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Cnoci6 nigBULLEHHS  TEPMOENEKTPUYHOro  MOTYXHICHOro daktopa PF  HaHOKpucTaniyHoro
TeTpaegputy Cui12SbsSi13 WNSXOM BBEOEHHST HAHOYACTMHOK cpibna BKMOYae fAji, B Npoueci Akmx
roTylTb peakuiliHy CyMill peareHTiB, 40 CKnagy SKoi BXOASTb CMOMyKW Mifi, cTubilo, eneMmeHTapHa
cipka Ta pO34YMHHUK. HarpiBaioTb peakuiiHy Ccymill 3 BUTPUMYBAHHAM Ti MPU KOHTPOSbOBaHIN
TemnepaTypi, OXONoMXYyTb A0 KiMHaTHOI Temnepatypu. lNMpommBaloTb Npu UeHTpUdyryBaHHi Ta
oTpuMaHHi nopolwky Cu12SbsS13, 4O AKkOro gogatoTb NonepeaHbO CUHTE30BaHi HAHOYACTUHKKM cpibna
3 po3umHHUKOM. OTpMMaHy CyCreHsilo BUCYLIYIOTb Ta BignanowTb npogosx 60 xB B aTtmocdepi
aproHy. [Ina npuroTyBaHHs peakuinHOI CyMmilli BUKOPUCTOBYIOTb K mAxkepeno migi - migs(ll) auetat
MoHorigpaT, ctubito - ctubin(lll) auetaT, i Takox HaTpin TeTparigpobopaTt, a K PO3YMHHUK
TPUETUNEHTNIKOMb, | HarpiBaHHA OTPUMAHOro po34vMHy npoBodsaTb npu t1=220 °C npotsarom 60 xB.
Micna oxonomKeHHA And NPOMMBAHHA PO34YMHY BUKOPWUCTOBYIOTH i3onponaHon. [Ans oTpumaHHS
Cu12ShsS13 ogepxxaHun ocag BucylytoTb npu t2=60 °C ynpogosx 24 rog, i BignantotTb npu t3=400 °C
npotarom 1 rog y cepegoBuui aproHy. [lpu 3miwyBaHHi Cu12SbsSiz 3 CuMHTE30BaHUMMU
HaHoOYaCTUMHKaMM cpibna sk pO34MHHVK BUKOPUCTOBYIOTh i30MponaHors. [poBoasTb AMcnepryBaHHs 3a
AOnomoroto ynbTpassyky npotarom 10 xB, BignanioBaHHs npoxoanTb npu t4=400 °C.
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KopucHa mogenb Hanexwutb OO0 ranysi maTtepiano3HaBCcTBa Ta Mpu3HadeHa 7S MOKpaLleHHs
enekTpoi3NYHNX XapakTepucTuk TepmoenekTpuyHoro martepiany Cui12Sbs4Sis, wo 3abesnedvye
nigBULLLEHHA edEKTUBHOCTI TEPMOENEKTPUYHUX NEepPEeTBOPIOBAYIB Yy cuUCTemax yTunisadii Tenna,
TemnepaTypHUX CEHCOpax Ta aBTOHOMHUX )Xeperax XXUBMEHHS.

TepmoeneKkTpMyHe NepeTBOPEHHS €Heprii B TBEPAOTINbHUX NPUCTPOSAX, SKi 3OIACHIOITL nNpsame
nepeTBOPEHHS Tenna B EneKkTPUKy, € MepcnekTMBHUM nigxogom Ao opmyBaHHA  cTanmx
eHepreTnYHNxX TexHonorin. Lle ocobnneo BaxnmMBO B KOHTEKCTi Cy4aCHOro eHepreTMYHoro nonuTty Ta
HeobXigHOCTi 3HWXKEHHS rnobanbHOro NOTeniHHS.

EdekTMBHICTb Takmx nepeTBOpeHb BM3HA4alOTb TeMNepaTypHUM rpagieHToM Ta 6e3po3mipHUM
napameTpoM AobpoTHOCTI zT=0-S?-T/(Ket+ki), /6 G - €NeKTPONpPOoBIAHICTb, S - koediuieHT 3eebeka,
T - abcontoTHa TeMnepaTypa, Ke i Ki - €MIEeKTPOHHa Ta rpaTkoBa TensonpoBigHICTb, BignosigHo. Ons
OOCSArHEHHST BUCOKMX 3HadeHb ZTmax, OKPIM MNiABMLIEHHST KoediuieHTa 3eebeka, HeobxigHO
onTumidyBaTtn PF - NOTyXHiCHMIA dhaKTop, KM BpaxoBye 6anaHc mMix o 1a S [1].

