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1. BBEAEHNE

Kak u3BecTHO, COJIMTOHBI MOJIY YU/ CBOE HA3BAHUE
[1] mo aHasOrHU ¢ HA3BAHUSAMU HJIEMEHTAPHBIX TACTHIL
(371€KTPOH, IIPOTOH ¥ T.II.) B CHJLYy UX YIPYIOrO B3aUMO-
JEACTBUS IPYT C JAPYTOM JJIsi BAXKHOTO KJIACCA HEJH-
HelHBIX BOJHOBBIX ypaBHEHWi. A WMMeHHO, IBe yeau-
HEHHbIE BOJIHBI, HAXO/ANIMECA /10 MX «CTOJKHOBEHUSI»
BJAMU JAPYT OT Jpyra, NMPOAAsa 4epe3 CTAIHI0 B3au-
MOJENCTBUSA, BO3BPAIIAIOTCA K CBOEil mepBOHAYAJIbHON
dopme 6e3 obpazoBanusd KAKAX-TA00 JTOMOTHATEIbHBIX
BosiH. TeM He MeHee aKT UX B3aMMOJEHCTBUS HE TIPOXO-
JIAT COBCEM BECCIIEIHO U B PE3YJIbTATE HErO TPACKTOPUU
COJIUTOHOB MPUOOPETAIOT JOMOJHUTEILHBIE CABUTH O
CPABHEHUIO C MX [I€PBOHAYAJIbHBIMU TPaeKTOpusaMu [2].
Hampumep, B caydae ypaBuenusi KopreBera—ie ®@pu-
3a (Kn®), ABIAONIErocs yHUBEPCAJIBHBIM BOJIHOBBIM
ypaBHEHHEM JIIsi OIMCAHMUS BOJH C y9€TOM MAaJIbIX 3(-
(beKTOB HEMMHEHHOCTH W JAUCIEPCHH, KOTOPOE MBI 3a-
MUIIEM B CTAHJAPTHBIX 0€3PA3MEPHBIX TEPEMEHHBIX,

(1)

U + 6UlUy + Ugpy = 07
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COJTUTOHHOE DEIeHue uMeeT BUI

2

K 1

2 ch?[k(z — K2t — 20) /2]

u(z,t) = (2)
T.e. CKOPOCTb COJIITOHA § = K’ HPOIOPIHOHAJIBHA €ro
ammaTyse a = k2 /2. Ecin B HauambHBIH MOMEHT Bpe-
MEHHU BOJTHOBOE BO30Y:KIEHHE MOYKET ObITh TPE/ICTaB-
JIEHO C XOPOINei TOYHOCTHIO B BHUIE ABYX YIAJEHHDLIX
Pyl OT Jpyra COJMTOHHBIX UMILYJIbCOB (2), mpuuem
0oJjtee OBICTPBIN COJMUTOH C TMAPAMETPOM K = Ko MMEET
HaYaJIbHYI0 KOOPIUHATY T2 JIEBEE KOOPIUHATHI L1 00~
Jlee MEe/IJIEHHOIO COJIMTOHA € napamerpom ki (k1 < Ka),
TO MX IEPBOHAYAJbHbIE TPACKTOPUU X K3t + 201,
¥ = K3t + Top TPHOOPETYT TIOCTIE CTOTKHOBEHHUS CABUTH

T = K%t+$01 + Az, == m%tergg + Az,

rie

Ko + K1
R2 — K1

Ko + K1

2
, Azs=—1In .
R2 — K1

K2

2
Az =——1In
R1

3)

Taxkum 06pa3oM, OBICTPHII COTUTOH ¢ GOJIBITON aMITIIN-
TYJOU CABUraeTcd BIIEepel, & MeJJICHHbI U HU3KUA —
Ha3a/1, IpUIeM 110 aOCOTIOTHON BEJIMIUHE CIBUT HI3KO-
10 OOJIBITIE, YeM CJBUT BBICOKOTO. 3aMedYaTebHO, UTO
JJIS BayKHOTO KJIAaCCa MHTETPUPYEMBIX ypPaBHEHUH MO-
IyT OBITH MOJYYEHBI PEIeHUs C JIOOBIM THUCIOM COJIH-
ToHOB. [Ipm 3TOM B pe3ymbTaTe OTHOBPEMEHHOTO CTOJIK-
HOBEHHS TPEX WU OOJBIIEro X UHUCIa CyMMAapPHBIH
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C/IBUI' Ka2KJIOrO COJTMTOHA PABEH CyMMe CIABUIOB BU/A
(3) miia mapHbIX croJKHOBEHHH (CM., Hanpumep, [3,4]),
T.€. MHOKECTBEHHBIE CTOJKHOBEHUSI COJIMTOHOB OZHO-
BPEMEHHO B OIHOI OBJIACTH TMPOCTPAHCTBA, HE OTINYA-
FOTCSI B 3TOM CMBICJIE OT MOC/IEI0BATENbHBIX MPOCTPAH-
CTBEHHO Pa3/I€JeHHBIX MAPHBIX CTOJKHOBEHUI COJIUTO-
HOB JPYT C APYTOM.

IIpencraBuM Temepb, YTO B HaIlell BOJHOBOU CH-
creMe BO30YKIEHO OYEHDb DOJIBITIOE YUCTO COJTUTOHOB,
KazKJIbIil U3 KOTOPBIX XapaKTEPU3yeTCsl CBOMM IIapa-
MeTpoM k. TOrma MOMKHO TOBOPHTH O Tas3e COJUTO-
HOB W WCMOJB30BAThH IJIsl €r0 ONMUCAHWS TIPEICTAB-
JIEHWSI Ta30BON KHHETHKH. Ecau 0003HAYNTHL dYepes
f(k, 2, t)drdk auciio CONMUTOHOB C KOOPAUHATAMU B WH-
repBate (z,x + dx), KOTOpble NMEIOT TTApaMeTp K B WH-
repBasie (K, K+ dKk) B MOMEHT BpeMeHHU ¢, TO IBOJIIOLUS
TAKOr0 ra3a XapakKTepUu3yercs 3aBUCHMOCTBIO (DYHKIAN
pacnpegenenus f(k,x,t) M0 KOOPAMHATE U MAPAMETPY
K OT BpeMeHH. 3a/1a4a HAliTu KNHETUIECKUE Y PABHEHU S
JITST TAKOH 9BOJIIONMHU ObLIA ITOCTABIECHA 3aXapOBBIM B
pabote [5] n perreHa UM 715t Pa3PEXKEHHOTO Ta3a COJU-
TOHOB, KOTJIa WX CTOJIKHOBEHWS IPYT C IPYTOM B CPE-
HEM MaJio M3MEHSIOT cKopocTu § = k2. ITozzke Diib, uc-
CJIEysl CTIeNUATBHBIA TPEIE MOLYIATUOHHBIX yPaBHe-
HUl Yuszema it 6eCKOHEIHO(DA3HOTO PEIIeHUsT YPaB-
nenus Kn®, nosnyuun B pabore [6] obobuienue kune-
THYECKOTO yPaBHEHMs 3axXapoBa Ha IIOTHBIA COJTATOH-
HBIIT ra3. Bostee mMpocToit BHIBO, 3TOTO ypaBHEHUS HA, OC-
HOBE CAMOCOIJIACOBAHHOIO OIIPEJIENEHUs CPEJHEN CKO-
POCTH COJIUTOHA, MBMXKYINETOCA CKBO3b ras, ObLT JaH
B pabore [7] u Tam ke OBLIO HOJY<IEHO HpOCTeiIee
peIenne 3TUX yPaBHEHWI, OMUCHIBAIOIIEE CTOIKHOBE-
HHUE JIBYX OOJIAKOB COJIMTOHHBIX TA30B, B KAXKIOM M3
KOTOPBIX MApPaMETPhl K OJIM3KH ApyT K Apyry. Pop-
MaJIbHBIE DPEIIeHusT I JIFOOr0 YHCjIa TaKuX 00Ja-
KOB u3ydasuch B paborax [8,9]. B macrosmee Bpe-
MsI TE€OPUS KMHETHIECKUX yPABHEHWIl JJI COJIMTOHOB
CTajla 9aCThI0 AKTUBHO PA3BMUBAIOMICHCA TaK HA3HIBAC-
MOit «00OOIIEHHON THAPOIMHAMHUKI », KOTOPas HAXOIUT
MPHUIOKEHUS K PA3TUIHBIM HHTETPUPYEMBIM MOJETSAM
CHCTEM MHOTUX B3aUMOJEHCTBYIOMUX YaCTHIl (CM., Ha-
upumep, 0030psbt [10, 11] u umMerommecs TaM CCbLIKK).
OnHako, HECMOTPST Ha TAKON 3HAYUTENIbHBIN (HOPMATDL-
HBII TIporpecc, (pu3myeckoe TOHMMAHNE TIOBEIECHUST CO-
JIUTOHHBIX TA30B MPEICTABIACTCA HEIOCTATOUHBIM, TaK
KAaK JI0 CHX IIOP MMEETCs JIMIIb OYeHb HeOOJIBIIOEe 9nC-
JIO PEIeHHBIX 33,149, TAIOMIAX MTPEJICTABICHAE O XapaK-
TEPHBIX Y€PTAX IMHAMUKHA B3AMMOICHCTBYIOMX COJIA-
TOHHBIX r'a30B. B TO ke BpeMs B HACTOSIIEE BPEMS Ha-
YAJIUCh YKCIEPUMEHTATBHBIE UCCTEI0BAHNS TUHAMAKA
COJMTOHHBIX Ta30B B PA3JUIHBIX (DUSUIECKAX CUCTE-
MaxX, BKJIIOYas BOJHbL HA BOJIE M XOJIO/HBIE aTOMbL (CM.,

