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VY upomy pori BUoBHIOETHCS 80 poKiB BiJ JHS Hapo LKeHHs ['eopris €BnamniiioBuya
HaButoka — BigoMoro (axiBug y raiaysi (i3UkH, T0KTopa (Hi3MKO-MaTeMaTUYHUX HAYK,
npogecopa, 3aciy>KEHOro Jisiua HayKH 1 TeXHIKM YKpaiHu, 3aBigyBada kadeapu (izuku
TBEPAOrO Tida, TMPOPEKTOpa 3 HAYKOBOI poOOTM BoIMHCBKOro HaliOHAIBHOIO
yHiBepcuTeTy iMeHi Jleci Ykpainku.

Haponusca T'eopriii 5 ciuns 1944 pokxy Ha miBHOul Kazaxctany B moceneHHI
pernpecoBaHuX YKpaiHIiB y cim’i €Bnammia [JdaBumatoka. Ilicns BitiHu, y 1946 por, cim’st
JlaBuIIOKIB MOBEpHYyJacs Ha OaTbKIBUIMHY, piAHY BonuHb, y cenuine MICHKOTO THUITY
Poxurie.

Y nutunctBl ['eopriit JlaBumtox OyB KBOJIOI JAWTHHOIO, Yepe3 IMOCTIWHI XBOPOOHU
(HaifuacTiiie 1€ 3amajJeHHs JIereHb) MpPOIycKaB HaBuyaHHS y mikoil. He ckmanmanocs y
XJIOMIIS 3 TYMaHITAPHUMH JUCHUIUTIHAMH, TIPOTE TOYHI HAYKH BIH 3HAB «HA BIAMIHHOY 1
HEOTHOPA30BO MepeMaraB Ha oiMitiafax. [1o 3akiHYeHHIO KO caMme ciladKe 3710pOB s
3aBaJIUIIO BCTYITY 10 MOCKOBCHKOTO 1HCTUTYTY KiOEpHETHKH, ajie [ eopriii 31a€e ek3aMeHH
Ha (i3uKo-MaTeMaTH4HHI (akyabTeT JIybKOro MmeAiHCTUTYTYy. Ta CTyJIeHTOM BiJpa3y
He cTae 1 ¥je mpairoBatu BuuteneM (izuku KusHCBbKOI cepefiHbOi 3arajibHOOCBITHBOI
TPYJIOBOi TONITEXHIYHOI IIKOJIM 3 BUPOOHMYMM HaBuaHHsAM. [Ipore, He3zabapom 3
IHCTUTYTY TMOBIIOMHWJIY, IO BiH 3apaXxOBaHUN CTyJeHTOM. ['eopriii, onuH Ha Kypcl, 371aB
MepIry ceciro Ha BiAMIHHO. I MOTiM, yci T’STh POKIB HE MaB JKOJHOI YETBIPKH, OKpIM
HAYKOBOT'O KOMYHI3MY y OCTaHHBOMY CEMeCTpi.

VYci noBoeHH1 poku JIyIbKUW MEIIHCTUTYT Bi3HAYABCS TPAJIUIIMHO BUCOKUM PIBHEM
miaroToBku  BumTeniB, ¢axiBmiB  ¢isuku  (['omosina, 2010). 3aBmsku cBOiH
3aI[iKaBJICHOCT], 3HAHHSAM Ta MIATOTOBII ['eopriii BUPIIIUB y4WUTHUCS Jaii, OAHUM 13
NEepIIMX HallalTyBaBCs Ha BCTyn 10 acmipantypu y KuiB. AxagemiuHi 1HCTUTYTH
HamionanbHoi akagemii Hayk YKpaiHd 3aiiMaroTh YiJIbHE MICIIE Y MiArOTOBIII HAyKOBOTO
MOTEHITIany KpaiHu. Y HuX nepeOyBajiu B acIipaHTypi, MpaltoBaiud 0araTo HayKOBIIIB,
K1 3r0JIOM TOBEpHYJIHCS Ha BonunHb, 030po€HI MEepenoBOI0 TyMKOK Ta IMPOBOIUIH
PI3HOIUIAHOB1 HAyKOBI1 AociimkeHHs. ['eopriit laBumtok OyB OJHUM 13 MEPIIUX BOJUHSH,
sk y 1969 porii BctynuB a0 acnipanTypu [HCTuTyTy dizuku Akaaemii Hayk Yipainu.
[IpaBaa, He Bce OyJO Tak MPOCTO: 3rafialid Mpo PErpecoBaHUX OATHKIB, TOMY IIJIbOBOTO
HaIpaBJICHHS BiH HE OTPUMaB, a MOIXaB CKIAJaTH €K3aMEHU Ha 3arajibHUX I1iIcTaBax.

Jlo mporo vacy ['eopriii 3apyduBcs yXe MIATPUMKOIO PITHUX JIFoaeH, amke y 1966
poui oxapyxkuBcs. Jpyxuna Mapis Hapomuwna cuna lOpis. ['oTyBaBcs 10 BCTymy B
acmipaHTypy, 3a0aBisSOYMCh 13 CHHOM. A Cycimu BXe Toai HasuBaiau ['eopris
€pnamriiioBuya npogdecopom.

3romom, Bin I[HCTHTYTY (GI3MKM BiIOKpEeMHBCS Ta YTBOPHUBCS HOBHM I1HCTHUTYT —
[acturyT snepHux nocuimkeHb Axagemii Hayk Ykpainu. 3a npodinem cBoei HayKOBO1
nisutbHOCTI ['eopriii mepeBOAMTHCS 1O acHipaHTYpH HOBOYTBOPEHOTO IHCTUTYTY Ta
MpAIfOE TaM Ha PEaKTopi.

Poxu po6oTu B [HCTUTYTI SIEpHHUX MOCHIJKEHb OYJIH I[IKABUMHU CBOIMH HAyKOBUMHU
pe3yabTaTaMu, aje He mpounum Oe3ciinHo s opranizMy. Komu npyxuna npuixana 1o
KueBa 1 mobaumna, siki Bci TaMm OJIiJli XO[ITh, cKa3aya: moBepraiMocs 1o JIyipka, i Kpaid.
I TpuBokunacst Bona Hemapma. bo mpo «HeBenuuki» aBapii Ha JOCHIITHOMY pPEaKTOpi
3HAJIO TOJ JIWIIE BY3bKE KOJO MOCBSYEHUX mrozei. [le motim mi3Hamucs, 30kpemMa, mpo



Proceedings RNAOPM-2024
Lam smi I'eopzia Esaamniniosuya Jlasuorwka

28 #oro KoJier, skl 3aXBOPLIMN MICIs OJHIET Takoi aBapii. Xoda TOJ1 HIXTO HE NOB’sI3yBaB
11 XBOPOOHU 3 OIIPOMIHEHHSIM.

Cam T'eopriit €BrnaMmiiioBUY 4acToO pO3MOBiAaB: «IHKOIM MU caml JIETKOBaXKWIIHU,
3HIMAJIH JI03UMETPH, 100 MOMPAIFOBATH JIOBIIIE, 00 MIBUAIIC 3aBEPITUTH JOCI1HKEHHSI.
bo skmo wa mo3umerpi Oyna mo3Hayka, BHINA 3a JOMYCTUMY HOPMY, TO HAac He
JOTTYCKaJIH 10 POOOTHY.

3akiHuMB acmipanTypy y 1972 poui, y 1973 3axucTuB KaHAMIATCHKY IMCEPTALlilo,
MTOBEPHYBCSI 10JIOMY, Ha BonuHb, 1 1MOYaB MparfoBaT CTaplIuM BUKJIAa4eM, TOIICHTOM
(1975 p.) xabenpu ¢dizuku Jlynpkoro aep:;kaBHOro MeAaroriyHoro 1HCTUTYTY iMeHi Jlect
YKkpaiHku.

Hanepenonni Hakazom MinictepctBa ocBiTr 32 No229 Bin 29 BepecHs 1969 poky Ha
¢d13uKo-MaTeMaTuyHOMY (pakynbTeTi Oyjia BIIKpUTA HAyKOBO-JOCIIHA jJaboparopis, e
movanacs po0OoTa y JABOX HampsMKaX: KBaHTOBAa €JIEKTPOHIKa Ta  (i3uka
HaMiBNpOBIHUKIB. ['eopriit €BraammiiioBuy nonydaerbes 10 poOOTH 1abopaTopii Ta cTae
KEpIBHUKOM OJTHOTO 3 HAIPSMKIB.

HayxoBi gocnimxeHHs 3 ¢13UMKU HaMmiBOPOBIAHUKIB ['eopriit €BnammniiioBu4 po3BUHYB
Ta CTBOPUB BJACHY HAayKoBy Koy «®i3uka CTPYKTypHUX Je(deKTiB vy
HaIiBNPOBITHUKAX». [lepmuMu  NpeACTaBHUKAMHM i€l  IKOAW cTtanu  Mwukona
CepriitoBuu borpantok, sikuit sk 1 Hasumtok ['.€. 3axuctuB auceprauniro y IHcTuTyTi
snepuux npocmimkenb HAH  VYkpaiam, Bacune IletpoBuu [lockou, sKuii CBOE
JOCITIJPKEHHS YCIIIIHO 3aXucTuB y [HctutyTi dizukun HAH Ykpainu.

Uepes ropamio jgabopaTopii MpOHIIUIM MPAKTUYHO BC1 HUHINIHI BUKJIAAa4l IHCTUTYTY.
OCKUTBKM CTBOPEHHS YHIBEPCUTETY J1aJI0 3MOTY BIIKPUTH BJIACHY acHipaHTypy, T1 JIOAH,
SIK1 TIPOUIIIN KONy [HCTUTYTY (i3uku, [HCTUTYTY (i3MKH HAMIBIPOBITHUKIB, [HCTUTYTY
snepuux nocmimkerb HAH Ykpainu manu 3Mory mnepegaBaTh CBOi 3HaHHS Ta BMIHHSL.
[Ilo Bonu ycmimHO 1 pobwmm. A ['eopriii €BIaMmiOBUY CTaB MEPIIUM KEPIBHUKOM
IEPIIOTo aclipaHTa HaIIOTO HABYAJIBHOTO 3aKiafdy, sikuM ctaB Bomonumup BacunboBuy
boxxo.

Came 3a kepoBanuM ['eopriem €BrammniioBu4YeM HaIMpPsIMKOM, JJabopaTopisi BIepiie, y
1973 pomi, 3aKiOYMia TOCIJIOTOBIp 3a TEMATUKOKW JOCHIKEHHS paialliitHuX
MOIIKO/KEHb Y HAMIBIPOBIAHUKAX 3 [HCTUTYTOM SJIEpHHX AOCHIIKEHb Ta BIHCHKOBUM
BiomcTBOM. KepiBHukoMm craB [.€. JlaBumtok. Komrtu 3a TemMor0 ganu 3MOry KyIUISATH
amapaTypy, MPOBOIAUTH JTOCIIKEHHS Ha MICI[I Ta CyMIIIATH iX 3 BUKJIAJaHHIM (Di3UKH
CTyJICHTaM.

[Ticns peopranizariiii iHcTUTYTY B 1992 porni y BonuHchkuii ep:kaBHHUM YHIBEpCUTET
imeHi Jleci Ykpainku Ta yTBOopeHHs Kadeapu ¢i3UKH TBepAoro Tina, OyB oOpaHuil
3aBigyBauem 11i€i kadenpu. Kpim HaBuanpHOi 1 ajgmiHicTpatuBHOi pobotw, ['eopriii
€BIIaMITIiOBUY aKTUBHO 3aliMa€ThCs HAYKOBOK JISIBHICTIO, MPO IO CBIJYUTH 3HAYHA
KUTBKICTh TyOJiKaliid y pecmyOmKaHChKUX 1 MXKHAPOIHUX BUIAHHAX. BiH cTae BimoMum
BUEHUM HE TUIbKU B YKpaiHi, a i y CBITi.

Y 1995 poui T@eopriii €BmammiiioBud B [HCTUTYTI (i3UKM HaMiBIPOBIIHUKIB
HamionanpHoi akageMii Hayk YKpaiHH 3aXHUCTHB JOKTOPCHKY IHCEPTAIlil0 HAa TeMy
«EnexTpuyHi 1 ONTHYHI BJIACTUBOCTI MOHOKPHUCTANIB CyJib(idy KaaMmiio 3 nedeKTaMu
pajiamiifHOro MOXOIKCHHS.
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Y 1996 poui oMy mpUCBOEHE BuY€HE 3BaHHA IMpodecopa. 3a BaroMi HayKOBI
JOCATHEHHsS 06MpaeThcs wieHoM Hpro-Mopkchkoi akajmemii Hayk, 3rofoM BHTpae
MDKHApOAHHUM OCBITHIN rpaHT, pinancoBanuii ponaom Copoca (CLLIA).

[lin kepiBHuuTBoMm [I'eopris €BnammidioBuua y 1996 poui y BonmuHcbkomy
Jep>)KaBHOMY YHiBepcuTeTi imMeH1 Jleci YKpaiHKU CTBOPIOETHCS TepIa clieliai3oBaHa
BUEHAa paja 13 3axucty jgucepramii 31 cneuiaabHocTi  «01.04.10 —  ¢i3uka
HaIlIBIPOBITHUKIB Ta mienekTpukiB». IleBHuit dac 1me Oyna emuHa kadenapa B
YHIBEPCUTETI, /i€ MpaloBaia cleliani3oBaHa paja 13 3aXUCTy KaHAUJATChKHUX, a 3Tr0JI0M,
1 JIOKTOPCHKMX aucepramiil. 3axumanu aucepramii y Jlynpky sk ¢i3uku 3axigHoi
VYkpainu Tax 1 31 CTOJIHIIL.

I'eopriii €BnaMmiiioBUY JESKHIl yac MpaiioBaB Ha IMOCajl IPOPEKTOpa 3 HAyKOBOI
poOotu BonuHCcbKOro AepkaBHOrO yHiBepcUTETY iMeH1 Jleci Ykpainku, ie mposBUB cede
YMUIMM KEpPIBHHUKOM Ta OPraHi3aTOPOM HAyKOBOI JISJIbHOCTI yHiBepcuTeTy. BiH Takox
OyB 4JICHOM pEIKOJIETril KUIbKOX HayKOBUX (DaxOBHX >KypHaJiB, 30KpeMa, TOJIOBHUM
penaktopoMm cepii «PizuuHi Haykn» «HaykoBoro BicHMKa BONMMHCHKOTO HAIIOHAJIBHOTO
yHiBepcuteTy imMeH1 Jleci YkpaiHkuy, 4ieHOM peaKoierii HayKoBoro xypHainy «di3uka i
ximisi TBepaoro Tina» Ilpukaprnarcbkoro HalioOHaJIbHOTO YHIBEpCUTETY iMeHi Bacuis
Credanuka.

Cdepa naykoBux iHTepeciB ['eopris €pmammiiioBnya [laBHIiOKa OXOIUIIOE TTUTAHHS
GiBUKM  CTPYKTYpHUX JAeQEKTIB y HaMIBOPOBIIHUKOBUX MaTepianax. [0 OCHOBHHX
HAYKOBUX JIOCSTHEHb HAJIEKUTh YCTAHOBJIEHHS MEXaHI3MIB YTBOPEHHS paaialliifHUX
nedekTiB 1 iX B3aeMOAIl 3 HAWOUIbII BaXKIMBUMH TEXHOJOTIYHUMHU JAOMIIIKAMHU Y
XalbKOTeHiHuX HamiBnposigaukax rpynn A'BY!. 3anpononosani Hecymepeunusi
Mojeni Je(EeKTHUX KOMIUICKCIB pajialiifHOro TIOXO/DKCHHS, BIAMOBIAaNbHI 32
eJeKTpUYHi 1 onTuyHi BiacTuBocTi OiHapHux cnonyk A'BY' Tta Mexamizmm ix
nepeOyI0BH IMiJI BIUIMBOM 30BHIIIHIX (hakTopiB. JlOCHIHKEHO BILJIUB BEIMKUX CKYITUYCHb
(kmactepiB) nedeKTiB, YTBOPEHHUX OMNPOMIHCHHSIM  HAIIBIPOBIJHUKIB  BaXKKUMU
BUCOKOCHEPreTUYHUMU YacTUHKaMU (IIPOTOHAMH, pEAaKTOPHHUMHM HEUTpOHAMH) Ha
CTPYKTYPHI OCOOJIMBOCTI KPUCTAIIYHOT IPAaTKU OlHAPHUX HAMiBIPOBIIHUKOBUX CIOJIYK 1
napaMeTpu EJNEKTPUYHUX, ONTUYHHUX Ta (HOTOEIEKTPUUHUX SBHUI y HAMIBIPOBIIHUKAX
rpymu A'BY!.  BcraHoBneHo MexaHi3MM  IiAnmoporosoro  aeeKTOyTBOPDEHHS B
MoHokpucrtaigax CdS. B ocraHHI poKH OYOJIIOBAaB I'PyNy BHKJIAIadiB 1 acHipaHTIB, IO
3aiiManucs BUBUCHHSIM HOBHX TETPapHHX XaJbKOTCHIJIHUX MaTepialiB 3 HEIIHIHHUMU
BJIACTUBOCTSIMHU.

[Ipodecop Haumox ['.€. OyB TamaHOBUTHUM TeAaroroMm, Horo Jekmii 3
dbyHIaMEeHTaIbHUX JUCIMILTIH, TaKuX K «3aranbHa (izuka», «ExekrpoaumHamika» Ta
cnenkypci: «HepiBHOBaXkHI MpollecH B HamiBOpOBiIHUKAX», «CTpykTypa 1 nedektu
KpuctaniBy, «PamiamiiiHa ¢izuka», «Di3uka MOBEPXHEBUX SBUII B HAIIBIPOBIIHUKAX)
BIIPI3HSUTMCS TITMOOKMM HAYKOBHM 3MICTOM, YITKICTIO 1 JIOTIYHICTIO CTPYKTYPH, SICHICTIO,
JOCTYIHICTIO BUKIaJeHHS. HamucaHi HUM MiIpyYHUKHA 1 MOCIOHMKU JIO CIENKYpCiB
KOPHUCTYIOTbCSI ~ TIONMYJSIPHICTIO Yy  BHKJIAQJA4iB 1 CTYACHTIB-Qi3UKiB  0ararbox
YHIBEPCHUTETIB.

3a Oinbm, HK 40 pokiB HaykoBoi pobotu ['eopriit €BmammiiioBud miarorysas 11
KaHIUIATIB (Pi3MKO-MaTeMaTUYHUX HAyK, OomyOiikyBaB moHaja 280 HayKOBHX Mpalb B
YKpalHCBKHX 1 MDKHApOIHUX (paxoBUX KypHajax, 30ipHUKaxX 1 BUAaHHAX, 13 HHX 10
MoHOTpadiil 1 HABUATBHUX MOCIOHMUKIB, YOTHPH MATEHTH Ha BUHAXII.
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I'eopriii €BnamniiioBud JlaBuaok OyB HEBTOMHUM IONYJISIPU3aTOPOM  (Pi3UUHOI
Hayku. CBoro vacy yuTaB IyOJi4HI JIEKIII B1J TOBApUCTBAa «3HAHHA», MpaLlOBaB 31
3MI0HUMHU BUIyCKaMU MK 00dacTi, MNPOBOAMB 3aHATTA 3 YUYHUTENIAMHU (Pi3UKH
BoauHcbkoi o0macti Ha pi3HUX Kypcax 1 METOAMYHUX OO0’€THAHHSAX, YUTaB JIEKULIi 3
G13UKM 171 BUMTENIB WKL, YUHIB, WwieHiB Manoi akanemii Hayk. Ha ycix cBOix jekuisx
['eopriit €BnamiiioBUY BUXOBYBAB Y MOJIO/I JIFOOOB J0 P1IHOT 3€MJTi, CIOHYKaB BUBYATH
MpaBAMBY ICTOPiI0 YKpaiHW, SIKy caM 4YyJoBO 3HaB. J[IoOMB My3WKy, JiTepaTypy,
’KMBOIINC, aJIe HAHGIIBIINM 3aXOILICHHAM Horo 6yian MiHepan. Moro KoleKIis € oHiero
3 HalKpaluX NMPUBAaTHUX KOJIEKI1 MiHepasiB B YKpaiHi.

['eopriit €pnammiiioBUY 0X04e CMUIKYBaBCS 31 CTyIGHTaMH, 00 came IIe: «JI0Ja€ MEHi
aZpeHalliny B KpoOB; 0€3 JKMBOTO CIUIKYBaHHS JKUTTS CTa€ TIICHUMY», — Ka3aB.
3anumiarouuch y Ayl JIIPUKOM, BiH 3aBKIM BBa)kaB MPUPOAHWYI HaykH ((i3uka, XiMmisd,
MaTeMaTHKa) CTPATETIYHUMH.

3a BaroMuil BHECOK y CTAHOBJIEHHS 1 PO3BUTOK (hi3MUHOT HAayKd 1 OCBITHM Ha Bomuni
['eopriii €BnamnifioBuu Haropomkenuit Harpynnumu 3HakamMu MiHicTepcTBa OCBITH Ta
Hayku YKkpainu «BiaminHuk ocBiTH Ykpainm», «lletpo Morumna»; oMy mnpHCBO€HE
MoYecHe 3BaHHS «3aclly’)kKeHMH [i4 HayKH 1 TEXHIKM YKpaiHW»; BiJ3HAUYCHUN
[TouecHumu rpamotamu MiHicTepcTBa OCBITH Ta HayKM YKpaiHM W MICIIEBUX OpraHiB
yHpPaBIIiHHS.

VY nmam’sTi YMCIEHHUX Y4YHIB, KOJIET, yCiX, KOMY MOIIACTHIIO CHIBIPALIOBATH 3 HUM Y
HaBYaJbHIW, aMIHICTpATHUBHIN, HAyKOBiH, TpoMaJChKiii poboTi I'eopriii €BraammiioBuy
JlaBUIIOK 3aIMIIUTHCS TaJaHOBUTHUM, CHIIMKIONEANYHO OCBIYEHUM YYEHHUM, JIFOJAUHOIO 3
BHUCOKHMMHU MOPAJIbHUMU MPUHIMIIAMH, MYAPUM, JOOPO3UUIMBUM HACTABHUKOM.

Bin OyB crnpapxHIM MaTpioTOM HAIIOi KpaiHW, OJHUM 3 yiatoOneHux BipiiiB ['eopris
0yB «JI106iTh Ykpainy» Bomogumupa Cocropu.

13 ciuns 2013 p. Ha 69-My oIl JKUTTS TICISA BaXKKOI XBOPOOH TIIIOB 13 KHUTTS JOKTOP
(hi3uKO-MaTeMaTHUYHUX HayK, 3aciayKeHMH iS4 HayKH 1 TEXHIKM YKpaiHH, TOJOBa
CIelliaji30BaHOl BUCHOI pajyl 13 3aXUCTy JAOKTOPCHKUX AMCepTaliii, mpodecop kadeapu
¢bi3ukn  TBepAOro Tima Ta 1HGOPMAIIHHO-BUMIPIOBATRHUX TEXHOJOTIM  HAIIOTro
yHiBepcutety ['eopriit €BmammiiioBuy JlaBu oK.

Buknagadi, mpamiBHUKH, CTYACHTH W yci HOTo y4YHI 3aBXau OyayTh IIaM’sTaTh
['eopris €pnammiiioBuya J[aBuaroka K HEBTOMHOIO TI€/Iarora, BUJIATHOTO HAYKOBIS Ta
YqyJIOBY JIIOJIUHY. AJle TOJIOBHE T€, 110 JKUBE Ta OyJie ®UTH CIPaBa, y Ky BIUXHYB KUTTS
['eopriii €BnammiiioBuy.

['eopriit €BnammiioBUY 3aBXAM BKa3yBaB Ha HEOOXITHICTh i BaKIIMBICTh MOETHAHHS
BEIIMKOI HAYKOBO-AOCTIAHUIIBKOI POOOTH 3 BaXKKOI Ta TMOYECHOK IMeJaroriyHor0
TISUTHHICTIO, 11€ Ta BIPOBA/HKCHHsI 1HHOBAI[IMHUX METOJIIB HABYAHHS TapAHTY€E YCHIIIHY
TISUTBHICTH KOJIGKTHBY, HOTO BIIEBHEHICTh Y Maii0yTHHOMY.

Bin nazaeicou 3anumumasca 6 cepusax Konee, ycix, Ko2o 3eena 3 Hum 0oaa!l!!
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Optically stimulated luminescence (OSL) is actively used for application in ionizing radiation
dosimetry [1], especially in those areas related to medical practice [2]. The effectiveness of OSL
application is highly dependent on the working body of the dosimeter. Considering that LiB3;Os has an
effective atomic number of Zess = 7.39, which is the closest to Zess = 7.42 of human body tissue, doped
lithium triborate LiB3Os in the form of glass can be very promising for y-dosimetry in medical practice
during radiation therapy of patients with cancer.

The advantage of LiB3Os glass is also the low cost of the starting reagents Li>CO3; and HsBOj3 for
the synthesis of the compound, a low melting point Tmer = 1107 K and, accordingly, lower glass boiling
temperatures, which will ensure a lower cost of the manufactured dosimeters. However, for the practical
use of LiB3Os glass in dosimetry, it is necessary to find the most effective doping to ensure the maximum
output of OSL. Our previous experience showed that Ag is quite an effective impurity for LiB3Os glass
[3]. Recently, the joint doping of Ag and Eu has been intensively studied as a valuable approach to
increase the intensity of luminescence [4], in particular, in borate glasses [5]. Therefore, this work is
devoted to the manufacture and research of LiB3Os glass doped 0.1 mol.% Ag and 0.5 mol.% Eu by
optical spectroscopy methods (absorption, excitation and emission spectra).

A solid-state reaction method was used to synthesize LiB3;Os. High-purity lithium carbonate Li,CO3
and boric acid HsBOs3 are used as starting materials. Doping was carried out by adding AgNO; and
Eu,0s to this powder. The glass was prepared by fusing it in a Pt crucible in an air atmosphere at 1170
K and the melt was then poured onto a metal substrate at room temperature. The specimen of
6x7x1.5 mm? in size was produced. A 150 W pulsed xenon lamp was used as the excitation source. The
spectral range of measurements in the spectrofluorometer mode ranged from 220 to 820 nm.

The results of the measurements are shown in Fig. 1.

Lum Li8305 a
Exc = 240 nm

Exc LiB,O,
Lum =618 nm

a.u.

Absorption

200 300 400 Ix 500 600 700
,nm

Fig. 1. Absorption (a), excitation (b), and emission (c) spectra upon excitation by 240 nm light.

As can be seen from Fig. 1, the absorption spectrum (curve a) of LiB30s:0.1 Ag, 0.5 Eu (mol.%) in
the region of 300 — 700 nm has a typical appearance for LiBs;Os glass, where several sharp peaks
associated with electronic transitions f-shells of the Eu®* ion. The absorption of Ag* ions is in the far
UV region, so it is absent in this spectrum. However, in the excitation spectrum (Fig. 1, curve b) of the
emission of Eu* ions at 618 nm, the influence of Ag* ions is very clearly manifested by a broad band
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in the range of 220 — 300 nm and a weak band at 370 — 400 nm. In the emission spectrum (Fig. 1, c), the
Ag" admixture causes the appearance of a new emission band around 310 nm.

Based on the obtained experimental results, the following conclusions can be drawn. The silver
impurity enters the LiB3Os glass lattice exclusively in the form of ions, and europium in the form of
Eu® (4f°, "Fo) and form luminescence centers with a characteristic optical spectrum. Accordingly, the
emission spectra of LiB30s:Eu,Ag glass reveal emission bands that correspond to transitions *Do — F;
(J = 0—6) of Eu* and 4d'° — 4d°s' Ag" ions.

In order to check the suitability of LiBsOs:Eu,Ag glass for OSL y-dosimetry, a trial experiment was
conducted to record OSL spectra from samples of LiB3Os glass doped 0.1 mol.% Ag and 0.5 mol.% Eu
after y -irradiation of 1.5 Gy and 3.0 Gy doses using a remote y -therapy apparatus “TERAGAM” Co(60)
at the Lviv Regional Oncology Treatment and Diagnostic Center (Fig. 2).

021

Eu_Ag (Irrad)

550 600 650
A, NM

Fig. 2. OSL spectra of LiB3Os glass doped Ag (0.1 mol.%) and Eu (0.5 mol.%) after y -irradiation
of 1.5 Gy and 3.0 Gy doses and ander excitation by 240 nm light.

As can be seen from Fig. 2, the intensity of OSL radiation clearly increases with an increase in the
radiation dose. Therefore, LiB3Os:Eu,Ag glass has the prospect of use in OSL dosimetry, but requires
optimization of the ratio of Eu and Ag concentrations.
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PHOTON EFFICIENCY: RETROSPECTIVE AND PERSPECTIVE
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Concept of the photochemical efficiency was introduced by J. Stark and A. Einstein

[1] for the equilibrium case. But it may be developed in Nonliear Optics [2], Relaxed
Optics [3] and chemistry [2]. To analyze the efficiency of using absorbed light, we introduced
the concept of photon efficiency, which is more general than the Stark-Einstein
photochemical efficiency [1- 3].

In general, it makes sense to talk about differential and integral photon efficiency. The
differential photon efficiency is introduced at the microlevel for each act of scattering
(absorption) of a photon by a medium; integral at the macro level and characterizes macroscopic
changes in the properties of the medium or radiated or both radiation and the medium.
Appropriate models and theories should be created for each specific case.

According to the level of complexity and scope, photon efficiency can be classified as follows
[3]:

Radiative photon efficiency.
Non-radiative photon efficiency.

Mixed photon efficiency.

Cascade radiative photon efficiency.
Cascade nonradiative photon efficiency.
Cascade mixed photon efficiency.

An example of the radiative photon efficiency is the optical pumping of lasers [2, 3], and the
nonradiative efficiency is photochemical reactions [2]. The mixed photon efficiency
characterizes the optical pumping of a laser with heating of the active medium and
autuoscillative chemical reactions of Belousov-Zhabotinskiy type) [3].

Nonlinear optical phenomena are characterized by cascade photon radiative efficiency [3].
Chain chemical reactions [3] and some chains of relaxed-optical processes [3] are represented
cascade photon non-radiative efficiency. A number of chains of relaxed-optical processes are
characterized by a cascade mixed photon efficiency [3].An example of a mixed optical-electronic
system is a photomultiplier tube [3]. It is an electrovacuum device in which the electron flow
emitted by a photocathode under the action of optical radiation (photocurrent) is amplified in the
multiplier system as a result of secondary electron emission; the current in the anode circuit
(collector of secondary electrons) significantly exceeds the initial photocurrent (usually 10°
times or more). Only first stage of cascade has optical nature.

The integral photon efficiency is connected associated with the direct transformation of the
photon flux into photochemical transformations in the irradiated material. It is directly related to
differential efficiency. But there is one subtlety in the absorption of radiation by unstable or
metastable centers (disordered and amorphous media): the exposure time does not play a big
role. At the same time, the radiation saturation mode is of great importance for crystals. For
radiative relaxation we have luminescence, generation of laser radiation and various nonlinear
optical phenomena; for nonradiative relaxation — relaxed-optical phenomena (phase
transformations of the irradiated medium).

Stark-Einstein's law — one quantum of absorbed light causes one elementary chemical
reaction [2]. The law allows establishing the relationship between the absorbed energy and the
degree of transformation of matter.

It should be noted that in addition to single-photon ionization processes, there can be multiphoton
ionization processes and associated dissociation. In this case, the Stark-Einstein law should be corrected.
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Now we can formulate the generalized Stark-Einstein law [3]: to break (ionize) a certain
state, the total energy of a certain number of photons must be greater than or equal to the energy
of the excited bond.

The mathematical form of writing for three absorption modes can be represented for the
differential photon efficiency & in the following form [3]:

1) ¢ <1 for multi photon absorption; (1)
2) 6 =1 for one-photon absorption; (2)
3) 6 >1 for fractional photon absorption. (3)
Roughly speaking, these three conditions are formalized prsentaion of generalized Stark-
Einstein law.

For the estimation the differential photon efficiency of using laser radiation for
photochemical irreversible processes for fractional photon absorption we can use next formula
for the determination of number of broken chemical bonds per one photon n [3]

- hv
n= ZInE, 4)

a
where hv — photon energy; Ea — energy of activation (broken) of corresponding bond.

So, for the case of the irradiation InSb by Ruby laser pulses (photon energy 1.78 eV) we have
for the first bond of two-dimensional lattice of InSb (Eimsh = 0.18 eV) [3]. These crystals are
direct-gap, so the band gap is equal to the energy of the minimum chemical bond [3]. Therefore,
Ninsh ~

4.6 bonds/pulse. For case of irradiation Si (Ea ~ 1.6 eV) by irradiation of eximer laser pulses
(photon energy 5 eV) we have nsi ~ 2.3 bonds/pulse [3]. These conditions allow increasing the
lifetime of excited states and therefore the heating of irradiated matter may be negligible
compared to direct photoionization, including phase transformations of the irradiated material.

Formula (3) has large value for the crystals. For the polymers, glasses and amorphous media
this condition may be represented as [3, 4]

hv > E,. (5).

For the determination the differential photochemical efficiency in addition to formulas (4)
and (4), the excitation saturation procedure is of great importance.

In other words, for successive n-photon absorption for the next absorption event, the medium
must be in the excited state that was obtained during previous absorptions.

The integral photochemical (photon) efficiency [3] is connected associated with the direct
transformation of the photon flux into photochemical transformations in the irradiated material.
It is directly related to differential efficiency. But there is one subtlety in the absorption of
radiation by unstable or metastable centers (disordered and amorphous media): the exposure
time does not play a big role. At the same time, the radiation saturation mode is of great
importance for crystals. For radiative relaxation we have luminescence, generation of laser
radiation and various non-linear optical phenomena; for nonradiative relaxation — relaxed-optical
phenomena (phase transformations of the irradiated medium). Integral photon efficiency has
cascade nature [3].

To increase the photon efficiency, the space-time conditions of irradiation also play an
important role. For Nonlinear Optics, they are closely related to coherence and are called phase-
matching conditions [2, 3]; for Relaxed Optics, the concept of coherent structures can be used
[3].

Main applications of this concept in modern science bare discussed and analyzed in [3, 4].

1. Einstein A. Deduction thermodynamique de la loi de I’equivalence photochimique.// J. Phys.,
ser. 5, vol. 111, 1913. — P. 277-282 (in French)

Wayne R. P. Principles and Applications of Photochemistry. Oxford University Press, 1988.
Trokhimchuck P. P. Photon Efficiency: Retrospective and Perspective. IJARPS, vol. 9, is, 5,
2022. - P. 1-14.

2.
3.
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Relaxed Optics is a branch of physics that was created to describe the processes of interaction
of laser radiation from the point of view of relaxation of the primary optical excitations of the
medium [1-9]. The need for its creation is due to the development of laser technologies.
Roughly speaking, it is a synthesis of solid state radiation physics, physical chemistry, physics
of critical phenomena, physical optics and quantum electronics into a single system [1-4].

The main concepts of Relaxed Optics: kinetic-dynamic, electromagnetic and coherent have
a complex (cascade) structure. Because of this, the main theories and models of relaxation
optics have a cascade (chain) structure. Moreover, the elements of the cascade themselves can
belong to different sections of physics, which are included in relaxation optics. The photoeffect
model adapted in this way includes photoionization processes and thermodynamic relaxation.
Depending on the conditions of light absorption (on stable or unstable centers), these two
processes can proceed in different directions or in the same direction.

To explain the microscopic nature of the formation of stable donor centers in antimonide
and indium arsenide, a cascade model of the step-by-step excitation of the corresponding
chemical bonds in the excitation saturation regime was constructed. The calculations were
based on the two-dimensional lattice of sphalerite. A phenomenological chain of relaxation
times was also constructed. The set of these models allowed to explain the formation processes
of laser-induced donor centers in indium antimonide and indium arsenide? Sncluding the
processes of reabsorption and reradiation.

A cascade model of excitation of the corresponding number of coordination numbers was
used for silicon and germanium. The basis was the phase diagrams of silicon and germanium.
This made it possible to explain the reason for the emergence of hedgehog-like laser-induced
structures for these materials. The near-surface enrichment of titanium with a hexagonal phase
during laser irradiation was also explained.

Cascade processes of a slightly different type lead to the optical breakdown of a substance
when it is irradiated with focused pulsed laser radiation. In this case, the following chain of
processes takes place: diffraction stratification of focused radiation; generation of optically-
induced Cherenkov radiation, whose generating cones are perpendicular to the generating cones
of focusing; generation of Cherenkov radiation in each cone; interference of Cherenkov
radiation; the interference maxima of the short-wavelength part of Cherenkov radiation
correspond to the observed cascade pattern of optical breakdown. Moreover, its geometry
depends on the wavelength of laser irradiation.

Trokhimchuck P. P. Foundation of Relaxed Optics. Lutsk: Lesya Ukrainka Volyn University Press “Vezha”, 2006. 294 p.
Trokhimchuck P. P. Foundations of Relaxed Optics. Lutsk: Lesya Ukrainka Volyn University Press “Vezha”, 2011. 627 p.
Trokhimchuck P. P. Nonlinear and Relaxed Optical Processes. Problems of interactions. Lutsk: Vezha-Print, 2013. 280 p.
Trokhimchuck P. P. Relaxed Optics: Realities and Perspectives. Saarbrukken: Lambert Academic Press, 2020. 249 p.
Trokhimchuck P. P. Relaxed Optics: Modelling and Discussions. Saarbrukken: Lambert Academic Press, 2020. 249 p.
Trokhimchuck P. P. Relaxed Optics: Modelling and Discussions 2. Saarbrukken-Cisinau: Lambert Academic Press, 2022. 210 p.
Trokhimchuck P. P. Relaxed Optics: Modelling and Discussions 2. New Delhi: AkiNik Publications, 2022. 205 p.
Trokhimchuck P. P. Relaxed Optics: Modelling and Discussions 3. Saarbrukken-Cisinau: Lambert Academic Press, 2024. 256 p.
Trokhimchuck P. P. Relaxed Optics: Modelling and Discussions 3. New Dehli: Bright Sky Publishers, 2024. 242 p.
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The problem of determination the directions in which the value of a certain effect in crystalline
media has got a maximum or minimum is one of the general theoretical problems of crystal physics.
Such problems are solved, as a rule, by the method of undetermined Lagrange multipliers [1]. In the
case of sufficiently complex effects, however, it does not allow to obtain analytical expressions for the
parameters describing the effect. In addition, determination the direction in which some parameter is
maximal/minimal is not yet a sufficient result from an applied point of view. It should be found together
with how smoothly the parameter changes around the extremum, and if the direction corresponding to
the extremum is difficult enough for practical implementation, then alternative extrema should be
indicated that are more convenient from a technological point of view.

On the other hand, the representation of tensors (pseudotensors) by means of indicative surfaces is
known, whose equation in the general case is [1,2]:

where r is radius-vector of the indicative surface, 6, ¢ are the angles of spherical coordinate system,
Til...ip are the components of the tensor T of rank p, r(O,(p):Til...Tipnil...nip, Myl bpody =123

are the components of the unit vector which direction is determined by the angles 6, ¢, n, =sin 6coso

, n, =sin Bsin @, N3 = C0SO. In the case of symmetric tensors of the second rank, determining the

maximum or minimum magnitudes of the effects described by the given tensor T is not complex: they
take place in the directions corresponding to the main axes of the tensor. A number of works are known
(see, e.g. [2-4]), in which this approach is used to represent the magnitude of more complex effects, but
with the imposition of some additional conditions — e.g., when considering the acousto-optic effect, a
certain ratio (as a rule, parallelism or perpendicularity) of the directions of light and acoustic waves (or
their polarization). The shape of the indicative surface allows to visually estimate how significantly the
magnitude of the effect will change when the direction of considered factor (wave, electrical field, etc.)
deviates from the determined one. However, the limitation of consideration to orthogonal geometries
leaves open the question of determination the optimal geometry of the effect, which, generally speaking,
can be non-orthogonal.

The method proposed in a series of works [5-8] is a further development of this approach, but to
ensure the generality of the analysis, in particular, taking into account all possible geometries, it is
additionally supplemented by the search for the extremum of the investigated effect. The corresponding
geometric representation in this case is the surface (the extreme one in accordance with the principle of
its construction). The aim of this work is a systematic presentation of the main ideas underlying the
method of extreme surfaces.

Construction of an extreme surface is generally carried out on the basis of the following principles.
Let A is some parameter of the crystal, depending on the directions of several factors present in the
problem — light or acoustic waves, applied forces, currents, etc. Since each of these directions can be
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specified by the angles 6;, @; (i is the number of the factor), the value A is obviously a function of the
angles, A = A(01,¢1,..., On,0n), Where N is the number of factors. For a graphical representation of the
spatial dependence of the function A, it is possible to postulate certain relations between the angles
01,01,..., On,@n SO that only one pair of them (6«,¢«) will be independent, after which the dependence A
(6x,x) can be constructed. It is on this principle that indicative surfaces are constructed in the papers
cited above. However, it is possible to go another way: for each pair of angles (6x,¢«) determine the
following angle values 01,¢1,.. ., Ok-1,Pk-1, Ok+1,Pk+1, - .., On, On Which ensure the maximum (for certainty)
of A at the given values of (6«,x). Unlike the previous one, we will denote this function by Amax(6k,¢x),
emphasizing that the value of this function is obtained by finding the maxima on all angles, excluding
O, ox. The graphical representation of the dependence Amax(6x,@x) is the extreme surface. Analyzing this

surface (or, equivalently, the obtained data set), we can determine the global maximum A% | that is,

the value of the objective function, the largest within the obtained set of partial maxima Amax. FoOr the
construction of an extreme surface, only the spatial orientations of the considered factors are important,
not their absolute values, so the extreme surface can be considered as a characteristic of the material,
similar to the indicative surfaces that reflect the anisotropy and symmetry of the crystal.

Regarding the practical application of the method, the following aspects should be noted. The
advantage of extreme surfaces in comparison with indicative ones is the representation of all maxima of
the effect, which makes it possible to unambiguously estimate the maximally achievable (under other
constant conditions) magnitude of the effect and the corresponding optimal geometry of interaction. At
the same time, the indicative surface is better tool for analyzing the effects of possible deviations of the
directions of the considered factors from the given ones. Indeed, according to the principle of its
construction, each point of the extreme surface represents the result of optimization; so, when deviating
from a given direction (a certain point on the surface), one get to another point, which represents the
magnitude of the effect obtained ‘in the best case’. The assessment of possible deviations in the
magnitude of the effect carried out in this way will most likely be underestimated. However, a similar
assessment made with the help of an indicative surface will give a result closer to the realistic one.
Therefore, to ensure a more complete analysis of the optimal geometry of the effect, it is advisable to
conduct research in two stages: 1) determination of the global maximum and optimal orientations based
on the analysis of extreme surfaces; 2) construction of indicative surfaces for the optimal orientation
revealed at the first stage, determination of possible changes in the value of the effect when the direction
of the factor (e.g. light propagation direction) deviates from the specified one. Certainly, the
determination of the optimal interaction geometry can, in principle, be implemented using known
optimization methods, specifying as optimization parameters the angles that determine the directions of
all factors. However, the information carried by the extreme surface is wider than that obtained as a
result of such optimization. In particular, the extreme surface allows to identify not only the global
maximum, but also to easily choose alternative directions that may be more convenient from a design
or technological point of view.

Using the method of extreme surfaces, a number of crystal physical effects were analyzed, in
particular, acousto-optical and non-linear optical ones (second harmonic generation (SHG), sum and
difference frequencies generation). Examples of extreme surfaces for the case of SHG in some crystals
are shown in Fig. 1. In this case the function A is an efficiency of SHG (more precisely, the value
proportional to it with the dimension of pm?/V?).

In the cases of acousto-optical and non-linear optical effects, there are the additional conditions
connecting the wave vectors of the incident, diffracted, and acoustic waves (for the acousto-optic effect)
or the wave vectors of the interacting waves (for non-linear optical effects). Such conditions (the
momentum conservation law), however, does not complicate the optimization process, but, on the
contrary, are its basis, as it allows to reduce the area in which the search for optimal orientations of the
waves is carried out.
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Fig. 1. Extreme surfaces for second harmonic generation in uniaxial (KH2PO4, ZnGeP,, LiNbOs) and
biaxial (KNbQOs, BiB3Og) crystals. The types of phase matching are indicated in accordance with [9].
All surfaces correspond to the case of vector phase matching, when the wave propagation directions do
not coincide; black lines correspond to scalar phase matching. The points of the surfaces furthest from
the origin correspond to the maximum effect.

Using this approach, for the first time, it was possible to identify the optimal geometries of the
acousto-optic effect in crystals, taking into account the non-orthogonal geometries and the condition of
momentum conservation, as well as to determine the global maxima of non-linear optical effects in
crystals for the general case of vector phase matching.

This research has received funding from the European Union’s Horizon 2020 research and
innovation programme under the Marie Sktodowska-Curie grant agreement No 778156 and from
Ministry of Education and Science of Ukraine in the frames of ‘Nanoelectronics’(0123U101695).
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STRUCTURE AND PHASE TRANSITION IN VANADIUM OXIDE THIN
FILMS STUDIED BY RAMAN SPECTROSCOPY

O.F. Isaieva, V.M. Dzhagan, V.O. Yukhymchuk, O.A. Stadnik, Z.V. Maksimenko,
O.V. Dubikovskyi, B.M. Romanyuk, M.Ya. Valakh

V. Lashkaryov Institute of Semiconductors Physics, NAS of Ukraine, 03028 Kyiv, Ukraine, E-mail:
v.yukhymchuk@gmail.com

A reversible semiconductor-to-metal phase transition (SMT) in crystalline vanadium dioxide
(VO2) around 68 °C has stimulated numerous studies of this material for improving the
parameters of SMT. The SMT is accompanied by a sharp change in electrical resistance by 4-
6 orders of magnitude and by 2-3 orders of magnitude in optical transmission in the infrared
region. In particular, the relatively high transparency of VO, films in the semiconductor state
is sharply reduced due to the high reflection coefficient of VO, films in the metallic state.
Owning to this, VO thin films are very promising fast thermochromic switching in smart
windows, thermal sensors, and various other applications.

For practical use, it is desirable to reduce the temperature of the phase transition without
affecting other important parameters of the VO2 film. One of the problems with obtaining the
film with desired characteristics is the multivalence of vanadium, which can lead to the
formation and coexistence of several other oxides, depending strongly on the technological
conditions, such as VeO13, V307, V40s, and V20s. The physical mechanism of the SMT remains
debatable, and the effect of minor inclusions of other oxides on the SMT transition of the VO>
phase needs to be studied in more detail. Raman spectroscopy is one of the most frequently
used experimental techniques for the investigation of vanadium oxides in general and SMT in
VO in particular. However, certain ambiguities in the attribution of Raman bands to different
oxides still exists.

In this work, we used magnetron deposition for obtaining thin films of vanadium oxide on
silicon or quartz substrates [1,2], with varying the film thickness, from 100 to 200 nm, discharge
current in argon plasma, from 0.05 to 0.09 A, temperature of the substrate during grows, 200 to
230 °C, as well as temperature and duration of post-growth annealing in inert atmosphere (250
to 450 °C and 10 to 30 minutes, respectively). In order to resolve the mentioned ambiguities in
the assignment of the Raman peaks to different oxides, a series of reference film samples was
obtained by annealing in air.

The work was supported by project No. 4.4/23-P of the program "Support for the development
of priority areas of scientific research™ for 2023-2024.
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SERS-SUBSTRATES WITH SELF-ENRICHMENT OF ANALYTE
IN THE HOT-SPOTS

Mazur N.V.1, Kapush O.A.l, Dzhahan V.V.?, Gule E.G.}, Yefanov V.S.%, Virko S.V. .2,
Yukhymchuk V.0.%, Dzhagan V.M.12

Lv. Lashkaryov Institute of Semiconductors Physics, National Academy of Sciences of Ukraine, Kyiv,
Ukraine. E-mail: v.yukhymchuk@gmail.com

2 Physics Department, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine,

Surface-Enhanced Raman Spectroscopy (SERS) has been increasingly gaining
popularity as a promising spectroscopic tool for detection and identification of trace amounts
of various molecular species [1]. The level of sensitivity claimed by many groups over a wide
range of types of substrates and analyte compounds is sufficiently high for real-life application
of this technique. Nevertheless, the wide commercialization of the SERS-based sensing
technologies requires good performance at affordable fabrication costs of the sensing substrate.
At the same time, the best performance is usually reported for SERS substrates fabricated by
rather sophisticated routes. In addition, one of the important issues is reproducibility of the
enhancement produced by the substrate. One of the conditions of achieving reproducible results
is homogeneous distribution of the analyte over the substrate surface. On the other hand, the
condition of obtaining high enhancement is localization of as much as possible analyte in the
so-called “hot spots” — nanometer-scale space regions of high concentration of electric field
between metal nanostructures [1,2].

In this work an original type of very affordable substrates is proposed that combines the
possibility of self-localization of the analyte (deposited from solution) in the hot spots that are
regularly arranged over the substrate surface. The basis of the substrate are self-assembled
layers of highly monodisperse silica nanoparticles, synthesized by a facile and scalable route in
water. The coverage of this nanoparticle layer with thin layer of gold or silver by thermal
evaporation or some other methods creates numerous hot-spots in the places between silica
particles. The efficiency of the developed substrates is demonstrated for several different types
of analytes, in particular common dye molecules and small molecules structurally resembling
common explosives.

This work was funded by grant of the NAS of Ukraine to research laboratories/groups of
young scientists Ne 06/01-2024(5).
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IJIABMOHHI BJACTUBOCTI HAHOUYACTHUHOK CPIBJIA PI3HOI
IT'EOMETPII

bynaasinens bornan, Craxipa IlaBio, byaaBineuns Tersina, Sipemuyk Ipuna
Kagpeopa enexmponnoi inocenepii, Hayionanvnuil ynieepcumem «Jlvgiecoxa nonimexuixay, eyi. C.banoepu, 12,
79013, Jlveis
e-mail: tetiana.o.bulavinets@Ipnu.ua

Po3ymiHHS TpWHIWIB B3a€MOJii €JIEKTPOMArHITHOTO BHIPOMIHIOBAHHS 13 IUIa3MOHHUMH
HaHOCTPYKTYypaMH € BaXKIMBUM I 1X €(EKTUBHOTO NPAKTUYHOI'O BUKOPHUCTAHHS B €JIEKTPOHIL,
OCKIJTbKH nae 3HaHHSA po BILIVB CBITJIOBOI XBHJT Ha MIa3MOHHI
BJIACTUBOCTI HaHOOO €KTiB. OcOONMBICTIO Takoi B3a€MOJIl € MOXIUBICTH YTBOPEHHS MOBEPXHEBHUX
3apsAI0BHUX 30y/KEHb XBUIIb, BIIACTUBOCTI SKUX ICTOTHO BiJIPi3HSIOTHCS BiJ BIIACTUBOCTEH XBWJIb, IO
MOLIUPIOIOTECA Y BUTBHOMY MPOCTOPi. YMOBH 30YIKEHHS JIOKATI30BaHUX MMOBEPXHEBHUX MJIA3MOHHHX
PE30HAHCIB BU3HAYAIOTh ONTHUYHI BIACTHBOCTI IIa3MOHHUX HAHOCTPYKTYp. 30Kpema, BUHHUKHECHHS
IUTa3MOHHOTO PE30HAHCY MPU3BOAWUTH 10 3HAYHOTO IiJCWICHHS IOTJMHAHHS Ta PO3CIIOBAHHS
€JIEKTPOMArHiTHOr0 BUIPOMIHIOBaHHS HAHOYACTUHKAMHU, a TaKOX [0 JIOKAJIbHOTO 30UIBIICHHS
aMILTITYAH TOJISl eNIEKTPOMATHITHOT XBHJII MOOJIM3Y TIOBEPXHI Ta B IOBEPXHEBUX LIapax HAHOCTPYKTYP
[1]. Bigomo, 1110 3MiHIOHOYH F€OMETPUYHI MapaMeTpy HAHOYACTHHOK MOKHA KEPYBaTH IIa3MOHHHMH
PE30HAHCAMU Ta 3MIIyBATH iX ITOJIOKEHHS Y OaKaHy CIIEKTPaJIbHY 001acTh.

V wié po6OTI MPOBEACHO JOCHTIIKEHHSI 3MIHU ONTUYHOTO BIATI'YKY HAHOYACTUHOK CpiOJia mpu 3MiHi
ix reomeTpuuHoi popmu. 17 IbOTO OYII0 MPOBEICHO CHHTE3 TA XapaKTepPH3allilo HAHOYACTHHOK Cpidiia
32 JIOTIOMOTOI0 JIa3epHOTO BUITPOMIHIOBaHHS BHIMUMOTO fiama3oHy Ta Moaudikamiro ix dopmu 3
BUKOPUCTAHHSM CBITJIOBHX ITOTOKIB.

CuHTE3 HAaHOYACTHHOK Cpibiia MPOBEACHO IUISIXOM (DOTOCTUMYIIBOBAHOTO BiTHOBJICHHS 10HIB cpibiia
3 BogHoro po3uuny AgNOs (99,8%). B sikocti pedoBuHK-CcTab11i3aTOpa 00paHO TPUHATPIEBUN LIUTPAT
NaszCsHsO7 (99,5%). B mpoueci cuHTe3y B SKOCTI BiITHOBHHMKAa BHKOPHCTAHO HEIEPEPBHE JIa3epHE
BUITPOMIHIOBAaHHS 3 JIOBXKHHOIO XBWII 445 HM Ta motyxHicTio 380 MBT. B pe3ynbTari Oysio oTpuMaHo
chepuvHi HAHOYACTUHKH cpibna po3mipoM 32 HM Ta MakKCUMYMOM TOTJIMHAHHS HAa JTOBKUHI XBHJIL
420 aM. Po3mip dYacThHOK Ta MOp(OIIOTIA HAHOCTPYKTYp BHU3HAYalld METOAOM EJIEKTPOHHOL
MIKpOCKOTIii 3 BAKOPUCTaHHSM eneKTpoHHOro Mikpockona JEOL-1011. OntuyHi cieKTpy NOTJTMHAHHS
BuMiptoBaim criektpodoromerpamu ULAB 102. [Ins 3abe3neuenHs mporecy Momudikamii gpopmu
HaHOYACTHHOK cpibia OyJI0 mpoBeIeHO X ONMPOMiHEHHS! BUIPOMiHIOBAaHHSAM 3 JOBXKMHAMH XBHIb 465,
525 ta 623 am npotarom 4 ni6. [Ipu onpominroBanni LED 3 moBxuHOIO XBrit 635 HM KOdip KOJOiLy
3MIHIOETBCS BiJl XapakTepHOro >KOBTOro Jo 3eineHoro. Ilpum onpominioBanni LED 525 Hm
CIIOCTEPIraeThCs 3MiHA 3a0apBIIeHHS KOJIOiTy BiJl )KOBTOTO J0 CHHBOTO Ta IpH omnpominroBaHHI LED
465 HM - BiJ >KOBTOTO /0 IIOMapaH4YeBOro. 3MiHa KOJbOPY KOJIOiAy BKa3zye Ha 3MiHy Mopdoorii
HAHOYACTHHOK cpi0Jia Bij cepu 10 HAHOTPUKYTHHKIB Ta HaHOAEeKaeApiB [2]. Pe3ynbraTu qociiKeHHs
MOKa3ali, IO OTPUMaHi TPUKYTHI HAHOYACTUHKH XapaKTEPH3YIOThCS CEPEeTHBOI0 JOBXHHOK pedpa
0sm3pK0 98 HM TIpW ONIPOMIHEHHI JOBXKHHOK XBHWI 525 HM 1 61u3pko 155 HM nipu onpomiHeHHI 623
HM. [[ikaBo, 1110 ONpPOMIHEHHS HAHOYACTUHOK Ag cBiTIomiomamMu 525 Ta 623 HM HpPHU3BENIO JI0
YTBOpEHHsI IHTEHCHUBHHMX IIiKiB MOTIHHaHHA Yy OmmwkHeoMy [U niamazoni (866 Ta 934 HM
BinnmoBimHO). OTkKe, pe3ynbTaTH OCHiPKEHHS TOKa3ylTh, IO CBITIIO € e(eKTHBHUM Ta
NEPCHIEKTUBHUM 1HCTPYMEHTOM, KUK MOK€ OyTH BUKOPHUCTaHMH HE JIMIIE Uil CHHTE3Y, ajie ¥ ams
MoUQiKalii ONTUYHUX Ta TEOMETPUIHUX MApaMeTPiB HAHOCTPYKTYP.

