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ViccmemoBany pagyaiOHHOe BO3eiCTBIE Ha TIeHOUHbI MaTtepuan PA/PE/Eva tonmnHoit 55 MKM Ha paguany-
OHHO-TexHojornueckoyi ycranoske (PTY) ¢ yckopurenem V3JIP-10-10-40 na 10 MaB B ®MBL] nm. BypHassna.
IMonumepHble 1eHKy obmyyanu go3amu ot 0 no 18 kI'p. Usyuenne UK criekTpoB mokasasno, uto rieHka PA/PE/
Eva ripu 06pa6boTKke 6hICTPHIMM 37IEKTPOHaMM € 10307 10 18 KI'p YIJIP 10-10-40 ¢ mouiHocTbio 10 M3B Ha ycTa-
HOBKE MIPOMCXOAUT U3MEHEHME KOMMUeCTBa (PYHKI[MOHATbHBIX -CH, u -NH- rpynn 1o 0,0060 otH. ex. B MK-crext-
pax mipu go3ax oomydyeHus ot 12 no 18 kI'p, YTo IPUBOAUT K Aerpaganyy o6pasija 1 ero CIIMBKY OJHOBPEMEHHO.
MeTozmoM KOH(GOKAIbHOI JIa3epPHOY MUKPOCKOTIMM MTPOIEMOHCTPUPOBAHO, UTO MOC/Ie 00yueHus: B o6pasiie PA/
PE/Eva no3amu 18 kI'p moBepXHOCTb TJIEHKU CTAHOBUTCS I1aaKoi B PA-ciioe u B Eva-cioe, 1 oTMevaeTcst Toued-
HOe ycTolleHre o6pasia. [JJaHHbIe XapaKTePUCTUKY MOTYT MOBJIEUb 3a c000i M3MeHeHue GapbepHBIX CBOMCTB
IJIGHOYHOTO MaTepuajia 1 B CBOIO ouepelb MOBIMSITh Ha CPOKY XpaHeHMUsI TIPOILYKTOB MUTAHUS B YIIaKOBOUHOM
obpaste.
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Radiation effect on the PA/PE/Eva film material with a thickness of 55 ym was investigated at the Burnazyan
Center using radiation processing plant (RPP) with the UELR-10-10-40 accelerator at 10 MeV. Polymer films were
irradiated with doses of 0 to 18 kGy. The study of IR spectra showed that when processing the PA/PE/Eva film with
fast electrons with a dose of up to 18 kGy using the UELR10-10-40 plant with a power of 10 MeV the number of
functional -CH, and -NH- groups in the IR spectra changes to 0.0060 relative units with radiation doses of 12 to
18 kGy, which leads to degradation of the sample and its crosslinking simultaneously. Using confocal laser mi-
croscopy, it was demonstrated that after irradiation of PA/PE/Eva sample with doses of 18 kGy, the surface of the
film becomes smooth in PA layer and in Eva layer, and a spot thinning of the sample occurs. These characteristics
may cause a change in the barrier properties of the film material and affect the shelf life of food in a packaging.

Hble YIIAaKOBOYHbIe MaTepuasbl ¢ KOIMIECTBOM CJI0€B OT 2 110 5.

PapyianiioHHBIE TEXHOIOTUY B IIUILEBOJ IPOMBIIIIEHHOCTHA
MCITONB3YIOT JJIS1 AOCTMKEHUsI MakcuMaibHOro addekra cre-
puin3anuuyu ¢ HU3KMMU SKCIUTYyaTallMOHHBIMY PacxogaMu, Ipu
TOYHOM [IO3MPOBAaHUM U3TYUYEHMUS], BBICOKON CTereHb 3ddek-
TUBHOCTU ¥ TIPOU3BOAUTENbHOCTU. B TMPOMBINIIEHHOCTU [IJisSt
nongepskanusa 3bdeKkTa CTepuau3anyy U yBeIUYEeHMsT CpoKa
XpaHeHUsI TUIIEBbIX MPOAYKTOB YaCcTO MPOBOASIT pagualiOH-
HYIO CTepUIN3aluio B yrakoske [1,2,3].

B 0OCHOBHOM MCIT0JIb3YIOTCSI MHOTOC/IOVHbBIE TIJIEHOYHbIE Ma-
Tepuaibl pa3InyHOro cocrtaBa [4]. Haumbomee pacmpocTpaHEH-

IOJIg UUTUPOBAHUS: Tapaciok B.T., CrpokoBa H.E., CaxxueB H.A., [Ipoko-
neHKo A.B., KuinbaeeBa H.P. Vi3yueHust BiusiHUsL OGTyYeHMsT HA CTPYKTYPY U O-
BEPXHOCTb TJIEHOYHOTO MaTepuana MoauMaMui,/TIoausTIaeH/ STUaeHBUHIIale-
TaT Ha ycraHoBKe YOJIP-10-10-40. ITuwessie cucmemsl. 2018;1(4): 10-18. DOI:
10.21323/2618-9771-2018-1-4-10-18

