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Determination of the adsorption characteristics of zinc oxide and shungite with respect to benzene vapor
adsorption was carried out by the BET method. The specific surface area was calculated, the curves of pore
volumes distribution according to their size were constructed. The possibility of using shungite as an activator of
sulfur vulcanization of butadiene-nitrile rubbers was shown.
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n posedeHo onpedenieHue adcopbUUOHHbLIX XapakmepucmuKk okcuda YuHka u wyHauma rno adcopbyuu

BBenenue IMHKa TP COXPAaHEHHH CBOMCTB COOTBETCT-
Byromux wu3genuii. OCHOBHIBAasCh Ha IPEICTaB-
neHusix 00 ajcoOpOIMOHHBIX M XEMOCOPOIIMOHHBIX
CBOMCTBax OKcHIa IIMHKA, B padoTe ObLI
onpoboBaH myHruT [6]. Ilpm 3TOM, KayecTBEHHO,
ObUIO TOKa3aHO [7], 4YTO WIYHTHUT CIOCOOEH
aJcopOnpoBaTh cepy U3 TOIYOJIBHBIX €€ PACTBOPOB.

AKTHBATOpHl BYJIKAHU3AIWW SIBISIOTCS OJHUM
W3 BRXKHEUNINX KOMIIOHCHTOB PE3MHOBOH CMECH,
[JIABHBIM 00pa3oM B CEPHBIX BYJIKAHU3YIOIIUX
cucteMax. B ux mpucytcTBUu (opmupyercs Ooliee
IIJIOTHASI U COBEPIIICHHAS CETKA BYJIKaHU3AIIMOHHBIX
cBsa3eil. OCHOBHBIM aKTUBATOPOM B 3THX CHUCTEMaX,
IMIUPOKO HCIIONB3yeMBbIM B HACTOSIIEE BpEMS, O0beKTBI H METOIbI HCCIeT0BAHMS
SIBJISIETCSI OKCHJT IIMHKa. [1o BommpocaM MexaHU3Ma u
pOJI aKTHBATOPOB MMEETCSl OOJIBIIOE KOJIMYECTBO
myOJvKaIMiA, 4acTh W3 KOTOPHIX paccMOTpeHa B
o030ope IlepmneBa B.A. [1, 2], oHH MOCBSIIEHBI
aJICOPOIIMOHHBIM U XEMOCOPOIIMOHHBIM CBOWCTBAM
OKCHJa IIMHKAa M HEKOTOPBIX JIPYTUX OKCHIIOB
MetamuioB. B psame paGor [3, 4] momHuMaetcs
BOIIPOC 3aMEHBI OKCHJIa IIMHKA W3-32 HAKOTLICHUS
OTXOJ/IOB DPE3WHOBBIX M3ACTUN M TMPOHUKHOBEHHS
[IMHKOBBIX COCAMHEHHUHA B OKPYXKAIOIIYIO CPEIy W,
KaK BO3MOXHOE CJICJICTBUE, B OPTaHMU3M 4YEJIOBEKA.
DTO CBSI3aHO C TeM, YTO B IpoIlecce MPOU3BOJCTBRA,
TPU WCIIOJIH30BAHUU PE3WHOBBIX HW3MEINH W TPO-
mecce WX YTUIM3AIUU TPOUCXOJUT HAKOTUICHUE
COEIMHEHUI IMHKA B OKpy:Xatomier cpene. OqHako
IOKa HEe HaWIeHO croco0a IMOJHOM 3aMEHBI OKCHIA

Tab6ymna 1. Penentypbl pe3WHOBBIX cMecel Ha OCHOBE OyTaIMCH-HUTPIIILHOTO KaydyKa

B pabGore w3yyamu BIHWSHUE IIYyHIWTAa, Kak
aKTHBaTOpa Ipoliecca 0Opa3oBaHMUA TPEXMEPHBIX
CeTYATHIX CTPYKTYp Ha CBOMCTBA BYJIKAHHU3aTOB Ha
OCHOBE OyTaaNCH-HUTPUIFHBIX KaydyKoB. B cBs3u
¢ 3TUM OBIJIO TIPOBEICHO CPAaBHCHHE CBOMCTB
(ByNKaHU3aIIMOHHBEIE, (U3UKO-MEXaHWYECKUE W
9aCTOTHO-Ie(POPMAIIMOHHBIC XapPAKTEPUCTHKU) dJIac-
TOMEPHBIX MAaTEPHATIOB COJCPIKAIINX OKCHJI LIUHKA
(B KkadyecTBE KOHTPOJLHOIO o00pasna) C ByJIKa-
HHU3aTaMH, B KOTOPBIX OKCHI LUHKAa OBUT 3aMEHEH
Ha 5, 10 u 15 mac.u. mynruta. McnbTanus npoBo-
JWIACh KaK Ha MOJCNBHBIX — HEHAIOJHEHHBIX
ByJKAaHM3aTaX, TaKk ¥ HA HANOJHECHHBIX TEXHHUYEC-
KAM YTJIEPOJIOM BYJIKaHM3aTax. PelenTypsl pe3u-
HOBBIX CMeceil MpHUBeIeHBI B Ta0JI. 1.

[Inudpbel pe3nHOBBIX cCMecei

WHrpeauenTsl | 2.3,4 5 6.7.8
BHKC-33 AMH 100 100 100 100
[yaruT - 5,10, 15 - 5,10, 15
CreapuHOBast KHCIOTa L.5 1.5 1.5 1.5
Oxkcun nuHKa 5 - 5 -
Cynbdenamun T 1.5 1.5 1.5 1.5
MepxkanToOeH30THa30T 0.8 0.8 0.8 0.8
Cepa 1.5 1.5 1.5 1.5
Texanueckuii yraepoa N-220 - - 50 50
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B paborte ucnonp3oBanachk Gppaxiys OIyHTUTa C
pasmepom uyactuy 1-10mxm (TY 2169-002-
00204493-2008).