1. Alrahili, M. (2024). Single Silver Nanoparticles: Local Refractive Index Response to Localized Surface Plasmon Resonance
and Molar Attenuation Coefficient. Colloid Journal, 1-15.

2. Alhajj, M., Abd Aziz, M. S., Salim, A. A., Sharma, S., Kamaruddin, W. H. A., & Ghoshal, S. K. (2023). Customization of
structure, morphology and optical characteristics of silver and copper nanoparticles: Role of laser fluence tuning. Applied
Surface Science, 614, 156176.
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IIJIASMOHHI BJIACTUBOCTI MACHUBY COEPUYHUX
HAHOYACTHUHOK 30JI0TA

Byaasinens Tersina, @itbo Bosonumup, Aukis Bitamnii, Apemuyk Ipuna
Kageopa enexmponnoi inocenepii, Hayionanvnuil ynieepcumem «JIvgiecvrxa nonimexuixay, eyn. C.banoepu, 12,
79013, Jlvsis
e-mail: tetiana.o.bulavinets@Ipnu.ua

HemonaBHi qoCmiKeHHSI MAaCHBIB HAHOYACTHHOK 3 PI3HOIO T€OMETPIEI0 MOKA3AIH, IO 1X
TudpakUiiHUi 3B’ 430K BiAirpae 3HauHy poyib y (OpMyBaHHI BIACTHBOCTEW OJIMKHBOTO Ta
JAIbHBOIO TOJIA [UIAXOM IMIJABUILEHHS €(QEeKTHBHOCTI 3B’S3Ky 3 JIOKaJli30BaHUMHU
MOBEpXHEBUMHU TuTa3MOHHUMHU pe3onancamu  (JIIIIIP) [1]. [lepioguune po3TamryBaHHS
IUIa3MOHHMX HAaHOYACTUHOK BILIMBA€E HA IXHIO B3a€MOJIIO 3 €JIEKTPOMArHiTHUMU XBWISIMU Ta €
e(pEeKTUBHUM MiAXOJOM JO HAaJaITYBAaHHS ONTUYHHMX BIIACTMBOCTEH depe3 KOHTPOJb iX
Moposorii. 30yIKeHi eNeKTPOMAarHiTHUMH XBWJISMHU KOJIMBaHHS €JIEKTPOHIB HAa MOBEPXHI
METaJeBUX HAHOYACTMHKAX MPU3BOAWTH JO HAI3BHYAHO CHJIBHOTO pO3CIIOBaHHS Ta
HOMIMHAHHS CBITJIA, 1110 CYIPOBOIXKYETHCS 3HAYHO MOCHIIEHUM OJIMKHIM [OJIEM Yepe3 BUCOKY
JIOKaJTi3aIliio CBITJIOBOI eHeprii B HaHoMacmTali. [HauBiqyanpHi JiokarizoBani momu JITIIIP
3a3HAIOTh BIUIMBY, KOJIM METaJIeBl HAHOYACTUHKU 3HAXOJATHCA B Oe3mocepeaniil OJIM3bKOCTI, 1
B pe3yNbTaTi iX eNeKTPUYHI OJNVKHI MO MOXYTh IEPEKPUBATHCS, CTBOPIOIOYM HOBHH
riopunnuii pexxum. Takuii TIIa3MOHHUE 3B’ 30K y MEPIOJUYHUX MAacHBaX HAHOYACTHHOK Ma€e
BOXJIMBE 3HAUCHHs JUI iX IPAKTUYHOIO 3aCTOCYBAHHS, OCKUIBKM ONTHYHI BJIACTUBOCTI
HAaHOYACTHHOK Y MaCHB1 MOXYTh Pi3KO BIZPI3HATHUCS BiJ ONTHYHUX BIACTHBOCTEH 1301b0BAHIX
HaHOYacTUHOK. [lepionuni a60 AUMEpHI CTPYKTYPHU IUIa3MOHHUX HAHOYACTHMHOK IPU3BOASTH
JI0 HOBHMX NOBEPXHEBUX IUIA3MOHHHMX PE30HAHCIB 1 CTBOPEHHS «TapsSYUX TOYOK» - CHIIBHOTO
€JIEKTPUYHOIO NOJs MK yacTHHKaMHu. CHIIBHO JIOKaIi30BaHE Ta MOCUJIEHE I10JIe, BUKIUKAHE
MOBEPXHEBUMH IIJIA3MOHHUMH PE30HAHCAMH, MOYKHA CIIOCTEPIraTé B 0araTh0X 3aCTOCYBaHHSIX
ceHcopukH [2]. CnekTpanbHUi 3CyB MiKiB MPOMyCKaHHs a00 BiAOMBAaHHS ONTHYHUX CEHCOPIB
3HaYHO 30UIBLIYETHCS, KOJM JOCHKYBaHI CTPYKTYpHU 3HAXONAATHCA B IOCHJIEHOMY
eJIeKTpOMarHiTHoMy moii [3]. 3 ornsay Ha 3pocTalody BaXJIMBICTh MAacHBIB IJIa3MOHHUX
HAHOYAaCTHMHOK Ta iX TOTEHIINHE 3acTOCYyBaHHS, TIJIMOOKE PO3YMIHHSA iXHIX ONTHYHUX
BJIACTUBOCTEH € KIIOUOBHUM.

Taxum unHOM, y 111i pOOOTI MU 30CEPEIMIINCS HA TOCHIKEHH] ONTUYHUX XapaKTEePUCTUK
MacHBY HAHOYACTHHOK 30JI0Ta, 30KpeMa BIUTUBY BijJlalli MK MMOBEPXHSIMHU HAaHOYACTHUHOK 1
MOKa3HHUKA 3aJIOMJICHHS HABKOJHUIIHBOTO CEPEIOBUINA Ha iX ONTHYHUH BiAryk. Pezympratn
MOJICJIFOBAHHS TPOJEMOHCTPYBAJIH, L0 MAacHB MEPIOJMYHO PO3TAIIOBAaHMX HAHOYACTHHOK
30JI0Ta XapaKTePU3YEThCS MOCHICHUM JIOKATbHIM €JICKTPUIHUM ITOJIEM Mi’K HAHOYaCTHHKaAMH,
siKke 00epHEHO MPOMOPLIiHE BIJICTaHI MK YacTHHKaMH. HanpyskeHicTio 1moJisi Ta ONTHYHUMHU
BJIACTUBOCTSAMU (BIIOMBAHHSM, MPOIYCKaHHSIM 1 MOTJIMHAHHSAM) MOJKHA 3pY4YHO KepyBaTH,
3MIHIOIOYH BiJCTaHb MK YaCTHHKaMH. Y X0l JOCIIIKEHHS BCTAaHOBIIEHO, 1110 3MiHA BiJCTaH1
MiX IIOBEPXHEI0 HAHOYACTHHOK Ha | HM IMMPU3BOIUTH JI0 3HAYHOTO 3CYBY CIIEKTPATLHIX KPUBUX
MPOITyCKaHHS Ta BIIOMBAaHHS HA CIEKTpambHil mkaii. Kpim Toro, i JochiKeHHs MOKa3au,
o 30UTHIICHHS BIJCTaHI MDK IOBEPXHSIMU HAHOYACTHMHOK MPHU3BOJIUTH 1O 3MEHIICHHS
ONMMKHBOT B3a€MOJIIT MK HAaHOYACTHHKAMM 30JI0Ta B MacuBi. TOMy OTpHMaHi pe3yiabTaTu
MOXXYTh OYTH YCHIIIHO BHKOPUCTaHI IPH BUTOTOBJIEHHI BUCOKOUYTIMBUX IUIA3MOHHUX
CEHCOPIB 3 MOKJIMBICTIO KEPYBAaHHS UyTIMBICTIO Ta pOOOYUM CIEKTPAIBHUM Jiara30HOM.

1. b Dey, G. C. Schatz, “Plasmonic surface lattice resonances in nanoparticle arrays”. MRS Bulletin, pp. 1-10, 2024.

2. V.Yesudasu, H. S. Pradhan, R. J. Pandya, “Recent progress in surface plasmon resonance-based sensors: A
comprehensive review”. Heliyon, Vol. 7, no 3, 2021, pp. €06321.

3. APhilip, A. R. Kumar, “The performance enhancement of surface plasmon resonance optical sensors using
nanomaterials: A review”, Coordination Chemistry Reviews, Vol. 458, 2022, pp. 214424.
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KPUCTAJIA 3 HIEECJTITHOIO CTPYKTYPOIO — IEPCIIEKTUBHI
AKYCTOOIITUYHI MATEPIAJIN

H. Jlem’ ssnuumun’, A. Auapymax?, b. Muuuk™
Y\@izuxo-mexaniunuii incmumym im. I'B. Kapnenxa HAH Vxpainu, m. JTveis, mytsyk@ipm.lviv.ua
’Hayionanvnuii ynisepcumem «JIvgiecoxa nonimexuixay, m. Jlveis, Ypaina

Kpucranu 3 meenitHoro crpykryporo ABOs (nampuknan, POWOs, CaWOs) Bigomi sik
MEePCIEKTUBHI MaTepiaiy B rary3i jgazepHoi (pi3uku Ta onroenekTpoHiku [1]. Boun nmpuaarhi
TaKOX ISl aKyCTOONTHYHUX 3aCTOCYBaHb, OCKUIBKH XapaKTEPHU3YIOTHCS BiIHOCHO BEIUKHUMHU
Koe(dirieHTaMu aKyCTOONTHYHOI SKOCTI M>. Hampukiian, kpucranu BoibhpamaTy KajbIlito
(CaWOs) MOXyTh BHKOPHCTOBYBATHUCS B aKyCTOONTHYHUX HPUCTPOSX MOIYIIALIl CBITIA,
MePEBaXHO, B YIbTPadi0JIeTOBOMY CIIEKTPAILHOMY Jlialta30Hi, OCKUIBKHA BOJIOIIFOTH BIJIHOCHO
BEMMKMMHU KoedimienTamMu akycroontuyHoi (AO) sxocti Mz (~14-107%° ¢¥/xr) [2], a HuxHs
Meka 00JIacTi MPO30POCTi UX KPHUCTaTiB CTaHOBUTH Onm3bko 130 HM. OTke, Kpuctamu 3
HICESIITHOIO CTPYKTYPOIO MAIOTh peajbHi MepCreKTuBU 3actocyBanHs B AO npuctposix. OqHak
dboTonpyXHICTh OLIBIIOCTI TAKMX KPUCTANIIB HE JociimkeHa. lle moB’s3aHo 31 CKIQAHUMHU
MaTPUIIMHE 11’ €30NTHYHKUX Ta TpyxHoonTudHuX KoedimientiB (ITOK 7zm Ta IIpOK pik) Takux
KPHCTAJIIB, 10 HAJeXKaTh JO0 TETPAroHaJbHOrO Kiacy cumerpii 4/m. Hampukian, marpuis
ITOK, kpim rosoBHUX Koe(ilieHTiB zim (I, M =1, 2, 3), MicTUTh ipOGIIEMHI KOEhIlliEHTH 7716,
61 T 7145, OJHO3HAYHE 1 JOCTOBIpHE BUBYCHHS SKUX EKCIEPUMEHTAIbHHUMU METOAaMHU
MIOB’S3aHO 3 HU3KOIO NMPHHIUIIOBUX TpyIHOWIiB. [leranbHo mpo Bu3HadeHHs Bkazanux [TOK
meeniTHux KpucraniB CaWO, iinerses, Hanpukia, B pooori [3]. Bignosigui [IpOK pik nerko
pO3paxyBaTH Ha OCHOBI BiJJOMOTO TEH30pPHOro BHpa3y Pik = ZimCmk (TyT iHAekcu I, K, m
MO3HAYAIOTh BIAMOBIIHO HAMIPSIMKH MOJIAPHU3AIlii CBiTIa, Jedopmallii Ta Jii OHOBICHOTO THCKY,
Cik — KOe(iIli€HTH MPYKHOT KOPCTKOCTI).

3BaKarouu Ha TPYIHOII €KCIIEPUMEHTAILHOTO BCTAHOBJICHHS MATPHUIb 7Tim Ta Pik, B JAaHiH
poOOTI s KIIbKOX IIeeNITHUX KpHucTaiiB BusHaueHo Bci [IOK mmm ta IIpOK pik MeTomom
KBAaHTOBO-MEXaHIYHOTO PO3paxyHKy [4], edekTHBHICTH SIKOrO MiATBEpKEHA B psiii pooir,
JUB., Hanpukiag, [5]). s BuOpaHux KpHUCTaIiB MPOBEIEHA TaKOX OIiHKA KoedimieHTiB AO
SKOCTI, K1 BiMOBIaI0Th MAaKCUMAJIILHUM 3HAYEHHSAM MPY>KHOONTUYHOTO e(PeKTy Ta MaluM
MIBHJIKOCTSIM aKyCTUYHUX XBHUJIb.

OcHosni pezynomamu

MeTooM KBaHTOBO-MEXaHIYHOTO pO3paxyHKy Ha ocHoBi mnporpamu CRYSTALI17,
po3pobiaenoi TypuncskuM yHiBepcuteToM (Itamist), aast kpuctaiais PbWO4, BaWO4, BaMoO4
ta CaM0QO4 Bu3Hayeno Bci mpyxHi Ta ¢oronpyxkHi ([TIOK zim 1 [IpOK pik) koedimienTn.
Kpucranu 3 meeniTHOI CTPYKTYPOIO BITHOCATHCS JI0 KJIacy CUMeTpii 4/M 1, BiANOBIAHO, MaIOTh
MAarOTh CiM HE3JIeKHHUX KOePIIieHTIB Cmk IPYKHOT )KOPCTKOCTI Ta Skm MPY>KHOI TOAATIHBOCTI,
a TaKOX JECATh HE3AIEKHHUX MPYKHOONTUYHHX Pik 1 II'€300NTUYHUX Zim KoedilieHTiB. [ns
iXpo3paxyHKy BHKOPHUCTAHO ONTHMI30BaH1 pIBHOBAXKHI1 apaMeTpH I'PaTKH a 1 ¢ Ta (ppakiiiHi
KOOpPJMHATH CUMETPUYHO MiHIMI30BaHOT'O aTOMa KHCHIO Xo, Vo, Zo.

Ha ocHoOBI BKazaHuX BHIIE TapaMmeTpiB CTPYKTYPH KPHUCTAJIIB MpPOTrpaMa pO3paxoBYe
KOEe(IIIEHTH MPYKHOI KOPCTKOCTI Crk, @ KOe(ILIEHTH MPYKHOI MOAATIUBOCTI Skm 3HANHIEHO
METOJIOM PO3paxyHKy o0epHenoi Matpuii: S = C~1. Anasoriuno npyxHoONTHYHI KoeilieHTH Pik
pPO3paxoOBaHO HA OCHOBI MapaMeTPiB CTPYKTYpH KPUCTANIB, a KOSDIMIEHTH 7im BU3HAYEHO 3
BUKOPUCTAHHSAM BiJIOMOTO TEH30PHOTO BUPA3y Zim = Pik Skm; TYT Skm — PO3paxoBaHi KoepillieHTH
NPYXHOI TIOAATIAMBOCTI.
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SAx mpukinan, momaemo 3HadeHHs [IpOK pik amst qocmimpkeHnx kpuctams (Tadm. 1). I3 miel
tabnuui 6aunmo, mo Hanbutbmi [IpOK pik, Aki GOPMYIOTH aKyCTOONTHYHY €(pEKTUBHICTH
Marepiaiy, XxapaktepHi s kpuctaiaiB CaMoOs (p31 = 0.32) Ta BaWOs (p33 = 0.36).

Table 1. Ilpyoscnoonmuuni koegiyicumu Pik

pik P11 P12 P13 P31 P33 Paa Pas P16 Ps1 Pss6

CaMoO4 | 029 | 019 | 030 | 032 | 0.28 | 0.036 | 0.028 | -0.074 | —-0.024 | —0.056

BaMoO4 | 0.22 | 027 | 028 | 0.29 | 0.28 | 0.043 | —0.009 | 0.055 | —0.001 | 0.051

BaWwO, | 025 | 0.27 | 0.30 | 0.30 | 0.36 | 0.050 | -0.004 | 0.045 | 0.004 | 0.045

PobwO, | 020 | 0.23 | 0.23 | 0.19 | 0.27 | 0.043 | —0.006 | 0.010 | 0.020 | 0.049

Binnosiano, kpucran BaWO4 mae i Benukuii koedinient AO sxocti M> (~20-107%° ¢3/kr).
Takum camMuM 3a BeIHYHHOIO Koedinienrom M> Bomozie kpuctan PbWOQO4, nesaxaroun Ha
Mayie 3HaueHHS MakcumanbHoro I[IpOK (p33 = 0.27). Lle 3yMOBIIGHO 3HAYHO OUTBITUMHU
MOKa3HUKAMM 3aJIOMJIEHHs 7; Kpuctanis PbWOu, amxe Ma ~ (1:)° [6]. OTike, 32 BETUUMHOIO
koedimientiB AO sikocti Mz xpuctaiu BaWOs i PbWOs cyrTeBo mepeBakaroTh iHIII
JOCTIKEHI B TaHiid poOoTi Kpuctanu. Tomy /Ui BUPOOJICHHS pealbHUX PEKOMEHIAIIIH 111010
MPUKJIATHOTO 3aCTOCYBAaHHS IMX KPUCTANIB CIi MPOBECTH I HUX EKCHEPUMEHTAIbHY
Bepu(ikamiro KoedilieHTiB Pik.

[Tigkpecnumo, 110 It BCiX JOCTIIKEHUX KPUCTAMTIB 3 IICETITHOIO CTPYKTYPOIO BUSBIICHO
BYUTUBHH Y TIPUKIIATHOMY aCIIEKTi €EeKT: SKIIO CBITIIO MOITHUPIOETHCS B3I0BXK ONTUYIHOI OCi,
a BEKTOp M il OHOBICHOIO THUCKY € MEPIEeHAUKYISAPHUI 10 Hei, TO BEKTOp | moJspu3arii
CBITJIOBOI XBWJII CYTTEBO BIAXWIISIETHCS BiJI BEKTOpa M (1HOMI HA ECATKU TpaayciB), puc.l.

@, degree

|

|

1376 ‘ 90
60 @ . degree

-0

Puc. 2. [Ipukiiaz 3aexHOCTI KyTa @i (BiIOBIa€ BEKTOPY 1) Bi KyTa ¢m (BiAMOBIIa€E
BEKTOpY M Aii 0JiHOBiCHOTO TUCKY [uisi Kpuctany POWO,. Ceitiiumu Toukamu
BKa3aHi 3HAYEHHS @i = ¢m (HAIPSIMKKA BEKTOPIB | Ta M CyMiIIleHi).

Ananoriuanii edexT (BimxuieHHs BekTopa i) icHye i /st BekTopa nedopmarii K 3a aii Ha
KPHCTAaJI, HAPUKIIAJI, aKyCTUYHOI XBIIi. ToMy aHasi3 BIIXUIICHHS HAMPSIMKY | Bif HarpsmKy K
3a TOIIMPEHHS CBITJIa B3/OBXK ONTUYHOI OCI € BaXIMBUM IPU PO3pOOII aKyCTOONTHYHUX
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MOJAEJIOBAHHSA CHEKTPAJIBHUX XAPAKTEPUCTUK
EJIIHCOHEHHX HAHOYACTHHOK 1A 3ACTOCYBAHHSI B
HIJCUJIEHIN MOBEPXHEIO PAMAHIBCBHKINA CHIEKTPOCKOIIII

Ouaexcanap Lawin, IOpiii Cmauuno, FOpiit Muciwk, ByaaBineus Tersina,
Slpemuyk Ipuna
Kagpeopa enexmponnoi inocenepii, Hayionanvnuil ynieepcumem «Jlvgiscorka nonimexuixay, eyi. C.banoepu, 12,
79013, Jlvsie
e-mail: iryna.y.yaremchuk@Ipnu.ua

[ToBepxHeBo-migcmiena PamaniBcbka cnekrpockoniss (SERS) Ha manmii yac € ogHuUM 13
BHCOKOYYTJIMBUX METOJIB IMOKPAIIEHHS KOMOIHAI[IHHOTO PO3CiIOBaHHS MOJICKYJI, HAHECCHHUX
Ha HAaHOCTPYKTYpOBaHi Marepianu. BoHa 103Bossie OTpUMaTH CTPYKTYPHI CJIIJTU aHATI30BaHUX
PEUOBHUH 3 HU3BKOIO KOHIIEHTPALIIEIO, IO JOCSATAETHCA 32 PAXYHOK 301IbIICHHS eNeKTPUYHUX
MOJIIB 3aB/ISIKH IJIA3MOHHOMY YHM XBHJIEBOJHOMY pe3oHaHcaMm. Kpim Toro, texnonoris SERS
MPOCTa B €KCIUTyaTallil Ta XapaKTepU3YEThCS BUCOKOIO MIBHAKOJIEIO aHATi3y. Y ITaHHM Yac
yBara po3poOHHKIB B OCHOBHOMY 30cepemwncs Ha moptaruBHOCTI SERS anamizatopis
BUOYXOBHX pEUOBUH Ta XiMiuHuX peareHtiB [1] IIpote, crpateria po3pooku SERS miakmamox
3 HAHOCTPYKTYPOBAHOIO MTOBEPXHEIO MAE TAKOXK BAKIMBE 3HAUCHHS JIJISl IPUIIAJIIB BUSBIICHHS
Ta imeHtudikamii pedoBun [2]. Takum uuHOM, ONTHUMI3allisl apXiTEeKTypu Ta TEXHOJOTIi
BUTOTOBJICHHS TiaKkiIanok SERS 3anuimmaeTscs akTyalbHOIO 3aadeto. 3aBIaHHSM, 3 SKUM
NOTPIOHO 3ITKHYTUCS JUIs BUCOKOMIPOoayKTUBHOI SERS, € po3poOka cTabiibHUX, CENEKTUBHUX
1 9yTInuBUX MiakaaaokK. [neansni SERS migkiaaky MOBUHHI MAaTH BUCOKHH PIBEHB ITiICUICHHS,
XOpoIlly TMOBTOPIOBAHICTh CHUTHaly Ta CTaOUIbHICTh MIAKIAAKM TPHU MOBTOPHOMY
BUKOpUCTaHHI. [l1a3MOHHI HAHOCTPYKTYpH NEBHOI (opMH, po3Mipy abo po3TamryBaHHS
MOXYTbh OYyTH JIETKO CHHTE30BaHI /Uil (POPMYBaHHS BUCOKO-BIOPSIKOBAaHUX TapsiuuX TOYOK,
MOJIETTIIYIOYM BUTOTOBJIEHHS MiIKJIaI0K SERS 3 BUCOKOIO €pEKTUBHICTIO BUSBICHHS.

VY naniit poOOTiI MPOBEAECHO MOPIBHSHHS CIEKTPIB Iepepi3y IUIa3MOHHOTO MOTJIMHAHHS
chepruHUX HAHOYACTMHOK cpibia, 30j70Ta Ta Midl. BctaHoBiIeHO, 10 3MiHa po3Mipy
HaHOYACTUHKH MTPAKTUYHO HE BIUIMBAE HA 3CYB CIIEKTPY JUISL BCIX JOCITIJKEHUX BUNaAKiB. [Tpu
3MiH1 pajaiyca 4acTUHKH BiJ 15 HM 10 100 HM criocTepiraeTbcsi Y4epBOHUM 3CYB MIKY CIIEKTPY
NOTJIMHAHHS JIMIIE Ha JIeKiabKka HM. [IpoTe HaltO1IbIy IHTEHCHBHICTB iKY HNOTJIMHAHHS MalOTh
HAHOYACTHHKU cpibia. 3MiHa popMH CpiOHHMX HAHOYACTHHOK 31 CPEepUYHOI Ha eNINCOIAHY 110
JIBOX PI3HUX OCSIX NMPHU3BOJUTH /0 PO3LICTIIICHHS CIIEKTPY MOTIMHAHHSA HAaHOYAaCTHHOK Ha J[Ba
OKpeMHX MiKU. Taki HAHOYAaCTMHKU MOXKHA BUKOPUCTOBYBATH sk minkiagku SERS ans nBox
JIOBXKUH XBUJIb 30y/keHHs 532 1 785 HM. Po3Mip HAHOUAaCTHHOK CI1iJl BUOMpATH Y TPbOX MiB-
OCAX JUISI OTPUMaHHSA MaKCHUMAaJbHOTO TIOTJIMHAHHA Ha 3a/JaHiidl JOBXWHI XBHJIi. Bapto
3a3HAYUTH, IO BIAXWJIEHHS B pO3Mipy HaBiThb Ky JEKUIbKA HM HPU3BOAMTH JI0 3CYBY
MOJIOKEHHS IUIa3MOHHOrO MiKy. binbm riamboke po3yminHg MexaHi3miB SERS moxHa
OTPHUMATH, TOCIIKYIOUM KOMOIHOBaHY 3aJI€KHICTh JOBKUHH XBUII1 30yIXKEHHsI Ta MOP(HOJIOTiT
MeTaity

1. J. Wu, L. Zhang, F. Huang, X. Ji, H. Dai, and W.Wu, “Surface-enhanced Raman scattering substrate for the detection
of explosives: Construction strategy and dimensional effect”, Journal of hazardous materials, vol. 387, pp. 121714, April 2020.

2. H. Sammi, R.V. Nair, N. Sardana, “Reusable SERS substrate based on interconnected metal network
structure”, Materials Chemistry and Physics, vol. 293, pp.126894, January 2023.
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BU3HAYEHHSA OITUYHUX KOHCTAHT I TOBIHIUH HIAPIB

JIBOIIAPOBOI IHTEP®EPEHIINHOI CTPYKTYPH
O. II. Kymnip, C. B. Msarkora

JIbGi6CobKull HAYIOHATbHULL YHIGEPCUMEN NPUPOOOKOPUCTY8AHMS,
Kagedpa @izuku ma iHdxceHepHOi MexaHiKu,
eyn. B.Benuxoeo, 1, /[ybnanu, Jlvsiecoka 00..
oleg.p.kushnir@gmail.com

Ha nanumit mMomeHT BigoMo OaraTto pi3HUX METOAIB BH3HAUEHHS ONTHUYHMX KOHCTAHT
OJIHOIIIAPOBHUX CTPYKTYP Ha OCHOBI aHai3y iHTEephEpeHIIHHUX CIEKTPIB BiAOMBaHHS a0
nponyckadss [1-2]. Takox BiloMi METOAM BH3HAYCHHS ONTHYHHUX KOHCTAHT JBOLIAPOBHX
CTPYKTYp 7Sl OKpEMHUX BUMNAJKIB, HANPHUKJIAJA, KOJIU MOKA3HUKU 3aJIOMJICHHS ILIApiB MalOTh
Omm3bKki MK co0oro 3HadeHHs [3]. HeoOXimHICTh pO3pOOKHM IUX METOMIB 3yMOBIICHA
noTpeboro 3a0e3revyBaTi BUCOKY TOUYHICTD IS TOBIIWH IIAPIB 1 IX ONTUYHUX KOHCTAHT JIJIs
BUTOTOBJICHHS IHTEpQEPEHIIIHHUX CTPYKTYpP PI3HOTO MPU3HAYCHHS.

Hawmu 3anponoHoBaHuii MeTo1 BU3HAYCHHS ONTUYHUX KOHCTAHT 1 TOBILMH LIApPiB MPO30POi
JIBOIIIAPOBOI CTPYKTYPH HA MOTIWHAIBHIN migknanmi. [ei merox 6a3yeThcsi HA BUKOPHUCTaHHI
AQHANITUYHUX YMOB BHUHHUKHEHHS ONTHYHOTO OUTTS B 1HTEp(EpeHIiiHNX CHEeKTpax
OaratomapoBux cTpykryp [4]. Sk BiZOMO, YyMOBOIO BHUHUKHCHHS OIITHYHOTO OHTTS €
MPOCBITICHHS YaCTUHU CTPYKTYPH, PO3A1TIEHOT HAMTOBCTIIIHMM 1apoM. Cami yMOBHU HYJIbOBOTO
BiIOMBaHHS OYJIO paHillle BCTAHOBIICHO, SIK JJIs OJHO- [5], 1BO- [6], Tak i st GaraTomapoBUx
CTPYKTYp [7], @ A7 BUNIQAKY MOXUIIOTO MaiHHS CBIT/Ia OyJIO TaKOX BCTAHOBIIEHO BUPA3H IS
IICEBJIOOPIOCTEPIBCHKUX KYTIB, MPH SKUX JOCSITAETHCS MIPOCBITICHHS CTPYKTYpH [8].

B naniif poO0Ti BUKOPUCTOBYBaNAcs KyTOBa 3aJie)KHICTh KoedillieHTa BiIOMBaHHS A P-
MOJIIPHU3allii, 3 JJOIIOMOTOK0 SIKOT OyJIM BH3HAYCHI MOKA3HUKY 3JIOMJICHHS 1 TOBIIMHH IIApiB
JBOILIAPOBOi CTPYKTYpH. Taka cTpykTypa Oylia BUTOTOBJIEHA HA OCHOBI IIPO30PUX MaTEpiaiB ,
1 MOTTIMHAJIBHOT KpeMHieBoi miaknaaku. [lepeBaroro po3po0iIeHOr0 METOLy € BUKOPUCTAHHS
JuIe OJHi€l KyTOBOI 3aleXHOCTI KoedilieHTa BiIOMBAaHHS Ui BHU3HAYEHHS YOTHUPHOX
napameTpiB (MOKa3HUKIB 3JIOMJIEHHS 1 TOBIIMH 000X miapiB). Kpim Toro Oyino BCTaHOBIEHO
MPOCTi CIIBBIAHOIICHHS JJI1 BU3HAYCHHsI MTOKA3HUKIB 3alOMIIeHHs mapiB. g po3paxyHKy
[IMX BEJIMYMH MOTPIOHO MaTH Jiniile KoedIieHT BIAOMBAHHS 1 BIAMOBIIHUN KYT MaJiHHS IS
TOYKH JIOTHKY OOBIAHMX MakCHUMYyMiB 1 MiHIMyMiB KoedimieHTa BimOuMBaHHS. Takox HaMu
3ampOIIOHOBAHA YHCIIOBA MIPOIIeAypa JIJIsl BU3HAYSHHS TOBIIMH 000X IIapiB.
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TEH30PE3UCTUBHI E®OEKTU B HEUTPOHHO-JIETOBAHOMY
KPEMHII

JlynsoB C.B., [Ianaciok JL.I.

Jhyybkuti HayionanvHuti mexHivHul yHigepcumem, 8yi. Jlvsiecoka 75, m. Jlyyvk, 43018,
luniovser@ukr.net

BukopuctaHHs MOHOKPHUCTAJIIYHOTO KpPEMHII0 B CKIQJAHUX HPUCTPOSIX MIKpO- Ta
HAHOEJIEKTPOHIKMA BHCYBa€, B MEpUIy Yepry, BUMOTY HOro MiJBUINEHOI OJHOPIIHICTI 3a
enektpodiznunrmu napamerpamu [1]. TIpoMuciioBi MeToaM BHPOIIYBAaHHS MOHOKPHCTAIIIB
KPEMHiI0 B OLIBIIOCTI BHIQJKIB HE JIO3BOJSIIOTH OJEPKATH JaHI MOHOKPHUCTaId 3
BHCOKOOTHOPIJHAM Ta PaJialIbHAM PO3IMOAUIOM JIOMIIIOK, MO0 TOB’SI3aHO 3 IIapyBaTHM
PO3IOILT JIETYI0YO0T TOMIIIKH Ta IHIMUMH TEXHIYHUMH TpyaHoinamu [2, 3]. Bupimienus gaHoi
npobjeMu BHMAarae TONIYKY HOBHX TEXHOJIOTIYHUX TMPOIECIB OAEp)KaHHS KPEMHIIO
HiIBUIIIEHOI SIKOCTi. B qaHoMy BifHOIIIEHHI 0J1ep»aTH MOHOKpPUCTAIU N-Si 3 OAHOPIIHUM 110
00’eMy po3moAiioM IoMimKku Gochopy MOXKIUBO 3 BUKOPUCTAHHSIM METOY HEUTPOHHOTO
TpaHcMyTalliifHoro seryBanHs. Ilpore, npu HEHTPOHHOMY ONPOMIHEHHI B MOHOKpHCTaJIaxX
KPEMHIIO YTBOPIOETHCS 0arato MpOCTUX Ta CKIATHUX pamiarifHux nedeKTiB, KOHICHTpAIlis
SKMX 3HAYHO IIEpPEBUILYye KOHIEHTpPALil TpaHcMmyTauiiHoro ¢ocdopy. A 1€ BuUMarae
NPOBEICHHS JI0IaTKOBOTO BigNaly HEHTPOHHO-JIETOBAaHUX MOHOKPHUCTANIB KpemHito. [Ipu
TakoMy Bianaii BiAOYyBa€TbCsl YTBOPEHHS HOBHX JE(PEKTIB 3 TIMOOKUMHU E€HEPreTUYHUMU
PIBHSIMHU — TEPMOJIOHOPIB, SIKi BAHMKAIOTh B Si 3 BACOKUM BMICTOM KUCHIO [4, 5]. JlaHi riu0oki
piBHI HaBiTh MpPH KIMHATHIA TeMIiepaTypi MOXKYTh BIUIMBATH Ha Pi3HI (Pi3UUHI BIACTUBOCTI
KpeMHi0. 30Kpema, MpH OTHOBICHIH Jedopmarii MOKe MPOSBISATACA 3MiHA CTYIEHS
3alI0OBHEHHS IVIMOOKUX PIBHIB TEPMOJOHOPIB 1 BIAMOBIAHO TEH30pe3UCTUBHUM edekT. s
KUIbKICHUX K€ OIIIHOK BIUIMBY OJIHOBICHOI AedopMallii Ha eHepreTUyH1 piBHI TEPMOJOHOPIB Ta
BIJIMOBIAHO TeH30e()eKTH B HEUTPOHHO-JIIETOBAHUX MOHOKpPUCTANAaX KPEMHII0, MiJIaHuX
BHCOKOTEMIIEpAaTyYpPHOMY Bijmaily, HEOOXITHO MAaTH TaKOX 3aJIeKHOCTI €Heprii akThBallii
TEXHOJIOTIYHUX TEPMOJIOHOPIB BiJl OJHOBICHOrO THUCKY. OniepxkaHi 3aJ€KHOCTI MOXKYTh OyTH
BUKOPHUCTAaHHI NpPU MOJEIIOBaHHI Ta pO3poO0Il HAa OCHOBI TaKUX JIOCUTh OJHOPIAHMX 3a
eJIeKTPO(I3UYHUMH  BJIACTHUBOCTSIMM ~ MOHOKPHCTATIB  KPEMHIIO  CEHCOPIB  BHCOKOTO
OJIHOBICHOTO THCKY. TOMy iCHY€ 3HaUHUI HAYKOBUH Ta MPAKTUYHUH 1HTEpEC BUBUEHHS BIUIUBY
OJTHOBICHOI JleopMallii Ha €Heprilo akTUBALl IITMOOKHUX PiBHIB TEPMOJIOHOPIB Ta MOB’3aHUX
3 UM TeH30€(EeKTIB B HEUTPOHHO-JIETOBAHMX MOHOKpHCTalax KpemHito. Ile Oyno meroro
JOCIIJKEHHS AaHO1 poOoTH.

J51s1 HEWTPOHHOTO JIETYBaHHSI BUKOPHUCTOBYBAIIUCH IOCUTh YUCTI MOHOKPHCTAIN KPEMHIIO,
SKI MaJM p-TUN MPOBIAHOCTI Ta Oyau BHpOLIEHI 3a MeToAoM YoXpalbChKOro B
kpuctanorpadiunomy HampsMmky [100]. Kounenrpariss Jjeryiodoi Jomimkd — Oopy
Na=1,4-10'® cm3. HeiitpoHHe TpaHCcMyTallifiHe JeryBaHHS BUKOHYBAIOCA B TEILIOBil KONOHi
TK-1 peakropa BBP-M Iuctutyry saepuux pociimkxedns HAH VYkpainu. IHTeHCHBHICTBH
TMOTOKY TemyoBuX HeiiTponiB ckmagama 1,2-:10% m-em™ ¢l I3oXopuuit Bimman HeiTpoHHO-
JIETOBAaHUX MOHOKPHCTAJIB KPEMHIIO MPOBOJMBCA B KPEMHIEBOMY KOHTEilHepi B 1HTepBaji
temneparyp 800-850°C ympomoBx ofHi€el ronvHu. BHaACHigOK OmpoMiHEHHS BiAMOBIIHUMHU
MOTOKAMH  TETUIOBHX HEWUTPOHIB Ta JIOJAaTKOBOTO BHCOKOTEMIIEPATYPHOTO  BiIMay
MOHOKPHCTAJIN KPEMH110 HaOyBaIM MPOBIAHOCTI N-THUITY, 3 KOHIIEHTPALIIEI0 JOMILIKHU (pocdopy
Np=2-10" cm. 3pa3ku kpeMHiI0 115 TIpoBeeHHs AOCTiKEeHb TEH300TI0pPY Ta TEH30-XO0JII-
eeKTy BUTOTOBISUIUCA y (hopMi MPSIMOKYTHUX Mapaienemninenis, po3mipu 0,5x0,8x8 mMm Ta
BIJICTAaHHIO M1 TIapaMH XOJUTIBCHKUX KOHTAKTIB 2,5 MM.
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Panime HaMu JUIS IHMX XK€ HCHTPOHHO-JIETOBaHUX MOHOKPHUCTATiB N-Si Ha OCHOBI
BUMIpIOBaHb TEMIIEPATYPHUX 3aJICKHOCTEH cTajoi Xosuia Oynu BU3SHAYCHHI €Heprii akTuBarii
tepmogoHopiB AW1=72,5+1 meB ta AW>=257 meB. 3a nanumu podiT 6ararbox poOIT 1HIIHUX
aBTOPIB TEPMOJOHOPH B KPEMHIl €, SIK MPaBWIO, MOJIBIHHUMH JOHOpPaMH, SIKIi MOXKYTh
3HaXOAMTUCH B 3apsagoBux cranax (0/+) ta (+/++). OueBuaHo eHepretuuHi pisHi Ec-(72,5+1)
MeB Ta Ec-257 meB BiAnoBifamTh MO3UTUBHOMY Ta IMOABIHHOMY MO3UTHBHOMY CTaHY
TEPMOJIOHOPIB BiAMOBIAHO. J[J151 0/1epKaHHs 3aJIeKHOCTEH eHeprii akTHBAIlli TEPMOOHOPIB Bil
OJIHOBICHOTO TUCKY HaMU TIPOBOJIUINCH BUMIPIOBAHHS TEH30-XOJUI-€EKTY MPH TEMIIEpATypax
T=100 K ta T=220 K (puc. 1).

-3
n,cm

10"

—x=—n,cm-3, T=100
—e~—n.cm-3, T=250

10 4

T T T T T T
0,0 0,2 0.4 0,6 0.8 1,0

X,GPa
Puc. 1. 3anexxHocTi KOHLEHTpAIil €JEKTPOHIB BiJ] OJHOBICHOIO THCKY B3JIOBX
kpucranorpadiusoro Hanpsmky [100] mi1st HEHTPOHHO-JIETOBAHUX MOHOKPUCTATIB N-Si mpu
pizHux temmneparypax T, K: 1 —250, 2 —100.

SIk BHJHO 3 pHc. 1, KOHIIEHTpaIlis eISKTPOHIB JUIsl JOCHIPKYBaHUX 3pa3kiB N-Si 3pocrae
MpH OJHOBICHIM Aedopmaitii, 10 TOB’A3aHO 31 3MEHIIIEHHSIM €Heprii akTUBallii TePMOJOHOPIB
PI3HOTO 3apsiIOBOTO CTaHy. 30KpeMa, 3pOCTaHHS KOHIICHTpAIii E€JEKTPOHIB 3a paxyHOK
3MEHIIEeHHs eHeprii akTuBauii raubokoro piBHSA Ec-257 meB npu nedopmanii € npuunHO0O
3MEHILICHHSI MIUTOMOTO OMOPY HEHTPOHHO-JIETOBAaHMX MOHOKPHUCTANIB N-Si MpH OJHOBICHUX
tuckax P>0,7 I'Tla (puc. 2, kpusa 2).

26 p(P)/p(0)

2,4

2,2

2,0

1,8
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1,4

1,2

1,0

—x—R1(P)/R1(0)
—e—R2(P)/R2(0)

0,8 z T T T T T T T T T 1
0,0 0,2 04 0,6 0.8 1,0
X,GPa
Puc. 2. 3anexHOCTI TEH30010pY ISl OAHOBICHO 1€(OPMOBAHUX B3JI0BXK KpHUCTaIorpadiyHOro
HanpsiMky [100] moHOKpHcTaniB N-Si nmpu KiMHaTHIA Temneparypi: 1 — KpeMHill JeroBaHui
docdopoM, 2 — HEUTPOHHO-JIETOBAHUN KPEMHIH.
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JI1s1 MOHOKPHCTAITIB KPEMHII0, JIETOBAHUX JTIOMIIIKOIO (pocdopy, TEH300IIip IPH TAKUX THCKAX
BUXOAMUTH HA HacHueHHs (puc. 2, kpuBa 1). Lle mos’s3aH0 3 TuM, 1m0 AoMikH dochopy nmpu
KIMHATHIH Temneparypi OyayTh MTOBHICTIO 10HI30BaHUMHU 1 BiZITIOBITHO 3MiHA €HEPrii aKTUBAIIil
docdopy mpu aedopmariii He Oyne BIUTMBATH HA 3MiHY KOHIICHTpAIlisl €JICKTPOHIB B 30HI
MIPOBIHOCTI.
Ha ocHOBi po3B’s3KiB PIBHSHb E€JIEKTPOHEHTPAILHOCTI OAEPIKAHO 3aJEKHOCTI eHeprii
aKTHBAIlli TEPMOJIOHOPIB B/l OJTHOBICHOTO TUCKY (pHC. 3).
260~ AW,meV
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Puc. 3. 3anexHOCTI eHeprii akTUBaIlii eHEPreTUYHUX PiBHIB TEPMOJOHOPIB BiJl OAHOBICHOTO
THUCKY B3I0BX Kpuctajmorpadiudoro Hamnpsmky [100] pans  HEHWTpOHHO-JIEroBaHHX
monokpuctainis N-Si: 1 — E1=Ec-(72,5£1) meB, 2 — E2=Ec-257 meB

[Tix BIJIMBOM OZIHOBICHOTO TUCKY B3/IOBK KpHcTasiorpadiunoro Hanpsamky [100] rmuboki piBHi
TEPMOJIOHOPIB OyIyTh PO3IICTUIIOBATUCH HA JIBI KOMIIOHEHTH 3 PI3HOIO €HEPTi€l0 aKTHUBAIIil.
OpnHa KoMIOHeHTa Oyze 3B’s3aHa 3 JBOMAa MIHIMyMH, a Jpyra — 3 YOTUPMa MIHIMYMH 30HU
MPOBIAHOCTI KpeMHiro. Lle € mpuyrHO0 NesaKoi HeMTHIHHOCTI 3aIe)KHOCTeN e)eKTHBHOT eHepril
aKTHUBAIll TEPMOJIOHOPIB (pHC. 3) Ta KOHIEHTpallii eNeKTPoHiB (puc. 1) BiJ OTHOBICHOTO THCKY
npu P<0,4 [7la (puc. 3, xpusi 1). 3MeHmeHHs eHeprii aktupauii piBHs E2=Ec-257 meB €

IPUYMHOO 3MEHIIICHHS TeH3000py HEUTpOHHO-JIeroBaHoro N-Si mpu P>0,7 I'Tla (puc. 2).
OpepxaHl K MOHOKPUCTAIM KPEMHIIO METOJOM HEHTPOHHOIO TpaHCMYTalliitHOTrO
JIeTYBaHHS Ta JI0JIaATKOBOTO 130XOpHOro Binnany B TemmnepaTypHomy inTepBaii 800-850°C e
HabaraTo SKICHIIIMMU 32 OJHOPIAHICTIO  TEH30€JEKTPUYHMX  BJIACTUBOCTEM, HIXK
MOHOKpucTany N-Si ta N-Ge, MoandikoBaHi paiaiifHiuM orpoMiHeHHsIM. ToMy HasiBHICT IPH
omHoBicHMX Tuckax P>0,7 TITla Tta «kiMHaTHI TemmepaTypi Uii JOCHIHKYBaHHX
MOHOKPHCTAJIIB HEMTPOHHO-JIETOBOHOIO KPEMHIIO (puc. 2, KpuBa 2) TOJATKOBHX oOsacTel
TEH30YYTJINBOCTI MOX€ 3HAaWTH CBO€ TPAKTUYHE BHUKOPUCTAHHS B  TEXHOJOTIAX
KOHCTPYIOBaHHSI Ha OCHOBI TaKMX MOHOKPHCTAJIB KPEMHIIO CEHCOPIB BUCOKOT'O OJHOBICHOTO
THUCKY BUCOKOI TOUYHOCTI Ta 3 HaAIHUMH poOOYNMHU XapaKTePUCTUKAMHU.
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JIE@OPMOBAHMIA PO3ITO/ILI JIPOK ITIPH
YIAPHIN IOHIBALIT JOMIIIKHA
B OJJHOBICHO JIJE@OPMOBAHOMY p-Ge<Ga>

MManacwok JLI., KoBaas 10.B., 3axapuyk /. A., AmmHcbkuii JI.B.
Jhyyvkuti nHayionanbHull mexHiuHuil yHigepcumemn,
leonid9030@gmail.com

VY po6orti [ 1] moBigomiIsocst mpo 3pOCTaHHA BiIHOCHOI KOHIIEHTpAIlii HOCIiB CTpyMy B 30H1
JIETKUX JipOK B 0HOBicHO-AeopmoBanux y Bunaaky X//[111]//E kpucranax p-repMaHiro npu
ylIapHiid ioHizamii momimku ramito. IloporoBuil mo moiro i THCKY XapakTep CTpuUOKa
BUIPOMiHIOBaHHs 3 p-Ge, sikuit crioctepirascs B [2] Takox npu X//[111]//E cBiguuTh, MaObyTh,
PO BUHUKHEHHSI CTUMYJIbOBAHOTO BHIIPOMIHIOBAaHHS, OOYMOBIIEHOTO 1HBEPCIEIO 3aCEIEHOCTI
y BaJIGHTH1{ 30H1, pO3IIEIJICHII pu OJHOBICHIN nedopMarrii.

B nmaHomy mMOBiZOMIJIGHHI TIpEICTaBIIEHI EKCIIEPUMEHTANbHI pe3yabTaTh BUBYCHHS

B /Arai =f(X) . e e . . . .
3aJIeKHOCTEH TIOJIIB YAApHOT 10HI3aIiT JOMIIIKH raiito B p-Ge BiJ 0THOBICHOTO
TUCKY KpucTaniB X, oTpuManux npu T=4,2K nns pizHuX HampsMkiB oci aedopmarii B
HIMPOKOMY JI1ara3oHi JeryBaHHS (4,O~1012 — 3,4~1015) Yl

Teopis BaJeHTHUX 30H KPUCTATIB 3 PI3HOIO CHUMETPIEI0, Y TOMY YHCIHI JUIsI KPUCTAIIIB 3
KyOiuHOIO cumerpieto, Oyma pospodiena I'.JI. Bipom Ta TI'.E. Ilikycom [3]. Pesymbratu
JOCIIJKeHHSI TTOKa3yl0Th, 30KpeMa, IO BIUIUB OJHOBICHOI Jedopmallii Ha BaJeHTHI 30HH
BU3HAUAETHCS, MEpII 3a BCE, 3HATTSAM BHUPOJDKEHHS 30H 1 3pocTaHHSAM (i3 30UIbLIECHHSIM
nedopMariii) CHEpreTUYHOTO PO3IICTIICHHS 1X.

0.0 A L} v L v L v

X, I'lla

Puc. 1 3anexxHocTti nmofiB yJaapHOi 10HI3alll JOMIIIKK Talil0 B p-repMaHii Uil pi3HUX
Opl€HTAIIll OJTHOBICHOTO THCKY Ta KOHIIEHTpAIlii JOMIIIKH:
— kpuBi 1,2,3 — Nga= 4,0-10%? cM® anms ronoBHMX KpucTamorpadiuHuX HAMPAMKiB
X//[111)//E , X//[001]//E Ta X//[110]//E BianosigHo.
—  kpuBi 4,5 1151 Nga= 3,0-10%cem3 i Nga= 3,4-10%cm y unanxy X//[111]//E.
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Tak sSK BHUKOPHUCTaHHS CHJIBHHUX OJHOBICHUX THCKIB HaIliBOpOBIMHUKIB [3,4] nae
MO>KJTUBICTh 3MIHIOBATH B IIMPOKUX MEXKAX CHEPreTUYHE PO3IICIUICHHS HAMHIKYIHX 110 €HEepPrii
BaJICHTHUX 30H, TO AcGOpMaLiitHUI MepepOo3IMOALT HOCIIB CTPyMY MiXK 30HaMHU 3 BPaxXyBaHHIM
nepeOyI0BU €HEPreTHYHOTO CIEKTPY Ja€ MOXKIWBICTH 3’sICyBaTH, Ha OCHOBI BHUBUYCHHS
TEH30PE3UCTUBHUX €(PEKTiB, XapaKTepHI 0COOIUBOCTI PO3MOILITY HOCIiB CTPyMYy IO €HEPTii.

Ha Puc.1 npencraBneHi 3aJIe)KHOCTI MOJIIB yIapHOT 10H13allil JOMIIIKOBUX CTaHIB Talii0 y
repMaHii p-THIly B YMOBax OJHOBICHOTO THCKY X Ui TOJOBHUX KpHCTaIOTrpadiuHuxX
Hanpsmkis: X//[111])/E , X//[001})//E ta X//[110]/E ( xpuBi 1-3 ans HaWOUIbII YHCTHUX
KPHUCTAIIIB — Nca=4,0-10'% cm3, a TakoK Taki 3K 3aJISKHOCTI st Bunaaky X//[111]//E, 3anucani
JUISL KPUCTAJIB 3 Pi3HUM piBHEM JieryBanHsa. Kpusi 4,5 BignoBigHo miist Nga: 3,0-10%cm® ta
3,4-10%%cm 3.

HemonoToHHMH XapaKTep 3aJIe)KHOCTEH CBIIYUTH PO 3POCTAHHS MOJIB yIapHOT 10H13aIii
JIOMIIIIKA B TIEBHIM 00J1acTi €HEPreTHYHUX PO3IIEIICHb 30H JIETKUX 1 BaXKUX TipoK, Takuid

. Eig /Afar =f(X) . . .

BUTJIS 3aJICKHOCTEH O0OyMOBJICHUH 3POCTaHHSIM BIJIHOCHOI KOHIICHTpAIIii

HOCITB CTpyMY (110 MAIOTh BEJTMKE 3HAYCHHS KOMIIOHCHTH €()eKTUBHOT MacH B3JIOBXK Opi€HTAIIi1

oci gedopmartii) B 30HI JErKUX AIPOK, siKa 3MIIIyeThCs MpH AedopMallii KpucTaia Bropy mno
eHeprii.

V piBHOBakHHX yMOBax 3anexHocti E;z/ A‘rai = f(X) mws X/[111]/E sBasots coboro

MOHOTOHHO Tajar04i KpuBi (kpusa 6, puc.1).

OTtpumani JaHi cBi4aTh MpO BUHUKHEHHS B YMOBAaX yAapHOI 10Hi3amii JOMIIIKH Tajito
iHBepcii (10 BiIHOIICHHIO 10 PIBHOBAXKHOI CUTYAIlii) 3aCEI€HOCTI BaTIOTHOI 30HU OJJTHOBICHO-
nedopmoBanoro p-Ge.

TakuM 4MHOM, B YMOBax CHJIbHO BUTSTHYTOIO B3JIOBX IOJS PO3NOALLY IIPOK HpU
yIapHil 10HI3aIi]l JOMIIIKH peali3yeThes O BiTHOLICHHIO 10 PIBHOBAKHOI CUTYAIIil iHBEpCis
3aCeNEeHOCTI y BaJICHTHIN 30HI OJHOBICHO-Ae(popMoBaHUX p-Ge, 110 CTAHOBUTH NMPaKTHYHHM
IHTEpEeC 3 TOYKU 30py CTBOPEHHS MiJCHIIIOBAaulB Ta F€HEPAaTOPIB BUIIPOMIHIOBAHHS B JaJIEKiil
iH(ppayepBOHii 00macTi.
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BJACTHUBOCTI BIOCYMICHUX ITIOKPUTTIB, OTPUMAHUX
T'A30BO-IETOHAIIHHUM OCAJI)KEHHSIM
I'TITPOKCHUJIAITATHUTY HA PI3HI THUIIM ITIIIKJIATOK

B.O. IOxumuyk, L.II. Bopona, B.Il. Temuenko, B.b. Jlozincbknii, O.€. beasies,
M.41. Banax, FO.M. Haceka, O.1. T YAUMEHKO

Incmumym pisuxu nanienposionuxie im. B.€. Jlawkapvosa HAH Yipainu, 03028 m. Kuis, npocnexm
Hayxu 41, Yxpaina, E-mail: v.yukhymchuk@gmail.com

BupoOHuIITBO Ta 3acTOoCyBaHHS B XIpyprii MEAMYHHUX IMIUIAHTATIiB TOCTIHHO
posmmproetbes [1]. Ha chorogmi TuTaH, 3aBASKH CBOIM MEXaHIYHHM BJIACTHBOCTSM Ta
010TOJIEPAHTHOCTI, € HAHOUIBIII MOIIMPEHUM MaTepiajioM s iX BUToTOBIeHH. [IpoTe, HaBiTh
TUTAHOBI IMILJIAHTATH MIPU X BXKUBIICHHI B OPraHi3M JIOAMHH, IHKOJIU CIPUYUHIOIOTH 3arajibHi
nporteck [2]. ToMmy Ui YHUKHEHHS TaKMX HETaTHBHHUX HACHIJKIB 1X [OKPHBAIOTh
0l0CyMICHUMH TOKPUTTSIMH, YacTillle 3a BCe Ha OCHOBI Tpukanbliii-¢pocdary (TKD) abo
rigpokcunanatuty (I'AIT). Ilokputts imiuianTaTiB OlOCYMICHMMHU MIapaMH 3I1HCHIOETHCS
pi3HUMHU MeTo/iaMU [3], KOJKEeH 3 sIKUX Ma€ CBOI IepeBaru Ta Henoiku. Ha cboroani, oqHuM 3
NEPCIEeKTUBHUX METO/IB OCA/DKEHHS TMOKPUTTIB Ha IMIUIAHTAaTH € Ta30BO-IeTOHAIlIHE
ocamxenss (I'J10) [4]. OcHOBOI0O OCTaHHBOTO € (POPMYBAHHS MOTOKY ra3iB, SIKHH BUHUKAE B
pe3yJIbTaTi KOHTPOJIHLOBAHOTO BHOYXY MPOIaHy MPU HOTO B3AEMOJIIT 3 KHCHEM, 0 PYXa€ThCS
31 MBUJKICTIO, SIKa IEPEBUIILYE B JIEKiIbKa pa3iB MIBHKICTh 3BYKY. B 11eif mOTik aBTOMaTHYHO
MIOJJAETHCS MTOPOIIIOK, 110 CKIIaaeThes 3 MikpodacTHHOK ['AIl abo TK®. Pozirnani BHOyxoBoiO
XBWJICIO MIKPOYACTHHKH TTOPOIIKY BOYJOBYIOTHCS B IMIUTAHTAT, JOPMYIOUH 32 KOPOTKHUI 4ac
(~ 30 cek) omHOpIAHI TOKPUBHI mapH. Taki HOKPUTTS XapaKTEPU3YIOThCS XOPOIIOK a/Ire3i€r0
Ta OJTHOPIIHICTIO.

o crocyeThCs TUTAHOBUX IMIUIAHTATIB, TO, CIiJ BIA3HAYMUTH 1 AEAKi X HEIOJIKH.
[Tepru 3a Bce, BOHM JOCUTDH BaXkKKi, 1110 IPUBOAUTH JI0 MOAOBKEHHS yacy iX afanraiiii B >)KUBOMY
OpraHi3Mi Ta MOXKJIMBOCTI pyHHYBaHHS KICTKOBOI TKaHUHHM B Ipolieci ekcruryarauii. Tomy e
NOLIYK HOBHMX MaTtepiajiB Uil BUTOTOBJEHHSA iMiaHTaTiB. HalOimbIl mepcneKTUBHUMU B
IIbOMY CE€HCl BHUIVIAAAIOTh MOJIMEpHI Marepiaiu, SKi TO€AHYIOTh XOpPOIIl MeXaHiuHi
BJIACTUBOCTI 31 CBOEIO JIETKICTIO Ta THYUKicTIO. OqHuM 3 HUX € noiniedipedipkeron (ITEEK).
OpHak 1 juig iMrutanTaTiB Ha ocHoBi I[IEEK 3anumaerbes akTyanbHOIO pobiema iX HOKpUTTS
nrapamu ¢ocdaris Kaiblito. Baxnusum eranom B mpoteci GopMyBaHHS 3aXUCHUX MOKPUTTIB
€ JseryBaHHs 1iX cpibsom. IlpuyoMy HEOOXiHO 3HAaWTH ONTHMAJIbHY KOHLEHTPALIO
OCTaHHBOT'O, OCKUIBKM Majia aois cpibira He Oyne MaTu e(eKTHBHI aHTHOAKTepiaiabH1
BJIACTUBOCTI, a 3aHaATO Benuka (Oumbine 2%) Bxke € HeOe3MeUHOI0 SISl JIFOACHKOTO OpPraHi3My.
BaxxnuBum 4nHHUKOM npu (popMyBaHHI O10MOKPUTTIB € iX coOiBapTicTh. OCKIIBKM YUCTHUI
nopomok ['AIl € mocuth BHCOKOBApTICHUM, TOMY Ha ChOTOJHI € HaMaraHHs TEXHOJIOTIB
chopmyBat #oro B mporeci ['JIO 3 okpemux KommoHeHTiB. Ha BupimeHHs BCiX
BHUII[€3a3HaYEHUX MPpo0seM Oyiu CpsMOBaH1 Hallll 3yCUJLIS B IPOLIECi BUKOHAHHS 11i€1 poOOTH.

