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MepecTpoiika 6nXXHEro nopagka npu raaBneHnmn

HaHokpuctannos CuHal B crekne

© N.M. Banos, B.W. Jleumar

CaHkT-lMeTepbyprecknil rocyAapCTBEHHbIA TeXHONMOMMYECKUA YHUBEPCUTET paCcTUTENbHbBIX MOTMMEPOB,

198095 Cankr-leTepbypr, Poccus
E-mail: leiman@inbox.ru

(Moctynuna 8 Pepaxkuuio 15 woHs 2006 1)

IMpuBeneHHas MIOTHOCTL COCTOSHWI AN Kpas 30HA-30HHBIX mnepexonoB B Hanokpuctamnax CuCl, CuBr
onuceBacTes cryrnedpkot mpu T — 0. Ilpy Bo3pacTaHum TemriepaTypbl CTYMEHbKa ,,pasMblBacTCA’ B CTOPOHY
3aNpeLCHHON 30HbI, MPY 3TOM [UTMHHOBOJIHOBBIH Craj IMOTJIOLICHHA coryiacyeTcsi ¢ mnpasusiom Ypbaxa. Tlpu
u3MeHCH!H (asoBoro coctostiius HaHowacTul CuCl wmu CuBr (nepexon kpucTani—paciuias) [WHpPKHHA 3aMpeeHHOH
30HbI MCHSICTCA HE3HAYHUTE/IBHO, a MJIMHHOBOJIHOBbI CMal MOrJIOWCHUS 1S MEK3OHHbBIX [ICPEXONOB CYILECTBEHHO
Jarblie 3aXOMMT B 3aNpEIUeHHYIO 30HY, 4eM B KpUCTale MpH TOH ke Temneparype. M3MeHEHWA WHpPHHbI
3aMpeILeHHON 30HBI MPH TJIABICHUN OOBbACHAIOTCA nepecTpoiikoit GmmkHero nopsaka B pacmnasax CuCl u CuBr
YBemmuenue TEI0BOrO pa3MbITUS AJTMHHOBOJIHOBOTO CIIafa MOrJIOWeHHs HAHOPACIIAaBOB CBA3LIBACTCA C yBeJHYe-
HHEM B HECKOJIBKO pa3 aMIUIMTYXbI TEIIOBBIX (DJIYKTYaIlMit WHPHHBL 3aNPEILEHHON 30HBl — BO3MOXKHO BCJICICTBHC
MCUC3HOBEHHA fallbHEr0 NOpPsiAka B pacruiaBax. [TOHMKEHHas 1O CpaBHEHWIO ¢ 0OBEMHBIM 0OPa3LOM TEMIepaTypa
rasiaenust ombix (> 30nm) wactnu CuCl u CuBr npossaser npucyrcrsue sroporo kommnornenta NaCl
wn NaBr. CnenosaTesnibHO, MMeEeT MECTO IUIaBJEHHE ¥ KPUCTAUTM3aUus 3BTekTHgeckux HaHocuerem CuCl—NaCl u
CuBr—NaBr. Toria He3HaYHTEIBHbBINA CABUT LIHMPUHBL 3aNPELUICHHOMN 30HBI DK UX [UIABJICHUH €LIE Pa3 MOATBEPKAACT

soiBox B.M. 3ankuna o MUKDPOTeTEPOTeHHOM CTPOCHUU 3BTEKTHUCCKUX PacCIiaBoB.

ApTopsl BblpaaroT Osrarogaprocte CoseTy no rpadtam npesugeHta PO s MOANEPMKH BEOYILHX HAYHHBIX

