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KOCMOJIOTNYECKUWE MOAEJIN, OCHOBAHHBIE HA ACUMMETPNYHOM
CKAJIAPHOM JAVBJIETE C KHWHETUYECKOM CBA3bI0 KOMIIOHEHT
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IIpoBenennbl meTanpHBINT KAadeCTBEHHBIN AHAIN3 U YHUCIEHHOE MOJIEIMPOBAHUE SBOJIOIAA KOCMOJJOTHIECKUX
MoJieJIeil, OCHOBAHHBIX HA ACUMMETPUYIHOM J1y0JieTe KJIACCUIECKOro U (haHTOMHOIO CKAJIIPHBIX XUITCOBBIX IOJIEH
C KMHETHYECKOH CBA3bI0 MEXK Iy KoMIoneHTamu. [IpoBesieHO YnciieHHOe MO/IeJINPOBAHNE MATEMATHIECKON MOJIEJIH
KOCMOJIOI'MY€ECKOI IBOJIIOIUN aCHMMETPUIHOIO CKAJISIPHOIO JIybJiera ¢ KHHETHIECKUM B3aUMOIEHCTBUEM MEXKIY
KOMIIOHEHTaMu. PacCMOTpEH MUPOKUil CIIEKTP 3HAYEHUN (DYHIAMEHTAJIBHBIX TapaMeTPOB U HAYAIbHBIX YCJIOBHIA
Moesi. BBIsIBIeHBI pa3/IYHbIE TUIIBI TOBEIEHUST: MOJIENN ¢ GECKOHETHBIM NHQJISIIMOHHBIM ITPOIILIBLIM U OYILy M
— C TOYKOW OTCKOKa M 0€e3 He€, MOAEJM C KOHEYHBIM IPONLIbIM U OECKOHEYHBIM OYyIyIuM, ¢ OECKOHEYHBIM
npouuIbIM 1 KoHeunbiM OyaymumM (Big Rip), a Takzke Momenn ¢ KOHeYHBbIME HpONLIbIM 1 Oyaymum. Ha ocHose
YHCJIEHHOI'O aHAJIN3a UCCJIEIOBAHO [IOBE/IeHNE MOJIesiell BOJIN31 HAa9aIbHOM CUHIYIISIPHOCTH U Bosbioro pa3peisa,
MMOKA3aHO, YTO B 000UX CIydasix Kod(pUIreHT 6apoTPOIbl CTPEMUTCS K €IMHUIIE, YTO COOTBETCTBYET TPEIETBHO
KECTKOMY COCTOSIHMIO MaTepuu BOJM3M CUHTYJIsipHOCTEN. [lpwBem€H dYHCIEHHBI TpUMEpP KOCMOJIOTHIECKOMN
TeHEPAITMHN KJIACCUIEeCKOW KOMIIOHEHTHI CKaJIsIpHOTO Jybiiera ero ¢dpanToMHOil kKommouneHnToi. [IpoBenena omenka
POK/JIEHUSI CKOPOCTU (PEPMUOHHBIX AP CKAJISIPHBIM II0JIeM BOJIM3U TOYEK OTCKOKA M IMOKA3aHO, YTO CKAJISAPHOE
I10JIe Ha XOJIOZHON cTaauu BceseHHOM MoXKeT 06ecriednTb POXKIEHNE HEOOXOAMMOr0 YKCJIa MACCUBHBIX CKAJISIPHO
3apsI2KEHHBIX (PEPMIOHOB.

Karouesvie ca06a: KOCMOJIOIUIECKasT MOJIeJIb, (baHTOMHBIe U KJjlaCCuYIeCKHue CKaJldpHBbIE I10J151, KWHETUYIEeCKOe B3a-

PIMO,ZIefICTBHe, Ka4yeCTBEHHBIN aHaJIN3, aCUMIITOTHUYIECKOE IIOBE/JIEHNEe, YNCJIEHHOE MOJIeJIMpOBaHUue.