Tomy meroro maHoi poOotu Oyi0 JOCHIIKEHHS CTPYKTYpH, Mopdosorii Ta (a3oBoro
ckiany OiocymicHux nokputtiB Ha [IEEK, orpumanux merogom I'Z1O 3 mopomky I'AIl, ta
fioro nopiBHsAHHSA 3 ['AIl MOKpUTTAMU Ha PI3HUX TUIAX MiIKIAI0K, COPMOBAHUMH B MOA10HUX
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yMOBaxX; OTpPUMaHHs OI1OMOKPHUTTIB, JErOoBaHUX cpiOiaom Ta orpuMmanHHs ['All mokpuTTiB B
nporueci ['J10 3 okpeMux npeKypcopis.

s popmyBaHHS OlOCYMICHMX ITOKPHUTTIB BHKOPHUCTOBYBaBcs rmopomok ['AlIl 3
CepeqHIMU po3MipaMu MiKpodacTHHOK ~50 MkM. [Topomok nogaBcst y BHOyXOBUH TOTIK Ta3iB
B npoueci ['J10 1 npu 0gHAKOBUX TEXHOJOTIUYHUX MapameTpax (CHiBBIJHOIICHHS MPOMaHy Ta
KHCHIO, BIZICTaHI 70 MIIIEHI, 4acy OCa/KEHHs) (popMyBasucsi MOKPUTTA Ha PI3HUX TUIAX
migknagok. Otpumani ['AIl  DOKpUTTS  JOCHIUKYBAIMCA METOJAMH  pPaMaHiBCHKOT
crnekTpockonii, X-mpoMeHeBoi AudpakToMeTpii, CkaHnyrouoi enekTpoHHoi Mikpockomii (CEM)
Ta eHepro-auciepciinoro ananizy (EDS).

[TonepenHi JOCiKEHHS MTOKPUTTIB, 1110 Oyiu chopmorani metogom ['J10 na I[IEEK ta
TUTaHi, OKa3aJu, O Ha MmoyiMepi, Ha BiaMmiHy Bix Ti, kpim ['AIl wHasBuuit TK®. [Ipruuomy
TK® ¢popmyetncs Ha inTepdeiici mix [IEEK miaknankoro ta ['All mokputtam. 3po3ymisio, o
Taki BIAMIHHOCTI 3yMOBJICHI BJIACTHBOCTSAMHU MiJKIAJ0K. B mpoieci oTpUMaHHS MOKPUTTS
metonoM ['J10 wactuaku ['AIl mprCKOPIOIOTHCS 10 MIBUAKOCTI ~5 Max, a mOTiM Ipu 31TKHEHHI
3 MIJKIAIKOI0 Pi3KO 3yMUHAIOTHCS. [Ipy 11bOoMy 32 paXyHOK BTpaTH KIHETUYHOI €Heprii BOHU
CHJIBHO pO3IrpiBalOThCS 1 B HUX BHHUKAIOTh Je(EKTU Ta MeXaHiuHi HampyxeHHs. [loOpe
BizoMo [5], mo npu HarpiBanHi ['AlIl Tpanchopmyerbes depe3 dazy oxcumamaruta B TKD.
[Ipote, B mitepatypi Temneparypa tpancopmariii ['AIl — TK® nocuts cyTT€BO Pi3HUTHCS
(Biz 700 [6] mo 1300 °C [7]). MimoBipHo, 1ie OB s3aH0 3 sKicTio BuxinHoro Al a came #ioro
KPUCTATIYHICTIO, PO3MIPOM TpaHyJl, HasBHICTIO JOMIMIOK, iX KUIbKicTIO Tomo. Tomy mepen
AQHATI30M TMOKPUTTIB OYJI0 MPOBEICHO JOCITIDKCHHS TepMidHOi crabimpHOCTI ['AlIl, sikumit
BHUKOPUCTOBYBABCsI B JaHiit pobori. Biaman Buxigaoro mopomky I'ATT mpu 1200 °C mpoTsirom
2 ToJuH MOKa3aB, 0 BiH 3a JJaHUX yMOB He TpaHcpopmyascs B TK®, OuibIl TOro B HHOTO
3pocTaja KpUcTajJidHa JOCKOHAIICTb, IIPO L0 CBIIYAaTh paMaHIBChKI CIIEKTPHU Ta X-IIPOMEHEBI
TupakTorpamH.

3 TexHosoriyHo1 ToukH 30py TuTaH Ta IIEEK, sik Marepianu Juist IMIUTaHTaTIB, CYTTEBO
BIJIPI3HSIOTHCSA 32 JIBOMA IapaMeTpaMH, a came KoedillieHTaMH TEIUIOBOi MPOBIAHOCTI Ta
TBepaicTIo. ToMy ans Kpamoro po3yMiHHS HpoOIeciB, sKi BiOYBalOTbCS B MpoIeci
dopmyBaHHs NOKpHUTTIB MeTozioM I'/1O, Oy oTpuMaHi HOKPUTTA Ha PI3HUX MIAKIAAKAX, 1110
BIJIPI3HSIOTHCS 32 BKa3aHUMU [MapaMeTpamMu, 30KpemMa, 1€ TEXHIYHUM Ta MEUYHUN TUTaH, MiIb,
KBapil, ckjao Ta ¢roporuiact. JocaiKeHHsT METOIaMH paMaHIBCbKOI CHEKTpocKomii ta X-
IIPOMEHEBOT AUPPAKTOMETPIi OTPUMAHUX IMOKPUTTIB HA PI3HUX TUIIAX MIAKIAI0K TOKA3aJIH, 1110
Ha [MIOKIaAKaX, SIKUM [pUTaMaHHAa BHCOKAa TBEPIICTh Ta BHCOKMM  KOEQIIIEHT
TerionpoBifHocTi KpiM kpucramiuHoro ['AIl dopmyerscst amopdna ¢aza T'All, a nHa
MiJKIa1KaX 3 HU3bKUM Koe(il1€HTOM TeIIONPOBIAHOCTI (popMyeThCs mpoMixkHuUM 1ap 3 TK®.

TakuM YMHOM, TPOBENEH! IOCIIKEHHS JOMOMAararoTh Kpalle 3pO3yMITH IMPOLECH
dopmyBanns ['All mokputTiB mpu ix yreBopenHi metogom I'JI0O. Po3irnani BuUOYyX0BOIO XBHIICIO
mikpodacTuHku ['AIl mpu 3iTKHEHHI 3 NMOBEPXHEI0 MIAKIAIAKK 32 PAaxXyHOK pI3KOi BTpaTu
KIHETHYHOI eHeprii posirpiBatoThcst Ta aedopMyroTbes. B pe3ynbraTi BOHHM YacTKOBO
BTPa4yalOTh CBOIO KPUCTAIIUHICTb, (POPMYyIOUM MpHU LBOMY AOAATKOBI (hasu amop¢HOro Tta
cunpHoNieexTHOrO ['AIl. YacTka momaTkoBuX (a3 3aleXUTh BiJl TBEPAOCTI MaTepiany
MiKIaKH — YAM OLTbIIa TBEPAICTh, TUM OUIBINNN BHECOK MonaTKoBUX (a3. [Tomanmpimnmii ctan
YTBOPEHOT'0 TIOKPUTTS 3AJIEKHUTh BiJ TEIUIONPOBITHOCTI MaTepiany miakuaaku. s maTepiaiis
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3 BHCOKOK TEIUIOMPOBIIHICTIO, TaKMX SK Milb, THTaH Ta KBapIl, BiAOYBa€ThCS IIBUIKE
OXOJIO/PKEHHS TIOKPUTTSI 32 PaXyHOK PO3CIIOBaHHS TeIuia miakiaakoro. [Ipu npboMy yrBopeHa
daszu amopduoro I'All ta cunpHoAedexkTHOTO ['AIl B MOKpUTTI 36€piraroTbes. Ko B AKOCTI
MIIKJIAJKH BUKOPUCTOBYIOThCS ToJIiMepHI MaTepianu, Taki sk [IEEK ta ¢Topommact, koTpi
XapaKTEePU3YIOThCS HU3BKOK TEIUIONPOBITHICTIO, TO PO3CIIOBaHHS TeIia BiAOyBaeThCs
noBinpHImE. Ile mpu3BoauTh 10 TOTO, 110 YacTUHKU ['AIl mepeOyBarOTh Mmija Ji€F0 BHCOKHX
TEMIEpaTyp MPOTATOM TPUBAIIIIOrO Yacy, HOCTaTHbOIro g Toro mob amopduuit I'All abo
OinpIra oro yactuHa neperpopuiack B TKD.

o6 orpumatu antubakrepianbae ['AIl mokputra y Buxignuii nopomok I'AIl aBTopu
miei pobotn momaBanu pi3Hy KiubKicTh mopomky AQNOs. KonueHTpalito 0ocTaHHBOTO
BapiloBaJlM B TaKUX MeXax, MO0 momst cpibma 3miHioBamacs Big 0.2 10 2 BIJICOTKIB.
besnocepennbo 3apeecTpyBaTH CpiOJI0 B paMaHIBCBKHX CIIEKTpaX HEMOXKIWBO, a B X-
MpOMEHEBUX IudpakTorpaMax BOHO BIUTMBAE TBIBKH HA CTaly rpatkd. [Ipore mocmimkeHHsS
metonoMm EDS minTBepaunu HasBHICTH cpibna B copmoBanux I'All mokpurrsx. Hactymaum
nikaBuM ertanoMm Iiiei pob6otu OyB cunTe3 ['AIl GesmocepenHbo B mpolieci B3aeMoil
npekypcopis mia yac I'JI0. Jlns camoro nporiecy BukopucroByBanucs nopoiiku Ca(OH)2 ta
(NH4)2HPOs4, siki B pe3ysbrati peakitii: 10Ca(OH)2 + 6(NH4)2HPO4 = Ca10(PO4)s(OH)2 + H20
+ NH3s dopmyrots ['All JlilicHO, ik MOKa3aJIyd paMaHiBChKi JOCTIIKEHHS c(pOPMOBaHI TaKUM
yuHOM NTOKpUTTA sk [IEEK, Tak i TuTani Bignosigarots I'All 3 meBHOIO Aoseto amopdHoi dhazu.
Binnan takux MOKpUTTIB Ha TUTaHi npu TemmepaTypi 640 °C npuBoauts 10 Tpancdopmarii
amop¢uoi uactunu I'All B kpucramiuny.

PoGora BukoHaHa B pamkax npoekTy HamionampHOro (oHAY HOCTIIKEHb YKpaiHu
Ne 200/0103  «Po3pobka TexHoyorii OlocyMiCHMX aHTHOAKTepialbHUX TMOKPUTTIB IS
OpTOMNEINYHHUX IMIUIAHTATIB METOJIOM Ia30JeTOHALIHHOTO OCa/IKEHHS AJis MOTped BICHKOBOI
Ta [UBLIBLHOI MEAULIMHN.
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Relaxation processes in layered Cuo.1sFe17PSs polycrystals
Henrietta Ban, David Gal, Andriy Haysak, Alexander Molnar
Department of the Physics of Semiconductors, Uzhhorod National University,
Voloshina Str. 54, Uzhhorod, 88000, Ukraine
E-mail: alexander.molnar@uzhnu.edu.ua

Layered crystals of the MelMe2P,S¢ family are promising 2D functional materials for
nanoelectronics. One of the most interesting of them is CulnP,Se and solid solutions based on it.
However, the family of these materials contains many crystals that can be used as catalysts, solid
electrolytes, hydrogen storage devices, or active media for various types of sensors. Among them,
Cuo.sFe1.7PS; can be noted, which, according to our data, can be used as a humidity sensor.

We investigated the temperature dependence of the dielectric constant of Cug.isFe1.7PSs polycrystals
in the temperature interval 80+450 K and the frequency range 10+10° Hz. The anomalies observed at
low temperatures (100+-200K), can be explained in the Maxwell-Wagner relaxation model, which is
described by the formula

g =g, + A_g —iz, (1)
1+io7 @

where &, is the high frequency permittivity, o' = we&LE electric conductivity calculated from the

imaginary part of complex dielectric permittivity. Such behavior is often found in heterogeneous
systems in which components of the dielectric material have different conductivity [1].

TK ©

Fig. 1. Temperature dependence of real and imaginary part of dielectric permittivity of
CupisFe17PSs

In addition to these features, we found two more anomalies in both the permittivity and dielectric
losses at temperatures of 273K and 373K at low frequencies, which is most likely associated with the
presence of water molecules in the interlayer space, as evidenced by the disappearance of this anomalies
after short-term annealing of the samples at a temperature of 400K. The magnitude of the "depth" of
anomalies, as it turned out, depends on the humidity of the environment. The disadvantage of this
phenomenon (and maybe an advantage) can be considered its cumulative nature.

The change in dielectric permittivity and loss anomalies at temperatures of 273K and 373K at low
frequencies depends on the ambient humidity, which can be used to create nanoscale humidity sensors

based on Cug.1sFe1 7PSs.

1. Dziaugys A., Macutkevic J., Svirskas S., Juskenas R., Wencka M., Banys J., Motria S.F., Vysochanskii Yu. Maxwelle-
Wagner relaxation and anomalies of physical properties in CuoisFe17PSs mixed material // Journal of Alloys and Compounds
—2015. - 650, P. 386-392.
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Phase transitions in TlIInS, layered crystals at high hydrostatic pressure
P.P. Guranich', R.R. Rosul *, P.Huranych ', 0.0. Gomonnai *,
A.V. Gomonnai®, A.G. Slivka *
1- Uzhhorod National University, Ukraine
2- Institute of Electron Physics, Ukraine
pavlo.guranich@uzhnu.edu.ua

Considerable interest in TIInS,-type crystals is related to the fact these crystals are ferroelectric
semiconductors with a "quasi-two-dimensional” structure where a series of phase transformations
occurs: paraelectric, incommensurate, ferroelectric phases.

The studies of dielectric and optical properties of TIInS. single crystal were carried out in the
temperature interval 150-240 K and in the hydrostatic pressure range up to 700 MPa. Temperature
dependences of the dielectric permittivity of TIInS; crystal at various hydrostatic pressure values are
shown in Fig.2. With pressure increase to 550 MPa, the anomalies of the dielectric permittivity shift
linearly towards higher temperatures. Simultaneously, a decrease of the maximal values of the dielectric
permittivity is observed as well as an increase of the temperature interval of the incommensurate phase.
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Fig.1. Temperature dependences of the dielectric permittivity ¢ and dielectric loss tangent tané for TIInS;
crystal.
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Fig. 2. Temperature dependences of the dielectric  Fig. 3. (p, T) phase diagram of the T1InS; crystal.
permittivity e for TIInS; single crystal at different

hydrostatic pressures 0 MPa (1), 100 MPa (2),

365 MPa (3), 410 MPa (4), 610 MPa (5),

630 MPa (6). The inset shows a part of curve 6

zoomed in to a larger scale (heating mode).

The pressure behaviour of the Til, Ti2, Tcl, Tc2, and Tc3 temperatures is shown in the (p, T)
diagram of the TIInS; crystal under study (Fig. 1). In this diagram the area above the Ti(p) transition
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line corresponds to the paraelectric phase. The range of existence of the incommensurate structure is
restricted by the Ti(p) and Tc2(p) lines. The range below Tc2(x) transition line corresponds to the
ferroelectric state. Lines T1 and T2 in the (p, T) diagram correspond to the transitions at to the high-
pressure phases.

Domain structure in crystals TIInS; in the region of high pressure phases at p> 550 MPa are
investigated. Ferroelastic domain structure in the high-pressure phases observed in the plane of the
layers of the crystal and is manifested in the form of stripe-type structures. The features of this domain
structure were studied.

Fig. 4. Image of the T1InS; single crystal in crossed polarisers at the temperature of 190 K and different
hydrostatic pressure values: 500 MPa (A), 550 MPa (B), 590 MPa (C), 620 MPa (D).
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Fig. 5. (p, T) phase diagram of the TIIn(S1xSex)2 polycrystals.

The presence of the structure of ferroelastic domains at high pressures enables us to claim that the
high-pressure phase in the TlInS; crystal is a ferroelastic one. The transition to this phase with increasing
pressure is achieved via a sequence of two first-order phase transitions with an intermediate phase. A
number of features are revealed in the polycritical region in the range of pressures 550-650 MPa and
temperatures 180220 K. Thus, the (p, T) phase diagram of the TIInS, crystal in the pressure range
p>550 MPa is determined.

Similarly to the case of TIInS; single crystal [8], the changes in the ¢(T) dependences result from
polycritical phenomena in the (p, T) phase diagram of the TIIn(S1xSex). polycrystals (Fig. 5). The region
above the Ti(p) transition line corresponds to the paraelectric phase while the region of existence of the
incommensurate structure is restricted by Ti(x) and Tc(x) lines. The area below the Tc(x) transition line
corresponds to the ferroelectric phase. Dashed lines in the (p, T) diagrams corresponds to the transitions
to high-pressure phases at T1 and T2. The T1(p) and T2(p) lines are first-order PT lines with a
considerable (temperature and pressure) hysteresis.

Based on the investigation of the temperature and pressure dependences of dielectric properties of
THN(S1-xSex)2 polycrystals, their (p, T) phase diagrams were built. The polycritical region in the (p, T)
diagrams of the crystals under investigation is observed at pressures 550-600 MPa.
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EXPERIMENTAL AND THEORETICAL STUDY OF THE STRUCTURE
AND PROPERTIES OF Na:SO4 CRYSTAL

M.Ya. Rudysh?, M. Piasecki?, A.O. Fedorchuk?, P.A. Shchepanskyi?, A.l. Kashuba®
Faculty of Science and Technology, J. Dlugosz University, 13/15 Armii Krajowe;j al.,
PL-42-201, Cz¢stochowa, Poland
2Faculty of Physics, Ivan Franko National University of Lviv, 8 Kyryla and Mefodiy str.,
UA79005, Lviv, Ukraine
3Department of Inorganic and Organic Chemistry, Lviv National University of Veterinary
Medicine and Biotechnologies, 50 Pekarska Str., UA-79010 Lviv, Ukraine
*Department of General Physics, Lviv Polytechnic National University, 12 Bandera Str.,
79013 Lviv, Ukraine

The search for new materials promising for practical use in industry and improving the
properties of already known materials requires solving a number of problems. In particular,
they include the search for high-purity starting components, the development of material
synthesis methods, its processing, etc. Often, in practice, it is not possible to obtain high-quality
material, or it turns out to be unstable. Therefore, finding ways to synthesize high-quality
materials is a relevant task.

Recently, dielectric crystals of the A;BX4 group (where A = Li, Na, K, Rb, Cs, NHs; B =
S, Se, Be, Zn; X = O, F, Cl) have attracted increasing attention of researchers due to their
optical, nonlinear optical and luminescent characteristics [1]. Sodium sulfate (Na2SO4) is one
of such crystals. This compound is of interest due to the prospects of its use in supercapacitors
[2] for efficient energy accumulation and storage. The properties of materials enhanced with
nanoparticles are also being actively studied [3]. At the same time, research is conducted to
study the luminescent properties of pure and impurity Na>SOs crystals as well as their
composites of various compositions [4].

According to literature data, the following sequence of phase transitions is present in the
compound:

473K 503K 510K 1156K
v = 1 = — | ? liquid
The symmetries of these phases are as follows: V — Fddd ( Dzzﬁ , Z=28); Il - Cmcm ( D;ﬂ :

Z = 4); Il — Pbnm (or Pnam, D,?, Z = 4); and | — P6s/mmc.

In this work, Na;SO4 crystals were synthesized from an aqueous solution. It was found that
when growing crystals from an aqueous solution by the method of solvent evaporation under
normal conditions, transparent colorless crystals are obtained. However, after their removal

from the solution in which they grew, the crystals are unstable and cannot be stored for long.

THTRYRE

a)
Fig. 1. Photo of Na>SOs crystals grown under normal conditions a) freshly obtained b) after
45 min. c) after 24 hours.
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A rapid destruction of what appears to be a high-quality crystal is observed, which consists
in its transformation into a fine white powder. The Kkinetics of destruction of the grown sample
is shown in Fig. 1. Growing the crystal under modified conditions at higher temperature made
it possible to obtain stable crystals of good optical quality. The resulting crystal is stable in the
atmosphere and can be stored for a long time.

For the grown crystal, structural studies were carried out using the XRPD method and
crystallographic data were obtained.
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Flg 2. lefractograms recorded for NazSO4 crystals obtained under dlfferent grovvth
conditions.

In order to clarify the features of the structure of the electronic levels of the crystal, first-
principle calculations were carried out. The work uses the method based on density functional
theory (DFT), which is based on the Kohn-Sham formalism. The resulting band structure of the
crystal E(k) is characterized by features inherent in other crystals of the A2BX4 group studied
earlier. In particular, the presence of narrow bands in the valence band is characteristic of
materials containing isolated structural complexes. From the calculated total and partial density
of states, an analysis of the origin of the electronic levels of the crystal was carried out.

In order to find out the value of the band gap of the Na>SQOj crystal, an experimental study
of the transmission spectra of the crystal sample obtained in this work was conducted. The
transmission spectra of the Na2SO4 crystal were measured using a SF-46 spectrophotometer. A
DDS-30 deuterium lamp operating in the wavelength range from 190 to 350 nm was used as a
light source. A NaxSOs crystal sample with a thickness of 0.7 mm was used to measure
transmittance. The sample was obtained by chipping the crystal in the plane of the XY layers.

Results present in this work has been obtained with the support of the Project of Young
Scientists 0123U100599 of the Ministry of Education and Science of Ukraine. This work was
partially supported by the National Science Centre (NCN), Poland, grant number: NCN
2018/31/B/ST4/00924.
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EJEKTPOITPOBIHI BJACTUBOCTI Si

Y JTAITA3OHI YACTOT 102-10° I'
O.B. banaban, /.M. Bunnuk, b.51. Beurpun, A.b. lannios, A.C. Anapymax

Hayionanvnuii ynieepcumem «JIvsiecoka nonimexuixay, eyn. C. banoepu, 12, Jlvsis, 79013, Yrpaina
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JlocnijpkeHHsT  eNeKTPOQI3UYHUX XapaKTEpUCTHUK MaTepiaiiB JeAaji Oulblie cTae
HEOOXIZIHUM JJiI1 BU3HAYEHHSI MOJKJIMBOCTEH MOAAIBIIONO iX 3aCTOCYBAaHHA, 30Kpema, AJs
BUSIBJICHHS HOBHUX 3aKOHOMIPDHOCTEH, BHU3HAYEHHS 3€pHUCTOI OYyAOBHM MaTepialy, 3MIHU
BJIACTUBOCTEH Yy 30BHIHIX (BUUHUX MNOsIX. OJHUM 3 OCHOBHUX €JEKTPO(I3UYHUX
napaMeTpiB MarepiajiB € iX MUTOMHUM omip p abo X BeIMuMHA 0OEepHEHa /0 HbOTO-TTUTOMA
€JIEKTPOMPOBITHICT 0. 3 PO3BUTKOM TEXHOJIOT1H BUMOTH JI0 TOYHOCTI BUSHAUYECHHSI TUTOMOTO
OTMopy Bce Oulpllie 3pOCTalOTh SK 1 MOTPeOM y BHUMIPIOBaHHI ONOpY MaTepiaiiB pi3HOI
reoMeTpuuHoi (Gopmu, XiMiYHOI OynoBM uM BiacTuBocTed. ToMy cChOroAHI € 3Ha4yHa
PI3HOMAHITHICTh MeTOJIB Horo BuMiptoBaHHs. [Ilupoko BukopucTtoByBaHUMH € ABO- [1] Ta
qoTHpH- [2] 30HI0BI, a Takok MeTo Ban-nep-Ilay [3], sskumu MOKHA BUMIPIOBAaTH OJHOPIAHI
Ta HEOJTHOPIAHI 3pa3Kd, a TAKOX JOCHIPKYBATH MPOCTOPOBHMA PO3MOAUT MUTOMOTO OTOpY.
CusoBi iHIT HANPYKEHOCT1 €IEeKTPUYHOTO TOJsI Ui 30HJOBHX METOMIB HEmapayenbHi 1
pO3MOAUIEHI HEOJHOPIAHO TO Tepepidy 3paska. TomMy CHoYaTKy MOTPIOHO TEOPETUYHO
pO3paxyBaTd PO3MOJUT EIEKTPUYHOTO TOTEHIlady B JOCIIDKYBAaHOMY 3pa3Ky, a TOJl
3HAXOJIUTHU B3a€MO3B’SI30K MIXK MIUTOMUM OMIOPOM 1 BUMIpIOBAHUMH BETMYUHAMU — CTPYMOM Ta
HaIpyroxo.

[Ile omHUM METOAOM MOCHIJKEHHS IPOBITHOCTI, aje BXXE B IIMPOKOMY YaCTOTHOMY
JiamaszoHi, € IMIeJIaHCHa CIEeKTPOCKomis. BoHa m03BoJisie 3MiHCHIOBATH BUMIPIOBaHHS B
miamasoni yactor 102 — 108 I'u. B wiii B poOOTI TOCTIHKYBAUCS 3pa3ku Si, a IX BUMIpIOBaHHS
3M1HCHIOBAJIUCS 332 KIMHATHOI TeMIepaTrypu Ha ciekTpomeTpi Autolab (Metrohm Autolab B.V.,
Hinepmannn). AMIuiiTyna curHany, SSKHi 1oJjaBaBcs Ha 3pa3ok, ctaHoBuia SMB. Ha 3pazku Si
(Tabm. 1) HaMUTIOBAIUCS METAJIIYHI KOHTAKTH 3 TOPIEBOTO 00Ky. OCKuIbKU Si (hOTOAKTUBHUH,
TO Ha MEPIIOMY eTari BUMIPIOBaHHS MPOBOIMIKCS ISl BA3HAYEHHS TEMHOBOT'O OTIOPY.

Tabnuuy 1. — [MapameTpu 10CiiDKYBaHUX MaTepialliB

3pasok | Marepian | Tosmuna d, cMm JHosxwuHa h (Bimcrans lupuna |, cm
MK KOHTAKTaMH), CM
Si-1 n-Si 330*10* 2 2
Si-2 n-Si 450*10* 2 2
Si-3 p-Si 510*10* 2 2

EnextpomnpoBinHi BracTUBOCTI Si mpejacTaBieHo (puc. 1, puc. 2) y BUIIISAAI YaCTOTHHUX
3aexHOCTel nilicHoi yacTuHu imnenancy Re Z(f) mocmimkyBaHuX 3paskiB Ta MHUTOMOTO
o6’emuoro omopy pv(f) (puc. 2) marepianie Si. O6uucnenns pv(f) 3mificHroBanocs 3a
bopmynoro:

ReZ(f)-ld

po(f) = RELLL
ne | — mmpuHa, d — ToBIIMHA 3pa3ka, h — BincTaHp MK KOHTaKTaMH.

3a3naunmo, mo ¢opma kpuBux ReZ (f) ta pu(f) (puc. 1, puc. 2) Bkasye Ha Te, 10 Ha
HU3BKUX YaCTOTAaX CIIOCTEPIra€ThCsi HE3aJECKHICTH omopy Si Bif 4acTOTH, IO CBITYHTH HPO
HasBHICTh JIENIOKATI30BaHUX HOCIIB 3apany y Si. SIk 1 ouikyBajocs 3 pOCTOM 4YacTOTH
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BinOyBaetbes cmag Re Z(f), mo #MOBipHO BKa3ye Ha BHECOK IEPECKOKOBOI MPOBIIHOCTI IO
JIOKaJi30BaHMUX cTaHax [4] moOmmsy piHs depmi y 3araibpHy MPOBIIHICTH MaTepialiB.
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Pucynox 1. — YacroTHa 3anexHICTh HiHCHOI yacTuHU imrenaHcy Re Z 3paskiB. UucenbHI 3Ha4eHHs Ha
rpagikax BiJIIOBIIAIOTH OMOPaM 3a MOCTIHHOTO CTpyMY (Y HU3bKOYACTOTHIH TPaHUIII)

OTtpuMaHi 3HaYeHHS IUTOMOIO OMOPY HAa HU3BKUX YacTOTax (MOCTIMHMI cTpyM) OyayTh
BUKOPHUCTaHI B MOJAJIBIINX JOCTIKEHHS M yac aHalizy (oToreHepalii HOCIiB 3apsay B LUX
MaTepiajgax il yac OCBITJIEHHS 3pa3kiB. TyT Takok HE MEHII Ba)JIMBUM MapaMeTPOM € 4yac

penaxkcaitii poTonpoBIAHOCTI.
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Pucynok 2. — YacToTHa 3aJIeXKHICTh TMTOMOTO ONOpY pyv MarepianiB Si. UncenbHi 3HaueHHs Ha rpadikax
Bi/ITIOB1IAIOTH OMOpPaM 3a MOCTIHHOTO CTPyMY (Y HU3bKOYACTOTHIN TPaHHIIi)

OTxe, iMIIEaHCHI BUMIpIOBaHHS y IIMPOKOMY 4YacTOTHOMY miamaszoHi 102 — 10° I'p
MaTepiajiB  Si  BKa3alM Ha BHECOK [JBOX PI3BHMX MEXaHI3MIB Yy pPE3ylbTyIOUuy
eJeKTponpoBiHICcTh. Tak, 1ia Sinepeckoku HOCIB 3aps 1y MO JIOKATI30BaHUX CTaHaX MOOIU3y
piBus depMi NPU3BOAATH IO POCTY €NEKTPOHPOBiAHOCTI MaTepianiB Ha uyactoTax >10°Tm.
OtpumMaHi 3HaYEHHS MUTOMOTO OIOPY HAa HHU3BKMX YacToTax (MOCTIHHUUN CTpyMm) OyayTh
BUKOPHUCTaHI B MOJANBIINX JOCTIHKEHHS i yac aHalizy (oToreHepaiii HOCIiB 3apsay B LUX

Marepianax.
Iloosaka. Pobota BuKOHaHa 3a miATpUMKHM HarioHanbHOTO (QOHAY AOCHIKEHb YKpaiHu
(mpoext Ne2021.01/0410).
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1 Bomumcrkuit HaI[lOHANBHUH yHiBepcuTeT iMeHi Jleci Ykpainku, nip. Bomi 13, m. JIymek, 43025,
e-mail: blashko.nazarii@vnu.edu.ua

2 JIbBiBCbKHii HAL{OHATbHHI YHIBEPCUTET BETEPUHAPHOI MeUIMHY Ta GioTexnomnorii imeni C.0K. [xuipkoro,
Byi1. Ilekapcobka, 50, M. JIsBiB, 79010, e-mail: ft@ua.fm

VY po6oTi mpencTaBiIeHO Pe3yabTaTH JOCTIHKEHHS KPUCTAIIYHOI CTPYKTYpU Cylbdiny
ckinany NdizAgossGaisS7 K MEPCHIEKTUBHOTO Marepiany, IO MOXKe TEeHepyBaTH IliKaBi
HETIHIMHOONTUYHI Ta €JeKTPUYH1 BIaCTUBOCTI.

CuHTe3 3pa3ka Macol OJMH IpaM s JOCHIKEHHS KPUCTAIIYHOI CTPYKTYpH
Nd3Ago.45Ga152S7 mpoBoAMIM 3 TPOCTHUX PEYOBUH i3 BMICTOM OCHOBHOTO KOMIIOHEHTA HE
MEHIIIE 99.99 mac. % B eJeKTPUYHINA My(]enbHii meui 3
MIPOrpPaMHUM YIIPABJIIHHIM TEXHOJOTTYHUMHU MpOIiecaMu MII-30. Cunres y
BakyymoBanomy (1072 ITa) kBapreBoMy KOHTeHHepi 3/if{CHIOBAIIH 3TiJHO TEXHOJIOTIYHOTO
pexumy: HarpiB  nmo Ttemneparypu 700 °C 31 mBuakictio 40 °C/ron;  BUTpEMKa  3a
temmneparypu 700 °C (10 roaun); HarpiB 10 temmepatypu 1100 °C 3i mBuakictio 12 °C/rox;
ButpuMka 3a Temmeparypu 1100 °C (2 roaunn); oxonopkeHHs g0 Ttemmeparypu 500 °C
31 mBujKicTio 6 °C/rox; romMoreHidyroumii Biqman 3a temneparypu 500 °C (240 roaun);
rapTyBaHHs CHHTE30BaHOTO 3pa3Ka y BOJAY 3a KIMHATHOI TeMIlepaTypu 0e3 po3repMmeTru3ailii
KOHTEHHepa.

Po3paxyHOK OCHOBHHX TMapaMeTpiB CTPYKTYpH CHHTE30BaHOI (a3u TMPOBOIMIN 3a
mudpakTorpaMoro, sika Oyina oaepxkana B Mexax 20 = 10 - 100° Ha peHTIeHIBChKIil yCTaHOBITI
JIPOH 4-13 3 mapametrpamu 3iiomku: CuKg-BunpomintoBaHHs; Kpok ckanyBanus — 0,05°,
eKCITO3UIIA Y KokHIHM TouIli — 10 ¢. Po3paxyHOK KpUCTaNIqYHOT CTPYKTYpH IPOBEACHO METOJIOM
PirBenbaa (maker mporpam WinCSD) [1]. Bizyanizarito KpucTamiqHOi CTpYKTYPH BUKOHAHO 3a
nomomoroto nmporpamu VESTA 3.5.7 [2].

YTOYHEHHSI KOOPJHMHAT Ta I30TPOIHUX TEIUIOBUX IapaMeTpiB aToMiB Yy CTPYKTYpi
CHHTE30BaHOro Cyinbdizy (tabmuigt 1) npusBeno [0 BIIHOCHO 3aJ0BUIbHMX 3HAYeHb R-
(dakTopi..

CrocrepexxyBaHa, po3paxoBaHa Ta pI3HHMIIEBA MDK HUMH AudpakTorpaMu Cyiabdimy
NdsAgo.4sGa152S7 mpezcTaBieHi Ha pucyHKy 1.

EnementapHy komipky Ta  koopauHamiiini momienpu [Nd 7S], [Ga 6S] i
[G{0.450Ag+0.520Ga} 4S] y cTpyKTypi 0JepiKaHOro Cyabdiny 300pakeHO Ha PUCYHKY 2.

Kpucraniuna crpykrypa  cynbohiny NdsAgessGars2S7 (CT LasCuSiSy [3];  TITN P6s,
CII hP24,173) 3 mapamerpamu exemenTtaproi komipku: a = 9.9233(5) A, ¢ = 6.0724(5) A Ta
V =517.8(1) A3, chopmoBana Tpuronansaumu npusmamu [Nd (IICT 6¢) 7S]. Tpuronanshi
npusMu yTBOprooTh “Oioku” 3 [Nd 7S]. V mux “Onokax’ TpUrOHAIbHI MPU3MHU MDK COOOTO
3’€/THaH1 peOpamu.

Hns aromiB Ga, xapakTepHOoro € okrtaeapuuHa koopauHauis (KY =6). Oxraenpu
[Ga (TICT 24) 6S] maroTh CHiibHI IpaHi Ta B HANPSIMKY OCi ¢ YTBOPIOKOTH KOJIOHH.

BBenennst y crpyktypy TepHapHoro cyibhiny NdszGaie7S7 [4] aToMiB 01HOBATIEHTHOTO
MeTary CIPUYUHSE 3HA4YHE CIIOTBOPEHHS okraenpis [Ga 6S]: x = 0.00844
(st Nd3Ga.67S7) Ta % = 0.04291 (s NdsAgo.asGar5257).

Jlns aromiB cratuctryHoi cymimi G{0.450 Ag + 0.520 Ga}, mo 3aiimatots I[ICT 2b,
XapakTepHo € TeTpaeapuyHa koopauHaiis (KY =4). HesHaunuii iHAEKC CHOTBOpPEHHS
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tetpaenpiB [G 4S] (0.00160 mis Nd3Gai.67S7, 0.00135 mist Nd3Ago.45Gais52S7) cBiquuTh mpo ix
BHCOKY CHMETPHYHICTb.

Buie 3a3HadeHi ocoOMMBOCTI y cHMETpil MOJIieapiB, JO3BOJSIOTH CTBEPDKYBATH, IO
BBEJICHHAM Yy CTPYKTYpPY JaHTAHOITHOBMICHMX XaJIbKOTEHIIIB aTOMIB XIMIYHHX €JIEMEHTIB
pi3HOI IPHPOIN, MOXKHA KOPETYBATH T€OMETPUYHI TapaMEeTPH MOJIiepiB. A 0TKe, CHHTE3yBaTH
MaTepiaiiy 3 Harmepe 3aJaHUMHU KPUCTAIIYHOIO CTPYKTYPOIO Ta (hi3SMUHUMH BIACTUBOCTSIMH.

Po3zpaxoBani mapameTpu noJieipiB y CTpyKTypax cyiab(iniB mpeacTaBieHo y Tadmuii 2.

Taoaunsa 1

KoopaunaTh Ta i30TPONHI NapaMeTpH TeILIOBOr0 KOJIMBAHHS aTOMiB
y cTpyKTypi cyabdiny NdsAgo.4sGa .Sy

ATomu InCT x/a y/b zlc Bisox10% (A?)
Nd 6 0,3774(4) 0,2272(3) | 0,2131(11) 1,00(6)
Ga 2a 0 0 0,055(2) 1,0(5)
G 2b 1/3 2/3 0,1476(13) 1,00(13)
S1 6c 0,084(2) 0,244(2) 0,273(2) 1,0(4)
S2 6c 0,524(2) 0,104(2) 0,500(3) 1,0(3)
S3 2b 1/3 213 0,505(4) 1,0(6)
G-0.45 Ag+0.52 Ga

Nd3Agp.45Ga 5297
Ry =00881; Rp= 10,2398

[HTEHCHBHICTE (B.0.)

K
\Lu | |

i .ll||

il -\J-lln._l

J‘-.,—-\rJl-kL.a Jl..,'-..A.\.-J"-..w‘JILf‘ L JHJL_

.rJ| ru ,_.J.L.w,,ﬂ

20
Puc. 1. ExcnepumenTaibHa 1 TeOpeTUYHA JUPPAKTOrpaMu
cynbdiny Nd3Ago.ssGar 5257 Ta ix pisHHIEBA.

Taoaunsa 2
IMapametpu nomieapiB y ctpykrypax NdsGai67S7 Ta Nd3Ago.4sGa152S7
IMapametrpn | Ndz:Gai67S7 | Nd3Ag0,4sGa1,5287
TpuronansHa mpu3Ma 3 OJHUM J0AaTKOBUM aroMoM [Nd 7S]
Cepenns n1oBXUHA 3B’ A3KY, A 2.9117 2,9036
0O6’em momienpa, A3 34.0763 34,2667
Koeoimient mucropnii () 0.02422 0,02587
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EdexTrBHE KOOpAMHAIIIIHE YHCIIO | 6.7668 6,6908
Oxkraenp [Ga 6S]
CepenHs 10BKHUHA 3B’ 3Ky, A 2.5597 2.6221
06’em momieapa, A3 22.3321 23.9052
KoedimienT nucropii (X) 0.00844 0.04291
EdexTrBHE KOOpAMHAIIIIHE YHCIIO 5.9851 5.5456
Terpaenp [G{0.45 Ag + 0.52 Ga} 4S]
CepenHs 10BXHUHA 3B’ 3Ky, A 2.2327 2.1785
06’em nomienpa, A3 5.6627 5.2517
KoedirienT nucropirii (X) 0.00160 0.00135
EdexTrBHE KOOpAMHAIIIIHE YHCIIO 3.9995 3.9997
[Nd 7S] l |G 48|

(F§

{)

Puc. 2. EnemMeHTapHa KoMipKa Ta KOOPJAMHAIIHHI TOJTIEapH
aToMiB y cTpykTypi cyiabdiny NdsAgossGar 52S7.

3 orysiy Ha Te, IO JJIsl CHHTE30BaHOTO CyJIb(ily XapaKTEpHOIO € HEeHETPOCUMETPUYHA
(II" P63) cTpykTypa, BiH MOXe OYTH BUKOPHCTAaHUH $K MaTepian Ais JOCHiIKEeHHS
HEJIHIHHOONTUYHMX Ta HIINX XapaKTCPUCTHUK.
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Kpucramu Sn2P2Se Binmomi sik edektruBHI poTopedpakTUBHI MaTepiaiu, mapaMeTpu sIKMX
MOXYTb OyTu edexTBHO MoaMdikoBaHi iX jeryBaHHsaM [1,2]. Hamn gocnimkeHHs Oynu
CHpPSIMOBaHI Ha MOIIYK HOBUX €(EKTHMBHUX JIETYIOUMX EJIEMEHTIB Ta iX KOMOIHAI, sKi
3a0e3Meuyr0ThCS TBOMa OCHOBHUMH METOJIaMH, a caMe: BHPOIIYBaHHSIM MOHOKPHUCTAJTIB 3
nBOMa fomimkamu, Ta nudysiero meraniB (Cu, Ag) y monepeaHso BUpoIeHi 3pa3ku [3]. V
JTAaHOMY MOB1IOMJIEHH] IPEJICTABIIEH1 PE3YJIbTAaTH TOCII)KEHb ONTUYHUX 1 OTOpePpaKTUBHUX
nmapaMeTpiB JIETOBaHUX KpPHUCTAJB, 30Kpema 3pa3kiB SnoP2Se:(Sb,Cu), siKi IEeMOHCTPYIOTH
HaWKpalIlli mapameTpH.

B xo1 po6oTH BUPOIIYBAIHCH Pi3HI MOABIIHO JIeroBaHi 3pa3ku SnoP2Se 3 BUKOPUCTaHHIM
TPAIUIIIAHOT METOJUKH XIMIYHMX TPAHCIOPTHUX peakiiid. 30KpeMa TaKuM METOJ0OM
OTPUMYBAJIUCS 3Pa3KH 3 PI3HUMHU KOHIeHTparissMu Sb ta Te, ski, sk Oys10 MOKa3aHO paHile
[1,2], € naitepexTuBHImUMHU 17151 HOTOpePPaKTUBHOTO €(PEKTY TOMIIITKAMH, a TAKOXK JIETOBaH1
OoJHUM 3 JBOX MeTtaliB, Ag 1 Cu, fKi TaKOX BUKOPUCTOBYBaJIUCS JUIsi Momaudikariii Sn2P2Se
METOJIOM TEPMOIHIyKOBaHO1 1udy3ii 3 moBepxHi [3]. BcTaHOBIEHO, 110 HAWTIEPCIIEKTUBHIIIOIO
CHOJTYKO0 ISl hoTOpePpaKTUBHUX 3aCTOCYBaHb € SnoP2Se, erosanuii komoOiHaiiero Cu i Sb,
3 pIBHUMHU KOHLeHTpauisMu (6u3bko 1 Mon.%). Inmi komOiHanii neryBanus, taki sk Te+Cu,
Tet+Ag ta Sb+Ag, He puBeNM 10 NMOKpameHHs GoTopePpakTUBHUX MMapaMeTpiB, 1 BOJHOYAC
MPOIEMOHCTPYBAIM MIABUIIICHY TEMHOBY IIPOBiIHICTh. TOMY OCHOBHaA yBara Oysa mpuiieHa
KpHCTajaM, JeroBaHuM KoMmbOiHariero Sb+Cu.

BumiproBaHHs CHEKTPIB ONTHYHOTO MPOMYCKAaHHS MOONHM3Y Kparo IMOTJIMHAHHS Yy LHUX
3paskax MoKa3aj, 10 BOHU 3arajioM MoAi0H1 10 BUMAJKY KpUCTaliB SnoP2Se eroBanux nuiie
Sb. Exkcnepumentu 3 QoTopedpakTUBHOT [BOXBHIBOBOI B3a€MOMII 3 BHUKOPUCTAHHSIM
BunpoMiHtoBaHHs He-Ne nazepa (633 HM) nmoka3any, 1110 MakCUMailbHi 3HaYeHHS KoedimienTa
MiICHIEHH CTAHOBIATh BenumuuHy mnopsaky I'=15cm™ (mpu nepiomi rpatkm 1 Mkm Ta
inTeHcHMBHOCTI 7asepHoro mpoMens 0,3 Brcm?). BceTaHoBIeHO Takoxk, IO Koe(illieHT
nigcunieHHs [” 3aeXKuTh Bifl IHTEHCUBHOCTI CBITJIA, 1 IOTO BETMYMHA 3MEHITYeThCs 10 10 emt
npu inTencuBHOCTI 0,1 BreM™?, 110 € MeHIIMM MOPIiBHAHO 3 KpucTanoM SnaP2Ss:Sh1% [1,2].
IIpote ronoBHOIO mepeBaroo (GoropedpakTUBHOTO edekTy B 3paskax SnzP2Se:(Sb,Cu) €
MPaKTUYHO MOHOEKCIIOHEHIlialbHa JUHaMika (QOpMyBaHHS JAWHAMIYHOI TOJIOTpaMH,
TOOTO 3aMUC TPATKU MPOCTOPOBOTO 3apsy BiAOYBA€ThCS MPAKTUYHO Oe3 KOMIEHCAIIMHUX
MPOLIECiB, SKi 3a3BUYal CIIOCTEPIralOThCsl B IHIIUX JIETOBAHMX (@ TAKOX IHIIUX TMOJBIHO
neroBaHux) kpucranax SnpP2Se. Kpim Toro, mincuieHuil CUTHAIBHUN TPOMIHB JEMOHCTPYE
BHUCOKY CTaOUIBHICTD Y MOPIBHSAHHI 3 BUMAIKOM JIeroBaHOTO Sb kpuctamy SnzP2Se.
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OTpuMaHi eKCIEPUMEHTAIbHI pPE3ylIbTaTH J00pe KOPETIOIOTh 3 MOJICITIOBAHHSM,
BUKOHaHMM LUIIXOM ab initio po3paxyHKIiB eJIEKTPOHHUX CHEKTPIB IpaTku SN2P2Se 3 pizsHUMHU
nedexkramu. Taki po3paxyHKH [arOTh IH(QOPMAIi0 PO EHEpriro JePeKTHHX pIBHIB Y
3a00pOHEHII 30HI, @ TAKOX PO HAWIMOBIPHIIII ITOJOXKEHHS JOMIIIKH, SIKI MOYKHA BU3HAYUTH
3a MIHIMI3aI1i€l0 TOBHOT €Heprii KOMIPKH MpH pi3HUX Mo3ulisax Aedekris. Takox maHa Moens
JI03BOJISIE OLIHUTH 1HAYKOBaHI JOMIIIKOIO 3MiHU (i3MYHUX apaMeTpiB KpHUCTaa.

MogensHu# po3paxyHOK €JIEKTPOHHUX CHEKTPIB y rpatii SN2P2Se 3 nBOMa nedexramu
(tobto pomimkamu Cu 1 Sb B 0jHIN eneMeHTapHIM KOMIpIl) Ja€ IMOBIPHE MOSICHEHHS
BIJICYTHOCTI NPOIIECIB KOMIIEHCAllli Y TAKOMY TOJIBIHHO JIETOBAHOMY KpHcTail. Sk mokazamu
nonepenHi gociuimkenHs crnekTpis ¢poto-EINP [4], momimka Sb* TumoBo 3aMiniye kaTioHu
Sn?*, i kpUCTajliuHa CTPYKTYpa € 3apsAA0BO CKOMIIEHCOBAHOIO 32 PAXyHOK TIOSIBU JOJATKOBHX
BakaHcii Sn. e npu3BoANUTE 10 yTBOpEHHS Ae(PEKTIB ABOX TUIIB, TOOTO JTOMIIIKH 1 BaKaHCIi,
o0 MoO)Ke OYyTH OJIHIEI0 3 MPHUYUH EJIEKTPOH-IIPKOBOI KOMIIeHcalii mnpu (opMyBaHHI
oTopedpakTUBHMX TrojOrpaM B KpucTanax, Jleropanux nmme Sb. Jlomimka Cu®*,
posTamoBana mo6mu3y Sb®*, Moke 4acTKOBO KOMIEHCYBAaTH BakaHCii Sn. Sk BHIIIHMBac 3
pPO3paxoOBaHUX EJIEKTPOHHUX CIHEKTPIB, JOJATKOBI €JIEKTPOHHI CTaHM, IO BHHHUKAIOTH Ha
amaromax Sb 1 Cu, BiINOBialOTh OJHAKOBIA €HEprii, 1 MalOTh HABITh YACTKOBO NMEPEKPHUTI
€JIEKTPOHH1 OpOITH, 0TKe POPMYIOTh €AMHUHN ACPEKTHUN €IEKTPOHHUH PIBEHb Y 3a00pOHEHIN
30H1. Ile Kopesntoe 3 MOHOCKCTIOHEHITIAIBHOKO JUHAMIKOIO ()OPMYBAaHHS IPAaTKH MTPOCTOPOBOTO
3apsany, 10 TependavyaecTbesi KIACHYHOIO OJHOPIBHEBOI MOJACIUTIO (GoTopedhpaKTHUBHOTO
edexry.

Kpucranu, neroani Sb+Cu, 3aBsiku TOCTaTHRO BUCOKOMY KO€(IIIEHTY EHEProoOMIHY Ha
TOBXUHI XBUJII 633 HM Ta 4acoBiii CTaOUTLHOCTI, JIO3BOJIAIOTH PEATi30BYBAaTH Ha iX OCHOBI
pI3HOMaHITHI pakTuuHi hoTopedpakTrBHI cXeMu. B poOOTI 11e MpouTFoCTPOBAHO Ha MPUKIIAT]
JOCTIIKEHHS XapaKTepUCTUK ABOX ONTUYHUX CXEM, a caMe: IMHAMIYHOTO iHTepdepoMeTpa Ha
OCHOBI JJBOXBHJIBOBO1 B3a€MO/Ii1 Ta HAITIBJIIIHIHHOTO OCITWISTOPA 3 BUCOKOIO €(EKTUBHICTIO Ta
HU3BKHM TIOPOTOM Te€Heparii MOpIBHAHO 3 IHIIMMH JIeroBaHUMHU (oTopedpakTHBHUMHU
3pazkaMu SnzP2Se.

Takum umHOM, JeryBaHHsI kpuctaiiB SnaP2Se koMOiHamiero Sb 1 Cu € nmepcneKTUBHUM
METOJIOM TOKpaImieHHs1 iX ¢oTtopedpakTuBHUX mapameTpiB. Taka Moaudikaimis IT03BOJISE
oTpuMatu (poTropePpaKTUBHI TUHAMIUHI TOJIOTpaMH, SKi € CTaOUIbHMMH B 4Yaci 1 He
JEMOHCTPYIOTh 3HAYHUX KOMITCHCAIIHUX MPOIIECIB.
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JIOMIHECIHEHTHI JETEKTOPH B PETPOCIIEKTUBHIN
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[Tornmuuena no03a € OCHOBHOIO BETUYHHOIO, SIKa BUKOPUCTOBYETHCS B J03uMeTpli. Bona
BHU3HAYAETHCS, K KUIBKICTh €HEprii 10HI3yl04Oro BUIIPOMIHIOBAHHS, MOTJIMHEHOI OJMHUIICIO
MacH OMpOMiHEHOT pedyoBUHHU. OIUHUIIEIO TTOTIWHEHOT 103 € JDKOYIb Ha Kitorpam [JIK/kr],
0 BIAMNOBIJA€ €Heprii OJAHOrO KOy OyAb-SKOro 10HI3YHOUOrO BHUIIPOMIHIOBAHHS,
MOTJIMHEHOTO Macol0 OJIHOTO Kitorpama ompomiHeHoi pedoBuHH. Y cuctemi CI oguHuUIS
MOTJIMHEHO1 1031 HasuBaeTbes Tper [[p], 1 I'p = 1 JIx/kr [1]. Tlo3acucTeMHOO OJMHUIIEIO
MOTJIMHEHO1 /103U € pan. OauH paj MOpIBHIOE MOTIWHEHINH eHeprii B 10° JIx/Kkr Oynb-sKii
peuoBuHi, 1 pax=10° JIx/xr = 0,01 T'p.

VY pazi pamiamiifHOT Haa3BUYaHOT cuTyalii B 00macTsX, A€ CTaHIAPTHI JETEKTOPH
HEOCTYIHI, JJIs1 OI[IHKU TOTJIMHEHO1 103U MOXYTh OyTH BHUKOPHUCTaHI Taki Marepiaiu sK:
KBapIl, 1[0 MICTUTHCS B LIETJT1 Ta KEpaMiIli; IEMEHT; IHTerpaibHi cxemu, SIM-kaptu, i, 3yOHa
eMaJib, TPOIIOBI KYIMIOPH, 0AaHKIBChK1 KAPTKH, BI3UTKH, CKJIO TOJMHHHUKIB, KpHJIa KOMax Ta 1HII1
moIiOH1 MaTepiaiy.

[TpoTsirom octanHix 40 POKIB AJIs OIIHKU 7103 OMPOMIHEHHS HACEJICHHS BUKOPHUCTOBYBAIH
KepaMiuHi MaTepianu. [lemeHnTHI MaTepiany pi3HUX BUIIB € IIKaBOIO ATbTEPHATUBOIO KepaMilli,
OCKUTHKH BOHH MICTATHh HAlIOBHIOBAYi 3 IpiOHOTO 200 3epHUCTOTO KBapiy [1].

B po6Goti [2] mOBiZOMJICHO TPO BHKOPHCTaHHS eMaii 3y0iB B SIKOCTI «aBapiitHOTO
netexkropa» (Puc.1,2). BcranoBneHa niHiiHA 1030Ba 3aJI€KHICTD.