wxkon P@ (rpanr HIL-5920.2006.2).
PACS: 78.67.Bf, 64.70.Nd

WMccnenoBanus IUIaBIEHMS M KPUCTAIM3ALMK HaHOba-
3t (H®) CuCl B crexne noxasam [1,2] BosMoxHOE
npucytctere kpome CuCl takxe NaCl. OcnoBanuem st
TAKOTO BLIBOAA MOCIYXMJT (HaKT TOHWKEHUS TEMIIEPaTypPsl
[U1aBJjicHUA 1o cpaBHeHMIO ¢ o6bpeMubM CuCl H® ¢ cocra-
BoM CuCl—NaCl oTHOCHMTCS K 3BTEKTHYECKHM CHCTEMaM.
Cunraercs, 9YTO 3TH CHCTEMBI HE CMEIUMBAIOTCS B TBEPHAOM
COCTOSIHMIi M CMCLIMBAIOTCA B PACIUIABJICHHOM COCTOSTHHM.
JefcTBuTe 16HO, UCCICIOBAHUS ONTHYECKOrO IMOTJIOLICHNMS
nanokpucrayios (HK) CuCl ne o6Hapyu ii: BAMAHNUA KOM-
norerta NaCl tia COCTOSHHC KPHCTAJINYCCKOR pEIUeTKM
CuCl [3,4] 1 COOTBETCTBCHHO HA CMIEKTPHI HYHIAMEHTANIBHO-
ro noryiomerus. O:HaKo BONPOC 0 CTPOCHMM PACILIABA ITUX
CHCTEM OCTaeTCsi OTKPBITbIM. COrJiacHO HCCIICNOBAHMAM
3anknHa [S], pacrnaB 3BTEKTHYECKOM CHCTEMbI MMEET re-
TEPOTeHHOE CTPOCHUC. BbIACHCHUE CTPOCHMsi HaHOpacria-
Ba (HP) ssrexruyecknx cucrev CuCl—NaCl n CuBr—NaBr
ABJIACTCS 3ajladyedl HacToAUEeH padoThL.

Masteie wacruubl B CTeKJIe ITPCACTaBNSIOT coB0it XOpo-
IIMe MOJIENIbHbIC 0BbEKTHI [T uccienoBanuit. OHKM Xopouro
3ALMILICHBl OT BHCIIHUX BO3CHCIBANR, WX MOXHO Harpe-
BaTb O IUIABJICiiMA H 3aTeM KPHUCTAJUIM30BATb OOpPATHBIM
OXJIXHEHHCm 0€3 M3MEHEHMs cocTaBa. B HacToswuil MO-
MEHT ¢ TPEICTABIIACTCSH BO3MOKHBIM [TOJIYUUTDh HaEKHbIC
JaHHbIE O COOTHOIUCHWH PA3JIMYHBIX KOMITOHEHTOB B H®D.
Bmusrve cocrasa HM Ha TemmepaTypsl TUIABJICHHS M
kpuctaumsaumn gactuy CuCl mokasano [6] Ha npumepe
3amensl BTOporo kommosenTta NaCl wa NaBr Ilpu stom
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prustie Ha cnextp nornoweHus HK CuCl ne obHapy-
XKEHO.

B paboTe TPUMEHEH ONTHYECKMH METON MCCIENoBa-
HHA TUIaBJICHUA M KPHUCTAJIJIM3aLMM HAHOCHCTEM B CTCKIC.
WcenenoBanns TeMIepaTypHbIX H3MEHEHUH (DOPMEI crek-
TpoB ¢ynmamenransHoro normowenus HEK CuCl n CuBr
ITI03BOJIUJIM AHATIUTHYECKH OTUCATH (7] CHIEKTPBl 3KCHTOH-
HOTO M 30HA-30HHOTO IOTJIOLICHUS 3THX cucTtem. Mero-
JOM IKCHTOHHO-TEPMUYECKOro aHanu3a [8] MoxHO ompe-
JeSMTh 00TacTH TEMIIepaTyp CYLICCTBOBAHMA MEpeoXia-
waerusix HP, srxmoyanmmx kommonenTsr Cull—NaCl u
CuBr—NaBr. Ananuz otmiraus (yHIaMCHTAIBHOTO MO0
IEHMs 3TUX CUCTEM B COCTOSIHMM NepeoxJaxmeHrbix HP,
II€ HET 3KCHUTOHHBIX COCTOAHMH, oT moryomenus HK
CuCl u CuBr, roe OpuCYTCTBYIOT SKCHTOHHbLIC COCTOR-
HMf, BBLISIBUJI HOBBIE AaHHbIC O crpoenun HP stux cu-
CTEM.

