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C ucnonb30BaHUEM TUAPOAMHAMUYECKOTO MOAX0Aa HAIEHO aHAIUTUYECKOe pellleHUe YpaBHEHUM THI-
POIMHAMUKHU B TPUOIVXKEHUN COJTUTOHOB IJIsI CTOJIKHOBEHUS CJI0EB B OMHOMEPHOM M IBYMEPHOM CJIyva-
sIX, KOTOPOE paHee He paccMaTpuBaioch. I3yueHbl cTanus cKaTusl, CTanus paciliupeHus U CTaauvs pasjiera
B paMKax equHOM (hopMyIIbl IS clioeB ¢ sHeprusimu ropsiaka 10 MaB Ha HykiioH. O6006111eH1 e Ha IBYMep-
HBIN CiTydail IpUBOAMT K MpPeACTaBIeHNIO 00 00pa3oBaHUM Ha CTalUM PACIIMPEHUS pa3pexkeHHoi obia-
CTU-TTY3bIPsI, a CaM TTOAXO/I ITPEACTABJISIET CAMOCTOSITEJIbHBIN MHTEPEC U MOXKET ObITh UCTIOIb30BaH U B IpY-
X o0JacTsX GU3MKU MPU pacyeTax HeJTMHEHHON TMHAMUKY KOJIeOaHU I CITOKHBIX CUCTEM.
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BBEAEHUE

IunponHaMUKy TIPOIIECCOB B3aMMOICUCTBUS
CJIOXXHBIX CHUCTEM pPAcCMOTPUM 31eCh Ha MpUMepe
aTOMHOTO $iipa, COCTOSIIIIETO U3 HYKJIOHOB. B aToM
cIyJae ero CBOMCTBAa MOTYT OBITh OITMCAHBI MOJIEITBIO
KUJIKOM Karuiv, MpemioxkeHHoi bopom n Yuninepom
IJIsl omucaHus mpoliecca aejeHus [1]. B pabore [2]
IlItokep u I'paitHep MPUMEHWIN TUAPOANHAMHUKY K
CTOJKHOBECHMUSM TAXKEIbIX NOHOB.

Hnst uccienoBaHUsT CTOJKHOBEHUI  TSKEJIbIX
MOHOB M Pa3HOTO Pojia yIapOB BaxkeH BLIOOP ypaBHE-
Hus coctostnus (EOS — equation of state). B ruapo-
JTUHAMUWYECKOM MOAXO0/Ie B KaUeCTBE YpaBHEHMUSI CO-
CTOSTHUSI MOXHO BBIOpaTh JIOKAJbHO-PAaBHOBECHOE
ypaBHEHME COCTOSIHUSI, OTBeYalollee HACTYIJICHUIO
JIOKQJILHOTO TEPMOJIMHAMNYECKOTO paBHOBecusl. [2].
B nammx padorax [3—10] nipenmokeHO HEpaBHOBEC-
HOe YypaBHEHUE COCTOSTHUS

Pelienune aTux ypaBHeHU I TMAPOAMHAMUKY B O/~
HOMEpPHOM cJlyyae HaiJeHO aHaJUTUYEeCKU C MC-
MOJIb30BAaHUEM OJTHOCOJIUTOHHBIX PEIIEHN ypaBHe-
Hust Kopresera—ae @pwusa [11, 12] kak mist cnabdoit
HEJIMHEMHOCTU B Ipenbiayieit padore [13], Tak u B
cllyyae HeJIMHEeMHbIX BO3MYIIEHU A OOJIbIION aMIIu -
TYABI [JIS1 yIapHBIX BOJH. B pamkax ennHoit hopmy-
JIbl OMTMCaHbI CTAINY CXKaTHsl, paCILIMPEHUS U pas3jiera
BElllECTBA. DTO MPEACTABISIET CAMOCTOSITEbHbI NH-

