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KA®EAPU ®IBUYHOI'O PAKYJIBTETY XAPKIBCbKOI'O HAIIOHAJIBHOI'O YHIBEPCUTETY
IMEHI B.H. KAPA3IHA SIK HAIITIOHAJIbHE HAJIBAHHA YKPAITHA

HaykOBuii 00'€KT, 10 CTaHOBHUTH HALIOHAJIBHE HAJOAHHS — TEPMiH YKPAiHCHKOTO 3aKOHOJABCTBA, SIKMH MO3HAYAE
YHIKaJIbHUI 00'€KT, 10 HE MiIIAETHCS BIATBOPEHHIO, BTpaTa a0 pyHHYBaHHS SIKOTO MaTUME Cepii03H1 HEraTUBHI HACJIIAKH
JUIsl PO3BUTKY HayKH Ta CYCIUIBCTBA.

KopoTtkuii Hapuc 3 icTopii BUHUKHEHHS i pO3BUTKY KadeapajbHOi CTPYKTYpH QizHuHOr0 (paKyJIbTeTy
XapkiBcbKOro yHiBepcuTeTy

IcTopis ¢izmgHOTO (paKymbTETY MOUYMHAETHCS 3 Yacy BiakpuTTs B 1805 p. XapkiBcekoro yHiBepcutery. OmHie0 3
kadenp BigmiteHHs (I3MYHUX 1 MaTeMaTHYHUX Hayk Oyrna kadeapa teopeTwmdyHOi i mocmigHol ¢izuku. [leprmmm ii
3aBigyBadem OyB cepb A.l. CrotikoBuu. Cepen #oro yuniB Oys i B.C. Kommmmmacbknit, mo ogonuB kadenpy isuxu B
1813 p. Bin mepuriM 3aXUCTHB TOKTOPCHKY AUCEPTAIIiO 3 (Pi3HKH B YHIBEPCHUTETI, MPOTATOM 35 pOKiB IPOBOJMB HABYAIBEHY
1 IPOCBITHUIIBKYIO JIiSUTBHICTB.

[eprui qocniyKeHHs, TiICHO MOB'I3aHl 3 MPaKTUYHUMU UTAHHSMH, po3noyas nerepOypikenp B.1. Jlanmmn, 1o sikoro
nepeinuio 3aBigyBaHHs 00'eqHaHO0 Kadeaporo dizuku i ¢izuynoi reorpadii B 1839 p. Bin npoBiB 3HaMeHHTI myOIiuH1
rajbpBaHiuHl JIOCBiZM, TpAlIOBaB HaJl MPOEKTOM MIChKOro BonoroHy. IloTiM kadenporo 3aBigyBajld BHITyCKHUKH
XapkiBcbkoro yHiBepcurery: FO.1. Mopo3zo (1864-1867 p.p.), npaui sSIKOro cTocyBaiucs nutanb (izndHoi reorpadii i
meteopoutorii, A.IT. Illumkor (1867-1899 p.p.) i O.K. IToropinko (1900 p.).

3 1884 p. Ha xadenpi dizuku nparroBas M. /1. [TunpunkoB, sSIKui Takok OyB BUITYCKHIKOM XapKiBCHKOTO YHIBEPCHTETY.
Ile OyB TanmaHOBHTHH YYEHHH, T€HIaJbHUI BHHAXiJHUK, HOBATOp, MPEKPACHUH JEKTOp, MOIYJSIPU3ATOP HAYKH, SKUH
MIOETHYBAB Y CBOIX MpaIX eKCIEPUMEHTAIBHUHN MiIXi 3 TeopeTHYHUM. BiH omyOiikyBaB 6mm3pko 100 HayKoBHX Ipallb
3 pI3HUX pO3IUTiB (i3UKH, po3poOWB HU3KY HOBUX (izmuHMX npmramiB. M.J[. [TumpunkoB OyB OXHUM 3 TEPIIAX
nocnigauKiB Kypcpkoi MaraiTHOT aHOMailii, 4JIeHOM MDKHAapOJHHX HayKOBHX TOBapHCTB, HEOIHOPA30BO IPEICTABISAB
YHIBEPCUTETCHKY HayKy Ha MDKHApOJHUX KOH(EPEHIIsX.

3 1904 p. Ha voni kadeapu ¢izuku crosB BuyckHUK KazaHcekoro yHiBepcurety O.I1. I'py3unues, sikuii 3aiimaBcs
CYCHIJIbHOIO JiSUTBHICTIO, YUTaB MyOJiuHi Jiekuii 3 (i3uku, HanucaB Kypcu eKCIIEPUMEHTaJIbHOI 1 TeopeTH4HOi (i3uKHy,
HaJIPyKyBaB BEJHMKY KUIbKICTh HAYKOBUX IMPALlb.

31914 p. mo 1921 p. saBigyBauem kadeapu ¢izuku OyB OJUCKYUHid yueHuil 1 opranizarop Hayku JI.A. PoxxaHChKHIA -
BunyckHuk [lerepOyp3bpkoro i BepiiiHCbKOro yHiBEpCHTETIB, SKMH 3acCHYBaB Iepllly HAyKOBY MIKONY pajiodi3uKiB y
XapKiBChKOMY YHIBEPCHUTETI.

3 1914 p. mporarom 5 pokiB Ha Kadenpi ¢isuku mpamroBaB T.I1. KpaBeup, BU3HAYHHMI BUYCHWA, BHUITYCKHHK
MockoBchKoT0 yHiBepcHTeTY. [lopsin 3 HayKOBO-TIeIarorigHOI0 POOOTOIO BiH 3aiiMaBCsl OpraHi3aliifHOIO MisUTBHICTIO, OyB
IIMPOKO OCBIYCHUM (Pi3UKOM, TyJTOBUM JIEKTOPOM, BUBYAB iCTOPIIO (Pi3UKH.

Takum 9UHOM, 32 BECh TOPEBOJIOIIHUHN TIepio po3BUTKY (i3uku B XapkiBcekomy yHiBepcuteTi B.1. Jlammus, M./I.
[wreunkos, O.I1. I'py3unues, [1.A. Poxancekmit i T.I1. KpaBeup 3amummnm moMmiTHUH ciif y Haymi. Y TOH ke dac i
BUKJIIaHHsI 3arajlbHOTO Kypcy (i3UKH NPOBOIMIIOCH HA JIy)Ke BUCOKOMY HayKOBO-METOJMYHOMY DiBHI: OYB CTBOpEHHUil
3arajbHUi (DI3WYHUIA NPakTUKyM, OyJiM BBeleHI creukypcH, (akTH4HO 3'SBUIIMCS clielianizaiil 3 pi3HUX HaIrpsMKiB
¢izuku. Skmo B 1805 p. kadenpa disuku cxaamanacs 3 40THPHOX 0c¢ib (3aBigyBau KadeapH, HOro MOMIYHKK - a1 FOHKT,
Jormagad KabiHeTy W IHCTpyMeHTanbHHWHA Maiictep), To B 1916 p. BoHa HapaxoByBama Bxe, KpiM sabopaHTiB, 13
CHiBpPOOITHUKIB.

HoBuii etamn po3BuTKy (i3nuHOT HayKkH B XapKiBCbKOMY YHIBEPCHTETI PO3IIOYABCs MICJIsl BiIHOBJIEHHS YHIBEPCUTETY B
1933 p., xoian XapKiBCbKHH JIepKaBHUH yHIBepcUTET OYB CTBOpeHMH Ha 0a3i Pi3MK0-XiMIKO-MaTEMaTHYHOTO IHCTUTYTY 1
[enaroriuHoro iHCTHTYTY NpOQOCBITH, IO OYyJIM MPSIMHUMH CHAIKOEMISIMH CTaporo
VYHiBepcuTeTy.

3 1 xoBTHs 1933 p. BimHOBUB poOOTY (i3MKO-MaTeMaTHUHUN (DaKyJIbTET, JEKaHOM
SIKOTO CTaB yKpalHChKMH ¢i3uk mpodecop A.B. JKemexoBcbkuii - aBTOp INepHIoro
MiAPYYHHKA 3 KypCy 3aranbHoi ¢i3ukn yKpaiHCBKOI0 MOBOO. Bin OyB 0THUM 3 KEpiBHUKIB
iHIIIaTHBHOI TpynH XapKiBCHKUX (i3WKIB i Oe3mocepeHiM y9acCHHKOM CTBOPEHHS B M.
XapkoBi Ykpaincbkoro ¢izuko-texaigHoro iHctutyTy (Y®TI). 3 uporo yacy mo ckiamy
¢izngHOTO BiAAiNeHHS (hi3MaTy BXOIWIIH BXKE YOTHUPH KadeapH.

Kadenpy excmepumentampHOi ¢isumkm y 1933-1935 pp. ouomoBaB mpod. A.B.
Kenexorcrkuid. ¥ 1935 p. Ha paxynsreT npuiimios npod. JI.JI. Jlannay. [Ipotsrom aBox
cemectpiB y 1936 poui BiH OyB 3aBinyBaueM Kadenpu excriepumenTanbhol ¢izuku. JIJ.
Jlangay posnovaB CBOIO AisUIBHICTH Ha Kadeapi 3 BUKJIAJaHHS Kypey 3arajibHoi (i3nky, a
MOTIM HPHUCTYNHUB JO CTBOPEHHS 1 YHUTAHHS CBOIO 3HAMEHUTOTO KypCYy TEOPETHYHOI
¢bi3uku.

V 1eit nepioa BUHILIOB 3 IpyKy IEpIINii TOM Kypcy TeopeTHdyHoi ¢iszuku "Mexanika"
(nanucannii pazom 3 JI. M. [lsaturopcekum) i OyB 3aBepiieHuid 1pyruii Tom "CratucTnina
JLI. Jlannay ¢isuka", Hamucanmit y cmiBasropctBi 3 €.M. Jlidpmumem. JI.JI. JlaHgay CTHMYITIOBaB
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3apimyBaB mpod. JI.B. PoseHkeBUY - mpencTaBHHUK
JICHIHTPaJChKOI MIKOMU (i3MKIB, SKUA NPUOYB y M.
XapKiB 3 meporo rpymno MaioyTHiX "yTianis". Bin
HaapykyBaB pazoM 3 JI.JI. Jlanmay ta €. M. Jlipmmumnem
30ipHUK 3amad 3 TeopetmyHOi Qizmku. 3 1940 p.
kadenporo Teopernunoi ¢izukm kepysaB mpod. O.I.
Axiezep, a B mepiog 1943-1944 pp. - mpocdecop
B.JI. I'epmasn.

Y 1944 p. xadenpa TeoperudHol Qizuku Oyna
posnineHa Ha 1Bl Kadenpu: Ha Kadenpy CTaTHCTHYHOT
¢bi3uKK 1 TepMOAMHaMIKH, Ky odosuB npod. I.M. Jlipmmus, i Ha kadeapy Teopernunol

saepHoi (i3ukH, sKkoro 3aBigyBas npod. O.1. Axiesep.

€.M. Jlidpuruip Y 1940 p. 3 xadeapu eKCrepUMEHTAIBbHOT (i3UKH
Buainmiacs kadeapa 3aranbHOl (Qi3UKH, SIKYy OYOJIUB

mou. A.C. Minenep. CriBpoOiTHuKamMu Kadenpu OynH TpPOAOBXKEHI JOCIHIIKECHHS

MAaTHITHHX SBHII i IPOBOAMIOCH BUKIIANAHHS (PI3HKH TS CTYICHTIB HE (DI3MYHUX CIICIiaIbHOCTEH.

PO3BUTOK AOCIIIKEHb 3 TEOPETHYHOI (Di3WKH B YHIBEPCHUTETI. 3aBAAKH HOTO IHTYIMIT 1
LIMPOTI HAYKOBHMX IHTEpeciB, JOCHIJHMIBKAa TeMaTHKa Kadexpu OXOIUTIoBaa
HaWOUIBII aKTyaJIbHI HANPSIMKH TEOPETHYHOT (Pi3MKH, SIKi My 3B'SI30K 3 KOHKPETHUM
eKCIIePUMEHTAIbHUME JochikeHHs MU, 3ycwuamu JIJI. Jlannay Oyna ctBOpeHa
XapkiBcbka 1kona (¢i3zukiB-teoperukiB.Kadenporo teopernyHoi ¢i3uku criouaTrky

Ha dgomi xadenpu marritHux BuMipiB craB mpod. J.C. LlTeitHOepr, mig KepiBHAITBOM SKOTO MPOBOIIIIICH

IOCTIKCHHS (PepOMAarHiTHUX MaTepialiB.

VY 1935 p., micna pantoBoi cmepti [.C. LlreitHOepra, xadenpy MarHiTHHX BuMipiB odonmB mpod. JL.B.
[ly6HikoB, SKMH 3 METOI MiAroTOBKHM (haxiBLiB i3 KPIOreHHOI TEXHIKM 1 MPOBEAEHHS IOCIIPKEHb (Di3MYHUX

BJIACTHBOCTEH HA IIPOBIAHUKIB 3MiHUB 11 crienianizaiito.

3 1937 p. xadenpy ouonus npod. b.51. [Tinec, sikuii nepeiimenys ii Ha kadenpy Qizuku
TBEPJIOTO Tija i CIIPSAMYBaB OCHOBHI 3yCHJUISL HA BUBUCHHS (DI3HUHUX BJIACTUBOCTEH METAIIB
i cr1aBiB. 3aBinyBadyeM Kadeapu eneKTpOMarHiTHUX KOJMBaHb, nepeiiMmeHoBanoi B 1939 p.
B Kadenpy TexHiyHoi ¢isuxu, 06yB npod. A.A. CnyukiH, ydenb J{.A. Poxancekoro. Iin
HOTO KEepiBHUIITBOM ITPOBOAMIINCH JOCIIDKEHHS MEXaHi3My i YMOB O/iepKaHHS MOTYTHIX
€JIEKTPOMArHITHUX KOJMBaHb JICIMMETPOBOTO  Iiama3oHy, pO3pOOJAINCS METOIU
nmosumertpii. [Ticis emepti A.A. Cirynkina 3 1950 p. xadenporo kepysas mom. B.K. Tkau.

CrBopenns Y OTI BumnHym0 Ha po3BUTOK (i3uKH B XapKiBCHKOMY YHIBEepcHTETi. 3 Horo
BUHUKHEHHSM Bif0Oynacs 3MiHa 3MICTy HaBYaJIbHOI, HAyKOBOI i OpraHizamiifHOi poOoTH
kadenpu, cnpsMOBaHOT HA MIATOTOBKY (i3MKiB, OCHOBHHUM CITO’KHBAueM SIKMX CTaB IICH
iHctuTyT. barato Buennx 3 Y®TI posnovanu BuknaganHs QyHIaMeHTANIbHUX 1
crHeLiaibHUX KypCiB CTy/IEHTaM YHIBEPCHTETY, @ BUKIJIaIaui YHIBEPCUTETY B3sUIM aKTUBHY
y4acTth y poOoTi ioro JabopaTopiil. 3aBasKH BUKOPUCTAHHIO MaTepianbHol 0a3u YOTI Ha
(akympTeTi BAAJOCS POIIUPUTH Ta MOTIMOWTH HAYKOBI JOCIHIIKEHHS, PO3TOPHYTH
MiATOTOBKY HAayKOBHX KanpiB Bumioi kBamidikamii. Pazom 3 JI.B. ly6nikoum, JI.JI.
Jlanpay, € M. Jlipmmuem, I.M. Jlipmunem, O.1. Axiezepom, JI. B. PozenkeBnuem i b.41.

[Tinecom B yHiBepcurer npuiinum 1.5. ITomepanuyk, A.K. Kikoin, A.C. Komnanienp, M.
Pyeman, K.JI. CunenpnuxoB, A.K. Bamsrep, B.C.

A NMimx xxnan

M. Jlidbmmns

Iopstaebknit, €.C.bopoBuk Ta iHIII BYEHI, SIKi CTaJIM TOPAICTIO BITYN3HIHOT HAYKH.

VY mepion 1937-1941 p.p. Ha ¢akynpreri Oynam 3axuineHi 3 HOKTopcbki i 13

K.JI. CunenbHUKOB

KaH/IWIATChKHX JMCEPTaLlil, 110 MEePEeBHIIYBa0 KUIBKICTh 3aXHIIEHUX JUCepTaliil 3a
niepiox 1805-1917 p.p. 3aBasxu OypXxaTuBOMY pO3BUTKY HayKH B 30-1 pokn XapKiBChKUi
YHIBEPCHTET IEPETBOPUBCS B OAMH 13 HAWKpAIIUX yIOOBO-HAYKOBUX IEHTPIB 3 (Pi3UKH.

ITig wac Benukoi BiTumsHsaHOl BilfHM B yHiBepCcHTETi, eBakyiioBaHOMY B M. K3mi-
Opny, dizuka Oyna mpesacTaBlieHa TUIBKH OAHIEID Kadeaporo, KO KepyBaB MIpod.
K.J. CunenbHHUKOB, ajie HAyKOBi JOCIiPKeHHS Ha Hifl IHTEHCUBHO TPOJIOBXKYBAIUCS B
Pi3HUX Tady3ax (pi3uKH.

[licns BiliHM 3HA4HO 3pociM MoTpedH y ¢i3ukax, y 3B'I3Ky 3 4uM Ha (i3uko-
MaremMatnaHoMmy (akyibreTi y 1948 p. Oyno 3acHOBaHO BiaiineHHs siepHOi Qi3ukH, a
B 1952 p. B yHiBepcuTeTi OyB cTBOpeHHi paniodiznyHuii GakyabTeT.

Iepexin yHiBepcUTETy B HOBY OyAIBIIO 1aB MOXJIMBICTH 10 1962 p. nepeTBopuTH
¢izuko-mareMaTHYHUH (akyabTeT Ha TpU (akyiapTeTH: (QI3UYHMH, MeEXaHiKo-
MaTeMaTudHui 1 (i3UKO-TeXHIYHMI. 3 LBOro Yacy NOYMHAETbCS HOBUI mepion y

BicHuk XHY imeHi B.H. KapasiHa, cepisa «®isuka», Bun. 33, 2020 11



PO3BUTKY (i3udHOTO (haKyIbTETy, BHHHKAIOTH HOBI HAyKOBI HAmpsSIMKH HAyKOBHX JOCIiIKeHb, HOBI Kadempu i
naboparopii.

Hes3Bakaroun Ha BiTIK (axiBuiB-()i3WKIB y HENIOJABHO CTBOPEHI HOBI HAayKOBO-HOCHiAHI iHCTUTYTH (Di3uKO-
TexHIYHMH iHCTUTYT Hu3bkuXx Temneparyp AH YPCP, Incturyr pamioenekrponiku AH YPCP, HaykoBo-BupoOnnuue
00’eqHaHHs «IHCTUTYT MOHOKpHCTAIiB»), HAyKOBI IIKOJIM (DaKyJbTeTy HPOJOBXKYBaId PO3BHUBATUCS, IOIOBHIOIYN
BiJUIUTH HOBUX YCTAHOB 1 TPATUIIIMHOTO CIIOKUBa4a — YKPaiHCHKUHN (hi3UKO-TEXHIYHUN IHCTHTYT MOJIOJUMH KaJIpaMu
BUIYCKHHKIB (i3uuHOro (Qakynprery. Ycyneped ¢GopManbHUM INepemikoaaMm, (isnuyHuil dakyiapTeT Hamarascs
MATPIMYBATH TiCHI KOHTAKTH 3 aKaJeMiYHUMH IHCTUTYTaMH, 3ay4arodd O BHKJIAJaHHS Ta KEPiBHUITBA HAYKOBUMH
JOCTIDKCHHSAMH CTYJCHTIB 1 acmipaHTiB MpoBigHUX ()aXiBIiB 3 IIMX yCTaHOB Ha YMOBaX CYMICHHIITBA Ta MOTOJMHHOI

OIlIaTH.

Y 1962 poui ¢i3mynmid  ¢dakympTeT HamidyBaB 6
kadenp.Haiibinpmoro 3 HuX Oyia kadempa ekcrieprMeHTaIbHOT
(hi3ukm, SKy OUYONIOBaB MaiOyTHiN umeH-kopecmoHmeHT HAH
VYxpainu B. I'. XoTkeBud (BiH ke OyB nepiuumM qekaHoM (i3H4HOTO
(axyspTeTy, a Mi3HIlIe CTaB PEKTOPOM YHiBepcHTETY). Baaemois
3 Di3uKO-TeXHIYHUM IHCTHUTYTOM QDI3MKH HU3BKUX TEMIEpaTyp
AH YPCP mnpuBena mo Toro, mo y 1979 pomi 3 kadeapu
CKCIICPUMCHTAIBHOT (hi3WKKM HAa OCHOBI BIAMOBIIHOI criemiaizarii
Buaimiacs kadeapa (i3MKM  HU3BKUX ~ TeMIeEparyp, SKy
oyomoBaii B. I'. XotkeBuy, a miciit Hboro M. O. O00IeHCHKAM.
3 2012 mo 2017 p.p. xadenpy ogomoBas npodecop Bosk P.B. ¥V
JaHWi Yac 10 Kadeapy THMYacoBO OYONIOE Tpodeccop
xnoscrkuit  B.O. Kadenpy excnepuMeHTambHOI — (Pi3UKH
ouvomoBanu: akaneMik AH YPCP Bepkin B.I. (y 1979-1982 pp.),
npodecop Annponos B. M. (y 1982-2001 pp.), npodecop B. II.

Jlebenes (y 2001-2013 pp.). Y nanwmii yac kadeapy

B.4. MinecB.I'. XoTkeBu4 eKcriepuMeHTanbHO1 (izuku ouoittoe nmpodecop Ioiina B. I1.
Ha vomni kadenpu craructudnoi (i3UKH i TEpMOANHAMIKA
crosiB akajemik [.M. Jligmmip - mpomoBxKyBau MIMPOKO BioMoi HayKoBOI IIKOJH (i3UKiB-TeOpeTHKIB, copaTHuk JI.JI.
Jlannay. OCHOBHUM HayKOBUM HANpsIMKOM Kadenpu Oy JOCIiKEHHs y rajidy3i Teopil KOHIEHCOBaHOTO CTaHy.

VY 1968 p., micisa emepti JI.A. Jlangay, [.M. Jlipmmes 6yB 3anpomrenuit Ha oro mocaxy B I®IT AH CPCP. 3 Toro gacy
Kadeaporo CTaTUCTHIHOT (Pi3UKH 1 TepMOTMHAMIKH 3aBiayBan Horo HalOmmk4i yuaHi i ciBpoditaukw: JI.C. I'ymiga (1969-
1973 p.p.), L1. ®amsko (1973-1979 p.p.), J1.€. ITapramanuk (1979-1981 p.p.), B.B. YiuesaoB (1981-1993 p.p.). B Ti poku
Ha Kadeapi mpamroBanu Takox Bimomi teopetmku: M.I. Karanos, A.M. Kocesmu, M.S. Azbems, E.A. Kanep, B.M.
Hyxepuuk, B.I'. [Ticaancekuii, [1.I". Jonromonos, B.I. [lepecana, B.I1. 'anaiiko, B.I. I'epacumenko, A.B. CBUI3HHCHKHUT.
31979 p. y us xadenpa crana Ha3uBaTUC KadeIporo TeOpeTHIHOT (Pi3UKH, OCKUTPKY Ha TOW Yac BOHA TOTyBaya (aXiBIIiB
1 IPOBO/IMJIA HAYKOBY JISUILHICT MPAKTHYHO 3 YCIX po31iiiB TeopetryHol ¢izuku. B 1993 p. kadenpy ouosnus npod. O.M.
€pmounaes. 3 uepsHst 2013 B.0. 3aBigyBaua kadeapu TeopeTndHoi ¢izuku craB yaenb O.M. €pmonaesa gou. I'.1. Pamba.

HIxnspeBchkmid S.€. Terysin MLII. bapabaros

Kadenpy ¢isuku tBepmoro Tina ogomroBaB npod. b.4. Ilinec, 3 iM'siM sIKOTO TOB'sI3aHE CTBOPEHHS HAYKOBHX IIKIJI
eKCIIepUMEHTATOPIB y Taimy3i (i3uku TBepAoro Tina, Gi3udHOI Teopii CHikaHHI, HOBUX METO/MIB PEHTTEHOCTPYKTYPHHUX 1
enekTpoHorpadiganx mocmimkenb. [licns cmeprti b.f. Ilineca B 1968 p., mieto kadeaporo MpoTIroM 0araTbOX pPOKiB
KkepyBas Horo y4dens npod. A.®. Cipenko. 3 1994 p. 1i ogomoe npod. 3.3. 3uman.
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Kadenporo 3aramsHOi ¢izukn 3aBigyBaB akanemik €.C.boposuk. Ilicns fioro cmepTi kadeapy o4omoBaIl CIIOYATKy
mou. A.C. Minbhep, a motim npod. 1. B. Cmymkos. 3 1981 p. Hero kepyBaB npod. FO.A. [Tonkos, micis cMepTi SIKOTO B
2001 p. fiomy Ha 3miHy npuiimos npod. O.I'. Argepc. 3apa3 mo kadenpy ovomoe npodecop Jlazoperko O.B. 3’sunocs
mie 1Bi Kadenpu ¢iznaaoro npodimo: kapenpa ¢piznaHol onTHKH, Kadenpa ¢izuku kpuctanis. Kadenpy dizuanoi onTuku
y pi3Hi poku ouomroBaiu npopecopu Lknsapescekuii I. M., Munocnascekuii B. K., Arees JI. O. Y nannii yac mio kadeapy
TUM4YacoBo ovomoe podeccop I"amynor M.3. Kadenpa dizuku kpuctainis Oyna 30cHoBaHa podecopom ['erysinum f. €.
1 Bilpa3y cTaja aKTHBHO NpALIOIOIIUM IIEHTPOM JIOCHTI/DKEHb B ranysi (i3uku peasbHoro kpucraia. [Ipodecop I'erysin
S1.E. ouomoBar kadeapy no 1988 poxy. Ilicns #oro cmepTi kadenpy ouomoBas noueHT Kidens B. 1. 3apa3 3aBinyBauem
kadenpu ¢izuku kpuctanis € akagemik HAH Ykpainu I'punsoB b.B. llle nBi kadenpu BBiiinum 1o ckiany (izn4HOro
¢dakympTeTy: Kadenpa BHIOi MaTeMaThuku; Kadeapa actpoHomii. Kadempy Bumoi mareMaTWku OYONOBAIH JIOLECHTH
ArpanoBny 3. C., Jlybosoit B. K. V manuit wac i ogomoe mpodecop Hibicor 1.B. Kadenpy actporomii odomroBanmu
akagemik bapabamoB M.II. Ta mpodecop Anexcanmpor FO.B., 3apa3 ii ogomroe wreH-kopecionneHT HAH Vkpainum,
npogecop Llkyparos 0. T

OcHOBHI Bixu icTopii Ta cboroaeHHs KadeApu eKCIePUMEeHTAJbHOI (izuKuU.

Kadenpa excrepumenTtanpHOl (i3ukn € Haifcrapimioro 3 Kadenp
¢dizmanoro ¢axkymerery. IlimroToBka 1O CTBOPEHHS (I3HUHOTO
kabinery 1 kadenpu JOCHIAHOI Ta  TEOPETHYHOI  (hi3UKH
ImnepaTopchkoro XapKiBChKOI'O YHIBEPCUTETY 3AIHCHIOBANIACH LIE JI0
Horo oginiliHoro BigkputTs. 3okpema B.H. Kapasin me y 1803 pomi
0coOHCTO OIiKYBaBCsl NPUAOAHHAM NepIIUX (I3MYHUX NPUIIAJIB,
MeOIIiB Ta IHCTPYMEHTIB 11t (Pi3UYHOTO KaOiHeTy.

Ooimiitae BiIKPHUTTS ImnepaTopcekoro XapKiBCHKOTO
yHiBepcutery BigOynock 17 ciuras 1805 p. Tomi x Oyma crBopeHa
Kadeapa TeopeTHdHOI Ta HochimHOi ¢i3uku. Y TOH 4yac BOHa Oyna
€IMHUM LeHTpoM (i3UKH Ha TepuTopii miBaHs Pociiicbkoi immepii.

IMepurum 3aBigyBadeM Kadenapu TEOPETUIHOT Ta JOCTITHOT (Pi3UKH 1

(dhismanoro KabiHety OyB Adanaciii (ATaHaciit) IBanoBrny CTOMKOBHY.
Bin Hapoauscs B M. Pyma (Cep0ist). OcBity 3100yB y EnenOyprebkii,
CereauHebkiii 1 [IpecOyprepkiii akanemisax BUIIMX HayK. Y 1797-1799
pokax ciyxas Jiekuii B [ eTtiHreHcbkoMy yHiBepcuteti. Y 1799 poui A.
I. CroiikoBuu y TroOiHreHChKOMY YHIBEpcUTeTi 3/100yB CTYIIiHb
JIOKTOpa BUIBHMX HayK 1 ¢inocodil. 3 MOMEHTY BiJIKPUTTS
XapkiBcbkoro yHiBepcutery mpodecop CroiikoBud A. 1. uuraB
TEOPETHYHY W JOCHITHY (i3uKy.
s X Bacunp CepriiioBna KommimeHcbkuid 040Ir0BaB Kadeapy ¢izuku
B XapkiBcbkoMy yHiBepcuteti 3 1813 mo 1839 pik. Bin nepmum 3
(i3uKiB yHIBEpCUTETY 3aXUCTHB MaricTepcbKy (1812 p.) Ta OKTOpCHKY
(1813 p.) nucepranii 3 pizuku.

Y 1839-1863 pp. xadenporo ¢izuku # izuynoi reorpadii
3aBimyBaB 3aciyxeHui mpodecop XapKiBCBKOTO YHIBEpCHUTETY
Jlammmme Bacwue [BanoBwy. Bin mapoamses B 1809 pomi B IletepOyp3i. ¥ 1928 pori micnsg miBTOpapidHOro HaBYaHHS B
[TerepOyp3pKkoMy YHiBepcUTeTI OyB HampaBieHHH Ha (i3mko-maTeMaTudHe BiJJieHHS J[epnTChKOTO YUUTENbCHKOTO
IHCTHUTYTY, sIKUH 3aKiHanB y 1833 pori. [IpoTsarom HacTymHUX IBOX POKIB BiH CIIyXaB JIeKIii B bepiHCEkOMY yHIBEpCHTETI.
3 1835 poky mpairroBaB y XapkiBcbkoMy yHiBepcuteTi. Y 1838 pomi B.1. JlanmnH 3aXUCTUB TOKTOPCHKY TUCEPTAIIiO i OYB
3aTBep/KEHUH opiMHApHUM npodecopoM Kadeapu ¢izuku i ¢dizuuHoi reorpadii. ¥ 1842 poui BiH omyO:ikyBas neprmit
pociiicekuil oy i3 enekTpomarHiTHOI Tenerpadii. ¥ 3BiTax mpo CTaH Ta AiSIBHICTH IMmepaTopchkoro XapKiBChbKOTO
yHiBepcuteTy 3a 1858-1860 poxu moBiOMIIIETHCS MPO NPOBEAEHHS B yHiBepcuTeTi y ceprHi-BepecHi 1859 poky B.I.
JlammmauM raneBaHIYHEX qOCTiAiB. Jocminu Oymu 3MiHCHEHI 3 BUKOPUCTAHHIM TalIbBAHIYHOI CIEKTPHUKH, JIKEPEIOM SKOT
CITy’KHJ1a OTyXHa Oatapes, mo ckianganacs i3 1000 ransBaniuHuX eneMeHTiB bynsena. Y 1865 p. B.1. Jlamuun po3podus
MIPOEKT XapKiBCHKOT'O BOJOTOHY, a 3 1840 poky opranizyBaB y XapKOBi CHCTEMaTH4HY METCOPOJIOTIUHY CIIyXOY.

B.I. JlammmmH BenwKy yBary NpUALISAB KOMIUIEKTYBaHHIO (Di3MYHOTO KabiHeTy HOBUMH (i3MYHHUMH Npuiagamu. Tak,
30KpemMa, BIiTKy 1861 poky BiH 3aiiicHHB momopox no €spornu. Metoro 1i€il momoposxi OyJo BiIBigyBaHHS HayKOBHX
mabopaTopiif 3a/UTs CHIKYBaHHA 3 Pi3HUMH BiJOMUME BUCHUMH i MaliCTepeHb, [1e BUTOTOBIILINCH HOBI (pi3MUHI mpHIaam.
3apnsaku gismeHOCTI B.1. Jlammmaa ¢isuanmii kabiHeT OyB 3HAYHO TMONOBHEHHH NpriIagamMu Ta oOxagHaHHAM. 1o KiHITI

g I
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g O 0 wheces A1)

A
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1859 poxy y ¢iznaHOMYy KabiHeTi XapKiBCHKOTO YHIBEpCHTETY O0yio 456
npuwiagiB. 3a3HauMMo, o y (i3uyHOMY KaOiHeTi  MOCKOBCHKOTO
yHiBepcuteTy 10 1854 p. 6yno 405 npunanis, a B Cankr-IletrepOyp3pkomy
yHiBepcuteTi B 1868 p. — 587 npunanis.

3acmyxenuit mpodecop XapkiBchbkoro yHiBepcutety FOpiii [BaHOBHY

Mopo3oB 3aBiayBaB kadeaporo disuku y 1864-1866 pp. Bin HapoauBcs B

Mmicreuky Coxonku KobGenskcbkoro moBity IloaraBcbkoi ryOepHii.

3akiHuuB  (Qizuko-mMaTematnuHuii  (akymperer — IMmepaTopcbkoro

XapkiBcbkoro yHiBepcutery B 1857 pomi. Ympomosxk 1860-1862 pp.
.. yHockoHamroBaB 3HaHHA B Himewuwni, ABctpii, IlIBeiinapii, Bemsrii,

Opanmii Ta Aurmii. Y 1864 p. FO.I. Mopo30B 3aXHUCTHB MaricTepcrKy, a B

1870 p. — moxTopceky mmcepramiro. 3 1860 mo 1862 p. BiH OyB

BimpsamkeHuit cnogatky B [leTepOypr, a motim 3a kopaoH — y Himeuunny,

Agcrpiro, llIBeitnapito, @paniiito, AHIIIII0, /e BiH IIOBHHEH OYB OTJISIHYTH

¢izuuHi kabimetn 1 unaboparopii, a TakoX NPUIOATH PUIANH,

iHCTpyMeHTH 1 KHUrH Ui ¢isnuHoro kabinery. Y mabGopatopii I

Kipxropa BiH OBOJOAIB  METOJOM  CIEKTPAJIbHOTO  aHaji3y.

[NoBepuyBumcy 10 Xapkosa, 10.I. Mopo3oB BcTaHOBUB y j1abopaTopii
(bi3u4HOTO KaOIHETy CIEKTPOCKOI i 3/ificHuB mociimkenHs criektpa Conit. Y 1869 pori BiH mepiuiuM y CBITi po3poOuB
TIPUCTPii, BUKOPUCTAHHS SAKOTO AaBAJI0 MOXJIMBICTh IPOBOIUTH YINIIEHEHHS KaHAJIB TeJerpadyHOTO 3B 3Ky 1 OAHOYACHO
TepeaBaTi Mo OJHIHN JiHIT 3B’ 3Ky KUJIbKa TEJIErpaM CHTHAJIAMH 3MiHHOTO CTPYMY HH3BKOi 94acTOTH, TOOTO 3IICHIOBATH
JaCTOTHE TenerpadyBaHHs.

3acmyxenuit mpodecop XapkiBcrkoro yHiBepcurety Lllnmko Armpiit [lerpoBud odomoBas kadenpy ¢izsuku 'y 1867-
1899 p. Bin 3akinuuB yHiBepcuteT y 1860 potri, a B 1864 potri 3aXHCTHB MaricTepchKy AUcepTariio. Ypoaosxk 1866-1867
Pp. BiH YJIOCKOHAJTIOBAB 3HAaHHA B YHiBepcuterax @pawniii, Himeuunnu, [lIseiinapii. ¥ 1868 p. llumkos A.Il. 3axuctus
JIOKTOPCHKY aucepraniro. Ynras Kype nociianoi ¢isuku ctyaeHTam 1-ro ta 2-ro kypceis. Y 1875 p. Bugas «Kypc nocmigHoi
¢bizuxu» (y TpOX TOMax), sSIKMH TPUBAIMI 4ac BUKOPUCTOBYBABCS SIK OCHOBHHUU IIAPYYHHUK i3 (I3UKH B YHIBEpCHTETaX
Pociiicbkoi immnepii. Kuura A.IT. IllumkoBa «Teopernuna ¢izukay Oyna HepuMM MiIPyYHHUKOM 3 TEOPETHUYHOI (i3UKH,
BUJIaHUM Y XapKiBCbKOMY YHIBEPCHUTETI.

Onexcannp KocrsatrHoBHY. [loropinko 3akiH4uB ¢i3.-MaT. pakynsTeT XapKiBcbkoro yHiBepcutery y 1870 p. ¥V 1877
POI1Ii 3aXUCTHUB MaTriCTePChKY TUCEPTALIIFO 1 YUTaB JEKIIil 3 TeOpEeTHYHOI (Pi3uKH K mpuBaT-goIeHT. Y 1878 pori nmepedyBan
y BigpsymkeHHi B Himewauni. 3 1885 p. mpamroaB ag'toHKT-podecopoM y XapKiBCbKOMY TEXHOJIOTIYHOMY 1HCTUTYTI, JIe
3aCHYBaB i 00JamHaB KabiHeT (i3uKH, HABYAIBHY J1a00paTopiro Ta METeopooriuHy craHmiro. [lepmmM y XapkoBi mpoBiB
JOCTIN 3 PEHTIeHIBCBKUMH MPOMEHAMH ofpa3y X michs ix Bigkpurtsa. Y 1900-1912 pp. 60yB XapKiBCBKUM MIiCBKUM
TOJIOBOIO.

VY 1884-1894 pp. Ha xadenapi ¢isuku nparroBaB Mukona IMutpoBud [IHIHYUKOB — TaTAHOBUTHH yUEHHUA CBITOBOTO
piBas. M.JI. [TuiibunkoB OyB oHUM i3 epimux gocuiaHukiB Kypcbkoi MarHiTHOi aHoMatii, IPOBOJUB €KCIIEPUMEHTAIbHI
Ta TEOPETHYHI TOCIIPKEHHS Y PI3HUX Tany3sx (isuku, reodizuku, Merpouiorii, enekrpodororpadii, enexkrpoximii. TBopua
cnajumHa BYeHoro — ue Onm3pko 100 mpanb, noHany 25 OpuriHaNbHUX NPHIANIB Ta YCTAHOBOK, KiJIbKa HOBUX
eKCIIepUMEHTAIBHAX METOAIB HociiukeHs. [Ipodecop IInmpumkos M.J[. CKOHCTPYIOBaB HU3KY OpUTiHANBHUX HPUITALIB,
30KkpeMa: pedpakTomerp, MudepeHIiaIbHuil aepoMeTp, TePMOCTAT, 1HKIIHATOP, CHEKTPONOISIPUMETP, OJHOHUTKOBUMA
ceiicMorpad. YdeHuit o0cToroBaB MoTpeOy BHBUCHHS BHCOKMX IIapiB arMoc(epd 3 BUKOPHCTAHHSIM CIIEIiadbHUX
CTpaTocTariB i 3 I[i€l0 METOI0 BIIEpIIE 3alpONOHYBaB KOHCTPYKIIIO TepMETHYHOI KaOiHM — MPOBICHHKA CYYaCHHX
kKocMiyHuX ckaganapis. M.Jl. [TunbunkoB OyB ofHUM 3 MioHEpiB y raiysi 6e3apoToBoi Tenerpadii Ta pagioynpaBiiHH.
Bin 3amnpomnoHyBaB MOZENb IMPOTEKTOPA, MPHUCTPOIO ISl ICKPOBOIO TNepenaBada, IO MaB BHKOPHCTOBYBATHCH Yy
6e3npoToBiil Tenerpadii. Lleit mprman, skuil 3a NIPUHIUIIOM Jii € PE30HAHCHUM EJICKTPOMATrHITOM, JaBaB MOXJIHBICTh
3aXHMCTUTH JIIHIIO pajioTenerpaHoro 3B’ 3Ky, TOOTO «3aCEKPETHTH» Iepeady TeJerpaM. a TaKoXK 3aXHCTUTH Tene(oH,
Masiku, ceMadopH Ta MiHHM Bifl [ii Ha HUX €IEKTPOMArHITHUX XBHIJIb CTOPOHHBOTO ITOXOJKEHHS, & TAKOXK BIIEPILE BUHANIIOB
croci6 kKepyBaHHSA Pi3HHMH MeXxaHi3MaMm# i mpuctposamu mo pamio. M./l IlunpunkoB oxuuM i3 mepmmx y Pocilichkiit
iMIepii po3moyaB BUBUEHHS Pali0aKTHBHOCTI Ta BIPOBapKeHHS pertrenorpadii. 3 1881 poxy Bin O6paB AisnbHY y4acTb y
po0OTi KiTbKOX 3apyOi’kHIX HayKOBUX ToBapuCcTB. M./l ITiipunkoB OyB IpekpacHUM JIEKTOPOM i aKTHBHO HOITYJIIPU3YBaB
HOBITHI IOCSTHEHHA (i3WIHOT HAYKH, YUTAIOYH Iy ONiYHI JEeKIii, Ki 30Upaju TUCSIYHI ayAUTOPii.

Muxaitno Ilerposnd Kocay, 6par Jleci Yipainku (Jlapucu [Terpisan Kocau), mpaifoBaB y XapKiBCbKOMY YHIBEpCHUTETI
Ha Kadenpi ¢isuku i ¢iznunoi reorpadii y 1899-1903 pp. Bin 3aBimyBaB Mepexero €JIEKTPUYHOIO OCBITJICHHS B
YHIBEPCHUTETI, METEOPOJIOTIYHOO CTAHIIIEI0 YHIBEPCHUTETY, IPOBOAMB AOCIIKEHHS 3 METEOPOJIOTii, MPUPOAN aTMOCchepHOT
eNeKTpuKH Ta enekrpoiizy. M.II. Kocau uuraB Kypcu: 3arajibHa METEOpOJIOTiS; €JIEKTPOCTATHKA; EJICKTPOJUHAMIKA 1
€JIEKTPOMarHeTu3M; MexXaHiuHa Teopis Teruia; peHTTeHIBChKi IIPOMEHI.

3acimysxenuit npodecop Xapkicbkoro yHiBepcutery Omnexciii [lerpoBuu I'py3unueB 3aBigyBaB kadeaporo ¢izuku B
XapkiBcbkoMy yHiBepcuteTi y 1904-1914 pp., a mpaifoBaB B yHIBEpCUTETI O KiHIISI CBOTO XKUTTS — 10 1919 poky.
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O.I1. I'py3uHIIeB AoKiIamaB 6araTo 3yCHib AJIs CTBOPEHHS AEMOHCTpPALIHOTO My3ero, Gpi3ndHOi JadbopaTopii i pizuaHOrO
MPaKTHKYMY.

€rreniii  OnexcannpoBuu PoroBckuii mpaioBaB Ha mocadi mpodecopa kadeapu ¢isuku IMmeparopchkoro
XapkiBcekoro yHiBepeuteTy y 1904-1911 pp. Bin OyB oM 3 aBTOPIB cTaTel « DQHIUKIONEANIECKOTO ciioBapst bpokraysa
u Edponay, a Takox koppekTopom «2KypHana Pycckoro ¢pu3nKo-XUMHYECKOTO 00LIECTBaY.

Muxaitno IBanoBruy CaxapoB ImpairoBaB Ha mocaji jJabopanrta (izumyHoro kadinery yHiepcutetry B 1904-1914 pp.
[MpakTryHmii Ta OpraxizaiiHui 10CBiA, HAOYTHI HUM il Yac CTaXyBaHHs y 1aboparopii Binsrensma Konpana Penrtrena,
BiH y MOJAIBIIOMY 3 YCIIIXOM BHKOPHCTOBYBAB U BJOCKOHAJCHHS 3MICTY JEKIIHHUX JEMOHCTpALid Ta CTBOPEHHS
3arajibHOTO CTYNEHTCHKOTO J1abOpaTOpPHOTO TMPAaKTUKyMy B XapKiBCBKOMY VHIBEpCHTETI Ta B XapKiBCBKOMY
TEXHOJIOTIYHOMY iHCTUTYTI.

3 1914 poky Ha kadenpi ¢izuku mpoTsarom 5 pokis npamtoas Topidan [Tasmosmy Kpaserp — BugaTHmit BUCHUNH-ONTHK,
3aCHOBHUK IIKOJIHM TEOPETUIHO] 1 eKCIIepUMEHTANbHOI HayKoBo1 poTorpadii, wreH-kopecionneHT AH CPCP.

VYV 1914-1921 pokax 3aBimyBadem Kadenpu ¢isuku OyB BumyckHuK CaskT- [lerepOyp3skoro Ta Bepmincpkoro
yHiBepcuteTiB JIMuTpo AmnosinapieBuu Poxancbkuii, yuenbp O.C. IlomoBa, Onucky4mii ydeHHH 1 opraHizaTop HayKH,
3aCHOBHHK NEPILOi HAYKOBOI MIKOJIU paaioQi3ukiB y XapKiBCbKOMY YHIBEPCHTETI.

VY 1922 na xadenpi ¢izuku noyanu npamosaru Jmurpo Camoitnosuu LlteiinOepr Ta Adpam Onexcanaposuy CirylKiH.
VY 1924 r. BOHU pO3pOOHIM HOBHI CIIOCIO reHepyBaHHS BUCOKOYACTOTHHUX KOJIMBAaHb Y MarHETPOHAX Ha XBUJISIX, 110 MalOTh
noBxuHy 7-50 cM.

VY 1931-1935 pp. kadenpy ekcnepruMeHTaIbHOI (Bi3uKH 04osroBaB mpodecop Anpiii Bonoaumuposuy XKenexoBcbKuii.
Bin OyB ofHUM 3 KEepiBHHKIB iHIIIIaTHBHOI TPYIIN XapKiBCHKHUX (Di3HKIB 31 cTBOpeHHS ¥ 1928 poui y XapkoBi YKpaiHCBKOTO
(i3UKO-TEXHIYHOTO IHCTUTYTY Ta OJHHUM 3 MIEPIINX HOTO HAYKOBHX CITIBPOOITHUKIB.

VY 1935 pomi Ha ¢izuuHOMY (aKynbTeTi modaB mpairoBaTi npodecop JleB Jasunmoswu Jlannay, skuit y 1936 pomi
nepeOyBaB Ha TOCai 3aBigyBada KadeIpu eKCIEPUMEHTAIBHOI (i3UKH MPOTATOM JBOX ceMecTpiB. Po3moyaBmu CBOYO
ISUTBHICTH Ha Kadeapi 3 BUKIAAAaHHSA KypCy 3araibHOi ()i3WKW, BiH IPUCTYIHB 0 YUTAHHS CBOTO 3HAMEHHTOTO KYypCy
TeopeTHyHol (i3uku. Y el mepion BUHIIOB 3 APYKy NepumMid TOM Kypcy «MexaHika», HanucaHud pasom 3 JL.M.
[T’saturopcbkuM Ta OyIlo 3aBepuieHO ApYruil ToM Kypcy «Craructuyna ¢i3uka», skuii OyB Hanucanuid JI.J[. Jlannay B
cniBaBropctBi 3 €. M. Jlibumuem. JI. [I. Jlangay cTUMyiiOBaB PO3BUTOK JOCIHI/DKEHb 3 TEOPETUYHOI (i3MKH B
yHiBepcuteri. Moro 3ycumismu 6yio cTBopeHo XapKiBChKy KOy (i3HKiB-TEOPETHKIB.

Y 1937-1938 pokax miasl BHKIQJaHHS PI3HUX HABYAIBHHUX IUCIMIUIIH B yHiBepcuteT Oynu 3ampomeni: K./I.
CunenbHukos, A.K. Banbsrep, b.51. [Tinec, O.1. Axiesep Ta iHmi npoigHi ¢izuku. Koncrantun JImurpoBud CHHEIBHUKOB
y 1937 pomi OyB mpu3HadYeHHH 3aBigyBadeM Kadenpu kadeapu eKCIepuMeHTaIbHOI (i3HKH.

[Mig vac Benmkoi BiTum3HAHOI BilfHM Oarato mpwianiB Ta oOxagHaHHA 3 (i3WIHOTO KabiHeTy Oyio 3HHUIIEHO abo XK
po3rpabosano. [licis Bu3BoeHHsT XapKoBa 1 MOBEpHEHHS 3 €BaKyallii MpaiiBHAKIB Kadeapu eKCIepuMEHTANBHOT Pi3UKH
Ta ii 3aBimyBaua mpod. CunenpHmkoBa K.J| mouamace iHTCGHCHBHA po0OTa 3 BiTHOBICHHSA (Di3HMKO-MaTeMaTHYHOTO
(bakympTeTy i, 30KpeMa, 1aboparopiil Ta (i3HIHOTO KabiHETY Kadenapr eKCIIepUMEHTANBHOT (Pi3UKH.

VY noBoenHi poku akagemik AH YPCP CunensaukoB K.JI, skuii odomroBaB kadempy mo 1955 p., cmimpro 3 B.IL
Bepkinnm, O.I. Axiezepom, A.A. Tankinum, K.B., Mesinum, A.C. MijbHEpOM Ta IHIIUMH BJOCKOHATIOBAIM 1
MOKpaIlyBaJli METOAMYHY MOOY/IOBY KypCy €KCIIEPUMEHTAILHOT (Pi3UKH, IPUIUISIOUN BEJMKY YBary HOro y3ropKeHHIO 3
KypCOM BHIIIOT MaTeMaTHKH JUist Pi3UKIB Ta JEKLUIHHUMH JeMOHCTPALIIIMH.

CydacHy CTpYKTypy Kadeapa ekcriepuMeHTanbHol Gi3uku HaOya B pe3ysIbTaTi peopranizariii, sika BigOynace y 1979
p. Ko 3a inimiatuBolo uieHa-kopecnonaenta AH YPCP Xotkesuua B.I'., sikuii kepyBaB xadeaporo 3 1956 mo 1979 p.,
BOHA OyJla po3iiieHa Ha aBi Kadeapu: Ha Kadeapy ekcriepuMeHTanbHOiI (i3uky 1 kKadenpy (isvkn HU3BKHX TEMIIEpaTyp.
3aBigyBauem Kadeapy ekcriepuMeHTaJIbHOI (Di3MKH 3a CyMICHHUITBOM OYB IpH3HaueHHMH aAnupekTop Pi3MKo-TeXHIYHOTO
incTuTyTY HU3bKHX Temneparyp AH VPCP, akanemik AH YPCP, Bepkin Bopuc Iepemitiosuu. Foro 3acTymHikoMm, 1o MaB
JIOCTaTHHO INHPOKI TIOBHOB&)KCHHS, OyB TNpH3HAYEHWH KaHmuaar ¢i3.-MaT. Hayk, JIOLEHT AHIpPOHOB Boioanmup
MuxaitnoBuu.

Annponos B.M. ouoioBas kadenpy ekcriepuMeHTanbHoI (izukn y 1983-2001 pp. OCHOBHHM 3aBIaHHSM KOJICKTHBY
kadeapu B mi poku Oymo 3a0e3medeHHS HABYAIBHOTO TIPOLECY 3 BHUBYEHHS 3aranbHOl (Pi3MKM Ha (i3UdHOMY i
paniodizuaHOMy (pakymbTeTax Ta BNPOBAIKEHHs B HaBYAJIBHUN MPOIEC JICKIIHHUX BileoJeMOHCTpaIliil i3 3arajibHOL
Gbi3uKy.

Ha xadenpi ekcmepumeHTanbHOW (i3uky TpamoBaB JOKTOp ¢i3.-MaT. Hayk, npodecop [maakmx Mukona
TumoditioBry, axuii OIMCKyde YUTaB Kypc 3araibHOI (i3WKH Ta Pi3HI CIenKypcH OakanmaBpam i MarictpaM (i3wku Ta
npuknanHoi ¢izuku. Haykosa misuteHicTs M.T. ['maakux Oyia moB’s;3aHa 3 JOCHTIMKEHHSIM MOBEPXHEBHX SBHII, (a30BHUX
NIEpETBOPEHB 1 CTPYKTYPH B KOHJCHCOBAHMX IUIIBKaX Pi3HUX Marepialis.

HoxTop ¢i3.-MaT. Hayk, npodecop Jlebener B.I1. obiiimaB nocany 3aBijyBaya Kadenpu eKCriepuMeHTanbHOT Gi3uku y
2001-2013 poxax. [TpoBoauB nociipKeHHs y ranysi (i3nky HU3bKOTEMITEpaTypHOI IiacTuuHo1 nedopmanii. bpas yuacts
y po3po0ii nepmoro Jlep>kaBHOrO Taimy3eBOro CTaHIAPTY BUIIOT OCBITH 3 (Di3HKH.

3 2013 poky kadenpy ekcriepuMeHTaIbHOT (Di3UKH 0UOJIIOE JOKTOP TEXHIYHUX HaykK, npodecop Iloitna B.I1. [Tix fioro
KEpIiBHUIITBOM, 30KpeMa, po3pobieHo CTaHIapT BHINOI OCBITH MiATOTOBKH OakanaBpiB 3a cremianbHicTio 104 dizuka ta
acTpOHOMIsl.
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Pextop XHY imeni B.H. Kapazina akanemik =~ Crapumii HaykoBuii cmiBpoOitHuk [lerpymenko C.I.
bakipoe B.C. Ta Biue-npeM'ep-MiHICTp  JIE€MOHCTpY€ €KC 3acTyNMHHKY MiHicTpa OCBITHM 1 HayKH
Jmutpo Kyneba ormsgarore ekcmosuifito  Crpici M.B. Ta mpopekropy yHiBepcutery Karpuuay B.M.
BUCTaBKU CTapOBHHHHX (I3UYHMX NMPHIANiB 3  300paKeHHS, OTPHMaHi 3 BHUKOPHCTAHHSIM HOBITHBHOTO
Konekmii (izndHOro KabiHEeTy, NMPUCBSUEHY  pacTPOBOrO eNeKTPOHHOro Mikpockomna Tescan Vega3 LMH
215 piunumi 3 JIHS CTBOPEHHS YHIBEPCUTETY .

Kagenpa excriepumMeHTanbHO1 (Qi3MKH a€ BaroMUi BHECOK Yy MIJrOTOBKY 0akajaBpiB, MaricTpiB Ta acIipaHTiB, sKi
HaBYAIOTHCSA Ha (ismgHOMY (akynmpTeTi, OakajgaBpiB Ta MaricTpiB, sSKi HABYAIOTHCA Ha (aKyIbTeTi pamiodi3uKH,
OloMeMYIHOT eNeKTPOHIKM Ta KOMIT FOTEPHHX CHCTEM, a TAKOXK OakallaBpiB, sIKi HABYAIOTHCS HA MEAWMIHOMY (PaKyIbTETi.
Buxknamaui xadeapu 3OiHCHIOIOTE BHIAHHS HaBYAIBHUX Ta HABYAIBHO-METOJUYHUX MOCIOHUKIB, MyONiKYIOTh CTAaTTi B
SKAX PO3TIIIA€ThCS METOJMKA IIPOBEINCHHS 3aHATH 13 3arajbHOi (I3MKM Ta IIKUIBHOI (i3WKH, a TaKoX METOJHUKa
MUCTaHIIITHOTO HaBuaHHA. Po3poOku oOmamgHaHHS mius (Qi3MYHUX KaOiHETiB 1 aboparopill cTapmioro BHKIagada
JlutBurOBa FO.B. Ta #ioro CHiBaBTOPIB HEOJHOPA30BO BiJ3HAYAIUCH MENAISAMU MDKXHAPOJHHUX 1 BITYM3HSHHX OCBITHIX
BHCTABOK, JIMTNIOMaMH 1 3BaHHSIMH JlaypeaTiB KOHKYPCIB IHHOBAIIHHUX ITPOEKTIB.

VY nanmii yac kadeapa excriepuMeHTa bHOI (i3uKH, iCTOpis KO TiCHO MOB’si3aHa 3 icTopielo (izuyHOro KadiHETY
XapKiBChbKOTO YHIBEPCUTETY, Ma€ Y CBOEMY CKJai HaBuaibHO-EKCIIEPUMEHTAIBHY JIAOOPATOPIIO, MPAIIBHUKH SKOT ITi[
KepiBHULTBOM 11 3aBigyBaua b.M. BauiiioBa 3a0e3neuyroTh Moka3 JEKIIHHUX JEMOHCTpALid Mii 4ac YUTAHHS JISKIIH
CTYZIGHTaM i3 Pi3HUX PO3/ILIIB 3arajibHOT (Di3UKH, BUKOPUCTOBYIOUH JUIS IIbOTO OaraTy KOJEKLI0 pI3HOMaHITHUX (i3HYHUX
NPWIAJIB, Y TOMY YHCII 1 CTApOBUHHUX, SIKI CTAHOBIISTH ICTOPHYHY LIHHICTb.

Haykosi nociipkeHHs Ha Kadenpi ekcriepuMeHTanbHol (Di3UKN y JaHUH Yac IPOBOJSATHCS HAYKOBISIMH Ta HAyKOBO-
TeJaroriyHIMHU MIPAIliBHUKAMK Y XOJi BUKOHAHHS JepxkOromxerHnx HJIP Tta B Mekax poOodoro wacy BHKIagadiB 3a
TaKUMH OCHOBHHMMH HalpsIMKaMH:

- BUBYEHHSI CTPYKTYPHOT'O CTaHy TOHKHX IUTIBOK 1 M€XaHi3MiB (pa30BHX IEepeTBOPEHb y HUX (HAYKOBI KEPIBHUKH: JIOLL.
CyxoB B. M., npoBinHuii HaykoBuii ciiBpoOiTHUK [Jykapos C.B.);

- BUBUCHHS (PI3MYHOI NPUPOJM CTPYKTYPHOI HaIUIACTUYHOCTI aioMiHieBuX cruasiB (mpog. IMoiina B. I1., crapmmii
BuKiagad Muma J1.€.);

- TEOPETHYHI AOCHIPKEHHS y rany3i ¢izuku miazmu (mpod. €ropenxos B.J1.);

- eKeCIIepUMEHTANIbHI JOCIiPKeHHs y Tany3i (izuku MinHoCTi Ta tiactuaHocTi (morent Lllexosmos O.B., acmipant

dTroMoB €.B., crapmmii Bukiagau Jlebenes C.B.);

Hayxkogi criBpo6itHukn H/IU XHY imeni B.H. Kapasina, uienu kadenpu Jykapos C.B., [letpymenko C.1. Ta imxeHep
HesracumoB O.O. 30iHCHIOIOTH €KCIUTyaTalil0 HOBITHIX HpHiIaaiB (peHTreHiBchbKoro nudpaxromerpa Shimadzu XRD
6100, pactpoBoro esexkTpoHHOro Mmikpockorna Tescan Vega3 LMH) Ta KUIBKOX NpOCBIYYBaJbHUX EJIEKTPOHHHUX
MIKPOCKOIB, 5IKi € y po3nopsykeHHi kapenpu. Lli npuinaam BUKOpUCTOBYIOTECS Y LIeHTpl KOJIEKTUBHOTO KOPHUCTYBaHHS
HAyKOBUM OOJIa[lHAHHSAM YHIBEPCUTETY JUISi HPOBEICHHS CTPYKTYPHHUX, (akrorpadiuHuX, PEHTTCHOCIEKTPAJILHHX,
PEHTTCHOCTPYKTYPHUX, T€OJOTIUYHUX Ta O10IOTIYHHUX JTOCIIIKCHB.

Oxpemi cryseHTH (iznyHOro (akyybTeTy, sSKi IPOXOAATh HAaBYaHHS Ha Kadelnpi eKCIICpUMEHTAJIbHOI (i3UKH, €
MIEPEMOXKIPIMH 1 IpuU3epaMu MIKHAPOTHIUX Ta BITYM3HAHUX OJIIMIIa i TypHipiB 3 (Qi3UKH.

Kadenpa excriepumeHTanbHOI (i3ukH € omopHO0 Kadeaporo (i3uku XapKiBCHKOTO YHIBEPCUTETCHKOTO KOHCOPIIyMY.
Ha xadenpi nuisxom craxyBaHHS IiABUITYIOTH CBOIO KBaTi(iKaIlifo BUKJIAAadi 3aKJIaiB BHIIOi OCBITH M. XapKoBa.

[IpaniBHuKN Kadeapu ekcrepuMeHTaNbHOI (i3ukn OepyTh y4acTh y MPOBEIACHHI PI3HOMAHITHUX MPodopieHTALIHHIX
3ax0[iB, 30KpeMa: TypHipiB I0HHX (i3WKiB 1 IOHUX BHHaxigHWKIB, [[HIB BigkpuTux asepeit XHY imeni B.H. Kapa3sina,
HayxoBoro mixnika, Houi Haykun. AKTHBHO CITiBIPAIIOIOTh 3 MalOyTHIMH aOiTypieHTaMH Ta 3 iXHIMH BUYUTEISIMH 1
OaTbKaMu.
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Bunu BONOKHHMCTHX CTPYKTYp B 3pa3kax psgy

EnekrpoHHO-MiKpocKomivHa MikpodoTorpadis IIPOMHUCIIOBUX ATIOMIHIEBUX CILIaBiB,
IUIIBKA  CBHHIIO, $Ka pO3IUIABIEHa Ha HAILIACTHYHO 1po1ehOPMOBAHHX 1o
YTICPOIHIN IT1UTOKIIL. PYLHYBaHHS B YMOBaxX BHCOKOTEMIIEpATYpPHOL

CTPYKTYPHOI HaIJIaCTHYHOCTI.

JeranbHinte 3 icropiero kadeapu Ta ii CboroJeHHsIM MO>KHa 03HAHOMUTHCH, TIEPETJITHY BILU NPE3eHTallii, TPeICTaBIeH]
Ha caiTi kadeapu ekcmepuMeHTanbHOI Gisuku (pekuMm poctymy: https://kefuniver.kharkov.ua) Ta mnpounTaBuIU
Oiorpadiuni maHi mpo ii mpamiBHUKIB Ha caiiTi QismuHOrO (hakympTeTy, sKi BUKIameHI Ha BeO-CTOpiHII «3an ciaBu
¢dakympTeTy (pexum goctymy http://physics.karazin.ua/ua/zal_slavy.html)).

CnucoK BUKOPHCTaHUX JIITEPATypHUX IKEPEIT:

1.Baraeit JI.1. OubiT netopun XaphbKOBCKOTO YHUBepcHuTeTa // DU3HKO-MaTeMaTHIeCKUH (akyIbTeT XapbKOBCKOTO
yauBepcureta (1805-1905) 3a mepssie cto net ero cymectBoBanust /[lox pex. M.W. Ocumnosa, JI.W. baranes. — Tunorpadus
u ut. 3unbbepoepra. — T.16 1802-1815. — 1908.— 1204 c.

2.IlonsaxoBa H.JI. ®uszuxa B XapbKOBCKOM YHHBEPCUTETE OT €ro OCHOBaHMA a0 Bemukoit OKTAOpbCKOM
CornuaaiucTu4eckoi peporonuu / Y4eHsle 3amucku XapbKoBckoro yH-ta. — 1955, — T.5.- C. 5-55.

3.ITonsikoa H.JI. ®usuka B XapbkoBckoMm yHuBepcutere ¢ 1917 mo 1930 rox / Yuensie 3amucku XapbKOBCKOTO YH-
Ta. — 1955. - T.5. - C. 57-62.

5.Kadenps! sxcriepuMeHTaIbHON, TeopeTHueckoil n obuiel ¢pusuku pusrko-maremaruyeckoro ¢daxyiprera (1930 —
1955 rr.) / Bepxur B.1., Munbrep A.C., Pozenngeiir, S1.b. ®aitnoepr, B.U. Xotkesuu, U.H. lIxnsapesckuii // YdeHsie
3anucku XapbKOBCKOro yH-ta. — 1955. — T.5. — C. 63-79.

6.Jlemneiin I'.A. Bocmomunanus o kadeape ¢usnkn XapbKOBCKOTO YHHBEPCHUTETA H 0 MOeH padote Ha Heit ¢ 1902 mo
1906 tr. // Yuensle 3anucku XapbKoBcKoro yH-Ta. — 1955, — T.5. — C. 52-55.

7.I'py3unneB A.Il. ®usnveckuil kabuHeT XapbKOBCKOTO yHHBepcuTera // DH3HKO-MaTeMaTHUECKUH (aKyIbTeT
XapekoBckoro yHuepcurera (1805-1905) 3a mepbie cto ner ero cymecrtBoBanus / Ilox pex. M.U. Ocwumosa, .M.
Baranes. Tunorpadus u nmut. 3unsbepbepra. — T.16 1802-1815. — C. 238-245.

8.ITmaunuga B.I1. Mukona JimutpoBud [TunpunkoB. — KuiB : HaykoBa mymka, 1983.—199 c.

9.VnesuoB B.B. K ncropun gusmueckoro dpaxynprera u Kadeapsl teoperndeckoit pmszuku. Y. 1, 2. — Xapskos: XHY,
2003.-40c.

10.VaesHOB B.B. AHnpeit Bnagnmuposnu KenexoBcekuil. — XapekoB : XHY, 2003. — 40 c.

11.Xmxkosuii B.I1. Hapucn icropii kagenpu excniepumenrtainsHoi diznku. — Xapkis : XHVYimeni B.H. Kapasina, 2004.
— 73 c. Pexxum poctyny:

https://kefuniver.kharkov.ua/doc/presentation/nar_ist_kaf.pdf

12.Muxomna JImurpoBny [IniapunkoB — BuAaTHUHN (i3HK, OJIUH 3 MiOHEPiB 6e31poToBOiI Tenerpadii Ta OCHOBOIIOIOKHHUK
panio kepysansst (J{o 160 piununi 3 qus HapomxkenHs) // B.I1. Iloiina, B.1. bineuskuii, B.B. Hepybenko, K.I. baiipamosa,
M.I. Bobpora, K.O. Minakos, O.B. Cemenos, O.I. Cyk, E.C. FOnam, O.M. MenbmoBa // Bicauk XapKiBCBKOTO
HarioHampHOTO YHiBepcuteTy imeHi B.H. Kapasina, cepis «®izuka». — 2017, B.26. — C. 64 — 72. Pexxum moctymy
https://kefuniver.kharkov.ua/doc/presentation/pilchikov_visnyk.pdf

13. MBamenko FO.M., Mapuenko B.C.. CoxpoBuma ¢usmueckoro kabuuera // HayKkoBO-OMyJSIpHUH KypHAT
«UNIVERSITATES». Anbmanax. —2006. — Ne 1. — C.15.

Kadenpa teoperuunoi ¢pizuku imeni akagemika [.M. Jlidgmmus

VY cydyacHHX yMoBax HEOOXiJHO HAIOJIETJIMBO IiJKPECIoBaTH (DyHIAMEHTAJIbHY BaXKIIMBICTh OCBITH 1 HAayKH SIK
HEBIJI'’€MHHMX KOMIIOHEHTIB iCHYBaHHS DO3BHHEHMX JIOJCHKMX CIIUIBHOT 1, 3BMYaiHO, MIATPUMYBAaTH 1 PO3BUBATH
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BiAMOBiAHI Tpaamiii. 30epeKeHHS Ta MOJANBIINN PO3BUTOK B YHIBEPCUTETI TpaaULiid HayKoBoi mikomy Jlannay-Jligmurst
3abe3neuyeThest 3aBIsTKH (QYHKIIOHYBaHHIO Kadeapu TeopetnuHoi ¢iszuku. Ha niit kadenpi, 3acHoBaniii [.M. Jlipmmuem y
1944 p., 1 sika HOCUTH 3apa3 Horo im’sl, IpaloBaIy HOro y4Hi — BCECBITHBO BifioMi BueHi: npo¢. M.1. Karanos, wi.-kop.
HAH VYxkpaiau mpod. A.M. Koceruu, un.-kop. HAH Vkpainu mpod. E.A. Kanep, mpod. B.M. Ilykepnik, mpod.
B.M. I'Bo3nikos, npoo. JL.E. [Tapramanix.

Kagenpa Teopernunoi ¢izuku imeni akagemika .M. Jlidpmuusg € 6a30BUM CTPYKTypHHM MiIpo3ALIOM (Di3UYHOTO
(axynpTeTy XapKiBChKOTO HallloHaJIbHOTO yHiBepcutery iMeHi B.H. Kapaszina. Kadenpa 3zailicHIO€ OCBITHIO, METOINYHY,
HayKOBY IISTBHICTH 32 criemianbHicTIO 104 «di3uka Ta acTpoHOMIs» Ta y Mexax crieniaiizaiii « Teopetnuna ¢izukay. Y
Mexax crieriamzanii « TeopeTndna (izuka» CTYACHTH OTPUMYIOTh 3aralibHy MpodeciifiHy OCBITY 3 yCiX pO3IiiiB CydacHOT
TEOPETUIHOI (i3MKH Ta KOHKPETHY IOTIMOJICHY IMIATOTOBKY 3 OOpaHOTO CTYACHTOM OJIHOTO i3 HACTYIMHHUX HAyKOBHX
HampsIMiB: TEOPisi TBEPAOTO Tija (METalu, pealibHi KPHUCTaIH, HAMBIPOBITHUKH, HAAMPOBIIHUKH), HEBIIOPSIKOBAHI Ta
HU3BKOBUMIpPHI CHCTEMH, MAarHeTU3M Ta CITIHOBI CHCTEMH, HEJiHIHHI SBHINA Ta COJITOHH, CYILIJbHI CepeloBHIINA Ta
(dbpakTanm, eeMeHTapHI YaCTHHKH Ta TpaBiTallis, KOMIT FOTEpPHE MOJICIIOBAHHS, KBAHTOBHI KOMIT IOTEp Ta iH.

l'onoBHUMY 3aBAaHHSIMU Kadeapu €: opraHizauis i 341iCHEHHS] Ha BUCOKOMY PiBHI OCBITHBOI, HAYKOBOI, METOAMYHOT,
HABYaJIbHO-BUXOBHOT POOOTH i3 3M00yBayaMu BHIIO1 OCBITH; MPOBEICHHS HAYKOBHUX TOCITIKECHB 3a podineM Kadeapu.
Kadenpa cTBoproe yMOBH 1 BUXOBY€E HEOOXI1/IHI SIKOCTI /1711 TBOPYOT A1SUTbHOCTI BUKJIAa4iB 1 CTYACHTIB, JUIsl IPOYKYBaHHS
HOBUX 1€, 3[IiICHEHHS] OpHUTiHAJIbHUX, HECTAHAAPTHUX MIiJXOMAIB Yy BCiX Hampsimax TeopernuHoi ¢izuku. Ha xadenpi
0araTo pokiB, MOYMHAIOYHU 3 ii 3aCHYBaHHS, IUTIHO Mpaitoe (inial BCECBITHBO BilIOMOI HAYKOBOI IIKOJIM TEOPETHYHOT
¢izuku Jlangay-Jliduis. 3acHOBHUKaMU HAYKOBOI IIKOJIU meopemuunoi pizuku B XapKiBCbKOMY YHIBEPCHUTETI OYJIH
BHJATHI BueHi — jmaypear HoOeniBchkoi Ta JleHiHchkoi mpemiii akamemik JI.JI. Jlanmay Ta jaypeat JIeHIHCBKOI mpemii
akanemik [.M. Jlipmmmeb.

Kadenpa y ckiami HayKoBO-ITEJarorivHuX i HAYKOBUX MPAIliBHHUKIB 3a0€3MeUye:

1) BUKJIaAaHHS 3araIbHAX KypCiB TEOPETHUHOT Pi3UKH Ha PismIHOMY (aKyJIbTETI Ha BACOKOMY MpodeciitHOMY piBHI 3
ypaxyBaHHSIM HOBITHIX JIOCATHEHb Y Il Tairy3i;

2) BUKJIQIaHHS CIELiaIbHUX KypCiB TEOPETUUHOI (Di3UKH HA BUCOKOMY podeciiiHOMY piBHI 3 ypaxyBaHHSIM HOBITHIX
JIOCSATHEHb Y i raiy3i Ui CTYICHTIB, SIKi HABYAIOThCS Ha Kadepi;

3) BUCOKHUI piBEeHb HayKOBHUX JOCHI/PKEHb Y BOXJIMBUX HAINpsMKax cydacHoOl TeopeTH4HOI (i3uKH, sIKi Yy KOMIUIEKCI
CTBOPIOIOTh TEOPETHYHY 0a3y CyuyaCHUX HaHOTEXHOJIOTIH;

4) 30epexeHHs Ta NOAAJIBLINK PO3BUTOK B YHIBEPCUTETI TpaauLii HaykoBoi mkoiau Jlannay-Jligummuis;

5) po3imnpeHHs i 3MilHEHHsI 3B'SI3KIB 3 HAYKOBO-AOCIiIHMMHU ycTtaHoBamu HarionanbHol Akanemii Hayk Ykpainu ta
IHIIUX KpaiH 3 METOIO MiATPUMAaHHS BHCOKOTO PiBHS HAYKOBHUX JOCIIIKCHb.

Kadenpa rorye ¢i3ukiB-TeoOpeTHKIB, SKi MOKYTh BUKOHYBAaTH HAyKOBY po0OOTY B OYyAb-IKOMY HAIPSMKY TEOPETHYHOI
¢bizuxy. Bunmycknuku xadeapu npauorTh CHiBpOOITHUKAMHM HAYKOBO-AOCIIIHUX IHCTUTYTIB XapKoBa Ta IHIIMX MICT
VYkpainu, BUKiagauaMu Gpi3uKy B YHIBEPCUTETaX, aKaJIeMisiX, TEXHIKyMax, mKojax. Jleski 3 Hux npaiorots B kpainax CHJI
1 IPOBITHAX HAyKOBHX IIEHTpax CBiTy. IlinroroBka QaxiBIiB BUMIOI KBadiikalii 3MiHCHIOEThCA Yepe3 acIipaHTypy 3a
cnemianpHicTIO 104 «Di3HuKa Ta aCTPOHOMISD.

Cmopinku icmopii

IcTopis kadeapu moria 6 TOYMHATHCSA 3 MOMEHTY BIJKPHUTTSI XapKiBCHKOTO YHIBEPCHUTETY, OCKUIBKHU BXXE TOZ1 OJHIEI0
3 Kadenp Bimmury ¢Gi3MYHMX 1 MaTeMaTHYHHX HayK Oyna "kadenpa TEOpeTHYECKOH M OMBITHOH (u3mkH", mepramMm
3aBigyBadeMm sikoi OyB A.l. CrolikoBuu, Omuckyumii jextop. IIpoTe kojextuB kadenpu He MpeTeHAye Ha MOIIOHY
"cragKoeMHICTR" (1€ CTOCY€EThes ¥ iHIMMX Kadeap 3 MoaiOHOI HAa3BO0), iHaKIEe MOKHA OyJsio 6 HezabapoMm Bigmivatu ii
220-pivus. HermoaBHO BUIIOBHMIIOCS JIMIIE 75 POKiB HamIii kadenpi, Ky 3acHyBaB BecHOIO 1944 poky It MuxaitioBua
Jlipmms, MaliOyTHIN akaeMik.

