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AunHoTanusi. OnucaHbl ONTHYECKHE CBOWCTBA, JBOWHOE JydenpesomiieHHe U 3(PQEKT MIe0Xpou3Ma B MHOTOCIOMHBIX IMOKPBITHAX U
IUIACTHKOBOM yIAaKOBKE, U3TOTOBJICHHOM U3 MOJIMBHHIJIXJIOPH/IA OTEYECTBEHHOTO MPOnU3BoACTBa. [111e0Xpor3M MIEHOK Hanboiee HHTEHCHBHO
HPOSIBIISIETCS B MOTOKE CBETA, MPOXOMASILET0 CKBO3b HECKOJBKO CIOEB IUIEHKH, M MMEET IIMPOKMH JHUana3oH LBeTa MpH KOMOWHAIMU B
MartepHaax Julsi THOKOH NPO3payHoi yHaKOBKU HECKOJIBKHX CJI0EB TEPMOYCaI0YHOM IIEHKU HOJMBHUIXJIOPH/IA ¥ JBYOCHOOPUEHTHPOBAHHON
IUIEHKM HM30TaKTHYECKOTO ITOJMIPONMIICHA. Y CTaHOBJIEHO, YTO LBET HECKOJBKHUX CJIOCB TEPMOYCAJOYHOW IUIEHKH ITOJMBHIIXJIOPHIA B
IIPOXOASAIIEM MOISIPU30BAHHOM CBETE U3MEHAETCS NPH BO3ACHCTBUU OPraHUIECKUX PACTBOPUTENCH. DTO ABIEHHUE MPEATI0KEHO UCTIONIB30BATh
JUISL CKPBITOH MapKHPOBKHM YNAKOBKH MJIM ITUKETKH M OOpbObI ¢ KOHTpa(akTHBIM HPOM3BOJICTBOM TOBApPOB MAacCOBOrO IOTPEOIEHHS,
peanu3yeMoro HacelCHHUIO B TOPrOBOW CETH Mara3MHOB. DKCIEPHMEHTAIFHO OOOCHOBAHO ONTHMAJIBHOE KOJMYECTBO CIOEB MPO3PAYHON
TIOJIMMEPHOI TUIEHKH JUTS TOCTIDKCHUS 3aMETHOCTH 3aIMTHOW MAapKHUPOBKH M BO3MOXKHOCTH MJCHTH(HKAILMK TOBapa 10 TOBApPHOMY 3HAKy
WJIH C UCTIOJIB30BAHUEM LITPUXOBOro Kozia. L{BeToBoe pa3nuine MHOrOCIOWHBIX IUIEHOK MOJIMBUHUIXIIOPHUIA JI0 U ITOCIIE 00PaOOTKH JIETYYHM
pacTBOPHUTEIEM JOCTHIAET 35 eIUHULL IPH ABYX U 00Jiee CII0sIX, 00yCIIOBIMBACT SPKHUiA IIBET TOBAPHOTO 3HAKA M/WJIH JOCTATOUHBIH KOHTPACT
KOJla, IPUMEHSIEMOTO JUIsl CKPBITOM MapKHUPOBKH YIIAKOBKH MJIM STHKETKH, BBISBIIIEMBIX B IOJIIPU30BaHHOM cBeTe. [lokazaHo nmpuMeHeHue
kpurepusi @nopu-XarrmHca A KOJIWYECTBEHHOH OIGHKM H3MEHEHHs IIBeTa IaKeTa IUICHOK IOJMBHHWIXIOPHAA IO JEHCTBHEM
OpraHUYEeCKUX pacTBOpHUTENel. [3MepeHbl BENMYUHBI MOAYJS YINPYrOCTH, KMHETHKAa M CTEHNEeHb MAaKCHMAaJbHOTO HaOyXaHUs IUICHKU
noaMBUHIXIOpUAA B 10 opraHMYecKuX KUAKOCTAX PA3INYHOTO XMMHUYECKOTO CTpoeHHs. M3MeHeHne npo3payHOCTH U IIBETa MapKHUPOBKH
naKeTa IJIEHOK HOJIMBUHIIIXJIOPHIA TeM ObIcTpee, 4YeM MEHbLIE 3HaueHus kpurepusi diopu-Xarruica.

KaioueBsle c10Ba: moarMepHbIE INICHKH, PACTBOPUTENHN, HAOyXaHHUE, IIBET, MApPKUPOBKA TOBAPOB, YIIAKOBKA, HOJIMBUHIIXJIOPH], 3aIIUTA OT
MOJIIETIKY, TIJICOXPOU3M, ABOMHOE JTydenpenomiieHue, 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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BBenenune