797

Haupumep, [12-14]), uro rpebyer co3uanus sCHOI Kap-
THUHBI JUHAMHUKHA COJIMTOHHBIX I'a30B. B JaHHOIl crarhe
MBI TIPEJICTABUM HECKOJBbKO TPUMEPOB TaKONH TUMTUIHOMN
JUHAMWKH, KOTOPBIE TTO3BOJIAIOT MTOHATH HEKOTOPHIE CY-
IIECTBEHHbIE CBOMCTBA ra30BOI JUHAMUKU COJIUTOHOB,
OTJIMYIAIONINE €€ OT JUHAMHWKHN OOBIYHBIX Ia30B.

2. KNHETNYECKOE YPABHEHUE [JIdd TA3A
COJINTOHOB

Cragaja TIpUBENEM ISl TIOJHOTHI KPATKHWHA BbI-
BOJI KWHETUIECKOTO YPABHEHWS IJIT COMMTOHHOTO Ta3a
Ka®, cienys merony paborsl [7]. IIpex e Beero 3ame-
THM, 9TO B CWJIy WHTETPUPYEMOCTH ypaBHeHuss Kn®,
OTKDHITOH B padore [15], sBostonust BOIHBI u(x,t) mMpo-
HUCXOAUT TAKUM 00OPa30oM, UTO CIEKTP 33Ja9d Ha COO-
CTBEHHBIE 3HAYEHHS JJIs ACCOMUUPOBAHHOTO C ypPaB-
neaneM Kia® crammonapuoro ypasuenus [IIpémnuarepa
Yoz = —(u(z,t) + X)) He 3aBucur or Bpemenu ¢ u Kazx-
JIOMy COJIATOHY OTBEYAET HEKOTOpoe 3HadeHume A < 0
JIMCKPETHOTO crieKTpa. Bomee ynoOHbIi mapaMeTp K, uc-

ITOJIb30BAHHBIN B 3aIUCH COJUTOHHOI'O pernieHnd B BU-
ne (2), ceasan ¢ A coornourenueM K = y/—\. Ciejio-
BATEJIHHO, TIPU IBOJIIOIUN BOJHBI COTJIACHO YPABHEHIIO
Kn® kak crmektp, Tak u HAOOp 3HAYEHUI K MPU IBU-
JKEHUH COJINTOHOB, COMPOBOXK/IAEMOM MX CTOJIKHOBEHU-
MU, HE u3MeHsieTCs. Kcym Obl COTUTOHBI IPY UX CTOJIK-
HOBEHUSAX HE MPETEpPeBau CABUTOB (3), TO UX CKOPO-
CTH BBIPAZKAJIHCh ObI POPMYJION § = K2 [jIs BCEX COJIH-
TOHOB ¢ mapamerpoMm k. OJHAKO CTOJKHOBEHUS] MOJIU-
dunupyror 31y ckopocTh. [Ipr Kaxk10M CTOIKHOBEHUN
coJInTOHA € 60JIee MeJIeHHbIMU COJTMTOHAMU, UMEIOIIU-
MU mapamerp 1 < K, «IPOOHBIN» K-COJUTOH IPOIBUTA-
€TCs BIEpPeJ Ha JTOTOJHUTEIHHOE PACCTOSHUE

2. K+n
—1In ,

K K=

M YUCJIO0 TAKUX CTOJIKHOBEHUH B C€IVHUILY BpEMEHN DaB-
HO OTHOCWTEJIbHO# cKopocTn s(k) — $(1), YMHOKEHHOM
HA IJIOTHOCTH 7)-comuTonoB. CremnoBaresbHo, biaaroma-
Ps1 TAKUM CTOJIKHOBEHUSIM K-COJINTOH IPHUOOPETAeT J0-
0aBKy K CKOPOCTHU

AnayorngsbiM 06pa3oM KayKIbIi COJTUTOH C MapaMer-
poM 1) > K, OOrOHMAIONUI «IPOOHBIIY» K-COJIMTOH, CMe-
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IAET ero 3a eIWHUILY BPEMEHH HA3a/l Ha PACCTOSHUE

oo

-/

K

ntk
n—K

2
—1In
K

[s(n) = s(r))].f (n)dn

o0
2 K+mn
= [ 4 - d
[ 2 [ZE ) = st apan,
K
TOJIy YaeMOe YMHOXKEHUEM CIBUTA —% In Zi—: IpU eu-

HUYHOM CTOJIKHOBEHUW HA YUCJIO TAKUX CTOJTKHOBEHWH
[s(n) — s(k))]f(n) u uaTerpupoBanuemM 1O 3HAYEHUSM
n > k. llpubasissg 3tu mobaBKu K HEMOIUMUITTPOBAH-
HOMY 3HAQUEHHIO CKOPOCTH K2, TIOMYdIaeM CaMOCOTJIACO-
BAHHOE ypaBHEHUE

200
2
= — 1
s(k) m+/€/n
0

Takum obpazom, QyHKIHSA pacCIpegeseHnsi COTUTOHOB
C IIApaMETPOM K IMEPEHOCUTCSA BJIOJb OCH I CO CKOPO-
cTbi0 $(K), ONpENe/aeMOii MHTErpaJIbHbIM yPABHEHU-
em (5), ¥ yCJIOBHE COXPAHEHHUS CIEKTPA TIPU BOJIONUN

k="

] (5(r) — s Fmdn. (5)

BOJIHBI cortacHO ypasuennio Ka® 3anuchiBaeTcs B BU-
Jle 3aKOHA, COXPAaHEeHNUsI:

Of (kyz,t)  O[s(k)f(k,z,1)]
ot + ox (©)

9TO ypaBHEHUE, JOMOJHEHHOE WHTErPAJIbHBIM YDaBHE-
uueM (5), HA3LIBAETCSH KUHETUYECKUM yPABHEHUEM [IJIs1

0.

ra3a comuToHoB Ka®, u oHO ObLITO APyruM CIIOCOOOM
nosy4eHo B pabore s [6]. Ormerum, 4To yder Jiuiib
HAPHBIX CTOJKHOBEHWI B ypaBHenuu (5) B MJIOTHOM
COJIUTOHHOM Ta3e OIPABJIbIBAETCH yIIOMAHYTHIM BbIIIE
CJIO’KEHWEM CJBUTOB TIPU KPATHBIX CTOJKHOBEHUSX CO-
JIATOHOB.

