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YVHuUsepcumem

Paccmotrpen Bompoc 00 y4yacTuu J00aBKH Cepbl B YIUIYOJICHHH TIpoIiecca IOIMKOHICHCAIIMH
KapOaMu1opopMaIbICTHIHOTO CB3YIOMIEro. VcciaeaoBaHo BIUSHUE OTH JO0aBKH CEPhl Ha TOTEPIO

MaccCBhI ITpyU TOPEHHUHU U BOJOIIOIIIOICHUE OTBCPIKACHHOTO CBA3YIOIICTO.

Kapb6amungopopmanpnerunnoe cas3ytomee (KOC)  saBusercs cambiM
paclpoCTpaHEHHBIM B MHPOBOM MPAKTUKE KIEEBbIM MATEPHAIOM  JUIS
IPOU3BOCTBA IPEBECHO-TIIIUTHBIX KOMITIO3UTOB. Onnako 0e3
MonuUIMpYONMX  A00aBOK  MaTtepuaynbl Ha ocHoBe K®OC  wumeror
AKCIUTyaTallMOHHBIE IOKAa3aTeld, IMO3BOJIIONINE SKCIUTyaTHPOBAaTh MX TOJBKO
BHYTpu niomemieHus. [lnutHeie Marepuansl Ha K®OC Takxke HMEIOT
NOBBIIICHHYID  IMOTEPI0  MAacChl IPU TOPEHUH, TO €CTb  HHU3KYIO
OTHE3aLIUIIEHHOCTb.

K ocHOBHBIM TpeOOBaHMSIM, MPEABABIAEMBIM K IIUTHBIM MaTepHallaM,
MPEIHA3HAYECHHBIM JUJI1 MCIIOJb30BaHUS B CTPOUTEIBHBIX KOHCTPYKLHSX,
OTHOCSITCSI TPOYHOCTHBIE MOKA3aTEIN, CTOMKOCTh K BO3JIECTBUIO BOJBI U BIIArH,
OTHE3AIUIIEHHOCTh U OMOCTOMKOCTh. [IpOYHOCTH TpPU CTaTHUYECKOM H3THOE,
CTOMKOCTh K BO3JCWCTBHIO BOAbl W BJAarud SBISIOTCS SKCILTyaTallMOHHBIM
[IOKa3aTeseM, a OrHE3alIMIIEHHOCTh OTHOCHUTCS K MIPUOPUTETHBIM MMOKA3aTEISAM

0€30I1aCHOCTH.



BaxupiMm  TpeOOBaHMEM TMpPU U3TFOTOBJIEHUU IUIUT  CTPOUTEIHHOIO
HA3HAYEHUSA C HEOOXOAMMBIMM 3KCIUTYaTallMOHHBIMH XapaKTEPUCTUKAMH U CO
CHIDKCHHOM MOTEpPEN MacChl IIPU T'OPEHUU SABIISIETCA CO3JaHUE YCIOBUMH, IIpU
KOTOpPBIX BHOCHUMBbIE TOOABKM HE TOJIBKO HE OKa3bIBaM Obl OTPULATEIBHOTO
BIUSHUS Ha KEJIATUHHU3ALUI0 (OTBEPXKICHUE) CBA3YIOIIET0, HO U ObUIU
HEUTpaJIbHBIMU WJIHM JaXe CIocoOCTBOBaIM 3TOMY mponeccy. CoBMECTHOE
BBEJICHUE B CTPYXEYHYI0 MAacCy CBS3YIOUIEro U Moauduumpyronieil 1o0aBku
BO3MOKHO TOJIBKO ITPH UX COBMECTHUMOCTH.

C TeXHONOrMYEeCKOM TOYKM 3pEHMs] HaWJIydlluM SBISETCS CIoco0
YIYUYIIEHUsI SKCIUTyaTallMOHHBIX XapaKTEPUCTUK W CHMXKEHUS IOTEPU MAacChl
IUIUT TPU TOPEHHUM MYTEM CO3/aHusi Oojiee MPOYHOM M OoJjiee TePMOCTOMKOU
CTPYKTYpPbl OTBEPXIEHHOTO CBS3YIOIIETO, a TAaKXE YBEIWYEHUE 4YHUCIA
XUMUYECKUX CBA3€d MEXKIYy OTBEPKICHHBIM CBSA3YIOUIMM M THUIPOKCUIIAMH
LEJUTIOJIO3bI IPEBECHBIX YACTHLI.

