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INPUMEHEHHWE AHAJIN3A BIG DATA IIPH IINTAHUPOBAHUH
TEKYIIUX U KAIIMTAJIBHBIX PEMOHTOB XKNJIOT'O ®OHJIA
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AHHOTanus. B craTthe paccMOTpeHO pa3BUTHE TEXHOIOIUN Oosbiuux NaHHbIX (Big Data)
B chepe XKKX. IIpoananmnm3upoBaHbl CHUCTEMBI YIpaBICHUS HEIBMKUMOCTbIO (BMS) s
aBTOMAaTH3allMU KOHTPOJISL TEKYLIETro M KalUTaJIbHOTO PEMOHTA. B 1enixX MoAroToBKM JaHHBIX B
BMS wucnonb3oBaHbl CTaHJApTHBIE 3Tanbl 0OpaOOTKM JaHHBIX JUIsl aHAIM3a, BKJIKOYAIOIINE
MHTErpalyio, OYUCTKY U TPaHC(HOPMALIMIO JAHHBIX, a TAKXKe BHEJPEHUE aJIrOPUTMOB MAIIMHHOTO
oOydenus. OcBemIeHbl MPOOJIEMbl BHEAPEHUS TEXHOJOTUH pabOThI ¢ OOJBIIUMHU JTaHHBIMH B
cdepe XKKX u cioxxHoctr 00paboTKu 0(hUIIHAIBHBIX JaHHBIX 10 MHOTOKBAPTUPHBIM JIOMAM.

KuroueBnble cioBa: Big Data, ananu3 naHHbIX, MAallIMHHOE 00Y4YeHHUE, TPOTHO3UPOBAHUE,
KJaccu(uKanus, TEKyILUH pEMOHT, KaluTaJlbHbI PEMOHT, KUIIOH (oH.

DOI: 10.46573/2658-7459-2024-4-5-9

PazButue texnonoruit OGompmmx gaHHbix (Big Data) B chepe XKKX o6ycnoBieno
OTPOMHBIMH OObeMaMH HH(POpPMALMU O TMOTpeONeHHH pecypcoB U paboTe 000pynOBaHMA,
MOBCEMECTHBIM BHeipeHueM TexHosoruu Building Information Modeling (BIM) B cTtpoutensHoit
otpaciu [1]. /Ina pabotsl ¢ Big Data npumensitorcs Texnonorun Hadoop, Spark na ninardopmax
«Anagexcay u «CoOepay», a TakkKe aNrOPUTMBI MAIIMHHOTO oOydeHwus. JlpaiiBepoM mporecca
mudposuzanuu B Poccum Ha T1700albHOM YpOBHE CTAaHOBUTCS TOCYAAapCTBO B LIEJIOM H
yTBepkIeHHas B cepenune 2023 roga mporpamMma B 4aCTHOCTH [2].

HesddexTnBHOE NMIaHUpOBaHUE PEMOHTOB B JKWJIMIIHOM (OHJE — cephe3Has npobdiiema,
KoTopasi TpeOyeT peleHus. OKCIUTyaTUPYIOIIe oOpraHu3anuy (yrnpasisiioliie KOMIIaHWH,
TOBApHILECTBA COOCTBEHHUKOB >KWJIbSI U JIp.) C POCTOM JKMJIOTO (POHAA BBIHYKICHBI XPaHUTh,
00pabaTheIBaTh M aHAIM3UPOBATH OOJBIIION 00HEM IKCIUTyaTallMOHHBIX JaHHBIX [3].

bynem paccmarpuBare Big Data kak cepuio HOJIX0J0B, MHCTPYMEHTOB MU METOIOB
00pabOTKH OTPOMHBIX OOBEMOB CTPYKTYPUPOBAHHBIX U HECTPYKTYPUPOBAHHBIX JIaHHBIX MJIs
MOJIy4eHUsT HEOOXOJMMBIX YeJIOBEKY pe3ynbTaToB. TepmuH npemnoxun Kmuddopn Jlunu B
2008 rony [4]. K nanHBIM IS TUIAaHMPOBAHMS TEKYIIETO M KallUTaJIbHOIO PEMOHTA OTHOCST
UHPOPMALIMIO O COCTOSHUM OOBEKTa, MCTOPUIO PEMOHTA, SKCIUTyaTallMOHHBbIE TOKa3aTelnu MU
MPOrHO3bl Ha Oyaymiee. DTamnbl IUIAHUPOBAHMUS BKIIOYAIOT COOp JAaHHBIX, aHAIM3 TEKYILIETro
COCTOSIHUS, OIpeNeeHue MOTPEOHOCTH B PEMOHTHBIX pPaboTax, ONTUMH3AIMIO TpaduKoB
MIPOBEICHUS padOT, OIEHKY 3aTpaT U COTJIACOBAHUE C 3aMHTEPECOBAHHBIMU CTOpOoHaMHU [3].
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Texymmii ¥ KanuTalbHBIA PEMOHT pErynupyercss (eaepaJbHbIMU W PETHOHAIBHBIMU
HOPMAaTUBHBIMM aKTaMH, yCTAHABJIMBAIOIIMMHU CTAaHIAPTHl KadeCTBAa U MOPANOK IPOBEICHUS
pabot [5, 6]. BaxkHO y4HUTHIBaTh TEXHUYECKOE COCTOSIHHE O0OpYIOBaHUS, CPOKU €ro M3HOCA, a
TaKXe BIMSHHE KJIMMaTHYEeCKUX (DAKTOPOB Ha HKCIUTyaTal[MI0 OOBEKTa.