Ecnim  taz  COIWTOHOB  pa3peskeHHBIH,  T.e.
[ f(k)dk < Ko, THe Ko — XapaKTepHOe 3HAYEHHE
napamerpa £ B pacupejeseruu f(k), TO mOnpaBOYHbIH
ujer B (opmyse (5) Maa U B HErO MOYKHO TIOJICTABUTH

HeMoudHIIpoOBaHHOe 3HaYeHHE §(K) & K2:

00
/ In
0

910 BbIpaKeHue onpejessger GyHKIu S(K) 3aMKHY-
TOit (hOpMysIOH B OTINYNE OT WHTErPAJHHOTO ypaBHE-

2
— 24 2
s(k) =k +/4

KkK—n

‘ (K> =) f(n)dn.  (7)

Hus (5) mis miaorHOro rasa commtoHoB. Cucrema (6),
(7) 6buIa oy yeHa 3axapoBbiM B pabore [5] BMecTe co
chOpMyIMPOBAHHBIM 371€Ch TOAXOJOM K KWHETHKE Ta-
3a COMUTOHOB. ZICHO, YTO TAKOrO POJA KMHETHYIECKHE
YDABHEHHSA MOTYT GBITH MOJIy9I€HBI W IS APYTUX MOJI-
HOCTBIO WHTErPUPYEMbBIX YPABHEHWH C M30CHEKTPAIIh-
HOI1 3BOJIIOIMEN HEeJIMHENHBIX BOJIH.
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3. IBYXIIOTOKOBBIE TEYEHN A
COJINTOHHBIX TA30B

Yrob6bl MOMYyYATH IPEACTABICHUE O JIUHAMHUKE CO-
JINTOHHBIX Ta30B CONIACHO KHHETUYECKOMY yPABHEHHIO
(5), (6), mpeanonoxum, 9To (DYHKIUS paCIpeie/eHus
UMEET JIBa OYEeHb Y3KWX TMHWKA BOJIW3N 3HAYUCHWH K1 U
K2, T.e. ee MOYKHO MPEJCTABUTD B BUJIE

flr,2,t) = fi(2,8)0(k — K1) + fa(2, 1)d(rk — K2). (8)

DTO 03HAYAET, 9TO MBI PACCMATPHUBAEM HHAMUKY B3a-
HUMOJIEHICTBYIONMX ra30B Ha BPEMEHAX, KOTJa CTOIKHO-
BEHUSIMM COJINTOHOB OJJHOTO COPTA C OYEHb OIM3KUMU
CKOPOCTSIMU MOZKHO IIPEHEODEdb W yUIUTHIBATD TOJIBKO
CTOJIKHOBEHHS MEZK/Ly COJTMTOHAMH Pa3HbIX copToB. To-
ra noacraHoBka (yHKIMN pacrpenenenus (8) B (6) n
(7) maer 3aKOHBI COXpAHEHHs

Of1 | 9(s1f1) 0fs | 9(s2f2)
ot ot

ox ox

TJIe CKOPOCTH S1, S2 YIOBJIETBOPSIOT YPABHEHUSIM

=0, =0, (9

s1=Ki+aifa(s1—s2), s2=k3+azfi(s2—s1), (10)
W MBI BBEJIU JJI yAOOCTBA 0603HAUEHWS

K1 + Ko
R1 — R2

K1 + Ko
R1 — R2

(11)

2
, ay=—In
K2

2
a;=—1n
K1

VYpapuenus (10) m03BOJISIIOT BBIPA3UTH IEPEHOPMUPO-
BaHHBIE CKOPOCTH Y€PE3 MJIOTHOCTH COJTMTOHHBIX TA30B:

Ki(1 = agf1) — wiauLfo
l—aifo—oaafi
K5(1 — arfa) — Kagfi
l—aifo—oaafi

Eciu ke Bbipasurs u3 (10) mwiorHocru fi o depes cKo-
pocTu s1 2,

1 (12)

52

H%—Sl

041(82 — 81)7

SQ—FL%

(12(82 — 81)’

fi= (13)
U IOJCTABUTH ITU BblpaxkeHud B (9), To ra cucrema
NPUBOAUTCA K 3aMEYATENbHO NPOCTOMY JHATOHAILHO-

My BULY:
351 s (951 352 s 882 -
v 25— - 17— =
ot ox ot or
IIe IIepeHOPMHUPOBAHHBIE CKOPOCTH Si,S2 SABIAIOTCA
PUMAHOBBIMY WHBAPUAHTAMM 3TOI CUCTEMBI ypaBHEHUH

=0, 0, (14)

TPUAPOAMHAMUYECKOrO THIIA.

Dopmasbho ypaBrenus (14) moxoxu Ha ypaBHEHUS
ra30BON JUHAMWKNM B PUMAaHOBOU (opme, HO dusnye-
CKHE CBOMCTBA COJIMTOHHOIO I'a3a BECbMa OTJUYHBL OT
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cBoiicTB 0ObIdHOrO rasa. Ilpexae Bcero 3amerum, 9To,
XOTsI CKOPOCTH COJIMTOHOB IEPEHOPMHUPYIOTCS B 0O0JsIa-
CTH TIEPEKPBITUS CONUTOHHBIX 0BJIAKOB, TAKOE W3MEHe-
HUE CKOPOCTW HEJIh3sl WHTEPIMPETHPOBATH KaK YCKOpe-
HHUE COJUTOHOB NOJ J€HCTBHEM JTaBJIEHUS: MOCIE BbI-
X014 W3 O0JIACTH MEPEKPBITAS UX CKOPOCTH BOCCTAHAB-
JIMBAIOT CBOW TIEPBOHAYAJIBHBIE 3HadeHwWs. [lamee, ra-
3bI CBODOJHO HMPOTEKAIOT CKBO3b JAPYI JPYyra C Iepe-
HOPMUPOBAHHBIMU CKOPOCTSIME, HE HCIIBITHIBAS HUKA-
KUX JIWCCHTIATHBHBIX MPONECCOB. IIpn 3TOM JuHAMAYE-
ckue ypasuenus (9) umeror opMy 3aKOHOB COXpaHe-
HUS U, KAK ¥ B TEOPUH BA3KHAX YJAPHBIX BOJH, JOIYC-
KalOT pa3pbIBHBIE permenns. Hakomen, B Hamewm ciydae
MO?KHO CHUTATh, 4YTO COJIMTOHHBIEC Ta3bl UMEIT Hyﬂe—
BYIO TEMIIEPATYPY, TAK UTO IIEPEXOJ, 9€PE3 PAa3PhIB HE
CBSI3aH C yBeJMYEHNWEM SHTPOIUH, T.e. Teopema 2Kyre—
[emmiena (cM., Hanmpumep, [16]) HempuMmenuMa n pas-
PBIB MOXKeT mMmeThb Ji0bo#t 3Hak. 3 aToro xe cmemy-
€T, 9TO CyIIECTBOBAHUE TAKHX (POPMAIBLHO PA3PBIBHBIX
TEYEHUI He CBA3aHO C OMPOKHUILIBAHWEM COJTATOHHO-
IO UMILY/IbCA U MOCIEAYIOmUM (POPMUPOBAHUEM Y3KO-
ro TEPEXOIHOTO CJOs, CBA3LIBAIONIETO IBA TEYEHUS C
PA3HBIMU TTAPAMETPAMH, KaK 9TO MPOUCXOIAT B TEOPHN
BA3KUX yJAPHBIX BOJIH. [IPOACHUTH 3TOT BOIPOC IOMO-
raer cBa3b ypasuenuil (14) ¢ Teopueii raza Hamibiru-
Ha. B pabore [17] Yanabirne yKaszas, 9TO ypaBHEHHE

COCTOAHUA ra3a B
p=A-—
p

(15)
(p — naBnenue raza, p — €ro mWIOTHOCTH, A, B — 1o~
CTOSTHHBIE TIADAMETPDI) MOKET CJIYKUTH yIOOHBIM MPU-
OnmKeHneM Ha OTIEIbHBIX yduacTkax aauabars: Ilyacc-
coHa, KOraa (bOpMYJIbl TEOPUU 3HAYUTEIHBHO YIIPOIIA-
forcst. (OGpaTuM BHUMAHUE, 9TO UM TaK¥Ke ObLIa OTMe-
YeHa CBA3b yPaBHEHUN ra30BOU JUMHAMUKU JJI 9TOLO
cjlydas ¢ Teopuell MUHMMAJIbHbBIX moBepxHocteil). Mebl,
OJTHAKO, TIOJOWIEM K TeOpHH ra3a Jamibruia ¢ Apyroi
CTOPOHBI.

