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Ooepoicani pesyibmami MOJXCYMb OV SUKOPUCAHT OJisL NPOEKMYEAHH NAKVEAIbHUX NIIGKO8UX Mamepiainie i3
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IocranoBka npodaeMn. IneansHMI MAKyBaTbHIH MaTepiai, OKpiM 3BHYAHHUX (YHKINH (YTPUMAaHHSA 1 3amo0i-
TaHHA MOIITKO/HKCHB), Mae 3a0C3ICIyBaTH iHCPTHICTH 1 0ap’ €pHI BIACTHBOCTI AJIA 130JFOBAHHA YIAKOBAHOTO MPOIY-
KTY BiJl HABKOJIMIIHBOTO cepeoBuima [1-2]. B incampHOMY BHNAKy HE CIIOCTEPITA€THCS OOMIHY MOJICKYJIAMH MDK
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TAKYBAJTbHHM MAaTepiaroM, HABKOJHIIHIM CEPEAOBHINCM 1 BMICTOM IMAKOBAaHHA. AJle, IIOTPH TE, IO ACAKI MaTepiamu
€ MaibKe TOBHICTIO IHEPTHUMM, HATIPUKJIAM, CKJIO, OJHAK 32 NECBHUX YMOB HAaBITh 13 HUX MOXKYTh OyTH BHIIYUCHI
Houu. He € MOBHICTIO IHEPTHUM 1 METAJICBE MAKOBAHHS, IO MOXE OyTH 3pYHHOBAHE B IICBHUX PO3YMHHHKAX. Kpizb
METAJIEBY 1 CKITHY YIIAKOBKY MO’KE TAaKOXK JH()YHIYBAaTH BOJCHb.

[NomMepHi MaKyBaJIbHI MaTepiali € MEHII iHEPTHUMH, aHDK MeTan i ckio [1, 3]. [Ipu upoMy BOHH € BIZHOCHO
TIPOHUKHUMH U ra3iB. OOMIH PESUOBHH Mi’K YIIAKOBAHUM IPOAYKTOM 1 MAKYBaJbHUM MaTepianoM, a TAKOXK 31aT-
HICTh MaTepiay MOJIMEPHOI IUTIBKOBOi YIIAKOBKH NMEPEHOCHTH PEUOBHHH MK HABKOJMIIHIM CEPEIOBHINEM I IPO-
JYKTOM ICTOTHO OOMEXYIOTH TEPMIH MpUAaTHOCTI ocTanHbOro [4]. Lli B3aemMoxii makoBaHHS 3 HABKOJMIIHIM Cepe-
JOBHINEM Ta YIIAKOBAHUM MPOAYKTOM IMOTPEOYIOTH OB JETATEHOTO PO3TILILY.

MeTo10 CTATTi € BU3HAYCHHA BHMOT J0 TOJIMEPHOTO ILTIBKOBOTO MAKYBAJIGHOTO MAaTepiajay, B3a€MOMil yHako-
BAHOTO MPOJIYKTY U MAKOBAHHS, 4 TAKO)K YHHHUKIB BIUTHBY HA MMPOHHUKHICTh MaTEpiany MaKOBAHH.

Ba3ori BUMOTH 10 TIOJTIMEPHOT0 IUTIBKOBOT0 MAKYBAJILHOTO Matepiamy. CydacHe MOJIMCPHE MAKOBAHHS €
e(peKTHBHIM 3aCO00M, IO CTBOPIOE HABKOJIO YIIAKOBAHUX MPOIYKTIB MITYYHE CEPEIOBHINE LI 301IbIICHHS TEPMi-
HiB ixHpOTO 30€piranns. lITyuHe cepeoBHUINE B MAKOBAHHI MOKHA OTPHUMATH, BUKOPHUCTOBYIOUYH IHHOBALIHHI Ma-
Tepiany, mo BUOIPKOBO IMPOIYCKAOTH NEBHI Ta3u i mapy. OKpiM 60T, B MAKOBAHHI MOKYTh OYTH PO3MIIICHI pe-
YOBHMHM 111 MoAM(IKaIil BHY TPIIIHE01 aTMOC(epH (TOTIMHAYI KUCHIO, CTHIICHY, TTIOTJIMHAY] a00 MPOIyKyBadl BYT-
JEKUCIIOTO Ta3y, €TaHoIy Tomo). Lli 100aBKHM MOXyTh OyTH BBEICHI TAKOK B YIIAKOBYBAHWUH MPOIYKT UM MAKyBallb-
HHUH MaTepias nepe iXHIM CyMIIIECHHIM B makosaHHi [1-5].

