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PAJIIALIIMHO-CTUMYJIbOBAHI IEPETBOPEHHS BY 10BU
TA KOJMBAJIBHUX CIIEKTPIB IOJHETUJIEHY

BuBueHO KpHCTaIiuHy CTPYKTYPY Ta KOJMBAIIBHI CIIEKTPH MOJIIETUIIEHY HU3bKOI I'YCTUHH y BUXITHOMY CTaHi Ta IIi-
CIIsl BUCOKOCHEPT€THYHOTO €JIEKTPOHHOTO OMPOMIHEHHS B MIMPOKOMY iHTepBaii m03 morauHanHs (0,05 - 4,72) MI'p.
[okazaHo, 110 3 MiJBHIIEHHSIM JI03M €JIEKTPOHHOTO MOIJMHAHHS CTYIiHb KPUCTAJTIYHOCTI 3MIHIOETHCSI HEMOHOTOHHO
pu 30epexeHH] opTopoMOiuHOi (a3u. 3miHu criekTpiB [U-nornuHaHHS Ta KOMOIHAIIHE pO3CiSTHHS CBIiTIIa 00yMOBIIEHI
panianiifHO-CTHMYITEOBAHOK NEPeOyI0BOIO CTPYKTYPH MONIETUIICHY, sIKa BKIFOYAE NECTPYKIIF0O OCHOBHOTO Ta OOKOBHX
JIAHLIOTiB, 3UIMBaHH MaKpOJIAQHIIOTIB Ta CTBOPESHHS T-CIIPSDKCHUX MOJIEHOBHX MOCIIIOBHOCTEH.

Kniouosi cnosa: momiernieH HU3BKOI TYCTHHH, KPUCTANiYHA CTPYKTYpa, CTYIiHb KpHCTaIigHOCTI [Y-TiornnHaHHS,
KOMOiHaIlii{HEe PO3CISHHS CBiTa, BUCOKOSCHEPTETHYHE €JICKTPOHHE OMPOMIHEHHS.

Beryn

3aBIgKM BUCOKHUM I130JIILIAHUM 1 MEXaHIYHUM
BJIACTUBOCTSIM, a TaKOXX HU3bKiH YyTJIMBOCTI 10 pa-
niariiaoi oOpoOKH TOTIETHIICH, TTOPIBHSHO 3 OLTb-
LICTIO MOJiMepiB, HAOYB MIMPOKOTO 3aCTOCYBaHHS
[1 - 3]. 3a meBHMX yMOB y MpoIieci CHHTE3y Ta 06po-
OKM TIONETUIIEHY, a TaKOX y pe3yJbTaTi pamialiii-
HUX TOUIKOKEHb Y HbOMY (POPMYETHCSI PO3BHHEHA
nedexktHa crpykrypa. Ilpupoma Takux aedekris
MOKe OyTH PI3HOMAaHITHOIO, BKJIIOYAIOYM IIOIIKO-
JDKeHHS BHYTPIIIHBOMOJEKYJsipHOT OymoBu Ta ii
HaJMOJIEKYJISIpHOI opraHizauii. SIk mokasyroTb a0-
CJIIZPKEHHSI eJIEKTPOHHOTO [TapaMarHiTHOTO PE30HAHCY, Y
KapOOJIaHIIOTOBUX TOJiMepax YHACHIiJoK [ii 10Hi-
3YI0YOTO OMpPOMIHEHHsI cepe]] iHIIUX JeeKTiB cTa-
OLJIBHUMH € TOJi€HOBI Makpopaaukaiu [4, 5]. Boun
3/aTHI BIUIMBATH Ha pi3HI Pi3UKO-XiMIYHI BIaCTHBO-
CTi MOJIIMEPIB, Y TOMY YHUCIi Ha MOAU(IKAIIIO KOJIH-
BHUX CHEKTPIB YHACIiOK NEPETBOPEHb CTPYKTYpH
MakpoMOJIEKyJl,  OOYMOBICHMX  BHHHMKHEHHSIM
T-CTIPSDKEHUX TTOCITIIOBHOCTEH. BUBUEHHS CIIEKTPiB
[Y-mornvHaHHHS Ta KOMOIHALIHHOTO PO3CISTHHS CBi-
1a (KPC) ans pisHHX 103 HMOTIIMHAHHS BHCOKOCHE-
PreTHYHOTO €JIEKTPOHHOTO OIPOMIHEHHS BKa3ye Ha
akTuBHE (HOpMYBaHHs B TONICTHJICHI HHU3BKOI TyC-
tuan  ([IEHI') monieHoBHX mociigoBHOCTEH i3
T-CHPSDKCHUMHU JIAHIIOTaMH, Y TOMY YHUCIIi TTOJIi€HO-
BUX MakpopaaukamiB. Taki JiHIHHI MOCTIIOBHOCTI
(CH=CH)n, sIKi MOKYTb BKJIFOUATH Pi3HY KLIBKICTh N
nonBiHKX 3B’ s13KiB C=C i, SIK HACNIJIOK, MaTH Pi3Hi

