, TO IHO-
Jy9EM OOHY CYMMAapHYI0 KOHCTaHTY. Taxmm
ofpasom, morTeHnUay JI0O00H TOYKHM ILTACTa
MOKHO TPeNCTaBHThL B B

® =N glor+C, (IV.1.3)
T og=

rfle 7 — YACIO CTOKOB; I'; — PACCTOSHIE OT A 95
i{-T0 CTOKA [0 TOYKH, T/e OIpeleNAeTcs II0-
TEHIIHAIL, 0 "'
IIpn stom Pme. IV. 2,
n
C=CitCat o +Ca= 3 Ci =P, (V.14

e @y — mebur i-it CKBAKUHEL €O BCell MOUTHOCTH IIacrta h.
IToBropsieM eme pas — ILIACT NIPEANOJNATACTCH HEOTPAHHICHHEIM
B mnane. Ilpu aToM Ha GeCKOHETHOCTH HONYYaeTCA GeCKOHOUHHIA LOTeH-
HHA.
B nmenrtpax crokor (r; = 0) monyuawTcs Takske GecKoHeUYHHe HOTEH-
IHAJHL,

§ 2. IlpuToR K COBEPIIEHHON CKBLKAHE B INIACTE
¢ NpPAMOJAHEHBIM KOHTYpPOM naTaumsa. Meroj oTpaskenmnsa

Dopmyana (IV. 1. 3) aBasgerca oCHOBHOM B peIIeHHAW 3amadm HHTEp-
depeHIN CKBAKIH,

Hoxraskem mnpumeneHme 3Tolt ¢opMmyan B [ABYX ciaydaax — Jas
nIacTa ¢ NPAMOJNHENHBM KOHTYPOM IHTAHUS M IIACTA ¢ IPOK3BOIBHEM
KOHTYPOM OHTAHWA, HO Y[AJEHHHM OT CKBAYKHUH.

B peanpHHX ycnoBHAX IpPUXOAATCA BCTpEIaTheA He ¢ GECKOHEUHHIM
B [IIaHe IJJaCcTOM, a ¢ INIOmAbI0, OTPaHMYeHHOH Gojee mIm MeHee
YAaNeHHBIM KOHTYPOM.
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HexoToprie Tounke pemennas moMuMO NpuBefieHBHX B riase 111 moryr
OBITH HOAYYEHH NPH IOMOINM M3BECTHOTO B IMAPOAMHAMHEKE METOMa OTPa-
JKeHnd.

JTOT MeTOX MOJKHO TPOJEMOHCTPHPOBATH HA cleayomeidl 3apmade.

Hycrs smmakocTs npuTexaeT K ONHOH CKBajKHHE, pAaCHOJIOKEHHON
B mosyGeckonednoM miaacre. IlpumeMm ock x 3a KomtTyp muramusa. Ha
opsamMoit y = 0 — ocu r — WOAMEPIKUBACTCA NOCTOSHHHE NOTeHLHAX
@y (puc. IV. 3).

Ha cxBamune mognepssusaercs apyroii morennman g,
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Puc. IV. 3. Puc. 1V. 4. Bopomka penpeccun mpn

TPUTOKe K CKBAa)KUHE B IJacTe ¢ IPAMO-
JHUHEHHBM KOHTYpOM IIHTAHHA.

Hanpumep, mycts B momocoo0pasnoM HedTAHOM HiacTe mpobypeHa
ogEa cksBakmua (puc. IV. 4, a). Torma B maane (puc. IV. 4, 6) Oymer
maacT BechMa GOJABINON HPOTSIKEHHOCTH ¢ NPAMOJHHEHHON rpaHuneii,
Ha KOTODOM I3BECTHH [ABIEHUE Py, M IPOEKIUA efUHHIHOH CKBAKMHH
pamuycoM r. ¢ 3a00fHKM JaBIeHHEM pe.

Pemum 3amady o mpuToKe K TaKOH CKBaKHHe.

OTnuume OT paHee paccMOTPEHHOII 3ajay# PaAUAIbHOrO JBIKEHHA
3aKJ09aeTcsa B TOM, 970 TaM KOHTYP Duranus OB OKPYRHOCTHIO M IJIACT
mMel B njaane GOpMy Kpyra, a cefidac mJacT SABJIAETCHA HNOJYIIOCKOCTBIO
y > 0 ¢ mpaAMOIMHEHHHM KOHTYypOoM InTanud y = 0 — ocbio z.

Ecnun 66 nuacT GblI HeorPAaHMYEHHHMIM M B HeM OBLIa elMHCTBeHHAA
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CKBa)KMHA, TO DOTEHNHUAJ] B JTi0060fi Touke miacTa onpemensncsa O ¢op-
myqaoir (IV.1.1)

IMocmorpuM, ygoeaersopser au Gopmyrna (IV. 1. 1) mamam rpanus-
HHM YCJIOBHAM WMJIH He YEOBJIETBOPSHET.

Ha crTenre cKBasKMHEL IPH I = 1¢ popmyna (IV. 1. 1) ymosaetsopser
ONHOMY YCIOBHIO — BO BCeX TOYKAX KOHTYpa I = I, IOTEHOHAJ IiO-
cToARHb u MoxkeT OHTH npupaBHeH O,. Ha KomType murammsa — Ha
ocu y = 0 —mo dopmyne (IV. 1. 1) monygaercs mepemenHoe fabie-
HEe, TAK KaK PacCTOAHUA OT IeHTPa CKBAKUHEI {0 TOYEK OCH & PA3IUIHH
(pmc. IV. 3). 3magur, ¢gopmymna (IV. 1. 1) ycaosusam Ha KomType DH-
TAHAA He YAOBJCTBOPAET, HOTOMY 9YTO OHA JAeT HepeMeHHOe 3HAYCHUE
IMoTeHIIMAajlla HA I'PAHHINe IUIacTa, a 10 YCIOBUI OHO JOJNAKHO OHITH IO-
CTOAHHHM. JTOro IOCTOAHCTBA MOJKHO [JOOMTBHCH, NOJL3YACHh O9eHb
OPOCTEIM IIPHEMOM.

OTpasuM Hamy CKBa)KHHY B OCH X, KAK B 3€pKajie, I PACCMOTPHM
COBMeCTHOe JNe#icTBUe IBYX PABHOHeOUTHRIX CKBa3KHH: ONHOH — jei-
CTBHTEJIbHOI M BTOPOH — QUKTHBHO! CKBOKMHH-A300paKeHNs, T. €. KaK
61 yBesrmaum pasmep mnacra BABoe. Ilpm aroM 3mak meGuToB mycTh OyjeT
Pa3IUIHEIM.

IHotennmuan B A1000# Touxke M, BH3BAHHBIL IeficTBHEM [BYX CKBa-
JKEH — fleficTBUTeNbHOH ® #3006 pasxenns, cornacao dopmyae (IV. 1. 3),
rjge mojlaraeM n = 2, q1 = ¢, g2 = —¢, PABHAETCH

=@, - 1 r
D =Dy = Wlnr—;—}—C, (Iv.2.1)

rae r1 — paccTosHme OT TOYKM M [0 HeHCTBHUTENBHOH CKBAaKHHEL ¢ IO~
JIO'KUTENBHAIM Me0ATOM — CKBa)KMHBI-CTOKA; I's — PACCTOAHME OT TOUYKH
M po CKBaKUHH-U300paKEeHHA € OTPULATOABHHIM [e6HTOM — CKBA-
JKUHH-ACTOIHUKA,

Ho motenuman B JA1060d TodKe OCH % J{OAKEeH OBITE IIOCTOSHHEIM,
gemy Qopmymna (IV. 2. 1) yngoBmerBopsier, Tak Kak JiA 9TUX TO4EK
It = ra.

HamomunaeM, 9T0 Je6HT CKBAKMHL-CTOKA CYHMTAETCA IIOJOMHTENb-
HHM, CKBa;KHHE-MCTOUHHKA OTPUNATEIbHEIM.

I[Jm TOYEK OCH & COTJIACHO rpanmmomy YCIOBHIO ¢ Y9eTOM HOPMYIH
(V. 2. 1) mmeem

y=0,ri=ry O=0x=C. (IV.2.2)

Taxum oGpasom,

D=0, =0, + - Int. (Iv.2.3)

T

1A HaXOKAeHMA OCTABIIEHCA HEM3BECTHON BEJMIMHH ¢ OIpPeAeanAM
OOTeHIMAaJ HA CTEHKe [leliCTBHTEJNLHOW CKBayKHHH, T. €, IIOMECTAM
Todrky M Ha KOHTYD feficTBmTenbHOH cKBaKEEH. Ilomyumm

%_%+qm (IV. 2.4)
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Ile @ — OPAWHATA HEHTPa JeHCTBUTEIbHOH CKBAKUHBLI, TAK KaK B 3TOM
caydae 11 = re, r2= 2a. Crporo TroBopsa, IO Iz TONKHO IOJ-
pasyMeBaThCA paccTOsHHE OT IEHTPAa CKBAKWHH-M300paskeHUA [0
KaKoH-1u60 TOUKM KOHTypa r = I, HEHCTBUTEILHONH CKBa)<uHbl. B 3a-
BHCHMOCTH OT IOJOKEHHS 3TOM TOYKA HA KOHTYpPe CKBAJKHHEI I = rg
BeluYmHA rz OyHeT M3MeHATHCA B Hpemeaax (2a — re) < r2 < (2a +
+ r¢). Beugy ManocTu sHaueHUA re HO CPABHEHHIO C 24 MOKHO C BIOJHe
AOCTATOYHOH TOYHOCTHIO HPUHATH r2 ~~ 2 a, OTKYAA H cienyeT ¢popmyna

av. 2. 4).
M3 mocnemHero ypaBHeHHA HOJy4aeM
g =200 (V.2.5)
fn —
e

Cpasuum a1y dopmyny ¢ dopmymoit [Jromonm nas pagnaidbHOTO ABR-
HeHHA B ITacTe NpWm NPHTOKe K CKBa)KWHe, PACIOJIOKeHHOH B HeHTpe
ILIacTa KpyroBoit ¢opmsl.

[BuiKenue B IracTe ¢ NPAMOJUHENHHIM KOHTYPOM HHUTAHHA IPONC-
XOOHT ¢ TAKHM ;Ke Je0HTOM, KaK B IUIacTe ¢ KPYrOBHIM KOHTYPOM IHTA-
HHASA, Paguyc KOoTOpOro paBHAETCH 2d.

Tak Kar 0o6KH9IHO 7, 3HAYNTENIBHO MeHbIme 11, — B THICAYH pas u Gouee,
To omnOKa B HECKONBKO pas B BejqmumHe Ry CpPaBHHUTEJIBHO Mallo OTpa-
JKaeTcA Ha BeamduHe Aebura. Taxmm oGpasom, Aad IPAKTHYeCKHX pac-
9eTOB TOYHOE 3HAHUE (OPMHL U PACCTOAHUA Ji0 KOHTYPAa IHTAHUA ABIAETCA
Heo0A3aTeABHKM B ClydYae CKBAKWHH Majoro pagmyca, HO NOPALOK
PaccTOsAHMA 0 KOHTYypa MOHUTAHUA MOJiKeH OHTH, KOHEYHO, N3BECTEH.

§ 3. IlpaTor k rpynnme coBepmIeHFLIX CKBAKAH B IL1acTe
¢ yOATeHHBIM KOHTYDOM HOHTAHHA.
IloTennuar m ckopocTs (UIBTPANUT Pe3yAbTHPYIOMErO TEUYCHNA

B GoapmuHCTBE 3ama9 KOHTYP NUTAHMA HAXOAUTCA MOBOJIBHO Aasiexko. Osna-
KOMHAMCSA ¢ MPUGIMKEHHERM METO[OM penleHAA 3afjad WHTeppepeHUUU CKBaKHH 1A
ILIACTOB ¢ y/aJeHHHM KOHTYpPOM NHTAHWA, HO3BOJIAIONMM BHIIOIHATH KOHKDETHHE
IpaKTUIECKAe paCIeTHI.

Ilycte B nzacTe pacmoioykeHa TIpyINa CKBa)KMH, IIOKA3aHHAA B IJaHe Ha
puc. 1V. 5, a, ¢ pasawuummm gna obmuocti AeGurami, 3aGOHHHIME [OTeHIHANaMH
¥ paZmycaM# CKBa’KOEH,

PacmonoeHne CKBaXKWH 3afjaHO. [fle-TO JaJeKO HAXOOWTCH KOHTYD NHTAHHA,
dopMa KOTOPOro B JeTajfX HeH3BeCTHAa, HO HM3BeCTeH IOPANOK DPAcCTOAHHUA Ry oT
KOHTYPa NUTAHMA [0 HAIIUX CKBaYKUH.

Ha kourype nurtanus wuspecred norennmal Py, Ha KOHTYPaX CKBKHE — IO-
TeHEOUAIHN @

Beamgura KoHTypHOro noteamuana @Oy OOHYHO oNpepesnsercd IPH HOMOIH
HCCJIEMOBAHUA CKBaKMH. Hak TOABKO HJAACT BCKPHIBaeTcd, M3MepAeTCA IIaCTOBOe
AaBJleHHe M, NOCKOJLKY B IJIacTe UBY)KEHHA HET, U0 3aKOBAM TUIPOCTATHKH HANOp
BCIofly OyZer TOCTOAHHEIM.

HyXHO cKa3aTh HECKOMBKO CJIOB O CTAPHX TOYKAX 3PeHMST Ha PaboTy CKBamuE.
B cBoe BpemMs, na m cefldac eme AHOrAA NpPEMEHAETCA NOHATHE «PAjUyC BIAHAHAA
CKBAKHHED .
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CanTanoch, 9TO OfHA CKBA)KHHA «BIHAET) Ha NJACT TOABKO B HEKOTOPO# OKpect-
HOCTH B IpefielaX CBOero pajlyca BJAHAHWA ¥ 9TO 33 IpefieaMH 3TOH OKPECTHOLTH
BINAHAA [BIKEHAA B IUIacTe HeT. ECAM pacCTOAHMe MeMAY CKBa)KWHAME Oyfer
6onpme «pagmyca BIMAHEAY, TO MHTepJePEHIEA CKBAKHH IPOMCXOANTH He Oymer.

Me:Kny TeM 9TO coBepmeHHO HenpapmibHO.Ilmact mpeacraBaser coGol egumEyio
CHCTEMY H HeJb3A TOBOPHTb O PafiNyce BANAHASA OTAEIbHOH CKBAKAHM.

Ec/i M3 CKBa)KHMHN Havyajcd orGop KUAKOCTH, TO, CTPOTO TOBOPA, HAUMHAIT
JBHTATHCA JACTAIH >KAJKOCTE BO BceM miuacre. IloaToMy moHATHEe O pajgAyce BJIMsA-
HAA He AMeeT (HaMYecKOro cMuicia. Paguyc BINAHWA MOKHO pacCMaTPHBAThH JWIOD
KAK YCJAOBHYI BEJWIWHY PAcCTOSHUSA, 3a IpelelaMH KOTODOTO RO3MYINeHHH, BRI3H-
BaeMue PaGOTOH CKBa)iWHHE, CTAHOBATCA NPAKTHIECKA MaXo saMeTHHME [1].

ByneM moab3oBaThesa dopmydioit (IV. 1. 3)

® = gilnr; 4 C. (IV. 3. 1)
kL

BynmeM cumTaTh, 9TO 3aJjaEH 3a(odnne moreHnmaln Pg; B momIeskaT ompene-
Jenui0 ReOGHTH ¢;.

B T1akoM ciydae MOKHO A HeOATOB B KOHCTAaHTH C COCTABATH CJAEAYIOMLYIO
CHCTeMy ypaBHeHHIH.

IlomectuM Touky M Ha KOHType nepmoit ckBakmen. Uz gopmyam (IV. 3. 1)
mOJyYAM :

1
@, 1 =50 (g Inr, ,+g,1n rs, 1T lnrs' (e tg, In T, )+C (IV.3.2)

rie @, , —szaloiiHu# moTeHnEAn Ha KOHTYpe IEPBOH CKBAKHHH; 7, , — Pajgdyc
mepBod CKBAKEHHL; Ty, 1+ T3, 11 -+ +» Tn, 4 —PACCTOSHNE OT NEHTPA mepBoii cKma-
SKOHE TMOCJEROBATONBHO X0 LEHTPA BTODOM, TpeTveld, ..., n-il CKBAKBHH.

3pech mMeeTcA HeOONBmAag HETOYHOCTD.

Toury M pacnonaraeM B TIPOM3BOJABHOH TOYKe KOHTYpPa INIePBOM CKBaXKWHEL
Ctporo roBops, pacCTOSHHASA Ty g1 T3 11+++1Tn 1 HOPEMEHHNEE, OHH 3aBHCAT OT TOTO,
B KaKyl0 HMEHHO TOYKY KOHTYpa NepBOH CKBA)KWHRI ITOMemaeM TOYKy M.

B cBasu ¢ TeM, uT0 pACCTOSHHMe MEKIY CKBAKAHAMH BHpaskaeTcd OUpaMm
nopsagka 300—500 x, a pagmyc ckBaymd 0,1 », 5Ta HETOYHOCTh BIOJIEHE JONYCTHMA.

Haxee momecTmM Touky M HA KOHTYP BTOPOH CKBAa’KHEHL:

1
D, 2= (qllnri'z—}—q2 Inr; y+g,1n r3’2+. ..+g,1n Tn, )+C€, (IV.3.3)

rae @, 2—3a6017mm71 OOTeHNHAN BTOPOH CKBAKUHH I'; , —PaidyC BTOPOH CKBa-

MMHBE 7'y o, Ty 95 «-.y T o~ PACCTOAHEA OT HEHTPOB OCTAABHHX CKBa3KHH A0
3 WO » I "

OEeHTPa BTOPOM CKBAKMHEL. a4 HoclegHell n-H CKBAMKHHEL EMeeM

1
Pen=—(q1l0ry ,+aInry n+gglnrg o+.. Ag,Inr, )4-C, (IV.3.4)

roe @cn—3abofENE nOTERNHWAN n-i CKBaYKMHH; I'j, j=1Ij, {—DACCTOAHHE MEXKAY
NeHTpaMu i-ii 1 j-# CKBasKuUH.

Taknx ypaBHeHHWHt GyAeT CTOJBKO, CKOJIBKO CKBAasKMH, T. €. n ypaBHeHHHA.
HemsBecrunix sxe Gyger n-+1, TaK Kak KOHCTAATA TaKe HeM3BeCTHA.

JiA RAXOKIeHHA KoHCTaHTH C BOCHOJAb3yeMca yciaoBueM =@y Ha yjAanen-
HOM KOHType NHATaHUI:

(g 1In Rk+ g2 In Ryg-FgsIn Ry +. . . 4-gnln Rg)+C. (IV. 3.5)

1
Pre~ 52
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[Ipn6amxenne 3akiao4aeTcd B TOM, YTO I TOYeK KOHTYPa IATAHMA IIPUHE-
MaeM I Te 3Ke paccToAuus Ry /10 CKBAXKHH.

Ecam KORTYp OMTaHMA JOCTATOYHO yJaJeH, TO PacCTOsAHHe Ry MOKHO TDHHATH
OOVHAKOBRIM JJs BCeX CKBAKHMH, YIHTHBAafA, 9TO OHO HAXOMHTCA HOJ 3HAKOM JIOTa-
pudMa.

VYpasuenne (IV. 3. 5) u Gyner (n -+ 1) ypaBuenuem.

TakEM o06pasoM, ILtocKasd 3ajada WHTePPepeHIHM IIPH YAAJeHHOM KOHTYpe
OHTAHUA CBOAHMTCA K pelieHmio aiarefpawdeckoil cucTeMul ypasrenmid (IV. 3. 2) —
(IV. 3. 5), ABAAKIMAXCA ypaBHEHNAMH II€PBOM CTENEHH C COOTBETCTBYIOIUM THCIOM
HEN3RECTHHIX.

9Ty CNCTEMY MOKHO YIPOCTHTb, HCKIKYHUB KOHCTAHTY C.

Buutem kaskgoe ma ypasrermit (IV. 3. 2) — (IV. 3. 4) us nociensero ypapae-
mma (IV. 3. 5). Torga mony4uTcA cucrema M3 n ypaBHeHnﬁ

BrluuTaeM cHadasa nepBoe ypaBHenue (1V. 3.2) m3 (IV.3.5):

1
Dy~ Dy =5 (qlln———{-q2ln——}—q3ln—————]— -+ an > (1V. 3. 6)
Buuntas BTOpoe ypaBHeHHe, IOJydaeMm
1 Ry R R
Dy~ Dy y = o <q11n oo gy dn By g ln “) (IV.3.7)
.2 c2 3,2 n, 2
1 R R
DOy — Dg == a In —‘+q,1n—+ cFgnln—E |, (1V.3.8)
2m Ta,n T3, n Ten

IIpn nomomu nocnem{ei{ CHCTEMEl yPaBHEHHI MO)KHO PEMIATH 3aa4M JBOSKOLG
POZA: HAM HAXOJUTE JiePecCH0 MPH 3alaHHOM fiebuTe, WM, €CJIH 3aaHkl JelIPeCCHH,
TO, pemas 3Ty CUCTeMy, NOAYIATH 3HAYeHUA NeGuroB. Ilomo:kuTenpHhe 3HAYEHHA
neGuToB GYAYT AJA CKBAKUH-CTOKOB — DKCIJIYATALMOHHEIX, OTpHIATENbHHE — IJIA
CKBa)KMH-HCTOYHNKOB — HarHeratedsHHX. ITocne Toro kak neGUTH HalfeHR!, IIacTO-
BOe HaBleHHe B 11000i1 Touke onpenensercda u3 ¢opmyas (IV. 3. 1), npuuem pesyanb-
TaT TeM TOYHee, UeM Jalibllle 3T2 TOYKA OTCTONT OT KOHTYpa IMTAHHA.

ITH QOPMYJH fAKOT IOJHOE pemlenHe sagadd. OHU TOfATCA LA IJIACTOB € yia-
JIeHHHM KOHTYDOM ITHTaHHUSH, IOTOMY YTO JJA INIACTOB ¢ OGNM3KAM KOHTYPOM IIHTa-
mEs ypaBHenne (IV. 3.5) Gymer HeJOCTATOYHO TOYHLIM.

IlokaskeM B 3akii09eHNe, KaK OUPENENATCA CKOPOCTH QMIbTpanuu B 0G0l
TOYKe IIacTa, TAe HAXOQUTCA TPYIIA CKBaMKHH.

Herpynno Bumers, 9T0 €can pe3ynpTHPYOMMI IMOTEHMMAJ IIOJIYYAETCHd ajire-
OpanMYecKNM CYMMHDOBAHHEM IIOTEHIMAJOB KaMI0# CKBa)KUHH B OTHEJIBHOCTH,
TO Pe3yJAbTHPYIONAA CKOPOCTH NOJYINTCA TeOMeTPHIECKHNM CyMMHPOBAaHUEM CKOPO-
cTell, onpefeNseMHX Kaka0H CKBaKAHOHW B OTAeNLHOCTH.

Paccmorpnm rpynny ckBaskuH. HoHTYD mmTamEHsa TpeAnosaraercd QOCTAaTOYHO
y/aJIeHHRIM.

Tpebyerca HaliTy MOTEeHNMAX W CKOPOCTh JHALTDAMM B TOUYKe M, orcroamieit
OT HAIINX CKBaKAH HAa H3BECTHRIX DACCTOAHHAX T1, Ty,...,Tn (puc. IV. 5, a).

Ecan 6m sxcmiryarupoBalach TOJNLKO OOHA IlepBasg CKBaj)KHHA, TO CKOPOCTH
¢uabTpanuy Guna 6L HanpaBieHa N0 pajuycy ri M pPaBHAJAcCh OH

)
2nry

w, =

CropoctH w,, ws, ..., Wye ONpEEIAEMHE BTOPOi, TPeTBOHA M T. 1. CKBAIKU-
HaMd, PaBHR
d3 E] an
2 We = e Wp=-— .
2y’ T 2mry T nr,

Wy =
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OcTaercqa CIOKHTL 3TH CKOPOCTH, onpcaejgsieMue Ra)KJlOfI CKBAa}KUHOW B oTAER b
HOCTH, IO NDAaBMIY HapaJjaaejorpaMMa HJIM IO IpPaBURY MHOTOYTOJbHHKAE, IT06H

L0 YT PE3YNBTHPYOMYIO cKopocth {puc. IV. 5, 6). = w1 + wy 4- _u;ﬁ—l-...—!—w;:.

S

BepneMcss X pelIeHNI0 3aja9d O CKBa-
JKHHE B ILIACTe ¢ MPAMOJMHEHHBIM KOHTYPOM
nutauna (cM. puc. IV. 6).

HaiineM cKopocTh B Kaxkoi-mnGo Touxe M
njiacra.

Ecam paccToAnMe ¢ 0T KOHTYpPa TMTaHAA
[0 CKB&KHHH BeJINKO II0 CPaBHEHHIO C pac-
CTOAIHMEM TOYKN M [0 CKBa)kHMHHE, TO CKBa-
JKWHY MOMKHO He oTpakarb. Ecaw a Mano, 10
HY)RHO 3ePKalTbHO OTPAa3UTh peajlbHYI0 CKBa-
#uHEy C B KOHTYP® UWTaHWsu, npuueM nebur
nzobpamenna C’ Gymer —gq.

Ilpu BHYACIEHMH CKOPOCTH HYKHO
Y9€CTh CKOPOCTb, OLPENeNsieMyI0 JeiCTBH-
TEJIBHON CKBaKMHOH M ee H300parkeHIeM.

CKOpOCTh, OIIpefeNseMyl0 CKBasKHHOI-
CTOKOM, 0603HaYMM BeKTOpoM wi (puc. IV. 6),
a CROPOCTH, ONPEeNAEMYI0 CKBAKHHONI-H30-
Gpakennem, KOTOpas ABJIAPTCA ICTOYITAKOM,
o0o3naunuM uepes w,.

Pesyaprapyomasa CKOpPoCcTh w  Oymer
PaBHATBCA HMX TEOMETPHIECKOd cyMme: ; —

- .
= w1 + wp, NpUUEM

q _ g
2mr, ! Y2 =5y ry "

w) =

-]

3HaA  BEKTOP  CKODOCTH
dunpTpanny, MOMKHO HAHTA HC-
THHHYI0O  CKOPOCTH JIBWIKCHNA
JKHAKOCTM B 3TOM TOuKe no gop-
Mviae v = u/m.

Puc. IV. 5.

&

Puc. 1V. 6.

HaiipeM nampaBieHHA CKOPOCTeHl TOdYeK, JEKAIMMX Ha ocdA x, y=0. Jlero
BugeTs u3 puc. (IV.6), 910 pe3y bTHPYIOMAA CKOPOCTh w ANA 3THX Touek Gyner

HanpaB/leHa NePHeBAAKYJIAPHO OCH I.
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§ 4. lputor x OGecKOHEYHBIM JICNOYKAM
M KOIbIEBbIM OaTapeAM CKBAKHH

ITepeiinem K MHOTOPAMHLIM GaTapeaM CKBAKHH.

Hccnemopanne 3agaun o6 mATepdepeHNAN CKBa:KMH B IIacTe C yxa-
JIGHHHIM KOHTYpPOM HHTAaHUA IIOKa3bBaer, 4TOo B o0ileM ciydae IPUXO-
AUTCA PeImaTh CTOAbKO ypPaBHEHHH, CKOJIBKO HMeeTCH CKBAKHH.

Ha mecToposmIeHHAX MMEIOTCA AECATKH M COTHU CKBa;KWH. OyeBuum-
HO, pemiaTh JAeCATKH WM COTHH YPaBHeHWH fa;ke NepBoil crelleHHm He-
BO3MOKHO 0e3 NpuMeHeHNA OHICTPOAEHCTBYIOIMUX  BHYMCIHTETBHHX

yerpoiticrs. llpubumskeHHoe pemeHue
Konmyp numanus 3a7a9l MOJyYaeTcsa cieqyomuM obpa-
30M.

Ilpu pagmonanbHOM cucTeMe paspa-
OOTKH CKBAKIMHBI PACIOJArAI0TCA 06hIT-
HO B BuAe pPAKOB, pACCTABIEHHHX
BIOJEb KOHTYDA He(TeHOCHOCTHA M KOH-
Typa MHTAHUA.

Itycts BHyTpH oOJIaCTH THTAHAA
BIOAb HECKOJBKUX JHHUA pacmoro-
JREHBl CHBAKHHBL. OTH JIWHAHA HA3H-
BAIOTCA YacT0 OaTapesMA WIH pALaMU
ckBaxkun (pme. IV. 7).

MoskH0 cunTaTh, 00HIYHO 6e3 6oab-
Mol TNorpemHoCcTH, HefHT CKBAKHH
B KOGKIOM DALY ORMHAKOBLIM, €CJAM, KOHEIHO, B KaKIOM DALY CKBa-
PHAHB HAXOAATCHA B OJHHAKOBHX YCHOBHAX.

JeOuTH e CKBa;KMH B PasHBIX pHgax OyAyT OTAMYATBCA APYT OT
Jpyra.

Han6oapmuilt ne6ut Gymer mMeTh mepBHI PAM, GuRailmuil K KOH-
Typy unuranma. llosTomMy umcmo oAHOBpeMEHHO paGoTAlOIMUX pPAMOB
peaKo OwnBaer Gonbme ABYX-Tpex M IOCJTeAyIOUlHe PAXbL BKIKOYATCH
0 Mepe TpuOAMKeHHA KoHTypa HedreHocHocTH. Horga Boga mopgomuia
K NIePBOMY PAAY, OH BHEKJIITAETCA M BRIOIACTCA OAHH M3 CACHYOIUX
PAKOB U T. J.

B aToM caydae uncio HeM3BeCTHHIX yMeHBLIAETCSA OT 9HCHA CKBAKMH
n o qucia pagos N (nmpuueMm N oOHYHO He TpeBOCXofuT 2, 3, 4), a arto
yxke ropasmo 6odee mpocTas 3amava.

Bynem wmcxopurs uz gopmynm (IV. 3. 1) mas HoTeHumana upu pa-
60Te TpyUNLl CKBa;KUH

Puec. 1V. 7.

n
1
‘D=’ﬁi§1f1i1ﬂﬁ+0,

THe 7 — YUCJI0 BCeX CKBAMKHH,
ITocnenoBarensHoe pacmonmomenme Touxkm M Ha KOHType KasKupoi
CKBAKMHBL WO3BOJIMIO cocraBuTh cucremy (1V.3.2)—(IV.3.4), (n+ 1)
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ypasHeRm#A AaA n mRebmToR ¢;, i =1, 2, ..., B ¥ OOCTOAHHOH
(Dci=-21:?(q11nru+qzlnr2i—|—...—}—qihlrci—{—---—!—qnln?‘ni)—l-a
(DRN'—z-R(qllan—!—q2lnRK+...—}‘qn]nR}()-{‘C. (IV.4-1)

Taxkge ypaBHeHNA BHOUCHBAIOTCA TemePb IIA Kakoii-1mbo omHoii
«OIIOPHOMY CKBAKUHEL KajKgoro pAna.

Ilpm sToM mpefnonaraercsd, 410 B KA3KAOM DALY CKBa}{HHE HAXONATCA
B OAMHAKOBHX YCJOBHAX, T. 6. HMEIOT OXMHAKOBEE 3a6oliHNe HaBieHHA
U OJMHAKOBHE PaJHYCH.

Jonymenne o paBHONeOMTHOCTH CKBA)KHH, KaK IOKA3HBAIOT IOJ-
CYeTH, NPAKTHYECKH MAaN0 OTPAKAETCH HA BeJINYHHE CYMMAapHOILO e~
6ura ckBa)knH. [le6nT KakoH-EUGYNb OHON CKBAKREH OyHeT OTANIATHCSR
0T pacyeTHOT0, HO €CJHU IOACIUTHBATH CYMMapHHI ne6ur Gatapenm wim
BCero MEeCTOPOKIEHUdA, TO OH OyJAeT JIOBOABHO ONM3KHM K JieHCTBHTENb-
HOCTH.

Paccrosimma ry; Mexy menTpamm i@ M j-H CKBajkuH MOTYT OHTHL
B3ATH OPAMO H3 INIAHA PACHIONOMKeHHMA CKBaJKHH HA MECTOPOKCHHH.
3ajada ke pemeHMs CHCTeMbl yPAaBHEHHIN ¢ MAJBIM YHCJIOM HEM3BECTHHIX
He BEI3HIBA€T HWKAKHUX 3aTpyAHeHHH. [liig KOHTDONA MOMKHO IOBTOPHTH
pacder, BHIGpaB Apyrume «OMOPHEE» CKBAKHHEL B Kaykmom paxgy. Ecam
TOYHOCTh OKayKeTCA HENOCTATOYHOM, ciiefyer o0paTHTHECA K fosiee TOTHEIM
MeTojaM ®MiId K aiaeKrpomopenuposamuwo [JIT. 1. 16].

§ 5. MeTon skBHBalleATHBIX (PHILTPANAOHHBIX CONPOTHBIEHHI

Ilpaxruveckue pacvern nETepdepPeHOUI 10 yKAa3aHEKRM BHIIEe CXeMaM MOLYT
6uTh emfe 6onee yupolenn. Aro 0o cuenano 0. II. Bopucosnm, xortopmii npes-
JOKAN YPHMEHHTE CXeMH SKBWBAJeHTHHX (MILTDAONOHHBIX  CONPOTHBIEHNH
[JTr. 1. 12, 16].

Paccmorpum dopmyary (III. 3. 38) m ofipaTuM BHWUMAHME TONDBKO HA 1lePBHIAL
1Nen 3HaMeHATedA. BHACHAM, Kakoll (usniecKkuil cMbIca MMeeT 3TA (IOpMYna, KOraa
B 3HAMEHATEAE OCTAaBJEH TOIBKO HMepBHH wien, a BTOpOH wieH oTOpOILEH:

o= 2O ) (IV.5. 1)

(o)

Ilepefimem oT moTerImaja K AaBJICHHIO:

k 2
QLZ‘E(PK‘—PC)—ZL . (IV.5.2)

Jlerko Bmuerb, 9T0 gopmyaa (IV. 5. 2) onpepesser Ae6yr JpeHAsKHON ralepen
Ra JanHe 20 B IIacTe MOmMHOCThIO h == 4 (pmc. 1V. 8), xoraa s3aGoifiHoe¢ napieHHE
B rajepee paBHO pc. Ham peiictBuTenbHNE Je0UT ¢ OKa3blBaeTCA MEHBINE HTOTO Je-
6ata. Il03TOMYy MOKHO QNajiblie TIOCTYIIMTH TaK.
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IlpencrasaM ¢opmyay (IIL. 3. 38) B Takom Buae:

Og— D
g=g—m (IV.5.3)
ot
J 1 8 8 OGozHaunm
|
“2"'"‘ | L g Lm S _r. o av.54
i 20 2m T re
(3 ! B raxkom cayuae popmyas (IV. 5. 1)
———0;5——_+ +' % (IV.5. 3) MoryT GHThL IPEeACTaBIEHH
| | B BHJe «3aKOHA OManr:
|
-~ DOy — D,
1 l a=—p—, (IV.55)
i
@ A, A A, =%~R$E . (IV.5.6)
Pme. 1V. 8. Beamamsa R 0o TepMUHOIOrdH

I0. II. BopucoBa MoxxeT OHTH Ha3BaHA
BHeIIHMM (UILTPANACHHKM CONDPOTURIEeHNeM GaTaped, R’ — BHYTDEHHWM.
TakeEM 00pasoM, Hall NPUTOK MOMKHO IIPEACTABATH CXeMOH SKBHBAJEHTHBIX
(EABTPANMOHHLIX COIPOTHBIEHMH, NOKAa3aHHOH Ha puc. Iv. 9.

TourO TaK Ke JeTKO NOKa3arb, 9TO 9iIeH R = Ex In %5 B Popmyxne (III. 3. 32)
1

oupepeAdeT CONPOTHBJIECHUE npenamﬂou KOJNbOeBoit Tajepen Ha [JuHEe JIyrn 20.

?, P

Prc. IV. 9. Cxema mocrenoBaTeb-
HOTO COEMHEHHA QHIbLTPANUOHHEX
COIIPOTHBJIEHHH, Pue. IV. 10.

HNe#crpurenbno (puc. 1V, 10), ne6mr aroro OTpe3Ka Tallepem COTIacHO dopmyne
Hwisor Gyner B m pas MeHbie ae6ara KoJableBoi ranepen pagmycom Ri:

2n ((D].( - \,) (D}(— (Dn _ ¢)}( — @,
i ™ n —l Ry ’
Hl 2:rt I'i’1 a ‘R,

2n
rge @=-_——Yrol CeKTOpa B PajHaHaX, UPHXOJAMEIOCA Ha OFHY CKBAKHEY.

Iran =

(IV.5.7)
mln —
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Takum 06pascM, NPaKTHIECKH MOKHO CYHTaTh, YT0 R BO BcexX cJaydasXx ompe-
Jenser GUILTPAIMOHHOE COUPOTHBIIEHNE Tajdepen C TeM ke 3a00MHKIM TOTEHOHALOM
@;, IA¥HA KOTOpPOH, M3MCpeHHAsA BAOAb JHUHHHM PpACHoONOKeRnA OGaTtaped, paBHa
PACCTOSIHHIO MEKILY COCEIHMMM CKBaknHamu B DaTapee.

Korua uMeerca HecKOJABKO 0aTapeil ¢ pasiMUHEIMA YHCAMW CKBaX:uH, yroOHee
PacuYeTH pecTH He A Ae6uta ¢ ONHOIl OTHeNbHOI CKBa)KHHEL, a [AAf CyMMapHOTO
neficrentenvHoro pebwra Gartapen.

TlycTs cnagasa B DONyGeCKOHEYHOM MAACTe MOIGHOCTHK) /i MEMy HelpOHANAe-
MEIMHM TPaHUNAMH HAXOANTCH OJHA NPAMOJUHeHHas GaTapeA C YHCIOM CKBAKHH m.

Torpga cyMmapHuii ae6ur Gatapen coriacuo (IV. 5. 3) paBen

Q= gmh = Pr— Do =
L + 1 In _C
20 mh  2nmh nre
.k Pr—Pe i (IV. 5. 8)
w L + 1 In 9
20 mh ' 2nmh nre

CymMapHuil nebuT raneperm Ha 3Toii »Ke AJNHe COIVIACHO 3aKoHyY JlapcH paBeH

Q D= D ,  Dg— D &k pr—pc
Z‘Qran— I = T 20 mh = T_T—za mh, (IV.5.9)

rae f=20 mh—nnomajgs cedeHNsA TajepeH.
Coraacuo (IV.5.8) MoxkHO HammcaTh
\ Q= Px— Pc
L gteo

Tle Q—BHelIHee CyMMapHoe QMIBTPAaOHOHHO® COHNPOTHBIeHWE, 00YyCJIOBIHBAIOIEO
OPATOK K raijepee, 3aMeHsomei 0arapero;

(IV.5.10)

, 1 c
o= P r— In T (IV.5.11)
BHYTpeHHee CyMMapHOe (RMJIBTPAalNOHHOE CONPOTIBIEHIC, 00YCIOBICHHVE KOHETHRIM
paccrosHneM MEXOy CKBaxkpHaMu. COIMIacHO YIPOINEHHSM, IPH IIOMOINH KOTOPHIX
w3 TogHHX Gopmya (I11. 3. 31) n (IIL. 3. 37) Ouau itoaywennr gopmyarr (II1. 3. 32)
u (II1. 3. 38), TouHOCTL TeM Goabule, YeM GOJIbLIE PACCTOSHHE OT KOHTYpa TATAHHA
L 50 6atapeyn 110 CPABHEHUIO C HOJOBHHOI DacCTOSHHA MeAUly CKBAKHHAMH C.

B GonbmmHCTBe cAy2aeB IPUTOK K Tajepee MOMEKHO JOCTaTOYHO TOUHO amnpo-
KCHMUPOBATL IPAMCIHHEHAHO-IOCTyNAaTeNbHEIM Tedennem (puc. 1V. 11, a) mau miao-
CKO-pPaJHaN bHEIM B CEKTOpe ¢ NEeHTPaJdbUKIM YTJaoM a (puc. IV. 11, 6).

B mepsoM ciyqae

kL ulL
0= ~ Tl (IV.5.12)

rae f —miomans cedeHHs Iiacta; L — paccrosinme oT 6atapem 0 KOHTYpa HHTa-
Hua; 1l — gauHa ranepem; hcp — CpenHaA MOIHOCTH IuacTa To AamHe L.
Bo Bropom cayuae

P Ry
= fahg MR,

(IV. 5. 13)

Comporupiienne ke Q' [OMKHO ompenenarbes uo ¢opmyne (IV. 5. 11), rxe
I — momuocTh B MecTopacnookennyu Garapen. [Ipu sTOM, KOHEYHO, IIpeguojaraer-
¢f, UTO CKBa’KMHKI Ka)K[oil GaTapeM HaXOMATCH B OJIMHAKOBHIX YCJIOBHAX.
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Teneps paccMOTPMM IIPHTOK K HECKOABKEM (aTtapesiM CKBAXKAH ¢ 3a00HHEM
HABJIEHBEM D4, Pggr .- B INACT® ¢ KOBTYDHHMM J[IABICHMAMH p., ® Py,
(puc, IV. 11). Ilyere p,, > pyo- OUEBHAHO, IOTOK OT KOATYpa MHTa-
HHA K IEPBOMY PAAY CKBa)KWH Gy/eT 4acTHIHO MepeXBATHIBATRCA NepBoll GaTapeed,
9aCTHIHO JBUTAThCA KO BTOpod. Ilorox, ABMSKymuiicA KO BTOpoil Oatapee, Oyjaer
9YaCTHYHO NePeXBATHBATLCA BTOPOH Oarapeeil, YacTM4YHO [ABUraThbcA K TPETheN

Py

—o—P-o—-——o— -o— K~

L

Pme. IV. 11,

H T. I. 9TOMy ABWKEHHIO OTBegaeT CXeMa (MIbTPAaNMOHHHX CONPOTHBIEHHH, IIOKa-
3aHHag Ha puc. IV.12 nmaa Tpex OGarapeit. Ha pumc. 1V. 12, 4a 0y, 02, 03, Qs —
BHEIIHKE cyMMaphhle UIbTPANHOHHEE CONPOTHBIAEHMA, COOTBETCTBEHHO paBHHIE:
Iis OpPAMOJHHedHO-TOCTYNaTeNbHON ANNpPOKCHAMAanuyd ABMKeHma (pme. IV. 11, a)

O T ey ' T Rl hgep ' O KTl ligep’ @ Kl hgep * 7

tae hycp, hecp, hscps Pacpr L1 La, Ly, Ly— COOTBETCTBEHHO CpefoMe MOMHOCTH It
JUIMHK y9acTKOB, IOKa3aHHHX Ha puc. 1V. 11, a.

Pa P Py Py Po P Py P P Ps Py 30=0

Per OFgp 0Py Pey
a J
Pme. IV. 12. CxeMH cOefiNHeHHsS SKBUBAJEHTHHX (HALTPAIHOHEHX CONPO-
THBJIEeHNIT.

IIpnr Oa0cKo-pagHanbHON alUpPOKCHMALMA IJIACTA B BHAE CEKIOpAa ¢ HeHTpab-
HHIM yIJOM O B pajdasax (puc. 1V, 6)
___ b Re w0 B Ry
= Tk PR, % Fahyep | Hy B

= Taheg "Ry

__ v Ry
Ty Ty In—pt- (1V. 5. 15)
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BiyTpennue ¢uIBTPANMOHHEE CONPOTHBIEHHA PacCUMTHBAKWTCA B o0omx ciy-
qaax no ¢opmynam (IV.5.11):

" oy . u 0
&= 20 myhk In nrey ! Q 27 myhok In nrgg '

’ p, 0'3
= In IV.5.16

Qa 27 mghak Xres ! ( )

The mi, My, Mgy Teqr Toor Togn 201, 20y, 203 — COOTBETCTBEHHO HACJIA CKBA’KHH,

NX PafAyCH H DACCTOAHMA MEKIY COCeJHNMHA CKBa;KHHAMH B IIepBOH, BTODO#, Tpe-
Thel Gatapeax; hi, R, Ry — MOmHOCTH IJIaCTa B MeCTaX PACMOIOKeHAA Gartaped.

-—0~ - — O— — —0—— —0-
P
—0— —o0— ——-2— —-0—
-0— —0——0— ——0— ¢
Pe
p
W P,
a ]

Puc. IV, 13. CxemH gnuefiHEX Garapeil CKBayKWH.

ManvEe#muil pacder Befercs, KAaK A DIeKTPHIECKEX DA3BETBICHHHX Ienei,
corjacuo 3axkoBaM Oma u Hmpxrodgda ¥ He BHBHBAET HEKAKOX IPHHIHNAAJJLHHEX
3aTpydHeHui.

Ecan ogna 13 rpaEmm miIacTa HEIPOHAIIAEMA, TO CKBO3b HE¢ PACXO0J paBeH HYJNIO.
B 3ToM cayuae B COOTBETCTBYIOINEM y3ie CXeMH (UIBTPANHOHHHX CONPOTHBICHAR

Pumc. IV. 14. Cxema mnpntoxka K OGaTrapee CKB&KEH
B 3JAMOTHIeCKOM ILIacTe.

OyneT saflaHO He JaBJeH®e, a pacxof. Ha pme. IV. 12, 6 mama cxeMa ¢miabrpammon-
HHX CONDPOTHBJIEHWA OIS caydyasd, KOrjga BTOPOil KOHTYD NJjacTa HeIPOHHIAaeM.
Bmecro gaBinenmsa Pyoy TIOKA33HHOTO HA PHC. IV. 12, a, 3geck B y3ie 3aJaHO ycAoO-
e I Q = 0.

IpuBesenane BHIMe (GOPMyJIH TeM TOYHee, deM GOJBIIe DACCTOAHEE MEXKAY,
GaTapesMH MO CpaBHERHI0 C IOJOBHHOH PACCTOAHASA MEKNY CKBaxkAHaMu. Ecan
pacCTOAHUE MEXKIY CKBaKEHAMH MHOrO OOMNBINe PACCTOAHHA Me:KAy GaTapesMH,
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Hy;KHO of0pamarpcad K o6muM ¢dopmyiam nmHTepdepennuu cksaxmye [Jr. II. 9, 2]
HIA K APYTHM BHAM CXEMaTU3AIMM Te9eHMA, HalpuMep, 3aMeHHUTH JBe (IU3KO pac-
IONOKeHURe COocelHlle GaTaped CKBAKIMH C PeRAKNMW DPAaCCTOAHHAME MewIy CKBa-
skunramn (pac. 1V, 13, @) skpuBasenTHOII ofiHON flaTapeeil ¢ CyMMapHLIM QHCJIOM CKBa-
JKUH, IpoBeAeHHOH nmocpepmue (puc. I1V. 13, 6).

N3noxeHEnd BHIE MeTOA, HKBHBAJCHTHHX (UIBTPAIMOHHHX CONPOTUBJICHRH
IaeT BOO.IHE YAOBIETBOPHTENBHYI0 TOYHOCTH TP pacyere CyMMapHoro aebura s11H0-
THIecKoit 6aTapen M3 m CKBa’kHMH, PACCTABJCHHLIX B TLIACTE 3JINUITHYECKOH (OPME:
¢ IIOAYOCAMM ag, by Ba pumue [ (puc. IV, 14).

Ilpu arom B (IV. 5. 10) coraacHo (I1I.4.5) n (111. 4. 6)

—;— (ax+bx)
0= Zn”kh In , (IV. 5. 17)

ak

a o' onpepengerca us (IV. 5. 11).

10. A. MACHNKOB, MOJNYYMBIIWMIA TOYHOE pelneHne 3TON 3aJail B 3IINTNTHICCKAX
oynknmax [3], mokasai, YTO WOrpemIBOCTL METOA SKBHBAJIEHTHHX (UIbTPALNIOH-
HHIX CONPOTHBJIENMI B JIAHHOM cliydae BHPAa:KaeTCA BeANuHHOH nopsjxa 2—3Y%.
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I'’TABA V

IIPUTOK K HECOBEPIIEHHBIM CKBAKNHAM IIPH JINHETHOM
U HEJMHENHOM 3AKOHAX ®WILTPAIINN

§ 1. Bugbl HecoBepIIEHCTBA CKBMKMIL.
fIpuTox x oHOl NeoGcaskenHOl CKSaKMIE ¢ OTKPLITHIM 3a00em
8 IeHTpe KPYroBOro ILIAcTa

PaccMoTpenHEIe BHIDE 3aKa9¥ OTHOCHJINCH K CJHY9aAM IIPUTOKA
K COBePIIEHHBIM CKBRKMHAM ¢ OTKPHITHIM 3a60eM, KOTOPEE BCKPHIBAIN
IJIACT HA BCIO MOUTHOCTb.

Bo mHOrmx caydaax nedTAHBE WIN BOJSHEE TIACTH BCKPHIBAIOTCH
He HA BCIO MOIHOCTH, 4 YACTUIHO.

Paznuyafor jgBa BHIa HeCOBEPIIEHCTBA CHKBAYKMH -— HECOBEPIIEH-
CTBO 110 CTeIeHH BCKPHITHA M HECOBEPIIEHCTBO O XapPaKTePy BCKPHITHA.

HecoBepmenHas cKBa)kmHa IO CTEIEHH BCKPHITHA — BTO CKBayKMHA
C OTKPHITEIM 3a00eM, BCKPHIBIIAA INIACT HE HA BCIO MOIIHOCTE, & YACTUYHO.

Ecau Bca BCKPHITasg MOBEPXHOCTH 3a00A sBaAfAeTca GUIBTpPyIOMEel Do-
BEPXHOCTbI0 U €O BCEX YJACTKOB IOBEPXHOCTH 33005 YKHAKOCTH IIOCTY-
maeT B CKBaj)KMHY, TO TaKasg CKBa)KMHA HA3HBaeTCs COBEPHIEHHOH O
XapaKkTepy BCKDHITHS,

CkBaskuHbl ¢ QUALTPOM uiu HepopHpPOBAHHEE HA3BIBRIOTCH HeCO-
BEePIIEHHLIMH 10 XapaKTepy BCKPHITHA.

PacemorpuM cHavazma 3ajady o DPUTOKE K Of[HONW HecOBe PIIEHHON
CKBa;iHe, 3aTeM K TIpyIlllle HeCOBEPIMEHHHX CKBAaKUH.

3pech HMeeT MeCTO NIPOCTPAHCTBeHHAs QUILTpAmuA, IOTOMY ITO
B OKPECTHOCTH CaMO¥ CKBa;KUHBI, OYeBHAHO, /BU)KEeHHe HHKAK HeJIb3A
CUMUTATH IIOCKUM.

OTMeTHM, 9TO 3TOT KPyr 3ajad WMeeT CYIIECTBEHHBIH WHTepec He
TOJNBKO AdA HedTAHOH U rasoBoil NPOMHIIEHHOCTH, HO M A THXPO-
TeXHUKU U BOHoCHAOKeHUA.

Hagunem ¢ 3agagm o mpuToKe K OXHOH HeCOBepPHMIEHHOH CKBa;KUHE
¢ OTKPHTHM 3aboeM, T.e. CKBajkMHe, COBepIIEHHO# 110 XapakTepy,
HO HECOBepHmIeHHOH 0 CTelleHM BCKPHTHA.

ByaeM cantaTh, 9T0 KPOBJA W HONOMBA WIACTA HeNPOHUIAeMHl (puc.
V. 1.
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Mycte Ha paccToguumm Ry pacmoio;keH KOHTYp OHTAHAA — UINH-
ApudecKasg HOBEPXHOCTh, Ha KOTOPOH IOTeHIMAJ HNOCTOAHHHIA H paB-
apit Oy

Ha cremke ckBakuHE OygeM cuuTaTh 3agaHEEM HoTermman @
onpeaenseMblil 3a00WHKM JaBJeHHeM CKBAKHHEL

3damadeil IPATOKA K HECOBEPIICHHON CKBa)KHHE 3aHAMAIOCH LOBOJBHO
MHOI'0 HCCIeRoBaTeJell. BRIH NIpefJIo/KeHH! PA3IHIHbe CXeMhl PeIeHHA.

HawnGonee mpocras m mHOTA HpPEMeHAEMasA PACYCTHAN CXeMa B3AKJIIO-
gaerca B caefgylomieM. IIpnTok K HecoBepmennoil ckBaskuHe pasbuBaeTcA
HMCKYCCTBEHHO Ha [{Ba IIPUTOKA: HA pagHAIBHBLIA (Jpag, KOTOPHIA pac-
CYMTHIBAETCA KAK JIJIA €OBePINeHHOI CKBaKUHBI MOIMHOCTHIO b, W HA [OH-

[}
..h P I
i |
| |
WI777977977777777777 |
l |
o 9

”
< -1 ; ’zril i
4 |
] |
7/ 777/1//////_/// V7777777 7777777777 !
Ry -

Pmc. V. 1. CxemMa DpATOKA K CKBajkMHE, HeCOBEp-
IMeHNOif MO CTeleHM BCKPHTHUA.

HHU (pon, KOTOPHI PACCIMTHIBACTCA KaK AJA HoaycdepmuecKodl cKBa-
wuasl (§ 2, ra. I). Torga Q = Qpag + Quon, IMe Q — moxHHit ne6uT.

JTa pacueTHAsA CXeMa [aeT BO3MOMKHOCTD HOJTYIUTh IOPANOK BeJHINH,
HO H2 BHICOKYI0 TOYHOCTH IPETEHOBATH He MOKeT.

Jlydamme peayiabraTh HONYYalOTCA, €CIH BOCIOIB30BATHCA METOLOM
HCTOYHHKOB U CTOKOB, KOTODHIl IMHPOKO NpPEMEHAETCA B THIPOTUHA-
MHKE.

Bripaskenne moTerumama s TOYeTHOTO CTOKA B IPOCTPAHCTBE, KAk
ObiTO MOKA3aHO BHIIe B § 2 raaBw I, HmeeT Bug (omyckasA mpon3BOABHYIO
MOCTOAHHYIO):

Y (V.1.1)

e  — ;eGHUT CTOKa, a r — paccTOAHHe TOUKH, I/le oNpefeinseTca To-
TEHIHAAJ, OT HTOT'0 CTOKA.

Bronb ocu z ckBaskuant O — 01 (puc. V. 2) pacHmoio:uM BooOpaska-
€MYI0 JHHUI0, HOIOIAIMYI0 SKUAKOCTH, KKAHI 2JeMEHT KOTOPOHR
ABasAeTca cToxkoM. Hampauit smement df sToit JIMHUE ABIfeTCA dIeMeH-
TApHBIM CTOKOM ¢ fe6utoM ¢ d{, Ife Yepes ¢ ofGo3HAYeHA MHTEHCHUBHOCTH
CTOKOB, pacIlpefleJleHHLX BROAb Hpsamoit O — O1, q = ¢ (¢) = dQ/dE,
rae dQ — pebur snementaproro croka. Jle6ur, NpUXORAIIANACA Ha elU-
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HELY [QJNHEE TOTJI0MAIMmMeH JUHUM, HA3HBAETCA WHTEHCABHOCTHIO, HpH-

9eM HHTEHCHBHOCTH MoJKkeT OHTH pasHaA B Pa3HHIX TOYKAX.
direMeHTapHHH IDOTeHIMAJ, BHI3BAHHHIA TOYeUHEIM CTOKOM ¢ ({) di,

onpefenseTca KaK MOTeHONAT TOYeYHOTO CTOKA B IPOCTPAHCTRE:

dp = — 8% (V.1.2)

dmr

PesyabTHpyOMUN HOTEHIHAI HAXOAUTCH HHTeTPUPOBAHMEM BHIpaiKe-
aus (V. 1. 2).
q]qdc

g/%)

=

-t
i

dz

I /. /i 7. 7
I 2
X ¢
d]qd!
| Puc. V. 2,
3¢
a

Ham myxHO monydnrts pemenne ypaBHenmsa Jlamaaca, ymZoBJIeT-
BOpAIOLIEe CHeAYWIIMM T[PAHUIHEIM YCIOBHAM: KPOBIAA M HOAOMBA
IJIACTA HEIPOHUIAEME, NHIMHIPHYeCKAasa NOBEePXHOCTh & = Ry sAB-
asgercA dKBUOoTeHNUalsl0 O = Dy, BHYTPEeHHAS IPAHHUNOA CKBAKMHE —
MOBEPXHOCTh 32604 — TAKIKe ABIAETCH DKBUHOOTCHIMAILHOH IMOBEPX-
HocThlo @ = Q.

JTUM TPAHHYHHM YCIOBHAM MOMKHO Y[OBJIETBOPHTh HpU IIOMOILH
clIefyIOMUX OHeparui.

Bospmem pnBe mapamienbHHE ILIOCKOCTH — KPOBII H IOfOMBY —
1 PAcCMOTPUM HM30JHPOBAHHO 3JeMeHT cToOKa ¢d{ (pmc. V. 2).

Yro6H KpORII0 IIacTa MOMKHO OHUIIO PaccMATPUBATH KaK HeIPOHH-
maeMyl0 TpaHHNy, HYKHO OTPasHTh HANI 3JEMEHTApPHBIH CTOK ¢ d{
B KPOBJIe IjlacTa M OpuOucath gebury m3obpakeHus 3HAK ILIIOC, T. €.
TOT 7Ke 3HAK, 9T0 Y HeHCTBUTEeNBHOTO DIEMEHTAPHOTO CTOKA.

OueBnano, cyMMapHOe AeHCTBHE DTUX ABYX CTOKOB B CHly CHM-
MeTpEH 6yleT TaKuM, 9TO PACXO]] CKBO3h KPOBIW Oy/ieT paBeH HYJIIO.
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Ho pacxom cKBO3b IOGOMBY OpPH 3TOM He paBeH HYJIO.
Hya0 0oTpasuTh HAm adeMeHT ¢d{ B KpoBie W B NofomBe Oecdu-
CIeHHOe MHOMeCTBO pa3. Haprmma Oymer Taxas, Kak ecam OH To4Ka
gdl HaXomuiach MeKIY HBYMA NapPAJIedbHEIMH 3ePKaJIAMH.

IHonyanrca GeckoHeunmas cmcTeMa WM300pasKeHHHE, M TOJIBKO TaKad
CACTeMa ¢ OMHAKOBHIMH 3HAKaMH Ae0uToB ofecmeduT OJarogapa cHM-
MeTpPAK BHIIOJHEHHe YCIOBHA HEIPOHHIIAEMOCTH KPOBJIH M IO ONIBHL.
Oppaxko sra GecKoHedHAsA cucTeMa U300paKeHHH 9JIEMEHTaPHBIX
CTOKOB He YNOBJETBOpAeT IOKAa APYTUM TpaHHYHHM ycjaoBaaM P =
. = Oy Ha KOHTYpe NHTAHUA ¥
¥in) @D = @, Ba KOHType CKBAKHHHL.
JTo mocTHTaeTcA clenyomum 00-
pasoM. YcaoBHa Ha KOHType NHTa-
6 N HHUA ¥ Ha CKBakKUHE YJOBIETBODA-
I0TCA HaJJIe;KaldM BHOOPOM 3aBH-

\ cumocTn mATeHCHBHOCTH ¢ (T).
\ OguH ¥ TOT Ke MAeOMT MOMKeT
ObThb DOJAYy4YeH NPU DPA3THUIHHX BH-
2 ™~ max wmHTeHcHBHOCTH ¢ ({), TaK Kak

\ e
= gq (€) dg.

0 62 04 06 08 [ dniopa NHTEHCHBHOCTH PACXOHOB
Pre. V. 3. g () BONHM3M CKBA)KMHEI MMeeT NPH-
OAM3NTEeNbHO BHJ, NOKA3ZAHHEIA Ha
puc. V. 2, 6.
dtuM MetofoM Macker moaywua ciaeaylomylo ¢opMyay Ansa faeGmra
HeCOBepPIeHHOH CKBAaMKWHEL ¢ JMoHHEM nputoxoM [JIT. I.11}:

0= Zhle=2d (V.1.3)

vfe OespasMepHHIl 3HaMeHaTeldb £ paBeH

§=—2-:T—-[2ln (p(h)}—ln (V.1.4)

- b
k= (V.1.5)

— OTHOCHTEeJIbHOEe BCKPHITHE IJiacTa.

@ yaroua (p(ﬁ) ompefeasercsa us puc. V.3.
Paspeprnyroe BHpaenme ¢yHxmmEu @ (h) mMeer CiaeRyOIANR BH:

T (0,875% ) T (0125 %)
h) = — —, V.1.6
¢ k) I'(1—0,875k) T (1—0,125%) ( )
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rae ' — oGosHaueHde MHTerpaza Jdiliepa BTOROro poja, Ha3HBAEMOTO
raMMa-¢pyHKouei:

L(n)= | 2" e *dz.
0

Korma n — mesoe wmcsao (n =1, 2,...), oHa HMeeT 049eHb IIPOCTON

BHJT;
I'(n)=(n—1)!

TamMa-QyHKUMA  YLOBIETBOPAET PEKYPPEHTHOMY COOTHOLIEHHIO
I'(n +1) = nT (r), ABnaomeMycA ee OCHOBHBIM CBOHCTBOM.

Ias ramma-QyHKIME HMEIOTCA TAOJHOE B MATEMaTHYeCKHUX CIIPAaBOY-
gukax [1].

3HasA 3TH 3aBMCHMOCTH M MMes TaOJHMIE, MOKHO BHIOJHATH DPACYETH
noBoabHO mpocTo. llpm orcyrersmm Tabamm pacdeTH je6HTOB IPOH3BO-
AsATcA TpH ToMmomu rpaduka, OpHBefeHHOro Ha puc. V. 3.

Pacnpenenenue morermuana upu ¢ (§) = const Macker monydamn
B BUJe ABYX PA3JIAIHHX IpPefCTaBieHui /A Goabmmux ¥ MaJHX 3HaYe-
Wil paccToAHUSA I [0 OCM CKBaKHHE (puc. V. 2):

npu r < 2h

D — — Q [ _1n 1:(1+w+x)F(1—W+z) +
4 d \ Frt—w—2)T(1+w—2zx)

1
2
+1In w4z [e?+(w +12)?] : __1_92 24 —w-—zx)—
2

w—2z 4-[Q*+ (v —2)]
-2t —w+a)+LCl+w—2) -1 +w+ )]+

+ O (0*) + const, (V.1.7)
_ r o 4
Q—.Z—h’ w—Z_h’
_ b Vvt |
= 5=, (s, ) ,(/-)4 e (V.1.8)

rae §(s, y) — oGobmennas j3era-¢pynknusa Pmmana, rta6aumsl xoTopoi
npuBefiensl B pabore [2];

opu r > 2h
@ QLN g 2 in (2
=""ET[T@T o (27 n @) cos (27 nw) sin (27 nx) +
1

+zln —z—] -+ const; (V.1.9)

rie K, — ¢yuxnusa Beccels MHMMOFO aprymeHTa BTOPOro Doja HyJje-
BOr0 HOPARKA.
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Psp 3amad o IpuToKe K HecoBePHICHHBIM CKBAKHHAM B OFHOCIOMHOM
¥ MHOTOCJIOHHOM Intacrax 6pin paceMorpeH IO. Y. Crxasumamm [3, 4]
METOIOM MHTeIpalbHHX mpeobpasoBamuil [5, 6], mosBoasomuM cBecTH
3a[aYy WHTErPHPOBAHUA JUHEGHHBHIX YPABHEHWH B YAaCTHHIX NPOU3BOJ-
HHX, B YaCTHOCTH ypaBHeHMA Jlamnraca, K MHTeIPHPOBAHUI0 0GHKHOBEH-
HHX Anddepennuanbanx ypasuenuii. [Ipm pacupeneaennu BIoAb IpAMOM
JUHUHE cTOKOB (puc. V. 2) ¢ DOCTOAHHON MHTEHCHBHOCTBIO ¢ () = ¢ =
= const 0. U. Crknanumg momy4uma ciemyliomee IpeICTaBICHHE IJIA
MOTeHIHAA:

z<b,
- Q I, Q
@ = 2 b In Ry + ab <
i h—b
¢h Wik —— Sh Min —p— JO(BL P’i>
X B r ; (V.1.10)
?sh i e T ()
o By Bs 1
z>b,

b
Shp"bx JO (R}( Wi )

chp,x
®=—-2 2 , (V.1.11)
i Ro"
=1

M shpix T3 ()

2 = k/k,, k. — BepTUKaNIBHEAaA OPOHANAEMOCTD, J, (é u,-) , Ja (i) —

dynxmuu Beccenss mepBoro pofa HYJEBOro U IePBOro MOPAAKA COOT-
BeTCTBEHHO; W; — IOJOKUTEeAbHHI KopeHb ypasHeHms Jo(p;) =0

ITpuToK K HecOBepIEHHBIM CKBA;KHHAM ABJIAEGTCH 3afadeil, KOTOPYIO
MOKHO MOEIMPOBATD TAKHE HA 3JICKTPOJATHICCKHX MOJIENIAX, 9T0 B MHUPO-
kux macmrabax Gouto Bemommeno B. Y. IMyposmm [7; JIr. 1. 16].

HeroToprie pesynbTaThl, HMOJYyYEeHHEE TAKKEe HA HJIEKTPONUTHISCKHAX
MofleJsiX, HpuBemensl B paGorax [8, 9].

JT0 MomenHpoBaHHe NPOU3BORUTCA ciaenyiomuM ofpasoM. DBamma
3aIMOMHACTCA daeKTpoanToM.B sieKkTposAT HOrpyskaeTcs OWH KOJbIE-
BOH 2JIEKTPOX, MOJeJduPYIOMMI KOHTYP NMTaHuA. B leHTpe BaHHH No-
rPy;KaeTcs 3JIeKTPoJ Ha 3aJaHHYI0 TIyOMHY, OpUYeM CTeHeHb HOTPY:Ke-
HUS DIIEKTPOJA ONpelelseT CTelleHb OTHOCMTEABLHOI'0 BCKPHTUA TLIACTA.
H KoapnmeBoMy aieKTpody W K BHYTPeHHEMY 3JIeKTPOXY IOABOJAHTCH
pa3HOCTh INOTEHIMANOB — AHAJIOT Nepelafa AABIeHHA; CHJIA TOKA AB-
JAeTCA AHAJOTOM JeOuTa.

Taxum obpazom, B. I1. ypoB mocTpoma MHOKeCTBO KPHBHIX, Xa-
PaKTepPU3YWIINIX UPHUTOK MKUAKOCTH K CKBUKEHAM, ¢ pasHOoGpasHoi
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CTeNeHbI0 HeCOBEPIIEHCTBA KAaK II0 BeJWIUHE, TAK M 0 XaPAKTEPY BCKpPH-
TS,

Vramem ganee pabory M. M. I'moroscxoro [10], nocsamennyio mpi-
TOKYy K HECOBEPIIeHHOHl CKBa;KIHE ¢ PA3IAYHHIMY BHUJAMH HECOBEpPIIeH-
crBa. M. M. Tiorosckuit paceMoTpesr npuToK K ofcaskeHHON CKBa)kuHe,
BCKPHBAKOIeil IutacT Ha BCI MOIIHOCTH, HO NepHOPHPOBAHHYIO B pas-
JMYHHX HHTEPBAIAX.

Narteprans mepdopanum He Beerjga HaXOmATCA B CAMOM BepXy CKBa-
muEn. WHorga ckBaskmey unepdopMpyHOT Ha HEKOTOPOM WHTEpBajie B
cpemuedl 4acTH CTBOJA.

Pemenue ocaoskEsercs caefyomuM obcToATenbetBoM. Ha mmTep-
panme nepdpopamum samadH moreHOmman. Ha ofcaskenHoit 9acTd 3ajano
yciaoBHe, 9To TpyGa HempoHmmaema, T. e. 0 @/0n = (.

CremoBaTeqbHO, IOJYYAeTCHA PA3PHIBHOE YCAOBHe: HA ONHON YacTH
OATHHIPHYECKO! HOBEepPXHOCTH 3ajaHa (YHKIHA, a HAa JAPYTHX YacTAX
ee NpPOHU3BOJHHIE.

3aj1avn TAKOI0 Pojia CO CMEIIAHHHIMU B JAHHOM CJydYae paspPHBHHIMH
TPAHMYHEIMHM YCIOBHUAMH WMHOIJA Ha3mBaloTcA 3amasamMu I'masbepra
¥ OTHOCHTCA K UHCIY BechbMa CJHOMKHEIX 3aJad MaTeMaTHYeCKod (uaukwm,
M. M. I'moroBckmii mokasal, 9TO TOYHOe PeINeHHE MPHBOIHT K GeCKo-
HeuHOo# CHCTeMe ypaBHEHHH ¢ GECKOHEeUHHM 9YHCJIOM HeM3BECTHHX. s
YHCJEHHHX PAcYeToB 3Ty CHCTEMY IPHXOJHMTCA ypesaTh, HAINPHUMeEp,
OCTaBIATE BCETO AECATH YPABHEHUU ¢ JECATHI0 HEM3BECTHRIMA.

JdpPexTHBHOE DpUGIMIKEHHOE PelleHme, OCHOBAHHOe HA 3aMeHe 3a-
pagu I'mnsGepra 3amadedl ¢ OFHOPOAHHIMA TI'DAHMYHHIMA YCJAOBHSIMH,
H3I0KEeHO HHe B § 3.

Pesyabrater pemenna M. M. I'moroBcKkoro moxassBaiT, 9T0 IOJO0MKe-
Hue MHTepBasa nepdopamum CPaBHUTENBHO MAJ0 BAHAET HA BeIWIUHY
nebura.

Ecnu ray0HHA BCKPHITHA HE CIMINKOM Maja, To ¢opmyrna Mac-
KeTa jIaeT XOpOoUIde pPe3yAbTATH, & TAK KaK OHA IPONIEe OCTAABHHIX $op-
MYyJd, TO €10 O0HYHO M NOJB3YITCA AAA CKBAa)KUH, HECOBEPINEHHHIX IO
CTelleHN BCKPHTHA, HO COBEPHNIEHHHX IO XapaKTepy BCKPHITHA.

Eme opro cynmiectBennoe 3amedanume. ®opmyna Mackera (V. 1. 3)
IoJy9eHa IIPH YCJOBHH, 9T0 paguyc miacta Ry Gojible ero MOIMHOCTH
hl. Opnako 9T0M GOPMYTOM MOMKHO TaKiKe HOJB30BATHCA, KOINKA PajHyc
IjacTa MeHbIle MOIMHOCTH, 10 3Ha4eHU#A Ry > /2h, X018 B 3aTOM cay-
qae ¢opmyna Gymer [aBaTh MeHee TOYHHIC Pe3yJbTATH,

Ifpusegem enie dpopmyny H. K. T'upmuckoro [11] gna geburta cksa-
KUHBL B IIacTe OeCcKOHEYHOH MoIMHOCTH (puc. V. 4):

21t b (Dg— D
Q= 22200 (V.1.12)
In ==
Tc

h
1 Qrromenue T_ AOCJKEO OHTL HE MCHBNIE HECKOABLKAX AECATROB.
c
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IO YYeHHYI0 HHTeT PUPOBAHHEM IIO-
L) TeHIMAJIOB, BEI3BAHHEIX 3JieMEHTap-
HEMH cTOKamu corxacHo (V. 1. 2),
BIOJb OCH CKBA)KUHBEI HA IJHHE b
4 COOTBETCTBYIOI(UM OTpaKeHHEM
B KpoBlle ILIacTa.
®opmyna (V.1.12) mnonygena
B pe3yJbTaTe 3aMEHH IOJY3JIAICO-
HIa BpalleHUsA, KOTOPHI sBIAeTCA
3KBUIIOTEHIMANBHOA II0BEPXHOCTHIO
upu ¢ ({) = const, 5KBHBAJEHTHHM
nuauagapom. Toumocrs  Qdopmyas
(V. 1. 12) nna mpakTudecKuXx melei
BIOJIHE AOCTATOYHAA TpPH b » re.
OTMeTHM B 3aKJI0OYeHHe, 9TO
Puc. V. 4. CxemMa npuroKa K Heco- ITOT KDPYT 3ajaud (TaK JKe, KaK #
BepIIeHHO CKBWKMHE B IuacTe Oec- 3ajadd HMHTeDPPepEHIUN CKBAKHH)
KOHETHOH MOIMHOCTH. UMeeT 09eHbL MHOro o0IIero ¢ agpa-
JOTMYHEIMU B MAaTEMATHIECKOM OTHO-
ICHWM 33Ja9aMH DJIEKTPOCTATUKHN, PACIPOCTPAHEHUA B3IEKTPHICCKAX
TOKOB B 3emie (Teopus 3aszeMJeHHA) M 3JeKTpopasBepkoi [12, 13, 14].

— %

§ 2. VnTtepdepennaa HeCOBEPIICHHBIX CKBAKHH.
IlpnBegennrlii painyc HECOREPHIEHHOI CKBA;KMHBI

Crporoe TeopeTHiecKoe pemeHwe 3agayd o6 wHTepPepeHUHH HECO-
BepHIEHHHIX CKBAKMH HATAJKHBAETCS HA NOUYTH HEIPEeOHOJUMBIe MaTe-
MaTHUYecKHe 3aTpYIHEHUA.

OrnenbHble dacrHEe ciaydam Owim  pacemorpeHsl B. WM. Ceramom
{15, 161.

Pemenne B. U. Cerama wumeeT d9pesBnIailHO CIoRHYIO (opMy H
OBUIO MCHOJIB30BAHO KaK BTANOH, ¢ KOTOPHIM MOJKHO OBLIO CPaBHATH
pesyabraTh  Gosee mpoctoro pemerua [JIr. II. 9], npusemenmoro
HUKeE.

PaccMoTpnM XapakTepHnle JMHUU TOKa IPH HPUTOKE K HeCoBePIOH-
Holl ckpaskmHe. OHM OyyT MMeTh BUJ, IPpAMEPHO NOKA3AaHHHIH Ha pHC.
V. 5.

IKBUIOTCHIUAIbHEE OB PXHOCTH JOJKHEL OBITH IIe pIeHIUKYJIAPHEL
JUHAAM TOKa.

ITposeneM BOKpYr CKBKUHH WHIMHZPHIECKYI0 IOBEPXHOCTH pa-
maycoM Ro, paBHBIM nid G6asmuM MomEocTH Iwutacra: Ro > h. Ilpn
aTOM, 00JaCTh [BIJKEHHA WNCKYCCTBeHHO pa3bmBaeTca Ha JiBe B30HHI.
IlepBas — B wWHTepBaNe Me)KAY KOHTYpPOM NHTaHUA H paguycoMm Ro.
B »roii 30He ABMKeHWe MOJKHO CIMTATH ILIOCKUM. BTopas — B uMHTep-
Bajle MEKAY PANUYCOM CKBKUHH re B HAEH DUAWHIPUIECKOH IoBepX-
HOCTBI0O Ro, e [ABMKeHWe OyHeT CYIMECTBEHHO NPOCTPAHCTBEHHOE.
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125

PaccmoTpuM minan He@TAHOrO MECTOPOKIAEHHSA, BCKPEITOTO MHOIKe-
CTBOM HeCOBepHIeHHHX ckKBaskmu (puc. V. 6).

Az
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) ’ w;;m“‘m“: |

I 1 |

| A i
e s || se————
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Puc. V. 5. CxeMa JuHUi1 TOKa IIPH IPHTOKe K RecOBep-
IMeHHON CKBasKHHe,

BuyTpu KonTypa paccraBieHO MHOMKECTBO HeCOBEPIIEHHBIX CKBarKHH
paguycamu re u ¢ 3aboitusimMu morennuanamMa Oq. 3aboiHbe TOTeHHHUAIH,
PafMyCH ¥ CTelleHH BCKPHITHA MOTYT OHTh pasnnuauME. Paccroganme
MY CKBa)KMHAMH 0OKYIHO ropasmo GoJblle MOUIHOCTH ILIACTA.

Kasknyio HecoBepmieH-
HYI0 CKBa)KUHY MOYKHO OK-
PY/KUTh MHCIEHHO ITWJIHH-
IpUYecKOd  HOBEPXHOCTHIO
paguycom Ro, mw aTH IH-

fo Ro

-

( oé(‘
el
s

JUHAPUYEeCKHe TOBEPXHOCTH mk

paccMaTpuBaTh Kax Boofpa-
1aeMble COBEPIIEHHBIEe CKBA-
sxuHE. [IpuTOK K coBepHIeH-
HBIM CKBAYKHHAM PaCCYUTHI-
BaercA 1o opMynam ILIOC-
Ko wuHTepdepeHIHM CKBa-
srun. llosBasgerca momoaum-
TeJIbHOe HEH3BECTHOE — TO-
Tennuaa Do — Ha KOHTYpe
BooOpaskaeMoil  coBepIIeH-
HOIT CKBa;KHHHI.

Puc. V. 6.

Pemenue 3agaun o IpHTOKe K COBePIICHHHIM CKBaKMHAM DPajHyCcoM
Ro ceopurca k pemennio cucremnt (IV. 3. 6) — (IV. 3. 8), aro gmaer

Juia neburta popmyay Buja

0___2n

h (A— (Do)

B ’
IIIFO—

(V.2.1)
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rae A, B — HekoTophe NIOCTOAHHLIE, 3aBACAIIHEE OT YMCJA W PACHOJIO-
JKeHHA CKBayKAH,

Kpome Toro, 3TOT 3Ke Me6AT paBHAETCA Ae6HTY NeficTBETENLHOMN
HeCOBepIIeHHON CKBAsKAHBL

21 h (D — Bc)
Q= — (V.2.2)

rae &, Beramcasercs m3 Qopmyan (V.1.4) B mnpeamonoKeHunm, UTO
Ry = Ry~ h. Ilpnpasrusas (V.2.1) u (V. 2.2.), nmMeeM

A—D,  ®y—d

B Eo
Inm
OTrcroma mosnydaem
2k (A—y) V. 2.3
_——lnf——l—g . (v.2.2)
R, 0

Taxkum 06pa3oM, HYKHO pemraTh 3afady o6 uaTepdepeHOHHE COBep-
MEeHANX CKBAa)KUH paguycoM Ro m yeemuuuts GuibTpanuoHHOE CONPO-
THBJeHHe, 00YCHAOBIMBAaWOINEe HPHATOK K B00OGpaKaeMBIM COBEPIIeHHEIM
CKBA)KMHAM, HA BEIMYHHY E,.

@opuyay (V. 2. 3) MokHO eme YIPOCTUTH CAefYIOMHEM 006pa3oM.

IlpepcraBum E, B TakoM BHpe:

£ = In B —1n Boy ¢, (V.2.4)
Te Te

Te

C =&, — In o (V. 2. 5)

Tc

TAK Ha3HBaeMoe (UIBTPANUOHHOE COUPOTHBIenue, 00YCIOBIEHHOEe He-
COBEPIIEHCTBOM CKBAKAHEL,
YuutsiBas (bopmyny (V. 1.4), ona C nmoxygaem

}—ln——— —1n R .

c=-L [ 21n
2h Tc
PackpoiBast ckoGru, BuAmuM, uro In R, coxpamaerca u dopmyna
npuobperaeT clepyOmUi NPOCTOX BUJ:

C=<—h——1) -‘fc"———.-qa(h) (V. 2.6)

JApyrue dopmynn mua C B ciaydae ofGcaskeHHONM CKBaKMHEL, T. €.
CKBa)KHHH 0e3 NOHHOTo NpmTOKa, npwsedess B [JIr. IV. 2; JIr. 1. 8
Jit. 1. 16).

Beauunra C, 71.e. mofaBKa K QUIBTPANAOHHOMY COHPOTHBJIEHHIO
COBEPHIEHHOM CKBa;KMHHE DPajAyCcOM Tc, He BaBACHET OT pafgnyca Ro,
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pasymeerca, Hpm ycaosu#, 9ro Ro > h wam B Kpaiimem cayuae
Ro>7 h.

HoncraBasn smatzenue {o uz dpopmyant (V. 2. 4), moaydaem mis pe-
Gura ckBazmEN BMecTo $opmyan (V. 2. 3) ypasuerme

21k (4 — 2nh(4A— O
Q= A _ Ihid D) (vV.2.7)
In -E——I—]n—o--«I—C ln——i—C
0 Te re

Ws cpasmesma dopmya (V. 2. 3) ¢,
u (V.2.7) moaygaerca caeaymoummit
9pe3BHYAlHO UpPoCTOf cmocol muaA
pemeHUA 3aa49H. 16

Bravame ompesmensmerca me6mT
COBePIICHHHX CKBAKHH PpaguycaMu
re oo ¢opmynam teopmu marepde-
PeHINH Jiad OpHATOKA K CTOKAM N \
MCTOYHMKAM Ha ILIOCKOCTH, & 3aTeM \
$uapTpannoHHOEe COOPOTUBJIEHHE \\
KasKA0d CKBA)XUHH YBeJHIWBAETCH N
Ha Benmuuuny C, onpefensiemyo dop- & -
mynoii (V. 2. 6) ¥ 3aBECANIYI0 TOID- N
KO OT XAapAaKTePUCTAKHE BCKPHTHA.

Huaa dopuyms (V. 2. 6) wa g 47 a4 a6 a8 &
pac. V.7 npusefien rpadEK 3aBu-

XY Pue. V. 7. Tpajpuk 6Geapasmepuoro

CHMOCTH C = C (h)' (bPIJIpral(MOHHOFO COIIPOTUBJIEHUA MJIA

JToT rpaduK HOCTPOEH [If OTHO- HeCOBeDPINeHHOH CKBaKUHE 6e3 J0H-

h HOro IpHUTOKA.
IeHNn A r— = 100. p
[

1

. h
[aa Apyrux orHoOmMeHHH —— ©r0 OPAUHATH, KaK IIeIKO BHJETS,
c

0,01k
re :
B. I. lypoB oNHTAME HA DIeKTPOIMTHIECKEX MOENAX CKBAIKULHE
¢ JBOMHHIM BHJOM HecoBepmeHCTBAa Nokazanm [7, JIr. I. 16; JIr. I. 81,
9T0 ©CJIM, KpoMe TOro, CKBaKHHa Hepdopuporana, To C ciegyeT CooT-
8eTCTBylomuM ofpasoM ysenmaurb. OG oTom GymeT ckaszamo B § 4, 5.
Paccmorpum  Gomee moppo6mo 3mamenatens Gopmyim (V.2.7).
Ero MoskHO TpescTaBETh TAKEM 06pasom:

B B
ln?—f—C:ln—C.

ClIeyeT yBeqHWYATh HA BeJIWIAHY <%— — 1) In

ree
O6Go3zraunm

ree C=r,. (V. 2.8)

— ’
Mponzsegenne roe € — T'c MOKHO Ha3BaTh HPHUBEJEHHKIM DPajAycoM
HeCOBepIIEHHOHl CKBajKMHB. OJT0 — PAAAyCc COBEPIICHHON CHKBAMKUHLL,
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neGHT KOTOPOM paBHAETCA NeGHTY Hamiell HECOBePIIEHHOH CKBa)KHHEL,
Ilonyuaem
w2 tc=mi,
Te rc
’

Takmm oGpa3oM, BHaYaJe HAXONATCA INpPUBEIEHHEE pAJUYCH T
B [aJbHEHIIAA pacueT BefeTCH, KAK JJIA COBEDPIIEHHKIX CKBAKHH pajAy-
camu re.

Bce atu BHBOAH COXPAHAIOTCA IS CKBAIKUH ¢ JIOGHIM BHIOM He-
COBEPIICHCTBA, ¢ JIOOHM PUILTPOM, AJA KOTOporo sagado 3HadeHme C.

3nadennsa C moskHO Halith 1o onsitaM B. U. l[yposa u no marepna-
JIaM, NPUBEIEHHHM B JKYPHAJILHOU JuUTepaType.

YooMsaHeM 0 XPYTOM MeTo/le pacieTa, OCHOBAHHOM Ha KoadduimenTte
HECOBEPIIEHCTBA CKBAKHH.

PaccMoTpuM HecoBePIIEHHYI0 CKBAKWHY B NEHTPe KPYTOBOTO ILIAcTa
pagmycoM Ro ¢ KOHTYpHHM HoTeHnuaioM @o. debur 5TOH CKBasKMHEL,
KaK MHl BUJeIH, DaBeR

27 b (D — D)

Q= Eo
AJA

Q= ————“"2’20‘“‘;"’ . (V. 2.9)
ln —;;—- +

Koadpdumuent C or paguyca Ry He 3aBUCUT, a 32aBHCHT TOJBKO 0T BCKPH-

1
TH#, pasyMeeTcs, OpY ycaoswa Ry > —Z—h, KOTOPOe OORIIHO MMeeT MecTo.
Heutr copepmeHHON CKBajKMHLL B STAX JKe YCIOBUAX pPaBHACTCH

Qoop = 221 (B0 DI (V. 2.10)

B autepatype BMecto xosdmmucnta C HUHOrma IPMBOAATCA rpa-
¢HKH Tak HaspBaeMoro kKoagouiuenTa COBepIIEHCTBA CKBAMKHH

n=_2 (V. 2. 11)

QCOB !

IpMMEPHET BHI KOTOPHIX IOKasaH Ha puc. V. 8.

Kos¢dunuenroM coBepmeHCTBA CKBa)KHHE HA3HBAaeTCA OTHOIIeHHE
JebuTa HecoBepPIIeHHOU CKBaKHHBE () K He6HTY COBEpPIMEHHOH CKBAMHLI
Qcos B TEX 3Ke YCIOBHAX.

Heyno6erBo sTHX rpadmkoB 3aKiII049aeTcsa B TOM, 9TO OHHM BCerfa
AAHH [OaA (HKCHPOBAHHOro oOTHomeEHHs Ro/re W NOAB30BATBCA HMH
HemoCpeJcTBeHHO IJIA PeINeHNs 3ajadi nHTepdepeHINA CKBAKAE Hel b3,
moToMy 4To Ro/r. MoskeT GHTH caMbIM Pa3HOOOPa3HEIM.
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Ommaxo, uMes rpaduk aas KosdduIHeHTA COBePIIEHCTBA 1), MOKHO
paccuuTaTh COOTBETCTBYIOMmee 3Hadenme C.
W3 dopmyn (V. 2. 8), (V. 2. 9) u (V. 2. 10) caenyer

-2 _ re
L T (V.2.12)

Pemas nocsiefnee ypaBreHHe, HoaydaeMm

C=(i—1>ln&. (V.2.13)
n e

Nmesn rpaduru xosddu- D
IHEeHTa 1 ¥ 3Hasg, JIA Ka-
Koro paguyca Ry mnacta oum 0
IOCTPOEHH!, MOKHO HCIONb~ g
30BaTh UX AAA OpPaBUIBHON
MeTOOMKHK pacdera. 06

DuabTpanmonHcE CONPO-
tupieHue C, 00yca0BIeHHEOR
HECOBEPIIEHCTBOM CKBAaKU- (7
HBL WU, 9TO TO jKe, ee HpH- i
BeleHHBIT paguyc rg, Kak 0 77 74 76 I Y h
YKa3HBAJIOCh, HPaKTHIECKH
HE 33BUCHT OT DACCTOAHHMA  Puc. V. 8. T'padnr xospdunmenta coBepmeH-
MEKIY CKBajKMHAMH, KOrja CcTBa.
OHO PaBHO uJu (oJbIIe
MOIHOCTH IUTacTa. KECJau ke paccToAHHEe MEKAY CKBAa)KMHAMU MeHbINe
MOMHOCTH ITacta (Takwme cjaydam ONH3KOTO PACIONOMKeHHA CKBAMKUH
BCTPEUAIOTCS WHOIIA B TOPHOPYAHHX H TUAPOTeXHWYECKHX 3a7a4ax,
CBA3AHHEIX C OCYIIeHHeM ITpefHA3HAYEHHHX MRiIs pa3paloTKH IIACTOB
HoJe3HHIX MCKONaeMbIX MU BogonoHmwkenueM [17]), o C 3asumcut raksxe
OT PACCTOAHHSA MY CKBARUMHAMU. JTHEM BONPOCAM IOCBAMICHB! PafoTH
JI. H. TTasnosckoit [18] u WU. H. Kouunoit [19].

04

Ty

§ 3. Pacuer ¢uabTpammoOHHOrO CONPOTHBIEHRA,
00YCROBICHHOTO HECOBEPIIEHCTBOM CKBAKMHBI
B OJHODPOAHO-AHM30TPONHOM ILIACTE

Kak wusBectHO, mpocThiM npeofpaszoBanmeM MacmrTaloB JBUKeHUe
B YCIOBHAX OJHOPOJHO-AHU30TPOLNHOTO IIACTA MOKeT OBITh CBeIeHO
K JBI)KEHNI0 B ONHOPOJHOM ILIacTe.
B opHOpOAHO-aHM30TPONHOM IIacTe M'OPU3OHTANBHEE U, ¥ M BepTH-
KaJbHAA W NPOEKNHH CKOPOCTH (UIBTPALMM HMEIT BHJ:
k. Op k. Op . k, Op

U= —— -, v=—-p——5:;, Ww == - FE, (V.3.1)
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rie &k, — OPOHANaeMOCTh B HANPABJICHAR NapajIelbHO ImIacTy; k, — mpo-
HUNAeMOCTh B HANPABJIeHNH OCH Z NePIeHAMKYJIAPHO IJIACTy.
Cuanrasd KEIKOCTh HeCHHMaeMoll, N3 YypaBHEHHAS Hepa3pPHBHOCTU

du dv ow
s + % + o = 0 monyuaem

a2p o2p d2%p
b (5o + o) - e = V..
Beegem B paccmorpenme D — QmiabTpaumoHHHN mMOTEeHIHMAd, OIpe-
JeliAeMH# No ropmsonTansHoll mponmmaemocTdH. Torga Bmecto (V. 3. 2)
Oy IUM
020 exden) 1 o920 k k
328 + 2y 4+ — = =0, 'p D, *=-". (V.3.3)

n? 032 &,

3ameHoit mDepemenHoro %z =z ypashenme (V.3.3) o6pamacrca
B ypaBHeHme Jlamaaca

2@ 020
o+ G T gy = 0. (V.3.4)

PaccmoTrpuM Temeps caegylomyio 3amady.

Haiinem pacopefeneHHMe NDOTEHDMAJAA B ONHOPOTHO-AHO30TPOIHOM
mIacTe MOMHOCTHIO i, BCKPHTOM CKBajKMHOM, HPH ClIeAYIOMMX YCAOBUAX,

YcenoBua HenpoBAINAaeMOCTH KPOBJIX H NOZOIIBH

£=0, z=h, (o<r<R), —I_0; (V.3.5)

Ha o6iaacTH nUTAHAA
r=Ro, (O<Z<h) (D=(Do; (V.36)

HA CTeHKe CKBayKUHH I =T, 3aJaH NeDeMeHHHIA pacXoj HA eJdHANY
IAMHE BIOJL OCHA CKBa)KMHH-CTOKA:

r==rg, (2:1: r %)r:rc =q() 0<zLh). (vV.3.7)

Bun ¢yaxoum g (z) MoeT OHTH NPOW3BOJBHEIM C eJAHCTBEHHBIM
OrpaHu9YeHUEeM — HPEAmONaraeTcs, 910 ¢ (2) yHOBJETBODPAET YCIOBUAM
Hupuxae [JIr.IIL. 7].

Pemenue ypassenmsa Jlammaca (V. 3. 4) monywaercst oGHYHEIM MeTO-
7IoM pasfieJeHHS MepeMenHbX. PaccMoTpuM cHagaja ciaydail 0HOPOLHO-
®W30TPONHOre INIacTa, Korga ® =1, z=1z".

B cuny cummerpmm ypapHeHuWe Jlamnaca B MUJIMHJPAIECKUX KOOP-
AUHATAX HMeeT BH[;

020 1 o 20
Gty e+ G =0 (V.3.8

B pemende €ro He 6yI[GT 3aBHCETh OT IIOJAPHOrO yrJia 0.
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Pemenne ypasuerus (V.3.8) Oynem mckaTs B BHje
© = R(r)Z(3), (v.3.9)

rge R (r), Z (z) — Henm3BecTHH® IOKA (QYHKOUM, 3aBUCAMHAE COOTBET-
CTBEHHO OT apTyMeHTOB I' U 2.
IlopcraBasa (V.3.9) B (V.3.8), moaygaem

Z(R” 4+ R’)+RZ” =0
HIN

z" 1 ” 1 p
LR iR e (V310)

ITockonpky neBasi m mpaBas gactu (V. 3.10) saBucAT TOABKO OT
ofHoll mepeMeHHO# — cooTBeTcTBeHHO 2z, r, paBencTso (V.3.10) meXKer
BHIOJHATHCA TOKAECTBEHHO TONBKO IPM YCJIOBUH, YTO JIeBadg M mnpa-
BafA 9YacTH DaBHH MOCTOAHHOH Beauumue = A%, KOTOPasA NPEAIIONaTaercs
BeIeCTBEeHHOI].

¥ pasuenune (V.3.10) pacuiennsercs Ha JBa ypPaBHEHHA:

2"+ M\ Z =0, (V.3.11)
R+ LRFMR=0. (V.3.12)

Ecaun B (V.3.10) npn A% cromr sHag MmHYC, TO JUHEHHO He3aBH-
cuMHe pemeHma ypasrenuit (V.3.11) m (V.3.12) umesor BHL:

Z=et* &% R=Jy(Ar), Y,(Ar), (V.3.13)

ra2 Jo, Yo — Qyuruuu Beccensa cooTBeTcTBEHHO NEpBOTO0 W BTOPOTO
poja HyJeBOro HOPAJAKA BeMEeCTBEHHOTO apryMeHTa.

Ecan B (V.3.10) npu A% crour 3HaK mialc, To JAuWHeHHO HesaBH-
cumsie pemenng ypasresmit (V.3.11) n (V.3.12) cyts

Z=sinkz,cosrz;, R=1I,(Ar1), Ko(AT). (V.3.14)

rae [y, Ky — dyExnuu Beccens mepsoro u BTOpOTO poja HYJIeBOrO
IOpALKa MHHAMoro aprymenta [20].
Hpr A =0

Z=cz-+¢, R=cylnr 4 c,. (V.3.15)
Tax kaxk mpm z = (0 COrJACHO IPAHMYHBIM YCJOBUAM [OIDKHO OHITH

Jb
2 =0, ro pemenna (V.3.13), a caenosaTeqpHo, M 3HAK MHHYC OT-

maganr, JToMy ke rpaHEIHOMY yciaobmio w3 pemenmit (V. 3.14) yno-
BJIeTBODHET TOABKO (QYHKOUsA cosAz. Jlna BHUOJHEHHS YCJIOBHA Ha
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IOJIOIIBE IJIACTA (aa—(f =0 opn z= h) HeoOX0XUMO, 9TOOH ~— Asin A b =
=0, oTKyaa

h=TT(n=1,2,3,...).

JTto AaeT OCHOBaHME HNCKaTh pelueHHe B BHE

O =co+c;lnr+
+2[Anlo(”g’)+BnKo(”;” )]cos S (V.3.16)
n=1f

uam B obmieM caydae ® = 1 B Bufe

D =cy+cylnr4
+2[A,.l,,(”“’)+3 K0<”;:,r )]cos IE L (V.3.17)
n=1{

B =k (V.3.18)

€y, €y, Ap, By — mocTosHHEE, NOJJeKAIMEe ONpeNeIeHAI0 M3 TpaHWd-
HEX YCJOBHH Ha IOBEPXHOCTAX I =r¢, 7= R,.

Jasa pemenna meo6XxoanMo IpegBapuTEJbHO ¢(2) Pas3ioKUTL B DAL
O@ypoe mo KocurycaM B matepBasne 0<<z<<h:

e

(V.3.19)

q(z) =qo + \ Gn COS —

h n=1 h
go = %fq(z) dz, qn= %f g(s)cos =2 dz.  (V.3.20)
0 0

ITocie npocTHX BHIYMCAEHHH HOJayTaeM pacOpefelieHne NOTeRIAana,
YAOBIETBOPAKIIEEe BCeM TPAaHAYHHM YCHOBHAM, B CAeAYIONMIEM BHIE:

(o)

U(nnr)
O =@ —Bogy Ry 2P E 20 ] gacos PEE, (V.3.21)

nere nwr
nU'( hc
n=|{ *
rue

0 (355 = o (5 Ko (2 ) = o (2551 (557 2.2

®h %xh
' T nar nR
u (nuhc> I‘( G>K°< %ho>+

+ 1o ””R°)K1("x“h’°). (V.3.23)
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B peanbHBIX yCIOBHAX HA BCKPHITOH YaCTH CTEHKH CKBA;KMHE 3aJaHO
sa0oiiHoe faBjeHune, T. ¢. 3aboitnbrit motennuan Dy, a HA He BCKpHTOH
00CaKeHHON 9YacTH — YCIOBHE PABEHCTBA HYJII0 PAIHAIBHOA CKOPOCTH
¢unprpanuun. Tarum o6pasoM, B TOUHON NIOCTAHOBKE ¥IMEeM 3aJaqy
Tnapbepra TeopuM MOTeHIHANA AJA O0CECHMMETPUYHOTO ABIKeHHA. Iluas
rosppunuentoB B (V. 3. 16) mpu srom moinydaercd GecCKOHEYHAHN CHCTEMa
ypaBHenmii. B Takoif mocTaHOBKe 3agada BIePBHE pAacCMaTPHBAIACH
M. M. Taorosckemm [10], maBmum ee mpuGiuikeHHOoe pelIeHue 3aMeHOM
0eCKOHeYHOHl cHCTeMH ypaBHeHHH yceueHHOH cucremoil m3 10 ypashe-
Ui, KOTOPHE PeINaauch YUCIEHHO.

Boune paccmorpena Gomee mpocras 3ajada ¢ OJHOPOXHEIMA T'DaHWY-
HBIMHA YCIOBUAMH.

TfokaskeM Temepp, YTO ecau HA HEKOTOPOM YYACTHE BAOIb CTeHKH
CKBA/KEHE OJHO pacIIpefleleHHe JABICHUA 3aMEHAECTCA [PYTLHM, CTATH-
UeCKH YKBHBAJIEHTHEIM, TO [Ae0OHT CKBa)KWMHH B pPEAaNBHHX YCIOBUAX
OymeT MeHATHCH HEe3HATHTEIHHO.

IOua storo BeGepeMm ¢yHKmEI0 g (z) cieaylomuM obpasom:

q(z)———~—const, 0<z<b; q@@B) =0y b<z<h (V.3.24)

3uecy Q — mebUT CKBa)KWHH, PaBHOMePHO pacIpPefesIeHHNH BIOJIbL
orpeska b. Hmxe ckBauna obGcamena. Ma (V. 3.20) paa storo cuy-

qasg HMeeM
2 . b
do=2, gn=-2L sin "7 (V.3.25)
torga gopmyna (V. 3,21) upuanMaeT BAX:
. Q Ro Q"h
D =Dy — 2k ap e+ 8 bre
b U(nnr)
nh .. nmb nnz \
X sin —— cos -——. (V. 3.26)
n2y’ ( n:;l:’:c )

n=1

Haiipem Temepsr cpefHee 3sHageHme IOTEHIMAJA BJOJb BCKDHTOM
9acTH HA HEKOTOpoM ydacTKe 0 <<z<Cb;, OpnYeM BO3MOKHHL CJIydan
bl = b, bl 7& b

@y, fcp(rc, 7)dz = Dy — HO 4
= U(nnrc)
Q“hz % h . nnb . nndb
+ 714 bbyrg SU’( nrc) sin —— sln — L. (V.3.27)
n=1 n ”h_
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Ilocaepr®o00 GopMyny MOMKHO HPEeACTABHTH €lle TaK:

(o)
U(nﬂrc)
= R 2% h3 %xh
=0 2 In =% — —— _—
(Dbl 0 2nh n re ﬂsbblrc nsU’(nnrc X
ne ®h
X sin ";:b sin '”;b‘ (V.3.28)
O6ozrayuM
b nb
=, ¢= hl’ (v.3.29)
(o]
U(nnrc
C—= — 2u b3 %h sin nnb sin nnb _
= T TObbre nsU'("“’°) R h
n—1{ Y % h
%)
U(’lﬂrc
___2xh wh sinn¢ sinn g, (V. 3.30)
Tre U’(n:r[rc neQ X T )
n—=1 " ®h
Torga corzacuo (V. 3. 28)
— R 2k (Dy—D,,)
cp,,1=c1>0—2g—h<1n7°+c), Q=—Fp . (V.3.31)
¢ In—t4C
c

Taxkum o6paszom, C MOXKHO PpaccMaTpPUBaTh KaK (HIBTPArUOHHOE
cOnpoTHBJIeHAe, OGYCHOBJIeHHO® HECOBEDPIEHCTBOM . CKBAKAHEL, CCIH
uoji 3a00flHEIM IOTeHIManOM moxpaszymeBaTs Dy,

Han caysas x =1, b =>b, (V.3.30) obpamaerca B dopmyny

(o)

A U(nnrc
2h \ h sin?n ¢

nre / n2 @2
¢ l nU,(nnrg) ¢

n=1 h

C=—

(V.3.32)

/

PaccMorprM Temepsr ABa KpaiflEHmX caydas.
1. Ilyerp b u by manst, npaaem nycts b—0. Torma cornacuo (V. 3. 30)

= U(nnrc)
% h sinn ¢,
nm) A (V.3.33)

pryuy nU( ®xh

C = — 2x h
nre
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2. Mlyers Temeps b = b,. Toraa

(o)

U ( n rc)
_. 2%k xh sin?n @
€= e <”nrc\ nte? - (V.3.34)
nU’ )
=1 “Ah
nnby
[Tpu Mannx 3HaYeHHAX Q) = — oba paga Gausky.

TaxkuM o6pas3oMm, TaKHe KpailHUE CIYIau — COCPEJOTOYCHHKEIA PACXO]
(b = 0) u paBHoMepHO pacHpefeleHHHIT pacxox (b = b)) — mauno oT-
pakaloress Ha Beiamyuse C, ecin
b wmaxo. Otcrooga cremyer, 4TO +
tak Kak C oupejenseT cpejHee
sHaueHHe TMOTeHIHMAJNA BROIL b1
npu ¢uxcupoBanHoM jebure Q,
TO pasiaNyYHble BAPHAOWH MOTEH-
1{ajia BRoab b1 IpU coXpaHEHHUH
ero cpegHero 3HaYeHHA MAaJo
OTPAKAOTCA HA BeJHUuMHe [le-
oura. 9rtor ¢darr OHI ycTaHO-
piren Takxe K. @. [HupumroBrm
[21], KoTopoiii HelOCPEACTBEHHO
BEYMCANI BeauduHsl C mpu pas- 0 0
HEIX Bupax ¢ysRmma ¢ (z), # 0 0
vcnoabzoBal fanee B. H. Huko- Puc. V. 9. Cxema Gesmamoproro npuroxa
maepckuM [45]. Ilpamomm  fgo- K HeCOBePIIeHHOH CKBaiKIHe.
MOJHATeIbHEM IIOJTBEPIKIEHUEM
3TOTO TIONOJKEeHHA, BhHICKazaHHoro pamee B paborax [22, 231, asaAwrca
sxcmepumerTst 10. I'. TpodumeHKoBa IO 3I€KTPOMOREIMPOBAHUIO (e3-
HAIOPHOTO IPHUTOKA K HeCOBePIIeHHHM cKBakHMHaM (puc. V. 9).

W3 ocpegHerus IoTeHIHMAJa BAOJAb BCKPHTOH dacTH CTeHKM CKBa-
JKHHBI, KOTOPHIl Ipy Ge3HAOPHOM NIPHTOKe ABJIACTCA JIUHeiiHOH (yHK-
nmeill BhicoTHl, MMA paebuta HoiayyaeTcAa ¢opMyla, BHBOJ KOTOPOM
Naw mmwxe B § O raase VI:

Q=2I£hcs(1——;—b—), (V.3.35)

2r¢

.—r—_—_

roe ¢ — Koapdunment ¢mabTpanuu; $ — HOHMIKEHNe YPOBHA B CKBa-
;kune (pue. V. 9); & oupenensierca u3 dopmyan (V. 1. 4).

Comnocrasirenne ¢ oumTHoiMH gauHeiMu 1O, I'. Tpodumenrosa 6nu10
BHToNHeHo mo Hamell mpockbe A. A. Jlamutunoit. Pesynbrarh npuse-
qener B taba. 1. B ommrax IO. I'. Tpopumenrosa h = 12 cm, Ro =
= 30 cm.

W3 rtabx. 1 caeayer BUONHEe YOOBIETBOPHTEIBbHOE COIIacHe dKCIE-
PEMEHTOB 4 pe3ylNbTaTOB pacdeTa ¢ OCpefHeH¥WeM IOTeHIMAaa BAOID
BCKPBHITOH JacTH.
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Tabauya 1
Q/c, cu?
% pac-
Fg, CM b, em n s, CM SKCIIe- dopmy - | xompe-
J1a HA
PHMEHT |y ‘3" 35) N7
0,764 9,6 0.8 2,4 39,3 44,1 12,2
7.2 0.6 2,4 35,6 37,7 59
4,8 0,4 2.4 31,0 27,2 —12,25
9,6 0.8 4,8 72,6 75,8 4,3
7.2 0,6 4,8 58,7 60,1 2,38
9.6 0.8 7.2 92,4 94,5 2,3
0,56 9,6 0.8 2.4 38,4 4041 4,3
7,2 0.6 2,4 32,7 33,6 2.3
4,8 0.4 2.4 24,5 23,7 —3.3
9,6 0.8 4,8 65.4 68,7 5,0
7.2 0.6 4,8 52,8 53,6 1.5
9,6 0.8 7.2 85,0 86,0 1,18
0,33 9,6 0.8 2.4 33,2 34,8 7.84
7,2 0.6 2,4 29,1 28,4 —2,3
4,8 0.4 2,4 21,5 19.6 —6,53
9.6 0,8 4,8 58,7 59,6 1,53
7,2 0.6 4,8 47,5 45,4 4.32
9,6 0.8 7.2 73,0 74,5 2,06
Cpepgee 1,829

Iokaskem, uto npu k, = 0, ¥ — o mw b = b dopmyna (V. 3. 31),
Kak M JOoJHO OnTh, IpeBpamaercda B ¢opmyny [liomiom OgiA MI0OCKO-
pagualbHOro IPUTOKA K COBEPIIEHHON CKBA)KUHE B IUNIACTé MOIIHOCTHIO
b. N3 mapectarx popmya pua ¢yakumii Becceaa nmpm GonbmaX I MaIbIX

8HAYEHHUAX aprymMeHTa uMeeM IIpH ¥ — <O

o[22 1, To(2 )

wh 2wk °

Il(nnrc)_)i n{re

Jlanee mpn % — o

Ro(55) -~ (r+ 1

K25 (v + e

1,

)
),

®h

®h

nire nnre\1 nare
Kl(-'uT)*)(Y_l_ln ®h )7 wh T

rae y = 0,577. .. — siinepoBa IOCTOAHHAA.

nare

nre !
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Coraacuo (V.3.22) n (V.3.23) npm ®x — o moaydaem

nw Ry nire
U ‘(Y+ln T h )+(v+ln 2uh) narey Ry
NN —— In—2. (V.3.36)
U’ 1 nxre 111n:n:l?0 + ®h wh re
T2 %k <Y+ 2uh> nmre
Mz (V.3.34) pua C momygaem
(o] [oe}
2%h —mnre Ry YV 1 nsin2ng Ry |\ sinng
C=— re Wln: ).J 7—;‘2—@—5——'—2111 e 2‘1 2 gt (V.337)
n=—{ n—
Pag B (V. 3.37) cymmupyetca [24]
{OW sin2g? 1 % 1—cos2ng 1 i 1 W cos2rn @\
-4 n2Q? _Wu_n—z—“ﬁw_z< nz n? )—
n={ n=i{ n=1{ n=|{
1 2 2 1
=—2;,;[”T—(2—~nq>+¢2)]=7(—;‘7—1). (V. 3.38)
Taxnm o6pasom, corxacso (V. 3.37) u (V. 3. 31), yuntsiasn (V. 3. 29),

C=2lnﬁzi<i~1)=(i—1)lnﬂ,

re 2\¢ ? re

0= 21 b (Oy— Dy,) _2mh(Dy—dy)
1n_ni°_. (£_1) n.ﬁ n]n.ﬂ’.
Te ? Tg e

2 b (B — D)

2, (V.3.39)

4970 coBuajaeT ¢ dopmymaoil iommwu.

Hasn pacueta C mo ykasaHHHM Bhme QOPMYyJIaM B ciydae OHOPOJ-
HO-AaHH30TPONHOTrO IIACTR MOYKHO IOJBL30BATHCA (OPMYJaMH I U30-
TPOUHOTr0, HO cleAyeT 3aMeHHUTs h Ha A’ = % h.

3navenus C u3 dopmynst (V. 3. 34), xaxk HeTpyaHO BHAeTH H3 Pop-
myx (V. 3. 22) n (V. 3. 23) upa Ro > 0,5 x h, IpaKkTHAYeCKH He 3aBH-
car or Ry M oOpefesisioTCAa TONBKO YCAOBHAME BCKPHITHA.

Cxomumocts paga (V. 3. 34) 6pura ynyamena f1. . AnnxamkmermM
[25], KoTopsiit Mo mameit mpockGe BHUMCAHA 3HAYeHHs C, NpPHBELCH-
upte B Tabu. 2 gas smavenwit ¥ A = 10 w, re = 0,1 M, xhir, =
= 100.

IIpm % — co cormacuo (V. 3.39)

C=(é-—1)1nﬂ. (V. 3. 40)
h Te

Hasn snavennii ro n Ro, He ykazanubix B Taba. 2, BeamamEa C Mo-

“#er ObTh HalileHa MHTepHOJANWell 4YHCIeHHOH WM, 4TO IPeHIOYTH-
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Tabauya 2
R, h=b/h
Ry, » -
¢ 0,125 0.25 0.5 0,75
10 100 19,36 9.361 | 3.318 1,040
5 50 19,14 9,165 | 3.228 1,019
1 10 14,07 6,482 | 2170 0,7203
0.5 5 10,403 | 4603 | 1,550 0,5116
0.2 2 4500 | 2642 | 0,6682 | 0.2936

_ Npuwumeuannme. C=0588,11 ~590 npr Ro>10 &,
h=0,0032.

texbHee, rpapmueckonr. Ilpm xh/ro %~ 100, uTobm He obpamareca K
pany (V. 3. 34), MoxHO BOCHONB30BaTHCA Tabd. 2, HCXOAA U3 CIENYIO-
IMAX €006 paskeHnii.

ITpoBeseM MEICHEHHO KOHUEHTPHUHYI CO CKBAKMHON IWJIWH[pUAYe-

®h
CKYI0 IIOBEPXHOCTH TAKOTO pagmyca ry, 9o —= 100.

Torma, xomeuno, ecadm re & % h, anmeHne MEKIY TWIHH]pUYe-
CKAMH NOBEPXHOCTAMH Iy M I'c MOKHO CYHTATh ILIOCKO-PAJMAJILHBIM,
caepytomuM ¢opmyae Niomon (V. 3. 39), rne mox @o m D, caegyer
1I0{pa3yMeBaTh IOTEHIWAJH HA TOBEPXHOCTAX ro X 7e. JloNoixuuMTensb-

HOE CONPOTUBIECHAE K CONPOTHBICHUI0 MeKAY Ko B ro, BEYUCIEHHOMY
B Tabm. 2, mpeHeGperaa NOHHKEIM OPHTOKOM depe3 KOJBI0 pajuycaMu

ro m 7re, ILIOMARBIO ln(rﬁ —r§)|, cormacao (V. 3. 40) moxHo
IpeACTaBHTbh B BHAe

AC:(‘T— 1)lni. (V. 3. 41)
h rc
Ilocaemuiolo GopMyny MOMKHO HOpeJCTABHTL B TAKOM BHJE:
_ 1 To ®h -
se=(r iR = (1) -

- (.é-—i)ln—ow. (V. 3. 42)
h I

c

wh
Taxam oGpasom, upn —— 7= 100 MOKHO cHAYANa BEIYMCIIATH C npn
[

momomu Ta6n. 2 um pesyabrar yBemmuamth Ha AC coriacHo fopmyle
(V. 3. 42).
VraneMm eme cnoco6 NMoab3oBanus Taba. 2 0pa Madbix BCKPBITHAX,

nb -
KOTfa @ = —— = n h malno.
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Pap (V. 3. 34) MomHO npefcTaBUTH €Ie B TAKOM BHfeE:

® nwnr
C ™ 2% h U( xhc) sin? [r (n—@)] (t— @)2
(h) = — nre U nire n? (n— @) @2
v | n ( Axh )
_ (n—o) Ty (AR B
=P —n ( ) CU—h), (V. 3.43)

rie C (h), C (1— k) — sumavenua C upm BeKpmTUAX b U b = h — b,
3unavenna C (1 — k) npw Madux h Moryr OHTH HalileHLI HHTE IO -
el Opu Domomu Tabx. 2, Tak Kar C (1) = 0.

Brime 6y paccMOTpeHHI 3afadM NPUTOKA K CKBAYKHHE C IPOCTEM-
IMHMH BHAAMH HeCOBePHIeHCTBA. PAQm NPYrHX c¢jydaeB — IPATOK K da-
CTHUYHO 3AMIEHHOH CKBAKMHE, CKBAKMME B JABYXCJIOWHOM IUIAcTe, CKBAa-
;KHHe, TOABePTHYTOH I'MApaBAUIeCKOMY Pa3pHIBY, CKBAayKUHE C TOPH30H-
TAJTHHHIM HEeIPOHAIAEMBIM BKPAHOM M Jp. — PacCcMOTpeH B paGoTax
[26, 27, 28, 29 u gp.]. HeroTopoie pesynbraTh, MONYICHHEC HA 3JEKTPO-
JIMTHYECKUX MOJeNAX CKBAKUH C PA3IMYHBIMA BUJAMH HecOBEPIIEHCTBA,
upnBefeHH B patorax [8, 9]. Caenyer oTmMeTHTH TaKke npueM, NO3BOIAI0-
KA HOoAYIUTH 3aBHIOICHHOE 3HadeHue (UIABTPANMOHHOIO CONPOTHBIE-
HudA, 3aKkIoUaIyiics B caeqywomeM. BoofipasuM, 9470 B OMILTPAIMOH-
HEIl HOTOK IIPH COXPAaHEHMH KOHTYPHHX IPAHMYNHX NOTEHIHAJOB HA
KOHTYpe HHTAHNA M CKBA)KUHAX MEICJCHHO BBEACHA HeKOTOpad CUCTeMa
JHECTKUX HeIDOHHIAeMHX meperopogok. O4eBumaHO, TaKasg CHCTEMa Hepe-
ropoJIOK, MCKAKAIIMAA MCTHHHYI0 KAPTHHY JHHHA U TpyGoK TOKa, Co-
OTBETCTBYeT YBeJNUeHNI0 QUIBTPANMOHHOTO COUPOTHBIACHWS TPOTHB
JeHcTBUTeNBPHOrO M yMeHbImeHNI0 fe6uta. Bribupas sxe cxeMmy pacmodo-
JReHMA 3THX BOOOpa’kaeMEIX TeperopojoK AOCTATOYHO IPOCTOH, pacdeT
GHIBTPALMOEHOTO COUPOTHBIEHHA MOMKHO BECTH IO HPOCTHIM opMyIam
TEOPAM OfHOMEPHOrO ABM)KEHHA B TPYyOKe TOKA NEPEMEHHOTO CEYCHHA.
ITEM MeTOROM OHLIO PAaccMOTPEHO HECKOJBKO 3a71a9 O IPUTOKe K COBEp-
IMIeHHKIM U HeCoBepmeHHHM cKpamumam [30, 31], a takske K cKBaskm-
HaM, IMOABEPTHYTHM T'MIpaBIHYecKoMy paspuBy [32].

ComocraBieHys ¢ HEKOTOPHIMH TOYHHIMA DEMEHUAMH ¥ OUNEHKAMM
CHH3Y B TeX CIYYafAX, KOrJa yAaBajoch WX LOJIYYHTh, ITOKAZHIBAIOT,
4970 IIPH 3TOM MOMeT OHTH ofecliedeHA XOpOmAas TOYHOCTH — IOTpel-
Hocth He Boime 10%.

§ 4. IlpuTok K CKBa;KMHAM ¢ ABOHHBIM BHJOM HECOBEPIIEHCTBA

Ilepeiinem K pacdery nebmroB nepdopEpPOBAHHHIX CKBA;KHH M CKBa-
“KUH ¢ [ABOHHHM BW/IOM HECOBEpIIEHCTBA.
Hapagy ¢ peayabpraTaMm 3KCHePEMEHTOB Ha 3JIEKTPONMTHIECKHX
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MOTeJIAX, MOKHO JIJIA HPHONH;KeHHOT0 pacdeTa HOPEMNOKUTH HEKOTOPHIe
AHAIUTAYECKHE METOEL.

