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AHHoTauusi. [locTosHHO mOBBIIIAIOIIASICS 3arpy3ka aBTOMOOWJIBHBIX JOpPOr H
YBEJIMYEHUE MHTEHCUBHOCTH JBMXKEHHMS TPY30BOTO TpaHCHOpPTa TPeOYIOT — YIydIIEHHS
OKCIUTYyaTal[MOHHBIX TIOKa3aTrenell OUTyMHBIX BsKymuXx. OCHOBOM Takux HW3MEHEHU,
OKa3bIBAIOLIEH MMOJIOKUTENFHOE BIMSHUE Ha 1IEJIbI KOMIUIEKC apaMeTPOB UTOTOBBIX JJOPOXKHBIX
NOKPBITUH, sBisieTcs  MoaudUKanus  TpagunuoHHbX OutymoB CBC-nomumepamu. B
paboTe paccMOTpPEHbl OCHOBHbBIE 3aKOHOMEPHOCTHM HaOyxaHHs  OyTaJueH-CTHUPOJIBHBIX
TEPMOAJIACTOINIACTOB ~ PA3JIMYHOIO  COCTaBa M CTPOGHHS B  TOBapHBIX  HEPTIHBIX
IIacTUPUKATOPaX, TPAIUIIMOHHO cocTaBisomux oT 30 10 60 % B cocTaBe CMECEBBIX BSKYILUX.
Jns mpoBeneHuss UCHbITaHUN Obula pa3paboTaHa NpoOCTash YCTAHOBKA IO OMNPEAENIEHUIO
u3MeHeHHs 3((HEKTUBHOIO pajnyca UCCIEAYEMbIX YaCTUL MOJMMEpa B POXOISIIEM COTHEUHOM
CBET€ C NpPHUMEHEHHEM MPSIMOYTOIBHBIX KIOBET W3 ONTHYECKOro OecrBeTHoro crekia K-8
npousBojicTBa komnanuu Hellma. Buneodukcanus nzo0paxeHunii mpoBoauIach Npu KOMHATHON
TeMIiepatype u atMmochepHOM JaBieHuU 0e3 nepememmBaHus. OOpaboTKa MOJYYEeHHBIX TaHHBIX
npoucxoamia B cucteMax AutoCad, 3Ds Max. B kauectBe CbC-noniumepoB 66U pacCMOTPEHBI
JUHEHHbIe MapKu OyTaaueH-CTHPOJIbHBIX TepModjacToruiactoB. [Ipu 3ToM aHanmu3 AMHAMUKH
HaOyXaHHs U MOCENYIOIIEro PaCTBOPEHHUS TEPMOIJIACTOIIACTOB MOKA3all, YTO UHIYCTPUAIBHOE
maciio M-20 u 6a3oBoe HedTssHOE Maciio SN-150 00agaroT MOBBIMIEHHOW COBMECTHMOCTBIO C
CBC-nonumepamu.

Kutouessble ciioBa: ChbC-nonumMepsl, 0a30Bble Maciia, HabyxaHue OyTaJueH-CTUPOIbHBIX
TEPMO3JIaCTOIIACTOB, OUTYMBbI HEPTSIHbBIE JOPOKHBIE, TOTUMEPHO-OUTYMHBIE BSXKYIIIHE.
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BBEJ/I[EHUE

['moGanpHbIe KIMMAaTHYECKHE U3MEHEHHSI 1 HOBBIE CTpAaTernYecKue IporpaMMbl pa3BUTUS
U OCBOCHHS CEBEPHBIX peruoHOB Poccuiickoit ®Demepan  MOCTOSHHO TpeOyHOT OT
CIELMAJIMCTOB, 3aHUMAIOIIUXCA JOPOKHBIM MaTEPUAIIOBECHUEM, TOMCKAa HOBBIX BapHAHTOB
NOBBILIEHUS] HU3KOTEMIIEPAaTypHBIX IIOKa3aTeleld [TOPOKHBIX BSDKYIIMX M, Kak CJEICTBUE,
YBEITUYCHUS MEXPEMOHTHBIX CPOKOB aBTOMOOMIIBHBIX gopor [1, 2, 3].

Tem He MeHee, HECMOTps Ha OCO3HAHME M IPUHATHE BCEH  CIOKHOCTHU
MHOTOKOMIIOHEHTHBIX ~ KOJUIOMJHBIX CHCTEM, KAaKOBbIMHM SIBIIIFOTCS TPAAMIMOHHBIC IS
Poccwuiickoit denepanuu OKUCICHHBIE OUTYMBI HA OCHOBE CEPHUCTHIX HedTel |3, 4], mocTaTouHO
NPOJODKUTENILHOE BpeMsl OTpacjieBas Hayka He oOpamjaja JODKHOTO BHUMaHHS —Ha
HEO0OXOIMMOCTb U3Y4YEHHUS KaK CBOMCTB CaMMX KOMIIOHEHTOB, BXO/SIIHUX B COCTaB OPraHMYECKUX
BSDKYIIMX, TaK M PA3JIMYHBIX IPOLIECCOB JAECTPYKLUHUHM M MOIUMEPHU3ALUU, MPOUCXOIAIINX B
JNOPOXKHBIX BSDKYIIMX B XOJI€ HMX IepepabOTKH, a TakXKe IPU HKCIUTyaTallil HTOTOBBIX
ac(hanbTOOCTOHHBIX MOKPHITUH.

