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BonpmmuaCcTBO BJIAroCOACPIKAIMX SKPAHUPYIOUIHUX MATCPUAJIOB HC OTINYAIOTCA BBICOKOM CTa-
OMIILHOCTBIO OKPAaHUPYIOIMUX W 3KCIUTYAaTaHUOHHBIX XapaKTCPUCTHK. Z[J'IH peHICHUA Hp06J'IGMBI
BJIArOyACp:KaHUusl paCTBOPHBIX HAIIOJTHUTEJICH B COCTaBe MaTepuaa-oCHOBBI IIPCAJIOKCHO HC-
MOJB30BAHNUC MMOJIMMCPHBIX FHHpOFGHeﬁ Ha OCHOBC HOHHaKpHJ’IOBOﬁ KHUCJIOTHI. yCTaHOBJ’ICHO, 4qTo
HCCIcAyeMbIC 06pa3III>I Ha OCHOBC HOJIMMECPHOI'O TUApPOreiis CIIOCOOHBI COXPAHATH CBOU DKpaHU-
pyromue XapakKTCpUCTUKU B TCUCHUC MICCTHU MCCALICB IIPU U3MCHCHUHN TEMIICPATYPhI B IpCeACIax
—-15...50°C.

Kniouesvie cnosa: OKPAaHUPOBAHUC DJICKTPOMATHUTHOI'O HU3JTYYCHUS, MOJIMMCPHBIC MaTCpUaJIbl,
TeMIepaTrypHas 3aBUCUMOCTb.

BBenenue

Bonoconepxaiiue KOMITO3UIIMOHHBIE MaTepuaibl dPPEKTUBHO MOAABISAIOT AJIEKTPOMArHUT-
HO€ M3JIy4YEeHHE B TMANa30HE CBBILIE COTEH METrarepll 3a CYeT AUIEKTPUUECKUX MOTEPh BOABI U pac-
TBOpPOB Ha ee ocHoBe [1,2]. i momyueHus SKpaHUPYIOIHUX KOHCTPYKIIMM HCIIONB3YIOTCS pa3In4HbIE
BOJIOKHHCTBIE M TTIOPOIIKOBBIE MATPULIBI ¢ OOJIBIION yAeTbHONH HOPUCTOCTBIO U PA3IMYHBIM Pa3MepoM
Mop, TO3BOJISIOIIME 0OECTIEYNTh BapHAalMIO0 BIArocOACp)aHHUs MaTepuaia B IIMPOKUX Tpenenax u,
TakuM 00pa3oM, 3a7aBaTh pa3InUHbIC SKPAHUPYIOIINE XapaKTEPUCTUKU. YTIpaBlIeHHE COCTaBOM pac-
TBOpa TaKkKe MO3BONAET MOIYy4aTh pPa3ndHble KO3(PPULINEHTH MOTIOMEHHS U OTPaKeHHUs] YHEPTHH
OMMU [3]. Ognako npuMeHeHne XUAKoN (asbl co3naer mpodiaeMy QHUKCcalny )KUAKOCTH B 00bEME HC-
MOJIb3yEMOI MOPUCTOH OCHOBBI, 0COOEHHO MPH M3MEHEHHUH YCIOBUN SKCIUTyaTallH, YTO MPUBOIUT K
YCIIO’KHEHUIO MPOLIECCOB U3TOTOBJIEHUS U HKCIUTyaTalluy SKPaHUPYIOUINX YCTPOMCTB HAa UX OCHOBE.

Hcnonp3zoBanne rUrpoCKONMYHON CONM HIeT0YHO3eMeIbHOro Metamia 45% macc. KOHIEH-
Tpaluy MO3BOIMIIO JOCTUTHYTh CTAOMIBHOCTH 3KPAaHUPYIOMINX XapaKTEPUCTUK HE3aBHCUMO OT TEM-
MepaTypsl B COCTaBE KOMITO3UIIMOHHBIX MaTepUajIoB Ha OCHOBE KalMIISIPHO BOJOKHHUCTBIX M TIOPOII-
KOBBIX MarepuaioB [4]. OQHaKoO UCIONB30BAHUE STHX MaTEPHUajoB B KAa4eCTBE OCHOBBI CYKaeT 00-
JacTh MpUMEHEHUs 3KpaHoB OMMU, 4To 00yCIIOBIIEHO WX OrpaHHMUYEHHOW BIMTHIBAIOUIEH CIOCOOHO-
crbto. IloaToMy ObUIH BBIOpaHBI IPOCTPAHCTBEHHO CIUUTHIE TOJIMMEPHBIE THAPOTENN C BHICOKOH MO-
TTIOLIAIONIEH U BIATOYAEPKUBAIOIIECH CIOCOOHOCTHIO.