PaccMoTpunM ofMH W3 TAKHX BO3MOKHHX METONOB Ha IIpHMepe CKBa-
JKMHHL ¢ J{BOWHBIM BHOM HECOBEDUIEHCTBA, T. €. BCKPHIBHIEH ILIACT He
HA BCI MomHocTh M mepopupoBamnyio (puc. V. 10).

Henocpencteenno k Ttakoit mepdopupoBanHoil ckBakmme Gopmymry
Macrera (V. 1.4) npumeHuTh HeIb3s, IOTOMY UTO OHA JaHa JLIA CKBA-
JKWH ¢ OTKDHITHM 3aloeM.

BriacanM xapakrep OBUKeHHA BOIN3U fe =™
orBepcrua. Hapruna nusuit Toka Oymer g .
“MeTh MpUOAW3UTeIbHO BHUJ, HOKA3aHHMII ‘ i
ma puc. V. 11, { /
Bayxao oTMeTHTH, YTO HA KAKOM-TO a B } ////
SN B G, iy
pPaccToaHHEM r¢ OT OCH IHOTOK IOQYTH ] \X\\

paguajbHbIL W BAMAHWNe UepdopammoH-

V

i

a

i)
. < b
I

Puc. V. 10. Cxema ¢uaprpa ¢ mepdopaumon- Pmc. V. 11. Cxema nputoka
HEIMH OTBEPCTHMH. K TepdOPaOHHOMY OTBEPCTHIO.

a — cedYeHue CKBa:KHHBI IJIOCKOCTBIO,

npoxoaAiucli depes 0oCb; 6—ceueHue

CKBa:HUHBL IJIOCKOCTEIV, IICDIOEHAUKY-
nApHOH ocu.

XYV A VA
A TTYATY

HOTO OTBepCTHA He OIymaercA. Buamu or ckBakuHbI BanAuHue mepdo-
PAUHMOHHOIO OTBEPCTHS IPAKTHIECCKH HE CKAa3hIBAETCH.

MosxHO mpegmosaraTh, 4TO BeJMIHHA o OyAeT MOPAAKA ABYX-Tpex
PAINYCOB CKBAKUHE: rofre = 2 =+ 3.

B rakoM ciayuae MOMHO TIpPOBecTH BoOOpa)KaeMyl0 CKBAYKHHY ¢ pa-
AMYCOM r'o, KOTOPYIO HY;KHO PacCcMaTPHBATE KAK CKBA;KHHY C OTKPHITHIM
3aboem (puc. V. 12).

O603Ha9UM TMOTEHIUAT HA CTeHKe »Toil ckBaskuHH D,.

YKazaHHEIM BHIIe CHOCOG0M IPOH3BOAUTCA «CUIMBAHHME» pelleHiii
0 IpHTOKe K CKBa'KMHE C OTKDHITHM 3a00eM W IPHUTOKe K OTBePCTHIO.
Buawane paccMarpuBaeTcsa HPUTOK MeKEY obmactAMA ro m Ro. ITo ABU-
’keHHe paccmarpusaetcs Mo Gopmyxe (V. 1. 4). Ilan pacdera aBmmenus
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e MEKNY o0IacTAMA ro W re HY)KHO 3HATH, KAK H3MeHAETCA CKOPOCThL
IpH BTeKAHHH B OTBEPCTHE.

EcTecTBemHO TpeqUONOKHATH, 9T0 B HEOOCPEACTBEHHOH 6aM30CTH OT
OTBEPCTHA pacupefeleHue CKOPOCTH Oyaer NPUOMMIKATHCA K pafualb-
Ho-ceprIecKOMy, T. €. CKOPOCTH OyayT o0paTHO HPOHOPHAOHAIBLHBI
KBajpaTy pacCTOSHUA.

9t coobpaykeHns, Golee MoapoGHO M3TOKeHHEE B § 5, 6, HO3BONAIOT
OMEHUTHh yBejiudeHHe QUIBTPAIMOHHOTO COUDPOTUBJIEHHA, 00yCJ0BICH-
moe mepdopanueit. Pacuermas ¢opmyna pgnsa upusemeHHOrO pagmyca
CKBA)KUHHI ¢ JIBOMHBEIM BH-
IOM HECOBEPIIEHCTBA MMEeT
BUJL:
re=reeCrC (V. 4.1)

rie C' — ¢panbrpanmorHOE
COIIPOTHBIEHHUE, obycio-
BlIeHHOe mnepopamueii.
O6r9H0  PEABTPATEOH-
Hoe compoTuBieHre Cyunrp,
o6ycaoBienroe mepdopain-
eil uay PUABTPOM, 3aNaeTcs
JId CKBAyKHHBI, BCKPHIBIIOH
WIacT HA BCIHO MOMIIHOCTE. Puc. V. 12.
3navenua Cpumrp ANA pas-
HBIX THIOB ¢uibrpoB mnpuBenens: B [JIt. I. 8, 16; JIr. IV. 2, 33].
Taknm o6pasoM, 9™ 3HAUEHAA Cgyprp HEIOCPEACTBEHHO IPUTONHEL JJIA
caygas b=h. llpu b+ h u monbzosanmm ¢opmyaoit (V. 4. 1) Counprp,
09YeBUHO, cae/yeT YBeIWIUTh B OoTHOmeHWHU h/b. Taxmm obGpasoM, upu
pacueTax, OTHECEHHHX K IJIACTY MOINHOCTLIO %, MOMKHO CYHTATH

(V.4 2)

‘ 2r;

'L L L A e 7

R

c
duanTp
=0
h
re
= b
h=4.
Cymmy C + C' momHo omnpefenutsh Takxke u3 ommros B. U. Ily-
POBA HA BJEKTPONUTHYECKUX MOJENAX CKBAMH C JBOMHHIM BHIOM He-
coBepmeHcTBa. i OPHEHTHPOBOUHHEIX PACYeTOB BeJMINHY C MOKHO
paccumtars u3 Gopmyan (V. 1. 4) quasa CKBa)KMHBI ¢ OTKDEITHM 3a0oeM,
a C' — u3 Teoperudeckoit QOpMyYIHI, CKOPPEKTHPOBAHHOH 10 ODEBITAM
B. U. Myposa [34]:
800 e
C' s == V.4.3
Dnh '’ ( )
rie D — pgmamerp QUABTPOBOTO OTBEPCTHA B CM; N — GHCIO OTBepPCTHH
Ha 1 nepdopuposannoii wactu; h = b/h; & — Geapasmeprmiii Ko3(-
dumueHt.
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U3 comocrasienus ¢ onntamu B. I. Ilyposa & = 0,4 ais oreepeTuit
Ge3 ydera yrayOaeHus uyiap B mopopy. Ecam ydects yraybieHue Iyab
B TOPOAY M BepOATHOe 00pa3oBaHWe He3HAYHTEJBHHEIX KaBeDH Yy OTBep-
cTAl, 3HA4YeHHe € cJe[yeT ellie CHU3UTh LpPNMepHO B 2—3 pasa M HO-
narath & =~ 0,15. [Ipm moMomu Tarkoil cXeMH MOKHO PacCIUTATh HeOHUT
nepdopupoBaHHON CKBAyKMHLL M IIPH JKeJAHHH yYecTh HapyImeHNe 3a-
xKoma Jlapcu BOu3u mepdopanuOHHHIX OTBePCTHIL.

Boaee moppobro aToT Bompoc ocsemen B [34, 35, 36, 37].

§ 5. Cuaygaii obcaskeHHOIT CKBAMKIHDI,
BCKpPbITOIl HeGoabmuM yncioM mepdopanmii

Bo mHorux caydasx cKBa;KHHH B HeTAHBIX MECTOPOIKAEHHAX BCRPULI-
BawTca HeCOABMMM dHCIOM IIepdoparuii.
B omgmopomHo-anm30TpONHOM mimacre Iocke HpeofpasoBaHUA 2z =

= %z = k—’ 2, T. e. IPHUBEIEHAA K OJHOPOJHOMY INIACTY € TCMH 3C
r4

YOPM3OHTAJBHEIMH Pa3MepaMil, a BEePTUKAJILHEIMM, YBEIWYCHHEIMI I

% pas, KPYIJsle 0TBepCTHSA NMepelinyr B aymiunTndeckue. JJe6uTs B 060ux
.

MAaCTaX CBABAHEL COOTHONIeHHeM (Q = 2—, rme (Q — meGur B OZHOPOA-

HO-aHM30TpOomHOM Tiacre; Q° — mebut B 1peoOpaszoBamuoMm, [leficTBi-

TeJBLHO,
hl

h
Q—_—.anrf%(l;)—dz:—z:— r%?—dz’:%. (V.5.1)
0

Bennuuna @ ompepexasiercs m3 dopmynsr (V. 3. 3). danee

; 2 h’ (Py— D,
", =L1‘{0°—,°)—, (V.5.2)
lnr—c—I-C

rae C’ — ¢mapTpanHoHHOE CONpOTHBIeHNe, OOYCIOBJIEHHOE HECOBEp-
MeHCTBOM CKBajKHHH B IIpeoGpasoBanHoM miacte; M, @D, — moren-
nuaJjgn Ha rparmnme r = R, u B orsepcrusax. Uz (V.5.2)

= 2 Re=Dd) (V.5.3)
In r—co—l"cl

Takum o6pasom, 3agaua csBogurea K pacdery C’. OGHYHO 3ajaHbI
sEavenua ¢ gasa xpyraox mepdopanmii. [locae mpeo6pasosanma z' ==
= % z Kpyrase Nepdopanuu nepeinyr B smaunrudeckme. Huske pac-
CMOTpPeH OfHMH M3 BO3MOMKHBIX METONOB NPUOIMIKEHHOTO pacdeTa Ipu-
TOKA K CKBQ)KHHE, BCKPHITON HeGOJBIIUM THCIOM 3JIJIHMOTAYECKAX OT-
BepCTHH, YHAJEHHHX APYr OT JApyra HACTOJNBKO, YTO MX B3aNMHOH WH-
Tepdepernnuell IJd NPOCTOTH MOKHO IIpeHelpedb.
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PaccMoTpuM cHadaja OPUTOK B BIIANTHYCCKYH IOAOCTH B HEPTrpa-
HHYEHHOM OJ{HOpPOgHOM mpocrpaHcTBe. [lycTh moTennuans Ha Gecko-
HEYHOCTH U Ha rpamnne swiunconna @y u d¢. Ira 3aava 9KBHBAIEHTHA
3amade 00 JIMEKTPUYECKOM CONPOTHBIIEHHH 3a3eMJICHHOTO JJIIMICOUNA,
MOTOMY MOYKHO BOCIOJb30BATBCA €€ XOPOIIO H3BECTHHIM pemeHHeM
112, 38].

Haa pebmTa, npuTeKalomero K SJUIMICOMAY ¢ NOJYOCAMH dai, ds,

as, UMeeM
o0

L P % . (V.5.4
v 0 “”J V (&+0}) (5+a}) (5+43) V-9

BrorauciaeEue aMMOTHYECKOTO HHTErpaia
(V. 5. 4) He npepcraBasAer sarpyqHeHuii u Bcer-
ga Mo;keT OEITh BumogueHo. /[linA Hame#l 3a- L2
JAadn, KOIJa pacCMAaTPHBAeTCHA HJLIUNTHIECKOE
OTBepCTHe, ORHY U3 NOJIYyocedl 3IHICOMAA
nojaraeM paBHOW Hyaw, Hampumep asz = 0.
Kpome Toro, Tak xak NpPHUTOK K OTBEPCTHIO
OpPOMCXOAUT C OfHOH CTOPOHHE, COIPOTHBIECHIE
0 ClelyeT YABOHUTE: L
a l:= gl 7
a

d
Q=4—nf —% . (V.55
B V§(§+a1) (g‘*““z) Puc. V. 13. Bcuomora-
- TeJbHHI TpaduK A pac-
OGosnaanm depes a =) a;a; pajmyc pap- UeTa NPUTOKA K HIIHNTH-
HOBEJIMKOr0 IO NJOLIAAM KPYTJOTO OTBEPCTUA HecKoMYy OTBEpCTHIO.
H BBeleM B PacCMOTDEHHE BEIUIHHY

1 1
& 1 d& 1 w5
@ /mOJ VE(E a2 /moj E+a)VE 4 ( )

Na (V.5.5) u (V.5.6) MOKHO BHYMCIMTH OTHOINEHHE COIPOTHB-
JIeHHii:
L ), e=-21 (V.5.7)
Qo

a; ’

rae e coraacho (V.5.7) — oTHomenue mosxyoceil aJuinmca.
I'pagur ¢ (e) cormacuo (V.5.7) upepcTaBien na puc. V. 13, npuiem
NPHHATO a,; << ;. Taxum ofpasoM, JJs CONPOTHBICHNS MMeeM

B ! L V. 5.
¢ 4{1(])(02) 4V“1a2 (P(az)’ ( | 8)

The q)( )MomeT GuThL ompefeaerno u3 rpadpmra pme. V. 13.
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TakuM o6pasom, coraacHo fopmyiae (V.5.4) DPHTOK K OTBepPCTHIO
onpefedfeTCa ypaBHeRMeM

0 = 2@=%) Ve (V.5.9)
4
*()

PaccMoTpuM Temeph ABM;KeHHE B OZHOPORHO-aHH30TPONHOM ILTACTE
MOIIHOCTEI0 h, BCKpPHTOM o0caskeHHOH CcKBaykmHoU, mepdopmpoBanHOi
KPYIJIHMHA OTBePCTUAME JUaMeTpoM d, OpHYeM paccTOAHHE MY OT-
BePCTHAME CIMTAeTCA GONBINUM IO CPABHEHWIO ¢ MX [MAMETPOM.

Ilycts va paccroammu Ry ~> h motennman paBeH @y Hak yike yka-
3HBAJIOCH, ABH;KeHHe B obmacTH Ry > r > Ro MOKHO CIHTATH IIOCKO-
papmanbHnM, npmdeM Ko =~ h.

Haiinem pe6ur ¢’ B Impeo6pa3oBaHHOM OJHOPOJHOM IJIAacTe MOITHO-
ctbel0 A’ = % h. IIpu stoM B obmactn re< r<( Ro BONMM3W oTBepCcTMil
OyneM monbsoBathea $opmyaoit (V. 5.9). IIycrs uwmcno orBepcruit V.

Torma, o6o3HaYas NPOMEKYTOYHEIHA IOTGHIMAN HA rpanume r = R,
qepes @y, momyyuMm cAegyIomIye ypaBHeHUA HEPa3PHIBHOCTU JBHMKeHUA:

2
. o)
. Q Ry _ _ Q ay
(D“ — (Do == —27'! W In —Ro y cDo (Dc =N —4 Val_az .
B (V.5.10) caegyer mnoaomath a; = %d, as = %xd, TaK Kak

00RgHO % > 1.
Torga Bmecrto (V.5.10) Oynmer

(V. 5.10)

N 2dVx 21 b NdV'x
M3 (V.5.10) u (V.5. 11) monydaem

= @ B mhe)]
Pre— Pe = 2nh’[nRo+ NdVx ]_

Oy~ =L 267D @ mebThh g g gy

Q l RH nh . —1 RO
= ——In =24+ —7Vre(x ") —In=-2], V.5.12
250 h [ re = Nd o () re ] ( )

Jdnsa cosmamusa HekoToporo 3amaca B pacgere MOMHO In Ry/re B
(V.5.12) or6pocuts M ompeAeasaTs (UIbTpANMOHHOe coupoTABaeHMe C
B 3TOM cJaydae M3 POpPMYJH

C=%Vu_q><—i—). (V.5.13)

OrmeTuM, 9ro HebGoAbIIOEe BHeXpeHWe TYyab B IOPOAY, KaK Cileayer
n3 omuiToB B. U. [llypoBa Ha 2iIeKTPONUTHIECKUX MOJEIAX HeCOBEPIIEH-
HHX CKBa;KUH, 3HauuTenbHo (B 2,5 —3 pasa) cumxkaer BeamanmHy C. Ta-
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KUM o6pasoM, ANs CKBAayKAH, BCKPHTHX TyJeBoil Hepdopamueii, sHage-
aue C n3 (V. 5. 13) MokHO yMeHBIATE B 3 pasa I CYATATD

h 1
Cz—]\—,zx(p<—;-). (V.5.14)

§ 6. UnpuraTopubie KpuBbre Jedur — JAenpeccus OIS OAHOPOXHOM
HEeC;RIMaeMoii KANKOCTH M IA rasa npH JHHEHHOM N HeanHeiiHoM
saxkonax QuibTpanuu. VaTepdepennusa CKBaMKIH NPH ABYWIEHHOM
3aKoHe (PUIbTpamHNH

NuepukaTopHBe KpHBHE Ne0UT — KellpecCHsA, CHUMaeMble IIPH ycTa-
HOBUBOIEMCS PeKAMe, SBIAITCA BaykHelmUM TOKYMEHTOM, XapaKTepH-
3YIOMUM CKBa;RHHY W Opm3aboilHyo0 30HY IITacTa.

0 q
&p ap?
Puc. V. 14, NapuraTopusle Punc. V. 15. UupukatopHas KpH-
KpWBHE CKBKWH Jebur — Basg TasoBOH CKBAKUHEL IIpH
Jenpeccus. TPHTOKe, CJHEAyIOImeMy S3aKOHY
Hapcu.

Jlnsa HeTAHHX CKBa;KUH, KOrja clipaBefams 3aKoH [lapcu Bo Beeit
obmacTi TeYeHWsd, MHAHMKATOPHAS KpHUBafg, T.e. 3aBACUMOCTb Hebura
Q or penpeccun  Ap, mmeer Bup (puc. V. 14):

Q=CyAp, (v.6.1)

rpe Co — KoapdunmeHT OPOXYKTUBHOCTH.
B paseepHyToM BHEe AJAA COBePIIEHHEIX CKBJKUH corjdacHo ¢op-
mymae Hiomiom koadpdunment C, ounpefensiercs Qopmynoit
kh
Co= 22EL_ (V.6.2)

K
wln T

CoBepmIeHHO TO jKe MOJ/KHO HMMeTh MeCcTo jyis (QuIbTpallmH rasa,
Korga oma ciefyer sakomy Jlapcu (pue. V. 15).



146 Ta. V. IIpumok &k HecOGEPULEHHBHM CKEANCUHAM

Ilox menpeccueii nis razaoB HOHEMAETCsI PA3HOCTh KBaJpaToB KOHTYD-
HOTO i 3afoiiEOro abcomoTHHX mapienmit Ap® = p2 — p2. Hamomunw,
9TO IPH CcTAlMOHApPHOE ¢mabTpanmm rasa ¢ymEkousa JlelGemsona HMeeT

BHJ 21;“;— D* 1 anHeIHO cBA3aHA ¢ BeCOBHIM flebnToM rasa G. Yacro BmecTo
ar

BecoBoro je6ura BBOAHTCA BejuduHA 06BbeMHOTO fie6uTa (Qnpus, NpHBe-
NeHHOTr0 K HeKOTOPHIM CTAHZAPTHHM YCJIOBHAM, HAIDHMED aTMocdepHOMY
JAABIEHUIO M IJIACTOBOH TeMIlepaType.

Jlng rasoBHX CKBAaKMH, CTPOA 3aBHCEMOCTh  Qupus = ¢ (Ap?),
MH TaXike NOJIKHE HOJNYIATH OPAMYIO JHHEIO, ecad (QUIbTpPanmus rasa
cieyeT BIUIOTH {0 CTeHKHN CKBaj;KHHE 3axony [lapcm:

Qupus = Co Ap?,
n kh

Co= ——x- (vV.6.3)
Pa'r}"ln'r_:—

e

B GonpmuaCTBe CAy9aeB, OMHAKO, JeOHUT ra30BHIX CKBA)KUH He Cle-
AyeT MOXHOCTHIO 3aKomy Jlapcu, Tak jKe KAK B HEKOTOPHIX CIydasx
H Jig HeTAHKX M BOTAHHX CKBasKUH.

B6ausn QuabTpPanMOHHKNX OrBepCTHil IpH NpPHOAMKREHMM K CTOHKE
CKBAKHHH CKOPOCTH QUIBTPAIMHM CTAHOBHUTCHA HACTONBKO GOJBINION, ITO
guciaa Peiimoapica TpeBocxofsaT Kputhadeckue. HBagparte ckopocTei
CTAHOBATCA BeCbMa OOJNBNIMMHU, W UMM HpeHeOpPeraTh yiKe HeJlb3AH.

OO6KYHO TPUMEHAIOT JIBa clloco0a 06 paboTKN MHANKATOPHKX KPHBHIX.

IlepBuii cmocof B3aKio4gaeTcd B TOM, 9TO OIKITHAA 3aBHCHMOCTH
aNTpoKCHMUPYeTcA cTelleHHO# dopmynoi

Q =CoAp. (V.6. 4)

HOna Kaxmoil CKBaKMBE HojxydaloTca cBodM Cy ¥ n.
Mexanusmy #ABIeHMA Tropasfgo OamKe COOTBETCTBYeT MNBYLICHHAN
dopmyna pua rpagdenta HaBieHms (cM. § 4, ra. I)

9P Byt pou, (V.6.5)

Tlle W — CKOPOCTh PmabTpamua; ds — dJIeMeHT CTPyHEN; KosPdunment
b 3aBHCHAT 0T reoMeTpHH CaMoH HOPHCTOU CpPefiH, OT MHKPOIIePOX0BATO-
cTeit m T. JI.

Tak Kak IIpE DPOYAX PAaBHHX YCIOBHAX CKOPOCTH CTPyeK IIPONOp-
NHOHAJBHH feb6hTaM, TO HETPYOHO BHAETH, YTO JBYWIEHHOMY B3aKOHY
¢nasrpanum (V. 6. 5) cooTBeTcTBYET CleAyIoee ypaBHEHHe MHAMKATOD-
HOM KpuBOH A HEC)KUMAaeMOH ;KUIKOCTH:

Ap = AQ + BQ?, (V. 6.6)

rpadudgeckm m3obparkaeMoe mapabomoit OAB (cMm. puc. V. 14),
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CooTBeTCTBeHHO JJA Ta3oBOd CKBaKHUHE

Ap* = Alannn + BlQ%pnB s (v.6.7)

tne A, B, Ai, B1 — napaMeTphl, NOCTOAHHHE NAA JaHHOH HedTaAHOH
WIH Fa30BOH CKBAayKUHHE.

OTMeTHM, YTO NPH HCOKTAHHAX CKBAajKUH UHOTHA HOJYYAKTCA MH-
nukaTopubie Kpueeie Buga OA’B’ (pme. V. 14). Taxue unmuraTopHbIe
KpuBble, HAIPaBJIeHHHE BOTHYTOCTHI0 BIPaBO, KAK YHAa3HBAKT
B. H. Illexxkages u K. M. Noruos [39], o651uno aBRsA0TICH CaefcTBHEM
HEYCTAHOBUBIIUXCS TIPOLECCOB.

Caxegyer oTMETHTH, 4TO IPOHMIAEMOCTh U BABKOCTh B IPHBENEeHHEIX
BHIIE PACCYKICHHAX CUHTATUCH IIOCTOAHHHIMM, HE 3aBUCAMUMH OT Ja-
irenusa. Hak ykassBanoch B Hawane kuura (§ 3, rua. I), B page caygaes
mocjeRHee NPeIIONOKeHNEe He WMeeT MecTa. HaK IoKasaHo B paGoTax
A. Bana, B. H. Huxomaesckoro um gpyrux [40, 41, 42; JIr. 1. 24], un-
OUKATOPHLEE KPUBHe AeOUT — JeNpeccus, CHATEE IPH YCTAHOBUBIIMXCSH
pesKUMax, MOTYT MMETh DPA3JIHYHHI BA B 3aBHCHMOCTH OT XapaKTepa
U3MEeHEeHHMA NPOHHUIAEMOCTH M BA3KOCTU OT JaBJIeHUA ¥ OLITh HAHPABJeH-
HBHMHA BOPABO KAK BHIIYKJIOCTHIO, TAK M BOTHYTOCThI0. W3BecTHOE BIMA-
HHMe Ha 3T0T 3QdeKT MOKeT MMeTh TaKske TPELHHOBATOCTH mopoxsl [40].

Ecian ke mpoHUNaeMocTs M BASKOCTL OT JABICHHA He 3aBHCAT, TO
HHIMKATOPHEE KpHUBLIE, IOJYyYeHHBIe MeTOAOM IPOOHEIX OTKAYeK MpH
HeHCTBITENbHO YCTAHOBMBINEMCH DPeyKUMe, TOJSKHH OHTH HPAMOJMHEH-
HBIMA MIH HAIPABAEHHHIMA BHIOYKJIOCThIO BIpaso {cMm. pue. V. 14).

IIpubGaum:keHHOe TeopeTHdeCKoe oOIpefieieHHe NapamerpoB A, B,
A1, B1 Aas HeKOTOPHX BHAOB 3a00€B MOKHO BHIIOJHHUTH CJIEIYIOH{AM
o0pasom.

Bygem wucxogmTs u3 3aKoHa (uiabTpamuu, KOTOPHI IpeAcTaBleH
nByaneHHo#l dopmynoit (V. 6. 5).

Kos¢pdunuent b mo mauueiMm E. M. Munckoro ompepeinsercsa dopmy-
Joi

—b v 2
p= 1210 7 (ﬂ’g (V.6.8)
mVk Vi

E. M. Murckuii cunTaeT BO3MOMKHBIM 0IH30BaThesA Hopmynoit (V.6.5)
Opa JA00HX CKOPOCTAX [BW)KEHHA He3aBHCHMO OT 3HAUeHHMA YHUCHA
Peitmoanaca.

TIo E. M. Muuacxomy anciio Peitnonbaca TodbKo N03BOIAET BEACHUTS,
KaKoBa 0yaeT IOTPeIIHOCTD, eCJaH IpA 3afgaHHOM 4duciae Pefimoabaca or-
6pocuth B dopmyne (V. 6. 5) Bropoit wien, cofep;Kamuil KBagpaT CKO-
poctu.

To obGcrosnTenseTBo, 9To Popmymoi (V. 6. 5) MoKHO HOJIB30BATHCA
He3aBUCHMO OT duciaa PeliHoabaca, BeckMma o0iaerdaer BEIIOJHEHHEe pac-
9eTOB, €CJH IPUHATH CAEAYIOUIYI0 METOLUKY.

Ilpn mputoke K CKBa)kMHe HAanGOJAbIIME CKOPOCTH (UIbTpaLAM
CYIMEecTBYIOT HA CTeHKe CKBajkMHBL WM, eCcJH oHA HIepdopuposaHa,
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B nepdopauHoHHBIX OTBepCTHAX. BHaju ke 0T CKBaKHHH CKOPOCTH
MAaJIBI.

PacemoTpuM cXemy IpuToKa K TpyHIe HeCOBePIIEHHHX CKBayKHH
¢ nBoifineM BuAoM HecoBepmeHcTBa (cM. pue. V. 6).

B nedranbix 3amagax paccTOSHME MEKAY CKBaKMHAMHU OOKIYHO BhHIpa-
sxaercd Beamaunamu 300 -—500 4 1 Gosiee TpH MOMHOCTY HOPARKA HeCATKA
MeTpOB.

Ha puc. V. 10 mokazan paspes miracTa B BePTUKANBHOI IIOCKOCTH,
opoxonAmuil 4epe3 Kakylo-1u60 CKBa)KHHY, BCKPHBIIYIO IJIacT He Ha
BCI0O MOIIHOCTb.

IIycTs ckBaskuHA, KpoMe TOTO, Heppopupobana win cHaGKeHa PUIBT-
poM. 9To OygeT HeCOBePIIEHCTBO IO XapaKTepy BCKpHITHA. Har Mbr yike
pamee moctymamu (§ 2, ra. V), OKPY/REM MBICIEHHO KOKAYI0 PeANbHYIO
CKBJKUHY MIUIHHIIPHIECKOH MOBEePXHOCTHIO paguycoM Ro > A, KOTOpYIo,
Kak ¥ paubine, OyfgeM cYHATATh BoobpajkaeMo#l COBepIEHHOH CKBaiKU-
HoO#l (cMm. puc. V. 12).

TaruM o6pazoMm, o06IacTh ABM)KeHUA pa3buBaeTCs HA [(Be 30HHL:
HA 30HY INIOCKOTO ABIGKEHHSA Me;KAY KOHTYPOM LHTAHUS M QUKTHBHBIMH
COBEPIMIEHHBIMH CKBa;KHHAMU papuycamu Ro (3Ty 30HYy MOKHO Paccui-
TaTh N0 opMyaaM MIOCKoll MHTepdepeHIMM CKBaskHH) u 00IacTh, Ije
JIBIJKeHHe 0yoeT CYIecTBEeHHO IIPOCTPAHCTBEHHEIM, MeyKIY (UKTIMBHBIMH
COBEPIIEHHBIMI CKBAKMHAME paguycoM Ro M HAIIEMKU peaJbHBIMU He-
COBEPIIEHHEMM CKBAKUHAMHA.

O6muil MeTOn pemeHUs 3a4a4 3aKNIOYAETCH B CJEHYIOMIEM.

BosbmeM mpoussonsHylo crpyiiky MN, Koropas HaYnHAeTCA Ha KOH-
Type HOUTAHWA U 3aKAHYWBAETCA B KaKOM-iubo oTBepcTum. PaccMoTpum
CHAYAJNA CJOYYail HeCKUMaeMoH ;KUTKOCTH.

O6o3nadnM jaBieHNe HA KOHTYDe INTAHUA Dy, 3a00iiHoe HaBlleHHE
HA CTeHKE CKBQ)KHUHH Pe.

JHanuny s 6ymeM oTCYMTHBATH [0 HATIPABIEHUIO [BHKeHUA CTPYHKHU.
Torga n3 (V.6.5) noayaum

—dp:%wds—l—bngds.

JJ1A OpocTOTH NPOHUIAEMOCTH GYHeM CUHTAaTh IOCTOSHHOI BCIORY
BJOJIb TLJACTA.

Wunrterpupys, moaygacsm

l !
p,(—pc=%jwds+bgfw2ds, (V.6.9)
0 0

rjae ! — gnwHa cTpyiku.
YroGer Moskeo Obul0 Noxb3oBathess Qopmymoit (V. 6. 9), Hy:KHO
3HATHh paclipefiejieHue cKopocTell BAoib Bcell CTPYHKH.
HenocpenctBenHo oOIpefeNuTh 3TH MHTETPAJEl U3 CTPOTOro THAPO-
AMHAMIYECKOro peldeHys B o0IMeM ciydae HeBoaMOykHO. OFHAKO MO/KHO
MOCTYIHTD CJIeNYIONUM 06pasoM.
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PacecmoTpuM B OTHEABHOCTH TEPBHI MHTErpai, T. €. BHDAajKeHHe
l

px—p;=%fwds. (V. 6. 10)
0

OueBugHO, ecau OH BCIOAY BILIOTH O CTEHKM CKBAaKMHBL JefiCTBOBAJ
sarou Jlapcd, To 3TOT UHTErpaJ onpelesaal Obl Mepemay HaBICHUS MEKIY
JaBJIeHHeM Ha KOHType NHTAHUA W AaBleHHEeM B CKBAajkUHE, KOTOpOE
B 9TOM ciaydae o06o3HA49eHO pé.

Juasa pebura cKBa;KHHEH B ofxacTu, BHYTPH KOTOPOH BCIOAY BILIOTD
Mo orBepcTHA feiicTByer 3akom [lapcm, moxygaem dopmyny

2 kh py—p,
= —_, V.6.11)
A (V. 6. 11)

rc

e r(', — OpHUBeNeHHHIT PafiniyC CKBaKMHBHL,

Orciona mosy9aercs
)

B Q

px—pcszwds—z iy LS : (V.6.12)
c

0

Bosspamasics reneps K ABYYIeHHOMY 3aKony ¢umabrpamma u ¢op-
myae (V.6.5), uctunuyio fempeccui0 Ap = px — p. MOMKHO IIpefCTa-
BATH TaK:

_. Qu
Pr— po = ot In Bx +bgfw2ds. (V.6.13)
0

Taxum o6pasom, HeauHe#HOCTE MHAUKATOpHOR KpuBoit Q = Q (Ap)
€CTeCTBEHHO OTHECTH 3a cUeT BToporo uixeHa gopmyxnnt (V. 6. 13).

K cosxamenuio, 9106H BHYUCINTH BTOPOil HHTErpas HEIOCPEICTEEHHO,
HeJIb35A HCIIONB30BATh Pe3yabTaTsl, (asupyiommecs Ha 3axome Jlapcd.
Mu usGesxanu TpAMOTO BHYUCIEHHMsA MePBOro MHTerpaja B ¢opmyiae
(V. 6. 9), xoTophIil 6B olpefesed UPH IHOMOIMH GOPMYJ A IPATOKA
K CKBajKWHe IPU JAMHeHHOM 3aKoHe QuiIbTpanumu.

3mech 3TOT IpHeM IPHMEHMTH HeJb3sd, NOTOMY 9TO KBaPaTH CKOPO-
cTeit 6yayT ocoGenHo GOJBNINMH WMEHHO BOJIM3H OTBEPCTHA M, He 3HAA
pacupefiefieHuA cKopocTeil BOMU3H 0TBePCTHA, BTOpoil mHTerpas B ¢op-
myxe (V. 6. Q) BHUHCIAUTE HEBO3MOYKHO.

ITocrapaeMcs, He CIMIIKOM OCHOKHSA JI€10, BHIACHUTH, KAKON BHJ
MOKeT HMMeThb paclipefieieHHe CKopocTell B HeNOCPEeACTBeHHON OJu30CTH
OT OTBEpPCTHA.

Paccmorpum Tpu coryuas: 1) Heo6caykeHHAs CKBasKHHA; 2) CKBaKUHA
¢ Kpyrioll mepdopanueil; 3) CKBAYKMHA CO JileJeBHIM (UILTPOM.
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1. HeoGcaskeHEAA CKBAYKHHA

B memocpeacTBenHON GAN30CTA OT CTEHKN CKBAKUHELI B 30He HaMG0Jb-
MMX CKOPOCTeR paclpefiesieHHe CKOPOCcTed BIOIb PafAyca OpuOAHKAeTCH
K INIOCKO-pPagAaIbHOMY.

ITpoBegeM BOKPYr CKBRKHH IIIHMHAPUYeCKYI0 MOBEPXHOCTH HEKOTO-
poro pagmyca ro mopagka ro/re = 2 -~ 3 u GygeM c9uTarh, 4To B He-
TIOCPEeACTBeHHON G6AM30CTH K CTEHKe CKBAJKUHH CYOECTBYET ITOCKO-
pafHanbHOE paclipefleleHHe CKOpocTeil, T. €. CKOPocTh 06paTHO HPOIOP-
[HOHAJBHA Ppajuycy:

Wele

W= r L] r('.<r<r01 (V-6.14)
TAe We — CKOPOCTh HA CTOHKE CKBAKMHH.
Briuncaare maTerpan B (V.6.13) GyneM B mpefieiax MOEKLY re H Iy,
TaK KaK 3a OpeflelaME r, KBafpaTaMu CKopocTedl MOKHO TpeHeGpedb.
Taxknm o6pazom,

! To
. \2
g‘w2d8% (_If)c—r(, dr_—_wzr: <L_ 1 .
o \ r e To
0 7

o}

1 1 - .
llonarasn —— & ——, moaydaeM HeKOTOPHH DAcueTHHH 3amac.
0 [+

Torga npubamKeRHO MOTYIEM

l 2 2
jwzds ~ e _ (2)2 re, (V.6.15)
5 Te /

TJie Q—neﬁm; [ — naomaae BCKpHTOM wacTH 3a001.

Takmm o6pazoM, HHANKATOPHYI0 KPHBYI And HeoOcakeHHOH CKBa-
JKHHBL MOM{HO ﬂpﬂﬁﬂHH{CHHO PacCYUTEIBATH @O CJEAYKIIeMYy ypaB-
HEHUIO!:

R Q\e
Pu—Po= bz ln 2 4 bo(F re (V. 6.16)

Tg

T. €. mepeNajg [aBJeHHA BHPaXKaercA ABYWIeHHoOH Qopmyraol BHAA
(V.6.6), roe

A=gtom B po 2ole (V.6.17)
c

Ecnuz sripasnrs & 3 dopmyan E. M. Munckoro (V. 6. 8), To mocie
mepecyeTa B CMEIMIAHHOM CHCTeMe eQWHNI, KOIfAa HPOHANAeMOCTh Kk
GepeTcA B gapcu, BA3KOCTh U B CAHTHLYa3ax, febut Q B cu®/cex, mnomans
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B cu%, {IMHA B CAHTAMETpAX, iaBienue B kI'/cu?, 06 beMHEHI Becy B 2/ch?,
dopmyna (V. 6. 16) nmpuammaer ciaepylomuil Bup:

- Qp 120 [ doggp re (0Q
Ap=pu—Po= ot in rc+ 2 <Vk_) e (S (v.6.18)

re dypy — 9PdeKTHBHEI [UAMETD MECIMHOK.

2. CxkBaskmHA ¢ Kpyraoii mepdopanmeii

CoBepmeHHO aHATOTHIHO MOKHO PACCMOTPETH CKBAKUHY € KPYTIBIME
nepdopanuoOEERMEA OTBEPCTHAMH.

O6o3naunM guameTp Depdopanmonroro orsepcrus D.

B memocpencTBerHO# GIM30CTH OT OTBEPCTHA paclpefelieHNe CKOPO-
creft 6ymer uMeTh paguanbHO-ceprIecKuil xapaxTep.

Cropoctn OyRYyT HampaBieHW K IeHTDPY, CJaerka 3arity0ieHHOMY
BHYTPb OTBEPCTHA.

PapgmanbHo-chepraeckuil xapakTep cKopocTedl MOKHO IPAOGIMREHHO
HPeJCTaBHTh CieAylomeit ¢dopmysion:

w=Tr’i’;+T, (V.6.19)

N

rge § — sarayGuenne.
IToll popMysoll MOKHO HONH3OBAaTHCA B CJIydae HeocpPefCTBeHHOMH
Gau3ocTH OT OTBePCTHA M B HMHTepBane ro<<r<r¢-+nrD, rpe
=2+ 4
Tlo mamsmiM, ocHoBansHM Ha peasyabrarax B. U. Hlyposa Ha snexrpo-
JATUYCCKUX Mofenax, moaydmiock 0=~0,4 D [43].
Nurerpan B (V.6.13) samcHseM Taxkum:

1 Te-tnD 2
- we)rdr Wb 1
wids = =i R e
' )=y 5+
0 e \

Bropoii wicn B KBajgpaTHEIX cKOORaX Mal IO CPaBHEHUIO ¢ efHHHU-
agei. Otciogma

L 2

[wtas ~ 220~ L(Q s, (V. 6. 20)

o

w

rie f — cymMMapHas ILIOILajb OTBEPCTHIL.
IloncraBasa »To BHpaskenne B Qopmyay (V.6.13), momydaeMm
Ap = AQ + BQ@?.
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Ilocne wmcuoassobanmsa Qgopmyns Mmrckoro (V.6.8) m mepecuera
B YKa3aHHO# BHIIe CMedIaHHOH cHCTeMe eJUHHIl — aTMOCdepH —
JapcH — CAHTHIYa3h — CAHTHMETPH — HOJy4aeM
Ry

Y o
A= In el (V.6.21)

B— 408 (dopp\2 Dy
n\ve) vE T
BeapasMmepubii ko3QPunueHT & JeKUT, ¢ YIeTOM IOTPYKEeHHAA OYJb

B8 NOPOAY, B BepoATHHX mpemenax 0,15 < e < 0,40. 3nagenuwe &~0,4
COOTBETCTBYET HYJIEBOMY BHEJPCHHIO IYJIb.

3. CxBammHBI cO MENeBHIM QHIBTPOM

TaraMm sxe 06pasoM MoKHO A H{eJeBHX QUILTPOB 3aAaThbcsd BOIUSA
MEJNH MI0CKO-PafuabHEM pAacupefieleHeM CKOPOCTeH BHRA

we=—2 (V.6.22)

r—re

_6_+.1

Te 0 — JMUHeNHHIA pa3Mep, CBA3AHHHIN ¢ IIMPHHOU INenW ¢! BepOATHHIM
cooTRomenneM 0 ~¢i, e 0,25 < & < 0,50.
Ilocne BuumciaeHmil, moAOGHEIX HPeARAYIIUM, AdA A U B moaydmm
TaK)Ke B CMeflaHHOW CHCTeMe
Ry

I
A= 5 In ol (V.6.23)

B = _120e (_dad’q) L 4
m \VE] Vi B’
rae [ — cyMMapHas mIIoIMafb uenei.

Asxanornuno, moab3ysach ¢yuknumein JleiGensona P = fy(p) dp =

Yar
2par ;
rasa K CKBa)KMHAM € J{BOMHEIM BHIOM HecoBepimenctsa, I[Ipu arom
Take Oynger

P%, MOKHO moaydurh GOPMYJH [AIA YCTAHOBUBINETOCA IIPUTOKA

AP = AG - BG?, (V. 6.24)
rae G — BecoBoil 1e6uT.

Hoodduumentnt A 1 B nas cKBasKUH ¢ 3aaHHBIM BUI0M HecoBbepIIeH-
«¢TBA ONpPENeJAITCA YKa3aHHKEM Bbille 00pPa3oM M IO CTPYKType coBIa-
naror ¢ dopmyaamu (V. 6. 18), (V. 6. 21), (V. 6. 23), orangaacs oT HUX
YECAeHHHM KoddPUIMeHTOM, 3aBHCAIIMM OT BHIOOpA CHUCTEMBl efHHMIL.

3aMeTHM B 3aKII0OYeHMe, YTO OIBITHHIE WHIMKATODHBIE KpDHUBEIE,
T. ¢. QaKTH9ecKHM IodydeHHBie ToukKu Ap, Q, pexomengyercsa o6pabaTei-
Bath To dopmyne (V. 6. 6) mas Haxompmenusi napametrpoB A m B nus
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NaHHOW CKBAKHHH. JTH MapamMeTPH OOKYHO ONPefeNSIOTCA 10 CIoCo0y
HaUMeHBINNX KBafparoB. BecbMma ymoGeH Taxske cmoco6 E. M. Mumckoro
[JIt. I. 20; 44]; ypasuenme (V. 6. 6) MoskHO HpefCTABHTL B BHUJe

Aa”— — A+ BO. (V. 6.25)

A
HaHocs Ha rpaduk oNHTHHe TOYKH B KOOpHUHATAX —% , Q

c
Q ?

(V. 6. 25) MHE R0OJKHEH DONYYATH NpAMyo aurnio (puc. V. 16).

B peiictBETenBHOCTH OyHeT NHOAYIATBCA

HeKOTODHIi pasbpoc TodeK, Ho upsmo- 4p/Q

INHeAHHH XapaKkTep 3aBUCMMOCTH A@p_

OTJIACHO

*

Q smasmrca. Ilo WocTpoemmoit mpamoi A

Jerko HaxomATcsa mapametpsl A u B. To A<

sKe OTHOCMTCA MW K CJHY9al0 Ta30BHX e

CKBayKOH. A
VBnuKaTopHEle KPUBEE ra30BEHX CKBA- /9

KUH caemyeT oOpaGaTHBATh BUOOJHe aHAa- e

JormuHO 0 (opmyne o4

_Ap
anma

- Al -+ Blonpma ’ (V- 6. 26)

rae Ap? = p2 — p2, px, pc — abcomor-
HEI® JQBJIEHUA, /g 7

Tak kak gsywieEHas  Qopmyaa

ors Puc. V. 16.

(V. 6. 6) ropasmo 6amie COOTBETCTBYeT
¢mandeckoil mpupoge ¢uabTpanum, He-
JKEJIR ONHOWIEHHHIe cTemenHsie Qopmynut Buga (V. 6. 4), To u sxcrpa-
TOJIATMIO WHIHKATOPHOW KDHBOI 3a IIpe/iesibl ONBTHHX TO4YeK 1A 60ab-
mUX 3HAYeHUH me6mrTa ropasno o6ocHOBaHHEE TPOH3BOAUTH IO NBYYJIeH-
HOi ¢dopMyle, Hemeau TO CTEIeHHOI.

Omnpepenus. koadpdunitent B B dopmyue (V. 6. 6) gas nagukaTopHOil
KPHUBOll YKAa3aHHEIM BhIIe ONEHOYHLIM AHAJNTHICCKHM pAaCcueTOM WJIH
IPAMBIM ACHOHTAHEEM CKBAa)KHHEL DyTeM IPOOHBIX OTKAYEK NMpPH yCTAHO-
BUBINEMCS PERIAME, MOKEO HCIIOIb30BATh METON, 9KBHBAJIEHTHRIX PHILTPA-
OUMOHHBIX CONPOTHBJICHUA A HCCINOBAHUA HMHTeP(EpEHIUN CKBAKUH
Opu ByWIeHHOM 3aKoHe uabrpanun. s aToro ypaBHeHHe HHIITKATOD-
HOH KPWMBOH clefyer HpeicTaBUTh B BHUJE

Ap=4Q+¢"0, (V.6.27)
¢ =BQ=¢"(Q (V.6.28)

MO}KHO DAacCMATDHBATE KaK HeJIWHeHHOe CONpOTHBIeHHe, AoGaBiseMoe
K BHYTPeHHEMY CONDPOTHBIEHHIO Q’, oIpefie/AeMOMY KOHEYHHIM paccTofA-
HOEeM MeRAY CKBaykuHaMu B 6arapee (§ 5, ru. I'V) us dopmyast (IV. 5. 11). .

rme
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Hanpumep, B cxeme QmIBTPaNMOHHLIX CONPOTABICHUN, MOKAa3aHHOMN
ma puc. IV. 12 nua ycmosuit nmuHefiHOr0 3aKoHA QUIBTPALAHA, BHYTPEeH-
HUe COIPOTHBIEHHAA Q' CJeAyeT 3aMeHHATh cymmoit @ -+ o' (Q), rme
0" (Q) = BQ paa rammo#l ckBakubn. JlanpHeHmuil pacdeT BemeTcs,
KaxX W paHee, Ipu moMomu 3akoHoB Oma m Hupxroda, Ho cucrema ypas-
HeHHWH HojydaeTcs y:Ke He JuHeHHOH, a cofepsKamell KBajpaTHHeE ypaB-
HEHUs, 9T0 IpH GoabmIoM ducie 6aTtapeil CBA3aHO C YCIAO/KHEHMEM BHI-
gucaenmii. B 3ToM caygae Moryr okasarhbcs BechbMa HOJE3HHIMH COBpe-
MeHHEE GHICTPONeHCTBYIONHE BHYUCIUTEIbHEE MAIINHEL,
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I'JTABA VI

BE3UATIOPHOE NIBIGKEHUE SKUIKOCTH
B TIOPHCTOII CPEJIE

§ t. OcoGennocru 6esnanopnoro Asmkenns. [Ipegnocsuirn
rajipaBiandeckoii Teopun 0€3HANOPHOTO {BILKEHHA

Bessanoproe ABMKeHHe — 3TO TaKoe ABWIKeHUE, B KOTOPOM Ibe30-
MeTpUYeCKasg IOBePXHOCTH COBIAAaeT €O CBOGOMHON MOBEPXHOCTHIO Ca-
Moll JKHAKOCTH, HaJ KOTOPOHl MMeeT MeCTO TOCTOSHHOE HaBleHHe.

Ilpn uabrpanuyu depe3 IIOTHHEL, BOTOTOHWKEHUH U T. A. THAPOTEX-
HAKAaM OPUXOMUTCA YACTO CTAJNKHBATECA ¢ Oe3HATOPHBIM JIBH:KEHHEM
TPYHTOBOTO HOTOKA.

Hedrarnkam ;xe NPHUXOAMTICH MMETH [HeJO ¢ OTPOMHHIMH Tay6MHAME
M COOTBETCTBYIOIIMMEH Hamopamu. BesHamopHoe ABMkeHHe TP aTMO-
cdepHOM JaBiIeHUA HAJ cBOoOOAHOH HOBEPXHOCTHIO B HeTAHBIX 3amadax
BCTPEYaeTCH CpPABHUTENBHO pPEJKO, HAUpHMEp, HIPH IMAaXTHOM cuocole
SKCILIYaTAI .

3HaUnTeJbHO Yalle BCTPEYAOTCH GUIABTPANMOHHBIC TOTOKH, HHOTAA
Ha3eBaeMble M0JYHANODPHEIMH, KOTTA HA OJHUX YYACTKAX JBU;KeHHe Ha-
TopHOE, Ha Apyrux Oes3HaNopHOe.

PacemoTpuM, K IpuMepy, ra3oBYI0 MAOKy B BOKOHOCHOM ILIacTe —
pechbMa THNMYHBI CJIYyIall Ta30BOro MeCTOPO:KIeHUA. Kcaum rasosoe
MECTOpOKJeHNe He pa3pabaTeiBaeTCA M IUIACTOBAS MORONIBEHHAA BOJA
HeNoJBWKHA, TO, OYeBHHO, TPAaHHUNA pasfena ras — Boga Gymer ropu-
30HTAIBHOM MiIocKocThio. VHorxa miacToBasd Boja IO IasoBEIM MeCTO-
pOsKIeHNEeM ABU;KeTCA B 3afJaHHOM HANpPAaBIeHWH IoJ HgelicTBUeM Cyule-
CTBYIOIET0 COI'ACHO MECTHHIM THADPOTeOJIOTrHIeCKNM YCJIOBHAM Tpa-
IvenTa jaBienus. Torma, ecaum cUMTaTh JaBleHNe B rase MOCTOAHHBIM,
B 30He KOHTAaKTA ra3 — Boja IBUKEHNEe BOJH (e3HaNlopHOEe, BHe 3TOMH
30HH JIBH)KeHHe HamopHoe. I'asoBad 3ameskb OpU 3TOM CMeliaercad W
TpaHHIIA pazfeda ra3 — Boga DepecraeT OHTH TOPU3OHTANBHON N
OJI0CKOH.

Anajornysas KapTHHa HabialofaeTcs M B ciIydae He pa3padaThl-
BaeMoro mmu cixafo BSKcmayarmpyemoro HedTAHOrO0 MeCTOpPOKIeHUA,
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Korma HedTh MOKHO CYATATh IPAKTAYECKH HENOABIKHOH, a Homo-
IIBEHHY BORY [ABHKyMeHcA.

3anaqun GesHamopHoil PUABTPANNA IIPECTABIAIOT GOJNBINON TEeopeTH-
yeckmii wmHATepec. OHN 3HAYMTEIBHO TPYAHee, Y6M AHAJOTUMYHKEE 33aJaUU
HATOPHOTO ABIKEHUA.

Ilpumepom GesmailopHOTO
OBHKEHUSA  MOKeT CJIYKHTH
¢uabTPanMA dYepes HOpAMoO-
YroJALHYI0 TepeMbyKy (IIOTH-
Hy), IoKa3auuylo Ha puc. VI.1.

Ilepembiaka o0GBHIYHO — BHI-
MOJHAETCA M3  MaTepHaja,
KOTOPHI# B TOIl miam MHOH cTe-
OeHU ABIAeTCA PUILTPYIOMUM.

HamomManM HeKoTOpHe oOMmpe-
Puc. VI. 1. Cxema 6e3HaliOPHOTO TEYeRHA  feJIeHHA.

yepes IPOHHIAEMYI0 IIeDeMBIYKY IIpH TOpPH-
30HTANBHOM Hel POHWIaeMOM OCHOBAHWN. ypOBeHb Hl Ha3EIBACTCA
BepxHNM ObefoM, YPOBEHB

Hy; — mamuxanm 6bedom.
CpoGogHas TOBEPXHOCTH KMAKOCTM, (UIBTPYIOIUIelcH dYepe3 TeJo
ILTOTUHEL, Ha3blBAeTCA [elpecCHOHHOI IoBepxHocThio (KpuBan ABC).
Ceobopnast 10BePXHOCTD BbI-

XoAuUT HA INpaByw TpaHb io
Bcerga  BHIle  HIGKHETO 2r
6neda. — | =
Beanunua BC nasmBaer- A A
CA INPOMEKYTKOM BBICAYH- ——]
pagua. Ha 9roMm 1pome- D
IKYTHKE JRUAKOCTH OymeT co- - N <
9UTHCA B aTMocdepy u cTe- N\g e —
KaTh BRoab BC B HmwmHHE | < e [ .x
6ned. "_j ¢ -lc ¥ :: T
To mae mponcxopur mpm  _] ol B e
B b DM N SN AN A
ny. Cxema upuroKa K Lﬁ"_—
KOJNOALYy  Il0Kazama  Ha
puc. VI. 2. Pac. VI. 2. CxemMa O0esHaloOpHOTO NPHTOKA
HyHKTI/IpOI\I HOKA3AH K COBepIIeHHON CKBaXKUHE-KOJOAIY.

CTATH9eCKH yPoBeHb IPYH-
TOBEIX BoA. Ecam 3ToT ypoBeHP HYKHO TOHH3UTH, OypAT CKBAa-
KUHY HJIH KoJofell, CHYyCKAaloT HACOCHHE TPYOH U OTKadIUBAIOT
BOALY.

lloBepxwocTs fAempeccun HMeeT BHI HOBeDXHOCTH BpAIIeHHA
ABCC'B'A’, mpuisem Ry — pajumyc o6iacTd THTaHUA, 7, — Paguyc
CKBAKHMHLL.
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Ecan Ha Kourype mHuTaHusa ypobeHb Hy, HA KOHType CKBa)KHHH
H., 7o mpu BEIXOfle HA CTEHKY CKBAKWHB TaK:e OymayT NPOMCXOXHTD
PaspeiB ypoBHell m 00pa3oBaHHe NMPOME;KYTKA BLICAYHNBAHMA.

Jlasg uWHKeHepPHHIX pacdeToB IOJAL30BANICH H TellePb YAaCTO MOdb-
3ylorcd npubdA;KeHHOII Teopuell — ruapaBanYeckoil Teopueil Ge3Ha-
MOPHOTO JBH/KeHUA, HPeANOCLIIKA KOTOPOH M3/0KeHH HIHKC.

Heburni u pacxopmpl, paccdu-
TaHHble 10 THAPABIHYECKOI Teo-
puu, o0YeHb XOPOMO COBIAZAT
C JKCIIe PUMEH TAJ bBHBIMIT TaH-
HBIMIL. —]

Yro KacaeTcsa oUepTAHHA CBO-  —f
donmoil TOBepPXHOCTH, TO 3ech  —»
HpuOIIsKeHHAas Teopusa JaeT 3a- _L
MeTHyI0o omubKy, ocoGenno BOMM- —* TN
3M BHXoAa K HWKHeMy Obedy. —= — =2
[Mpubamrensas TeopHsa He y4u- T
TBIBAET CYUIECTBOBAHUA IIPOME-
JKYTHKaA BDICAYUBaHUA. q Tz

TnaBHAsg TPyAHOCTH TOYHOIO
pemeHus 3agaux OeaHanopHOI Pue. VI. 3.

GUIBTPAIAN 3aAKJII0OYRETCA B TOM,

970 HelzBecTHA dopma 00JACTH, 3aHATAA TPYITOBHM IoTokoM. B zajna-
9ax HaNOpHOIl ¢uaprpamuu ¢opma o006IacTH u3BecTHA, LOTOMY dYTO
KpOBIA W NofAomBa (UKCHPOBAHEL

B xmure II. f. Kounnoii [Jlr. II. 2] npusesens nexoropuie TogHHe
pemieHNs 3aZaud 0 JOBIGKEHHM depe3 MPAMOYTOJLHYK ICpPeMLIUYKY,
a rtarske NMofgpobuas 6ubanorpadms o 3TOMY BOIpPOCY.

3amata o pamgualdbHOM 0e3HANOPHOM TPHTOKE K KOJIOAUY A0 CHX
HOp He HMMeeT IIOJHOr0o TeOPeTHIEeCKH CTPOTOTO peIIerid.,

IlepeiimeM ¥ paccMOTPEHHIO HPHOIH/KEHHOI TCOPHH — THUJPaBIHU-
gecKoil TeopHm GesHamopuoro jasm:kenus. llponemem mnpomssoabHoe
BePTHKANBHOE CEUCHHE B HEKOTOPOM Oe3HATOPHOM TIOTOKe.

INycrs opauraTa cBo0OAHON NMOBEPXHOCTH /4, YKIOH cBoOoxHoil Io-
BepxHocTH i, i = sin a (pmc. VI, 3). T'uppaBanveckan Teopus GesHa-
HOPHOTO JBU/KEHHS MCXOANT M3 CIHeAYIONMIHX OCHOBHBIX JOIYIIeHHii:

1) ropusoRTaNbHNE KOMIOHEHTH CKOPOCTH paclpeflelicHh paBHO-
MePHO;

2) maBieHME BJloNb BEPTHKAJIM paclpeieJeHo 10 TH/POCTATHIECKOMY

3aKoHy, T. e. mamop H = z +z— = H (z, y). Hanop, Takum oGpasom,

IpeATogaraeTcd DOCTOAHHBEIM BOJEL KayRA0N Bepruwanum Ilpu mepexope
OT OJIHOI BepPTHKAJM K JPYToil Hanop, KoHedHo, Gyier MeHATHCA.

Mo:xkno mokasarb [1), 910 »TH nDpemmoCLLIKH JOMYCTUMLI B Tex
06JI&10THX., rge i « 1, 1. e. BManu OT HPOMEKYTKA BHICAYUBAHIA, The
I =
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Jonymenas rappasBiImdecKoii Teopuu O6e3HANOPHOTO JBUKEHAA
HMMeI0T MHOT0 0o0IIero ¢ MpefIOCHIIKAMA TEOPHH MEJICHHO U3MEHIIOIe-
rocg JBWIKEHHAA >KATKOCTH, KOTOpasd IMHPOKO IPHMEHAETCA B THIpa-
BJIAKE.

Mo:kHO OTMETHUTH CJjefylomee OOCTOATENBCTBO: HpEANoJO:KeHAe O
TUIPOCTATHIECKOM pacIpefielieHH NABJIEHUA BHOJIDL BEPTHKAIH DKBU-
BaJICHTHO YCAOBHIO, YTO BePTHKAJBHAA COCTABIAIINAS NPOHHIAEMOCTH
TpyHTa paBHa OecKoHewHocTH. Jro Obo ykasamo I'. K. Muxaiino-
Bam [2].

OueBHAHO, eclIWm B (PUILTPANUOHHOM IOTOKE ¢ (UKCHPOBAHHBIMM
HalloOpaMH Ha TPAHUIAX YBEAWIMBATH KAKYI-TH(O COCTABIAIILYIO
IPOHMUIAEMOCTH, TO 9TO MOKET IPHBECTH TOJNBKO K YBeIWYCHHIO
nebura.

HanpoTus, ecau B TOT e PUIBTPANMOEHKN DOTOK BBECTA KaKue-1100
HeNPOHUIAeMbIe IePeropofKu, TO HTO MOKeT IPUBECTH TOABKO K YMEHB-
menuio pebura. CiaegoBaTesbHO, IPUHMMAA B OJHOM CJIy4ae HEKOTOPHE
Ce4eHHA HKBUIOTOHOUATIAMM, MOKHO ONEHUTH BEPXHIOK TpaHUIY Je-
oura.

3aMeHAA Ke HCTHHRYI0O KapTHHY JuMHME TOKa (BooOmEe rosops,
HEM3BECTHYI0) KaKoH-mubo Apyroil, WpoBeAeHHOI TI0 HAImEMY yCMOTpe-
HUIO U, MOKeT ObITh, 3aBeOMO He COOTBETCTBYIONIEH NMeHCTBUTeNIHLHOCTH,
MBI KaK OB BBOAMM B IIOTOK HCKYCCTBEHHEE IIePETOPONKHE M TeM CAMEIM
ymeHbImaeM JeOuT.

Takmm o6paszoM, MOTYT OBITH YCTAHOBIEHH TIPEICIH, MEKIY
KOTOPDHIMH HAXOQUTCA WHCTUHHAS BeJWIuHA (UIBTPANUOHHOTO pac-
xofa.

Haiigem cHagana HOBepPXHOCTHYIO CKopocTh ¢mabrparuu. CoraacHo
sakony Jlapcum moBepXHOCTHAs CKOPOCTh PaBHACTCA

dh
=, (VI.1.1)

Wnop = — €

rae ¢ — Koadpdumuenr ¢umaprpanum; ds — 9JEMEHT [JUHE  HOBepPX-
HOCTHO# CTpPYUKH.

Ilpa osTom gyia Hamopa mMeeM QOpPMyYIy
H=-z+—Yp—-. (VL. 1.2)

Hap cBoGomHOM 0BEPXHOCTBIO JKHAKOCTH Oy/eM CIUTATH JaBiIeHUE D
MOCTOAHHBIM, HAIIpAMEpP, PaBHHM atMochepHOMY, T. €. W3OLITOYHOE fa-
Bienue pasHmM Hydw. IlogpasymeBas mHox p u30HITOYHOE AAaBJIEHHE,
momydaeM, 9ro Hanop M paBen rayGmHe mOTOKA h:

H=h, (VI.1.3)
oTkyma u cienyet popmyma (VI. 1. 1).
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Cormacao dopmyae (VI. 1. 2) ma cBOGOAHON IOBEePXHOCTH HATOP,
a ciemoBaTesbHO, W uHoreHnuan O = cH, NOCKOALKY TaM QaBIeHEe P
MOCTOSHHO, ABIAIOTCA JUHEHHKHME (QYHKIAAMH KOOPIMHATH CBOOQMHON
MoBePXHOCTA 2. JIWHefHAA 3aBUCMMOCTh HOTEHIMAJNA WIW HATOPa
Ha CBOGOMHON II0OBEPXHOCTH OT BePTHKAJIbLHOU KOODAMHATH 2 €e ToYeK
ABJIACTCH OTAMIUTENHHEM IPH3HAKOM Ge3HATIOPHOIO ABUIKEHHS.

TopuaoHTaNIbHAA KOMIIOHEHTa CKOPOCTH (QHILTPANMM

dh
U=—c_-~ (V1.4.4)
npefimosaraeTcA MOCTOAHHOM BIONb BePTHKAJH, a BEPTHKAJNbHAA KOM-
MOHEHTA CKOpocTH pasHoit Hyaro, OTcoofa HaxXoA¥M pPacxof Ha ejn-
HUNY IOHPHMHH IIOTOKAa, T. €. PacXoh ¢ 4epe3 NPAMOYTOJBHHK BHICO-
TOi h W MUpHHOW B eAMHUNY

g=uh-1=—ch o (VI.1.5)

§ 2. 'mppaBimyeckas Teopma 0e3HANOPHOTO [BHIKEHHA
gepes MPAMOYTOIbHYIO MEPEMBIYKY HA FOPH3OHTAIHHOM
HENPOHATAEMOM OCHOBAHHMH

Bynem paccMaTpmBaThH YCTAaHOBHBINEEeCSA ABIKeHHE TPYHTOBHIX BOA,
Korja rjyOomHA MOTOKA M PacXoj He 3aBUCAT OT BpeMeHH L.

Haiinem uz dopmyast (VI. 1. 5) ypauerue ¢cBoGOAHON MOBEPXHOCTH.
Paznensas mepemeHHbHle W MHTEIPHUPYA, NOJIydaeM

qdx = — chdh,
ch?
gz = — —5~ -+ const. (V1.2.1)

ITocroannasa (const) B ypaemesmm (VI.2.1) HaxommTcsa oGHIYHEM
IIyTeM W3 TPaHMYHBIX YCJIOBHH.

I'paunvunsie ycjaoBEA AJA CIyIasa 3eMIAAHOH NmepeMHYKH HAM IIAO-
THHE UMeIoT chaegylommit Bmj (cM. pme. VI, 1):

=0, h=H,, z=1, h=H,.

HMoacraBasas 3uavennme z =0 B ypasHenme (VI.2.1), moaydaem

const =

2 b4
OTKYyJa
¢ (H; —h’)

i (V1. 2.2)

qz =

Uz dopmyant (VI.2.2) merxko HaiiTw ray6mHy moTroKa B n060M
ceuennmy. HalineM cmavana pacxon. Hns sroro HyXHO 3HATH HADOP
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B KaroM-1m00 [pyroM cedeHHH, HamnpEMep B HIDKHeM Onede Ha pac-
crosan® I, OH onpefenserca yposuemM H, B HmkHeM Obede. U3 dop-
myas (VI.2.2) monygaem

gl=— (H,—H}) (VI.2.3)
aIn
g = o (H,— H)). (VL. 2.4)

Jlamee uz dpopmyan (VI. 2. 2) maxomum

3 V7T (VL. 2.5)

Ecnu BMecT0 ¢ mofcTaBETh SHAYeHHe pacxojga u3  QOpMyJIsl
(VI. 2.4), To noxyumrcs

H>—H?
h=]/Hj_l—lz_x. (V1. 2.6)

Taxkum 06pasoM, COrJACHO THAPABIHIECKOH TeopHHE Oe3HAIOPHOro
IBUAKeHUA MOBePXHOCTh JellpecCHUM MABIAAeTCH Napaboioii, ImoKasamHOI
nyaktapoM Ha puc. VI, 1 (kpueaa AC).

®opmyanr (VI. 2. 5) u (VI. 2. 6), T. e. ypaBHeBUA NI IOBEPXHOCTH
Heftpecean, KOTOPHe JAIOTCA [ALPABINIeCKoil Teopueil, Boobme roBops,
HeCIPAaBeIJABH.

" Bre scHO H3 caenyoimux coobpaskenumii. U3 (VI. 2. 6) npn Ha = 0
y BHIXofa B HIKHMI 6bed (r = I) nonysaem k = 0 u, caegoBartenbHo,
6eCKOHEIHYI0 CKOpocTh $uabrpauunu g/h, 9T0 PU3NIECKH HEeBO3MOMKHO.
Taxum o6pasoM, B [geHCTBUTEABHOCTH HOOKHO OHTH Ay > H,
T. €. NOKEH CYIeCTBOBATH HPOMEKYTOK BHICAUHBAHMA.

Qopmyaa sxe aua geéura (VI. 2. 4), XoTa u BrBeJleHa HA OCHOBAHUM
HPHOAMKeHARX NONyNleHnH, TeM He MeHee ABJIAETCA TOYHOM, Kak Oyfmer
II0KA3aHO HIKE.

§ 3. I'mppaBanueckass Teopusi 0E3HANOPHOTO NPHTOKA
K COBEpINeHHOH CKBa;RHHE

PaccMoTpaM Temeph cXeMy YCTaHOBUBIEErocs (e3HAIOPHOTO IPHUTOKA
K COBeDHIEHHON CKBaj§MHe MM KOJONILY IPH TOPH30HTAIBHOM BOJ0-
ymope (cm. puc. VL. 2).

ITycts Ha paccroamum Ry ypoBeHb TPYHTOBHX Boj pasen Hy. B ca-
MO CKBa)KHMHe yCTAaHABJUBaerca yposeHb Ho.

ITposemeM IHIUMHApPUYECKYI0 IOBEePXHOCTHL PAfMyCcOM 7, BEICOTOH k.
Cropocts ¢mabrpanuu OyjgeT HAUpaBlieHA K OCH CKBAKMHEL B CTOPOHY
yOusannsa r, u cornacuo gopmyne (VI. 1. 4) mu gomusl 6wan 651 3a-
NAcaTh ee clieylomum o0pazom:
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Haiimem pacxopn ;xuaxocTH 9epes3 GOKOBYI0 HOBEPXHOCTEH NHMIMHAPA.
Pacxon 6yaeM c9ATaTh IOJOMKHTENBHEIM, KOTJAA CKBa)RAHA ABIAGTCH
CKBaYKMHOH-CTOKOM:

dh

Q=|w|2nrh=c 2"

2nrh, (VL.3.1)
3HaK MMHYC 3[lech He HYKeH, TaK KaK MH YCJOBHINCH CAHNTATh
CKBaKHHY CTOKOM H h == h (r) — Bospacralomeii ¢yHKIOmed paccTOAHHA,
JBmKenme, Kak W paHbIne, CIATaeM YCTAHOBHBIIHMCA, B KamIoM
nonepeudoM cedenmu @, h(r) or BpemeHH He 3aBUCAT.
B ypasuenmn (VI. 3.1) paspgenuM 1repeMeHHBIe:

0 L = 2nchdh.
WNnTerpupysa, monysaem
Qlnr = wch® 4 const. (V1.3.2)

ITocroanmasn (const) HaxoguTCA M3 YCJAOBMIl HA KORTYype nMuTanuA Ry:

QlnRy=n cH; + const,
OTKyJa

QIELIESEY): A (V1.3.3)

Ecin 3To ypaBHenwe pa3speliNTh OTHOCHTENBHO h, TO MHOJYYATCHA

ypaBHeHNe KDPHMBOW Jenpeccmn (OyHKTHpHas kpueag ACC’'A’). Iaam
XefuTa KAAKOCTH HOJydaeM

Q=——"f—". (V1. 3.4)

®opmyanr (VI. 2. 4) u (VI. 3. 4) nasuBaiorca dpopmynamm [liomrionm.
B panpneitmem Mbt yBupum (§ 7, ra. VI), 9ro Teopusa GesHanopHoro asm-
JKeHHA TPYHTOBHIX BOJ MMeeT AHAJOTHIO C COBePIIEHHO [ Pyroii 3agadei
mof(3eMHOM THJPaBINKE — 3agadeil MIbTpanyu rasoB B OPUCTON cpefe,
Ira a”Hamorug Owvuna ycramosaena Ji. C. JleiiGenzomom.

§ 4. Crporoe pgoxkasarenbcrBo ¢opmyrn liomon
Jna Ge3HAOPHOro JBWKEHHA Yepe3 NEPeMBIYKY H LPHTOKa
K CKBa3KHHE

Kagr yxe ynmomunamocs, dopmyast (VI. 2. 4) u (V1. 3. 4) nnsn pebu-
TOB OYeHb OJM3KO COBHAZAIT ¢ peayabTaTamdm omeitos [JIt. I. 411,
Ypasaenus ke Kpupnix penpeccuit (VI. 3. 3) m (VL. 2. 5) Buanm or
CKBayKHHH H OT BHX0[a B HIKAUHA 0bed yI0BIETBOPHTEIBHO COBUAKAIOT
c omplTaM# M TOouHOW Teopmeil. Pacxomagenwe maburogaerca B HeHmo-
CPEeJCTBEHHON OIM30CTH K CKBAajKMHE IIH K BHIXONY B HWKHHA Obed.
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Mopmynm gis geburos (VI. 2. 4) u (VI. 3. 4) rem ne Menee apaA0ICA
COBEPIIEHHO CTPOTIMH M TOYHHMH. IJT0 OHIO YCTAHOBIEHO ABTOPOM
B 1951 r. [3].

PaccMoTpEM TpyHTOBOH IOTOK IpPH TOPH30HTAJBHOM BOZOyIOpe.
Hanmmem Tounyw GopMyany Jjs pacxofa KHAKOCTH Yepe3 CeYeHHEe IIIY-

OuHO# A, MUPUHON B e(HHULY.
2z BossmeM Ha BhICOTE Z IIOJIOC-
Ky dz (puc. VI. 4). Jnemen-
TapHEIl pacxox depe3 3Jje-
b T~ MeHT dz paBHseTCA

~N
N dg = udz. (V1.4.1)

. Tonnnin pacxopx depes Bece

cedeHHe INOJYYUTCA HHTerPH-
RGN :12 ;i K0 POBaHMEM 3JJIEMeHTapPHHX pac-
a —=
xomos. Ilpemennl wmHTerpupo-
Pruc. VI. 4. KpuBnie genpeccum npu geiictep- BaHHUA Oynyr or Hyasa go h:
TeJALHOM Te4eHHH (CHJOMHASA) M TeYeHHH II0 A
rRAPABINYeCKOH TeopHH Ge3HANODHOH (uib-
Tpanmu (IYHKTHD). g = { udz. (VI.4.2)
0

l
|

||
1

|
|

i
I

fe—h

]

Hanee mo 3zaxony Jlapcm ropusoHTambHAf COCTABIAIIAA CKO-
pocTA paBHA

0H
uZ_CW, (VI.4.3)
H=z+2.
rae z -+ v
CrefoBaTeanHO,
h h .
q:—fc%f—dz:—cj—%(—i’)——i—z dz. (V1. 4. 4)
0 0

Kospdumument ¢uabTpanuu CYHTAETCA NOCTOAHHHEIM M €r0 MOJKHO
BHIHECTH 34 3HAK MHTerpana. Ilpum sToM He JleslaeTcad HMKAKMX THIIOTE:
0 XapaKTepe pacHpefielleHHs NaBJACHUs 10 BePTUKAJHM; OHO MOKeT OBITbH
TERPOCTATHIECKHM M He THIPOCTATHICCKYIM.

Jlamee Bocmoabayemcsa u3BecTHOH dopmynoit audpdepernupoBanms
oupejeresHoro nmaTerpaga no napamerpy [JIr. III. 71:

92 (@) 2 (@)
da f f(z, a)dz = f af(z' 9 ) g, z+ [ (P2, @) d% — (P, @) d(pl

@1 (@) @1 (a)
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H3 KOTOpOH moaydaeM

92 (a) o) ;7@ P
z, Q
— g 4z _E J H(z, a)dz— f (P2, @) — %
@1 (@) 1 (@)
+ (o o) 2, (VL 4. 5)

CpasumM dopmyny (VI.4.4) ¢ (bopmynoﬁ (VI1.4.5). VYunmrusas,
910 b = h(x) u 9ro B (V1. 4.4) x MOMHO paccMarpmBaTh Kax Iapa-
metp, a B (VI.4.5) nomomurp z=aq, ¢, =0, @ =5h (), f(z a)=

=%+z, (VI. 4.4) Mosuo 3anmcaTh B BHHAE

g= ——c[d ﬂ( +z)dz—— (Y —}—z)z:h Z—ZJ (V1.4.6)
0

Ho uop p mogpasyMmesaercd n30HTOYHOE [aBjeHHme, PaBHOE HYJIIO
HA cBOGOXHON HOBEPXHOCTH, T. €. Pr—p = 0.
Orciofia, packpuBaa B dopmyrae (VI. 4. 6) ckobrm, mMeeM

¢I=——C[dxf ——dz—{— fzdz—-h——]=_

ITocnemumit mMHTErpas ecTh pe3yJbTAPYOIAA cHiaa H3OHTOYHOIO
FARPORMHAMUYCCKOTO HABJEHAA, [HAelicTByoUlad HA Bce  CedeHHe
TPYHTOBOTO WMOTOKA MupHHOU B efunmny. OGosmaumm ee P:

h(x)

¢ 4 | pd - 4.
TEIp z. (V1. 4.7)
(]

h (x)
P = fpdz. (VI. 4. 8)
0
OKOHYATELHO HMeeM
¢ dP
=—v @ (VI.4. 9)

3amernm, uro Popmyny (VI.4.9) momuo moaysmrs xopoue. OGpa-
TuMcs K dopmyne (VI.4.4). Tak Kak z or 2 He 3aBUCHT, TO

Us g¢opmynu (VI. 4.6), yaaTeiBad, 910 (p),=—p == 0, HOayIaeMm
h(x) h(x)

c[d dh d
i=—f|& [ s g]|=—55 [ pte= L2,
S0 0

gro cosmagact ¢ (VI. 4.9).



166 Ta, VI, Besnanoproe Qsuamenue xudxocmu é nopucmoii cpede

TakaM o6pasoM, pacxopn 6e3HATOPHOr0 IOTOKA C T'OPH3OHTAIBHEIM
BOZOYIOPOM OIpefieifeTCA MCKIAIUUTENIBHO pPe3yIbTAPYIOIEH cmaoi P
(VI. 4. 8) Boonp BepTHKANH B CeYCHHH.

Jlerko BHAeTh, 9YTO 9TOT BHIBOJ CIPABEMJIHB U HJs HAMOPHROTO JBHKe-
HUS B TOPHU30HTANBHOM IIACTe MOCTOAHROH MOIHOCTH.

PaccMoTpnM yCTAaHOBWBINEECS ABUIKEHHME, KOIlAa ¢ OT X HE 3aBUCHT.
Pasnennsn mepemennnre B ypasmenwn (VI. 4. 9), moaxygaem

4
/] dzr = — T dp,
gz = ——CY£ + const. (VI]. 4. 10)
Hycrs P = P, npu z = (. Torga
const = ;— P,.
Hns pebmra moxydaercs
_c(P—P)
q——;z—. (VI. 4. 11)
Ecim mam mapectHa cuima P, Ha rpammne OacceiiHa z = [, T0
pP,—P
= -”—‘—;”——) . (VL. 4.12)

Ho na rpamuue OacceiiHa pe3yJAbTHPYIOMME CHJIEI HAM HM3BECTHH,
HOTOMY 9TO JaBJieHHe TaM [acnpefieieHO IO 3aKOHY THPOCTATHKH:
| 2

H
P1=Y2H1H1'1=Y217
; o5 (VI.4.13)
P2=i2—2H2‘1= 22

Honcrasuas st 3Havenusa cua P, u Py, B dopmyny (VI 4. 12)
v 21 T 2/
monydaeMm Gopmyny Hromrom (VI. 2. 4), KoTopy¥o MH paHbIme BHBEIM U3
HETOYHHX, BooOIme TOBOPA, NPeIHOCHIIOK.
Ilpn paguanbuoM Ge3HATOPHOM NPHTOKE K CKBAKHHE NONYYaeTcs
TOYHO TaKuM sxe o6pasom dopmymna (VI. 3. 4), Tonsko HyxHO BCe pac-
CYMIeRNsA NPOM3BECTH He JidA NPAMOJMHEHHOTO, a AIA PaAaibHOTO

IBHUKEHHSA,
HeiicTBuTeIbHO, /I@0UT CKBAKMHH-CTOKA PABHAETCHA, € YIETOM Ha-

TPaBIeHUA CKOPOCTH:

h
Q=c0f2nr7;zr— (%—kz)dz, (VI. 4.14)
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Tl ' — NPOM3BOJBHEI paguyc 60KOBOH MUNMHIPHISCKOR MOBEPXHOCTH,
KOHOEHTPHIHOH €O CKBasKHHOH: re <<r<< Ry (cM. pmc. VI. 2).
3aMevas, 9T0 Z He 3aBHCHT OT I' M 9YTO Ha CBOGOJHOA IOBEPXHOCTH
(P)2=h = 0, Popmyay (VI.4.14) MOEHO uUpesCTABUTH TaK:
h

Q___chf ap dz

v dlnr

0
mau, yaarsieas gopmyay (VI.4.5),

h

2t ¢ d . dh 2rne dP

Q=T[7m—rfpdz*(mz=h dlnr]z v amr > (VI4.15)
0

rae P onpeneneno ¢opmynoii (V1. 4. 8).

Pasfenas uepeMeHusle M WHTErpupysa oT re Ao Ry, u3 (VI. 4. 15)
uMeeM

Qdlnr =% 4p, anf—:= 2n¢ (P — Py),

Y Y
OTKYRA
__ 2mc Pg—P¢
Q=-1% - (V1. 4. 16)
Tc

Ecnm ckBaskumsa CoBepmenHasi W NABIGHUA HA KOHTypax Ry ® re
pacupejeeHsl rupOCTaTAICCKH, TO

PKZYHK Hu:l‘H:\q

2 2
H 2
Pc: Yzc HC:_Z_HC‘

MopcraBiaas s (VI. 4.16), noayuvaem ¢opmyny Qiomou (VI. 3. 4):

ane y Hy—H; Hy—H,
0= g mme g
In —% In X

Tc re

ITpm nepemennoii BoAb BEPTUKAIN NPOHALNAEMOCTH M3 OO0 pasKeHNH,
AHAJIOTUYHEIX M3JOKeHHHM BHIIIE, MOKHO TaK;Ke NOJYIUTh POPMYITY,
CBABHBAIOIIYI0 Ae6UT ¢ TPAHUYHEIMA Hamopamm [4, 5].

Pacuer BeawumHH @IpPOMEKYTKA BHICAYHMBAHHA TIOPasfo CIOMKHEe
pacdera pae6uros. s paguansHoro Ge3HANOPHOro TeYeHHA TOYHOTO
pacuera Ipome;kyTKa BHICAYMBAHUA €MIe He MMeeTCH. TOWYHBIE peHIeHHA
M3BeCTHH JWIb [JIf JBHKEHUA depes NepeMbldKy. llpmGimskeHHHeE, HO
MOCTATOIHO TOYHHE AJSA NPAKTAYECKAX HeJed MeTOAH olpeHeNeHda IIPo-
MEKYTKOB BHICAYMBAHUSA, NOJYYCHHLHe NDPH HEKOTOPHX YIPOMAMEX

JAONYIMEeHNAX M NOyTeM 3JAeKTPOMOJeJUpPOBaHNA, IPHBEXEHEI B pa60Tax
[6, 7, 81l
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Jaa cyxoro Hmkumero Gheda IPOMEIKYTOK BHCAUWBAHWA hy CBI3aH
¢ pacxomoM cooTHomenueM, yeranosiaenunm I1. fI. Hognmoi [JIt. II. 21:

2 1,35, (VI. 4. 17)
chy

Ecan otgenurs obmacte mupmeod a, e a = h (pme. VI. 4), o
OKAa3KIBAeTCH, ITO JieBee a KPHBASA [eIPECCHH XOPOIIO COTIACYeTCA ¢ TH-
ApaBingecKoii Teopueit coraacHo ¢dopmyram (VI. 2. 2) m (VI. 3. 3).
B6ausu jxe BHXofa B HIDKHWH 6bed NIM HA CKBa;KUHY TUAPaBIHICCKAA
TeOpHUA A PacuyeroB KPUBOH JeIpeccHy He IPUTONHA M 3[eCh CIeAyeT
o0pamarbca K TOYHBIM peIMeHHWSM MJIHM SKCHePUMOHTAIBHBIM [AHHEIM
[JIr. I. 11; Jr. I1. 2, 7). TlpuGamsxenanii pacdeT TIPOMEKYTKAa BHICA-
dABAHHA NpPH pafinajhHOM ABIMKeHWMM IpmBeneH B [6, 8, 9].

§ 5. Cpenenne Ge3HANOPHOrO JBYGKEHHS
K PaBHOJEOMTHOMY HAINODHOMY

PaccMoTpuM HaAIOpHOEe ABMKeHHE HEeCKMMAEMOH KHIKOCTH B IUIACTe MOCTOSH-
Hoit MomuocTw h (puc. VI. 5, ¢). Pacxop B HampaBieHEH oOcHM &z, DapaJieJbHOH
IJacTy, BIOAb JIOOOH BepTHMKAIH PpaBeH

h
_ d®(z, y, 2)
qx__f_____ax dz, (VI.5.1)
0

rae noTennman @ onpenenen paseAcTBamMa (I. 2. 17). Ilpu aTom He melaeTca HEKAKEX
TRIOTe3 O XapaKTepe paclpefleaeBus moTesnuana O (z, y, z) BIOAb BePTHKAJH.

Tak kak mpepenn MHTerpupoBanmsa B (VI.5.1) HOCTOAEHH, TO H3 GOPMYJIH
(VI. 4. 5) monygaem

h
)
Gx=— Of D (z, y, 2) da. (VI.5.2)
0Go3EaAYEM "
[ ®@ y, 9)dz=D(z, y)h, (VI.5.3)
0

rie ®=O (z, y) — cpeaHee 3HAYEHAS MOTEHIHAIA BIOMIb BEpPTAKAIN, He 3aBHCcALlee,
oueBHgHO, OT 2z (pmc. VI. 5, 6). Torma

__,0®(z, y)
Qx——hT (VI-5-4)
CpefiHsia B/IONb BEePTHKANN CKOPOCTh B HAUPABIEHAH OCH T paBHA
- Ox X
U= =— Pl (VI.5.5)
AHAJIOTHYHO B HallpaBJIeCHHA OCH Y
S_qy_ 00 .
v= R ay " (VI. 5. 6)
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Uz dopmyxn (VI. 5.5) u (VI. 5. 6) caenyer, 9ro mpocTpaHCTBeHHOE ABHMKEHHE
B INIacTe IOCTOSHHOH MOIHOCTA MOKeT OHTh 3aMeHeHO pPaBHOAEOHTHHM 1IJIOCKHM
IBI;KeHMEeM, IpUdeM BIOJb BepTHKajell AOMKHE OpaThcs CpeflHAe 3HAYCHUH MOTEH-
mrana @, B wacTrocTH, Oe6GHT M0G0 HECOBEPMEHHO! CKBAKAHE MOMKHO ON PeJlelIATh
n3 dopmynn Jromion, Ho Bmecto Oy m @ moaCTaBHTH COOTBETCTBEHEO My M '(IJC,
ABNAIOMMeCA CPeIHMMH 3HATCHMAME IOTEHUUAIOB HA NUIAHADPHIECKOH IOBEpPX-
HOCTR & = Ry M HA NAIANHAPUIECKOH NmOBepXHOCTH r = r; {(cM. puc. VI, 2):

_ 2nh (Dy— D)

Q ; (VI.5.7)
lnﬁ
Te
z 2| #(xy.h)
. #(xy) |
g 0
Al 7 N
7 z #(z.4.0) #(1,y,2)
é
Puc. VI. 5.

MokHo OpUHATH MOTEHHHAJ HA IOBEPXHOCTH NHUTAHHA DOCTOAHHBIM: Py =
= const. Ilorengnax jxe O, HemocpeNCTBeHHO Hen3BecreH. MamecTen Jammb 3a(ok-
HH noreanuan @¢ TOIBKO BROJb BCKPHTOH YACTH CTEHKH CKBAKHMHH, KOTOPHIA
B opMyaax raasi V UpeAnogarajcs IOCTOAHHBIM,

Mokg0 nomaraTh, 9TO M Opa IepeMeHHOM Iotennwale ¢ BAOAR BCKPHTOMH
4aCTH CTeHKH CKBaKMHH Bapmamnd (D OpA COXPaHEeHNH HEH3MEHHHM CpeflHero
3HAYEHUA BJOJDH BCKPHTOM YacTH CTEHKW CKBAKNHHI GyAYyT Majo OTPasKaThCa Ha Je-
6nTe cxpakuEbl. TOrfa MOWHO NOJB30BATHCA (OPMysiaMH riaBel V Inn ¢miabTpa-
DHOHHHX CONpOTHBIEHAH C, 06YCIOBIEHHBHIX HECOBEPIIEHCTBOM CKBAKMHH, HO
mof B¢ MOApazyMeBaTh CPeHee 3HaUeHNe MOTeHINaja BA0/Ib BCKPHTOi JacTu 3a60s,

r
KoTopoe s oramiAsa Gyaem obosnavars @.
Torja Jna JiebUTa HECOBEPIICHHON CKBAMKWHE JIOJYIHM

2 k(D — D)

Re , ..
c
e T

(VI.5.8)
In

e C — UIbTPANUOAHOe COMPOTHBIEHNE, 00YCI0BIeHHOE HECOBePIIeHCTBOM 32604,
Hs (VI.5.7) m (VI. 5.8) Haxomum

(Dx_q)c R au—ac

~ Do
Bx y¢ mo®
C
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OTKyJa

D¢ . (VI.5.9)

[

INocne aTHX 3aMeUaHMHA PacCMOTPUM KaKoe-HHOYHL NomepedHoe cevedne 0Oes-
HAlOPHOTO TOTOKAa TAy6MHOI I TpH rOPMIOHTANBLHOM RIS IPOCTOTH BOZOYIODe.
Ilposegem Bhume & umiaockocte z = hy (pEc. VI. 6, a), rne ho — mponsBoanHo,

Z b4
WETTTTT K it
4 D
< |
l |
0 7 0 ®
a S
Puc. VI. 6.

M PacCMOTPUM HAIODHHIA NOTOK B IIIacTe MOMIHOCTHIO ho, HO CO CAEAYIONIEM paciipe-
JleleHVieM TOTeHOMana BAoAb Beprnkanu: B HMHTeppase 0 < z < h coxpansercs
OOTeHIYaJ Hamero Ge3HaOOpHOTO TEYCHHA

CD———C(L"{' Z) ’
Y

B uHTepBane h <z < hy
p=0, ®=cz.

Ipadux pacnpeneienus norennualia B BooGpa’kaeMOM HAIIOPHOM IIOTOKE MOML-
HOCTBIO ho MoOkasaH mHa puc. VI. 6, 6.

Takas JAHeHHAA DKCTPANOAANNA MOTEBIWAJNA 3a NpPefeJH CBOOOAHON MOBepx-~
HOCTH paHee upepaaraiach Mackerom [JIt. I. 11], xoropmif, ogmako, moaarau,
9T0 11PN 3TOM pacxojl GyleT HeCKOIbKO H3MEHATHCHA. B elHCTBNTENIHFHOCTH e pacxof
BJOJNb BePTHKaJN HANOPHOTO M (e3HANOPHOTO NOTOKOB OyReT OJMHAKOB, TAK Kak
caaa P BJoJb BEePTHKAJH y 00OMX NOTOKOB OAMHAKOBA M noGaBlieHNe DOTeHOHaJa
® = ¢z ga yaacrxe h < z < ho, Tie JeHCTBRTENHLUOTO TEYEeHNA HET M I/e JaBjJeHUe
PaBHO HYJI0, He M3MEHAeT BEJWYMHHE Pe3yIbTHpYyIOmed cuau L.

Haiins cpepunil morennnan @ Broab BePTHKAAN B HATTOPHOM IuTacTe ho, MOMKHO
PacCYHTHBATL AeOMTH M Ccpeflnue BAONL BEPTAKajiell ropH3OHTAJbHEIE CKOPOCTH
JeHcTBUTEN bBHOTO (@3HANOPHOTO NOTOKA 10 dopMydaM GHMKTHBHOTO MAOCKOT0 Hallop-
HOTO JBU)XeHUA B NNacTe MOIHOCTHIO ho.

Ja8 manwoerpaounr paceMOTpHM (Ge3HaNOPHOE TedeHHe K HeCOBeDIMICHHON CKBa-
JKEHC PajHycoM re B HJAcTe, FAie Ha paccTOSHuYM Rk ypoReHb BOoAn hy (puc. VI, 7, a).
CKBaKMHa BCKpRUJIA DJacT Ha Tay6HHY b, ¥ B HCH YCTaHOBJAEH ypOBeRb fic. Paccros-
HHe [[Ha CKBa’sKWHH J0 Botoynopa b = hyx — b. Ha puc. V1. 7, 6 noxasaso pacnpe-
Jic/ieHne TOTEHINAaNa BJIOJIb BCKPHITOM CTEHKM CKBAMHHH: Ha ydactke h < 2z < he
HaXOIUTCA KMAKOCTH UPH TRAPOCTATHYECKOM paclipejiesieHdn jaeiesna. Caeiosa-
TeILHO, Ha 3TOM Y9acTKe HANOp NOCTOABHEI 1 IOTEHNual paseH chy (DpaMas 1-—2).
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Brune ypoBHA B CKBa)KMHO f00apisfeM JHHeilHOe pacHpelejienme HoTeHmmaga @ =
= ¢z §0 z = hyg (upamaa 2—3). TaxkuM oGpasom, @y = chy, hy = hg.
- »
Cpenmsii moternuain @, ompesennTcs, KaKk CTOPOHA IPAMOYFOJABHUKA, PaBHO-
BEJHKOrO IJaOmMan® ¢urype hy — 1 — 2 — 3 — hx

] (s — Iy} = cho (ho— ha) + - € (hat- i) (e o),

OTKYy/a
 Bglh—hy)+05 (B —hY)
Do=c = - (V1. 5.10)
? 2r. z
[ f——— Chk —aned
4
lis o v
A %
¥
1 © hr: 2 ,
x
< ! L
< h’ 5
1: T.. ~—ch,—
ANNN NN NNV AN NSNS /] )
R
" 6
a
Puec. VI. 7. Cxema Ge3HamOpHOrO NPATOKAa K HeCOBePHIGHHOH
CKBKHHe,
Haxoaum pasHocts Oy — D :
’ hc (hc—' h1)+015 (hf( - hz)
@, —®, =chy—c =y =
0,5 (h2 — h2)—(h,—h)h
=c k__¢ ko1 (VL. 5.11)
h}(-hl

Iopcrasasia B (V1. 5. 8), monyaum aua gebura Q dopmyny

0.5 (h: — hYy—(h, —h)h
Q=2mc¢ (;K o~ r ) By hy. (VI.5.12)

(ln —+ c) (h—hy)

Jlerko BHEReTh, uro NpH h; = 0 (coepiiednas cksakuma) u C = 0 (VI. 5. 12)
ofpamaercst B gopmyny Hiomwomn.

3aMeTHM, 49TO BTHM Ke CnocoGOM MOTYT pemraThea 3ajawu o6 HHTepdepeHIMH
CKBAJKHH NpH Ge3HANOPHOM LOTOKe.

JliA cOBepIIEHHNX CKBMKUH COXPAHAKTCA (OPMYJIH TeODUH ILIOCKOH HAmop-
HOH HMHTepdepeHIUN CKBa:KHH. [[JiA HeCOBEPMEBHHIX CKBAXKHH, PACCTOAHME MEHIy
KOTOPHMH (O/ibme rayGUHE TPYHTOBOI'O IIOTOKA B MecTe HX 3ajI0KeHHs, MOKHO
noaAB30BaTECA GopMyaaMu riaBh V i pacyeTa QMILTPANMOHHOTO CONPOTHBJICHMS
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C, 06ycoBI€HHOTO HECOBEPINEHCTBOM, TAaK KaK C OT PAaCCTOAHAA MMy CKBAyKAHAMH
HO 3aBHCAT,

Ilpr 6113KOM PaCHONIOKEHNH CKBAKUH claefyeT o6patuthesa K popmynam pis C,
yuHTHBaOIMAM papnyc obnactn nwrammsa Ry [Jt. V. 17, 18, 19]. 3a Rx B 3TOM
clyd9ae MOMKHO IPUHATL NOJOBUHY PACCTOAHMA MENAY CKBAMKUHAMIL.

§ 6. MaTerpanbHbie COOTHOMEHHS MEKAY (PHILTPABOHHBIM
PacxofoM H rPAaHMYHGIMM NOTEHIHANAMHA NPA ILIOCKOM B
0CeCHMMETPHYHOM RBIKEHHH B IIIACTE MEPEMEHHOH MOMHOCTH

PaccmorpnM crawana nnockoe asmxeHme. IlycTh pacmpejeseHne ITOTEHNHMAJA
® = @ (z,z) B cedeHRAX 71 U Z, (puc. VI. 8) ¥ BROAL KPOBIM M NOAOWBH IIACTA
m3BecTHO. Torfa B coOTBeTCTBHM ¢ QopMynoil aAuddepeHNNPOBAHNA OIPENe]eHHOTO
HMHTeTpaja N0 HapaMeTPy MOJYYNM [JIA Pacxofa Ha e[MHUNY IIMPHMHEL IJIACTA

hg (x)BCD( ) d hg (x) ah
z, z ‘
q=— — dz=—EJ D (z, 2) dz+4D [hy (z), ] d: —
hy (x) hy (x)
@ [hy ( iy (VI. 6. 1)
-_— 1 I), .'C] iz . « 0.
YMHOKasg (VI. 6.1) Ha dr M MHTeIrpHPYA OT Z, N0 Zy, OyHeM HMeTb
hy (x9) hg (x1) hg (xg)
gm—r)=— | Q@ )di+ | O(@2)dit | Ok (@), c)dh—
hy (x2) hy (x1) he (x1)
hy (x9)
— j @ [y (2), 2] dhy= —J -+ Ta -+ T3—J4e (V1.6.2)
hy (x1)

Kaxnmiii m3 muTerpanos B (VI. 6. 2) MO)XKHO MHTePIpPETHPOBATH TeOMETPHMYECKHA
clenyomum ‘o6pasom:

J, — wiomaae 3uw-| J, — naomaap smo- | J3 — MAOWAAb smo- | J4 — WIOMAAb M0
1 2 3
PH TIOTeHRMAJa B PH NOTeHIuana B PH TOTeHIMaJia PHl IOTeHIMANA
CeYeHUH Ty cedeHUN I, BJOJB KpOBIU kg (2) |BJ0JB NOAOMBEL ky (X)

Tax Kax pacrnpejie;leEye MOTEHONANa BIONE TPARAN IO NPEIJI0KeHUI0 N3BCCTHO,
TO npaBas gacth Gopmyas (VI. 6. 2) MoxeT GHITH JerKo BHYHCJIEHA.

OuepugHo, 9r0 ¢ (z, — z1) paBHO 3amTpHXoBaHHOH Ha pmc. VI. 9 mromannm
" fopmyaa (VI. 6. 2) ponyckaer, TaknM 06pa3oM, IPOCTYI0 TeOMETPUYECKYIO HuTED-
OpeTanuo.

B ciaydae 0ocecHMMETPHIHOIO TeUeHHd (CKBaJKMHA B IJIacTe TIEPEMEHHOH MONX-
HOCTH) 3ajada pemaeTcs aHaJormdso. JleldcTBHTeabHO, B 9TOM ClIydae pacxof,
T. e. He0uT CKBasKMHH, paseH (pmc. VI. 10)

hg (.T) 2D (r, 2)
Tz
0= or
hy(r)

ab oD
or ~ dlnr *

2nrds, (VI. 6.3)

a4 TaK Kax
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TO
he (1)
Q _ {1 _9®
- dlnr
hy ()
Z
0 X

Puc. VI. 8.

dz, (V1. 6. 4)

m[hv (XI)’ Z]

Pnc. VI. 9.

910 1O BHAY coBmajaer ¢ (VI. 6. 1). OueBngHO, 9TO IpaBMiIa IOCTPOCHHA BHIOPH

COXpPaHANTCA ¢ 3aMeHOH z Ha In r, a pacxoga ¢ — BeaHHHOI 5 B wauectBe

npuMepa 00paTEMCS K PacCMOTPeHHEIM RHIIe 3ajadaM OesmanmopHoil ¢uanTpanun.

CJOKHOCTH 3a/1a4 0 0e3HAaNOPHOM Tede-
HAMA 3aKI09aeTCA B TOM, 4YTO NOJOMKEHUO
cB00OJHOH IOBEPXHOCTH HEH3BECTHO M MOL-
JIeHuT onpefenennio. TakuM o6pasoM, HYKHO
pelinTs  ypaBReHme Jlamumaca B ofhaacTH,
ofza ¥3 TFpaHBI KOTOPO#, a WMEHHO CBO-
6o1HasA IIOBEPXHOCTh, HEU3BECTHA. DBAOAB

. oM
9TOd rpaHMUN 3a4JaHH YCAOBUA —6—"=0 u

p = const.

IIpusenennse BHIIe MHTErpaJbHHE COOT-
HOIIeHMA T03BOJAT HaliTH pacxod 0e3 mpen-
BapuTeJBHOr0 ompefeneHnss GopMu cBoGOA-
HOH ITOBeDXHOCTH H IOTEHHHAJAa BO Bcell
o6GaacTu TeyeHHMs: NEHCTBHTENbHO, DpH 0es-
HAaNOPHOM MBWKeHHH B IJacTe ¢ IOPHU30H-
TalLHEM  BOJZOyHOpOM, Korma hy(z)=0,
hy,=h, MokHO moxoxuts I,=0, a I3 Jerxo
BHYHCJIACTCA, YUHTEHBasA, 410 @ [hy (2), z]
ecThb jmHeiiHaA QyHKOUA rayOunm h, = h.

Tar Kax @:c(%—}—z), T0 HA CBO-

GogHON TOBepXHOCTH z=h, HOHWMAasA NOX p

F4
—_—
|4
—
<
— ——
& o~
— \;
<N <
0 r

Puc. VI. 10. Cxema IIpHATOKA
K CKBKUHE IIPH NePeMeHHCH MON-
HOCTR HJjacTa.



174 T'a. VI, Besnanopnoe dsuxenue scudxocmu 6 nopucmoii cpede

u3buTognHoe NaBiaeHme, uMeeM O =ch. B ceuemuax z=0, z=1 Hallop 3aJaH. =
=0, O=cH,; z=1, ®=cH,.

Ctpos smiopy pacnpefelieHHA NOTEHIOHWAJNA Ha TPAaHANAX MM NPOM3BOAA BHIUM-
CleHHA BENOoCPeACTBeHHO mo ¢opMmyae (V1. 6. 2), nonygaem

gro copmagaer ¢ (VI. 2. 4). AHaJOTHYHHM IyTeM NOKAa3KBAaeTCH CIPAaBEIINBOCTH
¢opMyan [liomom fyis Ge3HATIOPHOTO IPHTOKA K TPyHTOBOMY Koioxmy (VI. 3. 4).

§ 7. JndpdepeHnuanbHLIC YpaBHEHHA TAJPABINYECKOH TEOpHH
HecTanMoHApHOIl Oe3ananopxoii (QmibTpanun.
Apanorns ¢ HeycTaHoBuBmeiica (pribTpanueii uIEAILHOrO rasa

PaccMoTpnM HecTanmoHapHHIN Oe3HANOPHBIA T'DYHTOBHIH IOTOK TIpM
FOPH3OHTAIBHOM AN XIPOCTOTH Bogoymope. CorsacHo ruppaBiIngeckoil
TeopHH Ge3HANOPHOTO ABMKeHHHA, M3JIOKeHHOH B § 2, 3, cumras Hamop

H=H (z, y, z, t) BloIb Kak-

z 0l BepTHKANHA HOCTOAHHBIM, I
By FOPH30HTAJBHHX HpOoeKHuil CKO-
//V/ pocTH u, v, TaKMe PABHOMEPHO
I A pacmpefilefleHHBIX BIOAL KaKmoi
[ b T 3 BepTHKaNM, Hoayinm npu H = A
| N g + 24 (rayGube moToxa)
— e X O«
0 9x A . oH
a * BT
VI.7.1
s/ ) S S 4 e o OH ¢ )
a =—C—,
%y + Gy fo” Ay %
J dx ” rae ¢—xo3dpdunueHr duanTpanum.
COOTBETCTBEHHO DPACXOAH TIDYH-
Puc. VL. 11. TOBOr0 WOTOKA HA eMHHHNY ITAPUHE
B HANpPAaBJIEHHAX Z, § PABHE
oH 7} 1
= e] = — —_— e  —m— | — 2
qe=uH -1 cH o2 i (2 H),
OH (1 170
gy=vH 1= —cH 5= —cW(TH). (VI.7.2)

CocTaBMM ypaBHeHHe HEPAa3PHBHOCTH WM CILIOIIHOCTH HANIETO He-
CTAHOHAPHOFO FPYHTOBOTO MoToKA. JlJsA 3TOro BHIAENMM BepPTUKAJIbHHI
mapasiengenunes BricoToil H, paBHOHR ray0uHe INOTOKA, ¢ OCHOBAaHHEM
dzdy (puc. VI. 11) m BegucauM GanaHc HocTylaplleil ¥ BrTeKawolle#
mugrocTd. HAIKOCTL CUMTAETCA HeC)KAMAEMOM.

3a BpeMa di B Ham Hapajaegendue] MOCTyHaeT 00beM ;KUIKOCTH

(yauThiBas, 970 ¢ 4 ¢y — PACXOJH HA eJUHNNY MUPHHL BLOJIbL Halpa-
BAGHUA T U ¥)

(9= dy + gy dx) dt.
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Britexaer 3a To e Bpems
9gx 9g
[(x+ G d )y + (90 + Gptdy )z |

Tarum oGpasom, 3a BpeMs di B mapaijellelliue/lec HaKALJIABACTCA
o6beM dV KujkocTH, DPAaBHEIL PasHOCTH MEM/Y HOCTyHnBUmM ¥ BH-
TeKIMAM O0BEeMaMM:

dV:"(%“*‘ aq”>dzdydt (V1. 7.3)

Haxonnennnit o6vem dV moiifer ma yBeamueHme BHCOTH H Hamero
napajenennmnefa, H3MeHeHWe KoTopoil 3a Bpema df paBHO ———dt
YuauTHBaA IOPHCTOCTE, HOJYdIaeM

av =2 gimdzdy. (VL. 7.4)

Hpupasrnpas npapue wacta ypasrennit (V1. 7.3) u (VI. 7. 4), noxy-
4aeM ypaBHeHHe HePa3pPHIBHOCTH MM CILIOIMHOCTH TPYHTOBOTO TIOTOKA

oH 0qx aqy
m—ét—~— (ax +—5y—>. (VI.7.5)

IopcraBnsas B ypasuenne (VI. 7. 5) smauenns ¢x u g, U3 ypaBHeHHN
(VI. 7. 2), nonysaeM oroHUaTeabHO AuddepeHINanbHOE ypaBHeHHe IH-
IpaBINYECKON TeopHH HECTAIMOHAPHOTO 0e3HAIODHOI'0 T'PYHTOBOTO MO~
TOKA, HA3HBaeMoe MHOTAA ypasHeHHMeM DyccuHecka (0 MMeHH BIeDBHG
[OJTYyIUBOIero ero GPaHny3CKOr0 yIEHOTo):

oH o2 a2 (1
o= (3 1)+ (5 1)

.‘ﬁziv2<~;.yz), (VI.7.6)

AN

ot m

Obparumca & obmemy aaddepeRIUATLHOMY ypPaBHEHWIO HEYCTAHO-
BHUBIIErocs ABMsKeHUsA cxxuMaeMoit :xugroctu (II. 2. 19). Ilna usotepmu-
9eCKOTO TedeHHA HeaJbHOTO rasa, BBogd QyHKuuwo JleiiGenzona P =

= fY (p)dp = ;—IXJ:_: p?, momydaem m3 (II. 2. 19)

9 (my) Iy ke

- - 1.7.

o m—; . \VAY -3 (VI.L7.7)
B dopmyne (VI.7.7) mopmerocTs m MOKHO NPHHATH NOCTOAHHOIA,

TaK KaK WN3MeHeHHEe NOPHCTOCTH HHUYTOKHO Majo [0 CpaBHEHHIO C

H3MeHeHHeM O0BEMHOTO Beca Tasa BCJAEHCTBHE Cro 3HAYATeNbROA CIKHU-

MaeMOCTH.



176 La. VI, Besnanopnoe Gsuoxenue scudrocmu e nopucmoll cpede

Torpa ypasuenme (VI.7.7) MomHO 3amucars Tak:

a
m Yar OP

=% o2
Yo = V*P. (VI.7.8)

ITocnentHee ypaBHeHHme MOMKHO IIPeJCTAaBUTb elle B TaKOM BHjE:

AN LI V2 S (VI.7.9)

Moncrasnsa B ypasHenme (VI.7.9), momydaem

mYar Par OP k

= 2
Par Yarp 0% p VAP
HIan
aP __ kp
=2 P, (VI.7.10)

B nocisremueM ypaBHEHMH p MOKHO BHpasuTs depes P corgacHo
ypasHeHHI0O P = %’T— p?. Torpga moaygmm
aT

P _ k 1/ % poe
=Y B porp. (VL. 7.11)
¥Ypaprenne (VI.7.11) upepcraBiser coGoil OKOHYATENIBHBI BHUL
ypaBHeHEA JleiibeH30Ha NIA HECTAMOHADHOTO M30TEPMHIECKOTO NBH-
sKeHHusdA rasa B ODOPHCTOil cpeme.
Bripamaa P gepes pamienme, ypaeaenme (VI.7.11) Moskso sanm-
caTh eme TAaK:

ap _ Yar ap 2 p__ Yar 2 __1_ o
o = P V=0V (zp)’

Par
Yar  9p _ kp Yar a1 o
par £ o0 T mppar ¥V \2P
HAA
ap _ kK YL 2

Ypasrerue (VI.7.12), kak ormernn JI. C. JleiiGenson, mmeer 3a-
MeJaTe/bHOE CXOJCTBO C YDaBHEHHEM THUIPAaBIAYICCKON TeopHH HecTa-

OHAOHAPHOT0 Oe3HAINOPHOTO JBUKEHUA >KUAKOCTH. JlefiCTBUTENBHO, YPaB-
merausn (VI. 7. 12) u (VI. 7. G) comagasor.
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Taknm 06pasoM, MesKIy Oe3HATOPHBIM I'PYHTOBHM TOTOKOM M QUIBT-
panueif rasa CyIlleCcTByeT cHeAVIOMAas AaHANOTHA: JABIEHHI0 rasa p
COOTBeTCTBYET rayOuAa win Hanop H TpyHTOBOTO DOTOKA, Koaddunuenty

k
W A Tasa — Kosdpduyuent GUAbTPALUU ¢ IS TPYHTOBOTO IOTOKA.

ITpu moMomu sTol aHAJOrMH BCe 3aJaud, pelleHHBIe MIA (QUIbTpamUH
rasa, MoryT OHTH pacIpoCTpaHeHH Ha COOTBeTCTBylommue ciydanm Oea-
HAIIOPHOTO T'PYHTOBOTO TMOTOKA.
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I'TABA VII

JABIGKEHAE WM PABHOBECHE TPAHUIBI
PA3JIEJIA JIBYX JKUKOCTEN B IIOPUCTOI CPEJIE

§ 1. Bsenenne

3apgaua o [BMKEHWE IPAHWOEL paspgela ABYX KUAKOCTeH B HOpHCTOM
cpefie ABIAeTCA B TOTYHOH IOCTaHOBKe OJHOH M3 HambGoJIee CIOMKHBIX
B Teopuu QuUAbTpAINM.

IlepBHie mccaeaoBaHUA ee, BOBHAKIONE B CBA3U ¢ BOUPOCOM O CTATH-
BaHAU KOHTYPA He(TeHOCHOCTH IPH BOJOHANOPHOM pe)KAMe TedeHHA,
upmuapiaekatr JI. C. JleitGensony [JIT. I. 6, 7]. Jlanvueiimee passuTHe
aTa 3ajfada moaysuiaa B paGorax M. Mackera, B. H. Illeaxauesna,
II. A. [lony6apunroBoii-Kouunoit u apyrux.

3apmava o ABHKEHNU B HOPUCTOHN Cpefle TPAHMIE pasfiesa ABYX JKUXKO-
cTeil ¢ Pa3NUIHEHIME (PU3NIECKHMHA CBOMCTBAMU — BA3KOCTBI M ILIOT-
HOCTBI0O — BCTPEUACTCA He TOJIBKO B BONPOCAX SKCIAYATAUUH HeQTAHBIX
MECTODOK/EHUI, HO W B CJYyJae BOJOHATIOPHOTO pEKUMa TaszoBHX Me-
CTOPOKIeHNI, KOI/Ia ra3 IpruTeKaeT K CKBAKMHAM IIOJ HAIOPOM KpaeBoil
BOJEI, PARA TEXHOJOIMIeCKUX IPOIECCOB, TNie OJHA JKHAKOCTH 3aMelaer
ApYyryo B IOpHUCTOil cpeme, W T. J.

B obuiem ciygae cTporoe rujppogmEaMEdecKoe pemieHue, MPUTOIHOE
A OpPAaKTU9eCKUX PacdeToB, OTCYTCTBYyeT. MccieoBaHEL JHMINb OTAE b
HEIe, TaCTHHIE CIy9al, a TaK:ke pazpaboran psax HPHOINIKeHHHX METOOB,
HEKOTOPHIE M3 KOTODHIX H3JO0KEeHHl HYKE.

Be3z npuHnunuanbERX 3aTPyQHEHNH IOJYydYaeTCA peuleHAe 3aadH
O [BIKEHNN JKUAKOH YacTHUH BROJD JHHUU TOKA HPH YCTaHOBHBIIEMCH
TeYeHUN, T. €. JJIA ONHOKHIKOCTHOH CHCTEMH IIpH HOCTOSHHEIX 3HAaUe-
HEAX KOHTYDHHIX MOTEHIMAJIOB.

Ha rparune pasgena OBYyX cpeJ HPOUCXOAUT CBoeoGpasHOe Ipeso-
muenne jsmHUA ToKa. Ilycrs (puc. VII. 1) xpuBas PQ aBiaserca rpaHmn-
meil pasfiesa ABYX ;KUOKOCTeH ¢ BABKOCTAMH 1, L2 B IyCTh, HAIPHMeED,
P2 > 1.

Paccmorpum TIPOU3BOABHYIO TOUKY M rpagunsr PQ m mposegem depes
Hee KacateabHyl T kK PQ u mopMans n. Haligem Tpoexuuu cKopocteii
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$uabTpanAn IACTHAL NePBOH W BTOPOH ;KAAKOCTEH, HAXOAAMHAXCA B 3TOT
MomenT B Touke M, Ha © 1 n. Coraacuo Hepa3PHBHOCTH TeYeHUA DIeMeH-
TapHbIe PACcXOfbl 06X KHIKOCTell Yepe3 IPOM3BOJBHHH 3JIeMEHT rpa-
HMIE pasjgena Mo/KER ObiTh pasHbl. OTclofa ciaefyeT, 9T0 U HOPMAIb-
Hble MPoeKIuA ofenX CKOpOoCcTeill PABHHI, T. €. Win, = Ws,. JlaBieHUe
B mjacrte B Touke M Tax;ke NOJKHO OLITH OXMHAKOBO HJIsI 00€UX JKUIKO-
cTeil, TAK KaK TPH MAaJIKX MO03BYKOBHIX CKOPOCTAX pa3peIBa JaBlIeHUA
B CILIONMIHOM HOTOKe GHTh He mMokeT. HacaTesbHble yKe KOMIIOHEHTHI CKO-
pocTeii o0enx sKHUAKocTeH coryac-
Ho 3axouy Jlapem OynyT, omy-
CKas I TIPOCTOTHL MAacCCOBHIC
CUJIBI,

k dp
Wit == 1 By 0
k dp
w21——'-}—L-2—7i—.

I porunaemMocts & canraem uo-
croaunof. Ho pi1, pe pasanyHwl,
CJIelOBATeIbHO, Wy == Wyy, M
ecau Uz > M1, TO Wiy > Wiy
Orciofa cieinyer, 9T0 U pes3ylsb-
TUPYIOIINE BEKTOPH CKOPOCTeI _1111

1 we Touku M pus gacTHI] Kaik-
J0f KMAKOCTH OYIYT pPasImaHbl A

M, CJIeJOBATEeJbHO, JHHHE TOKA  ppe VII. {. I'padmk cxopocTeil MUAKAX
AM u BM, mpoxonamue Yepe3 wacTum HA FPaHHie PAsfeda JBYX MKHLKO-
Toury M B Kamioil W3 RIKO- CTeil, COBMECTHO NBMKYNIMXCA B IIOPHCTOMR
cTeit, OyIyT HMeTh U3JIOM B TOU- cpene.

ke M. 3amerum, 4To B 00IneM

cayYae TPaHWIA Pa3fela He SABISETCH B Tpolecce TeYeHHA BKBHIOTEH-
IHAJIBI0, XOTA B HAYAJLHBEIA MOMEHT U MOsKeT OHITh TAKOBOIA.

TouHoe pemeHue 3afad¥ O NPOABHKEHMH TPAHHUIBI pasfesna, Korja
1% pe2, — B 00MeM cIyUae HEPAJMANBHOrO U HEIPAMOJHHEHHOro Teye-
HUS — HATAJIKHMBAETCsA Ha 4Ype3BHYaliHble MATeMATHYECKHE 3aTPYIHEHHUSA.
IMosToMy BMecTO TOYHBIX pemreHMil IPUXOUTCA HCKATH NpUOIUIKeHHEE.

Cregyer cgesars elle OJHO CYIIECTBEHHOE 3aMevyaHue o caMoil ¢uam-
9eCKOMR HPHPOJe BHITECHEHNUA ONHOIl JKHJKOCTH LPYTOil U3 MOPUCTOH ¢ pefn
M 0 MaTeMaTHIeCKOH HOCTAHOBKE TAKOIrO poja 3ajad.

Raxk 6nixo ykasaso Boiie (§ 4, ra. I), BCiaejcTBue HepaBHOMEPHOTO
pacupejieleHIsI PAa3MepPOB IOPOBHX KAaHAJM0B LEeMCTBUTENBHEIE CKOPOCTH
qacTHIl KULKOCTH pacipefeieHsl HepaBuomepHo. Ilostomy B Goapmun-
CTBe PAcCMAaTPUBAEMHIX HIKe 33/(aY OUpeelfTCA PAacIeTHble CpeIHHUe
JeHCTBUTENbHERIE CKOPOCTH JacTHI[ B CeYeHMAX 3JIEMEHTAPHHX TPYyOOK

— — w
TOKa, CBA3aHHBIe CO CKOPOCTBIO (i)I/IHpraI.II/II/I W COOTHOIDEHUEM ¥ = o
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e m — mopuctocTs. Ilo aTHM cKopocTAM m 6yfeT DpPOH3BOAUTHCA B
JanbHelimeM pacueT JBM)KEeHMA OTMEYeHHEIX JacTHI[, F'PAHHUIEI paspgesa
ABYX uakrocteidd u T. A. Ilpu srtoMm Gyayr Moay4aThCA IPUHIUIUAILHO
NpaBANLHBIE PE3YABTATH A MHTerPaJibHEIX XAPAKTePUCTHK — pac-
XO[OB B CpeXHuX cKopocTeil. McTHHHBIE JKe CKOPOCTH 9acTHUI] MOTYT OT-
TUYATHCA OT DTHX CPEeTHHX.

