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W3y4deno BausiHue KBAaHTOBOM JIEKOT€PEHIINHI MAaCCOBBIX HEHTPUHHBIX COCTOSHHUI HA KOJIJIEKTHUBHBIE OCITUJI-
JISIIIUN HEUTPUHO [J1d ciy4das Tpex diieitBopoB. Ilpu mccie1oBaHNE HCIOIB30BAJICA METO/, OCHOBAHHBIN Ha
aHaym3e ypaBHeHus JInnnbimama Ha yCTOWYMBOCTD, IIPU STOM TI'aMUJIBTOHHAH SBOJIIOIUN HEHTPHHO BKJIIOYA
B cebs 3ddexTrl camoseiicTBus. IlogydeHbl HOBblE aHAJIMTUYECKNE YCIOBUSI BO3HUKHOBEHHS KOJIJIEKTUBHBIX
OCHUJITIAINAN HEUTPUHO IIPU B3PBIBE CBEPXHOBOM, KOTOPBIE YIUTHIBAIOT 3 (PEKT KBAHTOBOH JIEKOTepEHIINY Hell-

TPHUHO.

DOI: 10.31857/5123456782314001X, EDN: gxnxd]j

Kak wmzBectHO, cymecrByer Tpu dJieiiBopa HeATpH-
HO (3JIEKTPOHHOE Ve, MIOOHHOE V,, H Tay-HeiTPHHO V)
U TPHU MACCUBHBIX HeHTpHHO (11, V2, 13). Kaxnoe dueii-
BOPHOE HEUTPHUHO $BJISIETCS CYIEPIIO3UINEN MaCCOBBIX
COCTOAHUN HEATPUHO, U B pe3yJbTaTe IIPU PacIpocTpa-
HEHUU BO3HUKAIOT (JIeBOPHBIE OCIUJIIAIINE HEUTPHHO
KakK B BakyyMme, Tak u B cpeme. OqHaKo, 3a cIeT B3a-
UMOJENCTBUS HEATPUHO CO CPeloil Cyleprno3uluda Mac-
COBBIX HEMTPUHHBIX COCTOSHUN MOXKeT ObITh HAPYIIIEHA,
YTO IPUBOJAUT K IIO/IABJIEHUIO (DIIEHBOPHBIX OCIIAILIAIIAN
HelTpuHO. /laHHOE SIBJIEHUE HOCUT Ha3BaHUE KBAHTOBOU
JEKOTePEHIINU HEeHTPUHO.

KBanroBast nekorepeHnuss HEHTPUHO MOXKET BO3HU-
KaTh 33 CYeT B3aUMOJICHCTBUS C BHEIIHEH Cpelloil KakK B
paMKax MUHUMAJIBHO pacuimpennoit CTaHIapTHON Mo-
JleJid, TakK W 3a ee npejienavu. Panee B mreparype Obl-
JIO II0Ka3aHO, YTO MCTOYHMKOM KBAHTOBOIl JI€KOI'€pEH-
UM HEWTPUHO MOXKET OBITH B3aWMOJEHCTBUE HEHTPU-
HO ¢ UIYKTYUPYIOIE BHEITHEeH cpefoit u (pIryKTyupy-
IOIIUM MArHHTHBIM moieM [1-3], a Taxxke B3amMmomeii-
cTBHE ¢ IYKTYUPYIONM IPABATAIIHOHHBIM TI0JIeM [4].
B pa6orax [5-9] 6bL1n napasuiesbHO pa3paboTaHbl 1Ba
KBaHTOBO-IIOJIEBBIX I10/IX0/a K OIHMCAHUIO KBAHTOBOM Jie-
korepennuu Hefirpuno. Tak, B [5-7] 6b110 IOKA3aHO, UTO
KBaHTOBad JIEKOI'€PEHINS MACCOBBIX COCTOAHUNI HEUTpU-
HO MOXKeT BO3HHKAaThb 3a CYeT IIPOIECCOB pacla/ia Hel-
TPUHO Ha 0OoJiee JIerKoe HEHTPUHHOE COCTOsTHUE U 0e3-
MaCCOBYIO YaCTHUILy, & TaKyKe 3a CYeT O0OpPATHOrO IPO-
1ecca MOrJIOMeHnsT 6e3MacCOBOI YaCTHUIIHI.

