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[HCTUTYT clMHTHISIIIMHUX MaTepiamB HAH Ykpainu
JIbBIBCHKMI HalllOHAJIbHUM yHIBepCcUTET IMeH1 IBana ®panka MOH VYkpainu

LMK/ HAYyKOBUX Mpalb
Ha 3100yTTH WopiyHoI npeMii Ilpe3uaenra Ykpainu
JJIS1 MOJIOAUX YYEHHUX IO TeMi

"MOHOKPMCTAJIYHI, MOJIKPUCTAJIYHI T
HAHOCTPYKTYPOBaHI JJIOMIHECII€HTHI
MaTepiaJu JJisl peecTpaiil I0HI3YI040ro
BUMIIPOMIHIOBAHHA



ABTOPH HHUKJY POOIT

T'opO6avoBa Tersina €BreniBHa KaHAuJaT (P13MKO-MaTeMaTUYHUX HayK,
MOJIOJIINN HAyKOBUH CITIBPOOITHUK
[HCTUTYTY CHUMHTWISLIIAHUX MaTepiajiiB

HAH VYkpainu.

PeopoBa Haxis BacuiiiBHa MOJIOJIINN HAyKOBUH CITIBPOOITHUK
[HCTUTYTY CHMHTWISLIIAHUX MaTepiajiiB
HAH VYkpainm.

Mauuu Tapac CepriiioBu4 KaHAUJaT (P13MKO-MAaTeMaTUYHUX HaYK,

CTapIINil HAYKOBUM CITIBPOOITHUK
JIbBIBCHKOIO HaIIOHAJIBLHOTO YHIBEPCUTETY M. [BaHa dpanka

MOH VYkpaiau

AKumkoBu4y AHApii KaHaUaT (13MKO-MaTEMAaTUYHUX HaYK,

BosogumupoBuy HAyKOBUM CITIBPOOITHUK
JIbBIBCHKOIO HAIIOHAJIBLHOTO YHIBEPCUTETY 1M. [BaHa dpanka
MOH VYkpaiau



AKTyanbHICTb

» Jlmgs  po3poOKM HOBUX CHUHTHWISIIHHMX CHCTEM, BIOCKOHAJCHHS
ICHYIOUMX,  BH3HAQUYCHHS  MOKJIMBOCTI  HaAWOLIbII  €()EKTHBHOTO
BUKOPHUCTAHHS TaKWX CLHUHTHUIATOPIB B KOHKPETHHUX 3ajadyaX HayKd 1
TE€XHIKH MOTPIOHE JOJATKOBE BUBYCHHS (PI3MKH MPOILIECIB, 110 BU3HAYAIOTh
(bopMyBaHHSI CUMHTHJIALINHOTO CIIajaxy B OpPraHIYHUX Ta HEOPraHIYHUX
CUMHTHISATOpPAX.

» Jlad TIpaKTUYHOTO BHUKOPUCTAHHS CHUHTHUIAIIMHUX HAHOPO3MIPHHUX
00’€KTIB, TMOTPIOHI 3HAHHS IIPO B3AEMOAIID BUCOKOCHEPTETUYHOIO
BUIIPOMIHIOBAHHA 13 HAHOYACTHHKAaMH Ta OCOOJMBOCTI pellakcarli
BUCOKOCHEPIETUYHUX EJICKTPOHHUX 30YyIKEHb 32 YMOBH IIPOCTOPOBOIO
OOMEKEHHS.




MeTta poboTtu

Mera poOOTH. HOCHIIKCHHS JIIOMIHECUEHTHHUX Ta CLUHTHISLINHUX
BJIACTUBOCTEH OPTraHIYHUX Ta HEOPraHIYHUX AICJICKTPUYHMX MaTreplaliB 3
P13HOIO0 MOP(OJIOTIETO.