MPOTSHKHOCTI, XapaKTepU3YIOThCS HASBHICTIO JIEJO-
KaJli30BaHUX T-€JIeKTPOHiB. BogHOYac, 3aj1eKHO Bijl
CTyHEHS JIeOoKali3alii 7-eJeKTPOHIB, BUHUKAIOTH
3mian y BenauunHax C=C 3B’s3KiB 1, SIK HACHIJIOK,
Bi/I0OYBalOTHCS 3MIMICHHS YacTOT KOJIMBHHUX MOJ PO-
srary/ctucHerHs V(C=C) Ta 3MiHa iHTEHCHBHOCTEH
BignoBigHux cmyr y cnekrpax KPC Ta IY-normu-
Hauas [6 - 9].

VY naniit poO0OTi BU3HAYAIOTHCS MEXaHI3MHU BILTH-
By TIOJIEHOBHX CTPYKTYp Ta MIXMOJCKYJISIPHUX
3muBOK, mo ¢opmytotscst B [IEHI micns Bucoko-
E€HEpreTUYHOTO ENIEKTPOHHOTO OIPOMIHEHHS 3 JIO-
3amu nornmHaHHA 0,05 - 4,72 MI'p Ha KpucTaNiYHY
CTPYKTYPY Ta KOJUBAJIbHI CIICKTPH.

MeTtoauka ekcriepUMeHTY

[Ipu BUrOTOBJNICHHI 3pa3KiB MONIETHICHY MOPIIis
noporkosoro IIEHI" narpiBanace, nepemimyrouuch
3a JIONOMOrOI0 JIBOTBMHTOBOI'O MiHi-€KCTpyAepa
npotsroM 15 xB. [lig yac poro npouecy miaTpuMy-
Banacek Temneparypa 190 °C, mBuaKicTh oO6epTaHHS
rBuHTa gopiBHOBana 80 06/xB. [licns ekctpysii ma-
Tepiaa po3MilTyBaBcs B cTajeBiil hopmi, HarpiTiit 1o
170 °C. VY wiii ¢opMmi BiH ctuckaBcs mpu 12 MIla
npotsaroM 10 XB 13 MOJanbIIUM OXOJOMKEHHSAM [0
KiMHaTHOI Temmepatypu. OTpuMaHi 3pa3Ku Maju
(¢opMy TUCKIB TOBIIMHOW ~ 1 MM. OJHa MONOBHHA
3pa3kiB Maina AiamMeTp 15 MM, iHIIa MOMOBHMHA —
30 MM, OCKITBKM BHKOPHCTOBYBAJUCS MBI Ppi3HI
dhopmu 171 TIpeCyBaHHS 3pa3KiB.
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Kpucraniyna crpykrypa [IEHI" BuBuanace mero-
JIOM PEHTTeHIBCbKOi Oudpakmii 3 BUKOPUCTAHHIM
CuKqi2 (A = 0,154178 um) BunpomiHioBaHHsI. Bumi-
PIOBaHHS MPOBOIMIIMCH 33 CXEMOIO (DOKYCYBaHHS
no Bperry - BpeHraHo 3 AMCKPETHUM PEXUMOM 3a-
nucy, kpokom 0,1°, excriosutiiero 20 ¢ B iHTepBai
KyTiB 2 - 60°.

Hocnimxenas [Y-cnekTpiB 3ailicHIOBAIOCH 3a
nomomororo crekrpomerpa FTIR Nicolet iS10 B -
arasoni gacrot 400 - 8000 cm?, a ciextpis KPC — 3
BHKOPHUCTAHHSIM IOTPiHHOro crekrpomerpa Horbia
Jobin Yvon T64000 3a gomomorotw Ar-Kr ioHHOTO
Ja3epa 3 IOBXKMHOIO XBWIi AL = 514,5 M. IHCTpY-
MeHTaIbHa MOXHOKa IpHIagy cTaHoButh 0,015 ™.

loHizariiiHe onpoMiHEHHS 3pa3KiB eJIeKTPOHAMH
MIPOBOAMIIOCS 32 JIONIOMOTOI0 JIHIHOTO eJIeKTPOH-
Horo mpuckoptoBaua MJIY-6. EHepris enexTpoHiB
cranoBuna E. = 1,8 MeB. [lo3u nornuHanHs BUOU-
pamucs 0,01, 0,05, 0,2, 0,7, 2,0 i 4,72 MI'p. Temne-
paTypa 3pa3KiB y IpoIieci OIPOMIHEHHS HE MEPEBH-
mryBana 333 K.