Tepec, TTOCKOJIBKY COJTUTOHBI UTPAIOT OOJIBIIYIO POJTH
B (bM3MKe BJIEMEHTAapHbIX YaCTUIl, SIAePHOI (usnke
u pusuke Boodie. Ham 6bU10 BaXKHO yOSOUTHCS, YTO
JVCIIEPCUOHHBIE WICHBI, TOSBISIONIMECS B YpaBHE-
HUSIX TUAPOAMHAMMKM M B ypaBHeHUM KopreBera—
ne @pu3a He HapYIIAIOT IIPEICTaBIeHUs 00 00pa3oBa-
HUM ropsiaero mnstHa hot spot. O600111eHIIE 3TOTO pac-
CMOTPEHMUST Ha ABYMEPHBIN CTy4ail MpUBOIUT K OJIN3-
KOI JMHaMUKe KoJeOaHU CJTOKHOM CUCTEMbI, a TaK-
Xe K BO3HMKHOBEHHMIO OO0JIaCTM pa3peXeHUus —
ITy3bIPsI B LICHTPE TIPU paclIMpeHUU cucTeMbl. 1 310
MOXKET OBITh PACIIPOCTPAHEHO Ha IIHUPOKYIO 0071aCTh
TEXHUYECKUX MTPUTOXKEHUIA.

OO0Opa3zoBaHUEe U CYIIECTBOBAHME ITy3bIPYAThIX
siiep OTHOCUTCS K siiepHOii 3k30Tuke. [Touck u uc-
cJieloBaHUE My3bIPYATHIX ISP UMEET JOJITYIO UCTO-
puIo. DTUM 3aHUMAaJNCh, HarpuMep, CnmeHc n bete
[14] u Bonr [15]. B pa6orte [16] B KareabHOI MOAETN
C 000JIOYEUHBIMHU IIONpPaBKaMMu ObLIO OOOCHOBaHAa
BO3MOXHOCTh OOpa30BaHMS YCTOMYMBOTO IIy3BIPS
TOJILKO JJISI CBEPXTSIKEJIBIX SIIEP C 3apsiAOBBIM YHC-
oM Z > 120. Ho Bot B pa6ote [17] 6BLTO IIpeacKa3aHo
¢ moMo11IbI0 MeToga Xaptpu—®Poka—boroao6oBa u
MOATBEPXKACHO IKCIIEPUMEHTAJIBHO CYIIeCTBOBAHUE
pa3pexXeHUs B LIEHTPE IS INIOTHOCTH IIPOTOHOB JBa-
KIBI Marmueckoro sapa #Si. B pa6ore [18] ¢ momo-
IIBI0 PEIITUBUCTCKOro Merona Xaprpu—®doka—bo-
roo00Ba MOKa3aHO CYILIECTBOBAHME My3bIpbKa B S -
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pe “Si Kak I IUIOTHOCTEHl HEWTPOHOB, TaK U
MPOTOHOB B LICHTPE SAIpa. DTO CTaTUYECKIUE PEIICHUS
JUIS TIy3bIpeit. Bo3HuKamommii fMHaMUYeCKUil 1my-
3bIPb B 00J1aCTU pa3pekeHUsI B HALIIMX pacuyeTax BO3-
HHMKAaeT BCErIa Ha CTaauy pacIIUpPEeHUs TUIPOATHA-
MUYECKOUN CUCTEMBI.

YPABHEHUA TMAPOAVUHAMUKHA

MBI uCIONIb3yeM KHWHETUYECKOE ypaBHEHUE
(cm. [4—8]) mnsg HaxoXIeHUsT HYKJIOHHOM (byHKIIMU
pacnpenenenust f (7, p,t) (¥(x,x,,X;) — OPOCTpaH-
CTBE€HHas KoopauHara, p(p;, p,, P3) — AMIIYILC, | —
BpEMSI). DTO MOXET ObITh PACIIPOCTPAHEHO 1 Ha TTPO-
W3BOJIbHBIE NTWHAMMYECKHE CHUCTeMEL. Pelenue
KMHETUYECKOIo ypaBHEHUS TSI (PYHKIIMU pacrpeae-
Jnenus f (¥, p,t) VILIETCS B BUJIE

S b0 = hg+ fo(l-q), (1)

rne fy(¥,p,t) — JIOKUIbHO paBHOBECHasl (yHKLMS
pacnpeneneHus, fi(7,p,t) — HepaBHOBecHast (PyHK-
LIMS pacTipeae/ieHUsI.

