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Annomayusa. PaccmoTpens! ruipodoOHbIe CBOIICTBA KOMIIO3UIIMOHHBIX MaTE€pHAaIoOB Ha OCHOBE MOJIMYpeTaHa C Ha-
MIOJIHUTEIISIMU U3 YIJIEPOIHBIX HAHOTPYOOK, OKCHIIOB XKeJjle3a U aroMuHMs. [IpesicTaBiensl JaHHbIe 0 CKOPOCTH KOPPO3HUHU
cramu Mapku Ct091"2C, moxpeITO# Cl10eM KOMITO3UTOB TOJIIMHOM 0,5 MM, B BOJHBIX PacTBOpax coJeil Xiopuna, cyibgara
n kapbonara Harpus. [lokazano, uro Hanbosee 3 HEeKTUBHBIM SBISETCS COCTAB, BKIFOYAIONINI TOJIUMED C HAITOJTHATEIEM
3 MenkoaucnepcHoro okcuma sxkenesza(lll). [IpuBeneHs! pe3ynsTaTsl SKCIEPUMEHTAIBHBIX UCCIICAOBAHUN 3aBHCUMOCTH
CIIEKTPOB IEKTPOMArHUTHOTO OTKJIMKA, @ HIMEHHO KO(Q(UIINEHTOB OTPaKEHHUS, IPOXOKACHNS U HOIIOIIEHHUS IIOCKUX
00pa3IoB aHAJIM3UPYEMBIX MarepuaioB. AHTUKOPPO3HOHHBIC CBOMCTBA MPEJIOKEHHBIX KOMIIO3UTOB TIPOBEPEHBI ITyTEM
CPaBHEHHUSI AJIEKTPOMArHUTHOTO OTKJIMKA OT CYXHX M MOTPY)KEHHBIX B BOJY 00pa3lOB ¢ IPUMEHEHHUEM METO/ia BpeMsi-
nMIyiabcHoO TeparepueBoii ciekrpockonuu (THz-TDS) B nuanasone wacror 0,1-1,6 TT'm Ha criekTpomeTpe peanbHOTo
Bpemenu T-SPEC-1000 (7eravil, JlutBa). YcTaHOBICHO, UTO 3HAYCHUS TUIICKTPIUYESCKOM IIPOHUIIAEMOCTH M TAHTEHCA YIIIa
JUIEKTPUUYECKUX TTOTEPH TTO3BOJISAIOT ONPENEIUTh TPAHMYHbIC YCIOBHSI, B KOTOPBIX TOJIMMEPHBIE KOMITO3UIIMOHHbIEC MaTe-
puaIbl MOXKHO 3(Q()EKTHBHO UCIIOIB30BATh B KAUECTBE AHTUKOPPO3UOHHBIX OKPHITHI HA METAJUINYECKOH TOBEPXHOCTH.

Kniouesvie cnoea: anTUKOPPO3MOHHAS 3AILIMTa; KOMITO3UTHL; OJIMYPETaH; OKCHJI JKEJe3a; OKCH/] aJIFOMHHUS; YIIICPOIHbIE
HaHOTPYOKH.
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Abstract. Hydrophobic properties of composite materials based on polyurethane with fillers of carbon nanotubes, iron
and aluminium oxides are considered. The data on the corrosion rate of St09G2S steel coated with a 0.5 mm thick layer of
composites in aqueous solutions of sodium chloride, sulfate and carbonate salts are presented. It is shown that the most ef-
fective is the composition including a polymer with a filler from finely dispersed iron(III) oxide. The results of experimental
studies of the dependence of electromagnetic response spectra, namely reflection, transmission and absorption coefficients of
flat material samples are presented. The anticorrosion properties of the proposed composites were tested by comparing the
electromagnetic response from dry and immersed in water samples using terahertz time-domain spectroscopy (THz-TDS)
in the frequency range of 0.1-1.6 THz on a real-time spectrometer T-SPEC-1000 (7eravil, Lithuania). It was found that
the values of dielectric permittivity and dissipation factor allow to determine the boundary conditions, in which polymer
composites can be effectively used as anticorrosion coatings on metal surfaces.

Keywords: corrosion protection; composites; polyurethane; iron oxide; aluminium oxide; carbon nanotubes.