[Iporno3upoBanue CIOCOOHOCTH JKUAKOCTU
IIPOHMKATh B CTPYKTYPY NOJUMEPHOH IJICHKH IPU
BHITSDKKE B JKUAKOHW cpeae HEoOXOOuMo JUis
YCIIEIIHOTO LeJIEHANPABICHHOTO BBIOOPA KOMIIO-
HEHTOB AJISl CKPBITOH ONTHYECKOW MapKUPOBKU
MPO3payHoOil YIAaKOBKH MO 3alaTeHTOBaHHOW TeX-
mojoru [1]. DddekT mormomeHns KuIKoM cpe st
TEPMOYCaI0YHOM TOJIMMEPHOU IUIEHKOM COCTABIIIET
4acTh OJHOBPEMEHHO IMPOTEKAIOIIUX HPOLIECCOB
W3MEHEHUS Pa3MepOB, MEXaHMUECKUX CBOWCTB U
CTPYKTYpBI MOJUMEPOB MPH HAJIWYHH BHEIIHETO
WK BHYTpeHHero (ycaaKa) MeXaHHIeCKOT0 Hampsi-
YKEHUsI, IOATOMY JJISl €0 OMUCAHMS U TIPOTHO3UPO-
BaHMSI IPABOMEPHO UCIIOJIb30BaTh OCHOBHBIE 3a-
KOHOMEPHOCTH (DHU3UKO-XMMUYECKOH MEXaHHUKH
mosmMepoB [2,3]. LleHTpaTbHBIM BOIIPOCOM IPOTHO-
3UpOBaHUS (DM3UKO-XUMHUYECKOW CTOMKOCTH ITOJH-
MEPHBIX MaTepuasioB SIBJISCTCS CBSI3b MEXaHMYECKHX
U ONTHYECKHX CBOWCTB IOJUMEPOB C (U3UKO-
XUMHYECKUMH MTapaMeTPaMH KOHTAKTHPYIOLIEH Cpelibl.

B ¢usuko-xummuyeckoit MexaHuke chopmMu-
POBaJIOCH 1Ba OCHOBHBIX IOAXOAA K OOBIACHEHHUIO
BIMSIHUSL (U3UYECKU AaKTHBHBIX >KHUIKOCTEH Ha
MpoLEecchl AeOPMHUPOBAHUS W pa3pyLICHUS MOJH-
MEpOB: aJICOPOIFIOHHBIHN, JIOKATbHO-TIIACTH()UKAITH-
OHHBIM. HamOosblliee pacnpoCTpaHEHUE MOTYUNIT
amcopOumonHbIit  momaxon [4,5], cormacHo KOTO-
POMY aKTHBHOCTB HJKOH Cpe/Ibl TI0 OTHOLICHHIO
K JehopMHpyeMOMY TOJHMEpY OIpeaesnseTcs
CIOCOOHOCTBIO MOJIEKYJT KHIKOCTH ancopOHpo-
BaThCsl HA BHOBb OOpa3yONIMXCSl MOBEPXHOCTSIX
pacTAruBaeMoro MOJIMMEPHOIO Tejla B MUKPOTpe-
IIMHAX U CHIDKATh MX TIOBEPXHOCTHYIO SHEPTHIO.
CyIIHOCTD JIOKAIBHO-TIACTU()UKAIIMOHHOTO TTO/1-
XOZa 3aKJIF0YACTCs B MOCTYJIUPOBAHUH ONPEAEIIS-
IOLIETO BIUSHUS JIOKATLHON IIaCTU(QHUKAIINN WITH
pacTBOpeHHsT MHUKPO30HBI IMOJMMEPa B BEPILIMHE
pactymiedi TpeuHbl (fedekra) MPOHUKAOIIEH
JKUJKOM Cpe/lod Ha MEXaHUYECKHUE CBOMCTBA BCETO
MOJIMMEPHOTO TeJIa.