[lepcieKTUBHBIM SIBIIAETCS BBEICHHME HA CTaJUM OCMOJICHUS CTPYXKKH
100aBOK, o0Jagaronmx KOMIUIEKCHBIM CBOWCTBOM YBEIIMYECHUS
OTHE3AIIUIIEHHOCTH IUIMT, IIOBBIIICHUS aJIre3uy KIEEeBOr0 Marepuaia K
JIPEBECHbIM YaCTUIAM M YIIIYOJIGHHS TIpoIecca CTPYKTYpooOpa3zoBaHUs
Marepuania.

OmgnuM W3 Takux MOAMGPHUKATOPOB MPEATNOJIOKUTEIHLHO SIBISETCS Cepa.
O6mactu  mpUMEHEHHMs]  Cepbl  JIOCTATOYHO  IMUPOKU  (XUMHUYECKas
IIPOMBIIUIEHHOCTh, CEJIbCKOE  XO34MCTBO, MEIMIHMHA), IPUYEM CIEIYET
OTMETUTD, YTO OHA HE SBISAETCS ACPUIIUTHON T00aBKOM.

Pacrer kommdecTBO cephl, 00BIBaEMOW W3 HEApP 3E€MJIM, U3
IIPOMBIIIJIEHHBIX Ta30B, IIPU OYUCTKE TOIUIMBA. B Mwupe cenyac yxe
npousBoautcs Ha 10% cepwsl Oonbilie, 4eM HCMONB3yeTcs. Eil WIIyT HOBBIC
o0nacTh TNPUMEHEHHs, MPEANoNiaraloT HCIOJb30BaTh B  CTPOUTEIBHOM
unayctpun. B Kanane y»e HM3roTOBIIEH CEpHBIN MEHOIUIACT, KOTOPbIA OyneT

INpUMCHCH B  CTPOHUTCILCTBC IIIOCCEMHBIX aopor u IIpu  IIPOKIAAKE



TpyOONpPOBOJOB B YCJIOBHUSIX BEYHOM Mep3noThl. B MouHpeane mnocTpoeH
OJTHOATAKHBINA JIOM, COCTOSIIHI M3 HeoObuHbIX 010K0B (70% mecka u 30%
Cephl), MPUYEM IO MPOYHOCTH M CTOMKOCTH OHH HE YCTYHAIOT IIEMEHTHBIM.
[TossBUIIMCH CBEEHUSI M O JAPYTHUX CTPOUTENBHBIX MaTepHuaiaxX, COACpKaIllnX
cepy. C momoIpl0 cepbl MOXHO MOJIy4YaTh OTJIMYHBIE ac(halbTOBbIE MOKPHITHUS,
CrOCOOHBIC TIPU COOPY)KEHUU aBTOCTPAJ] 3aMEHSATh TPEXKPATHOE KOJUYECTBO
rpaBus [3].

CBoiicTBa cepbl Kak T'eépMETHKA, MPOMUTOYHOTO W KJESIIEro mMarepualna,
00yCJIOBJIEHBI €€ CTPYKTYPHBIMH OCOOEHHOCTSIMH. [Ipu OOBIUHBIX YCIOBHUAX
cepa HaxOJMUTCS B TBEPJAOM coOCTOsSsHUM. Ee OoTHOcuTenbHas TBEPAOCTh IO
necATHOANILHOM IIKaje, MPEIIOKEHHOW HeMmelkuMm reojoroMm ®. Moocowm,
coctamisier 1 — 2.