BBenenue

[IpombIiieHHOE 000pYAOBaHUE U TPAHCTIOPTHBIE CPENICTBA, pA0OTAIOIINE B arPECCUBHBIX CpejiaX, TPeOyoT
HAJEKHOW M JONTOBPEMEHHOM 3amuThl [ 1-3]. AHTUKOPPO3HOHHBIE MTOKPHITHS AOJKHBI OBITh OTHOCHTEIHHO
TOHKUMH, JETKUMU U Hegoporumu [4; 5].

brarogapst BRICOKMM BiIaro-, abpa3suBo- ¥ MOPO30CTOMKOCTH, a TaK)Ke XHMHICCKOM CTOHKOCTH HHTEpPEC
MIPEJCTABIISAIOT OKPBITHS HA OCHOBE MOJIMYPETAaHOB, HAXOASIIUE TPUMEHEHNE B Pa3IMYHBIX OTPACIIAX Mpo-
MBIIUIEHHOCTH I aHTUKOPPO3MOHHOM 3aITUTHI 000PYIOBaHUS He(PTEra30XMMUIECKOTO KOMILIEKCa, KEIe3HO-
JIOPO’KHBIX KOHTEHHEPOB, TAHKEPHOTO (rioTa U T. 1. [6—8]. Takue mOKpHITHS HEBOCTIPUUMYHUBHI K TIOPAKCHIIO
MUKpPOOpPraHU3MaMHM U HE MOJIBEPKEHBI Pa3pyLICHHIO MO AEHCTBUEM CONHEUHBIX JTydei [9].

Crnemyetr OTMETUTH, YTO COCTABIISIONINE KOMIIOHEHTHI MMOJIMYPETAHOBONH MATPHIIBI JIETKO TOAJAIOTCS XH-
MHUYECKOW M (pr3nyecKoil MOOU(HUKALINN B OTHOCUTEIBHO MATKUX YCIOBHUSIX, 3TO MO3BOJISCT PETYIUPOBAThH
(PM3UKO-XMMHYECKUE U IKCIUTyaTallMOHHBIE CBOWCTBA KOHeUHOTO mpoaykTa [10]. 3BecTHO, 4TO M301IMaHaTHI
00JIaIat0T YHUKAJIBLHON PEAaKIIMOHHON CIIOCOOHOCTRIO 110 Pa3HbIM XMUMUYECKUM CBs3siM. JlaHHas crieruduka
OCHOBHOTO MOHOMEpa OIIpeeNisieT Pa3Ho00pa3ue XUMHUIECKIX CBSI3eH B IIETSIX M XUMUYECKHUX TIPeBpaIleHui
MOJIMYPETaHOB. DTO aeT BO3MOXXHOCTB ITOJTy4aTh MaTe€pralbl C CAMBIMHU Pa3HBIMU CBOWCTBAMH B PAMKaX OTHOTO
KJacca monuMepoB. OHHU € yCIIEXOM NPUMEHSIIOTCS B TOM YHCIIE B KaueCTBE THAPOGOOHBIX M aHTUKOPPO3UOHHBIX
COCTaBOB ISl 3AIIUTHI MOBEPXHOCTH METAJUIMYECKUX M3ENNH OT (PAaKTOpOB OKpYKarolien cpezu,l1 [11;12].
[To sT0¥ MpUUMHE UCClieNOBaHMs B JaHHOM 00IaCTH SBISIOTCS aKTyaJIbHBIMU M MHOTOOOCIIAIOIIMMH KaK B TEO-
PETHYECKOM, TaK M B TPAKTHYECKOM aCIICKTE.

Lens paboThl 3aKiIrodaeTcss B OMUCAHUHM METOAA MOJy4YeHHUs] KOMIIO3UTOB Ha OCHOBE MOJIMYpPETaHa C J0-
0aBJICHMEM HEOPraHWYECKUX HATIOJIHUTEJICH Pa3IMuHON MPUPOABI M U3yUCHHS UX TUAPOGOOHBIX U aHTHKOP-
PO3HOHHBIX CBOMCTB.

MarepuaJbl 1 METOABI HCCJIETOBAHUS

B kxauecTBe momuMepHO KOMIO3UIMH IPUMEHSIACH OHOKOMIIOHEHTHAsI CMECh IOJINYPETaHa, IOy IeH-
Hasl [IoJMMepU3aLuell n3ouuaHara 1 IoJIKuojIa, OTBEp kK 1aeMast 10/ AeHCTBUEM BJIard OKPY>KaIOIIEro Bo3ayXa.
OtnenbHBIC XapaKTEPUCTHKH MTOJIMyPETaHa MpUBEICHBI B Ta0I. 1.