Texymmii peMOHT MPEACTaBISAET COOON perysipHble peMOHTHBIE paOOTHI, HAIIPABJICHHBIC
Ha MOJJIepKaHUE HOPMAJIBHOIO COCTOSIHUS O0BEKTa M HPOAJIEHHE ero ciykObl. OH BKIIIOYaeT
3aMeHy OTJAEIbHBIX JleTaliel, M3HOUICHHOT0 O0OpYAOBaHMS, KOCMETHYECKUH PEMOHT
MOBEPXHOCTHBIX 3JIEMEHTOB. JlJI1 aBTOMATU3allMA KOHTPOJIS TEKYILEro PEMOHTAa HCIIONb3YeTCs
cuctema aBToMartuzauuu 31aHus (BMS), koropas oxBaTbiBaeT ClEIyHOIIME KOMMYHUKALIHU:
BEHTWISLMIO, KOHAWLMOHMPOBAHHUE, OTOILIeHHE, ocBemieHne. B BMS peamusyercs enunas
CUCTEMA JUCIETUEPU3ALMH C [TOJIyUEHUEM JaHHbBIX OT «yMHBIX» YCTPOUCTB.

KanuTanpHblif peMOHT OTHOCUTCS K KOMIUIEKCHBIM paboTaM, TPEOYIOIUM 3HaYUTEIbHbIX
(MHAHCOBBIX 3aTpaT M OOECHEYHBAIOIIUM JIOJITOCPOYHOE (PYHKIIMOHUpOBaHHE OO0BekTa. OH
BKJIIOUAET 3aMEHY OCHOBHBIX KOHCTPYKTMBHBIX 3JIEMEHTOB 3[aHUS, WHXXCHEPHBIX CHUCTEM U
000py/0BaHus, a TaKKE€ PEKOHCTPYKLHUIO MOMeUIeHui. J{is KanuraabHOro peMoHTa Tpelyercs
JIOTIOJIHUTENIBHBIN  3Tall NPOEKTHPOBAHUSA, B KOTOPBIH BXOAUT pa3pabOTKa MPOEKTHOM
JOKYMEHTallMM, a TakKe IIoJydyeHUue HeoOXoAuMbIX paspemieHuid. Ilpu B3aummozeicTBuu
BJIAJICJIBLIEB C 00CITYKMBAIOIUMH KOMIIAaHUAMU NpuMeHstoT BMS.

B cucreme BMS ncnonp3yroTcsi cTaHAapTHBIE 3Tanbl 00pabOTKH AAHHBIX Ui aHAIH3A.
CHayana MHTErpupyrOTCs AaHHbIE U3 MOJYJEH CHCTEeMBbI: CUCTEM YIpaBlieHUs o0beKTamu, 0a3
JAHHBIX JKCIUTyaTallUM M JaTYMKOB M JAp. 3aTeM IPOBOJUTCS MpEIBAapUTEIbHAs OUUCTKA U
TpaHchopMalMs JaHHBIX A yAaJeHUs AyOJUpOBaHMs, WCHPABICHUS OLIMOOK M NPHBEIEHUS
(dbopMaToB K €IMHOMY CTaHAapTy. Jlanee BHEIPSIIOTCS alrOPUTMBbI MAaIlIMHHOTO o0yueHus [7].