Oxrak HaHOITBII MPOCTHM 1 HOMIMPEHUM PIIICHHAM Y IbOMY BHIAJIKY € 130JEFOBAHHS BHYTPIIIHBOTO IIPOCTOPY
MOJMIMEPHOTO TIIIBKOBOTO MAKOBAHHA. 3 130JIb0BAHOTO MPOCTOPY MOKHA BUIAIWTH TOBITPS (HANPHKIAM, BAKYYMY-
BAaHHAM) a00 3aMICTHTH HOTO iIHCPTHHM Ta30M YH Ta30BOK) CYMIIIIIIIO.

I3 MoMeHTY yTBOpEeHHS MOAM(DIKOBAHOI ra30B0i aTMOC(epH B MAKOBAHHI BiAPA3y K BIAOYBAETHCS 3MIHCHHS ii
ckiany. Lle BiaOyBaeThCs BHACTIAOK OI0XIMIYHHX MPOLECIB B YIIAKOBAHOMY IPOAYKTI TA B3AEMHOTO TIPOHUKHCHHSI
Ta3iB, IO MICTATHCA B MAKOBAHHI 1 330BHI, KPi3b CTIHKH MAKOBAHHS, HCIMITFHOCTI i MIKPOOTBOPH B 3BAPHHUX 1 KIICE-
HuX 1mBax. [IIBHAKICTE IMX MPOIIECIB 3ANCKUTH BiJ PI3HHUII KOHICHTPAIH ra3iB y MAKOBAHHI i HABKOJIHIITHHOMY
cepenosumii. 11100 3anodirTu mMBUAKIH 3MiHI CKIaxy atMOc(epH B MAKOBAHHI, IUTIIBKOBHH MAarepiaj, 3aJEKHO BifJ
TIPU3HAYCHHS, TIOBHHEH MATH Ti 4M iHIII Oap’€pHI BIACTHBOCTI, a TAKOX OYTH 3AATHHM IITPUMYBATH iX MPOTATOM
BH3HAYEHOTrO 4acy [1-5].

CToCOBHO MaKOBaHHA 0ap’e€p O3HAYAE MPOTHAIIO MEPEXOAY, 30KPEMA; KHCHIO (B MAKOBAHHA); BOASHOI mapH (B- i
3 MAKOBAHHA), APOMATHIHNX PCUOBHH (B- i 3 MAKOBAHHA), CBIT/IA (B MAKOBAHHA); IHCPTHHX Ta3iB (3 MAKOBAHHS).

VY zarasbHOMY BTVl NOMIMEPHUH ITIBKOBHH MAaTepial MOBHHECH OYTH: MAKCHMAJIBHO BOJIOTO- i KHCHEHEIIPO-
HUKHHUM, HCTIPOHHKHAM 110 iHepTHHX Ta3iB (CO,, N, Tomo), mood 30epirarta Moau(hikoBaHy Ta30BY arMoc(epy B ma-
KOBAHHI, CBITJIOHCTIDOHUKHUM, MO0 HE iHIMIFOBATH Oi0JIOTIYHI MPOICCH B XapHUOBHX MPOAYKTAX, HCMPOHHKHHM 10
TIAPH APOMATHYHHUX PEHOBHH, NEPEIIKOIKAIOYN 3MiHI BIACTHBOCTEH MPOAYKTY Ta aaCOPOYBAHHS HEMH CTOPOHHIX
3amnaxie. OKpIM II6OTO, HAZAHHS IDTIBKAM 0ap €pHUX BIACTHBOCTEH MA€ OYTH CKOHOMIYHO OOTPYHTOBAHHM, BHXOISTIH
3 THIY 1 BJJACTHBOCTEH YIIAKOBAHOTO MPOAYKTY, YMOB 1 TPHBAJIOCTI HOTO 30epiranss [4].