B pamkax minacTUQUKAIMOHHOTO MOAX0Aa
B JOIOJHEHWE K MHOTOYUCIICHHBIM JIaHHBIM,
OINHMCaHHBIM B [3], ciieryeT OCTaHOBHTHCS Ha Pe3yJib-
TaTax CUCTEMAaTUYECKOTO U3YUCHHUSI MEXaHUUECKUX
COpPOLIMOHHBIX CBOMCTB MOJIMATUIICHTEpETAIATHBIX
TUIEHOK, JeOPMUPYEMBIX C IOCTOSHHOW CKOPO-
CTBIO, B KOHTaKTe C OPraHMIECKUMH JKUAKOCTSIMU,
npuBeneHHBIX B [6] u [7]. B kadectBe KHIKMX
cpen ObLIM BBIOpaHBI MPOU3BOIHBIE OCH30JIa Kak
XKHUJKOCTH, MOJIEKYJIbI KOTOPBIX IOI00HBI (pparmMeH-
TaM MaKpOMOJIEKYJbl TMOJMATHIeHTepedTanara.
ABTOpPBI aHAIN3UPOBAIIU CBSI3b IPOYHOCTH U OTHO-
CUTEJBHOTO YJUIMHEHHS IUICHOK, OINpEeAessieMbIX
B PEXHME BBITSDKKH C TOCTOSIHHOW CKOPOCTBIO
negopManym, ¢ MOJBHBIM OOBEMOM, BSI3KOCTBHIO
W TIapaMeTpoM PACTBOPUMOCTH JKUJKOH Cpelbl,
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a TaKKe C PaBHOBECHOW CTENEeHbIO HaOyxaHuWs
nommaTiiieHrepedranata (IIITD) B uccnexyemoit
JKUAKOCTH. [lo M3MEHEeHMI0 MEXaHWYECKUX CBOMCTB
MOJMMEPHBIX IUICHOK >KUIKOCTH OBUIM YCIOBHO
pas3zesicHbl Ha TPH TPYIIIEL.
IlepByro COCTaRIAIOT MATIOMONSIPHBIE KUIAKOCTH
C OTHOCHUTEJIFHO OOJBLIMM MOJIBHBIM OOBEMOM M
CPaBHUTEIBHO MOl BA3KOCTBIO: TOIYOJ; O-, M-,
M-KCWJIONBL; T-1MMod. [Ipy MexaHn4YecKuX HcCIbITa-
HUSIX TIONMATHICHTEpe(pTaNaTHBIX IUICHOK B OJTHX
cpeax B YCIIOBHMAX OIHOBPEMEHHOI'O BBEICHUS
KHUJKOCTH B KOHTAaKT ¢ 00pa3LioM U Hayajla pacTsi-
JKEeHHsI HaOJIOAAeTCsl 3HAYUTEIbHOE — MPUMEPHO
JIBYKPAaTHOE — CHM)KEHHE €ro MPOYHOCTH, a TAKKe
yBEJIHUYEHHE YAJIMHEHHs 0 pa3pbiBa Ooiee dyeM
B 3 paza 1o cpaBHEHUIO CO 3HAYCHUSIMH, ITOTy4acMbIMU
NpU UCTIBITAHUM Ha Bo3ayxe. [Ipum pacTshkeHUsX
B JKHIKOCTH Ha IOBEPXHOCTH 00pasna BO3HHKAET
MHOXXECTBO Kpeit30B. @pakTorpaMMsbl pa3pyLICHUs U
¢dopma neopMalIOHHBIX KPUBBIX IUICHOK TO3BO-
JSIOT YTBEPKIATh, YTO YKUAKOCTH IEPBOW TPYIIIIBI
MIEPEBOLIT TIOJIMMED U3 CTEKIIO00PAa3HOTO COCTOSIHUS
B BBICOKOZIMCTIIEPCHOE OPUEHTUPOBAHHOE COCTOSIHHE.
Ko BTOpOIi rpynme oTHOCAT KUAKOCTH, IPU
UCTIBITAHUH B KOTOPBIX HE TOJILKO MMPOYHOCTB IIJIe-
HOK, HO ¥ YAJMHEHHE O Pa3pblBa YMEHBIIAIOTCS
MPUMEPHO B 22,5 pa3a 0 CPAaBHEHHUIO C UX YPOB-
HEM Ha Bo3ayxe. K 3TUM KHAKOCTSAM OTHOCSTCS
OCH30J1 M ero TajloreHNnpou3BoHbIe. Paspyiienue
B 3TUX Cpelax SBISETCS CIEICTBUEM OBICTPOTO
pasBuTHs OfHOW TpeuinHbl. OYeBHIHO, IPU HC-
MOJIb30BAaHHOW aBTOPaMHU CKOPOCTH PACTSIKEHHS
TUICHOK B CpeiaX BTOPOU IPyYIIIbI B MTOJMATUIIEHTEpE-
¢ranate HE yCHEBAalOT IMPOTEKAaTh PEJIaKCALOHHBIE
TIPOLIECCHI, U pa3pyILIeHNe UMEET XPYIIKUIl XapaKTep.
TpeTbio TPYNITy COCTABISIOT CpElbl, MpU
UCTIBITAHUN B KOTOPBIX HNPOYHOCTb U yIUIMHEHHE
[I3T® nubo HE3HAYUTEIBHO YMEHBILAIOTCS, JIUO0
MpaKTUUecKy He m3MeHsroTes. K 3Toii rpymme otHO-
CSITCSL TIOJSIPHBIE KUAKOCTH, XapaKTepU3YIOIIHECs
CPaBHUTEIHHO OOJIBIIMM AWUIMOJIBHBIM MOMEHTOM
MOJIEKYJ1 W TOBBIIIEHHON BSI3KOCTBIO. B skmaxux
cpenax Tpetbeit Tpymnmbl [I3TD cunbHO U OBICTPO
HaOyxaeT, 0COOEHHO B T€X, KOTOPbIC HE BHI3BIBAIOT
CHIDKEHHS €ro IMPOYHOCTH MPU UCHBITAHUH C TO-
CTOSIHHOM CKOpOCTBIO PAacCTSKEHHs cpasy IOcCie
BO3HUKHOBEHHSI KOHTAKTA XKHJIKOCTH C TICHKOM.
JIJI1 KOMMYECTBEHHOTO ONHMCAHHs COpPOIUM
JKUAKOCTEH U I dy3HOHHBIX MPOLIECCOB B MOIMME-
Pax MPHUHSTO UCTIOIB30BaTh TP OCHOBHBIX MapameTpa
9KCIIEPIMEHTAIBHO OMpE/IeNSIEMbIX HE3aBHCUMBIMHU
MeTtozaMu: koadduiment muddysun D, koapduiu-
eHT npoHuuaemMoct P u kosduuueHt pactsopu-
MOCTH S. DTH TlapameTphl CBSI3aHbl MEXIy cOoO0M
U3BECTHBIM COOTHOIICHHEM [8].