B HepaBHOBecHOM cilyyae npu g = 1 ToayvaroTcst

ypaBHEHMSI JIMHHOIIPOOEXKHOM TMAPOAMHAMUKY [3],
KOTOpPBIE B OMHOMEPHOM CJIy4yae UMEIOT BUJT

9p + Ipv) _ 0 Q)
ot ox ’
2
A(mpv) s d (mpv + P) o 3)
ot ox ’
8<e + mp02/2) s a(u(e + mp02/2 + P)) _o. @)
ot ox

OOBIYHO pellIeHHE ITOM CUCTEMbl HEIMHEHHBIX
IuddepeHIMaTbHBIX YpaBHEHUI B YaCTHBIX MPOU3-
BOIHBIX HAXOOUTCS YMCICHHO Ha KoMnbloTepe. B Ha-
cTosIIeit paboTe pa3BUT MOAXON K IIPUOIMKEHHOMY
aHAJIMTUYECKOMY PEILIEHUIO 3TUX YPpaBHEHUM, KaK B
clyyae c1ab0il HeTMHEMHOCTH, ITyTEM CBEACHUS UX K
ypaBHeHUsIM KoprteBera—me ®dpusa, Tak U B ciiydyae
BO3MYIIEHUI OONBIION aMIUIUTYIbI, UCITOIb3YS CO-
JUTOHOMONOOHBIEe peureHUs. [IpoBeneHo 06001IE-
HMeE 3TOro Moaxoja Ha AByMEPHBIi ciy4yaii B cliydyae
IJIOTHOCTU P(X,?), 3aBUCSALIENA TOJIBKO OT KOOpAMHA-
Thl x U BpeMeHU f. Takoe paccMOTpeHUE paHee He
paccMaTpMBaJIOCh M MOXET OBITh PacHpOCTPaHEHO
Ha IIPOU3BOJIbHBIE CJIIOXKHBIE CUCTEMBI, 4 HE TOJBKO
aTOMHBIE sIpa.

AHAJIMTUYECKOE PEINEHUE
YPABHEHNWUN TUJIPOINHAMMKHN
C [MIOMOIIIbIO COJIMTOHOB

YpaBHeHUs TUAPOOVHAMUKU TPU peaKCalluoH-
HOM (bakTope g = 1 (HEpaBHOBECHBIM CiTy4yaii) B OMHO-
MEPHOM cJTydae CBOISITCS K CHUCTeMe ypaBHEHMIA (2)—
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JbIYEHKO, MUTPOTTOJILCKU M

(4) niasg HaXOXIEHUSI HYKJIOHHOM TJIOTHOCTU p(X, 1),
CKOpocTH V(X,?), TUIOTHOCTU TEIUIOBOW 3HEpPTUn
I(x,1).

W3 ypaBHeHuit (2) u (4) cienyer, 4TO TEILJIOBOM

3

wieH [ = [, (B , Tne I, — He 3aBUCALLMIA OT p KO3(D-
Po

¢unmeHT. CoBMECTHOE pellleHre ypaBHEHUM (2) u

(3) ueMm B BuAE v = V(p) U NOJIyYaeM 1B ypaBHEHUS
KopteBera—me ®@pu3za [13].

To ecTh ypaBHEHMST THAPOIUNHAMUKI MOTYT OBITh
CBeleHBI K IBYM ypaBHeHUSM KopTteBera—me ®@pusa.
DTO MO3BOJISIET TTePEMTH K TPEACTABICHUIO CTOJIKHO-
BEHUSI CJIOXHBIX CUCTEM (siIep) KaK CTOJKHOBEHUIO
COJIMTOHOB, €CJIM TTPOCTYIO BOJIHY ypaBHeHMsT KopTe-
Bera—ne Ppusa MPOMHTETPUPOBATH 1O X;. 1O ecTh
HalTU

L
z=[¢%, 5)
o L

riae L — ToJlrHa clos, Z SBISIETCS MPOCTOM BOJTHOM
Koprtepera—ne @pusza, UCHYIICHHON 3TUM CJIOEM
{(x — x;,t) — OTHOCOIMTOHHOE pEIlIeHNE YPaBHEHU
KopteBera—ne ®@pusa. DT0 OTHOCUTCS K KaXKIOMY
SIAIEPHOMY CJIOI0 — MUCTOYHMKY MPOCTHIX BOJIH. YUHU-
ThIBasi MHOTOKpaTHbIE oTpaxkeHus BojH KopTteBera—
ne dpuza oT TpaHUIl CUCTEMBI, MOKHO PAaCCMOTPETh
BCIO JMHAMUKY CTOJIKHOBEHUS SIEPHBIX CIOEB-CI3-
ooB [13].