Hanpuwmep, npu knaccudukanuym HeQTSIHBIX JOPOXKHBIX OMTYMOB OCHOBHOHM aKIIEHT 0
CUX MOp JENAaeTCsi HUCKIIOUUTENIbHO Ha HMX PEOJOTMYECKHUX IIOKAa3aTelsiX, a KOMIIOHEHTHBIN
cocTaB, OO€CIEUYMBAIOUIMM MOIYYEHHE pEerjJaMeHTHUPYEMbIX IOKa3aTeleld KaK MCXOJHBIX
BSOKYIIUX, Tak U BsoKymux nocie RTFOT- u PAV-crapenus [5, 6], He ouieHuBaeTcs Jaxke B
cilydae TMOJy4eHUs U3 He(PTAHBIX JTOPOKHBIX OUTYMOB MOJMMEPHO-OUTYMHBIX BsuKynux (I16B)
[7,8].

OpHako IS TOCIETHEro CiIydass KOMIIOHEHTHBIH COCTaB HMCXOJIHOTO OWTyMa HMEeT
pelarolee 3Ha4€HUE, IMOCKOJIBKY €ro BapbHpPOBAHME IIO3BOJISIET PETYJIMPOBATH KOJIMYECTBO
OyramueH-ctupoibHOro Tepmosnactomiacta (CbC-momumepa, bC TOII), ucnonszyemoro mjs
momudukauu [9, 10]. B xone Habyxanus B OMTyMHOM BsbkyuieMm rpanyisl CBC-monmumepa
YBEJIMUUBAIOTCA B TPEX H3MEPEHHSIX M, MOCTENEHHO pa30yxas, 3aHUMAlT BECh JIOCTYIHBIN
o0beM. OTO MNPUHIMIIKAIBHO HW3MEHSEeT CBOWCTBA KaK CaMUX BSDKYIIMX, TaKk U
nosuMepac(anbToOETOHOB Ha MX OCHOBE. IIpM 3TOM CTOMT y4MTHIBaTh, YTO yJeibHasl JOJIs
TepModiacromacta B cebecroumoctu IIBB  mpubmmwkaercs k50 % u  onTtuMmuzanus
cootHomeHus: «Bsikymee / CBC-momumep» CTaHOBUTCA BechbMa BakHOM 3amauedd [11, 12].
[TpaBuibHBI BBIOOp IUIACTH(GUUUPYIOIIMX areHToOB [uId OOeCHeYeHHs MaKCHUMAallbHOTO
HaOyxaHusi OyTaJAMEeH-CTUPOJBHBIX TEPMOAIIACTOIUIACTOB HEOOXOAWMO OCYLIECTBIATH JJIs
kaxoi nmapsl «bC TOII / yriaeBogopoaHbli miacTuGUKaTOp».

Ha Tekymmii MOMEHT BO3MOXHa OIleHKa KadecTBa pacmupeaenenuss CbC-nonumepa mo
oobemy IIBB ¢ momompio psiia MeTon0B, Haubosiee HAMVIATHBIM M3 KOTOPBIX SBISETCA
Tak Ha3biBaeMbli TyOHbII Meron [13, 14]. Oun 3aknodaercs B TEPMOCTaTHUPOBAHHUU
paccMaTpUBAaEMOI0 CMECEBOTO COCTaBa B BEPTUKAIHHOM IOJIOKEHUH B ATIOMHHHUEBOM TpyOke
npu temmnepatype nopsaka 180 °C B teuenue tpex cyrok [15]. K coxanenuto, JaHHBIH METOJ
TaKXe He J1IaeT peaJlbHOTro MPEICTaBICHHs O B3aUMO/ICHCTBUN KOMIIOHEHTOB B COCTaBe OUTyMa (a
3areM u [IbB), onHako ompeaeneHHBIM 00pa3oM YYUTHIBAET PA3HUIY B PEOJOTHUYECKHX
CBOMCTBAX MHOTOKOMIIOHEHTHBIX OHTYMHBIX BSDKYIIMX U TIOJUMEPHBIX MOAU(UKATOPOB
xiacca bC TOIIL.

ITpu 5TOM B CBSI3M ¢ U3MEHEHHEM (aKTHUECKOW CTOMMOCTH HE(PTAHBIX MIAaCTU(UKATOPOB,
KPYIMHOTOHH2)KHO BBIMYCKAa€MBbIX JUIsl Pa3HbIX OTPACIE€H MPOMBIIUIEHHOCTH M paHee HIMPOKO
IPUMEHSBIINXCS B JOPOXKHOM MaTEpPUATIOBEIEHUN 1JIs1 PETYJINPOBAHNUS KOMIIOHEHTHOI'O COCTaBa,
Bce Oosblliee BHMMaHUE Ha MpeAnpusTusx, usrorasiuBatouinx [IbB, ynensercs uzyuenuto
BO3MO>KHOCTH 3aMEILEHUsI TOBAPHBIX Macejl pa3jIMYHOr0 poJa HETOBAPHBIMU NPOAYKTAMHU Kak
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HE(TSAHOTO, TAaK U PACTUTEIHHOTO MPOUCXOXACHU. OHAKO HA TEKYIIUNA MOMEHT HE CYIIECTBYET
JNOCTYITHBIX M BOCIPOM3BOJMMBIX  METOJOB  OLEHKM  PAcCTBOPSIONIEH  CIIOCOOHOCTH
MEJIKOTOBAPHBIX IIACTH(QHUIIMPYIOIINUX areHTOB.