Inest crBopeHHs cyuacHoi kadeapu TeopeTndHoi Bi3uKH y XapKiBCbKOMY YHIBEPCUTETI HAJICKNUTh BUAATHOMY (i3HKy-
teopetuky XX crouiTrd, snaypeaty HobGeniBcpkoi Ta JleHiHcbkoi mpemil, akagemiky JI.JI. Jlanmay. Bin mpamroBaB y
XapkiBcbkoMy yHiBepcuteTi 3 1935 p. mo 1937 p. V Xapkosi JI.Jl. Jlannay cTBOpHB 3HaMEHHUTY HayKOBY IIKOJIY (i3HKiB-
TEOPETHKIB, JOCATHEHHS SKO1 BiZIOMi JaJIeKO 32 MeKaMH HaIoi KpaiHH.

CyuacHa xadenpa TeopernuHoi (izuku crBopera y 1944 porni yunem JI.J1. Jlannay — BUIaTHUM YYEHHUM, JIaypeaTOM
Jlenincwkoi npemii, akanemikom [.M. Jlipmunem, sikuii 3aBimyBaB Hero 10 1969 poxy. HaszuBanack kadenpa Toni "kadeapa
cratuctTuaHoi (pizuku i TepmonuHamiku". Hazsa x "kadenpa reoperndnoi ¢izuku" 3'spuitack y 1979 poiti, To6To gepes 35
POKIB Ticys 11 3acHYBaHHsI, ajie BOHA HE TOPKHYJAcs CYTi, a JIWIIE MiAKpecimia, mo kKadeapa BHUITyCcKae came (i3nuKiB-
TEOPETUKiB mupokoro npodimo. .M. Jligmuie BceCcBITHRO BiTOMUN CBOIMH JOCIiIKEHHSAMHU B Taly3i Teopil TBepaoro
TiJla, TeOpii HEBMOPSAAKOBAHUX CHCTEM, 010(i3uKH. 32 BUAATHI HAYKOB1 JOCATHEHHS HOMY NpUCYKeHa JICHIHChKa TIpeMis,
npemis im. JI. Mannensintama, MikHapoasa npeMist Calimona. I.M. Jlidpmunb cTBOPUB BCECBITHBO BiloMy XapKiBCbKY
Koty (hi3uKiB-TeopeTukiB. PazoM 3 y4HsMH BiH oOy/yBaB cyyacHy €JIE€KTPOHHY TEOPil0 METalliB, 3aKiIaB OCHOBH TEOPii
HEBIIOPS/IKOBAHUX CHCTEM, B TeOpii METaliB CTBOPMB 1/1€0JIOTiIO, siKa 3apa3 y CBITOBIH JliTepaTypi Ha3UBA€THCS
¢depmionoriero. B 2008 pori y 3B’s3Ky 3i cBATKyBaHHsAM 90-piuust 3 nus HapompkeHHs [.M.Jlidgmumus ta 3HaUHUMHK
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v JOCATHEHHSIMH KOJICKTUBY KadeIpu 3a Haka3oM peKkTopa
A ~m “:" kadeapa crama TEpIIO «IMEHHOK» Kadelporw B
9% ¢ . XapkiBCHbKOMY HaIllOHaJIBHOMY YHIBEPCHUTETI I Mae Ternep
) < Ha3By «kadenpa TeopeTHdHOi (i3MKH IMEHi akajgemika
A LM JTipurmmsy.

Ha xadenpi B cBiii 4yac mpamroBaiu Bitomi (i3uKH-
teoperuku:  akagemik  JLA. TIlactyp, axagemik
O.I'.Curenko, unen-kop. HAHY E.A. Kanep, wieH-kop.
HAHY A.M.Kocesnu, wien-kop. HAHY 1.0.Kymuk,
mpopecopu  M.A.Az6ems, ®D.I'.bacc, O.f.bnank,
B.JI.T'epman, B.M.I'Bo3nikos, JI.I.I'mazman, P.M.I'ypxwu,
J.I'. Jonromnosnos, M.I.KaraHos, B.M.KonTopoBuu,
I'.A.JTro6apchbkuid, B.B.Cip0308B, O.A.Cnynkis,
JL.E.Ilapramanik, B.I.Ilepecana, B.M.1LlykepHuK, TOIIEHTH
J.CI'ymima, T.C.UebanoBa, B.M.ITwxk, FHO.LIIunsHoB,
0O.A.®Decenko-Yyoukaro, HayKOBI CHiBPOOITHUKH
0O.B.3acnascekuii, O.JI.MamkeBuy Ta 6arato iHmx.

Busnauni oocaznenns ma Hazopoou 3a HAyKoei
3000ymKu

Unen-kop. HAH Vkpaimn npodecop E.A. Kanep
b (1931-1986) — ciBaBTOp ABOX BIAKPHUTTIB (aBT. CBiIONTBA

JLLManpenpirava  1a - @.Caiivona.  Unen 1966 1970), naypear Jlepxnpenmii Vipainu (1980).
Hauionanbroi Axanemii Hayk CIUIA, unen Tpuniti — Ynen xop. HAH Vkpainu npodecop A.M. Kocesnu (1928-
Konespky Kembpipkebkoro yrisepeutery. 2006) — cmiBaBTOp BimKpuTTA Nel82 (aBT. cBimOUTBO),
naypear Jlepxmpemii Ykpainu (1978), npemii HAHY im.
K.JA.CunensnukoBa (1999), 3aciyxxeHuit nisy Hayku 1 texHiku Ykpainu (1997), Bigminauk ocBitu Ykpainu (1998),
naypear Jlepxmnpemii Ykpainu B ranysi Hayku i Textiku (2001), [Touecnuit gokrop XHY (2004).
Hobeniecokuii pigenv 0ocazHenb Ha Kaghedpi meopemuunoi gizuxu

Amnanizyroun HaykoBi 3m00yTku akaa. .M. Jlipmumns mMokHa 3pOOMTH BHCHOBOK, IO BiH MIir OM OTpHUMATH [BI
HoGemniBchki pemii 3 Gi3uku — 3a (epMioJIOTiio Ta 3a CTBOPESHHS TeOpii HEBMOPAAKOBaHUX cucTeM. IIpodecopa uieH-Kop.
AH VYxpaian E.A. Kanepa Takox MoxxHa BBa)xaTH 0€3yMOBHO TiIHUM 110 oTpuMaHHs HobeniBchkoi mpemii 3a BiAKPHUTTS
SIBUIIA IUKJIOTPOHHOTO pe3oHaHcy. Ha »kanp, y cuily HONITHYHHMX NMPUYWH, PAASHCHKUM BUCHHM Yy Ti 4acH OyJO Ba)KKO
pO3paxoByBaTH Ha CBiTOBe Bu3HaHHA. HaBiTh y BUNaiKax, KOJIM y HassBHOCTI Oys yci 00’ €KTUBHI YHHHHUKH JUIS IIHOTO.

3asioysaui kaghedpu piznux poxis

Kadenporo y pi3ai wacm 3aBimyBamu akanmemik [.M. Jlipmmms, mom. JI.C. I'ymiga, mou. I.I. ®ameko, mpod.
JLLE. Napramasik, npod. B.B. Yissauos, npod. O.M.€pmonaes.

Axkamemik IM. Jlibmmme (1917-1982) — naypear
Jlenincwkoi npemii (1967), Hepxnpemii YPCP B ramysi
HayKkH i TexHikH (1985), criBaBTOp TPHOX aBT. CBIIOITB
mpo  (GyHIAMEHTaIbHI BiAKpUTTA. HaropomkeHui
opaeHom TpymoBoro KpacHoro 3HamMeHH, JIBOMa
MEIAISIMU. Binznauyenuii peMisaMu iM.

akaza. [.M.Jlidrmmme nom. JI.C.I'ynina not. L.I.danpko npod. JL.E.ITapramanik  npo¢. B.B.YupsaoB
1944-1968 1969-1973 1974-1979 1980-1981 1982-1993

3 1993 poky mo 2013 pik 3aBimyBauem Kadempu OyB HOKTOp ¢i3.-maT. Hayk, mpodecop €pmonae OmexcaHmp
MuxaiinoBuy.

[Mounnatoun 3 2006 p. B yHIBepCHUTETI Ji€ peHTHHroBa cucTeMa OIliHKKM podoth kademp. Y 2006 p. xadenpa
TeopeTHYHOI (i3uKH 3a BciMa Bugamu podoTu cepen 61 kadenp yHiBepcurery mocina apyre micte, a B 2007 p. — tpere. Y
2009 pori kadenpa TeopeTHIHOI (Hi3UKH TOCiIa MepIe Micie.

BicHuk XHY imeHi B.H. KapasiHa, cepisa «®isuka», Bun. 33, 2020 19



[Mouynnarouu 3 yepBus 2013 poky 3aBinyBauem kadeapu
nparmoe yaeHs npod. O.M. €pmonaesa — mou. Pamba I'.1.

Cyuacnicmsp
3apa3 Ha Kadeapi IUITHO MPAIMIOITHh IMOCITITOBHUKH
akamemika Immi Muxainosuda Jlipmunsa — BYeHi 3i

CBITOBUM iM’siM: JaypeaTu [lepkaBHUX mNpemiil Ykpainu
akanemik HAH VYxpainum, modyecauii nokrop XHY imeHi
B.H. Kapasina JI.A. [Tactyp, ui.-kop. HAH Ykpainu npod.
B.O. SImnonscekuii, npod. B.I'. Ilimancekuid, mpod. 1.B.
Kpise, npod. A.C. Kosanpos, mpod. O.M. €pmornaes,
npod. B.B. Vabsanos, npod. AmocronoB C.C., mpod.
Borman M.M., npod. Kosansos O.C., npod. Kpise L.B.,
npod. ®ins [1.B., npod. HIknoserkuii B.O., non. €3epcbka
O.B., mor. KorBumpkuii A.T., gor. JIrobimos O.1., moir.
Maiizemnic 3.0., Pam6a I'.1.

IIpodecop O.M. €pmoraeB i gac 3ycTpidi
BHITyCKHUKIB XHY 3 BUXOBaHIIMH Kadeapu pi3HUX
pokis, 2010 pik.

Hanbinow eéazomi Haykoei 00cAZHENHA OCMAHHIX POKIG:

[MoOymoBaHa Teopis MarHITOAOMIIIKOBHUX CTaHIB
CJIEKTPOHIB y HAHOCHCTEMAax, BUBYCHI TEPMOAWHAMIUHI,
KIHeTHYHI, MAarHITHI, BHCOKOYAaCTOTHI Ta aKyCTHYHI
XapaKTEePUCTUKH MPOBITHHUKIB 3 MarHITOAOMILIKOBUMH CTaHAMH €JIEKTPOHIB. PO3BHHYTa TEOpisi KOJNIEKTUBHUX 30y/PKEHb Y
HAHOCHCTEMax Ha KPUBHX ITOBEPXHSX 3 HAJrpaTKaMH MPU HASBHOCTI MarHiTHOTO MOJISL.

CTBOpEHI HOBI METOIU Y TEOPii KBAHTOBUX CIIIHOBHUX CUCTEM, KOHIIEIIIIT CITIH-KOOPIUHATHOI BiMOBIAHOCTI. Bigkpuri
HOBI KJIacH TOYHHUX po3B’si3kiB piBHsHHA [llpeninrepa. [ToOymoBaHna Teopis HENIHIHHMX €NEKTPOJUHAMIYHMX SIBUIL Y
LIapyBaTUX HAANPOBIJHHMKAX MPH PO3MOBCIOKECHHI JHKO3e()COHIBCBKUX IUIA3MOBUX XBHJb. TEOPETHYHO JOCIIHKEHO
MIPOXO/KCHHST CIIEKTPOMArHITHUX XBWJIb Kpi3b (DOTOHHI KPHCTANIW Ta IHIN CTPYKTYPH, SKi BKIFOYAIOTH TiPOTPOIHI
MaTepialy, MeTaMarepiand, IIapyBaTi HAANPOBIAHWKA. 3HIHCHEHO TEOPETHYHE JOCITIHKEHHS BIACTUBOCTEH
0araTOKpOKOBHX MapKiBCHKHX JIAHIIIOTIB Ta BUIAJKOBUX MPOLECIB 3 JaJeKUMH KopessnisiMu. [IpoaHanizoBaHuil BIUIMB
YaCTOTHUX IIYMIiB Ha JUHAMIKy HAaHOPE30HATOPIiB 3a HASBHOCTI KOHTAKTy 3 TEpPMOCTaToM. BuBdeHa nexorepeHmis Ta
3racaHHs KBaHTOBHX 3aIUTyTaHUX OaraTokyOiTHUX cucteM. [1o0ymoBaHO TeOpito KBAHTOBOTO €IEKTPOHHOTO TPAHCIIOPTY y
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JBOLIAPOBHX TI'Pa(eHOBUX CHCTEMAaX. Precise magnetic characterization of individual direct-write nanoelements

PossunyTa Teopis Henminilinux sBum 'y  Oleksandr V. Dobrovolskiy, Sergey A. Bunyaev, Nikolay R. Vovk, David
Mmexamimi i ¢isuni xommeHcoammx  Navas, Pawel  Gruszecki, Maciej Krawczyk, Roland  Sachser, Michael
cepeposunl.  IlToOymosana  Teopis  Huth, Andrii V. Chumak, Konstantin Y. Guslienko and Gleb N. Kakazei
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JUHAMIYHUX 1 TOIOJIOTIYHUX COJITOHIB y TPYKHHX 1 MarHITOBHOPSAAKOBAHMX CEPEIOBHUINAX. 3alpOINOHOBAaHA TEOPis
JIOKJILHOTO JliaMarHeTH3My y HENiHIHHMX MarHiTHUX Meramarepianax. Po3BuHyTa Teopis Jokani3oBaHUX 30y/KEHb Ta
PO3CISIHHS CITIHOBUX XBWJIb Y HU3bKOBUMIPHUX MarHeTUKax 3 JOMEHHHMH rpaHuLsIMH. [1o0y0BaHi MaTeMaTH4Hi OCHOBH
Teopii rpaBiTamifHUX JiH3 3 BHUKOPHCTaHHSIM METOJIB anreOpaiuHoi reomerpii Ta anredpaiynoi Tomosorii. Meroau
KOMIUIEKCHOTO aHalli3y pO3IOBCIO/PKEHI Ha HeaHaliTH4YHI (yHKnii. 3anpornoHoBaHi e(eKTHBHI CHIHOBI Mojeni
HAaHOMAarHEeTHKIB: aHAJITUYHI Ta YUCIIOBI METO/N JOCIIKEHHS €HEPreTUYHOI0 CIIEKTPY, KBAHTOBHX (ha30BUX MEPEXO/IIB
Ta HU3bKOTEMIIEPaTYPHOI TEPMOAMHAMIKH Tpa)eHOBMX HAHOKJIACTEPIB Ta KBa3iOAHOBUMIPHUX KOMIUIEKCIB IEPEXiITHUX
METaiB.
CyuacHhi eusnauni 00csacHeHHs MA HA2OPOOU 3a HAYKOBI 3000ymKuU

IIpod. I.B. Kpise — maypear depxnpemii Ykpainu B ramy3i Hayku i TexHiku (2006).

IIpod. B.I'. [Timancekuii — naypeat Jepxmpemii Ykpainu B raimy3i Hayku i TexHiku (2008).

IIpod. B.O. Amnonscrkuii — wieH-kop. HAH Ykpainu (2009), naypear Jlepxnpemii Ykpaiau B raidy3i HAyKH i TEXHIKH
(2013).

Ipod. O.M. €Epmonaes — Binminnuk ocitn Ykpainu (2008).

IIpod. O.C. Kopanbos — naypeat npemii HAH Ykpainu imeni akagemika O.C.JlaBumoBa B raimy3i TeOpeTHYHOT (i3uKU
(2006), naypear [epxnpemii Ykpainu B ramy3i Hayku i TexHiku (2013).

Yuacme cniepobimnuxie xagpeopu 6 onimniadnomy pyci 3 niozomoeKu manaHoeUmMuUX WKOAAPIe Ona yuacmiy
MD@CHAPOoOHUX onimniadax 3 izuku

Houent Maiizenic 3. O. HAropoKEHHd MOYECHUM 3BaHHIM «3acily)KCHUH BUUTENb YKpaiHuw». BiH kepye KoMaHI010
XapkiBChbKOTO HaIliOHAILHOTO YHiBepcuTeTy iMeHi B.H. Kapasina Ha BceykpaiHcbkoMy TypHipi Gi3HKiB 1 MPUBOIUTS i1 10
OJINCKYYHX ITEPEMOT Ha BITYU3HIHOMY Ta MIXKHApOTHOMY piBHAX. KepiBHUK KoMaHIu YKpainu Ha MiXKHapo HOMY TypHipi
disukiB (2017 pix — mepme micue, 2018 pik — Tpere micue). Moro y4ni — mepeMoxmi 4ucieHHHX MiKHApOIHHX Ta
BCEYKpaTHCHKUX (DI3UYHMX OJIIMITIaJl Ta TYPHIPIB cepell IIKOJAPIB Ta CTYACHTIB, IMEPEMOXI KOHKypcy-3axucty MAH
Ykpainu.

Houent €3epcbka O. B. Oepe akTHBHY ydyacTh y MiJTPUMIL Ta MOCHJICHHI iCHYHOUOI CHCTEMH JOYHIBEPCHTETCHKOI
po0OTH 3 TAIAHOBUTUMH JIIThbMH Y paMKax poOoTH XapKiBChbKOTO BijuineHHs Maioi akazgemii Hayk. [linrotoBieHi Hero
y4Hi IlepeMararoTh Ha ob1acHoMy Ta BeeykpaiHChbKkOMy eTamax KOHKypcy 3axucty MAH.

Jeaki euoamni eunycknuxku xagheopu (0ue. 0oxknaouiuwie 3 pomo ma i0ZyKkamu npo HAGUAHHA HA PI3UUHOMY
daxynomemi ¢ http://physics.karazin.ua/ua/vidguk. html)

3Bsirid A.A. (BumyckHuk 1981 poky) — npoBinnuii HaykoBuii criiBpoditHuk @TIHT HAH VYkpainu, nokrop ¢i3.-mar.
HayK, mpodecop. 3aiiMaeTbCsi TEOPi€l0 MArHITHUX CHCTEM, CHJIBHO KOPEIbOBAaHMX E€JEKTPOHHUX CHCTEM,
(bpycTpUpOBaHNMH MarHETHMKaMH, TOYHO PO3B'I3yBAHUMM KBAaHTOBHMH MOJEISIMH, TEOPIi€l0 KBAHTOBHUX KOMII'TOTEPIB.
Jlaypear mpemii HAH VYxpaiam imeni C.LIlekapi (2010), peryisipHO 3ampoOIIyeTbCsS MPOBITHUMH MiKHAPOJTHUMHU
LOEHTpaMH JUTS YUTaHHS JICKIH, aBTOp ICKUIFKOX KHHT 1 MOHOTpadii, OmyOJIiKOBaHHX MPOBIMHUMH MiKHAPOTHUMH
BU/IaBHHULITBAMU.

Maimzeric 3.0. (Bummyckauk 2006 poky) — c. H. ¢. IPE imeni O.5. Ycukosa, nouent XHY imeni B.H. Kapasuna, Bunrens
¢izuxu XapkiBebkoro ninero Nel61 «Immynbey. Di3UK-TeOpeTHK, 3aiiMaeThCsl IIapyBaTUMU HAIPOBITHUKAMH, TEOPI€I0
KBaHTOBOI iH(opMallii, rOTy€ MKOJIAPIB 10 PI3HUX OJIMIIiajA Ta KOHKYpCiB. [1iAroTyBaB 4OTHPHOX MPU3EPiB MIXKHAPOAHOT
oJiMmiasn, KilbKa JECATKIB IpHU3epiB BCEYKPaiHCHKOI OJIMITianu, TpeHep KOMaHA-a0COMIOTHUX HEePEMOXKIIIB
BceykpaiHChKUX TYpHIPiB IOHHX (Pi3UKiB OCTaHHIX POKIB.

3arockin O.M. (BumyckuHuk 1985 poky) — Reader in Quantum Physics, Department of Physics, Loughborough
University (UK) (Puznep — cnenudiune OpuraHcbke 3BaHHs Mixk gouneHToM (Associate Prof.) Ta mpodecopom (Full Prof.)
Jivicanii unen [acturyty ®izuku (Fellow of the Institute of Physics). IIpamtoe B ramy3i TeopeTndHoi KBaHTOBOT (hi3UKH
(30KpemMa, KBaHTOBIM iH)KeHepil, KBaHTOBOi OOpoOKH iH(popMamii y TBEpIOTUIBHUX CHCTEMax, KBAHTOBOI (hi3MKH
ME30CKOIIIYHAX HaIIPOBITHUKIB). PO3p0oOUB KOHIENIiF0O KBaHTOBAX MeTamaTepianiB. CriB3acHOBHHK Kommanii D-Wave
Systems (BUpOOHMK KBaHTOBHX ajiabaTnuyHux oduncitoBadiB). Hammcas kanru "Quantum Theory of Many-Body Systems"
(1998, 2-e Bupanus 2014) i"Quantum Engineering" (2011).

Binenkin O.B. (Bunyckuuk 1971 poky) — aupexrop Tadtc incTuTyTy Kocmoutorii Tadgre YHiBepcutery, CIIA (Tufts
University (USA)). Po3poOuB Teopii KOCMIYHHX CTPYH, HECKIHUEHHOTO PO3IIMPEHHS BCECBITY, KBAHTOBOTO CTBOPEHHS
BCECBITY 3 HIUOTO.

[eciu A.0. (Bunmyckuuk 2003 poky) — npodecop daxynprery Pisuxu ta Actporomii, YuisepcureT lltaTty FOTta, Conr
Jleiik Citi, CHIA.

Kipmap 1O.C. (Bunyckuuk 1981 poky) — 3acHOBHUK Ta KepiBHHK LleHTpy HemiHiltHOI (i3uky, 3acayxeHuil npodecop
ABCTpaiiicbkoro HaliOHaJIBHOTO YHIBEPCUTETY ABCTpaliiicbKOro HallioHaJbHOTO yHiBepcutery, Kandeppa, ABcTpaiis.
3 1990 poxy mparioBaB y HaykoBHX LieHTpax Amepuku, @panuii, Icnanii # Himewunnu. Ipod. FO. C. KiBmap cBitoBuit
Jizep B rayy3i HeNiHiHHOI (i3uKy, HeliHIHHOT GOTOHIKK i MeTamarepiaioB, BHIC OCHOBHHI BKJIAJ y TEOPil0 CaM03axBaTy
Ta JIoKasi3auii cBiTia, MIMPOKO BiJOMHH CBOIMH IIOHEPCHKMMH pPE3yJbTaTaMU B TEOPil ONTHYHHMX CONITOHIB, JaypeaT
OaraTboX MKHapOJHUX IpeMiit 1 Mexanei B ramysi ¢isuxu. [Tpod. 0. C. Kimap € oqHuM 3 HaiiG1IbIIe IUTOBAHMX YYEHUX
B obnacri ¢izuku 3 ingexcom Xupma h=117.
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http://www-physics.univer.kharkov.ua/ua/pers_pages/krive_i_v.html
http://www-physics.univer.kharkov.ua/ua/pers_pages/peschansky_v_g.html
http://www-physics.univer.kharkov.ua/ua/pers_pages/yampolskii_v_v.html
http://www-physics.univer.kharkov.ua/ua/pers_pages/ermolaev_a_m.html
http://www-physics.univer.kharkov.ua/ua/pers_pages/kovalev_o_s.html
http://physics.karazin.ua/ua/vidguk.html

I'ypesiu IO.I'. (Bumycknuk 1965 poky) — moktop ¢i3.-mar. Hayk, mpodecop, 0arato pokxiB mpamoBaB B [HCTHTYTI
PpalioeNeKTPOHIKH, WIEH-KOPECTIOHAeHT AKaieMil ilkeHepHuX Hayk (1996), nilicHnii unen MekcnkaHChKOI akaieMii Hayk
(1996), Biue-npe3naeHT MixkHapoJHOI TepMoenekTpuyHoi akaaemii (2003), niticHuii wien MixxHapoaHoi akanemii Xonoay
(2014), naypear mpemiii Mixxnapoanoi Tepmoenektpuunoi akagemii (2003, 2013). 3apa3 — Investigador Titular (Buma
kateropis) LleHTpy mepcnekTHBHHX AociijpkeHb HamioHanpHOTO TONiTEXHIYHOTO iHCTHTYTY, Mexiko-Cirti, Mekcuka
(Centro de Investigacion y de Estudio Avanzado, Instituto Politecnico Nacional,Mexico-City).

@ecenko (UybOukano) O.A. (Bumycknuns 1986 poky) — TpOBIAHMEI HAayKOBWH CHIBpOOITHHK IHCTHTYTY
Marepiano3nasctBa B Manpuni, Icmancekoro Llentpy Haykoux JlochmimkeHb, KEpiBHHK TPYHH IO MOAETIOBAHHIO
MAarHiTHHX HaHOMaTepiamiB. Pemakrop sxyprany “Journal of Magnetism and Magnetic Materials”. 3 1991 poxy npamroBana
B HAayKOBHX IeHTpax Amepukw, AHTmii, Icmanii # Iramii. Arop Oimpm Hik 140 HaykoBHX mpars, (axiBens i3
OGaraTomMacmTaOHOTO MOJICTIOBAaHHS MarHITHIX MaTepiajiB i TUHAMII[l HAMAarHiqyBaHHS.

Hynko O.K. (Bunyckaumg 1997 poky) — mpodecop YHiBepcutery Kamidopsii B Can-/iero (UCSD), CIIIA. ®i3uk-
TEOPETHK, 3aMMAEThCS IOCTIDKCHHSAMH Ha CTUKY ¢i3uku Ta Oiomorii. CmiBaBTOpKa Teopii CHIOBOI CHEKTPOCKOMii
MaKpOMOJIEKYJI, sIka BUKOPUCTOBYETHCS MPOBIIHUMH JIADOPATOPIsIMU MUDY.

3 Metoro 3akpimieHHs XapkiBcbkoro yHiBepcutety y TOII-500 pelituary QS Ta HMOMIMIICHHS HOTO MO3MUINH B 1HIINX
MDKHApOJHUX PEUTHHIAaX MU 3BEPTAIHCH 3 MPOXAHHSIM JIO0 BIJOMHX BHITYCKHHKIB, SIKi YCIIILIHO MPAIIOIOTh 32 KOPAOHOM.
BoHM 3 TOTOBHICTIO HaJJaJId CXBAJIbHI BIATYKH, JIe 3 OJIAar0apHICTIO 3rajajid POKHM HaBYaHHS Ha (i3UIHOMY (aKyJIbTETI.

Haykoeo-memoouune 3ab6e3neueHns HAGUAILHOZ0 RPOUECY

3a pe3ynbTataMu KOHKYpCy Kadeap Ha Kpaie HayKOBO-METOJUYHE 3a0e3MeueHHs] HaBYaIbHOTO TIpolLecy, KUl 0yJo
npoBeaeHo HaBuampHUM meHTpoM MeTonudHoi pobGotu y kBiTHI 2019 poky, BimzHadeHO Kadeapy TeopeTHIHOI (i3uKu
iMeHi akagemika . M. Jlipumus ¢izuaroro ¢axymbprery (mepme Micre) y HomiHamil «CHpusHHA HayKoBif poOoTi
cTyneHTiB» kBiTeHs 2019 p.

Kadenpa acTtponomii Ta kocmiuHoi indopmaTuku

Ha nowarky 3acHyBaHHS XapKiBCBKOTO yHiBepcuUTeTy B YcTaBi yHiBepcutery Bin 1804 p. Ha BimuineHHi ¢izuko-
MaTeMaTHYHUX HAYK Cepejl MeperiKy mocaa npodecopiB Bike 3HaYMIACS mocasa npodecopa actpoHoMa-crnocrepiraya [5].
A d4epe3 IBa pOKHM MICIIsl BIJKPUTTS, 1O YHiBepcuTeTy OyB 3anpouienuii npodecop loran I'yT, koTpuii mouaB yurartu
nepIuii B ictopii yHiBepcUTETY Kypc acTpoHOMil. 3a ioro iHiniarueoto y 1808 p. OyB cTBOpeHHI acCTPOHOMIYHUIA KabiHeT
XapKiBCbKOT'0 yHIBEpCUTETY, a B 1810 p. nepiua tumyacosa oocepBatopisi. Cepen 00siaiHaHHS, 110 BXOAWIIO J0 HUX, OyJIH
HACTYITHI IHCTPYMEHTH: COHSYHMH Ta HACTIHHUHM TOJMHHHUKH, BOCbMHU(YTOBUH pedekTop, IBOAIOWMOBHIT pedpakTop,
BEepPTUKAJIbHAN KBaJpaHT Ta Aeski iHmi [1,2,3]. Lle maBamo MOMJIMBICTH CTYICHTAM HE TIIBKH CIyXaTH JICKIi, ame i
HABYATHCA IPAKTHYHIA pOOOTI 3 IHCTPYMEHTaMH Ta IPOBOJIUTH CIIOCTEPEKEHHSL.

[leprui iHCTPYMEHTH acTPOHOMIYHOTO KabiHETy

Micns Bin'i3ay 1. I'yra 3 Xapkosa B 1811 p. B epnt (TapTy) acTpoHOMiYHI TUCIUIUIIHA B YHIBEPCUTETI BUKJIAIAIIN
Bizomi npodecopu XapkiBebkoro yHiBepcutery A. I. CroiikoBnu Ta T. ®@. OcunoBchkuil. Ane mi nekmii He HOCHIIH
PETYISIPHOTO XapakTepy, TOX Kadenpa acTpoHOMIi, K okpeMa Kadeapa XapKiBCHKOTO YHIBEPCHUTETY OyJiia 3aliogaTKOBaHa
mume y BepecHi 1824 poky, kxomm mpodecop kadempu 3arerumHCbKHA IILA. po3modaB perynspHe BUKJIAaZaHHS
TPOMAJICHKi Hisdi, KOTpi BHECIM BH3HAYHMN BKJIAJ SIK B PO3BUTOK OCBITH Tak i Hayku. Tak, HaNpwKIaa, HEOMIHUMOIO
3aciyroio A. I1. IllnmmoBeekoro Oyma opranizaris Ta npoBeaeHHS y 1847—1849 pp. cepii excnenuriit 1 BU3HAYCHHS
reorpaiuHIX KOOPJMHAT BEJIHMKOI KiJBKOCTI IyHKTIB Ha JIiBoOepexxHii YkpaiHi Ta miBaHi eBporeiicbkoi yactuan Pocii.
By Bu3naveni koopaunaru 29 mict XapkiBebkoi, [Tonrasebkoi, Kypebkoi i BopoHikcebkoi rybepHiii Ta odnacti Bilicbka
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JloHCBKOTO. 3aciryTa CTBOPEHHS MOCTiHHOI ACTpOHOMIYHOI 00cepBaTOpPii XapKiBCHKOTO YHIBEPCHUTETY IO IIPABy HAJICKUTh
npodecopy I'. B. JleBuipromy [1,2].

3 mpuxomom JI.O. CrpyBe B XapkiBcbkuii yHiBepcureT y 1894 p. moyanuch CUCTEMaTH4YHI aCTPOMETPHYHI
CIOCTEPEKEHHS Ha MEpUAIaHHOMY KOJIi, IO HOJIOKHJIO ITOYaTOK XapKiBCHKOI KON acTPOMETPHUCTIB, NPEICTABHUKAMHU
sKol Oynu 3aciykeHuit aissd Hayku Ykpainu M. M. €Bnokimos, naypeat Jlepxapnoi npemii CPCP B. B. Kaspaiicbkuii,
3acimysxenuit gista HaykH 1 TexHiku PPOCP B.1. Kynpesuu, 3acnysxennit gista Hayku Ykpainu b.I1. Ocramenko-Kynpssues
[1,4]. Yunsamu JI. O. CrpyBe Oyim Takox Buaathi actpodizuku XX cropivus - akagemik AH CPCP B. I'. ®ecenkos,
akagemik AH Vkpainu M. I1. Bapabamos, mpodecop b. I1. 'epacumoBud - gupexrop [TymxoBcbkoi oOcepBaTopii, 0nuH i3
3aCHOBHHKIB BITYM3HSAHOI TeopermyHol actpodizmkm; mnpodecop O. JI. Crpyse, mnpesupeHT MiXHAPOIHOTO
Actponomiunoro Coro3y, skuii ogomoBaB psif oocepBaTopiit B CIIIA. Ha croroHi 1181 MIKOIa € OHIEI0 3 MPOBIAHAX HE
TiBKM B YKpaiHi, a #f y cBiti. o 1i ckmamgy BXxomaTs noktop ¢i3.-mMat Hayk mpodecop kadpenpu [1.M. denopos, noueHT
B.C. AxmetoB Ta Buxnagad ['.b. Bemnuko. [{lumMu HayKOBISIMHA CTBOPEHO HOBY HE3AJICXKHY HEOSCHY CHCTEMY BiIIIIKY, sSKa
BHKOPHUCTOBYETHCS B CyUacHii acCTPOHOMI{ Ta KOCMIYHIN HaBiramii Ta ogep:kaHo PO3MOILT MOJ0KEHb Ta BIACHUX PyXiB Ha
30psiHOMY He01 421 MinbiiOHIB 00 €KTIB 1110 BBIHIIUIN 10 HOBOTO BUCOKOTOYHOI'O XapKiBChbKOro karanory PMA.

Mpodp. I. I. depoperko lMpod. B. I". [leBuupkuii Mpod. J1. O. Ctpyse Mpodh. M. M. €saokumor  Mpodh. M. I. Bapabawwos
(1857 - 1878) (1879 - 1894) (1894 - 1919) (1921 - 1933) (1930 - 1971)

=
Hou. K. H. Kyabmerko  TMpod. K0.B. Anekcanapos Mpodp. 0. T. LikypaTos
(1972 - 1977) (1978 - 2004) (2004 - 2012) (2012 - Hu)

3aBimyBaui kKaQeaporo acTPOHOMIT

Posnouare B. I'. ®ecenkoBuM BuBUYECHHS (hi3maHUX yMOB Ha Micsni Ta mnaHetax COHAYHOI CUCTeMH OYJI0 POIOBKEHE
M.II. bapabaiioBum, sIKUii CTBOPHB BCECBITHBO BiJIOMY XapKiBChKY IIKOJy IUIaHETO3HABCTBA. Bimomocti, onepkaHi B
XapkoBi mpo moBepxHio Micsirst, moBepxHIo i atMochepy Mapca, atMochepH iHIHIX MIaHET, BiAIrpaar 0COOINBO BAXKIUBY
POJIb Ha TIEPIIOMY €Tari X JOCHTIKSHHS 3a OTIOMOTOI0 3aC001B paKeTHO-KOCMIuHOT TexHikH. AcTpoHoMHU XHY npuiimManu
y4acTh y MiAroToBIi i 00poOIi pe3ysbTaTiB yCiX pajsHCBKHX KOCMIYHHX €KCIEpHMEHTIB 3 BUBUeHHS Micsus, Benepu,
Mapca i kometn 'amnest [1].

Ha TenepimHiii yac HayKoBy KOy o4omoe wieH-kopecnoHneHT HAH Ykpainu, 1oktop ¢i3uko-MareMaTHIHUX HAYK,
npodecop kadenpu HO.I'. llkypatoB. Cepen HaiOLIBII BarOMHUX pPE3yJBTATiB CIiJ BI3HAYHTH: a) PO3POOJICHO HOBI
(oTOMETpHYHI Ta MOJIIPUMETPUIHI METOM AUCTAHIIHHOTO 30HAYBaHHS TiJ1 COHSYHOI CUCTEMH, IO JI03BOJIMIIO CYTTEBO
PO3LIMPHUTH PO3YyMiHHS Tpo (i3uyHI TpoliecH Ha moBepxHsIX Micsisl, Mapca, CynmyTHHKIB IUTaHET Ta acTepoiliB Ta B
aTMoc¢epax IuIaHeT; 0) MPUHHATO y4acTh B IMiATOTOBI Ta 00poOIIi JaHUX Pe3yIbTaTiB KOCMIYHHUX Micii 10 Tin CoHs9HOT
cucremu. CTBOPEHO IepIInii y CBITI atiac 3BOpOTHOrO 60Ky Micsiiisi, 0JJepKaHO KapTH PO3MOJLITY TOKa3HHUKIB KOJIbOPY,
MiHepasjoriyaux cnonyk Ta [eniii-3 Ha moBepxHi Micsus. Po3poOiieno cremianizoBaHy amapaTypy Ul BHBYEHHS
1103a3eMHOT PEYOBUHH Ta BiIKPUTO HOBI ONTHYHI BIACTUBOCTI 3pa3KiB MICSIYHOT'O I'PYHTY. 3alpONIOHOBAHO HOBY TO/BIHHY
KOCMiuHy Micifo mo Micsrs; B) 3alpONOHOBAHO HOBI TEOPETHYHI MOJENI PO3CISHHS CBITIA IIITFHOYITaKOBAaHIMH
CepelOBHIIAMH, KOTpPI OUIbII aJeKBaTHO 33/I0BOJILHSIOTH CHOCTEPEKHUM JaHuM. OzepKaHo HOBY IHTErpalibHy (a3oBy
(YHKIIIO IHTEHCUBHOCTI, SIKa BHKOPUCTOBYETBHCS JUIl BU3HAYCHHS IapaMeTpiB, LIO OIKMCYIOTh CTPYKTYPY DEroiity i
ONTUYHI BJIACTUBOCTI Oe3aTMOC(epHHMX TiJI; T) 3alpONOHOBAHO Mepury Kiacudikaiiro 00’ektiB moscy Kodinepa 3a
MOKa3HUKaMU KOJIbOpPY ITOBEPXOHb. BusiBieHO ocoOnmBOCTI (a3oBOro xoxy OJNMCKY Ta MOJSIPH3ALil IUX Tl Ha MalMX
(a3oBuUX KyTax, IO ICTOTHO BiAPI3HAIOThCA BiA (Ha30BOr0 XOAYy, XapaKTEPHOIO JUIs acTepoiliB T'OJOBHOI'O MOSCY.
IMokazaHo, 110 aypOe10 NOBEPXHi € BU3HAYaIbHUM (pakTopoM y popMyBaHHI (a30BHX 3aIeKHOCTEH OJIMCKY acTepoinis; 1)
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OTPUMAHO BUCOKOTOYHI (ha30Bi 3aJI€KHOCTI OJIMCKY AJIT OCHOBHUX KOMITO3HUIIHHUX THITIB TIOBEPXOHB Ta TMHAMIYHHX TPYTI
actepoinis (~70% cBITOBUX JJaHMX) Ta BUSIBJICHO CHCTEMAaTHYHI BIIMIHHOCTI y TIOBEJIIHIII ONTO3MLIITHOTO e(heKTy, 110 CTaNIO0
ocHoBoro 1yt nepernsiny MAC icHytouoi cucteMu o0unciieHb abCOMIOTHUX 30PSTHUX BeNMUuH actepoifiB. CtBopeHo bazu
JaHuX 3 (ha30BUX 3aJEKHOCTEH ONMCKY, Mossipu3amii Ta anp0eno, KOTpi BU3HAYEHI Ha OCHOBI JiaMeTpiB i3 IOKPUTTIB
acrepoinamu 3ip. ba3u nanux Brimoueno 1o MixnaponHoi 6a3u nanux HACA «Planetary Data systemy.

Cepen HalOLIBII 3HAYMMUX HAropoj, ciia BiizHaumTH: 3BaHHA ['epoit Couiamictumynoi npaui - M.II. Bapabamos,
HaropomkeHuit opaeHom 3a 3aciyru 11 crynmento — FO.I'. Lllkyparos, naypeatn nepxaBnHoi npemii Ykpainu — HO.T.
Ikyparo, .M. Benscrka, B.I'. Kaiigam, JI.I'. CrankeBny;, maypeatu npemii HAHY im. M.IL. Bapa6amosa — FO.T.
Ikyparos, FO.B. Anekcanapos, B.I'. IlleBuenko; maypeat npemii Mixxaapoaroi acomiarii actpoHastuku — B.I'. Katimam;
maypeat npemii iM. 1.€. Tapamosa - L.I'. Carocapes; maypearn mpewmii imeni B.H. Kapasina — F0.I'. IlIkypatos, I.M.
Benscpka, B.I'. IleBuenko; crumenais imeni M. CkiamoBcbkoi-Kiopi — [.M. benbcbka; crtumenmis imeni K.JI.
CunensHukoBa — B.I'. IlleBuenko; crumenais imeni F0. Camponosa - 1.I'. CirocapeB. IMeHamMu TeepilIHIX BHKIIaIaviB
kadenpu, KOTpi mpeICTaBISIIOTh HAYKOBY IIKOJY, Ha3BaHi Taki actepoinu: 8786 Belskaya — benbcpka [.M., 12234 Skuratov
— Ilkyparos 10.I"., 17034 Vasilshev — llleBuenko B.I".

Kadenpa actporomii y 2010-x pp.: 3miBa HanpaBo — ct. BukiI. L.I'. Cirocapes, imx. B.1. Jlaneko,
mou. B.I'. Kaiimam, imk. H.O. Jlapina, mou. JI.I'. CrankeBuy, acuc. JI.B. I'panuceka, mou. B.C.
Axwmetos, pod. B.I'. IlleBuenko, 3a. kadenporo npod. FO.I'. llIkyparos, npod. B.A. 3axoxaii,
qom. O.10. bannikosa, nmpod. I1.M. ®enopos, npod. [.M. Benbcrka

VY 3B’S3Ky 3 pO3BUTKOM KOCMI9HHUMH IIPOTpaMaM i MOTpeOOro CIIeIialiCTiB 3 aCTPOHOMIYHIX TUCIHUILTIH, 3 Mo4aTky 60-
X pokiB 20 cromiTTa Kadeapa acTpoHOMIl Ioyasia MPOBOIUTH OKpeMuii Halip CTyAeHTIB Ha mepmmid Kypc. Llg Tenaentis
MIPOAOBXKYETHCS 1 10 TeNepilHporo 9acy. OcTaHHI POKH KiJIBKICTh CTYACHTIB, 0 MOCTYIIHIN Ha IPOTpaMy «ACTpOHOMIisN»
Ha mepmuii Kypc ctanoBmia Bif 10 1o 15 4omnoBik, 3aragoM KiJIbKiCTh CTYJCHTIB, IO HABYAIOTHCA Ha Kadepi, CTAHOBUTH
Oomm3pko 50. HaBuanpHUI Tiporiec 3 aCTpOHOMIYHUX JUCIUIUTIH 3a0€3MeuyIOTh M'ATHAAISTh BUKJIAAdiB, 3 HUX YOTHPH
JIOKTOPY HAYK, IT’SITh KaHAUAATIB HAyK Ta IIICTh BUKJIAJadiB Oe3 cTymeHr. Bukimanadi kadenpu umraroth O61u3pK0 20
creniaibHUX KypciB OakaigaBpaM i Maiike CTUIBKH X MaricTpam.

B ocranHi poku Oyna cTBopeHa i peayizyeTbes cucteMa Oe3nepepBHOT KOMIT FOTEPHOT MiJIrOTOBKK HAIIUMX CTYAEHTIB.
Bona Bxitouae kypeu «Indopmaruka ta nporpamyBaHHs», «IlepcoHanbHI KOMIT IOTEPH B ACTPOHOMIYHHX JOCIIKEHHIX)
Ta «KoMI’oTepHi TexHOJOTii B acTpoHOMii», «MeToan kKocMiuHOiI iHpopmaTtnkm», «OOpoOka KOCMIYHHX 300paskeHbY,
cnennpakTukymMu «Metoau Teopii BunaakoBux QyHKIIH B acTpoHOMID» Ta «ba3u 1 6aHKHM TaHUX», HU3KY KOMIT FOTEPHUX
nmabopaToOpHUX POOIT B CHEUNPAKTHKyMax 3 acTpo(i3uKd i 30psAHOi acTpOHOMIi, 0OYUCITIOBATbHY HAaBYANBHY HPAKTHKY.
Bce me HampaBieHO Ha OBOJIOIHHS CTyACHTaMH KadeapHu Cy4acHHMH iHGOPMamiiHUMH TEXHOJOTISIMH IS poOOTH 3
BEJIMKHMH o0csraMy pi3HOOIUHOI HayKoBoOi iHpOpMamii Ha MPUKIaAi 3a7a4 3 pi3HUX Talxy3ell acTpoHOMil, reoi3nKu Ta
KOCMIYHHUX TOCHIKEeHb. Y 3B13Ky 3 M y 2013 p. xadeapy Oyino mepeliMeHOBaHO y Kadenpy acTpOHOMIi Ta KOCMI4HOT
iH(hOpMAaTHKH.

Hanpsmky cygacHEX HAyKOBHUX JTOCIiKSHB CIIBPOOITHHKIB KadeApH: a) eKCIIEpUMEHTAIbHE Ta TCOPETUIHE BUBUCHHS
B32€EMOJIii €JIEKTPOMAarHiTHOrO BHUIIPOMIHIOBAHHS 3 LIOPCTKMMH IUIAHETHMMH TOBEpXHSAMH; O) BUBUCHHS XIMIKO-
MIHEpaJOTriYHUX Ta TE0JOTr0-MOPQOJIOTIYHUX BIACTUBOCTEH IMOBEPXOHb Micsus, IUIAaHET Ta acTepoiliB 3a JaHUMH
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Ha3eMHHX CIIOCTEPE)KEHb 1 KOCMIYHUX MICiii; B) BUBUCHHS (i3WYHHUX BIACTHBOCTEH acTepOilniB, KEHTAaBPiB Ta 00 €KTIB
nosicy Koiinepa; r) crocrepeskeHHsI Ta MOJETIOBAHHs SIBHII TI'paBiTalliiHOTO JiH3yBaHHS KBa3apiB TaJlaKTHKaMH; 1)
MOJICTIIOBaHHS (DI3WYHUX TMPOIECIB Yy AaKTUBHUX SJpax TalakTHK; ¢) (yHZaMeHTaJbHAa acTPOMETpis, CTBOPEHHS
iHepIiaJbHOI CHCTEMH KOOPAMHAT, KIHEeMaTHKa 30PSHUX CHUCTEM; €) BUBUCHHS TEPMIYHOTO BIUIMBY Ha (i3MKO-XiMIuHI
BJIACTHBOCTI METEOPOI/IiB, SIKI HAOIIKAIOTHCS Ha KOPOTKI BiacTaHi 10 CoHLs.

Tineku 3a ocTaHHI 5 POKIB HayKOBIIMH Kadenpu omyOiiKoBaHO: 6 MiIpy4yHHKIB Ta MoHorpadiit; 86 crareii ta 8
po3niniB y MoHorpadisix, 3 HuX 78, IO BXOAATh y HayKoMeTpuuHy 06a3y Scopus; Oimbme 100 Te3 MiKHapogHHX
koH(pepeHmiin. HaykoBmi kadenpn BHKOHYBadM 9 HayKOBO-TOCTITHUIBKHX TeM. Bylo 3aXWIneHo NBi KaHAMJATCHKHUX
nmuceptanii (Cirocapes L.I., 'oy6aes O.B.) ta n8i nokropcrki aucepraii (Llesuenko B.I'., bannikosa O.10.). [Ipoxonsts
miarorosky dotupu acmipantu (C.1. Jenmmenko, A.M. Imutpenko, Mixampgenko O.1., Cypkos €.C.) mig KepiBHAIITBOM
Katingama B.I"., ®enoposa [1.M. ta llleBuenka B.I. Po3pobieHo Ta peamizoBaHO aBTOMAaTH30BaHHHN Bie0-CIIEKTpaIbHUAN
METECOPHHUI MaTpyb U BUBYCHHS TEPMIYHOTO BIUTUBY Ha (hi3WKO-XIMi4HI BIACTUBOCTI METEOPOINiB, SKi HAOMMKAIOTHCS
Ha Kopotki BingcraHi mo Conmg. CmiBpoOiTHHKHM Kadeapu akTHBHO CIIBIPANIOIOTH 3 HACTYHHHUMH MIiKHApOIHUMH
opraHizauismu: Menonceka obcepsaropis (®Ppanuis); [enbcunchkuii  yHiBepcuter (Dinmnmsnpisi); Ilo3HaHChKUMit
yniBepcureT (ITonpma); Typunceka obcepBatopis (Itanmis); Incrutyr iMm. Makca [lnanka (Himeuunna); JloBemiBcbka
obcepsaropis (CILA); Jocniguuipka nmadopatopis apmii CIIIA (CHIA); AmmxkeiioBuiibka obcepsaropis (Uexis);
VYuiBepcutet iM. Anb dapadi (Kazaxcran); Adactymanceka odcepsaropis (I'py3is).

3a poku icHyBaHHS, KadeAporw MiAroToBIeHO Oimbil HiXK 600 cremiamicTiB-acTpOHOMIB, i3 HuX moHan 100 cramu
KaHIuJaTaMu Hayk, a Oinbiue 30 — noktopamu Hayk. Ha uects BumyckHuKiB Kadenpu HazBano Oinbuie 40 00'ekTiB y
kocMmoci. Kadenporo Bumano Omm3pko 200 migpydHUKiB, MOHOTrpadili, HaBYANbHUX IMOCIOHHKIB, METOIUIHUX
PEKOMEHIALIH Ta HAYKOBO-IIOITYJISIPHUX KHUT Ta OPOIIyp.

CIHCOK BUKOPUCTaHMX JITEPaTyPHHUX JDKEPEI:

1. 200 ner actpoHoMuu B XapekoBckoM yHHBepcurete / [loa. pen. mpod. FO. I'. Illkyparosa. — Xaprskos: XHY, 2008. —
632 c.

2. EBpmoxumoB H. H. Ouepk kadenpsr actpoHoMun XapbKoBCKOro yHuBepcureta // FOOuneiHblil c0. ¢puz.—Mar. d-ta
XapbKOBCKOTO yH-Ta. — XappKkoB, 1908.

3. JleBuukuii I'. B. AcTpoHOMBI 1 acTpOHOMHUYECKHE 00cepBaTOpUu XapbKoBcKoro yHuBepcuteTa ot 1808 no 1842 rox //
Publ. der Charkower Univ. Sternw. — 1893. —H. 1-2. —=S. 1-75. To xe B: 3an. XapskoB. YH-Ta. Jleronuce XapbKoB.
Vu-Ta. —1893. -3.

4. CnactenoB A. U. ActpoHomusi B XapbkoBckoM yHuBepcuTeTe 3a 150 ner. X.: M3a-Bo XI'Y. — 1955.— 184 c.

5. VYcraB UMneparopckoro XapbkoBckoro yuusepcurera. 1804 r.

Kadeapa 3aranbHoi ¢izuku

®i3uKo-MaTeMaTHYHA OCBiTa 3 YaciB 3aCHYBaHHS XapKIBCHKOTO YHIBEpCHTETY Oyjia HapiXHHM KaMEHEM i TOPIICTIO
Horo misibHOCTI. BeecBITHBO BiJJOMOIO XapKiBcbka Iikona (i3ukiB ctana 3 mouarky 1930-x pokiB micisi po30ynoBH y
XapkoBi (TomiliHINA cronmuni YkpaiHu) YKpaiHCBKOro (i3MKO-TEXHIYHOTO IHCTHTYTY, B SIKOMY BIIEpLIE€ B CBIiTI OyJio
3MIMCHEHO pO3ILIEIUIeHHs spa aroMmy Jirito. lled HaykoBMH NpOpPHB TICHO TMOB’sI3aHUII 3 IMEHaMH aKaJeMiKiB
A. K. Banprepa, I. B. KypuatoBa, JI. 1. Jlammay, A. I Jlefimyncekoro, I M. JInpmmmg, K. I. CuHensHHKOBA,
JI. B. Ily6HikoBa Ta iH. bararo XxTo 3 HHMX TakoXX OpaB y4acTh y HaBYaJbHOMY MpoIleci Ha (i3UKO-MAaTEMATHIHOMY
(axynbTeTi YHIBEPCHUTETY, 1 caMe Ii CIEIiaJicTH HAHBMIOTO PIBHSA 3aKJIAJIM MiJBAJIMHU 3a0e3II€4eHHsT BUCOKOTO PiBHS
MiATOTOBKM MalOyTHIX (i3UKiB, SIKMH J0Ci € 100pe BiJOMUM i IIAaHOBAaHUM y HayKOBOMY cBiTi. CTBOpEHi HOBI IHCTUTYTH
(i3ugHOTO MPOdIII0 HATOBHIOBAINCH KaJ[paMHy, IKi TOTyBaJIiCh Ha Kadeapax GpisuyHOro GaxynbTeTy.

Onna 3 Haiicrapimmx kadeap ¢ismunoro Qakynbrery — Kadenpa 3arambHOi (Qi3uku — Oylla 3aCHOBaHa 3 METOIO
BUKJIQJIaHHs KypciB (i3MKM Ha NpUpOJ03HABUMX (aKyibpTeTax yHiBepcutery y 1940 pomi mepen mouatkom Bemukoi
Bitun3nsHoi BiliHU. 3apa3, komu Kadenpa 3aranbHoi (i3uku BinMiuae cBoe 80-piuus, MM 3 BISIYHICTIO Ta TOPAICTIO
3rajlyeMo BHAATHUX (Di3WKiB, M KEpiBHUITBOM Ta 33 YYaCTIO AKHX (POPMYBAIHMCh TPAIWIIi ITiTOTOBKH CIIEIialiCTiB.
Cepen Hux BHeceHi M0 3anu CnaBu (i3MUHOTO (aKyIbTeTy aKaJeMiKH Ta YJeH-KOPEeCHOHIEHTH HAliOHAJIbHOI
Axajemii Hayk:

E€pemenko Bikrop Banentnnosmu akagemixk HAH Ykpainn, nmaypeat [depxaBroi nmpemii Y kpainw, npemii [Ipesnnii AH
YPCP im. K. JI. CunensrixoBa , JlepkaBHoi npemii Azep6aiimxancskoi PCP, nmpewmii Ilpesnaii AH CPCP Ta ITomscpkoi
Axanemii Hayk, npemii IIpe3unii HamionansHoi akanemii Hayk Ykpainu im. JI. B. lllyOnukoBa; Haropoam: opaeH «3a
3acayru» III ctynens ta [TouecHa rpamora BepxoBnoi Paagu Ykpainuy;

Xapuenko Mukona ®@enoposuy akagemik HAH Ykpainu, naypear npemii Akanemii Hayk CPCP i [Tonbebkoi Axanemii
Hayk, jnaypear npemii AH YPCP im. K.JI. CunensuukoBa, naypeat lepxaBHoi npemii Ykpainu,

Boposuk €sren CraniciaBoBud wieH-kopecrnonaeHt AH YPCP;

3Bsirin Anatouii [napioHoBuy, wieH-kop. Akanemii Hayk Ykpainu, naypeat [epxaBHoi mpemii Ykpainu;

JlokxTopa ¢iznko-MaTeMaTHYHNX HAYK, mpodecopu: Kynuesuy Cranicnas [lerpoBuy, OnbxoBuk Jlapuca I1aBiiBHa,
Hyxepauk Bikrop MoiiceiioBrny, Xanpko €BreH MUKoIaHoBUY;
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3aBigyBaui kadeapu 3arajabnoi ¢izukn

Minsaep Abpam ConoMoHOBHY, JeKaH (hiznko-maremMarndHoro ¢axynbrery, CMmymkoB Irop BaaumoBuu moxTop
¢i3uKo-mMaTeMaTHYHUX HayK, npodecop, [lonkos FOpiit AHapoHOBHY NOKTOp (i3MKO-MaTeMaTHYHUX HayK, Ipodecop,
Amnpnepc Onexcanyp ['eopriiioBud, J0KTOp (i3UKO-MaTeMaTHYHHUX HayK, podecop, naypear epxaBHoi mpemii Ykpainy,
Jlazopenko Oner BanepiiioBud 1oKTOp (hi3MKO-MaTeMaTHYHHUX HAYK, IOLEHT.

[Tonan TpUALATE POKIB MEPIIMM Ta HE3MIHHMM 3aBimyBadeM Kadenpu Oy Abpam ConomoHoBnY MinbHep. 3 Horo
iM’sIM TIOB’sI3aHi NepioJM CTaHOBJCHHS Kadeapu y HaiBaXkuli POKM BIMHM Ta NMOBOEHHI POKHW; MifOIp Ta BUXOBAaHHS
BUKJIaJaI[bKOTO KOJIEKTHBY; CTBOPEHHS MaTepiabHOT 1 METOOUYIHOI 6a31 y400BOT0O MPOIIECy; OKPECIECHHS Ta PO3TOPTAHHSA
JIOCTIKCHD TIEPCIIEKTUBHIX HAYKOBHX HAIPSIMKIB B 00JIACTI MarHETU3MY; CTBOpEHHS (3a ydacTio wi.-kop. AH YPCP
€. C. boposuka) cneniamizamii «@i3uka MarHITHAX SBUII» 3 YHIKAIBHUMHE JOCITHAIIBKAMHE JIA00PATOPiIMHU Ta BUAAHHS
CTaBIIMX KJIACHKOIO MiApyYHUKiB. Bei pokn pobotn Ha kadenpi A. C. MinpHep akTUBHO YHTAB JIEKIIii 3 KypCy 3araibHOI
(i3uKH, AKi BiOPI3HINCA HACHICHICTIO 3MICTY, IIPOYMaHIMH JIEMOHCTPAIlisIMI, KOPEKTHICTIO BUKJIAAaHHS. Takuii miaxin
IO BUKJIAIAaHHS CTaB TPAIUIiITHUM, i ATPUMYEThCA BUKIIaadaMu KadeIpH i ChOTOHI.

VY 1971 p. 3aBimyBadyeMm kadenpu 3araibpHoi ¢izuku craB npogdecop Irop Bagumosuu Cmymkos. Bin oguH 3 nepumx
CTaB aKTUBHO 3aJy4aTH CTYJCHTIB JI0 BUKOHAHHS FOCIHOAapPYUX HAyKOBO-IOCHIIHUX POOIT, MIATBEPIKYIOUH TUM CAMUM
Ha NPaKTHII TICHUI 3B’530K OAEP)KYBaHUX HUMU 3HaHb 3 poOieMaMu He TUIbKH (yHAaMEeHTaIbHOI, aje il NpUKIaaHOi
(bi3UKK; crpoMircsi, He TOPYLIYIOYM KAHOHIB KJIACHYHOI YHIBEPCHTETCHKOI OCBITH, MaKCUMajbHO HAOIM3UTH ii 10
aKTyaJIbHUX POO0JIeM HayKH 1 IPAKTUKH.

Jomnst HacTynHEX 3aBigyBauiB kadeapu mpodecopis FOpis Anaponosuua [lomkosa Tta Onekcanapa I'eopriiioBuua
AHpepca Oyia o’ s3aHa 3 Di3UKO-TEXHIYHAM IHCTUTYTOM HHU3BKHX TeMiepaTyp AH Ykpainu, 3BiIkd BOHU IPUIIILUIA 10
yHiBepcHUTeTy. 3 TOTO Yacy Iodanachk IUTiTHA CIiBIpans Kadeapu 3 UM MPOBITHUM HAyKOBHM (i3WYHHAM 3aKJIaJoOM. 3a
imimiatuBoro [Nomkosa 0. A. y ®TIHT Oyna cTBopeHa dimist kadenpu, ne CTYASHTH OTPUMAIH MOXIUBICTh TPOXOIUTH
MPAaKTUKY Ha YHIKaJIbHUX EKCIIEPUMEHTAJbHHUX YCTAaHOBKAX, CIyXaTH JIEKIii, CTa)KyBaTHCh Ta BUKOHYBAaTH KypCOBI Ta
JUTUIOMHI pOOOTH i KEPIBHUIITBOM IPOBITHUX BUCHHX.

Busnanus kadenpu sk jigepa ¢i3udHoi OCBiTH MicTa 0yJi0 JOBEIACHO TUM, 1o Oarato pokiB (1o 1987 p.) kadempa
BUKOHYBaJla 3HaYyHy po0OTYy sK omopHa st Kadenp ¢izuku BuiiB Xapkosa. Takox kadenpa Opaja akTHBHY y4acTb y
po06OTI nenaroriyHoOro BiftineHHs Gpi3snyHOro (axkysabTeTy, 3a0e3MneuyodHr MMiIr0TOBKY BUUTENIB cepeqHix mkiia. Tpamuiii
MHUHYJIOT0 30epirarThest i goci, ockinbku 3 2016/2017 HaBYaIbHOrO POKy Ha (izmyHOMY (DaKyJIBTETI PO3MOYATO KypCH
MiABUINCHHS KBaTi(hiKallii BUNTEIIB 3araibHOOCBITHIX HABYAJILHUX 3aKJIA/IiB PI3HUX THIIIB i (JOPM BJIACHOCTI Ta BUKJIA1a4iB
BUIIMX HaBYaIbHHUX 3akianiB [-II piBHIB akpeaurallii, 0 HAJAIOTh MOBHY 3arajibHy CEPEHIO OCBITY, 3a HAMPSIMOM
«®di3uka Ta actpoHoMis». PimrenHsam BueHoi pagm ¢izmgHOTO (haKynpTeTy XapKiBCHKOTO HAIlliOHAJIHHOTO YHIBEPCUTETY
imeni B. H. Kapa3zina 6a30Boro xadenporo sl mpoBeIeHHS KypCiB MpuU3HA4YeHO Kadenpy 3araiabHol Gi3ukn (Hi3HIHOTO
¢dakympTeTy XHY.

Sk 3a3Hayanmock BHWINE, OCOONMBICTIO, a MOMIJIMBO, ¥ YHIKaJbHICTIO Kadempu 3arambHOl (ismkm XapKiBCBKOTO
VHIBEpCHUTETY €, HacaMIepes, Te, 0 3 OJHOro OOKy, Ile 3aranbHa Kademapa, ska Oepe ydJacTh y MiJrOTOBII CIEIialicTiB
IUATH TIPUPOJHMYKMX (aKyJIbTETIB, a 3 iHIIOTo, e Kadenpa, sika MPOBOANTH HAYKOBI JOCIIJUKEHHS, 3allydae 0 HUX
CTY/ICHTIB, BHUITYCKa€ CIEialicTiB-(Pi3uKiB O0akanaBpChbKOro Ta MariCTepchbKOro piBHIB, rotye acmipaHtiB. Ha kadenpi
3arajgbHOi (i3MKH MPOTIroM 0araTbO0X POKIB BUKOHYBAJIMCh HAYKOBI JIOCHI/PKEHHS B paMKax rocrojaap4oi ta 000poHHOT
Temathky. HeoiHOpa3oBo KOJIEKTUB KadeIpH MociZiaB MicIl cepe/l IIePeMOXKIIIiB KOHKYPCY Ha Kpallle HayKOBO-METOINYHE
3a0e3neueHHs HaBYaJIbHOTO TIPoIecy B XapKiBChKOMY HallioHalsHOMY yHiBepcuteTi iMeri B. H. Kapa3ina 3a HampsiMkom
«po3po0Ka iHHOBAIIMHNX HaBYAJIHHUX TEXHOJOTII.

3a poku icHyBaHHs Kadenpu cIiBpoOITHHKAMHM OTPUMaHO 34 aBTOPCHKHMX CBiZIONTBa Ta 4 MaTreHTH, 3axuileHo 24
KaH/IM/IATCBKUX 1 5 IOKTOPCHKUX AMCEPTALLii.

3aranbpHa KUIbKICTh JpyKoBaHMX poOiT kadenpu nepesunrye 1000, OUIBIIICTE 3 HUX — I HAyKOBI CTAaTTi Ta TE3H
JIONIOBiZIell Ha HayKOBMX KOH(EpeHLisX pi3HOro piBHSA, 70 € METOMMYHUMH PO3pOOKaMU 3 3arajbHoOi (i3UKH Ta (Qi3UKH
MAarHiTHHAX SIBUIIL.

Bukmanaui kadenpu € aBropamMm OaraTboX MiJpy4YHHMKIB, 30kpema, boposuk €. C., Mineaep A. C. «Jlexiun
o ¢eppomarneTusmy», boposuk €. C., Munpshep A. C., €pemenko B. B. «Jlekuun mo marHermsmy», [lanexin B. IT.
«Dusukay, CaBuinpkumii B. M. «MarsitHi BIacTHBOCTI pedoBUHW»; MoHorpadiii B. B. €pemenko «Bsenenue
B ONITHYECKYIO CIIEKTPOCKONHIO MarHeTHKoB», B. B. €pemenxo, 0. b. Jlitinenko, B. H. Haymenko, M. ®@. XapueHko
«MarsuToonTuka u CIIEKTPOCKOIUS aHTH()EepPPOMArHETHKOBY, 0. B. Jlazopenxo, JI. @. YopHorop
«CBepXIIMPOKOTIOIOCHBIE CUTHAIIBI M TTPOIIECCHI»; a TAKOXK HU3KU HABYAILHUX MMOCIOHUKIB.

3 2016 p. xadenpy odomroe TOKTOp (Hi3MKO-MaTeMaTHIHUX Hayk, mpodecop Jlazopenko O.B. Croroani Ha kadeapi
IUTIZTHO TIPALIIOE KOJIEKTHUB 13 8 BHKJIAAadviB, sSIKi OKPIM YWTAaHHS HaBYAJIBHUX KypCiB, MPOBEICHHS 3aHATh, KEPIBHUITBA
JUITIOMHUMH poOoTamMu OepyThb aKTHBHY Y4acTb y BaXJIMBHX CIpaBax 3 OopraHizauii HayKOBO-IIEJaroridHoi AisIbHOCTI
Bchoro (ismuHoro dakyinbrery. Tak, npodpecopu Jlazopenko O.B. ta Kynneruu C.I1. mpamroroTh B IKOCTI WICHIB Y4eHOT
pamu hakyabpTeTy, WICHIB crielniainizoBaHux BueHnx pax i3 3axucty quceprauniil GpisMKo-MaTeMaTHYHOTO HAINPSIMY, YJICHIB
JIep)KaBHUX €K3aMeHaliiHux Kowmiciii; noneHt CaBueHko O. M. BHKOHye OOOB’SI3KM CEKpeTapsi METOAWYHOI KOMicil
¢izuuHOrO (haKyiabTETY, OpraHizye poOOTy KypciB MiJBHIIEHHs KBamiikalii BUMTEINIB, € BUCHUM CEKPETapeM 3arajbHO
(akynbTeTCHKOTO HAyKOBOTO CeMiHapy, skuii OyB 3amouatkoBaHuil y 2018p.; nouent BanbkeBuu O. B. 3aiimaerbcs
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MOJICPHI3AIIEI0 CHEUNPAKTUKYMIB 3 BHKOPHCTaHHSAM TpadidHOrO
IporpaMyBaHHs Ta pa3oM i3 goreHToM TapanoBoro 1. A. € aBTopomM
KypciB JMCTaHIIWHOTO HaBuaHHS «®i3Wka Ui CTYACHTIB-
exoioriB» Ta «®izuka A4 CTYAEHTIB-010JIOTIB»;  JIOLEHT
Tapanosa I. A. npautoe B npuiiManbHiii kowmicii ¢akynsTeTy Ta
pasom i3 nouentom ['opOauem B. M. omikyerscst 061apoBaHUMU
LIKOJISIPaMHU Ta € WICHOM Xypi OJIMIIiaJ] Ta TYPHIpPiB FOHUX (i3HKiB;
crapmmii Bukiagad Mosyips K. O. Ta acuctent Omimenko A. A.
BIJINIOBIAIOTh 3a POOOTY caiiTy Kadeapu, TOTYIOTECS IO 3aXHUCTy
oucepTamii  Ha  3400yTTS  CTymeHs  KaHOumata  (i3WKo-
MaTeMaTHYHUX HayK.

Ha temnepimmniif vac HaykoBa MisUTBHICTH Kadeapu MOB'A3aHa 3
JOCIIKEHHSIM (Pi3MYHUX BIaCTHBOCTEH NMEBHUX KJIACIB MarHITHUX
1 IieJIeKTPUYHUX KpHUCTalliB. PO3BUBAIOTHCS TaKi Cy4acH] HAPSAMKH
SK JOCHI/UKEHHS MarHeTHU3My YJbTpaMalnX YacTHHOK 1
0araTolmapoBUX TOHKHX IUIIBOK, BJIACTUBOCTCH MArHITHUX 1
CETHETOCNEKTPUIHUX CHCTEM, METO/U KOMIT'FOTEPHOTO
MOJIeTIIOBaHHS (hi3MYHMX SIBHILLL; HOBITHI MeTOOH (ppaKkTanbHOTO Ta
MYJbTU(QPAKTAIBHOTO  aHali3iB, ApPOOOBOrO YWCIEHHS JUIA
JOCIIKEHHST TIPOILIECiB 1 CHTHANIB Pi3HOI (i3W4HOI TNPHPOIH,
BUBYCHHS OJHO- Ta OaraTOBUMIpHUX CTPYKTYp, IPOIECiB
JUHAMIYHOTO Xa0Cy Ta CaMOOPTaHi3alii y HeNMHIHUX CHCTeMaX.

B nmnmamax xadempm Ha HAWOMIDKIYy TEPCIEKTUBY —
BIIPOBA/PKCHHSI KOMIT IOTEPHHX TEXHOJOTIH TECTyBaHHS 3HAaHb
CTYAEHTIB B OCBITHIH mpouec Ha (akyJbTeTax MNPHUPOAHUYOTO
CIIPSIMyBaHHSI, OpraHi3ailisi JITHIX KL U BYMTEINIB Ta iH.

[TizcyMOByrOUM HaKOIUIEHMH 3a POKH ICHyBaHHS Kadeapu
JIOCBiJl, MOYKHa BHJUIUTH YMHHUKH, SIKI BIIEBHEHO Ta HEYXHJIBHO
3a0e3neuyroTh SKICTh (i3u4yHOi ocBiTH. Jl0 HHX HaJIeKaTh:

Konextns xadenpu saranmpnoi ¢isukn XHY  jianexktuune noegHAHHS TpajuUifiHUX Ta HOBITHIX MeTOJIB
imeni B. H. Kapasina y 2019/2020  puxsnamanus, mopiyHe OHOBIEHHS i OCyYaCHEHHS 3MiCTy Mporpam
HaBYaJIbHOMY POLIL. HaBYAJHHUX JWCIUILUIIH, BUCOKA KBaNi(iKallis BUKIAAAYiB, 3B’ I30K
i3 HAYKOBMMH 3aKJaJaMH, 3JIy4eHHS CTYJIEHTIB JI0 TPaKTUYHOI

HayKOBOI po0OTH, 30KpeMa, Y BUIVISI y4acTi y CHITbHAX HAYKOBHX MyOJIiKamisxX i KOHPEpeHIisX.

Binpor Toro, MoXkHa KOHCTaTyBaTH, IIO NeEpeiiuyeHi YHHHUKHA J00pe y3TO/UKYIOTHCS 13 YCIHIIIHUM BHKOHAHHAM
kagenporo «Crparerii po3BuTky Kapasincekoro yHiBepcurery» Ha 2019 — 2025 pokw, sIK Ma€ Ha METi IO€IHATH
BEJIMYE3HUI JOCBIJI, HAKOIICHNH 32 POKH ICHYBaHHSI HAIlIOTO YHIBEPCHUTETY, 13 IPAarHeHHIM IepedyBaTu cepell HalKpalmux
BUIIIB Cy4acHOTO CBITY.

Kadenpa ¢izuxu TBepaoro tisa

Kagenpy ¢isuku TBepmoro Tina XapKiBCbKOTO JepKyHiBepcuTeTy cTBopeHo B 1937 poui B.41. Ilinecom, yunem akan.
A.®. lopde, Ha TOH yac MONOIUM yUEHHM, Ta BXKE BIJIOMHM CBOIMH IIOHEPCHKUMH POOOTaMHU B raiy3i CTPYKTYPHOTO
aHaii3y Ta (i3MKM BOrHETPHBIB. BenMkuil TanaHT megarora Ta J0CHiJHUKA, HEIIOBTOPHA TBOpYa iHIUBiMyanbHICTH b.51.
[Tineca BU3HAYMIIM JISIXM CTAHOBJICHHS TA PO3BUTKY Kadepy Ha IeCATUPITYSL.

VY micnsBoeHH] pokH Kadeapa cTajga TBOPYMUM ILIEHTPOM JUISl BUKJIAAaviB HABYAJIbHUX 3aKJIaJliB, YUEHUX, IPalliBHUKIB
3aBOJICBKHX J1a00paTOpii, JISIIBHICT SKMX TaK YW iHakmie Oyja MoB’si3aHa 3 mpodiemMaMu (i3WKM TBepHOro Tinma. ¥
HaBYAJIBHOMY Tporieci Kadenpu Opanu yuacts 1.B. CaBenbeB, aBTOp IUPOKOBIIOMOT0 “3araibHOro Kypcy (hisuku”, akan.
B.I. Bepxin, wi.-kop. AH YPCP €.C. Boposuk i B.I'. Xotkesud, mpodecopu b.H. Ecenscon, M.A. Tingin, 51.0.Terysin.

3a HasBHOCTI BEJIbMH CKPOMHOTO HAyKOBOTO OONagHaHHS Ha Kadempi OyJ0 BUKOHAHO 3HAYHHI 32 OOCSITOM ITHKII
JOCTIKSHD y TaTy3i TSPMOIUHAMIKYA TBEPIMX PO3UYMHIB, (hi3UKH CIiKaHHS, (DI3MKH TOHKHUX IUTIBOK 1 IIOBEPXHEBUX SIBHIIL,
SIKMiA Ha0yB CBiTOBOTO Bu3HaHHs. CTBOpEeHi mix kepiBHuITBOM b.S1. [TiHeca KOHCTPYKIIii rocTPO(OKYCHHX PEHTI€HIBCHKHX
TpyOOK 1 BUCOKOTEMITEPATYPHHX eJIeKTpoHOrpadiB 0yI0 BUKOpHCTaHO OaraThMa jabopatopisimu PagsHcekoro Coro3y, a
foro “Jlexuii 31 CTPyKTYpHOro aHami3dy”, IO BHHILIM TPbOMa BHAAHHAMH, 3aCIy)KEHO 3apaxoBYIOTh JIO KpalluX
HaBYAJILHUX MOCIOHUKIB 13 peHTreHorpadii KpUCTaliB.