Tuxauée B. A. Kopposus n 3amura metamios : yaeb.-meron. nmocodue. Kupos : Barl'V, 2017. 97 c. ; Ilycmos FO. A. Koppo3us
1 3aIUTa MEeTaoB : yued. nocodue. M. : Uzn. nom HUTY «MUCuC», 2020. 216 c.
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Tab6auna 1
OTHeﬂbele XAPAKTEePUCTUKHU MOJIMypeTaHa
Table 1
Selected characteristics of polyurethane
ITapamerpst 3HaueHHe
[TnotHocTh mpu 25 °C, r/em’ 1,30 £ 0,02
CKOpOCTb OTBEPIKJICHUS, MM/CYT 2,5
Bpewms popmupoBanus mienku mpu 25 °C, MuH 90

B kadecTBe HamosHuTENENH MOMMMEPHON MaTpUIbI HCoab30Basn okcny kenesza(lll), MmenkonucnepcHsIi
MTOPOLIOK OKCHJIA ANIOMUHHSA, YIIEPOJHbIe HAHOTPYOKH. [IONMOTHUTENFHO BBOIMIIM THIPOKCH] MarHusi B Ka-
YECTBE aHTUMHpPEHA. M3BECTHO, YTO pa3iokeHUE TMIPOKCHAA MarHus Ha OKCHJ MarHus U BOJIy HauMHaeTCs
npu Temneparype 300-320 °C. JlanHsblii mporecc CONpoBOKAAETCS BBIICICHHEM OOIBIIOT0 KOJINYeCcTBa KPHC-
Tannu3annonHoi Biaru (31 mac. %), 4To cocoOCTBYET MOBBILIICHUIO OTHECTOMKOCTH KoMmio3uTa. Kpome Toro,
THJIPOKCH] MarHus MO3BOJISIET YIyUIIMTh SKCIUTyaTalluOHHbIE CBOMCTBA, TAKKME KaK yAapOIIPOYHOCTh, Ta30IpPo-
HULIAeMOCTh u Ap. [13].

[IpuroroBneHre KOMIIO3UTOB OCYIIECTBIISUIN ITyTEM CMEIIMBAHUS MOJIMypeTaHa ¥ HAITOJHUTENEH, B3AThIX
B MacCOBBIX COOTHOLICHUSIX, YKa3aHHBIX B Ta0M. 2.

Tabonuma 2
CocTaB 1 Macca KOMIIOHEHTOB KOMIO3HTOB
Table 2
Composition and mass of composite components
Macca KOMIIOHCHTOB, I'
Cocras KOMIOHEHTOB Cocras | Cocras | Cocras | Cocras
No 1 Ne2 Ne 3 Ne 4
[Tonuyperan 4.5 4.5 4,5 4.5
Oxcun xenesa (Fe,05) — 1,9 - -
VYriepoaHsie HAHOTPYOKH - — 1,9 -
MenkoaucnepcHsli MOPOIIOK OKCHIA ATFOMUHHUS - - - 1,9
I'mpopoxcna MarHus - 0,2 0,2 0,2

CMemmBaHHEe MOJTUMEPHON MaTPHUIBl U HEOPTraHWYECKUX HAMOJTHUTENEH MPOBOANIM JI0 IMOJIY4YEHHUS OJJHO-
ponHoit Maccsl. [IpuroToBieHHbIE COCTaBbl HAHOCWIIM Ha cTalbHbIE 1acTUHBI Mapku CT091"2C ToHKNM ciioem
TommuHOM 0,5 MM M UCHBITBIBAJIN HA KOPPO3HOHHYIO CTOMKOCTB. [[JIsl ATOTO JBE METaNIN4YEeCKHE TIAaCTUHBI
C HAaHECEHHBIM 3alllUTHBIM CJIOEM KOMIIO3UTA IIOMEIIAIN B XUMUYECKHE CTAaKaHbl, HAIIOJIHEHHBIE PACTBOPAMHU
XJIOpHU1A, Cyab(ara u KapOoHaTa HaTpUs ¢ KOHIEHTpaLuen 3 Mac. %, 1 BBLACPKUBAIIN B KAXKIOM U3 PACTBOPOB
30; 60; 180; 1440 u 4320 muH. 3aTeM MIACTUHBI BHIHUMAIN U3 PACTBOPA U OCTABJISUIM HA BO3AYXE B TCUCHUE
1 4, oCITe Yero BHICYNIMBAIM HX B CyIIHIbHOM mkady mpu Temmeparype (60 + 2) °C Ha npotskenun 1 u”,

J111st OLleHKH KOPPO3HOHHOM CTOMKOCTH 00pa30B IPUMEHSUIIM METOJ BEIYUCIICHHS CIIEKTPOB KOMILIEKCHON
JUBIICKTPUYCCKON MPOHUIIAEMOCTH ¢ ucnonb3oBanueM criekrpomerpa CTI-21 (OAO «K/I1», Poccust) B nua-
nazone yactoT 120-260 I'T' [14], renepaTop KOTOPOTo MOCTPOCH Ha J1aMIie oOpaTHoO BonHBL. B padote us-
MepsUICS 3IEKTPOMAarHUTHBIN OTKITMK IUIOCKUX 00pa3loB NONINYpeTaHa U TPeX KOMIO3UIMOHHBIX MaTepHAalOB
C HallOJIHUTEISIMH, TIEPEYUCICHHBIMU B TA0MI. 2.