De-mail: finollari@gmail.com; kl.stankevich@physics.msu.ru;

studenik@srd.sinp.msu.ru
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Bo Bcex yka3aHHBIX CTATbAX IBOJIONUST HEUTPHHO
OIIMCBHIBAETCSI yPABHEHUEM, KOTOPOE 10 CTPYKType siB-
agercd ypasaenueM Jlunabiaazna [10, 11|, Bue 3aBucumo-
CTH OT MOJIXO/IA OTIMCAHUS ¥ MEXaHIM3Ma BOSHUKHOBEHMUS
KBAHTOBOIl JeKOorepeHnun Hedrpuno. B mammoit pabore
MBI UCCJIEJIyeM BJIUSTHIE KBAHTOBOI JIEKOTEPEHITHI MaC-
COBBIX COCTOSIHHI HEMTPUHO HA KOJIJIEKTUBHBIE OCITUJLIISI-
muu [12]. PaccmarpuBas SBOJIIONUIO HEHTPUHO € IOMO-
MbI0 ypaBHeHus JIuHad/1a1a, HaMu ObLIO TOKA3aHO, ITO
KBaHTOBAas JIEKOTE€PEHIINST MOYKET BBICTYIIATH B KAIECTBE
MIOTABJISTIONIETO (paKTOPa It KOJJIEKTUBHBIX OCITUJLIISI-
nuit HefirpuHo. Panee 310 OBLIO CIEIAHO HAMY JIJTsT CJIY-
vast AByX ueitBopos Heiitpuro B padore [13|. 3mecw
MBI 0000IIaeM Pe3y/IbTAThI Ha CJIydail HEWTPUHO Tpex
diteitBopoB. BaxXHOCTH paccMOTpeHMsT TPeX MOKOJIEHUMN
HEHTPUHO 00YCJIOBJIEHA TEM, 9TO KOJIEKTUBHBIE OCIIHJI-
JIANUY HEATPUHO BO3HUKAIOT (M MOrYT OBITH TEOpeTH-
YeCcKU oanaHH) B CJIydae Kak IPsSMOU, Tak U 0OpaTHOM
nepapxuu Macc Heifitpuao. B ciydae ke IByX MOKOJIe-
HUI HEHTPUHO KOJIJIEKTUBHBIE OCIMJIISIINA BO3ZHUKAIOT
TOJIBKO J|ist 06paTHOl uepapxuu (cM., HampuMmep, [14]).
Takke B cydae AByX MOKOJEHUNT HEHTPUHO HEBO3MOXK-
HO BBecTH mupakosckyo CP-mapymaromyto dasy [15].

CTouT OTMETHUTD, 9TO KBAHTOBASI JIEKOT'€PEHITHsT Hell-
TPUHO C WCIOJb30BaHUEM ypaBHeHUs JImHmOIama ak-
TUBHO UCCJIEyeTCs B IOTOKAX HEATPUHO OT 3€MHBIX UC-
To4HUKOB [16—20] 1 or coanna [21].

Paccvorpum  diieiiBopHble  OCIIUIIATINN HEATPUHO
C Y4YeTOM HEUTPUHO-HEHTPUHHOI'O B3aUMOJICHCTBUA U
KBaHTOBOI1 JIEKOI'e€pEeHIIMN MaCCOBbIX COCTOAHUNA HENTpU-
HO B caydae Tpex uieitBopos. MccienoBanue Oyaer Be-
CTUCH C TIOMOIIBIO METOJIa AHAIN3a Ha YCTOWIUBOCTH
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ypaBHeHHst 3Bosironun [22-26], KOTOpPHIii 103BOJIsIET 110~
JIyIATH YUCJIEHHBIE OIEHKH HCCJIEayeMoro dpdexra B
peasibHBIX aCTPOMPU3NIECKUX YCIOBUIX.

st onmcanust sBosonuu HefiTpuHo (aHTUHENATPU-
HO) paccMoTpuM MaTpuiy mioTHocTu p(t) (p(t)), Koro-
past nogunHsercd ypaBuenuio Jlumnabiana:

WO — ittt o] + Dl (1), 1)
PO — it 7o) + Dlp(e), (2)

rne H = H,+ H,, + H,, — 0OJIHLII raMAJIbTOHIAH HEM-
TPHUHO, KOTOPBII YyINTHIBAET BaKyyMHbI BKIa H,, , B3a-
UMO/IeHiCTBYE C BHEIIHeli cpeIoil (3JeKTpoHaMu, HeHTPO-
Hamu u nporoHamu) H,, u HelTpuHO-HEATPUHHOE CaMO-
neiicreue H,,. Ypasuenus ssoonuu (1) u (2) sanu-
cabl Bo ueiiBopaoM 6azuce (BTOpoe ypaBHEHHUE OIU-
CBIBAET HBOJIOIMIO aHTUHEATPHUHO). OTMETHM, YTO ra-
MUWJIbTOHNAHbI HEHTPUHO-HEUTPUHHOI'O B3aUMOAECHCTBUSA
H,, n H,, 3aBucar or marpur mwiotaoctr p(t) u p(t)
(eM., manpumep, 0630p [12]).

Huccunarop D[p] orBedaer 3a 3¢dbdEKTH KBAHTOBOM
JIEKOTE€PEHITNN HEHTPUHHBIX COCTOSTHAN M OIIPEIEJISIeTCsT
BBIPayKeHUEM CJIEIYIONIEr0 BUIA:

NZ-1

> VeVl + eV ®)
k=1

Dip] =

N =

rye Vi — IUCCUTIATUBHBIE ONIEPATOPHI, CBsI3aHHBIE CO B3a-
UMOJIeiCTBUEM HEHTPUHO KAaK IOJICUCTEMBI I OKPY2KAI0-
meit ero cpeabl, N — pa3sMEpPHOCTH IIPOCTPAHCTBA CO-
OTBETCTBYIONIUX MATPHIL IUIOTHOCTH, HA KOTODPBIE Ieii-
CTBYIOT JIAHHBIE ONEpaTopbl (B ABYX(hJIefiBOPHOM IIpu-
onmxkennun N = 2, B TpexdJIeiBOPHOM MTPUOIUKEHUN
N =3).

st Hamumx 1esieil ya00HO Iepernucarh ypaBHEHUs
(1) u (2), ucroab3ys pas3joxkKeHue OIEPATOPOB 110 Oa-
sucubiM MarpunaMm SU(3). Kaxiapiii onepaTop MOxKHO
3aIUCATH C TIOMOIIBIO PA3JIOXKEeHUs 10 MaTpuiam Lemi—
Manua (F*): O = a,F". Torga, ¢ y1eToM pasioxe-
HUSI OIIEPATOPOB, YPABHEHUS SBOJIOIMA JJI HEATPUHO
1 aHTMHEHTPUHO MPEJICTABUMBI B BUJIE:

OPy(t)

TFk = 26¢ijin(t)Fk =+ Dle(t)Fk, (4)

8Pk t _ _

%Fk = 26¢ijin(t)Fk + Dle(t)Fk, (5)
rne P, (Py) m H; (H;) — xoabdummentsr pasyoxe-
HUsl MATPHILI [LJIOTHOCTH HEATPHHO (aHTUHEHATPUHO)
U raMHJIBTOHHAHOB 1o MaTpuraMm lemrnr-Manna, €5, —

CTPYKTYPHBIE KOHCTaHTHI aiare6psl su(3) (o6oOieHHbIe
cumBoutl JleBu—YuBurol):

V3
€458 = €678 = )

€123 = 1, 5

(6)
1
€147 = €165 = €246 — €257 — €345 = €376 — -

2

Marpunia Dy B 93 PeKTUBHOM MaCCOBOM Oa3uce 1o 1Mo-
CTPOEHUIO JIOJZKHA OBITH CHMMETPUIHON U MOJIOKUTEb-
HO OIIPEIeJICHHON MaTpuIleil, Tak Kak Vi = V,J [16] (aT0
ycoBue obecrevunBaeT HeyobIBaHue saTponun ¢pon Heit-
MaHa OTKPBITOM cucreMbl). [yist coxpanenust oJIHOI Be-
POSITHOCTH HeJIMaroHaJIbHBIE 9JIEMEHTBI HEOOXOIIMO 3a-
uyauth: D,o = Dy, = 0.

