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B cBsizu ¢ npobnemamu, BO3HMKAOWMMY NPy UHTEPMpPETALNN Pe3ybTaTOB YUCIEHHOr0 MOAEIMPOBaHUS NPO-
L|ecca MarHUTHOrO MepecoeanmHeHunsl B Niasme, UCCNEA0BaHA BO3MOXHOCTb CMeHbl TUMA Pa3pbiBHOrO TeYEHUs
npu nocreneHHoM (HenpepbiBHOM) U3MEHEHN YCNOBUI. 3aKOHbI COXPaHEHUSI HA MOBEPXHOCTU pa3pbiBa B Mar-
HUTHO FMAPOAMHAMUMKE AOMYCKAOT TaKue Nepexofbl, HO MpU 3TOM AOMXKHbI CyLLECTBOBAaTb TaK Ha3biBaeMble
nepexoaHble pelleHnsl A8 FPaHUYHbIX YCNOBUA, YAOBNETBOPSIOLWINE OAHOBPEMEHHO ABYM TUMAM Pa3pbiBOB.
HaligeH KOHKpeTHbIi BUA TakUX peLleHuii U Ha UX OCHOBE MOCTPOeHa 0bObuieHHasi Cxema pa3pelueHHbIX ne-
pexogoB. [lonyyeHo BblpaXkeHWe ONsl CKayka BHYTpeHHel 3Heprun Ha paspbiBe. PaccMmoTpeHa 3aBucmmoctb

3¢pheKTUBHOCTN Harpesa niasmbl OT TWNa pa3pbiBa.
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1. BBEAEHUE

Pa3peIBHBIE TEUEHWsS TIA3MBI B MATHUTHOM TIOJIE
NPUCYTCTBYIOT B PA3IUIHOrO POJA TEXHUIECKHX yCTa-
HOBKAX W yCTPOHCTBAX, UMEIOMIAX MPAKTUIECKOE 3HATe-
ure [1-3], B 1aBopaTOPHBIX U YHCIEHHBIX IKCTIEPUMEH-
Tax [4-6], B KOCMUYIECKUX YCIOBHSIX — OCOOEHHO B CBSI3M
¢ apdexrom maraurHoro nepecoenunenus [7—11]. Ilpu
9TOM CYIMIECTBEHHBIM, KAK MPABUJIO, ABIAETCS BOMTPOC O
HaTpeBe MIa3Mbl J0 CAMBIX BBICOKHX TeMmeparyp [12].
Hanpumep, npuMeHUTENTLHO K COMHETHBIM BCIBIITKAM
pedb uaerT 0 HeOOXOAUMOCTH OOBSICHUTEH MOSBICHHE B
kopore CoJIHIA TIA3MbI, SJIEKTPOHHAS TEMIIEPATypa
KOTODOIil 3HadnTeIbHO npesbimaer 10 kaB [13].

CoBpeMeHHbIe INCIeHHbIE SKCTTePUMEHTRI, MOIEIN-
PYIOIIHE MPONECC MEPECOSTUHEHNsI, HATPUMED, B MPH-
OIMKEHUN TUCCUNATUBHON MATHUTHOH THIPOIMHAMH-
ku (MTII), neMOHCTPUPYIOT HECKOIBKO CIUIAZKEHHYIO
KAPTHHY Pa3PBIBHBIX TEYEHWH B OKPECTHOCTH IIEPECO-
epungioniero Tokosoro ciost [14-17]. TIpu unrepmpe-
TAIUU Pe3yIbTATOB TAKUX PACUYETOB, OCODEHHO TPEX-
MEpHBIX, TPYAHO WACHTH(DUIIPOBATE OTHO3HAMHO THTI
TOTO WM WHOTO Pa3PhIBA MO HEKOTOPOMY HENOJTHOMY
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U yCcpemHeHHOMY HabOopy mpu3Hakos. Ecmm sty Tpyn-
HOCTB YIAETCsI MPEOIONeTh, TO BOSHUKAET BTOPAs MPO-
6emMa, 3aKII0YaIoNIasgcsa B 00LACHEHNH OJHOBPEMEHHO-
IO IPUCYTCTBUS B TAKUX KCIEPUMEHTAX PA3HBIX THIIOB
PA3PBIBOB, TJIABHO MEPEXOMAINIAX Opyr B Apyra. Ilpu
9TOM 3a/1a9a WHTEPIPETAIINN KAPTUHBI MEPEXOIOB Yac-
TO OCJIOZKHSIETCS TIOABIEHUEM HEBOIOIMUOHHBIX PA3PhI-

BoB [18].

C TeopeTHyecKoil TOYKW 3pEHUsi TP HCCIEI0Ba~
HUU CBOWCTB Pa3PbIBHBIX TEYEHUH TLTA3MbBI TPUHIHITN-
AJIBHYIO POJIb UTPAIOT CJIeayiomue (hbaKkThl. Y DABHEHS
OOBIYHOM THAPOIMHAMUKN UMEIOT, KAK W3BECTHO, JIUIITH
JIBa TUMA PA3PBIBHBIX PEIIEHUI: TAHTeHIIMATHLHBIN Pa3-
peiB U ymapuas somaa. B MI'JI Hamumdme MArHETHOTO
MOJIST B TLIA3Me MTPUBOIUT K CYIIECTBOBAHUIO OBICTPBIX,
MEJJIEHHBIX, ATbBEHOBCKUX YAAPHBIX BOTH U JPYTHX
paspeiBos [19, 20]. Bosee roro, B oriuuue or rugpo-
guHamMukn, B MI'J] BO3MOKHBI HEMPEPBIBHBIE TIEPEXOTHI
[21, 22] M€Ky PA3IUIHBIMU TUIAME PA3PBIBHBIX Pellie-
HUI MPU HEMPEPBIBHOM W3MEHEHUU YCIOBUN TEUCHS.
[IpoucxoauT 370 Yepe3 Tak HA3BIBAEMBIE TMEPEXOIHBIE
PDEeIeH s, OHOBPEMEHHO Y IOBIETBOPSIONINE YCIOBUSIM
JIBYX THIIOB Pa3pPbIBOB.

TTeproe ommcanme mepexoAHbIX perennii [21] co-
JIEPZKATIO TONBKO Y€THIPE TUMA PA3PLIBHBIX TEUCHWIA:
TaHreHuaabibiii paspbis (1) u anbBenoBckas (A),
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naksionnag (S) u nepuenaukynspras (S ) yaapHble
BotHBI. COOTBETCTBYIOIIAS CXEMa, HEMPEPHIBHBIX Mepe-
XOZOB ME¥KIY Pa3PHIBHBIMU PEIICHUAMNA yPABHEHUH
nneanpao MLl nemMoHCTpHpOBaIa TPUHIUIHATLHY O
BO3MOJKHOCTh TaKWX MMEPEeX0o70B, HO ObIIa 3aBeIOMO
HerroHo#. Bo-TiepBBIX, B Heil OTCYTCTBOBAJIN HEKOTO-
pble Pa3pbIBHBIEC DPEIICHWs, B YACTHOCTU MAPATLIETb-
Hag ygapHasa BonHa (S)) m KOHTaKTHBIH paspwuis (C).
Bo-BTOpbIxX, BJI0K HAKJIOHHBIX yIAPHBIX BOIH (S) 00b-
eJIMHST B cebe cpa3y HECKOIbKO PA3TUIHBIX PA3PBIBOB:
GeicTphie (S4) u MeaerHble (S_) yaapHbIe BOTHBI, BOT-
HBI BRITIOUEHUS (Spp,) U BHIKITIOUEHHS (S, fr), TPAHCATD-
BEHOBCKHE yaapHbie BOMHBI (1'7), BO3MOXKHOCTD TIEPex0-
JIOB MEZKJTy KOTOPBIMU TPeHYeT OTIETBHOrO PACCMOTDE-
nns. [To3:ke sma KapTUHA TTEPEXO0B ObLIA IOTIOTHEHA
Ha OCHOBE COOTBETCTBUS MEXKIY YIAPHBLIMU BOJTHAMU W
BostHAMHU MaJiol ammuTyasl [23]. Xors Takoil moaxos
MO3BOJISIET MPABUIHLHO YKA3ATh BO3ZMOKHbBIE MEPEXOIbI
" Jaske UX YCJIOBWS, OH He JAET OMMCAHUST KOHKPETHOTO
BUJIa EPEXOIHBIX PEIIeHUH MEeKIy PacCMaTPUBAEMbI-
MU Pa3pbIBAMH.

