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DKCIEepUMEHTaJIbBHO M TEOPeTUYECKH, B paMKaX TeOopuH (yHKIHMOHAIA IJIOTHOCTH, M3Yy4YEHBl CTPYKTYpPHBIE U
auHaMudeckue cBoiictBa kpuctaswia KlnsSg. PeHTreHOCTpYKTYpHBIA aHaIM3 MO3BOJIMJI YTOYHHTb CTPYKTYpPHbIC
napaMeTpbl KPHCTAJUTMIECKOR (hassl ¢ mpocTpaHcTBeHHOM rpymmoit C2/m (N 12), mpu 9TOM KBaHTOBO-XUMIIECKHE
pacyeTHl IPeICKa3bIBalOT COCYLIECTBOBAHHE TPEX HU3KOTeMIIepaTypHbIX (a3, a mmeHHo P-I (N2), P2; (N4),
P2,/c (N14). B pamkax kBasurapmonmdeckoro nputmmkenns mist KlnsSg mpu 300K, mosydeHsl 3Ha4YeHHs] KO-
addummenTa Temmepatyproro pactmaperns (3.90 - 107> K™!) u monyns o6bemuoit ynpyroctn (37.23 GPa). Taxxe
Obl1a ompenesieHa Temmeparypa Jlebas Op, 4TO MO3BOJIJIO OLEHHUTb, C MOMOMIBIO 3MIUpHIeckoil hopmysnsl Craka-
Mopesu, BEJIMYMHY PEIIETOYHON TeIUIONPOBOJHOCTH, OOYCIIOBJICHHONH (OHOH-(QOHOHHEIM B3aUMOJCHCTBUEM,
kotopast coctasiwia k, = 0.41 W/(mK) npu 300 K. BrepBsie, SKCIepiUMEHTAIBHO IIOTYYCHH! (B TOM HUCIIC i1 Siful)
U IPOaHAIM3MPOBaHa TeMIlepaTypHas U OapuyecKas 3aBHCHMMOCTb CIIEKTPOB KoMOHMHanmoHHoro paccesHus KlnsSs.
BrIsiBIICHO CHUIBHOE TIPOSIBJICHHE aHTAPMOHM3Ma KOJIeOaTebHBIX MO B LIEHTpE 30HB DpMILTIO3HA, YTO YKas3blBaeT
Ha MEepPCHCKTHUBHOCTb MCIONIB30BaHus KpuctayuioB KlnsSg B chepe pOHOHHOI MHNKEHEPUN aHMaPMOHUYHOCTHL.
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1. BBepeHune

BsaumoneiicTBue pasHbBIX THIOB KojieOaHumit (pOHOHOB) B
KPUCTaJUIe OKa3blBaeT OIpelesdlollee BIUsHUE Ha (GU3n-
YecKHe CBOMCTBA, PEAKIMI0 MaTepHrajia Ha BHENIHHE 3Hep-
reTUYECKUE BO3JCHCTBHUs (TeMIepaTypa, [aBJICHHE) H, B
KOHEYHOM cYeTe, Ha ero MoBeleHHe KaK (PYHKIHOHAIbHOTO
MaTepHraja B OIpPEIEICHHBIX TEXHOJIOTHYECKHX Ipoleccax.
[poucxoxnenne aepopMariii, BEI3BAHHBIX TEMIIEPATypoOil
U JIaBJICHUEM, Pa3jIMYHO, OJHAKO B OOOMX CiIy4asgX OHO
CBSI3aHO C aHTapPMOHM3MOM IOTeHIMAa. B mocsenHue romet
B JIATEPAType BBOOUTCS IOHSITHE ,,AHKCHEPHST aHTapMOHNY-
Hoctn“ (anharmonicity engineering) [1] — peryiupoBaHue
HepeHoca TeIla Ui JOCTH)KCHUS HEOOXOIMMBIX Xapak-
TEPUCTHK MAaTEpUaloB. 3a CYET YBEJIMYCHHUS KOJIMIECTBA
ne(eKTOB, BHEIIHEro CXKaTHs WIM HalpSKCHUA PELIeTKH
MO)KHO YIPAaBJIATh PEIICTOYHbIM aHIAPMOHM3MOM, KOHTPO-
JIIpyYS TIPA 9TOM cBoiicTBaMn MaTepuasia. Ha mpakTuke 310
HPOABJISAETCS KaK P HOBBIX IBJICHUI, BHI3BAHHBIX (POHOH-
HBIMH aHAPMOHHYECKUMU 3P dEeKTaMy, TaKUX KaK CErHETO-
AJIEKTPUYECKUA (ha30BbIil MEPEXol, OTPHUIATEIIBHOE TEILIo-
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BOE pacIIMpeHHe, CBEPXHU3Kasl TEIUIONPOBONHOCTb W TIp.,
YTO JleJIaeT KOHIICIHIMIO aHrapMOHMYECKON MHXKEHEPUH BCe
Oosiee aKTyaJIbHOM Kak B (DyHZaMEHTAJBHBIX HCCJICIOBA-
HUSX, TaK U B NPaKTHICCKUX NpIuIokeHusx. OmHAKO, 9TO
HalpaBJICHHE HAaXOAUTCH Ha CTafiu (pOpMHpPOBaHMS; MHOTO
BOIIPOCOB OCTAETCS OTKPBITHIMH, B YAaCTHOCTH, BOIIPOCHI
KOJIMYECTBEHHOM OIIEHKH MOJOBEIX IapameTpoB I'proHaiize-
Ha KaK Mepbl aHTapMOHHYHOCTHU, COCTOSIHHS XHMHYECKON
CBSI3W B KpHCTAUIaX M Op. B mocienrme rompl m3yde-
HHC aHTAPMOHWYHOCTH BENETCS C KCHOJIb30BaHMEM psla
COBPEMEHHBIX METOHOB, BKJIIOYas TEOPETUYECKHE, IKCIIe-
PUIMEHTAJIbHBIC M BBIYMCJIUTEIIBHBIE, KOTOPHIE HAJII HOBOE
MOHNMaHHE MHUKPOCKOIIMYECKHX MEXaHW3MOB aHIapMOHUY-
HoctH [2-4]. CIeKTpoCKoIHsi KOMOHHAIIMOHHOTO PACCEsIHUS
(KPC) mpenocraBisieT cXoKyio HHPOPMAIUIO 0 (POHOHHOM
aHrapMOHM3ME, YTO M HEYNpPyroe paccessHue HEHTpOHOB
B LIEHTpe 30HB bpuiumosHa, HO C PAOOM INPEUMYINECTB,
TaKNX KaK BBICOKOE pa3pelIeHHE M BO3MOKHOCTH M3YUCHHS
MHKpPOHHBIX 06pasuoB [3,5-7]. Teopermdeckoe MOIEIHpo-
BaHUe ab initio, OCHOBaHHOE Ha LIMPOKO HCIOIb3yeMOM
Teoprn (Qysrmmonana mwiotHoctu (DFT), meiicTBuTesbHO
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IPEICTaBJIsIeT cOBOM MOMIHBIA HHCTPYMEHT [T TAKOTO poa
VICCJICAOBAHMM, MO3BOJISIOIIMI OXHOBPEMEHHO OIICHIBATH
BBICOKHC TeMieparypbl u masienust [8,9]. IepBompuHImmn-
HOE MpEeIcKa3saHue TEIUIONPOBOXHOCTH PEIICTKH (Ki) KpH-
CTaJUIOB SIBJISICTCS aKTYasIbHOM 3anadeil 11t GU3HKY TBEpHO-
0 Tesa. XaIbKOTCHHUIBL, M, B YaCTHOCTH, CY/Ib(H/IbI, Xapak-
TEPU3YIOTCS CIIOIKHBIME TOHOPHO-aKIECITOPHBIMA CBSI3SIMH,
KOTOpPBIC HOCST MPOMEKYTOUHBIA XapaKTep MEKITy HOHHBI-
MU, KOBAJICHTHBIMI M METUIMICCKAMH, [IPAYEM B 00beMe
peLICTKM OHM MpOSIBJSIOTCS IO-pasHOMY. B cTpykType
CynbGUIOB KAaTHOHBI ¥ aHHOHBI CTPEMSITCS CHOPMUPOBATH
YCTOMYMBBIC BHELIHUE 3JICKTPOHHBIC OGOJIOYKH HHEPTHBIX
ra3oB, 4TO 4YacCTO PEAM3YETCs IyTeM OOOOLICCTBIICHUS
9JICKTPOHOB. Takhe CBOIMCTBA MEJAIOT WX MHTEPECHBIMH C
TOYKM 3PEHMS] TOTCHIMATIBHBIX (HOTOIIEKTPUICCKIX MaTe-
puanoB W mpuMeHeHW B (ororansBaHnke. COBpeMeHHBIC
TEHICHIIMI COCPETOTOYCHBI HA TaK Ha3BIBAEMBIX IIEJIOYHBIX
HHUKTOICHHBIX JuXanpKorenunax [-V—VI2 (menounoit me-
TaJul — nHEKTOreH [Bi, Sb, As] — xambkoren [S, Se,
Te]) [10], xOTOpBIe CYUTAIOTCS MEPCIHEKTUBHBIMHU IOJTY-
IPOBOIHUKOBBIMI MAaTepHAIAMU IJIsI YCTPOMCTB mpeobpa-
30BaHHsI SHEPTHH, ONPEICISIOMIIMA CBOHCTBAMH KOTOPBIX
SIBISIIOTCST HETIOZCIICHHBIC JICKTPOHHDBIC TAphl (THITYHBIC
s Bi*t, Sb3*, As’*). VnrepecHble maHHble ObUTH MOJTY-
4yeHbl B pabore [11] mist coequHEHUs] MOXOMKEro THIA —
CulnTe,, rne, kom6uanpyst KPC 1 DFT, aBTope! 00BsicHNM
AHOMAJIPHOE MAaJCHHE €ro PELICTOYHOI TEIUIONPOBOJHOCTH
Ky, TIPU BBICOKUX TeMIepaTypax (4To XapaKTepHO AJIsl 3TOro
THIA CTPYKTYPBI) M IPEMUIOKWIA METONBl KOHTPOJS Ky,
IyTeM H3MCHCHHST (POHOHHBIX MO C IOMOLIBIO BHELIHEro
CXKATHS WM HANpsuKeHHst pernetkd. HeoOwMHo#M creteMoit
SIBISIIOTCST METAJLTBI-XJIbKOTEHBI 13- TPyl B COYETaHUH
C LICJIOYHBIMHM METaJlJIaMH. DTH COCIMHEHHS YKE JaBHO
BBISBIBAIOT OOJIBIIOA WHTEPEC B XMMHH TBEPIOrO TEla,
YTO IPUBEJIO K IOSIBJICHUIO MHOTOYHCJICHHBIX HAyYHBIX
pabot, Takux kak [12-15]. Hanpumep, coennnennss LiM X,
(M =Ga, In; X=S, Se) [16-19], BaMsX; (M =Al, Ga;
X =S, Se) [20-23]) obsamaloT OYCHb OOJIBIIAM HEJIMHEH-
HBIM ONTHYECKMM OTKJMKOM B MK-mmamnasone; coemuHeHust
BaGa, X4 (X =S, Se) [24,25] mmpoxo u3y4ainch B Ka4eCTBe
JIIOMHHECLIEHTHbIX MatepuasioB. CemeiictBo ABsXs [20]
(A=Cuwm Ag, B=In n X =S, Se wiu Te) siBasiercst of-
HUM 3 Hau0oJiee BaKHBIX HPEICTABUTENICH CPEaH TPOIMHBIX
TIOJTyIIPOBOIHUKOB, BBUIY TOTO, YTO YacTh U3 HUX XapakKTe-
PU3YIOTCS CBEPXHH3KUM 3HAYCHHSIM Ky, KaK HAaIpUMep Ui
AglnsSg m CulnsSg, 3Hauenusa k; coorBercTByOT 0.29 1n
0.54 W/(mK) mpu 1000 K. OnHako B sureparype mpakTayde-
CKH HeT MH(pOPMAIINH O CBOMCTBAX TaKMX COCHMHCHHUIA, KaK
M1InsXg (M = menousnoit Meraut, X =S, Se). OHM KOCBEHHO
obcyxpanuch B guccepranun lanuass @punpuxa [27], B
TO BpeMsl KaK Opyrue pabOThl B OCHOBHOM ITOCBSILICHBI
UX CHHTE3y M JATHPYIOTCS MPONUIBIM crojietreM [28,29].
Ha ceromHsiiHWii IEHb H3BECTHO, YTO HACBHILICHHO JKeJ-
ThIC M HPO3PAYHbIC MOHOKPHCTAJIBI TPOUHBIX THOHHAATOB
MInsXg (M =K, Rb, Cs) KpUCTAUIM3YIOTCSI B MOHOKJINH-
HOW mpocTpaHcTBeHHO# rpymme C2/m (Z =2). Onu Xa-
PaKTepU3yIOTCA TPEXMEPHOM CceThio OKTa’npoB InSg, obpa-