AHanmu3 anaropuTMaMM MAaIIMHHOTO OOYYeHHUs NpPOBOJUTCA Ui pEUIeHUs 3ajad
IPOTHO3MPOBAHMS, KIAaCCU(PUKAMU M KJIacTepU3aluy JIaHHBIX. 3ajaya I[POTHO3UPOBAHMUS
[IOMOTAeT BBIABIATH IMOTEHIMANbHBIE MPOOJEeMbl Ha paHHEW CTaaAuM, T'eHEPHpPOBATh PEKO-
MEHJALUU 10 TUILY U 00beMy HEOOXOAMMBIX PEMOHTHBIX paboT. Kitactepusanus npoBeaeHHbIX
PEMOHTOB M HUX CpaBHEHHE C OXXHUIAEMbIMHM pPE3yJlbTaTaMHM JAl0T OLEHUTHh 3(PPEKTUBHOCTD
BbIMOJHEHUsT paboT. Knaccudukanus M paHXUpOBaHME Ba)XXHOCTH IOCTYMAOLIUX Kajlo0
MO3BOJIAIOT IIOCTOSSHHO COBEPILIEHCTBOBaTh IOAXOJ K IUIAHUPOBAHHIO pEMOHTA. Mozens
IPEBAPUTENBLHO OILICHUBAETCS KPUTEPUSIMHU KayecTBa U, €CJIU KPUTEPUH YIIOBJIETBOPSIOT
TpeOOBaHUSAM, TOATOTABIMBAETCS sl pa3BepTbiBaHUs. Pe3ynbraT 0O0Y4eHHOro ajaropuTMma
n00aBJsieTCsl B CUCTEMY, COBMECTHMMOCTh C KOTOpPOH HacTpauBaeTcs crenuanucramu. Cxema
paboThl MAIIMHHOTO O0YUYEHHS C JaHHBIMU CUCTEMBI NIPE/ICTaBlIeHa HAa PUCYHKE.

HekoTopeie anropuTMbl MAIIUHHOTO OOYUYEHUS MO3BOJISIOT pellaTh 33Jadyd B PealbHOM
BpEMEHU (HampuMmep, NP MOHUTOPHHIE COCTOSIHUS OOBEKTOB M OINOBEIEHUH 00 M3MEHEHUSX
[8]). B aToM cnyuae B cucTteMe MPOUCXOJWT aBTOMAaTHYECKas HACTPOMKAa MOJETN MAaIlTUHHOTO
0o0y4yeHHsI Ha HOBBIX JaHHBIX. OJIHAKO MOJIHOLIEHHOE PEIIeHHE BCeX 3ajjady MOXeT MoTpedoBaTh
JIOTIOJTHATETLHOM 00paOOTKM JaHHBIX 3a TpeaelaMu pealbHOro BpeMeHW. Takas oOpaboTka
MPOBOJIUTCS B PYYHOM WJIM MOJTyaBTOMaTHUECKOM (hopmarte.

Buenpenue anropuTMOB MalIMHHOTO OOydYeHHs TIO3BOJIIET ObICTpee MOdydarhb
UHPOPMALIMI0O O HEHUCHPAaBHOCTAX W IepenaBaTh JaHHble. CKOpOCTb OOMEHa MJaHHBIMH H
CHIJKEHHE BIIMSHUS 4€JI0BEYECKOro (pakTopa Aat0T BO3MOKHOCTb COKPATHTh SKCILUTyaTallMOHHbIE
3aTparhl KWIOTO (OHIA U ONEPalMOHHbIE PacXoJibl, KOTOPHIE B CPEAHEM COCTABISIIOT 75 % OT
obmux 3arpar [8; 9].
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HecTpykTypupoBaHHkIe AaHHbIe

MO,Elyl'Ib NOAroTOBKU OaHHBIX P

]

[ataceTbl 0byuatoLmx Beibopok

CTpYKTYPUPOBAHHBIE AaHHbIE

BrinonHaeTcs, noka He
AOCTUTHYTO Ka4eCTBO

Moaynbe MalmrHHoro obyyeHus

Mogynk NporHo3MpoBaHUs Mogynb oueHkM Ha TecToBoi
(knacca WA 3HaYeHUA B BbIGOpKe MO KpUTEPHSM

napametpa) KavecTea

i

Mopgynbs dpopmupoBaHus
OTYETHOCTU

l

MNopckaska gna nmua,
NPUHUMALOLLETO pelleHne

O06o00611eHHas cxema paboThl MALTMHHOTO 00y4eHUs
B CHCTE€ME IMPOTHO3UPOBAHUS TTOKA3aTeNeH IS JIUIa, TPUHIMAIOIIETO PEIICHHE

Ha xaxmom srane mjiaHUpOBaHUS CIEIYET PEryasipHO OOHOBIATH JaHHbIE M KOPPEK-
TUPOBATh IUIaH B COOTBETCTBUU C U3MEHEHUSMHU M HOBBIMH YCJIOBUSIMH SKCILTyaTallud OOBEKTA.
[Tpu myIaHUPOBAHUHN JOJIKHBI YUUTHIBATHCSI OTPAHUUEHUSI PECYPCOB U CPOKH BBITIOJHEHUS PadoT.
He wmenee BaxeH aHanu3 3(QQGEKTUBHOCTH MPENbIIyLIEro PEMOHTa Ui BBISBICHUS OINTH-
MaJIbHOT'O MOJIX0/1a K TEKYIEMY.