Cepen pisHMX wMaTepianisa gns TepMOENeKTPUYHUX 3acTocyBaHb, TeTpaeaput Cui12SbsSiz,
OEMOHCTPYE BUCOKMI NOTEHUian y TemnepaTypHomy aianasoHi 300-500 K. Lle nos'a3aHo 3 noro gyxe
HU3bKOIO I'PaTKOBOK TENNONPOBIAHICTIO K[, ika cTaHoBUTbL NpnbnusHo 0,5-1,0 BT/M-K Ta 3paTtHicTio
A0 YTBOPEHHS CTPYKTYpP, NoAibHNX A0 ckaTepyauTiB i knaTpaTiB. TeTpaegpuT mae KybidHy kpuctanivyHy
rpatky 3 58 atomamu Ha enemMeHTapHy KOMIpKY i MOEAHY€E IOHHUM i KOBaneHTHUN Tunn 3B'A3kiB. Lle
HaniBNpPOBIAHNK P-TUMNY 3 HEMNpsMOK 3abOPOHEHOK 30HOK LWupuHo ~1,2-1,9 eB i BUpoaXeHo
€NEeKTPOHHOI CTPYKTYPOLO, B SIKil BaneHTHa 30Ha hopMyeTbCs BHACNioK ribpuamsauii opbitanen Cu
3d i S 3p. HesBaxaiwun Ha npencTaBneHi nepesarn, TeTpaeapuT Yy BUXIQHOMY CTaHi Mae nuule
nomipHe 3Ha4yeHHs1 PF, o obmexye noro 3aranbHy epeKkTUBHICTb ZT.

OpaHuMm i3 nigxodiB oo nokpaleHHst BnactmBocTen Cui2ShsS13 € BBEAEHHS HAHOYACTMHOK MeTaniB
ana moamdikauii mikdpasHmx mex. Lle gossonsie yTBOpuTM MOTEHUiNHI Gap'epy Ha Mexi das, sKi
MOXYTb pinbTpyBaTuM HOCIT 3apsgy abo CcTBOpOBATU 30HW X HAKOMWYEHHS, 3anexHo Big
cnisBigHoWweHHSA poboTun Buxody metany (¢m) Ta piBHa Pepmi HaniBnposigHuka (ErF). Y Bunagky, Konm
¢om > ErF HaniBnpoBigHuka, Ha ix MixxdasHin mexi popmyeTbea LWoTTki-6ap'ep, akun cnpusie ginbTpauii
HU3bKOEHepreTUYHNX HOCITB 3apsaay, NoKpaLLyodm 3HavyeHHs PF.

Bigomui cnocib cuHTesy HaHokpucTaniB TeTpaegputHoi cnonykn Cui2SbsSis 3 MogynboBaHUM
neryBaHHsIM, BuWOpaHW 3a HambnwxkymMm aHanor [2], BKMAYAEe OTPMMaHHSA HaHOYaCTUHOK Y
KOMOIAHOMY PO34MHi i3 3aCTOCYyBaHHAM MeTO4Y rapsyoi iHxXekuil, B KoMy CrnodaTky 3miwyBanu y
cTexioMmeTpuyHin KinbkocTi TBepai peareHTn Mmigb(ll) auetunauetoHaty (Cu(acac)z) ta ctmbin(lil)
xnopug (SbCls) B 10 mn oneinamiHy (OLA) i gerasysanu npu TemnepaTtypi 120 °C. [lMicna gerasauii
po3umH HarpiBanu go 190 °C nig notokoM asoTy. B okpeMoMy cTakaHi po34MHANU CTEXIOMETPUYHY
KinbkicTb cipkn B 1 mn OLA, nicna yoro BBOAWMNW Yy NonepefHbO Harpity cymiw, Ae nposoaunacg
peakuia npu 190 °C npotarom 15 xB. Oxonomxyesanu [0 KiMHaTHoOI TemnepaTypu. OTpuMaHi
HaHouyacTuMHKN Cu12SbaSi3 ouunwlyBanu gogaBaHHAM rekcaHy 3 noganblivM LeHTpUdYryBaHHAM Ta
NMOBTOPHUM OCA[KEHHAM 3 BUKOPUCTAHHAM e€TaHomny, a MnoTiM BucywyBanun y Bakyymi. CuHTe3
HaHO4YaCTMHOK cpibna (Ag) 3gincHoBanu okpemo. [Onsa uboro 1 MMonb HiTpaty cpibna (AgNO3s) Ta 0,1
MMonb HiTpaty 3anisa (Ill) posuuHsanu y 10 mn oneinosoi kucnotn (OA) Ta 10 mn OLA, nicna yoro
HarpiBanu go 120 °C i sButpumyBanu npu uin Temnepatypi npotarom 60 xB. OTpumaHi HaHOYaCTUHKK
ouuLanu rekcaHom Ta etaHorioM. [lani Bu3HayeHe cnisBigHOLWEHHA HAHOYACTUHOK Ag Aucreprysanu
B eTaHoni Ta 3miwysanu 3 nopowkoMm Cui2ShaSiz. [licns BunapoByBaHHA PO3YMHHMKA CyMiLll
niggasanu signany npu Temnepatypi 250 °C npoTtarom 60 xB B atmocdepi aproHy, B pesynbTaTi 4oro
oTpumanu HaHokpuctann Cui2SbaSis i3 HeBenukum Bmictom Ag.

