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AnHoTanms. OrMcansl ONTHYECKHE CBOMCTBA, JIBOWHOE JIydenpelomieHHe M 3((EeKT IICOXpOoM3Ma B MHOTOCIONHBIX HOKPBITUSX WU
IUTACTHKOBO YIIaKOBKE, H3TOTOBJIEHHOH 13 NOJIMBUHIIXJIOPH/A OTEYECTBEHHOTO NPOoN3B0oICTBA. [1neoxponsm miéHok Hanboiee HHTEHCUBHO
HPOSIBIISIETCS B MOTOKE CBETA, IPOXOJAIIEr0 CKBO3b HECKOJBKO CIOEB IUIEHKH, M MMEeT IIMPOKUH JHUarna3oH LBeTa NpH KOMOMHAIMU B
MaTepuaiax JJisi TMOKOil Mpo3pavyHol yaKOBKH HECKOJIBKUX CJIOEB TEPMOYCaI0UHOH MIIEHKU NOJIMBHUIXJIOPU/IA U IBYOCHOOPHEHTHPOBAHHON
IUIEHKY M30TAKTUYECKOTO ITOJIMIPONMIICHA. Y CTaHOBJIEHO, YTO IBET HECKOJBKHX CJIOEB TEPMOYCAJOYHOW IIEHKH IHOJMBHHIXJIOPHIA B
HPOXOJIIIEM HOJISIPH30BAHHOM CBETE H3MEHSETCS IIPU BO3ACHCTBUY OPraHUHUeCKHUX PACTBOPUTEIEl. DTO SBICHHUE MPEUIOKEHO UCIOJIB30BATh
JUISL CKPBITOM MapKMPOBKM YNaKOBKH HJIM ITUKETKH M OOpBOBI ¢ KOHTpadakTHBIM IPOM3BOJCTBOM TOBAapOB MAacCOBOTO MOTpEeOIEHUS,
pean3yeMoro HaceleHHI0 B TOPrOBOH CETH Mara3suHoB. DKCHEPUMEHTAILHO OOOCHOBAHO ONTHMAJbHOE KOJIMYECTBO CJIOEB NPO3pavHON
MIOJMMEPHOH TUIEHKH JJIsl JOCTH)KCHUS 3aMETHOCTH 3aIIMTHOW MapKHUPOBKH M BO3MOXKHOCTH MJCHTH(HKALMK TOBapa 10 TOBAPHOMY 3HAKY
WM C UCTIOJIB30BAHUEM LITPUXOBOIo Koza. LIBeToBoe pa3nuyue MHOrOCIOHHBIX IIEHOK MOJMBUHUIIXJIOPHAA 10 U IOC]IEe 00PabOTKH IETyYHM
pacTBOpHUTENEM JOCTUraeT 35 eMHULL IPH ABYX U Ooliee 105X, 00yCIOBINBACT SIPKUiA IIBET TOBAPHOTO 3HAKA M/WJIM JOCTATOYHBINA KOHTPACT
KO/1a, IPUMEHSIEMOTO JUIsl CKPBHITOH MapKUpPOBKH YIAKOBKH WIJIM STHKETKH, BBISBIISICMBIX B IOJIIPU30BaHHOM cBete. [loka3zaHo mpuMmeHeHne
kputepusi Onopu-XarrmHca A KOJMYECTBEHHOH OLCHKM M3MCHEHUs IIBeTa IIaKeTa IUIEHOK HOJMBHHWIXJIOPHIA IIOJX JCHCTBHEM
OpPraHUYECKUX pacTBopuTeNiel. M3MepeHbl BEIMYMHBI MOAYJS YNPYTOCTH, KHHETHKA M CTENEeHb MAaKCHMAaJbHOTO HAaOyXaHUs IUICHKH
NoMMBHHIXIOpHAA B 10 OPraHnueCKUX JKUIKOCTSAX PA3IMYHOTO XMMHYECKOTO CTpoeHHs. V3MeHeHue mpo3pavHOCTH U LBETa MapKUPOBKU
naKeTa IJIEHOK NOJIMBHHIIXJIOPH/IA TeM ObICTpee, YeM MEHbLIE 3HaueHus kpurepusi Diopu-Xarruica.

KroueBsbie c10Ba: ogrMepHbIe INIEHKH, PACTBOPUTENHN, HaOyXaHue, IIBET, MApKUPOBKA TOBAPOB, YIIAKOBKA, IIOJIMBHHIIXJIOPH], 3AIIUTA OT
MOIJICTIKH, TICOXPOU3M, ABOMHOE JIyuenpenomieHue, kpurepuii @nopu-Xarruuca.
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Abstract. Optical properties, birefringence and the effect of pleochroism in multilayer coatings and plastic packaging made of polyvinyl
chloride of domestic production are described. Film pleochroism is most intensely manifested in the flux of light passing through several layers
of film and has a wide range of colors when several layers of polyvinyl chloride shrink film are combined in materials for flexible transparent
packaging and biaxially oriented isotactic polypropylene film. It has been established that the color of several layers of polyvinyl chloride
shrink film in transmitted polarized light changes under the influence of organic solvents. This phenomenon is proposed to be used for hidden
marking of packaging or labels and combating counterfeit production of consumer goods sold to the public in a retail network of stores.
achieving the visibility of security marking and the ability to identify goods by trademark or using a bar code. The color difference between
multilayer films of polyvinyl chloride before and after treatment with a volatile solvent reaches 35 units with two or more layers, determines
the bright color of the trademark and/or sufficient contrast of the code used for hidden marking of packaging or labels detected in polarized
light. The application of the Florey-Huggins criterion for quantitative assessment of color change in a package of polyvinyl chloride films
under the influence of organic solvents is shown. The values of the modulus of elasticity, kinetics and the degree of maximum swelling of the
polyvinyl chloride film in 10 organic liquids of various chemical structure are measured Flory-Huggins.

