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MemopiaibHUI 301pHUK TPHUCBIYCHO BiJIOMOMY BYEHO-
My B Tally3i pagioIOMIHECIEHIIi OpraHiYHUX KOHJEHCOBAHUX
cepenoBui, mnpodecopy Mukoni 3axapoBuuy [amyHOBY
(1951 — 2021pp.). ABTOpH croragiB — WOTO KOJETH Ta yYHI.
Jlo kHWTH YBIWNUIM omHMC XUTTeAisutbHOCTI  M.3.'aymyHoBa,
BHOpaHi HAyKOBI CTaTTi 1 MOBHA O16i0Tpadis mpaip y4eHOro.

JInst ApOKOTo Kojla HAyKOBUX MpalliBHUKIB, aCIipaHTIB 1
CTY/ICHTIB, IIIO I[IKABJIATHCS ICTOPIEIO Ta PO3BUTKOM BITUYHU3HSIHOL
HayKH.



«3 HAYKOIO Y XXUTTI»
TBOPYUU LLNAX
Mukonu 3axaposu4ya FrAJIYHOBA

lNanynoB Muxona 3axapoBud Hapoauscst 18 rpyans 1951
poKy y M. XapkoBi. 3akiH4MB XapKiBCbKYy 3arajbHOOCBITHIO
mkory Ne 6 13 3010100 Menamuto. HaBuasest Ha kadenpi ¢iznd-
HO1 onTUKH (i3MYHOTO (haKyIbTeTy XapKiBCHKOTO JIEP’KaBHOTO
yHiBepcurety imM. O. M. T'opbkoro, sxuii 3akinuuB y 1973 pori.
CBoro TpynoBy aisutbHiCTE Mukona 3axaposuu ['anyHOB po3mo-
yaB Ha mo4yarky 1974 poky y Bcecors3HoMy HayKOBO-IOCHTIJ-
HOMY [HCTHTYTI MOHOKpHCTaJiB, CUMHTHISILIHHUX MarepiajiB
1 0COONMMBO YHCTUX XIMIYHUX peuoBHH MIiHICTEpCTBa XiMI4HOI
npomucioBocti CPCP 3 mocaau inxenepa.

3aBIsKY BIAMIHHIN TEOPETUYHIN MIATOTOBI, TBOPYHUM 3110-
HOCTSIM 1 aKTUBHIN JKUTTEBIA MO3MLII KEPIBHUITBO [HCTUTYTY
JOCUTH MIBUIKO MEpeBOIUTH [amyHoBa M. 3. 3 iHKEHEpPHUX Ha-
NpSMKIB poOIT Ha HAyKOBY JiSUIbHICTh, CIOYATKYy HA TOCATy MO-
JIOAIIOTO HAyKOBOTO CHiBPOOITHHKA, a MOTIM HAyKOBOTO 1 cTap-
II0r'0 HAyKOBOTO CHIiBPOOITHHUKA.

VY 1984 poui 'anynoB M. 3. 3aXUCTUB TUCEpTAIliIO Ha 3/10-
OyTTS HAyKOBOTO CTyIHEHS KaHaujara (i3uKo-MaTeMaTHYHHX
Hayk. Kanaunarceka nucepranis ['amyHoBa M. 3. mpucssiueHa
BUBYEHHIO TEOpii SBHUII, M0 OOYMOBIIOIOTH KIHETHUKY (hopmy-
BaHHSI CUMHTHIISLIIHOTO Clanaxy B IIBUAKOIIIOUNX OpTaHIYHUX
cuuHTHIIATOpaX. HuMm Oymno noBeneHo, 1m0 BIMIHHICTh MIX Ki-
HETHKAMHU MIBHJKOTO KOMIIOHEHTY IMITYJIbCIB pajaio- Ta (oTo-
JIOMIHECLEHIIT 3HUKAa JUIS PIIMH 13 MAJIOI0 B’SI3KICTIO, CIIOC-
Tepiraiachk JUIs B’SI3KUX PO3YHMHIB Ta Oyja MPUHIUIIOBOIO JUIS
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OpraHiYHUX MOHOKpHcTamiB. He3mmuTi (He ciTyacTi) moiMepHi
CTPYKTYpH 3aiiMaju mpoMikHui ctad. ToO0To, Bke Tosi ['amyHoB
M. 3. nmoka3zas, 110 crenudika 30yPKeHHS OpraHiqYHOl pEYOBHHH
10HI3YIOYMM BHUIIPOMIHIOBAaHHSIM MOXKE YiTKO MPOSIBISTHCH Yy TIa-
pameTpax CUMHTWISIIITHOTO IMITYJbCY, ajie, BOJHOYAC, [IeH BIUIHUB
CYTTEBO 3aJICKUTH Bl CTPYKTYPHOT TIOCKOHAIIOCT1 00’ €KTY.

VY 1988 poui 'amynoB M. 3. 3aiimae mocaay HadaJbHHKA
ceKTopy, a 3 1992 poky crae 3aBigyBaueM BiIIiTy MOJCKYISIPHOL
€JICKTPOHIKM OPTraHiYHUX KPUCTaJiB [HCTUTYTYy MOHOKPHCTAIIIB,
SIKAWA Ha TOW vac, micis po3nanay PansHcekoro Corosy, Oyio me-
peBeseHO B miAmopsiakyBaHHs HarionanpHoi akanemii Hayk
VYkpaian (HAH VYkpainn).

VY cBoiil momanbiiid HayKoBid MisuTbHOCTI Mukosa 3axapo-
BHUY 30CEPEIUB CBOI TBOPYI 3yCHIUISI Ha PO3B’sI3aHHI HU3KU aK-
TyaJbHUX 33/1a4 OpPTaHIYHOTO MaTepiajJo3HaBCTBa, 30KpeMa Ha:
PO3BHTKY Ta MOOYIOBI TeOpii paaioaOMiHECIIEHITT OpraHiuHuX
KOHJICHCOBAaHMX CEPENOBHUII; Teopii (I3MYHMX TPOIECIB, IO
B110YBArOThLCS MPU KpUCTAJIi3aIlii opraHiyHuX 1 610710TIYHUX Op-
TaHIYHUX PEYOBHH; MIPOLIECIB y OpPraHIYHUX KOHJACHCOBAHUX JIIO-
MIHECIIEHTHUX cepe/oBHUIax. BiH cTae BUCOKOKBai(hiKOBaHUM
(haxiBIEM y CyYaCHHMX NMUTAHHSAX PaJi0EKOJIOrii, paaiodioorii
Ta paJiOMEIUIIMHNA, HOBAaTOPOM y PO3pOoOIIl HOBUX paiialiiiHo-
CTIHKMX TEeTePOCTPYKTYPOBAHUX JIFOMIHECIIEHTHUX MarepialliB
Ta BUBYEHHI (DI3MYHUX MPOIIECIB Y HUX.

VY 1994 pouti "'amyroB M. 3. 3axuriiae qucepTartito Ha HayKOBY
CTYITiHb JTOKTOpa (PI3UKO-MAaTeMaTUYHUX HAYK 31 CIEMiaIbHOCTI
01.04.05 — «onrTukay. Y TOKTOPCHKIiH nucepTallii HuM po3pooiie-
HO CHCTeMHUH MiaXif, mo 0a3y€eThcs Ha IOPIBHSIHHI Pe3y/IbTaTiB
€KCIEPUMEHTAJILHOTO BUBYEHHSI SIK IIBUAKOTO, TaK 1 CIIOBUIbHE-
HOTO KOMIIOHEHTIB CUMHTHIIALIMHOTO craaxy, 3 pe3yJlbTaraMu
aHaJi3y KiHeTUYHUX PiBHAHB. L{i PIBHAHHS OMUCYIOTH (GopMy-
BaHHS CIUHTHISALIKHOTO CIajaxy 3 BpaXyBaHHSIM 3aTPUMKU MO-
MEHTIB 30y/KEHHST MOJIEKYJT BHACIIIOK peKOMOIHAITT 3apsI0BUX
CTaHiB, SIKI BHHUKAIOTh OE3MOCEPEIHHO BHACIITOK B3a€MOIIi
TIEPBUHHOTO 30y/KEHHS 13 OPTaHIYHOI PeUOBUHOI. Bubpanmii
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ITiJIX1 BpaxoBYBaB, 110 3aps/I0BI CTAaHU MOXKYTh JIOKQJTI3yBaTHCh
a00 He NToKai3yBaTUCh Ha MACTKaX K CTPYKTYPHOTO, TakK 1 AMHA-
MIYHOTO MOXO/KeHHs. byno moseaeHo, mo kpusa 70—80-X pokiB
Teopii paioNIOMIHECIICHINI OpPraHiYHUX KOHICHCOBAaHUX cepe-
JoBHII Oyia MOB’si3aHa 3 HEXTYBAHHAM CIeU(PiKOI0 BKpal Bax-
JUBUX €TalliB TeHepallii Ta po3MiHy €Heprii 3apsa0BUX CTaHIB,
[0 BUHUKAIOTh Y IIMX CHCTeMaxX i JI€I0 10HI3YHOUHUX BHIPO-
MiHIOBaHb. BaxnmBuM (pakTOpoM € HasBHICTH M BiJCYTHICTB
IHTEHCHUBHOI MaTepianbHOi mudy3ii y Iux 00’ €KTax, 1Mo MpU3Bo-
IUTH A0 PI3HOTO PO3BUTKY CIUHTUIISIIHHOTO MPOIIECY Y MOTiMe-
pax Ta KpucTanax 3 OAHOro OOKY Ta PiIMHAX 13 MaJIO0 B’ SI3KICTIO
3 iHmoro. J{ns TBepaux Tin npu (OpPMYBaHHI IIBUIKOTO KOMITO-
HEHTY CIUHTHJISILIHHOTO Cranaxy BUpPIIaJIbHUM (aKTOpPOM CcTae
CTPYKTYpHA JI0CKOHAIIICTh.

["amyHoBuM M. 3. Oyio BUKOHaHO (pyHIaMEHTaIbHI JOCII/I-
KEHHSI 3 BUBYCHHSI IIBUIKOTUTMHHUX MPOIIECIB PO3MIHY €Heprii
10HI3yIOYOTO BHIPOMIHIOBaHHS B OpraHiuHiid pedyoBHHi. B pe-
3yJbTaTi TaKUX JOCHIKEHb Oy0 chopMyTbOBaHO Ta TOBEIACHO
ICHYBaHHSI HOBOTO HANpsMKY I1I0JI0 BUBYEHHS MEPBUHHUX IPO-
1I€CiB pO3MIiHY €Heprii 10HI3y0UMX BUITPOMIHIOBAHb y OpTraHIYHUX
KOHJIEHCOBAaHUX cepefoBuiax. ['aqynoB M. 3. Brnepiiie oTpuMan
eKCIIepUMEHTaJIbHI Pe3yIbTaTH Ta 3alponoHyBaB (Hi3MUHUN Me-
XaHI3M, KU 0a3yBaBCs HA 30BCIM 1HIIIOMY MOSICHEHHI (DI3UYHUX
MIPOIIECIB y TPeKaX 10HI3YIOUMX YACTHHOK HIXK 1€ TIPHUITYCKAJIOCS
y KJ1acnuHux Teopisix bipkca, Bombna, Kinra, Jloctpe Ta iHmmx
HaykoBIIiB. Ha 0a3i MX HOBITHIX PE3yJIbTaTIB CTAJIO MOKJIUBUM
PO3YMIHHS KPU3U CUMHTHIISILIHHOT TeMaTuku 80-X pOKiB Ta MpH-
YUHU a0COJTIOTHOT HEBIAMOBITHOCTI MiXK PO3paxyHKaMH, siKi OyJ10
3po0JieHo Ha 0a3i JaHuX 13 Teopii paaioTOMIHECIICHITIT OpraHiy-
HUX CIUHTHJISATOPIB, Ta MEPEKOHIUBUMHU €KCIIEPUMEHTAIbHUMU
JaHUMH ISl OPTaHIdYHUX TPEKOBUX JeTeKTopiB. ['amyHoB M. 3.
MPOBIB HU3KY JOCHIIKEHb, METOIO SIKMX OyJI0 BUBYEHHS BIUIH-
By TIPOIIECIB, 10 BiI0OYBAIOTHCS MPU PO3MIHI €HEPrii MepBUHHOT
YaCTUHKH Ta (OpMYBaHHI 30H BUCOKOI I'yCTUHHU akTHBarii. s
PO3yMiHHS Ta KUTbKICHOTO aHAITI3y IUX MPOIIECIB 1 MPOIIECiB OC-
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TUTaHHS TPEKy HEOOXiaHO Oy0 PO3IUTHTH X BHECOK Ta BHECOK
CTPYKTYPHHUX OCOOJIMBOCTEH CHMHTUIISAIINHOI CUCTEMHU.
["amyHOBUM M. 3. pO3BHUHYTO JIFOMIHECIICHTHHH ITiIX 1T 11010
BHBUYCHHS (I3UYHHX MPOIIECIB y TPEKaX 10HI3yIOUMX YACTHHOK 1
BU3HAYEHO MPUPOAY SIBUIIA «CTEUU(PIUHOTO TaCiHHSDY IS Op-
TaHIYHUX MOJIEKYJISIPHUX CUCTEM. Bylo BUSIBIEHO, 1110 MEXaHI3M
raciHHs pamiaIliiHoOTO 30y/KEHHS HOCUTH OIMOJICKYJISIpHUMA Xa-
pakrep (i3 BEJIMKOIO BIPOTITHICTIO aHITLIAIIT BETUKOT KiJTbKOCTI
MIePBUHHMX 30Yy/KEHb HA TIOYATKY mporiecy). ToOTo mei MexaHi3m
€ BKpail e(deKTUBHUM MpPH BEIUKHX MUTOMHUX EHEPIeTUYHHX
BTpaTax 10HI3YHOUOTO BUIPOMIHIOBAHHS, IO 1 CIIOCTEpIiraiocs
eKCIEpUMEHTaJIbHO. Bylo BHUSBIEHO MEX1 3aCTOCYBaHHS <«(JIU-
(by3iiHOTO» HAOMMIKEHHS MPU ONuci (GOpMyBaHHS CIOBLIbHE-
HOTO KOMITOHEHTY IMIYJIbCY pajaionmroMinectieHIti. [lei mpomec
TaKOXK BHSIBIISIB XapaKTepHY CHEU(IKy OpraHiYHUX KPHCTAIIB,
IJIACTMACOBUX CIUHTUJISATOPIB Ta piauH. TakuM 4MHOM, MpOIIe-
cu opMyBaHHS IMITYJIBLCY PTI0TIOMIHECIICHITIT MOYKHA PO3IiTH-
TH Ha Taki, 0 00yMOBJIeHI ceIu(iKOI0 B3a€MOIIT 10HI3YHOUOTO
BUIIPOMIHIOBAHHSI BUCOKOI €Heprii 3 OpraHiqvHOI0 PeYOBUHOIO, Ta
Ti, 10 00YMOBJICHI MPOIIECaMH PO3MIiHY ITi€l eHeprii 1 3ajexarhb
BiJI CTPYKTYpHOI ToCKOHanocTi 00’ekty. [lepmia rpyna npuuun
JI03BOJISIE PO3IMOBCIOMKYBATH OTPUMaH1 pe3ynbTaTu moao (op-
MYBaHHS TPEKIB 10HI3YIOUUX YACTHHOK Ha 010JIOT14HI CHCTEMH, a
JpyTa BKa3ye Ha Te, 110 KePYBaHHS XapaKTePUCTHUKAMH 00’ €KTIB,
[0 pO3pOOIIAIOTHCSA, MOXKIIUBO JIMILE Ha eTari (pOopMyBaHHS iX
MaiOyTHIX BIACTHUBOCTEH, SKi BU3HAYAIOTh YMOBH MEPEHOCY 3a-
PSAIOBHX CTaHIB Ta €HEPTii eJIEeKTPOHHOTO 30Y/IKEeHHS.
I'amynoBum M. 3. Oyiio BUKOHAHO cepit0 PoOOIT, 00 BHUB-
YeHHsI BIUTUBY TIPOIIECIB, sIKI BiAOYBAaIOTHCS TPH TEPEXOIi Bif
pO3IIaBy 4M PO3YMHY 10 TBepAoi (pa3u (kpucramy) uepes miap,
o pocte. ToOTO MOBa iiie PO BUBUEHHS IMPOIECIB y «M SKii
PEUOBHHIY, 1110 BXKE HE € PIIMHOIO, aJie 1€ HE € TBEPIUM TLIOM.
B pesynbrari Oyn0 cTBOPEHO HOBHUIl HANPSIMOK y BUPOIIYBaHHI
MOJIEKYJIIPHUX KPUCTAJIIB — OTPUMaHHS KPUCTAJIB 3 KEPOBAHOIO
CTPYKTYPHOIO JOCKOHAJIICTIO. 3a 11eH 1K1 pooit ["amyHoBa M.3. y
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CHiBaBTOPCTBI OyJ10 HAropoHKEeHO mpemiero iM. . M. dpanreruya
HAH Vkpaiau 3a 1992 pik. [IpoBeaeni gociimKeHHs T03BOIUIH
OTpUMaTH HU3KY HOBHUX (PyHIaMEHTAJIbHUX PE3YyNbTaTiB.
BHacniok BBeIeHHS €TeKTPOHHOAKIENITOPHUX MIKPOIOMi-
0K JI0 PO3IUIaBy MOJIEKYJISIPHUX PEYOBHH BUHUKAIOTH KOMILJICK-
CH 13 IEPEHOCOM 3apsiay, sIK1 OPIEHTYIOTh MOJIEKYJISIPHE OTOYEHHS
B PO3IUIaBi, 1 TOMY 3MiHIOIOTh YMOBH ()OpPMYBaHHsI IIapy M’ SKOT
CTPYKTYPH, SIKa 3HAaXOIUTHCS MK PO3ILUIABOM Ta KPHUCTAJIOM,
y’Ke BUPOIIEHNUM. [3 301/IbIIIEHHSM KOHIICHTPAIIi1 TAKKX JTOMIIIIOK
CTPYKTYpHa JOCKOHATICTh KPUCTAIY CIIOYATKy CTa€ Kpaiomw, a
nounHatouu 13 0,1 mon.% noripuryerses. Leit edexr (mpu Benu-
KHX KOHIICHTPAIIISIX €JIEKTPOHHOAKIICITOPHUX JOMIIIIOK) 00yMO-
BJIIOETHCS] KOHKYPEHIII€I0 [IEHTPIB, 110 TOTPAIUISAIOTH 10 OJJHOTO
i TOTO K MOJIEKYJISIPHOTO LIapy Takoi M’ sIKOi pedoBuHU. B miama-
30HI MaJuX KOHIIEHTpAIlI Taki [EHTPHU IHIIIOITh KpHUCTali3a-
IO Y CBOEMY MOJICKYJISIPHOMY IIapi, KOHKYPYIO4H 13 popMyBaH-
HaM nedeKTiB cTpykrypu. Llel HOBUH MiAXix A0 BUPOIIYBaHHS
OpraHiYHUX KPUCTANIIB JO3BOJIUB IOBECTH CEPEIHbOKBAIPATHY-
HY pO30pi€HTaIlito OJ0KIB MO3aiku MOHOKpHcTary 10 6—30" (s
PI3HUX KpHCTaIiB) 3amMicTh BennduuH y 60—80’, mo Oyau Haiikpa-
IIUMH JUTSI CTaHJApTHUX METOAMK. BHACIIIOK BUHUKHEHHS Jie-
(heKTiB pOCTY OpPraHIYHUX KPUCTATIB HE BAABAIOCS HAJArOJAUTH
MIPOMUCIIOBUN BUITYCK 3pa3KiB CHUHTHIIALIMHAX MOHOKPHUCTAIIB
niameTpoMm Oinbine 65 mMM. BukopucrtanHs BHIIE3a3HAYE€HOTO
X0y HE TITbKUA HAJal0 MOXKIJIHMBICTh KEPYBaTH CTPYKTYPHOIO
JIOCKOHAJTICTIO 00’ €KTIB, SIKI BUPOIIYBAJINCh, ajie W JO3BOJIUIIO
po3mouaty BHUITYCK 3paskiB no 120 MM y miamerpi. PesynbraTn
[IUX JTOCTIHKeHb OYJIO MATBEPKEHO SK TEOPETHUYHUMHM OIliH-
KaMH, TaK 1 pe3yapTaTaMu eKCIIEPUMEHTIB, JIeé MOJIEKYJIHU IIapy
M’SIKOI PEYOBMHU OPIEHTYBAJIHMCS aTOMapHUM TIOJEM BiJIKOJIIB
HEOPraHIYHUX KPHUCTAIB, HA SKUX BiJOYBaJIOCS BHUPOIIYBAaHHS
MOJIEKYJISIPHOTO KpUCTaly. 3aBEpIICHHSM I[bOTO IHKIY pOOiT
CTaJIi eKCTIEPUMEHTH 13 BUPOILIYBaHHS KPUCTAJIIB Ha KPaIUIi po3-
IUTABJIEHOTO METaly, SIka HE MOXKE OPIEHTYBaTH MOJIEKYIH PO3-
riaBy. [Ipy BBeneHHI €IEKTPOHHOAKLIETITOPHUX MiKPOJOMIIIOK
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KpHCTAJl BUPOIITYBABCS, a MPH iX BIICYTHOCTI — Hi.
BurnienaBeieHuit UK AOCHTIKEHb CTaB HE JIUIIE OCHOBOIO
POOIT TSI TOJANIBIIIONO BJOCKOHAJICHHS XapaKTEPUCTUK KPHUC-
TaJIiB, SIKI BUPOIIYBAJIMCS ITiJT HAYKOBUM KEepIBHHUIITBOM [ aryHo-
Ba M. 3., aje i 103BOJIMB JIOBECTH MOXJIMBICThH peajizariii e
OTHOTO HOBOTO HAYKOBOTO HAINPSIMKY — OTPUMaHHS MOJICKYJISIP-
HUX CHUHTWISALIHHUX MaTepialiB i3 TEOPETUIHO HEOOMEKECHH-
MU po3MipamHu morepeyHoro rnepepisy. Lleit Hanpsmok 0a3yeTbest
Ha OTPMMAaHHI CIMHTWIATOPIB METOJOM IpecyBaHHsS. B oCHOBI
i€l X poOIT JIekaTh NMPAKTUYHI PE3yNbTaTH, sIKI JTO3BOJIMIH
I"amynoBy M. 3. i3 criBpoOITHUKAMU BUSBHUTH, 11O IT1J1 YaC POCTY
MOJICKYJISIPHOTO KpUCTaja (CUCTEMH 13 HaACIa0KMMHU MiKMOJIe-
KYJISPHUMHM B3a€EMOJISIMU ) MOJKHA BUAUTATH TpH 30HU. Lle piguHa
(po3muiaB), HAHOIIAP «M’SIKOT PEYOBUHUY, SIKA BXKE HE € PITUHOIO,
aJjie 1Ie He cTaJjia TBEPAUM TIIOM, Ta TBEpJIE TUIO (KPUCTAI STKUH
BHpic). B’s3kicTh mepiroro mapy (po3IuiaBy) 3aHaATO Maja IS
(ikcarrii MoJeKya Mk c00010. Y TpeThoMy Iapi MO3MIlii MoJIe-
KYJI BJ)Ke )KOpCTKO ¢ikcoBaHi. ToOTO opMyBaHHS KpHCTaa Bij-
OyBa€eThCsl y IPYrOMy IIapi MpH TEMIIEPaTypax TPOXU HUKUIUX 32
TEMIIeparypy po3IuiaBy. SIKIIO MOJEKYIH 30pi€HTOBaHI Tak, IO
MOXXYTb €(EeKTUBHO (pOPMYyBaATH IIEHTPH KPUCTaAi3aMii y M’ SIKii
PEUYOBHHI, TO IIUX YMOB JOCTaTHBO ISl POCTY KPHCTala BHCO-
KOi SIKOCTI. 3arporOHOBAHUN METOJI TOJISTAE Y PO3IMOBCIOKEH]
CTaHy M’SIKOT PEYOBHHH Ha BeCh 00’ €M MalOyTHHOTO KpUCTAJIA.
CrazissMH TaKOTO TPOIIECY €: BUPOIIYBAaHHS CTPYKTYPHO JOCKO-
HaJIOTO KpHcTana (Majoro aiaMerpa), 1poOaeHHs I[bOTO KPHUCTa-
7a Ha 3a/1aHi Qpakiii, Ta IpecyBaHHs MPHU TEMIepaTypax TPOXH
HIKYHUX Temreparypu (GopmyBaHHs po3muiaBy. Ha TemepimiHii
4yac peasli3oBaHO MOMKJIUBICTH OTPUMAaHHS TMOJIKPUCTANIB 0
250 MM y miameTpi i3 CHMHTHIAIIIHHUMHU XapaKTePUCTUKAMHM
MomiOHUMH 0 MOHOKpHCTana. ICHyroui oOMeKeHHs OB’ s3aHi
JUIIE 13 XapaKTepPUCTHKaMU OOJIaJHAHHS Ta MIKPOTBEPIICTIO
3pa3KiB, SIKI OTPUMYIOThCS (PO3TPICKyBaHHS IIiJ JI€l0 Bjac-
HO1 Baru). J[ns 3a0e3neueHHs UX JOCTIKeHb ITij] KEPIBHUIITBOM
lamyroBa M.3. Oys10 MPOBEICHO AOCIIKEHHS 31 CTBOPEHHS CIIO-
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COOIB OYMILIEHHS] CHPOBHUHH, BIOCKOHATIEHHS Ta aBTOMAaTH3allii Ipo-
IIECIB POCTY KPUCTAJIIB, METPOJIOTTYHOTO 3a0€3IIeUeHHST BUMIPIOBAaHb
iXHIX XapaKTePUCTHUK, TEOPETUIHMX OINIHOK IMapaMeTpiB IMPOIIECIB,
1110 BUBYAIOTHCS.

barato 3ycwips I'amynoB M. 3. mpukiagaB mo peanizarii
TEOPEeTUYHUX 3100yTKiB. KpiM MpakTHYHOTO BUKOPUCTAHHS BH-
IIeHaBeIeHuX poOIT 13 KpHUCTajJaMU 3 BUCOKOIO CTPYKTYPHOIO
JOCKOHANICTIO Tpeba Bi3HAYUTHU CTBOPEHHS PIIKUX Ta IJIacT-
MAacOBHUX CHHUHTHJISATOPIB 13 CyOHAHOCEKYHJIHOIO IIIBHIKOIEIO,
CTBOPEHHS CIMHTUJISATOPIB JJIA PO3MiIIBHOI peecTpalii i0HI3y-
FOYUX BHUIPOMIHIOBaHb 32 (DOPMOIO CHMHTHISALIMHOTO IMITYJIBCY
Ha OCHOBI B’SI3KUX PIJUH, 3IIUTHX (CITYACTHX ) MOJIIMEPiB, CITUH-
TUJISITOPIB HOBOTO TUIY — «IUCKPETHUX» CIUHTHISATOPIB, (IIy-
OpPECIICHTHUX BIJIMITHHMKIB Ta 30HIIB ISl MEIUKO-010I0TT1IYHUX
JOCITIKEHB 1 KIIIHIYHOI 11arHOCTUKH, JIIOMIHECIIEHTHHX Je(deK-
TOCKOTIIYHMX MaTepiaiB.

[lanynoB M. 3. 3aBKIM akTHUBHO 3ajy4yaB TBOPUY MOJIOIb
710 HayKOBUX JochipkeHb. [TounHaroun 3 1986 poky BiH KepyBaB
IPyNOI0 HAyKOBHX MPAlliBHUKIB, Y SIKi MOBCSIKYACHO BHKOHY-
BaJIMCS CTYIEHTCHKI KypCOBI 1 JUIUIOMHI pOOOTH 3 BHUPIIICHHS
aKTyaJbHUX MpoOiieM marepianio3HaBcTBa. [anyHoB M. 3. mpu-
iMaB aKTHBHY y4acTb B aTecTallii HayKOBO-TIEJaroriyHuX Kaj-
piB. baratopa3oBo 3aiy4aBcs A0 poOOTH KOMICIH 3 TIpHOMY
KaHIUJIATCHKUX ICITUTIB y acIipaHTIiB Ta MOIIYKyBa4iB [HCTHTY-
Ty MoHOKpuctaniB HAH VYkpainu. 3aBasku BHCOKiN HayKOBiit
kBamidikamii 1 HaykoBoMy aBroputery ['amynoB M. 3. 3 1995
poky OyB 4WIEHOM crellianizoBaHoi BueHOi Pamu 3 3axucty no-
KTOPCHKUX auceprariii mpu [HctutyTi MoHOKpucTaniB HAH Vk-
painu. Y 1997 porti #ioro Oys10 3anmpoliieHo Ha mocaay npodeco-
pa kadeapu GyHKITIOHATLHUX MaTepialiB XIMIYHOTO (PaKyIbTeTy
XapKiBChKOTO HaIlloOHAJIbHOTO yHiBepcuTeTy iM. B. H. Kapasina.
bararuii nocBin Ta BUCOKUNA MPOQecioHaIi3M T03BOIMIA HOMY
PO3pOOUTH 32 KOPOTKHIT Yac MporpaMu IBOX HOBUX HABYAIBHUX
JTUCITUTLIIH, sIKi BiH BHKJIaJaB Ha kademapi, mounHarouu 3 1997
poky. PimennsM MixHapoAHOiI HayKOBO-OCBITHBOI MPOTpamu
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dhonmy Jxopmra Copoca it BACHUX Ta BUKiIaaaqiB y 1998 porri
l'amynoBy M. 3. Oyj0 NMpUCYIKEHO 1HAMBIAYaJbHUA TPAHT 3a
3HAYHI YCHIiXH, TOCATHYTI B HAYKOBIM Ta OCBITHIN JISTILHOCTI.

VY 2001 porti 'anyroBy M. 3. mpuCBOEHO BUEHE 3BaHHS MTPO-
tdecopa 31 cnerianbHOCTI 01.04.10 — «(i3uka HaMIBOPOBITHHUKIB
1 JIETEKTPHUKIBY.

B Incturyti MmoHOKpucTtanie HAH VYkpainu M.3. ['anyHoB
OyB KepiBHUKOM HHM3KH HaykoBuxX TeM HAH VYkpainu, 30xpema:
“JlociKeHHS BIUTMBY IIEHTPIB TaCiHHS Pi3HOTO CTPYKTYPHO-
T'O MOXOMKEHHS Ha MEXaHI3M PaIi0oJFOMIHECIEHIIT OpraHIYHUX
MOJIEKYJISIPHUX KPUCTATIB Ta PIAMHHUX CHUHTIIISITOPIB” (1994—
1995 pp.); “BnnuB OynoBu Ta CKJIaay OpraHiYHHX KPHUCTaIiB
Ha 1X HaJMOJICKYJISIPHI Ta MOJICKYJISApHiI BiracTUBOCTI” (1996
—1999 pp.); “HagmonekymnspHi Ta MOJEKYJISIPHI BIACTUBOCTI Op-
TaHIYHUX CIMHTWIALIAHIX KOHJCHCOBAHUX CEPEIOBHILL: CTPYKTY-
pa, IPoLIeCH TPAHCIIOPTY 3apsaiB Ta 30ymkeHs” (2000-2003 pp.).

Heonnopazoso ['arynoB M. 3. 31iiiCHIOBaB HayKOBE KepiB-
HUIITBO BUKOHAHHSM TPAHTIB YKPaiHCHKOTO HAyKOBO-TEXHOIO-
rigyHoro 1eHTpy. BiH miarpuMyBaB TBOpYi 3B’S3KH 13 BUCHUMH
Hinepmannis, CIIA, I'penii, Himeuunnu, Pociiickkoi denepa-
uii, ®ianganii, Pecnyomikn Kopes, nmpuiiMaB akTUBHY y4acTh
y po0OTi MiXXKHAPOAHUX KOH(PEPEHIIIN SK WICH OpraHi3alliiHuX,
MpOrpaMHUX KOMITETIB Ta sIK 3allpOIICHU TomoBigad. Bin OpaB
aKTUBHY Y4acTb Y poOOTI MD>KHAPOJHUX HAYKOBUX TOBAPHUCTB. 3
1995 poky BiH OyB WwieHOM cekIlii «OpraHudeckue JIOMUHO(O-
pbI» HaykoBoi paau 3 mominecteHItii PAH, 3 2000 poky — de-
HOoM MixHapoaHoi acomiamii IEEE, uneHoM AMepHKaHCHKOTO
ontuaHoro ToBapuctsa (OSA). Ha 3Hak BU3HaAHHS HOTO HayKo-
BHX 3700yTKiB Pana mupexTopiB AMepukaHChKoro 0ibmiorpa-
(biuHOTO IHCTUTYTY OIyOJIiKyBasia iforo Oiorpadivni JaHi y KHU31
«500 Leaders of Sciencey, o Oyna BugaHa 0i6miorekoro CeHary
CIIA y 2004 porri.

Hampuxkinami 2002 poky IIpe3unis HAH Vkpainu, 3Baxato-
Y1 Ha BaKJIMBICTH JOCIIPKEHb B rayly3i MarepiaJo3HaBCTBa ce-
PEIOBUII, MPUIATHUX ISl BUSBJICHHS 1 peecTpallii 10Hi3yr0uoro
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BUIIPOMIHIOBAHHSI PI3HUX CIIEKTPIB, 3 ypaxyBaHHSIM BHCOKOTO
PIBHSI HAyKOBOTO JOPOOKY BB [HCTUTYTY MOHOKpHCTAIIIB
HAH VYkpainm, sxi 3aiimManucs mpoOieMamMH CIHHTHIISIIIHHOT
TEXHIKH, TPUIHANA PIIIEeHHS MPO CTBOPEHHS OKpemoro [HcTH-
TyTy cuuHTHIsAIIHHuX MarepianiB HAH Ykpaian (ICMA HAH
VYkpaian) Ha 6a3i nux BiAaLIiB. [[MpeKkTOp HOBOCTBOPEHOTO 1HC-
tutyTy ['punboB b. B. 3anpononyBas Mukosi 3axapoBudy 04o-
JIUTH BT MOJICKYJISIPHUX 1 TETEPOCTPYKTYPOBAHUX MaTepialiB
ICMA HAH VYxpainu. 3anporieHHs 0yio 3 BASYHICTIO TPUHHATO
1y HOBIi ycTaHoBi ['amyHoB M. 3. IpOAOBKHUB PO3BUBATH CBOi
TEOPETUYHI Ta MPUKJIAJHI TOCTIKEHHS 32 IPOEKTAMH aKTyaslb-
HOT TEMaTHUKH JePKAaBHOTO 3aMOBJICHHS, IPOTPaMHO-ILIbOBOT Ta
Bimomyoi rematukun HAH Vkpainu, ciiibHUME poOOTaMu 3 Hay-
KOBHMH YCTaHOBAMH 1HIINX KpaiH.