Ha moBepxHoCTH pa3pbiBa MPOUCXOIUT PE3KOE U3-
MEHeHNe, CKAYOK TMapaMeTpPOB TIA3MBI U MATHUTHOTO
nonsg. Tun pasperaoro MII-pertenusi, T. €. €ro xapax-
Tep, ONMPEIEIATCA M3MEHEHUSIMU TLIOTHOCTH TLIA3MBI,
CKOPOCTH €€ TEUEHHUs U BMOPOYKEHHOTO B Hee MATHUTHO-
ro moss. Kpome Toro, Ha OBEpXHOCTH Pa3phIBa, TPOUC-
XOIWUT HATPEB TLIA3MBI, BEJIMYUHA KOTOPOTO, Pa3yMeer-
Cs1, TOYKE 3QBUCUT OT THUIA PA3PbHIBA, HO HE OMPEIeIser
ero KaacCupUKAINOHHDBIE TPU3HAKU: HEMPEPHIBHOCTD
WU CKAYOK [LTOTHOCTH, HAJTMYUE UM OTCYTCTBHE Mep-
MEHAUKYIAPHBIX COCTABIAIONAX CKOPOCTH ¥ U Mar-
HUTHOIO TONsA B | .

Hacrostmasi pabora mocBsiera anajan3y TpaHud-
HBIX YCJIOBUN Ha MOBEPXHOCTH PA3PBIBA, TTOJYIAEMbIX
n3 ypaBHenuit ugeanbaoit MU n mpeacTaBasionux co-
00if crCcTeMy HEeJIMHEHHBIX aaredpandecKux ypaBHEHUH
BOCBMOT'O TOPsaKa. B 3aBHCHMOCTH OT BBIOOpa TMmapa-
METPOB PEIeHUsT TOM CHCTEMBbI OMICHIBAIOT PA3PHIB TO-
ro uan wHOro tumna. CTaThs UMEeT CJIEIYIOIIYI0 CTPYK-
Typy. CHauaa MBI UIIEM MEPEXOQHBIE PEIIEHNSsT, Ha KO-
TOPBIX MPOUCXOIUT CMEHA THIA PAa3PbIBa, 9TO MO3BO-
JISIeT HAM CHCTEMaTHU3UPOBATH TAKWE DENIeHus B 0000-
MEHHYIO CXEMY Pa3PElIeHHBIX TEePeXOI0B. ITO MOK-
HO CJIeTIATh, HE MPUBJIEKAs] B PACCMOTPEHUE IPAHTIHOE
YCIIOBHE, OTBEYAIOIIEE 3AKOHY COXPAHEHUST IIOTOKA YHEP-
U Yepe3 TOBEPXHOCTH Pa3phbiBa. 3aTeM, UCTOIb3Ys
BAaKOH COXPAHEHUsI SHEPIUHU, MbI BBHIBOJUM ypaBHEHHE,
OTIHMCHIBAOIIEE CKAYOK BHYTPEHHEH SHEPTUHN TIa3Mbl HA
MMOBEPXHOCTH PAa3phiBa, W paccMarpuBaeMm 3(PhexTun-
HOCTH HAIPEBa IIa3Mbl B 3aBUCHUMOCTH OT THUIA Pa3-
DBIBA.

2. TPAHNYHHBIE YCJIOBUA HA PA3SPBIBE

Ha nosepxaoct MI'JI-pa3pbiBa MIOTHOCTH ILTa3-
MBI, ee JaBJeHue, CKOPOCTh TeUYeHWs!, HApaBIeHHe 1
HATMPSKEHHOCTh MATHUTHOTO OISt MOTYT M3MEHSThCS
CKAIKOM Ha PACCTOSHUN, CPABHUMOM C JJTMHOMN CBODOJI-
Horo mpodera gactuil. Ou3mdecKue MPOIecchl BHYTPH
TAKOTO CKAUKa OTPEIETITIOTCT KHHETHIeCKIMI STBIICHN-
MU B ILJIa3Me, KaK JIAMWUHAPHBIMU, TAK U TYpPOyJIeHT-
ubivu [24,25]. B npubnuzkenun nuccunarusuoii MTT
BHYTDEHHSST CTPYKTYypa Pa3phIBHOIO TEUEHUsT ONpesie-
JIIeTCsT IUCCUTIATUBHBIME KO3 (D uIimenTamMy nepenoca
(BABKOCTBIO U IPOBOAUMOCTDIO), & TAKKE TEILTIOIPOBO/I-
HOCTBIO [26, 27]. OgHako B MPUOINIKEHUN WIEATbHOI
MII crkadoK mMeeT HYJIEeBYIO TOJIIUHY, T.€. MPOWMCXO-
JIAT HA HEKOTOPOUH TOBEPXHOCTU Pa3pbIBa.

Bynem pacemarpuBaTh MIOCKYIO MTOBEPXHOCTH Pa3-
DBIBA, 9TO SBJSETCST YMECTHBIM IS TLTOIIAJI0K JTOCTA-
TOYHO MAJIOTO pa3Mepa Mo CPABHEHHIO C PAITYCOM KPH-
BUW3HBI MMOBEPXHOCTH pa3phbiBa. BBemeMm 1ekapToBy CH-
cTeMy KOOPIMHAT, B KOTOPOH HAGTIOZATE T mepeMera-
eTCs BMECTE C MOBEPXHOCTHIO Pa3pbIBa, PACIOTIOKEH-
HOIl B myiockocTH (y, z), B HANPaBJIEHUW OCH x. B mpu-
ommxennn nmeaabuoir ML mpenebperaemM BI3KOCTBIO,
TEILTOMPOBOIHOCTHIO U AMEKTPUIECKIM COMPOTUBIICHH-
em mra3mbl. Toraa rpaHudIHbIe YCTOBUS 5T YPABHEH WM
MI/I na pa3pbiBe MPUHUMAIOT BUJ, CJEIYIONIUX 3aKO-
HOB coxpaHenus (cM. [19]):

{B.} =0, (1)

{pvz} =0, (2)

{veBy —vyB:} =0, (3)
{vs B, —v,B,} =0, (4)
{p’Uz’Uy - %Bsz} - 07 (5)
{pvxvz — ﬁBsz} =0, (6)
{p+pv§+§—ﬂ}=0, (7)

{pvx <U_22+6+§> +% (BQUx—(v-B)Bx)} =0. (8)
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HenpepbiBHbIE nepexogbl . . .

3nech GurypHbIMU CKOOKaM¥ OOO3HAYEHA DPA3ZHOCTD
3HAYEHNH 3aKIIOYEHHON BHYTPU CKODOK BEJINYIHHBI C
0berx CTOPOH OT MIOCKOCTH pa3pbisa. Hanpumep, ypas-
uenue (1) o3HaYaeT HENPEPLIBHOCTH HOPMAJILHON KOM-
MOHEHTHI MATHUTHOTO TIOJIS:
{B;} = Bya — B1 = 0.

Benmuuibl, OTMEUYEHHDBIE WHIEKCOM «1», OTHOCATCS
K CTOPOHE, COOTBETCTBYIOIIEH HAOeramIeMy IOTOKY
ILIA3MBI, & HHIEKCOM «2» — yOeraiomemy.