Keywords: polymer films, solvents, swelling, color, labeling of goods, packaging, polyvinyl chloride, anti-counterfeiting, pleochroism, double
refraction, Florey-Huggins criterion.
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BBenenne

[Iporno3upoBanue CIOCOOHOCTH JKUAKOCTU
MPOHHUKATH B CTPYKTYPY MOJIMMEPHOH MJICHKH MPU
BBITSDKKE B OJKUAKOH cpele HeoOXooumo Juis
YCIICHIHOTO HEJICHANPaBICHHOTO BBIOOPa KOMIIO-
HEHTOB JIJIi CKPBITOM ONTUYECKON MapKHUPOBKHU
MIPO3pavyHOil YIAKOBKU IO 3alaTeHTOBAaHHOM TeX-
Hosorud [1]. DddekT nmornomenns KuaKo cpeast
TEPMOYCaI0YHON MOJMMEPHOU IIEHKOM COCTABIIIET
4acTh OAHOBPEMEHHO IMPOTEKAIOLIUX IPOLECCOB
W3MEHEHUS Pa3MepOB, MEXaHMUECKUX CBOWCTB U
CTPYKTYpHI TIOJIMMEPOB MPH HAJIMYUH BHEIIHETO
WJIM BHYTPEHHETO (yCaaKa) MeXaHHYeCKOTo Hanpsi-
KEHUsI, IO3TOMY ISl €T0 OIMCAHMS U IPOTHO3UPO-
BaHU NIPABOMEPHO HCIIOIH30BaTh OCHOBHBIE 3a-
KOHOMEPHOCTH (PU3UKO-XMMHUYECKOM MEXaHUKU
nosiMepoB [2,3]. LleHTpaabHBEIM BOIPOCOM IIPOTHO-
3UpOBaHUs (DU3MKO-XUMHUYECKOM CTOMKOCTH ITOJIH-
MEpPHBIX MaTepuasoB SIBIACTCS CBSI3b MEXaHHMIECKUX
U ONTHYECKHX CBOWCTB TMOJUMEPOB C (HU3HKO-
XUMHYECKUMH MTapaMeTPaMH KOHTAKTHPYIOLIEH Cpelibl.

B ¢uzuko-xumudeckoit MexaHuke chopMu-
POBaNIOCh JIBa OCHOBHBIX MOAX0Aa K OOBICHEHUIO
BIMSHUS (U3UUECKH AaKTUBHBIX JKUIKOCTEH Ha
MpoLEecchl AeOPMUPOBAHUS W pa3pyLICHUS MOJH-
MEpOB: aJICOPOIFIOHHBIN, JIOKATbHO-TIIACTH(DUKAIIH-
oHHbBIN. HamOompiee pacmpoCcTpaHeHHE TTOTYIHIT
aJCOpOIMOHHBI ToaX0 [4,5], COrjacHO KOTO-
POMY aKTHBHOCTB KHIIKOI Cpe/ibl 10 OTHOLICHHIO
K JIehopMHpPyEMOMY MOJHMEPY OIpeaesseTcs
CIIOCOOHOCTBIO MOJIEKYJI JKAIKOCTH aICOpOHpO-
BaThCsl HA BHOBb OOpa3yOLIMXCSl MOBEPXHOCTSIX
pacTsIruBaeMoro IMOJIMMEPHOTO Tejla B MUKpPOTpe-
LIMHAX U CHIDKaTh MX MOBEPXHOCTHYIO SHEPIHIO.
CyIIHOCTh JIOKAIBHO-IIACTH()HUKAIIMOHHOTO O/~
X0J1a 3aKJII0YaeTCsl B MOCTYJIMPOBAHUN OTIpEEs-
IOLIETO BJIMSHUS JIOKAJIBHON IIaCTU(QUKALNN WIH
pacTBOpPEHHs] MHUKPO30HBI TOJMMEpPA B BEPIIMHE
pacTymieii TpemuHbl (fedeKTa) MPOHUKAIOIIEH
JKUJIKOHM Cpe/lod Ha MEXaHUYECKHUE CBOMCTBA BCETO
MIOJIMMEPHOTO TeJIa.