HNmenHo molsToMy B Hacrosimeil paboTe ObLIa MoCTaBiieHa 3a/iaya OICHKH U M3Y4YCHUs
B3aMIMOJICHCTBUSL  KUAKOW MacisHoW  (a3el  HedTssHOro OWUTyma, MOJEIHPYyEeMOH ¢
UCTIOJIb30BaHUEM 0a30BBIX M MHIyCTPHUAIBHBIX Macell, 1 HECKOJIBKUX MapoK JTHHEWHO-OyTa reH-

CTHUPOJIBHBIX ~ TEPMOXJIACTOIJIACTOB ~ OTEYECTBEHHOTO W 3apy0eKHOTO0  TPOU3BOCTBA,
o0ecreunBaroIIMUX yIPYyro-MpoyHOCTHBIE oKa3arenan urorosoro [16B.
MATEPHAJIBI H METO/IbI

Onenka mporecca HaOyxaHus u mnocieayromero pactBopenus CbC-monmnmepos
MPOBOAMIIACH C UCIOJIB30BAaHUEM KakK 0a30BBIX HEPTSIHBIX IIACTH(PUKATOPOB, TaK M TOBAPHBIX
WHAYCTPUATIBHBIX Macell, KPYMMHOTOHHAXXHO BBITYCKAeMbIX OOJBIIMHCTBOM HEPTSIHBIX KOMITAHUN
B Poccum.

OCHOBHBIMU KOMITOHEHTaMU JIJISl U3YUYECHHUsI SBISUTHCH 0a30BbIE Macia, MPOU3BOAMMbIC Ha
[TAO «CnaBuedTth-SpocnaBaedreopreuntesy, mapok SN-150, SN-400, a taxxe macao SN-650,
usroraBnuBaemoe Ha [IAO AHK «bamuedts» — «bamuedts-HoBola». OHU mIMPOKO
UCIIOJIB3YIOTCSI B KAYECTBE CBHIPhS JUIsl POM3BOJICTBA TOBAPHBIX MAcell Pa3IMYHOI0 TPUMEHEHUS
(MOTOpHBIX, MHAYCTpUANBbHBIX U 1p.) [16, 17, 18]. TexHuyeckue mokazaTelu MPHUBEACHHI B
Tabi. 1.

Tabnuya 1
DU3NKO-TeXHUYECKHE MoKa3arenu 6a30BbIx Macen [16, 17, 18]
ITokazaTenb Mertoz uCIBITaHUS Mapra basosoro macnia
8 A SN-150 SN-400 SN-650
IS)’?;Z;{ OpHopoanas OpHopoaHas
Bruemnuii Bug m. 7.2 CTO 00149765-003-2010 | GecupeTHas KeaTopatas CBETII0
po3payvHas KOpUYHEBas
po3payvHast
KUJKOCTh KUIKOCTh
KUIKOCTH
Bs3kocTh
KHHeMaTH et TOCT 33-2016 5,400 9,246 13,420
npu 100 °C,
Mm%/c
Bs3kocTh
KWHEMaTH4eCcKast I'OCT 33-2016 31,400 78,96 -
pu 40 °C, mm°/c
HHnekc BI3KOCTH I'OCT 25371 106 93 95
Maccosas goius
BosL, %% T'OCT 2477 Crnensl Crenpl Cruenpl
Tnotroers ASTM D 4052 869,2 884,2 900
npu 15 °C, xr/m
TeMnepaTyp(.::l I'OCT 20287, meton b Munyc 16 Munyc 16 Munyc 16
3acthiBanms, °C
Temmepatypa
BCIIBIIIKH
B OTKPBITOM I'OCT 4333-2021 213 240 255
Turie, °C
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Oxonuanue maobn. 1

ITokazarens Meroj MCIBITaHUS Mapxa basoBoro macna
SN-150 SN-400 SN-650
CopeprxaHue
MexaHiqecxnx I'OCT 6370 Oreyr- Oreyr- Orcyr-
. o CTBYIOT CTBYIOT CTBYIOT
npumMeceit, %
301bHOCTE, % T'OCT 1461 0,003 0,003 0,003
L(BeT Ha
kosopumerpe [THT, I'OCT 20281 1,0 2,1 3,1
en. [THT
MaccoBas 1071
cepbl B 0a30BOM ASTM D4294 0,064 0,120 1,100
macie, %

Bropas rpymnmna minacTuuKaTOpoB MpeACTaBisiia coOOM HMHAyCTpUaibHBbIE Macia,
cootsercrByromue ['OCT 20799-2022 u npousBenennsie OO0 «PH-Cma3zouHble MaTepuaib» B
r. Pszanm [19, 20, 21]. TexHn4yeckue moka3aTelld IPUBEICHBI B Ta0II. 2.