31aTHICTD MOTIMEPHOTO MAKOBAHHSA a00 IUTIBKOBOTO MArepiaiy, 3 SKOTO BOHO BUTOTOBICHE, ITPOIYCKATH Pinu-
HH, TIapH a00 Ta3u, BU3HAYAETHCA npoHuxHicmio. I [pOHUKHICTD Ta3iB 1 Ta30BUX CyMINICH Yepe3 HEMOPHUCTY ILIBKOBY
MOJIMEPHY YIAKOBKY PO3IILIAIOTH Y PAMKAX MEXAHI3MY «PO3UHMHEHHA — JU(y3ia».

®Oi3yHI Ta MATCMATHYHI MOACI MCXaHI3MY MEPEMIMCHHSA IU(PYHAVIOUO0T PCUOBHHH PO3POOIICHI 13 3aIyUCH-
HAM MOHATH BIABHOTO (HC3AMHATOTO) 00 €My MONIMEPY, CTATHCTHYHOI MCXAHIKH, PIBHOBAKHOI 1 HCPIBHOBAXKHOI
TEPMOJMHAMIKY, CHEPTETHYHHUX, CTPYKTYPHHUX Ta iHIMX mapamerpis [1-5]. [Ipore po3poOka BHUIE3rataHUX MOJIC-
JEeH YCKJIAQTHIOETHCSI TUM, IO CHOCTEPITAIOThCS CYTTEBI BIIMIHHOCTI B Ia30IEPEHECEHHI KPi3b MOTIMEPHY IUTIBKY,
c(hopMOBaHY Ha OCHOBI PI3HHX HoxiMepis. Jl0JaTKOBI TPYIHOIII BHHUKAIOTH V Pa3i miactudikanii momiMepy mpo-
HHUKHOIO PCUOBHHOKO, HOTO HAOYXaHHI Ta YACTKOBOI KPHUCTATI3AIII] TOMIO.

JloTemep JOCHTH IIOBHO OIMCAHI JBA OCHOBHUX MEXAHI3MH MPOHUKHOCTI MOMIMEPHHUX IUIIBOK, a CaMe (a308020
nepeneceHHs Ta aKmu8osanol Ougyysii.

IMix wac gazosoeo nepenecenns MOTIK TUPYHAYIOI0I PSIOBHHA IMPOXOIUThH KPi3h MOPH, MIKPOTPINIMHY, KaIli-
JUIpH TUTIBKOBOTO MAKYBAJIbHOTO MAaTepialy, HEINIIbHOCTI 3BApHUX IIBIB, HE 3MiHFOOUH (pa30BOTO CTaHy. [l mporo
PO3MIp HAIBHHUX MIKpPOOTBOPIB Ma€ MEPEBHINYBATH PO3MIpP MOJCKYJI MPOHUKHOI pedoBHHHU. Tak, HampuKiazd, ¢azo-
BC TMICPCHCCCHHS MOKE MATH MICIIC B TBOBICHOOPi€HTOBaHIH mojinmponineHoBil wiisni (BOPP), BuCOKOHATTOBHECHO-
MY HOJIETHIICH], Tep()OPOBAHMX IUTIBKAX, 4 TAKOK Y HETEPMETHYHO 3aBAPCHOMY UM CKICEHOMY IAKOBaHHI [5, 6].