3YIOMUX TapaiIe/IbHBIC KAaHAJIBI, TOJHOCTBIO 3aIIOJIHCHHEIC
MOHAMH IIEJIOYHBIX METaJUIOB. XapaKTepHOH 0COOCHHOCTHIO
CTPYKTYDHI SIBJISICTCS YePEOBAHAC IBYX CJIOEB, COCTOSIIHIX
MCKJTIOUMTENIbHO M3 HMOHOB S’7, CO CJIOEM, COCTOSIIUM
u3s M* u >~ (MS;). Tonbko OKTasIpu¥eckue TOJOCTH
MESKILy CTIOSIMH, COCTOSIIIME HCKITIOUHTEIbHO U3 HOHOB S2~
(S3), nonuocThio 3anonHens moHamu Int. Okrasnpuueckue
HOJIOCTH MEXIY CMeIIaHHBIMU (MS;) W YHCTBHIMH CIIOSIMU
S?~ wacTuuHO 3amosHeHs woHamu In*t, uwto mosBonser
u30eKaTh OPAMOro KoHTakTa ¢ moHamu K*. Oxrasmpude-
cKasi KoopmuHarmsi BOKpyr In3* nemoncTpupyer BhIpaken-
Hy0 (4+2)-KOOpIMHALMIO, OMMCHIBAEMYIO KaK HCKa)KCHHast
TeTpasupuieckas. LleHTpasbHEIC IePCTICKTUBHBIC MPOCKIINN
KOOPAMHALMOHHBIX MHOTOTPaHHUKOB CEPbl BOKPYT KaTHOHOB
IIEJIOYHBIX METAJIIOB YKa3BIBAIOT HAa YMEHBIICHHME aHHU30-
TPOIHH TEIUIOBEIX KOJICOAHMIA IIPH IIEPEXONie OT COCANHCHUS
KaJmst K coemueenmio nesust [28]. Mon K mioxo samonmasier
HIMCIOIIYIOCSI B CTPYKType IOJIOCTh, B OTJIMYHE OT HOHOB
Rb* u Cs™, u OTKIOHsIETCS B aLlGHTPUYCCKH Pas/eICHHbIC
HOJIOKEHHS. DTO TaKKe MOXET OBITb NPUYUHOIN TOTO, YTO
coenuHenne NalnsSg 10 cux mop He MOTy4eHO, MOCKOJIbKY
moH Na't commkom man [28]. CormacHo 06ase JaHHBIX
MaterialsProject [30], mmprHa 3anpeleHHOH 30HBI IS
CslInsSg, RblnsSg, KlInsSg cocrtaBisier ~ 1.2eV. Takum
00pa3oM, LieJIbI0 HAaCTOsAIIEH paboTHl ABIAETCA — B paMKax
Pa3BUTHSA HAYYHOTO HAINPaBJICHUs WHKEHEPUM aHIapPMOHUY-
HOCTH Ha IIpUMepe cHHTeTHdecKoro kpucrauia KlnsSg
U3YYHUTh IPOSIBJICHHS €T0 INHAMIUYCCKHUX W TPMOTUHAMIIC-
ckux cBoiictB B KP crnexTpockonuu 3a pamkamu rapMOHH-
qeckoit Mofenu. it moHuMaHust (JOHOHHOTO aHTapPMOHU3MA
HEOoOXOIUM aHaNIU3 JIOKAIbHON CTPYKTYphl MaTepHaa, ero
TEeMIepaTypHOil 1 OapWvecKoil SBOIIONMK W OmIpernesie-
HUfl [UAIIa30HOB CTAOWIBHOCTH, JICKTPOHHOU CTPYKTYDBL
IlonoOHble naHHBIE HEOOXOMMMBI ITIPU aHAIU3E CBOICTB
TEpPMO3JIEKTPHKOB, CETHETOJICKTPUKOB, MYJIbTH()EPPOUKOB,
BBICOKOTEMIIEPATyPHBIX CBEPXIIPOBOTHUKOB 1 T.[. B cBs3u ¢
BaYKHOCTBIO SIBJICHAS (POHOHHOTO aHTApPMOHI3MA ISl COBpeE-
MEHHBEIX MaTepHajioB HEOOXOMMMO BCECTOPOHHE IIONOUTH K
UX U3YYCHHIO.

2. MeTtoguka aKcnepuMeHTa

Kpucramnsr KlnsSg ObUti MOJSTydeHBl B 3BTEKTHYECKUX
paciuiaBax cojieil IIEJIOYHBIX METa/UIOB B CTallIOHAPHOM
TemreparypaoM rpamuente [31,32]. TlopomkooGpasHbiit
In,S; ObUT MpPHUrOTOBJIEH B BaKyyMHPOBAaHHBIX aMITyjlaX U3
kBapuesoro crekna mpu 920 K. B kadectBe mpekypcopos
Opamich MeTasmueckuil In u kpuctaymueckas S. bespon-
Hblil NayS 6611 nostyueH u3 ruparupoansoro NasS - xH, O,
HarpeToro Ioj BaKyyMOM Ha KOITSIIEM IIJITAMEHH T'OPEJIKH.
PeakmmoHHBIA cocyn 711 HOMydYeHUS] KPHUCTAUIOB MpeN-
CTaBJIsA7T COOOH aMIIyJly W3 KBapIeBOTO CTEKJIa, KOTopas
HaXxo[wiach B MeYd B TEeMIIEpaTypHOM rpaaueHte. Temre-
paTypa ropsiuero konua coctasisuia 1040 K, xonomHoro —
npumepHo Ha 70 K Himke. B ropsdeil 4acTu peaknmoHHOTO
cocyna Haxomwtach mmxra InpS; 4+ NayS B3ATEIX B MOIBHOM
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cooTHOmeHN: 4:1, KOTOpasi MOCTENICHHO PACTBOPSLIACH B
cosieBoM pacmuiase KCI/KBr/KI, MurpupoBaia B XOJIOIHBII
KOHell aMILyJIbl 1 00pa30BbIBaJIa TaM KPUCTALJIB C yUacTHEM
aTOMOB Kajus, a He HaTpusa. OOpa3oBanue ¢a3 ¢ yyacTuem
CaMoro TSDKEJIOro IIEJIOYHOr0 MeTajlla sBJIAeTCA IOYTU
O0IMM TPABIJIOM IPU KPHCTAJUIA3AIMKA B PA3JIMYHBIX CO-
JICBBIX CMECSIX C YYaCTHeM MIeJIOYHbIX MeTawioB [32]. Poct
KPHCTAJUIOB IPONOJDKAJICS OKOJIO 4YeThlpex Hemesb. [locie
3aBEepIICHUS CUHTE3a aMITyJIbl U3BJICKAINCD U3 IIEYN U OXJIa-
’KIaJIMCh B Bozie. YacTu aMItys1 ¢ KpUcCTasIlaMi PacTBOPSUIN
B IUCTHJUIMPOBAHHOH BOJE, CIIUPTE U alleTOHE C IOMOLIbIO
YJbTPa3BYKOBOM MOWKH. 3aTeM H3[ejIMe BBICYIINBAIA B
Mmyesre pu Temmeparype 340 K B TeueHne HECKOIBKIX MU-
HYT. B pesysnpraTe Opur NOTyYeHBI OpaHKEBBIE UTOJIbYATHIC
KPHUCTAJUIBI UTMHOU 10 5 mm.