PesnHOBBIE CMecH M3TOTaBIMBANKCEH B J1abopa-
TOPHOM PE3MHOCMECUTEINE CO CBOOOIHBIM 00HEMOM
100 cM’ 1m0 JBYXCTaJUIHOMY pPEXUMY CMEIICHUS.
Bynkanu3anus pe3sMHOBBIX cMecell IPOBOAMIIACH B
npecce ¢ DIEKTPUYECKUM HHAYKIHUOHHBIM OO0OT-
peBom mpu Ttemmeparype 155°C. HccnemoBanue
KMHETHKHU BYJIKAHM3aLlMU PE3UHOBBIX CMecel ocy-
LIECTBSUIM  MyTeM  MHTEpHIpETallid  pPEeOMeT-
PUYECKUX KPHUBBIX, MOJYUYEHHBIX Ha aHAJIM3aTOpe
TexHoyorndyeckoro mpomecca RPA2000, takke Ha
3TOM MNpubOpe MNPOBOAMIM HCHBITAHUA Hepas-
PYLIAIOIIEro KOHTPOJIsl CBOMCTB BYJIKAHU3ATOB.

OU3NKO-MEXaHUYECKHE HCIBITAHUS BYJIKAHU-
3atoB Ha ocHoBe bBHKC-33 AMH npoBoaunuces Ha
YHHUBEpCAJIbHOM pa3pbIBHON MamuHe «Instron» npu
ckopoctu jgedopmupoBanus 500 MM/MuH. Bbiim
OIpEeNETIeHbl CIEAYIOUINE XapaKTEPUCTUKU PE3UH:
HanpsDKeHUE TpU 33JaHHOM yIJIMHEHUH, YCIOBHAS
MPOYHOCTh TMPH PACTHKEHHH, OTHOCUTEIIBHOE
YAJMHEHUE TIPU pa3pbiBe, OCTATOYHOE YAJUHEHHUE.

AJICOpOIHIO M3yYamd ¢ WCIOJB30BAHIEM BBICO-
KOBAaKYyMHOH  aJCOpPOIIMOHHOW  YCTaHOBKH C
Becamn Maxk-bena [10]. 3naueHus yneabHOU
MOBEPXHOCTH, 00BbEMa MOp U XapakTep pacrperne-
JIeHUs TIOp HOCHUTENeH M KaTallu3aTOpOB OIpene-
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JSUTA 10 M3oTepMaM azacoporuu napoB CgHg, mpu
HadaJIbHBIX JABJICHUSIX 10°-10"mm pT. CT. U TEM-
niepatype 25°C. Onpeaensim MaKCUMATLHYIO a1copo-
MOHHYI0 EMKOCTh W IUIONIaJb aJCOPOIMOHHOM
TUICHKH TIOP COPOCHTOB M KaTajau3aTopoB. YAelb-
HYIO TTOBEPXHOCTh pacCUuThIBANIU 10 MeToxy bOT
(Ha3BaHHOTO TIO WHUIMANIaM aBTOPOB bpyHayap,
OmmMer u Temep).

Taxke onpeensui coepkaHue CBOOOTHON U
CBSI3aHHOM Cephl, TOCTIe aIcCOPOLIMHU e¢ Ha IIYHTUTEe
U OKCHUJE IMHKAa, a TaKke B BYyJIKaHU3aTax
PE3WHOBBIX CMECEH C NIYHTHTOM U OKCHJIOM IIMHKA.
Cepy pacTBOPSIIH B TOIyOJIC U IPOBOJWIN aacopO-
U0 B CTATUYECKUX U TUHAMUYCCKUX YCIOBUS TIPH
KOMHAaTHOM TemmepaType, M 3aTeM OIpeelsuIn
KOJIMYECTBO CBOOOJHOW Cephl, OCTaBIICHCS B
pacTBope ¢ MOMOMIbIO CyIb(GUTHOTO MeToa [9].

Pe3yabTaThl M MX 00CyxKAeHUE

[lpu aHamm3e KWHETHKH BYIKAHM3AaIUH OTME-
YeHO, YTO 3aMeHa OKCHJa IIMHKA IIYHTUTOM IIpH
OJIMHAKOBOH JTO3MPOBKE, IPUBOINT K YBEITHICHUIO
WHIYKIIMOHHOTO MEPUOa, ONITUMAIBHOTO BPEMECHU
BYJIKAHHU3ALIMU U K CHKEHHUIO CKOPOCTH Tpoliecca.
Ho mpm »TOM BETMYMHBEI MaKCHMAJIBHOTO Kpy-
TSAMIET0 MOMEHTa Uil O0OMX BYJIKAHU3aTOB
comocTaBuMBI (puc. 1).
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Puc. 1. Peomerpuueckrie KpUBBIC BYIKAaHU3ALUH IS BYJIKAHU3ATOB ¢ OKCHAOM nuHKa (1) 1 mryHTHTOM (2).

[annble, nosyueHHsle Ha npubope «Instrony
MOKa3aJd, YTO IO OCHOBHBIM (DPU3UKO-MEXaHU-
YECKUM CBOWCTBaM BYJKaHU3aThl C IIYHTUTOM
COMOCTaBUMbl C PE3MHAMU COOTBETCTBYIOLIUX
BYJIKAHU3YIOIIMX TPYMII ¢ OKCUAOM LHKa. Ha puc.
2 mpencTaBiieHbl JehOpPMAIOHHBIE XapaKTepHc-
TUKHU UCCIIEIOBAaHHBIX BYJIKAHU3ATOB.

B MonenbHbIX, HEHAOJIHEHHBIX BYJIKAHHU3aTaX
3aMEHa OKCHJa ILIMHKAa Ha WIYHTUT HNPUBOJAUT K
YBEJIMYEHUIO TIPOYHOCTH ByJKaHU3aToOB. Ilpnyem
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4YeM BBINIE COACP)KAHME UIYHTHTa, TEM BBIIIE
IPOYHOCTh BYJIKAaHM3aTOB. 3aMEHAa OKCHJa I[MHKA
Ha IIYHTWT B HAIlOJHCHHBIX BYJIKAaHU3aTaX IIPH-
BOJWT K YBEJIMYCHHUIO OTHOCUTEIBHOTO YAJIUHCHHUSA
IOpU pPas3pblBE€ IpPH COMNOCTaBUMOM IPOYHOCTHU
BYJIKAHHU3ATOB.