OcHoBHUMUW Hepornikamu Bigomoro cnocoby Mopudikauii Cui12SbaSiz  LWNSXOM BBeOEHHS
HaHOYaCTMHOK Ag € HECTaDINbHICTb ENEKTPUYHNX BNACTUBOCTEN | 3HKEHHSI €NEeKTPONPOBIAHOCTI Npwu
3pOCTaHHi BMicTy cpibna. Lle noe'a3aHo 3 TMM, WO Ha MeXi KOHTaKTy MK YacTuHkamu cpibna Ta
HaniBNpOBIOAHUKOBOK MaTpuueld TeTpaeaputy BWHMKAE eHepreTudHun Oap'ep, CNpUYMHEHWI
Pi3HULEID MDK eMNeKTPOHHWMW BnacTMBOCTAMW MeTany W HaniBnposigHWka. Y pesynbTari
CMOCTEPIraeTbCA 3HMXKEHHA TEPMOENEKTPUYHOTO MOTYXKHICHOTO dhakTopa, 36iMblueHa KOHLUEeHTpauis
AedexTiB i OMILLIOK, MEHLL KOHTPOMNbOBaHa CTPYKTypa Ta XiMiYHUI cKnaj HaHoKpucTanis.

B OCHOBY KOpPMCHOI MoZeni noctaBfieHo 3agadvy 30iNblUEHHSA TEPMOENEKTPUYHOIO MOTYXKHICHOTO
dakTopa HaHokpucTaniyHoro Cui12SbsSiz WNAXOM MOAYNbOBAHOIO JNEryBaHHs HaHOYaCTMHKaMU
cpibna, MmiHimi3auii yTBOpeHHS BTOpPMHHMX a3 Ta gedekTiB, onTumisdadii XiMi4HOro cknmagy npw
3abe3neyeHHi SKiCHOi CTPYKTypW.