Jast orieHKH rApohOOHOCTH HCXOIMIIH U3 MPEITTOIOKEHHUS, YTO TIPH BIIUTHIBAHUY BJIarH H3MEHHUTCSI KO-
[UEHT OTPayKeHUsI OT 0OpasLia 3a CYeT U3MEHEHUS INDJIEKTPUUECKOM MPOHUIIaeMoCTH. Pe3ynbrarsl, HoTydeHHbIe
JUISL CyXOT'O ¥ BBIJIEPKaHHOTO B IMCTHITUPOBAHHON BOJIE HA MPOTSHKEHUH 3 4 00pa31ioB, MOKA3bIBAIOT CIIOCO0-
HOCTb MaTepHaJIOB MOMIOIIATh BOAY. M3MepeHre 21eKTpoMarHuTHOTO OTKJIMKA MPON3BEEHO Ha IHMPOKOIOIO0C-
Ho# yctanoBke T-SPEC-1000 (7eravil, Jluta), peaausyromieil MeTo BpeMIUMITYIbCHOM crieKTpockonuu [15].
TeparepueBblii AMaNa30H XOPOILO 3aPEKOMEHI0BAJ ce0s AJISl HCCIIEA0BAHUS TOHKHX 00pa3moB [16; 17].

2LOCT 9.908-85. Exunas cHCTEMa 3aIUTEI OT KOPPO3HH U CTapeHus. MeTauibl U CILIaBbl. MeTonbl onpeneneHys nokasaresiei
KOPPO3HH U KOPPO3HOHHOM cToiikocTu. Beea. 01.01.1987. M. : U3n-Bo cranaaprtos, 1999. 17 c.
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Pe3y.111,TaT1,1 H UX oﬁcymlle}me

Kak cienyer u3 pe3ynbTaTroB SKCIEPUMEHTOB Ha IIOBEPXHOCTH KOMIIO3UTA B COJIEBBIX PACTBOPAx, B TEUCHUE
24 4 ge HaOmMOaeTCsl BUAMMBIX M3MEHEHUH. Hapyenne 3aimnTHOTo ciost 00HapyKUBaeTCsl ISl BCEX HCCIIe-
JyEMBIX COCTAaBOB TOJIBKO depe3 3 CYT BBIIEP)KKH B arpeccUBHBIX cpenax. Ha puc. 1 Ha mpuMepe kommno3ura
¢ HanosnHuTeneM Fe,O noka3aHbl N3MEHEHUS IOBEPXHOCTHU 3aILUTHOTO CJIOS.

Puc. 1. dotorpaduu BHIOB KOPPO3UOHHBIX TOBPEKICHHUN MTOBEPXHOCTH 3aLIUTHOTO CIIOSI
Ha OCHOBe noimypeTana u okcuja xxenesa(lll) ¢ mobaBkoit rumpokcuaa MarHus
ocyie BBIICPKKH B PaCTBOPE XJIOPHUIA HATPHSL:

a — B TeueHue 1 4; 6 — B TeueHue 3 ¢yt (yBenuueHue x40)

Fig. 1. Photos of corrosion damage types on the surface of the protective layer based
on polyurethane and iron(III) oxide with the addition of magnesium hydroxide
after exposure in sodium chloride solution:

a —for 1 h; b — for 3 days (magnification x40)

KonmaecTBeHHBIN TOKa3aTeNbh CKOPOCTA KOPPO3UH 3AIMUTHOTO CIIOSI pACCUUTHIBAIA 110 (hopMmyrie

Am
K==
St
rae K — CKopocTh HOTEPU MacChl HA €IMHHUILY IUTOIIAIM 00pa31a 3a €AUHHILY BPEMEHH, r/M” - 4} Am — H3MeHEHHe
2
Macchl 00pasua, T; ¢ — Bpems, 9; S — IUIOMaAb OBEPXHOCTH 00pasLa, M.
Pesynbrarsl MCTIBITaHUM TPUBEICHBI B Ta0M. 3.