Pe3ynbTaTu Ta iXHE 00rOBOPEHHS

Papianiiina moaungikanis
KpucTajgiyHoi crpyktypu IIEHI

[NEHT" ¢opmye kpucraniuny ¢pazy opropomOiu-
HO1 cuHTOHil. [lapameTpu KpuCTaigyHOI TPaTKH J0-
pisaroroth a = 0,7520, b = 0,4974, ¢ = 0,2550 uwm.
XapakrepHuii po3mip kpucrainitiB [IEHI" cranoBuTh
puban3HO 14 HM. O4eBHIHO, IO AJIS MOJIETHIICHY,
SK YacTKOBO YIOPSIKOBAHOTO TMOJIMEpY, MOKHA
OYiKyBaTH 3MiH y CHIBBiIHOLICHHI KPHUCTAIi4HOI Ta
amopdHOi (a3 3aeKHO BiJ] 103 MOTITHHAHHS €JIEKT-
POHHOTO OTIPOMiHEHHS.

Ha puc. 1 HaBeneHO 300pa’keHHS PEHTTEHIBCh-
kux audpaxrorpam mist [IEHIT y BuxigHomy crani
Ta TICNsS EJEKTPOHHOTO OIMPOMIHEHHsS 3 PI3HUMH
JI03aMU MTOTJIMHAHHS.

[HTEHCHBHICTB, BiJTH. OJ1.
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Puc. 1. 300pakeHHsT PEHTTEHIBCBKUX AU(paKTOTpam,

onepxkanux Bin [IEHI" npu pizHHX m03ax BHCOKOEHepre-
TUYHOTO €JIeKTPOHHOTrO onpominenns, MI'p: 1 - 0; 2 - 0,05;
3-0,2,4-0,7,5-2,0;6-4,72.
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Buano, mo peHrreHoaudpakuiiHi KapTUHH
[NEHI" micnst eNeKTpOHHOTO OMPOMIHEHHS, Y TOMY
YHCI 3a 3HaYHUX 103 nornmuHanus (2,0 14,72 MI'p),
yKa3yloTh Ha 30epekeHHs] KpUCTalIiuHOi a3y 3 op-
TOPOMOIYHOIO CTPYKTYpOIO, ajie iHTerpajbHa iHTEH-
CUBHICTh PO3CISIHHS 3 MiABUIICHHSIM O3 ONPOMi-
HEHHSI 3MIHIOEThCA. SIK BUILUTMBAE 3 PEHTIE€HIBCHKOI
IUQpakToOMeTpii, CTyMiHb KPHCTAJIIYHOCTI 3MIHIO-
€TbCS. HEMOHOTOHHUM YMHOM 13 MiJBHUILEHHSAM JI03H
enekTpoHHoro mornuHanHs (puc. 2). Jus TTEHT
icHy€ KiJlbKa o0yiacTeld 3MiHU CTYTNEHS KPUCTaiuHO-
CT1 IIpH ONIPOMiHEHHi.
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Puc. 2. 3anexHicTh CTyIEHS KPUCTAIIYHOCTI st
I[NEHI" Big mo3u mOTIMHAHHS EIEKTPOHHOTO OTPO-
minenns (E.= 1,8 MeB).

VY Bumagaky Menmux jo3 nornmuanus (0,01, 0,05
1 0,2 MI'p) cTymiHb KpUCTaTIYHOCTI 3MEHIIYETHCS,
JOCATAlOYM  MIHIMyMy TIpU 1031 ITOTJIMHAHHS
0,2 MI'p. 3a GinbIIKX 103 MOTJIMHAHHS CTYIIHb KPH-
CTaJIIYHOCT] 3pOCTA€ 1 AOCITaE€ MaKCUMyMYy 3a JI03H
nornuHanHs 0,7 MI'p ana IIEHI'. 3a 3nauHoi n03u
noriuHaHHA 4,72 MI'p CTymiHb KPUCTANIYHOCTI pi3-
KO 3MEHHIyeThCsl. MOXHA TPUIYCTHTH, IO 10HI3a-
uiliiHe ONPOMIHEHHS BXKE 32 MajluX 103 MOIIMHAHHA
(0,05 MI'p) mpu3BOIUTE O OJHOYACHUX IIPOIICCIB
JECTPYKIlT OCHOBHOT'O JIAHI[FOra 1 OIYHUX pO3raiy-
J)KeHb, xapakrtepHux g IIEHI, a Takox nmo 3mmu-
BaHHS MaKpOMOJIEKYJ TONieTHICHY. YKa3aHi Ipo-
IecH BimOYBArOTHCS K HACTIIOK CTaOimi3arli Bijib-
HUX paJuKaliB Pi3HOTO TUIY, OCOOJHMBO B IE(EKT-
HUX oOmacTsax Kpucraiiunoi ¢asu. Pazom 3 TuMm 3a
Manux no03 moriaumHanHsa (0,01, 0,05 i 0,2 MIp) y
[NIEHI" nepeBaxaroTh MpoOLECH ASCTPYKIIii, IO MpHU-
3BOJATH /0 pyHHamii KpUCTaIIYHHUX 00JacTed, sK
HaCHiOK  BHYTPIITHHOJAHITIOTOBOTO  3IIMBAHHS.
ITomkomKEeHHs TaHUX 00JIaCTEN TAaKOX MOYKE BUHU-
KaTH sIK pe3yiabTaT (OpPMYyBaHHS HEHACHUCHHX II0-
nBitHuXx C—C 3B’s3KiB, SIKi MEPEIIKOHKAIOTh YIIO-
PSAIKOBAHOMY PO3MIMIEHHIO JAHITIOTIB.