KoM6MHMPYST HECKOTBKO CJIOEB Pa3HbIX MMOJIMMEPOB, ITPOU3BO-
JIATENIb MOXKET CO3[1aTh IJIEHOUHBIX MaTepuasoB C 3alaHHbIMMU
CBOMCTBaMU IJIsI KaKAOTO BUIA CEJIbCKOXO3SIICTBEHHON IMpO-
IYKIMY C yUETOM JIbIXaTe/IbHbIe TTporiecchl. Hanbosee yacTo mc-
MTOJIb3YIOT a/ITe€3MBBI C 1€JIbI0 MTOBBINIEHMS OapbePHBIX CBOCTB
¥ TIPOYHOCTU TUIeHKU. IT0 MPOHMUIIaeMOCTHM YITaKOBOUHbIE MaTe-
puana c aaresuBamu Eva (atunenBuamiiaierat) u EVON (cormo-
JIVMeED 3TUIEHA ¥ BUHUJIOBOTO CITUPTA) MPUOIVIKAIOTCS K TIIEH-
KaM MMeWIIMii aJlIoMMUHMUEBbI cnoit. OgHMM U3 CII0CO60B
YBeMYeHMsI CPOKOB XpaHEHUs SIBJISIETCSl CO3[aHue YCIOBUIA,

FOR CITATION: Tarasyuk V.T., Strokova N. E., Sazhnev N. A., Prokopenko A.V.,
Kil’deeva N. R. Study of fast electron irradiation effect on the structure and
surface of polyamide/polyethylene/ethylene vinyl acetate film material using
the UELR-10-10-40 plant. Food systems. 2018; 1(4): 10-18. (In Russ.). DOI:
10.21323/2618-9771-2018-1-4-10-18



MULLEBDIE CUCTEMbI | Tom1No 4 | 2018

MCKJIIOYAIONIVX OKWUCIeHMe ¥ YBIaKHeHMe TTPOOYKIMU TPUBO-
Jsiye K pa3MHOKEHUI0 MUKPOOPTaHM3MOB [5].

Bo Bpemsi crepmiamsanyy Gu3NMUeCKMMU MeTOLAMM IIpPO-
VCXOOUT TIOJaBIeHNe pocTa MUKPOOPraHU3MOB [6], HO B TOXe
BpeMsl M B TOJMMEPHBbIX MaTepuasax MOTYT OJHOBPEMEHHO
MMPOXOUTH MPOLIECC CIIMBAHUS U AeTpajaliviv ¢ TOCTeAYIOIIM
MIPOLIeCCOM OKMCIEHUS U MOsIBJIeHMeM TakuX QYHKLIMOHATbHBIX
rpynn kak: —C=0, - OH, - O-0-H, - C-0-0-C- [7,8]. CTpyk-
Typa MOBEPXHOCTM IOJIMMEpPHOr0 MaTepuasna IoJ AeiCTBUeM
o6TyueHust U3MeHseTCs M GOPMUPYIOTCST pasINyuHbIe pebedbl
B BUJEe PsI6Y, HEPOBHOCTY IPAHY/ISIPHOTO TUIIA, U CKBO3HBIX OT-
BepcTuii. [laHHOe siBJIeHMe UCIOJIb3YIOT AJIS1 U3TOTOBJIEHUE T10-
JIMMEPHBIX MUKPOIIOPUCTBIX MeMbpaH [9,10,11].

Llenbio HacTosIIIEl PAaBGOTHI SIBJSIETCS M3YyUEHMEe TTOBEPXHO-
CTM CTPYKTYPHI MOIMMEPHOTO MaTepuana OT 03 OOIyUeHUs
¥ U3MEHEHMe KoJinuecTBa (PyHKIMOHATbHBIX TpyIn B VIK-criek-
Tpax 0 U ocjie 06Ty4eHs ObICTPBIMM 3JIEKTPOHAMM.

2. Marepuajibl ¥ METObI

WccnenoBaHa MmonMMepHasi YIakoBOYHAs TUIEHKA Toua-
mug/nonnstunet/ stuinensunmiauerat (PA/PE/Eva), Tommu-
Hoit 55 mkMm, dupmbr Freshpack Solutions (Mapka TopFRESH
CV 55). Jra muieHKa WMCIOIb3yeTCs AJISl XpaHEeHUsS OBOILei
” QPYKTOB U MMeeT He0OXOnMMble IToKa3aTenay ra3o-u mapo-
MIpoHMUI@aeMocTu [1].

O6myueHe MPoBOAMIOCHh B DemepaibHOM MeAUIIMHCKOM O-
odusmyeckom LeHTpe M. A. V. BypHassiHa Ha pagualMOHHO-TeX-
Honormyeckoii ycraHoske (PTVY) ¢ yckopurenem Y3JIP-10-10-40
Ha 10 MaB, cpennmii TOK mydyka — 253 MKA; CKOpPOCTh KOHBejie-
pa — 1,9 m/MuH (2,0 OTH.€e11.), MakCHMMasbHasl CpeaHSIS MOIIIHOCTh
ITy4yKa 3/1eKTPOHOB — 10 KBT, AMarna3oH peryampoBaHust SHEPTUU
9nmekTpoHoB 8-10 M3B, mMakcumanbHasi aMIUIMTYLa MMITY/Ibca
ToKa mmyuka 0,25 A, yacToTa cjie[JoBaHMsI MUMITY/IbCOB 3JIEKTPOHHO-
ro Toka 25-3001/c, pasmep mosst 06aydeHust mpogyKuym 40 x 2 cm,
PaBHOMEPHOCTb ITOJISI 06/TyUeHMsI B pa3BepTke =5 %, yacToTa cka-
HMPOBaHMSI NMEKTPOHHOro myuyka 1-10 I', cTabMabHOCTD TOKA
myuka+ 2,5 %, cTabmIbHOCTb SHEPTUM TEKTPOHOB * 2,5 %, co cKo-
poctbio ot 0,6 mo 1,9 m/muH (ot 0,7 go 2,0 OTH. ef.) B TOPMU30H-
TaJIbHOM Pa3BEePHYTOM ITyUKe YCKOPUTEISI.

