M3Bectus ['omenbekoro rocy1apcTBEHHOIO YHUBEPCUTETA
nmern @. Cxopunsl, No5(74), 2012

VIIK 574.2:53.02.9:550

[TonmuMepHbIe KOMIIO3UTHBIE MaTEPUAIIbI JIsI 3aUTHl OMOJIOTUYECKUX
OOBEKTOB OT AJIEKTPOMATHUTHBIX TIOJIEH U U3ITyYCHU N
Ha OCHOBE TEPMOILJIACTOB U OMOMOJIUMEPOB

B.A. BAHHbBIN, JI.A. EBTYXOBA, B.A. UITHATEHKO

[IpencraBneHbl YaCTOTHBIE 3aBUCHMOCTH ocnabiieHus (S) SHeprur HOPMaIbHO MaJaroIeH TIOCKOH JIek-
TPOMAarHUTHOM BONHBI st oOpasmoB PIIM: mpencTaBisiomue JUCTOBBIE W MPO(UIBHBIE MOHOJIUTHEIC
MINPOKOIOJIOCHBIE PAJUONOITIOTUTENN HA OCHOBE HAIIOIHEHHBIX TEPMOIIACTOB; C(HOPMHUPOBAHBI PAJHO-
TIOTJIOIIAIOIINE CIIOMCTHIE IUIACTHKH, apMHUPOBAaHHBIC 3JICKTPONPOBOMSIIMMH TKaHAMH, a TaKXkKe IMOJH-
MepHbIe KoMIo3uTHbIe PTIM, HamonHeHHbIC BOJIOKHAMU WK cTekiocdhepaMu u XuTuHoM. [loTepu 3HEp-
THH B XUTHHCOJICPXKAIUX TUICHKAX HOCAT JUAICKTPHUCCKUI 1 HHTephepeHIIMOHHbII XapakTep. C yBenu-
YeHHEeM TOJILIMHBI MaTepraia 10 10 MM 3HaueHHe ocIabiIeHHsT BO3pacTaer.

KiroueBble cji0Ba: XUTHH, PaAUOIOITIOTUTENH, I€KTPOMArHuTHasl BOJIHA, KOMIIO3UTHBIE MaTEPUAJIBI.

The article shows the frequency dependence of attenuation (S) energy of normally incident plane of
electromagnetic wave for the absorber samples: representing the monolithic sheet and profile-based
broadband radiation absorbers based on thermoplastics, there have been formed radiation absorbing
laminates reinforced with conductive fabrics, as well as polymer composite absorbers filled with glass
spheres and fibers or chitin. Energy losses in chitin films are dielectric and interferential in nature. With
the increase in material thickness up to 10 mm the attenuation increases.
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Beeoenue

OpHMM U3 HETaTUBHBIX IMOCIEICTBUI TEXHUYECKOTO Mporpecca sBISETCS MOCTOSHHOE IO-
BBIIICHUE YPOBHS AJIEKTPOMArHUTHOTO 3arps3HEHUs1 oKpyxaromeii cpeasl. K ecrectBenHOMy (ho-
HOBOMY PaJIMOU3IIYYCHHUIO TOOABMINCH HOBBIE UCTOUYHUKH AJIEKTPOMATHUTHOTO M3inydeHus: (OMUN):
CUCTEMBl HaBUTallMU U PaJMOJIOKALMU, COTOBAsl U CIIyTHUKOBAs CBS3b, PAJIUOTEXHUYECKHE yCTa-
HOBKH, OBITOBasi U MEAMIMHCKAs paJMOTEXHUKA U Ap. Bo MHOrMX M3 3TUX TEXHUYECKUX CHUCTEM
HCIIOJIb3YETCSl PHEPIrHsl AJIEKTPOMATHUTHBIX BOJIH CBEpXBBICOKMX udacToT (CBY), oxBaThiBaroIiast
noJsiocy paaunodactot ot 3 1o 30 I'T'w.