Tabnuya 2
DU3NKO-TEXHUYECKHE IT0Ka3aTean UHyCTpUuasIbHbIX Mace [19, 20, 21]
ITokazarenp MerTon ucnbITaHUs Mapa 6asosoro macnia
A 1-20A U-40A 1-50A
Bs3kocTh KHHEMATHUECKAS 5,396/21,19 8,943/49,5 11,51/63,49
npu 100/50/40 °C, e | 1 OCT 33201617757 39 178,96 /104,0
Homoets 1ipu 20 °C, ASTM D 4052 866,0 878,0 881,4
Temmneparyp oa TOCT 20287, Munyc 18 Mumnyc 16 Munyc 15
3acTeiBaHMs, °C meton b
TeMnepaTyE)a TOCT 20287, Mumnyc 15 Mumnyc 15 Mumnyc 12
Tekydecty, °C MeTon A
Temneparypa BCIBIIKH | 1y 4333 5091 216 220 234
B OTKpHITOM THrIIE, °C
Temnepatypa | 1607 15 1 044-89 356 361 364
camoBocIutameHeHus, °C
Hser na konopumetpe IHT, | 11 900g1.91 05 2,0 3,0
en. [THT

B kauecTBe monMMepHBIX MOAU(UKATOPOB B pabOTE paccMAaTPUBAIUCH UCKIIOUUTENHHO
OyTaMeH-CTUPOJIbHBIE ~ TEPMODJIACTOIUIACTHl  JMHEWHOro cTpoeHus. IlpumeHenue mpu
usroroiennn  [IBB  umenno  CBC-nmomumepoB — periiaMeHTUPOBAHO  TPeOOBaHUSMU
I'OCT P 52056-2003 «Bspkympe mTOJIMMEPHO-OMTYMHBIE TOPOXHBIE HAa OCHOBE OJIOKCO-
MOJMMEPOB  THUIA  CTUPOJI-OYTaJueH-CTUPOJ. TeXHUYecKue YCIOBHs», pa3pabOTaHHOTO
®denepanbHbBIM TOCYIapCTBEHHBIM YHHUTAPHBIM INpeanpustueM «l'ocyqapCTBEHHBIN JOPOKHBIN
HaydHo-uccnenoBarenbckuii uHCTUTYT» (DI'YIT «Coroz/lopHMW») u nelictByromero Ha
tepputopuu Poccuiickoit @enepaunu ¢ 1 ssuaps 2004 roxa.

B kauectBe CBC-monumepoB OBUIM HCIIONB30BaHbl JIMHEHHbIE MapKu OyTaaueH-
CTHPOJIbHBIX TEPMORJIACTOIUIACTOB OTEYECTBEHHOIO U 3apyOEKHOI0 MPOU3BOICTBA, TEXHUYECKHE
MoKa3aTeIu KOTOPBIX MIPUBEJCHHI B Ta0I. 3.
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Tabauya 3
DU3UKO-XMMHUYECKUE MTOKA3aTeIH OYTaMeH-CTUPOIbHBIX TEPMOIJIACTOILIACTOR
OTEYECTBEHHOT'0 M 3apyOEeIKHOTO MTPOU3BoIicTBRa [22—25]

HaumeHnoBanue nokazareis Mapin CbC-nonnmepos
JCT J130-01 | Kraton D0243 Kraton D0246 Kraton D1192

Co;lepxcaime CBSI3aHHOTO 31 30-34 26 30
crupona, %
Conepxanne 1,2-Bununn, % 14+2.0 33-37 28-30 48-50
Copepxanue 1u0oka, % 10£2,0 75+£2,0 55+£2,0 Mewnee 10
Cpeanesecosas MonekyipHas 7885 ThIC. 62—71 ThIC. 68—73 ThIC. 75—78 ThIC.
Macca My, yci. en.
[MomuaucnepcHocts My /M, 1,16-1,19 1,10-1,15 1,13-1,15 1,15-1,18
[Tokazarenb TEKy4ecTH pacIuiaBa,
190 °C, 5 xrc, 1/10 Mun 0-1 18-20 34 0-1
YcnoBHast IpOYHOCTH
npu yummHennn 300 %, MIla 2,0 10 2.0 48
YcnoBHas IpOYHOCTH 9.6 2.0 2.9 33,0
pu pactsbkeHuu, Mlla
OTHOCI/ITCJ‘IBH(())C YAJIUHEHHE 650 820 880 1 TBIC.
1pu paspsiBe, %
DJacTUYHOCTH 110 OTCKOKY, %o 55 35 45 65

Tepmonnactornact naunelHblid Oyraauen-ctupoiabHbiil JACT JI 30-01 sBnserca ogHum
U3 TMEpBBIX NpoMbIlIUIeHHO BhimyckaeMblx CBC-nmomumepoB B Poccunm (AO  «Boponex-
CHHTE3Kay4yK») U MpeJCTaBiIseT co00il MpoayKT OGJIOKCONOIMMEpPHU3alMi CTUpoJa U OyTaaueHa
B PAacTBOpE YIJIEBOJAOPOJIOB B MPUCYTCTBUM JTUTHHOPraHUYECKOTro Karanusaropa [22]. On umeet
TUIIOBYIO JIMHEWHYIO CTPYKTYPY € MPEBATUPYIOLIUM COAepKaHuEM |,4-TIpUcOeIMHEHNs 3BEHbEB
B MonuOyTagueHoBOM OJOKe, ONyJIpeH CTeapaToM KalblMs WIA JUOKCHUAOM KpPEMHUS.
Copnepxanue ctuposa He npesbimaet 30 %. /lanHas Mapka OTJIMYAETCsSl BBICOKUM COJEP KAHUEM
TPEXOJIIOYHBIX CTPYKTYp, Npudmmxkaromumes k 90 %, u sBnsercs Hanbosee YacTo UCIOIb3YEeMOM
Opd  TOJIMMEPHOM MoauUKauu HEPTAHBIX JOPOXKHBIX OHTYMOB B COOTBETCTBUH C
I'OCT P 52056-2003. ACT JI 30-01 obGmagaer mnapamMeTpoM pacTBOPUMOCTH, pPaBHBIM
17,8 Mk /M n XapaKTepU3YIOIUM BIUSHUE MOJUOYTaJUEHOBBIX M MOJMCTUPOJIBHBIX
0JIOKOB B cOCTaBe TepMoaacToracTos [13].