B pamkax nnacTuHUKanmrOHHOTO MOAXOAA
B JIONMOJHEHWE K MHOTOYWCIICHHBIM JIaHHBIM,
OIMCAHHBIM B [3], ClleAyeT OCTAHOBUTHCS HA PE3YJIb-
TaTax CUCTEMAaTHYECKOT0 N3yYEeHUS] MEXaHIMYECKUX U
COpOIIMOHHBIX CBOMCTB MOJHATUIICHTEpEPTAIATHBIX
IUIEHOK, 1e(QOPMUPYEMBIX C MOCTOSIHHOH CKOPO-
CTBIO, B KOHTaKTe C OPraHMIECKHMH JKUIKOCTSIMU,
npuBeneHHBIX B [6] u[7]. B kauecTBe KUIKHUX
cpen ObLIM BBIOpaHBI MPOU3BOIHBIE OCH30JIa Kak
KHJIKOCTH, MOJIEKYJTBI KOTOPBIX ITOI00HBI (pparmMeH-
TaM MAaKpOMOJIEKYJbl TOJUITHICHTepedTanara.
ABTOpBI aHAJIM3UPOBAITU CBA3b IPOYHOCTH M OTHO-
CUTEJIBHOTO YJUIMHEHHS IUICHOK, OINpeAessieMbIX
B PEXHUME BBITSDKKH C TOCTOSIHHOW CKOPOCTBIO
nedopmali, ¢ MOJbHBIM O0OBEMOM, BS3KOCTBHIO
U TapaMeTpoM PacTBOPUMOCTH >KHJAKOH Cpelsl,
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a TaKkKe C PaBHOBECHOW CTENEeHbIO HaOyxaHwWs
nommaTuneHTepedranara (II3TD) B uccmexyemoit
XKHUAKOCTH. [0 M3MEHEHNIO MEXaHMYECKHX CBOMCTB
MOJIMMEPHBIX TUICHOK >KUAKOCTH OBUIH YCIOBHO
pa3zaesieHsl Ha TPU IPYIIIBL.
IlepByro COCTABIAIOT MATIONIOJIAPHBIE SKUAKOCTH
C OTHOCHUTEJIFHO OOJBLIMM MOJBHBIM OOBEMOM U
CPaBHMUTEIBHO MaJlOM BA3KOCTBIO: TOIYOIN; O-, M-,
M-KCUJIONBL; M-MMod. [Ipyn MexaHMYecKuX HCIIbITa-
HUSIX TOJMM3TWICHTEpE(TANATHBIX IUICHOK B 3THX
cpelax B YCIOBUSAX OJHOBPEMEHHOTO BBEACHHUS
JKUIKOCTH B KOHTAKT C 00pa3loM M Havaia pacTs-
KEHUs1 HaOIIomaeTcs 3HAYUTEIbHOE — IMPUMEPHO
JIBYKpPaTHOE — CHIXKCHUE €ro IPOYHOCTH, a TAKKE
yBEeNIMYEHNE YAJUHEHUS A0 pa3pbiBa Ooiee yeM
B 3 pa3a 10 CpaBHEHHIO CO 3HAYEHUAMU, TIOTy4aeMbIMU
IIPY UCHBITAaHUM Ha Bo3ayxe. [lpu pacTshkeHusx
B JKHIKOCTH Ha IOBEPXHOCTH 00pasna BO3HHKAET
MHO>KECTBO Kpeit30B. PpakTorpaMMsl pa3pyLLIeHUs U
¢dopma neopMalIOHHBIX KPUBBIX IUICHOK TO3BO-
JSIOT YTBEPXKIATh, YTO JKUAKOCTH IIEPBON TPYIIIBI
MIEPEBOLIT TIOJIMMED U3 CTEKIIO00PA3HOTO COCTOSIHUS
B BBICOKOJIICIIEPCHOE OPUEHTUPOBAHHOE COCTOSHYIE.
Ko BTOpOI1 rpyIine oTHOCST KUAKOCTH, pU
UCTIBITAHUH B KOTOPBIX HE TOJIBKO IPOYHOCTB IIJIe-
HOK, HO ¥ YAJMHEHHUE O Pa3pblBa YMEHBIIAIOTCS
MpUMEpHO B 2+2,5 pa3a M0 CPaBHEHUIO C UX ypOB-
HeM Ha Bo3ayxe. K 3TUM JKHIKOCTSIM OTHOCSTCA
O€H30J1 U ero rajJoreHnpou3BoaHsle. Paspyiienue
B O3THUX Cpejiax SIBISAETCS CIEICTBUEM OBICTPOTO
pa3BUTUS OAHOHN TpeuuHbl. OYeBUIHO, MPU HC-
MOJIb30BAaHHON aBTOPAaMH CKOPOCTH PAaCTSKEHHS
IJICHOK B Cpesiax BTOPOH IPyMITbl B TIOJM3THIICHTEPE-
¢Tanate He yCHeEBAalOT MPOTEKaTh PellaKCaliOHHbIC
TIPOLIECCHI, U pa3pyILIeHNE UMEET XPYTKUI XapaKTep.
TpeTbto Tpynmy COCTaBISIOT Cpenbl, MpU
UCTIBITAHUN B KOTOPBIX HMPOYHOCTHb U yIUIMHEHHE
[MOT® ub0 HE3HAYUTENBHO YMEHBIIIAIOTCS, JIN0O
MpaKTUYecKu He m3MeHsroTes. K aToii rpymme oTHoO-
CATCS TOJSIPHBIE JKMAKOCTH, XapaKTepU3YIOLHecs
CPaBHUTEIBHO OOJIBIIMM AWUIMOJIBHBIM MOMEHTOM
MOJIEKYJl Y TOBBIIIEHHON BA3KOCTHIO. B >Kuakux
cpenax Tpetbelt pymmbl [I19TD cunbHO U OBICTPO
HaOyxaeT, 0COOEHHO B T€X, KOTOPHIC HE BBI3BIBAIOT
CHIDKEHHS €r0 IMPOYHOCTH MPU UCHBITAHUH C IO-
CTOSIHHOM CKOPOCTBIO PaCTSKEHHs cpasy IOcie
BO3HUKHOBEHMSI KOHTAKTa KUAKOCTHU C MIIEHKOM.
JlJ11 KOMYECTBEHHOTO OMMCAHHUS COPOLUH
KHUAKOCTEH M 1 Py3MOHHBIX MPOIIECCOB B TOJIFIME-
pax TIPUHSATO MCTIONB30BaTh TPH OCHOBHBIX MTapamMeTpa
9KCIIEPUMEHTAIBHO ONPEENSIEMBIX HE3aBUCUMBIMHU
Mmetonamu: koo duiment qupdysun D, koadpdumm-
eHT MpoHHIaeMocT P 1 koaduimeHT pacTsopu-
MocCTH S. DTH TapameTphl CBS3aHbl MEXIy cOoO0M
HU3BECTHBIM COOTHOIIIEHUEM [8].