B ominume oT rpaHUYHBIX yCIOBUI B OOBIYHOMN T'H/I-
POIMHAMHEKE, CHCTeMa IpaHngHbIX ycaosuii (1)—(8) He
pacnagaercs Ha HAOOD B3aMMOUCKIIOYAIONIMX TPYIII
yPaBHEHHUII, a 3HAYAT, B TPUHIUIE, OHA OMYCKAET
HENPEPBIBHBIE TEPEXOBI MEZKIAY PA3TAIHBIMU THITAMA
PA3PBIBHBIX DPEMIeHUil NMPU HENPEePLIBHOM HW3MEHEHWN
YCJIOBUIl TEUEHUS MIA3MbL. B CHITy BO3MOYKHOCTH TLIAB-
HOTO MEPexXO/ia MeKIY Pa3spPhbIBAMHU PA3JIAIHBIX THUIOB
34 OCHOBY WX KIACCH(DUKAINN MPUHUMAIOTCS JTOKATb-
HbIE BHEIHUE MPU3HAKYU TeYeHUs] BOJIMU3U IMJIOCKOCTH
Pa3phIBa: HATTMYUE WU OTCYTCTBHE TIOTOKA MACCHI U MO~
TOKA MATHUTHOTO TOJIST 9€PE3 PA3PHIB, HEMPEPBIBHOCTH
UJIA CKAYOK TLIOTHOCTH.

Mg redenuit miua3mbl B miockoctu (z,y) u3 nep-
BbIX cemu ypasuenuii cucrembl (1)—(8) caexyer dbopmy-
JIa, CBA3BIBAIONIAS YT/Ibl HAK/IOHA BEKTOPA MATHATHOTO
oS K HOPMAaJIKM NOBEPXHOCTH pas3pbisa © = 0 ¢ Ben-
YUHAMM IJIOTHOCTH p1 B P2, KOMIIOHEHTON MATHUTHOTO
nons B, u MOTOKOM Macchl m = pu, [28]:

2 (B2 /4w — m?F) + m?{r}

tghy =
872 = 5 (B2 Jar — m?F) — m2{r}

tg01

Bznecs tgh = B, /B,, r = 1/p, THIbI0} MOMEYEHBI CPeS-
Hue 3HavYeHud BerauduH, 7 = (ry + ro)/2. Iepenuuem
5Ty (bOpMyIy, packphiBas CKadKu {r} W cpemHue 3Ha-
genns 7. [lomyanm

m? - dnry /B2 — 1
m? - 4nry /B2 — 1

tg02 = tg@l.

O6osnamiv m? . = By [4wri w my, = Bj/4mrs; xax
Oy/IeT TTOKA3aHO HUKE, BEJINUUHDL Mo ff U Mg, COOTBET-
CTBYIOT MOTOKY MAaCChI 4€Pe3 BOJIHY BLIKTIOUCHUS U BOI-
Hy BKioUeHust. OTMETHM, 9TO Myff < Mgy, TOCKOIb-
Ky B cmiy Teopembl Hemmena (em. [29], §72) ry < rq.
®opmyna A/1d YIJI0B HAKIOHA O/ IPHHIMAET BHI

2/ 2
m /moff—l

tg 0> = tg 0. (9)

m?/mg, —1

W3 yciaoBusg cymnecTBOBaHUS HETPUBUABHBIX PeIlie-
HUI paccMaTpUBaeMON CUCTEMbl CEMU YPaBHEHUH Cie-

14 ZKST®, Bom. 6 (12)

AyeT OrpaHnmYvYeHne Ha BO3MOZKHBIC 3HaY€eHUA ITOTOKa
MaCCBI 1epe3 pa3pbis [28]: mwin

B2
2 T
< —=, 10
S AaF (10)
njaIn
B2 + B2
2 T Yy
PR 11
m iy gd ( )

2 _ B2 2 _ B2/
Brenew obosmawernmna my = By /4nF mm’ = B /4nT.
Benmmanaa m4 COOTBETCTBYET albBEHOBCKOMY MOTOKY
macchl. Tak kak 1y < 7 < 71, TO Mer < MA < Mop.-
VYenorus (10) w (11) 3anmmmrem B BHIE

m? < m?, (12)

m? >m% +m?. (13)

Ormerum, 4TO BEIUYUHBI Moff, MA U Moy HE ABIIAIOT-
Csl He3aBUCUMBIMU, & CBI3AaHBI COOTHOITEHUEM

2 2
2mg, My tf

m? = (14)

mZ, +ml.
B srom merko ybeanThesi, pacKpbBIB CpeaHee 3HATEHNE
F B OmpesieneHuy m? .

Ha ocHOBe mpuBEeIEHHBIX pPE3YJIHTATOB HUYKE MBI
paccMOTPUM CBOHCTBA PA3PbIBHBIX TEYEHUI, & UMEHHO,
YCTAHOBUM BO3MOYKHBIE TIEPEXOIBI MEZKIY HUMHU.

3. ABYMEPHBIE PASPBIBHBIE TEUEHN A

IMouck TepexomHbIX pelieHuii HauHeM C TMOUCKA
YCIOBUI BO3MOKHBIX TIEPEXOMOB MEXKJLYy PA3TAIHBIMA
runamu geymepubix MII-revenuii (v, = 0, B, = 0),
T. €. TeYeHU, 1T KOTOPBIX MOJIe CKOPOCTe N MarHuT-
HOE 1oJie Jiezkar B miockoctu (x,y). Mbl Ha3biBaeM Ta-
KHe Pa3PbIBHBIE TEUEHHS IIOCKAMU WK JIBYMEDHBIMU.
3arem MBI HafiIeM COOTBETCTBYIONIUE UM MEPEXOIHDIE
DeIeHnst, a TAKyKe YyCTAHOBUM BH/I PEIIeHUil, sBIIsO-
HIUXCS TEPEXOJHBIMA K TPEXMEPHBIM PA3PBIBHBIM Tede-
HUSM.

®opwmyma (9) Bmecre ¢ yenosusivu (12), (13) omm-
CBIBAET 3aBUCHMOCTH YIJIOB HAKJIOHA MACHHTHOTO IMO-
JIsT OT BETMIMHBI OTOKA MACCHI 9€Pe3 PA3PhIB. JTY 3a-
BUCUMOCTH MOYKHO 3aJaTh JIKOO IBYMsl MapamMeTpamu
Moff B Moy, THOO0, HAIPUMED, BEIHIHHAME p1 U {p}.
[TockombKy HAC HHTEPECYIOT KIacCH(PUKAITNOHHBIE TPH-
3HAKU Pa3PBIBOB (T. €. KAYeCTBEHHBIC U3MEHEHUsI COOT-
HOIIIeHUS M€Ky yriaamu 61 u 6y npu BapbUpOBaHUU
m?), 6yaem paccMmaTpusaTh (9) TOKa 6e3 KaKHX-TH00
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MONsi 3a NMOCKOCTbIO pa3pbiBa OT KBajpaTa MOTOKa

Macchl BellecTBa m” Mpu pasnnyHbIX 3HAYEHNAX yrna

01 = 5° (cnnownbie nuHnm), 25° (wrpuxosbie), 45°
(nyHkTUpPHbIE)

SaBI/ICI/IMOCTI/I yrna 02 HAKJIOHA MArHMTHOro

KOHKPETHBIX MPUIOKEHUH K ONpeJeeHHbIM (hu3nde-

CKHUM YCJIOBHUSM B IJTa3Me. 3HAUEHHUs TapaMeTPOB BhIOe-

pem u3 coobpazkenuit HarmagHoCTH. [IycTh mgff, m% u
2

m;,, COOTHOCATCA Kak 3 : 4 : 6. KBagpar moToxka Maccs

OyIeM U3MEPSATh B €IUHUIAX mi /4, Torma mg ;= 3
u m2, = 6. 3asucumocts fy(m?) mokazana wa puc. 1
Jgutst Tpex 3Hadenuit yriaa 6. CooTBercTByOIHe Kpu-
BBIE BEAYT ceOst OMMHAKOBBIM 06pa3oM. Bo-mepsoix, orn
TMepeceKaloTCs B ONHOl TOWKe MpH m”> = My, 376Ch
f> = 0. Bo-BTOpbBIX, 17151 KazK10i Kpupoii fy — —0#; mpu
m? — m% = 4. B-Tperbux, Bce OHM MMEIOT 00JACTD,
He yzoBieTBopsitolyto yeaosusim (12) u (13), koropas
pacmomnaraercs B OKPECTHOCTH TOUKH m> = m2, .