Eme ma mepBonadapbHOM 3Tale CO3JAHUS TEOPUHU
yaapHbIX BoH B paborax Crokca u KegpBuna o0Cyxk-
JIAJICST BOTIPOC, JOMYCKAIOT JIM YPABHEHUs TA30BOM 1~
HAMUKHI

2
1)
(c? = dp/dp, ¢ — cKOPOCTH 3ByKa) PEIIeHHs B BUIE CTa-
MUOHAPHO# pacmpocTpaHsiomeiics BoaHbL. 1Ipu Takoii
TOCTAHOBKE BOMPOCA SICHO, YTO B CTAI[MOHAPHOM perie-
HUU KaK ILUIOTHOCTH P, TAK U CKOPOCTH T€YEHUS U ABJIs-
10TCs QYHKIUSIMA TOJIBKO KoOpawHaTel, & = x— Vi, T.e.
OHU CBSI3AHBI JAPYT C APYTOM OTHO3HAYHON 3aBHUCHMO-

crpio. CIie0BATEIbHO, TAKOE DPELIEHUE JOJKHO ObITh

799

IpoCTOit BOJIHON u BbIpaxkarbca dopmysioit Ilyaccona
(cm. [16])

p= polz — (c+ ), (17)
po(x) — mpodub MIOTHOCTH B TAaKOil BOJIHE, PACIPO-
CTPaHSIOMEHCsa CO CKOPOCTHIO ¢ + u. IIpm 3TOM CBsA3HL
MEXKJIy p U U BBIPAYKAETCS YCJIOBHEM MOCTOSHCTBA PH-
MAHOBa, WHBAPUAHTA:

u— /cdp/p = r_ = const.

st cymecTBOBAHUS BOJIHBL CO CTAIMOHAPHBIM PO~
dunem HEOOXOAWMO, UTOOBI BBIMOJIHSIIOCH YCTOBHE
¢ + u = const. IloxcraBss cio/ila COOTHOIIEHUS

P
|
N
0

morydaeM mocse audGepeHInpoBaHus IO ) YPABHEHUE
JJIS JOMYCKAIOIMUX CTAMOHAPHYIO BOJIHY ypaBHEHWH
cocrognus raza p = p(p):

d
il -+ const,
p

dp
dp

d?p

dp  2dp _
dp? N

> 0.
DTO ypaBHEHHE JIEFKO DEIIaeTCs M JAeT KaK Pa3 yKa-
3aHHYIO BbIIIe 3aBucHMOCTh (15). IIpuHAB 11 MpPoCcTO-
1 B = 1, Mbl Tora umeem ¢ = dp/dp = 1/p*,c=1/p
U PUMAaHOBBI HHBapUaHTHI (cM. [16]) okasbiBatoTCst pas-
HBIMU

cdp 1
s1=u+ | —=u——,

P P

cdp 1 (18)
Sp=u— [ —=u+—,

P P

IJie U ¥ p TOAYUHSIOTCS YPABHEHUIM Jditinepa st ra3a
YHanaeiruaa

ot + (pu)z =0, Up + Uy + Z—:; =0 (19)
W BBIPAKAIOTCS 9€PE3 PUMAHOBBI MHBAPUAHTHI KAK
2 1
==, == . 20
pa— u=5(s2+s1) (20)

Ecisu nepenucars ypasuenus (19) uepe3 pumaHOBbI UH-
BapuaHThl (18), TO NPOCTbIE BHIYUCJIEHUS TPUBOIAT K
YPABHEHUSAM JIJIsl JTUHAMUKHA Ta3a Jaribruia B Iuaro-
HAJTBLHONW PUMAHOBOI (popMe, COBIAIAIONIE C ypaBHe-
Husgmu (14), ONUCHIBAIOIIMME JUHAMUKY JIBYX B3aUMO-
JIeHiCTBYIOIIAX COMUTOHHBIX TA30B.

Ecnau temeps Mbl Oyaem WCKaTh pellieHne ypaBHE-
Huit (19) B Buze Geryieil ¢ HOCTOSHHON CKOPOCTHIO V/
BOJHBL p = p(&),u = u(§), £ = x — Vt, 10 Jerko Haii-
JIEM, 9TO 3TH yPaBHEHUs Y/I0BJIETBOPAIOTCA IIPU JIH000i
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byuxmuu p(§), ecam ckopocTh Tevenus raza Janbiru-
Ha BbIpazkaerca depes p(&) dopmyioit

1
u(§) :V—&—m. (21)
B sTom crnydae maBapuanTsl PuMama paBHBI
S=V sa= V4 (22
p(§)

O4eBranHO, 9TO 3TH GOPMYIBI JAIOT PEIICHUE yPaBHe-
Huit (14) B Buze mMPOCTO BOJHBI: €CIIU TIOJIOKUTH, Ha-
upumep, s = V = const, TO BTOPOE ypaBHEHHE IIPe-
BpamaeTrcd B Sz + Vs, = 0 ¢ obmmM pemenneMm
s9 = F(x — V't), uro coBnazgaer ¢ (22), eciiu 3anucarb
dbyukmmo F(§) B sune F(§) =V + 2/p(§). B gacruo-
cru, Gyukuus F'(£) moxer BriOUarh B cebs pa3pbis,
pacIpocTpaHsommniics 6e3 n3Menenus (popMbl B 00JI1a-
CTH TIEPEKPBITHS JBYX ra30B.

CBs13b MEXK/ly yPABHEHUAMU [/ Ta3a, JaIbirnia u
KUHETHYECKUM YDABHEHUEM , OMUCHIBAIOIIMM JIUHAMUKY
JIByX B3aMMOJEHCTBYIONIMX COJUTOHHDBIX 00JIAKOB, 103~
BOJISET CTPOUTH II0YYHTEIbHBIE IIPUMEPBI PEIIeHUI Ku-
HETHYECKOTO yPABHEHHU.

4. CTOJIKHOBEHUE BYX COJINTOHHBIX
TA30B

VYpasuenus (14) uMeOT 0YEBUIHOE BBIPOXKICHHOE
pellieHre, B KOTOPOM S| M Sy SIBJIIIOTCSI TIOCTOSTHHBI-
MU, He 3aBHCAIIUMU HE OT x, HE OT t. Hecmorps Ha
TPUBHATHLHOCTH ITOTO PEIeHNUs], OHO UMeeT sicHoe (u-
3UYECKOE COJMEPXKAHWE: OHO MOXKET CIIYXKUTH <«ILIATO,
COEIMHSTONIMM JIBA, YKA3AHHBIX BbIIIE PEIICHUS B BH-
Jie TIPOCTBIX BOJH. B 9acTHOCTH, MPU CTOJTKHOBEHWUH
JIBYX TMPOHUKAIOIIUX JIPYT B APYTa ra30B C TOCTOSHHBI-
MU IUIOTHOCTSMU f1, fo U, 3HAYMT, 3HAYEHUSIMU PUMA~
HOBBIX WHBAPHUAHTOB S1, So, 0Opa3yercs 00IacTb ABYX-
ITOTOKOBOTO TEYEHWsI, B KOTOPOl CKOPOCTH COJUTOHOB
OJIHOTO COPTA TIEPEHOPMUPYIOTCS BCJIEICTBUE UX B3aU-
MOEHICTBHUS C COMUTOHAMU APYroro copra. Takum o0-
pa30M, 3371a19a O CTOJIKHOBEHHUH /IBYX I'a30B 3aKJII0O9AET-
Csl B HAXOXKIEHUU TJIOTHOCTEN M CKOPOCTEIl COJTMTOHOB
B 00JIACTH UX <«IIEPEMEIIUBAHUSY, 4 TAKIXKE CKOPOCTei
KpaeB 3Toit obmacTr. XOTs 3Ta 3a7a49a yxKe 00CyKIa-
nack B paborax [7,18], Mbl KpaTKO OCTAHOBMMCS Ha Heif,
TaK KaK COOTBETCTBYIOIIME PE3YIIbTATHI DYy T UCIO/Ib-
30BaHbI B gasbHelimeM. [Ipeanonoxum, 910 B HA9a b
HBII MOMEHT BPEMEHU B DACIPEIEICHUAX MJIOTHOCTEH
JIByX COPTOB COJINTOHOB MMEETCST PA3PBIB:

fa(2,0) = fao,
fg(l’,O) = 07

fl(xao) = 07
f1(z,0) = fio,

z <0,

23
z >0, (23)