JlaHHBIE MOHOKPHCTQJIbHONW PEHTTCHOBCKOM NU(ppaKIin
MPOBOIVJIM TIPH KOMHATHOHM TeMIlepaType ¢ HOMOIIBIO JIU-
¢pakromerpa Rigaku XtaLAB Synergy-S (MoKa — wusiy-
YyeHue, rpa¢uToBblil MOHOXpoMaTop, aetekrop Hybrid Pixel
Array). YTo4HeHHE MapaMeTpOB 3JIEMEHTAPHOI SYEHKH,
UHTErpUPOBaHUE NaHHBIX U BBECHUE ITONPAaBOK Ha (JOHOBOE
u3jydenue, pakrop JIopeHTIa 1 NoIApU3aLU IPOBOAUIIU C
ucrosyip3oBaHueM naxera nporpamm CrysAlis Bepens 1.171
(Oxford Diffraction CrysAlisPro. Oxford Diffraction Ltd,
Abuarnon, Oxcoopmmup, Bemkobpuranusi, 2009). YTou-
HCHHE CTPYKTYpHl OBUIO BBIIOJIHEHO C HCIOJIb30BaHHEM
nporpammuoro obecnedenust JANA2006 [33].

KP chmektppl B  OIMPOKOM  JWama3oHe  YacTOT
(0—500cm™!) 6biiM M3MepeHBl B reOMETpHH OOPATHOTO
paccesdHusi ¢ nomompio cnekrpomerpa Horiba LabRam
HR800 Evolution (nudpaximonHast pemerka 1800 gr/mm),
OCHAIIICHHOTO  KOH(OKaJIbHBIM ~MHKpockonoM Olympus
BX-FM u neTekTopoM ¢ 3apsiioBOM CBA3BIO, OXJIaXKIaEMbIM
3a cueT addekra Ilemprre mo ~ 200 K. B xavectBe mcrou-
HUKa BO30yxmeHusi ucronb3oBaics He-Ne mazep (mmna
BOJIHBI m3iTydeHust 633 HM, MomHocTh sasepa 1 mW). Bo
Bcex 3KcrmepuMeHTabHbIX KP crexTpax He Habsmopmanoch
¢oromomunecueHiy. CHEKTpbl  PErucCTPUPOBAIUCH  C
nomotpio obbekTrBa Olympus 50X (4ncioBasi amepTypa
(NA)=0.7) myrem cbopa maHHbIX B TeueHne 50s ¢ aBymst
HaKOIUICHUSIMH Ha KaXKIblil cCerMeHT crekTpa. CrekrpomMeTp
0BT OTKAIMOPOBAaH ITyTEM YCTAHOBKH MOJIOXKCHHs Pae-
€BCKOIl JIMHUM ¥ C TOMOIIb0 HeoHoBou Jsammbl (Horiba).
[MonapuzoBannbie crnexkTpel KlnsSg ObUtn u3MepeHbl Ha
cnektpometpe Horiba T64000 B Tpex reoMeTpusax 3KCHepu-
menta Z(XX)Z, Z(YY)Z, Z(XY)Z, KoTopble OXBaTblBAIOT
Bech Habop ¢oHoHOB, paspemeHHbXx B KP cnekrpax. Uc-
cnenoanne KP cnekrpos in sifu B quama3oHe TeMmmeparyp
83—773 K mpoBommmm ¢ momormpio Tepmostaeiikn Linkam
TSM 600 (ckopocts HarpeBa cocraBisuia 20K/h, mmar
no temmneparype 10—20K). KP in sifu skcnepumeHt mpu
nasieHun 1o ~ 10GPa nposBoguimu ¢ MCHOJIBb30BaHUEM
A4ellkn ¢ ajMasHod HakoBaibHell Evolution Diacell
uScopeDAC-HT[G] u rasoeoit memb6paHnoit. Hcrosb3osa-
Jlach MHKOHeJIeBas MpoKjIanka TommuHoi 250 um, crpec-
coBaHHasi 10 ToiammHBI 80 um, C OTBEPCTHEM OHAMETPOM
150 um. [TaBieHne B siaeiike ONpPENeIIsyIi C HCIOIb30BaHIEM
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JMHUK (oToMOMUHecHeHIMH pyOuHa (ymHun R1 u R2).
B sKcriepiuMeHTax B KaueCTBE MEPEAIOLIC NaBICHHE CPEIIbI
ObUTa BEIOpaHa cMech CIMPTOB MeTaHo-oTanom (1:4) [34].

3. TexHuKa BblMUCNEeHUi

PacueTsl ()OHOHHBIX CIIEKTPOB IPOBOMMINCH B paMKax
Teopu (PYyHKIMOHATA IJIOTHOCTH, PEAIM30BAaHHOI B IPO-
rpammuoM nakere VASP [35,36], ¢ ucnosnbs3oBarnem 0606-
IIEHHOTO TPaMeHTHOro MNPUOIDKEHUS C (YHKLIHOHAIOM
PBE [37] u MeToma MCEBIONOTCHIHMANA. DJICKTPOHHBIC
cocrosHua 3p4s3d paccmarpuBanuCh Kak BaJICHTHBIC IS
atomoB K, a cocrosHmsa S5s5p5d4, 3s3p3d paccmarpusa-
JIACh KaK BaJICHTHBIC /U1 aTOMOB In M S COOTBETCTBEHHO.
BzanmorieiicTBusS MEXIy SAPOM W BaJICHTHBIMH SJICKTPO-
HaM# OBUIM ONUCAHbl C IOMOIIBIO METONA MPOEKIMOHHBIX
npucoenuaeHHbx BoiH (PAW) [38,39]. TTosHoTa GasoBoro
Habopa KOHTPOJIMPOBAJach C IIOMOLIBIO SHEPIMU OTCEY-
ka E.y, skBuBasieHTHOU 550¢V. MHTerpmpoBanme 30HBI
BpwmosHa mpoBOOMISIOCH B OOPaTHOM IMPOCTPAHCTBE HA
ceTke 2x2x 1, BHIOpaHHOU B COOTBETCTBHH CO CXEMOM
Mosnkxopca-ITaka [40]. KP crmekrpsl Obutd CMOIETHPOBa-
Hbl C IIOMOLIBIO PacyeToOB paMaH-TEH30pa I KaKIou
KoJ1e0aTesIbHO MOIBl B PaMKax CBSI3aHHOIH BO3MYLICHHON
mopesn Xaprpu-Poka (CPKS) [41], peanm3oBaHHOi B 1Ipo-
rpammaom makere CRYSTAL14 [42] ¢ ucnosbs3oBaHnem
MIOJTHORJIEKTPOHHBIX Oa3UCHBIX HabOpOB C TPOMHOI A3eTa-
BasieHTHOCThIO [43] u ¢ynkummonana PBEsol [44]. TMonnas
ONTUMM3AIMSA F€OMETPUUECKUX IapaMeTpoB SUYEHKH U IIO-
JIO)KCHUSI aTOMOB ObLIa BHITOJTHEHA B Ka4eCTBE HAYAJIBHOTO
miara mepei pacdeTaMH SJICKTPOHHBIX M KOJIeOaTeSIbHBIX
CBOICTB. Penakcanmsi mapamMeTpoB PEHIETKH OCYIIECTBIIS-
Jlach 10 TeX IOp, IOKa 3Ha4YeHWe AABJICHHS CTaHOBHUJIOCH
Menbiie 0.01 GPa, ontumusarusa MoJjioXKeHUs aTOMOB IIPO-
BOZIMJIACh /10 TeX 0P, IIOKa CHJIBI, AEUCTBYIOLIME HA aTOMB,
He ocTauch Ha yposHe 1073 eV/A. Jlucnepcun hoHOHHBIX
BeTBEW OBUIM PACCUMTAHBI C MICHOJIb30BAHUEM PACIIHPEHHON
styeiikd. Mcrosib3oBasach ciemyomast MaTprIla epexona ot

1 -4 -1
2JIEMEHTApHON K pacHIMpeHHoil sueiike |1 4 -1 |, u
1 0 1

KoJie0aTesIbHble CBOMCTBA W3YYasUCh C IIOMOIIBIO PEIICHUsS
3a/1a4d TIOMCKa COOCTBEHHBIX BEKTOPOB ¥ 3HAYCHUIA TMHAMU-
YECKOil MaTPHIBI MOCTPOCHHON M3 CHUJIOBBIX KOHCTAHT Pac-
CUMTaHHBIX METOJIOM KOHEUHBIX PAa3HOCTEH KaK peasln30BaHoO
B makere PHONOPY [45]. TepMonuHaMudecKre XapaKkrepu-
CTUKH OBIJIM PAacCUMTaHBl B PaMKax KBa3sUTapMOHUYECKOI'O
npubmkennst (QHA) [46].