Jlna oocaznenna nocmaeenoi memu y pooomi Heo0Xiono oyno pose’azamu
HACMYNHI 3A480AHHA’

1. mocmiautu JIFOMIHECIIEHTHI Ta CIIMHTUJIAINHI BJIACTHUBOCTI
PIIKICHO3E€MEIIbHUX 10HIB Yy HOBHUX [IICJCKTPUYHUX MAaTPUIAX JYKHUX,
Ty KHO3EMEJIbHUX Ta PIAKICHO3EMEIbHUX METAIB;

2. BUBYMTH BILIUB CTPYKTYPHHX 0COOJIMBOCTEN OpFaHI‘IHI/IX JTFOMIHECIICHTHHUX
MaTeplaiiB Ha 1X JJIOMIHECLIEHTHI Ta CLHIUHTUWIALINHI BIIACTUBOCTI;

3. BCTAQHOBUTH 3aKOHOMIPHOCT1 pellakcalili, Mirpamii Ta TpaHchopMmalii
BHUCOKOCHEPreTUYHOTO Ta ONTUYHOIO 30YyHKEHHS Yy  IIUPOKO30HHUX
T1CICKTPUYHUX PTOpUAHUX Ta POoCPaTHUX HAHOYACTHMHKAX Y 3aJICKHOCTI Bl
X pO3MIpy Ta €Heprii 30yKyOUNX KBaHTIB.




OCHOBHI CUMHTUAALUIUHI NapamMeTpu

* CBITJIIOBUXI]I, EHEpreTUYHa €(DEKTUBHICTH;

* Yac 3aracanHsi a00 TPUBAIICTh CIIUHTUISILIIHHOTO CBITJIOBOIO IMITYJILCY;

e [licnacBiueHHS,

* TemmnepaTypHa cTaOIbHICTh CBITJIOBUXOAY;

* PamiamiiiHa CTIMKICTB;

e CnekTp BUIIPOMIHIOBAHHS;

* EHepreTuyHe po3IUICHHS;

e I'ycTtuHa Marepiairy, aTOMHUM HOMEP, IMOBIPHICTh IOBHOI'O HOIJIMHAHHS MaJal0urX
(hOTOHIB 200 YaCTMHOK

* OnTuyHI BIaCTUBOCTI (ITPO30PICTh, NEpeIada 1 HOKa3HHUK 3aJIOMJIICHH);

* MexaHi4H1 BJIAaCTUBOCTI (TBEPICTh, MIIIHICTh, PO3KOJFOBAHHS);

* XiMIYHa CTaOUIBHICTh 32 HOPMAJIBHUX aTMOC(EpHUX YMOBaX (TIIPOCKOIIYHICTD);

* MOXJIMBICTh BUPOIIYBAHHS BEJIUKHUX 1 YUCTHUX 3PA3KIB;

* PiBHOMIpHUI pO3MOLT JOMIIIOK (HOHIB aKTHBATOpa) B KPUCTAII;

* BaprticTs.

Biocymnicmb ideanvho2o cCUUHMUAAMOPA 3MYULYE 3A8HCOU TMU HA KOMAPOMIC npu 8UOOPI mozo uu
iHwozo mamepiany. Takum YuHoM, NOCMIUHO 6€0YMbCA HNOWLYKU  HAUONMUMATbHIWUX
CUUHMUNAYIUHUX Mamepialie




MaTepianu ansa gocnigXeHb

20KV 35,000

20KV X2©,000

TEM 300pakeHHs HEBiANAJCHUX HAHOYACTUHOK doTtorpadii CKaHyIYOTO €JIEKTPOHHOTO MIKPOCKOIIa HAHOYACTUHOK
LaPO,-Eu (a) ta Bignanenux 3a remneparypu 900°C (0) ¢Topunis BaF, ta SrF,

4 C

a

CrpykrypHa popmyna cTuiabOeHy (a) 1 CBITIIMHYM Ha 11 TJI1 3pa3KiB Ha OCHOBI cTUIIbOEHY (b —
MOHOKPHCTAaJ, C — KOMIO3UILIIHHUN CHUHTWISITOP, d — MONMIKPUCTATIYHUNA CIIUHTUIIATOP).




MaTepianu gna gocnigxeHb

Monoxkpuctan CaBr, BUpoImieHHil y KBapliOBiil aMITyJll METOJIOM
bpimxmena-CtokbOaprepa

[Momikpucran CaCl,

CsCaBrs:Eu(5%)

Momnoxkpucran CsCaggsEUq o5Br3 (a) Ta HeBinnoniposani
3paszku fiameTpoM 12 mm (0) ToBuIMHOIO 15 MM (B)

Momnoxkpucran CsCaqgsEU, 35Br; (a), Binmoniposanuii 3pa3ox (0)
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CnekTpu nromiHecueHUil HAaHo4YacTUHOK CaF, Ta BaF,