B paccmarpupaeMBix HMKe 3amavax 9TOH IVIABH KHIKOCTH IpPeAIO-
JaraloTca HeCMelIHBaIONMMHACS, B3AUMHO HePACTBOPHAMEIMH M XHMHIECKH
HE PearupymonpMd OfHA € JAPYroii M ¢ IopucToil cpegoil. BoitecHeHUe
OHHOW SKUKOCTH TPeANIoJaraeTci IPOUCXONAINAM NOJHOCTHIO — TAK
Ha3KIBAaEMOEe «IOPIIHEBOE» BHTECHEHHe. JTO TaK;Ke ABIACTCH NEATH3a-
nueil, Tak Kak B AeHCTBHTENLHOCTH IOJHOTO BBITECHEHUA He TPOUCXO-
aur. 3agadd, B KOTOPHIX YYUTHBAETCA MEHOJHOTA BBITECHEHHs, pac-
cMmoTpeHsl B riase [X.

§ 2. YpaBHeHnsA [BMKEHNA OTMEUEHHBIX YACTHIL
B IIOTOKEe OJ{HOPOJHOIl KEAKOCTH

PaccMoTpum ypaBHeHHS [ABHIKEHHA OTMEYEHHHIX YACTHI[ B IOTOKE
OBHOPOAHON KUIKOCTH.

HycTts nama ogHOPOAHAS KUAKOCTH, IOTEHI{HAN [ABUKEHHA KOTOPOMH
O (z, y, z, t) u3BecTeH.
ds
WcTtHrHAsA CKOPOCTH IBUMEHHA YAaCTHILI 7+ CKOpPOCTB ¢unpTpanumH

s
w=um gt—, e ds — DIIEMEHT TPAEKTODPHH.

Torga ypaBHeBHA [BUKEHUA B KOOPAHMHATHOH ¢dopme Moryr GuiTh
3a0MCAHEL B BHJE

dx ad
m_dT——__Tx =f1(x, ¥, 2, 1),
d oD .
md_?t/=_w=fz(x, y, 2, t), (VII.2.1)
dz oD
mu =" = h@ i)

Oynuxuua fi1, fa, f; n3Bectnsl, mockoasky morermmas D (z, y, z, t)
CYHTaeTCA 3aJaHHBIM.

Wurerpupys cucremy (VII. 2.1), monydaeM 3aKoH [ABUKeHUA HIH
TPaeKTOpUIO KNAKOH wactTuuel B Bufe £ =z (t), y =y (¢), z =z (%).

HMarerpupoBanne nmpom3BofuTcA 0COOEHHO NPOCTO, €CAM CKOPOCTh
€CcTh Hm3BecTHAA GYHKOHA OFKHOH BCAWYUBHL §:

ds
m—r =uw (s).

Mouo mnoctaBuTh OoJiee IMUPOKYIO 3aJady O [ABHIKCHWHN IKUEKON

JHHAM AN SKHAAKOI MOBEPXHOCTH.
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IIycte ®Hamo wHaiitm ypaBHenme KufKoill mnoBepxHoctH F(z, v,
2, t) =0 HpE HaYaJhHOM YCJOBHH

F(xv Y, z, 0) =f('7"a Y, Z)v (VII22)
rge f(z, y, z) — n3BecTHAA QyHKIHUA.
Ilpoexnynm mnepeMemeHWs IKUAKON dYacTHOH 3a BpeMa 6! OyayT

—;- ot, —:T ot, —% 6t, rie u, v, W — NPOEeKIUHU CKOPOCTH PUIBTPATUN

Ha ocm Z, Y, 2.
Tpebysa, 4roOH 5TH YacTHIH OCTAJuch HAa SKHAKON TIOBEPXHOCTH,
HMeeM

F(a:-—i—%()t, y+ 2-0t, z+-Lst, t+6t>=

PasBepThBag arto cootHomenue B psap Tefimopa m yaepskraBag 4iIeHBL
¢ nepBoi#i cremenrlo 0%, monydaeMm

F(x7 Y, 2, t)‘}‘%ét% ——6t +—6t—+6t 0’

OTRyHa, Tak Kak F(z, vy, 2z, t) =0 wo yc.nmzmo, ycTpemnsas 6t K HYJIO,.
moxydaeMm

aF oF oF aF
u—a—z——i—vw—}—wﬁ——{—msz (VII. 2. 3)
WIH, 3aMeHAA CKODOCTH 9e[e3 IIPOM3BOMHEE MOTEHINAA,
m 6_1«‘ — grad O grad F = 0. (VIL 2. 4)

JImmeiinoe ;mcbd)epeﬂunanbnoe ypaBHeHHE B YACTHBIX HPOU3BOJHBIX
mepsoro nopsaaka (VIL.2.3) npencrasaser coboii cootnomenne HeabBuna,.
YAOBIeTBOpAIONleecsas HA BCAKoW mosepxmoctd F (x, y, z, t) = 0, nBu-
RyHelica BMecTe ¢ JKATKOCTHIO, T. €. Ha JI000I yKUJKOA DOBEPXHOCTH.

Tpe6Gopanue HaiiTn pemenue ypasuemus (VII. 2. 3), ymoierBopa-
fomee ycaosuio (VII. 2. 2), npeacrasasaer coboit samazy Homwm pna mu-
HeflHOTO OJHOPOAHOIr0 YPAaBHEHHUS B YACTHHIX IPOM3BOJHBIX IEPBOTO
HopsAAKa.

Cucrema o0nikHOBenHHX AuddepeHuMaIbHNX yPABHEHUIl, COOTBET-
creyioniag ypasaenuio (VII. 2. 3), umeer sug [1]:

ol 2 (VIL 2. 5
u v w m
TpUYeM U, v, W — U3BeCTHbIe PYHKIUM KOOPIUHAT U BPEMEHH, TAK KakK
notennuas ckopoctu O saman. Pag gacTEEX caydaeB paccmorpen Mac-
xetoM [JIT. I. 11), a TaK:xe B page xpyrux paGor (JIr.1.8,12, 19; JIr. IL.
2; 2, 24, 39, 40].

§ 3. Pacuer cropocTH BbITECHEHMA OfHOIN KUAKOCTW NPYroif
U3 TPYOOK TOKa, HPeAmoNaraeMbIX HEH3MEHHBIMM

Mu yske Bumedm, 9To B ofHieM Caydae — HEIPAMOJHHEHHOro W He~
paguanbHOro TedeHUH — JIMHUM TOKA HA TpaHUIle pasjena ABYX ;KUIKO-
CTeldl MCHLITHIBAIOT TpejomieHne. MojKHO MBICJIeHHO IIOCTPOUTH CHCTEMY
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TpyOOK TOoKa B o0macTAX, 3aHATHX ABMKYMAMECA KuAKocTAMH. Ha
TpaHHIle pasfena Kaxjgasa TpyOka Toka Oynmer HMeTh H3J0M, Iepeme-
WAMBicA BMeCTe ¢ 3TOH TpaHANmeHd Mo Mepe BHTECHeHHUA OXHOM >KHAKO-
ctn ppyroii. Taknm oGpasoM, Bech IpoIecc TeYeHUA MOKHO PaccMaTpH-
BaTh KaK BHTeCHeHHe OTHOM ;RUIKOCTH A pyroit U3 cucTeMu gedopMupye-
MHEX TPYOOK TOKa, cedeHUs KOTOPHIX H3MEHAKTCA B 3aBHCHMOCTH OT
BpEMEHH.

3aMeHAM Telephb 9Ty UCTUHHYIO KAPTHHY TeUeHUS APYyTo#, puaudecKn
3aBef[oMO0 HeBepHOU kapTuHoil. Il peqmonosxum, 4T0 3a Bce BpeMA JBHKeHUA
0CTaeTCA HEeW3MeHHOHl KapTHHa
JUHUA TOKA, CYIIeCTBOBABINAA
B HavYanbHHM MomeHT f = (.

Torma sagawa cBoguTCA
K pacdery BpeMeHH BHITeCHe-
HEA OfHOM SRUNKOCTH JPyroil
M3 CHCTEMH TPYOOK IlepeMeH-
HOTO 10 [JIMHE CeIeHHA, KOTHA
BCe 9T TPYOKU ABIAKTCA

Pae. VIL 2. yKe IKeCTKEMH, HenehopMu-
pyeMEIMA.

PaccmorpuMm  kakylo-muGo TPyOKY ToKa IeDPeMEHHOI'0 CedeHHA
(puc. VII. 2). Ilycts mmomanp ee ImomepeIHOTO CEYEHHSA €CTh QPYHKIUA
IIAHEL §, OTCYMATHIBAEMOH BIOoAL ocu. Bymem cumMrarh, 94T0 CKOpOCTH
$unpTpanuu Bo BCeX TOYKAX cedeHusa f = f ($) OQMHAKOBHI.

MaccoBEME CHIAME A TPOCTOTH OyaeM IpeHeGperath. 3aMeTHM
HONyTHO, 9TO y4YeT IpaBHTAHOHHOr0 sfiperTa, T. e. pasnugud OIOT-
HOCTe#l, He BHOCUT HAKAKNX IPUHOUOMANBHEX 3aTPyAHeHUH, H, Kak
IpaBmwiIo, maeT HeGoabimylo monpasky. Ma sakoma Jlapcu gusa pacxoja ¢,
CUMTAA KULKOCTH HEC)KEMAEMEIMH, HMeeM

Kk dp
g=—L 2y (VIL 3. 1)

IIpemnomommM, 9T0 U3BECTHH JAaBIEBUA D1 W Py B CEUEHHAX § = §;
U s =S5,. BeipasuMm q depes py u py. Iaa sroro us (VIL. 3. 1) maiinem

OTRYJa, HHTCIpHUPYA M 3aMmedad, 4T0 ¢ ne 3aBHCHT OT §, NOJydaeMm
83 d
qu [ ds
Pr— P2 = —3— f T
&1
k —
g=-—D"P (VIL. 3.2)

b ds

f

N
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Ecam upormmaemocth k mnepemenna, 1o BMmecto (VII.3.2) Gymem
HMETH

q=%-”—l;”1. (VIL 3.3)

83
ds
| &
81
Qopmyan (VII. 3. 2) u (VIIL. 3. 3) smpakator 3zaxor [apcu ans
Tpy0KH IepeMEHHOIO CeIeHHA ¢ PABHOMEDPHBIM paclpefelleHEeM CKOpPO--
cTefl B MONEPEYHHX CeYeHUAX.
PaccMorpum Temeps mecTKYI0 TpyOKY IepeMEHHOTO CeI€HHA JJIMHON

!, B KoTOpO# ofHA KUIKOCTh BHTeCHAET Apyrylo. O603HaTNM BHITECHAIO--
Y10 ;KHAKOCTh MHAEKCOM 1, a BHTeCHAeMYI0 — HMHIeKCOM 2. ITHMH ke

P,
]

fls)

Pnc. VII. 3.

uHAeKcaMa OyaeM o003HAYaTh B MalbHeHIleM BeJIHYMHEI, CBA3AHHLE
¢ BRITeCHAIOUeH WM BRITeCHAEMOH ;KHEKoCThIO. IlycTh B 0qHOM ceuenun
TpyOKH, 3aHATOM BHITECHAIONER JKUAKOCTHIO, [aBIEHHE PABHO Py (KOH--
Typ OHTaHHUA), & B APYroM, OTCTOAMEM OT IepPBOTO HA PACCTOSHHU § =
= !, BaHATOM BHTECHAEMOH KUIKOCTBIO, PABHO Pe (CKBAaKHHHK),

Ilpexnonosum, 9T0 3aKOH M3MEHEHUS ILIOINANAA [ IOOEPEeYHOro cede--
HAA TPYOKU N0 [JINHE N3BECTEH:

f=1(). (VIL. 3. 4).

Hycrs mepBas sKEAKOCTL 3aHMMAeT B [(AHHKIA MOMEHT IJTHHY TPYGKH 8,
a Bropaa I — s (puc. VII. 3). HaiiteM B 5ToM N0J0KEHMH CKOPOCTb-
mepeMelleHNsA TpaHHNH pa3sfena. O6os3mavyasd [AaBJIeHHe B TpaHUY-
HOM CeUeHHH dYepe3 py._, U CUATAfd INPOHHIAEMOCTb A MOCTOAHHOM,
coraacro (VII. 3. 2) moxrygaem

d: k Py—Pi_ Py_9—P
g=fwi_p=fmo = B DTl B TimamPe (vinL3.s)

551 ds ds.
|7 I
0 ]
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PaccmoTpuym Tenephb TedeHle, KoTopoe GyleT B ToH ke TpyOKe, Korma
OHA BeA OyMeT 3aloJHEHA TOJBKO OTHOH JKHUAKOCTBIO, HAIIPUMepP BTOPOM
BRHITECHAEMOU, IIPH TeX ;Ke KOHTYPHHX NaBIeHUAX px U De. JlaBrenme
B 9TOM jKe C€4CHHH § 0003HAYUM 4Yepe3 Py_g, CKOPOCTh Wy _5. Torma

i Py—Py_.o _ i Pg_o—DPc
He s Ba 4 ds
I |5
0 s
HMoaumurerpansuse ¢pynxnun B (VII. 3.5) u (VIIL. 3. 6) omunaxrosH,

TAK KAk MH YCIAOBWIHCL cYuTaTh TPYOKy Hemedopmupyemoit. Tornma,
pasmenus (VIL 3.5) ma (VIL 3.6), uaiimem

fwe—g = (VIL. 3. 6)

Wy_» — p}{—pt__.z — Py_.p— D¢
Wy 2 il_l_(pR_—pz—z) Py_o— D¢
M2

HiHn

“1—2 Px—Pc

Wo_o T KB (PK—PZ_Z)—}-(pz__z_pc) v (VII. 3. 7)
rue

Mo =h, - (VIL.3.8)

®opmyaa (VIIL. 3. 8) asagercas uckomoil. OHA HO3BOJIAET CBA3ATH
CKOPOCTDb Wq_g M NBYXSKUTKOCTHON CHCTEMEI CO CKOPOCTBIO Wy ORHO-
‘KUTKOCTHOI.

Takum 06pasoM, ecId OTHOKMIKOCTHHIN IOTOK HM3BecTeH, 1o ¢op-
myse (VII. 3. 7) MoskHo HaiiTh cKopocT B n106oil Togxe. OrMeTHM, 9TO
BTOT BHIBOJ IPMMEHUM U K IPOCTPAHCTBEHHKM MoTokam. OdeBupHO, dop-
myna (VII. 3. 7) 6ymer cTporo BepHa Axs HpAMOJIMHEHHOTO M pafHalb-
HOro TedyeHuii, Korja fAedopmaruit TpyOOK TOKA BCIEHCTBHEe IIpejoMiIe-
HUA Ha TpaHuUIle He Npoucxoxut. Boobie ke roBopsa, popmyaa (VII. 3. 7)
HeBepHa, M0, KaK YKAa3HBAJIOCH BEHIINe, TPAeKTOPHM YacTHI[ B OAHO-
ARHIKOCTHON ¥ ABYX/KUAKOCTHOHW cHCTeMax MOTYT OHITH DPa3iMIHBEIMUL.

B Tex caywasx, Korga CyIIeCTBYIOT TpaeKTOpHH, obuiue fus obemx
JKENKOCTEH, HATIpUME P, NPAMAad, 13 TeOMeTPHIECKUX c000 paskeHAN MOKHO
CYINTb, B KAKYI0 CTOPOHY M5l jeJaeM OmMUOKY, HoAb3yAch opMyraol
(VIL. 3. 7).

Ilycrp, manpumep, BHITeCHAeMas ;KUTKOCTH 107 HANOpPOM BHITECHA-
folleii HocTyllaeT K JuHeHHoii Gartapee cksaum (puc. VII. 4); T —
gouryp muramusa, MN — rpaHunma pasfgena B JAaHHBIH MomeHT, A4S —
npAMoJHHeHHAS oceBad JUHHUA TOKA, IPOXOAAIAA depe3 KaKywo-1ubo
cKBaykuHy S. PaccmMorpmM mpuMepHsifi Buj TUMHAH ToKa B obeHx obia-
CTAX, UPOBeJleHHON 4epes ToYKy A’', BecbMa Gmuskyo K A. IlaBrenus
Ha KOHTYPaX NHTAHHAA ¥ CKBAJKUH OyHgeM CIMTATh HeM3MEHHEIMH BO BCEX
paccMaTpUBaeMHIX HU/Ke CIydasX.
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ITpenunonoxsuM cHadalma, 9T0 BA3KOCTA O0OGeHX JKUJKOCTEH pPABHHI,
T. €. CHCTeMa OJHO;KHAKocTHas. Torga Ha TrpaHune pasgena He OymeT
IpesoMIeHMA JTHHNA TOKa M JWMHUA TOKa, Ipoxoidmas gepes A', Gyger
n3obpaskarecsa muaBHo# kpusoil A'B’S. Ilycrs Temepn pi == pe; Torma
JWHNA TOKA, NPOXOoAAMman deped A’, Oyfer UMeTh H3;10M HA TPAHALNE pas-
fgena. Ecam pa < P2, TO M3 3aKOHA TIPEJOMJIEHUA CIHENYET, ITO JIUHAA
ToKa GyaeT uMeTh BUA JomaHoit A'CS, T. e. mpubausurca K mpamMon AS.
@opmyaa (VIL. 3. 7) coorBercTBYET yenmoruio, uro auuua A’B'S ocraerca
HeN3MeHHOH, 4ero, KaK MBI BHJUM, B [AeHCTBUTEIBHOCTH H¢ TPOMCXONMT.
Takum 00pasoM, Bo BTOPOi 30He IPHU M1 << {2z B OKPECTHOCTH HIPAMOM

A A T

Puc. VII. 4. CxemMa auHAA TOKA IPHA IPOPHBE K CKBa-
JKUHE IPU Pa3jINIHOM COOTHOIIGHWHM BA3ZKOCTeH BHITe-
CHAEMON W BHTECHAIMICH KUIKOCTeH,

AS mpomcxomuT cryimeHMe JIMHHA TOKA IO CPaBHEHWIO ¢ KapTUHOH M-
HHI TOKa IpH Ut = We2. 3acTaBasAsa Tenepb TouKy A’ crpeMuThed K A,
TPAX0ZUM K BEIBOAY, 9TO CKOPOCTh TOYKH B rpaHmmsr pasjienaa, JeKameii
Ha NpAMoIHHeHHOH TpaexTopun AS, B JelicTBUTeNIbHOCTH GyHeT He-
CKOXBLKO Oonbmie TOil BeJMYMHB, KOTOPag NOJYIaTCA MO $Hop-
myae (VII. 3. 7), Tak kak crymenne JMHAA TOKAa COOTBETCTBYET YBeNH-
4eHulo ckopocreil. CremosaTenbHo, 3Ta QopMyIa [JIs ABMIKEHAA IO HpH-
Mot AS paeT mpE 1 << p2 HECKOJIBKO 3aHH)KeHHOE 3Ha9eHAHe CKOPOCTH
POTUB JAeHCTBUTEJBHOM.

Paccy:xpaa coBepmeHHO aHAJTOTHIHEIM 00pasoM, MbH DpHAeM K 3a-
KJIO9eHHI0, 970 OpPHA pi1 > U2 JHHUA ToKA Oymer mmets Bux A'DS n
B 9TOM cxrydae IiA Touku B no ¢opmyne (VII. 3. 7) monygnrcsa snagenne
CKopocTH, Oonbmee AeficTButenbHoro. TakuM ske o6pasoM MOMKHO IIO-
KasaTbh, 970 And toukm K dopmyaa (VIL. 3. 7) 6yner masare obpaTHHe
Pe3yabTaTH, HekeJdH AJAA TOYKH [3, T.e. NpeyBelMdYcHHEE 3HAUCHHA
CKOpOCTH NPH M1 < P2 M TIpeyMeHbOIEHHHE IpPH pr > Ua.

Uz stix coolpakeHUil OKAa3HBAETCA BO3MOMKHHM YCTaHOBUTH, B Ka-
Ky cTopoHy MH omubaemcs, Hoabsyack gopmynoit (VIL. 3. 7).

CxeMEI OTHOMEPHOT'O BRITECHEHMs OIHOW >KUAKOCTM JIPyroit B TpyGKe
TOKa IIepeMeHHOT0 CeYeHUsI IMHUPOKO HCHOMB3YITCA B pacyeTax pas-
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paborKn HePTAHEIX ¥ ra3oBnx mectopoaenuii. [Ipm momomm stnx cxem
MOJKHO PaccMOTpeTh, B YacTHOCTH, 3aJjaddl O HAaHMBHTOAHeHmei paccra-
HoBKe Garapeit ckakmu (JIr. I. 16; JIr. II. 9; JIT. IV. 2].

§ 4. 3amevanna o 3afjagax QUIALTPANMHE ¢ HOABHKHBIMH
rpaEdyasIMA yeaoBEAMH. CBef°HNe 3aRaYH O ABMKERHM
TpaHMObl pa3fela K pemieHHI0 MATerpo-gdddepennmaibHOrO
YPaBHEHHA COENHaIbHOI0 THNA

3ajaun ¢ TEeMM HJIW HMHHMYA KPaeBHIMH YCJIOBMAMA HA MOABIKHHIX TI'paHANAX,
dopmMa 1 3aKOH /IBHKEHNA KOTODHIX HEM3BECTHHl ¥ TOJJIEKAT ONPEleJeHHI0, B GOIb-
HIMHCTBE CAydYaeB eme He MMEIOT TOYHHX 3ddexTuBHNX pemenuil. K HUM oTHOCATCH,
B YaCTHOCTH, 33j1a9M TOYHOH TEOPHH BOJH Ha TPAHMIE pasiena >KUAKOCTEH, TEOpHUH
o6pa3oBaHuA ¥ ABIKeHMA HEOOHOMEDHHX YJAPHHEX BOJH X T. I.

[loMMMO YKAa3aHHOTO BHINe NPHOIMKEHHOI'O METOJA JKECTKAX TPYGOK TOKa,
K peIleHHI0 3a/1a4 [BYWKEHNA TPAHMIE Pasfena yKMAKOCTeil B MOPHCTHX cpefax IIpH-
MEHAOTCA APYrue OpuOIMKeHHNE MeTOIH, OCHOBaHHEE Ha TOH MIU MHOM JWHeapH-
3a0UM YCJIOBUA HA NOABHIKHOH I'paHuIe. _

VHorga NpMMEHAIOTCH M IUCTO BEIYHCIATEN BHHE METOSH, B TOM 9HCIE ¢ HCIIOAb-
30BaHMEM UW(QPOBHX MJIH MONETMDPYIUX YCTPOHCTB, /A pElIeHWs yDaBHEHNA
Jlanziaca npy 3aJlaHHEIX I'PAHUYHEX YCIOBHAX M uaBecTHHX obnacrax. IIpu nomomm
JTHX YCTPOHMCTB 3a7a9a ABMKEHUA IPAHUIB pasfiesa PeIraeTcs CJAeXyHmMuM o6pasoM:
B HadaJbHE MoMeHnT ¢ = ( rpaHuna paspieia M3BeCTHA W, pelmas COBMECTHO ypasB-
penns Jlanaaca V2:0,=0, V2@, = 0 B 06JacTAX, 32aHATHX JBIKYIUMACA FKUIKO-

ctavME 1 M 2 IIpH TPAHUMHBIX YCIOBHAX MiaA ¢ = (), MOMKHO BBI9MCIUTH HOPMAJb-
dod i)
HEE KOMIOHCHTH CKOPOCTH Wip = Wep = a—‘ = 0n2 JJIA TOYeK TpaHUIH pasjerna
n

8 Momenr (= 0.

Brifupas 3aTeM [0CTATOYHO MAJHI{l HHTEPBAJ BPeMEHH /\ /1, MOKHO I10CTPOKTH
HOBOE 0JIOYKeHNe TPAHRIH paafena MO sJeMeHTaPHHM NepeMemeHUsAM BA0JIL HOP-
Maa® An= wp At (cM. puc. VII. 1). 3atem BHOBH pemaroTca ypaBHenus Jlam-
Jlaca y»e ANl HOBOH KOHEHTYpPAIyil TPaHMIE pasieNa X MOMeHTY ¢ = A\ b, ompe-
AEJSIOTCH HOPMAJbHEEe KOMIOHEHTH CKOPOCTH M HAXOHQHTCH NepeMelledne I'DaHMINE

pasnens K cHefyIOHICMY MOMEHTY: ¢t == A &4 4 A t. IIpoljecc ToBTOPsETCA BIIOTH
IO JKelaeMoro MoMeHTA § = Al -+ Aty =+ ... + /A tn. O6HuHO BHOApatoTCA
paBHHE OHTEPBATH A f1 = Aty = ...= A ¢. KOATpoO/IeM CIYKHUT CTeNEHbH CORINafe-

1
HRA PacYeToB Hpu mare A ¢ H Z—A t, KaK 5T0 OOGLIMHO JielaeTcs HPE KOHEYHO-DAZHO-

CTHHIX CX€MaX, a TaKKe MpoBepka GanaHca 00'beMOB, NPOMEHHBIX KUAKOCTAME [ 1 2.
CyniecrBeHHEIM HEZOCTATKOM 3TOr0 METONA, KAK, BIPOYeM, M MHOTHX JPYTUX KOHCU-
HO-Pa3HOCTHHIX CXeM, ABJAETCA OTCYTCTBUE JOKA3aTeJBbCTBA CXOJUMOCTH IIpomecca
K TOYHOMY pelieHAI TPH CTPEeMAEHHU mara /\ t+ K AyJI0.

Jaa onockolf 3afadd CTATMBAHAA KOHTypa HeiTeHOCHOCTH TIPH HYJeBOd BA3-
KocTH BHTecHAIMmeEH Bogsl w1 == 0 (3amaga JleiiGensoHa), MeTOAR TOYHOrO pemeHUSA
npemaoskenst B paborax 1II. A. Koumnoit, JI. A. Taanma, II. I[I. Hydapesa =
10. TII. Bumorpanosa [JIr. II. 2; 3, 4, 5, 6]. B ocHOBe 9THX METOJOB NEKHT HEKO-
TOpas GYHKONA KOMIJIEKCHOTO NMEPEeMEeHHOro, peajnsyomas KoHpopMHOe oToGpa-
JKeHHe HeN3BECTHOH 00JIaCTH Te9eHH HA KPYT BCIIOMOTATeIbHON NJI0CKOCTH. 3a/laBad
3Ty QYHKIHUIO B BUIe pALA, KO3(PUOHEHTH KOTOPOTO 3aBUCAT OT BPeMeHN, U3 YCIOBHH
HA TIOIBHM/KHON TPaHUOE /A KO2(PPUNUEeHTOB MOMKHO MOJYINTh CUCTEMY OGHIKHOBEH-
HEX gudpdepeHnuaNbHNX ypaBHeHMIi, AJS pACHeTOB, BIDOYEM, OYEHb CJOKHYIO.
Cinegyer OTMETHTB, TYTO NpPH HEOJHOMEDHOM CTATMBAHUM KOHTYypa NHedTeHOCHOCTH
K CKBajKUHE M0JyYaercs COTVIACHO HTHM pemeBmAM (M3MYecKu HepealbHbl pe3yab-
TaT B BUJe TOYKM BO3BpaTa 3aj0iro 10 NPOpHBa BONXH K CKpakmme (pwc. VII. 5).
BoaMokHas NPUTINHA JeKAT B HeyYeTe NHePUUOHHKX CHA ¥ KaMLIADHHX 3¢deKTor.
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Jpyroit MeTog pemeRHs 3aJa4H 1IDH U1 + Mg Ob nmpenaoxen B. JI. Jammxo-
euM [7, 8]. IloabaynAck MeTomaMWm Teopunm OoTeHOUWANa, B. JI. amwaoB mocTpomm
HEKOTOpNe HHTErpo-fuddepernuasbHO® yDABHEEHHe A NOABWKHOA TpaHANb pas-
Jlefa, KOTopoe saTeM OHUIO peIeHO AJas HECKOJbKMX INpMMepOB Ha OLICTpOneiicTny-
IOUMX BHYACAUTCALHMX MameEnax. Pememuwe B. JI. llamwiosa npmBop¥TCS HEDKe.

lInockme W NMpocTpaBCTBEHHHE 8aflagn O IiepeMe-
MeHHA rPaEANk paafiena NBYX HECKAMAGMBIX JKBJIKO-
crell ¢ pasIMUBHMA BASKOCTAMA W YAEJILHHMHA BecaMu
B HeflepOPMAPYEMHX DIACTaX MOTYT GHTH ACCIeN0BaHBL
B TOYHOIH NOCTAROBKE (Jifi NIPHBEJIEHHOH BHIIE CXEeME \
pomecca IMOPIMHEBOTO BHITECHEHHA) METO/]AMH TEOPUH \
noreanuana. C MaTeMaTW9eCcKOH TOYKM B3PeHHs OHHK \
cBogATcA K 3afiagam Komu pua murerpo-mudidepenmm- AN
aJBHHX ypaBHeumil cnemmanaseoro tmma (7, 8, 9]. P

TlokaieM nmpHEMeHeHME STOTO METOAAa Ha IpHMepe /
IIOCKOM 3a/lagM O JIBIKEHWH 3aMKHYTOTO KOHTYpa /
negrenocitocty I' opm pabore cHCTeMH CKBa)KUH B He- /
OTPAaHMYEHHOM IJIACTe C NOCTOSAHHHEIME MOLIHOCTHIO |,
TMOPHCTOCTREI0O m M INpPOHHMNaeMocThlo k (puc. VII. 6).
Baskocrs medrn BHYTPE KoBTypa I' (0Giacte Gi)
0603HaYMM U1, BABKOCTH BOAW BHe KoHTypa I' (06-
Jacte G,) po. BaHsHMeM DasimdmMs yAeIbHWX BecoB Puc. VII. 5, Cxema of6pa-
B miaacte GyneM mpeneGperars. 30BAHAA TOYKH BO3BpaTa

IlycTs ckBaskMHW (B ITOCKOM 3aja¥e 3TO BepTH- A0 IPOPHEBA B CKBAKHHY..
KaJibHHE JIMHEHHbe WCTOYHHKM M CTOKH C IOCTOAHHOMN
WHTEHCHBHOCTHIO) MMEIOT KOOPAMHATH zj, y; W oOmeMHuHe Ae6mTH Q; (f), npmuem
3HaYeHNAM WMHfleKca { = 1, 2,...,j COOTBeTCTBYIOT DSKCIJYaTaNMOHHHE CKBAXKHUHEI
B Gi, a sEavenuMsaM i = j + 1, j-[-2,...,j+ l— HaroeraTeJbHHE CKBaKOHK B Gy

llpn yKasaHHWX BHIDE YCJOBWAX TeYCHHe ABJIACTCA ILIOCKUM, a JaBlleHHe
p (z, y, t) ynoexernopdeT ypaBHeRHI Jlansaca

T2 =0 (VIL. 4. 1)

BCIOJlY, 33 WMCKJOYEeRHeM OCOCHIX TOUeR-CKBAJKMH H B 00meM caydae GeCKOHeIHO yia-
JIEEHON TOYKH INIOCKOCTH, a TAKMHKe 0co{0ii INHIN — I'paHuIb pasgena xuaxocTeid. Ha
rpanAne pasfela — KoHType I’ — Kak B HauaJILHBIRA
MOMEHT, TaK W BO BCe IIOCJIEeAYIOIee BPEMA JIBYIKe-
HHEA BHIONHAKTCA CJEAYIOIMUE YCIOBHH:

1) maBnenve upu uepexone depes KoHTyp I’
M3MEHAETCA HelpePHBHO; 0603HATAA HHAEKCOM «—»
npefesikHOe 3HAYeHHe p UpM Ioaxome K I' m3myTpm
M MHAEKCOM «—» TpelenbHOe 3BadeHMe WPHW HOX-
xope ® I' cHapyswn, UMeeM

pt=p"; (VIL. 4.2)

2) HOPMAJIbHAA COCTABJIAOINAA CKOPOCTH (bﬂ.ﬂb—
TpallHN BCJEACTBUE HEPA3PRIBHOCTH TEYECHHUS HeIlpe-
PHBHA 1PN I1epexoje depes I'. YuuTmBag 3aKoH
Pnc, VII. 6. Jlapcn

J:—ci gradp, i=1.2, (VII. 4. 3)

2

H3 yCIOBHA w, = w, HAXOZUM

ap™ op~ ,
¢ gn = al:; , (V1L 4. 4)
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* . k
rme ¢ = o Ko3dPrumeHT TeKyIecTH B HeTAHOE 30HE; ¢y=———TO JKe B BOJ-
1

2
HOH 30He; n—BHYTpeHHAA ([JiA OHpeJel]eHHOCTH) HOpDMaahb K KoHTypy I'l.
BBegeMm ypaBHeHHe HeM3BeCTHOH TpaHWIH pasfieda I' B HeABHOH Qopme:

F(z,y,t)=0. (VII. 4. 5)
Hawanssoe moaokenme ee I'y m3aBecTHO:
F(z y,0)=F,(x,y)=0. (VII. 4. 6)
Bepsa mnoauyio mpousBognyio or ypasHenms (VII. 4. 5) mo BpeMeHM, HMMeeM
dF @F | 0F dz | 0F dc OF | OF
—_— —_— e I ——— o —— =
dt ~ ot ' 9z dt ' oy dt ot t5n on="0, (VIL. 4.7)

vp — CKOPOCTH TepeMemennd KoBTypa I' o HOpMad®m n K HeMy,
M3 (VI1I. 4. 3) u (VII. 4. 4) caegyer

e 0pT e O (VIL. 4. 8)

m on m on

Torga us (VIL 4,7) u (VIL. 4. 8) BHTeKaoT iBe SKBHEBajeHTHHe (HOPMH YpaB-
HeHHSA [BIKeHHA:

apt _m OF | 8F
o T / TR (VII. 4. 9a)
dp~ m OF | OF
o = o o /——an . (VII. 4. 96)

3Jajada COCTOMT B OTHCKaHAM (QymHkmaum F (z, y, ©) = 0, ynmosrerBopsiomei
ypasuenmio ppmwrenws (VII. 4. 9a) aubo (VIL. 4. 96) m HavYaabHOMY YCIOBHMIO
(VI 4. 6), npmyeM Qymxomsa p AOMIKHA yAOBIeTBOpATH ypapHemmio (VII. 4. 1),
yeaosuaum (VII. 4. 3), (VII. 4. 5) u uMers 3ajaHHbE 0COGEHHOCTH B TOYKAX CKBAKAH.
HepeiinemM K BRBOJY ypaBHeHUs ABM:KeHdsA rpaBunu I'. BBejeM rapMoHHIecKyo
¢YHKOAIO, DPEeACTaBAANMYI0 CyMMy MoJdell HaBIeHAA OT OTAEABHHX CKBR)KHR:

J i+l
_ 1 QP 1 1 . 1
(P(zvy’t)—WZQt(t) In T;’*‘m 2 Qi (t) lnRi ,  (VIL 4. 10)
i=1 i=j+1
2
Ri=(z—z;)" +(y—yy)"

Pacnpenenenne fAasieHuss B miaacre 6yJeM HCKaTe B BHJe

Pz, y,)=9 (z,y,0)+ f@ (3% ) ln-;—dc, (VIL. 4. 11)
r

rae R2=(x—E)2+(y—n)%; o—nyrosasa aGcnucca ToukM woHTYpa I' ¢ gexapto-
BBIMH Rocp;umaTanm E, ’q; Q—HJIOTHOCTL norapm{mmecxoro nOoTeHuajaIa ]IpOCTOI‘O

clloA B TO4YKe §, 1), HeNpPepHBHO paclipeJesieHHas mo I'2,

1 Bce pmanbBeillime pacCyRIeHUS COXPAHAKT CHIY JYPU IPOHUTIAGMOCTH ki
B obmacTiH Gi, OTMMYHON OT npoaunaeMoctd k, B obiactH (.

2 TloTeumual NPOCTOTO CJI0A, HAHECEHHOTO HAa IpaHHNY, OHUI HCIOJIB30OBAH
ipu pemenmu oOpathoél sagaun I'. . Tymamesmwm [11]. -
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Oyakaaa p (VIL 4. 11) ynosnetBopser ypasrHenmio (VII.4.1), ycuaosmio

(VII. 4. 2) 1 00 UOCTPOGHKIO MMéeT 3aJaHHEIE 0COOEHHOCTH B TOYKAX CKBAMKMH I;,Yi-

CoriacHO m3BeCTHHM CBOICTBAM NOTeHOHaJa mpoctoro ciaoa u3 (VI1I. 4. 11)
caegyer [10]

apt  ap~

on on

=— 2mg. (VII. 4.12)

Wcnoasadys (VII. 4. 9a) n (VI1.4.96), m3 (VIL. 4. 12) umeem cooTHOmeHHeE,
pnepsnie Hmonydennoe I'. I'. Tymamesunm [11]:

t 1\ m oF |oF
Q——(Z‘Z)z_n”at_/ﬁ“ (VIL. 4. 13)

Ocraercst ynoBaeTBOpUThL ycaosuio (VII.4.5) u ypassermio (VII. 4, 9a), nan
(VIR 4. 96). Bmecto (VII.4.5) ynoBleTBOopHEM cieflylolleMy YCIOBHIO, BHTEKa-
omemy n3 (VII. 4.12) n (VI1I. 4. 13):

apt 0p“_(1 1 ap/ap
o " on =\ T o) "o | e (VIL. 4. 14)

M3 (VII.4.14) u (VII. 4. 9a) Burexaer ycaosue (VII. 4. 5).
IlpenensHoe 3HadeHWe LPOM3BOJHOM [aBJeHHA OO n UPH CcTpeMienan K T
M3HYTDH pPaBHO

ap* _ o9 9 . 1 .
on ——g“—ﬂQ—**J\QWIH—EdO'. (\11.4-15)
r
ap™* .
HMopcrapasaa B (VII. 4, 9a) sHageHusa o 1B (VII. 4.15), ¢ u3 (VII. 4.13)
H BBOIA 0003HAYCHHE
€, —C
=12 VII. 4. 16
a+te ( )

[oJIydaeM ypaBHeHHe

oF JdF A oF | OF\ 0 1 2 e ﬂ
W/E_?I(W/W>E{1"_B—d°—"E_—cl-;-cz an - (VIL-4.17)

Takum obpasom, 3afaya oToicKaHud ¢yHRIUH F (r,y, t)=0 (VIL 4. 5) cse-
JeHa K 3agaue Komm paa umuTrerpo-fuddepennmanbuoro ypasHenus (VII. 4. 17)
¢ HadalbHHM ycuosueM (VII. 4. 6).

JAna mabapienusas 0T UHTErpUpPOBAHAA O HcKOMOMY KoHTYypy I mepeitmem!
K TOJAPHON cHcTeMe KOODAMHAT 7,0, B KOTOpOil ypaBHeHHe KOHTypa HMeeT BU/:

F(r,0,8)=r—f(6,8)=0; (VII. 4. 18)
B HaYaJbHEIE MoMeHT =0

F(r,0,0)=f0)—f(0,00=0 wm f(6,0)=f,(0), (VII. 4. 19)
rje f,(9)—m3pectraa ¢yHrnuA. Ilepexoga K HOBoil cucreme o opmyram
z=rcosl, y=rsinl, r;j=g;cosa;, y;=0;sina;,
§=écosv, n:ésin v,

1 Ilpn »TOM mojnaraem, 4TO HMCKOMHIH KoETYp I' 3Besgoobpasen, T. e, a06of
pajmyc, HCXOAAMMEA M3 BHODaHHOTO 110JI0CA, ITepeceKaeT ero JHUmMb OAUH pas.
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nocne npeo6pasoBaHmil mosaydaeM HETerpo-gudepeHnManbHOe ypDABHEHHE © IIO-
CTOAHHEM HHTEPBAJOM WHTEIPHPOBAHHA

2n
1.1 6.0— ﬁ—f 10,0 7 (1) K 0,9, 0dv=
0 .

7+1
1 Q ' .
= Zumh _\_‘Qi &) Ki(5,0). (VII. 4. 20)
rjie i=1
2 _ . _ i _
K(e,v,t):f(e’t) £(0,8) f (v,t) cos (8-— v)— fy (6,2) f (v, £) sin (8 v)’

70,0~ 21 (0,6 f (v, 2) cos (0— )+ /2 (v, )
72 (6,t)~j(6,t)gi cos (f—a;)—fy (6,%) ; sin (6—a;) )

Ki(e,t)_—: 3 A
f (6,t)—2f(0,t)gicos(ﬂ—ai)—i—gi
af (o, 1)
ROD=—375 A=) Qii=12 ...
af (8, 1) Qi(t)z{(1+-X)Qi(t).i=j+1,-~-,j+l. (VII. 4. 21)

fo(ﬂ,t)z—ae——;

Ecam mMeercss ofHAa HeTAHAA CcKBa)KMHA Jefuta Q (/) B nauane KoopawHar,
To ypasnenue (VI1I. 4. 20) nepexogut B ciepgyomee:

2n
A 1—A ,
1(0,2) f (0, t)—?f Ffi(v.t)K (8, v, t)dv_m() (t). (VII.4.22)
0

Tounoe pemenne ypasEenuns (VII. 4. 20),

a tawke (VII. 4. 22) npn HavaaIbHOM YCIORHH

(VII. 4. 19) ymaeTcs HaéiTR JAIIL B N pocTeimux

9ACTHBIX CJIY4afX PACHOJOKeHHA  CKBa)KAH

16t B HavaabHOH TpaHMOH pasgera (VI 4. 19).

B ofmeM caydae ;A YHCIEHHOTO peileHUA

/] 8 MOKHO MCHOJAB30BATH METOJ, KOHEYHEIX Ppa3HO-

$ creid. llpneemeM A MIJIOCTPAlMM OCHOBHHE

'y a Ra 3TADH  pacdeTa UepeMemeHMs 11ePBOHAYAIBHO

KPVIOBOTO KOHTYpPa K OKCHOEHTPNYHO pacmoso-
JKeHHOI cKBaskume (pue. VII. 7) [7].

Beenem GeapasmepHbie mepeMeHEe, IpeLIo-
naras Q= const:

=1, i=t  (viLa o3
Purc. VII. 7. CraruBanne KOH-
Typa HePTeHOCHOCTM NDH WPH-  ppo R KpaTdaiillee PACCTOSAHUE OT HAYANLHOTO
TOKe HeTH K CKBaKHHe, 3KC-
HEHTPHYHO DACHOJOMEHHO B  KOHTYpa mo cuBammhb; Ty =————5 —
KPYyroBOM IIJacTe. £ 4 mhli’0
BpeMs «OOBOMHEHHA» CHKBAYKAHB TPH Wy = o,
T. e. ipu A=0. IIpu srom fe6uT HCTOYHHKA CYMTAETCA IOJIOKUTEILHHIM.
YpaBHeHne HAYaJIbHOTO KOHTypa mMMeeT BHJ:

f(ﬂ,O)-——Ti_—e— (V 1—e?2sin26 —e cos ), (VII. 4. 24)

a
rie e-= 7 —- 3KCHEeNTPUCHTET CKBAXKWHH.
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YpapHernne pBmxenus (VII. 4. 22) B Ge3pasMepHHX BeauduHax Gyner

7(0.9) f7 6, t)——Sf(v Hif vHK @ v.1)dv= 1—2 (VII. 4. 25)
Ero MOMHO IlepeddcaTh TaKKe B BHJE
— - 21
2 . t
OPOD __gyp A [OPOD B Hav.  (VIL 4 26)
ot T at
0
llpocreiimuil pasHOCTHHWH aHAJIOT €r0 MUMeeT BUA:
;p. q+1 -?2 s —2 —
_N__ ==+ == 2 Fra—TFrgm0) Ep g (VIL 4. 27)
3iech BBe[eHHl 0003HAYCHHA
’ 2n - T
M=dv="3r. At="F.

_ 7 .

rie M nu N—Tenne HOJOMKUTEIbHbI® THCIA; T=—7-—— paccMaTpHBaeMHIil WHTep-
1]

Ba.l BpeMeHN ABIWKeHHs (Oe3pa3MepHuf BeamdmHa);

fo,q=F@AB. gAY, [ =F(rAv, qAz);

pr=0,12 ..., M—14; ¢=0,1,2,..., N (p—HHAEKC CYMMUPOBAHUA);

Y o
Ky r o= fp,q— T, qfr gcos(p “")M‘—fepqrqsm(P~’)A9 :
Y Tooq—2Fp, afr qco8 (@ —1) MO+ ]} o

— 1 D — — — _

1o, p,a= g [*3'(’p+1.q_fp—i,q)‘ﬁ Upta, q”fp-z,q)]
o gopmysie uucleHHoro auddepeHnMUpoBaHEA ¢ ONOPOH Ha IATH TOYEK AIA I{eB-
TPAJNbHEX ITPOH3BOJHKIX.

U3 (VII. 4. 27) MoxHO onpepeidTh 3HAYEHHA fp q+1Ha (g -+ 1) BpemeHHOM
CJI0€ [I0 H3BECTHHIM 3HAYCHUAM d)ym(ulm Ha BPeMeHHOM C.loe gq.
212 8, 0)
ot

YDaBHCHUA (Dpezxrn.'xwa BTOPOTO DOIA (VII. 4. 26) mociie NOJCTAHOBKMA B HET'O H3Be-

crHoit Ppyukmin § (0, 0) = Fo (0) n ee IPOH3BOAHOM fe 0, 0).
Jaa Bamero ciyuas HeTpyAHO Halitn

872 (8, 0) __( _ hecosf
ot V1—e?sinzl

JIJIH HavaJa TIponecca 3Hayenue onpegelaAeTcas W3 HMHTErpajbHOTO

PegyapraTal pacyera Ha aiexTpoRHOE nudposoil Mamuue «Crpena» mas € = 0,5
U PR3TMYAEIX 3HAUEHWi A mpupeens: Ha puc. VII. 8, rae 0o oc abeuuce oTaoMeH0 f,
o ocu opaumat | (0, ©).

Baio nposesieHo couocTapienne 3aKOHOB MepeMeIieHNA T'PAHMIE [0 [JIABHOMY
Hagpapienmo 0 = 0, moay4eHHbHIX DPUMEHEeHMEeM TPEX MeTOHOB: 1) HMHTerpmpoBa-
HueM ypaBuenna napmxennsa (VII. 4. 22); 2) pacderomM mo cxeMe «pasHONBOTHHX®
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muakocreir (A = 0); 3) mo cxeme KeCTKHX TPYGOK TOka, Ipmuem _cmerTp Tpy6ok

TOKa GHJA B3AT COOTBETCTBYIINMM HaNaJlbHOMY MOMeHTY apwxenus £ == 0. Bo Bcex
clyuanx Oeid DPHHATH OAMHAKOBLE MepeLajill [aBJCHMA MexIy KOHTYPOM IHTa-

HAA pagEycoM Ry u 3a60eM CKBasKHHK PalmyCoM 7g, 4 TAKsKe A = —U,5, By == 103,
Iﬁ‘ = 407,
e

PesyawTaTH pacuera npusegenst na pus. VII. 9. Kpwsas I noayuema MuTe-
TPUPOBaHHEM HAa 3JICKTPOHHON BHYMCINTENbHOH Maluiie YpPaBHCHHS IBHKeHMs,
KpuBasg 2 — IO cXeMe «Pa3HOIBETHHX» JKMAKOCTE M Kpupasa 8 — Ii0 cXeMe ;KeCTKHUX
Tpy6ox ToKa. BuuHo, 9T0 B Aansoil 3aflade MeTOl KECTKHX TPYGOK TOKa HECKQJIBKO
1IPCYMeHBIIAET BAMAHHE DPA3IRIAST BA3KOCTEH,

A="10

rx Flat)
10
N
N
AN\
AN

_ VAN

0 04 08 12 16 I 0 ot

Puc, VII. 8. Tpadurm pmaa paciera Bpemenn Pmc. VII. 9. ComocraBnenune
HpPOpHBa BOAH B CKBAKHHY, 9KCIEHTPHYHO Dac-  PpA3JHYHHIX MeETOJOB  pacueTa
TIOJIOKEeHHY0 B KPYroBOM Tljlacre, IIpM  pasiny- BpEeMeHH IIpOPHIBA.

HEIX COOTHONMIEHMAX BA3KOCTEH.

BpemMa npopHBa K CKBa’kWHe 110 METOHY SKECTKHX TPYOOK TOKA OKA3LBAeTCA
JJAs NPUBENEeHHOro BHMe Ipuvepa cordacHo puc. VII. 9 ma 25—30% Goawme nmei-
CTBHTEJILHOrO, 9TO iaeT NpPEeICTaBienne O TOYHOCTH 3T0r0 Meropa. Ilpm apyrax co-
OTHOMNIEHNAX BA3KOCTEH M pasiMIHOM OKCHOEHTPUOUTETE, KAK OHJIO MCCIeN0BaHO
A. M. Brnacosem {12], pacterms ma 9BM m pno Merogy skecTKux TpyGOK TOKA gds
BPEMEHN NPOPHBA K CKBa)KWHe NAlOT PacXOkieHWe KaK CYNIeCTBEHHO MeHbIe, TaK
u Gonbme — B mpefenaXx 0+56%. A. M. Buacos [12] upepgomusn opmysy ana
gonparxoqﬂoro rospprnNeHTa, NO3BOAAKIET0 YMEHBMNTH 3TO PACXOMI(EHHE N0

—7%

Cieflyer oTMETHTEH TIONYTHO, 49TO MHOIZIa pacueTH Ha ABM ¢ MeTOZoOM KecTKHX
TPYOOK TOKa CONOCTARJAITCHA B NPeINOJOKeHAN, 9TO BCA 00JacTh TEYEHHA OT KOH-
TYypa NHTAaHOA [0 CKBAKHH 3al0JHEHA TOJBKO OJHOH JKMIKOCTHI0O — BOJOH WiIH
HedTHIO {13].

Ilo camoii ke maee MeTona ;KecTKAX TPYGOK Toka, mamoykenmoil B [JIT. II. 9],
cnem(r)el' 6paTh 3a WMCXOAHYIO cHCTeMy TDYGOK TOKA, CYIMECTBOBABIIYI B MOMEHT
t =0,

Horgurypanua oToii cucreMul, B JalbHeiImeM CYWTaeMas HeM3MEHRBON, AOJKHA
OLITH OlpepelieHa € YIETOM TOTO, YTO B HA9AJLHHIl MOMEHT CYDIECTBYeT HE OfHa
JRHAJIKOCTH, & ABe. IIpu pacuerax e uo gopmyae (VII. 3. 7) caenyer mpeqnonoKnTh,
4TO 3Ta HavalJbHAaf CHCTeMa TPYGOK 3aDOJHEHA TONLKO OJHOM SKMIKOCTHIO, M YiKe
TIOC/Ie BTOTO ONPeleNATh CHAYANA CKOPOCTH wy o W AABICHAA P, o ANA OFHOMKHIKOCT-
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"ol cucreMs:, a 3ateM n3 Qopmyast (VII. 3. 7) ckopocTh FpaHANE Ppasfeda Wy __o
OAA  ABYXKAJKOCTHOM.

CrefyeT OTMETHTH TaK/Ke, 9TO Be3[e BHINE DAcCMATPHBAJNOCh TaK Ha3HBAEMOE
«IIOpIIHEBOE» BHITeCHEeHHe. B NeHCTBUTENBHOCTH, 0 9eM (oxee mOnpoGHO GymeT CKa-
sano B raase IX, ofHa JKHAKOCTH BHTeCHsAeTCA OOLMHO He HOPHIHEeBHIM o6pasoM,
a ¢ o0pasopaBEMeM LIeDeXONHOI 30HHI, T. €. 30HK CMECH, TaK KAK IOJHOE BEITECHEHHE
o psgy OPEUYNHE He peaansyercd. K TaxkpM IpUUYAHaAM B IepBYyI0 OYepelb cleNyer
OTHECTN KaNMJIJAAPHEHEe 3(dEKTH, COTJacHO KOTODHIM BHTECHEHHE TPOUCXOIMUT He
O/IFHAKOBO B IOPOBHIX KAHAJAX DA3NUIHHX pasMcpos. Ilpwm ofpasopammu ke Hepe-
XOJ{HO# 30HB, T. €. IIPH peajibHO CYIeCTBYIMIeH HeNOJHOTe BRITECHEHHA, KapTHHA
JVHEEA TOKA, KAK MOKAasWBAIT 3KCcHepuMeHTH [14], ocracTcsi BO BpeMenu NPaKTu-
9eCKH HeHM3MeHHOMH.

§ 5. Boirecnenne HedTn BOJOI B3 TPYOKH TOKA EPEMEHHOIO CeYeHUsH

C sagayeil o BhTecHeENN HedTH BOHOH NPHXOJUTCA BCTPEYaTHCA IpH
IIPOeKTHPOBAHNY paspaboTKU He(THHHX MeCTODOIKACHUN, KOrjga HYKHO
yuecTh CTATMBAHAE KOHTypa HE(TEHOCHOCTH, a TaKKe IPH pacIeTax
medopManuu BOZO-HePTAHOTO KOHTAKTA. AHAJOTHIHEI® BOIPOCH BO3HH-
KAIoT M IIPU SKCINTyaTAIl¥ Ta30BHX MECTOPORIASHMH ¢ KpaeBod miul Mo-
JOIMBEHHOH BOJMOII.

Y1005 0XBAaTHTH II0 BO3MOSKHOCTH BCe MHOroo6pasue YacTHHIX CJIY-
yaeB, PacCMOTPHM cilelyomyio 3agady. TpyOka IlepeMeHHOIO CeYeHMsA
3aMoMHEeHA MOPHUCTO cpefoil, B KOTOPOH OfHA KUTKOCTH BHTECHAET NPy~
rylo, Hanpumep Boma BhitecHser HedTh (cm. puc. VII. 3). Iycrs B op-
HOM Ce9eHUH TPYOKM, paccMaTpPHBAaeMOM KAK KOHTYP IIUTAHWA B BOJAHON
4acTH, W3BECTHO AABICHUE Py; B APYTOM CeYCHHUW TPYOKH — B HeTAHOMN
9acTH#, PAcCMATPHUBAEMOM KaK CKBAMKUMHBI, W3BeCTHO NABICHHE Pe. 1 pe-
6yeTcsA pacCcYmTAThL HNPOJBMIeHWE TPAHUIIH pasyiesa, OpeAloNaras, 4To
aTa TPAHWLA ABIAETCA HEKOTOPOH HOBEPXHOCTBIO.

B mefictBuTenpHocTH rpaHmma pasgeda BCJAEACTBUE KANNJLIADPHOCTH
¥ APYTUX NpUYHH OyJZer pasMeITa, HO MH OyIeM IpeflolaraTh, 9TO OHA
9eTKO OYeP4YeHA W BhITECHEHHEe ONHOH KHIKOCTH [APYyroif IPOHCXOTUT
«IOPIMHEBEIMY 00pasoM.

3aMeTnM, 9TO eCcId BO BTOPOM CedeHHMH (B CKBa)KuMHax) OyHeT 3ajam
0TOOp JKUAKOCTH, TO ABUIKEHNEe TPAHUNH pasfelia olpedelnsercd W3 Hpo-
CTHIX TEOMETPAYECKUX CO00pasKkeHHil, TaK KaK 00beM, 00pa3oBaHHNME BH-
’KeHNeM T'DaHUIH pasfesa, OyJeT paBeH o0'beMy OTOOpPAHHOM KUIKOCTH.

Ilpesxpe Wem paccMarpmBaTh ABYX;KUTKOCTHYIO CHCTEMY, HAXOMHHM,
KaK pelmajach 3agada O IBYGKOHWH OXHOPOJHOM SKUAKOCTH B TPYOKe
nepemenHoro cedenma (§ 3, ra. I) f = f(s).

PaccMoTpuM TpyOKy OepeMeHHOTO CeUeHHA, ITe B OTHOM CEeYeHWH
JaBleHne p,, a B apyroM ps (pmc. VII. 10). [lna ynpomerusa 3agavd
6yaem npereGperats sdpderTom cHian TasKecTH. [lmoTHOCTH 0GeHX KUIKO-
cTedl CUMTAIOTCH OfMHAKOBHIMHM.

Pemenune sagaum mosygaeTcsa HeNOCpPeJCTBeHHO W3 3aKona J[lapcwm.
CkropocTs ¢uanTpamuu w paBHA

w=———

K ds
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O0beMHBII PACXOX COOTBETCTBOHHO PaBeH

Q= _D—=P (VIL 5. 1)

So
f ds
5
81
3uaMenarens mocaegHeldli POPMYIH MOKHO Ha3BaTh (GUIBTPAMAOH-
HbIM CONPOTHRJEHHEM H 0003HATHTEL ero 4depes R:

52
d
d p B —Rr  (VIL5.2)
81
B rakoM caywae ¢popmyna (VII.5.1) Gymer
3anucasa B BUfie, aHajoragHoM 3sakoHy Oma:

) Q=n2k (VIL. 5. 3)

Prc. VII. 10. Cxema apn- Iroil popMyaoil BoCTOAB3YyeMCA [JIA pemnie-
jKeHAA B TpyOKe TOKa .
I1e peMEHHOTO COueHHs, HUA Hameill 3axadm, KorJa [BIKeTCA He OXHA
JKALKOCTH, A [IBe, IpUIeM OJHA BHTECHAET
Aapyryio.
Ouesngro, dopmyny (VIIL. 5. 2) M0oKHO NPUMEHHTH B OTHEJIBLHOCTH
K Kakmolt m3 obaacreii, 3aHATHIX BOXOH M HedTHIO, HO JJs 3TOTO HAMO
3HaTh JIaBJeHHWe p HA rpPaHUIe pasfena.
Iro faBiaeHUe, BooONle TOBOPS, HePEeMEHHAA BEeIMYUHA.
Pacxon Kaimoi KHXKOCTH, BOJE nn‘a HedTH, MOKHO 3alUCATh TAK:

Q=—L2x=P PP (VIL. 5. 4)

s_ds ’l' ds ’
”Bfkﬂﬂ e | @
0 s

£/le Mg, Mg — COOTBETCTBEHHO BASKOCTb BOJK W HedTH; [ — BCA MJIMHA
TpyOK™m.

Yto6n m36aBETHCA OT HEUB3BECTHOTO NPOMEKYTOYHOTO JAaBJeHHA P,
CIOMMM WHCIUTENbh ¥ BHAMEHATeJh [0 NPABHAY NOPOM3BOJHEIX HpO-
mopoumii. Torna p coxkparmTes, W MH HOJTYyIHM

Q= L L . (VIL. 5. 5)

8

ds ds
“fwm+ﬁfwm
) s

IHocnegras dopMyna IpeacTaBiseT coboi He 4TO MHOE, KAK 3aKOH
OMa [JA TocJaefoBaTeILHOIO COeANHEHWsA [BYX NPOBONHHKOB. B sToM
cIydae CONPOTHBIEHAA CKJIAAHBAIOTCA, 9TO 3[eCh H HONYIHIOCH.
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Paccmorpum 6osnee mogpo0HO 3HAMEHATENb BTOr0 BHIpaskenusa. On
SABJIAETCA e PEMeHHOU BeIMINHON, TAR KaK 3aBHCHT oT S, JLJisi KpaTKocTH

0003HaIUM
8 l

d d S
R(s)=usfﬁ+uaf78(s)—- (VIL 5. 6)
0 8
Torpma
Q= P;_Ts;”&. (VIL.5.7)

Teneps MOKHO HepeiTH HENOCPEACTBEHHO K HM3YYeHHIO JBHKeHHH
IrpaHHIH pasfjeJa.

IIycry 3a Bpemsa dt rpaHuna pasfena nepeiifer pauny ds. Torga na
o6bemMa f (s)ds yiieT KoaudecTBO HedpTH, paBHOE 06beMy HOpP B 3TOM
JJeMeHTe; ymejmee KOJANIECTBO He(TH 3aMECTHTCH paBHHM KOJHUe-
cTBOM BOAH: m f (s)ds = Qdt, oTkynma, yuutuBaa ¢popmyry (VII. 5. 7),
moayIaeM

mf (s)ds = Pps® dt. (VIL.5.8)

Hus opocroret Gyaem cumTaTh Jempeccuio noctogHHoil. Paspenns

nepeMeHHHEe, HOJYIAM

dt = mf(s) R (s) ds,
c

Px—DP
t—t,— ﬁjm}‘ (s) R (s) ds, (VIL 5.9)
S0

rige S, — IOJIOKeHHe TPDAHMIEI pPasfeaa B MOMEHT BpeMeHHM [,. ¥ paBHe-
aue (VII. 5. 8) mosuo mATErpmpoBaTh TaK)Ke ¥ IPH APYTUX IPAaHAYHEIX
YCIOBUAX, KOTHA JleNpeccud NepeMeHHa. B HeKoTODHX ciaydasax TodHOe
UHTeIPEPOBAHHE OKA3LIBAETCA HEBHIOJHHMHM. Torga NPHMEHAKT Me-
TOXH YUCIEHHOT0 WHTeI PHPOBAHHA.

PaccMoTpuM 9YacTHHIE Cly9am, KOTKA HOPHMCTOCTH ¥ IIPOHMILAEMOCTH
MOCTOAHHH., JTA YaCTHHE CJIydYadm OYAYyT COOTBETCTBOBATH TOMY MIHM
Apyromy Bupy 3sapucuMocTm R(s).

§ 6. Ilpamonumeiinoe M WIOCKO-pajuAILHOE JBHKEHHE
rpagAnBl pasfeia B IIACcTe ¢ MOCTOAHHBIMA MOMIHOCTLHIO,
IOPHCTOCTHIO M IPOHANAEMOCTHIO

Ha pumc. VII. 11 moxasam mnam MecToposkienmsa; npamaa KII —
KOHTYp UMTAaHHA, Ha KOTOPOM TOXJep;KuBaeTcA JaBieHWe px. B Hedra-
HOHl dJacTH pacHmoio)keHAa NpAMoimHeiHasg GaTtapea ckBaskuH. Ilepem
6aTapeeil ckBaxmH m300apH IOYTH IDpAMoIKHe#dHE. [{aBieHne Ha OfHOMR
43 6am3Kux m306ap 0603HATAM Ueped p.. PaccMoTpmM IBHKeHHe MEKAY
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KOHTYPOM NHTAaHAA U usobapoi p.. Pemennme momyduntes ma dopmysn
(VIL. 5. 6) m (VIL. 5. 9), rge nmonaraem

f(s) =f = const, k= const,
Torpa

R(s) = ,j—f[uas + e (I — $)]. (VIL 6. 1)

Jlns HaXomNeHHA 3aKOHA JBMKEHHA IOJCTABUM HAaiifleHHOe BHpa-
senne R (s) B popmyny (VIL.5.9). Torza moayumm (monaras Z, = 0)
8
LR e — —
t= e |y s e —5)1ds =
S0

R
k(px—pc)

(a — o) (5 — s (VIL6.2)

[ul (s — 80) —

I
v~

Takum ob6pasoM, 3afaBasAch MOJIOKEHHAEM

—
. L a? rpamuns paspena, us (VIL 6. 2) wmommo
bwn HaiflTH COOTBETCTBYIOINee BPEMA.
| | B wactHOoCTH, YTOOH HaAWTH BpeMs IOJ-
' | HOTO BHITeCHEHUA He(PTH, HYKHO IOJOKHTH
l lc s= 1.
KT fa— § _—‘ I
| ! Jlas KOHTpoNA BceTja I0JE3HO pPaceMo-
b TpeTh NIpeRelbHBE, HauOogee HPOCTHE CIY-
1 :! 9ay, KOTOpHIEe MIOJY4alOTCA BIEMEHTAPHEIM
nyTeM.
Prc. VII. 11. CxeMa mpsamo- " .
NMEGHHONO NBIVKCHTA BOMO- PaccmorpmMm coryuait OJIHOMUIKOCTHOM CH-
Heqyrgﬁoro KOHTAKTA. CTEMEIL, HHH OJJHOKNAKOCTHOU CHCTEMBI
Wg = Wp= M.
s (VIL. 6. 2) nDoayimm
— mplls—s) VIL 6.3
T k{px—Pe) (VIL. 6. 3)

Ta e 3a7a49a A ONHOMKAAKOCTHOU CHCTEMHE pCIIAETCA 3JEeMeH-
rapro. Ckopocts ¢mabprpagmm w OyfAeT HOCTOARHA; COINAcHO BAaKOHY
Hapcum .

Px—Pc
w= TL—T .

CKOpOCTB caMnx MAJAKAX qamnn—neﬁcmmenbnaa CKODOCTBb
ABYDKEHHSA — MOAYYHTCH, €CIY CKOPOCTh QMIBTPADHMM PasfieiuTh HA MO-
pHCTOCTD:

— k  px—pc
mp [
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Tak Kak v = const, To OyTh §—s, OyAeT mpoiifeH 3a BpeMa i

P §—S0 _ mpl(s—sp)
K k (Pr—Pc)

aro copmamaer ¢ (VIL.6.3).

PaccmorpuM pagmanbroe ABW/KeHHe BOAO-HePTAHOT'O KOHTAaKTa
B miacTe mocroaHHo# momuocru (pmc. VII.12).

IIycts sxkumpeocTh HpHTEKaeT K [eHCTBETEILHOU MM BooOparkaemoi
CKBUJKMHE PAZAYCOM rc, Ha 3a60e KOTOpPOW NOMIJiepP;KHBAETCH NABICHHE
pe (pue. VII. 12, a). B pmamnom
caydae IOJ «CKBayKMHOM» TOIpa-
3yMeBaeTcs JI00ad maobapa Kpy-
roBOfl (OPMEL. }

Koutyp umrammsa Gymem cam-

TaTI) OprH{HOCTLIO panHyCOM RK IIIIIIII'I/II}I;II /1141111 Ailiilbiid -—
¢ KOHTYDHEIM JaBJIeHHEM pg. Px —Z|Bode  Vepms) | \wegms)|odn (2= Fy
y(‘,JIOBI/IMCH OTHOCHUTEJBbHO 7777, IIII{III/II/I ur{/u TITTIIIY

0603HAYeHN. B cxeme Ha
puc. VII. 12, 6 s — paccrosmme,
NpoiijleHHOe BHTECHAIOMEH MKHU/-

a
KOCTBIO, OTCUMTEHIBAeMO€ OT KOH-
Typa nuraHnA. B pgaabrHeiimem s
MBH OT IlepeMeHHOH s TepeiifieM &)
K YlepeMeHHON r, rie r — pa- Py
Juyc MepeMellalilerocsai KOHTypa

He(TEHOCHOCTH B JaHHBA MO-
MEHT.

Aas aroil 3apadm, TaK e pye VIL. 12, Cxema HJI0CKO-PagHaIb-
KaK M [OJad IPedbAyIOAX, MOK- HOro JABWHKEHUA BOLO-HePTAHOTO KOH-
HO BOCHOJB30BaThCeA (QopMmynoi TaKTa.

(VII. 5. 9).

Haiinem 3asucumoctn f (s) ¥ R (s) nna namero caysaa. B oranune
oT upouwrod 3agawsu f (s) Oymer BerwymHOM HDepeMeHHON U, KaK JIeTKO
BuneTh, f(s) = 2 m rh, rAe h — MOMHOCTH LNJIaCTa.

IlepeiiieM or mepemeHHOl $ K IepeMeHHOH r.

W3 puc. VII. 12, 6 Bugso, 910 § = Ry — r. B Takom caygae R (s) —
¢unnTpanuonHOE conpoTHBieHHe — cormacHo Qopmyae (VIL. 5. 6)
MO}KHO IIPe/iCTABHTH B TaKOM BHJE:

s$=Rx—r, ds= —dr,
1 —dr —dr
R(s)=_k—[“352nrh+ Sanh]=

. R
= —-27:—11:‘}7(”.5 ln-TR —}—p,gln T:‘). (VII. 6.4)
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IT0 3uaveHHe (MIBTPAMMOHHOIO CONPOTUBIEHWA IONCTABAM B 00-
myo Gopmyay (VII.5.9) ana spemenm {. Ilomaraga {=0, monydaem

T2

R

= mh(}',‘T,;;jth (Ma In — + pyIn r—l) (—dr)=
1

1
m Ry r
T2

THe Iy 4 Iy — pajguycH HAYaNbHOr0O M KOHEUHOTO MONOMEeHHA BOJO-
He(TAHOTO KOHTAKTa.

Uz ¢popmymnt (VIL. 6.5) momrysaem

t m In R gy
= FPn—Pa) (usln Rx — py Ich)—2—~+

o (e — o) [(%lnrl——%—) — (%mrz——’;—)]}. (VIL. 6.6)

N3 sT0i1 dopMyIn MOKHO HAUTH BpeMA PafHaJbHOro NepeMelleHHns
BOMO-HePTAHOTO KOHTAKTA 0T HAYAJIBHOTO HONOMKEHUA I = ri 0 3aJaH-
HOTO I = rg. BpeMs UpopsBa B CKBO)KWMHY IOJAYyIuUM, HONATAA I = Fe.

§ 7. Xapaxrep JABIDREHHA BORXO-HEPTAHOIO KOHTAKTA.
CxeMpl HpeeIbHO AHU3OTPONHBIX INIACTOB.
YeTolunmBOCTh JBIGKEHNA TPAHANBI PazIeIa

B peanpHEX yeaoBMAX 3a7ava O ABYMKeHHH TPAHAIE pasfeja BHIIIA-
IAT, KOHEYHO, 3HAYMTEJBHO CIOKHEe, IeM 10 YKA3AHHBIM BEHIIIE CXeMaM,
TaK KaK BoJo-He(TAHO# KOHTAKT COBEDPIIAET CJIOKHOE MIPOCTPAHCTBEH-
HOe [BUKEHHE.

B peasbHHX ycJaoBHAX ILUTACTH HaKIoHHH. I'panuma pasgena cHa-
gaja TOPH30HTAJALHA M 3aTeM HagmHAeT [(eOpPpMUPOBATHCA.

PaccMoTpuM HaKJIOHHBIA ILIACT, Ifle IepPBOHAYANIbHAS I'DAaHAIA pas-
fena Bofel 1 HedTH GrIia ropusoHTanbHOM. llnacT BckpHBaeTcs rpynmoi
ckaykmu (puc. VII. 13).

Bygem cuutaTh, 9To CKBAKMHE HAXORATCA B HeTAHON YacTH IJIacTa.
ITpm o160pe HedTn rpaEmma pasgesna Boga — HedTh OyIer mepeMemaThbed,
3aHMMAafA IOCJef0BaTeIbHO NoJdo:keHua A¢B,, A1B1, A:Bs,...

Ecaz mnomanb Bogo-HePTAHOro KOHTAKTA Mala, TO MOMKHO IPHHATH
cXeMy [OPIIHEBOr0o BHITECHeHHA, CIYATAS KOHTAKT BepPTHKAJIbHHM. Eciau
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ke ITOMAh KOHTAKTA BeJIUKA, TO 3TO HPefII0J10/KeHHe CTAHOBATCH CIAMI-
roM Tpy6uiM. TodHoro pemennd 3ajaddm o MPOCTPAHCTBEHHOM JIBHIKEHHH
rpaHHAIBL pasfiesa He HMeeTCHA.

Kak ykassBalloch BHIIE, OCHOBHASL TPYAHOCTH TOYHOTO peNIeHUA
3342494 3aKJI0YaeTcd B TOM, UTO IPH ABM)KeHWH I'PAaHUIH pasjgeia JBYX
JRUAKOCTEH B IOPHCTOit cpefie B o0meM cjaydae IPOMCXOAUT IpesoMie-
HHe JHHHI TOKa.

PaccMoTpuM JBU:KeHHE B ONHOPOJHO-aHH30TPOIHOM ILTacTe, KOTAA
CcOCTaBAAIIINe IPOHNIAeMOCTH kyx M ky B IBYX B3aNMHO-TIe pPIEHAAKYISAP-
HHIX HANIPABIEHUAX [0 HATLIACTOBAHWIO W MepPIeHAUKYJIAPHO HANIACTO-
BAHKIO PA3IUIHEIL.

OdeBugHO, cXeMa IOCJOHHOIO
JIBUKEHHAA COOTBETCTBYET NBUIKEHUIO
8 OJHOPOJHO-aHU3OTPONHOM ILIACTE,
v KOTOPOTO HPOHUIAeMOCTh Ay B Ha-
1 paBlIeHUH, Tie PHEeHIUKYIAPHOM Ha-
IJIACTOBAHUWL, paBHa Hyd0. MoskHO
paccMOTpeTh Apyroii KpaiiHmi ciay-
4aifl, cYuTasg BTy COCTABIANIIYIO
fIpOHHUIaeMOCTH %, paBHOH GecKo-
HegHocTu. Takum o00paszoM, MOTYT
ObITH YCTAHOBIEHB! TTPeflellbl, MERIY
KOTOPBIMH  3aKIK4YeH0 HMCTUHHOE
JIBUIKeHUEe BOXO-HePTAHOTO KOHTAK-
Ta [15].

ITpengnonoskenue ky = oo, 0IeBHAHO, SKBUBAJEHTHO IPEHIOCHIILE
rNPaBINIECKON TeopUd GE3HATMOPHOrO ABIKEHHA O THAPOCTATHICCKOM
pacnpejeseHun NaBIeHHA B KaswJ0oM HONePeYHOM CeIeHHH (UIBTPAIMOH-
HOCO MOTOKA.

PaccmoTpum Tenepn Bompoc 06 YCTOHIUBOCTH JBH/KEHUA TPAHUIH
pasfgena (puc. VII. 13). Cropocrn QuabTpanun KaKL0H ;KHAKOCTH CO-
ruacuo 3akony Jlapci omnpegensiorca B o0meM ciaydae PpopMyaamMu

ki [op dz ky [ Op dz
wl:“ﬁ(a_s—[_YlE)’ "’2:—,72(5?‘”2%)- (VIL 7.1)

Benencrpue HemsGeskHBIX HepoBHOCTeHl Ha TpaHHMIle pasjela
YAaCTANE MePBOil — BHITECHAKIMENH — SKUEKOCTA (BOJH) TONAagalT B
o0J1acTh, BAHATYI0 BTOPOH — BHITECHAEMON — KUAKOCTBIO (He(THIO),
ilpudeM HX [aJdbHelillee ABH;KEHHE MOKeT YCKOPHUTBhCH WM, HA0o60pOT,
3aMemauThesA. B mepBom caydae jBukeHme TPaHHIBL pasjena Oymder
HEYCTOU9MBO, BO BTOPOM ycToldmBo. Kputepuit ycTOHIMBOCTH MOKHO
YCTaHOBHUTH caepywoiumm ofpasom. OGosnagnM (w;)s CKOPOCTH 9aCTHINH
NePBOM SKMAKOCTH, IoHABImIel B IIOTOK BTOPOH KHAKOCTH ¢ Tpa-
AUeHTOM JaBieHus (Z—i)z; (ki1)2 — TpoHUUAeMOCTh AJA IePBOH KUAKO-

CTH B 30He JBIKeHHSA BTOPOH.

Pruc. VII. 13.
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Cornaceo 3akomy [lapem gna (w,), uMeem

(k1) dp az
(wy)y = — 22 W)z Ty, W]. (VIL. 7.2)

CKOpOCTh ’Ke W, OCHOBHEIX YAaCTHI{ BTOPOH KHUAKOCTH, CONPHKa-
CAMHAXCA ¢ NPOHAKIAMA TYAA4 dYAaCTHONAMH HepPBOH KHIKOCTH, CO-
rxaceo BTopomy ypasHemmo (VII,7.1) paBma

i} a ~
,,,2:_%[(6_18’)2 +y26_:], (VIL7.3)

Ws (VIL.7.2) m (VIL.7.3) moaygaeM cBA3E MeXRAy (Ww;)s H Wy

[7; a 17
Ty @t iy = R0tV g = — (72)2’ (VIL.7.4)
OTKyJa

k
(w1)2=%—(%22—w2—%w1—¥2)2—§- (VIL.7.5)

06 yeroitamBOCTH OBIKCHHSA MOMHO CYAUTh 1O pasHocTH Aw =
= (w1)2 — Wa:

Aw = (y)s — Wy = [ﬁ Lee 1]w2—@ vy — ve) 2=, (VIL7.6)
M ke M1 ds

Mpu Aw < 0 pgsmwxennme ycroiiamBo, mpu Aw > O aBH;KeHue He-
yCcTOHIHBO.

IIpouukHOBeHYME TepBOH JKUTKOCTH B 30HY ABH;KeHUsA BTOpPOil Gymer
APOUCXOMATH, CMOTPA 110 0GCTOATENBCTBAM, BIOIAH HOMOIIBH HJIM BROIb
Kpopau miaacra. B arom caydae 0z/0s, 09€BUAHO, €CTH CHHYC yIyia o Ha-
KI0HA ILTacTa K ropusoHTy: 0z/0s = sin a.

Beamumna we moskeT OHTH olpefieNeHa WO 33JaHHOMY Je0UTy 0TOn-
paemoil BTOPOIl KUIKOCTH.

Taxum oGpasoM, yemosme yertofigmsoctu (VII. 7. 6) moxuo mpepcra-
BUTH B TAKOM Buje:

Aw = [_”1 L) - 1] wy — 2 (4 —yy)sina,  (VIL7.7)
b ke M1

Benuanna (k1) Gauska K ITPOHHIAEMOCTH TaK HashBAEMOH Iiepe-
XOAHO# 30HH — 30HHI, 0CTABJIEHHOH BTOPOR ;KUAKOCTHIO H 3aHATOU mep-
Boit. O6GurgHOo (A1): sHAYHTENbHO MeHBbIIe k2. B mepBoM npuGImKeHnn
MOKHO cunTath (ki1)2 ~ ke = k.

113 ypasmenusa (VII. 7. 7) ciegyer, 94T0 IpH 09eHH MAalHX CKOPOCTAX
W M IPH y; >ya, ¢ >0 aBmmKenue ycroiumso, Tak Kak Aw <0, nae

Ua (k1)s -
ecin o Beauko. IloaTomy, HampmEMep, Korja BoXo-HedTAHON KOH-
1

TAKT JaJdeK OT SKCIUIYATAI[MOHHHX CKBA)KHH M CKODOCTH W2 Maja, Tpa-
HANa pasfiena gBUKercA ycroiumeo. C mpmOamikeHmeM BoHo-HePTAHOTO
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KOHTAKTa ¥ ¢ yBenwdenmeM wz coraacuo (VII. 7. 7) A w yBenuunBaercA.
Horma Aw > 0, gemxenme HeycTOHIMBO M A3HK IIONOMIBEHHOH BOIXH
GyzZer OBUrarbCcsa ropasgo OwICTpee.

MoskHo HmoKa3aTh, 4T0 HeycToilumBoe ABFMIKeHHE OyNeT HPOMCXOXUTH
ro pacderTHoll cxeme ky = co, H3J0KeHHoH B paGorax [15, 16].

PaccmMoTpuM gis  5TOre ABHJKeHMe TpPAaHWYHHX To9eK 4 u B
(pmc. VII. 13) Bmoxp xpoBim ® mogomssl HakiloHHoro miacta. Ilo-
ciaefoBaTeJbHLe TOI0MKEHNA dTHX TodeK ofosHaveHH Ay, A1, ..., By,
B1, ... lna mpocTOTH IPOHMIAEMOCTh M MOIMHOCTL WIacra k, h moaa-
raeM IOCTOSHHBIME, A ABHKeHHE HMPAMOJIUHEeNHO-NOCTyHaTeJbHEM C pac-
XO0OM ¢ Ha eguANNY mupHHHL. Ilomepednoe cedeHWe MiacTa B ToUKe A
MPOXOANT TOABKO Yepe3 BOJOHOCHYIO YacTh IacTa, IpMYeM CKOPOCTH
9acTHI] BOXH B 9TOM ceIeHMHM A MOKHO CYUTATH PABHOMEDHO pacupefe-
JeHHHMHU. AHQIOTMYHO B cedeHuu B B HeTeHOCHOH JacTH MIAcTa CKOPO-
cTH JacTul HeTH TaK:Ke OyqeM CYMTATH PABHOMEDPHO PacIpefieJeHHBIMM.

Torpga m3 ypasmerus (VII. 7. 4), B kKotropom momaraem (k)2 = k2 =
=k, y1 =1vs, Y3 =Vx (ys, yg — 00BEMHHI Bec COOTBETCTBEHHO BOJH

Z .
n He(TH), 3; = Sin @, CcUMTAA IKHAKOCTH HEC/KMMAEeMBIMHU, MNONYIHM

clIeAyomge.
Oag Toukm A

@Wls =+, w =,

q : .
%—h——{—ynsma:%‘i(wﬁn-{-ynsm a,

OTKyJAa
k . -
(wA)n=#+E(Y“-Y“)Sm°" (VIL.7.8)

Te Wy = Mg/Ms — OTHONIEHHE BAZKOCTH HePTH Ny K BASKOCTH BOIH [y.
Hag rouxm B

q
(wl)z = (wB)B’ wz =T
p;c—” (wg), + v,sina = Eki—%— -+ yusin a,
OTKYAA

k .
(wB)B = Mo—}ql———-p—n(yn—-yg) sin a. (VIL.7.9)

IIpmys = yx ypaBrenua (VII. 7. 8) u (VII. 7. 9) coBmagaior ¢ ypas-
HeHHAMH, IoxydYeEHNMY ApyrumM oyTtem A. M, ITupsepmasom [16]. Pac-
t[Ie'rfllaa cxema A. M. IlupBepasEa CcOOTBEeTCTBYET YCIOBUIO ky = o0

16].
J1a pagmajbHOTO ABHKEHWA AHAJOTMYHBIA PE3YJbTaT OLLT MOJYIeH

B [15, 16].
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Taxkum o6pasom, coraacuo (VII. 7. 8) n (VII. 7. 9) upu meycroiian-
BOM [JBEGKEHHHM TPAaHWIH pAa3fesa CKOPOCTH TPAHWIHHX ToueK A u B
(puc. VII. 13) Brons KPOBIX M MOJOIIBH IIACTA He COBIARAIOT CO Cpefl-
Hell CKOPOCTHIO NBWKeHHUsT g/mh, tie m — nopmctocTs. Touxka A BHONb
KDOBJH IIPHyp = yn ABUKETCA B [io Pa3 Me/JieHHee, To4Ka ke B Broap
NMOJOMBE B Mgy pa3 OwicTpee.

ITpu meycTofYnBOM JBW;KEHAH, KOIZIA TEMII BHTEeCHEHUA HOCTATOYCH,
pasiamame 00BeMHEIX BecoB Ay = yp—ym 7 0 Mamzo ckaskiBaeTca Ha
3TOM pe3yiabraTte. Bolee cymecTBeHHRM (aKTOPOM OKA3HBAETCSH HEIIOJ-
HOTA BHTeCHeHHAsA, oGycioBIeHHAA (a30BHIMH NPOHUOAEMOCTSAMHA BHITEC-
HAOIIEH W BHTECHAEMOHN JKETKOCTeH. ITOT BOIPOC paccMoTpeH B pabo-
rax [15, 17, 18].

Jpyrue uccieoBaHHA HTOH 3agadyM, OCHOBAHHEE HA MeT0JaX, IpU-
MEHAEMHX B TEOPHM THADOAMHAMHYECKON YCTONIMBOCTH, IIPHUBEIEHBI
B paGorax [19, 20].

YeceroiiunBoe ABUKEeHHE € JOCTATOYHOI TOYHOCTBIO MOMKHO PACCUMTHI-
BaTh TO cXeMe IOCHOHHOTO [ABW;KEHNA YacTHI MaPAIeJIbHO KpoBie M
TMoAOmBe IJIACTA MW WO cXeMe ;KeCTKHX TPYOOK ToKa.

§ 8. Honyc nopomsenHoii BOAbI. YCAOBUA pPaBHOBECH:H
7 NpOphIBAa IIOJOWIBEHHOM BOABI MM BEPXHErO ra3a B CKBAKUHY

B Tex caywasx, KOTJla IUIOmAAb BOXO-HE(PTAHOTO KOHTAKTA O4YeDb BeJHKa,
¢ caMoro HA9aJa SKCILIYaTanyM CKBAKULH OKasHBAIOTCA B He(TAHOM [iIacTe ¢ I0-
Aompewnoir Bopoir (pmc. VII. 14). 9T0 HMMeeT MecTo B IONOrOmajaIUX IJIACTAX

¢ O9YeHb MA4NHM YIJOM HAaKJIOHA
K TOPU3BOHTY.

Ilpm or6ope =HedTH mOBEpPX-
r 4 HOCTH BOZO-He(pTAHOTO KOHTAKTa
negopMUpYeTCA ¥ UPHHAMAET BUJ
xoama. Taxoii BOAAHOI XOJMIM Hash-
BAaeTCA  KOHYCOM  IIOfOIIBeHHOM

af BOJBL.
Ecim rnoBHCATH [empeccHio
p+ 8P4z u o16op He(TH, TO BOAA IPOPBETCH

4az

0z B CHBQJKHHY ¥ CKBa)KUHA OyHer
faBaTh He()Th BMecTe C BONOMH.
J TouHOH TEOpPHH BOXAHOrO KO-

Hyca [0 cero BDEMeHH He HMeeTcsH
BBUAY UPe3BHIYAIHON CHOKHOCTH
3a/laqm.
Prc. VII. 14. MpuGamxenuaa Tteopus, No-
3BONAIOIMAS PACCIATATL IIPEISdb-
HH# 0e3BOgHHHA p#e6uTr u  GopMy
KOHyca, 6mja mpenumoxera Mackerom [JIT. I. 11], a rawxe aBropom [21, 22].
Huxe xpaTko ManoKeHH (UaHYecKas CTOPONA SIBJIEHHMA M METOf, paciera, IO3-
BOJNAIOINII OMPENeAUTHh NPefeJH, MEXAY KOTOPHMH 3aKAIUIEH MAKCUMAJIBLHO BO3-
MOKHBIR Geapopnmif ne6uT HeTAHOH CKBAYKHHH.
PacdeTn moxasmpaloT, 9T0 0e3BOREHHY pAe6AT B ONHOPONHHX MAaJIOMOIIHRIX
onactax OYeHb MajJ. TeM He MeHee fla)ke B STHX MAJOMOINHEIX INIACTAX CKBAKMHEL
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JAl0T UHOTJA JI0BOJALHO Goipmoi HedrAHON ReGUT Ge3 BOARI, XOTA M3BECTHO, 9TO IIOJ
HMMH HMeeTcd TONONIBEHHAs Boga. ITO0 OOCTOATENBCTBO OOGBACHAESTCA HAJIUIVeM
HEIPOHMIYeMHX WIH MaJOOPOHMIAeMHX IPOIJACTKOB, KOTOPHe 3aTPYJAHSIOT Bep-
1TAKaJbHOe [BH)KeHNE BONH.

PaccMorpuM cRauada 3aJavy O MpUTOKe HedTH K HECOBEPHIEHHON CKBasKHHE NPH
VCTOHUNBOM HENOJBIDKHOM KORYCe JIONODIBEHHOH BOJHL.

Ilnacr 6ypem cumrath ma3orponHKM, ByneM cauTaTh KpoOBIIO, IONOIIBY M IEPBO-
HAYAJILHNE BOAOpasfel TOPU3OHTANLHKMA. IIpeAmososkum, YTo BOAAHOM KOHYC
HeIOABMKeH M yCTOHYHB M K CKBa’KHHe IIPHTEKAaeT ducrad HedTb.

HanpaenM ocH KoOpAmHAT TaK, KAK IOKasaHo Ha puc. VII. 14.

O6o3HaunM HehTeHOCHYI0O MOINHOCTH depes fi, rIyOMHY BCKPHTUA — b, pagmyc
CKBa’KAHEL — T¢.

B rouHOIl mocTaHOBKe TpebyeTcs PeMIATH ypapmenue Jlamiaca AJA TOTeHOHaja
vi0 =0 ppm cieAylomMX TPaHHYHHX YCIOBHAX: KPOBJA ILIACTA HEIIPOHANAEMA;
ITOBEPXHOCTHh BOJO-HeTAHOTO KOHTAKTa, (JOPMa KOTOpOiHl Hem3BecTHA M caMa IOJA-
JIGKNT ONpefielIeHNIo, TaKKe HelPOHMOaeMa A Hedru. OCHOBHAA CIOMKHOCTL TAKOH
33149V 3aKI09IAETCH B TOM, 9T0 OpPMA IPAHAIBL paszliesia BOAH W HedTH, T. e. opMa
KOHyca, neusBecTHa. TakuM o6pasoM, TOMUMO TpPyOHOCTeH, CBA3AHHHX C pelleHHEM
ypaBHeRns Jlaniaca, HeMsBecTHa 05JacTh, B KOTOPOil 9TO pelleHHe NODKHO OHTH
Haiigeno.

ITpegsapnTelbHO BHISICHMM YCIOBWSA, UPH KOTOPHX YaCTHOH BOAKN Ha BepIIMEE
KOoEyca GYRyT HEIOBHACHE.

Ilpesnonosxum, 9To pacupeneseBrde NaBJeHHs B Ji000il T0UKe I1JIacTa H3BECTHO,
T. €. U3BecTHa QyBEKENA p = p (r, 2).

9To faBlieHde B Pas3HHX TOYKAaX Oymer pasHoe. CaMoe MeHbIIee jiaBlleHne GyneT
Ba CTE€HKe CKBaKAHH.

BrjenuM na BepmyHe KOHYca, T. €. B TOUYKe, JeKamed Ha OCH CKBAsKHHH,
r = (, sjgeMeHTAapHHIH BePTHKAJBEHN NWIMHAPUK HOPHCTOH cpelH IJIOMANBI0 df,
BEICOTUR dz, 3a0NHEHHKH BOXOH, X PAacCMOTPHM CHIE, KOTOPHE Ha HETO JeHCTBYIOT
(puc. VII. 14, 6), npegnonaras, 9T0 3TOT NWIMHZPUK HONaJd B He(TAHYI YacTh.

ITycTe naBieHne Ha BepxHIOW I'padb Gyger p (0, z) = p, NaBieHNe Ha HIYKHIOK
rpass p’. OdeBATHO,

E)
p'=p(0, z+dz)=p+a—‘z’ dz.
CocraBuM YpaBHeHH¢ paBHOBeCHA Hauiei JaCTHOHN BOORI. CI’UIa, KOTOpasa BJaeYeT
9Ty YaCTHHY BBepX, paBHAETCH

. . 9p
m(p'—p)df=m 37 94t

rge m — nopucrocts. IIpu 3TOM HYKHO y4ecTb, YTO KHAKOCTh 3aHUMAeT HE BCIO
MIOIaAs df, a TOABKO ee YacTh mdf. BHEN3 wacTnny BOJH BlIeeT ee COOCTBCHBEIH
BeC, PaBHHM Yp mdfdz, rae ys — OOBEMHHI Bec BOJH.

Bonpoc, 6yner 1¥ gacTHna BOAH yBJeueHA BBepX Mid He Oyfer, pemaercs COIO-

CTaBJICHNEM 3THX OBYX CHJI.
Ycaopue ycroﬁqnnomn JacTANEL BOARI, TAKHM 06pa30M, nuMeeT BAMA:

Yemdfdz > m % dzdf
HJIH

va> 22, (VIL. 8.1)

Ycaosme (VII. 8.1) MOKHO BHIpasnTh, Hepeiifa oT gaBieHAsa K noTenumany d:

k
(D=T (p *+ Yﬂz)v
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OpAYeM 3HAK IUIIOC OTHOCHTCA K Clydal, KOTZ|a OCh 2 HAaOpaBJeHA BePTHKAJIBHO
BBEDX, & MAHYC, KOTJa OHA HAIOpaBjeHA BeDPTHKAALHO BHHAS.
Haa Hamax ycaoBmii, KOrga OCh Z HaOpaBieHa BHHA3:

k
@:T(p—ynz), (VI1.8.2)

rfle k— IPOHHNAEMOCTH; [ — BASKOCTh HePTH; Yg— y/AeAbHEE Be¢ HedTH.
U3 dopmyan (VII. 8.2) HaxopuMm

p=-= 0y, (VII.8.3)

Toclle 4eTo ycJjoBhe ycToddmBocTH KoHyca (VII.8.1) mpurmMmaer BmA:

A
8> g tvm
nmm
oP kAY
< (VIL. 8. 4)
e
AY=Ys—Yme (VII. 8.5)

PasHOCTb OO'bEMHLIX BeCOB BONH B HedTH.

Mcmonnsyem Temeph yCaOBHe, 9TO BOJa HENOABIDKHA, W, ClEJlOBATENBLHO, JaBie-
HHe B Hell pacopefie/ieHO THAPOCTATHIECKN 1O 3aKOoHy Ilackansa. OGo3HAYMM BHCOTY
KOHyCA y, Torma y = h — z.

Paccmotpum npe Touru (pmc. VII. 14, a): Bepmumy komyca (Touka A) c maBJe-
HUEM p ¥ TOYKY HePecedeHHs OCU CKBAKEHH C NePBOHAYAIBHO HEBO3MYIMEHHOH
HOBepXHOCThIO pasfiela (rouxka A’). asaenne B Touke A’ cOrJacHO 3aKoHy Ilackans

paBHO
Par=pP+YgY- (VII. 8. 6)

IIycTe Ha HEKOTOPOM pAcCCTOAHWE OT CKBLKUHH R, MOIEOCTL HedTAHOTO
njacta paBga b W W3BeCTHO JaBlIeHAe p, Ha TpaHume pasjeda. Torpa, Tax Kak
BOJla HEHOABIKHA

Ppr=Py»
P=P4r—Ygy=Py—Yg(h—2). (VII.8. 7)

Bulpaskan flasilenne depes uoreHouanx @ HedTaHolf dacTM OJacTa COIIACHO
dopmyxne (VII. 8. 3), moayuaem

po=_*]:_ Do + Yy, (V1I. 8. 8)

rpe @y—MOoTeHOEAN TOYKHE C AABICHHEM D,.
Torga ypasmenue (VII.8.7) MOMHO IPOACTABETH Tak, yduTusag (VII.8.3):

L 0+yez =Lt Oyt vah—ya (h—2)

min coraacHo dopmyme (VII.8.5) m pme. VII. 14

%d):%qao—m(h_z):_*;- Do —AY y- (VII. 8.9)
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U3 ¢opmyan (VII. 8.9) noayuaem
Q=P ——y, (VII.8.10)

T. €, BOJb TPAHUUH pa3zfela TeKyme#d HedTH N HEOOABH/KHOH BOJH HOTEHIIHAJ
H3MeHAeTCsA JIMHEHHO B 3aBACHMOCTHM OT BHICOTHL.

Ha puc. VII. 15 npuBenensl KpHpHe paclpelNeleHAA MHOTEHUAANA BIOINL OCH
CKBA’KHHH U BLOJb HAIAHIPHIECKON NoBepXHOCTH Ro. Besuudna noTeAnyaia oTi0-
’KeHa BIPaBO, KaK IOKasano #Ha puc. VII, 15. Bmonr moBepxmHoctn RHo DOTEHIHAN
6yneM cuntath mOCTOAHHEM: O = Dy )

(npamaa KN). N

Ypapperne (VIL. 8. 10) uzobpaskaer- 0 T
cA npsamoi ampmedl KL, HakJoHeHHOH
K BeDTHKAJW IOX YriaoM [, ¢ YrJAOBHM —» o,
koadunuenToM, paBHHM tgf = kAy/p.
T'me-To Ba 3TOil IPAMOI JEKUT HOTEHIHAJ br——
BEePIMUHE KoHYyca. Eciu OnI Grina m3sectHa
BHCOTa IIO'beMa KOHYCa, TO CPasy MOKHO
OBIIO GH HAWTH 5TOT IOTEHIHAJ. _{

Teneps mocMoTpEM, Kakoil Buj Gynmer -
HMeTh pacnpefielenne NOTCHIUANA B Hed-
TAHOH d9acTH IJIacra. b

Hanmerbmee paBiaenme, a ciefosa- '—‘{ A
TeILHO, U HANMEHBIIMA HOTeHUHaJ OYAyT
Ha CTeHKaX CKBaKUBH, 0pHYeM BLOJAb
CTEHOK CKBAKHHK HOTERTHAN CYHATAETCHA o, _J
paclpenefeHHRIM paBHOMEPHO, TaK Kak
HA CTeHKe CKBA’KUHH JJaBJIeHHE MOMKHO
CUNTATE TrHApocTarmiecknM. OGosznauuMm
TIOTEeRNMAaJ Ha CTeHKe CKBUKHHH .
Hmxe noHMMKa CKBa)KMEB noteamuan  Puc. VII. 15. Pacnpepmenenne IOTeH-

(/4

6yILET BO3pacraTs. ouaja BAOJAb CTeHKHM CKBa)KHHH, €©
Hepr;mo OKa3aTh, 4YTO LIOTeHOHaJ NpOAOJIKEHMN H II0OBePXHOCTH BOJA-
BOOJL OCH 6y,ue'r BO3pacTaTh TaK, HKar HOTO KOHYycCa.

nmorasano Ha pumc. VII. 15, 7. e. BHmy-
KJIOCTHIO BIIPaBo.

JeiicTBATeNbHO, BEPTHKAJBHASA COCTABIAIOMAS CKOPOCTH (QHALTPANUMA OIpene-
agerca opMmynoi w, = —a4 ®/gz.

Bepmmra koHyca mo ycaoemw memopsmwina. ClieoBaTellbHO, CKOPOCTH Heqng
Ha 3TOil BepIHHe ofpamaeTcss B Hyllb, OTKy[a BHTeKdaeT, 9TO KacaTelbHAaA B 3TOH
TOYKE NOJKHA ORTH BEPTUKAJIBHOIM.

K ocn cKBa<MHH TONTEKAIOT cTpyilku. I103TOMY CKOPOCTH BIOAL OCH CKBAYKHHEL
MOHOTOHHO BO3PacTaeT OT HyJsA 0 KAKOTO-TO MaKCHMyMa Ha AoHmmKe. TaxkuM oGpa-
30M, | @ 0/3z | BROIL OCH z CKBAKWHHW MOHOTOHHO BO3PACTAeT @ KpMBasA pachpenele-
pEA noteHnuaina @ = @ (0, z) pomxma OmTh ofpameHa BHIOYKJIOCTHIO BIpasBo,
Kak moxasano ma puc. VII. 18.

OueBNgHO, BHCOTa KOHyca ONpelensieTcd IIOJOKeHHeM TOUKA JlepeceueHusn
npamoit KL m kpnsoit @ = @ (0, z).

Tounwnii BUJ pacrnpeleleHHs MOTeHI@Aala IpH HAJAAYAM KOHyca 0GBOLHEBHSA
HensBecTeH. 1103TOMY HY}KHO MCXONHTEH M3 KAKHX-TO JPYTUX IpPeAIOCEUIOK, KOTOPH®
L03BOJAT OIUEHNTH X0TA OHW NpUOIMKEeHHO BeJMIWHY INONbeMa KOAyca W HaunbGoiaee
WHTEPECHYI0 JJiA IPAKTHKH BEIMUMHY — IpeleJbHOTO 0e3BOJHOrO febura.

daMeTnNM IIOIYTHO, YTO 3Ta 3alava MMeeT MHOro ofmero ¢ HeKOTODHMH 3aja-
9aMy Ge3HANOPHOU (UIABTPANAN, O YaCTHOCTH ¢ 3afiadeil 0 rpaBUTAHOHHOM IIPHUTOKE
HUJKocTell K HecoBepUIeHHOH cKsakmue (pmc. VII. 16).

Ipennoso;KMM, 9TO BONOHOCHHIH NJACT € OTKPWTOH IOBEPXHOCTHIO BKCIIYa-
THPYeTCA IPH NMOMOIV CKBAMKHMHE, KOTODHE NepOopPHpPORAaHH B HUAKHEH YacTH.
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IIpamas AB mzofpakaeT cTaTH4ecKiil ypOBeHb TPDYHTOBHX BOJ,.

Ecam ckBakuMua coBepmieHHas M BCKPHJIA ILTacT IIOJMHOCTBI0, — MH HMeeM
3a/lagy o (Ge3HAIIOPHOM TIPHTOKE K Koxoauy (cm. T, VI), xorma mebur BHpaskaeTcs
$opmyoit Jomou. Ecau e ckpaxknna nepdopHpoBaHa B HIDKHEEH 9acTH, TO OBEpX-

HOCTh  JlelIPeCCHH — TOBEPXHOCTH
e TPYHTOBOTO HOTOKA — OyoeT mMeThb
K’E ) Buy Kpusoit ACC'B, 1. e. nap ¢uiIb-
- —_  TpoMm OyneT, KaK TOBOPAT THAPOTEX-
LUKH, HEKOTOPas BeJINIMHA HaBHUCAa-
HAA Y.
IIpu camuroM GoxpimoM geGute
TOBEPXHOCTh JETPECCHN IOHHU3UTCH
710 BePXHETr0 OTBEPCTHA U TyAA Ipo-
PBCTCS IOYBEHHBI BO3IYX.
JdTa 3ajjaga M 3ajlaua 0 KOHyce
TOAOIIBEHHONH BOAH B HedrTaHOU
CKBajKIITIe COBEPIIEHHO OKBNBAJIEHT -
FYYITI T 77D 777777777729 777 7777777777 7777 77777 HH. Poab HO}IOIHB“GHHOH BOJH 3[1€Ch
Wrpaer MOYBEHHBIH BO3AYX.
Puc. VII. 16. Cxema raszoBoro konyca. PaceMoTpM NPHTOR KUAKOCTH
¢ 00pa30BaHEEM HENOIBH}KHOTO yC-
TOIYMBOIO KOHyca IOZONIBEHHOI
BOAEL M IIPOBeJeM JjiBe IIIMHAPUYECKHUE IOBEPXHOCTH, COOCHEE €O CKBAaKUHOK:
NIepBYI0 HEKOTOPHM DPaJuycoM rp (B YaCTHOCTH, 3TO MOKeT GHTH PajHUyC CKBa KUHHL);
8TOPYI0 papuycoM Ro (puc. VII. 17, a). HanpasuM och z BHH3 IT Ha N POM3BOJBHOM
paceTosHUN 1 (ro < r<_ Ry) onmileM OUINHIPHIECKYIO TIOBEPXHOCTL BOKDYT CKBa-
JKMER; HaiijleM pacxo/ HeTH Wepe3 3TV NMUINHAPHIECKYI0 MOBEPXHOCTH.

At
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Puc. VII. 17.

O0osHauMM BHCOTY 5TOA IMMIMHApPHYeCKOH moBepxmoctd. . Oma Gyper mepe-
MEHHOH BeJMYMHOK: 1 = ) (r). HaooMHEM BHBOJ OJHOTO H3 HMHTeIDAaJbHHX COOT-
HOmEHHHU JUiA pacxofa (§ 6, ra. VI) npuMennTeabE0 K Hamel gamave.

Jebut >xuaKocrn (medrH), NpoTeKamINeil Jepe3 HANLY NHIMHEAPHIECKYI0 IOBEPX-
HOCTB, MOYXHO OIPeleJIMTh CleRymuM ofpasoM. BrpuennM GecKOHEYHO Maaslil aJjie-
MeAT INOBEPXHOCTH — OUJIMHAD — BHICOTOH dz H paidycoM 7 M HalileM 3JeMeH-
TapHHL PACXOX 9epe3 GOKOBYIO MOBEPXHOCTH 3TOr0 MHIHHIPA.
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Pacxon HaxoOJDHTCA IyTeM VMHIOKenWsl PaJUaJbHOW cocTapaAlomeli CcKOpoeTH
QUIBTPARUY w, HA IJIOMAAL GOKOBOIl MOBEPXHOCTA 27rdz W MUTET PHPOBAHHUA LPO-
W3BeleHNs M0 z B mpefenax oT nyJus ao h:

h
Q= [lw,|21rdz (VI1. 8. 11)
0

PapuanrHasi cocTaBJIAIOIA ST CKOpocTH (i)I/IJIpraIIHH w, B HallleM clly4ae GyﬂeT
Hampapjena B CTOPOHY yMeHbUIeHHs r M, CJeJOBATEJbLHO, OTPHIATEeJIhHA, npayeM

w, = —8 ®/dr. HaM IJIsI BHUYMCIEHAA pAcXofa OYKHO abcomoTHOE 3HAYEHHE
CKOPOCTH.
Tak Kak NOTEHOHAN BO3PACTAET ¢ yBeAMIeHNEM r (CKBAKEHA ABJSETCA CTOKOM),
TO, YYMTHBasg HalpaBjeHHe CKOPOCTH, MOKHO 3ammcath | w,| = 9 ®/dr; dopmyaa
(VIL 8. 11) miIsa CKBAYKMHH-CTOKA NMpPHMET CIeAyIOmui BH:
h(r) h(r)
> a0 oD
Q= —— 2nrdz=2n —=— dz, (V11.8.12)
or dlnr
e
0
TaK Kak
dr
— =dlInr.
-

IIpu uomomu ¢opmynn pudpdepeHnUpoBaHUA OlpefeeHHOTO  HHTerpala
Mo TapaMeTpy IMOJNYYAM Clefyioliee BRIPAKEHHe AJNA peGura:

h(r)
d dh
Q~2ﬂ [—d—IF f Q)(r, Z)dZ—(D(h, r) m]. (VIIS. 13)
Paznenum mepeMeHHEe B LoCJTefHeM ypaBHeHHM
h(r)
%dlnr———d f @ (r, z)dz;— @ (h, r)dh (VI1I. 8. 14)

0

B NpOAHTEerpapyeM NoJydeEHOe BHpaskeHue (VII. 8. 14) B mpemenax or r = ro
HO r == Ro. YUHTHBAafA, 9TO IIleDPBHH WieH IPaBod 4acTH UOCIe WHTETPUPOBAHAA
B 9THX Iipefle1aX OOPATHTCA B PA3HOCTh HHTErDANIOB, TIONYYAEM

R (Ro) h (o) h (Ro)
—1In = ’ D@ (Ry, z)dz— J O (ry, 2) dz — B (h, rydh. (VII.8.15)

¢

h 27‘0)

Hocnennoo (GopMysly MOMHO HHTepIpeTHpOBAaTH rpadmaecku caepywmum o6-
pasom.

Bosumem ocu koopamuar @ u z, kak NokasaHo na puc. VII, 17, 6, n mocrponm
rpapuxn pyurnui © (ro, z), @ (Ro, z) pacupeseseHUA MOTEHINATA BAOJIb GOKOBHX
noBepxHocTell ro m Ro (kpussie QP u MN).

BrisiciiM, Kaxoif TeoMeTpHIECKNIl CMBICH MMeeT NepPBHIl HHTerpaj B ypaBHEHHH
(VIL. 8. 15). OwuesmpHO, OB paBeH ILIOIAKM OMNO,0.

Bropoit uHTErpal, KAK JNerKo BHAeTh, paBeH Iiomamw OQPO;0, Tpermil ME-
Terpaa — nuomanun O1PNO,0;, upnuem cornacno dopmyne (VIL 8. 10) @ (k, 7)
n3ofpaxkaerca upamoi NP.
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TaxuM ofpasoM, mpasBasa gwacts ypasHenums (VII. 8. 15) pasma, xKax BHaHo w3
puc. VII. 17, 6, samTpnxoBaHEOH mJjomagn S
ConocrasuM Temeph ¢ ABWKEHHEM IPH HAJHINH KOHyCa HATIOPHOEe paBHOUEOHT-
HOe ABICKeHNE HePTH B ITACTe TOCTOMHHOM MommoctH i (Ro) = ho, KOTAA HOAO-
mBa TJ4CTa TOPH3OHTANBHA ¥ HellPOHNT[aeMa M Ha OOKOBOH ITOBePXHOCTH Ro IOM;Iep-
RUBaeTCA NpeKHee DacIpefiesienne NOTERNNaka. IT0 BTOPOe IBMKeHHe OylleM HasH-
BaTh HEBO3MYIICHHKM, & IepBoe IPH HAJIUIAN KOHYCAa — BO3MymeHHHM. HeBos-
MyDIEHHOE JBHKCHHE ITPOMCXOMT B PACIIMPEHHOHl IO CPAaBHEHHIO ¢ BO3MYIIEHHBIM
obJnacTH, TAK KaK CTeCHeHHEe IIOTOKA, BEI3HIBAaeMoOe KOHYCOM, oTcyTcIByeT. OTciofia
cienyeT, 9TO IPH OJHMHAKOBRIX /e0HTaX ¥ OJMHAKOBEIX DaclpeleleHNAX IOTEHOHAJIa
Ha BHemHell 60KOBOII IOBEPXHOCTH
0 44 £ o IOoTeRNWaJ J060H TOYKHM ILIacTa HpH
BO3MYNIEHHOM J[BYJKEHWH OYyAeT MeHb-
Ie, 9eM NOTEHNEAJ TOH ke TOYKH IIPH
HeBosMymeHHOM. CleoBaTellbHO, pac-
VA, V.4 npenejenye NOTEHNUANA BLOAb iTOBEPX-
HOCTH r¢ TPU HEBO3MYIIEHIOM JBM’Ke-
o(k,2) Hun Gyner X3 PaKTepPU30BATHCA MYHK-
0 THPHON Kpusoid A'B'C'D’, nesmameis
npaBee kpusoit 4BC (puc. VII. 18),
COOTBETCTBYIOIell BO3MYIEeHHOMY IOBH-
sennio. CornacHo hopmyne (VII. 8. 15)
S pasro nnomanu ABCDEA.
HepozmymeHnHoe [BuKeHHe HpeE-
’ CTaBJsAeT COHOH HANIOPHHIA IIDHTOK
Mt —p4—— — —— , K HEeCcOBepPHIeHHOH CKBaKUHe OPH TOPH-
y) ._E___ —_—XC 30HTAJBHKX H HEl[POHHIIAeMEIX KPOBJe
? o ~ S M TOfioWIBE, T. €. CPABHITEIBHO XOPO-
= BN mo us
YUEeHHYIO 3a7aTy.
¥ i 4 W3 pme. VII. 18 caepyer, H=TO
erh) V) TOUKA C”’ nepecedenns upamoi DC
12z ¢ xpusoil A'B'C'D" meptnT HmKe TOY-
k¥ C, COOTBeTCTBYIOIell opanHaTe TOY-
Puc. VII. 18. KW, NPaKTHYeCKH COBHIajlajomell ¢ Bep-
mIgHO# KoHyca. Hpome TOro, Tak Kak
BO3MYyIieHHOE M HEBO3MYIIeHHO® [BH-
meHAsa paBHOmeOWTHH, miaomagn ABCDEA m A’B'C'D'DEA’ paBHH COIJIACHO
dopmyne (V1. 8. 15), oTkyma caemyer, uTo ILI0MaAb JdenTodkn ABCC'B’A’A paBHa
mIomagu TpeyroibEERa DC'D’D.
i ITpemuonoxum Tenmepn, [ro NpE coxpamennu motemnuana @ (Ry, z) ne6nr
CKBA)KWHHL HAYAJ YBEIHYWBATHCH, OITO JIOCTUraeTCH COOTBETCTBYIONIMM YMeHBIIe-
aueM 3a00HHOTO NOTEHIMAlla HA CTeHKe CKBAJKUHH, T. e. yMmeHbmenneMm ®g (rgz).
Ycaosue ycTOMIMBOCTH BOMSHOTO KOHYca cordacHo dopmyiae (VIL. 8. 4) mmeer nug:

(a®> < Ay (VII. 8. 16)
r=10

20, 2)

dz u

BBI’I}IY MaJIOCTH pajuyca CHKBAa*XHHH N0 CPaBHEHHIO C h 7 Ra MOMHO CYHUTaTh
itpeJnaymiee ycJoBHE SKBHBAJIEHTHRIM HEPaBEHCIBY

o E Ay
— =tgp.
( 0z >r=1‘c P- gﬁ

VYroan f§§ mokasam ma puc. VII. 18.

OTciofa clefyeT, 9T0 Lepel HAYaJOM [POPHBA BOJAH paclipefeseHyne IOTeH-
guana B Hedranon wacrm @ (0, z) AmyKe AHA cKBa:KMHE! OyjieT M306parkaTbCsd KPH-
ot CB (pume. VIIL 18), xacatennnas K KOTOpOil B BepHINHE KOHYCA COCTABHT ¢ BEP-
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THKAIBI yroa f == arctgATAY . I'paEnma pasfena Bogw H HedTw IpPHE 3TOM Oyner
33KANYMBATECA OCTPHEM (TOYKOH BO3BpaTa), UTO yKaskBajgochk panee . A. IppocoM
[23] (pme. VII, 19, a).

Pacupepenenne norennuaia BIOTEL OCH CKBAKHHHE IPH DPaBHOTEOHTHOM HEBO3-
MyNIeHHOM ABIDKEHHW € TeM ke Torennmuanom @ (Ro, z) coriacHo mpefHAyIeMy
Gyfier TPOHCXONATh OPU GONBINNX NOTEHNMAJaX U TPa@UIeCKH H306PaKATLCH TYHK-
tapHOfl KpuBoit B'B''C'D’, nemamei npaBee Kpusoid BC. CymecTBEHHO OTMETUTS,
9TO TaK Kar MJ0maigb Tpeyroabanka DC'D'D poxeEa OHTb paBHa IUJIOMAXN JIEHTH
B'B''C'CB (BepxHAS 9YacTh JeHTH He MOKa3aHA) TO, BO BCAKOM ciydae, ILIOMARb
TpeyroiapEnKka D C’'D’'D Gyner Gonbiie ltaomain cermeura B''C'CB’.

>

9
LS
i1

) I

Pmc. VII. 19.

PaccmorpuM Temeph HeBOSMYMICHHOE JIBIGKEHHME B IIIACTé MOUIHOCTHIO ho Ipu
TOM jKe pacmpenenenuy moremnmana O (Ro, z). Il pesmonoxnm, ato e6UT Npu He-
BO3MYIUNCHHOM [BIEHWH HA4aj YBEIMINBATBCH M JOMEN [0 TaKOro smaveHus (i,
KOTJla Kpusaf Pacnpepenenns morenfuana @ .. (0, z) (kpusaa A'B'C'D’, puc.

VIIL. 20) xacaerca mpamoii DB’/, cooTneTcrByMOlledl NOTEHNUANy TPAHHIE pasgeia
BOIH W HebTH DPH BO3MYDIEHHOM JBW)KeHUHM, B TOUKe (.

Macxker [JIt. I. 11] npuBumaer Q1 3a npefenbHO BOMOMKEEIT HedraHOH GesBos-
HHil gebnr. Joxaxem, aro Q1 Gymer saperoMo Gospme NpefeasHOro feGuTa BO3MY-
ImMEeHHOr0 ABIKEHHA Qupen, IPH KOTOPOM HAYMHAETCH IPOPHEB BOIH B CKBAKIHY.
Jas aroro ofpatumesa x pue. VII, 18, VII. 19, VII. 20.

Ecan 6n 6mI0 BO3MOMKHO yCTOHYMBOE BO3MYIIEHHOE ABWEEeHHe ¢ JebuToM Q,
TO BHCOTA NOJbeMa BEPIIMHL KoHyca A0JKHA Obra OH 6HTE Goubme yor (Yo > yor)

KaK 9To ciefyer us pue. VII. 18. Kak ykasmpasocs Buime, IOTeHNUAIN BO3MYIeH-
HOTO [IBIUKEHHS HOUKHK GHTH MEHbITe NOTEHNHAJOB TeX ke TOYeK IPH HeBO3MYMIeH-
HOM, T. €. Dpepogm (0, 2) > Qposy (C, z), OpHYeM IMOTeRNMAJ BEPWIEEH KO-
Hyca JOJKEH IIPH BCeX OOCTOATeNbCTBAaX JeKaTh HA IpaAMoit DB,

Usa pme. VII. 20 BUAHO, 9TO OJHOBPEMEHHOE BHIOIHEHWE BTHX YCIOBHH HEBO3-
MOKHO, OTKYJa clellyeT, 9T0 PaBHOBeCHe BOJH HADYIUUTCA IPH NpeAeJbHO BO3MOMK-
HOM fe6uTe Qnpeg BOSBMYIIEHHOTO ABIDKEHHST, MeHbmeM (Ji. TarmM o6paszoM, (; >

> Qupen-
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Uro6H HaliTH Oe6UT, 3aBelOMO MEHBLIIHH TPeAEeJbHOr0, PAaCCMOTPHM Temeph
HeBO3MYINEeHHOoe ABMKeHAe ¢ feburoM (Q,, Korja pacipeielIeEue MNOTEHNMANa BROIb
OCH CKBR)KHHH XapakTepusyercs kpuBoi A''B’'C'’'D'', mpmaeM mromajs cermeHTta
B''C""C’'B’’ papma mnomap® tpeyrodpEnka DC'’'D''D. Brmre (cm. pmc. VIL. 19)
YKA3HBAJIOCH, ITO Iepel IPOPHBOM BOIH B CKBAJKAHY PaBHOJAeGHTHOE HEBO3MYINEH-
HOE IBIDKEHWEe TAKOBO, 9TO ILIOMAAL TPeyroiasHuka DC'D’D Goublle IUIOmMAAw cer-
MeHTa B''C’'CB’’. YTOGH 3TH IJIOMAAN CPaBHANNCH, KPUBAA pacupefe]eHHA OTeH-
nuana B'B’'C'D’ gomana OHTH CABAHYTA BIPAaBO, UTO COOTBETCTBYET yYMEHBLUICHHIO
paebmra. Taxkum o6pasoM, ycraHaBIH-
BAeTCA HEPaBEHCTBO

Q: = Qupeg ~ @1 (VIL.8.17)

Konuyecrsenunii pacder peGurom
Q1 m Q, Mower OhHTb BHNONHEH WH3
HM3BECTHOTO PeIIeHNs: 3afa9d O HAIOP-
HOM TNIPHTOKe K HECOBePHIEHHOW CKBa-
skuHe. PacdeTH HOKa3HBAWT, 4T0 ()
u Q, oramdarrca Ha 25—30%.