4. 3KCI16pI/IMeHTaJ1bH bleé pe3yJibTaTbl

4.1. MoHoKpucTanbHas peHTreHOBCKas
audopakuumsa
C nenpio ompenesieHusl CTPYKTYPHBIX HapaMeTpoB ObLI

BBIIIOJTHEH MOHOKPHCTAJIbHBI PEHTTCHOCTPYKTYPHBIA aHa-
g3 KlInsSg. CTpykTypa yTO4YHEHa B IPOCTPaHCTBEHHOH
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Puc. 1. IIpocrpanctBennas cTpykrypa KlnsSg. ®nosieToBble KPy:KKH — aTOMBI KaJIHsI, XEJITble 1 KOPUYHEBbIC KPYXKKH — aTOMBI Cepbl U

HHONUA COOTBECTCTBCHHO.

rpynne C2/m o urorosoro 3HaueHus R = 2.19 % B aHuzo-
TPOIHOM NPUOJIKEHUN aTOMHBIX CMEIIEHUH ¢ UCIIOIb30Ba-
HueM 819 orpaxennii ¢ I > 30 (I) ¢ moMombO TPOrpaMMel
JANA2006. Ctpyxrypa KInsSg moctpoena Ha puc. 1. Crour
OTMETUTb, YTO KPUCTAJUINYECKas CTPYKTypa COCTaBJIeHa U3
cioeB InS, MEXIy KOTOPBIMU PAaCIOJIOKEHBl CBS3YIOLIHE
aTomsl mienoynoro Mmerasuia K. Kaxnplit cioit cocraiieH
U3 OECKOHEYHBIX IIENOYeK aToMOB In M S, BHITAHYTBIX
BJIOJIb KpHCTajuIorpaduueckoii ocu b Kak IIOKa3aHO Ha
puc. 1, mpuyeM MOXKHO BBIICTIMTH [Ba THUIIA LENOYEK — TaK
Ha3blBacMBbI€ ,,MOHO-JIECTHUIIBI, BBHIAEJICHHbIC IypIypHHIM
IIBETOM, B KOTOPBIX CBfI3U aTOMOB In-S 006pasyioT cTyneHwy,
U ,,0M-JIECTHULBI, TOKa3aHHBIE FOTYObIM I[BETOM Ha puc. 1.

B pabote, B paMkax Teopuu (yHKIMOHaJa IJIOTHOCTU
(DFT) 6blia BBHIIOJHEHA ONTUMH3AIMS CTPYKTYPHBIX Mapa-
MeTpoB KlnsSg. [lonydeHnble 3HaueHHs MapaMeTpoB MoO-
HOKJIMHHOH f4eiiKH, B CpaBHEHHE C SKCIEPUMEHTAJIbHBIMU
JaHHBIMU TIOCTpoeHbl B Tabi. 1. B 1menom HaOmonmaercs
XOpolllee COrlacue 3KCIEePUMEHTa U TEOPHH, UTO YKa3blBaeT
Ha MPaBIWJIbHOCTH BBIOPAHHOW CXEMBI pacdera.

4.2. CTpyKTypHble U AUHAMUYECKNE CBOICTBA

st oneHkm mipuposl KostebareapHbx Mo KlnsSg Oputa
paccunTaHbl ¥ TPOaHAIN3UPOBAHbl JMHAMIYECKIE CBOVCTBA.
Ecim npenmomnoxnte, uro KlnsSg kpucrammsyercst B mpo-
cTpaHcTBeHHOW Tpymme C2/m, TO CJedyeT paccMOTPEThb
KoJiebaTesIbHOE MPEZICTaBJICHUE B LIEHTPe 30HBI bpmnmosHa
Kak Doptic = 124, + 7A, + 6B, 4 14B,,. lucnepcus (HoHOH-
HBEIX BETBEH OblJIa PacCYMTaHbI BIOJIb BHICOKOCUMMETPHYIHO-
ro nyta Vy-I-Cy—Y,-I'-M;-D-A-T-L, B 30He bpmmosna.
Opmnako B DFT pacderax mmcnepcny ()OHOHHBIX BETBEH

Tabnuua 1. DkcrepuMeHTAIBHBIC W PACCYNTAHHBIC MAPAMETPHL
pemetkn KlnsSg ¢ cmmmverpueit C2/m

ITapamerp DKCHEepUMEHT Pacuer
a, A 19.048(1) 19.153
b, A 3.845(8) 3.839
c, A 9.211(5) 9.1890

B 103.312(1) 103.284
v, A3 656.658(9) 657.657

kpucrauia KInsSg obHapykeHa MOJTHOCTBIO MHAMAasi BETBb.
CTOUT OTMETUTb, YTO ITO ONTHYECKas BETBb C CUMMETpHEil
Bu. YuutbiBag npoTuBOpeddss B J[aHHBIX O KpPUCTaJLUIU-
yeckoir crpykrype KlnsSg, Oblta mpemnpuHATa IOIBITKA
HalTH CTaOWJIbHYIO CTPYKTYpy 3TOr0 Marepuaja ¢ Ipo-
CTPAHCTBEHHOH cuMmmeTpueil, oTmyHoii ot C2/m (N 12).
HWcnonp3ysi craHmapTHBIA nopxon [47], U mpeaBapuTesbHO
OTpabOoTaHHBIA Ha CXOXKUX cHcTeMax (48], mpemmonararouii
CMEIIICHNEe aTOMOB BIOJIb HOPMAaJIbHBIX KOOPIOHMHAT HecTa-
OWJIbHOM MOJBI ¢ MHUMOM YacCTOTOM, U CJICAys AuarpaMme
,,TPyHIa—IOArpymna“, NpeacTaBJIeHHON Ha puc. 2, ObUT Io-
JTydeH HaOop (POHOHHBIX CHEKTPOB M (POHOHHBIX IUIOTHOCTEH
COCTOsIHMIA. PaccunTaHHble TOJIHBIE SHEPTUU U OTCYTCTBUE
MHUMBIX (OHOHHBIX YacCTOT B (OHOHHOM CIIEKTpe ISt
KlInsSg yka3pIBalOT Ha HECKOJIBKO CTaOMJIbHBIX CTPYKTYp C
touku 3peHusi pacueta DFT, a umenno P-1 (N 2), P2; (N 4),
P2;/c (N 14) (puc. 2).

®dusrka TBEpAOro Tena, 2026, Tom 68, Boin. 1
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K]l’l5$8
Parent C2/m (N 12) (Z=1,N=14)
E=-60.85939801 eV

N,
<r//Lz Va\y %&

P2,/m (N 11) C2/m (N 12) P-1(N2) Pl Cm (N 8)
E=-60.88571eV E=-60.88219¢V E=-60.8997137 ¢V E=-60.8648172 eV

> 4y
Q/
3 P-1(N2) P2y/c (N 14) Pl

E=-60.895656 eV E=-60.898556 ¢V

P2, (N 4)
E =-60.90063 eV

Pwuc. 2. Tnarpamma ,rpynma-nogrpymna” mist KInsSg u mosnas sxeprust crpykryp E, eV.

Wavenumber, cm™! Wavenumber, cm~! Wavenumber, cm~!

a — DFT b ¢
XX — Experiment YY XY
A A B
100 200 300 400 100 200 300 400 100 200 300 400

Puc. 3. Paccuurannbie (DFT) n skcniepumentanbhbie (Exp.) KP cnekrpst KInsSg B nonsipusammsx Z(XX)Z (a), Z(YY)Z (b), Z(XY)Z (c).
Crpeska ykas3blBaeT Ha JIMHHIO, TPOSIBIISIONIYIOCS 3a cYeT 3(peKTa JaCTUIHON IETOISIPH3alIIiHL

Ha ocHoBaHMM Bcero BBIIIEU3JIOKEHHOTO W COIJIACHO
pesyJibTaTaM, MpeICcTaBICHHBIM B Tabul. 1, pasiioxeHne Ko-
J1e0aTeIbHOro CIEKTpa IO HePUBOIMMBIM IPEICTABIICHASIM
(HIT) BBINISAUT CJICAYIOIAM 0Opa3oMm: Foptic = 83A + 82B
mist KInsSg (mpuBeneno mist cTpykTyphl P2;, Kak Haubosee
crabmwibHO mo 9Hepruu). Ha puc. 3 mokasansl paccuu-
TaHHBIC CHEKTPH KoMOMHanonHoro paccesiaus (KP) ceera.
Hna KlnsSg mpencraBiieH CyNneprno3UIMOHHBIN (POHOHHBIN
CIIEKTp, OTPa’KalOIIMi COCYIIECTBOBAaHUE HECKOJIbKUX (a3:
P-1 (N2), P2; (N4) u P2;/c (N 14). Pacuersl quHammde-
CKHMX cBoiicTB B I'-Touke 30HBI bpuiumosHa npencraBiieHB!
B TaOJl. 2 B CPaBHEHUU C HKCIEPUMEHTAJIBHO IOJIyYEHHBI-
MU 3HayeHHAMH. [[1d JIydniero NOHMMAaHHUSA POJIM KaXmo-
ro aToMa B KaXmoil (OHOHHOU MOne OBUTH pPacCIUTAHBI
wioTHocTH (oHOHHBIX cocTtostHuit (PDOS) mo Bceit 3ome
Bpuwutiosna (puc. 4). Xopomo BHIHO, YTO HAMOOJIBIIHIA
BKJIaJl B HU3KOYACTOTHBIE (hoHOHHBIE MOmbl (10 100 cm~1)