[Micns B.51. Ilineca kadenpy ouonus #oro ydens i nociinoBHUK mpod. A.D. Cipenko. ¥ 70-80-x pokax Ha kadenpi
HaOyJIM MMOJaNbIIOr0 PO3BUTKY JOCIIDKEHHS 3 (I3MKM MIITHOCTI Ta IJIACTHYHOCTI, TIOBEPXHEBUX 1 peakcaliiHuX SIBHILL,
YCHIIIHO Benacsi BUHAXIIHUIbKa po0O0Ta, HAyKOBI pO3pOOKH BIPOBAPKYBAINCS Ha OaraThboX IiJIPHEMCTBAX XapKoBa Ta
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Kousipna opienrauiiina kapra nosepxui
NOJIKPHCTANIA AJTIOMiHII0

DparMeHTH BiICO3HOMKH NOBEPXHi IBOBHMIPHOIO NMOJIKpHCTAIA
aJIIOMiHi10, sIKi 0/1epzkaHo in situ y npoueci po3BUTKY IJIACTHYHOL
aedopmanii (MeTOAMKY 3aXHIIIEHO NATEHTOM)

Po3BuTok miacruunoi aedopmanii B [
JABOBHMIPHHX NOJIKPHCTAIAX
AJIIOMIHIIO 3 IOKPHTTSIM i3 HITPHY
THTaHy (a) Ta 6e3 Hporo (0)

MikpodoTtorpadii nosepxui pisno-opicHTOBAHHX 3epeH y
aedopmMoBaHMX 3pa3Kax ATIOMiHII0 Ta Andpakuis jJazepHoro
BHIIPOMIHIOBAHHS HA IUX KBa3iNepiolMYHNX CTPYKTypax

Mocksu (XT3, Typ6oarom, XEJI3, HITO “KeanT” i inm). 3axumieHo 3 qokTopcebki Ta 30 KaHAWAATCHKUX JUCEpTalii,
ITOTOBJICHO BEJIMKY KUIBKICTh CreliaiicTiB Juist KpaiH €Bponu, A3ii, Adpuku, [liBaenHoi Ta JlaTHHCBKOT AMEPUKH.
HoBi nepcniekTHBy Uil pO3BUTKY KadeIpu BiIKPHIKCS 3 MPUXOJIOM /10 KepiBHHLTBA npod. 3.3. 3umana, yuns b.S1.
[Tineca monommoro nokoniHHig. HuM yTBOpeHO HOBMII HaykoBuil HampsM “@i3nuHi mpouecu B Oiomatepianax”, sKui
AKTHBHO PO3BUBAETHCS, TA BIIKPUTO HOBY cCHeLialibHICTh “Di3uKa TBepAOro Tijla” 3 OKpeMHM HabopoM cTyneHTiB (2003—
2015 pp). Bunano 3a rpupom MOH Vkpainum dornpn HaBuasnbHHMX nociOHuka (3.3. 3uman, A.®. Cipenko. OcHOBH
¢iznuHoTO Marepianosnasctra, 2005; 3.3. 3uman. OcHoBHU cTpyKTypHOI Kpuctanorpadii, 2008; baxisn €. FO. [IpakTudana
kpuctanorpadis, 2010; 3pman 3.3., Cupenko A.D. Benenme B peHtreHorpaguio. PeHTreHoBcknme Iydwm W HX
B3auMoyeiicTBue ¢ BemecTBoM, 2013) Ta HaB4anbHUM TOCiOHMK MoHOTpadiuHoro xapakrepy (3.3.3uman. Kanpmii-
¢ocoarni 6iomarepianm, 2018), marepianu skux 3a0e3MeUyI0Th BUKIAAAHHS OUTBIIOCTI HABYAJIBHAX AUCIHILIIH KaeapH.
3a KOpOTKHH TepMiH Kadepa rmocina nepeaosi No3uIil y CTBOPEHHI, JOCIIIKEHHI Ta BIPOBAPKEHHI B METUUHY ITPAKTUKY
HOBUX 010aKTHBHHMX MarepiayiB ajsi xipypridyaoi opromenii. Martepianu, siki BUSBHJIM BiJMiHHI OiOCYMICHICTH 1
0I0aKTUBHICT y JOCHTIJaX Ha TBapHHAX, YNMPOBA/PKEHO KIIHIYHO; 3po0seHo Oinbmie 450 yCHimHUX OpPTONMEAMYHHUX
omnepariid. [TicnsionepauiifHi JOCTIIKEHHS [OKa3alM, 10 CTBOPEHI OioMaTepiaiu € BHCOKOS()EKTHMBHUMHU LITYYHUMH
3aMiHHMKaM{ Ta 3aloOBHIOBaYaMH JIeEKTiB KICTOK 1 MPWAATHI Ui IIUPOKOTO KIIIHIYHOTO 3aCTOCYBaHHS. 3aXHIIEHO
KaHaumaTchbky mucepraitito (Poxwmictpos J[.B., 2009 p.), inmy nomano mo 3axucty (['onuapenxko A.B., 2020 p.);
oryOikoBaHO NOHa[ 35 craTtell y peHTHHTOBHX 3apyOiXKHHUX )KypHaIax, siki pedepyroTscs cucremoro Scopus. PesynbraTn
po0iT nomoBifanucs Ha €BPONEHCHKUX 1 YMCIEHHMX MDKHapOJHMX HayKoBHX (opymax i3 mpoOmem OiomarepiaiiB i
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3anpononosano HoBi ysisje| s " . pp— 3acrocysannst GioaKTHBHUX rpanyJ uist
PO MeXanism Kpuerai Bioakrusui marepiain na ocnosi BUIHOBJICHHS 310POBOT TRAHMHN Y
FiIPOKCHAATIATHTY — MiHEPAILHOT TIAPORCIIANATHTY, CTBOPEH] 38 RicTRoBOMY J1epexTi. a - KicTKOBA nyXJamuna;
CKAAL0BOT KICTIOBOT TKAHKHH Pe3YJILTATAMH HAYKOBHX 10CHIUKEHb 6 — 3an0BHEHNS KICTKOBOIO AederTy

rpanyjiamu nic/1st BHAAJCHHS NYXJIHHH] B —
BiHOBJACHNS TRAUMUK Y J1edeTi, 6 micsinin
nicas onepauii
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HaHOCTPYKTYp y Himeuuwni, Icnanii, [Tomemmi, ['pemii Ta Ykpaini. YCHinmHO po3BHUBAETHCS TAKOXK TPaauIliiHA HAyKOBa
TeMaThKa Kadeapu — JOCTIDKEHHS B3a€EMO3B 13Ky MIXK CTPYKTYPOIO, MEXaHIYHUMH Ta PelaKCalliiHUMHU BIaCTHBOCTSIMH
TBEpAMX TiI. 3a pe3ysbTaTaMu JOCITiDKEHb OMy0JlikoBaHO 45 craTel, oJiep>KaHo 7 MAaTeHTIB HAa BUHAXOAM Ta 3aXHIICHO
4OTUpH KauaunaTchki auceprarii (Caxaposa H.O., 1999 p.; lllexosios O.B., 2005 p.; lllypinos P.B., 2009 p.; 3etoBa T.P.,
2017 p.).

Kagenpa ycranoBuna ycraieHi 3B'a3ku 3 yHiBepcureramu JlyiicOypr-Eccena ta boxyma (Himeuunna). 13 2000 p.,
HIOPOKY Kpamii cTyiaeHTd Kadeapu BuOoproowTh rpantu JJAAJ] (Himenpka ciuyx0a akageMmiyHHX OOMIHIB) Ha pidHi
CTUTICHII Ta CTa)XyBaHHSA B OJHOMY 3 IIMX YHIBEPCHTETIB I 3aBEpIIEHHS Maricrepchkoi poOotu. Hacmigkamu €
T ABHIICHHS SKOCTI OCBITH, 3HAYHA MaTepiallbHa MATPUMKA Ta O3HAHOMIICHHS 3 €BPOIIEHCHKOIO0 HAYKOIO Ta KYJIBTYPOIO.

Kadenpa disuxn xkpucranis

Kadenpa ¢isuku kpucramiBe Oyma 3acHoBaHa B 1964 pomi SkoBom OBcifioBudyeM
Iery3iHuM — BUIATHUM BYEHHUM, OJIMCKYYHM JIEKTOPOM 1 MOIMYJISIPU3aTOPOM HayKu. 3 iM'sIM
SA.0. Tery3ina moB's3aHWil IUIKMH PsAA HOBUX HAIMPSIMKIB MOCHIIKEHb B oOmacTi (izmku
pearpHOTo KpUCTaia. BiH OIWH 3 OCHOBOIIOJIOKHHUKIB (DI3WKH CIIKaHHS — BEIHMYE3HOT 00I1acTi
(¢yrmameHTanpHOl 1 mpuKiIagHOI (i3MKM TBepAOro Tima. Y MIOHEPCHKHX pPoOOTax
A.0.Tery3ina BUBYEHI MeXaHI3MH Ta KIHETHYHI 3aKOHOMIPHOCTI IIPOLECIB CIiKaHHS
MOPUCTAX TN 1 3aKiafeHi (I3WYHI OCHOBH TEXHOJOTII MOPONIKOBOI MeETalyprii.
OyHmnaMeHTanbHu HaykoBui BHecok O.5. IerysiHa y ¢i3uky cmikaHHsA OyB BiI3HA4YeHUI
MixknapoaHoto npemieto im. S.I. @peHkens Ta moyecHUM IMILIOMOM MIDKHAapOAHOTO
IHCTUTYTY clikaHHs, 0OpaHHsM Horo [ToyecHUM 4ieHOM LBOTO IHCTUTYTY. BiH OyB wieHOM
penkosierii Mi>KHapOJIHOTO HaykoBoro »kypHany "Science of Sintering" Ta pamsHCBKOTO
xyprany "Iopomkosas Metamnyprus”". Moro mosorpadis "®dwusnka cnekamus" Tpuui
nepeBHaBanach (ocTanHii paz 'y 2019 poui) 1 nepexiiazieHa HiIMEILBKOIO MOBOIO.

S1.0. Tery3iH BUSBHB Ta BIEpIIE MOCTIANB LTy HHU3KY (I3WYHUX e(EeKTiB Ta SBUII, MOBS3aHHUX 3 HATPABICHUMH
MIOTOKaMH HEPIBHOBAXXHMX BaKaHCii B MeTaJeBHMX Ta 10HHMX KpucTanax. Pe3ynbTaTH LUX JOCHIIKEHb y3arajbHEeHi B
MoHoTpadisx "Makpockonmueckue nepekTsl B Kpuctamuiax" (ms moHorpagis ymocroeHa mpemii AH YCCP iwm.
CobomeBcrkoro) Ta "Iuddysnonnas 3ona". .0. 'erysiHny Hamexatp HepIr JOCTIHKEHHS B 00JacTi MacolepeHocy Ha
MTOBEPXHI Ta Y MPHUITOBEPXHEBUX IIapax KPUCTATIB 1 JTOCIIKEHHS POLeciB GOpMyBaHHS B KPHCTAIAX MaKPOCKOIIITHUX
BKITIOYCHB Ta iX MOBEAIHKA y 30BHIMIHIX CHJIOBUX IMOJBIX. Pe3yibTaTH IMUX AOCHIHKEHb CTallH 3MICTOM ABOX MOHOTpadiit
"IToBepxHocTHas auddy3us u pacrekanue" (HanmucaHa pasom 3i cBoim yuHem lO.C. KaranoBcekum) Ta "J[BrkeHue
MaKpOCKOIIMYECKUX BKIIIOUEHHUH B TBEpIbIX Tenax" (Hamucana pazom 3 M.O. KpuBoriazom ta BuaaHa, kpiM YKpaiHu, B
CILIA).

51.0. I'ery3iH MaB HenepeBepIICHUIT NOMYJIIPU30TOPCHKUI TaslaHT. BiH aBTOp cepil HAayKOBO-MOMYJISIPHUX KHIKOK, SIKi
HalMCaHi TaK TaJAHOBHTO Ta SICKPABO, IO HE BTPATWIM CBOTO 3HAYEHHS JO ChOI'OAEHHS, 320X0UYYIOTh JI0 HAyKOBHX
JIOCIIZPKEHb MOJIOJIb 1 JOHOCATH (Pi3M4HI 3HAHHS IO ITUPOKOTO KOJIa YUTAUiB.

Haykosi igei S.0. I'erysiHa po3MOBCIOKYBANKCS JaJeKO 32 MEXi YHIBEpCHUTETy Ta XapKoBa 1 YKMBHIM HayKOBi
KOJICKTHBH HE TUTHKU B YKpaiHi, aje i 3a ii Mexxamu. L[pboMy 3Ha4HO CITpHSIIN HAYKOBI ceMiHApH 3 HOBHX MPo0ieM (i3uku
peasbHOrO KpHcTana, sIki HUIM OpraHi3oByBasMcs Ha 0a3i kadenpu ¢i3uku kpuctaiiB. Bcecorosni ceminapu 3 ¢izuku
CNIKaHHs, pajianiifiHol (i3UKH, IMPOIECiB NEepeHocy Mach Ha
TIOBEPXHI TBEPAMX TiJI, MponeciB B qudys3iitHill 30HI Oyam yxe
TIOTTYJIIPHUMH 1 30Mpany Kpamux ¢axiBIliB 3 6araTb0xX KpaiH CBITY.

S1.0. T'ery3sin OyB sIcCKpaBOIO JIOAWHOIO, sIKa MOEIHYBaNIa y c0o0i
001apoBaHICTh BYCHOTO 1 XyJOXKHHKA, memarora i moera. Lle
BIUIMHYJIO Ha (OpPMYyBaHHS TEMaTHKA HAYKOBHX JOCIHIKEHb
kadenpu, CTHIb B3aEMOBIIHOIIEHb MK CHIBPOOITHUKaMH,
BUKJIafladyaMi Ta CTyJeHTaMu Kadenapu, Ha iX CTaBICHHS [0
TIPUPOJM Ta HAYKH, c(hOPMYBaJIO Y BCIX, XTO 3 HUM IIPAIfOBaB Ta
BYMBCSl Y HBOTO, NPUXWIBHICTH OO TPOCTOrO, KPacHBOTO i
TIEpEeKOHJIMBOTO eKCcIiepuMeHTy. BiH cTBopuB He nuie kadenpy, a
if MUpOKO BifoMy HayKoBY mIKony. Moro Haifkpamii yusi, Taxi sk
JLH. T[apunekas, 0.C. Karanoscekuii, B.II. Mamokis,
I0.1. Boiiko, I.B. Bopo6iiosa, B.I. Kibenp Ta 0arato iHIIMX Tex
: CTaJIi BIZOMHMH BYEHHMH 1 iX MOCHIIKEHHS BHECIM BarOMHI
o9 o | o BHECOK y pO3BUTOK ¢isukm TBepmoro Ttima. Ilicmsa cmepTi
i B ‘ A.0. Tery3inay 1987 pomi npotsrom 26 pokiB kadeapy 040IIOBaB
ftoro yuens — Bitaniit [BanoBnu Kibetp.

Ha xadenpi 3700yn1m OCBITY Ta OTpHMand CHEUiadbHICTH
“¢izuka” Oinpme 800 crymeHTiB 3 Ykpainm, Pocii, AzepOaiimxany,

A
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Bomnrapii, Himewannn, Orocnasii, B’eTramy Ta kpain Adpuku. BuxoBanti kadenpu npamorTs y 6araTb0xX HaBYaIbHUX
3aKJa/iaX, HAyKOBO-AOCHITHUX iHCTUTYyTax Micta XapkoBa i Ykpainu, B [lonsimi, Crosakii, Yexii, HimeuunHi, [3paimro,
CHIA.

3apa3 Ha kadeapi mpairroe 3 TOKTOpH (Pi3MKO-MaTEeMaTHYHUX HAYK, MPodecopu Ta 6 KaHAUIATIB (i3UKO-MaTEMATUIHUX
HayK, JoueHTiB. Maiixe yci BUKiIaaa4i kapenpu — ii BuIyckHUKH. baratopiyHnM BUKIIafaueM KadeapH (3a CyMilHICTBOM)
OyB (i3UK-TCOpETHUK, Mpodecop, T0KTop (Pi3uKo-MaTeMaTHUHUX Hayk Bacwuis JImMutpoBrd Hanuk — BioMuii criemiajict B
rajgy3i HU3bKOTeMIepaTypHoi (i3MKH MIacTHYHOCTI Ta MIIHOCTI TBepauX Til. BiH mpwuiimoB Ha xadenpy 3 Pisuko-
TEXHIYHOTO IHCTHTYTy HHU3BKHX TEMIIEpaTyp, 1 Ha MpoTa3i Maibke 40 pOKiB BHKIaJaB CTyA€HTaM Kadenpu HOBITHI
creniaiabHi KypcH, a B OCTaHHI TPU POKH i 3araibHui Kypc "OCHOBH Teopii Mpy>KHOCTI Ta IIaCTUYHOCTI".

Kadenpa e 6azoBoro kadenporo HTK “Iactutyt MmonokpucTanis” HAH Ykpainu i Mmae mmupoki Ta eeKTHBHI HAyKOBi
crocyHku 3 Oaratema mocuimaunbkumu ycraHoBamu: HTK @TIHT HAH Vkpaian (M. XapkiB), “IacturyTomM mpobiem
Matepiano3HaBctBa” HAH Vxpainu (M. KuiB), O0’eqHaHUM IHCTUTYTOM siiepHHX HociimxkeHs (M. J{yOna), LleHTpom
BHCOKHX TUCKIB Ilombckoi Akanemii Hayk, MiKperioHaTbHUM HEHTPOM TI0 BUKOPHCTAaHHIO ITy4JKiB BakKkux 10HIB (GANIL,
Opanuis), bap-Inancekum yHiBepcuterom (I3pains).

OCHOBHUM HamnpsIMKOM HAayKOBHX MJOCHIJUKeHb Kadelpu 1 CTYIEHTIB, SIKi HaBYAlOThCS Ha Kadenpi, € BUBYCHHA
PYLIIHHUX CHJI, MEXaHI3MIB 1 KIHETHKH MAacoIllepeHOCY B pEallbHUX KpHUCTajax 1 Ha iX MOBEpXHAX Ta e(deKTiB, IO
CYIIPOBOJIXKYIOTh LIEH TpoLIeC.

OcraHHiM yacoM Ha Kadezapi criibHO 3 Kadeaporo (i3UKU HU3bKUX TeMIIepaTyp BEAYThCs JOCIHIIKEHHS 31 CTBOPEHHS
HAJNPOBIHUX NMPU KIMHATHIM TemmepaTypi MaTepiaiiB, CHUJIbHO 3 BUYCHHMMH IHCTHTYTYy CUMHTHIIILIIHHUX MartepialiB
BEIYThCSI JOCIIKCHHS 31 CTBOPEHHS HOBUX CIMHTIIIAIIHUX MaTepialiB Ul peecTpamii TEeMHOT MaTepii.

HaykxoBum konekTHBOM KadeapH 3a poKn iCHYBaHHS TiATOTOBJICHO Ta 3aXUIIEHO 8 JOKTOPCHKHX Ta 54 KaHIUIATCHKUX
mucepTanii, omyOmikoBaHo Oimemre HiK 1500 crateit B HaykoBux xypHarmax CPCP, Vkpainm ta 3a xopmoHoMm. 3a
pe3ynbTaTaMH JOCIHIIKeHb HAyKOBOI IIKOJIM BHJIAHO I'ATh MOHOTpadii, SKUMH IIMPOKO KOPHCTYIOTHCS TOCIIIHUKH B
ramy3i (pi3uKu TBEpIOTO TiNa K y HamIiil KpaiHi, Tak i 3a ii Mexxamu.

Jlnst UpoKoro KoJjia yuTadiB B YKpaiHi Ta 32 KOPJIOHOM BHUJIaHI HAYKOBO-TIOMYJIsipHi KHUTH «[louemy ¥ Kak ncue3aer
MyCTOTa» — TpH BuAaHH, «Ku1Boii kpucramuny — 4otupy BunanHs, «Ouepku o auddy3uu B KpUcTajuiax» — TPU BHIaHHS,
«Kanusy — tpu Bunanss, «Ily3sipu». Bei ni kHuru BinzHaveHi npemisimu BeecotozHoro ToBapuctsa “3HanHs”. OcTaHHE
BUJIAHHS YCIX IUX KHIKOK BimOysocs B cepii "llleneBpu npupoano-Haykosoi jgiteparypu” (2018-2019 pokwu), TodTO I1i
SICKpPaBi KHIDKKHM HE BTPATHIIM CBOET BATOMOCTI Ta IIPUBAOIUBOCTI 1 JIOHUHI.

Hapasi kadeapa 3ailicHIOe miAroToBKy (axiBiiB 3a ABoMa HampssMkaMu: “@i3uka kpuctanip” Ta “Di3uka i TEXHOJIOTIs
(YyHKIIOHATBHUX MaTepianiB”. B ocraHHROMY BHIIaJKy WiArOTOBKa BemeThcs B Komabopamii 3 HTK “Iacturyt
morokpuctanis” HAH Vxkpainu. Kadenpa 3abe3neuye BuknaganHs 3araabHUX KypciB “OCHOBHU (hi3WKH KOHIACHCOBAHOTO
crany”’, “Kpucranodizuka”, “OcHOBH Teopii MPYKHOCTI Ta IIACTUYHOCTI TBEPAUX
TUT’ IUI1 CTYAEHTIB YCIX cremiamizamiii, a Takox 21 Kkypc cnemiamizamii. B
HaBYAJIBHOMY IPOIECi BUKIAmavi Kapeapu BUKOPUCTOBYIOTH CYYacHI KOMITIOTEPHi
TEXHOJIOTiI Ta TEXHOJIOTil JONOBHEHOi peanbHOCTi. JlomeHntom kadenpu
[.M. [TaxoM0OBOIO pO3po0JIeHO 6 AMCTAHIIMHMX HaBYAJIBbHUX KYpCiB Ha 0a3i LEHTpY
enexTponHoro HaBuanHs XHY imeni B.H. Kapaszina ta orpumani ceprudikaru s ix
BUKOPHUCTAHHS. BUIBIIICTD CTYICHTIB IPOXOASTH IPAKTUKH Ta BUKOHYIOTh KYPCOBI Ta
JTUIUIOMHI po6oTH Ha 6a3i [HCTUTYTY MOHOKpHCTaIIB Ta [HCTUTYTY CHMHTHIIALIHHIX
matepianiB HAH Vkpainu, M. Xapkis.

3 2013 poky kxadenpy ovomoe Bopuc Bikroposuu ['punboB — akagemik HAH
VYkpaiHu, TOKTOp TEXHIYHUX HAyK, Ipodecop, AUPEKTOp IHCTUTYTY CUMHTHISIIHHIX
marepianiB HAH VYkpaian (ICMA) , 3acmyxeHuil nisa Hayku i TexHiku (1988),
npeactaBuuk Ykpainu B LIEPH (IlBeiinapist). bopuc BikropoBnu BueHMid —
MarepiaNo3HaBellb, BIIOMUI JaleKko 3a MeXaMH YKpaiHHW SK 3aCHOBHHK HayKOBOT
KON (PYHIAMEHTAIBHUX JOCHTIKCHb CIMHTWIALIHHIX MaTepiaiiB, Jlaypear
JepxaBroi mpemii Ykpainu B ramy3i Hayku i TexHiku (1996 pix), omun 3 30-tH
HAOUIPII IUTOBAaHWX YKpaiHChKHX BueHuX. Ilim Horo kepiBHHUITBOM B ICMA po3polGiieHa yHIKaJIbHA TEXHOJOTiSA
BHPOIIYBaHHA KPYMHOTAOOPUTHUX ONTHYHO OJHOPIAHUX KPUCTAJIB 3 PEKOPAHUMH IapaMeTpaMH CBITIOBUXOAy. Taki
MOHOKPHCTAII BUKOPHUCTOBYIOTHCS JIJIs1 CTBOPEHHS €JIEKTPOMArHITHUX KAJIOPUMETPIB HOBOTO TIOKOJIIHHS, HEOOX1THNX IS
MIPOBEACHHS JOCHIKEHB Y Taly3i ¢i3nkn Bucokux eHepriil. b. B. 'punboB - aBTOp 1 criBaBTOp 14 MOHOTpadiii, monanx 650
crareii, 140 BuraxoxiB Ta marentis. CriBnparysd 3 ICMA Bigkpuiia HOBi TOPH30HTH JUIS CTYIEHTIB KadeapH: IPOXOKEHHS
NPaKTHK Y J1ab0paTopisx IHCTUTYTY, Y4acTh Y HayKOBHX JOCII/DKCHHSAX 3 BUKOPHCTaHHSIM CY4acHOro OOJaJHaHHS Ta
BUKOHAHHS 3MICTOBHUX KYPCOBHX Ta JUIUIOMHHMX IpOekTiB. CTyJeHTH KadelIpu MalThb MOXIMBICTH OpaTu ydacTb y
MDKHApOJHHUX HAyKOBO-JOCHTITHHILKHX HPOEKTax, SIKi BUKOHYIOTbcS HaykoBussMH ICMA, a TakoxX IpoIOBKYBaTH
HaBYaHHS B aclipaHTypi K B yHiBepcureTi, Tak i B ICMA.
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Kadenpa ¢iznunoi onTuku

Kadenpa ¢izuunoi ontuku Oyna 3acHoBaHa 3 iHimiatueu akagemika AH YPCP CunensaukoBa Kupuna IMmutrpoBuya B
1962 poui Ha 6a3i oNTHYHOI crieriani3anii, CTBOpeHoi Ha Kadeapi ekcriepuMeHTaNnbHOT (i3uku XapKiBCbKOTo A€PKaBHOTO
yHiBepcutety B 1951 p. [Tepiim 3aBizyBadem kadenpu Oys npodecop Lknspescrkuii Irop Mukonaiiosuy.

Ha xadenpi mouanu po3BHBaTHCS aKTyajbHI Ha TOW Yac HAayKOBi HaIlpsIMKH:
METaJIOONTHKA, METOIN BU3HAYEHHS TOBIIMH TA ONTUYHUX KOHCTAHT TOHKHUX IUIIBOK B
OIMPOKii obmacTi cmekTpa, BiimogHo 3 [Y miamasonom. MeramoonTumi Oyna
TpucBAYeHa i JoKTopchKa aucepraiis .M. LlkmsapeBcrkoro. BiH BIockoHATNB METO
ToJ1aHCHKOTO MO BH3HAYECHHIO TOBIIMH TOHKHX ILTIBOK, 3alIpOIIOHYBaB HOBHH METOX
BH3HAYCHHS ONTHYHUX KOHCTAaHT MeTaliB (METOX BiJHOBIICHOI TOJSIPHU3AIil).
Qaxtraao IxmsapeBcekuii .M. OyB moHEpOM y JOCIiIKEHHI ONTHYHUX KOHCTAHT Y
OIMPOKiA obyacTti crektpa. Y mocmimpkeHHsIX npogecopa IIkmsapeBcbkoro ta Horo
YUHIB BHSIBJICHA 3aCTOCOBHICTh Teopii Jpyne—3inepa y mmpokiid 1Y obmacTi criektpa
JUISL OIMCY ONTHUYHUX KOHCTAHT, BU3HA4YeHA 00JIACTh YacTOT, BIACTHBA MIK30HHOMY
TIOTJIMHAHHIO, BU3HAYEHI IIOPOTH Ta BHECOK MIXK30HHOTO MOTJIMHAHHS Y JIENEKTPHYHY
BJIACTHBICTH Py METAJIB.

[Hon  Hanpsimku  poOGoTH  kadenpu mix  HOro KEpiBHUITBOM  BKIIOYAIIN
eJIIIICOMETPII0, ONTHUKY TPaHYJISIPHUX IUIIBOK, B TOMY YHCJIi BIUIUB AMIOIb-AUIOIBHOT
B3a€MOJIi TpaHyN 1 [ieNeKTPHYHOI MPOHUKHOCTI OTOYYIOYOTO CepeloBUINa Ha

[IxstpeBchKnit Irop CIICKTpaJbHE PO3TAallyBaHHS i iHTEHCHBHICTH CMYTH IUIa3MOBOTO pe3oHaHCy. barato

MHUKOIAHOBHY PpOOIT IPUCBIYICHO ONTHIII OaraTOMAapOBHX HiCTCKTPUIHNX MOKPHUTH, MO HIJIOMY PSIY

0araTomapoBUX KOHCTPYKIH OTpUMaHWHA psI TMATeHTIB, CTOCOBHO MpPOCBITICHHS

ONTHUK{, BHUTOTOBIICHHA BY3bKOCMYTOBHX 1 BiATHHaOUMX CBITHOQImGTpiB. Ilim #HOro KepiBHUITBOM 3aXUCTHIH
KaHIAMIATChKI qucepTarii 16 acmipaHTiB, 6araTo 3 SIKUX CTaJIH MTOTIM JTOKTOPaMH HayK.

VY 1990 poui Hlknspescekuii 1. M. nepenas 3aBizyBaHHs kadeaporo cBoeMy yuHro MusocnaBcbkoMy Bosoaumupy
Koctsutunosuuy. HaykoBi inTepecu mpodecopa MHIIOCTABCHKOTO BKJIFOYAIHM CIEKTPOCKOIIYHI 1 HENMiHIHHO-ONTHYHI
JIOCITIZPKEHHS] MAaCMBHUX TBEPIUX TIJ I TOHKHUX IUTIBOK, JOCIIDKEHHS! €KCUTOHHUX CTaHIiB y CYINEpIOHHHMX IPOBIIHHUKAX,
nocnimkenns epexry Dapases (sSIKOMy NpUCBsiYeHa HOTo JOKTOpchKa auceprarlis). [Ipodecopom MusnocnaBcbkuM Ta Horo
yuHeM tnpodecopom AreeBuM JleoHimom OnaHacoBHUYEM 3alo4aTKOBaHI pPOOOTH WIOAO HEJMIHIHHMX ONTHYHUX
BJIACTMBOCTEH 1 MpolieciB caMoopraHizamii y IiiBKax TajoreHi/iB, y TOMY YHCII IUTIBOK 3 JIOMIIIKAMHU METIIYHUX TPaHyJI,
y SIKMX 3HaWJeHO HOBWH e(eKT: IiJ BIUIMBOM ONPOMIHIOBAHHS TPAaHYJIM BIOPSIKOBYIOTHECS Y JOMEHHO-CTPYKTYpPOBaHi
mudpakuiiiai rpatku. Hagano cydacHe nosicieHHs edekty Beiirepra y ¢orommapax, mo MicTsSTh TpaHyJIHq.

MusociiaBcbKuH Arees Jleonin OnmanacoBua TamyroB Mukosa 3axapoBud
Bomoaumup KoctssHTHHOBHY

ITin xepiBHEITBOM Tpodecopa MusocnaBcekoro B.K. 3axumieni 18 xanammaTchkux guceprariidi Ta 1 JOKTOpCHKa.
YKpaiHChKOIO ONTUYHOIO CITIJIKOIO Ta ONTHYHOIO CITiTKO0 iMeHi PoxaecTBeHchkoro B. K. MusocinaBchkuii HAropoIKEHUH
roBinelinoro Megammio C.I. BasimoBa (1995 p.) 3a BHECOK y JOCHIIKEHHS 31 CIEKTPOCKOMIi TBEPAUX T 1 MEJAIITIO
C.E. ®pima 3a 3aciryru B IeJaroridHii AisTIBHOCTI 1 HAYKOBI POOOTH IO JOCITIKEHHIO eKCUTOHHHUX CTaHIB y TalOTeHiTax
MeTaliB 1 poToiHAYKOBaHKUX €(DEKTIB y CBITIIOUYTIMBHX IUTiBKAX.

3 2003 no 2015 poku kadenporo 3aBimyBaB ydueHb mpodecopi IllxmspeBcbkoro .M. ta Munocnascekoro B.K.
npodecop Aree Jleonin OmnanacoBud. Y neil yac Ha Kadeapi NpPOIOBKEHO IOCIHIKEHHS HENiHIHHO-ONTHYHHUX
BJIACTUBOCTCH CBITJIOUYTIIMBHX KOMITO3UTHHX IUTIBOK Ha OCHOBI TaJIOTCHINIB cpibia 1 MPUKIATHUX HACHIAKIB IUX
BiacTuBOCTei. Tak, CTBOpeHMH MeTo] BH3HAYEHHs MOKAa3HWKA 3JIOMJICHHS TBEPAOI PEYOBMHM LUIIXOM BH3HAUCHHS
napaMmeTpiB AUQPaKIiHHUX IPATOK, SIKI YTBOPIOIOTHCS IPH JIa3€PHOMY OIPOMIHIOBAaHHI BHINE3a3HAYECHUX IUIIBOK,
0CaP’KEHUX Ha HOro MOBEPXHIO.
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CamodokycyBaHHS JIa3epHOTO ceitia B Jludpakiii Ja3epHOro CBITJIa HA CIIOHTAHHHUX PEIIiTKAX
MOTJIMHAIOYIH pinuHi (anomauii Byza, o caMoopraHizyroTscs)

Po3pobiiena MeToMKa IMIUIAHTYBaHHS YTBOPEHHX IPATOK y MOBEPXHEBHH LIap MIAKIAJIKH ILIIXOM OIMPOMIHIOBaHHS
NOTYXHUM ITy4ykoM [Y nazepa. 3HaiizieHo siBHIIE ONTHYHOI TYpOYJIEHTHOCTI y MYy4YKY, IO B3aEMOJIE 3 IIMMH ILTIBKaMHU,
3HAaHJCHO IUXPOiYHI BIACTUBOCTI IMX IUTIBOK. JlocmimkeHa HecTaOUTBHICTE BHUIPOMIHIOBaHHSA 0araTOMOIOBHX
HAaMiBIPOBITHUKOBUX Ja3epiB. 3allou4aTKOBAaHO HAmpsM KOMII'IOTEPHOTO MOETIOBAHHS AWQPPAKIIHHUX CTPYKTYp Y
CBITJIOYYTIMBHX KOMIIO3UTHUX IUIIBKaX, OCKUIBKM CKJIAIHICTh JOMEHHHX CTPYKTYp, Z€ KOXXEH JTOMEH PO3BHUBAETHCA
eKCIIOHEHIIIHO, oTpe0yBaia mepexoay Ha iHIINHA, CTATUCTUYHUN piBEHb aHAN3y HACHIOKIB onpoMiHeHHsA. AreeB JI.O.
3aXHMCTHB JIOKTOPCHKY AMCEPTALIO 3 TEMAaTHKN (POTOIHAYKOBAHHX MEPIOAMIHHUX CTPYKTYP Y CBITJIOUYTJIMBHX IuTiBKax. [1ix
HOTO KepiBHUITBOM 3aXHINEHO 5 KaHAUAATCHKHUX JUCEpTaMii.

Pobota Ha kadepi o BKkazaHUX HAMPsIMKaX MPOJOBKYEThCs yarsMu MunocnaBebkoro B.K. Ta Areesa JI.O., ockinbku
TSIra MPUPOU JI0 TPAHC(POPMYBaHHS POCTHX CTPYKTYP y BCe OUIBII 1 OLIBII CKIIA/IHI TPU HASBHOCTI JKepesa eHeprii s
TpaHcdopmaliii BiIKpUBaE MOKIMBOCTI IO MaHIIMyJIIOBAHHIO ITapaMeTPaMH MIKPOCKOITIYHUX CTPYKTYP MaKpPOCKOIIYHUMH
METOJIaMH BIMOBIZHO JI0 MMPAKTUYHOI METH YTBOPEHHS CTPYKTYP.

CrorosHi Hayka i B TOMy uHcii (i3uka 3MiHWINCS AOKOpiHHO. [lepecTaioTh OyTH aKTyalbHUMHU HANPSIMKH, SIKI OyJIn
HaOLIbII 3aTpeOyBaHUMHU paHille, 3'IBISIOTHCS HOBI 3aBaaHHs. ONTHKOIO JIFOIMHA 3aiiMajacs 3 He3amaM'sITHAX 4aciB.
Yomy x UNESCO oronocumo 2015 MixkHapomauM pokoM cBitina? lle mos's3aHO 3 THM, 110 3MIHHIIHCA 1 TPIOPUTETH
ONTHYHOI HayKH. AKTyaJIbHUM CTa€ HAIPSMOK, MOB'SI3aHUH 3 peecTpalielo 10Hi3yl0UnX BUIIPOMIHIOBaHb 32 JJOMOMOTOIO
PamioMOMIHECTICHIIIT CIIMHTIILIIHHIX MaTepiaiiB. 1li poOoTn HeoOXiaHI TS 3a1a4 paJioeKoIOrii, TeoJorii, pamiamiifHol
MEIHIUHH, 1, 0COOIUBO. IS BUPIIICHHS 3aBIaHb (Pi3MKH BHCOKUX CHEPTIH.

3a CTBOpEHHs IUIACTMACOBHX CHMHTWIIATODIB JUIS CHUCTEM METeKTyBaHHS y Benmkomy aapoHHOMY KoJutaijepi
BUITYCKHUK Kadenpu (Gi3uvHOT ONTUKHU Ta if0unii B/0 3aBimyBaua kadeapu mpodecop I'anyHoB Mukona 3axapoBuu OyB
ynocroenuii Jlep>kaBHol npemii Ykpainu B rajiy3i Hayku i TexHiku 3a 2016 p. Bin, 1o peui, € Senior Member of OSA (the
Optical Society of America), 110, Ha Xalb, € pigkicaum ;1 Ykpaiau. Foro poGotu Bim3saueno [pewmiero Ipesunii HAH
VYkpainu im. .M. @pannesnya.

COMPO 5 (
COMPO > (

dotorpadis KOMIO3UIIHHUX CHUHTIISALIHHUX MaTepiatiB, sIKi OTPEMaHO
3a pI3HUMH TEXHOJIOTIIMHU

30imbIIeHAs]  CBITHOCTI  KOJUTaiiaepy

TIPU3BEJIO 70 TOTO, IO HABITh MJIACTMACOBI
( CIUHTUWIATOPH i3 TTi IBUIIEHHOIO

panmianiifHo CTIMKCTIO BXKE HE

BUTPUMYIOTh HEOOXIIHUX pajiamiiHux
( HaBaHTaXeHb. M.3. [anyHOB i3 y4HsIMH

po3poOMB  HOBMH  KJIaC  ONTHYHHX

MaTepialis - KOMIIO3HUIIMHI

CUMHTHJIATOPH, IO MICTATh TpaHyJu

HEOPTaHIYHUX KPHUCTATIB Yy MpO30pii

Matpumi. Ili Matepiasim mOTpeOyIOTH
PO3pOOKH CHIelianbHUX TEXHOJOTIH U OTpUMaHH ONTHYHO-TIPO30pHX mapiB. Crnenn(ikoio IUX MaTepiatiB € CKIATHAN
xapakTtep 300py CBiTJIa, BUBYECHHS SKOTO NMOTpeOye HE TUTBKHM MOJEIBHUX EKCIEPUMEHTIB, ale ¥ PO3paxyHKiB, IIO
6azyrotecst Ha MeTtoni MonTte-Kapro. 3a M HanpsiMKOM BiKe 3aXMIIEHO 3 KaHMIAaTChKi AucepTalii i 01Ha JIOKTOPChKa
JIcepTallis peJICTaBlIeHa 10 3aXHCTY.

BrumB i0HI3yl04UHMX BUIIPOMIHIOBaHb Ha JIFOJICHKHHA OpraHi3M HpOINOPLIHHMHN 1031 10HI3yIOUOrO BHIPOMIHIOBaHHS Ha
TaK 3BaHU BaroBui (axtop. Lle 3HaueHHs 1151 IBUAKUX HEHTPOHIB 3 eHeprieto 10 2 MeB i anbga-4acTHHOK BiIPi3HAETHCS
BiJl aHAJIOT1YHOTO 171 (POTOHIB raMMa-BUIIPOMiHIOBaHHS B 20 pa3iB. [HIIMMYU crioBaMM, HAUTOYHIIIMIA puIa, mo Qikcye
BEJIMYMHY CUTHaNB 0Oe3 po3fiieHHs X 3a iX NPHUPOJIOI0, A€ HEKOPEKTHY iH(OpMallifo, BUKOPUCTAHHS SKOI MOXe
MIPU3BECTH 10 TpariyHUX HacuigkiB. HalOimpmn epekTHBHUM MiaXix I BUPIMIEHHS IBOTO 3aBIaHHS — 1€ CTBOPCHHS
CUMHTWIALIMHAX MaTepialliB 3 TOMIJIOM CHTHANIB Bi PI3HUX JDKEpeNl M0 BiAMIHHOCTI B (opmi IMITYJILCIB
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pamiomoMiHecneHIii. HaykoBOrO OCHOBOIO IFOTO MiIXOAY € BUBYCHHS MEXaHI3MIB TPAHCHOPTY i aHITUIAII] TPHIUIETHIX
EKCHTOHIB Y MOJISKYJIApHUX Marepianax. ['amyHoB M.3.i3 y4HSAMH pO3BHMBAIOYM el HAyKOBHH HANpsIMOK OTPHMaB
pe3ysbTaTy, sSIKi CTaH MAIPYHTSIM CTBOPEHHS Cy4acHUX TeTepPOCTPYKTYPOBaHI MaTepiayy, 0 NepeBepILIyIOTh 3a CBOIMH
XapaKTepUCTUKAMHU TaKi KIIacCU4uHi 00'€KTH sIK opraHiuHi MoHOKpHcTany. [1is oro kepiBHUITBOM 3a LIUM HANPSIMKOM BiKe
3aXMIIEHO 5 KaHAWAATCHKHX JHCepTaliil i oJHa NOKTOpchbka mauceprauis. L{i poGoTu npoBomwnmuck y cmiBopami i3
[HCTUTYTOM CUMHTWIILIIHUX MaTepialiB, e € TEXHOJIOTuHa 6a3a ISl CTBOPEHHS TaKHX MaTepialiB.

3apa3 Ha Kadeapi po3movyaTro TMONMIYK CHUHTWIANIHHUX MartepiamiB i3
HAaHOPO3MIPHAMH OCTPIBISIMH cpibila Ha iX TOBepxHi. METOI0 IBOTO MOUIYKY €
OoTpuMaHHS OO0'€KTIB, JFOMIHECICHIIS SKHUX TIIOCHIIOETECA 32 PAaXyHOK e(eKTy
IUTa3MOHHOTO pE30HAaHCy. SIKIIO X IIi HAaHOPO3MIpHI OCTPIBKH BIIOPSOKOBAaHI Y
IUQpakIifiHl CTPYKTYpPH 3 BHKOPHCTaHHSM METOIIB, pO3poOJIeHHX Ha Kadenpi, €
MOXUIMBICTP  BIUIMBATH  HA  MPOCTOPOBHII  PO3MOAIT  JIEOMIHECIIEHTHOTO
BHITPOMIHIOBAHHS 3 METOIO ITiIBUIICHHS YyTIIMBOCTI CIUHTWIALIHHIX IPUIIMadiB.

OpHi€ro 13 aKkTyadbHHX NPOOJEM CYYacCHOCTI € BHBUYCHHS 1 MOJCIIOBaHHS
oco0JMBOCTEH MeTamarepiaiiB, 30kpema, y HBY nianazoni eneKTpoMarHiTHUX XBUIIb.
et Hanpsimok Bene wieH-kopecnonaeHT HAH Ykpainu, npodecop kadenpu dhizuanoi
ontuku Tapamos Cepriii IBanoBHY. OCKIUTBKH B3a€MOJIisI €JICKTPOMArHITHUX XBHJIb 3
MeTamarepialaMi BU3HA4Ya€TbCsl HE TUIBKM YCEPEJHEHHMMH MaKpPOCKOIIYHHUMHU
XapaKTepPUCTUKAaMH PEYOBHH, aje 1 IX MIKPOCKOIIIYHOI CTPYKTYpOlO, LeH Kiac
MaTepialiB BiKpHBae HOBI MOXIHUBOCTI 110 KEPYBaHHIO CBITJIOBUMH MOTOKAMH, 1
JOCIIKEHHS B il TIepeIoBiil ramysi TITbKH PO3II0YaTo.

Ho pe3ynbTariB, oTpuMaHuX min kepiBHHNTBOM TapamoBa C.I. B mamiii o6macri,
BXOJISITh: 3HAIICHHS MOBEPXHEBUX €JICKTPOMArHiTHUX CTAHIB y PI3HOMAHITHUX TUIIaX
MAarHiTOpOTOHHUX KpPHUCTAJiB, OOMEKCHHX IUIa3MOMOMIOHUM CEepeNOBUINEM; JOBEACHHS iCHYBAaHHS IJIIBOCTOPOHHBOTO
CTaHy B MAaHTaHITax-MEPOBCHKUTAX; BHMBYEHHS OCOOJIMBOCTI pedp akuii B JIPOTOBHX CEPEAOBHIINAX; JIOBEACHHS
MOXIIMBOCTI KepyBaHHs IIOBEpPXHEBMMH CTaHaMW B IUIaHAPHUX MeTaMaTepiajgax MyapoBoro Tumy Tta iHmL Ilig
kepiBaunTBoM Tapamnosa C.I. 3axumieno 10 kangumatcekux auceptamiid. Y 2014 p. maykoBa pobota Cepris IBanoBuua
Tapanosa Oyna BinzHadena [Ipewmieto imeni C.51. bpayne HAH Ykpaiuu.

Jlo iHIMX HamnpsIMiB JIOCIIJDKEHb, sIKI 3apa3 MpoBOAAThCS Ha Kadeapi (i3UUHOI ONTHUKH, HAIEKATh: JTOCHIIKEHHS
HEJIHIHHUX ONTHUYHUX SIBUIIL, SIKI MAIOTh MICIle Y KOMITIO3UTHUX IUTIBKaxX Ta Y PIAKUX PO3UMHAX IiJ JI€I0 JIa3epHUX MTYUKIB

TapamoB Cepriii IBaHOBHY

m HENWHERHAR

CHEKTPOCKONKS
weeporotens | OMTHKA

Myaposnii Meramarepian 3 HH3Ka MeTamartepianis, mo GasyroThes Ha Hesxi moHorpadii Ta HaByajibHi
reKCAarOHANBHOIO CHMeTpicto  HOJABIHHOMY — IUIAaHApHOMY  (OTOHHOMY TOCIOHHKH CIIiBPOOITHHKIB
KpHUCTami kadenpu GpizuIHOi ONTHKH

(camoneoKkyCyBaHHS, ONTHYHI ITyJbcamii MpH MPOXO/KEHHI JTa3epHOT0 BUIPOMIHIOBAHHS Kpi3hb MOTIMHAIOU PiIKi
CepeoBHUINa), CIIEKTPOCKOIIYHI BIACTUBOCTI CYNEpiOHHHUX IPOBIIHMKIB, po3poOka OaraTomapoBux iHTepGepeHIIHHNK
TIOKPHTH 3 PI3HOMaHITHUMH XapaKTepUCTUKaMH (By3bKOCMYTOBI iHTepdepeHuiliHi cBITIO(IIbTpH, NoNIpHu3aLiiigi GpinbTpu
TOIIO), PO3pOOKa By3bKOCMYTOBHX CBITIO(QUIBTPIB 3 BUKOPHUCTaHHSIM IIA3MOBOT0 PE30HAHCY Y TPAaHYIISIPHUX IUTIBKaX.

Taxum unHOM, Ha Kadeapi BeaeTbcs HayKkoBa poOoTa K 32 TPAAUIIHHIMHU HAPSIMKaMH, MOXKIIMBOCTI TOCIHI/PKEHHS B
SKHX CYTTEBO PO3IIMPEHI 3aBASKH BUKOPHCTAHHIO KOMII FOTEPHOI TEXHIKHM, TaK 1 10 aKTyaJbHUMX X HaIpsSiMKaMm
CBOTO/ICHHS1, KOJI BAKOPUCTAHHS HAIPAllbOBAHUX ONTHYHHUX METO/IB € KOPHCHUM IIPU PO3B’A3aHHI TPAHUYHHX 3 ONITHKOIO
npoOuieMm, siKi 0a3yl0ThCs Ha ONITHYHUX BIIACTHBOCTSIX HOBMX MaTepiajiB, [0 BUBYAIOTHCS 1 PO3POOIISIOTHTCSL.

Kadenpa Bumoi matemaTuku

[IpaxTrarO Bigpa3y micis nepemoru y Jpyrii cBiTOBIH BiifHI, MiXk KpaiHaMi AHTHTITIEPIBCHKOI KOAMIMii 3ar0CTPHIIHACS
i7Ie0JIoTivHI TPOTUPiUYsl. BuopairHi mepeMosKIil po3KoJIONHCS Ha IBa HEMPUMHUPEHHI TabopH, 1 modanacs 6e3mnperecHTHa
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B icTOpil JIOJCTBA TOHKA 030pO€HB, SIKA MIBHIKO Iepepocia B XOIOAHY BiifHy. ['oHKa 030po€HB, OCOOIMBO SOSPHUX i
paKeTHHX, ICTOTHO criupanacs Ha (i3uKy, MaTeMaTHKy, IHKCHEPHI HayKH 1 iHpopMaThKy, 1110 BUHUKIIA, IEPII 3a BCE 3 IIUX
BIHCBHKOBUX 3ycuib. [l moTped 3pocrarounx BiChbKOBO-poMucioBux komiuiekciB (BIIK) y Bemukiit kinbkocTi Oynu
noTpiOHi BUcokokBaiidikoBani daxisui. [linrorokoro daxisuis 3 ¢izuku ams BIIK 3aiimanucs i Ha Gi3MKO-MaTeMaTHIHUX
(axynpTeTaX KIACHYHUX YHIBEPCUTETIB. Y 11i yacH (izuko-maTeMaTnunuii paxynprer (PM®D) XapKiBCbKOTO €PIKABHOTO
YHIBEPCUTETY PO3BUBABCS 1 po3pocraBcs. B pesynprari B 50-x 1 mouarky 60-x pokiB ®M® po3xpinuBcs Ha KijbKa
¢daxynpreTiB. Y 1952 poui OyB crBopeHuit pamiodizmunuii dakynbrer (PO®), sxuit 3 2014 poky Ha3HBaeThCS
¢dakympTeToM pamiodizuku, GioMennyHoi exekTpoHikn Ta koM totepHux cucteMm (PBEKC). ¥V 1962 pomi 6ynu cTBOpeHi
¢iznunnit paxynprer (PD), pisuko-TexHiuHMH PakynpreT (PTD) Ta Mexaniko-MaTeMaTHIHUN PaxyasTeT (MMO).

OcHOoBHIM (akynbTeTOM (i3WYHOI CIIPSIMOBAHOCTI cTaB (i3WYHHUN (aKyIbTeT,
SIKMA 3aifHABCS MIATOTOBKOIO (haxiBHiB B pi3HMX oOmacTsax ¢iswku. JBa iHIIHX
¢dakympTeTy (i3UYHOI CIIPSMOBAHOCTI OYJIM CTBOPEHI ISl OLIBIN CTIeHialbHUX 32124
MATOTOBKHU (axiBIiB B 00JacTi AAepHOI Pi3uKH 1 pamiodizuky.

Cnouatky Ha Bcix (akyiabreTax (i3W4HOI CHIPSIMOBAHOCTI BUKJIAJAaHHS
MaTeMaTUKH 3IIHCHIOBAJIOCS JAEKiTbKOMa KadenpaMu MeXaHiKO-MaTeMaTH4HOTO
(daxynpTeTy, aje IOCUTh IIBUJAKO 3'SIBUJIOCH PO3YMIHHS HEOOXiJHOCTI OKpeMoi
kadenpu s mux uieil. Taka xadenpa nmoBuHHA Oynia crewianizyBaTHCs came Ha
BUKJIaJlaHHI MaTeMaTuku (i3ukaM 1 BpaxoByBaTH B IIOBHOMY OOCs31 cneuudixy
BUKJIaJIaHHs, SIK OKPEMUX MaTeMaTHYHUX KYPCiB, TaK i BCbOr0 MaTeMaTHYHOTO IIUKITY
B 1isiomy. Ha Toif wac Taki kadempu Bke Oymu cTBOpeHi (i iCHYIOTH 3apa3) Ha
¢iznmganx akynbpTeTax MOCKOBCEKOTO 1 JICHIHTpaJICKKOTO YHIBEPCHUTETIB.

Kadenpa Bumoi maremaTnku Ha ¢QisugHOMy (¢dakympTeTi Oyla CTBOpeHa 3
iHimiaTuBu AekaHa ¢izumgHOro (axynprery mpod. B.I. XorkeBnua B 1963 pormi. s
Kadeapa TOBHHHA Oylia 3a0€3MEYUTH BUKJIAJAHHS MAaTEeMaTHYHHMX IUCLMIUIIH Ha
¢dakynpTeTax (izuyHoi crpsmoBaHocTi. [lepex mpod. B.I. XoTkeBuuem BHHHKIA
CKJIagHa 3amava BHOOpPY 3aBigyBadya kadempu Bumioi marematuku. 1 mpod. B.IL
XOoTKeBHY 3HAMIIOB OJIMCKYy4e pilieHHs npoOiemu. BiH 3ynuHUBCS Ha KaHAMIATYPI

Bamman CaMoOMIOBHY BIZJIOMOrO MaTeMaTHKa 1 JIFOJUHM JIMBOBMXKHOI Joyii  ArpaHoBuua 3aimaHa
ArpaHoBn CamoiinoBuya.
Juem HapomkenHs kadeapu moxHa Beaxaru 01.04.1963. Came B 11eii neHb Ha
nocajy 3aBifyBada KaeJporo BUIOI MaTeMaTHKU OyB nmpusHavyeHuil 3.C. ArpaHoBHY.
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Ha xadenpi Bumoi MareMaTrky ImiJ KepiBHUITBOM Ta 3a Oe3mocepennboi ydacti 3.C. ArpaHoBuda Oyimu po3poOiieHi
MOBHI IMKJIXM MaTeMaTHYHUX TUCHUIUNIH IS (Pi3udHOro, (hisMKO-TeXHIYHOro Ta pamiodizudynoro ¢axyasreris. Lle
BHMArajo BEeJMKOi HAPYTH CHJI KOJIEKTUBY KadeIpH BUIIOT MaTeMaTHKH Ta B TIEpITy 4epry ii 3aBixyBauya. Came B TOH yac
OyaM CTBOpEHI €AWHI IUTAaHW BHKJIAQJAaHHSI BCHOTO KOMIUIEKCY MAaTeMaTHUYHUX IUCHHIUNH I (i3UKIB PI3HHX
cnenianpHOCTeH. Ha kadenpi nmpamroBaB NOCTIHHNN METOOMYHHUMA CeMiHap, HA SKOMY JETaJbHO po30upaBcs HaBYAIBHHUH
Marepiai JJst JEeKLiH Ta Uil KOXKHOTO PAKTUYHOTO 3aHATTSL.

3anmvan CamoiinoBud OyB qy’ke BUMOTJIMBHM 3aBiJTyBadeM, B TOMY YHCII 1 IO BiTHOMIEHHIO 10 cebe. Bin ocobucTo i
1o 6araro pasiB IMPOYUTAB BCi JIEKIIHHI KypcH, SKi B Ti 4acH iCHyBaJIM Ha Kadepi BUIIOI MaTeMaTuky. Jleski MeToqu4aHi
JIOCSITHEHHSI THX POKIB 1 CHOTOJHI BHUKOPHCTOBYIOThCS IPW BHKJAJaHHI MaTeMaTHYHHX KypciB Ha Kadexapi BHIIOI
MaTeMaTHKH.

3anman Camouinosuy Azpanosuy - nepuiuii 3a8idyeau Kageopu

Haponuscs 18 sxoBtHs 1910 poky B MicTi Crapony0, bpsHcbkoi oonacti. Cepenaro mkoity 3akiHuuB y 1928 poui. [Ticns
3aKiHYEHHS CEepeIHBOI IIKOIM MPAIfoBaB y CiIbCbKOMY TocmomapcTBi. Y 1932-34 pp. mpoXoauB CTPOKOBY BilICBKOBY
cnyx0y. Ilicnsa cmyxOu B apmii, B 1934 poui moctynuB Ha mepmuil Kypc ¢iznko-maremMaTndHoro ¢axymnerety XY
(MaremaTn4He BiAgiUIeHH), SKui 3aKkiHanuB y 1939 pori. Y Tomy x pomi 3ainman CaMoiIoBHY ITOCTYNIHB B aCHIipaHTYPy A0
H.I. Axie3epa, ane 3akiHUUTH ii He BCTHT - ovanacs Benuka Bitunmsusna BifiHa. Bin OyB 3akiukaHuii B Aifody apMiro Ha
4eTBEepTUH eHb BiitHM - 26 yepBHA 1941 poky. [lo BepecHs 1946 poky 3anmman CaMoiIoBHY CIyKHB B JaBax PamsHChKOL
Apwmii.

[Ticns nemoOinizanii 3anman CaMoMIOBHY ITPOIOBKMB HAYKOBY 1 IIEJaroriyly AisuibHiCTh. BiH mocTynus Ha poboty B
XapkiBcbkuit neincTutyT iMeHi I'.C. CkoBopoau Ha dizuko-mMaTeMaTHYHUi akynpTeT. TyT BiH UUTa€E pi3Hi MaTeMaTH4Hi
KypCH AJIsl CTYAEHTIB (i3UKO-MaTeMaTHYHOTro (akyiabTeTy i B 1949 poui 3axuinae KaHIUIaTChKy AUCEPTALLiIO.

3 1960 poxy 3amman CamoiioBnu nouyuHae npamtoBatd B XY Ha mocani poueHTa kadenpu 0OYMCIIIOBAIBHOT
Mmarematuku. Y 1963 poui BiH cTBOpHB HOBY KaeApy BHUILOI MareMaTHKH Ha (i3UUHOMY (aKyJbTeTi, SIKOI YCHIIIHO
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3aBimyBaB 10 1978 poky. 3 1978 poky mo 1999 pix BiH mpairioBaB JoneHTOM Kadeapu Bumoi MareMaTuku. [legaroriany
JUSUTBHICTB 3aKiH4YMB B 1999 pori B 3B'13Ky 3 BUXO0JIOM Ha HayKOBY HEHCIIO.

3anman CaMoOMIOBHY MPOTATOM yci€l CBOEI MiSUIBHOCTI aKTUBHO 3aiiMaBCsi HAyKOBOIO 1 HAayKOBO-METOJHYHOIO
pobororo. Y 1954 pomi BiH pazom 3 mpod. A . [lo3HepoM Buaae KHUTY «3aCTOCYBaHHS ONEPALiHHUX METOMIB IO
BUPIIICHHS JISSKHUX 331a4 MaTeMaTHYHoI pizuku». Y 1960 pori BiH pazom 3 akan. B.A. MapueHko Buaae KHUTY «3BOPOTHA
3aja4a Teopii po3ciroBaHHs». Llg KHHra HajaeKUTh O HANBaXIUBINIOrO HampsMy B MaTeMaTWdHOMY aHaiisi 20-ro
cromitra. Y 1963 poui BoHa Oyna mepeBeneHa i mepepunana B CIIA. V 1962 poni 3anmman CamoiMIOBUY, CHUTBHO 3
akagemikamn B.A. Mapuenko i B.II. IectomamoBum, myOiikye ¢QyHIaMeHTaNpHY CTaTTIO TIPO  PO3CISTHHS
€JIeKTPOMATHITHUX XBWJIb Ha MeTaneBii pemritui. Y 1970 pomi BiH Buiae HaBYaIIbHOI MOCIOHUK «MeToIn acCHMITOTHIHOL
OIIIHKH 1HTETPaiBy.

3a 36-piunnii mepiox pobotrn Ha Kadempi Bumoi mMarematuku 3anmaH CaMoioBHY 06araTopasoBO i 3 BEIHKOIO
MaHCTepHICTIO IPOYNTAB BCi KadeapaibHi JeKIiiHI KypcH. Y CBOi CTYACHTCHKI pOKH HOTO BASYHUMH CIyXadaMH Oyiw
BUeHi (Pi3MIHOTO (PaKyIBTETy Ta IHIIUX HAYKOBUX yCTAaHOB. [IpoTaroM 65 poKiB KHUTTS HAyKOBA i IEJaroriyHa JisiIbHICTh
3anmana CamoiinoBuya Oyiu 1MoB'si3aHi 3 XapKiBCbKUM YHIBEPCUTETOM. 3a I1i POKH, 3aBJsSKU CBOil HEBTOMHIMH 1 IUTiIHIH
JiSMBHOCTI, BiH CTAaB OJHMM 3 HalCTapilluX, aBTOPMTETHHX, JOCBITYEHMX i moBakHHX cmiBpobitaukie XHY. Moro
BUCOKHI MpodeciiHuil piBeHb, MPEKpacHi epyAMLs 1 iHTY{is, YyJOBi JIOJACHKI SIKOCTI BHKJIHMKAJIH IOBary BCiX, KOMY
JIOBOJIMJIOCS MpaloBatu mopyd 3 3anmanoMm CamoiiioBudeM. Lli sikocTi He 3racaid 3 BIKOM, i B IIbOMY CEHCI MOXKHA
TOBOPHTH PO (heHOMEH ArpaHOBHYA.

3anman CamoiioBH4 ATpaHOBHY MIMIOB 3 KUTTS 2 nucronana 2008 poky.

Jeaki 3ayearcennus npo Kagheopy éuwioi mamemamuru

Sk yxe 3a3Havanocs, NepIInM 3aBigyBadeM Kadenpu Bumoi maremMatuku 0yB 3.C. Arpanosud (1963-1978rr.). [ToTim
kadeaporo BumIoi MaTeMaTHKH 3aBixyBanu npod. B.K. [ly6osoii (1978-1988rr.) Ta mpod. FO.M. [Trokapes (1988-2008rT.).
OO0oB'si3ku 3aBimyBada Kadenpu Bumol maremMaTuku BHKOHyBaB monl. b.B. Kommpateer (2008-2015). 3 2015 poky
kadenporo Bumoi MareMaTrku 3aBigye npod. J.B. Hibicos.

VY 1963-1969 pp. xadenpa BuIIoi MaTeMaTHKH 3a0e3IeuyBaia YUTAHHS JICKIIN 1 POBEICHHS MPAKTUYHUX 3aHSIThH 3a
BCiMa MaTeMaTHYHUX AUCHHMILIIH Ha 1-My 1 2-My kypcax @D ta ®TO. Kpim Toro, Bukiaaadi kageapu BUIIOT MATEMaTHKH
YHUTAIH JIEKLI] 1 BEJIM NPaKTHYHI 3aHATTS 3 METOJIB MareMaTtuuHoi (isuku Ha Tpetix Kypcax dD, OTO i POD. V 1969
poui ®TD 6y nepeBenenuii B [1'siTuxarky, 1 kadenpa BUIIOT MAaTEMaTHKH NPUIMHIIIA BUKJIaJaHHs MaTreMaTuky Ha DT .
3 1977 poky kadenpa BUIOI MATEMaTHKH CTajla BUKJIAJATH BCE MATEMATHYHI JUCHUIUTIHA Ha 1-My, 2-My 1 3-My Kypcax
PO®. Takum ymHOM, 3 1977 poky mno TemepimHid 4ac kadeapa BHUIOI MaTeMaTHKW 3a0e3ledye YUTaHHS YCIX
MaTematnuHux aucnurutia Ha @@ ta PBEKC. KpiM Toro, mounHatoun 3 KiHns 70-X pokiB, BUKIamadi kadenpu BUIIOT
MaTeMAaTHUKH BUKJIAJAI0Th 3aTrajibHi KyPCH, TTOB's13aHi 3 IHPOPMATHKOIO | MaTeMaTHIHUM MojemoBaHHsIM Ha @O Ta PBEKC.

Bimpiry wacTmHY CHiBpOOITHHKIB Kadenpw BHIIOi MaTEeMAaTHKHA 3aBXAH CKIAJAId BHITYCKHUKH MeEXaHIKO-
MaTematuaHoro (akymnbrery. ToMy, B OCHOBHOMY, OyiM MaTeMaTHYHUMH JHCEpPTAIlii, 3aXWIICHI CIiBpOOITHHKAMH
kadenpu Bumoi MatemaTuku. Tak, 3a cmemiampHicTEO 01.01.01 - MaTemaTw4HWil aHami3 KaHOUIATCHKI AmcepTaril
saxuctim FO.M. Trokapes, I.I1. Kamunin, C.M. 3inenko, H.Jl. [Tappronosa, [.FO. Cepikosa. 3a cremiansHicTio 01.01.04
- TEOMETPIs Ta TOIMOJIOTIS KaHAUAATChKY aucepraitito 3axuctus C.I. OkpyTt. JlokTopchka nucepraitis FO.M. Jlrokapesa Oyia
3a crieriasnpHicTio 01.01.01 - MaTeMaTHUHMIA aHATI3.

Kageopa eunuioi mamemamuxu cb0200Hi

Cnieépobimnuxu kaghedpu. B nanuii yac Ha xadeapi BUINOI MAaTEMATHKHU TPaIoTh 10 cmiBpoOITHUKIB, 3 HUX TPU
JIOKTOpa (hi3MKO-MaTEeMaTHYHHUX HAYK, TPH KaHAUAaTa (i3MKO-MaTeMaTHIHUX HAYK 1 OAWH KaHAWAAT MeIaroriyHuX Hayk.
A cawme:

J.B.YibicoB (1.¢.-M.H., mpod.), FO.M. drokapes (1.¢.-M.H., mpod.), O.B. Jlazopenko (1.¢.-M.H., ipod.), C.M. 3ineHko
(x.¢p.-m.1., nou.), HJ. ITapdronoBa (k.¢.-M.H., o), [.}O. Cepikosa (k.¢.-m.H., 1o11.), M.M. 3aBropoxss (K.I.H., JI011.),
O.T". JlurBunoBa (ct. npe.), T.B. Byrenko (ct. npen.), K.A. IToxinbceka (ct. mabopasT).

Haguansna po6oma. Ha xadenpi BUIIOT MaTEMAaTHKN BUKJIAIAIOTHCS Taki Kypcu: MareMaTHYHHHN aHaui3, AHaJIITHYHA
reoMeTpisi Ta JiHiMHA anreOpa, JludepeHumianbHi Ta iHTerpanbHi piBHSHHS, BexkTOpHMI Ta TeH30pHUWII aHai3,
Kommnexcumii anani3, [adopmariitai TexHOIOTIi, IpOrpaMyBaHHS Ta MaTeMaTHYHE MOJIENIIOBaHH:, Teopis iMoBipHOCTEH
Ta MaTeMaTW4Ha CTaTHCTHKa, MeTtoan matematnaHoi ¢isuku, OcHOBH Teopii BUMagKoBHX mpotieciB, HeminiitHa ¢i3uka,
CydacHui aHaJIi3 CUTHAIIB 1 IpoIeciB, J{MCKkpeTHa MaTeMaTHKa.

Haykoea po6oma. B nanuii yac OCHOBHIMH HaIPsIMKaMH HayKOBHX JOCHIKEHb Ha Kadeapi BUI0i MAaTEMaTHKH €:
1. TIpobrema MOMEHTIB, TeOpis IHTEPHOJLIMIMHNX 33124 JJIS aHAJTITHYHIX MaTPUIb-(QYHKIINA Ta CyMiKHI TUTaHHS
anamzy (FO.M. [diokapes, C.M. 3inenko, [.1O. Cepikona).
2. Maibxke nepionuuni ¢pyukuii (H.. [Tapdhronosa).
3. MaremaTiuyHe MOJETIOBaHHs MPOLECIB TEIUIONPOBIIHOCTI Il o0ylacTeil HEKaHOHIYHOT (POPMH 3a JIOMOMOTOI0
BapialiifHuX Ta perioHabHO-cTPpyKTypHHUX MeToniB (T.B. ByTenko).
4. MaremMaTu4He MOJICIIOBAHHS MPOLECIB HAMPOBITHOCTI MOHOJOMEHHUX KpucTaiis (3asropoaas H.M.).
Teopist TypOynentHoi mia3mu (.B. Uibicos).
6. IlommpeHHs pagioCHrHaJiB B HABKOJIO3eMHOMY KocMiuHoMy mpocTopi (O.B. JIazopeHko).

o
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3aBimyBau kadenpu mpod. [.B. UibicoB omyOmikyBaB 40 HaykoBHWiH craTel, mpudoMy 24 cTarTi OmyOJiKOBaHI B
JKypHaJjax, sKi peepyroThcs B HayKoMeTpudHOi 0a3i Scopus. 3 mux crateil 12 Oymo omyOnikoBaHO B 3apyOiKHHX
JKypHaJax.
OcHoBHI HaykoBi pesyipratd mpod. FO.M. [rokapeBa: moOyqoBaHO HpUKIamu ONOYHMX MaTpumb Sko0i, sKi
MOPOJDKYIOTh CHMETPUYHI ONepaTopu 3 OyIb-IKHMH MOXJIMBUMHU IHAEKCaMHU Ae(EKTy; IOCTIIKCHO 3B'S30K MIiXK
TE€OMETPUYHUMHU Ta ONEPATOPHUMH MipaMH BHPOKEHOCTI MarTpu4Hoi mpodiemMu MoMmeHTiB CTHIIbTbECA; NOBEAEHI
TEOPEeMH IIpO JIOKANi3al[ilo KOPEHIB MAaTpiYHO3HAYHMX MHOTOYICHIB, OPTOrOHAJbHUX BIJHOCHO KiHIIEBOrO abo
HarniBHECKIHYEHHOT'0 IHTEpBaly; Ha MHOXKHHI PO3B'SI3KiB MaTpUUHOT pobieMu MOMEHTIB CTHIIbThECA BBE/ICHI €HTPOMIHHI
(bYHKIIOHAJIH 1 TOCHIPKEH] X BIacTUBOCTI. 3a ocTaHHI m'saTh pokiB npod. K0.M. /TrokapeB BUCTyNaB B sIkOCTi odiwiiiHoro
OTOHEHTA MPH 3aXHUCTi JBOX JOKTOPCHKUX JHMCEPTalliil y crerianizoBaniit BueHii pamai [ 64.175.01 (Dizuko-TexHIUHUN
iHCTHTYT HU3BKUX Temrepartyp iM. b.I. Bepkina HAH VYkpaiam), i ogHiel KaHIUAATCHKOI TUcepTalii B Crieliali3oBaHii
BueHiit pani /126.206.01 (Incturyt matematuku HAH Yxkpainm).
Mixcnapoona cnienpaya. 3 2000 poky i mo TemepimHii gac npod. FO.M. [lrokapeB MpoBOAUTH CHIIBHI HAyKOBi
nIociimkeHHs 3 mpodecopamu Jlewnmircekoro yHiBepcutery b. Kipcraiinom Ta b. @pimme. s mixkHapoaHa criBmparis
MIPU3BEJIO JI0 TAKUX PE3yJIbTaTiB:
1. Bys omyOmikoBaHMHA UK CHUTEHAX HAYKOBUX CTaTel 3araibHUM 00csroM 236 crop.
2. Ilix coinbHuMm kepiBHunrBoM IO.M. [lrokapeBa i b. Kipcreitna B Incturyti mMaremaruku Jleinmircbkoro
YHIBEPCUTETY KaHIMAaTChKy aucepranito 3axuctuB A.E. Hoke Piepo.

3. 10.M. [TrokapeB BucTynas B SkocTi oiliiiHOro ornoHeHTa npu 3axucti B [HCTUTYTI MaTemaruku Jle#mnircpkoro
YHIBEpCHUTETY OZIHi€] JOKTOPCHKOT TUCePTallii Ta TPhOX KaHAMAATCHKHUX TUCEPTAaLii.

4. HO.M. [lroxapeB 6arato pa3iB BHCTYIIaB 3 HAyKOBHMH JIOTIOBiIAMHU Ha KOH(EpeHIisX i cemiHapax B IHCTHTYTI
MareMaTuky JIeHIIircbkoro yHiBepCHUTETY.

Kadenpa ¢izukn Hu3kux temneparyp

Kadenpa ¢i3uku HU3BKUX TEMIIEpaTyp Beae cBOIo ictopiro 3 1979 p. IniniaropoM i cTBOpEHHS, MEPIINM 3aBiyBaueM
1 HAyKOBUM KEpiBHUKOM OYB BiZlOMHUi1 HayKOBeIb 1 TPOMaJChKUi 1isid, wieH-kopecrioHaeHnT AH YPCP, npodecop B.I.
XotkeBnd. 3 icropiero 3acHyBaHHA Kadenapu (i3sMKM HHU3BKHX TEMIIEpaTyp TMOB'S3aHi iMeHa BHJATHUX BYCHUX: YICH-
xoppecnionenta AH CPCP i1 akagemika AH YPCP, npodecopa B.I'. JIazapesa; akagemika AH CPCP, npodecopa O.0O.
lankina; axamemika HAH Vkpaian, npodecopa B.M. Axaxi; aknemika AH YPCP, 3acHoBHHKa Di3WKO-TEXHIYHOTO
iHCTHTYTY HI3BKHX Temneparyp HAH Vkpainu akagemika b.1. Bepkina, a Tako cllaBeTHHX IPEACTaBHUKIB XapKiBCHKOT
¢i3ngHOT mIKONM: 3HAHUX (axiBLiB B ramysi (ismku HU3BKHX Temmeparyp i ¢isuxum TBepaoro Tima mpodecopis M.O.
Ob6onencrkoro, b.0. Mepicosa, B.O. IlepBakoga.

SlckpaBuii TamaHT LUX IPOCBITUTENIBIB Ta JIOCHIJHUKIB, BUCOKMI TBOPYMH MNOTEeHLial Ta NpodeciiHui piBeHS,
0e3yMOBHHI aBTOPUTET B HAYKOBOMY CEPEIOBHII CIIPHUSIIN MOTYKHOMY PO3rOPTaHHIO HAYKOBOI AisUIBHOCTI Ha Kadexapi
Ta popMyBaHHIO (i3UYHOT IIKOJIH.

Kagenpa ¢isuku HU3bKHX TemIiieparyp Oyna i 3aJIMIIA€TbCs €IMHOI0 3a MpOo(ineM MiAroTOBKU (axiBLiB JaHHOTO
HanpsiIMKy B CHUCTEMI BHIIMX HaBUAJIBHMX 3akialiB YkpaiHu. JisnbHICTh KadenpH HEOAHOPA30BO MiITPHUMYBajacs
rpanTamu JlepkaBHOTrO KOMITETY 3 HayKH Ta TeXHouorii Ykpainu, Mixxnapoanoro gonny Copoca, Jlenapramenra Hayku
i ocBitt HATO, MinictepctBa ocBity i Haykn Ykpainu. Ha kademnpi B pi3Hi poku nparroBaiy BiIoMi BYeHi, JOKTOpH ¢i3.-
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B.I. Bepkin B.I'. XoTkeBu4 M.O. OboneHChKHIA

Mmat. Hayk B.I'. Xotkesuu, b.1. Bepkin, M.O. O6onencokuii, B.IT Jleoenes, C.JI. I'natyenko, A.B. XoTkeBuu. 3apa3 Ha
kadenpi mpamroroThk gokTopu ¢i3.-mar. Hayk P.B. BoBk, B.O. IlIxmoscekuii, A.JI. ConosiioB, O.M. I'pud, a takox 8
KaHIN/aTiB HayK.