BosgeiicTBue 31€KTpOMarHUTHOTO M3TY4YeHHs Ha OMOJIOTMUECKUE M TEXHHYECKHE OOBEKTHI
SBIISICTCS CYHIECTBEHHBIM (DAKTOPOM, BIMSAIOUIMM Ha WX KU3HEACATEIBHOCTh U (PYHKIIMOHUPOBA-
Hue. bruoBo3zeiicTBue umeer Hanboee cepbe3Hble MOCIEACTBHS B AUANA30HE MUKPOBOJIH — JICLH-,
CaHTU- U MWUTUMETpoBOU uHBI [1]. TlockosbKy B HacTosIee BpeMsi 3HAYUTEIHHO BO3POCIIO KO-
JMYECTBO pa3zHOOOpa3HbIX UCTOUHUKOB DMMU M pacmmpsiercs MCIoib3yeMblil YaCTOTHBIA Juana-
30H, TO aKTYaJbHOH sIBIsETCA MpoOIeMa 3aIIUThl OT BO3JIEHCTBUSA 3JIEKTPOMArHUTHBIX CUTHAJIOB B
HIMPOKOIl mosioce yactoT. [Ipu pazpaboTke Marepuanos, moriaomaronux 3uepruro OMU, Oonbioe
BHUMAaHHE YJENAeTCs] JOCTYINHOCTH U JIEIIEBU3HE KOMIOHEHTOB. OJHUM M3 TaKMX KOMIIOHEHTOB
SBIISICTCSI XUTUH — HamOosiee paclnpocTpaHEHHBIM B mpupone noiucaxapuia. Ilo xumuyeckomy
CTPOCHHUIO XUTUH HAllOMUHAET APYrol MPUPOAHBIN OMOMOIUMEpP — LEJUII0JIO3Y, U3 KOTOPOH IO-
CTPOCHBI TBEPbIE 000JIOUKH KIETOK PAaCTCHHUI, HEKOTOPBIX TpUOOB U OakTepuid. ['opa3mo MeHbIe
U3BECTHO, YTO OH BXOJAUT B cOCTaB I'puOO0B. [ puOBI — OTHIONb HE PACTEHHUs, @ HEYTO, COUETAIOIIEE B
ce0e (yHITaMeHTaIbHbIE CBOMCTBA KaK PACTCHUM, TaK M )KUBOTHBIX. XUTHUH — CBOETO POJIa ’KUBOT-
Has» [eJUTI0I03a. I Takoi aHaJIoruu eCTh U OMOXUMHUYECKOe 00OCHOBAHHUE: TIIFOKO3HBIE OCTATKH
XUTHHA HECYT HEXapaKTEpHYIO Ul PAaCTUTEIbHOM LEJUII0N03bl aeTaMuanyto rpynmy. OHa-To u
NpUIAeT XUTUHY YHUKAJIbHBIE CBOMCTBA. BriepBble XUTHH BBIICIHIN U3 TPHOOB, TOUHEE — U3 MYXO-
Mopa, ¥ Ha3BaJil (YHTHHOM (OT JIATHHCKOTO fungus — rpu0). [1o3zxke yHrHH HAILIN B HAIKPBUIBIX
MaMCKOro *yKa 1 IepeUMEHOBAJIN B XUTUH (OT «XUTOHA» — JPEBHErPEUECKON BEPXHEH 01Xk IbI).

Bo Bpems mepBoii MUPOBOII BOWHBI Jiefia C MPOJOBOJILCTBHEM B ['epMaHMM OOCTOSUIH He-
BXHO M B XOJI MOIIUTH JKUPHI TaXKe W3 HU3MIHMX TPpHO0B. OcTaBaBIIMNCS XUTHH OEpEkIINBBIE HEMIIBI
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HE BBIOpAchIBAIH, a 00pabaThIBAIH IIEIOYbI0 U TOTYYaId XUTUHKCAHTOTEHAT, KOTOPBIA 3aTeM HC-
MOJIb30BANI B TEKCTUILHOW MPOMBIIIJICHHOCTH JIJISl H3TOTOBIIEHUSI 0CO00 MPOYHBIX HUTEH. B mpu-
poJ/ie XUTHHA HE MEHbIIIE, YEM LIEJUTIOJIO03bL: U TOTO, U IPYTOro noiaumepa npumepHo no 100 mumu-
apJI0OB TOHH, TH 3aMachkl BO30OHOBIISIEMBIE, €CITH OTHOCUTHCS K HUM TMO-XO03SHCKU. [ TaBHBINM HCTOY-
HUK IIEJUTIOJIO3bI — BBHICIIIME PACTEHUS, T. €. JPEBECHHA, KOTOPYIO JIETKO JTOOBIBATh U KYJIBTUBHPO-
BaTh, & UICTOYHUKU XUTHHA B JIeCaxX M JPYTUX CHUCTEMax — HU3IIKE U BhICIIHE rpudbl. M X014 ¢ rpu-
Oamu paboTaTh Jerye, HACTOSINIKE, TOTYYAIONINE PEalbHYI0 MPUOBLIL 3aBOJBI 1O TPOU3BOACTBY
XUTHHA U €T0 MPOU3BOJHBIX pa0OTAIOT UCKIIOYUTEILHO Ha MOPCKOM ChIphe (KpaObl, BOJOPOCTH U
Hacekombie). Takue 3aBojbl ecTh B CIIA u SImoHnu, Koe-4To aHAJIOTMYHOE MBITATNCH HATAAUTh Ha
Hanpuem Boctoke PO.