b

Tabnuma 3
Pe3ynbTaThl N13MeHeHHsI CpelHeil Macchl TPeX MapaJieJbHbIX 00pa3ioB
H pacyeTHbIE 3HAYEHHSI CKOPOCTH KOPPO3HH KOMIIO3MTA HA mMpuMepe cocTaBa Ne 2
B BOIHBIX PACTBOPaxX KapOoHaTa, cyab(aTa u XJI0PHIa HATPUS
Table 3

Results of change in the average mass of three parallel samples and calculated data
on the corrosion rate of the composite on the example of composition No. 2
in aqueous solutions of sodium carbonate, sulfate and chloride

3HaueHue
ITapameTpsi IIpu o6pabdotke pactBopom | [Ipu 06paboTke pactBopom | Ilpu 0OpaboTKe pacTBOpOM
kapOoHaTa HaTpusI cynbara HaTpHL XJIOpH/IA HATPHS
Cpennee 3Hauenue Am*, v 0,0021 0,0024 0,003 1
Cpennee 3HaueHue S, M’ 0,01811 0,01813 0,01813
CKOPOCTH KOPPO3HH, T/M” - 1 0,004 8 0,0055 0,007 1

*Pa3HOCTH Macchl 06pa3L[013 KomTo3uTa coctaBa Ne 2 10 u mociie O6pa6OTKI/I COJICBBIMHU paCTBOpPaMu B TCUCHUE 24 4,

Kax cnemyer u3 Tabn. 3, Hambosee arpeccuBHOU cpemoit mis cramu Mapku Ct0912C sBnseTcss BOTHBIN
pacTBOp xyopuaa Harpus. Tak Kak CKOpOoCTh Koppo3uu ctaid B 0,5 H. pacTBOpE XJIOPHIa HATPUS COCTABISET
B cpenHeM 3,0 r/M* - 4 [11], MOXHO CYHTATh, YTO npejyiaraeMasi KOMIO3HIIUS 00J1a1aeT BRICOKMMH aHTUKOPPO-
3HOHHBIMH CBOMcTBaMH. COIIaCHO pe3ysibTaTaM U3MEPEHUSI CKOPOCTU KOPPO3UH B COJIEBBIX PACTBOPAX OCTaIb-
HBIE COCTABHI (CM. Ta0JI. 2) UMEIOT ONM3KHE 3HAYCHUS TAaHHOTO TI0KA3aTelsl, HO Hanbosee 23 QEeKTUBHEBIM SIBIIICTCS
coctaB Ne 2, coneprkaniuii B kauecTBe HarmomHuTens okeny sxeneza(lll) (cm. Tadm. 2).
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Ha puc. 2 npuBeieHbI pe3ynbTaThl 3KCIIEPUMEHTATBHBIX HCCIIEIOBAHUN 3aBUCHMOCTH CIIEKTPOB 3JIEKTpOMAr-
HUTHOTO OTKJIMKA: KOAQ(QHUIIUEHTOB ITPOXOKICHUSI, OTPAKEHHUS U TIONIIONICHHUSI TUIOCKMX 00pa3I0B MATEPHUAIIOB,
MIPEJCTaBICHHBIX B TA0M. 2.

ala o/b
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Puc. 2. CrieKTpbl 2JIESKTPOMarHUTHOTO OTKJIMKA 00pa3IoB MaTepHaoB
cocrapa Ne 1 Tormmuso# d = 0,3 MM (@), coctaBa Ne 2 tommmHo# d = 0,73 MM (6),
coctaBa Ne 3 ronmmuoit d = 0,47 MM (8) u coctaBa Ne 4 Tonmunoi d = 0,76 MM (2)

Fig. 2. Electromagnetic response spectra of samples of materials
of composition No. 1 with a thickness d = 0.3 mm (@), composition No. 2 with a thickness d = 0.73 mm (b),
composition No. 3 with a thickness d = 0.47 mm (c¢) and composition No. 4 with a thickness d = 0.76 mm (d)

OTH pe3yibTaThl HCIOIb30BAHBI JJIsl pacdyeTa CIIEKTPOB KOMIUIEKCHON AMAIEKTPUYECKON MPOHUIIAEMOCTH
coctaBoB Ne 1-4 (cm. Tali. 2) B TNIOCKOBOJIHOBOM NMPHOIMKEHHUH, T. €. JJISl CIydas HOPMaJbHOTO MaeHUs
JJIEKTPOMArHUTHON BOJHBI Ha MIIOCKUI oOpasen (puc. 3). PacyeT mpownsBeneH ¢ MOMOIIBI0 TPOTPAaMMHOTO
oOecrieueHust, pazpaboraHHoro pupMmon-nponssoaureneM cuekrpockona CT/A-21.