Lenp HacTosimied pabOThI 3aKit0YaNach B MCCIEJOBAHUH BIIMSHUSL TEMIIEpaTyphl Ha SKpaHU-
pYIOILINE XapaKTEPUCTUKH MOIMMEPHBIX THIPOT €NEH.

TeopeTnueckasi 4acThb

FI/II[I)OI‘CHL MMpCaACTaBJISICT cobotii HCEPACTBOPHUMYIO CCTh FI/I,I[pO(l)I/IIH:HBIX IMOJINMCPOB, CII0CO0-
HYIO TTIOrjioniaTte BOAY U OHOJIOTUYECKHE KHIKOCTH. OcHoBoOI1 JJIA CO3JaHUA FHZ{pOFCﬂCﬁ MOXKCT CIIy-
KUTH I.[eHLIfI pAaa BOAOPACTBOPHUMBIX BCIHICCTB, YAl BCCTO TUAPOTrTIIN COCTOAT U3 UCKYCCTBCHHO CUH-
TE3NUPOBAHHBIX IMOJIUMECPOB, OeNKoB U OpUPOAHBIX MOJICKYII. HpOCTpaHCTBCHHaﬂ CTPYKTYpa rupore-
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Jeli ABINSIETCS PE3YNbTAaTOM IOMNEPEYHON CIIMBKU MOIUMEPOB, (HOPMHUPYIOIIMX B PE3yNbTaTe Hepac-
TBOPHUMYIO CTPYKTYpY B OKpYy:KaromieM pactBope. [lo conepxaHuto BOABI U 31aCTUYHOCTH TUAPOreNn
CXOXH C OMOJOrMYECKMMH TKAaHAMH, YTO OOYCIOBJIHMBAET BO3MOKHOCTH HMX IIMPOKOTO IMpHMEHE-
Hus [5-7].

XapakTepHbIM CBOICTBOM IPOCTPAaHCTBEHHO CIIMTHIX IOJMMEPHBIX THAPOTeleH sBIAETCS
CIIOCOOHOCTB K OTPaHUYEHHOMY HAOyXaHHIO B BOJE U APYTHX MOJSIPHBIX KUAKOCTAX (10 200—400 mi
XKHUIKOCTH Ha 1T moporka) (puc.l), cuHepe3ucy ¢ BbIACIECHHEM paHee COpOMPOBAHHOW >KUAKOCTH
moJT AeCTBUEM M3MEHEHU BO BHeNIHeH cpene (pH, Temmnepatypa u ap.) [8—10].
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Puc. 1. Kunernka copOuyum niapoB Boas! (1—4), mapoB Metanona (5) u mapoB quMeTmicyinbdorenaa (6) Menko-
JIUCTIEPCHBIMA COITOJTMMEPHBIMU THIPOTEIISIME Ha OCHOBE akpriiamuia (AA) u akpumoBoit kuciotsl (AK):
1 - AA:AK=1:1; 2 - AA:AK=3:1; 3 — romomnonuakpuIaMHUIHbIN reib; 4—6 — rTUApPOresib Ha OCHOBE MOJIMAKPU-
JIOBOM KUCTIOTHI [9]

I/I3y‘leHI/I€ I[CTaJ'ICfI mpoIecCoB Ha6yX3,HI/IH AUCIICPCHBIX mﬂporeneﬁ B BOAC U APYTIUX MOJIAP-
HBIX KHJKOCTAX, a TAK¥KC IIPOLICCCOB a).'{COp6L[I/II/I HUMU T1apOB paCTBOpI/ITCJIeﬁ pa3anH0ﬁ OpuUpoOabI

HUMECT BAXXHOC 3HAUCHHUC IMPU CO3AaHNU BOAOCOACPKAINX IKPAHUPYIOIHUX MAaTCPpUAIIOB CO CTaOUIIb-
HBIMU CBOMCTBaMH.