Ha xadenpi ¢pynkmionytors IIpobiieMHa HayKoBO-I0CIiAHA JabopaTopis (i3MKH HU3BKUX TeMmIeparyp Ta KpiorenHa
nmaboparopis, SKi € EAMHAMH B MEPeKi BITYM3HAHUX BHIIIB. 3 1987 p. Ha 06a3i ®TIHT imeni b.1. Bepkina HAHY nie ¢imis
kadenpu Gi3MKH HU3BKHX TEMIIEpaTyp, sKka 3a0e3ledyl0 KOHCTPYKTHBHY Ta €()EKTHBHY CIIBIIpAIIO aKaaeMIivdHOl i
ocBiTHROI CcTpykTyp. [IpoBigni HaykoBmi ®TIHTy 3amydaroTbes 0 HaBYAIBHOTO TPOIECY, BHKIANAIOYH aBTPCHKi
CHELKYPCH 3 aKTyalIbHUX Mpo0JeM (Hi3uKu HU3BKHX TeMIepaTyp; BUKIaaadi kadeapu Gpisuku HU3bKUX TEMIIEpaTyp MatoTh
3MOTY NPOXOJUTH CTAXKYBaHHS Ha BUCOKOTEXHOJIOTIUHII 6a31 IIbOT0 JOCIITHOTO LIEHTPY, a OakaiaBpH i MaricTpu kadeapu
3aJy4aloThCsl 70 Cy4aCHHX HayKOBO-JOCIHIJHUX IpoOIeciB cBiToBoro piBHs. I[Ipu kadenpi mpaimiorTh JBa HAYKOBHX
ceMiHapu 3 mpoOsieM GI3UKM HAJANPOBIAHOCTI — TeopeTyHuit (Ha woii 3 mpodecopom B.O. IlknoBcbkum) i
eKcriepuMeHTaIbHUH (Ha 4outi 3 mpodecopom P.B. BoBkom).

Kadenpa mae Tpu cremianizoBani 1aboparopHi npaktukymu. CTyaeHTaM Kadeapu BUKIAIAIOThCA 16 creriaibHuX
KypCiB, OUIBIIICTP 3 IKUX € aBTOPCHKAMHU.

HayxoBmi 1 Bukiamadi kadenpw IUTTHO CIHIiBIPAIIOOTh 3
HayKOBUMH ()I3MYHUMM YCTaHOBaMHM XapKoBa, YKpaiHuM 1 3a
MexxaMu  kpainu. Y XapkoBi me Di3MKO-TEXHIYHHH 1HCTUTYT
HU3bKUX Temmepatyp iMm. b.1. Bepkina, HHI] «XapxkiBcrkuit ¢izuko-
TEXHIYHUU IHCTUTYT», [HCTHTYT paniodi3uku Ta eIEKTPOHIKH iMEH1
0.4. VYcukoBa, HaykoBo-TexHosioriunuii Komruiekc “THcTuTyT
moHokpuctaniB”  (yci HAH  VYkpainu), HaunonanbHblii
TeXHUYECKUH yHHUBEpcUTET "XapbKOBCKMH ITONUTEXHUYECKUIT
nHCcTUTYT". Cepen mapTHepiB MikHapoaHoi cmiBmpani — Oxcdopr,
KemOpimk, Immepian-konemx, HarionanpHa — maboparopis,
yuiBepcuretn M. Koentpi, M. Excerep i M. Cenr-Engproc
(BenukobpuTanist), yHieepcuter lere (®pankdypr Ha Maiini,
Himeyumnna), IHctutyr ¢isukn TBepmoro Tina «JleMokpitocy
(Adiamn, I'penist), Incturyr Hdon Ansdonco III (ITopryramis),
yHiBepcurernposinnii Helo-Bpancyik (Kanana), yrisepcurer IT.IA.
Madapika (Kommue, Croakist), yHiBepcurer A. MinkeBuua
(IToznanp, Ilompma), ImcturyT ismkm  TBepaoro  Tinma
Vuisepcutery @pimpix Hlwmep, M. €na (Himewyunna),
VYHiBepcurer MIPOBIHIIT Hero-bpancyik, M. Cexsimn
(Kanana), binopyCcekuii nepkaBHHH yHIBEepCHUTET, [HCTHUTYT
HU3BKHX TEMIIEPaTyp Ta CTPYKTYPHUX AOCIiKeHb, M. Bpoiyias
(ITomp1ra).

32012 p. na xadenpi Gpi3ukn HU3BKUX TEMIEPATYpP BIIPOBAKY€EThCS HABYAHHS CTYACHTIB 32 IHAMBIAyaIbHUM ITTAHOM
B €BPONCHCHKUX BUIIAX Ta HaBYAHHsS CTYJICHTIB IiJi 4ac CTaXyBaHHS B HAyKOBO-IOCHIJHHMX ycTaHoBax €Bpomu. Tax
xaenpa Mae MiAMMCAHHMII TOrOBip Hpo MoABiiHEX aumuiomax 3 YHiBepcurerom im. ILM. Illadapuka B m. Kowmue
(CnoBauunHa), a TakoXX Ma€ TPAJMLII0 CTaXyBaHHS CTyAeHTIB Kadenpu B LleHTpi simepHHMX mociikeHb B M. Mon
(benbris).

Kadenpa Ta TTH/IJI ¢i3uku HU3BKHX TeMmIepaTyp OepyTh aKTUBHY Yy4acTh Yy BUpIIICHHI TOJIOBHOI 3amadi (izuku
TBEpIOTO Tijla — CTBOPEHHI (PYHIAMEHTAIHHUX HAYKOBHX OCHOB KEPYyBaHHS BJIACTHUBOCTSAME MatepiaiiB. HaykoBismu
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MIPOBOIATHCS JOCIIIKEHHS TEINIOBUX Ta TPAHCIOPTHHUX MPOIIECIB Y TBEPAMX TiJlaX 3 JAeeKTaMH y MIMPOKOMY iHTEpBai
TeMIepaTyp. 3a OCTaHHI 5 POKiB HAYKOBIIIMH 1 BHKJIafgayamu kadeapu omyOsiaikoBano moHan 150 crareil B mpoBigHUX
(haxoBUX KypHaIaX, siki pe)epyOThCs B HAYKOBO-METPUYHUX 0a3ax, 3po0ieHo Oinbine 70 TOMOBIACH HA BITYM3HIHUX Ta
MDKHapOJHUX KOH(EPEHLisNX, a TAKoXkK oTpuMaHo 01u3bko 20 nareHTiB. Buknanaui kadenpu € aBTopaMu Ta CriiBaBTOpaMH
6mm3pKo 20 migpyYHHKIB, HABYAJIBHUX MOCIOHHKIB Ta HAYKOBUX MOHOTpadii.

(a)

18 nm

0nm

0pm

® | \mf\ W\J‘W\f

18pm 36um

1.8 um 3.6um

(a) 300pakeHHS TOBEpXHI IUTIBKA HiOOif0, JEKOPOBAaHOI HAHOCMY)KKaMH
K00anbTy, y aTOMHO-CHIIOBOMY Mikpockormi. (b) [Ipodine HaHOCTpYKTYpH
B310BX oci x. (c) IlomsapHa miarpaMa MOBHOTO MAarHiTOOIOPY IUTIBKH TIPH
o0epTaHHi BEKTOpa MOBHOTO CTPyMy. R, IO3HAYa€ MOBHUH MarHiToomip y

HOpMalbHOMY  cTaHi. EKcrepuMeHTaJbHY TEOMETpil0  300paxeHo
TMOCepeINHI y HIKHIA YaCTHHI PHCYHKY.

Ha xadenpi ¢isvkn HU3BKMX TeMmIeparyp MpUAUIETbCS BeJIMKa yBara IiJBHIICHHIO KBamiikamii HayKoBO-
NelaroriyHuX Ta HayKOBHX KapiB. [IpoTsrom octaHHiX 5 poKiB CriBpoOITHUKH KadeIpH CTa)KyBaJIUCS B CBITOBUX HAYKOB-
nmociBigHux 1eHtpax benbrii, Crosauuwnu, [Tomeii, HiMeuunnu, [ommanaii, I'perii, Snowii. 3 2002 mo 2004 p.p.
npodecop P.B. BoBk mpoxoinB HayKkoBe cTa)<yBaHHs B yHiBepcureTi M. Excerep (BenukoOpuraHis), y BCECBITHBO BiIOMil
rpymi «KBaHTOBUX pianH» mia kepiBHUITBOM KoposiBebkoro akaiemika npodecopa A.@.Jx. Biarra. 3a uac craxyBaHHs
npodecopy P.B. BoBky Baamocsi po3BHHYTH HayKOBI OCHOBM HOBOT'O HampsMKy (i3MKM HHU3BKHX Ta HAJHU3BKHX
TeMIepaTyp — AWHAMIKH ITiICUCTEM KBa319aCTHHKOBUX 30YKEHb 32 YMOB CTPYKTYpHOI Ta KIHEMaTHYHOI aHi3oTporii. B
ckami rpymu mnpodecopa A.D.Jx. Biarra mpodecop P.B. BoBk 0OyB HaropomkeHHH CHEmialbHOI MEIaJlIio
€BpONEHCHKOT0 HAYKOBOTO CITIBTOBAPHCTBA.

HaykoBi Ta ocBiTHI 3100yTKH Kadenpu Qi3uKH HU3BKUX TEMIIEPaTyp 3aBKIH OTPHUMYBAIN BHCOKY OIIHKY HayKOBOI
CIUTEHOTH 1 IepKaBU. 3BaHHS «3aciTyKeHui mpodecop XapKiBCHKOTO HalliOHAJIBHOTO yHiBepcuteTy iMeHi B.H. Kapazina»
Oymu ynocroeni npodpecopu M.O. OGonencokuii i P.B. BoBk, nifichumu akajemikamu Axajaemii BHIIOT KoK OyJio
obpano npodecopis M.O. Obonencokoro i b.0O. Mepicosa, akagemikom TpaHcmopTHOI akanemil Ykpaunu — npodecopa
P.B. BoBka. By ynocroeHi nmoyecHux 3HakiB « BiqMiHHHK ocBiTH YKpaiHW» 1 «3a HayKoBi JocsirHeHHs» npodecop M.O.
Ob6onencrkuii, mouecHum Cpibuum 3Haxom [liBaennoi 3amizuumi — npodecop P.B. Boek. Uucnenni ['pamotn i ITomsxu
BepxoBnoi Pamu Ykpainu, minicTepcTBa ocBiTH 1 Haykn Ykpainu, HarionansHoi akagemii Hayk Ykpainu xomiteris BP
YKpaiHu 3 MUTaHb OCBITH 1 3 INTaHb TPAHCIIOPTY OTpUMYyBaiH podecopu M.O. Obonencrkuii, 5.0O. Mepicos, P.B. Bosk.
Ipectmxuimu npemismu HAH Ykpainn Oyio Bi3HaueHO HaykoBi gocsarHeHHs npodecopis M.O. O6oneHchkoro (mIpemist
iMm. B.I. Bepkina) i P.B. BoBka (npemis im. JI.B. IllyOHikoBa), BOHM TaKkoXX HEOJHOPA30BO BiJI3Hayaimcss XapKiBCHKOIO
00J1aCHOIO ZIep>KaBHOIO aAMIHICTpAIli€l0 SIK HAHKpAaIlli HAYKOBIIl PETrioHy.

HayxoBuii xepiBHUK KadenpH, nekaH ¢izndnoro paxkyiprery, npodecop Bosk P.B. 3a ocobucTHii BHECOK B pO3BUTOK
BITYM3HIHOI HayKH OyB BiJ3HAYECHUH MeIauno «3a crupusHHS po3BUTKY [liBaeHHO-3axigHoi 3amizHuni», meammo B.H.
Kapasina, memammo MixkHapoHOT Akaaemii pedTHHTOBUX TEXHOJIOTIH 1 cotionorii «3omota GopTyHay — «HapoaHa maHa
ykpaiHCEKHM HayKoBIAM. 1918 - 2018». B 2020 p. 3a 3Ha4HI yCIiXH HA OCBITIHCHKIN 1 HayKoBiii HUBI mpodecop P.B. Bosk
OyB HaropopkeHui opJeHoM «3a 3acayru» 111 cTymens.

[Ipo¢. BoBk P.B. € 3aCHOBHHUKOM 0THOTO 3 HaitO1IBIII IEPCIIEKTUBHUX HOBITHIX HANIPAMKIB CydacHOI (pi3HKHU TBEPIOTO
Tina — ¢Gi3uku GIIyKCOH-MAarHOHHHUX Te€TepOCTPYKTYyp. Brepiue ixes MoaymroBaHHS CIIHOBHUX XBHIB y (hepoMarHeTHKax
migcucTeMo0 AOPHUKOCIBCHKUX BUXOPIB, 1 HABIIAKK — PETyIIOBAaHHS TUHAMIKA MarHiTHOTO IIOTOKY «MarHOHHOIO ITy0O00»
Oyuna 3arnpornioHoBana y 2014 p. rpynoio OpuTaHCHKO-YKpaiHCHKMX BUCHHMX B paMKax BHUKOHaHHS mpoekty «NoWaFen»
(«HoBiTHI XBHJIbOBI ()EHOMEHH B MAaTHITHUX MIKpO- 1 HAHOCTPYKTypax ») — Grant agreement Ne PIRSES-GA-2009-247556,
aBTOPOM SIKOTO, 3 YKpaiHChKOro 00Ky, OyB mpodecop P.B. BoBk. Inest oTpumana cBoe excriepuMeHTaJbHE BTUICHHS B
YKpaTHChKO-HIMEIbKIX EKCIIEPUMEHTaX IPHU JOCHIIPKCHHIX YHIKaJIbHUX MEeTaMaTepiaiiB i3 3aJaHUM HOTEHI[iaJIoM ITiHIHTa
y BUIVISII «IIPajJbHOI JIOUIKM», CTBOPEHHM HAHO(PE3EpPOBKOIO 3pa3KiB y CKaHYIOUOMY TYHEJIBHOMY MiKpOcKomi. 3a
pe3ysbTaTaMH NPOBEAECHUX EKCIEPUMEHTIB OyJio OIyONiKOBaHO LUKJI MIOHEPCHKUX POOIT y MPOBIIHMX 3aKOPIAOHHUX
(Gi3MIHAX KypHAIaX 3 BHCOKUM iMmakT-(akropom. Y 2018 — 2020 pp. y BugaBHATBI «Nature» 3a CIIiBaBTOPCTBOM IPOd.
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BoBka P.B. BugaHo HHM3Ky cTaTTei, B TOMY YHCIi MPO BIIKPUTTS MarHOHHOTO HAAMNPOBITHOTO KpHCTalmy. BimamoimHa
JIONIOBifIb, IpeacTaBieHa npo¢. Boskom P.B. 3 cniBaBTOpamu Ha Mi>kHapoaHiH KoH(epeHLii 3 MarHeTH3My, 110 BinOyacs
B ceprHi 2017 p. B konemki CB. Marnanenu B yHiBepcuteti Okcdopna (Benuka bpuraHis) BUKIIHKaia BEJINKUA Pe30HAHC
cepen CBITOBOT HayKOBOI cliibHOTH. OTprUMaHi pe3yIbTaTH CKIIQIAI0Th MIAIPYHTS Ul pO3pOOKH HOBUX (DYHKIIOHATBHUX
MarepiaiiB i3 3aJaHUMH TapaMeTpaMH eJeKTPOTPAHCIOpPTY, 3a0e3MedYeHHs KOMIIOHEHTIB JUIi BHUTOTOBJIEHHS 1
BUIIPOOOBYBAaHHS EJIEMEHTIB I1aM’ATi, OCHOBaHMX Ha HOBUX (DI3UYHMX TPHHIMIIAX; NP CTBOPEHHI KBaHTOBUX
KOMIT'FOTEpiB, HAJYyTJIMBHX €JIEMEHTIB 3YMTYBaHHA 1 HaIMIBUAKICHUX JIHIH 3B’A3Ky 3 METOI IX IIOJAJIBIIOTO
BHKOPUCTaHHS TPH CTBOPCHHI HOBITHIX 3pa3KiB €JEKTPOOONaTHAHHS Ha 3aJi3HUYHOMY TPAHCIIOPTI, MOJCIIOBAHHS
BIIMTOBIAHUX TEXHOJIOTIYHUX TIPOIECIB Ta PO3POOKH alIrOpUTMIB iX oNnTHMMi3amii Ha BUPOOHMITBI. 3a 1HIIATHBOIO Ta
oe3nocepenaboio yuactio npod. P.B. Boska XHY imeni B.H. Kapazina oTrpumaB peectparllito B peecTpi MPOBIAHHX
knacuyHuX yHiBepcuteTiB €Bponu (Validaton of Kharkiv National University PIC 986260984), B uncii nepmux B YKpaiHi
XHY imeni B.H. Kapazina BubopoB rpanT B MiXHapoAHIH JoCHigHHUIBKIHA mporpami akagemigHoro oominy (IRSES)
TopuzonT 20-20 B pamkax mpoekty «MaglCx» (Grant Agreement number 644348 — MaglC-H2020-MSCA-RISE-2014).

IMpodecop P.B. BoBk — wuneH peakosierii Mi>KHAPOAHOTO HAyKOBOTO KypHaly «®Di3Mka HH3BKHX TEMIIEpaTyp»,
TOJIOBHUIT penakTop «BicHuka XapkiBChKOrO HalliOHANBHOTO YHIiBepcHTETy, cepis «di3ukay, ronoBa OpPrKOMITETY
MikHapoHo1 kKoH(pepeHwii «Di3u4Hi sIBUIIA B TBEPAUX TiJax», WICH JIBOX CIIELIali30BaHUX Paj 3 3aXHCTy JUCEPTALlii.
Joxkropu ¢i3z.-mat. Hayk P.B. BoBk Ta O.M. I'pu0 € uieHamu Creliani30BaHUX BUCHHX paja npu Di3UKO-TEXHIYHOMY
IHCTUTYTI HU3bKHMX Temrepatyp iM. b.I. Bepkina. [IpoBigHi criBpoOITHUKH KadeIph CHCTEMATH4HO 3aydaroThCs IO
OIOHYBAHHS AUCEPTALIHHNUX POOIT, 110 3aXMINAIOTHCS B HAYKOBHX YCTAaHOBAX.

3 2014 p. mpodecop P.B. BoBk € uneHom HaykoBoi Pagu 3 mpobnemu «®Di3uka HU3BKUX TeMIIepaTyp i KpioreHHa
TexHiKkay, cekimig «®Di3uka KBaHTOBUX piAWH 1 KpucTaliB» HamioHanbpHO1 akageMii Hayk Ykpainu. Y BepecHi 2017 p.
OJTHOCTafHO OOpaHWil WICHOM HAayKOBOTO KOMITeTy Bix YkpaiHu €Bporelchkoi opraHizamii 3 Kooreparii B Haymi i
texnouorisx (COST — European Cooperation in Science &amp; Technology).

IIpodecop P.B. BoBk — aBTOp 3 MOHOTpadii, moHam 420 HaykOBUX pOOiIT, OIMyOiKOBaHUX Y PEUTHHTOBUX YKPATHCHKUX
Ta 3aKOPJOHHUX HAYKOBHX BHIAHHAX (3 HHUX Onn3bko 260 BimoOpakeHO y HAyKOBO-MeTpuuHHX Oazax Scopus i Web of
Sciences), i monan 20 marentiB Ykpainu. Ingexc Xipiia iutyBanss fioro po6it B cuctemi SCopus ckmamae h = 39.

Kadenpa ¢izuku HM3bKHX TeMmeparyp 3ajydeHa JO MiIFOTOBKM HAyKOBHMX KajpiB BHIIOI kBamidikauii, 3ailicHIOE
HaBYaHHS acIipaHTiB, cepell KUX € 1 rpomazsuu iHmmx kpaid (Ipeuii, [Topryranii). B 2020-2021 naBuanbHOMY polii Ha
kadenpi HaBYarOThCs 6 acmipaHTiB, B TOMY 4YKCIi Tpomajsinka Kurato.

Kadenpa ¢i3uky HU3BKHX TEMIIEPATYp MHUIIAETHCS CBOIMH BHUXOBAaHIIMHU. BijblIicTh BHIYCKHUKIB Kadeapu HHHI
MpaIioe B akaJeMivyHuX ycraHoBax Xapkosa i Ykpainu (ODTIHT HAH Vxkpaiaun, HHI X®TI HAH VYkpainu, [HctuTyTi
pamioenektponikn HAH VYkpainu, [HctutyTi MoHOKpHcTaniB HAH VYkpainu, [actutyTi Meranodizuku HAH VYxkpaixu,
1HIIL.), a TAKOX 32 KOPAOHOM (B HAYKOBHX 1 HAaBYaNbHHX 3akianax [lomemi, CroBauunnu, ABctpii, Himeuunnu, Bemukiit
Bpuranii, Apcrpanii, CILIA, iHm.).

Bin 3acayBanss g0 2012 p. ogimbHEKaMH Kadenpu Oy JOKTOPH (Hi3HKO-MaTeMaTHYHUX HAYK, podecopr XOTKEBUY
B.I'., Bepkin B.1., O6onerncekuit M.O. 3 2012 p. mo 2017 p. kadeapy odoiroBaB ITOKTOP (Hi3MKO-MaTeMaTHYHUX HaYK,
npodecop Boek P.B. 3 2017 p. 000B’s3ku B.0. 3aBimyBaua Kadenpu BUKOHYE JOKTOp (Di3MKO-MaTeMaTHYHUX Hayk,
npodecop B.O. ILIk10BCHKHIA.

IIpo6nemMHa HayKoBO-AOCTiAHA Ja0opaTopis ¢i3uKN HU3BKUX TeMNepaTyp

[TpobaemMHy HayKOBO-IOCITIHY JJabopaTopito Gi3HKH HU3BKUX TeMIepaTyp XapKiBChKOTO
HamioHansHOTO yHiBepcuTery iMeHi B. H. Kapasina Oyno ctBopeno y 1966 pomui pirmeHHIM
PM VYCCP. Jlaboparopist npamtoe npu kadeapi (Qi3sMku HU3BKHX TeMmneparyp (i3sHyHOro
¢axynbrery. Jlaboparopist Ta I'enieBa 3pimKyBanbHa cTaHmis XapKiBCbKOTO HaI[lOHAJIBHOTO
yHiBepcurety imeni B. H. Kapasina € exmHMMHM migpo3auiaMM Takoro THIY Yy BHIIHX
HaBUAJIbHMX 3akyazax Ykpainu. [lepmmm HaykoBuMm kepiBHuKOM [IpobnemHOl HaykoBoO-
nociigHoi mraboparopii Gi3uKH HU3BKUX TemIiepaTyp OyB wieH-kopecrionneHT HAH Ykpainn,
npodecop B. I'. XoTkeBnu, a morim Oararto pokiB - mpocdecop bopuc OnexcanapoBud
Mepicos.

JlaGopartopist € ekcrmepuMeHTATbHOI 0a30i0 Kadeapu (i3UKH HU3BKHX TEMIIEpaTyp.
OCHOBHMM HamNpsSIMKOM pPOOOTH € JOCIHIPKEHHS TEIUIOBUX Ta TPAHCIOPTHHUX IPOIIECiB, a
TaKOX HAJIIPOBIAHOCTI, BKIIOYAIOYH BUCOKOTEMIIEpaTypHi HAIIIPOBIAHUKH, Y TBEpAMX TiJlax
3 nedeKTaMH y IHUPOKOMY iHTEpBaJli TeMIepaTyp Ta MarHiTHUX IHOJIB.

IIpo6nemua nmaGopaTopist (Gi3MKM HU3BKHX TEMIIEpAaTyp Ma€ BEITHKHHA JOCBI y Tamysi
JIOCIIIJDKEHHST €JICKTPOHHMX, TEIIO(QI3UYHUX Ta MEXaHIYHHMX BIACTUBOCTEH METaNiB i KOHCTPYKIIMHUX MarepialiB y
LIMPOKOMY iHTepBalli Temneparyp. Jlaboparopis miaHO criBIpaloBaia 3 TAKHMH OpraHi3alisiMy Ta MiJIPUEMCTBAMH, K
ABianiiHnii HayKoOBO-TeXHIYHMH KomIuiekc imeHi A. TymoneBa, HaykoBo-BupoOuuui 00’enHanHs «Eneprisy,
«Kpiorenmamy, «I'eniiimamy, «[eodizuka», IHCTHTYT TemnoBux mpouecis, Jepxcrangapr Ykpainn, HaunionansHuid
HAYKOBHUH HEHTp «XapKiBChbKUH (hi3UKO-TEXHIYHUI I1HCTUTYT», [lepkaBHe mianpueMcTBo «BupoOHnue 00’enHaHHS
«[liBneHHui MamMHOOYAIBHUN 3aBO» iM. A.M. MakapoBay, 3aBoJ «[liBeHKa0eIb» TOIIO.

3a pe3yabpTaTamMu JOCHIHKEHb Ha 0a3i 1abopaTopii 3aXUIEeHO 5 JOKTOPCHKUX Ta |5 KaHIUAATCHKUX AUCEPTAIlii.
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Kpiorenna sa6oparopis

Ha ¢isnuHoMy ¢akyibTeTi mpaiioe €JuHa y BHIIMX HaBYAJIbHUX 3aKiagax YKpaiHu jabopartopid, sika 3abesreuye
KPIOreHHUMH PiJUHAMH (3PIIPKEHUMH a30TOM 1 rejlieM) HaBYalbHUH MPOLEC Ta HAYKOBI JOCIHIIKEHHS B XapKiBCbKOMY
HanioHanekHOMY yHiBepcuteTi iMeHi B. H. Kapasina.

A3zoTHa Ta Teyi€eBa 3piUKyBalibHI CTaHIii OynM 3acHOBaHI Ha (i3MdHOMY (haKyJbTeTi
HanpukiHdi 60-x pokiB XX cropivus. Ll 3axonu Oynu noB’si3aHi 3 IHTEHCH(DIKAIIEI0 HAYKOBUX
JIOCIHIIPKeHb Y Tany3i Qi3ukn HU3bKuX Temneparyp. OfHI€0 3 TPUYUHOIO BOTO OYB PO3BHTOK
MporpaM KOCMIYHUX JOCTIKEeHb, 3HAYHA YacTKa SKUX BUKOHYBaslacsd y XapKoBi, 30Kpema y
[Ipobnemuiit  maboparopii (i3WkM HHU3BKUX TeMmIeparyp XapKiBCBKOTO Jep)KaBHOTO
YHIBEpPCHUTETY.

Ha et gac Tinmpku Ha ¢izmgHOMY (DaKyIbTeTI XapKiBCHKOTO HAIIOHAIBHOTO YHIBEPCHUTETY
imeni B.H. Kapazina npairioe eqnna B Ykpaini kadeapa (i3MKd HU3BKAX TEMIIEpaTyp, Ha SKii
CTyIEHTH MAalOTh 3MOIYy BHUKOHYBAaTH HAYKOBi IOCII/DKCHHS IPH TeMIeparypax MHoOiIu3y
a0COJIFOTHOTO HYJISI TEMIIEPaTyp.

Kpiorenna maGopatopis 3a0e3nedye piIKUM a30TOM JUIS HAyKOBHX JIOCHI/DKEHb pi3Hi
(aKynbTeTH YHIBEPCUTETY Ta MPOBOJHUTH CKPAIICHHS Telil0 3 BAKOPUCTAHHSIM yCTaHOBKH [ -45
NPOXYKTUBHICTIO 40 J1 piIKOTO Teil0 32 TOJMHY.

JlaGopaTopist MeTOIMKH BUKJIAJaHHS (Pi3UKH

VY 1977 poui Ha (izuunoMy ¢akyapTeTi OyJI0 CTBOPCHO 1a0OpaTOpil0 METOMUKH BUKIATaHHS (DI3UKH SK BiAT'YK
VHIBEpCUTETY Ha BIMOTY Yacy IOJNIIIIIUTH AKICTh MIATOTOBKH BYHUTEINIB ISl CEPEIHBOI KON BiIOBITHO JIO MTOJIOKECHD
pedopMu IIKINBHOI OCBiTH, IO HA TOW 4ac mpoBogwiaci. CTBOpeHa 3a iHiIiaTHBOIO 1 mix kepiBHHITBOM IleciHa
Onekcanapa [3paineBuya, mabopaTopiss BHecida BaroMhii BHECOK Y IMIATOTOBKY BHUITYCKHHKIB (DaKkyJIbTeTy B Tamysi
METOJIVKH 1 TICHXOJIOTii HaBuaHHS (Di3UKH B cepenHiit mkoii. Ha 6a3i mabopartopii cHCTeMaTHIHO MIPOBOIMINCH HABYAIbHI
3aHATTS, BUKOHYBaJHCA KypcoBi Ta IWUIUIOMHI poOoTH. CmiBpoOiTHHKH IabopaTopil BeNMM HAYKOBI JOCHTIIKEHHS 3
mpobJeMHu MOJCTIOBAHHS B HIKUTbHOMY Kypci ¢isuku. 3 miei tematuku O. 1. IleciH ycmimHO 3aXHUCTHB KaHAUIATCHKY
mucepraunito B HaykoBo-gocnigHoMy iHCTUTYTI 3MicTy Ta MetoniB HaB4anHs AITH CPCP. CniBpoOGiTHukH nabopatopii
C.B. Kamumyn i O.JO0. CBuCTYHOB 3aXxUCTWJIM KaHAMAATChKI nuceprauii min kepiBHuuTBoM O.1. Tlecina i cramm
BUCOKOKBaJi(hikoBaHUMHU (axiBISIMU B rajly3i BUKJIAJAHHS (i3UKH.

Jlaboparopis MeToAMKN BUKIanaHHs (i3uku Qi3HIHOro (QakyJIbTEeTy € €IMHOI0 B YKpaiHi Jlaboparopi€io, HayKoBa
JiSMBHICTH AKOT TIOB'S3aHa 3 MNPOGJIEMaMM BJOCKOHAJEHHS METOAMKH i TEXHiKM HABYAJIBHOTO EKCTIepHMEHTY. Ii
CHiBpOOITHUKaMU CTBOpPEHA Cepisi HOBOTO HABYAIBLHOTO OOJIaJHAHHS, SKE IIMPOKO BUKOPHCTOBYEThCS Ha 3aHATTAX 3
(hI3UKH B IIKOJII.

OpuriHaibHi po3poOKK J1abopaTopii OTpUMaiK HaJe)KHEe BU3HAHHS 1 BUCOKY OIIIHKY HE TUIbKH B YKpaiHi, a # 3a ii
mexxamu. CTBopeHi B Jaboparopii JeMoHCTpariitHui mpwian i 1abopaTOpHUN KOMIUIEKT JJIsi BUBYEHHS 3aKOHIB
reOMETPUYHOI ONTHKU OyJiM BKIIOYEHI 10 TUMOBOro mepesniky HaBYajubHOrO OONajHAHHS 3 (I3UKH IS CEPEIHIX LIKLI
Papsiacbkoro Corosy. Ipunaa BinzHadenuit cpioHoro menamio BJHI CPCP. llupoky nonyisipHicTs 3100ynu «IIpunan
JUIsl BUBYEHHS TOIIOJIOTI] EIEKTPHYHOTO TIOJIs», puiaa «Mojens MpoBiAHUKA 3 TOPOKHUHOIO AJISI BUBYEHHS CTATUYHOTO i
CTaITiOHAPHOTO EJIEKTPIIHHX TOJIB 1 1H.

HaykoBo-MeTomuHa AisUIbHICTH J1a00opaTopii METOAMKM BUKJIAAaHHA (i3MKM po3BUBajiacs B TICHOMY KOHTakTi 3
KabiHeTOM MeTOIUKH (i3uKH 1 acTpoHOMii XapKiBCHKOr0 O0JAaCHOTO IHCTUTYTY YJNOCKOHalleHHsI BuutelniB. [IpoTsrom
Maibke 30 pokiB Ha 6a3i mabopaTopii mpoBoauiIacs podoOTa 3 MiABUINCHHS KBamiikallii BYUTEIIB B 00IACTI METOJUKH i
TEXHIKM HAaBYAIBHOTO (i3MYHOTO ekcnepuMeHTy. Lst nisutbHicTh 1aboparopii 3aBxkan Oyna nyxe 3aTpeOyBaHOI0, BUUTENI
CTaBUIIMCS O Hei 3 BEJMKOIO BAAYHICTIO. 3aTpeOyBanuM cepen BumteniB € mocionuk O.1. Ilecina «®izuka. 7 knac:
Meroauka BUKJIQIaHHD), BUIAHUH y cepii «MaiicTep-Kinacy BUIaBHULTBOM «PaHOK.
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3araipHUA BHCHOBOK, O SIKOTO NPUXOAATH CydacHi (axiBHmi B Tamysi
BUKJIaNaHHs (i3WKH, TOJSIrae, 30KpeMa, B TOMY, IIO 04l OCTaHHIMH POKaMU
HaBYaJIbHI IUIAaHW ITOYATKOBOI IIKOJIM HEHAJIS)KHO BPaXOBYIOTH IHTEJIEKTYallbHi
MOXIIMBOCTI Cy4aCHHX MOJIOJALIMX MIKOJISIPIB 1 TUM CaMHM HE 3aJ0BOJIGHSIOTH
peaybHO ICHYIOUY Y MOJIOAIIOrO IIKOJISIpa IMOTpeOy Mi3HAHHS HABKOJIMIIHBOTO
cBiTy. Buxonsum 3 mporo, B madopaTopii Brepiie OyJio po3moYaTo po3poOKy
NpOrpaMH  €KCIIEPUMEHTAJIBHOTO IPONEAEBTUYHOTO Kypcy 3 (i3uKH Ui
moyatkoBoi mkomd. Llg mismbHICTE maboparopii CBOro dYacy oOTpUMala
miatpuMmky MOH VYkpaiam ta M® «BigpomkeHHs» B paMKax IpOrpamu
«Tpanchopmariis rymaniTapHoi 0cBiTH B YKpaiHi». BinnosimHo mo po3pobienoi
nporpamu kypcy O.L. Ileciamm, B.®. Kopmak ta FO.A. CokomoBmdaem Oyiu
IMATOTOBJIEH] 1 BHIAHI HaBUYAJIBHHUN MOCIOHMK «JIroamMHa 1 HaBKOJIMIIHIN CBIT.
A3Oyka (hi3uKm» U MOJOAIINX IIKOJIIPIB Ta METOIUYHUN KOMEHTap 10 HBOTO,
aJ[peCOBaHUI BUMUTEIISAM [TOYATKOBOT IIKOJIH.

BaratopiyHuii ZOCBiJ CHUIKYBaHHS 3 MOJOJAIIMMH IIKOJSIPAMU NEPEKOHJIMBO JTOBOJIUTH, IO MaKCUMallbHUI edeKkT
HaBYaHHS JJOCSATAETHCS B TUX BUMAKAX, KOJIU JITH BIACHOPYY BUKOHYIOTh JOCTIAH. Takuii BACHOBOK CTUMYJIFOBAB IOIIYK
1 po3pOOKY BHUKJIFOYHO MPOCTHUX 1 KPACHBUX JOCHIJIB, SIKi 3 BEJIMKOIO LIKaBICTIO CIIPUHMAIOTHCS AiThbMU. B pe3yinbraTi B
nabopaTopii 0ys0 cTBopeHO Habip obnaaHanHs «FOHUIA (i3uKy», AKUAN T03BOJISE NPAIFOBATH 3 HUM B JOMAIIIHIX YMOBaXx 1 B
yMoBax jaboparopii. Habip micTuth 00magHanHs, 1110 3a0e3meuye mpoBeaeHHs noHaa 130 qocmiaiB 3 ychoro mKiIbHOTO
Kypey ¢izuku. Bigryku miTei i ix 0aThKiB CBiqUaTh PO Ha3BUYAWHY KOPHUCHICTH TAaKOTO HA0OPYy.

Ha nannit yac po6oTa 3 MOJIOIMMH IIKOJISAPAMH, BIATIOBIIHO 10 po3pobiieHoi B Tabopatopii mporpamu, NpOBOIUTHCS
B paMkax Mamoro yHiBepcureTy npu LleHTpi moBy3iBchkoi ocBitTn XHY imeni B.H. Kapasina mix kepiBHHIITBOM JOICHTIB
B.®. Kopmak i O.1O. CeuctyHoBa. ®i3rka BUBYA€THCS TYT HE
SIK HABYAJIBHHI MPEIMET, a K CIPaBXH: HayKa. 3HauHa yBara
NPUAISETbCS  PO3BUTKY Yy JiTeld HaBUYOK JOCIIiJIHUKA-
excriepuMeHTaropa. [Ipo ycmimHiCTh Takoi AisIIBHOCTI
CBITYNTH, 30KpEMa, aKTHBHA y4YacThb MOJOJALIMX IIKOJSPIB Y
LIOPIYHUX M1ICYMKOBHX KoH(DepeHIisx Maioro
yHiBepcureTy. Ciiyxayamu, siki HaBYalOThCs B J1abopaTopii
METOJMKH BHKJIafaHHsA (isuku, 3pobineHo monany 200
JIOTIOBiIeH Ha IMX KOH(EPEHIIisX.

Benmka yBara (axiBimiB mabopaTopii IpHUIUIAETBCS
PO3BUTKY 3ac00iB HABYAHHS 3 BUKOPHCTAHHAM KOMIT FOTEPHUX
texnouoriit. [Iporsrom 2017 — 2020 pokiB Oymo po3poOiieHO
Ta BIPOBaIXKEHO B HABYAIBHY NPAKTHKY (i3HYHOrO,
pamiodpizuyHOTO Ta  MEAMYHOTO  (aAKyIbTECTIB  HH3KY
J1a00paTOPHUX YCTAHOBOK, HA OCHOBI SIKUX CTBOPEHO yuOOBHUI

JlaboparopHa _ yCraHOBKa  JUit  TNPOBCICHHA  paGoparopHuil mpakTuky™m 3 MeaudHoi i Gionoriunoi disukn,
HaB4aJIbHUX JOCIIJUKCHD 3 CIICKTPUKHM Ta MArHETUSMY  ponepHi3oBaHO NpPakTHKYM 3 PO3Mily 3arambHoi (i3uku
Ha  OCHOBI OpHUTTHAJIEHOTO KOMIT’ FOTEPHOTO «EnexTpuka 1 MarseTu3m», MOJEPHI30BaHO JabopaToHpi
BUMIPIOBAJIBHOTO KOMILICKCY YCTAaHOBKHM KUJTBIIEBOTO MPAKTUKyMy 3 3arajibHOi (i3UKH.

Po3poOka 1 BHOpOBaJKCHHS KOMIT FOTEPH30BaHUX 3ac00iB
HaBYaHHS BUKOHYIOThCS 33 y4acTi 1 ITii KepiIBHUITBOM 3aBifgyBaua saboparopii F0.B. Jluteunosa. CTBOpeHHi HAa OCHOBI
KOMIT FOTEPHOT0 BUMipIoBabHOTO Komiuiekey «ITM - JlaGopatopis» KOMIUIEKT 1abopaTopHoro obnanHaHus «Enexrpuka
1 MarHeTU3m» JIEMOHCTPYBAaBCsl HA MDXKHApO/HIHM BUCTaBli «|HHOBaTHKa B CydyacHii OCBITI» i1 OyB BiJ3HaYECHHUH 30J0TOIO
MeaJLTIO.

e

@iznyHuii pakyabTeT: MicaaMoBa

CrporozHi (hakyJIpTeT Ma€ MOTYKHHUNA MOTEHIian: y (GaxoBii MiATOTOBIN CTyAEHTIB 3aAisHI BHKIagadi 9-tu kademap,
cepel SIKUX € AIMCHI YJieHW Ta YieHH-KopecmoHAeHTH HamionanpHO! akamemii Hayk YKpaiHw, akageMik TpaHCHOpTHOT
akazeMii Hayk YKpainu, paypeatn [epxaBHoi mpeMii YKpaiHu B Taxy3i HAyKH 1 TEXHIKH, 3aCITy’K€HI MPaIliBHUKN OCBITH
VYxpainn, nonaxa 30 1oxTopiB HayK, mpodecopis, i moHax 40 kaHAUIATIB HAYK, NOIeHTiB. CTyAeHTH Gi3ndHOr0 BaKyIbTEeTy
NPOXOJSITh HayKoBe cTaxxyBaHHs B lLleHTpi HaHoiHTerpauii Ta OiomarepiamiB mpu yHiBepcuteti [lyiicOypr-Eccena
(Himeuunna) i B Vmisepcureri imeni ILI. Illagpapuxa (Kommmue, CrnoBauumna). Ilicms 31006yTTs OCBiTHBO-
kBaniikamiiiHoro piBHs 6akanaBpa JesKi CTyAeHTH (izn4HOoro (aKyIbTeTy HaBYalOThes 3a (haxoM y Marictparypi B CLIA,
Himewuuni, lIBenii Tomo. 3100yBIHM OCBITHRO-KBaMiI(DiKALIHUI piBEHb MaricTpa, BUIyCKHUKH (i3HYHOTO (aKyJIbTETy
NIPOJIOBXKYIOTh HaBuaHHs B actipantypi y XHY imeni B.H. Kapasina, y HaykoBux ycraHoBax YKpaiHu, yHiBepCUTETax Ta
HaykoBuXx ycraHoBax [lombii, CioBauunnu, benbrii, Himeuwunnu, ®panii, [senii, Aurmuii, CIIIA, Kananu.
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Bunyckauku i3udHOTO (aKyIbTETy MAIOTh MOKIIMBICTH MpareBiamTyBatucs 3a paxom y XHY imeni B.H. Kapasina,
B iHctutyTax HAH VYkpainu m. Xapkosa (OTIHT imeni b.1. Bepkina, HHII “XapkiBcbkuii (i3uKo-TeXHIYHUH 1HCTUTYT”,
InctutyTi enexTpodizuku Ta paaiamiiHux texHoiyorid, HTK “Iacturyr monokpuctaniB”, IHctuTyTi panmiodizukm i
enekTpoHiku iM. B.fl. Ycukosa, IHCTUTYTI pamioacTpoHOMIT), HAYKOBO-BUPOOHWYMX MIiANPUEMCTBAX, 00’ €IHAHHAX Ta
¢ipMax iHIMX MicT YKpaiHH, MOXYTh TIPaLIOBaTH BUKJIaJa4aMy Y BUIIUX Y 3aKjIaJax BUINOI OCBITH, BUNTEISIMU (i3UKU
Ta MaTeMaTHKH, a TaKOX y Pl 3aKOPJOHHUX HAaBYAJIBHHMX Ta HayKoBHUX 3akianax. Cepex HUX €, 30KpeMa, (isndHuUiMA
¢axynprer biopycbkoro nepxaBHoro yHiBepcurety (MiHCBK), Qisnynuii daxkynbrer YHiBepcutery Excerepa (AHrmis),
Gisuunuii paxyiaprer YHiBepcutery nposinuii Hero-Bpancyik (M. Ceksimn, Kanama), McGill-ynisepcurer (Kanana),
IucturyT disuku Yuiepcurety im. M.B. Tete (Opankdypr, Himeaunsa), InctutyT disuke TBepmoro Tina YHiBepcHTeTy
Opinpix mutep (M. €Ha, Himeuuwnna), yaiBepcuteTn Jyiicoypr-Eccena, boxyma ta Mionctepa (Himeuunna), [HCTHTYT
metaniB y Jroccenpnopdi (Himeuunna), [nctutyt im. Jleitonina (Poctok, Himeuunna), [HcTHTY T Di3ukn YHIBEpCUTETY iM.
[LI. Iladapuka (Kommme, CroBauunna), LleHTp BrcOKHX THCKiB Ilombchkoi AkameMii Hayk, IHCTHTYT HH3BKHX
TEeMITepaTyp Ta CTPYKTYpHHUX HociimkeHsb [Tombchkoi Akanemii Hayk (M. Bpoiag), YHiBepcuTeT HayKH Ta TEXHOJIOTIT (M.
Kpaxis, Iossiua), Bar-1lan University (I3pains), yuiBepcuter Apiens (M. Apiens, [3pains), Bumia mkomna ®@paniii Ecole
Polytechnige (ITapux), JTaGopaTopist mpuiIago0yayBaHHs [T acTpOPI3MIHUX AOCTiKeHb (M. MenoH, @paHilis) Ta iHIi.
Hamri BunmyckHHMKH TpamnioloTh Ha Benankomy aapoHHOMY KoJjaiizepi B €BpOIEHCHKOMY LEHTpI SIEPHUX JIOCHIKEHb, Y
Jloc-AnamochbKiii HallioHaNBHI 1adoparopii MinictepctBa enepreruiku CLIA.

Bunyckuuku kadeapu acTpoHOMii Ta KOCMIYHOT iHGOPMAaTHKHU MPALIOIOTh Y HAYKOBUX YCTaHOBaX YKpainu, binopycii,
Kazaxcrany, ['py3ii, AzepOaiimkany, Y30ekucrany, Typkmenicrany, Himeuunnu, CIIA, Snonii, Monro:mii, B’eTHamy,
Kurato Ta iHIIHX KpaiH.

Ha ¢isnunomy ¢akynpreTi gie crmeriamizoBana BueHa paaa [ 64.051.03 3 mpaBoM NpUAHATTS IO PO3TIALY Ta
NPOBENICHHS 3aXUCTY AUCEpTaLiil Ha 3000y TTA HaAyKOBOIO CTYIICHS NOKTOpa (KaHIuAaTa) GisnKko- MaTeMaTHYHUX HayK 3a
cnemianpHocTsmu: 01.04.05 — onruka, nasepHa ¢izuka; 01.04.07 — ¢izuka tBepmoro Tina; 01.04.11 — maruneTnsm.
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MexaHi3MH1 YyTBOPEHHS MIKpOIYCTOT (I1ip) MPX ONTUYHOMY MPOOOT
moHokpuctaiis KClI

M.A. Bosocrok

Xapriscvkuil HayionanbHuil agmomobinbHo-00podicHill yuieepcumem, gya. Apocnasa Myopoeo, 25, 61000, Xapkis, Ykpaina
marina_volosyuk@ukr.net

ORCID:  0000-0001-6615-3999
DOI: 10.26565/2222-5617-2020-33-01

EKCIIEpUMEHTANBHO JIOCII[PKEHO sBHINE ONTHYHOrO TpoGoro (pyiHyBanHs) Monokpucranis KCl  chokycosanum
BUIIPOMIHIOBAHHSAM Jla3epa Ha HEOAMMOBOMY CKJIi 3 MOJyJIOBAHOI0 JJOOPOTHICTIO, TPHBATICTIO iMITysbey 5-1078¢, nopxkuHorO XBUITI
A=1054 HM Ta eHepriclo iMIyabcy mopsaky 1 JDK y pexuMi JIOKaTbHOTO BIIACHOTO IOTJIMHAHHS BHIIPOMIHIOBAaHHS Ja3epa
MOHOKpHCTaoM. OILIHKH EGHEepPreTHYHHMX CKJIAaJIOBHUX MPOLECY JIOKAJIFHOTO TEIUIOBOTO ClaliaXy, XapaKTEepHOTO 4acy TPHBAJIOCTi
po3irpiBaHHs JOKAJIBHOT 00JIACTi 1 TPHBAJIOCTI pellakcanifHOro MpoLecy Ta MOPIBHSIHHS iX 3 eKCIIepUMEHTAIBHUMHU JaHUMU OKa3aiHd,
10 TIPOLIEC peJaKcallii 3a TAKUX yMOB MPOTIKa€e y Bi CTaii: mepa — MBHUIKA, 10 CYIPOBOIKYETHCS KpayIiOHHUM MacoIepeHOCOM
3a y4acTIO YZapHOi XBWI, Apyra — IIOBUJIbHA, 3a y4YacTIO 1 JWCIOKalifHOro MacomepeHocy. Brparm eneprii Ha TeruioBe
BUIPOMIHIOBAHHS 1 TEIUIONPOBIHICTS B KPUCTAJ BUSBISIIOTHCS HA MOPSIKH BEIMYMHNA MEHIII 3a MTOTIK €HEePrii, 0 MOTTUHAETHCS Inorn,
1o i 3a0e3neuye IIBUAKUHA JTOKAIbHUH pO3IrpiB 1 yTBOPEHHA IIa3MHU. 3 TOUKH 30PY MEXaHIKH CYLUIBHOTO CEPEIOBHIIA JOCIIIKYBAaHUI
npolec, B IKOMY TUCK JOCATa€ BEIUUUHH, G1b110T TEOPETHYHOT MilTHOCTI MaTepiay, 3a yac, MeHIuii Hixk 107 ¢, motpi6Ho posrnsaaru
SK BHOyXomomiOHWii abo ymapHHH mporec. 3aranbHa cXeMa IDIAaCTHYHOI penakcamii, 0 BUIUTMBA€ 3 HABEAEHUX OIIHOK 1
CIIOCTEPEIKEHB, TPH IILOMY BHIJIAIAA€ HACTYNHOI. Ha moyarky mig JIi€lo ymapHO! XBWIII yTBOPIOIOTHCS KpayIiOHHM, SIKi BUHOCSTDH
peYoBHHY 3 00JIACTI BHCOKOTO THCKY, PyXarOUHCh IO IITFHO YIIAKOBAHUM PsAIaM aToMiB (Y3I0BXK HarpsaMKiB tumy <110> B kpucramax
KCl), i mopa Maiike TOBHICTIO OPMY€ETHCS 32 Yac MPOXOHKEHHS YapHOIO XBUJICIO JiaMeTpa 30HH peakcallii. Lle yac mopsaky Tpen,
10610 TIOpsAKy (10°+107%) c. Ilicna majiHHs TeMmepaTypH, TUCKy Ta KOHJGHCAIi MapH B PiuMHY, TOOTO HANPHKIHII MpPOLECY
penaxcarii, TpaHHII TOPH PO3CYBAIOTHCS BXKE MiJ THCKOM PiIKOTO PO3ILIABY i CIIPaIlbOBY€E MUCIOKAIIIHUI MeXaHi3M NepeHECeHHS
MacH, JOJaTKOBO 3abe3meuyroud jeske 30utblieHHs 00’emy mopu. Lleit mporec iae i micis NPUIHHEHHS il Ja3epHOro
ONPOMIHIOBAHHS TIPH OXOJIOJDKEHHI KpHCTAly [0 KpHCTamizamii po3miaBy B TOpi 1 YTBOPEHHS TOpPU (MIKpPOITYCTOTH)
CIIOCTEPEIKYBAHOTO PO3MIpY.

KiouoBi c1ioBa: MOHOKpHCTAI, JIa3epHE OMPOMIHIOBaHHS, ONTUYHUI MPOOii, MiKpomycToTa (Topa).

Mechanisms of micro-voids formation caused by optical breakdown in

KCI single crystals
M.A. Volosyuk

Kharkiv National Automobile and Highway University, Yaroslava Mudrogo str., 25, 61000, Kharkiv, Ukraine

The phenomenon of optical breakdown has been studied experimentally for KCI single crystals exposed to laser emission
focused on the neodymium glass with modulated quality-factor, pulse duration 5-10% s, wavelength A= 1054 nm, and pulse energy of
the order 1 J in the regime of local intrinsic absorption of the laser emission by the single crystal. Evaluations of local heat flash
energetic constituents and characteristic durations for both local area heating and relaxation processes and following comparison with
experimental results have shown that the relaxation process takes place in two stages: the first is fast phasefollowed by crowdion mass
transfer with shock wave participation, and the second is slow phase with participation also dislocation mass transfer. The energy losses
for heat radiation and thermal conductivity are found to be by orders of value less than the absorption energy flux lass that provides fast
local heating and plasma formation. From the viewpoint of the mechanics of continua the process under study where the pressure
achieves value exceeding the theoretical strength limit for the time less 106 s, should be considered as explosion-like or shock process.
The general scheme of plastic deformation arising from abovementioned estimations and observations is seemed as follows. In the
beginning, under action of the shock wave the crowdions are generated which carry the substance from the high pressure area and
move along close-packed atomic rows (<110> type directions in KCI crystals); the void is formed almost completely during the shock
wave passing the relaxation zone crosssection. This time is of the order of 1rel, i. €. 107°...108 s. After falling temperature and pressure
and vapor condensation into liquid, at the end of relaxation process, the void boundaries expand already under liquid melt pressure,
and the mass transfer dislocation mechanism comes into action providing additionally some enlarging the void volume. This process
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Mexanizmu ymeopenus mikponycmom (nip) npu onmuunomy npoooi monoxpucmanie KCI

continues also after stopping the laser emission, during the crystal cooling down to the melt crystallization in the void and formation
of a pore with size observed.
Keywords: single crystal, laser irradiation, optical breakdown, microvoid (pore).

Mexanu3mbl 00pa30BaHUsI MUKPOIIOJIOCTEN MPU ONTUYECKOM MPoOoe

mMoHokpuctauioB KClI
M.A. Bonocrok

Xapvko6ckuil HaYUOHATbHbII A8MOMOOUILHO-00POCHYLIL YHUsepcumem, yi. Apociasa Myopoeo, 25, 61000, 2. Xapvkos, Yrpauna

DKCHEepPUMEHTAJIFHO HCCIIEIOBAHO SIBJICHHE ONTHYecKoro mpobosi MoHokpucTamwioB KCl cdokycHpoBaHHBIM H3IyueHHEM
Jla3epa Ha HEOJAMMOBOM CTEKIIE ¢ MOLYJIMPOBAHHON T0GPOTHOCTBIO, JUIUTEIBHOCTIO UMITyIbea 5-1078 ¢, mmuoit Bosuel A = 1054 HwM,
9HEpruel nMITynbca mopsaka 1 Jx B peskuMe JTOKaIbHOTO COOCTBEHHOTO MOTIIOIICHHS H3IIyYeHHUS Jla3epa MOHOKpUCTAILIOM. OeHKH
9HEPTEeTHYECKUX COCTABIIAIOMINX MPOIlecca JIOKAIbHOW TETJIOBOH BCIBIIIKK U XapaKTEPHBIX BPEMEH MPOIOJDKUTEIBHOCTH pa3orpeBa
JIOKAJIBHOW 00JIACTH U JUTUTEIBHOCTH PENIAKCAMOHHOTO MIPOIIecca, M CPAaBHEHUE UX C IKCIIEPUMEHTAIBHBIMH JaHHBIMH TTOKA3aJd, YTO
IpoLlecC pelakcallid B TaKUX YCIOBHSAX IPOTEKAaeT B JIBE CTAJWM: IepBas — OBICTpas, COIPOBOXKIAaeMas KpayIHOHHBIM
MacCONEepPEHOCOM C Y4acTHeM YAapHOI BOJHBI, M BTOpas — MEIUICHHAs, C y4acTHeM M JIHCIOKAIIMOHHOTO MaccorepeHoca. [lotepu
SHEPIHH Ha TEIUIOBOE H3JIyYEeHHE M TEeIIONPOBOIHOCTD OKAa3bIBAIOTCS HA MOPSAKU MEHBIIE NOTOKA SHEPTHH MOTJIOMEHUS |nors, YTO
obecnieurBaeT OBICTpPHIN JIOKAJIBHBINA pa3orpeB U oOpa3zoBanue uiasMbl. C TOUKM 3pEHUss MEXaHUKHU CIUIOIIHBIX CPel MCCIIeyeMbIid
HpoLece, IPH KOTOPOM JaBJICHHE JOCTUTAET 3HAUEHHs, IPEBBILIAIONIETO TEOPETUYECKHIT IIpee] MPOYHOCTH, 3a BpeMs MeHee 1076 ¢,
CIIeAyeT paccMaTpuBaTh KaK B3PHIBONOJOOHBIM MM ynapHbIH. OOmas cxema IUIaCTH4ecKod aedopMaluy, BBITEKAOUIAs W3
MIPOBEICHHBIX OICHOK M HAONIOJCHUI, BRIIVISAUT CICAYIOMMM oOpa3zoM. Brawane mon neiicTBHEM yOapHOI BOJHBI 00pa3yroTCs
KpayAHOHBI, KOTOPBIE BEIHOCAT BELIECTBO U3 00IaCTH BBHICOKOTO AABJICHUS, IEPEMEIIasiCh MO NIOTHOYIAKOBAaHHBIM aTOMHBIM psAIaM
(Bmous HampasieHuii Trna <110> B kpuctamnax KCl), 1 mogocTh MOYTH MOTHOCTHIO POPMHUPYETCSI 32 BpeMsl TIPOXOKICHUS YIapHOI
BOIIHOM [MaMeTpa 30HbI pelakcaldd. DTO BpeMs MOpAAKa Tper, T.€. 10°... 108 c. Tlocne mageHus TeMmmepaTyphl, JaBIEHHS U
KOHJICHCAIIMY T1apa B )KUAKOCTb, T.€. B KOHIIE ITPOLecca PeIaKCalliy, TPAHUIIBI TOJIOCTH PACIIMPSIOTCS YiKe IO JaBIeHUEM KHUIKOTO
pacmuiaBa, ¥ cpabaTeiBacT MEXaHU3M AUCIOKAMOHHOTO IIEPEHOCa MACCHI, JIOTIOJIHUTEIFHO 00eCIeYHBAIOIIHN HEKOTOPOE YBEINICHHE
oObeMa TOJIOCTH. DTOT MPOIECC IMPOAOIDKACTCS U TOCJe MpeKpalieHus OONydeHHs Jla3epoM TPH OXJKICHHH KpHCTaIlIa JI0
KpHUCTAIUTM3AINH PACIIaBa B TIOJIOCTU B 00pa30BaHUs MOPHI HAOIIOAaEMOTO pa3Mepa.

Ki1ioueBble ¢j10Ba: MOHOKPUCTAIT, JIA3€pHOE O0IydeHHE, ONITHYECKUH MTPOOO0I, MUKPOIIONOCTH (TI0pa).

Beryn KpHUCTaja; 2) BHBYEHHS MEXaHI3MIB 1 KIHETUKH

IMpu  papiauifinoMy — BIUIMBI  €IEMEHTApDHMMHU  [EPEHECEHHS PEYOBMHM 3 po3irpitoi obmacrti, w0
YaCTHHKaMH  a00  KBaHTaMH  €JIEKTPOMATHITHOTO  MPHU3BOJMTH J0 YTBOPEHHS MiKPOMYCTOT.

BUIPOMIHIOBAHHS Ha TBEPAi Tia B HHX BHHHKAIOTH MexaHizMu JIOKaIbHOTO HOTJTHHAHHS

nedeKTr CTpyKTypH. SIK PaBuito, IepBUHHI NeQeKTH —Ile  BHUNPOMIHIOBAHHS  Jla3epa 3  HaHONBII  3arajbHUX

mapu  DpeHkens  BaKaHCIS-MDKBY3€NBHHH ~ aTOM. MIpKyBaHb JUII OCOOJNHMBO YHCTHX MaTepialliB MOXYTh

MixBy3enbHI aTOMH MOXYTh TiepeOyBaTh TIPOCTO B
MDKBY3JisIX, a00 MOXYTh YTBOPIOBATH TaHTEIbHI abo
KpayanioHHI KoHirypauii,
YTBOPIOIOTS 1 1HIII, O1IBII CKIIaIHI KOH(Iryparii 1eeKTiB.

SKi B Tpoueci B3aeMomil

PizHOMaHITHI pafiamiiiHi MOIIKOMKEHHA KPUCTAJIYHOL
PEUNTKH CWJIBHO BIUIMBAIOTh HA MIIHICTh 1 MJIACTHYHI
BJIACTUBOCTI MaTepiaiiB i TOMYy € NMPEIMETOM IOCTIHHOI
yBaru [1-4].

JlazepHe BHUIIPOMIHIOBaHHS ONTHYHOTO JIiala3oHy,
MIPOXOISIYM Yepe3 NPOo30pi Tijla 3a IEBHUX YMOB — BUCOKOT
OIJIBHOCTI  TOTOKY HasIBHOCTI
MIOTJIMHAIOYNX HEOJHOPIHOCTEH B CTPYKTYpl MaTepiaiy —
JIOKAIbHO TOTIMHAETHCA, 10 NPU3BOAUTH IO 3HAYHOIO
JIOKJILHOTO PO3IrpiBYy, YTBOPEHHS IUIA3MH Mijl BUCOKHM
KpUCTaIy Ta

BHHpOMiHIOBaHHﬂ,

THCKOM 1 JIOKQJbHOTO pPYyHHYBaHHS
YTBOPEHHSI MIiKpOIyCcTOT (ONTHYHMHA TpoOiit) [5-9], mo
TIOTIpIIy€ eKCIUTyaTaIliiHi BIaCTHBOCTI (PYHKIIIOHATBHHUX
marepiainis [10]. 3a3naueHa nmpodiiema komruiekcHa. s i
PO3KPHUTTS

BHpilIeHHS HeoOximHo: 1) MEXaHi3MiB

JIOKQJIBHOTO TIOTJIMHAHHS BHIIPOMIHIOBAHHS 1 PO3IrpiBy

OyTH HACTYIHHMH: yJOapHa iOHI3aIlii aTOMIB pENIiTKA
eJIEKTPOHAMH, 10 BHHUKAIOTH BHACTINOK (DOTOIOHI3aIil
BHIIPOMIHIOBAHHSAM  Jia3epa  JOMIIIKOBHX
OaraTroOTOHHA  iOHi3alliss  aTOMIB  pemniTkd  [5],

aToMIB,

MeTai3allis ieleKTprKa 3 TOCUTh By3bKOI0 3a00POHEHOI0
30HOIO MIPH BUCOKIH HIUIFHOCTI BUMPOMIHIOBAaHHS Jlazepa
[11] abo renepamnist HEpBUHHNUX EIEKTPOHIB 32 JOMIOMOTOI0
KacKaJHUX O)Ke-TIePeXOoliB y BAaJCHTHIH 30HI JyXKHO-
ramoiganx (JII') kpucramiB [12]. Ilpm mocute BHCOKIMH
IIIJIBHOCTI BHITPOMIHIOBAHHS Jla3zepa, IO JOCSTaeThCs,
30KpeMa,  (OKyCyBaHHIM MOXe
BUSIBUTHUCSI JIOCTaTHIM 1 BJIaCHOTO IOTJIMHAHHS Ja3epHOTO
BUIIPOMIHIOBAHHS PEYOBHHOIO, MOXJIHMBO Ha JedexTax
KPHUCTAJIIYHOI CTPYKTYpH, J€ JIOKaJbHI BJIACTHBOCTI
PEYOBHHU BiJPi3HAIOTHCA BiJ cepeaHix B 00’e€Mi, Malodn
Oap'epm  m0/0
BHUITPOMIHIOBAHHSI ONTHUYHOTO Jiana3oHy [5]. YV pearbHUX
TBEpAUX TiJIaX TIOTJIMHAIOYi CTOPOHHI BKIIOYCHHS, SK
TIPaBUIIO, 1 € JPKEepeslaMy ONTHYIHOTO TIpodoro [13, 14].

BI/IHpOMiHIOBaHHH,

3HIDKEHI MMOTJIMHAHHS KBaHTIB
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IlepenecenHss mMacu, 3 OIIALY Ha CHOCTEPEXKYBaHY

CHIIPHY  JHCJIOKOBAaHICTE KPHCTANly HABKOJIO  TIip,
BBa)KaJIocs, 110 3IIMCHIOETHCS JTUCIIOKALIIMHUM
MEXaHI3MOM. OnuHak IOCJTiTOBHE BUBUYEHHSI

JIUCIIOKAIMHUX CTPYKTYP HaBKOJIO MaluX (MiKpOHHOT'O
PO3Mipy) Hip, IO YTBOPIOIOTHCS, MOKA3allo, 110 Ha J0JI0
JIUCIIOKAIIHHOTO MeXaHi3My MacOIepeHOCY JOBOAMTHCS
qume O0mu3pko 5% 00’emy mopw, mo ytBopumacs [15].
Byno BUCIIOBJIEHO NPUITYLIEHHS, 10 OCHOBHUM HOCIEM €
KpayIoioHH, He3BaKalO4M Ha Te, II0 3a CyYacHHMH
VSBJICHHSAMH CHEpPTisi yTBOPEHHS MiKBY3JIOBHX AaTOMIB
PI3HOTO THITY JOCUTB BEJIUKA 1 CKJIaae BETUYUHY TTOPSIKY
JEKITBKOX eeKTpoH-BOJBT [16]. EHepris kpaymioHIiB B
MiJi, HapHUKIAa], CTAHOBUTH BEIWYNHY MOPAAKYy 5,5 eB
[17].

Y 3B'I3Ky 3 IMM BHIAEThCS aKTYaJIbHUM aHaji3
MpoIlecy TIEPCHECEHHS Mach B JIOKAJbHIM pO3irpiTii
o0nacTi KpucTaly 3 ypaxyBaHHSIM JHHAMIKH PO3IrpiBy i
PYXy PpEYOBHHM 3a YMOBax BHCOKOi IMITyJIbCHOCTI

30py  MEXaHIiKu

MpoIIeciB 3
CepeoBHILIA.

MeTtoro poOOTH € BHUBYCHHS MEXaHI3MIB IEPEeHOCY
MacH B JIOKQJBHO pO3IrpiTiii obiacti mpu yTBOPEHHI

MIKPOIIOPOKHUHA B PE3yJbTaTi ONTHYHOTO IPOOOIO

TOYKHA CYLITBHOTO

MoHokpucTaiuia KCl 1la3epHiM BUIIPOMIHIOBAaHHSIM.

MeToauka eKCiepuMeHTY Ta HOro pe3yJabTaTH

B excrnepuMeHTax, 10 MPOBOAMINCS NMPU KIMHATHIN
TeMIIepaTypi, BUKOpPHCTOBYBajucsi MoHokpuctann KCl,
BupomieHi meronoM Kipomynoca 3 cupoBuan Mapkn XY
(xiMiuHO wmcTa). sl ONpOMiHEHHS BHKOPHUCTOBYBABCS
IMIYJIBCHUH J1a3ep 3 MOJYJIbOBAHOIO JIOOPOTHICTIO Ha
HEOJIMMOBOMY CKJIi 3 TPUBAITICTIO iMItysisey T 5 108 ¢, A
= 1054 u™ i enepriero B iMmynbci 6mm3bko 1 [k, Jlasep 3
iHQpadepBOHNM  BUIIPOMIHIOBaHHSIM 1  KOPOTKUM
IMITYJIbcOM OOpaHWil JUis TOrO, MO0 3MEHIIUTH BTPATH
BUIIPOMIHIOBAaHHS Ha MOTJIMHAHHS 1 PO3CIIOBaHHA, B TOMY
9uCai 1 HA HENOJIPOBAHMX IMOBEPXHSIX KpHCTaly, 1
OTPUMATH BHCOKY IIUIBHICTH HMOTOKY €HEprii, JOCTaTHIO
JUIl  ONTHYHOTO MNpo0OI0 332 PaxyHOK BIIACHOTO
NOTJIMHAHHA KpUCTana B (DOKaNmbHIH IUIOMIMHI JIiH3M.
BunpowminroBanHs nasepa (QoxycyBamacs JiH3010 3
¢dokycHoro Bincranuio F =10 cm i giamerpom pobouoro
orBopy mim3um 2b = 1,5 cm. UlimeHICTP TOTOKY
BUIIPOMIHIOBaHHS B PO0OYiit 30HI B (OKAIBHIHM MIOIIHHI
BU3HAYAJIACS €HEPTi€I0 IMITYJIbCY 1 pO3MipoM (OKaIbHOT
30HM. 3rigHo [18], pokanpHa 00MacTh ¥ POKYCI JIiH3M Ma€e
BUTSATHYTY, B TMepUIOMY HAONWKEHHI, IUIIHAPHIHY
dbopmy, TOBXKHUHOIO [ 1 pagiycoM /L, sKi BU3HAYAIOTHCS
criBBigHOIIeHHIMH [ 18]:

1= (F/bY: IL=\ (F/b), (1)

ne F — doxycHa BincTanp JTiH3H, A —TOBKHHA XBIII1
MMaJar0vyoro CBiTiIa.

3 ormagy Ha 3HAYCHHA BXIOHUX MapaMeTpiB, s
HaIIOro BUMaAKy oTpumaemo: ; =130-10*m, L= 10-10-
M. O6’eM pokambHoi obmacti: V= 4-10"4 M.

Jnst TOYHOTO pO3TalllyBaHHS KPHCTAIy IIONO ITy4Ka
CBITJIa TpH JIAa3¢PHOMY OIPOMIHCHHI B MONEPEIHIX
JociizaXx Mg MIKPOCKOIOM — BH3HAYalocs  TOYHE
MPOCTOPOBE PO3TAlIyBaHHA OCI JIA3ePHOTO TMy4Ka i
MOJIOXKEHHA (POKyca MUIIXOM ONPOMIHEHHS CKJIa 3
TOHKOIUTIBKOBMM HAIWJICHHSIM METaJIeBUX IUTIBOK. B
TOYKY, [€ 3HAXOIMBCS T'COMETPHYHUHA (OKyc Iydka
CBITJIa, pO3TAIIOBYBAaBCS KpHCTANI 1 3IiHCHIOBAOCS
ONPOMIHEHHS. Y MOBH ONIPOMIiHEHHS MiZI0UpaTUCs TAKUMH,
o0 OTPUMYBATH IMOPH HOPSAKY MIKPOHHOTO DPO3MIpY.
OCHOBHHUI1 pe3ynbTar IMX JOCIHIAIB MOJSraB B TOMY, IO
3aBXKAN
PO3TaIIOBYBAJIMCh MPAKTHYHO HAa OCI IydYka OJIM3BKO IO

MIOPOKHHUHH, 110 YTBOPIOBAIUCS,
cepenuHU (pokarpHOI 00MacTi (reoMeTpryHOTO (POKyCY).
Haituacrime yTBOproBanacs ofHa 1mopa, pifmie - 1IBi, 1 e
piame - 6impire Box. Ha puc. 1 HaBeaeHO BHIIAAOK, KOIH
YTBOPIJIUCS ABI TOPH, PO3TAIIOBaHI MPAaKTHIHO Ha OCi
(oxampHOI 00JIACTi.

Puc.
YTBOPHJIUCS

1. JucrnoxauiiiHa CTpyKTypa HaBKOJO Tip, IIO

BuHUKHEHHS JaHIIOKKA IIip, MIBUJALIE
MOYMHAEThCS 3 JanbHBOI (M0 Xomy mydka) mopu. Hosi

3a  BCe,

MOPU PO3BUBAIOTHCSI HA3YCTPi4 MY4YKY, OCKITBKH KOXEH
pa3  BHIPOMIHIOBaHHA 3a TOpOK  ciabmae i
negokycyeTbea. TakuM UYHHOM, B HAOIMX JOCKTiTax
ONTUYHUN TPoOili KOXKEH pa3 BigOyBaeThCs MOOIH3Y
neHTpy (QokajgpHOI oOmacTi miH3M, Ha ii oci. Ile He
BUIIAJJKOBO, TOMY IO JETAIBHUH aHali3 pPO3NOALTY
IHTEHCHBHOCTI CBITJIOBOTO MOJIs B (DOKYCI JIIH3HM HOKa3ye,
mo mnoie B okom (Qokycy € cxiaagaum [19]. Y
MEpUAMaNbHId  IUIONIMHI  y3[OBX  ONTHYHOI  OCi
IHTEHCHBHICTb XapakTepusyeThes (ynkmiero [(1/x)-sinx]?.
VY dokyci € ToJOBHMI MakCUMyM 1 psii JOJATKOBUX
MaKCHMMYMIB MEHIIOI IHTEHCHBHOCTI Ha OCli JIH3H,
IHTCHCUBHICTD SKHX 3MEHIIYETHCS 3 BiIANANCHHSIM Bif
¢dokyca (cumerpuuHo — 3a i mepen doxycom) [19]. ¥V
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HAIIOMY BHIIAAKy BiACTaHb J0 OIYHHX MaKCUMYyMiB
mopsiaky £150 mxm. IIpu mepMy apyra mopa 3'sBuimacs Ha
BiactaHi Bcroro 19 MM (puc. 1), ToOTO B Mexkax
TOJIOBHOTO MaKCHUMyMy. Ta 0OCTaBHHA, IO HOPOXHHHU
MepeBaYKHO YTBOPIOIOTHCS B 00JAaCTI MaKCHMAalbHOT
IHTEHCHBHOCTI CBITJa, J03BOJISIE MPUILYCTHUTH, LIO POJIb
BJIACHOTO TMOMJIMHAHHA (B TOMY WYHCIl HeNiHIHHOTO,
MOB'SI3aHOTO 3 BHUCOKOIO HIUTBHICTIO MOTOKY
BUIIPOMIHIOBaHHS Ta 0araTo()OTOHHUM IOTJIMHAHHAM
[14]), € mominyrOHOO.

Ha KopHCTh Takoro BHCHOBKY CBIIUUTH HACTYIIHE.
Metozmom cBiTioposcitoBaHHs, sK B [120], BU3HaueHa
KOHIeHTpamiss N HEOITHOPITHOCTEH B
JOCTIKYBaHUX KPHCTANaX Ta iX po3Mip d, sSKi BUSBHIIUACS

YaCTHUHOK

pisruMu:  N<10m3, d<10°m. Ockinekn 06’em
(oxansHOi 06macTi cTaHOBUTE V = 4-107* M3, T0 B HEOMY,
HMOBIpHO, MOke THepeOyBaTH KiJbKa IHIIOPIIHUX
gactuHOK (=4  mr.). OueBuagHo, HMOBIpHICTH

BUIIAJIKOBOI'O0 3HAXO/OKEHHSA X0o4ya O OJHIEI YACTHUHKHA B
LeHTpi POKaTbHOT 00JIACTi 3HAYHO MEHIIIE OJWHUIIL, B TOU
KE€ Yac ONTHUYHUH TpoOilf 3aBKAM CIIOCTEpiraBcsi HAMU
camMe ToOmM3y HeHTpy QokanpHOI obmacti. HeoOximHO
cepen
CBITJIOPO3CIFOBaHHAM HEOIHOPIJHOCTEH B JOCHTh YUCTHX

BpaxyBaTh 1me ¥ Te, MIO BUSIBJICHHX
JY)KHOTJIOITHUX MOHOKpHCTAJUIaX JIOMIHYIOUUMH €
Mikpornopu [21, 22], 10 He MOTIMHAIOTH CBITJIA.

AHani3 ITMHaAMiKH JIOKaJIBLHOI0 po3irpiBy kpucraJy i
YTBOpeHHs mi1a3Mu. O6roBopeHHs pe3yabTaTiB
Jis moOynoBH MOJENi, sKa HaWKpaluM YHHOM

BiZloOpaXkae ~ NMHAMIKy  PO3BUTKY  pyiHyBaHHS B
MOHOKPHCTAJIi, HEOOX1THO OLIHUTH XapaKTePHi Yyacu Horo
MPOTIKAHHS 1 €HEePreTHYHI CKIJIA/IOBI.
OmiamMo dYac po3irpiBy o0macti
YTBOPIOETHCA IIA3Ma 3 TEMIIEPATYPOIO Thms = 5,5-103 K.
Temneparypa miasMM HaMH TPHHAHSTA, KEPYIOUYHCh
nmanumu [10] 1 OaratbMa iHmIAMU poOOTaMu, A€ BOHA

BH3HAYajacs Ha OCHOBI CHGKTpOCKOHquI/IX ,HOCJ'Ii,H)KCHB.