OTO MOATBEP:KIAETCS AAHHBIMHU IO HEpas3py-
LIAIOIIEMY KOHTPOJIIO CBOMCTB BYJIKAHM3AaTOB Ha
RPA (puc. 3, 4.).
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Puc. 2. JlepopmannonHble XapaKTepUCTUKH ByJIKaHH3aToB Ha ocHoBe BHKC-33
(undpamu 0603HaUEHBI NIH(PBI PE3UHOBBIX cMeceit).
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Puc. 3. 3aBucuMocTs MOAYNA HAKOIICHHUS OT AedopManuy U Temneparypsl (qactora 10 I'm).
1, 4 — peaunoBas cmech mudp Nel; 2, 5 — pesunoBast cmech mudp Ne2;
3,5 — pesunoBas cmech mmpp Ne2 + 5 mM.u. cTeapara IUHKA.
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Puc. 4. 3aBrcuMOCTh MOYJISI HAKOIIICHUS OT YaCTOTHI ¥ TeMuepaTypsl (nedopmarus 10%).
1, 4 — peaunoBas cmech mmdp Nel; 2, 5 — pesunoBast cmech mudp Ne2;
3, 5 — pesunoBast cmech mm¢p No2 + 5 m.4. creapara MHKA.
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Kak BUIHO W3 MOJIyYEHHBIX AAHHBIX YaCTOTHO-
JnedopMallMOHHBIE CBOMCTBA CYIIECTBEHHO pa3iiu-
YarTcs MPH 3aMEHe OKCHA IMHKA Ha KOMOMHAIIUIO
cTeapaTta LIMHKA U HIYHIUT. Y OMHOCTBIO MAEHTUYHBI
IIpY MOJHON 3aMEHE OKCUA [INHKA HA IIyHTUT.

AKTHBHUpYIOIIEE NEHCTBUE LIYHTUTa MpPHU CEp-
HOW BYJKAaHM3AIIMHd KaydIyKOB CBSI3aHO C ancopO-
LUOHHOW W XEeMOCOPOLMOHHOW €ro akTUBHOCTBIO
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[0 OTHOIICHHIO K Cepe U ee KOMIUIEKCaM C
ycKkopuTensMu. B cBA3M ¢ 3TUM OB NpOBEIECH
CpPaBHHUTENBHBIA aHaNMu3 aJCOpPOIMOHHBIX Xapak-
TEPUCTUK OKCHJA INHKA U IIyHTHUTA [5,8].
[TomyueHHble H30TEPMBI  aACOpOLMH  MapOB
O0eHzona copbentamu (ZnO W IIyHTUTa) TpHU
Ha4vaJabHOM [ABJICHUU P=10" wmm pT. CT.

u
temnepatype T=25°C npuBeaeHsI Ha puc. 5.
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Puc. 5. U3otepmbl ancopOiuu mapoB OeH3oia mryHrutom (1) u okcumoM iuHKa (2).

BugHo, 4TO BCe HM30TEpMBI amcopOIHMH TMOKa-
3BIBAIOT SIBHO BBIPAXKCHHYIO TETIIO THCTEpE3Uca U
BKJIIOUAIOT B ccOs1 00JacTH: MOHOMOJCKYJISIPHOI,
MOJTUMOJICKYJISIPHOW  afIcCOPOIIMU ¥ KaHJUIAPHON
KOHJICHCAIIHH.

Ha Bcex n3oTepmax, HaOmM0amu, YTO B 00JIaCTH
HU3KHX JaBJIeHWH 1o 3HadeHuss P/Ps=0.2, mpen-
OICCTBYIOIIME W TOCIEAYIOMHUE 3a 00pa3oBaHHEM
MOHOMOJICKYJISIPHOTO CJIOsI, M3-32 MCHEE aKTUBHBIX
YYaCTKOB Ha IOBEPXHOCTH COpPOCHTOB, MPHUOIH-
3UTENFHO OJHOPONHBEI. Bo BTOpO#t oOmacTé oOT
snauenuss P/Ps=0.2 mo P/Ps = 0.45, HeomgHopoI-
HOCTb ITOBEPXHOCTHU, U HAYUHACTCA IOJHMMOJICKY-
JsIpHas aacopOmus ¢ o0pa30BaHUEM CTYICHYATHIX
yuactkoB. Hakonern nocne 3nauenust P/Pg = 0.15,
BCC€ H30TCPMbI MPOABJIAIOT KaIWLIIPHYIO KOHACH-
CaIlIO CO CTYIICHYATHIMU YYaCTKaMH, T.€. TPOIecc
KamWUBIPHOW KOHICHCAIIMH HECKOJNBKUX CJIOCB C
pasnuuHbIMU pasmepamu nop. Ilo Bunmy usorepm,
MOJTYYECHHBIX HAaMH, OYCHb TPYIHO OOBICHUTH
MEXaHH3M IIporecca. OTa TPYIHOCTh 3aKITI0YaeTCsI
B TOM, YTO IOPHUCTOCTDH COp6eHTOB HU3MCHACTCA B
MIAPOKUX TpeNeNax U MOKHO HOIYYUTh PE3yNIbTaT
JIUIIB TPYOBIM MPUOTHKCHUEM.

Bce H30TepMBI  HMMEIOT  pa3HBIE  y4YacCTKU
(CTyHeHI/I) Ipyu pas3jiMdHbIX 3HAYCHUAX daBJICHUA.
OnHU WMEIOT B Hadvale BBINYKIOCTH B HaIpaB-
JICHUU K OCU JaBJICHUS, 3aTeM, IIPU OoJiee BBICOKUX
JaBJICHUAX CTAaHOBATCS BOTHYTBIMH, U JaJIEC I10C-
TETICHHO YCTaHABINBACTCSI pABHOBECHE aJICOPOIIHH.

OHHM HAaIOMUHAIOT MO XapaKTepy KPHBBIC IS
ABYMCPHBIX I'a30B, HAXOAAIUXCSA HECKOJIBKO BBIIIC
CBOEH KPUTHUYECKOW TEeMIIEpaTypbl W CBOETO COC-
TOSIHUS, OTBEYAIOIIUC CTAOWILHOMY M HEYCTOHU-
YHBOMY COCTOSIHUIO.

Hcxons u3 GpopMBl KPUBBIX, TOTYYEHHBIX HAMH,
CIIeyeT OKHUAATh, YTO TPH OIPEICICHHOM [IaB-

91

JICHUHW HACTYIIUT BHE3aIIHBIM CKAYOK B BEIMYHHE

nonu  agcop6ouuu(©). IlpakTuuecku, Ha Bcex
KPUBBIX HM30TEPM aACOPOIMH TpPH 3HAYCHHUH
oTHOCUTEIbHOrO gaBienms P/Ps = 0.1-0.2,

KOJIMYECTBO JIOJIM  aJCOPOUPOBAHHBIX  MOJIEKYIT
(©=aj/a,,) ckauko0Opa3HO U3MEHSIETCSA OT 3HAUYCHUS
(©), pasnoro mpumepno 0.05 mo ©=0.44. Dtor
HAKJIOHHBIA CKAaYOK O3HAYaeT, YTO IMPOHUCXOINT
KOHJIEHCAIMs, KaK 3TO yKe OBUIO IMOKa3aHO B
MPEIBIIYIeM ciydae, 4YTo TMpH TeX IaBJICHUSIX
(P/Ps < 0.20), KOTOpBIM COOTBETCTBYET CKAdOK,
CYIIECTBYIOT JIBE MMOBEPXHOCTHBIC (pa3bl:

1) nBymepHas razoBas (asa,

2) JBYMEpHas KOHJCHCHpOBaHHas (ha3a.