IJKCIepUMeHT

Ha ocHoBanumn MMPOBCACHHOI'O aHalin3a a6c0p61z1py10nmx CBOMCTB CYHICCTBYIOIIUX THUAPO-
(1)I/IJ'II>HLIX MMOJIMMCPOB, MPCANMNOYTCHUC OBLIO OTJaHO HOJII/IaKpHHOBOfl KHUCJIOTC U €€ IMPOU3BOJHBIM

(puc.2).
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Puc. 2. Xumunyeckuii cocTas:
a — TIONTMAKPHUIIOBOM KHUCIOTHI; O — monmuakpriata Na mwim K [11]

[Tockonbky Hac MHTEpecOBaia 3aBUCHMOCTh SKPaHHPYIOIIUX CBOMCTB BBIOpAaHHBIX MaTepHa-
JIOB OT U3MEHEHHH TeMIepaTyphl, COCTAaB 3aIlOJHSIIOMIETO PacTBOpa ObUT BEIOpAaH MCXONS M3 cOcTaBa
He3aMep3aloluX cMecell AJsl OHMKEeHUsT TeMiepaTypbl 3amep3anust 1o -20°C [12]. Beum chopmu-
pOBaHBI 00pa3Lbl TUAPOreNs Ha OCHOBE MOMaKpuiiaTa HaTpus, cogepskaiiero Boausii 30% crnmpro-
copepkamuii pactBop (CsH;OH) — mepBas rpynma obpasuos, pactBop xinopuzaa Hatpus (NaCl)— Bro-
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pas rpymma o0pasuoB, AUCTHIUIMPOBAHHYIO BOYy — TPEThA Ipymina oopa3ios. B Teuenue § yacos npo-
UCXOOMIIO HaOyXaHue THAPOTes, MOCIe Yero OHNU MOPIHMOHHO TePMETU3HPOBAINCE B KOHTCHHEPHI U3
JBOMHBIX MOJMAMUAHBIX U TOJMATUIICHOBBIX TUICHOK, TOJMIIMHOMN MOpsAAKa 3 MM.

Crenens HaOyxaHHsI 00pa3lOB ONpenesuiack TPaBUMETPUICCKUM METOAOM M IOCPEACTBOM
BBIUUCIICHNA 110 (opMyJie

m._—m
Q= H c’

m

(4

TI€ My U M — Macca paBHOBECHO HAOYXIIEro U BBICYIIEHHOI0 00pa3LioB COOTBETCTBEHHO [13].

s vccnenoBaHus 3aBUCHMOCTH SKPaHUPYIOIINX CBOHCTB 00pa3oB MONUMEPHBIX MaTepHa-
noB oT TeMneparypsl B CBU-auanasone 8,0...11,5 I'T'x ncnons3oBaiics mnaHOpaMHBIN U3MEPUTEND KO-
s punmenta crosueil Bonasl (KCBH) u ocnabnenus tuna P2 ¢ BOMHOBOAHBIM H3MEPUTEIHHBIM TPaK-
ToM. OOpasel moMemajcs B pa3pblB BOIHOBOTHOI'O TPAaKTa M OLEHUBAJICS KOAXPPHUIMEHT Mepeaayn
TpakTa ¢ 00pa3mom, a Takxke KO3(Q(UIUEHT OTpakeHHsI ITPU COTJIACOBAHHO HArpy:KEHHOM TPaKTe.

Uzmepenne ko3duumeHToB nepenaun u orpaxkeHus IMU mpoBoguiIuch MpH KOMHATHOR
temmepatype 22°C, 3aTeM 00pa3ipl OXJIaKAadich B MOPO3UJIbHOM Kamepe. [1o Mepe CHMKeHus: TeM-
nepaTypsl 00pas3noB 10 —15°C oneHUBANINCh UX SKPAHUPYIOUINE XapaKTEPUCTHKH, TIOCIE Yero OTBO-
JAJIOCH BpeMs [UIsl JOCTHKEHHs 00pa3aMu KOMHATHON TeMIlepaTypbl. 3aTeM MPOU3BOIUIIOCH Harpe-
BaHHe 00pasuoB B nabopatopHoii anekTpornedrn CHOJI 12/13 go temnepatypsl 50°C u oLieHHBaIUChH
UX 3KpaHUPYIOIUE XapaKTEPUCTUKH.