[To cpaBHEHHMIO C APYTMMH OpPTaHW3MaMH — MPOU3BOJIUTEISIMUA XUTHHA — TPUOBI OBICTpee
pacTyT, ¥ HAaKOIUICHHE MX OMOMACChI HE 3aBUCUT OT CE30HA U KalpH30B MOTO/AbI. BeipamuBarh ux
MOXXHO Ha CpPaBHHUTEIIBHO JICIIEBBIX CyOCTpaTax, HampuMep, >KUIKHX OTXO0Jax IEJITI0I03HO-
OyMaKHOW TPOMBIIUICHHOCTH, KpaXMaJCOAEPKAINX OTX0aX MHUIIEBON MPOMBIIIECHHOCTH | T. II.
Kpome Toro, mpu MHUKpOOHOJOTHYECKOM MPOW3BOJCTBE JMMOHHOW KHCJIOTHI, aHTHOMOTHUKOB H
MHOTHUX JPYTHX TOJE3HBIX BEIIECTB OCTaeTCs rpubHas Ouomacca, KOTOPYH MOXKHO MPUCTIOCOOUTH
JUISL TIOJTyYEeHUST XUTHHA.

Llenp paboThl cocTosia B UCCIENIOBAaHUM 3aKOHOMepHOocTel B3ammoneiicteus OMIMN CBY-
JIHAara3oHa HETEIUIOBOM MHTCHCUBHOCTH C OMOJIOTHYECKHMHM OOBEKTAMH, a TAKKE KOMIIO3HTHBEIMH
MaTepuanaMu Ha ocHoBe nonudTuieHa (I19), BeimonHsAOMUMU (YHKIUU AJIEKTPOMArHUTHOTO JK-
pana (OMD) B orneHKe 3PPEKTUBHOCTH XUTHHA M B KAYECTBE KOMIIOHEHTA TIOJTUMEPHBIX KOMITO3HUT-
HBIX MaTepuasnoB, nornoumarmux 31epruto SMU CBY-aunanazoHa.

Memoouka uccneoosanuii

OOBeKTaMH CITy)KUJIIM KJIETKH MUKPOOPraHu3MoB: Saccharomyces cerevisiae (I'OCT 171-
81), siiiia HenmapHoro menkonpsna (Lymantria Dispar L); niaeHodHble, THCTOBBIE KOMITO3UTHBIC Ma-
tepuansl Ha ocHoBe [1D (I'OCT 16337-77, TOCT 16803-070). B xauecTBe HaMmOMHUTENS UCTIOIB30-
BaHbI nucriepcHbie kKapooHmibHOE xemne3o (KK, TY 6-09-300-78) u xutuH (d > 315 MxM), a Takke
JMCTIEPCHBIN MarHUTHO-MATKUN hepput (MM®, TY 6-09-5111-84, mapka 2500 HMC, pazmep uac-
tul He npesbimaer 200 Mxm), kapooHubHOE kene3o (TY 6-09-300-78). [19-cBs3yroliee BEMIECTBO
CMEIINBAJIM C HAIMOJIHUTEIEM M MOJIBEPraji IpaHyJIMPOBAHUIO Ha YCTAHOBKE, CHA0KEHHOM JABYXIII-
HEKOBBIM 3KCTPYIEPOM.

['panynsaT nepepabaThiBaiy B TUCTOBbIE KOHCTPYKIIMOHHBIE TIOTJIOTUTENH C UCTIOIh30BaHUEM
TUTOBBIX TEXHOJOTHI (POPMHUpPOBAHMS M3AETHH M3 TepMOIIACTOB. [I1eHOYHbIE W TUCTOBBIE MOHO-
JUTHBIE MaTepuasbl GOPMUPOBATH METOJIAMH «TOPSIUEro» MPECCOBAHUS U JTUTHEM O] TaBICHUEM.