Bormennm wa puc. 1 obmacth, aj1a KayKmaoi w3 KO-
TOPBIX XAPAKTEPHO CBOE TIOBEJICHUE 3aBUCUMOCTH 3 OT
m?. B obmacti I (0 < m? < m2;) ¢ pocrom m*> mpo-
MCXOJINAT YMEHBIIEHUE TAHTEHIMATBHON COCTABIISIIONEH
B,> Bexropa By MarHuTHOrO Mo 3a MOBEPXHOCTHLIO
paspsiBa. [Ipu stom 0 < 62 < 0, T. e. mpu mepexoze de-
Pe3 MOBEPXHOCTh PA3PhIBA TAHTECHIMANBHAS COCTABIIS-
IOIAsT TIOJIST OCTADEBAET, HO OCTACTCS TTOJIOKUTEIHHOM.
B Touke m? = mgff TIPY TTepeceveniy TIOCKOCTH Pa3-
PBIBa KOMIIOHEHTA By CTAHOBUTCA paBHOi Hymio. B 06-
mact IT (m); < m> < m?) xommomnenta By, orprma-
TeJIbHA, YBeIUIUBACTCSA IO MOIYJII0, HO —f < By < 0.
B o6macru III (m?% < m? < m2,), kak u B obmacrn 11,
DU TIepeceteHnt MIOCKOCTH Pa3pblBa KOMIOHEHTA By
Menster 3Hak. OnHAKO Temepb B, YBEIUUIMBAETCS IO
monyiio (B < —6;), ocraBasgch OTPULATEILHON BeJu-
annoit. Hakoren, B obmactu IV (m? > m?) nponcxo-
JIAT YCUJIeHWe MarHUTHOTO ToJst (fy > 61) ¢ coxpaHeHn-
€M MONOKATETHHOTO 3HAKA €r0 TAHT€HIUATBHONR KOMITO-
HEHTBHI.

Paccmorpum nosenerne dyunkmun Oy (m?, 0;) s6am-
su rpannmpl obmacreit 1T n 111, rae m? = m?. O6-
macTh onpegnenerus dbynkmmwr Oz (m?,61) ciesa or Be-
nuumEbl Mm% 3agaerca ycnosuem (12), a cmpaBa —
yemoruem (13). TIpu m? — m? B cuny (9) u (14)
tgly — —tgbi, T.e. BemmMUMHA By — 0. Hepagen-
crBo (13) B makom ciydae npeobpasyercs K BUIY
m? > m?. Tostomy byukius 6(m?,61) kak B obia-
cru 11, tak u B obnactu 111 onpenenena BOMM3M 3HATE-
wus m? . OHaKo npu ysemdennn m? pacteT u npaBas
gactp yenosus (13). IIpu HexkoTopoMm 3Haderun m? B 06-
mactu 111 yeramasmwsaercs pasenctso m? = m? +m?2
U UMEeT MeCTO MAKCUMAJILHO CUIbHAs (B HAMOOJbIIEH
CTETIEHN YBEeJMIUBAIOIIAS SHEPTUI0 MATHUTHOTO TIOTIS)
TpaHCATLBEHOBCKAS yaapHasa BoaHa. [Ipu nambHeiinem

pPocCTEe MOTOKA MaCChl 3HAYUYECHHE m2 HE MOZKET YyI0BJIe-

TBOPHUTH ycnosuaM (12) u (13), moka m? BHOBB He cpas-
usgercss ¢ m% + m? . Ipoucxomur 10 B Obmacru IV,
re HaOJII0IAeTCs HauboIee CUIbHAs OBICTpast yaapHast
BOJTHA.

Tlonmyunm ypaBHeHMe KPHUBOH, OrpaHUIMBAIONIEI
bynkmmio fs(m?,60;), a 3HaunT, ¥ HAEGOMEE CHTLHBIC
JJIST TAHHBIX MapaMeTpoB IMIa3Mbl ObICTPHIE W TPAHC-
aTLBEHOBCKME yIapHBIe BOTHEL Ilpupasuas m? k mpa-
Boii wactu yciaosug (11), naiigem

By1 = :EQ\/47T77"7TL2 — B% - By2,

rae 3HaK «+» cooTBeTcTByer obmactn IV, a «—» —
obnactn III. Pazmenws momydennoe ypasHenne Ha B,

tgby = £2¢/m?/m?% — 1 —tgb,. (15)

[Moncrasue Beiparkenve (15) B (9), monyunm ypaBHeHne

nMeeM

UCKOMOM KPHUBOIi:

27,02
2m? fmg g — 2 m2
tg 92 =+ D) 3 5 5 B —5 = 1.
m /moff+m /m2, — my
YaopoctuM  €ro,  BOCIOIB30BABIIUCH — COOTHOIICHU-

em (14). Nmeem

272
m /moff -1 .
vm?/m? —1

CooTBeTCTBYIOIME KPUBBIE TPEACTABIECHBI HA puc. 1
TOHKAMU JIMHUAMU.

tg02 =+ (16)

Wrax, Mbl noka3anu, KaK HMEHHO MPU yBeJIude-
HUHW MOTOKA TLIA3MbI MEHSIETCST XapAKTEeP COOTHOIICHWST
MEKy YrIaM¥u HAKJIOHA MArHUTHOTO IMOJST, & CIeI0Ba-
renbro, u tiun MI/I-pazpeBa. O6macru I u I orBeua-
0T MEJIJIEHHBIM YIAPHBIM BOJTHAM, COOTBETCTBEHHO He
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ObpaIIAOIIIM (5’1) 1 00paLIAIOIIIM (Sf) TaHTCHI-
anpHyt0 kommnonenty mosst. Obaacts III coorBercTBy-
er TpaHcaabBeHOBCKOW BomHe (T'r), a obmacts IV —
6bicTpoit yaapuoii Bosiue (S4). Ilpu srom nepexosmbie
pelenust JIjis Pa3pbIlBOB, COOTBETCTBYIOIIUX COCEIHIM
001aCTAM, PEATTU3YIOTCS IPU 3HAYEHUE TTOTOKA, MACCHI,
PA3TPAHNIMBAIOIIEM STH ODJTACTH.

Temeps OyaeM nCKaTh MEPEXOIHBIE PEIIEHHsT B IO~
PAIKE yBEJIUUEHUS IOTOKA, MaCChI 1, Haunaasa ¢ m = 0.
PacemoTpum mepexom, Mexkly KOHTAKTHBIM Pa3PBIBOM
(C) B Touke m? = 0 u MejJIeHHOl yIapHOIl BOTHOMN B
obmactu 1. T'panndnbie ycjaoBUS sl IBYMEPHBIX pas3-
poiBoB crenyior u3 (1)—(7) npu moacraHoske v, = 0 u
B. =0:

2

B
ptpvi+—2 0 =0,

Bmza
{B:} =0 S

{pvz} =0,
(17)
1
{vgBy—vyB;} =0, < pvyvy——DB;B, =0.
47
[Mpencrapnennoe wa puc. 1 pemenne STUX ypapHEHM
B obsacTu I cooTBETCTBYET MeqIeHHON yIapHOil BOTHE
(Si), KOTOpas He MeHSeT 3HAK TAaHTeHIMAILHON coCTaB-
JISIOmel MATHATHOTO Tonst. B 3ToM Jerko y6emmThes
npu manbsx m2. U3 dopmyast (9), KoTopas, pasymeer-
Cs1, OCTAETCS MPUMEHUMOMR B yCTIOBUSX JBYMEPHBIX Pas3-
PBIBHBIX TEUEHWIA, CIIeIyeT, 9TO

m? m?