PeasibHble [103bl OOMy4YeHMS] 1O TIOKa3aHUSIM [IeTeKTOPOB
Mpe[iCTaB/leHbl C PACIIMPEHHO! HeOoIpeneleHHOCTbI0 ¢ K03(d-
(uimenTa oxBata 2 (IJ1s1 TOBEPUTENIbHOI BepoSTHOCTY P = 0.95).
PacuimpeHHasi HeomNpene/leHHOCTh PACCUMThIBAIACh B COOT-
BetcTBuM ¢ P50.2.038-2004 TCU. «Mi3mepeHus NpsiMbie OFHO-
kpaTHble. OlLieHMBaHME TIOTPEUIHOCTe M HeOompeneleHHOCTU
pe3y/nbTaTa U3SMepeHuin».

[st TpoBeieHMsI TO3UMeTPUM 06Tyue st 06pasIoB 103aMu
3 u 6 KI'p ucnonp3oBamich gerekropsl CO I1/1(3)-1/10 — cran-
JIapTHbIe 006pasiibl yTBepskaeHHoro tuma 'CO 8916-2007 morio-
IIeHHO# 103kl (POTOHHOTO U 37EKTPOHHOTO M3TyUYeHMi1 (COTO-
JIUMeEp C 4-IU3TUIaMUHOa306€H30/I0BBIM KpacuTesieM), apTyst
N2 16.03, a ijist o6myueHus B mo3ax 9, 12, 15, 18 kI'p ucrionb3oBa-
nuch fgetektopsl CO IIII(D)P 5/50- rocynapCcTBeHHBIN CTaHaPT-
HBIIi 00pasel MOMIOIEHHO 03bl POTOHHOTO U 3JIEKTPOHHOTO
MU3IY4YEeHUit B Bofie B Auarnasone 5-50 KI'p (mapTtust N2 156.254).

VK-criekTpbl 00pasioB cHuManu Ha YOMC-1201 (Poc-
cusi) B MI'Y um. M. B. JlomoHocoBa. CieKTpa/ibHbIli AMamna3oH
npubopa 400-4000 cm!; ciekTpasbHOe pasperieHue — 1 cm;
MCTOYHUK MH(paKpacHOTO MoToka-HMXpoM; UK — mpreMHUK
MMOTOKA-TIMpPO3IeKTpuueckuii. O6pasilbl TUIEHKM ITOMENAoT
B 3KCIIEPUMEHTAIbHYIO STUelKy IepIrieHIUKY/ISIPHO CBETOBOMY
motoky. MK criekTp MoriomieHnsl MoaMMepHOl YIaKOBOYHOM
IIJIEHKM PETUCTPUPYETCS N0 U TTOCIe 00IydeHNs.

CTPYKTYpy TOBEPXHOCTM TUIEHOK MCCIeIOBaIM Ha CKaHU-
pyIoleM 30HIOBOM MuKpockore Solver P47-PRO dupmbr NT
MDT. B kauecTBe 30H[1a UCIIOIb3YEeTCSI HAHOPAa3MepPHOe OCTPUE,
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pacronararnieecs: Ha KOHIle YIIPYTroyi KOHCOMU (KaHTeNIuBeD).
Pa3HOCTHBIN CUTHAT MEKAY BepxXHell ¥ HUKHEl TTOJTI0BUHO Gho-
tonyuozna (~0,02). PasHOCTHBINM CUTHa/I MeXAY JIeBOWl U IIpaBoit
nosioBuHamMu oroamopa (~0,02). CyMMapHbIii CUTHAI, MOCTY-
MawINii CO BCeX YeThIpexX CeKuuii (Gorommona, MpoIropimo-
HaJIbHbBIV MHTEHCUBHOCTHU JIA3€PHOTO U3TyYeHNUs], OTPasKEHHOTO
oT KaHTwieBepa 22,13. Yacrora npmxkenus nogioxku: 0,54 Hz.
O6paTHas CBSI3b/IaBJIeHIE UTTIbI KAHTUJIEBEpA HA o6pasel] — OT
0,266 0o 0,310.

3. Pe3yabTaThl M 06CYKAEHUE
O6pasubl PA/PE/Eva 06pabaTbiBaay ObICTPBIMU 37E€KTPOHA-
mu Ha ycraHoBke YOJIP-10-10-40 Ha 10 M3B go3amu ot 3 1o
18 kI'p. YcTaHOBJIEHHbBIE 103bI OOIYUEHMS U peabHbIe T03bI 00-
JIy4eHust 06pas1ioB 0 MOKA3aHNUSIM JeTeKTOPOB B KOHTPOJIbHbIX
TOYKax MpefacTaBiaeHbl B Ta6. 1.
Ta6muua 1

IToroméHHbIe J03bI GBICTPBIX TEKTPOHOB
Ha ycraHoBkeYDJIP-10-10-40

VeTaHOBIeHHAsT dakTuueckue 103bl, K['p
no3a, Ilo3a Ha BbIXOHE D, nornaménHas

my4yKa posa, KIp

3 3,0+0,3 3,2%+0,3

6 5,8%0,5 6,2%+0,6

9 8,3*1,1 8,3+0,7

12 11,5+1,2 11,5+1,1

15 14,126 14,1%£1,3

18 16,7+1,4 17,3%+1,4

[Moce ob6aydeHust 06PasIbl UCCIeNOBATUCh MeTomoM KK-
CIIEKTPOCKOINUY i U3YUEHUsT CTPYKTYypbl o6pasia PA/PE/Eva
COCTOSIILIMIA U3 CTI0€eB, IpefCcTaBleHHbIX Ha Puc. 1.