P=D*S (1)
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JU1s1 IpOrHO3MPOBAHUS NIPOLIECCOB IPOHUKA-
HUS KMIKOCTH B IIOJIUMEP 110 MEXaHU3MY aKTUBHPO-
BaHHOW Ju(py3rn pacueTHBIM MyTeM HUCIIONB3YIOT
nmapaMmeTrp pactBopumocTtu | mipnedpanga (4) mo-
TuMepa M KUAKOCTH [9].

[Napametp pactBOpEMOCTH () OrpenenseTcs
9KCHEPUMEHTAIBHO O BEJIMYMHE 3HEPIUH KOr'e€3Ud
PaBHOH SHTATBINH UCTIAPCHUS KUAKOCTH (AE.,) 1
UCTIONB3yeTcd B TEOPUU PACTBOPOB IOJIMMEPOB
JUIS TIPOTHO3UPOBAHHSI COBMECTUMOCTH BBICOKO-
MOJIEKYJIAPHBIX U HU3KOMOJIEKYJISIPHBIX OpTaHu-
YECKUX BEHIECTB (2).

2)

JUJ1s1 KOTMYECTBEHHO OLIEHKY TepMOIMHAMUYE-
CKHX YCIIOBHH COpPOLIMH U CKOpPOCTH AU(Qy3HOHHBIX
mporieccoB  ucrnonb3ytoT  Kpurepuit  ®nopu-
Xarrusca (), KOTOPBIH TO3BOJISIET OLCHUTH TEPMO-
JUHAMHYECKYI0 COBMECTUMOCTH IOJIMMEpa U pac-
TBOPHTEISI, OTIpeAesisi, OymeT I 00pa30BEIBATHCS
WCTHHHBIA pacTBOp NpPU MX COBMEIICHWM WIH CHU-
cTeMa ocTaHeTcs IByx(ha3Hoi mucnepcueit [10-12].

[porecc mormomeHus XUAKOCTU IIOIMMeE-
pamu ornpeaensieMbli o kpurepuro Oiopu-Xarruaca
MOKET HMETh HECKOJIBKO TEPMOJMHAMHUYCCKUX
cocTosiHMi: < 0,5 — pacTBOpUTENH TEPMOIHMHAMHU-
YeCKH XOpOLIMH W MOJMMEP CHOCOOEH HEeorpaHu-
4YeHHO HaOyxaTb; ) > 0,5 — pacTBOpHUTENb IUOXOH,
HONMMEp He HaOyXaeT WM COpOUPYeTCsl MEICHHO
Y B HUYTOXKHBIX KOJIMYECTBAX.

Kpurepuit ®nopu-Xarrunaca y MOXHO pac-
cuurath 1o popmyie Diaopu-Penepa [13]:

1

In(1-®,)+ @, + y@; + Z'®} =0 3)

1
—n(1-@,)+ D, + Z'D;}
Z_ @2

4)

rie @, — obbeMHas TOMISE TOJMMEPA B €0 PaBHO-

BECHOM COCTOSsIHHUU:
)

rae Wo— HCXOIHBIA OOBEM TMOJNMMEPA B MM,

W — KOHEUHBI €ro 00bEeM B MM,

7=l
V.
rae Z — Oe3pa3MepHbIi TapaMeTp, paBHBII OTHOLLIE-
HUIO MOJIIPHOTO oOBeMa cyOrlerneid momumepa V»
K MOJISIpHOMY 00BEMY pacTBOPHUTENS V.
1

V,=RTE™'®,? (7)

rae R — yHuBepcanbHas razoBas IIOCTOSHHasd,
E — Mmoxynb ynpyroctu HaOyx1iero nojauMepa.