[Tix #ioro HaAyKOBHM KEPIBHHUIITBOM 1 3a O€3MOCEepeIHHOI0
yuacTio B ICMA HAH Vkpainu Oyn0 yCHinmHO BUKOHAHO O1j1b-
1€ BOX JIECATKIB HAyKOBUX 1 HAYKOBO-TEXHIYHHX MPOEKTIB 3
aKTyaJbHUX MPOoOJIeM CUUHTWISIIIHOIO MaTepiajJo3HaBCTBa. 3a
temarukoto HAH VYkpainu Oyno, 30kpeMa, BUKOHAHO MPOEKTH:
«CTpyKTypHa BIIOPSAIKOBAHICTh OPTaHIYHUX MOJIEKYJIIPHUX CHC-
TeM Ta ii BIUTMB Ha CUMHTUJIAIIMHI BIACTUBOCTI 00’ ekTy» (2004—
2006 pp.); «BriopsiikoBaHICTh HAJAMOJEKYISIPHOT CTPYKTYPH Op-
TaHIYHUX CHMHTUJISIINHUX CUCTEM — METEKTOPIB HEHTPOHHOTO
BHUIIPOMIHIOBaHHS Ta crienudika CIUHTUISAIIHHOTO MPOIEeCy B
Hux» (2007-2009 pp.); «Po3podka mpoOMUCIOBUX METOIB OTPH-
MaHHS Ta OpraHi3arlis JOCIiTHOTO BUPOOHHUIITBA CIIMHTHIISTOPIB
Ha OCHOBI CTWJILOEHY 1 I-Tep(eHUTy IJIT MUTHOTO Ta €KOJIOTIY-
Horo MoHiTopuHTy» (2008 p.); «IlepBuHHI BTpaTn eHeprii 30y/1-
JKEHHS Ta HEJHIMHICTh CHUMHTUJISALIMHOTO BIATYKY OpraHIYHUX
MOJIEKYJISIPHUX CUCTEM 13 PI3HOIO BIIOPSIIKOBAHICTIO HAZMOJIEKY-
nsipHOT cTpyKTYpu» (2010-2012 pp.); «Opraniudi MOnIeKyIsIpHi
CIMHTWJIAIIAHI CHCTEMH 3 PI3HOIO BIOPSIKOBAHICTIO HAJIMOJIE-
KYJISIPHO1 CTPYKTYpH Ta OCOOJIMBOCTI PO3MIHY €Heprii 10Hi3yro-
yoro BunpomiHtoBaHHS B HUX» (2013-2015 pp.); «Ilopucti op-
raHiYHl CIUHTHJIATOPU Ta iX aHAJIOTH; OCOOJWUBOCTI IMPOIIECIB
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300py cBiTIa B rereporeHHUX cuctemax» (2016 p.); «Opraniuni
MOTIKPUCTATIYHI CHUHTHJISATOPU JIUIS 3aJ1ad BUSBICHHS aibda- i
OeTa- pamiOHYKITHUX JDKEpeNl pamiarii y MPUPOIHUX BOIAX)
(2016-2018 pp.); «PamiamiiHO-CTIiKI KOMIIO3UIIIHHI CIIUHTH-
JIATOPH Ta TMPOIIECH, K1 BU3HAYAIOTH iX pajialiiiHy CTIHKICTh)»
(20172019 pp.); «Po3pobka pamiariitHO-CTIHKUX CHIUHTHIISATOPIB
st iUy BUCOKuX eHeprii» (2017-2018 pp.); «OcobauBocTi
JETeKTYBaHHS IIBUJIKUX HEUTPOHIB CIMHTWIALINHUMU MaTepia-
JIaM¥ 13 BEJIMKMMH MacoBUMH unciamm» (20202022 pp.).

3a AepKaBHOIO MPOrpaMoi0 PyHIAMEHTAIBHUX 1 MPUKIIAI-
HUX JOCIIDKEHB 3 MPOOJIeM BUKOPUCTAHHS SJIEPHUX MaTepialliB
Ta SAAEPHUX 1 paliallifHUX TEXHOJIOTIH y cepi pO3BUTKY Taiy-
3eil ekoHomiku ['amyHoB M. 3. kepyBaB npoektamu: «Po3pobka
JETEKTOPIB BEIHMKO1 TUIOIIMHU JIJIsl peECTpallii Ta CIeKTpOMeTpii
mBUIKKX HeHTpoHiBY» (2007-2008 pp.); «KomOiHOBaHI 1eTEKTO-
pU s peecTparlii MBUAKAX Ta TETUIOBUX HEUTpoHiB» (2009—
2010 pp.); «Kommo3wuililiHi OpraHivyHi CHUHTHISTOPH I PEECT-
parttii mBUIKUX HEUTPOHIB moairy» (2011 p.) Ta iHIIKUMH.

Y cdepi MIKHApOIHOTO HAYKOBOTO CIIBPOOITHHIITBA T[T
KepiBHUIITBOM Tipodecopa ['anynoBa M. 3. BUKOHYBaJIUCH MPO-
extH: «[IpoBeneHHs HayKOBUX JAOCIIIKEHB 3 PO3POOKH i y10CKO-
HaJeHHsSI XapaKTePUCTHK OPTraHIYHUX CHUHTHISATOPIB BEIHKOI
TIJIOMII Ha OCHOBI CTHJIBOCHY 1 M-Tep(deHTy, OTpUMaHUX METO-
JIOM TIPECYBaHHS, a TAKOXK KOMIO3HUIIIMHUX CIUHTUISTOPIB AJIs
crieKTpoMeTpil mBUAKKUX HEHUTpoHiBY» (2007-2008 pp., criabHO
3 |HHOBalIMHUM TEXHOJIOTTYHMM IICHTPOM pajiamiitHoi Oe3rme-
k1 CeylnbCKOTO JIepXKaBHOTO YHiBepcutety, PecyOmika Kopes);
«Po3poOKka MpOMHCIIOBOTO CIIOCO0y OTPUMaHHS Ta OpTaHi3allis
JOCITITHOTO BUPOOHUIITBA CIIMHTHIIATOPIB Ha 0a3l KpUCTaiB
CTUIBOCHY Ta N-Tep(eHLTY JIsI MUTHOTO Ta €KOJIOTTYHOTO MOHI-
topunry» (2008 p., cniiasHO 3 dipmoro SCINTIMAX, CIIA).

Ha 3amonenns JepxaBHoro ¢doHny (yHIaMeHTaIbHUX
JocHipkeHb Ykpainu Ta JlepaBHOTO areHTCTBa 3 MHUTAaHb Ha-
yKH, iHHOBaIli# Ta iHpopmaTu3anii Ykpaiau ["amyros M. 3. 3xiii-
CHIOBaB HAayKOBE KEPIBHHUIITBO MPOEKTaMu: «MexaHi3MU BIUTUBY
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BHCOKHMX 703 10HI3YIOUMX BHIIPOMIHIOBaHb Ha CIUHTHJISIINAHI
1 ONTUYHI BIACTHMBOCTI HOBUX THUIIIB OPTaHIYHHUX IETEKTOPIB»
(2013-2014 pp.); «BrimB TpUIIET-TPUILICTHOT aHITUIALII Ha
3MaTHICTh HOBUX THIIB OpPraHIYHUX T€TEPOTeHHHUX CIUHTHIISA-
TOPIB /10 PO3IIIBLHOT peecTparlii 10HI3yIOUHX BHUIIPOMIHIOBaHb
3a GOpMOI0 CIHUHTWIIIIHHOTO IMITyascy» (2017-2018 pp.);
«l'eTepoCTpyKTypOBaHi OpraHiyHi CHUHTHJISATOPHU 13 BHCOKOIO
3MIaTHICTIO JI0 PO3/IJICHHS 10HI3YIOUMX BHIPOMIHIOBaHb 3a (op-
MOIO0 CHMHTWIALIMHOTO IMITYJIbCY IS 3a7ad PajiioeKOJIOTiin
(20202021 pp.) Ta IHITUMHU.

VYV 2014 pomi I'anyroBa M. 3. Oysio 3ampoIiiieHo Ha mocamy
npodecopa kadenpu (i3udHOI ONTHKKM XapKIBCHKOTO HaIlio-
HajgpHOTO YHiBepcuteTy iM. B. H. Kapazina, a 3 2015 poky BiH
y’Ke BUKOHYBaB 000B’sI3KH 3aBiyBaua I1i€i kadenpu. Bin pospo-
OMB HU3KY KYpPCiB JICKIIIH 1 YUTaB iX 1Jis 3700yBadiB OCBITHBO-
KBaTiIKaIIfHOTO CTYMEHS «MAaricTp» 1 acmipaHTiB, 30KpeMa:
«CyyacHi acmeKTH Teopii Ta BUKOPHCTAHHS JIFOMIHECIICHIII»,
«JIromiHecCIIeHITIs 1 HE PIBHOBaXKHI MPOIECH Y TBEPAUX TLIAX»»
— g MmaricTpasTiB 1-ro kypey dizuunoro daxymnsrery; «Jlro-
MiHECIEHIlIA 1 (OTOMPOBIHICTh Y HAMIBIPOBITHUKAX» — IS
MaricTpaHTiB 2-To Kypcy kadeapu ¢i3udHoi onTuky; « Bubpani
PO3AUTH CydacHOT ONTUKH 1 JJa3epHOi (Di3UKM» — JIJIs acIipaHTiB
2-ro poKy HaBYaHHS.

Ha xadenpi pizuunOi ONTUKHU miJa KEPIBHUIITBOM [ amy-
HOoBa M. 3. BUKOHYyBalMCA HAayKOB1 JAOCHIIKEHHS 32 MPOEKTA-
Mu MiHICTepCTBa OCBITH 1 HayKu YKpainu, 30kpema: «Po3pobOka
HAyKOBHUX 3acajl CTBOPEHHSI CBITJIOBOJIIB HA OCHOBI HOBUX pajia-
HIHHO-CTIHKUX TeTePOCTPYKTYPOBAHUX MarepiaiiB AJis 3a1a4 ¢i-
3WKU BUCOKHMX eHeprii» (2014-2016 pp.), «HeminiitHi onTuyHi
BJIACTHBOCTI, CIIEKTPOCKOMIS (POTOUYTIMBUX, PaTiOIOMIHECIICH-
THUX 1 KOMIUIEKCHHX [I€NIEKTPUYHUX TOHKOILTIBKOBUX CHCTEM,
OMTOCJIEKTPOHHI Ta CTPYKTYpHI gociimkeHHs» (2017-2019 pp.).
l'amynor M. 3. OyB wiIeHOM criemiani3oBaHoi BUeHOI Paau npu
XHY im. B. H. Kapa3zina i3 3axucty aucepraiiii Ha 3100yTTS
HAayKOBUX CTYIEHIB KaHIuJaTa/mokTopa (pi3ukKo-MareMaTuaHuX
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HayK, MPpUMMaB aKTUBHY y4acTh B pOOOTI MPUHMaILHUX KOMICIH
a0iTypieHTIB ¢izumuHoro (axkynprery Ta JlepkaBHUX €K3aMeHa-
IMHUX KOMICIH 3 3aXUCTIB JUTUIOMHUX POOIT Ha 3100y TTS OCBIT-
HbO-KBaTI(hiKaIIMHUX PiBHIB «0aKaiaBp» 1 «MaricTp.

["amynoB M. 3. OyB Maskum MOMYISPU3aTOPOM HayKH, ITOC-
TIHHO IIyKaB HOBI IUISXU JAJIS 3a7Ty4Y€HHS TAJIaHOBUTOI MOJIOMI Y
CBIT JOCIIII>KEHb HE3HAHUX SIBUII IPUPOAM 1 BUKOPUCTAHHS X Ha
Omaro mronuHuU. {715 mpomaryBaHHsS HayKOBOTO HANpsIMKY CBOE€T
Kadenpu BiH HamMcaB HAyKOBO-TIOMYJSPHY KHHUTY MPO MPHUPO-
ny cBitia («O mpupoze cBeTay), sIKy IIUPOKO BUKOPHUCTOBYBAaB
JUTSl CTUMYJTFOBAHHS y aOITypi€HTIB IMiJABHIIEHOTO 1HTEPECY 10
¢i3uuHOl Hayku B miyiomy 1 (iznyHOi onTHKK 30Kpema. KHura
po3paxoBaHa Ha THX y4YHIB CTapIIUX KJaciB CEpeaHbOI LIKOJIH,
a0ITYpI€HTIB, CTYACHTIB MOJIOAIINX KYpPCIB BHUIIIB, SIKI XOYYTh
3po3yMiTH Qi3UKY, 3aiiMaTrucs (Pi3UKOIO 1 BUBYATH MTPUPOY, CITH-
parounch Ha (i3udHi 3akoHH. KHUTra HE € hopMaNTbHUM MiIpyU-
HUKOM, aBTOP MOCTAPABCsl YHUKHYTH CKJIAJHOTO MaTEMaTUYHOTO
amapary, 110 MEepelIkoHKae PO3yMIHHIO Marepially YMTadaMu 3
HIKITBHUM PIBHEM MAaTEMaTHUKH, a 30CEpeANBCS Ha IEMOHCTpAITii
3arajabHOi (HI3MUHOT KapTHUHU, 3aTajbHUX 0a30BUX YSIBIICHb.

["amynoB M. 3. y ckiazii ciiBaBTOpIB € Jaypearom JlepkaBHO1
npemii YkpaiHnu B ramy3i Hayku 1 TexHiku 3a 2016 pik 3a poboTy
«Po3po0Ka MmIacTMacoBHX CIIMHTHIIATOPIB OaratoyHKITIOHATEHOTO
npuzHadeHHs». Y 2018 pomi HarionansHa akageMist Hayk YKpaiHH
Haroponwia [‘aryroBa M. 3. MOYECHOIO BiI3BHAKOIO «3a TMiIrOTOBKY
HAyKOBOI 3MiHW». Y 3araibHOMY A0poOKky ['amyHoBa M. 3. moHan
300 HayKOBHX TTpallb, B SIKUX B TIOBHIN Mipi BiIOMBA€ETHCS cydac-
HUH PIBEHB TOCIIHKEHB 3 TEOPii 1 BHKOPHUCTAHHS PaIioIOMIHEC-
LEHI[IT OpraHiYHUX KOH/IEHCOBAHUX CEPEOBHILL.

['amynoB M. 3. OyB HayKOBUM KOHCYJIFTAHTOM JIBOX JIO-
KTOPCHKUX JAUCEPTAIIil, i HOro HayKOBUM KEPIBHUIITBOM OYJ10
3aXUIIEHO 8 KaHIUAATChKUX AUCEPTAIllii.

['amyHoB Mukona 3axapoBud OyB OIPY)KEHUH, 3aPEKOMEH-
nyBaB ce0e 3pa3KoBUM CiM’STHUHOM, BUXOBaB JIBI JJOHBKH Ta
OHYKIB.
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MaiiOyTHiit (izuK— Kangunar B MaiicTpu cnopry 3
npodecop BUUTHCS ¢dextyBanns (1970-1 pokn)
kepyBatH (1950-1 pokn)

JunnoMHUKU-oNTHKH (i3uyHOTO (akynsrety XY
iMm. M. T'opbkoro (Mukona ['atyHOB B BEpXHbOMY DSy
TperTii 31iBa, 1973)
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V BilicbkoBOMY Tabopi M.3.I'anyHOB IpOBOIUTH
micis 4-xkypey (1972) BHMIPIOBaHHS ITapaMeTpiB
cruuHTUIATOPIB (1975)

M.3.T"'asryHOB 3a HaJaro/PKEHHSIM BUMIPIOBAJILHOI araparypu
(1980-1 poxn)

VY ynransHOMY 3aiTi
BH/II monokpucranis
(1980-1 poxm)




Ha 3acinanni Baenoi paau [HctutyTy MOHOKpHUcTaniB HAH
Vkpainu (1990-i poxn)

Ha ceminapi y Bigaimi
(2010-1 poxm)

Bpyuenns
Haropoziy Ha 4ecTb
50-piyus IMK

f; (2005 p.)




YYHi

1A . :
TapaceHko Bosipunue SApraxin
Oumer AHppiit Bonogumup
AmnaromiiioBuy, HOpiiioBuy, Bonogumuposuu,
I.¢.-M.H. I.T.H. K..-M.H.

Topbauosa MapruHeHko €BreHis KapapaeBa Haramis

Tersna €BreniiBHa, BikropiBHa, JleoniziBHa,
K.p.-M.H. K.(b.-M.H. K.(h.-M.H.

"

Jlazapes Irop Kpeu Auron Bynaxoscbkuii Cepriit

Bikroposuuy, BnapucnaBoBuy, BanenTuHoBuy,
K.(b.-M.H. K.().-M.H. K.T.H.

[Monynan fApocnasa
IropiBHa, acmipanTKa

Xpomtok Linapion
®denoposuy,
acripaHT
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Jlaypeatun nepxnpemii Ykpainu 3 npesuaentom HAH Vkpainn
b.€. [Tatonom (2017)

Ha po6ouomy micrii
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Cnoraawu Koner, y4HiB
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«[ar npaBunbHY BignoBiAb...»

Komu s mpuiimoB no BHJ/II monokpucranis y 1978 p.,
Muxona 3axapoBuu ['amyHOB yke KiJIbKa POKIB IpALIOBAB 1H-
xKeHepoM y maboparopii Nel9, sxy owgomosas HOpiit ApoHoBuu
[Mupnin. B nabopatopii npoBOAMINCE JOCTIIKEHHS ONTUYHUX 1
CHMHTWIALIHHUX XapaKTePUCTHUK YCIX BUAIB CLHIMHTUIIATOPIB, 1110
po3pobisiiucs 'y BH/II MonokpucTainis 1 Bunmyckanuch y HBO
«MOHOKpPHUCTAJIPEAKTUBY.

M.3. I'anrynoB nparroBaB y rpyni H.M. Haymenko, ne BuBua-
JIMCh XapaKTEPUCTUKU CLUHTUIIATOPIB, 30KpeMa KiHeTHUHi (Jac
HApOCTaHHs, CMajy, TPUBAIICTh CUUHTHIISALIIHOIO IMITYJIbCY ).

Jnis nociiikeHb BUKOPUCTOBYBAJIOCH JEK1IbKa METOAMK,
OZIHI€I0 3 SIKUX OyJa Ha TOW yac TpaauLiitHOIO — ocLuiorpadiy-
Ha. OCHOBHMM TPHUJIAJOM JUIs 11i€i MeToAuKH OyB BEIMUYE3HUH
3a po3MipamMu ocuiIorpad Ha eJIeKTPOHHHUX JaMIliax, KU 3a-
Oe3neuyBaB HAHOCEKYH/IHY PO3ZUIBHY 3/1aTHICTh. BiH BUKOpHC-
TOBYBAaBCSI B OCHOBHOMY Uil JIOCIHIPKEHb JIY>KHO-TaJIOITHUX
CHMHTHIIATOPIB. [HIIa MeToauka (3aTpuMmaHux 30iraHb bomiHn-
xepa — Tomaca abo crapT cTOIoBa METO/MKA) 110Yaia po3BUBaA-
tucs B BH/II MmoHOKpuCTamB /Ui HOCTIIKEHHS OLIBII HIBU-
KHUX OpraHiuHUX CUUHTWIATOPIB. LluM HampsMkoMm 3aiimanacs
JI.E. I'pyaceKa, sika yxe 3aXUCTHIIA KaHAUIATChKY AHCEPTaLilo,
OB 513aHy 3 KIHETUKOIO CLHMHTWIIALIM PIIKUX KPUCTATIB Ta MOX-
JIUBICTIO PO3JIUICHHS 32 iX JIOTIOMOTO0 IMITYJIBCIB BiJl €TIEKTPOHIB
1 HeUTpOHIB. [ BUMIpIOBaHb 32 LI€I0 METOIUKOI BHKOPHCTO-
BYBQJIM CaMOPOOHY YCTaHOBKY, SIKy nepenanu iHCTUTyTy 3 MIDI
Ha noyatky 70-X poKiB, Jie Ha TOM Yac IUTJHO IpalfoBaja rpymna
MO JIOCTIDKEHHIO CUMHTWIATOPIB mix kepiBHuUITBOM B.K. JIi-
nuzeBcbkoro. Ha 1iif ycTaHoBIi 1 po3nodaB cBOi JOCIHIIKEHHS
OpraHiyHMUX CHUHTHJISATOPIB MOJoAMH crierianict Mukona [amy-
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HOB. Yepes piK y HbOTO y CHIBaBTOPCTBI y)ke 3 sSBUJIACS Teplia
nyonikamist B «[Ipubopax m TexHuke 3kcnepumeHTa» — «IIpo
METOJMKY BUMIPIOBAHHS MapaMeTpiB 3aTyXaHHsS CIUHTHIISALIN
B OpraHIYHUX CIHUHTHIATOpax». HezabapoM cTano moTpiOHUM
yIAOCKOHAJIEHHS YCTaHOBKHU. | 11€ cTaio mporpaMoro ioro podotu
Ha JIeKiJIbKa poKiB. BUBYeHHS JliTeparypu, KOHTaKTH 3 OB J10-
CBITUEHUMHU KOJEeTaMHU-A0CITITHUKAMH, PO3pOOKa EIEKTPOHHHUX
cxeM, miadip 1 «micTaBaHHS» HEOOXITHUX KOMIUICKTYBAIbHHUX
JUISL IIIBUJIKOJIIFOYOT €JIEKTPOHIKH, TPOEKTYBAHHSI 1 BATOTOBIICHHS
1at, po3poOKa KOHCTPYKIIIH 1 BUTOTOBICHHS TaKUX BAXKIMBHUX
€JIEMEHTIB YCTAaHOBKH, SIK CBITJIOBUI 3aTBOP Ta YEPEHKOBCHKUI
paziaTop — Bce 11e poOMIIOCh 32 HOro 0COOMCTOIO 1HIIIATUBOIO 1
MOBHICTIO CAMOCTIHHO.

Yacy karactpodiuro He BucTauaso. | Tomi 3’ sBuimcs 100-
pe Bimomi B naboparopii Nel9 «uiuni Baxtu ['amyHoBay. BHOUI
HIXTO HE 3aBakaB, He OyJI0 CTpUOKIB HANpyru i HABEICHb B
€JIEKTPOMEPEXi, sIKi 3TryOHO BILTMBAJIM Ha TIOJIHOBI TPAH3UCTOPH.
CKITbKH 1X «3aTMHYJIO» Tl 9aC MOHTOXKHHX POOIT BaXKKO IOpa-
XyBaTH. 3aBASKU LIUM BaxTaM 301pKy 1 HaJaro)keHHs YCTaHOBKU
HeBaOB31 Oyio 3aBepuieno. Y BHJII moHokpucTamB 3’ sBuitacs
MOXKJIMUBICTh BUMIPIOBATH KIHETHKY CIIMHTHIISIIN y HaHO- 1 CyO-
HAHOCEKYH/IHOMY Jiana3oHax.

3a 1OCUTHh KOPOTKHI TepMiH OyNI0 JOCIIHKEHO MapamMeTpu
3aTyXaHHS CUUHTHIIALIN B JESKUX MIaCTMACOBUX 1 PIAKUX CIIHH-
TUISITOPAX, a TAaKOX B CIUHTWISATOPAX Ha OCHOBI OpPTaHIYHUX
MOHOKPHUCTAJIIB.

Jlns aHamizy OTpUMaHUX pe3yabTaTiB MPUHUILIOCH 3aHYpH-
TUCSl B TOHKOCTI CIMHTWJIAIIIHOTO mporiecy. BuBuenns nitepa-
TypH, BapiaHTH IHTEPIIPETAIliii Pe3yIbTaTiB MOCTYIIOBO IIPUBEIH
JI0 TIEBHOI IUTICHOT KapTHHU, SIKy MOXKHa OyJio BimoOpasuTh y
JTUcepTaliiHii poOoTi.

[lepmia cipoba 3aXUCTUTH KaHIUAATCHKY AMCEPTAIIo AJIs
Muxkonu 3axapoBuya BUSBHIACH HeBAanor. Pykomuc momas
JI0 BIJJOMOTO CIIeliaiicTa B Taly3i JOCTIPKeHHS CIIMHTHIISIIN-
HOTO TIpolecy B OpraHiuHux cuuHTHidsTopax .M. Posmany i3
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CyxyMCBhKOTO (hi3MKO-TEXHIYHOTO 1HCTUTYTY, A€ BXKE iCHyBaJa
CBOSI IIIKOJIA TOCIIHUKIB, B SIKii PUTPUMYBAIIUCh ITEBHUX Ka-
HOHiB. OCHOBHA POJIb y MPOIEC] CHMHTHIALII OpraHIYHUX Ma-
TepiajiB BIIBOAWIACH B3a€MOJIi 30y/UKCHUX MOJICKYJ OMHI€T 3
iHImor0. fkpa3 GiMONIeKyIsIpHA TiMoTe3a TYLIIHHS 1 CKOPOYCHHS
CIMHTWIAIIAHOTO iMITyabCy Oyma po3BuHyTa .M. Po3smanom 3i
criBpoOiTHUKaMU. Y CBOEMY pykomuci Mukoja 3axapoBud He
MIPUIUIAB HAJIEKHOI yBaru J0 TAKOTO MiJXOMy, 32 MO0 1 OTpUMaB
HETaTHMBHUH BIATYK.

HeBnaua He 3ynuHMIA MOJoAOro BueHOTO. [lepepobnenuii
BapiaHT IUcepTallii 3’IBUBCsS yXKe yepe3 MmiBTopa poky. /1o Horo
BiH BKJIFOYMB HOBI OTPHMMaHI PE3yJIbTATH 1 3aIIPOIIOHYBAB CBOIO
MOJIeITb CIIMHTWIIALIHHOTO TPOIIECY Y MIBHIKOMIFOYMX OpPTaHiyv-
HUX CHUHTHIATOPIB. Byno orpumano 3anexHoCTi GopmMu im-
MyJbCIB, Y TOMY YHCII JUISl 3pOCTar04d0i CyOHAHOCEKYHIHOT -
JISTHKY CIUHTHIISIIT, TSI HU3KW OPTaHiYHMX MOHOKPHUCTAIYHUX,
MJIACTMACOBUX Ta PIAKUX CIUHTUIISATOPIB BiJl IXHBOTO XIMIYHOTO
CKJIaJTy, pO3MIpiB 1 BUIly BiII3ePKATIOI0Y0TO MOKpUTTs. Lle 103-
BOJIMJIO JIOCHIIUTH BIUIMB IPOIIECIB CBITJIO 30MpaHHS Ta pead-
copOr1ii Ha (GopMy CHMHTHIIALIIHOTO IMITYJIbCY. Bymo oTpumaHo
HU3KY 1HITUX HOBUX PE3y/bTaTIB, Y TOMY YHCII COPMYIIbOBaHI
peKOMeHaIlii, ki mi3Hime 103Bonmm po3poodutn y BHJII mo-
HOKPHUCTAJIB MepI CyOHAaHOCEKYHIHI PiAKI CIIUHTUIISTOPH.

Ha Toii wac pobora Haj aucepTalliero 3IiMCHIOBAjJach B
YMOBaX aKTUBHOTO JKUTTS Jaboparopii — BUKOHAHHS TIOTOYHUX
BUMIPIOBaHb IS 1HIIMX IMAPO3AUTIB IHCTUTYTY, PI3HOMaHITHI
rpoMajiCbKi poOOoTH (KaraTu, OyIiBHHUIITBO, CIHOKIC, 30MpaHHS
OypsIKiB Ta 1H.), TOJITHYHI ceMiHapH Ta iHpopMaIlii, 1, 3BUYaiHO,
HayKOBI CEeMiHapH.

HaykoBi ceminapu B sraboparopii Nel9 mpoxoaunu BeabsMu
’KBaBO, 1 TOH IUcKycii yacTo 3amaBaB M.3. ['aryHoB. flkpa3 Bix
HBOTO MM y3HaBaJId MPO HOBI JJIA HAC IMEHA y CIUHTUJISAIIAHINA
Hay1i. Hampukiaza, po3noBigarouu Ha ceMiHapax Mpo CBOKO Me-
TOJIUKY 1 pe3yJIbTaTH KIHETUYHHX JTOCIIKeHb, BIH YacCTO 3Trajly-
BaB CIOJyYeHHs Tpi3BuI] beHCTOH i MOXXMHCHKUH, Ky H00pe
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3amam’siTany CIiBpOOITHUKK Jlabopatopii. Uepes Oararo pokis
Mapexk MOXHHCHKUI CTaB 31pKOIO MEpIIOi BEIMYUHU Cepel
CCIMHTWISIIRHUKIBY, a Mukona 3axapoBU4 MOCTIHHO MIATPH-
MyBaB 3 HUM TBOPY1 KOHTaKTH.

Bin OyB 3aB3sITHM criepedaJbHUKOM Y JTUCKYCISX 1 IOCHUTh
opuriHajgbHO (OpPMYITIOBaB cBOi 1oka3u. CriBpoOiTHHKAM J1abo-
patopii 3amam’siTaBcs €301, KoJii Ha ceMiHapi BiH 3asBuB E.JI.
Bunorpany, sikuii 3aaB oMy 3allUTaHHS 32 TEMOIO CEMIHApY:
«Ha neBipHO chopmynboBaHEe MUTAHHS JAr0 LIJIKOM MPaBUIIbHY
BIJIIIOBIAB!»

[Ticnsa 3axucty kaHmuaarchkoi muceptarnii M.3. T'amyHoB
MIPOJIOBKHMB JTOCTI/HDKCHHS PI3HUX BHJIIB OPTaHIYHHUX CITUHTHIIS-
TOpiB. 3HAUHy yBary NpUAUIAIOCH PIAKUM CHUHTWISITOpaM. B
[IbOMY HaIpsMKY TUTITHOO OyJia CITBIIpArs 3 CIiBPOOITHUIISIMH
Biamiy Ne5 (Ha To# yac Bimin odontoBaB b.M. KpacoBuiibkmuit)
JLII. Adanaciani ta I.B. JIucoBorw. JlocmimKyBaIuch MOXKITH-
BOCTI CTBOPEHHSI PIAKUX CIUHTUJISATOPIB 3 MIABUIIICHUM CBITJIO-
BUM BHUXOJIOM Ta HIBUAKOJIEIO, 3 MOKPAIIEHUMHU MapaMeTpaMu
PO3MUICHHS. CUTHAJIB BiJ] €JIEKTPOHIB 1 HEUTPOHIB, CIIMHTHIIS-
TOPIB 13 3ryIlyBayaMH 1 CyMiCHUX 3 BOIHHUMH PO3UYMHAMH CIHH-
TUAATOPIB. [IpakTHYHO y BCIX BUIAIKaxX OyJIM HEOOXITHUMH J10-
CIIJKeHHSI KIHETUKU CUUMHTWIALIN. [le Bumaramno po3mmpeHHs
MOKJIMBOCTEH BUMIpPIOBAJIbHUX YCTAHOBOK, IXHBOTO MOCTIHHOTO
yIoCKOHaJIeHHs. Y Mukonu 3axapoBuya 3’ SBHJIMCH MTOMIYHUKH
ta yuHi — M. umos, B. Apuukin, O. TapaceHko, siki 3 4acom
3aXUCTHIIN JUCepTaIlii.

Yac Bijx yacy TpaaMIliiiHi HapsSIMKU PoOIT IO CTBOPEHHIO 1
JOCIIHPKEHHIO CHIUHTUIISITOPIB KOPUTYBAIKMCH HEeTlepe10auyBaH -
mu nonissmu. Y 1986 porii Tpanunacs aBapis Ha YopHOOMIbCh-
kit AEC. IIpakTu4HO BECh IHCTUTYT 3alHSABCS PIIICHHSIM 3a]1a4
pamiaiiHOrO KOHTPOIO. P HAyKOBUX IMiAPO3ALUTIB iHCTUTYTY
BHUKOHYBaB po0OOTH Oe3MocepeHbo 3a 3aBAaHHAMU MiHYOpHO-
owrst Yikpainu. M.3. ['amyHOB TiKITIOYUBCS 10 IIHOTO HAMIPSMKY
pOOIT Mi3HiIIIE, MICIs TOTO SK OYOJIHMB BIATIOBIAHUI CEKTOP Y BiJl-
nimi Nel9. 'V fioro cektopi 0yimo po3po0IeHO CXeMOTEXHIKY IS
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HU3KH MPUIAIIB CUCTEMHU padiallifHOro KOHTPOIO 3 ypaxXyBaH-
HSIM 0COOJIMBOCTEH 1 MOKIIMBOCTEH CIIMHTHIIATOPIB.

[Ile onHKMM HaMPsIMKOM HE TPAAMIIMHOT TEMAaTHKU B 1HCTH-
TYTi CTaB «XOJIOMHHH Tepmosi». Ha mouyarky 1989 poky Bech Ha-
YKOBHUH CBIT 30ypHiia 3BiCTKa MpO Te, Mo sKich XiMmiku i3 CIIA
MIPHU €JIEKTPOJTi31 BAXKKOI BOJM 3 €IEKTPOIaMH 13 Tajadit0 OTpH-
MaJIi MePEBUILICHHS €HEPTii, 1110 BUIIISETHCA, HAJl TIET0, 1110 Oyrna
BUTpaueHa 1 MpH LbOMY peecTpyBaiu HeWTpoHu. Lle o3Hauao,
110 TIPH IIbOMY €JIEKTPOXIMIYHOMY TIPOIIeCi Bi10OYBa€ThCS AECpPHA
peakiis. Bech cBIT — 1 (haxiBii, 1 He AyXe, KHHYJIUCh TIEpPeBips-
TH 11eH e(heKT ekcrepuMeHTaabHO. [IiAKIIoUnBCS 10 LKX TMepe-
roniB i BH/II monokpucraniB. Baxka Boma 3HalIIIIaCS MIBUIIKO.
3amicTh Manajilo BUKOpUCTaNW ryodactwii Thtad. Heszabapom
3’SIBUBCS 1 Malaaiii — €JeKTPOoIIi3 MIoB. Ajie TOJOBHUM OyJ10
— 3apeecTpyBaTu MpH €JNEKTPONi3l HelTpoHu. /s iXHbOTO BU-
SIBJICHHsI OyJ10 BUKOPUCTAHO PI3HOMAHITHI JIETEKTOPU HEHTPOHIB
— 1 moBUTBbHUX, 1 mBUAKUX. Lo mikaBo, HEUTPOHU peeCTpyBa-
JUCh BCiMa jaeTekTopamMu. HaiOumbln 4iTKO BOHHM BHU3HAYAIHCH
JIETEKTOpaMH Ha OCHOBI KpUCTaJIiB CTHIIBOEHY 1 aparepdeniny,
3 BUKOPUCTAHHSM METOIWKHU BUIIJICHHS CUTHAIIIB HEUTPOHIB BiJ
(hOHOBOTO TaMMa-BUIPOMIHIOBAHHS 3a (OpMOI0 iMmysbcy. Ls
MeToauKa yke Oyna peanizoBaHa y cektopi M.3. ['anyHoBa ans
MEePEBIPOK BITOKPEMIIIOBAIBHOI 37aTHOCTI PI3HOMAHITHUX Op-
TaHIYHUX CIUHTHIIATOPIB 1 MpEKpacHo mpaioBaia. Poboru 1o
«XOJIOTHOMY TEPMOSIIY» MPOIOBKYBAINCH B IHCTUTYTI JEKIJIbKa
MicsIiB 1 ogontoBaB iXx M.3. 'amyHoB. BiH BBaXkaBcsi HEMOBOH
JTUPEKTOPOM «XOJIOTHOTO TEPMOSILY».

AJle OCHOBHUI HampsIMOK JOCIIDKEHb — CIUHTHIISIIIHHAN
MpoLeC B OPraHiYHUX CHMHTUIISATOpAX 3ajHIilaBcs A Muxonu
3axapoBruya He3MiHHUM. Benrka yBara npu 1boMy IpUIiIsiacs
OpraHiuHUM MOJEKYJISIpHUM KpucTtaiam. Kpucramu antpaneny,
cTubOeHy 1 maparepdeniny BuporryBainuck y rpymi C.B. byna-
KOBCBKOTO. 1)1 pO3IIMpeHHs iXHbOI MOXJIMBOCTI TPU peecTpa-
11i{ KOPOTKOMPOOIKHOTO BUIPOMIHIOBaHHS 1 HEUTPOHIB HEOOX1/1-
HO OyJI0 po3i0Oparucs, sIK BIUIMBAIOTh BIACTUBOCTI KPUCTAJIIB HA
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iXHi (PyHKITIOHAJIbHI MOXJITMBOCTI Ta 3HAWTH MIJISXH I IXHHOTO
nokparnieHHs. [{ikaBi pe3ynbsratu OyJ10 OTpUMaHO JIJIsi KPUCTAIIIB
naparepdeniny. BusBumnocs, 1m0 BBEACHHS B PO3IUIAB HEBEIH-
KO1 KiTbKOCTI AudiHinOyTamxieny (APb) 3nauno nigsumrye (mpu-
OJIM3HO y TMIBTOPA pa3u) CBITIIOBUI BUX1J KpUCTamiB. [Ipu oMy
y BUpomeHux kpuctaiax /[®b npakruuno OyB BiACYTHIM.