Kpucrannuueckass cTpykTypa cepbl MpeACTaBlIeHa IBYMS ajUIOTPOIHBIMU
dbopmamu: pomMOMYECKOW W MOHOKIMHHOW. PomOuueckass cepa — JIMMOHHO-
JKEITOro IBeTa, IIOTHOCTEI0 2030 — 2090 kr/m® | TeMmeparypa IUJIaBJICHUS
112,8°C. MOHOKIMHHAYECKAs c€pa — MEIHO-KPACHOTO LIBETA, IJIOTHOCTHIO 1960
— 1990 kr/m°, Temneparypa masierns 119,3°C. O6e hopMsl cepsl 06pa30BaHbI
BOCBMUWICHHBIMU ITUKIUYECKUMU Moisiekynamu. Ilepexon u3 omHoil (hopmbl B
IPYTYIO SIBISIETCS DK30TepMUYecKuM. [Ipu pe3kom oximakeHuu paciuiaBa cepa
HEPEXOIUT B MOJUMEPHYIO hopmy [5].

MouekynsipHOE€ CTPOCHHE CEepPhl PE3KO MEHSIETCS B MHTEpBaJe TeMIIepaTyp
155 — 160°C, BMeCTO BOCHMHATOMHBIX KOJEI[ TMOSBIISIOTCS OTKPBITHIC IIETH,
KOTOpbIE MpH JalibHEHIIEM yBenuueHuu temmnepatypsl 10 200°C pacnagarorcs
Ha OTHEJIbHbIE 3BEHbs. [IpU CHIDKEHMHM TeMIiepaTypbl MPOIECC MOBTOPSIETCS B
oOpaTHOM TOPSIIKE.

Bo3MOXHOCTh ydacTusi cepbl B 0OOpa30BaHUU IMOJIUMEPHBIX CTPYKTYp
OTBEPIKIAEMOTO CBSI3YIONIETO OOYCIIOBJIEHA BBICOKOW JHEPTHEH CBI3U MEXKIY
atomamu C—S, N-S; ona comocraBuma c¢ sueprueit csizu C—N B OCHOBHOM 11emu

OTBEPIKICHHOI'O CBSA3YIOIIEr0, TO €CTh COCTaBIsgeT 0K010 280 k/[x/Moub [4].



DTO AaeT BO3MOXHOCTh BBIIBUHYTH MPEAINOJIOKEHUE 00 y4yacTus Cepbl B
CO3JJaHUM CBSI3EH MEXIYy THUIPOKCHWIAMHU UEJUIIOJI03bI W OTBEPKIAEMbIM
CBS3YIOLIUM.

B npoiiecce mpeccoBanus IpeBECHOr0 KOMIO3UWTa MHOrOo(da3Hasi cucteMa,
COCTOsIIIast U3 JPEBECUHBbI, KapOaMu10()OpMabIETUIHOTO CBSI3YIOIIETO, BOJbI
(B IpeBECHBIX YAaCTHIIAX U CBSI3YIOIIEM) U BO3lyxa (B JPEBECHBIX YACTHUIAX U
opax CTPY>KEUHOTo OpUKETa) B pe3yJbTaTe CIOXKHBIX PEaKIMi, MPOTEKAIOIINUX
MO/ ICCTBUEM TEMIIEPATyphl U JaBIEHUS, Ipeo0pazyeTcs B MaTepuasl C MHBIMU
(bU3UKO-MEXaHUUYECKUMU CBOMCTBAMH.

ITpomuecc oOpaszoBaHus Marepuaia OCHOBaH  Ha  MEpPEXoJie
KapOaMu10(hopMabIETUAHOTO CBA3YIONIET0 B HEIUIABKOE U HEPACTBOPHUMOE
COCTOSIHHE.

Teoperuueckue uccienoBanus [2] MO3BOJAIOT MPEANOIOKUTH, YTO MOJICIb
OTBEPKJICHHOW KapOaMuao0(popMalibIeTUTHOW CMOJIBI BBITJISIAUT CJIEAYIOUTAM

obpaszom (puc. 1).
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Puc. 1. Moaens oTBepkIeHHON KapOamMuao(popManbIeTuIHON CMOJIBI



Huzkue skcrulyatallMOHHBIE — MOKa3aTend  KoMmo3utoB Ha KOC
00yCJIOBJIEHBI CIA0BIMHU TONEPEYHBIMU CBSI3IMH MEXKJIY OCHOBHBIMHU LENSMU
OTBEP’KIECHHOIO CBS3YIOIIETO M MajblM KOJMYECTBOM CBA3EH MEXAY
T'MJIPOKCHIIAaMU LIEJUIFOJIO3bI U TOJIUMEPOM.