Kpucrajia, 1€

CepenHe 3HaYeHHS MIUTBHOCTI TOTOKY JIA3€PHOTO
BHUIIpOMiHIOBaHHA J B (OKaNbHIM IUIONIMHI JIH3U B
IMITyJTbC1 BU3HAYAETHCA CITiBBIAHOMICHHIM:

J=Epm It (IL)?, )

ne Eiwn — enepris imnynscy (Eiwn= 1 1), T — TpuBasicts
iMnyneey (t = 5-10° ¢), L — cepenne 3HaueHHs pajiyca
¢dokanpHOi  30HM, 10 Bu3Hadaerbcs (1), Ilicas
IiICTAHOBKY 3HAa4Y€Hb BXiJHUX BEIMYUH OTpUMYEMO: J =
6,37-10'° Br/m2.

Jlis  KOHKpeTH3amii TMOJaNbIIUX OIIHOK HEO0OXigHO
NpUHHATH GOopMy 1 PO3MIpH IesKol MEPBUHHOI 00JIACTi
nornuHaHHsg. B pob6oti [23] mpoBommmacs KiHO3HOMKa
X0y PpYHWHYBaHHs, 1 B Tepmux Kaapax (ireMy

criocTepiraiacs 30Ha ONTHYHOTO KOHTPACTy PO3MIpOM
mopsiaky (70 + 100) BM, mo imeHTH(IKYETBCA SIK
MTOPOKHHHA, 3alHATA TUIA3MOI0. 3 OTIIAY Ha 1IeHTHYHICTh
HAallUX eKCIICPUMEHTAIbHUX YMOB, MU JUI1 OLIHOK
NpUiiMaEMO TOYaTKOBY OOJACTh IIOTJIMHAHHS (3apOAOK
IU1a3MK) y BUMIIAAL Ky6a 3 pedpom 100 Hm. [ToTik eneprii
Iiors, IKWH TIOTJIMHAETHCSI TAKKM 3aPOJIKOM, JIOPIBHIOE:

Luorn=J-S°k, 3)

ne S — moma, IO ONpPOMIHIOETheA, k — KoedimieHT
TIOTJIMHAHHSA, SIKUH HaM TOYHO HE BiIOMUIA, aje BioMo, 1o
iHppadepBOHE BUNPOMIHIOBAHHS IPAKTHIHO MOBHICTIO
MIOTJIMHAETHCS IApOM IDIa3MH MIKpOHHOTO po3Mipy [23].
B [24] mokazaHO, IO pevYOBWHA, SKa CBITUTHCS, €
HENpo30polo, ToMy Jaii npuiimemo k = 1. BBaxkarouu 1ist
MIPOCTOTH, IO BHUIIPOMIHIOBAaHHS BXOJHMTh B KyOlUuHHIA
3apoJIOK uepe3 OAHy rpaHb KyGa momero S=10% m?
OTPUMAEMO: Inors= 6,37-10% Br.

OuiHUMO BTpaTH eHeprii Ha TEeII0BE BUIPOMIHIOBaHHS
i TerurompoBigHicTh B Kpuctan. IIimeHICTE TOTOKY
BUIPOMIHIOBAHHS  Jeunp

TCILIIOBOT'O BU3HAYAETHCA

(bopmymoro:
Jsunp =6 T*, 4

ne 6 =5,669-10% Br/m?-K* — crana Credana-Bonbimana,
T — Temmepatypa twiasmu. Iligcraemnstoun B (4) 6 1 T =
5500 K, orpumaeMo: Jyunp= 5,2:107 Br/m?. Tlotik BTpar
SHeprii Ha TeIJIOBE BUIIPOMIHIOBAHHS [punp BU3HAYAETHCS
(dhopmyIior0:

IBnnp =JBI/IHp 6S, (5)

ITincraBnsroun BXIJTHUX
OTPUMYEMO: Luunp = 3-107 Br.

[inpHICTH MOTOKY BTpAT Ha TEIUIONPOBIAHICTD Jrens B

3HA4YCHHA BCJIMYMH,

HABKOJIMIITHIA KPUCTAJ OLIHMUMO, 3alMCABIIN PIBHSIHHSA
JUTSL ITITBHOCTI TIOTOKY (Jrens) Y BUTIISII:

Jren=— A grad T=—a? pcy grad T, (6)

ne A — Kxoe(illieHT TemIonpoBigHocTi, a?

— koedimieHT
TeMIIepaTypoINpoBiHOCTI, p — muIbHICTH Kpuctairy KCI,
cy — murtoma TemnoeMHicts kpuctany KCl. I'panient
TeMIlepaTypd Ha TPaHUIi IUIa3Ma-KpUCTAl OLIHUMO,
NIPUIYCKAIOYH, II0 MaKCHMallbHa Temreparypa Tmax =
5,5-10° K mnagae o kiMHATHOI Ha BIiJCTaHI OJIM3BKO
NPUAHATOTO PO3MIPY IUIA3MOBOT XMAPH lus = 107 M,

TOMY:

grad T= Tmax /lunas » @)

46 BicHuk XHY imeHi B.H. KapasiHa, cepia «®isukar, sun.33, 2020



M.A. Bonociok

BpaxoByroun, mo a’=73-10° wm%c, p=2-103kr/™’,
cy= 580 x/xr-K, orpuMmyeMo:  Jrems = 4,7-101 Br/Mm2.
[oTik BTpaT TEmIOBOI €Heprii BiX IDIa3MOBOI XMapH B
KPHCTall TOPIBHIOC: Ireny= Jremn® 68 = 2,8:102 Br. Takum
YMHOM, BTpaTu €Heprii Ha TEIUIOBE BUIPOMIHIOBAHHS 1
TETJIONPOBIIHICTh B KPHCTAN BHSBISIOTHCS HA MOPSAKA
BEJIMYMHH MCHIIII 32 TIOTIK CHEPTii, [0 NOTTUHAETHCS Tors,
mo i 3a0e3medye IIBUAKWN JIOKAJbHUH pO3IrpiB i
YTBOPEHHS MIA3MH.

JUi1s OLiHKK Yacy yTBOPEHH! IUIa3MH 3 TEMIIEPATypOIO
5,5:10° K omiHnMoO BeIWMYHHY eHeprii, HeoOXimHoi M i
YTBOPEHHS Ejo;, HEXTYIOUH BTpaTaMu. He BpaxoByrouu, B
HYJFOBOMY HaONIKEHHI, 3aJIE)KHOCTI TEIUIOEMHOCTI BiJ
arperatHoro CTraHy i

TeMmepatypu o00’eMy, 11O

HaI‘piBaCTLC}I, MOJKHa 3aIIucaTu:

Eposzm [CV(THHa3_TK)+(AHl‘lHaB+AHBIAH)] . (8)
IIpuitmaroun TEMIIEpaTypu IIJIABJICHHS i
BUIIAPOBYBaHHS  KPHUCTally  PIBHUMHM  BIiJIIOBIJTHO:

Twas=1045K 1 Teun=1686 K,
Tines=5,5-10° K, TEIIoTH IUIaBIEHHS i BMIApOBYBAaHHS
BiJITIOBITHO: AH o= 3,43-10° JTx/xr i
AHy=21,7-10° JIx/XT, 01 IIa3MOBOI XMapH PO3MipoM
= 107 M oTpuMaEMo omiHKy: Epo= 107! Ilxk. Bpaxosyroun

TEMIIepaTypy IUIA3MH:

BEJMYMHY MOTOKY NOTIMHAHHS (lnors = 6,37:102Br) i
OTpUMaHe 3Ha4YeHHS eHeprii Epos, OLIHUMO Yac po3irpiBy
Tpos, SIKWH, MO CYTi, 1 BU3HA4Ya€e AMHAMIKY XOJY BCBOTO
NpolLecy penakcanii Ta CKIAIAe: Tpos= Epos/Inorn~ 1,57-10
4¢. 119 oUiHKa MOE BUABUTHCS IOMITHO 3aHMKXEHOIO
YHACTIIOK HETOYHOTO 3HaHHA KOoe(illieHTa MOTIIHHAHHS
(k) 1 3pocTaHHs 3 9acOM PO3MIpY MOTIMHAIOYOI 00JIACT.

Kinnesuit po3Mip 1a3mMoBoi XMapy BUSBIISIETHCS TOTO
x mopsaaky [15, 23, 24], mo i po3mip MOpH, IO
YTBOPIOETHCS, TOMY, SIKIIO MPHITYCTUTH 11 popMy Tak came
Ky0OiuHOMO, ane 3 pebpom mopsaaky 10 m, To posmip
po3sirpiBaemoi o6sacTi 301IBIIYETECSA HA TPU TIOPSAOKH, a
MOTIK MOTJIMHAHHA 301TBIIY€ETHCS JIHIIE HA JBA MOPSIKH,
110, B CBOIO 4epry, NMpHU3Be/e [0 3POCTaHHs Ha IOPSI0K
4acy posirpiBy: Tpes~ 1,57-1013 ¢.

TakuMm YHMHOM, Yac yTBOPEHHS 1 PO3IrpiBy IUIa3MH Ha
TOPSIIKM  BEJIMYMHM MEHIIE TPHUBAJIOCTI  JIa3€pPHOTO
iMmynecy, ska jgopiBHioe  5-10%c, mpuuomy 3mina
BEJIMYMHM TUJIA3MOBOI XMapH TPAKTUYHO HE 3MIHIOE
CHIBBIAHOMICHHS MIXK IOTOKOM IIOTJIMHAHHSA 1 ITOTOKOM
BTpaT €Heprii i, OTXe, MPAaKTUYHO HE BIIMBAE HAa dYac
PO3ITpiBY TIA3MH.

Tuck B o0macti €HEProBUIIJICHHS TPHU TOCSITHEHHI
T = Tunas MOKHA OLIIHUTHU CIIIBBIJHOIIIEHHIM:
Pmax = K (0V/V)  (BBaxkaemo, 1m0  o0JNacT,  sKa
HarpiBa€ThCs, 3aJIMIIAETHCS KOMIAKTHUM YTBOPEHHSIM),
ne K — momyne obG'emHOro crucuenus, oV/V=3aAT —
BiTHOCHa 3MiHa 00’€My, TOB'sS3aHa 3 HAarpiBaHHIM.

Bpaxosyroun mo K =1,74-10°°H/m%, o=48-10°K",
AT= 5200 K, orpuMaeMo: Pmay = 1,3-10'° H/m% 3 Toukm
30py MEXaHIKH CYIIFHOTO CEePEeIOBHIIA TOCITIIKYBAHHH
mporec, B SKOMY THCK MJOCSTa€ BEIUYHWHH, OLTBIIOL
TEOPEeTHYHOI MIIIHOCTI MaTepiaity, 3a yac, MeHIIHH Hix 10
¢ ¢, noTpibHO po3rAnaTh sk BUOyxonoaioHuii [25] abo
yaapHuit npouec [26].

3 excnepuMeHTy (puc. 1) BHIUIMBAaE, IO PCUOBHHA 3
«obmacti BUOyXy» BHKHAAETHCS HA BifcTaHb Omm3pko 10
PpO3MipiB YTBOPIOBAHOI IOPH, TOOTO, B HAIIOMY BHIAJIKY,
Ha BincTamb Onu3bko 10° M 3a HampAMKAMH JIETKOTO
KoB3aHHs. [Ipoliec mepeHeceHHs MacH CIiIye 3a IPOLEecoM
PO3irpiBYy, B SIKiiCh Mipi IEpEKPHUBAIOYUCH 3 HUM, TOMY 4Yac
OCHOBHOT'O IEPEHECEHHSI MaCH KOPEIIIOE 3 YaCOM PO3irpiBy
Tpas = 1073 ¢, 3amMInarouncy 3aBxkau GiNbIIMM 3a HBOTO, B
TOW K¢ Yac He OiIbIe a00 MOPSIKY TPUBAIIOCTI JIA3EPHOTO
HiiicHo,
immynsey Bin 5-10°% ¢ no 107 ¢ Hisk He BigOMBacThCA Ha

iMmmymscy  5-10% c. BapilOBaHHS TPHUBAJIOCTI
KapTuHi pyiiHyBaHHA [15]. B [23] Oyno mokazano, mo
MOPOXKHIHA BUSBISIETHCS NMPAKTUYHO CHOPMOBAHOIO 32
JECATKH HAaHOCEKYHI.

MiHiManbHUH Yac IDIACTHYHOI penakcaiil Tpen 32
paxyHoK jaedopMariii IUCIOKAIIMHAM MEXaHi3MOM, SK
HaWOUIbII  MIBUJKUM, MOXHAa  OTPUMATH,  SIKLIO
HPUITYCTUTH, 11O JUCIIOKALIT NePeMIllIaloThCsl 3 TPAHUYHO
BHCOKOIO IIBUJIKICTIO, OJM3bKOI0 0 IIBUAKOCTI 3BYKy. B
QIIOMIHIT,  HAIPUKIAL,
[27] cmocrepirammcs — MBHUIKOCTI
mucnokaniit mopsaky 0,8 vs. Y Hamomy BHIAIKY po3Mip
pylinyBanHs mopsagky 107 M, ToMy 4ac
Tpen~ 2 10°c, TOOTO  HAWCIOKAI[IMHHUHA

MCX&HiSM, B HpI/IHI_[I/IHi, MO)KJ'IHBI/IfI, ajie peaJlbHO — B

Ipd TPaHUYHO  BHUCOKHX

HaBaHTaXCHHAX

obuacti
penakcarii:
cragii BIH He

EKCIICPUMEHTI — Ha IOYaTKOBIiH

croctepiraetbcss. Ha  puc. 1 Mu  crmocrepiraemo
JUCTIOKALIHHI TeTTi JiaMeTpoM OiTbIINM, HIX IiaMeTrp
0 JAWCIIOKAIii
MOXIJIMBO — IIepen

KPHUCTANI3AIlEI0 PO3IIIABY, IO 3IMIINBCS B TIOPOXKHUHI

mopokHuHH. lle TOBOpUTH Mpo Te,
3'IBUJIMCS ~ HA0arato IMi3HilIe,
Ha 1i cTiHkax [15], 1 3araapbHU BHECOK IUCIIOKAIlid B
YTBOPEHHS NOPH, SIK 3a3HAYANIOCS, AyXKE Maluil.

3 ormsmy Ha CIOCTepeXyBaHy AMHAMIKY pPO3irpiBy,
moibHy BHOYXY, MOKHa BBaXKaTH, II0 B TAKOMY IIpoIieci
BUHUKAE yAapHAa XBWJISA, sSKa MOXKE IepeMimarucs 3
[28]
KpayJOiOHM 3a TIeBHHX YMOB MOXYTh pyxartucs 3i

HaJ3BYKOBOIO IIBHIKICTIO. B MOKa3aHo, IO
IIBUJIKICTIO, OLUTBIIOI 32 MIBHAKICTE 3BYKYy. B [29]
METOJIAMH YHUCEIBHOrO MojeioBanHs Ha EOM Oyno
BCTaHOBJICHO, M0 i 2D-Mojeni HiKelo, HapUKIa,
BIKHO IIBUJIKOCTEH pyXy KpayJIiOHIB JISKHUThH B Aiana3oHi
(12,3+14,0)-10% m/c. L1i nBa QpakTopH — HASBHICT yJAapHOT
XBWJII 1 BHCOKAa IIBHIKICTh KpPAayHiOHIB — 1 MOXYTh
3a0€31meunTH HEOOXiTHY BHCOKY MBUAKICTh
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MacoOIlepEeHOCEHHs Ha IMOYaTKOBIN CTafil mporecy, 3a 9ac
MIPOXO/KEHHS yIAPHOIO XBHIIICIO 00JIaCTi peyaKcarii.
3aranpHa cxeMma IUTACTHYHOI peJaKcallii, o BUTUIHBAE
3 HaBEACHHX OLIIHOK i CIIOCTEPEXKEHB, IIPU [IbOMY BUTJIANAE
HacTynmHOlo. Ha mouwaTky min giero yaapHoi XBHII
YTBOPIOIOTBCSL KpayIiOHH, SIKI BHHOCSATH PEYOBHHY 3
obmacti  BUCOKOTO PYXalO4HuCh 1O  LIJIBHO
yIaKOBaHUM psgaM aToMiB (y3IOBX HANpPSMKIB THILY
<110> B kpucranax KCl), i nopo>xHrHa Maiike OBHICTIO

THUCKY,

(dopMyeTbCc 3a Yac IPOXOPKCHHS YAAPHOK XBHICIO
nmiamerpa 30HH penakcarii. Lle 9ac HOpSIIKY Tpes, TOOTO
nopanky (10°+10%) c. Ilicns mamiHEA TeMIeparypw,
THUCKY Ta KOHJCHCAIIl Mapu B PiIWHY, TOOTO HANPHUKiHII
IpoLeCcy penakcarii, TpaHHIli TTOPOKHUHH PO3CYBAIOTHCS
BXKE IiJ] THCKOM PIiJKOTO PO3IUIaBy 1 CIpAIbOBYE
JIUCTIOKALiMHIH MeXaHi3M MepEeHECeHHsI MacH, JI0JIaTKOBO
3a0e3neuyroun JiesKe 30UIbIIeHHSI 00’€My MOPOKHUHU.
Leit mpouec ¥ne i micis NPUNUHEHHs Jii J1a3epHOTO
ONPOMIHIOBAaHHS TP  OXOJIO/KEHHI  KpHCTally [0
KpHUCTaii3amii po3IuiaBy B MOPOXKHHHI i YTBOPEHHS IIOpU
CIOCTEPEXYyBaHOTO PO3MIpY.

B [23] naBeneni maHi MiKpogiIEMyBaHHS 3pPOCTaHHS
MOPOKHMHU TIPH ONPOMIHEHHI KpHCTay KOPOTKHMH
Ja3epHUMH iMIyJibcamu TpuanicTio 80 He. OTpumani B
[23] nani Mu npeacraBuin Ha rpadiky puc. 2 B IiHIHHOMY
MacmrTadbi 3 ocamu d/dy 1 ¢t (d — niamMeTp KapTUHH
ONTUYHOTO KOHTPACTY, AKHUH po3rismaeTses B [23] sk
TpaHUIS TOPOXHUHU, dy — KiHIEBUH IiaMeTp TMOpH, IO
yrBopmiacs). [Ipu Takomy momanHi pe3ynbTatiB [23], mo
BIZTHOCATBCA J0 CTa/lii 3pOCTaHHS MOPOXKHUHU, JIIHCHO, SIK
1 mepenbadanocs, CIIOCTEPITa€Tbcs JBI XapaKTepHHUX
JIUITHKH. SIKIIO eKCTparoiioBaTH MOYATKOBY IUISTHKY
LIBHUKOTO 3pOCTaHHS MOPOKHUHU (nprbin3Ho Bix 80 He
10 200 HC) 1 Ipyry AUISTHKY — MOBUIBHOTO 3pOCTaHHs (Bif
300 =e 1o 10 MKC) TPAMUMH JiHISIMHA, TO MO>KHA TIOOAYUTH,
10 MIBHAKICTH POCTY TOPOXKHHHHM Ha ApYTid cTamii B
MOPIBHSAHHI 3 TMEPHIOI0 3MEHIIYEThCS NPUOTU3HO Ha
qoTHpH TOpsAKK Beqmuwman (Bim 102 m/c mo 102 m/c).
[Mpnyomy Ha nepmili cramii mopa IIBHAKO JOpPOCTAE
MPAKTUYHO JO KiHIIEBOTO 11 po3Mipy, IO 1 CHOCTEepiraeThes
HanpuKiHOi gociiny (puc. 1).

MosxHa nojajplie  pizke
YHOBUIBHEHHSI IIBUJIKOCTI POCTY TOPOKHHHH IIOB'SI3aHO 3

HOPUITyCTUTH, IO

pI3KUM  3MEHIIEHHSM  aKTUBHOCTI  KpayJliOHHOTO
MeXaHi3My B 3B'SI3Ky 31 30UIBIICHHAM 00CATY MOPOKHIHN
1 mamiHHsAM THUCKY B Hilf, @ TAKOXK IPUITUHEHHAM HiAIrpiBy
IasMu  JiazepHuM  immyiabcoMm. Came Ha Il cramil
I IKJTIOYA€ThCS TUCITOKaIHui MexaHi3Mm. [le BumimnBae 3
TOTO, IO CIIOCTEPEXKyBaHI Ha puc. | ITUCIOKAIiiHI TeTi
MaroTh PO3Mip OUIBIINI CHOCTEPEKYBAHOTO KIHLIEBOTO
posmipy mopu do. Ix posmip Bimmosimae posmipy
MOPOXKHUHHU Ha JAPYTid (MOBIJBHIN) AUIMHLI 11 3pocTaHHs

(puc. 2).

15[‘ ¥ F ok *-—'—/—’*
3 * x ek HRT
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Puc. 2. KineTrka pocTy HOMEPEedHOro po3Mipy MOPOKHUHH HA
crazii go 10 Mkc (TpuBanicTh Ja3epHOro iMITynscy 80 He, d —
PO3Mip TTOpH B MOMEHT 4acy t, do — KiHIIEBHiT po3Mip mopH)

[IpexncraBnsie iHTEpec OLIHKA €HEprii, BUTpaueHOI Ha
YTBOPEHHS MTOPOKHUHU Ha cTalii poOOTH KpayZioHHOTO
MexXaHi3My. [ MO>XHA OIiHUTH, 3a HOPSAIKOM BEIMUKHH, K
CHEPril0 YTBOPEHHS KpayliOHIB B HEOOXIAHIM KiIBKOCTI
(BpaxoBYIOUM BHCOKY pYXJMBICTb KpayZioHiB), TOOTO
Eq=(Viop/®) €, 1€ Viop— 00’ €M NOPOKHUHH, () — ATOMHUH
o0'eM, & — CeHeprii YTBOPEHHS OJHOTO KpayIioHY.
[TixcTaBuBIIM 3HAYCHHS BXIAHUX BEJIWYHH, OTPHUMYEMO:
Eg= 5-10® k. Skmo BBaxaTH, IIO IIOBHA eHepris
YTBOPEHHS IIOPOXXKHWHH, SKy MOKHAa OLIHUTH 31
CITiBBIHOIIEHHS: Eropy =Pmax' V= 8-107 [k, To oTpumane
3HaueHHs Ey, TNPEICTABIAETbCA PO3ZYMHHM 1 JIOTIYHO
Y3TOJDKY€ETHCS 3 Enosn 1 TOMY MOXHA 3pOOMTH BHCHOBOK,
IO 3alpONOHOBAaHA TEOpis MPaBWIbHA 1 MiJITBEPIKEHA
JOCTIIOM.

3po0JeHI CIIOCTePEe)KEHHS 1 BUCHOBKU  JIOTIYHO
Y3rOKYIOTBCS 3 OIIHKAMH JUHAMIKH TIPOILIECIB 1 3
PO3BHMBAEMOIO HAMH CXEMOIO JIii MEXaHI3MiB yTBOPEHHS
HOPH MIPU ONITHYHOMY TPOOOi.

BucHoBku
[IpoBeneHO eKCIEePHMEHTH, B SKHX CTBOPEHI yMOBH
JUTS  HamiiHOT  peaizamii
MoHokpuctani KCl 3a paxyHOK JIOKaJIbHOTO BIIACHOTO
MOTJIMHAHHA. BUKOHAHO OLIHKY €HEPreTHYHUX CKIIaI0BUX
1 XapakTepHMX 4YaciB NPOTIKaHHA INpoLEecy Ha pPI3HHX

cramisx. ['pyHTylounCch Ha OIIHKaxX Ta KapTHHI IpoOolo,

ONTHYHOTO TPOOOI0 B

MIOKa3aHo, W0 €IMHMM pEAIbHHM MEXaHI3MOM BHHOCY
peYOBHHU 3 O0OJACTi CHEPrOBHIUICHHS Ha IOYaTKOBIH
OBHAKIA CTafil mporecy Moxe OyTH MeXaHi3M
HapO/DKCHHSA 1 TEpeMilleHHsS KpaydiOHIB 3 BEJHKOIO,
HaBiTh 3 HAA3BYKOBOIO IMIBUKICTIO, MOYKJIMBO — 32 y4acTIO
yAapHOi XBHUII.

JucrokauiiHui MEeXaHi3M HiAKII0YaeThCs MPAKTHIHO
B KiHIIl Ipolecy, BHOCSYM Mayuii BHecok. [lopa 3pocrae
I THCKOM pO3IUIaBy, BHUIyCKAalOYM HpPU3MaTH4HI
JUCIIOKaNiiHl meTsii po3mipy OUIbIIOro, HIK pPO3MIp
MOPOKHUHHU, IO 3JIMINAETBCS TICHd KpUcTaiizawii

pO3IUIaBYy.
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In that work a describing of automated system is made an introduction, which allow to identify particles, that are look after on
electron-microscopic images, and to determine their size, area and length of borders independently. Particle identification is based on
a threshold criterion, which has low computational complexity, but has proven to be quite effective when applied to SEM and TEM
images. Visual control of correct particle identification is facilitated by colorizing images. The proposed software system has a high
performance, and the processing of a typical SEM imagine usually take less than 10 seconds. The proposed approach was tested on
different vacuum condensates and shown high efficiency for different SEM and TEM images. It is effective for simple pictures, which
are characteristic for samples, formed by melting of sufficiently thick polycrystalline films. This approach can also be used for
quantitative processing of images obtained from films condensed by the vapor-liquid mechanism. Usually such images are difficult for
automatic processing. Data on the size dependence of the most probable particle radius formed during melting tin films, full width at
half maximum of histograms of their size distribution and excess energy, stimulating the process of de-wetting of films were received
by using the proposed software. It is shown that particle size distribution for samples obtained by melting initially continuous
polycrystalline films is single-mode and has normal character. The ratio of the full width at half the height of the distribution histogram
to the most probable particle radius does not depend on the film thickness. Applying offered method for alloys films let to establish the
effect of composition on films’ de-wetting and to show, that sequential vacuum condensation and subsequent melting are a easy method
of forming arrays both single-component particles and alloys particles.

Keywords: SEM, TEM, distribution histogram.

Metoau aHami3y €1eKTPOHHO-MIKPOCKOIIYHUX 300paKeHb ISl
aBTOMaTHu3allli MO0y 0BU riCTOrpaM po3MoJILUTy HAHOYACTHHOK 3a

po3MipaMu
A. ly6osas, C. [lykapos, C. [lerpymenko, B. Cyxos

Xapxiscokuti HayionanoHutl yHisepcumem imeni B.H. Kapasina, m. Ceo6o0u 4, 61022, Xapxkie, Yrpaina

VY po6oTi OIHCY€ETHCSI aBTOMATH30BaHa MIPOrpaMHa CHCTeMa aHaji3y eJIeKTPOHHO-MIKPOCKOMIYHUX 300pa)eHb, sika J03BOJISIE
BU3HAYaTH XapaKTepHUH PO3MIp, IUIOLLY 1 JOBKHMHY TPaHHI YacTHHOK, IIO CIIOCTEPIraroThCsi HA EJICKTPOHHO-MIKPOCKOIIYHHX
300pakeHHsIX. BUIINCHHS YaCTWHOK Ha piBHI (OHY 3MIMCHIOETBCS Ha OCHOBI TMOPOTOBOTO KPHUTEPIIO, SKUH Ma€e HEBHUCOKY
00UHCITIOBANIBHY CKIIA/IHICTB, TIPOTE BUSBILSIETHCS IOCTATHBO e()eKTHBHUM TIPH 3aCTOCYBaHHI 110 3a3Buuail KoHTpactHux SEM 1a TEM
300pakeHb. BUKOPHCTAHHS TAKOTO MPOCTOT0 arOpUTMY 3abe3nedye MPONOHOBaHii MPOrpamMHiil cucTeMi BUCOKY IIBHAKICTH poOOTH
1 103BOJIsIE BUKOHYBATH KiNbKICHY 00poOKy TurmoBoro SEM 300paxkenHs nmpotsroM He Oinmbmre 10 cexyna. Po3pobnene nporpamue
3a0e3neyeHHs oKa3ajao BUCOKY epeKTHBHICTh He JIMILE [UIs TPOCTHX 300pakeHb OJIeP)KYBaHUX BiJl 3pa3KiB, yTBOPEHHUX IIJIaBICHHIM
HOJIIKPUCTANIIYHUX TUTIBOK TOBIIMHA SIKMX TEPEBHILyE€ KPUTHYHE 3HAUSHHS, a il JJO3BOJMIIO MPOBECTH KilbKicHy 00podky SEM
300paskeHb 3pa3KiB, CKOHICHCOBAHUX 32 MEXaHI3MOM mapa-piauHa. He3Baxkaroun Ha Te, 110 JJsI TUTIBOK, OJICpP:KaHUX KOH/ICHCAIIIEI0
PEUYOBHHH B NEPEOXOJIODKEHY ab0 TepMOIMHAMIYHO CTa0iIbHY piaKy a3y, BIACTHBI BHCOKI KOS(Ili€HTH 3alOBHEHHS ITiKJIaKH
IUTIBKOIO, SIKI YCKIIQJHIOIOTh BHUIIJICHHSI YaCTOK Ha PiBHI ()OHY i1 iX BiJJIiJIEHHS OJHA BiJl OJHOI, 3alIPOTIOHOBAHMH ITiXiJ] 103BOJISE
YCIHINTHO BUPIMIUTH 3aBJIaHHS KUTbKICHOT 00pOOKH TaKuX 300paskeHb. ATpo0ariist Halroi mporpaMHo1 CHCTEeMH MTPOBeIeHa Ha MPUKIIa Il
OiHapHUX TUTIBOK In-Pb 3MiHHOTO CKITay i TUTIBOK 0JI0BA 3MIHHOI TOBIIMHM, SIKi KOH/ICHCOBaHI Ha aMOp(HI BYTJICIIEB] Ta MOJIIOICHOBI
nigkraakd. OTpuMaHO aHi PO PO3MIpHY 3aeXKHICTh HaHOLIBII HMOBIPHOTO pajiyCcy YaCcTHHOK, SIKi yTBOPIOIOTHCS IIPH IUIABJICHHI
IUTIBOK O0JIOBA, HAMIBUIMPUHM TICTOrpaM PO3MOALTY YaCTHHOK 3a PO3MipaMH 1 HaUIMIIKOBOI €Heprii, ska CTUMYJIOE TepMiuHe
JIUCHePryBaHHsI [UTiBOK. 3aCTOCYBaHHS 3aIIPOIIOHOBAHOTO MIPOTPAMHOT0 3a0e3eyeHHs ls OiHAPHUX CIJIaBiB JO3BOJIMIIO BCTAHOBHUTH
BIUIMB CKJIAJly Ha IIPOLEC TEPMIYHOTO JUCIEPIyBaHHs BaKyyMHHMX KOHJEHCATIB i II0KA3aTH, L0 MOCIiJOBHA BaKyyMHa KOHJICHCALlis i
MOJJaJIbILIE TIJIABJICHHS € 3pYYHUM METOA0M (POPMYBAHHS MACHBIB OAHOPIAHUX YaCTUHOK OIHAPHUX CILIABiB.

Kurouosi croBa: SEM, TEM, ricrorpama posnoniny 3a po3mipamu.

© Dubovaya A., Dukarov S., Petrushenko S., Sukhov V., 2020



A. Dubovaya, S. Dukarov, S. Petrushenko, V. Sukhov

MeToabl aHanmM3a IEKTPOHHO-MUKPOCKOTTUYECKUX N300paXEHUN IS
aBTOMATHU3AI[MU [TOCTPOEHUS THCTOTPAMM PaCIpeaeICHNs] HAHOYACTHUI 10

pasMepam
A. lly6osas, C. Jlykapos, C. Ilerpymenko, B. Cyxos

Xapuvrosckuil nayuonanvuwiil ynueepcumem umeny B.H. Kapasuna, m. Ce0600wb1 4, 61022, Xapvros, Ykpauna

B pabore omuchIBaeTCs aBTOMATU3MPOBAaHHAS CHUCTEMa aHAIW3a JICKTPOHHO-MHUKPOCKONHYECKHX H300paKCHUH,
MO3BOJIIONIAS. ONpENENATh XapaKTepHBIH pasMep, IUIOIagb W JUIMHY TPaHULBl YacTUIl, HAONIONAIOIIMXCS HA SJIEKTPOHHO-
MHUKPOCKOIHYIECKHX H300pakeHNsIX. Brienenue yacTul] Ha ypoBHE ()OHA BHIOJIHAESTCS HA OCHOBE ITOPOTOBOTO KPUTEPHS, KOTOPHIH
HMMEeT HU3KYI0 BBIYHCIHTENBHYIO CIIOXKHOCTh M OKAa3bIBaeTCs NOCTaTodHO 3¢ddextnBHBIM npu mpumenennn k SEM n TEM
n300pakeHusIM.  Vcnon30BaHne HU3KO3aTPATHOTO alropUTMa OOECIeYMBaeT IpeuiaraeMoll IPOrpaMMHON CHCTEME BBICOKYIO
IIPOM3BOJUTENBHOCTh M II03BOJIIET BBIIONHATH 00paboTKy tummuHoro SEM m3o0paxenus 3a Bpems He Ooixee 10 cexyHn.
IpennoxeHHbIi TOIX0A MOKa3al BBICOKYI0 3(Q(EKTHBHOCTh HE TOJBKO JUIS MPOCTHIX M300paKEeHHMil, MOITy4aeMBIX OT 00pasLoB,
00pa30BaHHbBIX IUIABJICHUEM IOJMKPUCTAIMYECKUX IUICHOK, HO M IIO3BOJIMJI BBINOJHHUTH KOJMYECTBEHHYIO 00paboTky SEM
U300paXeHUH IUICHOK, CKOHJEGHCHPOBAHHBIX MO MEXaHU3MY Map-KUIKOCTh. HecMOTpsi Ha TO, 4TO A OOpa3loB IIOIy4aeMBIX
KOHJICHCAIlMeH BEIECTBA B IEPEOXJIAKICHHYIO WIH TEPMOJMHAMHMYCCKH CTAaOMIBHYIO JKUIAKYIO (hasy, XapaKkTepHbI BBICOKHE
K03 (ULIHEHTHI 3aITOJHEHHUS MOJI0KKH TUICHKOH, KOTOPBIE YCIOKHSIOT BBIICJICHUE YACTHI HAa YpOBHE (DOHA M X OTACIICHUE APYT OT
Jpyra, IPUMEHEHHBIH IT0IX0]] MO3BOJISIET YCHENIHO PeIINTh 331ady KOJMYEeCTBEHHONH 00pabOTKM TakuX M300paxkeHHH. Ampodarus
MIPE/UTOKEHHOM MPOrpaMMHOM CHCTEMBI IIPOBE/IcHA Ha IpHMepe OMHApHBIX IUIEHOK In-Pb mepemeHHOro cocraBa M IUICHOK OJIOBa
MIEPEMEHHON TOJIIMHBI, KOHJICHCHPOBAHHBIX Ha MOJIMOACHOBBIE M YIJIEPOAHBIE IOJIOKKH. [loJydeHBI NaHHBIE O pa3MEpHOM
3aBHCHMOCTH HauOoyee BEpOSITHOTO Pajidyca YacTHIl, 00pa3yOIIHXCs MPH IUIaBJICHHU IUICHOK OJIOBA, MOJYIIMPHUHBI THCTOIPaMM
pacrpesieNieHusi 4acTHI[ 110 pa3MepaM M H30BITOYHOH SHEPruM, CTHMYJIHPYIOLICH TepMHYECKOe HUCIICPTHPOBAHUE ILICHOK.
ITpuMeHeHHe MPeIOKEHHOTO MeTo1a UIsi OMHAPHBIX CIUIABOB TTO3BOJIMIIO YCTAHOBUTD BIIMSIHHE COCTAaBA HA MPOLECC TEPMHIECKOTO
JIUCTICPTUPOBAHMS TUICHOK M II0Ka3aTh, YTO MOCJEAOBaTeNbHAs BaKyyMHass KOHJCHCAUMS M MOCIEAYIOLIEe IUIABICHHUE SBILIOTCS

YI0OHEIM MeTO10M (POPMHUPOBAHHS MACCUBOB OJTHOPOIHBIX YaCTUIl OMHAPHBIX CILIABOB.
KuroueBsbie cioBa: SEM, TEM, rucrorpama pacnpesesieHus 1o pazmepam.

Introduction

Electron microscopy is one of the main tools available
to modern researchers. With the help of SEM and TEM
methods it became possible to study process, happened in
biological objects, structural materials,
nanosystems, etc. Electron microscopy has received the
most powerful push recently when the combination of
high-resolution microscopy, allowing observing crystal
lattice, with in sifu technologies brought research to a
fundamentally new level. Using a combination of such
technics, it is possible to establish unique features of the
phenomena occurring in nanosystems, for example, metal-
induced crystallization [1, 2], crystallization of
supercooled melts [3, 4,5, 6 7, 8], solubility [9, 10, 11], etc.

At the same time, the urgent task of modern researchers
remains to analyze the obtained electron microscopic

various

images. Especially it is stay important in studying integral
parameters of a nanostructure pattern, which usually
requires processing a lot of images. The growing interest
of applied researches in arrays of metal particles, which are
considered as a functional element of chemical catalyst,
photocatalytic generators and touch devices [12, 13, 14,
15], contributes not only the developing of new ways of
forming functional nanomassives, but also compels them
to improve methods of their study.

A particles size distribution has the main meaning for a
lot of applied tasks. In particular, frequently it is
necessarily to know the most probable particles’ radius,

full width at half maximum of histograms of their size
distribution and a received particles’ fractality degree.
However, reliable plotting of histograms requires
measuring dimensions of the size of an extremely large
number of particles. According to Sturges rule [16], a
reliable construction of histogram, subdivided only on
seven intervals, can be completed only after receiving more
than one thousand experimental points. For a long time,
such problems were solved with a help of various
approximate and statistical methods, but today the
development of digital technologies allows to automate the
analysis of micrographs.

Despite the availability of many software tools,
designed for digital processing of various images, none of
the available solutions can be called completely
satisfactory. Thus, multifunctional programs designed for
processing “everyday” images are limitedly applicable to
tasks arising for researchers. And special software
packages, usually supplied as additional options by
manufacturers of electron microscopes, do not provide the
necessary flexibility and have a high price, which limits the
possibility of their use. In this regard, the task of
developing a software package that makes it possible to
ensure automation of the process of constructing
histograms from electron microscopic images with
minimal costs is becoming urgent.

Automation methodology of constructing histograms
process
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One of the initial tasks, which arise in the process of
automation of processing electron microscopic images, is
allotment of interested objects on the image. Today a lot of
algorithms for determination of the visually observed
boundaries have been developed, many of which are based
on Canny operator [17]. However, despite of high
efficiency of the such algorithms, they have excessive
computational complexity and in using in real SEM images
do not provide needed efficiency. That is why in solving
our task it was possible to use the simplest threshold
criterion in view of the high contrast of SEM images for
allotment objects from background highlight. Its value is
manually set by the operator before image processing.
Next, pixel-by-pixel passage of the entire electron
microscope image and the division of pixels into two
classes: background pixels and pixels of desired objects -
are realized. Actually, that processing phase converts the
original image with a big deep of color in binary picture.
Despite the algorithm’s simplest character, it lets reliably
and reproducible highlight particles, looked after in island
films. It is such samples that are the main object, the study
of which is supposed to be performed using the proposed
software package. Single background’s pixels, brightness
of which because of random effects can lead to their
belonging to information objects, they will be pearl off on
the last algorithm’s stage easily by the setting up of
minimum area threshold, starting from which the object
will be pearl off to physical particles. Usually it’s enough
to set up the threshold on the level of 5-10 pixels.
Practically, that can help to pearl off the effect of digital
noise even on very noisy images.

The next step of the proposed algorithm assumes to
assign each of the particles, that have been found on the
previous stage, its unique color, which let to work with
each one independently. It gives an opportunity to code
more than 16 million unique particles, that is more than
enough for images, encountered in practice, by using RGB
space. For solving the task, it was turned out to be
convenient to use the standard pouring function, available
in most popular integrated development environment. At
this step, pouring is applied to each previously identified
particle during pixel-by-pixel image pass, which assigns all
pixel population, being in contact, unique significance of
color, that is further used as particle’s identifying index.
From this point on, we can abandon to work with image
and for computing optimization go to work with two-
dimensional array of the appropriate type.

The next image’s processing stages are defined to
determine particle’s size and can be completed with a help
of various technics, one of each is fraught with a number
of difficulties. So, a series of consecutive passes of the all
two-dimension array, with the goal to count the number of
pixels, belonging to each of the particle, excessive

computational cost. It turned out to be the most rational to
measure the size of all particles within a single image pass.
For this was use one-dimension array integer type, and
color, previously assigned to particle, was as an index
array’s element. Despite the large size of the arrays,
especially in noisy images, leading to high memory
consumption, it allowed providing full SEM image’s
processing in size of 1500-by-1500 pixels during 5 seconds
using slow computer.

Along with a particle area proposed program system let
to determine length of their boundaries independently.
Final version’s screenshot of the program system, letting to
determine length and square of the boundary each of the
particles, found on the image automatically, is submitted
on the fig.1. Received values (particles’ square, length of
their boundaries and coordinates of conditional centers) are
saved in text files and they can be processed by off-site
programs for solving specific scientific tasks hereinafter.

Fig. 1. Screenshot of the working window of the program
designed for automatic image analysis

Testing of the developed system
Films of fusible metals and alloys, condense’

vacuum on different substrates (molybdenum
amorphous carbon) were chosen for testing offered
program complex. Samples were prepared in the
conditions of a high vacuum, created with oil free pumping
out system. After that, the films, deposited by the vapor-
crystal condensation mechanism, were exposed to short-
term heating, provided their melting. A detailed analysis
scientific results, received during studying films Sn/C and
(In-Pb)/Mo, is given in [18, 19]. It is appropriate to stop
only on the separated aspects of digital processing electron-
microscopic images. SEM image of self-organized
structures formed after melting of polycrystalline films is
shown on the fig.2. It’s clear that, as it was expected after
work’s results [18, 19, 20], the films, after melting on the
poorly wettable substrate, are consisted of disparate
spherical particles.
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Fig. 2. SEM image of self-organized structures formed after
melting of polycrystalline films

Visually work results of the offered program are
illustrated on the fig. 3, on which SEM image are presented
after carrying out color uniqueness particles. The realized
digital processing system turns out to be efficient not only
for rather simple island films with a low coverage (Fig. 3a),
but also for a more complex image, which is characterized
by high coverage and a small distance between particles
(Fig. 3b, ).

Results of quantitative processing images are presented
on the fig.4, on which particle size distribution histograms
are shown, occurring during forming island films. As we
see, system particles’ (N) quantity, radius of which (R) gets
into the selected histogram step (AR), increases quickly
with reducing R in such systems.

But, despite increasing particles number of a small
radius, substance volume, which is concentrated in them,
can be insignificant. In this time, not an absolute number
particles value, getting into one or the other histogram step,

SEM HV: 10.0 KV
View field: 330 pm
SEM MAG: 1.26 kx

WD: 15.17 mm
Det: SE
Date(midly): 11/17/17

VEGA3 TESCAN

100 pm

Performance in nanospace

SEM HV: 30.0 kV WD: 8.95 mm VEGA3 TESCAN

View field: 55.0 pm Det: SE 10 pm

SEM MAG: 7.55 kx Date(mi/d/y): 01/03/18 Karazin National University

SEM HV: 30.0 kV WD: 9.62 mm
View field: 55.0 ym Det: SE
SEM MAG: 7.55 kx Date(m/dly): 12/11/17

Fig. 3. Processed SEM images of Sn/C films obtained by
melting films condensed by the vapor-crystal mechanism (a,
b) and directly deposited into the liquid phase (c).

VEGA3 TESCAN|

10 pm

Performance in nanospace

but sample’s mass distribution over the particles of various
sizes has a great importance for many practical apps and
for describing integral properties of the islands structures.
Therefore, to construct histograms in [18, 19] the value
W= 4 zN (R)R®
3 AAR
N(R) is the number of particles, the radius of which falls
into the selected step of constructing the histogram AR; 4
is the area of the image, from which the histogram
calculation was carried out. The W value keeps
information about substance amount, that is concentrated
in particles, getting into chosen histogram step.
Numerically W is equal to that film thickness, which would

is plotted along the vertical axis. Here
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turn out if all substance, concentrated in particles, that get
in size AR interval, was evenly distributed over the
substrate with the area A.

N
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Fig. 4. Dependence of the number of particles falling into the
step of the histogram on their average radius

Histograms’  example, received  with  that
normalization, is shown on the fig. 5. As we see, such
particle size distribution for samples, obtained by melting
initially continuous polycrystalline films, is single-mode
and has normal character. Size and concentration effects
were studied in films Sn/C u (In-Pb)/Mo by analyzing of
normalized in a such way histograms [18, 19]. Particularly,

w

15

T T T T T T T
0 1 2 3 4 5 7, um

Fig. 5. Dependence of relative extension from temperature

in [18] size dependence of the most probable radius and,
full width at half maximum of histograms was built. It is
shown that the ratio of these quantities does not depend on
the film thickness. Size dependence of excess energy
received in work [18], that gets out of during thermal
dispersion of the sample, shows that for films, thickness of
which is less than critical, that value fast aims to zero. This
indicates that rather thin samples form island and actually
equilibrium structure in condensation process. Study of the
concentration dependence of de-wetting parameters,
performed in [19], showed that full width at half maximum
of histograms and the most probable particle radius, come
into being during dispersion of binary films In-Pb, received

by consistent condensation, had for alloys, having from 20
to 80 mass %Pb, permanent value.

Conclusion

A system of automatic digital processing of electron-
microscopic images was developed and tested, getting an
opportunity to determine area and length of the boundary
each of the particle independently. Processing of typical
electron-microscopic image takes about 5 seconds. It lets
to process large amount of data, needed for studying
statistic regularities of forming structures, appeared in
high-dispersed samples. Proposed software approach was
tested on the number of systems and it let to set important
features of self-organization process, which lead to
forming ordered structure during annealing of condensed
films.
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The problem of the influence of extreme external influences (high pressure, sharp temperature drops, structural relaxation, and
strong magnetic fields) on various mechanisms of electric transport of HTSC compounds Re:1Ba2CusO7-s (Re = Y or another rare-earth
ion) and dichalcogenides of transition metals are considered. The features of the crystal structure and the effect of structural defects of
various morphologies on the electrical conductivity of these compounds in the normal, pseudogap, and superconducting states are
discussed. A review of the experimental data obtained in the study of the effect of high hydrostatic pressure and other extreme effects
on various mechanisms of electric transport of Re1Ba2CusO7-s compounds of various compositions and transition metal dichalcogenides
of various technological backgrounds is carried out. Various theoretical models devoted to the effect of high pressure on the electrical
conductivity of HTSC compounds of the 1-2-3 system and transition metal dichalcogenides are discussed, and a comprehensive
comparative analysis of their magnetoresistive characteristics under extreme external influences is performed. In particular, it was
shown, that the relatively weak effect of pressure on the Tc value of optimally doped samples can be explained within the framework
of a model assuming the presence of a VVan Hove singularity in the spectrum of charge carriers which is characteristic of strongly
coupled lattices. This is confirmed by the observation similar features of the behavior of the baric derivatives dT</dP depending on the
change composition in NbSez single crystals, which also belong to systems of two-dimensional lattices and have a similar anisotropy
parameter. Nevertheless, it is still possible to formulate a number of questions that have not yet found a final experimental and
theoretical solution. Namely, what is the role of the crystal lattice and structural defects and, in particular, twinning planes? What is
the reason for the broadening of the resistive transitions of HTSC compounds into the superconducting state under pressure, and what
is the relationship between this broadening and charge transfer and the nature of the redistribution of the vacancy subsystem? What is
the role of phase separation in the implementation of different modes of longitudinal and transverse transport? Obviously, more
research, both experimental and theoretical, is needed to answer these questions.

Keywords: High-temperature superconductivity (HTSC), external influences, mechanisms of electric transport.

CTpyKTypHIi Ta €JIEKTPOPE3UCTUBHI BJIACTUBOCTI IAPYBaTUX CHOJYK Ha
ocHoBi 1-2-3 BTHII cuctemu Ta AMXaJKOTeH1I1B IEPEX1THUX METAIIIB TIPH
€KCTpEeMaIbHUX 30BHIIIHIX BILJIUBAaX

(ormsin)
A.JL. Conogiio'?, M.P. BoBk??®

1 @isuxo-mexuiyHuil incmumym Husbkux memnepamyp im. b.1. Bepxina HAH Ykpainu, np. Hayku 47, Xapkis, 61103, Yxpaina
2 Xapxiscoruil nayionanohu ynisepcumem imeni B.H. Kapaszina, m. Ceéo600u 4, 61022, Xapxis, Yxpaina
3 IFIMUP, Departamento de Fisica, Universidade de Porto, 4169-007 Porto, Portugal.

PosrisiHyTO mpo0iieMy BIUIMBY CKCTPEMaJbHHX 30BHIIIHIX (akTopiB (BHCOKOTO THCKY, CTPHOKOMOAIOHOrO 3MiHK
TeMIepaTypH, CTPYKTYpHOI peliakcariii i BHCOKMX MAarHiTHHX MOJIB) Ha pi3Hi MexaHi3mu enekrporpancrnopty BTHII chomyk
Re1Ba2CusO7s (Re = Y abo iHmmil pigko3eMenbHi i0H) i AiXaJbKOrEHiiB IepexiqHux MeraniB. OOroBOPIOIOTHCS OCOOIMBOCTI
KPHUCTAIYHOI CTPYKTYPH Ta BIUIMBY CTPYKTYPHHX Ae(eKTiB pi3HOT MOpdOIIOTii Ha eIeKTPONPOBIAHICTS UX CIOIYK B HOPMaJIbHOMY,
NICEBJOIIIIHHOMY, 1 HaANpOBiHOMY cTaHax. [IpoBeeHO O] eKCHepUMEHTAIBHUX JJAHUX, OTPUMAHUX MPH JOCHTIIKEHHSX BIUIUBY
BHCOKOT'0 TJPOCTaTHYHOrO THCKY 1 IHIINX EKCTPEMalbHUX BIUTMBIB Ha Pi3HI MEXaHi3MH eJIeKTPOTpaHciopTy 3'exHanb Re1Ba:Cusz07-s
Pi3HOTrO CKJIady i AiXalbKOTeHIIB MepeXiJHUX METaliB Pi3HOI TeXHOJIOTr YHOT nepeaicTopii. OOroBOpIOIOTHCS Pi3Hi TEOPETHYHI MOAEI
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MIPUCBSYCHI MUTAHHIO BIUIMBY BUCOKOTO THUCKY Ha eiektporposianicts BTHII crionyk cuctemu 1-2-3 i AixanbKOreHiIiB MepexiTHux
METaJiB, a TAKOXK MPOBEICHO KOMIUIEKCHUH MOPIBHAIbHUIT aHAIII3 X MarHITOPE3UCTHBHUX XapaKTEPHCTUK B YMOBAX €KCTPEMabHUX
30BHIIIHIX (akTopiB. 30KpeMa, OyIo MOKa3aHo, 110 BiTHOCHO CIa0KHii BIUIMB TUCKY Ha 3Ha4YeHHs TC ONTUMANbHO JIErOBaHHX 3pa3KiB
MOXHa HOSICHUTH B paMKax MOJIell, o nepenbadae HassBHICTh CHHTYJIIpHOCTI Ban XoBa B criekTpi HOCIiB 3apsiy, 0 XapaKTepHO
JUTSL CHITBHO TIOB'SI3aHUX penriTok. e miaTBeppKy€eThest CHOCTEpEKeHHIM IOAIOHIX 0COOJIMBOCTEH TIOBEIHKH OapUIECKUX MOXITHUX
dTc /dP B 3anexHOCTI BiJ 3MiHHU CKJIa[y B MOHOKpHUCcTaiax NbSez, ki TaK0XK BiTHOCATHCS [0 CHCTEM ABOBUMIPHHX PELIITOK i MAIOTh
aHanorivHuil mapametp asizorpomii. [Ipore, Bce me MokHa copMyIOBaTH psAJX NHTaHb, SKI 1€ HEe 3HAWIIIM OCTaTOYHOTO
EKCIEPHUMEHTAIBHOTO 1 TEOPETUYHOTO PIIEHHS. A came, SIKa POJIb KPUCTATIYHOI PEUIITKHY 1 CTPYKTYpHHX Ae(EKTiB i, 30KpeMa, IIIOMUH
NBIHUKYBaHHA? Y 4OMY NpUYMHA PO3IIUPEHHS pe3ucTUBHUX nepexonis BTHII-3'enHans B HaANpOBiAHUI CTaH MiJ TUCKOM 1 SIKUMA
3B'I30K MK IIUM PO3LIMPEHHIM, IIEPEHECEHHIM 3apaay 1 XapaKTepoM Mepepo3noAiTy BakaHCIHHUX miacucteMu? Ska poib (pa3oBoro
po3niieHHs B peaiizamii pi3HUX BHIIB MO3OBXXHBOTO 1 MOINEpeyHOro mepeHocy? OYeBUAHO, IO IS BIANOBiAI HA I MUTaHHS
HEOOXIiIHI JIONATKOBI JIOCTIKEHHSI, IK CKCIICPUMEHTAITBHI, TaK 1 TCOPETHYHI.

KnrouoBi caoBa: BucokoremmneparypHa Haamposigicts (BTHID),
CJICKTPOTPAHCIIOPTY.

BIUIMB 30BHIMIHIX (aKkTopiB, MeXaHI3MH

CTpyKTypHBIE U 3JIEKTPOPE3UCTUBHBIE CBOMCTBA CIOUCTHIX COCAUHEHUN
Ha ocHOBe 1-2-3 BTCII cucteM 1 IUXalKOTCHUIOB ITEPEXOTHBIX
METAJIJIOB MIPU SKCTPEMAIbHBIX BHEITHUX BO3/ICMCTBUSIX
(0030p)

AJL Conoswérl?, H.P. BoBk??®
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PaccmoTpena npobnema BIHSHIS SKCTpEMaIbHBIX BHEITHUX BO3/IHCTBHI (BEICOKOTO JABIEHHS, CKATKOOOPa3HOTO N3MEHEHHS
TeMIIepaTyphl, CTPYKTYpPHOH pelaKkcallid M BBICOKMX MAarHMTHBIX MOJIEH) Ha pa3IMYHBbIE MEXaHH3MBI 3nekTpoTpancnopta BTCII
coenuaennit Re1Ba2CusOr-s (Re=Y wmin npyroit penko3eMenbHBIA HOH) M IUXaIbKOT€HH0B epeXoIHbIX MeTamioB. O6cyskaaroTcs
0COOCHHOCTH KPHCTANIMIECKOH CTPYKTYpHI M BIMSHUS CTPYKTYPHBIX Ie(PEKTOB pa3IMIHON MOP(OIOTHN HA IEKTPOHPOBOIHOCTD
3TUX COCAMHEHHH B HOPMAJIbHOM, [ICEBIOLIEIEBOM,  CBEPXIIPOBOIIIIEM COCTOSIHUH. [IpoBesieH 0030p IKCIepUMEHTAIBHBIX JaHHbIX,
MOJTYYSHHBIX NPH HMCCICIOBAHUAX BIUSHUS BBICOKOTO THIPOCTATHYECKOTO IABIEHUS W JIPYTHX IKCTPEMAalbHBIX BO3IEHCTBHII Ha
pa3iInyYHbIe MEXaHM3Mbl 3JIeKTpoTpaHcrnopra coeanHeHnid ReiBa:CusOr-s pasHoro cocraBa M JUXaIbKOTEHHIOB II€PEXOJIHBIX
METAJUIOB PA3INYHOI TEXHOJOTHYECKOU mpeabicTopur. OOCYKIAIOTCS Pa3InYHbIE TEOPETHUECKUE MOJAEIH MOCBSIIEHHBIE BOIIPOCY
BIMSHUS BBICOKOTO JaBJlieHWs Ha anekTporpoBoauMocts BTCII coexnHenuit cucteMsl 1-2-3 M U AMXaJbKOT€HUIIOB TEPEXOIHBIX
METAJUIOB, a TaKKe IPOBECH KOMIUIEKCHBIM CPaBHUTENBHBI aHAIN3 WX MarHUTOPE3HUCTHBHBIX XAapaKTEPHCTUK B YCIOBHIX
9KCTPEMANBHBIX BHENIHUX BO3JAEHCTBUHA. B wacTHOCTH, OBITO MOKA3aHO, 9TO OTHOCHTEIBHO cilaboe BIMSIHUE JaBICHHS HA 3HAUCHHE
Tc oNTHMAaIBEHO JTETUPOBAHHBIX 00PA3IIOB MOJKHO OOBSICHITE B PaMKaX MOJIEIIH, TIPE/IIOAraloIel HalliIre CHHTyIspHOCTH Ban XoBa
B CIIEKTpEe HOCHTENeH 3apsijia, YTO XapaKTePHO IS CHJIBHO CBSI3aHHBIX PELIETOK. DTO MOATBEP)KAAETCS HAOIIONCHHUEM CXOXHX
ocoOeHHOCTelH moBeneHus Gapuueckux mpousBoaHbIX dTc/dP B 3aBUCHMOCTH OT M3MEHEHHs COCTaBa B MOHOKpucTamiax NbSesz,
KOTOpBIE TAK)KE OTHOCSATCS K CUCTEMaM JBYMEPHBIX PEIICTOK M MMEIOT aHAIOTHYHBIH IapaMeTp aHM30Tponuu. TeM He MeHee, BeE enié
MOYKHO C(OPMYIIUPOBATH PsiJi BOIPOCOB, KOTOPBIE €1lle He HAIIUTH OKOHYATEIFHOTO KCIIEPUMEHTAIBHOTO U TEOPETUUECKOT0 PEIICHUSL.
A MIMEHHO, KaKOBa POJIb KPUCTAIUTMUECKON PEIIETKH U CTPYKTYPHBIX Je()eKTOB U, B YaCTHOCTH, INIOCKOCTEeH ABOWHHUKOBaHMA? B 1em
MIPUYUHA YIIHPEHHs. pe3nCTUBHEIX nepexooB BTCII-coequHeHNMi B CBEPXIIPOBOASIIEE COCTOSHHE MO/ JTABJICHHEM U KaKoBa CBS3b
MEXK/Ty 9THM YIIUPEHUEM, IEPEHOCOM 3apsiia ¥ XapaKTepoM IiepepacipeieeHus BaKaHCHOHHOM rmojicucteMbl? KakoBa pons a3oBoro
pa3lieNieHus B pealn3aluy pa3INdHbIX BHJOB IPOJOJIBHOTO U MOMepedHoro nepeHoca? O4eBUIHO, YTO AT OTBETA Ha STH BOIPOCH
H606X0111/IM]>I JOTIOJHHUTEIIbHBIC UCCIICIOBAHMA, KaK OKCIIEPUMEHTAJIIBHBIC, TaAK U TCOPETUUYCCKUC.

KiroueBble cioBa: BricokoremnepatypHas cBepxmpoBoaumocTs (BTCII), BnusiHMe BHEIIHUX BO3AEHCTBUIl, MeXaHH3MbI
NIEKTPOTPAHCIIOPTA.

Introduction

Anisotropic  quasi-two-dimensional conducting
compounds represent a large class of solids with unique
physical properties. These compounds include transition
metal dichalcogenides (TMDs) [1] and high-temperature
superconductors (HTSCs or cuprates) [2,3 and references
there in], the best-known representatives of which are
layered single crystals of the 1-2-3 system - REBa,Cuz0Ox.
s (RE =Y or another rare-earth ion) and NbSe,. It should
be noted that a new surge of interest in the study of layered
crystals arose precisely after the discovery in 1986 of high-

temperature superconductivity in nonstoichiometric oxides
with pronounced anisotropy of physical characteristics, the
main structural unit of which are the CuO; planes separated
by atoms of rare-earth and other elements, depending on
specific composition [2]. Revealing similar physical
characteristics and distinctive features between low-
temperature and high-temperature  superconductors
associated with the crystal structure and the mechanism of
superconductivity is an urgent problem in solid-state
physics.

56 BicHuk XHY imeHi B.H. KapasiHa, cepia «®isukar, sun.33, 2020



A.L. Solovyov, N.R. Vovk

According to the modern concepts, the main difficulty
lies in understanding the unusual properties of HTSC
compounds in the normal (non-superconducting) state [4-
7]. In the absence of a microscopic theory of high-
temperature superconductivity, experimental methods are
of particular importance, which make it possible to reveal
the physical parameters that most significantly affect the
critical characteristics of HTSC compounds [8]. This, in
turn, makes it possible not only to check the numerous
theoretical models that exist at this time but also to
determine empirical ways to increase the conducting
characteristics of HTSCs. Studies of the metallic state of
matter under extreme conditions are of great importance
for solid-state physics. These methods include the use of
high pressures [9,10], low temperatures [8] and high
magnetic  fields [11,12]. Such experiments can
significantly expand the understanding of physical
phenomena occurring in two subsystems: a crystal lattice
and an ensemble of valence electrons, and also make it
possible to find out how various electrical and
superconducting properties of solids change. An important
role in this case is played by varying the composition of the
compounds under study, including the complete or partial
replacement of components by their isoelectronic analogs.
For example, in samples of the 1-2-3 HTSC system that are
nonstoichiometric in oxygen composition, a rare-earth ion
can serve as a sensor sensitive to the local symmetry of its
environment and the distribution of the charge density,
since its change affects the crystal field, which forms the
electronic structure of such an ion.

Of particular interest, in this aspect, are studies of the
effect of high pressures [9,10] (and references there in) on
the physical properties of layered conducting compounds
based on the above-mentioned transition metal
dichalcogenides (TMD) [1] and HTSCs [2,3]. These
compounds are currently receiving widespread attention
due to a number of their exceptional properties. These
include, first of all, the strong anisotropy of mechanical and
electronic characteristics [13], due to the specificity of the
crystal structure. Due to their anisotropy, such crystals
offer the opportunity to study the most exciting effects of
solid-state physics in their two-dimensional or nearly two-
dimensional manifestation [14]. It should also be noted that
the anisotropy of layered compounds can be significantly
enhanced by the introduction of foreign atoms or molecules
into the interlayer space (intercalation process) [15], which
significantly expands the range of issues under study.

For instance, the ability of transition metal
dichalcogenides to intercalate is associated with hopes for
the realization of high-temperature superconductivity in
sandwich-type structures with an exciton mechanism
proposed by Ginzburg [16]. Besides, in dichalcogenides of
transition metals, the coexistence of a structural transition

to the state of a charge density wave [CDW] [12] and a
superconducting transition is observed, which is the
subject of intensive theoretical and experimental studies.

Despite the significant progress achieved to date in
understanding the mechanisms of the influence of the
structural composition and high pressure on the electrical
transport characteristics of the above-mentioned layered
conductors, a number of issues in this area still remain
completely unclear. These issues include the effect of
pressure on the metal-insulator transition and the
pseudogap state, charge transfer and the nature of the
redistribution of the wvacancy oxygen subsystem,
broadening of the resistive transition to the normal state,
and some others. Taking into account the above, in this
review, we study each of the listed issues and analyze the
results obtained, taking into account the generalization of
the authors’ works, as well as the experimental and
theoretical material accumulated in the literature. We also
attempted to briefly analyze the current state of the
available theoretical and experimental results devoted to
this problem and also highlight the main issues that have
not found their theoretical and experimental solution.

1. Features of the unit cell and structural defects of
HTSC compounds YBa2CuzO7-5
1.1. Crystal structure. The structure and properties of
YBa,CuzO7.5 are directly related to the oxygen index (7-
), which characterizes the content of oxygen vacancies. It
was established by X-ray and neutron diffraction [17] that
within the limits of the oxygen stoichiometry of

YBa,Cu3zOy7.s there are two phases [18,19]. Fig. 1 shows the
unit cells for compositions with the minimum and
maximum oxygen content (6 = 1 and & = 0). The unit cell
of YBa;Cus07 is rhombic (Pmmm), and the unit cell of
YBa,CusOs is tetragonal (P4 / mmm).

Fig. 1. The crystal lattice of the YBa2Cu307-8 compound,
according to [17].
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In both cases, the structure is a derivative of the
perovskite structure with the period c tripled due to the
ordering of the cations according to the Ba-Y-Ba type.
Two-thirds of the copper atoms (Cu (2)) are in tetragonal
pyramidal coordination (4 + 1) of oxygen atoms, the latter
being displaced from the basal plane of the pyramids by
approximately 0.3 A along the ¢ axis. One-third of copper
atoms (Cu (1)) are located in the basal planes and have
variable coordination for oxygen. In the YBa»CusO- (Fig.
1a) structure (the Cu (1) coordination number is 4), linear
chains can be distinguished, formed by flat Cu (1) O4
squares elongated along the b axis. In the case of
YBa;CuszOs (Fig. 16), oxygen atoms are entirely absent in
the basal planes, and Cu (1) atoms have an oxygen
coordination number equal to two. Thus, the occupancy of
oxygen positions in the basal planes determines the oxygen
nonstoichiometry of YBa,CusO7.5 [18,19].

1.2. Structural defects in the compounds of the 1-2-
3 system. In pure YBayCu3zOy.5 single crystals, depending
on the oxygen deficiency and the synthesis technology, the
following structural defects are observed: point defects
such as oxygen vacancies that form in the CuO- planes,
planar defects of the (001) type, twin boundaries,
dislocations, and the so-called 2v2x2 2 structures [20]
observed at oxygen deficiency 6 = 6.8 - 6.9.

Plane defects are twinning planes, which are formed
during the "tetra-ortho" transition and minimize the elastic
energy of the crystal. Twin boundaries are planes with a
tetragonal structure as a result of the presence of layers
containing oxygen vacancies located along the twin
boundary [20, 21]. Electron microscopic studies have
shown [18,19,21] that at the initial stage of the tetra-ortho
transition, domain nuclei are formed, in which two families
of coherent interfaces (110) and (110) are formed. This
may be the reason for the formation of a "tweed" type
structure when close micro twins overlap. The period of
such a structure depends on the oxygen content and can be
stimulated by doping with a trivalent metal, in particular,
aluminium [21, 22]. At the initial stage of the formation of
microdomains, the formation of twin boundaries (TBs)
occurs through the process of diffusion of structural
vacancies in the CuO; layers. TB propagation occurs due
to the movement of stress-controlled twin dislocations.

Linear defects (dislocations) are more likely to be
characteristic of epitaxial films and textured samples. The
source of this type of defects can be misfit dislocations
generated by the film-substrate interface in film samples,
and misfit dislocations generated at the YBa,Cu3zO7.5 and
YBa;CusOs interface in textured fused samples. The
dislocation density in films can reach values of about 1.4
108 /em? [23].

A high dislocation density in YBaxCusO7.s single
crystals can be obtained during crystal growth in the course

of the peritectic reaction [24], which is probably due to the
presence of small inclusions of the YBa,Cu3Os phase. In
crystals grown by the solution-melt method, the dislocation
density is about 5 10%/cm? [25]. Note that the dislocation
density can be increased by thermomechanical processing
of materials [26].

Point defects (oxygen vacancies) are present in all
YBa,CuzO7.s samples, which is associated with the
nonstoichiometric oxygen content. In this case, the filling
factor is close to unity for all oxygen positions, with the
exception of CuO (1) (refer to Fig. 1). Depending on the
oxygen content, the formation of superstructures is
possible with a periodic distribution of oxygen vacancies.
The density of oxygen vacancies is relatively high, and at
8 =0.03 it is about 102® /m3,

There are also reports in the literature on a systematic
copper deficit in the CuO; planes, which can reach values
of 0.09 in compounds [27]. Point defects can also be
produced by alloying. As a rule, alloying elements (except
for rare earth elements and Sr) are incorporated into the Cu
(1) position [28]. lons of rare earth elements and K replace
yttrium atoms, and Sr is incorporated into the positions of
Ba atoms.

Additional defects can be created by irradiation
[29,30]. Depending on the type of particles and their
energy, both point and linear defects (tracks of heavy
particles with high energy) can be created [31].

1.3. Influence of structural defects on
electroresistive properties. The transport properties of
HTSC materials substantially depend on the defectiveness
of the structure and, in particular, on the oxygen content
[32] and impurities [33, 34]. The specific electrical
resistivity of YBa>CusOyr.s single crystals with an oxygen
content close to stoichiometric (3 ~ 0) at room temperature
iS pab = 200 uOhm. ¢m in the ab - plane and. pc = 10 mQ.
cm along the ¢ axis [35]. In perfect single crystals, the
electrical ~conductivity is quasi-metallic in all
crystallographic directions [35-37]. However, even an
insignificant deviation from stoichiometry, 8 < 0.1, leads
to a quasi-semiconductor dependence p¢(7), while
maintaining the quasi-metallic character of the pan(7)
dependence. A further decrease in the oxygen content leads
to a decrease in the density of charge carriers, thermal and
electrical conductivity of the superconductor YBa,CuzO7.
s, and with an oxygen deficit of & > 0.6, a metal-insulator
transition is observed [37]. Doping YBa,CusO7.s single
crystals with metal elements, except for the cases specified
above, leads to the substitution of copper atoms in the
CuO; planes. At the same time, data on the degree of
influence of such a replacement are largely contradictory.
For example, in [38], it is reported that, according to the
data of different authors, the growth of pa in
YBa,Cus.;Al,O7 crystals at z = 0.1 can be less than 10%,
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or can double at the same Al concentration. The reason for
this discrepancy is probably the inhomogeneous
distribution of Al over the volume of the crystals since
when single crystals are grown in corundum crucibles, the
introduction of Al occurs in an uncontrolled manner. In
particular, broad transitions to the superconducting state
AT, = 2 K indicate an inhomogeneous distribution of Al.
There is also a significant scatter in the parameters of the
superconducting state. Doping of YBa,Cu3O7.; with the
substitution of rare-earth ions for yttrium practically does
not change the transport characteristics of the normal and
superconducting states [31, 36]. The exception is the
replacement of yttrium atoms with praseodymium. In the
concentration range y < 0.05, the charge carrier
concentration and pa in  the YiyPryBa,CusOq7.s
superconductor weakly depend on the Pr concentration
[39]. Aty = 0.5, a sharp decrease in the concentration of
charge carriers is observed, and at y > 0.5, the dependence
p(T) is observed, which is characteristic of semiconductors
[39, 40].

As already noted, YBaCuzO7-s single crystals have
plane defects - twin boundaries. The influence of these
defects on the transport properties in the normal state was
studied in [41], in which it was shown that twins are
effective scattering centers of charge carriers. According to
[41], the mean free path of electrons in single crystals is
estimated to be 0.1 um, which is an order of magnitude less
than the intertwining distance. Therefore, the maximum
increase in electrical resistance due to scattering can be
10%. A similar increase in resistance was observed when
the current flowed across the TBs, compared with the
resistance when the current flowed, along with the TBs
[42].

1.4. Paraconductivity and the Aslamazov-Larkin
theory. As is known from the literature [43], below a
particular characteristic temperature T*, the temperature
dependences of the electrical resistivity in the basal plane
pa(T) of HTSC compounds deviate down from linear
behavior in the normal state above T*. This is due to the
appearance of excess conductivity 4o, the temperature
dependence of which is given by the formula:

Aoc=0-0y, (1)

where co=po'=(A+BT)™ is the conductivity determined
by interpolation of the linear section observed in the high-
temperature measurement region to the zero-temperature
value, and c=p~' is the experimentally measured value of
conductivity at T <T *. It is known that near T, the excess
conductivity is most likely due to the processes of
fluctuation pairing of charge carriers and can be described
by the power dependence obtained in the theoretical

Lawrence-Doniach model [43], which assumes the
presence of a very smooth crossover from two-dimensional
to three-dimensional fluctuation conductivity with
decreasing temperature:

2
_ e 1 1 -1/2
Aa-LGhd}g L) @)

where e=(T-T™)/T™; is the reduced temperature.
Accordingly, T™. is the critical temperature in the mean-
field approximation; J=(2&.(0)/d)? is the constant of
interplanar pairing; & is the coherence length along the ¢
axis and d is the thickness of the two-dimensional layer. In
HTSCs two limiting situations are possible. Near T., where
&->>d, the interaction between fluctuation Cooper pairs is
realized in the entire volume of the superconductor, which
corresponds to the three-dimensional (3D) case. Far above
Tc, where &.<<d, interaction is possible only in the
conducting CuQO; planes, thus forming 2D fluctuation
conductivity. Consequently, in both limiting cases
expression (2) is transformed into the well-known relations
for the two-dimensional and three-dimensional cases of the
Aslamazov-Larkin (AL) theory [45]:

2

A = 71! 3
O2p 164d 2 (3)

2
€ —1/2

A =————¢g 7 4

O3p 321, (0) 4)

In the case of comparison with experimental data, it is
crucial to accurately determine the value of T™%, which
significantly affects the slope of the dependences Ac(g).
Usually, when compared with experimental data, &:(0) and
T™ in equations (2-4) are adjustable parameters [46],
while d=11.7 A is the size of the YBCO unit cell along the
c axis [28]. However, when using such a technique, as a
rule, there are significant quantitative discrepancies
between theory and experiment. This, in turn, necessitates
the use of a scaling factor, the so-called C-factor, as an
additional adjustable parameter, which makes it possible to
combine experimental data with calculated ones and, thus,
take into account the possible inhomogeneity of the
spreading of the transport current for each specific sample
[47].

An important question is also to what temperature the
dependence 40(7) can be described within the framework
of the fluctuation theory, since, according to modern
concepts, the excess conductivity at temperatures
sufficiently far from the critical temperature T >> T is a
consequence of the manifestation of the so-called
"pseudogap anomaly". Earlier it was experimentally found
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[36,46] that with a sufficiently large increase in
temperature above T, the fluctuation conductivity
decreases faster than theory predicts. It was assumed that
the reason for this lies in the underestimation of the
contribution of short-wave fluctuations of the order
parameter, while it increases with increasing temperature.
In the works of Varlamov et al. [48, 49], a microscopic
calculation of 46(T) was carried out, taking into account all
components of the order parameter. The comparison of
experimental data with theory [48, 49] was carried out, in
particular, in [3,50]. In this case, a good agreement with the
theory was obtained up to temperatures near T = 1.35 T..
With a further increase in temperature, it turned out again
that 40(7) decrease faster than it follows from the theory
[48, 49]. Apparently, it is in this temperature range that a
transition to the pseudogap regime occurs [3,50], which we
will consider in more detail in the next section.

2. Phase diagram and the influence of extreme
external influences on the phase state of HTSC
compounds.

2.1. Features of the generalized HTSC phase
diagram. In the parent state all HTSCs are Mott insulators
with a long-range antiferromagnetic (AF) order (Fig. 2).
When holes appear in HTSC upon doping, the long-range
AF order quickly disappears and superconductivity
emerges. The T. (x) dependence in HTSC shows that
superconductivity begins above a certain critical
concentration x1, where x is the concentration of charge
carriers nr. For nr above x;, T¢ increases until the optimal
concentration Xop reaches and decreases with a further
increase in x (Fig. 2). For nr below X, there are two
characteristic temperatures, namely the pseudogap (PG)
opening temperature T * and T.. At T.<T<T¥*, a phase of
incoherent pairs (so-called local pairs (LPs)) sets in, but
only at T=T. does phase coherence arise and the system
goes over into a superconducting state. The existence of

Non-Fermi liquid

... f*
| Pseudogap
state
fl L
v Superconducting
phase
;;F Xi let X Nax X

Fig. 2. HTSC phase diagram.

these two characteristic temperatures reflects various
phenomena associated with strong electronic interactions.