COSMOLOGICAL MODELS BASED ON ASYMMETRIC SCALAR DOUBLET WITH
KINETIC COUPLING OF COMPONENTS
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A detailed qualitative analysis and numerical modeling of the evolution of cosmological models based on an
asymmetric doublet of classical and phantom scalar Higgs fields with a kinetic coupling between the components
were carried out. Numerical modeling of a mathematical model of the cosmological evolution of an asymmetric
scalar doublet with kinetic interaction between the components was carried out. A wide range of values 77of
fundamental parameters and initial conditions of the model is considered. Various types of behavior have been
identified: models with an infinite inflationary past and future - with and without a rebound point, models with
a finite past and infinite future, with an infinite past and finite future (Big Rip), as well as models with a finite
past and future.Based on numerical analysis, the behavior of the models near the initial singularity and the Big
Rip is studied; it is shown that in both cases the barotropic coefficient tends to unity, which corresponds to the
extremely rigid state of matter near the singularities. A numerical example of the cosmological generation of
the classical component of a scalar doublet by its phantom component is given. An assessment was made of the
birth of the velocity of fermion pairs by a scalar field near the rebound points and it was shown that a scalar
field at the cold stage of the Universe can ensure the birth of the required number of massive scalarly charged
fermions.
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BBenenune

B [1] 6buta OAPOGHO MCCTEMOBAHA KOCMOJIOTHIECKAsT MOJIENTb, OCHOBAHHASI HA QCUMMEMPUUHOM
ckaasprom dybaeme Xueeca, B KOTOPOM KjiaccudeckKas ® u daHTOMHAS (p KOMIIOHEHTHI B3aWMOJIEH-
CTBYIOT JIAIIb IIOCPEJICTBOM I'DABUTAIIMOHHOTO II0JIs. 3aMETHM, 4TO paHee B [2—4| ObuiM IOJYYeHBI U
U3y9YeHbl HEKOTOPhIE OJHOMAPAMETPUIECKUE KJIACCHI TOYHBIX PEIIeHUi Mjisi KOCMOJOTHIEeCKON MOJIEIIH,
OCHOBaHHOM Ha KJIACCUYECKOM U (DAHTOMHOM TIOJISIX IIPY CIIEIUAJIBHOM BhIOOpE (DYyHKITUU TOTEHINAIBHOMN
suepruu. [Tosxke B pabore [5] 6bUIN HCCIIEI0BAHBI KOCMOJOTUUECKIE MOJIEJIN, OCHOBAHHBIE HA CKAJISIPHOM
KBUHTOME C B3aUMOJIEHCTBHEM MEXKJy KJIACCHYECKON U (DAHTOMHOI KOMIIOHEHTAMY IIPU CIIEIIUABEHOM
BBIOOpe (bYHKIMK MOTEHIMAIBHON SHEPruuM B BUJE KCIOHeHTHI. Jlanee B [6, 7] Ha ocHOBe TeopeTmue-
CKOHM MOJIEJIN CTATUCTUIECKON CHCTEMBI CKAJISIPHO 3aPsi?KEHHBIX (DEPMUOHOB ¢ XUTTCOBBIM TOTEHITHATIOM
B3aMMOIEHCTBUSA [8] OBLTH MCCIEOBAHBI KOCMOJIOTHIECKIE MOJIENN, B KOTOPBIX B3anMOJIEHCTBAE MEXKITy
KOMIIOHEHTAMH ACHMMETPUYIHOTO CKAJISIPHOTO J1yDJIeTa OCYIIECTBIISIOCH TOCPEICTBOM CKAJISPHO 3apsi-
JKeHHBbIX (GepMuoHOB. B 3tmx paborax mpemcraBiieHa O6oraTasi KOJIEKIMS KOCMOJIOIMIECKAX MOJEJIelt,
CPEeJIM KOTOPBIX €CTh MOJIEJIU ¢ KOHEYHBIM IIPOILIBIM (HAYaIbHAS CUHIYJISPHOCTh BO3HUKAET B KOHEYHBII
MOMEHT BPEMEHH g > —00) U KOHEUHBIM OyaymmM (KOHEYHAs CHHIYJISIPHOCTh BO3HUKAET B KOHEYHBII
MOMEHT BPEMEHH to, < +00). B wacTHOCTH, B [7] GBLIO HCCIEIOBAHO TIOBEIEHIE KOCMOJIOTHYECKUX MOJIe-
Jieit BOJIM3Y CHUHTYJISIDHOCTeH t — tg U IIOKAa3aHO, YTO BOJIM3U CUHIYJISIPHOCTEN JIOCTUIAETCs CyMMAapPHOE

YABTPapPEJIATUBUCTCKOE YPaBHEHUE COCTOSHUA MaTepUn

— =, (at t = ts).
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Hadee, B [9] 6buin n3yueHbl TpaHChHOPMAINOHHBIE CBOACTBA KOCMOJIOTMIECKUX MOJeJIell 10 OTHO-
[IEHUIO K 1TPpeoOpa3oBaHusM 110/100usl (DYHIAMEHTAIbHBIX KOHCTAHT.