KomiTki gocniakeHHs] MPUBENIX O BUCHOBKY, 1110 TIPU BH-
pouryBanHi JI®b nmeBHUM YMHOM OpIEHTY€E MOJEKYIH Maparep-
(heHlTy Ha rpaHUIll PO3ILIABY 1 cripusie popMyBaHHIO OUIBII J10-
CKOHAJIOTO KpHucTaja naparepdeniny. BukoHaHuii 1iuki pooiT 3a
I€0 TEeMaTHUKOI OyJo BiazHadeHo y 1992 pomi mpemiero HAH
Vkpainu imeni .M. ®pannesnua. Ii orpumas M.3. TanyHoB y
cniBaBropcTBi 3 L.I1. KpaitnoBum Ta C.B. BynakoBcbkum.

Pesynpratu cBOIX 4HMCIEHHUX POOIT 3 TOCHIKEHHS IMPO-
1IeCiB paJioOIIOMIHECIIEHITIT B OpraHIYHUX KOHJIEHCOBAHUX Cepe-
noBuIax Mukosa 3axapoBHU4 y3arajbHUB y CBOi JOKTOPCHKIM
JUcepTaltii, Ky yCIimHo 3axucTuB y 1994 pomi. Ha toit gac y
HBOTO 3’SIBUBCS ITI€ OJIMH HAYKOBHH 1HTEpEC, MOB’I3aHUH 3 JHC-
MEePCHUMHU (TE€TepOTeHHUMH) CHUHTUIsATOpamMu. Lleil Hanpsamok
CTaB IIBUIKO PO3BUBATUCS Y HOBOMY BiJUTiNI1, SIKUM JIOBIPEHO Ke-
pyBatu M.3. ['anmyHOBY.

VY mpoMy BIIIUTI OTPUMAHO HOBI ITiKaBl pe3yJbTaTH, HOBI
TUIIU CHUHTHIATOPIB, OMyOIIKOBAaHO YUCIICHHI CTAaTTi, 3aXUIIEHO
KaHIUJIATChKI Ta JOKTOPCHKI AUCEpTaIlii, HamucaHi MoHorpadii,
BUKOHAHO BENIMKY KUIBKICTh HAyKOBUX TeM 3a Temarnkoro HAH
VYkpaiau, Ha 3amoBineHHss MOH VYkpainu Ta iHIIMX BiJIOMCTB, a
TaKOX MIDKHApPOJIHI MPOEKTH.

Bin 3aBau 11ykaB 1 3HaXOAWB MPABUIIBHI BIIMOBIII.

B.O. Tapacos,
OOKMOP MEeXH. Hayk,
3aesidysay 8i0diny ICMA HAH YkpaiHu
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MupHe cniBXuUTTA | cniBnpaus

Moe 3HaiioMcTBO 3 Mukosoro I'aayHOBUM ITodanocs y Bepe-
cHi 1958 poky, Koiiu MU pO3MOYaIl HABYAHHS B MEPIIOMY KJIaci
(s1—B 1-A, a Mukona — B 1-b) cepennpoi mkonu Ne 6 M. XapkoBsa.
[IIkomna Ha TOi yac Oyna JOCUTHh BU3HAYHOIO — BOHA MOEAHYBAJIA
YKpaiHChbKy MOBY HaBYaHHS 3 BUKJIAJaHHAM aHIJIIHCHKOi MOBH 3
nepuioro kiacy. /1o 1917 poky Bona Oysa Bigoma sk MapiiHcbka
KiHOoua riMHa3zis, 1 B 1961 p. (B TpeTbOMy KJIaci) MU YPOUUCTO
Bim3Hayanu 100-piyus Hamioi mkonu. OIHUM 3 MOMEHTIB IbO-
ro CBATKYBaHHS OyB BHCTYI IIKIJIBHOTO «XOpPY XJIOIMYHUKIB» (B
SAKOMY Opanu y4yacTb 1 MU 3 MUKOJIOI0) Ha CIieHI XapKiBCbKOTO
OIIEPHOTO Tearpy, SKUH B TOM 4ac po3TaIIOByBaBCs yepes KijbKa
Oy/IMHKIB BiJl Hac Ha ByauLi Pumapcekiid. 3apa3 Ha OyaiBii LIKO-
T MO>KHA OOAYMTH MEMOpiaJibHY JIOLIKY, sIKa BIIaHOBYeE JIroz-
Muy ['ypueHKO — BUITYCKHMIIO HAIIOI IIKOJIX modatky 1950-x
pokiB. KaxxyTh, 1110 B HaII¥ MIKOJII HABYAIKCS 1 I€AK1 KOTUIIIHI
KEpIBHUKH HAIIIOTO MICTa.

[ixaBux mromeit B mikoi Oyno Oararo, sk cepej] BUMTEIIIB,
Tak 1 cepes yuHiB. B omHOMYy Kiaci 31 MHOIO HaByaBcs (10 Tie-
peizay #oro O6arbkiB m0 Kuepa) FOpiit OnekciitoBuy CHTEHKO,
HuHI uieH-kopecnonaeHT HAH Yikpainu. 3 FOpkom nos’si3anuit
eMi30/, SIKUi1 3B1B HAC TPHOX JIECh B TPETIH UBEPTI I’ ATOTO KJIacy.
3a TOAILIHBOIO MPOTPaMolo, B 4-My KJIaci MM BHUBYAJIH 1CTOPIIO
CPCP, a B 5-My — icTopito cTapoiaBHbOro cBity. Ilam’siTato Be-
JMKY KUIBKICTB IUIAKATIB 3 XYIOXKHIMH 300paKCHHSMU JIOICH,
OyaiBenb 1 mofii 3 ctapoaaBHboro €runty, ['penii, Pumy Toro.
Mu 3 FOpkom CuteHkoM Ha mepepBax BelIM HaJIKi JUCKYCIT 3
MPHUBOAY JI€TaNCH 1 OMIHOK ICTOPHUYHUX TOAIH, IIOI0 SKUX MU
guTanu 6arato n1oaarkoBoi giteparypu. Ilig yac omHiel 3 Hamx
CyHepedoK MU 3BepHYyiucs 10 [amyHoBa (SIKuii, meBHA pi, Tex
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OyB BIJIMIHHHUKOM), 11100 BiH BUCJIOBUB CBOIO TyMKY. Mukosa 3a-
XapOBHUY CBOIO JTyMKY BHCIIOBHUB 1 IPH IIbOMY MiJAKPECIUB, IO
caMe #oro ayMka € aOCONIOTHO BipHOIO, 00 BiH BIABIAYE TYp-
TOK Mpu XapKiBCbKOMY ICTOPHYHOMY MY3€i 1 TaM y HBOTO € Ha-
ykoBHuil kepiBHHK. L[ro 3BMuky Mukona 3axapoBuu 30epir 10
OCTaHHIX JIHIB CBO€I poOOTH B HaIoMy iHCTUTYTI. Bci mobpe
nam’sITaloTh HOTO BUCTYIIH 1 peMapKu Ha BYCHUX Pajiax, KOJIH BiH
i 9ac OypXJIMBOTO 0OTOBOPIOBaHHS SIKOTOCH MMUTAHHS BUJIaBaB
aOCOJTIOTHO YiTK1 BiAMOBIA1 1 pOpMYTFOBaHHS 3 MMOCHJIAHHSIMH Ha
SHITMKJIONE/I] Ta HAyKOBUX aBTOPHUTETIB.

Tak cknanocs, ujo ['anyHoB nmouas mparroBaté 'y Beecoros-
HOMY HAyKOBO-JOCTIIHOMY IHCTUTYTI MOHOKpHUCTAINiB, CI[MH-
TWISAIIRHUX MaTepiaaiB 1 0COONMBO YUCTUX XIMIYHUX PEYOBHH
pawire Bijg MeHe (BiH — 3 movatky 1974 poky, a s — TIIbKH 3 APYyTO1
nosioBuHU 1974-ro, 60 B XIII, Ha BigMiHy BiJ XapKiBCHKOTO Je-
pKaBHOTO yHiBepcUTETY (MaiiOyTHbhOro Kapasincekoro), HaBuaH-
HSl TIPOJIOBXKYBAJIOCH I’ SITh 3 MOJIOBUHOIO pokiB). Tomy Mukona
JI0 IESIKOT MIpH CTaB «CTAPIIUMY, 1, SIK YK€ TIOCBITUYCHUH, TUTHBCS
31 MHOIO TEBHMMH HE 3aBXIM BUIUMHUMH 330BHI MOMEHTaMHU B
JKUTTI 1HCTUTYTY. 3pa3y 3raayloThCs ACSIKI YHIKaIbHI BHCIIOBH,
SIK1 51 9yB Big Mukonu 3axapoBu4a y NMPUBATHOMY CITUIKYBaHHI.
Sxoch, KO MH OOTOBOPIOBAIM MPOOIEMH CIIBPOOITHUIITBA Ta
B3aEMOJIIT MK PI3HUMHU HAYKOBUMHU T'PYTIAMH 3 TIOIIOHOIO UM B3a€-
MOJIOTIOBHSUTBHOIO TEMATHUKOIO JOCTiIKeHb, MuKkona 3rafas ¢pa-
3y, Ky HIOMTO BUCJIOBUB HOTO HayKOBUH KepiBHUK FOpiit ApoHo-
Bu4 Lupmin: «BueHi — BoHu sk Kponuku. KoxkeH cuuTh B CBOEMY
KyTKY 1 Tpu3e cBOIO MOpPKBUHKY». Konu Muxkona 3axapoBud cTaB
YJIEHOM TapTOIOPO 1HCTUTYTY, BiH 3raayBaB (DOPMYITIOBaHHS, SKE
BiH HIOHUTO YyB BiJI SIKOTOCH JTy’K€ BiJIIOB1TaJIbHOTO IMAPTIHHOTO Y1
KOMCOMOJILCHKOTO KepIBHUKA A came — BIAMOBIAb HA MUTaHHS, IKa
PI3HHUILIL MIXK «CYCHUTBHOK POOOTOIO» Ta «CYCIUIbHO-KOPHUCHOIO
npaueioy»: «CycrinbHa poboTa — 11e KOMIUIEKC 3aXOIB, CIPSMO-
BaHUX Ha 3aJIy4€HHs HACeJIEHHs J0 CYCI1IbHO-KOPUCHOT MpaLii».
A xonu ["ayHOB CTaB 3aCTYITHHKOM TOJIOBHU CIICL[PAIH, BiH JTIOOUB
noBToproBaru: «Jlucepraiiis — 11e He HayKa, a eK3aMEeH Ha YHHY.

30



UYac imoB, Ha moyarky 1990-x mum oOuIBa 3aXHUCTHIN
JIOKTOPCHKI aucepTartii (To[i B HAIIOMYy IIOHWHO OpraHi30BaHO-
My HTK nokropiB Hayk Oyno 1mie HeOararo) i OTpuMaid NEBHI
MIABUIICHHS - S OTPUMAaB IMOCay 3aBigyBada Jiaboparopii, a
Muxkona 3axapoBuy — 3aBiyBadya CEKTOpy. TeMaTuKu HalIUX Ha-
YKOBHUX pOOIT Oy TOCUTh JAJICKUMH, CIIIJIKYBaJIUCh MU JOCUTh
PIIKO 1 TOJIOBHUM YMHOM Ha PiBHI PO3MOB CTapHUX 3HAHOMUX ITPH
3ycTpivi. Ak och npuidmoB 1996 pik, 1 Hama Akazemis Bugana
4eproBy BKa3iBKy. byno mpuifHATO pillieHHs, 0 CTPYKTYPHUMU
MiIPO3A1JIaAMHA MOXKYTh OyTH TiIbKH BiJITiIH, 1 Oy710 BCTAHOBJIECHO
BHMOTH IIOJI0 MiHIMaJIbHOI 3arajibHOi KUJIBKOCTI CITIBPOOITHU-
KiB y BIIJILJI1 1 OKPEMO - KUIBKOCTI CIIBPOOITHHUKIB 3 HAYKOBUMH
crynersiMu. OCKiTbKHA OOWBA HAI MAPO3IUTH IIUM BUMOTaM
HE BIAMOBiJAIM, MEPCIEKTUBOI Oya0 MpHETHAHHS 10 YUIO-
TOCh BUIZIUTY, IO BUKJIMKAJIO MEBHI MOOOOBaHHS. 3YCTPIBIINUCH
B KOPUAOP1, MU DIISIHYJIM OAMH Ha OJHOTO, 1 y 000X MpoMaiHy-
Ja ofHa 1 Ta X ayMmKa. {10 IyMKy MU SKUMOCH YHHOM JIOBEJH
710 KepiBHUIITBA, 1 3 1 TpaBHs 1996 p. moyaB iCHYBaTH «BIIIiT
MOJIEKYJSIPHUX 1 HAHOCTPYKTYpOBaHHX MaTepialiB». Mukona
3axapoBUY CTaB 3aBiJyBaueM, a s MOBEPHYBCS Ha CTapy Mocaiy
MIPOBITHOTO HAYKOBOTO CIiBpOoOiTHUKA. [lami Hamm BiyIiT yCmim-
HO ONMHUBCS B [HCTUTYTI CHMHTHIALIIMHUX MaTepialiB, 1 JHIIIE
BIiTKY 2017 p. MEeHe 3 KUJIbKOMa CHiBPOOITHUKUMU TPHETHATH
1o Bianiny FOpis BikropoBuua Maitokina. J[BaamsiTh oauH pik
MHUPHOTO CITIBXKUTTS 1 CIIBIIpalli, 3 HEBTPYUYaHHSM y CITPaBH OJTHE
OJTHOTO, aJie 13 B3aEMHOIO IOTIOMOTOI0 B Pi3HUX CUTYallisIX. 3aJu-
IIWIKCH B IIIJIOMY TEIUTI CTIOTaH. . .

[ HaocTaHOK — 11I€ OJHE MTPUBATHE BUCIOBIIOBAHHS MUKOIN
3axapoBuya, SIKE€ 3 4acOM, Ha kallb, HA0YyJIO TPAriuHOTO 3MICTY.
Jlecb HaBecHi 2021 poky mu B kabiHeTti ['anyHoBa Ha Japyromy
MOBEPCI CTApPOro KOPMYCy PO3MOBISUIH MPO TE, MPO C€, 1 TOPK-
HYJIUCS TOTITUYHHUX MOAIN B Ykpaini. Mukona 3axapoBuy cTpa-
[IEHHO HETaTUBHO BUCJIOBIIOBABCS MPO ASUIbHICTh YKPATHCHKUX
BJIQJIOMOXKI[IB, OCOOJIMBO IMiJIKPECIIIOI0YM HEOOX1THICTh Haja-
TO/DKEHHS BiHOCHH 3 Pocieto. MoBmsiB, B €Bporii Hac HIXTO HE
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YyeKkae, MU TaM HiKoMy He moTpiOHi. A B Pocii qyxe iHTeHCHB-
HO PO3BUBAETHCS HAyKa, TEXHOJOTII 1 BIHCHKOBO-TTPOMHCIOBUIH
komruiekc. Y Pocii, okpim HadTH 1 Ta3y, € Benuue3Ha KiIbKiCTh
HAJ/ICyYaCHHUX PAKeT, OCh HEIIONAaBHO Oy/IM TOBIJOMIICHHS PO
yCHiITHI BUTIPOOYBaHHS HOBHUX «TIMEP3BYKOBHX» PAKET, SKUX
HaBiTh y CIJA nemae, i HATO mporo crpameHHO 00iThes. A
Hallll KepiBHUKH, TaKi-CsAKi, IbOTO HE PO3yMilOTh... Ha xaib
(un Ha mact?), Mukona 3axapoBH4 HE JOXKHB IO TOTO Yacy,

KOJIM 111 paKeTH MovYajau BUOyxaTu HaJl XapKOBOM. ..
J1.M.Jluceubkud,
0okmop hi3.-mam. Hayk, npogecop,
npos. Hayk. cniep. ICMA HAH YkpaiHu
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Ha cnorapg npo kepiBHUKa

3ragyBaru 1po Mukoiy 3axapoBuya i po3yMiTH, LI0 1€ BXKe
B MUHYJIOMY J1y’K€ Ba)Kko. Temep, KOJM MOCTYIMOBO NMPHUXOAUTh
YCBIJIOMJICHHS, 110 B)XXE€ HEMAa€ MOXIIMBOCTI MOCITYyXaTH <«JIEK-
uito» Mukonu 3axapoBuya, OOTOBOPUTH SIKyCh HOBY CTaTTIO, a
noTiM nouyTH 3BuuaiiHe: «Ilpuxonsre 10 MeHE, 0OrOBOPHUMOY,
cTae CyMHO. PijKicHe moeHaHHS PO3yMy, BEIMUYE3HOTO 3amacy
3HaHb y rajny3i ONTUKH, (P13UKH, MaTepialo3HABCTBA, ICTOpIi Ta. ..
BCHOTO HE MepeNiyuil — yce Ie, 0e3nepeyHo, BHOKPEMITIOBAIO
Ta BiJpi3H:U10 MuKkony 3axapoBuya Bif iHIIMX. A 3a HasSBHOCTI
i IHECEHOr0 HAacCTPor0 Mukoia 3axapoBU4 PO3INOBiAaB KyMeIH1
TYMOPECKH Ta OalKM, 3MYIITYIOYH OCMIXaTUCS KOKHOTO.

Muxosna 3axapoBuy ['anyHOB sIK meaaror i BYSHUH BpaxaB
BUCOKHM piBHEM npodeciiinoi malictepHocTi. Bin OyB BUHAaXi-
JIMBOIO, IPUHIIMIIOBOIO, BIAMOBIIATIBHOIO  AyKe Mpareto0HOI0
JIFOIUHOIO, aJie BOAHOUYAC JOCTYITHOIO 1 TOBapUChKOI0. Tomy Horo
L[iHYBaJM Ta MOBaXaJln 1 y4Hi, 1 CTYI€HTH, 1 aCIipaHTH, 1 Koje-
ri 1o po6oTi. Bin migrorysaB 2 MOKTOpiB HayK, 8 KaHIUAATiB
HayK, yC1 BOHU peaii3yBalucs sk 0cOOMCTOCTI Ta npodecioHanu
y CBOiif ramysi nocnijpkens.  Hawm, yunsam Muxkonn 3axapoBu-
4a, nojio0anacs B HbOr0 TaKa puca: KOJH IIOCh HE BUXOJWIIO, BIH
MOYMHAB MaHIKyBaTH 1 3Byuana KopoHHa ¢pa3a «Bce npomasno!»,
asie He TyOuBCs, a 0ipa3y MOYMHAB IIYKATH BUX1J 13 HEIPUIHAT-
HOTO CTAaHOBHILA 1 3aBXKAU AOCATAB YCIIXY.

Muxosia 3axapoBUY 3aBOIOBAB aBTOPUTET Y HAYKOBIN CIIiJIb-
HOTI ONITUYHOTO MaTepiajgo3HaBcTBa. byB crapium uienom Mix-
HapoaHoi HaykoBoi criiibHOTH OSA (Optical Society of America)
ta Mixknapoanoi acomiamii IEEE (Nuclear and Plasma Sciences
Society). Bin po3ymiB, 1110 111 HAyKOBOi pOOOTH KHUTTEBO HEOO-
X1J1HO, 100 CMiBPOOITHUKY BiJJILTY Ta aCHipaHTH aKTUBHO ITyO-
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JKyBaJId pe3ylbTaTH CBOIX JOCIHIIKEHb Y HAyKOBHUX JKypHajax
Ta 0cOOMCTO Opaju y4acTh Y HAyKOBUX KOH(DEPEHIIisIX, BBaKArO-
4y, 1m0 0e3 AUCKYCiH, sIKi BAHUKAIOTh Ha KOH(EPEHIIISIX, BACHHH
peasizyBaTucs He MOXe, 1 MPOIOBKYBAaB caM aKTUBHO iX BiBi-
JTyBaTH HaBITh IiJl Yac maHieMii KopoHaBipycy. OqHa 3 Takux
MOI3/I0K 1 CIIPUYKHUIIA XBOPOOY, Yepe3 Ky BiH OB 13 KUTTS
nepeayacHo 1 Tak parToBo.

Baprto 3a3znaunty, mo Mukosna 3axapoBU4 MaB JIyXKe Be-
UKy 010110TeKy, SIKOXO BiH 13 3aJ0BOJICHHSIM JUIMBCS 31 CBOIMHU
y4HSIMU. [3 OararbmMa aBTOpaMu Pi3HUX TEOPiH 1 KOHIEMIIINA BiH
OyB HE MPOCTO 3HAMOMHUI, a 0COOMCTO 3yCTpidaBCsS Ha Pi3HHUX
KOH(EpeHIIX Ta aKTUBHO IHCKYTYyBaB, MiATPUMYIOUYH JTOBIOT-
puBaii ApyxHi ctocyHkd. Ha mouarky 90-x yyeHUM He 3aBKAU
Oynu TOCTyIHI BCl HE0OX1TH1 /Il poOOTH CTATTi Ta KHUTH 3aXijl-
HUX aBTOPIB, a Mukosna 3axapoBUY MaB BEJIMKY KOJIEKIIIFO HAyKO-
BUX TIpallb, MPE3EHTOBAHUX HOMY caMHMHU aBTopamu. Y Oecigax
3 HUM MU OTPUMYBAaJld HE MPOCTO 3HAHHS, a U )KUTTEBI iCTOPIT
PO3BUTKY, CTAHOBIIEHHS, IOCBITY.

Inest craHOBIEHHS AOCIITHUKIB-TIOYATKIBIIIB HE OOMEXKY-
BaJlacs JUIIe MyOmiKaIisMu CIiBPOOITHHUKIB BIAJALTY B HayKoO-
BUX JXypHaJlax Ta IXHbOIO y4acTIO B HAyKOBUX KOH(DEpeHIIisX,
a BUMaralia 3rypTOBaHOCTI Ta LiJECIPSIMOBAHOCTI KOMaHAM JIJIs
OTPUMaHHs HayKOBO OOTPYHTOBAaHUX PE3YJIBTATIB y MPOIIECi A0-
ciimkenb. Cimij 3ayBakuTH, 10 PyHKIIT kepiBHHKa Mukona 3a-
XapOBUY BUKOHYBaB OnHcKyd4e. 3aBAsKU HOro 3yCHIUISIM y Bij-
Tl CKJTaBCSl TBOPYMI HAYKOBO-AOCIIITHUN KOJIEKTHUB 13 MOJIOJTUX
E€HEPTIMHMX acipaHTIB Ta MOBAKHUX CIIBPOOITHHUKIB 13 HEOCSK-
HUM OarakeM 3HaHb, POOOTH SIKUX HE JTUIIE JOCATAIH IIeH, Ha-
MIYEHUX 1] KepiBHUIITBOM Mukoin 3axapoBuya, a i CiyryBaiu
OCHOBOIO JJIsl CTAHOBJICHHSI MIOTJIHMOICHOT0 PO3YMIHHS PajIiofio-
MIHECIEHIIIi B OpraHiYHUX CHUHTWIALMIHHUX Marepianax. Ha
MOIO JIyMKY, TAKUH I'PYHTOBHHUM MIJXiJ 10 METOJUYHOTO 3a0e3-
TIEYCHHS JTOCIIHKEHD 3aCIyTOBY€E HAWBHINOI OLIHKH MisUTBHOCTI
Muxkonu 3axapoBHuua ik BYSHOTO Ta HAyKOBOTO KEPiBHHUKA.

OTpuMaT Takoro KepiBHHMKa B acmipantypi sk M.3. [any-

HOB BBa)KaJIOCs JOOPUM 3HAKOM, OCKIUJIBKHU BiH 3aBX1H 3a0e3re-
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YyBaB CTOBIJICOTKOBUI Pe3yNbTaT — 3aXUCT Aucepraiii. Haykose
KEepIBHHUIITBO poOOTOIO acmipanTa Mukosa 3axapoBud 31HCHIO-
BaB Jy)X€ BIAMOBINAIBHO Ta CKPYIyiabo3HO. CkianaBcs TUIaH
po0OTH, HAMIYATUCS TEPMIHU 3/1aBaHHS €K3aMEHIB, MiTOTOBKH
myOJTikaiiif, 0OroBOpeHHs IIaB JucepTalii Tomo. BukoHaHHS
IUTaHy JKOPCTKO KOHTPOIIOBANIOCS, a y pa3i 3puBY acIipaHT OT-
pPUMYBaB BiJl KepIBHUKA HeaOUsIKy MpouyXaHKy. Mukona 3axapo-
BUY HE TEPIMIB XaJTypH.

Oco06nuBo ciia Big3HAYUTH poOoTy Mukonu 3axapoBuya
HaJ HamucaHHsAM ctartei. [lyOmikaiii BiH yBa)XHO BUYHMTYBaB
«B1A A 110 SI», TeKCTH CYNPOBOMKYBaB KOMEHTAPsIMH, YUCIICH-
HUMU 3HAKaMU MMUTaHHS, BUMPABISAB TpaMaTU4HI Ta CTHIICTHY-
Hi moMmwiku. OIiHKa acIipaHTChKOTO OIyCy 3AiMCHIOBAacs B
MMCHMOBIH Ta ycHilt ¢opmi. Tomy nuceprariiiina po6oTa, BUKO-
HaHa mia kepiBHUOTBOM M.3. [amyHOBa, 3aBXaM BiJpi3HsIIACS
BHCOKHM HAyKOBHM PIBHEM 1 i Yac 3aXUCTy OTpUMYyBaJia Bif-
MiHHY OITIIHKY. ABTOpHTET npodhecopa M.3. ['amyHOBA T03BOJISB
3alTydaTH J0 3aXHUCTy AMCepTalliil IIaHOBaHUX Ta BU3HAHUX Y Ha-
YKOBOMY CBITi OITOHEHTIB.

Crig 3a3Ha4MTH, OI0 Y BIIHOCUHAX 3 acmipaHnTamMu Mukona
3axapoBUY 3aBKIU «TpUMaB AucTaHiito». Lli BiiHOCUHY 3a1-
[IAJIMCS TIEPEeBAYKHO AUTIOBUMHU. 32 YOTUPU POKU MOET 3a0YHOT
acrmipaHTypH Ta 6 POKiB IMOCTIMHOTO CITUJIKYBAaHHSI BIH JIUIIE TPH
pa3u 3BepHYBC 10 MeHe He(opMasbHO, 110 1 BIAKIAN0CA Y MOTii
nam’sTi. [Ticns 3axucty nucepraritii mouyTs Bix Mukoau 3axapo-
BHYa 3BEpHEHHS /10 MeHe “TaHromma”, OyJio 1yke HECIOIIBaHO Ta
npueMHo. S He Oyna oaHiero 3 THX Y4HIB Mukonu 3axapoBuya,
Ha KOTO BiH IMOKJIaJaB HaJil SK Ha MOCTIIOBHUKA B HAYKOBOMY
maHi. MalyTh, 51 He Oyna i TyXOBHO OJM3BKOFO IO CBOTO KEPIBHU-
ka. Ta Bce x Mukona 3axapoBuy He MPOCTO OYB MOIM HAyKOBUM
KEpIBHUKOM, a 3irpaB BeJIHuYe3HYy, MaOyTh, BU3HAUAIbHY POJIb Y
3arapTyBaHHI XapaKTepy Ta PO3CTAHOBIIl KUTTEBUX MPIOPUTETIB.

Muxkona 3axapoBud CIpaBisiB HA HAC AyKe CHIIbHE Bpa-
KEHHSI BUHSITKOBOIO TOYHICTIO (hOpMYITIOBaHb, OCOOHMCTOIO 3a-
XOIUICHICTIO MPOOJIEM, SIKi 0OTOBOPIOIOTHCS, a3apTOM, J100pe To-
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OymoBaHUMU (pazaMu, HAIIPOU Y] TPAMOTHOIO MOBOIO, SIK YCHOIO,
TaK 1 TUCbMOBOIO, UyJIOBUM BOJIOJIIHHSIM MaTepiaioM. Yce I1ie J10-
CATAOCS BEIMYE3HOIO MPAICIO: MOTIHOICHUM aHaIi30M HOBHUX
cTaTel, KHMT, AucepTrariii. Ha maroroBky 10 HayKOBUX JOTOBI-
neit Mukosa 3axapoBHU4 3aBXKJIM 3BEPTaB OCOOJIMBY yBary, BBa-
YKAIOYH 1€ 32 HAaHBKIMBIMINN KOMITOHEHT HAyKOBO1 JA1SUTHHOCTI.
Ha momoBigsx Muxkonu 3axapoBuya MU HE JIMIIIE HaBYAIHCS, a
1 Oauniy, 10 TIepel HaMU BUYCHUH, SIKW aKTUBHO Mpaioe. Bij-
qyBaJoCs, Mo 0araro pe3yibrariB, 0OrOBOpIOBAaHUX HA JOTOBI-
IIX, € CBIKUMH, OTPUMAHHUMH OYKBJIBHO «THSAMI». [louyTTs
MPUYETHOCTI 10 HAYKH, III0 PO3BUBAETHCS HA HAIIMX OYaXx, TyXKe
BKJIUBE ISl MOJIOJIUX BUCHUX. MeHe 3aBkau Bpakasia (paHTac-
TUYHA EPYIUIIISI MOTO KepIBHHKA Ta TPUTOJIOMIIIJINBA 1AM SITh.

Ha 3acigannsax ITpo6nemnoi Paau, sskumu Mukosa 3axapo-
BHY KEPYyBaB, CKIAJAIOCS BpaKE€HHs, 110 BiH 3Hae Bce. Koxew,
XTO BHUCTYIIaB i3 HAyKOBOKO JIOTIOBIIJIIO, MOXKE 3aCBIIUUTH, IO
Muxkona 3axapoBud OyB UyJIOBHM CITIBPOSMOBHHKOM 1 3aBXKIH
JIEMOHCTPYBaB MOBHE PO3yMIiHHS MPOOJeM, 10 0OTOBOPIOIOTh-
cs1. BrmacHumu 3HaHHAMH Mukosa 3axapoBud JIFOOUB JTUTUTHCS
31 cBOIMM y4HSIMH, KosieraMu. POOMB BiH 11€ HE IPOCTO OX0ue, a 3
HETIPUXOBAHOIO PAIiCTIO. A MU OyJIM BISYHUMH CITyXadyaMu HOTo
IMITPOBI30BAHMX JICKIIIH.

KorkHa crarTst oOroBoproBajacs ayxe JeTaibHo, 6e3 oOMe-
JKeHHs 4yacy. Y kaOiHeTi Mukonu 3axapoBuya JOTOBIAaIHCS yCi
pe3ylbTaTH, 4ac Ha 00roBopeHHs He oOMexyBaBcs. Ha Hapamax
Muxkosa 3axapoBH4 YMIB 1 CITyXaTH JIOTIOB1a4iB, 1 CTABUTH 3 BiI-
MOBITHOKO TOHAJILHICTIO MUTAHHA, 1 3aXUINATH JOIIOBigaYa, yac-
TO pO3’SCHIOIOYM caMy CyTh JOMOBiAl. Mukona 3axapoBud OyB
0COOJIMBO «IMPHUCKITUTMBUN» 0 Tojadi marepiaiiB. JlomoBiab
Majia OyTH CTPYKTypOBaHa TaKUM YHHOM, 1100 ii PO3yMiB KOXKECH
MepeCciuHni ciIyxad HayKOBOTO cemiHapy. HacTo cam Mir, sIK TO Ka-
KYTh «Ha TANBIIX», P03’ ICHUTH Oyb-aKy (hizudny inero. Crnad-
KHMX, HEJIOCBITYEHUX JIOTIOBIIa4iB BiH HAMAraBCsl «BUTATYBATH»,
BCEJISIFOUYM THM CaMHUM B HHMX YIIEBHEHICTh Y KOPHCHOCTI CBOET
poOOTH Ta y 3aTHICTh 10 HACTYITHUX BUCTYITIB. 3amam’ sITaaucs
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HOro 3amuTaHHs 3 3a4MHOM: «SIKII10 g mpaBuiIbHO Bac 3po3ymiB,
TO...» -1 1ajIi JIyHaJia BiJIOBIIb HAa HOTO 3allUTaHHS. ..

Crnig BiI3HAYUTH 1€ OAHY SKICTh MwuKOIM 3axapoBHua,
PO SKY 3HAJIM JIUIIE OMM3bKIi JIFOIU Ta OTOYEHHS: BiH 3MIT Uuepes
POKH MPOHECTH MOBAry Ta J1000B 10 CBOET ApyuHU OnekcaH/I-
pu IBaHiBHH. CKIJTBKH pa3iB CBOIM A3BIHKOM, TypOYIOUHCH Yepe3
TpUBaLy BiACYTHICT, MuKonu 3axapoBuya BAOMa, BOHA pATYBa-
Jla HacC BijJ oro HayKOBOI KPUTHKU. A Koimu Mukoja 3axapoBud
3aIi3HO MOBEpPTaBcs 3 poOOTH, TO, WIyUH Yepe3 pUHOK, KYITyBaB
CBOTH KOXaHIN NPYKWHI KBITH. YHepiie MoOaYuBIIH M0 KapTH-
HY, HEMOXXIIUBO OYyJI0 TIOBIPUTH: MPOTATOM 15 XBUJIMH CYBOpPHIA,
BUMOIJIMBHM, 0€3KOMIIPOMICHHUI KEPIBHHUK MEPETBOPIOBABCS Ha
POMaHTHKA, KWW I[IHY€E XKIHKY, Ka oOepirae MOro Bij 3aiiBUX
XBUJIIOBaHb, )KUTTEBUX TPYIHOIIB, HETATUBHUX €MOLIHHUX KO-
JTUBaHb.

VYV 2021 pori Muxkonu 3axapoBuua He cTajio. HuHI BHMOB-
HUBCS PiK, Koau Mukonu 3axapoBruya HEMae 3 HaMH. 3a el pik
y CBiTIi BiIOysI0Ccst 6araTo CKJIaIHUX, 30BCIM HECITOIIBAHUX MO/,
PO3MIPKOBYIOUH PO SIK1, 5 3aMUTYIO cebe: «A sKuM 9yruHOM Mu-
KoJia 3axapoBuy noBoAuBcs 0 y nbomy Bumnaaky? e O BiH 3apa3
TIpAlOBAB: 3aJMIIMBCA 6 B YkpaiHi um kyauch moixas?» Moro
o0pa3 sIK TaIaHOBUTOTO BYEHOTO, SIKUH TIOOUB HAyKY 1 3aXOILITIO-
BaB HEIO 1HIINX, 3aBX/IM CYITPOBOKYBAB MOT0 YUHIB I10 KUTTIO,
a arMoc(epa TBOPUOT0, MPUHIIMIIOBOTO CTABICHHS 10 HAyKOBUX
JOCIIHKEHb, 110 CKJIaiacs Mij] oro BIUTMBOM, CTalla TPAIUIIIEI0
1 € BI3UTIBKOIO y MISUTBHOCTI BiIJILTY.

Hyxe mikona, mo Mukona 3axapoBud He JOCST BUCOT 3a pe-
rajlisMi y HAyKOBOMY CBITi, 3Ba)Kalouu Ha Te, 1110 3HAHHS, epy/I1-
IIis Ta HOTO AOCBI 3aBXKAM OyIM Ha BUCOTI.

T.€. lopbayoea,
KaHO. ¢hiz.-Mam. HaykK,
cm. Hayk. criiep. ICMA HAH Ykpaitu
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MNMpo BuuTtens

18 xoBTHsa 2021 p. Ha 70 pori KUTTA BiAIWIIOB y BIYHICTb
BUJIATHUH HayKOBEIlb, JOKTOP (hi3MKO-MaTeMaTUYHUX HayK, IIPO-
(ecop Ta Miil 1aHOBHUH BuMTEIh Mukona 3axapoBuy [ amyHoOB.
He ysaBmsito cebe 6e3 Mukonu 3axapoBuya, HACTUIBKH JOBTO
MU TpaIloBalIyd pa3oM, HaueOTO 3aBKIu. BBIUIMBHIA, CHOKIH-
HUH, YCMIXHEHUH, IHTEIIT€HTHUMH, Y CBITJIO-CIpOMY KOCTIOMI Ta
sickpaBiit kpaBaTtii. [TocTiiiHO 3 KUMOCH CHNIKY€eThCs. TakuM BiH
MEHi 3aram’ ITaBcsl.