MocTaBneHa 3agadva BMPIWYETbCS Y CNOCOOGI NIABULLEHHS TEPMOENEKTPUYHOIO MOTYXXKHICHOIO
hakTopa HaHokpucTaniyHoro TeTpaeapuTy Cui12SbaSiz LWINSXOM BBEAEHHA HaHOYACTUMHOK cpibna,
AKUA BKNIOYAE NPUroTyBaHHSA peakuinHOl CyMilli peareHTiB, 4O CKnagy sKoi BXOAATb CMOMyku Mmigi,
CTMBIl0 Ta eneMeHTapHa cipka Ta PO34YMHHMK, HarpiBaHHA peakuiiHOl CyMilli 3 BUTPUMYBaAHHSAM ii npu
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KOHTPOSIbOBAHi TemMnepaTtypi, OXOMNOMKEHHS [0 KiMHATHOI TemnepaTypu, NPOMUBAHHA NpU
LeHTpudyrysaHHi Ta oTpumaHHsa nopoluky Cui2SbsaSi13, 4O SkOro AofaroTb nonepeaHbO CUHTE30BaHi
HaHOYaCTMHKM cpibna 3 PO34YMHHMKOM, MICNA YOro OTpMMaHy CYCMeH3il0 BUCYLLYIOTb Ta BignantolTb
npogoBx 60 xB B aTMOcepi aproHy, 3rigHO 3 KOPUCHOK MOAENM0, ANs NPUrOTYBaHHA peakuinHol
CyMiLLi BUKOPUCTOBYIOTb K mpkeperno migi — migb(ll) auetat moHorigpaTt, ctnbito - ctubin(lll) auerar, i
TakoX, HaTpin TeTparigpobopaT, a $K PO3YMHHUK TPUETUNEHrNIKONb, i HarpiBaHHs OTPMMaHOro
po3umHy npoBoaATh npu t1=220 °C npoTtsrom 60 xB, a Nicna 0XONoAXeHHs AN NPOMUBAHHSA PO3YUHY
BMKOPUCTOBYIOTb i30NpOonaHon, Npu LuboMy Anga oTpumMaHHa Cui12SbsS13 ogepkaHuin ocag BUCYLLYIOTb
npu 12=60 °C ynpogoBx 24 rog i BignantotoTs npu t3=400 °C npoTarom 1 rog y cepefoBuLLi aproHy, a
npu  3miwyBaHHi  Cu12SbsSiz 3 CuMHTE30BaHMMWM HaHoOYacTMHKaMUM cpibna 9K  PO3YMHHUKK
BMKOPWCTOBYIOTb i30MPOMNaHOS, MiCrs 4YOro MpoBOAATH AMCNEPryBaHHS 3a OOMOMOrOK YrbTpa3ByKYy
npotarom 10 xB, a BignantoBaHHs NpoxoauTb npwu t4=400 °C.

B pesynbTaTi KOHTpONbOBaHe [oAaBaHHA HaHOYacTMHOK Ag [0 TeTpaedpuTHOl maTpuui
Cu12Sbhs4S13 cnpusno niaBMLLEHHIO 3BaXKEHOi PYXJIMBOCTI HOCIIB 3apsagy 3aBOdku (hopmyBaHHO
cTabinbHMX enekTpocTtaTudHMX 6Gap'epiB Ha MixkdasHux Mexax. Lle 3abesneunno 3pocTaHHs
TEPMOENEKTPUYHOIO MOTYXHICHOro haktopa 6e3 CcyTTeBUX BTpaT €NekTponpoBiAHOCTI Ta 6e3 3MiHK
00'eMy enleMeHTapHOi KOMipKW.

Cnocib peanizyBanu HaCTyMHUM YUHOM.

CwuHTe3s 3paskiB komnosnTty Cui12SbsS13 3 BMicToM cpibna x=0,0; 0,5; 1,0; 2,0; 4,0 mac. % Bkrntoyae
ABi OCHOBHi CTafil: oKpemMe OTpMMaHHS TeTpaeapuTy Ta CMHTE3 HaHO4YaCTMHOK cpibna, nicns 4oro
NpoBOAsTb (POPMYBaHHSI KOMMO3NTIB.

CrexiomeTpuyHi kinbkocTti Cu(CH3COO)2-H20 (10,00 mmonb), Sb(CH3COO0)s (3,33 mmone), Ta S
(10,83 mmonb) 3miwytoTe 3 50 wmn  Tpuetunedrnikonto (TriEG) Ta niggawTs  MarHiTHomy
nepemilyBaHHiO 3 npogysBkod aproHom 20 xB. [licns ubOro LWBWMAOKO BBOAATbL 2 I HaTpin
TeTparigpobopat (NaBH4), nonepeaHbo po3umHeHoro B 25 mn TriEG. OTpuMmaHy peakuiiHy cymill
HarpiBaloTb 4o Temnepatypu 220 °C Ta BUTPUMYIOTb NpU Ui Temnepatypi npotsarom 60 xB. [Micns
3aBEpPLUEHHST CMHTE3y 3pasku OXONOMXKYHTb [0 KiMHATHOI TemnepaTtypu, Tpudi NPOMMBAOTb
i30nNponaHoNoM 3a AO0MOMOrow LeHTpudyryBaHHs npu 8000 o6/xB no 2 xB, BucywyoTb npu 60 °C
npotsirom 24 rog Ta BignantotoTb npu 400 °C ynpoaoBx 60 XB B aTMOCepi aproHy.