W3 cepun MOMyYeHHBIX U30TEPM aACOPOIMH st
JIBYX CKa4KOB:

1) ©, B amanazone 0.05-0.23,

2) O, B auanasone 0.36-0.90.

Ha mepBoM ckauke TIpd OTHOCHTEIHEHOM
nasieHnn P/Ps = 0.2, Bce u30TepMbl 00JIamaroT
OoJee c1abbIM aaCOPOIIMOHHBIM B3aUMOICHCTBHEM.
[MpudeM 3TH KpUBbIC BHAYale BBIMYKJIBI B HAIPAB-
JICHUH K OCH OPJIMHAT, T.€. BOTHYTHI B HAITPABJICHUH
K ocu maeneHus. B wHTepBane P/Ps = 0.2-0.5 Bce
KPUBBIC CTAHOBATCS BBIMYKJIBIMH B HAIpPaBJICHHUU
OCHM JaBJICHHUs, a 3aTeM MpH 0Oojiee BBICOKUX
JABJICHUSAX  (MPUOIIDKAIONIMXCS K  HACHIIICHUIO
MapoB) OMATh CTAHOBSTCS BOTHYTHIMH, W TIOCTE-
MCHHO YCTaHABJIMBACTCS paBHOBECHE aJcopOIuy,
T.K. OHA HAllOMWHAIOT 1O XapakTepy KpPUBBIC IUIS
JIBYX-,  TPEXMEPHBIX  Ta30B,  HAXOISIIUXCS
HECKOJIBKO BBIIIIE CBOCTO KPUTHUSCKOTO COCTOSHUSL.

Tarxke HaOMOJAM, YTO BCE KPUBBIE HMMEIOT
TEHICHIUIO K HACBIICHHIO TMPH OTHOCHUTEIHLHOM
nmaeneaun P/Ps > 0.60. DTo o3Havaer, 4YTO
MOBEPXHOCTh ~ M3yYEHHBIX  COPOEHTOB  OYCHB
HEOJTHOPOJIHA, W 4YTO, CICIYET MPOIecC MOJTUMOJIe-



KYJSIDHOW afcopOUMU ¥ KamWDLIPHOH KOHAEH-
callMM Ha HUX He oIHUM cioeM. Emie BaxkHee u
UHTEpecHee To, uTo mpu Manslx P/Pg = 0.09, y Bcex
H30TEepM afcOpOLUUHU TPOUCXOTUT PE3KUH TOABEM
KPHUBBIX, COOTBETCTBYIOIINN TEH/ICHIIMH HACBIIIEH-
HBIX TIAPOB, OTHOCSIIUXCA K CHJIBHO C)XaTOMY
IBYXMEPHOMY Ta3y, HaXOIIIEMyCs IpH TeMIlepa-
Type BBIIIE KPUTHUYECKOW. V3 H30TEepM SICHO BUAHA
HETPOTOPIIMOHATIBHOCTh MEXAY JaBJICHHEM, IpHU
KOTOPOM IPOUCXOIUT CKAuOK, M BEIUYWHON ITOIH
agcopOium O;. Ha Bcex KpUBBIX BUAHO, YTO CKaYOK
MPOUCXOJIUT TOTJA, KOTJa TOBEPXHOCTHAs KOH-
HEHTpanusl AOCTUTACT 3HAUCHHS, KOTOPOMY COOT-
BerctByer ©O=0.23. DTO0 03HaYaeT, Y4TO B OTOT
MOMEHT HauWHaeTcd IBYMEpHas KOHACHCAIHs U
JIaBJICHHE MEAJICHHO BO3pacTacT, HO HE ajcop-
oupyercsi cTobKO OeH3ona o0 3HadeHus ©>0.36
(3HaueHue BTOpOW TOUKHM meperuda). 3aTem Npu
JAJIbHEHIIIEM YBEJIIMYCHUN JIABJIICHUS MapoB KOJIH-
YeCTBO aJCOpOIMM CHOBAa BO3pacTaeT M JOCTHU-
raetcs HachllIeHUE aIcCOPOUPYEMOro BellecTBa Mpu
BBICOKHMX 3HaueHusx P/Pg > 0.55.

Heob6xomuMo otmetuth, uto mpu ©O:>0.90,
CKavOK HaOIroaeTcs Kak pa3 B TOT MOMEHT, KOT/Ia
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Ecmu  anmcopOmmonHOE B3anMOICHCTBHE eI
ciaboe (T.e. 3HaUeHUE O; NPAKTUUECKU TOCTOSHHO,
okono 3HadeHus 0.9), To ckadok OynaeTr mpowuc-
XOIWUTh TIPH OTHOCHUTCIBHBIX JaBJICHHUSX IIPCBBHI-
MIAONIMX EJUHMIYY, a TOIJa, CICIOBATENBHO, HE
Oyzer HaOmIOAAThCS AACOPOLUS NPHU «OOBIYHBIX)
yCIOBUAX, T.K. B TEX CIydasx HMEET MECTO
COYETAaHHE MEHBIIEr0 aJCOPOLMOHHOIO B3aUMO-
JIEHCTBUS ¢ MEKMOJIEKYJIIPHBIM B3aUMOJCHCTBUEM.

Takum o00pa3oM, IOIyYEeHHBIC KPHBEBIC, Kak
COYCTAHUC CHUIILHOTO a[ICOPOIIMOHHOTO B3aUMOJICHCT-
By C YMCPCHHBIMU HIIW 3HAYUTCIBHBIMU CUJIaMU
MEXMOJIEKYJISIpHOTO B3auMmojaencTBust. OmHako, K
COXKAJICHUIO, MBI HE MOYKEM TIOJTHOCTBIO OOBSICHUTH,
Mo4yeMy MpU OYEHb HU3KUX JABICHUSX OOHApY-
KIJIOCH  pa3fifuue B XapakTepe KpHBBIX (T.e.
pa3HbIC 3HAUEHUS TOUYEK Mepernoa).