Bce ckasammoe BHmE, OYeBUOHO,
TIONIHOCTBIO PACHPOCTPAHSETCH HA CIY-
"gail TPOPHBA BEPXHETO I'aza IPH HAJIH-
9dd ra3opoil mamku (cM. puc. VII. 16).
Ilom Ay mpu sTom caefyer nogpasyme-
BaTh PAa3sHOCTH OGDBEeMHEIX BECOB He(TH
¥ Tasa.

Ounyckad gerajgd BRYHCJAEHMH, OT-
HOCAMMXCA K HPATOKY K CKBUKWHAM
B MECTODO/KIEHMAX C TIOJOMBEHHOR
BOJOH, IPWBefEM TOABKO I'padHky 1Jis
pacuera mpepmeabHoro 6e3BOAHOTO Ie-
OvTa W BHICOTH ITO'bEMa KOHYCA IepeN,
Puc. VIL. 20. TPOPHBOM BOIH B CKBR)KMHY B OJIHO-

PONHO-aHW3O0TPOOHOM ILIACTE C TOPH-
30HTaJILHOM MPOHMIAEMOCTHI0 k& BAOAD IJACTa ¥ BePTAKAJBLHOM IPOHENAEMOCTHIO kz
1IePIEBAUKYJIAPHO ¥ TIAACTY.

Ias ypobersa pacerop Ha puc. VII. 21 mokasanm xpusee GespasMepHOToO

bl R
ne6nra g () pna pasEHX 3HAYeHmil MapaMeTpa Q = 7;’1— [ Q1 — Bepxnee 3HageHHE
neSura B Hepapencree (VII. 8. 17)], npudem
k —  Q 25 khy - b
w=——, qh)y= , Qo=—""""0 Ayhy, h=——. (VIL.8.18)
%z q (k) Qo Q m Yo )

Ha pme. VII. 21 mokasaHsl TakKe 3HAYeHHA 1),,. ., COOTBETCTByMmHe O,
OpHYeM

ymax
= I1.8.

Nmax ho—b (VII. 8.19)

TAe Yymax — TPefielIbHAA BHCOTa NOABbeMa KOHyca Iiepe]] IPOPHIBOM. .
[na snasenni napamerpa @ = Ro/x k, He ykasamHmX Ha pac. VIL 21, ¢ (k)
MOKHO OIIPefle AT rpagudeckoil MHTEPUONANHel, HMesa B BULY, 4910 ¢ (h) — 0
upm @Q— o, a g(h) — oo npu ¢ — 0. B mepsBoM caygae ciedyer CTPOHTH KPUBYIO
saBMcEMocTH g (k) OoT aprymesTa . BO BTOPOM — KPHBYIO 3anncnmoc’m—:—7§ or

q
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aprymenta Q. OGe KpuBHe npoiilyr dYepes Havalo KOODAMHAT I JIEPKO MOTYT
OHTH IIOCTPOEHH II0 TPeM-9€THLIPEM TOYKAM [ JI000ro 3uadeHusa h TpH

momomu pue. VII. 24. Tlpum mpo-
phiBe BepXHETO rasa, KAK YKashH-
Bajoch, OON Ay cleayer Noapa-
3yMeBaTh PasHOCTh OOBLEMHEIX BECOB
He)TH W rasa B IJACTOBHX YCJIO-
pasx. T'pajpmrm puc. VII. 21 mo-
crpoeaw B. A, EBpoxuMoBoii Ha
OCHOBAHME  pemenus  MackeTa
(V.1.7) (§ 1, ran. V) o pacopene-
JIEHME IIOTEHIWAJA NpPH IPHTOKE
K HecOBePIeHHOH CKBAKAHE® C J0H-
HEIM TPATOKOM.

Ha pmc. VIL 22 — V]I, 25
mpelcraBieHH rpadmm ana  Go-
Jlee MUPOKOTO JHANa30HA H3Me-
HeHWs OapaMerpoR @, h, TocTpo-
emante 0. U. CrxkagHuHEIM 1
A. II. TenkoBuM Ha OCHOBa-
mrr pemenus 0. U. Crriaumna
(V. 1. 10) pus Toii sxe 3amagu [24].
U3 stnx rpadMKOB BUIHO, 9TO IIPH
MalHX Q, COOTBETCTBYIIIHUX GOMb-
MM 3HAYE€HUAM IlapaMeTpa aHH30-

TPOIHE %2 = o npefeNbHLHE He6uT
z

pe3ako Bo3pacraer, UYTO0 IIOATBED-

q(%) oz
e 5 0 1
0}50,\/\ /)=/00 p=1000 9 29
03 ——2> P-4 98
928]” _ z 57 f 47
L

o~ e 46
02| =/ 95
916 = L p 96
Ly 4
ARy 43
08| . — 124
904 7 p=1000 a7

0 071 92 03 G4 45 95 47 48 49 104

Puc. VII. 21. T'padmkm pas pacgera mipe-

JleTbHEX Ae6HTOB M BBICOTH KOHyCA.
1—5 paa q (h); 6—10 oA Ny 5%,

JKIIAeTCA BEHICOKMME GesBOAHEIMU [e6ATaMy HedTAHBIX CKBAKMH B ILIACTAX C II0J10-
IIBEHHOK BOROH ¢ MaJjoll BepTHKAIBHOH NMPOHHIAEMOCTHIO k, [25].

qgir.h)
29,

088
080
a72
064
256\,
048
0240
432
024
016
008

77

T T

T

0 42 0446 98 1.0 4

OTMeTHM, 9TO BeJIMYAHA IIpe/eJbHOro
Jnebuta Q1 UPAKTHIECKH HE 3aBWCHT OT
KOHCTDYKIUH CKBaXKAHH. IlpegensHas
JeNPecCHA Ke, eCTeCTBEHHQ, CYINECTBEHHO
33BHCAT OT KOHCTPYKOUM CKBAKAHEL H
XapaKTepa BCKDHITHS TJacta. Pacuer

g
14
72 I\
1
&
p

03

¢ |%%

2'0,?7 §

0 0204 06 08 104

Puc. VII. 22.

TIPe/IeIbHON [IeNPeCCHH JIETKO BHIIOJAHAETCH L0 W3BECTHOMY TIpefieTbHOMY AeOHTY
10 OGHYHEIM METOjaM, H3JOEHHHM B § 6 rjaasm V.
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Ilpupegennsle BHIMe rpaguKM MPaKTHIECKH TaKKe MOMKHO MCIOJB30BaTh HIJIA
PacyeToB B IJIACTOBHIX YCJIOBUAX IIpefeiNbHHX Ge3BOJHHX [e6HTOB HeCOBePDIEHHRIX
rasoBHIX CKBRJKUH B IJjacTaX ¢ IOJOIIBEHHOH BOJOM.

O6mnpHENi OHKA HccieJ0BAHUH, CBASAHHHX ¢ KOHYCOOGpa3oBaHWeM, BHIIOIN-
Bern JI, A. ddpocoM I ero cOTpyAHEKAMH Ha IMeleBHX Momenax [26]. B pesyaprare
3THX HWcciefoBaHuil 6uo moareepxaeno mepasenctso (VII. 8. 17) misa npepexsaOro
6espomgoro nmeGmra. . A. Oppocom m H. ®. KypaHOBEIM NaHA TOYHASA TEOPHA
(IJIOCKOTO» KOHyca Npu GesBOAHOM NPATOKE K TOPM30HTAJBHOI APeHe B NPeAIoao-
JKeHNHM HEeOrPaHHICHHKX MOIHOCTeHd HedTAHOR M BOAAHNH 830H Ha GECKOHEYHOCTA
[23]. Das nnacra womeuHoil MommoOCTH sTa 3ajaY8 paccMarpmsaiach B [21, 241

q(p,h)
044

(LA
/.oq; a4
99 'gj 436
P ”\\ 432
27 N 028
1NN
RS 424
”,5 05\\\\\ Q\ ”,Zﬂ\ \\\
24 RN S== 76 \y\\
e OISR —
s 208 < e

ag\‘"__‘& \N§::~~-\'::='_‘_ 0/;
Py — 004 =FT+1 o7

- P 0 5 “'qu
0 06 47 g8 499 10 710° 2 3 456789107 2 3 45678910
Pre. VII. 23.

QopMApOBaHEE KOHYCA IIO[OMIBEHHOX BOJH B PeAJLHHX YyCIOBUAX Tpedyer
BPEMEHU, MHOI/IA NOBOJbHO 3HAUNTENBHOT0. TOUHOe pemeHNe 3aJadYy ¢ yIeTOM MOIN-
HOCTell BOfAHOW WM HedrAHOH 30H, pa3iAnMweM BA3KOCTEH N ITOTHOCTEH IOKa emie
orcyrcreyer. Ilpu nebure ( MeHplmle NPENeNLHOTO MEPBOHAYAJbLHO ILIOCKAasA Trpa-
HOOA pasfesya II0 UCTeYeHMM HeKOTOPOTO BpeMeHU mpuMeT (OpMY CTANHOHAPHOH XOJI-
Mucrod nopepxuocta BAC (cm. puc. VII. 26), xoropad oOwWYHO M HasEBaeTCSA KOHY-
coM. BepmmHa ymax MOsKeT GHITH ompenenena mo rpagmkam pme. VII. 21—VII. 25.
FpyGas omeHKa BPEMeHH IOXbeMa MOKeT GHITH clelaHa ClefylImEM obpasoM. B ma-
qanbHEKE MoMeHT BpeMenn ¢ = 0 oGneMHHe fe0nTH HepTH @ M BOAH (Jp, BHTEKAIO-
mAe Yepes OUAMHAPHUECKYI IIOBEPXHOCTh Ro 06GIacTH OHTAaHWSA, IPH YCJIOBUH,

9T0 HAa JTOH NOBEPXHOCTH HABJEHHE pACIpefelleH0 THAPOCTATAYECKH, paBHH
(puc. VII, 26):

ky ap
Q0=— "B 23 Roh (—) , (VII. 8. 20)
Mr o X or r=Rp
Qsz‘ﬁznﬂohs (?) ’
OTKy/la s T Jr=Ro
Qs kshy pm kghy Ug
KL _ Fp's P =% Wm o VII. 8. 24
Q kehg up ’ Qs kghn ps ¢ ( )

rae ky, kp— OPOHHNAEMOCTA COOTBETCTBEHHO HedTAHOH M BOJAHOH 30H.
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3mas m3 (VII.8.21) Qg m o6wem mop V B oGaacrm BACB, kyaa mogmamacs
BOja, HIVKAWH Tpefiel BpeMeHH NOALEMA MOKHO ONIpPEe]ATh H3 GOpMYJIH

3 g4 05 dbp

14

t=— . (VII.8.22)
B
9phs
10 [ [h=q60 ]
99
a8
0965
a7\
a6
25| |27 \
94 QN\\
N
S
iy
92|08 —]
0??‘\.

Pnc

. VII. 24,

@opmyna (VII. 8. 22) maer HWKOmMiA npejel BPeMEEM NONBbEMAa, TAK KaK HPH
YCTONYMBOM IIPeAedbHOM NOJNOKeHHH KoHyca ¥ GessognoM HedTsEOM jebmte Q

gebnT Qp IO Mepe IOABEMAa YMEHBIIAeTCHd
o myas. Ilpm nebure Q cBepx mpeneib-
HOTO, XaK ITIOKAa3LIBAIOT ONEITH HA Mele-
BHX JIOTKaX, INaBHAA IIOBEPXHOCTH KO-
myca BAC mepel UDOPHBOM CKadYKOM
MeHseT CBOI0 ()OpMy M BMeCTO TOYKH 4,
T7le KacaTeJbHAS IIOCKOCTH TOPMU30HTAIb-
Ha, OofpasyercA TOYKa BO3BpaTa A’ —
ocTpHe, GHICTPO DPOPHBAIOMAACH B CKBA-
SKUHY.

TaxkmM 00pasoM, g rpy0oii ONEEKH
KaK BpeMeHH (OPMUPOBaHUA KOHYCA, TaK
1 ero IPOPHBA MOKHO HOJb30BaThCA TOH
ke gopmyaoit (VII. 8. 22).

O6beM V MOKHO ONEHATH, AT POKCH-
MEDPYA KOHYC BOAB TEOMETPUIECKHM KO-
HYCOM

1 2
Va—ema Roymax,

3

Puc. VII. 25. T'padmrm pjasa pacdera
IpefeNbHONR BHCOTH KOHYCA.

y k=010
a8 020

425
95 o3

q7
g

04 f
4 085
// an
47 475
’ 980
085

a5
%
045
040

055
060

E
495

7 2 7 ¢ p
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Puc. VII. 26. HKondurypanus TrpaHHUH pasjgena Hocue
NPOPHIBA KOHYCa.

a ymax oupenenars n3 rpagmxos puc. VII. 24 — VII, 25. Bosee Toumsle METOAH
pacqe'r[a Bf)emenn ¢TabuIE3anyuA 1 npopsiBa KOHYyca NpuseieEH B pabore A. I1. Tex-
xoBa [24

§ 9. CoBmMecTHblii NpETOK HePTH M NOJOUIBCHHONH BOABI
K HECOBEPIICHHOH CKBaKMHE

IlpennonosxuM, 9ro Bofa M HepTh COBMECTHO IIPHTEKAIOT K CKBAYKHHE PajgHyCcOM
¢, BCKPHBIIEH IOpM3OHTAJLHEIA 11nacT MOMHOCTRI0O h Ha raybmmy b. Ha paccros-
HEA Ro OT OCH CKBaJKWHH pacHpejelieHHe AABICHHAA CYATAETCH I'HAPOCTATHICCKEM.

IIycTs IPH OTCYTCTBHMH JBUKEHMS MOI[HOCTH, 33HATHE BOAOH M HedTHIO, COOT-
BETCTBEHHO PaBHM hy K fiy. JIBWKeHme CUMTAeTCA YCTAHOBHBINHMCA I CJIEAYIONIAM
3akoHy [Jlapcm, a >KUAKOCTA HecKHMaeMuMu. Ha pacCTOSHWE r OT CKBa)KHHHE IIPO-
BeieM IUJIHBAPHYECKYI0 IOBEPXHOCTh, COOCHYI0 c0 ckBa>kmHOH. Ilycte B mepBoit
obnactr (BoxsHOM) BHcoTa 9T0H mosepxHOocTH ¥y = y (r) (pme. VIL 27).

Pacxonsr Bogs m HedTH gYepes 3Ty IINBEPXHOCTh COOTBETCTBEHHO DPABHH HDH
OCH z, HALIPABIEHHOH BBEPX, M NOPHU30HTAIBHHX KPOBIe U IOAOIIBE

¥ . (
Ql=[ z«rrui—pia:‘—z) , (VI1.9.1)
0
a
0= | on ::—!”;r’—“)d (VII. 9.2)
y(r)

rae pi(r, ), ki Wy, ps(r, 2), ks, Ug— [aBIEeHHA, NPOHAMAEGMOCTH K BA3KOCTHE COOT-
BeTCTBEHHO B BOAAHON M He(TAHOM TacTAX.

Ioapsysace ¢opmymnoit puddepeHnEpoBaHNA oIpefeleHHOTO HMHTErpaja mo
mapaMeTpy, mOJydYnmM HAPYrue BHPakeHHA and @, # Qg

o 4P
_2nc1[d1‘nr po(r, y) dlnr], (VI1.9.3)
oz—mz[d”“"’nt pa(r ¥) dln,] (VIL. 9. 4)
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e
y(r) h
Py= [ pi(r,2)ds; Py= [ po(r, 5)dz; (VIL. 9.5}
0 ¥
”1=—kL; a=tr (VIL. 9. 6)
u We

Wurerpannt Py (r) m P, (r)— cmuu, peficTBylomue BROJH BepTHKAIHM, PacCId-
TaHHBEe HA EJIMHANY JJAHK mepuMerpa 27 r.

ddd it s Lttt L2l
LLaiy
|
|
|

Vi Ay rpo
\___:
oo

rrrrrT /f]/l”/,lll!l r

Pmc. VII. 27. CoBMeCTHH# IPATOK BOOHW N HedTH
K HeCOBeDHIeHHOH CKBa)KWHe.

Wnrerpmpys (VII.9.3) m (VIL. 9.4) B npexenax r=rc¢ 0 r= R, moaydaem

Q R v (Ro)
e In L =Py (R)— Py () — [ pi(rw)dy,  (VIL.O.7)
T Cy re virg
0: R, v (Ro)
T BT —Pz(Ro)_Pz(’c)+ f Pe(riy)dy.  (VIL.9.8)

o)
Hs ypasmermi (VII.9.7) m (VII.9.8) momxyzaem

1 (01, O v
2 (B2 )m T =PRI—PEO~ [ (pur, )=na. 9y, (VIL0-9)
y(re)
rge °

P(Ro)=P; (Rg)+Py(Ry); P(re)=Py(re)+Py(re)  (VIL.9.10)
pe3yJbTHADYIOIEEe CHJIN B CeYeHHMAX r= Ry U r=r,.
JaBier¥sa Ha rpanune pasfaena p; (r. y) ® pg(r, ¥y) OTAMYAIOTCA TOJBKO Ha

BeJIMYNHY KAIHJJIAPHOTO CKRAaYKa 6:
pi(r, yY)—pa(r, y)=38. (VIL. 9.11)
Torma cormacso puc. VII. 27
2 (B4 &) T (R ()= [y Ry ()=
=P (Ro)—P (re)+08 [y (rc)—hy]- (VII.9.12)
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Tlpenebperas 3¢deKTOM KaOHINAPHOCTHE, KOTODH IPH KeJAaHHA MOKBO OHO-
HnTh ¥3 (VII. 9. 12), monydaem

R
-+ (& +_f23) In 0= P (By)—P (ro). (VIL. 9. 13)

51

BospMeM Temeph Ha TpaHHNE pasfiesa NPOM3BOJILHYI JAHHI) TOKA, HAYHHAIO-
myiocd Ha MOBEPXHOCTH r = R (00JacTh IMTAHNA) ¥ 33aKAHYHBAIIIYIOCH B CKBA-
JKUHe,

CKOpPOCTE (HABTPAOUE NepBOd W BTOPOIl >KAAKOCTEH BROJAB 3TOM JHMHAH TOKa
o60osHa9OM u1 B u,. Torza coriacHo 3akoHy Hapcm OyaeM umMeTh

d d
u1=—c1( L4y, E'sy') , (VIL. 9. 14)

d d
u2=—c2( Pe v TZ) , (VIL. 9. 15)

Ife Y;, Yz— 00BeMHHE BeC COOTBETCTBOHHO IEDPBOX M BTODOt KEEKOCTeH; ds—
aJeMeHT JUHMU TOKA.

Hnarerpmpysa (VII. 9. 14) m (VII. 9.15) Bnosnp AnHAR TOKA B mpefeaax OT 00JacTH
OHTAHAA §=S, JI0 CKBAMKUHHK §=S;, HOJIyIaeM

%

f cill—ds=(Po+Y1 Yo) — (Pc+ Y1 Ye), (VI1. 9. 16)
8o

S

f %ds:(Pu‘F'Yz Yo)— (Pe+ Y2 Yeh (VIL. 9.17)
&

re Po, Py Yo, Ye— HABICGHHA W OpHMHATH HAa TPaHWIe pasfieida B CEICHHAX §=Sg¢

s=s¢ (puc. VII.27). IlpaByto uacth ¢opmyas (VII.9.16) MOMKHO IpeAcTaBATH
TaK:

(Po+Y1¥0) — (Pe+ Y1 Ye) = Po— Pe— V1 (¥c— Yo) +Va (Yo —Yo) — Yz (¥ — Vo) =
= (po+Ya Vo) — (Pc 1Yz ¥e} — (Y1—Y2) (ye—¥o) = Ap—AY (yc—¥o), (VII. 9.18)
rie Ap—paenpeccus; Ay— pasHOCTE 00BEMHHX BECOB:
Ap=(po+YzYo) —(Pc+ Yz ¥Yc)i AY=Y1—Vze (VII1. 9.19)
TaxkmM o6pasoM, mETerpamu (VII.9.16) m (VII.9.17) MoOKHO IpeAcTaBAThL
B BHE
80 8
f—':—‘-ds=Ap—Ay (Ye—vo), f cﬁds=Ap. (VII. 9. 20)
1 2
[} L]
Ilpm coBMecTHOM LPHUTOKe BOAK M EHeTH IOCA€ NOPOPHBa BOAAHOTO KOHYCA
fenpeccuss Ap ofOHYHO HAMHOTO IPEBOCXOAHUT ulieH Ay (yc — yo), KOTOPHH MOKHO
HasBaTh apXumenoBoit cocraBasmiomeli. Ouwesmpmo (pmc. VIL. 27), Ay (yc — yo) <<

< Ay h;. O6uwHO fempeccmssi Ap H3MepseTcs aTMOChEPAMHE MAE AECATKAMHA aT-
smocdep, a Wien Ay h, npm h, mopaaxa 10 x Gyger umers sHavenue mopagka 0,3 am.
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Taxum o6GpasoM, B (OJBIIHHCTBE CJIy9aeB, 0COOEHHO IPH (OPCHPOBAHHOM OT-
6ope, BeamunHO# Ay (yo — Yo) MOKHO Ipene6pedn IO CPaBHEHHIO ¢ A p. Mu GyRem
paccMaTpEBaTh WMeHHO 3TH caydam. Torma smecro (VII. 9. 20) monyamm

e %

fi‘-ds=f s s, (VII. 9.21)
‘1 Co

80 8

®opMyna (VII. 9. 21) coxpaHdeT cHLy, eCIdm IOJ Sy A S¢ HOJpazyMeBarb JIOOHe
[Be TOYKHM BHOIb PAcCcMaTpABAeMON JWHHHA TOKA.
OTciofia cilefyeT PaBeHCTBO HORHHTOrpPAAbHHX (yHKIHI

Uy Uy
o

. (VII. 9.22)

Mz (VIIL. 9. 22) cnepyer BasKEHE BHBOA: TAK KaK IIOBEPXHOCTh pPasfena
ABJIAETCA IOBEPXHOCTHIO TOKA, TO IPH (UKCAPOBaHHHX 3HAYEEHAX po B pPc CeTKa
TeJeHHA, T. €, pacupefleJeHHe IKBHIIOTeHNUANeH N JMHAA TOKA, A JBYXHHAKOCT-
HOIl CHCTeMHI TaKad ke TOYHO, KaK H Jd OJHOKHAKOCTHOH. TakuM o0pasoM, Korja
apxmMenoBa cocTaBaflmas AY (Yo — yo) Maja 0O CPaBHEHHIO ¢ JIelIpeccueil, pac-
npefieNleHAe MOTEHNUAJa NP (HKCHPOBAHHHIX 8HAYEHHAX po M pe MJIA COBMECTHOTO:
TPUTOKA JABYX UAKOCTeH ¢ pa3iayaHbIMA ¢U3MIECKAMM KOHCTAHTAME TOTHO TaAKOe Ke,
KaK OPH OBWKEHWM OJHODOJHOH JKHAKOCTI, 9TO JJIf OCECHMMETPHYHOTO JBIKEHHAA
JKIAKOCTeld ¢ Pa3HHIMA BA3SKOCTAME, HO OAMHAKOBHIMH IUIOTHOCTAMH GRLIO JOKAa3aHO
suepBrie M. M. I'morosckuM. 310 0GCTOATENLCTEO NO3BOAAET HAUTH Pe3yJABTHPYIO-
mylo cuay P (rg) 10 H3BECTHRM po, P, CTEICHA N XaPaKTepy HeCOBePIIEHCTBA CKBA-
JKEHBL. JIJA 9TOTO HalifleM Je6HT Q ONHOPOAHON >KHIKOCTI € BASKOCTBIO U B OJIHOPON-
HOM DNjlacTe NPOHUNAEMOCTH k MOMHOCTBIO h = hi + Ry (pue. VII. 27). Coraacao
ypaprenno (VII. 9. 13) m oGobmenuoil popmyne JIOMIOH 7jIA NPATOKAa K HECOBEP-

MEeEHOH CKBajKWHE IOIYIUM
_2nk P(Ry)—P(rc) _2nkh _ po—pc

” T i S
e

) . (VIL.9.23)

rge ¢ — ¢UIABTPaNHOHHOE CONPOTHBIEEHME, 00YCIOBICHHOE HECOBEpPINEHCTBOM CKBa-
JKEEH IO BeJIMUMHe M XapakTepy BCKpwThsa. Ilpm Ro > h, uro o6uYHO W HMeeT
MecTo, BeaudmHa C He 3aBHCHT OT paamyca Ro # OmpefelsieTc HCKIIOYHUTEILHO
KOHCTPYKINeN CHBa’KAHH.

Taxum oGpasom, ma (VII. 9. 23), monaras P (Ro) = po h, mMeeM

ID% pclni:ﬂ-{—poc
P (re)=P (Ro)—h (py— Po) — - -— =h——> . (VII.9.24)
lnr—o +cC In r“ +c
(4 C

,I],anee, B CeYeHHH ©'— Ro— obaacta NATaHAA — NABJeHHA H CKOPOCTA MOKHO

CUATATE pABHOMepHO paclpefedeEHEMH. OTcioga ciefyeT OpPONOPHOHA, HEOZHO-
KDATHO OTMeYaBIIAACA paHee:

A - ey

o= o =b. (VIL. 9. 25)
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Ypasrerus (VII.9.13), (VII.9.24) u (VII.9.23) mnossoasanT Haidra Q;, Qs
©CIH py M pc ussectHH. M3 (VII.9.13) m (VII.9.23) morygaem

_ Po—Pc _ 2nkhy Po—Pec
Q,=2m c\h, Ry i R, (VII. 9. 26)
In —=4C In —-
Te rc
_ Po—Pc _ 2:kshy po—Pc
Qg =21 cohy R = R, (VI1.9.27)
In—24¢C In —;
Tc re
rae
r; =r, e C

— NpHBefleHHH# paamyc. TaxuM o6pasoM, A pacdeTa Je0WTOB IIPH COBMECTHOM
IpUTOKe JBYX JKHAKOCTeHd NEeOUT KasKAOH JKMAKOCTH CcJefyeT pPacCIATHBATEH, KaK

o [
AJIA COBEPNIEHHOM CKBAaKWHBL pPaguycoM e B IJjlacTe MOIMHOCTHIO hn h2, IpageM

[vy ’ w
Upupenennni# paguyc r, JOMKEH GHTh NpeJBaPATENBHO ONpe/eNeH H3 YCJIOBHH
IBMWKEHHA O{HOPOAHOM MKHAKOCTH B ITACTE MOIMHOCTHI0 h = My -+ hs.

Ilpenrinymee pemenue jJerko o6obmaercs Ha caydail COBMECTHOrO TedeHUA NBYX
FUAKOCTeH B OJHODO/IHO-aHA30TPOIHOM IIIACTe NPOHUIAEMOCTBIO k; IO TOPH30HTANIH
(BEONH HATUTACTOBAHWMA) M IPOHMLOAEMOCTHIO k, II0 BepTUKAJHN (NepIeHAWKYJIADHO
HAIJIACTOBAHMIO).

B oroM caysae mpm pacdere geGuroB mo ¢opmyitam (VIL 9. 1) m (VIIL 9. 2)
BMeCTO k1 WM Kk, NOJKHH OHTH HONCTABJIEHH MOPU3OHTAJbHEIE COCTABAAINAe IPOHA-
maemocta (k)i (kp),.

Pasanume B nponunaemoctsax k, ¥ k; CKaKeTcA TOIBKO HA BelHUNHe NPEBEJeH-

4 o
HOTO pajmyca r,, KOTOPHI B yCHOBUAX ONHOPONHO-AHU3OTPONMHOro miacra Gymer
WMeTh APYroe sHAYeHWe, HeKeJaH Ui ONHOPORHO-H3oTponHOro. OJNH U3 BO3ZMOMHBEIX
!
MeTOfi0B pacuera r, Owu manoxen B § 4, 5 rnaBu V.

Pan mccmenoBaEmit cOBMECTHOrO MPUTOKA He(TH M BOAH K CKBAKMHAM BHIIOJ-
HeH Bo Bcecowsnom nedrerazosom mucruryte (BHUUM) [26, 28]. O. A. 3dpoc [26]
paspaboTas IpMHOUILN MOKEINPOBAHAA HTOrO MPOUEcca M ITPeMJOKHI PAJ BCIOMO-
raTeJbHHX I'paduKos, 06jervaroniux TPOU3BOACTEO PACIETOB M HO3BOJIAIOMEX Golee
TOYHO ONPefieNTh BIMSAHNE Pa3HHAOE OOBHEMHEIX BECOB.

3amaga 0 COBMECTHOM pa3lenbHOM OT60pe BOAK M HedTu paccMotpesa B [27].
HexkoTophe jpyrue 3ajadd COBMECTHOTO IBIMKEHHMA [BYX KUAKOCTedl B mopmcroi
cpene ¢ y9eroM rpasuranronHuX adderron nayuain A. K. Kyp6amos n A. X. Qar-
ryaamgre (29, 30].

§ 10. BripaBanmsanme BO3MymeHHOli B Hayane rpaHUNLI pasfena
ABYX ;KHJKOCTEil B nopmeroil cpepe moj jeiicTBHeM
rpapuTaguoHnbix cia. Pacuer mpefenbHBIX cxeM TeueHHA

PaccmoTpnM npsaMonmHeiiEOe PaBHOMEPHOE BLITeCHeHHe OJIHOM KMAKOCTH [Apyroi
¢ yd9eToM cHAH TmKectn. Kax ynomMmmanoch BHIIe, MOMKHO MCXONNTHL M3 JBYX Ipe-
NeNbABIX cXeM TeueHHA. Ecin NPHAEATH CXeMy WOCIAOHHOTO T€UeHHA, 4TO Oy/er oTBe-
JaTh CACTEME FECTRUX TpyGoK ToKa, T0 ky = 0, kr = k. MoOXHO paccMOTpeTh TaKkKe
Apyroil Kpaiami ciydail — MpefmodoKATH, ITO JaBJeHAEe B Ka’KIOM IIONEePEYHOM
CeYeHHWH IIOTOKA DPaclpefeNeH0 TUApOCTATHIECKH, T. €. ky = 0o. B jeiicrBuTenbRO-
ctH, Tak Kak 0 < ky < oo, MCTHHHAA KapIMHA JBIKEEUA GyneT 3aKIIOUeHA MEXIY
JAByMA KpalHUME CAyJafAM¥, yKasaHHHMH BHIIe.
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PaccMoTprM jBM:KeHMe I'DaBHIH pasfesa B HAKJIOHHOM IIACTe MOIIHOCTBIO h
Yroa HakI0HA IIacTa K ropusonTty a (puc. VII. 28). Ilpennonoxum, 910 sKUAKOCTH 1
(Boma) BHITecHsAeT KAAKOCTH 2 (Hedrs).

Ho-prguMoMy, cxeMa ky = co Game K JeHACTBHTENBHOCTH B CJIyIae IOJIOTO-
OafaloMEX ILIACTOB, KOTAA JJIMHA BOXO-He()TAHOIO KOHTAKTA ropasgo 0ojbime MO~
HOCTH ILIacra h.

BuBenieM nuddepernpaabHEEe COOTHO-
INeHAA JUIA TPAaHAIH pasfelia B Ipefmo-
JNoeHWH, 49T0 ky = oo (Bce ypaBHeHHHA
BHIIACHBAIOTCA [Ji €AWHAIN IIWPHHK
noroka). OYeBHHO, 9TO 3TA CXeMa COOT-
BeTCTBYeT CJIy4alo, KOTAa KOMIIOHEHTH
CKOPOCTH, UepUeHAUKYyJSPHHE IIOJO0IIBe
IIacTa, pPaBHEl HYJI0, a NapajiejbHHE
pacupefielleHEl DAaBHOMEPHO IO CEYCHHIO
IOTOKA.

OrMeTnMm CXOJICTBO H pasiHiue 3TOM
CXeMH cO cxeMod ky = 0: mpm cxeme
ky = 0 nepmeEAMKYJApHHeE HAIJIacTOBa-
HMIO CKOPOCTH OTCYTCTBYIOT, KaK M B CXe-
Me ky == co, HO 3aTO TODH30HTAJbHHE
KOMIIOHEeHTH, BOOOINEe TOBOpPH, pacIpefielleHH HepaBHOMepHO. Pacnpefesenue KoM--
TIOHEHTOB CKOPOCTH, Iapa/IeIbHHX BaIJacTOBAHUIO, ONpeleJAeTcd M3 I'PaHHYHHX
YCIOBHEE JIA Kaknoid TpyOKH TOKa.

Corxnacno ypapuenuro Jlapcm mmeem (puc. VII. 28)

Prc. VII. 28.

VII. 10. 1)
Y (VI 10.1)
go— — ™ 9z +Y2 55— 0.1: Ya»

The p;, Po— AaBlieHUEe COOTBETCTBEHHO Ha NOJOIIBE M Ha KPOBIE; ¥, Ys— MOII-
HOCTH, 3aHATHE COOTBETCTBeHHO ;KHaKocTamm I m 2 (pme. VII. 28).

CocraBasasa GanaHc pacxoja B NPeNEOJOKeHHA, 4TO BHTEeCHeHWMO IIOPHIHEBOE
(nonnoe), M cuATass ofe KMIKOCTH HeCKAMAEMEIMH, I0JXydaeM

og, Oy, 0gy _ By,
—'—é—x—- ma—t’ ——a_z-—-m—aT-, (VII.iO.Z)
Tar rar (pmc. VI1I.28) p;=p,-+7y: ¥, cos u+Y2 Yy COS @, TO
apy op, y,
or Oz ( 179z T2 )cosa
N3 pmc. VII. 28 caenxyet, 970 Tak Kak y; 4 y,=h, TO
Oy, Byy, Oy By,
TR e B ke iater gt (VII. 10. 3)
OTHya s
dps Oy ayl
N Py — Aycosa —- , (VII. 10. 4)
Ay =Y,—Y,. (VI1I. 10. 5),

Ha (VII. 10. 2) Ha ocHoBammm (VII. 10. 3) mMeem
a a a
3z @t m=m (GG =0
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T. €. CYMMAapPHH{ Dacxof| ¢=g¢;-}¢a=¢ (f) 3aBHCHT TOIBKO OT BpPeMEHH:
g=q(t). (VIL. 10. 6)
IlopcraBnaa (VII. 10.4) B (VII. 10. 1), moaygaem

k 9 .
Q= — S (%‘Fh sma) )

M
kays (0P dy
q2=_T:(a_zl—A'ycosa IS sina), (VII. 10.7)
T&K KaK
ﬁ—-sin a
oz )

B naianmeitmmeM OyneM paccMaTpPHBATH TOJBKO FOPABOHTAJbBHHE ILIACTH, T. .
Oynem mosaraty a=0.

CriaguBad OpaBHe 1 JeBHe JacTh dopmya (VII. 10. 7) m yarTtasas (VII. 10. 6),
mosrygaeM

Ey, | ey \ 0py kays dy
91+q2=Q(t)=—( TR ) +o

oz TN dz ?
OTKya
k a
op, IOyt
S <o S, . (VII. 10. 8)
oz ’iy_1+lf2ﬂ.
M ]
Ioxcrasaasa (VII. 10.8) B (VIIL. 10. 1) u (VII. 10. 2), moaygaem
a
. q(t)— ksys Ay a.'!l
@ =—a¥1 ac z (V11.10.9)
t Joavn | Koys
M M2
9y
k0 76— k;!:z av ‘71’1 O VII. 10. 1
i S =m . 11.10.10
u 0z h kv + kaya at ( )
01 M
| Ouesngno, wro (VII. 10. 10) mpen-
o JlLu craBaser coboit AudpdepeHnNaIbEOS
: e || ——— ypaBHEHHE OTHOCHTENbHO y1, TaK Kak
ys = h — y1. Ilpr Ay=~0 ato Gyner
ypaBHeHAe UapaGoONAYECKOro THOA.
p Cayzait ¢ (t) 50, Ay =0, xorma
(VIIL. 10. 10) ofpamaerca B ypaBEHe-
HAE IIEPBOTO MOPAAKA, PaCCMOTPEH
i z A. M. Ilmpeepmarnom {16] m B pabore
TITTITTITIIITTY TTTTTT T T T T T T I I T T TTY [15]. Hexoropue aBTOMOJENBLHHE pe-
meRusA miaa obmero caydas ¢ (¢) # 0,
Prc. VII. 29, Ay 5= 0 npmsenens B § 11 macroamek
TAaBH.

PaccMOTpAM IpeiCTAaBAAIOMYI0 CAMOCTOATENbHEM WHTepeC 3afady O BHDPABHA-
BaHME BO3MYMEHHOH# MOBEPXHOCTH pasfieNa U0J AefCTBAEM TPABATANAOHHHEIX CHJ
(pmc. VIIL. 29), Ilpm aromM GymeM mpefioiararh, 9TO CYMMapHWH pacxof OTCYyT-
creyer: ¢ (f) = 0. IlycTs B HAYaXbHHE MOMeHT $OpPMa IpaHENH Pasfe]a Ha3BecrBa:

t=0, yy=y=y(z, 0)=/(2). (VII. 10.11)
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Vpasrenue (VII. 10. 10) npnammaer Buj npH ¢ (8)=0:

oy
cieaAy 0 [ yh—y) 55 }_ dy

-_— == IT.10. 12
m 9z | cytat—y) | o’ (VII. 40. 12)
rae
L S (V1I.10.13)
1 Ha
Beegem amanornunylo ¢yurnum Jleiibenzona ¢ymrmmmo o (y):
F v(—y)
Y
= | ——=————1—dy. VII. 10. 14
@) f ey +cx(h—y) ( )
0
Hs (VII. 10. 14) caenyer -
o _do oy yh—y) _ %
ox dy Oz aqytc(h—y) 6z’
90 _do oy _ yh—y) %y
8t~ dy ot oy e (h—y) ot
m (VII. 10. 14) MOKHO HepelOHCATh B BHAE
0w
ees Ay %0 5F -
m 0z do 1
dy
61914 Puc. VII, 30.
c16s Ay y(h—y) 20
m Yt oth—y) o ot * (VII. 10. 15)
Uz (V1I. 10. 14) caenyer, uro w=0w (y). Broaa oGosHauenue
acz Ay y(h—y)
m eyt iy —rW=x*ly @) (V11.10. 16)
oepenmmeM (VII. 10.15) B BEAe
2@ e
% (W) 5 =2 (VII.10.17)

Mu monywmam ypaBHeHWE TEIIONPOBOJHOCTH C NEPeMEHHHIM KoaddUmmenTOM
TeMIepPaTy ponpOROTHEOCTH,

Xapakrep ¢ynxnna % (y) npeacrasied Ha puc. VII, 30. Ecau B (VI 10. 17)
8aMeBHTH % (y) Ha eTO MAKCHMaJIbHO® 3HAUEHME Xmyx F TONKOBATDH () KaK TeMlepaTypy,
TO, 0Y€BHAHO, 9T0 Oy/eT COOTBETCTBOBaTh 00Jjiee GHICTPOMY BHDABHMBAHHIO TeMIrepa-
TYPH.

Bepxmmit mpemen CKOPOCTH BHPAaBHMBAHAA Henecoo0pasHO DPACCIMTHBATEL IO
MAKCHMAJBHOMY 8HAYEHHIO [X% (¥))max.

Mccaenya % (y) Ha MakcEMyM, OOC]He IPOCTHX BHYACICHUHE HOIydaeM

[ @lmar == 25 A% (VE_YEE (VI 10.18)
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Ilpn ¢;=c¢,=c¢ BMecto (VII. 10. 18), Kak Jerko Bujets, Oyjer

[“(y)]max=%=——T. (VII.10.19)
PaspepryToe BHpamkeHHe © (y) IOJYyYINM IOCJe BHIIQIHEHHS HHTEr PAPOBAHNA

corjgacHO (VII. 10.14) 910 gaer mocae DPOCTHIX BHIYHCIEHHUH

h2

Cy

0 ()= ._é_{(i+-%—)[n——é—ln(l+6n)]—n72},(VII.10.20)

rge o6ozHageHo

n=%; 8=1"% (VIL. 10. 21}

Cy

TaxuM oOpasoM, Ana 3agamHoro y m3 (VII. 10.20) mokHo HaiiTh ® ¥ HaoGo-
pot. IlociaenHIOK omepanHio IPoMie BCETO BHITOJHATH rpadudecKH mo 3apaHee TO-
cTpoennomy rpadpmry mnpasBoi wactm (VII.10.20). Ipm 6=0 m ¢;=cy;=c E3
(VII. 10. 21) ooxyanm

1 1

h?
(,,=_c_(_2_,,a__3_ns), (VII. 10. 22)

IIpoBopA aHANOTHYHEE PaCCY/RAeHHA [IA Ciydasd ABYXMEeDHOr0 pacTeKaHHsA,
TI0JyYaeM

2w 02 o o
# [ —p- +—a = (VII. 10. 23)
( azl 83:2 )

TAe Zj, Ty —IPAMOYrOJIbLHHE KOODAWUHATH HA NJIOCKOCTH.
Hauansane yCI0BHA 3alaJ#M B BHJE

o (z, 0)=/f (z)— arBeiiAMWil caydaii,

npr t=0 {
® (21, Z5, 0)=1 (xy, T3)— ABYXMepHHH caydaii.

JlanbHeiimue pacdeTH GyjneM IpOM3BOMWTH, HpeAuojarad = const.
N3 Teopuu TeILIONPOBORHOCTH M3BecTHO [31], 9To Aiad JmHEHHOro ciaydas pe-
menme ypaspenusa (VII. 10.17) B arom caydae HMeeT BHA:

' [eS) __(x—wu)?

4nt
o, )=——— f u)e du, VII. 10. 24)
@ =g [ 1) (

——00
a qua apyxmepuoro pemenme (VI1I.10.23) Gyner
© o (21— )2 + (xp— )2
1 - axt
0 (o T )= S S fu v)e % dudv. (VII.10. 25)

— 00 —C00
Ilpn nuHeiiHOM pacTeKaHUE, BBOAA LIOACTAHOBKY
u—zx
2V« t

du=2VYutds, (VII. 10. 26)

=z, u=z-+2z V;c—t,
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nepemameM (VII. 10.24) B Buje

o (z, t)=71_n_— f flz+2z Vxt)e P da (VII. 10. 27)

«

-l g 14 z
Puc. VII. 310

PaccMorpmM mpHMmep (puc. VII. 31), Korpga HadanbHOe paclpefesieHHe HMeeT
BHUJ UPAMOYTOJbHUKA:

0, —0o<z<—1,

f@)y=10, —l<z<l, (VII. 10. 28)
0, Il <z < oo.
910 ycaosume Ha ocHoBaHHMH (VII. 410. 26) MO’KHO Hepemmcarth B BHAE
l+z
0, —o0o<z <——rue
2V nt
v 1 1—
fat2uzVu=] —zif_::_t <z< ZV:_t ,  (VIL. 10. 29)
l—z
0, — <z < 0o,
2Vt
Torga m3 (VII.10. 27) cuaemyer, 4TO
l—x |—x
2Vunit 0 2Vt
o —22 (] 2 P22
o (z, 1)=—2— e dr = =X e~ 24z + 58 dz =
o=y | Vel
IREX: Cl+x 0
2 Vi 2Vnt
I+ x l—x
g
=0 e dz e~ P daz|=
Va = o oj
(oM 4z l—x
— {erf — +-erf — V1I. 10. 30
2 ( 2th+ 2th>’ ( )
E
erf §=i/zf_j‘ ¢~ “’du— mBTerpan BepOATHOCTH. (VII. 10. 31)
T 0
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Paccmorpmm mnoBepenme pemenus (VII. 410.30) B Touxkax I—e, I+ €, rhe e
BecbMa Majo. B Touke z=10—¢

o(l—e, t)= “;0 (erfz—l:—i—+ erf —2 ) (VII. 10. 32)

2V wt 2V xt

CrnefoBaTesbHO, IOAXOAA K TOYKe l—§& P3HYTpH MHTepBaJa OPH MAJHX ! n
yuuThBadg, 410 erf § — 1, moaygaeM o (I—e, ) =5 ©,.
- 0O
B rouke x=1+-¢

o (l+e, t)=—(;°— (erf ;l{/t%—erf 7 ];ﬁ) .

B TouKax 3a IpefenaaMu HETepBaJa [—I, I] ® cHadara noBmmaerca (up: ¢ =0,
o = (), a 3aTeM IOHHKAETCH.

N3 (VII. 10. 27) caenyer, 9r0o sHademHme o (z, i) B Momenr £ >0 3aBmcur
OT 3HATEHHEH f Ha Bceit upAMOl WHTErpHpOBAaHHS, T. €. CKOPOCTH PacapoCTPaHEHHA
BO3MyINeHyii 6eCKOBETHA, YTO XOPOMO N3BECTHO I KIACCHYECKOr0 yPaBHEHHA 1el-

e

v — < 27
2V ut
OTKYJa ClIefilyeT, 9T0 CKOPOCTh PACHPOCTPAaHEHNA «A3HKA» HIKHEH ;KAJKOCTA 1UPaK-
THYeCKE paBHA &~~ 4V x .

PaccMoTpHEM Telleps pafivalibHOE pacTeKaHMe, ByjeM IpeqnoiaraTb, 9TO EMeer-

cHA pajfalibHAS CAMMETDHS, T. €. BCe BeJAWIMHHE 3aBUCAT TOJABKO OT pajgyca r. ¥ pas-
penne (VIL. 10. 23) B aTOM caydae npUHEWMaeT BW:

100 poBOREOCTH. OJHAKO 3aMeTHEE H3MeHeHds ® OyAyT Toabko mpr 0 <

020 1 do o
(\arz T W>—W ’ (VII.10.33)
a HavaJbHOE YCJIOBOe npm £ =0
o(r, 0)=f(r). (VIL. 10. 34)

Ilepexonst R DONAPHHM KOODAHHATAM, Z;=Tr 6058, zp=rsin b, u=gqcos @, v=
=g sin @, morysaem

du dv=gdp do.
Ilepenmmem (VII. 10.25) B BHAe

0021'¢Y+9 12+ 02—2rgcos(p—8)
= f)ee ixt dodp (VII.10. 35)
4rint «g ®

@(r )=

UJA, BBOJAA 3aMeHY mOepeMeHHHX Y=0@—0 ({—yrom MeRIy BEKTOpaMH r X Q)

© _ 134902 2n recos¥
— nt 2%t . 10. 36
o, )= g fl@eoe dg.i e dp.  (VII.10.36)

U3 Teopum GecceneBnx ¢ynxmmit mssecTHO [31, 32], 4T0

F) 1
f e*C08C gq—m I, (z),
0
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rae I,— ¢ynxuua Beccens MHEMOro apryMeHTa HYJ€BOTO MOPA/AKA IEPBOTO  poxa.
Torpa
21t rocosYP 2t rocosV

‘Ye 2wt = n10<29t)+jé 2t gp—
I
:.z _ 7 QCO8 P
=n]0(2r%9t)+Je ™ gp— :n:IO( )—}—nl(,(%):
0
_-2n10(2 3) (VII. 10. 37)

mpaveM y4TeHO, 4T0 [, (z)=I,{— z). Taxum obpasom, MokHO (VII. 10.36) nepe-
mucate B BHAE

_r3+02
o (r, )—-—f f@oe %t 1(,(2%?)(19 (VII. 10. 38)
HIA
r2
b T t Q
o0 =S0—] f@oe 1(,(2“):19 (VII. 10. 39)

B o6mem cayuae meTerpan {VII. 10.39) HpAXonATCS BEYHCAAT, NPAOAMKEHHO,
Ecnu vagansuaa ¢yExmusa f(r) Mo;keT OHTHh aDOpPOKCAMUPOBAHA B BUE

o 0)=f(=2 4 P, (VIL. 10. 40)
i

rne A;, B;— m3BeCTBHe HocTosEEHe, To mHTerpan (VII.10.39) Gepercs B koHeu-
HOM BHAE IIPH IoMOmu mM3BecTHOH m3 Teopmu Beccens dopmynw

o) m3
fge—fﬂom(m o) do= 2;2 NTES (VIL. 10. 41)
0

rae p? m m-—mocTospuue. Ilocne mpocThx mpeo6pasoBaHmit MONYIAM

r2

- 2
e Mt [ o _ _ 0t
o(r, )= T (QZ A;e—Bit%e I‘”tlo(z;gt)dg—
0 i
ﬂi7'2
o 4; TR
—24—“t6i+1e (VII. 10. 42)
1

@opmyay (VII. 10. 39) MoxHO TIpeo6pazoBaTh TaKKe K BHAY
(r—o)? re

o (r, t):—— fo(Q)e_ it o 2“_t-lo<2”Qt)dQ, (VII. 10. 43)
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9106 MOKHO OKJO HCHONBb30BaTh TabAMON QyEKOUA e~ < (z)[32], a upH

r r
2th o> 10 3aMeHuTH IO< 2th ) €ro aCHMOTOTHIECKAM NPUGIIKeHHeM

x

€
Io(x)mvz-_n—; .

Bsoada MOACTAHOBKY

Q—r
— =u, VIT. 10. 44
2V % ¢ )

e=r+4+2uyxt,

(VII. 10. 43) MoXHO HmepenmcaTh B BUJe

OTKyZ2

o (r t):ﬁ;t f (r+2uVxtyf(r+2uVut) e e % I,(z)du, (VI1I.10.45)

2y %t
rae
r2 ru

L= —{——

2nt Vxit®

Pacgers mo (VII. 10.45) IpoB3BOgHTE ierie, TaK KaK € ud OHICTpO 3aTyXaeT,
a f— orpaunyennas QyHKIONA.
Paccmotpum cnydqai

g, 0<r<R,
f(r)={
0, R<r<oo.

®opmyna (VII. 10. 45) B oToM ciydae OPEEHAMaeT BHUA:

R—rT
2wt
m(r.t):y‘f’i_ f (r+2uVut)e e Iy(z)du.  (VLI. 10. 46)
ni
—7T
2 Yt
Ilpr r=0
_B_
2Vxt . __R%
w (0, t)=2w, ue” Ydu=—w,(1—e '), (VI 10.47)

S,

TlonygeHunie BHme (GOPMYJIH MO3BOJAKT, B YacTHOCTH, CHAEJIATHL pacder Bpe-
MEHH OCAZKH BOJASHOTO KOHYCA IIOC/Ie OCTAHOBKH He(TAHOH CKBaKMHBEL, ONEHWTb
BpeMsa JedOpMallMA ra3oBoro ofbeMa B BOJOHACHINEHHON IOPUCTOH cpede mof, AeH-
cTBHEM CHJI ApxHMefa H T. [A.

Tak, MOKHO IOKAa3aTh, 9TO BpeMsa AedopManum GoapIEX rasoBHX 00HEMOB
B BOJOHOCHHX IJacCTaX HOA JelcTBMEM I'DAaBUTAIMOHHHIX CHJI BeCbM3 BeIHKO, 9YTO
YKashlBaeT Ba NPAHOUIMAJIBHYI0 BO3MOKHOCTH CO3JaHMA IIOJ3€MHHX ra3oXpaHuaunl
B FOPVM3OHTAJAbHHX H IOJOTONajalIUX BOXOHOCHHX maactax [33].
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IlpupenenHan BHINIe METOAMKA, COOTBETCTBYIONAA cXeMe ky = 0O H MAKCHMAlb-
HOMY 3Ha4YeHMI0 KospdmmmeHta % B JWHeapmsosanHoM ypaBrHemmnm (VII. 10. 18),
JlaeT 3aBHIIEHHYIO CKOPOCTh BHIDABHWBAHUA TPAaHUNK pasfela H, CIeXOBATENBHO,
HIKHMH Ipefiell Ui BPeMeHHW. 3aHWKEHHAS CKODOCTh BHPABHABAHAA M BePXHUA
Tipefiei BpeMeHN BHPaBHMBAaHAA MOryT OHTh HAHJEHH, KaK YKA3HBAJOCh BHII®;
MyTeM MEICIEHHOTO BEe[[eHHA B IOTOK TOH HIM HHOH CHCTEMH HEIPOHANAEMHIX Iepe-
rOPOJOK, WCKAKAIOMAX WCTHHHYH KAaPTHHY TeYeHHS W COOTBETCTBYIOIMX YyBejmde-
HAX CONDOTHBJICHAS CBEPX JeHCTBHTEeAbHOrO. Jlaf 3ajauy OCeJaHHA KOHYCAa 9TO
MOKHO cfiesaTh caepylomnm obpasom (pmc. VII. 32).

Ha muanaapnieckoil moBepXHOCTH, OPOXORAmedl Yepe3 KOoHTYpP Ro, faBleHne
apenmnoiaraercs pacopefledeHHKM ruapocraTmieckn. Ilyers Oy, Oy — TOYKHA mepece-
9eBHMA OCH CKBAKHHH ¢ KpoBiell m momomsoil maacra. IlposeeM Temepr fBa KOHyca

L £
.|

W K
Heprms I‘),,

‘ ¥
r P L

-
~

P .
Boda P !,dzz 517
T : r

Oy e ———

Puc. VII. 32.

¢ obpasyiommmu O1N m O, N, OCHOBAHAAMH KOTODHX fABJAETCH HEBO3MYHIEHHAM IOt
PHM30HTANBHAA MIOCKOCTh NEPBOHAYAIBHOTO HOJOMEHAA BORO-HePTAHOIO KOHTAKTA.
Ilposenem cncremy neperopogok I—2—3-—4—5, mokasamuyno Ha pme. VII. 32,
TI0 KOTOPO# ABIKEHNA JKHAKOCTH M OCagKa KOHyca GyAyT IPONCXOARTH CIACMYIOMHUM
obpasom: mo cmcreme I—2 or Ro o obpasywomeit O1\N II0CKOpPaIMaiIbHO, HO
cucreMe 2—3—4 mexkny obpasylomumn Oi1N m O,N BepTHKaJILHO BHA3 ¥ 3aTeM
no cucreMe 4—5 oT ofpasyloomeit O, N o6paTHO %0 moBepxmoctd Ro. Ha yuacTke
1—2—3 gpmwwerca He(Th, 3aMemas BOAY, ABIKYIIYIOCA HA Y9acTKe 3—4—5.
JlBu)KeHHe TPOHCXOAMT TIOX [eHCTBHEM apPXNMeJIOBOM CHJEH, O06yciaoBIeEHOR
moIBeMOM BOAH ¥ = y (f) ®Waj NEePBOHAYANBHOH TOPU3OHTANBHOH IJIOCKOCTHIO
BOJ10-He()TAHOr0 KOHTAKTA.

Paccroanus Mexny cocefHMMN GeCKOHEYHO GIA3KEMH IEPETOPONKAMA OKA3AHE!
na puc. VII. 32 IlpensapuTelbHO pacmupPHEM BEBOJ GOPMYJ A BHTECHEHHA OLHON
MUJIKOCTY APYTOil ¢ y9eToM pasamimA maorHocreit (pue. VII. 32, 6). Ilyery gamBa s
TpyOKH TOKA ¢ cedeHHeM [ (s) 3aHATA KUAKOCTBIO 1, | — s — :KUOKocThIO 2. B ceue-
HuAX A, B 1 Ha nonNBWKHOMA rpanuie paspena 0 3afaRH JABACHUSA D,, P, Po B TO-
METPHYECKHE HAaNOPH 2, ,2g, zo (pre. VII. 32, 6). Torga. pacxon Ka)moN U3 sKAXKO-

creit Mosker OmTh HalimeH u3 (QOpMYJH, #ABnglomeiics o6Go6mendem ¢opMyaH
(VIIL. 5. 5) Ha ciaydvail pa3iW9HHX IJIOTHOCTE:

- (PA+Y 24)—(PgFY, %) _ (pgt+7Vg 29) —(Pp+ 7V, 25

s 4
W [ ds po [ ds

IO ke | TG)
0 8
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HIH
(PA+Y1 ZA)—(pB+'Y2 ZB)+(Y2_Y1) L

9= (VII. 10. 48

Ryo +Bop ! )
rjge

Si d
_® 9 _
R sy s9) = 10 (VII. 10. 49)

s1

$AALTPANAOHHOS CONPOTABIEHNE MEKIY CEUeHUAME S, S, IIPE [ABWKEHAH OJHOPOX-
HOH KAXKOCTH.
Jaa mameii cucreMu TpyOok Toka (pmc. VII. 32, a)

q=(P1+VH zl)—(Ps;{{‘YB 25) - (Ys—Vn) 23 , (Vil. 10. 50)
1—5
r.e
Rl—s=Ri—2+Bz—3+R3—4+Ré—5' (VII. 10. 51)

CoraacHO YCIOBHIO O THAPOCTATHIECKOM pacupefeneHnu fasiaesans (puc. VII. 32)
Pg= P;+Vg (zl—zN)—{—yn(zN—zs). (VII. 10. 52)
HopcraBinaa pg m3 (VII. 10.52) B (VII. 10. 50), noxydaem

(p1+YH z]_)— [pl +Yﬂ (zl'_zN)"i_'YB (ZN—25)+YB 25] +(YB_YH) 23 _
B =

1—5
= Qvy (VIL. 10.53)
Ri—5
rae
AY=Y5—Yy; Y=33—7Iy: (VII. 10. 54)

DuibTpanHOHEHE CONPOTABIGHAS, B CyMMe CocTaBisiomue R, .,  COTIAcHO
(VIIL. 10.49) m pmc. VII. 32 oumpeneaanTcs gopMyiaMu

Rg
PO I Y S Y 7Y
1-27 k 21 r dz, 2n k dz, r?
T
1 (hg—v)
o O S S oo SN SR
Ry—s=% 2 rdr ds 21 kr dr (hy—y—riga),
rtgay
(hy + V) (V1. 10. 55)
b 1 = __Ma _
R3-A~72nrdr f &z = 25 krdr (ha+y—rig o)
rtgag
Ro

_Us dr _ Us R,
Ry_5= k f o2nrdz,  2mkdz In r

T
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Bmpaslm Telepb pacxoqx q 4Yepe3 M3MeHeHHe y:

= —2nrmdr - (VIL. 10. 56)
i
Avy y dy
=A = —2nrmdr ——,
Ry_4 v Ry . (rny) dt
dy _ Ay y
dat 2nmrdr Ry_g, (ry) ’ (VII. 10. 57)

rge R, _ =R, . (r y)—cyMMapHO® (UILTPamMOHHOe CONPOTHBIGHHE, COIIACHO
(VII. 10. 55) saBucsamee oT y. 3amedas, uro dzy=drtg o;, dzz=drtg 0y DoaydaeMm

1 R hg—y—rigo
By s=—5mkar [”““g 0+In % g St
—rt R 1
+is M-H’«n ctg a; In —rlil=m [(P«n ctg a; +-
R, 1
+us ctg az) In - +T (bn ha+ps hp) —
— (a tg 0y 4 Up tg @5) — (g — Ha) _f_] . (VII. 10. 58)

TMoncrasnaa ® pudpdepenmuanvuoe ypasHesme (VII.10.57), Oygem mmerTs

_ﬁ"z“ kn?v 1(r)~—(uzx—un)y ‘ (VI1.10.59)
Paanemm oepeMeHHble, IoJMyJaeM
dt:—-——m—[—i—F(r)—(p.B—p.B)] dy, (VIL. 10. 60)
EAy | ¥
rae OaA KPaTKOCTH 0603Ha‘!eﬂ0
F ()= (i 018 0 + 1 042 0g) r In S (g P o ) —
—r(pg tg oy +pp tg ag). (VII. 10. 61)
Wuarerpmpya (VII. 10. 60), momyzaem
= [F (r) 1o L2 (i — i) <y—yo)] . (VII. 10. 62)

Qopmyaa (VII. 10, 62) maer sakoH ABH;KeHWA OPAMHATH y FpaHUNH pasgela,
HaXOIAMmECA Ha 3alaHHOM DACCTOSIHAM r OT OcH CKBa;kumEH. Ilo moBonmy obemx pac-
9eTHHX CXeM — CXeMH ky = co K YKA3aHHOH BLIIIe CXEMHl TeYeHHA C KeCTKAMH
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BOO6GpAKAEMEMA TI€PeropoKaMu — HeOGXOZMMO CHeNiaTh CJelyioliee 3aMedaHHe.
McTuEHOE JBH/KeHMe, MO-BUAMMOMY, GJIM:Ke IOAXOTHT K CXeMe ky == oo, B TO BpeMs
KAk 3aKOH [(BIUKCHNSA TOIl WM MHOM TOYKY PAHANH pasfena no gopmyrne (VI 10, 62)
MOMKET CYIECTBeHHO OTJIHMYATBhCA OT JefiCTBATeNbHOTO. 3HAYeHHEe OGEeUX CcXeM I
ONEHKU TpeflebHHX 3HaTYeHU CBePXY M CHM3y 3aKJIIOYAETCA B TOM, 4TO PaCYeTHHH
o0neM, UpolileBHHH I'paBMneil pasfela 3a OQHO H TO Ke BpPeMsA, B cXxeme ky = oo
6ymer 3aBegoM0 GoJibime AeHCTBUTENLHO TPOHJEHHOrO 00beMa, a B CXeMe ;KECTKHX
Tpy6OKR MM TIePerOPOAOK 3aBefoMO MeHbme. PacderHhie 00BbeMH B o0eMX cXeMax
MoryT GHTH ONpeesieHH 110 YKa3aHHKM BhINe ¢opMyJaM, MO3BOJAIOMMUM IOCTPONTH
KOHQUIypanuio TPAaHUIE pasjeia B J060ii MOMEHT BpeMeHN IDH TIOMONIH rpadude-
CKOT0, & WHOIJIa M aHAJMTHYECKOr0 MHTerpHPOBAHNA. PAJ TaKAX PAcIeTOB I PHBEJCH
B paGote A. II. Teakosa [24]. TH pacyeTH MOKA3KHBAIT, 9TO OPK OOHYHHEIX CPe/lHAX
_VC.TéOBMﬂX 3aMeTHAaA OcajKa KOHyca TOJONIBEHHOH BOAH mpoHcYofuT 3a 1—2 roxa
u Goxee.

§ 11. ABToMofenbHEIE pelleHHMsA 3afAaYH O NPAMOIRHelHOM
U pajda’bHOM BHITECHEHEHM ORHOU KHAKCCTH Apyroi
B NpeAeIbHO AHH3O0TPONHOM ILIacTe hy = <o

VYpasuenme (VII. 10. 10) B of6meM cayJae DpPOH3BOJBHON 3aBUCHMOCTH
cymmaproro pacxoga q (&) %0, 1 Ay==0 sABasercd BecbMa €IO/KHEIM HeJn-
HeHKHM ypaBHeHMeM mnapaGojMMdYecKoro THIIA, AHAJINTHIECKOE DellleHMe KOTOPOTO
3aTpyAHATENLHO. TloKaMeM, 9TO DpPH HEKOTOPHX YaCcTHHIX BHAAX 3aBLCUMOCTH ¢ (1),

1
g () =A t 2npu npAMonuHedHOM NBIKeHUM U ¢ (£) = const IPA PagnATHEROM

MOKHO 3aMeHOH mepeMemHHX Buia E = 2% (f YpaBHEHHe B 9acTHHX IPOW3BOAHBIX
CBECTH K OOHKHOBeHHOMY HeluHeilHOMY puddepeHnranhHOMY YPaBHEHHIO BTOPOTO
HOPAZKA, KOTOpOe, BOOGIIE TOBOPS, JONYCKaeT YACIEHHOE WATErpupoBanue ¢ J1060i
KejlaeMoil CTelIeHBI0 TOYHOCTH. TaKNe pPemeHHs Ha3HBAalOTCA aBTOMONEIbHRIMH 1,
KaK IpaBUIO, MPEACTABAAIT GOABMOH HATEpec, TAK KaK B JlajsHefImeM MOTYT Cay-
HATH «HTAJOHOM» JJIA ONEHKN DPas3JNIHHX UPHOIMKEHHEX METOXOB pacdera. ABro-
MOJleTIbHEe PenleHHsa OGKHIHO MOTYT OHTH ONYIeHK U3 c000parkeHHil TEOPHA pa3Mep-
Hocreil n mojofus, dYeMy mocBAmeHa mupoxo maBecrnad xmnra JI. H. Cemosa [34],
colepiKamas MHOTOYHCHEHHEE NPHMEPH NOPUMEHEHHA 3TOTO MeTofa K pasiHIHEM
3a/ladaM MeXaHAKI. ABTOMO/J€JbHEE PEIMeHus pAja 3aad HeCTANMOHAPHON QHALTpa-
oMM TasoB W TPYHTOBWX BOA Oniam mnoaxydensr . U. BapemnGaarrem [35] m
. A. Koamsoit [JIt. II.2].

PaccMorpuM npsiMosMHelHOE BHITeCHEHHE OIHOMN KUJKOCTH RAPYTroil B TOPH30H-
TaJbLHOM ILJIacTe MOCTOARHON MomuocTH h (puc. VII. 33). B nanbHeiimeM M3a0KeHNR
HUAKOCTH GyAeM CURTAaTh HECIKAMAEMKIMH, [ODPHCTYI0 cpeny HeRedopMupyeMmoii,
OBMAeHNe cleqylomuM sakony Hapcem. Ilycrh xnpkocts I B ¢BoeM DPAMOJTHHEHHO-
MOCTYNATeJIbHOM JIBIJKeHUHM BHTECHHET KHAKOCTH 2.

Torpa, cunTas HANOPHE! PABHOMEPHO paclpefelieHHHMHA BAOJNEL BEPTWKANH, AAA
BEPTUKAJIBHONU KOODIMHATH y = y (z, t) rpaHAnH pasjena ua ypasuenus (VII. 10. 10)
1oJyyaem

a —
 Fog y kay 9 [ Y (h—y) "y]:ﬂ (VIL. 11. 1)

m 9z ht(we—1)y mp 9z |ht(ue—1)y oz | or °
po=-22 L Ay =1y~ var (VII. 11. 2)
]

npudeM HIWKHAA JKUAKOCTHL | cumraercda (odee Tamenoit, ¢ = ¢ (f) — cyMMapEH
O0BeMHHEIA PACX0J, PABHLIH M3BECTHOMY PAacXOAy KUAKOCTH J/, 3aKa4MBaeMOIl B maacr
B HCKOTOPOM HAadYaJbHOM cedeHuH. Eciam sakaumpaeMas ;Rumwocts I Goiee nerxas,
yeM BHTeCHAeMas 2, HAaUpPAMep, KOTQA 3aKaYUMBaeTcA ra3 B HedTAHON NN BONAHOH
anacr, To, Kak HeTpyauo mujers, puc. VIL 33, a, tne ocy y manpaniena BBepx,
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Romxen OHTE samenen puc. VII. 33, 6, rae och y HampaBieHa BHE3, a IOL Ay LOA-
pa3yMeBaeTCH DA3SHOCTh OOBEMHHIX BecOB 0(oee THKeJO0M W JeTKOHM KAAKOCTeH,
T.e. Yo — yi. IIpp Ay = 0 monydaercs 3ajmaga, paccmorpennas A. M. Ilupsep-
aaHOM [16].

Bpenenuem Ge3pa3MepHHX HepeMeHHBIX

y z kEAyh
Uu——, —_ ——— = VII. .
h : Vut’( m}h)' ( 1.3)
ypaBHenune (VII. 11. 1) mpuBognuTCA K Oe3pa3MepHOMY BHAY
_ Mg Vi 1 du +i u(l—u) du +
mhyx [U+Wo—1)u]® d§ ° d§ |1+ (Bo—1)u dE
£odv
2 4T =0. (VII. 11. 4)
14
_—‘2;{0.1/ 4q
z
LLLLLYL Lodlidl LLLL
g g
7 2 h
f 7 2
14
N NN W— - SH
Z,(t) y1 8 ;

Pre. VII. 33.

PaccMorpuM ciydail, KOrfga pacxon ¢=g (f{) A3MeHAETCA IO 3AKOHY

h
g=2_ (VIL. 11.5)
Vxt
rre q,— HexoTopas mocrosinHad. Torma (VII. 14.4) oOpamaercas B o0HKHOBeHHOE
HenuHeilnoe nuddepeHnuanbHoe ypaBHEEHHE BTOPOTO IOPAAKA

L a4 4w df u(l—wy du]
e & R [1+(uo—1>u da] 0-  (VILA16)

3pmech OeapasMepHHIA NOCTOAHHHE KoapdnouernT @ cormacmo (VII. 11.5) mmeeT
BED:

o= ol Vi P09
mhVu mx
YMBoxuEM cHauaja ypasHenwme (VII. 11.6) Ha d§ ®m mIpPOMHTerpmpyeM B HeKO-
TOpHX mpefenax or §=E&, g0 £ =§,,rme {,u &, — noka moOse Beamannk. Iloxydum
1w S dE v(l—w)  du
T,J Efdg—“j E TTGo—Dul T [ (Fpo—Du Tf;L:Ef
0 0

[ uwl—w  du _
[ T+ (po—1)u  df L=§° 0. (VIL. 11.8)

. (VIL. 11.7)




232 I'a. VII. [eudxcenue pasdesa deyx ncudkocmeil 8 nopucmoli cpede

3necy BTOpOil HMHTErpajl BHYHCIAETCA B KOHEYHOM BHJE, HePBHHE HHTErpas
npeobpasyercs MHTErpEPOBAHHEEM IO YACTAM.
B peayxnbrare coorHomenme (VII. 11.8) MOKHO IpeacTaBUTH TAK:

£1
1 1 a 1 1
7(51“1‘50”0)—7§ “aE— T [ T (o—Duy I+ (e—1 ]+
o

u(l—u) du_ _ u(l—w)  du -
M=k ]ﬁl =k L=g., 0. (VIL11.9)

tHe uo=1u (§o); uy=1u(§).

Ttycrs Temeps £, m &, GynyT GespasmepHHe adcmmcch Todek A m B mepecede-
HEf TpaHUNH pa3gena (puc. VII. 11. 33, a) ¢ mogomBoii m KpoBiaeil B miacre, T. e.
coraacuo (VII. 11.3) maMeeMm

ug=1u(§)) =0, yy=u(g)=1. i
1/

Torpa ma (VII. 11. 9) m (VII. 11, 3), mpeanoaaras u (1 — u) d—§-=0 B TOYKAX U=
=0, u=1, DoaydaeMm
%o

2a
§1+} udf == (VII. 11.10)

. Mo

E1

OtmMetnM, wro GeCKOHEUHOe 3HAYEGHEE UEPBOH NPOMaBofHOit u' = du/df = co

coriacHO ypaBHeHmAM asmkenma (VIL. 10. 7) m (VIL. 10. 9) cootBeTcTByeT Gecko-
HeTHOH ckOpocTH ¢uAbBTpanmuM W, TakaM ofbpasom, npA ¢ >0 mnckalouaeTca m3
PaccMOTpPERNS.

Herpynao noxasats, wro vpappenme (VII. 11, 10) ects mpocTo ypapHeHWe Ma-
TePEAJbHOTO GanaHca AAA Bomexmel xupkoerm I, korpa upn ¢ = (0 HavanbHAA
TPaHUINA paajeNa ABIAETCA BEePTHKAJIBHOH TIOCKOCTHIO z = 0

TaxnM o6pazoM, sanada CBOOATCA K HAXOMKACHWI0O HEKOTOPOH WHTErpalbHOM
Kpusoil pas ypasrernsa (VII. 11. 6), npoxonameii vepes memssectrue Todxd & = o,
u=0mn§==~8, u=1 npn Bunonrenun ycaosua (VIL. 41. 10).

B ormx TouYKax MOMKHO HaiiTh, BOOOmE roBops, IPOM3BOAHEE BCeX NOPAJKOB
ToCHeJ0BaTeIbHNM IngdepennumposanreM camoro aAnddepeHNHANBHOI0 YpPaBHEHHSA
(VII. 14. 6), xoTopoe IpejCcTaBEM B Pa3BEPHYTOM BHAE:

p(—u)w’ | [ (1) 2] (1—2u0) — (—u?) (g—1) , ,
Tr@—haT [+ (lo— D) u]? )+

a

+{_§__W} w =0. (VIL. 11. 11)

u ’ ’ L
W3 (VIL 11. 1) MoHO HAiTH nepshle IPOU3BOAHHE up W w BTOUKAX §=E,,
u=0, £E=%,, u=1, canran

E—Ep =0, lim (uu”)=0, E=E, u=1, lim (1—u) u” =0, (VIL. 11. 12)
E=k, u=0 u =a—% , (VIL. 11. 13)
E=ty, u=i, u=tfr & (VIL. 1. 14)
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Dudpdpepernupysa (VII. 11. 11) Do § gua BTOpOif NPOM3BOTHOH B TOUKe §=E,,
u=0, Docne ynpolieHHui, cumrasd Takke lim (uu”)=0 mpu {=§,, u=0, momy-
qaeM

u;:(u;)z—(—[i—+ﬂ2——1 £, u;)=(a_ %) (a — ”"TEO>_% (VIL. 11. 15)

JanbHelimee pemenne 3aJaul MOKHO IOJNYIATH CAAYOIMUM nyTeM. 3JHAf mapa-
MeTDH a4 U o, 3afaemca HeKOTOpHM sHawenmmeM (o)1, Yemosnus (VIL 14.14) m
(VIL. 11. 15) [O03BONAKT BHOOJAHUTH YHCIEHHOC RNHTEFPUPOBAHHE YPAaBHEHHSI
(VII. 11. 6).

IMocme BHTONHEHEAA YUCIEHHOTO HHTETPHMPOBAHAA HYKHO IO HAIeHHOMY mcp-
pomy npabamxennio u (§) BeaMCINTH Jepyl wacTh coorHomenms (VII. 11, 10):

%o
D Eo) =& + f udt.
%1
Mensia £o, MOkHO nobnrThea pumoixmerwma yciaosms (VII. 11. 10). Korrponem
MOKET CIVKUTh BHIOAHemne ypapaeHmsa (VII. 11. 14). 3Has ¢gopMmy rpaHUNE pas-
Zela, MOKHO NeTKO OUPefeNNTh Iepenafy AABJICHAS MKy JIOOEMM ABYMS cede-
vuaAMd, W3 ypaBuewnii jpmwxerwsa Japcu JJiA IepBOd ¥ BTOPO ;KUIKOCTEHR B Ka-
ap

KOM-THOO CeYeHWHM AN NPON3BOJHOH AABICHUR 3

-—x- BJOA6 IIOAOHIBEI IIOJNyYaeTcsa

dopumyna s (h—1)
P q(t) Ay (h—y) 9y
. - — = (VII. 1. 16)
F] k —
Py By Pty

M M2

IIycTs Havaasnoe cedenns 6yaer z =0. Torga, yanrusag (VII, 11. 3), (VII. 11. 5),
(VII. 1. 7) B 3aBHCMMOCTH OT ILOJIO}KeHHA BTOpOTO cedenusa, us (VII, 11. 16) mony-
qaeM (puc. VII. 33, a):

apu 0 < E< glv u=1

PO, t)—p(z t) a
8 )P Y 4, VIL 11,1
Ay h Mo g ( 7

mpa §; < § <&y O <u<t .
0

_pO t)—p( ¥ _a at _
b= Ayh " ho [E‘_"”"f 1+(uo—1)u]
131

i

_ 1
(o —1)2

B uacruocts, upn py=0, §=E, OespasmepHas HOTepsA HABIGHMA HA HATOP-
HOM yYacTKe TeYeHHA, 3AHATOM KHKOCTHIO I, paBHA
a [
d=-fy=-"LE. (VII. 11. 19)
Ko mu
Taunm o6pasow, 3ras §o, &1, u (E), Moxmuo nponssecrn Bce pacweTs. Ilapamerp
a 1A pealbHHX yCAOBHH, korga ycaosre (VILI. 11. 5) B ToYHOCTA HE BHOOJAHAETCH,
MOXIO OIeHMTDb JIA 33aJaHHOTO MHTCPBaJa BpeMeHy I' IO HM3BeCTHOMY HAa GNMHANY
JUIFHH Tajepel cyMMaproMy o0beMy 3akauku ;kuaxoctn [ W, yciaoBmo camras, 9ro
3a aro BpeMa W (i) H3MeHANOCH IO 3aKOHY

t

W(t)=fq(t) = 2V gy 2060V T g g9
Vi V¥
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Uz (VII. 11.20) u (VII. 11.7)

Wﬁ a— Joto W, =l"oq* y T

o= vT K gmh YT  omh V%

(VII. 11. 21)

w . .
rue q*=—T—Cp9ﬂ,HKH 00 BpeMeHH DpacXoji 3aKadYuBaeMOU KHIKOCTH I.

YKasaHHHI BEO® METON YHCJICHHOT'O HHTErpHpoBaHHA ypapHerma (VII. 11. 6)
opn cobGaomernnr ycexosua (VII. 11. 10) ssasercs, O4eBHAHO, BeChbMa TPYMAOEMKHM,
TaK KAK MCXOJlHAA BeJHYHHA 5o JOMKHA ONPENeNAThCH HOAGOpOM.

YcKopeHHe pacueToB MOMeT OHTh JOCTHTHYTO IIPAMEHeHWeM €OBPEMEeHHHX
OHCTPOREACTBYIOMNX BHYMCIUTENBHRX ycTpoiicts, 4ro Omo cheramo fI. M. Anm-
XaMKAHKM, BHIIOJHWBIOIMM YHCJIEHHOE DemeHWe 3aJa9yM NDAMOJIHHEHHOr0 M PajK-
aJILHOTO BEITECHEHHS IPH IIOMOIIA BRYACIMTENbHON MamnHH «Ctpeaar [36].

MTpencrasiser, ogHEaKo, MHATEpEC HOJyTeHHMe XOTH GH NDHGAMKEHHERX aHAJATH-
9eCKUX pPENIeHWd, YXOBJETBOPAIONINX TPeOOBAHUAM TIPAKTUIECKOR TOYHOCTH H J0O-
CTaTOYHHM 00pPa30M OHPefeNAIMUX BINAHAE TaPaMeTPOB Mo M a. OCHOBHOI NMPaKTH-
UeCKH MHTEpeC [IPEeNCTABIAET onpeleiiense BeJMddH §o ¥ &1, NOKA3HBAOIIAX JBH-
'Keane To9eK A m B (puc. VII. 33) mepeceuenms rpaHunn paspaena ¢ IOROMBOH H
KPOBJIGH 1JIACTa ¥ XaPAKTEPUIYIOMMX CTeNeHb BKANHUBARYS OIHOR MUAKOCTH B APY-
ryio. B KavectBe OXHOrO W3 TAKAX NPHOIMKEHHHX METOAOB MOKHO IPEIJIOKHTL
MeTOf, NPHCAMNKAIOMUACA IO HAee K MeTofaM, IpYMeHAeMLIM B T€OPHH NNTPaHWY-
HOTO CJOA, B JAaCTHOCTH K MeTOy WHTerpPajJbHHX COOTHOIIEHWH, pa3BATOMY
I'. U. Bapes6iaarToM NiIA NPHGAMKEHHOTO PellleHHss VPABHEHHH B JaCTHHX HPOH3-
BOJIHNX HecTaOAOHAPHON ¢MusTpamud >KEAKOCcTE B rasa [37].

YMmuoum cEavana ypasremue (VII. 11. 6) ma &" (» = 0,-1, 2,...) # nponnTe-
rpupyeM B mpepenax or § = Eo no £ = E,, coorBeTcTBYIOIIMX uo B u:

t1 E1 J Es
" oo dt
A\ enyr e 57_d_§__ n
%o Eo Eo
4 [_u(l—w du].
o [H.(po_”u dg]dé 0. (VIL. 11. 22)

WNurerpupysa mo wacram, mpepacraBaM (VII. 11.22) B TakoM Buje:

131 n
A [enet, _pnet, _ “en a 3
3 [gi u & u, (n—}-i)'JE ud§]+po_1 [ T (Ho—1)
o
& -n:E; g1 ge Elu (1—u) u;_
14+ (no—1) u, 1+ (Hp—1u 1+ {pe—1) g
%o
_ B —e)y Pt dE|=0. (Vi 11.23)
14 (po—1) »g [ 1+ (o—1) v} ]_ ' T
%o

(n=0,1,2, ...
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Myerp ug=0, u;=1. Torsa (VII. 11. 23) olpanjaeTcd B cjlejyiomee ypaBHe-
gHe OPHA YCJOBHH, UTO u; + 00, u; +# 00!

131 n 31
1 n+d T en a E'1 _en _ En—t d__.g —
"z‘[gn o+ | g”"g]+ }‘«0—1[% = | 1+(m—1)u]
£

0 0

&1 E‘n—i u(i-u) w’ .
(FMe—nu =

o

(VIL. 11. 24)

—n

Herpynuo supers, dro ycaoBue (VII.11.10) moayuwaerca u3 (VII.11.24)
upun n=0. ByneM nckaTh Tenephb pemeHHe B BHAE PAAA

u (§)=ao+ D) 9; (E), (VIL 11. 25)
1

rie @i (§) — Hexoropaa ammeiino HesapdcEMasA cicreMa (QYHKIMI, BHIOM KOTODHX
MH 3aJlaeMCH; Go, Gi — HeompejejeHHHE KOd(PUIMEeHTH.

3anaBasAch n wieHamd psna ® moaaras B (VIL. 11. 24) mocaemoBaTesibHO n =
=0,1,2,..., norydaem (n + 1) ypasHeRwit 1ius ko3pPEAAEBTOB o, @i (i == 1, 2,...n),
a u3 ycaosmit (VIL. 11, 13) m (VIL. 11. 14), caeayromux us camoro fudpdepeHnuais-
goro ypasHeBEA (VII. 11. 6), monygJaeM eme IBa ypaBHEHHA JiAfd HER3BECTHRIX
agequce Lo, 1. Takum o6pasoM, MOkeT GHITH COCTAB/ICHA BaAMKHYTas CHCTeMa ypaB-
HeHHH IJA oONnpefeleHNsA BceX HemspecTHHIX. [Ipu HAeorpaEVYeHHOM RBO3PACTaHHH
qucaa gnenos n psaga (VII. 11, 25) Gyuem, BooGme rosops, ¢opMaJbHO HEOrpaHH-
YeHHO NPUOIMKATHCA K TOYHOMY PemeHuio.

Jaa UpHEGIMKEeRHNX PACYETOB ¢ HOCTATOYHOMH A MPAKTEKE TOYHOCTBIO MOYKHO
annpoxeuMrposath u (E) mapaGomodt 2-ii mmm 3-i cTemeHH, a WHOTAA Jlase IIPOCTO
ipAMoi nuAWel M yAepaTh TOABKO ONHO MHTErpatbnoe coorHomerne n =0, T. e,
yAoBJIeTEOpUTH (ajaHCY pacxopna.

Hanopumep, MOKHO TDeNCTaBHTb u (§) B TaKOM BuJe:

u(§)=0ay (§— &)+ 02 (E—&o)% (VII. 11. 26)

¥orpa u (§g)=0, W McKarp mapamMeTpH «;, Os, Lo, &y M3 ycaosmit (VII. 11.13)
(VII. 11. 14), (VII.11.10) n yciaoBaa u (5;)=1. Ilomumom 3-it crememm pius u ()
Oynmer mMeTb BHJ:

u(B) =04 (E—80)+ @ (E—E0)*+as (E—E0o) (VIL. 11. 27)

JlA [OMOMHHUTENbHOrO HEH3BeCTHOTO KoadmmmenATra oz MoKer OBITH MCHOJb-
sopano veaosdme (VIL. 11. 15) mam ommo wmETerpaabsHoe cootHomenme (VII. 11. 23)
aia no= 1. OrpaEndEMcs xBajparmeHOil napaGonoii (VII. 11. 26). AnnpoxkcnManmsa
napaGonamMm Gomee BHICOKOTO NoOpAfKa Gena npomssepena B. H. Ilomemkmm [17],
npudeM OHAM JONYIEHH Pe3YIBTATH, aHAJOTHYHHE NPUBEJeHHHM HIDKe.

Jiasg napaMerpoB o, @y, Eo, &1 B3 ycaosmit (VIL. 11. 13) n (VIL 11. 14) no-
Jy9aM

u;=a!=a— % €y u;= %A—%=%+ 205 (82— o) (VIIL. 11.28)
Uz (VII. 11. 10)
31
Bt (ea =2y @t @B (VI 11.20)
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N3z ycuosma u (§)=1 u (VII. 11. 28)

t=0y (§1—Eo)+0a (5 —E0)2 az=2 (gli—go) [“0&2-}_&0 - e up._:_%)]' (VII. 11. 30)

IlopcraBusn a;, oy 3 (VII.14.28) B (VII.44.29) m (VII. 14.30), mocie
YOpPOIIeHAA TojydaeM ABa YpPaBHeHAA AuaA §o & E;:

2 [e () Atk 5oy Meks _
= uo+[ 2 (1 ) =t ](El )2, (VII.11.31)

3po
— I ol ) YR O 103 _
1—-[a(1 2 ) % —I——T ](g, Eo)- (VII. 11. 32)
O6o3nagnM
2a
E1—Lo=z —=b. (VIL. 11. 33)
Mo
Torpa &, =z+E& m m3 (VII. 11. 32) moxyuaem
4 ot 4a 141
= — — 1— . VII. 44.
= =15 o1 uo—i( P ) (VIL. 41. 34)

Tloacrasaas sT0 BHpamenue B (VII. 11. 31), monygaem
%z‘—l—%—(pz—i)za—{—%(p0+1)z2+26(p.0—1)z—4=0. (VII. 11. 35)

Haiins orcroma z, s (VII. 11.34) MomxHO BHuHcanTh Ey. MoskpO Taxixe He-
HOCPeACTBEHHO MCKATh £y J(1A HAXOAEHAA L, OpefBADHTENBHO Iierecoo0pasHO
ypasterus (VII.14.37) m (VII. 11. 36) BupasuTh Yepes 5y H 3z:

= [0 — 1) (b Eo)+-e2) 2, (VIL. 11. 36)
b—to=1— 75 b @t~ 1)+ (to—2) Eotpgzl 22 (VIL 11.37)

Ypasserme (VII. 41.36) c ygerom (VII.11.35) moxer OLITL 3aMeHEHO Clie-
IYIOIIMM:
12 (b—E&o) =8z (§g—2a) 22, (VII. 11.38)

Ma (VII.11.38) m (VII.11.36) MoxHO mocie HEKOTOPHX IupeoGpasoBanmit
BHIPA3ATb z depe3 §:

3(e,—1) (°—E)—8
= Fang Eo—8a (VIL. 11. 39)

Ilogctapina z w3 (VII. 11.39) B (VII. 14.37), mocie IpPOCTHX, HO JOBOJABLHO
TPOMO3AKHX airefpamuecKnX BHKIANOK [OIy4aeM ypaBHeHHe 4-it cTememm piust Eg:

—3 (1, 1)" 435 (1, — )" g[8 (1, —1)° (4, + 1) b — 12110 — 56 1, + 4] &5+
A [ =3 (= 1) 8" 4 (104 g + 16 1 +8) D] Ey+
[ —3u (g — D)7 b — (BOB,—161) B34+ 64p ] =0.  (VII. 11.40)
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Haiigs uas (VII. 11.40) &y, 3 (VII. 11. 39) MOKHO BHIUYHCIUTEL 3aTEM 2z, 4 H3
(VII.11.33) £;=Ep+32. BrOop HyXHOro KOPHA B 5THX YpaBHeHHAX DPOH3BO-
AHTCA U3 CIeAYIONUX OYEBHAHKX (H3AMuecKUX coobparKeBMil:

1) &, momwxHO GHThL TmodoMurenbuo (£, > 0), mpmueM AomkHO OHTb Eo > §),
z < 0;

2) IPON3BOLHEIE u; n u; B Toukax E=E&y, u=0 mE=E§;, u=1 B (VII. 11. 28)
IpH HAMIeM YCJIOBHH AY=Y;—Ys > 0 NOLKHH OLITh BCErfa OTPANATENbHE;

3) B uATepBane £, < £ < E¢ mOMWKHO OHTE 0 < u < 1.

PaccMorpum uwaeTHHe caydad.
1. IIyets py=0, b==0. Coraacao (VII. 11.19) coxpamserca MOCTOAHHHA IO-
nlepenaj jAaBieHAA HAa [JJHHe, 3aHATOH skUAKOcThio 1. YumrmBasg (VII. 11.33), us

(VII. 11. 19) mmeeM

6=%b§1=%b(z+§o). (VIL. 11. 41)
&0 o 10 w[ma y
L 008 ¥ L 800
408 6 - 600
Y taoe ¢ Ly 1 a7
002 2 200 N
2 Y N N A TTTTTTT T I T T T r T I T Y Y s Y v T r e s s rr ey iy srrr
15 -0 -495 Vj &0 (€)
Pme. VII. 34. Puc. VII. 35. Cxema mncTeueHHA B CYXOi
TPYHT.

Ecuan sagar napaMerp b, 10 §o B z onpefieNAIOTCA HENOCPEACTECHAO U3 ypPaBHe-
muit (VII. 11. 40) uwam (VIIL. 14. 35). Ecam 3apan mepenap JaBleHUA M, clef0Ba-
TeabHo, O, Mo:kHO mo ypapmemmio (VII. 11. 19) nmocrpomrs rpagmk 6 = & (b) m

0o m3BecTHOMY O HaliTM Hy;KHOe 3HadJeHUme b.
MosKHO TaksKe pemiaTh 3aJa9y aHAJUTHIECKH, UTO B TOYHOH IOCTAHOBKE ORIIO

sumonHeso C. H. Byamaopum |38]. Ilpn po = 0 ypasmemua (VII. 11.35) =
(VII. 11. 40) ppmanMalor ciaepyomuil Bua:

—bz® 422 — 24 bi— 48 =0, (VIL. 11. 42)
—3E0—3b k)4 (3b"+4) £, 4 3b° + 8b=0. (VII. 11. 43)

K sToM ypaBmenuaM pobasasiercss npu HemspectHoMm b ycimosme (VII. 11.41).
Orcopa
28
b= — . (V1I1. 11. 44)
Z2+<%o

Ilpeobpasyem cnavana (VII.11.34) nas p,=0 u BHpasum b dYepes z H &,
yuutmBas coradacuo (V1I1.11.7) um (VII. 11. 34), 9to npu py=0, a=0

2a _ 2q,
o mxn’

b=

R S s (VII. 11. 45)

z
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28
N3 (VII. 11. 44) nmeeM b= ——————— Py . Orcona
( )b+26 0, (VIL. 11. 46)
z 2 z 2 2 -
b=t —T % ‘/(7—7) —25. (V1. 11. 47)

IloacraBnas ato 3Havenue B (VII. 11. 42), Haxomum

[z 2 2__ 234122 \2
2a_<—2— T) (—222+48). (VIL. 11. 48)

Ypasaenme (VII. 11.48) cuexyer pemaTs rpadumaecku. I'pagmk myxHOH 006-
nactu (VII. 11, 48) npneener Ha puc. VII. 34, npndem mmeeT cMuca z < (. Taxmm
obGpasom, ecau 3agaHo 8, To M3 rpadpmka (puc. VII. 34) paa (VII.11.48) cHawana
clefyeT HAa¥TH z, a 3aTeM H3 ypasHemma (VII. 11.42)

48— 422
24z4128"

Ilpn § =0, xorga Hamop B cedemmm zr=_0 paseH ray6une h (puc. VIi.35),
nonyaem ciaygait, paccmorpennuit II. fI. Houmuoii [JIt. II.2] m I'. H. Bapen-
6aarrom [35, 37]. Us (VII. 11. 44) umeeM

2+4-8o=0, §p=-—13; & =0 opu 6=0.
M3 (VII. 11. 48) Gypet

b= — (VIL. 11.49)

- 12—43  23+12z
= 2z = 22248 °

(VII. 11.50)

OTciofA TIpH 3HAKe ILLIOC EMeeM z% =12, z=— }/ 12 u cormacuo (VII. 11.49)
b=0, 910 He UMeeT (PHUIMIECKOr0 CMEICJA.
Ilpn sHake Muuyc B Aesoi uacra (VII. 11. 50) mmeem

2=+ ) 112—8=+10,583—8.
3Hak MAHYC nepey KopHeM He ropurca. IIpm 3HaKe muaioc
22=10,583 —8=2,583, z=—1,607, §,=1,607,
npHa 3ToM moaydaem m3 (VII. 11. 49)
48 —4-2,583
—24-1,607— 1,607

9T0 YAOBIETBOPSieT YCIOBHAM 3afadu.

Tounne pemenna paior §o=1,614, 9T0o OYeHb OJM3KO K Hal/lecAHOMY BHIIe
sHaveHuo £,=1,607.

Haiinem ypaBHeHHe ¢BOOOQHOI IOBeDXHOCTH .Jad 9TOoro ciaydas. CoriacHo
(VII. 11.26), (VII.11.28) n (VII.11.31) mpm a=0, §,=1,607, yunTHBaRA
(VII. 11. 33), nonygaem

b=—

=0882 > 0,

ay=—0—_ 22 —_0,8035,
1 ({50 b) b 4 0882
V]

T4, 4 4-1,607

— 0,25 =—0,113.
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u(E)=— % E—t,) +—i— (-é’: — 1) (E— Lq)2 = —0,8035 (£ — 1,607) — 0113 X

x (E—1,607)2. (VII. 11. 51)
Ipu 8 > 1, 2 € 1 npubammkenno n3 (VII. I1.48) m (VII. 11. 49)

—

4 VT 2
B~ am— | 5, bx——-Fy25 . (VIL1L.52)

M3 (VII. 11.45) 7 (VII. 11. 52)

gow____fz:—]/'23=1/2?~b, Ei=bptzx V20 — l/% . (VII.11.53)
5

Taxam ofpazoM, mpu GonbmoM mepenage paBieHns O > 5 TpaEENa pasjeia
MaJo OTKJIOHAETCA OT BePTHKAJN, 9T0 coBnagaer ¢ pesyianratamu C. H. Bysmmosa,
NOAYYCHHHMII IPYIUM OYyTEM.

2. Paccmorpum Tenepb ofmumid caywait po =0, b # 0, mus uero obparmMcE
Kk ypasmeusaMm (VII. 11. 35) u (VII. 11. 40). 3tn anreGpawdeckne ypaBEeHHA 4-i
CTeIIeHW BCETJa MOTYT OHTH PemeHH ¢ JI060i rkelaeMoil CTelIeHbI0 TOYHOCTH B KajK-

2a
AOM KOHKPETHOM cCjiydae IIPH 33aJaHHHX We B b = iy npugeM OTO0pP HYMKHHX
0
KOpDHeil IPOU3BOANTCA, KaK GRIIO YKa3aHO BHMe JJIA caydas e = 0. B pealbHHX
YCIOBHAX, KAK YKa3HBAJIOCh, BeJINYUHA a MOXKeT GBITH OIIeHEeHA U3 M3BECTHOro obheMa
sakadku W 3a pausoe spems T us ypapuenus (VII. 11. 21), orkyna paa b moaydaem

_2 _¢VT
Mo mh]/a—c_‘

Haiinem cragana Eo u z = &1 — Eo, He yUATHBaA BIAMAHMA Pa3HOCTH O0GHEMHNX
BECOB AY = y1 — Y, Ha IIPOIECC BHTECHEHUA. JTOT CIAydail MOKeT CUATATECH [0~
CTAaTO4YHO McCAegOBaHERM [15, 16]. Kax 6mno moxasano B § 7, IPH 3TOM CKOPOCTH
TOUKHM A TPaHEOH pasfeiia BAOAD MomomsH (puc. VII. 33, a) B po pas Goxsme cpen-
Hed CKOPOCTH, a TOYKH B BIOJNbL KPOBIH B Lo Pa3 MeHbIIe.

TaxknM ofpasoM, Ge3 yduera Biamamua u3 ypasHemna (VII. 11.5) momyuaem
(puc. VII. 33, a)

dz, q() 90 dy 1 q(@¢) _ 1 g
m = = —_—, m = = —
dt Tk o Vxt dt po R o Vut
e et VE 1 2 VE (VIL. 11. 54)

mVx ' P mVn
Orciopa cormacao (VII. 11.3), ymarueaa (VII. 11.7) = (VII. 11.33), umeem
£ Toll) _ 2ol
]/,"J mx

zy (¢) 1 2q, 2a b ( 1 )
= ! = = = z=f(—Eg=—Db(pe—— - VII. 11.55
E»l V——t Ho Mm% z ™ z El EO 0 o ( )

=2a=b [

CpaBuuM &, u z, monyvawommueca uz (VII. 11. 35) m (VII. 11. 40) npm yuere Ay,
¢ UX sHauenusmu mo d¢opmynam (VIIL. 11.55), B KOTOpPHX Ay He YyIUTHBAeTCHA.
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Huaa storo ypaseenma (VII. 11.40) m (VII. 11.35) mpemcraBEM B cilemylomeM
BH[(® [Jif PEIISHAA HX UTEPANAOHHHM METONOM:

3 (1= 1) (uy +-1)b* 1207 —55u,+4 1

Eo=b(o—1)+

3 (no—1)2 &o
N —3 (1, — 1)+ (104 > +16 1, +8) b 4
3 (o — 12 &
— 3y, (1, — )" — (80 py — 16 1) b +-64 1y 4
— VII. 11. 56
+ 3(no—1)? g ( )
2
—1 _
s —pto AN 1 20— L L 48 1 gy gy 5y
Ko o z o 22y B

Haa pemennma ypasaenmit (VII. 11.56) m (VII. 11.57) Metomom wurepammit
HOJNCTaBUM B MX mpaBule JacTH 3HadeHua (VII. 11.55), KoTopele 6yaeM paccmaTpH-
BaTh KaK HYJeBHe OPHOIMKeHUA:

2
1 pp—1

=bu, Z,=—b —_—J=—p 0 .
Eodo Mo 0 (Ho Po) ™

Haa ypasaenusa (VII. 11.56) moxyanM
3 (=1 (B, + D" —12p7 — 560 +4

E=b (ro—1)+ e St
—3 (,—1)%°+ (10402 +16p,+8) b 4
+ 3D g%
+_-—&%(M;—1f¢——@0u}—16u9b2+64u0 1
3(uo—1)2 b’ pz
=bp,0__b_1p(_l[ 4;(30@_01)24) +(H0231)2_ 3(MOE1)2P0 (3+%)], (VIL. 1. 58)

Ilpu py > 1 ® gocraTouHo GoONBIIOM 3HAYeENH b

Eor~ (Eo)o=bug=2a.

9TOMy COOTEBETCTBYET CleRylomuil GramgecKuiiCMEICA: IPA o > 1, KAK YKasH-
BAJIOCH B § 7, 9aCTRIHM KEAKOCTH ], IIONAB B 30HY ABHKEHHA >KHEAKOCTH 2, Ile rpa-
IUEHT JaBJI€HHA B [Lo pa3 GojibIie, COOTBETCTBEHHO yGHCTpaATcA. Ecam Ipm 3TOM
33KAIMBAEMEI PacXOf HOCTATOYHO BEIHK, 3aKAYKA HAET B GHICTPOM TeMue, TO BRIH-
BABaHNE JKUGKOCTH I, 00yCJHOBIeHHOe TPABUTATMOHHEIME cdjaMu, GyHer BecbMa
He3HATATENHHEIM 110 CPaBHEHHI0 ¢ BKIUBHBAHEEM, OO0YCIOBIeHHHM HeNOCPe/CTBCH-
HHM BATECHEHIEM.

Ananoruuso jqxs ypasuenus (VIIL. 11.57)

2 2
= —p o1 Aet) Bo __ 2bo—t) B
Ho Mo bu,—1) Mo b (ne—1)
a8 ”: - ”:—1 + 4 . 24 g
po b (ui—1)° Ho zb Wo—1) b (ui—1) (1, +1)
48 1
(VIL. 11.59)

=1
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T. . z3 &= zo IPA ACCTATOIHO OOABIIOM 3HAaUSHHH b po = 2 @ M wo > 1. Otciona
clenyeT BaKHHM IMPAKTAYECKHEH BHBOJ, 9TO IPH WMo > 1 ¥ [IOCTAaTOYHOM TeMmIile 3a-
KayKd XapaKTe) BHTECHEHHA OUPeAeNAeTCA TOJLKO PasilHTHeM BA3KOCTell. Pazan-
fhge DIOTHOCTEH B 3TOM ¢Jdydae NMOYTH HE OKA3KEAeT BIMAHHUS., ITOT BHBOM TOJ-
HOCTBIO coriacyercd ¢ peayabraramu . U. Armxamruwa. B 1abm. 1 m 2 [36] npu-
BelleHH BHAYeHIA Ly ¥ §;, MONYYeHHHE B PE3yJALTaTe YHCIEHHOTO HHTEIDPBPOBAHUA
ypasmennsa (VII. 11. 11) na mMammue «Crpenay aiaa pasHHEX ¢ M e OpH Ay + 0.
9T 3HauennA B Tabamie o6ozaavenn £ £' M MOryT paccMaTpUBATHECH KaKk TOYHLIC,
Jns comocraBiieENA PANOM IpPHBEJCHH 3HAUeHAA §o, gl, REMHCAEHHNE JUIS VCIOBRA

-

w *
Ay =0, T. e. OQUHAKOBHX ILTIOTHOCTeH. JTH 3HAa4YeHNA 0003HAUEHH EO, Ei.

Tabauya 1

a=0,00 a=0,50 a=2,5 a=5,0
Mo | BO| BL | Ep B0 & | B | B | BU | & | B | B E

1,0 1,00 | —1,001 0,00 | 2,00{ —0,00 1,00 | 6,00 | 4,00/ 500 | 11,00/ 9,00 10,00
2,5/0,87 | —0,69( 0,00 | 1,56 | —0.44| 0,16 | 514 | 0.39| 0,80 | 10,07} 1,31 14,62
500,76 | —0,51/ 0,00 | 1,34 | —0,42( 0,04 | 5,05 | —0,45/ 0,20 | 10,02| 0,12 0,40
10,0, 0,64 | —0,37| 0,00| 1,19 { —0.34| 0,01 | 5,03 | —0,25 0,05 | 10,01 | —0.16/ 0,10
50,0/ 0,40 | —0,47| 0.00| 4,06 | —0,47| 0,00 | 5.0t [—0,16/ 0,00 | 10,00 | —0,45/ 0,00
70,0/ 0,36 | —0,15} 0,00| 4,05 | —0,45{ 0,00 | 501 | —0,4| 0,00 | 10,00 | —0,43| 0,00
100,0{ 0,32 | —0,12| 0,00 | 1,05| —0,43| 0,00 | 5,01 | —0.12 0,00 | 10,00 | —0,41] 0,00
g, 0,00 1,00 5,00 10,00
Tabauya 2
a=10 a=25 a=>50 a==500

A N - - I

1,0j21,00 19,00{20,00|51,00] 49,00 50,00 | 101,0 | 99,00| 100,0 | 1001 | 999,0 | 1000
2,5(20,03) 3,02| 3,20/51,01} 7.92| 8,00 (100,0 | 15,95 16,00} 1000 | 160,0 | 160,0
5,020,01|  0,59| 0,80/50,00| 1,89| 2,00 {100,0 3,94| 4,00/ 1000| 39,99 40,0
10,0120,00| —0,02| 0,20(50,00{ 0,35/ 0,50 (100,06 | 0,81 1,00,1000| 9,99/ 10,0
50,0120,00| —0.14| 0,01}50,00{ —0,11| 0.02 | 100,0 | —0,07, 0.04 1000| 0,36 0,40
70,0,20,00| —0,12| 0,00i50,00| —0,10[ 0,01 {100,0 | —0,08| 0,02 1000 0.16 0,20
100,0{20,00| —0,11| 0.00/50,00; —0,10{ 0,00 }100,0 | —0,08| 0,01| 1000} 0.05 0,10

& 20,00 50,00 100,0 1000

N3 rtaba. 1 ¥ 2 HArJAAAHO caefgyer, 9TO TPAKTHYECKH IIpH o > 2,5, a 2> 2,5,
rpapuTanMoEHE addexrt npn sumucnennn £y me mrpaer poau. Ilpu a <7 2,5 rpasm-
TanNOHEHM 3ddeKToM UpeneNperarb Heanasd. Ipaduxu sasucnmocty u (§) masa paa-
HHX o M a mpuBefienH B cratbe {36].

Boimme OblTO IIOKa3aHO, 9T0 ANNPOKCHMMAINA TPAHWI(H pasjiena KPHBHIMA THIA
napaGoa JAaeT AOCTAaTOTHO GIA3KME Pe3yJbTaThl K HEKOTOPHIM W3BECTHHIM TOYHBIM
peurenusaM.
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IIpeacraBnsier MHTEpeC OMEHKA TOYROCTH Golee rPpy6oil A POKCAMAMAN T pa HUTIEY
Pa3fena B BHJle NPAMOH JIAHHY.
Bmecto (VII. 11. 26) GyneM BcKaTh ypaBHeHNMe FDaHROH pasfela B Buie JA-

HellHOH 3aBHCHMOCTH

u =0y (E—Ep) (VII. 11. 60)
¥ MCKaTh NapaMeTpH a1, Eo, &1 m3 ycnopmit (VII. 14. 10) Ganauca pacxonos u of-
Horo u3 ypasmenmit (VII. 11. 43) wanm (VIIL, 11. 14) mua racareapHOH B Touke § =

= to, u=0mam & = &, u =1 u yeaosua u (§) = 1.
Yuntuipaa (VII. 11 33), u3 (VII 11. 10) moaygaem

—~b gl—j wdE=1t,— jal(g o) dE =~ St (&1~ Eg)- (VIL. 11. 61)

B 3aBHCHMOCTH OT TOr0, ABMIKeHHMe KAKOH TOUKM HAC HHTepecyeT, BHOGMpaem
ypasrenne (VII. 11.13) mam (VII. 11. 14). Ilpepmonoxmm, 4TO HAC HHTepecyer
CHavaja ABHKeHHe TOUKHE =, u==0 (Touka 4, puc. VII. 33, a).

Torpa Gepem ypasHenwe (VII. 11.13)

1
uo=a—7§0=al. (VIL 11. 62)

K ypasmenuam (VII.11.61) = (VII. 14, 62) noGaBiAercs yclaoBHe

u(E)=01(Er— &) =1. (VII. 11. 63)

U3 cucremnt (VII. 11.61), (VIL. 11. 62) m (VII. 11. 63) moxH0 HaiTH Of, &), ;-
Iloxyunm pas §, KBajpaTHOe ypaBHeHHE

g, =26—E, E2—b(1+u)E +b ' —1=0. (VII. (1. 64)

b A—pts .
B = (H—Zuo) i]/ € ZO) +1. (VIL. 11. 65)

3mech HyXHO BHOpaTh BHAK ILIIOC, TAK KAK HMHauYe OPA U,=0 OOTy3IEM
Eo < 0, 9ro He mMMeer cMucia. Takum oGpaaoM,

Otcropa

gozﬁ%ﬂﬁré VU —po)ot + 4. (VII. 11. 66)

Mpr (1—p)2b? > 4 m3 (VII. 11. 66) monysam

SAtead 1T 4 -
_(U-tp)b b, 1
=g+ [1—wl+ A—pe 5" (VII. 11. 67)
Hipx po > 4
o (H—u)b (1o ) _1
t, ~ )b | + e 1)6 =pob+ gy - (VIL 1. 68)

TIpu nocrarouso GonbmoM b, T. e. IPH MOCTATOYHOM TeMile 3aKadKH, OTCIONA
nojydaeMm coraacue ¢ Qopmymoit (VIL.'11.58), BrBefenHoit u3 mapaGommueckoi
annpokcuManud. Ilpm p, < 1

L (pg)b | (1—pg)b N S S AV
o= 2 + 2 + (1—Po)b——b+ (1—po) b (v 1-69)
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ITpm pocratouno GonpmoM b orciofa cuenyer coraacHe ¢ popmynoit (VII. 11. 53).
VnrepecHo OTMeTHTH, uro (opmynsr (VII. 11.68) m (VII. 11. 69) ordernmBo BH-
ApnAT 3PPeKT pasHOCTH OOBEMHEIX Becos B oramade or dopmya (VII. 11. 58)
u (VIL. 11. 59), roe oH HecKOABKO 3aByaivupoBad. EcaM pasHOCTh 0GbEMHBIX BeCOB
#e YYUTHBaTh, TO HONYYHJIOCh OH §o = po b =2 a mpu po >1 u Eo = b npm
po < 1. ®opmynm (VII. 11. 68) m (VII. 11. 69) noxasmpaloT, aro addexrr caa Ap-
XEMe[a CKa3HBaeTcA B [ONOJHATEILHOM Bo3pacTamum £o TeM MeHbme, ueM 0OJbIne
po ¥ b. IlpakTudeckE mpH Wo > 2, b > 5, KAaK yKa3HBAJOCh BHIIE, 3TOT IPPexrt
MOYTH HE WrpaeT POJH.

Taxam of6pasaoM, rpy6asd anmpOKCAMAamus CPAaHANH pasfieNa OPAMOH JHHEEH
JiaeT JNOBOJLHO NPABUJIBHHE pe3yiabTaThl AJAf [ABWKEHAA OJHOM U3 TIpaHHUIHHX
TOYCK — TOH, KOTOpaA B3ATA 3a OCHOBHYK NIPH COCTABICHUH HCXOJHOH CHCTEMH
ypaBHeHRii,

Jna pomonEMTeNbHOH ONEHKH paccMoTpuM ciaydail po = 0. Hs (VIL. 11. 64)
n (VIL 11. 66) umeem

3

glz—z—b—%]/b__u—é. (VIL. 11. 70)

N3 dopmyan (V1I.11.19) monygaem

6=i’i=ﬁ=L(3m—b Viria). (VIL. 11.71)
Mo 2 4

Hna cayvas 8=0—¢ukcupoBanHoro yposas B GesmamopHoMm GacceiiHe —
m3 (VIL 11.71) Gyger

3b—Vb214 =0, b2=0,5 b=0,709 (VI1.11.72)

BMecTo b=0,882 mna mapaGonmueckoit ammpoxcamarmm (VII.11.49), 1. e. moyrm
#a 20% wmennme. Ilpm b=0,709 pus E, cormacro (VII. 11. 66), rae nosaraeM po=>0

0,709

4 +V§,5 =1,44=VZ (VI 11.73)

1 1 —
=— bt V44 =
BMECTO TOYHOTO 3ngemm Eo=1.614, 1. e. Ha 12% MeHBIIe.

BossMem rtemepp 3a omopayio TouKy E=E,, wu=1 m BMecT0 ypaBHeHUA
(VII. 11.62) ypasBerue (VII. 11. 14):

wo=tob a1 e by—a, (VI 11. 74)

W3 ypasmenmii (VII.11.61), (VII.11.63) m (VII.11.74) oomyuaem pas §,
HKBaJApaTHOE ypagHeHHe
a_ (14p)b P—1_

b
&+

=20—%p 0. VI 1. 75
0 g, & B ™ ( )
OT1croga
_U4pdb 1 — o

= e+ 2ug V (1 —po)?b? + 4. (VI1. 1. 76)
Hpm (1—py)2b2 » 4u, m3 (VII. 11.76) noxygaem

(1+pe) b 1 4,

= 5 — [ —W b= 5 —— |=
131 2, 20 [I Mo | 2] 1—p0|b]
_Utpdb , [1—pelb 1 VL AL T)

Mo T 24 T [1—Molb’
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B (VI1.11.76) m (VII.11.77) myxdo Bubparh 3HAK MEAYC, TaK Kak OpA
3HaKe IIIC DoJydaeTcs Ly, > b, 9T0 HEBO3MOKHO.
Taxmm 00pazom,

(I+p)b 1 VI —po)®? T+ apg
=37TK)? 1 AT . (VII. 11.78)

Tl ACR LT

Cneposarensro, mpm (1 —Wg)2b2 > 4u, nMeeM
L Atpdb  [1—pelb 1 VII. 11. 79)
3 210 2uy [1—po b (
ITpm po > 1 w3 (VIL. 11.79) umeem
A+rdd _ (me—1b 1 b 1

A~ — 00 — — =, (VII.11. 80
B, Bo W= Db B (DB )

910 pocraTouHo Gmumsko mpm b > 1 k (VII. 11.55) » (VII. 11. 59).

F s

,
l——r r —! A

Pmc. VII. 36.

T

Itpnm py < 1

E:U‘Jr‘l‘«o)b_(i—l"o)b_ 1 —b— 1
o 2u, 2u (1—po) b (1—po)d’

9T0 TakKe AocrarodHo Gamsko cornacyercs ¢ (VIL. 11, 55) m (VIIL. 11. 59). Taxnm
o6pasom, BeckMa Tpybas amUpPOKCHAMaOMA CPAHHON pasfela TPAMON JARmed IpH
3aJlaHHOM b, T. €. 33JlAHHOM TeMile 3aKAaIKH, [aeT BechbMa XOPOMNEe PeayJIbTaTH I
JABWKEHNA TOYeK T'PAHHNBI Pasfesa BHOJAD MOAONIBH M KPOBIH LJIAcTa.

A. U. AnmnxallK¥H NOKasald, 9TO OPH Mo = 1 — BHTeCHeHHMe JKHAKOCTEH pas-
JUYHOU IVIOTHOCTH, HO OJMHAKOBOH BASKOCTH, HAPMMEpP IPECHOH BONH COJNEHOM, —
TpaHAOA pasfelda B TOYHOCTU €CTh IPAMAas

(V11 11. 81)

u=%§+a+%, Eo=20+1, E=2a—1. (V1. 11.82)

Jlerko mpoBeputh, uTo (VII, 11. 82) TouHO yAOBIAEeTBOpAET AUPPepPEHINAILHOMY
ypasuenuio (VII. 11, 6) u ycaosmam (VII. 11. 10), (VIL 11. 13) = (VIL 14. 14).

Brosne aBaJOTHIHEIM 06pa3oM MOMeT GHITH PACCMOTPEHA 3ajada O PafHaJbHOM
BETecHenun. IIycTh sKuKocTh I HarHeTaeTcsA B CKBAKMHY M BHTECHSET pajualib-
HHM 06pa30M KMAKOCT 2, paHee HAXOQWBIIYICH B IwJacrte (puc. VII. 36).

Ilpepnonaras, Kak ¥ BHOIe, JABIEHUS DACHpefeNeHHEIMH THADOCTATHUCCKA
B0 BePTHKAIY, [IA ODAUEATH y (r, f) FPAHMEH pasfella NOJYIUM U3 ypaBHEHMHA
JBIGKEHNA U HEePA3PRIBHOCTH HJA CKBAKUHE-MCTOTYHHKA :

9 [,y — MeQ (8)/2 rk - Ay (h—y) Oy /or ]_ my 9y
ar -

r —, VII. 11. 83
R (e—1)y P )
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rpe Q (¢)—pebur BarHeraeMo#l KHUAKOCTH B CKBLKWHY, COTJIACHO HECKAMAEMOCTH
JKUAKOCTEH paBHEIE CyMMapHOMY pacxojy B Jo00M IHIAIPHYECKOM CedeHHH
(puc. V1I. 36) paguycom r.

~3amena nepeMenHux r Ha r B (VII. {1.3) npuBopur ypasHedme (VII. 11.83)
K clefylolmeMy OeapasMepHOMY BHAY:

d [ —Adu u(1—u) du]: E2 du

TE|TF @D  THGu—hu® dE|" "2 a&’
Q@)
W—A. (VII. 11. 84y

B orimume or ypapmenma (VII. 11.4) misa npAMOIHBEHHEOrO JBEKEHMA ypaBHe-
m@e (VII.11.84) obpamaercd B oOHKHOBeHHOe jupdepeHOIATIHOC yPIBHEHHE
npu Q (£) = Q =const, 910 B OyeM IPeANOIaraTh B jajlbHeimeM.