H3|C
O0=C
|
H H H O
| | | |
II—I (”)7\L C—-C rC—C1—
| | | |
+CH,~CH,} TN—(CH,)—Cy H H| [H H],
PE-cioii PA-cnoii Eva-cioit
Puc. 1. CrpykTypHas dopmysia MMoaMMepHOro MaTepuasa
PA/PE/Eva

B undpaxpacHoit o6mactu criektpa ot 400 mo 4500 cvm! ume-
I0TCSI XapaKTepHbIe OCHOBHbIE MHTEHCUBHBIE ITOJIOCHI TTOTJIOIIe-
Hust aJist PE-c1ost oTHoOcsmecs K BajieHTHbIM (2820-2980 cm™)
u gedopmanyoHHbiM (1480 cm!, 725-740 cm™') KonmeGaHusIM —
CH,-rpyni, o710ChI IOITIOMeHNMsT OTHOCsImMecs K Jeopmany-
OHHBIM Koste6anusam —CH, rpynn nabmogaiorcs B o6nacty 1380—
1370 cm!'. XapakTepHble MOJOCHI TMOIJOMEHNUsT Ias1 PA-ctost:
nmedopmalioHHble Koebanus cBsi3u N—H B o6mactu 3040 cm,
1550-1570 cm! u medopmaiioHHbIe Kome6aHus KapbOHMUIIb-
HOI1 Tpymnmbl B o6mactu 1620-1680 cm!. XapaKTepHble TOIOCH
nomtoeHust st Eva-ciost: KonebaHust CBSI3U CIOXKHO3bUPHOI
dynkuyonanpHoit rpymmsl (-COO-) B o6mactu 2340 cvl. Han-
6osiee XapaKTepHble YaCTOThI MOMIOIIEHMS (YHKIMOHATbHBIX
IPYIIT 06pasiia mpeacTaBieHbl B Taoim. 2.

[Tocse o6yyeHMsT U3y4yanach MHTEHCUMBHOCTH TIOTIOC MOT/IO-
IIE€HMS] OCHOBHBIX (PYHKIMOHAIbHBIX Ipyri (Taoi. 3).

W3 Tabn. 3 BUOHO, YTO MHTEHCUBHOCTbH TMOJOC (YHKIIMO-
HaJbHBIX TPyHN B 06pasiie PA/PE/Eva mof BAUSIHMEM ObICTPBIX
3JIEKTPOHOB TIpu A03ax oT 3 7o 18 kI'p yMeHblaeTcsi, JaHHbIE
npescTaBaeHsbl B Taoi. 4.
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Tab6muua 2
XapakTepHbie moockl normomenns B UK-cnekTpax o6pasiia PA/PE/Eva
XapaKTeprle I10JIOCHI IIOI/IOLIeHMSs, cm?
DYHKIMOHA/IbHbIE TPYIIIbI
PE-cnoit PA-cnoit Eva-cnoit PA/PE/Eva
BasieHTHDBIE Ko/IeGaHMS
-CH,- 2820-2980 (c.) 2820-2980 (c.)
. 1623-1680 (c.)
c-0 2020 (cr.)
—C-O-C— 1120 (c.) 1120 (c.)
1257-1275 (c.) 1257-1275 (c.)
-CO0- 2340 (cn.) 2340 (cn.)
-CH- 3268-3338 (c.) 3268-3338 (c.)
HedopmanyoHHbie KoeGaHUS
e 1480 (c.) 1480 (c.) _
CH, 725-740 (c.) 725-740 (c.) 718-733(c)
-NH- 3085 (c.)
~CH, 1380-1371 (c.) 1380-1371 (c.) 1170 (c.)
Ta6nuia 3
Pe3ybTaThl MHTEHCMBHOCTH IOJIOC MIOIIOMIEHNS B 3aBMCHMMOCTH OT 03 OBICTPBIX 3JIEKTPOHOB B 06pasue PA/PE/Eva
Yacrora DYHKUMOHAIbHBIE VIHTeHCHMBHOCTB I0JI0C ITOITIOIEHYS], OTH.el. ¥ AX
MOIIONIeHus, cm™! TpyNIbL Ilosa o6rygenus kIp
0 3 6 9 12 15 18
1371-1366 _CH 0,1655+ 0,1625+ 0,1638+ 0,1609+ 0,1595+ 0,1627% 0,1648+
3 0,0056 0,0033 0,0031 0,0024 0,0017 0,0018 0,0026
2340 _COO- 0,8053+ 0,8039+ 0,8068+ 0,7954+ 0,7988+ 0,7939% 0,8072%
0,0071 0,0071 0,0036 0,0241 0,0216 0,0325 0,0047
3085 _NH- 0,2797 * 0,2789+ 0,2792+ 0,2777* 0,2763% 0,2807 * 0,2852*
0,0072 0,0042 0,0037 0,0031 0,0025 0,0029 0,0040
Tabnuia 4
VisMeHeHMe MHTEHCMBHOCTU I10JIOC MOIIONIEHMS B 3aBUCUMMOCTH OT 403 OBICTPHIX IEKTPOHOB B 06pasiue PA/PE/Eva
YacTrora DYHKUMOHATIBHDBIE H3MeHeHMe MHTEeHCUMBHOCTM I0JIOC MOT/IONeHNsI TIoc/Ie 06/IydeHns1, OTH.ell./AX
MorIonmeHus, cm-! TPyNIbL Tlosa o6ayuenus KIp
3 6 9 12 15 18
-0,0030/ -0,0017/ -0,0046/ -0,0060 -0,0028/ -0,0007/
15711366 —CH, 0,0033 0,0031 0,0024 0,0017 0,0018 0,0026
2340 —COO- -0,0014/ 0,0015/ -0,0099/ -0,0065/ -0,0114/ 0,0019/
0,0071 0,0036 0,0241 0,0216 0,0325 0,0047
3085 _NH- -0,0008/ -0,0005/ -0,0020/ -0,0034/ 0,0010/ 0,0055/
0,0042 0,0037 0,0031 0,0025 0,0029 0,0040