®dusunka TBepaoro tena, 2026, tom 68, Boin. 1

00YCJIOBJICH CMEIICHUASIMI aTOMOB In, COMPOBOXIAIOIINMU-
¢ MaibMu cMmeneHusMu K. B pguamaszone mpumepHoO OT
100 no 170cm~! Brjax mesnouHoro Merasuia OTCYTCTBYET
WA HaXOOWTCSl HA MUHMMAJIbHOM YPOBHE, B TO BpeMs Kak
BKJIazbl In u S npeobianaioT. BelcOKOYacTOTHBIN nana3oH
XapakTepu3yeTcsl 3HAYUTEIbHBIM BKJIQIOM S B KosieOaHHe.
IIpu sToM HabmopmaeTcs JMmb HeOosblIoe ydacTue In.
AHaym3, OCHOBAaHHBII Ha CPaBHEHUM MNapIUajbHOU ILIOT-
HOCTH COCTOSIHMH C TIOJIHOH OJHO(OHOHHOH IUIOTHOCTBIO
COCTOSIHMH, MTOKa3bIBAa€T, YTO HECKOJIbKO BBIPAKECHHBIX IH-
KOB B ONHO(OHOHHOH IJIOTHOCTH COCTOSIHUM MOTYT OBITH
OIHO3HAYHO CBSI3aHBI CO CHEIU(UYECKUM AWHAMUYECKHM
MIOBEJICHAEM CTPYKTYpHBIX equHuL. CienyeT OTMETUTb, YTO
B crpykType KlnsSg cion copmumpoBansl n3 OECKOHEUHBIX
nernodek In-S, KoTopble pacHosIoKeHbl B IUIOCKOCTH dc U
COCIMHEHBI MEXIY CO00if MOCTHKOBBIM aTOMOM S, KOTOPBII
paccmarpuBaeTcsl Kak ,,CTyneHbkn JiecTHHnbl . Ha pme. 1
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350 I
= —
300 E = s
250 =
200 — =
=
O‘\ 1 / —
° 150 F = S~ =
30
100 — =
50 =
1
0
r 7 D BT 4 E Z G Y, T

Puc. 4. JTuciepcrn (pOHOHHBIX BETBEil U IIOTHOCTH (POHOHHBIX cocTostHmi kpuctauia KInsSg (mpocrpancTBennas rpymma P21 ).

,»CTYIIEHbKU JIECTHUIBI, HallPaBJICHHBIE BOJb OCU b, BbI-
JeJIeHbl KPacHbIM 1IBETOM; ,JBYXCTYHEHUYAaThle“ — CHHHM.
B cBasu ¢ atum, anammsupys panasle DFT pacueros, Bce
Koj1e0aH1s MOXKHO YCJIOBHO Pas[eIUTh HAa HECKOJIbKO IPYIIIL
CMEIIEHUS. aTOMOB B ,,MOHO-JIECTHHUIIE™, B ,,0M-JICCTHHLIE" U
OITHOBPEMEHHO B 00emXx (B 3THX CJly4asX MOCTUKOBas S-
CBSI3b MOXKET TaKkKe JMOO YYacTBOBaTbh, JIMOO HE ydacT-
BOBaTh). B HEKOTOpPBIX citydasx KosebGanust nenodex In-S
COIPOBOXKAAIOTCS cMelleHusaMu aToMoB K.

4.3. KP cnekrpockonus

[TonapusoBannsie crnektpsl KlnsSg permcrpuposasmich
B Tpex reoMerpusx okcnepumenta Z(XX)Z, Z(YY)Z,
Z(XY)Z, (puc. 3). Jlaunblii HaGOp MO3BOJIAET BBHUIEJIUTH B
criektpax kosiebarenpabie Monsl (HIT A u B), paspemeHHbie
npaBuiamu otoopa misa KlnsSg. Habimomaercs xopomree
corjlacue pacyeToB ¢ HKCIEPUMEHTOM, OOYCJIOBIEHHOE XO-
POIIO BOCIPOU3BOAUMBIMA MEKAaTOMHBIMH PaCCTOSHUAMHU
(Tabu. 2).

Kosnebarensabie Mozl mpeobpasyromuecd mo HIT A ax-
TUBHBI B crekTpax ¢ nonspusammeil Z(XX)Z u Z(YY)Z.
HuskouacToTHas o6macTh 10 ~ 100cm~! ans kpucran-
sna KlnsSg xapaxkTepusyercsd HaJM4UMeM JBYyX MHUKOB ~ 38
u 69cm~!. Cormacmo mamaeM DFT, ot koneGauust
CBSI3aHBl C MAsTHUKOBBHIMH KOJICOAaHHUSIMH aTOMOB ,,MOHO-
JICCTHUIIBI® U ,,0M-JICCTHULIBI, BKJII0Yask cMelneHns atoma K
(~38cm™!) u mpeobnanaomue cmenieHust aToMoB In B
,»MOHO-JIECTHUIIE ¥ ,,0M-JIECTHAIIE", COMYTCTBYIOIINE CMe-
mennsm atoma K (~ 69cm™!). Crekrpanbhbii muk mpu
~38cm™! sBiseTca Hambosiee MHTCHCHBHBIM B CIIEKTPE,
a maK mpu ~ 69cm™!, HampoTWB, OJMH M3 CaMbIX CJa-
Obix. [lamee B IKCHEPHMEHTAIBHOM CIEKTPE MOXHO Ha-

Ta6bnuua 2. CpasHeHre pacCIMTaHHBIX (pacd.) GOHOHHBIX YaCTOT
(em™!') B T-touke 30mb Bpuumosna kpucraaa KInsSg ¢ akcre-
pumenTabHBIMA aHHbIMEA KPC (3Kcrn.)

KlInsSg (Oxerm.) KlInsSg (Pacu.)

A B A B
389 483 393 478
69.8 70.7 63.9 66.7
77.8 76.6 70 86.8

126.8 187.6 76.6 1829
140.1 200.5 147.6 204.6
1954 236.8 194.1 2388
201 261.5 201.3 259
221 — 220 269.8
2403 - 2475 2718
2559 - 262.8 -
286 - 2744 -
299.8 - 2922 -
3158 - 307.6 -
3217 - 3224 -
- - 327 -
363.7 - 367 -

®dusrka TBEpAoro tena, 2026, Tom 68, Boin. 1
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6monath ABa cnabbix mumka ~ 77 u 126cm™!, koTopwie,
cormmacio DFT, xapakrepmsyor kosiebanmsi atomoB In B
KJIacTepe ,MOHO-JIECTHHUIIBI® NpU ydacTuH KosieOanmit K.
Hanee, B cnekTpajipHOoM nuamazoHe 130—140 cm~!, Ha-
GmoaeTcst ofMH MUK Tpu ~ 140 cm™!; oH cBsi3aH ¢ HOX-
HUYHBIMU KOJICOaHUAMH ,MOHO-JIECTHULIEI U MOCTHUKOBOM
cepil. Kpome Toro, cniekrpanbubiii nuanazon 180—200 cm ™!
COMCPKUT [1Ba IUIOXO paspelleHHbIX Nuka npu ~ 195 u
201 cm ™!, CBSI3aHHBIX C KOJUTICKTHBHBIME JBIKCHUSIME ,,01-
JIGCTHULIBI, ,,MOHO-JIECTHULIBI® M MOCTHUKOBOH Cepbl; 3TH
MOZIBl B OCHOBHOM MOXHO OXapaKTE€pH30BaTh KaK MasiT-
HHUKOBBIE KosieOanus. [{uanazon 220—260cm™! comepsur
IpyIITy MaJOMHTEHCHBHBIX MUMKOB: ~ 221 cm™! Xapaktepu-
3yeT KOJUIEKTUBHOE KPYTUJIBHOE KOJeOaHue ,,0M-JIECTHHUIIBL
H ,,MOHO-JIECTHHIIBI; ipu ~ 240, 255 cm~! cooTBeTcTBYIOT
MasiTHUKOBEIM KOJIcOaHHSIM B , MOHO-JIECTHHIC® U ,,0M-
nectaune”. Moga ¢ yactoroit ~ 286 cm ™! XapaKTepU3yeTcs
mo maHabiM DFT kak BaJileHTHOE KOJUICKTUBHOE KOJICOaHWE
aTOMOB ,,MOHO-JICCTHUIIB H ,,0M-JIECTHUIBI . B muamasoHe
290—330cm™! HaxomuTCsA TpyNa MHTEHCHBHBIX IIMPOKHX
mikoB ~ 299, 315, 321 cm™!, xapakrepusyromux nedop-
MaIlMOHHbBIE KOJI€OaHHMSI aTOMOB ,MOHO-JIECTHHIIBI W ,,01-
nectHuns’. Hakowner, B quanasose Boime 350 cm™—! Ha6utio-
JlaeTCcs ONIUH TIHK B CrieKTpe ~ 363 cm ™!, cooTBeTcTByIOmMil
KOJICOaHUIO MOCTUKOBOH S.

Monsr npeobpasyrommuecs o HIT B nposiBisiioTes B cliek-
Tpax ¢ nomspusammeii Z(XY)Z. B otom ciydae, ynoGHee
paccMaTpuBaTh KoJcOaHMSI B OTHACJIBHBIX aTOMHBIX CJIOSX,
Ie CJIOM ,MOHO-JIECTHHIBI COHCPXKUT aTOMBI LIEJIOYHOTO
Metasuta (cioii 1), a cioit ,,Ou-necTHuB — Het (cJ1oi 2).
Jluanazon Hu3KHX ¥acToT Ao ~ 100cm™! xapaxTtepusy-
€TCsl HaJIMYMeM HECKOJBKHX BBICOKOMHTCHCHUBHBIX ITHKOB:
~ 48, 70, 76 cm~!, rme camoe HH3KOYACTOTHOE KOJeGaHUE
CBSI3aHO C MBIDKEGHUAMHU CJIOSl 2, TP 3TOM KoJslebaHHe
¢ yacToToil ~ 70cm™! CBA3aHO ¢ AKTUBHBIM JBHKEHHEM
aroma In B cioe 1, konebanue mpu ~ 76 cm™! cBA3HO co
cmemenueM K. Kpome Toro, B cHekTpaJbHOM Auana3oHe
170—270 cm™! comepskaTcsi YeThIpe MaTOMHTEHCHBHBIX TTH-
ka: ~ 187, 200, 236, 261 cm™!, rme aTtomsl JEMOHCTPUPYIOT
KoJIeOaHus B CIIeAyOLIeM Hopsjke cjioes: 1 cioil, 2 cioii,
1 cj10it 1 HOXKHUYHBIE KOJIeOaHUs ,,MOHO-JIECTHHIIBI® U ,,01-
JiectHUTB' . OcTaIbHBIE MK, HAOJTIOMaeMble B SKCTICPIMCH-
TaJIbHBIX CHEKTPax, CBSI3aHbI C YaCTUIHOH JICHIONIAPH3aLCH.