P=D*S (1)
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JI7is1 IpOTHO3MPOBAHMUS TPOIIECCOB TIPOHUKA-
HUS KHJJKOCTH B TIOJIMMEP 110 MEXaHNU3MY aKTUBHPO-
BaHHOW TU((DY3UH pacueTHBIM MyTEM HCIIONIB3YIOT
napameTp pactBopuMocTH ['mibaedpanna (d) mo-
nuMepa 1 xuakoctH [9].

[Napametp pactBOprMOCTH (3) ONpeAensIeTCs
AKCIICPUMEHTAIIBHO 110 BEIMYMHE SHEPIUHM KOTC3UH
PaBHOM SHTAIBIMU UCTIAPESHUS KUAKOCTH (AEey) 1
UCIIONIb3YETCS. B TEOPUHM PACTBOPOB MOJIMMEPOB
JUTSE TIPOTHO3UPOBAHMSI COBMECTUMOCTH BBICOKO-
MOJICKYJIIPHBIX U HU3KOMOJIEKYJISIPHBIX OpTaHH-
YeCKHUX BEIIeCTB (2).

1
AE,, )2
\

JU71 KOMMYIECTBEHHO OLICHKU TEPMOIMHAMMYE-
CKHIX YCIIOBHI COpOLIMH 1 CKOPOCTU AU PY3HOHHBIX
mporieccoB  ucrnonb3ytor  Kpurepuit  ®nopu-
XarruHca (), KOTOPBIH MTO3BOJISIET OLICHUTH TEPMO-
JUHAMHUYECKYI0O COBMECTUMOCTD MOJMMEpPa U pac-
TBOPUTEIIS, ONpeaesss, OyaeT Iu 00pa30BbIBAThCS
WCTHHHBIA pPacTBOp NMPU MX COBMEIICHWHM WM CH-
crema octanetcs iByxdasHoii mucniepeueii [10-12].

IIponecc mnommolmEeHNs KUIKOCTH IOIMME-
pamu onpeernsieMsli 1o kpurepuro diopu-Xarruaca
MOKET HMETh HECKOJBKO TEPMOJMHAMHUYECKUX
cocrostamiA: < 0,5 — pacTBOpHUTENb TEPMOIHMHAMHU-
YEeCKH XOPOLIMH U MOJIMMEP CHOCOOEH HEeOorpaHu-
4yeHHO Habyxath; ¥ > 0,5 — pacTBopuTENH MIIOXOM,
nojuMep He HabyxaeT Win copOupyeTcst MEJUICHHO
U B HUYTOKHBIX KOJINYECTBAX.

Kpurepuit ®nopu-Xarruaca y, MOXKHO pac-
cuurtaTh 1o Gopmyie Dnopu-Penepa [13]:

1

5:

)

In(1- @, )+ @, + O} + Z'DE =0 )

1
In(1-@,)+ @, + 2D}
l_ @;

rae @, — obbeMHast JI01s MOJIMMEpPa B €ro PaBHO-

(4)

BECHOM COCTOSsIHUU:

(®)

rae Wo— HUCXOOHBIA 00bEeM IONMMepa B MM3,

W1 — KOHEYHBIH ero 00beM B MM®.

7=

V..

rae Z — Oe3pa3MepHbIi TapaMeTp, paBHBII OTHOLIIE-

HHUIO MOJISIpHOTO oOBbeMa cyOuenell momumepa Vo
K MOJISIpHOMY 00BeMy pacTBOpHUTENS V1.

(6)

1
V, =RTE'®,? 7

raie R — yHuBepcanbHas razoBas IOCTOSHHas,
E — Monynp ynpyroctu HaOyXxIero nojiumepa.
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rae M — MonsipHas Macca pacTBOPUTENS I/MOJIb,
p — INIOTHOCTh PACTBOPUTENS T/cMS,

O0BLEeKTHI HCCJIeN0BAHNSA

TepMoycaouHbIe TICHKU TOMMBUHIIXJIOPHIA
OTCUYCCTBEHHBIX M 3apYOCIKHBIX TPOU3BOIUTEIICH:
AO «/lon-omumepy, TommuHOoM 70+ 10 MKM,
«Dongil Chemical», Tommmuo#t 50+ 3,5 MKM,
«Klockner Pentaplasty», Tonmunoi 45 + 5 mxm. Pac-
TBOPUTEIH, BXOJISIINE B COCTAB TICYATHBIX TIOJIUIPa-
(raeckux Kkpacok [14-15]: 1,2 auxmopaTaH, aleToH,;
JTIMOKCaH; 0-KCUJIOJ; dTUIAIETAT; OyTHIaIeTaT.

