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AHnnomauus

Hccnedosanu nonumeprviii mamepuan cocmasa PA/PE/Eva morn-
wiuHo 55 mim. Cmepunusayuro nposoousnu Ha ycmaroske I'V-200
dozamu om 3 do 18 xIp 6 HayuHo-uccnedosamenvckom uHcmu-
myme mexHuueckoi usuxu u asmomamusayuy. Cmpykmypy
06pa3i06 nonUMepHo20 mamepuana usy4anu memooom VMK-cnex-
mpockonuu 0o u nocne 06nyuerus 6 unmepsane 400-5000 cm™.
Ilo pesymvmamam uccnedosanuss cmpyxmypor VK-cnexmpos
obnyuenue 0osamu 00 6 kIp usmeHeHus 6 cmpykmype He3HAU-
menvHote. IIpu 06nyuernuu dosamu om 9 kIp u eviue ysenuuusa-
emcs KOTUHeCtneo CoNHbIX dpupHuvix epynn (2340 cm™), Hesna-
uumenvHoe ysenuueHue 6 0pyeux PyHKUUOHATLHBIX PyNNax, 4o
MOsHem 2060pUb 00 00HOBPEMEHHOM Npouecce 6HYMPUMOTEKY-
JIAPHOL CULUBKU C NPOMENCYMOUHOL Cadueli Cluueanus npome-
Kawmouweti ¢ 00pasosanuemM 6UHUTIEHOBIX epynn. Dmo evi3vieaem
OecmpyKUuo NOTUMEPHO20 MAMepUand, a makxie paouayuoH-
Hoe okucrerue. [laHHble HAPYUEHUS MO2YM N067IeHb USMEHEHUS
Pusuko-mexaHu4eckux u 6apvbepHvIX NAPAMernpos NoaUMepHo2o
mamepuanad, 4mo Moxem CyuiecneeHHo ompasumscs Ha CPOKAxX
XPAHEHUS CenbCKOXO03ALCMBEHHOL NPOOYKUULL

BBenenne

B nocrnenHee BpeMs 0TMeuaeTcsl MHTepeC K Pu3aNIecKnm
MeTofaM 0OpabOTKY NMPOAYKTOB IMUTAHMUSA, YTO SB/IACTCH
MMpPOBOJ TeHAeHLyell. Kputepu u MCTOYHMKOB 0Omyde-
HIIS, MICTIO/Ib3YeMble B KadeCTBe PU3NIeCcKIX METOJOB CTe-
PUIM3ALVIN, e/IATCA Ha [{BA HAIIPaB/IeHNA: UCTIONb30BaHNe
VIOHU3UPYIOIIETO M3/Ty4eHNsI OT M30TOIMHBIX MCTOYHVKOB
U BO3JENCTBUE BBICOKOIHEPTeTUYHBIMY 3/IeKTPOHHBIMMI
nyukamyu. Hambormee pacrnpocTpaHEHHBIM VCTOYHUKOM
y-06my4deHNs ABIA0TCA M30TONbI KobanbTa 60 (Co®) [1-2].

B pesynbrare pafialiiOHHON CTepUIM3ALUN B IIOIN-
MEpHBIX MaTepuagax MOXKeT IPOXOAUTb OJHOBPEMEHHO
HECKOJIbKO IPOIIeCCOB, TaKMe KaK CIINMBKA, JeCTPYKIVS,
pajialIOHHOE OKNCIeHMe. B Iponecce papmalniioH-
HOJl CTepMIM3alMy OTMeYaeTcsl YBeIMYEHUM KOHIeH-
Tpaluy KUCTOPOJA, 4YTO CIOCOOCTBYeT 0OOpa3oBaHMIO
Kucnopop, copepxxamux rpynm: —C=0, -OH, -O-O-H,
-C-0-0-C-; npnuem rpymnisr C=0 06pa3yioTcs pasHbIX
TUIIOB: KVICTOTHbBIE, KeTOHHbIE, aJIbfIeTU/IHbIE, C/IOKHO3-
¢upHbIe, IEPKUCTIOTHBIE, TepadupHbIe [3].
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Abstract