B cBasm ¢ mpobiemamu o0pa3oBanms CBEPXMACCUBHDLIX UEPHLIX JbIp B panHeil Bcesmenmoit B ce-
puu pator [10] — [11] 6buia nocTpoeHa TEOpPHUs CKAJISPHO-IPABUTAIIMOHHOM HEYCTOWYMBOCTU CUCTEM CKa-
JIIDHO 3apsi?KEHHBIX (PEPMUOHOB W IIPEJJIOKEHA MOJIEJb 00PA30BAHMS CBEPXMACCUBHBIX YEPHBIX JIBID,
VIIOBJIETBOPUTEIHFHO OOBSICHSIONAS OCHOBHBIE XapaKTEPUCTUKUA ITUX OOBEKTOB. Takum oOpazoM, MO-
JIeJIA CKAJIPHBIX T0JIell C HEeJIMHEHHBIM B3aWMOJEHCTBHEM MOI'YT UIPATh BAXKHYIO POJIb B KOCMOJIOI'HH
u acrpodusuke panueii Beesiennoit. B paccMorpenHOit Bhillle cepun paboT TakKoe HeJIMHEHHOe B3aMMO-
JlelicTBIE KOMIIOHEHT ODeCIIeYnBajioCh WX B3aMMOJEHCTBHEM C HOCHUTEJISIMU CKAJIAPHBIX 3apsioB. JTa
MO/I€JIb, OJTHAKO, 00J1a/1aeT HEKOTOPBIMY HEJIOCTATKAME, — BO-IIEPBBIX, YPE3BBIYAIHON MaTeMaTHIeCKOH
CJIOZKHOCTBIO, 3ATPYIHSIOINIElH €€ aHAJUTIIECKOE UCCIIE/IOBAHNE, &, BO-BTOPBIX, HEJOCTATOYHO YOEIUTe b
HOIT PUBUIECKON apryMeHTaInel TOABICHNS Ha PAHHIX CTAINAX KOCMOJIOTHYIECKOM IBOJIIOINN CKAJISIPHO
3apsiKEeHHBIX (PEPMUOHOB.

B cBsizu ¢ 3THM BO3HUKAET 3aKOHOMEPHBIH BOIIPOC: HEJIb3sl JIM MOCTPOUTH KOCMOJOTUIECKYIO MO-
JieJIb Ha YUCTO II0JIEBOM OCHOBE, OTPAaKAIOIIEil OCHOBHBIE YEPTHI MOJIEN CO CKAJISIPHBIMU HOCHTEJISIME
3apsizioB? B 3T0ii craTbe MbI HCCIEIyeM TaKyi0 ABYXIIOJEBYIO MOJIE/b CKAJISIPHOIO MT0JIsl ¢ KHHETHYECKUM

B3auUMO/IeliCTBUE MeXK/ly KOMIIOHEHTaMHU.
1. OcHOBHbIE YpDaBHEHUS U aHAIN3
PaccMorpuM acuMMeTpHYHBIHA CKaJIspHBIE Xurrcos jy6ier (cM., Hanpumep, [1]) ¢ KuHeTHUECKOi

CBA3bIO MEXK/1y KOMIIOHECHTaMMU. COOTBeTCTByIOH_[a,H HpOCTeIU/IH_IaH (byHKLLI/IH HanaH}Ka nmMeeT BUI:

1, 1 1 [ »
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620" 2i®s = 2V(®)) + o (=g vk v(w))+8ﬂ7<g WPk ) (1)
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V(@) =-5 (@2—";2)2; v(so):—g («pQ—’g)Q (2)

— [IOoTeHIIaJIbHasd dHEPIrusad COOTBETCTBYIONINX CKaJIAPHBIX HO.HGf/i, o n 5 — KOHCTAHTBbI UX CaMO)lefICTBI/IH,
M U [t — UX MacCChl KBAaHTOB, Y — KOHCTAHTa KUHETHUIECKOI'0 B3aMMOJIeNCTBUS, p > 1 — HEKOTOpOe Iesioe
qucso. B orommame or [1] B paccmaTpuBaemoit Mogenn GbLT KOHKPETH3UPOBAH 3HAK MEPEe] TIOTEHITHATIOM
KJIACCHIECKOTrO U (DAHTOMHOI'O TIOJIEH, OTBEJAIONNI peaIbHOM (hbU3NIecKOl MOIEH.