1— —— + ——
morr Mon

tghy ~ tg o1,

T.e. 0 < 03 < 01, KaK M JOIKHO OBITH B MEJJICHHOM
yaapHoit Boire. Bosee Toro, mpu m? — 0, T.e. v, — 0,
u3 (17) crenyer {v,} — 0 u {By} — 0, 4r0 ABIAETCS
€CTECTBEHHBIM TPEJETBLHBIM CIydaeM Il MeJIJIeHHON
YIApHOI BOJIHBI.

Ocraercs nokasarb, 910 npu v, — 0 ycaosus (17)
NEePexodT B FPAHUIHBIE YCIOBUS HA KOHTAKTHOM Da3-
peiBe. B camom gene, moncranoska v, = 0 B (17) maer

{Bz} ={vy} ={B,} ={p} =0. (18)

Ha xonTakTHOM pa3pbiBe CKAYOK IIIOTHOCTH {p} He pa-
BeH HyJ110. B mpoTuBHOM CiTy9ae BCe BEIMUMHBI OCTAIOT-
cst HerpepbiBHbIME. Takum 06paszom, permenue (18) omnu-
CBIBAET OJHOBPEMEHHO U M€ IJIEHHYTO yIaPHYIO BOJIHY B
npeaesne v, — 0, ¥ KOHTAKTHBII PA3PbIB, T. €. SBJISETCSI
COOTBETCTBYIOIINM TEPEXOIHBIM PEITEHUEM.

IIpu mepecewenun rpamnnsr odbaacreit I u IT mpomnc-
XOJUT W3MEHEeHUEe 3HAKA TAHTEeHIINATbHON KOMIIOHEHTHI
MATHUTHOTO To/sA. Meennas yaapaas sona (S T ), He
obpamaroIas TAHTeHIINATbHY0 KOMIIOHEHTY, MMpeBpa-
AeTcsi B OOPAIIAIONLYI0 MEeIJIEHHYIO yIAPHYIO BOJIHY

(Sf) [MepexoaHoe perienne peanu3yercs Ha CPAHUIE
obmacreit, kKorga yrox #> = 0. Iloxcranoska By = 0
B (17) maeT cOOTBETCTBYIOIIEE TIEPEXOIHOE PEIICHNE:

2

B 1
{pva} =0, {p+pv2}=-L,
{ b= (19)

1
Bm {Uy} = _U-TlByla P Uz {vy} = _EBszl

{BI} = 07

Uckmowas {v,} U3 AByX MOCIeIHUX ypaBHeHHil, Haxo-
JIIM

m? = p1 B2 /An = m?,ﬁ, (20)

YTO W CIEJOBAJO JOKA3ATh. DTOT MOTOK MACCHI COOT-
BETCTBYET BOJIHE BBIKIIOUCHUS (Sopr): 38 MIOCKOCTBIO
pa3pbiBa MUCYE3aeT TAHTEHIMAILHAS COCTAB/IAIONIAS T10-
ns1. TIpomcxoauT 9TO BHE 3aBUCHMOCTH OT yroia 6 n co-
OTBETCTBYET MEPECETeHIiO KPUBBIX B TOUKe m” = m?
Ha puc. 1.

O6parrenne TAaHTEHITTAIBLHON KOMITOHEHTHI TTOJIA Ha
rpamume odmacreit II u IIT mokeT ObITH 9aCTHBIM CITY-
YaeM TPEXMEpHOTO ajbhbBeHOBCKOTO pasphiBa (A). Tlo-
CKOJIbKY Ha aJbBEHOBCKOM Pa3PbIBE OTCYTCTBYET CKa-
4OK maoTHOCTH, noacrasuMm {p} =0 B (17):

(Ph=1B)={n)=0, {p+gli=0,
(21)
By {vy} =ve {By}, pve{vy} = ﬁ By {By}.

Ecmm {B,} = 0, T0 Bce BeTMIMHLI HEMPEPLIBHBI U pa3-
pois orcyreryer. [Iycrs {B,} # 0. Uckmowas orHo-
menne {B,}/{v,} u3 nocrenHux nByx ypaBHeHui, mo-
JIyIUM

m? = pB2 /4w = m?. (22)

ITpn mozacranorke {p} = 0 B (1)—(7) Haxommm rpanny-
HBIe YCIIOBWsI HA AbBEHOBCKOM Da3phIBe:

B+B?
{p} ={B.} ={v.} =0, p+y87ﬂ_ =0,
By (o)} = v By}, po (vt = -Ba (B}, )

B, {Uz} = Vg {Bz}a PUz {vz} = %Bz {Bz}

U3 cpasuenns (21) u (23) BuAHO, 9TO IPAHHYIHbIE YCIO-
Bug (21) onuCHIBAIOT NEPEXOAHBINA PA3PHIB MEZKLY Me/I-
JIeHHON yrmapHoit BomHoit B mpemere {p} — 0 n ajunb-
BeHOBCKUM Teuenuem 1pu v, = 0 u B, = 0. Pa3psiB
TpefcTaBasgeT coDOit JACTHBIA CIy9dail aabBeHOBCKOTO
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paspbiBa, MEePEBOPAYUBAIONIMN TAHIEHIUAILHYIO KOM-
MOHEHTY MArHUTHOTO TOjA. TpaHcalbBEHOBCKUE pa3-
PBIBDLI TIEPEBOPAYUBAIOT U YBEJIUIUBAIOT TAHTEHIHAIb-
uyto kommonedTy. Ounu 3anumaior obaacts [T u npumbr-
KAIOT K aJbBEHOBCKOMY 3HAUEHWIO TMMOTOKA Macchl (22)
crpaBa. YCIOBHs TTepexosia K ajlbBEHOBCKOMY Pa3phIBY
unenTudnbl (21).

B6smsu rpanunsr obmacreit III u IV B Hekoropom
UHTEPBAJIE MOTOKOB MACCHI TEYEHUE HE MOKET OBIThH pe-
amu3oBano. [1o 9T0ii npuyYnHe 3anperien nepexo Mezk-
Jly TPAHCAJIbBEHOBCKUMU U OBICTPBIMU YAADHBIMU BOJI-
Hamu. Bejndyuna WHTEpBAIa YMEHBIIAETCHA C YMEHb-
MIeHNeM HaJYaIbHOTO yIyla HAKJIOHA MATrHUTHOTO TIOJS
BtoTh 10 61 = 0 (puc. 1). HanbGomnee cunbhas 6Gpicrpas
yJIapHast BOJTHA DeATN3yeTcst TpU MUHUMAJILHOM 13 BO3-
MOYKHBIX TIOTOKOB MaCChI, JIOMYCKaeMbIX yeaosuem (13).
[Ipu yBenuyeHnr MOTOKA MACCHI TAHPEHC YIJIA HAKJIOHA,
[OJIsl 38 [IOCKOCTHIO PAa3PbIBA, YMEHbBINAICh, ACUMIITO-
THYECKN CTPEMUTCS K 3HaueHwuio tg 6y = (pa/p1) tgb.

