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Hano peHOMEHOMOMYHII BUBLL PIBHAHb PeJIATUBICTUYHOI Teopil HaAMIHMHHOCTH 3 IBOMAa TH-
IaMU KOHIEHCATIB 3 ypaXxyBaHHAM e(peKTy 3aXOILIeHHS Ha JIIMHHIMY DY XaMU OQUH OQHOTO (1par—
edeKTy ), AKUN PO3TIAHYTO K B3aE€MOJIIO IBOX KBAHTOBUX CKAJSPHUX MOJMIB. 3HANIEHO TEPMOAN-
HaMIYHI TOTO JKHOCTI I TUCKY, TY CTUHHI eHe pril Ta BUPpa3u IJIs TeH30pa eHePrii—IMILYIbCY, CTPY MI1B

“saxormrenus”’

. [ToBy moBaHO BapiAImiHUI TPUHITKIL, SKUH TO3BOJSE BUBECTH HE3IUCUTATABHI PIB-

HAHHS TPUMIBUIKICHOL pedsTUBlCTUYHOL rigpomnHaMiku. 11 piBHAHHS copMyThoBaHI TaKOK Ha
ocHoBl dopMmadaismy [aMinbrona. PosrasiHy To rpaHUINO Ma nX MIBIIKOCTEMN, a TaKO K IUCUTIATABHI
YIEeHN B PIBHAHHAX TlAPOIMHAMIKI 1 3HAMAeHO PIBHAHHSA s BUMAAKY, KOJIW HaAMJIWHH PlITHI

oBepTaroThC.

KiarouoBi caoBa: Ha IIIMHHICTE, peIATHBI3M, KOHAeHCAT, Apar—edeKT.

PACS numbers: 47.75.+f, 67.40.Bz

I. BCTYII

BakyymHI KOHIeHCATH € PEAATUBICTUYHAM aHAJIOTOM
KBAHTOBUX PILANH THUIy HAAIINHHOLO Teqifo abo “KOH-
JeHcaTy KyMepiBChKNX map”’ y HaAMPOBLIHNKAX 1 Xapak-
TePU3yIOTHCS PEAATUBICTUYHOIO HA LI UHHO T1IpO— Ta
TepMoanHaMikoo. OcHoBHA BIAMIHHICTD M€l ANHAMIKI
1 TepMOIMHAMIKNA BLI HepPeISTHBICTUYHOL OB si3aHa 13
3aMiHoIo Tpymn amdides, sika BLOITPAE BasKINBY POIb Y
teopii HaamauuaoctTu Jlangay [1-5], va rpymy Jlopenia.
Po3BUTKY peasiTUBICTUYHOL Teopil HAIIIUHHOCTH 3 OJ-
HUM KOMIIEKCHUM CKAJAPDHUM TapaMeTPOM TOPSAKY
HpMCBﬂqui poboTu [6713] Merorw Haiol pobotu € de-
HOMEHOJIOT1UHWIT BUBIT HA OCHOBI METOY 1 CXEMU, PO3BU-
HEHO1 sl PeAATUBICTUYHOl ONHOKOHIEHCATHOI HAl-
[IMHHOIL cucTeMu B [6], AOPEHII—KOBAaPISIHTHUX PIBHSIHb,
o OTICYIOTh FlILpOILI/IHaMIKy 1 TepMOILI/IHaMIKy pei si-
TUBICTUYHOI HAAMIWHHOI CHUCTEMH, y SKIf CIIBICHY-
IOTh IBa KoHIeHcaTu. HepeasTUBICTUUHI CHUCTEMU Ta-
Koro Tuiy posrasayTo B [9], [14-18]. ®eHoMeHOMOTIU-
HITI BUB1Z PIBHAHD, SIKI OMICYIOTH TBOKOHIEHCATHI eI si-
TUBICTHYHI HAIILIUHHIL cuctemu, nauuii y [19], Bukoramo
B HaDIMKEHHI, IO He BpaXoBY€ epeKTy B3aEMHOTO 3aX0-
[IeHHA HAMIUHHUX PYXiB OJWH 0JHOTO (Apar—edeKT),
SIKUH I7151 HePea ITUBIC TUYHNX JBOKOHIEHCATHNUX CUCTEM
yrepie Biazaauero B [16]. Y Hawmmiii poborti et edpert
OyIe BpaxoBaHoO.

AKTyalIbHICTD III€l 33349l 3yMOBAEHA THUM, IO, STK I0-
Ka3yIOTh CyYacHl JOCHIIKEHHA ¥ KBAHTOBIA XPOMOIN-
HaMiIll, acTpopI3|Ill Ta KOCMOJOTI, CUCTEMH, ¥ SIKAX
Ha TEeBHUX eTalaX eBOJION MOKYTh CIBICHYBATH Pi3-
HOTUITHI peAsTUBICTChEL Ha LI NHHL hasl, BUHIKAIOTD Y
pisanx pismunnx nporecax. Tak, HampuKIam, IBa ByKy-
YMHIX KIpaJdbHIX KOHAEHCATH — J1BO— 1 MPaBOKIpaab-
HIIi — MOMKYTh CINBICHYBaTH y (bI3MUHOMY BaKyyMi
kBaHTOBOI xpoMomunamiku [20]. Ie symMoBieHo TUM, 1110

B KX/l narpansisiu gasg GesmacoBux u— 1 d— KBapkiB
mae isoromuny SU(2) i kipaasny SU(2)r x SU(2)g cu-
MeTpil. ¥ HACI1I0K HECTIKOCTH TOYATKOBOl CMMETPIY-
Hol ¢pasm BakyyMy 06e3MacOBUX KBapKOBHUX IIOJIB Bi-
HOCHO KYIIEPIBCBKOTO CIIapioBaHHs BlLADyBaeThbes ¢a-
30BUI Mepexiy y HecuMeTpuuHy a3y 31 CKIAIOBUMU
J1BO— 1 MPaBOKIPAJbHUMM KOHIEHCATAMU <0|1/)L1/)L|0>
(0[YrYR10) [21]. LIi KOHZEHCATH MOYTH B3AEMOMIATH
1 XapaKTepn3yIOThCA CIEMIpIUHO0 BHY TPIIIHBOIO PEsi-
TUBICTUYHOIO AMHAMIKOIO, TOMIOHO0 10 AMHAMIKI MIKPO-
CKOIMYHNX KBAHTOBUX PIANH y HAaAMINHHOMY TeTil.