Tepexomst K cTaHJAPTHBIM 0OO3HAYEHUAM KA4eCTBEHHON Teopun quHamudeckux cucrem (cM. [13])

dx; ‘
i :Fi(xl,...,z:n);Z:l,n,

dt

3alIMIIEM CUCTEMY ypPaBHEHMI DUHINTERHA U XUITCOBBIX IIOJIEH B BUJIE:

m2d — ad? ,u2<p — ,8@3

b=27 (=F), Z=-3HZ - — =F);
(= F); 1+42 T2 (= Fo);
2 3 2 3
. ) w2 — By m°® — ad
= = F3); =-3H - = Fu); 3
"2 Z, ( 3)7 z z+ 1+’y2 v 1_‘[_72 ( 4)’ ()
. 1 1
H= —522 + 522 —~vZz (= Fs).

ITpu 3TOM mEpBBIit HHTErPAJ TUHAMUIECKOH CHCTeMBI (3) MOYKHO 3alliCaTh B BUJE:
2 4 252 2 4 2,2
gz - 2 0¥ mT = Pl W g a—o. (4)
2 4 2 2 4 2
Ananornano [12] moxHO J0Ka3aTh [14| psin cBOicTB AuHAMIYECKON cucTeMbl (3), B YaCTHOCTH, CBO¥-
CTBa MHBAPUAHTHOCTHU €€ U XapaKTEPOB €€ OCOOBIX TOUYEK II0 OTHOIIEHWIO K IIPe0OPA30BAHUIO TOAO0MS
dyHIaAMEHTAIBHBIX TAPAMETPOB, & TAKXKE aCHUMITOTUIECKIE CBOUCTBA BOJIM3U KOCMOJIOTUIECKUX CUHTY-
JIAPHOCTEN.
Ha Puc. 1 nokazansl rpaduku ssosmonuu reomerpudeckux daxropos £(t) u H(t), a ma Puc. 2

SBOJIIONS CKAJISIPHBIX TToTeHImanoB P(t) u ¢(t) B Mozmesnu ¢ mapamerpamu (mogpobHocTH cM. B [15]):
P = [[a, 8, m, ], ~,A] = [[0.01,0.01,0.1,0.1],1072,107°]; (5)
I= [CD(),Z(),(,O(),Z(),@] = [07070~017071]7 (e:il)v (6)

IJle 3HAK € COOTBETCTBYET BHIOOPY MOJOXKUTEJBHOTO MM OTPUIATEILHOTO PellleHrsi ypasHeHus (4) or-

HOCHTEJIbHO HAYaJIbHOIO 3HAYEHUs MapaMeTpa XadoJia.
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Puc. 1. Dposronusi reoMerpuueckux hakTopoB B Mo-  Puc. 2. DBoonust CKaJIsSPHBIX 10JIeil B MOZEJIHN C Hapa-
Jesn ¢ mapamerpaMu P u HaganbHeivu yesosusivu I1 - merpamu P u Haganbubeivu yenoBusivu I: @(¢) — crom-
&(t) — mrpuxoBaa u H(t) — cutonmHas JUHAS. Had u p(t) — mrpuxoBas JuHUsA (KPYIHBIH IUIAH).
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Takum o6pa3zom, B GECKOHETHOM MPOILIOM BceleHHas CTapTyeT U3 COCTOSHUs, 0AU3K020 K 0CODOM
Touke My 1 = [0,0,41,0,—0.0289] u HAXOQUTCH B COCTOAHUM UHDIISIIMOHHOrO cxkaTus. B6iu3n Touku
OTCKOKa tj, &~ 0 B cucTeMe BOSHUKAIOT KOjIeOaHust (paHTOMHOIO U KJIACCHIECKOTO CKAJISTPHBIX TIOJIEH, TIOCTIe
9ero CUCTEMa TEPEXOIUT B COCTOsSTHIE WHMJISIIMOHHOTO PACIIHPEHNs, COOTBETCTBYIOMEr0 0co00 TOUKe
Ma' 11 = [0,0,+1,0,40.0289], BoccTaHABIMBAs [IEPBOHAUAJbHbIE 3HAYEHMs [IOTEHINAJIOB CKAJSIPHBIX
noJieit.