KosektuBHable OCIUIIATIINN HEATPUHO BO3HUKAIOT
B CBEPXILJIOTHBIX aCTPOPU3NIECKUX CPEeIax, B KOTOPHIX
3¢ HEKTUBHBI MAaCCOBBII OA3UC TPAKTUIECKH COBIIA A~
er ¢ paeiiBopubIM. B 3TOM cIyvuae MOXKHO CIMTATD, ITO
marpunia Dy B dieliBopHoM u 3D PEKTUBHOM MacCCo-
BOM Gazucax corajgaer. B pesynbrare marpuna (D) B
o011IeM BUE TTPEACTABUMA CJIETYIONUM 00pa3oM:

(D) = —diag{T'21,T21,'11,'31,'31, 32, ['32, T2}
(7)
OTMeTuM, YTO eciad SHEeprus HeHTPUHO COXPaHseTcs
IpU pacnpocTpaHeHun Hefirpuuo, T.e. [Vi, H] = 0, To
3aHyssoTesa mapamerpsl [ = [ag = 0 [18].
IIpeanoosKuM, 9TO B HEKOTOPLIH HAYAJLHLIN MO-
MEHT BpeMeHH CHCTeMa, HaXO/IUIACh B CTAIIMOHAPHOM CO-
crosmmn p¥ = p(t = ty) u Torga:

[HO’ pO] =0, (8)

rne H = H(p°). B aTom ciydae cymecTsyer Takoii 6a-
3uc, B KoropoM MaTpuns! p° u H® nuaroHabHLL:

HY, 0 0

H =] 0 HY) o0 |, (9)
0 0 HY
P 0 0

=10 o 0. (10)
0 0 ps

Kosddburnmentsr nx pasioxenus: mo marpunam [esi—
MamnHa UMEIOT CJIe/IyIOni BUJT;:

(HY) = (0,0, HY,0,0,0,0, HY) ", )
11
(P?) = (0,0, P,0,0,0,0,P9)" .

Amnayiornanbie GOPMYIIBI IOy IAIOTCS U JIJIsl CILyYasi aH-
TUHEHATPUHO.
ITucema B 2KOTD

ToMm 118 BpImI.1-2 2023



Bitusiaue KBaHTOBOH JI€KOT€PEHITHH Ha KOJIIEKTHBHBIE OCIHJLISIIIIA HEHTPHHO 75

OmnpejieninB HaYaJbHBIE YCIOBHsI, IepeiijieM K aHa-
JII3y Ha yCTOHYUBOCTH ypasHenuiil ssosonuu (4) u (5).
IIpexuonaraem Masble 3aBUCAINNE OT BPEMEHH H3MEHe-
HUst aMIUIATy L 0p 1 0 H MaTPUIBI ITIOTHOCTH ¥ FAMUJIb-
TOHMAHA OTHOCUTEJIBbHO UX HAava bHLIX 3Havenuit p' u

HO:
P, = P+ 6Py, te 6Py = Ple” ™" +s.c., (12)

H; = H) +6H;,tne 6H; = Hle ™" +s.c.,  (13)

rae P u H] — BapuanuoHHBIe aMIUIATY/BL, & W 0003Ha-
YaeT 4acTOTHI BO3OY?KIEHHBIX MOJ, OKOJIO HAYAJILHOIO
IIOJIOXKEHNsI. DJIEMEHTHI MaMHJILTOHHAHA cucTeMbl H;j
3aBHCAT OT MATPHIL IVIOTHOCTH HEHTPUHO p;; U AHTU-
HEHTPUHO p;;, U Tora juist H] MOXKHO 3amucars:

H, = ZI;? P+ ggi P (14)

Tenepn mozacrasum Bbipaxkenus (12)—(14) B ypashe-
aue sBosomn (4) ¢ yueroM Hada bHbIX ycaosuii (11)
U CBOMCTB CTPYKTYPHBIX KOHCTaHT €;;. IIpeneOperas
YWIEHAME BTOPOTO TOPSAJIKA MAJOCTH B KOMMYTATODE
[0p,0H] 1 ocTaBiisisi TOJBKO HeUArOHAJIbHbIE JJIEMEH-
THI MATPHIBI WIOTHOCTH (phy = P — iP4, pls = P; —
iPL, phs = P§ — iP}), noay4nM ypaBHEHHE HA COOCTBEH-
HBIe 3HAYCHUs] B MATPUIHON opme:
/ /
S e P I e B L DT
0T o B Al \yp
rje cToJber], COCTOSIMI U3 HeIMArOHAJLHBIX SJIEMEH-
TOB MATPHUIBI JIOTHOCTH, AMEET BUJI