4.4. TemnepartypHasa n 6apu4veckas 3aBMCMMOCTb
KP cnektpoB KinsSg

B Hacrosmeil pabote Obl1a poBefieHa cepyst U3MEPEHHUIt
KP cnekxrpoB moHokpuctamioB KlnsSg, B ToM umcie B
muanasone temmeparyp 83—773K. B KP cnekrpax c po-
CTOM TeMIIepaTyphl HaOJIofnaeTcsl ymumpeHue OOJIbIIMHCTBA
K0J1e0aTeJIbHBIX MOJI U CIOBUT B HU3KOYACTOTHYIO 00J1acTb, a
TaK)Ke M3MEHEeHNe MHTEHCUBHOCTH JiHui (puc. 5). TaHHbIIH
obpaser; CTaOWICH B HCCJICIOBAHHOM [HAIla30HE TeMIIe-
paryp. OmHaKo ymajoch BBHISIBUTH HEKOTOPHIE OCOOCHHO-
cru. B cnekrpasbioM auanasone 100—370 cm™! Gosbmmn-
CTBO IMKOB XapaKTEPU3YIOTCS JTOCTATOYHO OOJIBIIHAM CHIBH-
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roM, B cpeiHeM @ ~ 15¢cm™!, u ymmpenuem, B cpenHem
Aw ~ 20cm™!. HanGonee BBICOKOYACTOTHBIH CHEKTpalib-
HBlil MK ~ 363 cm™!, XapakTepu3ylommii kome6aHus Mo-
CTHKOBOH S, XapaKTepHU3yIOTCsl MAKCUMaJIbHBIM TEMIIEPATyp-
HBIM caBHroM (o ~ 17 cm™!). BeposiTHO, 3T0 00bsACHAETCS
MEHee MPOYHBIMU CBSI3MH B MEXKCJIOEBOM IIPOCTPAHCTBE,
yeM B croax. CHeKTpanbHBIi THK ~ 255c¢cm™! XapakTe-
pH3yeTcsl TOBOJIbHO GOJIBIINM yumperneM Aw ~ 18 cm™!.
Hanbonee crabuibHBIME IO TeMIIepaType SIBJISIOTCS HU3KO-
qacToTHbIe KoyieGanust ~ 140 cm ™!, st KOTOPHIX HabJTIoma-
JOTCSI MUHAMAJIBHBIA CABUT ¥ MAHMMAJIbHOE YIIHPCHHE.

TemneparypHO-3aBUCAMas 4acTOTa MOIBI MMEET O0BEeM-
HBIIl U UCTUHHBIN/SBHBII aHTAPMOHUYECKUI BKJIa[, KOTOPbIA
TaKX€ MOYKHO BBIPA3HUTh CJIEMYIOIIUM 00pa3oM:

o(T) = wo + Awvol(T) + Awann (T), (1)

rne o(T) — gacrora momsl KP npu temmeparype T, wy —
4acToTa mpH abCoMOTHON Temmeparype, Awyo (T) — 00b-
CMHBIii/KBa3UTapMOHNYECKUI BKJIa[ (MJIM HESIBHBIA BKJIAT,
00Cy)KIaBIIMiiCs paHee) B COBUT 9acTOTH, & Awynn(T) —
WCTUHHBIN/SIBHBII aHFAPMOHUYECKUIA BKJIa B CIIBUT YaCTOTHL.
OH 00ycJIOBJICH TPEThEil, YeTBEPTOH CTENEHBIO U OoJIee BHI-
COKHMH YICHaMH Pa3JIOKeHUs MEXKaTOMHOI'O IOTeHIHMaa
[0 CTEHEHSAM CMEIICHUII aTOMOB M3 IOJIOXKEHWI paBHOBeE-
cus [49,50].

Awann(T) = wo +A(1 + ﬁ)

+B<1+(€y3—1)+(ey31)2)’ (2)

e x = hwo/2kT; y = hwo/3kT.

CreKTpajibHble JIMHUM AEMOHCTPUPYIOT YIIMPEHHE IpH
BBICOKHX TEMIIepaTypax BCJICACTBHE TPEX H/WIM YETHIpeX-
¢dononHbx npoueccos. [Tomymmpuner mika B KP crekrpe
(FWHM) BcrencTBue Tpex- M 4eTHIPEX(OHOHHBIX MPOLEC-
COB pacmajia npu 6ojiee BBICOKUX TeMIIepaTypax OIpeness-
I0TCsI BRIpakeHHeM [49)

I(T) =F0+C<l+ﬁ>

+D(1+ (6}’3—1) + (eyil)2)‘ (3)

BsanmoneiicTere nByX (POHOHOB MOKHO paccMaTpUBaTh,
C OfIHOW CTOPOHBI, KaK IPOLECC PACCESHUS OTHOH BOJIHBI
Ha MEepHOAUYECKUX HEOTHOPONHOCTSX, CO31aBAEMBIX BTOPOi
BOJIHOI, a C IPyroil CTOPOHBI, KaK paccessHuE IBYX YaCTHIL
IpA KX B3aUMOACUCTBHU JIpyr ¢ OpyroM. B pesynbprare
B3anMOJIEHCTBHS (POHOHOB C YaCTOTAMH ] M @) BO3HUKAET
Tpetuil (OHOH C 4YacTOoTOH @i + w,. Ero mosienne mpo-
UCXOOUT B COOTBETCTBHU C 3aKOHOM COXPAaHEHHs SHEPruu
n uMmyiaeca. TpexdoHOHHBIE IpolLecChl CBSI3aHbl C KyOu-
YECKUMH WICHaMH pa3JIoKeHHsl NOTCHLHUATbHOW SHEPruH.
BeposiTHOCTD YeTBIpex(OHOHHBIX M Oosiee HPOLECCOB 3HA-
YUTEJIbHO MEHBIIE, 9eM TPeX(OHOHHBIX. YeTrpex(hOHOHHbIC
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Puc. 5. Temmeparypusie (a) u Gapuueckue (b) 3aBucumoctn KP crexrpo kpucraimia KlnsSg B nnamasone temmeparyp 83—773K u
nasnernn 10 ~ 10 GPa. Criexrper KlnsSg mpu temmeparype 83, 203, 283, 383, 483K (c¢) u masnennu 0, 1.9, 4.7, 6.7, 8.1 GPa (d).

[POLIECCHl TOJDKHBl WIPaTh BAXKHYIO DPOJIb HPHU BBICOKHMX
Temneparypax. IIpi BBICOKHMX TemIiepaTypax MHOTO(OHOH-
HbIe IPOLIECCHl CJICAYEeT YYMTHIBATH NPU pacyeTe TeIuio-
Boro comnporusienus [51]. Ha puc. 5,4, b mpencraBiieHs!
temneparypHo-3aBucuMeie KP cnekrpsr KInsSg. Corsmacho
BoipakeHusiM (2) n (3) ObuM OmpeesneHsl 3aBUCHMOCTH
Aw(T) n T(T). Ananu3 mokasa, 9To TPeX(POHOHHBIN MPo-

IIeCcC B IIEJIOM OIMCHIBACT CABHT YaCTOTH (POHOHHBIX MO, HO
IUTS TOYHOT'O OTIMICAHMSI TEMIIePaTypHOIl 3aBUCHMOCTH (DPOHO-
HOB HeoOXoauM ydeT 4deThlpex(oronHoro paccesaus. Onna-
KO MHTEPECHO, 9TO IS psiaa Moj Habmomgaercs mpeodiiama-
HHE 9eTHIPEeX()OHOHHBIX MIPOIECCOB. 3HAUYCHUS TTOATOHOYHBIX
TapaMeTPOB IPUBEACHBI B Ta0J1. 3. AHAIOTMYHO MOJIOKEHHIO
JIMHUM, 3aBHCAMOCTb LIMPUH CICKTPaJIbHbIX JIMHUU TaKxe

®usuka TBepgoro Tena, 2026, Tom 68, Bbin. 1
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Ta6nuua 3. CpasHeHue ocHOBHBIX JyH cBsiselt (A) B kpuctante
KlInsSg 1o maHHBIM MOHOKPHCTAJIBHON PEHTTEHOBCKOH [udpakimm
(axcn.) xpuctayuia KInsSg u mo manusiM DFT pacuera (pacu.)

Css13p KlInsSs (Oxcr.) KlInsSs (Pacu.)
K-S1 3.3110(16) 333176
K-S2 3.3569(18) 322512
In1-S1 2.6346(7) 2.64566
In1-S3 2.6088(4) 261361
In3-S4 2.4273(7) 2.44946
In2-S2 2.5903(6) 2.60233

OYeHb XOPOLIO COOTBETCTBYIOT HOMUHHUpYIOLIEMY Tpexdo-
HOHHOMY IIPOIIECCY, a BKJIa]] YeTHIPEX(OHOHHOTO PaccesiHUs
MeHee 3HauuTesieH. [lonroHovHsle mapameTphl IPUBEICHBI
B Tabn. 3. OTMeTuM, YTO BBICOKas IJIOTHOCTb (POHOHHBIX
cocrostamit (PDOS) KlnsSg B amanasone ~ 240—300 cm™!
(puc. 4) crmocoOCTBYET YeTHIPEX(POHOHHOMY PACCESTHHIO
(Tabu. 3) B 9TOM AMarnia3oHe 4acToT.