Ymuoman (VII. 11.84) Ha d E U HHTerpEpPys B HEKOTOPHX IIpefieiax OT § = §o.
u (Eo)=1up mo E=28y, u(§) =uy, moaydaem

_Au N D Eu(l—w) du _
[H—(Ho—i) u]u=uo [1 +{no—1) u]u=u1 [ 1+ (uo—1)u dt ]Hl
U=uy
131
_[ Bu(—w du A a4
[1+<uo—1>n dgL=§o + Jaz k=0 (VL1185
U=1g 0

Tlonaraem, kak u paspme, u(§g)=up=0, u(§;)=u;=1. Cumran % # oo

B TOUKaX &, u;=1 1 &; uo=0 H HHTErpEpyA mo uacTaM, OyneM HMeTb

4 §2 %1

== . A1

™ ) 'g‘ﬁudg (VII. 11. 86)
o

Herpypao supers, aro (VII. 11. 86) Boipaskaer anasormaso (VII. 11.10) 6anauc
pacxopos. PackpuBag (VII.11.86) m unpegmonaras, xak um B (VII.11.12),
u(l—u)u"=0 B Toukax §=E§y u=0, E=E,, u=1, noxydaeM pguA mepBHX Npo-
HM3BOJHEIX

du Y du ;B Ey A
= =y =250 (%% =u=Fost £ (vi11.87
\ 48 )§=§o ° o 2 <d§ )‘é=§1 ! 2 Moby ( )
u=0 u={

Jupdepenmupys (VII.11.84) nmo § um mpennonaras uu” =0 B TOuke [=E,.
u =0, DoJNy4aeM /(i BTOPO#l IPOM3BORHOI

2 2
ar ) . §0—2A< Eouo> 1
CE) =u=—0 T (a0 ) (VIL 1. 89)
(dgz/t%o ° 2% 2 2

Pemenue mas cayuas paguaidbHOTO BHITECHEHHs NPHHOUNAAJILHO HAYEM He OT—
JIEI3eTCA OT PACCMOTPEHHOTO BHINE CIydYas HIPAMOJINHEHHOTO BHTECHEHWH.

OrpamnanMes npocreifmiell aDTPOKCHMAaIiell TpaRMIE pasfieia B BUe IPAMOI,
Jaomeil, Kak OhLI0 IOKa3aHo BHILE JJIA UPAMOJIMHEHHOr0 BHTECHEHHS, YLOBJIeT-
BOPHTEIBHYI0 IPAKTHYECKYI0O TOYHOCTH TP pacdeTe JBIKEHUA TPAHOYHEIX TOYEK
BOJb KPOBJAN H TNOJOMBH miacta. AHanorwgwo (VII. 11. 60) momaraem

u (&) =0, (E—&) (VIL. 11.89)
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Onpepennm E,, [AA 9ero BocHoJb3yeMcsa IepBHM ypaBHeHmem (VII. 11.87)
»n cooTHomenneM (VII. 11. 86). Iloxyunm

_A_ &
R (VIL. 11. 90)
2 %1 2 3 8
%=§21__f a@(g—g.,)dg:%—al[g‘ o —%"—(gf—a:)}, (VIL. 11.91)
b0 — gy (E—Eo)- (VIL. 11. 92)

Orciona 6yneM mMeTh Nisg §: KyOW4HOe ypaBHeHUE

A2 843

24 8 4
Vi 44+ —— +2 ) v24[ 442 4A+— v — =0,

(+Po+)+( +Mo+ +3) Ko
v=§:. (VII. 11.93)

Jna pemenns merogoM uTepanuid mpencrasEM (VII. 11.93) tak:

24 842 4\ 1 843 1

=44+ — 42| — (442 +—— +44+— | —F — — . (VIL.11.94
o R R +3)v e )

He’rpy;mo I0Ka3aTh, 4YTO e€CJ¥ He¢ YYATHBATHE Da3HOCTH 00beMHHX BeCOB, TO

v=§:=2A. (VII. 11.95)

IlogcraBEM 310 3HAaYeHHe B HOpaBylo uacTh (7.11.94), paccmaTpusas
(VII. 11. 95) Kak By’aeBoe ONpHOImKeHHe Vy==24:

(A 2A (a2, 24 o 2
ul-—(4A+ o +2) (ZA—I— o+2+3A)+uo —24—-2.  (1.11.96)

Ha (VII. 11. 96) caenyer, YT0 IPH J[OCTATOYHOM BSHAYeHHMM Hapamerpa 24
xoperb (VIIL. 11. 93) BeceMa 6amsoxk K sToMy sHaveHHI0. TakuM o0pasoM, IpH
4 2> 5 | po > 1 rpaBaranuonusi 3¢HeKT MoKHO He YIMTHBATh. JTOT BHBOJ TAKHMKe
cormacyercsa ¢ peayiapratamz fI. U. Anmxamxwma [36). B rabu. 3, 4 npweeneHH

Tabauya 3
A=1,0 A=25 A=50 A=10
b .
S IR IS IR S I-C I S S - B I LB I < I
1,002,101 0,73 | 1,411 2,94 | 1,53 | 2,24 | 3,87 | 245 | 3.6 | 517 | 3,76 | 447
2,5/1,7610,20{0,56 | 2,50 | 0,56 [ 0,90 | 3.37 | 0,97 | 1.26 | 462 | 1.54 | 1,79
5,0/ 1,60{0,04(028| 236 | 0.21 | 0,45 | 325 | 042 | 063 | 453 | 0,71 | 090
10,0(1,5110,00 | 0,14 2.29 | 0,05 | 0.22 | 321 | 0.6 | 0,32 | 450 | 030 | 0.45
50,0/ 1,4410,000,03| 2,25 | 0,00 | 0,04 | 348 | 0,00 | 0.06 | 448 | 0,02 | 0,09
70,0{ 1,441 0,00 [0,02] 2.25 | 0,00 | 0,03 | 347 | 0,00 | 004 | 448 | 0,00 | 0,06
109,0| 1,44 | 0,00 0,01 | 2,25 | 0,00 | 0,02 | 3.47 | 0.00 | 0,03 | 447 | 0,00 | 0,04
g, 141 2,24 316 447
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3HaYeHNA £y ¥ Lj, HONyYeHHHNe B pe3yibraTe GHCJICHHOTO HHTEr PHPOBAHHUA ypaBHE-
mna (VII. 11, 84) ma Mammue «Crtpena» JJA pagMajfibHOTO BHTECHEHHAA H Pa3HHIX
3HAUeHHA A W po npm Ay # 0. STH 3HaYeHHA, KOTOPHE ClelyeT DPacCMaTPHBATH
KaK TOYHHe, o06o3navens £° m El, Pamom npuBefens 3Ha4eHnd o, §1, BRYACACHHEE

pas yeroma A y = 0 u ofosmavennne §f = 24 n E: —vaa,
Ko

Tabauya 4
A=25 A=50 A=100 A =500
* * L] &
TR I I o T IS I T S S SO I L L

7,7816.,36 7,07 | 10,70

0 10,00 | 14.85| 13,43 | 14,44 | 32,30 | 30,31 | 31.62
5747 (2,64 {2,831 10,06
0

9,29
3,85 4,00| 14,48 | 5,55 | 5,66 | 31,64 | 12,60 | 12.64
74111,27 11,41 10,03 | 1,89 2,00 1416 2,75 | 2,83 ;31,63 | 628 | 632
10,0/ 7,09 1 0,591 0,71 | 10,01} 0,91 1,00 | 1445| 1,35 | 0,44 131,62 | 342 3.16
50,0/ 7,0810,07 | 0,44 | 10,00 | 0,14
0,09
0,05

»

1
2
5

0.20| 14.14| 023 | 0,28 |31.62 | 0.60 | 0,63
70,0 7.08 | 0,04 | 0,10 | 10,00 04| 1414 046 | 020 [31.62 | 0,42 | 045

100,0| 7.07 0,02{0,07| 10,00 0.10| 14.14{ 0,40 | 0,44 |31.62 | 0.29 | 0,31

g, 7,07 10,00 14,14 31,62

Kax ® Bamme s cayuas npAMOJUHEHHOrO BHTeCHeHAA, U3 TaGa. 3 m 4 BUAHO,
9TO UIPH AOCTATOYHOM TeMlle HaTHeTaHHMSA, Hampumep A 2> 5, py >»5 rpaBUTafUdOH-
mHi addexr ana o NMpakTHIECKHA OTCYTICTBYeT.
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I'TABA VIII

HECTAIIMOHAPHASI OUJILTPAIIIA
OTHOPO/THON YIIPYTON SKMTKOCTH W FA3A

§ 1. YpasHeHusn ABU:KEHUA YOPYTroi KAKOCTH
B ynpyroii nopucroii cpene. Binaaue HenoABHKHBIX
rasoBbIX BKIIOYEHMII HA NPABONEHHbI MOAYJIh YHPYrocTH
INIACTOBOIl CHCTEMBI

Paccmorpum ¢mabrpanmio ynpyroii kKameabHoil smupgkoctu. Ilomaras
TPOHNTAEMOCTh ¥ BA3KOCTDh HOCTOSHHEIMU £ = const, p = const # mpe-
HeGperag MaccoBrMu cmaamu coriacao (II. 2. 19), umeem ocHoBHOe
nuddepeHIHANBHOS YDAaBHEHUE

d(my) _ k :
s ="y VP, (VIIL 1. 1)

tae P = [y (p)dp-—dynsmua JI. C. JleiiGensona.
Ilpeanonomum, 910 SKAAKOCTDL CieAdyeT 3aKkomy ['yka
ay _ dp
Y  Kx’
rie K, —Mopynp ofbeMHOH ynpyrocTm — ofm9HO O09eHb OoJblmoe
quenao. Jaa sognt K= 2-10% &l/em?, qna vedreit Kx=~1,6-10* =
= 2-10% wl'jem?.
Cuntan K, pgocraTodno GoJbmiMM, ypaBHEHHE COCTOAHHA MOKHO
3ammcaTh Tellepb B BHUIE

P—Ppo

Y= yoe NY0<1+£I{;”9), (VIIL 1. 2)

rAe Y, — O0beMHBII BeC JKHUIKOCTM IIPH HEKOTOPOM [aBIEHHH P,
38 KOTOpoe OOKYHO IPHHAMAETCH HadalhbHOEe CTAaTH9eCKoe HaBlIeHHe.
Ioncrasuas (VIIL. 1.2) B (VIIIL. 1. 1) m yaurmsas (VIIL. 1. 2), moxy-
gaeM
p—po
P = fy(p) dp = yKme o + const = Ky -+ const ~

=~ K Yo + Yo (P — Do) + const = y,p + const;. (VIIL.1.3)
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Wsmenenme nopACTOCTA m OOHYHO CYATAETCA IIPOHOPIMOHATBHEIM
n3MeHeHHIO fAaBieHmA [1]:

m—my = PECPO, (VIIIL. 1. 4)

rae K¢ — Mopyab ynpyrocTd nopucTOd Cpejs; m, — HOPHCTOCTH NPH
NlaBAeHAR D,.

Us (VIIL. 1. 2) = (VIII. 1. 4) nmeem
I;GO)YO( ,Z:“)=movo[1+(p—po)><

i 1! —p,)2
X (_I?;+ mch)+ goxfjtgm]zmo\’o [1 +(P—Po) X

1 1
% (E + —mm)}, (VIIL. 1. 5)
OTKYZa
my—meYo _ P—Po
= ale _ 2o, (VIIL_1.6)

e BBeJleHO 00o3HAueHMe

A Lt
K = K moK¢

K

A+ Km/moKe (VIIL.1.7)

K =
NPHBeJeHHHH MOXYJIb YHPYroctTs KHAAKOCTH B yOPYrofl IOpPHCTO
cpefie. OdueBnHO, YTO OH Bcerjga MeHbIIe MOAYJIA YOPYrOCTH IKUJ-
Koctn K.
IMogcrasnaa (VIII.1.6) u (VIII.1.3) B (VIIL.1.1), noxywaem
yPaBHeHHe TUIA TeNJONPOBOJHOCTH
kK

_ 9p .
RV =5, k= o (VIII. 1. 8)

Benwunna % — aHa’zor KosdPHIUEHTA TeMIepaTypOIpPOBOAHOCTH,
p —asaior Temnepatyph. Ilo npegmomenuw B. H. Mlearagesa %
HassBaeTca K03YPUIUEeHTOM HBE30IPOBOAHOCTH.

Macker, Hluncyns u Xeper gamm B 30-X ropax BHBOJ ypaBHeHHA
(VIII.1.8) B npegmosoeHWd TMOCTOAHHON HOPHCTOCTH m = const.
B sTom caywgae (VIII. 1.1) npunumaer Bup:

o
ma_j.:_vp (VIIL. 1.9)

Uz (VIIL 1.2) u (VIII. 1.9) caeayer, uaro
P=Km\’, VzP:K’mv2Y7
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OTKyAA 5 KK
Y _
o _ M oy (VILL 1. 10)
AIA
kK

Npexuonosxerne m = const NpABOAAT K HeOOXOAMMOCTH 3HAUMTENb-
HOTO CHImKeHUA Ky IUIA COTIIACOBAHMSA ¢ 9KCIIE PAMEOHTAIBHBIMY JaHEHIMHA
[2], oTHOCAmHuMEHCA B mepBYI0 odepeqb K H3BecTHOMY HedTaHOMY Me-
cropo:rerunio Byn6aiin,

Q| FPep

P

B

Puc. VIII. 1a. Cxema HedTanoro mecropoaersns  Pumc. VIII. 16. I'padux saBmcm-
B BygnGaiire. MOCTH JieGHTA ¥ IJIACTOBOI'O Aa-
BJIeHHSI Ha IpaHmIe pasfena OT

BpeMeHH,

drto MecroposkmeHme, Haxopmsameeca B Bocroumom Texace, B miraHe
MOKHO PaccMaTpHBATH KaK CEKTOP ¢ yrioM pacrsopa okoxo 120° . Hed-
TAHAS YaCTh I'PAHAYHAT C OTPOMHOH MacCOH BOAH, KaK IIOKA3aHO CXeMa-
tauao Ha puc. VIII, 1a. Hefranan gactes Gea xopomo pasbypema, H
610 0TOOpPAaHO MHOTO KHZKOCTH — HeTH M Boxu. Ha IpoTameHHAH
HECKOJBKAX JeT U3MepPANH faBleHHe prp HA I'DaHWIE pa3fgera Boga —
He)TH M TONYYNIN KPHBYIO M3MEHEHNA Prp B 3aBHCHMOCTH OT BPeMeHH ¢
(puc. VIII. 16).

3areM CTPOWJIM APYTyI0 KpPUBYI0 — MeOHT Bcell 0ToOpaHHOR HHAKO-
CTH 3a TOT Ke NepuoX BpemeHu. llmacToBoe maBiaenume GHIO BHIIE fa-
BIIeHKA HACHIICHAA H, CIEN0BATENbHO, BeCh ras OKA pacTBOPEH ¥ B IIa-~
cTe cBoGogHoro rasa me O0bi0. PeyxuM MecTopodenus, TakuM o6GpasoM,
TANMMMYHO BOXOHATOPHHIM.

Ecau 6 Boja Omaa a0codI0OTHO KeCTKOH, HeC)KmMaeMol, TO CBfA3b
MeKAy AefuTOM WM JaBIeHWEM prp OHpefelsanach Gu QopMmydod BuAa
dopmynnr [[romion, Tak Kak He@TAHOH IIacT MOKHO PacCMATPHBATE CXe-
MATHYHO B BHjle OTDOMHOM CKBayKHHEL B OKPYKAI0IIeM BOAOHOCHOM ILIAcTe
pagmycom R, (pume. VIII. 1),
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OnBEako XapakTep CBASH Me/KIy AaBIeHMeM Ha Bojopasigele prp
¥ 0TOGOPOM JKMIKOCTHE 32CTABWI MPEAIONOKUTE, YTO 3[eCh MMEIOTCA Hpo-
ABJEHHS YIOPYIHX CBOHCTB OKPY/KAOIIEH MacCH BOJEL.

IT0 ABIeHHEe MOKHO HCCIETOBAaTh, pemuB quddepeHnuaabHOe ypas-
merne ynpyroro peskmma (VIII. 1. 8) upm maganemoM ycmosmm ¢ = 0,
P = Do

CoriacHO 3TOMY YCJIOBUWIO [0 Hadaja pa3paboTHU IepPBOHATAILHOE
IIacTOBOE JaBieHHe BCIOAY OfUHaKoBoe. | paHWYHEE YCIOBHA MMEIOT
CIeyOmuil BUX: HA KOHTYPe «CKBKMHBY I = R, — pagumycy «CKBa-
JKUHEY, T. €. MECTOPO)KIeHNEe PAacCMATPUBaeTCA KAK YKPYIHEHHAA CKBa-
sROHA pagmycoM Topamka 40 xm, 3amam ge6HMT KEAKOCTE B PYHKIHE
ppemern Q = Q (1).

Ha xorrtype murammsa Ry W3BeCTHO [XaBIeHHE py. PemeHume dTOH
3ajlaud B pe3ylbTaTe HHTerpmpoBanusa ypasmenus (VIII. 1. 8) mosso-
Jnjo HAHTH JaBieHWe B JI000# ToYKe ILtacTa B 1000 MOMeHT BpeMeHH
p = p (r, 1), ciegoBaTeJbHO, W Ha Bogopasjene npu r = R.. Brauc-
JeHHOe aMePDHKAHCKUMA ABTOPAMH JAaBileHue 0e3 ydueTa yupyrocTd Io-
pHCTOH ¢ pes GEII0 comocTaBleno ¢ fakTudeckn HaGaogenary [JIT. I.11].
PacuetHan m paxTHIecKas KpuBHE INIACTOBOTO [JABJCHHA XOPOIO COB-
najdu B NPeANIONOKeHAM, 49TO MOAYIAb OOGBEMHOTO CIKATHS JKHUIKOCTH
B mmacre BynGaita pasen 2000 am, npumepro B 10 pas meHbIme MOgyis
YOPYTrocTH OGHYHOH BOXHL.

Macker, Muacyms u Xepcr [Jr. I. 11] npegnoxumam o6BACHUTD
3TY PA3HUIY BepPOATHHEM HAJIWIWEM HeOOMBIMIAX Ta30BHX BHKJIIYCHUH,
KOTOPHle MOIJIH OKTH PACIOJNOKEHE HA OTPOMHOM BOTOHOCHOH ITOIIAIU.
HocraTogno 6HIIO IPeNHoJIOKUTh, 9T0 0K0a0 9% Xop BogAmHoro MIacTa
3aHATO Ta30M, 9TOOH 3pPeKT yIpyrocTa sgugKrocTs crad B 10 pas menbe.
I'az Takum o6pasoM, HI'paer Ty jKe pPoOlb, 9T0 H BO3AYX B BO3AYIIHOM
KoJIIaKe IOPIIHEBOTO HAcCOCA, — ABIAeTcA amoprusatopom. Jlpyroe
o6’bACHEHAE KAKymeiicad CBepXCRMMaeMoCTH ILIACTOBOH Boasl B Byn-
6aiiHe, OCHOBaHHOe HA COBMECTHOM y4eTe YIPYTOCTH INIACTOBOM KHIKO-
CTH M CaMOro miacra, 6510 npepioskeno eiikobom [3] mw B. H. Iiex-
rgageBeM [1].

Jsxefikobd paccMoTpes CXeMaTHIHYIO, HO (U3WYeCKH BIogHe 0060C-
HOBAHHYI0O KapTHHY cuJ, JeHcTBYOIIUX Ha MPOAYKTHBHYI0 30HY INTacTa
CO CTOPOHH COZEP’KAmIeiic B HeM MUAKOCTA M BEIIIEJEKAMUX TOPHBIX
OOPOJ, M IONYUNJ AN HeYCTAHOBUBINETOCA ILIOCKO-PaIMaibHOTO NpU-
TOKA YHOPYToH KUAKOCTA K CKBa’sKUHe ypaBHEHHe, COBUALANEe 10 BHLY
¢ (VIII. 1. 8) m comeprrainee ToCTOARABIA K03 PUIMEHT, B KOTOPOM yUYTEHbI
OHOBDEMEHHO YIPyIue CBOKCTBA JKUAKOCTH M IIOPHCTOIl Cpeasl, HO B He-
CKOIBKO Apyroi ¢opme, Hesxeanm B (VIII. 1. 8). B. H. Illexraues npen-
JIOKUI B BHJe HUCXOTHOH 3aBUCUMOCTH JHHEHHY OpMy CBA3H TOpH-
croctu ¢ gasierneM (VIII. 1. 4) u ocnosammsIil Ha Hell BLBOJ, ypaBHEeHHI
(VIII. 1. 7y m (VIIL. 1. 8) [4]. B 6oxnee nozguux paGorax B. H. Il[eaxra-~
9eBa, 0000IMeHHEIX B KHUTe [25], comep:xmTesa Hapany ¢ o6mupnoii 6u6-
adorpadueit moxpoGHOe OGCY:KIEHME pPAAA BONPOCOB N MATEePUAJOB,
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CBA3AHHEX ¢ pa3paborkoil mnacta ByaGaita, B ToM 9ucae u coobpaskenuit
I xeiiroba.

BuBop ypasmerms (VIII. 1. 8), mpegnomennnit [Ieiitko6om, mpen-
CTaBjifAeT HeCOMHEeHHHHA WHTepeC BBHAY CBoedl QU3aM4eCKod HATIATHOCTH.
B cBasnm ¢ TeM, 9TO, HACKOIBKO H3BECTHO, B HAMmeN JUTEPATY pPe 3TOT Bbi—
BOX J0 Cero BpeMeHHN He IPUBOAMICH, HE:Ke OH KpaTKoO flaeTcd B CBOeil
OCHOBHOM YacTH ¢ HEKOTODHIMH He MEHAKIIIAMHA CYIMecTBa aeja H3Me-
HEHUAMH.

PaccmorpuM NpORYKTHBHHN IIacT MOIMEOCTBI hg, HACKHIIEHHHIR
JRUKOCTBIO ¢ CTATHYECKHM [aBICHHEM pD.

B cratmuecKoM COCTOSHHUM TOpHoe RaBIeHHe, OHpeeliAeMOoe BeCOM
BHIIIENE)KAMAX TOPHKX NOPOX, YPABHOBEMIMBAETCA peaKmueil TBepaoTo
CKeJeTa NPOTYKTHBHOIO IIacTa W [aBJAeHHEM IUIACTOBON IKUJKOCTH.
Tloproe paBneHHme, Ha OoABMEX IIyOGMHAX 3aJMETAaEMA  MOKHO
CYATATH NOCTOAHHHIM U He 3aBHCANAM OT HArPY3KH Ha MHeBHOH MoBepX-
HOCTH, KOTOPAaA. MOKeT OHITH IepPeMEHHOH BCJIeICTBHe PA3HHX IPHYHH,
HAOpAMeDp IPH BO3BEJeHWN PA3IHIHHX COOPY:;KeHHH, IepeBO3Ke TAMKe-
JHX I'PY30B aBTOMOOMIBHEIM M KeJIe3HONOPOMHHM TPAHCHOPTOM H T. A.

Cunras TopHOEe JaBjIeHAe MOCTOAHHEM, MH IPHXONMM K BHIBOTY, 4TO
M3MeHeHHsS IUIACTOBOTO AABIEHHA dp, BOSHAKAIOMue IOpPA OTKATKe HJIM
3aKaUKe JKMAKOCTH, NOKHH BRIBHBATH COOTBETCTBYIOIHE HM3MeHeHUA
d 0, HAaUpsKEHUA CHKATHA O, B TBePHAOM cKeleTe rpyHTa. CBA3D MexAY
dp m d 0, MOKHO IPeACTABHTHL B BHUJe

do, = — adp, (VIIL 1.12)

rge o -— HeKOTopolid KoaQduumeHT, 3aBUCAIMAA OT TeOMETPHH KOHTAKTa
TBEpPABIX 3epeH C KPOBJeH, MOPUCTOCTH, MeXaHAYeCKHX XapaKTepPHCTHK
KPOBJIH, KOTOpas, KOHEIHO, He ABIAeTCA aGCONIOTHO KecTKo# HeAedop-
MupyeMoll IoBepPXHOCTBIO, W T. [.

Beamumna d 0, B CBOIO oUepefb CBA3aHa ¢ WaMeHeHMeM dh Terymeit
MOIMHOCTH TLIAacTa % COOTHOIEHUEM ‘

dh do
— = (VIII. 1.13)

rae Ecx — Momynb ympyroctd TBepmoro cKeiera. Beawaman o B Ecy
3aBUCAT OT pAAa GAKTOPOB: CTPYKTYPH N MEXaHWICCKHUX XA PAKTEPUCTHK
TBepPOOro CKeleTa, $OpMH M XapakTepa YIOAKOBKH TBepPAKX YaCTHI,
CAAralomux CcKejer, # T. 4. IlocTogHCTBO BeaAWYdHH Eo; B HEKOTOPOM
AnaNa3zoHe M3MCHEHHA HAUPAKEHWS CIKATHA O, COOTBETCTBYeT IHHeM-
HOMY 3aKoHy I'yKa musa TBepmoro cKexera, YTo MH U TpHMeM B JalbHel-
[meM, XOTd UMeeTCA DA YKA3aHWHE KaK 0 HelWHeHHOM, TAaK W HeobpaTu-
MOM Xapakrtepe yupyrmx Aedopmamuii miacrta. Ilociegree obcToaTenn-
cTBO oA po6HO Uccaenosano B padore I'. M. BapenGrarra u A. II. Kpu-
aoBa [5], cogepsrameil BechbMa MoNHLIA aRAaAN3 HaNpssKeHUd n Kedopma-
Ui HACHINEHHON KUIKOCTHIO NOPHCTOM cpefnl HoJ AelcTBHeM BHEIIHMX
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HArpysoK M JaBieHus skugxoctu. YumtmBag (VILI. 1. 12), %h Tenepb

MOKHO IIpeJicTaBuTb B BHJE

dh _ adp  dp ;
= B —E (VIIL. 1. 14)

rue
Ey =+ E. (VIIL 1. 15)

Monyas yupyrocta K1, CESISHBARIIUA M3MEeHEHUEe MOIIHOCTH C M3Me-
HeHUeM [aBJeHUsA, TAKHM 06pas3oM, sIBISETCA BEJUIAHON, XapaKrTepPHOU
OJA KaKIOro KOHKPETHOTO ILIacTa M YCJHOBHA ero paloTsl.

Orupasiasaschk or dopmyast (VIIL. 1. 14), nanvmelimuit yuer yupy-
rocTH IJIACTa W eTo BIANAHHUA Ha pacIpefeseHMe JaBIeHAA OPH QMIBLTPA-
AN yOpyrod KEJKOCTA MOKHO BHIONHHATH CIEAYIOMAM 06pa3om.

Brigenrnm B miacTe MOIHOCTBIO A CTONOHK IOPUCTOH CPeH C IJIO-
JUagbo, paBHO#W equmHHIe. B 3ToM cTonbuxe obvemoM V = h .1 = £k
ogHy 4acts mV = mh 3aHEMaeT ;KHEKOCTB, a APYTylo 9acTh Vy = (1 —
— m)h — TBepAHIT cKeseT macTa. [Ipu MOBHImMERNA NaBICHAA KUTKOCTH
Ha dp TBepOHIL CKeNeT He3HAYATENBHO COKMercd, Tem cam Jxeiikob
npene6peraer. Mo;xuo He TpeHeOperaTb 3TAM 0GCTOATENIBCTBOM M yIeCTh
u3MeHeHMe o6bema TBEPIOTO CKeJdeTa (opmyoit

dVT . dp
— =g (VIII. 1. 16)

rie FE, — o0beMHHI MOAyAb YIOPYrocTH TBepHOoro cKedeTa. Tak Kak
Vi=({1—=—m)h, 10, Jorapudmupyda u guddepeHnupysa, moixydaeMm

dVa, dm dh
Ve = Tom T h

wnn, yauruBaa (VIIL 1.46) u (VIII. 1. 14),

dp dm dap
_Tz T T T, B,
OTKYJAA
dm 1 1
Tip—=(1—m)(7§+T‘2)‘ (VIIL.1.17)

ITpapaa wacre (VIII.1.17) ects mapamerp %—, BBeIeHHBIA
c

B. H. lllenrauesuim:
1, 1 1
— ] == 1. 1.1
(1 m)<E1 +E2) 7 (VIIL 1. 18)

Ilomaran K. mocrosiuueiM, npuxogum ¥ dopmyxne (VIII. 1. 4)

P—Po
Ko

m—mgy—=
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a 3arteM, Kak DokasaHo Opito Bume, K ypasuenuam (VIII, 1. 7)
u (VIII . 1. §).

OrMmeTuM, 9T0 paccy:xmenns [[meiikoGa B cBoeil OCHOBHOH dYacTu
ABIAITCH Pa3sBUTHEM IPeHCTABIEHMN O TAK HA3HIBAEMOM TPY30BOM De-
sREMe paborsl HePTAHKX M ra30BEX MECTOPOKICHUIN, BHCKABHBABIIAXCA
pasee M. H. Crpm:koBrm.

PaccMorpnM Teneph BOMPOC O BIMAHAM HENOABHIKHHX ra30BHX BKJIIO-
9eHUi HAa BeNIWIHHY IPHUBEJEHHOTO Mopyiasa ympyroctu K m Koadgm-
MYAEHTA Ibe30HpOBOTHOCTH . OG03HATMNM ra30HACKIIEHHOCTD, T. €. 9aCTh
o6peMa MOp, 3AHATYW rasoM, yepe3 o. Torma HeTpyxHo IOKasaTh IpH
MOMOINM YPaBHEHUH HePA3PHIBHOCTH M JBUKEHUA, 9T0 [Jd NaBIeHAA
smugroctn Bmecto (VIIIL 1. 1) remeps 6ymer

ﬂ%__ﬂl_ — e vzpz_v_ﬂk_’*‘ v2p, (VIIL.1.19)
¢ Maxe Maxe
rie kx — PasoBas IPOHALNAEMOCTH JKUIKOCTH B IPHCYTCTBHH HeIOH-
BKHOTO Ta3a; M — BASKOCTH xuproctu. B rmase 1X Gymer mokasaso,
9710 ke 3HauMTENbHO (mpuMepHOo Ha 30—35%) Hmxe TpoEmMmaeMocTH k
HOPHUCTO!  CpemHn, 3aHATOH  omHopomHo#l kugKocThio. Dopmyny
(VIII. 1. 19) nenecooGpasHo IpefcTaBUTL B BHTE

dlmy (1—o0)] _‘zll _ Yo =

2
dp ot [T vep,

OTRYTA

a kw | d 1—
_%z(mx/[m%)cnrﬂp=uvﬁ,(WHJQ@

rge oGosHaYeHO

y:lkm / d[mvdg—o)] = x. (VIIL. 1. 21)
H

Hamee, yanteiBas (VIII. 1.6), umeem

dimy(1—o)] d(mv) do _
dp =({—o9 ap Va3 T
do

y Mo Yo

—(1—0)T—my—d7. (VIIL. 1. 22)

IMpoussopnas do/dp B Hpeqmoso:KeHHH, UYTO Ta3 HENOJABMKeH, MO-
sKeT OLITh HalifeHa caemylomum o6pasoM. OGozmagmm Vi o0meMm rasa
B CTONOMKe TopucTOii cpejihl MOIIHOCTBIO /% ¢ HONEPEYHHIM CedeHHeM,
pasabBIM efuHune. Ouesupuo, Vy = m o h.

Tak Kar Lo ycloBHIO ra3 HeNOABWEH, TO ero Bec B o6beme Vi He
n3mendgercd. OTcloga, CIUTAs PERUM W30TEPMUIECKAM, COTIACHO 3aKOHY
Boitng —Mapuorra mMeeM

m o hp = const. (VIIIL. 1. 23)
JlorapudMupya u guddepeHmupys moclefHee PABEHCTBO, TMOIYyIaeM

dm do dh dp
ottt =0



§ 1. Ypaenenus dsusenua ynpyzoii acudxocmu 8 nopucmoil cpede 257

OTKy/a
do _o(Ldm  1db 1 5
—TE_"(F - +hdp+p) (VIIL 1. 24)
min, yaaruBas (VIII. 1.14) u (VIIL. 1. 4),
do 1 1 1 1
__Ezo-(FK_c_*_ - +7). (VIIL. 1. 25)

Taxkum o6pasom, coraacao (VIII.1.22), yaaurmsas (VIII.1.7),

LV A=) = (1— o) 0t myo (e + g+ ) =
— = mo ) e (e )=
%moYo(%—KLm‘FELﬂ”%): To¥o , (VILL 1. 26)
Tae
—I:—’=%_KLH+EL‘1+%=T;(—(: 1;:+Eil+%; (VIILI. 1. 27)

K’ — npuBepennnii MOAynb yNPYrocTH ILIACTOBOH CHCTEMHL ¢ BKJIO-
JeHHAMA HENMOJBUKHOTO Tasa.
Cornacmo (VIIL 1. 21) Teneps miasa % moILyIuM

14 7
= Yolu K. Fu (VIIL 1. 28)
M Moo Moz

Taxk rar 06540 W0 TmopanKy BeauamH K, Ky, £1 B cotan pa3 Goabme
p, to us (VIIL 1. 27) caepgyer,aro mpu BechbMa MalbX O BeiudymHa K~
MOKeT 0KasaThCA 3HAYMTENBHO (B HECKOABKO pas u Ooiaee) MiHbme K.

IMockonpKy MOZYAU YUPYyTOCTH IMOPHCTOI Cpefsl OOBYHO BHIIE MK
TOTO jKe MOPAMKA, 9T0 M MOAYAb YUPYTOCTH ILIACTOBOM KUAKROCTH Ky,
IpuBeAeHENHE Moxyas yupyrocte K B dopmyne (VIII. 1. 7) orkasusaerca
MeHBIIe MORYJIS yHOpyrocTu :kmuxoctn K, mpumepuo B 2—J5 pas.

s yenosmit Bynfaiina, kax ymomunamoch, okazanocsk K == 0,1K,,
T. €. KOKyImAsAcAd CBEPXC/KUMAEMOCTh IIAcTOBOM Bofel B Bynbaiime Go-
Jee WeM B 2 pa3a IPeBOCXOJUT BEPOATHOe 3HAUEHME DTOH BeJIMIMHEL.
IloaroMy Henb3sA cUATATh NCKIIOYEHHEM IPHCYTCTBHE Ia30BHX BHIK-
YeHHWH B JaHHOM CIydae, X0Td, 0 BCell BepOATHOCTH, OHA 3aHNMAIOT 3HA-
4uTenbHO MeHEbImIe D% ofBema Hop, yKaszaHHEX B ¢Boe BpeMf aMepPWEAH-
CKMMH aBTOPaMH.

Boo6me sxe K wian K’ w x ciuegyer paccMaTpuBaTh Kak (uanmieckune
XapaKTePHCTHKHA JAHHOTO IUIACTa WJH padoHA ILIACTA W OIpefelATh
nx u3 HabmomaeMoil CBA3M MemAy 0TGOpPOM WM 3aKadKoll KUIKOCTH
U ILTACTOBHIM J{aBJICHUEM.
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§ 2. BoiBog gopMyn AuA NPHTOKA YHPYroii sKHIKOCTH
K NPAMOJMHEHHOI rajepee M K TOYEYHOMY HMCTOYHHRY
Ha ILIOCKOCTH

IepeiimeM K HAXOKAEHUIO PEIIEHHS OCHOBHOTO ypaBHeHHA GuabTpa-
nun yupyroit mugkocta (VIII. 1. 8). B caygae orpammyennoi oGmacta
pemenue 0GrYHO HaXORAT MeTogoM Dypbe, T. e. pemeHue HINETCA B BUAE
npounsBefeHNA HezasucEMHX yHrumi p = X ()Y (y) Z (2) T (t) ¢ no-
clenyiomed cynepruo3undeil YacTHHX pelleHdN [JIH YIOBIAETBOPEeHHA
HAYAJbHHIM M TPAHUYHKM YCIOBUAM. Pajy pemenuit qis orpaHMYeHHOTO
maacra npusepex B [JIr. 1. 11; 6, 7]. Jlna GeCKOHEIHOro IIACTa MOKHO
MOCTYNUTL HHAYe.

IMpusogumerit Hike BEBox dopmya (VIII. 2. 31) u (VIIL. 2. 60) gan
TNPUTOKA YOPYro# >KUJKOCTA K NPAMOJHMHeHHOH# rajepee U K TOYeIHOMY
UCTOYHAKY Ha IUIOCKOCTA HECKOJBKO OTIMIAeTCH OT OOLYHOTO, [JaBae-
MOT'0 B KypCaxX MaTeMaTHYeCKOro aHAJHM3a H B PYKOBOJCTBAX IO TeOPHH
TeMJAOHPOBOIHOCTH.

WNuterpuposanue nuddepeHNNAIbHEX ypaBHeHUH B 9aCTHIX IIPOM3-
BOAHHEIX, K KoTopeM mpmHamie:xut ypasHenue (VIII. 1. 8) ympyroro
pesxama pUIbTPALIMA, ABAAETCH, KaK NpPaBUio, Gollee CIOKHON 3amadeit
110 CPAaBHEHHMI0 ¢ MHTeTPUPOBAHUHEM OOHIKHOBEHHHX NuQdepeHuaibHEX
ypaBHeHHH. B ypaBHeHHAX ¢ 9acTHHMH IPOK3BOAHHIMY MCKOMAsA QyHKIUA
3aBHCHT OT HECKOJNBKUX APryMeHTOB, B TO BpeMA KaK B OOKKHOBEHHHIX
nufpdepeHnHATPHEX YPABHEHAAX OHA 3aBHCHT TOJBKO OT OJHOTO apry-
MeHTa. Hak IpaBuiao, upome HaiiTu QyHKIMIO, 3aBHCAILYI0 OT OFHOTO
IepeMeHHOT0, YeM 0T HeCKOABKHX.

B c¢Bsisu ¢ 3THM BO3HMKAeT €CTECTBEHHAsA MBICIAb HONBITATHCH BBECTH
HEeKOTOpoe HOBOe He3aBHcHMoe nepemenHoe & = & (x, y, z, f) TakuM
ofpasom, 9ToOH ypaBHeHTEe B JACTHHX IPOMU3BOTHHIX

ap 02p a2p ap
ar —%(azz -+ ay? +—az—2‘) (VIII 2. 1)

ofpaTuiiock B 00HKHOBeHHOe AnddepeHnmanibHoe ypaBHeHue, TAe UCKO-
Masg QYHKIHMA — JaBIeHHMe p — 3aBHcesia OB TOJBKO OT 9TOT'0 OJHOTO
HOBOro aprymenra §.

HenocpegctBerHo# IpoBepKoli Mo/KHO yOeJUTbCHA, 4TO, HANpUMeD,
I8 ofHOMepHOTo NBUxenua p = p (z, t) mpu & =zt 2 dopmyma
(VIII. 2. 1) o6paturca B o6HKHoBeHHOE AuPPepeHnUANBLHOE YPABHEHNE.

BriBoj 5T0#f HogcTaHOBKE B PYKOBOIACTBAX WIIH He AAeTCA (YUTATENIO
IpeJJIaraeTcsi HelOCPeACTBEHHO YOeAUThCA B ee NPABIIBHOCTH) HJIHA
JaeTcs BechbMa CJIOKHBIM NyTem. OTHOCUTEJNLHO Tpoiie BHIBOABI, OCHO-
BaHHHE Ha cooOpakeHmaXx Tteopuit pasmeproctu [JIt. VIIL. 10, 351

N3 coobpaskeHmil MeTOUIECKOTO XapaKTepa, a TaAK)Ke 10 CYLIeCTBY,
1e1ecoo0Pa3sHO M3JMOKUTh HOCJHENOBATETHHO 3aMEHY HepPeMEHHHX X, ¥,
z, t B dopmyae (VIII. 2. 1) onuoii nepemenuoii §, mocme wero craHer
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ACHO, Kak ciaegyer BHOpaTh &, 9106E1 QPopmyrna (VIII. 2. 1) mepemta
B 00nKHOBeHHOe nudpdepeHnuaIbHOe YPABHEHHUE.

Jlaa sToro 3amennM uepemennsie B ypasHenuu (VIII. 2. 1), ne nenan
ToKa HAKAKUX NpegNOJO/ReHHH 0 Xapakrepe 3asucumoctd £ = E (u,
Yy, % t).

Hagnem ¢ ommomepuore wupsamomu-
HeHHOTO JBM;KeHUA — UpPUTOKA K ra- pl
aepee (puc. VIII. 2), rorma gsurenn. “
3aBUCHAT TOJIBKO 0T OfHOIl Koopan- Pixt)
HaTHl ¥ W BpemeHn ¢, p = p (z, I).
Ypasuenue (VIII. 2. 1) mnpunumaer
BHJL(: Pc

ap . a2p —
F=wgh . (VIL2.2) |

>
HOBO? nepemenHoe § TaxKe OymeT pye Il 2. Pacnpegemenue pa-
dyaruumeit z m £: § = E (). BJeHHA B IIacTe IIpU  HeCTalHO-
ITo aopaemay anddepeHmupoBaHWa HAPHOM IPHTOKC K IIPAMOJHHeHOI

CAOKHHX QYHKOUA uMeeM razepee.
op _ dp 6% p __ dp 0% 5 .
% =@ a o T4k e (VIII. 2. 3)
azp

Bripasum Temepp BTOPYIO MPOUBBOAHYIO gepe3 HOBYIO Tiepe-

dz?

0p _ 2 (ap)_ 0 (dp 0%
9z~ dr \ oz dzx \dE oz /"

Ilo mpasunam gnddepeHIUpPOBAHNA OPOUBBENEHUA NOJyUYAEM

ap _ _f’_(zg)£+ dp %
9z = 0x \ dE ) oz dE 0zd °

MEeHHYIO

ox
auddepeHEPOBAHAA CHOKHON QYHKIUM:

8 (dp)__ d (dp)ag _ dp %
Gz \dt,) dE \dE) oz ~ de* oz °

9 (dp)
MruoxuTedp B mepBOM UleHE —— d_g—) npeofpasyeM 10 HPaBUIY

?p
Taxnm obpasom, misa 5z OKOHUATENBHO MMeeM
o:p  a2p (9t \*, dp o2 )
Bat — @ (‘—-—‘E)x & (VIIL. 2.4)

u ypasuernne (VIIL.2.2) ympyroro pemuma coriacHo ypaBHEHHAM
(VIIL. 2.3) n (VIIL. 2. 4) opuaumaer BUX:

dp 9t [a2p (9EN* | dp o




260 I'a. VIII, Hecmayuonapuas duavmpayus 00nopodnot scudkocmu u 2asa

ITocMoTpuM Telephb, HEIb3dA JU TaK HOZ0OPATh 3aBHCHMOCTh § =
= § (z, t), na BH6Op KOTOpPO# NOKA He HAJOKEeHO HUKAKAX OTpDAHMJe-
umit, 9ro6s ypasEeHme (VIII. 2. 5) o6paTtmiock B o0HKHOBeHHOE TU(-
depeHIMaNbHOE YPAaBHEHHE, 3aBHCANIe OT OJHOrO apryMeHTa &.

Has storo 6ymem uckare & (z, f) B Buie NpoM3BeleHUA ABYX QYHK-
mait X () m T (2):

E(z,t) =X (2) T (2), (VIIL. 2. 6)

KaKgasg U3 KOTOPHX 3aBHCHT TOJBKO OT OJHOTLO0 AapPryMeHTa — COOT-
BeTCTBeHHO x M [.

Torpa
92

P _ xr, % xr (VIIL. 2.7)

)3 B
7w =XT, dz at

ox

IlopcraBum sTi sHawenus B ypasHenme (VIIL. 2,5):

P X —n (-df’i X7z 4 % X"T)

dE dg? dg
nam
%%:x(i’; X'%j-%’%). (VIIL 2. 8)
Ho m3 ypasmenun (VI1II.2.6)
X= (VIIL 2. 9)

Ypapgenme (VIII. 2.8), Takum o6pazoM, MOJKHO eme OpeflcTABUTDL
TaK:
dp . T" (& 2y dp X7
Bl (fh x4 X (VIIL 2. 10)
Teneps scHO, Kaxk caenyer BuGparh pynkmnm X (z) u T (¢) (moka
npomnsBosbHbe), 9T06n ypasmenme (VIII. 2. 10) o6patmiocs B 0OBIKHO-
peAHoe NudepeHNUAIbHOE ypaBHeHHMe OT OJHOIO apryMeHTa &: ode-
BYJHO, K03Q(QUIUEHTH HPH IIPOM3BOXHHEX [OJKHH OHTH HOCTOSAHHBIMH
WM ABHO 3aBHCETHh TOABKO OT OIHOIO aprymMeHTa §, HO He OT CTapHIX
HepeMeHHHX £ M . ITO LOCTATAETCA IPH
TI
X =a, _TT:b’ (VIIIL. 2.11)
rae a 1 b — nocToAHHBIE.
"3 neproro ypassenms (VIII. 2.11) caexgyer

X=a+C,, X"'=0, (VIIL. 2.12)
rae Cy — NOCTOAAHAA WHTErPHPOBAHNA.
Wnrerpupys Bropoe ypasrenue (VIIL 2.11), moaydaem
1 dT

_—-——:b’

13 dt
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OTKyZla

ar 1
bdt =20, bt=— o1+ Co,

rae Cy — HOCTOAHHAA HHETEI DAPOBAHHA.
OTtciofa WoayTaeM

o[~
.

T=2(Cy—bt) (VILL 2. 13
Yrobwm I' npurmMano nio0ne BeiecTBeHHHE 3HaYeHms npum >0,

caefyer mogokaTh Cp = () m morpeboBaTh, 9T0GH b GHIIO OTpPANATEILHO.

Ilna upocToTH (e3 HApPYyIIeHHSA OOIIHEOCTA MOMKHO IONOKHATH b = ——%.

Torga momaras Takiwe B ypasHemmm (VIII. 2.12) muoa mpocrot a = 1,
C, =0, moxydaem

1

T2

1
X=z, T=t , E=uat 2

(VIIL 2. 14)

K raxoMy ke pe3yabTaTy MOKHO OBUIO OH HOpmiTH, uoJaras

‘g:.zc"‘tﬁ 7 oTeHckmBag «, P, mpu woropmx (VIIIL, 2.5) o6pamaercs
B ofbikHOBedHoe updepeHRUmaNbHOe ypaBHenwe. MH monymiad GH,
KaKk HMeTPYAHO BHMIEThb, YCJIOBHWEe BHIA

x2—ut—(i+ B) _ f(g) — f(.’l.‘atﬁ).
Yrobu aTO YCiIoBHE YAOBJETBOPAIOCH, CleAyeT HOJOXKHUTH
2—a=ka, —(1-+p)=kB, (VIIL 2.15)
OTKYHa

AN LA L (VIIL. 2. 16)
rae k — HeKOoTOpaA MOCTOAHHAA.

Uz (VIIL. 2.15) nonydaem

—_2 -1
=155 P=—%
T, €
a= — 2f.
Bes HapymeRus OGIHOCTA MOMKHO Telleph HOJOKHTH o = 1, oTKyAa
1
p=—=.

Vpapuenne (VIII.2.10) npx Tarkom BHGope HepeMeHHWX INIipH Yyc-

1
JOBHH, 9TO 7 = b= — 5 obpamaercs B ciaegypomee OOHKHOBEHHOE
nuddepeHnHaIbHOE ypaBHEHHE:

1 .dp  d?p
_?g_dz_ud—gz_’ (VIIL. 2.17)
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KOTOpOe JIeTKO MHTerpupyercsa. Jlng sToro o6o3HATUM
j—’g’ = U (&) (VIIL 2. 18)

Torpa ypasresue (VIII. 2.17) upumer Bum:

1 au
_—2'§U:%7§"7

OTKYMa, pasfiefififi NepeMeHHbHe M MHTETPHPYA, UOJydaeM
1 aUu
pa el ety
g2 - _ U
— = InU lncl-—lnTl, (VIIL. 2. 19)
rxe Inc, — nocTosHEAA MHTErpHpPOBAHMA.
Ilorernmupys u yduTeiBasg ypassHemwe (VIII. 2. 18), Oymem mmers

1

d — k2
U:d—’g=¢le A (VIIL, 2. 20)

Hurerpupys eme pas, monyzaem

£2]
p=cife Wdt+ec,=pE) =plz ). (VIIL2 21)

ocronunse ¢, » ¢, KOmKHH OHTH OHOPefeseHH W3 HAYAIBHHX H
rPAaHAYHHIX YCIOBHi, KOTOPHIM [JOJKHH COOTBETCTBOBAThH [Ba 3HAave-
HuA §.

[Iycrs B Hameil 3alade 3a7jaH CKAYOK JiaBieHAs B cedennu xr = ( (rase-
ped) ¢ HAYaJBLHOTO INIaCTOBOTO py A0 JlaBJeHHA B Tajepee pc, KOTOpoe
OOMIe PKUBAETCH TOCTOAHHBIM, TakuM o6pa3oM, HAaYaldbHHE M rpaHUY-
HEE YCJIOBUA CleqyIOmme:

t=0, p(z, 0) = px = const, (VIIL, 2. 22)
z=0, p(0, t) = pc = const. (VIII. 2. 23)
Cornacuo ypasmenmo (VIII. 2.14) E=oco upu t =0, £ =0 nopu
z=0. Torga u3 pemenus ypasuenus (VI1II.2.21) nonyaum pBa ypas-
HeHNA [IA ¢; M C;. CHavana HanumeM ycIOBHe IS Pyl
_E
pe=rc,(fe dg),__ +on (VIIL 2. 24)
Boruuran ypasmemme (VIII. 2.21) ma (VIIL.2.24) u yunrteiBas
(VILI. 2, 14), nonyuaem

00 E’Z fo's) g2

pr—p=c, [e "dt=¢ [e i dE. (VIIL2.25)
3 x

VT
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Ilepex maxokzeHMeM ¢; IJId yAoGCTBAa 3aMEHUM MepeMeHHoe HMHTET PH-
poBanHA § ApPyTHM:
£

U= —=
2V x

x
T (VIIL. 2. 26)

Torga dt = 2V% du u ypaBEenne (VIIIL. 2. 25) nmpumer BEA:

px—p=2Vne [ e“du=c, [ e du, (VII.2.27)
X x
2yt 2y %t
rie ¢, = 2Vx% ;.

Tlocnepumit wWHTerpanm oOHYEO TNPeACTABAAIOT B BHAE PasHOCTH

HHATET PaJIoB:
x

2 Y=
f
0

|

*® 2 *® 2

— p— —_—u2 4
J e¥du= e du— e “du.
x 0

2 Yt

W3 unTerpamsHoro mcumcienua ussectho [JIT. I1I. 7], gro

feau=YT (VIIL. 2. 28)
0

Nuarerpan B ypasrennm (VIII. 2. 28) RasmBaercs unterpamom Ilyac-
cona. Torga ypasmenme (VIII.2.27) MokHO mpefcTaBATE B BHIE

x
2]/ut

pn—p=c;( Va _ f e—“zdu)=
0

_o¥Vn 2 —u? g )=( _ e ——“’_) .
e, V2 (1 V:Tof e du )= (1 —erf ), (VIIL2.29)

2];u
= f

2V xt 5

o~

—u2 ar
rae erf e “"du. TabymupoBaHHBI HHTErPaJ

&
erf§ = 72;— fe ™ du (VIIL. 2. 30)
0

Ha3bBAeTCA HMHTETPaioM WJIHM (QYHKOMell BepOATHOCTH.
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MocTosmnan ¢, maxoauTcAs W3 TpaHmgHoro ycmosms (VIIL. 2.23),
KoTopoe ¢ yderom ypasuenma (VIII. 2.29), npunmmaer Bmp:

Pr—pe = ¢ (1—erf0) =¢;(1—0) = c.
Taxum 06pasoM, OKOHYATEAHHO IOJYYAEM

Pr—p=(px— pc)(i—erf Vu)

9 2y %t e
= (px— po) (1 —-2 e du) . (VIIL2.31)
0

Vn

Haiinem Temeps neGur rajepeu. DyngeM cuurtaTh DOMOMKHTEILHHM
mebur, orbwpaemuii ms ramepen (puc. VIII. 2), xorga morox aBmiKerca
OpPOTAB OCH Z.

Torga, mudpdepenuupyss umterpan (VIII. 2. 31) mo «, coraacHo
3axkory Hapcu momydaem

—g = K (9P} — _ 2 x2i4mt 1 ko
wl=a= (3 _ = @e—p (e ) S

__i_ Prx—Pe ~~ k p}(—pc I
= el ~os6s - Bl (VIIL2.39)

Ecnm 3amaeTcs mOCTOAHHHIA 0TGOP Ha rajepee, TO 3aada pPeIIAETCH
amamorngHo. HaganpAEle m rpaHd9HBIE YCIOBHA MMEIOT BHUJ:

opw z == 07

w(0, t) = w; (VIII. 2. 33)

npn t =0,
p0, z) = py; w(0, z) = (VIII. 2. 34)
YmHOMaa ypasHemme TemroupososjHocTH (VIII.2.2) mas p Ha
(— —:j—) u pgupdepernupys No z, a TaKKe YIATHBAA, YT0 W=

= k (3[) qJaeM
= w oo+ ToTy
Lk 0 ko
m ars W dxat
AJA
w22 (_k Oop\__ 9 ( Kk op)
0z2 u oz at Y 63:)’
T. ©
2w ow

= (VIIL 2. 35)
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MH moJiy9dnd TO 3Ke ypaBHEHHE TEL0NPOBONHOCTA € TOH pasHH-
Heil, 4To 3filech BMECTO MABJEHHA p HMeeM CKOPOCTh (uabTpamum w,
npudeM

w(z, 0)=w,=0, w(0, t)=wy =const. (VIII.2.36)

IMoperasnaa (VILI. 2.36) B ypasmenme (VIII.2.31) n 3aMenHsan me-
PeMeHHEe, UMeeM COOTBeTCTBEHHO

Vo 2Vt

Yrobn HAATH 3aKOH W3MEHEHUA NABIEHAA, 0003HAYAM

w=wg, t) = 22 [ e du, E=-—v. (VIIL2.37)
3

V2n_ [ e du=0(z, 1) (VIIL 2. 38)
2 ) i
Torga
k dp
—T¥=w(x1 t)=w1(D(x, t)v
p@ t)—p(0, t) = — L2 [@(z, H)dz. (VIIL2.39)
0

Unterpupysa no sactaM ® yamrteieag, uro B (VIIL. 2. 39) ¢ ¢ukcn-
POBaHO, WOJyIaeM

p(z, t)— p(0, t):-ﬁl'f—l[cb(z, t)zl] —ofxdcb], (VIII, 2. 40)

2 —x2jant  dx —1 —x?/4%t
d(DZ—"——_ —_— = — d
Va N 2V ut Vant © ‘
UM, BHIOJHASA HHTET PHPOBAHUE,
x
t) — H = b x __1: X2/t _
p(@ ) —p(0, 1) P p@ R+ e J e
B L PR 1 1_e—§2_] _ s I 1
2 [1 erfE =y, = i (VIIT2.41)

PaccMoTpuM Teleph paguaibHBl IPHTOK K TOYeYHOMY CTOKY Ha
[IOCKOCTH, KOTAAa 3aJaH HOCTOSHEKHA me6ur Q cToka. YpaBHeHme yIpYy-
I'OTO Pe)KUMa A PAgUATBLHOTO IPHTOKA YUPYTof KUAKOCTH MMEeT BHJ:

0_1’:%(‘”1’ + 4 "P). (VIIL. 2. 42)

ot orr U Tor
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Iloctynmas, kag B mpegmaymieil 3ajfaue, BRefeM HOBOe MepeMeHHoe:
E=R(T ), (VIIIL. 2. 43)

rae R(r) u T (¢) — ¢yHKOHNN TONBKO OMHOTO apryMeHTa.
MosxHo cpasy BocHoms3oBaThes popmynamu (VIIL, 2. 3) u (VIII. 2. 4),
B KoTopeix X (z) ciemyer 3amenmth Ha R (r). Honygmm

dp _ dp 9% dp _ dp 8t

ot — dg ot ° 9r — 4t or
ad2p _ d2p ag 2 dp azg (VIII. 2. 44)
ar2 T dg? <_-) +_E ar2

IogcraBnsa otu BHpaskeHus B ypasaenume (VIII.2.42), Gyapem
HMeTh
ap Ot [ dp (& dp 0%t |, 1 dp Ot
Tga—t—“[dgz( )+ & o '*'T?g‘?r‘]

P Ry — [‘”’ TR 1. d" T(R"+%R')]. (VIIL. 2. 45)

i
E3 dg?

Vunrnipan ypasmenme (VIII, 2.43), mocienmee ypasHenme mpejcTa-
BUM TakK:

dp EI" _ [ @ pu, dp 1 (p, 1 g
- [dgz R4 G (R -q-TR)]. (VIIL 2. 46)

Yro6u ypasuenme (VIII. 2.46) oGparuiocs B o6uiknoBeEHOe pudde-
PeHOHAJILHOE ypPaBHEHHE, JOCTATOYHO IIOJHOMKHTH

R?=1, R=r, - = const. (VIIL. 2. 47)

YumteiBaa BTopoe ypasmenme (VIII. 2. 11), mocane paccysxaennii,
aHaJOTHYHHX IPHBeAeHHHM B NpefHymmeil 3amade, HoJydaeM

Vi 1 1 r
7= T = Yk £E= e (VIII. 2. 48)
3aMedas, 9TO OPA ITOM
RaLp_L_1,
r r R

ooxydaeM BMecTo ypasHeHms (VIII. 2. 46)
1 .dp [ d® dp dzp
T§d_§ (d§2 TR RT d§) (d§2 ++ g d§> (VIIL 2. 49)
Has unrerpuposanus ypasHenma (VIII, 2.49) momaraem

dp
& =U (VIIL. 2. 50)
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Torna
1 al U
~——2—§U=x(—(§§—+?),
dU 1 1
= —(—2u—§+—é->0. (VIIL 2. 51)
Paspensa nepeMenuble M MHTETPAPYs, IOJydaeMm
av_ __ §dE | df -8
T.__( e+ ) U = — 2~ — Int+Inc,, (VIIL 2. 52)
rae Inc¢; — xonctanra unrerpanmm. Ilorermupys, mMeem
vy = —t? oo e
In S I U=2¢ -g-e . (VIII. 2. 53)

Coraacno ypasuernuio (VIII. 2. 50) Temeps Haxomum
. -
p=prt)=c| e ¥ dE+c, (VIII. 2. 54)

Ilocroannyo ¢, HalileM M3 HagagbHOro Yycuosusa £ =0, p = px,
COOTBEeTCTBYIOIIETO 3HAYEHHIO0 § = co:

g
Px = ¢ (I%e— Ax dg)g_oo -+ ¢g. (VIIIL. 2. 595)
W3 ypasmennit (VIIL. 2.55) u (VIIL. 2. 54)
¢y _& A 3
p,{—p=01j—§— i dE = ¢, f—é—e ix dg. (VIIL 2.56)
14

V—t—

[as naxoxpenua ¢; ompepemrmm pacxof Q,. Cunras ne6nr CcKBa-
JKHHB-CTOKA TIOJIOKETEABHBIM, WOJydaeM

2n kh ap
—_ ————— II' ']
Qo= (r o )T=0 (VIIL 2. 57)

uin corigacHo ypasaenuio (VIII. 2. 56)

r2

2n kh Ve 1 ) 27 kn
= - €1,
r=0

= cy{r e_ hnt —
QO n 1( r Vt . n
OTKyJa

=2k, (VIIL 2. 58)
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ITopcraBnsas spauenwme ¢, B ypasHenme (VIII. 2.56), momygaem

(o]

)
pﬂ_p:__ﬁo;l J e dL. (VIIL. 2. 59)
T
vt
Iocaepnuit wHTErpas NPMBOAATCA K TalyJanmpoBaHHOMY MHTerpaly
—Ei(—=z) [8] mojcraroBKOi %:—: u. Torma
E=2)%u, dg = V% .
Vu

Hopcrasnas B ypasrenme (VIIL. 2.59), momywaem

Pr—PpP = L f L Vx du = Qo f eu_“ du =
r2

20 kh 2V %a Vau 4n kR
2
4nt An t
e Qo S re
= — Db El( W). (VIIL 2. 60)

Pacxop 4epes OKPYRHOCTH PAfHYCOM I' TONYYMM JJIs CHBAKAHEI-
CTOKA H3 (OPMYIIH
k dp
uoor

Q(r, t) = 2nrh. (VIIIL. 2.61)

Bemonuas pmaddepenmuposanue, us (VIIL. 2.60) u (VIII. 2.61)
OyZeM mMeTh

Q(r, t) = Qoe_‘k:‘_t. (VIIL. 2. 62)

Unterpan B ¢opmyne (VIII. 2. 60) sBasercs ¢yHKuueldl HUKHeTO
npefexa. Itor uaTerpai taGyinuposan [8] m HassBaeTca MHTErpaJbHBIM
SKCIIOHEHIIWAJIOM WJIW WHTErPaJbHOM MoKazaTenbHo# pyHKnmeii. OcHOB-
Hble CBOHCTBA HHTETPAABHOTO SKCHIOHEHIMAJNA H3JIO0KEHH B DPYKOBOA-

CTBAax 10 cllemumadbHbIM QyrEnuaMm [9].
2

Has Manwx sHadeHHmil aprymenTa th npuOAMKERHO
. 2 snt 225u%t
—Ei <_ 4;t>~1n%——0,5772...=1n 22HL | (XIIL 2. 63)

Cropocts ¢uasTpanuu na paccrosuum r coraacuo (VIII. 2.62)
onpefienAercsa GopMyJoR
r2

W= z—f“’r‘ﬁe_l‘“' (VIII. 2. 64)
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W3 nocnenneit GopMyIH cieayeT, 9TO TAK KaK % 00BMTHO 09eHD BEJIHKO,
)
2arh
MUX PACCTOSHUAX OT CKBJKHHBI 09€HH OBICTPO.

Kak 6mno mokasano B § 2 raaBel V, pacueT jenpeccum IpH cTa-
MUOHAPHOM IPHTOKE X HECOBEDIIEHHOW CKBAJKMHE MOKeT OHTH LLpo-
W3BefieH, KaK [JIsS COBepIIeHHOH pajdyca, paBHOTO IPUBECHHOMY
paguycy r,. VI3 ckasamHOro BHIIe cJefyeT, dTO TaKad 3aMeHa CIpa-
BeJJiNBa ¥ IPM HeCTAIIMOHADHOM IPHTOKe, €CJAU [JA HeCOoBepPIMEeHHKX
CKBa;KUH JeHCTBUTeNbHbE PAUyChl IPH BHTHUCICHHM ACTMPECCHH 3aMe-

p

HUTh TPUBEJIEHHHIMHA TIg.

IIpuTtox ympyrod ;KHAKOCTH K HECOBePIIEHHHM CKBR;KUHAM PacCMo-
rper B paGorax A. JI. Xeitma [10].

Ilpu mpakThmYeckux pacdeTax YOPYIOro PeKEMa MHPOKO IIPHMe-
HAKTCA HPHOIKEHHBE METOAbl — PACCMOTPEHHHIA HUMKe MEeTo[ IOoCke-
MOBATENBHON CMEHH cTallMoHAPHHX coctonaui (§ 4, 5) m Gomee TOTHEe,
npepnoxennsie I'. . Bapeabaarrom, A. M. lluprepaanom u gpyrumu,
OnusKue II0 HWee K MeTojaM, ODHMEHSEMHIM B TeOpMH IOTPAHHIHOTO
croa [JIr. VII. 37). Unrepdepennua Gatapeil CKBa)KUH NPH YIOPYroMm
peume GUIABTpAaNUM HccaemoBana B paborax [11, 12, 13 n ap.].

M. I'. Cyxapes [12] mokasam, 9T0 JOCTATOYHO XOpomieidl TOIHOCTH
MOKHO JOCTHTHYTH HPW HOMOIIH METO[a SKBHBAIEHTHHIX (QUIBTPAIHOH-
HHIX COHPOTHUBJICHHU#, n3m0KeHHoro B § 5 rasw IV. Ilpu sTom BHemHHE
$HIBTPANMOHHBIE CONPOTHBIGHUA CUYMTATCA B3aJaHHEMM QYHKIIHAMU
BPeMeHH, BHJ KOTOPHX MO3KeT OBITH YCTAHOBJEH KAK M3 TOYHHX PelleHHid,
TaK M U3 IPHOIMKeHHHNX. BHyTpeHHUEe (UIABTPANYIOHHBIE CONIPOTHBIIE-
HAA CYUTAIOTCA IOCTOAHHEIMM, KaK A Hec)KaMaemoil kupgroctu. Tou-
HHH pacdeT MHTePQepeHINH Jerko BHIOIHAETCA IJA IPYNIH CKBAKHH
B HEOTPAaHNMYeHHOM IlTacTe IpH 3ajaHHEX pebumrax. Ilpm samasnBIX 3a-
GOfHEIX JABIEHHUAX B TOYHOW IOCTAHOBKE AJA HeOMTOB MOJydYaeTcs CH-
CTeMa MHTEeTPAJLHHX yPaBHEHUI, He NMEMAsA HoKa 3¢deKTHBHOrO permne-
Hng. IlpnbamxeEHpMu MeTOmaMH 5Ta 3aj1ada pemaeTcs CpaBHUTEIBHO
JIeTKO.

TO CTalfMOHaApHAaA CHKOPOCTH Weran = JIOCTHraeTcda Ha He00Jb-

§ 3. llpnTok K TOUYEYHOMY CTOKY M KOIBNEBOil rajiepee
Opa HepeMeHHOM Jefnre

Qopmyaa (VIIIL 2. 60) cupasegamea paa sasucEMoctd @ (f) == Qo = const,
npeactaBiaesnoil ma pme. VIIIL. 3, 1. e. pnsa mocrosmsoro febmra croxa. Haunem
C clydasl, KOT/la PacXOf ImpelICcTaBleH B BHjle IPAMOYroabHOro rpaguka (puc. VIIL. 4),
TAe T DPOU3BOABHO, T.e. Q=0, 0 < t<{T; Q (f)=Q=const, T<t<T+ AT;
Q =0, t>Tt+ Av. 3amenns f Ba ¢ — T (IepeHOC HaJajla KOODAHHAT B TOYKY
t = 1), u3 ¢gopmyan (VIII. 2. 60) nonywaem

[e5) [e)
) — — U N
7 r2

n (1—7) i (1—T—AT)
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rae cnpasenyiuBocTb gopmyan (VIIL. 3.1) cieayer 3 NpEHEOMIA CyNepIO3HOAM,
(pp — MOCTOSIHHOE BCIOAY HAYaJbHOE NABJEHHE).
Hepexons x mpepexy npz At — 0 @ moxaras
lim Q At=V
AT + 0

rage V — o0beM MrHOBeHHO OTOODAHHON M3 IIAcTa KHAKOCTH. I[MOJydaeM:

o0
__—Qp o e -
—P0 D= g dudv=
r2
4% (t—T)
V e THix(t—vy
= 4‘; - — ) (VIII. 3. 2)
Q
é
Puc. VIII. 3. Puc. VIII. 4.
> z 7+4T ¢

®opmyna (VIIIL. 3. 2) paer TemmeparypEHit 3dgekr, BH3HBaeMHI HelicTeHeM
MTHOBEHHOTO TEMJIOBOTO VICTOYHMKA.

Henpepupuniii 0T60p >KMAKOCTH M3 ITacTa ¢ IepeMEeHHHM BO BPeMeHH JNeGHTOM
Q () MOokHO paccMaTpPUBAaTh KaK GECKOHEYHYIO NOCIEOBATENBHOCTH 3JIeMEeHTaPHEIX
0160poB, AefiCTBHe KaX0T0 H3 KOTOPHX MOKHO OIPeIeNuTh IO dopmyae (VIII. 3. 2).
CymMmapHOe JeficTBHe BCeil IOCJel0BATeNBHOCTH 3JeMEHTaPHHX OTOOPOB BHpPa3WTCH
HHTErpajoM, HaskBaeMhiM uHTerpajdom Hicameas [JIt. VII. 31):

t

r2
. 1) Q(T) T —1 ;
p(r, t)= A — drt. (VIIL. 3. 3)
0
Tlonaraa B (VIII.3.3) Q(t)=Q=const u npousBogd 3aMeHy IepeMeHHHIX
r2
= ="

nmosydaeM, Kak JeTkKOo BHAeTh, cHoBa gopmyrny (VIIL. 2. 60).
PaccmoTpuM Temeph clydali KOJIBIEBOIO CTOKa pagmycoM a (puc. VIIIL. 5).
JJIEMEHT KOJLUEBOr0 CTOKA ad 8 MOKHO pacCMaTpPHBATh KAK TOYE€YHHI CTOK.
Beaegcersue JUHEHHOCTH ypaBHEHHS TEIUIONPOBOJHOCTA MOMKHO CYMMHPOBAThH HAa-
BJIGHHf, BH3HBaeMhle 3JEMEHTAPDHKHMH TOYeIHHIMM CTOKAMM W WCTOYHMKAMH.
Iyere Q = Q (t) — nepeMeHHHNA BO BpeMeHM NeCHT BCell KOJBIEBO Tajepen.
Torga pebut snementa add B Touke A Gymer

qg(t)=—7F"—- deo . (VIIL. 3. 4)
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Cornacuo (VIII. 3. 3) pacupefienenre AaBJeHAA OT TOYETYHOIO CTOKA B Havdaje
KOOpAHHAT 0yaeT

i re

I ?.(_tl e n(—T gy (VIIL. 3. 5)

—p(r, t)=

4 kh
0

THe r — paccTOAHMe 10 CTOKA.
Ilogcrasms (VIII. 3.4) 8 (VIII. 3. 5), moayumm sddeKT peilcTBEA dileMeHTap-
HOTO CTOKa adf, OpW aToM moJjaraeM r=r’, rae r’'=AM (puc. VIII.5) paccroa-
HAe TOYKA M, rie ompefejAeTcsA AaBIEHWE, OT CTOKA:
dlpo—p(r, t)]=
t

__ b Q(v)dd _pr2pant—1)
=k ) Imi—v) © ar
0

r'2=AM2=a%2+O0OM?—2a0M cos (§— @)=
= a2 +-r2—2ar cos (6 — ).

dpdext neiictBHA Beeill KoAbUeBOH raie-
pen Gyger
an i

Q(v)
—Pn = !mkh ff ME—1)

__r3+a2—2arcos(8—g)
% e 4% (I—1) dvds. (VIII. 3.6) Pme. VIII. 5.

B (VIII. 3. 6) gsoifHO#l MATEFpan MOKHO NPEACTABHTH TaK:

t 72 4 a2 2% 947 cos 0—@)

B O(r)—m 1 f A= ]
—p(r=tm | F2e | e 0 |dv. (VI11.3.7)
0

Iloas3ysacey dopMynod, KOTOpPyl0 MH ye BcTpedaanm (§ 10, ra. VII),

2z
| e dh=2n Iy (),
0

rae I, — yuxgua Beccena HyJeBOro mMOpA/fKa HepPBOTO POJila MHHMOTO apryMeHra,
HoaydaeM
an 2arcos O—q) [

(=0 gg_ 2ar — [__ﬂ_] .3.
oje db=2x1, 4u(t_1)] 2nlo| |- (VI11-3-8)

Ioacrapus (VIII. 3.8) B (VIII. 3.7), noxyuam

f o

- TwmE—v |9 . 3.

—p(r, t)= hf —< © I(,[ R =) ]dr. (VI11.3.9)
0
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9710 ecTh ypaBHeHHe MackeTa /1A KOJBIEBOTO CTOKA pagmycom a pebura Q (T)
Ilpn a —» 0
ar
Io [m]=[o (0)=1.

Torpa monydaem $opMysy nad TodegHoro croka (VIII. 3. 3).
Murerpan (VIII. 3.9) nMeer BUJ, KOTOPHA B ONepaNAOHHOM HCYKCICHAH Ha-
3EIBAETCA CBEPTKOW ABYX QYHKOHA f, & fo:

i
J ()= [ H(t—1) f, (1) dr.
0

B sTux mHTerpasax f; m f MOKHO MeHATH Mecramu. JleHcTBHTENBbHO, ClelaeM
3aMeHy IepeMeHHOIO:

t—rv=1', dvr=—dt’, T=t—1,
t 0 t

JO) = [Ht—7)fa@dr=— [ H(v) L (—T)dv = [f,(v') fa(t—7)dv".
0 i 0

TaxaM 00pa3oM, MOMKHO LIOJYYATH APYTOe NpefcTaBiaenue gopmyast (VIIIL. 3. 9):

" Q( -
__n t—1) T wT ( ar
Po—p (1, t)_lmkh ’ T e 1o 2%T
0

)d‘l:’. (VIII. 3. 10)

§ 4. Merox nociaenoBaTenbHON CMEHBI CTANUOHAPHBIX COCTOAHMI.
IIpaTox k nmpamoamBeiiHOH ranepee

B cBA3HE O CIOKHOCTLIO TOYHHX DPeINCHWH OHJIM IIPEIJIOKEeHH IpHU-
OIMKeHHEe MeTOXHl pPeIleHHs 3aJad o HeCTAlUOHAPHOU (HMABTpaImuK
JRUAKOCTA U Ta3a B HOPUCTOH cpefie. ITH 3Ke METO/JE NO3BOJAIOT M3yIaTh
HEKOTOpPHe HeCTAMOHADHEIEe TEINIOBEE 33 avH.

OmuuM M3 TAKHX METOA0B ABIAETCA METOX II0CHe0BATEIHHOH CMEHBI
CTAIHOHAPHEIX COCTOSHMIN, KOTOPHI, MHO-BHAMMOMY, BIEDPBHE ORI IpPH-
MeHeH K ¢unprTparumonHsM 3agadam K. 9. JlemGre [14]. Iror e meTon
ObL1 puMeded u passut aasee JI. C. JleiibeH30HOM A pemeHAsA HEKOTO-
PHX TeII0oBHX 3agad. PaccMorpmMm BHavaje 3amady o IPUTOKe YIOPyrou
JRUTKOCTH K raijepee.

Jan momyGeckoHeYHHH ITacT, T. e. INIACT, OTPAaHMYEHHHIA ¢ omHOH
CTOPOHBI MPAMOJHMHEAHHM KoHTypoM. Bmagase Bo Bceit ofmactm cyme-
CTBOBAIO IOCTOAHHOE JaBienme pyx (pmc. VIII. G, a).

IHycts B cegennn x = O gaBieHMe BHe3aIHO CHUSHIOCH W CTAJl0 paB-
HBIM Pe. TouHoe pemenme 9Tol 3aadm BEIPAKAETCA MHTETPANOM BEPOAT-
poctn (VIII. 2. 31). Bmecrto sToro pemeHus MOKHO IPEJIOKATH CJe-
AYOMY0 pPacdeTHYI CXeMY.

ITpegctaBum cefe, 910 B AaHHHIHA MOMeHT f >> 0 30Ha IOHHKEHHOI'O
MaBJeHHS PaclpOCTPAHMIACH HA KaKoe-TO paccrosHue [ = [ ().

Pacupenenenve paBieHus B 2Toi 30He OyfAeM CYMTATH CTAIMOHAD-
HBIM, B 9eM COOCTBEHHO M COCTOMT CYIHOCTH METO[NA.
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3nech HY;KHO CeJaTh clelyloniee 3aMe¥aHne. B peanpHBIX yCIoBUAX
BO3MYIIEHHA AABJCHUA B IUIACTe PACHPOCTPAHATCA C BeChbMa 0OJIBINONH,
HO KOHEWYHOHl CKopocThio 3ByKa. Bcienctenme uasTpanmumoHHOTO TpeHHs
AMILIATYJA BO3MYIUeHAA Ha POHTe PACTIPOCTPAHAIONICHCA BOJHEL CHILHO
3aTyxaeT 110 Mepe yBeJWYeHHWS DPACCTOSHHA I, NPOHJeHHOr0 BOJHOII,

IpAMepHO 10 3aKOHYy e, Ile @ — BechMa Ooabmoe umerxo. Horpa
MBl HCXOQUM Hu3 ypasHemma ynpyroro peskmma (VIII. 1. 8) — numeii-
HOTO ypaBHeHWA TeILUIOMpPOBONHOCTH, NOJIydaeMmoro H3 obIiuX ypaBHe-
Bmil ¢uabTpamuu Ipu oTOpPACEHIBAHNHE
MHEPIUOHHKX WIEHOB, TO CKOPOCTh 2 rF _
pacupocTpaHeHUs BO3MYIIeHUI, Kak “!— |
3TO XOPOIIO H3BECTHO JIJs JIUHEHHOTO I
ypaBHeHUA TeIIOIPOBOTHOCTH, BOoOIIe i
obpamaercsa B GeCKOHETHOCTb. P |
Takum 00pa3oM, BBeJ[eHHAS YCIOB- ¢
Hag pauea [ (1) HmYero obuero me Lt
uMeeT ¢ JefiCTBHTENBHHM PasMepoMm
30HH LOHW/RKEHHOTO MABICHUA, KOTO- /] — 7
pas, ecau WCXONATh W3 JIMHEHHOro x
ypaBHeHUA TEILIONPOBOXHOCTH, Teope-
THYeCKH MTHOBEHHO 3dXBaTHIBAET BECh
miact. JlJig yCTAaHOBUBIIEroCH HPAMO-
JIVMHEeHHOTO [BUIKEHHA YIUPYTOH ;KHIKO- |
cTH ¢ OOJBIIUM 3HATEHUEM MONYJIA ,
yupyroct K pacupefeleHue faBue- (M} i
HHA TaKoe Ke, KAK U Yy HeC;KHMaeMoH J
JKATKOCTH g ) X

x )
p=pet+ (px—pe) . (VII. 4. 1) Pae. VIIL. 6.

(puc. VIII. 6, 6), T. e. naBmenue pacnpefeaeHo o 3aKOHY npAMoOIl JUHKH.

Paccrosnme !l ciegyer paccMarpuBaTh KAk HEKOTOPYIO (YHKIWIO
Bpemenu ¢, | = I (). 3ameTum, YTO B TOYHOM pPENIEHUI BIIOPH JaBJe-
HHA He ROJKHBI HMeTh M He MMEIOT YIVIOBHIX TOYeK, 4T0 (H3UIECKH CO-
BePIIEHHO ACHO.

IIpn merome mociefoBaTeJBbHONH CMEHB CTAIHOHAPHBIX COCTOAHHN
IpeiONaraeTcsaA, 4YTO CYI[eCTBYeT CTAMOHADHAS DHIOpA OABICHUA —
npamaa (puc. VIIL. 6, 6), mepememaromanca Bgoab IIacTa ¢ TedeHUEM
BpeMeHM, C YIJI0Boil Toukod z = [ (1).

Paccrosanue I (¢) Mo:kHO Ha3BATh YCJAOBHHM IEPEMEHHHIM PaflHycoM
BJAMAHMA TaJlepeH, AJIHHOI, HA KOTOpPYI pacHpoCTPAHIIOCh NOHUKEHHE
JlaBJICEHUA.

Mer mpeM Ha Takylo HorpemHocTs o caefyiomuM npuduaam. Coimo-
cTaBlIeHNe IPUONIKEHHOTO PpellleHHsi, KOTOPoe IOJYYaeTCH TAKHM Me-
TOAOM, C TOYHBIM peIleHHeM JaeT JJis je0uTa rajepen BIIOJHE YAOBIET-
BOPMTEJIBHOE COTJIacHe.
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Hanpumep, Ads paccmaTpuBaeMoi 3afadu o NPAMOJUHEeHHOM HpH-
TOKe K rajepee pacXoskaeHHe Me:KIY TOYHHIM M NPUAGIM;KeHHHIM 3HAYe-
HUAMHA Je6muToB pasHo npubausureabno 11% [15]. Jaa papmamsmoro
MPHTOKA pacXxoskaenne eme merbime (Dopsgka 5%) [16]. Brraucienns ke
0o MeTORy TOCIeJoBaTeJbHOH CMEHH CTALIMOHAPHHX COCTOAHHUHA OKa3H-
BawTCcA ropasno 6ojee IPOCTHMH, He KeJId pacdeThl 110 TOYHHM popmyiam.

Jua pemeHHsA 3afadd MOCTYyNHM ciaeaylomum obpasom. Hailinem oTto-
OpaHHOe KOJMIECTBO FKMAKOCTH M3 INIACTA HA KAKAYIO eNUHUIY ILIO-
magn ero NoNePevYHoTo cedeHusA. JlJs 5TOro BHIAEAUM JJIEMEHT IJIUHOM
dr 1 MIOMIAAbI0 CeYeHNA, PABHON egUHHIE, H ONpPeNeNHEM BeC JRUIKOCTH
B 9TOM 3IIEMEHTe.

OueBUAHO, 3TOT dJeMeHTapHHEA Bec pasen my dx- 1 = my dz.

Ha paune ! () = [ Bec >KMEKOCTM B ILIACTe HA €NMHHULY ILTOIIA[H
CeYeHUA PaBeH MHTETpalay

!
fmydz.
0

Haiigem Temeph Bec »HgKocTH, oTOOpaHHOU M3 miacTa 3a BpeMs ¢
OueBnpxHo, 0TOOPAHHOE KOIMYECTBO KUAKOCTH (G pPaBHO HePBOHAYANb-
HOMY KOJIMYeCTBY KHJKOCTH MMHYC TO, 4YTO OCTaJlOCh, T. €.

1
G = (myl— [mydz. (VIIL. 4.2)
0

Han suanciesns wuurerpana (VIII. 4. 2) Bocmompsyemcs cBaA3bI0
MEKAY BelWYMHAMH mYy M p [AJad yIpPyroro peskmMma QuiapTpammm.
Jlas nepeMeRHOTO Lpon3sefeHus m y Ml uMenn ypasaenne (VIII. 1. 6)

N

my = (my) (1 + —”:Kﬁ) (VILL 4. 3)

Ilpoussenenne my To fAauHe MjacTa OyfeT paclpefleleHO TOYHO
TaK ke, Kak pAaBnemme p. Ha pmc. VIII. 6, 6 npusenen rpadpmk pac-
npefielleHdA my Mo AJHWHE IJIACTa COIJIACHO CXeMe IIOCIIel0oBATeNbHOMH
CMEHH CTAIMOHAPHHIX COCTOAHWM, MpHYIeM (m y)x COOTBETCTBYeT HaBile-
HUIO Dy, (Mmy)c — AaBlIeENI0 pc (IITPHXOBKOH NOKa3aHO 0TO0paHHOe
KOJMYeCTBO KUAKOCTH).

Ilna nmpamonudelinoil »mopw gaBiaeHns coriaacuo puc. VIIL. 6, 6
IIOMANDb TpeyroabHuka G paBHA

G = - [(my)e— (M)} L{D). (VIIL 4. 4)

Haiizem Teneps BecoBo#t pacxof KUAKOCTA g, BhlTeKalomeld
M3 INIacTa 4epe3 eAMHMIY IUIOMIAfM cedeHma raieped. OueBHAHO,
t

G=Jg@)at.
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W3 srToro mHTerpalna ciejfyer, 4TO BeCOBOMl DAacXof g paBeH

_dG
£=

Cornacuo 3axony Jlapcs BecoBOM pacxoj] MOKHO BHPA3UTH elmle
TaKEM 0Gpa3zoM:
i Pr— Pec

Py, (VIIL 4. 5)

g:

rie yc — OGBEMHEI BeC JKMIKOCTH IPH JABIEHAH pe.
Huppepennupysn no mpemenm ypasmenme (VIII.4.4), nomyzaem

1 dl k —
5 V) — (m¥)el G = 7 yo. (VI 4.6)

Coraacuo ypasuenmio (VIII. 4. 3)
(m V) — (my)e = (my)y ZZES . (VIIL 4.7)

HopcraBnas »1o 3Hadenme B ypasHenme (VIIL.4.6), momnywaem
auddepennmansaoe ypaBHeHue Iis MIEHH [ (£):

1 dl k
PaspgenuM nepeMeHHHe:
ldi = 2K Ye gy (VIIL 4. 9)
B (mv)o

B srom ypapHenMm BBUAY GONGIIONH BEJIMIMHE MOAYISA yOPYTLOCTH
HugKocTd K, MOKHO DPHHATH Yo~ Yc M (€3 NPAKTUHECKOH IOTpell-
HOCTH CYHMTaThL NOPUCTOCThL IOCTOAHHOH (m ~~m, = const). Torga
ypasaenne (VIII, 4. 9) npmumer Bug:

1dl — 2K g
mp

3ameuan cornmacHo ypasHenulo (VIII.1.8), uro % = ¥, Imoched-

Hee nnddepeHnuUanbHOEe ypaBHEHHE MOKHO 3amHCcaTh B TAaKOM BHJE:

ldl = 2x dt. (VIIL. 4.10)
Nurterpupys, momydaem

=2t 4C, (VIIL. 4. 11)
rje C — N0CTOAHHAA WMHTEr PUPOBAHMA.

B nawaneneii mMoment [ =0 npu t = 0. CiexosaTenbHO, COrAcHO
ypasresuio (VIII.4.11) C = 0.
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OTCIO,I(a moJry9aeM OKOHYATEJILHO
I=1@)=2Vxt. (VIII. 4. 12)

MDopmyma (VIIL. 4. 12) BrpaskaeT 3aKOH JBUKEHMS YCIOBHOH 30HH
nenpeccun. B fmeficTBuTenbHOCTH JHe, KAaK YiKe TOBOPHIOCH, 30HA Jie-
HpeCcCHH 3aXBATHBaeT Cpady Bech ILIACT.

Haiinem Temeps pacxof B 3aBUCAMOCTH OT BpeMeHH. [lid 9TOro MoKHO
BOCUOJAB30BaTECA GopMylaMu [id HeOUTa OPU CTAIHOHADHOM PEXRUME
IBH;KeHUs, nojpasyMenas uof [ (t) paccTosHHe MeXAy CeIeHHAMH ¢ Ja-
BICHAAMH Dy M Pe. OTO HEIOCPEJCTBEHHO CJIEAYET M3 CaMOM CYI[HOCTH
MeTOo[a IOCIe0BaTeNbHOM CMEHH CTANMOHADHHX COCTOAHUI.

Coraacuo ¢dopmynam (VIIL. 4. 5) u (VIIL. 4. 12) o6vemumIil pacxon
JKHEKOCTU ¢ HA eJUHUIly IUIOIIAjAM IJIAcTa, T. €. CKOPOCTh QUiIbTpanaH,
paBen

g=w=— TII" P = %% Px_Pe, (VIIL. 4.13)

b xt
Takum o6pazom, AeOMT MuAKocTH OyHeT M3MEHATHCA OGPATHO mPO-

nopnuosansEo 't .
OrmernyM, uro TowHasm ¢dopmyaa ana q(VIIL. 2.32) umeer Bux:

1k pr—pc

Vn W Var

Takum o6pazom, HpubIM;KeHHOE pelleHHEe OTINYAETCA OT TOYHOTO
nprbansurensuo Ha 11%.

Pemum Temeps Ty sKe s3agady, Korga 3agaH orOupaeMuil nebut. Jlaa
IPOCTOTH NPUMEM 3TOT AeOUT MocTosHHEM: ¢ = const. BecoBoe Koum-
9eCTBO 0TOOPAHHOH JRAGKOCTH Ho-mpeskEemy, ¢ yietoMm (VIII. 4. 4)
m (VIIL. 4. 7), Beipaskaerca ¢opmyioi

G = - (my) ZFe1(2). (VIIL 4. 14)
O6veMHEI e He0OUT, KAK W paHbIIE, paBeH
g= ﬁ Pape, (VIIL. 4.15)

OGosHagnM 06beM OTOGpAHHON KHOKOCTH 3a BpeMA ! depes (J:

Q=

Orcropa

G _ 1 (my)y Px—Pc m px—Pec
Q= = e Penbey(py o 2 Puzley(s), (VIIL 4.16)

TaK Kak B aToit Gopmysne MOKHO WPHMHATD y, ~F yc, M = const.
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1
B mameii sagaue Q — usBectHan BenuyuHa, Q = | gdi. Hemssecr-

0
HEIMU SIBIAIOTCA Jelpeccus w gauna [ (t). [na ompegemends wux us
ypasuernuit (VIII. 4. 15) u (VIII. 4. 16) cocraBaswr mapy ypaBHeHHi
¢ ABYMA HeHW3BECTHHIMH, KOTODHE DPEIIAlOTCH O09eHb IIPOCTO:

] =f Px—Pe (VIIL. 4. 17)
T

Orciopa corxacao (VIII. 4. 16) maxonmm

__ Px—Pc kK pr—Pc — km_ (pr— pc)*
2 K pn ¢ K q ’
1
(209K p 2
Pc—( km ) *

(VIIIL. 4. 18)

Ilpn comocrasmenun ¢ tounsiMu pacueramu [16] oBmapy:keno, uTo
dopmyaa (VIIL. 4. 18) maer morpemuocts okomo 25%. [las BesAcHeHus
OPHYMHB TAKOr0 OOJBIIOr0 PACXOKAEHHA HalileM 3aKOH H3MEHEHHA
anuael [ = 1 ().

TlopcraBass sHavenue genpeccun ua ypapraenus (VIII. 4. 18) B ypas-
unenne (VIII. 4. 17), momygaem

lzL]/quv«
na km

_ 1/ 20 K 2Q
=) R 0 B V (VIIL 4. 19)

B wmamem caywae, Korma ¢ mocToaHHO, Q =g¢qt u dopmyia
(VIIL. 4. 19) npuaaMaer Bumj:

l=1V2xt. (VIII. 4. 20)

Taxum 06pa3oM, cMOTPA MO YCIOBHIO 3a7a9d, 3aBucuMocTs [ = [ ({)
OKA3HBAETCS PA3NWIHON: KOIJIA 3alaHa IOCTOSAHHAA jelpeccus, [ =
=2V % t cornacmo (VIIIL. 4.12); xorga sagaH HOCTOAHHEIN jebur, [ =
=} 2x t cormacmo (VIIIL. 4. 20).

Ileno sakiamo4aeTcs B TOM, 9T0 HEJIb3A CJHMIIKOM CHIBHO UCKasKaTh
SUIOPY JABIeHUA. JUIOPY LAABJEHHA, ABAAKLIYIOCH HEKOTOPOH KPUBOI,
MH CHJIBHO HCKA3WJIM, 3aMeHHB HpsaMoii. B mepBoM caydae moayymioch
CPaBHUTENLHO YHOBIETBOPHTENLHOE corjgaclle IpH pacdere Aebura —
norpemuocts oxomo 11%. IIpu pacuere :1e Jenpeccuu TOTPEIIHOCTH
OKazajgach okoio 25%

CremoBaTeibHO, METOTOM MOCIEJOBATEABHON CMEHBI CTAIMOHAPHBIX
COCTOSHHI IS HPAMOJNHEHAHOTO ABH/KEHHS MO}{HO IIOJb30BATBHCH IPH
pacgerax HeGHTOB TOIHa, KOTHA 3ajaHa MOCTOSIHHaA gemnpeccus. Ilpm
TMOCTOAHHBIX Ae0GHTAX pe3yabTaT MOJYdYaeTcs Xyiie.
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Jpyrue DpuMepH NPHIOKEHHS MeTOHa INOCIEJ0BATENBHON CMEHB!
CTAIMOHAPHHIX COCTOAHMH Mos;kHO HaitH B [17, 18].

Crexyer yKasarb, 970 TOYHOCTH Pe3yJbTATOB PACYETOB IO METOAY HO-
cJefloBaTeJIbHOI CMEHH CTALMOHAPHEIX COCTOAHHHA CUIBHO CHIKAETCA TP
TPAHWIHEIX YCIOBAAX, OTIMYHEIX OT PACCMOTPEHHEIX BRIE (P)x—p ¢>0 =
= const WIH (g)y—g, t>9= const. B 3tux cayvaax ciegyer HoIb30BATLCA

XoTA u 6ojJee TPOMO3IKUMH, HO 3aTO

Y’ un 6oxee TOUHBEIMH, HE}EeJH MeTo IO-
CJIe0BATEJbHOM CMEHBI CTALMOHAPHBIX

—————— COCTOAHHUIl, NIPUOINKEHHHMH PeIIeHU~
Mu. Pazymeercsa, korga ato menecoob-

Pa3Ho ¥ He CBA3aHO ¢ YPEe3MePHBIMHU BBI-
YUCIUTEJIBHBIMU TPYAHOCTAMH, Npolne

BCero NpAMO MCXOAMTH M3 TOYHHIX pe-

ImMeHN# ypaBHEeHHA TeINIOIPOBOTHOCTH.

Pu

|
|
[
[
[
Py {
|
|
|

IMpuGnuskesHble MeTOAH, SABJIAIO-

Muecs Pa3BATHEM METOfa IoCHefoBa-

TeJBHON CMeHH CTAMOHAPHHX COCTOA-

mui, 6ptm npeanoskensr A. M. Ilup-

g iy ¥  pepmasom [19] u 0. II. Cokomuo-
Beim [20].

Pae. VIIL. 7. A. M. IlupBepoan Tak;ke BBOJUT

YCAOBHYW OJAUMHY ! AJA 30HH qempec-
cUM, HO 3ajJjaeTcs 3MOpoli [aBIeHMsA Ha 3ToM y4acTKe TaK, YTOOE OHA
He HMesa yraoBux Touek. Ilpuw arom pacmpefernenme gaBieHUA B 9TOI
30He y:Ke He OyHeT CTAIIOHAPHEIM.

Jdmiopa JaBJIeHAA 3aaeTCA B BUAe mapaGois TaKUM 06pas3oM, 4ToGH
B Toike x = [l (f) KacatensHasg K muapabose ObJIa TOPH30HTAIBHOMN

(puc. VIIIL. 7).

Ucnonvsya ycaosus g = _‘Z_f

— .k (op
e= (o) vt

u 3axoH Jlapcu

MOKHO moayduTh gupdepeHnuansHOe ypaBHeHHe ANS YCIOBHON IJINHBI
30HHL Jlelpeccun,

ITapabonudeckas »smwpa JaBieHMA OJIUKe COOTBETCTBYeT [eilCTBH-
TeJIBHOCTH, HeKelXu Npamas aguausa. Ilpu sToMm MeTome yaercsa yinyImnTh
TOYHOCTD IIPOTHB MeToja HOoCAefoBaTelbHON CMEHBI MPUMEPHO B 2,5 pasza.

Eme Gosee TouHEle UPUOIMsKCHHEE MeTOAL OBIIN IIpPeJIOKEeHB!
I. . Bapeubaarrom [21]. 3TH MeToasl OCHOBAHLI HAa BHIBENEHHHX
I'. 1. bBapen6iraTToM HEeKOTOPHIX MOMEHTHHIX MHTETPAJIBHBIX COOTHOIIe-
HUAX, AHAJOTMYHEIX TeM, KOTOphle UPHMEHSAKTCA B TeOPUM TOTpPaHWY-
HoTOo clIoA. Heroropoe BuUmousmMeHeHHWe MeTOXA HHTETPAJBHHIX COOTHO-
neHMil A4 3a7ady yIpyroro pekuMa (UIbTpamuu npuseneHo B § 6.
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§ 5. Pacuer paguagnbHOro mnpuUTOKa YNPYTO#H KWIKOCTH IIO METOXY
MOCREX0BATEILHONH CMEHBI CTAIINOHAPHLIX COCTOAHMIA

SHAYUTENBHO JydYimue pe3yJbTaTHl [aeT MeTof IIOCIefoBaTe]bLHOI
CMEHHl CTAUMOHAPHEIX COCTOAHUII HpM pajHaJIbHOM HIPUTOKe yHPYyroi
JKAJKOCTH K CKBa;KHHE.

PaccMoTpuM pagmaibHBA NPUTOK YIPYTo#d SKUAKOCTH K CKBasKUHEe
u3 mjacra MomHoctb kb (puc. VIII. 8, a, 6).

Horga u3 cKBaKMHE Havaau
oT00Op, BOKPYTr Hee ofpasoBajach
BOPOHKA  [Jelpeccwu, KoTopas
TeOPeTUYECKN 3aXBATHBAEeT BeCh
mnacr. Mu Gymem camrathb, 4UTO
BOPOHKa JieIPecCHM paclpocTpa-
HHAJIACh HA KAKYIO-TO KOHEGUHYIO
AIuEy, npudem paguyc R (t) atoit
BOPOHKH JeNPecCHH yCJOBHBIMN.

Herpymao sBumeTs, modemy
IJA pajuajJbHOTO JBUYKEHHA Me-
TON TOCIEeNOBATEJIBHON  CMEHH
CTAallHOHAPHHX coCcTOAHMEA Oyner
JaBaTh NydllNe pe3yabTaThl, He-
JKeJH AJaA npamoiuneiinoro. Ilpu
NPAMOJUHEHHOM ABHKEHHH KpPHU-
Basg paciipefieIeHHA NaBIeHHA all-
NPOKCHMHPYEeTCSd ABYMS IPAME-
Mu auAnamu (cm. puc. VIII. 6).

IIpn pagmanbHOM JBMIKEHUHU
KpHBas paclpefie]eHUA TaBICHUA
AUNPOKCHMUDYeTCA Jorapudmu-
gecKol KpuBoit. Pacxosxnenue
MEXAY JABYMA KPUBBRIMH OKAa3H- 1) 3 At
BaeTCA MeHBIIe, €M pPaCXOKIe-
HHEe MEKIY NpAMOH M KpUBOM.

Haiigem y6wap suugkoctn Pxge. VIII. 8.

W3 IIIMHEPUIECKOTO KOJbIEBOIr0

dJeMeHTa IIacTa BHYTPEHHAM paguycoM r (re<r< R ({)), MommuoCTBIO
h, Tonmuno# dr, canTas, 970 MePBOHAYATHLHO CKBAKHHA He SKCIJIyaTu-
poBanack M IJIACTOBOE [aBjleHHe GRLUIO BCIONY TIOCTOAHHEIM M PaBHBIM Py
(puc. VIII. 8).

O6vbem smementa miacta pasem 2m rh - dr. IlepBonadanpHbIi Bec
JKHAKOCTH B 3TOM dJIeMeHTe Iiacra paseH 2mxrh (my)udr. Bec rupko-
CTA B HeM B JaHHBIA MOMEHT 27t rhmy. YOLIIb Beca ;KHIKOCTA B ie-
MeHTe DaBHA Pa3HOCTH

2nrh[(my) — myldr.
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Becosoe roamuecTBo JKHOKOCTH, 0T06paHHOe H3 1Jacra, paBHO

R ()
G = f 2nrh{my)x — my]dr. (VIIIL. 5. 1)

e

Uro0H BOCHONB30BATHCA HTUM YypPaBHeHHEM, HY;KHO B3HATH, Kak
N3MEeHAeTCA my B IIj1acTe. HpHMeM, 9TO my HU3MCHAITCA IO 3aKOHAM
CTAUMOHAPHOTO [IBUKCHAA

HOI‘}Ia ABMKeHNe CTaWOHAapPHO, JiaBJIeHHe p B OKPECTHOCTU CHBa-
JKHRAKL pacupe;lelieHO IO JOTaPEGMHICCKOMY 3aKOHY COTIACHO YPABHEHHIO

p—px— L2 FeIn RO | re<r<R@, (VIIL5.2)
In —~

e

rge A (f)— pamuyc BODOHKH JeIpeccMd B ZAaHHHH MOMEHT {.
OugesngHO, NpOM3BeJeHWe MYy, IHHEHHO 3aBHcAmee OT p, Oyaer
pacupefielleHO 10 TAKOMY jKe 3aKOHY:

my = (my)x— (”‘]Y)“;g';v)c 1n 20 (VIL. 5.3)
n
e
N R
K— R(t
(my)x —my = ("”1” R((t';lw" In r() )
Te

IlogcraBaas sTo BHpaskenme B ¢opmyay (VIIL.5.3), momyuaem

R (1)

G:S orrp L2V Ve 1y RO gr (VIIL 5. 4)

1 B0
e Te

Unterpan ® ypasmemun (VIII.5.4) merxo Gepercs mHTErpmposa-
HueM 1o dacTaMm. Ilomyanm

R (%)

2nh R(t
G=1 fl‘w) [(m y)x — (my)C]S rin 20 gr -

Tc
Te

_ (my)x—(m¥)e {R 0—r;
=2nh 0 —<InR(t)—

Te

2 2\
R2 R? d T
_[ 2@) inR () — 4(t>]+ (Tcl“’c—Tc)}‘ (VIIL. 5. 5)
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Packpuisag ckoGku, mocide cokpameHmit GyneM HMeThb

G = on h {MVx—(m V) R*(0)—rg  7g 1 RO
I B® 4 2 re |°
Te

IHoganerro oomeanB Ha In —~ () , OKOHYATEJHHO IOJIYIUM

R@®)—rg

ITO0 KONWYeCTBO KUAKOCTA H3BIeYEHO HENOCPEJCTBEHHO M3 IUTAcTa
BOKPYT CKBajKHHH (IOKa3aHO IMTpHXoBKoil na puc. VIII. § 6).

IIpu BHUYMCIEHHH DONHOTO KOJNHWYECTBA KALKOCTH, OTOOpaHHOH u3
miacra, Heo6X0IMMO yd9ecTh TaKiKe JKHAKOCTH, OTOOPaHHYI0O U3 CKBa-
JKAHE IIPY CHWKeHVH B Hell [aBieHMA € HAYaJbHOTO Py A0 3aboii-
HOTO De.

g peansHOH CKBAKUHEL 5T0 [ONOJHUTEAHHOE KOJHYECTBO KH[-
KOCTH HHYTOKHO Mano, HO AJAA YKPYIOHEHHOHl CKBayKHHH, MOJeINDPY-
I0UIeil Ileoe MeCTOPOMK/eHHe, OHO MOKeT OKas3aThCA CYINeCTBEeHHEIM.
IT0 MOMOJHATENbHOE KOJMIECTBO ;KUAKOCTH MOKAa3aHO IBOMHON mTpH-
xoBKO#l Ea pumc. VIII. 8.

Ilonsoe KoaMdecTBO KUAKOCTH, M3BICYSHHOH M3 ILIACTa M CKBA-
KUBH, o0o3HawuM G,.

Ono Gymer paBHO

R (t)—r}
Go = qh[(my)x — (my)] ZI—R(;;_rz + mreh [(m Y}k — (my)e]
n._—

c

HIn
R*(t)y—r:
G, = nh[my)x—(my)c]——)ﬂ(—t)—. (VIIL.5.7)
=
YaurHBag, 49TO
(m Yk — (my)e = (my), B,

U IOACTABIAA BHAUeHWe 5ToHl pasHocTu B ypasmenme (VIII.5.7),

OKOHYATENbHO TIOJydaeM
G, = h Pr— Pe Rz(t)—r(zz
o= nh(my),

K 2R @)/re

(VIIL. 5. 8)

Haiimem Tenepnr 00meM HUIKOCTH, COOTBETCTBYIONMA 3TOMY Beco-
BoMy KoamdecTBy. OH HONy4dTCA, eCiad pasfienuTb Bec G, HA y¢:

0= Y(.'



282 I'a. VIII. Hecmayuorapuas guaebmpayus odnopodrnod audkocmu u 2asa

SaMeTHM, YTO NpPH HogbeMe Ha IOBePXHOCTh MOMKHO Y4ecTk CoO-
OTBeTCTBYIOIMM oGpasoM ycagky. Mas npocTOTH ycagky MB 3[eCh
He YYATHIBAEM M pacdeT OTHOCMM K o0beMHOMY Becy vyc. llomaras
Ye = Yo, MMECM

Q=nh (m¥)o Pr—DPc R’ (t)—rz ~ nmh Pe—Pc .,
o Ye K 2InR (t)/re K -
2 2
(t)—rc
X —— ¢ (VIIL. 5. 9)
o £
Tc

B ypasnenuu (VIII. 5.9) nopucroctb m MOMKHO CUHUTATh IOCTOAH-
Holi. HajileM Temeph cBfA3b MesRIy CpeJHHM J[aBieHUEM B IJacTe M
KOHTYPHHM JAaBJeHUEM Dg.

IlpepmonomuM, 9ro maBileHHe B IJAAacTe BCIOAY CHH3WJIOCH DPaBHO-
mepro. Torma oTOGpaHHALIA NPW YIPYIOM pAacOHPEeHHNM 00BEeM KHUIKO-
cTd B maacre paguycom R paseH

Q = nmhR? Pl (VIIL. 5. 10)

I'ie p— cpefiHee MOCTOAHHOE JlaBJeHHe, KOTOPOe NOMKHO YCTaHOBHTHCA
BO BCeM IJIacTe HpH YHPYroM paclIMPeHHUH KHUJKOCTH Ha Ty e BeJIH-

quny Q.
CpasuuBas dopmyas (VIIIL. 5.9) u (VIIIL. 5. 10), noaygaem

LPu—Le (R*—r}) = R (px— Dp)-

21ln —
e

Orcopa

p=pu—PEThe (4 T}, (VI1L. 5. 11)
21n——

Tc

THocaenuas dopmyaa yrassBaeT, 4To, Korjga R muoro Goabme rg,
npu mHeGoapImoll gempeccmu Bropowl wien B ypaBmeHuu (VIIL. 5.11) max
M T03TOMY HPAGIMKEHHO MOKHO IPHHATH CPEIHEC IIACTOBOE [ABJICHME .

PaBHBIM KOHTYPHOMY, T. €. IOJOKHUTh p =~

IorpemrrocTs MOKHO OIEHUTH N3 d)opuym;l (VIII 5. 11). Yem Merbue
JAempeccus, TeM TogHee 3T0 NpubamyKeHue, 3aMETHM, YTO B Ta30BBIX
3allekaX 5Ta HOTPEHIHOCTE ellle MeHbIIe, TAK KaK BOKDPYT Ta30BOM CKBa-
JHEHH BOPOHKAa gemnpeccun GoJee }cpyTaH [17, 18].

Bepremcs x ypapmenunio (VIII.5.9) u HaiimeM 3akoH yBenmdeHUs
YCIOBHOH BOPoHKHU nempeccns R -—R(t) B B3aBHCHAMOCTH OT BDEMeHH.
IToxa ‘BopoHnka pmempeccuil He JollLia [0 TPaHHIEL LOJ3EMHOT0 pe3ep-
Byapa, HMeeT MecTOo TaK HasplBaeMas nepBas (asa HeycTaHOBHBINETOCA
ABKeHusA. B mepnop mepsoil ¢ase BopoHKAa JenpeccHd PacHIApPAETCH.
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Korga oHa [ocTHraeT eCcTeCTBeHHHX TpPaHAL pe3epByapa, HAIAHAETCH
TaK HasElBaeMas BTopad $asa yupyroro peRuMa; IPeANonaraercs, 9To
BO BCeM Mjacre JBIJKeHHME IPOMCXOAUT OO CTAlMOHADHOMY DeRUMY.

Ecnu rpapunitl pesepByapa sAIBIAKTCA KOHTYPOM OUTAHASA C NOCTOAH-
HHM JaBJeHHeM, TO BTOPYI0 (asy MOKHO paccMaTDHMBaTh KAaK CTaIuo-
HapHuil pekuM. Ecay rpaHnmsl pesepByapa HemPOHBHIIAEMH, TO BO BTOPOR
daze Oyaer NPOHCXOANTH coOCTBEHHO MCTONIEHHMe, pesepByapa ¢ Ilocrte-
TIeHHBIM NajieHueM KOHTYPHOTO [aBICHMA,

Dynsem paccmaTpumBaTh mepBylo ¢aszy yOpyroro pe:EMa U HaiiieM
3aK0H PACIIHPEHHA BOPOHKH [[eNPECCHH. '

Hpegmonomxum, dTo [Ae6HT ckBakuwAK u3apecten. OO0BeMHHIH ne6uT
CKBaKHHEL ¢ paccyuThBaerca mo gopmymae [ ommon

2nkh px—Pc

p lni
re

Orcrona
(Px — Pe)/In 2= = q /2 kh. (VIIL. 5. 12)
c

TMogcrasans mocmeguiolo gopmyxay B ypasHerwe (VIIL, 5.9) paa Q,
moJxyTaeMm
Rz t‘— 2

(6)—re qp _ _mp [Rz(t)—rzlq _

R (t)—r>
2K 27 kh 4kK )

Q=namh o

IIpaBas gacTs 3TOHl GOPMYJH H3BeCTHA, HOTOMY YTO IO YCIOBHIO
pebur ¢ 3ajzad u, cldeOBaTelIbHO, OTOGpaHHOE KOJHUYECTBO IRUJKOCTH
t

Q = { qdt Taxsxe masecrmo. Haa R (t) momydaem
0
R’ () =r2—{—4%%. (VILL. 5. 13)

Dynem cumrtats, 9TO CKBajKMHA HaYala SKCIAYATHPOBATHCA C IO-
croaunsiM jlebnrom. Torma Q =gt m ¢opmyma (VIIL 5. 13) npumer
cleayoUAil BHA:

R*(t) =rs - 4xt. (VIIL. 5. 14)
B ob6mem ciaygae us dopmyns (VII. 5.13) caexyer
R 2(t) _ g 4n0

R 2 0
Te Ted

I'e 2

mB@O _ 1 (1 + 4"2‘?’), (VILL 5. 15)
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Temeps MOHO HaliTm fempeccuio u3 ¢opMynm J[omion, npudgem
¢

3HAYeHHAE ln#)— BosbMeM u3 Gopmyast (VIII. 5.15). Torma momyamm
[

2n kh re 470 kh ,:q

Pr—po= =28 1y BO _ _ap 1, (1 4. A0 ) (VIIL. 5. 16)
B wacrHOM ciygae, koria ¢ = const m Q = ¢t, dopmyna (VIII. 5. 16)
IPAAAMAET BHJ

Pu— po = 21 In <1 + %) : (VIIL. 5.17)
[

®opmyana (VILI. 5.17) yxaseBaer, Kak MeHSeTCA AeNPecCHA HA 3a-
606 CKB)KMHH B 3aBHCHMOCTH OT BPEMEHH, €CIH CKBAaKHHA HAIUHAET
3KCILIYaTAPOBATLCA ¢ MOCTOAHHKM NeOHTOM.

Ecxm R (t) MBEOro Gombme re, 10 u3 ¢opmyan (VIIL. 5.14) wmomy-
gaeM

R(t)=2V'xt. (VIIL. 5. 18)

CpaBHCHHA ¢ TOYHHIMEH pemeHMAMH MOKAa3KBAKT, YTO 3TH QOPMYIH
IaoT yAOoBIeTBOpHTenbHOe coranacme [15, 16, 18]. Pacxompgenrme oka-
3uBaeTcA MeHbme 6%.

PaccmorpuM KpaTko ofpaTHyio 3agagy. Ilpemmono;xkum, 9T0 HA9aaH
SKCILIYATAPOBATDh CKBAKMHY IIPH IOCTOAHHOR pmempeccunm Ap = px —
—pe= const u TpebyeTcsa oIpefeSuTH 3aKOH U3MeHeHAA HeGura. Ilpma-
UM HMCCAEJOBAHUA OCTAETCA TeM jKe, HO, KOHEYHO, INOAYJAIOTCA He-
CKOJIBKO MHEE YPaBHeHUsA. 3aKOH PACIIMPEHAA BOPOHKHA AEUPECCHAN He-
ckoabko orimdaerca ot dopmyas (VIIL. 5. 18). Nuasa npmbammxeHHHRX
paceeros ¢ TouHOCTHIO mopsaKa 10—15% wmoskHo cumTaTs, 9re npE R >
7. 3aKOH pacIIHpeHAs BOPOHKH JeIpeccCHMH B O0OHX CIYyJasX HAeTcs
dopmyioii (VIIIL. 5. 18); Torga mpn moMomy oOHYHHX COOTHOIIEHHH A
Ae6uTOB M JeIpecCHil MOYKHO ONpeAesUTh MCKOMEIE BeJIWYHHH JJIA Iep-
Bo# ¢asH yIPYyroro perKuMa.

AHAaTOTHYHO MOKHO HCCJHeJoBaTh BTOPYI0 $asy yHPyroro pesKuMa.
Mu na 2TOM OCTAHABIMBATHCH He OGyaeM, TAK KaK 3ajada MoiKeT OHITH
pemena 6e3 NPHHIUIHANLHEX 3aTPYIHEHHA KaK MeTONOM IIOCIel0Ba-
TeJBbHON CMeHH cTalHoHapHHX cocTogumit [15, 171, Tak w gpyrumu [19,

20, 211.

§ 6. O6 ogHOM BHJOMBMEHEHHN METOAA WHTErPAIbHBIX COOTHOIIEHH if
JIA pelleHMsA 3aay YOPYroro pe:kAMa (UIbTpannn
€ HeNOABMKHBIMA M IOJBHM;KHBIMH TPAHAYHBIMHA YCJOBHAMHI

IpréarokeHHble MeTONb, OCHOBAHHHE HA WUAEAX TEOPHH IOrPAHWIHOIO CJOs,
npegnoxennnie I'. . BapenfaaTroM Ans pemieHns 3afad HeCTANMOHAPHOH (HAb-
Tpanud, OKasamichk BeckMa sddexrnsanmu [JIT. VII. 37). B ocHoBe armx MeronoB
neKaT HeKOTOPHe WHTerpajibHHe COOTHOUIEHWS, MOAydaeMEe M3 MCXORHHX Andde-
peHnMaJbHHX ypaBHenmii. Hwike /laHO HeroTopoe mpeofpasoBaHyue OCHOBHOTO HH-
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TErpajbHOr0 COOTHOMEHHA — (ajaHca MAacCH — M PACCMOTPEHO HECKOJbKO 3ajad
HEeCTANMOHADHOU (MABTPAlNM ¢ HEUOABWKHHMY ¥ TIONBHKHHMI TDAHANAMH,

1. YMHOKHAM, KaK 9TO jexaercs LPH BHBOJe HUHTErPAJBHEIX COOTHOMIGHUH,
paddepeEnuansHOe ypPaBHEHHE YIPYTOr0 PeKMMa pafdajbHON (HIbBTpanun

,‘(""P +L3_P):Li(r "_P>—1’L (VIIL. 6. 1)

ar? r or r or ar | ot

ga r* (n=0, +1, #+2,...) ¥ OpoMHATerpHpyeM B upefenxax oT r=R, mo r=R,,
rje R, R;—1npousBoJbHEE BeJIWYHHH, IIOCTOSHHEE WiV (YHKINU BpPEeMEHN,

Ry=Ry(t), Ry=R,()) R,<r <R,

ITonyanm
Ry (t) Ry (1)

uf ,n—:i<r3’ri)dr=f 9P ny. (VIII. 6. 2)

at
Ro (1) Ro (1)
Ilycts mpm ¢=0 pacmpefeieHne JaBIeHHA OHJO CTANMOHAPHHIM:

p(r, 0)=pes () (VIII. 6. 3)

npraeM Y/ 2 per=0.
Bsepem pasBocTs (BO3MymeHHE)

u=p(r. t)—p(r, 0)=p(r, ) —per (7). (VIIL. 6. 4)
Tak Kak /2 u = Z—': TO pJd u Tawke clpaBemimeo coorHomenne (VIII. 6. 2)
R1 (%) s o R1(?) a
n—y 9 ou _ ou
Ro (1) Ro (%)
O6o3Hauan o0bEMHKIH pacxof
- _ 2nkh  dp
Q=Qr )=——7—r 5> (VIIL. 6. 6)

A HOXb3yAch POpPMYJIAMH MHTerpHPOBAHMA MO HACTAM ¥ AupdepeHuNpPOBanKsA onpe-
AeJieHBHX MHTErpaioB 1o mapametpy, smecto (VIII. 6.5) noxyuaem

Qo— Qe (Bo) |\ pm—y Q1 Qor (Ry) w AP —(n—1) (R* 1 [p, ~ P (R )] —

21 kh 0 21 kh
R1
— Ry [po— per (Ro)]} +(n—1)2 [ [P (r, ) —por ()] 72 dr =
Ro

Ry
I N n, _ pndR n dR,
T [d, fP(rx tyridr—p R —=—+pRo—=1, (VI 6.7)

Ro
rae
Po=p(Rot); pr=p (R 1); Qo=Q (Ry, £); Q1 =Q(Ry, 1),
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CoraacHo ycaosmo (VIII. 6.3) Qcr(Ry)=0Q¢r(Ry) =Q¢r, Tark Kak mpu =0
peskum ctapuoHapuuid. Ilonaras n=1, u3 (VIII. 6. 7) monydaeMm ycloBHe cOXpa-
HeHHMSA MacCH B BHjie

2

2 R1

" 1 ( dR dR 4
P <Q°—Ql)+7(PlT?“P°T? =g | e (LG9

Ro

IlpeanonoxknM, 4TO paccMaTPHBaeTcA HEKOTOPOe BO3MYINEHWe, HadaplIeecs
npn ¢ > 0. Torma mox Ri MOXKHO HOJpa3syMeBaTsh, KaK OGKHYHO, YCIOBHHIE pATHyc
30HEl BJIMAHUA, IONIMHSAEMHI YCIOBHAM TJ3AKOCTH KPHBOH pHaBaeHus g (r, 1)
B TOUKe r = R; — yCIOBUAM

Q=Q(Ry, t)=CQcr P (Ry, )= per (Ry) (VIII. 6.9)

¥ IIpA KeJanuy PaBeHCTBAM HYJIO KeJaeMOro Ko/Jn4yecTBa IIPDOU3BOJHHIX B clydae

Qer=0: 0
a
( » ) =0, k=2, 3,. ..
ar
r=Rjy

Torpa m3 (VIII. 6. 8) moayuum

2 2 Ri
Hx 1 de dR, =2
S kh (Qo“QcT)+~‘.2— [Pc*r (Ry) —dt——Po at —de prdr. (VIII. 6. 10)
) Ro
Nnrerpupys $opManbpHO O f, mOXydaem
. RY (1) 340
X
e Vo0 —Qutl+— [ [ per(R)AR}— [ p (R 1)dR; | =
B0 R (0)
R1 (1) R1(0)
= [ proyrar— [ p(oyrar, (VILL 6. 11)
Ro (1) Ro (0)

t

roe V, (t):j Qodt —cyMmMapHui oGbeM, mpoTekmuit depea rpanmuny R,. Ilocuen-
0

Huit uATerpan mpasoit wactum (VIIL. 6.11) paBeH Ry:0, TaK Kak IO caMoil mpee

merona R; (0) = R, (0).