E, eB
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200 250 300 350 400 450 500 550 600 200 250 800 850 400 450 500
A, HM
C.HGKTPH pe_HTreHOH}OMiHeCHeHHﬁ HaHOYaCTHHOK CaF, CIeKTp pEHTIEHOMIOMIHECIEHIIT HaHOo4acTMHOK BaF,
pizHoro posMmipy 3a temneparypu 300 K. Kpusi: 1 — 20 nwm; pissoro posmipy: 20 um (1), 32 um (2), 88 mm (3),
2—281m; 3 — 37 um; 4 — 50 m; 5 — 60 Bv; 6 — 140 v 115 um (4) ta mikpokpucranis BaF, (5). T = 300 K.
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CnekTpu 36yaxeHHA nomiHecueHuil CaF, Ta BaF,
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0.0

E, eB

HopmoBani cnexrpu 30ymkxeHHs mominecuenuii AJIE (4, = 300 HM)
HaHoyacTHHOK posMmipamu: 20 um (1) ta 140 um (2) 3a Temmeparypu
300K.

IHTEHCMBHICTb NOMiIHECUEHLIiT

hv<Eg Eg<hv<Eg+EeX hv>Eg+EeX

E, eB

HopmoBani  cmektpu  30ymxenns mominectermii  AJIE
(4,0, = 310 HM) 11 MoHOKpHcTana BaF, (4) Ta HaHOYaCTUHOK
BaF, piznoro posmipy (1 — 20 umM, 2 — 78 uM Ta 3 — 142 HM).
T=300K.
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CnekTpu nroMiHecuUeHUil MOHOKpUCTaNiYHMX Ta NOoniKpUcTaniYHMX opraHiYHUX CUMHTUNATOPIB
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CrexTpu pasiontoMiHecteHnii (30y/keHHs] (GOTOHAMHA raMMa —
sunpomintoBanus %°Co) (1) i ¢oromominecuennii (2) s
MOJIIKPUCTAMIYHUX CHUHTHIATOPIB 3 PO3MIpOM Tpanyn 2,2-2,5
MM Ha OCHOBI CTUJIBOCHY.
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Crnektpu pentrenomomidectennii (1) 1 ¢oromominectenmii (2) MOMIKPUCTATIYHOTO
CIUHTHJIATOPY Ha OCHOBI N- TepdeHiTy, OTPUMAaHOTO NUIIXOM Taps4doro MpecyBaHHS, 5K
(GYHKIS TOBKHHM XBWJIL 1 CHEKTP PEHTTEHOMIOMIHECHEHIIT MOMIKPUCTATIYHOTO 3pa3ka Ha
OCHOBI N—Tep(eHiTy, OTPUMAHOTO XOJIOJHUM IIpecyBaHHsM (3); po3mip rpanyn 2,2 — 2,5 MM



CnekTpu nomiHecUueHUil HeopraHiyHUX KpucTtarnis
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LEU,B, (0.005<x<0.08) npu kimuatHiii - CsCay, EuxBr; (0,005<x<0,08) mpu Ta YCl;:Ce% (0,005=x=0,08) Jhxeperto
Temmeparypi. Jixepeno 36yuker s - y-241Am KIMHaTH1M Temneparypi. Jxepeno 30ymKeHHs 30yIKEHHS - Y-24LAm
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KpuBi KIHeTUKn 3aracaHHs fnoMiHecUeHUil gocnigXyBaHUX 3pa3kiB
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KpuBi kineTuku 3aracanss jmominecuenii (4, = 590 Hm)
HaHouacTuHOK LaPO,-Eu pisnux posmipis (kpuBi 1 —50; 2 KpuBa KiHeTuku 3aracaHHsi Ha JOBXHMHI XBuil 425 M. 1-

— 16; 3 — 8 um) npu QorosOymkenni 3 (4,5, = 395 HM). MOHOKpHCTA®  CTHIBOCHY, 2  —  IONIKPUCTaIIYHHIL

InTencuBHicTL
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KpuBa 3aracanfsi CHUHTHJISIIIHHOTO IMITYIIBCY TSI
marepiany Cagg5EU( 5Br, pu kiMHaTHIN Temmeparypi.

T=300K CIUHTHJIATOP 3 PO3MIPOM TIpanyn 2,2—2,5 M.
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= 240 um) HanoyactuHok LaPO,-Pr pizHoro po3mipy npu
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Kinetnka 3aracaHHsi I1HTErpaJIbHOI JIFOMIHECHEHIlI HAHOYAaCTHHOK
SrF,:Ce pi3Hux po3mipiB mig 4Yac 30yDKEHHS PEHTICHIBCHKUMHU
kBanTaMu. Kpusi: 1 — 85 um Ta 2 — 20 um. T = 300 K.