EBoionist moapifiHol 31pKI MO #e TaKO 3K IIPUBECTH 10
CIMBICHYBAHHS 1 B3a6MOll ABOX peNsSITUBICTUYHNX Ha -
MAMHHEX a3 13 pI3HEM TapaMeTpoM Topsaky. Hxs
simep HeATPOHHUX 31POK HAMHHO BCTAHOBIEHO, 1O B
HUX ICHY€ HaJIiuHHA dasa, 3yMOBIEHA KYyIEPIBCHKIM
crapoBatisaM HykaoHis [22]. Tapamerpu HeHTPOHHUX
3ipok (poswmip mopsaky 10 kKM, rycTHHa BHY TPIIIHBOTO
pizkoro sapa nopsiaky 1014 — 101° F/CMS) TaKl, 1o BlI-
HOIIEHHA I'paBiTAIHOTO paalyca 10 palyca 31pKI CTae
TOPSIAKY OJMHIII, TOOTO HEHTPOHHI 31PKI MAIOTh CUIBHE
r'paBiTalilifHe moJe 1 MpH 1X PO3TAAI Tpeba BpaXoByBaTH
edeKTn 3araabHol Teopil BiAHOCHOoCTH. Bricoka rycTuma
simpa HeHUTPOHHOI 31PKM MPUBOAWTH Ie W IO TOTO, IO
depMilBehbEa MBUAKICTL HYKJAOHIB CTAE TMOPAIKY IIBUI-
KocTu cBiTia ¢. IlepepaxoBami Buile dHakTH 3YMOBIIO-
OTH PEeIATUBICTIYHY AUHAMIKY HaAMANHHOL dhasm Hell-
TpoHHOI 3ipkmM. SIKIMo moABifiHa 31pKa CHIATAETHCS 3
HeATPOHHMX 31POK, TO 3a PaXyHOK aKpeIll cTae MO sKIN-
BUM CIIBICHYBaHHS 1 B3a€MOIIs HAAMLIUHANX a3 CKIa-
JIOBUX 31pKM.

CyuacHa KOCMOJOTIS TaKOK MOTYCKAE€ BUHUKHEHHS
CHUCTEM 13 PI3HUMU TUIIAMY PeTSTUBIC THUHUX HA I ITH-
HUX KoHueHcari. Sk mnokasano B [23], mpu miasu-
IeHH] TeMIIepaTypH CIIOHTAHHO MOPYIITeHl CUMeTpil Io-
BUHHI BIJHOBIIOBATUCH. 3 IIOTO BUXOIUTD, IO MTPU OXO-
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JoakeHHl BeecBIT y mepin MUTTEBOCTI TOBUHEH TIPONTH
yepes MEeBHI eTaI MOCTITOBHIX TOPYIEeHb CUMeTPiil. ¥
HafimpocTimiii Mmogeni SU(5) e asi crami

SU(5) — SU(3) x SU(2) x U(1) mnpu 10'*TeB

SU(3) x SU(2) x U(1) = SU(3) x U(1) mpu 10°TeB,

KOMKHA 3 BHHUKHEHHSIM CBOTO XITCIBCBKOTO KOHJIEHCATY
[24]. ¥ pisHuxX npuunHHO-He3B’s3aHux obaractax Bee-
CBITY TIOpPYUIEHHsI CHMeTPIl BIADYBAETHCS He3adeKHO, 1
TOMY B MOMEHT pa30BUX MEPXOMIB Yy KOKHIN 3 BEJIMKOTO
Yrcaa MpUYNHHO—He3B sI3aHnX obaacTeil pasn XITCiBCh-
KOTO KOHIeHCATY (pIKCYIOTHCS He3aJdesKHO B IIMX 0bIa-
CTSIX 1 € HECKOPeMTbOBAHUMU OZHA 3 OMHOIO. Ko mpu-
My cTUTH, 1o TycTuHa BeecBiTy € G1abII010 32 KPUTUYHY
pe = 10729 r/cm3, To Ha HeMuUHyUiil npu HOMY basi Ko-
nparcy BcecBiTy o6m1acTl 3 HecKOpelboBaHNMI (hba3aMu
XITCIBCHKMX KOHIEHCATIB Oy Iy Th MePeTUHATICEH 1 BUHIK-
HYTb CHCTeMU, Je CINBICHYIOTH Pi3HI pPeasATHBICTIYHI
HA I UHHL KOHIEHCATH.

Crpykrypa ctaTti € Takow. Y posmal 11 wammawnaHl
MBIAKOCT] KOHIEHCATIB YBOANMO SIK TpamieHTH ¢das
XBUABOBUX (PYHKINH, IO OMUCYIOTH HAAMANHHI KOM-
nouenTn. Hakaapum ymoBy Ilyankape—iHBapisHTHOCTH,
dopMaIbHO 3aMAIIEMO TEH30p eHeprii—IMIyabcy, 4—
BEKTOPH CTPYMY, a TaKOK HeoOXIAHI B MOJalb-
IIOMY BapiAlll I1s TeH30pa eHepTi—IMIYILCY, TYCTITH
eHeprii Ta iMmyabcy. Kpim Toro, dgpopmaabHO 3amu-
CYIOEMO TaK 3BaHl “Ipar’—CcTpyMu, IO OYIyTh BU-
3HAUEHl UYepe3 B3aEMOMII0 KOHJAEHCATIB, SIKY PpO3TIAs-
JTa€MO SIK B3a€MOJIIO CKAaJSPHUX KBAHTOBHUX mmouaiB. ['o-
J0BHOIO MeTofo posmay Il e orpumanms Tepmomn-
HaMIUHAX TOTOKHOCTEH. ¥ BOANMO HEOOXIIHI TePMOIN-
HaMIuHl 3MIHHI, a TaKOK YOTHUPHUBUMIDHI IIBHIKOCTI,
JIS YOTO BUKOPUCTOBYE&MO Bu3HaueHl B posmuai 11 tpu-
BUMIDHI HAILIMHHI MBIIKOCTI Ta TYCTUHN IMITYJIbCIiB.
TepMoamHaMiuHl 3MIHHI 3aIIICY EMO SIK (bYHKIT YOTHPH-
BUMIDHUX IBUAKOcTed. Y posmai IV ma a3l orpuma-
moi B posmai Il TepmommHaMiyHOl TOTOMKHOCTH 15T
TUCKY BapIAMITHIM MeTOIOM OJep JKAHO PIBHSIHHS PYXY
CHUCTeMU, WO PO3TAAgaeTbesi. ¥ posmial V IoKasaHo,
mo sHalfizeni B posminax III-IV cmiBBiaHomeHHS Ta
PIBHSIHHST TIPUBOISATL IO 3aKOHIB 30epeKeHHs eHepTrii—
IMIIyIbCY, CTPYMIB, & TAKOK J0O3BOISIOTH OOy IyBaTH
BLATIOBIAHO 10 hpopMaibHo mobynoBammx y posmial 11
TEH30D €Heprii—IMIyabcy, 4-BEKTOPU CTPYMY, T'yCTUHY
4-TOTOKY eHTpoIi 1, KpiM TOro, maTu (pI3muHy I1H-
TepIpeTaliio osHaueHnM y posaial Il ctpymam i “apar”—
rycturam. Y posmiai VI, BUKOpPUCTOBY IoUM raMiibTOHIB
dopmaaizM, BUBeAeHO 6e3IMCUIaTUBHI PIBHAHHS T1IpO-
JUHAMIKNA CUCTEMH, sIKa PO3TAATAETHCH, 1 TOKA3aHO, 0
Il PIBHSIHHS V3TOMKYIOTHCS 3 paHille OTPpUMAHIMM. Y
posmiai VII posrasiHy To pyX CHCTEMU 3 HEPeT sSITHBIC T~
HUMW MBUAKOCTsAMU, a B po3maax VIII ra IX orpumano
DIBHSIHHSI 3 ypaXyBaHHSM AWCUMATUBHUX Ta BUXPOBUX
MIPOIECIB ¥ CUCTEMI.
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II. HA ATTJIMHHI BN AKOCTI