Wsmeperne KP cnekTpoB OBUIO BBIIOJIHEHO B JIHa-
nazoHe pasyeHuit no ~ 10GPa mna obpasua KlnsSg
(puc. 5,c,d). CTpyKTypHBIX NpEBpAlICHH B ITOM [Ha-
nazoHe a0 ~ 10GPa He HaOmomaerca. KosnebaTenbHbie
MO[Ibl 3aKOHOMEPHO CMEIIAIOTCA B BBICOKOYACTOTHYIO 00-
sacte. HaGmopmaloTcss 3HaYMTESIBHBIC W3MEHEHHS OTHO-
CUTEJIbHOW HHTEHCHUBHOCTH CHEKTpajibHbIX IMKkoB B KP
criektpax. Hanbosee cymecTBeHHbIe M3MEHEHHsI MPOUCXO-
aat B obnactu ~ 250—350cm™! (mynkTMpHas nMHMS Ha
puc. 5,d mokKasbBacT 3T M3MEHEHWs ), INIe COCPEnoToYe-
HBI KOJUICKTHBHBIE KOJIEOAHHUSI ,,MOHO-JICCTHUYHOrO® M ,,0M-
sectHruyHoro” Tuma. Ilpu maBnenmu ~ 2 GPa uHTeHCHB-
HOCTb HauOoJiee aKTHBHBIX IMKOB B 3TOM CIICKTPaJIbHOM
OMama3oHe MpakTHdecku BepaBHuBaercsa. Ilpm ~ 10 GPa
maka 299 u 321 pna KlnsSg mosHOCTRIO paspermaroTcs.
JOBOJIBHO CYIICCTBEHHBIC HM3MCHEHHUSI IPOMCXONSAT TaKKe
B CIeKTpabHOi obmactu ~ 200cm™!, rme oGHapykeHbI
WHTCHCUBHBIC JIMHUM. Takke, C POCTOM [aBJICHUS, Ha-
6monaerca ,Bosropanne” mmkoB 195 m 201 cm~!. Tax-
’Ke HaOJofaeTcsd yMEHbIIEHHEe MX OTHOCHTEJIbHOW HMHTEH-
CHBHOCTH.

4.5. TepmoguHamMuyeckue CBONCTBa

Hdns pacdera TepMOIMHAMHYECKHX CBOMCTB MaTepHaia
TpeOyeTcs BBIUTH 38 paMKH T'APMOHUYIECKOTO TPHOIIMKEHHSL.
Hanpumep, MO)XHO BOCIIOJIb30BaThCs KBa3UI'APMOHMYECKIM
npubmmkennem (QHA). B stom mpubmmkeHnE KOJUTEK-
TUBHBIE KOJIEOAHUS ONHUCHIBAIOTCA HAOOPOM TapMOHHYECKHX
OCLIMJUIAATOPOB, M, TaKUM OOpa3soM, CTaTHUCTHYECKas CyM-
Ma MOXET OBIThb BBIpOKCHA KaK aHaIMTHYeCKas (yHKIUsS
o0beMa KpucTayula U TemnepaTypsl. IIpenMyiecTBo 3Toro
NpUOJIMIKEHUST 3aKJII0YaeTCsl B TOM, YTO BCE PaBHOBECHBIE

7 ®usuka TBepaoro Tena, 2026, tom 68, Boin. 1
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Puc. 6. O6bemusiit Moy ynpyroctu (Bulk modulus) u xoad-
¢unmenT Tepmmyeckoro pacmmpenus (CTE), paccunranHble 1S
kpuctauia KlnsSg B nuamasone temmeparyp 0—1000 K B pamkax
QHA.

TEPMOIVHAMUYECKHE CBOICTBA MOTYT OBITH MOJTy4YCHBI Ha-
npsimyto. Panee, B pabore [48] maHHasi METOMKA TIPUMEHSI-
Jlach ISl CepUM MUHEPAIOB M MOKa3ajla CBOIO COCTOSITEIIb-
HOCTb IIPH BOCHPOM3BEICHUN SKCICPHIMEHTAJIBHBIX JTaHHBIX.
B nacrosmeit padore, B pamkax QHA npubmmkennst Obur
paccunTaHbl 00beMHBIN MOIY/Ib yrpyroctd (OMY) u koag-
¢urnment tepmudeckoro pacumpenns (KTP) B mmamasone
temmeparyp 0—1000K (puc. 6).

Ha KlnsSg mpu 300 K mosywero 3nauenne KTP paBHOe
3.90 - 107°K™!, 4ro mpuMepHO B HECKONBKO pa3 IIpe-
BOCXOIMT II0 BEJIMYMHE KO3((HULIUEHT TEIUIOBOIO PpacIld-
pEHUs] YUCTOTO WTTpPHUs, NPU 3TOM, IIOJydEeHHOE H3 pac-
YeTOB 3HaYeHUE MOMYJA OOBbEMHOH YHPYrOCTH COCTaBHJIO
37.23 GPa (comocTaBUMO 1O BEJMYUHE C YIPYTMMH CBOii-
CTBaMH aMOP(HOT0 KPEMHHSs), 9TO YKa3bIBACT HA OIPEICIIs-
folee BJIMsTHAE (D)OHOHOB HAa TEPMOIMHAMHIYECKUE CBOUCTBA
KlInsSg. IlpudeM, TpaHCIIOPTHBIE CBOWCTBA ONPEAECIISAIOTCS
B3anMOfIeicTBIEM ()OHOHOB, KOTOPOE BBIXOOHUT 3a PaMKH
TapMOHHYECKOT'O MTPUOJIVKEHHAS.

CorsracHO MHOTOYHCJICHHBIM HCCIIeI0BaHusM [53-55], us-
BECTHO, 4YTO B TeMIepaTypHo-3aBucuMbix KP  crekTpax
KPHUCTAJUTMYECKUX MAaTepHaIoB Habiomaemble cOBUrd (o-
HOHHBIX 4aCTOT OOYCJIOBJIEHBI COYETaHUEM ABYX 3((eKToB:
BO-TIEPBBIX, 3(dekTa 0OBEMHOr0 pacupeHusi (HesBHOTO),
KOTOPBII CBfi3aH C M3MEHEHHSAM MEXAaTOMHBIX PacCTOSHUM
U, CJIEAOBAaTEIbHO, C CHJIOBBIMM KOHCTaHTaMU CBSA3€il; H,
BO-BTOPHIX, CYINECTBYET YHCTO TEMICPATYpPHBIA (SIBHBIA)
a¢deKT, cBA3aHHBI C aHTAPMOHUYECKAM B3aNMOICHCTBHEM
(OHOHOB M pacragoM Ha Apyrue GOHOHBI IPU BHICOKUX TEM-
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Ta6bnuua 4. [apameTpsl HOATOHKU TEMIICPATYPHBIX 3aBUCHMOCTEH moJioxkeHnil (w) u mupuH ([exp) mHmit B KP criiexktpe kpucrasuia
KlInsSg B mmamasone temmeparyp 83—773K; HII — nempuBommumoe mpencrtasieHue; wo, A, B, I'p, C, D TOATOHOYHBIC HapamMeTphl

corytacHo [52]

w,cm”! HII wo,cm ™! A,cm™! B,cm™! Fexp,cnf1 [y, cm ™! C-107%,cm™! D-107%,cm™!
126 A 1274 0.17 —0.017 42 13 0 0.45
140 A 1414 —0.11 —0.008 44 1.0 045 0
195 A 201.2 —042 —-0.07 9.2 44 20 1.0
201 A 209.6 —-1.8 0 0.3 04 0.44 0
240 A 246.4 —1.15 —0.035 124 1.5 20 0
255 A 264.0 —1.05 —0.15 102 2.1 1.7 0.50
286 A 298.8 24 —-04 — — — —
299 A 305.4 —0.35 —04 12.6 2.7 30 0
321 A 3225 -0.03 —0.14 14.7 19 33 —0.90
363 A 369.0 -03 —0.38 84 4.0 0.30 50

neparypax (7). st H30TPOMHOr0 KpUCTALIa BCE OIKCAH-
HOE BBIIIIE MOXXHO IPEACTaBUTD CJICAYIONIUM BbIpaXKCHHEM:

Gr),= (7)), (7)), @

IMepenncas Boipaxenue (4) depes cxumaeMocts (f)
1 KO3(pQUIMEHT TEPMUYECKOrO pacmiupeHust (@), MOXKHO
HoJTy4uTh cienymomniee (5):

(), (GG, (), o

Monoseiii mapameTp I'proHait3eHa ABjseTCA MEpOi aHrap-
MOHM3Ma (POHOHHBIX MO U HANpPSMYIO CBfI3aH C CUJIOBBI-
MU KOHCTaHTaMH TpeThero nopsinka [56,57]. 3aBucMMOCTB
(hOHOHHOI YaCTOTHI OT JABJICHUS BBHIPAKACTCS M30TEpMUYe-
ckuM napameTpoM I'proHaiizeHa y; r, onpefenseMbM Kak:

1 8(1)[
T = By ( oP )T’ ©

e § — cKrMaeMocTb. AHAJIOTMYHO, M300apHBII mapameTp
I'pronaiizena y; p BEIpaKaeTcs Kak:

1 Bwi
op = — . 7
vip aw; < aT >P U
B cBsisu ¢ 5TMM BbIpakeHHe (5) MOKHO TepenucaTh B
1 /dw; 1 [Ow;
o) =g (Gr),  ®

Ilpu r06aibHOM aHaIU3e CTPYKTYpHl CBsi3eil B KpH-
CTaJUTMYECKOH PEIIeTKe MOIYIMIUPHICCKUN KO3 HIMEHT
N MOXeT OBITh OmpeneseH Kak [56]:

Yir
= —, 9
n= 9)