The polymer material (PA/PE/Eva) with a width of 55 um was
studied. Sterilization was carried out on the unit GU-200 at doses
from 3 to 18 kGy in the Research Institute of Technical Physics and
Automation, Rosatom, Moscow, Russia. The structure of the poly-
mer material samples was studied by IR spectroscopy before and
after irradiation in a range of 400-5000 cm™. According to the
results of the analysis of the IR spectrum structure, the changes in
the structure were insignificant upon irradiation at doses up to 6
kGy. Upon irradiation at doses from 9 kGy and higher, an increase
in quantity of ester groups (2340 cm™) and insignificant increase
in other functional groups were observed, which can suggest a si-
multaneous process of intra-molecular cross-linking with the inter-
mediate stage of cross-linking occurring with formation of vinylene
groups. This causes destruction of a polymer material and radia-
tion oxidation. These disorders can lead to changes in physico-me-
chanical and barrier parameters of a polymer material, which can
be notably reflected in the shelf life of agricultural products.

Introduction

Recently, physical methods of food treatment have at-
tracted interest, which is a worldwide trend. The criteria
of the sources of irradiation used as physical methods of
sterilization are divided into two directions: the use of ion-
izing irradiation from isotopic sources and an impact of
high energy electronic beams. The most common source of
y-irradiation are cobalt 60 isotopes (Co®) [1-2].

As a result of radiation sterilization, several processes
can occur simultaneously in polymer materials, such as
cross-linking, destruction and radiation oxidation. In the
process of radiation oxidation, an increase in the oxygen
concentration is observed, which facilitates formation
of oxygen containing groups: -C=0, -OH, -O-O-H,
—-C-0-0-C-; with that, different types of C=0 groups are
formed: acidic, ketonic, aldehydic, ester, peroxyacid, per-
ester [3].
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PaHee usy4anocp BiusiHIe 00/y4eHNs [TTaBHBIM 00pa-
30M Ha CTPYKTYPY OJHOKOMIIOHEHTHbBIX IVIEHOYHbIX Ma-
TepMaoB 1 UX CBoiiCcTBa [4-5].B cBsA3M c atum, B npen-
CTaB/IEHHOM NCC/IEJOBAHMM QAHAM3UPYETCS BIMAHUE
pazManyoHHON 06pabOTKM Ha CTPYKTYpPY MHOTOKOMIIO-
HEHTHOTO IIO/IIMEPHOT0 MaTepuaia.

Marepuanbl 1 METOSbI

VccnepoBany NONMMEPHDBIN YIAKOBOYHBIM MaTepu-
anm  TONMMaMI/TIONMMaTUIeH/9TunenBuunnamnerar  (PA/
PE/Eva), Tommunoit 55 mxm ¢upmsl Freshpack Solutions
(Mapxa TopFRESH CV 55). O6nyueHne nmpoBoammm Ha
ycranoBke I'Y-200. YcTraHOBKa BBINTONTHEHA B BUJIE€ KaHb-
OHa TIONTYIOfIBaJIbHOTO MoMelleHNs Ha Tepputopun Ha-
YYHO-UCCTIENOBATEIbCKOTO  MHCTUTYTa  TEXHUYECKOI
busMky ¥ aBTOMATM3alUy, MMeeT OeTOHHbIe 3aIUT-
HbIe CTEHBI U JTAOMPVHTHBIN BXOJ B KaMepy O0/MydeHus.
B xamepe o0nydeHus pacroynaraercs IUIOCKOCTHON 00-
JydaTe/b CYXOTO XpaHEeHMs, 3aIpy>KaeMblll CTaHJapTHBI-
MU PAaJVOHYK/INIAHBIMY MICTOYHMKAMU M3Ty4eHNSA TUIIA
[MK-7-4 (Co®) m paccumTaHHBII Ha MaKCUMaJIbHYIO
akTuBHOCTb — 200 KKun. YmpaBneHme ycTaHOBKONM OCy-
IIeCTB/IAETCSA U3 OINEepPaTOPCKOTO MOMEIIeHNUA C Iy/IbTa.
Texnmuyeckrme XapakTepUCTUKN: MCTOYHMK W3Ty4eHUA
Co®, Konm4uecTBO MCTOYHMKOB 120, MOLITHOCTD MICTOYHMKA
2 xKu, cymmapnag momuocTb 200 kKu, konmnyecTBo Ka-
HanoB 3arpysku 50, usomerpus: 1KIp — 12 MuHyT.