Puc.1. 3aranpHuii BUrIIs1A 3paskis [2].
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Puc.2. Jlo30Ba 3a1€KHICTh pENPEe3eHTaTUBHOTO 3pa3ka [2].

Takum unHOM, eManb 3y0iB MOKe OyTH BUKOPHCTaHa B €KCTPEHHIHN no3umerpii [2].
Yinu KpeauTHUX KapT, sIK1 BUJIaH1 PI3HUMHU aMEpUKAHChbKUMH OaHKaMu, Oyl IpeMeTOM

nociipkeHns, sike nposoawu [llomom 1 MakKisep (Puc.3,4) [3].
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Puc.4. Buxigni curnanu OCJI Big 12 kpeaquTHUX KapTOK, orpoMiHeHuX fo030t0 7 I'p [3].

XapakTepUCTUKH JI03U JUIA JOCIIKYBAaHUX 3pa3KiB Oynu JiHiHHUME B niana3oHi 0—7 I'p.
3HaueHHs MIHIMAIbHOT BUSBIEHOT 03U cTaHOBWIM Bif 7,9 MIp mo 26,3 mI'p [3].

1. Bailiff I. K., Sholom S., McKeever S. W. (2016). Retrospective and emergency dosimetry in response to radiological

incidents and nuclear mass-casualty events: a review. RadiationMeasurements. 2016. V. 94. P.83-139.

2. Sholom S., DeWitt R., Simon S. L., Bouville A., McKeever S. W. (2011). Emergency dose estimation using optically
stimulated luminescence from human tooth enamel. RadiationMeasurements. 2011. V.46(9). P. 778-782.

3. Sholom S., McKeever S. W. OSL with chips from US credit cards. Radiation Measurements. 2021. V. 141. 106536.

45



Proceedings RNAOPM-2024
Section 3 @ 4. New materials for optoelectronics @ Applications of the relaxed and nonlinear optical
processes in technology, industry and education

®I3UYHI BJACTUBOCTI KPUCTAJY TIl.CdSnSes
J1.0. Isamtox!, .JI.B. ITickau?, A.I'. KeBmmn®

YAcnipanm Bonuncekozo nayionanvrozo ynisepcumeny iveni Jleci Yxpainku
2 [Toyenm Bonuncvko2o HayioHansHoz2o Yuieepcumemy imeni Jleci Yipainxu
3 oyenm Bonuncvkoz2o HayionansHoz2o yrieepcumemy imeni Jleci Ypainxu
dima.ivaniuk29@gmail.com, piskach.lyudmyla@vnu.edu.ua, Kevsyin A@ukr.net

Jlyiss CTBOpEHHS HOBUX €(QEKTUBHUX ONTHKO-CICKTPOHHUX TPHIAIIB BHKOPUCTOBYIOTH
XaJIbKOTEHIIHI HAMBIPOBIAHUKH, 0 MICTATH Jy:kHi MeTanu. loun TI" moxmibui g0 iowis
JTYKHUX METajiB, TOMYy 3aMiHa aTOMaMHU TaJil0 aTOMIB JY)KHOTO METally 4d Miai/cpibiia B
anMasornoAiOHIN ¢a3i MOXKYTh JaBaTH 130CTpYKTYpHI1 criosykH [1]. Okpim nporo, Tl mae psg
BJIACTUBOCTEH, 110 TOOMOXKYTh T1-BMICHUM CIIOJTyKaM YHUKHYTH HEJOIIKIB CIIOIYK 3 JIY’)KHUX
MeETaJliB, a caMe: eJIEKTpOHeraTuBHICTh T1Habararo BuIia HiX Jy)KHOTO MeTany; T1 Baxuwuii 3a
ayxHui Meran;, TlH mae HemouIeHy napy eJeKTpOHIB, sika Moxke OyTH akTUBHOIO [2]. Bei mi
MepeBaru 03HA4YaloTh, 110 XAJIBKOTCHIIU Tajil0 € MEPCIEKTUBHUM 00 €KTOM MOCITIKEHB 1
MOXXYTh CTaTH aJbT€pHATHBAMH XaJIbKOTEH1/1IB Ha OCHOBI1 JTyKHUX METAJIB.

Binomo, 1o asis po3ymiHHS (i3UKO-XIMIYHHUX BIACTUBOCTEH TBEPIUX TUI MOTPIOHO 3HATH
PO 0COOIMBOCTI YTBOPEHHS XIMIYHHUX 3B’S3KIB Ta €JIEKTPOHHY OyJI0BY KpHUCTaliB. Takox 1€
Jla€ 3MOTy TiependavnTH, sSKi MOTPiOHO TMpoBecTH MoxAudikailii, mo0 croiayka BimmoBimana
TEXHIYHUM BHUMOTaM. JIOCTIIDKCHHS ONTHYHHX BJIACTUBOCTEH KpPHUCTATIB € OCHOBHUM
mapaMeTpOM JUIS iX MOJABIIOr0 BUKOPUCTAHHS B PI3HOMAHITHUX Ipuiagax [3].

3rigo ekcnepumenty TCASnSes € NPAMO30HHMM HAIIBIPOBITHUKOM p-THITY i3
mUpUHOIO 3a00poHeHoi 30HM B Mexax 1,0—1,5 eB [4]. lle € BaxmuBUM mapameTpoMm st
HaITIBIPOBITHUKIB, SKI BUKOPHUCTOBYIOTHCS B OMNTOENEKTPOHIli. JlocmipKkyBaHUN KpUCTal €
(dhoToUyTIMBUM, IO poOUTH HOTO 0araToOOINAIOYNM Ui BHUKOPUCTAHHS B COHSIYHIN
eHepreruili. [loBepXHs CIOJIYKH € JOCUTH CTA0UTBHOIO 1 B TIOE€HAHHI 3 BIIITOBIIHOO IITUPHHOIO
3a00pOHEHOT 30HU POOUTH JAHHWK CEJNCHIA AyXKe IMEPCIeKTUBHUM HAIIBIPOBIAHUKOM IS
BUKOPUCTAHHS B TOHKOIUIIBKOBHX COHSYHHMX €JIE€MEHTax, a TaKoX JUIsl 3aCTOCYBaHHS Y
BUCOKOE(DEKTUBHUX  (POTOKATATITHYHHX 1  (POTOENCKTpUYHHX npuctposx [5]. Husbka
rirpockomiynicTs oBepxui kpucraia Tl,CAdSnSes Moske maTi 3MOr'y BUKOPHCTOBYBATH HOTO B
ONTUKO-EIEKTPOHHUX MPHUCTPOSIX, IO MPaLIOTh B yMOBax IMIABULIEHOI aTMOC(EpHOi
BOJIOTOCTI, @ TaKOXX B HaBKOJMIIHBOMY cepenoBuili [5]. Bucokoio mnepcreKTUBHICTIO
BUKOPHCTAHHS KPHCTAly B ONTOCIHCKTPOHHHMX mpwiamax € Te, mo T1.CdSnSes €
CBITJIOYYTJIMBUM HAMIBIPOBIAHUKOM 3 OOJACTIO CHUJIBHOTO TMOTJIMHAHHS Bil 4YEepPBOHOTO
KOJIbOPY BUJUMOTO CBITJa JI0 BAKyyMHOTO ynbTpadionery [5].

Kpucranu T1,CdSnSes € 1ie HemocTaTHhO BHBUCHHMMH. B TemepimiHiii yac iHTEHCHBHO
MIPOBOJATHCS JOCTIIKEHHS TaHUX CIOJYK, TOMY 1[0 BOHU MPEACTaBISAIOTh BEIUKHIA 1HTEpEeC
JUIS IPAKTUYHOTO BUKOPHUCTAHHS.

Selezen, A.O., Piskach, L.V., Parasyuk, O.V.et al. The Tl2SnSes-CdSe System and the Crystal Structure of the
T1.CdSnSes Compound. J. Phase Equilib. Diffus. 40, 797-801 (2019).

1. Karkour, S, Bouhemadou, A, Allali, D. et al. Structural, elastic,
electronic and optical properties of the newly synthesized selenides TI.CdXSes (X =Ge, Sn). Eur. Phys. J. B 95, 38 (2022).

2. AA. Lavrentyev, B.V. Gabrelian, V.T. Vu, L.N. Ananchenko, L.I. Isaenko, A.P. Yelisseyev, O.Y. Khyzhun,
Electronic structure and optical properties of noncentrosymmetric LiGaSe2: experimental measurements and DFT
band structure calculations, Opt. Mater. 66 (2017) 149-159.

3. B.V. Gabrelian, A.A. Lavrentyev, T.V. Vu, V.A. Tkach, O.V. Marchuk, K.F. Kalmykova, L.N. Ananchenko, O.V.
Parasyuk, O.Y. Khyzhun, Quaternary CuoHgGeSes selenide: its electronic and optical properties as elucidated from
TBmBJ band-structure calculations and XPS and XES measurements. Chem. Phys. 536 (2020) 110821

4. T.V.Vu, A A Lavrentyev, B.V. Gabrelian, A.O. Selezen, L.V. Piskach, G.L. Myronchuk, M. Denysyuk, V.A. Tkach,
K.D. Pham, O.Y. Khyzhun, Crystal growth, electronic and optical properties of TI2CdSnSe4, a recently discovered prospective
semiconductor for application in thin film solar cells and optoelectronics. Opt. Mater. 111, 110656-110712 (2021)
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OnTu4yHi BJacTUBOCTI cTekoJ cucteMu GeS2-As>S3

Kupuuenxo Maxcum, Muponuyx I'anuna, Mapuyx Onez

Bonuncvkuii nayionanvuuil ynisepcumem imeni Jleci Yxpainku,
Jhyyvk, Ykpaina
Kyrychenko.Maksym@vnu.edu.ua

OnTuyHl BJIACTHBOCTI XaJIBKOTCHIIHMX CTEKOJ NPHUBEPTAIOTh BCE OUIBINY yBary
HAyKOBI[IB 110 BChOMY CBIiTi. Lle 00yMOBI€HO MOXUIMBICTIO iX 3aCTOCYBAaHHS B Ja3epHId Ta
CBITJIOBUIIPOMIHIOIOUIN TEXHII[I, OE3MUIOTHIN HaBIraIii Ta iH.

[lepenb6aunTy BIACTUBOCTI CTEKOJ 3 BHUKOPUCTAHHSM TUIBKM TEOpii MpOIECIB
MOTJIMHAHHS Ta BUIIPOMIHIOBAHHS CBITJAa HA MPAaKTHUIl AY)KE CKJIaJHO, TOMY JOCIIKEHHS
BIUIUBY JIOMIIIOK Ha OMNTWYHI BJIACTUBOCTI XaJbKOTEHITHUX CTEKOJ JIGKUTHh ¥
€KCIIEpUMEHTAJIbHIN TITOTIHHI.

Onniero 3 HAUOUTBHIT TEPCTIEKTUBHUX JIOMIIIOK B XaJIbKOTEHITHUX cTekax € Epoii. [lei
€JIEMEHT BUKOPUCTOBYETHCS B PI3HOMAHITHUX Traly3sIX TaKHX K €HEepreTuka, Xipyprisi, onTHka,
Jla3epHa TEXHIKa Ta 1HIIIE. Take PI3HOMAHITTA
3actocyBanb EpOito moB’s3aHe 3 ¥Oro BJACTUBICTIO €()EKTHBHO BUIIPOMIHIOBATH
KBaHTH TICBHUX E€JIEKTPOMArHITHUX XBWJIb I Mi€l0 30Y/DKYIOUMX YMHHHKIB. E(dekTHBHICTH
BHUIIPOMIHIOBAHHS iIoHAMU Ep6iro 3aJICKUTh, HacaMIepe, BiJT
iX KOHUEHTpaulii B MaTpHlll, B SKy HOro BBEICHO Ta KOMIIOHEHTHOTO CKJIady
ocTaHHBOI [1].

Jlnst orpuMaHHs po3mupeHoi Ta HoBoi iH(opMarii moao BBy Er Ta crpykrypm
XaJIbKOTCHIIHUX CTEKOJ HaMmH OyJo NpOBeAeHE NOCHIIKEHHS CHEKTPIB MOTJIMHAHHA Ta
nponyckanHs B IY miamazoni crekon cucrem GeSz-As»S3-ErSz 3 pisHHM CIIBBITHOIICHHSIM
koMmmoHeHTIB GeS; ta AsyS3. CriekTp iH(paYepBOHOTO MPOIMYCKAaHHS XaJIBKOTCHIIUX CTEKOJ
OTpHMaHO 3a fgoromMororo ¢yp'e-ciekrpomerpa SHIMADZU IRAffinity-1S y giamazoni gactor
700 — 7000 cm* (Puc.1).
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Puc.1 Cnextpu npomyckanHs crekol cucteM GeS2-As2S3-ErSz B I nianaszosi.
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B pe3ynbpTaTi MpoBeICHUX BUMIPIOBAHD TIOMIYCHU BIUIUB JIOMIITKOBHX €JIEMEHTIB, K1
MoB’si3aHi 3 Tpymamu atomiB: S-S, SHy, S-H, S-OH, H»0. [2,3,4]. [TosiBa maHuX JOMIIIKOBUX
€JIEMEHTIB 3yMOBJIEHA TEXHOJOTTYHUMHU IMPOIECAMH BUTOTOBIICHHS 3Pa3KiB CTEKOJ, a TAKOXK
BIUIMBOM 30BHIIIHBOTO CEPEJOBUINA OE3MOCEpeHbO IIiCNs CHHTE3y. Pi3ke 3MEHIIeHHs
MIPO30POCTI 13 HU3BPKOYACTOTHOT 00JIACTI 3yMOBIICHE MYIbTH(POTOHHUMHU IPOTICCAMH.

3 pe3ynbTariB gocaiypkeHHs BuaHO (Puc.1), mo HasBHicTh EpOito B XaJlbKOre€HITHOMY
CKJI1 3MIIIy€e KOe(ilI€EHT NPOIYCKaHHS B IIMPOKOMY CIIEKTpaJIbHOMY Jllana3oH1 Ha 2-4 %, ane
3anumiaeTbes B Mexax 70 — 65 %, 1110 miaTBEpKY€E NEPCIEKTUBH 3aCTOCYBAHHS TAKUX CTEKOJ
B TEXHIIII, sfiKa npaitoe B [Y miamazoHi.

Jimepamypa:

[1] B.B.Tlansn. [ucepramis. BumpomiHioBaHHS CBiTIa B XaJbKOT€HITHUX
MoHokpuctanax cucteM Ga—In(La)-S Ta ckiIomomiOHMX CIJIaBax yTBOPCHUX OiHAPHUMHU
xanpkoreninamu Ag>S(Se), HgS, Ga(La)2S(Se)s, GeSzneropanux epoiem. 2020. YJIK 538.958;
539.213; 620.192.41

[2] Matthieu Chazot, Mohammed EI Amraoui, Steeve Morency, Anouar Hanafi, Younes
Messaddeq, et al.. Thermal characterizations and investigation of the drawing region in Ge-As-
S glasses for IR optical fibers. Journal of Non-Crystalline Solids, 2019, 510, pp.186 - 191.
10.1016/j.jnoncrysol.2018.12.022 . hal-03486043

[3] Monorpadis : ATMocdepHa KOpo3is TEICKOMYHIKAI[IMHUX ONTUYHUX CEPEIOBHIIL
JUTSI XaJIbKOTEHITHOT (POTOHIKH: CKIOTOMIOHUN 1 KpUCTANIYHUN qucyabdin repmanito / Mima
B., T'omom6 P., Jlosac I'., Konngpaat O., Bepem M., llutpoBcekuii A., Ximiu JI., Hike A., 3a
penaxiiero Mima B. // Bua-o "bpesa", Yxropon, 2017. - 126 c.

[4] A.P. PaiukAlexander V. StronskiAlexander V. StronskiM.V. VuichykM.V.
VuichykShow all 6 authorsP.F. Oleksenko / Mid-IR impurity absorption in As2S3 chalcogenide
glasses doped with transition metals May 2012Semiconductor Physics Quantum Electronics &
Optoelectronics 15(2):152-156 DOI: 10.15407/spge015.02.152
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TEPMOEJIEKTPUYHI CEHCOPHU B ME/IMIIUHI

Huxmnpyii JLL!, 3amypyesa O.B.?, ®enocos C.A.*, SIsopceknii P.C.%, Baswmok B.L.*, Ha6oiiunxk C. C.
UTpukapnamcvruii nayionanvnuii ynisepcumem imeni Bacuna Cmepanuxa, lsano-
@panxiscovk, Ykpaiua,
2 Bonuncukutl Hayionansrutl yricepcumem imeni Jleci Yxpainxu, JIyyok, Yrpaina,
3 TTyybkuii nayionansruii mexuiynuil ynigepcumem, Jlyyok, Yrpaina,
4 Tyyoxuii meouunuti incmumym, Jyyok, Ykpaina
e-mail: Zamurueva.O@gmail.com

[lIkipa € opraHoMm JOJCHKOTO Tia, fKa MPENCTaBIsA€ TIArHOCTMYHUM 1HTepderc,
HAaCUYEHHUH >KUTTEBO BAXKJIMBUMH OIOJOTIYHMMU CHTHajJaMH BiJ] BHYTPIIIHIX OpraHiB,
KPOBOHOCHHUX CYAMH, M’s31B 1 JepMmu/emnigepmicy. M’ski, THY4YKi Ta pO3TSKHI €IE€KTPOHHI1
MPUCTPOT CTBOPIOIOTH HOBY IUIATGOPMY I B3aEMOMIT 3 M’SKUMH TKaHUHAMH IS
POOOTH30BAaHOTO 3BOPOTHOTO 3B’SI3KY Ta KOHTPOJIIO, pEreHepaTUBHOI METUIIMHY 1 TOCTIHHOTO
MOHITOPHHTY 3/10pPOB 5.

VY mepuiit yactuHi [1] po3rnsgaroThcs MaTepiaiau, CTpaTerii MPOeKTYBaHHSA Ta CUCTEMU
KUBJICHHS, 110 BHUKOPHCTOBYIOTbCSI B TPOTpPaMHId €JNEeKTPOHIilll, MNPEACTAaBICHO OIS
3aCTOCYBaHHS ITUX MPUCTPOIB y KapAI0JIOT1i, 1epMaToIorii, e1eKTpodi31010rii Ta JIarHOCTHIT
MOTY 3 HAr0JIOCOM Ha TOMY, SIK Il CHCTEMH MOXYTh 3aMIHUTH 3BUYaiH1 KJIIHIYH1 IHCTPYMEHTH.
Orysim 3aBepIIyeThbCs TOTJISIOM HAa TOTOYHI BUKIMKH Ta MOXJIMBOCTI UII ManlOyTHIX
HaIpsIMKIB JTOCIIHKEHB y ¢c(hepi MOHITOPUHTY 3I0POB’ s IEPEHOCHUX MPUCTPOIB.

3acToCcyBaHHsS MarepiaiiB, IO PO3TATYIOTHCS, 1 MaTepialliB, IO CaMOBIAHOBIIIOIOTHCS,
BKJIIOYAE, ajie He OOMEXYeThCS LUM, EJIEKTPOHIKY, IUCIUIe], E€HEepreTHUKY, HaBKOJIUIIHE
CEPENIOBHINE Ta MEAUIIMHY. Xouda OUIBIIICTh OPraHiYHUX MaTepiaiiB, SK MPABWIO, MOXHA
3pOOMTH THYYKMMH, TaKli MaTepiali HE PO3TATYIOTHCS, IO € KIIOYOBOK MEXaHIYHOIO
BJIACTUBICTIO, HEOOXITHOIO JUIS peamizaiii 3acTOCYBaHb CICKTPOHHOI IIKIpH IS
MPOTE3yBaHHS, MITYYHOTO IHTEIEKTY, CUCTEM POOOTOTEXHIKH, MEPCOHAIBHOTO MOHITOPUHTY
3I0pOB’s1, 6i0CyMicHOCTI Ta 3B’s13Ky. pucTpoiB. [TyoOmikairis [2] oxormiroe aeski 3 HAMHOBIIINX
JOCATHEHb y PO3TSHKHHUX 1 CAMOBITHOBIIIOBAHUX MOJIIMEpax 1 MPUCTPOSIX Ui €IEKTPOHHOT
mkipu (E-skin). ABTopamMm mOCTIDKEHO Marepiajid, sIKi BHUKOPHUCTOBYIOTBCS B PI3HHX
KOMITIOHEHTaX EJIGKTPOHHHUX MPHUCTPOiB, PO3IJIIHYTO OCTAHHI JOCSTHEHHS B PO3TSDKHUX 1
CaMOBIIHOBJIIOBAJIbHUX MPOBIAHMKAX, HAMIBIPOBIAHUKAX 1 Mminkiaakax. Harojomryerbcs Ha
JESIKUX KIIOYOBUX TEXHOJIOTIAX, HEMIOJAaBHO PO3POOJICHHUX Y PO3TSDKHUX CEHCopax Ha
OpraHIvYHif OCHOBI, COHSYHHMX €JIEMEHTaX, CBITJIOMNIONAX Ta EJICKTPOHHUX IPUCTPOSX 13
CaMOBITHOBJICHHSIM.

TeparepiioBe BUIPOMIHIOBaHHSI BUKOPUCTOBYETHCS B Pi3HUX cdepax — Bij Oe3neku 10
Meaunuau. OgHaK YyTJIMBE BUSBICHHS TepareploBOrOo BHUIIPOMIHIOBAHHS NP KIMHATHIH
TeMIIeparypi, K BiJOMO, CKIaaHo. Y [3] mpoeMOHCTpOBaHO rpad)eHOBHM TEPMOEIEKTPUIHHIMA
Teparepuesuil QoTomeTekTop i3 4ymuBicTio monax 10 BBt (700 BBt!) 3a ximHatHO{
TeMIepaTypH Ta eKBiBaJIEHTHOIO MOTYXKHicTIo mymMy Mente 1100 Bt (20 nBrI'2), o
BITHOCUTBCS [0 IHIMAEHTY (MOTJIMHAEThCS ) MOTYXHICTh. IIpocta Mojens BIAMOBIMI,
BKJIIOUAIOYM KOHTAKTHI acuMeTpii (ormip, p060Ty BHUXOJly Ta 3akKpiruieHHs eHeprii depwmi),
BIITBOPIOE SIKICHI XapaKTEpPUCTUKH JaHUX 1 BKa3ye Ha Te, IO MOKIWBE MOKpAIEHHS
YYTJIIMBOCTI Ha MOPSIOK.

Hocumuii enexTpoHHUI TPUKOTaX OCTAaHHIM YacoM MPHUBEPTAE yBary sK JOCTITHUKIB, TaK
1 mpomucioBuX cekTopiB. [loeaHaHHA TEXHOJIOTIH B'SI3aHHS 3 EINEKTPOHIKOK MOXKE CTaTH
JOMIHYIOUMM TPEHJIOM Yy MaiOyTHboMy. HeoOXimHO po3poOMTH aHAIITHYHE PIBHSHHS IS
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MOJICITIOBAHHS CKJIQJHOT PE3UCTUBHOI MEPEXKi IS TaHOTO HAOOpPY MPOBITHUX CTIOKIB, 100
3aJJ0BOJIBHUTH BUCOKHH MOIUT HA MIBUKE MTPOEKTYBAHHS MPOTOTHUIIIB PO3YMHOTO TPUKOTAXKY.
VY noxymenti [4] ommcaHo poOOTy, BUKOHAHY Ui OTPUMAHHS AHATITHYHHX DPIBHSHb IS
MOJICTIOBAaHHS JTAaHOT PE3MCTUBHOI MEpEXi MPOBIIHUX B’S3aJbHUX CTIOKIB, CTBOPEHHX i3
MPOBIAHOT MPSDKI Ta 3aCHOBAHMX HA TMOUIMPEHHUX TEXHIKaX B’SI3aHHS IHTApCii Ta TPHUKOTAXKYy.
PesynpTat eKCepUMEHTYy TOKa3al, 10 OTPUMAaHi PIBHSHHS MOXXYTh TOYHO MOJIEIIOBATH
eKBIBAJICHTHUH EJEKTPUYHUI OTMIp TMPOBITHUX CTIOKIB TPUKOTAXKY Ta MOXKYTh 3HAYHO
CTIPOCTUTH ICHYIOU1 MOJIEITI.

EnexTpoHika a7 MIKIpM 3 aBTOHOMHHMM JKMBIIEHHSIM, 3JaTHa 30MpaTH €HEpriro Ta
KOHTPOJIIOBATH CTaH 3JI0POB’s, PO3TIISIAETHCS K HOCUMa CUCTEMa HACTYIMHOTO TIOKOJIIHHS 3
IIUPOKUM 3aCTOCYBaHHSM SIK JUTSI aKaJAEMIYHUX TOCIIHKEHb IMITYYHOTO IHTEIEKTY, TaK 1 IS
KJIIIHIYHOT MPAaKTUKKU OXOPOHHU 370poB’s. [IpoaemMoHcTpoBaH1 MpUKIau IKIPHOT €EKTPOHIKH
3 aBTOHOMHMM KUBJIEHHSIM BKJIIOYAIOTh Pi3H1 THUIH MPUCTPOIB, OB’ A3aHUX 13 IEPETBOPEHHSIM
EHEeprii 3 I €30€NeKTPUKH, TPUOOETEKTPUKH, OIOTaTUBHUX €JIEMEHTIB, (POTOETEKTPUIHOT
SHEeprii Ta TePMOCICKTPUKH B JUKEPEJIO eIeKTpUYHOT eHeprii. Y orisiai [5] mincymMoByrOThCS
OCTaHHI JOCATHEHHS B LM rajy3l 3 aKkIeHTOM Ha CKJaJ0BUX Marepiajiax, KoHQiryparii
MPUCTPOIB, (PYHKIIOHATILHOCTI CUCTEMH Ta METOJJaX IHTerpaiii 3a octanHi 5 pokiB. Kpim Toro,
HACTYIHUMN PO3JUT MICTUTh OB’ SI3aH1 MPOrPaMu IIUX €JIEKTPOHHUX IIaT(opM, 3 aKIIEHTOM Ha
301p eHeprii Ta OXOPOHY 3JI0POB’SI ISl MOJIEJIEH JTIOACHKOTO Tij1a Ta TBapuH. HanmpukiHIli cTaTTi
OOroBOPIOIOTBCA MPOOJIEMHU Ta MOXIIMBOCTI JUIsl €NEKTPOHIKM IIKIpY 3 aBTOHOMHHUM
YKUBIICHHSIM, TIPOTIOHYIOYHCH 1HGOPMAITii Ta TOCTIAHUIIBKUX 11eH 1t untadiB. L{i qocsrHeHHs
CTBOPIOIOTH OCHOBY JJISl IPUCTPOiB 3 aBTOHOMHUM KUBJICHHSM B €JIEKTPUYHUX 30BHIIIHIX
iHTEepdeiicax MalOyTHROTO, 1€ Il TIEPEIOBI TEXHOJIOTIi MPOMOHYIOTh MHUPOKY aKTYaIbHICTh
JUTsl pI3HOMAHITHOT IHTETPOBAHOT B 30BHIIITHIO €JIEKTPOHIKY.

VY poboti [6] omHMCyeThCS BUKOPUCTAHHS HACTUIBHOTO TPHUHTEPA JUISI BUTOTOBJICHHS
eniepMalIbHUX MarepoBux enekTpoHHux npuctpois (EPED). Lls TexHoI0Tis BUTOTOBJICHHS €
MIPOCTOI0, HEJIOPOTOI0 Ta CYMICHOIO 3 MacumTaboBaHUMHU BUpoOHMuUMMHU Tporiecamu. EPED
BUTOTOBJISIIOTHCS 3 BAKOPUCTAHHM IMAlepOBUX MIAKIAIOK, SIKl CTal0Th OMHI(OOHUMHU 3aBASIKI
€KOHOMIYHO BHTITHIN CHIaHi3alii GTopanKuITpuXIopCcuiiaHaMu, 10 pOOUTh X HEAOPOTHMH,
BOJIOCTIMKUMH Ta MEXaHIYHO CyMICHUMHU 3 JIIOJICHKOIO MIKIpot0. BucokompoBiaHi yopHMIa a00
TOHKI IUTIBKH, TPUKPIMUICHI 10 OAHIET 31 cTopiH omHipoOHOro mamepy, pobiste EPED
CYMICHUMHU 3 JOJAaTKaMH, SIKIi MOXHa HOCUTH, BKJIIOUAIOYU OE3pOTOBY IEepelady eHeprii.
OwmHipoOHI nemono3Hi BonokHa EPED 3a0e3nedyioTe He3asnekHE Bifl BOJOTH MEXaHIuHE
3MilHeHHs npoBigHoro mapy. EPED touno xoHTpomoe dizionoriuni curnanu, taki sk EKT
(emextpokapaiorpama), EMI' (enextpomiorpama) i EOG (enexTpookyrnorpama) HaBiTh y
cepeoBMHILi 3 BUCOKOIO BoOTicTIO. Kpim Toro, EPED MoHa BUKOPHCTOBYBATH JIJ1s IIBUAKOTO
BHU3HAUEHHS TeMIIepaTypu Ha LIKIpi Ta A7 3aCTOCYBaHHS JIOKali30BaHOT TepMoTeparii. JlaHi
pe3ynbTaTi 1eMoHCTpytoTh nepeBaru EPED sk Hegoporoi matdopmu i nepcoHanizoBaHUX
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®PA30BI PIBHOBAI'A Y KBA3IBIHAPHUX CUCTEMAX
AgSb(Bi)Sz—AgsGeSe

Casuyk Inna Muxkonaiioeuu, Cementok Bimania Oneziena,
Knvoseuv Anacmacia Muxaitniena, I'ynait Jlro6omup /Imumpoeuu,

Kozym IOpiii Muxonaiiosuu*, Ilickau /Iroomuna Bacunisena
Boauncexuil nayionanvruu yrnieepcumem imeni Jleci Yrxpainku
*e-mail: kogut.yuri@vnu.edu.ua

TepHapHi Ta TeTpapHi XaJbKOTEHIIU cpidiia € MEePCIEeKTUBHUMHU HAMIBIPOBIIHUKOBUMH
MatepiajJamu A IPaKTUYHOTO BUKOPHUCTAHHS, 110 BOJIOAIIOTH PI3HOMAHITHUMH (I3UYHUMU
BJIACTUBOCTSMH — ONTUYHUMH, €JIEKTPUUYHUMHU, CETHETOCNEKTPUUYHUMH, I0HHOIO TIPOBIAHICTIO
tomro [1-4]. B cucremax Ag2S—Sh(Bi)2Ss—GeS; icuyrots crionyku: AgShS2, AgBiS,, AgaShSs,
AgsGeSe Ta iHII, IO 3HAWIUIM BUKOPHUCTAHHS Yy TBEPIOTUIbHIN 10HIII, OCKUIBKH MAalOTh
3HaYHy KaTiOHHY IPOBIIHICTh y TBEPIOMY CTaHl, a TaK0X BOJOJIIOTh IIHHUMH (Di3HKO-
XIMIYHUMH 1 eNeKTpo-(pisuaHuME BiacTuBOCcTsME [5-8]. Bci 1i cnoiyku 3ycTpidaroThcs B
MPUPOJIi Y BUIJISIII MiHEpaJliB, MICTATh €KOJIOTTYHO YKCTi eneMenTH [9-12]. YTBOpeHHS HOBUX
CHOJIYyK Ta TBEPAMX PO3YMHIB HAa OCHOBI ApI€HTYMOBMICHHMX CYIb(DiIIB PO3MIHUPUTH KOJO
[IHHUX MEPCIEKTUBHUX HAITIBIPOBIIHUKOBHUX MaTepiaiiB /s TexHiku. B pobotax [13, 14]
MpeaCTaBIcHa B3aeMO st B aHanorigaux cucremax i3 Ctanymom Cu(Ag)SbS>—Cu(Ag)sSnSe.
Mix crooJiykaMd  KYINPYMOBMICHOT CHCTEMH TPOTIKA€ €BTEKTHMYHHUMA TMPOIEC, B
apreHTyMoBMicHii cuctemi nipu 920 K yrBoproerbcs TeTpapHa crionyka Agi1ShsSnSio, ska
BOJI0T1€ TIOJTIMOPd13MOM 3 TIepexooM mpu 646 K.

Buximaumu ~ KOMOOHeHTaMH  KBasimoTpiHux  cucreM  AgSb(Bi)S>—SnS;—Sh,S3
BHCTYIAIOTh MOTpiiHI croayku AgShS,, AgBIS, ta AgsGeSs, siki BOJIOIIIOTh KOHIPYEHTHHM
xapakTepom turaBineHas npu 783 K [15], 1074 K [16], 1228 K [17] Ta maroTe moaiMopdHi
nepetBopeHHs nipu 653 K, 468 K, 488 K BignosigHo.

Kpucranorpadiuni xapakTepuCTHKH BCiX MoaudiKaiiid MOTPIHHUX CIIOJIYK HAaBEIACHO B
Tabun. 1.

Ta6muus 1. Kpucranorpadiyai napameTpu NOTPIHHUX CIOJYK y cucteMax AgS—
Sb(Bi),S3-GeS>

HTM- BTM- HTM- BTM- HTM- BTM-
Ang82 AngSZ AgBiSZ AgBiSz AgsGESe AggGeSe
C2 Fm-3m R-3m Fm-3m Pna2; F4-3m
. . pombo- . . .
MOHOKJIHHA KyOiuHa eopuna KyOiuHa pombiuna KyOiuHa
1,2824 0,5653 0,407 0,5648 1,5149 1,070
0,4406 - 0,7476
1,3193 1,906 1,0589
$=98,6° -
[18] [19] [20] [20] [21] [22]

[Mepepizu AgSb(Bi)S:—AgsGeSe kBa3ibiHapHi. TBepai pO3YMHM Ha OCHOBI MOTPIHHHX
cnonyk kpuctanizyrotbest B [II' Cc (AgShS»), TII" Fm-3m (AgBiS2) ta I1I" Pna2; (AgsGeSs)
(puc. 1 a, 6). Ha ocroBi AgSbh(B1)S2 Ta AgsGeSs po3unHHICTH CKJIaa€e OIM3bKO 5 MOIL.%.
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[Tpu cniBBigHOIICHHHI KOMIIOHEHTIB 3:1 B cuctemi AgShS;—AgsGeSs yTBOPIOETHCS HOBA
TeTpapHa croiyka ckiany AgiiSbiGeSiz, ska Mae 3HauHy 00JIACTH TOMOTEHHOCTI, IO
MIATBEPUKYIOTh PE3YyIbTAaTH peHTreHoda3oBoro (puc. 1) Ta MIKpPOCTPYKTYpHOTO aHANI3IB —

3pa3oK € 0THO(AZHUM.

Inmencuenicms, 6.0.

‘\—‘——JJAJMA«MMW-

100 mon. % Ag,GeS,

95 mox. % Ag,GeS,

70 mon. % Ag,GeS,

Tnumencuenicmeo, 6.0.

60 mon. % AgGeS,

50 mon. % Ag,GeS,

25 moa. % Ag,GeS,

(Ag,Sb,GeS,)

20 mon. % Ag,GeS,

10 moa. % Ag,GeS,

L

—
SV I -

100 mon. % Ag,GeS,

90 yon. % Ag,GeS,

80 mon. % Ag,GeS,

70 mon. % Ag,GesS,

40 mon. % Ag,GeS,

25 mon. % Ag,GeS,

20 moa. % Ag,GeS,

5 o, % Ag,GeS,

B S O

100 mon. % AgShS,

10 20 30

100 mon. % AgBiS,

50 60 70
20, (zpad.)

W”JL I N
10 20 30 40

50 60 70
26, (epad.)

Puc. 1. Tudpakrorpamu tTumnoBux 3paskiB cuctem AgShS;—AgsGeSe (),
AgBiS>-AgsGeSe (6)

Kpucraniyna cTpykrypa HOBOI TETpapHOi CHOJYKH JOCIHIIKEHA PEHTI€HOCTPYKTYPHUM
MeTosiIoM Topomiky (audpakromerp APOH 4-13 i3 Bukopucranusm CuKo-BUIpOMiHIOBaHHS B
intepBaimi 10°<20<100° 3 kpokom miumnpHuka 0.02°, excrmosumis 10 ¢ y rtoumi). Cnoayka
Ag11ShsGeS12 kpuctamizyerbess y KyOiunih cuuronii, III' F4b3m, mnapamerp rpaTku
a=0.54127(2) um (puc. 2).

1 T T T T T T

Alill M‘M:AMAI ..hu.’\”.\‘lu I JI|..m TR TR TR YT ...uuk...-..ymk.u '
1 BLL1 MR b 1N | LDl B ) e ¥ T -t

Puc. 3. EkcniepuMeHTanbHa, TEOpETHYHA Ta pi3HULEBa qudpakTorpamu 1 Agi1ShsGeS:2
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Mix ciomykamu AgBiS; ta AgsGeSe 3rigno 3 mannmu POA ta MCA nHasBHa nBo¢asHa

B3aemo/ist. Pesynpratt POA mpencrasneni Ha puc. 1 6. 3a manumu JITA nepepiz AgBiS>—
AgsGeSe eprekTnuHOro TUIy: Le <> o + B’ (o, B’ — TBepai po3unHu Ha ocHOBi AQBiS; Ta
AQsGeSe BinmmoBinHo). EBTekTnyna Touka 3Haxomuthes npu 970 K ma cxmami 25 mon.%
AQgsGeSe. Ilpu 527 K mporikae HOHBapiaHTHHMI NepUTeKTOimHMN mpomec Lm + B <> f,
ockinbku AgsGeSe xapakrepauii (ha30BU mepexis.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
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OINITUKO EJEKTPOHHI TAPAMETPU KPUCTAJIIB (NH4)3ZnCls

A. lanpaBcbkuid, P. bpe3Bin, B. Cragnuk, I1. lllenancekuii, A. Jlapuenko, M. Pyanim
Oi3nunmii pakynbret, JIbBIBCHKMI HalliOHATHHMI YHIBEpcUTET iMeHi [Bana dpanka,
Kupwuna i Medonis 8, 79000, JIbBiB, Ykpaina
ashapravsky@gmail.com

Kpucranu rtpynum XJIOpOUMHKATIB, 1O SKOi TakKo)X MOXHA BIIHECTH AaMOHIH
nenraxnoponuHkat (NHs)3ZnCls, BUKIIMKalOTh 3HAUHUI HAYKOBHH IHTEpEC Yepe3 XapaKTepHY
JUIs ~ HUX  HasgBHICTH  TEMIIEPaTypHUX  MEPEXOAIB  MDK  CETHETOEIeKTPUYHUMHU,
CErHETOEJIACTUYHUMHU Ta HECYMIPHUMU (a3zaMu, 110 CIPUUYMHSAIOTH MOSIBY LIKaBUX (I3UYHUX
BIIacTUBOCTEH [1].

Kpucramu (NHs)3ZNnCls xopomioi onTHYHOT SIKOCTI CHHTE30BaHO METOJIOM TOBLIBHOTO
BUIIAPOBYBAHHS 3 BOJHOT'O PO3UMHY 32 KIMHATHOI TEMIIEpaTypH.

[nentudikaniro BupomeHux kpucramiB nposeneHo Ha audpaxtomerpi STOE STADI.
CTpykTypy OTpHUMaHHX KPHCTaJIB JIOCIIIPKEHO MeToJoM Audpakuii X-nmpomeHiB (puc.l). 3
eKCIEPUMEHTAJIbHO OTPUMAHUX AU(pakTorpaM MeTojoM PiTBenpaa yTOYHEHO MapameTpu
KpHCTaliyHoi cTpykTypu: a=8.7212(2), b=9.8924(3), c=12.6405(3) A, o006’em
enementapHoi koMipku V = 1090.54(5) A%, Pentrenischkuii (pa3oBmii aHaii3 3pa3ka BKa3aB Ha
{oro mpakTHYHy 0JHO(A3HICTh Ta J03BOJUB imeHTH(IKYBaTH a3y — crnoayky [NHa]sZnCls
(BmacHUHM CTPYKTYpHHM THI, MPOCTOpOBa Trpyma Pnma, KimbKicTh (GOPMYIBHUX OJIWHHUID B
eNleMeHTapHil Komipili Z = 4).
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Puc.1. ludppakxrorpama kpucrana (NHa)sZnCls

[IpoBeneHo  cHeKTpalbHI  JOCHDKEHHS  pe@pakTUBHUX MmapaMeTpiB  (MIOKa3HHK
3aJIOMIICHHS, JABoTpoMene3anomiHns) kpuctainiB (NHs)3ZnCls 3a kiMHaTHOT TemmepaTypu.
BcranosineHo, o s Tppox mosisipu3artiii citia E || X, E || Y ta E || Z aucnepcis nmokasHuka
3anomiieHHs B aiana3oHi 300...700 umM € HopMansHOIO (AN/dA<0) i 3a70BITBHO OMUCYETHCS
JBOOCHMIISATOPHOIO (popMmysoro 3enbmeiiepa. 3 HAOIMKEHHAM 0 Kparo (pyHJaMEHTaIbHOTrO
MOTTIMHAHHSI MOKAa3HUK 3a710MJIeHHS N;(A) y BCIX HAampsIMKax CTPIMKO 3POCTaE.
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BAX KPUCTAJIIB n-CdSb<Te> 3 PI3HUM BMICTOM JIEI'YIOUOI

JOMIIIKH
®Deoocoe C.A., 3axapuyk /I.A., Kosans 10.B., Awguncokuii J1. B.

Jhyvkutl HayionanvHull mexuiunul ynigepcumem, Jhyyvk, Yxpaina,
e-mail: dima.zakharchuk@gmail.com

[Ipodecop asumtok I'.€. OyB HeBTOMHUM momyisipu3zaTopoM ¢izuanoi Hayku. Cdepa
HayKkoBUX iHTepeciB [eoprii €BmammiiioBHYa OXOIUIIO€ NHTAaHHS (I3UKH CTPYKTYPHUX
neQeKTiB y HamBIOPOBIJHUKOBUX MaTepiajgaX. YCTAHOBJIIEHHS MEXaHI3MIB YTBOPEHHS
pamianiiHux AeeKTiB 1 iX B3a€MO/Ili 3 HAHOUIbII BaXKJIMBUMHU TEXHOJOTTYHUMU JIOMIIIKAMU
HAJIC)KHUTH JI0 OCHOBHUX HAYKOBHX JOCSTHEHb BioOpaxkeHux y nonas 200 HayKOBUX Tparisx.
B onHomy 3 ocraHHIX BuaaHb [1] po3kputo mpoOiieMy CTBOpPEHHS paaialliiHO CTIAKHX
MaTepiajiB e1eKTPOHHOI Ta ONTOENEKTPOHHOT TEXHIKH, 0 MA€ BEJIMKE MPUKIIAJHE 3HAUCHHS.
Omun 3 mepmux JlaBumiok I'.€. cTBOpUB MOJeNb, fKa OMUCYBaJIa MEXaHI3MH S-TIOJI0HUX
BOJIbT-aMIlepHUX XapakTepuctuk (BAX) aHTUMOHINY Kaamilo, OMPOMIHEHMX HIBUAKUMU
HelTpoHamu [2].

HasiBHicTh y KpHcTamax aHTUMOHIny kajamio (CdSb) anomambHOro Kyra MiX JiHISIMH
3B’s13KiB @ = 62°15', 0 3HAYHO BIAPI3HAETHCS Bill KyTa TeTpaeapudHOro 3B’s3Ky (6 = 109°),
MPU3BOANTH JI0 3HAXO/DKEHHSI B «HAINPYXEHOMY CTaH1» O0e3/IOMIIIKOBOrO Marepiainy, a Ie
HEMHHYYE CIpHsIE YTBOPEHHIO Ne(eKTiB i mosiBi xapakrepuux s CASb Bmactusocteii [3].
JleryBanust CdSb nomimkamu B, Si, S, Zn, As, Br, Te, Ge, B IKkuX 3HAYCHHS CEpPEIAHBOTO
BaJICHTHOTO pajiyca € MeHIuM Hix B atomax Cd i Sb, mpusBoauTh 10 aedopmariii 38’ 3KiB B
rparmi 3aMilleHUMH aTOMaMHu JIOMIIIKA B HaMpsSMKy HAOMKEHHs i1X J0 TpaBUIBHHUX
TEeTpaeAPUUHUX, 110 «3MIITHIOE» PEIIITKY 1 3MEHIITY€e KOHIICHTPAIito T1e(EeKTIB.

Busuennss BAX mpoBoamiiocss y KpUCTaiaXx aHTHUMOHITY KaJaMil0 3 PI3HUM BMICTOM
nerytodoi pomimku teaypy: 0,005 % Te, 0,05 % Te, 0,5 % Te npu Temmneparypax piIkoro
azoty (T =78K) 1 Bummux. 3a oJepKaHHUMH EKCIIEPUMEHTAILHUMH JaHHUMH TOOYJA0BaHO
3aJICKHOCTI it cTpymy Bin npukinanenoi Hanpyru | = f(U) (puc. 1). Xapakrep 3minun BAX 3
PI3HMM BMICTOM JIETYIOUOI1 JOMIIIKM MaB S-momiOHy (opmy, IO € pe3ylnbTaToM eQeKTy
JIABUHOTIOJIOHOTO TIEPEMHUKAHHSI 3 BHCOKOOMHOTO B HU3bKOOMHUH cTaH Kpucrtaiie CdSb<Te>
MpU 3pOCTaHHI MPUKIAEHOT Hanmpyrd. HasBHICTH BHYTPIIIHIX EJIEKTPUYHUX IIOJIB MK
[rapamMu pocty Oysio BHUSBJICHO y pobOoTax [4-6] mpH MOCIIIKCHHIX KiHETHYHUX e€(eKTiB y
MOHOKpHUCTaIaX aHTUMOHITY KaJMil0 3a pi3HUX (PI3UKO-aKTUBHUX BIUIMBIB.

VY 3anexHocTi Bifg npukianeHoi Hampyru U i ctpymy |, mo mpotikae uepe3 Kpuctan N-
CdSb, MoxHa BUAUIMTH KiTbKa AUIIHOK S-moaionoi BAX (puc. 1):

— kpuBa BAX Ha nunsHii, ooOMexxeHa inTepBainiom npukiagenoi Hanpyru 0 + Ugo (HuKHS
riika), BIANOBiTa€ BUCOKOMY OMNOpPY (HU3BKONPOBITHUN CTaH) Matepiany. 30UTbLICHHS
Hampyru Majio BIUIMBA€E HA CTPYM, IIOKH He Oy/e MOCSATHYTa Hampyra nepeMukanss (mpo0oro)
Uso, npu 3Ha4eHHI cTpyMYy L, sKHif mpoTikae mpu bOMY Yepes3 3pa3zokK (CTpyM MEepeMUKaHHS);

— kpuBa BAX Ha ninsHii (mo3HaueHa MyHKTHPOM), Bixl 3HaueHb Upo 1 I 10 3Hauenb Uy 1
IH, BiAMOBIae NMEPEKIIOYEHHIO MaTepialy 3 HU3bKOINPOBIJHOTO Y BHUCOKOIPOBIAHUN CTaH
(necriiika ob6mactp) (IL > ln). V mporieci mepeMuKaHHS Y BUCOKONPOBIIHUN CTaH HE3HA4YHE
30UIBLIEHHS CTPYMY CYIPOBOKYEThCS IIBUIKUM 3MEHIIEHHSIM HAlpyrd Ha 3pasky. Tak sk
KpHBa Mae S-1o1ibHy GopMy, TO Omip 3pa3Ka HeraTUBHUM;

— kpuBa BAX Bin 3Hauens UH 1 |4 1 Bullle BiNOBia€ BUCOKOMPOBIIHOMY CTaHy.

Ha puc. 1 noka3zani BAX kpucranis CdSb 3 pi3HUM BMICTOM JIETYIOUOT TOMILIKU TETypY.
Sk BUIHO, 30UIbIIEHHS KOHIIEHTpALIi JIErylo4yoi JIOMIIIKM OOYMOBJIIOE pICT Hampyru
nepemMukanHs. HaBnaku, miBuiieHHs Temneparypu cepefouia Big 7' = 78 K pizko 3MeHIIye
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HAINpyry NepeMUKaHHs. 3pOCTaHHS MPHUKIAJICHUX HAPYT BiZI0YBAETHCS 10 3HAYCHbB, TIPU SIKHX
JDKOYJIeBa TEIUIOTA, 0 BUIAUISETHCS HA 3pa3Kax, CTa€ JOCTATHBOI JUIS 10HI3aIlil JOHOPHOTO
piBHs Tenypy Ec — 0,12 eB. IIpu npomy BitOyBa€eThCs TaBUHONOJIOHUH MTEepexXis eNeKTPOHIB y
30HY MPOBIIHOCTI, 0 MPUBOAMTH A0 CTpHOKa cTpymy [7].
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Puc. 1. 3anexuocti ctpymy Big Hanpyru | = f(U) wis kpucranis n-CdSh<Te> (T = 78 K)
npu pi3HUX KoHIeHTparissx qomimku Te: 1 — 0,005 %; 2 — 0,05 %; 3 -0,5%

I3 3pocTaHHsSIM KOHIIEHTpAIlii JIeryro4oi AoMimku (3anexHocti 1-3 puc. 1), BUsSBICHO
30UTBIIICHHS TPAHWUYHUX BEJIMYHMH TMPUKIIAJICHOI HAIIPYTH €IEKTPUYHOTO TIOJISI, IO MOB’SI3aHO
[7] 13 pi3HOIO iOHI3aII€0 JOMIMIKOBOTO PIBHSA TENypy. 3pOCTaHHS KOHIICHTpAIii JOMIIIKH
JI03BOJISIE JTIOCATHYTH HEOOXITHOTO Ui PO3IrpiBy 3pa3ka 3HAYEHHS CTPYMY MHpH OUIBIIMX
CJIEKTPUYHMX TTOJISIX.

Hocmimkeno BAX kpucraiaiB aHTUMOHIAY KaaMiro, jJeroBanux teixypom (N-CdSh<Te>).
Bussneno cnernudiuni 3minn BAX n-CdSb 3 pi3HuM BMicTOM Jieryrouoi qomimky. [3 anamizy
S-moxioHux BAX BCTaHOBJIGHO 3HAYCHHS TapaMeTpPiB BEJIMYMH, SKI € BAXKJIUBUMHU TIPH
PO3pOOII KEPOBAHUX CEHCOPHUX MPHUCTPOIB HAIIBIPOBITHUKOBOI €IEKTPOHIKU. 3MIHIOIOYH
BMICT Jieryto4oi jqomimiku y N-CdSb<Te>, MoxHa peryatoBaTH 3HaYCHHS HAlPyTd BMHKAaHHS
Ugo. [t BaxMBY Kepyrouy BIaCTUBICTh JeMOHCTpYe iioro BAX, sika HaBeneHa Ha Puc. 1.
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OIITUYHI BJIACTUBOCTI CTEKOJI

GazSs - GeS; - ShySz; JET'OBAHUX Er®* TA Nd**

SAuunwk T.K., Aptiox B., Kesuun A.I'., IBamenko L A., I'aasu B.B.
'Bonuncexuii nayionansnuil ynisepcumem imeni Jleci Yxpainuxu, np. Boni 13, 43000, Jyyox, Ypaina;
2Paxynvmem ximiunoi inoicenepii ma mexuonoziii, Kpaxiecokuii ynieepcumem mexuonoziti, 6yn.
Bapwascoxa 24, 31-155, Kpaxie, [lonvwa.

CynbdinHi cTexia JieroBaHi pigkicHo3eMenbHuMU MeTaniamu (P3M) 3aBnsiku cBOiM
OTNITHYHUM BJIACTHBOCTSIM € TIEPCIIEKTHBHIMHY MaTepiajlaMu sIK aKTUBHI Ta MTACUBHI CEPEIOBUIIIA
B OINTOEJICKTPOHHINA TEXHII1 i TEJIEKOMYHIKAIlISX.

Cepen cynbG1IAHMX CUCTEM HaMOUIbII JOCTIIPKEHUMH 00 CTPYKTYpPH, ONTHYHUX Ta
JTIOMIHECIIEHTHHUX BJIACTHBOCTEH € ctexna GayS3-GeS; nerosani P3M. Bonu Bijm3HaYarOTHCS
TEPMIYHOIO CTAOUIBHICTIO, BHUCOKOIO TMPO30PICTI0O Ta €(EeKTUBHICTh BUIIPOMIHIOBAHHS Y
BuauMoMy Ta Onm3pkomy [U miamazonax [1]. HemomikoM IuX CTEKON € CXHIJIBHICTH 0
KpucTasizauii Ta HepiBHOMIpHUNA po3nojaul P3M mo ckioyTBoprorouiii MaTpulli, IO MOXKeE
MPU3BOJUTUA JI0 KOHIEHTpariiiHoro raciHHs DJI. [lns 3MeHIeHHsS BIUIMBY HETATHBHHUX
YUHHUKIB JI0 CKJIQ/Jly MaTPHIli BBOJIATH J0JAaTKOBY KOMIOHEHTY Sb2S3 [2].

Mu pocnmimuiau CHeKTpPH ONTHYHOTO TOTJIMHAaHHA B mianmazoni 600 — 2000 HM,
NpoaHali3yBald iX ONTHYHY Mpo3opicTh B iHTepBani 700 — 7500 cm™ . 3adikcoBano cmyrn
TIOTJIMHAHHS, K1 BIAMOBIAAIOTH Tepexoiam B f-o0oJoHII 10HIB Er®* ta Nd*. Ha ocHoBi
JOCITIKEHb PaMaHIBChKO1 CIIEKTPOCKOTIIT BCTAHOBIICHO CTPYKTYPHI1 OJIMHUIII, HA OCHOBI1 SIKHX
chopMoOBaHa CKJIOYTBOPIOIOYA MATPUIIS CILJIABIB.

VY 6mmxHBOMY Ta cepeanbomy [Y-miamaszonax mpu 30y/DKEHHI JIa3€pOM 13 JIOBKUHOIO
xBuiIl 805 HM 3apeecTpoBaHo cMyru (hotomrominecteHii i3 makcumymamu 1070, 1350, 1540,
1700 ta 2490 aM. Ha ocHoBi miarpamu eHepretwunux piBHiB ioHiB Er®" i Nd** mosiceno
BUHUKHEHHS 30y/KeHMX cTaHiB B ioHax P3M 1 MexaHi3M BHNpPOMIHIOBaHHS. 3MiHA
iHTeHcuBHOCTI cMyT DJI 31 361nbIIeHHsAM BMIcTY Er BigOyBaeThcs 3a paxXyHOK iCHYBaHHS JBOX
KOHKYPYIOUMX KaHAJIiB BUIIPOMIHIOBAaHHs Ta Tepeaayi eneprii Mix ionamu Er3* Ta Nd**,

3apeectpoBana cmyra @JI (makcumym 2490 HM) y MO€THAHH] 3 BUCOKUM KOe(DilliEHTOM
npomyckanHs (~ 60-70%) cTBOpIOE XOPOIIIi EPeAYMOBU AJIsi PO3POOKH ONTUKO-EIEKTPOHHUX
MPUCTPOIB, IO MPALIOITh B cepeaHbomy [Y-nmiama3oHi Ha OCHOBI cTtekon cuctemu (GaxSs
— GeS; — Sh,Ss neropanux Er** ta Nd**. Iincunenns cmyru ®J1 i3 makcumymom 2490 um ripu
noznasanHi cniBaktuBatopa (Er’*) uepes mMexaHisM eHepreTMyHoro Tpancdepy € BaKIHBUM
YUHHUKOM JUIsl CTBOPEHHS CBITJIOBUIIPOMIHIOBAJbHUX CEPENOBUIN JUIsI KOHCTPYIOBAHHS
Ja3epHUX HOXIB Y MEAUIIMHI, MOHITOPUHTY 3a0pynHeHHS aTMocdepd B EKOJOTTYHHX
JOCTIIKEHHSAX BUCOKOTOYHHX AANIEKOMIPIB, 110 MPAIIOIOTh B CEPEIHHOMY iH(PauepBOHOMY
niarma3oHi.
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RELATIVISTIC GRAVITHERMODYNAMICS AND STATISTICAL
INTERPRETATION OF QUANTUM MECHANICS
Danylchenko Pavlo
SSPE GeoSystem, pavlodanylchenko@gmail.com

Thermodynamical interpretation of General Relativity [1], consideration of the Universe
as a single spiral-wave formation [2], and_consideration of the so-called elementary particles
and quarks as finite local flows of these spiral waves [3, 4] actually allowed the creation of a
"theory of everything™ [5], which_would explain, in fact, everything in the world within the
framework of a single model.