HaHouyacTuHkn cpibna CUHTE3yloTb OKPeMO LUMSAXOM BiOHOBIIEHHS Y MOMIONbHOMY CepedoBULLI.
Ons uboro AgNOs (10,00 mmonb) Ta nonigiHinniponigoH (PVP) (5,1 r) posuuHsote y 100 mn
etunenrnikonto (EG), HarpiBatoTb peakuinHy cymiw go 160 °C i ButpumyoTb npotarom 60 xB npu
iHTEHCMBHOMY nepeMiwyBaHHi. [icns 3aBeplleHHsA peakuii po3vmH LeHTpudyrytoTb npy 8000 06/xB
no 10 xB Ta Tpuyi NpoMuMBaloTh idonponaHonom. OTpMMaHuin CpibHMI NOPOLLOK BUCYLWYOTL Npu 60 °C
BNpoaoBx 5 roA.

Ona npurotyBaHHA HaHOKOMMNO3WTIB, nopowkn TeTpaeaputy Cui2SbaSiz  3miwyoTs 3
CYHTE30BaHMMM HaHOYacTMHKaMM cpibna y BiONOBIAHUMX MAacOBMX ChIBBIOHOWEHHAX B 5 mMn
isonponaHony, nicng 4Yoro CycneHsito nigaatTb ynbTpasBykoBoMy aucneprysaHHio (40 kl'y, 35 BT) Ha
10 xB. Cymiw BucywyoTb nNpu Temnepatypi 60 °C npotsarom 5 rog, a noTim BignanowTb npu 400 °C
yrnpoaoBx 60 xB B aTMocdepi aproHy. Y pesynbtaTi OTPUMYIOTb HAHOKpUCTaniyHi 3paskn Cu12ShsSis-
Ag i3 koHUeHTpauieto cpibna x=0,0; 0,5; 1,0; 2,0; 4,0 mac. %.

JocnipXeHHss CTpyKTypu Ta as3oBoro ckrnagy OAepXaHuxX 3paskiB MpoBoAATb MeTOAOM
PeHTreHiBCbKOI Andpakuii 3 BukopuctaHHam gudppakrometpy Bruker D8 Advance A25, 3actocoByouun
Cu-Ka BynpomiHioBaHHs 3 goxuHow xBuni A=0,15406 Hm (Tob6T0 40 kB, 20 MA) y gianasoHi kyTiB 20
Big 20° go 80° B reomeTpii bperra-bpeHTaHo.

EnekTponpoBigHicTe Ta koediuieHT 3eebeka BMMipIOOTL 3a gonomoroto cuctemu Linseis HCS-1 y
TeMmnepaTypHoMy fAianasoHi Big 298 go 413 K B atmocdpepi aproHy, nicrns npecyBaHHA 3paskiB
HaHOKpucTanis y Tabnetku giametpom 8 MM Ta ToBWMHOK 1,5 MM. MMoTyxHicHun daktop (PF)
BM3HA4Yanu po3paxyHKkoMm 3a copmynol PF=S?-0 ans KoXHOI TemnepaTypHOi TOYKM, a TakKoX
0BYMCIOTL X MakcMMarnbHi 3HAYEHHsT B MeXax [OCHigKyBaHOro TemrepaTypHOro iHTepsany.
3BaXeHy pyxNMBICTb HOCIIB 3apsify 064YMCIIIOITE HA OCHOBI EKCNEPUMEHTANbHO BU3HAYEHNX 3HAYEHb
eneKTponpoBigHOCTI Ta KoediuieHTa 3eebeka 3a 4ONOMOro MoAeri O4HOHOCIEBOrO TPaHCNOpPTY, ska
BpaxoBye 3MiHy edeKkTMBHOI Macu. Bci 3paskmn gocnimpkyBanu y ogHakoBux ymoBax, Wwo 3abesnevye
KOPEKTHICTb MOPIBHAHHS pe3ynbTaTiB Npy 3MiHi KOHLEHTpaLil HaHOYacTUHOK cpibna.