1. 3KcnepuMeHT

Ha puc. 1 mpencraBiensl CHeKTpbl (hyHIaMEHTaJbHOrO
norsowesnst HK CuCl co cpepsmum pammycom 10.6nm
B juamasone Ttemnepatyp 80—723K. Ilpencnbnas Tem-
neparypa (kpusas 22) COOTBETCTBOBAIA DACIJIABICHHO-
My coctositiuio H®, Bxmovaromeit kommonent CuCl Tpu
temneparype 80K (kpusast /) B CHEKTpe MOT/(OLLEHA
IPOSBJIAIOTCA ABE MOIOCHI, CBA3AHHBIE C IMOTJIOMIEHHEM Z, ,-
1 Zs-3kcuToHoB B Kpuctaste CuCl [9]. Makcumymsl nosioc
TOTJIOWEHHS Z| - U Z3-9xcuToHoB npu 80K pacmonoxets
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Pue. 1. Crekrpnr dynnamentansroro nornowenuss HK CuCl co
cpenuM paguycom 10.6nm. Ha Bcraske nokasaHa MIMHHOBOJI-
HOBaf 4acTb CMEKTPOB B Mosysorapupmudeckom macturtabe. Kpu-
sas 2() — Hauaso NiaBJieHus, KpuBas 2.2 — CNEKTp HaHOpacIUlaBa.
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Puc. 2. TemnepaTypHble HW3MEHEHUs B CTIEKTpaxX (yHjaMeHTalb-
woro mornoierns HK CuBr. Ha Bcraske moxasaHa HJIMHHOBOJ-
HOBAST 9acTb CICKTPOB TOMVIOIUCHHS B TOJIyJorapudMHuecKom
macwrade. TemneparypHbiii war cocrapisieT okosio 30 K.

npu 3.299 u 3.232 ¢V. DTH gaHHBIC IPAKTHYECKH COBIIANAIOT
¢ faHHBIMH paboThl [9], MONMyYIEeHHBIMH Ha OCAXKICHHBIX Ha
xsapr merkax CuCl.

Ha puc. 2 mpencraBiicHE CHEKTPsl GYHIAMEHTAJIBHOTO
nornowenns HK CuBr co cpegrnm pagnycom okxosto 10 nm
Opyd TeMIepaTypax Bhllle KOMHAaTHOX. I1lpy NoOBbILEHUH
TeMnepaTypsl HabJIOfaeTcs DAl M3MEHCHHH B CIEKTpax
TNOTJIOLICHHUA, MpencTaBicHHbX Ha puc. 1 u 2. Tlponc-
XONMT C/ABUI B KOPOTKOBOJHOBYIO OOJIaCTb M yIIMpPEHHE
N0JIOC TMOTJIOIEHUs! Z) 5= U Z3-BKCHTOHOB, & TaKKE OTHO-
CUTEJIBHO OBICTPOE OC/IabMeHAE ITONOCH MOTJIOWEHHS Zs-
skcuTOHA. Ha BcTaBKax K puc, 1 u 2 mpejicTaBIeHb! CIIEKTPb!
5KCUTOHHOTO MOIJIOMEHH:A B 06JacTH [JIMHHOBOJIHOBOIO
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criaga. B o6oux cryuasix HabmropmaeTcsi ,,y3J0Bas TOYKa™
TpH HEKOTOPOH 3sHeprun F, Hike yKazaHHbIX IHEPIHi
TMOTJIOMIEHUE NMPAKTHYCCKH 3KCMOHCHUMAIBHO CHaaeT IpH
YMEHBIICHHN JHeprud (OTOHOB (CMEKTPH CHIPAMIIAIOTCS
B Koopinuatax In(K) — E), 4To coryacyercs ¢ TPABUIOM
Yp6axa [10]

(1)

K(E,T) = Kooxp (- ZEL2E)),

kT

3nece Ey n Ky — mapaMeTpel, ONpe/ie/iAeMble CBOUCTBAMU
Cpelbl, ¢ —— IapameTp, ONpPEAe/AIoMIHH TEeMICPaTypHOE
YIIMPEHHE CIIEKTpa roryoumieHus, k 1 T — MOCTOsHHARA
Bonbumana » Temneparypa.