(6)
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®)

rre M — MoJsipHasi Macca pacTBOPUTENS I/MOJb,
p — IUIOTHOCTb PACTBOPHUTENS T/CM’.,

O0beKTHI HCc/IeTIOBAHUSA

TepmoycanouHble IUIEHKU MOMMBUHIIXJIOPHIA
OTEYECTBEHHBIX M 3apyOCKHBIX HPOU3BOLUTEIICH:
AO «/lon-monmumepy», tommuuo 70+ 10 MKwm,
«Dongil Chemicaly, Tommmaoi 50+ 3,5 MKwM,
«Klockner Pentaplasty», Tommumoi 45 + 5 mxm. Pac-
TBOPHTENH, BXOSIINE B COCTAB IIEYATHbIX IOJIMIPA-
¢raeckrx Kpacok [14—15]: 1,2 quxmopaTaH, areToH;
JIUOKCaH; 0-KCUJION; ATHIALeTaT; OyThialeTar.

[onspuszanuonnsie wienku NPF F1205DU
(SnoHus), MONSIPU3AIMOHHBIE CTEKIISTHHBIE (DHITb-
TpHI [16].

[onurpaduyeckue ceKIUK MaIIUH U IPUH-
TepoB cTpyHHoi neuatn mapku Epson DX6, Epson
13200 E1 u Seiko SPT510/35 ¢ ronoekamu [17].

Pe3ysbTaThl M MX 00CYy:KIeHHE

MHorocnoliHble Po3paydHble U OECIBETHBIC
TEPMOYCa/loYHble TUICHKH TOJIMBUHUIXJIOpUAA
MPHOOPETAIOT B MOJNSPH30BAHHOM CBETE PA3UUHYIO
OKpAacKy, OTPEAETSIONIYIOCS YUCIOM U TOIIINHON
cioeB [18]. KoopauHaTel 1BeTa mMmakeTa IUICHOK
B 1BeTOBOM mpoctpaHctee [19, 20] (okpacka B
MPOXOMAIIEM M OTPAKEHHOM TMOJSPU30BAHHOM
CBETE) 3HAYUTEIBHO HW3MEHSIOTCS TPH BO3JCH-
CTBHM PacTBOpPHUTEJIEH Ha JII0OOOH M3 MPO3PavyHbIX
CJIOEB TUICHKH TTOJMBUHIIIXIIOPU/IA.

Pucynok 1. ®ororpaduu cronsl Cronerosa n3 TY ruieHkn
TIOJIMBHHWIXJIOPH/IA B TTOsipr30BaHHOM cBeTe (1). I IneHoy-Hb1i
nossipusarop (2). Crona Crosnerosa 6e3 nosnsipusaropa (3).
W3menenne 1pera 5-ro M 6-ro cloeB IUIEHKU B CTOIE
CroseroBa nocie 00paboTkH 1,2 — IXIIOpITaHOM

Figure 1. Photographs of Stoletov's foot made of PVC
polyvinyl chloride film in polarized light (1). Film
polarizer (2). Stoletov's foot without polarizer (3). Color
change of the 5th and 6th film layers in Stoletov's foot
after treatment with 1,2 — dichloroethane
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Ha ¢ororpadusx, noinydeHHbIX B IOJSPH30-
BaHHOM CBET€ BHIIHO, YTO OPTraHUYECKUE KHIKOCTH
CYILIECTBEHHO MEHSIIOT LIBET CJIOMCTOTO TTOJIMMEPHOTO
MaTepraia B IPOXOISIIEM MOIIPH30BAHHOM CBETE
(pucynok 1). M3MeHeHne 1BeTa MHOTOCIOHHOTO
MaTepuaja IOclie KOHTaKkTa C pacTBOPHUTEIEM
UMeeT yCTOMYHMBYIO 3aKOHOMEPHOCTH 3aMETHYIO
HEBOOPYKEHHBIM TJIA30M W TOATBEPKIAEMYIO
CIIEKTpaTbHBIM aHanmu3oM (GoTtorpaduii. JKentorit
LBET y4acTKa MHOTOCIOWHOTO Matepuaia 13 6 cloeB
Moclie KOHTaKTa C PAcTBOPHUTENEM INPHOOpETaeT
[IBET MHOT'OCJIONHOI0 MaTepuaia u3 5 cjioeB. ['o-
nyOOHl IBET y4acTKa MHOTOCJIOMHOTO MaTepHaia
U3 5 CIIOEB MOCHE KOHTAKTa C PaCTBOPUTENIEM MPH-
oOpeTaeT CHHUH IIBET MHOTOCIIOMHOT'O MaTepHaa
u3 4 cioes. TakuMm 0Opa3oM MPaBOMEPHO KOHCTATH-
pOBaTh «HEBUIMUMOCTE) BHEIIHErO0 CJOsI MAKETOB
MHOTOCIIOMHBIX TUICHOK BCJEICTBHE OOPaOOTKH
PacCTBOPHUTENEM HITH €TO MPO3PAYHOCTD.