PaccMoTpuM Tenepb pacnpocTpaHeHUE BO3MY-
IIEHUA TTPOU3BOJIbHOU aMIUIUTYbI. [J1s1 IJIOTHOCTH
SHEPIrUu MOXHO MCIIOJIb30BaTh IPOCTOE BBIPAXKEHUE

e=Kp-py), (6)

e p, = 0.15 dmM— — paBHOBecHas MIOTHOCTL, K —
Monayiab cxkatus. Toroa naBjieHUe

2
Pz_a(e/P)zK(pz_pg)_a(@j ' )

a(1/p) ox
3nech MBI JOOABMINA AUCIIEPCUOHHBIN YJIEH ¢ KO3 -
dbutmenTom o, e — P = (dm)%, ckopocTh 3ByKa
mc

N

¢y = 1/3¢ = 10® m/c. B ciy4ae CTOJIKHOBEHUS IBYX
saep o6pasyroTcs yaapHbIe BOJTHBI, PACTIPOCTPAHSIO-
LIMECS CO CKOPOCThIO D), KOTOPYIO MOXHO HalTH U3

d

ypaBHeHuit (2) u (3), monaras ag =— 8_ Torma u3
t X
3THX YpaBHEHMI MOCJIe MHTETPUPOBAHUS IO CKAYKY

IUIOTHOCTH ITOJIy4YaeM
v
_Pa% 8)
P—Po
o€ V, — HayajbHas CKOPOCTb CTAIKMBAIOLINXCS
sanep. ITomarast ckopocTh D, paBHOI CKOPOCTH 3ByKa

D=
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C, = aTP, I1oJIiydyacM C YYE€TOM BBIPpAXKCHUS OJId IaB-
\ mdp

JieHus (7) ypaBHEHUE IS TDIOTHOCTU p:

i(p - Po)@( = \/K(zpl(p —po)+(p— po)z), )
(P —p)dx

L€ p; — MakCUMaJIbHas INIOTHOCTH CXKaTHA Ha yaap-
HOI1 BOJIHE

(povo)2
2Kp; = ————.

(P1 = Po)
BripaxkeHue (9) MoXeT ObITh TPOUHTETPUPOBAHO
HESIBHO B JIEMEHTAapHBIX (DYHKIIMSIX, HO OTBET ITOJTy-

qyacTcsa AOBOJIBHO I'POMO3IKHM. Brigensisi rnaBHBIC
YICHDbI pCIICHMSA, ITOJTyda€M BbIPpa>kK€HHNE

(e=p)p=py) _ _exp(i\/KXJ,
P1 a

rie 3Hak “+” oTBevyaeT pelleHUI0 BOJIM3U p;, a 3HaK

“—” — BOmm3n p,. PemeHnsa DOKHBI OBITH CIIUTEI
MPY TIPOMEXKYTOUHOM 3HAUYEHUM B TOUKE Meperuoa.
Tak monydaercs pelieHue “KMHK” IJIsl paclpocTpa-
HsTIoMIecst BOMHEL. [1py oTpUIaTeIbHBIX 3HAYCHUSIX
X paccyxIeHusi aHaloTu4YHbl. OQHAKO, MOCKOJbKY
Hac HEe UHTEPECYIOT ceiuac neTajiu CTPYKTYpbl GpoH-
Ta BOJIHBI, MOXHO aIllIpOKCUMHUPOBATh pelreHue (11)
COJIMTOHHBIM pellleHUeM

(10)

(1)

4 (pl — pO) -, (12)
(exp(—kx/2) + expO\x/2))

p=pot

K
rne A = ,[—. BoipaxeHue (12) omnuchiBaeT IiaBHbIE

o
ocobeHHocTu penteHus (11).