CraHpapTHBIT 06pasel] IOITIOIEHHON H03bl (OTOH-
HOTO M 3/IEKTPOHHOTO M3JTy4eHUi (comomumep ¢ 4-au-
3TUIAMIHOA300€H30/I0BBIM KpacuTereM). IpaHuna po-
IIyCKAaeMbIX 3HAUeHMII OTHOCUTEJIbHON IOTPeIHOCTI
aTTeCTalNM COCTABJIAIT He 6oee 7 % IpuU HOBEPUTEIb-
Holt BeposATHOCTH 0,95. IlorpemHocTh onpenenenus 1o-
IJIOLEHHON J03bI IpU COOMIONEHNN YCTIOBUN IpUMeHe-
Hus He mpesbinraet 15 % (P = 0,95).

VK-criektpsl uccnemoBanu Ha mpubope ®MC 1201
(Poccus) B MI'Y (1mouBeHHBIN (haKy/IbTeT) IO CIEAYIOLVIM
IapaMeTpaM: CIIeKTpanbHbI amanasoH 400-4000 cm,
CIleKTpanbHOe paspemenne — 1 cm™, ncrounnk VK-mo-
TOKa — HUXPOMOBBI, pueMHuK VIK-motoka — mmpos-
nexkTpudeckuii. CIeKTp MOIIOLIeH s IONMMEPHOTO MaTe-
puasa aHa/IM3UPOBAJIN [0 U TTOC/IE OOTyYeH M.

Pesynbrarsl 1 06CyXeHne

J1a vicnbrTannit 6panu 06pasbl IOTMMEPHOI IIEHKN
PA/PE/Eva mnopBepranu pajgualyioOHHOMY Y-O0/Ty4eHMIO
pu fose ot 3 1o 18 kIp. PeanbHble 03bI 06/TyueHNs OnIpe-
IeISUI B CPAaBHEHUY CO CTaHAAPTHBIMMU, KOTOPbIe ObLIN
o6myueHbl BMecTe ¢ obpasnamu. B guanasone ot 1 go 10
kIp paccunTsBamu B coorBercTBUU C popmymnoit (1), a B
nuamasoHe ot 10 go 20 xIp mo popmyre (2).

I1=8,66" A%
J1=48,76- AX,

@)
(2)

r;[eA — OIITN4YECKaA IIOTHOCTDb 06pa3ua B CpaBHEHHM CO 3HA-
YeHeM ONTUYECKOI TIJIOTHOCTH KOHTPOJIbHOT'O o6pa3ua.
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Previously, an effect of irradiation on the structure of
single-component film materials and their properties was
mainly studied [4-5]. In this connection, an influence of
radiation treatment on the structure of multicomponent
polymer material is analyzed in this study.

Materials and methods

The polymer packaging material polyamid/polyethyl-
ene/ ethylene vinyl acetate (PA/PE/Eva) with a width of
55 um from Freshpack Solutions (TopFRESH CV 55 brand)
was studied. Irradiation was carried out on the irradiation
facility GU-200. The irradiation facility was constructed
as a canyon of a basement on the territory of the Research
Institute of Technical Physics and Automation; it has con-
crete protective walls and the labyrinthine entrance to the
radiation chamber. The radiation chamber houses a pla-
nar dry-storage irradiator, which is loaded with standard
radionuclide sources of radiation of GIK-7-4 (Co®) type
and rated for maximal activity of 200 kCi. The facility is
controlled from the desk in the operator’s room.

Technical characteristics are as follows: radiation source
Co®, number of sources 120; source power 2 kCi; total
power 200 kCi; number of loading chambers 50, isometry:
1kGy — 12 min.

The standard sample of the absorbed dose of photon
and electron radiation (co-polymer with 4-Diethylamino-
azobenzene dye) was used. The relative error limits of cer-
tification were not more than 7% at probability of 0.95. An
error of absorbed dose measurement upon satisfying the
conditions of the use was not more than 15 % (P = 0.95).

IR spectrum were analyzed on the instrument FMS
1201 (Russia) in MGU (Soil Science Faculty) according to
the following parameters: spectral range 400-4000 cm™,
spectral resolution 1 cm™, source of IR flow — nickel/chro-
mium, receiver of IR flow — pyroelectric. The absorption
spectrum of the polymer material was analyzed before and
after irradiation.