800

f20

Puc. 1. 3aBncuMOCTb NAOTHOCTE CONMMTOHHBIX FAa30B OT KOOP-

OVHATBI MPU UX B3aWMOMPOHUKHOBEHUM MOC/E CTOJIKHOBEHUS

COJIMTOHHbIX 0BNAaKOB C MOCTOSHHBIMW HAYasIbHbIMU MAOTHO-
CTSIMU 1 CKOPOCTSIMU.

MPUYEM MBI CAUTAEM, 9TO Ko > K1, TaK 4TO OoJiee ObICT-
poe 00J1aKO COJINTOHOB C ILJIOTHOCTBIO fo9 B MOMEHT
Bpemenu ¢t = 0 macturaer B Touke x = 0 Oojiee men-
JIEHHOE O0JIAKO C TJIOTHOCTBIO f1g M HAYUHAETCS MPO-
1eCcC WX B3aMMOIIPOHUKHOBEHHS. Kak OOBIYHO B CIIy-
Jae Ha4yaJbHOI'O Pa3pblBa, PEIIeHHe HOJKHO 3aBHCETh
TOJILKO OT aBTOMOJIENBHOM mepementoit ( = x/t. ITo-
9TOMY HAYAJbHBIN PAa3pbIB BEIET K 00PA30BAHUIO ILJIATO
MeXKAy ABYyMdA IIPOCTBIMH BOJTHAMH, KazKJaad U3 KOTO-
PBIX TPEACTABISAET COOON Pa3pPhIB C MOCTOSHHBIM 3HA-
YeHnueM OJHOTO M3 PUMaHOBBIX WHBAPUAHTOB — CYIIE-
CTBOBAHHUE TAKWUX PEIeHuil 00yCJIOBIEHO yKA3AHHBIMA
BBIIIIE CBOMicTBamMu rasa Yamubiruna. B memom ke pe-
IIIEHNe TTPEICTABTET cOOO0M MOC/IeI0BATETHHOCTD TPEX
TedeHnil ¢ MOCTOSHHBIMHA IIJIOTHOCTSIMH, KOTOPbIE Pa3-
JeJITIOTCS pa3pbIBaAMU:

fa0, T <ct,
f(@,t) =9 fic+ fae, ct<a<cht, (24)
f10, x> cht.

U3 puc. 1 sicno, 9T0 nepemHuit Kpail maaTo ABUXKETCSH
C MEPEHOPMUPOBAHHON CKOPOCTHIO S, OBICTPOrO rasa,
a 33HUH Kpall IJIaTO — ¢ NEePEeHOPMUPOBAHHON CKO-
POCTBIO S1. MEJIJICHHOTO Ta3a, TaK KaK Ha 3TUX Kpa-
X TJIOTHOCTH COOTBETCTBYIOIIMX [A30B 0OPAIIAIOTCS
CKaYKOM B HYJIb:

c” = Sic, ¢t = so. (25)

B 1ByXmoTOKOBOII 06/1acTH mTaTo ¢t < x < ¢t ckopo-
CTU COJIMTOHOB IIEPEHOPMUPOBAHBI UX B3aUMOJIEHCTBU-
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em u corsiacHo (12) mMbl umeem

k1(1 — azfic) — K30 fac
1 — a1 fac — a2 fic

rk3(1 — o fac) — Kiaz fic
1 — a1 fac — a2 fic

Slc = )

(26)

52¢ =

Menyienablii Ta3 BTEKAaeT dYepe3 TMPaBBIil pa3pbIB
B 00JlaCTh TJIATO ¥ TPUPABHUBAHUE BBIPAYKEHUIT
OT pa3pbl-
Ba B CHCTeMe OTCYeTa, JlaeT
fie(s1c — ¢T) = fio(k? — c¢T). Yepes mewblit pa3pbis B
00JIACTD IJIATO BTEKAET OBICTPBIA ra3 W aHAJTOTHIHbBIH
nozcuer maer foo(ks — ¢7) = foc(s2e — ¢7). C yue-
ToM (25) u (26) mosydYeHHbIE PABEHCTBA NPUBOIAT K

IJid  ero IIOTOKa IIO pPa3Hble CTOPOHDbI
rae OH IIOKOUTCA,

yPaBHEHHAM
S92 — :‘i%
fre = fro———= = fio(l — arfa),
g
— 51
fae = foo—2—5 = fao(1 — aafic),
S2¢ — S1c
OTKY/a HAXOIUM BBIPAZKEHHSI
_ fio(1 — a1 fap)
fle = ———7—",
1 — a1z fiof20 (28)
_ fao(1 — a2 f10)
foe = ———7F—"F~

1 — oo frof20

JJTS IJIOTHOCTEH CONIMTOHHBIX Ia30B B JBYXIOTOKOBOM
obsactu miaTo. fcHo, ¥To mosrydennbie OPMYIIbI HMe-
IOT CMBICJI JIMIID IIPH BBIIOJHEHUH HEPABEHCTBA

a1 fie + asfor <1, (29)
KOTJIa, TePEeHOPMUPOBAHHbBIE CKOPOCTH (26) mOJIoXKu-
TEJIbHBI, T.€. INIOTHOCTH COJMTOHHBIX I'a30B HE MOLYT
ObITh cyuIIKOM Oosibmumu. Paxkruyecku eme Oosiee
CHJIbHBIE OTPAHWYEHHS HA MJIOTHOCTH COJUTOHOB HAJIA-
raerT yclIOBHWE, 9TO Bapuarys (pIyKTYWPYIOIEro BOJ-
HOBOI'O 110711 42 — T2 B COJIMTOHHOM Ia3e JIO0JI2KHA ObITh
nosoxkuTeabHoi (cM. [19]). TloxydenHbie cOOTHOIIEHNS
XOPOITO COTJIACYIOTCSI C PE3YABTATAMU YHUCJIEHHOTO Pe-
menns ypasHennsa Ka® ¢ HavalbHBIMA JAHHBIMEA B BU-
J1e BOJBINOrO YACIIa COMATOHOB ABYX PA3HBIX THIIOB, Ha-
XOISAIIUXCA MO PA3HBIE CTOPOHBI OT HAYaJIa KOOPINHAT
(cm. [18]).

5. TEYHEHHNE JABYX COJINTOHHBIX I'A30B B

BHJIE IIPOCTOM BOJIHBI

®opmyaet (22) naior 6ostee 061y 0 HOPMY pereHust
AJid TedeHud ABYX COJIMTOHHBIX I'a30B B BHIE HpOCTOfI

801

P
————— CET M
0.08
0.06
0.04
i
0.02
—4 —2 0 2 4 T
(6) 51,82
s
3.0 2
2.5
2.0
1.5
1.0
0.5 S1
—4 —2 0 2 4 x

Puc. 2. Pacnpegenenuns nnotHocTell connTOHHbIX ra3os (a)
M UX NepeHOpMupoBaHHbIx ckopocteli (6) B 3asucumocTn
OT KOOPAMHATHI A5t Npoduis BOJHbI, 3aJaBaemMoro opmy-
noii (36). MapameTpbl CONMTOHHBIX ra3oB paBHbl K1 = 1,
k2 = 1.8, fio = 0.05, f20 = 0.1. CkopocTb BOMHbLI, COBNaga-
fOLAs CO CKOPOCTbIO TEHEHUS MELJIEHHbIX CONMMTOHOB, PaBHA
V = s1 = 0.174, a ckopoCTb Te4eHus rasa ObICTPbIX CONMNTO-
HOB Ha DECKOHE4HOCTM paBHa Szp = 3.469, 4TO Bonblue, Yem
HenepeHOPMNPOBAHHAS CKOPOCTb 3 = 3.24.