Takke, KaKk MBI Aeladyd paHbllIe C COIUTOHAMU
KopreBera—ge ®pusa, MOXHO IIPOMHTErPUPOBATH
BeIpaxkeHue (12) mo mjaMHE CJIoS U paccMaTpUBaTh
pacnpocTpaHeHue (PpPOHTA yIApHOM BOJHBI U €T0 OT-
paxkeHue OT rpaHull. B pe3ynbTaTe MHTErpUPOBAHUS
noay4yaem

(Pr—Po)

L
1 1
=—|p'dx=p,+4
P L!p Po AL (13)

1 3 1
% L +exp(Mx — L — Df)) 1+exp(Mx -1/ — Dt))}

rae p' — dopmyna (12), /; u [, — rpaHuusl sapa, a
L =1, — I, — ero pa3mep. I1ockoabKy Ha MakCUMyMe
yIapHOI BOJHBI CKOPOCTh L = 0, I MaKCUMyMa U3
ypaBHeHMI (2) u (3) mosydyaeTcsl BOJTHOBOE ypaBHe-
HUe, fonyckamwiliee peureHue Janamoepa. YTo MbI 1
ucnoJib3oBaiun. [Ipr 3TOM CKOPOCTb U MOXXHO HAWTH
U3 ypaBHeHMUs (2), UCIIONB3YS JJIsl TUNIOTHOCTY BhIpa-
xeHue (13) ¢ yueToM BO3MOXKHBIX OTpPaKeHUI ymap-
HBbIX BOJIH OT TPAHULL CUCTEMBI U IBUXEHUS TPAHMUII.
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p’ ch73 E() = 10 MSB
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r=2-103¢
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1=6-10%¢
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X, bm

Puc. 1. MrHOBeHHBIE TPO(UIN CTOTKHOBEHUS SIEPHBIX
cJ10eB-C1300B npu 3Heprun Ey =10 M3B Ha HyKJIOH B
pa3iMuHble MOMEHTHI BpeMeHu Tipu ¢ =0; 2; 4; 6; 8 B
eAMHMIIAX BpEMEHU 10~ B¢,

Takum 06pa3oM, ¢ TOMOIIBIO COJTUTOHHBIX pelle-
Huii (12) u (13) MOXHO MCCIen0BaTh BCIO AMHAMUKY
CTOJIKHOBEHMUI siiep B OMHOMEPHOM Cllydae.

Tax Ha puc. 1 npencraBieHbl IPOGUIN TIJIOTHO-
CTH JIJISI CTOJIKHOBEHMSI OMUHAKOBBIX SIIEP pa3MepoM
L =5 dmMconeprueit £, =10 MsB Ha HyK/10H B MO-
MEHTHI BpeMeHU ¢ = 2; 4; 6; 8 B eAUHUIIAX BpeMeHU
1073 ¢. MOXHO BUIETH IEPBOHAYAIBHOE CXAaTHE,
oOpa3oBaHue hot spot u mociueaymoliee pacliupeHue
saaep ¢ oOpa3oBaHUEM pa3peXeHUsl B LIEHTPaIbHOM
obJactu.

MBI TaK>Ke HAIIUTK YIIPOIIEHHOE PEIIEHME 3aJa4K B
JIBYMEPHOM clTydae. YpaBHEHUS MOJIyJaloTCs U3 ypaB-
HEHUM TUAPOJIUHAMUKY IPU UHTETPUPOBAHUU YpaB-
HEHUW TUAPOAMHAMMUKH IO MOITEPEYHOM KOOPINHATE,
CUMTAasl, YTO IVIOTHOCTD P(X,?) HE 3aBUCUT OT KOOPIU-
HaThl y. Pemtenue naetcsa popmysnoit (12) ¢ 3ameHoit

p, — pS(x,y,f) U MOCIENYIOWINM IEJIEHUEM BO3MY-

2 2
uieHust Ha S, e S(x, y,7) = (y,(x) +v,7) /y0 , a0,
COBITaJaeT CO CKOPOCThIO 3BYKa.

Tak Ha puc. 2 npeacTaBiaeHbI ITPOGIIIN IIOTHOCTU
JIJISI CTOJIKHOBEHUSI OMMHAKOBBIX SIIEP C TIPOAOIBHBIM
pasmepoM L = 5 ¢m c sHeprueit £, = 10 MsB Ha Hyk-
JIOH B MOMEHTBI BpeMeHU ¢ = 2; 4; 6; 8 B eIMHMUILIAX

Bpemenu 1072 ¢c. B aTOM cily4ae pesysibraThl OTMEUE-
HBI CIUIOIIHBIMU JTUHUSMU. LITpUXOBBIE TUHUU CO-
OTBETCTBYIOT OMHOMEPHOMY CiIydaro. MOXHO BUIETD,
YTO B IByMEPHOM CJIyJae KoJieOaHMsI CxKaTHsI U pa3pe-
JKEeHUS TToJTyJaloTcs 60jiee CUIbHBIMU.