The presence of relativistic non-simultaneity (in cosmological time that is counted in the
frame of references of spatial coordinates and time (FR) comoving with matter in expanding
Universe (CFREU)) of events that are simultaneous in FR of people’s world leads to the fact
that Schwarzschild sphere belongs only to infinitely far cosmological future and the pseudo-
horizon of events (that covers entire infinite in CFREU fundamental space) belongs only to
infinitely far cosmological past [1, 6, 7].

For exactly this reason the collapse of the matter under the Schwarzschild sphere is
fundamentally impossible, and the hypothetical “black holes” (that “substitute” real extremely
massive neutron stars that have a hollow body topology and mirror symmetry of their own space
and contain antimatter inside their inner singular surface) are also fundamentally impossible.
And the theory of Big Bang of the Universe (that is based on its origination from a point) is
false. After all the spherical surface that corresponds to infinitely far past of cosmological time
has not zero, but, quite the contrary, maximum possible value of photometric radius in FR of
people’s world re=c/H=(3/4)%2, where: ¢ - constant of velocity of light, H - Hubble constant, A
- cosmological constant [1, 6].

Although the simultaneous spontaneous inversion of wave fronts of all microobjects of
matter (and thus mutual transformation of matter into antimatter and of antimatter into matter
when the Universe expansion in FR of people’s world is changed to Universe self-contraction)
is as it were fundamentally possible, the Universe self-contraction itselfin FR of people’s world
is impossible. After all, this could have led to replacing evolution with degradation of all
macroobjects of the Universe and and eventually to the predominance of antihydrogen in it.

Relativistic invariance of thermodynamics [1, 6, 8] indicates the fundamental
impossibility of slowing down of the rate of proper time of the matter that moves by inertia in
surrounding gravitational field at any speed. So, the simple Lorentz transformations (and not
the more general conform-Lorentz transformations) of the increments of spatial coordinates and
time are not inherent in the motion of matter by inertia in the gravitational field. They_are
inherent only in the uniform motion of matter and, first of all, in the process of evolutionary
self-contraction of its microobjects in CFREU. Exactly this indicates the falseness of the
Etherington identity [1, 6, 9] and disproves both the acceleration of Universe expansion and the
presence of dark energy in the Universe [1, 6, 10]. After all, the Hubble constant, as well as
intrinsic value of velocity of light, is fundamentally invariable magnitude since it ensures the
continuity of the spatial continuum in rigid FRs and, thus, also in FR of people’s world. And
that is why it can gradually change only in non-rigid FRs.

The solutions of equations of GR gravitational field in FR of people’s world and in
CFREU (taking into account evolutionary decreasing of the velocity of light in CFREU) also
disprove the necessity of non-baryonic dark matter in the Universe [1, 6, 11, 12].

The discovered by Gibbs possibility in thermodynamics for gases to take with some
probability the lots of microstates in one and the same macrostate is also inherent in any other
matter. These microstates of matter change at the De Broglie frequency, and the values of
instantaneous parameters and characteristics of the matter are being set by hidden parameters
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[1, 6, 13]. And so any interaction of microobjects of matter can lead to the change of its
microstate without the change of its equilibrium macrostate. So, all microobjects of matter form
the collective spatiotemporal microstates, the change of which can be unpredictable due to
unpredictability of interactions of microobjects of matter. And, therefore, the classical laws of
statistical physics operate in nature, ensuring the predictability of only average statistical values
of the parameters and characteristics of the matter. And this is applicable even to the motion of
matter, which occurs in the process of changing its collective spatiotemporal microstates with
the De Broglie frequency. That is, the motion of matter is also a manifestation of a gradual
change in its collective spatiotemporal microstates.

In addition, the solutions of the equations of the gravitational field for a gradually cooling
down matter are described in GR and in relativistic gravithermodynamics [1, 14] only by
polynomials and show that it can move from the previous to the next quasi-equilibrium state
only quantumly. After all, with each step of cooling down, the maximum indexes of the
polynomials (corresponding to the energy of the entire set of synchronously cooling macro-
objects of matter) decrease by only one unit. So, the gravitational fields of relativistic
gravithermodynamics, which is only an improvement of the GR, do not need to be quantized at
all. In it, as in thermodynamics, the collective quasi-equilibrium states of all interacting macro-
objects of matter are already quantized.

All this allows us to consider quantum physics and quantum mechanics as a specific
branch of statistical physics. Taking into account the discovered by Weisskopf [1, 6, 15, 16]
fictitiousness of photons and neutrinos, it will be quite possible to provide a clear statistical
interpretation of quantum mechanics and thereby create a "theory of everything” [5]. After all,
the final steps in this direction have already been taken [17 - 20]:

«As students, Jussi Lindgren and Jukka Liukkonen had found one element of their
quantum mechanics lectures unsatisfying. "When we were taught physics, there were some
fundamental elements you were told were true, and you had to accept they were true without it
being shown why," said Jussi Lindgren, "and | didn't really like this". Working as a hobby
alongside their jobs in the Finnish government, and Lindgren's Ph.D. work in systems analysis
at Aalto, the researchers devised a new method for expressing the laws of quantum mechanics
using stochastic methods, a type of mathematics that deals with random chance and probability.
The paper, published 27 December 2019 in Scientific Reports explores how stochastic methods
can be used to derive a variety of equations in quantum mechanics from first principles, as
opposed to having to build from ad hoc prior postulates. "The method will be useful for teachers
or learners because it gives a better understanding of the reason why something is correct," said
Jukka Liukkonen» [21].
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ICTOPIA PO3BUTKY EJEKTPUKU

A.T. Kesumn!, B.B. I'ansan?, H.A. Kepumn®, A.A. Cementox?, I. I1. TpeTsk
Yoyenm xagpedpu excnepumenmanvioi ¢izuxu, ingpopmayitinux ma oceimmuix mexnonoziti Bomumncosxo2o
HayioHanbHo2o yHisepcumemy imeni Jleci Yrpainku
23asioysau kagedpu exchnepumenmanvroi Qizuxu, iHpopMmayitinux ma oceimmix mexnono2iii Bonuncoxozo
HayionanbHo20 yHieepcumemy imeni Jleci Ykpainku, 00kmop Qizuxo-mamemamuyHux Hayx
3Cmyoenm 1-20 xypcy Bonurncoko2o HayionansHo2o yrisepcumenty imeni Jleci Yrpainku
4Cmyodenm 2-20 kypcy Bonuncvkozo nayionanwnozo ynisepcumemy imeni Jleci Ykpainku
Kevsyin_A@ukr.net, halyanv@ukr.net, Kevshyn.Nazar2023@vnu.edu.ua, Semenyk A@ukr.net

IcTopist pO3BUTKY E€JEKTPUKH AYXKE I[iKaBa Ta BaXKJMBA JUIS PO3YMIHHS CydacHOTO CBITY.
3okpeMa, jiereHaapauii yuenuii @anec Minercbkuid, sikuii skuB y CtaponasHii I'pertii, 3ragyBaB y cBoix
Mparsx mpo Take SBUIIE, SK eleKTpuka. BiH 3’scyBaB, IO HaTepTHl XyTPOM MIMATOK OypIITHHY
MPUTATYE 10 ceOe pisHoManiTHI apioHi yactunku [1]. Ilepina y ¢BiTi 3HakigeHa Oatapeiika BiJHO CUTHCS
1o Jpeuboi [lapodii i 3HaXOAMTHECS ChOToAHI B IpakchbkoMy My3ei, sBise co00I0 TIMHAHUHN IJICUHK i3
npoOkoro 3 achanbry. Takuit mpucTpiii J03BOISB oepkaTy Harpyry Bix 0,5-2 B.

[Jauti B icTopii JI0ACTBA TPUBAE MPOMDKOK yacy 0e3 CyTTEBUX 3TafloK IPO EIEKTPUKY aX 0
1600 poky. Camy y 1ieli yac aHrmiAChkui Jikap i (isuk Bimesm [1160epT MpoBOAUTE MOCTiKEHHS B
rajaysi enekrpukd. Bid OyB OIHMM 3 MEPIIMX, XTO BUBYAB SIBHILA €JIEKTPOCTATUKH 1 €JIEKTPOIUHAMIKH,
3pOOHB 3HAYHMI BHECOK y PO3BHTOK TEOPil eIeKTpoMarHeTisMy. Moro poGoTu cramu dyHzaMeHToM
JUTS TIOJIAJTBIIINX JIOCHI/PKeHb B Taly3i (hi3UKH Ta iHKeHepii.

VY 1752 poui benmxamin ®pankiin nposiB Bijomuit ekcriepumenT y [encunbpanii, CIIA, i3
noBiTpsiHuM 3MieMm. Lleit excriepument BinOyscst B IlencunbBanii, CILIA. ®paHkiIiH BHKOpUCTaB
MOBITPSIHUH 3Miid, OO JTOBECTH, MO OJMCKABKa CKIIAJIAETHCS 3 SIIEKTPUYHUX 3apsyIiB Ta 3pO3yMITH il
MPUPOAY, 30KpeMa, 1o ONcKaBKa i ApiOHI eNeKTpHuHi icKpu — e oaHe i Te came. [lizHime nei
€KCIIEPUMEHT CTaB OCHOBOIO JUIsl BUHAXO/TY OJMCKaBKOBIIBOY.

B Iranii manpukinii 18 cr. gikap Jlyimki ["aneBani npenapyroun :ka0y BHIIaIKOBO IIOMITHB, 110
M’ 5131 ’KaObW MOXKYTh CKOPOUYYBATHCS BiJl HAKOMMMYEHOT'O HA CKAJBIIEIi eJIEKTPUIHOTO 3apsay. Buenuii
BBa)KaB, IO JIFOJCHKUH OpraHi3M CaM TeHepye eNEeKTPHUKY, SKe HAaKOMUYYETHhCS y M 53aX, a IOTIM
PO3PSIKAETHCS. 3 MM He MOroKyBascs (izuk Anecanpo Bonbra, CTBepaKyI0UH, 110 €TICKTPHKA Ma€e
TUIBKM HEKHBE, METallluHe NOXOkeHHs. OgHMM 13 HOro HalBiOMILIMX JOCSTHEHb € CTBOPEHHS
MEPILIOro SJIEKTPHYHOr0 aKyMYJIITOpPa, BiIOMOTO SIK TajibBaHIYHUHN €JeMEHT a0bo ejaeMeHT BombTa [2].
Buenwuii Tako)x BUBUAB SIBUILE €IEKTPUYHOrO CTpyMy. BiH CTBOPHUB MpUCTpiH, KU CKIIaJaBCs 3 apu
MeTaJIeBHX CJICKTPO/IiB, 3aHYpeHUX y piauHy. Lleii BUHAXi BUSBUBCS BOXKIMBUM KPOKOM Y HAIPSIMKY
PO3YMIHHS €JICKTPUYHUX sIBUILL. BiakpuTTs BoibTa mokiamy movaTok JOCHiHKEHb 3 TaJlbBaHi3allil, 1o
BEIYTh 1O PO3YMIHHS XIMIYHHUX MPOLECIB, 11O JIEKATh B OCHOBI TeHepallii eJIeKTPUIHOTO CTPYMY.

JlxoBanHi Bonbra, uieminank Aneccanipo Bonbra, Takoxk OyB BUCHHM, KU BHIC BaroMui
BHECOK Y PO3BHUTOK Hayku. OIHHM i3 HOro Ba)XJIMBUX BHECKIB € JOCIHIPKCHHS €JIEKTPOJITHYHOTO
PO3KIIaIaHHsl PI3HUX PEYOBUH 32 JIOMOMOTOIO EJIEKTPUYHOTO CTpyMy. JIKOBaHHI JOCIIKyBaB
€JIEKTPOIi3, MPOLEC PO3KIAAAHHS PiI3HUX PEUYOBHH HA CKJIA0BI YACTHHH 32 JOIOMOIOIO EJIEKTPUYHOTO
ctpymy. Lli mocimiKeHHs! JO3BOJIMIIN PO3KPUTH 0arato BaXKIIMBUX 3aKOHOMIPHOCTEH Y XiMii, CIIPHSUTH
PO3BHUTKY CY4acHOT eIEKTPOXiMii Ta Majii BEJIMKUI BILTMB Ha PO3BUTOK HAYKOBOI JIyMKH B IIili 00JIACTi.

Y 19 cT. 3 eNneKTpUKOI MPOBOAMIOCH 0araro Pi3HOMaHITHUX EKCIIEpPUMEHTIB. Y meil vac
3’ SIBJIAIOTHCS TEPIIl JyroBi JIAMIM, Y SIKMX JJISL OCBITJICHHS BUKOPHCTOBYBAJacs €JIEKTpPUYHA Jyra.
Cinbcpkuid yuutens ['enpi J>ko3ed BUHAHNIIOB eneKTpuUyHHUN Tenerpad, 1o MaB BEJIMKUA BIUIMB Ha
po3BHTOK TenerpadHoro 38°s13ky. ¥ 1830-x pokax /[xo3ed movas 1ociiKyBaTH MOXIIMBOCTI Iepeaadi
CUTHAJIIB Ha BiJICTaHb 3a JIOTIOMOTOI0 EJIEKTPUYHOTO CTpyMy. BiH BUHAHIIOB mpocTy, ajie eheKTHBHY
CHCTEMY EJISKTPHYHOro Teierpada, ska BUKOPHUCTOBYBAJla EJICKTPHYHI CHTHANIM Ui Tiepejaadi
MOB1AOMIICHB uepe3 apoTH [3]. L cucrema BUKOPHCTOBYBAA IPOCT €NEKTPUIHI CXEMH, SIKi JI03BOJISLITH
nepeiaBaTH KOJIOBaHI CHTHANIM 3 OJHOIO KiHIA JiHIii 10 iHmoro. I'enpi JIko3ed MOKJIAB MOYAaTOK
BUKOPUCTAHHIO SJICKTPUYHUX TeJerpadin sl KOMEPIIHHIX Ta TPOMAJICHKUX IiJIeH, 110 BIAKPUIIO IIISX
JI0 MacOBOTO PO3BUTKY TeJerpadHOro 3B’S3Ky Ta 3MIHWJIO CIIOCIO, SKUMHU JIIOJM CIIJIKYBaJIMCS Ha
BizcTani. Moro BMHAXIZ CTaB BaXJIMBMM KPOKOM y PO3BHTKY TeJICKOMyHiKaliiHOi TexHomorii. Tak
Camyenb Mop3e — aMepUKaHChKAN XYJOKHUK Ta BUHAXITHUK, IKAM CTaB BIJIOMHM 3aBISKH CBOEMY
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BHHAXONy — aj(aBiTHOrO KOAY, sIKMH BiH pO3pOOMB JJIsl Tiepeiadi MOBiIOMIICHB 3a JOIOMOTOI0 LIBOTO
enekrpuuHoro tenerpady. Llei andapitauil Kox craB BijoMuM sk Mop3e—Koj.

BaxniBuii BHECOK Y PO3BHTOK €JICKTPUKU BHIC amepukaHenb Tomac Exicon. Bin po3poOus
HepIry MPOMHUCIOBUY JUHAMO-MAIINHY, sKa OyJia KIIFOYOBUM €JIEMEHTOM Y BUPOOHHITBI €JIeKTPUIHOT
eHeprii i mepury HeHTpai30BaHy CUCTeMy elekTporocTadanns B Horo-Fopky. Enicon Takox mparosan
HaJ PO3BUTKOM aKyMYJATOPIB, IO CHPUSIIO PO3BUTKY MOOUIFHHX JKEpeN enekrpoeHeprii. HamesHo,
HaWBIIOMIIITHI HOro BUHAXiJ — II€ eJIEKTPUYHA JIAMITa, SKa cTajia 0a30i0 JJIS CydacHOI eIeKTPHIHOL
ynammi. EficoH ycisiko HaMaraBcsl CIIPHATA PO3BHUTKY eleKTpudikallii, a CTBOpeHa HUM KOMIIaHis
General Electric € enexrpudHuM riraHToM i Ha choroaHi. Came y 110 KOMIIaHIF0 NPHMIIOB y CBill 4ac
MpaloBaTH cepOChKMi BUHAXIAHUK Ta imxkeHep Hikona Tecnma. Ale, mpompalifoBalliy JHIIIE TiBPOKY,
Tecna 3BITEHUBCS 3 KOMITaHIi, OCKITEKH HOMY HE BUILIATIIIM OOIISTHOI BUHATOPOIN 32 OT0O BiIKPHUTTS.
HariBupatHimmM A0CATHEHHSM Teciau € BHHAHJICHHS CHCTEMH Iepejiadi 3MiHHOro cTpymy [4]. Bin
PO3poOUB cUCTEMY I'eHepallii, mepegayi Ta po3MnoAiry 3MIHHOTO CTPYyMY, sIKa CTajla OCHOBOIO Cy4acHOT
ENIeKTPOEHEPreTHKH. Voro cucrema Oyla KOHKYPEHTHOK) JUIi CHCTEMH MOCTIHHOTO CTpyMY,
po3pobiienoi Tomacom Exiconom. Tecia Takok MmpairoBaB HaJi CHCTEMaMH 3MIHHOIO CTPYMY BHCOKOI
YaCTOTH, IO BIAKPWIO OUIIX JO PO3BHTKY OE3APOTOBOrO Iepeiadi eHeprii Ta PO3BHTKY
pagiorexHonoriii. TpaHchopmaTop, SKHIi CKOHCTPYIOBAB JOCIIOHHMK, TO3BOJSB 30ibIIyBaTh abo
3MEHIITYBaTH HAPYTy 3MIHHOTO CTPYMY, IO OYJI0 BRXKJIMBUM KPOKOM Y PO3BUTKY €JIEKTPOCHEPTr eTHKA
Ta enekrponiku. [Iparroroun Haja KOHIEMIE 0e3apoToBOI mepemadi eHeprii, Tecia 3aKjaaB OCHOBH
PO3BHTKY pajiio Ta Ge3MpOBiIHMX TeXHONOri. Moro ifei Ta BUHAXOMM CTAIH OCHOBOKO JUIS CYYaCHUX
CUCTEM TeHepallii, mepesiadi Ta po3noiily eleKTPOSHEPrii, 10 BHKOPUCTOBYIOTHCS B YCHOMY CBITI.

VY kiami XIX — mowyarky XX CTONITTS BiOYBAa€ThCS «BIMHA» MIX IMOCTIHHUM 1 3MiHHHM
ctpymoM. ['onoBHrME (irypamu i€l «Biitan» Oynu Tomac Exicon, skuii 0yB mprOIYHIKOM MOCTIHOTO
ctpymy (DC), i Hikona Tecma Ta Jlopmk Becrinrays, siki miaTpuMyBaid CUCTEMY 3MIHHOTO CTPyMY
(AC). Enicon OyB BUHAaXiTHUKOM MOCTIHHOT'O CTPyMY 1 6a4uMB HOro sIK cTaHAapT Uil eNeKTpudikaii
MicT. Moro cicrema moCTiifHOro CTpyMy BHKOPHCTOBYBAJIACS JUIS OCBITJICHHS, BYJIMYHOTO OCBITIICHHS
Ta eJIEKTPOIIOCTaYaHHs Y IEBHUX MICHKHX pailOHaX.

Tecna Ta BecTinray3 npocyBany cUCTEMY 3MIHHOTO CTPyMY, SIKa MaJia ImepeBard y mnepejadi
eJIeKTpOeHEeprii Ha BEJMKI BiJCTaHI 4yepe3 BHKOPUCTAHHS TpaHc(opMmaTopiB Ui MiABHIICHHS Ta
3HIKeHHS! HanpyTH. Lle 3pobuio 3MiHHUIA cTpyM Oinbill €heKTHBHUM 1 €KOHOMIYHHUM JJIST PO3MOJILTY
eHeprii Ha BEJIMKi BiJICTaHi.

Kinnera nmepemora B 11i#i «BiiiHD» Oyna Ha 0OIi 3MIHHOT'O CTPYMY, OCOOJIMBO MICJIS YCIIIIHOTO
3aBEpILEHHS MPOEKTY MEPILIOi TOBrOTPUBAIOl CUCTEMH 3MiHHOTO cTpyMy B Hiarapcekomy Bomocnani.
Ils cucrema 3MiHHOTO CTpyMy, po3poOieHa Tecnoro Ta BHpoBamkeHa KommaHiero Westinghouse
Electric, iemoHCcTpyBana nepeBaryu 3MiHHOTO CTpyMY B IepeAadi eJIeKTpOeHeprii Ha BeJHKI BiJicTaHi. Y
KiHIII KiHIIIB, CHCTEMa 3MiHHOTO CTPYMY CTaJla JIOMIHYIOUOIO Y CBITi €JIEKTPOCHEPreTHKH, 1 OiJIBIIICTh
MEpEeXK eJIeKTPONIOCTaYaHHsI ChOTOJIHI BUKOPUCTOBYIOTH came Ti.
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KPUCTAJITYHUX CTPYKTYP Pb1xCdxTe

Masyp T. %, Haiignu B. !, TostoBara O. !, Bo3nsk O. %, Isanoscbknii 0. ?,
Caxniok II. 2, Bamypyesa O.B.2, Isopcbknii P.C.Y, Hukupyii JLI. !

puxapnamcoruii nayionanvnuil ynisepcumem imeni Bacuna Cmeganuxa, leano-Dpanxiscox, Ypaina,
2Boauncokutl nayionanvHutl ynisepcumem imeni Jleci Yxpainku, Jlyyok, Yrpaina,
e-mail: Zamuruyeva.Oksana@vnu.edu.ua

Tenypun ceunuto (PbTe) Bimomuii sik eheKTUBHUI TEPMOETEKTPUYHUIN MaTepial 3aBIsSKU
CBOIM BIJIMIHHHM BJIACTUBOCTSIM, TaKUM SIK BHUCOKHH KOEQIII€EHT TEPMOEIEKTPUIHOTO
NEPETBOPEHHS Ta CTAOUIBHICTh NPH BUCOKUX TemnepaTypax [1-3]. OnHak MOXIMBOCTI BILIUBY
Ha HOro BJIAaCTUBOCTI € OOMEKEHNUMHU, 10 3HUXKY€E BaplaHTH AJid iX nokpauieHHs. Lle ctBoproe
norpedy y TOIIYKYy HOBHUX METOAIB Ta MIAXOMIB JyIsl MigBuIeHHS edekTuBHOCTI PbTe.
YTBOpeHHS MOTPIHHUX CHOJYK Ha OCHOBI OiHapHoro PbTe mpu3BomuTh A0 MOpYyIICHHS
KPHUCTAJIYHOI CTPYKTYpH. Lle cipuunHse miABHUILEHHS TEIJIOBOIO OIMOpY, 10, B CBOIO Yepry,
nokpairye tepmoenekTpuuHi napamerpu. CrutaB CdTe [4] 3aBasiku CBOiH 30HHIM eHEPreTHYHIN
CTPYKTYpl Ta MOXJIMBOCTI 3aCTOCYBaHHS SIK Y TEPMOEIEKTPUUYHHUX, TaK 1 (POTOETEKTPUUYHUX
NPUCTPOSX, BUTIAAE TIEPCIIEKTHBHUM IS BIUTUBY Ha KJIIOYOBI ITApAaMETPH TEIYPUAY CBHUHIIIO
y pasi yTBOpeHHs TBepaoro po3umny. [lorpiiiHa cnomyka PbixCdyTe (x=0,01-0,11), sika
AKTUBHO JOCTIIKYETbCS OCTAaHHIMHU poKamH [5], € monyasipHUM 00&apos;€KTOM JOCTiIKEHb
Bignosinuo, tBepamii pozunn PbixCdxTe (x=0-0,1) mMoxe MpOSIBIATH SK N-, TaK 1 p-THII
npoBigHoOCTi.  JIOMIHYIOYMM  TOYKOBUM  Je(eKTOM  JOCIKYBAaHOI  CHCTEMH €
enekTpoHenTpasibHuil nedekt 3amimeHHs atoMmiB Cd y mosunisx Pb. lonopHa mist kagmito B
PbTe moxe O6ytu gocuth ciabkoro yepe3 edekTuBHiI mporecu camokomiencaiii. llle oganm
apryMeHTOM Ha KOPHUCTh BUBYECHHS BJIACTUBOCTEH IIHOI'0 MaTtepialxy € CyTTE€BO BiIMiHHI
XapaKTEepPUCTUKA OCHOBHHUX CIIONYK. 30Kpema, O0a3zoBa Marpuisi PbTe mae a kpucramiyna
CTPYKTypa KaM’sIHOi COIli 3 MOCTiHOI rpaTku a = 6,46 A i mmpunoio 3a60ponenoi 3ouu 0,16
eB npu 0 K [6]. CdTe xapaktepu3yeTbcs CTPYKTYpOIO CyMillli IUHKY 3 ITOCTIHHOIO TPaTKH a =
6,48 A [6] a6o a = 6,478 A i 3Hauennsam 3a6oponenoi 30uu 1,5 eB [7].

3 inmoro 6oky, BBeneHHs qomimku Cd y 6a30By MaTpUITIO TEIyPHUAY CBHHINIO 30UIbIIy€E
HIMpUHY 3a00poHEHO1 30HM mopiBHAHO 3 PbTe, mpuuomy ne 30UIBLICHHS 3pocTae 31
36umpmenHsaM BMicTy Cd [8]. Lle mpu3BOANTH A0 KIIBKOX BaXJIMBUX €(EKTiB: MOKPAIICHHS
epeKTUBHOI MacH 3aBISKH 3MiHI CTPYKTYpPU CHEPreTUYHHX 30H; 3HAYHOTO 3HIDKEHHS
TEIJIONPOBITHOCTI I'PaTKU 4Yepe3 YHMOPAAKYBAHHS KPUCTAIIYHOI CTPYKTYpH Ta YTBOPEHHS
MIKpO- Ta HaHOAE(PEKTIiB; 3MEHIICHHS OIMOJSIPHOI TEIIONPOBITHOCTI 3aBASKU 301IBIICHHIO
NIUPUHUA 3a00pOoHEHO1 30HU. Po3mip nedekTiB, 1m0 yTBOPIOIOTHCS BHACTIJIOK BBEICHHS
okpemoro atomMa Cd abGo Horo KoMno3uiii, BU3HaYa€e JOBXKUHU XBUJIb (POHOHIB, K1 OyAyTh
PO3CIsIHI LUMU HEPETyJISIPHOCTIMU KPUCTAIIUHOI CTPYKTYpH.

Jocmimkernst 30HH01 cTpyKTypHu Pb1xCdyTe (X=0-0,1) Bka3ytoTh Ha HaABHICTH 30H JICTKUX
1 BaXKHX Jipok. BanenTri 300U jerkux aipok y PbTe ta Pbi1xCdxTe Pbl—xCdxTe (x=0-0,1)
MOXXYTbh OyTH HeC(epUUHUMH (Yepe3 po3TallyBaHHSI MiHIMYMiB y Toulli L 30Hu Bpimoena) Ta
HenapaboiuHuMH (Majla 3a00poHEHa 30Ha Ta CHIIbHA K-p B3aeMOJis 3 MPOBIIHICTIO CMYTH).
Jnsa aHamizy MexaHI3MIB pO3CISSHHS JIOCTaTHBO OOMEXUTUCH OJHIEI  C(HEPUUHOIO
CHEPreTUYHOI0 30HOK 3 IEBHOI0 HENapalOoNliuHICTIO Yepe3 KyOiuHy CTPYKTYpPY OCHOBHOI
cnosryku NaCl PbTe [8].

[I1e OinbII MIKAaBUM € TOCHIIHKCHHS TOHKUX MUTiBOK Pb1.xCdyxTe. HeomHopimHocTi Ha Mexi
PO3IiTy TUTIBKA-TIIKJIaKa MTOKPAIIYIOTh TEPMOCIEKTPHYHI BIacTUBOCTI [5]. UncneHHi 3epHa
3’ IBIISIFOTHCSL Yepe3 HAsABHICTh MIKPOHANPYKeHb Ha MexXi po3ainy. Hocil po3kuaani Ha Mexax
UX 3epeH. TOHKOIUTIBKOBA TEXHOJIOTIS JO03BOJSIE JOJATKOBO MOAM(DIKYBAaTH KIHIICBI
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XapaKTepUCTUKU MaTtepiayy. Pi3HHMIS B 3HAUEHHSAX TeMIIEpaTypd MiJKJIAJKU 1 BUIapHUKA
BUKJIMKA€ 3MIHY IIBUJIKOCTI OCaJPKEHHS, 1110 BIJIOBIJIa€ 3a PIBHOBArY MPOLIECIB OCAKEHHS 1
3poCTaHHSl KOHJEHcaTy. Matepiayl MiAKJIAIKA Ma€ KPUCTAIIYHY CTPYKTYpYy, BIIMIHHY BiJ
Marepiaiay, SKAH 0Ca/pKyeThbes. Lle MpU3BOAUTH 1O TMOSBH BHYTPIIIHIX MIKPOHAIPYKEHbB.
JlonaTkoBi TepMivHI BIUIMBU PETYIIOIOTH PO3Mip YTBOPEHHX 3€PEH, THM CAMHUM BHU3HAYAIOUH
X KUTBKICTB, @ OTKE, 1 KiIJIBKICTh MEX JUIS PO3CIFOBAaHHS HOCIIB 3apsay ado (poHOHIB.

TeopeTruHi po3paxyHKH MOJETI KPHCTaTiuyHUX CTPYKTYp Pbog2.CdoosTe peamizoBano 3
JIBOMA KJIACTEPHUMH MOJIEIISIMH, BUOpanuMu B310B:x momuHu (100). Knactepu ckinamatotbest
3 24 atomiB Tenypy 3a cBoimMu nosuiisiMu Ta 24 atomiB [ImromOymy (puc.1, a) abo 22 aTomis
[TmromOymy Ta 2 aromiB Kanmiro, siki 3amimarots atromu [lmomOymy 3a cBOiMM MO3HLISAMHU
(puc. 1, 0). B 060x Bunaakax 0yia0 OTpuMaHO NPUPOAHE 3MEHIIIEHHS 3HaU€Hb MOCTIHHOI I'paTKN
yepe3 0OMEKEHHI po3Mip KiacTepiB, IO B TOM K€ Yac BIJMOBIJA€ OTPUMAaHIA TOHKIHN IJTIBII
PbO‘QCdo,lTe.

Puc. 1. Pba4Tezs (a) Ta Pb2oCdaTezs (6) mmst kpucTanorpadivHOro JOCTiIKEHHS TBEPIOTO

po3uuny Pbog2CdoesTe.

Po3paxyHkoBi 3HaueHHs nocTiitHoi rpatku: a(PbaaTexn) = 0,6467 um, a(PboCdaTers) =
0,64244 um. 3amimenns aroma Pb aromom Cd i #ioro 3B&apos;s3yBanns 3 Te npusBeno 1o
3MEHIIEHHS MOCTIHHOI IPaTKH, 110 Y3TO/DKYETHCS 3 JOBIIKOBUMH JaHUMHU [S5] Ha 10AATOK 110
3MiH, BUKJIMKaHUX TIOCKOI0 (hopMoro Mojeni. Sk moka3aHo B [9], 1 eneMeHTapHOi KOMipKU
PbTe 3amimenHs aroma Cd Ha NOBEpXH1 BUKIMKAE 3HAYHI 3MIHM HaWOIMK4YOi MpuUierioi
CTPYKTYpu. UMM MEHIIMH KpUCTaNIIT, TUM CHJIbHIILII 3MIHU BiAOYyBalOThCA. YTBOPEHHS 3€pEH
Ha IOBEPXHI TOHKOI IUIIBKM JAEMOHCTPYE aHAJIOTIYHY IOBEIIHKY, sika Oyja CIpUYMHEHA
IPaHUYHUMH YMOBaMH Ta ITOBEPXHEBUM HATITOM. Lle Tako cympoBOMKY€ETHCS 3MEHIIEHHAM
HOTEHIIaJIbHOI eHeprii Ta MOCUJIEHHIM 3B’ SI3Ky MIXK aTOMaMH.
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TAPMOHIKOIO B CTPYM-®A30BIN 3AJTEKHOCTI
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Bonuncekuii Hayionanvnuu ynieepcumem imeni Jleci Yxpaiuku,
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VY HaAnpoBIIHMX KOHTAKTaX HAa OCHOBI BHMCOKOTEMIIEpATYpPHMX HaJIIPOBIIHMKIB
3QJISKHICTh CTPYMY BiJ pi3HHUII (Da3 BBaXKAETHCS aHTapMOHIYHOO [1]

j(@) = jco(sing + a sin2¢), @

Jie MapaMeTp aHrapMOHIYHOCTI 0 3aJE€KUTh BiJ TEXHOJOTII MiATOTOBKM KOHTakTy. B
3arajbHOMY, aHTapPMOHIYHICTh CTPyM-(a30BOi 3aJ€KHOCTI y HaJINpPOBIIHUX KOHTAKTaX Ha
OCHOB1 BHCOKOTEMIIEPATYpHUX HAJANPOBIIHUKIB Ta HAANPOBIAHUKIB HA OCHOBI 3aii3a
noB’si3aHa 3 d-XBMJIbOBOIO IIOBEJIHKOIO IapaMmeTpa BIOPSAIAKYBaHHA Ta 0OaraTo30HHICTIO
HaJIIPOBIHOTO CTaHy B HOBMX HAJNPOBIAHUX CIIOJIyKaXx [2].

Metoro Hamoi poOOTH € JOCHIAUTH BIUIMB JPYroi TapMOHIKM Ha IOBEIIHKY
JK03e()COHIBCLKOI'O KOHTaKTY B MarHiTHOMY IOJI Ta 3’CyBaTU K HasBHICTb L1€1 TapMOHIKU
B1100Pa3UTHCS Ha 3aJIEKHOCTI KPUTUYHOI'O CTPYMY B1Jl BEJIMUMHU IOTOKY MArHiTHOIO MOJs,
sKe IPOHMU3YE HAANPOBITHUI KOHTAKT. OTpUMaHi pe3yabTaTH MOPIBHIOIOTHCS 3 PE3yJIbTaTAMU
IHIINX TEOPETUYHUX MOJIEIIEH.

Kputnynuii cTpyM KOHTAKTy, NMPH JaHid CTpyM-(a30Bii 3aJIeKHOCTI, JOCATAETHCS TPH

pi3HuLi a3
-1+ V1 +32a?

8a
Toni kpuTHYHUI CTPYM KOHTAKTY, K QYHKIIiS TapameTpa o:

cosQp, =

\/(V1+32“2+1)2—4 VIi+32aZ-1 2)
Je(a) = jeo Py <1 + 2a 8a )

Jlerko mokasaru, 1m0 B aCHMIITOTHYHOMY Bumanky a—0 oxepxyemo j.(0) = j.,, T0OTO
Jeco — KPUTUUHUIM CTPYM KOHTAKTY 3a BIICYTHOCTI APYroi FrapMOHIKH.

Ha Puc.1 nobynoBano rpadixk, skuii BigoOopakae BIJIMB IIapaMeTpa aHTapMOHIYHOCTI O B
CcTpyM-(pa30Biil 3a1€KHOCTI Ha KPUTUYHUMA CTPyM KOHTaKTy. SIK BHAHO 31 30LIBLICHHSIM O
KPUTUYHUI CTPYM 3POCTAE 1 JOCUTH IIBUIKO allPOKCUMYETHCS JIIHIHHOIO 3aJIeKHICTIO. Te, 1110
31 301JBIICHHSIM 0 3aJIOKHICTh KPHUTHYHOI'O CTPYMY BiJ IMapamerpa 0 HaOIMKAEThCS 110
JHIAHOT MOYKHA TaKOX MepeKoHaTHcs 1 6e3mocepeHbo Ha ocHOBI Gopmynu (2). Braxatoun
a > 1, onepxumo j.(@) = joa.

JI1st 3a1€KHOCTI CTPYMY BiJ pi3HHIN (a3 Ta BEJIMYMHM MArHITHOTO IOJS, IO IPOHU3YE
HAJIIIPOBIIHUM KOHTAKT B pOOOTI OJIEpP)KaHO HACTYIHY (HOPMYITy

sin (@) sin (_zncb)
I(H @) =1 i.' @ N0 7 G 2nd 2 3
,0) =1, pr sin q§0+<p +a T sin ) + 20|, 3)
Dy D,
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7ie BUKOPHUCTaHO MO3HAYEHHS JUI [IOBHOI'O MOTOKY MarHiTHOI'O IOJIsI 4epe3 KOHTAaKT @ =
Hld Ta KpUTHYHOTO CTPYMY 3a BiZICYTHOCTI MartiTHoro moyist I, = j.,l1 (I i d - moBxuHa Ta
TOBIIMHA KOHTAKTY, BIIOBIAHO).

3 opepxaHoro pe3ynbraty (3) MOXXKEMO 3pOOMTH BHCHOBOK, IO KPUTHYHHH CTPyM
OCIIMUTIOE 31 30UNBLICHHSAM MAarHiTHOIO MOJi, OJHAK IIi OCHWIIALII 3aTyXalTh 1 3pEIITOO
BEJIMYMHA KPUTUYHOTO CTPYMY MPAMYE 10 HYJI.

JUts 3HAaXOPKEHHS KPUTHYHOTO CTPYMYy KOHTaKTy, SK (YHKILIi MarHiTHOIO MOTOKY
HeoOxigHo obuucauTh Bif (3) moxigHy mo ¢. [lami, mokiamardu oaepkaHy MOXiAHY PIBHOIO
HYJIeB1, 3HAUTH 3HaUEHHS Pi3HULI (a3, MPU IKOMY CTPYM B KOHTAKTI 10CSITa€ MAaKCUMyMY.

B pesynbraTi ofepKHMO 3aJIeKHICTh KPHUTUYHOTO CTPYMY KOHTAKTY BiJl MarHiTHOTO
MOTOKY:

3+ \/1 + 32a?cos? (7;—(15) i g 2
0 1+ 32a2cos? ((7) +1| —4 (4)

1.(®) =1,

32a cos (g)

Posrnsgatoun B OCTaHHROMY Pe3yabTaTi aCHMITOTHYHUN BUTIAZOK 0—0, 1110 O3HaYaTUME
BIIKMHYTH y BHUpa3l I CTpyMy JOJAHOK, IOB’S3aHUNM 3 aHTapMOHIYHICTIO, JIETKO
BIITBOPIOEMO (OPMYJIy 3aJIKHOCTI KPUTUYHOTO CTPYMYy BiJ MAarHiTHOIO TOTOKY JUIs
CHUHYCOITHOT 3aJICKHOCTI CTPyMYy BiA pi3HHIN (a3.

1,30

1,25 A

(0

]C

1,20

(o)

— =0
- --0=04

jc
1.(H)i.(0)

1,15

1,10

1,05

1,00

0,0 0,1 0,2 0,3 0,4

Puc. 1. 3anexHicTe rycTUHU KpuTUYHOr0  Pue.2. KpuTuuHuii cTpym KOHTaKTYy, SIK QYHKIIiS
CTpyMYy KOHTAKTY B1Jl TapaMeTpa o. MarHiTHOI'O IIOTOKY.

3 rpadika 300pakeHoro Ha Puc.2, Moxemo 3poOMTH BHCHOBOK IIOAO BIUIMBY
AQHTaPMOHIMHOCTI Ha 3aJIEKHICTh KPUTHYHOT'O CTPYMY KOHTAKTY BiJi MarHiTHOrO IMOTOKY: 31
30UIBIIIEHHSM TIapaMeTpa o KPUTUYHUHA CTPYM € OLIbIN YYyTJIMBUM JIO TOSBH 30BHIITHHOTO
MarHitHoro moJisi. OcobimBo 1€ 700pe BUIHO B OKOJII HYJS: 31 30UIBIICHHSIM MarHiTHOTO
MOTOKY KPUTHYHUHN CTPYM IIBUIIIE 3MCHINYETHCS IS BUMAJAKY BiIMIHHOTO Bim Hyis o. Lls
00CTaBWHA € KOPHCHOIO B IUIaHI MPAKTUYHOI'O BUKOPUCTAHHS TAaKUX KOHTAKTIB y JETEKTOPaX
MarHiTHUX ITOJIB.

1. Tsuei, C.C., Kirtley, J.R. Pairing symmetry in cuprate superconductors. Review of Modern Physics. 2000. 72. P.969.

2. Askerzade, 1. (2012). Unconventional Superconductors: anisotropy and multiband effects. Springer, Berlin, 177 p.

66



Proceedings RNAOPM-2024
Chapter 5. Modern problems of theoretical and mathematical physics

HAHO-CKBIX HA OCHOBI BA'ATOIIAPOBUX
HAAIIPOBIIJHUX KOHTAKTIB
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Bonuncokuit nayionanvnuuii ynieepcumem imeni Jleci Yxkpainku
npocn. Boni 13, m. J/Iyysk, 43025, Ykpaina
E-mail: shygorin.pavlo@vnu.edu.ua

B ocranHi poku crocTepiraeTbcs TEHIEHILIA JO0 PO3BUTKY HAHOMAacIITaOHOTO
HA/IMPOBITHOTO KBaHTOBOro iHTepdepeHuiiiHoro mpucrporo (HaHo-CKBI/ly) 3 wmetoro
JOCATHEHHSI YyTIUBOCTI 10 MarHiTHOTO MOTOKY, AOCTaTHbOI JUIsl BUSIBJICHHS MTEPEBEPHYTOrO
OJMHOYHOTO €JIEeKTpOoHHOro cminy aroma [1,2]. Taki mpuctpoi OyayTh MaTH IIHPOKE
3aCTOCYBaHHS — BiJl JJOCJIIKEHb MarHiTHUX 10HIB Ta MAarHITHHX MOJIEKYJI a00 MaJIUX CITIHOBUX
HOMYJISIIA y MarHiTHUX HAaHOYACTKaX, J0 3YMUTYBaHHS KyOITiB IOTOKY Ta HAaHOMEXaHIYHUX
PE30HATOPIB.

CrannaprHa TexHomnoris BUrororieHHs Hano-CKBI/liB mossirae y 3MeHIIEHH] K po3Mipy
napH JHKo3e(COHIBCHKUX TYHEIBHUX KOHTAKTIB, TaK 1 HaAMPOBIMHOI METIi, IO 3'€HY€E IBa
koHTakTH (Puc.1).

1 pm

—_— 182K X LDS

Puc. 1. BumiproBansna yactuaa CKBI/ly mopsiaky KiTbKOX MiKpoMeTpiB
(Groupe Physique Mesoscopique, LPS, Orsay).

OueBuaHO, MO TaKy T€OMETPII0 BaXXKO 3MEHIIUTH 0 PO3MIpiB MOPAAKY HAHOMETDIB.
ToMmy BHHHMKae HEOOXIAHICTH y PO3pOOI HPUCTPOIO, SKHH JIETKO MacIITa0yeTbCs, 1 Mae
CKBI/|-oai6Hi BIacTUBOCTI. 3pO3YyMUJIMM € TaKOX Te€, IO TaKUi NPHUCTPId TOBUHEH
OasyBaTuCs Ha HOBUX (DI3MYHHUX MPHHIIUIIAX POOOTH.

VY nemonasuiit podorti [3] HeBipkorerb Ta MyxaHOB, €KCIIEPUMEHTAIBHO JTOCIIIKYIOYN
MOBEJIHKY B MarHiTHOMY I10J1 0araTouiapoBOro HaJANPOBIIHOIO KOHTAaKTy (epoMarHeTuk—
HOpMaJIbHUH METall, CIIOCTEPIrajiid CUHYCOINaIbHY NOBEAIHKY KPUTHUHOr0 cTpyMy. OnepxaHi
y poOOTI OCHMWIISILIT KPUTUYHOTO CTPYMY HAaraayrTh Ti, 110 BiIOYyBAIOTHCS y HAIIMPOBIIHUX
KBaHTOBUX iHTepdepeniiianx mpuctposx. Ha Puc. 2 mokazano cxemaTuuHy O0yJ10BY KOHTAKTY
Ta peaJbHHI Mepepi3 KOHTAKTY.
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Puc.2 Cxematnyna OynoBa 06araTomapoBOro KOHTakTy (epoMarHeTHUK-HOpMalbHUN
MeTaj Ta Horo peanbHuil mepepiz y maciradi 100 um (I.P. Nevirkovets and O.A. Mukhanov,
Supercond. Sci. Tech. 31, 03LTO01 (2018)).

Bimznaunmo, 1mo ockiabKu 1k 03e()COHIBCHKI KOMBAHHS BIOYBAIOTHCS y 3'€JHAHHAX 0€3
OyIp-KOi HAAMPOBIAHOI METIi, TOMY JaHa TEXHOJOTIS MAXOAWUTH JJIs MiHIATIOpU3alii Ha
HaHoMaciitab [4]. Mu mepekoHaHi, 1[0 MOAAJbIINE JOCITIIKCHHS TAaKOrO THUITy KOHTAKTiB
JI03BOJIMTH CTBOpUTH ehekTuBHI HaHO-CKBI/{n.

Y po0GOTi MNpOBEAEHO TEOPETUYHI JOCTIPKEHHS JKO03€(COHIBCBKOIO CTPyMY Y
6aratomapoBomy SNFIFNS HagnpoBimHomy koHTakTi. Ha OCHOBI MiKpOCKOIIYHUX PIBHSHb
Teopii HaJIPOBIAHOCTI OYJI0 TOCHIKEHO 3aJIEKHICTh KPUTUYHOTO CTPYMY Yepe3 KOHTAKT BiJ
MarHiTHOTO ITOTOKY, SIKa Ja€ThCS BHPA30M

© 2miBt
L@ = | jorew ()
-0 0
Tyt B — iHAyKIis MarHiTHOro noius, P, — KBaHT MarHiTHOTO MOTOKY.
Takox Oyna po3paxoBaHa e()EKTMBHAa MarHiTHa TOBIIMHA KOHTaKTy. BoHa BU3HAYaeThCs
BHUPa3oM

t =pud+ 24,
ne A; — TOHJOHIBChKA TNTIMOMHA TPOHUKHEHHS, d — TOBIIMHA HAATPOBITHOTO EJIEKTPO/IA.
OnepsxaHi CHiBBIHOIIEHHS JAIOTh TEOPETUYHE MIATPYHTS JJIs1 MOOYIOBHU JNaTYUKIB
MarHiTHOTO TIOJII Ha OCHOBI 0araToIapoBUX HAIPOBITHUX KOHTAKTIB HA OCHOBI MEpPEeXOIy
(dbepomMarHeTHK-HOPMaTbHHAN METal.

[1] M. J. Martinez-Pérez and D. Koelle, Phys. Sci. Rev. 2(8), 20175001 (2017).

[2] C. Granata and A. Vettolliere, Physics Reports 614, 1 (2016).

[3] I.P. Nevirkovets and O.A. Mukhanov, Supercond. Sci. Tech. 31, 03LTO01 (2018).
[4] M. Belogolovskii and I. Nevirkovets. 2024, PREPRINT
https://doi.org/10.21203/rs.3.rs-3809379
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JAUCIIEPCIA 3BYKOBHUX XBWJIb Y ITPOCTOPOBO-
OJHOPIJHOMY KOHAEHCOBAHOMY BO3E-T'A31

I1. Huropin, A. Ilpuxoabko
Bonuncvkuit nayionanvnuil ynieepcumem imeni Jleci Yxkpainku
npocn. Bonai 13, m. JIyysk, 43025, Ykpaina
E-mail: shygorin.pavlo@vnu.edu.ua

OCHOBHHMM 1HCTPYMEHTOM ONKCY HEPIBHOBaXHHX IPOIECIB Y PO3PIIKEHUX Ta3ax €
KIHETUYHI PIBHSAHHS. Y BUNAAKY KJIaCUYHUX Ta3iB — Iie KiHeTu4YHe piBHAHHSA bonbimana. [Tpu
ONKCI KBAHTOBUX CHUCTEM TOTO)XKHMX YACTUHOK BHUKOPUCTOBYIOTH DIBHSHHS VYJiHra —
VYnenOeka, ke € KBa3lKJIaCUUHUM PO3IIMPEHHSM piBHSAHHA bonbiimMana. 3HauHO CKJIaJHIINM
€ ONKMC KBAaHTOBMX CHCTEM 13 CIIOHTAaHHO IOPYILIEHOI CUMETPIEI0, A0 SKUX BIAHOCATHCS
po3pimkeHi rasu aromiB bo3e Hmkde Temmeparypu bo3e-AWHIITaiHIBCHKOI KOHJIEHCAIII].
JloaTkoB1 TPYIHOII OMKMCY TAKUX CHCTEM IIOB’si3aH1 13 HasgsBHICTIO bo3e-AWHIITaHIBCHKOTO
KOHJIeHcaTy. BinnoBinHa cucreMa piBHSHb JUHAMIKH KOHJ/IEHCOBAHOI0 003€-Ta3y CKJIala€eThCs
13 KIHETUYHOI'O PIBHSHHS TUNY YiiHra — YiaeHOeka 1 aTOMIB HaJKOHJIECaTy Ta PIBHSHHS
I'pocca — [liTaeBchKOrO, SIKE ONMUCYE EBOIIOIII0 XBUIHLOBOI (DYHKIIIT KOHAEHCATHUX aTOMIB [1].

L1 poGoTa mpucBsSUYEHA TEOPETHUHOMY OIKCOBI IPOIIECY MOMMPEHHS 3BYKOBUX XBUJIb
y po3pimkeHux raszax aromiB bo3e 3a HasBHOCTI bo3e-AWHIITailHIBCBKOTO KOHJIEHCATY.
OCKUIBKM y TIpolleci MOMMPEHHS 3BYKOBOI XBHUII BiJOYBAarOThCS HE3HAYHI BIAXWICHHS BiJ
CTaHy JIOKaJIbHOI TEPMOIMHAMIYHOT PIBHOBAT'H, BiIIOBITHUH OIMKUC MOXKHA ITPOBOJIUTH Ha PiBHI
JIHEapu30BaHUX KIHETUYHUX PIBHSAHb.

VY Hamnii po0oTi moOyaoBaHe pIBHSAHHS, SIKE ONMUCYE CIa0KO-HEPIBHOBAXKHI MPOLIECH B
po3pimkeHomMy 003e-Ta3i 3a HassBHOCTI KOHJIeHcaTy. BoHO noeqHye niHeapu3oBaHe KIHETUUHE
piBHsiHHS Ta piBHsAHHA ['pocca — IliTaeBcbkoro. OnepkaHe piBHSIHHS OyJO 3aCTOCOBaHE 10
OIKCY 3BYKOBHX XBWJIb y PO3TIISAyBaHil cucTemi. 30kpeMa Oyio ofepikaHe 1 JOCIHiKeHe
JUCIIEPCIHE CITIBBIIHOIIEHHS MK YacTOTOK Ta XBHUJIbLOBHM YHCJIOM 3BYKOBOI XBHIIL.
OneprxkaHo TeMIlepaTypHY 3aJIeKHICTh B’S3KOCTi ra3y. [IpoananizoBaHO BIUIMB B’SI3KOCT1 Ha
3racaHHs 3BYKiB.

JliHeapu3oBaHe KiHETHYHE PIBHSHHS IS HAJKOHIEHCATHOI TEIUIOBOI XMAapUHH Mae
BUTJISA]T

LB,

L+ ekl (€)+ 2807, (€)]- afy €)= Lol @) A ﬁgwg ﬂgnfo
[

3/2
L,[h]= 2\/— Sh{ j [ de, [ de,[de,s5(c +¢, —¢, - c,)o(c?+c2—c2-¢c?)
X foz(l+ fos)(1+ fo4)[h4 +h, —h, _h]

=(B/ Zm)l/2 P — Ge3po3MipHa MBHUAKICTE, @, — YaCTOTa 3ByKOBOi XBHII, kK — XBHJIbOBE
queno, B =1/kgT .
Juist ix BigumrykaHHsS PO3KIANEMO JHEapU30BaHMM iHTerpan 3iTKHeHb Ly,lh] 3a
BIACHUMH (QYHKI[ISIMH . Ta BIACHUMH 3HAYCHHAMH 1,

Llwi]=4w;,

Toni orpumyemo posknazn st h, (<)
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ho(é): leaﬂ/ﬁ (6)

[TincraHoBKa po3KJIaAy 3a BIACHUMHM (YHKLISIMH Yy KIHETHYHE PIBHSHHS IPUBOAUTH 10
JUCIIEPCIHOTO CITIBB1THOIICHHS

ik(M, +2AN, )+ A4Q,, —i@d,,|=0.

B posropHyToMy BUTJISI/II TaHE CITIBBIHOIICHHS Ma€ BUTJISI
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Onepsxani BUpa3u TPUBOASATH 10 HACTYNMHHUX 3aJICKHOCTEH IS MIBUAKOCTEW MEPIIOro Ta
JIpyroro 3ByKiB BiJl TEMIIEPATypy IPHU PI3HUX YACTOTAX

1.0F : : , . - 0.25(
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Puc. 1. KBagpatu mBuakocTell mnepuioro

(miBopy4) i apyroro (mpaBopyd) 3BYKiB (HOpPMOBaHi J0 HIBUAKOCTI mepmoro 3Byky Uy mpu

T =T,) ws pisunx wacrorax. 9N =0.2K;T.. Tosxuna poscisums st 2Na: a=2.75 uu.

Sk 1 ouikyBajoch, MNepmMd 1 Apyruid 3BYK TIOpUAM3YIOTBCS TPU HU3BKUX
temnepatypax. Lle Brnepmie 6yno oéroBopero B po6oti JIi 1 Iura, mpucBsiueHiil KOJIEKTUBHUM
MoJaM B ogHOpiAHOMY Oo3e-rasi [2]. 3a myxke HU3BKUX TEMIIEpaTyp, KOJIU , 3MIHIOETHCS
GI3MYHMIA 3MICT HMX ABOX MOJ B pe3ynbTaTi riopuamsanii. Ilepmmii 3ByK Mae CKidYeHHY
HIBUJKICTD IPH MPSMYBaHHI TEMIIEPAaTypu A0 HyJs. TakuM YUHOM, B HU3bKOTEMIIEpaTypHil
obiacTi mepmmid 3BYK — II€ KOJIMBAaHHS TYCTHHH KOHJIEHcaTy. Buime Ttemmepatypu
ribpuansanii nepiui 3ByK BiJANOBIJa€ KOJUBAHHSAM I'YCTUHU TEIJIOBOI XMAapUHU, APYTUN 3BYK
— I B OCHOBHOMY KOJIMBAaHHS T'yCTUHH KOHJCHCATY.

[1] I. Dmytruk; A. Svidzynskiy; P. Shygorin, Low Temp. Phys. 43, 683-688 (2017).
[2] T.D. Lee, C.N. Yang, Phys. Rev., 113 — 1406 (1959).
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KBAHTOBE TYHEJIOBAHHA B MAT'HITHOMY I1OJII
II. IITuropin, /1. CkopydcbKkui

Bonuncokuii nayionanwvnuii ynieepcumem imeni Jleci Yxpainku
npocn. Boni 13, m. JIyusk, 43025, Yxpaina
E-mail: shygorin.pavlo@vnu.edu.ua

PoGora mpucBsvYeHa TEOPETHYHOMY JOCHI/DKEHHIO KBAaHTOBOTO TYHEIIOBAHHS
eNIeKTPOHIB Kpi3b MOABIMHUN & — ¢GyHKIIIHUI O6ap’ep B MarHiTHOMY MoJli. AKTyaJbHICTb
TAKOT'0 IOCITI/KEHHS TIOB’s13aHa 3 THM, 1[I0 TAKOT'O TUITY 0ap’€p ONMHUCYE TYHEIbHUH MIapyBaTHIl
koHTakT Uy SISIS a6o SINIS. B Takux TyHeIbHHX KOHTaKTaX BHHUKAIOTH JK03e(COHIBCHKI
crpymoBi cranu [1]. KpuTuuHuii CTpyM y KOHTaKTax € 3aJI©KHUM BIl HPO30POCTi
MOTeHIlaJIbHOTO0 Oap’epy. Y naHiii poOOTI MM MOCTIDKYEMO BIUIMB MarHiTHOTO TOJIS Ha
MIPO30PiCTh MOTEHITIATBHOTO 0ap’epa.