B nannoit Mmomenn nHTEpBa KOJIEOAHUS MOTEHITMAJIOB CKAJSPHBIX MMOJIeil, HA KOTOPOM IOTEHITHAJT
KJIACCHYECKOr0 TI0JIst JIOCTUTaeT 3HadeHui nopsika [P (ty)| ~ 0.005, a moreHmasn hbaHTOMHOIO IOJIs 006-
pataercst B HyJib, 3anuMaeT nopsiaka 300 mrankoBckux Bpemén. [Ipu mepexose ¢ moMoIs0 MacurrabHOro
1peoOpa3oBaHms K PeasibHbIM BeJIuInHaM (pyHIaMeHTaJbHBIX KOHCTAHT jiisi MaciTaboB KX/I-reopuun

STOT HEPHOJL MOYKET PACTAHYThCs 10 3 - 10% mankosckux Bpemen, a s CM — o 3 - 10%¢p;.
3akJrouyeHue

HOﬂBOﬂH HUTOI'", YKazKeM CJIe/IyIolne OCHOBHbBIE PE3yJIbTaThl.

o Ilpeiorkena u MCCIeI0BAHA MOJENb BOJIONUN BCesIeHHO, OCHOBAHHON HA ACHUMMETPUIHOM XHUIT-
COBOM CKAJIIPHOM JTy0JieTe ¢ KHHETHIECKON CBSI3bIO, MPOTIOPIMOHATLHON TPOU3BEICHUIO TPOU3BOTHBIX
KOMITOHEHT CKAJISIPHOTO JyOsiera. B yacTHOCTH, TPOBEJIEH KAYECTBEHHBIN aHAIN3 JUHAMUIECKON crucTe-
MBI MOJIEJTH, UCCJIEIOBAHBI U JIOKA3aHBI CBOWCTBA CUMMETPHUU MOJIEJIH 110 OTHOIIEHUIO K MPEe00Pa30BAHUIO
OTpazKeHUsT U MOI00US.

e BrLisiBjieHbI OCHOBHBIE THUIIBI TIOBEJIEHNST KOCMOJIOTUYECKON MOJE/IN B 3aBUCUMOCTH OT (DYHIAMEHTAJIb-
HBIX [APaMEeTPOB UM HaJaJbHBIX YCJIOBUI. BBISBIIEHBI CIydad HaJU4Usl EePBOHAYAJIBHON M KOHEYHOI
KOCMOJIOTUYECKUX CUHIYJISIPHOCTEN U TOYEK OTCKOKA.

o [Jokazano, 4TO BOJIM3U TOYEK OTCKOKA (DAHTOMHAs KOMIIOHEHTA ( CKAJIAPHOI'O JydJsieTa reHepHpyeT
€ro KJIACCUYIECKYyI0 KoMIoneHTy P.

o JIoKka3aHO aHAJUTHIECKHU U MTOITBEPKICHO IUCICHHBIM MOJIEJIMPOBAHUEM aCUMIITOTUIECKOE TIOBEJICHIE
KOCMOJIOTHIECKON MO/ BOJU3Y TOUYEK HAYAIHLHON CHHTYISIPHOCTH U BOJIBINOro pa3pbiBa, COOTBETCTBY-
1omee koaddurmenty 6aporponsl K = 1 (p = €).

e [IpoBejieHbI OIEHKYN BEPOSITHOCTH POXKJIEHUsSI (DEPMUOHHBIX Tap B CHJIBHOM MEPEMEHHOM CKAJISTPHOM
ojie BOJIN3U TOYEK OTCKOKA.