3 Muxkonoro 3axapoBHueM s MO3HAHOMHBCS HAIpPUKIHII
1992 poxy. Ha Toii uac 51 6yB ctynenTom Kadenpu (pisuuHoi onTu-
K1 XapKiBCBKOTO JiepyaBHOro yHiBepcurety iM. A.M. ['opbkoro,
SIKOIO TOZ1 KepyBaB mpodecop Musocnaserkuii B.K. Bxe mi3Hi-
11e s Ji3HaBcs, 110 Mukona 3axapoBUd TaKoK OyB BUITYCKHUKOM
uiei kadeapu. Och Tak 3a pekoMenaauieo Bononumupa Koctsn-
TUHOBUYA $ 1 3yCTPiBCA 3 MOIM MallOyTHIM HaCTaBHUKOM JJISl BU-
KOHaHHs KypcoBoi pobotu. Hazapxu 3anmam’sTaB CBOIO MEpIILY
3yctpiu. To OyB rpynens 1992 poky. UekaB Toai Mukony 3axa-
poBHYa MpUOIU3HO rofuHH 2 200 Oinblie, 1e OyIo Iie Ha cTapii
npoxifaHii [HCTUTYTY MOHOKpHcTaiiB. MoOuIbHUX TenedoHiB
ToAi e He Oyno! SIk Haxami BUABUIIOCA, YEKaB HENApPEMHO, Ta-
koi JItomuHM Ha CBOEMY JKUTTEBOMY IUISIXY BapTo OyJ0 YeKartu i
Habararo noBie! Binpa3y MeHe npuBabuiia Horo HecTaHJapTHA,
HEOpIMHapHa MOBE/AIHKA, IUPICTh Ta BIAKPUTICTH IMiJT 4ac CII-
KyBaHHs. [1i3HimIe s 3BepHYB yBary Ha 0e3MeXHY 3aXOIJICHICTh
Muxonu 3axapoBruya (hi3UKOI0, JOCTIIKEHHIMH, HOTO HAaTXHEH-
HSIM, 3HAHHSIMH, €PYIULI€I0 Ta HAYKOBOIO 1HTYili€r0 B3araii. Ha
TOM Yac BiH MpalfoBaB HaJ| JOKTOPCHKOIO qucepTalieto. Biaroai
po3nouanacs Halla CIiBIIpals, ika TpUBaJIa TPU AECATHIIITTSL.

IcHye Take BHCIOBIIOBaHHA «poOora — aApyruil mim». Ha
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MOIO TyMKY, HalisgckpaBime Mukony 3axapoBuya xapaKkTepu3ye
Te, o poboTa Oyia st HhOTO CKOPIIIE «IEepIIUM ToMoMy». Bin
KHUB HAyKOIO, «XBOPIB» HAayKOI0, OyB MOBHICTIO 3aHYPEHHI y Ha-
YKy Ta JI0 KIHII CBOTO JKUTTS Oe3MeXHO Bimanuii . st Mu-
KOJIM 3axapoBH4a HIKOJIW HE OyJIO Hi CBSITKOBHX JIHIB, HI BUXII-
Hux. Bi mir 3arenedonyBaTi MeH1 MPAKTUYHO B OyIb-sIKHAM Yac i
HEBTOMHO PO3MOBiAaTH Mpo (Pi3uKy, Gi3UYHI SBHUIIA TA TPOIIECH,
JUIUTHCS CBOIMH TyMKaMH IPO YeproBy HAYKOBY CTAaTTIO, MPO
HAyKOBHM TPOEKT, KU Tpeda TEpMIHOBO IMOAATH «TEPMIHOM
Ha T03aBuopay, abo mpo odopmiieHHS 3BiTY, Ta il 3arajoM IMpo
CHIbHI TUTAHU HA MalOyTHE.

[Ticnst 3axucTy HOKTOpPCHKOI ArcepTalii Mukosna 3axapoBuy
CTaB KePIBHUKOM OKpeMoi jabopatopii y ckiaai Bigmiay Ne 19
Iactutyty MoHokpuctamie HAH VYkpainu, sskum 1 1oci kepye
Bonomumup OmnekciiioBuu TapacoB, Ha movarky maGoparopis
ckyananacs 3 5-6 HayKOBIIiB, TIOTIM JIabopaTopito OyI0 pPoO3IIH-
PEHO /10 PIBHSA OKPEMOTO BiJILTY, CIIOYaTKy Biamainy [HCTUTYTY
MoHokpuctaiaiB HAH VYkpaian, a motim Bigainy Ne 2314 [ucTu-
TyTy cUHTIWIIIIHHIX MaTepiamiB HAH Ykpaiau, cTBopeHoro 3a
pimennsMm Ipesunii HAH Vkpainu y kinmi 2002 p. ITig kepis-
HULTBOM Mukonu 3axapoBuua po3poOisuIMCs yci iCHyrodl Ha
TeTePINTHINA Yac THIH OPTaHIYHUX CIUHTUISAIIMHUX MaTepialliB:
MOHOKPHUCTAJIH, MOJIKPUCTAIH, KOMITO3HIIIIHI, IIJITACTMACOBI Ta
pIIKI CHUHTHIATOPU. AJle HaiOuIbIe 3a Bce Mukona 3axapo-
BHY 3allaM ATAE€ThCS IS yCiX K ¢axiBelb CBITOBOTO PIBHSA 3
BHBUCHHS MEXaHI3MIB (pi3MUHUX TPOIECIB, IO BiAOYyBAIOTHCS B
TPEKOBUX JUISHKAX 10HI3yHOUOT YACTHHKU. Y B, SKHM Ke-
pyBaB mipod. ['amynoB M.3., y pi3HI YacH mpairoBaId Taki BU-
natHi BueHi, sik mpod. Kpacosunbkuit b.M., mpod. I'yaaep O.0.,
npod. [Tanenkep JI. /1., mpod. JIucerpkmii JI.M.

Mukona 3axapoBud OyB TBOPUYOI OCOOHMCTICTIO, MOXHa
CKazaTH, HAyKOBIIEM 3 BenuKoi jitepu. Buenwmii. I teoperuk, i
npaktuk. Jocigauk. Moro Bpaxaroya mparesaaTHiCTh Ta I10-
Ty’KHa TBOpYa €HEpPreTHKa HIKOJM HE JI03BOJISIIU 3yMHHITHCS
Ha JocsTHyToMYy. BiH 3aBau mparHyB B IepIly 4epry Bia cede
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sikicHO1 po6otu. Ille 1 me pa3 nmepeunTyBaB, aHAII3yBaB, CTABUB
IiJ] CyYMHIB, BUIIPABIISIB Ta MOKPAIyBaB.

Taky m1000B Ta mpucTpacTb 10 Haykd Mukona 3axapoBud
3aBXKM TParHyB IepeaTH CBOIM CITiBpOOITHUKAaM Ta y4HsIM. BiH
BMIB ITOSICHUTH CKJIQH1 (hi3WYHI1 SIBUIIIA TA TPOIIECH 32 IOTIOMOT OO
pocTux (pa3s 1 aneropii, Moo He BIAIITOBXHYTH BUCHOTO-TI0YAT-
KIBIIS BiJl TAKOTO CKJIQJIHOTO MpeaMeTa sk (izuka. Bin 3aBxau 3a-
CMYYyBaBCsl, KOJIM MOJIO/Il BUEHI HE 30BCIM CTapaHHO CTaBUJIMCS
J10 BUBYEHHS (hi3MKH Ta BUKOHAHHS {0T0 3aB1aHb. Moro ymro6ie-
HUM BHPA30M y TaKOMY BUTIaAKy OyB HacTymHUi: «Ha Biqminy Bifg
Bac, s 1€ MPOJOBXKYIO YATATH JOBIAHUKU Ta HAYKOBI KYpHAIII.

AKTHBHA, Hacu4yeHa npodeciiiHa MisUTbHICTh 3aliMara Oara-
TO Yacy, 110 MO3HAYAJIOCs Ha 0COOUCTOMY KUTTI Ta 3710poB’1 Mu-
KoJii 3axapoBuua. | KoM BiH JIOII3HA 3aTPUMYyBaBCsl Ha poOOTi,
3aBKau A3BOHUB 10 Onekcannapu IBaHiBHU 1 ayke BHOadaBcs.
Bin yacTo po3moBizaB mpo CBOiX OJMM3BKUX, 3rajyBaB iCTOPil
CBOIX poau4iB, 06araTo po3MoBiJaB iCTOPid MPO CBOTO JOMaIlll-
HBOTO ymoOneHuss — pyaoro kora. L{ikaBuBcsi, OyB yBaKHUM,
CTaBUBCS 13 PO3YMIHHIM JI0 OCOOMCTOTO >KUTTS KO)KHOTO CBOTO
cniBpoOiTHUKA. Hikonmm He 3a0yqy XBWIFOBaHHS Ta CITIBUYTTS
Muxkomnu 3axapoBUya IiJl 4aC MOTO MOBTOPHOTO 3aXHUCTy KaHIH-
narcekoi nuceprarntii y Kuesi Ha 3acimanni konerii BAK Ykpaiau
BoceHH 1998 poky. Miit HayKOBHi1 KEPIBHUK CITAJIUB TOJII HEPBO-
BHX KJIITUH, MaOyTh, OLIBIIIE, HIXK 5.

Mukona 3axapoBuy OyB OaraTtorpaHHUM, SIK OpraHIYHUN
KpHUCTaJ, BUPOILYBAaHHIO Ta JAOCTIIKEHHIO SKOTO BiH MPUCBATUB
YCIO CBOIO HAyKOBY TisZTbHICTH. BiIBIIICTh CIIBPOOITHUKIB Bifl-
JITY, IKMM TIOINACTHIIO CTIUTKYBaTucs 3 MUKOJIOI0 3axapoBUYEM,
BI/I3HAYAIOTh HOTO €MOIIIHHICTh, CYNEPEUWIMBICTh HOTO BHUCIIOB-
JIIOBAHb, i B I[bOMY HOTO YHIiKaJbHICTb i HEMOBTOPHICTH. Moro
HACTpii MIT KapAWHAIBHO 3MIHIOBATUCS BiJ] PaHKY IOHEIIIKA,
KOJIU «BCE€ 3HUKJIO», «HAC YCIX POPKEHYThHY», «IIe TIOTPIOHO OYI10
3poOUTH TEPMIHOM Ha M03aBYOPa» TOIIO, SO Bedopa I’ SITHHUIIL,
ko Mukona 3axapoBud, y J00poMy HacTPOi, BUXOSTUH 32 MPO-
X17HY 1 YUTAIOYH BXKE HE aKTyaJbHI OTOJIOMIEHHS PO BUEHI pajIy,
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kazaB: «Dyx! BingOymocs». Yci My mam’siTa€éMo MOTO BUCTYITH HA
BUCHUX pPaJiax Ta 3aXUCTaX AUCEPTAIliil 3 IUIABHUMHU MIEPEX01aMu
BiJl KpUTUYHUX BUCJIOBIIOBAHb Ha KIITAJNT 1€ TIOBHA MasYHsD)
a00 «I1e BCE HICEHITHUILD 10 TTO3UTHBHUX BHCHOBKIB, (popmy-
JIOBaHb, HAaBIIHUX 3allUTaHb Ta MOJAAJBIINX BIAMOBIACH Ha HUX
3aMiCTh JomoBigada abo 3100yBaya. Mukosaa 3axapoBUY 3aBXK-
1M TIparHyB BUIVISIATH HA JIIOAAX ONTUMICTUYHUM, 0aab0puM
Ta 370POBUM 1 3aBXKIM Ka3zaB: «SIkmio Tebe mobayarb XBOPHM,
TO ofipa3zy po3TormuyTh». OMHAK CIIBpPOOITHUKH Oa4miM Horo i
IHIIIMM, TPOXU BTOMJICHUM, 3aCMYYEHHM 1 BIAUY>KEHUM, aje 3a-
BXK/IM CHUJIBHOIO 1 BOJILOBOIO JIFOIMHOIO.

Mukona 3axapoBU4 BHXOBYBaBCSI B IHTEIITCHTHINA POJUHI,
3100yB rapHy ocBiTY B 111Ko:1i Ne 6 M. XapkoBa (pa3oM i3 ipod. JIu-
cerpkuM JI.M.) 13 moruOneHuM BUBYEHHSIM YKPaTHCHKOi MOBH.
Woro ymo6neHnMu mpegMeTaMu, okpim ¢isuku, Oyia aHmTiich-
Ka MOBa Ta icTopis. BiH Takox BiABIIyBaB TYPTOK pajliOeICKT-
POHIKHM Ta caM 3MalCcTpyBaB paaionpuiiMad. Mukosa 3axapoBud
HA3aBXIM 3araM’ ATa€ThCs AJIS BCIX SIK BUCOKOIHTEJEKTyallbHa,
KyJIbTypHa, BBIWIMBA Ta TaJlaHTHA JIOAWHA. AcHipaHTku Muko-
u 3axapoBUYa 3raJyloTh, 110 BiH MiJ Yac OCOOMCTHX PO3MOB
3 HUMHU HE MIT YCHIITH B Kpicii Ta HaWJacTilIe CIUIKYBaBCS 3
HUMU CTOSYH, HE3BAXKAIOUH Ha Te, 1110 BOHU CUALTH. TyT 3ragyeTh-
Cs1 KyMEJIHUH BUIIAJIOK, sIKHM Mukosa 3axapoBUY PO3MOBIB TCIIS
noBepHeHHs 3 M. Ceyn (PecnyoOmika I[TiBnerna Kopest) neck pokiB
10 Tomy. Bin yekaB Ha MapuIpyTKy, 1100 MOiXaTu Ha KOH]EpeH-
iro. MapuipyTka npuixana, 3a Mukosow 3axapoBHueM y dep3i
CTOsIIa SIKaCh KOpPEsTHKA, SIKY BiH MPUPOTHO BUPIIIUB MPOITYCTUTH
BIIEpE]l, @ BOHA Hi B SIKY. Y pe3yibTari yTBOPUBCS 3aTOp. 3a Kope-
STHKOIO CTOSIB SIKMICH MICLIEBUM YOJIOBIK, IKMH T# IIOCh cKka3aB. |
BOHA TaKM MOTparnuia A0 MapipyTku nepe Mukonoro 3axapoBH-
yem. Komu BiH 3ammTaB y MICIIEBOTO, IO BiH CKa3aB Il Jami, TOH
JJaMaHOI0 aHTITIMCHKOIO BIAMOBIB MPHOIM3HO Take: «SIKIIMO My»XKHK
CKa3aB 3aJ1a3b MEpIIolo, OT 1 1aBail 3a71a3b.

Jobpwuii, Gamakyuuii, poO3yMHHH, YyHHUHN, YBOXKHHH, Typ-
OOTIMBUIN. AKTHBHA, IHTEJEKTyaJlbHa, I1HTEIITCHTHA, CBITIIA
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moauHa. [TogyMku BiH 3anuimmaetbest 31 MHOWO. HaueOTo BiH y
CBOEMY KaOIHETI Ta MOXKE KOXKEH JIEHb ITOJA3BOHUTH. Horo min-
TPUMKH, HOTO CJIiB Ta MOTHBALIIi JJIs MOAAJIBIIOIO PO3BUTKY Ta
CaMOBJIOCKOHAJICHHS Oynae He BHcTadath. Mukoja 3axapoBHY
HA3aBXKIH 3AJIUIITUTHCS B HAIIUX CepIisix!

O.A. TapaceHko,
0okmop pi3.-mam. Hayk,
cm. Hayk. cniep. ICMA HAH YkpaiHu
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HacTtaBHUK

3 Muxkosnorw 3axapoBudeM si OyB 3HailomMuil 8,5 pOKiB.
Hama 3 HuM nepiua 3yctpiy Oyna Biitky 2013 poky, KoJiu MeHi
no 3akiHueHH0 HTY «XIIl» 3anponoHyBajin BCTYHNHUTH B ac-
nipanTypy [HCTUTYTY cUMHTHIALINHUX MarepiaiiB. B Toil neHp
Muxona 3axapoBud OyB Jyke CEpHO3HUM Ta, SIK MEHI 3/1aJ0C4,
BUMOITIMBHUM. BiH 07pa3y MeHe nomnepeaus, 1o Oyae qyKe Bax-
KO BCTUTHYTHU 3aXMCTUTH KaHAMJIATChKY JUCEPTAL0 B TEPMiH,
0c00:11BO 6€3 T0CBiAY B CUMHTUIIALIMHOMY MarepiajJo3HaBCTBI,
cka3aB: «Bbl jxe moHMMaeTe, YTO HUKTO 3a Bac Hudero nenarb
He Oyzner. lHorna mpuaercs U HoYaMu Iucarh, 4YTo0bl YCIETh B
cpox». Toxi e MeHi 3Aam0¢st AMBHUM, 110 MPUHIIOBIIY BIIAILITO-
BYBaTHCh, MEHE Hade BiIMOBIUIM BiJ Iboro. IIpore, XoueTscs
CKa3arTy, 1110, He3BaXKarouM Ha BCl 11l cTpaxu, Bce Oyno qo0pe 3a-
B/SIKH MIATPUMII Ta HaB4aHHIO Muxkonu 3axapoBuda. BiH BuuB,
HACTAaBJIAB, MiIKa3yBaB Ta JIONIOMAaraB CBOIMHU 3HAHHSIMH, SIKi HE
oOMeKyBaJIiCs JIMIIe HayKolo. Mo)KHa cka3aTu, BiH OyB CKYJlb-
NITOPOM, SIKAU JIIMUB 13 HAC HAyKOBIIIB, JUIMBIIKCH CBOIM Oara-
TUM JIOCBIIOM.

B mMene 3anummioch nyxke 0arato CBITIMX JOOpUX CIIO-
rajiiB BiJ] CHUIKYBaHHA 31 CBOIM y4YHMTEJIeM 1 HACTaBHUKOM
M.3.T'arynoBuMm. SIk BiH 1 Ka3aB, OyJId YacH, KOJIM JOBOJIUIOCH
MpaloBaT Ta MUCATH BHOYI. Byno JekinbKa IiKaBUX BUMAKIB,
KOJIM JIOMMCABIIM YEproBy INIaBy Jaucepralii abo CTarTio, yBe-
yepi HaJICWIIaB iX €JIEKTPOHHOIO MOIITO a0 Muxkonu 3axapo-
BUYa, a BXKE Yepe3 TOJUHY BiJl HbOTO MPUXOIMIN 3ayBaXKeHHs. |
OT CHUJUKY s JaJli BUIIPABJISIIO BCE J0 TPEThOi TOJUHU HOYi, OTIM
HAJCHUJIAI0, TyMaro4H, 110 BXKE Mi3HS Hid 1 BiH 13 paHKY MOAH-
BUTHCSI, SIK 3HOB uepe3 XBUIMH 30 MPUXOAUTH BIIMOBIJb: «YKe
ayuie. 3aBTpa o0cyum». Came B Taki MOMEHTH PO3yMIi€ll, 110
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JIIOAMHA TIPUCBATHIIA CBOE XUTTS HayIll. S myxe BasuHuii Mu-
KOJII 3axapoBUYy SIKHHA OXOdYe€ JUIMBCS 3HaHHSAM. BiH He nuie
TUTUBCS HUMH, HOMY BIAaBAJIOCS JIOHECTH IIi 3HAHHS, MiaiOpaB-
ITM BITYYHI TPHUKJIAJAW Ta aHAJIOTH, TakK, IO 30BCIM HE 3HAIOYH
0COOIMBOCTEH MEeBHOT TalTy31 HOYMHAB po3yMiTH. Takox Mukoia
3axapoBUY BUMB MPABWIIBHO MHUCATH CTATTi, BUCJIOBIIIOBATH Hay-
KOBY JIYMKY, 32 IIIO S iloMy ocoOucTo Basunuii! Bin ka3aB: «Bsi
JIOJDKHBI CaMH BBITIUCAThCA. Sl He Oyay JKUTh BEYHO M C TOIaMH
MBI HE MOJIOJIeeM, TTOATOMY, KaK B ITKOJIe BBl yUnIuCh mucarTh,
TaK M TyT BBl TOMKHBI cCaMH HAyYHUTHCS IHCATh, a 51 KaK YIUTEIb
Oyay TOMOraTh, IMOMPaBIATh U HAIPABIATEY. AJDKe AIHCHO, BiH
MIT CICTH Ta MTOBHICTIO caM HaIMCaTH CTATTHO 1 11e Oys10 O mBuU/I-
11e, ajie BiH BUTpavyaB Ha HAC Yac Ta 1HOJI HEPBH, 11100 HaBYUTH,
100 MM MOTJIM T€X CaMOCTIMHO MUCATH HAyKOBI mpaili. I 3HOBY
K TaKH, 5 Ty’>Ke 3a 11e KoMy BISYHUIM!

3HanHs Mukonu 3axapoBuya HEe OOMEXKYBaJIHMCh JIMINE Ha-
ykoto. [1i1 gac Hanoro 3 HUM CITUTKYBaHHS 5 1I3HABCS Ta ITiIKpPEC-
TuB I cebe 6araro IiKaBoro i KOPHUCHOTO, Ji3HABCS MPO HOTO
mIMOOKI 3HaHHS iCTOpii, po Te 110 BiH rpaB y BIA Ha ymapHuX,
3aiiMaBcs GyTOOIOM, 60POTHOOIO 1 heXTyBaHHSIM, Ta Oararo iH-
moro. Ha anb Tenep He BUCTaYa€e bOTO CIIJIKYBaHHS.

Mukona 3axapoBu4 3aBKIH MiATpUMyBaB. Lg miaTpumka
BiluyBajach HE JIMIIE B HayIl, aje i 3a i mexxamu. OcolnuBo
11e Oys10 BITYYTHO KOJIM B JKHMTTI OyJW sIKiCh Herapaszau, Oyab TO
XBOpoOa abo mie mock. | 3amkau mogodanocs, mo mobd He Tpa-
MUAJIOCK, SIKI O TpymaHOII He Oynu, 3aBKau OyB 4ac Ha aHEKIOT
Bim Mukonu 3axapoBudya, 1€ po3psmpKaio Oynb-IKy CHUTYAIfo.
Bynu momenTH mix yac teneoHHOI PO3MOBH, a TOYHIIIE ITiCIIS
Hel, KOJIM JOTOBOPHIIM, MOKJIAJIA CIIYXaBKY 1 3Tajyell «a K ke
aHekoT Bix Mukonu 3axapoBuua?y, 1 B IIeH 9ac BiH NEPeI3BO-
HIOBAB 1 ITUTaB: «A XOTUTE aHEKJIOT PaCCKaxKy?».

3a BCi pokH, IO s TpamroBaB 3 Mukojow 3axapo-
BUYEM, HE OyJO0 JKOJHOTO THXHS, JOJHUX BHXIJTHHX,
koau O BiH MeHI He 3arenedOoHyBaB, HaBITh y BIANMYCT-
mi abo BigpsmkeHi. JKomIHUX BHUXITHUX OKpPIM OCTaHHIX.
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Ha npeBenukuii sxanp ['amyHoB Mukona 3axapoBud HeCIOIiBa-
HO JIJIs1 BCIX TINIOB 3 KUTTA. BiH Oarato 4oMy Hac HaBYUB, aje
e 0araro 4oro MoJkHa OyJI0 B HbOTO HABYUTHCH. 3TaJIKH PO IO
CBITITY JIFOMUHY Ha3aBXIM 3aJIUIITUTHCS B TIaM’SIT1 pITHUX, OJTN3b-
KUX Ta 3HalioMuX. BiuHa mam’saTh!

A.B. Kpev,
KaHOudam mexH. Hayk,
3ae. giddinom ICMA HAH Ykpai+u
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KHurn, moHorpadii

l'anynoB H.3., Cemnnoxenxo B.Il. Teopus u npumene-
HUue paouoNOMUHECYCHUUU OPZAHUYECKUX KOHOEHCUPOGAaH-
neix cped // Kues: HaykoBa [Iymka, 1997 — 280 c. / I'anyHoB
H.3., Cemunoxxenko B.I1. PannontoMuHecieHns OpraHu4ecKux
KOHJICHCHPOBaHHbIX cpea. Teopus u npuMeHeHue // u3/1. BTopoe,
ucrpasjeHHoe U aononHeHHoe. — Kues: HaykoBa nymka, 2015.
—464 c. ISBN 978-966-00-1469-5.

Y MoHorpadii y3arajabHEHO Cy4acH1 YSIBICHHS PO TEOPito
PamioNIOMIHECIIEHIIIT OPraHiYHUX KOHACHCOBAHUX CEPEIOBHIII,
K1 O0yno chopmoBano Harpukinii XX — Ha noyarky XXI ctomiT-
Ts. PO3IVISIHYTO OCHOBHI aCMEKTH TEOPETUYHUX 1 €KCIIEPUMEH-
TaJbHUX JIOCIIIKEHb MIPOIECY PaIi0IIOMIHECIICHIIIT OpTaHiYHUX
KOHJICHCOBAHUX CEPEOBHUII MOYMHAI0UM 3 60-X pOKIB Ta IpUYHU-
HH, 110 MpHU3BeNU A0 Kpu3u Teopii y 70-90-x pokax XX cromit-
Ts1. CCTEMaTH30BaHO OCHOBHI CIIMHTHIIALIIHI XapaKTEPUCTUKU
OUTBIIOCT] OPTaHIYHUX CIMHTHJIATOPIB, SIKI BUPOOJISIIMCH MPO-
BITHUMH (hipMaMu.

VY mepiii yactuHi MoHorpadii, mops i3 3araJlbHUMHU IHU-
TAaHHSMU Teopii pajioMOMiHECLEHIII], HAaBeJCHO BiIOMOCTI Te-
opii B3aemozii 10HI3yIOUOr0 BHUIIPOMIHIOBAHHS 3 PEUOBHHOIO,
NUTaHHA (I3MKM OPraHIYHOIO TBEPJOTO TiJla, ONHMCAHI OCHOBHI
0Cc0o0IMBOCTI Oy0BU OpPraHIYHUX MaTepiajiB, 0 PO3MIAIAI0Th-
csl Ta 1X HaMOLIbII BaXKIIMBI XapaKTEPUCTUKU. Y JIPYTiid YacTUHI
HaBEJIEHO eKCIIEPUMEHTAIbHI Ta TEOPETHYHI PEe3YJIbTaTH JOCTi/I-
KEHHS PaIONIOMIHECLEHIN] OpraHiyHUX MOJIEKYISPHUX KOH-

46



JICHCOBAHUX CEPEIOBUII, IO JO3BOJMIM HampukiHmi XX — Ha
nmouatky XXI cTomTTs chopMyiTroBaTH TEOPIrO padiotoMiHEC-
IIeHIIii, sika Oyiia mo30aBiieHa HEIOJIKIB, XapaKTEPHUX MJIs T10-
NEpeIHIX Teopiid. PO3MISIHYTO MOXKITMBOCTI HOBHX 3aCTOCYBaHb
pe3yNbTaTiB Teopii paioNIOMIHECHCHINT Y CYMDKHHX Taly3sx
3HaHb Ta TEXHII (PI3UYHOTO eKCTIEpUMEHTY. TpeTs YacThHa MPH-
CBSIY€HA OCOOJIMBOCTSM 3aCTOCYBaHHS THX YM IHIIUX OpraHid-
HUX CITMHTHJISITOPIB y Pi3HUX 3aBIaHHAX peecTpallii i0HI3yHUuX
BHUITPOMIHIOBaHb.

VY npyromy BuIaHHI MoHOTrpadii CyTTEBO pO3MIMPEHO Ma-
Tepiaj, o CTOCYEThCsl 0a30BUX MUTaHb (PI3MKH B3a€EMOIIi 10Hi-
3yIOUMX BHUIPOMIHIOBAHb 13 OpraHIYHUMH MaTepiajamu, JaHi
IIOJI0 JDKEPEN 10HI3YHOUMX BUIIPOMIHIOBaHb, (DI3MKH IMPOIIECIB
MIEPEHOCY 3apsIOBUX CTaHIB Ta CHEPTii 30y/IKCHHS B MOJIEKY-
JNApHUX Marepianax. HaBeaeHo BIAOMOCTI MPO HOBI CIIUHTHIISA-
IHI MaTepialii: MOJEKY/ISPHI MOJIKPUCTATIYHI i KOMITO3HITiH-
Hi CHUHTWISITOpU. Pe3ynbratu qociiKeHb CTaHOBIISITh IHTEPEC
SK 1 JIOBIJIHUKOBHM Marepiaa Mpy MPOEKTYBaHHI CHCTEM PEECT-
partii i0HI3yr0uuX BUNIPOMiHIOBaHb. [l (i3ukiB, panio0iosoris,
€KOJIOT1B, a TAKOXK BUKJIaJa4iB By3iB Ta CTYJEHTIB.

Tl'anynos H.3., Tapacenko O.A. @opmuposanue mpexos
UOHUUPYIOWUX UTYYEHUIl 6 OP2AHUYECKUX KOHOCHCUPOBAH-
Hbix cpedax /| XappkoB: UICMA, 2011, 480 c. ISBN 966-02-
2555-5, ISBN 978-966-02-6157-0.

Y MoHorpadii y3araibHEHI CydacHi ySBJICHHS, 110 iICHYIOTh
y panmiamiiHii Gi3ui, pagianiiaii XiMii, pagianiiHiin 61050rii,
Teopii TPEKOBHX ACTEKTOPIB, TEOPil pajioNFOMIHECICHII Op-
TaHIYHUX KOHJCHCOBAHUX CEPEIIOBHIIL, PO (POPMYyBaHHS TPEKO-
BHX JIUISHOK, SIKi CTBOPIOIOTHCS 10HI3yIOUMMH BHUIIPOMIHIOBAH-
HSIMH TICIISL TIPOXOJPKEHHSI TIEPBUHHOI 10HI3yI0Y0i YaCTUHKH, a
TaKOXX PO 3MiHH, sSIKi BiJOyBatOThCs B IIUX JUITHKaX. [[poBeneHo
MOPIBHSJILHUN aHAII3 PE3yJIbTaTiB, OTPUMAHUX JJISI OpraHIYHUX
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CIMHTHJISITOPIB, 3 pe3yJIbTaTaMH 1HIIUX JOCITIKEHb (pajiariina
XiMisl, TPEKOB1 IETEKTOPH, aHAJIi3 PO3IOALTY 3aps0BUX LIEHTPIB
METOJIOM €JICKTPOHHOTO CIIIHOBOTO Bi/UTYHHS 1 T.IT.).
[Ipencrasneni 3araapHi MOJIOKEHHSI TEOPIi B3aeMO il 10HI3y-
FOYUX BUIIPOMIHIOBaHb 3 PEYOBHHOIO, MUTaHHS (PI3UKH OpraHiy-
HOTO TBEPJIOTO Tijia, SKI TIOB’s13aHi 3 JOKAII3alli€l0 Ta YMOBAMH
MIEPEHOCY HOCITB 3apsily B apOMAaTUYHUX BYIJIEBOJHSX, OTUCAHI
OCHOBHI OCOOJIMBOCTI CTPYKTYPH MaTepiaiiB, 0 PO3TISIAI0Th-
csl, Ta IX HaWBaXKJIMBIIII XapaKTePUCTUKU. J[eTalbHO BUKIIAJICHO
MexaHi3MH (OpMyBaHHs 00JIaCTel BHCOKOI Ta HU3BKOI TYCTHHHU
10HI3aIi1 y JIETKUX PEYOBHHAX (BOZA Ta BYIJIEBOJIHI ), SIKi BUHHUKA-
IOTh NIPU TIPOXOKEHHI 10HI3y1040i YaCTHHKHA. OOTOBOPIOIOTHCS
Cy4YacHIi OIMHUCH TPOIECIB €BOMIONIT MUX 00JIACTeH, 3MIHU Kijlhb-
KOCTI Ta MPOCTOPOBOTO PO3IMOAUTY 10HI30BaHUX CTaHIB y HUX.
[IpoBeneHo MOPIiBHSHHS WX YSIBICHD 3 PE3YJIbTaTaMH CKCIICPH-
MEHTIB, OITMCAHUX y POOOTaxX 3 paialiiHol XiMii. AHAJI3YIOThCS
pe3yJIbTaTh EKCIIEPUMEHTIB Ta OMUCH TPEKOBHX 00JacTel, OTpH-
MaHi MMpH JOCIIKEHHI 3MiH BIACTHBOCTEH pEYOBHHHU B oOJjac-
TSIX MPOXO/DKEHHS 10HI3yI0U01 YacTUHKU. HaBeneHo pe3ynbratu
BUBYCHHS 3MiH CTPYKTYPH PEYOBUHH B TPEKOBUX TBEPAOTUTEHIX
JETeKTOpax; TOCIHIPKEHHS PO3MOILTY PaIuKaliB, 110 € apamar-
HITHUMH [IEHTPaMHU, 1110 YTBOPIOKOTHCS B3OBXK TPAEKTOPIT pyXy
MEPBUHHOI YaCTUHKH, y 3aMOPOXKCHUX PO3YMHAX; BH3HAYCHHS
XapaKTepUCTUK TPEKOBHX 00JAcTEl 3a pe3yibTaraMu pajIiolito-
MIHECIIEHTHUX JIOCIIKeHb OPTraHIYHUX CIUHTHIISATOPIB.

TI'aaynoB H.3. O npupooe ceema // XaprkoB: ICMA. —
2019. —253 c. ISBN 978-966-02-89827-7.

KHury po3paxoBaHO Ha y4YHIB CTapIIUX KJIACiB CEPETHBOI
IITKOJTH, abITYPIiEHTIB, YUHIB MOJIOIINX KypPCiB By3iB, 5Kl XOUyTh
3po3yMiTH (i3uKy, 3aiiMaThCs (I3MKOI0 Ta BUBYATH IIPHPO.Y,
CIparovrch Ha (i3uuHI 3akoHU. BuknaaeHuit Marepian cops-
MOBaHHUM Ha PO3yMiHHS 3arajibHOi (pi3MyHOT KapTHHU, 0A30BUX
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ySIBJIEHb, X0Ya 1 OXOIUTIOE, TPAKTUYHO, BC1 OCHOBHI TOJIOKEHHS
ONTUYHOTO BYeHHS. Bci MareMaTHuH1 BUKJIaKU OOMEXEH] paM-
KaMH{ 3HaHb IIKUIBHOTO KYpCY TPUTOHOMETDIi, 30KpeMa pillleHb,
MOB’SI3aHUX 13 MPSAMOKYTHUMHU TPUKyTHUKaMu. Kuura He € dop-
MaJIbHUM TiApyYHUKOM 13 (izuku. BoHa Hammcana ckopiiie y
BUIVISII HAyKOBOT MOHOTpadii Ta nmpeacTapisie JOAATKOBUMA Hay-
KOBHI MaTepial AJisi T03aKIaCHOTO YNTaHHS.

Knura He BuMarae 3aydyBaHHSI IEBHUX YaCTHH HayKOBOTO
MaTtepiaiy Ta po3B’si3aHHS OKpEeMHX 3aJad, a BiJipa3y >k MpOIo-
HY€ MOJIOZIOMY YUTAueB1 MIOYMHATH TyMaTH Ta OLIHIOBATH (pi3ny-
HUHM 3MICT ONTUYHUX SBUII 1 MPOIIECIB, YACOM YHUKAIOUH JETa-
Jiel 1 HaMaraHb pOOWTH TIEBHI 3aBUaCHI BUCHOBKHU. Bu3HaueHHS
Ta MOSCHEHHSI, [0 MICTITHCS B TEKCTI1, CBIJOMO MICTSTh peajbHy
HAyKOBY T€PMIiHOJIOT1IO, 1110 J03BOJISIE€ YUTAYEB] OPIEHTYBATUCS Y
MIPEIMETI, SIKUI BUKJIAIa€ThHCS.