PesyabTatel u 00cy:xnenne

VY cTaHOBNIEHO, YTO B HACHIIICHHOM COJIEBOM PAacTBOpPE HCCIEAYEeMBI THIpOrels Haldyxad B
5 pa3 MeHblIe, YeM B AMCTHIUIMPOBAHHOM BOJE, YUHUTBIBAs, YTO COAEP)KaHUE MOHOICHHBIX KapOOK-
CHJIBHBIX TPYII B HCIOJIb3YEMOM THIPOTeIeBOM COMOJIMMEPE B XOJ€ UCCIENOBAHUN HE U3MEHSIOCh
U, COOTBETCTBEHHO, UX CTENIeHb HaOyXaHMs OCTaBajlach paBHOBECHOMH (Tabum. 1).

Tabnuma 1. /lunamMuka HaGyXaHus U BJIAroyAepKaHUs MOJTMMePU30BAHHOIO MOJIHAKPHIATA HATPUSA

No rpymmet 00pa3ios YBenuuenue B o0beme, pa3 CHWKEHHE BIIarocoepKaHus
3a 6 mecsues, %
1 18 6
2 90 3
3 115 2

Koo duument orpaxenuss IMU oOpa3noB rugporens ¢ AUCTHIUIMPOBAHHOM BOAOW MpH
KOMHATHOM Temreparype HaxomuTcsa B mpeaenax —3,0...—6,5 1b mpu kosddunmenre mnepenaun
—25...-35 nb B nuanazone yactot 8,0...12,0 I'T1 [14]. Ha mogaBnenne MU ocHOBHOE BIHUSIHUE OKa-
3BIBAIOT JUAJIEKTPUYECKUE OTEPU BOJIBI, KOTOpas o0IagaeT BBICOKMM morjomenrneM SMMU.

B uccnenoBanHoM nuanazoHe 4acTOT pa3paboTaHHBIE 0Opa3Lbl TOIUMEPHOTO TUAPOTENs IPU
temnepatrype +22°C oOecneunBaror koddpduument mnepemaun OMU  mopsgxka -21...—41 nb
(cM. puc.3). TTockonbKy 10 BOABI B THAPOTENE ¢ BOAHBIM PaCTBOPOM CIIMPTa MEHBIIIE, TO U 00Ias
IMJIEKTPUYEcKas MPOHULIAEMOCTh MaTepHraia yMeHbIIaeTcs, a Ko3(pULMEeHT nepeaayn MmoBbIIIAeTCS
no —21...-31 nb. Beenenue B pacTBOp XJIOpUAA HATPHUsI IPUBOANUT K BOSHUKHOBEHUIO HOHHOM MPOBO-
JUMOCTH B MaTepHalie, 4YTo 00yCIIOBIMBACT yBEIMUYCHHE TOJH IMOTJIOMAEMON YHEPTUH 3a CUET HaBe-
JICHHS TOKOB ITPOBOIMMOCTHU U CHIDKaeT koddurment nepeaaun OMU no —31...—41 nb.

[Ipu cumxennn Temneparypsl Huxe 0°C addexkruBHOCTs dKpanupoBanus DMU Bomoi, 3a-
KpEIUIEHHO! B MIOPUCTOM MaTepHalle, CylECTBEHHO CHIYKAETCsl BCIEACTBHE MTEPEX0/1A BOABI B IPYroe
arperaTHOe COCTOSIHHE U CHUXKEHHSI CTENIEHU MOABM)KHOCTHU ee aunoneid. OJHaKo HCIOIb30BaHUE BBI-
OpaHHBIX 100AaBOK IS TIOHIKEHHSI TEMIIEPaTyphl 3aMep3aHusi BOOHBIX PAaCTBOPOB MPEMSTCTBYET XKe-
CTKOH (pHKCallMi MOJIEKYJ BOJIBL, XOTS ¥ IIPUBOJUT K yBEIWYEHHUIO KodpuirenTa nepenaun SMU no
—16...—41 nb (puc.4) npu xos3ddunuente orpaxenus —4,5...—10,5 ab.