Belie BeICKa3aHHAsI TUIIOTE3a XOPOILIO UILTIOCT-
pHpOBaHa W30TEPMaMHU aACOPOIMH, pPaCCUUTAH-
HbIMH 110 ypaBHeHuto BOT, Tak kak BUIHO, YTO HE
BCC pACCUMTAaHHbIE TOYKH JIOXKATCS HA OXHY
IpsSMYIO TUHHIO (puC. 6).

[Tomy4eHHsle W30TEpMBI  aJCOPOIMH  TTApOB
OcH30Jla HA W3YYCHHBIX COPOCHTAX MpPUBCICHHI B

TPEeXMEpHOE  JIaBJICHHWE CTAaHOBUTCS  paBHBIM  KOOpAWHATax ypaBHeHus [yOmHuHa-PamymikeBnua
JaBJIEHUIO HACBIIIEHHOIO IIapa. JUIsL OIPENeNIeHUs] CTPYKTYPHBIX IapaMeTpoB IIOp,
MMOPUCTOCTH U KOHCTAHT CTPYKTYPHI 1Top (puc. 7-8).
Ly P/P, 2'0_ P/Ps
161 a(1-P/Ps) 0
1.21
0.8
041
PP, 0' PP,
0 T T T 1 T T T 1
0 0.05 0.10 0.15 020 ¢ 0.05 0.10 0.2
1 2
Puc. 6. UzoTepma agcopOimm napos Oen3oma mryHrutoM (1) u okcrnom nuHKa (2)
B KoopauHarax ypaBHeHus BOT.
0.67, lgAa
11
06y 0.4]
0.21 lig®yP)P
0.3 0
0.1 lg®/P) 9o

0.4

0.6
0.8
q-

Puc. 7. 3otepma ancopbumn napoB 6eH30:1a IIyHITHTOM B KOOpJAMHATaX ypaBHeHHs JlyOunnHa-PanynikeBnda

{lgae [lg(Py/P)]*}u{lgAac [Ig(Py/P)I’}.
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0.67, IgAa
. 0.41
067
0.21

0.41

| 2 0
0.2 llg(PJ/P)]

0 T -0.21
0.2] S ¢ * 04
-0.41 .0.61
-0.61

-0.81
-0.81
- -1°

Puc. 8. UzoTepma ancopOivu napoB OSH3071a OKCHIIOM I[HHKA B KOOPAWHATAX YPABHEHHUSI

Jlybunnna-Panymkesuaa {Igac [1g(Py/P)]*} u {IgAac [Ig(P,/P)]*}.

Ha ocHoBe naHHBIX aacopOIMu OBUIM TIOCT-  COPOCHTHI MMEIOT ME30TOPBI M CYMEPME3OTOPHI C
POCHBI KpHBBIE pacnpesielieHusi 00beMOB Top 1o uX  pamuycamu 10-50 HM. EMKOCTH Me3omop paBHa
pasmepam (puc. 9) mnst omeHkn MakcumanbHOro — 0.108 e g okerga nuaka 1 0.107 ev’r! VTS
3HAUEHUs pa3MepoB Me30mop (MpU KANMWJUBIPHOM  IIYHTHTA.

KoH/IeHcarn). M3 pucyHka BUJHO, YTO W3yYCHHBIC

dv. 3 4 4
—CcM T HM

% e 0.040]4R

0.0357 0.0351

0.0301 0.0301

0.0257 0.0251

0.0201 0.020/

0.015] 0.0151

0.01OJ 0.0101

0-009 R=9,5 i R (11m) 0.0051 R=11,5 R (um)

0.000 : : : - - 0.000 : : . . . . .
0 20 40 60 80 100 0 10 20 30 40 50 60 70

1 2

Puc. 9. luddepennunanpras kpuBas pacnpeaeicHus o0beMa mop mo paauycam uis mryHruta (1)
U OKcHaa 1uHKa (2).

Tabnuma 2. AncopOIIMOHHBIE  HCCIIEIOBaHA alcopOmus cepbl M3 TOJYOJIbHBIX
XapaKTePUCTHKH IIYHTUTA  OKCHA IIMHKA  pPAacTBOPOB B ITUHAMHYECKHMX M CTATHYCCKHX
ycnoBusix. B Tabn. 3-4 mpuBeneHB! pe3yNbTaThl

Kowmro- ITokazarenu B
HEHTBI By, 10° B026' 10 “3]01_1 “3]02_1 §ya_1 Tabmuna 3. AncopOuus cepsl
(M) (emr) (1) B IMHAMUYECKHX YCIIOBHAX
Wynrur - 1.75 L4 0107 0.170 49 O0BeM KonndectBo cBOOOIHOM cepbl,
1?:1(;2; 22 14 0108 0.114 47 pacTBOpa Tocie aIcopOIMH, MT
CEpbI, MJT IHyaruT Oxcua HuHKa
Heo0xoauMo OTMETUTH, UTO, MO (hopMe MEeTIH 50 11.0 8.2
TUCTEpe3UCca MOKHO CKa3zaTh, YTO 3TH COPOCHTHI 100 10.6 1.7
UMEIOT OYTHUTOYHOTO BUAA TOPHI, KOTOPBIC CHIBHO 150 6.3 7.3
TOPMO3SIT JECOPOIMIO aJCOPOMPOBAHHBIX TApOB 200 5.9 6.9
oenzona. Cyas Mo 3HAYCHHUIO YACITHHOU HOBC}’I)X— 250 5.8 6.8
HoCcTH: Sy, =49 Mor s mryaruta u 47 Mor —
JUIS  OKCHJA IMHKA, 3TH COPOEHTHI COJepKaT Kak BugHo wu3 Tabm. 3 npu OJMHAKOBOM
TOJIBKO ME30II0PbI u CynepMe3010phI C BPEMCHU MCTCUYCHHA pPacCTBOpa CEPbI a,Z[COPGHI/IH
HEOAHOPOIHBIMU a,ucop6HI/IOHHHMI/I EHTpaMH. cepsl IPOTEKAaeT ObICTpee Ha OKCHIE ILHHKA B

B cBs3M ¢ MONyYEeHHBIMH XapaKTepUCTHKaMH  JUHAMHYECKUX YCIIOBUSAX. Ancopbuus cepsl Ha
a7ICOPOIIMOHHBIX CBOMCTB OKCHJIa IMHKA U TyHTUTa  LIYHTUTE MPOTEKAaeT MEJUICHHEH, HO B pE3ylbTaTe
93



Ha HEeM aJiIcopOupyeTcst OOJBIIEe KOITUIECTBO CEPHI,
YeM Ha OKCHJIC IIFHKA.