PAIALIITHO-CTUMY JIbOBAHI IIEPETBOPEHHSI

Papianiiina Mmoaugikanisi cnekTpis
IY-norauHaHHS NOJieTHIEHY

[losiBa mpu eNEeKTPOHHOMY ONPOMiHEHHI T-CHpsi-
XKEHUX TOCIiAOBHOCTEH, IO NPU3BOIATH A0 CTBO-
peHHs Ne(eKTiB BHYTPIIIHbOMOJIEKYIISIPHOI OyZA0BU
1 CIIOTBOPEHb HAaJMOJEKYJIIPHOI CTPYKTYpH, CyIpo-
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BunHo HasBHICTH PI3HOMAaHITHUX CMYT TOTJIH-
HaHHS, BJIACTUBUX BAJCHTHUM 1 JeopMaliitHuM
KOJMBHAM MOJaM B OJIHO-, TBO(QOHOHHUX 1 OibII
BHUCOKHX [iama3oHax 4yacToT. Tak, crocrepiraerhcs
IPHUCYTHICTh CMYTH HOTTHHAHHSA Bay 746 cM™, sxa
BimmoBimae nedopMariiHIM MasTHUKOBUM KOJIH-
BaHHsAM MeTwieHoBoi rpynu CHz B amopdwii
(=720 cm™) i kpucraniumiit (=730 cm™) azax [9].
Mae wmicre CyKyImHICTH CMYT B Jiama3oHi 4YacToOT
1300 - 1400 cm?, mio 00yMOBIIEHI KOJIMBHUMH MO-
namu kpydenns rpyn CH, B amopuiit (1303 cm™),
BismeHEMHU Mojamu B amopduiit (1353 cm™) Ta kpu-
cramiuniit (1369 cm™) dazax. V crexrpi IY-mormm-
HAHHS BHHUKAa€ MIMPOKMH MakcumyMm ~1480 cm™,
SIKUI TIOB’SI3aHUH 3 aCUMETPHUYHUMH JedopMartiii-
HUMH KOJIMBAaHHSMH 3TMHY MeTuieHoBuX rpyn CH»
(0as = 1460 CM'l) Ta pAAOM IHINX AedopMariiHuX
KonuBaHb. CIIOCTEPIraeThCsl CyKYNHICTH CMYT IIO-
[IMHAHHS B miana3oni 1500 - 2500 cm™. Cwmyra Oinst
~1715 cm™ Hanexuts kapGoHinbHUM rpynam )C=0 .
CkiazieHa KoJvBHa Mofa moonuzy =~1904 cemt mnpo-
SIBIIIETHCS JIUIIIE B KpHUCTaNiuHii (asi, a cmyra Oins
~2037 cm™ Mae micrie s 060X ¢as.

BOJDKYETHCS 3MiHAMH B KOJIMBHUX criektpax [TEHT,
y TOMY YHCIIi B cliekTpax [Y-mornmuHaHHs.

Ha puc. 3 HaBeneHO CHEKTpU MPOMYCKaHHS B
mmpoKoMy jiamaszoni uactot 500 - 8000 cm™ IU- mo-
ranHaHasa 11a HeHanosaenoro [TEHI ta ITEHT mic-
Jis. €JEKTPOHHOT'O OMPOMIHEHHS 3 J03aMHU TOTJIH-
HauHs 0,051 0,2 MIp.
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Puc. 3. Crextpu [Y-nipormryckanHst 11 HEONPOMIHEHOTO
MEHT (@) Ta micis eJeKTpOHHOTO ONPOMIHEHHS 3 J103a-
mu nornuuanust 0,05 (6) 10,2 MI'p (6) (E.= 1,8 MeB).

[Hupokuii ik [Y-moravHaHHS 3HAXOIUTHCS B [Ti-
ama3oni 2664 - 3026 cm?, mo Bimmosigae Habopy
BalleHTHUX cUMeTpuyHuX 2853 i 2874 cm™ i acume-
TpudHHX 2926 i 2959 cM™’ KONMMBHUX MOJ, XapaKTe-
pHuX i metwiieHoBux CH» i metnnpanx CHz rpym
BimnmoBimHO. KpiM yKkazaHHX cMyT, TakoX MaloTh
MiCLl€ TIKM MOTJIMHAHHS, 110 BIANOBIIAIOTH BaJIEHT-
HuM C—C Ta iHIIMM KOJIMBAaHHSIM.