[omspuzarmonnsie wienkn NPF F1205DU
(SImonwust), MOJSIPU3aMOHHBIC CTEKIISIHHBIC (DUITh-
TpsI [16].

IMonurpaduveckue CEKIMKA MAIIWH U TPUH-
TepoB cTpylHO nedaTn Mapku Epson DX6, Epson
13200 E1 u Seiko SPT510/35 ¢ romoBkamu [17].

Pe3y.]'leaT])I U UX 06cym21e}me

MHorocnolHbIe TPO3pavHbIe U OECIIBETHBIC
TEpPMOYCaJlOYHble IUICHKH IOJMBUHUIXJIOPUAA
MPHOOPETAIOT B MONSPH30BAHHOM CBETE PA3UUHYIO
OKpAacKy, ONPeAESIONIYIOCS YUCIOM U TOJIIIHUHON
cinoes [18]. KoopauHatel mBeTa MakeTa IICHOK
B 1BeroBom mpoctpanctse [19, 20] (okpacka B
NPOXOAIIEM M OTPAXCHHOM MOJISIPU30BAHHOM
CBETE) 3HAYUTEIBHO H3MEHSIOTCS TpHU BO3/ICH-
CTBHH pacTBOpPHUTEJEH Ha JIF0OOOWH U3 MPO3pavyHbIX
CJIOCB IIJICHKHW IMOJIMBUHUIIXJIOpUJA.

Pucynok 1. ®otorpaduu cromsr CroneroBa u3 TY TeHKH
TIONIMBUHIIXIIOPH/IA B TIOTIpr30BaHHOM cBete ( 1). [TneHouHbIit
nosstpuzarop (2). Crona Croserosa 6e3 nossipusaropa (3).
V3menHenne 1BeTa 5-r0 M 6-TO CJIOEB IUICHKH B CTOIC
CroneroBa nocie 00paboTku 1,2 — AuXIop3TaHOM

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, noimydeHHbIX B IOJSPH30-
BAHHOM CBETE BUJIHO, YTO OPraHMYECKHE KUIKOCTU
CYILECTBEHHO MEHSIFOT LIBET CIIOMCTOTO MOJIMMEPHOTO
MarepHaa B IPOXOASIIEM MOJISIPU30BAHHOM CBETE
(pucynok 1). M3meHeHue mBeTa MHOTOCIOWHOTO
Marepuaia Iocjie KOHTaKTa C pPacTBOPUTEIEM
UMeeT YCTOWYMBYIO 3aKOHOMEPHOCTH 3aMETHYIO
HEBOOPY)KCHHBIM TJIa30M U TOATBEPIKIAEMYIO
CIIEKTPAILHBIM aHaIn30oM QoTorpaduii. Kentbrit
IBET y4acTKa MHOI'OCJIOWHOTO MaTepuana u3 6 clioeB
MOCIIe KOHTaKTa C PacTBOPUTENEM IMpHOOpeTaeT
LIBET MHOT'OCJIONHOI'0 MaTepuaia u3 5 cioes. ['o-
ny0oii IIBET yyacTKa MHOTOCJIOHHOTO MaTepuana
U3 5 CIOEB MOCJIe KOHTaKTa C PACTBOPHUTEIIEM HPH-
o0peTaeT CHHHI IIBET MHOTOCJIOIHOIO MaTepuasa
u3 4 cnoeB. Takum 00pa3oM MPaBOMEPHO KOHCTATH-
poBaTh «HEBHIUMOCTB» BHEIIHETO CJIOSI MAKETOB
MHOTOCIIOMHBIX IUICHOK BCJEICTBHE OOPaOOTKH
pPacTBOPUTEIIEM HJIH €T0 MPO3PAYHOCTb.

JUi1st MccreioBaHus BIUSIHHS OPTaHUYECKUX
pactBoputeneii  (miacTu(UKaTOpOB) Ha  IBET
MHOTOCJIONHBIX IIJICHOK IMOJIMBUHUJIXJIOpU A
B TOJISIPU30BAaHHOM CBETE COOMpAIM MHOTOCIIOM-
Hble makeThl JieHT (ctorma CToseToBa), Ha KOTOpPbIE
HAHOCHWJIM CJIOH YKHKOCTH C MOMOIIBIO MOJIUTPA-
(pUYEeCKOW TEXHUKU OJHUM JIBHXKCHHEM DaKels
o TpadapeTHoi Gpopme.

«HeBUIMMOCTE)» BHEIIHEr0 CJOsl MaKeTOB
MHOTOCJIOMHBIX TUICHOK BCIIEACTBHE 00paboTKH
PacTBOPUTEIIEM SIBJISICTCS PE3YJIbTATOM PECTPYKTYPH-
pOBaHUsI TOJMMEPHBIX MATepHalioB HA HAMOJCKY-
JIAPHOM YPOBHE U KOJHUYCCTBECHHO OILICHHUBACTCA
KOHTpacToM 1 / i 1BeToBbIM pasniduem AE [12].