As can be seen from Fig. 2, which shows the
generalized phase diagram of HTSC in coordinates 7(x) (T
is the temperature, x is the concentration of charge carriers,
which are holes in cuprates of the YBCO type), there are at
least four distinct regions in which the physical properties
of HTSC:s differ dramatically. At low concentrations x, the
system is in the dielectric antiferromagnetic (AF) state, and
the localization of spins and charge carriers is observed.
The superconducting (SC) region, the so-called SC - dome,
is located between two threshold concentrations: x; and
Xmax. Above the SC - dome, there are two more distinct
areas, conventionally separated by the line 7*(x). Above
this line is the so-called normal state area. According to the
theoretical NAFL model [51], this region is characterized
by a stable scattering intensity of normal carriers, which is
a reliable sign of the normal state of the system. Below the
T*(x) line there is a region of the PG state. At-present,
literary sources actively discuss two main scenarios for the
appearance of a PG anomaly in HTSC systems. According
to the first, the occurrence of PG is associated with
fluctuations of short-range order of the "dielectric" type,
for example, antiferromagnetic fluctuations, waves of spin
and charge density, etc. (see, for example, [11,12] and the
survey [52]). The second scenario assumes the formation
of paired fermions (most likely in the form of LPs [3])
already at temperatures much higher than the critical
temperature T* >> Tc with the subsequent establishment
of their phase coherence at 7' < T, [3,50,52]. Intensive
discussions on this issue continue to this day [3-7,10,11].
The question also remains whether T* tends to zero along
with T., as shown in Fig. 2, or it cuts the SC dome at
approximately Xop: level and crosses the x-axis at the so-
called quantum critical point [10,11].

2.2. The effect of pressure on the phase state of
HTSC compounds of the 1-2-3 system. One of the first
and most detailed experimental studies of the effect of
pressure on T¢ in the YBa;Cu3O7.s HTSC system (1-2-3
system) was undertaken by Griessen's group [54]. In this
case, it followed from the generalized data that the baric
derivative dT./dP is positive and substantially depends on
the charge carrier concentration n. It reaches a maximum
in samples with a reduced 7. = 25 K and tends to a
minimum when T, reaches the highest values 7.~ 90 K.

A set of studies of various physical properties of high-
temperature superconducting compounds of the 1-2-3
system based on yttrium show the presence of a
nonequilibrium state in such structures with a certain
degree of oxygen deficiency. In this case, external factors,
such as temperature and high pressure [55-57], play a
significant role leading to a change in the lattice parameters
and inducing processes of redistribution of labile oxygen,

60 BicHuk XHY imeHi B.H. KapasiHa, cepia «®isukar, sun.33, 2020



A.L. Solovyov, N.R. Vovk

which, in turn, affects the critical parameters of the
superconductor.

According to [58], the dependence of the critical
temperature (T.) on the pressure T.(P) for the YBCO
system can be represented as:

%ATC”W (P)+

C 9 (5 )
+TI™(P) B [2 (n°"-n)-An(P)] An(P)

Tc(P) =Tc +

where T,™* is the maximum value of T, in this compound,
noP=(nMinnmax)/2 B=1/(n""+n™*)2, For YBCO, n™" is the
minimum number of holes per CuO, plane, at which
superconductivity appears, equal to 0.06 holes per plane,
n™* is the maximal number of holes per CuO, plane, at
which superconductivity disappears and n°" is the number
of holes per CuO, plane, at which Te= T.,™, equal to
approximately 0.25 holes per CuO; plane [58].

In this expression, the second term characterizes the
change in T, under pressure associated with a change in the
lattice parameters, electron-phonon interaction, bonds
between layers, etc. - the so-called "true" pressure effect.
The third term is due to a change in the number of holes
under pressure — the so-called ‘"relaxation" effect
associated with the redistribution of labile oxygen.
Summarizing the theoretical and experimental data
available to date, we can conclude that it is essential to
separate the "true" and "relaxation" pressure effects. In this
section, we will try to briefly discuss each of these
mechanisms.

2.3. The "true" pressure effect. One of the possible
explanations for the peculiarities of the T«(P) dependences
in the 1-2-3 system was proposed in the theoretical Saiko-
Gusakov model [59], which relates the change in the
temperature of the superconducting transition with the
peculiarities of the dynamics of the apical O(4) atoms,
which form a bistable sublattice controlled by the
application of external pressure and a change in oxygen
nonstoichiometry. According to [59], the birth of a 90-
degree phase when pressure is applied to a sample of a 60-
degree phase or the alternation of the same phases with
varying oxygen nonstoichiometry is due to the "switching"
of the frequency of the mode dominating in BCS pairing
due to the transformation of the bistable potential of apical
oxygen atoms. At the same time, as x decreases, the
amount of pressure required to transfer the system to the
90-degree phase also decreases. Thus, a significant
increase in T upon application of pressure is interpreted as
an extended transition from the 60-degree phase to the 90-
degree phase. Indeed, as can be seen from Fig. 3, which

dinT,
dInV(T,)

K7, calculated with taking into account the bulk moduli
(100 GPa at x <0.1 and 115 GPa at x> 0.1 [60]), there is a

shows the diagram T~ of crystals K2, K4, and

nT,

dinv(T,)’
a transition from a 60-degree phase to a 90-degree phase,
differing in dT./dP.

break in the dependencies which may indicate
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Fig. 3. Diagram Tc~dInTc/dInV of YBa2CusOv-s crystals with
oxygen deficiency 8~0.5 and 6~0.45 (1, 2), as well as a
sample of composition close to stoichiometric 6<0.1 (3),
calculated with taking into account the bulk moduli (100 GPa
at x<0.1 and 115 GPa at x>0.1 [60])

However, the anomalous increase in dT. / dP obtained
in this work from 1.5 to 2.5 K kbar-1 in the region of low
pressures up to 1.2 kbar with an insignificant difference in
the oxygen content in samples with T 45 and 50 K, as well
as a change in the sign of dT./dP at uniaxial pressure in
different crystallographic directions [61], apparently, does
not allow to unambiguously explain the features of the T,
(P, x) dependences only within the framework of the
indicated theoretical model.

Possibly, the features of the behavior of the T, (P, x)
dependences are a consequence of several mechanisms,
one of which is associated with a change in the band
structure under the action of uniform compression. The

nT
——~X — and dInT, can be
dInv(T,)

obtained within the framework of the theoretical Labbe —
Bock model [62], which takes into account the contribution
of the logarithmic singularity to the density of states of the
half-filled band. In this model, T. is given by:

observed linear relationship

-1
T. = D-exp(FJ (6)
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where D is the "width" of the singularity. Then for the
volume dependence of T. we have

dInTC_dInD+ 1 dina
dinv  dinv 22Y3dInVv

This implies
dinT,
=aInT, +a,, 7
dny - ainlcta, (7
1dina dinD
g =————} 5 = -a,InD
2dInVv dinVv
The kinks in the dependences ———%— can be
dInV(T,)

associated with the cluster structure of the sample, which
is confirmed by the presence of steps on the resistive
transitions to the superconducting state. As shown in [23],
the observed stepwise form of resistive transitions
indicates a nonstoichiometric ratio of the concentrations of
oxygen and vacancies, which leads to the formation of a
mixture of phase clusters that are characterized by different
oxygen contents and ordering, and, accordingly, have
different critical temperatures and values dT./dP.

The relatively weak effect of pressure on the T. value
of optimally doped samples can be explained within the
framework of a model assuming the presence of a Van
Hove singularity in the spectrum of charge carriers [62,63]
which is characteristic of strongly coupled lattices. As is
known, for crystals with Tc=90K the Fermi level lies in the
valley between two peaks of the density of states, while the
density of states at the Fermi level N(Er) depends
significantly on the difference (a-b)/a [62,63]. An increase
in the (a-b)/a ratio leads to an increase in the distance
between the peaks of the density of states and, accordingly,
to a decrease in N(Er) and T.. Accordingly, a decrease in
the (a-b)/a ratio leads to a convergence of the peaks of the
density of states, which leads to an increase in N(Ef) and
Tc. Such a regularity of the change in T. was observed
when studying the effect of uniaxial compression along the
a and b axes on the critical temperature of single crystals
with Te=90K [61]: when a load was applied along the a
axis, the critical temperature increased, and when a load
was applied along the b axis, it decreased. Under the
influence of hydrostatic pressure, the value of the ratio (a-
b)/a changes insignificantly, since it is determined only by
the difference in the compression moduli along the a and b
axes. Therefore, the change in the critical temperature
when exposed to hydrostatic pressure is relatively small.

For crystals with Te=60K, the Fermi level is shifted
from the middle of the band and is located away from the

Van Hove singularity. Therefore, if the value of the critical
temperature is primarily determined by the density of
electronic states, then under the action of hydrostatic
pressure the Fermi level should shift towards the peak of
the density of states.

It is interesting to note that we observed similar features
of the behaviour of the baric derivatives dT./dP depending
on the change in composition in NbSe; single crystals,
which also belong to systems of two-dimensional lattices
and have a similar anisotropy parameter [64-66]. Thus, for
example, intercalation with deuterium up to 2 at.%, as well
as the introduction of tin impurities into the composition of
niobium diselenide leads to an increase in dT./dP by a
factor of 2-3 in comparison with the pure sample. In this
case, an increase in dT./dP is observed with an increase in
the concentration of tin impurities. It should also be noted
that the behaviour of the pressure dependences T.(P) is
qualitatively the same for single-crystal NbSe, and YBCO.
These features in the T¢(P) dependences were interpreted
as a consequence of a shift of the Fermi level relative to the
root features of the density of states.

2.4. Phase separation and relaxation effect of
pressure. An important feature was first established by
Driessen et al. [67]: the baric derivatives dT./dP of the
beginning and end of the phase transition to the SC state of
the YBCO compound have opposite signs in the pressure
range from 0 to 170 Kbar. In this case, the negative
derivative d7¢/dP <0 corresponds to the low-temperature
phase, and the positive derivative d7.,/dP > 0 corresponds
to the high-temperature phase. Thus, the application of
high pressure leads to the expansion of the temperature
range (7c..Tey) corresponding to the realization of the
fluctuation paraconductivity regime at 7> T..

T T T 1

(K}

E

MPERATUR

80 B

i TC‘ IE
{
E
e
L

,
7
s |

o i 1 1 !

PRESSURE ( kbar }

Fig. 4. Pressure dependence of Tcou Ter for YBCO [68]. Inset:
Teo is the critical temperature of the beginning, and Tes is the
temperature of the end of the superconducting transition.

As is known from the literature [69-71], in HTSC
cuprates, the T, (x) dependence is fairly well described by
the universal parabolic dependence:

62 BicHuk XHY imeHi B.H. KapasiHa, cepia «®isukar, sun.33, 2020



A.L. Solovyov, N.R. Vovk

Te = T [1-A(x-x0pr)?], (8)

where Tc™, A, x U xopt are functions of pressure. As
mentioned above, in YBCO, the charge
concentration can be changed by changing the oxygen

carrier

concentration by cateonic substitution or by applying

pressure.
120

1

pressure crossing point

100

40

20 =

Fig. 5. Tc as a function of the oxygen content x for
YBa2Cus0s+x at pressures p = 0 to p = 8 GPa. The constructed
parabolic approximation of the experimental data at p =8 GPa
is taken from Ref. [71].

This dependence correctly describes Tc(x) for
compounds such as YBa;Cu30¢:+x, YixCaxBa,Cus0s, Las-
SrxCuls , LaxxSryCa Cuz06, as well as for (CaxlLai-
»(Bai.75:xLao25+tx)CusOy for different oxygen
concentration y.

The critical temperature depends not only on the
concentration of charge carriers, but also on the binding
strength in the CuO, planes, on the propagation of
structural phase transformations, and on the pressure
caused by relaxation phenomena. An interesting effect has
been discovered associated with the degree of ordering of
the defects of labile oxygen in the lattice: an increase in
pressure decreases the mobility of defects and at the same
time increases the degree of ordering of oxygen defects.
This effect is very well observed in YBCO samples with a
reduced oxygen content [71], in which T increases with
pressure and, therefore, the dT./dp value strongly depends
on the temperature at which the pressure applied.

It should also be added that in his studies of fluctuation
effects [72], Abrikosov suggested the formation of
superconducting strings, the so-called “stripes,” in one
preferred crystal direction, in other words,
dimensional superconducting channels. Such channels
appear far from the percolation threshold and can increase

one-

the superconductivity of the sample. An inhomogeneous

contribution of carriers and strong fluctuations are inherent
in superconductors with a low carrier concentration, for
which there are two characteristic temperatures T* and T,
as well as charge and spin pseudogaps.

As mentioned above, for a low carrier concentration
(x1<x<xopt) at T*, fermions begin to combine into local
pairs (complex bosons), which condense at T.<<T* . For
high carrier concentrations (Xopt <X< Xmax), both
characteristic lines eventually merge and T*= T (refer to
Fig. 2), which means that the formation of Cooper pairs
occurs at the same temperature as superconducting
condensate. The pair correlation line can be considered as
the line of boson production, reaching macroscopic phase
coherence only at the temperature T., below which the
entire system is described by a single wave function.

In the Miknos-Robazhkevich model of local pairing
[73], the pressure effects measured by dTc/dp are
determined differently on both sides of the optimal carrier
concentration. The transfer integral increases with
increasing pressure. Therefore, the pressure coefficient is
positive below xop and T is measured as ##/|U]. Since at x
above xop Tc is measured as 1/2zt, the pressure coefficient
is negative (as in the BCS model) (Fig. 6).
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Fig. 6. Scaling the pressure effect below (x< Xopt) and above
(x> Xopt)) the optimal carrier concentration [73].

Near T.™, the pressure coefficient is approximately 0.
Therefore, the pressure causes an increase in T in the
concentration regime, where there are two special
characteristic temperatures T* and T.. If T* = T, then the
pressure coefficient is negative and T. decreases by
pressure, as in '"classical" superconductors. This
dependence was confirmed experimentally in the case of
the YBCO compound [74], for which a positive and
negative pressure coefficient of T, was observed.
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Recent calculations by Miknas and Tobiyazhevsky
show that the broadening of the pseudogap region
associated with the overlap of the S- and D- wave
components causes an additional increase in T. in the low
doped regime [75]. Above the concentration Xopi, the T*(x)
lines merge with the Tc(x) line, and Bose-Einstein
condensation (BEC) takes place in the metallic region,
where charge and phase fluctuations can be neglected, as
in the BCS model [3]. Therefore, the pressure effect is
negative here. However, the shift in xma for lower
concentrations is still experimentally unconfirmed.

2.5. High-pressure-induced diffusion of the labile
component in the YiBa2Cu3O7.s compound. In the case
of HTSCs, diffusing oxygen defects are usually already
present due to the synthesis procedure. Assuming that the
total defective volume is zero, we can write:

OE
AV, ~ AV, ~ N, —2
A M AaP

This expression for the migration volume has a simple
physical interpretation. If an ion diffuses from one cell to
another, it must overcome the energy barrier EA caused by
its interaction with the ionic environment. In the presence
of pressure P, the free movement of ions inside the crystal
becomes extremely difficult, since they must now do work
AE, =PAVy, , which

increases the activation energy by AE, . In the hard-sphere

against the external pressure

model, each ion interacts with its neighbors like a rigid ball
with its own ionic radius corresponding to its valence. The
migration volume Vs can be estimated by calculating local
expansions, which look like migrating solid ionic spheres
"pushing" each other towards the so-called "saddle point"
[71]. Since the calculated value AV,, depends on the sum

of the individual diffusion contributions, the measurement
OE,

can be used to study diffusion processes in

compounds 1-2-3.

At present, the ionic radii of the ions of interest to us
have been calculated: r(Cu'") = 0.96 A, r(Cu?*) = 0.72 &,
r(0%) = 1.32 A, r(Ba?") = 1.34 A. All ions are assumed to
be solid balls. The change in volume due to the diffusion
movement of ions through the "saddle point" is considered
local. We will assume that only the nearest neighbors that
are in direct contact with the ion under consideration can
contribute to the change in the migration volume. In our
calculations, we assume that this motion affects the
volume, which extends up to half the distance to the nearest
neighbors in the direction perpendicular to the motion of
this ion since it is assumed that these neighbors remain at
their lattice sites, independent of the diffusion process.
Using these general procedures, we can now calculate the

corresponding volumes. Let us consider this effect by the
example of YBa,Cu3O7.s.

The Y-123 system has an orthorhombic structure
shown in Fig. 7 (a). Oxygen ions O*" occupy the O(1) states
between Cu'*?* along the b axis. The O(5) states between
Cu ions along the a axis are unoccupied. While the O(1)
states are only partially occupied, oxygen vacancies are
already present in the structure, which confirms the
previous assumptions and AVy =0. For the calculation

AVy, , all local diffusion paths should be sum up. There is

still no agreement in the literature on the dominant oxygen
diffusion pathway in Y-123: different authors propose
different paths. However, most authors assume that oxygen
diffuses through the center of the cell in the Cu-O layer of
the chain.
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Fig. 7. Calculation of the migration volume in Y-123. a)
Orthorhombic structure Y-123. b) Corresponding part of the
Y-123 structure with a Ba-O layer and a Cu-O layer. The
diffusion path is indicated by the dashed line, and the dashed
box represents the volume used in the assessment [71].

We will assume that (Fig. 7 (b)) the vacancy passes
from the O(1) (I) state in the center of the cell (II) to the
adjacent O(5) (III) states, and then through the center of the
next cell (II") returns to empty state O(1) (I"). There are two
different transition configurations for this process: (i) when
O% is located in the center of the cell between two Ba®* ions
(II) and, (ii) when O* occupies the O(5) position in the
lattice site (III).

In the first case, we assume that no changes occur in the
ab plane. Thus, the general increase in volume is associated
with Ba?" ions moving along the ¢ axis in the other
direction relative to the direction of diffusion of oxygen
ions. The hatched parallelepiped indicates the volume of
interest to us in Fig. 7 (b). For YBa,Cu3Og.41, the area of
the base of this parallelepiped in the ab-plane is 3,73 A2,
The open space between Ba’?' ions in the initial
configuration is 2z(Ba2) — 2r(Ba%") = 1,80 A, where
z(Ba”") means the atomic position of the Ba?' ion. Since
the diameter of the O% ion is 2,64 A, the Ba?* ions must
move outward by 0.84 A (0.42 A for each Ba" ion) to
satisfy the conditions for the transition to the configuration
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of the O% (II) ions. In this case, the volume of the shaded
parallelepiped in Fig. 7 (b) should change by AVy = +3.13
A3, changing the migration volume by AVy =~ +1.88 cm? /
mol. Similar calculations for Y1Ba;Cu3Os 45 with a higher
oxygen concentration yield Vi = +1.9 em? / mol, since the
Ba’" ions are slightly closer to each other. For
Y1Ba;Cu30s 6, the migration volume is calculated as Viy =
+2.05 cm® / mol.

To calculate the second case (II) with O% between two
Cu ions in the ab-plane, it is assumed that no changes along
the ¢ axis occur [Fig. 7 (b) position III]. The open space
between two Cu ions is 2.17 A (it is assumed that one of
them is a Cu?" ion, the other is a Cu'* ion). Thus, two Cu
jons need to move by 0.47 A to accommodate O* ions,
changing the migration volume by Vyv = +1.24 cm®/mol.
Slightly lower than case (i). An experimentally determined
activation volume can provide information on the increase
with pressure in the maximum activation energy along the
diffusion path. The fact that the O(5) state is almost
equivalent to the O(1) state shows that the barrier for the
transition point is lower than for position II, where the
oxygen ion is sandwiched between two Ba?" ions. Thus, we
can assume that the inflection point at position II
determines the migration volume for this diffusion path.
Calculations of the migration volume give the value Vm =
+1.9 cm?*mol for Y;BaxCu3O64 and for Y;BaCu3zOg s,
which is approximately half the calculated value in
previous works. The analysis of the experimental data
allows us to conclude that none of the two diffusion
pathways described above is excluded.

2.6. The influence of a magnetic field on excess
paraconductivity. As in [76], the general
expression for the fluctuation paraconductivity Ac(T,H) of
layered superconductors in a magnetic field can be written
in the form:

shown

Ac(T,H) =Acp (T,H)+Aocy: (T,H)

(10)

is Aslamazov-Larkin fluctuation conductivity [45];

where
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is the Maki-Thompson fluctuation conductivity [77] due to
the interaction of unpaired charge carriers with fluctuation
Cooper pairs; d is the thickness of the two-dimensional

layer; a=22(0)/d%s; b =(2e&2,(0)/ hH ;
5=(16/7)(£2(0)/d*)(KTz, /) ; Ew(0) is the coherence

length in the basal plane and T is a phase relaxation time
of the fluctuating pairs. For example, the effect of a
magnetic field on the pseudogap temperature was studied
in [53].

3. Crystal structure of dichalcogenides.

Transition metal chalcogenides form a broad class of
layered compounds, the physical properties of which
depend on the structure, composition, type of transition
element, chalcogen, stoichiometry  [64,78].
Dichalcogenides of transition metals have a layered
structure and are designated by the Formula NK-MX,
where N is the number of layers per unit cell, K is the type
of unit cell (H is hexagonal, R is rhombohedral), M is a
transition metal of 4-6 groups, for example, Nb, Ta, W and
X - chalcogen (S, Se, Te). The crystals of these compounds
are composed of layers, each of which is a sandwich of two
layers of halogen atoms X with a layer of metal M atoms
between them. The bond between the metal and halogen
atoms in the sandwich is strong (predominantly covalent),
and the M and X atoms in the sandwich form a two-
dimensional hexagonal lattice. The MX layers are
interconnected in the crystal by weak Van der Waals forces
[78]. The schematic structure of the crystal is shown in Fig.
8.

and

Fig. 8. Layer structure of transition metal dichalcogenides.
View in a direction parallel to the layers. The arrows point to
the Van der Waals links [78].

There are two ways of arranging chalcogen atoms
around a metal atom, in the first case forming an
octahedron, and in the other, the same number of atoms- a
trigonal prism while maintaining the hexagonal packing of
the layer. In 2H-NbSe,, the environment of the metal ion
forms a trigonal prism (thombohedron) (Fig. 9).
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The structure of 2H-NbSe, makes it easy to introduce
various atoms or molecules into the Van der Waals gap,
thus increasing the distance between the layers of the
"sandwich", and also changing the concentration of free
electrons in the layers due to the donor or acceptor
properties of the intercalant or impurity, which makes it
possible to study the effect of changes in the electronic and
phonon spectrum on the superconductivity of layered
crystals.

The anisotropy of the crystal structure determines the
anisotropy of the kinetic and thermodynamic properties of
these compounds. Electrical conductivity, compressibility,
coefficient of thermal expansion can differ by several
orders of magnitude along and across the layers. When
studying the microcontact spectra of the electron-phonon
interaction (EPI) in 2H-NbSe,, the anisotropy of the EPI
spectra was found for contacts oriented along the ¢ axis and
parallel to the basal plane. In this case, a shift of the high-
frequency edge of the spectrum from the energy range of
about 40 meV was observed for contacts whose axis was
oriented parallel to the ¢ axis of the 2H-NbSe; crystal to the
energy range near 60 meV for contacts oriented parallel to
the basal plane [79].

Fig. 9. The mutual arrangement of atoms in the coordination
cell inside the sandwich [78].

More detailed information on the structure and physical
properties of TMDs can be found in [78].

3.2. Band structure and Fermi surface. Studies of the
topology of the Fermi surface of transition metal
dichalcogenides by traditional methods, for example,
magnetoacoustic, used for pure metals, are unsuitable due
to the small value of the free path of charge carriers (10
m). Therefore, there is a small amount of experimental
work where magnetoresistance, magnetic susceptibility
(oscillatory part), and magnetothermal oscillations have
been studied. Most of the experimental methods used to
study the Fermi surface require a theoretical model to
interpret the results obtained. In particular, to determine
whether specific oscillations belong to the electron or hole
Fermi surface. In this regard, theoretical models are

essential, which provide at least a qualitative description of
the band structure and the Fermi surface, as well as indirect
experimental data characterizing the Fermi surface, the
electronic energy spectrum, methods of varying the
electron density due to the intercalation process, measuring
the effect of uniaxial and hydrostatic pressures to change
the kinetic and thermodynamic properties of 2H-NbSe,.

The general topological features of the Fermi surface
were obtained in the calculations of Mattheis [80]. As
indicated in [81], the Fermi surface for 2H-NbSe, consists
of hole pockets grouped along six NK axes and a hole
surface at the center of the band, which is a corrugated
cylinder elongated along the ¢ axis. Also, it is extremely
important that, as shown in Ref. [82], the Fermi level can
lie near singular points, such as saddle points, which are
characterized by a low Fermi velocity. Small electron
pockets in the center of the band experimentally discovered
in Ref. [83] can be obtained in theoretical models with
allowance for the interlayer interaction; however, there are
still many ambiguities. That is why indirect experimental
data characterizing the Fermi surface and the electronic
energy spectrum are essential.

3.3. Structural phase transitions of the CDW type in
systems with a reduced dimension. Solids that have a
regular crystal lattice with a clearly expressed translational
symmetry, under certain conditions, can become unstable
concerning small distortions in the arrangement of atoms.
Then such a stable state can arise in which the charge
density or the position of atoms have long-period
modulations. The modulation period can be comparable or
incommensurate with the period of the main lattice.
Transitions of this kind are called charge density wave
(CDW) transitions and are classified as commensurate
CDW (CCDW) and, accordingly, incommensurate CDW
(UCDW). CDW transitions were found in many-layered
and quasi-one-dimensional structures, such as intercalated
graphite compounds, layered dichalcogenide conductors,
NaNOs, K>SOy4, and NbSe; dielectrics [84,85]. In NbSe», a
CDW-type structural transition was found at T=33 K.
These transitions are apparently first-order transitions.
They are manifested primarily in changes in the kinetic and
magnetic properties of these compounds. According to
modern concepts [1], the appearance of these structural
transitions is associated with the presence on the Fermi
surface of regions that can be aligned with each other when
shifted in momentum space by a certain vector. If the
sections are displaced relative to each other by the vector
¢, then below Tcpw there appears a sinusoidal displacement
of atoms from the position of equilibrium with the wave
vector ¢. In the case of a two-dimensional or three-
dimensional lattice, when the Fermi surface also contains
mismatched regions, the transition with the appearance of
a superstructure - a charge density wave - turns out to be a
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metal-metal or metal - semimetal transition, depending on
the area of the overlapping sections of the Fermi surface.
In 2H - modifications of MX5, an incommensurate CDW
arises, which can be described by three vectors

_ 1~ . .
ngb*(l—é), where b is the inverse vector of the

original lattice, & is the incommensurability parameter. For
2H-NbSe; 6=0,02. The coexistence of superconductivity
and CDW was found in 2H-TaS,, 2H-NbSe,. However,
since both of these phenomena compete with each other
due to pieces of the Fermi surface with a high density of
states at the Fermi level, N(Ef), the onset of CDW
manifests itself in the suppression of superconductivity.
For example, when the compound 2H-TaS; is intercalated
with various organic molecules, CDW is suppressed by
decreasing the wave amplitude, or the temperature of its
occurrence, Tcpw, and, at the same time, an increase in T,
is observed. Suppression of CDW can be realized by
applying external pressure to the sample or by introducing
impurity atoms.

3.4. Influence of intercalation and high pressure on
the conductivity of the layered dichalcogenide
conductors. The presence of a weak Van der Waals bond
between the layers in MX compounds suggests that their
critical temperature is strongly dependent on the
interaction of the layers, and, with an increase in this
interaction, T. should increase due to the suppression of
two-dimensional fluctuations. This conclusion is based on
the fact that, in the Nb+Se> compound, the distance
between the layers increases with increasing x, and T.
decreases [86].

Back in 1976, Jerome and others [87, 88] found that
when hydrostatic pressure was applied to 2H-NbSe, Tcpow
decreased with increasing pressure, while T. increased.
This continued up to P = 36 kbar, at this pressure Tcpw =
T, and no further increase in T, was observed, up to 140
kbar. It was concluded that there is an unambiguous
relationship between the dependences T(P) and Tcpw(P).
Hydrostatic pressure suppresses the CDW transition,
which leads to an increase in T. up to pressures
corresponding to Te= Tcpw.

The authors of [89] first studied the effect of hydrogen
intercalation on R(T) of 2H-NbSe, single crystals.
Depending on the degree of intercalation, Tcpw of the
initial crystal decreases from Tcpw =33 K to Tecpw =12 K,
and simultaneously T, decreases from 7.2 K to T, < 4.2 K.
With a significant nonlinear decrease in Tcpw and a shift
of T, toward lower temperatures, the width of the resistive
transition changes insignificantly. Hydrogen is a donor. It
donates its electron to the layer of the intercalated crystal.
The authors of [90] first performed the intercalation of
NbSe; with an acceptor. This intercalant is the TCNQ

molecule, an organic molecule with a strong acceptor
property. It was shown that, depending on the degree of
intercalation, an increase in Tcpw was observed up to 40-
50 K, while T, decreased and stabilized in the region of 5-
6 K.

However, these studies were carried out without
applying pressure. Sambongi [91] performed uniaxial
compression along the ¢ axis in 2H-NbSe,. It was found
that T. decreases in this case, reaching saturation at
approximately the same pressures as under hydrostatic
conditions. All these facts served as the basis for the
conclusion about the negligible effect of interlayer
interaction on T.. But Sambongi began research in the area
of 5 kbar. Thus, the region of low pressures was out of the
field of view of the experimenters.

This gap was corrected by the authors of [92]. They
investigated the effect of uniaxial pressure on T. of
compounds NbSe, and NbgoSno.iSe,. In this work, it was
found that with an increase in pressure from 0 to 3 kbar, T,
increases from 7 K to about 7.6 K, and with a further
increase in pressure from 3 to 6 kbar, T. decreased from
7.6 to 6.8 K. Authors have proposed the model in which it
was shown that the peak in the T.(P) dependence is
associated not with the degradation of the CDW transition,
but with a change in the band structure under the influence
of pressure.

Thus, the growth of T. under pressure is not
unambiguously explained only by the suppression of the
charge density wave. One should take into account the
change in the carrier density at the Fermi level N(Ey),
which is not associated with the suppression of CDW, and,
in addition, the change in the electron-phonon interaction
constant (/). Indeed, as shown in ref. [93], the increase in
N(E¢) due to suppression of CDW cannot exceed 10% by
the NMR method. For compounds intercalated by
deuterium, the application of a pressure of 12 kbar leads to
an increase in Tc by 20%, while Tcpw decreases by only
8%. The application of hydrostatic pressure up to P = 13
kbar leads to a linear decrease in Tcpw at a rate of dTcpw /
dP =-0.16 K / kbar and to a simultaneous increase in Tk,
with dT. / dP = 0.12 K / kbar at 0 <P <7 kbar and 0.07 K /
kbar in the region 7 <P <13 kbar. Thus, dT. / dTcpw = -
0.75 and - 0.45 in the indicated pressure ranges, which is 5
and 3 times higher, respectively, the rate of change of T.
when CDW is suppressed in pure 2H-NbSe:.

Most of the work was carried out in the area of
increasing anisotropy due to the iteration of the initial
layered dichalcogenide conductors. It is of interest to study
the decrease in anisotropy (which occurs as a result of the
introduction of an impurity) due to the practically
unaffected approach of the layers. On the other hand, the
introduction of an impurity into the layered dichalcogenide
conductors’ lattice makes it possible to suppress the CDW,
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change the phonon spectrum, the filling of the conduction

band, and thus the density of electronic states at the Fermi

level. The introduction of a tin impurity into the NbSe
lattice is of particular interest from the point of view that
makes it possible to consider the metal-semiconductor

transition in the Nb;SnsSe, system. Since NbSe; is a

metal - a superconductor, and SnSe is a semiconductor with

a layered hexagonal structure. Besides, the atomic radii of

Sn and Nb are very close (Nb = 1.45 A, Sn = 1.46 &), and

the introduction of tin should not lead to significant

distortions of the lattice but can affect the filling of the
conduction band, changes in the phonon spectrum and
elastic properties.

In conclusion, it should be noted that this short
literature review considers only a small part of the
publications available in the literature devoted to various
aspects of the electrical transport properties of layered
compounds based on 1-2-3 HTSC systems and transition
metal dichalcogenides under extreme external influences.
Nevertheless, proceeding from the results of the analysis
performed, a number of questions can be formulated that
have not yet found a final experimental and theoretical
solution. Namely, what is the role of the crystal lattice and
structural defects and, in particular, twinning planes? How
does the complete or partial replacement of the constituent
components of HTSC compounds by their isoelectronic
analogues affect the electroresistive characteristics? What
is the reason for the broadening of the resistive transitions
of HTSC compounds into the superconducting state under
pressure, and what is the relationship between this
broadening and charge transfer and the nature of the
redistribution of the vacancy subsystem? What is the role
of phase separation in the implementation of different
modes of longitudinal and transverse transport?

Moreover, in this aspect, what is the mutual influence
of PG- and SC-states? What is the role of similar physical
characteristics and distinctive features between low-
temperature and  high-temperature  superconductors
associated with the crystal structure and the mechanism of
superconductivity? Obviously, more research, both
experimental and theoretical, is needed to answer these
questions.
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Komm’rotepHe MoeoBaHHsI BIUIMBY T'1IPOCTaATHYHOTO TUCKY Ha
KOB3aHHS TBUHTOBUX <a> JHCIOKaIiil B Mg
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ATOMICTHYHE MOJICTIOBAaHHS BIUIUBY TiIPOCTATHYHOTO THCKY Ha KPUTHYHE J03BOJICHE HANPY)KEHHS 3CYBY IPOBOAWIN UIS
KOB3aHHs TBUHTOBOi <a@> nucinokarii B MarHil. OCHOBHa yBara HpHIUIUIACh PO3MILIIY €BOJIOLIT sapa AWUCIOKAMii IMiJ BIUIHBOM
TiIPOCTaTHYHOTO TUCKY, 10 MOXKE 3MIHHTH IUIACTHYHY MOBEIIHKY MaTepiany i NMpU3BECTH 0 aKTHBALii Pi3HUX CHCTEM KOB3aHHSI.
[lepenbauaeThes, IO MPOIECH B AUCIOKALIHHOMY SIIPI MOXKYTh MIPU3BECTH 10 BiIXwieHHs Bix 3akoHy Llmina ms quciokamiiHOTO
KOB3aHHS, NOAI0HMX /10 CUTYaIii B 00’ €MHOLIEHTPOBAaHNX KyOIYHUX MeTanax, Ta MOJIETIICHHS aKTUBAIlil He0a3UCHUX CHCTEM KOB3aHHSI.
Po3spaxyHnku Oynu mpoBefeHi 3 BUKOPUCTaHHSIM MIKATOMHOTO MOTEHIIaTy MAarHilo — MOIU(IKOBAHOTO METOAY 3aHYpPEHOTO aToMa.
J171s1 BUKOPHCTAHOTO TMOTEHIiay OyJi0 BUABICHO B TUIH TUCIOKAIIHNX SAep B 3aI€KHOCTI Bi/l TOYATKOBOTO MOJ0KEHHS LIEHTPY
MIPY>KHOTO MOJIS: AUCoLiHoBaHe B O6a3ucHil riomuHi (B) 1 posmmpene B npu3MarnuHiii mromuHi (C2). Anpo B Binmosinae 3a koB3aHHS
B OasucHii miomuni, C2 — 3a Npu3MaTHYHE KOB3aHHS JAMCIOKalii. [I[pu3mMaTHuHe KOB3aHHS <a> NUCIOKAIll € OUIhII CKJIQJHUM Y
MOPiBHSHHI 3 Ga3UCHUM BUITAJKOM. 3aCTOCYBAHHS TUCKY MOXKE 3MIHHTH KPUTHYHE JO3BOJICHE HAIPYKEHHS 3CYBY IUIsl Oa3UCHOTO Ta
NIPU3MAaTHYHOTO KOB3aHH:. [loka3aHi pe3ynbTaTH KOMITIOTEPHOTO MOJETIOBaHHS Oa3HCHOTO Ta IPHU3MATHYHOTO AUCIOKAaLiifHOTO
KOB3aHHs B MarHii iz riipocTaTHyHuM THCKOM. KpuTnuHe 103BosIeHe HampyxkeHHs 3cyBy npu 0 K Ta HyJIb0BOMY THCKY CTaHOBHTH
omm3pko 55 MIla ta 105 MIla s 6a3ucHOTO Ta MPU3MATHYHOTO KOB3aHHS, BIMOBITHO. 3aJIEKHICTh KDUTUIHOTO HATIPYKEHHS IS
0a3MCHOTO KOB3aHHA 3aJTUIIAETHCS IPAKTHYHO He3MiHHOMW. Jlnmie s 3HaYeHs THCKy Bumux 3a 1000 MIla criocrepiraeThest He3HaAUHE
3HIKEHHs. [Ipu3mMaTndHe KOB3aHHS <a> MUCIOKAIlil JEMOHCTPYE BIIMIHHY MOBENIHKY, B MOPIBHAHHI 3 0a3MCHUM KOB3aHHSM.
CriocTepiraeTbCst MiABUIIEHHS KPUTUYHOTO JI03BOJICHOTO HANpPYKeHHs 3CyBy st sapa C2 3 MiJBHUINEHHSM HPHKIAJIEHOTO THUCKY.
Edexrt 3anexuts Bif CTpyKTYpH JUCIIOKaLiHHOTO sitpa. Lle Moxke OyTu MOB's13aHO i3 3JISKHICTIO BiJl THCKY NEpeXiHOI JuiaTaii spa
nucnokarii. OuiHKa 3aJIe)KHOCTI KPUTUYHOTO HANPYXXEHHS Bill TUCKY IUIsl 6a3MCHOTO 1 MPU3MAaTHYHOTO KOB3aHHSI. BHUSBISIE O3HAKH
SIKICHOT 3TO/IN 3 pe3yJIbTaTaM{ aTOMiCTHYHOT'O MOJICTIOBaHHSL.

Kiouosi cioBa: nedexry, metanu ta criaBu, MojaentoBaHHs, auciokanii, [T, rigpocTaTH4HMIA THCK.

Computer simulations of hydrostatic pressure influence on screw <a>

dislocation slip in Mg
A. Ostapovets!, O. Vatazhuk?

1 CEITEC-IPM, Institute of Physics of Materials, Czech Academy of Sciences, Zizkova 22, Brno, Czech Republic
2 B. Verkin Institute for Low Temperature Physics and Engineering NAS of Ukraine, 47 Nauki Ave., 61103 Kharkov, Ukraine

Atomistic modeling of hydrostatic pressure influence on critical resolved shear stress was performed for glide of screw <a>
dislocation in magnesium. It was found that application of pressure can change the resolved critical stress for basal and prismatic slip.
The effect is dependent on dislocation core structure. It can be connected to the pressure dependence transient dilatation of the
dislocation core.

Keywords: defects, metals and alloys, simulation and modeling, dislocations, hcp, hydrostatic pressure.

KOMHLIOTCpHOC MOACITUPOBAHUC BIIUAHUSA THAPOCTATHYCCKOT'O JaBJICHUA

Ha CKOJIbKCHUE BUHTOBBIX <a> JIUCIOKaluni B Mg
A. Ocranosen?!, E. Bataxyk?

1 CEITEC-IPM, Uncmumym ¢puzuxu mamepuanos Axademuu nayk Yeuickoti Pecnyonuku, Kusckosa, 22, Bpro, 61600, Yewckas Pecnyonuka
2 Qusuxo mexnuyeckuti uncmunym nuskux memnepamyp um. B. Bepxuna HAH Yxpaunwi, np-m Hayku 47, 61103 Xapvros, Ykpauna

ATOMHCTHYECKOE MOJAEIUPOBAHUE BIMSHUS THIPOCTATHUECKOTO JABIECHHS HAa KPUTHYECKOE pPa3pelIeHHOE HaMpsHKEHHE
C/ABUTra OBUIO BBIOJIHEHO AJs CKOJIBKEHUS] BUHTOBON <a> IMCIOKAIlMU B MarHuu. bpino o6Hapy»XeHO, 9TO MPUIIOKEHUE JaBICHUS
MOXXET M3MEHHUTb Pa3peLICHHOE KPUTHYECKOE HANpPSHKEHUE AN 0a3MCHOTO M IPHU3MATHYECKOTO CKOJIbXKEHMS. D(deKT 3aBUCHUT OT
CTPYKTYPBI SIIpa JUCIOKAIMU. DTO MOXKET OBITh CBA3aHO C 3aBUCUMOCTBIO OT JIaBJICHHs MEPEXOIHOH AUIaTalluH SApa AUCTOKALUH.

KonroueBsble c1oBa: nedexTsl, MeTaUIbI U CIUIABBI, MOAeIUpoBanue, auciokamud, ['TIY, runpocratiyeckoe 1aBieHue.
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Komn tomepne mooentosanns 6niugy 2iopocmamuynoeo MucKy Ha KOG3aHHs 28UHMOBUX <a>
oucroxayii ¢ Mg

Beryn

MarHiit Ta #oro CIjIaBM € MepCIeKTHBHUMHE JICTKUMHU
Matepiamamu  [1].  Opmmaxk  mi
neOpPMYIOTECSL  3aBISKA
winsHonakosaniit (CIUIT) cTpykTypi. Ix mactuuna
nedopmallis XapaKTepU3y€eThCS HAsIBHICTIO PI3HOMAaHITHHX
PEeKMMIB KOB3aHHA Ta JBiliHMKYBaHHS [2, 3]. Ha BiaMiHy
BiJl KyOIYHMX MarepialiB, J¢ OCHOBHI CUCTEMH KOB3aHHS
CUMETPUYHO EKBIBAJICHTHI 1 MOXYTb NMpPUHAMAaTH Oyab-siKi

CILIaBHU IIOraHo

CBOIH reKcaroHajabHii

nedopmamii, KPUTHYHI JO3BOJCHI HANPYKEHHS 3CYBY
(critical resolved shear stress — CRSS) cyrreBo
3MIHIOIOTBCS I pi3HUX cucTteM KoB3aHHA B [1III.
Haiinermi cucreMu KOB3aHHS B MarHil 3HaXOASATHCS B
OasucHii mromuHi. OmHak jmine O0a3ucHE KOB3aHHS HE
3naTtHe 3a0e3neynTd jAedopMaliio B3I0BXK C-HANPSMKY
pemitku [T, Ie npu3BoanuTs 10 000B'sI3KOBOT aKTHUBAIIIT
NPU3MAaTUYHUX Ta MipamiJaJbHUX CUCTEM KOB3aHHS, a
TakoXK JedopMmaniiHOro MBiHHMKYBaHHSA. Ha ixanmb, sk
NpU3MaTU4Hy, TaK 1 MipaMifandbHy CHCTEMH KOB3aHHS
Ba)XKO aKTHBYBATH IIPH KIMHATHiH Temreparypi [3-5]. Lle
NPU3BOTUTH 1O TOrO, LIO MarHii MOraHO MiAJA€THCS
(opMyBaHHIO Ta INTAMITyBaHHIO 1 Mae OOMEKEeHY
NPUIATHICTE 10 BHUKOPHCTaHHS, SK KOHCTPYKLIHHOTO
Matepiary.  OmHuM i3

croco0iB ITOJIITIIIEHHS

nedopMamiiHUX — XapakTepUCTHK Mg €  3MeHIICHHS
po3mipy 3epHa [6, 7]. [Iporenypu 3MEHIIIEHHSI 3¢pHA YacTO
0a3yroThCs Ha IHTEHCUBHIHN TUIACTUYHIH Aedopmarii, Takiit
SK piBHOKaHanbHe KyToBe mpecyBanus (equal channel
angular pressing— ECAP) [8], excTpy3ist 260 Kpy4eHHs i

BucokuM tuckom (high pressure torsion— HPT) [9].

3acTocyBaHHA ~ TiAPOCTATHYHOTO  THCKY  Bifirpae
BHpIMIANBEHY PONb Y Takih oOpoOIi MarHi€BUX CIUIaBiB.
Hanpuknan, Bimomo, mo ECAP Mg motpedye
3aCTOCYBaHHS [IPOTUTUCKY [10-13]. 3aranom,

3aCTOCYBAHHS TiAPOCTATUYHOTO THUCKY MOXE 3MIHUTH
IUTACTHYHY TMOBEIHKY MaTepially i MOKe NPHU3BECTH IO
aKTHBaIii pi3HUX cucTeM KoB3aHHSA. [loBimomursiocs, mo
3aCTOCYBAHHS TiAPOCTATUIHOTO THCKY JO MAarHi€eBHX
CIUIABiB MOXKE TOJICTIIIUTH aKTUBAIII0 HEOA3UCHUX CUCTEM
koB3aHHs [11, 12].

Bimomo, 1110 KpUTHYHE J03BOJICHE HANPYXKCHHS 3CYBY
(CRSS) st IHCIOKAIIIITHOTO KOB3aHHS MOXE 3aJIe)KaTH
Bil CTPYKTypH IHUCIOKaliiHOTO siapa. Hampuknan,
HETUTOCKA JUCOMIAIs JUCIOKaliidi KoB3aHHS [14] moxe
HEIIMIIOBCHKOI MOBEAIHKN
(OLIK) marepiaimis.

BBaXATH, M0 MOMIpHUN
HE3HAYHO  BIUIMBAE  Ha

MIPHU3BECTH 110

00'eMHOIICHTPOBAaHUX  KyOIYHHX
OmHak dYacTto MPHUIHITO
TiAPOCTATHIHUHA
JUCIIOoKaIiiae koB3aHHs [15, 16]. BruinB HemmigoBChKIX
KOMIIOHCHTIB HANpPYXXCHHS, HA JUCIIOKAI[IHHE KOB3aHHS
MEHII BHBYEHHWH sl matepianiB 3i crpykryporo ['TIII.
Opnak, 3HaYHe BigxwicHHs Big 3akony [Imina

CIOCTEPIrajaocss B MOHOKpucTanax Zn [17], ne konuBaHHS

THCK

MPUKIIAJCHOr0 HOPMAJILHOTO HAMPYKEHHS MPH3BENO [0
30-BiICOTKOBOTO TMAXiHHA KPUTHYHOTO HAINPYKECHHS
3cyBy. HemomaBHO HeImIMiTOBChKa IIOBemiHKAa <a>
JHCTIOKaliif Oyila MpOJEMOHCTPOBaHA B KOMII'FOTEPHOMY
MonenmoBanHi Marhiro [18, 19]. Edekr mnosicHioBaBcs
3MIHOK INUPUHU sIpa  JTUCIOKAIii TMiJi BILUTUBOM
HEIIMiJOBCHKUX KOMIIOHCHTIB MPUKIIAJIEHOTO
HaTpy>KeHHs. MOXHa TPUITYCTUTH, IO TiAPOCTATHYHUI
TUCK MOXe e(hOpMyBaTH IUCIIOKAIIHE SAPO 1 BILIMBAE
Ha OUCIIOKAIlfHE KOB3aHHS. ATOMICTHYHE MOJIEIFOBAHHSA
AIOMIHIIO 3 TPaHEUEHTPOBAHOIO KyOIYHOIO CTPYKTYPOIO
('IIK) mo3Bommio 3poOMTH BHCHOBOK, IO 3alie)KHE Bif
THCKY KOB3aHHS B MeTallaX € pe3yJbTaTOM B3aeMOIIl
TepexiTHoi mumaTamii akTHBaLii PyXOMHUX TUCIOKAIIH i3
30BHIIHIM TUCKOM [20]. Hackinbku HaM BijoMo, epeKT He
obroBoproBaBcs B JiTeparypi 1t Bunanky ['ILIT marnito.

s pobora moBimOMIILE PE3YIBTaTH KOMII'FOTEPHOIO
MO/ICITFOBaHHS 0a31uCHOr0 Ta NPU3MATHYHOTO
JIMCIIOKANiHHOTO KOB3aHHSI B MarHii miJ| riIpOCTaTHYHUM
THCKOM.

2. MoaenoBaHHA
2.1.Mi:xaTOMHHH MOTEHIiaJI

Po3paxynku Oynu mOpoBeleHI 3 BHKOPUCTAHHAM
MDXXaTOMHOTO MOTEHITIay AJISl MaTHiI0 — MOJIU(iIKOBaHOTO
meroxy 3anypeHoro atoma (Modified Embedded Atom
Method - MEAM) Big Kim [21].
MogentoBaHHs TpoBoAWIN 3a nomomororo LAMMPS
(Large-scale  Atomic/Molecular  Massively  Parallel
Simulator) [22], a s Bi3yanmizanii BHKOPHCTOBYBAJIH
OVITO (Open Visualization Tool) [23]. Panime Oymno
MOKa3aHo, 10 Iel MOTEHI[ial IeMOHCTPY€E MOMITHY 3Oy
nepen0aYeHnX  JUCIIOKAIIHHUX
MpOTHO3aMK  po3paxyHkiB ab-initio [24, 25]. Bapro
3a3HAYUTH, 110, HANPUKIIAM, momysipHuii Liu Ta criBasT.

Ta CIIBAaBT.

BJIACTUBOCTEN 13

notenmian EAM [26] mepenbavae 1isi TBHHTOBOI <a>
JUCTIOKAIlii JIMIIe KOMITAaKTHE SApO Ha BiAMIHY Bix
nporHosiB ab-initio [24, 27, 28]. Jleski BmockoHajeHi
Bepcii Kim Ta cniBaBr. MEAM mnoteHmiany Oynu
3anpornoHoBaHi Wu Ta cmiBaBT. [25] Ta Barrett Ta criiBaBT.
[29]. OnHak MM BHKOPHUCTOBYEMO OPHUTIHAIBEHY BEPCitO
Kim Tta cniBaBT. moteHmiany y miit pobori. Wu noTeHiian
JIEMOHCTPY€E BiJICYTHICTh IIOMITHUX BiIMiHHOCTEH Bij Kim
MOTEHIiATy y IIPOTHO3YBaHHI JIICTIOKAIHHIX
BiractTuBocTel  [26].  HamamryBanHs — mapameTpiB
MOTEHITiay, 3anpornoHoBade Barrett Ta ciBaet. [29] Oyio
CHpSMOBaHE HacaMIepe Ha MOKpAIIeHHs MPOrHO3yBaHHS
€Hepriil NBIMHWKOBHUX TpaHuib. OTKe, MOKHA 3pOOUTH
BUCHOBOK, IO BcCi 3ramani nmoreHmiaay MEAM wmaroTh
HE3Ha4YHi BiIIMIHHOCTI B TPOTHO3YBaHHI BIaCTHBOCTEH
JIACJIOKAIIH.

2.1. HamamryBaHHS MO/IeJTIOBAHHS

72 BicHuk XHY imeHi B.H. KapasiHa, cepia «®isukar, sun.33, 2020



A. Ocmanogeys, O. Bamaoicyx
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B Kim C2 Kim

Puc. 1. (a) Cxema Onoky moxemoBaHHA. (b) [IBa Tumm
IUCTOKAIlifHUX saep: B — gamconifioBani B 0a3ucHIi
mwiomuHi; C2 — sipa, po3MHUPEHi B MPU3MaTHYHINA IUTOIIUHI.
AtoMu 3abapBieHi BiAIOBIAHO 1O aHATI3y HAHOMMKYMX
cycinis: poxxeBuit — 'L, 3enennit — I'LK, Gimwii — iH.

bnox mopemoBanHs OyB Opi€HTOBaHHWiII 3 BicclO X
napanenbHo Hampsmky [1100], Biccioo Y mapanensHo

Hanpsmky [0001] i Biccio Z B3J0BX Hampamky [1120] .

Bbiok wictuB 4 TrBUHTOBI <@> jguciokamii i1 OyB
NepioJIMIHNM y BCiX HampsiMkax (puc. la). Po3mip Gioky
cranouB 400V3a x 150c x 4a, 1e a — nmapamMeTp pPeIriTKy.

Mirpamiro IUCIOKAIii BHBYAIH OUITXOM Jedopmartii

3CYBY, NPHKIAACHOI 0 ONOKY MaluMH Kpokamu (Ae
0,00001), mumssxoM 3MiHH T€OMETpii OJIOKY 3 OJHOYACHUM
MacimTaOyBaHHAM aTOMHHX KOOpAWHAT. MiHIMi3aIito
€Heprii MPOBOIMIN TiCIIsT KOKHOTO KPOKY nedopmariii.
KOMITOHEHTH Hampy)XeHHsT KOB3aHHS — L€ Oy IJIS

0a3MCHOr0 KOB3aHHS Ta Ozx J1d IPU3MATUIHOI'O KOB3aHHS.

(a)

*10* eV/nm

900000009
o0 °

1 1 1 1 1 1 1 1

05 1,0 15 20 25 3.0
Displacement, nm

eV/nm

[ocrifiHmiA TiAPOCTATHYHUN THCK TNPHUKIANATH Tepen
3aCTOCYBaHHSIM HaIpy>KeHHS 3CyBY. THCK 3aCTOCOBYBAJIN
3a JOTIOMOTOIO aHI30TPOITHOI 3MiHH pO3Mipy ONOKY, 100
OTPUMATH Oxx = Oyy = Oz = P/3. KpuruuHo nosomene
HaIpy>KEeHHSI 3CYBY BHUMIPIOBAIH TIPH pPIi3HUX PIBHAX
NPHUKIAJCHOTO THCKY.

2.2. Mucaoxauiiini ssgpa

I'BuHTOBI muciokamii 3 JIUCIOKAIIMHOIO JIHIEIO
B3IOBK OCi Z Oyld BCTaBJICHI B OJOK IIISIXOM
3aCTOCYBaHHS  aHI30TPOMHOTO  MPYXKHOTO TOJIs,

OTPUMAHOT0 3 AHATITUYIHOTO pinieHHs [30]. Mu oOMexumu
Halll PO3IJIsi] KOB3aHHSM TBUHTOBHX <&> IUCIIOKalii (3

BexropoM Bioprepca b =1/3[1120]) a Gasuciii Ta

npu3MatnyHiil miomunax. Takuil BUOip 3po0ieHO ToMy,
110 TBUHTOBA JIMCIIOKAIlis BU3HAYAE TUIACTUYHY TTOBEIIHKY
Matepiany. Bimomo, 1o HampyxenHs Ilaiiepica s
KpailoBUX JAMCIOKAIliN HUKYI, HIXK IJI1 TBUHTOBUX [25, 28,
29]. OTxe, caMe TBHHTOBI YaCTHHU JUCIIOKAINHOT MeTIi
YHOBUIHHIOIOTh  PO3BUTOK jgedopMmariii. Y  BHUIAIKy
moreHmiary Kim MEAM Oyno BHSABICHO [Ba THIIH
TUCTOKALIHHUX siep B 3ale)KHOCTI BiJ TOYaTKOBOTO
LUEHTPY  MPYKHOTO (puc. 1Db).
JoTpuMyrOUnCh 3HAYCeHBb BBEJCHUX B [28], MO3HAYMMO iX

TIOJI0>KEHHS TIOJIA
sik B 1 C2. Slapo B nuconitoeThest B 0a3uCHIM TUIOMIHHI, 1
JIMCIIOKAIlisi KOB3a€ B3J0BX 0A3UCHOI IUIOLIMHU B LbOMY
Burisiai. Sapo C2 e po3imupeHe B3AOBK MPU3MaTHYHOT
IUIOLMHU 1 BIJNOBia€ 3a TpPU3MATHYHE KOB3aHHS
nuciokarii. Panime Oysno Buseiaeno [28], mo sapo C2
MeracTabimbHe 3 moreHmianoMm Sun EAM [31], skui
3a0e3nedye CTaOUTBHICTh IHIIOTO MPU3MATHYHOTO THUITY
sapa (C1). Onnak it moreHmiany Kim MEAM 3naiinesri
snpa — OasmcHe sapo B ta mpmsmarmume sapo C2 —
cTabinpHi. CTaOiIbHICTh PI3HUX THITYy SIep IOB'A3aHa 3

(b)

0,005

0,004
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1
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Puc. 2. bap’epu Iatiepiica nyist 6a3ucHOr0o KOB3aHHS (@) Ta MpU3MaTHIHOTO KoB3aHH! (b) rBHHTOBOI <a> nucinokarii. bap'epu Oynu
po3paxoBaHi B po0oTi [28] MeToOM MiAMITOBXYBAHHUX MPY>KHUX CMYT 3 BUKopucTaHHSIM Sun EAM. Takox 1mokazaHo eBOJIOLII0

OCHOBHO{ CTPYKTYpH IO LIIIXY.
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BEIMYMHOIO eHepriii gedexriB makyBaHHA. Enepris
6azucHOro neeKTy maKyBaHHS HpPU HYJIHOBOMY THCKY
craroBuUTh 29 MJ[x/M? mus Kim MEAM. Mu He 3Haiimm
cTabiIbHOTO TMPHU3MATHYHOTO Je(eKTy TMaKyBaHHA Y
Bunanky noreHuiany Kim MEAM. Came ne sBnserscs
npuanHoto crabineHocTi C2 sapa y Bunagky Kim MEAM
noreHuiany 1 siapa Cl, sike MICTHUTh KOPOTKHMH BiJIpi30K
nedekTy nakyBaHHs B IPU3MATHYHIN IJIOIINHI, Y BUTIAJKY
Sun EAM noreHmiany.

Panime Oymo npogemMoHcTpoBaHo [28] mimpaxyHKaMu
METOJIOM TIANMITOBXYBaHUX MpyKHUX cMyT (nudged elastic
bands — NEB), mo wirpamis sapa B ik gBoma
MiHiMymMamu B penbedi [laifeprmca He TpU3BOIUTH IO
3HAYHOTO TIepeTBOpeHHA sapa. Hasmaku, mirpamis sapa
C1 (mpu3MaTHYHOTO siapa AjIs moTeHtiany Sun EAM [28])
CYMPOBOIKYEThCS IEPETBOPECHHAM B siipo C2 mocepeauHi
nusixy (auB. puc. 2). Y Bunaaky Kim MEAM notenmiany
3MIHIOEThCS B3a€EMHa CTaOUIbHICTH sigep, ame CI1-C2
MEPETBOPEHHS TAKOXK MA€ MicClie IPOTATOM MEPECKOKY MixK
IBOMa  MiHIMyMaM# MooxHa
MIPUITYCTUTH, IO TepeXifHa TUiaTamis, oV, € pi3HUICo
MiX HammamkoBuMu ob'emamu, AV, sgpa Cl 1 C2 y

pemsedy  Ilaitepica.

BUIAJKY MPU3MATHYHOTO KOB3aHHS. OV MPUAMAETHCS SIK
3MiHAa HAUIMIIKOBUX 00’eMiB AV mix 4yac KOB3aHHS Ha
0a3uCHIN IUIOIIHHI.

3. PesysbTaTn i 06roBopeHHs
3aJIeXKHICTh KPUTHYHOTO JI03BOJICHOTO HAIPYKEHHS
3CYBY BiJI TIPOCTATUYHOTO THCKY MTOKa3aHa Ha PUC. 3a [yis
0a3MCHOrO KOB3aHHSA Ta puc. 3b i NPU3MATHIHOTO
s morteHmiary Kim  MEAM. Ilpu
BrukopuctanHi Kim MEAM notenniamy CRSS mpu 0 K ta

KOB3aHHA

HYJBOBOMY THCKY CTaHOBHTH Omu3pko 55 MIla ta 105
MIla nnst Ga3MCHOrO Ta NPU3MAaTHYHOIO KOB3aHHS,
BIAITOBiIHO.

3anexHicTh, sKa 300pakeHa Ha pHUC. 3a JEMOHCTpYE,
10 KPUTHYHE HANpYXeHHs /11 Oa3UCHOIO KOB3aHHS

549} (a)
54,6 |-
©
o
S 543}
2
& 5401 Mg
o basal slip, Kim MEAM
53,7
53,4 1 1 1 1
0 500 1000 1500
p, MPa

3aJMIIAETHCS MPAKTHYHO HE3MIiHHUM. Jluine i 3Ha4eHb
TicKy Bunmx 3a 1000 MIla croctepiraeTbcs He3HayHE
3HMKEHHS.

[Mpu3marnuHe KOB3aHHS <a> JAUCIOKAIl JEMOHCTPYE
BIIMIHHY TOBEIiHKY, B TIOpiBHSHHI 3 0a3UCHUM
koB3aHHsAM. [lorenmiam Kim MEAM  mnporHosye
migsumenass CRSS mns sgpa C2 3 migBUINCHHIM
MIPUKIIAIEHOTO THCKY (pucC. 3b).

CrpoOyeMoO TOSICHUTH pe3yiIbTaTH, AKi IpUBEIeHI Ha
puc. 3. Bymaros Tta iH. [20] 3ampomoHyBanu, MO 3MiHY
KPUTHYHOTO HANpY)XEHHA BHACIIAOK 3aCTOCYBaHHSA
TiAPOCTATUYHOTO THCKY MOKHA OI[IHUTH SIK

Aoy, =27AW, /0, (1)

ne AW, = pdV —3mina eneprii [laifepica BHacHi 10k poboTH
TiAPOCTATUYHOTO THCKY p TPH 3MiHI 00'eMy cHcTeMH Ha
oV. o0V — me mepeximHa npmmataiis, ToOTO Bapiamis
HAQTUIITKOBOTO 00’eMy AV mim dac cTpubKa TUCIIOKAIii
Mk wMiHiMymamu penbedy Ileitepnca. Ha puc. 4
MPUBEJCHI 3aJIC)KHOCTI  HAJIMIIKOBHX 00'€MiB  Bix
MPUKJIACHOTO THCKY JUIsi ABOX THIIB NPU3MAaTHUHHX
mucnokariii (C1 ta C2), a Takox 1151 6a3UCHOT TUCITOKAIIIT
(B). Hns  0a3wucHOi

3aJIeXKHICTh TEePEeXiTHOro 00'eMy, BH3HAUYEHOTO METOJIOM

JUCIIOKAIli TaKoXX MpPHUBEACHA
npuBeeHuM B [20], TOOTO 00'eMy B MOMEHT ITOYATKY PyXy
mucnokarii. [lepexigna munatamis, JV, Oyna po3paxoBaHa,
SIK PI3HUI MK HaAIUIIKOBUM 00'eMom simep C1 1 C2 y
BHIAIKy TPU3MATHYHOTO KOB3aHHA, 1 PI3HUII
MEPeXiTHUM 1 PiBHOBOXKHUM O00'€MOM sIZipa, Y BHIAAKY

MIX

0a3ncHOro KOoB3aHHs. SIK BUIHO 3 puc. 4, 0V 301bIIYEThCS
y HEepIIOMY BHUIAAKYy 3 POCTOM THCKY 1 3MEHIIYEThCS Y
IPYyroMy BHUIAAKy. Y BUIAAKy 0a3MCHOTO KOB3aHHS OV
HaBiTh 3MIHIOE 3HaK. BapTo 3a3HauyMTH, 1O IO3UTHBHI
3HaueHHs OJF MalTh NPHU3BOAMTH A0 30UIbIICHHS
HanpyxeHHs [lafiepiica, ToMy 110 IpUKJIaJEHUH THUCK Hi€
NIPOTH PO3LIMPEHHs sapa auciokanii. Hamakm, mnpum
HEraTHBHHUX 3Ha4YeHHsSX OJF THCK Oyne noromaraTtu

nofonatu Oap'ep. 3ajexHOCTI NpHUBeeHI Ha puc. 3 Ta 4

150
140 | Mg
prism slip, Kim MEAM

©
o 130 |
=
2 120}
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o

110 |

(b)
100 4
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Puc. 3. 3anexuicts CRSS Bix npukiaaeHoro Tucky: (a) 6asucHe kos3anus; (b) mpu3MaTHyHe KOB3aHHSL.
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A. Ocmanogeys, O. Bamaoicyk

MOKAa3yIOTh SAKICHY 3TOAy 3 TaKOK IIOBEIiHKOIO.
3anexxHOoCcTI OV Big THCKy MOXHA alpOKCHMYBAaTH
miHifHOIO (QyHKIiE0. Pe3ympTaT Takoi ampokcmMarii
npuBenennii B Tabmumi 1. Ilicns mizctaHOBKH y hopMyITy
(1) MoxHa nicTaTH OIUHKY 3aJ€KHOCTI KPUTHYHOTO
Hanpy>XeHHS Bil THCKY AJIs1 0a3MCHOTO i IPU3MAaTHYHOTO
KoB3aHHs. Pe3ynbTar npusenenuii Ha puc. 5. 3HOBY MOXHa
KOHCTaTyBaTH, 1110 Ipy0a OLliHKa 33 JOTIOMOTOI0 (hOopMyIIn
(1) BusBNsAE O3HAKM SIKICHOI 3rogu 3 pe3yJbTaTaMu
aTOMICTHYHOTO MojemoBaHHsA. OYeBHAHO, HE MOXHA
OYiKyBaTH TOYHOI KiNNbKiCHOI 3Tr01H, aje MOXHa 3pOOHTH
BHCHOBOK, IIO 3aJISKHICTh MEpEeXigHOl aumaTamii smpa
JTUCITOKAMIi BiJl THCKY Bifirpae KIFOYOBY POJb IPH 3MiHi
KPUTHYHOTO HAIIPYXKEHHS KOB3aHHS JHUCIIOKAIIiH.

34+ .
C1 Kim MEAM (unstable)
A - /A\A
eall "\“'\.}4<:
C2 Kim MEAM
oms 30+
o
i 2,8+
—w B Kim MEAM
26 \'\'\ImO\
\’
2,4+ B Kim MEAM (before glide)
212 1 1 1 1 1
0 200 400 600 800 1000
p, MPa

Puc. 4. 3anexxHicTh HaIUIIKOBOTO 00'€My IHCIOKAIi Bif
TiIPOCTaTHYHOTO THUCKY.

Tabauys 1.
3anexXHICTh MEPEXiTHOTO PO3MHUPEHHS spa JV Bill TUCKY,
p B MlIla

KoszanHs oV Kim MEAM
=-0.3955e-24
+
basucne ap*h $=0.1326e-21
y=0.106e-23
NpU3MaTuyiHe yp+o 5=0160-21
0 (a)
©
o
=
& 2 basal dislocation
<
40 b
0 500 1000 1500

p, MPa

BucHoBku

1.  OtpumaHi 3aJ€KHOCTI KPUTHYHOTO JO3BOJICHOTO
HaTpy>KeHHSI 3CYBY AUCIIOKAIiHl Bif TUCKY Iyl 6a3UCHOTO
Ta MPU3MaTHIHOTO KOB3aHHA uis roTeHmiany Kim MEAM
pu KOMIT'TOTEPHOMY MO/IEIIFOBaHHI MarHito.
BcraHoBNIEHO, 10 3aCTOCYBaHHS THCKY MOXE 3MiHHTH
CRSS gnms 0©azucHOro Ta NPU3MAaTHYHOTO KOB3aHHS
rBUHTOBOI <a> aucnokaiiii. CRSS mpu 0 K Ta HymsoBOMY
TUCKY CTaHOBUTH Onm3pko 55 MIla ta 105 MIlla mis
0a3MCHOTO Ta NPU3MATHYHOTO KOB3AHHS BiAIMOBITHO.
3anexHicts CRSS mms 6a3ucHOTO KOB3aHHS 3aJIUIIAETHCS
MpakTHIHO He3MiHHOI 1o 1000 MIla, micns doro
CIIOCTEpIracThCcs HE3HAYHE 3HIDKCHHA. [Ipu3MatudHe
KOB3aHHSA <&> MOHCIOKallii IEeMOHCTPYE IIiABHIICHHS
KPUTHUYHOTO JIO3BOJIEHOTO HAMpPY>KEeHHs 3CyBY i sipa C2
3 Hi}IBI/IHIeHHHM MMPUKIIaACHOTO TUCKY.

2.  Edexr

HaIPYKCHHS

3MIHU JI03BOJICHOTO

3CyBY CTPYKTYpH
JUCIIOKAIIIHHOTO siipa B 3aJCKHOCTI Bill IOYAaTKOBOTO

KPUTUIHOTO
3aJICKUTh BiJ

MOJIOKEHHA LeHTpy mpyxHoro nons (B i C2). SAmpo B
JCOINIOETECS B OasucHid mwromuHi. C2 MOMMPIOETHCS
B3JI0BX MPU3MaTHIHOI IIOMKHK. Byllo BcTaHOBIEHO, IO
sapo C2 crabimerHe 3 morteHmianmom Kim MEAM mig
HYJBOBHM TiJPOCTATUYHUM THCKOM Ha BiZIMiHY Bif Sun
EAM. Taka curyarisi 3yMOBJIeHa HasIBHICTIO CTa0iIbHOTO
NpU3MaTUYHOTrO AedeKTy MakyBaHHS B HOTEHIiaini Sun
EAM ra iioro BiacyTtHicTio y noteHniani Kim MEAM.

3. DByno mnposeMOHCTpOBaHO, IO  3aJEKHICTH
KPUTHYHOTO JIO3BOJICHOTO HAINpPY)KEHHS 3CYBY BiJ| THCKY
BH3HAYAETHCS  3aNEKHICTIO Bi THUCKY IepeXximHoi
munatanii sapa muciokamii. Ilepeximna munmatamis, oV,
po3paxoBaHa, SK PI3HUIN MK HAITUIIKOBAM 00'€MOM
smep Cl 1 C2 y BUmMagKy NpH3MAaTHYHOTO KOB3aHHA, 1
PI3HHUIII MiX ITEPEXiTHUM 1 pIBHOBRXHAM 00'€eMOM spa,
BHITAJKy 0a3MCHOTO KOB3aHHS, 301IBITYETHCS Y TIEPIIOMY
BHIIQ/IKY 3 POCTOM THCKY 1 3MEHIIYETHCS Ta 3MIHIOE 3HAK Y
apyromy Bumaaky. OIiHKa 3aleXHOCTI
HaTPY>KEHHS BiJl TUCKY JUI1 Oa3UCHOTO i MPU3MaTHYHOTO

KPUTUYHOI'O

150
©
% 100 F prism dislocation
-3
0
<
50 |-
(b)
0 1 1 1
0 500 1000 1500
p, MPa

Puc. 5. (a) 3anexxHicTh 3MIHM KPUTHYHOTO HANPYKEHHS BiJ] I'IPOCTaTHYHOrO TUCKY Ui OasncHoi auciokanii; (b) 3anexHicTh
3MiHM KPUTHYHOTO HANPY>KEHHS BiJ TIAPOCTATHYHOTO THCKY IS IPU3MATUIHOT IUCIIOKAIIi.
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KOB3aHHSI BUSBJISE€ O3HAKH SKICHOT 3roau 3 pe3yjibTaTaMu
aTOMICTHYHOTO MOJCIIOBAHHA.

Honsika

s pobota Oyna minTpuMaHa JBOCTOPOHHIM MIPOEKTOM
MoOiTbHOCTI MiHiCTEepCTBAa OCBITH, MOJOII Ta CIIOPTY
UYecpkoi PecnyOmikm [rpaar Ne 8J19UAO037] Ta
MinicrepctBa ocBiTH 1 Haykum Ykpainu [rpanTt Ne
0120U103623]. s poboTa BUKOHAHA 3 BHKOPHUCTAHHSIM
obuncmoBanbHUX 3aco0iB rpig-kiaactepa GTIHT im. B.I.
Bepkina — @i3uUKO-TEXHIYHOTO IHCTUTYTYy HHU3BKUX
temnepatyp iM. b.1. Bepkina HamioHanbHOT akanemii Hayk
VYkpainu.
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Pressure effect on the electrical resistance of Y 77Pro23Ba>CusO7.5 single
crystals
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The effect of hydrostatic pressure up to 12 kbar on the electrical resistance in the basal ab-plane of optimally oxygen-doped
(6<0.1) single crystals Y1 xPr«Ba:CusO7-s moderately doped with praseodymium (x=0.23) with a critical temperature Tc=67 K.
Compared to undoped single-crystal YBa2CuzO7-s, doping with praseodymium led to a decrease in the critical temperature by ~24 K
with a simultaneous increase in pab (300 K) by =130 uQcm. In the region of the transition to the superconducting state, several clearly
pronounced peaks are observed on the dp/dT — T curves, which indicates the presence of several phases with different critical
temperatures in the sample. The application of high hydrostatic pressure leads to an increase in Tc by about 3 K. This increase slows
down with increasing pressure, and the baric derivatives, dTc/dP, decrease from 0.44 K/kbar at atmospheric pressure to 0.14 K/kbar at
11 kbar. The comparatively weak change in the critical temperature under the action of hydrostatic pressure is due to the relatively
small value of the orthorhombic distortion, (a—b)/a. The change in the baric derivative dTc/dP upon all-round compression of the sample
is due to the fact that, along with an increase in the Debye temperature, the matrix element of the electron-phonon interaction also
increases. Possible mechanisms of the effect of high pressure on Tc are discussed taking into account the presence of features in the
electronic spectrum of carriers.

Keywords: Y1xPrBa2CuzOz-s single crystals, doping with praseodymium, hydrostatic pressure, phase separation, baric
derivatives.

BruiiB THCKY Ha eJIeKTpUYHUN OTIip MOHOKpHUCTATIB Y .77Pro23Ba;Cuz07.
.4, Xamxkaii!, A.B. Mauenynin!, A. Xpouneoc®?, LJI. 'ynaric?, P.B. Bopk?