TpeOGyemble MPOYHOCTHBIE U APYTHUE IKCIUTYyaTallUOHHBIE XapaKTEPUCTUKU
Marepuajia MOT'YT ObITh JOCTUTHYTHI NYTEM BHECEHHS MOAUPUIMPYIOIIEH
N00aBKU cepbl [JIsl TOBBIIIEHUS aAr€3WOHHON NPOYHOCTU CBS3YIOLIETO H
JPEBECHBIX YACTHUIl U CO3JaHusl 0oJjiee MPOYHOU MPOCTPAHCTBEHHOU CTPYKTYpHI
OTBEP>KJIEHHOT'O CBSI3YIOILETO.

[IpucoenuHenue cepbl MPOUCXOAUT WIHM MO aTOMY COCEAHEMY C JABOMHOM
CBS3bIO, WJIM 10 JBOWHOM CBA3M KaKk IO HMOHHOMY, TaK M IO
CBOOOTHOpaIMKAbHOMY MexaHu3My [1]. Mopaenu CTpyKTypbl OTBEpKICHHOU
CMOJIbI, MOJIU(DUIIMPOBAHHOM 100aBKOM Cepbl, MPEACTaBICHBI Ha puc. 2 u 3.
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Puc. 2. Moaens oTBepkIeHHON KapOaMua0(pOopMalIbIeTUTHON CMOJIBI C

100aBKOM CephI

BreigBunyTas B pabote rumore3a 00 ydacTHH 10OaBKH CEpPhl B CO3JIaHUH
CBSI3€M MEXAY THJIPOKCWIAMH LEJUTIOJIO3bl M OTBEPKIAEMBIM CBA3YIOLINM
TpeOyeT IKCIIEPUMEHTAIBHOTO TTOATBEPKICHHUS.

DKCIEpUMEHTAIbHOE ~ MOJATBEPKIECHUE ydacTUsi J00aBKU cCepbl B
nonumepuzanun KOC 0b110 MOMy4eHO B XOJ€ UCCIEA0BaHUs, MPOBOJIUMOM Ha

kapenpe MTI KI'TVY.



Puc. 3. TIpocTpancTBeHHAst MOJIETh CTPYKTYPBI OTBEPKICHHOMN

KkapOaMu0(popMalIbICTUTHON CMOJIBbI, MOJIU(DHUITUPOBAHHOMN J0OABKOMH CEpBI

Jiist uccrienoBaHus BIUSAHUS JOOABKH CEPhI HA MPOIIECC MOJUKOHICHCAIIUH
K®C 6p11 mpoBesieH SKCIIEPUMEHT JIJIsl OTPEICTCHUSI BOJO- M TEPMOCTOUKOCTH
OTBEPKIEHHOTO CBA3YIOLIETO.

O6pa3upl kapOaMuI0(POPMaIIBICTHIHOTO CBA3YIOIMIETO OTBEPKIAUINCH TIPU
temneparype 100 °C u 170 °C. HaumeHnbluas TeMmmeparypa B peajbHbBIX
ycnoBusax nporecca npeccoBanus JCtIl cooTBeTcTBYeT Temmneparype B IIEHTPE
JPEBECHO-CTPYKEIHOTO OpHUKETa, HAUOOJIbIIAs — TEMIIEPAType Ha MIOBEPXHOCTH
Opukera. Takum oOpa3oM, OBLIM HCCIICIOBaHBI BOJIO- M TEPMOCTONKOCTH

CBSI3YIOLIET0, OTBEPKIACHHOTO B Pa3HBIX TEMIIEPATYPHBIX YCIOBUSX.



00pasIos CBSI3YIOILIETO  TOCIIE

H3MeHeHus: Macchl OTBEPKICHHOTO
npeObIBaHUs B BOJIE B TEYCHHE JIBYX 4YacoB MpeacTaBieHbl B Tabn. 1. [loreps
Maccbl 00pa3uoB, oTBepxkAeHHBIX npu Temneparype 100 °C u 170 °C, npu
TEPMHUYECKOM BO3/ICMCTBUM IIpecTaBieHa B Ta0. 2, 3.