Boimyckaembie kommanneii Kraton™ CBC-monmMmepsl XOpOIIO H3BECTHBI ITHPOKHM
Habopom cBoiicTB. Hampumep, mapka Kraton D0243 xapaktepusyeTcss HaaudueMm OOJBIIOTO
yrcna AUOIOYHBIX CTPYKTYp (1m0 75 %) [23], kotopoe mns mapku Kraton D0246 cocraBnser
55 % [24]. Baxxno ormetuts, uto y JACT JI 30-01 u Kraton D1192 npeBanupytoT TpexOaouHbIe
KOMIIOHEHTbl M KOJW4ecTBO 1ubioka He mnpesbimaer 8—10 %. [lpu 3TOoM oTiaMuuTENIBHAS
yepra mnonumepa wmapku Kraton D1192 3akmrogaercss B OOJBIIOM KOJIHYECTBE 3BEHHEB
1,2-npucoequnenuss — no 48-50 % [25]. Bce yka3zaHHBIE OTIMYUS B COCTaBE U CTPOCHUU
MOJIMMEPOB OYIyT MPOSIBIATHCS TPU B3aUMOCHCTBUU C KUAKON MacistHOW (a3zoi outyma, AJis
MOJICIUPOBAHMUsT KOTOPOHM B JAaHHOM HCCIEIOBAaHMM MCIIOJIb30BAaHbl TOBapHble He(TsSHBIE
MIaCTU(UKATOPHI.

B xone npoBeneHus nccie0BaTeNbCKol YacTu paboThl OBUIO MCIOIB30BAHO MPOCTOE MO
KOHCTPYKIIMM YCTPOMCTBO [UIsl HEMPEPHIBHOTO HAONIONECHUS IPOLECCOB IOBEPXHOCTHOTO
NOIJIOUIEHUST  yOpyroiactuyHsiMu  rpanHyidamu  CbC-monumepoB  pasHBIX — Mapok
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IUTACTU(HUKATOPOB HEPTIHOTO MPOUCXOXKICHHS PA3IMYHOIO COCTaBa. Y CTAHOBKA IMPECTABIISIIA
co00i1 MPsAMOYTOJIbHBIA 3aKPBITHI KOHTEHHEp, Majias U3 CTOPOH KOTOpOoro Obuia oOpaileHa K
€CTECTBEHHOMY MCTOYHHMKY COJTHEUHOTO CBETA, IIPOHMUKABILETO B HETO Yepe3 ILEIEBOE OTBEPCTHE
B 3aJiHCH 4acTu KoHTewHepa. [IpsmoyronbpHbie KioBeThl K-8, M3roTOBICHHBIE M3 ONTHYECKOTO
0ecIBETHOTO CTEKJIa, OBUIH PACIIONOKEHBI HEITOCPEICTBEHHO Tepe menbio (puc. 1).

Cser

Kamepa

Puc. 1. Cxema onbpITHON YCTaHOBKY JJIsl HEMPEPBIBHOIO MOHUTOPUHIA
noBepxXHOCTHOTO B3anmoeicTBust CbC-nonnMepoB u miacTuukaTopoB

B mnepenneit wactm koHTeiiHepa Obi1 3akpemieH cmaptdon Samsung GT-193001,
OCHAILEHHBI ONTHYECKON CHCTEMON ¢ paspemieHueM BuaeocbeMku 1920 x 1080 nukcenen
(Full HD). Kamepoii ocyiiecTBasiach BUACO3AIMUCH MPOIECCOB HAOyXaHHS Pa3IMYHBIX THITOB
wiactudukaropoB U Mapok CBC-nonmumepoB (puc. 2). OOpaboTka MOIYYEHHBIX H300pakeHUM
MIPOMCXOIMIIA C TIOCTOSIHHOW TEePHOAMYHOCTHIO. [Iporecc mpoBOAMIICS B CTAaTHUYECKOM PEKUME
IpyY KOMHATHOW Temreparype U arMocepHoM naBieHuU. [IpoomKkuTenbHOCTh JaHHOTO 3Tarna
MOHHUTOPHHTA He TpeBbimana 3 cyr. [locie u3BIeUeHUsT TE€TEPOreHHBIX CMECel M3 KOHTEeHHepa
JUI BMJICO3AIMCH TOJyYEHHbIE COCTAaBbl MNEpeMEIlaluch B OIOKCBI, U3 KOTOPBIX TIPaHyIIbI
MOJIMMEPOB TIEPUOIUYECKH HM3BIICKAJHCH, MPOCYIIUBAINCH (PUIBTPOBATLHON Oymaroi, a 3areMm
(UKCUPOBATUCH UX TEOMETPUUECKHUE Pa3MEPHI.