[lepiia yacTHA KHUTH OXOIUTIOE TTOBEPXHEBO 11 MOAIbIINN
PO3TOPHYTH 3MICT. Y Hili OmMCaHi OCHOBHI MOHATTS Ta (i3UYHI
MPOLIECH, SIKI BAKOPUCTOBYIOTHCS MPU PO3IIISIAL ONTUYHUX SIBUIIL.
VY npyriit YacTHHI KHUTH OOTOBOPIOIOTHCS OCHOBHI MOHSATTS Ta
BHpa3y, K1 pO3MVISAAIOTHCS Y HAOIMKEHHI T€OMETPUYHOT ONTH-
KM (3aKOHHU TPSIMOJIIHIMHOTO TOIMIUPEHHS CBIT/Ia, HE3aJIeKHOCTI
CBITJIOBUX IPOMEHIB, BIIOWTTS Ta 3AJIOMJICHHS CBITJIa), a B TPETiH
YaCTHHI OCHOBHI MOHSTTS Ta BUPA3u, L0 PO3MIAJAIOTHCS 3 TO-
3UIIH XBUIBLOBOI NMPUPOAM CBiTia (iHTEpdepeHIis, mudpakiis,
moJIIpu3allis Ta JAWCHepcis cBiTia). YeTBepTa 4acTHHA KHUTH
MIPUCBSIUEHA PO3MIISATY OCHOBHHUX IOJIOKEHb KOPIYCKYISIPHOTO
YSIBJICHHS TIPO TIPUPOAY CBIT/IA (BUIMPOMiIHIOBAaHHS YOPHOTO Tija,
dotoedekt, edekt KomMnToHy, KBaHTOBI SIBHINA JIFOMIHECIICH-
mii). [I’sTa yacTiHa Mae MPUKIATHUN XapaKTep, B Hii MOKa3a-
HO HACKIJIbKH PI3HOMaHITHUMH € JKepelia CBITIIA, IO CTBOPEHI
SIK CAaMOIO TIPUPOIOK0 (COHIIE, JTFOMIHECIICHTHI PEYOBHHHM ), TaK 1
JIOICBKUM PO3YyMOM (CBIYKa, TaMIH POPKAPIOBAHHS, JIFOMIHEC-
IIEHTHI Ta CBITJIOIO/IHI JIAMITH, JIa3€pH ).

49



BubpaHi HayKoBi cTaTTi

50



1NTd, M 6, 1975

YOK 539.1.074.3

W3MEPEHWS IAPAMETPOB 3ATYXAHHA CITMHTHJIIAIAN
B HEKOTOPHIX OPTAHMYECKUX CHUHTHIATOPAX

JI. E. TPY/ICKAf, H. 3. TAJIVHOB, B. ®. IIONY3KAHJIO,
] C. A. BEPE3YBOBA, 10. A. IAPJHH

I’[amepmm(:b BKJaj{ B MHTEHCHBHOCTb M 3HAYeHWA NMOCTOAHHEIX B3aTyXaHuA SHCTPOI‘O,
CpefiHero M Me[JIeHHOTO KOMIOHEHTOB COVHTHIIANMA [JIA 9YeTHpeX PasiImIHEX FKHIKAX

CHUHTHIIATOPOB.

B mocienmme ropsl GeUIE MCCIEOBAHE MHOTHE
opranmgecKkwe COUHTHLIATOPH [1 < 5], B TOM
ypese skugKHe (3K.C.), OJHAKO BPEMEHHEIE XapaK-
TEPHCTHKHA PAXA 3K.C., BHIOYCKAEMBIX ITPOMBIII-
JIEHHOCTBI0, HEeW3BeCTHH. B mamuoit paGorte mccie-
MOBAHEL IapaMeTpH CHoafa COAHTHIANNA IpH
00Iy9eHHH [|eTEKTOPOB Ha OCHOBE CTHIbOeHa, TO-
Jyosa, KCHIONA H O-MeTHIHA(QTAIMHA HCTOYHHA-
xamu %°Co m Pu + Be. KioBers! ¢ skagxamMu COuH-
THIIATOPAME [UIA yAajdeHHs pactBopeHHOro Oy
opoayBaduch Ar, 3aMODaKHBAJIHMCh, OTKAYHBA-
auch (OPBAKYYMHEIM HACOCOM M OTIAWBAJIHACH.

Ils m3MepeHUsI KUHETHKA CBeUCHMS NPAMEH -
Jlach yCTAaHOBKA, OCHOBAHHAA HA MeETOJe CYeTa OT-
meabHEIX doroHOB [6]. XapaKkTepHCTHKH yCTaHOB-
KH IpuBefieHs B paGote [7]. YcranoBka mossoasaia
HaGIo0xaTh GopMy COEHTHIIANUE B ABYX BDEMeH-
Huix mETepBaiax or 0 mo 150 ve m ot 0 mo 500 HE.
HpuBasg ammapaTyproro paspelieHds yCTaHOBKH,
H3MEepeHHAA C IIOMOHIHI0 YePEHKOBCKOTO PajHaTo-
pa npu Bo36ysxmenun °°Sr Onia Gumska K dopme
rayccoBckoro pacmpepeinenus. llluprma momyden-

I -
/ads
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[
0 \\§./
> Tz
o WH1 INBLRFRALEES] J
20 100 180 260 340 t,Hc

Puc. 1. COuETAIAANAOHHEE KDPHBHE NOpH O0MyYeHHH HC-
TogrmEKoM 80Co. I — cTuabbena; 2 — q-MeTmIHadTaNTNHA |
BPO; 3 — NE-213; 4 — roxyona + PPO

H2
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HO KDHBOE Ha IOJIOBHHE BHICOTH ~~ 2 HC, IO-
crosmHas cmaga 1,71 =c.

PesyambraTh W3MepeHHH LpHE OOIyYeHHH HC-
roumkoM %°Co mpepcraBiensl Ha pmc. 1. 3ary-
XaHue CuﬂHTKﬂﬂHI{Eﬁ annpoxcmmponanocb cym-
moit Tpex axcmoHent I (f) = Toe™ 0 4 I et 4
+ I '™, rrie mEQEKCH «6», «C» M «M» OTHOCATCH
COOTBETCTBEHHO K OHICTDOMY, CpeTHEMY M Mef-
JEeHHOMY KOMIOHEHTaM. J[ByMA ODKCIOHEHTAMH
YIOBJIETBOPHTENBHO AINPOKCHMAPOBATH 3aTyXa-
HRe COEHTHLIANMA He YAaBaIOCh. AMIUIHTYH
¥ IOCTOAHHBIE 3aTYXaHWs PAs3IMIHEIA KOMIOHEHT,
moJydeHHEE OpE 006paboTKe dKCIEPUMEHTAIbHEIX
naBEHX, mpEBefensl B Ta6i. 1. Ilpn o6patorke B~
upTancsa GOH CayIafHEIX COBIIAJIeHUI B BBOAMIACH
mOIIPaBKa Ha aNmapaTypHOe PasdpelleHne yCTAHOB-
KH. 3HaYeHHs NapaMeTPOB OIPEeJeNIeHs C TOTHO-
cThi0 10 6% mO MeTony HAWMEHBIIMX KBAJDPaTOB.

Coay comETHLIANEE npu Bosbyxaenms Pu +
-+ Be-MCTOYHMKOM aNIPOKCHMHPOBAICA TaK:Ke
CyMMO#t Tpex OKCIOHEHT. SHATEHHF IIOCTOSHHEIX
3aTyXaHusa TOJy9aJIuCh TAKAMH e, KaK M OpH

EREEE
n* i
\‘ | 1
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67 MO 220 300 387 u60
” tHC

Puc. 2. GopMa COMETWUIANEONHKX KDHBHX IpH 06xy-
genmn K.c. Pu + Be-mcroumukoM m %9Co
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Ta6amma 1

couATHIIATOpa HeTounmKoM °Co; K, — mamepe-
muaM ¢ Pu + Be-mcrouHmkoM), m oTHOmeHHe

ITapamem py ANLATNO PO MaLe in pu
i £6nyuenuu ucmouruxom 9Co » g = K, /K, (rabn. 2)
Us Ta6x. 2 Bapmo, 4ro sHavenus K, u K, m,
5 ocoberno, g npu t, = 50 He, aT0 cocTasaser 10 16
s C‘““g;’"‘"‘ mIs cTmab0eHa, H3MEHAIOTCA Maio. IloaTomy
s To | w6 | 1. N I | npE pacyere XapaKTePHCTHK CHEHTAIIATOPOB
6pano, kak u B [8], sHauenme ¢, = 10 7.
1 |Crams6en  10,955| 4,9 [0,0416{ 36 | 0,0033 | 270 Bemmumen K, K, u ¢ pas PA3IMIHBIX CIHH-
2 |a-mermamad- (0,956 2,26/0,0416( 34 | 0,0027 | 240| THIIAATOPOB, oOmpeJeNeHHbIE IpPX BHGPAHHON, yKa-
Taunan + 3aHHEIM BHIIE CHOCOGOM BelWdMHE f;, OPMBETEHHl
EEE/Y;()) B Tabm. 3. :
3| NE-213 [0,962| 2,260,0375| 31,8] 0,002 | 240 Comocrapnenne mammmx Ta61. 3 m puc. 1 mo-
4 | Tomyox + [0,977| 2,260,021 | 30’ | 0,00165 | 212{ KasHBaeT, 94TO pPa3mEAANMAA CHOCOGHOCTH CIIHH-
+ PPO THIJIATOPOB ¢ TeM Goabme, deM Goiblie BKIaf
(5 x/am) MeJJIEHHOTO KOMIIOHEHTa. TaKoif ke BHIBOZ CJie-
na" B [5]). Bruag MemienEOro KOMImOHeHPa W 3Ha-
Tadauma 2 9eHHE ¢ JUIA JK.C. Ha OCHOBE G-MeTHIHx(Taimma
Basucuw ex.aada ¥o. om nmoxyumiacs Goabume, gem miua NE-213. 3nauvenns
npedera uwmezpuposanus t1 IOCTOAHHHX 3aTyXaHHA T, HOJNYYCHHEI® A CIIUH-
TrIATopos NeNe 1 m 3, Gumskm K pesyabraram
- 10 | 20 30 10 50 60 0 paGorsr [1], rme mpmMeHsmach ammpoKcEMamums
: TpeMs SKCIOHeHTaMH. 3HaveHme K, [id CTHIb-
Gena upu ¢, = 20 HC cormacyercs ¢ faHEEIME [6],
§1 2,17 [ 5,9 8,5 (10,7 (42,4 |14,2 |15,8 sHavenus K, Goasme, uem B [6], uTo Momer GHITH
q2 ‘:g? ?:é‘ %:(1)2 12‘:33 g:gg g:gs ggg CBA3AHO C BIMAHEEM CONYTCTBYIOMETo y-H3Iyde-
' mEA oT Pu + Be-mcTosHmra m MeHbmeil rpa-
Ta6xmma 3 HEIEH AnanasoHa BPeMEHH.
SasitiicEne o020 exAada Ko -y Ilonyuennsie pesyabTaThl MOTYT GHITH HCIOJB-
cocmasa cyurmusasmopa 30BaHH B PaboTax 10 ONTHMH3ANAW WHAEHTADH-
KaTopoB HEHTPOHOB II0 (opMe CHTHAIOB OT CIHH-
J:;glb [ —— £ o B THIAANEOHHOTO ferexkTopa [9]
Asropn Brpaxkaior Oaaropaprocts C. I[. Uu-
rupio m B. A. Ilpopsuduy 3a masrorosienme, Ha-
1 |CramGes 12,4 | 5,55 | 2,23 | JaAKY YCTaHOBKH W KOHCYIbTAIWH.
2 |a-merminadranus - BPO 6,45 | 3,17 | 2,03
(5 r/m) JHUTEPATYPA
3 ,}‘fn?on £ PPO (5 /) S:ZZ g:g‘; }:gg {. 7, 7. Kushnir, F. I. Lynch, IEEE Trans, 1963, -
2. R. 4 nyard,

o6nydennm 06pasmoB mcrogrmkoM °°Co, opmHako
BKJIA]] CPeTHEr0 ¥ Me[VIeHHOI0 KOMIOHEHTOB IIPH
m3MepeEHAX ¢ Pu + Be-mcrounmxom oxasancs
Gonpme (pumc. 2). [las XapaKTePHCTHKE BTOro
PasImumA OIpefedsANNCh BeJWIUWEH 3apana (g
B Qv B CXeMe M3MePEeHHs HBETEHCHBHOCTH BCIbI-
|meK, cooTBeTcTBylomue GHICTPOMY H MeJICHHOMY
KoMIoHeHTaM. 3HaueHNe () HAXOJWIOCh KaK CyM-
Ma OTCYETOB OT MOMEHTa MAaKCHMAJIbHOH HHTEeH-
CHBHOCTH [I0 HEKOTOPOIO MOMEHTA f,, a 3HAUeHHe
Qu KaK CyMMa OTCYETOB OT MOMEHTA £, {0 IPAHHUIEI

amasona maMepernii [6]. [Jus pasEux 3mavweHmit

JIMYMEBL f; 0O OKCHEPHMEHTAIbHHIM JTaHHEIM
Juisi cruibGeHa OBUIM HaeHH OTHOCHTEIBHHIN
BKJIa7 KoMuoHenToB K, = Q5 / Qu (K; — coor-
|[BeTCTBYeT H3MEPEHHAM B Caydae OGIydYeHHS
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JKypHai npukiagHON CIIEKTPOCKOINY,
toM XXXIX, Beinyck 4, 1983

YK 539.1.074:539.194

H. 3. F'aaynos

OCOBEHHOCTH MEXAHU3MA
®OPMHPOBAHHUA MMNYJAbCOB CBETA CILMHTUJUIALUA
B BbICTPOJIEMCTBYIOIIUX OPTAHUYECKHX
CUHHTHIIIATOPAX

B nocjesHee BpeMsi BO3POCHH TpeGOBaHHS, NpPeADbsABJIAEMbE K GpiCTPO-
JEHCTBHIO CHMHTH/ISAIHMOHHEIX AETeKTOPOB. DTO CBA3aHO C MX NPHMEHEHHEM
B DEHTTEHOBCKOH H raMMa-aCTPOHOMHHY, B 3ajiayaX MO JMArHOCTHKE TepMO-
sIePHOTO CHHTE3a, C,pacipe/ie/ieHHeM H3OTONOB B XHBOM Opramusme, ¢
OIpe/ie/leHHeM TPAEKTOPHH UACTHL B SAEPHO-PHIHUECKHX SKCMEPHMEHTAX
u 1. A [1—3]. Lenenanpap/ieHHEIH NOHCK 6BICTPOJEHCTBYIOMMX CIHHTHILIS-
IHOHHHX CHCTEM HEBO3MOMeH 6e3 NOHHMAHHS MEXaHH3MOB, OTBETCTBEHHBIX
3a (OPMHpPOBaHHE HX OTKJIHKA Ha HOHH3HpYIOLlee H3JyYeHHE,— HMIYJbCOB
cBeTa CIMHTHIIALM, T. e. 6€3 H3yYeHHs ONTHKH CIUHTH/IATOPOB — OAHOTO
H3 OCHOBHHIX Pa3fe/IOB YUEeHHMsi O JIOMHHECHCHUHH.

B (pOPMHDPOBaHWH PaAHOMIOMHHECHEHTHBX MMIYJAbCOB B HamGonee Gbic-
TPOXEHCTBYIOIMX OPTaHHYECKHX CUMHTH/UISATOPAX BAXHYI0 POJb. JOJIKHBL
HIPaTh NPOLECCH, CEAYIONIHe 32 BO3OYKACHHEM, T. e. IPOLUECCH! 1e3aKTHBA-
IHH MOJEKYJ H3 BHICUIHX B HH3IIME BO36YXKACHHBIE COCTOSIHUS, TepPeHOC
9HepPrHH 3JEKTPOHHOTO - BO3GYXK/JeHHs K  JIOMHHECHEHTHHIM LCHTPaM H
cBeueHue nociefHuX. OJHAKO CTeNeHb BJIHSAHHA 3THX JIPOLECCOB H3y4eHA
cJaa60 BBHAY HaJMUMsi O'PaHMUEHHBIX MO CBOEMY KOJIHYeCTBY H NPOTHBOpE-
YMBLIX 3KCIEPHMEHTAJbHBIX HaHHBIX.

"COrJIacHO ONHCAHHUIO CIMHTH/JISIHOHHOrO I[polecca B OPraHHYECKHX

. CHEHTHJLISTOpAX, mpentoxenHomy Bupkcom [1], AJHTENBHOCTHIO Tpouec-
COB BO3GYXKIEHHs: MOJEKYJ B HH3IIHE BO30YKACHHBIE COCTOSHHA (10-12—
“10-11 ¢) moxHO npeHeGpeyb. B sTom caydyae dopma «BBICTPOrO» KOMIIOHEH-
Ta MMIYJpBCOB CBeTA CUMHTHJNALHE, T.e. GOpMa CUHHTHJISLHOHHOIO HM-
nyabca CHHHETHIJISTOPOB C NPEHEGPEXUMO CIaGhIMH IKCHMEDHEIM CBEUCHHEM
M 3ajepXKaHHOi (JyopecieHilkeil, JOMKHA HMETh BHA: .
IS ONHOKOMIIOHEHTHBIX, He CONEepall(HX JIOMHHECHEHTHHX 106aBOK

CIHHTHANATOPOB . .
i(t) ~exp(—t/T), | (n
JUIsl IBYXKOMIOHEHTHBIX JKUAKHX CUMHTHIJIATOPOB Ha OCHOBE HEBSASKHX
pacrBopHTeNel . ’
i(t)~ exp (—t/t) — exp(— /7)), _ 2)
> 659
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JJIs1 ABYXKOMITOHEHTHBIX TJIaCTMACCOBBIX CIMHTHIVIAT OPOB

i(t) ~ exp (— t/v) — exp (— /T — 2y VifTg), -~ o° 3

. e
rlie { — BpeMs I0CJIe MOMEHTa BO3OYKIEHHS; T — NOCTOSHHAS BPEMEHH CBe-
ueHHs CHHHTHJJIATOPA; T;— IOCTOSIHHAS, XapaKTepH3yiomas BpeMst Iepe-
HOca 3HEPTHH 3JEKTPOHHOrO BO3GYXAEHHUS K JIOMHHECUEHTHBIM ILEHTPaM;
To— TOCTOSIHHASL BPEMEHH CBEYEHHs! MOJIEKYJl NOJHMEepPHOH OCHOBHL B OTCYT-
CTBHe ‘TYIIEHHS; y — NOCTOSIHHAS, 3aBHCSIIAs OT KOHIEHTPALHH MOJEKY.
JIIOMUHECILEHTHOH A06aBKH — MOJIEKY/-aKIEeNTOPOB SHEPTHH 3JeKTPOHHOTO

N
104

@opMa MMIYJIbCa CBeTa CHHHTHIVIALHM MJiacT-
MAacCOBOrO CIHHTH/UISTOP2 Ha OCHOBE ITOMHBM-
HHJKCHWIONa, cozepxkamero 22 r/fa PBD [4].
ToYKH — 3KCIEPHMEHTAJbHBE 3HAYEHHS IOC-
Jie BHIUHTAHHS anmapatypHoro ¢ona; ¢ —
BpeMsl, BHIpaXKeHHOe B KaHalaX pPerHCTPHpY-
fouero asanuzaropa [7]; meHa kaHada, T. €.
paccrosiyge Mexay Toukamu, 25-10-12 ¢, N—
YHCJIO MMIYJIECOB B KaHase

") : 1 !
W 50 700 750 t

B036yxaenus. PopMa HMIyabca CBeTa CUMHTWAAUMA B Buie (1) Homkua
MMETh MTHOBEHHOE HapacTaHue, a B BHAe (3) — GHICTPHIA HayasbHBIA yuac-
TOK HapacTaHHs 110 cpaBHEHHIO ¢ i(f) B BuAe (2) (PHCYHOK).

HccaenoBanust '[2] (OPMEI HMIYJbCOB CBETA CUMHTH/UISIHI IIacTMac-
COBBIX CHMHTHW/IATOPOB Ha amlmapaType ¢ CyGHAHOCEKYHIHBIM BPEMEHHBIM
pa3pelieHueM NOKa3ajd, 4TO BO (POHTe HX HapacTaHHsl Habiiojaercs B
JeHCTBUTEIbHOCTH MEJJICHHBI HAYaJbHBEIH y4acTOK HapacTaHds H s
[JIACTMACCOBBIX CHHHTH/JIATOPOB HA- OCHOBE IOJHBHHHJTOAYOJA, KaK COAep-
KallhX JIOMHHECUEeHTHble JHGO TylIauipe NOOABKH, TaK H HE COLEPIKAIIUX
HX:

t . ‘

i(t) ~ fo(t) xexp(— 1) = | folt— %) exp(—x/v) dx, .~ (4)
- 0 } L 7 //j,( "

{6 (£) ~ exp [— (f — 30)%/202], -(5)

X — TepeMeHHas HHTETPHPOBAHHS; ¢ He 3aBHCHT OT KOHIEHTDALHH MOJEKYJI
KaK JIIOMHHECLEHTHOH J00aBKH, TadK W MOJIEKYJ TylluTteJel (aueroden, 6eH-
soeHoH) u 0=200 nc. ABTOPH paGoTH [2] OOBACHANM MNOJNyYEHHBIH HMH
50 (eKT runoTe3o 0 BO3MOMKHOCTH JOCTATOUHO HHTEHCHBHOTO CBEUEHHS MO-
JIeKyJ1 TIOJIHBHHHJITONYONA KaK M3 BHICIUHX, TaK H H3 HH3LIAX BO30Y2KIEHHBIX
COCTOSIHHHA. DTO JOJIKHO OBLIO NPUBOAUTH K 3aj(ePIKKe MOMEHTOB BHICBeYH-
BaHHUs TEX MOJEKYJ, KOTOPHIe K MOMEHTY HCIyCKaHHS (OTOHA HaXOAATCH
yKe B HH3UIHX BO30GYKAEHHBIX COCTOSHUSIX OTHOCHTEJbHO MOJIEKYJ, BHICBe-
UHBAIOLIHX HENOCPEJCTBEHHO M3 BLHICUIHX BO36YXKIeHHBIX cocrosHuii. Ilo-
JOGHO Npoleccy JIOMHHECHEHIIHH AOJMKeH NPOHCXOAHTh K NPOLece NepeHoca
SHEPTHH 3JEKTPOHHOrO BO3GYMKAEHHS K MOJIEKyJaM JIOMHHECHeHTHOH J0-
6aBKH TIPH HX BBEIEHHH B CHHHTHAJATOp. Torna MuHHMMAaJbHas AJIHTEJb-
HOCTb MMIyJIbCa CBeTa CUHHTHIJSUMH Af, u3MepseMmas Kak IIMPHHA Ha MO-
JIOBHHEe MaKCHMaJbHOTO 3HayeHus i(f), paBHa IJHTEJBHOCTH, PaCCUMTAHHON
17st fe(t), T.e. npu 0=200 nc cocrasaser 480 mc. ABropamu pa6ots I[3]
NpH ‘BO36YKACHHH PEHTIeHOBCKHM H3JydeHHeM, POXKAEHHHIM B IJIa3MEHHOM
B3aHMONEHCTBYH, [JIOTHOCTh KOTOPOrO NPEBHIIIaNa MJIOTHOCTh BO3GYKAeHUS
B I[2] Ha 8—10 NOPSAKOB, 6BLIO TOJIYYeHO, YTO A¢ MOXKeT ZOCTHraTh 3Haue;

660
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uust 220 mc y Tex Xe CUHHTHIIATOPOB, uTo M B [2]. O6bsicHeHHe TOTyYeH-
HEIX PE3YJbTaTOB OTCYTCTBYET. .

,C-1(eJIBI0 BHISICHEHHSI MEXaHU3MOB CLHHTHJJIAIHOHHOTO Tpoiecca B Ob-
CTPOXEHCTBYIOMHX 'OPFaHHYECKHX CUHHTH/IATOPAX B [4—6] Owliu nposeq
JIeHbl HCCIeA0BAHUS (OPMBI HMIYJIbCOB CBETA CIMHTHILISLHE MOHOKPHCTAJH
JIMYECKMX, TJIACTMAaCCOBHX M KHAKAX OPTaHHYeCKHX CIHHTHJIATOPOB H
ycraHoBKe; onucaHHO# B [7]. IIpuMenABIIascS METOAHKA H3MepPeHUH H Ma-
IIHHHOM 06pabOTKM MOJYUEHHBIX Pe3yJbTaTOB NO3BOJH/IA BOCCTAHABIMBATE
¢OpMy HMIIy/IbCOB CBETa CUMHTHIUIANMI i(7) ¢ GoJlee BBICOKOH CTENEHBIO TOU-
‘HocyH, weM B [8]. KoHcraHTH, BXoasmue B i(Z), ONPEACTANUCH C TOYHO-
creio g0 2-107! c. Bui0O MOJyYeHO, YTO [y MOHOKPHCTaJIJIHIECKHX
¥ IJIACTMACCOBHIX OPTaHHUECKHX CUHHTHJJIsATOPOB i(f) mmeer BuA (4). Ha
PHCYHKe TIOKa3aHH Pe3y/IbTaThl H3MepeHHii (TOUKH) M ammpoxcumanuu i(f)
B Buae (2), (3) u (4) (xpusnie I, 2 M 3 COOTBETCTBEHHO) AJIsl MOJHBHEMJ-
KCHJIOJIbHOTO oGpasia, cofepxkauero 22 r/i -(0,074 moab/i) 2-¢pennn-5(4-
6udennnnn)-okcaguasona-1,3,4 (PBD). Ilapamerp ¢ B fe(f) (5) Obun mo-
CTOSIHEH /st 06pasioB ¢ OAHOH M TOH 2Ke NMOJHMEPHOH OCHOBOH H MEHSJICS
JMuIb TpH ee 3aMene. Tak, ISl ONMCTHPOJIA H TOJHBHHHJIKCHAONA 0= 260
1 '200 mc cooTBeTcTBeHHO. JIJii MOHOKDHCTaJIOB cTHJbOEHAa ¢ BO3pacrana
or 180 o 210 mc npu yMeHbIIEHHW CPeJHEKBAaAPaTHYHOH pPa30opHeHTalHH
6IOKOB MO3aHK# MOHOKpHcTadua or 160" no 26”. s HeaKTHBMPOBaHHBIX
MOHOKPHCTAJIOB Naparepbennna ¢==360 nc. [Ipu BBeneHHH MOJEKYJ AH-
(erunbyTanyuena Kak' J00aBKH B KPHCTA/UIHIECKYIO PelleTKy Maparepder-
Ja 6=240—180 nc mis KoHueHTpauuii AudennabyramueHa 0,043—0,43
MOJI.% COOTBETCTBEHHO. : : ’ :

AHaJIu3 CIeKTPOB JIOMHHECUEHIHH, TOJNYYEHHBIX IPH-BO3OYXAEHAH CLHH-
TH/JIATOPOB, He COAEPKaIIHX JIOMHHECHEHTHBIX .J00aBOK, B TlepBOe CHHI-
JIETHOE COCTOSIHHE H CIEKTPOB PaJHOTIOMHHECIEHIMH NPH BO3OYKIEHHH Pa-
JMOH30TONHEIM GeTa-HCcTOUHHKOM (*°Y-+99Sr), noayyeHHBIX Ha (JyOpecUeHT-
foM crekTpodoromerpe Xurauu 650-10 S, mokasas TNOJHYI0 HAECHTHYHOCTb
3THX CIIEKTPOB.

BLUJIO YCTAHOBJEHO, YTO A/ KHAKHX OPraHHYECKHX CLHHTH/JIATOPOB Ha
OCHOBe TOJIyosia i(f) Hammyqw¥M OGpasoM ammpOKCHMHPOBajioch (2). 3Ha-
geHHe T, KaK U CJAeI0BaJ0 OXKHZaTh, B 5TOM CJydae YMEeHbILAJOCh C yBeJH-
‘YeHHeM KOHIEHTpalH# 106aBkd. MunHuMajbHOe 3HaueHHe 1;=80 mc OblJIO
MOJIyueHo AJis CUHHTHIJIsSTOpa, copepxamtero 10 r/n (0,034 moan/n) PBD
u 5,2 r/a (0,048 Mosb/a1) anerodenona. Jist noxaBieHusi CBeUeHHS Mel-
JIEHHOTO KOMIIOHEHTAa HMIIYJbCa CBETA CHUHTHIJIALHH CUHHTHJISATOPHL HPO-
AYBaJIACh KHCJIOPOHAOM. ' . .

AHaiu3 IepeyHCJeHHBIX BHIIIE Pe3yJbTaTOB IPHBOAHT K CJEAYIOWEMY.

1. 3HaveHHs napaMeTpa ¢ He 3aBHCAT OT KOHIUEHTPALHH MOJIEKYJ JIOMH-
HECIeHTHOH 106aBKH, SIBISIOMIUXCS aKUENTOPAMH SHEPTHH 3JIEKTPOHHOTO
BO36yXAeHHsT MAaKPOMOJIEKYJ NOJHMEpa, T. €. He 3aBHUCAT OT 'YCJIOBHH mepe-
Hoca. CJjie/loBaTeNbHO, fq(?) XapakTepu3yeT NPOLECCH, TNpPeALIeCTBYOIHE
NepeHOCy SHEPTHH 3JEKTPOHHOTO BO30yxkieHHs. Beauwunna ¢==200 mc, mo-
JlydeHHAst AJs GIH3KHX TO CBOEil CTPYKType IOJHBHHHJTONYOJIA TIPH raMMa-
Bo3Gyxnennn (°Co) [2] ¥ NONMBUHHJKCHIONA NpH Gera-Bo3byxaennu [4],
CBHJETENBCTBYET O TOM, YTO TNPOLECC Nepefadn 3SHEPTHH HOHH3HPYIOIIEro
BO3GYX/IeHHS MOJIeKYJaMH CLUHHTH/ISITOPA HE OKA3HIBAaeT PelIalolIero 3Ha-
uyeHus Ha fe(f) (5). PesyspTaThl HCCAENOBaHHA CIEKTPOB JIOMHHECIEHIHH
H PafMONIOMHHECIEHIHH TIOKa3hIBAIOT, YTO MOJIEKYJIH TOJMMEPOB H3JIy4YaioT
(GOTOHB CBETd, HAXOASCH B NePBOM BO3CYKAEHHOM CHHIVIETHOM COCTOSIHHH.
Takum 06pa3oM, ¢ XapaKTEPH3YeT AJNHTEJIbHOCTh HX TePeXOoAa M3 BBHICIIHX
B HH3llee Bo3GyxkjeHHoe cocrosiHHe. ITposenennrie B [4] nccaenoBaHus
(HOPMBI HMITYJIbCOB CBETa CIMHTH/IIANMH NOKa3ajH, UTo AJIst 06pasLoB ¢ Ma-
J0it KORLeHTpanueit no6asku (8,7-10~3 Mosp/n) napartepdeHusa B NONUBH-
HunKcuione i(f) annpokcumupyercs B Buae (2) ¢ 71~ 0,72 ue. B atom cay-
y4e 1, <o U CPeAHAs AJIHTENHHOCTh NepeHoca NpeBHlllaeT pa3époc MOMEHTOB
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A3JTydeHHs OTACJbHBIX MOJIEKYJI, CBS3aHHBIX C HX NEPEXONOM H3 COCTONHAMH,
B KOTOPBHIX OHH OYAyT BO3GYXKJeHH BHauajle, B HH3UIEE BO3OYKAECHHOE [CO-
CTOSIHHE. : 7

2. CorsiacHo [9], mepeHOC 3HEPTHH 3JEKTPOHHOTO BO3OYXIEHHs B MoJe-
KyJAPHBIX KPHCTaJJaX CBsi3aH ¢ 06pasoBaHMeM B HHX NOJ BO3AEHCTBHEM
BO36YXKAAIOLUIEr0 M3JyYeHHs MOJEKYJSIPHHX 3KCHTOHOB. Hanmune MoJieky.
TNPHMECH, SHeprusi BO3OYXKAEHHS KOTOPHIX JIEXKHT HHXKe NepBOii SKCHTOHHOH
30HHI KPHUCTaJlJla, OKa3biB3eT Ha SKCHTOH «IPHBSA3LIBAOLIee» AEHCTBHE — OH
JIOKAJM3yeTca Ha MOJeKyje npuMecH. TeOpHS MOJIEKYJISDHBIX ~SKCHTOHOB
NpPUMEHHMa He TOJIBKO AJIS MOJIEKYJNSADHBEIX KPHCTAJLJIOB; B YaCTHOCTH, aBTOP
pa6otsl [10] moxasaJ, 4To OCHOBHEIE €€ NOJIOXKEHHsI PeaH3yIoTCs JJs BO3-
6yKAEHHS G-CBsi3ell OCHOBHOH IeNH MaKPOMOJEKYJ NpeAesbHbIX yIeBOAO-
.ponos. OcHOBHasi LeNb MaKPOMOJEKYJ IOJHCTHPOJIA ¥ TOJHBHHHJIKCHJIONA
Ta e, UTO M y NpeAebHbIX YIJIeBOAOPOJIOB; OHH OTJIHYAKTCSA OT MOCJELHUX
HaJH4HeM apOMaTHYeCKHX I'PYNn B GOKOBHIX 3BeHbAX C 3HEPTHel BO3OyxKie-
Husl 60Jiee HU3KOI, YeM 3HEPrHsi BO3GYKAEHHS 3JeKTPOHOB B OCHOBHOH IeNH.
Coradcuo [10], HuxHui Kpail MepBOfi SKCHTOHHOH 30HBI JUIHHHEIX MaKpo-
MOJIEKYJl TIpeJeJbHEX YIJeBOJOPOLOB COOTBETCTBYET MHIPALHU 3HEPTHH IO
CC cBs39M Ha paccTossHuH ~ 10° seMEHTapHBIX 3BeHbeB LleNlH. Takum 06-
pasoM, ecau, HalpUMep, PacCMaTPHBATb MaKPOMOJEKYJY MOJHCTHPOJA, TO
10 aHasjoruu ¢ pedyabTataMu [10] MOXKHO NMPEANOJIONKHUTD, YTO NPH Nepexo-
e MaKDOMOJIeKYJl B BhHICIIHe BO3GYK/eHHbie. COCTOsHHst (BO30yxIeHue o-
cBsi3ei) 6yAyT BO3HHKAaTb MOJIEKY./IsipHHE SKCHTOHH. DHepPrus Bo3CyKAeHHS
6yner murpuposath no CC cBSI3IM OCHOBHOI IIeNIH MaKPOMOJIEKYJBl BIIOTh
0 MOMEHTa ee JIOKaJH3aluM Ha OJHOM H3 GeH30/pHBIX Kosell. Ilopo6noe
TNpeanoJIoxKeHHe U NOATBEPXKAAETCS NOJyUeHHEIMH pesynbratamu. leficrBu-
TeJbHO, (opMa i(?) HMeeT OAMHAKOBHA BHJA AJI MOHOKDHCTAJIHUECKHX H
MJaCTMACCOBBIX OPraHHYEeCKHX CUHHTHJJISATOPOB - (HCKJIOYas — JABYXKOMIIO-
HEHTHBle NJIaCTMACCOBble CLMHTHJ/UIATOPHL C MaJoil KOHIeHTpauue# n06as-
KH). 3HaueHue ¢, ONMHCHBAIOLIEe B 3TOM CJAydae BPeMs XKH3HH S3KCHTOHE, 3a-
BHCHT OT COBEpIUEHCTBA KPHCTAJJIHUECKOH pPelleTKH MOHOKPHCTaajia JHOO
OT CTPOEHHSI MAKPOMOJIEKYJHl TOJHMepa, T.€. OT YCJIOBHH MHIPaldH SHEP-
ruH Bo3OyxkaeHus. KoHUeHTpanHus MOJeKyJ J06aBKH, MNEPEHOC 3IHEPrHH
3JIeKTPOHHOTO BO36yXKIEHHSI HA KOTODHE NPOHCXOJAHT H3 HH3IUHX BO30YX-
JIeHHBIX COCTOSIHMIi, He BJIMSIET OITOMY Ha ¢popmy fe(t) (5).