HHH HCCJIICA0BAaHNA BIMAHUA OPraHUYCCKUX
pacTBopuTeneil (TUTacTU(HUKATOPOB) HA  IBET
MHOTOCIIOMHBIX  IUICHOK  TMOJWBUHIIXJIOPHIA
B TIOJISIPU30BaHHOM CBETe COOMpAd MHOTOCIIOMH-
HbIE MakeTsl JeHT (cTona CToieToBa), Ha KOTOPhIC
HaHOCHJIM CIIOHW YKUAKOCTH C IIOMOIIBIO MTOJUTPa-
(pUYEeCKOW TEXHUKU OJHUM JIBHXKCHHEM DaKels
o TpacdapetHoit popme.

«HeBumuMOCTE» BHEIIHErO CJOS IaKEeTOB
MHOTOCIIOMHBIX TUICHOK BCJEICTBHE OOPaOOTKH
PacTBOPHTETIEM SIBJISETCS PE3YILTATOM PECTPYKTYPH-
poBaHHs IOJUMEPHBIX MAaTEpPHAIOB Ha HAIMOIEKY-
JISIPHOM YPOBHE W KOJHMYECTBEHHO OIIEHUBAETCA
KOHTPAcTOM M / WM IIBeTOBbIM paznuuueM AE [12].

B - .

AE

Do (0) 2 croi 4 croii -

Pucynok 2. @otorpaduy B IPOXOAIIEM MOJISIPU30BAHHOM
CBETe MMaKeTa M3 HECKOJIBKUX CJIOEB IUICHKH C «METKOI)
HaHECEHHOM »TirianeraTtoM. L[BeToBoe pazmiuue [2] MexmTy
METKOH 1 IIBETOM MaKeTa u3 3 ci1oeB mieHkH AE = 20 equnmig
Figure 2. Photographs in transmitted polarized light
of a package of several layers of film with a "label" applied
with ethyl acetate. The color difference [2] between the
label and the color of a package of 3 film layers is 20 units

O¢ddexT n3MeHeHus 1BETa 4YaCTH YIIAKOBKH
B MOJISIPU30BAHHOM CBETE KaK MAPKUPOBKU U «HEBU-
JIMMOCTH» BHEIIHErO CJIOSI NTAKETOB MHOTOCJIOMHBIX
IUICHOK TOCIe IIACTU(HKAIIMH TPEUIOKEHO UCITOb-
30BaTh B 3alllUTe TOBApOB OT MOMIEIKA U OOphOe
C KOHTpa(akTHBIM MPOU3BOACTBOM AKCKIFO3UBHOM
MpO3payHOM Tapbl M YIAKOBKM M3 MOJUMEPHOH
IUIEHKH. DTa BO3MOKHOCTh WJUTIOCTPUPYETCS PE3YJIb-
TatoM ¢oTorpagupoBaHus B MOJISIPU30BAHHOM
CBETC MHOIOCJIOMHOW YNAKOBKM U3 IUIEHKH
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NOJIMBUHWIXJIOPU/IA [10CIIE HAHECEHUS CJI0S JIETY-
Yero pacTBOpUTEISI (HAmpuUMep, dTUjarerara)
B (popme y3Koit monock! (pucyHok 2). L{BetoBoe pas-
mrarie AE MeTku 1 (poHa B TTOJIIPU30BAaHHOM CBETE
Ha MOPSAIOK HPEBBIIIAET YyBCTBUTEIBHOCTH IJIa3
yenoBeka (2+3 ell.), HE3aMETHO HEBOOPYKEHHBIM
TJ1a30M 1 TI03TOMY BITOJIHE MPUTOTHO [T CKPBITON
ONTHUYECKON MapKUPOBKH.

JelictBue pacTBOpUTENEll HA ONTUYECKHE
XapaKTEePUCTHKU IPO3PaYHOM YIIAKOBKM M3 MHOIO-
CJIOMHBIX TEPMOYCAJOYHbIX IUICHOK IOJMBHUHIIXIIO-
puaa OOyCIIOBICHO WX (PU3UYCCKOW AKTHBHOCTHEO
MO0 OTHOIIEHHIO K TOJHMEPY B HaNpsSHKEHHOM
coctosHuM. Mepoll (U3NYECKOH aKTUBHOCTU
pacTBOpHUTENCH SBIAETCS BEIMYMHA M CKOPOCTh
abcopOIMy JKUIKOCTH, W CIIOCOOHOCTh CHIKATh
YPOBEHb BHYTPEHHHUX HalpspKeHUH. s Konude-
CTBEHHOI'O OINMHUCAHUS a0COPOIUH KHUIKOCTSH HUC-
IMOJIB30BaJIl TI'PaBUMETPUIO Ha6yxaH1/15{ IIJICHOK
(pucyHOK 3), cipaBOYHbIE TaHHBIC IT0 XHMUYECKON
CTOHKOCTH HOJMMEPOB M TEPMOAWHAMHYECKHE
napaMeTpbl COBMECTUMOCTHU TBCPABIX W KHUIKUX
OpTraHNYCCKUX BCHICCTB.