Puc. 2. IlepBonauanbHbIil Tam HAOyXaHUs
pa3ubix Mapok CbC-nonumepos B 6azoBom macie SN-150

PE3YJIBTATBI HCCIIE/IOBAHHUA
C 1menmpl0  COTMOCTaBJICHUS  KAUeCTBEHHBIX  TOKaszareneld  0a30BbIX  HE(PTIHBIX
1acTU(PUKATOPOB M HMHIYCTPUAIBHBIX Macenl Ha jabopaTtopHoMm pedpakromerpe UPD-22 ¢
oborpeBatomieil TOJOBKOH OBUTIO TPOBEACHO ONpEACTCHHE ToKa3areis IPEJOMJICHUS B
muana3one remmeparyp ot 20 mo 60 °C. IlonydeHHbIC JaHHBIE MPEACTABICHBI HA PHC. 3.
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Puc. 3. TemneparypHas AuMHaAMUKA IMOKa3aTeICH MPETOMIICHHS
0a30BBIX M UHIYCTPHAILHBIX Macell, UCTIOJIb30BaHHBIX B UccienoBanuu, °C:
psan 1 — 20; psg 2 — 30; psin 3 — 40; psn 4 — 50; psg 5 — 60

BaxHO OTMETHTH, YTO JAWHAMHKA W3MEHEHHS I[IOKAa3aTellsl NPEJIOMIICHUS Ui BCeX
paccMaTpUBaEMbIX IIACTUGUIMPYIONIMX areHTOB MPAKTUYEeCKU WaeHTH4YHA. [Toka3aTenbHO, 4TO
a0COJIIOTHBIC 3HAUYCHMSI, XapaKTePH3YIOIIHMEe KOMIIOHCHTHBIA COCTaB Macel, KpalHe OJIM3KH B
napax SN-150/1-20A, SN-400/1-40A, SN-650/U-50A. I1pu 5TOM CTETeHb CBETONPONYCKAHUS
Uit 0A30BBIX, M JJISI MHAYCTPHAIBHBIX Macesl YMEHBIIAETCsl ¢ POCTOM YMCIIa aTOMOB yIiiepoja B
OCHOBHOHM YIJIEBOJIOPOJHOW Ienu IutacTudukaropa. Ha 3To yka3piBaeT M H3MEHEHHE
ceeronpomyckanus mo 'OCT 20281-91.

CymMapHoe Bpemsi HaOoJeHWs HAaOyXaHHWs TIO0 W3JI0)KEHHOW BBIIIIE METOJIUKE HE
npesbimano  45-50 cyr, mnockoiabky (BHE 3aBHCHMOCTH OT BHJIA HCIOJb30BAaHHBIX
IUIACTU(QHUKATOPOB) B yKa3aHHBI MEpUOJT TAHHBIM Mpolecc i BCEX HCCIEIOBaHHBIX MapoK
OyTaIMeH-CTUPOIILHBIX TEPMOIJIACTOIIACTOB CTA0MIIN3UPOBAIICS.

CeBeneHuss O nIuHaMuKe HaOyxaHWsi B 0a30BBIX W HMHAYCTPHAIBHBIX MacliaX TpHU
HOPMAaJIBHBIX YCIIOBHSX TPEJICTABIICHBI HA pHC. 4 U B Ta0I. 3.

3,50 350 Kraton D0243 ___ommmmmm=m=mT
Kraton D0243 Rl ===
3,00 rmmmm 3,00 Y - == 7 Kraton D0246
-~ - L
’ -—— ’
’ - ¢ !
2,50 L Kraton D0246 2,50 ’

Kraton D1192

2,00

1,50

Basopoe macio SN-400 BbazoBoe maciio SN-150

1,00

0 20 000 40 000 60 000 0 20 000 40 000 60 000

Bpemsa, MuH Bpems, MUH

OTHOCUTeNbHOE HabyxaHue, yca. eq,.
OTHOCKTeNbHOE HabyxaHue, yca. ea.
\N
o
o

Puc. 4. lunamuka HaOyxanus ChbC-niosmMepoB B 6a30BbIX Maciax
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300 KratonD0243  _____ccccccmmmm—ee-
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2,50 S - Kraton D0246
P
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7
2,00

Kraton D1192

Bazosoe macio SN-650

0 20 000 40 000 60 000

OTHocuTenbHOe HabyxaHue, ycn. eq,

Bpemsa, muH
Puc. 4. IIpogomxenue

B paccmotpenHbix 6a30BbIX Maciax Bce ucnoiib3oBaHHbie Mapku CBC-monumepoB BeayT
ceOsi aHaJOrMYHBIM OOpa3oM: B TeyeHHe mepBbIX 10 Thic. MUH HAOMIOJAETCS AKTHUBHOE
HaOyxanue rpanyn bC TOII, npuyem yem OGonblie qubOKa coieprkana Mapka, TEM BBILIE €€
crenenb HaOyxaHusa. OnHako yxke K 20 ThIC. MUH MHTEHCHBHOCTH YBEJIMUYEHUS 00beMa IpaHyl
CYILIECTBEHHO YMEHbIIAJIach U CTaOMIN3UpoBaiach K 45—50 cyT HaOIIOAeHUH.