JlobaBeHne MarHuTOANAIIEKTpUYIecKoro nopouka Fe,O, mpuBeno k HEKOTOPOMY POCTY BETMUMH KOMILIEKC-
HOH JMAJIEKTPUYECKON MPOHULIAEMOCTH (CM. pHC. 3, 6). ITO MOXKET OBITH CBSI3aHO C OTHOCHTEIBHO HEOOIBIIOHN
KOHIIEHTpALUEH OPOIIKa, a TAKXKE BEICOKOW YaCTOTON NIEKTPOMArHUTHOTO U3JIyUCHHUS1, Ha KOTOPOI MarHUTHbIE
CBOWMCTBA JJAaHHOTO MaTepHaia He MPOSIBISIOTCA.

BBeznenue B monmyperaH mopouika ¢ OOJNBILION 3IEKTPONPOBOAMMOCTBIO (YIIIEpOJHbIE HAHOTPYOKH) 3HA-
YUTEJIBHO MOBJIMSIIO Ha CHEKTPhI AUNIEKTPUUECKON IIPOHUIIAEMOCTH, OCOOCHHO JJI1 MHUMOH COCTaBIIAIOIIEH
(cMm. puc. 3, 6). 3ameTHOE MaZieHue BEINYMH ACHCTBUTENBHOW U MHUMON COCTABISIOUIMX C POCTOM YaCTOTHI
XapaKTEepHO Ul MaTepUaIOB, HMEIOLIHNX 3JIEKTPOIPOBOAUMOCTD 110 METAJIUIUYECKOMY THILY.

O06pas3err ¢ 100aBICHUEM MEJIKOAUCIICPCHOTO TIOPOIIIKA OKCH/IA A TFOMUHHS OTJIMYACTCsl HANOOJIBIIUMH 3HA-
YEHUSIMH KOMITJICKCHON JMAJICKTPUYECKON MPOHULIAEMOCTH M 00J1aJaeT OTHOCHUTENILHO HEBBICOKOW CKBO3HOM
AIEKTPOIIPOBOANMOCTBIO (CM. pHC. 3, 2).
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Puc. 3. CieKTpbl KOMIUICKCHON AUAICKTPUUECKOI MPOHUIIAEMOCTU
Marepuanos coctaBa Ne 1 (a), cocraa Ne 2 (6), coctaBa Ne 3 (8) u coctaBa Ne 4 (2)

Fig. 3. Spectra of the complex dielectric permittivity
of materials of composition No. 1 (a), composition No. 2 (b), composition No. 3 (c¢) and composition No. 4 (d)

AHTUKOPPO3HOHHBIE CBOMCTBA Pa3padOTaHHBIX MaTEPUAIOB IPOBEPSUINCH IyTEM CPABHEHUSI IIEKTPOMArHUT-
HOTO OTKJIMKA OT CyXUX ¥ HaXOJMBIIKMXCS B BoJic 00pa3uoB. [Ipy BHIMOTHEHNH 3TOTO SKCIIEPUMEHTa 00pa3Iibl
MOMEILAINCH B AUCTHIUIMPOBaHHYIO BoLy Ha 3 4. [Tociie u3BneueHus u3 BObI C IOBEPXHOCTH 00pa3La yaas-
JIMCh KaIUTM BJIATd, U OH cpasy k€ pa3MeIlacs B HOATOTOBICHHON U3MepUTeNnbHOH stuelike. [IpoHnkHOBEHNE
BOJIBI B CJIOM 00pa3ua JOJHKHO MPUBECTH K YBEIMUYECHHUIO €ro TOIIIUHBI (3P ekt HaOyxaHus) U AUdIEKTpUYe-
CKOH IPOHUIIAEMOCTH, YTO BBI3BIBACT OOJIeE PE3KHI CKauOK BOJHOBOTO COMPOTUBIICHHS U MIPUBOIUT K POCTY
ko3 durnenta orpaxxkenus (puc. 4). IsmMepeHus B HEIPEPHIBHOM H3IYICHUH, TPUMEHSIEMOM B CIIEKTPOMETPE
CTH-21, TpebytoT Jo0CTaToqHO OOJIBIIOrO BPEMEHH, 32 KOTOpOe 00pasel] MOXKeT BEICOXHYTh. 110 3Toi npuunHe
JUIsl CPaBHEHHMS DJIEKTPOMATHUTHOTO OTKIIMKA MCIIOIB30BAJICS METOJ BPEMSUMITYJILCHOM TeparepleBoi criek-
Tpockonu (terahertz time-domain spectroscopy, THz-TDS) B nuanazone yactot 0,1-1,6 TI'i1 Ha criekTpomeTpe
peansHoTO Bpemenu T-SPEC-1000.