[Tapametpsl ocnadnenus (S) sneprun CBY-uznyueHus, MpoxXoAsIero yepes3 uccieayeMble
poOBI M 00pa3Ibl KOMIIO3UTOB, OLIEHUBANU PE(ICKTOMETPUYECKHM METOJIOM B JHMANa30He YacTOT
2-27 I'Tu npu HOpMaJIbHOM MAJIEHUU JIEKTPOMArHUTHOM BOJIHBI — B BOJHOBOAHBIX TPAaKTaX HU3Me-
puteneit (P2-50; P2-60; P2-61; P2-65; P2-66) KCBy u ocnabnenus. MeTtaboaudeckue mporecchl B
KJIETKaxX OLEHUBAIH CTAaHAAPTHBIM METOJI0M MHUKPOOHOJIOTHYECKOTO TECTUPOBAHUSI.

Pes3ynomamul uccinedosanuil u ux oocyycoenue

CrnoxxHoe CTpOoeHHE OMONOTUYECKUX KIIETOK, COCTOSIIUX U3 CIOUCTBHIX IUDIIEKTPUYECKHX
MeMOpaH, KIETOYHOU AJIEKTPOIIUTUICCKON CPENIbl, SYCUCTOTO Aapa, OOYCIOBIMBACT IUIJICKTpUYC-
ckue notepu >Heprun OMU u ee uHTepHEepEHIIMOHHOE pacCesHUE Ha TPaHUIAX MEMOpPaH U IPYTUX
CTPYKTYpPHBIX HEOJHOPOAHOCTSIX. He MeHee BaXHBIM (HaKTOpPOM H3OMPATETHHOTO BO3IEHCTBUS
CBUY-u3ny4eHus Ha UcCCleayeMble OMOOOBEKTHI SBISIETCS HATMYME B MEMOpaHaxX KIETOK M KyTHKY-
Jie paJuoTOIIIONIAIIEro BemecTBa — xutuHa. Crnenuduueckue CTpyKTypa, QU3MKO-XUMHUYECKHE
CBOMCTBA KyTHKYJIbI IIECTKOMPsAa U 3HAUUTENIbHAsI KOHLIEHTPAIMs B HEH XUTHHA (710 TIOJIOBUHBI CY-
XOro Beca) CO3Jal0T yCIOBUS MOIJIomeHus sHeprun OMU. DxcnepuMeHTanbHO yCTaHOBIEHO, YTO
Mpu B3auMoiecTBUU HeTersioBoro CBY-u3nydeHus u KJIETOK MUKPOOPTaHU3MOB Saccharomyces
cerevisiae MeTaOOJIM3M KJIETOK HE OKa3bIBACT BIMSHUS HAa CIIOCOOHOCTH 3THUX KIETOK K PaHOIO-
TJIOMICHUI0. JTO PaCcIIUPSET BO3MOXXHOCTH TPUMEHEHHUSI OMOTIOJUMEPOB B Ka4eCTBE KOMIIOHCHTOB
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OMD. IlokazaHa BO3MOXHOCTH HCIIOJIb30BAaHUS OMOMAacCchl M XHTHHA B KaueCTBE KOMIIOHEHTOB
OmopasinaraeMeIx paguomnoriomatonmx Matepuainos (PTIM) [2], [3].

3amuTa oT paguodacToTHIX OMMU ¢ ncnonb30BaHNEM METAUIMYECKUX IKPAHOB HE BO BCEX
ciyuasix sBisercs 3¢dexruBHoil. He ynaercs nzbexars qUPPaKIUOHHBIX U MHTEP(PEPEHIIMOHHBIX
saBieHU ipu 00aydennu. [ myOuna npornkaoBeHnss MU B BemecTBO (CKUH-3()(EKT) 3aBHCUT OT
NEKTPONPOBOJIHOCTH 3TOTO BELIECTBA U YaCTOTHI paguoBoiH. ONHAKO, MPOHUKASI B MPOBOJAIICE
BemectBo, OMU nuaynupyer B HeM TOku PyKO, KOTOPbIE MOTYT CTaTh MPUYMHON MOIIHBIX HaBO-
JIOK J1aKe B UICAJIbHO SKPAaHUPOBAHHBIX JIEKTPOHHBIX cXeMaxX. BUHO, 4TO U1 211€KTpOMarHuTHOM
3aIUTHI 1IEIECO00pa3HO MPUMEHITH DMD MOTIONIAIONIETrO TUTIA.