Results and discussion

Samples of the polymer film PA/PE/Eva were used for
the experiment and subjected to y-irradiation at doses from
3 to 18 kGy. The real doses of irradiation were detected in
comparison with the standard samples, which were irradi-
ated with the samples, and calculated in a range from 1 to
10 kGy according to the equation (1) and in a range from 10
to 20 kGy according to the equation (2).

D=8,66 A%, (1)
(2)

where A is optical density of a sample compared to the value of

D=48,76-A™%,

optical density of the control sample.
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Table 1. Real doses of y-irradiation of the polymer material PA/PE/Eva

Ta6muua 1. PeanbHble K035l Y-00my4YeHs nomumepHoro Marepuana PA/PE/Eva

Established irradiation dose, kGy |
JTo3a 00myyeHus ycraHOBIeHHAs, Ip

3 0,30
6 0,64
9 1,01
12 0,250
15 0,314
18 0,374

A, optical density |
A, onTIYecKas MIOTHOCTh

D, real doses of y-irradiation, kGy |
I, peanpHas o3a y-00mydeHus, KIp

2,8
5,7
8,8
11,7
14,8
17,7

[Tony4eHHbIe pe3y/IbTaThl IpefcTaBieHsl B Tao. 1.

VccnepoBamu CTPyKTypy 0o6pasioB mo 1 Imocie o6-
nydenusa no VIK-crmextpam B mHTepBane 400-5000 cm™
(Puc. 1, 2).

B undpakpacuoit o6mactu criekrpa ot 400 mo 4500 cm!
VIMEIOTCSI XapaKTepHble OCHOBHbIE VIHTEHCUBHBIE ITOTIOCHI
nornomenus (Puc. 1, 2) mnsa PE-cmos oTHOCAIecsS K Ba-
neHTHBIM (2820-2980 cm™) u repopmarmonubim (1480 cm™,
725-740 cm™) xonebanusam —CH - rpynm. [Tonmocwt norso-
IIeHNMsI, OTHOCAIIMECS K JedOPMALIOHHBIM KOIeOaHVSIM
-CH, rpynm, Ha6mofatorcs B obmacty 1380-1371 cm™. Xa-
pakTepHble MOJOCH nortoueHus ms PA-cnos: nedopma-
LMOHHbIe Konmebaunsa csasu —NH- B obmactu 3085 cm™,
1530 — 1570 cm™ u medopmarimoHHble KonebaHus Kap6o-
HWIbHOI Tpymnnbl B obmactu 1620-1680 cm™. Xapakrep-
HbIe TI0/IOCHI TorIomeHus mist Eva-ciost: Kone6aHus CBsi-
31U CI0XKHO9¢MPHOI (PyHKUMOHANBHOI rpymmbl (-COO-)
B obnactu 2340 cm™ [6]. Hambornee xapakTepHble YacTOTBI
noryoutenns GyHkumoHanpHbIx rpynn (Puc. 3) nccnenye-
Moro o6pasiia mpefcTaBaeHs! B Tab/ue 2.

The obtained results are presented in Table 1.

The structure of the samples was studied by IR spec-
trum in a range of 400-5000 cm™ before and after irradia-
tion (Fig. 1, 2).

In the infrared spectrum from 400 to 4500 cm7,
there are the characteristic main intensive absorption
bands (Fig. 1, 2) for the PE layer associated with valence
(2820-2980 cm™) and deformation (1480 cm™, 725-740
cm™) vibrations of the ~-CH, - groups. The absorption
bands associated with deformation vibrations of —~CH,
groups were observed in the range of 1380-1371 cm™. The
characteristic absorption bands for the PA layer are de-
formation vibrations of the -NH- bond in the region of
3085 cm™, 1530-1570 cm™ and deformation vibrations of
the carbonyl group in the range of 1620-1680 cm™. The
characteristic absorption bands for the Eva layer are bond
vibrations of the ester functional group (-COO-) in the
region of 2340 cm™ [6]. The most characteristic absorp-
tion frequencies of functional groups (Fig. 3) of the ana-
lyzed sample are presented in Table 2.
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Fig. 1. IR spectrum of absorption of the polymer film PA/PE/Eva in a
range of 400-5000 cm ' before and after y-irradiation at 0 to 18 kGy