IIe «—» MHTEHCUBHOCTH MOJIOC YMEHBIIMIOCH TI0 OTHOLIEHHUIO C He 0OTyYEHHBIM 00pa3IoM;
«+» MHTEHCUBHOCTb T10JI0C YBEIMYMIIOCH TI0 OTHOLIEHUIO C He 06IYYEHHBIM 00pasIioM.

W3 Tab6in. 4 BUIHO, YTO MpU 06IyUeHUr 06pasia q03aMu 10 Ha ocHOBe MOTy4YeHHbBIX JAHHBIX ObUIM TIOCTPOEHBI 3aBUCHK-
9 kI'p usMeHeHue GYHKIVOHAIbHBIX TPYIIT HE TTPOUCXOAUT. MOCTIM MHTEHCUBHOCTM II0JIOC IOmIomieHus: B o6pasie PA/PE/
[Tpu yBenuuyeHUM 003kl 06ydeHust oT 9 no 15 xI'p HabmogaeT- Eva (Puc. 2) o6myuéHHble Ha ycTaHoBKe YIJIP 10—-10-40.
cs ymeHbueHue -CH, rpymmbl, 4To cBUIETeNbCTBYET O IpoLecce PesynbTaThl BOCIIPOM3BEAEHUS WMHTEHCUBHOCTU II0JIOC
CIIMBKY B 06pasiie u paspyieHue PA-ciost. roriomeHns GYHKIVMOHATbHBIX TPYII ITOKa3bIBAIOT MUWHM-
PA/PE/Eva
1
0,9
0,8 - - — = — j =
0,7
£ 06
i
5 0,5 & CH3
204 W -COO-
X
% 03 -NH-
> = =
s
=3 % - - - - * %
0,1
0
0 5 10 15 20

Ao3bl 06ayyeHus, K p

Puc. 2. 3aBucumMOCTb 103 06J1yqum{ 6bICTpI)IMI/I 3JIEKTPOHAMM OT MHTE€HCUBHOCTMA I10JIOC ITOIJIOLIEe HMST (I)YHK].U/IOHBIII)HI)IX r'pyIIt
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MaJIbHYIO JMCIIEPCUIO, UTO CBUIETENbCTBYET 06 paBHOMED- Ta6ma 5
HOM O6GiyuyeHMM Bcero obpasiia mpu mosax mo 9 k['p u mpwu CrpykTypa nosepxHoctu oopasua PA/PE/Eva

18 kI'p (Puc. 2 u Tabs. 3 u 4), METOAUKY O6TyUYEeHUS TIPU H03aX I0 ¥ [ocIe 00IyYeHus

9-15 kI'p HEOOXOAMMO CKOPPEKTUPOBATH M BOCIPOM3BECTU Paspene- Dose, kGy

pesybTaThl. IC*IP{‘SHI‘;P‘;I:((; 0 18

Pe3ynbTaThl CKaHMUPYIOIIEH 30HI0BOI MMKDPOCKOTUM TI0-
Kasaii, 4YTO CTPYKTypa moBepxHocTu PA-ciios B o6pasie PA/
PE po o6iaydyeHMs] Ha TOBEPXHOCTM TIOTMMEPHON TUIEHKU
(50x 50 MKM) MMeeT GYTrPUCTYIO IIEPOXOBATYIO MMOBEPXHOCTD
(Tabn. 5). IIpu Gosee meTaqbHOM pacCMOTpeHUM o6Gpasia
(10x 10 MKM) OoTMeYalOTCs YIAyOIeHusl, UX MOXKHO OTHECTU 50x50
K TeXHOJIOTMY TIPOU3BOJCTBA IIeHKN. [Tocsie 06mydyeHMs fo3a-
mu 18 KI'p cTpyKTypa moBepxHoCTU PA-cj1os1 craHOBUTCS Gosee
TJ1aIKOJ.
HUccnenyst moBepxHOCTh cnost Eva B obpasue PA/PE/Eva o
06TyueHUs TIpU pas3perieHny MUKpockona 50x50 MKM MMeIOTCs
IIIepOXOBATOCTh B BUAE «BOJH» (YINIYOJIeHUSI B JUaMeTpe OKO-
j0 1 MKM a BBICTYI penbeda okoyo 0,5 MKM) SIBHO BbIPaKEHO 25x25
MpU IeTaTbHOM PacCMOTPEHUM TIPU pas3pelieHUy MUKPOCKOTa
10x 10 mMxm. ITocne o6aydeHMsT MOBEPXHOCTh c/1osi Eva craHo-
BUTCSI 60jiee POBHOJ U IJIaIKOM, TIOSIBJISIIOTCST YINTyOIeHUs Tua-
MeTPOM J0 2 MKM.
[Tpy M3MepeHUM TOIIMHBI TVIEHOYHOTO Marepuasa C BHY-
TpeHHero cos Eva MMHMMaabHOe 3HaueHue yriayoneHuit B 1u-
ametpe cocrasisieT 6osee 1 Mk (Puc. 3), UTO CBUIETEIbCTBYET 10x10 8
06 TOYEUHOM MCTOIIEHUY TOMIIVHBI 06pa3iia moc/ie o6IyueHns
GBICTPBIMU IJIEKTPOHAMMU 103071 18 KI'p.
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4. BbIBOIBI