C noBbimenueM temmepatypsl 10 +50°C (puc.5) kodppuurenT nepenadn TpakTa ¢ 00pasnom,
coJiepKallliM JUCTUIUIMPOBAHHYIO BOAy, MoBbIIaercs 10 -10 b BcieacTBue TeMmepaTypHOU 3aBu-
CHMOCTH IUDJIEKTPUUECKON MPOHUIAEMOCTH. XapaKTEPUCTHKH SKpaHUPOBaHUS (KOI(D(UIIUEHTHI Tie-
penaud M OTpakeHHsI) IMOJMMEPHBIX THAPOTeNed, COAEpKAIlMX PACcTBOPHI XJIOpHUIAA HATpHA U
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C,HsOH, HaxoznaTca B TeX mpezenax, 4To U pe3ysbTaThl U3MepeHuil npu temnepatype +22°C, a He-
PaBHOMEPHOCTh XapaKTEPUCTHK OOBSICHACTCS MOTPEIIHOCTSIMUA UCTIONB3yEeMOl M3MEPUTENBHON ycTa-

HOBKM.
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Puc. 3. Koaddummentsr nepenaun (a) u orpaxkenus (6) MU obpasramu ruporesst ¢ BOAHBIM paCTBOPOM:

1 — C,H5s0OH (30% 06.) 2 — NaCl (30 % macc.) npu koMHaTHOH Temnepartype +22°C
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Puc. 4. Koaddummentsr nepenaun (a) n orpaxkenus (6) 9MU oOpazuamu ruaporesst ¢ BOAHBIM PacTBOPOM:
1 — C,H50H (30% 06.) 2 — NaCl (30 % macc.) mpu temneparype —15°C
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Puc. 5. Koaddummentsr nepenaun (a) u orpaxkenus (6) 9MU obpaznamu ruaporesns ¢ BOAHBEIM PacTBOPOM
1 — C,H50H (30% 00.); 2 — NaCl (30 % wmac.) mpu temmnepatype +50°C
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3akjoueHmne

VY cTaHOBIEHO BIMAHHE U3MEHEHH TeMIlepaTypsl B ipenenax —15...+50°C Ha skpanupyronme
XapaKTEepUCTUKHU monuMepHbIx runporeneit B CBU-nuanaszone §...12 I'T B 3aBUCHMOCTH OT COCTaBa
HCIIONB3yEMOTO PACTBOPHOTO HATIOTHHTENSI, YTO IO3BOJSIET OOCCIIEUMTH JKCILTyaTalldi0 SKPaHOB
OMMU Ha UX OCHOBE AJI1 CHUKEHUS YPOBHEH DIIEKTPOMATHUTHOIO U3IY4YCHUS 3JCKTPOHHOU TEXHUKH,
B IIMPOKOM JHANa30HE TEMIIEPaTyp.

Ucnonb3yemas MeToAMKa U3TOTOBJICHUSI SKPAHOB SJICKTPOMATHUTHOIO M3Iy4EHHUS IPOCTa B
peanu3anuu, He TpeOyeT MPUMEHEHHUS TOPOTrOCTOSIINX MATEPUAIIOB U TPOIIECCOB, a MOTy4aeMbIe K-
paHbl 00JaIaI0T THOKOCTHIO, HEOONBIIIMM BECOM U BBICOKOH 3(()EKTUBHOCTHIO B JHMAMAa30HE 4acTOT
8,0...11,5TTm.

TEMPERATURE DEPENDENCE OF THE SHIELDING PROPERTIES OF
POLYMER HYDROGELS

Y.V. SMIRNOV, Y.T.A. AL-ADEMI, T.A. PULKO, N.V.NASONOVA, LM.LYNKOV

Abstract

Most of water-containing shielding materials are not very stable and shielding performance
and operating characteristics can change with air temperature and humidity variation. To solve the
problem of solution fillers retention in the porous material we suggest the use of polymer hydrogels
based on polyacrylate acid. It is shown that the samples on the basis of the polymer hydrogel keep
stable their shielding performance during six mounth not only at room temperature, but also in terms
of temperature change within —15°C...+50.
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