Puc. 1. VIK-cniextp nornomennsa nonmimepHoit nnenku PA/PE/Eva B fua-
masote ot 400-4500 cm™ 1o u ocre y-o6mydennem ot 0 1o 18 kI'p
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Fig. 2. IR spectrum of absorption of the polymer film PA/PE/Eva in a
range of 2000-2600 cm ™ before and after y-irradiation

Puc. 2. VIK-cnektp nornomenus nonumepHoit mwienku PA/PE/Eva
B ianaszoHe ot 2000-2600 cM™ o 1 mocre y-06/1ydeHneM

i i
*(N—(CHQ)5—C)5

PA layer | PA-cnon

Fig. 3. Dependency of an effect of y-irradiation doses on the intensity of absorption bands of functional groups in the PA/PE/Eva sample
Puc. 3. 3aBMCUMOCTD BIUAHUA [103 Y-00/Ty4eHNs Ha MHTEHCUBHOCTD TI0JIOC TIOTTIONIe s GYHKIMOHANbHBIX rpymn B o6pasie PA/PE/Eva
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Table 2. Characteristic absorption frequencies in the IR spectrum (Fig. 3) in the PA/PE/Eva sample
Ta6nuua 2. Xapakrepucriyeckue 4actTorsl nornomenns B IK-cnexrpax B o6pasue PA/PE/Eva

Absorption frequency, cm™ | Yactora normongenus, cm

Eva layer | Eva PA/PE

580 (medium) | 580 (cp)
928 (medium) | 928 (cp)
2820-2980 (strong) |
2820-2980 (c.)

2340 (weak) | 2340 (cm.) 2340 (weak) | 2340 (cn.)

3268-3338 (strong) |
3268-3338 (c.)

3268-3338 (strong) |
3268-3338 (c.)

Deformation vibrations | [leopmanuonnsie kone6anus

1480 (strong) | 1480 (c.)
725-740 (strong) |
725-740 (c.)

1380-1371 (strong) |
1380-1371 (c.)

718-733 (strong) |
718-733 (c.)

1170 (strong) | 1170 (c.)

Group |
Ipynmna PE layer | PE-croii PA layer | PA-croii
Valence vibrations | BanenTnpie kome6anns
—C-C-
_CH- 2820-2980 (strong) |
2 2820-2980 (c.)
1623-1680 (strong) |
-C=0 1623-1680 (c.)
2020 (weak) | 2020 (cm)
-C00-
_CH- 3268-3338 (strong) | 3268-3338 (strong) |
3268-3338 (c.) 3268-3338 (c.)
1480 (strong) | 1480 (c.)
-CH,- 725-740 (strong) |
725-740 (c.)
_CH 1380-1371 (strong) |
3 1380-1371 (c.)
3085 (strong) | 3085 (c.)
-NH- 1530-1570 (strong) |

1530-1570 (c.)

ITo M3y4eHM0 MHOTOCTIOMHO CTPYKTYPbI IONMNMEP-
Horo Matepuana (Puc. 1, 2 u Tabn. 2) oTmevaeTcss mpu-
CYTCTBME —CHZ— n —CH- rpynmsl, kak B PE-cnoe, Tak
u B PA-cnoe, mo3TOMy MBI MO>KeM HaO/IOflaTh B CIIEKTpe
Ha/IO>KeHVe MHTeHCUBHOCTY APYT Ha APYTa.

J13y4nB MHTEHCUBHOCTD IIOJIOC TIOITIOLICHNA QYHKIIN-
OHAJIbHBIX TI'PYIII, B MHOTOC/IOMHOM IIO/IVIMEPHOM MaTe-
puasie mpefCcTaBIeHHbIX B Tab/l. 3, MOXXHO OTMETUTD, YTO
Kap[IMHA/IbHOTO M3MEHEeHMsI B CTPYKType He OTMEYaeTCs.
Ho, nocie o6ny4yeHns uMeeTcs He3HAYUTEbHOE YBeN-
JeHJe MHTEHCUBHOCTY B 3aBUCUMOCTM C YBeIMYeHUEeM
103 OONMydYeHMsA MOJIOC ITIOIVIOMIEHMS (PYHKIIMOHATbHBIX
rpymnn —COO- npu BonHOBOM umcie 2340 cm™ .