Tabnuya 4

HaOyxanune CbC-nonumMepoB B uHaycTpuanbHbix Maciax M-20A/N-40A/MN-50A

Bpems OTHOCUTENBHOE N3MEHEHHUE pa3Mepa YacTHLbI TOJIUMEPA, YCII. €.
HaOyXaHWUs,

MUH Kraton D0243 Kraton D0246 Kraton D1192 ACT J130-01
0 1,00/1,00/1,00 1,00/1,00/1,00 1,00/1,00/1,00 1,00/1,00/1,00
60 1,03/1,03/1,00 1,01/1,03/0,89 1,05/1,01/0,85 1,01/1,06/0,98

120 1,03/1,05/1,03 1,03/1,06/0,92 1,00/1,08/0,89 1,05/1,13/1,02

180 1,08/1,04/1,10 1,02/1,10/0,98 1,13/1,08/0,95 1,18/1,13/1,09

240 1,07/1,05/1,15 1,01/1,11/1,02 1,13/1,12/0,99 1,18/1,17/1,14

1000 1,19/1,06/1,19 1,04/1,08/1,11 1,14/1,08/1,04 1,20/1,13/1,19

2 040 1,30/1,25/1,51 1,13/1,14/1,42 1,20/1,16/1,11 1,26/1,22/1,27

4020 1,37/1,53/1,58 1,26/1,26/1,57 1,24/1,29/1,15 1,30/1,36/1,32

10 860 2,02/1,87/1,90 1,97/1,46/1,93 1,68/1,59/1,57 1,76/1,67/1,81
19 975 2,68/2,54/2,35 2,65/2,01/2,21 2,23/1,99/1,90 2,50/2,19/2,18
30 055 3,02/2,79/2,45 2,98/2,25/2,35 2,38/2,18/2,00 2,65/2,33/2,30
65 000 3,27/2,90/2,51 3,02/2,57/2,50 2,67/2,35/2,06 2,81/2,63/2,37

Jlarnble TaO1. 4 MOATBEPKAAIOT, YTO TUHAMHUKA U3MEHEHHS TapaMeTPUUECKUX Pa3MepOB
YaCTHUI[ HMCCIENYEMBIX TOJMMEPOB B  HWHAyCTpualbHbIX Macnax (M-20A, HU-40A,
N-50A) ananornyHa mNoKasareisiM, IOJYyYeHHBIM s paccMmarpuBaeMbix CBbC-moammepoB B
6a3oBbix maciax (SN-150, SN-400, SN-650). IIpu sTom abcomrOTHBIE 3HAYCHUS JJI 0A30BBIX
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Macell HECKOJIbKO BBINIE, YeM JJIs WHAYCTPUAIBHBIX. YKa3aHHOE OOCTOSTENHCTBO IO3BOJISET
clenaTh BBIBOJ O Npeobnanaromeit dddexruBHocTH 6a30Boro macina SN-150 mis obecrnieueHust
Habyxanus bC TOII co cpeaHeBecoBoil MOJEKYISIPHOM Maccoi 10 85 ThIC. yCII. €.

Tem He MeHee, y4YWTBIBasg, 4YTO TPOIECChl ac(aTbTOCMENICHUS W  YKJIAIKU
nonuMepachanbToOETOHOB TMPOBOJATCS MPH JOCTATOYHO BBICOKUX TemIepaTypax (Mmopsika
160-180 °C), a nery4ecth Kak 0a30BbIX, TaK U MHAYCTPHAIBHBIX Macell C POCTOM TEMIIEpaTyphl
CYIIIECTBEHHO BO3pacTaeT (CM. puc. 3), einecoodpa3Ho paccMaTpUBaTh B KauecTBE 3PPEKTUBHBIX
mactTudukatopoB HedTsaHbie Maciaa Mapok SN-400 u HM-40A. A sl onepaTHBHOM
KaueCTBCHHOW OIIEHKH PACTBOPSIONIEH CIIOCOOHOCTHM HETOBAPHBIX IUIACTU(UKATOPOB MOMKHO
PEKOMEHIOBATh MTPOCTOM U JOCTYIHBIN JJabopaTopHbIi pedpakromeTp MPD-22.

3AK/ITOYEHUE

Takum oOpa3oM, B mpejacTaBlIeHHONW paboTe pacCMOTPEHBl OCHOBHBIE 3aKOHOMEPHOCTH
HaOyxaHUsl OyTaJMEH-CTUPOJIbHBIX TEPMO3JIACTOIUIACTOB Pa3jIMYHOIO COCTaBa M CTPOCHHUS B
TOBAapHBIX HE(PTAHBIX IUIACTH(UKATOpax: 0a30BBIX U MHAYCTPHAIBHBIX Maciax. PazpaboraHHas
ONbITHAs yCTAHOBKAa JUIsl HENPEPHIBHOTO MOHMUTOPHUHIA IPOLECCOB  IOBEPXHOCTHOIO
B3aumojieiicteusg CBbC-noaumepoB M IUIACTHU(PHUKATOPOB MO3BOJMWIA 3a(pUKCHPOBATH IPOLECC
HaOyxaHus B nepuoxa 45-50 cyt. IlokazaHo, 4yTO B KauecTBE MJIACTU(PHUIMPYIOIIETO areHTa AJs
paccmaTpuBaeMblx B pabore Mapok CBC-moiaumepoB ¢ TEXHOJOTHYECKOM TOUKHU 3pEHHs
MPEIIOYTUTEIEHON  sBIsieTcsl Mapka ©0asoBoro macia SN-150 (wim  wMHIyCTpHAITBEHOE
macio M-20A Ha ero OcHOBE), a ONTHUMAJbHBIM IO (PU3MKO-XMMUYECKHM, PEOJIOTMYECKHM H
HYKOHOMHYECKUM Tapamerpam mpenacTtaBisieTcss 6a3oBoe maciao SN-400 (uiam MHIyCTpUANTbHOE
macno M-40A nHa ero ocnHoBe). [Ipu monbope xommnonentHoro cocraBa [IBB pexomeHnnoBano
paccMmarpuBarh JabopaTopHblii pedpakromerp MPD-22 kak cpeacTtBo s OnepaTUBHOM
Ka4eCTBEHHON OIEHKH pacTBOPAIOLIEH CHOCOOHOCTHM TOBApHBIX M HETOBApHBIX HE(QTIHBIX
I1acTU(UKATOPOB.