0 il -

1 cnoii 5 cion

®ow (0) 2 croii 4 cioii

Pucynok 2. @otorpadum B IpOXOISIIeM MOJIPH30BAHHOM
CBETE IaKeTa M3 HECKOJIGKHMX CJIOEB IUICHKHA C «METKOM
HaHECeHHOM yTuiareratoM. 1BeToBoe pasimune [2] Mexy
METKOI 1 1IBETOM ITakeTa u3 3 ciioeB IieHKU AE = 20 equHuit
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 YaCTH YITAKOBKH
B TOJISIPU30BAaHHOM CBETE KaK MAPKUPOBKU U «HEBH-
JIMMOCTH» BHEIIHErO CJIOSI IIAKETOB MHOI'OCIIOMHBIX
TUICHOK TIOCTIe TDIACTU(HKAIIAH TIPEIOKEHO UCTIONb-
30BaTh B 3AlIUTE TOBAPOB OT TOMJICIKH U OOpnOe
C KOHTpa(akTHbIM MPOU3BOACTBOM HKCKJIIO3UBHOM
MPO3pauHOM Tapbl M YHAKOBKM W3 MOJMMEPHON
IUICHKH. JTa BO3MOKHOCTh WJUTIOCTPUPYETCS PE3YJIb-
TatoM (¢ororpapupoBaHus B IMOJIIPU3OBAHHOM
CBETEC MHOIOCJIOMHOW YNAKOBKM U3 IUIEHKH
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MOJIMBUHIIIXJIOPU/IA TIOCTIE HAHECEHHUS CIIOS JIETY-
Yero pacTtBoputens (Hampumep, OSTHJIALECTaTa)
B (popMe y3Ko# mosockl (pucyHok 2). L{BeToBoe paz-
mrarie AE MeTkn 1 oHa B TTOJIIPU30BAaHHOM CBETE
Ha TOPSAAOK MPEBBIIIAET YyBCTBUTEIHHOCTH IJIa3
yeoBeka (2+3 ex1.), He3aMETHO HEBOOPYKCHHBIM
TJIa30M F TIO3TOMY BITOJTHE MIPUTOIHO AJISI CKPBITOH
ONTUYECKOW MapKUPOBKH.

JleiicTBUE pacTBOpUTENIE Ha ONTHYECKHE
XapaKTepPUCTHKU TPO3PAavYHOM YMaKOBKUA M3 MHOTO-
CIIOMHBIX TEPMOYCAJIOUHBIX IUICHOK TOJMBHUHILIXIIO-
puaa OOYyCIIOBICHO WX (PU3UYCCKOW AKTHBHOCTHEO
M0 OTHOWIEHHIO K TOJMUMEpPy B HANPSHKEHHOM
cocTossHMH. Mepoil (QU3NIECKOl aKTHBHOCTH
pacTBOpHUTENEH SBISETCS BENHYMHA U CKOPOCTH
abcopOIu KUAKOCTH, U CIIOCOOHOCTh CHUXKATh
YPOBEHb BHYTPEHHUX HaIpspKeHUH. s konude-
CTBEHHOT'O OIHUCaHU aOCOPOINH KUIKOCTEH WC-
MOJIE30BAI TPABUMETPUIO HaOyXaHUS TUICHOK
(pucyHoK 3), ClipaBOYHBIC JaHHBIC [T0 XMMUYECKO
CTOMKOCTH MMOJIMMEPOB U TEPMOIAUMHAMUHNYCCKUC
napaMeTpbl COBMECTUMOCTHU TBCPABIX W KUIKHX
OpPTaHMYECKUX BEIIECTB.

g 03 — I DiChlOroethane
! S hmmen  BULYl acetate
. / smmers Ethyl acetate
03 / — Aueron Acetone

0
0 5 10 15 20 Pl 30
Bpewms, MiH
Time, min

Pucynok 3. Jlons pacTtBopuTesis B MOJUMEpE MPH
Ha6yxaHI/II/I TIJICHOK IMOJIMBUHUIIXJIOpU A

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

[ns pacuéra mapamMeTpoB pacTBOPUMOCTH
KHUJKOCTH U TEPMOYCAJOYHBIX IUIEHOK TMOJIHBH-
HWIXJIOPHJIA WCIOIb30BaM KOHCTaHThl (CMoinia
OpraHMYECKUX BEILECTB W CIPABOYHBIE JAaHHBIC
9KCHEPUMEHTAIBHBIX HCCIEJOBAHUN PACTBOPEHHUS
WM Ha0yXaHHs MTOJIMMEPOB TIOJIMBHHUIXIIOPHIA B
neTy4ynx pactBoputenax. [lapamerp pactBopumo-
CTH TOJIMBUHWIXJIOPHJA, UCIOJIB30BAHHOTO JUIS
MIPOM3BOACTBA TEPMOYCAJOYHON IUIEHKH, COCTAB-
nset — 9,55 + 1,5 (kann/cm®) M2,

Jns pacué€ra napaMeTpoB pacTBOPUMOCTU U
KpUTEpHUsl COBMECTUMOCTH xuukoctu c¢ [IBX
®nopu-Xarrunca () ucciuenoBaiu HaOyxaHUe U
MexaHu4deckue cBoicTBa (Momaynb KOHra) Tepmo-
yCaJIoUHBIX IUIEHOK MOJIMBUHWIXJIOPH/IA B COCTOS-
HUU MaKCHMAJIBHOTO COAEp)KaHWA B HHUX IUIaCTH-
¢bunupyrorei xuakoctu (tabnuma 1 u 2).
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Tab6numa 1.