YHacniok il i0HI3yt0UOTo OMPOMiHEHHS BXKE 3a
MaJMX 703 MMOTJMHAHHS BiIOyBa€ThCSA 3MiHA CIIEKT-
piB [Y-nornmuHanHs. Y BUNAOKy MO3W TMOTIMHAHHS
0,05 MI'p nepebynoBa crekrpa [U-mornmuHanHsS He-
3HayHa. BozmHouac Mae Mmiclie 3MILIEHHS OKPEMHUX
CMYyr Ta 3MiHa IXHIX BilHOCHUX IHTEHCHBHOCTEH.
3nebinbmoro TpaHchopMaris crekrpa [Y-mormm-
HaHHA [POJOBXYETHCS MPH 11031 IOTIMHAHHA
0,2 MTI'p. SIkmio BenwuWHA MPOIYCKAHHS Y BHUCOKO-
YaCTOTHOMY Jiana3oHi 3aJUIIAETHCS HE3MIHHOIO, TO
B iHTepBali JedopmamiifHux kxonuBaHb Tpyn CH»
BinOyBaeThCsl HE3HAYHE 3MEHILIECHHS MPOIYCKaHHS.
Binemr nmomitHOO € mepedyaoBa crektpiB [Y-mormm-
HaHHA y BUNAIKy 3HaYHUX 103 moriauHaHHg 2,0 i
4,72 MI'p (puc. 4).
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Puc. 4. Cnextpu [Y-nporryckanns [TEHI micins enekTpoHHOTO ONpOMiHEHHS
3 mo3amu nornuHaeHA 2,0 (a) 14,72 MI'p (6) (E.= 1,8 MeB).

Buano, mo cmocrepiraeTsCsi 3HaYHE NaliHHS
MIPOITyCKaHHsI B yChOMY miama3oHi dactor 500 -
4500 cm™. Oco6MMBO MOMITHEM BOHO € B iHTepBai
1o 1450 em™. Vike mpu 1031 mornuHanHg 2,0 MI'p
KpiM Pi3KOT0 3MEHIIICHHS MPOITYCKAaHHS CITOCTepira-
€TbCS 3MIMIEHHS OKpPeMHX CMyT aedopMariitHux
xonmuBanb. Tak, cMyra ~746 cm™ 3mimryeTscs 110 mo-
noxkenHs 724 cmt. Cmyra mo6musy 1391 ecm™ 3mi-
uryetbest 10 yactotu 1360 cM. AHasorigHO BiIOYy-
Ba€ThCA MepeMimenHs cMyru ~1487 ecm™ 1o HoBoOTO
nonoxkenns 1450 cm™. Taki po3M’sAKITEHHS KOJIHB-
HUX MOJ CBiIYaTh MPO CYTTEBY NepeOymoBy CTPYK-
Typu mnojietuwneHy. [liku B iHTepBaji 4acToT [0
1500 cM™ pi3Ko 3MEHIIYIOThCS.

Ille 6inmpIr 3HAYHOIO € 3MiHA CHEKTpa MOTJIIHHAH-
HA ipH 7031 norynmHaHe 4,72 MI'p. SIkmo inTencn-
BHICTh TiKa NOTJMHAHHS BiJ KapOOHUIBHUX TPy
IIPOIOBXY€E 3POCTATH, TO MAaKCUMyMH B 1HTepBaii
800 - 1500 cm™ maibke 3HEKaIOTh. MOXHA HpHITyC-
TUTH, MO TaKi CKJIaJHI TMEpPEeTBOPEHHS CIIEKTPIiB
[Y-nornunanns 0OyMOBIEHI paialifHO-CTUMYJIbO-
BaHOI TepeOyIOBOI0 CTPYKTYPH TIONIETHIICHY, SKa
BKJIFOUAE JCCTPYKIIIF0 OCHOBHOTO i OOKOBUX JIAHIIIO-
riB, 3IIMBaHHAM MaKpOJIAHLIOTIB Ta CTBOPEHHSAM -
CHPSDKEHUX TOTI€HOBUX MOCHIJOBHOCTEH.

TakuM 4MHOM, SIKIO 33 MEHIIMX 103 ITOTJIMHAH-
Hs 0,05 1 0,2 MI'p peanizyeTbcst JeCTpyKIlisi OCHOB-
HOTO i OOKOBHMX JAHIIOTIB, IO CYIIPOBOKYETHCS
3MCHIIICHHSM CTYIICHS KPHUCTAJIIYHOCTI, a TaKOX 3a-
POIUKYIOTBCSI TIOJIEHOBI MaKpoOpaauKaid, TO 3a Be-
aukux 103 nornuHanug 2,0 i 4,72 MI'p cnektpaibHa
noBeninka [Y-normuHaHHS Pi3KO 3MIHIOETHCS.

s 3MiHa B mepury 4epry XapaKTepu3yeThCsl 3a-
rajJbHUM 3pOCTaHHSIM MOTJIMHAHHS B Jiama3oHi Je-
(dhopmarifinux xonmuBaHb MeTwieHoBoi CH» 1 mera-
neHO1 Tpyn CHa, BanentHnx konuBanb C-C i C=C.
Kpim Toro, 3MiHIOETBCS TTMOWMHA BKa3aHUX CMYT,
IO CBIYWTH MPO pajialiiiHe CTUMYIIOBaHHS MiXk-
JIAHITIOTOBUX 3IIMBAHb 1 3pOCTAHHS BMICTY TIOJIE€HO-
BUX MaKpOpaJHKaIiB pi3HOI NOBKUHU. He3Bakaroun
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Ha 3MEHILEHHS CTYNEHS KPUCTATIYHOCTi, KPUCTAai-
gHa (pa3a 30epiraeThCcs, HaBiTh 32 HAWBHIOTO 3Ha-
YeHHS 1034 norauHanHs 4,72 MIp.