Jnsa BUABIICHHS HETCPMCTHIHOCT] TIOTIMCPHOTO TUTIBKOBOTO MAKOBAHHA BHKOPHCTOBYIOTH Pi3HI MCTOIH, HAMIIPO-
CTINMH 3 SIKUX — BISIBJICHHS MPOTIKAHHS IMi MIAPOM BOAHM Y BaKYyMHIiH kamepi. OKpiM IIbOTO, BHKOPUCTOBYOTH TPH-
JaaH, O BUMIPIOOTh Y TTAKOBAHHI 31 3MIHEHOI0 aTMOC(EPO0 i BAKyyMHOMY ITAKOBAHHI KOHIICHTPALIIFO Ta3is i mapis.
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HOCTi. OCKINBKY B Ta30BiH ¢a3i y = 1, 10 a; = ¢;. [Ipu npOMYy KOHIECHTPALII0 BUPAKAIOTHh ¥ BHIJLLAL MAPLIAIEHOTO
THCKY p; =¢;RT =n, [V RT , i n; — KiNbKIiCTh PEHOBHHHE; J” — 00’ €M rasy.

Jns momiMepHUX IDTIBKOBHX IAKYBAJBHHX MaTepialiB TaKOK BBAXKAKOTh, MO a; ~ ¢;. [IpH I[bOMY CIIBBITHO-
MICHHS MiPK KOHICHTPALISIMH PEYOBHHH B PiaKiH (um TBEpAiif) i ra3osiif (azax (ii mapmiarsHUM THCKOM), 32 3aKO0-
HoM I'eHpl, ¢; =S, p;. Ae S, — koe(ilieHT MPONOPLIiHHOCTI (KOS(IL€HT PO3UMHHOCTI), 10, MEPEAYCIM, 3aICIKHTh
BiJ TEMIIEpaTypH. 3aKOH [ eHpi BUKOPHCTOBYIOTh U ONUCY MOBEAIHKU OUIBINOCTI PEaTbHUX PO3UHHIB 32 HEBHCO-
KOI KOHIIEHTpanii, Hanpukiax kucHo O, 1 aBookcuay Byriemo CO, 3a tucky 0,1 MIla, a Takoxk mapu 6aratsox
OPTaHiYHHUX CIOIYK.

SIKIO K MK OPTaHIYHAM POZYMHHHKOM I MaTepiajioM IMOJIMEPHOI ILTIBKH CIIOCTEPIraeThCs CHIIbHA B3a€MOILS,
TO ii orMCyFOTh piBHAHHIM Dropi-XarriHca.

OcoomBocri mudysii y 0ararodasuiii nakyBaabHill MIBKOBii cuctemi, [ i30TpomHOTO Marepiany au-
(y3ir0 B OOHOMY HAMPsAMi (CIIOCTEPITAETHCA B OLMBIIOCTI MAKYBANIBHHX CHCTCM) OMMCYE nepuuii 3axon Dixa:
J==Ddc/dx, ne J i ¢ — MOTIK i KOHUCHTPALIS MPOHMKHOT PEYOBHHM; X — BIACTaHb (y HampsiMi mudy3ii); D — koe-
(imieHT Au(y3ii MPOHUKHOT PEHOBHHHY, IO 3AICKAThH BIJ TEMIICPATYPH W KOHIICHTPAIIII.

INepnmii 3axoH ®ika 703BOIIE OOUUCTIUTH iU OKicmy TUy3il, ko koedimieHT Audy3ii € cTanuM, a KOHICH-
TPALis MPOHUKHOI PSUOBHHH 3aJICKUTh JIUIIC BiJ OOPAHOI TOUKH B MaTepiami. SIKIO >k KOHIEHTPALLS 3aICKUTh e

H Bix wacy ¢, To audysito omucye opyeusi saxon Lika Ocfot = Dazc/ &x? . TIpH BOMY BBAXKAIOTH: SAKINO KOHICHT-
pawis MPOHHKHOI PCYOBHHH € HU3BKOK) (THIIOBHH BHIAJOK 3aCTOCYBAHHS MOJIMCPHUX MAKOBaHB), KOC(ILi€HT TH-
(y3ii HE 3a7ICKUTH Big HEl i BiX MPOLCCIB peIakcarii MaTepiaay moaiMepy.