1 Disuunuii paxynomem, Xapkiscokuil nayionanvnuil ynisepcumem iveni B.H. Kapasina, m. Céoboou 4, 61022, Xapkie, Ykpaina
2 Faculty of Engineering, Environment and Computing, Coventry University, Priory Street, Coventry CV1 5FB, United Kingdom
3 Department of Materials, Imperial College London, London, SW7 2AZ, United Kingdom

JloCHi/KeHO BIUTMB TiAPOCTATHYHOTO THCKY 10 12 kOGap Ha eneKTpHYHHM omip B 0a3ucHOl ab-IUIONMHI ONTHMAIbHO
nonosanux kucHeM (O <0.1) monokpucraniB Yi1-xPrkBa:CusOr-s, momipHo neropanux mpaseogumoM (x=0,23) ¢ KPUTHYHOIO
temneparyporo Tc~67 K. IlopiBHSHO 3 HeJIErOBaHHMMH MOHOKpUCTaTIYHHMHU 3paszkamu YBa:CusOr7-s, JeryBaHHS Hpa3eoJiMOM
MIPHU3BENO 10 3MEHIICHH KPUTHYHOI TeMIiepatypu Ha ~24 K npu ogHOouacHOMY 30inbiieHHi pab (300 K) Ha ~130 MxOwm-cMm. B o6macri
Mepexo/1y B HAIIPOBIIHUI CTaH CIIOCTEPIra€ThCs KiIbKa YiTKO BUpaXKeHHX MikiB Ha kpuBux dp/dT — T, 110 CBIAYHUTH PO MPUCYTHICTH
B 3pa3Ky JEKITbKOX (a3 3 Pi3HUMU KPUTHIHUMH TeMIeparypamMu. BHCOKHH TigpoCTaTHYHMI THCK NPH3BOIUTH A0 3pOcTaHHS Tc
npubm3Ho Ha 3 K. Ile 3pocTanHst CIOBUTLHIOETHCSI TIPH 301TBIICHH] TUCKY, TiprdoMy OapuuHi moxinui, dTc/dP, 3menmyioTscs Bix 0.44
K/kbar mpu atmocdepromy tucky, no 0.14 K/kbar npu 11 kbar. TlopiBHsiHO ciabka 3MiHa KPHUTHYHOI TeMIIepaTypH NpH BIUIUBI
TiZIPOCTATHYHOTO THCKY OOYMOBIICHA BiJJHOCHO MAJIOK0 BEIHYMHOI OPTOPOMOiYHOI aucropcii, (a-b)/a. 3mina GapuuHOl MOXiAHOT
dTc/dP mpu BceGiuHOMY CTHCKY 3pa3Ka MOB'sI3aHa 3 THM, IO TIOPSI 31 3pocTaHHsIM Temneparypu ebasi, 30imblyeTbest i MaTpUYHMIA
€JIEMEHT eNIEKTPOH-(DOHOHHOI B3aeMoJil. MOXINBI MEXaHi3MH BIUIMBY BHCOKOTO THCKYy Ha Tc OOTOBODIOIOTHCS 3 ypaxyBaHHSIM
HAsBHOCTI 0COOJIMBOCTEH B €IIEKTPOHHOMY CIIEKTPi HOCITB.

KonrouoBi cioBa: moHokpucramu Y1xPrkBazCusOv-s, TeryBaHHs mpa3eoAiMoM, TiIPOCTaTHIHUH THCK, MO (a3, OapudHi
TIOX1THI.
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HccneoBaHo BIHSHHUE THAPOCTATHYECKOTO IaBieHUs 10 12 kOap Ha SJIEKTPUYECKOE COMpPOTHBICHHE B GasucHoil ab-
[UTOCKOCTH ONTHUMANbHO JOMHUPOBAaHHBIX KuciaopoaoM (6<0.1) monokpuctamioB Y1xPrkBa:CusO7-5, yMepeHHO IerupoBaHHBIX
npaseoaumoM (x~0,23) ¢ xpuruueckoit TemmepaTypoit Tc=67 K. Ilo cpaBHEHHIO ¢ HEIETMPOBAHHBIMH MOHOKPHCTAIINYECKUMH
obpasmamu  YBa:CusO7-5, nermpoBaHue mpa3eoquMOM MPHUBENTO K YMEHBIIEHHIO KPUTHYECKOH Temiepatypel Ha ~24 K mpu
onHOBpeMeHHOM yBenmueHHH pab(300 K) Ha ~130 MxkOM-cM. B obOnacTu mepexona B CBEpXIPOBOJSAIICE COCTOSHHUE HAOIIOIACTCS
HECKOJIBKO OTYCTIIMBO BBIPOKCHHBIX MUKOB Ha KpuBbIX dp/dT — T, 4TO CBHIETENBCTBYET O NPUCYTCTBHHU B 0Opasiie HECKONIbKUX (a3 ¢
Pa3ITMYHBIMHU KPUTHYECKUMH TeMIepaTypaMH. [IpuiioskeHne BEICOKOTO THAPOCTaTHIECKOTO TaBJICHHS TPUBOANT K pOCTY ¢ IPUMEPHO
Ha 3 K. DTOT pocT 3aMeuisieTcs Ipy yBeIMYCHUH AaBJICHHs, TpuueM Oapudeckue npousBoausie, dTc/dP, ymensiuarores ot 0.44 K/kbar
npu atmocdeprom masnenuu, 1o 0.14 K/kbar npu 11 kbar. CpaBrurensHoe cnaGoe M3MEHEHHE KPUTHYECKOW TEMIIEPaTyphl TpU
BO3/ICHCTBUH THIPOCTATHYECKOTO AABICHHS 00YCIIOBICHO OTHOCHTEIHHO MAJIOW BEJIMYMHON OPTOPOMOHUECKOit auctopenu, (a—h)/a.
W3menenne Oapuueckoil mpoussoaHoit dTc/dP mpm BcecTopoHHEM CXKaTHM 00pasia CBSI3aHO C TEM, YTO, HApsgy C POCTOM
Temreparypsl JleOas, yBeIUUUBAaeTCSd M MATPUYHBIM 31E€MEHT 3J1eKTPOH-()OHOHHOTO B3aMMOAEHCTBUSA. B0O3MOXHBIE MEXaHH3MBI

BIIMSIHUS BBICOKOT'O IaBJIECHHS Ha Tc 00CYKAAIOTCA C YUETOM HAIMYUS OCOOCHHOCTEH B 3JIEKTPOHHOM CIIEKTPE HOCHTEINEH.
Kiwuessle ciioBa: MoHOKpHCTALTH Y 1-xPrkBa2CusOy7-s, ternpoBanme mpa3eouMoM, THAPOCTATHYECKOE aBlicHHE, (a3oBoe

pasaeieHue, 6apI/IHOBI)Ie IIPpONU3BOJHLIC.

Introduction

The use of high hydrostatic pressures continues to be
one of the most popular techniques for studying the
structural and magnetoresistive characteristics of high-
temperature superconducting cuprates (HTSC) [1, 2].
Despite the fact that almost 35 years have passed since the
discovery of high-temperature superconductors in 1986 by
Bednorz and Miiller [3], the microscopic mechanism of
this unique physical phenomenon still remains unclear. In
this aspect, the hydrostatic pressure allows not only to
check the adequacy of the currently existing numerous
theoretical models [4], but also to establish the most
significant parameters of HTSC structures, which
determine their physical characteristics in the normal and
superconducting states. Among the HTSC cuprates, the
most popular for this kind of research are compounds of
the RBa,CuzO7s (R = Y or another rare earth element)
system [5, 6]. The critical temperature (T;) of these
compounds, optimally doped with oxygen, is T, =90 K [7]
and weakly depends on the nature of R. Importantly,
CeBa,Cuz07.5 and TbBa,Cu3zO7.5 do not form an ORTO-
structure, PmBa,CuzO~.5 is radioactive, and PrBa;CuszOr.s
is not superconductive (the “praseodymium anomaly”)
[8,9], despite the presence of an orthorhombic unit cell
[10]. Of particular interest are compounds with a partial
substitution of Y for Pr, which, leads to a partial
suppression of superconductivity [11], and allows the
lattice parameters and oxygen stoichiometry of the
compound to remain practically unchanged.

Typically in cuprates the dT¢/dP dependence is positive
[12], while the dInp/dT derivative is negative and relatively
large [4,13,14]. However, the data presented in studies
concerning the effect of pressure on the T¢ in Y1
xPrxBazCuzO7_s compounds (see, for example, review [15])
are often contradictory. The registration of both positive
and negative values of dT./dP were reported, and in some
cases, the change of sign of dT./dP [15]. Importantly, a
significant part of the experimental data was obtained on
ceramic, film and textured samples of very different

technological background [4, 13, 15]. In our previous
studies [2, 16], we investigated the effect of pressure on the
resistive characteristics of low-doped praseodymium
(x=0.05) single-crystal samples Y1.xPrxBa,CuzO7.s. It was
determined that, in contrast to stoichiometric YBa;CusO7.5
samples, the application of high pressure to
Yo.95Pro.0sBa2CusO7.5 single crystals leads to a double
increase in the value of dT¢/dP [2,16]. In these studies
possible mechanisms of the effect of high pressure on T,
taking into account the presence of features in the
electronic spectrum of the carriers were considered [2,16].
In the present study we investigate the effect of hydrostatic
pressure on the electrical resistivity in the basal plane of
Y 1.xPrkBa;Cus07.5 single crystals with an average (x~0.23)
concentration of praseodymium and a critical temperature
Te=67 K.

Results and discussion

Figure 1 shows the temperature dependences of the
electrical resistivity in the basal plane, pas(T), of the Yi.
«PrkBa,CuzO7s single crystal measured at different
pressures. Inset (a) shows the resistive transitions to the
superconducting state in coordinates dp/dT — T. As follows
from Fig. 1, the values of T¢ and pan(300 K) at atmospheric
pressure were 67 K and 331 uOhm-cm, respectively. Thus,
in comparison with undoped single-crystal YBa,Cu3zOzr.5
samples [16*], the critical temperature decreased by 24 K
with a simultaneous increase in pan(300 K) by =130
pOhm-cm, which generally agrees with the literature
[8,15]. At present, there are a number of theoretical models
devoted to the study of the reasons for the degradation of
the superconducting and normal characteristics of
YBa,CuzO7.s compounds under the influence of
praseodymium impurities [15]. The best known among
them are the so-called “hole filling model” [18], “pair
breaking phenomena” [19], as well as models assuming the
localization of hole carriers and, due to the interaction with
praseodymium ions, various mechanisms of rearrangement
of band states [15].
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Fig. 1. Temperature dependences of the electrical resistivity in the basal plane, pan(T), of the Yo.77Pro.23Ba2CusOz-s single crystal
measured at pressures 0; 4.1; 6.4; 8.7; 11 kbar - curves 1-5, respectively. Inset (a): resistive transitions to the superconducting state
in coordinates dp/dT — T. Inset (b): pressure dependences of 7. and pan(300 K).

As can be seen from inset (a), on the dp/dT — T
coordinates in the region of the transition to the
superconducting state, there are several clearly pronounced
peaks corresponding to the steps in the corresponding
dependences shown in Fig. 1. As it was established
previously [20, 21], the similar shape of superconducting
transitions indicates the presence in the bulk of the
experimental sample of several phases with different
critical temperatures (Tc1 u Teo), which, in turn, correspond
to the maximum point at each of the peaks. In this case,
according to the well-known parabolic dependence [22],
each of these phases is characterized by the corresponding
concentration of current carriers. As follows from inset (a),
an increase in the applied pressure leads to some change in
the height and shape of the steps, as well as a shift in
temperature of the maximum points. This, can indicate a
significant change in the paths of the transport current due
to a change in the size and composition of clusters with
different T.. For  YBa)CusO7s samples of
nonstoichiometric oxygen composition, such phenomena
can be observed due to the implementation of the
ascending diffusion process in the system [23]. As it can be
seen from inset (a), an increase in the applied pressure
leads to a significant change in the difference (Tci-Tco),
which may indicate the retention of the initial phase

separation in our sample. Notably, the oxygen content here
was close to stoichiometric, which should minimize the
effect of the redistribution of labile oxygen on the above
processes. Indeed, as shown previously [7, 24], the
application of high pressure in the case of YBa>CusOrs
samples of stoichiometric composition, as a rule, does not
lead to the occurrence of structural relaxation processes,
which usually occur due to the diffusion of labile oxygen
in the bulk of the sample. Apparently, the phase separation
under pressure observed in the present study can be due to
a change in the size and composition of clusters
characterized by different contents of praseodymium [25].
It should be noted that an increase in the praseodymium
content in a local volume element of an experimental
sample, as a rule, leads to the effect of a diametrically
opposite effect of an increase in the oxygen content. While
an increase in the oxygen concentration leads to an increase
in Tc and an improvement in the conducting characteristics
of an individual phase [23,26], an increase in the
praseodymium content contributes to the suppression of
conductivity and a decrease in T¢ [15,25]. Thus, it can be
assumed that the phase separation observed in the Y.
xPrkBazCuzO7.s compound under the action of high
pressure, in contrast to the case of pure YBa;CusOr-s
samples, is a more complex and ambiguous process.

BicHuk XHY imeHi B.H. KapasiHa, cepia «®isukar, sun. 33, 2020 79



Pressure effect on the electrical resistance of Yo 77Pro23Ba,CusOyr.; single crystals

However, verification of the validity of this assumption
requires additional studies of the effect of all-round
compression on the critical temperature of Y.
xPrkBazCuzO7.s compounds, including a wider range of
praseodymium concentrations, as well as using structural
measurements on the samples with a higher degree of
praseodymium doping.

As follows from inset (b) for our sample, dTc/dP
decreases from 0.44 K/kbar near atmospheric pressure to
0.14 K/kbar at 11 kbar, which is slightly less than for the
sample with x~0.3 [15], but more than for the pure sample
YBa;CuzOrs [7] and the YogsProosBa,CusO7.s sample
[2,16] As we have already noted previously[16], such a
value of the baric derivative dT/dP can be explained by the
traditional use of the well-known Macmillan formula for a
qualitative analysis of the 7.(P) dependences [27]:

_ QD
¢ 145

1.04(1+ A)

—], @
A— " (1+0.622)

exp[—

where & is the Debye temperature, 4" is the screened
Coulomb pseudopotential characterizing the repulsion of
electrons, A is the electron-phonon interaction constant,
which, in turn, depends on the parameters of the electronic
and phonon spectrum of the superconductor:

_N(gp) <Pk =k) >

2
M 6>

)

where N(er) is the density of states at the Fermi level, | is
the matrix element of the electron-phonon interaction
averaged over the Fermi surface, and M is the mass of the
ion.

Under the assumption that upon compression of the
sample, along with an increase in the Debye temperature,
the matrix element of the electron — phonon interaction also
increases [28], the values dT./dP<0.2 K/kbar seem to be
quite reasonable. Herewith, however, it should be noted
that for samples with a praseodymium impurity
concentration x> 0.3, the absolute value of the baric
derivative dT/dP can reach values greater than 0.6 [15]. In
addition, as noted above, a change in the sign of dT./dP
was observed in some works. All of the above does not
allow us to uniquely interpret the data obtained in the
framework of the BCS theory.

At the same time, the relatively weak effect of pressure
on the T value of samples weakly doped with
praseodymium can be explained within the framework of
the model assuming the presence of a Van Hove singularity
in the spectrum of charge carriers [29, 30], which is
characteristic of strongly coupled lattices. As is known, for
crystals with high Tc=~90 K the Fermi level lies in the valley
between two peaks of the density of states, while the

density of states at the Fermi level N(Eg) significantly
depends on the so-called orthorhombic distortion (a-b)/a
[29]. An increase in the (a-b)/a ratio leads to an increase in
the distance between the peaks of the density of states and,
accordingly, to a decrease in N(Ef) and T.. A decrease in
the ratio (a-b)/a leads to the convergence of the peaks of
the density of states which leads to an increase in N(Ef)
and Te. Such a regularity of the change in T was observed
when studying the effect of uniaxial compression along the
a and b axes on the critical temperature of single crystals
with Te=90 K [31]. When a load was applied along the a
axis, the critical temperature increased and when a load
was applied along the b axis, it decreased. Under the
influence of hydrostatic pressure, the value of the ratio (a-
b)/a changes only slightly, since it is determined only by
the difference in compression moduli along the a and b
axes. Therefore, the change in the critical temperature
under the influence of hydrostatic pressure is relatively
small.

For crystals with a low T~60 K, the Fermi level, due
to strong doping with substitutional elements, can be
shifted from the middle of the band and located away from
the peak of the density of states [32]. Therefore, if the value
of the critical temperature is primarily determined by the
density of electronic states, then under the action of
hydrostatic pressure the Fermi level can shift toward the
peak of the density of states, thereby leading to a
significant increase in the absolute value of dT./dP. Some
role in this case can play the specific mechanisms of
quasiparticle interaction [33-35] and relaxation of a
defective ensemble, which we discussed in more detail in
[36]. However, verification of the validity of this
assumption requires additional studies of the effect of
pressure on the critical temperature of Y1.xPrBa;CuzO7-s
compounds, including a wider range of praseodymium
concentrations.

Conclusions

Summarizing the above, we note that hydrostatic
pressure does not affect the morphology of a
superconducting cluster in a praseodymium-doped Yo77-
xPro23Ba;,CusO7.5 single crystal. It was found that, in
contrast to the pure YBa,Cu3zO7.; samples with the optimal
oxygen content, the application of high pressure leads to a
triple increase in the value of the baric derivative dT./dP.
Possible mechanisms of the effect of high pressure on T¢
are discussed, taking into account the peculiarities in the
electronic spectrum of charge carriers.
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Kiacuuna kpaifoBa 3ajada npo nepexia chepuyHoro HaanpoBiJHUKA
MEPIIOTO POAY B HOpMaJIbHUN CTaH NMPU 30UIbIICHH] TPUKIAJEHOTO
OJIHOP1AHOTO MArHiTHOTO MOJIst (METOUYHA PO3POOKA)
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B pamkax xiacnuHOI (He KBaHTOBOT) €IEKTPOAMHAMIKH CYLIIbHUX CEpeJOBHI i MOIHU(piKOBaHOI (CIPOIIEHOT) HEMOKAIBHOL
TINapAiBChKOT eJIeKTPOJMHAMIKI OJJHOPITHUX HAIPOBIAHHUKIB IIEPIIOr0 POLY MOBHO | MATEMAaTHYHO CTPOTO (3 ypaxyBaHHIM e(eKTy
NIPOHUKHEHHS! i TOYHUX TPaHUYHMX YMOB) BHpIllleHa CKJIaJHa KpaioBa 3agada Npo TepexiZ MaKpOCKOIYHOTO ChepuIHOro
HaJIIPOBITHHUKA ITEPIIOr0 POAY B IIPOMDKHUH | HOPMAJIBHUI CTaHM IPH 301IbIICHH] IPUKIIAJAEHOT0 MarHITHOTO ITOJIS.

OCHOBHOIO METOIO L€l poOOTH € cCaMOy3ro/KEHA 1 TOYHA MMOCTAaHOBKAa KpaHoBOi 3afadyi, a TakoX ii MaTeMaTHYHO CTpOTe
pilIeHHS 3 ypaxyBaHHAM IOBEPXHEBHX €(DEKTiB 1 HEMOKAIBHOCTI MIMMapAiBCHKUX HAAIPOBITHUKIB MEPIIOTO POAY.

HoBumM y BupimieHHi 1aHOi 3a1a4i € Te, II0 MOBEPXHEBI SBHIIA ONHMCYIOTHCS B Hill HAa MiACTaBi MOAN(IKOBAaHOI (CIPOLICHOT)
HEJIOKaJIbHOT MINMapAiBChKOI ENEKTPOIUHAMIKH.

INoka3zaHo, 1110 iIrHOpYBaHH:I IIOBEPXHEBHX €()EKTiB B TEOPil HU3bKOTEMIIEPATYPHHUX HAAIPOBITHUKIB MOKE IPUBECTH HE TLITBKI
JI0 KiJIbKICHUX TIOMIJIOK, aJie i IO HeBIPHUX SIKICHUX BUCHOBKIB.

Ha mincraBi cTpororo pimeHHs KpaioBoi 3aa4i i BU3HaAYeHHsI pO3MOALTY pe3yJIbTYF0UOTr0 MarHiTHOTO MOJIS y BChOMY IIPOCTOPi
(BcepenuHi 1 1032 HaANIPOBITHOO KyJIEI0) 3p00IIeHi BUCHOBKHY PO XapaKTep Iepexo.y MaKpOCKOIIYHOTO ChepuIHOro HaIIPOBITHIKA
MIEPIIOTO POy B MPOMIKHHUI 1 HOpPMaNBHUIA CTaHH, SKi Y3rOKYIOThCS 3 BUCHOBKAMH, OTPIMAaHIMH PaHillle iHITUMHA aBTOPAMU IPU
BUKOPHUCTaHHI HIMH Pi3HOTO POy HaOIMKEHUX MOJENeH 1 MEeTOMIB.

OCKUTBKHA HAayKOBI Pe3yJIbTaTH OTPHMAHO aBTOPAMHU IUIIXOM CTPOTOTO 1 CAMOY3TOMKEHOTO DIllIeHHS TOYHO ITOCTaBJICHOT
KpaifoBoi 33/1ai, TO po00Ta 6E3YMOBHO TPE/ICTABIISIE TEOPETHYHHHN 1| METOAUIHUH 1HTEPECH.

KorouoBi ciioBa: cdeprunmii HaAPOBIHUK, MarHiTHe IoJie, IPOMIKHUI CTaH, HOPMAaJIBHUI CTaH, JIOKAIbHA JIOHJOHIBChKA
€JIEKTPOIMHaMIKa, HeJIOKaJIbHA MINNapAiBChka eJIeKTpoJrHaMika, eext MeiiccHepa-OkceHdenbaa, TMONHa MPOHNKHEHHS, KpaioBa
3amaya, IugepeHIianbHi PiBHSIHHS, TPAHUYHI YMOBH.

The classical boundary problem of the transition of a spherical type-I
superconductor to the normal state with increasing of the applied uniform

magnetic field (methodical development)
0.G. Ort, M.R. Vovk

Physics Department, V.N. Karazin Kharkiv National University, Svobody Sq. 4, 61022, Kharkiv, Ukraine

A complicated boundary value problem of the transition of a macroscopic massive spherical type-1 superconductor to the
intermediate and normal state with increasing of the applied uniform magnetic field has been solved. Taking into account a penetration
effect and exact boundary conditions the boundary problem has been solved completely and rigorously within the framework of the
classical (non-quantum) electrodynamics of continuous mediums and the modified (simplified) nonlocal Pippard electrodynamics of
spatially homogenous type-I superconductors.

The principal object of this work is a self-consistent and exact setting of the boundary value problem and also its mathematically
rigorous solution taking into account surface effects and nonlocality of Pippard type-1 superconductors.

The solution novelty is a description of the surface effects within the framework of the modified (simplified) nonlocal Pippard
electrodynamics.

It is shown that disregarding for the surface effects in a theory of low-temperature superconductors can lead not only to
computational mistakes, but also to incorrect qualitative conclusions.

The conclusions about nature of the transition of a macroscopic spherical type-1 superconductor to the intermediate and normal
state have been drawn on the ground of a rigorous solution of the boundary problem and determination of the total magnetic field
distribution in the whole space (inside and outside the superconducting sphere). These conclusions are in agreement with those, which
have been drawn earlier by other authors on the ground of different approximate models and methods.

Since the scientific results have been obtained by the authors on the basis of rigorous and self-consistent solution of the exactly
set boundary problem, the work is undoubtedly of theoretical and methodical interest.

Keywords: spherical superconductor, magnetic field, intermediate state, normal state, local London electrodynamics, nonlocal
Pippard electrodynamics, Meissner-Ochsenfeld effect, penetration depth, boundary value problem, differential equations, boundary
conditions.
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Kiaccudeckas kpaeBas 3aj1aua o nepexoje chepruieckoro
CBEPXIPOBOJIHUKA MIEPBOTO POJa B HOPMAJILHOE COCTOSIHUE MPU
YBEJIIMUYCHUH TTPUII0KEHHOTO OHOPOIHOTO MAarHUTHOTO TOJISI

(MeToam4ecKkas pa3padoTKa)
A.T". Opr, H.P. BoBk

Duzuueckuil haxyromem, Xapvrosckuil nayuonanvhuiil ynugepcumem umeny B.H. Kapasuna, ni. Ceoboout 4, 61022, Xapvros, Ykpauna

B pamkax kmaccudeckoil (HE KBAHTOBOW) JJIEKTPOAMHAMHUKH CIUIOLIHBIX Cpel W MOAW(GHUIMPOBAHHOW (YNPOIIEHHOI)
HEJIOKAJIBHON MMINapIOBCKON AJIEKTPOANHAMUKH OJHOPOJHBIX CBEPXIIPOBOIHHKOB IIEPBOTO POJA IOJIHO U MAaTEMAaTHYECKU CTPOrO

(mpu yuére oS¢dekra NPOHUKHOBEHWS W TOYHBIX T'PAHMYHBIX YCJIOBHH) pEIIEHA CIIOXKHAS

KpacBas 3ajlada O IEpexoac

MAaKpOCKOIIMYECKOI0 MaCCUBHOI'O c<bep1/1qec1<oro CBEPXIIPOBOJHUKA IIEPBOI0 poJia B IPOMEKYTOUYHOEC U HOPMAJIbHOE COCTOSAHUEC IIPpU

YBEIIMYCHUU NPUIIOKEHHOI'O OJHOPOAHOTIO MarHUTHOI'O I1OJIA.

OCHOBHO#H 11eNbI0 HacTOsMIEH pabOThl ABISETCS CaMOCOIVIACOBAaHHAs M TOYHAs IIOCTAHOBKA KpaeBOil 3aJaud, a Takke ed
MaTeMaTH4eCKH CTPOroe pelIeHHe NPU y4éTe MOBEPXHOCTHBIX 3(G(PEKTOB M HENOKATBHOCTH IHUIIAPJAOBCKHX CBEPXIPOBOJHUKOB

MIEPBOTO POJa.

HoBeIM B pemneHMM JaHHOH 3afadM SBISETCS TO, YTO IIOBEPXHOCTHBIC SIBIICHUS ONMCHIBAIOTCA B HEHl HA OCHOBAaHHU
MOIU(PHUINPOBAHHOH (YIPOIIEHHO) HETOKAIFHON MUIITAPIOBCKOM AIIEKTPOIUHAMHUKH.

[Noka3aHo, YTO MTHOPHPOBAHHE IOBEPXHOCTHBIX S(P(PEKTOB B TEOPHUH HU3KOTEMIEPATYPHBIX CBEPXIPOBOIHUKOB MOXKET
IPUBECTH HE TOJIBKO K KOJMYECTBEHHBIM OIINOKaM, HO U K HEBEPHBIM Ka4eCTBEHHBIM BBIBOJIAM.

Ha ocHOBaHMU CTPOroro pemeHus KpaeBoi 3ajauil U ONpee/ICHUs] paclpeieieH s pe3yIbTUPYIOIETr0 MarHUTHOTO MOJIs BO
BCEM IPOCTPAaHCTBE (BHYTPU U BHE CBEPXIPOBOJSILEIO ILIapa) CHeNaHbl BBIBOABI O XapaKTepe Mepexoia MaKpOCKOIHYECKOIro
cepHUUEeCKOro CBEpXIPOBOJHIKA EPBOrO POJa B IPOMEXYTOUHOE U HOPMAIIBHOE COCTOSIHHE, KOTOPbIE COTIACYIOTCS C BBIBOJAMH,
MOTyYeHHBIMU paHee APYTUMHU aBTOPAaMH IIPH HCIIOJIL30BAaHUH MU PA3IMIHOTO POAA MPHUOIMKEHHBIX MOZIENICH I METOIOB.

IMockonbky HaydHBIE pE3yNbTaThl IOTYYCHBI ABTOPAMU ITyTEM CTPOTOTO0 M CaMOCOTJIACOBAHHOTO pEIHICHHS TOYHO
MIOCTaBJICHHOH KpaeBo# 3a1a4n, To paboTa 6€3yCIOBHO MPECTaBIIeT TEOPETUUECKUIT U METOIMUECKII HHTEPEC.

KnroueBble c10Ba: cheprueckuil CBEpXIIPOBOIHUK, MArHUTHOE TI0JIE, TIPOMEXYTOYHOE COCTOSIHIE, HOPMAJIBHOE COCTOSIHIE,
JIOKaJIbHAs JIOH/IOHOBCKAs JIEKTPOJMHAMMKA, HEJIOKAIbHAS MUIIApIOBCKas IeKTpoauHamuKa, spdexr Meiiccuepa-Oxcendensa,
riyOrHa IPOHUKHOBEHHS, KpaeBast 3a/1a4a, auddepeHnnanbHple ypaBHEHNS, TPaHUYHbIC yCIIOBHS.

Cnmcok yMOBHUX N03HAYeHb, CKOPOYeHb i TepMiHiB

OpnHopigHe TpUKIaJeHe MarHiTHE IIoJe — OIHOPITHE
30BHIITHE MAar"iTHE MOJie, CTBOPEHE 3a JOMOMOTOI0
conenoina 30BHi HII — 3pa3zka. Ctpykrypa i cuIOBi
XapaKTEePUCTUKH MPUKIAEHOT0 MArHITHOTO MOJIS He
3ajexarb BiJl HasBHOCTI abo BincytHocti HIT —
3paska [4]

HIT — HannpoinHuK

HIT — marepianu — HagmposinHi MaTepianm

HIT — metan — Hagnposigauii MeTan

HII 1-ro (2-ro) pony — HannpoBiaHUK nepioro (Ipyroro)
poay

HIT — cran — HaanmpoBiaawuii ctan

HIT — ctpym — HaampoBinauii ctpym

HIT — enexktponun — HanampoBimHi eJIeKTpOHH, TOOTO
€JIEKTPOHM, 00'€THaHI B KyNePiBChKi apu

HIT — xyns — HagnpoBigna Kyis

Ceepnunmnii HII 1-ro (2-ro) pomy — Cdepnunuii
HAJAMPOBITHHK Mepmoro (apyroro) poxy, abo HIT —
KyJist

HII — 3pa3ok — HagnpoBsinauii 3pa3ok

Opnopimauit HIT — 3pasok — HII — 3pasok, y sikoro
kxoHreHTpais HIT — elekTpoHiB 0JHaAKOBA B YCHOMY
ioro o6'emi: ng = ng (F); ng = const

Opnno3se's3uuit HII — 3pasok — HaanpoginHe Tino, B ssIKOMY
MOJKHa JIOBUIbHUH 3aMKHYTHH KOHTYp CTATHYTH B
TOYKY, HiZie HE TIEpETHHAIOYH MPH IbOMY MEX Tija.
IHmmMu  cnoBamMu, B OAHO3B'SI3HOMY Tilli Hemae

HACKpi3HHX OTBOPIB.
JIBO3B'SI3HOTO Tida [5]

Top (Topoim) — mpukIan

N — map — Hopmanphuii map, abo map meTamy 3
HOPMAaJILHOIO MTPOBIIHICTIO

N — ¢dasa — HopmansHa ¢aza, abo o0iacte merany 3
HOPMAaJILHOIO MTPOBIIHICTIO

S — map — HaanposinHuii map metany

S — ¢a3za — Hagnposinna ¢asa, abo obxacte merary, mo
Ma€ HaAMPOBITHI BIACTHBOCTI.

JlokaneHa JIOHJJOHIBChKa eNeKTPOJMHAMIKA
HAANPOBITHUKIB — DeHOMEHONOTiYHa JIOKaJhbHA

(l,_ > §0) Teopis HagnposigHocTi Ppina i [eitana

JlonnoHis (1935)
HemnokanbHa minnapaiBcbka eJIEKTPOAMHAMIKA
HAANPOBITHUKIBE — (DEHOMCHOJIOTIYHA HEJIOKaJIbHa

(/IL < 50) Teopis HaampomigHocTi Ilimmapma A.b.
(1953)
Teopis BKII —

HaanposigHocTi bapaina-Kymnepa-Ilpiddepa (1957)

MikpockomiyHa KBaHTOBa TeOpid

g — yactuaka — [IpoTsoxHa (50 ~107 CM) KyTIepiBChKa

napa, yTBOpEHa JBOMa CKOpEIbOBAaHUMH
eJIeKTPOHAMH, SIKi MAaloTh piBHI 3a abOCOJIIOTHOIO
BEIMYHHOIO 1 IPOTHIICKHI 332 HAIIPSIMKOM IMITYJIbCH 1
CHiHH

X® — XBuiboBa PyHKIIisS

JP — Indepenuianbie piBHIHHS

BicHuk XHY imeHi B.H. KapasiHa, cepia «®isukar, sun. 33, 2020 83



Knacuuna kpatiosa 3a0aua npo nepexio cheputnoco HaONPoSIOHUKA NePULO20 POOY 8 HOPMATLHUL
CMAaH npu 30iIbUeHHI NPUKIAO0EH020 0OHOPIOHO020 MACHIMHO20 NOS

3 — mpocrtip — PiznuHMiT eBKITINOBUH 3-BUMIPHUH MIPOCTip
Es

Beryn

3anmaua mpo noBeniHky chepuyunoro HII 1-ro poxy (HIT
— Kynmi) mpu 30UThIIEHHI NPUKIAIECHOTO OJHOPITHOTO
MarsiTHoro nonsi By = By-€, 10 KpuTHYHHX 3HAYEHb €
OJTHI€TO 3 KITACHYHUX 33124 (Pi3WKH HU3bKOTEMIIepaTypHUX
HA/AMIPOBITHUKIB.

CKJIaHICTh TEOPETHYHOTO aHAJi3y Ii€i 3ajmadi B pasi
Makpockomiyaoi (MacuBHo1) HIT — kyni oOymoBiieHa THM,

WO pesylbTyroue (camoysromkene) soeHimmue (r>R)

MarHiTHe Hoie B® (r)= By + B (r), Ae

By = By €, =const — cratudHe OAHOpiAHE NpPUKIanEHE
MarHiTHe ToJie, [0 TeHePY€EThCs 30BHIMIHIMU JKepeIaMu
. S5€ [ = .

(nanp., comenoinom), BS(F) — soemimme (r>R)
MarHiTHe ToJyie 3aMKHYTUX ekpaHytounx HII — ctpymis
jS(F), LUPKYJIOIOYHX B TOHKOMY HPHIIOBEPXHEBOMY
mapi HIT — kyJi; € CyTT€BO HEOTHOPIAHUM i Mae pi3Hi
3HAYCHHS B PI3HUX MICIIX o0mu3y mosepxHi HIT — xyi.

CKIamHICTP TEOPETUYHOTO PIlICHHS JaHOi 3a;adi
CIIOHyKaJa JOCIIITHHKIB
TIOBEPXHEBUMHU BBOJIMTH

GaraTbox HEXTYBaTH
JIOTIOMIYHI

BEJIMYMHH, SIKi HE MAarOTh YIiTKOTO i SICHOTO (pi3MgHOTO

edexramu,

CeHCY, 1 KOPHCTYBAaTUCSl pIi3HOTO poay (GopManbHHUMHU
MOJISIISIMU.

Xoya mOMIOHUI MOJENBHMH MiAXiN 1 JO3BOJISIE B
JIesIKMX BHIAJKaX 3aJ0BIJIbHO ONUCYBAaTH pe3yJbTaTh
€KCIIEPUMEHTIB, OJHAK, B LIJIOMY BiH BHKJIHMKAE MOYYTTS
He3aJoBOJICHHs. [IpM  TakoMy  MOJCNIOBaHHI  He
PO3KpHBAEThCA TpUpoAa (PI3UYHUX SBUII 1 MEXaHi3M
¢i3nuHNX TmpoueciB, a cami (HOpMaIbHO-EKBIBAJICHTHI
MOJIeTll MalTh JyXke OoOMexeHy cdepy 3acTOCyBaHHS.
binpmr  Toro, 3HeBara

MTOBEPXHEBUMH €(PEeKTaMH 1 BHUKOPUCTAHHS HAAMIPHO

SIK 6y/t[e II0Ka3aHO HHIXKYC,

CIIPOLIEHUX MOJIEIeH MOXKE TPHUBECTH HE TUIBKU JI0
KUTBKICHHX, a ¥ 10 TPyOMX SKiCHUX TOMMIJIOK.

VY nmaniif po6oTi KJIaCHYHA KpaioBa 3a7ada mpo nepexis
chepuunoro HII

MaKpOCKOIIYHOTO lI-ro pomy B

NPOMDKHUI 1 HOpMaJbHMH CTaHW TIpH 30iJbLICHHI
OJHOP1IHOr0 NPHUKIAJEHOTro MarditHoro noist By = By -€,

BUPINIYETbCS CTPOTUMHM MATEMaTHYHUMH METOAaMH B
paMKax  KJIAQCHM4YHOI  ENEeKTPOJAMHAMIKM  CYLUIBHUX
cepenoBHuIl i MOAN(IKOBaHOI (CHPOLIEHOT) HEIOKaIbHOT
HINNapiBCbKOI €NEeKTPOIMHAMIKH HaIIPOBITHUKIB.

[Tpu crporomMy i caMOy3roKEHOMY pillleHHI KpaioBol
3amagi BpPaXOBYETHCSI edekr MIPOHUKHEHHS
PE3YNBTYIOUOTO (CaMOY3TO/KEHOT0) MArHITHOTO TIOJIS

B(r) » Tomkmii mpumosepxmesmii map HIT — xymi,

BpPaxOBYIOTBCS TaKOX 1 3aMKHYTi ekpanytoui HII —

CTPYyMH, IO peajbHO IPOTIKAIOTh B  TOHKOMY
npunoBepxHeBomy mapi HII — «kymi, 3 pimenss
audepeHIiaTbHUX PiBHSHB MarHiTOCTaTUKU

HA/MPOBITHHUKIB 3HAXOAUTHCS PO3MOIUT PE3yNHTYHOUYOrO

MAar"iTHOro I0JIA é(f) BCEpEIMHI (r < R) 1 330BHI
(r>R)

BU3HAYAIOTBCA 3 TOYHUX TI'PAHUIYHHUX YMOB JUISI BEKTOpa

HIT - kym, a KOHCTaHTH IHTErpyBaHHSA

B
B poOoTi He BHKOPHCTOBYIOThCA HISIKi JOMTOMIXHI

BEeJIMYMHH, B TOMY UYHCIi 1 BEKTOp HAaIPyXEHOCTI

MAarHiTHOTO ITOJIS H(f), SIKM B Pa3l HEOJHOPIIHOTO

(BzB(F)) PE3yIbTYIOYOTO MAarHiTHOTO IOJ HE Mae

YITKOTO 1 SICHOTO (pi3HYHOTO CEHCY.
€avHoo (yHIAMEHTANIBHOIO (HI3UYHOIO BEJIMYUHOIO,

sIka BUKOPUCTOBYETHCSI B POOOTI, € BEKTOp B(f) , AKUH

BXO/WUTH y BUpa3 s cumu Jlopenna F, :ﬂ[\"/, EJ i,
C

TaKUM YHHOM, BU3HAYA€E CHJIOBY JIiF0 MArHiTHOT'O MOJIS.
CdopmoBaHi iCTOpUYHO Ha3BH «BEKTOP HAINPYKEHOCTI

MAarHITHOTO TOJsS» 1 «BEKTOpP MAarHITHOI iHAYKIii B» B
po0oTi HE BUKOPUCTOBYIOTHCS, OCKUNBKH IIi Ha3BH HE
TUTBKH HE MAIOTh HISIKOTO (Di3HIHOTO CEHCY, aJie i MOXKYTh
BBECTH B OMaHy. 3aMiCTh 3arajJbHONPUHHITOI Ha3BU

MarHiTHOT poborTi

«BEKTOP  PE3yJbTYIOUOro

«BEKTOD IHYKI B» B

BUKOPUCTOBY€ETHCSI  Ha3Ba

MarHiTHoro mojs B », ske, Ha Hamly IOyMKy, TOYHIIIe
BimoOpaxkae (yHIAMEHTAIBHUI XapakTep ICTHHHOTO
MAarHiTHOIrO MoJIs.

Ha ocHOBi posmofiny pe3yibpTylo4oro MarHiTHOTO
oJIs é(?) BCEpEIUHI (rSR) 1 mosa (I’>R) HIT -

KyJIel0, OTPUMAHOT0 3 MaTeMaTH4HO CTPOTOro PillleHHS
KpaifoBoi 3amaui, aHaNi3yeTbCA XapakTep IEpPexory
MakpockomiyHoro HII 1-ro pomy B mpoMiKHHHA i

HOpMAJIBHUM CTaHW TpH 30UIBIICHHI OTHOPIIHOTO

HPHKIIAIEHOTO MarHiTHOro 1o B, . PobuThcst BUCHOBOK
PO T€, IO AKIIO BEIWYMHA OJHOPIAHOTO MPUKIAIEHOTO
MarHiTHoro mons B, nexuts B iHTepBami 3HaUCHb

2

3 By <By <By,, me By, — xpuTHuHe 3HaueHH:A

OﬂHOpiﬂHOFO MPUKIAACHOTO MAarHiTHOI'O MoJid, IpUu AKOMY
poxay,

po3TamIoBaHUH MapanenbHO BekTopy By, moBHiCTIO

noBruid  ToHKWMH mwmHapuaauid  HIT  1-ro

MEPEXOUTh B HOPMAaJbHUN CTaH; TO MAaKPOCKOMIYHHIMA
chepuunuit HIT 1-Tro pony, 3HaXOAUTHCA B MPOMIXKHOMY
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CTaHi, SIKUH IpeAcTaBIsie 00010 TOHKI S — i N — mapu, mo
HEpPEMEKOBYIOTHC, a TAKOXK IapajienbHi Bektopy By . Ilpu

FOMY 30BHIITHE MarHiTHE IIOJIEé TPOXOIUTHh depe3 N —
IIapH.

HosuMm y BupimeHHi 1aHOi KpaiioBoi 3amadi € Te, M0
MMOBEPXHEBI €(PEKTH OMUCYIOTHCS B HIH 3a JIOTIOMOTOIO
MeToniB  MoAu(DiKOBaHOI (CHPOIIEHOI) HEIOKaJIbHOI
MINNapiBCbKOI  €JIeKTPOANHAMIKH, IO  J03BOJHIO
oO0IHiTHCS HAOYHHUMH GIBMYHMMH ~ MOJICISIMU i
eJIEMEHTapHUMH MaTeMaTHYHUMH BHUKJIaJKaMU.

MeToandHa [IHHICT I1i€] pOOOTH MOJIATa€E y TOMY, IO
HayKOBI pe3yJIbTaTH OTPHMAHO B Hilf METOZOM CTPOTOrO i
CaMOy3ro/DKEHOTO  pIMIeHHA  KOPEKTHO 1
TIOCTaBJICHOI KpaiioBoi 3a1adi, B sKiil BpaXOBY€THCs eekT

TOYHO

MIPOHUKHEHHS PE3YJIBTYIOYOT0 MarHiTHOTO IOJIS B(F) B

TOHKWIT mpunoBepxHeBud map HIT - kymi, a Takox
HEJIOKaJIBHICTh MakpockomigyHoro cepuunoro HIT 1-ro
poay.

[TocTanoBka 3amaui HOCUTH HAWHOLIBLI TPUPOJHUN
XapakTep, a TaKOX HAWTOUHINIE BiZOOpaXkae MPUPOIY
MaHUX (QI3UIHUX SBUMI i peaybHUN MeXaHi3M (i3UIHHX
nporeciB. O0panuii crioci6 onmcy (3amxayTi HIT — cTpymu

L (F) , BEKTOP pe3yJBTYIOYOr0 MAarHiTHOTO TOJIS E(F) ,

ninnapAiBcbka TIMOMHA TNPOHMKHEHHA A, ) Takox

HaAMOLIBII aIeKBATHO i TOYHO BiOOPaKatOTh BIACTHBOCTI
peampHOi  QizmuHOi  cmcTeMH  (MaKpOCKOMIYHUI
cpepuunnii HIT 1-ro poay B 0JHOPiAHOMY HPHKJIAJICHOMY
MarHiTHOMY MOJi).

Tomy poboTa mpeacTapiisic 0€3yMOBHUN TCOPETUUHUI
1 METOIUYHMN iHTepecH, a 11 pe3ysbTaTh MOXYTh OyTH
BUKOPHCTaHI IpU MIATOTOBII JIEKIIHHUX KypCiB Ta
METOIWYHUAX IMOCIOHMKIB 3  JIUCUMIUIIH
«Krnacnyna enexTpoJuHaMiKa CyLIJIbHUX CEPeTOBHI» 1

«BBeneHHs B (Di3UKy HaIIPOBIAHUKIBY.

HanucaHH1

1. Orasap JiTepaTypHHUX AKepeJ
3amada mpo MoBeAiHKY MaKPOCKOIIYHOTO CHEPUIHOTO
poay
NPUKIIaJAEHOr0 MAarHiTHOTO I0JIs Igo posrispanacs B

HIT 1-ro mpu  30UTBIIEHHI  OJHOPIIHOTO

6ararsox poborax [1-11,14].
Y poborax [1-7]
MIPUMYIICHH] BUKOHAHHS TMOBHOTO edekTty MeliccHepa-

aHayizyBajacsi OTpHUMaHa B

OxceHdenpaa (|§' = 0) HaOmmxeHa ¢opmysa (B HAIIUX

TTO3HAYCHHSX )

Be BO ~ E

s zm 2BO, (1.1)

ne BY - BenmuuHa pe3ysbTYHOYOro MATHITHOTO MOJS [M032
(r>R) HII — kymeto nobmusy ii «exsatopa», Ny -

po3MarHiuyrounii Gpakrop (koedilieHT po3MarHidayBaHH),
1

sixmid it HIT — kymi nopiBaroe N ,(_|m) = 5 .

Ha nincragi (1.1) OyB 3po0ieHui BUCHOBOK PO T€, 110
IIPY BUKOHAHHI YMOBH

By > =By, (1.2)

wilN

cepuunuit HII 1-ro poxy mepexoauTh B IPOMiKHAHN CTaH,
nipu sikomy N —1 S — (ha3u HOBUHHI CIIBICHYBaTH, OCKLIBKA
Ha «ekBaTopi» HII — kyJi kpuTHYHE 3HAYESHHS MarHiTHOrO

e . .
HOJNsL BKE JOCATHYTO (B3 ~ ch), TOAI AK Ha PEIITi

noBepxHi HIT — kyui (Hamp., Ha «monocax») pe3ynbTyoue
MarHiTHe IoJie 1Ie He JI0CATIIO KPUTHYHOT NO3HAUKH.
Takum umHOM, B mMX poborax OynaM MiaTBEpIKEHI
SIKICHI MIpKYBaHHS MpO Te, M0 XapakTep Mepexoay
Makpockomiynoro HIT — 3pa3ka B NpOMDKHUI CcTaH
BU3HAYAEThCSA HOTO (OPMOIO, a caM HepeXiZ MOKIIMBHI
TITBKH B HEOJHOPIJHOMY pE3YJIBTYIOUYOMY MarHiTHOMY

o B(F) .
Bimpmr cTpore gocmimkeHHs 3aaavi mpo moeninky HIT
— KyJii B OJIHOPIJIHOMY NpPHKJIaJJICHOMY MAarHiTHOMY IOJIi

Eo HaBeJieHO B poboTax [8-10], ne BupimyeThest KpaifoBa

3aja4a B 30BHiWHIA obmacti (r>R) Ges ypaxysauus
e(eKTy NPOHUKHEHHSI (é' = 0) :

[Toza (I’ > R) HIT — xynero pe3ynbTyroue MarHiTHE

I10JI€ 3a10BOJIBHAE piBHSIHH?[M

AB® (1) =0, (1.3)
divB® (r) =0, (1.4)
3 TPaHUYHHUMHU YMOBaAMU
Bf|,—r=0, (1.5)
B® (') > By=By€,=const mpur —>c0.  (L.6)

Pimenns piasHASA (1.3), 10 3310BONBHAE TPAHUIHAM
ymoBam (1.5) - (1.6), B chepuuHOi crcTeMi KOOpPAWHAT

{I’, o, a} Mae (B HAIIUX MMO3HAYEHHAX) HACTYITHUNA BUTJIS]
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2M cos @

3 l

Bf (r,0)=B,cosd+
r

(1.7)

B (r,0) = —Bysin g+ 500 (1.8)
r
By (r,0)=0, (r>R),
IS
3
M z_@. (L9)

3 popmyn (1.7) - (1.9) BummBae, MmO Ha IIOMIOCAX»
(H:O, 0= 7z) HIT — kymi

Bf (R,0)=B; (R, 7)=0, (1.10)
B;(R,0)=B;(R,7)=0, (1.11)
. . V4
TOJIi SIK HA «EKBATOPI» (0 = EJ :
Bf(R,ZJ:O, (1.12)
2
3
BS|R.Z |=-2B,. 1.13
5(r3 )36 (113)
3 popmymnu (1.13) BummmBae, mo npu
2
B, < 3 Bem (1.14)
HIT — xyns mnposiBiisie BIACTHUBOCTI  i7I€abHOTO
JiaMarHeTHKa 1 TIOBHICTIO «BUTICHIE» pPE3YyJbTYIOUE

MarHiTHe IoJje 3i CBOro 00’emy (Ig' = 0) (muB. puc. 1.).

3 puc. 1. BuaHO, 110 Ha MOBEPXHIi (r = R) 1 mobmu3y
HIT — xyni pe3ynpTylode MarHiTHE IIOJN€ € CHIJIBHO
HEOTHOPITHHIM, (ée (F) :Igo + I§;e (F)) , a naneko Big HIT —
Kyni (IpH I — 00 ) IEPEeXOANUTh B OAHOPIJHE MPHUKIAZCHE
marnitae none By =By - €, =const .

3 ¢opmyn (1.10) — (1.13) pobuThCst BUCHOBOK IIPO T€,
110 SKIIO 3HaueHHs B, nexwuTs B iHTEpBai

2
chm SBO <ch'

(1.15)

To Makpockomiyauii chepuunmii HIT 1-ro pomy Oyxe
nepeOyBaTH B TNPOMDKHOMY CTaHi, SKHWA IPEICTaBIsE

coboro ToHKI N — 1 S — mapu, o MepeMeKOBYIOTECS Ta
napajensHi Bektopy Byj. Ilpu 1ibOMy 30BHIIIHE MarHiTHE

ToJIe MPOXOANTH uepe3 N — mapu (IuB. puc.2).

o o
o o
o [}
o z o
Il
[ (<]
o o
o 3 0 o
o s e
° o
o }T\z 0
& o
° o
® o

Puc. 1. Maxkpockomiuna HII — xyns B crmabkomy

2
(By< g By ) onHOpinHOMY mNpHKIaneHOMY MarHiTHOMY

noti éo =B, -€,=const (moBmmit edexr MeiiccHepa-

Oxkcendenba: B'=0 )

Puc. 2.
XapakTep, OCKUIbKM B mpoMmikHoMy crani HIT — kyns

3ayBaxxumMo, 110 HOCHTb CXEMAaTUYHHA
PO3ILICTUTIOETHCS. HA BEJUKY KUTBbKICTh TOHKUX N — 1 S —

IapiB, OI0 YepeAyIOThCS MK CO00I0, TPaHUYHI IMOBEPXHI
SIKUX 32BN IapalenbHi BekTopy By . IIpu npomy, oqHaxk,

B 3araJlbHOMY BHIAJIKY Ili IIAPHU 30BCIM HE € UIOCKUMH.
OpHak, i B poOorax [8-10] mepembadaeThcsi TOBHE

«BHTICHEHHS» PE3YJIbTYIOUOT0 MarHiTHOTO ITOJIS B(F) 3
- (pi
00’emy HII — xymi (B = O) , [0 HE JOIYCKa€e KOPEKTHOTO

OITHCY ITOBEPXHEBUX €(eKTiB.

Ha¥i0inpm ctporuit miaxia A0 JOCTIHKEHHS TOBEIiHKA
HIT — xyni B OXHOPiAHOMY NPHUKIAICHOMY MarHiTHOMY
nom B, OasyeTscst Ha TOYHOMY BHpINIEHHI KpahoBoi
3a/1a49i MPO PO3MOILT Pe3yJabTYIOUOTO MAarHITHOTO MOJIS
B(f) SK 1032 (r > R), TaK 1 BcepenuHi (r < R) HIT -
KYJi.

BiamoBins g0 BupimeHHS Takoi 3a7adi HaBEJCHO B
pobotax [11-13]. Oxnak, 3 X poOIT HE SICHO, IKHI 3MICT

BKJIAJIAIOTh aBTOPH B BEKTOPH H i B ta sxi TpaHAYHI
YMOBU TIPU [IbOMY BUKOPUCTOBYIOTh. 3ayBaXKHMO TaKOX,
mo B crarti k. bapaina [11], a Takox B MOIyJIsipHUX
3amagHuky [12] i migpyunuky [13] dopmynu HaBenmeHi 3
TTOMIJTKAMH.

B pobori [14] HaBeaeHO HaWOINBII CTpore i MOBHE
pillleHHs KpaloBoi 3aaadi mpo Tepexis MaKpOCKOMIYHOT
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Puc. 2. Posmermitenns wmakpockomiynoi HIT — kymi B
. .2 ,
MarHiTHOMY TOJIi (5 Byn < By <Bgp) HAN — i S — mapu

(IpoMiKHUI CTaH)

( R> A, ne A — noHIOHIBChKA IMIMOMHA IPOHUKHEHHS)
HIT — xyni B nmpomixkuuii cral. [Ipote, aBropu [14] He
JIAI0Th BU3HAYEHHS «MIKPOCKOMIYHOMY 110J110 h (F) », SKe

BOHM BHKODHCTOBYIOTh, HE OOIDYHTOBYIOTH BHOIp
HE BKa3ylOTh METOMIB pillIeHb
mudepeHmiitHuX piBHAHb. Kpim Toro, aBTropm [14]

BUKOPHCTOBYIOTh PE3YJIbTATH PIllIeHHs KpaioBoi 3axadi,

IPaHUYHUX YMOB 1

IOCTaBJICHOI B paMKax JokampHOl (A >&;, ne & —

JIOB)KMHA KOTEPEHTHOCTI, ab0 JOBKHHA KOPEIIIii Mik
CTaHaMH BUIBHUX EJIEKTPOHIB, SKy B OJHOPIIHUX
Haanposiguukax npu | =0K Moxusa TpakryBaTH sK
cepenHiii po3Mip KyNepiBCbKOi Iapu) JIOHJOHIBCHKOT
enextpoauHamiku HIT 2-ro pony, mis ananizy xapakrepy
nepexony Makpockomiynoi (R> 4 ) HII — kynm B
IIPOMIXHUI CTaH.

Ipore, sx Bigomo (nuB. Hamp., [10]), B mpomixHUI
cTaH MOXyTb mnepexomutu Timbkun HIT 1-ro pomy, ski
MOXYTb OYTH KOPEKTHO OIMCaHi TUIBKH B paMKax

HEJIOKaJIbHOT (A <p < &) minnapaiBcbKoi
€JIeKTPOIMHAMIKA HA/ANPOBITHHUKIB abo IHIINX
HEJIOKaJbHUX TEOPii HaIpPOBIIHOCTI.

I[l# momminka HOCUTH NPUHUMNOBUHA  (SKICHWI

xapaktep). [Ipobnema momsirae B TOMy, IO JIOKaJbHi
(AL > &) nOHROHIBCEK] HAANPOBIAHNKN PEACTABISIOTh
coboro HIT 2-ro pony, siki ipu 30iIbIICHHI OAHOPIIHOTO
MPUKJIAJAEHOT0 MArHITHOTO MOJIst @0 nepexosiTh He B

MIPOMIKHUH, a B 3MimaHuil ctad (¢pa3y LllyOnikosa, abo
BHXOPOBHIA CTaH).

ToMy KOpEeKTHHH MiAXix MONATae B TOMY, IIO 3a4ady
Tpeba 3 caMOro MOYATKy BHpINIyBaTH B paMKax

(A <p < &)
enmekrpoauHamika HII 1-ro poxy, 3HalTH po3mOAin
B(r)

(r < R) i mo3a (r > R) HII — xynero, sk QyHKLIIO Bif

HEIOKAIBHOT TinapaiBChKOi

pe3yIBTYIOYOTO MArHiTHOTO TIOJIA BCEpeIHHI

minnapaiBcbkoi MNUMOMHYU IPOHUKHEHHSA Ap , @ BXKe HOTIM

s BunaaKy Makpockomiunoi (A < Ap <& < R) HII

. . . A
— KyJi pOOMTH TpaHMYHMH Mepexin R —0.

2. AHaJli3 piBHSIHb MATHITOCTATHKHM HAANPOBIAHMKIB i

rPaHUYHUX YMOB /UIsi BeKTOpa B , mo BpaxoBywTh
edeKkT NPOHNKHEHHS
. . e .
3a BincyTHOCTI (j :0) HOPMaJIbHUX CTPYMiB
MPOBITHOCTI  (TPAaHCHOPTHHUX  CTPYMIB)  PIBHSHHSA
MAarHiTOCTaTUKH HaJIPOBIJHUKIB MAIOTh TaKUW BHIJISLJ
[15]:

rot B(r) =" 1 (7). (21)
divB(r) =0, (2.2)
ne E(F) — BEKTOP MAaKpPOCKOIIIYHOTO PEe3yJIbTyHUOro

(caMOy3ro[PKEHOT0) MAarHiTHOTO MOJIS, SKe MPEICTABISE
cO0O0I0 CIpaBXXHE (TOYHE) MIKPOCKOITIYHE MAaTHITHE ITOJIE

B” (F) , yCepeTHeHe B OKOJIi TOUKH I 110 0011acTi, po3mipu

sIkOT MaJti B OpiBHsIHHI 3 po3mipamu HIT — 3paska L, ane
BEJIMKI B MOPIBHAHHI 3 BIACTaHSIMHU AX TMOPSAAKY CTajiol

KPHUCTAIIYHOI TpaTku 4 : B(f) :<§~ (F)> s (r) -
BEKTOp 00'eéMHOI TYCTHHH MaKpPOCKOIIIYHOTO 3aMKHYTOTO
iHyKoBaHoro ekpanyrodoro HII — crpymy, mo nporikae B
TOHKOMY TpunoBepxHeBoMmy mmapi HIT — 3paska i

MPEJCTaBIsE COOOI AHAJOTIYHUM YHHOM YCEPEIHCHY
MIKpPOCKOIIYHY CIpaBXHI0 (TouHy) 00'eMHy ryctuny HIT
— CTpyMy s (r) ss (r) :<Js (I’)>

Y MarfitocTaTHIll TPaHWYHI YMOBH JJIsI KOMIIOHCHT
BIIMIOBITHUX BEKTOPIB Ha TIOBEPXHI PO3IUTy IBOX
cepeoBUIll (MarHeTHKIB) MOKHA OTPUMATH CTaHAAPTHUM
MeTOJIOM [6] 00YHCIIeHHS BiAIOBIHUX iHTETPATiB.
Y  Bumagky  Mar"iTOCTaTHMKH  HAANPOBITHHKIB
BH3HAYUMO TPAHWYHI YMOBH JJII HOPMaJIbHUX KOMIIOHEHT

BEKTOpa B 3 piBHsiHHS (2.2).

B skocti 3aMKHyTOi TOBEpXHI IHTEIpYBaHHS Ha
KOpZOHI HAANpPOBIAHUK — BakyyMmM BHOepeMoO NpsMHI
KpyroBuil 1umisap (puc. 3).
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BAKyyM
HAZANPOBIIHUK

Puc. 3. 3amMKHeHa TOBEpXHs IHTETPYBaHHI Ha KOPIOHI
HaJIIIPOBITHUK — BaKyyM

[puiimaroun 10 yBaru piBHAHHSA (2.2), CKOPUCTAEMOCS
Teopemoro Octporpaacekoro-Iayca:

f (divB)dv = SB BdS = <f> B,dS =0,

V) () ()

(2.3)

3BiKu BuIUMBae, mo npu AB=CD=h —>0 (qus. Puc.
3) maemo B, —B,, =0, abo

Bl =B

(24)

P

BigznaunMmo, 110 TpaHn4Ha ymoBa (2.4) Mae micie
edexTy
PE3yJIbTYIOYOr0 MArHITHOTO TIOJIS B(f) B TOHKHI

TUIBKA ~ TIpM  BpaxyBaHHI [IPOHUKHEHHS

NPUIIOBEPXHEBUH HIap  HAJANPOBiAHUKA. Skmo  x

3HEXTyBaTH €(eKTOM MNPOHUKHEHHS (B' :0), TO
rpaHuYHa yMoOBa Uit B, MaTume BUIIISI:

B¢ =o0.

Pp

(25)

B AKOCTI 3aMKHYTOTO KOHTYpPY iHTETpyBaHHS (L) Ha

KOP/IOHI HAAIPOBITHUK - BAKYyM BHOEPEMO MPSMOKYTHHK
ABCD (aus. Puc. 4).

B o C .
> 0oy
PSR SRR A A %
(1) nagnpoinumuk ® e, 9 @4 3
¥
A D

Puc. 4. 3aMKHEHWH KOHTYp IHTerpyBaHHS Ha KOpPJOHI
HaJIIPOBITHHUK — BAKyYM.

Ha puc. 4. n,7i Nz[ﬁ,f] —  OJIMHWYHI

B32EMOOPTOTOHAITbHI BEKTOPH.

BisbMeMO IOBepXHeBi iHTerpami mo nosepxsi (S),

00MeXeHOi KOHTYPOM (L)EABCD, Bi 000X YacTUH

piBasHHS (2.1):

J. (rotB)d§ :%z I j.ds. (26)
(s)

(s)

HIT - ctpym L (f) , IO TPOTIKAE B TOHKOMY
npurnoBepxHeBomy mmapi HIT — 3pa3ska, mo Mae many, ane

KIiHIEBY (ﬂ,_ ;tO) rIOMHY, TPaKTyeEMO SK 00'€MHUI
CTpyM (a He sk MoOBepXxHeBuUit!).

Ockinbkn o6'emunit HIT — ctpym  jg (F) NpOTiKae B
TOHKOMY IIPUIIOBEPXHEBOMY Ilapi KiHIEBOT (/IL ;tO)

rubuHy, To pu AB =CD =h — 0 maemo:

j j.dS = 0.
5)

(27)

Toni, BpaxoByroun (2.7) 1 3aCTOCOBYIOYH 10 JiBOI
JacTHHU PiBHSIHHSA (2.6) Teopemy CTOKca, OTpUMAEMO:

[ (vot8)as = p &ar =o0.

(s) (L)

(28)

IMpu AB=CD =h — 0 (aus. Puc. 4) 3 (2.8) Buriusae,
mo B, —B;, =0, abo

B'| =B®

P

(29)

Pp

Takum unHOM, Ha moBepxHi HII — 3pa3ka Bech BEKTOp

pe3yNbTYHO4Oro MarHitHoro mons B (3 ypaxyBaHHAM
e(eKTy IpOHUKHEHHsI!) BUSBIIEThCA Oe3nepepBHUM [15].
SIKmo 3HEXTyBaTH e(EeKTOM NMPOHUKHEHHS 1 MeperTH

Jo rpanuui A4 —0 i B' —0, 10 TOm Big 00'eMHOT
minsHOcTi HIT — cTtpymy L (F) CJIiT IepelTH 10 JTiHIHHOT

IIOBEPXHEBOIO  CTPYMY I,

IITEHOCTI ;. Ilpu mBpomy

3MIHUTBCSL 1 PE3yJbTaT OOYHMCICHHS

iHTerpanis y opmyui (2.6):

Bdl = lg-B®
gi (h—0) 2p

TIOBEPXHEBUX
e B! = lge -Bpr, (2.10)

Ockinbku y rpanuni 4, =0 maemo B =0.
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4 + .~ 4 Ar ..
T hes=T ] ), (21y)

®) C

ze (|I_)_ noBauit HII — crtpym, mo mporikae depes

noBepXHIO, oOMexeHy konTypom (L)=ABCD; i-

niHiiHa rycTrHa moBepxHeBoro HII — ctpymy.
MincraBmsroun (2.10) 1 (2.11) B (2.6), oTpumaemMo

B - %”. (2.12)
TOII SIK
Bl| =0. (2.13)
2p
BigzHaummo, 1m0 1 B TPaHUYHOMY  BHIIQJIKY

(EL =0,B'= 0) , komu R>J , He MOXHa IOKIACTH
iy =0, ToMy 110 OZHOpiZHE NPHKIAJEHe MarHiTHe moine

I§0 innykye 30ymkenns B HII — 3pasky 3aMKHYTHX

expanytounx HIT — ctpymiB. Takum uynHOM, iCHYBaHHS B
onHo3B'si3HOMY HIT — 3pa3ky (Ipu HasBHOCTI B IPOCTOPI

OZHOPIJIHOTO MPHKJIaJEHOro MarHiTHoro mosst By #01)

3aMKHyTHX iHaykoBanux HII — crpymiB HOCHUTh
00'eKTHBHHMN XapakTep He3aJeKHO Biff TOTO, TPAKTYIOTHCS
BOHHU 5K 00'eMHi, ab0 x, sik moBepxHeBi HII — ctpymu.

CniJy TakoX 3ayBaXKMTH, 10 PE3YJIbTYIOUYE MarHiTHe
noje B (f) HE MOXXe OyTH TIOBHICTIO «BHTICHCHE» 3
ycworo 06’emy HII 1-ro poxy, ToMy 110 1€ 03HA4ajo 0, 1Mo

Ha reomerpuyHii moBepxHi HII — 3pa3ka marHiTHe moJe

. e
crpuOkoM magac Bim 3Hawenns B.| #0 mo myms. s
p

3a0e3MmeueHHs] Takoro CTpuOKa MAarHiTHOTO  TIOJIS

HOBEPXHEBUH CTPYM i, IOBHMHEH MarH HECKiHYCHHY

T'YCTHHY, IO HeMOXJnBo. Tomy cmpormieHa QopmanbHa
MO/JIeJb, B SIKilf HEXTY€ThCS €(heKTOM MPOHUKHEHHS (TOOTO

noknazaerbes, mo A4 =0 i B = 0), a iHgykoBaHi
PE3yJIbTYIOUUM MAarHiTHUM I10JIeM E(F) = éo + I§se ( F)

3aMKHYTI ekpanyroui HII — crpymm TpakTyroTecs sk
TIOBEPXHEBI, € HETOYHOIO 1 CYTIEepewINBOIO.
VY nesKux BHIAJIKaxX BUSIBISETHCS OUIBII 3pyYHHUM

3aMIiCTh BEKTOpa B(F) BUKOPUCTOBYBATU BEKTOPHHUI

notenmian A(F):
rot A(F) = B(F), (2.14)

SIKMH 3aJJ0BOJIbHSIE KaaiOpyBasbHIl yMOBI

divA(r) =0. (2.15)
[epetinemo Bix nBox AP 1-ro mopsaaxy (2.1) — (2.2) mo
OJTHOTO eKBiBaJeHTHOro J[P 2-ro mopsaky Ui BEKTOPY

A(T) . 3 ornsny Ha (2.15), oTpumaemo

rot B = rot(rot A) = [?,[?, Aﬂ -
(2.16)

_V(VA)-V2A=-aA

Toni mincraBmstoun  (2.16) B 2.1,

OTPUMAEMO JIBa €KBIBAJIGHTHUX PIBHSIHHS JUI1 BEKTOPHOTO

PIBHSHHS

norenuiany A(T): piBusuns [yaccona

AA(T) :—%” is (7), (2.17)
a00 X piBHIHHA
rot ot A(r)) :%” i (). (2.18)

3. OcHoBH (heHOMEHOT0TIYHOI Teopii HaANpoBiTHOCTI
®piua i I'eitnua Jlongonis (1935)
Teopis vagnposinHocti Jlonmonie (mam HIT — Teopist)
(EHOMEHOJIOTIYHO OMHCY€E IHIHHY eJIeKTPOJUHAMIKY

JIOKAITBbHUX (ﬂ,_ > §0) HIT 2-ro pomy B crnabkux

eNEeKTPOMArHiTHUX TOJISX.

HIT — Teopis moOymoBaHa B paMKax IBOPITUHHOI
mozem HaampoBigHukiB K.S. Toprepa i X. Kazimipa
(1933), B skiéi Bci BinbHI enekrpoHn B HII — 3pasky
HAAMPOBIAHOT 1

pPO3MIISIAIOTBCS,  SIK  CYKYITHICTh

HOPMAaJIbHOI €JIEKTPOHHUX KOMIIOHEHT:

n=ng+n,, (3.1)
JIe N— KOHIEHTpallis (TyCTHHA) BITbHHX EJICKTPOHIB B
meranesomy HII — 3pasky, Nng— konuenrpanis HIT —

eﬂeKTpOHiB, nn - KOHHGHTpaHiH HOpMaJIbHUX

(HEeHaATIPOBITHNX) EJIIEKTPOHIB.

CHiBBiZIHOIIEHHS MDX KOHLEHTpaumisMu Ny 1 N,

3aJIXKHUTh BiJl TeMIiepaTypu | (K) :

n=n, 20

(32)

npu 0<T <T,, ne T,— kpurmuna temneparypa HII —
3paska, pu kil pyinyerscs HIT — cran.

VY craTM4HOMY BHIAIKy (I§0 # éo (t)) CJICKTPUYHHN
CTpyM cTBOproeThest Tibku HIT — enexTpoHaMu, Tomy 1110
BOHU pyxaroThes Kpisb HII — 3pa3ok 6e3 sxoqHOro TEpTS.
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HIT - teopis € KITACHYHOIO TEOPi€I0, KOTPa HE BPaXOBYE

KBaHTOBI e(QeKTH, i TOMy HE TMOSICHIOE TIPUIUHY
BUHUKHEHHS 3aMKHYTHX ekpaHyrounx HIT — ctpywmis B HIT
—  3pasKy,

OJTHOPITHOMY

SKAA 3HAXOOUTbCss B cratmaHomy (!)

NPUKIAAEHOMY  MarHiTHOMy  TOJi
(BO # By (t)), i He PO3KpHBa€E MiKPOCKOMIYHHI MEXaHi3M
HA/IIIPOBITHOCTI.

HII — Teopis BUKOPUCTOBYE HaONMKEHHS JOKAJIbHOT
€JIEKTPOJMHAMIKH: 3B'S130K MiXk 00'eMHOI0 TycTiHOI0 HIT —

CTpyMy L(f) i BEKTOPOM E(F) HOCUTh JIOKaJIbHMH
s (7)

3HAa4YeHHSAM BEKTOpa B(f) B Tiil camiit Toumi r. Lle

XapakTep, TOOTO 3HAa4YeHHSA BU3HAYAETHCS

o3Hauae, mo Hocil HIT — ctpyMmy (IpoTspKHI KymnepiBChKi
HapH, CepelHiil po3Mip SIKHX BH3HAYAETHCS NOBXKUHOKO
kopemauii &;) B pamkax HII — Teopii TpakTyroTbcs sK
TOYKOBI (| — YACTHHKH.

Obnacte 3acrocyBamHs HII — Teopii oOmexeHa

BHITIaJIKOM cl1abKux €JIEKTPOMArHITHIX TIOJIIB:

nependayaeTeCs, IO Pe3yJbTYIUe eJIeKTPHYHE II0Jie
E(f) 1 pe3ynmpTyl04e MarHiTHE IOJe B(F) HACTUTBKH

MaJti, [0 He POOJISITh MOMITHOTO BIUTUBY Ha KOHIICHTPAIII IO
HII — enextpoHiB N .

TaKOX
HIT -

Hextyetncst MIPOCTOPOBOIO 3MIHOIO

(nS ¢nS(F)) 1

nependavdaeThes, Mo Ng OxHaKOBa y BchoMy 00 emi HIT —

KOHILIEHTpALil €JIEKTPOHIB

3paska (TOOTO PO3MNIAIAOThCS TUIBKK omHOpiaHi HIT —
3pa3Ku):

ng = const. (3.3)

He3Baxkaroun Ha JIOCUTH OOMEXEHY OO0JIacTh CBOET
3actocoBHOCTi, HII — Teopist 103BOJIsIE ONMUCATH OCHOBHI
BJIACTUBOCTI  HAANPOBITHHUKIB:  BIICYTHICTH  OIOPY
MOCTIHHOMY CTpyMY, edekt MeliccHepa — OkceHdenpaa i

e(eKT eKCHOoHeHLiHHoro 3aracaHHs ciaabkoro (B, < By,
ge By — mnepme xpurmune mome  HII 2-ro pony)
Pe3yNbTYIOYOTO MAarHITHOTO MOJIS B(f) B TOHKOMY

npunoBepxHeBomy mapi HIT — 3paska.
3 1-ro piBasHHS JIOHIOHIB

- dj, (F.t
E(rt)—nde("t), (34)
dt
m, - - ,
ne A =—=— napamerp Jlouniona, j; =enV,- ob'emua
S
rycrua HIT — cIpymy; 3 1bpOro BHUILUIMBAa€E, IO B

CTal[lOHAPHOMY  CTaHi [ﬁ = O] pe3ynIbTyrode

enexktpuyHe noye BcepeanHi HIT — 3paska gopiBHIOE HYITIO

(E"=0).

Jpyre piBHsHHS JIOHIOHIB MOXe OyTH IPEACTaBICHO
B II'SITH Pi3HUX QOpMax:

Ajs (F)-— 15 (F) =0, (35)
AL
(1) =-—=A() (36)
° 4rAl .
rotj, (F)=— B(F), 3.7
e )
BA(F) -2 A(F) =0, (38)
AL
AB(F)-—B(F) =0, (3.9)
AL
Ie
mc? |2
A = —— 3.10
Y| 47nge? (3.10)
A — TIIOHIOHIBCbKa TJMOMHA NPOHUKHEHHS (IIpU
T=0K).
Bimomo, mo BuOip BEKTOPHOTO IOTEHIATY A

HEOJIHO3HAYHUH, OCKUIBKH MEPeXia A0 IHIIOr0 BEKTOp-

norenuiany A’ 3a Gopmynoro

A=A +Va(r), (3.11)

e a(F) — JIOBiJIbHA OJTHO3HAYHA CKaJSIpHA (YHKIIiS, IO

HEC 3MiHIO€ BCIIMYUHU pe3yJ’II)TyIO‘IOI‘O MaFHiTHOI‘O T10JI1:
B=rotA=rot A,

TOMY III0 rot(?a(?)) =0.

Bci cmocrepexyBaHi  (i3WuHI BENTMYMHM TIOBHHHI

3aNUIIATHCS  HE3MIHHUMH  TpH  KaJliOpyBaJbHOMY
neperBopenHi (3.11).
OueBunno, mo piBastHAES (3.6) 1 (3.8) He €

KaliOpyBaJdbHO-iIHBapiaHTHUMH, 1 TOMY BOHH OyayTh
BIpHUMHU TUTLKH TIPU CTICIiIATbHOMY BHOOP1 KalliOpyBaHHS.

Take cnemiadpHe (JIOHIOHIBCBKE) —KaliOpyBaHHS

BEKTOPHOIO IOTeHIiay A Mae HACTYIHUA BUISL [5]:
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divA(T) =0, (3.12)

A-1i=0, (3.13)

ne N — OOWHWYHWK BEKTOP 30BHINIHBOI HOpMaii [0
nosepxHi HII — 3paska.

3a JIOTIOMOT' 010 PIBHSHB MAar"iTOCTaTUKHA

HannpoBigHukiB (2.1) — (2.2) i yMOB JIOH/JOHIBCHKOTO
kaniopyBanHs (3.12) — (3.13) MoxkHa Jerko 3aiiicHIOBaTH
nepexoau Mixk piBasHHsIME (3.5) — (3.9).

Crhix Takox 3a3HauuTH, o 3 piBHIHHEA (3.6) 1
KaiopyBanpHOI ymMoBH (3.12) BHIDIMBaE HEPO3PUBHICTH
(3amxHyTicTh) miHiit HII — ctpymy

div j, (r)=0 (3.14)
i BimcyTHicTh mxepen HIT — ctpymy.
JiiicHo, 3 piBHAHHS Oe3MepepBHOCTI
0Pq . o .
Eq-l-dIqu(r):O, (3.15)
n - .
e Pq = 0N, :(2e)[?sjzens, Jq = AngVy =(2e)x

n - .
x(?sjvs =en\V, = j;, 1 ymou (3.14) BumiuBae, MO

Py = 0Ny =eng = const.