Ilpwn anepran E; MOCSOMIEHNE HE MEHAETCA B IUHPOKOM
nranasoHe TeMmneparyp. Ha puc. 3 mokasaH xoi M3MEHEHHS
onruyecxoro noryowenna HK CuCl u CuBr npu narpese
no riapienus u oxyraxaenns HP no kpucrammsanun. [pn
rrasnenu HK (8 ofsactu Temnepartypst T,,) HcHe3aioT
SKCHTOHHbBIE COCTOSIHMSI — TIIOTJIONICHWE TMajaetr, a IIpx
KpucTayusamu (B 06acTr TeMnepatyphl T, ) 9KCHTOHHEIS
COCTOSIHUSI BHOBb IMOABJIAIOTCS M [TOTJIOLICHNE BO3Bpalla-
eTcs K IpexHemy cocTosHuio. Bue obmactii (ha3oBbIX
nepexonos nornowenne HK CuCl u CuBr npu suepruu £,
MEHSIETCH HE3HAYUTEJIBHO B LIHPOKOiT o0s1acTi TeMiepa-
Typ. ormowenue HP ¢ xommonentom CuCl taxxe maio
MEHSETCS TIPY OXJIAKICHMH BIUIOTH [0 Ha4alaa KpUCTaJUIU-
samu. B cnywae HP ¢ CuBr morjomieHne o4eHb CHIIBHO
YMEHBUIAETCH C MMOHKEHUEM TeMIlepaTypel. Tak kak B obe-
UX CHCTEMaX HabOJIOMAETCA 3HAYUTEILHOC MEPEOXTANICHHUC
npu xpucrasnsanun HP, Bo3mMoxeH BBIOOpP HEKOTOPOH
TEMIIEPATypbl 15, NPH KOTOPOH BOIMOMHO CYIIECTBOBAHHUC
UCCIIETYEMBIX CHCTEM KaK B KPHCTaSTAYECKOM, Tak U B
PACTUIaBJIICHHOM COCTOSIHHH.

CuCl 2

120L
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100 |
T
-

80
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60

2 ¥ 4 A 1 1 1 A 1 n , (S R |

40
400 450 500 550 600 650 700

Puc. 3. 3asucumocts nornowenus HK CuCl (7) u CuBr (2)
TIpH IMHEHHOM HArpese [0 TUIABMEHUS 1 OXJIAKICHUH 00 KPUCTAN-
Jp3aupy. CTpesikamu yKasaHbl HANPABICHUS XOUA TEMIICPATYDbI
U TIONIOKEHUs TEMIepaTyp ITUIaBACHHA 1, ¥ KpucTaumsauuy 7.
Tz — TeMmmepaTypbl M3MEpEHHs CreKTpoB noriouicHus HIK
n HP. Dueprua doronos onrmueckoro 3onna Ey = 3.242 (/)
n 3.00eV (2).
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2. ®yHpameHTanbHoe nornoljeHue
HaHokpucTtannos CuCl n CuBr
N NepeoxsnaXAeHHbIX HaHopacnnasos
CuCl—NaCl n CuBr—NaBr

Ha puc. 4 1 5 npuseneHb! pe3ysIbTaThl CPABHUTEJIBHEIX HC-
cnenoBanuil GyHmaMenTanpHoro norowenus yactuy CuCl
(mpu 502 K) 1 CuBr (npu 665 K) B kpucranmaeckom (Kpu-
Bble /) W pacruiaBieHHoOM (KpuBble 2) cocTosHusX. Ilpu
mepexofe B PacIUIaBIIEHHOE COCTOSIHUE HalJIIOAETCs HCUes-
HOBEHUE 3KCUTOHHBIX cocTosHuil. B obnacty 30Ha-30HHBIX
MEPEXONOB TAKKE MPOUCXOAAT CYLUIECTBEHHbIE HIMEHEHHMH,

Habmopnaemble CHEKTPel (YHIAMEHTAJIBHOTO IOrJIoLLe-
Hust HK MOXHO pasfioxuTh Ha 3KCHTOHHOE U 30HA-30HHOE
norsiommene. 30Ha-30HHOE [TOTJIOMEHNE OMUCHIBAETCH COOT-
nowenneM (11) B [7]

o (Eq ~F) —1
(E, T) =f<e = 1 1) : (2)
rae f — CuJla OCIRUUIATOPA SKCUTOHHOTO IMOTJIOMICHHUS,
E, — ummpuHa 3anpeweHHoN 30Hbl, ¢ — KO3(hGHULIHEHT

TEMIIEPAaTyPHOTO YIIMPEHHs CIIEKTPA 30HA-30HHOTO MOIJIO-
IWEHHs

o= ~—1— (3)

Xe — Xv

3nech ¥, M X, — COOTBETCTBYRLIHE KOIDPHULMEHTEL TCPMO-
JAMHaMHYECKUX uIyKTyanuit (7] muis Bo30yKIEHHOTO COCTO-
AHASL (JHO 30HBI IIPOBONMMOCTH) M OCHOBHOTO COCTOSTHWIS
(MOTOJIOK BAJICHTHOM 30HEL).