PosrisiHEMO MONIMEPHY IUTIBKY 3aBTOBIOKH /, MO KOHTAKTYE 3 000X OOKIB i3 MPOHUKHOK) PCUOBHHOIO (IHB.
puc. 1). Kom x = 0, KOHIICHTpAIIis MPOHUKHOI PEYOBHHH C = €, KOTH X = /, ¢ = ¢;. Tozl NOTIK MPOHUKHOI PSIOBHUHA
Kpi3b Oy ab-sikwii monepeunnit nepepis J =D (c, —¢;)/I . abo. 3a sakorom Ienpi.J = DS, (p, — p;)/! . Ockinbku
TOTIK BU3HAYAETHCS KUIBKICTIO ¢ POHUKHOI PEYOBUHH, IEPEMIIIYBAHOI KPi3h OJMHUIIO IDIOMI] MOBEPXHI A MPOTSI-
rom uacy 1, 10 K, = DS, = ql[(4tAp) . ne Ap = p> — p1; K, = DS, — K0C(illiEHT IPOHAKHOCTI, WO € IAIMKATOPOM

6ap’epHUX XapaKTEPHCTHK MATEpiany MOJNIMEPHOTO IUIIBKOBOTO MAKOBAHHS BITHOCHO PO3IJIIHYTOI MPOHHUKHOI pe-
yopuHH. OKpiM kocpinicnTa K,, 6ap’€pHi XapaKTCPHCTHKH MOTIMCPHHUX ITBOK OMUCYIOTh TAKOXK INMBHUIKICTIO Mc-

penadi razy GTR = q/ (Aot) (gass transmission rate) # maponpoHUKHICTIO W T'TR (water vapor transmission rate).

Cranii pozunsaeHHS (cOpOLil) PSUOBHHA OBEPXHEIO IUTiBKY, AU(Y3ii B Hill 1 7ecOpOIii HA MPOTHIICKHOMY OO
TIPUCYTHI B Oy Ib-SIKil MAaKyBaIbHOI CHCTEMI HE3AJIC)KHO BiJ TOTO, UM BiAnoBizaroTh D 1 .S, 3akoHaM Pika # ['eHpi.
Onnax a7t ommcy copOuii 32 BUCOKOTO THCKY Ta B CKIIOMOAIOHHX MOTIMEPAX 3aCTOCOBYIOTH 1HINI PiBHSHHS, HATIPH-

ximax Jlearmropa—Tenpi c=kp+ CI'{bp/ (1+ bp), me C'; — koHcTaHTa JICHTMIOpa; b — KOHCTAHTA AACOPOLINHHOI piB-

HOBArH.

Sk Oyn0 3a3HAaYCHO BUINE, MPHHHATHI Oap’ €pHI BIACTHBOCTI 3a0€3MEUYIOTh HEBHCOKI [ 1 .S, BITHOCHO KOHKpE-
THOI TIPOHUKHOI pewoBHHU. [Ipy bOMY IUTIBKOBA CTPYKTYPa MOKE MaTH J00pi 6ap’€pHI BIACTHBOCTI BITHOCHO OJI-
HOI pe4OBHHI W TOTaH1 BITHOCHO 1HIIIO.

[I{o6 3amoBONPHUTH MOTPEOH MPOMHCIOBOCTI MAKYBAaJIbHUX MaTepiamiB, po3po0JICHO BEIHKY KiIbKICTH Oara-
TOIIAPOBUX MOJIMEPHUX CTPYKTYP 13 IIMPOKHUM AiamazoHOM 0ap’epHUX xapaktepuctuk [7—11]. JloctymHnmu € Ta-
KOK MaTepiany, IO 3aXHINAIOTh YIIAKOBAHUH IPOAYKT BiA Jii KWCHIO, BOASHOI IIApH, MAPH OPTaHIYHHUX CIIOJIYK, a
TaKOX CTPYKTYPH 3 BUCOKOFO IIPOHHKHICTEO 0 KHCHIO i JBOOKCHIY BYTJICIIO, HCOOXIiTHI, HAPUKIAA, [T BHPOO-
HHUITBA MAKOBAHB 13 MOIU(IKOBAHOKO TA30BOI0 aTMOC()ICPOFO.