Posrasmatumemo pelsiTUBICTHUHY KBAHTOBY CHCTEMY
(KBaHTOBY DPIIMHY, KBAHTOBE IOJE 31 CIIOHTAHHO TODY-
HIEHHOTO CHMETPI€I0) ¥ JOKAABHO DIBHOBAMKHOMY CTaHI
HIT3KYEe BlI KPUTWYHOI TOYKHM, KOJAM B HI CINBICHYIOTH
JBl HAAIIMHHI KOMIOHEHTH (JBa THIN KOHIEHCATIB)
— KOJKHAa 31 cBoIM ‘TaszoMm 30ymimenn’ . “I'asu” 36y-
JIKEHB MAIOTh TYCTUHU pp1 1 Pp2 BIAMOBIAHO 1 ICHYIOTH
BLAMIOBIIHO IBa CTPyMHU, 1o 3bepirarorbes. IIBumakocTi
“rasy” 30yIHeHD € OHAKOBUMI, 1X BUPIBHIOE B SI3KICTD.
Rongencarn ommcyorThcs KOMILTEKCHUM TIapaMeTpPOM
TIOPSIAKY KOsEKeH — e(peKTUBHOIO XBUIBLOBOIO (bYHKITIEIO

b () = m(a") exp(ion (2")), (1)

pa(@") = na(x") expliaz(z")).
Mu subupaemo ¢ = 1, h = 1 1 1opeHII—MeTpUKY

1 0

I =0 =i

Y TOPIBHSIHHI 3 KIACHYHIM BHIAIKOM Y CHCTEMI, sSKa
PO3STAATAETHCS, 3 ABASIOTLCSI JO0JATKOBl 3MIHHI — Bl
HaAMIWHHL MIBIIKOCTI Vg1 1 Vg, MOBsI3aHl 3 ¢paszaMu
BLATIOBIIHNX XBUABOBUX (PYHKINA TaKUM YNHOM, IO 3a
BLICY THOCTH BUXOPIB MAEMO

vs1 = Vay(z), Vo = Vas(z). (2)

Heo®xinHo sayBaskutu, mo, sk 1 B [6], BusHaueni cris-
BlaHOMmeHAMY (2) Ha NI MHHI MBIIKOCTL, Ha BLAMIHY BixX
HOPMaJbLHOL, He CIIBBLAHOCATLCS 3 IPOCTOPOBUMU KOM-
MOHEHTAaMU OYIb—IKOTO OJAMHIYHOTO 4—BeKTOopa 1 BiI-
TIOBLIHO MOKY Th 6y TH OLIBIINME Bl IIBIIKOCTI CBITIA
¢; He MOsKe Oy T 61IBIIOI0 Bl IMBIIKOCTHA CBITIA IIBUI-
KICTE [epeHOCY MacCH, sIKa BU3HAYAETLCS CIIIBBLIHOLIEH-
HAM j/p, e p € rycTMHA MacH, j — TYCTUHA HOTOKY
MacH.

CrmiBicHYBaHHS IBOX KOHJIEHCATIB Y CUCTEMI, IKa PO3-
[ISAIAETHCS, IPUBOAUTEL 10 B3aEMOIIl MiyK HUMM TUITY
B3aE€MOIIl MiK KBAHTOBIMU CHKaJAApHUME ToasiMu. He-
xal

L (vu q1, 91, vu q2, QZ)

— Ilyankape—1HBapisHTHA MIKPOCKOINYHA TYCTHHA
dbynrmi Jarpanska niel cucremu (iHmekcamn 11 2 mo-
3HAYEHO MUMHAMIYHI 3MI1HHI, IO HaJeKaTh J0 11 CKIaI0-
BHIX), sIKa 3aJ€3KUTH Bl BEKTODHNX 3MIHHUX JHIle Uepes
4—cKaasipn

up = V1 Viq, us = Ve Vig

1, KpIM IBOTO, YHACIIIOK B3a€MOIIl Oy Ie TaKosK 3ae-



JIO PEJIATUBICTUYHOI TEOPIT HA ITLI MHHOT ABOKOHIEHCATHOI CUCTEMU. . .

sATH Bij 4-craaspa
W=V, Vi,

106 TO:
L =F(q, q2, u1, ua, w).

TyaHkape-iHBapiAHTHICTH Tarpats;kiana L (Hexait G
— BIAMOBIAHWI T'eHePATOD I'PYIN) 3TIAHO 3 TEOPEMOIO
Hetep Beme mo icHyBaHHS 3aKOHIB 30epekeHHSI 3 4-—
Iy CTHHOTO

. OF oF
= 28—ul (Vuq) Gg1 + ™ (Vug) G (3)
oF oF
+8_w( qu)G(12+28 2( wq2) Gqo.

YpaxyBaHHsT B3ae€MOJIil MiK KOHACHCATAMU MPUBOANTD
Jo mosBu y Bupasi (3) wieHiB, NpPOMOPHIHNX 10
(Vug1)Gg2 1 (V,g2)Gqr, ToBTO j# Mae B 3aralbHOMY BU-
MagKy TaKy CTPYKTYDY:

J* :jﬁ +jfz +j§1 +j§2a (4)
ze
. or . OF
Jih = 2—8u1 (Vug1) Gqr, i = Em (Vuaq) G go,
. oOF . OF
351 = v (Vig2) Gai, ng = 23—112 (Vi g2) G go.

luBapisiuTauM BigHOCHO (G 6yne 1 TeH30p eHeprii—
IMITy IBCY

B
|

or
) M(leufh + (8_(.0) qulvVQZ (5)

U

—

QDQD

ow

w=
(

or
) MQZVVQI + (auz) V;ﬂ]zvuf]z

HpOBeﬂeMO TEep JOKaJdbHE TIEPETBOPEHHS

dqp = doy () G ¢, dqz = daa(2) G ¢o. (6)

Y paxoByIoUl JIHIAHICTD JarpaHsKsSHa CIIHOPHNX MTOIIB
3a rpajieHTaMn ¢, sHaxoMo 3 (5)

§TH = 1V, day + j¥ V, Sas + 35 V, 6oy (7)
+ jho Vi b — 88 (j7; Vi St + j5 Vi daz

—|— j201 Vg 60[1 —|— j202 Vg (50[2) .

Nas ryctunn emeprii £ = Ty i A1a TyCTHHI iMITyAbCy

¢i = T? cnissinnomenus (7) nae

0F =311 Viar +ji2 Vias +j21 Viay (8)
+j22 Vdas,

dg =p11 Va4 p12 Vias + pa1 Viay

+ p22 Vias.
Tyt yBeneHo TpUBUMIpHI TosHaueHHA j# = (p, ).
Hexait temep (G — renepaTop rpynu KaiibpyBalb-

HIX TIePETBOPEHB, TOI MTepeTBOPeHH: (6) IPUBOAUTE 10
3MIHNI pa3 KOHAEHCATIB TAKNM YIMHOM, IO TIPHU BLAMOBII-
HOMY HOPMYBaHHI

6V51 IV(SOQ, 6V522V(50é2. (9)

Touni, Bpaxysasum (9), crmiesiaHoueHHA (8) 3amuiemMmo
TAKHM UIHOM:

0F = (i1 +J21) 0vs1 + (Jiz + J22)dvsa,
(10)
dg = (p11 + p12)0vs1 + (p21 + p22)dvsa.