B mpenenax 30HH BIMAHUA 33[AaI0TCA LS JaBleHns yHKNUel jeraeMoro BHja,
OOHYHO MOJMHOMOM, ¢ HapaMeTpaMi, 3aBHCANMMM OT BpeMeHH. Bij mapameTpos
yCTaHABJINBAeTCH M3 TPAHWYHEIX ycaosuii Tuma (VIII. 6. 9) U opgHOro HaKM BHECKOJNb-
KHUX HHTerpasbunx coorHomenuit (VIII. 6, 10} nam (VIII. 6. 7), npvuem pna Ri
M B 3aBMCUMOCTH OT YCJIOBHH 3agavi AIA Ro MOAyd9aloTcsa OGHKHOBEHHHE [u(depen-
ouaiapasie ypapaenus [JIr. VIL 37]. Wueorma npepuodrnresbHee 3afarbCca yeao-
BHAMH JJIS pacXxofa B BHAe

Q(r. 1) —Qcr=[Q (Ry, t)—Qcr] F (r, Ry Ry). (VIIIL. 6. 12)

rae gyaknna F (r, Ro, Ri1) BuOupaercsa He copgeprkaifeil ABHO BpeMd.

Camoe rpy6oe mpmbiusKenie, TeM He MeHee B pAje cJydaeB jJaoliee BIOJHE
VIOBACTBOPUTENbHEE Pe3VJIbTATH, IHOJydaeTcs, ecil HoJaoKuTL F (r, Ro, R1) =
== const == 1, — 310 OyHeT MeTOHQN IIOCIeNOBATEJIbHOII CMEeHbI CTAI[MOHADHEIX CO-
croAnui (§ 4,5).
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Jaa Gonapmeil TOTHOCTH MOMKHO IOJOMKHTH
F(Ro’ ROv Rl)=1’
F (Ry, Ry Ry)=0.

Oyukomo F (r, Ry, R,) MOKHO UOAIMHMTH JIIOGOMY KOJHYECTBY YCJAOBUiL
raagxocTe. Takoi BhGop Bupa ¢yuxmma (VIII.6.12) maeT Xopomue pe3yabTaThl
IpE MOHOTOHHOM XapakTepe Boamymenua. Coraacuo (VIII. 6. 6)

2nkh _(dp  Opcr
r ——
il or ar

(VIII. 6. 13)

Q (1, 8)—Qer=1[Qo (By,£)— Qcr] F (r, Ro, By)= —

) (VIII. 6. 14)

OTKYAa DoJiydaeM, MHTerPMpYA OcjeJHee ypaBHEHHe IO I B Ipeflelax oT r fio R;:

R1
P ()P (R O Lper ()= por (1)1 = Qo (R, )= Qenl gy [ 0o ar

r

HIH, TaK Kak P (R;, t)==per (R,),

p(r t)~pcr(r)='2n—}‘}c}t—[Qo (Ry, t)— Qcrl F(r, Ro, Ry), (VIII. 6.15)

rae
1?1 ,1
e, By, )= [ L F (0 Ro Re) (VIIL. 6. 16)
r
HopcraBaasa p (r, t) m3 (VIIL. 6.15) B (VIII. 6. 11), Domy4aem
. R: () B} (1)
H
o Vo) —Qest] + 5 | 2f Por (Ry) dR% — zf Py (Ry, 1) dR2} =

R (0) Ry (0)

R1(?) " Ry ()

= f per (r)rdr+ S [Qo(Ro, t)— Qerl f i@, Ry Ry)radr
Ro (£) Ro (1)
HaH, 3amedas, 910 R; (0)= R, (0),
. R, (1) R] (1)
K
s Vo (0= Qot) - [ J peayat— [ gy (Re. t)aR])
RO(O) Ro(O)
" Ry (%)
=5 [Qo (Bo, )—Qer) Rf(t) f(r, Ro, R)rdr.  (VIIL.6.17)
0

Yuarmsan (VIII.6.15), mpasyio dacts (VIII.6.17) M0KHO IIpeCcTaBATh TAKIKE
B BHAJE

Po(Bo, )= pex (Ro) = 517 [Qo (Ro, )= Qexl f (o, Rov Ry), (VIII. 6. 18)

rue

Ry
F_(QM&_ (VII1. 6.19)

1(Ros Ry Ry)= f
Re
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Orcioma
w = __Po (R, t)— per (Ro)

25t kh [QO (Ro: t) QCT] - .f(RO! RO’ Rl) ’ (VIII- 6. 20)

. O) R2 (1)
Zﬂ’, kh [VO( ) QCTt]_I_"E'[ f ch (T) drz_' f po (RO’ t) dRz]:

R, (0) R, (0)

— Lo (Bo. ) — Por (Ro) R}(t)f(r Ry, Ry rdr (VIII. 6. 21)

.f(BOY ROr Rl) ’ o ! ) T

Ro (1)

B saBumcmmocTE OT yCJOBWIT 3aa9W MOJKHO BHOHPATH MHTErPAJILHO® COOTHOINE-
ame B Bage (VIII. 6. 17) mau (VIII, 6. 21), B gfononHeHNe K KOTOPHM CIAeAYeT HCIOIb-
30BATh CBA3b MEKIY AaBieHneM m pacxomamm (VIII. 6. 15).

Hwke paccMOTpPEHO HECKOJBLKO NpPHAMEPOB HecTANUMOHAPHOH (QUIbBTpanmuyM ympy-
Tofl JKHAKOCTH ¢ HEMOABMKHRIMM M NOJBHKHEIMM I'DaHUYHHMH YCAOBHUAMH.

2. OrpammanmMcsa mpocTeilmeit anupoxkcuManueit F (r, Ro, R1) B BUe JuHeHHOI

3aBUCAMOCTHA
F(r, Ry, By)=(R,—1)/(Ri— Ry)- (VIII. 6. 22)
Coraacmo (VIII.6.16) u (VIIL. 6.17)

_ 1 Rl—r R,
f(r, Ry, Rl)—rf b ey Ly R( +In—L ) (VIII. 6.23)
R, R, 1 2B
f(Ro» Ry, Rl)_R—R—( —Hn ) n =1, (VIIL.6.26)
R1 (1) 1 1
[ f(r, Ry, R)rdr=—3 R+ —5 RoRy -+
12 12
Ro (%)
1 2 Rl 2 ﬁ_
+3 R~ Ry R MR - (VIII. 6. 25)

IIo Meromy DoOcHeoBaTedbHOW CMeHH, mojaraa F (r, R;,, R{)=1, monydaeM

Goaee rpyGoe mpHbIMIKeHHE
Ry
f(r, Ry, Ry)= d—::ln% , (VIII. 6. 26)

T

f(Re, Ry, Ry)=1In gl

0

(VIIL. 6.27)

2

R1 R1 R 1 R2—-R R
f i(r. R, Rl)rdr:f rin Tldrzﬁ( 1" _lenR—l). (VIIL. 6. 28)
., V]

2 2
Ro
Paccmorpum pgBa mpumepa.
1. Harreranue pacxopa Q,(f) B CKBa;KMHY TOCTOSHHOTO pamuyca R,=const B He-
orpaHmYeHHOM nJjacte. HyxeBre HagaabHue ycloBHA Per (1) =0, Qer=0.
Yeanosme (VIII. 6.17) npueuMaer BrI:

R*tIRR R 2
ux V(t)zuoo(n[ L TR, 1 _@mln_ﬂ_l]

27 kh 27 kh 12 3 2(R,—
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BIH, 0003HAYAA

Q=Q(t)=%, (VIII. 6. 29)
(]
®Vol) A oyl __ 2 VIIL. 6. 30
QA 12 CTTF T e ( )
P PO
80 Y
-
~
-—""'——-—..—;
<

0
n & 1 L~ P ~
/ e P g ===

/ .
lf
8 40— I///?’Z
4% 20 /

I8 4 8 1 [ 20 24T
Io 40 80 120 150 200 240

Pumc. VIIL. 9. I'padnka 3aBHCEMOCTH JeNpeCCHH OT BpeMeHW Opd HpH-

TOKe ¢ IOCTOSHHHM JIeONTOM K CKB)KHHe KOHETHOIO Dafinyca B HEOrpa-

H{9eHHOM IJacTe: IYHKTHP — IO TOYHOMY pellleHHI0, CILIOMHEe
JMHAR — IO PacuieTy MeTOAOM HHTErPAJbHHX COOTHONIeHHMI.

OTciona MOKHO HailTH o AaA 3afaHHOTO f. JapieHHe HA CKBAKHUHE COIJIACHO
(VIII. 6.18) m (VIII. 6. 24) MeHAeTcsa m0 3aKOHY

_BhQ@ [ e _
Po(t)= ok \g—1 Inp—1]). (VIII. 6. 31)
Iipr Qp (2} =const=0Q,, uz (VIII. 6. 30) naxomum
®t 1 2 1 Q
=— = - o7 E l .
R 12 @+ + g—gp=p e (VIIL. 6. 32)
Packpusas HeonpepenemHoCTh, 3 (VIII. 6. 32) morywaem v = O npm ¢ = 1.

Ha pmc. VIII. 9 mpmeenena kpmsas T = v (@) coraacmo (VIII. 6. 32)? 3apga-
BAafACh Pa3JIMIBKMHA SHAUEHAAMH T, IO KpmBoit puc. VIII, 9 MomHO HaliTH cooTser-
CTBYOINe 3HAYeHHA Q, a 3areM mo ypapmermio (VIIIL. 6. 31) po (¢).

Haa cpaBHeHHA ¢ TOYHHM pemeHHeM, NPHBeHEHHKIM B KEATe Mackera [6],
BHIDQKAIOIIAMCA TPYAHO BEMYACIAEMHM HecOGCTBEHEHM MHTEIDPajoM

=]
—2z27

_200m 1—e .,
P | PO @]
0

(VIII. 6. 33)



290 Ta. VIII. Hecmayuonapnas gusvmpayus odnopodrol wxcudxkocmu u easa

(J1, Y,— dyHKROuA Beccens AelcTBUTENHHOr0 apryMeHTa IlepBOTO B BTOPOTO pofa
HepBoro mopAfgka), Ha puc. VIII. 9 npuBeneHH KpPEBHE OTHOIIEHHIt

@ = 703 khpy/2Q, b (VIIL. 6. 34)

10 To4HOMY ypaBHeHumio (VI1II.6.33) (py) ¥ mno ypaBHeHmsam (VIII.6.31) m
(VIII. 6. 32):

2n khp, o]
fonbtoiistle’ o, lnpg—1.
B Qo e—1 ¢
73 khp, n2 0
— =" (_% lno—1}. VIII. 6. 35
*="200r 2 (9-1 ¢ ) ( )
29Txh
7, P
§
4
3 .O-’Op
Q@
2 //\Q 5 */0\‘
.
! 'S \G, W
2> G,;@ Q\‘/o~ 2t
[i] 4 13 51::?
{ 10 ]02 10° 10 10 0

Puc. VIII. 10. 'papmxn 3aBHCHMOCTH [elIpecCHAH OT BpeMeHH IPH HPHUTOKe
K CKB)KMHE KOHEYHOTO Pafiiyca B HeOIDaHWIEeHHOM IIJIacTe NIPH Pa3JIMYHHEIX
3aKoHax orGopa.

Kax sngno w3 pmc. VIII. 9, Tounaa m nmpuGimskeHHas KPHBHE XOPONMO COB-
f1a712107T.

Ha puc. VIIL. 10 noxkasaasl TpU cepru KPMBHX, COOTBETCTBYOIIAX CIGAYOINAM
3aKOHAM N3MeHeHUs febura Q (), 3aKaUMBAeMOr'0 B CKBaKHHY IOCTOSHHOTO Pajuyca
B HEOTPAaHMYEHHOM ILIacTe:

1) Q(t)==const = Q,— NOCTOAHHEI{ TeMI HATHeTAHUA, AeGHT IOCTOAHHSII;

2) Q(t)=Q,(1—e " %%) (Q;=const CcOOTBeTCTBYeT Q= 00)— IOCTeNeHHOE yBe-
JHMYeHVe TeMNAa HarHeTaHHA, AeOHT BO3pacTaeT OT HYJA, OPEOAMKAACH K IpeResib-
HOMY 3HaYeHHIO Q;

3) Q(t)=Q,e %% _nocTenennoe yMeHbIIeHHe TeMIA HATHETaHHA, MeOHT
YMeHbINAeTCA OT HaYaJdbHOro 3HadYeHHEA (,, MpUOIMIKasAch B Ipefeine K HYJIO.

Ha rpagmkax puc. VIII. 10 no ocu afcmmcc OTIOMEeHO B JOrapHPMHYECKOM

%t
macmrabe OespasmepHoe BpeMA r=—F , O ocd OpAHMHAT— Oe3pasMepHoe fa-
0
BJeHMe B BAE OTHONIOHAS

%oy 2 Kh .
pP*(v)= 20 Po (7) (VIII. 6. 36)
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U3 dopmya (VIII.6.31) m (VIIL.6.30) ana sTHX Tpex cjaydaes I0CJe Bbi-
YNCJAeHANR IIOJYIHM:

1
1)T=1—2(92+Q)+ 2(9 )an,
2 kh
unQ Po(1)=r* (1) = 2 Ing—1; (VIII. 6. 37)
T 1_1 1__e
D Tomw @ttt goggine
2 kh _
o =P = (931 1ng—1)(1—e ar), (VIII. 6.38)
3) (M) =L (g2+g) + +— - In
? 12 CTYT T Tae—n "¢
HIn ot 1 In QZ+Q +__ In +1
B { 12 '3 z(g 1) e }
25 kh _
::Q Po(T) = p* (1) = lng—1>e ur, (VILI. 6. 39)

Kpusme puc. VIII, 10 mocrpoesn pis sHademmii o = 10—2, 10—3, 10—&,
a, = 1072, 1078, 10—4.

U3 paccmorpenna kpuBuX puc. VIII. 10 MOKHO cenaTh HECKONBKO HHTEPECHHIX
SAKTIOIEHNIT.

1. KpuBaa @, = const, cooTBercTByIOmMasg 0 — oo WIH «; = 0, IpaKTHYECKA
09YeHb MaJIO OTJINIAeTCH OT NPAMOHN. Beanduna p* (), KOTOPYIO B 3TOM CJ1y9ae MOKHO
TPaKTOBaTh TaK ke, KaK OespasMepHOoe (HABTDPAINOHHOE CONPOTHBJIEHNE, BO3Da-
cTaeT cO BpeMeHeM IPaKTH4eCKH IO JiorapuMHYecKOMY 3aKOHY.

2. Kpupne ¢ DapaMerpaMi ¢, COOTBeTCTBYIOIIIMH BTOPOMY CIY4al, IpH
T > 104, o9eHs M0 .OTIMUAOTCA OT npsamoil (), = const,

3. KpuBne c mapaMeTpoM «,, COOTBETCTBYIOIIME TPETHEMY CJIYIaK, HMMET
HKCTPEMYM.

Ecan sajamo pmaBimemrme p, (£), TO pacueTr yCIOMHAETCA, TAK Kak AafA Vg (i)
noayyum m3 (VIIL. 6. 30) o6mkHOBeHHOe AuddepeHNHaTbPHOE YypaBHEHUE, COAEp-
sKamee Q B BHJe napaMeTpa, KOTODHH AodeH ORITh HAlileH W3 JOICJIHUTEILHOTO
YPaBHeHUA

®Vo() _dVelt) 2
e T [12 ) —}—Q)+ Py )lng] , (VIII. 6. 40)

0

dV, (8)
) d"t . (VII1. 6. 41)

B »sToM caydae mnpome Bcero mocTynuTh Tak. Paspenum (VIII. 6.40) Ha
(VIII. 6. 41):

A on 1__e
wVo(t) _ 2nkh 12 @+o+g—zoopine (VIIL. 6. 42)
REp, (1) b  Ino—1

e—1
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Tak ®ax p,(¢!) u3BectHO, TO, AEPPepenuupys (VIII.6.42) no BpeMenwm, gas
0 (1) monyuyaem oOmKHOBeHHOe NuppepeHHHaNbHOe ypaBHEHWE NePBOr0 IOPAXKA

x POV, (O—=V &) P,

R P () B
[ 1 1 0
onkh a4 | 12 @TO+3—spplne | 4
= S8 (VIIL. 6. 43)
o do o] Ing—1 dt
| Q—1

wan, yauteBaa (V1I1I. 6. 41) u (VIII. 6. 40),

% | 1 25 khp, (t)

2] po(2) Q _ -
0 p<g—1 Ing 1)

, 2 1 1 Q
py(t) ampn FoPo@ gy (@FTQ+5—3

Q¢
=1 "%l _
2
Py w0 - Ine—
. o—1 Ing—1
| 1 1 Q
_ o a | B OCTOTssaopine g
B do 951 Ing—1 a
HIA
Py o (@) e — g g
% 1 L 12 3 2(—1) —
}?2 0 Po(t) Q —
1 1 Q
= @to+g—5—plne
:di 12 3 2(e—1) ‘;_3_ (VIIL. 6. 44)
e € Ing—1

e—1

Hua ymoGersa ypasuenme (VIII. 6.44) MOMHO npefcTaBMTh B Ge3apasMepHOM
4
BHJe, BBOAA (e3pa3MepHOE BpeMA T == xz

[
p
do_dedv  x do P alnp dlnp it x dlnp gy
at dv dt  R® dv Po (2) dt dt  dt R, dv
(]

MoacraBaas B (VIII. 6. 44), moaydaem

e . e
o—1 Ing—1 o—1

1 1 Q

Ino—1 &

1 2 1 Q
,_i TZ(Q +Q)+'§"_2(Q_1)IHQ
=20

do
0 . dv
=1 Ing—1
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HIN

1 1 0 dinp
1—[1—2(92+Q)+—3——2(Q_1)ln9] it =

= 'i['l‘ QZ‘FQ)‘}‘%—W)IHQ]

1 1 Q
et ty-soplrer 4 Ine W do vy 646
e—1 (e—1?2 [ dr "~ o

B oGmem cuayuae npu p (¢) # const ypasHeHme (VIII. 6.46) NpHXOgATCA HH-
TEerpupoBaTh YucjeHHo. IIpm p (f) =const oHO MHTerpupyercA B KBajgpaTypax:

1 1 Q _
_-1—2—(92+Q)+?—2(Q“1)IDQ
1
——(92+Q)+ Ing . .
| 1z 2(@ 1) Lo Ime 14 (viine. 47
Q Ing—1 e—=1 (=1
e—1 "¢

1

Ilpu ¢=1 nopwHverpanvHaa ¢ynrnua B (VIII.6.47), kak nerxo yGeaurnes
paBHa HYIIO:

L 1__e
lim 22 @*+o+3 2(9—1)1“9[ 1 e 7_
o—1 Q _ e—1 (e—1)2
a—1 Ino—1

’

1 1] [ e
_[—1—2—(92+Q)+ ] [2(9 )anL=, 1 e ]_
=" T Ing [9—1 (9—1)2]—
e (o—1)?

( 4
1,1 1l -
=573 2\ 0-*1_0'

IIpn pocraroumo Goaepmux 3HaYeBmAX Q(0>10), Kak ciaegyer u3 dopmya
(VIII.€.47) u (VIII.6.32), ¢yuxnan v (¢0) mo ypasHemuam (VIII.6.32) mua
Qo (¢)=const u (VIII. 6. 47) pn1a p,=const NpaKTUdeCKA COBIAJAIOT.

HNas ypoGcTBa 9MciaeHHOTO MHTerpupoBaEMsa ypaBHemma (VIII. 6.46) mepenm-
meM ero B BH[e

i’f_: o (0)
do  wy(Q, )’

)- [ @+t g5 ](‘ an
(e— (an@ )

—q_|¥te 1 elnegjdinp ;
®,(Q,7) =1 [ 5 T3 T i1 : (VIIL. 6. 48)

Iipn p = const a10 ypaBrenue nepexogur B (VIII.6. 47).
Ha pwue. VIII. 11 pna mianocTpanuy TPEBEEHO HECKOIHKO KPMBHX, MOIYIeH-

B

o ()=

2041 _1_(1_ Ing
12 o—1
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HEIX TI0 Pe3yJbTaTaM pacdeToB Ha GHICTPOAECTBYIOMEil 3JeKTPOHHOH cYeTHOH Ma-
muHEe «Ypaa», npomaBefeHHHX B. A. TomensracoM, AJs clefylOmMUX 3aKOHOB
saBHCHMOCTH p (T):

a) yMeHbIIeHNS JaBIEHWA HATHETaHAA p (T) IO SKCIOHEHIHAJLHOMY 3aKORY
p=poe %

0) yMeHbIIEHHS JaBJeHMS HATHETAHHA p (T) N0 JHHEHAHOMY 3aKOHY p = po
(1—ar7).

Jlns spavwenmit ¢ =10"%, 105, 106 u o, = 104, 10, 1072, 106 6bum nomy-
9eHH CHA9aJa 3aBHCHMOCTH Q (T), 3aTeM [Py IIOMOINHA AX JOCTPOEHE KPABLEE N3MEHEeHNA

g
a6+
941
Puc. VIIL. 11. Tpa-
$UKA 3aBUCHMOCTH
42r Ae6uTa OT BpPEMeHN
npd IpHTOKe K
~ CKBAa)KHHE KOHETHO-
- X IO pajMyca B HeOr-
l’\\ paHHYeHHOM IIIacCTe
. . TIpH Pa3AHIHHX 3a-
0 . . . \ AN ~ KOHaX M3MeHeHHA
2 4 & g7 JelIpeccHH,

I—p@=pe(1—10—%1); II—p (D=poe—10 "% ¢; 111 — pm)y=po (1 —10—5 1); IV —

P@®=poe— 1075 v pr)y =po(1 —10" %) VI—p @ =poe— 1078 1 v —
. p (t) = const.

6eapaamepHOTO fe6HTa HarHeranus q (1), noxkasampuue na puc. VIII. 11, mo caemy-

jomeir gopmyiie:

27 khp, e Ino—1
e—1 ¢

q(t)=

W3 puc. VIII. 11 Bupuo, uro nasa smavenua 1g T <7 3 Bce KpUBHE IPAKTHICCKH
COBNIAJAIOT MeKAY co0oii. ITO yKashiBaeT Ha TO, 9YTO JJsf paccMaTpPHBAeMHIX 3a-
KOHOB H3MEeHEHWA [IaBJeHHfA BeJNWIMHa ¢ (T) BHavaJe IPAKTHIeCKH He 3aBHCHT
OT XapakTepa M3MeHEHHs] JABJICHHUS.

Iocrpoennus kpusux puc. VIII. 9 — VIII. 11 n Bce cBA3aHHEeE ¢ HUMH BHYHC-
JeHHsA OHIM TIPOM3BENEHH acHMPaHTOM Kadeaph oOmell M Nof3eMHON TMIPaBIMKA
MHUHX u I'll nm. akag. U. M. Ty6runa Jlag UskaH-cHMHOM.
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Il. HarmetaHWe MaJIOBA3KOrO rasa B BOHOHOCHHRIH maact, Qe¢r — 0, per = 0.
Bonee monHoe penienue 31od 3afauu naHo B § 3 riaaBH X.

JTa 3amava OTHOCHUTCA K caydaw Ro = R (1) # const U A [BYX YIpPYruXx
sRUpKocTell Ghla paccMoTpera B Todnoil mocranoske H. H. Bepurummm pus ycio-
BHii «nopmueBoro» purecHenusa [23]. Hmxe nano pernienne ¢ y1eTroM HENOJIHOTH BH-
TeCHeHNs JJiA cJydas, KOTJla JaBleHHME po HAa TpaHHIE ra3a H BHTeCHAeMOil BOAK
nocroauuo. I1peneGperass paguycoM CKBa)KMHEL 110 cPaBHeHUIO ¢ 06IacThio, 3aHATOH
Ta3oM, IojdydaeM

- 2
Vot)=mon R ()k, (V111. 6. 50)

rie ¢ < 1 — cyMMapHHIl K03(¢nuneHT BHTeCHEHNs, CPEAHNII To 06beMy, BaHATOMY
ra3oM, 3aBHCAIMA OT $a30BEHIX NPOHMIAEMOCTEH Ta3a ¥ BOJAK M OT CTEIleHH BHTECHE-
HMA 10 MomuocTHM. IlocoenHsAs 3aBUCHT OT Xapakrepa HEOAHODOJHOCTH IjacTa IO
BePTUKAIM W olpefelseTcd B 3aBHCHMOCTH OT KalMJIIAPHHEIX XapaKTePUCTHK.

JliA OpHeHTHPOBOYHHIX PacyeTOB, OCHOBAHHHIX HAa HMEIOMEHCA COBOKYIIHOCTH

136OPATOPHEX M HATYPHHX HaGJIOMeHNH, MOXKHO NPUEATE 0 = 0,10 = 0,14.
U3 popmyn (VIIL. 6.17) u (VIII. 6. 25), yautuBas, 4to py==const, Ry(0)=0,
HMeeM

R (t
S Vol®)—po —21— B [ R (0) + 5 By (O R, O+ B () —

R (1) Ri ) In (z)] nQ, Rzo ® y

2[R O—RO] T R 2 kh
1' 2
><[1—2(Q +Q)+ 2(@ )lng] (VI111.6.51)
R} (1)
Coxpamas Ha T‘;th— u yuutmBasa (VIII. 6. 50), noaydaem

- kh
umonh—%po 2”H —Q(,()[12 (0? +g)+ 2(Q )lno] (VILI. 6. 52)

uim, moacraBaAas B (VIII.6.52) 3mazenme Q, u3 (VIII.6.18) ¢ yuerom
(VIII. 6. 24),

- Py 2mkh _ 2mkh Po 1, 1 @
xmonh > TR TR ¢ 12 (o +Q)+3 2——(9_1)lng],
i ng—1

1 1 Q
) T @+ +w—5———Flne
wmonh= 22k | L 12 3 2(—1) . (VI11. 6. 53)
2 e Inp—1
o—1

Uz (VII1.6.53) caegyer, 410 1pH py=const, nmon h=const, ¢=const u,
cienoBaTenbHo, coraacHo (VIII.6.18) m (VIII. 6. 24) Q,(1)=Q,=const u nanee
Hapany ¢ (VI1I. 6. 50)

V,(t)=mon Ry () h= Q. (VIII. 6. 54)
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Haiinem @ ¥ cBA3b Memay P, M Q) cumraa Q, samanEuM. DopMmyrny
(VIII. 6. 53) Temnepr MOKHO mOpeJIcTaBHTh, yuuTHBasg (VI1I. 6.18) m (VIII. 6. 24),
TaK:

1 1 Q
—_ 2 —_——
emonho 2REh BQo (@ o b iz @Oty —spoplne|
= : e -+ =
p 2nkh \o—1 2 Q
Q~11n9_1

_ Y LR 1__o —
—()o[man——E"f—w(Q2—§-Q)—l‘3 2(9_1)111@]—

200[%2 (Qz.{_g)__é_]_ (VIIL. 6. 55)

Ilapamerp o onpemedsercsi W3  KBajlpaTHOro ypapheams 024 ¢Q—2—

_ 12xmonh —0
Qo R

Q=V CRERRLLAALLI. (VIIL. 6. 56)
Qo 2

OOHYHO mapaMeTp % m 0N h/Qy BHpa)KaeTés 9MCIOM HOPAAKA COTEH M THCAY.

B srom ciydgae
S ——— .
Q%]/M (VILI. 6. 564)

Qo

m n3 (VIII.6.18), (VIII. 6. 24)

_ k@ Q ~ B Vizﬂm&ﬂh _
Po= 5w (9—1 IDQ‘1>N on kh [1“ T

_BQ 12¢monh )_ wQ, ( wmanh )
T hnkh (’“ 2) =7 mn \In g, — +049) . (VIIL. 6. 57)

IIpencTasnser marepec cpasuntht dopmyny (VIIL. 6. 57) ¢ pememmem mo Goxee
rpyboMy MeTofy DOCHeoBATENBHON CMEHE CTAINUOHADHHX COCTOAHHHA H ¢ TOYHKM
pemenmeM [24]. Ilo Meroqy mOCHENOBATENHHON CMeHH CTAIMOHAPHHIX COCTOSHHUI
BMecTo (VIII. 6. 51), yantaiBas (VIII. 6. 28), Oynem umerhb:

Ro(®) BQR () 1
2 2w kh 2

o
S Vo@)—po

21 kh

2_
<Q - ! —1ng\, (VIIL. 6. 58)
/

rae @ oupefeneno gopmynoit (VIII. 6. 29).
Cormacuo (VIII. 6.18) u (VIII. 6. 27)

_ Qop B Qop .
Po=3a In R, 2nkh In g. (VIII. 6. 59)

Yuntsisaa (VIII. 6. 56), us (VIII.6.58) u (VIII. 6. 59) moayuaem

- 2m kh 1,1 {e2—1 1
H*monh= m pol:?—f-?(—z—‘an)/an]_QO 4 ]
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OTKYfia i
92—1——4“"‘Q‘;”h =0,
g:V 4"—”éfﬂ+1 ~ 4"—”&:}“" ) (V111. 6. 60)
Yoacrasasaa B (VIII. 6. 59), moaydaem
SN T Y
- g;’;:h (1 "—”l(;’”h +138) (VI11. 6. 61)
aT0, BOOOIIe rOBOpA, HpHd OOHYHLIX 3HAYCHHAX I1apaMeTpa j%inh mOpAMIKa

THCAY CPAaBHUTENBbHO Mado otamdaercs or (VIIL. 6. 57). Tousoe pemenwe AusA cay-
9afA «IOPHIHEBOr0Y» BHTECHEHWS BONLI MAJOBA3KAM rasoM NpuBefeHo B [24]. MoxxHO
TIOKa3aTh, HA YeM MH He OCTAHABJIMBAEMCHA, YTO C yYeTOM HEHOOJHOTH BHTECHEHHA,

T. €. ¢ BBeJleHHeM koadduIuenTa o, TOUHOe pemenme {yjeT NMETH BHIS

_ Qo e, s
Po= -4J’l:_khe E]( (1,), (Vl“. 6. 62)
e
ot Uw
. e Tdu
—El(—-(l)::.f ”
a

HHTErpaibHAsg MOKAa3aTeAbHass (yHKIUA;

a:i,—. (VIII. 6. 83)
by maoh
Ilpr Goapmmx 3HAYEHUAX TAapaMeTpa WS—Uh BeJMYMHA O BecbMa MaJja
)
(mopanka coTHX poxeir egmuunu) u e ~~1, —Ei(—a)~sln (11——0,577.
IlopcraBasa B (VIII. 6. 62), Donydaem
_ Qop ( Xnmah .
Po= 1k In s —+1In4—0,577 |=

_ Qou (ln ximoh
T hnkh Qo

T. €. MeXAY 3HaYeHUAMH, fasaeMumMm ¢opmynamu (VIIL, 6. 57) = (VIIL. 6. 61),
BO 6mske K gopmyne (VIIL. 6. 57).

—i—0.805) , (VI1I1. 6. 64)
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§ 7. Hexoropsie MeTonbl OnpefielIeHH:I NAPAMETPOB IUIACTOB
¥ CKBKHH NIPA YNPYroM peskmMe (uibTpanuu

@®opmyaa (VIIIL. 3. 9) Guna BHBeJeHA B NPEAUOJNOHEHHH, YTO B HAYaJbHEIA
MOMEHT faBjieHHe ORUIO BCIOAY NOCTOSHHEIM M PaBHEIM po.

Ilycts Teneps p (r, 0) = f (r), IpUYeM OrpaHMYHMCA CIydYaeM, KOTJa Hadajb-
HOe pachpefielieHre AapieHWs f (r) CTAMOHAPHO M yAOBJETBOPAET ypaBHeHUIo Jla-
TIaca
a2f 1 df
ar? ' r dr

Vef(r)= 0.

Tonoxnm

prty=p (r.)+1(r).

z Alre)
M Ard)
a
T 7 !
L’
]
nt
Puc. VIII. 12. Tpapux usmeHe- Puc. VIII. 13. Tpagpux BocCCTaHOBIe-
unsA 3a6ofiHOTO JaBJeHMA I10C]e Husa 3a00MHOTO JaBJEHMA B KOOpAM-
NpeKpamieHus IPHTOKA. HATaX pge (), In ¢

O‘{eBPI}],HO, YTO € YyYeTOM CHEJaHHOrO IpeamnoJOoKeHHa

9p _opm
ot at

=%V 2p1,

T. . eclld HayaJbHOE CTAMOHapHOEe pacnpefelenye faBieHua f (r) ypowljeTBopser
ypasHennio Jlaniaca, TO MOKHO NoJb30Bathesa gopmydoit (VIIL 3. 9), no orcuer
OdaBJeHHA BECTH OT CTAIHOHA PHOTO COCTOAHHNA (a He OT po).

ITpennonoxuM, 9T0 NMPOU3ONIIA MTHOBEHHAHA OCTAHOBKA NPUTOKA B CKBAXKNHY,
pamee DKCIIyaTupyemyio ¢ Ae6mtoM (Jo npH cranuomaproM peskume. Ilocae octa-
HOBKHU CKBayKHMHHE! 3a60iiHOe JaBileHHE Pzag HAUHET IOBHIMIATHCA.

Ilycth pajuyc CKBasKMHE — JEHCTBUTEJNbHEI WJIM  TPHBEIEHHHI — paBeH
re. Bynem moanaoBathea gopmyaoit (VIIL. 3. 23), cipaBeyIMBOMA II0 MCTeYEHUH KO-
POTKOTO BPEMEHH ¢ MOMEHTA OCTAHOBKH CKBa <MHBI.

O4eBHMIHO, YTO MIHOBEHHAf OCTAHOBKA CKBAKMHH 3YKBHBAJIEHTHA YMeHbIUe-
HAKO pacxofa Ha Qo. JlaBieHue GyAeM OTCUUTHIBATH OT HAYAJABHOLO CTAI[HOHAPHOTO
cocrosnua. Torga coraacmo (VIII. 2. 63) umeem (puc. VIII. 12)

Qo 1 2,20% ¢t Qo 2.25% .
. ). (V .7
iR In rz = In i (ln fz -+ In ) (V111.7.1)

Ap = Psac (£)—Pzac (0) =

I'paduk BOCCTAHOBIEHMA NABJICHMS HMeeT BHUJ, IoKasaHEEIN Ha pmc. VIIIL. 13,
fpudeM ero CpeiEMIl DPAMOINHeMHHI ydyacTox orseuaer ¢opmyxe (VIIL 7. 1).
Uz paccmorpenns sToro rpaguka cilejyeT, 9TO OTPe3OK b, OTCeKaeMHil Ha OCH OPp-
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JUHAT OPH NPORO/IHEHUH Hp}IMOJIP[HeﬁHOPO y9acTKa, ¥ yroJ HaKJIOHA ¢ K OCH af-
CoucC YOOBJETBOPAIOT YPaBHEHNAM

b— Qo 225%  Qou 1 2.25 kK

Tankn " 2T dakh n mprt
_ QoM
0=k (VIIL. 7.2)

W3 aTHX BHIpamKeHHN MOMKHO OIPEeAeIMTh BeJMYHHEL x/r% n kh/p. OcroBHO®

ycaosne npuMennMocti gopmyan (VIII. 7. 1) sakaiodaerca B IPeANONOKEHEH MIHO-
BEHHOIl OCTAaHOBKH NPMTOKA B CKBAKVMHY. B NefiCTBHTeNBLHOCTH OORIYHO BCerka MMeeT-
cs1 HEKOTODHIl cBOGOHNIT 06beM, 3aHATHII Ta3oM, BCIEACTBHE Yer0 OCTAHOBKA IIPH-
TOKAa TPOMCXOAUT HEe MIHOBEHHO.

Muanep u npyrue asrop [25] mokasanu, 9ro R rz
B PeaJbHHX YCIOBUAX NPAMOJMHEHHH y9acTOK O(Z_T)e WxXT
(puc. VIII. 13) Moer 3a cueT yKasaHHHX 0GCTOSA- T

TEILCTB IOABHTHCA JHIIb 4Yepe3 3HAYNTEJbHHH
IIPOMEKYTOK BpeMeHHM. Tak Kak JJINTENIbHAA OCTa-
HOBKA CKBR)KMHBI He)KejaTeNbHa, OB DPA3BHTHI
METOAH OHpEeleTeHNA IapaMeTpoB IIJacTa 110 Ha-
GJIIOeHIIAM HEYCTAHOBUBIINXCH PEKUMOB, YIHTHI-
Balomyue He MI'HOBEHHYIO OCTAHOBKY CKBa)KHMHH. Teo-
PHA OJJHOTO ¥3 STHX METOMOB PACCMOTPEHa HIKe

125, 26]. |
A cnygaA He MIHOBEHHOH OCTAHOBKM CKBa- J Z
SKHHH BocmoabsyeMcA dopmynoii (VIII. 3. 10), B ~ al

xoropoii mop Q () Oymem nogpasyMeBaTh BEANIRHY

Q (1) = Q0 (0)—Qq (8),
T. €. U3MeHEeHHe DPACXofja B IPONEcce OCTAHOBKH CKBaKHHHI.
CoraacHo dpopmyane (VIII. 3.10), B xoTopoii moaaraeM a =0, mosydaem

2
i r

Ap=-—"t ‘SQ”“) e 7 gr. (VIII.7.3)

Prc. VIII. 14.

41 kh T
0

C'paguk mopawHTErpalibHON YHKIMM MMeeT BHA, HpeAcrasieHHui Ha puc. VIIL. 14.
Oco0eHHOCTE 3TOro rpagmKa — peskas OUKA — JOKAJIN30BAHA BHYTPH MAallOTo
MHTEepBaja BpeMeHdA A i.

Tak Kak pacxoj] peaJbHOH CKBa:KHHH 33 MaJHi HHTepBaJ BPEMeHA MOKHO
CUNTATh TOCTOAHHHM, TO Gaaromapsa Gonbmoil BelWdHHe X YK€ IPH JOCTATOTHO
MaJHX T MOKHO CYATATH

T 4ut
o 1 (VIIL. 7. 4)
2
Tc
1 Beawumna :— e4%T [ocTHraeT MAKCHMyMa, Kak JIeTKO BHAETb, OpA T =

1 2
= o Ecan momomurs re = 10 cx, » = 103 cm2/cex, TO Tyrerp = 0,025 cex.
Jdocratouno momoxuts T = 2 cex, wrobu (VIIL. 7. 4) BumnoausAmock ¢ Gombmroi

CTelleHbI0 TOYHOCTH.
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®opmyay (VIII. 7. 3) MOXHO IpencTaBUTh B Buje

.2
At

2
c
ap=to [f%Q(l—r)e ix dr—}—j—Q(t-r)e “"‘d ],AV/
0

2
at _°_
AT

~in kh [Q() N df+51——Q(t—r)d'c] (VIII. 7. 5)
0

rAe Af—MaJslii HHTepBal BPeMeHH, Iocjie KOTOPOro MOMKHO CUMTATH CIPaBeAJIdBEIM
(VII1. 7. 4).
BBonsa nopcraHoBKY

4UT
nonydaem
At _Tc_ oo u rz 5 :
Lo g [ 8 du:--Ei(— o >Nlnﬁ2T“A—
T N u . 4rAt re

»

0

«]

4nAt

(ecim At¢ nopagxa 1 cex). Torma (VIII. 7.5) MOMKHO HpeACTaBATh B Buje

Ap= lmkh [Q(t)l 2 -}-Q(t)lnAt-i-f Q(t dr]. (VIIL.7.6)

Te

Ilasa ycTpaHeHnsa HeonpepeleHHOCTH B BHIOOpe A? 3ameTHM, 4TO
At
dt
In At:f —_
T
1
Torga MO)KXHO HanucaTh

At At
Q(t)lnAt=Q(t)fd—:N gw dv
1 1

IogcraBnaa sro Bepakenue B (VIII. 7. 6) nonyqaeM

I 2,20 % QEt—r)
AP= TnkR [Q(t)ln . +f ~ dr] (VIIL.7.7)
1

HJIH, BBOAA HOICTAHOBKY {—T= T,

Te

t—1
2,25% © Q(T)
M= [Q()ln : +.[ P d’f]- (VIIL. 7.8)
0



§ 7. Hexomopue memodu onpedesenus napamempos naacmos u cxgamuk 301

Uaterpax B (VII1.7.7) mam (VIII.7.8) Bcerna MOKHO. BHYHCIAHTH € 0ol
TogHOCTbIO. MoKHO, HampmMep, BOCHOJAB30BaThbcA (OPMYJIoi

t—1 T1 Ty 1—1 ; : .
J(t):f TQ_<_"T)-d1=I+f+...+ f =Q,In et t—r;+""
0 0 T1

Tn—1
rae Q,, Q. . .—cpenEme 3HaueHms Q (1) B HWHTepBa’ax 0—T,, T,—Ts,...,
Ty —(—1).
IIpencrasmm (VIII.7.8) B BHAE
Ap il 2,25% =
= t
Q(t) 4ﬂkh [ln T‘: +(P() 1) (VIIII.g)
Tae s
1 Q) -
1) = . .
?() 10 ( P (VIII. 7. 10)
[i
Bumnenss ¢ () m3 $aKTHIeCKOro (sKCIepHMEHTaJbHOTO) MATEPHATA M CTPOA
Ap
rpadmk (pmc. VIII. 15) 8 XoopamHATaX 3@ " ¢ (), MEI JOMHE NOJYIATSH NPAMYIO

JWHA, OTKYAAa IO OTPE3KY &, OTCEKAeMOMY
Ha OCH ODAMHAT, M YLy @ Hakioma k ock  APgf
abcoucc MOMKHO OIpefeddTh BEIWIMHH W/ kh
n %/ rg.

Ilpy MrHOBEHHOM TIDEKDAIEHAN TpH-
ToKa Q (T) = const

i—1g
dt
ptamg t
f t—=x Inz,
0

m gopmyna (VIIL. 7. 9) mepexonar B ¢op-
myny (VIIL. 7. 1).

~= &

!
|

PaccMOTDEM CKBasKWHY, NOKa3aHAYIO HA ole)
puc. VIIL. 16, a; p1 — sarpyGuoe pamiennme, 4
P2 — Gydeproe napaerne. Ilonoxnm, 910 dKC- Puc. VIIL. 15.

IepAMEHTAJLHO ONpefieIeHH TpadAKA MONb-

eMa JaBlieHHH p, (f), py(¢f) (pume. VIII. 16, 6)

¥ W3BECTHH IJIOMAAH fi1 M f, KOJABOEBOTO CEWeHHA ¥ BHyTPeHHed TpyOH. Ilycrh
pacxoll Qo (t) BETEeKaeT H3 IUIACTA B CKBAXKHMHY, v; M U, — CKOPOCTM IOI'bEMA
JKHUJKOCTH COOTBETCTBEHHO B 3aTpyOHOM mpocTpaHcTBe U TpyGax. Torma

d H.
Qo y=hinforp =1, %-Ffz ddt2 ) (VIII. 7. 11)

rie H, m H,—BHcoTa ypoBHeil (pme. VIII. 16).

CumTas, 9ro gBWKeHHe B KOJOHHe TPyG mpomcxopdT Gea TUAPAaBIAMYECKHX
n0Tepb, M NIpefnosaras OOBEMHEIA Bec Y M3BeCTHHM M IIOCTOAHHHM IO BHICOTE,
moJXydaeM

H = Pgab—pP1 , Hy— Pga6 — Py .
‘Y Y
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Toraa (VII1.7.11) MoxHO mepenmcaTb B BH[E

Qov(z):%[fl ( 9Poag dp‘>+fz (%—ﬂz—)]. (VIII. 7. 12)

dt dt dt

Heyno6creo mcenonssopasma gopmyasl (VIII.7.12) nna momcTaHOBKHM pe3yiib-
tara B (VIII.7.9) sakawuaerca B HeoOxomumoctn uddepeHNHpOBaTH SKCOEPH-
MeHTaJbHhEe KPHBHeE, YTO OGLIYHO CONPAKEeHO ¢ omAGKaMu.

BBegeM B paccMoTpenme MMIIYJIbC JeOpeccHHA

t

J ()= f Apsac (¢) dt- (VIIL.7.13)
0
Py

"

oL

oy —‘_i: (]

T = 5
“MLT‘; B

Uk
“ il

Puc. VIII. 16.

Ilons3yace gopmynoit (VIII.7.3), EMOyAbC ReOpecCAH MOKHO INPEACTABATH
B BHJE

2
t ot e
o QU—1) it 4y
J (1) iRk ff < e dvdt =
00
2
1 _ e t
m e 14731 J v
= t—1) dt. 1.
4nkhf < drS‘Q( 1) (VILI. 7. 14)
0 0

O6o3HaudM 00beM, BHTEKIIHA W3 IJIAaCTA B CKBAaXKHHY,
t
V(t):fQ(r) dr.
0
BBopa noacTaHoBRY {—T =T', NoJydJaeM

t t—t
fQ(t——r)dt: [ e@yav=vie—m), (VII1.7.15)
0 -1
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Tak Kak V (—1)=0, 160 Q(f)=0 upnm <0 (mo yclIOBHIO OTcueT neGHTa BegeTcA
oT crandonapHoro cocroanua). Ilogcrasasa (VIII.7.15) B (VIII.7.14), nony-
qaem

2
r

t . c
__b V=) ~ixt
J(t)—,mkhf P dr, (VII1.7.16)

0
T. e. coraacto (VIII. 7. 3) AMOyJbC AeNPECCHH CBABAH ¢ 0TOOPaHHEIM 06'bEMOM TaK 3Ke,
Kak fempeccmsa ¢ fgebutoM. CilenoBaTeslbHO, [OCJ€ AHAJOIMYHHX DacCy:KAeHH
MOKHO Hamnmcath BMecTo ¢dopmyuant (VIII.7.9)
J@E) _ n AI ._,25u
V() 410 kh

+¥Q@ |, (VII1. 7.17)

rae
1—1

1 © Vi)
Y= V(t) J T—v dr.
0

Aas ¢opmyant (VIII. 7. 17) M0KHO mOCTPOMTH IpadMK, aHAJOTMYIHHIL rpaduky
na puc. VIII. 15, npmaem renepsr nuddepeHOEpPOBaTH HKCIEPHMEHTAJIbHEE KDUBEHE
y:ke He HY»kHO. B Koopmumatax W (i), J (#)/V (&) porxHa NONYyIMTHCA NPAMAA
JUHASA,

Tax xKak @ (f) OTCUATHBAETCA OT CTANMOHAPHOTO COCTOAHHA, T.e. Q (i) =

= Qo (0) — Qo (1), 0 ,
V($)=Qo(0) t — [ Qo (t) dt=0Qy (0) t—V, (2).
0

GQopmyna (VIIL. 7. 17) 6Hia HenoCpeNCTBEeHHO IPOBEPeHA H IOATBEPKICHA
H. [I. YMpEXAHKIM OpH DOMOIGH CIENHAJBHO IOCTABIEHHHX Ja(GOpPAaTOPHHX 3KCIe-
pumentos (26, 27].

Bomme OHUIA ONWCAaHEI MeTOXL, OCHOBAaHHHE HA HAONIOEHHSX HEYCTAHOBHB-
merocd HPHTOKA K OJHOH CKBakKMHe B NHPEIOJOKEHWH, UTO IIIACT HEOI'DAHWYEH.
3TOr0 yYCJIOBHS, KOHEYHO, B AeHcTBUTEABbHOCTH HeT. OAHAKO B HAYAJLHOHM CTAaJHK
HEYCTAHOBHBIIETOCA IIpoIecca HIPUTOKA K ONHOIH CKBajKWHEe BINAHME I'DaHUI] IJTAcTa
TIPaKTWYECKA He CKa3HBaeTcA M NJACT MOKHO CIATATh HEOT PAHNIEHHRIM.

B HeKOTODHIX CIyJadXx MOMKET OKas3arbCfA MKeJATeJbHHM OINEHHTH PAasMepPH 3O0HEE
BIHAHAA BOKPYT CKBa)KWHH, 3a IIPele]aMM KOTOPOil BO3MyIIeHWe, BEI3BAaHHOE Hapy-
IMeHHeM CTANUOHAPHOrO MPUTOKA K CKBaykyiHe, NPAKTHYECKA He cKasmBaercsa [28].
B s10M caryuae MoKHO HCXOANTH W3 06mMuUX M3BecTHHX dopmys Mackera Js IIOCKO-
PagHalbHOTO HEYCTAHOBHBIIETOCA IPUTOKA YIPYToi :HUAKOCTH K CKBa)KWHE B OTpa-
HMYeEHOM ILIacTe paguycoM Ry, Korfla Ha OKPYKHOCTH r = Ry mpeamodaraercd
p (Rk, t) = px = const, a HA CKBasKMHe r = rc 3ajJaH 3aKOH M3MeHeHWA 3aboi-
HOro fAaBleHHA miau orbopa mugxkocrm [JIt. 1. 11; 1,7].

Qopmyan Mackera OTHOCATCA K 9YHCTO PaJiMaJbHOMY HEYCTAHOBUBHIEMYCS
NPATOKY, KOrjAa Aamienne B Ji06ofl ToYke miacra ecTh QYHKOVNA PACCTOAHNA r M
Bpemern ¢, p = p{(r, #). Ecain ¢dopma 06IaCTH BOKPYT CKBa)KAHBI HEKPYroBaf,
TO [laBlIeHNe, eCTeCTBEHHO, OyAeT 3aBHCETh TAKIKE OT HOJAPHOrO yria § M yKazaHHHE .
¢dopMyIH Macxe'ra 17 pajua’dbHOTO TeYeHWs He MPUMEHVIMHE, TaK KaK B 3TOM Cly-
[ae p = p (r, 8, 1) u Tevenne nByxpasmMepnoe. ONHAKO HETPY/IHO TIOKA34Th M3 ypaB-
HeHHH W JBIJKEHWA M HEPa3pPHBHOCTH, 9T0 (OPMYJIH Mackera coxpaHsioT CcBOI

CHIY JJA CPeiHWX BIONE J1060f OKPYKHOCTH r JaBieHWidt p = p (r, ), Tne
25

p(r, 8, t)ydd=p(r t). (VITI. 7.18)

1
p= an
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HedcTBATENbHO, YUATHBAA TpaBwia fupdepeHunposaHAsa ompegeleHHOro HH-
Terpaja mo napamepr, g obwveMHOro pacxoma ( uepes dOYI0 ORPYKHOCTD r
HMeeM, CUHTaa %, §, h MOCTOAHHEIMU:

2% k ﬂt 2
9= [~ PEED gy~ B [ RC0D
o B or
0 0
W ap(r,0,D w8
o cop(r,0,t _ ko B
= m T db= n JInr .rp(r,ﬂ,t)dB,
0 0
__kh 8Q@2np) _ k dp(r.1) 7
~ T w Talnr T T T ——g—2nrh, (VIIL. 7.19)

T. ¢. OObEeMHHI pacxof Q NpU HepaJWaJbHOM JBWKEHUHM BEIPA)KaeTcs depes CPen-
Hee BJIOJL OKPYKHOCTH JaBieHne p = p (r, ) TOYHO TaK ’Ke, KAK U PN PaHaIbHOM.

Orcofa HeMe[JIeHHO II0Jy4aeTcsH, 9To p (r, #) yAOBIETBOPAET OCHOBHOMY yDaBHEHHUIO
HeYCTAHOBUBIIErO0CA TINMIOCKO-PajMaNIbHOrO TedeHUA ynpyroi mmpakoctda (VIIIL. 1. 8)

a2p(r.t) 1 dp(rt) ap (r.1)
K[TJrT 5 ] o (VIII. 7. 20)

H BCe pemeHMA Macxkera A OTPaHHYEeHHOI'0 KPYyroporo mjacra H paadadbHOI O

TeueHHsA NPH pacderax p (r, t), TaKUM 006pa3oM, OKAZHBAWTCH CIPABEJIEBRIMU.

HNHorga BCTPe4aloTcs BO3PAKEHHs INPOTHB 3aKOHHOCTH HCIOJAB30BAHHMA ITHX
dopmyn Mackera IpM OIpejlelIeHM¥ NapaMeTpPOB ofjacTell IIacTa, BheNI€HHRX
BOKPYTr CKBayKdH, HA TOM OCHOBAHHM, 9TO KOHTYD obiacTeil MomeT GHTH HEKPYTOBEIM
[1]. B cBere BHICKa3aHHHX BHIE COOGPAKEHUN DTM BO3PaKeHUS ABIAIOTCH HECO-

CTOATEJNbHEIMM, TaK KAaK HA CKBajKUHE U3MEPAeTCA MMEHHO p (re, 1), 8 MO HOCTOSH-
HHIM KOHTYPHHKIM [ABJEHHEM py Ha yIaJeHHOM KOHType Ry BIIOJHE BO3MOYKHO IO~

pazymeBatk p (Rg) = const.

Bume 6miM yKAa3aHH MeTONH, OCHOBAHHHE Ha HaOIIONEeHHAX HeyCTaHOBHB-
Lerocs NPATOKAa K OJHOH CKBa)KWHe. ECIH HMeercA BO3MOMKHOCTH IIapaJlJIelbHO
mpouspecTd HAGJIIOIEHMs 32 M3MEHEHWeM JIaBICHHA B COCEINHUX Ibe30MeTPHYeCKHX
CKBaJKHMHAX, TO, pasyMeercs, PaMKH MHpOpMaOu| o IUIacTe, ero (GUILTPAIEOHHEIX
XapaKTepUCTHKAX cymiecTBeHHo pacmupsawrcs [Jr. 1. 15, 16; 1].

B Hacrosamiee BpeMs cymiecTByeT PSR Pa3INYHEIX METONOB OIpefielleHNA Iapa-
METpOB IJIAcTa, OCHOBARHHBIX HA HAGIIOJIeRAAX HEYCTAHOBUBIINXCH (HIBTPanHOH-
HEX npomeccos [JIT. 1. 15, 16; 1]. Onncanme W aHaJaW3 STHX METONOB BHIXONAT 3a
PaMK¥ HACcTOAmEH KHUTM H II0ITOMY 37lech He IIPHBOAATCH.

YEKaxeM TOJABKO Hpero Merona, mpemiosxensoro I'. 1. Bapes6aarroM m passHd-
Toro B pabore [29], ocHoBaHHOrO Ha nmpuMeHeHHMW mpeoGpasosamsA Jlamiaca k Ju-
HefHOMY ypaBHEHHI0 TeMIOOPOBOJHOCTH, K KOTODOMY OTHOCHTCA HCXOJHOE
muddepeHnMalbHOe ypaBHeHUe VIPYroro peskEMa (GHIbTPanuH.

Mertop MHTerpalbHNX Ipeo0pa3oBaduil, ONHNM M3 KOTODHX ABIAeTcH mpeobpa-
sosanne Jlamnaca, B Hacrosmiee BpeMsa MINMPOKO IPVMeHsAETCA JJA PelleHHS pasjiud-
HEIX 33724 MATeMaTHIeCKO ¢uzuxm [JIt. V. 5, 6]. Hanomuum ompefieneHne mpeoGpa-
sopanua Jlamnaca.

Ilycre pama sexoropast ¢yEemuma u (z, y, 2z, t). IlpeoGpasoBamuem Jlanaaca
¢yaxnua u (z, y, z, t) U0 MepeMeHHOH ¢ Ha3HIBAeTCHA MHTETPal

x
u={ e %u(zy 3 )dt=u(xy,z9) (VIIL. 7. 21)
0

rie s — mapaMerp npeo0pasopandA. B ofmeM ciydae BeJMYHHA § KOMILIEKCHA.
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Tlyeres wmcxoguas ¢yuxnma u, OOWYHO Ha3HBaeMas ODHTHHAJOM, 3aBHCHT
TONBKO OT O{HOl KOOPIHHATH W EpeMeHH u = u (z, 'f) X YLOBIETBOPAET HEKOTOPOMY
JIMHEAHOMY YPABHEHHI) ¢ YACTHHIMU ITPOM3BOJHHIMYM, HANPUMeD YPaBHEHWIO
(VIIL. 1. 8), KoTOpOE HAJJIEKHUT IPOMHTETPHDPOBATH IIPH ONpeAeNeHHBIX HAYaJbHEIX
¥ TPAaEVYHEX YCIOBHAX TOTO M HWHOrO BNjA, Takike JMHHelHHX. OdeBMaHo, mpe-

oGpasosannast no Jlanmacy QyHKOUA u, HashBaeMas M300pasKeHUeM, OHmpeJeseHHas
pume wHterpanom (VIII. 7. 21), Tarxke YyROBIeTBOpsieT HEKOTOPOMY JAHdepen-
I1aJbHOMY ypPaBHEHHIO, HO y:Ke OOGRIKHOBEHHOMY, UHTeIrpHPOBaHNEe KOTOPOTO BHIIOJI-
HAETCHA OOKYHO 3HAYATENHLHO MPOUIe, He)KeJH HCXOHOIO0 B JACTHHIX IIPOM3BOJHEIX.
IpeoGpasopanHoe ypaBHeHWe W NpeoOpa3OBaHHEE Hadaj bHEE M I'PAHNYHEE YCJIO-
Busa GyqVT cogep:KaTh napaMeTp lpeoGpa3oBaHHA s, HO, 09eBHAHO, He GYAYyT cOmep-
JKaTh nepeMenHol ¢. B peayabrare pemennsa npeoGpazoBaHHOHN 3afady HodydaeTcs
pemenue 1A m3obpaskeHns u = u (z, s). Ilepexox or uzobpa’keHNsA K OPUrWHAILY
BHIIOJIHSETCH MPA HOMOIH CIEeIMaJbHOH GOPMYJH npeofpa3oBaHdmA HIH TPH IO-
Moy Tabaum nzobpaykeHWil, ecliW HalgeHHOe W300parKeHMe B HAX CONEPHUTCA.
Tabnuns n3obpa’kennii HPHBeNEHK BO MHOIMX DPYKOBOACTBAX IO ONePAlMOHHOMY
ncunciaerno [Jr. V.5, 6]

Merox omnpefeneEMs NapaMeTPOB IJIAcTa HO HaGIIOJeHUSM N3MeHEeHNA HNaBie-
HYUA B CKBa)KNHAX B TEPHOJ HEYCTAHOBUBINUXCA Pe:KUMOB NPHTOKA, 11PeJJoKeHHBIH
I'. 1. BaperGaaTToM, 3aKiI9aeTCA B HaXOKJAeHWW ux uaobpaxenuii mo Jlamracy

8

e 5 Ape () dt (VIIL. 7.22)

—_—

Ape ()=
0

TIPH NOMOINHU TPaguIecKOro MIM YUCIEHHOTO UHTETPHPOBAHUA.

CTporo roBops, JIs 3TOT0 HYXKHO 3HATHh A pec (!) Ha WMHTepBalie BPEeMEHH OT
HYJIA 10 0eCKOHETHOCTH, UTO, KOHETHO, HepeaabHO. O/lHAKO, BHODAB HapaMerp s
BEIEeCTBEHHBIM MOJIOKUTEABHBIM M JOCTATOYHO GOJBINHM, Tak Kak A pc () — orpa-
HUYeHHaA QYHKNUA, H300parkeHIle MOKHO HAHTH MHTErpMPOBaHHEM B Iipexenax
0 — to, Tle to — MOMEHT, JO KOTODPOTO A pe (!) IOCTaTOYHO HALEKHO W3BECTHA
W3 ONHITA; [eHCTBHTEIbHO,

— fo o
Apc(s) ={ e Ape (t)dt + [ e Ape (#) at. (VIIL.7.23)
0 to

Ecau npegennt wmsmeHeHusa Apc(?) N3BeCTHE W MOKHO YKa3aTh MaKCHMyM

| Apc (2) | < | Apc (¢) |max, TO BCeria MOMHO BhHOpPATh AOCTATORHYIO BelIWIHHY S,
4T00H BTOPHIM HHTErpajioM MOKHO OblI0 Onl mpeHefpeub, TaK Kak

[eo] (o]
[ e Ape ) dt < [ e | Apc (1) lmax dt =
0 to

[eo]

— st

e . e—— Sto
= — | Apc (¢) Imax s

=7 | Apc (£) Imax.

to
JLO/KHEM BHIOOPOM s HOCHEAHION BeIMYHHY MOKHO CHEIaTbh CKOIb YTOLHO
Matoif.
Ilocae HaxokmeHMs YKasaHHHM 00pasoM W300paKeHMI SKCIEPUMEHTAIHHO
HalileHHKX B Lponecce HaOMIOQe A BeJUINH MCIOJIb3YIOTCA GOPMYIN AJds n306pa-
JKEHNi, MoJydYeHHBe N3 pemeHVs Ipec6pa3sOBaHHOIO yPAaBHEHHA TENIOHPOBOJHOCTH.

kh
9ti GOPMYJIH COMEPKAT IIapaMeTp § U IICKOMEIe ¢U3BUecKUe KORCTAHTH IJacTa o

X, NPUBeJeHHHE PAJHyCH CKBAaKMH.
Vckomple ¢usnYecKHe KOHCTAHTH IPefJaraeTcs OIpefelATb HENOCPeiCTBEHHO
no atuM GopMyaM, He IePexofsA oT uzobpaskeHnil K opurunaiaM. 3aMena oGpaboTka
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HCXOJHHIX KPHBHX Ape (&) — opurnsanosB — of6paGoTkoii Hnx  maobparkenuit
Ape (), HONYYeHHHX YKA3aHHHM BHIIE CHOCOOOM, M COCTABJISET CYIMHOCTL NpeN-
.aoxennoro I'. M. BapemGiarroM meTona ompejlelleHna NapaMeTpoB mJjaacta. [alib-
HelllIee Pa3BUTAE ITOTO METOjia ¢ IPUMEPAMU IPAKTHYIECKOr0 MCIOJh30BAHMA II n-
Befileno B paGorax C. H. Bysumosa, U. H. Bukopa u W. JI. Ympuxuna [30

B. A. Maxcumona [29].

§ 8. KHparkme cBefgenus o HecTanmonapHoii (uILTPAOHH rasoB
Hak ykassiBasoch Belmie, B ClIydYae MAEATLHOrO ra3a ypaBHeHHE CO-
CTOAHMA ONNCHBaeTcA ypasHenuem Hianefipona %: RT, a B cxyuae

peajibHBIX Ta30B — ypABHeHHEM - v zRT, rge monpaBOYHBEIN K03(-

2 dunmenT z, 3aBUCANMH OT JAaBJeHUA M TeMIIe-
paTypsl, TpUMepHO HMeeT BUJ, HpeNCTABJIEH-

uniit Ha puc. VIII. 17. Byaem cumrats z = 1,
!/
M z— = ;ﬂ, T. e. 6y/leM npeAmoJaraTh ras mieailb-
ar
HEIM, a IPOIecC H30TePMHIeCKHM,

Torma n3 (1I.2.18) gaa dpysknuu Jleiiben-
30Ha Oyjer

i

2
0 ’ p:;i%-. (VIIL 8. 1)
Puc. VIII. 17. Tpaduk Pax
2?{‘;““&0“; ﬁ;?i‘;gfp; Juddepénnunansroe ypasrenme (II. 2. 19)
faaa Sf nfmeﬁim_ HecTAMOHAPHOW (QuAbTpanmum Ta3a  HMeeT
BMI:

P —%(p) V2P, % (p)= p (VIIL. 8. 2)
Msbi moaydnmmn ypaBHeHHe, cXofquoe ¢ ypasHenmem (VIII.1.8) ana
YIpYyToil KameabHOH KUAKOCTH, HO [JjiA rasa Kod(Q(uIueHT Ohe30mpo-

kp
BOJHOCTH (p) = T Yye He HOCTOHHHHI/I a 3aBMCHUT OT JaBJeHUuA.

Y paBuenue HecTauMoHapHoil uapTpamum rasa B TpyOke Toka Iepe-
MeHHoro ceuenns (puc. VIII. 18) mmeer, kKak meTpyAHO IOKasaTh, cle-

Ayomuil BUA

‘(s) oP ()
% (P )[082 +f( 63]— —
arP
= 7 . (VIII. 8. 3) -
—
ITpu f(s) = const
% (p) Zsf — 6P . (VIIL. 8. 4) Puc. VIIIL. 18.

B nmonspHEIX XKoopAuHATAX JJIA IJIOCKO-PAJMANBHOTO JBUKEHASA
s=r, f(r)=2nrh u ypaBHe}me (VILL. 8. 3) npunumaer BUA:

(0 (G + T ) = - (VIILS. 5)

r or
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JI. C. Jleii6enson pemas ypasuernue (VIII. 8. 2) merogom mocaegosa-
rensHBX Npubamwmennit (JIr. I. 6, 7), He ocranaBimBasgcs Ha BoIpocax
cxopgumocru. Hiace asromopmensanx pemenuii 6sur yrasan I1. f. Houn-
moit u I'. 1. Baper6aatrom (JIt. II. 2; 31).

PaccMoTpuM opgHoMepHoe [BHKeHHMe B HeolpaHmdenHoH ob6xacrd,
JUIS KOTOPO# HET XapaKTepPHHX pa3MepoB u OyldeM CYWTATh, 9TO ABHIKe-

HIe onpegenserca napamerpoMm & — z%P. Torza

9P dP 9 o a p—1 dP 0P _ 9P 9t _  a—q p dP
il il A -t Pl el Pl L
02P__d2P(0‘E’2 P 9t
927 dE? _0x)+d§ g

3 _2a-—2 ,28 d2P a—2 B dP
=a‘z ¢ i +af{a —1)z td_g'

IlopcraBaaa stm smavenua B (VIIL. 8.2) u yumreiBas, 9ro P =
=Pz, 1) anAa ogHOMEPHOr0 I PAMOJHHEHHOTO JBUIKEHHA, IOJyYaeM

R A x(P)[ o? 2072 2P 2P +a(a—1)z*2 1P d—P]

dE dg? dg§
aM, cokpamas Ha z°° 2t
:-c(P){a2 '22;: +a(a—1)a""° t*ﬁ_ggi] -
. B ﬂ)%’;_ ) (VIIL. 8. 6)

Has Toro urobr (VIII. 8. 6) 6bi0 0OGHKHOBEHHBIM AA(QEPEHIAATL-
HEIM ypaBHeHHeM, HeoOXomuMo

22 D o By f(E).

Monossum 2 —a=ka, —(1+p)=kp, 1. e. 22 ¢ U TP _
Ko ghp _ gt

=2 , OTKYHAa
a= —2P.
Ilonaraa a = 1, moaydaeM onpeferAlonMil napaMeTp § B BH/E
b
E=at 2,
a (VIIL. 8. 6) opumer Buy:
dzpP 1 apP

Has wuarerpuposammsa (VIIL. 8. 7) meobGxogumo B3amarh 3HaYeHUE
P (§) B aByx Toukax (gas oNpereseHUs KOHCTAHT WHTETDHDPOBAHUA).
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Bce aBToMopenbHBIe 3agauu CBA3AHK € TPAHNYHBIMEH YCIOBUAME
puia t = 0, r=0, §E =0; t =0, £ = co M HUKAKOTO PEIIeHUA IJIA
KoHeYHOH o0macTi (KOHTYp, HOBEPXHOCTH CKBAa)KHHEI) He NOJYYaeTCH.
Ho aBToMopmenbHEIE peNTeHHA CIY;RAT DTAIOHOM TOYHOCTH NPUOIIMIKeH-
HBIX METOJ0B, B TOM YHUCJ€ METOJ0B TUHEaPH3anUH, M B 3TOM KX 0oJbIoe
NPUHIUONAIbHOe 3HAUYCHHUE.

Horga » (p) = const (B ypaBHeHHAX MJA KaneJdbHOH IKUAKOCTH),
BO3MYIIEHHMA PACHPOCTPAHANTCA [0 INIACTY MTHOBEHHO. JTO CBOHCTBO
AuHelHOTO ypaBHEeHNA TemnonpoBogHocTu. llpm pmasTpanuu rasa, Korga
% = % (p) =* const, kak moxasano I'. M. Bapen6iarroM, cCKopocTh pac-
OpocTpaHeHHA BO3MYLIeHMA OyMeT ysKe B HEKOTOPHX CJyYaAXx KOHed-
voll. JluHeapmaanusd, rakum o0pasoM, maer 0eCKOHEIHYI0 CKOPOCTH pac-
OpPOCTPAHEHNA BO3MYMIEHHA, XOTH B OCTAJBHOM OHA OOBHIYHO NaeT X0opo-
mee MpUOJMKeHNe K TOYHOMY PEIICHUIO.

B nocnepnnee BpeMs 6K IpeAUPUHAT psAfx HONEITOK YHCIeHHBIX pemIe-
AUl HelMHeHHHX ypaBHeHMH HecTallMOHApHON (UILTpauM rasa Ha
GBICTPOEMCTBYIONMX 3JeKTPOBHEIX BHUNCANTENBHEX Mamuaax [32, 33].
Crenyer yKasath IONYTHO, YTO OTMeYeHHEIA Bhime PaKT KOHETHOH CKO-
POCTH pacUIpOCTPAHEHUA BO3MYIIEHHWIT B 5THX YUCIHEHHHIX pacdeTax He
OBl OoTMEeUeH. JTO OOGCTOATENBCTBO ellie pa3 MOATBEPIKIAAET, UTO COBpe-
MeHHBIe MOIIHHE BHYHACIUTENbHEE CPefCTBA He MOTYT, []a U He HOJKHEL
3aMeHATh AHATUTHYCCKOE MCCJIeJOBaHMe B TeX cJaydasX, KOIJa OHO
OKA3HBAETCA BO3MOKHHIM.

Hannrmiem ypaBHenue nectanmonapHoit puiabprpanuu raza (VIII. 8. 2)
B TAKOM BHIE:

k _ 9y _ dy 4P
mp VP = 9t~ 4P ot
AN
dP K ap
W’WWP =—. (VIIL. 8. 8)

IlopgGepem Tak ypaBHeHHe CoOCTOAHHs rasay = y(p), 9T00H ypaB-
reHne (VIII.8.8) craao aumeitnoim [34], T. e. nycTh

dP
&= p = const.
Toraa mo ompepenenuto Ppynxmun JleitGensona
p)dp
Y (d)y — ﬂ,
OTKYyRa
1
In X = — (p— po).
Yo p (p Po)
Taxknm oGpasom, 3aMeHAA NPAMYIO JUHMIO Y = % P DKCIOHEHTOH,
aT
noJIygaem
P—Po

Y=1vo6 B . (VIIL 8. 9)
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I'pagur ypasnenus (VIII. 8.9) nokaszan ma puc. VIII. 19. Ha atom
pucyuke mnpsaMas— rpaduk YpaBHeHHS COCTOAHHA AJIA HAEATBHOTO

raza y= Yo .

0
Takum obpazos, guddepennuanbuoe ypaBHenne ¢HIBTPATUM rasa
mpyuMeT BHJ:

kB __ 0P ]
e 2P = TR (VIII. 8. 10)
p—po
Eciny =vyoe # | 1o dpynrmus JleiiGensona umeer Bui:
P—po
P=[ydp=rype B = s

= By + const. (VIIL. 8.11)

Ecan msBecTHBH mpefelbl M3MCHEHMA [a-
BIGHUA p; B pp U 00BEMHOTO Beca y; U ya,

[
TO MOMKHO ONEeBHTh Beauunny P ua vpas- &= i
HeHuii i :
P1— Po P2— Po ] |
Yi=v0¢ P , ya=1yo e F | ,',a —
b1 —P2 . Pi—Pe 9
Yw_e s, B=——"— (VIIL8.12) Prc. VIIL 19.
Yz In ==
Ye
Hna upeaJbHEIX TasoB MOKHO NpuOIMKERHO cYnTaTh [34]
k k
P~ BPp — o = const, (VIIL 8. 13)

mp . mp
T. €. KaK AJg YIPYroi KamneJabHON MUAKOCTH.

IIpa comocrasienun ¢ TogusiMu pemmennsamu ', . Bapenbaarra n
II. 1. Kounnoii maiifieHo, 9TO MOKHO CUUTATh Pep A Pmin + 0,7 (Pmax —
— Dmin) — JaA  auHeiiHOW (UIBTPALNHM, Pmin, Pmax ~— MEHEMAaJbHOE
I MaKCHMaJbHOe [aBjeHUs B ILIACTe; pep =% Px — MAIA  PafHAIBHON
¢urpTpanNN,

Ypasaenue (VIIL. 8. 2) gas raza Bo MHOTHX ¢Iy9asX TAK MJAH HHAYe
CBOIMTCA K YPaBHEHWIO TeIDIONPOBONHOCTH, ¥ 3akada HeCTAIIMOHAPHON
¢uabTpanuMn CBOOUTCA K HHTeTPHUPOBAHUIO YPAaBHEHHA TeILIONPOBOJ-
HOCTU, KOT[a Ha HeKoTopoil rpammiHoil mosepxsoctn F (z, y, z) =0
H3BeCTHO jaBJeHWE p M 3aMaHO HaJaldbHoe paclpejeeHNe HaBJIeHUA
p(z,y, 2,0) = f (z, y,.2). OgHOMepHAA 3amada YacTO CBOXUTCH K pemie-
HOAK OJHOMCPHOTO YPaBHeHUA TeILTIONPOBOIHOCTH

ap 02p

ot *ox2
IiPM HAY9AJBHLIX U TPAHUYHBIX YCJOBUAX:
t=0; p(z, 0)=1(2),
z =0, p (07 t) =P (t),
T = l’ p(l’ t) :(92(0’
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O6mue pemeHHS YKA3aHHHX JHHEAPU30BAHHBIX 3aJad TNPHUBEXEHH
B pyKoBoACTBaxX Io Teopuu Temmomnposopmocta (JIr. VII. 31, 35). 9
pemieHus 9acTo BeChbMa T'POMO3NKH, HO NPHHIMIMANBHO BHOJHE [ONy-
CKAIOT BHINOJHEEWe YHCJEeHHHX pacderoB. | paHWYHEIE YCIOBHA AJdA
AABJIEHNA MOT'YT 3aMeHAThCA YCIOBHAMH [AJA HPOM3BOTHHX (KOrja 3a-

AaH fgebuT), a TaK:Ke MOTYT MMeTb BUA: ap + b g—g = 0.

Kaxk ykasmBamgoch Belme, B TOCIeAHee BpeMA OHUI NpeJNpUHAT PAX
IOTHTOK 9HUCIEHHOr0 WHTerPHPOBAHMA HeIWHEHHKX YypaBHeHUH He-
crauoHapHoil ¢uiabTpanuM rasa Oopd HoMOMM OEICTPOHEHCTBYIOIIHX
9IeKTPOHHEIX BEIUCHTEIBHEIX YCTPOicTB. B 0cHOBe 60ABMUHCTEA METO-
0B YHCAEHHOTO WHTETPHUPOBAHHA Ne)KuT 3aMeHa nuQdepeHNHATBHBIX
YpaBHeHMH KOHEYHO-PA3HOCTHHIMU COOTHOMICHHUAMM, COfleP:KaliuMu 3HA-
9eHWA HeM3BeCTHOH OyHKuuM mid (yHKIUA B 3aJaHHOM 4dMcJe TOYeK
B 3aJlaHHBle MOMeHTH BpemeHu. IIpu arom mudpdepeHnuansl 3aMeHAOTCA
MaJbIMUI KOHEYHHIMM NPUPAIEHNAMHA (maramMu) W JOJsKHA GHTB, BooGmIe
ropopsA, JOKa3aHAa CXOAMMOCTH IIpomecca, T.e. YT0 IPHA CTPeMIACHHH
mara K HyJ MH 0ygeMm OpHOAM/KaTHCA K TOYHOMY peIlleHHIo,

Hnsa obuknoBeHHHX qRdPepeHNUANTbPHHX YPaBHeHAH, KaK HPaBHIO,
CXOIMMOCTh PAcUeTHOr'0 KOHEeTHO-PA3HOCTHOIO IIponecca yaeTes JoKa3aTh
CPaBHUTEIBHO NPOCTHIMEA cpeacTBamd [37], XoTd M 37lech B pAle cllydaes
B 3aBHCMMOCTH 0T BHAA yPABHEHWH MOI'YyT BO3HHKHYTh OCJOKHEHHA.

SHaunTeNbHO CcaokHee o6cToMT Heno ¢ AudpdepeHIUANBHEIMA YPAB-
HeHHAMH B YaCcTHHX DIPOM3BOXHHIX, 0COGeHHO HeJMHEHHHMW, TeOPHSA
KOTOPHIX pazpafoTaHa IOKA elle AajJeKo He NOCTATOYHO, B ropa3no MeHb-
mel cTelNeHN, HeKeJM KIACCHYeCKHX JIMHEHHHIX ypaBHEHHMH MaTeMaTH-
qecKolt ¢usmku. PeaynnraTel IucieHHHX pacueTOB HEKOTOPHIX 3amgad
HecTAHOHAPHO#M (uiabTpanau razos npusegens B [32, 331.

B paGore B. ®. Baxkaanosckoii [38] paccMoTpeHH TeopeTHYeCKHe
BOIPOCH, CBA3aHHHE ¢ NPHMEHEHUEM MeTo[a CeTOK A JHUCIeHHOTO
pelieHNs yPaBHEeHHI OJHOMEPHo# HecTamuoHapHOM (UALTpaUMA rasa.

B psapge cayvaes 3aauv HecTalMOHAPHOH (HIBTPAIAM razoB MOTYT
6biTh 3¢PeKTUBHO pemeHB NPUGAMIKEHHBIMM METOJ[AMH, NPUMEHSIEeMEIMNI
B TeopUM GHILTPALMU YHPYIod KULKOCTA — METONOM I0C/Ief0BaTeIb-
HOIl CMeHB! CTAaUMOHAPHHX cocTosuuil (§ 4, 5) u Gonee TOYHHIM METOLOM
HHTETDAJBHKX COOTHOIIEHUI,

Jlan Uskan-cuH BHIMOJHHI pacdeTh wHTepPepeHmmu GaTapeit raso-
BHIX CKBa)KHH IIPM HECTALMOHAPHOM pexKdMe IPH IOMOIIM MeTOAA dKBH-
BAJEHTHHX (HIBTPALMOHHHX comporupienmit (§ 5, ra. IV) [39, 40],
npuYeM BHyTpeHHee (UIBTPAIMOHHOE COIPOTUBJIEeHHWE, 00yCIOBIEHHO®
KOHCYHBIM PacCTOAHHEM MEeHAYy CKBaKMHaMu B GaTapee, Hpennonaranocr,
OOCTOAHHHM, a BHelllHee, 3aBUCAINEe OT BPpeMeHH, oNpeeiaioCh METOLOM
HHTeTPAJIbHEX cooTHOmMeHMN. O6ocHOBaHHMEM IIPAKTUYECKOTO IIOCTOAH-
CTBa BHYTPeHHET0 QUILTPAIHOHHOTO0 CONIPOTUBICHUA ABIAETCA TO 006CTOSM-
TeJXbCTBO, 9TO IOCJEe Havajla HPUTOKA K CKBAJKHMHAM YCJOBHEE BOPOHKMU
Jellpeccuu, PACHPOCTPAHAIIIAECH BOKPYT KaKJoi CKBaKUHH (OepBasg
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dasa HecTaMoOHApHOTO Ipoliecca), OHCTPO CMHKAIOTCA B B Oamskaiimei
OKpeCTHOCTH OaTaped CKBa)KUH BeChbMa OBICTPO YCTAHABJIMBAETCA IIpakK-
TUYeCKHN CTAMOHADHHIN XapakTep pacupejeleHUsA gaBIeHUA.

Bonbpmoil npakTniecknii MHTepec NMPeACTABIAIOT 3a/]aYl BHITECHEHHS
rasa JKHIKOCTHIO M KUIKOCTH T'a30M, BOBHHKAIOIIHe B ¢CBA3W ¢ pazpadorT-
KOH TrasoBHX MECTOPOJKIEHHA IpH BOJOHAIOPHOM pe;KUMe, 3aKauKoi
rasa B He(TAHHE IUIACTH M COOPY/KEHHEM IIOJ3eMHHIX Ta30XpaHMJIUII
B BOJOHOCHHX ILIAcTax.

HexoToprie To4HEIe aBTOMOJAeJNBHEE PeIleHHs 3THX 3ajad IPHBeJeHH
B paborax A. X. Mupsamxausage u B. B. Mycradaesa (41] u M. B. ®u-
auaoBa [42]. W3 3TUX pemenwmii ciefyeT, YTO BBHIY KpaliHe MaJoil BA3-
KOCTH rasa I0 CPABHEHHIO ¢ BSA3KOCTHIO ;KHJKOCTH BO MHOTHX CJIYydJasAx
MO;KHO BooOme NpeHe6peraTe BA3KOCTBIO rasa, T. €. CUATATH JAaBiIeHHe
B Ta3oBoil 0061acTH NPAKTUIECKU IIOCTOSHHEIM.
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I'’TABA IX

OWJIBTPAIIVIAA CMECEl HECKOJIBKHUX JKUIKOCTEN

§ 1. Beopunie sameuanma. OcHoBHBIE ypaBHEHHA QUIbTpANHT
AByX(azHOil KIIKOCTH

Buimme 6BIIM paccMOTpeHH pasdWYHBIe 3afa9¥ QIIBTPALNNH, B KOTO-
PHIX RUTKOCTh — HEeCKEMaeMas WJAM C/KUMaeMad — IIpe/loJarajiach
ofnopomHEON. B meficTBUTENBHOCTH BO MHOTHX CAY4adX KapTHHA Tede-
HUA TOPa3flo CJOKHEe, TAK KaK B IOPUCTOI cpefle MOKET [BUTATHCA He
OZHA ONHOPOTHAA JKAMKOCTH, a HECKOJBKO RUJKOCTEH ¢ pa3IMIHBIMK
PUBNKO-XUMATCCKIMH XaPAaKTePHCTAKAME — BA3SKOCTAMH, IIOTHOCTAMH
um T. . Hampumep, B HepTAHEIX TaacTax, paspaGaThBaeMbIX TPH BOHO-
HATIOPHOM TPerKuMe, Boga oOBYHO He 3alMOoNMHAET HOJHOCTBI0 00JacTh,
paHee 3aHATYI0 HepThio. B »Toit o6macTy DPOHCXOMAHT OMHOBPEMEHHO
IBU:;KeHWe MBYX KHIKOCTEH — BTOPTMIeHicA BORAM M ocTaBmIeiics, IocTe-
neHHo BhiMbiBaeMmoil Hedptn. Eme Gomdee cnomuas kaptuna HabaiogaeTcs,
KOT/Ia TIPUCYTCTBYET BHIENAIOMNACA U3 HedTH pPACTBOPEHHBIA Wim Jo-
GaBJIeHHBI H3BHe Ta3. B aToM ciydae 061acTh ABHKEHUA OJHOBPEMEHHO
3aHATA TpeMA KOMIIOHeHTaMH Wau ¢asamm — HedTbIO, Ta30M M BOMOIH.
[Ipoumece TeYeHUA - ellie YCIOIKHASTCH, €CAH IPOUCXONAT XUMHAYECKUE
peakuuu win §asoBble IPeBpPAleHNs — KOHJEHCATINA WIH WcOApeHHe —
MEKIY KOMIIOHEHTAMH CcMecH, ABIKyHIeiicd B MOPHUCTO cpeje.

T'uppogmramMuka MHOTOKOMIOHEHTHBIX CHCTEM SBJIAETCA OJHUM N3
HaunboJiee TPYIHBIX M CIOKHEIX, OTHOCHTEJbHO MAaJjo elle HCCAeOBAHHEM
pasfaesroM MeXaHWMKM CIJIOMIHEIX CpeJ, CBA3AHHHEIM ¢ (H3UKO-XUMUeH
W TePMOAHHAMUKON TOBEPXHOCTHHIX SBICHWIA.

Muorme BaskEbIE TeXHMYECKHe M TeOpeTHYeCKHe 3ajadd, B TOM UYHUCJE
paccmorpenanie B usBectnoit kaure B. I'. Jlesuua [1], otHoCATCS K rHA-
poguEaMuke MHOrodasmex cpen. MoskHo yrazaTh, Hampumep, 3agadm
0 JBHKeHWH Tapo- M ra3oMIKOCTHHIX cMeceil B TPy6ax M pasimTablx
anmnapaTax, BOIPOCH THAPO- M IHeBMOTPAHCHOPTAa, KOHCTPYUpPOBa-
HHSZ HW pacueTa QUILTPOB Pa3IUIHOr0 HA3HAYEHHA W MHOKECTBO
JAPYTHUX.

TeopeTnveckoe UcciIe[OBAHAE IPOLECCOB ABVIKEHUSI MHOTOKOMIIOHCHT-
HBIX cpeJ| KpaiiHe 3aTPy/HAETCA HAJEKO He BCeTJa SICHBIM MEXaHU3MOM
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HPOUCXORAIIMX IPH ITOM sBjaeHHNl. B Tex ;e caydasx, Korga B TOH
MIM WHOW CTelleHH TIPUHKMMAaeMas MoJedb IIPOIEcca MOyKeT CUMTATHCA
000CHOBAHHON MJIM BEPOATHOH, IOJIYYAETCH CTOJAb CHOMKHAA CHCTEMA
ucxopubX AuddepeHINATBHEIX ypaBHeHHI, Hanpumep, Npu Guibrpa-
IMHA CRUMAeMoH MHOIOKOMNIOHEHTHON CMeCH, YTO BOSHHKAIOI{ME MaTe-
MaTHYeCKHe 3aTPyHAHEeHHd 3aCTABIAIOT MCKATH O6XONHbBE NYTH MJIH MITH
Ha CyLIECTBEHHble WHOTAA YIPOIIEHU.

B coBpemennbix 3amadax HedremoGudu ¢ QuabTpanueli MHOTOKOM-
MOHEHTHHIX >KUJKOCTEH CBS3aH OJMH M3 OCHOBHEIX BOIIPOCOB — BOIPOC
o noBHmenuu. Kodpdunuenta HedrTeoTTadn HEeHTAHBIX MECTOPOIKAEHUIA,
paspabaThiBaeMbix P HOMOINM HMCKYCCTBEHHHX METONOB IOAJep;KaHUA
IJIACTOBOTO [ABJEeHHA — 3aKAYKO# BOAH HMIH APYTOTO BBITECHAIOUIETO
HeTh areHTa B ILIACT.

WsBecTHO, UTo NpHM BHITeCHEHWH HeTH BOXOH B ILIACTe OCTAETCH
ob6rrgro 30—35%, a mHorma M eme OOJBIMIasg 49acTh BCErO0 KOJHYECTBA
HeTH, TepBoHATANBHO cofleP;Kamieiica B mnacre. I1pu coppemennom pas-
maxe HedTemoO6HBAIONEN NMPOMHIIJIEHHOCTH B HameHl cTpaHe U 3a pyGe-
;KOM TOBHINeHUe HedTeorqadu xors 6w Ha 1% paBHOZHAYHO BBeJEHHIO
B paspaboTKy ONHOTO WM HECKOJBKMX KDYNHEX HedTAHBIX MecTOpO-
senennii. IlosTomMy mociaemHee NecATHIeTHe XapaKTePU3yeTCA Bce BO3-
pacTalIUM YACIOM — MHOTHMH COTHAMU MCCJIeJOBAHMH 10 BOMpPOCAM
noBHIIeHHs HedTeOTAAYN KAaK B HameHd cTpaHe, Tak M 3a pyGexom. Ilo-
HABIAIMAA 9acTh 3THX paborT HOCHMT Xapakrtep Jga6opaTOpHEX M IIpo-
MEICJIOBBIX 9KCHePHMMEHTANIBHBX UCCIeOBAHMI, HHOTJA ¢ YIeTOM, a Jalle
fes cobalofeHUA HeoOXOZUMHIX KpUTepueB Nogo0HsA, KOTOpPHE AJaA 3agad
muorodasHoit ¢uaprpanuu ObAM BHepBble ycraHoBAeHH [I. A. ddpo-
com [2].

TIpu gBmKeHMM cMecell HECKOIBKUX ;KMIKOCTeH CKOPOCTH KOMIIOHEH-
TOB, KaK HNpaBWIo, He OUHAKOBH. B paHHUX HccleJ0OBaHUAX CMeCh pac-
cMaTpHBaJach KaK HEKOTODasd OJHOPOXHAS Ccpe/la, BCe KOMIOHEHTH KO-
TOPON XapaKTepU3YIOTCA OJMHAKOBHIMM KMHEMATHYeCKMMHU W JMHAMUYE-
CKUMH NapaMeTpaMm — CKOPOCTBIO, NaBJIeHHeM M IJIOTHOCTBIO B Kaik-
nom ajdeMeHTe ofbema. B manbHelimieM Io Mepe yToUHeHHMA QusniecKoii
KapTHHB IBIKeHHA OKa3aloch HEOOXONMMEIM ydecTh pa3iuune CKOpo-
crefi, a B HEKOTOPHIX CIYyYasXx W NABIeHMH COCTABJIAUIINX cMech a3
B KayKIOM 3JieMeHTe o0beMa.

Hasnenus ¢as, Boobuie ropopsi, He PaBHH APYT APYTY BCJelCTBHE
HOBEePXHOCTHOI'O HATAKEHMA, CYUIeCTBYIOIIero Ha rpanume ¢as. B mep-
BOM NPUOIUKeHUM WHOTAA IHpeHeGperaoT KanMAIApPHHIMH d¢dexTamu
¥ cudmTaloT AaBieHus (a3 ONMHAKOBBIMHU.

Paznudne cKopocTell KOMIOHEHTOB CMeCH 0O0BACHAeTCA IPHMepHO
TaK, KaKk ykaseBadoch B § 7 ruaser VII, rme paccmarpuBazach 3ajada
YCTORYUBOCTH [BH/KEHHMA BORO-He()TAHOrO KOHTAKTA: IPH [BH;KEHUU
MHOTOKOMIIOHEHTHOH cMecH B Tpy0aX wiu TOpHCTOH cpefle, cYuTad AJA
OpoCTOTH JAaBiieHus a3 OfMHAKOBBIMY, BCJEICTBHe BABKOCTH M TPEHHA
ofpasyerca TrpagmeHT AaBienna — dp/dr, r — HalpablieHue TedeHUsA.
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Herpyauo Bugers, Kak 6su10 nokasano J1. C. JlefiGensonom [3], uto kasm-
nas 9JeMeHTapHAafg YacTUI[Aa KaKoro-aubo i-ro KOMIOHEHTa cMecH o0be-
Mom dV; 6ynetr HaXOAUTHCA IPU 3TOM HOJ JeHcTBHEM dJIeMeHTa pPHOH 00beM-
HOf cuibl, 00yCAOBIEeHHON IpajeHTOM AaBieHNA, paBHoil (—dp/dz)dV;.
Ecan BA3SKOCTH M ILIOTHOCTH KOMIIOHGHTOB PA3JIHUYHEI, TO, OYEBUIHO,
pasHble 9ACTHIIH TOH AeHCTBHEM 3TOH CHJL, He TOBOPA O APYTHX IpH-
gyHaX, OYyAYyT XBUraThCHd ¢ HEOJUHAKOBHIMM CKOPOCTAMH. ITO COOTBET-
CTBEHHO YCIOMKHAET TeopeTudecKoe MCc/aefoBaHUe.

B. 3ajagax JBW)KeHUs, B TOM 4ucje GUIBTPAUUHA, MHOTOKOMIIOHEHT-
HO#l KUTKOCTH MNOABIAAIOTCA HOBHE HeHW3BeCTHHe, IIOJJIe;kallue ompe-
JelleHHI0 — HaChUNEHHOCTH WiIM Kouuentpanmuu. [log HacHIEHHOCTHIO
0; ZaHHBIM KOMIIOHEHTOM HoMepa { 06bIYHO II0Jpa3yMeBalOT 4acTh o0beMa
nop, 3aHMMAaeMOro 3TUM KOMHOHEHTOM. BelW4uwHBl 0; HojJjekaT ollpe-
HelleHUI0 HAPAAY € JPYFUMHA HEH3BECTHHIMM QYHKIMAMH — HABICHMAMHU
M CKOPOCTAMM.

OtHocurenbHO Haubonee pa3paGoTaHm U IIPUMEHAKIOTCH B HACTOAIUEE
BpeMsa Teopun (PeHOMEHOJOTHIECKOT0 XapaKTepa, B OCHOBe KOTOPHIX
JIe}KaT HEKOTOPHIe ONBITHHIe AaHHBE. OOHA U3 TAKUX TEOPHIl, KOTOPYIO
MOJKHO paccMaTpuBaTh B KavyecTBe NepBOro IpuOIMIKeHUsA, H3J0rKeHa
HUKeE.

JKCIepUMEHTANBHO YCTAHOBJIEHO, YTO IMPU JBHIKEHHN CMECH HECKOJ b-
KuX jugKoctell (MHorodasnre cuctemsl) 3akoH JlapcH MosKeT B MIHPOKKX
Tpejesax CIMTATBCA CIPABEIJIMBBIM AJA Ka:KHod ¢as3sl B OTAEIBHOCTH.
Jaa TpyOKu Toka ¢ cedeHneM S (x) IpH OTCYTCTBUH MACCOBHIX CHJ 3aKOH
Jlapcu MoKHO 3amucaTh B CleqyioOlieM BHje:

. kl (0'1. Og ... O'n) 6p1
Q1= — S ™ -1 8 (2),
ky (01, 05...0p) 3P
Qy= — == 5 8 (2), (IX.1.1)
o kn (G, Oz .. .0n) 9pn
Qn — n or S (.’L‘),
rge Q; — pacxon i-it ¢asH; 0; — HACHIEHHOCTh IIOPOBOTO IIPO-

crpaHcTBa -it ¢asoil, T.e. wacTh olbemMa IHop, 3aHATag 3710l Qasoii;
k; (01,...) — dasoBas mponunaemocTsh i-it ¢asw, ABIAMmaAcad QyHK-
nueil psAma MapaMeTpoB: HACHIIEHHoCTell, grad p, KaNWIIAPHBIX Xapak-
TePUCTUK, CTPYKTYPH TOPOBOro NpPOCTPAHCTBA, CTEelleHH lieMEeHTUpoBa-
wug u' 1. x. (JIr. VIL. 26; 2); p,, pey .-, Pn — AaBJIEHHA Ka:kgo0il $asnl
coorBerctBeRHo. Hak ymomuuasock, BooOme TrobopsA, OHM He PaBHbL
APYT ApYyry u3-3a Kamuuasapuhix sfdexror. Hauboarmee BiuaHme HA
$az0By0 NPOHUIAEMOCTh OKA3HIBAKT HACHIIIEHHOCTH, II03TOMY B Jalb-
Helimem Gydem HpenlloaraTh, Kak o0ObIYHO fejaercd, 4T0o Pa30Bnle HPo-
HunaemMocT! k; 3aBHCAT TONBKO OT HachinensocTedl. OueBugHO, 4TO Oy +

+ 0y + ...+ 0, 1.
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PaccmoTpumM ofHOMepHOe ABU KeHHe NOBYX(PasHOH KUAKOCTH B HOPU-
cToi cpefle, TAK KAK TOJBKO [JIA 9TOTO CIAyYas MMEETCA CKOIb-ING0 pas-
paboTanHas Teopwsa, OCHOBH KoTopoi mannl B pabore Barmea m Jle-
Beperta [4] maa HewroTophx Haubodee MPOCTHX YCIOBUM.

HMas pByxdasHoil smupgkoctd 6, + 0y = 1 nam 0y = 1—oay, T. €.
HACHIIEHHOCTh TePBOH (asoli OXHO3HAYHO OTpefefAeT HACHIICHHOCTh
BTOpof (a30ff M BCe BEJMYMHEI, 3aBUCAIIME OT HACHIIEHHOCTH, B TOM
4ycie U NpoHAnaeMocTd k,, Ky, MOTYT GBITH NpeJCTaBIeHb KaK QYHRIAN
HACBIIEHHOCTH HepBoii ¢assl. B manpHelimem nox o OydeMm mojpasy-
MeBaTh HACHIIEHHOCTH NepBoil BHITEC-
HAMed ¢azoil.

,\,I

7

/7

#,(6) //

#(6)

Ha puc. IX. 1 npuBejeHk THTOBLIe
KPUBBIE OTHOCHTEJIBHEIX (a30BBIX IPO-
HUIlaeMocTell AJd ABYX(PaszHOW cMecH.

// Ha »tom rpadmke mokasamm Oea-
/ pasMepHLle OTHOCHTENBbHEIC (a30BEIe
/ 1POHUILAEMOCTH

/ Eio) =2, K (o) =2,

7z rge &k — HpOHUIAeMOCTh MAJNA OXHO-
6 pomHOil KUIKOCTH; O4 — CBA3aHHAA
KOMIIOHeHTa TepBoil ¢assl (mad BoJH
o6eraro oxoso 20%).

I Buskenne sr1oil dassl MorkeT Ipo-
HCXOMHUTh TOJBKO, 6CIH O >0,. Jlasa
BTOpoil (aspl cBiA3aHHas KommoHenTta paBHa 1 — o,. Ilymktup =Ha
puc. I1X. 1 orHoCHTCH K caydaw, Korga mepsad (asa ABJIAETCH Ta3oM.

Kax ykasmBamoch, oTHOCHTeJbHbIE (a3oBbie MPOHAIAEMOCTH 33aBUCAT
0T pasHHX (aKTOpOB, HO B OCHOBHOM OT HAacHIIeHHOCTH. B paborax
. A. 3dpoca (JIt. VIIL. 26), [I. A. ddpoca u B. II. Ononpuenko [5]
HOKa3aHo, 470 (a30Bble IIPOHHMIIAEMOCTH, BOOOIIe TIOBOpH, 3aBHCAT OT
Ge3pa3MepHEIX TAPaMeTPOB N, [y [0 ONpeeleFHOro 3HAYeHHA UX BeJdn-
IUHEL,

o q, G5 1

Puc. IX. 1. Tpadpuxu ¢aszopbix

TIpOHUIlaeMOcCTell.

= a/Ap ) K <06 w— a/k|grad p|>0,5-107,

e Ap — KauuaagpHas pasHoCcTb AaBieHuil; o — KodQPHIUEHT Mes:-
das3Horo HOBEPXHOCTHOTO HATAICHUA Ha TpaHuie §as.

IIpu BeINOTHeHUN yKa3aHHHX HepaBeHcTB (azoBLie TPOHUIAEMOCTH
OpPaKTHIeCKH 3aBMCAT TOJbKO oT O. Jleseperrom, a Tawke B paGorax
[6, 7] 6r110 ycramoBaeHo, 9To pasanume BaskocTeil $as Ha BeaMIMHAX
k) (0) m k5 (o) e orpaskaercsa. CaefyeT oTMeTHTh, OfHAKO, pabory Ofe
[8], rme yrasmBaercs, uTo mpH BechMa MaJoll IPOHHIIAEMOCTH U IIPH
G0JbIIOM OTHOWIEHWH BA3KoCTell BA3KocTH $a3 MOTYT 3aMETHO BIHATD
Ha BeJNUYMHH (Qa30BHX NPOHULACMOCTEI.
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Mu tem He meHee OyAeM HCXOAUTH, KaK 5TO NPUHATO, U3 YCIOBHA,
qro ¢a3oBEE IPOHHIAEMOCTH ABIAITCA OFHO3HAYHKIMM QYHKIIHAMH Ha-
CHIEHHOCTEH. ITO JaeT BO3MOKHOCTH MOCTPOUTH TEOPHUIO, YHOBIETBOPU-
TeJIBHO COTIACYIONYIOCA ¢ GONbMUHCTBOM ONBITHHX JAHHKX H I03BOJIA0-
Y0 TPOH3BOUTE TeXHNIeCKNe PACIETH ABUROHUA MHOTOQABHBIX sRHAKO-
cTeil B IOpPUCTOil cpepe.

Ha ocmoBamum psaga ocpegHeHHBIX namabkix Usap Wkyw-can [9]
OPeJOKAI CAeMYIONHe IMIUpUIeCKUe IPpUbIu/KeHHble POPMYIBI 3aBHU-
cuMocTH $az30BEIX IPOHHUIIAEMOCTEH OT HACHINEHHOCTH:
oA Bogsl M HedTH (0 — BOXOHACHIIEHHOCTD)

* * -— 3,5
K (6) =0, 0< o< 0,2 K (o) = ("080’2) , 0,2 <o < 1;
0.85 28 ’ (IX.1.2)
k5 (0) = ('O—g) (1+240), 0<0<085 k;(o)=
=0, 0,80 <o 1.
Juna rasa u Bojbl (0 — rasoHacCHIEHHOCTS)
K(0)=0, 0< 0 <01 ki(0) = (=04 (1 - 31 — o),
Ol=so< 1 (I1X.1.3)

k; (o) = (0'80,8")3’5, 0<0<08; k3(6) =0, 0,8<0< 1.
Mocaepnamu GopMynaMuH MOMKHO HOJB30BATHCA TaK:ke TPH ONEHOYHBIX
pacueTax cOBMeCTHOH QuubTpanuu rasa n zHedTn.

IIpu oTCyTCTBHU B3aMMHOI'O TOPMOKEHMH ;KUAKOCTEH KpPUBBIE OTHOCH-
TeIbHHX ($a30BHX TPOHUIAEMOCTedl IpeBpamaloTCA B JUATOHAJIH
IPAMOYTOIBHUKA, TAK KAK B 3TOM CIIy4ae OTHOCUTeJbHEe (asoBhie IPO-
HUIIaeMOCTH JIOJKHBL PaBHATHLCH HACHIIEHHOCTAM.

[aBmenusg p, H p,, BooOUie TroBOPHA, He PABHHE JPYyr Apyry
u3-3a Kanmiasapeex s@dexkros. Ux pasHocts p; —p, GyleT 3aBHCeTH OT
MOBEePXHOCTHOTO HaTsA:keHus. Hak umasecTHo,

p—pr=pe=a( g+ g (IX. 1. 4)

(Popmyna Jlammaca), rme R; u R, — riaBHEE pajuyChl KPHBW3HbI
MEHHCKOB KOHTAKTHON NOBEpPXHOCTH; ¢ — THOBEPXHOCTHOE HATIIKEHHE;
Pr — KaIULIAPHOe [aBieHHMe HAN KAMLIAPHBI CKAa40K.

Boasiee JaBJEHUE Gy,ueT Ha CTOpoOHe He CM&‘IHB&IO]ILGﬁ TBepAanle 3epHa
TMOPOIBI SKUTKOCTH.

Paguycel kpuBususr R, u R, 3aBHCAT OT CTeleHUM BHeJPEHUS BbITEC-
HAWIENR RUJKOCTH B 00MacThb, 3aHATYI0 BHITECHAEMOIl, T. €. B OCHOB-
HOM OT HachluleHHOCTH. IlooToMy Ha IpakTuKe KaNWIIApHOE HaBIACHHEe
CUNTaeTCA M3BeCTHOH 9KCHEpPHMEHTANLHOH (yHKUMed HACHINEHHOCTH



318 Tu. IX. Quavmpayus cmeceli meckorvkuzr rcudxocmels

(JI1. VIII. 6). Tunosas 3aBucumocTh py (0) Hokaszana na puc. 1X. 2
(0 — BogoHACHIIeHHOCT). Buj Kpusoit px (0) 3aBHCHUT OT XapakTepu-
CTHUK KHIKOCTEN W TeOMETPUYECKOR CTPYKTYPH HMOPHCTOH CpPejsl.
ITo KpuBHIM KAMWLIAPHOTO AABJEHHUA
Fek qacto npu nHomomu Gopmyas Jlamnaca
(IX.1.4) paccunteiBaerca pacupegeseHue
paguycos paamepos nop (JIt. I. 3, 9). Cxe-
AyeT OTMETHTH, UTO CAMO TOHATHE Paiu-
yca TopH ABIASETCA B 3HAYNTEJbHOH Mepe -
YCIOBHBIM, TAK KaK peajibHad IOPUCTAA
cpefla MMeeT HeCPAaBHEHHO 0oJiee CJI0IK-
HYI0 T€OMETPUIECKYI0 CTPYKTYPY.
Hasa kpusoii py (6) Jdeseperr [JIT. 1. 3]
npepsioskuII Ge3pasmepHy o pyHkiuio J (0):

A1)

6

g Ga 1 1 & ,
Puc. IX. 2. Tpapur aaBucu- J (G) = a Px (0) cos 0 ‘/7 ’ (D\' 1.5)

MOCTH KallMJUJISAPHOTO JaBJIeHUA - .
OT HACHIIEHHOCTH. rae 0 — crarmueckumit KpaeBoun yroa

MERIY SKAAKOCTAMU U IIOPOKOi; @ — Ko-
appunmenT memdasHoro HATAKEHUA B Oun/em; px (0) — Kamuyusap-
Hoe [apieHue B Ouw/cm?®;, Kk — OPOHUNAEMOCTH MOPHCTOH  CpeNE
IS OJHOPOXHOM KUAKOCTH B cMZ, m — HOPHUCTOCTEH.

Bupg kpussix Jlepeperra mokasas
ma puc. IX.3 (0 — Bomonacwimen- 16 v
Hocth). HpuBasa I otHocHTCH K BIH- :
THBAHHIO B TPYHT, KpuBaa 2 — K 1
ApeHaRy Mo meiicTBMEM TAIKeCTH, :
T. €. COOTBETCTBEHHO K BHLITECHEHHIO 1
|
]
|
|
L

14

oy Apenupabanue BnumsiBanue

TPYHTOBOTO BO3[yXa JKHAKOCTBIO M o ° o obpaseu 1 _|
v L)
3aMEHIEHUIO RUJKOCTH  BO3IYXOM S . J §
IIpH OCYINIEeHHH. TR . N "
Ld

Pazinuve B Bume KpuBHX yKa- 10 [t
3HIBaeT Ha THCTEPE3UCHHI XapakTep H.
KaOWIIAPHLIX ABJIeHUH B IOPHCTHIX

q
cpenax, npupoga KOTOPOr'o elle He 8 ¢ ‘n‘
MO;KeT CIMTaThCA B MOJHOU Mepe HC- . ‘%r’.
cnegoBarHoil. Ilo Beeil BepoaTHOCTH, g6 :

K ]
CBsI3b PAfUYCOB KPHBHM3HBI KATIWJI- .‘\Xg\u;
JISIPHBIX MEHHCKOB C HACBHIIIIEHHOCTHIO :‘7\‘L
TOJIBKO YCJIOBHO MO;KeT cYUTaTbed 04 A3
ONHOSHAYHOW M3-3a HEOXHOPOFHOI

reoMeTpUYeCKOl CTPYKTYpsl peasb-
HHX TOPHUCTHX cpea. MosxkHo mpen-

Puc. 1X. 3. Tpapnkm ¢ynxunu JleBe-
petra. 0 20 40
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NnoJaraTh, 94To 3Ta CBA3b 3aBUCHUT OT HAIlpaBJIeHUsA BHITCCHEHHA H HepBoO-
HAYAJTBHOTO 3alOJTHeHHA HOPHCTOH Cpefibl BhITecHAeMoOH (aszoil.
Ilo wpusoil J(0) MOKHO JIE€rKO OIPENGNHTh Py (0) U3 Gopmynst

Px (0) =

=J(0)a]/m7/cose. (IX. 1. 6)

Bonee mospuue wuccaenoBaHuA
MOKA3aJIM, 9T0 [JA PAa3JUIHBIX Io-
pucthix cpen rpaduxm JleBeperra
J (0) coxpaHAIOT cBoi XapaKTep, HO
KOJHMIeCTBEHHO K0JeOII0TCA B HEKO-
topeix mpegenax. Ha pme. 1X. 4
npusefieHs Kpusbie J (0), rge ¢ —
BOJ[OHACHIIEHHOCTh, 3aHUMCTBOBAaH-
uere u3 Kuuru [JIT, 1. 9].

B3aumnoe TopmoskeHHe KHAKO-
cTeit, cOrIacHO KOTOPOMY OTHOCH-
TeJqbHEE ()a30Bble TIPOHUIAEMOCTH
He PaBHHL COOTBETCTBYIOMIMM HACHI-
LUeHHOCTAM, 00YCIOBJIEHO B IePBYI0
ouependb KanwiaapHuIMU  dddek-
ramu. JliA ynpomeHuA pacieTos,
OfHAKO, YacTo CUYUTAT p; = Do,
T. €. NpeHeOpPeramoT KaIWJIJIAPHEM
cKaIKoOM py (). B a3ToM cayuae
KaOWIIAPHOCTh KOCBEHHO YUMTHI~
BaeTCA CaMUM BHOM OIBITHBIX KpH-
Bux kj (0) u k5 (0).

Ilaa BeiBOmA ypaBHeHHMA Hepas-
PLIBHOCTH B Ciydae ONHOMEPHOTO
IBM;KeHHA PACCMOTPUM 6ajlaHC Hep-
soit ¢asel. IIpemmonoskum, 4TO0 IBe
JKHIKOCTA HABIAIOTCA HeC/KIMAaeMBI-
MH, B3aUMHO HEPACTBODHUMBIMHM H
XHMHYeCKH IPyr C IpyroM He pearu-
pyloniumu. B ameMeHT 06'beMa I HHOM
dxr 3a Bpemsa di BTeKaeT 006BeMHOe
KOJINYeCTBO MEePBOM ;KUIKOCTH, PAaB-
Hoe Q,dt, u BHTeKaer

(01 + %g‘ dx) dt.

J6)

MI

14

12

-~

g —-
—
—

e @ o — e —

|
1,0 ‘ ¥

ool 4|
L

a4

L e . Gt > > — -
ponrero=
~

3

[
A
/2%
LD
ya

6z

g 20 4o 60 80 100
Bodonacsiyennocme & , Yo

Puc. IX. 4. HpuBne KanuiisapHOro
nasneHus (no Posze n Dpycy).

‘J“)f‘; I lim
i{pn- JacT TIloponar | J
BOU pox o S’){
1 XOoYKHHC Bynbaiig | 0,374
2 Panrenn Bebep 0,151
3 31 Pobn Mopeno | 0,180
4 Knusenna Buknar | 0,315
5 Kerpe Ane 0,116
6 JunyK IleBon 0,114
7 AnyHagym * —_ 0,371
(cuemMeHTNpO-
BaHHBIN)
8 JleBeperT -— 0,419
(HecLleMEeHTH-
poBaHHBII)

* ATYHOYM — UCKYCCTBEHHBIY KOPYHI.

HaCBImeHHOCTL paccMaTpuBaeMoro 3JeMeHTa INpu 3TOM MeHACTCHA

do
OT O JI0 O - 0—tdt’ I TAK Kak o0bmeM MOPOBOTO IPGCTPAHCTBA DPaBeH
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mS (z) dz, 10, IpApPaBHABAA HAKOIIICHHAE JKUIKOCTH WM3MEHEHWID HAacH-
IMeHHOCTH, MOMHOMEeHHOMY Ha 3TOT 00BeM, NOAyYaeM

a a
2 mS @) (IX.1.7)
Hna sropoit ¢assl aHAJOrHYHO HOAyUaeM
K mS @2 _mS@) 2. (1X.1.8)

CraaguBan (IX.1.7) n (IX.1.8), monyzaem

2 (01402 =0

HJIHN

Q1+ Q:=0(). (IX.1.9)

IMocienmee paBeHCTBO MOKa3kBaeT, 9T0 00BEeMHHI pacXopx AByxdas-
HOIH HeC;KHMaeMOH# CMeCH OT X He 3aBHCHT.

B o0meM caydae mpuM HaaWdIum MAacCOBBIX CHJ, MONB3YyACH 3aKOHOM
Japcu, 3aBUCAMOCTRI0 KAUWIJAAPHOTO CKAaYKA pPx OT HACHINEHHOCTH H
YPABHEHUAMHU HEPa3PHIBHOCTH, HOJydaeM CIEJYHIYI CHCTeMy ypas-
HeHnH:

012*

o) (o

kK (@) [ &
My oz —Q1X>S(x); 02=——_2_< Py

1 1
P1—p2 = a(ﬁ“i‘“ﬂ) = px(0),

74 a 7 do .
% - mS @), 2h S (@)L, (IX.1.10)
raie X — NpoeKnus YCKOPOHNA MACCOBHIX CHI HA HAOpaBJIeHWE TeYSHHA L.

Tar Kak 9uCI0 HeM3BECTHHX (py, Ps, O, U2, O) PaBHO ATH, TO YPaB-
menua (I1X. 1. 10) ofpasyror 3aMKHYTyH CHCTeMY.

Bes mpunnunuaipbHsIX 3aTpyJHEHMHA permmaeTcd 3agada yCTAHOBHE-
merocsa [BWKeHus AByx(dasHol cmecu, KOTHA PacXofhl, AABIeHUA M Ha-
CHIMEHHOCTH He 33BHCAT OT BpeMeHm. V3 ypaBHeHHil Hepa3pHBHOCTH
clefiyeT, 9TO B 3TOM ciydYae pacxom ¢, m (), mocrosauHE. U3 cucreMur
(IX. 1. 10) monmydaeM aBa ypaBHeHHA AJS IPOM3BOJHBIX:

_ 4o _ O o0 X
dz B () @S
T 0@
dps ! do dp, Q- .
e PO e = ) e X
S (z)

He
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HIn
apy __ Qs gy 4O
T Tdz k" (o) — X — px(0) dz
—2_ 8 (z)
Ha
OIKyma 1IpE px (0) %+ 0 mus o monydaeM oOnKHOBeHHOe Auddepen—
LMaTbHOE yPaBHEHAE IIePBOTO HOPAAKA

’ d 1
Pe(0) - = (@1 — ) X + -5 [*;f?;)— ;:fg‘)]- (IX. 1. 11
2

Wuterpupys sTo ypaBHeHHMe, 9T0 JerKo Bumoaaserca mpu X = 0,
Hafitem 0 = 0 (z), Docje Yero Mo)KHO M3 yPABHEHHWH NBMIKeHUA oIpe-
JeJIATh JaBAEHAS P, U p,. OOmuil cryvail yCTAHOBHBIIEIOCA ABUKEHUSA
IByx-um TpexdasHoil cMeceil B IpeHeOpe)KeHHU KaIWIIAPHOCTHIO Pac-
cmorper Macketrom (JIT. VII. 6). Teopns yCTAaHOBUBINETOCA [ BUKEHH
rasupoBamHOH HedTm KpaTKO u3goskeHa B § 8.

§ 2. Teopua DBaruaea — JleBeperra

Baraeit u JleBeperr [4] paccmorpenu peyxdasayio pursTpanuio npn
6TCYTCTBUM KANMIIAPHOrO JaBJeHAA 6e3 yIeTa MACCOBHX CILI AJA CIXy-
gas S (z) = S = const.

B srom caydae cornacHo (IX. 1. 10) umeem ciepyiomue ypaBHeHUA:

k&' (0) 4 kk, (6) o
w1=-—--——li1——-a—:-, w2=—‘#——6_.:.’ (IX-2-1)
dw do dw do
e =M e =M (IX.2.2)
0
2k 0, wy oy =), (IX.2.3)

roe W, U w, — CKOPOCTH (QUIALTPANAN COOTBETCTBEHHO NEepPBOM W BTOPON

¢asa.
IlosomkuM, 9T0 cyMMapHasa CKOPOCTh (HMIBTPANMH ABIAETCA MO-
CTOAHHOA, T. €.

wy + wy, = w = const.

U3 ypasmenmit (IX.2.1) n (IX.2.3) moxygmm

ap w
——— = - . (IX.2.4)
oz k[k‘ (o) " k2(g)]
M1 M2
IlopgcraBisan 3nadeHnme — Z—i u3 ypasmenmii (IX.2.4) B mnepsoe

ypasgenue (IX.2.1), nomygaem
w, = wf (o), (IX.2.5)
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rge f (o) — rax HasniBaeMasa QyHKmuA Barkgeg — Jleseperra:

B k: (o) U n

0)= G > ) = . IX.2.6

1O = e (IX. 2. 6)

N3 popmyant (IX.2.5) ompegeaum %u;l B TOACTABMM B TNepBoe

ypasueRue HepazpuBHocTH (IX. 2.2). IMoayuum
wf’ (0) 2% 4 m 2 0. (IX. 2.7)

Ypasrenne (I1X.2.7) ects kBasunumneiiHoe AuddepermuansHoe ypaB-
HCHEE NEpBOTO MOPAKKA B 9YACTHHIX ITPOU3BONHEIX, KOTOPOE OGHIIHO
HHTErpuUpyercsa MerogoM xapaxrepuctuk [JIr. VIIL 1].