4. TPEXMEPHBIE PASPBIBHBIE TEUEHN A

Bapwuposanne sennans py, {p} n B, npuBOIAT K
CJKATHIO WM PACTAKEHHIO KPHUBBIX, MPEICTABICHHBIX
Ha puc. 1, BIOIb KOOPJUHATHBIX OCeil, 6e3 m3MeHeHus
nx 0bmIeit cTpyKTyphl. 1 HyIeBbix 3nadenuii 01, B, n
{p} xapakrep 3aBucumoctu f2(m?) mokazam Ha puc. 2.
B cuny (9) npu 01 — 0 yron 02 takzke CTpeMUTCH K Hy-
JTI0 MOYTH TIPH Beex 3Hadenusax m? (caywait m? = m2,
Oyzer paccmorpen oraensuo). Ecmm By, = 0, To u
B> = 0 (puc. 2a). [Ipu sTOM rpanndHble yCIOBUS ABY-
MepHbIX Pa3pbiBoB (17) npuHuMAOT BU

{pv.} =0, {p+pvi}=0, (24)
{Bw} =0, {Uy} =0,

62

o |
0\ mags mi | mon

6 02

i m?

0\ m2 -

6 024
91 m2
0 mgff,A,on

Puc. 2. CxemaTnyeckoe noeedeHne 3aBUCMMOCTH

ba(m”) npn 61 = 0 (a), B. = 0 (6), {p} = 0 (¢)

OTBEYATONIAIl OOBITHON THUAPOINHAMUIECKON yaAPHOMN
BOJTHE, KOTOPAs PACITPOCTPAHSIETCS COTJIACHO YCIOBUSIM
By = 0w Byy = 0 Bgons marauTHOro noms. Cncre-
Ma (24) — mepexoiHOe PelieHne MeXK/y HAKIOHHBIMU
yIapHBIMU BOJTHAMU B mipeesie 61 — 0 u mapaJieasHoi
yAapHoit BosHoi (S))).

C ymenbimenueM yria 0] takzke OyJeT yMeHbIIATh-
Cs1 PA3PhIB MEXKIY JOMYCTUMBIMU 3HAYEHUSIMHA MOTOKA
MACCHI JJIsT OBICTPBIX U TPAHCAJBBEHOBCKUX YIAPHBIX
BomH. Yenosus (17) mpu srom maror

2
{pve} =0, {p+pvi}= —%7
T (25)

1
B, {vy} = vp2By2, pug{vy} = P B,B,>.

{Bx} =0,

N3 coBmecTHOrO perienus: ABYX MOCTETHUX yPABHEHUI
nMeeM

m? = po B2 /4w = m?2,,. (26)

st 3T0ro 3Hadenus noroka Maccel ypasuenue (9) He
UMeeT OJHO3HAYHOrO perrenusi. HyaeBomy 3HAUEHUIO
f1 MOXKeT COOTBETCTBOBATH HEHyJeBOe 3HadeHue fo.
3a pPOHTOM yIAPHOM BOHBI MOSIBJISIETCS TAHPEHI[HATb-
Hasl KOMITOHEHTA, MATHUTHOTO TIOJIST, YTO COOTBETCTRYET
BosHe BKoueHus (S,, ). Ona nokazana ua puc. 24 Bep-
THKATBHBIM OTpe3koMm nipu m? = m2, . Bomma Bkmode-
HUSI MOYKET BBITOJIHATEH POJIh TEPEXOMHON IS TPaHC-
AJIbBEHOBCKOW ¥ OBICTPOI yIapHOW BOMH B Mpeiese
#1 — 0, HO [Tl ATOTO, pa3yMeeTcsi, HEOOXOIUMO, ITOOBI
m? — m2,. B npotuBHOM ciydae GyIeT ocylecTBIeH
HepexoJl K MapaJsiIe/IbHO BOTHE COrIacHo (24).

YT00ObI yCTAHOBUATE BU/I, TEPEXOIHOTO PEITICHUST MEZK-
Ay TapaJLIeabHON yJapHOU BOTHONW U KOHTAKTHBIM Pa3-
PBIBOM, MOJIOKUM B (24) v, = 0, Torma uMeem

{B:} = {vy} = {p} =0. (27)

Dra cucreMa ypaBHEHUH COOTBETCTBYET KOHTAKTHOMY
paspbiBy (18), OpTOrOHAILHOMY JIMHUAM MATHATHOTO
mosist. OHA OMUCHIBAET TIEPEXOIHBIN PA3PHIB MEYKIY Ta-
pamnTenbHO#M yAApPHOUM BOTHOM B mpeaene v, — 0 1 KOH-
TaKTHBIM pa3pbiBoM. Ha puc. 2a Taxoit mepexos mmeer
mecto mpu m? = 0.

Korna B, = 0 (puc. 26), Betuauna m2,, CTAHOBUTCSE
pPaBHOI HYJIIO, & BCe HEHYJIeBble MOTOKA MAaCChl OKA3bI-
Batorcst B obstactu [V ua puc. 1. Urobw! Haiitu coorer-
CTBYIOIIIAE UM T'DAHUYHBIE yCIOBUS, noacTtaBuM B, =0
B (17). Tonyunm

B2
{pva} =0, Sp+pvy+ Lo =0,

{oy}=0.

(28)
{UxBy} =0,
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9TH yCIOBUSA XapAKTEPUIYIOT YAAPHYIO BOTHY C2KATHS,
PACTIPOCTPAHSIONIYIOCA MEepHMeHInKyIIPHO MArHUTHO-
My moso. B obrem ciaydae meprnenaukyasapHoOil yaap-
HOIT BouHbI (S| ) IpaHUYHBIE YCIOBUs HAIeM, MOACTA-

Bus B, =08 (1)—(7):

B2 + B?
{pva} =0, {p+pvy+——" =0,
8 (29)
{'UxBy} =0, {Uy} =0,
{v;B,} =0, {v.}=0.

Torma ypasaenusi (28) TpeACTABIAIOT COOON TpaHWY-
HbIE YCJIOBUsI MEPEXOIHOTO Pa3PbIBa MEXKIY OBICTPOit
yaapHO# BOHOM B nipenene B, — 0 u mepneHauKyIsap-
HOI yZapHOIl BOJTHOW ¢ MATHUTHBIM TOJIEM, HAITPABJIEH-
HBIM BJIOJIb OCH Y. DTOT MEPEXO]] MOKET ObITH OCYIIe-
CTBJIEH TOJIBKO MIPU MOTOKAX MACCHI, YAOBIETBOPAIONIAX
uepasercTy (11), kKoropoe npu B, = 0 mpuHuMaer Bu/
m? > m?2 (puc. 26).

YTobbI OnpesenuTh MPAHUYIHBIE YCIOBHS Pa3PbhIBA
mpu m? = 0 (puc. 26), mogcrasum B, = 0 n v, = 0
B (1)=(7). B aToM ciiyuae MarHMTHOE TIOJIE W TIOJIe CKO-
pocTeil mapaJIesbHbl MOBEPXHOCTU PA3PbIBA U MOLYT
TIpeTePNeBATh MPONU3BOIbLHBIE CKAYKHI TIO BETUYINHE U TIO
HAMPABIEHUIO, & CKAYOK JTABICHUS CBI3aH CO CKATKOM
MATrHUTHOTO TOJIsI YCIOBUEM

B: + B?