Ha puc. 3 npencraBieHbl 3aBUCMMOCTHU TTOMEepey-
HOro pasmepa y = y,(x)+ v,/ OT KOOpAMHATBI X B
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p, dm~3 E,=10 M>B

25

2.0 ! \ 0
1=2-102¢

1.5 / \
1=4-102¢

o I__,/‘_‘\\\
r=6-107%3¢

0.5 / \
1=8-102¢

Puc. 2. MrHoBeHHbIe PO CTOTKHOBEHUSI OMHAKO-
BBIX siiep (CIUIOLLHbIC IMHUM) IpU 3Hepruu £, = 10 MaB
Ha HYKJIOH B pa3jM4yHble MOMEHTBI BpEeMEHM NpU
t =0; 2; 4; 6; 8 B eauHULIAX BpEMEHU 1075 ¢ s IBYMep-
HOTO cJIy4asi, IITPUXOBbIE TUHUU — MPOMUIN TIOTHOCTU
ISl OMHOMEPHBIX CJIOEB, KaK Ha puc. 1.

v, M E,= 10 M>B
12 -
10 +
3
8_
6l 3t=6-10"2¢
4l 2t=4-102¢
2+ 1t=0
—-10 -8 —6 6 8 10

Puc. 3. [Tpoduin MakCMManbHOTO MOMEPEYHOTO pa3me-
pa sanep npu 3Hepruu £y = 10 MsB Ha HyKJIOH B pa3iny-
Hble MOMEHTHI BpeMeHU npu ¢ = 0; 4; 6 B eAMHMIIAX Bpe-
menn 1073 ¢.

MOMEeHTHI BpeMeHU ¢ = 0; 4; 6 B eIMHUIIAX BpeMeHU

10~3c. DTH pe3ynbTaThl MOJIYYEHBI IS IDIOTHOCTH,
He 3aBUCSIIEH OT KoopauHaTte y. M3 puc. 2 BUIHO,
YTO B KOHIIE CTOJIKHOBEHHMS 0OpasyeTcs B IIEHTpE
pa3pexkeHHas 00J1acTh, a Ha KOHIIAX HOpMaJTbHast
TUTIOTHOCTh. TO €CTh MOXHO OXHAaTh 0Opa3oBaHUE
My3BIPS B IIEHTPE Sapa.

MN3BECTUA PAH. CEPUA OPU3NYECKAA
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Ey=10 MaB
, M3 0
0202 ®
0.15F I
1t=6-105¢
0.10 21=7-103¢
0.05 -
1 1 1 1 ]
0 2 4 6 8 10
¥y, oM

Puc. 4. 3aBUCUMOCTb IUIOTHOCTU p(y,7)O T MOINEPEYHON
KoopauHathl yans x = 0 npu sHepruu £y =10 MaB Ha
HYKJIOH B pa3jIMYHble MOMEHTBI BpeMEHU Npu ¢ = 6; 7 B
eAMHMIIaX BpEMEHU 10 B¢,

,Z[.TIS{ HOHCpC‘iHOfI KOOpAWHAThI ¥y MOXHO BUIACTb
aHaJIoTMYHyI0 cuTyanuio. Ha puc. 4 mpencrasieHo
2

22

17¢c;

x = 0 B pa3IMyHbIe MOMEHTHI BpeMEHHU. DTa 3aBUCHU-
MOCTbD ITOJIYY€HA U3 pCIICHUA TUAPOANHAMHNYCCKOIo

ypaBHeHUs Dilyiepa Uit CKOPOCTH v, = Y=l yue-
t

U3MEHEHUE TUIOTHOCTU P(Y) = P, npu

TOM TIONPAaBKH HAa U3MEHEHME MIOTHOCTU C KOOPIH-
Hatoil y. Takum obpa3oM, olleHKa sl ABYMEPHOIO
ciiy4yasi TIOATBepKIaeT 0Opa3oBaHUe My3bIps B LIEH-
Tpe sapa, rae oOpasyeTcs pa3peXeHHass 00J1acTh C

TUTOTHOCTHIO p,. [Ipy HU3KKMX SHEPTHSIX CTATKUBAIO-
LIUXCSI CUCTEM B pe3yJibTaTe KoJeOaHUM TNIOTHOCTU
JUIST YePEAYIOIINXCS Pa3peskeHU U CXKATUM MOXET
chopMIpOBATHCSI YCTOMYMBEIN ITy3BIPh B LICHTPE.