— Jmapran Dichloroethane

Butyl acetate

Ethyl acetate
Acetone

<
/ —— ByTinanerar

Srunanerar
03 ——Aneron

Bpewms, mimH
Time, min
Pucynok 3. [lons pacTBOpuTENs B IHOJIUMEpPE MNpHU
HaOyXaHUM TUICHOK MOJIMBHHIIIXJIOPUIA

Figure 3. The proportion of solvent in the polymer
during swelling of polyvinyl chloride films

Jnst pacu€ra mapamMeTpoB pPacTBOPUMOCTH
KHUJIKOCTH M TEPMOYCAJTOYHBIX IUICHOK MOJHBH-
HUWIXJIOPHJIA HMCIIONB30BaM KOHCTaHTHl (CMouia
OpraHUYeCKUX BEIIECTB M CIIPABOYHBIC JaHHBIC
9KCIIEPUMEHTAIBHBIX UCCIIEIOBAHUN PACTBOPEHHS
WM Ha0yXaHUS MTOJIMMEPOB TIOJIMBHHUIXIIOPU/IA B
JeTy4ux pacTBopuTessix. [lapamerp pacTBOprMO-
CTH TIOJIMBUHWIXJIOPH/IA, HMCIOJIH30BAHHOTO JUIS
MPOU3BOJICTBA TEPMOYCAIOYHOMN TUIEHKH, COCTaB-
nser — 9,55 + 1,5 (xann/cm®) 2,

i pacuéra mapaMeTpoB pacTBOPUMOCTH U
KpUTEpHUsl COBMECTUMOCTH xuukoctu c¢ [IBX
®rnopu-XarruHca () wcciaeAoBaid Ha0yXaHue U
MexXaHW9IeCKrue cBoicTBa (Momynp FOHra) tepmo-
yCaJJ0YHbIX TJICHOK ITOJIMBUHUIIXJIOPUIA B COCTOS-
HUHM MaKCUMAaJIbHOTO COAEPKaHHs B HUX ILIACTH-
¢unmpytoriel xxuakoctTu (tTadmuna 1 u 2).
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Tabnuna 1.

CopOuus pacTBOpHTENEH INIEHKOW NONMUBUHIUIXJIOPUAA U €€ YIPYTOCTh IpH HaOyXaHU!

Table 1.

Sorption of solvents by a polyvinyl chloride film and its elasticity during swelling

PactBopuTens Mo;:LynLv IOHnra mienku B JKHJIKOCTH, MlIla C%poiﬁgz:(ggﬁgz?ggs;g;m
Solvent Young's modulus of film in liquid, MPa 5

macc. % Dg

1,2-nuxmoparas | 1,2-dichloroethane 2,35 246 0,31
Bytunanerar | Butyl acetate 5,75 197 0,68
Ormnanerar | Ethyl acetate 7,69 137 0,69
Arieton | Acetone 5,17 250 0,81
JuokcaH | Dioxane 3,33 179 0,98
o-Kcunou | 0-Xylene 19,3 101 0,93

Taxk, HanpuMep, Ul TEPMOYCATOYHBIX IIe-
HOK TTOJIMBHHIITXJIOpHIa Tipon3BoacTBa AO «JloH
[Momumep» mocnme copbOium 1,2 — guxiaopITaHa

B TeueHue 10 MuHyT ycraHoBieHsl @, — 0ObeMHast

J0JIs1 IOJIUMEPA B €I0 PABHOBECHOM COCTOSIHUU

un

w
U otHOMIEHNE MOJISIPHOTO 00BEMa CyOreneit

nojauMepa Vz K MOJISIPHOMY 00bEMY PacTBOPUTEILS

Z:ﬁz 8,96

1

@, =—L= 0,31

JIist TepMOYCaI09HBIX TUICHOK TOJMBHHIII-
xmopuaa npousBojactBa AO «Jlou TTonumep» mo-
cie copOiuu OyTuianerara B TedeHue 10 MHUHYT

D, —0,68,nZ=2,85
I[J'IH TEPMOYCaJOYHBIX IJICHOK IMOJIMBHUHUII-

xnopuga npousoacta AO «lon Ilonumepy» mo-
cie copOruu OyTmianerara B T€YeHHE 5 MHHYT
D, -0,69uZ-2,89

IloncTaHOBKa 3TUX M OCTAJBHBIX 3HAYEHUH
B dopmyrny Dmopu—Penepa (2) mo3Bomisier mpea-
CTaBHUTh PE3YJIbTaThl OLEHKH SKCIIEPUMEHTAIbHON
OLICHKH B MOPSIIKE CHIKEHUS «KaueCTBa» pacTBOPU-
Tenel o kpureprto Diopu-Xarrudca y (Tabmura 2).