CeiTnoBuu Buxig gocnigXyBaHUX 3paskiB
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Kinvkicme imnyascie
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AMIuTiTy IHI CIEKTpHU IMITyJIbCiB CIMHTHIIALI
MOHOKpHCcTamigyHoro 3paska (1) Ha OCHOBI cTHIBOCHY i
MOJIIKPUCTAIIIYHOTO CUUHTHIISITOPY 3 PO3MIPOM T'PaHyJ CTHILOCHY
2,2-2,5 MM (2), sKi OTpUMaHO TpHU peecTpailii anbha-4acTHHOK
239py i3 E=5,15 MeB.
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AMIUTITYOHI CHEKTPH IMIYJBCIB CHMHTHIISLIH MOHOKPHUCTAIIYHOTO
3pa3ka (1) Ha OCHOBI CTHIBOCHY 1 MOJNIKPUCTATIYHOTO CIMHTHIATOPY
3 pPO3MIpOM TpaHyl CTHIbOCHY 2,2—2,5 MM (2), siKi OTpUMaHO TPU
peectparii KouBepciiinux enekrponis 27Cs i3 E=0,624 MeB.
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BigHOCHUH CBITJIOBHI BHX1J MOJIKPUCTATIYHUX CHUHTUIISTOPIB HA OCHOBI CTHJIOCHY NPH ONMpPOMIHEHHI
anbda-yactuakamu 23°Pu 3 enepriero E, = 5,15 MeB (1) Ta poroHamn ramma-sunpominioBanss 3'Cs 3
enepriero £, = 0,662 MeB (2) B 3anexHOCTI BiJl cEpeHBOr0 po3Mipy rpanyi L.
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BinHOCHUI CBITVIOBUI BHUXiJl KOMITO3UI[IHHUX CIUHTHIIATOPIB HA OCHOBI CTHJIBOEHY MPH OMPOMiHEHHI
anbga-gactuakamu 23PPu 3 enepriero E, = 5,15 MeB (1) ta ¢poronamu ramma-punpominioBanss 3'Cs 3
enepriero £, = 0,662 MeB (2) 3anexHo Bin cepennboro posmipy rpanyi L,
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CBiTnoBun BUXig gocnipxXyBaHnX 3pa3kiB

1500 _ ssssecess

ooooooooo

ooooooo

Ta6n. 1. CuuHTHIISIIMHI BIACTHBOCTI Marepiainis ckiany Ca, . Eu,Br, (0,005<x<0,08)

g Cknan L um | L, % | L, poronis-MeB? | R, % T, MKC
CaggosEUgesBr | 441 | 18,1 14000+700
Prra— " A 2

00 1000 'SMHO“:I‘)":\‘_’a“aJ:S"" 3000350 CaggoEUgoBr, | 443 | 31,2 20000+1000

AMIITITYIHI CHEKTPH CUMHTHIALIHHNX MaTepianiB Cag gsEUq o5BI; (1), Cay g7EUq 03B, 446 | 42,3 30000+1500 1,645+0,006
EugosBr, (2 [: Tl '
56?;;@[11%? y-r123gC)sTr?piiiMHgz;iglf[ree?wif}?ai}]’g;KopHCTaHHHM T CaggsEUgsBr, | 447 | 51,1 36000+1800 8,9 | 2,51120,002
2000 CaggEUgeBr, | 448 | 55,3 39000+2000 91

Tabn. 2. CuuaTnisaniitai xapakrepuctuku CsCa, Eu,Br; (0,005<x<0,08)

1500
Ckuan A, HM L,% L, ¢poronis-MeB-1 R, %
2 o CSCllg gosElgoosBls | 441 14,3 93004500 38,1
= CsCageoElyoyBrs | 442 18,3 13000700 33,4
e CsCag g ElyoaBrs | 445 41,1 2000041000 30,3
Jo M\ e’ CsCagesElgosBrs | 446 45,2 2300041200 9,9
L — CsCag g,EUg 03B 447 49,1 280001400 9,3