P 8

=0. (30)

DTo coorBercrByer Tanrenipaibuomy paspoisy (1'). K
Hemy B mpenene B, — 0 npm onpeeneHHbIX yCIOBH-
SIX MOTYT TepPefTH M KOHTAKTHBIA Pa3PhIB, U MeIJICH-
Has yIapHas BOTHA, U aTbBEHOBCKUI pa3phiB. Haitmem
COOTBETCTBYTONIME TIEPEXONHbIE PENIeHus. Bo-TepBhIX,
noacrasuM B, = 0 B TpaHUYHbIE YCIOBUSA IJIsT KOHTAKT-
HOro paspbiBa (18), moMyunM mepexoaHoe perienne

{By} ={vy} ={p} =0. (31)

Omo onuchiBaeT TaHreHIMAaIbHbIH pa3pbis (30) npu Hy-
JIeBOi KOMIIOHEHTE OISt B, B OTCYyTCTBUE CKAUKOB {vy }
u { By }. BO-BTODBIX, yCIOBUS [7IsT HAKJIOHHBIX yIAPHBIX
Bour (17) npu B, = 0 u v, = 0 ecTb nepexonHoe perie-
HIEe

B2
P+ -

= 2
=0, (32

COOTBETCTBYIOIIEE ILITOCKOMY TAHTEHIMATBLHOMY Pa3phl-
By (30) npu B. = 0. Hakoueu, rpanudHoe ycjaoBue

r Al s |
17;//_ /¢/_ ; A I 7 7//_/_}‘
st Soff St Tr HSon Sy
\/_/¢/Z _f /____Zf_ _/¢//Z _/|/

| Sj

- W

<> O (<>

Puc. 3. Cxema HenpepbiBHbIX nepexogos mexay MI/-

paspbiBamu. LLITpuxoBsoii nuHueii obseneH Habop pas-

PbIBOB, COOTBETCTBYIOLWNI 6/0KY HAKNOHHBIX YAAPHbIX

BonH B cxeme Cbiposatckoro [21]. BHyTpu KoHTypa

LITPUXOBKON BbifeNeHbl «MegneHHas (cnesa) n «bbi-

cTpasi» (CnpaBa) COCTaBNSIOWMNE CXEMbI, MPEOJIOKEH-
Holi B pabote [23]

JIIS aJIbBEHOBCKOTO paspbiBa, (23) 10CIe MOJCTAHOBKY
B, = 0 maet mepexomaHoe pereHne:

B: + B?

{p} =0, {p+ o

=0, (33)

KOTOPO€ OIUCBIBAET TAaHMeHIMAJbHBIH pa3pbis (30), He
MMEIOMH CKavKa TUIOTHOCTH p.

Buauenue yria @ st Hanbosee CHIBHON Tpamc-
AJIbBEHOBCKOW YJAPHOW BOJIHBI ONpelendeTcd ypaBHe-
ureMm (15). Ipu B, — 0 B cuaty (15) yromn 0y — —6;. Ta-
KM 00pa3oM, TPAHCAILBEHOBCKWE BOIHBLI TIPU yMEHb-
IIEHUH MATHUTHOTO TOTOKA BBIPOKIAIOTCA B YACTHBIN
ciydail aJIhbBEHOBCKOTO pa3pbiBa. PazyMeercs, mJist JIo-
6OTO THMA TEYeHWS TAKYKE MOKHO TMPUPABHATH K HY-
JIIO CKAYOK TITOTHOCTH. B TakoMm ciaydae BCe mapamer-
pBI My, M% W M, OyayT pasabl NOTOKY (22), mpm
KOTOPOM Peain3yeTcs aJbBeHOBCKUi pa3pbis (21). Ha
puc. 26 eMy COOTBETCTBYeT ODO3HAYEHHE mgfﬁ Aon
[Tpu apyrux moTOKAX MACCHI PA3IAYUSA B XapaKTePH-
CTUKAX TJIA3MBI MO Pa3HBIE CTOPOHBI PAa3pPhIBa MCUE3-
HYT, PA3PBIB KAK TAKOBOMH OYJET OTCYTCTBOBATD.

O6beMHENM CUCTEMATH3UPOBAHHBIE BBIIIE CBORCTBA
PA3PBIBHBIX PEIeHnii B CXeMy Pa3pereHHbIX Mepexo-
OB MEKIy HWMH, TOKA3aHHyI0 Ha pHUC. 3. 31ech B
CPETHEM DSy PACHONOXKEHbI JBYMEDPHBIE PA3PBIBbI B
MOPSAIKE YBEJWIEHUST MOTOKA MACChl, B BEPXHEM psi-
Iy — TpexMepHble pa3pbiBbl. HUKHWI pag 3aHIMAaeT
OJIHOMepHas apasaebHas yaapaas sona (S)). [pym-
NMUPOBKA OTJENbHBIX 3JEMEHTOB NPOBEIEHA s YI100-
CTBa COMOCTABJIECHUST ODOOIIEHHON CXeMBbI TIEePEXOI0B C
npearapumMucs panee. Cxema Coiposarckoro [21]
COrJIacyeTcsi ¢ puc. 3, €CIU SIEMEHTHI Sf, Soffs S’i,
Tr, Sop n S4 00BEAVMHUTH B OINH OJOK <«HAKIOHHBIE
yJapHble BOJHbI» (S), OIMyCTUB OPU 5TOM BOIIPOC O BO3-
MOKHOCTH TIePEXOJ0B BHYTPHU OJIOKA, U HEe PAaCCMaTpH-
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BaTh KOHTAKTHBIN pa3pbiB (C') u mapasenbayio yiap-
myio sommy (S)). Cxema, mpeaoxennas B pabore [23],
BRJIIOUAET B cebs mapasIenbryio Bomny (S)) u pasie-
JIeHWe HAKJIOHHBIX BOJTH Ha MejeHHyto (S_), coorBer-
crBylonyio yciaosuio (12), u Guicrpyio (Sy), coorser-
creyiontyio (13). JIOBOILHO OUEBUIHO, UTO MpPEIarac-
Mad HaMH CXeMa IIepexoJ0B ABIAeTCA KOPPEKTHBIM K
€CTeCTBEHHBIM O0000IeHneM ABYX OOTee PAHHUX CXEM.
Cxema COHEpKUT B cede He TOIHKO IBOTIONMOHHLIE,
HO U HEIBOJIIOIUOHHDBIE TUIBI PA3PBIBOB: YIAPHYIO BOJI-
HY BKJIIOUEHWS, AJTbBEHOBCKYIO U TPAHCAIbBEHOBCKYIO
yaAapHbIe BOTHBI.

5. CKAUOK BHYTPEHHEI SHEPTI'UU

Yrtob6s! ompeaennTsb 3P HEeKTUBHOCTL HATPEBA, TLIa3-
MBI, 0OPATUMCSA K TPAHUIHOMY YCIOBHIO (), mpeacras-
JITIOmeMy coboi 3aKOH coxpanenus suHeprun. Vemomn-
3ys (2), Haiigem u3 (8) cka4OK BHYTPEHHE dHEPrun

a--{3)-4

Ncmomp3ya cpeane BeTWIUHBI CKOPOCTEH Uy, Uy U s,
3amnITeM TepBoe claraeMoe B BUIE

Ly -

{B%v, — (v-B)B,}.

47rm

_ {“_22} = — by {vp} — By {vy} — 0. {02}

CkadKky TAHPEHIMATBHBIX KOMIIOHEHT CKODOCTH BbIPa-
3UM 9epe3 CKAYKM TAHTEHIHUATBHBIX KOMIIOHEHT MAr-
HWTHOTO Mosisi TIpu momotn ypasuennit (1), (2), (5)
u (6). omy4anm

) = 2 (B}, {0} = o (B.).