Ha ocHOBe mo/ry4eHHBIX JaHHBIX ObIIV IOCTPOEHBI 3a-
BUCUMOCTY MHTEHCYBHOCTHY HOJIOC OMIOIIeHNUsA B 00pas-
e PA/PE/Eva (Puc. 3).

AHanu3 faHHBIX IpeCcTaB/IeHHbIX Ha Puc. 3 mokasar,
YTO IIpU 03axX 10 6 KIp M3MeHeHs B CTPYKTYpe He3HAUM -
tenbHble. OT 9 KIp yBemmumBaeTcsas KOMMIECTBO CTIOXHBIX
a¢upHbIX rpynn (2340 cM™), He3HaUUTEIbHOE yBeJIMYe-
Hne —~C-C- (584 cm™), -CH,- (1480 cm™') m -CH, (1371-
1366 cM™) TpyII, YTO MOXKET TOBOPUTh 00 OIHOBPEMEH-

As a result of analysis of the polymer material multi-
layer structure (Fig. 1, 2 and Table 2), the presence of the
-CH,- and -CH- groups was noticed both in the PE layer
and in the PA layer; therefore, we can observe intensity
overlapping in the spectrum.

After analysis of the intensity of the absorption bands of
the functional groups in the multilayer polymer material
presented in Table 3, it can be noticed that a fundamental
change in the structure was not observed. However, after
irradiation, there was an insignificant increase in the in-
tensity of the absorption bands of the functional groups
-COO- at wavenumber 2340 cm™ depending on an in-
crease in irradiation doses.

Based on the obtained data, the dependencies of the in-
tensity of absorption bands in the PA/PE/Eva sample were
obtained (Fig. 3).

Analysis of the data presented in Fig. 3 showed that
at doses up to 6 kGy, the changes in the structure were
insignificant. From 9 kGy, the quantity of ester groups
increased (2340 cm™), and the C-C- (584 cm™), -CH -
(1480 cm™) and -CH, (1371-1366 cm™') groups increased
insignificantly, which can suggest a simultaneous process

Table 3. Results regarding the intensity of the absorption bands depending on y-irradiation in the PA/PE/Eva sample
Ta6muua 3. Pe3y/1bTaTsl MHTEHCUBHOCTY IOI0C OTTIOIEHNA B 3aBMCHMOCTH OT Y-00mydeHnus B o6pasue PA/PE/Eva

Absorption frequency, Functional group |
cm™ | Yacrora QyHKIMOHATbHAS
NOITIOLIEHN, CM ! rpymmna 0
584 -C-C- 0.525
1371-1366 -CH, 0.167
2340 -COO- 0.797
3085 -NH- 0.277
1480 ~CH,- 0.218
3268-3338 -CH- 0.525

Intensity of absorption bands of y-irradiation doses, kGy | ViutencuHocTp

MO/I0C TOTTIOLIEHNISI K03 Y-00mydeHmeM, KIp

3 6 9 12 15 18
0.524 0.524 0.540 0.501 0.510 0.510
0.165 0.171 0.170 0.159 0.153 0.160
0.803 0.787 0.744 0.715 0.835 0.672
0.270 0.282 0.278 0.282 0.272 0.278
0.212 0.221 0.213 0.204 0.198 0.208
0.524 0.524 0.541 0.501 0.510 0.510

40
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Fig. 4. The process of cross-linking | Puc. 4. [Tpouecc cumeku

HOM IIpoliecce BHYTPUMOJEKY/ApHOi cumBku (Puc. 4)
C NPOMEXYTOYHOM CTajiueil CIIMBaHUA IPOTEKAIoUIei
¢ 06pa3oBaHyeM BYHUICHOBBIX IPYIIIL.

B mpomecc y-o6mydyennsa obpasyerca O, B mocmencT-
BIY, OH MOXKeT BCTYIATh B PeAKINIO C KOHEYHBIMY IPYII-
IaMI WIN CO CBOOOMHBIMU pajMKajaMU U CIIOCOOCTBY-
eT 00pa3oBaHMI0 KUCIOPOf, copepxaumx rpymm: —C=0,
-OH, -O-0-H, -C-0-0-C-.