B pabore moxkasaHo, uTo o6pasen; PA/PE/Eva paBHOMeEp-
HO 06pabaTbiBaeTCsl GBICTPBIMM 3JIEKTPOHAMU. B pesynbrarte
cTepuJIM3alMy IMPOUCXOJUT U3MEHeHMe KOIuyecTBa QyHKIN-
oHanbHbIX -CH, u -NH- rpynm go 0,0060 oTH. en. B MK-cmekr-
pax mpu mo3ax obmyuenust 12 u 18 kI'p, UTO NMPUBOIUT K JET-
pagaiuyu o6pasiia ¥ ero CHIMBKM OZHOBpPEMEHHO (B 061acTu
paspbiBa — OTBepCTUS/YIayoneHus). MeTomomM KOHGOKaIbHO
Jla3epHO MMKPOCKOIINM ITPOIeMOHCTPUPOBAHO, UTO IIOCTIe
obmyuenus B o6pasie PA/PE/Eva noszamu 18 KI'p TOBEPXHOCTH
TUIEHKM CTAaHOBUTCS rnanKkoii B PA-cioe u B Eva-ciioe, a Tak ke
B Eva-cioe mosIBASIIOTCSA YIIyOJae€HUST JUaMeTpoM A0 2 MKM.
Cpoku XpaHeHMs MPOAYKTOB NMUTaHUSI B 0Opasiie mocje Cre-
puusanuyu 6yayT KOPPEKTUPOBATHCS € YIETOM IMOTyUEHHBIX
pesyabTaToB.
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5. BbaaromapHocTH

ABTOpBI 671aTOMAPST CTApIIEro HayYHOTO COTPYOHMKA Jia-
6opaTopuM TPOIECCOB M 0OOPYIOBaHMSI KOHCEPBHOTO MPOU3-
BOJCTBA, BCepoccMiickoro Hay4YHO-UCCIEIOBATEIbCKOTO MWH-
CTUTYTa TEXHOJOTUM KOHCepBupoBaHus @Duwiumnmnosuua B.IL.
¥ KaHAugaTa TeXHUUYeCKMX HaykK, CTapiiero HayuHoro COTPYI-

1. Introduction

Radiation technologies in food industry are used to achieve
maximum sterilization effect with low operating costs, while en-
suring accurate dosing of radiation, high degree of efficiency and
productivity. In industry, to maintain sterilization effect and in-
crease shelf life of food products, radiation sterilization is often
carried out in packages [1,2,3].

Multilayer film materials of different composition are com-
monly used [4]. The most common packaging materials have 2 to
5 layers. Combining several layers of different polymers, manu-
facturer may create film materials with desired properties for
each type of agricultural products, taking into account breath-
ing processes. Adhesives are often used to increase film barrier
properties and strength. Permeability properties of packaging
materials with Eva (ethylene-vinyl acetate) and EVON (eth-
ylene/vinyl alcohol copolymer) adhesives are close to those of
films with aluminum layer. One of the ways to increase the shelf
life is to create conditions that exclude oxidation and wetting of
products leading to the growth of microorganisms [5].

During sterilization by physical methods, the growth of mi-
croorganisms is suppressed [6], but at the same time, crosslink-
ing and degradation processes may occur in polymeric materials
with the subsequent oxidation and formation of such functional
groups as -C=0, -OH, -0-0-H, -C-0-0-C- [7, 8]. The struc-
ture of polymeric material surface changes under the action of
irradiation and various reliefs are formed such as ripples, ir-
regularities of the granular type, and through holes. This phe-
nomenon is used for the manufacture of polymer microporous
membranes [9,10,11].

The purpose of this work is to study the surface structure of
the polymer material depending on radiation doses and change
in the number of functional groups in IR spectra before and after
irradiation with fast electrons.

2. Materials and methods

Polyamide/polyethylene/ethylene vinyl acetate (PA/PE/Eva)
packaging film with a thickness of 55 ym manufactured by Fresh-
pack Solutions (TopFRESH CV 55) was investigated. This film is
used to store vegetables and fruits and has necessary properties
of gas and vapor permeability [1].

Irradiation was carried out at the A.I. Burnazyan Federal
Medical Biophysics Center using radiation processing plant
(RPP) with the UELR-10-10-40 accelerator at 10 MeV; the aver-
age beam current was 253 pA; conveyor speed was 1.9 m/min
(2.0 relative units); maximum average power of the electron
beam was 10 kW; the range of electron energy adjustment was
8 to 10 MeV, maximum amplitude of the beam current pulse
was 0.25 A; pulse repetition rate of electron current was 25/s
to 3001/s; size of the irradiation field was 40 x 2 cm; uniformity
of the irradiation field in the scan was+5 %; scanning frequency
of the electron beam was 1 to 10 Hz; stability of the beam cur-
rent was £ 2.5 %, stability of the electron energy was*2.5 % with
a speed of 0.6 to 1.9 m/min (0.7 to 2.0 relative units) in a hori-
zontal unfolded beam of the accelerator.