Kpim Toro, 3 piBHsHHEA (3.6) 1 KamiOpoBaHO! yMOBH
(3.13) BumuBae, mo iHIyKOBaHI 3aMKHYTI ekpanyroui HIT
— cTpymH g (F) 3aBXKIHM TeUyTh y3710BXK moBepxHi HIT —
3pa3ka (]s = TST) 1 He MOXyTh (TIpH BiICYTHOCTI
O MiJBOJSATH
TpaHCHOPTHI cTpymu) BrikaTé B HII - 3pa3ox mix mpaMum
KyTOM (jsn = 0) .

Sxmo nepue piBasHHS JlongoHiB (3.4) sBise co00I0

30BHIIIHIX JIAHIIOTIB 1 KOHTAKTIB,

npyruit 3akoH Herorona mms HIT — enextpowniB i onucye
HeckiHueHHY mpoBigHicte HIT — 3pa3ka, To apyre
piBHAHHS JIOHIOHIB TPOCTO IHTYITHBHO YyragaHo.
KopekTHicTh apyroro piBHsHHS JIOHIOHIB JOBOIUTHCS
THM, IO BOHO pPa3oM 3 pPIBHIHHAMH MAarHITOCTATHKH
HaJIIPOBITHUKIB ITPABUIILHO OITHCY€E OCHOBHI BIIACTHBOCTI
HaJIPOBITHUKIB, OJIHAK, HOTO TOXOJUKEHHS 3 TOUKH 30pY
KJIACUYHOI €JIEKTPOANHAMIKHI 3aJTHIIAETHCS HESICHHUM.
Haii0inpir  3aragkoBuM 3 30py 3aKOHIB

KJIACUYHOI EJISKTPOJMHAMIKM € Te, L0 IOCTiHEe B 4Yaci

TOYKH

(I§0 # éo (t)) OJTHOPiIHE TPUKIAICHE MACHITHE IIOJC

innykye B HIT -
ekpanyrounx HIT — ctpymis ]s (F) , TOOTO TpaHchopmye

3pa3Ky 30YKCHHS 3aMKHYTHX

XaOTHYHUH  TEIUIOBHH BUIBHUX  €JICKTPOHIB

pyx

MIPOBIAHOCTI B YHOPSIIKOBAaHUKA MaKpOCKOMIUHUH pyx [1].
[HmyxoBaHMIT TOCTIHHMM OTHOPITHUM TPUKIIAICHIM

marniTHEM monem By # By (t) samkHyTHii expaHyroumit

HII — ctpym L(f) SIBIIIE  COOOI0 O€3MMCHITATUBHUIA

KBaHTOBHH CTPYM, SIKUH 110 CBOil IPUPOIi € OIMU3BKUM JI0
MIKPOCKOIIYHUX KBaHTOBUX CTPYMIB (HampHKiIan, 0
«OpOiTaIbHUX» EJIEKTPOHHUX CTPyMIiB B aromax i
MOJIEKYJIaX ), OJHaK HOCUTh MaKpPOCKOIIYHUH XapaKTep.
MoxHa mokasatu (nuB., Hamp., [16, 17]), mo B
HEPEJISITUBICTCHKIN KBAaHTOBIA MeEXaHIll BHUpa3 JUis

TYCTHHH €JEKTPHYHOIO CTPyMy Tq (f) 3apsIKEHUX
KBaHTOBHX YACTHHOK (LLO MAKOTh 3apsa ( i macy M) B

IOJIi BEKTOPHOTO IIOTEHIlIATY A(F) Ma€ HACTYITHHH

BUTJIS

2

qu(f)=i£(Wl/f*—V/*W/)

o (wv")A(r). (316)

g myC

Ilepmuit nonanok B (3.16)

- . Qh e * =
Jpar —'K(WW —y Vt//) (3.17)

q

SBJIsE COOOK TYCTHHY «IapaMarHiTHOrO» CTpyMy, IO
BHHUKAE 32 PaXyHOK 3MiHH («Iedopmarii») B 3 — mpocTopi
v — ¢yHKii (XBII60BOT QYHKIIIT) (| — YaCTHHOK.

Hpyruit nogasok B (3.16)

2

- _ q *\ 7.
Jaia = —ch(w JA(r) (3.18)
ABTSIE CO0OI0 «JllaMarHiTHUH» CTpyM, OOYMOBICHHH

HasIBHICTIO B 3 — IPOCTOpI MOJISI BEKTOPHOT'O MOTEHIIIATy
Ar).

TakuM YHHOM, JDKEpeJIOM CTpyMy (CHPSIMOBAHOTO
MOTOKY)  3apsUDKEHMX  KBAaHTOBHX  YacTHHOK, IO

3HAXOIATHCSA B CTATUYHOMY OJHOPIIHOMY HPHUKIAICHOMY
MarHiTHoMy moiti By, MoXe CITyXHTH SIK HEOZHOPiTHICTH

XBHJIBOBOI (DYHKIII 3aps/DKCHUX KBAHTOBUX YACTHHOK
((// =y (r); ﬁt//(F) #0; ﬁ;{/*(F) # 0), Tak 1 1one
BEKTOPHOTO TIOTEHIIATy A(F) .

SIBuIe HATPOBITHOCTI MAE YUCTO KBAHTOBY TIPUPOTY
1 HOro HEMOXJIMBO TIOSCHHTH B paMKax KIaCHYHOL
EIeKTPOJANHAMIKM  CYIUIBHUX  CEpeNoBHIN.  Tomy
MMOKa)KEMO, SK MOXHAa OTPUMATH JApYyre piBHIHHA
JlonnoHiB (3.6), BUXOSUM 3 Cy4aCHUX KBAHTOBUX YSBJICHb
PO MPUPOJY HAIIPOBIAHOCTI.
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IpyHTyIOUNCE  Ha MiKpPOCKOTIYHOL
KkBaHTOBOI Teopii HagnposinHocti (BKI), MoskHa 3po0HTH
TaKi IPUMYIICHHS:

BHCHOBKax

1) Hocismu HII — ctpymy Jg(F) € sapskeni
KBAaHTOBI (| -4aCTHHKH (KyTIEpiBCHKi apH), IO BOJIOAIIOTH

PIBHIM HYJTIO CYMapHHUM IMITYJIECOM

f)q = Pey + Pe, =0 (319)
1 pIBHUM HYIIIO CYMapHHUM CITIHOM
Sq = Se, +Se, =0. (3.20)

[NapyBanns BimbHHX HII — enekTpoHIB B KymepiBChbKi
napyd MOXJIMBO TINBKA TPH HHU3BKHX TeMIeparypax

(T<T) i

BIZIIITOBXYBAaHHS BUIBHUX EJEKTPOHIB EKPaHYETHCS Ha

IIOSACHIOETHCA  THUM, 1o KyﬂOHiBCLKe

MDKaTOMHHUX BiZICTaHSIX IMO3UTHUBHO 3apsUKEHIMH 10HAMHU
y By3J1aX KpUCTaJIiYHOI 'paTkH, a OOMiHHA B3a€EMOJIisl MK
BitbHUMH HII — enexTpoHamu, siKi CHapOBYIOTBCS MiX
co0oro,
¢oHoHaMn (KBaHTaMH TIONA 30YpPeHb PIBHOBAXHOI
CTPYKTYPH KPUCTATIYHOI IPATKU) 1 HOCUTH XapakTep AyKe
CITa0KOTO TSOKIHHS.

o0yMOBJeHa  «OOMiHOM»  BIpTyaJbHUMH

JopxuHy Kopemsuii &, MK CTaHaMH [IBOX BLIBHUX

HIT — emektponie mpu T =0 K MoxHa TpakTyBaTH SIK
Cepe/iHIO IOBXKHHY KynepiBcbkuX nap. OLiHUMO HOPSIOK

BEJIMYMHH & .
BinbHi enextponu, Oyxyuu ¢epmionamu | S, :E 1

Hipaka,
T =0K , BignoBigHo a0 npuHiummny [layi, 3aiiMar0Th Ha

miikopsitounch  craructuni  depmi  — pu

€HEepreTHYHiHN jiarpami BCi HW)KHI €HEpPreTHYHI PiBHI ax

0 HaWBHIIOTO PIiBHA 3 MAaKCHMAaJbHOIO CHEPTri€r0
Emax = €F > A€ &g — eHepria Depmi.

VY wHagnposinHocTi Oepe ydJacTh TUIBKM HEBEIHKa
KUTBKICTP ~ BUTBHHUX  €JIEKTPOHIB,

eHeprii  AKHuX

Bipi3HAIOTBCS JHIIe Ha Many BeianuuHy -~ KgT. Bix

eneprii @epwmi:

AE ~KjT,, (3.21)

ne KT, < &p.
31 criBBiTHOIICHHSI HEeBU3Ha4YeHOCTI [ elizeHOepra

h

AX-Apy 22, (3.22)

MOXHA OTPUMAaTH JOBXHHY Kopeisiuii &, BUIbHHX
€IIEKTPOHIB Uepe3 PO3KH 3HAUCHb iX IMITyIIBCIB:
h
~— 3.23
%~ % (3:23)
Jnas ~ HaWmpocTimioro  BUMAAKY  I130TPOITHOTO
KBaJIpaTHYHOT'O 3aKOHY IHcHepcii
p2
E(p)= 3.24
(P (324)
MaeMo
-A
AE =P 2Py ap. (3.25)
me
Toni 3 (3.23), (3.25) 1 (3.21) orpumaemo [9]:
hv,
~ . 3.26
o T (3.26)

. . oM
Sxmo ana ouinku &, npuiinatu [5] Ve ~108 —_—
C

T, ~1K, 10

& ~107 em. (3.27)
Takum unHOM, cepefiHiit po3Mip KynepiBchkoi mapu &

ICTOTHO  TIEpeBHINY€ CTally KpPUCTAJIIYHOI  TpaTKH

a~10%cm i cepenHro Binctanb Mixk HIT — enextporamu
B HIT — merauni [1]:

e ~ g™ ~ (10% )_1'3 ~107° (em). (3.28)

CuitbHe IEpEeKPHUTTS KyNepiBChKUX nap B GiznyHoMy 3
— IPOCTOPI iICTOTHO 3MIHIOE XapakTep 3BHYAHOI 0603 —
SHHIITEeHHIBCHKOT KOHJIEHCAMii 130Ib0BAHUX «TOYKOBHX)

0030HIB, 1, 30KpeMa, TPHU3BOJIUTH JO TIOSIBH B
E€HEPreTUYHOMY  CIIeKTpi  eleMEHTapHUX  30Y/KCHb
HAANPOBIJHUKA EHEPreTHYHOi ImimmHA [l], mmpuHa

Ag=A (T =0 K) AKOI BH3HAYAETHCS EHEPri€l0 3B'A3KY

CIIAPEHHX EJICKTPOHIB:

A ~ |El’3|
0 ”
2
HasBHICTE B CHEKTpi eJleMEHTapHHX 30Yy/DKEHBb
HAJNPOBIJHUKA EHEPreTHYHol IWnuMHu A, (30HH
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3a00pOHEHNX  €Hepriif, fgKka  BiOAiNsie  OCHOBHHM
HaAHIKINH eHepreTHIHUH PiBeHB, Ha SKOMY 3HAXOSATHCS
KOHJICHCATHI KyNepiBChKi MapH, BiJl €HEPTeTUIHNX PiBHIB
OIMHOYHHX EJIEMEHTAPHHUX 30yMKEHb, Ha SKI MOXYTh
NOTPAIUIITH ~ MOOJWHOKI  pO3MapoBaHi  €JIEKTPOHH)
00yMOBJIIOE CTIMKICTh KyNEpiBCHKUX Iap A0 PO3PUBY TIiJl
Qi€r0 Maiaux 30ypeHb 1 € JIOCTaTHBOK YMOBOIO JIJIsS
BuHukHeHHs HII — crany.

OCKinbKM ( — YacTHHKH SIBJISIOTH COOOI0 CTIHKi
3B'S3aHI CTaHM JBOX CHAPEHHWX CJEKTPOHIB, SKi
0e3mepepBHO PO3CIIOIOTHCS ONWH Ha OJHOMY, IPOTE, B
KO)KEH MOMEHT dYacy MamTh piBHI 10 aOCONIOTHIH
BEJIMYMHI 1 TIPOTHIICKHI 32 HANPABICHHSAM IMITyJIbCH 1

aHTI/IHapaJ'IeJ'ILHi CHiHI/I, TO (] — Mapy MOXXHA TPAKTYyBaTH SIK

0030HH (Sq = 0), SIKI TIKOPSIIOThCA CTaTUCTHLI boze —

E#tamreiina 1 MaroTh TEHAEHIUIO 3aiiMaTH OOWH 1 TOM
caMMil KBaHTOBHI CTaH 3 OOHHUM 1 THUM K€ MiHIMaJIbHUM

3HAUEHHSIM IMITYJIbCY (ﬁq = O) i 3 OZHIEIO 1 Ti€IO CAMOIO

MIHIMAJILHOO CHEPTI€lO.
B cuny Bu3HaueHHs 1eOpOIIiBCHKOT JOBXKUHH XBHJI

Az =hlp, ymosa (3.19) (f)q = 0) 00yMOBITIOE

HEOOMEXEHY IIPOCTOPOBY TPOTSDKHICTH — XBHIIBOBHX
¢GyHKLi  — vacTuHOK. [Ipy mbOMY CHIIBHE B3a€MHE
MEPEKPUTTS XBWIBOBHX (YHKIIH BCiX ( — YacTHHOK
MIPU3BOJUTH JI0 YTBOPEHHS KOTE€PEHTHOTO (Y3TOPKEHOTO)
603e — KOHJIeHCaTy ( — YaCTHHOK.

KBaHTOBHMI CTaH KOXHOI OKpeMoi (| — YacTHHKH, a

TaKOXX 1 BChOIO KOTEPEHTHOro 003¢ — KOHICHCATy ( —

YaCTHMHOK, MOXKHA OIKCYBaTH OJHIEID 1 TIEHO XK
MaKPOCKOIIYHO XBHIbOBOIO (PYHKIIEIO
= 1/2 (= A10(T
w(F)=ng"(F)e ), (3.29)

n
Ae Ny (r)=

Cawme To# ¢akr, 1110 (| — YaCTHHKHU € 0030HaMH (Sq = 0)

1 MOXYTb HAaKOIIMIYyBaTHCS B OZIHOMY KBaHTOBOMY CTaHi 3
OMHAMH 1 THMH X EHEpTi€l0 1 IMITyJIbCOM, JO3BOJISIE
HopMyBaTH X® Ha KOHIIEHTPAILIO (| — YACTHHOK:

2 * n
2) Hpumyctumo, mo cmabke (B, < B, ) npuxmanene

OJIHOpIJIHE MArHITHE IMOJIC MPAKTUYHO HE BIUIMBAE Ha
KOHIIEHTPAIIiI0 (| — YACTHHOK:

Ng # N (F), abo Ny = const. (3.31)

Toni X® 003e — KoHIEHCATY (] — YACTHHOK Ma€ BUTII
(3.32)

3) ByneMo BHKOPHCTOBYBaTH HAOJMKCHHS JIOKAIbHOT
(/1,_ > 50) EJIEKTPOJIMHAMIKH HAJMPOBIAHUKIB, TOOTO

MPOTSDKHI  KyNepiBChKi mapu OyaeMo po3TismaTH  SK
«TOYKOBI» ( — YACTHHKH.

Toni mincraBuBmm (3.32) B dopmyny (3.16) i
nS
BpaxoBywouH, mo (=2€, my =2m,, Ng :?:const,
OTPUMAEMO:
- — C (DO — — N({=
Js(7)= — r)—A(r)|, 3.33
()= Sa even-Am | (3

hc .
e (DO = 2— — KBAHT MAartdiTHOI o0 roToKy.
e

PiBusinHs (3.33) siBisie cOO0I0 KBAHTOBE y3aralbHEHHS
apyroro piBHsHHA JlonmoniB (3.6) ais  OQHOPIAHUX
(ng = ng () HIL

PiBusinnst (3.33) 3a10BONBHSIE YMOBY TI'pajiieHTHOI
iHBapiaHTHOCTI (TOOTO piBHSHHS (3.33) € iHBapiaHTHUM 10
BiTHOIICHHIO JI0 KaniOpoBoyHOTO TepeTBopeHHs (3.11)).
Tomy s omHO3B'si3HOTO HIIT — 3paska (6e3 Hackpi3HHX
OTBOpPiB)  BHOOPOM  BINMOBIZHOTO  KaJiOpyBaHHS

BEKTOPHOI'0 MOTEHIiaNy A(F) 3aBXK/I1 MOYKHA [IEPEHTH J10
niiicHoi X® y [5]. Toni, BBaxkarouu, 110 B piBHsHHI (3.33)
6 =0 i nmepexoasuu no nikicaoi XD, orpumaeMo apyre
piBasHEsS JloHmoHiB (3.6). TakuM dYmHOM, mepexim a0

«OKOPCTKOI» |l//|2 = l//l//* = n?s =const | miiicHoi (9 = O)

X® y, nas AK0i BUKOHYKOTBCS YMOBH 6!// = 61//* =0,
eKBIBaJICHTHUH TEpexXoay 10 KIacu4Hoi (He KBaHTOBOI)
€JIeKTPOAMHAMIKN HaIPOBIIHUKIB.

OCKiNbKH SBHUIIE HAINPOBITHOCTI HOCUTH BUKIIOYHO
KBaHTOBHH XapakTep, TO HAHOUIBII TPUPOIHUM CIIOCOOOM
OTpUMaHHS Apyroro piBHAHHS JIOHIOHIB (ke Tpae poib
MaTepialbHOTO PiBHSIHHSA 3B'SI3KY 1 HE € QyHIaMEHTaIbHUM
KaHOHIYHMM DIBHSHHSM) YSBISETBCS caMe Iepexix BiX
TOYHUX KBAaHTOBHX MoOJeJel 10 HaOJIMKEHUX KIACHYHUX
MOJEIIEH.

4. Y3araabHeHHs! 10KaIbHOI (A > &)
JIOHOHIBCHKOI eJIEKTPOAMHAMIKH HANPOBIIHNKIB Ha
HeJloKaIbHAH (A, < &) BHNATOK

SAx Bimomo [5] mo HIT 1-ro poxmy BigHOCATBCS

Ha}.‘LHpOBiHHI/IKI/I, AJid AKUX BUKOHYETLCH HepiBHiCTL
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A <0.71&, . O6mexumocs posrasaom HII 1-ro poxy, mis

SIKIX BUKOHY€ETHCS CHIIbHA HEPIBHICTD:

A <&

(41)

Toni (y pasi HII 1-ro pony) moBepxHeBa eHepris O'r(];)

rpauwui moziay Mixk N — 1a S — ¢azamu moaatha [5]:

olt) >0. (4.2)

e o3mauwae, mo mnsd yTBOopeHHA NS — TpaHHIl
HEOOXiTHO MiABOANTH eHeprito. TakuM unHOM yMoBa (4.2)
nepenKko/pkae posurapyBantio HIT —3paska Ha ryxe TOHKI
S — mapu i N — mapwu, sKi 9epryrTbcs MiX co00r0 Ipu
Horo mepexoi B IPOMIKHHIA CTaH.

OnHak, X04ya HaAMPOBIAHAKAM 1-TO POAY EHEPreTUIHO
1 He BHT'1THO PO3LIAPOBYBATHCS Ha YK€ BEJIHKY KUJIbKICTh
S — 1N —mapiB, sKi IEPEMEKOBYIOTHCS MiXK COO0I0, ITPOTE,
quist HIT — 3pa3kiB neBHoi popmu (ockinbku nepexin HIT 1-
ro poay B MPOMDKHHI CTaH MOXIWBHH TUIBKH B

HEOJHOPITHOMY  pe3yJNbTYIOYOMY MATHITHOMY  IIOJI

B= E(F) ) 1 B [OCTaTHRO CHJIBHHUX OJHOPITHUX

MPUKIIAACHUX MAarHiTHHUX IOJAX BO TakKe po3liapyBaHHA

BiMOyBa€ThCA 3a paxyHOK C€Heprii MpUKIaJeHOTO

MArHITHOTO ol (a TOYHINIe, 3a paxyHOK eHeprii
reHeparopa OJJHOPIHOTO MPUKJIIJCHOT0 MAarHITHOTO MOJIs

By).
IcroTHa HENOKAaNBHICTH (l,_ < §0) HIT 1-ro pony

(ﬂ“L > fo)

JIOHAOHIBCHKOI E€NEKTPOAMHAMIKH HAIIPOBITHUKIB LIS

BKa3ye Ha HEMPHUIATHICTh  JIOKaJIbHOI
onucy BiactuBocted HII 1-ro pony. OpnHak, MoxHa
mnokasary, [8, 5], 1o JokaabHa (ﬂ,_ > §0) JIOHJOHIBChKA
TEOpis HAANPOBITHOCTI JONMyCKae€ y3araJlbHEHHS Ha
HEJIOKaIbHUH (ﬂ,_ < fo) BUIIAJIOK, a Jpyre piBHSHHA
Jlonnonis (3.6) mpu 1IbOMY JIETKO MOJU(DIKY€ETHCS.
PiBHstHHS (3.6) MOXe OyTH 3aCTOCOBaHO TIJILKH B TOMY
posmipu &
(IPOTSHKHMX (-4YAaCTHMHOK) ICTOTHO MEHILE XapaKTepHOI
JIOBKUHM, Ha sKid BigOyBaeThCs 3MiHa BEKTOPHOTO

BUNAJKY, SKIIO KyNEepiBCbKUX  map

MTOTEHI ATy A(F) , TOOTO iICTOTHO MEHIIIE JIOHJTOHIBCHKOT
TTHOWHYU IPOHUKHEHHS (50 < /?,L) .

3aminnmo nokamene (A > &) pisrsans (3.6) Ha
HeJIOKaJbHE (xl,_ < fo) PIBHSIHHSI, SIKE€ BCTAHOBIIIOE
3’130k Mk HII — crpymom ]S (F) i BEKTOpHHM

IIOTEHIIAJIOM A(F) , IKHH B HEJIOKAJIbLHUX (ﬂ,_ < dfo) HIT

1-To pony CHIBHO 3MIHIOETHCS Ha JTOBKUHI KyHepiBChKOI
napu &;.

Y nedakomy HaOmkeHHI OymeMo BBaXKaTH, IO

pesynbTytoue Marditae mone B(F) i B HemokambHOMY

BHIIAJIKy 3araca€ BriaumO HAIIPOBITHMKA TaKOX 3a
eKCTIOHEHIIIHHIM 3aKOHOM, ajie IpoHuKae B ToBiry HIT Ha
iHmy rmbuny. [lo3Haummo 10

HOBY TJHOMHY

INPOHUKHEHHS Ap 10yaeMo Ha3uBaTH il MIiNMNapiBChbKOIO

TJIMOMHOIO IPOHUKHEHHS.
TakuMm 4rHOM, Ha J-4aCTHHKY (IPOTSHKHY KyNepiBChbKY

napy) «JIiaMmeTpom» &, BEKTOPHUH MOTEHIiaT A(F) nie

TUIBKY Ha TTIMOUHY Ap < &) . OCKUIBKH TiIBKH YacTKa (-

Ap
YACTUHKU | ——

0

«CHpPIfIMa(-Z» ,HiIO OJIA BCKTOPHOT'O

MOTEHITIATY A(f) , TO MOJKHA TIPUITYCTHUTH, IO JTist A(F)
Ha TMPOTSDKHY ( — YAaCTHHKY B HEJIOKAIBHOMY BHUIAIKY

MeHII edekTrBHA. Tomy ryctmHa HII — ctpymy ]s (F)

<0

Oyze MeHIIe B | —
P

pasiB. [lincraBuBmIn 11ei koedilieHT

B piBHsIHHS (3.6), OTpUMaEMO

- c | Ap
ry=-— -
J: (1) 42| &

A(T). (4.3)

SIKIIIO 1€ PIBHSHHS 3aMCATH Y BULJISII

js(r):_ -

A(F),
47A3 (r)

(4.4)
TO OTPUMAEMO EKCITOHCHI[ITHUI 3aKOH 3aracaHHs A(f) ,

Q(F) iJs (F) Ha rmbuHi npoHuKHEeHHS Ap .

[NopiBusinuA piBHAHB (4.3) i (4.4) nae (auB., Hamp., [8,
5]):

1/3

o =(2&) (4.5)

3 (4.5) BumnuBae, Mo Ap 3al0BOJBHSAE HACTYIHUM

CUJIbHUM HepiBHOCTﬂM

A< lp <& (4.6)

3ayBaXuMo, 110 Takud  HAONMKCHUN  MiJIXif
CIpaBeVIMBUN TUIBKU JUIi MAKPOCKOMIYHHUX (MacHBHUX)
HIT - 3paskiB. Hampukmanm, Juis MakpOCKOIIYHOTO

cdepuunoro HIT 1-ro poxy moBMHHA BUKOHYBAaTUCS YMOBa
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A < lp <& <R, (4.7)
ne R - pamiyc HIT — kyui.

TakuM 4YWMHOM, Ui HEJOKIBHOTO Yy3araJbHEHHS
JIOKaJbHOI JIOHJOHIBCBKOI eNeKTpoAamHaMiku (B pasi
MakpockomiyHux HII — 3paskiB) mocTaTHRO y BCIiX

dopmynax (3.5) — (3.9) 3aminut A Ha Ap:

e — 1 = —
AJs(F)-—5 5 (r) =0, (48)
Ap
= C e
r=- A(T), 4.9
i (1)=- 22 AC) (49)
= C =g
rotjs(r)= B(r), 4.10
W)=z (1)
NA(F) -2 A(F) =0, (4.12)
22
AB(F)-—=B(F) =0, (4.12)
22
5, \U3
e dp =(A8) A< <b
PiBHSHHA HeTOKaIBHOT (xlp < (,"O) MIIIapaiBCEKOT

enekrpoauHamiku (4.8) — (4.12), Takox sK 1 piBHSIHHA

JIOKAJTBHOT (/1,_ > 4‘0) JIOHJIOHIBCHKOT €JIEKTPOANHAMIKH
(3.5) — (3.9), omucytots TimeKH ogHOPIAHI (Ng # Ng (F),
T06TO Ny =const mo BchoMmy o0'emy HII — 3pa3ska)

HAOPOBITHUKK, MO pobuth piBusuua (4.8) — (4.12)
HEeMPUIATHUMHU JJISI  JIETaIbHOTO ONUCY CTPYKTYpHU
MPOMIXXHOTO CTaHy.

OCKiNbKH [UIsl JIETAIBHOTO OMKCY MPOMIDXKHOTO CTaHy
HIT 1-ro poxy HE0OXigHO BpaxOBYBaTH HasIBHICTh TPaHHMIII
oty Mixk S — i N — (a3amu, To ToUHa KiJIbKiCHA Teopist

TIOBHHHA ONHMCYBaTH HeoHopiHi (ng = ng (7)) HIL

B sxocTi Takux Teopiii MOXHa BHKOPHUCTOBYBAaTH
(eHOMEHONIOTIYHY KBaHTOBY TEOpil0 HAIIPOBiIHOCTI
Ia30ypra - Jlanmay (1950) abo TO4HY MIKpPOCKOMIYHY
kBaHTOBY Teopito BKII (1957).

IMpore, moamdikoBaHa (cmpolieHa) IIIAPAiBChKa
enekrpoauHamika HIT 1-ro poxy, Oyay4m myske MpoOCTOO
KJIaCUYHOIO (HE  KBAaHTOBOIO) JI03BOJISIE
BCTaHOBUTH camy nepexony
MakpockomiyHoro (4.7) cdepmunoro HIT 1-ro pomy B

TEOopi€ro,
MOJKJIUBICTH

MIPOMIKHUH CTaH 1 HABITh 3pOOUTH JIESKI YHCETbHI OI[iHKH.

OCHOBHE pIBHAHHS HEJIOKAJIBHO] (ﬂ,L < Ap < 50)
ninmapaiBebkoi Teopii HIT 1-ro poxy (4.9) — (4.10) sBisie
co0or0 MartepiambHe pIBHAHHS, SKE IOB'SI3ye 00'€eMHY

ryctuny HII — ctpymy jl (f) 3 Pe3yJbTYIOUNM MAarHiTHUM

nonem B(F) i T™iM camum 3aMEKae MaKCBEILTiBCHKY

CHCTEMY PiBHAHb MAaTHITOCTaTHUKH HAATIPOBITHUKIB (2.1) —
(2.2).

5. Po3B’s13aHHS 3a1a4i PO po3NoAia pe3yJbTyI040ro

marniTHoro noas B' ( F) no 06’emy HII — kyai
2
(r <R) , mo 3HaxX0xMTLCH B c1a0KOMY (BO <3 chj

OJIHOPiTHOMY NPHKJIAICHOMY MarHiTHoMy noJi B

3acrocyBaBiM omepanito  rot g0 000X YacTHH
piBusHHS (4.10) 1 ckopuctaBmMch piBHsSHHAM (2.1),
OTPUMAEMO PIBHSIHHS [IS 3HAXOKCHHS 00'€MHOT I'YCTHHU

HIT - ctpymy (F) :

js (F)=0. (5.1)

- 1
rot(rotjs(r))JrE

[MixcTaBuBIIM  PO3B'A30K L(f) piBasHHs (5.1) B

piBHsHHA (4.10)

) 2
g (f) __ iy 7

rot js (), (5.2)
OTPUMAEMO PO3MOIINT PE3yJIbTYIOUOr0 MAarHiTHOTO IOJIS
B! (F) BCepeInHi (r < R) HIT — kyui.

Takuit miaxix € HaAWOUTBII TPOCTHM 1 ePEKTHBHUM,
OCKITBKM 3 MipKyBaHb cuMeTpii (amB. puc.l) BekTop
jl(f) Mae B cepuuHiii cucTemi KOOpIuHAT {r,@, a}

TUTBKH OJTHY BiIMiHHY BiJl HyJISI KOMIIOHCHTY:

(5.3)

jsa #0; jsr = j56 =0,

e sy # Jso (a), OCKIIbKM 1HIYKOBaHI OJHOPIIHUM

NPUKIAIEHAM MarHiTHUM rolem By = ByE, = const
3aMkHYTI (kpyrosi) HIT — ctpymu L (f) , IO TIPOTIKAIOTh

B TOHKOMY mpunoBepxHeBomy mrapi HII — kyumi, maroTs
aKcialbHy CUMETpiro.

Ockinbkn 00'emua rycruna HIT — ctpymy j, OBHHHA
OyTu MakcuManbHa Ha «ekBatopi» HII — xymi i nopiBHIOE
HyJIIO Ha HOTO «IIOJIOCAX», TO KOMIIOHEHTa ., MOXKe
3aleXaTd Bil MOMspHOro Kyta 6 Tibku vepe3 Siné .
Hapewurri, ockifbki i Bextop B' (F),iHI - crpym jq(F)
eKCIIOHEHIIIHHO 3aracaloTh NpPU 3MEHIIEHHI KOOPAWHATH
r (mpu mpocysanni Briam6 HII — kyumi), To po3B’si30k
piBHAHHS (5.1) NPUPOAHBO MIYKATH Y BUIIISII:
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jso (r,0) = 1 (r)-sing.

(54)

[MincraBnsroun komnonentu (5.3) — (5.4) B hopmynu

IUIsL KOMIIOHEHT BEKTOpa (rotj's(r,e)) B cdepuuHiii

cucreMi koopauHar [12], orpumaemo:

(rotjs). =M, (5.5)
(rot],), :—Si%e(f(r)ﬂf'(r)), (5.6)
(rotjs) =o0. (5.7)

Toni wie pas, miacrasistoun kommnoneHtu (5.5) — (5.7)

HOBOTO BEKTOpa (rOtL) B Ti X Qopmymn [12] mmsa

rot ( rot j, ) , OTPHMAEMO

(rot(rot]S )) =0,

r

(rot(rot]S ))9 =0, (5.9)
(rot(rot]s))a =—Si%9(2f'(r)+rf "(r)+
2f(r)-sin@ (5.10)

r2

[Mincransroun (5.10) 1 (5.4) B piBusansa  (5.1),

OTPHMAEMO
d?f(r) 2df(r) [2 1

- =+ |f =0. 5.11

a2t odr r2+/1§ (r) (5:1)

, 1

Beememo mozHaueHHsT K =—
A
P

i 3pobuMo 3aMiHy

f(r)=r"2p(r):

o1, 1+1/2)

@ (r)+F(p(r){ 2, { = ) ](p( )=0. (5.12)
3pobuBLIM 3aMiHy I = f , OTPUMAEMO:

, , (1+1/2)

?'(p)+ =9 (p)-| 1+ 7 o(p)=0. (513)

PiBasanA (5.13) sBisie coboto [P Beccens, po3s’sizkom
sSKoro € mificHl MoamdikoBaHi QyHKIii beccenms Big

HamiBLinoro ingekcy v =(1+1/2) [18]:

(1= A0

j, (5.14)

(pdp)"\ P
2 (e

BusnauenHs ta rpadiku rinepoonivaux GpyHkuii shp
i chp moxHa 3uaiiTh B [19].

Beaxaroun B (5.14) — (5.15) n=1, mpeacraBumo
po3B’s130K piBHSHHSA (5.13) y BUrIAOI

?(P)=Cill019) (P)+Cel g5 () =

=C, {Fp?’/z (pchp—shp)}- (5.16)
T
+C, {\Ep_m (pshp - Chp)}.

3poOuMO 3BOPOTHHI MTEPEXi 10 cTapoi 3MiHHOT (TOOTO

r.. .
nokyageMo O = Kr = = ) i migcraBumo (5.16) B popmyy

f(r)=r"2p(r) :

el

f(== ) r S (5.17)
o Kz}“(zj“*(zﬂ

3 ymoBu ckinyeHHocTi ¢pynkuii f (r) B Touni r=0
noknagemo C, =0. Topui, nmigcrasmstoun (5.17) B (5.4),

OCTaTOYHO OTPHUMAEMO

Jsa (10) = 4;'\:2 [sh[i}(i}ch(iﬂ-sin 6, (5.18)

e KoHCTaHTa iHTerpyBaHHf N oOpaHa 3 MipKyBaHb

3pYYHOCTI.

MincraBnsroun (5.18) B opmynn Juis KOMIOHEHT
BEKTOpa (rot Js ) B c(epuuHiii cuctemi koopauHar [12], Ha
miacTaBi piBHSHHS (5.2) OTpUMAaEMO KOMIIOHEHTH BEKTOpa

B'(F) scepemnni (r <R) HIT - kysi:
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;
2 Sh[/i_J_
B;(r,@):—up3 F cosd,  (5.19)
r r r
—| — |ch| —
RE3RC
2
2 1+%Jsh[ﬂ_
Bfg(r,e):—/l:—sN P 7 |sing,  (5.20)
r r
—| — |ch| —
PG
B, =0, (r<R) (5.21)

6. Po3B’s130K 3a1a4i IpPo po3nogii pe3yJbTyI040ro

marnitHoro noas B®(F) B 3oBHimmiii o6aacri (r > R)
. 2
HII - kyuni, o 3HaxoauThes B ciadkomy | By < 3 B

OTHOPITHOMY NPHUKJIATEHOMY MATHITHOMY MOJIi I§0
B naHoMy BHIaIKy 3pY4YHO CKOPHCTATHCS PiBHSIHHAM
(2.18) myst BEKTOPHOTO MOTEHITIATY A(F) . [lo3a ( r> R)
HIT — xynero HII — ctpymu BiacyTHI (]Se = 0) 1 pIBHSIHHSA

(2.18) npuiime HaCTyTHUI BUTIISLL:

rot(rot A (F)) =0.

(6.1)

3 piasHHA (4.9), akciambHOI cumetpii HII — ctpymy
(5.3) 1 ymoBH Oe3mepepBHOCTI Ui MOJS BEKTOPHOIO
MOTEHITi ATy A(F) Ha MOBEPXHi (r = R) HIT - kyni crinye,

10 1 y 30BHIIIHIHA 00acTi (r > R) BEKTOPHHI MMOTEHITia

A° (F) TAKOXX Ma€ aKCiaJlbHy CUMETPito:

A, (r,0)=0; A =0; A;=0. (62)

3a ananoriero 3 Gopmyoro (5.4) po3B’s30K piBHIHHS
(6.1) 6ynemo mrykaTH y TOMY K BHTIISIL

A (r,0)=F(r)-siné. (6.3)

OCKUTbKH  BEKTOpU Ae(l’ﬂ) i js(r,é’) MaroTh
OJHAKOBY CHMETpil0, TO JUIA KOMIIOHEHT BEKTOpa

(rot(rot A )) HANHIIEMO TOYHO Taki )k popmymu (5.8) —

(5.10), s1x 1 U1 BekTOpa (rot(rot L )) :

(rot(rot A )) =0,

(rot(rot A® ))9
(rot(rot Ae))a = —#[ZF’(r)HF”(r)}

+2F(r)-sm9.

" (6.6)

(6.4)

0, (6.5)

[incransrounn (6.4) — (6.6) B piBHsHHEA (6.1),
orpumaemo piBHstHHS Eitnepa nns gynxnii F (r) :

F”(r)+§F'(F)—r£2F(r)=O'

(6.7)

AP 2-ro mopsaky Mae MICTUTH JBi KOHCTaHTH
inTerpyBanHa. Tomy po3B’si30k piBHsHHA Eftmepa (6.7)
LIYKa€MO y BUTIISAL:

(6.8)

ae C m m — Bl KOHCTAHTH IHTErPYBaHHS, 1110 MiJISratoTh
BU3HAUYCHHIO.

MincraBnsroun (6.8) B (6.7), OTpEMaEMO KBaapaTHIHE
PIBHSHHS

m?+m—2=0,

sKe Ma€ Ba KopeHi: my =1im, =-2.
Toni 3aranbHUIT po3B'sI30K PiBHAHHSA (6.7) Ma€e BUTIIAL;
(6.9)

F(r)=Cyr +%.

[MigcTansroun (6.9) B (6.3), oTpUMaEMO:

A (r,0) = LclrJr%J-sinQ, (6.10)
AF =0, (6.11)
A =0, (6.12)

Cxopucrasmmce ¢opmynamu [12] amst KOMIIOHEHT
BekTOpy rot A° (F) = B® B cthepuuniit cuctemi KoopauHAT
i mepeosHauaroun koHcrantH 2C; =C; i C,=M,

OTPUMAEMO:
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Bf(r,9)=C0c059+2—'\?{|cose, (6.13)
r

] M

By (r,0)=-Cysin@+—siné, (6.14)
r

B¢ =0, (r>R). (6.15)

Koncranra C; Mae sicHuil QisuuHMH 3MICT, OCKINBKH

HIT — xynst 3HaXoAWTHCS B CTaTHYHOMY OJHODPITHOMY
NPUKJIA€HOMY MarHiTHOMY TOJIi

B, = B, -€, = const. (6.16)

3HaliieMo KOMIIOHEHTH Bekropa By=B;-€, B

chepuyHiii cUCTeMi KOOpAUHAT {r,é’, a} . Jns mepexomy
BiJl JEKapTOBOi CHCTEMH KOOpAWHAT {X, y,Z} JI0
chepuyHoOi CHUCTEMH KOOpAUHAT {r,&,a} BHUPA3UMO
OPTOHOPMOBaHI 0a3UCHI BEKTOPH {ér,ég,é'a} cepuunoi
CHCTEMU KOOPJMHAT 4epe3 OPTOHOPMOBaHi Oa3ucHi
BEKTOPH {éx,éy,éz} JIeKapTOBOi CHCTEMH KOOPJHUHAT.

®opMynu a1 OPTOHOPMOBAHUX Oa3MCHUX BEKTOPIB
JIOBIIBHOI KPWBOJIHIHHOT CHCTEMH KOOPIMHAT MArOTh
BUTJIS

. lor
€ =——

: , 6.17
~h7a (6.17)

e

(& &R e

h, — dyskii koopaunar (koediuienTtn Jlame).

s chepruaHOi CHCTEMH KOOpAMHAT:
(. G2, G} =1{r. 0.},

x(r,0,a)=rsinfcosa, (6.19)
y(r,0,a)=rsinfsina, (6.20)
z(r,0)=rcosq; (6.21)

h=h =1, (6.22)

h,=h, =T, (6.23)

hy =h, =rsiné. (6.24)

Toni 3 (6.17) otpumaemo:

lor or
§ =—2 =2 6.25
©r h or or (6.25)
lor 1lor
6= == 6.26
% =, 00 roo (6.26)
g, -— (627)
rsiné oa

me F=x-6+Yy-6 +2-€ =(rsindcosa)g, +
(6.28)

Mincrapmsiroun (6.28) y dopmymu (6.25) — (6.27),
OCTAaTOYHO OTpuUMaeMo [20]:

+(rsingsina)€, +(rcosd)e,.

€ =(sindcosa )€, +(sindsina)e, +(cosH)€,, (6.29)
€, =(cos@cosa )€, +(cosOsina )€, +(—sinb)e,,(6.30)
€, =(-sina)g, +(cosa)E,. (6.31)

[ToMHOXXUBIIN BEKTOP I§0 =B, €, Ha Ga3ucHi optu
chepuunoi cuctemn Kkoopaummar {€,€y,6,} (6.29) -

(6.31), orpumaemo:

Bor = By €OS O, (6.32)
Byy =—Bysiné, (6.33)
By, =0. (6.34)

3 nopiBastaHEs Gopmyit (6.32) — (6.34) 3 dpopmynamu
(6.13) — (6.15) BumuBae, wo C, = By, . Takum uuHOM, B

chepuuHill cHCTEMi KOOpIAMHAT {r,é’,a} KOMITOHEHTHU

PE3yIbTYIOYOTO MarHiTHOTO ITOJIS ée(F) mno3a (I’ > R)

HII — xynero MaroTh BUMIIAL

Bf(r,9)=(BO+2r—'\;|]cose, (6.35)
Bg(r,H):[—BO +':A—3jsin0, (6.36)
B: =0, (r>R). (6.37)

Toni i popmynu (6.10) — (6.12) Bupaszumo depes HOBI
KoHcTaHTu By i M :

A§(r,9)=[%80r+—2}sin9, (6.38)
A° =0, 6.39
Ao =0, (r>R) 6.40)
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Dopmynn 15 KommonenT Bektopy B (r,0) (6.35) —
(6.37) i Bextopy A°(r,0) (6.38) — (6.40) B cepuuniii
cucTeMi KoopauHar {I,6,ar} MOKHa Tako IPEJCTaBHTH

1 B yHIBEpcalbHii BEKTOpHii hopmi

B°(F) = |§0+3r(:2 -r)_%’ (6.41)
e(r):%[éo,r}['v:'r]. (6.42)

Ockinbku B® = rot A® (f‘) , TO JIErKO ITOKa3aTH, IO 3

(6.42) cninye (6.41), a cnpoekryBapmiu Bekropu (6.41) 1
(6.42) Ha opuHMYHI Ga3uMCHI OpTH {ér,ég,é'a} cepuyHoi
CHCTEMHU KOOPAUHAT, OTpuMaeMo Gpopmyu (6.35) — (6.37)
1(6.38) — (6.40).

3 popmyi (6.41) — (6.42) nerko BCTAHOBUTH (Pi3UUHUI
CEHC BEKTOpa M . Bimomo [21, 22], mo Ha BEIHKUX
BiACTaHAX I Bix oOMexeHOi oOmacti, B sKili TedyTh

CTamioHapHI 3aMKHYTI CTPyMH j(F) , Mar”iTHe IIoJie

B, (F) i BEKTOpHHU IOTEHINAN AQO (F) NpUIMAIOTh

HaCTyHHI/Iﬁ BUTJIA

éw(r)zsr(g 'F)—r;s, (6.43)
&(r)z[M’FJ, (6.44)

ne M

CHCTEMH 3aMKHYTHX CTPYMIiB I(F) :

— MArHiTHUH JMIOJBHUNA MOMEHT OOMEXEHOI

(6.45)

SAxmo cramionapHi 3amkHyTi HII — cTpymn st (f) , O

TE€YyTh y TOHKOMY mpunoBepxHesomy mmapi HIT — xyumi,
TPAKTyBaTH SIK CTPyMH HaMarHidyBaHHS, $Ki, MalO4H
aKcianbHy CHMETpil0, CIPHYUHSIIOTh BUHUKHEHHS y HIT —

KyJli MarfiTHOro UIIOJBHOTO MoMeHTy M, To ToOmi

BlacHe MarHitHe mone B (F) IHlyKOBaHHUX 3aMKHYTHX

HIT — ctpywmiB jS(F) MOJKHA TPAKTYBaTH SK MarHiTHE

noje, mo ooymoBieHe HamarHiuyBaHusaM HIT — kyoi.
3 nopiBHsHHS Gopmyn (6.43) — (6.44) 3 Gopmynamu
(6.41) — (6.42) BuruMBaE, II0 BEKTOPHA KOHCTAHTA

M =const, mo Bxomuts B (6.41) — (6.42), mMoxe

TPAaKTyBaTHCS SK MarHiTHUHM nunonbHu# Moment HIT —

KyJi, «HaMarHiYeHoi»  CTaTHYHUM  IIPUKIAACHAM
MarHiTHuM nonem By = By -€, = const.
Y o6panoi koH(pirypamii (muB. puc. 1) BekTop

MAarHiTHOTO AWUNOJIBHOTO MOMCHTY M mae B Z[eKapTOBiﬁ

cucTeMi KOOpAUHAT TUIEKU OoHY KOMIIOHCHTY,

KOJIiHeapHy oci Z .
M=M,=M:§,. (6.46)

To/i MOMHOXXUBIIIH BEKTOP M (6.46) Ha 6a3ucHi opTH

{ér,ég,éa} ceprunoi cucremMn koopauHar (6.29) —

(6.31), oTpumaemo KoMIOHEHTH BekTopa M B cepuuHniit
CHCTEMi KOOpIVHAT:

M, =M cosd, (6.47)
M, =-Msiné, (6.48)
M, =0, (6.49)

ne M =const.

7. Bu3Ha4YeHHsI KOHCTAHT iIHTerpyBaHHS 3 TPAHUYHUX
yMoB st Bektopa B ma nosepxni (r =R) HII - kyai
3 dopmyn (2.4) i (2.9) BumMBaE, MO BEKTOP I§(r,9)

3aJ0BOJIbHAE€ HACTYITHUM I'PAHUYHUM YMOBaM:

=B¢

r

r=R r=R ' (7.1)
e

-Bg| . (7.2)

[MincraBumo B rpannyni ymoB# (7.1) — (7.2) BignoBinHi

KOMIIOHEHTHU BEKTOPY B 3 dopmyn (5.19) — (5.20) 1 (6.35)
—(6.36):

(D

2M
:(B0 +?jcos 0, (7.3)

oG

:(—BO+%jsin 0. (7.4)

Po3B’s3aB cucteMy ABOX JiHIWHUX piBHAHB (7.3) —
(7.4) 3 nBOMa HEBIIOMUMHU, 3HANIEMO 3HAYCHHS KOHCTaHT
inTerpyBadast N i M :
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N __3BoR ] (75)

2sh (R
A

S SUNRE I

8. Anaui3 po3noainy pe3yabTyI040ro MarHiTHOro moJist

B(F) B ycboMy mpocTopi y BHNaIKY MAKPOCKONiMHO

(R>> 4p) HII - kyai

. R .
Beenemo Benukuii mapamerp & :(l_j >1. Tomi
P
ACHMIITOTHKH TinepOoiiyanx QyHkuiit npu shé — +oo i
cthE 51 mpm & —+0 MOXHA JIerko 3HalTH 3
BiamoBigHuX rpadikis [19].

Toxi mpu & — +00 (To6TO B pasi R>> A, ) maemo:

N ~ 0, (8.1)
ByR® B,R®
M~—| 2080 3, 3 T JBRT) (g
2 E &2 2
Bin’emue 3HauenHs mpoekuii M, =M  BekTOpy
MAarHiTHOI'O [TUIOJIBHOTO MOMEHTY M  «HamarniveHoi»

HII — kysi Ha Bick z (muB. puc. I,7e M =M -€,, M <0 )

BKazye Ha Te, o HII — kyJ1st € miaMarneTnkom.
[MigcraBnsroun (8.2) B dopmynu (6.35) — (6.37),
3HainemMo y Bumaaky R>> A, 3HaueHHs pe3ylbTyHOUOTro

marniTHoro nonst B (F) Ha MOBEPXHI (r = R) HIT — xymi:

B¢ (R,0) =0, (8.3)
Bg(R,e):—gBOSine, (8.4)
B (R,0)=0 (8.5)

3 dopmyin (8.3) — (8.5) BumuBae, Mo Ha «EKBATOPI»

(pu H:%)HH— Ky

3
BS|R,Z |=-2B,,
5(r3 )26

ToAi K Ha «nomtocax» (mpu @ =0 i =) HII — xymi

(8.6)

B¢ (R,0)=Bg(R,7)=0.

(8.7)

100

Mincrapmsiroun (8.1) B dopmymu (5.19) — (5.20),

3HaliieMo B pasi R>> /A, 3HaueHHA pe3yJbTYIOUOro

marnitsoro omst B' () Beepemnni (r < R) HIT - kyni:

B; (r,0) =0, (8.8)
B} (r,0)=0, (8.9)
B! (r,0)=0. (8.10)

TakuM 4uHOM, B HAOMIDKEHHI R > Ap NpOHUKHEHHIM

PE3yIBTYIOYOr0 MarHITHOTO MOJIS B (f) Bcepenuny HIT —

KyJIi MOKHA 3HEXTYBATH (/Ip =0,B' = 0).

A
3ayBaKuUMO, 110 y TPaHMII (?Pj — 0 nopymyerscst

HEMEePEPBHICTh MK TAHTCHI[IAILHUMH KOMITOHCHTaMHU

BEKTOpa é(f) Ha MOBEPXHi (r = R) HIT — kyuni:

BS(R,@):—gBOSinH,

oI0 3HAXOAWTHCS B MPOTHPIYYI 3 TPaHUYHOK YMOBOIO
(7.2). OmHak MO>KHA TIOKA3aTH, 10 B TPAHUYHOMY BHITAJIKY

(ﬂp —-0,B'> 0) rpaHuYHI YMOBH (2.9)

TpaHcHOPMYIOThCs B rpaHu4Hi ymoBH (2.12) — (2.13) .

9. Kiiacu4uHe J0C/Ii:KeHHS XapaKTepy nepexoay

makpockoniunoro (R>> 45) cdepuanoro HII 1-ro

PoAy B IPOMIi:KHUI | HOPpMAJIbHUI CTAHU NPU
30i71bIIeHHI OJHOPITHOr0 NMPHKIAJEHOT0 MATHITHOT O

noss By

3 ¢opmymu (8.6) BUIUIIMBAE, MO B IykKe CIaOKOMY
OJTHOPiTHOMY TPUKIIAZCHOMY MarHiTHOMY TIOJIi, KOJTH

2
BO <§ch,

(9.1)

y Bunajky R>> A, mae micue nosHuil eext Meiiccuepa—
Oxcengenbra (Ap =0, B = 0), i Becb 00’em HII — kymi
s3Haxonutbes B HIT — crani.

3 ¢opmyn (8.6) — (8.7) BuuMBaE, WO I 3HAYCHB
OJIHOPIJHOrO IIPUKJIAJEHOr0 MarHiTHoro moss By, sxi

JIeKaTh B IHTEpBaJIi

2
5 Bn < Bo < B, (9.2)
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HIT — xyns 3HaXOAUTHCS B IPOMDKHOMY CTaHi (IHB. puC.
2).

B Xouni

. 2
Ilicna pocarHeHHs 3HaueHHs By :§ch

MOJAJBIIOT0 30UIBIIEHHS OJHOPIJHOTO HPHUKIAAEHOTO
MarHiTHoro nojis By crpykrypa npomixkuoro crany HIT —

Kyl 3MIHIOETBCSA: TOBIIMHA HOPMaJbHHX  IIapiB
30UTBIIYEThCA 1, TaKMM YHHOM, 30UIBIIYETHCSA dYacTKa
00’emy HII — kyumi, sika mepexouTh B HOPMaJIbHUHN CTaH.

Ilpu nocsruensi 3Hauenns By = B, Bech 06’em HII -
KYJIi IUTKOM TIEPEXOIUTh B HOPMAJIbHUH CTaH, 1 OMHOpiIHE
IpuKIajeHe MarHitTHe none By =B;-€, =const 0e3
CIIOTBOPEHb NMPOXOAUTH HACKPi3b Yepe3 Bech 06’em HIT —
KYJIi.

Bci 1i BUCHOBKH TTOBHICTIO 30iraf0ThCsl 3 BUCHOBKAMHU
HaOIIDKEHOI Teopii, sika po3riaganacs B podoTax [8-10], B
SIKX HaBOJTUTHCS BINIMOBIME O pilIeHHS KPaioBOi 3a1adi

y 30BHILIHINA o0JyacTi (r > R) HIT — xyni npu HeXTyBaHHi
e(heKTOM IIPOHUKHEHHSI (ﬂp =0; B :0).

BucHoBKM maHOT poOOTH 30iratoThCs TakoXk 1 3
pobdorn [14], nme kpafioBa 3amada
BHpiIIyBanacs 3 YypaxyBaHHAM eQeKTy INPOHUKHCHHS

BHCHOBKaMH

(l,_ #0; B' ¢0) CTPOTUMH MaTEMaTHYHUMH METOJaMH,

3a BHUHATKOM TOro, 1o aBTopu [14]
PO3TILIIAIOTh MOKIIMBICTh MEPEXOY B MPOMDKHHUI CTaH

IIOMHUJIKOBO

cpepuunoro HII 2-ro poxy, ToOTO JIOKaNbHOTO (/?,L > §0)

JIOHAOHIBCHKOTO HAAMIPOBITHHKA.

BucHoBku
[ToBHO 1 MaTeMaTHYHO CTPOTO (3 ypaxyBaHHAM e(eKTy
NPOHUKHEHHS) B paMKax KJIaCHUYHOI eJEeKTPOAWHAMIKU
CYITbHUX

CepeIoBUIIL i (heHomeHoI0TYHOT

MOIU(pIKOBaHOT (CIPOIIEHOi) HEIOKaIBHOI (ﬂp < 50)
MIHapAiBChKOT €JIeKTPOAMHAMIKI OJTHOPiTHUX
(ng =const) HII 1-ro posy BupileHa cknajaHa Kpaiosa
3ajia4a Mmpo PO3MOJUT Pe3yJbTYIOUOr0 MAarHiTHOTO MOJIs
B(F) (r<R) i (R>T)

makpockomniuanM (A < Ap < & < R) chepuannm HIT

BCEpEeIHHI no3a

1-ro pony.
Ha mincraBi pimmeHHs maHoi KpaioBol 3amavi Oymu
3po0JIeHI HACTYIIHI BUCHOBKH:

2 L

1. mpu By< 3 Byn Bech 00’€eM  MaKpOCKONIYHOI
(R > &> A ) HIT — kyni 3Haxoautbest B HIT — crani
(robTo Mae Micle TpaKTU4YHO TIOBHHH e(dexT

MeiiccHepa-Oxcendensaa: Ap =0, B'~0 );

2. SKIIO 3HAYEHHS CTATUYHOTO OJTHOPiTHOTO
NPUKIAJEHOr0 MarHitHoro mons B, nexars B
. . 2
iHTepBali chm <By<By,,to HII - kynsa
3HAXOIWUTHCS B IPOMIKHOMY CTaHi;
3. micnsg  JOCSATHCHHS  OIHOPIOJHUM  TNPHUKIAICHAM
. 2 .
MarHiTHUM TI0JeM 3HaueHHs By :chm B XOmi

10 JaJIbIIOTO 301IbIIEHHS MPUKIAJCHOTO MAarHiTHOTO

nonst B, BimOyBaeTbcs  30iNbIIEHHA  TOBIIMHH

HOpMAaIlbHUX INapiB, a, OTXke, 1 30UIBIICHHS YacTKH
06’emy HII — kyui, sika mepexonTh B CTaH HOPMaJIbHOT
MIPOBIIHOCTI;

4. Tpu JOCSTHEHHI MNPHKIAJCHUM MAarHiTHUM MOJIeM

sHadeHHs By =B, Beck 00’em HII — kyni minkom

MEePeXOIUTh B HOPMaJNbHUHA CTaH 1 OXHOpimHE

npuKiafeHe MmarsitHe mone By =B, -€, =const 6e3

CIIOTBOPEHBb MPOXOIUTH Yepe3 Bech 00’ em HIT — kyui.

JlOCTOBIpHICTE OTPUMAaHHUX PE3yJbTATIB 1 BHCHOBKIB
0o0yMOBJIEHa CTPOTHM 1 TOYHUM PIMICHHAM KOPEKTHO
MIOCTAaBICHOI KpaioBOi 3amadi, a TakKOX THM, IO
pe3yJbTaTh 1aHoT pOOOTH Y3roJDKYIOTECS 3 PEe3yJibTaTaMU
po0iT, BUKOHAHHX 3 J]aHOT TEMATHKH 1HIIMMH aBTOPaMH.

BigmiHHOIO pHCO0 1i€i poOOTH € CaMOy3ro/KeHa
NIOCTaHOBKa KpaloBOI 3ajaui 3 ypaxyBaHHsSM eQeKTy

NPOHUKHEHHSI, & TaKOX il MareMaTHYHO CTPOre i MOBHE

pilIeHHs.

HoBumM y pimeHHi qaHoi 3a/1a4i € Te, [0 BOHA BIIEPIIE
BHpileHa B paMKaX MoAuQiKoBaHOI (CIIPOIIEHOT)
HEJIOKAIBHOT (A < <&) HiMMmapaiBCEKOT

SJIEKTPOAMHAMIKN HAAMPOBIIHHUKIB 1-TO poay, TOHl SIK
IHIII JTOCTHiAHUKH a00 30BCIM BHKIIOYAIH 3 PO3TIIALY

nosepxHesi edextn (To6To BBakanu 4 =0 i B' =0, mo

poOUTH  HE3PO3YMIIMM CaM  MEXaHi3M  Iepexomy
MakpockomigHoi HIT — xyni B mpoMikaHMH cTaH), abo X
TTOMHIIKOBO

po3TIAoIA  TIepexiy MaKpPOCKOIYHOTO

(R> 4, ) noxamsroro (A &) cdepuanoro HIT 2-ro
POy B IPOMIKHHIM CTaH.

OCKinbKu TOBEpXHEBI e€(eKTH BiIirparoTb BaXKINUBY
ponb y ¢i3uIi HAaANPOBITHUKIB, TO iX irHOpyBaHHS abo
HenOanuii onuc (Hamp., HamucaHHA B Qopmynax Uit

KOMIIOHEHT BekTopa B (F) nmapamerpa A, 3aMicTb Ap,
xoua A < Ap ) MOXKe IPUBECTH HE TIIBKU O KiJIbKICHUX,

a i 10 rpyOuX SIKICHUX TIOMMJIOK (Harp., 10 IOMHUIIKOBOTO
BHCHOBKY PO MOJKJIUBICTB IEPEX01y B MPOMDKHUI CTaH

nokansroro (4, > &) HII 2-ro poxy).

OCKiNIbKM HAayKOBI Pe3yJIbTaTH OTPUMAaHO aBTOPaMH
LIJISIXOM CTPOTOro 1 CaMOy3rojKEHOTrO pIIICHHS TOYHO
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MOCTaBJICHOI KpaioBOi 3amadi, To pobora Oe3yMOBHO

MIPEICTaBIIsI€ TEOPETUIHNH 1 METOOMIHIH iHTepecH. Tomy

MaTepianm i€l poboTH MOXyTb OyTH BHKOPWCTaHI UL
MATOTOBKM KypPCIiB JIEKIi 1 HAMCaHHS METOIUIHUX

mociOHuKiB 3 mucnuiuiin «KiacuvHa eneKTpoJrHaMika

CyUUIbHHX cepenoBuI» 1 «BBemenHs B Qi3uKy
HA/IMPOBITHHUKIBY.
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IHOOPMALIIA JIUISI ABTOPIB CTATEN

xypHaiy «Bicauk XHY imeni B.H. Kapaszina». Cepist «Dizuxa»

VYV xypuam «Bicauk XHY imeni B.H. Kapazinay. Cepis «®Pizuka» IpyKyIOTbCS CTaTTi Ta CTHUCHI 32 3MICTOM
MTOBITOMJICHHS, B SKWX HAaBEICHI OPHUTIHAIBHI PE3yIbTAaTH TEOPETUIHUX Ta CKCIEPUMEHTAIBHUX JOCIIKEHbB, a TAaKOXK
AQHATITHYHI OTJISAN JTITEPaTypHUX JDKEPEIT 3 PISHOMAaHITHUX aKTyalbHUX MPooieM (i3uKH 32 TEMaTHKOIO BHIAHHS.

Moga cTareif — ykpaiHChKa, aHTIIIHChKa Ta pOCIChKa.

TEMATUKA XYPHAITY

1. Teopetnuna ¢izuka.

2. ®i3uKa TBEpIOTO TiNa.

3. di3uKa HU3BKHUX TEMIICPaTyp.

4, ®i3uKa MardiTHUX SIBMIII.

5. OnTHKa Ta CIIEKTPOCKOIIIsI.

6. 3arampHi nMTaHHSA (I3MKK 1 cepel HUX: METOMOJIOris Ta icTopis (i3uKH, MaTeMaTH4YHI METOAM (i3MYHMX

JIOCTIKeHBb, METOIMKA BUKJIaIaHHS (Pi3UKH Yy BHIIIH KO, TEXHIKA Ta METOANKA (Pi3MIHOTO EKCTICPUMEHTY TOIIIO.

BUMOTU JIO O®OPMJIEHHS PYKOITMCIB CTATTEM

3aranbHUi 00CAT TEKCTY PYKOMUCY CTATTI MOBUHEH 3aiiMaTh HE OUIbIIe, HIXK 15 CTOPIHOK.

Pykomnuc cTarTi CKIIaIa€eThesl 3 TUTYJIBHOI CTOPIHKH, Ha SIKiH BKa3aHHO: Ha3Ba CTATTi; iHinianu, npizsuina ta ORCID
BCIX aBTOpIB, IOIITOBA aJipeca yCTaHOBH, B sIKii Oyiia BUKOHaHA poOoTa; Kiacudikamiitanii inaekc 3a cucremamu PACS
ta YJIK; aHOTamii i3 KIIFOYOBUMH CIIOBaMH Ha OKPEMOMY apKyIIli 3 MPi3BUILEM Ta iHiIliaJaMH aBTOPIB i HA3BOIO CTATTi,
BUKJIaJIeHI yKPaTHChKO0, POCIIICHKOI0 Ta aHTJIIIChKOI0 MOBaMM; OCHOBHHUI TEKCT CTATTI; CIIMCOK JIITEPAaTypH; IiIITHCH
ITi/1 pUCYHKaMu; TabJMILli; pUCYHKHU: Tpadiku, (POTO3HIMKH.

AHoTaIlis yKpaiHChKOK MOBOIO MOBHHHA OyTH 3a 00'emom He MeHbln Hix 1800 cimBoiiB. CtaTTs moBHHHA OyTH
CTpYKTOpOBaHa. BUCHOBKM NOTPIOHO MPOHYMEPOBATH Ta B HUX MOBUHHI OyTH BUCHOBKH, a HE TIeperucaHa aHOTallis.

EnexTpoHHMI BapiaHT pyKONHCY CTATTi MOBMHEH BIiANOBIZATH TAaKUM BHMOTAM: TEKCT PYKOIUCY CTATTi MOBHHEH
Oytu nHabpaunwuii y popmari MicrosoftWord sepcii 2013, BupiBHIOBaHHS TEKCTY NOBUHHE Oy TH 3/1IHCHEHE 3a JIIBUM KPAEM,
rapHitypa TimesNewRoman, 6e3 mponucHux OykB y Ha3BaX, OyKBH 3BHYAIHI PAIKOBI, 3 TIOJSAMH JIiBOPYY, MIPABOPY,
3BepXy i 3HU3Y 110 2,5 cM, popmynu nmoBuHHI OyTH HaOpani B MathType (He Hmk4e Bepcii 6,5), y hopMyax KUPUITHII
HE JIONYCKAEThCs, CAMBOJIM 3 HIDKHIMU 1 BEpXHIMH iH/eKkcamu ciij Habuparu B MicrosoftWord, mmpuna ¢popmynu He
o6inbuie 70 MM, rpadiku ta dpororpadii HeoOXiaHO noaaBaTH B rpadiuHoMy Gopmati, po3pizHeHHs He Meniie 300 dpi,
nomrpeHHs (GaitiiiB MOBMHHO OyTH *.jpg, IIUPUHOIO B OJIHY YH JIBI KOJIOHKH, JJIsl OJIHIET KOJIOHKH PO3MIpH: 3aBILUPIIKA
8 cm, st [BOX KOJIOHOK — 16 cM. Macmtab Ha MikpodoTtorpadisx HEOOXiIHO MPEICTABISATH y BUTJISI MacIiTaOHOT
JHIAKA.

BUMOI'M 10 OPOPMJIEHHA I'PADIKIB
Tosmuna niHii He Oinbine 0,5 MM, ane He MeHe 0,18 Mm. BennunHa nitep Ha mignucax 1o pucyHkiB He Oubin 14
pt, ane He menute 10 pt, rapHiTypa Arial.

[MPUKITA ] O®OPMIJIEHH S CITUCKY JIITEPATYPU
1. JL.A. Jlangay, E.M. JIupmmun. Teopus ynpyroctu, Hayka, M. (1978), 730 c.
2. .N. IanoB. ®TT, 25, 7, 762 (1998).
3. A.D. Ashby. Phys.Rev., A19, 213 (1985).
4. D.V. Vert. In Progress in Metals, ed. by R. Speer, USA, New York (1976), v.4, p.17.

J10 PEJIAKIIIT HAJTAETBCS

1. /lBa po3apyKoBaHi HPUMIPHUKH PYKOITHCY CTaTTi, sIKi IiIHUCaHi ii aBTOpaMu.

2. EnexTpoHHa Bepcisi pyKOIHMCY Ta JIaHi 010 KOHTAKTIB JUIs CIIUIKYBaHHs 3 1T aBTopamu. [1Jist 11boro nmoTpiOHO HaicaaTu
eNeKTPOHHOTO TOIITO0, TUTBEKHU Ha axpecy physics.journal@karazin.ua.

3. HampaBneHHs Bix ycTaHOBH, Ji¢ OyJia BUKOHaHA po0OTA, 1 aKTH CKCIIEPTH3H Y IBOX MPUMIPHUKAX; aapecy, MPIi3BHIIE,
MOBHE iM’s1 Ta 6aTHKOBI aBTOPiB; HOMepH TenedoHiB, E-mail, a Takoxk 3a3HaAYNTH aBTOPa PYKOMHKCY, BiNOBIIaIHbHOTO 32
CIIIKYBaHHSI 3 PEJAKITIEI0 )KyPHAITY.

Marepianu pykomucy crarTi NMoTpiOHO HampaBisTH 3a ajapecoro: Penakmis xypHany «BicHuk XapkiBchKoro

HanioHaspHOTO yHiBepcutery imeHi B.H. Kapaszina. Cepis: ¢dizuka», Jlebeney C.B., ¢iznunuii dakynbrer, Maiinan

CBo6onu, 4, XapkiBchbKHid HarlioHaIbHKUHN yHIBepeuTeT iMeHi B.H. Kapasina. texn. (057)-707-53-83.
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WH®OPMAIIWA JIII ABTOPOB CTATEM
xKypHana «Bectank XHY umenn B.H. Kapasunay. Cepust « Duzuxar»

B xypnane «Bectank XHY wmmennm B.H. Kapasunay. Cepus «Pus3mka» medaTaroTcsi CTaTbH M KOPOTKHE IIO0
COJIEP)KaHNIO COOOIICHUS, B KOTOPBIX NMPHUBEACHB! OPUTHHAIBHBIE PE3YJIbTaThl TEOPETHIECKUX M IKCIIEPUMEHTAIBHBIX
HCCIIEJOBAaHNH, a TAK)KE aHATMTHYECKHE 0030pBI JIUTEPATYPHBIX HCTOYHUKOB TI0 PA3JIMYHBIM aKTyaJbHBIM HpoOsieMaM
(U3UKK IO TEMAaTHKE U3AHUSL.

SI3bIK cTaTe! - YKpPaUHCKUM, aHTTIMIMCKUI U PYCCKUM.

TEMATUKA XYPHAJIA
Teopernueckas pu3uKa.
®dusuka TBEpPLOIo Tela.
du3KKa HU3KHX TEMIEPATyP.
®u3nKa MarHUTHBIX SIBJICHUM.

Onruka u CIICKTPOCKOIIUA.

AR A

Oourre BOIpoCH (PU3UKU U CPEAH HUX: METOOJIOTHS U HCTOPHS (PU3NKH, MAaTEMAaTHIECKNE METOIBI (PI3UUECKUX
HCCJIEIOBAaHUH, METOJMKa IpernojaBaHus (M3UKH B BBICIICH IIKOJE, TEXHHUKA M METOJHKA (PU3MYECKOTrO
9KCIICPUMCHTA.

TPEBOBAHU S K O©OOPMIIEHUIO PYKOITMCH CTATbAU

OO0t 00beM TEKCTa PYKOIHMCH CTAThH JOJDKCH 3aHUMATh He OoJiee 15 cTpaHwmir.

Pykomuce cTaThi COCTOUT U3 TUTYJIBLHOTO JIFICTA, HA KOTOPOM YKa3aHHO: Ha3BaHWE CTAThU; MHUIHAIBL, (DaMILTHH 1
ORCID Bcex aBTOpOB, MOYTOBBIA aApeC YUPSKICHUS, B KOTOPOM ObLIa BBIIOJHCHA paboTa; KiacCHpUKAIHOHHBIN
naaekc mo cuctemaM PACS u Y IK; aHHOTalIuu ¢ KITFOUEBBIMHU CIIOBAMH Ha OT/ICIIEHOM JIHCTE C (haMITHEH 1 HHUITHATaMH
aBTOPOB M HA3BaHHEM CTaThH, H3JI0KCHHBIC Ha YKPAHHCKOM, PYCCKOM U aHTJIMHCKOM SI3BIKaX; OCHOBHOM TEKCT CTAaTbU;
CIIMICOK JINTEPATYPHI; TIOAIUCH ITOJT PUCYHKAMU; TaOIUIBl; PUCYHKH: TpadUKH, POTOCHIMKH.

AHHOTaIMsI HA YKPAWHCKOM SI3bIKE JTOJKHA ObITh 0 00beMy He MeHee ueM 1800 cumBosioB. CTaThs HOMKHA OBITH
CTPYKTYpHpOBaHa. BBIBOIBI HY)KHO IIPOHYMEPOBATHI M B HUX JIOJDKHBI OBITh BHIBOJIbI, @ HE TIEpENCcaHasi aHHOTAIHS.

DNEeKTPOHHBIA BapHUaHT PYKOIHCH CTAThH JTOJDKEH COOTBETCTBOBATH CICAYIONINM TPEOOBAaHUSAM: TEKCT PYKOIHCH
cTatbu OOJDKeH ObiTh HaOpaH B ¢Qopmate MicrosoftWord Bepcum 2013, BbIpaBHHBaHHE TEKCTa IOJDKHO OBITh
OCYIIIECTBIICHO IO JICBOMY Kparo, rapHuTypa TimesNewRoman, 6e3 mponmucHEIX OYKB B Ha3BaHUIX, OYKBBI OOBIYHBIC
CTPOYHBIE, C TTOJIIMU CJIEBa, CIIPaBa, CBEPXY U CHU3Y 10 2,5 cM, popMyITsl TOILKHEI ObITh HaOpaHel B MathType (He HibKe
Bepcud 6,5), B popMyiax KHPULIHIIA HE JOIMYCKACTCS, CAMBOJIIBI C HIDKHUMHE U BEPXHIMH WHIEKCAMH CIIeyeT HaOupaTh
B MicrosoftWord, mmupuna popmynsr He 6onee 70 MM, Tpadukn 1 hoTorpadun HEOOXOIUMO MMOIABATH B TPAPUUSCKOM
dopmare, paspemenue He menee 300 dpi, pacmupenue (HailioB 10HKHO ObITh *.jpg, IIUPUHON B OJHY WX JIBE KOJOHKH,
JUTS OJTHOM KOJIOHKHM pa3Mepsl: IHUpPHUHA § CM, JUIS IByX KOJIOHOK - 16 cM. Macmirab Ha MukpodoTorpadusx HeoOXoauMo
MIPEICTaBIATh B BU/IC MACIITA0OHOW JIMHEUKH.

TPEBOBAHUMA K OOOPMIJIEHNIO 'PAOUKOB

Tonmuna auaui He 60see 0,5 MM, HO He Menee 0,18 MM, Pazmep OyKB Ha MOAMKUCSX K pUCYHKaM He Oosbiie 14 pt,
HO He Menee 10 pt, rapauTypa Arial.
[MPUMEP OD®OPMIIEHU A CITUCKA JINTEPATYPbBI
1. JL.A. Jlangay, E.M. JIupmun. Teopus ynpyroctu, Hayka, M. (1978), 730 c.
2. 1.W. Isanos. ®TT, 25, 7, 762 (1998).
3. A.D. Ashby. Phys.Rev., A19, 213 (1985).

4. D.V. Vert. In Progress in Metals, ed. by R. Speer, USA, New York (1976), v.4, p.17.
B PEJAKIIUIO ITPEAOCTABJISIETCS
1. I[Ba pacricuaTaHHbIC SK3EMILIAPA PYKOIIUCU CTAThU, MMOAINNCAHHBIC €€ aBTOPaAMU.

2. DJeKTpoHHasl BepCHsl PYKONHMCH M KOHTAaKTHBIE JIaHHBIC Ul OOIIeHWs ¢ ee aBropamu. J[ns sToro HeoOXoaumo
OTHPaBHUTH PYKOIIHCH I10 AJIEKTPOHHOM mouTe, Ha aapec physics.journal@karazin.ua.

3. HampaBienue OT ydpexjieHus, rje Oblia BbINOJHEHA padoTa, W aKThl SKCHEPTHU3bl B JIBYX JK3EMIUIIPax; ajpec,
(hamunus, TOJTHOE MMSI M OTYECTBO aBTOPOB; HoMmepa TenedoHoB, E-mail, a Taxke yka3aTh aBTOopa PYyKOITHCH,
OTBETCTBEHHOT'O 3a OOIIEHNE C PeAAKIHEH KypHaa.

Matepuansl pyKOIHCH CTaTbH HEOOXOIMMO HAIPABIIATH 110 anpecy: Pemakiws xypHana «BecTHrk XapbKOBCKOTO

HannoHanmbHOTO yHHBepcuTeTa nMeHn B.H. Kapasmna. Cepus «®Pmsuka», Jlebenery C.B., ¢msuuecknit dakymnprer,

mnowans CBo6osl, 4, XapbKOBCKHN HAIMOHAIBHBIH yHHBepcuTeT uMenu B.H. Kapasuna. ten. (057)-707-53-83.
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