BriBogbr

B pa6ore metonom VIK-crekTpockonmu 13y4eHo BIu-
STHJE Pas/INYHbIX 103 Y-00/Iy4eHus Ha CTPYKTYPY MHOTO-
cioitnoro marepuana PA/PE/Eva. YcraHoB/eHO, Ipu Jo-
3ax J1o 6 KIp usMeHeHMA B CTPYKType He 3HAUMUTE/IbHbIE,
a npu fosax ot 9 kIp mpoucxomuT AecCTPYKUMS M OKMC-
JIeHNe C MPOMEXYTOYHON CTajuell CIIMBaHUSA, KOTOpasd
MOYKeT MOBJIeYb 3a c000iT u3MeHeHUs1 GU3UKO-MeXaHMde-
CKMX ¥ GapbepHBIX CBOVCTB. [JaHHbIC BBIBOJIBI SBJIAIOTCA
IpeBapUTeIbHBIMYU Y TPeOYIOT HaKOIUIEHVUA CTATUCTHU-
YeCKMX IAHHBIX.
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of intra-molecular cross-linking (Fig. 4) with the inter-
mediate state of cross-linking occurring with formation
of vinylene groups.

In the process of y-irradiation, O, is formed; later, it
can react with finite groups or free radicals and facilitate
formation of oxygen containing groups: -C=0, -OH,
-0-0-H, -C-0-0-C-.

Conclusions

The effect of different doses of y-irradiation on the
structure of the multilayer material PA/PE/Eva was stud-
ied by IR spectroscopy. It was established that changes in
the structure were insignificant upon irradiation at doses
up to 6 kGy; while at doses from 9 kGy, destruction and
oxidation took place with the intermediate stage of cross-
linking that can lead to changes in physico-mechanical and
barrier properties. These conclusions are preliminary and
require accumulation of statistical data.
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FREEZING AS A METHOD OF FOOD PRESERVATION

3AMOPAKXUBAHUE KAK METO/]

KOHCEPBVMPOBAHNA ITMIIEBBIX ITPOOYKTOB

Ishevskiy A.L., Davydov I.A.
Saint Petersburg National Research University of Information Technologies, Mechanics and Optics, ITMO University,
St. Petersburg, Russia

KiroueBble cmoBa: 3amopaxcueanue, KoHcepsuposarue, nuuje-
8vle NPOOYKMbl.