Teneph mepBoe claraeMoe B TPaBOil YACTH ypaBHe-
uus (34) BBINISIUT KAk

—{g} = —i, {v,

AnanornaHo Bes mpaBasg dacth (34) BbIpazkaeTcs

By}~ {B b (35)

gepe3 CKavK’ HOpMaJ[bHOfI KOMTIOHEHTHBI CKOPOCTHU "
TaHTeHIIUAJTBbHBIX KOMIIOHEHT MArHUTHOI'O ITIOJIA:

P 9, B, — 9, B
{e} = _E{”xH %{By} -

mB - B B
- VB Barpy -
vy B, —v.B,
- == “fB.}\.
4m, {Z}

DTO ypaBHEHHE YTIPOLIAETCs, €CJH DPACKDPBITH BXOIs-
[Ue B HErO CPEJHWE 3HAYEHWS W BBIHECTH 32 CKOOKM
—{v,}/m = —{r}. Hony4aem

(e = —tr} (p+ PEHEEY,

JI1st IByMEpPHBIX pa3pbIBOB OHO MPUHUMAET COBCEM MTPO-

(36)

CTOU BU

o=t (p+ 222). 37)

VYpasuenne (36) mo3BOMIAET CAEIATH ONPEIETCHHbBIE
BBIBOJILI OTHOCWTETLHO W3MEHEHWsl BHYTPEHHeH 3Hep-
UM TIA3MBI TIPA TIEPECEYeHNN TTOBEPXHOCTH Pa3phIBAa.
Bo-nepBbIX, BHYTPEHHSIST SHEPrUsl PACTET, IMOCKOIBKY
—{r} > 0 no Teopeme Uemmuena, a p u {B,}> — no-
JIOKATEHLHBIC BETNIUHBI. BO-BTOPHIX, M3MEHeHNE BHY-
TPEHHEel SHePrum CKJIAAJIbIBAeTCA U3 ABYX 4HacTel: Tep-
MOIMHAMUYECKOM 1 MarauTHo. [locmeqHsist 3aBUCUT OT
KOH(MUTYypaIi MATHUTHOTO TOJA, & 3HAYAT, W OT TH-
na paspbiBa. Beipazum B ypasuenuu (37) raHreHIpMa b
HBIE KOMIIOHEHTBI MATHUTHOTO MO 9€Pe3 COOTBETCTRY -
IOIIAe YTJIbI HAKJIOHA:

{e} =

3aremM TEePMOIMHAMHUYECKYI0 YAaCTh HATDEBA, HE 3aBU-
CATIYIO OT THUTIA PA3PBIBA, MPUMEM 3a HYJIEeBOI OTCYeT,

(tg 92 — tg 01)

a caM CKAYOK BHYTDEHHeil sHeprum GyJeM M3MepsaTh B
eqununax —{r}B2/16m. Ias 5TOro NpoBeeM 3aMemHy

{e} = ({e} +{r}p).

{r)B2 }B2

[Moxyunm ypasHenme

{e} = (tgh —tgh)*. (38)

JInst paspbiBOB, NMPEJICTABIEHHBIX Ha puc. 1, 3aBucH-
MOCTb CKAYKA BHYTPEeHHeHl SHeprud OT MOTOKA MACChI
BLIUNC/ICHA € UCHONb30BanueM (hopMy bl (38) u moka-
3aHa Ha pHUC. 4. 3aBUCAMOCTH, OMMUCHIBAIOMIAA CKATKH
BHyTDEHHeH SHepruu Ha HAUOO/ee CHIbHBIX TPAHCAb-
BEHOBCKUX U OBICTPHIX YAAPHBIX BOTHAX, NMEET BU

2
{6}, _ (mQ/mgff - m2/mgn)
m?2/m? —1

(39)

Ha puc. 4 ona mameceHa TOHKOHN JTHHUEIR.

Buano, 9To MakcMMaNbHBIM CKAYIOK BHYTpPEHHEH
SHEPTUHU OCYIIECTBIIETCST HanboIee CUILHONW TPAHCAb-
BEHOBCKOM yIapPHOIT BOTHOIL, MPUYEM ero BeJTUInHa, ObI-
cTpo pacrer ¢ ypemuwaenuem yria 1. DbEPeKTuBHOCTD
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HenpepbiBHbIE nepexoabl . . .

10 12 14 16 18 20
m2

Puc. 4.

€ OT MOTOKa MAacCChl MPN PasANYHbIX 3HAYEHUAX Yrna

01 = 5° (cnnownbie nuHnm), 25° (wrpuxosbie), 45°
(nyHkTUpPHbIE)

3aBUCMMOCTN CKayka BHYTPEHHEN 3Hepruu

HArpeBa TJIA3MbI APYTUMEU THUTAMU PA3PHIBOB 3aBUCUT
OT KOHKDETHBIX ycnosuii. Hampumep, Harpes memien-
HBIMU YIAPHBIMEU BOJTHAMU MOYKET OBITh KaK HUYKE Ha-
rpeBa OBICTPBIMU YAAPHBIMUA BOTHAMHU TIPU MEHBITTUX
yrinax 61, tak u Bwime npu Oonbmux 6. B mo6om
cllydae BEMYMHA HATPEBA 3aBUCUT OT CHJIbI yJAPHON
BOTHBL. YeM GoJbIe n3MeHeHne TI0THOCTA MarHUTHOM
SHEPIMU HA Pa3phIBe, TeM A0 0OIee BBICOKHX TeMIIepa-
TYDP HAIPEETCs TIa3Ma.

6. SAKJIFOUEHUE

Hamu paccMoTpeHbr TpaHUYIHBIE YCIOBUS IS YPaB-
mennit mmeanbHoit MIJI Ha TOBEPXHOCTH pPa3pPbIBOB
Pa3IMYHBIX TUTMOB U YCTAHOBJIEH KOHKDETHBINH BHUJI TTe-
PEXOIHBIX DEIEHUH IJIsT BO3MOKHBIX Map Pa3PbIBHBIX
tedennit. Ha nx ocHOBe mocTpoeHa 0000IEHHAs CXeMa,
PA3PENIeHHBIX TePeX0I0B, KOTOPasi COAEPKUT B cebe He
TOJBKO JBOJIOIUOHHBIE, HO U HEIBOJIOIMUOHHBIE THUITHI
DPA3PBIBOB: yAAPHYIO BOJHY BKIIOUEHUS, AJTHBEHOBCKYTO
U TPAHCAJTBBEHOBCKYIO yIapHble BOTHBI. [Ipu wHTEp-
MpeTAlny PEe3yIbTATOB YHUCIEHHOTO WHTErPUPOBAHUS
ypapuenuii ML/ sT0o mo3Bomsier BuIeTh 00J1aCTH,
Tpebyromue Oomee aKKypaTHOTO pacdeTa M JIOMOTHH-
TEJILHOTO WCCIeAOBaHusi. B dwacTHOCTH, B 3aJade O
MArHUTHOM MEPECOSIUHEHNN B TOKOBBIX CJIOSX TAKUMU
O0JIACTSIMY SIBJISIIOTCS PA3PBIBHBIE TEUEHUS, MTPUCOEIH-
HEHHBIE K TOPIIAM TOKOBOT'O CJIOsI, K OOPATHBIM TOKAM
[30]. Tlomyueno ypaBHeHWe, OMUCHIBAIOIIEE W3MEHEHNE
BHYTpEHHEeH IHEePTUU MJIA3MbI [IPU [EPEXOe depe3 pas3-
PBIB. YCTAHOBJIEHA €r0 3aBUCHMOCTD OT THIA PA3PbIBA.
Harpes tem cumbHee, dem 0OJBITE CKAYKWA MJIOTHOCTH
[Ia3Mbl ¥ TJIOTHOCTH MATHUTHOW SHEPrUU Ha Pa3pbiBe.
Obpa3zoBanue HEIBOMIOMUOHHBIX TPAHCATbBEHOBCKIX

YJIAPHBIX BOJIH TAKIKE CIOCOOCTBYET HATPEBY TLIA3MBI.
B sBnaenunsx, o0yCIOBIEHHBIX MPOIECCOM MATHUTHOTO
MTEPECOETNHEHN ST, HATPUMED B COJTHEUHBIX BCIIBINIKAX,
9TO, MO-BHINMOMY, MOKET OOBSICHATH HAOII0IaeMOe
pacrpesesieHre CaMbIX BBICOKHX TEMIIEPATYD TIa3Mbl
B KOpoHe [13, 30].

Pabora Bpmmonmena npu (GpUHAHCOBOH MOIIEPIKKE
POOU (rpant Ne11-02-00843-a).
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