Papianiitna moaugikanis cnexkrpis KPC
noJjlieTUJieHy Ta Horo HAaHOKOMIIO3MTIB
3 faraTomapoBMMH ByTIJielleBUMU HAHOTPYOKaMu

Busuenns cnextpis KPC st pisHux 103 moriu-
HaHHS BUCOKOCHEPTETUYHOTO €IEKTPOHHOTO OINPOMi-
HEeHHs BKaszye Ha aktuBHe (opmysanHs B [IEHI mo-
JIEHOBUX TIOCIIAOBHOCTEH 3 T-CIPSHKCHUMHM JIAHITIO-
raMH, y TOMY YHCII TIONI€EHOBHX MaKpOpPaJHKaiB.
Taxi ninifiHi nocmigoBHocTi (CH=CH)n, sIKi MOXYTBH
BKJIIOYATH Pi3HY KUIBKICTH N MoABiHHMX 3B’s13KiB C=C
1, SIK HACIJIOK, MaTH pi3Hi JOBXWHH, XapaKTepu3y-
IOThCSI HASBHICTIO JICJIOKATI30BaHUX 7-CJICKTPOHIB.
[IprcyTHiCTH OCTaHHIX B OPTaHIYHUX CHCTEMaXx IIPH3-
BOIWTH OO BUHUKHEHHS 0ararhb0oX HEJHIMHUX OIITHY-
HUX Ta eJIeKTPOHHNX e(eKTiB. BomHOUac 3amexHo Bix
CTYyIIEHsI IeNIOKali3alii T-eMeKTPOHIB BUHUKAIOTD 3Mi-
HH y BenunHax C=C 3B’S3KiB 1, SIK HACIIJIOK, BiOy-
BAIOTHCSl 3MIIICHHS YacTOT KOJMBHUX MOJ PO3TS-
ry/ctucaenHs v(C=C) Ta 3MiHa IHTEHCHBHOCTEH BiJ-
MoBigHKX cMyT y criektpax KPC.

Ha puc. 5 maBeneno criektpu KPC Heompomine-
Horo [1IEHI" ta I1IEHI", onmpomiHeHOr0 BHCOKOEHED-
rernunumu enektponamu [IEHT 3 mamumu (0,01 i
0,05 MI'p) ta mpomixkaumu (0,2 1 0,7 MI'p) nozamu
HOTJIMHAHHS.

BunmHo mpucytHicTh ycix cMyr vas(C—C) (Bzg) 3
gactotoro 1063 cm?, vs(C-C) (Ag+Big) 1131 cm?,
p(CHy) (xauamus CHp, Ag+Big) ~1170 cm?, 1(CHy)
(ckpyuysanns CHj, Byg+Bsg) 1295 cm™, §(CHp)
(3ruHanHs, Big) ~1463 cm?, pesonancis ®epmi dyn-
JaMEHTAIbHOT MOJM 3 4acToTo ~1440 cM™, mio B3a-
emozie 3 obepronom 2 - 720 cm? neopMariitaux
KOJIMBaHb KayaHHs By, sSKi criocTepiraroThes moOsu-
3y wactoT 1460 (Ag), 1440 (Ag+Big), 1417 cm™ (Ay),
vs(CH2) (Ag+Big) ~2840 cm? i vas(CHa) (Ag+Buig)
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~ 2882 cm™, xapakTepHux s momieruneny. Kpim
YKa3aHUX BY3bKHX CMYT TaKOX CIOCTEpIraloThCs
IIMPOKI MakCHMyMH TIONOXKeHb Oym3bko 1080 i
1303 cm?, sKi TI0B’A3y10Th 3 iCHYBaHHAM y MOJiETH-
JIeHi roml- Ta TpaHc-KoHpopMarlliii B amopdHil ¢asi
Bimmosigno [10, 11].