3HaUNMBIX U3MEHEHHMH B TpaduKax CyXUX M HaXOIMBIIMXCS B BOjE 0Opas3loB HE HAOIIOAAETCs, YTO MO~
TBEPIKAAET X YCTONUMBOCTh K BO3JICHCTBHUIO BIIAaru U BHICOKHE FHIPOPOOHbBIE CBOMCTBA HCXOAHON MaTpPHUIIBI
MOJMypeTaHa 1 KOMIIO3UTA Ha ero OCHOBE.

W3BecTHO, 9TO MOJIEKYIIIpHAS Macca oIy peTaHoB cocTapisieT B cpenreM 10 000—12 000 ex., a ux cTpykTypa
uMeeT 1100 MOoOYISIpHYI0, TM00 TUHEHHYT0 (GOpMY B 3aBHCUMOCTH OT CHJI MEKMOJICKYJISIPHOTO B3aUMOJCHCTBUS
MEK/1y OTIEIbHBIME MaKpOMOJIEKyllaMu. B moboM cirydae 00pa3yroTcest accoluarsl, KOTOpbIe MOYKHO TPaKTOBATh
KaK OTJIeJIbHBIC C1a00 MM CHIILHO CBSI3aHHBIE MEXY cO00 (pakTanbHbIe KoJeOaTeIbHbIC MOJIbI, CIIOCOOHBIE
pearupoBaTh Ha BHEIIHEE YaCTOTHOE M3JIyueHHE. Torna Hanu4due HeCKOJIBKUX MaKCUMYMOB KO3()(UIIMEHTOB
MOIVIOIICHHS B MCXOAHOM MaTpHlle MOJINypeTaHa U KOMIIO3UTE Ha €T0 OCHOBE MOYXHO MHTEPIIPETUPOBATh KaK
MPOSIBIICHNE JIOKAJTM30BAaHHBIX JIMOPALIMOHHBIX BO30YKICHHH.
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Puc. 4. KoahdurmeHTs! 0TpakeHUs IIOBEPXHOCTH UCXOIHON ITOJINYPETAaHOBOHU IIICHKH
U TJIEHKH, HaXOMBIIeiics B IUCTUININPOBAaHHON BOJIE B TeueHue 3 u,
qunst coctaBa Ne 1 (a), cocraBa Ne 2 (6), coctaBa Ne 3 (6) u cocraBa Ne 4 (e)

Fig. 4. Reflection coefficients of the initial polyurethane film surface
and the film, which was in distilled water for 3 h, for composition No. 1 (a),
composition No. 2 (), composition No. 3 (¢) and composition No. 4 (d)

3HaYCHUS TUAIICKTPUICCKON MPOHUIIAEMOCTH U TAHT€HCA yTIIa TUANIEKTPUYECKUX MMOTEPh MO3BOJISIOT OIpe-
JICJIUTh TPAHUYHBIC YCIIOBUS, B KOTOPBIX MOXHO 3()()EKTUBHO MPUMEHSTh TOJIMMEPHBIC KOMITO3UITHOHHBIC Ma-
TepHabl.

3akaroueHune

Pesynbrare! uccaeqoBaHuid IOKA3aIH, YTO IPEIOKEHHBIE COCTAaBbl HA OCHOBE MTOJMMEPHOM MaTpHIIBI MO-
JMypeTaHa ¢ HaroJHUTENIIMHU U3 okcuaa xene3a(lll), menkoaucepcHOro MopoIKa OKCHia aTFOMUHUS HITH
YIJIIEPOTHBIX HAHOTPYOOK SBIIIOTCS THIPO(DOOHBIMI M MOTYT HICTIONB30BATHCS B KaueCTBE AP EKTHBHBIX aHTH-
KOPPO3UOHHBIX MOKPBITUI Ha nmoBepxHocTu cTanu Mapku Ct0912C. IIpu cpaBHUTEIBLHOM aHAIU3€ 3aBUCH-
MOCTH CKOPOCTH KOPPO3HH 3aLIMTHBIX TIOKPBITHH B COJIEBBIX PACTBOPAX OT MPHUPOJBI BBEICHHOH B MaTpHILy
noJMypeTaHa XMMUYeCKor J100aBKku oTMeueHo, uyTo okcun skene3a(lll) mposiBnsier Hanbonee a3 peKTuBHBIC
3alUTHBIE CBOMCTBA.