VY Hamiit Mmozeni onepaTop I'aMiabTOHA 3apsKEHOI YACTUHKHU B €JIEKTPOMAarHiTHOMY
II0JI1 Ma€ BUTJISA:

1 e
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o . 1173 . = .
J€ ¢ - CKaJIsIpHUH IIOTCHII1AJI, A= > [H 7‘]— BEKTOpP-MIOTCHL1AJI, P — OIIEPATOP IMIIYJIbCY.

PiBusaus llpeninrepa B obnacTi:
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3muBKa po3B’A3KiB Y TPbOX 00JACTSIX A€ PE3yIbTaT

( P1(0) = ¥,(0)
Y, (a) = Y3(a)
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3BificH MH 3HAXOJMMO BHpa3 il KoedillieHTa MPO30pOCTi MOTEHINIAIBHOTO 0ap’epy, sIKUil Mae

ika
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Takox MaEMO YMOBY pe30HaHCY
Bsinka—2coskak =0
I'pacdiuni 3anexxHocTi KoedimieHTa NPOXOPKEHHS BiJ BIAHOCHOI €HEprii HaiTalouuXx
€JIEKTPOHIB 3a BIJICYTHOCTI MarHiTHOrO MoJjs (PUCYHOK JIiBOpPy4) Ta 3a HOro HasBHOCTI
(pUCYHOK IIpaBOpYY) HAaBEACHI BHU3Y
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baunMmo, 110 Npu yBIMKHEH1 Mar”iTHOTO IOJIS PE30HAHCHUM MaKCUMyM 3MILIYEThCS, a
TaKOX 3’ ABJIAETHCS JOAATKOBUI pe30HAHCHUN MaKCUMyM. TakuM YMHOM, y pe3yibTaTi MaEMO
YyTJIUBICTh TYHEJIBHOTO KOHTAKTY /IO MAarHiTHOIO MOJIs, IO MOXe OyTHM BUKOpPHUCTaHE IJIs

CTBOPEHHSI MarHiTOYyTJIMBOIO CEHCOpA.

[1] P. Shygorin, B. Venhryn, Journal Of Physical Studies, v. 24, No. 4, 4706-4711 (2020).
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CUHI'VJISIPHE IHTETPAJIBHE PIBHAHHA B OJJHOBUMIPHIN 3AJTAYI
KYJIOHA

lyroBcbkuit A.M., Caxniok B.€., Myasip B.IL.

Kadenpa teoperrunoi Ta koM 1orepHoi ¢izuku imeri A. B. CBiI3HHCHKOTO,
Kadenpa ekciepumenTansHoi Gi3uku, iHGOPMAIIHHUX Ta OCBITHIX TEXHOJOTIH,
BonuHChkuMii HallloHaIBHUM yHIBepcuTeT iMeH1 Jleci Ykpainku
Shutovskyi.Arsen@vnu.edu.ua, sh93ar@gmail.com

Teopetnuna ¢i3uka mnopinseTbes Ha 0OaraTo pO3ALTIB, XapaKTEPHOI OCOOJIMBICTIO
KO)KHOTO 3 SKHX € HasBHICTh JTU(EPEHIaTbHOIO pIBHAHHSA T[EBHOTO THUIY, IO
BUKOPHUCTOBYETbCA 3 METOI0 ONHCY pO3IJAAYBaHOI CHCTEMH. Y KIACHUYHIA MEXaHIIl
BIIMOBINHUMHU Tu(epeHIliaJbHUMU PIBHIHHAMHU € piBHsAHHS HbtoToHa, piBHsAHHSA Jlarpanixa,
piBHsHHS ["aminbpTOHA TOITO. HEBi €eMHOIO PHCOIO €JISKTPOAMHAMIKH € J0OPE BiIOM1 PIBHIHHS
MakcBemta. A 10 cTOCY€eThCS HEPEISTUBICTCHKOI KBaHTOBOI MexaHiku [1], To TyT y meHTpi
yBaru Bxke nepedysae Tak 3BaHe piBHsHH LlIpeninrepa.

VY nexapToBiii cucremi koopauHaT piBHsAHHS Llpeninrepa € niHIMHUM AuQepeHiaIbHUM
PIBHSIHHSIM JJPyroro MopsaKy. Bapro Haronocutn Ha Tomy, mo piBasHHES Llpeainrepa takox
MOX€ MAaTH BHIVIAA IHTErpajbHOTO PIBHSHHSA, SKE OJEP)KYETbCS IICIA 3aCTOCYBaHHS
nepetBopeHb Oyp’e no piBHsaHHA Llpeninrepa B 1ekapToBux KoopauHarax. JlaHe iHTerpaibHe
PIBHSIHHS, sIK€ Ha3uBaeThCs piBHAHHAM [llpeninrepa B iMIIyJIbCHOMY IpEICTaBICHH1, BUH UKAE
IpU PO3B’sI3yBaHHI LIMPOKOro CIEeKTpy 3a1ad. OHIEO 13 TAKUX 3334 € OJJHOBUMIpHA 3a/1aya
KynoHna.

B naHomy focnimKeHHi MpeICTaBIeHO HOBe OaueHHs ofHOBUMIpHOI 3anaui Kynona [2].
[TokazaHo, 110 3aCTOCYBaHHs IepeTBOPeHb Dyp’e gae 3Mory neperTu Bif qudepeHIiaaibHOro
piBasiHHS Upeninrepa npyroro mopsaky 3 KynoHIBCBKHM MOTEHIIANOM 10 IHTErPaIbHOTO
PIBHSHHS y TIPOCTOPI IMITYJIBCIB, SIKE Ma€ IHTErpaibHEe SAPO Y BUTIIAL IESIKOT JIorapruMIdHOI
¢yukuii. Ockiipku gaHa JjorapupmivyHa (QYHKLISIT Ma€e OCOOJMBICTH Yy TMEBHIM TOYIIl
IMITYJIECHOTO ITPOCTOPY, TO MOOYA0OBaHE B POOOTI IHTErpajbHE PIBHAHHS € CUHTYJISIPHUM.

SIK1o ToBOpUTH Mpo Kiach(ikalliio iHTEerpalbHUX PIBHSHB, TO CUHTYJISPHE PIBHSHHS €
OJHOPIAHUM IHTErpasbHUM piBHSHHAM Dpenrosnema apyroro poxay. 3’scyBajiocs, 1O SKIIO
MIJCTAaBUTU CUHTYJISIPHE IHTETpaJIbHE PIBHSAHHS Y T€ cCaMe CUHTYJISIpPHE IHTErpajbHE PIBHAHHS,
TO BJA€THCSI OTPUMATH PiBHAHHA PpenroiabMa JIpyroro poay 3 iHIIMM iHTETPaJbHUM SIPOM.
3acTocyBaHHs LIJI01 HU3KHU apaMeTpHu3alliil 103BOJIs€ IepeTBOPUTH HOBE IHTEr paJibHE AP0 Ta
OTpUMATH JIiHIHHE iHTerpajbHe piBHAHHSA BosbTeppa apyroro pony. OCKiabKH iHTErpajbHE
PIBHSHHSI TAKOT'0 THUIy MOXXHAa 3BECTH 10 MU(EpEHIiaIbHOTO PIBHSHHS, TO BCI IMOAAJbIII
PO3paxyHKU HE MICTATh OCOOJMBUX TPYAHOLIIB. 3 METOK MOBEPHEHHHSI 1O XBUJIbOBOT (PYHKIIIT
B KOH(QIrypauiiHOMy MpeICTaBIECHHI JOBEIOCA BpaxXyBaTH Xi0a 110 MPaBUJIO IHTErPyBaHHS 3
nenpTa-ynkmieto ipaka [3].

1. Bakapuyk [.O. KBanToBa mexanika. 4 Bun. JIpBiB: JIHY im. IBana ®@panka, 2012. 872 c.

2. Shutovskyi A., Sakhnyuk V. and Muliar V. Solving a singular integral equation for the one-
dimensional Coulomb problem // Physica Scripta 2023. Vol. 98, no. 8. P. 085219.

3. Boas M.L. Mathematical Methods in The Physical Sciences. 3rd ed. Hoboken, NJ: John
Wiley & Sons, Inc., 2006. 859 p.
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COMPUTER SIMULATION OF THE THERMAL MODEL WITH CONVECTION
OF THE UPPER MANTLE OF THE EARTH

V. Fourman
Department of Mineral Geology and Geophysics, Ivan Franko National University of Lviv,
Hrushevskij Str. 4,
UA — 79005, Lviv,Ukraine e-mail: fourman@i.ua

Abstract— The dependence of the thermal state of the mantle on possible temperature
variations is described and a thermal model of the Earth's upper mantle for computer simulation
is constructed. It is noted that the determination of mantle temperatures from the observed heat
flux data contains an uncertainty factor associated with the difficulty of determining the
contribution of the crust based on the results of the interpretation of the observed heat flux. A
connection between the intensity of convective heat transfer processes in the upper mantle and
the heat flux in the Earth’s crust has been revealed.

Keywords — computer modeling, convection; upper mantle; thermal model; temperature
variations.

The mantle is not yet available for direct study, but considerable information has already
been accumulated about it based on the use of various indirect research methods. The influence
of the mantle on the Earth's surface is quite diverse. Modern data show that the structure of the
upper mantle of the continents is crucial for the evolution of the Earth. Previously, it was
assumed that continents are passive formations that simply follow mantle flows, the structure
and evolution of which does not explicitly depend on the structure and properties of the
continental lithosphere. The comparison and identification of processes occurring inside the
Earth and a mere thermal machine has certain limitations. The intensity of heating in the Earth
far exceeds the natural capabilities of heat exchange within a liquid by heat conduction,
resulting in convection flows.

In the case of the Earth, if there were no heating of the substance from the inside, it would
remain to consider heat exchange processes as the process of cooling of the planet from the
outside. In this case, convection flows could arise due to the uneven cooling of the Earth's
surface. However, heat transfer depends on the temperature gradient, and cooling occurs faster
where the gradient is greater. That is, a localized higher temperature gradient (which arises in
an unclear way) in natural conditions must necessarily decrease. The system, according to the
laws of thermodynamics, should strive for thermodynamic equilibrium. Thus, reliable energy
sources are needed for the emergence and divergence of gradients. Therefore, we need to look
for them, and not only for convection flows; they are needed for the horizontal movement of
lithospheric plates, in fact, for the movement of continents. Where are the energy sources for
these movements?

Heat transfer and convective processes in the mantle. What are the reasons for high
temperatures in the Earth's interior? Discussions on this topic have been going on for many
years. According to one of the most common hypotheses, the source of heat in the interior of
the planet is radioactive elements in its core, and the main coolant is deep fluids, especially
those characteristic of the outer core. It is clear that it will take many more years before
additional data are accumulated and theoretical hypotheses are improved, and we will be able
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to get a clearer picture of the structure and dynamic properties of the mantle. Convection models
have been proposed to explain how processes occurring in the mantle can move the layers of
the lithosphere. Convection means that warm matter rises up and cold matter sinks down.
Various hypotheses about the possible mechanism of this process [1-6] assume large convection
circuits covering the entire thickness of the mantle. An alternative scheme is based on the
argument that heat absorption during phase transitions can limit the convection region to the
surface layers of the mantle. In yet another model, the convective region is limited to the
asthenosphere, i.e., the mantle layer that extends at a depth of 100 to 300 km. At the same time,
the zones where the lithosphere can “sink” into the mantle and thus participate in convection
cover depths of up to 700 km. Finally, there is another model that assumes that the convection
mechanism is the formation of thermal “pillars” inside the mantle. The main heat sources in the
Earth's mantle are the heat reserves left over from the early molten state and the heat generated
by the decay of radioactive elements. The average content of radioactive elements in the Earth's
crust does not exceed thousandths of a gram per kilogram of rock, but the heat flux generated
by them affects the thermal properties of the Earth as a whole [2, 5].

Table 1 - Thermophysical constants of the Earth

total heat flux, Q, 4.4+10" Br;
specific mass isobaric heat capacity, C,, upper mantle 1250 Jx/xreK;
specific mass isobaric heat capacity, C,, lower mantle 1260 Jx/xreK;
thermal conductivity, k,, upper mantle 5 Br/m*K;
thermal conductivity, k,, lower mantle 10 Br/meK.

The heat reserve of the Earth's interior can be judged by the temperature distribution. The
most reliable is the determination of temperatures based on the melting points of the deep
interior. Modern technology is not yet able to directly model the relevant conditions by
extrapolating the results of experiments using shock waves. Therefore, the discrepancy between
models of temperature field distribution is within one to two thousand degrees. Among these
models, the highest melting point — 8 240 K° in the center of the Earth was given by O.
Williamson et al. [7, 8], and R. Buchler [9] gives the lowest temperature — 5 150 K°. The
calculated values of melting temperatures are taken slightly lower due to the presence of a light
component, and the deviation can range from 500 to 1,000 K° [2]. At the same time, there are
well-known and understandable modern values of thermophysical quantities. The thermal state
of the Earth is significantly influenced by the heat flux from its surface, which is determined
quite confidently [2]. The equally important heat flow from the core to the mantle is largely
determined by convective processes occurring in the Earth's core and mantle, the intensity of
which, respectively, affects the magnetic field generated in it. Differences in the estimation of

this heat flux from the Earth's core are in the range of (0,3 — 2) '1013BT, as noted in [4]. In [2,
10-13], self-consistent models of the thermal state of a spherically symmetric Earth were
constructed, based on models of melting points and dependencies between dimensionless
thermodynamic and thermophysical parameters. The disadvantage of such works is the use of
parameters that have little to do with the conditions in the deep interior of the Earth. In other
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works [14-18], the direct problem of effective heat transfer was modeled, and the distribution
of both radioactive sources and effective thermal conductivity was given. Today, this approach
has been developed in works devoted to numerical computer modeling of thermal convection
in the Earth's mantle [19-24]. However, in such works, the spherically symmetric heat transfer
in the mantle is factually. Our goal is to determine a fully self-consistent long-term (for hours
to several hundred million years) model of spherically symmetric heat transfer in the mantle,
based on [15]. The expected result of the modeling is the physical dependence of heat transfer
on a small number of parameters that can be estimated and refined independently. The model
is based on the values of the phase transition temperatures between the Earth's shells and the
heat flux from its surface. As a result, the relationship between the intensity of convective heat
transfer processes in the mantle, the value of the heat flux from the Earth's core, and the average
content of radioactive heat sources in the Earth's crust was reliably estimated.

So, the mathematical problem is reduced to the following. We have three unknown
coordinate and time functions for mantle convection: the velocity vector of mantle currents
Vi (%, Y, z, t), the temperature distribution T (X, y, z, t), and the pressure distribution p (x, y, z,
t), and four unknown time functions for the motion of the continents as a whole: two
components of the instantaneous translational velocity of the center of gravity uo(t) and vo(t),
one component of the instantaneous angular velocity of the continent's rotation around the
center of gravity o(t), and the temperature distribution in the continent T¢ (X, Yy, z,t). To
calculate them, there is a system of interdependent equations: three differential convection
equations, three integral relations , to which the Euler equations are reduced, and the equation
of heat transfer in the continent. Knowing the position and velocities of the continent uo(t), vo(t)
and [J(t)at a given moment, one can find its position at the next moment t. The boundary
conditions are used to determine the steady-state integrations of the differential equations. The
temperature distributions T (X, y, z, t) found in this way from the solutions of the above
equations allow us to find the connection between the processes of mantle heat convection and
the heat flux from the Earth's upper mantle, if we follow the considerations of the approximation
of spherically symmetric heat transfer of the Earth's mantle [6]. To model the processes of
mantle thermal convection and its interaction with the heat flow from the Earth's upper mantle
in the approximation of spherically symmetric heat transfer of the Earth's mantle as a solution
to systems of nonlinear equations, the authors of [6] developed a program that obtained
physically significant results for the Earth, shown in Fig. 1.
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Fig. 1. Model of heat transfer in the Earth's upper mantle in the four- to three-layer
approximation. (The constant radioactive values for (7) from [1] are as follows: @, =4410"Br

= 44TBr; (, =4,722375010° ;q, ==-2,680118¢107)

Similarly to [2], the area from the core-mantle boundary to the surface was divided into four
spherical layers. The PREM (Preliminary Reference Earth Model) was used to determine the
average values of the layer densities. Phase transition temperatures (see table) and data on heat
flow from the Earth's surface Q. taken from [1]. Thus, the method of constructing a simple self-

consistent thermal model of the Earth's mantle and its convection is an independent method for
determining the temperature and heat flux distribution in the Earth's upper mantle. The study
of the structure of the mantle density distribution is crucial for understanding the Earth's
evolution, because it is the density differentiation in the mantle associated with variations in
both temperature and chemical composition that drives mantle convection. Yet, all the available
information we currently have is insufficient to fully understand the nature of thermodynamic
and convective processes occurring in the mantle, although they are key to explaining many
geophysical and geological phenomena. We analyze the possibilities of constructing a simple
self-consistent thermal model of the Earth's mantle and its convection based only on reliably
known data as evidence of the dependence of the thermal state of the mantle on possible
temperature variations at the core-mantle boundary. The results of this work make it possible
to obtain functional dependencies for the temperature and heat flux distributions in the Earth's
interior, to calculate them, and to project the evolution of phase transitions depending on the
temperature of phase transitions, concentrations of radioactive sources, and thermal
conductivity characteristics of the upper solid part of the mantle and crust.
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Some Problems the Creation of Universal Theory the Computer Science
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The problem of the creation universal theory of computer science is one of the central
problems of modern science [1 - 14]. This problem is connected with the development of this
science. If at the beginning of the formation of this science, it developed according to
technological and economic needs, now it is used for all fields of knowledge and types of human
activity without exception. Therefore, such a science should include the main features of the
problem of formalizing knowledge, reducing it to a "computer" form, and convenience and
comfort in processing it [5]. A significant role in this is played by the computer-human
dialogue. The less time we spend on this, the more modern computer technology and science.

The main element of a modern computer is a processor that deals with matrix calculations,
[15]. In other words, one or another way we have to reduce the relevant problem to calculations,
[5]. From this point of view, we can consider modern computer science as an extension of
computational mathematics, as well as a deeper formalization of information theory, [5].

The problem of creating the foundations of computer science is closely related to the
foundations of mathematics. As well as the foundations of mathematics in computer sciences,
the problem of the completeness of the system of axioms is closely related. It was the problem
of completeness (incompleteness) that led to a crisis in the foundations of mathematics. Thanks
to tsomts, the main concepts of the foundations of mathematics can be attributed: to logical (B.
Russell, A. Whitehead), formal (D. Hilbert, P. Bernays), and intuitionistic (L. Brauer, A.
Geiting, S. Kleene and S. Wolfram) to the structural approaches of the foundations of
mathematics, since they use one or more sections of mathematics to solve this problem, which,
as a rule, have a closed structure. Godel's theorem on incompleteness is considered a
fundamental theorem for computer science as well [5]. This raises the question of creating a
theory of open systems and developing criteria for creating such theories.

Roughly speaking the universal theory of computer science must be a theory of everything,
[6]. Such theories must satisfy to six criteria, [5].

A typical representative of this theory is polymetric analysis — theory of variable measure and
systems with variable hierarchy, [5], [12]. The main elements of this theory are functional
numbers (generalized quadratic forms); generalized mathematical transformations (15
minimum types); information lattices; theory of information calculations; polymetric theory of
measures and measurements and theory of hybrid systems, [5].

The theory of informational calculations made it possible to combine analog and numerical
calculations into a single system. Its main principle of optimal (minimum) computation is the
generalization of the principle of least action and the entropy laws of physics and information
theory into a single "dimensionless” principle, owing to the de Broglie ratio from the
thermodynamics of a point, [5, 12].

The hybrid theory of systems made it possible to combine all fields of knowledge, including
verbal and non-verbal, and to classify them by complexity. The basis of complexity is the
concept of completeness and the parameter of connectivity of the elements of the information
construct, [5]. It was shown that only 10 minimal types of hybrid systems (systems of

79


mailto:Trokhimchuck.Petro@vnu.edu.ua
mailto:trope1650@gmail.com

Proceedings RNAOPM-2024
Section 6. Computer science and its physical applications

formalization of the knowledge) exist, but the number of these systems may be however large,
[12]. Thus, Polymetric Analysis may be represented as natural concept of foundations of
mathematics (mathematics is précised knowledge [5]; variant of resolution centurial problem in
Cybernetics (problem of information complexity) [12]] and a variant of foundations of Computer
Science (realization of idea [12] of main concept the computer science). According to this, the
main problem of computer science according to [12] is the formalization of the thesis
“Everything that comes from the head is reasonable” [12].

In order to create a universal theory of computer science, we must rely this thesis [5] on the

results of the development of the foundations of mathematics, information theory, and computer
science.

1.

© © No

11.

12.

13.
14.
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CUMyJisidIsA POYMHEHHSA COJIBOBOI'O KPUCTAJLY Y BOII

10. Apmiwox, A. Tapacenxko, /. IlleanikoecvKkuii
Bonuncvkuii nayionanvnuil ynisepcumem imeni Jleci Yxpainku,
e-mail: dshvaliko@vnu.edu.ua

Po3rasiHeMo miBIpocTOpoBYy 3ajauy pO3YMHEHHS KPHCTALy COJIl y BOJHOMY PO3YMHHUKY.
Bynemo BBaxkaty, 110 KpUCTAJ PO3MILIEHUH Y BEpXHIH YaCTHHI IIOCYJMHHU Ta YaCTKOBO 3aHYPEHUI
y PO3YMHHHUK. JIJIs CHIPOIIEHHS 3a/1a4l HUXKHIO YaCTUHY KpHUCTaly NpUIMEMO HaliBCHEpUUHOIO,
TOJIi MOZIENb Oy/ie onmucyBaTu ChepruuIHO-CUMETPHUYHUI BUIIAZIOK
HOMMUpeHHs (Iudy3ii) MOIEKyJ Coli Y HUKHbOMY IIBIIPOCTOPI.
[Ipy 1BOMY TPUBHMIPHICTH PEIYKYEThCA 0O OJHOBHUMIPHOTO
BUIIAJIKY, JI€ BPaXOBYETHCS JIAIIE 3aJIEKHICTh BiJl paaiaibHOI

CKJIaJI0BOI T
3aranom piBHSAHHS 1UdYy3ii MaTUMe BUTIIST
Puc 1. leomempuyHa modesb 3a0ayi. U, (T‘, t) = OUp, (T‘, t) + F(T, t),
TYT U — KOHIIGHTPALis COJli, 0 — KOeilieHT qudy31iHOrO MOTOKY,
F(r,t) — QyHKIis BHYTPIMIHIX [HKepel, 1l MpUilMeMOo PIBHOIO HYJTIO, OCKLTBKH BCEPEANHI MOCYANHH
cinp BiACYTHs. JlaHe pIBHSHHS PO3B’SI3yBaTUMEMO METOAOM CKIHUEHHHMX PI3HHIb, 3aMIHSIOUYH

MOXIIH] iX PI3HUIIEBUMH BiTHOIICHHSMHU (S Ta h — 9aCOBHIA Ta IPOCTOPOBUH KPOKH JUCKPETU3AILii):
1
Uy = ;(uk+1 — W), Upr = n2 (U1 — 2u; + Ujq).
s oOMeskeHHsI 3a/1a4i MpuiMeMO po3Mip 3aHypeHOol yacTHHH Kpuctany 1, = 0.15 cM, MexoBy
TOuKy iHTerpyBaHHsS R =5 cM. Tomi cumymsilis MOBEpXHI KOHIEHTpAIlii coii y 4aci mpuiime
Bursin Puc. 2(a), a Ha Puc. 2(0) Ta (B) BKazaHi MpoCTOPOBUI po3MO T GYHKITIT U HA IIOYaTKOBOMY
(0.06 c) Ta xkinIIeBOoMY (3 ¢) eTamax eBOJFOILi.

te-30

Puc 2.losHa po3paxosaHa nosepxHs (a); pyHKia po3nodiny koHueHmpauyii npu t = 0.06 ¢ (6), nput = 3 c (8).

SIk BUAHO, CTYMIHYAaCTHH MiJHOM Ha IMOYATKy KOOpAWHAT 3aBXKIM 30epiraerbcs,
OCKUIbKH Yy HhOMY IpHCYTHIN KpucTan 13 100% koHueHTpali€eto coii. I3 yacom nmodaTkoBHii
LWIHAP TMOYMHAE PO3LIMPIOBATUCH, 3amoBHIOYM mpocTip. [lomanemmuii  yucnoBuit
PO3paxyHOK Jia€ IIJIKOM OYIKYBaHHUM pe3ynabTatr: ais yacy pozuuHeHHs t = 1000 ¢ mumiHap
CTae 3aiiMaTu BCIO 00J1aCTh, 0OMEXEHY pajiycoM R.
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[2] A. Alharbi. Ordinary Differential Equations in Chemical Reactions. — Edinburgh, Department of Mathematics and
Computer Science, Heriot Watt University. — 2017.

[3] A.M. LIsanikoBchkmii. MonemoBaHHs mporecis Ta ciucteM y cepepouii CAS Maxima. — JIyipk: BHY im. Jleci Yxpainkm.
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INFRASTRUCTURE AS CODE: BUKOPUCTAHHA TERRAFORM
Y CUCTEMI «<HAHOIIVIABMOHIKA»

Bbasauc Muxaiijo, bosaecra IBan, Kymnip Ouaexciii, KaniBomka borgana
Jlvsiscokutl Hayionanvhull yrigepcumem imeri leana @panka, kageopa padioghizuxu ma Komn 1OMePHUX
mexnonoeiti, e-mail: bogdana.kalivoshka@Inu.edu.ua

ABTOpH MartepialliB po3poOJISIOTH amapaTHO-IporpamMHuy cuctemy «Hanommasmonika» [1,2],
sKa Ma€ HAJaTH HAYKOBISIM 3pPYYHUH, MPOCTHH 1 JTOCTYIMHUH IHCTPYMEHT JUIsl POBEICHHS
eKCTIIEpUMEHTY, MOJICIIIOBAHHS Ta IHTEpHpeTamii Ta MpencTaBieHHs pe3ynbraTiB. OaHIeE0 3
BHUMOT, SIKy aBTOPH CTaBWJIU IE€pe]l CUCTEMOIO, OyJia KpOCXMapHICTh JJIsl IPOCTOTH Mirparii
MDK CepBiCAaMM PI3HHUX BEHJOPIB Ta MOXKJIMBICTIO JOKAJIBHOTO po3ropTaHHs. Takox, yepes
YHIBEPCAIBHICTh MPOEKTY HOTo apXiTekTypa Mae HalIp CYyBOPUX BUMOT, TaKHMX SIK THYUKICTb
1HQPACTPYKTYpH, HIATPUMYBaHHA Oe3nepepBHOi 1HTerpaiii Ta Oe3NepepBHOIO MOCTauyaHHS
Koly y xmapy. MmosipauM BuGopom € iHctpyment Terraform [3] uepes #ioro merkicts y
BUKOPHUCTAHHI 3 PI3HUMHU XMapHUMH MpOBaiiiepaMu, a TaK0XK MOKJIMBICTh aBTOMAaTH3allli 3a
noniomororo laC (Infrastructure as Code). 3a Takux yMOB OCHOBHOIO METOIO € pO3poOKa
YHIBEpCAJIBHOCTI, aBTOHOMHOCTI CTPYKTYpH, SIKy MOKHa Oyso O JIeTKO IHTErpyBaTH y pi3Hi
CHCTEMH HE3aJIS)KHO BiJl EKOCUCTEMH TPOTPaM.

[HdpactpykTypa gk KOA — 1€ MOJAENh aBTOMAaTU3allli, Sika nependavae HaMMCAHHS KOy,
HOro TecTyBaHHS Ta BUKOHAHHS JUIS BU3HAYCHHS, PO3TOPTaHHS, OHOBJICHHS Ta BUIAJICHHS
iHpacTpykrypu. JJorpumanus npunuumniB [aC 3MeHITye pi3HUIIO MDK HAallUCAHHSAM JI0JIaTKIB
Ta PO3TOPTAHHSIM CEPENOBHIN I HUX. TaKMM YHHOM, MOKHA B3a€EMOJISATH 3 CEPBEpPaMH,
0azaMu JaHUX, MEpEKaMU, KypHaJIaMHu Ta JoJaTkamu [4].

OxkpiM MiABHINEHHS 3pDYYHOCTI, II€ I03BOJISIE OTPUMATH HACTYIHI TIEpPEBary:

* 3HWKEeHHsS BapToCTi po3poOku. [aC mo3Bossie oTpuMyBaTH MOTPIOHY 1HOPACTPYKTYPY
Ta aBTOMaTUYHO BUKOHYBATH OKpEMI 3aBJIaHHS aIMiHICTpyBaHHs. Lle 3MeHIIye yac Ta BUTpaTH
Ha po3poOKYy, TECTYBaHHS Ta PeJli3 MPOAYKTIB.

* 3menmeHHs pusukiB. [aC 103BOJIsi€ TEpeBIpATH BCi 3MIHM B CHUCTEMI1 KEpyBaHHS
BEPCIIMHM Ta, SIKIIO MOTPIOHO, MIBUJIKO «BIIKOYYBATHUCS JI0 MOTPIOHOT Bepcii a00 KOHTPOJIBHOT
TOYKH.

o [TlimBummeHHsA KUIBKOCTI BigrecroBaHux uyacTtuH. Infrastructure as Code mo3Bosisie
TeCTyBaTH Oy/b-5Ki, HABITh HEBEIWKI 3MIHM. [[JIs1 MONIYKY MOMMJIOK MOJKHA 3aCTOCOBYBATH
CTaTUYHUU aHaJli3 Ta aBTOTECTH.

* Copomennss o0OcimyroByBaHHs. ApTomatu3zamis 3a jonomororo laC  Bukitouae
3aJIe)KHICTh Bl KOHKPETHOTO CIelialicTa Ta J03BOJISE IHIIIOBATH MPOLECH OyAb-IKOMY
KOpHUCTyBaueBi 3 koMmaHau. A neknapatuBauil miaxig [aC mae 3mory oTpumaru Oynab-ski
HEOOX1/IH1 pecypcH.

» 3abe3neuenns imemnoreHTHOCTI. [Ipu [aC moctaTHhO OHOTO pa3y omucatu Oa)xxaHH
CTaH IHPPACTPYKTYpHU KOy, 1100 3aBK AU OTPUMYBATH OJTHAKOBUH pe3ynbTat. Lle 3pydno, komu
MOTPIOHO 3alyCKaTH JECATKU IMEHTHMYHUX 1HCTAHCIB: TOMWJIKH Ta HEBIAMOBITHOCTI
BHUKITIOUYEHI.

€ nBa ocHoBHI migxoau laC:

» JlexnapartuBHuii. KopucTtyBau Bkasye, 1110 HEOOXIJHO OTpUMATH y pe3yibTari. Bech
JITOPUTM [T Ha MUISAXY 10 KIHIEBOTO pe3ysbTaTy HajaeThes npoBaiinepy laC-iHCTpyMeHTYy.
ITpuknanamu Takoro nposaiigepa € Terraform, Puppet.

* ImnepatuBHmii. KopuctyBau Kpok 3a KpOKOM BHM3HA4ae, 110 MOTPIOHO 3pOOHTH, 11100
npuiiTH 10 notpidHOTO crany. [lpukinamm iHctpymentiB — Ansible, DSC.

Bxe 3ramanmii Terraform [3, 5, 6] € ogaum 3 HaiimonymsapHimux laC-piniens, 3 HUM
npartoe 01mu3pKo 37% (axiBiis.
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Terraform — ue iHcTpyment Bin xommanii Hashicorp, sikuit nomomarae jaexinapaTHBHO
KepyBaTH iHppacTpykTporo. ToOTO He MOTPIOHO BpyYHY CTBOPIOBATH CEPBEPHU, MEPEIKI TOIIIO,
y KOHCOJII XMapHOTO MPpOBaijiepa J0CTaTHO HAITMCATH KOH(Irypallito, y sKii Oyie BUKIIaIeHO,
gk Oyne moOymoBana wmaiOytHs iH(ppacTpykrypa. Taka KoH}Irypamis CTBOPIOETBCS Yy
quTabeIbHOMY TEKCTOBOMY (hopmarti. SIKIIo moTpiOHO 3MIHUTH iH(PACTPYKTYPY, JOCTATHHO
BipenaryBatu KoH(irypamiro, 3amyctutu terraform apply, i Terraform ckepye 3amuté 10
XMapHOTO TpoBaiiziepa, mo0 NpPUBECTH IHPPACTPYKTYPY BIAMOBIAHO A0 KOH(Iryparii,
3a3HaveHoi y daiinmi [7-9].

SIKmo mnepeHecTH KepyBaHHS IHPPACTPYKTYpOl Yy TEKCTOB1 (ailin, BIIKpUBAETHCS
MO>KJIUBICTh 030pOiTHCS BCIMa NOTPIOHUMHU IHCTPYMEHTaMU Ul KEpYBaHHS BUXIAHUM KOJIOM
1 TIpoliecaMu, TICIIA YOTO BOHM MEPEOPIEHTYIOTHCS g poOOTH 3 1H(pacTpykTyporo. Jlami
1HpacTpyKTypa MiANOPSIAKOBYETbCS CHCTEMaM KOHTPOJIIO BEPCii, aHAJIOTrIYHO /10 MPOCTOTO
xomy. 1i MOHa pelieH3yBaTH a00 MOBEPTATH [0 OIUIBII PAHHBOTO CTaHy, SKIIO IIOCh Mifle
HETPaBUIIBHO.

OcHoBHI aprymeHnTy, yomy Oyno Bubpano Terraform st mpoexTy:

* Ha nouatky po3poOKu anmapaTHO-IIPOTrPaMHOTO KOMIUIEKCY He OYII0 3p03yMisIo, Ha SKii
XMapi po3MIIIYyBaTUMEThCS Hall KoJ. byna imes 3poOUTH CUCTEMY KpOC-XMapHOI 1 He
3aeXaTy BiJ] IOCTa4yaJIbHUKIB OCTYT. TOMY BUPILLIEHO, 110 MOTPIOHO MaTH IHCTPYMEHT, SIKUI
He Oy/ie KOPCTKO MPUB’I3aHUN IO XMApHOTO CEPBICY.

* Pemnosuropiit Ha GitHub mae peiitunr Oinbie 16 Tucsd 31pok, 11e 1o0pe maTBEepIKCHHS
penyrarii mpoekTy. HasBHICTh BIIKPUTOTO KOIY TO3BOJISIE II3HATHCS OCHOBHI MMOMUJIKH Ta iX
BHIIIIEHHS, MPOCTO TOCHUIKYBABIIMCh 3 PO3POOHMKAMH abo 3 JIOAbMHU, SKI TaKOX
KOPHUCTYIOTBCS IHCTPYMEHTOM, a00 K MPOCTO OHOBUBIIIM CUCTEMY UM Bepcito marina. Le myxe
3py4HO.

« Terraform sk yrwiita 3HAXOMUTHCS IMOBHICTIO I KOHTPOJEM PO3POOHMKIB 1 s
PO3pOOHHMKIB, IO JA€ MOKIIMBICTh BCTAHOBJICHHS Ha JIOKAJBHE CEPEIOBHUIIE, HA CEPBEP, MOKE
nerko BOynmoByBaTtuch y CI pipeline, 3pobOnenuit Ha 06a3i Oymb-sikoro iHcTpyMeHTy. Jlo
MIPUKIIAy, Ui po3poosieHoi cuctemu Terraform Oyno BOynoBano B GitLab CI.

» Terraform goOpe cebe 3apeKoMeHyBaB y MepeBiplli cTaHy iHGPACTPYKTYPH.

Opnnak, Terraform, sx 1 Oyab-sfKkuil IHCTpYyMEHT, Mae HeAodikKu. CTOCOBHO HAIIOTO
MIPOEKTY, MPALIOI0YH 3 HUIM MOXXEMO BUIUTUTH HACTYIIHI:

@ynkyii. He3Baxkaroun Ha Te, mo y Terraforma gocuThs Benuka KUIbKICTh BOYIOBaHUX
(yHKIIIH, HE BC1 3 HUX TaKi, K1 MO’KHA BUKOPHCTOBYBATH Y MOBCAKIACHHOMY XHUTTI. € Y HhOMY
He3pyuHi QyHKIIi, Hanpukiazg “element” — y Hel B IeIKHX CUTYyaI[isIX TTOBEIIHKA MOKe OyTH HE
30BCIM Ti€lo, SIKy OviKyBanu. Hampukian, BUKOPUCTOBYIOYH MOJYJb, Y HBOTO MEPEIAETHCS
count — CKUTbKU MOTPIOHO PO3TOPHYTH 1HCTAHCIB, 1 MEPEIAETHCS CIHCOK MIAMEPEK, PO3OUTUX
no availability zone. Ilepenanu, 3acTtocyBaiiv, 30UTBIININ KUIBKICTh, 1€ 3aCTOCYBaIU. A B
MailOyTHROMY, HANPUKIIAJ, BUPIIIWIA MepeaaTd J0 HbOTO 30UIBIICHUN CIHUCOK MIAMEPEX, 1
3’sBUJIACS CITKAa 3MiH. 3MIHIOEThCA JIpyra 4YacTHMHA CHHCKY, a count i3 IIUM CIHCKOM
31CTaBIIAETHCS Yepe3 eIEeMEHT.

Hanpuxknan, 6yno 4 availability zone 10 1poro Ta 5 iHCTaHCIB, a MOTIM OyJI0 J10/1aHO 1€
onHy availability zone — Terraform nepuui 4, siki Bxke 0ynu 10 TOPSIKY, 3aMMIIUT. [1’4Ty BiH
MEePECTBOPUTH — HACHPAB/I, MPOCTO JI0JACTh ii K HOBY. Taki MOMMIJIKH BiIOYBAIOThHCS Yepe3
0COOJIMBOCTI pOOOTH 31 CIIUCKAMH.

Tepnapnuii onepamop. Y Terrraform HacnpaB/ii He BUCTaya€e yMOB, a € TUIBKH TE€PHApPHI
onepatopu. XoTinocs 6 maru 3Buyaiini If 1 Else. Ha >xanp, ix moku Hemae.

Cknaonowyi komaHoHoi pobomu. SIKIIO BeaMKa KOMaHAa ab0 BEMKUN MPOEKT HA BEITUKY
KUTBKICTh OTOYEHBb ab0 ¥ Te, ¥ iHmie, Toai Terraform crae ckiagHO BUKOPHUCTOBYBATH, HE
3acrocyBasmu CI.
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Takosx Terraform mae oOMexeHHS 1 HE BCi pedi MOXKHA OTIMCATH HUM, SIK IHPPACTPYKTYpY.
1o BiH HE JO3BOJHUTH 3pOOUTH:

» Terraform He 103BOJIsIE ONMHUCATH 3aJICKHICTH MDK MOJIYJISIMH, SKIIO BOHU € JIOTTYHO HA
OJTHOMY piBHi. [3 MM Tipu po3po0O1Ii anapaTHO-MIPOTPAMHOTO KOMITJIEKCY BUHHKIIN TTPOOIEMH.
ByB onucanuii Moyinb, SKHii MaB HaOip IHCTAHCIB 3 yciMa CYNyTHIMHU IapameTpami, Ta OyB
MOJTyJIb, SIKHH OMHCYBaB OanaHcyBabHUKA. Konm moTpiOHO Oyno 3icTUKyBaTH iX, TO Ha BXi[
Jpyroro MoayJs nojaasanoch ID 3 mepiioro Moayis, 1110 TeHepyeTbes. Tak och, IOKU HE OyI10
CTBOPEHO iHCTaHC — IIei CITMCOK IIe He 3’ IBIsABCs B tfstate, 1 MOayIb 3 OanaHCYBaTbHUKOM HE
MIr 310paTHcs, ToMy 1110 HOMY HI40TO OyJ10 CTUKYBaTH 110 cebe. ToOTO JoBeneThCS pO3ropTaTi
L[ y JIBa MPOXOJaU. 3pOOUTH 3aJIeKHICTh «CIMOYATKY PO3TOPHU ILIeH MOMYJb, a MOTIM 1HUIUI
MOJYJIb» — HE BUXOJUTh. SIK BUpilIeHHs npobiaemu OyB po3poOieHui MmiaxiJ peanizaiii 3a
paxyHOK TOro, 110 OysI0 po30UTO HPPACTPYKTYpPY MO MiACUCTEMAaxX 1 OMUCAHO MOAYIb, MO-
nepIe, Uisi pecypcy, a mo-apyre — Moayiab s migcuctemu. Came Ti cami 1HGPACTPYKTYpHI
MO/, Y IKUX BKe OyJIO 31CTUKOBAHO iX HAa OJHOMY pPiBHI.

¢ Terraform wMoxe ycnimHO mnoOyAayBaTH IJIaH, aje Led IJIaH YCHIIIHO He
3aCTOCOBYETHCS, TOMY IO BIH HE BIICIIIKOBYE, HAMPUKIAN, KUIBKICTh BUIBHHX [P y
migMepexax, fKi 3anumuiaucs. BiH He BiAcTexye, mo y neskux availability zone nemae
SIKUXOCh 1HcTaHC-TUMIB. CkaxkiMo, BuKopucTtoByemMo North Virginia, i Tam 3apa3 € 6 30H
JOCTYIHOCTI. Y OAHIN 3 HUX JOCTYIHI B IOBHOMY 00CS31 TUIIH 1HCTAHCIB. 3HOBY K TaKu — IUIaH
pH 1boMy OyayeThes, Bce 100pe, Terraform Hidoro mpo 1e He 3Hae.

* Terraform Hivoro He 3Hae npo JiMiTH B Amazon. CkaxiMo, iMitT — 200 MaluH, 13 HUX
yxe 198 posropHymu, a moTpiOHO posropHytH mie 5. [lman ycmimHo 30yayeTbes. Ase mpu
BHKOHAHHI TUTaHY BiH 3pOOUTH /B, a 1€ JUTsl TPhOX MOBEpHE BaM MOMMWIKY Bim AP Amazon.

* Takox BIH HE MOXE BpaxyBaTH, IO JESIKI IMEHa MalTh OYTH YHIKQJIbHUMHU.
Hamnpuknan, notpioHo 3pobutn S3 bucket. e rmoGansHuii cepBic Ha PETioH, 1 HABITH, AKIIO Y
00JIIKOBOMY 3amuci He OyB CTBOPEHHUH CEpBIC 13 TaKUM iM’siM, HE (DaKT, 0 HOTO HE CTBOPUB
XTOChH IHIIUHN. | KOJM BIH CTBOPIOBATUMETHCS 3a J0MOMOTO0 Terraform — BiH 4y0B0 oOyye
IJIaH, TOYHE MOro CTBOpIOBaTH, 1 TOJAl Amazon moBepHe Mommiky. Hamepen mporo He
nependauyuTd  HigK. TUIBKM SIKIIO MaHyaJlbHO MONEPEeIHbO HAMaraTHUCh 3pOOUTH 1Ie
3a3jaeriae, xoua I1e iae ypospis i3 camoro ineero Infrastructure as Code.

Otxe, Terraform — 11e MOTY)KHUM THCTPYMEHT JUIsl aBTOMATHU3AIlll, SIKHH 3HAWIIOB CBOE
Miclle y Hamrii cucreMi Ta Oyae ¥ Hajgani BUKOPUCTOBYBATHCHh KOMAHJIOK, OJHAK I[bOMY
MIPOJIYKTY I1I€ € KyAU POCTU Ta 3MIHIOBATHUCH.
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PO OCOBJIMBOCTI PO3BUTKY HAYKU TA MIAITPUEMHHUIIbKA OCBITA B
CYYACHOMY YHIBEPCHUTETI
Boaecra IBan Muxaiisiosny, Karepusik Irop bornanosuu
JIvgiscokutl HayionanvHul ynisepcumem imeni leana @pamnka
ivan.bolesta@Inu.edu.ua

[TonsitTss "Hayka" Mae CBOi KOpIHHS B JaBHBOTPEIBKUX JYMKaX BEJIUKHX MHUCIIHTEINIB,
takux sk IlmatoH Ta Apuctorenb. PO3BHUTOK HaykW XapaKTepU3YETHCS EKCIOHCHIIIMHOIO
¢GyHKII€I0, € KUIbKICTh BUEHUX, HAYKOBUX pOOIT Ta MarepiajibHI BUTPATH MOJIBOIOIOTHCS
npoTsroM npu6iu3Ho 40 pokiB — Mepioay KUTTSA OJHOTO TOKOJMiHHS. [lel ekcroHeHinHnA
piCT MPHU3BOIUTH JI0 TOTO, IIO 3HAHHS IMOJBOIOETHCS 332 KOPOTIINK Yac, 3MEHIITYIOYH TMEpiox
MOIBOEHHS 3 yacoM. Lleif picT Hayku IEpEeBUIILY€ PICT HACEIEHHS, 30 UThIITYIOYH YaCTKY JIFOJICH,
3aiHATUX y cdepl HayKH, 0COOIUBO B PO3BMHEHUX KpaiHax (3-5% nacenenss). Takuii BUCOKUA
BIUIMB HayKd Ha CYCHUIbCTBO CTBOPIOE TaKOX 3arpo3u JUlsl LMBLII3allil, BUKJIMKaHI came
PO3BUTKOM HayKd. Y CyYaCHOMY CBITI HayKa CTa€ BaXKJIMBOK CKIIAIOBOIO CYCHUIBHOT
CBIZIOMOCTI, BTUIIOIOYM CO0O0I0 MOJBIMHY NMpUPOAY — SK JKEpesNo 3HaHb 1 SK MOTEHIIHa
3arpo3a. AHaii3ylound 0COOIMBOCTI PO3BUTKY HAyKH Yy CYYacHUH MepioJ, MOKHA BU3HAYUTHU
cepio3Hi BIIMIHHOCTI B MOPIBHSAHHI 3 MOMNEPEAHIMHU €TallaMu PO3BUTKY, 110 BAPTO PETETHHO
PO3TISIIATH.

CyuacHa Hayka, sika cdopMmynroBaigacs 3a 4YaciB HploTOHa, po3BUBaIacs MIISTXOM
JAUBePreHuii — BHOKpEMJICHHS OKpEMHUX JUCIUILTIH. BHacminok 1iporo, 3 Hatypdinocodii, sika
icnyBana g0 Hprorona, BuHukiIM nupupomnuui (nature) Tta rymanirapui (philosophy)
mucrutriay [1]. Tlpu monmaneimii nuBepreHiii B paMKax IHUX AWCIUIUTIH BUHUKIA OKpeMi
HayKd: MaTemaTuka, (izuka, Ximis, OioJyioris, corfiojioris, mcuxosoris Ta iH. I[lpomec
JTUBEPIeHIliT HAyK TPUBAB IOBOJII IOBTO, BHACIIIOK YOTO c(hopMyBaIHCs BY3bKOCTIEITIATi30BaH1
3HAHHSL.

[lin Taky cTpykTypy Hayku cdopmyBajacs rajy3eBa eKoHoMika. Taka cTpykrypa
€KOHOMIKHM € HEAPY>KHBOIO JI0 MPHUPOJIM, BHACIIIOK YOTO BUHUKAIOTH 1 CTAHOBJISATH 3arpo3y
JIFOJICTBY PSAJT €KOJIOTIYHUX TTPOOJIEM, a TaKOXK € Hee(h)eKTHBHOI, OCOOIMBO TIPH PO3B’sI3aHHI
CKJIaJIHUX 3aBJaHb. TOMYy HaBiTb y 4YacH ICHYBaHHs rajy3eBOi €KOHOMIKH (opMyBaiIHcCs
IHTErpOBaH1 MDKTaay3eBi TEXHOJIOTII /IS iXHHOTO PO3B’sI3aHHS.

B ocranni pecATUpiYYsl CHOCTEpIraeThCs 3MiHA MapaUurMU PO3BUTKY HAYKU —
CIIOCTEPIra€ThCsl TEPEXiJ Bl TUBEPreHIlii 0 KOBepreHmii — 3JIUTTS HayK. SIckpaBuUM
MIPHUKIIAIOM [[bOMY € BUHUKHEHHSI HAaHO- Ta 010TeXHOJIOT1H, 1H(OopMaLifHUX TEXHOJIOTIH. 3apa3
Ha MEepIINH TUIaH BUXOATh JOCIIKEHHS! KOTHITUBHUX MPo0ieM, sKi BKIIOYal0Th PO3BUTOK
PO3yMOBHUX MPOIIECiB, BABYCHHS AKHX MOTPEOYeE 3aIydeHHsI BUCHUX-T'yMaHITapiiB.

3MiHa CTPYKTypU Oprasizailii Haykd CYHNPOBOMKYETbCS BUINOBIIHUMHM 3MIHAMU Y
opraHizamii BUPOOHHMITBA. YCI MH € CBIIKAMH 3HUKHEHHS I[TUX raigy3ed crapoi
IIPOMUCIIOBOCTI Ta TOSIBY MIPUHITUIIOBO HOBHX IIAXOIIB IO BUPIIMICHHS 0aratboX nmpoosemM. «Y
21 CcTONITTI MU CTHKaeMOCS 3 HOBUM HaOOpoMm mpoOieM: Hailli MPOAYKTHUBHI MOXJIHMBOCTI
3HA4YHO MEePEeBUINYIOTh Hally 3[JaTHICTh 3HATH, 110 OyayBaTH. ['0J0BHE MUTAaHHS HAIIOTO Yacy
M0JIATa€ HE B TOMY, UM MOYKHa 1€ ToOyryBaTtu? aje 4u BapTo Horo OymayBaTu?» [2].

VY KOHTEKCT1 po3risAyBaHOi MpoOIeMU Ha MOPSAAOK J€HHUM BUXOAWUTH NMUTAHHA 3MiHU
NapajgurMM IiIrOTOBKH CIEIaTiCTIB Yy BUIIMX HABUAIBHUX 3aKiafax. Y Cy4acHid CTPyKTypi
HayKd KOKEH HAyKOBelb y Taiy3l NpUPOJHMYMX (I HE TUIBKM) HAyK TOBHUHEH BOJIOJITH
IIMOOKMMHU  3HAHHSAMHM 3 MareMaTukH, (i3uku, XiMiky, OioJiorii, mporpaMyBaHHS,
iHpOpMaLifHUX TeXHONOrid. BinnmoBimHy NiATOTOBKY BOHM MOXYTh OTPHUMATH Ha piBHI
OakanaBpaTy, a Ha MariCTepCbKOMY piBHI — CTaBaTH MaTeMaTUKaMH, (Qi3UKaMH, XIMIKaMH,
6iosioramMu, sIKi 3aTHI BUKOHYBaTH poOOTH IHHOBAIIMHOTO XapakTepy. [HHOBaIii BUHUKAIOTh
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3 HOTpeG TepeBary 3 KPeaTHBHUX pileHs, YHlKaHLHICTb 3 KOPHCTI, 5IKi OTPUMae KOPHCTYBaY
TaKUX IHHOBALIMHMX TNPOJAYKTIB, IOCIYr, TEXHOJIOTiH. [lpaiiBepoM 3MiH, KOJIHM HayKOBE
pillleHHs CcTa€ IHHOBAII€0, a TOTIM MEBHOKIO IIHHICTIO IS OKPEeMOi HUIBBOI TpyIH, €
MIAIPUEMITL

B yniBepcuTeTax moTpiOHO pO3BUBATH MiANIPHUEMHUIIBKY KYJIBTYPY: HAYKOBIIi, TOCIITHUKH
HE TaK YacTO CIIBIPAIIOTh MDKAWUCIHUIUTIHAPHO 1 3 MIANPHEMIIMU 100 «OOTOPHYTH» CBOI
iHHOBAIIl B Oi3HEC MOJeNi, MPUBAOIUBI IS IHBECTOPIB. 3aBIaHHS IOJIATAE B TOMY, IIO0
3aMpoOBaJUTH MiANPUEMHHUIIBKE MHCICHHS, BIIKPUTH YHIBEPCHTETH ISl HABKOJHUIIHBOTO
CYCIIUIbCTBA Ta JISITH B IHTYCTpiaibHiN ekocuctemu. 3 2009 poky JIbBIBCbKUI HAI[IOHATBHUN
yHiBepcuteT iMeH1 IBana ®@panka (JIHY) cninpHO 3 YKpaiHChKOIO CHCTEMOIO TUCTAHLIHHOTO
naBuanus (Y/JI) iHiniroBaau Ta aaMiHICTpyBaIM IMOPIYHY OpOKepCchKy mojio — Innovation
Spring/[HHOBaIIIIiHA BeCHA, SiIKa BKIIOYA€E cepito BOPKILIONIB «Bix i1e1 10 puHKy», HaBYaIbHUN
Kypc «[litnpueMHHUIITBO Ta IHHOBALI(» Ta MiICYMKOBUHN «[HHOBaLIHHUI BECHSIHUNA hopym», e
CTYAEHTCHbKI KOMaH/H 1 MOJIO/I1 TOCIIITHUKY MTPE3EHTYIOTh CBOI TEXHOJIOTTYH1 CTapTal MPO€EKTH,
3yCTpIYalOThCS 3 MOTEHLIWHMMU BEHYYPHMMM IHBECTOpaMHM, Oi3Hec-aHrejlamMu Ta
MOTEHI[IHHUMU TTapTHEPAMH.

B pamkax mociimpkeHHs, CIpsIMOBAHOTO Ha BUBYCHHS KJIIFOUOBHX METO/IIB 1 MiIXO/IB, SK1
BUKOPUCTOBYIOTHCSI B YHIBEPCUTET] ISl PO3BUTKY MiAIPUEMHUIIBKOI OCBITH, BUSBUIIM 3allUT
Ha poOOTy B KOMaHl, TFOCTbOBI JIEKIIi MPaKTHKIB, CTaKyBaHHS B KOMIIaHIfX, po3poOKa
MPOTOTHUITIB IHHOBAIITHUX MPOAYKTIB 1 CKJIaJaHHs O13HEC MOJIeeil, MEHTOPChKY IIpOorpamy.

OT1xe, «IHHOBAIIII{HAa BECHA» € YHIBEPCUTETCHKIUM KOHTEKCTOM JIJIsl IPOEKTHOTO HABYAHHS
CTYJICHTIB- CTBOPEHHS CTapTalliB, J€ CTYJEHTH, BUKOPUCTOBYIOUM 4A «aBuryn» (Attention,
Actualisation, Attraction 1 Action) [3], 3BepTaloTh yBary Ha mpoOJIieMH B CYCHIIbCTBI Ta
BHUSBIISIIOTh TOTPEOM OKPEMHX TpYI, TCHEPYIOTh imei 1 po3poOssroTh MDKIUCIUIIIIHAPHI
pIIIEHHSI, TIPEACTABIISIIOTh MPOTOTUIIN 1 BaJAYIOTh KJIi€HTa [5], ckiiamaroTh Oi3HEC MoOjedi,
JI0Th, pe(IEKCYIOTh 1 BYaThCS.

Takum  9YWMHOM, TIANMPUEMHHIIBKA  KyJbTypa B  VyIPaBIiHHI  YHIBEPCHTETOM,
MIPUEMHHUIIbKA TIOBEIIHKA CTYJEHTIB, BUKIAMA4iB Ta JOCTIIHUKIB, MDKIACHIUILIIHAPHI
JOCIIIJDKEHHST Ta KOMepIliaiizais iX 3 J0MmoMororw craptamiB 4u cniHod@diB, HaBUaiIbHA
mporpaMa 3 IHHOBAIld Ta NIANMPUEMHHMIITBA, TEPEXiq A0 TIEBOTO HABUYaHHS 1 PO3BUTOK
KOHTEKCTY Ul MIANPUEMHUILIBKOI MPAKTUKA € TUMH pUCAMU, SIKI IpUTaMaHHI Cy4acHUM
yHiBepcuTeTam [5].