Bucnorkn. OmcaHo 0a30Bi BUMOTH 0 MOJIMCPHOTO ILTIBKOBOTO MAKYBAJIBHOTO MATEpiay, MPH3HAUCHOTO
JUIA JOBTOTPHBAJIOTO 30CpiraHHA XapyoBHX NMPOAYKTiB. [IpoaHANi30BAHO OCHOBHI THITH B3AaEMOMIH YMAKOBAHOTO
MPOAYKTY 1 MAKOBAHHA. 3a3HAYUCHO, IO MPOHHUKHICTH Ta3iB 1 TA30BHX CYMIMICH KPi3h MOTIMCPHY ILTIBKY pO3TIIiAa-
FOTh ¥ PAMKaxX MEXaHI3MY «po3uuHEHHS — Au(y3is». [Ipu nboMy ySIBICHHS PO MPOHHUKHICTH MEpedadae TP CTa-
KOHIICHTPALii; ACCOPOI MPOHUKHOI PCUOBHHH HA MPOTHIICKHIN Mk moairy. OaepxaHi pe3yIbTaTH MOXKYTh Oy-
TH BUKOPHCTAHI UL TPOCKTYBAHHS MAKY BATGHUX IDTIBROBUX MaTepiaiiB i3 0ap’ €pHUMH BIACTHBOCTSIMH.
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Kolosov A. E., Sidorov D. E., Maletskiy S. V.

DESIGNING OF POLYMERIC PACKAGING FILM MATERIALS
WITH THE BARRIER PROPERTIES

The basic types of interactions for packaged food product and packaging that may occur between the polymer film
packaging material and the produc are analyzed. It is noted that the most simple to implement isolation of the inter-
nal space of the polymer film packaging from the environment. In this package of the insulated space can be re-
moved by air, in particular, evacuation, or replaced with an inert gas or inert gas mixture. It is noted that the per-
meability of gases and gas mixtures by nonporous polymeric packaging film typically treated under a “dissolution —
diffusion.” In this representation of the permeability of the polymer film packaging material involves three stages:
dissolving the permeant at the interface between the film polymer packing; diffusion of permeant in the polymer film
from a region of higher concentration to a lower concentration; diffusion of permeant in the opposite edge section
of plastic packaging film.

1t pointed out that since the formation of the modified gas atmosphere inside the insulated packaging immediately
begin to happen it changes. Thus during the entire shelf life of the packaged product of the atmosphere inside the
packaging is constantly changing as a result of vapor and gases associated with the biochemical processes occur-
ring in the packaged food product. In addition, existing gas or vapor inside the package and the external atmos-
phere endeavor to reach equilibrium due to their mutual penetration through the walls of the polymeric film pack-
aging, leakage current and pin holes which typically occur in welded and glued joints.

The main factors that affect the sorption and diffusion behavior of the material of the polymer film packaging and
its permeability are analyzed. It is noted that the permeability of the multilayer polymeric film materials depend on
the physical and chemical properties of the components and parameters of the process, the main of which are the
temperature, pressure and concentration of the substance. It is noted that molecular interactions with the packaging
material can be classified into the following types: permeability of compounds through the plastic shrink wrap;
sorption compounds polymer film packaging and migration of compounds from the polymer film wrapping. It is
indicated that the results obtained may be used for the design of packaging film materials with the necessary and
stable barrier properties.

Keywords: design, packaging, polymer film, sorption, diffision, mass transfer.
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