3ayBajKIIMO, MO0 TYT He KOHKPETU3YEThCS BUTASA J0-
KaJbHOTO (paszoBOTO MEPETBOPEHHS 1 KaaibpyBaJbHOTO
MoJsi 1 He 3aINCyEThCsT SIBHO JarpaH:KisH, a OTike, He
orpumano piBhsinis Oftnepa—Jlarpanska pyXy cUCTEMH,
o 6y e 3pobaeHo BaplsAmiiiHuM MeToaoM y posmai [V.

III. TEPMOJMHAMIUHI TOTOMHOCTI

IIpu oTpuMaHH TepMOAMHAMIYHIX TOTOKHOCTEH Oy-
JIEMO BUXOIUTU 3 JIOKaJbHOIrO posmoainy I i66ca, skuit
3aJa6THCS (PYHKITEIO PO3TIOILIY

exp [/ &P TN =P — E+va9+ puip1 + pops)|, (11)

ne P(x) e tuck, T(x) — memmeparypa, vp(z) —
HOPMaJbHa MBUIKICTh, f1(2), pa(#) — XeMiuHi TOTEH-
msann, E(x) — rycruna eHeprii, g(x) — rycTuHa im-
MyABCY, p1, P2 — TYCTVHI MAC CKIAJIOBUX CUCTEMIL.
Enrpormis sk Miryc cepenme torapudpma pyHKIINI po3-
nozixy Mae Biamosigro go (11) taky rycTusy:
S=T"

P+ E —vng — piip1 — pop). (12)

YacTuHy TTOKA3HUKA eKCTIOHeHTH — I + v,g + p1p1 +
Hops vy cuiBBigHOmeHH] (11) MosKHA 3ammcarn K Hy-
JbOBY KOMIIOHEHTY BlJl TAKOTO BUPa3y:

— BITE A+ T (gt + pagh), (13)
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zie
Br = (T~ T v,),
1= Jin + s
Jb = Jia + s

Yeasgatoun 1171, puoT ™1 i P craastpamm, a % — 4-

BEKTOPOM, MU 3ab6e3IeunMo 1HBaAPISHTHICTD PO3IOMIIY
T'i66ca. Bapiaris ymon HopMyBaHHs posnomiay (11) za
ToKAXBHUMY T, vy, fi1, [t 1 32 HAJIIUHHUMY IBU KO-
CTAMU V41, Vg 3 YpaxyBaHHAM yMoBu (12) mae tepmo-
JMHAMIYHY TOTOKHICTD I15 TUCKY P:

dP = p1dpy + pa dps + SdT + gdv, (14)

- (jl - p1Vn) dvsy — (jz - szn) dvs.

Mepemmemo ToToskHicTh (14) y KOBapisHTHOMY BU-
DJSI, ST UOTO BBEJIEMO BEKTOD W 3T1IHO 3 O3HAUEHHSIM

g = p11Vs1 + paavsa + SW + pa1ver + praves (15)
i CKOMCTPYOEMO BeJI UMK

Vip = (/il + Vi1 Vi, _Vb’l)’
Vay = (/’LZ + vso - Vi, —VSZ), (16)

wy = (T+vy - -w, —w).

BekTop w, € peasTUBICTUUHIM aHAJIOTOM TaK 3BAHOTO
“TermmoBoro” BEKTOPa

SIKUA yBiB y Teopio Hamgmauuauoro reaiwo II. Cadpdman
[25] i mast sikoTO, K 1 JAsi BEKTODA HAJILIWHHOI 1B -
KOCTH V,, BUKOHYIOTbCSI TeopeMmu Henbpina, Jlarpamska
i BepHyaai (Tak 3BaHe MOJBOECHHSA UMCIA IiJIPOINHAMIU-
HIUX TeopeM y Teopii HammauaHocTH) [26]. Tenep (14)
MOKHA, 3aIlICATU B TAKOMY BULJ S

_ b pL 1
dP = j{ dviy + jb dvoy + s* dwy, (17)
ge s* = (s, sv,) € TycTHHA 4-TIOTOKY €HTPOTIi.
YBeneni B (16) BeawunHu € 4-BeKTOpaMu TOMY, IO
Tick P e imBapisHTOM, a BexwuwHW ji, jh 1 s# — 4—
BeKTOpaMM. ¥ paXxoBYIOUN KOJMIHeaApHICTH 4—BeKTOPIB s

i g* 1 pisaicts f*w, = 1, cuisBinnomenss (17) Mosrma
HepenncaTi TAKIM YHHOM:

dP = ji dviy + j4 dvay — T swy, dB*, (18)
JeT's = whs, eiHBAPIAHTOM, IO 3abe3Tedy e iHBAPIAHT-
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HicTH TOTORHOCTH (18).

Bupasusum 3i cruiBeigHoueHas (12) rycTuHy eHeprii
E, snaxonnmo B Tepminax (15)

V1o = M1 + Vsi - Va,
Vap = 2 + Vg2 - Vi
wy =T+ w- vy,

EIp1~Ulo—|—p2'020+5'w0—P. (19)

Tycruna eneprii € dynrnieo E(p1, p2, vs1, Vs2, W), 10
bepenrian skroi orpumyemo 3 (17) i (19) y rakomy Bu-
TSI

dE = V1o - dp1 =+ vag - dp2 + wq - ds (20)

—J1-dvg —Jo - dvgs — sV, - dw.

IV. BAPISIIIMTHUN IIPUHITUIT

Cdopmynioemo Temep OGe3qUCUTIATUBHI  PIBHIHHS
T1ApOAMHAMIKI PesITUBICTUYHOI TBOKOHIEHCATHOL Ha -
IIMHHOI CUCTEMU, IKY PO3TISiIaeMo. By meMo BUBOIUTH
iX, BUXOISYN 3 MpHMHINIY HafiMenmrol mi. Sk BumHO
31 CTPYKTYpU TeH3opa eHeprii-immynabey (5), Tuck P
3T1AHO 3 PIBHAHHAMU PYXY MOBUHEH 301TATUCS 3 TYCTH-
oo dyHukmi Jlarpamsa L.

Iast orpumansst L 3 dyskmil P(viy, vay,, wy) B OCTaH-
HIit M1 3pOBUMO TT1IC TAHOBKY (KOPHCTY €MOCH CIIiBBIIHO-
mersm  (17)):

Vipg = —Vual, (21)
Vo = —Vuaz,
wy = =V — oV,

3MICT 3MIHHUX (1, (g, &, ¢, ¥ BUACHAETBCS 3 TIPOCTOPO-
BUX KOMIOHeHT piBHanusa (21). Jas vy, v, Il KOMIO-
HeHTH 306iralorbes 3 (2), To6To a1, as € dazaMu XBU-
THOBUX (PYHKITH BIANOBITHUX KOHIEHCATIB, a IIA Wy
MIPOCTOPOBA KOMITOHEHTA MAa& BUTJI ST

w=V{+¢Vy, (22)

To6TO 3MIHHI &, ¢, ¥ BIAMOBIAAIOTH TPHOM HE3aJ € FKHUM
CTYTIEHSIM BIIBHOCTH W, 10 aHAJIOTIUHO 10 Bumaaky He—
IT [27], me mnst onucy TPHOX CTYIIEHIB BIJIBHOCTU BBO I U
sminnl Raebura.