Cnucok Jiteparypu
I'. Ipo. Ilpo eBomomil0 CydyacHMX HayK (YOTHPU KHIDKKH, IO JISITTH B OCHOBY
npupoaHUYUX Hayk). OOpii Hayku (30ipka HApUCIB MPO HayKy 1 MPO BYEHHUX). 3a
penakuiero FO.I'omoBaua Ta S1. I'pumaka. BumaBHUIITBO YKpaiHCBKOTO KaTONHMIIBKOTO
yHiBepcurerty. JIbBiB. 2016. C.110 — 136.
E.Ries. The Lean Startup: How Constant Innovation Creates Radically Successful
Businesses/ Ries Eric.-Portfolio Penguin, 2011.- 336 p.
I. Katernyak, V. Loboda, “Entrepreneurial Momentum for Sustainable Growth”.
Sustainable Organizations — Models, Applications, and New Perspectives, Jose C.
Sanchez-Garcia and Brizeida Hernandez-Sanchez, IntechOpen, 2020 Chapter 3, pp. 35-
49.
S. Blank. Why the Lean Start-Up Changes Everything / Steve Blank. - Harvard business
review. - May 2013.
Per Blenker, Poul Dreisler, Helle Meibom Faergemann, John Kjeldsen, A framework for
developing entrepreneurship education in a university context.- International Journal of
Entrepreneurship and Small Busines, Vol. 5, No 1, 2008, p. 45-63.
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IITYYHUH IHTEJEKT Y BUBUEHHI KYPCIB IIUKJTY COMPUTER SCIENCE:
BUKJIMKH I MOXKJIMBOCTI

Ouner Buairypebkuid
Bonuncvkuii nayionanvnuii ynisepcumem imeni Jleci Yxpainku, npocnexkm Boni, 13, Jlyyvk,
Ykpaina, 43025

viligurskyi@gmail.com

3 BIPOBAKEHHSIM HPSIMOTO BUIBHOTO JOCTYNY JO 4ar-00Ty 31 IUTYYHUM IHTEJIEKTOM
(ChatGPT y 2023 poui [1], remro miznime — Google Bard i yar-6ot Bing) npu BuueHHI KypciB
MporaMyBaHHs, aITOPUTMIB 1 CTPYKTYpP JaHUX TOLIO 3’ IBUJIMCh IPUHIIMIIOBO HOB1 MOYKJIMBOCTI
1 BUKITUKHU. [103UTHB TYT IIUIKOM OYEBUAHMN: IBUIKUHN 1 3pYUHUN TOCTYH J0 BIIOMUX CIIOCOOIB
PO3B’A3aHHS KJIIACHYHUX 33/1a4; MOXJIMBICTh YHUKHYTH PyTHHU BiJIIyKaHHS HECKJIATHHX, aJie
TPOJAOEMKHX PillleHb Mig3anad mpu poOOTI Haa OUTBII KOMIUIEKCHUMHU 1 HETPUBIAIbHUMH
MIPOEKTaMHM; JKEPEJO PI3HUX BapiaHTIB PO3B’SA3KYy 3a/js BUBYEHHS 1 aHalily B Ipoleci
HaBYaHHs. AJie Ma€ MicIle 1 HeraTuBHUM BIUTUB mTydHOTO 1HTENnekTy (I11I) Ha ocBiTHII nportiec.
| BnmuB el mepeBHIlye OYIKyBaHHS OKPEMHX aHANITUKIB. Tak, KaHaJChbKUN MUCbMEHHUK 1
KynbTyposor CriBeH Mapil nucaB Mpo «IeCATh POKIB, [00 HAYKOBI KOJia 3ITKHYJIHCS 3 LI€I0
HOBOIO PEAIBHICTIO: JBa POKH, 00 CTYIEHTH 3PO3YMUIM TEXHOJOTIO, I TPU POKH, 00
npodecopu BU3HAIH, 110 CTYJIEHTH BUKOPHCTOBYIOTH IIF0 TEXHOJIOTIIO, a MOTIM ITSITh POKIB,
00 aaMIHICTPATOPH YHIBEPCHUTETIB BUPINIYBAJH, 10 3 IIUM POOUTH, SIKIIO B3araji poOUTHY
[2]. Omnak ocoGucTuii mocBin mokasas, mo micas BxomkeHHs ChatGPT B indopmartifiHumii
npocTip YKpaiHu, CTyJCHTH HaBiTh NEPIIOTO KYpCY BXKE B MEPIIMA MICSIh TOYaId HOTO
BHUKOPHCTOBYBAaTH JJIA JISUTBHOCTI, $Ka BaXXKO Ha3BaTH aKaJIEMIYHO JOOPOYECHOIO.
BiamoBinHO, BXX€ Yy BECHSIHOMY CEMECTpl BHUKIAJadyaM JOBOJWJIOCH IIYKAaTH MEXaHI3MHU
3MEHILEHHS MOYJIMBOT'O HEraTUBHOIO BIUIMBY Ha OCBITHIN Mpoliec.

Moxna npoananidyBatu [3] cmenudiky cmiBmparni i 6oporebu 3 LI y HacTymHHX
MOMEHTaX.

1. Knacuuni 3agaui. TpamuimiiiHi 3amadi Ha [HWKIA, YMOBH, CIHCKH TOIIO JIETKO
BUPIIIYIOTBCS 4YaT-00TOM. TyT NpakTMYHO HeMa IIAaHCIB 3MYCHUTH CTYJIEHTa BHKOHYBAaTH
3aBJIaHHS CaMOCTINHO, SIKIIO BIH X04e nepekiactu podboty Ha 1.

2. MogHi ocoduBocTi. [HKomm «riepexutrputy» I MoXkHa, AKIIO BpaxyBaTH Te, IO TIO
3aMOBYYBAHHIO BiH BUKOHYE 3aBJAHHS «IyMae) MO-aHTIIHChKY.

3. 3agaui 3 matemaTuyHuM 3MmicToMm. JlocBia mokasye, mo 3agadi 3 marematuku LI
poO3B’si3ye Tipiie, HDK 3amadi 3 mporpamyBaHHs. Tomy JJOpedyHO BKJIKOYATH Oilblie
MaTeMaTHUYHUX €JIEMEHTIB MPU MOCTAHOBII 33/1a4 3 IPOrpPaMyBaHHS.

4. 3apaui 3 ¢isuunum 3microm. O3uky I moku Mo «po3ymie» BiTUYTHO Tipiie, HIK
MaTemMaTHKy. HaBiTh qOBOJI MpocTi 3afaui Ha piBHSAHHSA TerwioBoro Oamancy LI po3s’szye
MIOTaHoO.

5. Bukopucranis 30BHilIHIX (aiiniB. Bunaerbcss JOUUTBHUM YCKIAIHUTH AiSTIBHICTH
HITYYHOTO IHTENEKTY, (OpPMYIOUr 3aBJaHHS Tak, I[00 BUKOPHCTOBYBAINCH CTOPOHHI (hailiu.
HacnpaBai, TyT ITy4yHUI IHTENEKT LUIKOM KOHKYPEHTO3JATHUM 1 Jae pady 31 3ajayaMu, sKi
nepeadadaroT 00poOKy (aiiiiB.

6. I'padpiuna koMnoHeHTa 3aBAaHb. BUSABIAETHCS LUIKOM KOHCTPYKTUBHOIO CTpaTerist
(dbopMmynmIoBaHHA 3a/1a4, KOJIM CYTTeBA YacTHUHA iH(opMarlii MicTuThes y rpadiuniit popmi. e
MOXYTh OyTH KpEeCJIEHHS N0 3ajay, MAJIOHKH, SIKi MOKa3yloTh OakaHWU pe3yabTarT poOOTH
porpamH, Jiarpamu, 6JI0K-CXeMH TOLIO.
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7. 3HaX0IKeHHS MOMMWIKH Y KoJi. MO>KHa 3MyCUTH CTYZIEHTIB CAMOCTIIHO pO30MpaTHCh
3 TPOTPaMHUM KOJOM, KOJIM IM HaJa€ThCsl MPOrpaMHUI HPOAYKT 3 «Oarammy», a iM ciin
BUIIPABUTH TIOMIJIKA. AJie TYT 3HOBY TakH MOTpIOEH BEIbMH TBOPUYMH MiAXix 3 OOKy
BUKJIaJiaua, 11100 11€ 3aB/IaHHs HE BUSABWIOCH HaATO npoctum Juisa LI

8. IopiBHsHHA WBUAKOIIL pi3HUX po3B’sa3KiB. He HaaTo Baana ines, xoua 6 Tomy, 110
TaKi 3aBJJaHHS BXKE IEPECTAIOTh OyTH 3aBAAHHSIMH HA BJIACHE IPOTPaMyBaHHSI.

9. IlepeTBopeHHs1 0JIOK-cXeM Yy Koja a6o HaBmaku. lleil minxim moxke OyTH HUIKOM
MPOAYKTHBHHUM, aJpKe JaBaTH paxy 3 300pakenHsMu LI moku mo agexBaTHO He BMie. Aje
roTyBaTH AOCTAaTHBO OAraTo 3ajady, siKi CypOBOIKYIOThCS OJOK-CXEMaMU — 1y’K€ TPYIOEMKUI
poriec.

10. IleperBopenHst mceBaokoAy y Koa 4uM HaBmaku. llel miaxig HaBpsan 4u
JOIUTBHUM, OCKUTBKH BCE, IO NPOCTO (POPMYIIOETHCS CIIOBAMH, JIETKO CIPUAMAETHCS
HITYYHUM IHTEIEKTOM.

11. KonuenryanbHi 3aBi1aHHs, 3aBAaHHA-IPOEKTH. Bukopucratu yar-6otu «B
7100» CTyAEHTaM HE BJAacTbCd, SKIIO (OPMYIIOBAaTH 3aBJaHHS TAaKUM UYMHOM, 1100 KOXKHE
HacTymHe Oyio MoB’si3aHe 3 pe3yibTaTaMu POOOTH 3 MOMEPEIHIM 3aBIaHHSIM. TaKuM YHHOM
CTYAEHT Ma€ CIpaBy 3 L[UTICHUM OJIOKOM 3aBJIaHb, [IEBHOTO POy TPOEKTOM.

Sk 6aunmo, BiJf MOMEHTY BXO/DKEHHS B 1H(GOpMaLIiHUN TPOCTIp 4aT-00TIB 31 ITYYHUM
IHTEJIEKTOM TMpOLeC CIMOHYKAaHHS CTYJIEHTIB JO CYMIIIHHOiI pOoOOTH NMpU BHUBYEHHI KYypCIiB
MporpamMyBaHHs CYTTE€BO YCKIaJHWBCSA. Ha e moBoAMTHCS 3BaxkaTd, SK 1 Ha Te, MO B
MaiOyTHIN podeciiiHiil TISTLHOCTI CTYACHTH MOTTUMYTh BuKOpHcTOBYBaTH 111 sik pobounii
IHCTpYMEHT. BiamoBigHO, HE CIia pO3TIIAIaTH WOTO JIMIIE K T€, 3 YMM Tpeda OOPOTHUCH.
HaromicTe mOTpiOHO HIyKaTH NUIAXH MPOIYKTHBHOTO BKIIOUEHHS INTYYHOTO IHTEIEKTY Yy
OCBITHIH 1 CAMOOCBITHI{ MPOIIECH.

Cnucok Jiteparypu
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KOMIT’FOTEPHA MOJEJb MEXAHIYHOI'O IIM®PATOPA
JUKE®EPCOHA

Mukona I'onogin, /Imumpo I'yzauoe
Bonuncvkuii nayionanvnuii ynisepcumem imeni Jleci Yxpainku

Komn’rorepHe MojeNIOBaHHS PI3HOMAHITHHX MPOLECIB MaTepialbHOTO CBITY B Kypci
MPaKTUYHOTO TMPOTpaMyBaHHS € Ba)JIMBUM JOCBIIOM JJISi CTYAEHTIB MPUPOJHUYOI ramysi
3HaHb. Oco0iMBe Miclie TYT 3aiiMalOTh MaTeMaTU4YHI MoAeNl (PI3UYHUX HpOLECciB. Y LbOMY
KOHTEKCTI I[IKaBl IpOrpamMHi peastizailii He TUTbKH CKJIAJHHUX MPOIECIB, a TaKOXK 1 peanizaiii
B3a€EMOJI MK TPOCTHUMH MEXaHIYHUMHU 00’ €KTaMH, 30KpeMa, TaKUMH, SIK MEXaHI4H1 JUCKH,
mo oOepTaioThecsi Ha coulpHIA oci. Came Takuil BUIVISA Mae MeXaHIyHMM wmudparop
Ilxedepcona (puc.l). Ilporpamua peanmizaiisi TaKOT0O MEXaHIYHOTO MUdpaTopa, B SKOCTI
JIEMOHCTpAIIHHOTO MPUKIIaAy, MOXe OyTH IikaBa IpU BHBYEHI MacUBIB Ta PAJKIB B Kypci
nporpamyBaHHs. Ll x 3agada Moxke OyTH 1iKaBa JJIsl pO3rJsiay ii B Kypci Kpunrorpadii.

Metoi0 podoTH € po3riis] MpOorpamMHOi peaiizalix MoJedl MeXaHIYHOro mudparopa
Jlxedepcona.

[udparop Oy npuaymanuii y 90-x pokax 18 cTomiTTss MaifOyTHIM TpETiM IPE3UIECHTOM
CHIA Tomacom JIxxeddepcoHoM. Y KOMIUIEKT mudpaTopa BXoauI0 36 JUCKIB HA METaJeBil
oci. PeOpo KoXHOTO nMcKa AUTUIOCS Ha 26 4acTuH, 1 y
BUIIAJKOBOMY HOPsAKY Oyiu 3anucani 6yksu [1]. TTopsimok
OyKB Ha pI3HMX AWCKax pizHHMi. Omeparop, obepraroun
JMCKH, HAOMpaB TOBIAOMIICHHS, 110 MaJl0 IIM(PYBATUCH.
BykBu pi3HUX JWCKIB, TIpU IIbOMY, PO3TAIIOBYBAJIUCHh Ha
OoAHOMY piBHI. IHIII OyKBHM JHCKIB TEX, MPU I[HOMY,
BHCTPOIOBAJIUCH B PSAKH. 3PO3yMiNIO, IO IHIII PSIKA

BUTJISIIANIH, K Oe3rmy3/i Habopu OykB. bynp sxuii 3 mux
psAAKiB Mir Oyt MaiiOyTHBOIO HIMdporpamoro. Anpecar

Puc.1 Wndpatop dxedepcoHa

Malp4d aHAJIOTIYHUK HaOIp JUCKIB, 11O pO3TaIlllOBaHI B
TOMY K TMOPSAKY, BUCTABISIB y pANOK TekcT mudporpamu. Toal Ha iHIIOMY BiIMOBITHOMY
pAAKy 3’sBHsiBCs nemuppoBaHUil TekcT. Hipkue mnpencraBieHHMd TEKCT MPOrpamMu, IO
Moenoe poboTy MexaHiyHoro mudpatopa Jxedepcona.
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fileName=input("Beogp iM'a chaiiny ")

with open(fileName,'r') as f: text=f.read() # 3aBaHTaxeHHA TekcTy ana wWudp./gewudp.
pozShifr=int(input('Beogk noauuiio Wwudposkk Ha guckax (wudp.: 5, gewmdp.:-5)")

diski=[ ' 7 WAXJGDLUBVIQHKYPNTCRMOSFE',

'BDMAIZ VENSJUWFHTEQGYXPLOCK',
'THFRLABEUO TSGJVDKCPMNZQWXY',
'GWTHSPYBXIZULV_ EKMRAFDCEONJQ',
'XPLTDSRFHENYVUBMC QWAOIKZGJ',

'KPBE LNACZDTRXMJQOYHGVSFUWI',
'RPLNDVHG FCUKTEBSXQYIZMJWAO',
' AMKGHIWPNYCJ BFZDRUSLOQXVET',
'NOZUTWDCVRJLXKIS EFAPMYGHBQ',
' UDNAJFBOWTGVRSCZQKE IMXYIHP']

buff="; result="; k_disk=10; k=0 # MovaTkoBi napameTpy wWnchpaTtopa

for N in range(len(text)):
if k ==10: k=0
if text[N] in diskilk]:

diski[k]=diski[k][poz:27]+diski[k][0:poz]; print(diski[k])

# Lk nepeBopy Byks TekcTy, Wo Wwidp.abo Aewndp]

# lNepeknto4eHHa Ha 3 9-Toro aucky Ha O guck

# lNowwyk NoTo4HOT ByKBM TEKCTY Ha MOTOYHOMY AMCKY
poz= diski[k].index(text[N]) # BusHa4eHHa poz noauwji BykBW Ha AKUCKY
# NepekpyTka avcka B nonoxeHHs dikcauii Byksu Ta rHoro apyk

# Npuknenka fo WudpoBKkW Yeproeoi ByKBK, WO 3HAXOANTLCA
result+=diski[k][pozShifr]
# MNocTaBuTK 3HaK BiACYTHINA Ha auckax (bes WwudpoBkK)

else: result +=text[N]

k+=1 # [Nepeknto4eHHs Ha HACTYMHWIA AWCK
# 3anuc 3akod. abo Aekod.NoBigoMNeHHs B daiin
with open('textOut.txt', 'a) as f: f.write("\n"+result)

print('BxigHui Tekct ', text); print('lUndpoeka abo gellludposka ' result)

VY wiit momem 10 muckiB, ski peamizoBaHi crmuckoMm psakiB diski. Oxpemuii auCK
CITIBCTABJISIETHCSA 3 OKPEeMUM psakoM B crucky diski. [l 3pydnocti mudpyBaHHs 10 3HAKIB
andasiry nobasiaeHuid mpooOur. Lled 3HaK, mami Mo TEKCTY, TEX BBAXKAETHCSA an(aBITHUM.
CrucoK psKiB-AMCKiB, 10 mo3HadeHi B mporpami diski € qBoBUMipHOIO CTpyKTYpoto. OauH
BIMIp MOJIOKEHHSI OYKBH B PSAKY (Ha AWCKY), a APYTHI - HOMEp psaka (Iucka).

3po3yMii0, 110 TIPH TAKOMY ITIAXOA1 Bi3yaltizallis MoJe Oy/e Aenio iHIokw, HibK 0yJ1o
peaCcTaBacHoO BHIle. JIucku OyayTh po3TalloBaHi OJKMH HaJ OJHUM, a He B psf (puc.2a). Toxi,

TCKCT 6yI[e YUTATUCh 3BEPXY BHHU3, a4 HC 371iBa HalpaBo.

OpranizaiiiiHo, cyTb poOOTH mporpamMu HacTymHa. Y nukm 3 mapamerpom N OykBu
MOBIIOMJICHHSI TIO Yep3i MmijiatThes mmdpyBanHio. HoMmep aucky, Ha sSIKOMY KOKHA 4eproBa
OykBa (iKCYEThCS, KOHTPOIOETHCS 3MiHHOIO K. TTpu mepesuinenHi K 3nauenns 10 (KiTbKicTh

4_WAXJGDLUBVIQHKYPNTCRMOSFE
KPBE LNACZDTRXMJQOYHGVSFUWI
BDMATZ VRNSJUWFHTEQGYXPLOCK
RPLNDVHG_FCUKTEBSXQYIZMJWAO
ITHFRLABEUO TSGJVDKCPMNZQWXY
AMKGHIWPNYCJ BEFZDRUSLOQXVET
GWTHSPYBXIZULV KMRAFDCEONJQ
NOZUTWDCVRJLXKESiEFAPMYGHBQ
XPLTDSRFHENYVUBMC QWAOTKZGJ
UDNAJFBOWTGVRSCZQKE LMXYTIHP

a

HKYPNTCRMOSFEZ WAXJGDLUBVIQ
EiLNACZDTRXMJQ6YHGVSFUWIKPB
LOCKBDMALZ VRNSJUWFHTEQGYXP
LNDVHG FCUKTEBSXQYIZMJWAORP
O TSGJIVDKCPMNZQWXYIHFRLABEU
_BFZDRUSLOQXVETAMKGHIWPNYCJ
WTHSPYBXIZULV_KMRAFDCEONJQG
OZUTWDCVRJLXKIS EFAPMYGHBON
RFHENYVUBMC QWAOIKZGJXPLTDS
LMXYTHPUDNAJFBOWTGVRSCZQKE

DLUBVIQHKYPNTCRMOSFEZ7WAXJE

b

Puc.2 Cran auckis: a) oo nepekpyty (nisopyd), b) nicnn

nepekpyty (npasopyu)

OOHYIISIE€THCS.
nmdpyeTses

JIMICKIB) k
[ToBinoMiieHHS
nopiissmu 1o 10 3HaKiB.

Cam mpouec muppyBaHHs, SK

3a3HAvYalIOCh, peanizyeTbes
MEPEKPYTKOIO JTUCKIB.
HIndpyrorbes TUIBKH 3HAKHU

angapity. SKmo ueproBui 3HaK
MOBIIOMJICHHS, IO IIU(PYETHCs,
BXOJUTh y CKJIajx andasity, TO

3aIlyCKAa€ThCsl MOTO MOIIYK Ha TOTOYHOMY JAMCKY 1 BiJOYBaeThCs MEpEKpyTKa IHUCKa B
nosioxkeHHs (ikcanii OykBu. IlomoxkeHHsMm ikcalii TEeKCTy, B I mporpami € mepiie B
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MOTOYHOMY PSAIKY-IMCKY HOJIOKeHHs OykBH. IIporpamMHuil mepekpyT 4eproBOoro JAWCKa B
MoJIOKeHHS (pikcarrii OyKBU peanizyeThbest 3pi3K0I0 BIIMOBIAHOTO psiaKa 10 OYKBH 1 Ticiis Hel 3
MOIANBINNM OOMIHOM 3pi30K MicisMu. [lepekpyramu AUCKIB-PSAKIB JOCATAETHCS CTaH, KOJH
Ha piBHI (ikcamii MOBiOMIIEHHS, TOOTO Ha JIBOMY Kpaio PSAIKIB YTBOPHUTHCS (parMeHT
MOBIZIOMJICHHSI 3 JiecsITh 3HaKiB (puc.2b). Sxio Tekct nepesuiye 10 3HaKiB, TOAi IKUBPYBaHHS
MTOYMHAETHCS 3HOB 3 BEPXHBOTO IUCKY. Lle ULTIOCTPY€EThCS JOAATKOBUM PSIIKOM — AUCKOM Ha
puc.2b. Ilpu ¢ikcamii OykB y CTOBIMYMK iHIII OYKBU PSIKIB-IAMCKIB TEX BHIIUKYIOTBCS Yy
BiMOBIIHI cTOBMUKMKU. KOXXEH 3 SKMX MOXe BUKOHYBaTH poJjb mudporpamu. [lTapamerpom
pozShifr kopucTtyBau 3amae CTOBMYMK, A Oynae 3uWTaHa mudporpama. Y NpUKIami, e 5
CTOBIMUUK (B HYyJIbOBOMY IIOYaTKOBHUM TEKCT).

BucHoBxku

1. Buano, mo peuenHs HELLO WORLD mneperBoproeTbcsi B HACTyMHUN MIH(POKO]T
TCDGJRYDYHI. [likaBum kpunrorpapiuHiM MOMEHTOM € Te, mo Tpu OykBu L B
MOYAaTKOBOMY KOJI BUIJISIIAIOTH B IIH@porpami, sik pi3Hi OykBu. OpHakoBi X OyKBHU
mudporpaMu KOAYIOTh pPI3HI 3HAKU IMOYATKOBOro TeKkcTy. LI JABa MOMEHTH CHIIBHO
YCKJIAHIOIOTH 371aM T0A10HOTO MUpPY, 30KpeMa CTAaTUCTUYHUM METOJIOM.

2. s mporpama Moxe OyTH IikaBa B Kypci HAaBYaJIHHOTO MPAKTHYHOTO MPOTPaMyBaHHS TIPH
OCBO€HH1 pOOOTH 3 IUKJIAMH, MaCUBaMHM (CIIUCKaMHU), psiAKaMH. Y Kypci Kpunrorpadii, s
3ajJjaya ILIKaBa, K SCKPaBUM NPEACTaBHUK MEXaHIYHUX JUCKOBUX IIH(PPYBAIBHUX
MPUCTPOIB.

3. MoaenbHa mporpamHua peanizamis mudparopa Jxedepcona BIAKpUBAE MEPCIICKTUBY Ha
MOJIENIbHY peaTi3allifo Ie CKJIQJHIMIOI JUCKOBOI €JIEKTPO-MEXaHIYHOI MudpyBaabHOT
Mamuan Exirma. 3nam mudpy Enirmu B xoi Apyroi cBiToBOi BiiHM y BENHKINA Mipi OyB
THUM TOIITOBXOM, 1110 CTUMYJIIOBAB MOSBY MEPLINX KOMIT IOTEPIB.

Jlitreparypa

1. ®. bayep. Meroau Ta npuHIUnM kpumnroJjorii. - Ceir, 2006. - 568 c.
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3ACOBM HITYYHOI'O IHTEJIEKTY Y MEJIUIIUHI

I'paboBcbknii Booaumup AnapiioBu4
Jlveiecoruti Hayionanvrul yHigepcumem imeni leana @panka
volodymyr.grabovskyi@Inu.edu.ua

TexHONOTYHMIA TTPOrpec OCTAHHIX AECATHPIY 3YMOBHB 3HA4YHI 3MIHM Y MigX0Jax [0
BHPIIICHHS MTPOOJIEM MPAKTUYIHO B YCIX raiy3siX JIFOACHKOT MisSUTbHOCTI, OJTHAK HE TaK Oarato ii
cdep 3a3HAM TaKUX 3HAYHUX 3MiH, K MeWIIMHA. BH3HauHMI BIUIMB Ha i1 PO3BUTOK CIIPaBHIIN
0arato HOBaIliil IK HAYKOBOTO, TaK 1 TEXHOJIOTIYHOTO 1any. OcobauBe Miclie cepe]] YNHHUKIB,
SIK1 CIPUYMHUIN (yHIAMEHTAIbHUN BIJIUB HA PO3BUTOK MEJIUYHOI raly3l MPOTIrOM OCTaHHIX
NeCSITUPIY, 3aliMa€e BIPOBA/KEHHSI B ii MPAKTUKY JOCATHEHb, 110 CTOCYIOTHCSI BUKOPUCTAHHS
METO/1iB, PO3pOOJIEHUX Y LAPHHI IITYYHOTO IHTEIEKTY.

3a ocTaHHI1 MIBCTOJITTS IHTErpallis cucteM mTydHoro iHTenekry (1) 3ymoBuiia 3MiHy He
TUIBKM 3acO0IB 1 METOJIB JIIKYBaHHA 0araThboX XBOpOO, aje 1 camoi MapagurMu OXOPOHHU
310poB’s. IX 3acToCyBaHHS HAIANO ISl IMMPOKOTO 3araly MeANYHHX MPALiBHUKIB MOKJIUBICTH
JOCTYIy 10 JOCBIY Hai(axoBimmx ¢axiBIiB Tainy3l y JIKyBaHHI PI3HOMaHITHUX XBOpOO Ta
p03ni3HaBaHHi iXHIX CI/IMHTOMiB 3MIHUBIIH 1AM He TUTbKU TO'—IHiCTI) )IiaFHOCTYBaHHSI BAKKHUX

MAIi€HTIB 1 camoro npouecy oprasizarii JIiKyBaJIbHOT cnpaBH. Hes3Baxxaroun Ha TIOpIBHIHO
HEBEJIMKUI MPOMDKOK Yacy (Tpoxu Ouibine 50 pokiB), pe3yabTaTH IMIUIEMEHTALlll JOCATHEHb
I B MmeanuHii Tany3i € BpaKarOUMMHU — TTOYWHAIOYN 3 TTOOJWHOKHMX BHIMAJKIB 3aCTOCYBaHb
JeKUX 3acO0IB MITydHOTrO iHTENEKTY B 1970-X pokax (sKi CTOCYBAIMCS TOJIOBHO MOIITHPEHHS
JOCBIZy YHIKQJIBHUX (haxiBI[IB Tajy3l Ta PO3IMIMUPEHHS MOMKIHWBOCTI HMOTO 3aCTOCYBaHHS
ITUPOKUM 3arajioM PAKTUKYIOUUX JIIKapiB 1 3a0e31euyBaJIiCs BIPOBAKCHHSIM Y JIIKYBAJIbHY
CIpaBy €KCIIEPTHUX CHCTEM) O BHKOPHUCTAHHS PI3HOMAHITHHX 3ac00iB  alTOPUTMIB
MalIMHHOTO HaBYaHHS Ta CKJIAJHUX HEHPOHHUX MEPEXK y cboroJieHHi. Bukopucranus 3aco0iB
I B MemuuuHI MOKa3ye BTUIEHHS HEBIWHHOTO TpPAarHEHHsS JO IHHOBAIid Ta iXHBOTO
e(eKTUBHOTO BUKOPUCTAHHS; TOJIOBHOIO METOIO TYT € IOJI0JIaHHS MPpo0sIeM 3 J1arHOCTUKOIO Ta
JIKYBaHHSM BaXXKHUX XBOPOO 1 MOKpAILEHHS CTaHy JIIKYBaJIbHOT CIIPaBU 3arajioM.

XPOHOJIOTisSI BAKOPUCTAHHS 3aCO0IB MITYYHOTO IHTEIEKTY B MEIUIIMHI, TOYMHAIOYH 3 HOTO
3apOJDKEHHS Ta JI0 HAIIMX JHIB, TOKa3aHa Ha puc. 1 [1].

SIk MoxHA 0auUTH 3 PUCYHKA, IOYMHAIOYH 3 TIOYATKOBHX €TaIliB 3apOJHKEHHS IITYYHOTO
THTEJIEKTY CHOCTEpirajucs MOCTIMHI CIpoOM BUKOPHUCTAHHS HOTO JOCSITHEHB JJII CTBOPEHHS
MPOrPaMHUX 3aCTOCYHKIB JJISi MEIUYHOI Tally3i, OCHOBHMM IPU3HAYECHHSM SKUX OyIo,
30KpeMa, IMOKpallleHHs MPOIECiB AiarHOCTUKM XBOpoO Ta ix mikyBauHs. Lle mocsranocs
BIIPOBA/KEHHSAM Y JIIKAPChbKy MPAKTHKY CIOYATKy EKCHEPTHUX CUCTeM, a Jaii — 1 uepes
IIMPOKE BUKOPUCTAHHS MOXJIMBOCTI MOKPAIIEHHS Pe3ylbTaTiB PO3Mi3HABAHHS 300pakeHb Ta
aHaJI3y JaHUX 3 3aCTOCYBAHHSM IIIXO/iB MAIIMHHOTO 1 INTMOOKOTr0 HaBYaHHs. SIK pe3ynbrar,
CHOTOJIHI MPOTPaMH IITYYHOTO IHTENEKTY, sIKI BUKOPUCTOBYIOTHCS Y MEAUIIMHI, BKIIOYAIOTh
€KCIEPTHI CUCTEMH, IIUPOKUN apceHan MPHUCTPOIB Ha OCHOBI OOpOOKHM MPHUPOAHOT MOBH,
KOMIT'IOTEPHOTO 0OaueHHsT Ta JOMOBHEHOI peambHOCTi; OCTaHHI BUKOPHCTOBYIOTH ISt
BUPILICHHS KOHKPETHHX MpoO0JieM pI3HOMAHITHI alrOPUTMH MALIMHHOTO Ta TJIUOOKOTO
HaBYaHHS [2].

VY kiHni 60-x 1 B 70-X pokax MHHYJOTO CTOJITTS CHOCTEPIrajgocs 3Ha4HE po3yapyBaHHS
HAyKOBOI CIUTBHOTH y MOXKIJIMBOCTSIX 3aCTOCYBaHHSI HasBHUX HA TOM 4ac HEMPOHHUX MeEpex
(mepcenTpoHiB), sIKE, pa30M 3 HE3aI0OBOJICHHSM pPIBHEM BHKOHAHHS 0aratboX HaJaHHUX paHIIIe
“00ILSAHOK IITYYHOTO iHTeﬂeKTy” 3YMOBMJIO TE€PEOCMUCIEHHS MiXO0IB JI0 CTBOPCHHS T -
OCHOBHI 3yCHJIJISl y CTBOPEHHI Horo cuctem OyiM 30cepe/pKeHi Ha po3poOIli MeToJiB, siKi O
IMITYBalT 0COOIMBOCTI BUPIIIIEHHS MPOOIIEM JTFOICHKUM IHTETIEKTOM, SIKUI HpHHMa€ pileHHs
[IUIIXOM PO3MIPKOBYBaHHS HaJ MPOIIECOM BUPIIIEHHS MOCTaBieHoi 3anavi. Lle mpuBeno mo
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cTBOpeHHs nutoro kiacy cucreM LI — ekcriepraux cuctem (EC), siki SBISIOTH COOOK0 KOMIT -
IOTEpHI MPOTrpamMu, 0 BUKOPUCTOBYIOTH Y CBOil po0OTI 6231 3HaHB PO OCOOIMBOCTI 3a/1a41 y
BUTIIAI HA0OPY (DaKTiB 1 MpaBWII 1 MPUIMAIOTH PIIICHHS, IMITYIOUM MPOUECH 1X MPUHHATTS
JIOJIMHOKO-CKCIIEPTOM Yy JaHIl ramy3i. Y MeaunuHi 3a gjonoMororo EC BUPIIYOTHCS TUTAHHS
CTBOPEHHS MOKJIMBOCTI PO3IIMPEHOTO JOCTYNY MPAKTHKYIOUHX JIKAPIiB A0 YHIKaIbHUX 3HAHb
1 BMiHb HallKpalIux MpeJACTaBHUKIB Taly31 JIarHOCTUKH Ta JIKYBAIbHOI CIIPABH.

1950
Alan Turing develops
the “Turing Test”

First Al Winter 2015
Mid 19705-1980

Pharmabot was
built

Second Al Winter
Late 1980's-Early 1990's

1956 1971

John McCarthy coins Research Resource on Computers 1975
the term “Al" in Biomedicine was founded: Saul The first NIH-sponsored
Amarel at Rutgers University AIM Workshop Held

2014
Amazon’s virtual 2017
assistant, Alexa is Arterys: FirstFDA

released approved cloud-
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1980
Development of
EMYCIN: expert rule-
Based system
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1966
Shakey, “first
electronic person”
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Unimate, the first DeepQA technology
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created decision support Al trials in
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Apple’s virtual assistant,
1972 Siri, is integrated into

MYCIN was iPhones

developed

Puc. 1. XpoHonorist po3BUTKY Ta BUKOPUCTAHHS 3aCO0IB MITYYHOTO IHTEICKTY B MEAUITUHI.

[Tepmi ekcnepTHi CHCTEeMH MEIWYHOTO IUTaHy Oynmu po3poOJieHi HjIs JiarHOCTUKH
3aXBOPIOBaHb Ta HAJlaHHS PEKOMEHJAIN IIOJO JIKyBaHHS IEBHUX XBOpOO Ha OCHOBI
BUKOPHUCTAHHS BENMKUX 0a3 JaHWX KIiHIYHOI iH(opMmarii Ta mOCBiLy HasBHUX (axiBIliB-
excrieptiB. Cepen Hux BaxumBe miciie 3aiimae EC MY CIN [3], po3po0ka sikoi Oyna 31ilicHeHa
y Crerdopuacekomy yHiBepcuteti (CLLIA) B mepmriii mosoBuHi 70-X pp. MHHYJIOTO CTOJITTS 3
METOI TIOKPAIEHHS MOXKIJIMBOCTEH JIarHOCTHKH XBOPOO KpOBi. 3HAYEHHS i€l CHCTEMHU
MOJIATa€ HE TUIBKM B TOMY, 10 BOHA HaJajla MOJJIHMBICTH JIKapsM BHUKOPHUCTOBYBATH B
JIKapChKil MPaKTHIll JOCATHEHHs JIIKapiB-eKCIepTiB, a i ToMy, IO MpH i cTBOpeHHI OyB
OTpPUMAHUI HEOIIHEHHUW JOCBiJl Y CTBOPEHHI €KCIEPTHHUX CHUCTEM pi3HOro Iuiany. Came
HAyKOBI 1 MPAaKTUYHI pe3yJIbTaTH, OTpUMaHi pu cTBopenHi nepimux EC, 3akiany ocHOBY 11
pPO3pOOKM 1101 HU3KKM IHCTPYMEHTIB, SKi BHKOPUCTOBYBAIMCA 1 MPOJAOBKYIOThH
BUKOPUCTOBYBATHCS B PI3HUX HANpPSIMKaX IiJIbHOCTL, Y T. 4. 1 Talmy3i MEAUYHOT A1arHOCTHKH,
30KpeMa — TaK 3BaHUX 0OOJIOHOK €KCIEPTHUX CHCTEM, 3 BUKOPUCTAHHSM SKUX OyJIH CTBOpPEHI
MIPOrpaMH, sIK1 HaJallK KITIHIIMCTaM MOKJIUBICTD AOCTYIY JI0 IiHHOT iH(pOopMallii, HAKOTTHYEHOT
BU3HAYHUMU (DaxiBISIMU Tally3i y BEJTMYE3HUX CXOBHILAX MEINYHHUX 3HAHb, Ta 10 iXH1 BMIHb 1
JOCBIiNY.

3 HaOMMKEeHHSIM J10 KiHI[S 20 CTOJITTS 3pOCTaly il MOXKJIMBOCTI 3aCTOCYBAHHSI IOCATHEHb
I B menumuHi. [losiBa 1 BUKOpUCTAaHHS HOBUX aJTOPUTMIB MalTMHHOTO HaB4YaHHS y 1980-x
pOKax TMOJIETIIMJIA BUJIYYEHHS CKJIAQIHMX MIA0JNIOHIB 13 PI3HOMAHITHUX HAOOpIB JaHMX,
PO3MIMPHUBIITN MOKJIMBOCTI TPOTHO3HOTO MOJETIOBAHHS Ta cTpaTH]ikallii pu3uKiB — 30KpeMa,
1y MeauuHiil ramy3i [4, 5]. s po3BUTKY TUX HalIPSIMKIB MEAWYHOT AISITBHOCTI, /1€ 300pakeHHs
€ IICHTPAJIBLHUMH (SIK-OT KapA10JI0Tisl, paioJIorisl, MaToJIOTisl BHYTPILIHIX OpPraHiB UM OHKOJIOT 1S
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[5]), ocoGnuBO BaKIMBUMU BHUSBUIMCS MOJIIMBOCTI, SKi HaJaB PO3BUTOK TIJIMOOKOTO
HaBYaHHS, aJTOPUTMH SKOTO TMPEJICTaBMIM HOBI, He OauyeHi paHille MOKIUBOCTI JUIA
JiarHOCTUKU XBOpoO, Hacamrepen BaKKux. OHAK, MIBUAKOMY PO3BUTKY iX BHKOPUCTAHHS
CTOSUIM Ha 3aBajii JISsKi [Ie He BUPIIeH] Mpo0OiaeMu 3 peali3allieo npoBeAeHHs e(h)eKTHBHOTO
HaBYaHHS CKJIAIHUX HEUPOHHUX apXITEKTYP.

[TouaTok 21-ro CTOJITTS CTaB CBOEPIIHUM TEPEIIOMHUM MOMEHTOM B €BOJIOLIT OXOPOHHU
3opoB’s 3 miaTpuMKoro LI, CTBOpeHHsI HOBHX CKIaJHHX aJIrOPUTMIB INIMOOKOTO HAaBYAHHS, a
TOJIOBHE — 3HAl/IEH1 CrTOCOOM MPOBOJUTH HABYAHHS MEPEXK 3 BEIMKHMHU KUIBKOCTSMH IIApiB
00poOKK (YoMy crpusuti poOOTH TPyN AOCTIMHUKIB Tia kKepiBHHNTBOM J[. XiHTOHA [6] Ta
JIx. Benmpkio [7]) 3yMOBMIM CHpaBXHIO PEBOJIIOIIID y iX 3aCTOCYBaHHI - 30KpeMa, B
po3Mi3HaBaHHI 300pakeHb Ta MIIBHINEHHS iX SKOCTI, M0 3a0e3meunsio Oe3mpereICHTHHMA
PIBEHb TOYHOCTI IIarHOCTHKH B paiosorii [8], orkosnorii (y T. 4. mpenu3iiiniii [9]) Ta matomnorii
[10].

3aBAsKM CBOill 3JaTHOCTI MOKpAallyBaTH AIarHOCTHUKY, a TaK0X 3a0e3rnedyyBaTu OuIbII
TOYHY Ta e(EeKTUBHY MEIWYHY JOMOMOTY 1 TIOJErIIyBaTH TMPOIEC BIAKPUTTS HOBHUX
e(eKTUBHIIIUX JIIKIB, 34CO0M MITYYHOTO IHTEJIEKTY CTaJIHl OJHIEI0 3 BU3HAYAJIbHUX PYLIIHHUX
CHJI Cy4acHO1 rajry3l OXOpOHH 3JI0poB’s. 30Kpema, npuctpoi 3 Bukopuctanusam LI moxyrs
HUHI JOTIOMarati MEeJIWYHUM TpaI[iBHUKAM BUSBIITA HETIOMIYEHI HUMH (K O€3MocepeIHbo,
TaK 1 3 BUKOPUCTAHHSIM IHIIUX MiIXOJiB) CUMITOMH XBOPOO, MOKPAIIyIOYH TAKUM YHHOM
pe3ynbTaTH B OXOpOHI 310poB’s. st mpukiIaay, CTBOpeHHH 3 3actocyBaHHsAM metonis LI
IHCTPYMEHT JJisi BUSIBJICHHS 1a0ETUYHOTO 3aXBOPIOBAHHS OYeH, ke € OJHIEI0 3 HaWOUIbII
BKJIMBUX HUHI IPUYMUH 3POCTAHHS PU3UKY MOTIPIIEHHS 1 BTPATH 30py, OyJ0 MEPEeBipeHO Ha
COTHSIX TAIIEHTIB 1 BiH BUsIBUBCS HafmiitHuM. Kpim Toro, 3acobu Il mMoxyTs momomortu
BUSIBJIITH PaHHI O3HaKW miabetwuyHoi permHomatii [11] (ycknagHeHHS mia0eTy, SKE MOXKE
BHUKJIMKATH CEPUO3HI MOPYIIEHHS 30Dy, TaKi sIK BiIIapyBaHHS CITKIBKH, a TAKOXK i TOBHY HOTO
BTpATy) 1 HAIIPABJIATH MAIIEHTIB 10 0OPTaIBMOJIOTIB y Pa3i BUSBICHHS MiJ03PUINX CUMITOMIB.
3HaYH1 yCITIXM OTPHMMAaHI TaKOX Y JIIKYBaHHI CEPACUYHO-CYANHHUX, JICTEHEBUX 3aXBOPIOBAHBb
[5].

BonHowac, poO3BHTOK CEHCOPHHUX TEXHOJIOTIH, TEXHOJIOTIM 3B’s3Ky Ta IHTEpHery,
MOIIUPEHHS! BUKOPUCTAHHS NPUCTPOIB IHAUBIAYaTbHOTO BHUKOPUCTAHHS BIAKPUIIO €py
(G poBOTO 3A0POB’sI, CTBOPIOIOYM BEJIWYE3HI MOTOKU JaHUX MAIIEHTIB Y peabHOMY 4aci, sSKi
MiIIa0ThC aHaliTUIll Ha ocHOBI 3aco6iB III. Ile mo3Bommio ctBoputu B 2010-Ti poku
(hakTHYHO HOBI MiATaTy31 MEIUIMHU — TEJIEMETUIIMHY Ta JUCTAHIIHHUNA MOHITOPHHT, SKi
BUKOPUCTOBYIOTh TeJEMEIWYHI MiIaTGOopMU Ta CUCTEMHU JUCTAHI[MHOTO MOHITOPUHTY IS
MPOBEJICHHS AUCTAHUIMHMX KOHCYIbTATAIllil Ta BiIJAIEHOTO CIOCTEPEKEHHS 3a MallieHTaMu
[12]. I1Io 3abe3nieuye MeaMKaM HOBI MOKJIMBOCTI — Bil pAHHBOT'O BHSIBJICHHS 3aXBOPIOBAHb JI0
MOCTIHHOTO MOHITOPUHTY XpPOHIUHUX 3aXBOPIOBAHB .

Buxopucrtanns pocsraenp Il ocTaHHIX POKIB J03BOJIIA CTBOPUTH YH HE OJHE 13
HaWBaXIMBIIIUX TEXHOJOTTYHUX JOMOBHEHB JI0 XIPYpriYHUX MOKJIMBOCTEH 3a OCTaHHI JBa
JECATUIIITTS — cucTeM poOoTH30BaHOi Xipyprii [13], siki 3a0e3neuytoTh K OUIbIY TOUHICTb Y
MPOBEJIEHH1 XipypPriyHUX OTeparliid, Tak 1 3aCTOCYBaHHS MEHII IHBa3UBHUX MPOIEYp IXHBOTO
MPOBEJIEHHS 1, BIAMOBIAHO, IIBUALIE OIYKaHHS TPOONEPOBaHUX. BUKOpHCTaHHA IS
MIPOBEACHHS XIPYPridyHUX BTPYYaHb IHTEJIEKTYalbHOI POOOTOTEXHIKM CIPOLIYE MPOLETYpH
BTpYYaHH:, ycyBae e(eKT MaHyalbHOTO TPEMOPY XIPYypriB, MOKpAIly€e 3arajibHy eproHOMIKY
Ta Hajgae TpuBuMipHe (3D) GaueHHs omepariiiHoi 006JacTi, sike 3a3BUYall HEJOCTYIHE IpH
BUKOPHUCTaHHI PYYHUX MIHIMANbHO IHBa3UBHUX mIpoienyp. Ha nanuii yac BigoMi i yCHIIIHO
BUKOPHUCTOBYIOTbCS JEKIIbKa KEPOBAHUX JIIOJUHOIO POOOTOTEXHIYHHUX CHUCTEM, CEpel SKHUX
onHiero 3 HalOueIn Bimomux € cuctema da Vinchi (Inyuitive Surgical, CIIIA) [14]. dus
MIABUIICHHS MOKIIUBOCTEH Ta 3pyYHOCT1 BUKOPUCTAHHS POOOTHU30BAHUX XIPYPTiUHUX CUCTEM,
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pO3MIMpEHHsT IXHBOTO (PYHKI[IOHAy Ta AaBTOHOMHOCTI 3aCTCyBaHHs, OCTaHHIM YacoMm
MIPOBOATHCS POOOTH MO 3aCTOCYBAHHIO B TAKMX CHCTEMaX MOXKJIHMBOcTel reHeparuBHoro LI
[15].

BaxumBoro ranmy33i0 B OXOpOHI 3A0pOB’Sl € BIIKPHUTTS Ta po3poOKa HOBHX JIKIB, IO €
CKJIJJHUM TIPOLIECOM, SIKUH moTpedye Oarato 4acy Ta pecypciB, 1 Ajsl HOTO BIOCKOHAJICHHS
PETYIISIPHO PO3POOIIIOTHCS Pi3HI 00UMCITIOBANBHI migxoan. CydacHi MiIX0au 0 BUPIICHHS
i€l mpoOJeMH BKIIIOYAIOTh IHTENIEKTYaJbHHH aHai3 JaHWX, CTPYKTYpHE MOJCITIOBAHHS,
TpaauliiiHe MamuHHE 1 TIMOoke HaB4yaHHS [16]. Po3poOHWKH JKIB 9acTO 3aCTOCOBYIOTH
METO/I1 MAIlIMHHOTO HaBYaHHS, 1100 OTpUMAaTH NOTPIOHY 1H(OpMaIlito 3 HASIBHUX BEIUKUX 0a3
JAaHUX XIMIYHUX CIIOJIYK 1 PO3pPOOMTH JIKM 3 Ba)XJIMBUMM OIlOJIOTITYHMMH BIIACTUBOCTSAMHU.
BuxopucrtanHs 3aco6iB Ha OCHOBI MAalIMHHOTO HaBYaHHS MOKE 3pOOMTH BIAKPUTTS JIIKIB
JENIEBIINM 1 €(PEeKTUBHIIINM, a TaKOX MPHUIIBUIIIMTUA IX CTBOPEHHS, JO3BOJISIOUM OUIBII
KOMIIJIEKCHO OI[IHIOBATH KJIITUHHI CUCTEMHM Ta MOTEHLIHHI €(peKTH 3aCTOCYBAHHS JIIKIB.

[Ipote poszBurox I B meaumnuui He OOIAIIOBCS 0€3 BHUKIHKIB — SK TEXHIYHOTO
(HeoOXigHOCTI  BIAMOBIAHOI  KBamiikamii MEIWYHOrO TMEpPCOHaNy s YCIHIIIHOTO
BUKOPUCTAHHS CKJIAQAHUX METOJMK [IarHOCTUKM Ta JIKYBaHHsS), TaK 1 €TUYHOTO IUIaHY.
30Kkpema, Ma€ MicIle 3aHEMOKOEHHS IOA0 KOH(DIMEHIIHHOCTI JaHWUX MAIlIEHTIB, ICHYIOUYO1
yIepeHKEHOCT] I0JI0 PIlIeHb “JIOTIYHO HEMpO30puUX~’ alrOpPUTMIB MAIIMHHOTO HaBYaHHS 1
3HIDKEHHS. aBTOHOMII JIIKapiB y JIIKyBJIbHOMY IMIpOIECi MiJKPECIIOITh HEOOXiTHICTh
MOCHJICHHSI BUMOT PETYJIATOPHOTO HAIJISAY BiAMOBiAanbHOCTI 3a iHHOBarii [17]. Kpim Toro,
IMIepaTuB MoAoJaHHS “IHU(poBOro po3puBy” Ta 3a0e3MEUYeHHs] YCIM BEpCTBaM HACEJICHHS
CIPaBEUIMBOTO JOCTYIY A0 OXOPOHH 3/I0POB’Sl 3 MIATPUMKOIO IITYYHOTO IHTEJIEKTY BHACIIOK
BHCOKOI BapTOCTI BIIMOBIIHUX METOJIB JIIKYBaHHS 3 MOTO 3aCTOCYBaHHSIM 3aJIAINAETHCS
aKTyaJIbHOIO MTPOOJIEMOTO.

HesBaxkatoun Ha icHYOY1 po0IeMH, SIK TEXHIYHOTO, TaK 1 €THYHOTO Tany, pois I B
MEIIMIIMHI TPOJAOBKYE JUHAMIYHO po3BUBATHUCS. OCTaHHIM YacoM OyJI0 JOKJIAJCHO 3HAYHHUX
3yCUJIb Y JOCHIKEHHSIX 1 pO3pOoOKax 3 METOI CTBOPEHHS HOBUX 3aCO0IB JIarHOCTHKH Ta
JIKYBaHHS ¥ TEPEHECTH MOTEHIial IITYYHOTO IHTEJIEKTYy B KIIIHIYHI 3acTocyBaHHs. HoBi
IIX0/TM, 3aCHOBaH1 Ha 3aCTOCYBaHHI 3aCO0IB MITYYHOTO IHTEJIEKTY, IPOIEMOHCTPYBAIU CBOIO
HaJ3BUYAHY €(PEKTUBHICTh Y BHpIllIEHH] 0aratbox 3aBJaHb B TaIy31 MEAWIIMHY, TOYNHAIOYN
BiJl IHTEpIpeTalii MeJUYHNX 300paKEeHb Ta 3aKIHYYIOUM BIIKPUTTSAM JIKIB, IO IMPUCKOPIOE
repexiJi 10 HayKOBO-OOTPYHTOBAHOT JIIKAPCHKOT MPAKTUKUA Ta MEPCOHI(PIKOBAHOT MEIUITUHHU.
[lepconamizariiss JIikyBaHHsl mependadae minOdip METOMIB JIIKyBaHHS 3 ypaxXyBaHHSIM
IHAMBITYAIbHUX XapaKTEPUCTHK IMAIIEHTA, TAKUX K T€HETUYHI 0COOIMBOCTI HOTO OpraHi3my,
KIIHIYHA KapTUHA 3aXBOPIOBAHHA Ta (aKTOpU PHU3UKY. SIK MOKa3ylOTh YKe JOCATHYTI
pe3yNbTaTH, caMe 3aCTOCYBAaHHS 3aCO0IB IITYYHOTO IHTENEKTY, HacaMmIiepe — MalIMHHOTO Ta
ITMOMHHOTO HABYaHHS, JAlOTh Baromi ITJICTAaBH CIIOJIBATUCS Ha CIPHUATIUBI HACIIIKH
PO3BUTKY MEIUYHOT raity3i 1 3a0e3nedeHHs 310pOB’ s I IeH.
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KOHIEIIT «/JIEPBIHI » — «BLJIBHUM; CJIYT'A; POBITHHUK; I'OPSHUAU
TA THHIE»

Jlannabuenko IlaBjo IBanoBuY
JTHBII «'eocucmemay, pavlodanylchenko@gmail.com

SIKmo 3a JIEKCMKOIO caMe OanTChbKi MOBU € HalOUIBII OMU3BKUMHU J0 CAHCKPHUTY, TO
MPacIoOB'IHChKA MOBa € HAWOUThII OMM3BKOIO K JO OUIBII apXaidHOi caTeMHOI BEAWYHOL
CTapOJIaBHBOIHINCHKOT MOBHM, TaK 1 JO CTapoJaBHHOKHUTAHCHKOi MOBH, WO 3TiAHO 3
nocmipkeHusMu Llyn-tynr Yanra [1] Oyna iHA0eBpomneldcbkoo MOBOI0. Jlo Toro x mepiia
nepxasa Ha TepeHax Kuraro [llan-Inb Oyna nepaBoro 30BCIM HE IpallypiB Xyacsl YU XaHbIIIB,
a HacIpaBJi MpallypiB NMpaciioB'sTHCbLKOMOBHUX CapMaTiB Ta TYHI'Y3bKOMOBHUX MaHbUYXKYpIiB,
0 Ha MpOTsA31 0araTbOX TUCAYOJITH MEIIKAJIW Yepe3cMYyX HO O0e3 Oyab-sKoi BOpOXKHeul
MEePEBAXHO B BUCOKOTIPHUX YJIOTOBHHAX. SIKIO 3aBISKH JIEKCHIl MO30aBieHy (IeKcii
TYPaHCBKY 3a T'pPaMaTUKOI0 aHIJIIHChKY MOBY 1 MOKHAa BBa)KaTH I1HJIOEBPOIENUCHKOIO, TO
MaHBWKYPChKY MOBY THM I1ade CIiJ BBa)XaTH IPACIOB'STHCHKO-CTApOIaBHBOKHTANHCHKOIO
MOBOI0. AK€ BOHA Ma€ qyKe OaraTo He TUIBKH JICKCHYHUX, a 1 TPaMaTHYHUX CXOJKEHb 3
MPAaCIIOB'THCHKOK MOBOTO [2].