. Onuncaune i(f) B Buge (4) HecnpaBeAJHBO AJs KHIAKHX CUHHTHJJISTO-
POB, 3HEPTHsi B3aUMOJEHCTBUS MEKAY MOJIEKYJaMM KOTOPHIX HeJOCPaTOYHA
JLIsi 06pa30BaHHs SKCHTOHA NIPH HX BO3OYXJIEHHH. Py

3. Onucanne i(f) B Buze (2) TOJNY4eHO M3 NPEANONOKEHHs, UTO AJIH-
TEJIbHOCTL IIPOLECCOB TE€pexOfa BO30OYKAEHHS MOJEKYJ LOHOPDOB 3HEPIrHH
3JIEKTPOHHOr0 BO3GYXKIeHHs B HM3llee BO3OYKJEHHOE COCTOSIHHE GeCKOHed-
HO MaJia o CPABHEHHIO C JTHTEJNBHOCTLIO NEPEHOCAa SHEPTHH K MOJIEKyJaM
ee akuentopoB (t;). Us pemenus (2) mas vy=8-10~!" ¢ cmenyer, uro aamu-
TeJBHOCTH MPOIIECCOB Mepexoja B HHu3IIee BO30YXKAEHHOE COCTOSIHHE MOJie-
Kya Tonyoda <10~!! ¢, 4To coBnajaer ¢ TEOPETHYECKHMH OLEHKaMM IJst
H30/MPOBAHHEIX MOJekyst ~ 10-12—10-1 c.

4. Ecan H3JI03KEHHble BHILIE PACCyX/[EeHHs BEPHBl, TO IIPH yBeJHYEHHH
IJIOTHOCTH BO3GYXKIEHHS MOJIKHO YMEHbUIAThCS 3HAYeHHe o. JleficTBHTEND-
HO, PU BO36YKACHHH HOHH3UPYIOLINM H3JIyYeHHEM BHICOKHX SHeprufi (6HICT-
phbie 3apsiXKEHHBle YACTHIB, BAKyYMHHH yJIbTpa(HOJeT H T. A.) BO3MOKHO
B036yxk/eHue JI0G0OH M3 MOJIEKyJ BellecTBa ¢ JIOOOH 3HEPTHeH: OT SHEPruH
HH3ILIEro BO36YXKAEHHOTO COCTOSIHHS [0 SHEPrHil, HPEBHINAIOMMX HH3MIHHA
MOTeHIMAa] HOHH3aluH MOJleKys BewtectBa [11]. Takoit pas6poc HauaJbHEX
9Heprufi Bo36yXK/IeHHs NpHBeXeT K OoJbpllieMy Pa3bpocy MPOMEXYTKOB Bpe-
MEeHH MeXAy MOMEHTOM BO30YXKIEHHS W MOMEHTaMH H3iyueHHs. [Ipu yse-
JIMYEHHH IJIOTHOCTH BO3GyXIeHus Da3bpoc 3HAaueHHWH HayaJbHBHIX SHEPrui
BO30YXK/JeHHsI YMeHbUIaeTCss, TaK KaK MeHbIIe CTAHOBHTCS. MOJIEKYJ, BO3-
GyKIeHHHIX HOHH3HDYIOIIMM H3JyueHHeM B HH3IUHE 3SHePreTHYeCKHE CO-
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CTOSIHHS, YTO NPHUBOAHT K YBENMHUEHHIO CPe/iHeH 3a/leDXKKH MOMEHTOB BbICBe-
YHBAHHS H K yMEHBIIEHHIO MX BDEMEHHOro,pa3bpoca, T.e. K YMEHbLICHHIO
0. VIMeHHO Takoil 3KCNEePHMEHTAJbHBIH DPEe3YJbTAT — COKpAlleHHEe AJTHTE]b-
HOCTH HMIYJIbCOB CBeTa"CUMHTHANSANHA NPH YBENHYCHUH IIOTHOCTH BO3GYXK-
A¢Hus Ha 8—10 MOpPSAAKOB — NOAy4yHau aBTOPH  paGot [3]. drtor pesyan-
TAT He YAaBajloCb OOBACHHTb C NO3HLHHA, OTJIHYHBIX OT H3JaraeMbX B Ha-
<rosules pabore. : ;

Takum o6pa3om, MuTpallis SHEPTHH BO36YXKIEHHS B OPraHHYCCKHX MO-
HOKDHCTAJNIMUECKHX H IJACTMACCOBBIX CUHHTHJIATOPAX HaKJaAblBaeT Or-
paHHYEHHE Ha MX npelesibHOe GLICTPOACHCTBHE, T. €. HA AJNHUTEJBHOCTb HX
HMIYJILCOB CBETa CUHHTHJIALKH. BpeMeHHEIT pa36poc MOMEHTOB BBICBe-
YMBAHHS OTAGNbHBIX MOJIEKYJ, CBS3aHHBIH C 3THM IPOLECCOM, OMHUCHIBAETCS

¢dynxuueit fo(f) (5). Iono6Hoe orpaHuueHHe B KHUAKHX CIHHTHJIATOPAX
OTCYTCTBYET.

Summary

The study of the shapes of light pulses has shown a slow initial rise of these in orga-
nic single crystals and plastics. The comparison of light-pulse shape data, radiolumine-
scence and luminescence spectra allows a conclusion that the process of excitation energy
generation- in organic single crystals and plastics imposes a limitation on the improve-
ment of their response and causes the appearance of a slow initial rise. The study of
ihe light-pulse shape of liquid scintillators indicates the absence of this limitation in the
latter. ‘In this case the process of energy transfer between the molecules takes a longer
time than their deexcitation from the higher to lower excited states.
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The Influence of Controlled Electron-Seeking
Addition Agents of the Melt on Stilbene Single Crystal
Structure and Radioluminescence Properties

The study of certain radioluminescence characteristics of stilbene single crystals is per-
formed. Doping the stilbene melt with electron-seeking (ES) addition agents of benzol
and benzophenone halogen derivatives allowed to control the structure perfection of the
crystal grown. The root-mean-square random orientation of single crystal mosaic structure,
and concentration of the deep traps of charge carriers and excitons were minimum for
the single crystals grown from the melt containing 0.1 mol%, ES addition agent. Doping
the melt with ES addition agents did not cause the appearance of additional luminescence
impurity centres or quench luminescence centres in the single crystals grown.

ITpoBemeHo HccaegoBaHMe PANMOJIOMUHECHEHTHBIX XapPaKTePUCTUK MOHOKPHCTAJJIOB
cTuabbena. BBemeHue B paciiiaB dJIEKTPOHOAKUENTOPHHX (DA) npuMeceil ramoreso-
NpPOM3BONHBIX GeHaoja M OeH30XMHOHA IO3BOJMJIO BIMATH HA CTPYKTYPHOE COBep-
1IE€HCTBO BHIPAUIMBAEMbIX MOHOKPHMCTAJLIOB. [l KPHUCTAJIJIOB, BHIPAIeHHBIX U3 pac-
naasa, cogepsamero 0,1 monb% A npuMecu GBI MUHUMAJbHLIMY CpPeHEKBAagpaTH4-
Hasl pasopueHTauusA 6JO0KOB MO3AUKU MOHOKPHCTAIJIA, A TAKHE KOHLIEHTPAIUA Iy OKUX
JIOBYIIEK HOCHUTeJeil 3apAfa ¥ CHHIJIETHBIX 3KcuToHOB. Hanuume SA mpumeceil B pac-
J1aBe He NPHBOOUJIO K IIOABJIEHMIO NOIIOJIHUTEJIbHEBIX HpHMeCTHbIX UEeHTPOB JIIOMHUHEC-
1LIeHIMY B BbIPAUIEHHBIX KPUCTANax, AM00 K NOABJIEHUIO NEHTPOB TyIIeHUA UX JIOMH-
HEeCIeHLIUN.

1. Introduction

Doping the melt with addition agent of a high electron affinity does not only in-
fluence the melt properties but also the properties of the grown crystal (NaAvMowICZ;
Bubpakovsgy et al.). Earlier (Bunakovsky et al.) we studied the influence of the
electron-seeking (ES) addition agents of benzol and benzophenone halogen derivatives
on the radioluminescence of stilbene single crystals. It was discovered that the ad-
dition of ES agent to melt allowed to influence the perfection of the grown stilbene
single crystals which manifests in the change of the root-mean-square random orien-
tation o, of the single crystal mosaic structure. Doping the melt with the ES addition
agent influenced the radioluminescence of the single crystals just in as much as it
influenced the o, change.

The same structural defects of the molecular crystal can form local trapping
centres both for excitons and charge carriers, i.e. these defects can influence the process
of radioluminescence pulse formation both at the stage of energy exchange of charge
states and at the following stages resulting in the emission of the radioluminescence
photons (S1LiNsH; GaLuNov). The available estimations (StLinsi) of the ratio between
value of the fluorescence band shift (AE;) of organic crystals, that caused by trapping
of the singlet excitions on the traps formed in the imperfection regions of the com-
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pressed crystal, and the value of the mean pressure produced in these regions permits
calculation of the depths (E;) of the charge carrier traps which can be caused by the
imperfections of this type; that, in certain cases, allows to identify the nature of
these imperfections. Thus using the results of the radioluminescence study of the
organic single crystals of various structure perfections (Bupaxovsky et al.) one can
estimate what can cause the improvement of the structure perfection of the organic
single crystal and the concentration of which traps is decreased in it by adding ES
agent to the melt. An attempt is made in this paper to study the energy spectrum
of only those traps on which localization of charge states and excitons can influence
the luminescence characteristics of the stilbene single crystals grown from the melt
containing ES addition agents.

2. Experimental results

The Table 1 shows the results of the radioluminescence study of the stilbene single
crystals grown from the melt which contained the ES addition agents. The radio-
luminescence was excited by electrons from an Y 4 %Sr radionuclide source. The
experimental techniques were described in previous papers (GALUNOV et al. 1982, 1983 ;
GALUNOV; BUDAKOVSKY et al.). ,

The radio- and photoluminescence spectra of the crystals studied were identical.
Two bands with the peak wavelengths of 4, = 380 nm and A, == 410 nm, respectively,
were observed. The value I,/I; presented in the table is the ratio between the lumi-
nescence intensity for A, and 1, wavelengths, respectively. The short-wave band
(A, = 380 nm) was observed for all the crystals. The long-wave band (4, = 410 nm)
was observed distinctly only for crystals with g, > 45’ irrespective of the ES addition
agents being added or not added to the melt.

The radioluminescence light yield is obtained from

J =il M
where j and j, are the currents in the photomultiplier anode circuit which arise while
detecting the signals from the crystal studied and the one grown from the melt
containing 0.1 mol.%, of ES addition agent, respectively.

Study of radioluminescence light-pulse shape (in the time range of 0—20 ns after
the radiation excitation) was performed using the single photon method. Processing
the pulse shape measurement results in EC-1033 computer in consideration of the

final time resolution of the setup shows that the radioluminescence light pulse shape
is best approximated in the following form:

t
i(t) ~ falt) » exp (—tf7) = Of falt — @) exp (—af7) dx, @)
fo(t) = (V2w o)V exp { —(t — mo)2[26%} , 3)

where ¢ is the time after excitation, 7 is decay time constant of radioluminescence
pulse fast component.

3. Discussion
The spectral study results allow to make the following estimations. The presence of

the crystal structure imperfection, accompanied by the o, increase, causes the growth
of the radioluminescence photon proportion in the long-wave band (A, = 410 nm),
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with its energy differing from that of the main band (1, = 380 nm), by 4Eg ~ 0.24 V.
It is known (SiLinsH) that the structure defects which cause formation of the singlet
exciton traps with the depth of AE5 ~ 0.2—0.25 eV generate charge carrier traps of
E;~0.2—14eV in depth. The traps with such AEg and E; values are formed in
dislocation aggregations or ensembles of single crystals grown from the melt. The
presence of such charge carrier deep traps (E; = 1.0 eV) of a structural origin has
been verified on a number of single crystals by techniques of thermally stimulated
and photostimulated conductivity and by the technique of isothermal decay currents,
and proved by the temperature dependence of space-charge-limited currents (S1LINSH).
If such explanations are correct for the stilbene single crystals studied, and the band
with 4, = 410 nm is due to structural defects, which generate the deep traps of
singlet excitions and charge carriers, then the time during which the captured charge
carrier stays on the trap is long. In this case, the charge carrier recombination process,
capable of causing the molecular excitation which results in luminescence, is deter-
mined by the duration of the opposite charge carrier transport to these traps. So
a slow process cannot result in a radioluminescence light yield growth nor can it cause
the increase of the fast component time constant of the radioluminescence pulse.
In this case the opposite effect should be observed: the capture of a portion of charge
carriers by the deep traps should cause a certain decrease of both the radioluminescence
light yield and the fast component decay time constant of the radioluminescence
pulse. It should be a result of the decrease of the recombination number of the charge
carriers, located on shallow traps, and, consequently, by the decrease of the number
of the singlet excitons, generated in the process of such recombinations during the
time comparable to the decay time of the radioluminescence pulse fast component.
The latter agrees with the experimental data (see Tab. 1), i.e. the 7 and I values
decrease with ¢, increasing.

The results of the study of the radioluminescence light-pulse fast component shape
allow to estimate the E; value for the system of shallow traps. The location of charge
carriers on these traps causes the additional delay of the emission moments of the
radioluminescence photons. This delay which is described by fg(t) (3) determines the
radioluminescence pulse rise time (GALUNOV; BUDAKOVSKY et al.). The charge carrier
will have a location time 7y, if it is captured by a trap with the depth of

Ey = kT In (z) , 4)
where k is the Boltzmann constant, 7' the temperature, » the attempt-to-escape
frequency. Substituting k7 = 0.026 eV, v < 102571 (SimmoNs et al.; SiLinsH), and

7y = 30 (3) into equation (4) for the room temperature yields E, < 0.17 eV. Such
shallow traps are usually associated to the local trapping centres of a polarization

Table 1

The radioluminescence pulse characteristics of stilbene single crystals
ES addition agents G, LI, I T J
concentration in minutes rel. units ns ns rel. units
stilbene melt, mol9, of arc
No doping 61 0.7 0.18 3.54 0.95
0.05 49 0.4 0.18 3.58 0.97
0.10 26 I, is negligible 0.21 3.75 1.00

and peaks are
not separated
0.53 160 0.6 0.18 3.41 0.90

15 Cryst. Res. Technol., Vol. 24, No. 2
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origin which are formed in the regions of the local compression and tension of in-
dividual edge dislocations of the organic crystal, or in the regions of compression
of its medium-angle grain boundaries (SILINSH).

The weak dependence of ¢ (3) on concentration of ES addition agents in the melt,
as well as the weak 0 — o, dependence, apparently, indicates that doping the stilbene
melt with ES addition agents does not lead to formation of the crystal fluorescence
quenching centres, nor does it influence essentially the concentration of the charge
carrier shallow traps (E; << 0.17 eV).

It should be noted that the stress fields of single dislocations, or those of the angle
grain boundaries cannot be responsible for deep trap formation. Such powerful stress
fluctuations, however, can well appear in pileup of dislocations. For example, in
anthracene crystals with the pileup of » = 10 dislocations the system of traps with
E; = 0.2 eV may be formed, whereas for case of n = 100 the system with E; = 0.85 eV
(StLawsu; SworakowsKY). Unfortunately, the data necessary for such calculations
for stilbene single crystals have not been described anywhere. Using the fact that the
available data on correlation between the values of the molecular crystal uniform
compression and the depth of the traps generated during the compressing do not
show violent differences for various organic single crystals (SiLiNsH), one can estimate
the order of magnitude of » for the studied stilbene single crystals by the analogy with
other organic single crystals. Then for the system of shallow traps (£, < 0.2 eV) the
n ~ 10°—10%, and for the system of deep traps (¥y ~ 1.2—1.4 eV) the » = 102

4. Conclusions

Doping the stilbene melt with ES addition agents influences, substantially, the
properties of the crystal grown. Adding 0.1 mol?%, of ES addition agents to the melt
causes the best structural perfection of the grown crystal, which manifests in mini-
mization of the root-mean-square random orientation of a single crystal mosaic
structure, and also in the decrease of concentration of deep traps of charge carriers
(By ~ 1.2—1.4 eV) and singlet excitons (4Eg ~ 0.24 V), the presence of which in
organic crystals may usually be explained by the generation of the aggregation and
ensembles of the dislocations in the process of crystal growth.

Doping the stilbene melt with ES addition agents does not cause the appearance of
additional luminescence impurity centres or quench luminescence centres in the single
crystals grown. The charge carrier migration and localization on the system of the
shallow traps (E; 5 0.17 eV) causes the charge carrier recombination process which
results in generation of the singlet excitons, foregoing the emission of the radio-
Juminescence photons. Such traps in organic single crystals are usually due to the
existence of local trapping centres of a polarization origin. Doping the stilbene melt
with ES addition agents does not influence essentially this type of the trapping
eentres in grown single crystal.
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K BOIIPOCY O MEXAHU3ME PAJAHOJIIOMHMHECIEHIUA
OPTAHUYECKHNX KOHAEHCHPOBAHHBIX CPEJ

H.3.lanynos
Hucmumym monokpucmannoé AH Yxpaumnw
310001 Xapoxos, Ykpauna

Tloctynuna B pefaxuuio 25 mapra 1993 r.

TIpe/VIONEHO OMMCAHWE MeXauuaMa (OpMHPOBAHKS GLICTPOrO KOMMOHEHTa MMMyALCA
PanMOMOMHHECLEHLIMN B OPraHMYECKMX MOJIEKYNSIPHBIX CPEJax, yuMThiBalouee cneuridu-
Ky Ppa3MEHa DJHEPTMM 3apSANOBbIX COCTOAHMI B 06bEXTaX, HAXOAAIMXCS B PAIJMUHBIX
arperaTHbIX COCTOSHMSX. B OTAMUME OT CYLIECTBYIOWEH TEOPUH PaIHOIOMMHECLCHLMH,
He YuMTHIBAIOWEi CcreunduKy NPOUECCA PAIMEHA 3APHAOBLIX COCTOAHWA, JAHHOE ONKM-
CaHMe TO3BOJIAET NPEOAONETb KPWU3UC TEOPMM, BOSHMKIUMA B Kowue 70-X roios nocie
NpOBEZieHUs MPELM3HOHHBIX VBMEpPeHHit (pOpMbI (DPOHTA HAPOCTAHMS MMMYJILCA PANHONIO-
MMHECUEHLIAY BHHWIAPOMATHMECKMX MIACTMACC.

OpraHMuecKMe BEIIECTBA, MCMONb3YeMBble B CUMHTH/LISLMOHHOW TEXHHKe (opra-
HUYECKME MOHOKpucTawte — OM, mnactmacem - [IC u xmakoctn - XC), no
CTPYKTYDHOI CJIOXHOCTH 3aHMMAIOT LIMPOKYIO NMPOMEXYTOUHYH 06sacTh MeXIy He-
OPraHMYECKMMM KPHUCTa/UTAMH M MOJEKY/ISPHBIME GHOCHCTEMAMM. JTO MO3BOJISET
NPH MCCIENOBAHMM NPOLECCA PANMOJIOMUHECUEHLMN M3YUaTb HE TOJIBKO €ro ocoben-
HOCTH, HO M OTpabaTeiBaTh Ha NONOGHBIX CHCTEMAX, KAaK HA MOJNE/BHBIX, MPUEMBHI
H MeTone I1s M3yueHus 6ojiee CIOXHBIX CTPYKTYp.

Teopns PaXMONIOMMHECUEHUMH OPraHMYECKMX KOHIECHCHPOBAHHBIX CPed, paspa-
Gotamnas B paborax Bmpkca [l], Bonrca [2] u psma mpyrux asTopop (cM. o63op
pabor [3] mo sroMy BoOmpocy), TpeHeOperana BJAMSHWEM NpPOLECCOB pasMeHa 3a-
PSIOBHX COCTOSIHMiI HA (DOPMMpPOBAHHME WMMIyJbCA pammomoMunecueHmmn. Torna
(opMa CBETOBOH BCHBIMKM (MCKIIOUAs €€ MEMUIEHHBI KOMIOHEHT [4]) monxwa
HMETh OXMHAKOBOE AHAJIMTHYECKOE ONMMCAHME NpM papno- ¥ (oToBO3OyXnmeHuH, a
(pOHT HapacTaHMs MMIY/bCa PANMONIOMHHECUEHUMH JUISI OPraHMYECKOro TBEPAOIrO
TeJa — MMETh HAYaJbHBIN GHCTPHIM YYacTOK HApPACTAHUA C NOCJAEAYIOWMM YMEHDb-
IDIEHHEM €ro KpyTH3HH. Jis Xuakocreidl ¢opMa OBHICTPOrO KOMIIOHEHTA HMMITYJTbCa
AOJIXHA OMUCHBATHCH (hopmynoi

t

i(t) ~ exp(t/m) * exp(t/ ) = / exp(~(t — 6)/1) exp(~8/7)db, (1)
0

e * — o0o3HAUEHHME CBEPTKH, ¢ — BpEMs MOCJAe MOMEHTAa BO30YXHeHHs, 7, 4 T —
HNOCTOSHHHE BPEMEHM (DPOHTA HAPACTAHUA U 33TYXAHHS BCIBILIKH,

Tepeue xe pabotel mo muccaenosanvio dopmsl dponra Hapacranusa [1C [5-8],
NpOBENCHHHE HA aNmnapaTtype ¢ CyGHAHOCEKYHAHBIM BDEMEHHBIM pa3peniCHMEM, IpH-
BE/M K Pe3y/NbTaTaM, NPOTHBOMOJIOXHBIM NpeAckasaHusm Teopuu [l]: nabmomancs
MENIEHHHH YYacTOK C MOCAEAYIOMMM YBEIUUCHHEM KPYTH3HBI (DPOHTA HAPACTaHHUS
KPHBOH KHHETHKH DafXHOMIOMHHECUEHLUMH. VMnysbC OMMCHIBAJCS BHIPAXXECHHEM

i(t) ~ fe(t) * exp(-t/T), 2

e
fa(t) ~ exp(=(t ~ 30)?/20°), 3
553

63



¢ - NOCTOSIHHAS pPAa3MEPHOCTH BPEMEHH, OCTaJbHblE OOO3HAUEHHMS TE Xe, YTO H
B (1). Ananornunmeit adpdekr Habmonmancs w mis OM, a xontposmpyemoe H3-
MEHEHHE MX CTPYKTYpDHOTO COBEPIIEHCTBA (NOCTUTABIIEECH 33 CUET CHELMANbHBIX
Metomuk pocta [9]), BAMsIOIEe HA KOHUEHTPALMIO ITyOOKHX JIOBYIIEK HOCHTECH
3apsna ¥ OKCHTOHOB, KpaiiHe cna6o Bausyio Ha sHavenme o (3) [10]. Ima XKC
¢opma Benbimky onmceiBasace Gopmyaoir (1) [11]. Curtyauus wunocTpupyercs
puc.l m puc.2 Ha npumepe XKC (0,034monp/a 2-dennn-5(4-6udenwnn)-1,3,4-
okcaauazona (PBD) B romyone), IIC (3,46% PBD B nonusuaunkcuione) u OM
(0,042% nndenmnOyranuena B n-tepdenmne). 1S KMHETHKM, ONMCHIBAEMON KpH-
BOH 3 (puC.2), XapaKTepHO 3aMa3ABIBAHME MOMEHTOB BO3OYXIEHMS MAKPOMOJIEKY.I
OCHOBH, a CJEAOBATE/NbHO, M MOJIEKYJ JIIOMMHECHCHTHOH A0OaBKM OTHOCHTEIBHO
CHTyamud, OMMCHBAeMOi KpuBoii 2. Bpemena ceuenmst v st ganHeix KC u IIC
npakTiueckn oxunakoss (0,94Hc u 0,90Hc) nosrtomy samepxka ~ 10710c, naGmo-
naemas Uit KpuBoil 2 (puc.l) OTHOCHTENBHO KPMBO# [, MOXeT OwTh obycnosnena
JMIIb NPOLECCAMH, MPENIIECTBYIOMMMA NEPEHOCY SHEPTMHM 3MEKTPOHHOTO BO3OYXAe-
HHS K MOJIEKYJaM JIOMMHECLHEHTHON n0o6aBku. B pamkax cyulecTBOBaBIIEH TEOPHH
nono6HblE pe3yabTaThl 0ObACHUTh HEBO3MOXHO [6,8]. [lpoananusupyem cuTyaunmio
C LEJAbI0 BBISICHEHWS MPOTHBOpeunit Teopun [1] M IKCIEPUMEHTOB.

N
wor
g6
Q2r
R 1 1 i
05 10 15 20 tHC

Puc.1. KpuBble KMHETMKM PaAMONIIOMMHECUECHUMHA RIS
nsyxkomroneuthbix JKC (kpusas /), [IC (xpusas 2)
u OM (xpusas 3)

Monyuennsie 3HaueHns o [5-9] mas pasnuunbix obbektoB Gbum ~ 10~1%¢, uro
CYIIECTBEHHO TPEBHINACT PACCYETHHIE BPEMEHA MEPEHOCA JHEPTMU  TEKTPOHHOTO
Bo30yxaenus (< 10''c) mas mmx ([7,8]. BrosHE JIOTMUHO TMPEANIONOXHUTB, UTO
onuCHBaeMas BhIpaxenueM (3) NOMOJMHWTENbHAs 3aIEPKKA MOMCHTOB H3JTyYECHMs
¢oroHOB pammoMIOMMHECLEHIMK O0YCAOBICHA TNIPOLECCOM JIOKANM3ALMU HOCUTENEH
3apsia Ha MEJIKHMX CTPYKTYDHBIX JIOBYIIKAX, KOTOPHIH MPENUIECTBYET MX DPEKOMOH-
HALWH, TOPOXAAIOMEN- BO3OYXIEHHBE COCTOSHNS M NPEAUICCTBYIOUIEH JIOMHUHECLECH-
man emectBa. CorsacHo (3), Hanbosiee BEPOITHOE BPeMs JIOKAJIM3AaLMH HOCHUTENEH
3apsma 7, =30. Toraa cooTBETCTBYIOWAsS IYOMHA JIOBYIIKH

E, = kTIn(rv), (4)
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Puc.2. (DyHKUMM IUIOTHOCTH BEPOSTHO-
CTM BO3OYXGIEHUS MOJEKYN JIIOMUHEC-
HEHTHOH N06aBKM B mpouecce Tyiue-
HUS MK BO3GYXNCIEHHMS MOJIEKYJ OCHO-
Bbl s XKC (xkpusas 1) u TIC(kpusas
2 ~ paccuurana corsacHo [l], xpusas
3 - no naHHBIM 3KCTIEpHUMEHTa)

0 95000 10000 15000 e

T, ne

5

400

JDOF-

200

100, .
Puc.3. PacuerHas 3aBuCMMOCTb 7y oT Ej
(4) Ges yuera (kpuBas J) u c yueToM
(xpuBas 2) addekra nonspvsaumm

1 |

)
0 40 80 120

J (] J
160 E;,m36

e k - mocrosuHas Bonaenmawma, T - Temmepatypa, v - uacTOTHHIi aktop. C
YYETOM TOrO, YTO IKCTEPMMEHTH [5-11] TIPOBOAMNCH NMpHM KOMHATHOM TeMmeEpaType,
ms OM u [IC E, < 0,173B [10]. JloBymku ¢ takumu E, (puc.3, xpusas /)
MOryT GHTbh CBS33aHH C MaJO- M CPENHEYTJIOBHMHM TDAHHUAMH DEIETOK OM, mbo
IOPOCTPAHCTBEHHHIMH HeofHopoaHocTsiMu Makpomonekysa TIC [10,12). Bmecte ¢ TeM,
ueM OGbiICHUTD caboe OTIMYME B 3HAYEHHMSX o IS pasHux OM u IIC? Orser ma
9TOT BOMPOC MOXET OCHOBHIBATHCS Ha CIEAYIOMEM. B TeepnorenbHmX oprammueckux
MOJIEKY/ISPHHX CHCTEMAX HOCHTEIb 3apsna, NONas Ha JIOBYMIKY, NOJASPH3YET OKpY-
xalomue ero monekyasi OM (am6o dparMeHTH Makpomosmekyn IIC). Pesyabrar
B3aMMOZEHCTBYS 3apsaa C MHIYUMPOBAHHHIMM HA COCENHMX MOJEKYJIax IUIIONSMH,
MOXHO NPEACTABUTb B BMAE YIIYOJeHHMS JIOBymIKM HAa BeawuwHy 8F,. Ona cnabo
OT/MYaeTcs /S MUPOKOTO KJAacCa OPraHMYECKMX COENMHEHMH, MCTONb3yeMHX B
COMHTWUISUMOHHON TeXHMKEe i BeipammBanus OM, a ee xapakTepHoe 3HaueHHE
- 6E, ~0,13B [12]. Ouerounas my6uHa HCXOAHOM CTPYKTYPHON JIOBYIIKH (puc.3,

555

65



KpuBasi 2) pasHa E; —6E, < 0,073B win ~ 2kT n1s KOMHATHOW TeMmIepaTypL.
Takum 06pa3oM, HATHUHE OYEHb MEJKHMX JIOBYWIEK HOCHTENEH 3apsaa, GOJbIIMHCTEO
H3 KOTODHX MOXET GHTh CO3NAHO 33 CYET TEMMNEPAaTypPHO-aKTHBHDYEMBIX KOJe6aHmit
-pemetkn OM mwmu cparmenroB Makpomonekysn I1C, BrosHe OGbACHSET BO3HMKHO-
BEHME NOMOJHHTEIBHON 3aA€PXKKH MOMEHTOB W3JyueHHs (BOTOHOB pPaXMOJTIOMHHEC-
LCHUMH, ONMHCHIBAEMOH BHIpaXxeHneM (3), a TeOopus pamMOMIOMMHECLEHIMH AOIXHA

- 6a3upoBaThCs HA yueTe O6PA3OBAHMS MOJIEKY/SDHBIX NONSPOHOE B OpraHMYECKHX
TBEPIHX TeJaX. B Pe3yNbTaTe UX BO3OYXIEHHS MOHM3MDYIOWIMM H3jydyeHneM. [lo-
CIeAHEE YTBEPXKAEHHE OODLSCHSIET OKCHEPHUMEHTANBLHO OGHAPYXEHHOE COOTBETCTBHE
omucanno (1) dopmu cumETILIANMORHON Bembimkn ans JKC, €, KaK He TPYZHO
TOMYYHTh, BCACACTBHE 3DhEKTHBHBX ANPDY3HOHHBIX IPOLECCOB BO3HMKHOBEHHE
YCTOHUHMBOIO MOJIIPH3ALMOHHOTO OKDYXECHUS MOHA BOSMOXHO JIMIIb HA PACCTOSHHSX
kglOJ& [10,11], To ectp cpaBHMMBIX C pasMepoM MOJIEKYJ/IBl, M , CJIENOBATEJBHO,
WIATENLHOCTh MPOMECCa PeKOMOMHAUMH GyNeT ONMpenensiThCsl XapaKTEpHOH 4ACTOTOI
cronkHosermit Monekyn (~ 1012<-1) [10]. OHo Takxe yKka3wBaer Ha HOBOE NpH-
MCHECHHE DPE3Y/IBTATOB WMCCAENOBAHUA PAaNHOMIOMHHECUECHIMH OPraHMUECKHX TBEPNBIX
Ten. MsyyeHne KMHETMKM MX CBEYEHHS TOZBOJISET MCCIEAOBATH JIOBYMIKH MOJISIpH-
3aIMOHHOIO MPOMCXOXAEHHS, (hopMupylomuecs npu o6pasoBAHMH HOCHTENEH 3apsaa
B BCMECTBE NOCJHE BO3GYXUEHHS €r0 MOHM3HPYIOIMM H3/TyuEHHEM.
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THE RADIOLUMINESCENCE STUDY AS A METHOD FOR
INVESTIGATION OF STRUCTURE FEATURES OF ORGANIC
MOLECULAR SOLIDS

NIKOLAI GALUNOV
Institute for Single Crystals, Kharkov, Ukraine

Abstract The correlation between radiolum1nescence
and structure characteristics of organic molecular
systems is analyzed. It was shown hat using the
results of investigation of scintiliation character

tics one can study not only the groperties of organic
molecular solids but their structure features as well.

is-

INTRODUCTION

For organic molecular systems the radioluminescence is
caused by luminescence of molecules excited in the
recombination process of charge carriers generated by
ionizing radiation. In such systems the energy of intermo-
lecular interaction and intramolecular one is about 107 eV
and 100 eV respectively. The generation of charge states
causes the rise of an intermolecular interaction energy up
to 1071 ev i, thereby upsets the balance of forces near
such centers, and hence changes the nature of excitation
energy transfer. Structure unperfections of an organic
solid influence on localization of charge states and
excited ones. Thus having investigated the radiolumines-
cence of an organic molecular solid, one can study it
structure features as well.

THEORY

The relaxation times needed for electronic (10716- 10718 )
and vibronic (10714 - 10713 ) polarization of organic

[661)/121
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molecules does not exceed the time of charge carrier
localization (10712 - 10711 §) 1.2 Therefore, it may be
argued that the polarization surroundings of charge carrier
should be formed during it moving in the substance. For
nonviscous liquids, equating the thermal energy to
polarization one at a distance R from charge carrier we
obtain that the dimension of stable polarization zone is

./
R=1vea s %T ~10 A

where e is electronic charge, a is the mean molecular

polarizability Ca ~ 20 A 23), k is Boltzmann constant, T
is the temperature. Thus, the generation of excited
molecules and therefore the radioluminescence of liquids
are practically due to recombination which takes place
between geminate molecules. In contrast with liquids the
local polarization of a crystal lattice or polymer
macromolecule occurs even though the charge carrier |is
captured by a trap with the depth of Ei~ (1 - 2)kT. The
appearance of such polarization results in deeping the
potential well by the value of 6E, ~0.1 eV.2 Thus, for the
room temperature its depth is E; = E,+ OE;~ 0.12 - 0.17 eV.
Hence the charge carrier location time is

7, = vl exp(Ey/ kD) ~ 107105 (

where v ~ 101‘25'1 is the attempt-to-escape frequency.a'4
The analysis of the situation discussed has shown 4.5 ¢hat
in the case of high concentration of such shallow traps,
and when the 7y value exceeds characteristic time values of
an excitation energy transfer, the shape of radiolumines-
cence pulse fast component for such a system should be
described by the function:

t
1CL) ~ £(L) * expl-t/1) = j' fCL-@ exp(-p/T) df (D
0
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where
£CL) ~ expl—(t-node, 20 &) (3)

In Egs.(2) and (3) t is the time after excitation, t is
decay time constant, o is the time constant determined by
additional delay of the times of a radioluminescence photon
emission. This delay is caused by the statistic nature of
molecular excitation which is due to recombination of
charge states localized on the shallow trap system. If
correlation between the process resulting in a charge
carrier energy exchange in organic solids and their
molecular luminescence is negligible then in Eq.(2)
function f(t) is not the Gaussian one (3), and the addition
delay of the moments of photon emission doesn’t have to
appear.

Losses of ionizing energy in organic molecular systems
result in generation of secondary electrons both of high
and low energies. Low energy electrons create the regions
of a high activation density in which the probability of a
triplet excited molecule generation is high due to the
process of a charge carrier recombination which is specific
to these regit:ns.l's'6 In exchange interaction of two
closed with each other triplet excitations the singlet one
may be generated with probability 0.4. The luminescence
delayed on a time needed for triplet excitations to meet
each other appears, and hence radicluminescence pulse slow
component, is formed. It shape (for times t > 50 ns after
excitation 5 is described by function

I ~ 1+t tpX )]

vhere tp = rg s 4D, D is the diffusion coefficient of
triplet excitation, ry is the mean value of a cross -
section radius of high activation density regions. The
symmetry of these regions def‘ines the k - value in Eq.(4).

For radiations with a high (2 10! MeV/ cm) and a low (s
1071 Mev/cm specific energy loss k = 1.0 (cylindrical
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symmetry) and k = 1.5 (spherical one) respectively.
Formation of radioluminescence pulse slow component is a
diffusion-controlled process with tj ~ 1077s. Thus, only a
presence of deep traps with a high location time C > 10 8s)
for charge carriers and excitations has an effect on it.