Bce BoisiBiIeHHBIE 0COOEHHOCTH KOCMOJIOTHIECKUX MOJIEJIEl, OCHOBAHHBIX HA ACHMMETPUIHOM CKa-
JISPHOM Jy0JieTe: HAJIMYINE HAYaIbHBIX CHHTYJISIPHOCTEl, TOYeK OTCKOKA U TOYEK HOJIBIIIOTO pa3phiBa, re-
HepaIlus KOMIIOHEHT CKAJISIPHOTO Jy0JieTa U Jp., AHAJOTHIHBI OCOOEHHOCTSAM KOCMOJIOTTYECKUX MOJIEJIelt,
OCHOBAHHDBIX HA CUCTEMAX CKAJISIPHO 3aPsi?KeHHBIX (hepMUOHOB [8], 9410, Ho-BuauMOoMYy, 1a8T BOBMOXKHOCTH
3aMEHbI MATEMATHYECKH CJIOXKHON MOJIEJIN 00pA30BaHMsi CBEPXMACCUBHBIX Y8pHBIX JibIp [10] — [11] Gostee
[IPOCTOI, ITOCTPOEHHOM Ha JHCTO I0JIeBON OCcHOBe. Kpome Toro, BasKHBIM OOCTOSITEILCTBOM SIBJISIETCSI
TakKe JIOCTATOYHO MHTEHCUBHOE POXKJIeHNE (DEPMUOHHBIX Hap CKaJISIPHBIM I10JIEM BOJIM3U TOYEK OTCKO-
Ka. Biaromapst aTomy akTopy HEOOXOAMMOE UUCIO CKAJISIPHO 3aPsKEHHBIX (PEPMUOHOB MOYKET OBITH
[TOJIYYEHO HE3aBUCUMO OT MPOIECCOB I'PABUTAIIMOHHOTO DPOXKJEHUS Tap, MPUIEM Ha CTAIUN XOJIOTHON

Bcenennoii.

Crucok jaureparypbl

1. Ignat’ev Yu.G. , Kokh I.A. Complete cosmological model based on a asymmetric scalar Higgs doublet. Theoret.
Math. Phys., 2021, no. 207:1, pp. 514-552; arXiv:2104.01054 [gr-qc].

2. Aref’eva I.Ya., Koshelev A.S., Vernov S.Yu. Crossing of the w=-1 Barrier by D3-brane Dark Energy Model.
Phys. Rev. D, 2005, no. 72:6, 064017; arXiv: astro-ph/0507067.

3. Aref’eva 1.Ya., Vernov S.Yu., Koshelev A.S. Exact solution in a string cosmological model. Theoret. Math.
Phys., 2006, no. 148(1), pp. 895-909; arXiv:astro-ph/0412619.



92 IO.T. Urnarses, 1. A. Kox

4. Vernov S.Yu. Construction of exact solutions in two-field cosmological models. Theoret. Math. Phys., 2008,
no. 155(1), pp. 544-556; arXiv:astro-ph/0612487.

5. Leon G.,Paliathanasis A., Morales-Martinez J.I.. The past and future dynamics of quintom dark energy
models. Fur. Phys. J. C, 2018, no. 78, 753; arXiv:1808.05634 [gr-qc].

6. Ignat’ev Yu.G., Agathonov A.A., Ignatyev D.Yu. Cosmological evolution of a statistical system of degenerate
scalar-charged fermions with an asymmetric scalar doublet. I. Two-component system of assorted charges. Gravit.
Cosmol., 2021, no. 27:4, pp. 338-349; arXiv:2203.11946 [gr-qc].

7. Ignat’ev Yu.G., Agathonov A.A., Ignatyev D.Yu. Cosmological Evolution of a Statistical System of Degenerate
Scalarly Charged Fermions with an Asymmetric Scalar Doublet. II. One-Component System of Doubly Charged
Fermions. Gravit. Cosmol., 2022, no. 28:1, pp. 10-24; arXiv:2203.12766 [gr-qc].

8. Ignat’ev Yu.G., Ignatyev D.Yu. Cosmological models based on a statistical system of scalar charged degenerate
fermions and an asymmetric Higgs scalar doublet. Theoret. Math. Phys., 2021, no. 209:1, pp. 1437-1472;
arXiv:2111.00492 [gr-qc].

9. Ignat’ev Yu.G. Similarity of cosmological models and its application to the analysis of cosmological evolution.
Theoret. Math. Phys., 2024, no. 219:1, pp. 688-703; arXiv:2307.13761 [gr-qc].