BOJIHBI. HyCTb IJIOTHOCTH COJIATOHHBIX I'a30B Ha OECKO-
HEYHOCTH CTPEMATCA K IMOCTOAHHBIM 3HAYCHUAM:

fi = fio x — +oo. (30)

f2 = fao upu

TOF,ZLa IIOCTOAHHOE 3HAYCHHE PUMaHOBa HHBAPDHAHTa S1
PABHO CKOPOCTH BOJIHBI COJTUTOHHOrO Tasa (cm. (26))

k3 (1 — aa fr0) — K30 fao

Vv
1 — o foo — a2 fio

S1 =

COBIIQJIAIONIECH ¢ NEPEHOPMUPOBAHHONU CKOPOCTBIO Mel-
JIEHHOTO Ta3a, a GopmMysbl (13) JaroT BhIpasKeHus s
TIJIOTHOCTEN COTMTOHHBIX Ta30B:

fu(6) = = 14 5V = )ol@)|
: (32)
£l6€) = 5 (52 = V)p(O).
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Jlerko BUAE€Tb, YTO OHHN CBA3aHbl COOTHOILIECHUEM

1
L—afo —oafi = 5 (55 = Ki)p, (33)
U3 KOTOPOTO CJIEIyeT, B 9aCTHOCTH, (POPMYJIa
2(1 — a1 fao — a2 f10)
= 5 5 . (34)

Ky — K]

Pacnpenesenus mwiorHocru (32) cogepzkar HpOU3BOIib-
uyio byskmuo p(£) u yepe3 Hee XKe BbIPAYKAETC Pac-
npesiesieHre TepeHOPMUPOBAHHON CKOPOCTH GBICTPOTO
COJIMTOHHOIO ra3a corsiacHo Bropoit dopmyie (22). Ha
GECKOHEIHOCTH Sy CTPEMUTCS K 3HadeHnio (cM. (26))

k3(1 — o fa0) — Kl fio
1 — a1 fa — a2 fio

§20 = (35)
[Tonyuennoe pernrenne nMeeT (PU3NIECKUI CMBICT TIPH
TAaKUX 3HAYEHUSAX MAPAMETPOB K1, Ko, fi0, f20, 9TO H
pachpeesieHus MIOTHOCTeH f1, fo COMMTOHHBIX ra30B,
U UX [IePEHOPMUPOBAHHBIE CKOPOCTH S1, So IOBCIOY 110~
JTOYKUTETHHBL.

Haiinenroe HaMu TedeHUWe ABYX COJTUTOHHBIX Ta30B
UPOMJIIIOCTPUPOBAHO Ha puc. 2 s yukuuu p(E),
paBHOI

(36)

B sTom cayuae mpoduib mimoTHOCTH fi MEIJIEHHOTO Ta-
3a JBUKETCA BMECTE C ITOH KOMIIOHEHTOW CO CKOPO-
cThio V = s1. BBICTDBIl JKe Ta3 TedeT CKBO3b M€ IJICH-
HBIA C JIOKAJIbHOI CKOPOCTBIO Sg, KOTOPas yMEHbIIaeT-
cs B 00JIACTH «sIMbI» B PacCIpejesiennn f1, BCIEICTBUE
Y€ro MJIOTHOCTH fy B 9TOI 00JIACTH YBEJININBAETCS.

6. OBIIIEE PEIITEHUWE /1JId TEYEHNA ABYVX
COJINTOHHBIX I'A30B

M3BecTHBIN U3 ra30BOil AUHAMUKNA METO TOAOTPa-
da (cm., nanpumep, [16]) n03BOsIHET JEIKO 1OJLYYUTH
obuiee perenue ypasaenuii (14), xkorma ofe cKopo-
CTH S1 W S M3MEHSIOTCS B TIPOCTPAHCTBE W CO BPEMe-
meMm. lenas crangapraoe mpeobpa3oBanue rogorpada
t = t(s1,82), * = (81, S2), Mbl IPUBOAMM 3THU yPaBHE-
HUSA K BULY

or ot ox ot
s = — sy =0. 37
881 51 881 882 52 852 ( )
Ucknouenue r gaer
0%t 1 9% 19 ot sy 0%t
= — =——|S2— | =—=—.
881852 S1 881682 S1 881 2682 S1 881882

802

[MockosibKy $1 # So, NPUXOAUM K yPABHEHHUIO

9%t

881882 - 07 (38)

o01riee perreHre KOTOPOTo 3aruiiieM dYepe3 JBe MPOon3-
BOJIBHBIE (PYHKITMH, KOTOPbIE yIO0OHO OD03HAYUTH KaK
F"(s1) n G"(s2), B BUIE

t(s1,82) = F"(s1) + G"(s2). (39)

13 ypasuenuit (37) j1erko HaXoO[uM
x(s1,82) = 51 F"(s1)+52G" (52)—F'(51)—G'(s2). (40)
DTO pernenne MOKHO Mpeodpa3oBaTh K popme

x — s1t = (sg — 51)G"(s2) — F'(s51) — G'(s2),

(41)
T — sot = —(s2 — 51)F"(s1) — F'(s1) — G'(s2),

B KOTOPO# OHO OBLIO MOy I€HO APYTUM CIOCOOOM B pa-
Gore [20].

[Ipusemem mjist TOJHOTHI IPYTHE MTPEICTABIEHNS 00-
IIIEro pereHnsi, KOTOpble MOI'yT OKa3aThCsa Oosee yao0-
HBIMHU TIPH PEIeHnH KOHKPETHBIX 3aaad. Ecam obpa-
TUThCS K MeToxy rogorpada B dbopme apesa [21], To
ob1ee pererne MOKHO 3armcarh B hopme

ow

xr — Sot = T — 51t =

681 ’

rae byuxiusa W = W(sy, s2) 10J2KHA YAOBIETBOPITDH
ypaBuenuto Jditnepa—Ilyaccona:

(

Jlerko y6enurbcs, uro pemienus ypasHenus (43) Bbl-
PaXKalOTCsl 4€pe3 JIBe MpOou3BobHbIe DyHKIMY F(s1) u
G(s2) caemyiommnm obpazom:

0w n
881882

1

S1 — S2

ow._ow
681 682

):& (43)

W (s1,82) = (s1—52)[F'(51) —G'(s2)] —2[F (s1) + G (52)].

(44)
IMoxncranoeka (44) B (42) naer pemenue B dhopme (41).
@ynukimn F(s1) n G(s2) MOMKHBI HAXOAUTHCS W3 Ha-
YaJIbHBIX YCJOBHI 3314491,

Kak 6buto nokazano Pumanom (cm., Hanpumep,
[22]), BMECTO HCIONB30BaHUS STOTO OBIIErO DEIeHMs,
BBIDAYKEHHOTO Yepe3 MPOU3BOJILHBIE (DYHKIIUH, YACTO
ObIBaeT yaOOHO HCIIOb30BATH METO, BBIPAXKAIOINH
pellleHne 3a/Ja4i HEeIOCPE/ICTBEHHO dYepe3 HavajIbHbIe
YCJIOBHSI C TIOMOINBIO TaK Ha3biBaeMol (yHKIMH Pu-
Mana. B mamem ciaygae ¢pynkinsg Pumamna moxer ObITD
mosiydyena u3 obiieit (popMysIbl A JUHAMUKHA TTOJTAT-
POIHOIO Ta3a Mpu moka3arene aauadarsl v = —1. Bxo-
JIAIIAs B 9TO BbIPAXKEHHE I'MIIEPreoMeTpruIecKas (DyHK-
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uus csopures K F(—1,2;1;2) = 1 — 22z u dyukuus Pu-
MaHa st ypasHenwii (14) npunumaer ocoGeHHO po-
CTOU BUI:

(7”'1 + 7"2)(51 —+ 52) — 2(7"17’2 — 8182)
(r1 —r2)?