Cpenu mmpokoii HoMeHknaTypsl PIIM cBoro HuIly 3aHMMAarOT MaTrepuallbl Ha OCHOBE Ha-
TOJTHEHHBIX TEPMOIUIACTOB, B yacTHOCTH [1D [4]. OHM mpuBIEKAIOT TEXHOJOTHYHOCTHIO U MaJlOi
yIenbHOM Maccoll. M3roToBieHbl JUCTOBBIE M MPO(UIbHbIE MOHOJUTHBIE IIHMPOKOMOJIOCHBIE pa-
JMOTIOTJIOTUTENI Ha OCHOBE HATOJIHEHHBIX TEPMOIUIACTOB; COPMHUPOBAHBI PAIHONOTIIONIAIOIINE
CJIOUCTBIE TUIACTUKH, APMUPOBAHHBIE AIEKTPONPOBOAAIIMMYI TKaHIMHU, a TAK)KE IOJUMEPHBIE KOM-
no3utHeie PIIM, HamoJHEHHBIE BOJOKHAMHU WM cTekiochepamu. PesynbraTel pamnodu3maeckux
u3MepeHuil 171 HeKoTopbix 06pasuoB PIIM npezncrasiensl Ha pucyHke 1.
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Pucynok 1 — YactoTHble 3aBHCUMOCTH OciabyieHus (S) 3HEPTUu HOPMaJIbHO MajJjarolei MI0CKOH
AIIEKTPOMArHUTHOM BOJIHBI 11t 00pa3iioB PIIM tommuuo#i 3 MM

CocraB obpasznos: / — 13 + MM® (50% wmacc, d = 50...200 mxm); 2 — 1D + MM® (50%
Mmacc, d = 50...200 mxm) + crexnochepsr (10% mace, d = 200...500 mxm); 3 — 1D + MM® (50%
Macc, d = 50...200 mxm) + yrirepogHas Tkanb bycodur TP 3/2.

Takum 00pa3oM, B COBOKYNHOCTH CPEIICTB paHO3alluThl CBOIO HuUIlly 3aHuMmaioT PIIM u
OMD Ha OCHOBE HamoOJHEHHBIX TepMmorutacToB. PIIM sBistoTcst onHUM U3 3()()EKTUBHBIX CPEICTB
peteHus mpodJieM IIEKTPOMArHUTHON 0€301MacHOCTH M COBMECTUMOCTH PAHOAJIEKTPOHHBIX CHC-
TEM, a Tak)Ke MPHU3BaHbl 00ECIEUYUTh COBPEMEHHbIE TPEOOBAHUS ANEKTPOMATHUTHOW 3Kojoruu. B
MIPAKTUKE CO3JIaHUSI CPEACTB 3aIUTHI OT TEXHOTeHHBIX DMU MpUpOAHBII XUTHH, HAPSIY C IPYTH-
MU (DYHKIIMOHAIBHBIMHU HATIOJHUTEIIIMU, MOXKET OBITh HCIIOJIb30BaH KaK KOMITOHEHT KOMIIO3UITH-
oHHbIX PIIM.

XUTUH MUPOKO PACHPOCTPAHEH B MPHUPOJAE M 3aHMMAET CPelu OMOIOJIMMEPOB BTOPOE IO
3HAYEHUIO MECTO IOCJE IIeJUTION03bl. XUTUH SBIISIETCS CTPYKTYPHBIM MaTepUajoM 3K30CKeIeTa
YIEHUCTOHOTHX (HACEKOMBIX, paKOOOpa3HBIX U JIp.), MOJUIIOCKOB U psifia MOPCKUX OPraHU3MOB, He-
MaTo/Jl, COAEPKUTCS BO MHOTUX Tprubax. XUTUH IMpeAcTaBiseT co00il TMHEHHbIN monucaxapui, He-
pa3BETBICHHBIC IIEMH KOTOPOTO COCTOSAT M3 JIEMEHTAPHBIX 3BEHBEB 2-alleTOAMU0-2-1e30KcH-D-
TJTFOKO3bI, COCAMHEHHBIX 1,4-B TTTMKO3UIHBIMH CBSI3SIMH [5].