Ha Tte, mo mpamrypu OUIBLIOCTI YyBalliB TEMHO-YEPBOHOUIKIPI TOPSIHU T'YHH CaBipH
(>kyHU cyBapm), kapaboJyirapu Ta Kapakosapu npuinuii 10 EBpornu 3 Jlanekoro Cxomy pazom
31 CJIOB'SHCbKOMOBHUMHU TEMHO-UYEPBOHOIIKIPUMHU capMaTaMH Ta ajJlaHaMHU-TOPKaMH CBIIYUTh
BEJIMKa KUIbKICTh YYBAChKO-€BEHCHKMX Ta YYBAaChKO-KOPEHCHKO-AMOHCHKUX JIEKCUYHHUX
130TJ10C, OUTBIIICTD 3 JIGKCEM SIKMX MaloTh IPACIIOB'SHChKE MOX0pKeHHs [2, 3] momgiObHO THM,
10 MPUHATIEKATH JI0 KOHIIENTY «JIepOIHT» — «CBOOIAHUH, BUIbHHI; CITyTra; pOOITHUK; YUCTUTH,
OUMIIATH; AEPTH, JTyO, KOpa, JepeBUHA; AbOPraTH, CMUKATH, JOpOra, HUILX; oO0nuyds, jJ00,
Yyepern, 4epeBo; SApPMapok, JAepidaH; TOpsHU; TEPBIHTH, YEpB'sHU, cepOu, capmaTtu; apadu,
apaMmeiIli, BIpMEHU Ta HIIIEe».

qyB. «rap¢d» / *rapda < *TIp0- > *CopO-, eBeHK. «KAIMyMa» [ *[c]k3ny6s < m3pyos >
*CcKima0- > *CKiaB-, «rap0sH» / *eap0sH < *TIp0- < *mp0-, snon. «dorei» / *der[b]ei — cayra;
qyB. «up&K» / *[clup[6]&k < *n€p6-, «manmapy / *candap < *capo- < *TIp0- < *AAp0-, EBEHK.
«IIpYMKAH» | *13p0KkaH[r], «aymky» / *1y[p]ory < *m3[p]ory, «TBIHMYKAT» / *TIPOYKAT <
*mIp0- — «cnobinHuit / cBOOINHUHN, BUIBHUIM; ne[p|Oenuil»; dyB. «rupneitné» / *qupoeiné —
«BUTBHUH BiJ Opyay; UMCTHI; €BEHK. «AbUIaM» / *IbIpad — «IUCTUI [ITPO 3BYK]»; UYB. «CYyI»
| *myn, xut. «daoluy, kop. «doloy, ce0., sBaH. «dalany, smoH. «dOoro» — «3BUTbHEHHH Bij
POCIMHHOCTI MPOXiJ; AOpora, HUIAX»; 4YyB. «Cypdk» / *myp[0]dk, eBeHK. «adpOmirsusj,
JPIIIIPrIY3» — «BUTBHUN MPOMDKOK [B CYIUIBbHIN JEpeBHHI]; TpIilHHA», «I3pOHIrI-Mit /
JIIIIPrI-MiA» — TPICHYTH; 4yB. «4dpMana», «rannana» / *adpoana, eBeHK. «ramymane-mia» /
*nap6ane-Mii, MOHT. «1tyypanxaii» / *quyp[6]anr-, «ypax» / *[a]yp[06]a[u]r — «nep6TH / neptH,
3[MpAaTH [HIKipy, Ty0, KOpy]»; 4yB. «Tup» / *13p, Manpwk. «suki» / *sukii[ra] — mkipa, 4ys.
«aépeity / *a€pait, HaH. «IIPIT», €BEHK. «I3P3» — «IIOBEPXHS T'OJIOBH, 1110 BUTbHA BiJ] BOJIOCCS;
00IMYYs», €BEHK. I / * P03 — «ueperl, T00»; uyB. «Xym» / *1yd, «Xxynd» — «i1y0, Kopay,
HaH. «XOPAKTay, 11aJl.-€BEHK. «3PIKTI» / *[A]3p30T3 — KOpa, €BEHK. « I / *19p63- — «kopa,
MOBEPXHS JIepeBa; AepeBUHA»; UyB. «xdpdamiua» / *adpddia — «3BUIbHATHU BiJ KINTSABH, Opyay;
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YUCTUTH», €BEHK. «rap03-Mii» [ *map0d-Mii — «3BUIBHATH, OYMIATH JCPEBO BiI TLIOK;
0o0pyOyBaTu cydusi», 4yB. «capamacy / *mapabdac — «pO3diTUH, TONHI, OTOJICHUN [TIEPBUHHO
po o0epTHii CTOBOYp, IO HE MAE TUIOUOK]», CBEHK. «IUpUMUa» / * AUprUOIa — « UK [BUTBHI|
POCTHHU: IUOYIIS UM YaCHHK, 110 HE MAIOTh TUIOYOK; YepeMina / * gepedinay; 4yB. «ceabaepen»
| *nep6epeii, smon. «serori»/ *der[b]ori, kop. «selleoli» / *derbeoli, monr. «cenemepeii» —
«IMKa [HeKyIbTHBOBAHA, BiTbHA] POCIIHMHA; celepa»; uyB. «iapMipkka»® / *[n]ap6[r]opr- —
«BIITOPTaHHS, TOPTIBJIA 32 BUIBHUMH IIHAMH; SPMapoK», €BEHK. «apOan» / *m3p[u]Oawn,
*mpo[T]op[r] — «Bemuke CTIHOUWINE; SPMAPOK»; €BEHK. «HPIMAMATUI-MI» [ *[a]3p6- —
«XOJMTH [B roCTi|»; MaHbWK. «yabumbi» / *[d]ya[r]bumbi, kut. «youli» / *[d]yduli — «xoautu
[moBUTBEHO]» (CJIOBa, MO TOXOIATH BiJl MpAacioB'sHCBKOI Jiekcemu *derbing > *terb[ing] >
*s[e]rb > [*srb // *sueb-] > *slebodan > slob[od]an > sloven > slav- // sveb[odan] > svav —
«cno0igHui / cBOOITHUI, BUIbHUI; cBeO = cepO; mBad = CIIOBEH; repMaHellb / TEPMYHIYp =
CepMeH]T / KHUPMYHT» 1 € cropigHeHuMu Jekcemam: *derib > dulib — «BinmbHa, HEKHsKA
MoaMHA; Iymios»; *paderbnyk > *paserbnyk — «mepinna = BimeHa amTHHA»; *derbun[g] >
*té[rlvun > tivun — «BinbHOHalMaHa JitoaMHA = cinyra B KuiBebkiil Pyci; TUByH»; mpaci.-i.e.
*derbM- — «repebutn / *nepOuTH; MKPAOATH; 3AUPATH; 3JTYIIUTH; 3Pi3aTH [3BUIBHAIOYHM Bi
4yorock |»; mpacit. *der[b]ga[m]ti > *d"rgati — «3BUIBHSTH Bi POCIMHHOCTI; IHOPTaTH, CMUKATH,
TATTH, pBaTH»; *der[b]ga > *dorga — «3BinbHEHUIT BiJ POCIMHHOCTI MPOXiJ, MPOI3I; J0opora,
Tporma, cTexkkay; *der[bm]ti > *derti — «aeptH, 3aupaTH; 3BUILHATH Bif KOPH 4K OY/Ib-SKOTO
IHIIOTO TOBEpPXHEBOro miapy»; *derbo > *dervo — «3BinbHeHHIl Bix KOpH OymiBelbHHI
Matepian = gepeBuHa’»; *[su]derb[m]ti > *serbti — «3BinpHATH [0oummarn®] Bix KOMimOK
Metan»; *[su]derebro > sudrabs, serebro — «ounmenwuii Meran; cpi6ao®»; *derbo > *¢ervo —
«BiNbHA Biz OY/Ib-4OTO MOPOKHIUHA; uepeBo®»; *derb > *Eerp- — «KiCTAK roJI0BH, 3BiUTEHEHHIT
BiJl MO3KY; IIOCh 001epTe; uepem»; *derbo < *derdo > *Zprdio — «BinbHa yacTHHA OYyIb-4OTO
CYIIJIBHOTO = OTBIp; KK BEJIUKOI MOCYIHMHH I BHHA; xkepio»; *derba > *torba > *korab
— «BUTbHA EMHICTB JIIsSI pedeii; TopOa, Kopooy»; *derb’ > *Zelbb — «mpucCTpiii 11t BUILHOTO CTOKY
BOJIHM; 5K0J100%»; *derbent — «BinpHMIA ipoxim»; *derberey > *serberey > *selderey — «BinpHa
[nvKa, HEKyIbTHBOBaHA]| pociuHay; *derb > *terv > *¢rve — «BiIbHMIA IPOXi TS DKi; YepB'sIK,
xpobaxk; 3Mmis»; *derbec’ > *Zerbec' — «3BUIBHMBIINIICS 3 YepeBa Ta 1€ 10CI BUIHUHI Bil By31d
KiHb, TOOTO kepeberby»; *derbec' > *vorbbch — «BiIbHMIM, TUKUI ITax; ropobenby»; *derab >
*7eravb — «BUTbHUH, TUKKIA NTax; xypasenb; *derb[tJorg > *jermark > *jarmark — «ropriss
32 BIILHUMH LiHAMu; spMapok»; *deryban’ — «3BibHEHHS HEPYXOMOCTi Bii Jep:KaBHOI
omikuy; *dereb > *Zerbbjb — «crmoci6 3BiTbHEHHS Bili BIMOBINAIBHOCTI 32 IPUITHATE PillICHHS,
Y)KUBAHHI 3 METOIO JIOBUIBHOTO BCTAHOBJICHHSI IEBHOT Y€ProOBOCTI, IPaB Ta 00OB'S3KIB HA II0-
HeOy/Ib, OCHOBAaHWII Ha BHUIIAJKOBOCTI; jkeped»; *deribat — «moBinmbHe moOXimHe; aAepuBaT
[cniopinnene nat. «derivatus» — BimBenenuii |»; mpaci. *derbend > *sermend, uim. «Diener» /
*De[rb]ner, mut. «tarnas» / *der[b]nas, BipMm. «tsarra» / *tsarba < *derba, mar. «servus»® /
*derbus — «BinbHa, He3aneKHA JIFOMHA, 110 MPUXUIBHA 10 KOTOCh; CIyray; JTc. «brivibay /
*d[e]rib-, maoc. «seliphab» / *derib-, y36. erkinlik / *[s]er[b]kin- < *derb- — cBoGoa; anr.
«derby» — «BHCOKA HEMOKPUTA [3BUIbHEHA BiJ TOKPHUTTS| MOCYIWHA; KOTEIOK»; TYpEIL.
«serbest» / *derb- — «BinbHHMIA, Oe3KOIITOBHUIDY; Tiepe. «talk» — Bu3BomMTHCS; TUT. «drabazasy
— «Bimnayia Kkopay; pyM. «telind», oir. «enuHa» / *aep[0]una, MK, «ieiep», ciaBIl. «zeler»,
gec. «celer» / *der[b]er — cenepa; rpem. «dpopoc», pyM. «drumy / *d[e]rub, mopt. «caminho,
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¢panu. «cheminy / *de[r]bin, arc. «celu» / *deru[b] — «mopora, muisx»; H.-myx). «jermank»,
«jermark» / *der[b]mark < *derbtorg, amur. «epmaabikb» / *[n]ap6[T]opr — «TOpriBis 3a
BUIBHUMHU I[iHAMU; sIpMapok»; (paHil. «marchey, anri. «market» / *torget — «puHOK, TOprY;
aHri. «bargainy / *torgain, vim. «Markt», mut. «derétisy» / *der[b]étis — Topr; ramic. «burato» /
*durabo, ciBi. «diera» / dier[b]a, xps. «rupa» / *[die]Jruba, mxx. «mxymka» / *my[p]oxa —
«BUIBHUI TIPOXIiJ Yepe3 MepernoHy; AopKa, Aipkay; smoH. «Kubo» / *du[r]bo, Tamk. «xomi» /
*nopi[6], auri. «hollowy / *dorob, nrc. «dobi» / *do[r]bi, moa. «dziupla» / *dziurba — nymo;
sroH. «karappo» / *darabo — «He3aitHATHH, BUTBHUI; TOPOXKHIMY»; 11011, «dziurawyy / *diuraby»
— HIpsiBUIA).

BoueBuzp, rynu caBipy (TEMHOIIKIp1) OyJIM aHTPOIOJIOTTYHO 3MIIIaHUM HApOJIOM, — TaK
3BaHUMM 3apa3, TypaHaMH. IXHs IUIAXTa Oyla HallaAKaMK CJIOB'STHCBKOMOBHUX CApMAaToOK, IO
OJIPY’KYBaJI CBOIX CHHIB MIEPEBAXKHO 3 KIHKAMH JPYKHIX aJaHO-CapMaTChKUX TUIEMEH. AJKe
HaBITh JI0 CaMOTO TAJIHHSI MaHBWKYPChKOI nuHacTii Kutaro fioro imMmmeparpuili oapyKXyBaiu
CBOIX CHHIB JIMIIIE Ha KIHKaX 31 MIJISXETHOTO €BPOIEOiNHOro pojay HipyHIB (Hipa). I HaBiTh
HAJIOXKHUIL A7 MaiOyTHiX immepaTopiB Kwurtaio oOupanu mnepeBakHO came 3 LbOTO
CIIaBETHOTO POJIY.

Ha Te X, 0 MUISXETHI MAHBWKYPHU Y TIipIIOMy BHTIAAKY OyJIH JIHIIE TypaHaMu’, TOOTO
HE3HAYHO METHCOBAaHMUMH HAIIaJKaMH CJIOB'SHCBKOMOBHHX CapMariB, BKa3ye HE IUIIE
HasBHICTh BEJIMKOT KUTBKOCT1 CJIOB'STHChKO-MaHbWKYPCHKUX 130TJIOC, a 1 Maiyke BIICYTHICTH Y
HUX BCIX THUIIOBHX MOHTOJIOITHUX pHUC (a came, YOpHe, ajie He JKOPCTKE BOJIOCCA, A00pe
npoduIbOBaHEe, a HE CIUIONIEHE OONMYYs, BEIMKUK HIC, MO HE caabo, Ha BIIMIHY BiX
MOHTOJIO/IIB, & HABMAaKW Iy)KE€ CHJIBHO BHUCTYIIA€, BIICYTHICTh a31aTChKOI PO3KOCOCTI OueH i
CMarJisIBICTh 3aMiCTh KOBTHUHU MiKipu). Came mpo 1€ CBITYUTH 1 OMHUC BHUTJISIY KATAHCHKO1
iMmeparpuIi — BonboBoi Hamanuii capmatis Hipysku Lucit [2, 3].

«Bci mamu yBIHIIUTH 710 ayIi€HII-3aJIH, B SIK1i BJke TiepeOyBasia Ha TPOHI IMIIEpaTpulIs, 10
OBJIOBiNA... 32 KilbKa KpokiB Bif Lluci, 3 miBoro 60Ky, Ha TakOMy % TPOHi cuiB immeparop'!
I'yancioii. Bona cepeHb0ro 3pocty, 100pe cKiajeHa, ajle TPUMAEThCs Jeo CyTyayBaro. i
00JIMYYsl TOBracTe, YucTe, cMarisBe, HeHaOuieHe 1 HeHapyM'ssHeHe. Odi 4OpHi, HeBEJHKI, Y HUX
BHJIHO PO3YM 1 MPOHUKJIMBICTH, JY)KE JKHMBI W aHITPOXH HE PO3KOCI, a HAraaylTh CBOIM
PO3MIpOM MUTIATIHHY...» [4].
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! MoxmiBo, 11e Bke MisHs (opMa CII0Ba, IO CYTTEBO 3MIHUIACS TTiJI BIUTMBOM POCIHCBKOTO CIIOBA «SIPMapKay.
2 Jlaypu > TaBpH, TEBKPH > caBapH / caBipu / CyBapH, CeBepa = CiBEpSHM > reOpH, raBeNsHu / TeBenu >
KaypaBH, KaBapu; *nepion = mymiOu > TepByHSHHU / *TepBU = TepBiHTH > cepOu / copOu, COpTH / capTH, KEJbT.
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«cniabu» = *CJIaBU = CBaBH > XOPOTH / XOPYTaHH, XOPAJIU, XOPBATH > Tapy/u, TePY/IH > KapIH, KapiHTH, KPOaTH;
JlaJIMaTH > cepMeH/N / capMaTH / capOaTy > rajMary; J'apadu, I'apaMeiIi, 1 apMsHH [BIpMEHH | — «TOPSTHH; BUTBHI
JIEFOJTHD).

% Panime K MpaiHIOCIOB'SHM, TaK i OUIBIIICTH MPaiHI0EBPONEHIIB BUKOPHCTOBYBAIN Ul TTO3HAYEHHS
JiepeBa Ta JAEPEeBUHHU 1HIIMN TEpMiH, NMOB'SI3aHUI HE 31 3BUILHEHHSIM JiepeBa BiJl KOPH, a 3 JAyXe BEIMKOI0 Horo
Bucoror: *mond < *bond / *bend < *bord / *berd < *berg — «BrucounHa; BUCOKa POCIIMHA; IEPEBO, ICPEBUHAY;
Jart. «Mont-» — «BUCOYMHA, Topay; Hifepi. «boom» / *boon[d], Him. «Baumy, anb. «pemé» / *bemé, nut. «medis»
| *be[n]d- — nepeso; anrn. «wood» / *bo[n]d, ¢pani. «bois» / boi[n]d, mopt. «madeiray, icm. «madera» /
*ma[n]dera, ipn. «(adh)maidy, nut. «medienos» / *be[n]d- — nepeBuna.

4 Back. «garbi», nut. «$varus» / *dar[b]us, nrc. «tirs» / *dir[b]s, manaii. «bersih» / *der[b]sih — «3BinbHATH
BiJl IIKIPKHU, KOXKYpH, Opy/Ty; YACTUTI.

5 JItc. «sudrabs», «sidrabs», mut. siddbras, ror. «silubry, n.-B.-HiM. «silbar, silabary, n.-anrn. «seolfor,
siolofry», m.-dbpus. «sélovery, m.-icn. «Silfr», Gpank. «cHigepm», anr., mBea. «Silvery, c.-.-HiM. «Silbery, smomH.
«shiruba» — cpibno; mek4ye «siri» — MeTal; aKK. «sarpu» — «O4YHMIIeHe cepedpo [IpaiHmoCIoB'THChKE
3aMO3UUYCHHS]», «Sarapu» — «OUHIIATH, BUILTABIIATID).

6 Mpaingocn. *derbhah > *sarbhah > cuckp. «garbhah» — «martepuna yrpoba, yepeBo [BinbHa yTpobal;
3apPOJIOK».

7 Ileii TepMiH, 10 XOY 1 Ma€ IIPACIOB'AHCHKE MOXOJKEHHS, CydacHi CJIOB'SHH, BOYEBH/Ib, 3AIIO3HMUWIA Y
€BCHKIB.

8 Omxe, ciyramu, sIK i CIaBETHUMM CIIOB'SHAMM YM CKJIABMHAMM, Ha BiJIMiHy Bijl IPUCIYIH MOXYTh OyTH
JIMIIE CaMOJIOCTATHI Ta BUILHOIOOHI JIFOJTU, a 30BCIM HE TIOHEBOJICHI JIFOJIM, a TUM Maue i He J0OpOBUIbHI padu
(xomomn): «Cykutt 6 pajuii, mpuciIyroByBatiuch TomHo» [['puboemnos]. Maupwk. «gebu / *de[r]bu, mam.
«rapOy», eBeHK. «rap6i» / *mapoi — iM's1; eBeHK. «IpO3H» [ *¢ap0oH < *Tap06- < *map0-, «K3myM» [ *[c]K31§63
< 13py0m > *cknad- > *ckinas-, snoH. «dorei» / *dor[b]ei, smon. «sabanto» / *da[r]banto, mowr. «3api» / *map[6]11,
qyB. «Tapcd» / *Tap6d < *TIp6- > *copb- — cayra; eBeHK. «IIPYMKAH» | * pOKAH[T], «aymMKy» [ *Ty[p]ory <
*m[plory, «TeiHMYKAT | *T3[p]OyKAT < *mIp6-, uyB. «updk» / *[c]up[6]ék < *mép6-, «manmap» / *canbap <
*cap0- < *mIpb- < *mIpO- — «cnobimHui / cBOOIAHUWIA, BibHHWIY; HaH. «1€0omMOm» / *n€[ploombOm, ceb.
«trabahante» / *darbahante — pobiTHuk; HaH. «aé60n» / né[p]6on — mpar (Bix mpaci. *derbing — «BijbHHI;
TIOCITYXKIIUBHIA; IMEHUTHIH; POJOBUTHUI; IIUIIXETHUIT;, Bostogap repOy»; iuT. «darbuotojas»y — «ciryra, npaiiBHUK»;
Oenr. «$ramika» / *d[a]rbika, katan. «treballador» / *derballador, nopt. «trabalhador», dpanu. «travailleurs» /
*darbailleur, nrc. «darbiniecey», nut. «darbininkasy, Him. «Arbeiter» / *[D]arbeiter — pobitTHuk; auT. «tarnas» /
*dar[b]nas, an6. «shérbétor» / *dérbétor, aHri. «servant», ar. «servusy, itai., HopT. «servo» / *derbo — ciyra;
nart. «privatey / *d[e]ribate — npuBaTHuiA; aHTI. «tear» — geptH).

° B maBHuHY TypaHamu / *ypaHaMH, BOYEBH[b, HA3MBAIM HAILAJKIB MOHIOJOIIHHAX MATePiB i €BPOIEOiIHIX
0aTbKIiB TOPLIB. AJDKe MpaMaHbWK. *Typa, €BEHK. «ypI» — ropa, a €BeHK. «TypaH» — HECBIMChbKHN (BiNbHH,
TipChKHi) KO3€I.

10 3j capmarchkoro nuisaxersoro memeni Hipa = Hipyn = JKyaHb-KyaHb, LLIIXTa SKOro, sk i Tatapu, Tangzanc
ta Tamxuku = Captu / Coptu = Cop0u, Oys1a HaiaakaMu ciioB'ssHebkoMoBHEX MauiB 1 CstHp0i = Cep6iB = CepiB.

11 Omxe, HaBiTh, SAKIIO MaHBWKYPChKI iMmepatopu Kuraro i He Oyau 3a HONOBIYOK JIHICIO HAIIAIKAMH
CIIOB'SHCBKOMOBHHX CapMartiB, TO OOHMpajid Co0l OPY)KUH | HAIOKHHIG MEPEBAKHO 3 APYKHBOIO CAPMATCHKOIO
IULIXETHOTO KJIAHY €BPOIICOiNiB HipYyHiB. | 3aBISIKM IIbOMY BOHHM JUCTAHIIIOBAJIFICS HE JIMINIC BiJl KMTAHUIIB, a 1 B
MaHBWKYPCHKOTO MPOCTOHAPOIIA, a TAKOXK 1 YCIIAAKYBaJIl PO3YMOBI 3Mi0HOCTI BiJ capMaTChKHX OaTbKiB CBOIX
MaTepiB. A THM CaMUM 3a PO3YMOBHMH 3[110HOCTSAMHU BOHU QakTH4dHO Oynmu capmaramu, — [1. /1.
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MOJIEJII TVIMBUHHOI'O HABYAHHA IJ151 PO3III3BHABAHHSA
30bPA’KEHDb HA MOBIJIBHUX IIVIAT®OPMAX

Muponiwok JImutpo Mupocaasosuy, biaarirko boraan fipociaBosuu
Jlveiecoruti HayionanvHul yHigepcumem imeni leana Opanka,
axyomem ereKmpoHIKYU Mma KOMN 10MepHUX MexXHOoA02il
myronyukdmytro@gmail.com, blagitko@gmail.com

. BCTVII

HITyqHuil iHTENEKT € MPOBIAHUM HAIPSMKOM CYYacHOT HAyKH, KU HMIMPOKO JOCIIIKYEThCS Ta
BIIPOB/KYETHCS Y TOBCSAKICHHE XUTTS JIIOJICTBA. Benmuky poib y HOro po3BUTKY 3irpaB HIBHIKUHA
PO3BHTOK armapaTHuX 3aco0iB, sIKi JAIOTh 3MOT'Y BUKOHYBATH BEJTKHI 00CAT 00UUCIICHD 32 MPU HHATHUHA
yac. OcTaHHIMH pOKaMH OJIHIEIO 13 TOJOBHUX MPOOJIEM € MepeHEeCEHHS 00UNCIIeHb, SIKi BIIHOCATHCS J10
00paxyHKy aJrOPUTMYy MAIIMHHOIO/TIMOMHHOIO HABUYaHHS HAa MAJIONOTYXHI —Creliaai3oBaHi
mwiatdopmu. Le nae 3mory 3a0e3neunTy NPUHHATHY IBUIKICTH O0YMCICHb Pa30M i3 CYTTEBO MEHIITHM
CIIOKMBaHHIM €HEprii, 0 CyTTEBO MOKPAIYE aBTOHOMHICTh Ta HE3AJICKHICTh TAKUX MPHUCTPOIB BiJl
MOTYXHHUX XMapHUX 11at¢opm. Pa3oMm i3 1M, BUMOTH JIO TAKOTO THITY TIATQOPM MOCTIHHO 3pOCTAIOTh,
1 BUHUKAIOTh HOBI MpoOJIeMH NOPTYBAaHHS Ta BIPOBADKCHHS THX YM IHIIMX ajJrOPUTMIB HA HUX.
CrocTepira€Tbcsi  CyTTEBHH  TNPOrpeC Y  PO3BUTKY  CHEIIaJbHUX  MIKPOKOHTpOJEpiB  Ta
MIKpPOKOMIT FOTEpiB, SKIi MAalOTh Yy CBOEMY CKJIaJi amapatHi MPHCKOPIOBAYi PIi3HOI MOTYKHOCTI Ta
MponyKTUBHOCTI. [IpoTe, 6araTo po3poOIeHUX CUCTEM OOMEXKYIOTHCS PIBHEM CUMYJIALLIT, 110 3MEHIITYE
MIpaKTHYHE 3HAYCHHS TAKUX PO3POOOK.

B mi#i po60Ti OCHOBHHM 3aBJIaHHSIM € JOIMIOBHEHHS Ta PO3UIMPEHHS 3HAaHb MO0 MPOAYKTHBHOCTI
PI3HUX THITIB MOOUIBHUX IIATHOPM, a TAKOXK MPOSKTYBAHHS IMPOTOTHITY IHTEIEKTYaJIbHOI CHCTEMH Ha
OCHOBI rpaHUYHKX (edge) 00UnCIIeHb 3 MAKCHMAJIbHOIO aBTOHOMHICTIO. OCHOBHY yBary I 4ac poooTu
TIPUIUICHO MaKCHMi3allii MBUIKOCTI pOOOTH anropuTMy TNIMOWHHOTO HaBYaHHS Oe3mocepeaHho Ha
m1aThopMi 13 MaKCHMaJIbHO MOMKJIMBAM HaOMMKEHHSM N0 BUKOHAHHS aJTOPUTMIB TIIMOMHHOTO
HaBYaHHS y pealbHOMY uaci. [Ipu 1[bOMy BpaxOBYOTHCS MOXKJIMBOCTI IUTAT(MOPMH Ta OCOOJUBOCTI
MIZXO/IB IO ONITUMI3allii MOJIeNel 3 MiHIMaJIbHUM TTOHWKEHHAM TOYHOCT1 MOJEIT.

. O®OPMYBAHHA PEIIPEBEHTATHMBHOI'O HABOPY JIAHUX MO/IEJII
INIMBUHHOI'O HABYAHHA 10 HABUAHHA

VY sKOCTI HITPOBHUX MPHUCTPOIB IS AOCIIHKEHHS Oylio 00paHO KiIacH4Hi Kiacu]ikamiiai Moaeni
MTHOMHHOTO HAaBYaHHS Ta MOJIEINI IS JIOKaJTi3allii 00’ €KTiB, a Y IKOCTi OOYMCITIOBAIBHUX TUIATGOPM IS
BUKOHAHHS — TOMYJISIPHI pIIIEHHS, $SKi BHUKOPUCTOBYIOTHCS IHIIMMH JOCIITHUKAMH Y TMpoIeci
BUKOHAHHS NPAaKTHYHHX 3aBJaHb 3 IHTerpamii Moneneldl TIIMOMHHOTO HaBYaHHS y CHUCTEMH 3
O00OMEKEHUMHU O0UNCITIOBATBHIMHU PECYPCAMH.

Juns cTabinpHOI pOOOTH Ta AKICHOT MiATOTOBKH CHCTEMH Ha OCHOBI KiacudikaTopa rimuOMHHOTO
HaBYaHHS HEOOXiTHOIO YMOBOIO € HasiBHICTH C(hOPMOBAHOTO HAOOPY JaHUX, AKi € Perpe3eHTATUBHUMHI
IUIsl KO)KHOTO KJIacy IaHUX, SIKMH Oyle IeTeKTOBAaHO CHCTEMOIO. ICHye mpsiMa 3aleKHICTh MK
KUTBKICTIO JAaHWX HA KIac, sIKi OyAyTh 3aCTOCOBAHI TSl HABYAHHS MOJIEINI Ta MPOAYKTUBHICTIO TOTOBOI
Mozeni. Sk mokazano y mocmimkeHHsX [1,2], y pasi 30uIbIIeHHs KiUTbKOCTi (hoTorpadiii Ha Kiac,
cepefHs TOYHICTh Kiach(ikaiii pocTe eKCIIOHEHIIMHO A OLIBIIOCTI MPUHHATHX MeTpuK. Pazom 3
TUM, TaKH{d PO3MOIUI Ta KUIBKICTh BXiMHUX QoTorpadiii TakoX 3aJI©KHTH BiJ 0OpaHOTO METOMY
HaBYaHHS MEPEeXKi, OCKUIbKM HaBYaHHS «3 HYISD» BHMarae OUThIIOi KUTBKOCTI JaHWX HABYAIIEHOTO
Ha0oOpy U BCTAHOBJIGHHS BAaroBWX KOE(IIliEHTIB KiaciB. [HIMIA MeTON — TOKpalleHHS iCHYIH4Ol
MOJIEN1 3 aJalTalli€l0 — BUMarae MeHINOi KiTbKocTi maHuX. OmHaK, y IbOMY BUNAAKY HEOOXiTHHMA
MpaBWIBHUI BHUOIp Mopeni, sika Oyae 3acTOCOBYBATHCH JUIsl 10 HaBYaHHI. 3a/ladl MamTh OyTH
ONMM3BKMMH 32 CYTHOCTSAIMH JaHUX Ta iX CTPYKTyporo. Toai MOXKHa JOCATTH BaroMuX pe3yibTaTiB 3
CYTTEBO MEHILIMM HAaOOpOM JaHUX.

[Hma npobnema, sika BUHHMKAe Min Yac 300py JaHMX — HEPIBHOMIpHICThH 3i0panux nanux. Lle
O3HaYae, 10 KUIbKICHUN PO3MOALT 300pakeHb MK KIacaMH JTaHHX € HepiBHOMIpHUM. SIK HACHiJOK,
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BHKOPHMCTaHHS TAKUX JIAHUX /I YaC HABYAHHS MPU3BOUTH JI0 TIPIIUX PE3yJIbTATIB PO3Mi3HABAHHS JUIsI
KJIACiB 3 HEJOCTAaTHhOK KUIBKICTIO NaHWUX s HaBuaHHs. Jlns momonaHHs 11i€i mpoGiemu Oyiio
PO3pO0ICHO HU3KY METOIIB, SKi JOMOMAaralTh 3MEHIIUTH BILUIMB HeOaIaHCy TAHUX IS PI3HUX KJIaciB.
Huxdve HaBeeHO OCHOBHI TEXHIKM MOJOJaHHS HEPIBHOMIPHOCTI JaHUX Y 3ajadax TIJIMOMHHOIO
HaByaHHA [3]:
. PobGota 3i 3paskamu. TyT BapTO BHOKPEMHUTH JBa METOAM: IITY4YHE 30UIBIICHHS KiIbKOCTI
3paskiB (oversampling) Ta ITydHe 3MEHIICHHS KiuIbKOCTi 3paskiB (undersampling). Ili meromu
BBAXAIOTHCS KIACHYHUMU i POOOTH 13 HEPIBHOMIPHO PpO3MOAUICHUMH JaHUMH Ta MOXYTb
3aCTOCOBYBATHCh SIK OKPEMO, TaK i pa3oM i30JIbOBAHUM CHOCOOOM. MeToJ IITYYHOTrO 3MEHIICHHS
KUTBKOCTI 3pasKiB MOJSIra€ y 3MEHINEeHHI KUTbKOCTI 3pa3KiB sl KIaciB, SKi MaloTh CYTTEBE
MEPEBUIICHHS] Y TOPIBHSAHHI 13 KJlacaMu, I SKMX 3i0paHO MeHIe JaHuxX. MeToa ITY4YHOro
30ULIBIIEHHS KUIBKOCTI 3pa3KiB IMPAIlO€ aHAJOTIYHO, ajieé 3aMiCTh 3MEHIICHHsI KUIBKOCTI 3pa3KiB
JOMIHYIOUOTO KJIaCy MH 301UIBIITYEMO KUTBKICTh 3pa3KiB MiHOpHOTo. [IpaBmia BuOOpy Takux Kiacis, a
TaKO)XK METOJIMKA MPOPIHKCHHS 3pa3KiB  MOXE BapilOBATUCA 3aJIOKHO BiJl KOHKPETHOIO
BuMnaaKy. HalOuIbII MpOCTUMU BBaXKarOThCS METOJM HA OCHOBI BHUIIAJKOBOT'O BUJIYYCHHS (y BHITaJIKY
BUJIYYEHHS 3pasKiB JoMiHyrouoro kinacy) [4]. HemomikoM Takoro THITy METOMIB € MOXIIMBE
MepeHaBYaHHs I METO/IIB IITYYHOr0 30UIBIICHHS Ta BTpaTa BXKJIUBUX JaHUX JUIS METOIIB IITYYHOrO
3MEHIIICHHs. bararo cy4acHMX METOIMK IIpallf0€ Ha OCHOBI ajaroputMmy K-cycimHix misi BuOOpy
HaHOUIBII BIAJANCHUX 3pa3KiB 3 TOYKUA 30PYy BJIACTHBOCTEH Ta I[IHHOCTI jjis HaBuyaHHS. OmHUM 3
HaNOLTBII SICKpABUX MIPUKIIaJIIB TaKoro aJTOPUTMY € SMOTE
(synthetic minority oversampling technique), me 3acTocoBy€eThCS MOAIOHICTE 3pa3KiB MIHOPHHX KIIaciB
JUTSL IITYYHOTO 301IbIIeHHS 3pa3kiB [5,6].

o Bukopucranus QyHKIii HaBYaHHS 3 ypaxyBaHHSIM TOXHOKW s 3pasKiB, sKi

kinacudikyroThest xuOHO. IlpukiazoM Takoro aaroputMy MokHa Hassatd AdaCost, skuit

TIpaIfioe Ha OCHOBI Tiaxoxy HaBdaHHs AdaBoost [7].

PeanizoBana kiOep-dizuyHa MOIENb PO3Mi3HABaHHSA 300pa’KCHb HA MOOUIBHUX ILIaT(opMax

[8]. [ns Bizyamizarii 300pakeHb BHKOPHMCTAHE INTATHE MiAKIOUYEHHS (porokamepu — OV5640 S5MP
USB Camera AF. Habopu manux dopmysanuce mus tumy Transfer Learning. Xapakrepuctuku

BXiTHOTO HaOOpy 300pakeHs J0 TonepeaHpro1 00pooky mpuBeacHi B Tabm. 1.
XapaKTEpPUCTUKH BJIACHOTO BXiIHOro Habopy nanux. Taoi. 1

XapakTepucTuka 3HaueHHs

KinpkicTs yHiKaIpHUX 300paKeHb 300

Kinpkicrs kmacis 6

AyrmeHTaris Yes (rotation, perspective, scaling, mosaic)
Po3mip 300pakeHHs 640x640 RGB

[1I. MOAEJII INIMBUHHOI'O HABYAHHA I HAC TA IIICJII HABUAHHA

OCHOBHMM  aNTrOpUTMOM  pOOOTH €  MOAeNb TIUOWMHHOTO HAaBYaHHSI Ha  OCHOBI

3rOPTKOBOI HEHPOHHOI Mepexi. Takoro THUIMY MOJENbh BHKOPHCTOBYE HAaKJIagaHHS (UIBTPIB Pi3HOI
KUTBKOCTI Ta PO3MIPHOCTI JIi KOPEKTHOrO BHJAUIGHHS BIIACTUBOCTEH Imij Kiacudikarito. s
MIJTOTOBKY TPOTOTHUITY Ta arpoOariii 3arpornoHOBaHOTO KOMOIHOBAHOTO allTOPHTMY 3aXOIUIEHHS Oyiio
MIPOAHATI30BAHO BEIUKY KUIBKICTh MOOUTBPHUX MOJENEH i ranOuHHOro HaBdaHHS [9]. PesymbraTom
CTaJI0 BUJIIEHHS JIEKLTBKOX apXiTEKTYyp, sIKi 1 OyJIM BHKOPUCTaHi y SKOCTI OCHOBHHX ITiJl 4aC pOOOTH
aJITOPUTMY.

s BuOopy Mojeni 0yino BUKOPUCTaHO HACTYITHI KpUTepii:

e TIEPBHHHA IEpeBipKa IIBHIKOCTI poOOTH MOJeNi Ha CTalioOHAapHIA Ta MOOLIBHIN TuaTdopMi
(poboTa monepengHbO HABUEHOT MOAENTI 13 BUKOPUCTAHHAM CTaHAAPTHOTO LIMPOKOTO 3 TOYKU
30py KUIBKOCTI Ki1aciB Habopy naHux ImageNet);

e aHaJi3 MOXJIMBOCTI Ta 3pYYHOCTI pO3TOpPTAaHHS MOJENI Ta MiABUILICHHS MIBUIAKOCTI ii poOOTH Ha
L1TbOBOMY HPUCTPOT;
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e 3pYYHICTH KBaHTH3AIlil OIIEPATOPiB MOAEII AJIs 1i ONTUMI3AIi] MTiCIsS HAaBYAHHS;

e KpUTEpill AOCTaTHBOI TOYHOCTI MOAEN JUIl XapakTePUCTHUK 300pa)keHb, SKi OyAyTh
00pOoOIIATHCS 32 JOIOMOTOI0 00paHOl MOJIEITI.

BinnoBigHo 10 1UX KpUTEpiiB Oys10 BU3HAYCHO CIIUCOK MOJENIEH JIJIs TECTYBaHHS Ha MOOLTBHHX
wiatdopmax (Tabm. 2).

Mogemi Uit po3ropTaHHs Ha MOOLIBHUX IuIaThopMax. Tadm. 2.

ApxiTexTypa KinbkicTe mapamerpis (Hadip moaeaeii torchvision [10])
GhostNet 2,218,512

NasNetMobile 2,542,856
Mobilenet 3,504,872

MobileNetV2 5,288,548

EfficientNetB0 7,225,885
YOLOV5n 2,218,512

st TectyBaHHs OyJj0 BUKOpPHCTaHO TporpamMumii kapkac Pytorch mogeni YOLOvSn. Kinbkicth
knaciB TectyBaHHS — 10, KinbKicTh 300paxkens — 100. Bysno BHKOpUCTaHO OpHUTiHAJBHI MOMEPEIHBO
HaTpEeHOBaH1 MOJIEI JUTSI KOPEKTHOTO CIIIBCTABJICHHS PE3yIbTATIB.

IV. BUCHOBOK
BryTpinmHs HEOMHOPIMHICTD, TAPANCNBHICTD 1 YYTINUBICTH MO0 Yacy pO3ITi3HABAHHS 300paKeHb
CTBOPIOIOTH Oarato mpoOjeM. PeamizoBaHa kiOep-¢i3nyHa MOJEIb PO3IMi3HABAaHHS 300pakeHb Ha

MOOUTEHHX TIaThopMax Imoka3ana 3a0BUIbHI PE3yIbTATH.
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MOJIEJIOBAHHSI BIACTUBOCTEN T'EKCAI'OHAJIBHUX
HAHNIBINPOBIIHUKOBUX KPUCTAJIIB 3A 1O0IIOMOI'O1IO

KOMIIJVIEKCY ITPOI'PAM ABINIT

Cupotiok C.B., Mumumun P.B.
Hayionanvnuti ynisepcumem «JIvgiécoka norimexuixay stepan.v.syrotiuk@lpnu.ua

Meron npoekuiiinux npuenHanux xswib (PAW, projector augmented waves) [1]
MOEJTHY€E PUCH TICEBIOTOTEHINIAA 1 BCE ENIEKTPOHHOTO METOJLY NMPHUETHAHUX IIOCKUX XBHUIIb.
XBUIILOBA |/, > Ta IICEBAOXBUIIbOBA |17, > (DyHKIIII 3B'13aHi MK CO0OI0 TaK:

vo (1> =17, () >+ 2 3 (14°(1) > = 162(0) > )(B7 |v,) (1)

ne |@*(r)> — atomHa xBwibOBa (yHKIis, |4 (r) > — NCeBNOXBHILOBA DyHKILiA, a <f),a
¢byukuis npoekrop. IlincymyBanns B (1) mpoBaguThCcs 3a cdepaMu NpUETHAHHS, SK1
HYMEPYIOThCS iHIeKcoM @, a ingekc | ={n,|,m} BixmoBigae KBaHTOBUM YKCIaM — FOJOBHOMY,

opOiTaTbHOMY 1 MarHiTHOMY, BIATIOBIIHO.
3 piBHsiHHs (1) Gaunmo, 1110

ly,(N>=7]y,(r)>, (2)
Jie oIepaTop 7 IMEepPEeTBOPIOE MCEBIOXBUIIBLOBY |17, (I) > y BCe €IEKTPOHHY XBHIBOBY (DYHKIIIIO

[y, (N)>.
SIBHa opma onepatopa 7 BUILIMBAE 3 PiBHAHHA (1):

P12 |o) [ ) (o
Cramionapne piBusiaas [Ipeninrepa
H|an>:|an>gn (4)

3 ypaxyBaHHSM (2) HaOyBa€e HACTYITHOTO BUTJISITY:

. 3)

¥)e, 6

y IKOMY IIIYKQHUH CHIEKTp €IEeKTPOHIB &, TaKui, K 1 B pIBHAHHI (4).

r*Hr“i’n> =7'7

Enextponna ryctuHa y Metoai PAW Bu3Ha4aeThecst TphoMa J0AaHKamu [ 2]:

p(r)=p(r)+ D (p*(N)-p(r), (6)

[Mepmit MomaHOK — MUaBHa mceBaoryctuHa pP(r), sika 300paxkyeThest 3a JTOMOMOTOO

nepersopeHHs Pyp'e

A= fu

ne f. — 4ucna 3amoBHEHHs OJHOCNEKTPOHHUX CTaHIB, K — BekTop 3 mepiioi 30Hu BpuitoeHa,

U =5 TAE, )
G

N — HOMEpH 3aceleHUX eJeKTpoHamu 30H, (2— o0'em enemeHTapHOi KOMipkH, G— BEKTOp
o0epHEeHOi rpaTK KpUCTaja.
Jlnst Bce enekTpoHHOT pyHKIIT popmyna (7) mana 6 Takuid BUTTISA:
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p(r) =S £ [ ¥ () = ézp(e)eie* o ®

Mix dhopmynamu (7) Ta (8) € myxe cyTTeBa BiqMiHHICTh. BoHa momnsirae y ToMy, 110 piBHSAHHS
(7) motpebye as possunenHs pagxy ®yp'e ~ 10° pextopiB G, Tomi K AIs JOCATHEHHS

0JIHAKOBOI 3 PIBHAHHAM (7) TOYHOCTI PO3PaxXyHKy iX MOTpiOHO BukopucTaTH y (8) ~ 105, Oxe,

OINIEpYBaHHS BCE EIEKTPOHHOIO OQyHKUiero |y, (r)> y kpuctami poOute 3amady (4)

HE3/T1iCHEHHOIO 010 PO3B'sI3aHHS HABITH HA CYNEPKOMITIOTEPAX.

HactynmHi [1Ba J0JaHKM TyCTUHU €JIEKTPOHIB BCEpeauHl cdepu MpHeTHAHHS

BHU3HAYAIOTHCA 3a JOTIOMOTOI0 CIPOEKTOBAaHUX KOE(ILIIEHTIB 3aCEJICHHS CTaHIB:

Wija = Z fnk <q1nk r)ia><r~)?1 {Pnk> ! (9)
a caMe:
PN =2 Wie (Ne}(r), (10)
AP(r) =2 Wia (N} (r). (11)

Inest metomy PAW mnonsirae B meperBopenHi piBHsHHS [lIpenunrepa 10 Takoro piBHSHHSA, Y
SIKOMY HeBimomoro dyHkiiero crany € |V, >. SIkmio % BoHa 3HalieHa, To 3a jomnoMororo (1)
OTPUMYETHCSI BCE eeKTpoHHa (yHKIis crany |V, >. Uepe3 OCTaHHIO 3HAXOAWMO T'YCTHHY

€JICKTPOHIB Ta BIAMOBIAHHK il moTeHIian XapTpi. OOMIHHO-KOPENAMIMHNN TOTEHINan OyB
obpanuii y popmi PBEO [3-7]

Po3paxyHKu eeKTpOHHHUX BIACTHBOCTEH MaTepially TeKCaroHajaIbHOI CTPYKTYPH
ZnCrSeS Oynu BUKOHaHI 3a IOTIOMOT010 KOMILJIEKCY mporpam Abinit [8]. Moaentto
CTPYKTYpH cllyryBajna HagakoMipka ZNnsiCriSeisSie. CTpyKTYpHI apaMeTpu HaJKOMIpKU Oyiu

e —— —
————

=

o

Puc. 1. EnextpoHHi enepreTuyHi criektpu Matepiany ZnCrSeS 31 criiHaMu Bropy (up) Ta BHU3
(down).
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ONTUMIi30BaHi 3a IBOMa Kpokamu. [lepimii eTan nonsraB y ontumizaiiii napaMmeTpiB KOMIpKH
aTa C, a Ha IPyroMy ONTHUMI3yBaJIUCh KOOPAMHATH ii aTOMIB. Pe3ynbpTaTu HaBeneHi Ha

pucynkax 1-3.
Kpusi na puc. 1 Bka3yroTs Ha Te, o Matepian ZnCrSeS BUSBIIsIE BIACTUBOCTI METAILY

IUTSL €IIEKTPOHIB 31 CITIHOM Bropy, 1 HAIBIPOBIIHUKA — JUISI €JIEKTPOHIB 31 CIIIHOM YHH3.

0.16 - 1-
spin up ZnCrSeS ——1Zn-s spin up ZnCrSeS ——1Crs
——22Znp 3 ——2Crp
—32Znd ——3Crd
€ =
& g 1 ;
S S 04 /\
® ® 2
3 z ]
3 3
| spin down spin down
-0.16 = : . ; . . -1 ai . - : : - .
6 5 4 3 2 1 0 1 2 3 4 6 5 4 3 2 1 0 1 2 3 4
(eV)

(eV)
Puc. 2. [TapmianbHi TycTHHU eneKTpoHHUX cTaHiB Zn ta Cr B marepiani ZnCrSeS 31 cniiHamMu

Bropy (up) ta Bau3 (down).

Kpusi ryctunu ctaniB (puc. 2) BUABISIOTh AOMIHYBaHHS cTaHiB 3d Zn y riauOmrii
YaCTUHI BaJICHTHO1 30HU, TO1 sik ctaHu 3d Cr TOTaabHO TIEpeBakaroTh B 0Koui piBHSI Depmi

JUTSI €JIEKTPOHIB 31 CIIIHOM BropYy.

0.5+ 0.5
spinup ZnCrSeS ——1Se-s spin up ZnCrSeS —18-s
——28Sep 2 —2Sp
——3 Sed —38d
= —
£ 3 g_ 1
2 L
5 0.0 -.*'15 5 0.0 2 ad
B 3 8 3 1
2 2
spin down spin down
-0.5 : ‘ . . . . -0.5 . . ‘ . . ‘ ‘ .
6 5 4 3 2 414 0 1 2 3 4 6 5 4 3 2 414 0 1 2 3 4
(V)

(eV)
Puc. 3. [TapuianbHi TYCTUHU eNEKTPOHHUX cTaHiB S€ Ta S B Marepiani ZnCrSeS 31 ciiHaMu

Bropy (up) Ta Buu3 (down).

Kpusi ryctunu cratis (puc. 3) BUABISIOTH JOMIHYBAaHHS CTaHIB p cUMeTpii Se Ta S 'y

MO YacTUHI BaJIGHTHOT 30HU, TOJ1 SIK B OKOJIi piBHS Depmi BOHU BIJICYTHI.
BucnoBok. Marepian ZnCrSeS BusiBsie HariBMeTasaeBi BIaCTUBOCTI, TOOTO AJIs CITiHA

Bropy BiH € METAJIOM, a IS CIliHa BHU3 — HAMMBIPOBIAHUKOM. 3HAUUTh, HOTO MOKHA

PO3rIIaTH KaHAUIATOM JJIsl 3aCTOCYBAHHS y CIIIHOBIN €EKTPOHIIIi.
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The COVID-19 vaccine contains the SV40 oncogene

Yoichi Arai
Chernivtsi Bukovinian State Medical University
yoichiarai@yahoo.de

So how do you create a vaccine for COVID-19? Plasmid DNA, used in genes such as E.
coli, is circular DNA that contains the information to make spike proteins. During cultivation,
the amount of circular plasmid DNA increases. Then, by cutting part of this plasmid DNA and
replacing the mRNA where the DNA is cut, the genetic information is created to create the
spike protein. In other words, mRNA is created by cutting only the genetic information in the
part of the plasmid DNA that forms the spike protein. By converting only the DNA that can
form the spike protein into mRNA, it became possible to produce large quantities of the spike
protein.

This modified mRNA is then placed inside lipid nanoparticles and coated with polyethylene
glycol to complete the vaccine. This is an mRNA vaccine (messenger RNA vaccine). The
plasmid DNA contained in such a final vaccine becomes a tool for genetic modification, so it
must be removed and only the part that produces the mRNA is purified and placed into
nanoparticles.

However, when American genome analysts analyzed the genomes of vaccines from two
companies, Pfizer and Moderna, they discovered that they contained DNA in addition to
MRNA. Moreover, the contaminated DNA was circular in shape. Plasmid DNA has bands of
different sizes, and this is the genetic information that creates proteins. Moreover, Pfizer's
plasmid DNA contained SV 40. This SV 40 (simian virus 40) is a cancer virus that infects
monkeys and humans. SV 40 is called a promoter and has the ability to recombine the genome
for infection with high efficiency. The SV 40 gene is genetically linked to cancer, so when SV
40 is integrated, the human gene is immediately integrated, creating the possibility of cancer.
Moreover, if this SV 40 were DNA, it would be able to penetrate the nucleus of a human cell
very efficiently. If SV 40 remained as mRNA, it would take time to enter the cell as reverse
transcriptase would be required to enter the cell nucleus. However, because plasmid DNA is
the very device that allows substances to enter cells, it causes genes such as E. coli to become
resistant to antibiotics and penicillin. This is the basis of genetic engineering. If SV 40 were
introduced into the nucleus of a human cell, the genetic information would rewrite the person's
genes.

What about the Pfizer case? The Spike protein gene causes circulatory problems by producing
the spike protein, but if the SV 40 gene is introduced, there is a possibility of cancer. In this
sense, an oncogene can continue to be expressed in a cell until the cell dies. This is a huge
problem abroad, but in Japan experts do not deal with this issue.

Because different types of vaccines are produced and each vaccine has a lot number, it is
necessary to re-examine all vaccines. The Pfizer vaccine specifically contains this oncogene
called SV 40, so it is necessary to look again at why an unnecessary oncogene was added to the
vaccine during the vaccine manufacturing process. Did someone intentionally and with
malicious intent mix in the SV 40 oncogene?

SV 40 enters the nucleus of human cells in the form of DNA and remains there until the cell
dies. In other words, this oncogenic gene remains permanently in the cell nucleus until the cell
dies. In addition, because Spike proteins are foreign substances, they become targets of immune
attack and their cells are also more likely to die. However, when these cells die, gene expression
stops and immune cell attacks stop. In the case of a surge, rather than SV 40, immune cells
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respond to the surge, and if oncogenes are expressed during this time, cancer occurs. However,
if these spikes form on the surface of cells throughout the body, immune cells begin to attack
cells throughout the body. For example, if spikes form on the surface of cells such as heart cells,
lung cells or germ cells, if spikes form on the surface of these cells, immune cells will treat
these cells as foreign substances and attack them.

What happens to these lipid nanoparticles when they enter the human body
(pharmacokinetics) has been studied in detail in experiments on rats. When the Spike protein
enters the bloodstream, about 30% of it accumulates in the human spleen and liver. Spleen and
liver cells are initially cells that capture and process foreign substances. Many spike proteins
assemble in the spleen and liver. However, the third place where spike proteins accumulate is
in the bone marrow. Human blood volume is 5 liters (L), and 50% of it is made up of 2.5 liters
(L) of blood cells. The bone marrow continues to produce 2.5 liters (L) of blood cells every
day. In other words, there are many hematopoietic stem cells (HSCs) in the bone marrow. If
oncogenes reach such areas, such as the bone marrow, leukemia can occur. This is the third
organ where spike proteins tend to invade.

The fourth organ where proteins are most likely to end up is the ovary. The fifth organ where
spike proteins tend to invade is the adrenal glands. Therefore, hormonal metabolism is
disrupted. The spike protein then enters the male epididymis (epididimis), the site where the
next generation of sperm is produced and sent in large quantities. In other words, both men and
women will not be able to have children after receiving this COVID-19 vaccine. In fact, the
autopsy results of a man who died after receiving this COVID-19 vaccine in Germany have
been released. A histological examination of the man's testicles revealed that there were no
sperm at all and that the testicles produced spiked whites covered in spikes throughout. If the
spike protein enters the ovary, the ovary itself becomes a target for attack by immune cells,
killing the cells that will become eggs. In this sense, since 80% of Japanese have received the
Covid-19 vaccine, infertility, especially among the generation that is about to have children,
will become a serious problem if it is not considered a national problem.

mRNA vaccine

w } af RA 5
\\ gglle} 2,
Spike ’ / RN %

b))

§§m RNAEZ

3 /‘ff* = S =3

e Ay <2 LNP £3

mRN A\ ~~dlee — %%’@mﬂ%& >
Qey u“%\s\h

Polyethylene glycole (PEG)

This single image summarizes the process of creating an mRNA vaccine, and if you can
understand this diagram, you can understand the problem of DNA contamination in COVID-
19 vaccines. The main method for creating mRNA vaccines is to obtain mRNA from plasmid
DNA. Plasmid DNA is used because mMRNA cannot be suddenly introduced into a vaccine. The
circular thing at the left end of the top row is called plasmid DNA. Plasmid DNA is shaped like
a ring, but because it is originally DNA, it is made up of two helical strands. Inside this ring, a
part is created that becomes the spike protein. In other words, the DNA that makes up the
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coronavirus spike protein is included in this circular plasmid DNA. At this stage, mass
production becomes possible. From this circular plasmid DNA, only the portion of DNA that
will become the spike protein is then excised. However, even at this stage, the cut portion is
still DNA. This double-stranded DNA is converted to single-stranded DNA and becomes
MRNA. There are many different coronaviruses, so here we cut out just the part that makes up
the spike protein and extract that. Without the Spike protein, coronaviruses cannot be produced.
Then, by placing the extracted genes into lipid nanoparticles, which are oil particles, a vaccine
is created. This means that lipid nanoparticles must contain only the mRNA that makes the
spike proteins. However, it was discovered that it contained not only mRNA, but also plasmid
DNA.

The Pfizer and Moderna vaccines contained plasmid DNA that shouldn't have been there. It's
called an mRNA vaccine because the DNA is cut to create mRNA, and only that mRNA is put
into lipid nanoparticles. If these lipid nanoparticles contain circular DNA, they should be called
DNA vaccines. In addition, Pfizer's circular plasmid DNA contained an oncogene called SV 40
(simian virus 40). Why is there a cancer gene in the coronavirus vaccine? Additionally, this SV
40 is called the SV 40 promoter and is a gene that is more likely to cause cancer. Because it's a
promoter. So why is something like this included? This means that the SV 40 promoter becomes
DNA and enters the human gene; if it remains as mRNA, it cannot enter the nucleus of human
cells. Thus, the mRNA is reverse transcribed and converted into DNA, which is then
incorporated into the cell nucleus. Human cells have a cell nucleus, and within that cell nucleus
is DNA. Only DNA can enter the cell nucleus. In other words, the mRNA cannot enter the cell
nucleus. However, when the mRNA is reverse transcribed, it is converted into DNA, allowing
it to enter the cell nucleus. If you look at this diagram, you will see that DNA is introduced first.
This means that it can easily penetrate the nucleus of a human cell. In other words, it is genetic
modification. Genetic modification means that DNA, once it enters the nucleus of a human cell,
remains there forever until the cell dies. The cancer-causing DNA of SV 40 remains forever in
the nucleus of a human cell. The government did not communicate this fact to the people at all.
Feedback geben
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[P. Moreau, et al. (1981) The SV40 72 base repair repeat has a striking effect on gene expression
both in SV40 and other chimeric recombinants. In Nucleic Acids Research, 9 (22): 6047-6068]
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