[lpu pacuere no (2) 3oHa-3oHHOrO noryoueHus g HK
CuCl (xpuBass 3 ma puc. 4) [OSYHUIHCH CICAYIOUME
OCHOBHbIC MapaMeTpbl ONTHYECKUX Mmepexomos: f = 2.1,
E, =3.414¢V, o = 1. Tlogbop napameTpoB MPOM3BOAMII-
cs [0 TONYYEHHs CHMMETPUYHOM IIOJIOCH! IKCUTOHHOTO

30F cucl
R=106nm %12
25T r=smk r~d 2
2.0 . A e
= k Crist./ g &3
= 1.5}
g % i
5 i A
10 | Melt
0.5
[ AN (Mt
0 e o i St W
30 32 34 36 38 40
E, eV

Puc. 4. Crexrpsl dyHmnamenTanstoro norsomenus dactag CuCl
B KkpucrtamnudeckoMm (/) W pacnnaenessoM (2) COCTOSHH-
ax. Kpuseie 3 m 5 — pacueT cOrmacHO COOTHOIIEHHIO (2)
30Ha-30HHOro mnornomenus HK wu pacnmasa cooTBETCTBEHHO,
KpuBas 4 — axcuronHoe nornomwenue HK (pasHocts kpusbeix [
u 3); KpuBasi 6 — MoryoleHHe B [Ty0HHE 30Ha-30HHBIX MEPEXO-
10B (pa3HocTb KpusbIX 2 1 J5).

5F CuBr
[ R=10nm 2
4} T=665K i
L
3
&1
.
T2l
1 i v
0 EREmy - e

Pue. 5. Cnextpsl gyriamenTansaoro norioiexus dacrun Cubra
kpucranndeckom (1) n pacnnasnersoM (2) cocrosuusx. Octa
Hble 0003HAYEHHs Te XKe, YTO Ha puc. 4,

noryiomenus, Pacuer cnextpa HP CuCl—NaCl npu ol
we reMrneparype (KpuBasg 5) MOKasal H3IMEHEHHE OCHOR
HBIX NApamMeTPOB JUIA 30HA-30HHBIX NEPEXOAOB: f, =22,
E,, =3.528¢V, g, = 0.35.

Ha puc. 5 noxasankl pe3ynbTaThl aHAJIOTHYHEIX Pacueros
ans cnekTpos norsottenus yactuy CuBr B crexse. Pacyer
30Ha-30HHOTO MOTJIOWEHHUA N0 cooTHOoMmEeHMIO (2) aat cie
LYIOUHE NapaMeTpsl 1A KPUCTAIIHYCCKOTO COCTOSHMA —
f=298, E, =3.154¢V, 0 = 1, nna pacrias/ieHHOro oo
crosuns — f,, =3.19, E,,, = 3.130¢V, g,, = 0.52.

B crexTpax pacIijlaBOB OTCYTCTBYET SKCHTOHHOE MOT/-
weHue, M Kpail (QyHIaMEHTANbHOTO ITOTJIOICHHS MOXH)
LOBOJILHO TOYHO 9KCTPAIIOJIMPOBATh PA3MBLITON CTYTICHbKOH
B COOTBETCTBHM ¢ COOTHOMeHueM (2). PasHocTs (Kpusbic 6)
2KCTIEPUMEHTAILHOrO crexkTpa (hyHIaMEHTaJIbHOTO MOMG-
wenusi cooreercreyiouiero HP (kpussie 2) U pacyetHor
CMEKTPa 30HA-30HHOTO TIOTJIOWEH s (KPUBbE J) TIPaKTHYE:
CKM PaBHa HyJTiO B 0OJTACTH JUTHHHOBOJIHOBOrO CIa/a oK
wenna g cucteM CuCl u CuBr. TToatomy nmapamerpu E,
M 0 IS 30HA-30HHRIX Mepexosos B ciryvae HP aTux crcrey
ONPEEIRIOTCS C JOCTATOYHOMH 10CTOBEPHOCTBIO.