CopObuus pacTBOpHTENEH IDIEHKOM NOMUBUHIUIXJIOpUAA U €€ YIIPYTOCTh IpH HaOyXaHU!

Table 1.

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

CopOrwst KHUIKOCTEH TIICHKON
PactBopurens Monyns FOuTa mreHku B xxuakoctu, MIla . L "
Sol\l/)ent Yoa]ng's modulus of film in liquid, MPa So[)ptlon of liquids by film
Macc. % Dk
1,2-nuxnoparan | 1,2-dichloroethane 2,35 246 0,31
Byrunanerar | Butyl acetate 5,75 197 0,68
Orunanerar | Ethyl acetate 7,69 137 0,69
Aneron | Acetone 517 250 0,81
Juokcan | Dioxane 3,33 179 0,98
o-Kcunon | 0-Xylene 19,3 101 0,93

Tak, Hanpumep, AJs1 TEPMOYCaIOYHBIX I1JIe-
HOK TTOJIMBUHIUTXJIOpHAA Tpon3BoacTBa AO «JloH
[Tomumep» mocie copOrum 1,2 — muxIIop3TaHa
B TeueHue 10 MumyT ycraHoBieHbl @, — o0beMHast

J0JIA MoJIMMEPaA B €0 paBHOBECHOM COCTOSAHUA

@, = _ 031
W,

1

U oTHOMIEHNE MOJISIPHOTO 00BEMa cyOreneit
nonmMepa V2 K MOJSIpHOMY 00beMY PacTBOPUTEIS

Jliis TepMOyCaIOUHBIX TUICHOK TTOJTMBUHHMII-
xmopuaa npousBojactBa AO «Jlon ITonmumepy mo-
cie copOiuu OyTminanerara B TedeHue 10 MUHYT

@D, —0,68,uZ=285

i TepMOycaiouHBIX IUICHOK ITOJIMBUHMII-
xnopuga npousogactBa AO «Jlon [Tonumep» no-
cie copOrun OyTuiarerarta B TE€YCHHE 5 MHUHYT
D, -0,69uZ-2,89

IToacTaHoBKa 3TUX U OCTAJIBHBIX 3HAYCHUH
B popmyny dnaopu—Penepa (2) mo3BonseT mpea-

\/2 CTaBUTh PE3YJIbTATHI OLIEHKH 3KCIIEPUMEHTAIBHOMN
Z= V_ = 8,96 OLIEHKH B IIOPSJIKE CHIDKEHUS «KaYeCTBA» PacTBOPU-
1 Teneit o kputeprto Oropu-XarruHca y (Tabiumna 2).
Tabauna 2.
CpoiicTBa pacTBOpUTENIeH U XapaKTEPUCTUKN X B3aUMOJICHCTBUSA C TNIEHKOHW MOJTUBUHIIIXIIOPUIA
Table 2.
Solvent properties and characteristics of their interaction with polyvinyl chloride
ITapamerp Kpurepuit MunnManbsHOE
pacTBOPUMOCTH PasiocTs napamerpos ®drnopu- BpeMst
PactBopuTens (xamn/om) 2 > | pactBopumocTH xuakocTu 1 [IBX Xarrunca MAPKHDOBKIL ¢ Tuners,
Solvent Solubility parameter Difference between solubility FIory—Huggi)%s l}\)/linlijmum’ c
(cal/cm®) 12 '|  parameters of liquid and PVC criterion labeling time, s
1,2-muxsoparan | 1,2-dichloroethane 9,4 0,15 -0,14 5 83,5
Byrunanerar | Butyl acetate 8,7 0,85 0,35 15 126,0
Orwanerar | Ethyl acetate 9,0 0,45 0,36 20 77,1
Auteron | Acetone 9,7 -0,45 0,67 35 56,0
Jlnokcan | Dioxane 10,8 -1,25 3,25 60 101,0
o-Kcwion | 0-Xylene 8,7 0,55 1,03 75 1440