C noMoIpi0 ONTUYECKON MUKPOCKOIIUU HCCIIEI0BAaHbl CTPYKTYpa U pa3Mephbl 4aCTUI XUTH-
HOBOTO HamoJHUTENs. Ha pucyHke 2 mpeacTaBieHO MUKPOCKOIIMYECKOE M300paKEHUE YACTHI] XH-
THHA B BOJHOU cpesie. BumHa cioucTast CTpyKTypa XHTHHA, YTO YKa3bIBaeT Ha €ro CIIOCOOHOCTDH K
MJIEHKOOOPa30BaHMUIO.
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Pucynok 2 — ONTHKO-MHUKpPOCKONMYECKOE M300pakeHNE YaCTULl XUTHHA B BOJIE
(yBenmuuenue 320 kpar)

Ha pucynke 3 mpencraBieHbl U3MEpPEHHbIE PaTuOPU3NUECKIE XaPAKTEPUCTUKU XUTHUHCO-
JepIKaIIiX MaTeprasioB (TUICHOYHBIEC 00pa3Ibl TOJIIMHONH 1 MM M 00pa3ibl IPSIMOYTOJIEHOTO cede-
Hus 23 x 10 mm tonmuuoi 10—-14 MM), U3rOTOBICHHBIX METOAOM TEPMHUUYECKOTO TpeccoBaHus (P =
2 MIla, T =160 °C) u3 cmeceii mopomkoodbpasznoro 113 u xutuHa.

Huskue 3nauenus ocnabnenus sueprur DMU oOBACHAIOTCS Majol TOJIIWHON TUICHKH, HO
OHM cOM3MepHUMBI ¢ BenuuuHamu S 11 110 nneHok, coaepxkamumu B kadectBe HanosHutenss KK
(npu oguHakoBoM creneHu HanoiaHeHust 50% macc) [6]. B ominuune ot miieHok, HanodHeHHbIX KK,
rae ocnabnenne 3Heprurd OMU BbI3BaHO MAarHUTHBIMH M OMHYECKUMU MOTEPSIMHU, CBSI3AHHBIMU C
BBICOKMM 3HAa4Y€HHEM MarHUTHOW MPOHHUIIAEMOCTH HAMOJHUTEJNS, MOTEPU SHEPTUU B XUTHUHCOJIEP-
KAIUX TUIGHKaX HOCAT JUAJICKTpUYECKUd W mHTepdepeHmonnbii xapakrep [7]. C yBenndeHueMm
TOJIIIMHBI MaTeprayia 10 10 MM 3HaueHue ociiabIeHUsT BO3pACTaeT.

S, nb
3,0 -

.2

2,5 -
2,0 -
1,5 1

1,0 -

8 9 10 11 12 v, ITu

Pucynok 3 — YacToTHble 3aBUCUMOCTH ociiabiienus S snepruu OMU,
HOpMaJIbHO Ma/Ia0Iero Ha 00pa3Libl IMCTOBBIX IIeHOUHBIX CBY-nornorurenei

CoctaB 00pa3noB nucToBbIX MiIeHOUHbIX CBY-nornoruteneit: 19 + xutun (50% wmacc).
Tommuna obOpazua: / — 1 mm; 2 — 10 Mm.

3axknouenue

OCco00EHHOCTH CTPOCHHS XUTHHA M KOMIUJIEKC MPUCYIIMX €My CBOWCTB (OMOpa3inaraeMocThb,
paaroNOoTrIoNIAroNIasi, COPOLMOHHASI M CTPYKTYpOOOpa3yrolas criocOOHOCTH, CKIIOHHOCTh K BOJIOK-
HO- ¥ IUICHKOOOpPA30BaHUIO M Jp.) CO3JAIOT OJIaronpusiTHbIE MPEANOCBUIKH €ro MPaKTHYEeCKOro
MIPUJIOKEHUS B PA3NIMYHBIX O0JIACTAX TEXHUKH. B WacTHOCTH, XWUTUH MPEACTABISIET MHTEPEC KaK
HAIOJIHUTEJb MOJIMMEPHBIX KOMIIO3UTHBIX MaTepuaioB, noriomamux 3aepruo CBU-n3nyuenus.
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