BapioBanms P 3a BIONOBIAHUMU 3MIHHUME Ia€ PiB-
HSHHA PYyXy cucTeMu ( BpaXoBaHO cIiBBianOmeHHs (17)

i (22)):
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JapP JapP JapP
(51}1” + 6U2N +

oP —
81)2“ 8wu

= Dors dwy, (23)

= =0V — jE6V jan — s (0V € + 6(6 V).

3 (23) Mu MOKEMO OTPUMATH

Vit =0, V.5 =0, (24)
Vst =0, (25)
Vi(os*) =0, s*Vy = 0. (26)

Pipusnnsa (24), (25) sBasiort coboio 3akoHN 306epe-
JHeHHs Mach (ToDTo unejaa 94acToK) il eHTpomii, a piB-
HSAHHA JJs ¢ 3 ypaxyBaHHAM (25) mepemmcyemo y BU-
Al

s#V,6 = 0. (27)

3 (21), BuropucroBytoun (26), (27), orpuMaemo Taki pis-
HAHHS:

Vuvh, — Vl,vlu = 0, Vuvzl, — Vl,vzu = 0, (28)

sH(Vyw, — Vow,) = 0. (29)

Crissigromenss (28) i piBHAHHA A7 MIBUIKOCTEN
Vs1, Vg MaIOTh y cobl yMoBHU rotvgy = 0, rot vgey = 0,
a criBBigHOMEHHA (29) € PIBHAHHAM I BETUUNHE W,
OCKLILKHU 3 YOTUPLOX MOr0 KOMIIOHEHT TIALKHU TP He3a-
JIe FKHL.

V. TEH30P EHEPIII-IMIIYJILCY

OTpumanl pIBHSHHS TNPUBOAATH IO 3aKOHIB 30epe-
FHEHHST eHepT1—IMIIy IbCy

vV, T* = 0. (30)

Ysasum go ysaru crissigromenss (17) 1 (21), Mu koH-
CTPYIOEMO TEH30D €HEPTII—IMITYIbCY:

T = (jﬁ + jgl)vll’ + (jfz +j52)v2u + stw, — 5} P.
(31)

Pipusnns (30) sunaubae rerep 3 (24), (25), (28), (29).
Nas rycrunu eneprii £ = T3 orpumyemo 3 (31) Bupas,
roroskuuit (19), a aas rycrunu imnyasey ¢; = =10 —
rorosmuii (15). Komnonentn Q° = T§ i I, = —T} Ten-
3opa (31) maloTh IycTHHY MOTOKY eHepril i TeHsop Ha-

tary Biamosigro. IMomuosxusim (31) wa ¥ 1 BpaxoBy-
fOUr CIBBIAHOmEHHS 7w, = 1 Aas IycTUHA 4-TIOTOKY
€HTPOIII, 3HAXOAIMO

S = PB4 BTy = (311 + J51) 8" v (32)

— (Jia + Jgo) B vap.

HynrvoBa kOMTOHeHTa (32) micas MepeTBOpeHb 36i-
raerbes 3 (12). Haxi, nudepenmitooun (32) i Gepyun mo
yearu (18), (31), a Takosx kKoxiHeapHicTb 57 1 .S¥, oTpu-
MaeEMO

dS* = =T pr djff = T~ pa djy + 37 dTY (33)

+ [8751 = B" 5T dvry + [87 55 — B 5] dvay.

Cmissigromenss (32), (33) € npAMuM y3araJbHEHHAM Ha
BUIMATOK NBOKOHIEHCATHOI HAAIIMHOL CUCTEMU BUPA3iB
IS KIacHaHnX aHaoris [16-18]. Tnsa HepeasTusicTHy-
HUX HaIIJIUHHAX CUCTEM TUITY He2-He* 8 (33) OCTaHHI
cKkaanoBl BiacyTHI; unern [3Y 4 — BF j5 dvy, 1 [BY 15 —
BHjYs]dve, ommcyioTh edeKT 3aXOIIEHHA KOMHUM 13
HA I MHHUX PYXiB iHIOTO (Apar—edeKT), XapaKkTe pHUIT
st 6araTOKOHIEHCATHIX CUCTEM.

3 orasimy Ha 1HBAapPISIHTHICTH THUCKY P BIH € TaKOw
dyHKIIIE:

P — \Ij(Ila 12, I3a I4a I5a I6)a (34)

e

I =1/2g"viv1,, 1o =1/2g" vo,va,,

—_ v _ v
I3 = g"vi,v0,, Iy = g"" vy,

Is = g"vapwy, Is = 1/2 g" wyw,.

OGuncaioloun Tenep BiamoBiaHo 3 (17) moxizi Bix
(34), Mu oTpuMaeMo

it =t + i (35)
AN, AV L AN
- (E)”1+(£)”2+<E)w ’

75 =+ jhs (36)

— 8_\11 “_1_ 8_\11 “_1_ 8_\11 Iz
T\oL) 2T \a ) T \e )

o o o
S“ = (E) vf + (ﬁ) Ug + (ﬁ) wh. (37)
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3 (35), (36) BUXOAMTH, WO B TPUUIBMAKICHIA pens-
TUBICTHYHIN TiApoAMHaMIIl, 3aMiCTh IyCTHH HaIILINH-
HIX YaCTHH, 3 ABIAIOTECS TPU He3asLe siil BeJ IauHn p11,

P22, P12 = P21 -

v v

a—thn, 8_12:p22’

_ oV
P12 = P21 = 3[3’

MIPUYOMY OCTaHHI OTNCYIOTEH “Apar—ecdert” . Beamunnn

ov B
ol = pP1 — P11 — P21 = Pnl,

ov B
als = P2 — P22 — P12 = Pn2

BU3HAYAIOThH “Ta3 30yIeHb CKJIAJIOBUX CHCTEMM, a Be-
JUYUIHA

ov
0lg

=5

BU3Havae TycTuHy eHTporii. IIpocTopoBl KoMImoHeHTH
(35)—(37) maroTh BUpasy mAA ji, j2 1 SV, Uepes Vi, Vo,
w. Bpaxosyroun criesinHoueHHs (15), yci BeKTOPHI Be-
JUYMHI MOKHA BUPA3WTH 4Yepe3 TPU He3aJe kHl Bea-
UMHW V1, Vs2, W. Iligcrasusum (35)-(37) y (31) i mia-
HABUIN 1HJEKC [, OTPUMAEMO

v

ov
750+ o= (Vs vfey)  (38)
9l

013

T = Eval{ +

ov y y ov y y
+3—I4(Ufw +U1w“)+ﬁ(v§w + vy w")

ov
——wtw? — g" P,
—1—81610 w q

Takum oM, TTO6Y JOBAHUN TEH30P eHEPTII—IMITYy IBCY
CUMETPUYHNNA. ¥ ¢l CHIBBLIHOIIEHHS B I YaCTHHI cIIpa-
BeIINBI TIPH HasBHOCTI T'PaBITAINNHOIO MOIS, ajle TpH
LBOMY LOXiZHA V, € KOBapisHTHOWO, a Iisg caMO3a-
MKHEHHST CICTEMH PIBHSIHDL IIPU HasSBHOCT1 T'paBITAIN-
HOTO TIOJs HeOOXIAHO JoJaTh pIBHAHHS AfHIimTalina, y
srnx TH pusHauaerbes (38).