PI12
0/13
o Iz
_ 23 (16)
=~/ —/
P P21
P31
P2
Martpuria JieKorepeHIu nMeeT BUIL:
I'sp O 0
=0 Ts 0. (17)
0 0 T3

B upasoii uactu ypashenus (15) BBejeHa MaTpuIa
YCTOMHYMBOCTH, KOTOPYIO MOYXKHO 3aIlucaThb B OJOYHOI
BUJIE C MOMOIIBIO CJICAYIONHUX MATPHIL:

Ai212 Ai213 Ai293
A= A1312 A1z Aizos | (18)
Aoz 12 Azziz Az s

IIucema B 2KQT® Tom 118 sBem. 1-2 2023

Bi2,12 Bi21s Bi2os
B = | Biz12 Biziz Bizas |- (19)
B3 12 DBaz13 Das2s

Torna BbIpaXkeHust Il 9JIEMEHTOB MaTPUIBI YCTONYIN-
BOCTH MOKHO IIDEJICTaBUTh B BUJIE:

OH,,;
Agim = (HY, — H)ouudi1 + (00 — po) L2
gkt = (Hiy, )ik + (P35 — i) Opr
OH.
Biiw = (0% — o0 )
J,kl (pJJ pn) aﬁlk )
- _ _ o _o . OH;;
Aijw = (Hy — Hy)dadj + (53 — pY;) 8@;,

_ OH.:
Biiw = (9% — p°. Gy
gkl (pu p]]) 8Plk

(20)

TJIe MHIEKCHI 1, j, k u | mpoberator 3nadenus ot 1 g0 3.

JanbHedmuit aHa M3 CUCTEMBI HA HEYCTONINBOCTD,
HaJIMYHe KOTOPOU B HAIEM CiIy4dae OyIeT CBUJIETENb-
CTBOBATb O BO3MOXKHOCTHU KOJIJIEKTUBHBIX OCIIMJLISIIIAN
HEHTPUHO, TpedyeT HAXOXKJEHUsI COOCTBEHHBIX 3HAUE-
HU MATPHUIBI CTabMILHOCTH, YTO IS CiIy4das TpeX
G 1eitBOpoB TpeOyeT YUCIEHHBIX PACIETOB B CHIIY OOJIb-
IO pa3MEepHOCTU MaTpPUIIbL.

W3 paszioxennst (12) BUHO, UTO €CJIH Y4ACTOTHI BO3-
Oy2KJIEHHBIX MO/l W IPUHUMAIOT MHUMbIE 3HAYEHUsI, TO
HEJINATOHAJILHBIE JIEMEHTHI MATPHUIIBI IIJIOTHOCTH JIe-
MOHCTPHUPYIOT 9KCIIOHEHITHAJILHBIH POCT, 9TO PUBOIUT
K HeCTaOMJIBHOCTH CHCTEMbI. B pesysibrare BOSHUKAIOT
KOJUIEKTUBHBIE OCIUJLISAIIAHN.

Beesiem o6o3Hauenne {\;} mist Habopa cOGCTBEHHBIX
snadennii Marpuip! crabmwisnocru (15), (18)—-(19). To-
I7a yCJIOBAE BO3HUKHOBEHUS KOJUIEKTHUBHBIX OCITUJLIISI-
nuit HefiTpUHO MeXkK 1y (bJIEHBOPHBIMU COCTOSTHUSIMU § U
J MOXKHO 3aIlUCATh B CJIE/LYIONIEM BUJIE:

Im[A] # 0; (21)

IIepBoe ycmoBue IBIsIETCS OOIUM YCTIOBUEM BO3HUK-
HOBEHUsI KOJUIEKTUBHBIX OCIMJUISIIIAE 1 OBIIO MTOJIYYEeHO
panee B paBorax (cM., Hampumep, [24]). Bropoe ycio-
BHe€, TIOJIyIeHHOE JIJIsI CJIydasi TpexX (DIeiBOpoB, siBJIsIeT-
Cs1 HOBBIM U yIUTBHIBaeT 3 deKT KBAHTOBOH JEKOrepeH-
IIAY MAaCCOBBIX COCTOAHUNA HEHTPUHO.