PesynbraThl, peacTaBieHHbIE B Ta0M. 4, TaKkxKe
YKa3bIBalOT Ha TO, YTO ajcopOIusi cepbl ObICTpee
MPOTEKACT HAa OKCHJAE IIMHKA, HO PaBHOBECHOE
KOJINYECTBO CBOOOJHOI cepbl B PacTBOpE JOCTH-
raercs 3a OJTHO BpeMs Ha 000UX afcopOeHTax.

B cBs3M ¢ TONYyYEHHBIMH JIaHHBIMH OBLIO
pEUICHO MPOBECTH  HCCICAOBAHHE JUHAMHKH
U3MEHEHUS KOJIMYEeCTBa CBOOOIHONM M CBSI3aHHOM
Cephl B MOJICIIbHBIX, HEHAITOJIHEHHBIX CHCTEMax Ha
ocHoBe BHKC-33 ¢ TeueHuem mpouecca ByJIKa-
HU3AIUH.

[TomrygenHbIe pe3ynbTaThl IPUBEACHEI B TA0I. 5.
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Tabnuma 4. AxcopOrust cepbl
B CTATMYECKHUX YCIOBUAX

Bpewms KonmdectBo cBOOOHOI cephl,
azcopOnum, rocyie agcopounu, Mr

MUH Ilyurur Oxkcua mUHKa
30 11.0 7.5
60 10.0 7.9
90 9.3 7.0
120 6.7 6.9
150 6.5 6.7
180 6.3 6.7
210 6.2 6.5
240 6.2 6.5

Tabnuma 5. OnpeaeneHre cBOOOTHON U CBSI3aHHOM Cephl B MCCICIyEMbIX ByJKaHH3aTaX

Oxcup nuHKa (5 mMac. 4.)

[yurur (5 mac.4.)

Bpewms Copnepxanue Conepxanue Bpewms Copneprxanue Copnepxanue
BYyJKaHU3aLUH, CBOOOIHOM Cepbl, CBSI3aHHOM cephl,| ByJIKaHW3alUH, CBOOOJHON CEpbl, CBA3aHHOM CepHl,

MUH % % MUH % %
chIpas CMech 1.80 - chIpas CMech 2.13 -
1.5 0.80 1 2 1.63 0.5

2.5 0.77 1.03 4 1.06 1.07

7.5 0.54 1.26 10 0.35 1.78

30 0.25 1.55 90 0.27 1.86

Kak BuaHO W3 TaOMUIBI, TOJIYYECHBI COIOC-
TaBUMBbIE PE3yJIbTAThI JIJIsi 00pa3IoB, COAEPIKAIIUX
OKCHJ IMHKaA U HIyHFI/IT B KAa4YE€CTBEC aKTHBaTOpOB
nporecca Bynkanu3anuu. CoaepkaHue CBSI3aHHOM
Cepbl B CMECSX C IIYHTUTOM pacTeT MeEJJICHHEE,
YEeM B CMCECiIX C OKCHJIOM IIMHKA. HO B OHTI/IMyMe
BYJIKQHHM3AIIMW BYJKAHU3aT C IIYHTHTOM COJCPIKUT
OoJsipllice KOJNWYECTBO CBSI3aHHOM Cepbl. OTH
JAHHBIC COOTHOCATCA C HpI/IBCI[eHHI)IMI/I HaMH
paHee KHHETHYCCKHUMHU XapaKTePUCTUKAMU
BYJIKAHHM3AIlMA  HUCCIICOBAaHHBIX CMeceii ¥ B
MPUCYTCTBUM IIYHTUTA BpeMs  BYJKaHHU3AIUH
CMecei HECKOJIbKO YBEITMIHBACTCSI.

BriBoabI

1. W3ydyeHme  KUHETUKH  BYJKaHU3ALUU
OyTaaueH-HUTPWIBHBIX KaydyKOB CEpHO-YCKOPH-
TENBbHBIMM CHCTEMaMH II0Ka3ajlo, 4YTO HOBBII
MPUPOAHBIA MaTepHal IIYHTUT, HapsIay ¢ OOBITHO
NPUMEHSIEMBIM ~ OKCHJIOM  IIMHKA,  BBIMIOTHSET
(YHKIUH aKTHBATOpAa MPOIIeCCca ByIKAaHU3ALIUH.

2. HWccrenoBanue nepOpMaIriOHHBIX Xapak-
TEPUCTUK BYJIKAHU3aTOB OyTalueH-HUTPUIHHOTO
kayuyyka BHKC-33 nokasano, 4ro mpu ONTHMyMe
BYJIKAHU3ALIMK CBOICTBA pE3MH, COJEpKaIUX
OKCH/JI IUHKA U C IIYHTUT COTIOCTaBUMBI.

3. CxojaHble MOKa3aTean MOAYJISI HAKOTJICHUS
BYJIKAHM3aTOB HAONIONAIOTCS NIPU HMX YaCTOTHO-
Ie(OpPMAIIMOHHBIX 3aBHCUMOCTSIX.

4. MHccaenoBanue ajcopOIMOHHBIX XapakTe-
PHICTHK YaCTHI[ OKCHA ITMHKA U IIyHI'UTa (PPaKIIH
no 10 MKM mokasajo, 4TO Takue MOKa3aTelnu Kak
yAenIbHasl MOBEPXHOCTh, ONpe/eNieHHas 0 METOAY
BOT, u eMKOCTh IOp UMEIOT OJIM3KKE 3HAYCHUSI.