Actual radiation doses according to the indications of detec-
tors are presented with an expanded uncertainty with a coverage
ratio of 2 (for a confidence probability P = 0.95). Expanded un-
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Huka @efepanbHbIii MEAULIMHCKUIA OMOPU3UUECKUI IIeHTP
uM. A.W. bypHassaHa I'opgeesa A.B 3a momol1b ¥ KOHCYJIbTAL IO
TIPY BBITTOJTHEHWUM JAHHOI PaboThI.

VicciemoBaHye MOBEPXHOCTH TUIEHOK METOIOM KOH(OKaIb-
HOJi JIa3€pHOM MMUKPOCKOIIMM BBIMTOJIHEHO TIpU (PUHAHCOBOI
nognepxkke @oupa PODOU, mpoekt N2 18-33-00324.

certainty was calculated in accordance with the State System for
Ensuring Uniform Measurement R50.2.038-2004. «Direct non-
repeated measurements. Estimation of errors and uncertainty of
the measurement result».

For dosimetry of sample irradiation with doses of 3 and 6
kGy, SO PD(E)-1/10 detectors were used, i.e. GSO 8916-2007 ap-
proved type standard samples of the absorbed dose of photon
and electronic radiation (copolymer with 4-diethylaminoazo-
benzene dye), batch No. 16.03, and for irradiation with doses of
9, 12, 15, and 18 kGy, SO PD(F)R-5/50 detectors were used, i.e.
the state standard sample of the absorbed dose of photon and
electron radiation in water in the range of 5 to 50 kGy (batch No.
156.254).

IR spectra of the samples were measured on UFMS-1201
(Russia) at M.V. Lomonosov Moscow State University. The spec-
tral range of the instrument is 400 to 4000 cm™!; spectral resolu-
tion is 1 cm'!; infrared source is nichrome; IR flux receiver is of
pyroelectric type. Film samples are placed in an experimental
cell perpendicular to the light flux. IR absorption spectrum of
polymer packaging film is recorded before and after irradiation.

The surface structure of the films was examined with a Solver
P47-PRO scanning probe microscope by NT MDT. The probe is a
nano-sized tip located at the end of elastic cantilever. The differ-
ence signal between the upper and lower half of the photodiode
is ~ 0.02. The difference signal between the left and right halves
of the photodiode is ~ 0.02. The total signal from all four sec-
tions of the photodiode is proportional to the intensity of laser
radiation reflected from the cantilever and is equal to 22.13. The
frequency of substrate movement is 0.54 Hz. Feedback/cantile-
ver needle pressure on the sample is 0.266 to 0.310.

3. Results and discussion
PA/PE/Eva samples were treated with fast electrons on the
UELR-10-10-40 plant at 10 MeV with doses of 3 to 18 kGy. Spec-
ified doses and actual doses of sample irradiation according to
the indications of detectors at the control points are presented
in Table 1.
Table 1
Absorbed doses of fast electrons at the UELR-10-10-40 plant
Actual doses, kGy

Specified dose, kGy
Dose at beam output D, absorbed dose, kGy

3 3.0£0.3 3.2%0.3
6 5.8+0.5 6.2+0.6
9 8.3%1.1 8.3+0.7
12 11.5+1.2 11.5%1.1
15 14.1+2.6 14.1+1.3
18 16.7+1.4 17.3+1.4

After irradiation, the samples were examined by IR spectros-
copy to study the structure of PA/PE/Eva sample consisting of
the layers shown in Figure 1.

In the infrared region of the spectrum from 400 to 4500 cm™,
there are main characteristic intense absorption bands for the
PE layer related to stretch vibrations (2820 to 2980 cm™) and
deformation vibrations (1480 cm™, 725 to 740 cm™) of ~CH,-
groups. Absorption bands related to deformation vibrations
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PE layer PA layer Eva layer
Figure 1. The structural formula of the PA/PE/Eva
polymer material

of —~CH, groups are observed in the region of 1380 to 1370 cm™.
The characteristic absorption bands for the PA layer are the fol-
lowing: deformation vibrations of the N-H bond in the region of
3040 cm!, 1550 to 1570 cm™!, and deformation vibrations of the
carbonyl group in the region of 1620 to 1680 cm™'. Characteristic
absorption bands for the Eva layer are the following: vibrations
of the ester functional group bond (-COO-) in the region of
2340 cm'. The most characteristic absorption frequencies of the
functional groups in the sample are presented in Table 2.

After irradiation, the intensity of the absorption bands of the
main functional groups was studied (Table 3).
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Table 3 shows that the intensity of the bands of functional
groups in the PA/PE/Eva sample treated with fast electrons
at doses of 3 to 18 kGy decreases. The data are presented in
Table 4.

Table 4 shows that when the sample is irradiated with doses
below 9 kGy, the functional groups do not change. As the irradia-
tion dose increases from 9 to 15 kGy, a decrease in -CH3 group is
observed, which indicates the crosslinking process in the sample
and the destruction of the PA layer.

Based on the data obtained, the dependences were con-
structed for the intensity of the absorption bands in the PA/
PE/Eva sample (Figure 2) irradiated using the UELR-10-10-40
plant.

The results of the intensity reproduction for the absorption
bands of functional groups show minimal dispersion, which in-
dicates uniform irradiation of the entire sample at doses below
9 kGy and at 18 kGy (Figure 2 and Table 3 and 4). The method
of irradiation with doses of 9 to 15 kGy needs to be corrected to
reproduce the results.