EXPERIMENT

The previous paper S has reviewed the experimental data for
the radioluminescence pulse fast component study. For
organic molecular crystals and vinylaromatic plastics the
addition delay of the moments of photon emission was
observed, and the pulse shape was described by Eq.(2) with
f(t) in the form (3), n =3, and o~ 0.1 - 0.4 ns. The
o-value was defined by the type of the crystal or plastic,
weakly increased with a decrease of root-mean-square random
orientation of single crystal mosaic structure, and for
plastics didn’t depend on a type and concentration of added
agents. For liquids function f(t) in Eq.(2) was not
Gaussian one, and the addition delay of the moments of a
photon emission was not detected.

The study 2,3,8 of radioluminescence pulse slow
component has shown the following. The delay
radioluminescence was observed for organic molecular single
crystals and liquids as well as for plastics based on cross
- linked copolymers. For all the cases the shape of the
radioluminescence pulse slow component was well described
by Eq.C4). For 1liquids the process of a delay
radioluminescence pulse formation was defined by diffusion
of triplet excited molecules, but for crystals and plastics
it was defined by features of triplet exciton migration
within the limits of the crystal lattice or cross - 1linked
areas of plastic. The shape and intensity of delay
radioluminescence was defined by the structure perfection
of those parts of the organic solid along which the track
of ionizing particle was orientated. With improvement of
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structure perfection tp-values in Eq.(4) decreased, but
their anisotropy increased. It was shown 4.8 {hat those
structural umperfections of an organic crystals which
affected the kinetics of a radioluminescence pulse slow
component formed the traps 2 1.0 eV and 2 0.2 eV in depth
for charge carriers and excitons respectively.

DISCUSSION

The additional delay (Eq.(3)) of a radioluminescence photon
emission was detected only for organic molecular solids.
Therefore, for such cbjects the correspondence between the
shape of the radioluminescence pulse fast component and the
structural features of molecular solid exist. The validity
of this statement can be verified by the following
analysis. If AE is the difference in the depth between the
traps with location times r; (Eq.(1)) and Ty + Ar, then
using Eq.(1) for AE/ kT < 1 it is not difficult to obtain
that

AE = Ar (kT/ Tt.) (4))

Hence both the energy and the location time distributions
(Eq.(3)) for such traps should be described by the
functions of the same type, i.e. Gaussian functions. That
is just what has been obtained during the study of the
energy distribution of trapping centers of polarization
origin, which are formed in regions of the local
compression and tension of individual edge dislocations of
organic c:r-yst.a.ls.2 It allows us to estimate mean trap depth
E; (Eq.(1)). Using values of 0 ~ 0.1 - 0.4 ns, 7 = no = 30,
we have obtained E, £0.2 eV, that is ina good agreement
with values of E, ~ 0.12 - 0.17 eV which have been
estimated above.

The presence of deep traps (E, > 1.0 eV) influences
the shape of radioluminescence pulse. Nevertheless, the
type and concentration of deep traps has the main effect on
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the tD- value (Eq.(4)) and its anisotropy.

CONCLUSIONS

Up to now, the radioluminescence phenomenon was
studied only as an aim of scientific or technical
(certification of scintillation detector, for example)
investigation. The material discussed allows not only to
enunciate the radioluminescence theory of organic molecular
systems, which takes account of charge carrier energy
exchange process in  them, but to consider the
radioluminescence study as a method for investigation of
structure features of organic molecular solids as well.
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Abstract

A new type of organic luminescent material, namely, organic scintillation polycrystals is proposed. We have obtained
p-terphenyl and stilbene polycrystals by the pressing technique of our design. The analysis of the dependence between
structural features of organic polycrystals and their radioluminescence pulse characteristics is based on the results of

spectra and pulse shape measurements.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

An extensive application of organic luminescent
materials and detectors on their base for detection
of ionizing radiations constantly stimulate a great
interest in this problem. Organic scintillators are
usually used as activated and pure single crystals,
or as objects with amorphous structure (i.e.
plastics and liquid scintillators). Radiation sensi-
tive organic luminescent materials have to be fast
and highly transparent for their own fluorescence.
As a result of small atomic effective number
organic molecular systems get the advantage over
inorganic ones by registration of the short-range

*Corresponding author. Tel.: +380-572-30-70-52; fax:
+380-572-320-273.

E-mail address:

galunov@isc.kharkov.com (N.Z. Galunov).

charged particles (- and B-particles). Organic
scintillation materials have the ever-growing use in
nuclear physics, radioecology, radiobiology, geol-
ogy, etc. [1].

Organic polycrystals are very attractive systems
for creation of detectors with large diameters used
for detection the most dangerous for human
organism types of ionizing particles. The modern
technologies of organic single crystal growth do
not permit to create systems with large diametrical
sizes (more than 100mm) and high degree of
structure perfection. Besides, an investigation of
scintillation and spectral characteristics of organic
polycrystals is very important not only for
designing and creating new effective detectors
but for understanding the dependence between
structural features of crystalline systems and their
radioluminescence properties.

0022-2313/03/$ - see front matter © 2002 Elsevier Science B.V. All rights reserved.

doi:10.1016/S0022-2313(02)00579-3
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2. Theory

The radioluminescence of organic molecular
systems is the luminescence of molecules excited
in the recombination process of charge states
arising under the action of ionizing radiation. In
such systems intermolecular and intramolecular
energies have orders of magnitude 1073 and
10°eV, respectively. A charge states generation
results in an increase of intermolecular interaction
energy up to 107'eV. That, in turn, causes a
redistribution of Coulombian forces in a vicinity
of such a centre and changes conditions of the
excitation energy transfer in the system. There-
with, dynamical traps formation becomes possible
due to the medium polarization by a charge carrier
and its “self-localization” caused by its interaction
with polarization environment [2].

In our previous papers [3,4], it has been shown
that in contrast to the photoluminescence process
features of generation, migration and recombina-
tion of dynamic charge states of polarization
origin cause the radioluminescence process [1].
For description of a scintillation pulse shape of
organic systems it is necessary to take into account
duration of the processes preceding an excitation
of the lowest singlet excited states S;. An influence
of these processes causes the additional delay of
the moments of radioluminescence photon emis-
sion for organic molecular solids. It has been
shown that the Gaussian form of function
describing this delay is due to a plurality of acts
of generation and recombination of charge states,
i.e. the processes result in excitation of organic
solids molecules [5].

So, in contrast with the photoluminescence
process of organic solids where a pulse shape is
described by Forster—Galanin kinetics (for the case
of d-excitation) [6] a form of a radioluminescence
pulse fast component for solid scintillators is
described as

i) = fo(t) sexp(—1/2)

= /0 ol — xexp(—x/7) dx. M
In Eq. (1)
folt) = {eonst//2ma} fexpl—(t— A7 26T, @)

where 7 is the time after an excitation 7 is a decay
time constant ¢ is a time constant, 423¢.
Function f5(¢) (Eq. (2)) describes the additional
delay of the times radioluminescence photon
emission.

3. Experimental

In this part we give short information about our
technique of organic polycrystals creation and the
main methods used for investigation of their
luminescent characteristics.

The pressing technique of our design was used
to obtain organic polycrystals [7]. We have
obtained initial fine-grained powders by cryogenic
grinding of single crystals grown from a melt.
Then we have realized single-axial pressing (100—
800 MPa) these powders in a not deformed mould
at the room temperature. Number of polycrystals
we have recrystallized by an annealing at the
melting temperature and hydrostatic compression
of 10-20 MPa. Using this technology we obtained
p-terphenyl polycrystals with 1,4-diphenylbuta-
diene molecules as luminescent addition agents,
stilbene polycrystals.

We have used the delayed coincidence method,
recently often referred as the single-photon tech-
nique [1] to investigate a form of the radiolumi-
nescence pulse fast component. The measurements
were carried out on the set-up with subnanosecond
resolution. The main principles of an application
of the single-photon counting technique for precise
studying of radioluminescence pulse of organic
systems have been considered in the previous
papers (see Ref. [8], for example). To assure the
time reference in the start channel we used the
Cherenkov radiator (CR). Variously shaped ra-
diators are used depending on light collection
geometry, but in all cases the limiting calculated
difference in optical paths of Cherenkov emission
photons recorded in the start channel does not
exceed 4 mm, corresponding to the delay no more
than 20ps. For these measurements the radio-
nuclide source *°Sr+°°Y (electrons with the limit-
ing energy 2.2MeV) and photomultiplier tubes
(PMT) FEU-36 with were used. To investigate thin
samples (1-2mm) of p-terphenyl polycrystals we
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have used the set-up with a special construction of
it optical part [8]. Fig. | shows the block diagram
of the optical scheme of the set-up for measure-
ment of radioluminescence kinetics parameters of
thin scintillators. Start signal is generated when a
particle losses a part of energy in the CR. Stop
signal is formed when the scintillation pulse from a
sample Sm is registered. The diaphragm D is used
to attenuate scintillation pulse intensity down to
the conditions of the single photon detection. In
this construction, the sample thickness is to be
chosen so that the energy of particles passed
through it would be sufficient to excite the
Cherenkov emission in the CR. The latter has a
shape of a cylinder where one of butts goes into a
polished truncated cone shaped light guide. The
cylindrical part of the CR is matted and provided
with a light absorbing coating (black paint).

For spectral measurements of thin p-terphenyl
single and polycrystals we have used PMT FEU-18
with maximum spectral response in the wavelength
range 510-530nm. Excitation wavelength is
365 nm.

For the method of light yield measurements we
used radionuclide sources 2*' Am (a-particles with
the energy E, = 5.486 MeV) and '*’Cs (conversion
electrons with the energy Ep=0.622MeV). Two
types of PMT were used to detect the scintillation
pulses, i.e. 9208 (Electron Tubes Inc., England)

13d

Sm

PMT1 o PMT2

a a
Fig. 1. The block diagram of the optical scheme of the set-up
for measurement of radioluminescence kinetics parameters of
thin scintillators: Sm is a sample; S is the source of radiation
(‘)OY +°°Sr); CR is the Cherenkov radiator; F is an optical filter;
D is a diaphragm; PMT1 and PMT2 are photomultiplier tubes
in “stop” and “start” channels of the set-up, correspondingly; a
is an anode output of photomultiplier tubes; 13d is a signal
from the 13th dynode of PMTI (only for FEU-36 (Russia)).

and FEU-173-1 (plant “Electron”, St. Petersburg,
Russia).

4. Results and discussion

We investigated scintillation characteristics for
detectors on a base of organic polycrystals of p-
terphenyl and stilbene. Table 1 shows the values of
light yield J for the organic detectors on a base of
p-terphenyl organic single crystal and p-terphenyl
polycrystal which contain 0.1% of diphenylbuta-
diene molecules as luminescent addition agents, as
well as for the detector on a base of stilbene
polycrystal. Measurements were carried both for
the case of o-excitation (Jy-values) and for
excitation by conversion electrons (Jg-values).
We used the detector on a base p-terphenyl organic
single crystal as the reference one. To compare the
experimental data the values J, and Jp obtained
for this single crystal were taken as a unit.
According to Table 1, the values J, and Jp are
very close for the detector on a base of p-terphenyl
single crystal and for the detector on a base of p-
terphenyl polycrystal.

Fig. 2 demonstrates the radioluminescence pulse
shape for stilbene polycrystal (F40 x 3 mm)
irradiated by P-particles from the radionuclide
source *°Sr+°°Y. The additional delay of the
moments of photon emission is observed. The
form of radioluminescence pulse fast component is
described well in the form (1) with f5(7) (Eq. (2)).
Evaluated values for decay time constant 7
(Eq. (1))—3.3 ns, time constant ¢ (Eq. (2))—0.4 ns.

Luminescent characteristics of thin (~ 1 mm) p-
terphenyl organic polycrystals containing diphe-
nylbutadiene molecules as the guest ones were as

Table 1

Values of light yield J for detectors on a base of organic
polycrystals for the cases of o-excitation (J,) and excitation by
conversion electrons (Jp)

Scintillation base Detector sizes Ty Jp
(mm) (a.u.) (a.u.)
p-terphenyl single crystal &40 x 14 1.00 1.00
p-terphenyl polycrystal 40 x 3 1.00 0.96
Stilbene polycrystal D40 x 3 0.33 0.54
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Fig. 2. The radioluminescence pulse shape of stilbene poly-
crystal irradiated by B-particles from the *’Sr+*Y source.
Evaluated values are the following: for decay time constant
7—3.3ns, time constant ¢—0.4ns.

Table 2

The values Zmax, Ju, Jp, and t for thin p-terphenyl organic
polycrystals for different concentrations C of the diphenylbu-
tadiene molecules

C (%) Zmax (nm) Jy (a.u.) Jp (a.u.) © (ns)
0 370 0.68 1.14 2.10
0.014 395 0.74 115 1.60
0.07 405 0.62 114 1.82
0.085 405 0.80 1.20 1.84
0.1 405 0.94 1.28 2.15
0.2 410 0.80 121 242
03 410 0.92 1.24 251
04 410 0.74 1.20 2.09
0.5 405 0.59 1.09 2,01

well studied. The concentration C of diphenylbu-
tadiene molecules in samples was varied from 0
(pure polycrystal) to 0.5% (see Table 2). As the
reference scintillator we used thin (1mm) p-
terphenyl organic single crystal with the concen-
tration of diphenylbutadiene molecules C = 0.1%.

Fig. 3 presents the photoluminescence spectra
for several thin p-terphenyl polycrystals excited by
light with wavelength A = 365nm. The values of
max corresponding to maximum intensities of
spectra are in Table 2. According to Table 2 the
largest values of A, is observed for the concen-
trations C of diphenylbutadiene molecules in
range of 0.2-0.3%. Further increasing of the
concentration C did not result in increase of
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Fig. 3. The luminescence spectra of thin p-terphenyl polycrys-
tals. Excitation wavelength is 365 nm.

Amax- S0, this range of diphenylbutadiene concen-
tration corresponds to the most effective electron
excitation energy transfer from the host molecules
(p-terphenyl) to the guest ones (diphenylbuta-
diene).

To confirm the above-mentioned result we
carried out the radioluminescent measurements
for these series of thin p-terphenyl polycrystals. It
should be noted that the comparison of the results
of spectral measurements with the results of
radioluminescence ones is physically grounded,
because the photoluminescence as well as radi-
oluminescence results in the emission of photons
of S;-excited molecules [1].

We carried out the measurements of amplitude
spectra selected p-terphenyl organic polycrystals
both for a-excitation (radionuclide >*' Am) and for
excitation by conversion electrons (radionuclide
137Cs). Using the results of the measurements we
calculated the values of relative light yield J. Table
2 as well presents the values of relative light yield
J, and Jg for the cases of a-excitation and
excitation by conversion electrons, correspond-
ingly. The highest values of a relative light yield
correspond to the range of diphenylbutadiene
concentration 0.1-0.3%. For low concentrations
(<0.1%) of the guest molecules inefficient electron
excitation energy transfer from the host molecules
(p-terphenyl) to the guest ones (diphenylbuta-
diene) takes place, and for high concentrations
(>0.3%) of the guest molecules a concentration
quenching of a luminescence is observed. The
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Fig. 4. The radioluminescence pulse shapes and their decay
exponential approximations for the reference scintillator (curve
1) and for thin p-terphenyl polycrystal containing 0.014% of
diphenylbutadiene molecules (curve 2) irradiated by B-particles
from the source *°Sr+ Y.

influence of a transparency of scintillators on
results of measurements explains lower relative
light yield J for a-excitation, than for B-excitation
(Ju<Jp).

For all thin polycrystals we investigated a form
of the radioluminescence pulse shape fast compo-
nent. Fig. 4 shows as an example the radiolumi-
nescence kinetics curves for the reference crystal
(curve 1) and for thin p-terphenyl polycrystal
containing 0.014% of diphenylbutadiene (see
Table 2). For all thin organic polycrystals the
additional delay of the moments of photon
emission was observed and its radioluminescence
pulse shape was described in the form (1) with
fo(?) (Eq.(2)). Table 2 shows the t-values for
polycrystals, which are obtained by experimental
data processing. The value t for the reference
scintillator is equal to 2.65ns. The dependence
between decay time constant T and the concentra-
tion C of the guest molecules in p-terphenyl
polycrystals correlates with experimental data of
light yield measurements (see Table 2). A small
reduction of decay time constant 7 for polycrystals
in comparison with single crystals can be explained
by an increase of number of deep traps for charge
carriers and excitons, which have arisen on
boundaries of mosaic blocks of polycrystals.
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5. Conclusion

Results of spectral and scintillation measure-
ments of new class of organic objects—organic
polycrystals obtained by the pressing technique
have been discussed. They testify to an availability
of an application of these systems in modern
scintillation engineering, ecology and medicine.

The analysis of spectral data and radiolumines-
cence pulse shape parameters for thin organic
polycrystals of p-terphenyl shows that the struc-
tural features of organic donor-acceptor system
determine electron excitation energy transfer
efficiency, and therefore, luminescent properties
of the systems discussed. The fact that scintillation
parameters of polycrystals are close to single
crystals ones testifies that our technology allows
creating samples of polycrystals with small con-
centration of grain boundaries.
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New Effective Organic Scintillators for Fast Neutron
and Short-Range Radiation Detection

Sergey V. Budakovsky, Nikolai Z. Galunov, Member, IEEE, Natalya L. Karavaeva, Jong Kyung Kim,

Yong Kyun Kim, Oleg A. Taras:

Abstract—This paper describes the techniques used for making
new organic scintillators and detectors based on these scintillators.
Research has focused on deslgnmg large dimension organic scm-
tillators to increase the effi of ing ionizing radi
The techniques described here have allowed us to produce 1) or-
ganic crystals of stilbene and p-terphenyl with diameters up to 120
mm and heights up to 100 mm; 2) p-terphenyl polycrystals doped
with diphenylbutadiene molecules, as well stilbene polycrystals up
to 250 mm in diameter and 5 mm in height; 3) the first prototypes
of a composite scintillation material based on stilbene grains added
to a silicone glue base, achieving a high efficiency of fast neutron
detection.

Index Terms—Alpha-particle detectors, beta-ray detectors, crys-
tals, neutron detectors, scintillators.

I. INTRODUCTION

RGANIC scintillation materials find increasing applica-
Olion in nuclear physics, radioecology, radiobiology, ge-
ology, and other sciences. Organic materials are characterized
by anegligible back scattering when detecting charged particles,
due to their low effective atomic number. Hydrogen bearing ma-
terials give the best results in fast neutron spectroscopy. A fast
neutron produces recoil protons in such organic materials with
its highest energy equal to the energy of this neutron. There-
fore, organic scintillators and detectors based on these scintilla-
tors are the most effective for detecting short-range (a- and (-
particles) ionizing radiation, as well as for spectrometry of fast
neutrons.

The value expressing the long-term risk (primarily cancer
and leukaemia) of low-level chronic exposure is the radiation-
weighting factor wg. For photons of - radiation wgr = 1, but
for fast neutrons with energies £,, < 2 MeV as well as for alpha
particle irradiation it rises to 20 [1]. Detectors based on organic
scintillators are the most effective for detecting ionizing radia-
tion which is the most hazardous to humans. The scintillation
detector must allow the discrimination of signals from neutrons
and background radiation, and has to have a high efficiency of
detection of low-energy fast neutrons, similar to the detection of
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neutrons emitted by fission materials (where the main part of the
spectrum is below 2 MeV). The main problem of such applica-
tions can be the very low flux of radiation detected. This means
that such a detector can be thin, but must have a large diameter
to increase the solid angle of detection.

From the 1950s onwards, organic single crystals, liquids, and
plastics were investigated as scintillator materials due to their
good luminescent characteristics [2], [3]. The theory of photo-
luminescence of organic condensed media was formulated in
this period, and dozens of substances were identified as good or-
ganic luminescent materials [3]-[6]. Unary, binary, and ternary
solutions (solid and liquid) of organic luminescent molecules
were studied (see the review of data in [3]). While these molec-
ular scintillation materials belong to different classes of organic
substances, all of them are aromatic hydrocarbons consisting of
condensed or bonded systems of benzene rings [2]. In the sev-
enties and eighties it became clear that it was not sufficient just
to have some solution with good photoluminescence character-
istic in order to obtain a high quality scintillator. Research into
the scintillation mechanism showed that in contrast to photolu-
minescence it was radioluminescence which characterized the
first step of excitation. This step can be more important than the
processes of electronic excitation energy transfer in the system
[71-[10]. In addition, for real practical applications, cheap scin-
tillators of large volume were necessary which would allow the
electronics to separate signals from detected and background
radiation. Therefore the number of types of scintillators which
have proven practical applications is not so large. A review of
this situation and a comparison of the properties of all types
of organic scintillators which have been officially produced in
USA, Europe and former Soviet Union are found in [10]. In
the context of this paper it should be stated that plastic scin-
tillators do not allow pulse shape discrimination, while liquid
scintillators are not always easy to use for field measurements.
Organic single crystals have the best spectrometry character-
istics and light yield in comparison with plastics and liquids,
but they are more expensive and their diameters were not larger
than 60-80 mm. Some types, such as anthracene, are strongly
anisotropic. In the nineties it became clear that for practical ap-
plications, the only organic single crystals which could be pro-
duced and used as scintillators were stilbene and p-terphenyl ac-
tivated by diphenylbutadiene [10]. Nevertheless even for these
crystals, which show superior properties to other organic crys-
tals, structural perfection as well as their diameter (which plays
the role of “input window” for thin crystals) were still limited
by the physical process of their growth [11]-[13].

0018-9499/$25.00 © 2007 IEEE
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Improvement of growing technologies has allowed us to pro-
duce organic single crystals with a controlled structural perfec-
tion, diameters up to 120 mm, and thickness of 100 mm; the
light yields in these new crystals are 1.4 times that of similar or-
ganic crystals produced by standard technology [11], [12]. Nev-
ertheless, crystalline organic scintillators with a greater detec-
tion area are still required for special applications. Therefore,
we designed and produced the next generation of organic scin-
tillation materials, i.e., organic polycrystals obtained from finely
ground perfect single crystals by pressing. The main idea of
this approach is the following. The size of grains obtained by
grinding a single crystal must have dimensions large enough to
detect short-range particles or recoil nuclei. A set of grading
sieves allows the selection of the fraction of grains of neces-
sary size L, which has to be comparable with, or be larger than,
the range of the ionizing particle. Polycrystals obtained in this
way must have a good light collection in order to obtain an ap-
preciable scintillation signal. A solid state recrystallization can
accompany this process [13].

We also have used this concept to design another novel type
of large area, organic, fast neutron detector. They are made by
grinding stilbene or p-terphenyl crystal to different grain size
fractions. These fractions are added to an optically transparent
polymer base. Such a composite scintillator was encapsulated
in a housing made from organic glass to improve the light col-
lection and to raise the efficiency of fast neutron detection. This
detector can be used for the detection of fast neutrons in facilities
for environmental radiation control, for security purposes (i.e.,
to prevent the forbidden entry of fission materials), for physical
experiments, and in other branches of science and technology.

This work is not aimed at increasing the number of different
organic scintillators. The main object of this paper is to present
a new approach to the technology by which single crystals with
controlled structural perfection are made, and which can form
the basis for designing new types of organic scintillators.

II. NEW PROCESS TECHNOLOGIES

A. Organic Single Crystals

The main differences between our technique and traditional
ones are the following [13]. Organic single crystals are grown
from a melt doped with electron-seeking addition agents
(ESAA). This allows the production of the charge-transfer
complex-like structures which consist of a melt molecule and
a molecule of ESAA. The electrostatic field of such a com-
plex initiates polarization of adjacent molecules, and forms
orientated parts in the melt. These orientated parts promote the
formation of crystallization centres in the growing crystal layer,
which predetermines the process of crystal growth [12]. Doping
the melt with different amounts of ESAA molecules allows us
to control the structural perfection of the grown single crystals.
It results in a change of root-mean-square random orientation o
of the single crystal mosaic structure, and therefore the concen-
tration of deep traps for charge carriers and excitons [11]. The
single crystal with the smallest value of o is considered to be
the most structurally perfect. Annealing increased the intensity
of the radioluminescence by only 10%, while for structurally
perfect single crystals it was 40-50% higher [10].

s

B. Organic Polycrystals

These are hot-pressed or cold-pressed polycrystals based on
stilbene (or p- terphenyl) grains. These grains were obtained by
grinding a single crystal with high structural perfection at a low
temperature with subsequent steps of separation through sieves.
In this work we chose three grain size ranges with the following
L-values, L 0.5to 1 mm, L 1 to 2 mm, and L more than 2 mm.
Three standard, calibrated sieves were used, with holes 0.5 mm,
1 mm, and 2 mm in diameter. The grains separated in this way
with different values of L were used to provide the test samples.

The cold-pressed polycrystals were obtained by single-axial
pressing (100 to 800 MPa) of the single crystal powders in a
rigid mould at the room temperature. The hot-pressed polycrys-
tals were obtained by annealing recrystallization at the melting
temperature and hydrostatic pressure of 10 to 20 MPa. So, in
the latter case, solid state recrystallization is an additional step
in the preparation of the crystal [12], [13].

C. Composite Organic Materials

To prepare a composite material to be used in a detector of
fast neutrons it is firstly necessary to obtain crystal grains by
grinding a single crystal. Then we have to prepare a silicone
matrix (which is a glue composition) and to add selected grains
of the crystal powder to the matrix. The final stage includes the
introduction of the composite into a light-guiding housing, a
vacuum treatment and hermetic sealing of the scintillation de-
tector. The crystal grains in this composite are separated by glue
and so the step of improving the structural perfection charac-
teristics is not needed for the composite system. For composite
scintillators it is important to choose the correct glue base and to
understand the optimal concentration and dimensions of crystal
grains inside this base.

To choose the best base for composite scintillators we
studied optical and physical-chemical characteristics of a range
of silicone composite materials including “silicone rubber
for medical purposes” (SKTN-med, St. Petersburg, Russia),
Sylgard-186, Sylgard-527 (Dow Corning Corporation, USA),
optical thixotropic silicone lubricants, and optically transparent
adhesives. Our results show that scintillation efficiency is
the best for scintillators with a grain size fraction from 1 to
2 mm and Sylgard-527 (on the basis of silicone). Thus, the
scintillators based on Sylgard-527 are the best in respect of
their refractive index and scintillation efficiency [14].

III. EXPERIMENTAL TECHNIQUES

We used 2°2Cf and 2*Pu-Be radionuclide sources for both
fast neutrons and of photons of y-radiation, a 23°Pu source for
a-particles and photons of y-radiation, as well as 1*7Cs, >’Na,
60Co, and '52Eu radionuclide sources of y-radiation for light
yield and amplitude spectra measurements.

‘We used a special set-up of our own design to separate the
neutron and background y-radiation scintillations [15]. It de-
termines the difference in shape and intensity of slow com-
ponents of scintillation pulses of organic crystals for the case
of excitation with different specific energy loses dE /dz. With
dE /dx growth the yield of the slow component of the scintil-
lation pulse increases. The signal from the anode of the photo-
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TABLE I
MAIN PROPERTIES OF DETECTORS BASED ON ORGANIC SINGLE CRYSTALS
Scintillator ing  Light N
Scintillation . Working 20y Enerey
al — hotons/
material
Diameter Height | K[16]  PUcs %
Doped
P 00120 10 16010385 28100 <10
p-terphenyl 100
Stilbene 10 to 120 :[;8 18010350  1.4-10* <10

multiplier is transmitted to the electronics that generates the dig-
ital control pulses on “neutron” or “gamma” output. A charge
sensitive pre-amplifier and amplifier form the signal from the
next-to-last dynode of a photomultiplier for amplitude analysis.
This instrument may work in measurements with separation of
combined spectra of «- and f3-scintillations, or - and ~-scin-
tillations, using the same principle of the discrimination anal-
ysis. The shape of the scintillation pulses was studied by the
delayed coincidence method (the single-photon technique). We
used a set-up of our own design with sub-nanosecond time res-
olution [10].

IV. MAIN RESULTS AND DISCUSSION

A. Detection of Short-Range Radiations

Table I presents the main characteristics of organic single
crystals obtained by the technology described above, and shows
the averaged value of light yield and energy resolution. The
spread in the values obtained for different samples was not
higher than 10%. The results of measurements obtained in [16]
allow us to extrapolate the average value of light yield obtained
for room temperature to the temperature ranges given in Table I.
Such an approach is based on the following.

In [16] the relative light output versus temperature was mea-
sured for some scintillators used in geological applications. The
results obtained agreed with the concept of molecular-lattice po-
laron formation in organic crystals that had been previously pro-
posed (see e.g., [17], [18]). It means that charge states whose
recombination results in molecular excitation, followed by the
irradiation of radioluminescent photons, can bear the marks of
the lattice and molecular polaron at the same time. The mobility
(and therefore the number of recombinations during a given in-
terval of time) of molecular and lattice polarons with tempera-
ture growth decreases and increases, respectively, due to the dif-
ferent nature of their mobility in organic dielectrics [17]. Devel-
opments in the theory of molecular-lattice polaron in combina-
tion with computer simulations enabled Silinsh and colleagues
to show that for the formation of molecular-lattice polarons in
organic crystalline systems, mobility versus temperature depen-
dence for molecular and lattice polarons can equalize each other
across a given temperature interval. That was clearly proved
using naphthalene crystals as an example. It means that for some
temperature regions a weak dependence of light yield against
temperature can be expected [18].

These measurements [16] showed that in contrast to other
temperature ranges, an extremely week dependence of light
yield against 7" was observed in the temperature ranges between
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Fig. 1. Normalized luminescence spectra of a doped p-terphenyl single crystal

and a doped cold-pressed polycrystal with fraction size L ~ 0.5 to 1 mm).
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Fig. 2. Radioluminescence pulse shapes and their decay exponential approxi-
mations for p-terphenyl single crystal (decay time 7 = 2.65 ns) and for p-ter-
phenyl polycrystal (7 = 1.60 ns) irradiated by 3-particles from a ®°Sr 490 Y
source. Samples contain 0.1% of diphenylbutadiene.

—95°C and +75°C for stilbene single crystals and between
—115°C and +110°C for p-terphenyl single crystals. The slope
of this dependence is about 10~# °C~! which was comparable
with the light yield measurement error [16].

Fig. 1 shows photoluminescence spectra for a reference
single crystal and for a cold-pressed p-terphenyl polycrystal.
A difference in luminescence spectra from the single crystal
was observed compared to the cold-pressed polycrystal. Photo-
luminescence spectra for a reference single crystal and for a
hot-pressed p-terphenyl polycrystal were practically the same.
The spectra (see Fig. 1) show that cold-pressed polycrystals
produce changes typical for imperfect structural systems [10],
[11]. Radioluminescence and photoluminescence spectra for
the same object were identical. Analogous results were obtained
for stilbene based systems.

Fig. 2 shows the results of pulse shape measurements for a
thin (about 1 mm thick) single crystal and polycrystal of p-ter-
phenyl. One can see the typical effects of increasing the rise time
of the pulse and of decreasing the decay time for the polycrys-
talline scintillator in comparison with reference single crystal.
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TABLE II
RELATIVE LIGHT YIELD C' OF A SERIES OF @30 MM X 5 MM COLD-PRESSED
AND HOT-PRESSED STILBENE POLYCRYSTALS

C.%
Type of 0.622 Me
pressing £ mm conversion > MeV
clectrons_#Paricles

Cold 05to1 60 21.5
Cold 1to2 99 30.5
Cold >2 97 21
Hot 05to1 102 104
Hot 1to2 117 126
Hot >2 115 122

Using the results of amplitude spectra measurements we
calculated values of relative light yield C' for a series of
?30 mm x 5 mm cold- and hot-pressed stilbene polycrystals.
Table II summarizes the results of the measurements both for
the case of irradiation by 0.622 MeV conversion electrons from
137(Cs, and for the case of 5.15 MeV a-particles from 23°Pu.
In both cases values of the light yield of the reference @50
mm x 5 mm stilbene single crystal was taken as 100%. The
light yield of the reference calibrated stilbene single crystal
was low (1.2 x10* photons per MeV), and therefore some
values in Table II exceed 100%. For both hot-pressed and cold
pressed polycrystals, the best results were obtained when the
samples were made from grains with L values in the range
1 mm to 2 mm. The hot-pressed polycrystals have better pa-
rameters than cold-pressed polycrystals. Table II shows a big
difference in C-values between hot-pressed and cold-pressed
polycrystals for the case of a-excitation as well as for the case
of (-excitation. The range of the 0.622 MeV electron paths
can be estimated as 1.75 mm, and the length of alpha particle
track as 0.03 mm only [10]. It means that the influence of
scintillation light path through a scintillator is more important
for the case of a-excitation than for 3-excitation. Therefore the
hot-pressed polycrystals must have an efficiency close to the
single crystal and have to be more transparent for the emitted
light. For cold-pressed polycrystals both of the characteristics
mentioned above are worse.

The above results can be explained as follows. As is shown
in [10], [18], [19], the properties of organic scintillators change
when going from a single crystal to a polycrystal (i.e., with the
degradation of structural perfection of a crystal caused by in-
creasing the root-mean-square random orientation of the crystal
mosaic structure o [18]) in the following way. With the o-value
increase, the concentration of deep traps of singlet excitons and
charge states grows. The same structural trap is always a trap,
both for charge carriers and for excitons. The equivalent en-
ergies of such trap depths are different (about 1 eV and 0.24
eV for charge states and for singlet excitons respectively [11],
[19]). These deep traps arise at grain boundaries where struc-
tural defects such as aggregations of dislocations and ensembles
of dislocations are formed in an organic crystal [17]. The cap-
ture of some charge carriers (generated by a primary particle) by
deep traps should cause a certain decrease both of the radiolu-
minescence light yield and the fast component decay time con-
stant. For organic molecular systems, deep traps of structural
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origin are usually accompanied by a system of shallow traps
[17], [18]. It results in an increase in the rise time of the scintil-
lation pulse (see Fig. 2). So, for a molecular crystal the o-value
increase results in ch. in the radiol ence spectrum,
light yield values and time parameters of a pulse shape. To im-
prove the characteristics of a scintillator it is necessary to im-
prove its structural perfection. This can be done by solid recrys-
tallization, which is achieved with hot-pressed polycrystals.

B. Detection of Fast Neutrons and Photons of
Gamma-Radiation

Measurement of the characteristics of gamma scintillations
is very important because no track forms and in contrast to the
case of neutron or alpha excitation, there are no additional spe-
cific losses on quenching in track. The light yield is one of the
main characteristics of scintillation detectors. One should dif-
ferentiate the absolute light yield (scintillation efficiency) from
the technical light yield (see review of measuring methods in
[20]). Absolute light yield is the ratio of total energy of scin-
tillation photons to energy deposited by ionizing radiation in
the scintillator. Technical light yield is the ratio of total energy
of scintillation photons passing through the window of the de-
tector, to energy, deposited by ionizing radiation in the scin-
tillator. Absolute light yield is characterized by the number of
photons in scintillation per 1 MeV energy radiation absorbed by
scintillator, while technical light yield by the number of photons
passing through the window of the detector for the same energy.
Standard practice usually includes measurement of light output
based on the ratio of the amplitude of signals from tested and
reference detectors. Detectors based on Nal(Tl), anthracene or
stilbene are used as reference detectors [2], [10], [20]. In this
work we used a reference single crystal of stilbene, whose ab-
solute light yield was measured by a “method based on the mea-
suring of intrinsic resolution of the photomultiplier” [20]. It is
equal to 1.2 x 10* photons per MeV. The measurements of the
relative light yield made for excitation from a '37Cs radionu-
clide source allows us obtain the value of absolute light yield
for other scintillators. Calibration of the linearity of the set-up
using real scintillators was done using the Compton edge ener-
gies of the gamma lines for the following radionuclide sources
137Cg, 22Na, 9°Co, 152Eu, as well from the 2C(n, ) reaction
in a Pu-Be radionuclide source. The light output of the scintil-
lators relative to gamma energy was linear within 5%.