5. H3mepenue ancopOUHMU  MOJCKYJISPHOM
Cepbl U3 TOIYOJBHBIX PAacTBOPOB CEpbl B JHHA-
MHYECKHX U CTATHUECKUX YCJOBHUAX MOKA3all0, 4TO
MaKCHUMaJIbHOE COJIepKaHUE CBA3AHHOM cepbl Ha
MOBEPXHOCTH YAaCTHUIl OKCHAA LMHKA M IIyHTUTa
MPAaKTHYECKH  OJMHAKOBOE, OJIHAKO CKOPOCTh
mporiecca aJcopOIINH BBIIIE IS OKCH/IA IHHKA.
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CHUHTE3 U NNEPEPABOTKA ITOAMMEPOB 1 KOMITO3UTOB HA X OCHOBE

VIIK 678.067.5

BIUAHUE MOOUD®UKATOPOB HA PEOJTIOTMYECKUE CBONCTBA
XINOPCOOEPXALLUEINO 3NMOKCHUOHOIO OJIMTOMEPA
A.1O. 3apyOuna, acnupant, K.C. IlaxomoB, acnupant, *}0.B. AHTHIOB,

raasublii xumuk, M.JI. CumoHoB-EMeIbAHOB, 3aBenyommii kadeapoii
Kageopa Xumuu u mexHonio2uu nepepadomru niaCmmace U NOAUMEPHbIX KOMHO3UMO8
*[enmpanvHblll HAYYHO-UCCIE008AMENbCKULL UHCIMUMYM CREYUATbHO20 MAUWUHOCIPOEHUS
(LHUHUHUCM), Xombkoso, Mockosckas obracmuo

e-mail: zaroubina@yandex.ru

n

ccredo8aHo 6nusiHUE HU3K085I3K020 3rokcudHoeo onueomepa DER-330, akmueHoeo pa3basumensa JOM-1,
Xudko2o omeepdumernsi u3o-MTI®A u memnepamypbl Ha peoriocudeckue ceolicmea Xxsopcodep-
JKauweeo 3rMokcudHoeo onuzomepa mapku OXL. YcmaHoeneHo, ymo, 880051 MOOUGhUKamMOpb! U U3MEHSISI

memnepamypy om 40 do 60°C, esskocmb xnopcodepxale2o 3rMoKCUOHO20 Oflu2oMepa MOXHO 8apbLposamb 8

wupokux npedenax om 0.1 0o 60 lMa-c.

The influence of the low-viscosity epoxy resin DER-330, the reactive solvent DEG-1, the liquid hardener iso-
MTHPA, and temperature on the rheological properties of a chlorine-containing epoxy resin of ECD brand was
studied. It was established that introducing modifiers and varying temperature from 40 to 60 °C enables varying
the viscosity of the chlorine-containing epoxy oligomer in a wide range: from 0.1 to 60 Pa-c.

Knroyeebie cnosa: anokcudHble onusomepbl, akmueHbIl pas3basumens, Modugukamopsl, omeepdumers,

843KOCMb.

Key words: epoxy resin, reactive solvent, modifiers, hardener, viscosity.

VYHUKaNbHbIE TEXHOJOTHYECKHE W OKCIUTyara-
[IMOHHBIE CBOMCTBA AMOKCUAHBIX ouroMepos (D0)
Mpelonpeeuii UX HCIOIb30BaHHE B KayecTBe
CBABYIONIMX M MATPHUIl JJIS TOJUMEPHBIX KOMIIO-
3unnoHHBIX MaTepuasioB (IIKM) pasmuunHoro Has-
HA4YCHUS: apMUPOBAaHHBIE KOHCTPYKIIMOHHBIE TLJIac-
TUKH, KJICH, 3aMa3KH, TIOKPBITHS U Ap.

W3 mnpoGieMHBIX 3amad CIIEAYET BBIACIHTH
TIOBBIIICHUE TEMIICPATYPhl CTCKIOBAHMS H COOTBETCT-
BEHHO TEIUIOCTOWKOCTH M TEMIIEPAaTyphl KCILTya-
taiuu [IKM, xoTopast mocTuraercss myTeM HCIOIb-
30Bamss DO C JKECTKOH MOJEKYISIPHOH CTPYK-
TypOii, OJHAKO MpPHU 3TOM CYIIECTBEHHO MOBBILIA-
€TCsl  BS3KOCTH (1)), YXYIIIaeTCs CMadylBaHHE,
TIPOTIMTKA W TEXHOJOTHUs niepepadoTku [ 1—4].

Jnst perynupoBaHusi KOMIUIEKCa SKCIUTyaTalluoH-
HBIX XapaKTEPUCTUK BbICOKOBA3KUX OO mpume-
HSIOT JKUAKHE HU3KOBS3KHE OJHTOMEPHI, OTBEp-
JUuTen W pasiauuHble moaudukaropel [4-9]. K
COXKQJICHUIO, B 3TUX paboTax Majlo BHUMaHWUs yie-
JSEeTCS  W3YYEHHIO  PEOJIOTHYECKHX  CBOWCTB
STIOKCUIHBIX OJIMTOMEPOB HPU UX MOIU(PHUKAIIH
HU3KOBSA3KHUMH  OJIMTOMEpaMH U aKTUBHBIMHU

20 MapKu X7

A
H,C— CH CH2

H2C<— CH- CH2

Juanoswiii 30 mapxu DER-330

CH;,
| |
CIQIZ/CHCHZ{OOCOOCH2CHCHZJLOOCOOCH2CI\-I/
o CH, OH o

DT

96

pa30aBUTEISIMU, XOTS UX HM3YYCHHE IMPEICTABIISACT
aKTyalbHYIO 3a/a4y IpW OpraHU3aldd W BEIOOpE
TEXHOJOTMICCKUX MapaMeTPOB IPOIECcca MPOIUTKH
BOJIOKHUCTBIX HAMIOTHUTEIICH.

B manHo# paboTe MccienoBany peoIorHIecKre
CBOMCTBa BBICOKOBSI3KOTO XJIOp-cojepixkamiero 20
mapku  OXI (TY  2225-607-11131395-2003),
00€CTICYNBAIONIETO TIOHIDKCHHYIO TOPIOYECTh, BBICO-
Kyl0 BIAaro- © TEIDIOCTOMKOCTh ITOJUMEPHOM
MAaTPHIIbI, KOTOPBIH MOAUGMHUIMPOBAINA HU3KOBSI3-
KUM onuromepoM — auanoBbiii 90 mapku DER-330
(Dow Chemical) ¢ MomexynsapHoii Maccod 364 u
coJiepKaHHEeM HU3KOMOICKYJSIpHOH (pakuun 91
Macc. %. B kauecTBe KOMIIOHETOB MOJIMMEPHOH
KOMITO3UIIMK TIPUMEHSUTH MOIU(PHUKATOP — aKTUB-
HBIi pa3baButens — amudaruueckuir 30 Mapku
J2r-1 (TY 2225-027-00203306-97) u xugkuit
OTBEPIUTENb — H30-METIITETPAruApOQTAICBEIA aHTHI-
pua (u30-MTI' @A) ¢ BazkocTsio 0.03-0.1 Ila-c mpu
25°C.