VI. TAMIJIBTOHIB ®OPMAJII3M

Cdopmynroemo temep 3HalimeHl Ge3TUCUTIATHBHI PIB-
HAHHHS  T1APOIWHAMIKN — JABOKOHAEHCATHOI CHUCTEMH,
SIKY  PO3TASANAEMO, BUKOPUCTOBYIOUM TaMiTbTOHIB
dopmaaism. Ak i B [6], namo dopmMynOBaHHS DIBHSHE
TIpY HASBHOCT] T'PaBITAIIAHOTO HOAS, ¥ AKOMY T1ApPOIN-
HaMIuHa Il Ma€ BUTJ AL

152

/ d4x\/—g L(vu al;vu az,Vué’,Vu’y), (39)

e g = det gy, — BU3HAUHUK JOPEHI-METPHUKH. ¥ 3a-
raJbHeHIMU KOOPAUHATAMU JIJIST TH€l CUCTEMU € (1, (g,
&, v, a BLATIOBI THUM U Y 3aTa bHEHUM U IMITy IBCAMU 3 YPa-

xysanruam (17), (21), (39) e
O/—g L
Pa, = T‘f = —V=gp1, (40)

_O/—gL

Pas Dae —/—9 p2, (41)
O/—q L
pe = 7\/6? =—V=gs, (42)

Oy
I'yeruna ynrmi MaMizbToHa J0piBHIOE
H =pa, a1+ pa,ao +pv;7+p§€_ v—9 L. (44)

l'aMi1bTOHOBI PIBHSHHS IS Hap KAHOHIYHO CIIPSKeHIX

3MIHHEX (Pay, 1), (Pag, @2), (ng), (Pv,’Y) MaIoTh 3 ypa-
XyBaHHAM TOTOMHOCTH (17) TaKWil BUTIAL:

87 oH

o T op, T VY 45)
O OH
8151' = 5o = U0 = i = VeV, (46)
O OH
o = Spo, = V0= T —vaVas, (47)

0¢ o0H
— = — = — 2WVy==T—v,V~, 4
o ape wo + ¢v, Vy v VY (48)

/= oH =
% = 5= Vo), (49)

ON=gp1 _ 6H _ .
ot " da -V (vV=9]1), (50)
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3«/—gp2 _oH )
at E V(\/—gJZ)a

o—gs 6H _
TR —V(\/=g5vy). (51)

Otpumani pisasuaas (45), (49) exBiBameHTHI PiBHAHHIO
(26); pipHsHHESA (46), (47) (48) — HyIBOBIll KOMIIOHEHTI
crigBinHowenHa (21); pipusauna (50), (51) — piBHAH-
Ham (24), (25) sixnosinso. NaMinbroHiB popMatisM 10-
3BossA€ ¢pOpMYTIOBATH PIBHAHHS PYXY B TepPMIHAX BEK-
TOPIB Vi1, Vg2, W. I HaAIIMHANX IIBIIKOCTEN 3 ypa-
XyBaHHAM cHiBBigHOMEeHE (2), (46), (47) Maemo

ov,
Wl = V(i1 4 Vs1vi), (52)
ov,

8152 =V (g2 + vs2vy),

11 piBHAHHS eKBIBaJeHTHI HYIbOBI KOMIIOHEHTI PiB-
HsaHHA (28). Yasapum no ysarm (22), (45), (48), mu 3Ha-
XOJIIMO JIJTST BEKTOPa W

38_\;7 ==-V(T +wvy)+ [vp,[V,W]]. (53)
e piBHSHHA eKBIBaJeHTHe HYJIBOBI KOMIIOHEHT] PiB-
HsuaA (29). Cucrema (50), (51), (52), (53) moBHicTIO OTIN-
Cy€ peNsITUBICTUUHY ABOKOHICHCATHY HAIIIWHHY CU-
CTEMY, AKY PpO3DIATAEMO, TOMY IO 11 MaKpOCKOINY-
HUN cTaH y MeBHUI MOMEHT dacy MOsKe OyTH OXapak-
TePU3OBAHUN 3aJaHHSM MPOCTOPOBOTO PO3TIOMINY p1,
P2, S, Vs1, Vo, w. llpaBi dacTuHU 3rajaHUX CITB-
BLOHOIIEHL BHPaKAIOTLCSI Uepe3 MMOXIAHI Bla YHKINI
E(p1,p2,8,Vs1, Vsa, W) BLINOBLAHO 1O CIIBBIIHOIIEHHS
(20). Takum urHOM, 3aJaHHA 1€l QyHKIII € ToCTaTHIM,
o6 BUpa3UTU MOXIAHI B p1, P2, S, Vs1, Vsa, W Uepes 11l
¥ BEJIMUMHI.

laminbToHIB popMaIisM, SKAA TyT BUKOPHCTAHO,
inenTuunuii popmanizsmosi, pospobaernomy B [27].

VII. HEPEJIATHUBICTIYHI HIIBMJIKOCTI

PosrasseMo pyx cucTeMu 3 HepeIsTUBICTUUHUMI
HMIBUAKOCTSIMU Vg1, Vgo, W. ByJleMo posrasigati THCK K
dyHKINIO 1HBAPISTHTIB

P = U(po1, po2, To, Lo, lo2, Ios). (54)
Tyt pto1, poz — 1HBaApPISHTHI XeMiuHl ToTeHIsan, Ty €
IHBapisiHTHA TeMIeparypa, o1, lo2, loz — IHBapIsSHTHI

KBaJpaTl BIAHOCHUX WBHAKOcTeN. IIpum yMOBi v,q, Vso,
w <& ¢ 1 BIACYTHOCTI TPaBITAINHOTO [0 5

2 v?
Ho1 =~ f1 + Vi ——Ll
2
2 v
Moz ™ po + Vo -V — —LZ,
2 py
TO ~ T,
1 ¢\’
101 ~ ﬁ (Vn — szl) s (55)
2 2
Igo ™~ & Vi — C_VSZ )
2¢? 12
[ (czvsl czvsz)
03
H1 H2

Bepyun no ysaru (14), (54), (55) i BBaskatoun p ~ c?
MU OTPUMAEMO B TleplioMy Habauskenti 3a (v/c)?