Amnnityani cnexrpu kpucraniB CsCag gsEUq gsBr3 (1), CsCay g,EUg 0gBI5 (2)
ta eranony Nal: Tl (3) npu 30ymkenns y-13'Cs npu kiMHaTHili Temmeparypi
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CBiTnoBun BUXig gocnipxXyBaHnX 3pa3kiB

ool ; - :2'13.3:31”45% Eu” Tab6n. 3. CUMHTHIIALIMHI XapaKTepUCTUKH KprcTamiB K,BaX,:Eu?* (X=Cl, Br)“*"'- °°°°°°°°°°
2 Composition LY, % R, %
., 400}
5 K2BaBr4:0.5%Eu 12.1 -
00T K2BaBra:3%Eu 31.8 14.7
. . TN | K2BaBrs:50%Eu 34.3 12.3
1000 2(;0:anne1 3000 4000 K2BaCl4:0.5%Eu 8.2 -
Ammityaanii cniekrp K,BaBr,:5 mon. % Eu?*. [Ixepeno 30ymkenns — y-137Cs. KaBaCl4:3%Eu 152 i
K2BaCla:5%Eu 20 13.7
Nal:Tl 100 5.9
n
2 Ta6n. 4. Bignocuuii citinoBuit Buxia (LY, %, BignocHo Nal:Tl) Ta enepreTuune
c . 0 . . ot
> 1000 posninenns (R, %) MmoHOKpHcTaiB Ha OCHOBI SIBr,, akTuBoBaHMX EU%*.
3
:
3 Marepian LY (y -13'Cs) R, %
0 SrBr,:0,5 momn. % Eu?* 23 35
0 400
Kanan CsSrBr;:0,5 mon. % Eu?* 8,8 -
Amrutitynauii criektp marpuiti CSSrBr; (1) Ta akTHBOBaHUX MarepiasiiB Ha OCHOBI CsSrBry:1 mom. % Eu?* 11,0 13,1
CsSrBr;:Eu?*, mo mictsats 0,5 (2), 1 (3) ta 5 mon.% Eu?* (4). Ixeperno 30ymKeHHs CsSrBr,:5 mo. % Eu?* 34.9 8.8

_ ’Y'137CS
17




OCHOBHI pe3ynbTaTty Ta BUCHOBKMU

1) Bmeprre Bupomeni monokpuctanu CaBr,:Eu?*, CsCaBr;:Eu?*, CsCaCl,Br,,.Eu?*, K,BaCl,:Eu?*,
K,BaBr,:Eu?* ta YCI;:Ce®" ta mocmimkeni X CHEKTpaabHO-TIOMIHECIICHTHI 1 JFOMiHECIIEHTHO-KIHETHIHUX

BJIACTHUBOCTI.

2) ExcmepuMeHTanbHO [JOBEICHO, IO 3aMiHa I10HIB CKJIQJIHOI TaJOreHiJHOI MATPHIll JIOCKOHAJIO
130MOp(HUMH 10HAMH BEJI€ JIO IOJIMIIECHHS CBITJIOBOTO BUXOAY 1 IIBUIAKOAII CHUHTHJIALIMHOIO MaTepiaiy.
Takoxx 1okaszaHo, 110 y BUIIAJKy OOMEXEHOro 130MOp(hi3My 3aMIlyBaHUX 10HIB OJHOYACHO MOTIPIIYIOTHCA
BCl XapaKTE€PHUCTUKH CIMHTHUJIATOpA 4Ye€pe3 3HAUYHE CIIOTBOPEHHS KPHUCTAJIIYHOI IPaTKH TBEPAOTO PO3UMHY.
OTpuMaH1 pe3yJabTaTu Yy3ro[KYIOThCS 3 JAaHUMM IS CHCTEM Ha OCHOBI MIIIAHUX OKCUTI'€HBMICHHX

CUMHTWIALIMHUX MaTeplaiB.