Tabnuna 2.
CBOﬁCTBa paCTBOpHTeJ’Ieﬁ 1 XapaKTECPUCTUKU UX BSaHMOﬂeﬁCTBHH C IUICHKOH MOJIMBUHUIIXJIOpU A
Table 2.
Solvent properties and characteristics of their interaction with polyvinyl chloride
prop polyviny
[Tapamerp Kpurepnit MunumansHoe
PactBoputens PAcTBOPUMOCTH, aCTB(:) a;;(c))g; I;II?I/FI) arcfgfy? E1;/1 TIBX Propu- Bpemi t
S ]p nt (xamn/cv?)'? p Diffpr nce betw, Hn Lubili Xarrunca y, MAapKHPOBKH, € "";‘g"”’
olve Solubility parameter, ara‘rjnz tecr: 0?“ e;:i dsa(:lg PVté Flory-Huggins Minimum
(cal/cm?) 12 P q criterion labeling time, s
1,2-muxsopaTad | 1,2-dichloroethane 9,4 0,15 -0,14 5 83,5
Byrunanerat | Butyl acetate 8,7 0,85 0,35 15 126,0
Orunanerar | Ethyl acetate 9,0 0,45 0,36 20 77,1
ArnetoH | Acetone 9,7 -0,45 0,67 35 56,0
Jlnokcan | Dioxane 10,8 -1,25 3,25 60 101,0
o-Kcuon | o-Xylene 8,7 0,55 1,03 75 1440

W3 Tabmumpl BHUAHO, YTO MAaKCHMAJILHOM
TEPMOJUHAMUYECKOH COBMECTUMOCTBIO C yKa3aH-
HBIMU IUICHKaMU TOJHMBUHUIXJIOpHAa oOmajgaer
1,2-muxyopaTaH, MPU €ro COopOmuHM KpUTEepUi
®dropu-XarruHca IpUHAMAET HAMMEHBIIIee (JIaXe OT-
pUILaTeNIbHOE) 3HAYEHUE. DTO COITACyeTCsl C TEOPETHU-
YEeCKHMH OIIEHKaMH BO3MO)KHON COBMECTHMOCTH
XJIOPUPOBAHHBIX YTJIEBOJIOPOJIOB C TOJMBHHIIIXIIO-
PUIOM, SIBJISFOIMMCS OJTM3KUM aHAJIOT'OM 10 COCTaBy
Y CTPYKTYpE MOJIEKYII K CTPYKTYPE TIOBTOPSIOIIETOCS
3BEHAa MaKpOMOJIeKyJ. HekoTopsie pacTBOpUTENH
(armnaneratr u OyTwianeTar) MMEIOT KpUTEpHUi
@nopu-Xarruaca < 0.5, 4TO CBUIETENBCTBYET
0 XOpOIIEM TEPMOJUHAMHYECKOM KadecTBE HX
Kak pacTtBopuTeneil. CaMbIM TEpMOAMHAMUYECKU
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HECOBMECTUMBIM C IIJICHKaMU IMOJMBUHUWIXJIOpUAA
OKa3saJICia JUOKCaH, Z[eﬁCTBPIe KOTOPOI'O Ha OIITUYC-
CKHE CBOMCTBA INICHOK MUHHMAJIbHO.

3akiIouyenue

C nomomipio 1BETHOW (oTorpaduu U CreK-
TPAIBHOTO aHAJIK3a MPO3PAYHON YIIAKOBKH B MPOXO-
JISIILIEM TIOJISIPU30BAHHOM CBETE MOKA3aHO U3MEHEHHE
LBETA U MPO3PAYHOCTH MHOT'OCIIOMHBIX TTOJTMMEPHBIX
MIEHOK MOJ NEUCTBUEM OPraHUYECKUX PACTBOPU-
Tenei. LIBeT MHOTOCTOMHBIX MIEHOK B MOJSPU30-
BaHHOM CBETE W3MEHSETCS 1O Mepe HaOyxaHus
B KHJIKOCTSIX U OTIPEACIISIETCS] KOTUIECTBOM CIIOEB,
KUHETHKON HaOyXaHWs W B3aMMHOW OpHEHTaIuen
ONTHYECKUX OCEH MOJISIPU3aTOPOB OTHOCHUTEIIHHO
HaIpaBJICHUS YCAIKH IICHOK.
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B xone »KCIepUMEHTOB [IOKa3aHa BO3MOXK-
HOCTh TIPIMEHEHHSI TIapaMeTpa TePMOANHAMHIIECKOH
COBMECTHUMOCTH TIOJIMMEPOB U OPTaHUUECKUX PACTBO-
puteneit kputepusi Dnopu-Xarrudca Jyig KoJdude-
CTBEHHOM OIICHKY CKOPOCTH U3MEHEHHUS 1[BETA MAKeTa
TUIEHOK TIOJTMBUHIUTXJIOPH/IA B TIOJISIPU30BAHHOM CBETE.
W3meHeHre 1BeTa TeM 3HAYMTENIbHEE U OBICTpee YeM
MEHbIIIEe 3HaueHus kKpurepus Diopu-XarruHca.

post@uestnik-vsuet.ru

I{BeTOBOE pa3nuvKre MHOTOCIIOMHBIX TIEHOK
NOJIMBUHWIXIIOPHIA 0 M TOCIE KPaTKOBPEMEH-
Ho#t (5-20 ¢) 00paboTKH JETYYHM PacTBOPHUTEICM
(1,2-guxmnopaTaHoM, OyTHI- WM JTHJIAIETATOM)
JIOCTHracT 35 eUHUIT yIKe TIPH JABYX CIOSX TUICHOK
U obecrevynBaeT KOHTPACT JOCTATOYHBIN ISt
CKPBITOH MapKHPOBKH YIAKOBKH HJIH JTHKCTKH,
BBISIBJIIEMO#l B TOJIIPU30BAHHOM CBETE.
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