BBenenne

OCHOBHBIMY IPMYMHAMY TTIOPYM CBEKVX MUILEBBIX IIPO-
IYKTOB ABJIAIIOTCA IPUCYTCTBYE B PACTUTENbHBIX U KUBOT-
HBIX TKaHAX MMKPOOPTaHM3MOB, KOTOpbIE paspylIaiolie
IeJICTBYIOT Ha KOMIIOHEHTBI ChIpbs. JJOMONMHUTEIbHOE BIIM-
AHNe Ha 3TM (AaKTOPBI OKa3bIBAIOT BO3AYX, TeMIIepaTypa,
CBET U T. /1. B 3aBUCUMOCTY OT XapaKTepa CbIpbs, IPUYMH €TI0
HOPYY U POAYKTA, KOTOPbIl HEOOXOAMMO IOy INTD, IIPK-
MEHAIOTCS COOTBETCTBYIOIIME IIPYHILUIIBI ¥ METOfIbl KOH-
cepBMpoBaHuA. [l pefoxpaHenns NPOAYKTOB OT IOpYM
HeOOXO[IMO CO3[jaTh TaKye YC/IOBMs MX XpaHeHMs mbo
TaK BUJOU3MEHATD VX CBOVICTBA, YTOOBI MIKPOOPIaHN3MBbI
VIV ObUIV YHVYTOYKEHBI, VIV He MOTJIV Pa3BUBAThCA, a ep-
MEHTBI, PeTyIMpYyoIye OMOXUMIYecKe IPOLecChl, ObIN
VMHaKTUBUPOBaHbL IlepBbIMM MeToamMy KOHCEPBMPOBa-
HUA CTaIM €CTeCTBEHHbIE IIPOLIECCHI: CONeHMe, KOITYeHMe,
6pokenne u fip. B 1810 r. ppannysckmit kymmuap H. Anmep
OITyO/IMKOBa/I KHUTY O KOHCEPBMPOBAHMY IMIIEBBIX IIPO-
JIyKTOB C IIOMOILBIO TerTa. [TosfHee 6bUT 3aperncTpupoBaH
AHIIMIICKMIL TIATEHT Ha KOHCEPBMPOBaHMeE MUILEBbIX MIPO-
JIyKTOB B TePMETNYECKY 3aKPBIThIX META/UINYECKIX OaHKaX.
MHOTOuNC/IEHHBIE CIIOCOOBI COXpaHEeHWsl IUIIEBbIX IPO-
IYKTOB 3aK/IIOYAI0TCS B OCHOBHOM B PETYIMPOBAHUN JKI3-
HEHHBIX IIPOLIECCOB B CAaMOM ChIpb€ ¥ MUKPOOpPraHM3MaX.
Ha aToM ocHOBaHa K1accu@uKaIs MeTOfi0B KOHCEPBUPO-
BaHMA PacTUTENbHOTO ChIpbs mpod. . . Huxuruuckoro.
CrnenyeT 0O6paTuTh BHUMaHIE Ha TO, YTO ChIPbe XIIBOTHOTO
IIPOMCXOXK/IEHUA Tepell KOHCEPBMPOBAHNEM He SBJIAETCSA
JKVBBIM OO'BEKTOM VI OT/INYAETCS OT PaCTUTEIbHBIX 00beK-
TOB, B KOTOPBIX IIOC/Ie cOOpa ypoxKask IPOJO/DKAIOTCA IPO-
1jecchl OOMeHa BellleCTB BHYTPY TKaHeN U C OKpYy>Karoleit
Cpefoit, B TOM 4Mcrie U Ipolecc AbixaHus. [ToaTomy He Bce
MOMEHTBI K/IACCUPNKAIMN METOJO0B KOHCepBIPOBAHMS Ka-
CAIOTCSl METOJIOB COXPaHEHMsI MACA TeIUIOKPOBHBIX JKIBOT-
HBIX, PBIOBI, ITUIIBL PerynmmpoBaHue M3HEHHBIX IpoLiec-
COB B 9TOM C/Ty4yae KacaeTcs JIMIIb MUKPO]IOPHI ChIPbI.

Knaccudpukanus

Pasnu4aoT Tpu OCHOBHBIE TPYIIIIBI METOIOB KOHCEp-
BMPOBAHMNA ChIPbA M NNIIEBBIX IPOLYKTOB!
1. MeTtompl, OCHOBaHHbBIE Ha TPUHIUIIE 61034, T. €. TOf-
Tep>KaHMA XKU3HEHHBIX IIPOLECCOB B ChIpbe U UCIIO/Ib-
30BaHMA €ro €CTECTBEHHOIO IMMYHUTETA;
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Introduction

The main reasons of fresh food spoilage are microor-
ganisms that are present in plant and animal tissues and act
destructively on raw material components. An additional
effect on these factors have air, temperature, light and so
on. Depending on the characteristics of raw materials, the
reasons of their spoilage and a product that is to be pro-
duced, the appropriate principles and methods of preser-
vation are used. To prevent product spoilage, it is necessary
to create conditions of their storage or change their proper-
ties in such a way that microorganisms would be destroyed
or could not develop and enzymes that regulate biochemi-
cal processes would be inactivated. The first methods of
preservation were natural processes: salting, smoking, fer-
mentation and so on. In 1810, French chef Nicolas Appert
published a book on food preservation using heating. Later
an English patent on food preservation in hermetically
closed tin cans was registered. Multiple methods of food
preservation consist mainly in regulation of vital processes
both in raw materials and microorganisms. This is a basis
of classification of plant raw material preservation by prof.
Ya.Ya. Nikitinsky. It is necessary to pay attention to the fact
that animal raw materials before preservation are not a liv-
ing object and are different from plant objects, in which
the processes of metabolism inside tissues and substance
exchange with an environment (including the respiration
process) are continued. Therefore, not all moments in clas-
sification of preservation methods are relevant to methods
for preservation of meat from warm-blooded animals, fish
and poultry. Regulation of life processes in this case con-

cerns only raw material microflora.

Classification

Three main groups of methods for raw material and
food preservation are distinguished:
1. Methods based on the biosis principle, i.e., maintenance
of the life processes in raw materials and the use of their
innate immunity.