Jinii 1063, 1130, 1295,1417 cm™ icHyroTs mume
B KpHCTasiuHiil asi, mpu mpomy cmyra 1417 cm™
BHU3HAYa€ BMICT MOJIETWIEHY 3 OPTOPOMOIYHOIO
CTPYKTYpOI0. 3 MOSBOIO Tom-KoH(popmauii B Kpuc-
TaniyHii (a3l 30UIbIICHHS KOHPOPMAIIIIHHOTO PO3Y-
MOPSIAKYBaHHSL CYNPOBOUKYETHCS 3MEHILICHHSAM iH-
TEHCUBHOCTI Tika pe3oHaHCy DepMi 3 YacTOTOIO
~1460 cm. V cnekrpi KPC monieTwieHy Takox
CIIOCTEPITAIOTHCS MTUPOKI CMYTH 00epPTOHY OJIM3BKO
2 - 1372 = 2748 cmt ta pEe30HaHCIB, IO 3’SBIS-
IOTBCSI BHACHIJOK B3aeMozii obeptoniB 2 - 1440 =
=2880 cm™ i 2 - 1463 = 2926 cm™ 3 hyHaaMeHTaB-
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Puc. 5. Cnextpu KPC micnst Heompominenoro ITEHT (a)
ta [IEHI" micnst eneKTpOHHOrO ONPOMIHEHHS 3 J103aMHU
nornuaanas 0,01 (6), 0,05 (8), 0,2 (¢) i 0,7 MI'p (0).
(Ec=1,8MeB).

HOIO KOJNHMBAJIBHOIO MOJI0I0 2848 cm™. Cmyrn peso-
HaHciB DepMi po3MinyroThCst TOOIU3y YacToT 2885

12 2928 cM™. BapTo 3BepHYTH yBary, Mo PO3rIsHyTi

o0eproHu Ta pe3oHaHcu DepMmi € UYTIMBUMH [0
3MmiH ctpykrypu [TEHT.

3a PpO3IISHYTHX [03 MOIJIMHAHHA CTPYKTypa
[NEHI" 36epiraetscs, ockinbku Bci cmyru KPC, xa-
PaKkTepHi Ui MONieTHIIEHY, 3alUIlaloThes. BoaHo-
gac MOXXHa IOMITHTH NepeOyIOoBYy OKPEMHX CMYT
KPC, 3Miny noBefinku (oHy, 0COOIUBO B JAiara3oHi
no0yu3y CMYT BaJCHTHHX KOJHMBAaHb Ta OOCPTOHY
2748 cm™. Binbmn 3HauHOIO € TepeOynoBa CIEKTPiB
KPC y Bunanky omnpominenHs enekrponamu [TEHI
3 BUCOKMMH jA03aMu mornuHanHsa (2,0 1 4,72 MI'p)
(puc. 6).

OO6uzaBa CHEKTPH MOKa3yIOTh CYTTEBY Mepedyao-
By KPC, ocobmmBo 3a 3HA4HO! 03U TOTJIMHAHHS
4,72 MI'p. Slxmo mpu mo3i mornmuanas 2,0 MI'p
30epiratotecsi cmyr KPC, To y BHmaaky nos3u
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Puc. 6. Ciextpu KPC ITEHT micist enekTpoHHOTO onpoMiHeHHs 3 g03amu normuHanus 2,0 (a) 14,72 MI'p (6).

4,72 MI'p i cMyTH, y TIEpITy 4epry B HU3HKOYaCTO-
THOMY Jlialia3oHi, Maixe 3HUKaITh. OUEeBHIHO, IO
3a TaKWX J03 IOTJIMHAHHS MPOIECH 3IIMBAaHHSA, a
MOXIJIMBO 1 XiMIYHOI Jerpaaamii moreTuiIeHy, Ipu3-
BOJIAITH JIO HOTO pyiHarii. BayxnuBo BiA3HAYUTH, 1110
cmyru KPC, siki BignoBilalOTh HEHACHYEHHUM IIO-
nBiiHUM 3B’ s13kaM C=C, a Tako)X IOJI€HOBUM IIOC-
JiJOBHOCTSIM, HE CIIOCTEPITalOThCSI.

BucHoBxku

Pentrenogudpakuiitni 300pakennss [IEHIT sk y
BUXITHOMY CTaHi, TaKk i y BHUNaIKy EJIEKTPOHHOTO
OIIPOMIHEHHS, Y TOMY YHCHi 332 3HAUHHX JI03 MOTJIH-
HanHs (2,0 1 4,72 MI'p), € aHaNOTIYHUMH 1 BKa3yIOTh
Ha 30epexeHHs] OpPTOPOMOIYHOI CTPYKTYPH TOJIIMEPY.

3anexnicts crynens kpuctanigaocti [TEHI mic-
7S i1 eJICKTPOHHOI'O ONMPOMIHEHHS Ma€ CKIIAJIHUN
xapakTep. Y BUIAJIKy MEHIIUX 03 IOTIMHAHHS
(0,05 1 0,2 MI'p) cTymiHb KpUCTAIIYHOCTI 3MEHIIIY-
€TBCS, AOCITAIOYM MIHIMYMY TIpH 1031 MMOTJIMHAHHS
0,2 MI'p. 3a GinpIInX 103 MOTJIMHAHHS CTYIiHb KPH-
CTAJIIYHOCTI 3pOCTAE 1 JIOCSITaE MAKCUMYyMYy TIpU Be-
nandi 2,0 MI'p a7 HAHOKOMIIO3HTIB 1 32 3HAYCHHS