10. Ignat’ev Yu.G. Stability of the Cosmological System of Degenerated Scalarly Charged Fermions and Higgs
Scalar Fields. I. Mathematical Model of Linear Plane Perturbations. Gravit. Cosmol., 2021, no. 27:1, pp. 30-35;
(2021, no. 27:1, 36-41; 2022, no. 28:1, pp. 25-36; 2022, no. 28:3, pp. 275-290; 2022, no. 28:4, pp. 375-381; 2023,
no. 29:2; pp. 163-176; 2023, no. 29:4, pp. 327-344; 2024, no. 30:1, pp. 40-47; 2024, no. 30:2, pp. 141-148.

11. Ignat’ev Yu.G. Evolution of spherical perturbations in the cosmological environment of degenerate
scalar-charged fermions with a scalar Higgs coupling. Theoret. Math. Phys., 2023, no. 215:3, pp. 862-892;
arXiv:2306.17185 [gr-qc].

12. Ignat’ev Yu.G. Similarity of cosmological models and its application to the analysis of cosmological evolution.
Theoret. Math. Phys., 2024, no. 219:1, pp. 688-703; arXiv:2307.13761v1 [gr-qc]|.

13. Borossienckuit O.V1. MeTopl Ka4eCTBEHHOIl TEOPUU IUHAMUYECKUX CHCTEM B acTPOMHU3MKe U ra30BOil Ju-
namuke. M.: Hayka, 1980. 320 c.

14. Ignat’ev Yu.G., Kokh I.A. Cosmological models based on an asymmetric scalar doublet with kinetic coupling
of components. I. General properties of the cosmological model. Grav. and Cosmol., 2024, no. 30:4, pp. 408-425;
arXiv:2405.13607 [gr-qc|.

15. Ignat’ev Yu.G., Kokh I.A. Cosmological Models Based on an Asymmetric Scalar Doublet with Kinetic
Coupling of Components. II. Numerical Modeling. Grav. and Cosmol., 2024, no. 30:4, pp. 426-440;
arXiv:2406.00742 [gr-qc].

References

1. Ignat’ev Yu.G. , Kokh I.A. Complete cosmological model based on a asymmetric scalar Higgs doublet. Theoret.
Math. Phys., 2021, no. 207:1, pp. 514-552; arXiv:2104.01054 [gr-qc].

2. Aref’eva 1.Ya., Koshelev A.S., Vernov S.Yu. Crossing of the w=-1 Barrier by D3-brane Dark Energy Model.
Phys. Rev. D, 2005, no. 72:6, 064017; arXiv: astro-ph/0507067.

3. Aref’eva I.Ya., Vernov S.Yu., Koshelev A.S. Exact solution in a string cosmological model. Theoret. Math.
Phys., 2006, no. 148(1), pp. 895-909; arXiv:astro-ph/0412619.

4. Vernov S.Yu. Construction of exact solutions in two-field cosmological models. Theoret. Math. Phys., 2008,
no. 155(1), pp. 544-556; arXiv:astro-ph/0612487.

5. Leon G.,Paliathanasis A., Morales-Martinez J.L. The past and future dynamics of quintom dark energy
models. Fur. Phys. J. C, 2018, no. 78, 753; arXiv:1808.05634 [gr-qc]|.

6. Ignat’ev Yu.G., Agathonov A.A., Ignatyev D.Yu. Cosmological evolution of a statistical system of degenerate
scalar-charged fermions with an asymmetric scalar doublet. I. Two-component system of assorted charges. Grauvit.
Cosmol., 2021, no. 27:4, pp. 338-349; arXiv:2203.11946 [gr-qc].

7. Ignat’ev Yu.G., Agathonov A.A., Ignatyev D.Yu. Cosmological Evolution of a Statistical System of Degenerate
Scalarly Charged Fermions with an Asymmetric Scalar Doublet. II. One-Component System of Doubly Charged
Fermions. Gravit. Cosmol., 2022, no. 28:1, pp. 10-24; arXiv:2203.12766 [gr-qc].



Kocmomornaeckue MOJeJin, OCHOBaAHHBbIC HA aCUMMETPUYIHOM CKaJIAPHOM ;Ly6neTe 93

8. Ignat’ev Yu.G., Ignatyev D.Yu. Cosmological models based on a statistical system of scalar charged degen-
erate fermions and an asymmetric Higgs scalar doublet. Theoret. Math. Phys., 2021, no. 209:1, pp. 1437-1472;
arXiv:2111.00492 [gr-qc].