These measurements mean it is possible to calibrate the en-
ergy scale of the measuring set-up in photons using a real scin-
tillator. Previous measurements give the light yield for a mea-
suring scintillator that was excited by *7Cs. We also know the
positions of Compton edges for the rest of the energies. The
energy scale is linear. If we change nothing except the type of
excitation then the signal in a given energy channel will appear
only if the same number of photons will be irradiated by the
scintillator, irrespective of the type of excitation. So, the cali-
bration of the energy scale in terms of number of scintillation
photons per channel obtained for gamma excitation is valid for
neutron excitation if we do not change the mode of operation of
the set-up, and do not change the scintillator.

In materials which contain high concentrations of hydrogen
the energy spectrum of recoil protons must be like a set of
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Fig. 4. Neutron spectra reconstructed from the recoil proton spectra (see Fig. 3
of 239Pu-Be (stars) and 232 Cf (open triangles) sources for an @50 mm x 5 mm
reference stilbene single crystal.

“steps”, each of which forms by neutrons with energy F,, [2],
[21], [22] due to the mechanism of recoil proton generation.
During the neutron measurements the pulse shape discrimi-
nation electronics (which is described in [15]) selects neutron
signals and prevents detection of gamma scintillations. There-
fore the proton recoil spectrum is measured (see Fig. 3).

It can be shown [22], [23] that for such a “stepped” re-
coil proton spectrum of the energies £, < FE,, numerical
differentiation results in a neutron spectrum of energies E,,
being obtained. It can be done using (1) or more complicated
expressions.

E, du (E,)

E,) =— X ——L . (1)
e = "B ¥ "B, |p s,

where u(E,) is a recoil proton spectrum (measured for £, <
E,),and e(E,,) is the efficiency of detection for different energy
neutrons.

Fig. 4 shows the results of a reconstruction of neutron spectra
from recoil proton spectra (Fig. 3) using (1). In this approach
(based on (1)) we have to use sources with known energies F,, in
order to be able to identify the energy of peaks on reconstructed
neutron spectra (see [23]). It means we can study the properties
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of a scintillator as a detector of fast neutrons without any addi-
tional assumptions about the mechanism of energy losses inside
the proton track.

In practical applications it is necessary to define the energy
spectra of unknown neutron sources, and therefore more com-
plicated expressions than (1) are necessary [22]. To obtain such
an expression it is necessary to introduce an additional func-
tion in (1) that takes into account the non-linearity of the pro-
cesses in protons tracks. Unfortunately up to now there is no
theory coincident with the experiment that explains the pro-
cesses in particles tracks in organic scintillators. All empirical
and semi-empirical expressions used in such formulas for re-
constructing neutron spectra do not give satisfactory results. On
the right side of (1) there is no term that takes into account the
non-linearity of scintillation response to recoil protons and the
value ¢(E,,) holds this information. An approach based on (1)
and measurements with a neutron source of known energy spec-
trum may be the only realistic way of obtaining an experimental
basis for testing a model of energy losses in proton tracks in or-
ganic scintillators. Using this approach, the expression can be
obtained that takes into account the non-linearity of the pro-
cesses in proton tracks.

For a linear measuring system, the channel number for neu-
tron scintillation energy spectra is proportional to the number
of scintillation photons, and therefore for the case under discus-
sion it is not proportional to neutron energy F,,. It means that a
source with a known spectrum allows one to identify the neutron
energies E,, that correspond to peaks of the ¢(E,,) spectrum.
Attempts to obtain this information for other neutron energies
can be made only on the basis of knowledge of the law of such
the non-linearity. If the e(E,,)-value is taken as equal to one
when a neutron spectrum is reconstructed according to (1), then
the ratio of the number of counts in the peaks of spectra ¢(E,, )
gives the relative efficiencies of a scintillator to detect neutrons
of corresponding energies E,, [23].

Peaks 1 to 11 on Fig. 4 correspond to well-known energies
of neutrons (0.85, 2.0, 3.1, 4.2,4.9, 6.4, 6.7, 7.3, 7.9, 8.6 and
9.7 MeV respectively [21], [22], [24]) emitted by a >3Pu-Be
source. The lowest energy part in the spectrum is caused by fis-
sion of 239Pu by neutrons moderated in a source [22]. To be
sure that the energy threshold fits correctly and the measuring
device does not cut the lowest energy part of a proton recoil
spectrum, measurements with a 2>2Cf radionuclide source (the
source of fission-spectrum neutrons) always accompany exper-
iments with a 239Pu-Be source. In the case of new 252Cf ra-
dionuclide source a spectrum of 22Cf radionuclide source is the
smooth continuum. Fission products are accumulated in such a
source in time. Their spectra can overlay with the main spectrum
of the source [22]. Fig. 4 shows the spectrum of 22Cf radionu-
clide source that was made 30 years ago. In addition numerical
differentiation (see (1)) of the scintillation spectra of recoil pro-
tons has to give additional statistical fluctuations [23].

For each type of scintillator the highest signal was obtained
for L-values 1 to 2 mm. Fig. 5 shows the light yield versus
E,, for these values of L, for the hot-pressed and cold-pressed
polycrystals, the composite scintillator, and a single crystal. As
was mentioned above, the calibration of energy scale in number
of scintillation photons per channel obtained from gamma
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Fig. 5. Scintillation signals versus neutron energy for some organic scintilla-
tors. Stilbene fraction of a hot-pressed polycrystal, a cold-pressed polycrystal

and a composite scintillator L is from 1 to 2 mm.

excitation is valid for neutron excitation. Using the results of
gamma calibration and neutron measurements one can obtain
the number of scintillation photons against neutron energy £,,.

Fig. 5 as well shows the formal linear relationship of light
yield versus E,, for the stilbene single crystal, made for two dif-
ferent ranges of F,, taken arbitrarily for the range of low and
high energy parts of the spectrum. Such a linear relationship
only shows the average characteristics of the nonlinear relation-
ship of scintillation signals versus £, for a chosen energy re-
gions. The difference in slope of these two lines shows the dif-
ference in energy losses along a path averaged for these two
energy ranges. The non-linearity of the scintillation light yield
versus [5, for different energy ranges takes place due to the
higher influence of quenching in a track for a low-energy re-
coil protons than for high-energy ones [19]. These values are
considerably lower then the value of light yield for gamma ex-
citation (1.2 x 10* photons per MeV) due to additional energy
losses in tracks of protons.

The following results were typical for all the scintillators in-
vestigated. The relative scintillation signal amplitudes for the
low-energy part of the spectrum were higher for composite scin-
tillators. In this region, the absolute values of scintillation signal
were comparable for a composite scintillator with L from 1 to 2
mm and for a single crystal. For F,, < 2 MeV the highest scin-
tillation amplitudes are from the single crystal. The hot-pressed
polycrystals have the best signal after the single crystal and ex-
ceed the values for cold-pressed scintillators. For the high-en-
ergy part of spectrum the lowest scintillation amplitudes are
from composite scintillators.

The results obtained are in good agreement with track for-
mation data for organic scintillators [10], [23], in accordance
with which, the scintillation signal in tracks of ionizing parti-
cles is mainly formed in the diffusion-controlled annihilation
process of triplet exited molecules of a scintillator. For neutrons
with high E,, the number of high-energy recoil protons will in-
crease. For composite scintillators it means that the probability
of a proton track dividing into separate parts, which are located
in more than one scintillation grain in the glue, will grow. The
triplet states generated in different scintillation grains will lose
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the possibility to move to each other through the glue and give
a signal [10]. This clearly will lead to a decrease in the effi-
ciency of the exchange mechanism between the molecules in
triplet states and therefore a decrease of the scintillation signal.
These are the results shown by our experiments (see Fig. 5).

V. CONCLUSION

New types of organic scintillators for the detection of fast
neutrons, alpha-, and beta radiation have been made. The
method of production of the polycrystals and composite scin-
tillators means there is no physical limitation on their diameter,
but in practise this will be determined by the conditions for scin-
tillation light collection (including the size of a photodetection
system), and requirements of use (mechanical load, temperature
condition, etc.). These materials are not hygroscopic.

Future research will investigate polycrystal and composite
scintillators with other grain size ranges L, as well as the process
of track formation in them.
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The effect of polarization on the energy exchange of charge states in molecular media is
studied for the case when no external electric field exists. Measurements of the light yield
of organic molecular crystals excited by ionizing radiations are used to verify theoretical
hypotheses. This allows us to carry out experiments for a wide range of the initial density
of charge states. The polarization process initiates the primary recombination of hot
carriers those are generated in the particle track. This reduces the radioluminescence
(RL) energy yield of organic molecular crystals with increasing the specific energy loss
of an ionizing particle.

Keywords Charge state; energy yield; organic crystal; polarization; radioluminescence

Introduction

Organic molecular crystals, as organic molecular solids in general, have unique optical
and electronic properties. Molecules in organic crystals are bonded by the van der Waals
forces [1-6]. The energy of these interactions is 103 times less than the energy of covalent
interactions between atoms in a molecule [2, 4]. Huge quantitative differences in the
energies of the lattice interactions in organic molecular and inorganic covalent (ionic)
crystals cause qualitative differences in the formation and transport of excess charge carriers.
The energy structure of molecular crystals and electronic processes in them are defined
both supramolecular and electronic structure of the molecules that make up a crystal.
Delocalized and weakly bonded 7-electrons of conjugation of the molecules of aromatic
hydrocarbons and n-electrons of conjugated heterocyclic compounds are a potential source
of the formation of charge carriers under the light, temperature, external field, or ionizing
radiation [1-3].

Weak intermolecular forces are responsible for a strong localization of a charge carrier.
It moves by incoherent hops in an organic molecular crystal [2]. At high temperatures,
charge carriers due to their pronounced localization on individual molecules during their
motion have time to interact strongly with the electronic and nuclear subsystems, and, in
some cases, with the lattice subsystem of the environment. It causes formation of electronic,
molecular, and lattice polarons, respectively. The electronic polaron formation results in
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Effect of Polarization on Recombination of Charge States 177

increase of intermolecular energy to 10~! eV. This energy is by a factor of 107 greater than
the energy of the van der Waals interactions that hold molecules in a crystal [2, 4].

Organic molecular crystals due to the above-discussed features of their structure and
specific electronic properties are widely used as semiconductors, light-emitting diodes, ele-
ments of nonlinear optics, and detectors of ionizing radiations [1-7]. Different applications
have their own aspects. For example, a powerful external electric field is not used during
experiments in the scintillation applications. In this case, the energy exchange of charge
states is determined by the internal electric fields occurring between molecules with elec-
tron deficiency and excess. Note that the formation of particle tracks can be corresponded
to the extreme case of extra-large initial concentrations of charge states. In itself, this is a
very interesting scientific problem.

The organic single crystals used as efficient scintillators have a monoclinic structure
with close values of parameters of the unit cell, with the densities close to 1.2 g/cm3, and
the similar values of the effective atomic number and effective nuclear charge [8]. The
single crystals of anthracene, stilbene, and p-terphenyl [4, 7, 9—12] are the most applicable
organic scintillation crystals. In the latter case, the single crystals with and without a
dopant of 0.1% 1,4-diphenyl-1,3-butadiene in the melt are used [4, 10]. Organic molecular
scintillation crystals are often used for detection of the ionizing radiations, which have high
specific energy loss (dE/dx) [4, 7].

In this paper we analyze the energy exchange of charge states in the high activation
density regions of the quasi-spherical (spurs) and quasi-cylindrical (tracks) symmetry on
the hypothesis that the influence of the polarization interactions is of primary importance
[13]. It is should be noted that the influence of polarization effects was earlier discussed in
the context of the mechanisms of the fast component formation of the radioluminescence
(RL) pulse in regions of the low activation density of organic molecular solids and liquids
[9, 14-16]. Therefore, the discussion of this material is beyond the scope of this paper.

Theory

Aspects of Charge State Generation in an Organic Molecular Medium

Ionizing radiations generate excess charge carriers in an organic molecular crystal [1]. In
this case, a quasi-free electron rapidly localizes on some other molecule and produces
a negative quasi-ion M_. The molecule, which has lost an electron, becomes a positive
quasi-ion M. A displacement of m-orbitals and positively charged molecules occurs
in different directions in the surrounding of the molecular quasi-ion. The polarization
surrounding originates including about 10> molecules. The electronic polarons M,~ and
M,* are formed around the quasi-ions M_ and M _, respectively [2]. The energy of the
electrostatic field of a quasi-ion E,,; that is necessary to create the polarization surrounding
is about 1-1.5 eV. The polarization time of the electron orbitals of the molecules of an
organic crystal is estimated as 7, &~ 107'°~10~13 s. The electrostatic field of the quasi-ions
disappears as the result of a pair recombination of M and M _. Directly after this, 7-
orbitals and positively charged skeletons of molecules, which had been polarized by the
electrical field of the M and M _ pair, return to equilibrium giving off the vibrational
energy. This energy corresponds to the energy, which is spent for their initial displacement
during the formation of the polarization surrounding [2, 4]. Besides, the formation of the
molecular exciton localized at high temperatures on the molecule, which was a quasi-ion
before the recombination, becomes possible. The relation between the probabilities of the
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exciton decay with and without the emission of a light photon (the energy Epj, is about
3 eV [4]) determines the RL intensity. The ratio of the energy of the emitted light to the
energy of an ionizing radiation accumulated in a crystal, determines the energy yield of the
scintillation process. This yield can be different for different types of ionizing radiations.

If the distance d between the charge states M,,Jr and M,,~ is less than the value of the
radius of the stable polarization surrounding r. (1), then a pair of molecular polarons forms
[2, 4]. The value of r. is defined as [2]:

62

47 (¢) eok T’ M

Te =

where (¢) is an average relative permittivity of a crystal, k is the Boltzmann constant, T is
a temperature, and & is the dielectric constant.

The value of the local field strength Ejq that created by a pair of charge states M,* and
M,,~, localized on different lattice sites, will vary depending on the distance between M,,+
and M,,~. It is easy to obtain the following estimates using the data [17]. For example, for
the single crystal of anthracene the values of Ej, created by such a pair are in the range from
1.8 x 10°t0 3.2 x 107 V/cm when the distance d changes from r, to the distance between the
nearest neighbor molecules. These values exceed the breakdown voltage of organic crystals
[1]. According to [2, 4] in such a case the charge carrier scattering time T becomes a very
small quantity that is less than 10! s. According to [18], the thermalization time of charge
carriers in these systems is by an order of magnitude greater. The strong local electric fields
inside such the pair have to increase the probability of the recombination of hot charge
states, especially, when no an external electric field is applied [1]. The contribution to the
total recombination process of the very fast initial recombination of the hot charge state
pairs should increase with their concentration.

During the excitation by an ionizing particle in each a single event of interaction with
a medium this particle mainly transmits such a portion of it energy, which exceeds the
ionization potential of molecules. The ionizing radiations with low values of dE/dx (< 10!
MeV/cm), such as electrons with energies above 100 eV, photons of gamma radiation
(that generate secondary electrons in an organic medium) create separate local regions
of excitation (spurs). These regions do not overlap. The ionizing radiations with values of
dE/dx > 10' MeV/cm (protons, alpha particles, heavy ions) generate the spurs those overlap
and form a single region of high activation density, i.e. the particle track [4, 19]. Generation
of charge states in the ionizing particle track proceeds through a rapid (1071°~10~15 s [4])
initial stage of a decay of superexcited [20] and plasmon states [1, 4, 21-23]. Fano [23]
considered organic molecular systems as the most obvious example of systems in which
the generation of plasma oscillations was possible. According to the experimental data the
average energy of plasmons in organic condensed media is estimated as (Ej) ~ 20 eV
[1,4,13,21,22].

It is known that the probability of the nonradiative decay of a molecular exciton
increases with increasing temperature, while the probability of luminescence decreases
[24]. During the simultaneous recombination of j polaron pairs the vibration energy, which
is comparable to or lower than the energy of the lowest singlet excited state S, should
be released. It means that the probability of the nonradiative losses must increase with
increasing dE/dx, i.e. with increasing j. As aresult, the RL energy yield should decrease with
an increase in the j-value. Such a change can be correctly examined by the measurements
of the RL light yield.
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The Model Representation of Tracks and Spurs as Volumes with the Cylindrical
and Spherical Symmetry, Respectively

Despite of an evident disagreement between the real processes and the approach, which
considers tracks (spurs) as the volumes of a cylindrical (spherical) symmetry with the
“sharp” boundaries, this approach is successfully used since the time of the investigation
of particle tracks in the cloud chamber [1, 4, 7, 19]. This approach allows us to introduce
the definition of the initial radius r( of a cylindrical track or a spherical spur. It gives a
possibility to carry out not only some estimations, but to make quantitative calculations as
well. This approach means the following.

The Gaussian distribution of the initial concentration of charge pairs (in the plane
perpendicular to a cylinder axis, or in the cross-section of a sphere passing through two
of its diameter) is replaced by the truncated Gaussian distribution. This distribution ig-
nores the presence of a small number of the pairs that are on the distances larger then
a diameter of a cross-section of such the cylinder. In this case, the diffusion-controlled
process of annihilation of triplet excitons (7-states) in the region of a track (or a spur) can
lead to the generation of S;-states, which results in a rise of the number of RL photons
[1, 14-16]. A time ¢ of such a photon appearance after excitation is additionally delayed
on the time required for two triplet excitons to meet each other. The delayed RL forms the
slow component of a scintillation pulse. Its shape can be described as [4, 16]:

1)~ (L+ /o), 2)

where Eq. (3) defines the time of a diffusion expansion of the track (spur) 7p in the medium
with the diffusion coefficient D of T-states. The value k is equal to 1.0 or 1.5 for the high
excitation density regions with the cylindrical or spherical symmetry, respectively:

tp =r3/4D. 3)

Experimental checking the k-values for the wide class of organic scintillators (from liquids
to single crystals) gives the following results for # > 50 ns. The condition k = 1.0 is satisfied
with an accuracy no greater than 5-6% in the case of the excitations by alpha particles and
fast neutrons (that create recoil protons). For the excitations by conversion electrons or
photons of gamma radiation the condition k = 1.5 is satisfied with an accuracy of 7-8% [4].
It also means that in the first case the tracks are essentially formed, while in the second case
the spurs are formed. These results explain why the application of the discussed approach
in radiation chemistry, radiation physics, and scintillation technique is so successful [1, 4,
7, 19].

The second very important result of the discussed studies is the following. Equation (2)
describes the diffusion-controlled process for # > 50 ns [4]. It means that the main energy
losses in the scintillation process have to occur in the earlier times after an excitation.

The Semi-Empirical Description of the Energy Exchange Processes of Charge
States in Organic Crystals for High Excitation Densities

Recently [25], we proposed the semi-empirical description of the primary energy exchange
in the ionizing particle track with the cylindrical symmetry that takes into account the
polarization interactions in organic molecular media. It was shown that the rates, which
describe the probabilities of the primary fast recombination of hot charge state pairs in the
track, and the rates, which describe the pair recombination of those charge states that in the
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initial time are at a distance that exceeds .. (1), appear in the final equation with the opposite
signs. In the former case the hot charge states M,™ and M,,~ are on very short distances.
The probability of a simultaneous recombination of more than one the pair becomes high.
In the latter case, the additional time is necessary to the charge states to approach each other
within the distance less than r. (1). They have a time to relax to the molecular polarons.
The probability of a simultaneous recombination of more then one of such the pairs in a
very small volume is negligible.

In [13, 26] the detailed analysis of this description was performed. In particular, it
was obtained the following results. The influence of the type and structure perfection of a
scintillator on losses in the light yield is not as important as the influence of the processes
of the primary quenching inside the ionizing particle track. With increase of the initial
concentration of charge states the quenching effect grows. It is the primary quenching
that has to be the concentration-controlled process [13]. With an increase of the initial
concentration of charge states, the fraction of polarons, which take part in the primary
recombination, grows. This has to cause the increase of the quenching effect, i.e. the
decrease of the number of RL photons [26].

The Recombination of Charge State Pairs for the Case of Excitation with High dE/dx

If the above-mentioned analysis is correct, then the probability of the primary recombination
of hot charge states should depend on the relation between r. (1) and the average initial
distance d between charge states. This distance will be determined by dE/dx, and hence
by the type of an excitation. Therefore, to revise the results of the analysis it is necessary
to calculate the values of r. and d for different types of crystals and irradiations. The
calculations of r. (1) for a number of organic single crystals were carried out in [27]. The
r.-values were in the range from 15.4 nm for the single crystal of stilbene to 19.5 nm
for the single crystal of p-terphenyl. We calculated the d-values for the single crystals of
anthracene, stilbene, and p-terphenyl excited by alpha particles, fast neutrons and electrons.
The results obtained for different single crystals had no a qualitative difference. For alpha
particles, it was obtained that d < r,, for electrons and photons of gamma radiation of the
medium energies the relation d > r, was correct. For the case of the excitation by fast
neutrons of different energies, both cases could be observed. For d > r,, in contrast to
d < r,, the polarization surroundings of neighbor pairs do not overlap. It means that in the
case of the excitation by a fast neutron the influence of the polarization effects on the fast
recombination of hot charge states should not be as strong as in the case of the excitation
by an alpha particle.

The Experimental Studies of the Recombination Process of Charge State Pairs
Jfor a High Excitation Density

The data that were discussed in the section “Theory” are in a good agreement with the
hypothesis that the fast initial quenching effect is caused by the primary recombination of
hot charge states and increases with these states concentration. If this hypothesis is correct,
then the energy yield of the scintillation process has to decrease with increasing the initial
concentration of charge pairs, or with increasing dE/dx of a particle. In this formulation,
the problem can be directly solved on a base of the measurements of the scintillation light
yield for a wide range of dE/dx values.
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Experimental

Radionuclide Sources

To obtain a wide range of dE/dx we used medium energy photons of gamma radiation with
energies E, ~ 10°-10° eV (**Na, Co, *'Cs, and '3?Eu radionuclide sources), conversion
electrons with the energy E, = 0.622 MeV (the '*’Cs source), alpha particles in the energy
range from 0.7 to 7.5 MeV, fast neutrons from a 29py-Be source.

The alpha particles for such the energy range were obtained by attenuation of alpha
particles from 2*Pu (5.15 MeV) and **Ra (7.68 MeV) isotopes in a layer of air. The actual
energies of the alpha particles were estimated from their residual range [4].

To separate the spectrum of recoil protons generated by fast neutrons of a >*’Pu-Be
radionuclide source in organic crystal, we used the method of discrimination of an ionizing
radiation by a scintillation pulse shape. The set-up that provided such the selection we
described earlier [4, 28]. The discrimination scheme allowed reducing the probability of
detecting the gamma radiation photons of a **Pu-Be source in 10* times. The characteristics
of a 2*Pu-Be source and the method of reconstruction of the neutron spectrum from the
measured recoil proton spectrum was described in detail in previous papers [4, 10].

Experimental Samples

We investigated the light yield of single crystals of stilbene (C;4H;», density p =
1.22 g/cm?), anthracene (C4Hjo, p = 1.25 g/cm?), and p-terphenyl (C1gH 4, p = 1.23 g/cm?)
[4]. The single crystals of the p-terphenyl containing 1,4-diphenyl-1,3-butadiene (0.1% in
the melt) as an addition agent were studied as well. All samples had a thickness of 5 mm.

Comparison between Characteristics of the Photoluminescence
and the Radioluminescence

Photofluorescence Quantum Yield. Fluorescence spectra were measured by a Varian Cary
Eclipse spectrofluoremeter. Basing on these measurements the absolute photofluorescence
quantum yield @, of the organic single crystals was calculated. It was obtained that
®,n = 0.65 for stilbene, @, = 0.48 for p-terphenyl, @, = 0.97 for p-terphenyl that
contains 1,4-diphenyl-1,3-butadiene, and ®,, = 0.55 for anthracene.

Radioluminescence Light Yield. The light yield is the total number of photons, which are
produced in a scintillator per 1 MeV of particle energy. The light output is that fraction of
the light yield of a scintillator which is detected by a photodetector. It is experimentally
measured value [4]. The ratio between these values is called the light collection coefficient.
Let us denote it as t; for excitation of i-type. The light collection coefficientr takes into
account geometry of a sample and type of excitation [29].

The light output of organic single crystals we calculated by comparison with the value
of the light output for the reference stilbene single crystal. It light yield C was equal to
14,700 photons per 1 MeV of gamma radiation. Table 1 shows the values of the light yield
C for the organic single crystals, as well as the values of the light collection coefficients 7,
7., and 7, for the cases of excitation by photons of gamma radiation, conversion electrons
and alpha particles, respectively. For the case of the excitation by fast neutrons we used
the light collection coefficient identical to that for gamma radiation (z, -value), because for
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Table 1. Light yield C and light collection coefficients 7., 7., and 7, of organic molecular

crystals
Organic crystal C, photon/MeV 1, Te Ty
Stilbene 14,700 0.659 0.649 0.635
p-Terphenyl (undoped) 17,000 0.576 0.563 0.551
p-Terphenyl (0.1% 1,4-diphenyl-1,3-butadiene) 24,900 0.615 0.608 0.597
Anthracene 29,000 0.596 0.583 0.570

these types of excitation the secondary particle would originate actually in any point of a
sample with equal probability.

Energy Yield of the Photo- and Radioluminescence. The photoluminescence energy yield
Ypn is defined as:

th = <I:’ph X

oo “

where X, and A%, are the excitation wavelength and the average wavelength of an
emission spectrum, respectively; @, is the absolute photofluorescence quantum yield.

The average value of the RL energy yield for a particle with the initial energy Ey
crossing the maximum range in a scintillator is equal to:

Y) = - EUY E)ME = £ 5
(.—)—E—Of +(E) & (&)
0

where L is the total energy of the RL photons.

Let us use the following notations: Ey(A*,) is the average energy of a luminescence
photon, E; is the excitation energy, P; is the total number of photons in a scintillation pulse,
and Y; is the energy yield. The suffix i means the excitation of i type. Below by ph, y, e,
n, and « we denote the following types of excitation i: light photons, photons of gamma
radiation, conversion electrons, neutrons and alpha particles, respectively The symbol of
averaging will be omitted. Hence, it is necessary to measure the total number of photons in
a scintillation pulse P; to obtain the value of Y; for i type of excitation with the energy E;.

The Number of Scintillation Photons

The following procedure was used to obtain the total number of photons P; in the RL pulse
for i type of excitation. Firstly, we measured amplitude scintillation spectra of organic
single crystals obtained for the excitation with the energy E;. The amplitude scintillation
spectra of the samples were measured by a multichannel amplitude analyzer AMA-03F.
The analyzer scale was calibrated by the energy lines, which correspond to the edges of the
Compton spectra obtained during the excitation by radionuclide sources 2Na, ®Co, 1*Cs,
and '?Eu. The light output of the scintillators was calculated by the comparison method
[29] using the reference stilbene single crystal. After that we recalculated the light yield
of the single crystals taking into account the light collection coefficientst,, 7., and 7
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Figure 1. The total number of photons P, (closed symbols) and P, (open symbols) in a scintillation
pulse for organic single crystals. The solid lines are the calculated linear dependences of P, against
E, . The arrow indicates the energy E, = 0.613 MeV of the conversion electrons.

(see Table 1). This allowed us to calculate the number of scintillation photons P;, which
are generated in an organic single crystal by the energy E;.

Figure 1 shows the results of such calculations for the ionizing radiations with low
dE/dx. Within the discussed energy range the plot of P, as a function of E,, yields a straight
line. For conversion electrons the calculation was performed only for a specific value,
which corresponded to the energy of the incident electron E,. The energy £, = 0.613 MeV
corresponds to the experimental conditions. To calculate this value we take into account
that before the electron with the initial energy E, = 0.622 MeV strikes a sample it has to
pass through a layer of air about 4 cm thick.
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Figure 2. The total number of photons P, in a scintillation pulse for organic single crystals excited
by fast neutrons with the energy E,. The symbols are the same as in Fig. 1.
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Table 2. Values of Eyy (M%), @ph, and Y, of organic molecular crystals

Organic crystal Epn(A"em), €V Dpp Yoh
Stilbene 3.08 0.65 0.55
p-Terphenyl (undoped) 3.13 0.48 0.41
p-Terphenyl (0.1% 1,4-diphenyl-1,3-butadiene) 2.88 0.97 0.77
Anthracene 2.71 0.55 0.50

Figures 2 and 3 demonstrate the calculated values of the total number of scintillation
photons for molecular single crystals excited by fast neutrons of a >*’Pu-Be radionuclide
source (values of P,) and by alpha particles in the energy range from 0.7 to 7.5 MeV
(values of P, ), respectively. These dependences obtained for the excitation by the ionizing
radiations with high dE/dx values are non-linear.

Discussion

Low Values of dE/dx

Table 2 presents the values of Ey,(A%.,), ®pn, and Yy, for the photoexcitation, while
Table 3 presents the values of Y, and Y., obtained for the ionizing radiations with low
dE/dx. The Y, -value, according to (5), is equal to the product of a slope of the curve (see
Fig. 1) by Epn(A®em). The value Y, is obtained as P, x Epy(A”en)/E,. In Fig. 1 the values
of P,, practically, are on the corresponding linear dependencies of P, against E,,. Within
the energy range of the measurements the interactions of gamma radiation photons with an
organic medium are well fitted by Compton effect, which results in generation of secondary
electrons [4]. It causes an extremely small difference in parameters Y, and Y, (see Table 3).

The comparison of the data presented by Tables 2 and 3 shows a significant difference
between the values of the corresponding parameters obtained for the photoexcitation and the
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Figure 3. The total number of photons P, in a scintillation pulse for organic single crystals excited
by alpha particles versus the energy E,. The symbols are the same as in Fig. 1.
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Table 3. Values of Y, and Y, of organic molecular crystals

Organic crystal Y, Y,

Stilbene 0.045 0.042
p-Terphenyl (undoped) 0.053 0.052
p-Terphenyl (0.1% 1,4-diphenyl-1,3-butadiene) 0.072 0.066
Anthracene 0.079 0.073

excitation by the ionizing radiations with low values of dE/dx. In the case of the excitation
by the ionizing radiations with low dE/dx the values of the RL energy yields (Y, and Y,)
are by an order of magnitude smaller than in the case of the excitation by light photons of
the visible range (Yp,). The question arises “Why?”

In contrast to photoexcitation the generation of molecular excitons in organic crystals
by ionizing radiation has a many-stage nature [1, 4, 13, 20, 23]. The decay of a plasmon
may lead to generation of a single charge pair. The average energy of a plasmon (Ep) is
approximately equal to 20 eV [1, 4, 13, 21, 22]. This value determines the average energy
required to generate a single pair of charge carriers. There are at least two other possible
reasons those can cause the difference between Y, and Y,, or Y.

Geminate recombination when an electron recombines with its parent ion results in
generation of a singlet exciton [4, 22]. This situation is the most expectable for the spur
with one pair. For spurs containing more than one pair the spins of the combining charge
states are uncorrelated and random recombination dominates over geminate one [30]. In
this case, according to the spin selection rule, S- and 7-states occur in the ratio 1 to 3
[4, 7, 19, 30, 31]. Even if we take into account the probability of generation of S-states
in the annihilation of 7-states then it results in the yield of S-states equal to their yield
in the process of geminate recombination taken with the factor ~ 0.4 [31]. Therefore the
luminescence yield of the pair recombination decreases. The probability of generation of
the spurs with the number of pairs j > 2 decreases with increasing j [19].

An escape of an electron from a spur may be the second reason for the energy losses.
For the ionizing radiations with low dE/dx the distance between two neighbor spurs is much
larger than the size of a single spur, and the possibility of an overlap of spurs is extremely
small [4, 19]. Therefore, if an electron escapes from it spur then the probability this electron
returns to the parent spur or reaches to a neighbor spur is also extremely small.

So, the RL energy yield for the ionizing radiations with low dE/dx will define by the
features of generation and recombination of charge states in separate spurs. These spurs do
not overlap. Increasing the particle energy only leads to an increase in the number of such
spurs [4, 19]. This explains the linearity of P, as a function of E,, i.e. the constancy of the
light yield as a function of E, for the ionizing radiation with low dE/dx (see Fig. 1).

High Values of dE/dx

For fast neutrons and alpha particles we calculated the values Y, = P, x Ejpn(A”en)/E,
and Y, = Py X Epp(A”en)/Eq, respectively, according to Eq. (5). The Y),-values for the
investigated range of energies E, and samples of organic single crystals are in the range
from 0.012 to 0.040, while in the case of alpha excitation the calculation gives the values
of Y, from 0.0012 to 0.0095. A spread of the values Y, and Y,, is defined by both a type of
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Figure 4. The RL energy yield Y; of organic single crystals as a function of dE/dx of the ionizing
radiation. The symbols are the same as in Fig. 1.

a crystal, and a non-linearity of the scintillation response for the ionizing radiations with
high dE/dx.

Figure 4 summarizes the RL energy yields for organic single crystals excited by the
ionizing radiations in a wide range of dE/dx. Values of dE/dx were calculated using the
online programs ESTAR, PSTAR, and ASTAR of the National Institute of Standards and
Technology (NIST) [32]. The range of the Y,-values (see Table 2), and the range of the
Y, -values (see Table 3) is only indicated in Fig. 4 because the determination of the dE/dx-
value is incorrect for these both cases. In the case of neutron excitation we calculated the
values of dE/dx for the maximum energy of recoil protons, which were generated by the
corresponding fast neutrons with a set of energies E,,.

The complicated dependence of Y, versus dE/dx is caused by a nonlinearity of the
light yield as a function dE/dx for high values of dE/dx. With decrease of the energy of
an alpha particle, the dE/dx-value increases and reaches a maximum. After that in the end
of an alpha particle path Y, grows. The effect of an ion recharge can be the reason of this
dependence [4, 33]. According to [33], this effect takes place for alpha particles with the
energies about 1 MeV. The same result we have obtained in our measurements.

Figure 4 shows a precipitate drop in the RL energy yield for high dE/dx. For the case
of alpha excitation, the Y,-values are 15-30 times less than in the case of the excitations
with low dE/dx (the values of Y, and Y,). For the ionizing radiations with high dE/dx
the overlapping spurs will create the single region of high activation density of the quasi-
cylindrical symmetry. This will increase the density of charge state pairs M,* and M~
located at the distances smaller than the radius of the stable polarization surrounding r.
(1) of an excess charge carrier. Therefore, the polarization process will accelerate fast
random recombination of hot charge states having an excess energy. The probability of a
simultaneous recombination of several pairs of hot charge states becomes very high within
the small local region of a medium, determined by the value of r.. This will increase
the probability of the above-discussed process of a local heating of the track region. The
last process will promote an increase in the probability of a non-radiative deactivation

95



Effect of Polarization on Recombination of Charge States 187

of excitation. Such the quenching mechanism, when the light intensity of a single crystal
decreases with increasing it heating, is well known as the “temperature” quenching from the
photoluminescence investigations [24]. For high dE/dx this effect is significantly stronger
and can be a cause of the efficient primary quenching which results in decrease of the RL
energy yield Y.

The “concentration” quenching in the particle track is also possible in addition to the
“temperature” one. If the concentration of hot charge states drastically decreases during the
initial recombination, but still remains high enough, than the secondary stage of quenching
is possible. The concentration of §;-states, which are the source of the fluorescence in the
S1 — So + hv transition, could be reduced in the processes of the mutual S-S annihilation,
S-T annihilation, singlet exciton fission, quenching by doublet states etc. [30].

Conclusion

In contrast to photoexcitation the generation of molecular excitons in organic crystals by
ionizing radiations has a many-stage nature. It causes the additional energy losses even for
the ionizing radiations with low dE/dx. The main reasons for these losses are caused by: i)
random recombination of charge states in a separate spur, ii) an escape of electrons from a
separate spur.

The energy losses significantly increase for the ionizing radiations with high dE/dx.
Random recombination of hot charge states accelerated by the polarization interaction pre-
vails at high excitation densities. The energy released in the local region, where several
pairs of hot charge states recombine, may exceed significantly the energy of S-state. This
should lead to the mechanism of a radiationless energy deactivation. An efficiency of such
energy losses has to grow with increasing dE/dx. The secondary “concentration” quenching
of singlet and triplet excitons may increase the quenching effect. Both the processes essen-
tially depend on the concentration of the corresponding states. The secondary quenching
takes place after the primary one when the concentration of the states becomes appreciably
lower. Therefore the secondary quenching could not have the effect comparable with the
effect of the primary quenching.
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