Hanumem cucremy oOnkHOBeHHHX nuddepeHIHAJIbHEX Y PaBHeHHUI,
COOTBeTCTBYIONYI0 YPAaBHEHHIO B WacTHHIX Ipomssogamix (IX.2.7):

dx dt do

WE w0
He3aBnchaH cucTeMa ee HepBHX HHTEerpajJoB €CTb
wf’ (o
6=C, 2L _g,

(m TDpUHATO WOCTOAHHEIM).
Pemernue ypaemerma (IX. 2.7) umeer Bux:

z =z(0, 0) + 21 (o), (IX.2.8)

rae z(o, 0) — HadagpHOE PpAacIpeflieJeHAe HacHIeHHEOCTH npm ¢ = 0.
3HaA TOJIOMKCHME TOYKH C HACHINCHHOCTBIO 0 B MoMeHT ¢ =0,
moxkao u3 (1X. 2. 8) onmpemennTs ee moJsioykeHue B JI0GOH MOMEHT Bpe-
medau £>0.
U3 dopmyasr (1X.2.8)

dz w o4
—=—1"(0). (1X.2.9)

w
Taxum obpazom, P [’ (0) ecTh CROPOCTH pacHpoCTPaHEHNA HACHIIEH-

HOCTH 33JIaHHOH BeJUYUHBHL O.

Bup xpuswix f (6) u f' (o) upegcranien na puc. IX. 5.

W3z aroro rpadukxa BumHO, 9T0 f' (0) He ABAAeTca MoHoToHHOI. NHave
roBops, CylIeCTBYIOT ise HachinedHoctu o u 01 (puc. 1X. 5), u3 KoTo-
PHIX O[HA MOsKeT OLITh YIPOHM3BONBHOI, PACIPOCTPAHAMIINECS ¢ OfHOM

M TOH sKe CKOPOCTHIO L—:L— f (o) = % f (o)). Orcioga c.iemyeT COrJIacHO

(IX. 2.9 u puc. IX. 5, 9ro, HayuHasg ¢ HEKOTOPOTO MOMEHTA BPEeMeHH,
paclpefieicHre HACHIIIEHHOCTH  MOMKET  OKa3aTbes  MHOTOZHAYHEIM
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(puc. IX. 6) apamormdso, HampuMep, BoaEaM PumaHa KoHeYHOH aMiuIu-
TYAH, KOTODHE M3yuyamwrcs B Teopu: ynaprwix soxm [Jlr. I1. 13; 10].

OueBH/(HO, MEOTO3HATHOCTh O QU3MIECKH HEBO3MOKHA. JTO TOBOPUT
0 TOM, 9TO B 30He [ABWKeHH: ABYX(asHoi jKHIAKOCTH 00pa3yIOTCA CKAYKM.
MHOr03Ha9HOCTH B BOJTHOBHX 3aa9aX MeXaHHKHA CILIOMHEX Cpef, 00LIYHo:
03HAUAeT BO3MOMKHOCTh CYHIECTBOBAHUA pPAa3pHIBOB HMIHM CKAYKOB HCKO-
MHX ¢yEKnmi. B gaEHOM ciydae MHOTO3EAYHOCTh TAKIKE YCTPAHAETCH
BBeleHMEM CKaYKa HACHIIEHHOCTH.

[
t
1
£(6)
Gy
#1s)
%
n & s 1° 0 ry
Puc. IX. 5. Puc. IX. 6. YcrpaHenne MHOTO3HAYHOCTH
pacupefieleENA HACHIEHHOCTH BBEJleHHEM

CKa4YKa.

Ha puc. IX. 6 gus mutiocTpanun moKas3aHo GM3UYeCKM BO3MOKHOE,
T. €. OHO3HAUHOE, Pacipe/eleRre HACHIIEHHOCTH O (, 0) WiIH, 910 TO iKe,
z (g, 0) B momerT ¢ = 0. Ilycrs maa mpocroTst w = const. Torma co-
raacHo QPopmyne. (IX. 2. 8) u puc. IX. 6 panpHeiimmee pacupeperenne
HACHIMeRHOCT! © (¥, ?) MOKHO HOJIYYIATH, CMECTHB OPAMHATHL O TOUCK

. . wt
Ha9aJbHOH KPMBOW BIPaBO HA BEJMIMHEI ~— f' (6). B saBucumoct oT

BeJUIAH O CcedeHWH ¢ OoJblledl Ha9aJbHOU HACHIIEHHOCTBIO COTJIACHO
rpapury f (o) pmec. IX. 5 moryr o0orHaTh CedYeHUH € MEHBIIMMH
HAYANBHRIMZE HACHIIEHHOCTAMA M rpapux o (z, ¢), HoaydeHHEI
B pe3yJbTaTe YKA3aHHOTO BHINe IepeMellleHUA OPAMHAT O BIIPaBo,
MORET OKa3aThCHd B HEKOTOPOHR CBOeH FacTU HEOAHO3HAWUHBIM, UTO M30-
6paskeno ydactrom I —2—3—4—5 xpusoii o (z, 1).

B 30He 3TOro yYacTKa O{HOMY U TOMY ke 3HAYeHHIO T COOTBETCTBYIOT
TP 3HAYEHUH O: O;, Oy U Op, UT0 ¢usudeckH abCYpAHO — B KasKHOM
cedeHNH, eCTeCTBEHHO, B KajKIAHIi MOMEHT BpeMeHHU [OoJKHA CyIecTBO-
BaTh TOABKO Of[HA BHOJHE oNpefeleHHas HacuHmenunocts. Momno moxa-
3aTh, 0 dYeM Oyjer CKas3aHO HWKe, YTO HOJNOMKeHHMe CKadka (npsamas
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1—3 —5) noKHO ONpefiedAThCA IO aHAJIOTHHA ¢ COOTBETCTBYIOMEH 3ama-
qeil razoBoll quuammk: [11) m3 ycaoBua paBemcTBa HIomazeil cerMex-
toB 1 —2—3 n 3—4-~5 mo obe CTOPOHHK CKavKa, T.e. mpamoir I—3—5
[JIr. VIII. 29; 12].

B pedicTBATEIbHOCTH, KOHEYHO, MATEMATHUYECKHH CKAYOK HACHIIEH-
HOCTH He MMeeT MecTa — CYINeCTByeT HeKOTOpas KoHeYHas piauma O
(puc. IX. 7), Ha KoTOpOii HACHIMEHHOCTh MajaeT OT 3HAYCHHAA Og JI0 HYJIA
mepex ¢poHTOoM. OFHAKO 3Ta MHOTAA Ha3kBaeMas CTa0MIM3UPOBAHHOMN
30HOH AaHHA O, Pa3MEPH KOTOPOI 3aBUCAT OT HE PACCMATPUBAEMEIX 3[eCh
KanmwinsApHHX 5S¢derTon, oOHYHO Majga
0 CPaBHeHWIO C BO3pacTalomieil co Bpe-
MeHeM 30Ho#t cmecm I 4 2 (pmc. 1X. 7)
¥ B pAfe CIYIaeB OCTAETCA IOCTOSHHOM.
NsanaraemMas HIKe TeopdsA JaeT BIOJHE
YAOBJIETBOPHUTENIbHEE Pe3YNbTATH A
sousl cmecu I -+ 2. PaccMoTpenue ke HACHI-
MIEHHOCTH Ha ydacTke O TpeGyer ydera Ka-
MMIIAPHON PAa3SHOCTH [aBIeHMH, 0 UYeM
\ Gyner ckasaso B § 6.

\ Ilepexonras 30Ha 8 aHAJOrW9IHa TOJI-

|

|

|
!

RTTIIA CTTT (T OUHe CKadKa YIIOTHeHWA B rasze. Hax
< msBectno [JIT. II. 13; 111, B rase Toau-
! 742 \? IMAHA yAAPHOH BOJHHK paBHA OOKYHO He-
0 CKOJIBKAM JAWMHAM CcBoOopgHOro mpobera
s MOJICKYJ M IPARKTUIECKH MOKeT paccMma-

Puc. 1X. 7. Pacupenenenme ma- TPUBATHCHA, KAaK paBHAA HYIIO.
CHINEHHOCTE IPH BHTEeCHEHAH B mamem cayvae pByxdasHoil OHUIb-
B DOPHCTOH cpepe. Tpamum M Opunumaem 0 = 0 gas yupo-

mMeHEns TOCHeAYIOmero aHaJIu3a.

Baxneit n JleBepeTT He yKas3aid AaHAJIOTHIO HTOM 3ajadd ¢ 3agayeit
Pamana, HO OHH NpaBWJIBHO JAJAd MeTOJ OIpeAeeHAA KOODPAMHATHI
CKadKa M3 YCJIOBWI MaTepHAIBHOro Oajapca.

IIycrh mupgxocts ] HaduHAeT BHTeCHATH ;KuAgKocts 2 (puc. IX. 7).

O06beMm mepBoil a3 B MepexoxHoi 30He UA olpenensercs CICHyO-
meit popmy0ii:

*p
Vi=m [ odz, (IX. 2. 10)
0

rae Ig— KoopamuHata (pPoHTA MM CKadKa.
Hagaabuoiii 00beM nepsoit asm B 3Tol 30HE

Vi) = fd’m o (z, 0)dz.
0
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B MomenT Bpemerm ¢ o6BeM nepBoé ¢asH B 3TOil 30He Oymer
*p
Vi(t) = [ mo(z, t)dz.
0

HJanee, B TeueHme BpeMeHm ! uepe3 HaYagbHyl rpaganmy z =10
BTeKaeT TepPBas KAAKOCTb, 00BEMHOe KOJNMIeCTBO KOTOpo#t 6yAeT paBHO
wit = wt. Ilpm sroMm mpemmomaraerca S(x) =8 =1.

Ouesnpno, 4TO

xq) xq)
wt= [ ma(z, t)ydz — [ mo(z, 0)dz. (IX.2.11)
0 0
Huas opocrorar nyers Vy(0) =0, T. e. B HadJaAbHHA MOMEHT Bpe-

MeHA ygacToR OA DONHOCTHI0 3amojHEH BTOPo# REAKocThiO, Torma
nMeeM

*p
wt = [ mal(z, t)dz. (I1X.2.12)
0
B aroM cnywae ¢opmyna (IX.2.8) mpumer mua:
z=""1 (o). (IX. 2.13)
N3 (IX.2.13) mmeem
dz = 2L f"(0) do. (IX. 2. 14)

Iogcrasnasa (I1X. 2. 14) s (IX. 2.12), nmonydaem

9
wt = [ owtf” (6)do = wt [P (0p) — P (0,)],
riae %

Y (0) = [ 0/ (0)do =0 f (6) —f(0) + const;

Op — PpOHTOBAs HACHIUIEHHOCTH; Oy — HACKINIEHHOCTb B CCUCHMH Z = (),
T. e. B HalleM cjaydae o0, = 1.
YautuBana coranacuo (I1X.2.6), aro f(1) =1, f (1) =0, womxygacm

wt = wt [0g f' (09) — 1 (0g) + 1]
6y /' (0p) — f(og) = 0. (IX. 2.15)

@ poHTOBaA HACHIMEHHOCTh Oy ONpefelisercs 3rToi dopmynoit. Cpen-
HIOI0 HACHIEHHOCTb Ocp B HEePeXONHOX B30HE MOYKHO OUPEAENAHTH IO

dopmye

niau

wi 1 .
Oop = o = T waT - (IX.2.16)
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Jlerko BumeTh, 9T0 PPOHTOBYIO HACHIIEHHOCTEh ¥ CPEAHION HACHILEH-
HOCTH MOYKHO OIPEleNHuTh IeOMETPHIECKH ClIemylomuM o6pasoM.
[IpoeemeM m3 HadYaka KOOpAHHAT KacaTeIbHYI0 K Kpusoit f (¢). Benn-
9UHK O [JIA TOYKHM Kacarua A m ToIkm B3 cyTh ¢poHTOBAA HACHIIIEHHOCTD
¥ CpeflHAA HACHIEHHOCTh cooTseTcTBenHo (puc. IX. 8, a).
Herpyneo BujgeTh, 910 Hail-

1fe) 4 IeHHas TaKuM o6paszom ppoHTOBAA
4 HACHIIEHHOCTH 0g (puc. IX. 8, a)
| COBIAJaeT C HACHIEHHOCTHIO,
: } KOTOpasg HMOMYIATCA, €CJIn YCTpa-

||

bl

|l

|

|

|

2

aJ O£¢ Cep 14 ¢
a
Pmc. 1X. 8.

HHUTh IBy3HAuHocTh OQyHKumu [’ (0) cedernem O;PD’ (pmc. I1X. 8, 6),
oIpefleiAeMbM W3 YCIOBUS PABEHCTBA 3aIITPUXOBAHHHX IIoHajeif
00,10 u 1AQ@’'1. [leiicteurensho, u3 puc. [X. 8, 6 cregyer

Gd)l
Syapr 1= | F'(0)do—(0p — o) f (0p ) =

o1

= f(0gr ) — f(0,) —(0gr — 61) ' (0’ )y (*)
Sooy10 = 0y ' (04) — -Oflfl (0)do = o, f (0gr ) — [ (04). (**)

CpaBumBas mpaBhie YacTH 3TuX (GOPMYJ, mOJydaeM
f(og) = o I (07 ), (***)

aTo coBmagaer ¢ dopmyioit (IX. 2. 15). Takum obpasom, 0y = 0y , 4TO
n TpeGoBaToch AOKAa3aTh.

IIpr o6mudLIX KPHBHIX OTHOCHTEJNBHHIX (a30BBIX IPOHUHBAEMOCTeil
cpeqHsAs HACHIEHHOCTb Ogp, KAK NPAaBUJIO, 3HAYHTENLHO MEHbIIe ej(H-
punst. IloaToymy, HampuMep, B IpolieccaX BhITeCHeHHA HedTH BOHOM AJsd
HOCTATOYHO TOAHOTO M3BNedYeHus HedTH M3 mIacTa Ha eJUHHMIY obbema
no6LITo HedTH HY;KHO 3aTPATHTh B HECKOJIBKO pa3 0oibme 0OLEeMOR
BOJIEL.

Uz popmyant (IX. 2. 16) u puc. IX, 8, a gus dysruun f (o) cuegyer,
uT0 PPOHTOBAA HACKHIIEHHOCTb Op = 04 M CPefHAA HACHIUEHHOCTDL Ocp =
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= Op BO3pAaCTalOT ¢ yMeHbIIeHHeM OTHOMEHUSA BA3KOCTEd [y = K2 Ta-

M
KM 00pa3oM, 3PPeKTHBHOCTH BBITECHEHHSA BO3PACTAaeT ¢ POCTOM BA3-

KOCTH BHTECHAIIEH KUIKOCTA W YMeHbIOIEHHEM Bf3KOCTH BLITECHSHe-
Moii. MerwTca yKasaHusa, 9T0 OPIMEHEHNE IieH, MOBHMIAIMX BAZKOCTD
BO/bI, HATHETAEMON B HeTAHON IIACT, 3HAYHTEJHHO YBeJIHIUBaeT Hed-
TeoTHAdY.

Kar Bupno us puc. IX, 8, a, 0y u 0¢p cpaBamreasso Gausku. 1o
JaeT OCHOBAaHME [Js HPHOIIKeHHEX PACYeTOB B UepBOM NPHGIMLReHHU
BooOIe HPHHATD HACBIIIEHHOCTH B 30HE CMECH Besjle NOCTOSHHOM M paB-
HOMl Ocp, A TAK/Ke IPHHUMATH IIPH STOM B pacyeTax BHITGCHEHUs (aso-

* *
BEI¢ UpoHuUIaeMoctu k; (0) u ky (0) MOCTOSHHEIMH B 30HE CMeCH, paB-

* *
BEME ki (Ocp) B kg (Ocp). PacueTs! mo To49HOI Teopuu M YKA3aHHOMY
BHIIIe YOPOI[EHHOMY cIoco0y BBefeHUs DKBUBAJICHTHON CPeIHEH HAaCH-
LICHHOCTH YAOBAETBOPATEIBHO, KaK NPABHJIO, COTIACYIOTICH, OCOGEHHO
NpH OTCYTCTBMH MACCOBHX CHJ H IIOCTOSHHOM cedermum S = const. Bo-
nee HoppoGHO aTa 3amaua paccmorpena Usup Umyn-canom [9].

BBejerne 5KBHBAJIEHTHON HACHIEHHOCTH, 94CTO IIPEMEHACMOE B IPAK-
THYECKUX pacuerax, HO3BOJAET CBECTH pACYeT BHITECHEHHUA C Y4eTOM
$a30BLIX IpoHUI[aeMoCTell K Topasmo Gosee TPOCTol cxeme, TPAGINKAIO-
meica K cXeMe HopmHeBoro Butecuenns [13].

B mocmenmee Bpemsa nia mATeHcHpuKanuu HedTemoOHTM HAYHHAIOT
OpUMEHATH B KadecTBe BHITECHAIOINEero He@Th areHTa KaKyo-ambo pac-
TBOpUMYI0 B HepTH JKMAKOCTH WIH ra3, o0nYHo muponan. Teopus
BHITECHEHHs B3aWMHG pPaCTBOPHUMBIX KUAKocTeH B Tpy0ax ® Iopu-
CTHIX CpPefaX 3HAUMTEJBHO CJIOJKHEe WBIOKeHHOH BHIOE TEOPHU
Baxies — JleBeperTa H COOTBETCTBEHHO B MeHbIIEH CTelleHn paspadorana.
JToMy BOIpOCY HOCBANEH psif CPABHHTENBHO HEJABHO BHIIOJIHEHHEIX
nceaegosanmit [JIr. VIII. 29; 45, 46], nanoimmrx Bo3MOoKHOCTH YCTAHOBHTE
Kav4eCTBEHHEE M B M3BECTHON CTEIEHM KOJIWYOCTBEHHEIC XAPAKTe PHCTHKN
3TOTO HpoHecca.

IMpu PunpTpamum B3aMMHO PACTBOPMMBIX JKUAKOCTell KalMagpHbIil
CKA40K J{aBJieHHs Pe3K0 YMeHbUIAeTCA M OTHOCHTeJbHble (a3oBble IIPO-
HUIAeMOCTH CTPEMATCH K COOTBETCTBYIOUIMM HACHIEHHOCTSAM. Ilpu atoMm
HHTEHCHBHOCTD BHTeCHeHUs He(TH 3HAYNTEIbHO UTOBHIIAETCSH.

Y9uThBas, ofHAKO, HOBOJIBHO BRICOKYIO CTOMMOCTH TEH M PAaCTBOPH-
MBIX BBITECHAION[UX areHToB, BHOUPATh TOT WM HMHOH areHT clefyer
mocje JOCTATOYHO TIMATENBHHX TEXHHKO-9KOHOMHYCCKHX pPACYETOR.

§ 3. O0mine cooGpasiennsi O JABWKEHNH CKAYKOB HACHIOIEHHOCTH

[Iycrr mMeeTca HAYAALHBIN CKA4Y0K HachimeHHocTH. OH MOKeT OBITH
aubo OecKOHEYHO MaJkIM M paclpeliesiedne HACHIIEHHOCTU HellpepHIB-
HBIM, 60 KOHEUHHIM ¢ HACHIEHHOCTAMH 0; U 0, (puc. IX. 9). Tak rax
pacxox Q) 3aBHCHT OT HACHIEHHOCTI (B YaCTHOCTH, OH Gy/eT Pa3HBIM IO
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ofle CTOPOHKE! ceueHHA A, COBOA/AIOMEro CO CKAYKOM), TO CKAYOK HAYHET
INBUraThCsA, a BCA KpuBasg 0 = O (z) ReopMEpPOBATHCA.

B panpeeiimeM 3TOT CKAYOK MoKeT JHG0 «pa3Ma3HBaThCA», aAUGO
COXPaHATHCA.

IIpumennm sakoH coxpaHeHHMA MaccH ABWRymuxca $as. I[lycrs 3a
BpeMsa df ckadox mepemectarcsa Ha dr. IlpupocT. oGbema mepsoil dasu
B o0'beMe, IpolifenHoM ckaukom, Oymer (puc. I1X. 9).

msS (z) (0, — 0q) dz.

P fre)

\ /
N
TEX NN LD,
.

G- - = ‘l

G ——— — — —

Pre. I1X. 9. Puc. IX. 10.

OueBnsiHo, 4to 3TOT TpHpPOCT paBeH [Q,(0,) — Q,(02)] .dt, OTKyAa
msS (x) (o0, — 05)dz = [Q, (0,) — Q1 (02)] dt. (IX.3.1)

Mz (1X.3.1) = (IX.2.5) caegyer, 9T0 CKOPCCTL ABMMEHHWA CKAdIKA
I CIy9as, KOorga CKAYKHA He (PA3MasBIBAIOTCA», pPaBHA
_dr 1w (o)—w (o) _ w
rae yrox o (pmc. IX.10) oGpasoBan cekymeil, COoefAHAIME# TOYKHA
f(o,) m f(o;) ¢ ocbio abemucc.
ObveMHasa cKOpocTh CKaiKa, T. €. 00BeM Top, NPOXOAAMEIA CKad-
KOM B eMHUNY BpeMeHH, paBHa

_QL(UI)_QI (02) =Qtga. (IX.3.3)

v=mS(z)u= A

B npenmennHoM cnygae O, — 0y — 0, T. e. B cry3ae OecKoHETHO
MajJoro CKadka, MOJYYMM CKOPOCTh PACIPOCTPaHEeHHA 3afaHHOl HACH-
HMieHHOCTH, 9T0 coBmagaer ¢ dopmymoin (IX. 2.9):

dx w 4,
Tlt—=7n_f (0).
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Qopmyam (IX. 3. 1) n (IX. 3. 2) amamorvyHEH U3BeCTHHM YpaBHe-
HuAM T'oroEmo-PoHKMHA, BHPAKAKIIUM 3aKOH COXPAHEHAA MAaCCH Ha
¢ponte cragka ymmotaenms [JIT. IT. 13; 10, 111].

Tak kax pusmIecKuil cKavoK (B OTIH-
qHe 0T MaTeMATHIECKOI0) HMeeT MaIYI0, HO
KOHEYHYIO TOJIURY O, BHYTPH XOTOpoi
HACHINEHHOCTh MeHSAeTCA OT 0 10 O, He-
npepHBHHIM 00paszsoM, To dYepe3 HEKOTO-
pH# DpoMe;KYTOK BpeMeHH Oiaaromaps To-
My, 9TO CKOPOCTH PacIpocTpaHeHus QHUK-
CHPOBAHHOI HACHIIEHHOCTA 3aBHCHT OT
cBOEro 3HAYCHHA O, KpuBas Ha puc. [X. 11
npAMeT BHJ, MNOKA3AHHHIN TYHKTHPOM.
CieoBaTeIbHO, CKATOK JOMKEH JBUTaTh-
¢ ¢ MAaKCUMaJBHOH CKOPOCTEIO, COOTBET-
CTBYIOIIEH CKOPOCTH pAacHpocTpaHeHH:A
HEKOTOPOHX WPOMEKYTOUHOH HACHIIEHHO-
CTH Gy, Oy << Op<<Oj, T. €. CO CKOPOCTBIO

wy (G(I)) — (02) (IX- 3 4)

u= -1————* .
m Op—03

)

Gy

Puc. IX. 11.

Ilpn 0y < 0;, Gp — 3HAYeHNe HACHIIEHHOCTH, IPH KOTOPOH CeKymias,
coefuHsOMAanA TOUKH f (02) u f (0p), COBIAAET ¢ KacaTeJbHON K KPHBOIi

f (o) B Touke f (0p) (cM. puc. IX. 10).
fie) fie)

I

Puc. IX. 12.

Ecnm nepBomavanbHo (IpH BOBHMKHOBEHHH CKadka) OBUIO 0, > Og,
TO 9aCTh QPOHTA «pa3MakeTCA» W PPOHTOBAA HACHINEHHOCTL CTAHET Og.
Ecam mepBonasanbHo GBUIO O, < Op, TO (POHTOBAA HACHIIEHHOCTH
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OymeT onpemenaThes sHadenneM o, (puc. IX. 10). OGosHaYEM yIJH, CO-
cTaBlseMble KacaTelIbHOH K KpuBoil f (0) ¢ ocklo abcmuce B TOUKax O,
I Oy, depe3 a; U a, (pmc. IX. 12).

Eciz o, > @,, ToO CKOpOCTH pACIPOCTPAHEHUS HACHINEHHOCTH O1
Goxbmme CKOPOCTH PacIPOCTpAHEHUS MEHBIIEH HACHIIEHHOCTH O,. Torma
CKadOoK He MOKeT «PasMassIBaThCA», W oH coxpanmres (puc. 1X. 12, a).

Eciu «; < @y, To CKOpoCTh pacHpocTpaHeHMsA OoJbHrell HACHIIEH-
HOCTH 0; MeHbIIe CKOPOCTH PACIIPOCTPAHOHIA MeHbInell HACHTIIEHHOCTH O,
B aroM cnydae crador «pasmassiBaercay (puc. IX. 12, 6).

Wz pue. I1X. 10 m 1X.12 Buagno, B 3aBHCHMOCTH OT TOT0, B KaKOM
ONAaNa30He HACHIMEHHOCTel CYymeCTBOBAJN HAYAJABHBIA CKAI0K, OH Ju60
«pasMaseBaeTCA», JuO0 COXPAHAETCA.

§ 4. Onuomepras ¢uibTpanma [BYX(asHOH KHIKOCTH
B TpyOKe TOKa IepeMEeHHOro cedeHmsa 0e3 yJIeTa MacCCOBBIX CH

ITpenebperagd KaNIJJIAPHEIM JaBJeHUEM M MACCOBHIMA CHIaMH, CO-
rnacdo (IX. 2. 7) umeem

’ a 7}
Q (1) 1 (0) 5= + mS () - = 0. (IX.4.1)
VY papHeHuss XapaKTePUCTHK MMEIOT BHJT:
dx a ﬂ_
O @~ ms@ 0 (I1X.4.2)
OTcroa MoJyuyuM TePBHIH YaCTHHIA MHTErpaj
o=C;. (IX.4. 3)
s (IX. 4. 2) umeem
S d. ’
S (E?% =1 (o). (IX. 4.4)
Beemem ¢yHRIUM
Q(z) = | mS (z) dz — mopossiit 06BeM, (IX.4.5)
xg
t
V(t)=| Q (t)dt — 3axaumpaembiit oGzeM, (IX. 4.6)
ty

rae Xy, — DPOU3BOJIBHOE HadajbHOE cedeHme; [, — IPOM3BOIBHbIH Ha-
9aJbHHIA MOMEHT BpeMeHH.
Torga
dQ ’
- = I’ (o). (IX.4.7)
Uz (IX.4.3) u (IX.4.4) nonyaum pemenue ypasmenus (IX.4.1)
B Buje

Q = Qy + [V (&) — Vol (0). (IX. 4. 8)
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Ypasmenme (1X. 4.8) amamorndHo ypaBHEHMIO IJI pacmpefesieHHus
HACHIIEHHOCTH B IJacTe upu AByx(dasHoill ¢unpTpammn B TpyOKe ToKa
NIOCTOAHEHOIO CEYeHUS C NOCTOAHHOM CKOPOCTHIO W:

z(o, t) =2z (0, 0) —{—%t]“ (o).

Ilyets t = 0, 2o = 0, Qy = Vo =0, 1. e. B HaYadbHHI MOMEHT
ppemenn ¢ = ( meBas 9HacTh IuacTa MOJHOCTHIO 3aNIOJHEHA HepPBoil ¢a-
30it, a mpaBas dacTh — BTopoil dazoir (puc. IX. 13). Torma dopmyma
(IX. 4. 8) nmpumer BuUfA:

Gzt

Q="V/f (o), (IX.4.9) =—&

rge V = V (f) — 3akavagHHA 005BeMm;
Q = Q (0) — o6BeM NOpP, OTPAHUIEHHEIH
HA49aJIbHEIM CedeHHEM, e ¢ = 1, U cede-
HHEM C 3a[aHHON HAaCHIEHHOCTHIO O.

s (IX. 4. 9) Q/V = f (0).

IIpegmonosxuM, 4T0 MePBAA KHUIKOCTH ' T
€CTh BOJA, BHITECHAIONAA BTOPYIO KHJ-
rocth — medre. M3 (IX. 4. 9) caenyer,
410 HedTeoTHaya ONpeIeNAeTCH 3aKAYaH-
HHIM 00beMOM BOJbI, HpPHYEM TeMO 3aKay-
Ki Ha Hee He Biauser. Ciexyer momuepk-
HYTb, 9T0 STOT BHEBOJ CIPABEIJHUB TOJIBKO
npH NpeHeOpeKeEUN KAOHILIAPHOCTHIO.

Muorounciennsie 5SKCIHepPAMEHTANbHLEE JAHHEE IIOKA3KBAKOT, YTO
B fedcTBATEABHOCTH HedTeOTHaTa, BOOOmE TOBOPSA, 3aBHCHT OT TeMia
BHITECHEHUs, XOTA U3JIOAEHHA BHIIE TEOPU [aeT KATeCTBEHHO, & B psje
CIy94eB M KOJIWYeCTBeHHO BIOJHE UPAaBMIBHYI0O KAPTUHY pacipepese-
HEA HacHINeHHOCTell, JaBlleHNMH U CKopocTell mo KpafiHelr Mepe o HO-
pARKy Benmdud. B opHux caydasx nHedreoTnada YBeNHIHBAETCHA IIPH
NOBHIIEHAN TeMIa HATHETAHUA BOAB, B HAPYIHX — IpPH YMEHLHICHAH
B 3aBHCHMOCTH 0T FEEPoPHILHOCTH Han ruapodoGHOCTI HOPUCTON Cpeibl
d BeJIMYUHBI Me:K(pA3HOro HATOKEHAA MeKIY HeThio U Bojoi. Ilocaen-
HAA MOMKET PeryJdpoBaThCs H00aBIeHMEM HOBEPXHOCTHO-AKTUBHLIX Be-
mecTB, 9eMy B HoCjejHee BpeMA ymelasercA O0oJbiloe BHUMaHHe. Paf
BeCbMa WMHTEPECHHIX HKCIEPHMEHTANBHBIX JAHHHX II0 3THUM BOIPOCAM
upuBeieH, B gacTHocTd, B paborax M. M. Kycakosa, IIl. K. T'umaryn-
IMHOBA U B HegaBuel pa6ore A. E. Eprennena [14], a taxske 8 [JIT. 1. 5].
Kax ymomumamoch Boime, BOOpocH HedTemobniau TpeGyoT nambHeHmHX
HCCJIeI_[OBaHI/Iﬁ, KOTOPHEIe B HACTOAILIEE BpeMA UHTEeHCUBHO HPOHOJIH{HIOTCH
rak B CCCP, tar m 3a py6esmmom.

Bepuemca k mameil zagaue.

Coraacuo (IX. 3. 3) ans ckadka MMeeTCH ciefyoulee ypaBHEHHE:

mS (2) 2 = Q0= loy). (I1X. 4. 10)

T2— 04 ’

Puc. IX. 13.
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rae mS (x) % = —dgf— — oOpemHan crkopocts ckaura, Coraacao (IX. 2. 5)
Q1 = Qf (0). Ypasnerne (IX.4.10) Moxer 6HITH mpefCTABIEHO B BHME
aQ __ f(ox)—7 (o)
W—T_—(’l—l- (IX.4-11)

IIpr o0; — 0, paBencreo (I1X.4.11) mepexomur, KAk H MOMKHO
6uTh, B (I1X.4.9).

OmnpefienuM CpefHIOK HACHIIEHHOCTh B NEePeXOAHON 30HE.

B wamjmii MoMeHT Bpemendm oGweM meproit ¢aset V, paseH

“» 29 %
Vi= [omS(z)dz = [ 0dQ = 0pQp — | Qdo =
0 0 f

— 04— [ VI’ (0)do = 0gR0 — R [ (05) — 1VF' (0g). (IX.4.12)

1

Cpensaa HacHMIEHHOCTh Ccp OyHeT paBHA

v, / 1
Oep = 5o = 0o + (1 — 1(09)] [1 09 = o (1X.4.13)

®opmyna (IX. 4. 13) Bononme cosmamaer ¢ dopmymoir (IX. 2. 16).

PacemorpuM uapTpanuo aByxdasHoll sKUAKOCTH B IIIACTe C 3aJjaH-
HHM JIaBI€HHEM HAa KOHIIAX.

ITycte mnacT BEAYANe B JIeBOH YacTh OBLI HOJHOCTHIO 3aHONHEH Hep-
Boit (asoil, a B IpaBoil wacTH — BTopoii daszoit. B cedemmu pasmena
z = 0 m Ha KoHIe IIacTa £ = [
3ajausl gqaBnenns p, (L) u pi ().
IMox meiicrBHeM mepemafa gaBie-
muit  Apg—; = po (£) — pi (%)
TepBag ;KUAKOCTh BEITECHAET BTO-
PYI0 JKUIKOCTb M B ILTacTe o6pa-

Puc. IX. 14. syercsa mepexopmas 3oHa. OpoHT
OBW/KEHUA NepBoil (asH Zg IPO-

ABHTaerca ¢ TedeHmeM Bpemenu (pumc. 1X. 14).
JIBH;KeHUWe JKMAKOCTe B INIACTe OIMCHIBAETCA YPABHEHHEM THIIA

Hapcn

*
kk, (o) ap

4
01 = — ™ a9z S(x)v
» (IX. 4.14)
. kk2 (o) ap S¢
Q2= — BT T (2)-

CyMmapHHii pacxox

Q) = Q1+ Qs = — kS (@) (¢, + €2) &, (1X. 4.15)



§ 4. Quavmpayus dsyzdasnol xudrocmu 6e3 yuema MaAccoenr Cus 333

rjae

Us (IX. 4. 15) momyamm.

ip Q@)
= ey - (I1X. 4. 16)

Unterpupys ypasHenue (I1X.4.16) mo obmacTm, 3aHATOR cMecsio,
1oJIydaeM mepemaj Me:KAy HadaabHoM rpaHmmet £ =0 um QPOHTOM Zg:

o
Q@) r dz
@ —r =2 [ —soige . 0X41D
0

Wnrerpupysa (1X.4.16) mo o6Gnactw, 3saHATOH dHCTOH BTOpOH ¢a-
30, TosydYaeM mepemapm Me)KAy (GPOHTOM W KOHIOM IIJIAacTa:

1
dz ,
po () —pi(t) = 208 [ o (IX. 4.18)
@
Craapmean (IX. 4.17) = (IX. 4. 18), momywaem

X

1
_ Q) dz dz
po()—pi(t) = —; [f 5@ o) + l‘«zfm] » (X, 4.19)
0 xg

npugeM p,(t) — pi (t) — m3BecTHAas QYHKOEA BpeMeHH {.
HOas nByxdasHoil ¢uabTpanmu mMeeTcA COOTHOHIEHHE

S = (o), (IX. 4. 20)
e
Q= f msS (z) dz, (IX. 4.21)
’ t
V=f()(t) dt. (IX. 4. 22)
0

Wz (IX. 4.20) n (IX. 4.21) umeem ofpaTEyl0 (yHEDNIO
z=2z(Q) =z[Vf (0)] (IX. 4.23)
dz =2z’ [Vf' (0)] V" (0)do, (IX. 4. 24)

Torpma
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TaK KaK B IOcIeTHeM COOTHOMeHmHA ! — (UKCHADOBAHHHE mapamertp,
S@)=8S[x(Q)] =S {z[V] (9)]]. (IX.4.25)

IlopcraBum Bce sTo B ypashenme (IX. 4.19). YumTeiBas, uro

= = Q@ po(t) — pt(t) = Apoy,

noJiydyaeM
O‘
z’ [Vf' (0)] " (o) d o
APO—Z— { f z [V (0)]} (cr+c2) +
1
+u2f —a } _ (IX. 4. 26)
*b

Nrak, Mm noxyemM muddepennmanpHoe ypaBHeHMe NEpPBOro MoO-
pAnKa

V
Apo—y = Apo (=D (V, ) =G ¥ (¥),  (X.4.27)

dt
rae

1 z'[Vf' (0)] f" () doO f ‘

W(V) & Vf {z[Vf (0)]} (c1+¢2) tu S(z)
Py(1) IIpu sToM HagaabHOE yCJHO-
O’g(l) pue Hmeer Buf V = (0 mnpu
pe(D t =0, a 6y ocraerca TocTo-

T S i (IX. 4. 26

— OpMyJoH . 4. 20) mosxk-
7/ 7 T, HO TOJB30BATBCA 10 MOMEHTA
{ npuxoga GpoHTa K KOHIY
Puc. IX. 15. IIacTa, T. €. KOTHA Ty << [.

PacemoTpuM  BTOpyl0  dasy

npyxdasHoit QuIBTpanUM TOCHe AOCTH;KeHHA (PPOHTOM KOHIA IIacTa
(puc. IX. 15):

l
d
Apo—y = py (1) — pi (1) = 2 j’ STy (X428
[

s dopmyan (IX. 4. 23) moayuum
=z [V (a)] (IX. 4. 29)

rje O; — HaCHIIEHHOCTh B KOHIlEe IJIACTA, ABJAABIAsgcA ¢yHrmwed V.
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IMopcrasnaa (IX. 4.24), (IX.4.25), (1X.4.29) B ypaBHenue
(IX. 4.28), momyuaem

_ = (V] @)1 1" () do
Apos() = Vf 2 V7 @) (e by 1% 4:30)

Unrerpupopanve ypasuenuit (IX. 4. 27) n (IX. 4. 30) He BH3HBaeT
HUKAKWX IPHHENANAAJIBHEX 3aTPYSHEHUH U COIPAKEHO TOABKO ¢ IHCIEH~
HEM wWin rpagmdeckum BoiojHeHHeM KBajparyp. Hekoropme szagaum
paccmorpeHHs B paborax [9, 15, 16].

§ 5. Opnomepnas ¢muanTpanua XBYX(a3HOM KUTKOCTH
¢ DpPOM3BOJIBHBIMM MACCOBBIMH CHIAMH

OpBrOMepHOE [BM:KeHHe ABYX(Pa3HOH KETKOCTA C IPOU3BOIBHEIMA MaC-~
COBRIME cHIIaMu 6e3 ydeTa KalJIIsAPHOTO faBIeHUA ONNCHIBACTCH CAEAYIO-
mumn popMyIamMu

kk (o)
“mT kkul(a) ( QIX) we (IX.5.1)
Q= — % ( 92X) S (@),

rjae X—HPOGRIIH}I YCKODEEn s MaccOBHIX CHJI HA HalpaBJieHHEe Tede-
HUA Z.

Canran FHHJIKOCTH HECKUMaeMHIMHM, YPaBHeHHMA HepPa3pHBHOCTRA
MOKHO @OpeaACTaBATL B BHE

— 2 _ s @), S
__0Q2 — S(x) 6(1_0) ( 5-‘)
oz at
Ma (IX.5.2), kak MH y)Ke AMelIH paHbIIe,
2AED) _ 0,0, +0.= Q). (IX.5.3)

Bupasum pacxom Q1 uwepes Q(i):
QW) =—k(,+ 02) LS @+ kS @X (@1e1 + 0a),  (1X.5.4)

rme
K] k,
¢y = 1(0)’ 62=ﬂ.
(01 He
Orcroma
Op _  — Q@)+ kS () X {0161+ 0s¢2)
Tor kS (z) (c1+¢3) ’ (IX.5.5)
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Ns (IX.5.5) »m (IX.5.1) moxyumm

— kES(2) X
L

= QW) 4 _a% jAg XS (2) = f(0)Q(t) + f1(6)v(2) S (2) =

c1+¢s 1+
= Q, (z, t, o), (IX. 5.6)
rae
}”ok; (o)
= = IX.5.
1o 01+02 Hoky(0) +k3(0) (%57
ky (0) ¥y (0)
— Wil 1 2 . IX.5.
fl (U) €14¢5 Hok; (G)_l_k; (0_) ’ ( ) 8)
v(@) =225 Ag= 0 — o (IX. 5.9)
v (z) — BeAMYMHA, WMEIOMAs Pa3MEePHOCTH CKOPOCTH.
B none cun taxecrn (pme. 1X. 16, a)
= —gsina (g = 9,81 m/cex?),
p— koo _ EAVE (IX. 5. 10)

My M

rfie ¢ — yroa HAaKJOHa OCH I
K ropmsonrty; i = sin a.

B mose nerTpobesKHHX CHI
(pmc. IX. 16, 6)

X =ow?z,

rge o — yrjiosag  CKOPOCTh
BpalleHMs OTHOCHTEJbHO Ha-
X qaJia RoOpAmHAT, ¥ —T — Da-
a JAyC BpameHHA;
Puc. IX. 16. v(z) = k Agmir
Moy

IlopcraBnsas smavenms @, ms ypasmenua (IX.5.6) B mepsoe ypas-
Bepne HepaspusHocTH (IX. 5. 2), momydaem

ao 40, oo 00, __
mS () 5 + S5 T T =0

HIHN
mS (@) 9% 4 1Q (1) ' (0) +v (2) S () 15 (0)] 5o +
+ [0 (2) S (2) + S () v (2)] f1 (0) = 0. (IX.5.11)
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Hanmmem cnc'remy nn(bd}epenunanbnmx ypaBHeHHH XapaKTepPHCTHK
naa ypaerenma (1X.5

d: — dx —
m8 (=) Q) (0)+v @) S (2) 1, (0)

—do

[v" (@) S (@) +8" () v(2)] 1 (0) ~ (IX.5.12)
Ecnu pemenne ypasmenmit (IX. 5. 12) ogHo3HAYHO, TO AMEeT MeCTO
HeIPEePHIBHOCTH B 30HEe CMeCH, eCJIF ke PelleHue MEOTO3HAYHO, TO CyIIe-
cTBylOT cKagkd. Jlusg CKadKoOB [JOJKHO
cobaomaTbcs clepylomee yciaoBume. IlycTs
B TedeHHe BpeMeHH df (POHT IpoABHTAETCHA
Ha dr (puc. IX. 17). B y9actke dz ma-
JaJgbHOE COflep:KaHHMe NepBoH ¢asnl paBHO
mS () dr 02. 3a BpemMa dt OpHTOK depes
neBoe cedenmdme paseH Oy (x, t, o) dt.
Yepea To sKe BpeMa KOHEUHOE COfep;KaHMe
TIepBOTO KOMIOHeHTa paBHO mS (z) dx o,
a OTTOK depes mnpaBoe cedenme Qi (z -+
+ dz, t, 02) dt. OueBmneo, dr = udt, rge

u — CKopocTh PpoHTA.
Hannmewm ypasHeHre coXpaHeHHMA MAaCCH
B Bufle (OpPMYJH, BHPAMKAIWEH IoJ0MKe-
HUe: HaYaJIbHOE COfep:Kamue (asn ITIC ee
NPUTOK PAaBHO KOHEYHOMY COfieP:KaHuio dash

IIIOC ee OTTOK: Prec. IX. 17.
mS (xz)dz 05 + Q4 (2, t,0p) dt = mS (z)dzx oy + Q, (x +
+dz, t, 0,) dt. (IX.5.13)

Ilocne npeoGpasosamms ypaenenma (IX.5.13) momyumm

Q, (=, 0'.1)) ~ Q (z+dz, ¢, gy)
Ud) — 0'2

Q1 (z +dz,t,03) = Q, (2,1, o) + 2219 g, (1X. 5.15)

9Qy (z,t, 03) dr

ms (z) o = . (IX.5.14)

Yren — 6eCKOHEeYHO Majlasi IEPBOT0 MOPAAKA U el

MO3KHO mpeHe6Gpeds. Torga monyamM yciaosme Ha QpPOHTEe B BHAE

ms (@) 22 — Q@b oe) TG ®hoy) (IX. 5. 16)

Od)— 02

PaccMoTpuM 3aKoH [BMKeHMA HEKOTOPOH TeoMeTpPHYecKod TOYKH
(«HabmogaTensy)
T = z(t) (IX.5.17)
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¥ oupefeanM mo ¢opMmyrxe moiaHoro auddepeHnmana Te H3MEHEHUd Ha-

do
CHEINEHHOCTA d0 M ——, KOTOPhIe PErHCTPUPYET TOT HaOJI0aTedb:

a
do =92 dz 4 2% dt
w oo do (IX. 5.18)
dt a8z dt + 0t :

Hcxnogan ZG u3 (IX 9.18) u (IX. 5. 11), moxyuaem

o S @S (@S @) +8 @ v @] ()
— = - : . (IX. 5.19)
mS (@) - — [0 () ' (0) +v(®) S (@) 1, (0))

. do
Bynem wmckarp cuabHE(R pas3peB, T, e. IOTpeGyeM, WTOGLI 5 =

4T0 03Hagaer TpeGoBaHMe ofpaiieHuA B Hyiab 3Hamesarens B (1X. 5.19).
CrepoBatenbHo, HA (poHTE HOKHO BEIIOIHATHCA YCJIOBHE

[ @3], = (&), = QO @) +r@S @1, (o). (1X.5.20)

OnmoBpeMerHo ¢ 3THM, Xak 1o caeayer um3 (IX.5.16), Ha dponTe
JAOMKHO BHIIOJHATHCA COOTHOIIEHHE

(IX. 5. 21)

dz aQ Qy(z.t.04) — Qy (2.2,0,)
[mS (@) WL (d: )

Ms (IX.5.20) = (IX.5.21) creayer, 910 HeOGXOAMMEIM YCIOBHEM
cymecTBOBaHEA (poHTA OyAeT PABEHCTBO

Q,(z.t,04) —Qy (2.1, 0y)

Ud)_ Og

Q) /' (0) +v (@) S (@), (00) = e (IX. 5. 22)
anu, yaaTteBasg, uro u3 (IX. 5. 6)
LaLhd) — o1 (@) +r@S @1, (),
oJIy4aeM
9Q (z.t,04) _ Qi (z.t,05) —Qy (z.1,0,) (IX. 5. 23)

do Ggp— O3

Iopcrapasa B (IX.5. 23) BMecTo @, (z, !, 0) ero 3HadYeHHe no ¢op -
myne (1X.5.6), noayuaem ycaosme cyuecTBoBaBHA GpPOHTA B BUJE

fi (Ud))‘_fi (‘32)

v(x)S(x)[f;(C’q:)“ ap— 03 ]+

+ O(t)[f (09 )——“’—)——m—z)—] =0, (IX.5.24)

UID—GZ
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T. e. B o0meM ciiyiae (QPOHTOBasg HACHIEHHOCTb B3AaBHCUT 0T U (%),

S (z), 03, Q (2).
Ecma v(z) =0 mmm Q(f) =0, To pamsa cymecrBoBaHua ¢ponra
Oy/leM HMeTh COOTBETCTBEHHO YCIOBHA

fog) —F(0y)

f'(op) = 55—,
HIU
fi (o) = LED=0L) (IX. 5. 25)

T. . B J000M M3 3TUX [BYX CIyd4aeB (pPOHTOBAA HACHIIEHHOCTH GyleT
3aBHCETH TONBKO OT O2, K eClid 02 = const, T0 YPOHTOBAA HACHIEHAOCTD
Op ABJIAETCA TOCTOAHHOM.

PaccmorpuM crenyomyo 3amagy. Jlana BepTRKAIB- 4 .
nas tpyora S = const (pmc. IX. 18), samoxmenHas
TIOpPUCTOH Cpefod, ¢ Teperopofroii B cevenumn O—O0.
Bruime ceuenus O —O HAXOTUTCA TAMKEIAA KATKOCTh, Ha-
npuMep Boja, HIbKe OoJsee Jjierkas, Haupmmep HePTb
HUIH ra3, KOTOPHil B IepPBOM IPUOJIMKEHHHM CYATAETCH
HeCKHMaeMBIM. B Kakoii-To MoMenT meperopopka O —O0
y6upaerca. TpebyeTcsa paccmorperb, Kak 6yler BCIabl- 0 0
BaTh HedTh M omycKaTbcs Bopma. O4YeBHAHO, YTO CYM-
MAapHHIA PAacXom BOAM W HedTH depes awboe cedeHHe Hegms
pasen myaw: Q (f) = 0. Torga ms (IX.5.6) Q1 = 3
= vS f1 (o), DpuueM Nox o GyneM MOHMMATH BOJOHACH- 3
mennocTh. I'padui  pacupefieieHns  BOJOHACHIIEH~ 3 3
HOCTH B HAYaNBHHI MOMEHT BPeMeHHM NDE[CTaBIeH HA

- uc. IX. 18.
puc. IX. 19 — B cevennun z = 0 umeeTca HaYaJdbHBIR
ckagoxk Hackimenunoctd or 0 po 1.

Ias pemeHns 3amaum cTpouM rpagur fi (0) m ee wpomsBogHOM
(pmc. IX. 20). Tak xaxk 0 =0 g 2< 0w 0 =1 pman z>>0, To gan
ompefesenuss (QPOHTOBHX HACHIIEHHOCTEH M3 TOYeK OCH alCHuce o
puc. IX. 20 O u 1 cTpoum KacaTenbHLIe K KPUBOil fi (0), Ipmiem Opy —
BOJIOHACHIEHHOCTh Ha (poHTe BCILTHIBalomell HedTu, a Oy — BogoHa-
CHIIIGHHOCTh HA QPOHTe ONMyCKAWMEHCH BOHHL.

Wz (IX. 5.12), B KoTopoM * 3aMeHseTcA 4epe3 z, ClefyeT, YTo 2 =
= v/mf, (0) t. CuenoBaTenbHo, 3HAA Gpy M Ogpp, M OIpemessia IO
puc. IX. 20 snadennsn f, (0p;) u fy (0p2), MOKHO HAllTH IIOJNOMKeHHE
¢podToB B 1060/ MOMEHT BpPEMEHH.

Ha puc. IX. 21 moxasano npumepHoe pacOpefelleHHe BOJOHACHIIEH-
HOCTH B HOCIe[yIOIHe MOMEHTH BpeMmeHH. PaccMoTpenHas BhIIe 3aada
MoyKeT OBITh MCIONB30BAaHA JIA OIEHKH CKopocTell murpanum HedTH
H rasa B HAKJIOHHBIX BOJOHACHINIGHHBLIX [JACTaX MOJ JeMCTBHeM CILI
Apxumena. HekoTophie Takue oueHOYHbIe pacueTH IpHBeAeHH B padoTe
Uonr Uskym-cama [91).

/

goda
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Ilepeiinem w wunterpmpoBammio cacremul (IX. 5. 12). Cmcremy ypas-
mermi (IX. 5. 12) nepennmem B Buje ABYX COOTHONICHMIi:

a do
mS (z) [v' (2) S (z)+ S’ (z) v (z)] f1 (0) ° .
dr _ do (IX. 5. 26)
QW @ +v@Ss@f  [VE@ES@+S @v@EIAh0)
fite
| |
| !
] : z
I | A
0 L Lol
Ga Gor iﬁ'wz G'P 1 Lo
fi ] ]
: o N
l ! 0 |52 |
: ; Gpz ! <)
|
0 c : ,
N 0 U 1 & '
Puc. IX. 19. Prc. IX. 20. Pmc. IX. 21.
Ilepsoe ypaBmenne cuctemnr (IX. 5.26) mMoxHO 3ammMcaTh TaK:
dt . msS (x)
@ O = —mEsmrsmeer - X520
Bregem dymrmuio
g
" do
To
Takum o6pasom, ypasmenue (I1X.5.27) umeer Bug:
j—; = F(2), (IX. 5. 29)

re
mS (x)

Fa) == asots @@
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Bropoe ypasnemme cuctemm (I1X.5.26) MoKHO 3ammcarh Tak:

dr ¢ ooy — Q)1 (0)+v(x) S (@) £, (0)
“do 1(0) = — v (z) S (z)+ 8 (x) v (z)

=®(o, z, t) (IX.5.30)
umy, Tak Kak coraacHo (IX.5.28) o — ¢ynxnua mepemenHol ©,
dm =D, ¢ 0)=D|[x, ¢, 0(0)]=¥(o, z, ). (IX.5.31)

Tenepr umeeM cucreMy ypaBHeHnﬁ

dm =¥(o, z, 1),
PR (IX.5.32)
du) - ( )

B o6mem cayuae cucremy (IX.5.32) npuxopurca pemaTth YHCIEH-
HHMH MeTOjlamu, JIHOTOa BOSMOMKHO ¥ AHATATAYECKOE pPEIIeHHe.
Ilycts BrOpOE yparHeRme cucTeMH (1X. 5. 32) pemieRo OTHOCHTEIBHO Z:

x—x( pr) (IX. 5. 33)
IlopcraBasaa (IX.5.33) B mepBoe ypasHemme cucremn (I1X.J5.32),
aoxydaeM
By (%) ik =‘F[m, x(:—;) t]. (IX. 5.34)
OKoHUATeAPHO MOJNYIAM ypaBHEHHE

D EERE

Wnrerpupysa ypasmesme (IX.5.35), maiigeM wacTHBIA HHTerpas

AM(t, 0)=C,. (IX. 5.36)
U3 sroro pememusa coraacHo (IX.5.33) maiigem BrOopoe 4dacTmOe
pemmesne:
x—x(j:) ) (IX.5.37)
Torga o6mee pemenne ypasgernsa (I1X.5.12) mmeer Bmp:
A [cl, z (;L:))] —0, (IX. 5. 38)

rae A — upomsBonbHas GyHKOUA.
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Hcexoma n3 HavaasHOTO pacHpeeieHNA HACHIENHOCTH, MOKHO HANTH
pelleHne A TAJbHEAMeT0 pacupefeleHAA. JTOT MeTOX IPHHNIVIAAIELHO
MO3BOAAET HATH pelmeHHe Bo BCeX caydasx. HekorTopeie 9mciaeHHEE
npuMepH npuBefiepnl B paGore Usep Wxkyn-cama [9], roTopmii pacemo-
Tpell TaKke Caydadm IepeMeHHOH NpoEmmaeMoct# &£ = k (z) B aTHX 3a-
HaYax.

PaccMoTpuM TacTHHE Caydad.

1. v(z) =v = const, Q () = Q = const.

OuesuiHo, 4YTO B 3TOM CcIydae yKe He HYKHO BBONUTH QYHK-
muio o, Vs (IX.5.12) nonydaerca cucreMa ypaBHeAUH

a mS (z)
do = v8" (z)fi(o) *
dz Q) f (0)+vS (z) f, (o)
= T 1, (IX. 5. 39)

B arom caygae MoKHO pemuTs cucteMy ypasuenmit (IX.5.12)
unnM cnocoGom. Ilepenmmem (1X.5.39) B Buge

§'(xydz Q@)1 (0)+vS (@) (0)
= () L (IX. 5. 40)
Nz nepsoro ypaBHeHus cucreMn (IX.5.40) wumeem
a__ ____mS@E) (IX.5.41)

do T w8 (@) fi(o)

Vpapaeane (1X.5.41) ectpr ofnKHOBeHHOe nWHeiiHOe ypaBHEHUE
nepeoro mopsjaxa. Ero pemenwe mMeeT Buf

dS(z) 1,0 Q" (o) __ IX.5.
TR S@t e =0 (X9

S (z) = f(o)] (IX. 5. 43)

Ty |6

Ypaeuenue (I1X.5.43) ecTp IepBHI YacTHHI WHTErpal CHCTEMH
ypasreruit (IX.5.49). Ono pgaer sasucumocts z = z (0, C,).

Wz Broporo ypapuenus cucremsr (IX.5.40) noayganm

dt . mS (I) o -
do — ~ v8(2) /1 (0) = ¢1(0), (IX. 5.44)

OTKyNa
t = [ @1 (0)do + Cs. (IX. 5. 45)
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Ob6mee pemenue cucremun ypasaenuit (IX.5.40) Gyzmer
‘I’[fﬁ"’S(z) +2 10, t— 9,0 dc] =0, (IX.5.46)

rpe ¥ — mpousBonbHadg QYHKIAA.

N Q
\ \ o>
no!
lopusonm
N

Pme. IX. 22.

2. v(r) =v = const, S(x) =S = const.
Ilpr pemskenmm B TpyOKe TOKA HOCTOAHHOrO cedeHusa S(z)=8 =
= const chcreMa ypaBHeHmi (IX.5.12) mpumer BuA:

dt dz do
@ —=, IX. 5. 47
mS Q@I (o)+vSfie) O ( )

Ee o0mee pemenme

‘P{o, x——,%[f' (o) [ Q (t)dt + ST, (o)t]}=o. (IX. 5. 48)

Paccmorpum mpakTmueckmil mpmmep. IlycTs miact mmeeT HAKJIOH @
K ropusoHry (puc. 1X. 22). Buoas ropu3oHTaNbHNX JHHAA ToKa v == ();
BJOJNb HAKIOHHHX JHHMA TOKa B HaupasieHnu o coraacHo (IX.5.10)

-+ k Ay i,
K1

rue

i =sina.

Uepes cKBa)KHHY, PACHONOMEHHYI0 B IleHTpe IJIAcTa, 3aI0IHEHHOIO
ONHOH ;KHJKOCTHI0, HATHETACTCA APYTrasa >KUAKOCTD,

IIycts @ = const w BHavaJe ILIACT TOJHOCTBIO 3aNOJMHEH OXHOH
FapKocThlo. Byzmem cuutarh B HepBoM NpubIMkeHUH, 4YTO TPYOKH
TOKA OCTAITCA INIOCKO-pagdaasHbiMu. [[udpdepeHnmanbsHoe ypaBHeHHE
(IX. 5. 20) memwennsa ¢poHTa HMeeT BUA:

mS (2) 2 = Qf (0) +vS () 1, (0). (IX. 5. 49)
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Ha ¢porTe BROAR HAKIOHHHX NUPAMHX i = +Ssin ¢ JOJIKHO YAO-
BiaeTBopaTeea yeaosme (I1X. 5. 21):

[ms @ 3], = 0f (o) 08 (z9) 1, (00) = 2 -
_ _Qf (og) = vS (z9) /1 (09)
0p

Taxkum obpaszoM, nMeeM

0F (00) 208 (za) f, (o) — LW =BEDNED (1% 5. 50)

IIpegmonoxnam, 9ro Ha $ponre @, v, S (r) — U3BecTHHE QyHKIHH.
3amaBasich PasHHIMH 3HadeHMAMH z, 1o dopmyae (IX. 5.6)

Q1= Qf(0) =05 (2) f,(v)

npr @ = const MOKHO HOCTPOUTH 3aBACUMOCTE Q; or o (puc. IX. 23).
Ha puc. IX. 23 n3 mavana KoopHuHaT OPOBONM KACATEIbHYIO K KPH-
Boid (1 (0). Bermumra ¢ gna touxkm Kacamma cornacuHo (IX. 5. 23) ecrs
$poHTOBAs HACHIMEHHOCTH, KOTOPasd, TaKkuM oOpasoM, upn o == 0 3aBn-
car or z. Pacuernt mokasmBawT, 9TO UpH
@ MaJHX yIJax ¢ ® [OCTATOYHHIX TeMOax Ha-
THeTAaHUA W3MeHeHMe (PPOHTOBOH HACHIICH-
HOCTH 0T 3HAYeHHsd, [aBaeMOTo TeopHei
Baxnes — Jleseperta, T. e. npn v (z) = 0,
He3HAYNUTENABHO U fTO B ePBOM IPHOIKeHAHA
MO)KHO He yamTHBaTh. Ecam xe TemMn Ha-
THeTAHUA MaJ, TO 35T0 H3MeHEHWe CTAHO-
BUTCA CYIECTBEHHBIM M (QPOHTOBAA HACH-
LIeHHOCTh IIpU ydeTe TpaBUTAUA, T. €.
Korga v (z) # 0, oramgaerca oT 3HAYEHHA,
Pme. IX. 23. mojydaemoro 6e3 yiera rpaBUTAIUU IO TEO-
pua Bakaesr — Jlepeperra. HeroTopsie pac-
4eTH J(BM)KEHHA CKAUYKOB HACHINEHHOCTH upuBeleHsl B [17], a Taxike
B paGore Usmn Wxyn-cama [9].

Besne Brime o6e ;KEIKOCTA IPeANOIATAINCH HECRUMAeMBIMHA, T 09HEIR
y9eT C;KMMAaeMOCTH, KOTHA OfHA u3 (a3 ABIAETCA ra3oM, HATAIKHBAETCA
HA Cepbe3Hhe MATeMATHYECKHe TPYAHOCTH ¥ NOITOMY HPHUXOJUTCA HATH
HA PpasiuYHEEeE YIPOmMAINWe JOINYIEeHHS, HANpPUMep MCI0Jb30BaHHe
MeTOo/[a WOCHeLOBATENBHON CMEHH CTANHOHADHHEIX COCTOAHMH M €ro pas-
HOBHHOCTeH, CoOGpaskeHHWI MaTepHaNbHOro GamaHca 4 T. I

|
0 Gy IG
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§ 6. ®napTpanma AByXPasHO KEUKOCTE
€ YYeTOM KANMIIAPHOrO NABICHAA

Brime MsI mpeHeGperain KAOWILIAPHHEM jaBlJeHMeM, T. €. CUHTAJM,
4T0 p1 = p2. llpu aTOM, KaK oTMeYasOCh BHINE, KANMIIApHKE 3dderTr
KOCBEHHO YYHTHIBAIOTCA CAMHM BUIOM KDHBHIX (a30BHX IIPOHUNAEMO-
cTeil, BooOmle TOBOPA, CYHIECTBEHHO 3aBACAMHEX B 30He MAJHX IPOHH-
HaemMocTeil oT HachmeHHocTeidl. ClHo:KHHE MeXaHWaM I[poIlecca BHITEC-
HEHYA OJHOH KHUIKOCTH APYTOH B IOPUCTOH Cpefle MOJKHO TIPECTABUTH
cebe ciaenyiomum obpasom.

Hockoxpky pealbHasg HopucTad Cpeda XapaKTepPU3YeTCH TeM MU
WHBKIM pacupefeieHHMeM IONePEeYHHX pPa3MEePOB NOPOBHX KAHAIOB, BhI-
TeCHEHUE HAYHHAETCHA He
OHOBPEMEHHO BO BCeX Ka-

nanax. Horma Mt roBopum, \
]

9T0 MOPHCTAA Cpefa Xapak-
TepU3yeTCA HeKOTOPOH Ipo-
HUIAeMOCTHIO £, 9T0 B Jeil-
CTBHTEJIBHOCTH  O3HAYaeT,
910 k£ — cpeflHee 3HadYeHHE 2 &
IPOHUIIAEMOCTel Bcex Iio-

POBEIX KaHanoB, oTHocum- Puc. 1X. 24, Cxema BHTecHeHus B KpYTAOi
TeIbHO OGOABMAX W MAJBIX, TpyGe.

mpudeM Majibie M GOJbIIHe

HOpOBHE KaHAJH XapaKTePH3YIOTCA COOTBeTCTBEHHO OTHOCHUTEIBHO
MeHbINel ¥ Goixblueil NPOHUIAEMOCTHI0 N0 CPABHEHUWIO ¢ &k — CpeIHMM
3HAYCHMEM.

BritecHeHne B MOpHCTOH Cpefle MOYKHO PacCMATPUBATH CJEyIOFEM
o6pa3oM. B mopoBHX KaHalaX ¢ OTHOCHTEJILHO GOJBIIMMH PAa3MepPaAMH
moIlePeYHLIX CeUeHUIH BHITeCHEHWe NIPOMCXOAMT HPHOIU3NTENbHO, KaK
B Tpyb6ax, paHee 3aIOJHEHHBIX ONHON JKUMAKOCTHIO, KOTOPAs HAYHHACT
BHTeCHATHCA Apyroit. Ecau guaMerp TpyOsl He 0ueHb Mal, KaIMLJIAPHEM
CKAYKOM JaBJeHHil MOKHO B IepBoM NpubiukeHnu IpeHeGpeus. llpu
3TOM, YIMTHBASK K TOMY ’Ke JIAMHHADPHHI XapaKkTep BHTECHEHHA, IOIe-
pedHoe cedeHHe TPYOH BHITeCHAIOURH RKUMKOCTHIO 3AIOJIHASTCA He Cpasy,
a MOCTeNEeHHO — KJIHH BHTEeCHAIOMEH JKUIKOCTH BHEXPAETCA B BHITECHHAE-
MYI0 IpUMepHO TaK, Kak HokaszaHo Ha puc. [X. 24, a. Kasknoe nonepeu-
Hoe cedeHHe TPYOH OTHOBPEMEHHO 3aHATO ABYMA MMHIKOCTAME, IIPUYEM
9acTh INION[AfM, 3aHATAA BHITECHAIONEH JKUIKOCTHIO, C TedeHUHeM Bpe-
MeHHM TocTeneHHOo yBeaugusaercs (puc. IX. 24, 6). Hockonsry sty 9acthb
TIOMAKY MOKHO TPAKTOBATh KAK «HACHIIEHHOCTH» IPU BHITECHEHWH M3
TpyOR, ACHO, 4TO «(azoBasg IPOHMIAEMOCTDY, ONPEENAILNIAA B TAHHOM
clydae COOTHOHIEHMe MeKAY PacxXofioM M I'PajgueHTOM JaBieHusa, 6ymer
3aBHCETH OT «HACHIIEHHOCTH». B IoprcToil cpege HA aTOT 3¢PeKT HellopmI-
HeBOro BBHITECHCHHS HAKJIANEBaeTcAd HOBHI 3QdeKT — obycioBienHOe
KalWLIAPHOCTLI0 HEOMHOBPEeMEHHOE HAYANI0 BLITECHEHUS BO BCeX HOPO-
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BHIX KaHAJaX W HeCHHXPOHHHIN HpomecC Pa3BUTHA AaJibHe#dmIero BHTeC-
HEHWsI, KOIT(a OHO 3aXBATHJIO yiKe BCe HOPOBEE KaHAJH.

Taxmm o6pa3oM, B pealdbHOH IOPHCTOH cpefle HPOIECC BHITECHEHWA
ABJsAETCA KpaiiHe CIIOKHEIM U B JIOJUKHON CTeleHH ellle JaJeKo He HCClie-
TOBAHHEIM.

B mepBoM HpROIW:KEENN MOKHO IOCTDPOHTH TEOPHIO, B OCHOBE KOTO-
poii JexuT yclioBHe 00 OJHO3HAYHOH HKCIEPHMEHTAIHHOH 3aBHCHMOCTH
$a30BHX TPOHMIAEMOCTEH 0T HACHIIEHHOCTH M IpeHeGperieHHe Kallmi-
JAPHEM CKAa9YKOM faBieHWi. Jra Teopwsa [iA ONHOMEDHOTO ABHKeHWA
OnLIa W3I0KeHA BHMme. 3aMeTUM IOIYTHO, 9TO HCCIeZOBaHHe Aaxke HpH
THX YCJIOBHAX HEOAHOMEPHHX CJIyd4aeB BHITeCHEHHA B TOUHOH HOCTa-
HOBKEe ¢ y4eTOM IIpeJIOMICHHS JMHHHA TOKAa HA MOABH;KHOH I'DAaHMIE Ha-
TAJIKABAaEeTCA Ha HeNPeoJoAWMble IOKA MaTeMaTHYeCKHe TPYQHOCTH W,
37ech, HO-BUUMOMY, 0CTaeTCHA B KadecTBe dPPEeKTHBHOTO METOHA TOJBKO
MeTOR JKeCTKHX TDPYOOK TOKRA.

Teopueil crenymouero NpUONNKeHAA ABIAETCA TAK:Ke IPEIOIOKe-
HHue 00 OHO3HAYHON 3aBHCHMOCTH (Pa30BHIX IPOHUIAEMOCTEH OT HACH-
[IEeHHOCTEH, HO YKe HAPAAY ¢ YIeTOM KAaIMIJIAPHOT0 CKAYKA Pk, KOTODHI
3ajlaeTCA TAK jKe, Kak ¥ ¢a3oBoie IPOHAIAEMOCTH, B BHUJe HM3BEeCTHOII
SMIHPATECKON QYHKIMM HACHINEHHOCTeHl. JTa TEODPHA JIA OXHOMEDPHOTO
JABWKEHHA KDPATKO M3jaraerca HIKe.

Pacecmorpam aByxdasHyio ¢uiIbTpanrio ¢ yIeToM KaIHIAAPHOTO Ja-
BIIeHUSA, NIPWIeM MACCOBEIMH CUJIaMH OyfeM JJd IPOCTOTH IpeHeOpe-
raTs. HamoMHNM cHCTeMY HUCXOOHEIX ypPaBHEHHH.

VYpaBHeHuA ABm:Henms ABYX(aszHoil SKUAKOCTH AMEIOT BOX:

Kk (0) o
Q,= —;—1—;’713(:5), (IX. 6.1)
EE (0) 9
Qz=—#—£—2S(x). (1X. 6. 2)
VYpaBHEeHUs Hepa3phHBHOCTH
aQ ao 0Q, o
e = S (@) o, 5 =mS (@) - - (I1X.6.3)

Ypaeuenue Jlammaca muaa pacdera KammLIAPHOTO JaBJEHAA
1 1 .
Px—P2=a(—Hl—+fz—>=Px(0'), (IX.6.4)

rae R;, Ry, — rnaBHule pafuychl KPUBHBHH KAOWIAADHHX MEHHCKOB;
a — KoappunuenT MexPpasHOrO HATAKEHHA; Pk (0) — M3BeCTHAA IKCIIe-
pAMeHTaNbHAass QYHKOMA HACHIEHHOCTH.

CymMapHBIT pacxoj BelieJcTBHEe HeC’KHMacMOCTH He 3aBHCHT OT Z:

Q ()= 0Q1+ Qs (IX. 6. 5)
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Tarum o6pasoMm, uMeeM TATH HewdBecTHHX (4, (g, p;, P2, O M UATH

ypaBHeHHI.
U3 ypasreamit (IX.6.1), (I1X.6.2) n (IX.6.5) nonyumm

Q) = kS (2) [—(cl+c2) Lo +c2p;(o)—§g—], (IX.6.6)

x
rie
k(o k(o
¢y = __1_(_)‘ ; Co = _A
151 Mo

Haiimem n3 ypasuenusa (IX.6.6) — % :

ap _— Q(t) C. ’ do
5z = @ T — et x5 (X671
HHopcrapasnn — ——?z‘ us (IX.6.7) B ypasuenne (I1X. 6. 1), monyuaem
A , P 1
Q1= clcl_gcz —kS(x)Tfl_?—csz(U)% . (1X.6.8)

Nz (IX.6.8) onmpemeaum 0Q,/0xr u moAcTaBEUM €ro B ypaBsHeHHe
HepaapoiBEOcTH (I1X. 6.3). Ilomyuaem

d e da a €c ’ do
— o (o) o QO+ 5 |25 B @ pi(0) 5| =

= mS (z) 2. (IX.6.9)

¥Ypasuenue (I1X. 6.9) mpexcrasiser cofoil ciuoykHoe HeluHeiiHOe
nuddepeHaTIbHOE YPABHEHHE BTOPOro HOPAHKA ¢ YACTHHIMH TPOM3BOA-
HbiMu. TOYHEE pelleHUA 5TOrd ypaBHEHHs OBLIN TOJMYYeHbI JJIH HEKOTO-
PHIX CPABHUTEILHO HPOCTHX ciaydaeB. B KauecTBe NpuMepa yKayKeM
Ha 33Ja9y O TaK Ha3pBaeMoll cTa0MIM3WpOBaHHOU 30He BOMWM3uM (poHTA
Boitecaenust [181.

ITpu BEITeCHEHUN OHOI ;RUIKOCTH JPYroli, KAK YKa3wBaJIOCh BLIIE,
CKAYOK HACHILIEHHOCTH IOKAJM30BAH Ha HEeKoTopoil mmume &, KoTopas
HHOTTA OCTaeTcs HemameHHoit. B pabore [18] moxaszano, uto pasmep O
TEOPeTHIECKN paBeH OeCKOHEYHOCTH, ONHAKO NpPaKTHYeCKH iuHa O
BeCbMa MaJa W BHYTPH 30HH CMeCH pachpefeleHde HACHIIEHHOCTH XO-
pomo onmchiBaercs Teopmeit Bawmes — Jleseperra. Hekotopsie TounbIe
aBTOMOfleNbHBIe pemieHUs ypaBHenusa (I1X. 6. 9) maligens gusa Kanunisp-
Hoit mpomutku B. M. Peorukosm (JIt. VIIIL. 29) u paguansroro BriTecHe-
mua Ysup Usmyn-canom [9].

Wmetorcs TaKske HOTBITKH 9HCICHHOTO pernenus ypasHenusa (1X. 6. 9)
IJI1 HeKOTOPHIX YACTHBIX CJAy9aeB M PH TOMOIIM OHCTPOAeicTBY IOUNX dIIeK-
TPOHHBIX BHIYHCIUTENBHHX MamunH [45], ogmako B momkHOH cTeleHH
3Ta 337ada elle He MOKeT CUMTATLCA MCCIAEfOBAHHOH M 31ech Ipef-
ctouT Ooxpuiaa pabora.
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C. H. DByszumos [19] paccmoTpen dacTHEI caydgail, Korga BTOpas
JKHAKOCTD YyKe He JiBuraeTcs (0CTATOYHAA HACHIIEHHOCTH), & JBAraeTCH
TONBKO TIePBAasA BHTECHAKINAA KATKOCTD.

IIo ycaoBmio Q, =0, m Torga Q = Q,, upmYeM JBUKeHHe INpef-
moiaraerca ycranosuwpmmmcs., V3 ypaemenma (IX. 6. 2)

* [/
kz (0) 51;2 = 0.

3neck Moryr OwITH ABa CIy9as:

k; (0) =0
Han
9py
72 = 0.
Paccmorpum caygai, worpa %—: 0 mmm cornacuo (IX. 6. 4)
dp, _ dp, do .
= P =0,
OTKyZa
dp , do
— = Px(0) o (IX.6.10)

Toacrasnm (Z};‘ nm3 (1X.6.10) B (IX.6.1). Honyaum

Ql—Q——kk” x() 298 (). (IX.6.11)

Paspensaa mepemennne n muarerpupys (IX.6.11), GyAem mMeTs
k. K
Q 5‘ S ™ f k, (o) px (o) do, (IX.6.12)
o

rfie Op-— HACHDIEHHOCTH B CCYCHHMU Z,.

ITy KOHCTAHTY Oo HY:KHO HAHTH KAK-TO H3 APYTHX CO00paskeHMi,
HANIpUMEp U3 YCIOBHA MHHNMYMA ILOBEDXHOCTHOI SHEPTHH, YYHTLIBAs
pacapefenenne pasmepos mop mo pagmycam. C. H. Bysunos noxasaud,
970 TPHU IMHPOKUX TIpefesax U3MeHEHUS Oo IOJYIEHHOe pacipefieseHue
0CTATOYHOM HACHINEHHOCTH H3MeHgeTcA HeaHauuTeabHo [12].

§ 7. @uasrpanna TpexdasHoii cMecH

QurabTpanng cMecH TPeX KHAKOCTeH HCCie0BAaHA BKCNEPHMEHTANBHO H Teope-
TUYECKH B TOPA3[0 MCHDIIEH CTeleHl, HeyselIH IpeJrjiymue 3a1aTil ABIKeHIA IBYX-
¢dasHoll muaroctu. Dunsrpamus tpexdasHoil cmecH mMeer GOJNBIMOE MPAKTHYECKOE
3HaYeHNE, TAK KaK B He(TAHBIX IIAcCTaX B pAAe cAydaes MMeeTCs] COBMECTHOE JIBH-
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sxeune HeTH, cBOGOZHOTO rasa u BoAu. Teopust ABFMKEHWA TpexgasHOH cMecH MO-
seT GHTHh DOCTPOEHA KaK ecTecTBeHHOe 0600menme TeopmE Bakides — JleBeperra.

JIia mpOCTOTH OTPAHWIMMCH CJIydYaeM OfIHOMEDHOTO ABISKEHHS CMECH B3aHMHO
HEepacTBOPMMHX B XEMAYECKH He PearHpyoIMUX HeCKUMAeMHIX JRHAkocTeH B TpyOKe
TOKa NEePeMeHHOro cedeHHA S (z), MpMYeM KaOWAISPHOCTHI0 M MAaCCOBHIME CHJIAMH
6ynem nmpenebperath. Pacxonm kaskgoil ¢asm MOryr OHTH 3aNMHCAHK, KaK B I
ABYX(asHOH KHIKOCTH, B BHJE

kk; (al, 0, G) ap

ui ox

S(z), i=1, 2, 3, (1X.7.1)

rae k; = k; (01, Oy, O3) — OTHOCHUTETH- 100 % 2a3a
HEe ¢(asoBhle NPOHANAEMOCTH, KOTODHE
TIpe[iIoNaralTCA U3BeCTHRIME (YHKIUAMH,
OGHYHO DKCIMEePMMEHTANBHEIMN, HaCHIIEH-
HOCTeH G1, Oy, O3 TIOPOBOTO IPOCTPAHCTBA
KaKaoi ¢asoil; o; — abcomOTHEIE BA3-
KOCTH JKHAKOCTeH, npHieM

0'1+0'2+0'3=1- (IX- 72)

*
Ilponumacmoctn k; (01, Oy, G3) OGHT-
HO n300paskaTCA rpaguiecka Ha Tpe- /\

YrOoNbHHX JuarpaMMaX, AaHAJOTHIHHX
NpUMeHAEMHM B METAJUIOBEJCHUH [aA AREEE
XapaKTepHCTHKHE CILIAaBOB. 100 %5 890 100 %o nepmu

IIpusnMO MOCTPOEHHSA ITHX AHATPAMM
caenyromuit (puc. 1X. 25). IMapanmeasEo Pume. IX. 25. TpeyroabHas guarpaM-
KayKJI0H CTOpDOHe PpaBHOCTOPOHHETO Tpe- Ma paclpefelleHUA HACHI(EHHOCTH JJIA
YroJibHMKAa IPOBORATCA PAaBHOOTCTOAINME TPEeXKOMIIOHEHTHOH CMeCH.
NpAMHE, KOTOPHE OTBEYA0T 3aJaHHOMY
TIPONEHTHOMY COJIePKAHAI0 COOTBETCTBYIO-
meH (asn, Bo3pacTaomell OT HyJS Ha cTOPoHaX TpeyroabErka o 100% Ha nporuso-
JeKaIMX pepmupax. TakaM o0pa3oM, KaXKaasd TOYKA BHYTPH TPEYTOJBHHKA, Ompe-
nelseMas IO IepecedeHAI0 JBYX NPSMBIX, MapajJelbHHX KaKUM-ITAGO ABYM cTOpO-
HaM, OTBeYaeT BIOJHE ONpefleleHHHIM HACHIIEHHOCTAM O1, Oy M, CIEIOBATEIHHO,
03 = 1 — (01 + 0,). Ha TpeyronbHHKax HAHOCATCA JMHUHE OJUHAKOBHIX OTHOCH-
TeJIbHKHX NPOHWOaeMocTed I Kaxpmod m3 ¢as.

Ha puc. IX. 26 noxkasaHH THIOBHE [AFAarPaMMH OTHOCHTEJBHHX (a30BHX IIPO-
nunaemMocrei ana vedgTH ky (pue. 1X. 28, a) u rasa kp (pue. 1X. 26, 6) npu gpmxe-
HUH cMecH Boja — HedTh — ras, 3aMMCTBOBaHHEIe M3 Kuura Mackera [JIr. VIII. 6],
B KOTODOH cojepkuTcA MoApo6GHOe o0CyskiaeHHe OPHYNH, ONpPEeXeIAIIUX XapakTep
W BUJ 3aBHCHMOCTEH k:{ (Og, Op, O1) W k; (0y, Og, Or), TAE O, O, Op — HACHIEH-
HOCTH HedTHIO, BOROH M razoM coorsercTBeHHO. OCHOBHOM IPDHYMHOM ABIsETCHA pas-
JUYHAA CTeNeHb CMAUMBAHWA TBePAHX 3epeH IOPOJH, IpPHYeM OKA3HBAaercs, 4TO
npounnaeMocth Hambonee cMagnBaromeil ¢assl — BOAH — OUpeNenseTcd HpaKTH-
9eCKH TOJLKO BOAOHACHIIEHHOCTHIO Oy M LOYTH HE 3ABHCHT OT HeTe- M rasoHacH-
HIEHHOCTH Oy U Op.

* -
OTHOCHTEJBEEE (pa30BHE TPOHNTIAEMOCT If', k., mk NPUOAIDKEHAO MOTYT
H B T
OBITH BEIDAMKEHH (OPMYJIaMHA

o 0,85— (or+03)
| 0,85

2,8
] [1-+(2.4--16,501) og], 0L (0 + 08) < 0,85,

k=0, 0,85 < (6r+08) < 1,
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k;;z(""—;‘ﬁ) 1> 053> 02, k=0, 02> 0, >0, (1X.7.3)
__ 3,5
;:( "PO;“ ) [M+3(1—0))], 01 <or<t,

*
k=0, 0<or <O,
monyvenHHIMA UsHb UKYH-CAHOM B peayibrare 06pabOTKM ONLITHHIX FAHHKIX, IPH-

BelleHHEIX B crarbe [20].
e

100% 2a3a 100% 2a3a

AV AN
VZaVEAVAN
SIS
!A?A N~~~

100 4 Bodst 100 % ne@mu  180% Bofs! 5 100 Hepmu
a

Prc. IX. 26. ®a3oBrle TPOHANAEMOCTA AJIS CMeCH Boja — HeThb — ras.

K ypapmenmsam JBWkeHWs A00aBAAOTCA YPABHCHAA HEPAa3PHBHOCTH A KarK-
goft ¢asH, TonyJaeMile OOKHYHHM NyTeM H3 pAcCMOTDeHHA OalaHca O06BHEMHEIX
pacxofioB:

0Q; do;
oz at

=mS (z) , i=1,2 3 (1X.7.4)

rae m—mnopucrocTs; Q; = Q; (01, Oz, Og).

B cucreme (1X.7.4) He3aBECHMEIX ypaBHEHMI TOJBKO [BAa, TAK KaK 0y + 0y +
+ 03==1. A3 HUxX caegyer TaKKe, 9ITO CYMMapHHIi OOBEMHHHE pacxoj] 3aBACHT
TOABKO OT BpeMeHH:

Q=01+ 0+ 05s=0Q()- (IX.7.95)

CucremMa ypaBHeHH# ald TpPexXdasHOH IKANKOCTH CTPOHMTCA TaK jKe, KAK W JJA
aByxdasnoi. CruafpBasg pacxofAsl B ypaBHeHHAX jpmienda (1X.7.1), moixydaem

K (0,0, G
Q:—-kS(x)(cl—}—cz—|—c3)-Z—£—, ciz—’(—l—_—z—3)~, (1X.7.6)
Bi
OTKyJa
op 0
T T AT
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Mopctasasaa B (IX.7.1), 6Gynem mmeTs

__aQ  _ =
Ql- P __Qq]_ (o1, 0'2)1 /51 (Ulv 02)’_m ’ ax.7 7)
Q= cl_:—:zQ_i_c:=th (o1 02), @2 (0y, O2)= —6—1-}-—:‘:-{-—03 )

IlopcraBnaa aTH 3HAYeHHA pPACXO/I0B B TIepBEIe JIBA YPaBHEHHWA HEPa3pPHIB-
Bocru (IX.7.4), monydaeM JiA MCKOMAIX HaCHIIeHHOCTeil, 3a KOTOPHe BLICMpaem
o, (z, 1), 0, (z, t), cHCTeMy ypaBHEHHII

_ %4 (g; %) _ 1 () 501 ,i=1, 2 (IX.7.8)

HJIM, PpAaCKpPHBaA JeBHEe 4YaCTH, OKOHYATE/bBYH) OCHOBHYI0 CHUCTEMY ypaBHeHEﬁ

o [.99i (o1, 02) do1 | 8¢i(0y, O2) F03 | _ ooy .
Q[ 90, 9z T oo, 7 | =S @ —, i=1,2. (IX.7.9)

Ypasmerusa (IX. 7. 9) o6pasyoT KBa3WAMHEHHYIO cHCTeMy ypaBHeHuil mepBoro
MOPAJKA B YACTHHX IIPOP3BOJHEX OGHYHO THIePGOINIEcKOro THNa. Takde cUCTeMH
BCTPEYAIOTCA BO MHOTHX .3afjadax rasosoil gupamukn [10, 11, 21] u moryr Guith mC-
CJe0BaHEl TEMH K€ MeTOfaMH.

I]?Inenem B PACCMOTPEHNE YDABHEHHA XapaKTePHCTHK.

MeeM

P
do; =204 a‘“ dz + "’

dt, i=1, 2. (1X.17.10)

Ypasmeana (IX.7.9) m (IX. 7. 10) oGpasylor cacTeMy deTHpeX JUHEHHHX

- 301 802 60'1 802 o
yPaBHenuil A5 TACTHNX UPOUBBOJERIX —, ===, ~—=5, —=- . Pemenne 9TOH CHCTEMH
IpoIe BCero NMPOA3BECTA, WCKINYAS CHAYAJA YACTHHE NPOM3BOAHHE IO BpeMeHH

?y_fl , 67;’72’ mpm momMomu ypaBmemma (IX. 7. 10). Hs (IX.7.10), (IX.7.9)

003 _ doj do; dx

ot  dt dx dt’

dq; 90, dq; 90, dm do; dzx .
‘Q[aal e ) S i=t, 2 (IX.7-11)

WM B PACKPHTOM BHJE

aq, dz 7 do, . 9qy 90y — d0'1
[ rrn +S()dt]ax 90y 0% mS (@) g
dgs 9agy 6q2 dx 7 00y do,
—o gk +[ 0 S +mS (@) G| G =mS @) (IX. 7.12)
. 00, 004
Pemennsa cucteMu (I1X.7.12) pasa 2z % 9z Gynyr
901 A 00a_ Ay (1X.7.13)

dr A ' oz A’
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rnpe d s
()
m§ (z) —* —Q ag;
A= i s (I1X.7.1%)
o]
S @Gk —Qam4mSE G-
d01
—QyitmS(0) - mS@
Ay = s . (I1X. 7.15)
a2 C’z
—Q 70, msS (z)
o dz a
—Qggl:+ms(¢)—[it— —Qa—g;
A= , (I1X. 7. 16)
—Qg> —Q 2 - mS (@) -
HIH B pa3BepHyTOM BHJe
a0,
oz
dg, 1 do g, do
mS (2) {[”‘S @)= dt ag ] -+ agl d—:}

_—_[mS(:c)]z(d_x) S()Q("‘h 6q2)d_x_ 2(@_1@_9116_%)' (IX.7.17)
dt

do. 80,00, 00, 90,

dz g daz dgy do
oy ms (:t){[mS (0) -2 _q 661] +0 g T

oz dz 0q, 6q2 dz dq, 0q, 0q,0q,\
2f 1 — - =02 e 71"
[ms (@)] (dt) mS (@ )Q< ) dt (ao2 96, 90, 602)

ByneM cHavana BCKATH CHUIBHHE DPa3pHBH (yHKNUI 01, Oy, T. 8. 3AKOH ABWKe-
HHAA CKa9K0B HACHINEeHHOCTA. OYeBHNHO, B 9TOM ciaydae 3HaMenatedsr A B (IX. 7. 13)
J0MKeH O0PAaTHTBCA B HYJAD, YTO AaeT KBAJPAaTHOE ypasHeHEWe HaA dr/dt:

( dz )2 Q ( oq a‘h) dz Q? (6'11 a‘h 9q, ‘792)

dt |  mS(x)\ 8o, ' doz | dt  m2S%(z) \ 90, B0, 00, 60,
Pemas ero, moixydaem
= Q gy 0q2>
" 2mS (2) [( 50 T )t VD (IX.7.18)
99, _ 9qy 99, 0gs
b= (601 602) 4 do, 00, ° (IX.7-19)

Ecan mmyrcs crabie pa3spHBH, T. . HeIPepPHBHHE 3HaYeHHS QYyHKOME 01, O,
TO OHOBPeMEHHO o{pamaeTcA B HYJIb WHcARTEeAb Ay HaH A, B (IX. 7. 13), npmaem
HETPY/JHO MOKas3aTh, 970 OpA A = 0 m Ay = 0 TOXKIECTBEHHO BHIOJHACTCH YCIOBHE
Ag =0.
IlpmpapamBaa A; == (0, momydaeM

mS (z)-2%- d:c do; =Q(aq2 do, oq, dc.z)

dt dt ~ b0, dt

do, dt do, dt
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doy
HIHA, COKpauiaa Ha dT ,

dx dq,  0q, dag
mS ($) 'd—t-— Q (?0'—2- _—-(70'2 —dol) . (IX 7. 20)

YumruBasg (1X.7.18), nmoxydaem

mS (z) dz dq, 0q, dog 1 0q1 | 9qz
-2 - )]

QT Tdt 0oy o, do, 00,
i
dq, do, 1 94, 0\ — v/
= [(m —001)+ VD|. (1X.7.21)

IMocnenree ypapuenue (IX. 7. 21) sBasercsa OOHKHOBEHHHM AuepeHNHATb-
HEIM yPaBHEHHMEM, CBA3HBAIOMMM HACHIEHHOCTA O1p ¥ Oy. OHO MMeeT BellleCTBEHHEIO
pemenus, ecim D > 0, 1. e. Korga cucrema (IX. 7. 9) npuHajiienr K rumepGosan-
9ecKOMY THIYy ¥ MMeeT JABA BeIeCTBeHHHX ceMelcTBa XapPaKTePHCTHK B IJIOCKOCTAX
c1, O B 2, .

3HaK mogxopenuoro Brpakenusa B (IX, 7. 18) onpenensercda 3HaKOM M BeJNdH-

9 ]
d?yl dgz Ilpn oGmunNX BHAAX 3aBHCHAMOCTEH (a3OBHX NIPOHHE-
1

- * o
naevocreit k; (01, 0, O3) BO3pacTaHHe KAKOH-THGO HACHDIEHHOCTE G; COOTBOT-
CTBYeT BO3DACTAHMI0O DPACXOfla COOTBETCTBYlomeH ¢asH Q; I YMeHH]IeHl?HO pacxona

HO# IpON3BEACHUA

OCTANBHHX ABYX (pa3. B atoM ciydae, ¢ yuerom (IX. 7. 7) momxno 651’1‘5 <0
a dq, 0
' <0 =N 79 >0, T. e. McXoQHAA CHCTeMa THIepOOIMIecKa.
301 00'2 8 [e5}
MoxHO, 0JHaKO, IPEICTABATHL ce0e TAaKHe yCJIOBHMA, KOTJa B HEKOTOPHX AHama-
991 9q»

B0HAX M3MeHEeHNA HACKHINEHHOCTEH IIPOM3BE/IeHHE 6ymeT OTpHmATEeNHHO

90y 90,
A Bce NoagropenHoe pupaxkeHme B (IX. 7. 18) man (IX 7. 21) 0yoer TaKKe OTpH-
naTeJbEO, a B JPYTHX HOJOKUTEJbHO. B 9TOM caydae mcxopmasa cucreMa (1X. 7. 9)
ABIAETCSA CMEMAHHON: B OfHOMN 06/IaCTH 3JIIHNTAYeCKOTO TUNA, B Apyroi runepbonn-
9eCKOro, M MH TPHXOLUM K BecbMa CIMKHOH 3ajgade Tpuxomu [22], k¥ Koropoii,
B YaCTHOCTH, CBOJAATCA 33J]ai¥l TPAHC3BYKOBHIX Te9eHMI rasoBoil JUHAMHKH, KOTJa
B OlHAX OOJACTAX TeYeHMA CKOPOCTHh N03BYKOBaf, B APYIHX CBePX3BYKOBasd.

dror Bompoc paccmarpuBanca I0. U. CrriasauenM [24], KoropuHi#d npHDIen
K BHBOAY, 9T0 B (H3N9eCKHA PeaLHHX TeIeHUAX TpeX(asHEIX MKAJKOCTEH B NOPHCTOMN
cpefe ncxopgnas cucrema (IX. 7. 9) Aasasgerca rumepbonmaecKoii.

U3 (IX. 7. 21) caexgyer, 9aro cuctema (I1X. 7. 9) ABAAeTCA TaK Ha3KIBaeMOil mpwH-
BOIAMO#1, TAK KAK CeTKa XAPAKTEPNCIHK B IAOCKOCTHM 01, Oy, HONydaeMasds oGHIIHO
B pesyibTaTe dHcjieHHOro maTerpuposannA (IX. 7. 21), He 3aBHUCHT OT YCJIOBHI Te-
YeHHsA, a ONpefel]sAeTCA MCKIOYATENbHO BANOM QYHROUA 1 (01, Op), ¢ (01, O3),
T. e. coraacHo (IX. 7. 7) snaoM ¢azoBeIx mpoHmmaeMocTeil. OTa ceTKa MOXeT GHITH
IOCTPOEHA pa3 HaBCETJa, MOCHe 9ero IO yPaBHEHUIO (IX. 7. 18) Moxer OHTHL IO-
CTPOeHa B 3aBMCHMOCTV OT HAUaJIbHBIX YCJOBHIl 3aJa9M CeTKA XapaKTePUCTHK B ILIO-
cKocTH z, f{. BMecTo miockocrn z, ¢ ynoOHO BBeCTH IIOCKOCTH V, t:

x
V@)=] mS ) adz
0

rae V—o6GbpeM nop B TpyOKe TOKA MKy HYJEBHIM CeUeHUEM M CeYeHHeM .
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Torma ypaBuenme (IX. 7.18) xapakTepHCcTHK B INIOCKOCTH V, ¢ IPAMeT BHAJ:

1 4dv 1 [ aq, dq,
T [661+602iyu]. (1X.7.22)

CeTKa XapaKTepPHCTHK B IJIOCKOCTAX V, £ M 01, 0, HOJTHOCTHI0 PelIaloT 3afavy
¢mabTpanuE TpexgdaszHoHd CMecH.

OTMeTHM, 970 BOOJEE AHAJOTAYHO METOAOM XaPaKTEPHCTHK pemaloTcsa 3afgaum
IJOCKOT0 CBePX3BYKOBOro 0o0TeKaHAA Hpodmiiedl ¥ OAHOMEDHHX HEYCTAHOBHBIIMXCS
Asmxenni raza [10, 211].

Ha cHAbHHX pa3pHBax, T. . HA CKaYKaX HACHIIEHHOCTeH, BHIOIHAITCA yCJIO-
BUA MaTepmalbpHoro OasaHca, Kaskgod ¢ask, NModydaeMble TOYHO TaK ke, KAk H NI%
nByxQasHofl KIAKOCTH:

LN [mS (z) %_J =4 (019, 02p) — 1 (01, 03) _

¢ O1p— 0y
2 (019, O2p) — G2 (O1s T3) . (1X.17.23)
Oap— O2

Wanexke «f» osHagaer ycnopusa Ha (poHTe, T. €. HA CKAYKe HACHIIEHHOCTH,
6e3 WHOeKcAa YKaszaHH YCJIOBHMA ceidac ke mepes PPOHTOM.

IanbHeiimee ncciefosaHue QUIBTPAONHA TpexdasHUH KEAKOCTH, a TaKXKe He-
KOTOpHE YHCJHeHHHE pacieTH npEBefieEH B [23], a Tarme B8 paGore 10. M. Crxaa-
muHa [24].

OrMeTuM, 970 aHaJOTMYHAA CHCTEMa ypaBHeHWH IoaydaercA B 3afade BHTECHe-
pusA HedTH ropsaueil ponoil, paccmorpennoii (PaftepcoM [44] mpm BexoTOpHX ympo-
MAIINX NPeAnoJoKeHnax.

B npubawenHoll NOCTAHOBKe BaKHKA NpaKkTHiecKdld caywait ¢mabrpanum
Tpex¢das3Hoil cMecH — BEITECHeHHe ra3upOBaHHOM HedTH BOMOH — GBI paccMOTpeR
I. A. 9dpocom [25]. Bruny ovemb Malofl BASKOCTA ra3a PACTBOPERHBIA ra3, Bhle-
JAOMAACA NPR CHWKEHUH NaBJEHAS HIKe TaBIEHWA HACHIIEHHSA, NOJ [ledcTBHeM
TpajveHTa JaBJeHUA B IVlacTe OOTOHAET OCTajbHHE KOMIOHEBTH CMecH — BOAY
n vedtb. Ilpm sToM o6pasyrorca iBa QpOETa BHTeCHEHHA — B raso-HedTsAHO# 30Re,
KyLa BOHa He fomJia, ¥ B BoAo-HedrABOH, oTKylda cBOGOAEHI ras ymea. Ilpu prom,
B UEpPBOM NpHOAMIKEHMH MOYKHO PacCMaTPHBAaTh Bech NpPOMeCC ABMKEHHA B PAMKax
teopnu Baxiaes — Jleseperta nas AByxdasHoil cMecn. JKCIEPHMEHTalbHOE HCCACN0-
BaHWe 3TOTO BOMpOca BHIOJAHeHO B paGorax C. A. Kymnuwma [26, 271, coneprkamux
PAN PeayJIBTATOB, CYMECTBeHHO Ba)KHHIX JJIA DPAKTHIECKEX 3871a1 IPOEKTHPOBAHUSA
Pa3paboTKH TaKUX MeCTODOKAeHHI.

B uactnoctw, C. A. Kyuanu mokasaj, 9TO UPH BHTECHEEWHM TIa3npOBaHHOR
BedTH BONOH CyleCTBYET HEKOTOPHU ONTHMYM TJAacTOBOTO JAaBJIEHAA HWXKe JaBje-
HUA HACHIUICHWA, P KOTOPOM JocTHraercss Hamboxsmas HedreoThada.

B sakawuenne mnprsefeM HauGojee ofmme anddepeHnMasbHbE YPaBHEHUST
¢uabTpanun TpexdpasHoii cMecn Hedrb — ras — Bofla Mackera [JIT. VIIL 6]
¢ Y9€TOM C}RUMAaeMOCTH BCeX TpeX (a3 H pacTBOPHMOCTH rasza B He(TR A BOME, BHIA-
CaHHBI€ U1 CTANUMOHAPHHX YCJOBHIl HA MOBEPXHOCTH 3eMJIM. OTH ypaBuUeHUA, TONy-
qafoyecs B peayanTate NOACTAHOBKH B yDapHEHUS HEPasPRIBHOCTE JUIA KaXKol
¢a3n 06BeMHBIX CKOPOCTEH, BHPa)KaeMbIX COrnacHO 3akomy Jlapen, AMeOT chaeay-
10iMi BHJ B BeKTOpHO# ¢opMe npH ocH z, HanpaBieHEOH BEH3 (Y/ — obo3mavenune

= . P o - =
omeparopa «Habna»: 7 =i a—dz—l—f 5&-{—k ’d_i; i, j, k — enVMHEYAHe BEKTOPH Ha-
ppaBJjeRnil ocedt z, y, z):

k
V(p—os gZ)‘i‘sL

Spks

Bsus

ﬁﬂ Un

T

K
V[S—P—LV(P—QH gz) + L V(P—Ql'gz)]=
a

at Bu [

=m_(_s_ﬂc_ﬂ+ia__0;§_ +QI‘GI‘) ,
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Patu

- 9 n
V[LV(P—QH gz)]:mﬁ(%{—> s

d
V[—kLV(p“QB gZ)]= m = (%) out+0p+or=1, (IX.7.24)

Psus

rae Sp, Sp — MACCOBHE KO3((UIMEHTH pPacTBOPHMOCTH Tasa B eAMHANE oOBeMa
sefrem U BopmH; fu, Pp — KO3PPUUNEHTH M3MeHeHUA OOBeMa HeTM W BONHI LpH
goxbeMe He()TH ¥ BOAH HA IOBEPXHOCTh M CHIGKeHHA JAaBJCHHUA A0 aTMOC(epHOro;
Qn, Op, Or — IAOTEOCTH HedTH, BOAH M Tasa.

Bce ykasaHHHeE BHIIE BeJWYIWHE IPEAUOJATANTCH N3BECTHHMH HKCIEPNMEeH-
TANBHEIME (QYHKOUAMI NaBieHNA, a (azoBhle OPOHHOAEMOCTH AJMA He(TH, BOAH u
rasa kg, kp, kr, KAK B BHINE, DKCICPUMEHTAJbLHHIMA (YHKIOAAMH HACHIIEHHOCTEH
NOPOBOT0 NPOCTPAHCTBA Oy, Op, Op. KAaOMNIAPHEIMH CKaYKaMH JABJIEHHS JJfA IpPO-
CTOTH nperebpe:xeno. s veTHpex HeM3BeCTHHX QYHKOAH p, Oy, Op, Op HOJYyYaeT-
cs, TakuM 06pasoM, 3aMKHYTasl CHCTEMa JeTHPeX ypaBHeHHI.

PaccMOTpeHHN# BHIIE ciaydail IBIKeHHSA HeCKEMaeMoil TpexdasHOil cMecH
{OIyYaeTCA M3 BTOH CHCTEME, €CJIH HOIOKHTh sg = sp =0, By =P =1, gu =
= Qg = Qr = const. YacTHHME CcJayYaAMH BTOH CHCTEMH ABIAIOTCA YDABHEHAA
JBMKEHAA TasMpoBaHHOM HedTH — AByXdasHoll CHCTEMH, KOTODHE IOJIYJalOTCH
ecan noaoknts oz = 0. MoskHOo BEIONEe cornacmrhes ¢ MackeToM, KOTODHA yKasH-
BaeT, YTO aHaJnTHIecKoe pemenne cucteMul (IX. 7. 24) p ofmem caywae noxa Gec-
IIepCIeKTNBHO BBHAY €e KpailiHell CIOKHOCTH.

Bes 0cofHX NIpUHOMNHMANBHEX 3aTPyRHEHWH MOMKeT GHTBH PacCMOTDEH Clydai
yceranosusmerocs ppmxenud [JIt. VIIILL 6], wotopuit pas aByx$asHod cHCTeMH
poepsuie Gmur mecxeposan C. A. XprmcrmamosmueMm [28]. Teopus C. A. Xpmerna-
HOBMYA NpAMEHSETcH NPH NPAKTHYECKHX pacdeTaXx YCTAHOBHBOIETOCA [BWKEEHA
TasdpOBAHHOH KAJKOCTH W KPaTKO HM3JI0KeHa B § 8.

IlpakTuyeckme pacdeTH HEYCTAHOBEBINETOCH JBIKEHAA TasNpOBaHHOH IByX-
$a3HOU SKAZKOCTY OOKYHO BHEIOJHAIOTCA METOLOM IIOCTEeA0BATEIbHON CMEHH CTamuo-
HapPHEIX COCTOAHWH, BIepBhe NpHMeHeHHEM fiA 3Tod 3ajgawmm K. A. Hapesmuem
{29] m passmTeiM pmasee B paAme pabGor M. J[. PosemGepra, M. M. I'morosckoro,
B. A. Apxamrexsckoro um ppyrux [30, 31].

HmMeloTca TakKe OONBITKA UPHUMEHEHHS GHICTPONEHCTBYIOIMMX BEIHCIATENBHEIX
yerposiets [32].

B menom sxe paspaGorka aTOH, moskanyii, Hanboee CnOXKEON 06IACTH IrUApO-
JMHAMHAYeCKON TeopHHM (UABTPaIAA — QUIBTPAIMHA MHOTOPAasHHEX KEXKOCTEH —
BechMa JiajieKa OT CBOero 3aBepIIeHNA U 3[eCh IIPeCTONT elle 09eHb Goabmasn pabora.

§ 8. YcranosuBimeecsa JBWKEHHE ra3wpPOBAHHON KAKOCTH
B nopucroil cpefie. 3amevaHAA O NMPAKTHYECKAX METORAX
pacyeTa HEYCTAHOBHBHIEroCA JBHKEHHA

Brime 6slT paccMoTpeH paAf 3aad QUIBTPANAN cMeceil HECKOJBKHX
JKUIKOCTEel, KOMIOOHEHTH KOTOPHX IIpejIIoNarajluch HeCKHMaeMbIMH,
B3aUMHO HepacTBOPHMMHIMM U XWAMHAYECKH He pearupyomumu. B peams-
HBIX YCJAOBHAX 3TH NMPeJUTOCHUIKA BHIIOAHAIOTCA He Bcerma. [|Bmxemme
ras’upoBaHHON HedTH ABIAgETCA IPUME POM BAKHON NpaKTHIeCKON 3agaqn,
rae HeoOxoguMo YIUTHBATH 3PPeKTH C/KAMAEMOCTH H PAaCTBOPHMOCTH
rasa B IJKUIKOCTH.

Hax yixe yrasuBamoch, TeopeTHdecKoe MCCIe[OBaHMe 3amal (uib-
TPAIMKA C/KIMAEeMBIX cMeceil ¢ PacTBOPUMEIMH KOMIOHEHTaMH B oO0IIeM
cliydae HEYCTAHOBUBINErocs JBIKeHHA B TOYHOH IOCTAHOBKe HAaTaj-
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KHBaeTcs HA 3aTPy[AHeHHs], [0 Cero BpeMeHM He mpeofosnumele. CpaBHE-
TEJILHO IIPOCTO MO;KeT OHITh MCCJEOBAH PACCMOTPEHHHH HMGKe caydal
YCTAHOBUBINETOCS [IBHKEHHSA TasMpPOBAHHON IRHIKOCTH.

IlepBiie rmppoguHAMUYeCKHe HCCIETOBAHHA O JBUKEHWH TIasmpo-
BAHHOI KEJIKOCTH B TOpUCTON cpefe NpuHajgieskar akax. JI. C. Jlei-
O6eH30HY .

JI. C. Jleiifen30H B CBOMX IEPBHX HCCIAENOBAHMAX PpaccMaTpuBaj
rasMpoBaHEYI0 HedTh KAK HEKOTOPYI CMeCh, XapPaKTepU3YIONYIOCH
clenUaIbHEM ypaBHEHNEM cocTosHNA. B anpueiimux pagorax [JIr. I. 71
JI. C. JleiiGeH3oH yske YYMTLIBAJ pas3jindde CKopocTell raza u HedTH,
obycnosienHoe adderTom  PazoBHX
[pOHUIAeMOCTeH, ¥ HaAMeTHJI pAJ mep-
CHeKTUBHHIX, HO JI0 CeT0 BPEMEHH He-
JOCTATOYHO HMCHOJB30BRHHHX IyTel
HCCJAEJOBAHAA 3TOH BeChMa CIOKHOMK
3aa9H.

OTMeTHM, 9TO XPOHOJOTHYECKH W3-
IOJKEeHHAA HIJKe TeOpUsA JIBIIKeHAA
ra3upoBaHHOU jKMAKOCTH OBlIA pas3pa-
f6oTanma B3HAYATENLHO DaHbINe TeopHHA
Bakaea — Jleseperra. IlepBue skcne-
PMMEHTH IO OIpefeleHUI0 (a3oBHIX
TIPOHUTAEMOCTEH AJIA KAAKOCTH K rasa
onuim BeIoaHens Bukodom u BorceTom
eme B 1936 r. [33].

PaccMoTpuM CTAI[OHADHOE IBUKe-
Puc. IX. 27. Cxema oKCHepHMeH- HHeuPaSHPOBaHHOﬁ JUIKOCTH B LOPH-
TanbHOi yeramoBkwm Ais mccaemo- CTOM CDene.

Bagna (UILTPAannNH TasHpPOBAHHON KOI‘JI& AaBJeHHE B ILIacTe BHEIIIE

HUAKOCTH. NaBIeHNA HACHIIEHHs, BeCh Iras pac-

TBOpeH B sKuaKocTH (cBoGOMHSIH ras

OTCYTCTBYET) M ;KMAKOCTH BMeCTe ¢ PACTBOPEHHHIM Ta30M MOKHO pac-
CMaTpPHUBATH, KAK OTHOPOLHYIO.

JaBsnenme HacHmeEna aABAAeTCA (U3NYECKOH KOHCTARTOH HedTm
Toro mim uHoro paiiona, Omno o0nuyHO JeskuT B Ipepenax 90—
150 am.

Ecxu yxe nqasieHHne B mlacTe MeHbIIe NABJIeHHA HACBIIEHNUA, TO HAYH-
HaeTCs BHIe/ieHHe Ta3a M3 pacTBOpa U B IOPUCTOR cpefie ABIIRYTCA ORHO-
BPEMEHHO JKUIKOCTL M CBOGONHELA TIas.

PaccMoTpuM cTanuoHapHOE NPAMOJNHEIHOe ABUKeHNEe TAKOM rasupo-
BAaHHOI KHIKOCTH B IIOPHCTOli cpefie, 3alloaHAIIEH TPYOy IoNepedHEIM
ceuennem f (pue. IX. 27). OGpemusle PacXofHl KUAKOCTH ¥ Ia3a MOKHO
ompefenurs mo dopmyne lapcu pas ogHOPOAHON KHAKOCTH, HO CUH-
TaTh, 9YTO NPOHUIAEMOCTHh ABIseTCA (azoBoil; Ky — NI KUAKOCTH,
kr — nasa csobomHoro rasza, Pacxon skupxocTH Q olpefielsAeTca HO

dopmyie

P

ray —s - Mudnocms
W
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Qum=— -2 —f, (I1X.8.1)

e Wk — BA3KOCTH HHUAKOCTH,

O6beMuEii pacxod cBoGONHOIO Ta3a B TOM jKe Ced4eHMM TDH TOM 3Ke
? ’
KaBieHRN p obosHaumM Qp. Bemmuuma Q, ompemeaserca mo dopmyie

’ ke d
Qr=—md—;’f, (IX.8.2)

Ife yir — BASKOCTH Trasa. BABKOCTH W, Wr A7 OPOCTOTH NPefHOIa-
TaloTCA MOCTOARHEIMH, He 3aBHCSIEMU OT "[3BJEHHA.

OnpiTer, KoTOpHe 6BIIM NocTaBiaeREr Bukxodom u Borcerom [33], nanm
OCHOBaHME IPUHATH a30Bhe NPOHMIAEMOCTH JJIA RUIKOCTH M rasa fuy
H kr B BHIe HEKOTODHX HKCIEpPU-

MEHTaJBbHHX (QyHKIMI HachileH- o

HOCTA O TopoBoTo mpocrpancrBa /%0 p g
AHUIKOCTHIO. 90 £ /
Beegem oTHOCHMTenBEHIE IpO- 80 \
* * d° K K ®

HATAEMOCTH fope M Ky AV A

iy = . X

T —k_ ? &0 o R ’."

k= (X.8.3) 0 7

rae k —xoaddunment nmponnmae- ¥ ° /
MOCTH IIOPHCTOH CpeAHN AJA OTHO- 30 NE Y
popHo# ;rupKOoCTH. KpuBhe 3aBu- 4y \/D,
camocTd ky, # Ky OpEBeeHH Ha 10 2
puc. IX. 28. IlopmoGmnie sKCHE- Phs PR2b
PEMEHTAJIbHbIEC KPHBHE GHIIM 10- 0020 30 40 50 60 70 80 90 1006

Jy49eHH Jus pafa ofpasmos Io-
puCTOH cpefnl W AJas papga rasm- Puc. IX. 28. Ornocurensune dasopne
pOBaHHHX ?KHIIKOCTQI?[, B TOM IpOHHUIAEMOCTH II}-?OHCT;HBKPOBHHHOH Haa-
qucje [IA Ta3sHPOBAHHEIX Hed- '
Teil. Bo Bcex caydasax xapaxTep
KPHBHIX OKasajcA TakmMm, kak Ha puc. IX. 28. PaccmMarpusas até Kpu-
BHE, MOKHO CHeJaTh 09eHb Ba;KHOe IIPAKTHYeCKOe 3aKII0UeHHe, He-
CMOTPHA Ha TO, 9TO OHM IOCTPOGHBl 10 MHOKECTBY OILITHHIX TOYeK
€ J0BOJBHO GoJbmAM pa30pocoM ¥ ABIATCA HEKOTOPHMH CpPeIHUMHE
JMHAAMU:

OPH MAQJIOM KOJHIecTBe Ta3a (BHCOKAA HACHIMEHHOCTH KUAKOCTDHIO)
npoRunaemocts k, < 1, T. e. Majoe KOJHIECTBO CBOGOXHOIO Ta3a BechMa

CHJIBHO YMeHBINAaeT IPOHUIAEMOCTb Ky ¥, CJEIOBATENBHO, HeOUT IRHA-
xocta. Iloaromy craparorcsa He HONyCKAaTh IPe3MEPHOTO BLIIeJeHMA Ta3a
Ha 3a00fX CKBa)KMH, TAaK Kak IpuW 3ToM ()agzoBas NPOHUIAEMOCTH K
SRUJKOCTH BechbMa CHUyKaercA, YTo6H He MOUNYCTUTL Ype3sMepPHOTO BEIfe-
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Jenus cBOGOAHOrO rasa, IpUMEHAIOT METOIH NCKYCCTBEHHOTO TOBHIICHHAA
IJIaCTOBOTO [ABJEHUA — HAaTHeTaHWe ras3a, 3aKOHTYpHOe W BHYTPHKOH-
TypHOE 3aBOJHEHHE.

Hanporus, skugKocTh ropasfo MeHbOIe MEIIAeT ABATATHCA Tazy, deM

*

ras ;KUIKOCTH, TAK Kak Opu Mauablx ¢ kp ~ 1. Takum o6paszom, Opu
MaJBIX HACHIIEHHOCTAX K} 09eHb MO CHIKAETCH.

Haiigem cyMMapHOe KOJIMYeCTBO rasa, ¢BOGOIHOTO M PACTBOPEHHOTO,
H NpuBeleM 3T0 00BeMHOe KOJMIeCTBO Ira3a K aTMoCPepHOMY JaBIEHHIO.
Hdebur upxoctd (Qx comep:kuT 0o6BEM pPACTBOPEHHOro rasa, KOTOPHIA
mocje UpWMBENeHHA K aTMocepPHOMY HAABICHUI0 Day MOXKHO BHIPA3HTh
ypaBHEHUEM

(Qr)pacroop = % O, (IX.8.4)

rie s — KoadPUuMeHT PacTBOPMMOCTA Ia3a B JKUAKOCTH.

Koadpdpunuent s [M:.I;m

pacTBOopAETCA B eIUHHUIE 00beMa FKHIKOCTH IpA OOBEIIICHWH LABJIEHHNA

— BeCOBO€ KOJ/JIU4YeCTBO Trasa, KOTOpoe

s
ga 1 am. Takum o6pasom, spQm — Bec pacTBOPeHHOIO rasa, a YL Quw —
aT

IpuBefieHHENH K armMocpepHOMY AABIEHHIO ero o0beM. 3dech U HEKe p
03Ha4YaeT abCONIOTHOE MABIEHHE.

IlopcraBnas B ypasuenme (IX.8.4) smavenme Qx m3 (IX.8.1),
moJiy1aeM

(Qr)pacraop = — ~L- 2 4P (IX.8.5)

Haiimem o0nemMub#t nebutr cBoGojfHOTr0 raza, mpHBeJeHHHIA K aTMo-
cpepaomy pasnenmio. Cornacuo ypapuenmio (IX. 8.2) moarysum

— P2 F dp
(Qi)ar = Qryf = — o o0 f. (IX. 8.6)

Tenepts MO)kHO HaliTH mnogHOe oObeMHOEe KoamyecTBo rasa (Qr)ar,
KoTopoe GymeT BHIIENATHCH B ¢QUHAOY BpPEeMeHM HA YCThe CKBAKHHLI
npyd cHWKeHHN RaBJIeHHA o aTMmocPepHoro. 1o Gymer cyMMma

(Q)ar = (Qr)pacrsop + (Qr Jar (1X.8.7)
nmn, yanteiBas ypasHenua (I1X.8.5) m (IX. 8. 6),
dP P [SPar km ke

(Q)ar = — 2 1 & (YM o ) (IX. 8.8)

HaitgeM rasopoii (bamop. Hon razoBuiM $aKTOpPOM MORAPABYMEBACTCH
OTHODICHWEe TPHBEJEeHHOTO K arMocdepHOMy japiaeHui0 [efmra rasa
K pebmry smugxoctu. CormacHo ypasmenmam (IX.8.8) n (IX.8.1)
MOJIyIUM

I = (Qg).:r — P ( SYP;I‘ + Fk,i P:I*“ ) . (IX. 8. 9)
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Hocaeanoo ¢opMyny MOKHO Hpe/CTABATH ellle B TAKOM BHje:

— P b ( ke |, ParSpr
r= Par Pr ( . + Yath ) . (IX. 8. 10)

Paccmorpum Gomee moppo6ro ypasmemme (IX. 8.10). B kpyrase
CKOOKK BX0AuUT oTHomeHnWe kp/ky, K0oTOpoe MokeT ObITH HAHAeHO H3
SKCIepUMEHTAJNbHEIX KpubblXx puc. IX. 28. 910 orTHOmMEHHe ABIAeTCH
u3BecTHOH (yHKNUeH HACBIMEHHOCTH O, T. €.

Feo/lon = ¥ (0). (IX.8.11)

Oysxoua Y (0) =EMeeT NpMMepHO BHjJ KpHWBOH, mOKa3aHHOH
ma pec. 1X.29. Bropoe caaraemoe
ParS  Wr/yarix 33BHCHT OT KoHeramr ¢(C
JKUAKOCTA M rasa — oT pacTBopumoctd 2007
7 Baskocredr. Odozmauum

S
Parsblr . . (IX. 8. 12)
Yarisk
Ouesuznno, o GezpasmepHo, 100}
Torma seIpamteHue aaa rasosoro ¢ax-
TOpa MOKHO B3ANHCATH TaK:

e op o pLaT [y (o) + a]. (IX.8.13)

Poxe L . ,
a 50 100G,
Bynmem paccmaTpuBaTh YCTaHOBUBINe-
eca pBukeHMe. llpm ycraHoBUBImeMCA Puc. IX.29.