3AKJIFOUEHHME

Takum 06pa3zoM, pa3BUT HEpAaBHOBECHBIN TUIPO -
JUHAMMYECKUM TOAXOA JJisl OINMMCAHUS CJIOKHBIX
CUCTEM Ha MPUMEPE CTOJKHOBEHUS aTOMHBIX SJIEP.
HepaBHOBeCHBIN TMOAXON K TUAPOAWMHAMUYECKUM
YPaBHEHUSM, ITO3BOJISIET ONMUCHIBATh SKCIIEPUMEH-
TaJbHbIE TAHHBIE JIyYIlle, YeM YPAaBHEHUE COCTOS-
HHE, COOTBETCTBYIOIIEE TPAAULIMOHHON T'MIpOAHA-
MUKe, MNpeanoJjararounieii yCTaHOBJIEHUE JOKaJIbHOIO
TepMOIUHAMMYECKOro paBHoBecusl. I1pu 3ToM omnuca-
HUM CYLLIECTBEHHBIM ObLIO BBIACICHNE rOpsdero MmsTHa
hot spot. IlokaszaHo, 9yTo BBeIeHME IUCTIICPCUOHHBIX
YJICHOB He HapyllaeT 3To MnpeacrasieHue. Ha cragumu
pacluMpeHusT oOpa3yeTcsl pa3pexeHHasl 00JacTh B
HEeHTPE CUCTEMbI — TMHAMWYECKUI MTy3bIPh. DTO pac-
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TOM 87 2023



COJIUTOHHBIE PELIEHUSA YPABHEHUW TUJPOAVMHAMUWKMU

CMOTpEHME TIPOBEIEHO KaK B OMHOMEPHOM, TaK U B
JIBYMEPHOM CJIyJasiX.

HMcrionb3yemble ypaBHEHUSI TUAPOIVMHAMUKU M
ypaBHeHue KopreBera—ae ®@pusa MEIOT OOIIMIA Xa-
pakTep, a HalileHHbIE COJTUTOHOIIONOOHbBIE PEIIEHUS
NMPUMEHMUMBI K JHOG]:;IM CJIOKHBIM CHUCTEMAaM. CBeﬂe—
HUE ypaBHEHUI TMAPOAMHAMUKU K PEIICHUIO IBYX
ypaBHeHuii Kopresera—ae ®pusa B BUIe COJTUTOHOB
MO3BOJISIET HAWITU aHAJIMTUYECKOE pelleHe 3aJaun.
O0600611IeHNE Pe3yIbTAaTOB COJIUTOHHOIO ITOAXOAA B
clIydae BO3MYIIEHHIT OOJBIION aMIUIUTYIBI M TOTTOJ -
HUTEJbHBIX WU3MEPEHUN IPEICTABISIET CaMOCTOSI-
TeJIbHBIN (DyHIaMEHTAJIbHBII MHTEpeC sl (PUUKU
BOOOIIIE I MOXET OBITb UCITOJIb30BAHO B Pa3In4YHbBIX
00JIACTSIX TEXHUKU.
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Soliton solutions of the equations of hydrodynamics in describing collisions
and oscillations of atomic nuclei
A. T. D’yachenko* » *, 1. A. Mitropolsky”
4 St. Petersburg State Transport University, St. Petersburg, 190031 Russia

b Konstantinov Petersburg Nuclear Physics Institute, National Research Centre “Kurchatov Institute”, Gatchina, 188300 Russia
*e-mail: dyachenko _a@mail.ru

The hydrodynamic approach was used to find an analytical solution of the hydrodynamic equations in the
soliton approximation for layer collisions in the one- and two-dimensional cases. The compression stage, the
decompression stage, and the expansion stage are considered within the framework of a single formula for
layers with energies on the order of ten MeV per nucleon. Our generalization to the two-dimensional case
leads to the idea of the formation of a rarefied bubble region at the stage of expansion. The approach can be
used in other fields for calculations of the nonlinear dynamics of oscillations of complex systems.
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