0,7 MI'p nns ITIEHI'. 3a 3Ha4HOi 103U MOTJIMHAHHSA
4,72 MI'p cTymiHb KPUCTAJIYHOCTI Pi3KO 3MEHIIIY-
€THCS, IO MIATBEPIKYETHCS MEePeOyIOBOI0 OCHOB-
HUX cMyT y criekTpax [U-nornunanns ta KPC.

loHizamiiiHe OnpPOMiHEHHS BXKe 32 MallUX JI03 I10-
rimHaHas (0,01 1 0,05 MI'p) npu3BOAUTE 10 OJHO-
YacHUX MpOIeciB (POPMYBaHHS TMOJIEHOBUX IOCTi-
JIOBHOCTEH, MECTPYKIlii OCHOBHOTO JIAHITIOTA 1 Oid-
HUX PO3Trally’KeHb, a TaKOX J0 3MIMBAHHSI MaKpOMO-
JIEKYJI TIOJIETUIICHY, IO MPOSBISETHCS B 3araibHO-
My 3poctaHHi [Y-nornuHaHHs B Aiamazoni aedop-
MaLiiiHux koiauBa"b MeTuiieHoBOI CH> 1 MeTanbHOL
rpyn CHs, C=C 3B’s13KiB, BaJleHTHUX KoiuBaHb C-C
i C=C. Kpim TOT0, 3MIHIOETBCS TTHOMHA IIX CMYT B
IY-cnekrpax.

3a pi3HUX 703 MOTJIIMHAHHS BUCOKOEHEPTeTHYHO-
rO €JIEKTPOHHOTO OMPOMIHCHHS BiOYBa€ThCS aKTH-
BHe QopmyBanHs B [IEHI" noiieHOBUX MOCHIIOBHO-
CTel 3 TW-CHOPSHKCHUMH JIAHIIOTaMM, IO ITiJITBEP-
JDKY€EThCS HasBHICTIO iHTeHCHBHOI cmyru KPC, mio
BiamoBimae moaBiHUM 3B sa3kam =C—H Oxu3epko
3081 cm™.
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PAIJUAIIMOHHO-CTUMYJIUPOBAHHBIE TIPEOBPA30OBAHUS
CTPYKTYPbI U KOJIEBATEJIbBHBIX CHEKTPOB ITOJINDTHUJIEHA

W3yueHsl KpucTaIIMYIecKasi CTPyKTypa M KoynebaTeabHbIe CHEKTPHI MOMUATIIICHA HU3KOH INIOTHOCTH M €r0 HaHO-
KOMITO3HTHI C YITIEPOJHBIMA HaHOTPYOKaMU B MCXOJHOM COCTOSHMU M TIOCJIE BHICOKOOHEPT€THUECKOTO AIEKTPOHHOTO
o0ny4eHns1 B IIMPOKOM mHTepBase n03 mornomenus (0,05 - 4,72) MI'p. [loka3aHo, 4TO ¢ MOBBILICHHEM JO3bI DIICK-
TPOHHOT'O TIOTJIOIIEHHS CTENIEHb KPUCTAUTMYHOCTH MEHSETCS HEMOHOTOHHO TPH COXPAaHEHUH OPTOPOMOMYECKOM (ha3bl.
Wzmenenns cnektpoB MK-moryomenuss 1 KOMOMHAIIMOHHOE paccesHHE CBETa OOYCIOBIEHBI paJldaliOHHO-CTHMY-
JTUPOBAHHOM MEPECTPOHKON CTPYKTYPHI MOJMATHIIEHA, KOTOPask BKIIOYAeT NECTPYKIHIO OCHOBHOW M OOKOBBIX IIETIEH,
CIIMBAHUE MaKPOLEIH U CO3/IaHNE TT-CONPSKEHHBIX TOJIMCHOBBIX MOCIEI0BATEIHHOCTEH.

Kniouegvie cnoea: TOMMATHIEH HU3KOM IUIOTHOCTH, KPHCTAJUIMYECKas CTPYKTYpa, CTENEHb KPUCTAJUIMYHOCTU
HK-nornomenns, KOMOMHAIIMOHHOE pacCesHUE CBETA, BBICOKOIHEPTETHYECKOE DIIEKTPOHHOE O0JTyYeHHE.
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RADIATION-INDUCED STRUCTURE TRANSFORMATION
AND VIBRATIONAL SPECTRA OF POLYETHYLENE

Crystal structure and vibrational spectra of low density polyethylene and nanocomposites with carbon nanotubes in
the initial state and after high energy electron irradiation in wide range of absorption dose (0.05 + 4.72) MGy were stud-
ied. It is shown that with increasing of electron absorption dose the degree of crystallinity changes monotonically, while
maintaining the orthorhombic phase. Changes in IR absorption spectra and Raman scattering, caused by radiation-
stimulated change in the structure of polyethylene, which includes the destruction of the main and side chains, and the
creation of cross-linking macrochain n-conjugated polyene sequences.

Keywords: low density polyethylene, crystal structure, degree of crystallinity IR absorption, Raman scattering, high-
energy electron irradiation.
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