ov ov ov (56)
= 3 = 3 S = 7
& Ipor & Ipios dTo
g1 = P1Vs1 + Zn1 + 821, (57)

g2 = pPaVsa + Zn2 + 12,

e

gl = 3[0 C

A (ﬂan )
n2 — 55 — Vs
8n2 ET 2 2

— T'YCTHUHY BIAMOBLAHNX HOPMAaJdbHUX IMIIYIbCIB,

. 8\1!( )
= — = — (V51 — Vs
812 821 9o 1 2

— TyCTHHa IMIyAbCy “3aXollleHis . BukopucToByoun
(19), (56), (57), MU oTpUMY€eMO
2
E = po1p1 + po2p2 + 8n1 (Vn - N_V81) (58)
1

c? c? c?
+ gn2 (Vn — —Vsz) + g12 <_Vsl — —Vsz) .
H2 M1 H2

HeobximHo Ha 3aBepllieHHS 3ayBasKUTH, IO BUPA3U
(55)- (58) MpU BIATIOBIAHOMY MEPEO3HAUEHH] V3TOIKY-
I0THCSE 31 CHIBBI IHONIEHHAMY, OTpUMaHUMu B [16], ne pos-
DJISTHY TO AHAJOTIUHY HEPETSITUBICTUUHY CHUCTEMY .
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VIII. ANCUITATMBHI ITPOITECH

Posrasmarumemo cinabKOHEPIBHOBAMKHUIT CTaH CH-
cTeMHu, BAUIBKUE IO CTAHY, IO 32TaEThCST HEO THOPI AHUM
posnomiaom ['166ca, Tak, MO T1APOINHAMIUHIN CTaH CH-
CTEMHU XapaKTePU3yE€ThCs TOKAIBHOIO TeMIiepaTypoio 1’
1 HOpMaJabHOTO IBUAKICTIO B, & Tako ¥ BeTMUNHAMMY V1,
V2, AKI TTOB’A3aH] 3 TTOX1IHIMMY BiJl da3 o oz CTIBBIIHO-
meHHAMN (2). PIBHAHHA ©iApOAMHAMIKN 3 ypaXyBaHHAM
JUCUTIATUBHUX TIPOTIECIB MAIOTh BUTJSII 3aKOHIB 36epe-
seHHs eHepTii-iMmyabey (30) i macu (24), axe B TeH30pi
eHepTII—IMIIyAbCY 1 TYCTUHAX 4—TIOTOKY MacH, KpiM 6e3-
JVICUMATHBHUX CKIAMOBUX (AKI MU TIO3HAUNMO 1HAEKCOM
“n”), 3’ABNATHCA NUCHUITATHBHI JOJATKH (MO3HAYAIOTHCH
iHmercom “d”):

=T + wa (59)

BesaucumaTuBHI BelUUMHE BUPAKAIOTHCST Uepes Bed -
unan 5%, Vaq(z), Voaa(z), a amcunatusHi wieHH
BUPaKAIOTHCS depes TOX1AHI Bia Hux. s oTpuMaHHs
IIyKaHNX BUpa3iB, ypaxyBaBim criBeigHomeHHs (17),
sanuireMo He3ANCUNATUBHY YacTUHY TeH30pa eHeprii—
IMITyIBCY B TAKOMY BUTJISIIL:

TF = jiviy + jhve, + +sw, — EP (60)

1 BUYHUCANMO TeTlep BeINYNHY Vuss BLAIIOBIIHO IO TO-
ToskHOCTH (33), y AKIH HeoOXiAHO BpaxyBaTh (2). 3aKoHH
3DepeKeHHSA MaloTh MiCIle I cyMapHuX Beandns (59),
TOMY MU OTPUMAEMO:

VM{SZ - (%) = (/;3) s + ﬁVTN} A

~J1aVu (%) 354V u (?) (61)

dpyra, TpeTsi 1 yYeTBepTa CKIAmOBI B JIIBIH dYacTHHI
(61) maioTh AMCUIATHBHY I'yCTHHY 4-TIOTOKY €HTDOTI,
a mpasa yacTuHa (61) — Bupas Jas BUPOGHWIITBA €H-
Tpotil, To6To MOBNHHA 6YTH J0JATHO BU3HAUEHOTO.

Y muliHOMY HabIMKeHHI Oy IeMOo MaTh

- B cHA A

N 1 &1z b1k -V (“T—l)
: _ BA cph ep i
jzud = 21 533 S2k _VA (f)
le’ fl/ 51/ é’l”\ 6

J
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o L — 8_\11 “_1_ 8_\11 “_1_ 8_\11
L=\on ) " \o, ) 2 T\ oL

Tyt & — MaTpuis KIHETUYHNX KoedlIEHTIB, SKa BHAa-
caimok cumerpii OH3arepa € CUMeTPUYHOIO, TOOTO!

BA _ gAp BA _ gAp wA
gz] - gz] ) giy - giy ) gl/ gnl/a

e (1,7) = 1,2, a BHACKIIOK cUMeTpil TeH30pa eHepTii—
IMITy IBCY TIOBUHHI MaTH MICIIE CITIBBlIHOIICHHS

€ g o 7 vk, gﬁ —g‘”gmgm,

Kpim Toro, kBampatuuna d¢opma, mobymoBaHa Ha
MaTpuill £, TOBUMHHA 6YTH J0JATHO BU3HAUEHOTO.

IX. BUXPOBI YJIEHN

JAx Blaomo, mpm HasBHOCTI OCepTaHHA B CHCTEMI
3HAUHY pOJb y HAAMIUHHUX (pa3ax BLIIIPaBATUMYTh
KBaHTOBaHl Buxopu. Ha ceprieBul BuxopiB 6y 1y Th ITOPy-
IIyBATHCH YMOBH TOTeHIismbHOCTH (28) HaIIIWHHNIX
nBuakocTeli. HasgBHICTE HellepepBHO PO3TIOMIMIEHUX BU-
XOpIB IPUBOJUTH IO 3aJ€KHOCTU TUCKY P BlI BeludnH

Vuvh, — Vl,vlu, vuvzy — vyvzu.
QakTuuHO THCK P 3a’deikaTuMe Bl YOTHUPUBEKTOPIB
WY o, AKl € PEeNATHBICTUYHNM Y3aralbHeHHAM TOb Vi1,
rot vgo :

e“”Apvzl,VAvp

/=g

vA
et Py, Vv, u
= Wy =

/=g

wh (62)

TakuMm UMHOM, THCK y BHUIAIKy HAsSBHOCTH B CUCTEMI
BUXOpiB P cTae PpyHKINEW 1e TPphOX 1HBAPISHTIB

I7

1/2 guywluwlua

I3

1/2 gNVWZNWZVa

_ v
Iy = g™ wiuway.