Xumudeckue — (GopmyIibl
MIOHCHTOB MTPUBEACHBI HIKE:

HNCXOIHBIX KOM-

O
/

\
/CH;=CH-CH,

H2C CH /CHZ

CH,
CH,
CH,
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Axmusnvtil pazbasumens anugamuueckuti 30 mapxu J]O-1 (Ousmunenenuxonn)

H,C— CH-CH,-0~CH,~CH,~0—CH-CH,~

Omeepoumens aneuopuonozo muna — uzo-MTI'DA
O

O

H,C o

C uenblo CHIKEHUS BA3KOCTH CBA3YIOIIErO Ha
OCHOBe XxJjopcogepxamero 20 BBOAWIM HHU3-
koBs3kuii D0 wMapku DER-330 u  axTuBHBIHA
pazbasutens [I01-1 B komuuectse 10, 20, 30 mac. %,
Kugkud  otBepautens u30-MTI'®A wu3 pacdera
0.85 ™Momp Ha DSHOKCHAHBIA JKBUBaNeHT. llpu
yBenuueHuu conepxkanus DER-330 u I0I-1, kak

O_CHZ_CH—_CHZ
\

/
[6)

MIPaBUJIO, CHUXKAETCA TeMIlepaTypa CTEKJIOBaHUS U
TEIUIOCTOMKOCTh, MPOYHOCTb U MOAYJIb YIPYTOCTH
u npyrue coiictBa [IKM, yto TpeOyeTr onmTUMH-
3aIM COCTaBa MOJUMEPHOTO CBsA3yroIIero [ 1—4].

OCHOBHBIE XapaKTEPUCTHKH HMCXOTHBIX KOM-
TIOHEHTOB OJIMTOMEPHOTO CBSA3YIOIIETO MPHUBEICHBI
B Tabu. 1.

Tabnuima 1. OCHOBHBIC XapaKTEPUCTHKH UCXOIHBIX KOMIIOHCHTOB

Coneprkanue, macc. %

Kommonentr ~ MM,  sHOKCHAHBIX — IHMIPOKCHUIBHBIX JICTYHHX foma OMBLIACMOTO
v — BEIECTB, XJ10pa, XJ10pa,
Py He Oonee He Oonee He Oonee
OX] 610-650 26.2 -30.0 0.8-1.2 1.0 0.035 1.7
DER-330 352-370 23.2-24.4 0.1-0.2 - - -
J2I-1 240-260 25-26 4.5-5 1.5 0.04 1.4

g u3ydeHus BIMSHHSA HHU3KOBS3Koro OO0,
JKUJIKOTO aKTUBHOTO Pa30aBUTENS U OTBEPAUTEIS, a
TaKKe TEMIIEPaTypbl HAa PEOIIOTHUSCKHE CBOWCTBA
BBICOKOBSI3KOTO  xyopcoaepkamero 290  ObLI
BbIOpaH MeToa BHCKo3uMeTpuu. MccnenoBaHus
NpoBOMWIM Ha BHUCKo3uMerpe Brookfield DV-
II+PRO [10, 11] mpu MOCTOSIHHBIX CKOPOCTSIX C/IBHU-
ra B TemneparypaoM uarepsaine 40-70°C. BriGop
TeMIepaTypsl oO0ycioBieH TeM, uto mpu 40°C
SMOKCHIHBIN onuromep DX ]I mpruobperaeT crmocoo-
HOCTh K TEUCHHIO, @ TEXHOJIOTMYECKHH Mpolecc
MPONUTKH BOJOKHHCTOTO HAIOIHUTENS CBA3YIO-
M Ha ocHoBe DXJ[ B MPOMBININIEHHOCTH BEAYT
npu Temreparypax He 6osee 70°C.

Ha puc. 1 npuBeneHsl 3aBUCUMOCTH BSI3KOCTH
OX]1, DER-330 [12] u ux cmeceii oT TeMneparypebl.
BungHo, YTO 3HAYEHHWS BS3KOCTH OSHOKCHIHBIX
onuromepoB 1pu 40°C paznuuatorcs 10 60 pa3, u ¢
MOBBIIIEHHEM TeMriepaTypsl g0 70°C 3To paznuuue
CTaHOBHTCSI 3HAUHTENFHO MEHbIIMM. Hambompmee
camxenue Bsazkoctu IX]I u ee cmeceit ¢ DER-330
JIOCTUIaeTCsl IIpU MOBBIIIEHUHU TemIeparypsl Ha 10-
20°C — B 4-10 pa3 oT HA4YaTBLHOTO 3HAYCHHS BS3-
koctu DX/ (puc. 1).

Peonornyeckue 3aBUCUIMOCTH JJIs1 KOMITO3UITHIA
OX+2T-1 ot TemmepaTypsl WUMEIOT aHAIOTHY-
HYy10 (hOpMY KPUBBIX, U BA3KOCTh MEHsIETCS B 7.5-11
pa3 oT HayanmpHOro 3HaueHus (Tabn. 2). HeoO-
XOIMMO OTMETHTB, YTO IIPH TEMIIepaTypax Ooiee
60°C Bsaskocth Mg DXJ+DER-330 usmensiercs B
oueHb y3koM uHTepBaie (ot 1.6 mo 4.2 [a-c, a ans

OX+3T-1 — ot 0.35 mo 1.8 [Ta-c) u mano 3aBu-
CUT OT cocTaBa komno3unuil. Ilpu BBeneHUN HU3-
koBsizkoro DO mapku DER-330 (mo 30 macc. %)
BSI3KOCTh YMEHbImaeTcs B 1.8-2.5 paza, a MUHUMAIb-
HOC 3HAYCHME BA3KOCTH I cMecu DX /I+DER-330
cocrasiser 1.6 IMa-c (mpu 30 mace. % u T=70°C).
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Puc 1. 3aBucumocts Bszkoctr DX/, DER-330 n
cmeceit X[ + DER-330 oT Temneparypsl mpu
paszHom coaepxannu DER-330.

1 — 0 mac. %, 2 — 10 mac. %, 3 — 20 mac. %;

4 —30mac.% u 5 — 100 mac. % .

Ha puc. 2 npuBeneHsl 3aBUCUMOCTU BSI3KOCTH
DX/l or coaepkaHWS aKTUBHOTO pa30aBUTEINs
Mapku JOI-1 mpu  pasHbIX  TemIeparypax.
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