MeTonoM H3MepEHUs AEKTPOMarHUTHOTO OTKJIMKA B TEPArepLieBOM IHana3oHe IpoBeeHa OLleHKa THAPogo0-
HOCTH ¥ KOPPO3UOHHOH CTOWKOCTH TOHKOCIOHHBIX 3aIIUTHBIX MOKPHITHH. 711 KOMITIO3UTOB C HATIOJIHUTEJIEM U3
YIJIEPONHBIX HAHOTPYOOK 0OHAPY)KEHO 3aMETHOE T1a/ICHHE BEJIMUUH JISHCTBUTEILHON 1 MHIMOM COCTABIISIFOLITHX
C POCTOM HacTOThI, YTO XapaKTEPHO U1 MAT€PHAIOB, UIMEIOLINX IEKTPOIPOBOIMMOCTD [0 METAJUTMYECKOMY THILY.
Beenenne MarHuToquANIEKTpHYeCKoOro nopomuka Fe,O; mpuBoaUT K HEOOIBLIOMY POCTY BETMYMH KOMILIEKCHOM
JUAJIEKTPUUECKON MpoHuLaeMocT. O0pasipl ¢ 100aBICHHEM MEJIKOANCIIEPCHOTO MOPOLIKa OKCUIA aIOMU-
HUS UIMEIOT HanOOIbIIe 3HAYECHHsT KOMIUIEKCHON TUAIEKTPHUYECKON MMPOHUIIAEMOCTH U OTHOCHTEIILHO HEBBICO-
KYI0 CKBO3HYIO AJICKTPOIPOBOANMOCTD. [oka3aHo, 4To Ha OCHOBE PE3yJIbTaTOB H3MEPEHUS DIICKTPOPHU3NICCKUX
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BEJIMYMH B TEPAreplieBOM JHana3zoHe MOXKHO IIeJICHANPaBICHHO OCYIIECTBISTh BLIOOP COCTABOB M TPOTHO-
3UPOBaTh TPAHUYHBIC YCIOBUS dPPEKTUBHON MPUMEHUMOCTH MOJUMEPHBIX KOMITIO3UIIMOHHBIX MaTepPHaIOB.

BrIcka3aHo MpeAronoKeHnue 0 TOM, YTO HATMIHe HECKOJIBKUX MaKCUMYMOB KOO (QHUIIMEHTOB MMOTTIONICHUS
B ITOJIMYPETAHOBBIX KOMITIO3UTaX MOKHO HHTEPIIPETUPOBATH KaK MPOSBIICHHE JTOKAIN30BaHHBIX THOPAIIHOHHBIX
BO30YXXJICHUI B IMOJUMEPHON MaTpHIie, 00yCIOBICHHBIX 00pa30BaHUEM MPOCTPAHCTBEHHBIX KOH(PUTYpaIUii
U, KaK cleicTBUE, POPMUPOBAHUEM (PPAKTAIBLHBIX KOJIEOATEIHLHBIX MOJI, CIIOCOOHBIX PearupoBaTh Ha BHEIIHEE
JaCTOTHOE U3ITy4eHHUE.
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Bnaoumup Heanosuu Cycnsnee — KaHIMIAT (PU3HKO-MaTEeMa-
THYECKHX HayK, IOIEHT; JOIEHT Ka(eapbl paaroICKTPOHNKI
paarodusnueckoro paxysabTera.

Bnaoucnae Anexcanoposuu /lebenog — accucteHT Kadeapb
ABTOMOOMJIBHOTO TPAHCIIOPTA U EKTPOTEXHUKH MEXaHUKO-
TEXHOJIOTUYECKOTO (haKybTeTa.

HOpuii Anekceeeuu Biacoe — 1OKTOp TEXHUUECKUX HAYK, TPO-
(eccop; AekaH MEXaHUKO-TEXHOJIOTHUECKOTO (haKyIbTeTa.
Hamanva Hukonaesna /ledenosa — xanauiaT TEXHUICCKUX
HayK; JTOUEHT Kadeapbl SKOHOMHKH, OpraHU3alny, yIpaBie-
HUSI CTPOUTEIBCTBOM U KHUJIHUIIHO-KOMMYHAIIBHBIM KOMILIEK-
com MHCTHTYTa KafgacTpa, 3KOHOMUKH M WHKEHEPHBIX CUCTEM
B CTPOHTEIIHCTBE.

Kupunn Banepvesuu /loporckun — Minauii HayqYHbIH COTPY/I-
HHK J1a00paToOpHH TeparepleBbIX NCCIIEI0BaHUI.

Anexcandp Bnaoumuposuu badvun — xanaunar Gpu3nko-mare-
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