W3 ananuaa pacuetusix ganubix joia CuCl (puc, 4) moxio
CHEJIATh BLIBOI O HesHauuTesnnHOM (Ha +0.114¢V) yeemr
HYeHHUH WUPUHBL 3arpeniertoit 3ousl CuCl nmpu masneru:.
B cnyuae CuBr (puc, §5) wmpuHa 3anpenieHHON 30Hb Iy
riaBnaeHny, HaoGopot, ymenbumnacs Ha 0.024 eV,

3. O6cyxpeHue

Cornacho [2], psiom ¢ xpucramtamu CuCl B nonoem
crewta MoxeT HaxoanTsed 10 30 vol.% xpucransos NaCl
[MTockonbky cuctema CuCl—NaCl aBnsieTcsi 3BTEKTHYECKOR,
npy MJIABJAEHWH JOJNKEH 00pa3soBaTbCs HOPMAUIbHBIT pac-
TBOp. DTO JO/KHO NPUBECTH K CMELICHHIO HABIIHOmacMol
WHPHUHBL 3ampelienyoin 30Hbl Ha 30% Osoke K Iuuphse
sanpementoit 3ount NaCl (okoso 7¢V), T.e. Ha 2-3¢V.

Duavka TBepporo Tena, 2007, Tom 49, Bbin. 7
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OnHako HEe3HAUHTETBHOE H3MEHEHHE [IUPHHbI 3AMIPEIIECHHOMN
0HBl HA pUC. 4 U 5 CBUACTEIBCTBYET 00 OTCYTCTBUM B3aH-
sioneiicTua B pacmase Kpuctasumutos CuCl u NaCl (CuBr
i NaBr), 4To erue pa3s TOKa3biBaET PABUIIBHOCTE BBIBOMA [5]
0 FeTEPOr€HHOM CTPOEHMH 3BTEKTUYCCKHX PACIIIABOE,

WsMmeHenne IIMpUHBI 3alpelieHHON 30HbL Ha 114 meV
npu riaBnenun HK CuCl u Ha 24 meV npu nnaenenun HK
CuBr MOXHO OOBSICHUTB NMEPECTPONKO OJIFDKHErO MOpsiIKa
3 paCIUIaBe, COCTOSIIEro M3 KPUCTAJUIMTOB MHOM CHMMET-
piH, ueM 0ObeMHbIi KprcTamwt [11].

[lpn nnaBneHMH CKAYKOM I[POUCXONMT 3HAUUTEIBHOE
JMEHBIIEHHE TapaMeTpa o: moutd B 3 pasa mis CuCl
18 2 pasa i CuBr YMmenblueHue napamerpa o Uis
30Ha-30HHBIX NEPEXONOB MPH IJIABJICHUH CBUAETEBCTBYET,
(OIJIACHO COOTHOMICHHIO (3), O 3HAUMTENBHOM BO3pACTaHHH
TEIVIOBBIX (JIYKTyalnil ypOBHS HHA 30HBI MPOBONUMOCTH
[pacreT koaduumenT x.) npu HazoBoM mepexone U3 Kpu-
(TUUTIMYECKOrO B paciulaBiieHHoe cocTosnue. Ecim npuHaTh
k03pOULMEHT TemIOBBIX (ilyKTyaLHil MOTONKAa BaJICHTHOM
0N X, = 1, TO TerwioBble (IIYKTYaLMH IHEPreTHYECKUX
0CTOAHMM JHa 30HBI MpoBoxumoctH B pacrutase CuCl
noyTH B 4 pasa npessimaioT (x. = 3.86) duykTyaumu sHep-
IETHYECKUX COCTOSIHMII TIOTOJIKa BaJIGHTHOM 30HBL B pac-
mase CuBr cootBercTBylOmMit koadbuument yx,. = 2.9.
JHaunTeNIBHOE YCHIIEHME aMIUIATYIbl TEIUIOBBIX (UIyKTya-
Wit 30HHBIX COCTOSHHI B pacIUlaBe MOXET OBITb 00Yy-
C10B7IEHO aMOpPGHOM TIPOCITIONKOM MEKAY KPUCTAJUTHTAMHU
il KAK CJICACTBHE YBEIHYeHHUEM 0ObeMHbIX GUIyKTyauuit B
FPHCTASUTHTAX.
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