The results of scanning probe microscopy (50x50 pm)
showed that, before irradiation of polymer film surface, the
surface structure of the RA layer in the PA/PE sample is rough
and uneven (Table 5). With a more detailed examination of the

Table 2
Characteristic absorption bands in IR spectra of the PA/PE/Eva sample
. Characteristic absorption bands, cm!
Functional groups
PE layer PA layer Eva layer PA/PE/Eva
Stretch vibrations
-CH,- 2820-2980 (s) 2820-2980 (s)
_C= 1623-1680 (s)
c=0 2020 (sl)
e 1120 (s) 1120 (s)
¢-0-C 1257-1275 (s) 1257-1275 (s)
-C00- 2340 (c11.) 2340 (sI)
—-CH- 3268-3338 (s) 3268-3338 (s)
Deformation vibrations
e 1480 (s) 1480 (s) _
CH, 725-740 (s) 725-740 (s) 718-733(s)
-NH- 3085 (s)
~CH, 1380-1371 (s) 1380-1371 (s) 1170 (s)
Table 3
Intensity of the absorption bands depending on the doses of fast electrons in the PA/PE/Eva sample
Absorption Functional Intensity of the absorption bands, relative units * Ax
frequency, cm! groups Irradiation dose, kGy
0 3 6 9 12 15 18
1371-1366 _CH 0.1655% 0.1625% 0.1638% 0.1609% 0.1595+ 0.1627% 0.1648+
3 0.0056 0.0033 0.0031 0.0024 0.0017 0.0018 0.0026
2340 _COO0- 0.8053+ 0.8039+ 0.8068+ 0.7954+ 0.7988+ 0.7939% 0.8072%
0.0071 0.0071 0.0036 0.0241 0.0216 0.0325 0.0047
3085 _NH- 0.2797=* 0.2789* 0.2792=* 0.2777* 0.2763* 0.2807* 0.2852+
0.0072 0.0042 0.0037 0.0031 0.0025 0.0029 0.0040
Table 4
Changes in intensity of the absorption bands depending on the doses of fast electrons in the PA/PE/Eva sample
Absorption Functional Changes in intensity of the absorption bands after irradiation, relative units/Ax
frequency, cm! groups Irradiation dose, kGy
3 6 9 12 15 18
-0.0030/ -0.0017/ —-0.0046/ —-0.0060 -0.0028/ -0.0007/
1571-1366 —CH, 0.0033 0.0031 0.0024 0.0017 0.0018 0.0026
2340 —COO- -0.0014/ 0.0015/ -0.0099/ -0.0065/ -0.0114/ 0.0019/
0.0071 0.0036 0.0241 0.0216 0.0325 0.0047
3085 _NH- -0.0008/ —-0.0005/ -0.0020/ -0.0034/ 0.0010/ 0.0055/
0.0042 0.0037 0.0031 0.0025 0.0029 0.0040

where «-» indicates that the intensity of the bands decreased in comparison with the non-irradiated sample;
«+» indicates that the intensity of the bands increased in comparison with the non-irradiated sample.
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Table 5
PA/PE/Eva The surface structure of the PA/PE/Eva sample before
1 and after irradiation
0.9 Microscope Dose, kGy
0,88 = - = — resolution,
2 um 0 18
S0,7
Sos PA layer
g o
205 2 B
g s o
g4 ; . |
£03 L o ° 3.
£ ' 50x50 & I
0.2 - Y P Py P P 9 - 3
0,1 e o 2
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Irradiation dose, kGy
Figure 2. Dependence of fast electron irradiation doses
on the intensity of absorption bands of functional groups
25x25
sample (10x 10 ym) cavities are noted, that can be attributed to
the technology of film production. After irradiation with doses of
18 kGy, the surface structure of the RA layer becomes smoother.
Investigation of the surface of the Eva layer in the PA/PE/
Eva sample prior to irradiation with a microscope resolution of
50x50 um revealed irregularities in the form of «waves» (cavi-
ties of about 1 pm in diameter, and elevations of about 0.5 pm), 10x10
which are clearly expressed upon detailed examination with a
microscope resolution of 10x 10 microns. After irradiation, the
surface of the Eva layer becomes more even and smooth, and
cavities with a diameter of up to 2 ym appear.

When measuring the film thickness in the inner Eva layer,
the minimum diameter of cavities is more than 1 pm (Figure 3),
which indicates a spot thinning of the sample after fast electron
irradiation with dose of 18 kGy.
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Figure 3. Changes in the surface depth of the PA/PE/Eva
polymeric material after fast electron irradiation with
dose of 18 kGy using the UELR10-10-40 plant
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4. Conclusions

The work shows that the PA/PE/Eva sample is uniformly
treated with fast electrons. As a result of sterilization, number
of functional -CH, and -NH-groups changes up to 0.0060 rela-
tive units in IR spectra with radiation doses of 12 and 18 kGy.
This leads to degradation and simultaneous crosslinking of the
sample (in the area of rupture there are holes/cavities). Using
confocal laser microscopy, it was demonstrated that after irradi-
ation of the PA/PE/Eva sample with doses of 18 kGy;, film surface
becomes smooth in the PA layer and in the Eva layer, and in the

005 10 15 20 25 30 35 40 4550 005 10 15 20 25 30 35 40 45
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Eva layer cavities appear with a diameter of 2 um. The shelf life
of food in the sample of packaging film after sterilization will be
adjusted based on the results obtained.
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