JBHKeHNH ra3oBel QaxkTop BCIOAY B MJa-

cre Gymer oauHAKoB. Ecam 6b nBHskeHHMe OBLIO HEYCTAaHOBUBIIEECH,
rasoBelil dakTop B pasHblX MecTax muacta Obi G pasiander. Ecam
JKe JIBMKeHME CTALMOHAPHO, TO razoBuil GAaKTOP BHOAD KayIo#l cTPYHAKH
Oyner moctoAHHOH BeawduHOH. Bce u3anoskeHHoe BhIINE IIPeciaegoBaio
OHY Nelb — YCTAHOBUTH CBA3b MEKIY [aBIEHUEM W HACHIIECHHOCTHIO.
dta cBasb 1 faerca popmyaoir (IX. 8. 13). Obosnaunm

il"_ =

=k (IX.8. 14)

Ipn I' = const § Taxmxke nocrognno. Torga ms dopmynn (I1X. 8. 13)
p__ __ &

par Y (o)+a * (IX. 8.15)

O6osrauam

1

Fom = P = g e = PO (IX. 8.16)

rme p*(0) —m3BecTHans GYNKOWA 1achIICHHOCTH,

Tpadur sasucusmoctu p* = p*(0) MoMeT ObITh JeTKo MOCTpPoeH HO
ACXOAHLIM KpHubIM GasoBex nporuuaemocredl (cMm. puc. 1X.28) n dop-
myae (1X.8.16). O mmeer npumepuo Buj|, mokasaauuil na puc. 1X. 30.
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Ilpun pacwerax crauMoHApPHOTO ABMKEHHSA ra3HpoBaHHON HedTH HaAH-
Oonee uMHTepecHOH BeamuuHOU sBAsAeTcA (y — pacxon skupkoctu. Ilo-
CKOJBRY rasoBblil paKkTop u3BecteH, coriacuo gopmyse (IX. 8. 9) ompe-
pensem pacxof rasa: (Qr)ar = I'Qw. Popmyny (IX. 8. 1) gasa Qx, yuu-
teiBass (IX. 8. 3), MomHO mpegcTaBUTH B Bujle

ki (6)  dp
Uz dx

Quw = — f. (I1X.8.17)

*
B srom ypasuenuu Lk, (0) — u3BecTHasg (QYHKUHMH HACHINEHHOCTH
M, KpOMe TOro, KaK Mbl BHMENHU, JaBIEHHE J — TaK:Ke ONHO3HAYHAA CO-
riacio popmyme (IX. 8. 16) dyHKuUuMA HACHIEHHOCTH.

»*

p* Kot
100 s
s0f o5t
0 50 100 6. 0 50 100 p*
Prc. IX. 30. Puc. IX. 31.

Taxum 06pa3zoM, HACHIEHHOCTh G SIBIAETCH NapaMeTpoM, CBA3HBa-
IOUIMM 3aBUCAMOCTY iy (0) 1 p = p (0). 3Has 5TM 3aBUCUMOCTH M3 PHC,

IX. 28 u gpopmyas (IX. 8. 16), serko MOCTPOUTH 3aBHCHMOCTE Ky () =
=l [0 (p*¥)] = k,;(p*), T. 6. CBA3ATh $A30BYI0 IPOHALAEMOCTS Ky C aBJIe-
nuem p. I'padur sasucumocts hy = /r,;(p*) npencrasien ma pumc. 1X. 31.

Tenepb, KOTa YCTAaHOBIEHA OLHO3HAUHAS 3aBHCHMOCTD Ky = Fepm (p*),
BBOOMM HOBYI0 QyHruuio f, moauoii puddepennuman KoTopoil paBeH
kwdp. DTa QYHKIMA uMeeT PasMepHOCTH JABICHHA ¥ HAa3HBaeTCA QyHK-
nueit X pucTUAHOBUYA:

dH = kydp. (1X.8.18)
Teneps ypapuennme (I1X.8.17) MosHo 3amucats Gosee mpecTo:
k dH
Om = —P«; az f. (IX. 8. 19)

Ypasuenne (IX. 8. 19) nuuem He oTamuaercs oT OOHYHOTO 3aKOHA
HNapcu, HO TOABKO poab AaBjiennsa urpaet Gynruuma H.
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CiregoBaTelbHO, JJA YCTAHOBMBIIETOCA JBIKEHHA TIa3dPOBAHHOH
JKHIKOCTH COXPAHAKTCA Bee POopMYTH JJIA JBIEEHHA ONHOPOAHOH He-
C/KUMAaeMoil >KUIKOCTH ¢ 3aMeHOH AaBieHdMs Ha (QYHKOWIO XpPHCTHAHO-
BHYa.

@Oynxuusa Xpuctuanosuda H omnpefenseTcA U3 ypaBHEHHA

H = (k. dp+const. (IX.8.20)

40
“

Hus smancnenusa ¢yurnum H Mo-
IHO MOCTYMHUTL ciaefylomuM obpasoM.
Cornacuo ypasncunam (1X.8.18) u

/!
(1X. 8. 16) %0 f

dH = ldp = & packdp’ = /
—EpmdH’,  (X.8.20) )4
rje quddepeannain GeapasmepHoil PyHK- /
oun dH* paseH 4

dH' = kydp®, (1X.8.22)

H* = | kydp*. (1X.8.23)
0

o T 1

3asucumocts H* = H* (p*) crpo- S e ST 60 7o p*
urca o rpadury pme. IX. 31 rpa-
¢rugecKUM HHTEr pHpOBaHHeM II0 ypaB- Pue. IX. 32.
ueruio (IX. 8.23). Ona 6mua Bmep-

Beie octpoera B. B. Jlanykom u umeer Buj, oKasanusii Ha puc. 1X. 32,

K. A. Hapesua [29] coctaBua moppoOGHnle TabunIbl, MO3BOJANIHAE
oUpefeanTh 3HAYeHNsA QYHKIMHE /* IpH pasHHX 3HAYEHUAX O AIA CIe-
MEHTHPOBAHHHIX M HECLeMEeHTHPOBAHHEIX IECKOB.

Takum o6pasoM, IoIyyaeM BO3MOKHOCTh MCHOJB30BATH IpPU pac-
geTaX CTANMOHADHOrO JIBMMKEHWA TasHpoBaHHOl HedTH Bce GopMyaH
IJiA JBUMEHUA OJHOPOTHON HECIKMMAaeMoil JKUAKOCTH, B KOTODPHX JaBile-
HUe JorkHO ObiTh 3aMeneHo (ymxumeil Xpuctuanosmya H. CormacHo
dopmyne (IX. 8. 21)

H = g paHl*. (IX.8.24)

Hanpumep, nefuT jKujKoCTH M3 CKBayKHHHI, Haxojaulefica B IeHTpe
KPYroBOr0o miacTta, paseH corgacho ¢gopmyne Iliomoun

Om =

o2nkh Hy—Hg
B Ry
Tc

(1X. 8. 25)

@ynruusa H 3pect Gymer pacnpefeseHa TaK jKe, KaKk HaBjleHHe LPH
$unpTpainn OHOPOAHON HECHIMMAEMOM . }MKOCTA: I PaAUuaNIbHOTO

Ravran ONE
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MBICKEHHA — II0 3aKOHY JoTapHMHYeCKON KPUBOH, IIsA IPAMOJIHHEH-
HOTO [BM/KEHAA — 10 JUHEHHOMY 3aKOHY.

IocnenoBaTeabHOCTh PAcYeTOB TAKOBA. 3HAA KOHTYpPHLIE KaBJIeHHUSA

kY 3 * *

Pe, px ¥ Tasoswii daxrop I', mo dopmyne (IX. 8. 16) maxogar P, py
* *
u satem u3 rpagura (puc. 1X. 32) H., H,.

* *

3uan H,, Hy, n3 ypasmenusa (IX. 8. 24) waxouar H., H,, nocie
9ero BCe 37EeMEHTH [BHJKeHHA ONpelensoTcA Ge3 sarpyauenuii. Ilas
YCKOpeHMS U 06JerteHNsa pacieTOB MO;KHO TAKIKE BOCMONB30BATHCH
ra6mmmamu K. A. Iapesuua [29].

ITy HOBOJBHO TPYHOeMKYI MeTomuky pacdeTtor [JIT. I. 12] momkmo
emme Gonee ympocTuTh. OOparuM BHEMAaHHe, YTO B IMMPOKOM JHAOA30HE
sapucuMocTh H*(p*) corsacuo rpadury puc. IX. 32 nzobpakaerca moaru
npsamoit auane. C MOCTATOYHOR TOYHOCTHIO MOKHO NPHHATH

H* = Ap* + B, (IX. 8. 26)

rne A u B — nocroaHHue.

IMapameTp A ABxsgeTcA yriaoBeM KodsdpduimeHToM Ipsmoi, B — cBo-
6OMHLIM 9JICHOM.

Torma passocts Hy—H,, BXONAMYIO Bo BCe BHIPAYKeHUA MIA eOH-
TOB, MOKHO JIETKO BHPA3UTh Yepe3 PA3HOCTh NABIeHHH pyx—pe. Co-
raacuHo ypasumeruam (IX. 8. 26) u (IX. 8. 21) moayuum

Hy—He =& pay (Hy — H3) = AE par (pr — Po)

nuau, yauteBaa ypasmemue (IX.8.16),

Hy— He = AE par fg—;”_CA=(pK— o).  (I1X.8.27)
ar

®opmyaa (IX. 8. 27) mokasrnBaeT, 910 JAA NPUCIHIKEHHHX PACIETOB
rasmpoBaHHYI0 SKETKOCTH MO)KHO PACCMATPHBATH KaK (MKTUBHYIO ONHO-
POIHYI0 HeCHIMAEMY0 JKUAKOCTH, ABMKYIIYIOCA B HaacTe, B KOTOpPOM
papamerp kh/p ciuenyer samennts BeamwauHoil Akh/u. Wa rpaduxa
puc. IX. 32 4 ~ 0,65.

B panpHeiimeM 5TOT IpHeM CBe{eHUA YCTaHOBHUBIINErOCs JBHIKeHUs
Ta3UPOBAHHON KMIKOCTH K JBHIKeHWI0 (UKTHBHOH ONHOPONHOH HECIKH-
MaeMoO# JKHAKOCTH OBLI McHoab3oBaH u pa3sur M. M. I'morockum n
M. 1. Poser6eprom [30]. Umu 6no mokasamo, 9To mapamerp A B mo-
BOJISHO MAPOKUX IIpefiesaX yAOBACTBOPUTEIBHO ONUCHBACTCA POPMYIOH

A~ 0,944 — 21,43 «, (IX. 8.28)

rge o ompefeneso ypasHermeM (IX.8.12). Ilpm stom mpenmosaraerca
yCJIOBHe

P
0,.2< oo < 1.
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TaknM o006pasom, IpakTHUecKHe pacdeTH CTAIMOHAPHOIO JBU;KeHUA
Ta3sMpPoOBAHHON FKHIKOCTH MOYKHO IIPOM3BOANTDH, HOJB3YACH 3TOH 3ame-
HOIi, YTO Ype3BBYaiiHo ofJerdaeT uX BHIIOJHEHUE.

Meroguka pacyeTa yCTAHOBMBINETOCH ABI/KEHUA Ia3UPOBAHHON K-
KOCTH ¢ YYeTOM 3aBHCMMOCTH OT AABJIEHHA MCXOAHBIX (MBMUECKUX Bein-
YMH — BA3KOCTH, PACTBOPUMOCTH M ycankm (d3sMeHeHHe o0beMa :KHIKO-
CTYM TPM CHUIKEHWM JaBJIEHHUA OT IJIACTOBOTO /o aTMocdepHoro) — Gnia
pasBuTa B pane nocaexyromux pador M. J[. Posernbepra, JI. A. 3unoBb-
cBoit, A. A. Boxcepmana u apyrux [34, 351].

OcTaHoBUMCA 04eHb KOPOTKO HA Pe3yiabraTax, OTHOCSHIUXCH K He-
VCTAaHOBUBIIEMYCA JIBH;KEHHMI0 rasuposanHoi sxugroctu. Heycranosus-
HIeecA (BUKeHHE Ma3MPOBAHHON ;KUAKOCTH ABJIAETCH HamMeHee paspalo-
tTanAoNl 3agadeil. HeKoTophe aBTOpH pelmialoT ee METOAOM MaTepHaJb-
Horo GajiaHCca, CBA3HBAA CpeJHee MIACTOBOE TABJICHYE ¢ HACHIEHHOCTHIO
11 oTGopoM M3 Bcero mecroposienus B meaom [JIr. VIIL. 6; 36].

Ilpm sTOM paccMoTpeHUM NCKIIOYAETCH PONb CKBAKMH. Mexuy tem
3HAHHE I0BEeHUH CKBA;KHHEI ABJIAETCS BeCbMA Ba;KHEIM, HATIPUMep
cBA3H [efUTa IIPH HECTANMOHADHOM peKuMe ¢ 3a00HHEIM naBieHHeM
U T. 0. PAg cymecTBeHHO BajKHHIX pe3yabTaToB, OCHOBAHHLIX Ha NpHU-
MEHEeHHH METONa IOCIeIoBATENbHOM CMEHB! CTALMOHAPHLIX COCTOSHUIN,
onn monydeH H. A. Ilapesmuewm.

K. A. Ilapesud pemmua 3amady 06 HCTOIIEHHM MeCTOPOKIEHHSA,
KOTOpOEe JKCILIyaTHPOBANOCH IPH pe;KUMe pacTBopenHoro raza. llpm
3TOM MECTOPO’KIeHAe PAacCMaTPUBAJOCH KAK 3aMKHYTHE HedTsiHOH Tof-
3eMHHI pe3epBYap, Ihe gaBjleHile e PBOHAYAIBHO PABHO JaBIeHUI0 HACH-
utenusa. PezepByap BCKphIBAJICA CKBa;KMHON, W HaYUHAACH 0TOOD IKMA-
KOCTH.

K. A. Ilapesuu mccuaemoBan BTopylo ¢azy HeCTAMOHAPHOTO IBH-
sKeHHA, KOTfa YCI0BHAg BOPOHKA AeNpPecCHHM AOIIJIA Jl0 IPAaHAI| pe3ep-
Byapa M HAYMHAIOCH MCTOLIEHUE 3AJEIKH B LEIOM.

AHalIOrAYHEE pPACYeTHl METOJOM -KOHEYHHIX PpABHOCTeHl BHITOJHUI
B. A. ApxaHrensckwmit W NONYYHJI OYeHBb CXOJIHEIE Pe3YyAbTATH. ITH
pPe3yIbTaTH KPATKO 3aKANYAITCA B CJeYIOUIEM,

ByneMm oTRIafBBATE IO OCH OPAMHAT CpefHee INIACTOBOE AABJEHME,
KOTOpOe MOKHO IPHHATH ¢ GOJBIION TOYHOCTHI0 PABHEIM KOHTYPHOMY
gasnennio. Ilo ocu aGemmee GymeM OTKIamBIBATH HACHILEHHOCTH, TaKke
cpegEpI0 To mnacrty (pme. IX. 33).

Kax caexyer us puc. IX. 33, xorga nasieHue majaer Xo HyJsA, HACH-
TeHHOCTh He CHMKaeTcda Hike 60--70%. ITo osmagaeT, uTO 3a cCUer
DHEPTHH PacCTBOPEHHOrO ra3a M3 ILIAcTa MOKeT GHITH 0TOGPAHO TONBKO
oxono 30% mBcero 3amaca.

K. A. Hapesuu taxske paccymTal n3MeHeHHe rasoBoro $akropa B 3a-
BUCHMOCTH OT BPeMEHU IPH HEYCTAHOBHBINEMCH Pe/KAMe PACTBOPEHHOTO
rasa.

Ecnm oTknageBaTh 0o ocu abcouee BpeMs, a 0 0cA OPAUHAT ra30BHId
daxrop (pumc. IX. 34), To orasmBaercsa, uTo razoBHi darTop CcHaYAIA
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pacTeT, a IOTOM IaJiaeT, 4TO Me;KAY IPOYHM B mepBeix pabotax Mackera
[37] we Gnio oTMedenHo.

3agaga o TepBoil $asze HECTAIMOHAPHOrO XBH;KeHMA OHIJIA PaccMo-
rpera M. M. FiioroBckum u M. 1. PosenGeprom [38], korophie mokazan,
gro mepBas (¢asza He MrpaeT GOJBIION POJH B KH3HH MECTOPOKICHHUA
M0 CPABHEHHI0 CO BCEM HEePHOJOM SKCIIYATAUUH.

3ajgaya 0 BBHITECHEHUM TIa3dPOBAHHOM KHIKOCTH BOJOH — OHA M3
Ba;KHBIX IIPaKTHYeCKUX 3aad — Obuta pemewma M. M. I'morosckum u
M. JI. PosenbeproM Takiie MeTOOM IOCJeLOBATEILHON CMEHBI CTAI[HO-
HapHbX coctonnmil [38], mpuuem okasasoch, 4To B HAYaJBHBINA [€PHOH,

d
____________ r
0 50 100G % 0 s’
Puc. 1X. 33. Hedreorgaua upu raso- Pue. IX. 34. UsmeHenue raso-
BOM pCIKIMe. BOro ($akTopa BO BPEMEHM TIpH

razoBoOM DeXHMe.

KOrJa CKA3bBAGTCHA BIMAHMe IepPBoH (asbl HeCTAIMOHAPHOTO peKEMA,
pacyeT HY)KHO BeCTH II0 CJIOMHLIM, BECbMa TI'POMO3AKHM (opMyJaan,
B nansieiimem, B mepuofm BTopo#l $assl, Korjga BeITeCHeHHe HAYAJIOCL,
pacdYeT MOKHO BeCTH, 3aMeHAd Ta3UPOBAHHYI HedTb PHKTHUBHOH OjHO-
pofHOH HeC;KUMaeMoll JKHAKOCTBIO, KaK YKa3bBAJOCh BHIIE.
3aKaH4YMBaA 3TOT Pasfel NO[3eMHON I'U{POXAHAMUKM — TEOPUIO [BH-
JReHUA Ta3HpPOBAaHHOU JKUJKOCTH, HY}KHO ellle pas CKasaTh, YTO OH Ha-
xofgurcsas B cTagnu paspaborku u cravoBienus. CpaBHHTENBHO 3aKOH-
geHHOH CTpOro#l Teopuy, KAKylo MB UMeeM JJIA OXHOPORHONW IKUIKOCTH,
ellle He CYIIECTBYET, XOTH YiKe UMEIOTCA pPaIMOHAJNbBHEE NPUOIMIKeHHEIC
METOJ(H, 1103BOJIAION{He IPOM3BOJUTE IIPOMEICIOBEE pacueTsl. IIpm arom
Heo0X0/lMMO MMeTh B BHAY ciaefylouiee: (uauvyecKue KOHCTAHTH ILIACTA
M cofeprxanieiics B HeM ra3vMpoBaHHOMI JKUAKOCTH BXOJAT KaK NMapaMeTps
B pacyeTHble ypanHeHns. K HeoOXOTMMKEIM NpU BeeX 06CTOATENIHCTBAX
mabopaTopHLIM ONipejeleHUSAM BCerJa cJefyeT HOIMOIHHTEIBHO oHpejie-
JATH 3TH KOHCTAHTH M3 IIPOMBICIOBBIX JIAHHHX, T. €. U3 QAKTHYCCKHUX
HeOHTOB M ILIACTOBHIX MABJAeHUH MeCTOpPOMIEHHA 34 HEKOTOPHIH MHHH-
MaJIbHO BO3MOKHBIA MHTepBaJ BpemeHH. Torma cpaBHenume JanbHeiimero
7IeAACTBUTCNBLHOIO PeIKIMA MECTOPOYKICHHS ¢ PACTETHHIM 3a IIOCJIe/y IOTHHMil
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WHTePBAJI BpeMeHN OyAeT CAYKHTHh KPHTepHeM MpPaKTHIeCKOH IpHMeHH-
MOCTH TOT'0 WJIHM JPYroro OpuOJIH:KeHHOTO MeTola pacdeTa, IIOKA OTCYT-
cTByeT OoJgee cTporas Teopus. OTMETHM, dYTO BO3MOKHOCTH TOYHOTO
UHTEeIpUPOBAHUA YDaBHeHUIl HeYCTAHOBUBIIErOoCHA [ABMKEHHS TIa3HpO-
BaHHOU KUIKOCTH [JS HEKOTODHX YACTHRIX CJIydaeB Oblia yKasaHa
M. . PozenGeprom [39]. Ommo m3 Taxux pemeHmd ¢ pe3yJabTaTaMm
YHCIEHHKHX pacyeToB HA 3JEKTPOHHOH BHIYUCIMATEIbHOH MamWHE IIpH-
Begeno B [48].

§ 9. YpaBrenna [IBH;KeHHA MHOI'OKOMIOHCHTHBIX cMecei
¢ yuyeToM ()asoBLIX nNpeBpAILEHNH

IIpn paspaborre HeTAHKIX MeCTOPOMAEHUIH B 1IOPHCTOR Cpefie YacTO BO3HMKAET
[BWKeHVE MHOIOKOMITOHEHTHOH CMecH yriaepogopoxos [49]. 9Ta cMech MOJKeT COCTOATH
us AByx ¢as — KuAKod M razoobpasHoil — wian GuTb ojHOopasHold. KHpome yriaeso-
JIOPOJIHKX KOMIIOHEHTOB, B NOPHUCTOIl cpejie MOryr HPHCYTCTBOBATH TaK:Ke HeyrJie-
BOJOPOJHEIe KOMIIOHEHTH, PACTBOPHMEIE MJH I PAKTHYECKH He DAcTBODHMHE B yrie-
BOJOPOJHKX cMecfX (Hanpmmep, Boja). J[BMikeHHe MHOTOKOMIIOHEHTHOH cMech B I0-
PUCTOll cpefie XapaKTepU3yeTcA N€PeXOA0M OTAe]bHEX KOMIOHEHTOB M3 Of[HO# ¢asu
B apyrylo. Tako# xapakrep (UJIbTPAaLUOHHKX TeueHAH BO3HHMKAET, B YaCTHOCTH,
[pH JBUKEHHM Ta3UPOBaHHOH HeTH, NPU BHITECHeHUM He(TH Ta30M BHICOKOTO Ja-
Baenua [40, 45], pBmKenun rasoxkoHgeHcaTHoil cmecH (41, 47] w T. &,

IlpoBopmBmyecs paHee HCCIeROBAaHNA ABIGKEHHMS Ta3WPOBaHHOH IKMAKOCTH
OCHOBHIBAJIUCh HA TDUHATHANA DKCIEPHMEHTAJLHOTO 3aKOHA pPACTBOPHMOCTH Trasa
B Bepru. IIpm 3TOM BCcA (aKTHIeCKas MHOTOKOMIOHEHTHAA CMeCh YCJIOBHO IOJpa3s-
JlefANach HA UAKYI0 9acTh, TePexofi KOTOPoil B ra3zoBoe COCTOSHHE He MPOHCXOIMT,
U Ha ras — cBOGOAHKI 1 pacTBOpeHHKI B xpAKocTH. (1A ¢uasrpanum rasmpopan-
HOIt HedTH Takoll IOAXOJ OKa3aJcA BO3MOKHHIM M 3¢dexTuBHEM. OfHAKO Has 3a-
Ka49KN B IJACT ra3a BEICOKOTO JIaBJeHHMA W AJs OOIEero McC/aefOBaHMA JIBIHEHHA
MHOrOKOMIIOHEHTHHX cMeceil B Imopucroil cpefe HeoOXOOUMO OCHOBEIBATHCH Ha Golee
ofmuX TepMOAUHAMAYECKNX 3aKOHOMEDHOCTAX — (JA3OBHIX COOTHOMIEHHAX [42, 45;
Jit. L. 9].

IIpn DepBOM pacCMOTPEHNH W3JIOMKeBHOH BHIme NpoGaeMH OymeM Ioiaratb,
YTO B KayK/AOU TOWKe HOPHCTOW Cpefnl OCYINEecTBAAETCA paBHOBecHoe (aszoBoe Co-
croAnne. PapnoBecEne ()a30BHE COOTHOIEHNA JAJA  YTAEBOJOPOJHHEX cMecei
nmeores B paborax [42, 43].

Ilpn sapamBoii B BHje mapaMerpa TemMllepaType AJA KasKIOro NaBleHHS M 06-
Iero KOMNOHEHTHOT'O COCTaBa CMeCH 3TH COOTHOMEHNA NO3BOJAIOT YCTAHOBUTD COAEP-
JKaHAe Kask[0ro KOMIIOHeHTa B KMiKoH ¥ rasooGpasnoit ¢asax. Ha pme. IX. 35
usobpakena dasopaa gumarpamma [(43] mas cuciemnl Metan (i, HOpMaabHHI GyTaH
n — Ca w pexan C;. Kpusne Ha 3T0# AMarpaMme COOTBETCTBYIOT PasiMTHKM 3Ha-
geHAAM jaBieAnsa. OHNM BHAeAAIOT Ha AnMarpamme 00JacTH HBYX(asHOTO COCTOAHUA
cucreMsnl. Todka mepecedeHusa HOLH !, poxosmeil 9epes3 COOTBETCTBYIOIYI0 TOUKY,
XapaKTepU3yOMyld o0mui KOMIOHEHTHHI C€OCTAaB CHCTEMHl, C YacTbi0 KPHBOM,
pacnookeHHOH HIKe KPHTHUECKO TOYKM, COOTBETCTBYeT cOCTaBy sKMAKOH Qashl
M TOYKA IlepecedeHNA HOAH ¢ BePXHeHd 9YacThIO KPWBOI — COCTaBy rasoBOd ¢asul.
CooTHOmeHMe KAAKOA 1 rasosoil gas oupenenserca [42] m3 coorBercTByONX JIIAH
gacTell HOAWl 110 MPABANY peIYAra.

Peanbrele HeTE ¥ rasu COCTOAT W3 MHOTMX KOMIIOHeHTOB. IloatoMy mus
XapaKTepUCTHKA (a30BOr0 COCTOAHUA BoOOIIe HYKHHI Gojlee CIOKHEIE MHOrOMepHEE

1 Hopoil mpMHATO HA3HWBATh JUHMIO Ha (A30BOil AMArpaMMe, COENMHAIIIYIO
TOUYKH, COOTBETCTBYIOIHe KOMOOHEHTHRIM COCTABAM COCYMECTByomux ¢§as —
JKUJIKO#H M rasoo6pasHoit.
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gnarpaMMbl. OJHAKO BO MHOTHX CJIy9aAX ¢ HOCTATOYHOH /st NPAKTUKA TOIHOCTHLIO
KOMIIOHEHTHHIN COCTAaB MOKHO YCJOBHO paslesiATh HA TPH-YETH e I'DYIIIH.

PaccMoTpEM (QRABTPanHI0 n-KOMIOHWEHTHOH cMecH YIJaeBofoponoB. Bynem
CYUTATh, UTO HPOLECC MPOMCXOAUT H30TEPMHUYUECKH.

Hak yrasmBajoch BhIIe, IPH JBHKEHWM Tra30KHAKOCTHOH CMeCH KalKIasA W3
da3 — xEAKag ¥ Taszoo0pasHAf — JBIKETCA CcO CBOel (a3oBOH CKOPOCTBIO Wiy
H wp. KaKIpii KOMIOHEHT MOKeT COAePIKaTbCS KAK B KAJKOHA, TAK M B rasoBoil
da3ze. YUUTHBAsA 3TO, ypaBHenHe HePa3PHIBHOCTH /JIA {-TO KOMIIOHEHTA MOMKeT ORITH
3aIMCAHO B BHjIE

100% ¢

100% \/\/\/\/\ 190%

C/ﬂ ”'Cy

Pne. IX. 35. ®aszoBaa auarpaMma.

I—o6racTs ABYX()A3HOI0 COCTOAHUA TIpM HaBleHMn p = {75 xI" cm?; Il —obaacts neyxdaszHoro
COCTOAHUA NMHU p = 230 ®I'/cm2.
1, 2—XKpHBBIG, OrPABMYABAINY @ 007I1aCTU ABYX )a3HOr0 COCTOAHMA NpH p = 175 ®I'/cm2 n
p =230 ®xI"'/cM2; 3 —HOREL, 4 —KPUTHUYECKAA TOUYKA NpU p = {75 xI'/cM2; 5 —TOYKa, omnpegenn-
owad g;; 6 —KPUTAYCCKAA TOYKA [pU p = 230 ®xI['/cm2; 7 —TOdKA, Onpenendioman l;.

. . a
div (wpyr gi) +-div (Wi Y Li) = —m N [yr(1—0) gi+vwo L], (I1X.9.1)

rie Yr, Y — COOTBETCTBEHHO BeC ras3a H BeC ;KUAKOCTH B elWHANe o0heMa; gj,
1;— COOTBETCTBEHHO J0MM i-T0 KOMilOHeHnTa B OOLICM Bece ra3oBoil M KHIKo# das;
O — HaCHOIEHHOCTh IIOPOBOTO IIPOCTPAHCTBA KHAKOH ¢a3zoil; m —moOPHCTOCTD;
t — BpeMA.

Ansa yp 0y AMeeM

Yr="Yr (&1 B2+ -+ &ns P)» Vix=Yum (I, lg--.Iln, D). (1X.9.2)

He napymas o6mHoctu, OyneM CcYMTaTh, YTO KaxkAasa M3 ¢as ABIDKETCA B
MOPHACTOil cpeje O 3akoRy JlapcH

- Kk, -~ KL,
Wp= — ——gradp, wyxz=— grad p, (IX.9.3)
i Mg
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* *
rae k., v k,— oTHOoCHTenbHAA (a30Basa NPOHHIAEMOCTH COOTBETCTBEHHO [if rasa

M JKHAKOCTH; [Py H My — BA3KOCTH COOTBETCTBOHHO Ta3a H JKHAKOCTH; k—abcoior-
Hafg NPOHHIAEMOCTh HOPOJ ILIacra.
HMeeM Taxke

Ur=pr (g1, £+ - - &ns P); MW=kl I2- .. In, D). (I1X.9.4)

Bynem mpepmorarath, 9T0 OTHOCHTeJbHbE (a30Bhe OPOHHINAEMOCTH HBJAIOTCA
¢yHKOWAMA HACHINEHHOCTH W JaBieHud, T. e.

Ky =k (0, p), Ky =k} (0, D) (IX.9.5)

Torga pjis IBHKEHHA BCeX KOMIIOHEHTOB OOJYyYHM ClHeAyIoyK CUcTeMy n

YPaBHEHMIA:
*

kn ko Vel ‘
div("i;g’grad p)-[—div( mp: d grad p):
T

A

\ ;

8
=L]':~797[yp(1_c)gi+yﬂ{o Lil,i=1,2,...,n. (1X.9.6)

Conepxamuecs B cucreme (1X.9.6) 2rn+ 2 HeusBecTHHX QyHRUEA (g;, l; 0 ® p)
CBA3AHH MeKAy CcOGOH JONOMHUTENbHHIMU 3aBHCHEMOCTAMH, ONpejeldeMEMU u3
¢asoBux coorHomeHuii. [Ipesie Bcero Mo CaMOMy OIpe/ieIeHHI0 AMeeM

i

I;
1

1 (I1X.9.7)

73 TN s

I

gi=1. (1X.9.8)

o
I|
-

Kpome Toro, mosysaem u3 $a3oBHX COOTHOMIEHHI

Li=4L(, lz---ln_zv p)- (1X.9.9)
gi=gi ( » ) (IX.9.10)
=gy ( » ) (1X.9.11)
Yi="vi ( » ) (IX.9.12)

Horma B mopmeroit cpefie, KpoMe YIJIeBOJOPOJHHX KOMIOHEHTOB, ABWKETCH
TaK:Ke BoAa, K ypaBuenuaM (I1X. 9. 6) meo6xonuMo IPHCOEJUHATL €IMe OQHO ypaB-
menne. B aroM caydae cmcrema (IX. 9. 6) mpumer BHA:

Ky Y € K Vo 1
div (——Ll; grad p) +div <m_pm_i_ grad P) =

Ur M

a
= —rZ— F [yr (1 —05—0w) 8i +ViOm L3,

K, m @ (o

div [ —- grad p):———- LA (1X.9.13)
Pnﬁng k ot \ Bs

B cmcreme (IX. 9. 13) oTHOCHTenbHHE $asoBHe IPOHWHAEGMOCTH Ky k. W K

ABNAAITCA QYHKOUAMEA Op, O W p, TAEe Op — HACHIIEHHOCTH IIOPOBOTO HIPOCTPaH-

CTBa BOJOM; p— BASKOCTDL BOAH; g — OOGBEeMHHI KO3OOUNHEHT BOAH; Oy + O —+

-+ or = 1 (0r — HACHIIEHHOCTb TOPOBOrO ITPOCTPAHCTBA Ta3oM). PacTBopEMOCTH

YINIeBOROPOROB B BOfe He yumtnBaercs. Cucremu (IX. 9. 6) m (IX. 9. 13) npnm coor-
BETCTRYIOIAX TPAaHMYHHX YCIOBHAX JONYCKAOT aBTOMOfeNbHHo pemenda [39].
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B cnywae ycramosmBmerocs pemxenusa cumcrema (IX. 9. 6) npmummaer Bmpa:

*
ky vy g
Ur

k 1
div grad p> +div< m:m—’grad p>=0. i=1,2,...n. (IX.9.14)
R

BBegeM B paccMOTpeHHe OO i-T0 KoMmmoHenta I'; B ofmeM wmortoxe. Hmeem

*
wryrgi+Vmwwls _ Fgi+l LA
ry=— L=  F= . (1X.9.15
B T E AW
Torma m3 cucremur (I1X.9. 14) nomygaem
I';—=const, i=1,2,..., n. (1X.9.16)

Cucrema (I1X.9.16) no3Bojsger, B 9acCTHOCTH, WCIOJNb3yd mepBue (n—1) ypa-
BHEHHii, BRIPasuTh QyHKIMI L lgsonnyl 0 deped p W mnpeoGpasoBaTh

n—1{?
nocienHee ypasueHme cacTemnl (1X.9.14) npu.momomu dyHkoam [28]
Erve8s Vo !
H=f< r¥r8 | Y *)dp (1X.9.17)
Ur M
K BUIY
v:H =0,

MT0 CBOAAT pemenne NPoOIeMH yCTAHOBHMBIIETOCH NBH/KeHHAA MHOTOKOMIOHEHTHOI
CHCTeMBl K MHTerPHPOBaHMIO ypaBHeHHA Jlaniaca.
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T'TABA X

HEKOTOPBIE CHELUWAJIGHBIE 3AIAYM BBITECHEHIS
B IIOPUCTOIl CPEJE

§ 1. Bamanme ¢aszonrix npoEEmaemocreii na XapaKkTep XBMKEHRA
UpH HHTEHCHBHOM TEMIC BbITECHEHHA OJHON KEKOCTH ApYyroit
B HOpHCTOH cpene

B § 11 rnaeu VII 6rna PACCMOTDEHa 3aflava O BHTECHEHWH ONHON >KMAKOCTH
APYTOd W YKa3aHH €e aBTOMOMeNbHbE PCIIenNs IpH  pacueTHOH cxeme ky = co Ges
y4era $as3oBHX IpoHEmaeMocrei. Paccmorpum Temepp BauAnme ¢dazoBHX mpomrmnae-
MOCTeIl.

Da30oBNE NPOHHIAEGMOCTH 06yCIOBAMBAIOT HEIIOJIHOTY BHITECHEHMS, H IL03TOMY
IIpY BEITECHEHHH KUAKOCTH 2 JKUAKOCTBIO | 9eTKas TpaHHNa pasfiefia Oyxer meskay
ABYX(a3HOI CMECHIO W WHCTOI, BHITECHIEMON KHRKOCTRIO 2 (pue. X. 1).

Crporoit  Teopun IBYXMEpPHOTO  OBH-

EHUA NBYX(asHOH >KHMIKOCTH B HOPHCTOMH -~

cpene eme He umeercs. OfHAKO B RaHHOM
Cllydae MOMKHO BOCIIOJIbB3OBATLCA TeOpueit —=| Ty 1)

Bawaes — Jlepeperta (§ 2, 1. IX) pas on- l, »
HOMEpHOH $uAbTpannu ABYXPasHoi cMecH. 8 2

Has onpepenennoctn mox o Oynem
TIOpa3yMeBaTh WacCTh MOPOBOTO OfLeMa, ]
38HATOTO BHITECHAIIEHR IKHUAKOCTLIO 1. NS
Torpa, npeneGperas KalMIAPEOCT IO, 9T0, l

OIHAKO, KaK YKa3HBaJOCh BLIIlTe, KOCBEHHO >
YHUTHBAETCA CcaMuM BHIAOM 3aBHCHMOCTH / Y
7

ky (o) n ky(0), RIZ TopMAOHTATBHEX '
KOMIIOHEHTOB CKOPOCTell JHIBTPAIAM Kask- )
RO MKHAKOCTM IoJydaeM (pme. X. 1.)

A
77
— ]

Puc. X. 1.
Kk (o) 5 kky (0) 3
— 1\ ap _- 2\ op .
wy = T et = ™ PRk (X.1.1)

» * *
rge k — npoENmaeMocTs KA OZHOPOAHOK KMAKOCTH, a ky (0), k, (c) — ormocm-
TelIbHHEe (a30BHe NpOHANaeMOCTH. Paccmorpam Teneps ase cxemmr T'. M. Mwuxaii-
J10B& OPeNieIbHO aHH3OTPOHOTO TPYHTA ¢ BEPTHKAIbLHEIMH HPOHUNAEMOCTAMY ky =
=0 u ky =co, memgy KOTOPRIMH JOMKHO CYINECTBOBATH HCTHHHOE ABIGKERMeE.
B o6enx cxemax Bepruxanbabe CRODOCTH 9aCTAN KUAKOCTH PaBHH HYJIO: B IIePBOil —

TI0 CMEICTY YCIAOBHS ky = 0, a BO BTOPOM — BCaeACTBHE IIOCTOAHCTBA HAIOPA BAOIEL
BePTUKIY ¥ 3akoHa [apcH.
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Takum 06pazoM, B ofemx cxemMaX JBHKeHHE YACTHAIN, B YACTHOCTH TPaHAIHBIX
rTosek A U B (puc. X. 1), MOKHO CYHTATH NPOUCXOIAIAM B CIOAX, IaPAJIEAbHEIX
KpoBJie W nopocmee njacra. OTciofa clefyeT, 4TO CyMMapHHI pacXof sKHAKRocTel 7
¥ 2 B KaKJIOM TAKOM 3J€MEHT2PDHOM C€J0€ BBUJY HEeC)KAMAaeMOCTH >KHAKOCTel H OT-
CYTCTBHIO BEPTHUKAJBHHX CKOpOCTell 6ymeT HOCTOAHHEIM,

PaccMoTpuM [IBWieHHe NPH TAKOM TeMIie HAarHeTAHWA, KOIld, KaK IOKA3aHO
B § 7, 11 raaBu VII, s cXeMbl BUTeCHEHHA IIPA by = 0O MOMHO LPeHe6Dedb apXu-
Me[OBEIMA CHJIIaMH, O0YCIOBIeHHHMH pasjnddneM IUIOTHOCTEH, ¥ YIUTHBATHL TOJILKO
pasanmune BAsKocTed. Ecan takoe mpeseOpescenue rpaBUTANMOHHHIME CHJIaMH BO3-
MOKHO [UIfl YCIOBHIL, paccMOTPeHHHX B§ 7, 11 raass VII, To oHo TeM Gosee momy-
CTHMO [PH ydeTe (a3oBHX IIPOHKOAEMOCTEIl, JOIOIHATEAbHO 3aTPYAHAOMMX cenapa-
M0, O0YCIOBIEHHY apXHMeNOBHIMH CIJIAMH.

_ B sTom caywae mpmsxenne rpamuEnx Touer A m B (pme. X. 1) Mower GHTB
HaMJIeHo M3 cAeNYIIINX coobparkennii, cBA3aHHEIX ¢ Teopuel Baknes — Jleseperra.
PaccmMoTpuM cHadaja cloydail mpsAModNHeliHoro BhiTecHeHHA. COTJAacHO CKa3aHHOMY
BRI s o6eux cxeM ky = 0 u k, = co cyMMapHas CKOPOCTh (QUILTPAIHE w =
= wy + w, B KAKJAOM cIOe He 3aBHCHT OT z. 3 ypasHenuii (X, 1. 1) umMeem

@[k;(o)“;(o)}

Ww=w,+w,=—k% oz | p ™ (X.1.2)
OTryna
. w,=f (o) w, . (X. 1. 3)
f(O')=~ k1 (0)/”1 — p“Okl (0) p,0= _]J,g_ ,
k{@)/py +hy(0)/1y  Poky (0) 4k (0) t
k(o) w (X.1.4)

We==—3 "= _*
Hoky(0)+ky (0)

CoruacHo Teopun Bawnes—Jleseperra (§ 2, ria. I1X), npu ogHOMEpPHOM BHITECHE-
HUA CKOPOCTb PAclipOCTPAHEHNA 3alaHHOIl HACHINEHHOCTH ¢ paBma [’ (o). Ilpu sTom
ofpasyerca IepeMemamomuiica cO CKOPOCTbI0 4 CKAYOK HACKHIIEHHOCTH ¢ ¢ POHTOBOI

HACHINEHHOCTBIO Og, INepel KOTOPHM Ha-
G XONHTCA YHCTAad BHTECHSAEMas KBJKOCTH
! (puc. X. 2), npuiaem

flog) _w 4
f(og)= '—0_(’?—', u—?f (op). (X.1.5)

Sp Benwanna w/m — feCTBATEIBHAA CKO-
POCTH JBMIKEHWS CMECH B OTJIHYHE OT CKO-
pocTH (GUIBTpanyu.

TakuMm o6pasoM, f' (Gp) — OTHOmEHH®
of6bemMa TOP, NpPOiileHHOro (PPOHTOM H B KOTO-

7277 POM HaXOAMTICA CMeCh, K 00beMY 3aKauaHHOHK
/ !+ 2 2 $ B ILIACT KUJKOCTH I 3a TO e BpeMs.
7 z Ha (X. 1.5) cuegyer ykasaHHHE B §2

raaBu IX mpocroit rpaduueckumit  crocod
Baxompgenus op U [ (Gp), KOTOpHE ABAA-
10TCcA a6cnnccoﬁ TOYKA KaCaHUA U YTJIOBHM
Koa($uIIIeHTOM KacaTeiabHON, NPOBeeHHON K KpmBoil f (0) ma magaia noop;inua'r
- *
(puc. X. 3). Mosker cayuuThcAa B 3aBUCHMOCTH OT BuAa Qymkmui k, (0), kg (0)
H, clle/loBaTelbHO, OT BAAa [ (0), YTO KacaTelpHYI0 M3 Badaja KOODJAHHAT, KaK HA
guc. X. 3, IpoBeCTH HeBO3MOMHO M3-32 OTCYTCTBRA TOUKU Neperufa B WHTepBae
< 06 <1 kpuBo# f (o). Dro 6ymer Torsa, xorga f'' (o) me ofpamaercA B HyIb
B marepsane 0 < o <7 1.

Puc. X. 2.
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B aT0M ciy9ae HauaIBHEIA CKAYOK HACHIICHHOCTH 0T ¢ = 4 10 ¢ = 0, Bo3HEWKaw-
Myii DDA HAa9a/ie BHTeCHeHHs, GyieT COXPaRATLCA A «Pa3Ma3HBAThCHY, 00pasya KINH
BHTECHAWIIEH JKUAKOCTH, B 3aBHCHMOCTH OT BRINOJHeHHA yeaosmil ' (0) = f' (1):
mpu f' (0) < f' (1) ckavox GyneT cOXpaHATHCA M BHTeCHEHHE GyAeT NPOHCXOLATH
«nopmHesniM o6pasom; npu f' (0) > f' (1) ckavok Gymer «pasMasHBATHLCAY H JKHJ-
KocTh 1 OyAeT BKIWHWBATLCA B JKUAKOCTH 2 co cropocrsio f' (0). HanpmMep, mpm

OTCYTCTBHH B3aMIMHOTO TOPMOKEHUA (k; = g, k; = { — o) nMeem
(o) =pe0/[(Ho—1) o 41], (X.1.6)
Fo)=pe/[(Mo—1) o+1]2, 7 (0)= —2up (e —D)/[(Mo—1) o+ 113. (X.1.7)
Hs (X. 1. 6) BupHO, 9To mMpH Mo =1 u [/ (0) 50 B maTeprasme 0 < ¢ <1

' 0) = o, f' (1) = 1/po. Tarum oGpazoM, npa po < 1 cKa90K o1 06 = { o ¢ =
=0 Oyner cOXpaHATHCAH, & IPH Po > 1 cKo-

10 . — pocTb TOYKN A (cM, pme. X. 1) mugrocrn 1
Z," T J/ 6ynet B 1o pa3 Goabmie cpegHell CKOPOCTH.
3/ ,’/ OTO COBIIAJIAET C Pe3yJbTaTaMHA, H3J0KeH-
as X A HEME Bhne, B § 7, 11, raasu VII, ecan
\ ﬁ / / npene6pedn fieficTBAeM cui ApxmMera.
a6 4 // /
/ it 8
hl ‘/f '/ / * I “
04 /5 A 7 / T I -1 pe—
/ :/,(\f AA" <2 Vi4lE/\] 2
Q2 f 1?7, N g e Bl
,’4/4‘ = J I i > \
0 02 04« 06 08 A ’T__ P
Pmec. X. 3. Puc. X. 4.

B ofmeM ciydae, xorga 0<og <{, ckopocrs Touknm A coraacao (X.1.3) Gy-
AeT onpefedsaToca GopMyitoi

uy=—-1'(cp), (X-1.8)

rfle w— CKOPOCTh QMIbTpamum cMecu B TOUKe A.

Jas pagmanbHOro BHTecHeHWA (pmc. X.4), YIATHBASA CRA3aHHOE Nad ONHO-
MepHoil QmabTpamuu cMecH B TpyOKe ToKa IepeMeHHOTo cedeHmsa, BmecTo (X.1.8)
Gyner pas Haumboisee GuicTpoil Tourm A

R dR, |,
(R _dT)A=BO_dt&f (0g): (X. 1. 9)

rae Ro — pagnyc NUIMHAPUIECKOro 00beMa INTacTa, KOTOPHIH 3aHmAma GH JKHIKOCTD
1, Ipu «IOpOIHEBOM» BHTECHEHWA ¢ BePTHKAaJBHOW TpaHmueil paspgena.

IlepeiineM Teneps K AsmKenuo Haunbonee mMelyieHHOM T09kH B (cm. prme. X. 1).
JBmKeHNe TOYKH B MOKHO OTOIECTBATH C ABWKEHHeM 9JaCTHILl FRALKOCTA 2, pac-
CMOTDEB ee TOBe/leHNe B GECKOEEYHO GJAM3KOM CedeHMHA CJleBa OT TOYKH B.

YunTHBafg, 9TO YacTHOA JKuUAKocTA 2 saHuMaeT (1—o) dacth oGvema mop, H3
{(X. 1. 4) nna cropocTm ABWKEHUA MOIYINM

e wy k; (o) w
B (1—0)m ~ (1—a) [pek] (0)+Fy (0)] ™

, (X.1.10)
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npuieM COrJIaCHO BHICKA3aHHBIM BRIIIE cooﬁpameun;m O XapaKTepe TeYeHHA I pH

cxemax ky =0 ® ky = co B (X. 1. 10) caenyer monoxuts 6 = Og, TAe Oy OLpexe-
aserca m3 (X. 1. 5).

Peswomupys, MomkHO, TakmM o0pasoM, BBecrm coriacro (X. 1.8), (X.1.9)
n (X. 1. 10) xosddunuentn f ,u f, — oTHOMERHA 06GBeMHHX CcKOpocTell Hamboxee

GrcTpoit w Hambodee MeAJIeHHOH TOYEK I'DAaHWOHN pasfella K cpefHel 06BeMHOH CKO-
POCTH cMecH:

_ ky (o)
(1—0g) [1e ¥} (0p) + ks (0p)]

Herpyamo Bugets, 910 mpn po>1, ki (0) =0, k;(0)=1—o0,

ﬁA=f' (o9) ﬁB

(X. 1. 11)

§] 4 = Mo, Bs =;—, 9TO coBumajgaer ¢ pesyiapTaToM A, M. IlmpeepasHa, I10JyYeHHBIM
0

ApyraM myreM. Ilpm pealbHHX BEAAX KPHBHX (a30BHX IPOHHDAeMOcTell 3HAYEHUA
B4 @ Pp cymecrpenHO oTANYAKTCA OT BTEX 3HAUEHUii ko 1 '/ . Ha pue. X. 3 upm-

BefleHH KpuBHe k) (0), kj (0), f(0) maA smavemmid po = 100 (BEITecHeHHe BOJH

razom) mo anupoxcumanuoHHRIM ¢opmyaam JI. C. JleiiGensona naA ountoB Bukoda
# Borcera [JI1. 1. 7].

ki (0) =03 (4—30), ky (0)=(1—o0)3 (X.1.12)
(xpusbte I, 2, 3) u no gopmyaam

. . 0—01 \3°
ki (0)=0, 0<0<0:; Ky ()= —(g—] [1+3(1—0)] 01<a<t,

. - 0.8—¢ 3,5
ky (0)=0, 0,8 <o <1; ky (0)= 08 /) ° 0<0<0,8 (X.1.13)

(xpmeme 1°, 2', 8'), rre 0,1 — «cBA3aHHAA» Ta30HACHIIEHHOCTH, a 0,2 — «cBA3aH-
Hasm» BopoHacHmenHoctb. B (X. 1. 12) u (X. 1. 13) moxg o mospasymeBaercs raszo-
HACHINEHHOCTD. ‘

Waz puc. X. 3 pupmo, wro npu anmpoxcumammu (X. 1. 12) og ~0,17. Jas B 4
u By monyuaerca coraacro (X. 1. 11) fa~= 4,7, Bp~0,25. llpr anuporcumanuu
(X. 1. 13) 0p =~ 0,28, B4~ 3.0, Bp~=0,22. Bes yuera ¢a3oBux mpommmaemocreit
6uo 6u B, = 100, Bp= 0,01. IxcuepmmerTanbENe onpefenenus f ,, BHIOJHEH-

ge M. B. OwinHoBHM B Ja6opaTopmm OTAeNa QuiabTpanul MHCTETYTa MeXaHUKHA
AH CCCP Ha menaeBHX JOTKAX ¢ KPYIHO3ePHHCTHM HECKOM, 3alOJHEHHHX BOJOW,
BHITECHHEMOM BOSAyXOM, JaloT 3HaYeHHA f,~=5 - 7, 4T0 OO MOPANKY BeIWINHH
XO0pOIIO COrJNacyercsi ¢ IPHBEJeHHHM BHME PacIeTOM.

JlomoJHATeNbHNE SKCIePAMEHTAJIbHNE B TeOPeTHIeCKHe JaHHHE, OTHOCAMAECH
K paccMOTpeHHOH BHIe 3ajade, npHBefeHn B paborax [I. A. d¢dpoca, A. K. Hyp-

Ganmosa, A. X. ®arkynamea, B. H. omenkoro, U. U. Eroposoii m B. I'. Oramp-
skansaHna [1—7] u gpyrmx.

§ 2. Bauaaue HEONHOPOXHOCTH IOPHCTOM cpefibl BROIb BEPTHKAIN
HA IpouecC BHITECHEHUSA

B paccMoTpeHHEX Bhimie 3afadaX BHITECHeHHS pPeajdbHAs IIPOHHIAE-
MOCTh k& MOPHUCTOM CPeH TIPeAIONAralach NOCTOAHHON B PACIETH PO 3-
BOAWINCH JJIA ABYX Kpailuux cxem ky = 0 m ky = oo, npuieM ropmn-
30HTAJIbHASA IPOHUI@AEMOCTH K. IoJarajachk paBHOH k.
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B peanbHEIX TOPUCTHX CpefaX — BOAOHOCHKX, He(pTEHOCHKIX M Ta30-~
HOCHEIX INIACTaX — FOPH30HTAJIBHAA MNPOHUIAeMOCTh Kx BCIeACTBHe
reoJOTHYeCKHX YCIOBHA 0GpA30BAHUA JTHUX ILIACTOB He OCTAETCHA HEM3-
MeHHOH BHoAb BepruKaad. [lake ImacT, KOTODHH MOKeT CIATATHCA
OMHOPONHBIM, OGKYHO BCerga XapaKTepu3yeTcs HEKOTOPOH KpHBoO# pac-
TpefeJieHHs BeJINIAHEL k, BEOJE BePTHKAIH C 32aMETHRIMA OTKIOHEHAAMHE
oT cpegHero 3HaYeHHA kxcp = £ (pume. X. 5). ILmactn, Takmm o6pasoM,
MOT'YT PacCMATPHBATHCA KaK B TOH MIM WHOH Mepe CJIOMCTHE, COCTa-
BJICHHEIE M3 CJI0eB PA3JIAIHON IIPOHULAEMOCTH.

BriTecHeRWe OHOH KEAKOCTH JPYroil B MHOTOCIOHHOM INIacTe, Kak
OyferT mMOKa3aHO HWKe, B DPAfe CIyIaeB MoIKeT HOCHTH Apyroit xapax-
Tep, HeKeAd B ONHOCHOWHOM, W CYMECTBeHHO 3aBHCeTh OT OTHOINEHWS
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Pre. X. 5. Namenenme mponu- Pue. X. 6.

IaeMOCTH II0 BEPTHKAJH BAOJIb
MOIODHOCTH IIjacTa.

BA3KOCTEH BHITECHAEMOM W BHITeCHAIOMEH >KUAKoCcTeH WM KaNmMIIAPHHEX
CcKa4yKoB JaBieHmil. Tak, mampumep, sabopaTopHble W HATyDHHE HCCJe-
JIOBaHWA MOKA3HBAIOT, 970 OpPW HATHeTAHWE T'a3a B 3all0JHEHHHIH paHee
BOJO# MHOTOCJONHHHA IutacT ra3 IpOPHBaeTCA TOJIbKO B Hambojee Hpo-
HELIAeMHI# €10#, YaCTUYHO BEITeCHAA W3 HEeT0 BOAY, IIpHYEM [BHKeHHE
raso-BofiAHOH cMecwm B 5TOM cJioe IpUMepHO ciefyer Teopmm Bakies —
Jlepeperra (§ 2, ra. IX). Ilpm Burecuenuu HedTH Bomoil M3 MEOTOCTOH-
HOTO IIacTa KapTHHA Jpyras — HedTh BEITeCHAETCH U3 BCeX NPOCHOER
n obpaayeTcs Gomee MaM MeHee CTAGHIM3UPOBAHHEI GpPOHT BHTECHEHUSA
¢ BEHICTYTIOM B HauGoJiee nporUIaemoii soue (puc. X. 6). Ixcie puMeHTANB-
HEIM H TeopeTHYeCKHM HCCIefAOBAHHAM BOIPOCOB BHITECHEHHS B MHOTO-
CI0MHHX MOPHCTHX cpefax mocBamenu paborw B. I'. Orampxamsrna,
B. M. Pwoxura [JIt. VIIIL. 29] u apyrax.

Hmxe ycramasnamBaioTca KpUTepUH, HO3BOJIAKINAE CYH{HUTH O XapaK-
Tepe BBITECHEHNsA B MHOIOCJAOHHOA DopucToil cpefe — OymeT Ju OHO
TPOUCXOAUTD TOJIBKO B HamboJiee IPOHAIaeMOll 30He MU I0 Beell MOIIHO-
cTH TLIACTA.

PaccmoTpnM cHagana caydail BEITeCHOHHS BONE Fa30oM B3 MHOTOCHOM-
Horo miracta. Beiepcrsue KanmIIsApHBIX CAJ, 0 KOTOPHX GEIO0 CKA3aHO
B § 6 rmaeu [X, naBnenne raza pr B KaKI0M dileMeHTapHOM 06beMe CMECH
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6yner GoxbIme AABJCHUA BOAH pg. PazsocTh fnaBaeHuil A py (0) = pr —
—pp MORHO OIEHHTh I0o rpagukam Jleseperra pua ¢ymxunn J (o) co-
raaceo ¢opmyne (IX. 1.5) um pme. IX. 3. Ilpexmonaraas cos 6 =1,
u3 ¢opmynn (IX. 1. 5) mocre mepecdera B HPAKTHICCKYIO CHCTEMY eJlH-
HUL, TOJYIaeM

Apx =~ J (o) —13‘—0]/-’;— : (X.2.1)

Apx B kI'/em®, k B Oapcu, o B dun/cm.

o pauusv [JIT. 1. 9}, npusegennnim ma puc. I1X. 4, J (0) ma ¢pponTe
MEKJY BBHITECHSIOIAM TrasOM H BOLOH JeMT IPUMEPHO B Ipejeaax
0,11—0,42. Jlna opmenTHpoBOIHEX oueHoK B (X. 2. 1) MO}KHO TOM0RUTH
J (0) =~ 0,3, opugeM Bo3MoKHHE omuOKu B 2—2,5 pasa B Ty U APYyrywo
cropony. Honaraas J/'m ~0,5, a ~70 dun/cu (Boga — Bo3gyx), U3
(X. 2. 1) momyqaem

0,3:70-0,5 ¢
: = = — . c~~0,1. X.2.2
100V & V% ¢ ( )

Yreamderue A py ¢ yMeHbIIEHNEM ITPOHUIAEMOCTH I103BoAseT 00bsC-
HHTH ()aKT BHITECHEHHA BOJAH Ta30M TOJBKO M3 Haubollee NPOHMIAeMBIX
CJIOEB TPYHTA ClefyoOmuM o0paszoM.

Paccmorpum BrITeCHeHMe BOJEL ra3oM U3 JBYXCJIONHOTO AJIS IPOCTOTH
FPYHTA ¢ ONpoHKWIaeMocTsaMu k,, k,, npudem Uycth k; > ko (puc. X. 7).
OdueBuHO, OPH BCeX 00CTOATENbCTBAX QPOHT I'a3 — BoJA B cjioe ¢ 60JIb-
weil IpoHEUNAeMOCTBIO &; Oynmer nBH-
rarbca GHICTpee, YeM B MeHee HpoO-
unnaemoM. Dygem cumrates, 4T0 ma-
BlleH¥WE Ta3a p; pacupefe]eHO paB-
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P | : $poHT ras — Boga B 6oiee LUPOHHU-
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” f 777 %P (%) CA  HEKOTOPHUi TIiepemag —jaBie
A

0 HUA p; — Pa, Ps — HaBlIeHHe Ha
dpoHTe.
Puc. X. 7. BoisicAuM, Opu KaK¥WX YCIOBHSAX

MOKET OCYIIECTBUTBCSA  [ABHIKeHUE
BOAH B MeHee IPOHUIIAEMOM CJlo€, AJd 4ero mepel PpPOHTOM B 30HE UH-
cTOoil BOAK NpoBejeMm ceueHue AA, B KOTOPOM CKopocTH dacTui Oyrem
CYUTAaTh TOPU3OHTANBHEMHU. B cedenum AA B HepBoM ILTacTe MaBJeHIIE
OyneT MeHbmIe p2 Ha Beamdnuy A pyx (K1), COOTBETCTBYIONMIYI0 KaIHJJIAD-
HOMY CKa9Ky B HJIacTe ¢ NPOHUIIaeMocThIo k1, T. €. B ceuenun AA B mep-
BOM ILIacTe JaBIeHUe paBHO Pz — A py (k). Beaepcrsue Toro, 9rto ce-
genne AA TpoBeleHO B 30He YMCTOH BOALI, B HEM YCTAHOBUTCH THUIPO-
cTaTH9ecKoe pacupefieneHve fnasienus. Jlnsa olipefeleHHOCTH TIOJ [aBle-
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HEeM OyfeM MO PasyMeBATh HpUBeleHHOe K HeKOTOPOH INIOCKOCTH JaBJe-
HHe, HAIIpEMEepP K HOAOINBe ILIACTA.

Mu npumnm, Takum o6pasoM, K BRBOJLY, 9T0 Bo BceM cedeHmA A A
B NepBOM H BO BTOPOM IJIacTax OyAeT OFHO H TO ke JlaBJeHHe
p2 — Apx (ky).

Hna navana apmskennsa BONH BO BTOPOM ILIACTe, 04€BHIHO, HE0OX0-
AuMo, 9To0H faBleHde Nepex ¢porTom BB rasz — Boja Bo BTOPOM IJacre
Ono Gonbime gaBiaennd B cedennu AA. Ho B HasaabHEIE MOMEHT JaBie-
Hue Hepen ¢ponrom BB paBHO p; —A py (ke), rme A px (k2) — kanmn-
JAPHHI CKaY0K, COOTBETCTBYIOIIMI MeHbINeil NPOHUIAeMOCTH Kz.

Takum o6paszom, yCHoBHeM [BHKeHHSI BOILI 10 BCeH MONIHOCTH —
B oboux cioax — OyJer HepaBeHCTBO

— Apx (k) > pa — Apx (k1) (X.2.3)
unn, obosmavas
P2 = pl—ApTP1 (X- 2-4)

rae Aprp — HDOoTepA AaBjeHNA Ha TPeHHe 0O AauHe L B mepBoM miacre,
n yauthiBag (X.2,2), monyvaem
1 1
Aprp > Aps(q) — Aps (k) = c(sz VE)’ ca~01. (X.2.5)

Taxkmm o6pasomM, jiad BHTECHeHUsA BOALI IO Bceil MOIMHOCTH HoTeps
NABIeHHUA HA TPEHWE B 30HE, 3AHATON ABMIKYUUMCA rasoM, JOJKHA GHTH
Gonbme PasHOCTA KANWIAADHEIX AABJIEHHH, COOTBETCTBYIOWIEH LpPOHH-
IAeMOCTAM CJIOEB.

OueBuEO, IpA 06PATHOM U3BIEYCHUN Ia3a He BHTCCHEHHAA U3 XYiKe
IPOHUIIaeMOro IJIacTa BoXa OyHeT 3aXBATHIBATHCH, T. €. BIOHTHBATLCA
B XOpoillo HPOHHUAeMHH IIacT, TaKyke HPH CHUKCHUU HABIGHHA, CO-
OTBeTCTBYIOIIETO DPA3HOCTH KAOWIIAPHHX [gaBaeHMit cioes. Ilpm sToMm
clefyeT UMeTh B BUJY, 4TO IO AaHHBEIM JleBepeTTa DK BHHTHBAHUHA BOAH
Kospdumuent ¢ npumepro B 1,25—1,5 pasa meHbme, YeM IIPU JpeHHPO-
pamnu [JIt. I. 3]. Takum o6pasoM, AJiA 0pUEHTHPOBOTIHEX OMEHOK MOKHO

DOJB30BATHCA ClAeqyOIMUMA opMyamu.
Jia BEITeCHEHHs Tas3a IO BCeH MOIHOCTH MHOTOCIOHMHOTO Iacra

NoERO OHTH
1 1 1 1

A >c<-—_— ,_)~0,1(——_——:). X.2.6

PtV VR ViV ( )

Has obpaTHCTO U3BIeIeHMA Faza 0e3 3aXBaTa BOJL

—pe <5 (0 ~00T(, =), X2
pon—pee < 75 (i~ ) O —ar) . 2D

rne k;, ks — HanGouabinue W HAaNMeHbININe NPOHHUIIAEMOCTH CIIOEB; Pug —
mWIacToBoe JaBjeHHe BOJABL K HAYajy BLIIIYCKA; pre — KaBleHHe rasa
opu otfope depe3 ckBakuHbl [8]
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Beumy masmoii BA3KOCTH rasa N0 CPaBHEHMIO ¢ BOZOH (IpuMepHO
B 70 —100 pas mensme) Horeps paBiesus A p,p Ha JauHe, 3aHATON razo-
BOOAHON cMechbl0, cpaBHUTeJAbHO Mana ¥ yciaosme (X. 2. 6) HauHeT BEI-
MOJHATHCA TOJABKO TOTAA, KOTAA B INMIACT OyIeT 3aKavyaHO JOCTATOYHO
0oabIIoe KONMYECTBO Ta3a M JJNHA Ia30-BONAHOHN 30HH, a BMecTe ¢ Hell
U A prp COOTBETCTBEHHO BO3pACTeET.

[Ipu BoiTecHeHHM ke HedTH BOXOH, OUYEBHAHO, OCTAIOTCA B CHIle BCe
MpegHAyIue paccy:iaenusi. BBuay ropasgn Ooxsimeil BA3KOCTH BHITeC-
HAKIIEro aremTa — BOJR B JaHHOM Clydae — MOTePA MABIEHUS B 30HE
BOAO-He(pTAHOH cMeCcH A pp;p HOCTHTaeT AOCTATOYHO (OABIIOro 3HAYCHHSA
OpH CPaBHUTEIbHO MaJof Jimpae 3T0H 30HH m yciaosue (X. 2. 6) maum-
HAeT BHIIOJIHATHCA TOPA3l0 pamblle, MOCJe Y4ero HaIMHAETCSA BHTECHEHHE
M3 OPWJIeralomuX clIoeB ¢ MeHbIIeidi mporHumaemocthio. OfpasoBanme
cTaGuAN3NPOBAHAOTO (POHTA BHTECHEHHA MOKHO OODBACHHUTH CJIemylo-
mmM obpazoM. Ilpegnonoskum cuadaia, 9T0 BHITECHeHHE B Ka;KIOM clloe
OPOUCXOJUT HE3aBHCHMO OT APYrAX M NYCTh I'PAHHOE Pasfela HMeoT
BHJ, IOKA3aHHKI TyHKTHpoM Ha puc. X. 7. OdeBugno, B C1oe ¢ HAXGOIB-
Medl NPOHMIIAEMOCTEI0 06pasyercsi 00IaCTh NOBHINEHAHOrO TABICHAS H U3
yIIemiero Buepe] YIACTKA CMECH B CJioe ¢ HauGobIIell MPOHUNAEeMOCTHIO
BRITECHAIOMAs KUAKOCTh HAYHET IePeTeKaTh B COCELHNE CIOM C MEHBIIeH
MPOHMIAEMOCTHI0. JTH TEPeTOKM BHITECHAIOMEH JKHAKOCTH M3 CJI0eB
IOBHINIEHHOH IIPOHUIAEMOCTH B COCETHNE CIIOM MEHBINeH IPOHHIAeMOCTH
¥ o6ycloBIMBaIOT oO0pasoBapue 0ojiee WIM MeHee CTAOMIH3UPOBAHHOTO
$poHTa C BEHICTYNAMA CPAaBHUTEJIHbHO HeOOJNBINON TIMHKI — MOPAJKA He-
CKOJBbKUX MOIIHOCTEH Iuracta.

Onurer B. I'. Oragmxanssna Ha MOOeJAX MHOTOCJOWHHX ILIACTOB
OOATBEPKAAIT BHCKA3aHHEIE BHIOIE COO0paKeHuUs.

Caenyer orMeTHTh, YT0 IpH BHTecHeHWH HedrTm Bomod Kodddumiuent
Me;xdpasHoro HaTA:KeHHA o OOKYHO BHPAYKAETCA BeNMYNHON WOopAAKa
30 dun/cm, T. e. B ABA ¢ JNAIMHAM pas3a MeHbINe, YeM JJIA ra3a ¥ BOXHL.
ITosroMy koadpdunuent ¢.B popmynax (X. 2. 5) — (X. 2. 7) goakeH OuTH
CHIKeH He MeHee 4eM B 2 pasa.

IloGasienreM mOBePXHOCTHO-AKTHBHKIX BEMIECTB BEAUIAHY O MOMKHO
MeHATH B IUPOKUX TPefeaax, 9T0 COOTBETCTBEHHO OTPAKaeTCA HA XapaK-
rTepe BeiTecHeHus HedTH BOJOIi.

§ 3. Pacuer asm:keHMs ra3oBoro o6bemMa B HEOrpaHAYEHHOM
BOJOHOCHOM MIACTE

JiBe BasKHEHE IIpaKTHIeCKUe 3a7a4ll GUIbTpARUH CBA3AHH ¢ IPOGJIeMOil HecTa-
IMOHAPHOrO JIBM/KEHHMA Ta3a B BOJOHACHIIEHHOHM NOPECTOH cpefe: 1) BETecHeAMe
BOJRI Ia30M IIPA CO3NAHMH M 9KCIIYaTANWH HOA3EMHNX rasoXpaHWININ B BOJOHOC-
HHX IJIACTax; 2) 3aMemerve rasa BOJOH NPH KCIYATAUH Ta30BHX MECTODOKIe-
HNH, IpPaHAYAIIMX ¢ AKTHBHEIMM KPAeBHMH WJIN NOJONIBEHHKIMHA BOJAMH.

Ilycts HeorpaHMYEHHEIH T'OPM30HTAJbHKNA BOJSOHOCHHHA IJIACT NOCTOAHHOM MOII-
HOCTH h IlepeKPHT HENPOHHIIAeMHMH KpOBIeil M mogompoii. Ilpeamonoskum, dro
B IIacT 9Yepes THAPOJAMHAMUYEeCKH COBEPHIEHHYIO CKBA’KAHY 3aKaIMBAETCA a3 € 3a-
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JAHHEIM TIPOM3BOJLHEIM BECOBHIM pacxofoM Gp (t). TakuM oGpa3oM, M3BeCTeH Bec
rasza B IUlacTe B Kakanli MomecRT Bpemenu ¢. TpebGyerca maiitu jaBieEVe rasa
pr(t) u papuyc ero pacupocrpanenusa R (¢), npedeOperas s NPOCTOTH BAZKOCTHIO
Tasa IO CPAaBHEHMIO C BAZKOCTLIO BOAHL I CYNTAasA B HaYaJbHEI MoMenT ¢ = 0 jaBue-
HHe B BOJIOHOCHOM ILIacTe BCIOAY IIOCTOAHHEIM pg.

Hasienre p (r, t) B BOJLOHOCHOM ILJacTe YAOBJETBOPAET YPABHEHHIO YHPYroro
pexkuMa ¢uaprpanpm (VIII, 1. 8).

ap kK
2, 9P _
=t w= (X.3.1)
rge ® — KO3QQUIMeHT NbLe30npPoBOIHOCTH B ca?/cer; k — IMponunaeMocTs (cpefass
[0 MOIMHOCTH) Japcu; K — MOJyJb COBMECTHOIU YyNPYTOCTH IJACTOBOM BOAH M NOPH-
cTo# cpensl B kI/cM?; m — LODPMCTOCTH ILIACTA; W — BA3KOCTH IJIACTOBOH BORH
B CAHTHUIIya3ax.

3ajada CBOOHUTCA K WHTETPHPO- s

BaHUIO yYDABHEHNS TeILIOMPOBOLHO-
ctin (X. 3. 1) Opu HaYaJBHOM yCIO-
san p (r,0) = pyx = const u BH-
MOJHEHHH YCJIOBHU MaTepHAaJbHOTO
f0ajaECa HAa NOJBIKHOU TI'paHHLOE

!{ Y 2 27779725 90. 799,

|

|
pasfena R (¢) Mempy opmodasHoit <« |

!

!

A

o4
¢
|

'QQ
ofacTbio, 3aHATOR BOJON, M BHYT- eSS
penHell o00nacTbio, 3aHATOR He f
ONHMM Ta3oM, 4a ra3o-BONSAHOMN - b
CMeChI0, TaK KaK IOJHOe B3aUMHOE i -Id |_
BHITeCHEHWe (a3 B HeHCTBHTENb- ® R R u
HOCTH He cymecTsyer. Hak Obuio Puc. X. 8
MOKAa3aHO B § 2, HPH HAaTHETAHIH e
rasa m3-3a HeW30eKHOW HEOJHO-
POMHOCTH NJIAcTa [0 BEPTHKAJIM BOJA BHTECHAETCH HE IO BCell MOIIHOCTH h,
a TOJNBKO II0 NPOIJACTKAM C HAHGONbINEH IPOHHIAEMOCTHIO, MOIEHOCThL KOTOPHIX CO-
cTaBjifeT Beamunny o h, rae fo < 1 — xoad@unIEeHT HENOIHOTH BHTECHEHUS BOMIK
o Beprukaan (puc. X. 8). B onmrax, onncannux B crarse [8], $o = 0,25.

Kpome Toro, B npegenax aroii sdpdexrnsuoit Momuocta Bo ki Boxa BHTECHAETCH
He ITOJHOCTBHIO, KAK 9TO MBBECTHO M3 TeOPHH [ABMKEHNA ABYX(A3HBIX JKUIKOCTEH B 10-
pucTaX cpegax (§ 2, ra. IX). Ilpn ofparuoM HaBiedeHNMH T'a3a BOAA BHITeCHSAET ras
3HAYMTENBHO II0JHee, 9eM I'a3 BOY TIPH HATHeTAHNUH, HO IIOIHOT'O BETECHEHNA H B 3TOM
caydae He mpoucxonur. Takum o6paszom, CTPOro TOBOPsA, YCIOBHMA HA MOJBHMKHOM

A

dR
rpaBMne R (1) pasiuauus Qa8 CIydYaes a > 0 — yBeauYenme ILIACTOBOro OOBEMa
dR
rasa m - <0 — ero ymenvmenue.

. d
PaccMoTpuM cHadana caydai % > 0. Ilycre papuyc rpaHHUBL pasfela 3a

BpeMA di yseanuutcsa Ha dR. IlpeneGperasn sgdexToM CHIMaeMOCTH BOJH B Npefenax
dR, ycnosme, BHpaskalomee Gananc o6rema BoAn B 00beMe mop m 27x RdRh, MOMHO
copMynnpOBaTh CIEAYIOMUM 06pa3oM: HaTadbHOE COePIKaHHe BOALL B 3TOM 00beMe
IUIFOC TPUTOK BOJH 4YePe3 BHYTPEHHIOI GOoKOBYI0 nopepxHocTh (puc. X. 8) suemenra
PaBHO KOHETHOMY COJeDPKaHUI0 BOJH IIII0C OTTOK 9epe3 HaPYKHYI0 GOKOBYIO IOBEpPX-
HOCTB TOTO jKe 3JIeMeHTa, T. €.

27 mhR dR+-Q, dt =25 mh(1—By) R dR -
2 mh B (1—0,_,) RdR +Q, dt, (X.3.2)

’ [Y)
rge Q, — ofbeMEHI pacxod BOAH depes 3PPEKTHBHYI dHacTh MOWHOCTH Pok;
Qs — oOBeMHHII pacXoj BOJK Yepes BCK MOIMHOCTEL ki, TaK KaK Yepe3 [OBePXHOCTL
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2 n (R + dR) h mo mpuxoga ¢poHTa rasa ABMWKeTCA OfHODA3HAA KHAKOCTH (BOma

Ge3 rasa); O,_, — ra3oBACHOIEHHOCTE NOPOBOro obbeMa Ha ¢poHTe Tas — BoAa

upy BHTECHEHHN BOJEI I'a30M.
Uz (X.3.2)
dR .

2 m By, g hR —5 - =Qp— Q' (X-3.3)

’
Cornacro sarony Jlapcm faa Q, m Q, mMeeM

k ap
Os=——2n Hh( ) .
® b or Jr=r
o kg () <ap )
= 2T 2aRB R ’ X.3.4
QB n ﬁ0 ar r=R (1) ( )

*
rae k, (0,_,) — oTHOCHTeNbHaA (a30Bas MPOHMIAEMOCTH AJIA BOJH B 30HE CMeCH
Bo I, coorsercTBylOomas ¢poETOBOH TIa3OHACHINEHHOCTA G, .. Berwuuma o r—g

B II€PBOM NPHOJIIKEHWH, eClIM IpeHe0pedb CHUMAEMOCTHIO raza, MOMeT OWTh, Kak
nmokasano B § 2 raaBu 11X, Haifijena W3BecTEHM N3 Teopmnm Bakaesa — Jleseperra

* R
rpadmyeckAM cmocobom, k. (o ) — no rpagukaM (az3OBHX NPOHHMHAEMOCTel

IS Ta3VPOBAHHKEIX JKHIAKOCTEH.

Hus BHTECHeRMA BOJH Ta30M ODPMEHTHPOBOYHO MOKHO IDHHATE O, =~
~0,25 +0,35; &, (0,_,)~02 +0,3[9]

Tagum oGpaszoM, upn §t£>0 corxacao (X. 3. 3) m (X. 3. 4) ycaosme ma mog-

I'—B

BIDKHOH TpaHMIEe HMeeT BH:

dR &k . op
2amBo._ kR =T w [1—ﬁokB (Op_p) ]2:‘!Rh( ar )r:R(t),
op Op
mo 9B _ | ) . o=—0r=B . (X.3.5)
dt B oANOr Jr=R(1) 1—B, kg(or—n)

IrAe 0 — CyMMapHHH K03(QHIHEeHT BRITeCHEHHS, OTHECEHHHI Ko Bceli MommocTH h.

Ilpu ofpaTHOM W3BJEYEHHU ra3a KapTHHA CWIBHO YCIAOKHAETCH, €CHH Y9eCTh,
970 BOJa He INOJHOCTHIO BHITecHSAeT ras. Ilpm BropseHu:d Bogsl B 0o6aacTb, paHee
3aHATYI Ta3oM, (POHTOBas HACKMEHHOCTL G,__, MEHAETCH, NpAYeM flaske OYeHb

HeGOJIBIIOe OCTATOYHOE KOJWYEeCTBO HEBHITECHEHHOTO Ta3a, KaK OGHIO IIOKa3aHO
B § 1 rnaeu VIII, pesko cemxaer Monyas yupyrocri K. Iipm atoM o6pasyorcs Tpu
obmacrn: o61acTh, 3aHATAA MOJBIIKILIM ra30oM, 061aCTh CMECH BOXH M IOYTH HEIOA-
BIDKHOTO ra3a M obnactp gmcroii Bopgel. Ilpm mociegylommx 3aKadkaX H H3BJe-
9eHHH Ia3a HACHIIEHHOCTH BO BCeX 30HAX H3MEHAKTCA M YCJIOBHA HA IpaHHOAX 30H
Tana ypaBHeHuii (X. 3. 5) xapakTepnayloTcsa pa3iudHHMU KO3()PUOMEHTAMU G B 3a-
BHCHMOCTH OT 3BaKa ~- I WHCJIA NHKJIOB HarHETAHHA ¥ W3BJIETCHHA Iasa.
HaxoskaeHre TOYHOTO PeMIeHHsd, YUATHIBAIONIEro 00pa3oBaHHe IPOMEKYTOTHRIX
ras3o-BOAAHKX 30H IIPHM IOBTOPHHIX IAKJAaX HATHETAHWA M N3BJAEYeHUA Taza, Iped-
CTaBJAETCA BCCHMA CJIOMHON 3ajadeli M NON/KHO ABAUTHCA IPeAMETOM HajbHEHMHNX
uccaegopannii. B nepsoM npmbamzenun GymeMm cumrath, 4T0 ypasHenue (X. 3. 5)

dR dR
IPUTONHO KaK IPH - >0, Tak 1 a < 0, HO B 3aBHCUMOCTH OT HaIpaBJeHUA ABH-

HeHUA TPAHUNON pasjea MeHAETCHA BeJMYMHA CyMMapHOTO KoapOuIMeHTa BHTECHO-
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ana ¢. TaknaM oGpascM, B KadvecTBe YCJIOBAA HA ICABIKHOH rpamune R ({) mempy
o6IacTAMA, 3aHATHIMH BOLOH H IagoM, IPHUMEM

mo—dR —_k [op =0, =const ﬁ>0
a — p \ or )r:RU)’ R Codr T
6 =0, =const, 2 <0, (X.3.6)

dt

CrefoBaTe/bHO, ME IPHXOANM K 3ajade MHTeTPHPOBAHNA YPaBHEHUS TeIJO-
IPOBOJHOCTH ¢ BHIIONHEHNEM HEKOTOPHX YCIOBHII Ha TONBIMKHOH rpammme R (t) —
3afaga tina Credana. TouHHe pemenns 3anad TAKOrO Tilla H3BECTHHI [JiA BeChbMa
HEeMHOTHX cJjlydaeB, HaupuMmep, apromofeanHoe pemenne H. H. Bepuruma sa-
Jlad¥ 0 HaTHETAHWM C IOCTOSHHKIM DACXO/OM OJHOH yNPYyToll KHAKOCTH B ITacT,
panee 3aHATHI Apyroifl yupyroi suakocrbio [10]. MosKHO OTMETUTH HOINOJHATEIBHO
pa6ory JI. U. PyGnumreiina [11], B KoTopoil mpobGieMa CBeleBA K DPACCMOTDPEHHMIO
HEKOTOPOil CHCTeMH MHTerpajbHHX ypPaBHeHWI, BecbMa CIOKHOH AJA BHYWCJICHMH,
paGory B. fl. Jlio6osa [12] m ocmosanmywo ma meii crateio A. IlI. Kasumosa [13],
a rawxe crareio U. I'. Ilopreosa [14].

B mocnenHux paccMOTPeHH HEKOTOPHE dacTHHE ciydan 3afgad tmna Credama,
HecmoTrps Ha HecOMHeHHHH TeopeTHHecKHil WHTePeC, HCIONbL3OBAHAE IPeMlJIaraeMuIX
METOMIOB AJA 00mero caydas MPONIBONBHOrO 33KOHA H3MeHeHHA Gp () sakadum-
BaeMOro WJIH HM3BJEKaEMOTO Tasa 3aTPyAHHATENBLHO.

Pap amepukadcknx paGoT NOCBAMEH pelleHHI0 PA3NUIHHX 3a[ad O MOBeleHHH
rasa B BOJOHOCHOM IUTacTe IIpH TPAaHAYHKIX YCIOBHAX Ha HEKOTOPDHX (MKCIpPOBaH-
HHIX OKPYKHOCTAX R, B R,, McXonqd M3 H3BecTHRX pemenuil Xepcra, Ban-Jsepann-
resa m Macketa JJafA YOPYroro pexnMa ¢QWJIBTPAOAA B BOJOHOCHOM ILIacTe
{JIr. 1. 11; 15]. B srux paborax IpHBejeH PAN HPUMEPOB PACIETOB, BHINOIHEHHEIX
C MCIONB30BaHAEM OHCTPONEHCTBYIOMIMX MAalimH ¥ aHAJOroB ycrpoicts [16]. Tle-
peMellenre IpaHAOH pasfiela ra3 — BoZa B 9THX pa6GoTax yuuTHBaeTcA IpHOIA-
JKeHHO, IIDH STOM DelieHNe, CIpaBe/iInBoe PN QUKCIPOBAHHLIX TI'PaHMIAX, Ppacilpo-
cTpaHdAeTcA Ha cayuail nx apmxenuda [16]. Hwxke npeasaraerca pemlenne, B KOTOPOM
B oTiamuue or Goxee pamHedl paGors apropa [17] HemOCPeNCTBEHHO YIRTHIBAIOTCA
YCIOBHA HA MOABIKHON T'paHUIE pasfela MKy rasoM m BOAOM.

Kak yrasupaJoch BHINE, BeC rasa B IJacTe€ B Ka/IHI MOMEHT BPEMEHH CUH-
TaeTcsA M3BeCTHHM. IlpmBofsa sror Bec K o0BbeMy IpM HOPMAJIBHHX YCHOBUAX pg,
Ty, 3a KOTODHIe OGEYHO IPHHAMAITCH py = par = 4 k[ /cn?, Ty = 20° C = 203 °K,
noxydgaem

sum 6 hRe (1) 2 Tn
ra T

rae Wy (f) — m3secTHas GyHKUUA BpeMenH (ra3 ufealbHHIT); p = p [R (i)]— paBae-
HEe raza B miuacre; I — TeMnepaTypa rasa B IJjacTe; ¢ — CPefHAA Ta3oHACHMIEH-

HocTh B o6beMe 1t mhR? (). Ilpu BuTecHeHWW BOAH Ta30M O I ¢ MajJo0 OTIMYAIOTCA

apyr or apyra (§ 2 ra. IX) m B mepoM npHGIMKEHNN MOMKHO CUNTaTh O =~ O.
3afaTa, TakOM 06pasoM, CBOAATCA K MHTerpmpoBammio ypaBrerus (X. 3. 1) B obma-
cta r 2> R (t) opm ycaosmax (X. 3. 6) u (X. 3. 7) ¢ oflHOBPEeMEHHHM HAaXOJeHHUEM
3aKoHa HBwKeHNA R ().

3nech ciaexyer chenaTh cIeqyloiiee zaMeyamme. 1l0 MOCTaHOBKe 3afavd IIPej-
TI0JIATAeTCA B KajK[Ahli MOMEHT BPeMEeHN M3BeCTHHIM BeC I'asa B IUIacTe BHYTPH Kpyra
pagmycom R (t). Bre sTOro Kpyra HaXofdaTcd 9UCTasd BOMA, JUIA KOTOPOH CYHTaeTCHA
CcIpaBelJMBRM ypaBHeHHe Temiouposopuocta (X. 3. 1).

=Wg(2), (X.3.7)

dR
TaknM 06pazoM, CTPOTrO FOBOPA, IPH 06PATHOM M3BJIETeHNN Ta3a, KOI/a v <0,

MEL JOJKHBI CYATATDH, UTO Ta3 BHITECHAETCA IOJHOCTBIO, TIOCKOJLKY 3aJaeM ero Bec
BHYTPHU pacueTHOro kpyra R (t). B meifcTBUTeNInHOCTH e, KAK YNOMUHAJIOCH BHINE,
XOTA Ia3 BHITECHSAETCA BOJOH ropaspgo NMoJHee, 4eM BOJa rasoM, Bce Ke HEKOTOpoe
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KonmuecTBO rasa mopsaka 10—15% npm olpaTHOM JBIKEHHH BOLH 3acTpeBaet
B TYNHKOBHX IOPax M OCTAaeTCHd HEBHTECHEHHEIM.

Otciona ciuepyer, 4ro, 3amaBas Koadounment o, B dopmynaax (X. 3. 6) ¢ yuerom
HEIOAHOTH BEITECHEHHS Taza BOJOIl M ONHOBPEMEHHO 3a/laBad BeC rasa BHYTPH pac-
9eTHOTO KOHTYPa rasOHOCHOCTH R (t), MH II0 CymecTBY VIHNTHBAaeM KAHEMATHYCCKHI
XapaxTep NPCNeccoB, CBA3AHHBIX ¢ HEMOJHOTOH BHTECHEHUS, HO BMeCTe ¢ TeM BRIIO-
JaeM HeBHTeCHeHHHH raz B o0muil pacyeTHHI Bec raza Wy (&), 970, KOHEYHO, CBA-
83HO C NEKOTOpOH morpemHoCThI0. MO)KHO IipeAmoJarath, 49T0 IPH TAKOM MeTOHe
pacueTa JaBJeHUe Iasa OIpefeafeTcA TOCTATOYHO TOYHO.

Bynem uckars pachpefielleHVe JaBJIeHWsA B BOXAHOM IIlacTe B BHAe WHTErpaa,
BHPA’KalIer0 B TEOPHH TEIVIONPOBORXHOCTH CYMMAapDHHH 3Q@eKT HenpepHBHO ek
CTBYIONIEro TEIJIOBOr0 HCTOYHNKA B Havase xoopaunar (§ 3, ra. VIII):

t

r2
T) T an—0
pr.t)=pg- ZJP:AT tQi(‘t)e A7) 4o (X.3.8)
0

Ypaprenne (X. 3. 8) umeer peaybunlii cMeIcx B obiaactH r > R (i), BRIoOIasn
r = R (#). UnTeHCHBHROCT: MCTOUYHUMKAa Qo (T) DOKa HeM3BeCTHA.

Hnes npepiaraeMoro Merofa 3aKJII0MAeTCA B MCIOJL30BAHWM DeleHHA B opme
maTerpana (X. 3. 8), ¢opMaabHO cHpaBedaHBOrO BO Beeli obaactu r >0, 9ro moa-
BOJUT U36€KATH OCIOKHEHWH, CBA3AHHBEIX ¢ HAXOMKAEHHEM cIenUaJbHHX BHIOB pe-
mennsa ypapHeHHs Teunonpopopnoctd (X. 3. 1), YAOBIETBOPAIINAX TeM MJ¥M MHBIM
YCJIOBHAM Ha INOABIJKHOI rpammme. BMecTo 3TOr0 mocrapaeMcs ONPEAeJUTh MHTEH-
cuBHOCTh Qo (T) TaK, 9TOOH HYXHBEIE HAM YCIOBHA YLOBIETBOPANHNCH.

N3 dopmynnr (X. 3. 6) moxyaum

t R2

kR __R YNy vy .
mao — = f(!—‘r)z e dr. (X.3.9)

YpaBreuus (X.3.8) upa r=R (t), (X.3.9) u (X.3.7) o6pasyioT 3aMKHYTYyIO
CHCTeMy MJsA Tpex HeusBectHbhix QyHrumit Qq(f), p[R (2)] m R (¢), OpadeM Hadalb-
HEiL pagmyc R (0) cumraeTcA HM3BecTHHM. Bmecto R (¢) lleqecoo6pa3Ho BBeCcTH
obbeM rasa B maacte V (f): '

nmohR2(t)=V=V (). (X.3.10)
M3 yparmeunuit (X. 3.8), (X.3.9) » (X.3.7) moryaum
t _ A 0)
pO)=p[R(B)]=p=put—t— [ 2O ¢ wamina—n gr, (X.3.11)

47 kh t—7
0
14 : Qo (M —0-—
v _ Q0™ uxamoh(t—r) gy X.
dt _'l,mnmoh.J -1 °© , (X.3.12)
0
POVOTa _py o x.5.13

pul

HeTpyaHo BuIeTb, 9To JJA PealLHOTO Irada ¢ ypaBHeHHEM COCTOAHHA p/y =
=z (p, T) RT Bmecto (X. 3. 13) Oyner

pt)V () Tu z(pu, Tn) __
Ton 1 0. T) =Wy (1), (X.3.13a)
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rae z=z(p, T')— KopdPuUMEHT C;KAMAEMOCTH Ta3a, OmpelelfeMHd OOHYHO WO
rpaduKaM mim oMmEpmdecKEM (popMysaMm; R —TaszoBad IOCTOSHHAA.

Cmcrema (X.3.11), (X.3.12), (X.3.13) mam (X. 3. 13a) sKBHBaJEHTHA CHCTEME
(X.3.8), (X.3.9) u (X.3.7). BseaeM upomsBoabHHII MacmTal BpeMenm T, =
GespasMepHue IePeMeHHEIe

—]%:.1:, 72'“‘2' ) g, DO @, (X.3.19)

, )
m K m Pk
pPIR(®] _ P _ - 40) X.3
L2 PR R , o= = - > ’ -3. 15
Px Px pi@), a=af) dunmohT, ( )

npugeM o (0) mpepmoaaraercd H3BECTHOM.

Vpaeaerua (X.3.11), (X.3.12), (X.3.13) B GeapasmepHEX NepeMeHHLX IPH-
HOMAIT BHJ:
x a (x)

ﬁ=1+4inf Z(_g)g e =% az, (X.3.16)
1}
49 _pa IO p—t Fh L Px | (x.3.47)
dz f(z—g)z i 4T puume 4" Ko ' -
[
P (@) a(z)=f(z), (X.3.18)
fay=LPn _ Wal) (X.3.19)

Tupk gunmahT,

f () — maBecTHaA Gespa3MepHasa (yHKIEHA Oe3pasmMepHOTO BPeMeHH Z.
Jas peanpHoro rasa ¢ yderoM (X.3.13a) Bmecto (X. 3. 18) moayumm

z2(pus Ty) - _
z(pkp. T) pa=t. (%-3. 18

Ypasrersna (X. 3. 16), (X. 3. 17), (X. 3. 18) nnm (X. 3. 18a) oGpaayror sam-
KHYTYI0 CHCTEMY HEIHHEHHHX HHTerpo-AuddepeHNUaNbHEX yPaBHEHHH [NIA Tpex
HEHW3BECTHHX (YHKOUE p = p(x), a=a(z), ¢= g(z). C yaerom (X.3.6) n
(X. 3. 17), xoappunuent P gy,ue'r, BOOOIIE TOBODA, HMMeTh DasiHIHOE 3HAYCHHE:

= b, Z—: >0unp =4, Z—; < 0. {Ipu mwo6oxM sufie dyarmnn  f (z), 3a  HCKIIO-

gegneM [ (z) = cz amaamTHueckoe pemenme cucremun (X. 3. 16) — (X. 3. 18)
m (X. 3. 16) — (X. 3. 18a) rpaiine sarpynuurensno. Caywail f (z) = cz Gyger pac-
cMorpeH Hike. IloaroMy B 0GmeM ciydae mpousBoJbHOH 3aBHCHMOCTH f (2) 3amamy
OPUXONATCSA pellaTh YHCIACHHHME METONaMH.

Oove W3 BO3MOKHEIX METOAOB 3aRjIioOuaercA B cieayiomeM. PazobbeM mpomemxy -
Tox mETerpmpoanma 0, z B (X. 3. 16) m (X. 3. 17) wa n mnaTepsanos 0, z1; 1,

Zgyeeey Ty (v Tn = T ¥ BHYTPH KOKJOTO HHTEPBAJa ¢ () GymeM cauraTh MOCTOAH-
HEIM: 0<§<zl1 Q(E)ZQI; z1<§<:‘321 Q(§)2921"-’ xn_1<§<

<z, ¢(8) = gn. Tax Kax Hcxognoe pemenue (X. 3. 8) BHpaKkaeT pe3yabTAT Cy-
HepHo3UNuY HeNpPePHBHO MAeliCTBYIMNX TeIVIOBHX HCTOYHHKOB, TO, OYEBH[HO,
¢ yBeJIM4eHWeM 9HCJIa MHTePBANOB Mbl OyieM NPUGIMHATHCA K TOYHOMY DPe3yJbTary.
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Ipu ¢ (£) = const narerpann (X. 3. 16) m (X. 3. 17) aerxko GepyTca, B peayian-
TaTe wero IoJydaeM

b=p@ =t o] B (T m (22 |+

z—y

+q2[_Ei(za(z))+E( a(z))]+ H[ (z_:%%—)]}

o u
e du

—Ei(-p= [ S (X. 3. 20)
£
_ew  _a@ _em  _e@
2 _Blale T —e THltale T, T[4t
_ a (x)
tgne T (X.3.21)

BrunclieHNs NPOM3BOAATCA B CJHeAyIOmel TociemoBaTenbpHOCTH. JaA mepporo
nmareppana B (X. 3. 20) m (X. 3. 21) ocraoTcA TONbKO WieEH ¢ ¢,. [Ipm nocrarounmo
MaJIOH JJIMHe MHTEPBAJNOB Jepad dacth ypapueHus (X. 3. 21) morker OHTHL 3aMeHnena
KOHEYHO-PA3HOCTHEIM OTHOMenWeM (a — a,_,)/z—z, ,. JlAA IepBoro Mareppaia

B Touke z = 71 (X. 3. 21) MOKHO UPe/ICTABATH B BAJE

0 _a(x)
9(11)——0(_)=ﬁq1e *1 . (X.3.22)
Iy
Vpaseerme (X.3.20) gna z=z; OpUMeT BHI:
per=h=t+za[-mi(5)]. (X.3.23)
Ypasrenue (X.3.18) mam (X. 3. 18a) gaer Tperbe ypaBHeHMe
Pray=f(z) (X.3.24)
HIH
2w Tn) 50— ey (X. 3. 24a)
z(pxpr T)

TaxuM oOpas3oM, ANA Tpex HeM3BeCTHHX ¢y, Oy, p, EMeeM TPH TpaHCHeH-
JleBTHHX ypasuenmsa (X.3.22), (X.3.23) n (X.3.24) nam (X. 3. 24a), u3 Rompmx
BCe HeM3BeCTHHe Jerko onpenenaiorca. Mckawodaa m3 (X.3.22) 1 (X.3.23) ¢ ®
o6o3nauasa a (0)=0a,, noJdydaeMm

S -
= G—0 E_ 4m(p;—1) . (X. 3.25)
xlﬁ -—El(—— oy )
zy

M3 (X. 3. 24a)
o= (zy) 2 (Pu};p T)/}.;LZ (Pa, Tw)e (X. 3. 26)
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Hopcrapaas o, ms (X.3.26) B (X.3.25), moxysaeM TPaHCHEHJeHTHOE ypPaB-
HeHHe [JA Dy’
f (=) 2z (psp1, T) —a, .
1z (Pu: Tw) ex [.f (z1) 2 (PPs: T)] .
P L =
zp z, 012 (Pa» Tw)
4n (p1—1)

== = , (X.3.27)
—Ei ,:__f(xl) z (PxPy, T)]

111513 (ra, Tw)

KOTOpOe TaknM 00pasoM ¥ oIpefesiAeTcs.

Jduas proporo umreppaia z; < § <z, B (X. 3. 20) u (X. 3. 21), ZeBas wactsh.
KOTOPOTO 3aMEHAETCH KOHEYIO-PAa3HOCTHHIM OTHOINEHMEM (ay — i)/(zy — z1), GyAYT
WIEHH, COjepKAlMe ¢;, ¢p U Oy, IIPUYEM g1 yike maBecTHO. CoBMecTtHO ¢ (X. 3. 24)

amn (X. 3. 24a) aaA p (x3) = pgy gy Gy MH NOIY9aeM AHAJOTUYIHO Pa3pemaeMylo
cucTeMy Tpex ypaBHeHuil. Ilo Takoil ke cxeMe IDOU3BOAMTCA pacyeT AJA BCex OO-
ClefyIOmMMX HUTepPBAllOB BIIOTH HO HOCJHENAHET0 & = In. Ha Ka)knoM artame, TaKHM
obpa3zoM, moiydYaeTcs CHMCTeMa TpeX YypaBHEHHAH MANA HEM3BECTHHX [ (z) = fq,
gn, @ (zp) = Oy, OpHYEM IS NPeJHAYIUX HHTEPBAJOB 5TH BEJWUHHH Y’Ke Ompe-
Acnenn. Pasymeercs, npn OOWYHHX BHYNCJIEHNAX «BPYIHYIO» pacueT Tpedyer Goab-
IMUX 3aTPaT BpeMeHd. IlpA BHYHCIEHHAX e IPA NOMOIMY GHICTPOAEHCTBYIOMMX BHI-
9HCANTENbHKX MAIONH pPacdeTh MOTYT ORTh CYHIECTBEHHO YCKODEHH.

Herpyauo Bufers, 970 B 9aCTHOM ciytae f () = ¢z, COOTBETCTBYIOMEM HAaTHETA-
HUIO Fa3a B IJAcT € IOCTOAHHEIM BECOBHIM DacXOfiOM, I0JydaeTcd TOUHOE aBTOMO-
lleabHOE pemenne, apajgormuHoe pemenmio H. H. Bepurnma [10]: peificrmrensho,
apu  f(z)=cz, f{a)/z=c=const= f(z1)/21, coraaceo (X.3.27) pmra p1
moxydJaeTcs TpaHCIeHJeHTHOe ypaBHeHMe, He cofiep:amiee z. Pemas ero, moaydaem
p1= p = const, a m3 (X.3.25) q= qg=const. Uz (X. 3. 18) mam (X. 3. 18a)
HAXOMUM @ = ¢, Z, T. €. 006heM rasa ecTh, KAK B BeC T'as3a B IIacTe, TaKKe JUHeilHAS
¢yHKUMS BpeMeHH.

Jana nanwcrpanun Ha puce. X. 9—X. 11 mpmBefieBEH KpWBHE H3MCHEHNs Bejn-
amH g (z), q (z), o(z) gaa yenosmit cosyuanusa u paGOTH NMOA3E€MHHX ras3oXpaHMJIVIN
B BOJJOROCHHIX NJacTax. VcXofHRe [aHHBe, NPHUHATHE IPH pacderax, clefyloiue.

Havasndoe nnacToBoe gaBlenue py, ame . . . . . . . 34
MomuocTp naacTa A, % . . . . ... Lo . o e e . . 8,0
Ilponunaemocts &, 8 . . . . . . . . . . . . ... 3.74
I11,e30n1POBONHOCTD X, cM2/cer e e e e e e e e e oo 139000
BAskoeTs BOAHL W, €18 . . . . . . . . e e e e .. 1
llpusenennwit Moayns ynpyrocta K, wl'jem? . . . . . 7 400
KoapdunueHT BHTECHEHHA O . . . . . . + « « « « « . 0,125
Macmral BpeMeHH Ty, TOABL .« - « « = « o o« « « « . Tog=1

PacueTHn# TeXHOJOIAYECKHH IPOLECC COCTOAN U3 3aKAYKM Ta3a B BOKOHOCHKIR
NJacT B TeueHue 4 MECANEB ¢ NOCTOSHHKWM BeCOBHM PAacXO/lOM, 3eTHIPEXMECAYHOTO
IPOCTOA Ta30XPasmWINma M IocAeAyImero oréopa H3 IJACTa BCErO0 3aKa9aHHOTO-
rasa B TedeHNEe 4 MeCANeB ¢ MOCTOSAHUAIM BECOBHRIM PacXo0M.

Puc. X. 9 coorBerctByer cyMmapuoll sakauke B miact 100 mam. B, 2 rasa,
puc. X. 10— saxauxe 150 man. u. x#°® rasa, puc. X. 11 — 3akagke 200 mn. B. &° rasa.
TIyRKXTHPOM Ha PECYHKaX MOKasaBH 3HadeRMA a (r) B p (z) ANA caydaes, KOTAR
®05¢NIMeHT BRHITECHEHNs PN W3BJedeHMM rasa B 2 pasa Bhille, YeM IIPH 3aKadKe,
dR

< 0.
dt

Ha puc. X. 12 npusefen: KpuBHe HaMeHenEsd P (z), ¢ (z), o (z) npm uurIAIe-
cxoil pafoTe ra30XpaHWJINIIA B TedeHHe O JeT (z = 5) IO TeXHOJOTHYECKOU cXeMe:
3akauKka 250 Man. x3 raza B HeBO3MYIIEHHNY BOJOHOCHEI IIJIACT B TeUGHHE 4 MECANPB:

T. €. Korjga o = 0,25 mpnm
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¢ OOCTOAHHEIM BECOBHIM DAaCXOOM, YeTHPeXMeCAYHLH mnpocToii rasoxpasniIAma,
or6op B TeueHue 4 Mecsnes 125 Mnu. 3 rasa (MIONOBMHH 3aKaJAHHOTO) ¢ NOCTOAHHBIM
BECOBHIM PacXof0M, B IOCHeNYIOINE TOH NHKJH IOBTOPAIOTCA C TeM e HHTepBa-
JIOM BpeMeHH, HO O0BEM 3aKa4YKH INOJNEePKUBAETCH PAaBHHEIM KOJMYeCcTBY OTOHMpae-
Moro rasa — 125 MuH. H. #3. KoaopPnunveHTH BHTECHEHNA BOJL TazoM M rasa BOJOX
OpH pacyeTaX OPHMHATH DABHEIMM, I'a3 — HAEAJHLHHIA,

Mo:xHO OTMETHTB Cle[yIoTuee HETepecHOe obcTosTenbeTso: N3 pac. X.9,X.10,X. 11
clieyeT, 9TO Hocae Hadana O0TGOpa rasa rasoBHil 00BeM HeKoTOPOe BpeMs (IOpAAKa
OIHOTO Mecsla) IPOAOoJ:KaeT PacHHPATLCA W HAYaJ0 ero yMempmenusa d a/dt = 0
HECKOJBKO OTCTaeT OT HadaJa orbopa. JTO HecOBNajeHne eime Golee OTIETANBO BUAHO
Ha prc. X. 12 B cayvae OURIUTeCKON paboTH Ta30X paHUAHINA.

() PI191Z)
031003 {3
Kix) -
g20% 242 >
~N
Ax)
NUERREE
gz)
T I
0 05 19
Pmc. X. 9.

M3 puc. X. 9 — X, 11 cuegyer Tarmke, 910 HaMedeHne KosdrmmeHTa BHI-
TecHeHHA NpH 0o6PaTHOM J[BIKEHHH BOJE BEeChMAa HE3HAYMUTENHHO CKA3HBAETCA HA
JABIEHNU rasa.

dameTnM, 9TO MHOTJA NS YNPOMEHHS pAacieT [BUKEHMA TPAHALNLl pasfena
ra3 — BOAA BEAYT Tawke mpa moMomy ¢opMyan (X. 3. 8), HO 0o6BeMHHIl pacxofg
BRITeCHAEMOH BOJH CINTAIOT PABHHM Ne0HTY QWKTHBHOrO Merouunka Qo (f) B Hagase
KoopauHar. JIerko BUACTD, YTO 970 OTBe4YaeT 3amene ypasuenus (X. 3. 9) mwiw (X. 3.12)
‘ycaosrem

¢
V()= | Qu(r)dr (X. 3.28)
0

mam, yumreiBasg (X. 3. 14) u (X. 3. 15),

5 g Py
= . = L5 X. 3.¢
a (%) 56\ q(E)ds, B e (X. 3.29)

B Tabnnne npnBefeHo comocrapierue o (z) u3 (X. 3. 29) ¢ TouHnMI pacderaMH
ansa crysaes puc. X. 9 — X. 41, mpmuem nmpmEEManoch P = P, = 0,1465-10~2 .



§ 3. Pacuem Jdeumxcenus 2a308020 06vema 6 60J0HOCHOM naacme

387

prx)
ol fx) g/x)
g310°} 3t 3 A N
S
N AN
az.m‘z Zh 2» . -
AR N L
\\\\l§‘\
qn? L 7} : N
ar-mct 1t 1 \ gi) \\\
\. \\
1,0, _ 1 N
0°10 05 ‘.\ 70 x
Puc. X. 10. \\
\
pl
ol (x) pix) qtx}
04 107%) 4} 4 odtx! ~
N
N
0310 313
02107 2} 2p———— —-‘\ ]
.\\.‘\ﬁ-
S L \\ AN
g 1t 1 g M.
\l \\\
\
009 a5\ 10z

Prc. X. 11. \



388 I'a. X. Hexomopue cneyuasbrile 3adaiu 6wmecHenus 6 nopucmol cpede

CpaBHeHue pe3yabTaToB pacueroB o (z) mo ¢opmyrae (X. 3. 29) ¢ TouynbiMu

3axauka 100 MaH. ., 3 | 3akauka {50 MuH. H. 43 | 3akauka 200 MaH. H, 43
rasa (pmc. X.9) raza (pmc. X. 10) rasza (pue. X. 11)

3Havenma | B3HAUEHEA 3HaUeHUA | 3HAYEHUA 3Ha4UeHNsA | 3HAYeHAA
TI0 TOUHKM | II0 hopMyJie | IO TOUHEBIM |10 dopMye | no TOYHHEM | To opmyle
pacueram (X. 3-29) pacueTam (X.3.29) pacuetam | (X. 3. 29)

0,2042 - 1073 |0,2052 - 1073 [0.2769 - 1072 (0,2787 - 1073 |0,3419 - 103 | 0,3447 - 103
0,4084 - 1073 10,4120 - 1072 [0,5538 - 1072 10,5588 - 102 |0,6838 - 102 | 0,6902 - 103
0,6142 - 10™3 |0,6156 - 102 [0,8320 - 102 |0,8362 - 102 [0,1026 - 10~2 | 0,1034 - 10™2
0,8168 - 1072 10,8206 - 10™3 [0,1408 - 1072 {0,115 - 1072 [0,1367 - 1072 | 0,4379 - 102
0,225 - 1072/0,1230 - 1072 |0,1661 - 1072 |0,1672 - 1072 |0,2051 - 1072 | 0,2068 - 102
0.1633 - 1072 10,1641 - 1072 [0,2215 - 1072 |0,2230 - 102 0,2735 - 102 | 0,2757 - 102
0,2075- 1072 0,1919 - 102 0,2855 - 1072 |0,2657 - 102 [0,3554 - 10~2 | 0,3319 - 102
0,2236 - 102 |0,2053 - 1072 [0,3121 - 102 |0,2881 - 102 |0,3919 - 102 | 0,3630 - 102
0,2199 - 1072 |0,1867 - 1072 0,3104 - 1072 0,2676 - 1072 10,3924 - 102 | 0,3410 - 102

0.1944 - 1072 10,1533 - 1072 {0,2816 - 1072 (0,2283 - 1072 |0,3613 - 1072 | 0,2970 - 102

cblcn »&-\|o: o.'lm [\:!;-x o;]» .aln c:,-a oo].a ;;l.a }J}\"l»

—
-

|

0,1581 - 1072 |0,1060 - 1072 0,2355 - 102 [0,1718 - 102 [0.3100 - 102 | 0,2333 - 102

[
(3

Kax BugHO, B HavYaje mponecca (IPY 3aKauke rasa) coriacile XOpoiee, 3aTeM
PpacxoweHIle 3aMeTHO Yeeanuupaerca — 10 30% m Goiee (B KOHIle BHIyCKA rasa).

TaxeM oGpasoM, nprMeneHne ynpomennoil gopmynant (X. 3. 29) Moxer GHTB
COTIPSIKEHO CO 3HATUTENbHHMH OMUOKAMY,

Bronne aHamormduo Mo:ker GHITH peileHa 33afada pa3paboTKH ra3oBOTO MeCTO-
POKAEHN NPH YIPYTO-BOJOHAIIOPHOM DpEiKiMe,

Hmke NIpUBEJEHH pPe3yJbTATHL PACYeTOB JAA CIVIaeB pas3paGOTKHM Iaz30BHIX
MecTopo:kfeHuil NpH paBHOMepHOM oTOOpe, KOTAa 3allac Taza B KAk MOMeEHT
onpefenserca QopMyJoi

Wy (2) = Wg (0) — Qut, (X. 3.30)

e Qu— oTOMpaeMuil 1eGUT Tasa M3 MeCTOPOKAeHHA, MPUBEHeHHHI K HOpMalb-
HRIM yCIOBMAM.
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Bubmpas BpeMa paspalorkm 3a MacmTal 7,

To=Wx(0)/Qu
A ¢pyHknmA f (z) DodydaeM 3aBHCUMOCTD B BHJE

F(=)y=7(0){1—ax), (X.3.31)
rae f(0) ompepgenaerca us dopmyant (X. 3. 19):
fO =L Pa _ Wa@ T Pn Qi (x 33

Tw Px 4xamohlT, Tw Px 4xnmoh

Juasa mpocToTHr ras GygeM cuuTath npeadsnnM, z (p, T) = 1. Iloxnoe Bpems
pa3paboTKu COOTBETCTBYeT Z = 1. Ha puc. X. 13 mupencraBieHN CETKM KPUBHIX

B 6e3pasMepHOM BOJe p = p () JJA PAsIMYHKIX 3HAYCHHI B u f(0): Kaxmas Kpm-

o/z) Plx} g/z)

\/‘ (T}

\// /
Przi P(x)
\ f—7ﬁt\—‘ Q'\.’——- wr}
5 1, 15 30 3 0 45 \ 5D

| |

Prc. X. 12.

Basi COOTBETCTBYET ONpefeleHHOMY 3HaYenuio f (0), mamnucanuoMy majx meil. Kampan
CCTKA KPHUBHX OTHOCHTCA K ONpefieleHHOMY 3HaYeHHI [, 0003HAYeHHOMY Ha
puec. X, 13.

Bennaums f (0) BapsmpoBaxmeh B mpefedax 0,1-10 3 po 50 . 10 —3. Baccek-
TPHCH, NOKa3aHBHE TYHKTHPOM, COOTBETCTBYIOT 0100py HpH Ta3oBOM peXuMe,
KOrjia BOfa He Bropraercs. IIpaxTH9ecKNM WHTepecHBle CIy4ad NONAfalOT BHYTPb.
BHuana3oHoB uaMeneHNA napamerpos P u f (0). Cayganm, worna B 1 f (0) ue ykasauus
Ha rpadukax, MOryT OHTH paccUMTaHH OPM Iomomu Imrepuoianuu mo § m f (0),
KOTOpYI0 MOACHNM HA CielylIeM [puMepe.

ITycre rasopoe Mecroposkienne B HBeOTPDaHWYCHHOM IUIACTE XapPaKTePA3YyeTCH
CJAEYIONNMH YCJIOBUAMU:

% =50-10% cM2/cen; m=0,2; 6 = 0 = 0,8; h =10 & = 1000 cs;
Pr=150 ama=150 xI'/en?, K=10000 sl'/cm?, T=Ty, py=1 am=1 xrI'/cu?.
IIycrs orGop rasa cocraBiaser

. 108 .
=5 10“}I.M3/cymnu=% H. cn3/cer =58« 108 H, cu3/cen.
Brrumcasiem no dopmynam (X.3.17) m (X.3.22) B u f(0)
B 150 _ _3
= 3151000005 = 1510
5q ., 8
1(0)= o8 - 10 ! _382.103.

4-50-10%-3,14-0,2-0,8-1000 150

9tv 3pavennsa B u f (0) Ba rpagrxax puc. X. 13 OTCYTCTBYIOT, HO OHH TIONAAIOT
B MMEIOIMACH [MAaNlazoH uX M3MeHeHUil. MHTEPHmONANNA NPOU3BOIUTCA CIeAyIOMAM
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obpazom. IlocTpouM 3mavenuss p (z) kK mpumepy pas =z = 0,5, 0,75 1 0,9. laa xam-
JOro 3HaYeHdsA z HAa rpafUKax MMelTCA HY;KHHKe 3HadeHdsA § m f (0), BHyTpH KOTO-

pHX maxouATes § = 1,5-1073, 5 (0) = 3,82 .40~ 3. Tiepsas WHTepHONAIHA WPO-
ussopuTeA 0o f (0) nma pasaW9HEIX (HKCHPOBAaHHWX r NPH (MKCHPOBAHHHX 3HAYe-
anax . Ha pnuc. X. 14 mpencrasienn pesyiasratel nHTepnoxanwu no f (0). Huaa
Goavmeil TOYHOCTH MHTEPNOJANNA NPONU3BOAMIACE He JHHEeWHKM 00pasoM, a rpadn-

9eCcKn, A4 4ero CTpouiInch KPHUBHE 3aBUCHMOCTH ;) OT f (0) AJIA Ra:KA0Tro H3 3HA9e-
p p
10

08

d

06}

04

02 04 06 08 10
075183 11073 25198

2 T M N
0 =47 ¢ 05 48 17°¢ TR R TR R
Prc. X. 13.

gAiE z = 0,5, 0,75 w 0,9 npu f =1 -10—3 (xpusste Ia, 16, Is), B = 5.10—3
(2a, 26, 28), p = 10. 10—3(3a, 36, 3e). Hpmsue crponaucsk jna touek f (0), Gauaxux
K f(0)=2382-10"3, 5(0)=1-10"3, f(©0) =2,5.-4073, {(0)=05.10"3
(creramie KPY>KKA Ha puc. X. 14). JIna zmawenus f (0) = 3,82. 10_3nepeceqenne

BEPTHKAJH C IIOCTPOEHHKIMH KPUBHIMH ODpefesIfeT TOYKH (TeMHble KPYKKHA HAa KpH-
Bhix (puc. X. 14) ana z = 0,5:

B=1-10"3, p=0,555,
p=5-10"3, p=0,775,
B=10.10""3, p=0,85.
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9Tr 3padeHdA HaHeCeHW HA KpuBylo I puc. X.15 B BHjE 3aBHCEMOCTE

p oT P, mpEueM mapaMeTpom ABImeTcH z=0,5.
Anagorwato gias z=0,75 (kpuBas 2)

p=1-10"3, p=0325,
B=5-10"3, p=0,640,
B=10-10"3, p=0815

P s
10 w\
a9 K 29 \\ ,
a8 Q8 ’
a7 a7
06 a6
a5 05
a4 04
43 a3
02 az
ar at
0 1 2 3 4 /{0}.5/ - [ 2 4 I ;’03/’501
Prc. X. 14. Pmec. X. 15,

B auAa 2=0,9 (kpaBag 3) .
B=1-10"% p=0.140,

B=5.10"3, p=0,510,
p=10-10"3, p=0,760.

Io stnM xpmBHM misa f = 1,5 - 103, npomogs Beprmkans na pue. X. 14,

maxopam z = 0,5, p = 0,59; z = 0,75, p = 0,375; z=10,9, p = 0,215.

Tenepr yie MOKHO LOCTPOHTH HCKOMYIO KPHMBYIO D (r) ANA HYXUHX HaM 3Ha-
gennit f = 1,5-10—3 u § (0) = 3,82 -10—3 (vpmeaa 4 ma prc. X. 15). Jaa como-
CcTaBJIeHAA Ha TOM e puc. X. 15 Toxkasama npaMas 5, COOTBETCTBYyIomasa 0TGODY
rasa npu raszosoM peskume. Ma pme. X. 15 BMAHO, 9TO BTOPKEHHC BOLH 3aMETHO
YMeHbIIAeT TeMIl NajeHHA IIJIaCTOBOrO IaBJIECHHA.
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Bce uydACTeEHHeE pacueTHl, NPHEBEJCHHHEe B 9TOM maparpade, pesyJbTaTH Ko-
TOPHX OpejcTaBieHH B BlAe KpuBux puc. X. 9 — X. 15, GulaM NpoM3BeAeHH
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