Y 1poMy BUTAIKY PiBHSAHHA (24), (30) 36epiratoTh cBiil
BUILAZ, A Y BUPasax A1 BEKTOPIB CTpyMy i TeH30pa
eHePTI—IMIyAbCy 3 SIBISIOTHCST 0TATKOBI Ul eHH, 3yMO-
BJI€HI HasBHICTIO B CHCTEM1 BUXPOBUX 30yIkeHB. Tak,
CTPYMU Terep BU3HAUAIOTHCS TAKUM UMHOM:

o o
H - K _ I
)w +<al7)wl+<819)w2’ (63)
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o o o o o
o [ OF N u p u O\ m OF 3 m
2= (3[2) vz F (afg) + (815) we (afg) wa t (afg) “i- (64)

JIBa ocTaHHI WieHN B OTPUMAHUX BUPa3aX 3yMOBJIeH] HASBHICTIO BUXPOBUX 30y I3KEHDb Y CHCTEMI, TPUUOMY OCTaHHIH
YieH, MPOTOPINHHUA 10 g—i, 3YMOBIEHUT ePEeKTOM B3aEMHOTO 3aXOMAEHHS KOMIOHEHTaMU OfHa omuol. TeHszop
eHepTII—-IMIYILCY MaTUMe TaKI BUL I

R . 2. V 0w, ow ow
s :E“f“1+£”5“2+3[3(“1”2+“1 g)—i—ﬁ(vfw +oyw!) + 3[5(vgw —|—v2w“)—|—ﬂw“w
ov L 5 8\11 5
+ a—hwf“’ ol whws o5 (Wiwy +whw]) —g"'P (65)

%‘?II/T OCTAaHHI YIeHU OMUCYIOTH BKAA BUXPOBUX 30y/I3KEHD y CUCTeM], TIPU IIHOMY OCTAHHIN WieH, TPOMOPINAHNAN 10
o ” 2 d i
3T, 3yMoBIeHuil “npar —ederrom. TeH30p eHEPTII-IMIYABCY MO KHA 3ATTUCATH 1 TAKUM UIMHOM:

o o o o o
T = — v o U v v 2
v Uyl + U2 + ” v2+3v2uv 1+ ZZ_:@VNUM—VAUW')

(Vl,vM — vAvui) — g‘“’P. (66)

PiBusiHus nas1 HaADMMHHENUX WIBUAKOCTE (28) 1 eHTpoIIl (25) MaTUMyTh TeTlep TaKWIl BUTJ S

o o
pllvauvlu = (vuvlu - vuvlu) {plng + pnlwu + <_) Wf + <_) Wg} (67)
0l7 0lg
o o
p22v5vuv2u = (vuv2u - VNUZV) {levf + anwu + (aT) w; + (aT) (.Jf} (68)
8 9
o o o
ViuS” = wy, (8—I7wfwll’ + angwlz’ + oL (wiwh —|—w§w11’)) . (69)
[
Y 1mx pIBHAHHSIX 3’ABUAWCH HEHYJABOBI TIpaBl uYa-  Ha BlAMOBILIHNI ILO6yTOK cTpyMiB j! j¢ BoHM mepeTBOpIO-
CTHUHU, 3yMOBJIEH] HASBHICTIO BUXPOBUX 30y I3KEHD, IPW-  IOTHCSI B TOTO KHICTb.
YoMy OCTaHHII WiIeH y KOHOMY 3 PpIBHAHB 3yMO- TepmomnHamiusa ToTo#HICTD (17) 36epirae cBiil Bu-
BreHmil “npar”’—edexToM. Y NpaBUX 4YacTUHAX PIB-  [isn, ade CTPYMH TyT BU3HAUAIOTHCS (63) 1 (64).

HAHb ST HAOIUHHUX IIBUIKOCTEN YaeHH, MO TIPO-
TMOPINHHI 10 p12 T4 pPn,, BU3HAUAIOTH CHIHW, 1O BHHU-
KaloTh B pe3yIbTaTl B3aEMOIll M13K CYKYITHOCTIMU TIPsi-

TakuMm uwHOM, cHCcTeMa JOPEHIT-KOBAPIAHTHUX PIB-
HSIHDb, SKI OMHUCYIOTh PEASATUBICTUYHY IBOKOHIEHCATHY

5 : ’ HaAMJIWHHY CUCTEMY 3 YypaXyBaHHSIM HAasBHOCTU B HIl
MUIX BUXPOBUX 3 FHEHP PI3HUX THUIIB Ta NPAMUX BUX- . - .

b ya b . b . BUXOPIB Ta AMCUTIAIN, BKJAIOUAE PIBHAHHA 1A Hal-
POBUX 30YIsKEHb KOMKHOTO TUITY 3 “TaszoM 30y IeHb ;

i o MIMHANX 1BUAKocTell (67), (68); piBHAHHA 30epe KeHHSA
YIeHW, TIPOTIOPIIHI 10 <+, € IOB3JOBKHOIO CHIOIO . : T
» 1P b . ) PR A TMIOTOKY MacH (25), e _]ZH = jfn —|—_]2Hd 1 jfn BU3HaAYaIOTHCST
B3aEMHOTO TEPTS MK HaIIINHHUMI BUXOPAMI, BUKJI V- e :
p p ”IL - p J — crisslaHomenuamu (63), (64), a jk, e
KaHoto “apar—edekTom”; HapelTi 4leHn, TporopIiiHi
710

ity =€V (B) - e oa (B2) + v
(Vovip — Vi) wh,

MO KHA THTEPIPETYBATH K HATSAT BIIAIOBLIHOTO BUXOPY.

PiBHAHHA 715 HA A MHHUX [MBUIKOCTEN MICTATh TITBKN  PIBHAHHS 30epeskeHHsA eHeprii—immyancey (30), xe TH =
. : . v v

TPH He3aJeKHI KOMIIOHEHTH, OCKLABKY Ipy AoMHoskeHHl  TH + T/ 1 TH pusnauaerscs (65), a T e
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C. 1. BLIBYMHCHK U

Th = -2 (5) -2 va (B2) + a8

PIBHSIHHS JJIsT €HTPOIT

M1 . H2 . v
vN {Su_ (T) jfn_ (T) jgn—i—ﬁ T#l/}:
” . H1 . H2
_T;uvuﬁ _devu (?) - jgdvﬂ (?)
ol 1 Ols

ov , , 0¥ ,
+w, Wi + 7 wywy

o
28 (ot + k) (70)
Iy

1 TepMOIMHAMIYUHY TOTO JKHICTH

dP = j¥ dvy, + j¥ dvay, + 5 " dw,, (71)
e
It =i+ G
st st () it = (5F) it + 0 T8,

Ha saBepieHHs 3ayBaKUMO, [0 Y TPAHUIIL, KOJ U OTHA
3 HAJIIUHHHUNX KOMITOHEHT € HYJIBOBOI, OTPpUMAaHI PiB-
HSTHHsT 301TaloThCs 3 BLAMOBIAHUMN PIBHAHHIMEI, OTPH-
MaHUMHU B [6] Iasi OMHOKOHNEHCATHOI CUCTEMU.

Asrop Bucnosaioe nogsky I1. 1. Qominmy, JI. A. By-
nasiay Ta E. B. 'op6apoBsi 3a mMiHHI BKa31BKI Ta KOPUCHE
0BTOBOPEHHHS Pe3yIbTaTiB POOOTH.
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THE RELATIVISTIC THEORY OF SUPERFLUIDITY FOR A SYSTEM WITH TWO
TYPES OF CONDENSATES TAKING INTO ACCOUNT THE EFFECT OF MUTUAL DRAG

S. Vilchynskyy
Faculty of Physics, Taras Shevchenko Kyiv University,
Kyiv, 252172, Ukraine
E-mail: sivil@ap3.bitp.kiev.ua

The phenomenological derivation of equations of relativistic superfluidity theory for systems with two types

of condensates is given. The effect of mutual dragging of superfluid components is considered as a consequence of

interaction of condensates treated as quantum scalar fields. Thermodynamics identities for the pressure, energy

and expression for the energy—momentum tensor are found. The limit of low velocities is considered. Dissipative

terms in the hydrodynamics equations and proper vibrations of the vortex lattice are considered.
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