KOTOPBII MPEACTaB/IAeT co00il KBa3UTapMOHUYECKYIO (hpak-
muto Marepuana. Ilpu n < 0.5 mpuHATO CuUUTaTh, 4YTO
HaOJogaeTcs 3HAYNTENPHOC BIIMSIHUC aHTapMOHM3Ma Ha
9acToTy (DOHOHOB INPH TEMIIEPATypax OTIMYHBIX OT abCco-
JIOTHOTO HyJs, a mpu ) ~ 1 (yir = y; p) cuuraercs, aH-
rapMOHHYCCKHIl BKJIa[l OyIeT CTpeMHTbCS K Hymo [56-58],
a TeIJIOBOE PACIIMPEHHE OIMMCHBACTCS B IPHOJIIKCHIU O3
ydera B3aMMONCUCTBUS (POHOHOB, YTO M €CThb TapMOHHYC-
ckoe npudmmkenne. Hannuue sKcriepUMEHTAIbHBIX TaHHBIX
0 3aBHCHUMOCTSIX TEIUIOBBIX M OapUyYecKuX CHEKTPaJIbHBIX
napameTpoB KlnsSg mosBossier aHaIM3UpoOBaTh AUHAMUKY
pemerkn Kpuctauia. B tabs. 4 mis MHOrux OHOHHBIX MOJ
KlInsSg siBHBI BKJ1ag aHrapMoHH3Ma IpeolsiafaeT Haj 4Yu-
CTHIM 00bEMOM WJIM HEsBHBIM BKJIAIOM aHTapMOHU3Ma I
KP-akTHBHBIX MOJI, I KOTOPBIX 3HAYCHUS KBa3HI'apMOHH-
yeckoil (ppakmmu B cpenreM 1 ~ 0.3. IIpeamosnaraercs, 9To
HaJIM4YKe MOJ C SIPKO BBIPAKCHHBIM aHTapMOHHU3MOM, MOXKET
CBUJICTEJIbCTBOBATh U 00 YMEHBIIEHUU TEIUIONPOBOIHOCTH,
00ycJIOBJICHHON (POHOH-(DOHOHHBIM pacCEsSTHUEM.

Haymmune cOOTBETCTBYIOIMX TEPMOINHAMIYECCKIX XapaK-
TEPHUCTHUK MO3BOJIIJIO OIICHHUTD TeIUToBHe cBoiicTBa KlnsSs.
DEHOMEHOJIOTMYECKOE BBIPAKEHHE M1JIs TEIIONPOBOIHOCTH
perueTky, 00yCIIOBICHHOH (OHOH-(OHOHHBIM pACCEsHIEM,
onpenensiercst kak [59,60):

(M)67,6

VAT (10)

KL:A

II€ K. — TEIUIONPOBONHOCTh KPHCTAJUIMYECKOM PEIICTKH,
(M) — cpennsisi aTOMHasi Macca, 1 — KOJIMYECTBO aTOMOB
B 3JIECMEHTAapHOH sfAdvelike, § — obbeM Ha aTtom, T —
Temneparypa, Y, — cpegHuil mapametp [proHaiiseHa s
aKyCTHYECKHX BeTBeil, 0p — Temneparypa [lebas, A — Be-

®dusrka TBEpAOro Tena, 2026, Tom 68, Boin. 1
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Ta6J'W|L|.a 5. aKCHepI/IMeHTaJ'ILHLIe 3HAYCHHUsT YaCTOT KOJIeOaTEeIbHBIX MO (a)) I KpUcTajuia KInssg 1 UX HENPUBOAMMBIC IIPEICTABJICHUA,

yir, Yip, Viv — W30TEPMUYECKUN, M300apruecKmii U 0O0beMHBI mapamerpnl Ipronaiisena (mpu 7 = 300K); BKIamel TepMHIECKOro
pacumperust — — 5 (aag;T))T 1 (GOHOH-(OHOHHOTO B3aUMONCHCTBUSA (aag;r))v B OOIIMIA aHrapMOHH3M (3¢0817(_T) ) p> 1 =0ir/Vip
w, cm™! HII yir Yip Viv (aagf) )P Hessa. —2 (awé‘—lg,r))T SBH. (a‘”a’—;n)v n
140 A 0.71 0.96 0.25 —0.005 —0.004 —0.001 0.7
195 A 0.96 2.80 1.94 —0.021 —0.007 —0.015 03
201 A 0.77 2.87 2.10 —0.023 —0.006 —-0.016 03
240 A 1.07 1.28 0.20 —-0.012 —0.010 —0.002 0.8
255 A 0.45 3.06 261 —0.031 —0.004 —0.026 0.1
299 A 0.67 1.03 0.36 —-0.012 —0.008 —0.004 0.7
321 A 0.86 0.77 —0.09 —0.010 —0.011 0.001 1.1
363 A 0.65 1.80 1.15 —0.026 —0.009 —-0.016 0.4

JIMYMHA, CBA3aHHas ¢ mapamerpoM [ proHeitseHa y, paBHas:

2.43-10°

— 0514 , 0228°
1 Ya + Ve

A= (11)

Cpennee 3HaueHue napamerpa I'proHaii3eHa st aKycTH-
gecknx BetBel cocraBmio 0.90 mma KlnsSg. Temmepartypa
Hebass 0p onpenesseTcss MyTeM aNpPOKCHMAlMU TeMIlepa-
TypHOH 3aBHCHMOCTH TeruioeMkocTu Cv. Takum obpasowm,
temmeparypa [ebas Op nna KlnsSg pasna 82.5 K, mapamerp
I'pronaiiszena g aKyCTHUYECKHX BETBEH ), HaWOEH paBHBIM
0.90. Ucnone3sys Boipakenune (10) must kpucrauia KlnsSg
OBbUIO MOJTY4YEHO 3HaYCHUE TEMJIONPOBOJHOCTU PEIIETKH MPU
300 K, paBHoe paccuntaHo kak 0.41 W/(mK).

HecmoTps Ha TO, 4TO MoOJTydeHHasl BEJIMYMHA TEIJIONPO-
BOTHOCTH C MOMOIIBIO SMIHMpUYecKoro BeipaxkeHust (10)
HOCHT OIICHOYHBII XapakTep, OHa y)e MO3BOJIIET OTHECTH
KInsSg k kimaccy MaTepuajioB ¢ HHU3KOH MOHHOH IPOBOMU-
MOCTH M THOOYOMTb HCCileloBaTesiell K Oojiee TTyOOKOMYy
U3y4YEHUIO TEPMOIMHAMHUYECKUX CBOICTB Marepuaia. ABTO-
PHI IIJTAHUPYIOT B JlajIbHEHIIEM IPOBECTH OoJiee NeTasIbHBIN
pacyer TepMOAMHAMUYECKUX CBOWCTB B JOCTATOYHO peECyp-
COEMKOM NpHUOJIIKCHNH peJlakcalliyl BPEMEHH, yeMy Oyner
MOCBSIIlEHa OT/AEJIbHAS ITyOIMKaIus.

5. 3aknioveHue

B pamxax HacTosimeidl pa®oThl BBHIIOJIHEH CHUHTE3 KpH-
crasuioB KlnsSg pactBop-pacniaBaeiM MeTonoMm. [IpuHnuMas
BO BHMMaHHE IPOTHBOPEYUSl B [AHHBIX O KpPUCTAJUIAYE-
ckoit ctpykrype KlnsSg, ncnone3yst orpaboTaHHBIH TOAXO,
MIPEIOIAraloIiii NCKaKEHIE CTPYKTYpPBI BIOJIb BEKTOPOB
aTOMHBIX CMEIIECHUI HEYCTOMYMBOM MOJIBI ¢ MHMMOM 4acTo-
toil A KlnsSg DFT pacdeTsl ykas3bBalOT Ha HECKOJIBKO
CTabHMIIBHBIX CTPYKTYp, a umeHHo P-1 (N2), P2; (N4),
P2;/c (N14). TIpoaHanmi3npoBaHbl JHHAMUYECKUE CBOii-
ctBa KlInsSg. Tlomyuensl maHHBIC MHTEpHIpeTanuy Ha STOU

7  ®usuka TBEphoro Tena, 2026, Tom 68, Bbin. 1

ocHOBe 3KcnepuMeHTaIbHBIX KP crekTpoB. KomOmampys
TepMudeckne W Oapmueckme nanHble KP cnekrpockormn
kpuctayuia KlnsSg W ucnonb3ys momxon, CBSI3aHHBIA €
[pEICTaBICHHEM OOIIero aHrapMoHW3Ma (CIABHI YaCTOTHI
(oHOHA TpPH TMOBBIIICHUN TEMIIECPATYpPbl) Ha O0bBEMHOE
paciiupenre (HEsiBHBI BKJIan) W (HOHOH-(OHOHHOE B3a-
UMofIeiicTBie (SIBHBI BKJIA), IOKa3aHO, YTO i OOJIb-
IMIMHCTBa (OHOHHBIX MOJ SBHBIM BKJIaJ aHrapMOHHU3Ma
npeobiagaer Hajx HesiBHBIM i KP-akTuBHBIX Mopn (3Ha-
YeHHs KBasurapMoHudeckoil ¢paximmu 7 ~ 0.3). OueHku
TEILIONPOBOIHOCTH IO ()EHOMEHOJIOTHYECKOMY BBIPAYKCHHIO
cocrasmwio 041 W/(mK) npu 300K, uro Hmwxe, dem y
COCIMHCHUI MOXOXKHMX KjaccoB (Hampumep, mist AglnsSg
kL = 0.97 W/(mK). Takue HU3KHE 3HAYCHHUS TEILUIOMPOBOM-
Hoctn yxe mprm 300K mis mpocThIX KpHCTa/UTMYECKHX
CHCTEM OTKPBIBACT IMMPOKIE BO3MOXHOCTH JIJIs pa3paboTKu
3¢ GEKTUBHBIX TEPMOIICKTPUKOB.
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