R(T17T2; 81752) =

7
(45)
rie (r1,73) — TEKYIIUe KOOPJAWHATHI HA TIOCKOCTH TO-
norpada, a (81, S2) — KoopauHATHL TOUYKU P, B KOTOPOIi
umercd 3Hadenue byukunn W = W(P) = W(sy, $2).
Mpsr1 He OyieM TPUBOIUTH 3/1€Ch BECbMa IPOMO3IKIE 00~
e (POPMyJibl, KOTOPBIE MAJIO UTO T00ABISIOT K [TOHU-
MaHWIO [AHAMUKU B3aUMOAEHCTBYIOIIUX COJTATOHHBIX
ra3oB, a O0PATMMCS BMECTO 3TOTO K PEIIeHUI0 OIHOI
Y3 TUIUYHBIX 33139 Ia30BOIl IMHAMUKU — 33/Ja4€ O
pacimupeHnn ciosg ra3a. Permenne MoxKer ObITH JIETKO
TOJIy9€HO B djIeMEHTApHON (OpME U €ro OTIUYIUE OT
PEITeHuit 3T ¥Ke 3aJa49n [IJIs1 IPYTUX (DUBUIECKUX CHU-
CTEM XOPOIIIO [IEMOHCTPUPYET CYyIIeCTBEHHOE Pa3INIne
MEXK Ty OOBIMHON Ta30BOI TUHAMUKON U JUHAMUKON CO-
JINTOHHBIX TA30B.

7. PACIINMPEHUE CJIOSA M3 CMECH IBYX
COJINTOHHBIX I'A30B

OaHOM U3 TUINUYHBIX 33/1a49, B KOTOPOW BO3HHKA-
eT 0071acTh ODOIIEro peIeHnsi, ABIsIeTCs 3a70a49a O pPac-
MApEeHnr ra30Boro cjios. OHa OblIa paccMOTpeHa B
[23] 1st KITACCHYIECKOTO OHOATOMHOrO ra3a, B [24] mys
603e-3HHIITEHHOBCKOr0 KOHJeHcaTa, B [25] mus aByx-
TeMIepaTypHOil Ia3Mbl U B [26-28] s yabrpapess-
TUBUCTCKOTO ra3a. Bo BCeX 3THUX ClIydasX OT KPaes CJIos
BrUIyOb HEro PACHPOCTPAHSIIIUCH BOJHBI PA3PEXKEHUs U
TIOCJIe UX CTOJKHOBEHHS B IEHTPE 00PA30BBIBATIACH 00-
JIACTH ODIIEro peIieHus , TpaHrYalnas 1m0 KpasiM ¢ BOJI-
Hamu pazpexenus. OJHAKO B CJIydae COJUTOHHOIO Ia-
3a PeIeHusl B BUJIE BOJH PA3PEKEHUs] OTCYTCTBYIOT, &
BMECTO HUX BO3HUKAIOT PA3PBIBHBLIE PEIEHUS, MEKIY
KOTOPBIMU 00Pa3yeTcss MIaTo ¢ MOCTOSTHHBLIMYU 3HAYE-
HUSIMU PUMAHOBBIX HHBApUAHTOB. IlocTpoeHHOE TaKuM
CIIOCO0OM peIlieHue TO3BOJISET ClIE/aTh HEKOTOPDIE 3a-
KJIIOYEHNsT ODIIEro Xapakrepa 00 IBOJIOINN TTePeKphI-
BAIOIMIUXCsE O0JIAKOB COJTMTOHHBIX Ta30B.

Ecau monyctuTh, 4TO B HAUAILHBIH MOMEHT BpEMeE-
HU €JIMHCTBEHHBIN COJIMTOHHBIA ra3 ¢ ImapaMeTpoM ki
MMeeT DPACIpee/IeHrne MJIOTHOCTH B BHUJIE CTOJIMKA CO
sHadennem f1o mpu —l/2 < x < 1/2, To ero aBuKeHUE
B [OCJIE/YIOIITUE MOMEHTBI BDEMEHU OYEBUIIHO: ITO PAC-
npejeeHue OyJeT IepeHOCUThCsS BIOJIb OCH & CO CKO-
poctbio k7 Ge3 uzmenenus (opmbl. OHAKO €C/Tu B Ha-
9JasbHBI MOMEHT Bpemenn B obmactu —I1/2 < x < [/2

803

f?v”%
fa0, 52
Jis K7 |
i f10, 81 |
—L+rft —L4st Lysit Lawdt @

Puc. 3. 3aencumocTtb nnoTHOCTel 0671aKOB ABYX COMNTOH-

HbIX Fa30B OT KOOPAWHATHI MPU SBOMOLMUN HAYAJILHOMO CIOS

U3 ABYX TaKUX rasoB 4O MOMEHTa nx pasgenenusi. 2KupHoii

WITPUXOBOI NUHMEN n306paxkeH rpaduk MAOTHOCT MEASNEH-

HOrO ra3a, a CNAOLWHOR NuHuell — rpaduk NAOTHOCTM BbICT-
poro rasa.

NMeeTCd CMeCh ABYX COJINTOHHBIX T'a30B C TTapaMeTpaMn
K1, k2 (K1 < Kg) u muorHocTamu fig u fag, TO IBOJIIO-
[IMsT TUX ra30B OymIeT OoJiee CI0KHOMN: B IPOIECCe pas-
JIeJICHUsT TUX Ta30B Ha IBa O0JaKa, JIBUXKYIIUXCS CO
CKOPOCTAMM K/% n K}%, BO3HHKHET ABYXIIOTOKOBOE ILJ1aTO.
Haiueii 11e/1610 sIBJISIETCS OLUCAHKE IIPOLIECCa IPOCTPAH-
CTBEHHOI'O Pa3JeJIeHUsI COJIUTOHHBIX 00JIAKOB, a TaK:Ke

OIIPe/IeJIEHNE UX [IAPAMETPOB II0CJIE PA3e/IeHHA.

fcHO, 9TO B BO3HUKINEM B MPOIECCE DPABIETCHUS
IJIATO Ta3bl OyAyT ABUTATHCA C MEPEHOPMHUPOBAHHDI-
MU CKOPOCTAMH S, S2, COXPpaHAd Ha9aJIbHbIE IIJTIOTHOCTHA
f10, foo- Buepenu 3Toro cj1ost u3 cMecu ra30B BO3HUK-
HET CJIOH OBICTPOrO I'a3a ¢ IJIOTHOCTHIO fo, a mMO3au —
CJIOM MEJJIEHHOrO Ta3a C IJIOTHOCTHIO f1. JIeBbrit Kpaii
00JIaCTH TTEPEKPBITUST IBUKETCS CO CKOPOCTBHIO Sg, a €€
MpaBbIil Kpait — co ckopocThio s1. CaemnoBarenbHO, 00-
JIaCTh MEPEeKPHITUS CYIIECTBYeT B TeUeHNe BpeMeHn

l

T=—
S2 — 81

(46)
u tpu t > T ra3er pazaensgiorcs. I3 puc. 3 nerko yBu-
JIeTh, 9TO JJIUHBI O0JIAKOB MEJJIEHHOTO 1 OBICTPOrO ra-
30B B MOMEHT Da3/ieJIeHusi COOTBETCTBEHHO PABHBI

2

=120

So — 81

o (47)
lp=1—2—"1

So — S1

mpudeM 00e OHH MeHbIIIe IePBOHAYAIBHOM JJINHEL [, TaK
Kak s; < Ii% u sg > n%. W3 coxpanenus 4uciia COIATO-
HOB B KaXK/JI0ii KOMIIOHEHTE HAXOAUM aMILIATY/IbL:

S92 — 81
fl :fIO 29
S2 — Ry (48)
S92 — 81
fo= fao—5—
Ry — S2
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B moment pazgenenusi 00/1aKOB MEHTPBI TAXKECTH 00-
JIAKA MEJJIEHHBIX COJUTOHOB M 00JIaKa OBICTPBIX COJIHU-
TOHOB HAXOJATCS COOTBETCTBEHHO B TOYKAX

. (T)_£51+fs€
! T 289 — 51 (49)
l sy + K3

Ecyu 6b1 COTUTOHBI HE B3aUMOIEHCTBOBAIN APYT C IPY-
roM, TO 3TH 00/IaKa JBUIAJNACH Obl C HEIEPEHOPMUPO-
BAHHBIMU CKOPOCTSIMU U HAXOIUIUCH OB B 9TOT MOMEHT
B TOYKaX

K3l

z10(T) 5o — 51

K3l

$20(T) )
S2 — 81
T.€. U3-3a BBaHMO,ZLefICTBHH OHH CABUTAIOTCA COOTBET-

CTBEHHO Ha PaCCTOAHUA

[ s1— K2
Azr = ZEl(T) — ZZ?10(T) =-——7<0,
282—81
l 89 — K2 (50)
Azy = T) — T)=-2_""2>.
xo = x9(T) — x20(T) S >

Takum obpas3oMm, BCIEACTBHE B3amMOIeHCTBHA 00IaKa
CY2KaIOTCsI, IJIOTHOCTH COJIMTOHOB B OOOUX yBEJINYNBA-
IOTCSI M MEIJIEHHOE ODJIAKO CABUTAETCS Ha3a.I, a OBbICT-
poe — Breped. Ilepexom K 3TWM 3HAYEHUSIM CIBUTOB
WILTIOCTPUPYETCS HA PUC. 4, IOy 9€HHOM COTJIACHO YUC-
JIEHHOMY DEITIeHnI0 YpaBHeHw 1714 ra3a Yamnasirnaa. B
HAYaJIbHBI MOMEHT BPEMEHW IEHTPBI TSXKECTH O0OUX
ra30B HAXOJIUJIUCH B HAYaJIe KOOPAUHAT U IO MEPe Pas-
JeseHnsi 00JIAKOB TEHTP TAXKECTH OBICTPOrO ra3a Olle-
pekajl JIBUYKEHNE, KOTOPOe OH COBEPINAJ ObI CO CBO-
eil HellepeHOPMUPOBAHHOI CKOPOCTBIO, & LEHTD TdAKe-
CTH MEJJIEHHOTO Ta3a OTCTABAJ OT AHAJOTUYHOTO IBU-
JKEHUdA CO CBOEH HENepeHOPMUPOBAHHOU CKOPOCTHIO.
[Tocie MomeHTa pa3zeneHus: MEHTPbI TIKECTH ODOHMX
ra3oB MPOJOJIXKAIOT JIBUKEHWE CO CBOMMH HEIEPEHOD-
MHPOBAHHBIMY CKOPOCTSIM, TPUOOPETasi JTOMOJTHUTE b
HBIE CABUTHU BCJIEICTBUE B3AMMOIELHCTBUS C COJTUTOHA~
MU JIPYrOro copra. XOpOIiee COrJIacue MpeiCcKa3bIBae-
MbIX Teopueil 3Hauenuil capuros (50) ¢ YUCIEHHBIM pe-
IMEeHNEeM TOKA3bIBAET, UTO HAIa, KapTuHa, (hOpMUPOBa-
HU$ U3 HAYAJIbHBIX PA3PBIBOB IPOCTHIX BOJIH C PA3PbI-
BaMHU COOTBETCTBYET PeaJIbHOU JIUHAMHUKE B3aUMO/IEli-
CTBYIOIIAX COJUTOHHBIX ODJIAKOB COTVIACHO KHHETHUYIE-
CKOMY YPaBHEHHUIO.
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Puc. 4. Casuryn ueHTpPOB TSKECTM ODNAKOB OT MX MOJIOXKE-
HWIA B OTCYTCTBUE B3aUMOAENCTBUS, NONYHEHHbIE YNCIEHHbIM
pEeLUEHNEM ypaBHEHNA Ans ra3a YannbirmHa npyM HayYasbHbIX
3HaveHusix napametpos fio = 0.05, faoo = 0.1, k1 = 1.3,
K2 = 2.5, 1 = 10. B momeHT T' = 1.6 pa3geneHusi oHn NpuHn-

MatoT TeOpeTUHecKue 3HadeHus, fgasaemble popmynamu (50).

8. SAKJIFOYEHUNE

B macrosmeit pabore mokazaHo, 9T0 (PyHIAMEH-
TAJTBHBIM CBONCTBOM JMHAMUWKH JIBYX B3aMMOJEHCTBY-
IONUX COJUTOHHBIX TA30B SIBJISETCS CYIIECTBOBAHUE
[IPOCTBIX BOJIH, PACIPOCTPAHSIONIUXCH O€3 W3MEHEHUs
dopmbl. B gacTHOCTH, TaKme MPOCTHIE BOJHBI MOLYT
WMEeTh PA3PBIBBI, TAK UTO B 33/a9aX THUIA «Pa3PYIIIe-
HUST TIJIOTWHBI> BMECTO BOJIH PA3PEIKEHUST ITUHAMUKHU
OOBIYHBIX Ta30B BOZHUKAIOT [IPOCTHIE BOJHBL C PA3PHIBA-
MU, COEIMHAEMBbIE BMECTO OOIIETO PEIeHN s, B KOTOPOM
B OOBIYHO!N TEOPUN W3MEHSIIOTCsT 002 PUMAHOBBIX WHBA~
puanTa, 00J1aCThIO IIATO € MOCTOSHHBIMI PUMAHOBBIMHE
WHBAPUAHTAMHA. DTO CBOWCTBO AWHAMUKHU COJMTOHHBIX
ra30B PE3KO KOHTPACTUPYET CO CBOMCTBAMU ra30BOU TU-
HAMHKH OOBIYHBIX ra30B. B TO 2Ke BpeMmsi HA OCHOBE
YKa3aHHON KAPTHHBI MOTYT OBITH MOCTPOEHBI TPOCTHIE
AHAJINTUYECKUE PEIeHns TUIUYHBIX 337a9, MTOATBED-
2KJIA€MbIE TOYHbIMU YUCICHHBIMU PELIEHUSIMU KUHETHU-
YECKOrO yPABHEHUs, IMPUBEJIEHHOIO K SKBUBAJEHTHOM
dopme ypaBueHuit qis auHaMmuky ra3a damaeiruaa. 13
TOCTPOEHHBIX PEIEHU CJIeIyeT WHTYUTUBHO TOHSITHAS
KapTHUHA TOBEJIEHNsT 0DJIAKOB COJUTOHHDBIX Ia30B: B Pe-
3yJIbTaTE B3ANMOAEHCTBUS 00JIaKO OBICTPHIX COJTUTOHOB
CIBUTAETCS BIEPen, a 00JIAKO MEIJIEHHBIX COJTUTOHOB
cABUTAETCS Ha3az, mpudeMm oba obiaka CyzKaroTcsd, a
IJIOTHOCTH COJTUTOHOB B HUX Bo3pactaerT. [lomydentbie
GbOopMyJIbI O3BOMAIOT IaTh OIEHKY 3TuX 3(hdEeKTOB B
BEJLyIIUXCS B HACTOMAIIEE BPEMS HKCIEPUMEHTATbHbBIX
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B3aumogeiicTBre aByx CONMTOHHBIX ra3oB

KUCCJIEIOBAHUAX COJIMTOHHBIX I'a30B B BOJIHAX Ha BO/IE,
HEJIMHEHON onTuKe 1 (PU3MKe XOJIOIHBIX aTOMOB (CM.,
Hanpumep, [12-14]).

Baaromapaoctu. Breipaxkaem  61aromapHOCTb

I. A. Do 3a moJsie3Hoe 00CY K IEHTE.
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