9. Ignat’ev Yu.G. Similarity of cosmological models and its application to the analysis of cosmological evolution.

Theoret. Math. Phys., 2024, no. 219:1, pp. 688-703; arXiv:2307.13761 [gr-qc].

10. Ignat’ev Yu.G. Stability of the Cosmological System of Degenerated Scalarly Charged Fermions and Higgs
Scalar Fields. I. Mathematical Model of Linear Plane Perturbations. Gravit. Cosmol., 2021, no. 27:1, pp. 30-35;
(2021, no. 27:1, 36-41; 2022, no. 28:1, pp. 25-36; 2022, no. 28:3, pp. 275-290; 2022, no. 28:4, pp. 375-381; 2023,
no. 29:2, pp. 163-176; 2023, no. 29:4, pp. 327-344; 2024, no. 30:1, pp. 40-47; 2024, no. 30:2, pp. 141-148.

11. Ignat’ev Yu.G. Evolution of spherical perturbations in the cosmological environment of degenerate
scalar-charged fermions with a scalar Higgs coupling. Theoret. Math. Phys., 2023, no. 215:3, pp. 862-892;
arXiv:2306.17185 [gr-qc].

12. Ignat’ev Yu.G. Similarity of cosmological models and its application to the analysis of cosmological evolution.
Theoret. Math. Phys., 2024, no. 219:1, pp. 688-703; arXiv:2307.13761v1 [gr-qc|.

13. Bogoyavlensky O.I. Metody kachestvennoj teorii dinamicheskih sistem v astrofizike i gazovoj dinamike [The
methods of the qualitative theory of dynamic systems in astrophysics and gas dynamics.] Nauka. Moskow, 1980.

14. Ignat’ev Yu.G., Kokh I.A. Cosmological models based on an asymmetric scalar doublet with kinetic coupling
of components. I. General properties of the cosmological model. Grav. and Cosmol., 2024, no. 30:4, pp. 408-425;
arXiv:2405.13607 [gr-qc].

15. Ignat’ev Yu.G., Kokh I.A. Cosmological Models Based on an Asymmetric Scalar Doublet with Kinetic Cou-
pling of Components. II. Numerical Modeling. Grav. and Cosmol., 2024, no. 30:4, pp. 426-440; arXiv:2406.00742

[gr-qc].

ABTODpDBI

Urnarees FOpuit 'ennaguesud, 1.¢.-m.H., mpodeccop, HUJI Kocmosorusi, uacruryr dpusuku, Ka-
3aHCKUil (beepasibHbIit yHUBEpcuTeT, yiI. Kpemiesckas, 1. 18, r. Kazann, 420008, Poccusi.
E-mail: yurii.ignatev.1947Qyandex.ru

Kox Upuna AJsiekcaunapoBHA, aCCUCTEHT, HHCTATYT MaTeMaTuKu u Mexanuku, Kazaunckuit dpemepasib-
HBII yHUBepcuTeT, yi. Kpemsesckas, a. 18, r. Kazanb, 420008, Poccus.
E-mail: irina.alexandrovna.kokh@gmail.com

IIpochba cchLIaThCst HA 3TY CTAThIO CJEAYIOIIAM OOpa3oM:

Urnarpbes 10.T., Kox 1. A. Kocmosiornaeckre MOme/n, OCHOBAHHBIE Ha ACHMMETPHYHOM CKAJIIPHOM
JybsieTe ¢ KHHETUYECKOI CBA3bI0 KOMITOHEHT. [Ipocmpancmeo, epems u GynoaMeHmansvHovie 83aumodeti-
cmeus. 2025. Ne 1. C. 88—93.

Authors

Ignat’ev Yurii Gennadievich, Dr. Sci., Professor, Institute of Physics, Kazan Federal University,
Kremlyovskaya st., 18, Kazan, 420008, Russia.
E-mail: yurii.ignatev.1947@yandex.ru

Kokh Irina Alexandrovna, Lobachevsky Institute of Mathematics and Mechanics, Kazan Federal
University, Kremlyovskaya st., 18, Kazan, 420008, Russia.
E-mail: irina.alexandrovna.kokh@gmail.com

Please cite this article in English as:
Ignat’ev Yu. G., Kokh I. A. Cosmological models based on asymmetric scalar doublet with kinetic cou-
pling of components. Space, Time and Fundamental Interactions, 2025, no. 1, pp. 88-93.