OCHOBHI pe3ynbTaTi gocrnigKeHb ogepkaHux HaHokpucTaniB Cui12ShaSi13-Ag HaBeeHi Ha cxemax,
ae

- doir. 1 inCTpye TemnepaTypHy 3anexHiCTb MOTYXHICHOro daktopa komMno3uTiB Cu12ShaSi3-Ag
npu pisHomy BmicTi x: 0,0 (1 3pa3ok); 0,5 (2 3pa3ok); 1,0 (3 3pasok); 2,0 (4 3pasok); 4,0 (5 3pa3ok)
mMac. % Ag.
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- (pir. 2 JEMOHCTPYE 3BaXKEHY PYXJIMBICTb HOCIIB 3apsigy koMmno3uTiB Cui12SbsS13-Ag npu pisHOMY
BmicTi X: 0,0 (1 3pa3sok); 0,5 (2 3pasok); 1,0 (3 3pasok); 2,0 (4 3pa3ok); 4,0 (5 3pa3ok) mac. % Ag.

- Ha oir. 3 306paxeHe MakcMMmarbHe 3Ha4YeHHS MOTYXHICTHoro daktopa (PFmax) KOMNO3MTIB
Cu12Sbh4S13-Ag npm pisHomy BmicTi x: 0,0 (1 3pasok); 0,5 (2 3pasok); 1,0 (3 3pasok); 2,0 (4 3pasok); 4,0
(5 3pa3ok) mac. % Ag.

Takvum 4nHOM, 3a OOMOMOrOK MOMIoNbHOI METOAMKN BYyNu CUMHTE30BaHi HaHOKpUCTaniyHi 3pasku
TeTpaeaputy Cui2SbsSiz npu TemnepaTypi cuHTe3dy Ts=220 °C. OTpumaHi NOPOLUKM 3MmiwyBanu 3
nonepeaHbO CUMHTE30BaHMMU HAHOYaCTUMHKaMu cpibna B kKoHUeHTpauinHomy gianasoHi x=0,0-4,0 mac.
%. ChopmoBaHi kKoMnoantn Cui12SbaSi3-Ag BUKOPUCTOBYBANUCA ANs AOCNIMHKEHHS BNNVBY BBEAEHHS
cpibna Ha ix enekTpu4Hy npoBigHICTb, KoediuieHT 3eebeka, 3BaXXeHy PYXNMBICTb HOCIIB 3apsgy Ta
TEPMOENEKTPUYHUI NOTYXKHICHUIA haKTop.

BcTaHOBMNEHO, WO CUHTE30BaHi 3paskM HaHoOKpucTaniyHoro TteTpaedputy Cui2ShsSis i3
AOAdaBaHHAM HaHO4YacCTUHOK cpibna 3b6epiratoTe ogHoa3Hy CTPYKTypy 3 TeTpaedpUTHOK KyGi4HO
r'paTKoto, Lo CBiAYMTb NPO CTabINbHICTb KpUcTanivyHoi asu nicns BBegeHHs Ag.

BBepeHHs HaHO4YacCTMHOK cpibna [0 cknagy HaHokpucTanidyHoro TteTpaeaputy Cui2SbaSis
npu3Beno A0 NiABULLEHHS TEPMOENEKTPUYHOro MOTYXHicHoro daktopa (PF) matepiany. 3okpema,
npu pogasanHi 0,5 mac. % Ag 3HadeHHs PF 3pocno 3 npubnusHo 0,30-10-2 B2/K?m po 0,42 102
B?/K2-m npu 300 K, a npu 400 K 3 0,50-10° B%/K?>m po 0,66-10° B2/K2-m. lNMpu noganbLiomy
36inbLieHHi BMicTy cpibna go 1,0 mac. % 3HaveHHs PF pocarano makcumymy o 0,75-103 B2/K2m
npu 130 °C. Take 3poCTaHHA MOB'si3aHe 3 MOKpalleHHAM koediuieHTa 3eebeka 3a paxyHOK
eHepreTnYHoI inbTpaLii HOCITB Ha MiXK(a3HUX Mexax Ta 3POCTaHHSAM 3BaXEHOI PyXMMBOCTI 3apsaay.
BogHouac enektponpoBigHicTe 3paskiB i3 Bmictom 0,5 Tta 1,0 mac. % Ag 3anuwanacb Ha piBHi,
JoCTaTHbOMY A5 30epexeHHs BanaHcy Mix 0 Ta S, wo 3abe3neunno ctabinbHe nokpaileHHst PF y
BCbOMY [OCHiAKyBaHOMY TeMMepaTypHOMY Aiana3oHi.