3) Iloka3aHo, IO B OpPraHiYHUX CIUHTUIATOPAX CTPYKTYPHI IOPYIICHHS B IOMIKPUCTATIYHUX 3pa3Kax
3YMOBJIIOIOTh TIOSIBY HOBHUX IIEHTPIB JIOMIHECIEHIIII, 110 MPU3BOAUTH J0 IIOSBI B CIIEKTPl JHOMIHECIICHIIII
CMYT 13 OUIBIIMMH JOBXKHHAMHU XBWUJIb. BHUSABIIEHI JOBrOXBHIILOB1 CMYTH JIIOMIHECIEHINT IIPHU pajialiiiHOMy
30y/IP)KEHHI KOMITO3UIIIMHUX 1 MOJIKPUCTAIIYHUX 3pa3KiB MOB'SI3aHO 3 NIMOOKMMHU MACTKOBMMH IEHTpPaMH
CTPYKTYpHOI'0 MOxo/KeHHs. JIokami3aiiss HOCIIB 3apsjay Ha DIMOOKHX IIacTKax B IOJIKPUCTAIIYHUX Ta
KOMITO3UIIIMHUX 3pa3Kax BILIMBAE HAa ()OPMYBaHHS CLHUHTHISAIIMHOIO CUTHAIY Ta IMPU3BOAUTH 10 3MEHIICHHS

4acy BUCBITJIFOBAaHHS y TTOPIBHAHHI 3 MOHOKPUCTAJIITYHUMHU 3pa3KaMHU.
8



OCHOBHI pe3ynbTaTty Ta BUCHOBKMU

4) IlpoBeIeHO KOMILIEKC CICKTPAIbHO-TIOMIHECIICHTHUX Ta JIFOMIHECIEHTHO-KIHETHYHHUX HOCIHIIKCHb
HaHOCTPYKTypoBaHux 3paskiB MeF,, MeF,:Ln (Me = Ca, Ba, Sr; Ln = Ce3*, Eu?*, Eu®*) Ta LnPO,:RE (Ln =
La, Lu; RE = Ce3, Pr3*, Eu®) 3 pisHMMHM poO3MipaMH 3€pHa, IO MAIOTh BIACHY Ta JOMIIIKOBY
JIOMIHECIICHIII0. BUSBIEHO 3aKOHOMIPHOCTI BUIIPOMIHIOBAJIBHOI peJaKcallli eHepreTHYHUX 30y/KEeHb IS
O0’€KTIB PI3HOIO PO3MIPY, MNPUPOJIH JIOMIHECHEHTHHX IIEHTPIB Ta EHEPreTUYHOIO JIlana3oHy
30yKyBaJlbHUX KBaHTIB. Iloka3zaHo, 1110 TaciHHA JIIOMIHECIEHINII B HAaHOYAaCTHMHKAX 3yMOBJICHE
NEPEBUILICHHAM JOBXKUHU TepMaizaliii (POTOEICKTPOHA MO BIIHOIIEHHIO JI0 PO3MIPIB HAHOYACTUHOK.

5) CTpyKTypa CIIEKTpiB BUIIPOMIHIOBAHHS 1 KIHETHKA 3aracaHHsl JIOMIHECIEHIT qoMimkoBux ioHiB Ce3* Ta
Eu’* y HaHouacTHHKAX € MOAiOHOI0 0 TAKMX IMOKAa3HMKIB y iXHIX 00’eMHUX aHaymorax. Yac BHCBITIIOBaHHS
B HAHOYACTHMHOK IIBUJIIAN B TOPIBHAHHI 3 00’€EMHMMH 3pa3KaMH 1 MPUCKOPIOETHCS 13 3MEHIICHHSAM iX

po3MIpY.
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3ATAJIBHA KUIBKICTB ITYBJIIKAIIN CKIIAJIA€
92 HAYKOBUX ITPAIID,
3 HUX:

37 CTATTI (24 CTATTI OITYBJIIKOBAHO B MIDKHAPOJIHUX KYPHAJIAX BA3U SCOPUS),
55 JIOITOBIJIEN HA KOH®EPEHIIISIX

3rigHo 6a3u JaHuXx SCOPUS 3arajabHa KUIBKICTh IMMOCHJIAHb Ha MyOJiKaIlli aBTOPIB, IPEACTABICHI B pOOOTI, CKJIaja€e
132, h-iagexce (3a podboToro) = 7.

3rigno 0a3u gqanux Google Scholar 3aranbHa KiIbKICTh HOCHIAHB - cKaagae 165, h-ingekc (3a pobororo) = 9.

[HMUKJI HAYKOBUX TTPAILIb « MoHOKpHCTAJIYHI, MOJIKPUCTAJIYHI TA HAHOCTPYKTYBOBAHI JIIOMiHECUHEHTHI
Marepiajm JJd pericTpauii ioHi3yl040ro BUNPOMIHIOBAHHSD)

HA TTPEMIIO ITPE3UJIEHTA YKPAIHU ITOJACTLCS BIIEPIIIE.
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