B/IAT'OJJAPHOCTH
ABtopsl  BelpakatoT  OmaromapHoctb OOO  «PH-Cma3ounble  MaTepuaibl» U
000 «CUBYP» 3a npenoctaBieHue o0Opa3iioB TOBAPHOM MPOIYKIIMH, UCIIOJIB30BAHHBIX B XOJI€
WCCIIEJOBAHMS.
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RHEOLOGICAL BEHAVIOR OF SBS POLYMERS
IN BASE PLASTICIZERS AND INDUSTRIAL OILS

Ya.A. Erokhina®, P.A. Duzhy 2, A.S. Pilipenko *, A.Yu. Belyakov 3, K.P. Pashchenko *,
K.S. Kotezhov °, D.Yu. Nebratenko 3>
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Abstract. The constantly increasing load on highways and the increase in cargo capacity
require improved performance of bitumen binders. The basis of such changes, which has a
positive effect on a whole range of parameters of the final road surfaces, is the modification of
traditional bitumen with SBS polymers. The paper considers the main patterns of swelling of
styrene-butadiene thermoplastics of various compositions and structures in commercial and non-
commercial petroleum and vegetable plasticizers, which make up from 30 to 60 % of the
composition of mixed binders. To carry out the tests, a simple installation was developed to
determine the change in the effective radius of the polymer particles under study in passing
sunlight using rectangular cuvettes made of optical colorless glass K-8 manufactured by Hellma.
The images were videotaped at room temperature and atmospheric pressure without stirring. The
received data was processed in the AutoCAD, 3Ds Max system. Linear and radial grades of
styrene butadiene thermoplastics of domestic and foreign production were considered as
SBS polymers. The duration of observations did not exceed 45 days, because, regardless of the
type of plasticizers used, during this period all brands of styrene-butadiene thermoplastics
completely spontaneously dissolved, and their outer diameter was not recorded by optics with a
video resolution of 1920 x 1080 pixels. At the same time, an analysis of the dynamics of swelling
and subsequent dissolution of thermoplastics showed that light tallow oil, a wood processing
product, has increased compatibility with SBS polymers with a double solubility parameter
characterizing polybutadiene and polystyrene blocks in thermoplastics.

Keywords: SBS polymers, industrial and base oils, polymer swelling, petroleum road
bitumen, polymer-bitumen binders.
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I'napPOJnN3 PACTUTEJIBHBIX TIOJIMCAXAPUJOB C UCIIOJIb3OBAHUEM
IHOJIMMEPHOTI'O TBEPJIOI'O KHCJIOTHOI'O KATAJIU3ATOPA

JI.J. llanckoa, E.INI. I'aBpuiioBa, O.B. ManaeHKoB,
O.B. Kuciiuna, M.I'. Cyabman
Tsepckoii 2ocyoapcmeenHblil mexHudeckuil ynusepcumem (2. Teeps)

© ITanckoa JI. /1., I'aBpunosa E.I1., Manaenkos O.B.,
Kucmuma O.B., Cyneman M.T., 2025

AHHOTanus. B crarbe pacCMOTpEHBI MOIMCaXapubl PACTEHUM — OJHM W3 CaMbIX
pacIpOCTPAaHEHHBIX MPHPOJIHBIX OMOMOJIMMEPOB, MPEJICTABIAIONIMX OOJBIION HHTEpPEC B
KAayecTBE ChIPbsl JUISl TMOJY4YeHHs] BOCTPEOOBAaHHBIX MOHOCAXapHUAOB: TJIIOKO3bl, (PYKTO3BI,
Kcuino3bl. Hanbosnee nepcrnekTUBHBIMU M TOCTYITHBIMU TOJMCAaXapuaaMu SIBIISIIOTCS 1IEIUTION03a,
UHYIMH M TEeMHULEIIIN03a, MOJydyaeMble W3 PacTHTEIbHOM OnoMacchl. PacmpocTpaHeHHBIM
IpoIecCOM MEepepadOTKH PACTUTEIbHBIX MOJMCAXApUAOB /10 CaXapoB BBICTYMAET KUCIOTHBIA
TUAPOIN3, B KOTOPOM Y4aCTBYFOT MHUHEPAJIbHbIE KHCIOTHI, OJJHAKO UX IIPUMEHEHHE COIPSIKEHO C
PSIIOM CYLIECTBEHHBIX HEJOCTAaTKOB: KOPpO3Uel 000pya0BaHuUs, HEOOXOIUMOCTBIO YTHIU3AIUH
u T.. B cBsA3u ¢ 3TuM Hanbojee MHOroOOELIAOIMMH MPEACTABIAIOTCA TBEPblE KUCIOTHbIE
Karamu3atopel. VX  HCIONB30BaHME  CYIIECTBEHHO  YIPOLIAET M YHUBEPCAIU3ZHUPYET
TEXHOJIOTUYECKUH MpOoLEeCC, O3B0 IPUMEHSTh €ro B 0oJjiee NIMPOKOM JHara3oHe Peakluid; B
OTJIMYUE OT JKHUJKMX, TBEPIbIE KATAIMU3aTOPhl 4aCTO MOMJAIOTCS PEreHEpaluu, YTO YyMEHBIIACT
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