3anponoHoBaHM  cnoci®  NiABULIEHHST  TEPMOENEKTPUYHOrO  MOTYXKHICHOro  dhaktopa
HaHoKpucTaniyHoro TeTpaegputy Cui12SbaSi3 WNSXOM BBEAEHHS HAHOYACTMHOK cpibna moxe 6yTu
BMKOPUCTaAHWUI ANsl CTBOPEHHSA €PEKTUBHUX TEPMOENEKTPUYHMX NEPETBOPIOBAYIB HOBOIO MOKOSiHHS,
30Kpema y cuctemax ytunidauii BignpaubOBaHOro Tenna, TepMOCeHcopax i aBTOHOMHUX [kepernax
xuBnexHs. OTpuMaHi pesynbTaTtu, NigTBEPOXKEHI 3pOCTaHHAM NOTYXXHICHOro pakTopa Ta cBigyatb Npo
Te, Wwo BBeAeHHs cpibna npu 0,5 ta 1,0 mac. % po3Bonse uinecnpsamMoBaHo MoandiKyBaTh MiKdasHi
MeXi Ta MOKpaLLUTK NepeHoC 3apsaay 3a paxyHOK eHepreTMyHoI ginbTpadii. 3anponoHoBaHa KopucHa
mMogenb 3abesnevye ctabinbHe MiABULLEHHS TEPMOENEKTPUYHMX XapakTepucTmk 6e3 3miHM OCHOBHOI
KpUCTaniyHoi CTPYKTYpy mMaTtepiany Ta 3 BAKOPUCTaAHHSAM OOCTYNHUX HAHOKOMIMOHEHTIB.
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®OPMYIJIA KOPUCHOI MOLENI

Croci® niaBULLEHHST TEpPMOENEKTPUYHOro MOTYXHiCHoro daktopa (PF) HaHokpucTanivyHoro
TeTpaegputy Cu12SbsS13 WNAXOM BBEAEHHSI HAHOYACTUHOK Cpibna, SKUIM BKIOYAE Aii, B NPOLIEC AKUX
roTyloTb peakuiHy CyMmill peareHTiB, 4O CKMagy SKOi BXOOATb CMOMyKM Migi, cTubito, enemeHTapHa
Cipka Ta PO3YMHHUK, HarpiBaloTb peakuUinHy CyMmill 3 BUTPUMYBaHHAM Ti MPU KOHTPOMbOBAHIN
TeMmnepaTypi, OXOMNoaAXylTb A0 KiMHaTHOI TemnepaTypu, NPOMUBAKTb MpPU LEHTPUMYryBaHHi Ta
OTpMMaHHi nopoLwky Cu12ShaS13, 4O SKOro goAatoTb nonepeaHb0 CUHTE30BaHi HAHOYACTUMHKM cpidna 3
PO3YMHHMKOM, MIiCAs YOro OTPMMaHy CYCMEH3il0 BUCYLWYIOTb Ta BignaniooTb npogosBx 60 xB B
aTtMocdepi aproHy, $kui Bigpi3HAETbCA TUM, WO AN MNPUroTYBaHHA peakuUinHOi  CyMilli
BMKOPUCTOBYIOTb SIK Akeperno migi - migb(ll) auetat moHorigpaTt, ctmnbito - ctubin(lll) auertar, i Takox
HaTpii TeTparigpobopaT, a SK PO3YUHHUK - TPUETUNEHIMIKONb, i HarpiBaHHS OTPUMAHOIO PO3YUHY
nposogsaTte npu t1=220 °C npotsarom 60 XxB, a NiCNsi OXOMNOMXKEHHS ANS MPOMMBAHHA PO3YUHY
BMKOPUCTOBYIOTb i30NponaHos, Npu LuboMy aAnga oTpumMaHHa Cui12SbaS13 ogepkaHuin ocag BUCYLLYOTb
npu t2=60 °C ynpogoBx 24 rog i BignantotoTb npu t3=400 °C npoTtarom 1 rog y cepenoBuLli aproHy, a
npu  3miwyBaHHi Cui12SbsSiz 3 CMHTE30BaHMMM HaHOYaCTUHKaMM cpibna $SK  PO3YMHHMK
BMKOPUCTOBYIOTb i30MPONaHos, MiCNA 4Y0oro NpOBOAATb OUCMEPryBaHHS 3a AOMOMOrOK YrbTpasBYyKYy
npotarom 10 xB, a BignanioBaHHA npoxoauTs npu t4=400 °C.
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