Tabnuua 1

HN3Menenne Macchl OTBCPIKACHHOI'O CBA3YIOIICTO ITOCJIC Hpe6BIBaHI/I$I B BOAC

Temneparypa

oTBepkeHus, °C

H3menenue maccel, Am, %

0e3 100aBKH CephI

c 100aBKOM cepbl

100

8,73

7,60

170

37,31

34,78

Tabmuna 2

[ToTeps Macchl MpU TEPMUYECKOM BO3JEHCTBUU 0OPA3IOB CBS3YIOIIETO,

OTBEPKAEHHBIX Ipu Temieparype 100°C

Temneparypa IToreps maccsl, %
ucnsitanus, °C 0e3 100aBKH cephl | ¢ 100aBKOI Cephl
100 4,65 6,06
150 9,71 6,85
1200 18,67 23,23

TaoOmuna 3

[ToTeps Macchl MpU TEPMUYECKOM BO3JEHCTBUU 0OPA3IOB CBS3YIOIIETO,

OTBEPKACHHBIX Ipu TeMieparype 170°C

[Totepst macchl, %

Temmeparypa

ucnbeiTanus, °C

0e3 100aBKHU Cepbl

C 100aBKOM cepbl

100 4,68 3,88
150 5,80 5,05
1200 29,26 20,27




VY o0pa3noB oTBepKAeHHOTO cBs3yromero npu temmeparype 100 °C ne
BBISIBIICHO TIOJIOKUTEIBHOIO BIUSIHUS TOOABKU CEpPhl Ha TEPMOCTOUKOCTh. [[mst
CBSI3YIOIIErO0 OTBEPXkKIACHHOro mpu Ttemmeparype 170 °C TepMOCTOMKOCTH C
n00aBKOM cephl BhIIIIE MPH JIIOOON TeMrepaType Harpena.

DTO MO3BOJISIET C/ICJIaTh BBIBOJ O TOM, YTO J0OaBKa CEphI IPU TEMIIEpaType
oTBepxkaeHUs 105° HEe OKa3bIBa€T MOJOXKUTEIBHOrO BiauAHUA. [lo-Buaumomy,
TEMIIEPaTyphbl OTBEPKACHUS HEJOCTATOUYHO, YTOOBI MCXOJHBIA BOCHMUTPAHHUK
MOJICKYJIBl CEpbl pacmajayicsi Ha 3BEHbS, CIOCOOHBIX K MOJUMEpPU3ALUA U
CO3/IaHUI0 YIIPOUYHEHHBIX CBA3ECH.

[Tockonbky TIOTEpsT MacChl TIPU TOPEHUU OOpa3lOB OTBEPKIACHHOTO
CBs3ylolero ¢ no0aBkoit cepbl ymeHbinunach, JCtIl, MomuduupoBanHbie
n00aBKOM cephl, OYIyT UMETh MOHWKEHHYIO TTOTEPIO0 MACChI IPU TOPESHUH.

BomocToiikocTh  OTBEpPKIEHHOTO CBSI3YIOIIETO MEHBIIE TMpU JIOOOHU
TEMIIEpaType OTBEPXKICHMs. DTO JOKa3bIBAET, UTO J100aBKa cepbl OJOKHUpPYET
HOCUTENU THUAPOPWIHHBIX CBOMCTB B  OTBEPKIECHHOM CBS3YIOIIEM  —
metunosibHbie Tpynmbel (—CH,OH), Takum oOGpa3oM cHMXasi BOJOIOTJIOIICHUE
CBSA3YIOLLETO.

[IpoBenenHble SKCIIEPUMEHTANIBHBIE HCCIIEAOBAaHUS Ha MajbiX 00pasmax
otrBepkaeHHOr0 KOC ¢ Moanduimpyromeit 100aBkoi cepbl (U KOHTPOIbHBIX —
06e3 J00aBKM) TMOATBEPXKIAIOT TEOPETUYECKUE HCCICAOBAHMS —MpoIecca
CTPYKTypoOOpa30BaHMsI  CBS3YIOIIETO W BBIBOA 00  yriyOJeHUH

nonmukoHAeHcannu KOC pu nodaBke cepsl.
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