W3 Tabmumpl BHUIHO, YTO MAaKCHMAJILHOM
TEPMOAMHAMUYECKON COBMECTHUMOCTBIO C yKa3aH-
HBIMU TUICHKaMH TOJHMBUHHIXJIOpUIa oOnajgaer
1,2-nuxnopatad, mpu ero copOIuu KpuTepuit
®ropu-XarruHca MpUHAMAET HAMMEHBIIIee (Jlaxe OT-
pULaTeNIbHOE) 3HAYEHUE. DTO COITACyeTCsl C TEOPETHU-
YECKUMM OLIEHKAMU BO3MOYKHOM COBMECTUMOCTH
XJIOPUPOBAHHBIX YITIEBOAOPOAOB C IMOIMBUHWIXJIO-
PUIOM, SIBJISFOIMMCS OJTM3KUM aHAJIOTOM I10 COCTaBy
U CTPYKTYPE MOJIEKYJI K CTPYKTYPE IOBTOPSIFOILIETOCS
3BEHa MaKpOMOJIEKyJl. HekoTopsle pacTBOpUTENN
(aTmmanerar u OyTWialleTaT) UMEKOT KPHUTEPHi
Onopu-Xarruaca < 0.5, 4TO CBHIETEIHCTBYET
0 XOpOWIEM TEPMOJMHAMUYECKOM KayeCTBE HX
Kak pacTtBopuTeneil. CaMbIM TEpMOAMHAMUYECKU
HECOBMECTHUMBIM C IUIEHKaMU IOJUBUHUIXIIOPUIA
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OKazaJics TUOKCaH, IeHCTBUE KOTOPOTO HA ONITHYE-
CKHE CBOICTBA INIEHOK MUHUMAJIBHO.

3akiIouyenune

C nomomiplo 1BeTHOW (oTorpaduu U CIreK-
TPaJIbHOIO aHAIN3a MPO3PAavyHOM YITAKOBKH B IIPOXO-
JIALLIEM MOISIPU30BAHHOM CBETE IIOKA3aHO U3MEHEHUE
LBETA U IIPO3PaYHOCTH MHOT'OCJIOMHBIX TIOJTMMEPHBIX
IIEHOK MOJ IEHCTBHEM OPraHUYECKUX PacTBOPU-
Tenei. [{BeT MHOTOCIOMHBIX MJIEHOK B MOJSPU30-
BaHHOM CBeT€ HM3MEHsSeTCd M0 Mepe HabyxaHus
B )KMJIKOCTSIX U OIIPENEIAETCS KOJMYECTBOM CIIOEB,
KUHETHKON HaOyXaHWs W B3aMMHOW OpHEHTaIuen
ONTHYECKUX OCEH IOJISIPU3ATOPOB OTHOCUTEIIBHO
HaIpaBJIEHUs YCaJKH IJICHOK.

B xozie 3KCIIEpUMEHTOB J0Ka3aHa BO3MOXK-
HOCTb IIPMMEHEHHUS ITapamMeTpa TepMOANHAMHYECKOI



Kontoxoe B.JO. u dp. Becmnux BTYHIIL, 2025, IIL. 87, Me. 2, C. 150-157

COBMECTUMOCTH MOJIMMEPOB U OPTraHUUECKUX PACTBO-
puteneit kputepusi Dnopu-Xarrudca Jyig Koiaude-
CTBEHHOM OIIEHKY CKOPOCTH U3MECHEHHUS [[BETA MAKeTa
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kpatkoBpeMeHHoU (5-20 c) 0OpaboTKH JeTy4nm
pactBoputeneM (1,2-auxaopITaHoMm, OYTHI- WK
ATUIJIAIIETATOM) JOCTHTaeT 35 €IUHUIl yXKe NpU
JIBYX CIIOSIX TUICHOK M 00€CIeYnBacT KOHTPACT J10-
CTaTOYHBIN Uil CKPHITOM MapKUPOBKH YHaKOBKU
WIN STUKCTKH, BBIABISIEMOH B MOJISAPH30BAHHOM

LBeToBOE pa3nnure MHOTOCIONHBIX TIIIEHOK CBETE.
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Bkuaajx aBTopos
Banepnii }0. KoHI0X0B Ipe/IOKII METOAMKY IIPOBENEHMS JKCIe-
pUMEHTA, BBIIONHEHUE MATEMATUYECKUX DPACUCTOB, KOPPEKTHPOBAI
PYKOITHC JI0 €€ 110/1aull B PEAAKIIMIO H HECET OTETCBEHHOCTh 3a IIarkar

Anexcanap A. HuxosaeB npoBOAMI DJKCIIEPUMEHTHI, [OMOIaj
B MaTeMaTUYECKUX pacdyeTaX, KOPPEKTUPOBaJ PYKOMUCh 10 MOAAYU
B PelaKLIUIO U HECET OTBETCTBEHHOCTD 3a IIaruaT

Anéna A. Ilpuxo:xast 0030p IMTEpaTypHBIX HCTOYHHUKOB 10 HCCIIEAYEMOI
rpoGuieme, POBEN SKCIEPHUMEHT, BBIIOJIHUI PACUEThI
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uccienyemMoii npodieme, IPoBeN SIKCIIEPUMEHT, BBIIOIHUI PACUEThI

Anexcanap II. KonapaToB npeiyioXusl METOAMKY IPOBEACHUS
9KCIIEPUMEHTA, HaNucal PyKOMHCh, KOPPEKTUPOBaa €€ 10 MoAadu
B PelaKLIUIO U HECET OTBETCTBEHHOCTD 3a IIaruaT
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