ObpaTuMcst K 9UCTIEHHBIM OIIEHKAM BJIMSIHUST KBAH-
TOBO JIEKOrePEHIMY HEHTPUHO Ha KOJJIEKTHBHBIE OC-
nuuiAnuE Helitpuno. B paGore [26] 6o mokasamo,
YTO MHUMAasi 9aCTh COOCTBEHHBIX 3HAYEHUN MATPUIIHI
CTabUJIBHOCTU B PEAJIbHBIX YCJIOBUIX B3PbIBA CBEPXHO-
BOIl 10 TIOPSJIKY BEJIMUUHBI MOXKET PaBHATHCS Im[A] ~
~ 10717 : 10718 I'sB. [Ij11 OIeHKN BIMAHUS KBAHTOBOI
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JIEKOTePEHITNY HEATPUHO HA KOJUJIEKTUBHBIE OCIIUJIJIS-
UM HEATPUHO MOXKHO UCIIOJIB30BATH YKCIIEPUMEHTAIb-
HbIE OrPAHUYEHUs] HA 3HAUEHUS [IaPaAMETPOB JIEKOTE€PEH-
mun. Tak, JJIs MOTOKOB HEHTPUHO OT 3€MHBIX HCTOY-
HUKOB [TapaMeTp JEKOTEPEHIIMNA OTPAHUYEH 0 TOPSIKY
[ < 10724T'3B [16], 115t TOTOKOB COJTHEYHBIX HEHTPUHO
I <107%TsB [21].

Caemyer 0cob0 OTMETUTH, 9TO yKa3aHHbBIE OI'DAHU-
YeHUsI HEKOPPEKTHO HCIOJIb30BATH B IKCTPEMAJBHBIX
YCJIOBUSIX CBEPXHOBOM, TaK KaK OHU ObLIM I10JIy9YeHBI
JUIsl 3HAYUTEJILHO APYTUX BHEIIHUX yCJIOBUit (Jj1s 3eM-
HOI1 miiu costneuHoit MmaTepun). Tak, Hanpumep, B pabore
[6] 6B1T0 TOKA3AHO, UTO B yCIOBUSIX B3PBIBA CBEPXHOBOM
napaMerp KBAHTOBOM JIEKOIEPEHIUH 38 CYET PaJIUAllU-
OHHOI'O Pacla/ia HEHTPUHO MOXKET JOCTUTaTh 3HAYEHUN
I' ~ 1072 I'sB. Kpome Toro, KBaHTOBas IEKOTePEHITIs
MOXKET TaKKe BO3HHMKATH 3a cueT (DU3UKU 3a Ipejiesia-
mu CrangaprHoii Mojenu [7, 27|. VI3 TpeGoBanusi, 4ro
JUIsT BOSHUKHOBEHUS KOJLIEKTHBHBIX OCIUJLISIIMN Heli-
TPUHO HEOOXOIMMO, YTOOBI MHMMAST 9aCTh COOCTBEHHBIX
3HAYEHUI MATPHUILI CTAOUILHOCTU OblLiTa OOJIbINe mapa-
MeTpoB JeKorepeHiun (cM. ypaBaerue (22)), Mbl Ipe-
CKa3bIBAEM, UTO MPU PErMCTPAIAN [MOTOKOB HEATPUHO
OT B3PBIBOB CBEPXHOBBLIX OYIET BO3MOXKHO OTPAHUYUTH
napaMeTphl JIEKOTEPEHINE B IKCTPEMAIBHBIX acTpodu-
suueckux ycaosusax I ~ 10717 : 10718 'sB.

OTMeTHM BaXKHOCTD [TOJLY YeHUs OMPAHUIEHUN Ha Ta-
paMeTpbl KBAHTOBOM JIEKOI€PEHITH HEATPUHO U3 IKCIIe-
PUMEHTAJIbHBIX JAHHBIX O IMOTOKAX HEWTPUHO OT pas-
JIMYHBIX UCTOYHUKOB TeM (PaKTOM, UTO ITO MOXKET 103~
BOJIATH NOCTABUTH OTPAHUYEHUS HA NIMPUHBI Pa3JIHd-
HBIX HEATPHUHHBIX IIPOIECCOB (KCIOJIb3Yysl Pe3yJIbTaThl
paborsl [5—7]), a TakKe Ha HECTAHJAAPTHBIE B3AKMOEIi-
cTBUst HefiTpHHO [8, 9].

WccnemoBanne BLITIOTHEHO B paMKax rpanTa Poccuii-
ckoro Hay4Horo ¢ouja (upoekr # 22-22-00384).
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