CymectByeT psi (pakTopoB, KOTOpbIE IPUBOAAT K HEIPPEKTUBHOMY aBTOMATU3UPOBAHHOMY
IUIAHUPOBAaHUIO PEMOHTOB B JKWIMIIHOM (DOHJE Ha TEKYIIMA MOMEHT: OTCYTCTBHE IIEHTpa-
JU30BAaHHOM KOOpJAWHAIMM MEXAY BEJOMCTBAMHU W OPraHMU3ALMsIMM, YTO MOJXKET NPUBECTH K
IyOnupoBaHUIO pabOT U HEpalMOHAIbHOMY HCIIOIB30BAaHUIO PECYPCOB; HEJOCTATOUHOE KO-
YECTBO CIEIHATUCTOB JAJIs1 BHEIPEHUS OOIBIINX 00BEMOB JAHHBIX U pabOTHl C HUMHU; OTCYTCTBHUE
CUCTEM OTCJIKUBAHUS TEKYILETO COCTOSHUS 0OBEKTOB, N3-3a YETO YCIOKHSAETCS CBOEBpPEMEHHAs
nepeaaya JaHHbBIX Ui HE0OXOIMMOI0 PEMOHTA.

UccnenoBarens, paboTaromuii HaJg MPOEKTOM MaimMHHOTO oOyudenus B chepe KKX,
MOXET TaKXe CTOJKHYThCS C NpoOJeMaMu y JaHHBIX, KOTOpble TPeOyIOT JOMOJHUTEIHHOTO
KOHTpoJs. Cpeau Takux NMpoOJieM HEJAOCTOBEPHOCTh JAHHBIX y JATUMKOB H3-32 TEXHUYECKUX
cO0eB M HETIPaBMIILHOW HACTPOWKH, MPOMYIIEHHbIE 3HAYEHUS U BBIOPOCHI, HECOTJIACOBAHHOCTh
B (popMare U CTPYKType AAHHBIX MEXY Pa3IU4YHbIMU CUCTEMAMHU; OTCYTCTBHE aKTYaJIbHBIX WU
9acThIX OOHOBJICHUI U JP.
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Buenpenne u wucnonb3oBanue MeTofoB Big Data s aBToMaTH3ammu 00pabOTKH
uHpopManuu B cepe 3KCIUTyaTaly 1eecoo0pa3Ho, TaK KaK TEXHOJOIHs MO3BOJISIET PEIUTh
PSIL BOIIPOCOB: IOBBICUTH KAau€CTBO M IIOBJIUATH HA CBOCBPEMEHHOCTH BBIIIOJIHEHUS PEMOHTOB,
COKPAaTUTb YHUCJIO OTKAa30B CTPOMUTEIBHBIX KOHCTPYKLUMH UM DJIEMEHTOB HMH)KCHEPHOU
UHPPACTPYKTYPbI, YMEHBIIUTH SKCILTyaTallMOHHbIE 3aTpaThl. Hea(hekTHBHOCTD TIIaHUPOBAHHSA
PEMOHTOB B >KUJIMIIHOM (OHAE — CIOXHas npobiema, TpeOyromas KOMIUIEKCHOTO HOJIXO0/a.
OpHako 11 ee  YCHEIIHOTO pelieHus HeOoOXOMMBI COTJIacOBaHHBIE JICHCTBHS BCEX
3aMHTEPECOBAHHBIX CTOPOH: FOCYJapCTBA, MECTHBIX OPIaHOB BJIACTH U OOIIECTBEHHOCTH. TOIBKO
Ha OCHOBE COBMECTHBIX YCHJIMH MOXHO c0371aTh 3()()EKTUBHYIO CHUCTEMY IUIAHUPOBAHHS
PEMOHTOB, 00€CIIeYHBaOLYI0 KOMGOPTHOE MPOKUBAHUE I'PAXKIaH U COXPAHEHHE KaueCTBEHHOTO
KWIHITHOTO (PoHA.
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THE USE OF BIG DATA ANALYSIS IN PLANNING CURRENT
AND MAJOR REPAIRS OF THE HOUSING STOCK

A.V. Krutskikh, E.I. Korneeva
Tver State Technical University (Tver)

Abstract. The article considers the development of big data technologies (Big Data) in
the sphere of housing and communal services. Real estate management systems (BMS) for
automation of current and capital repair control are analyzed. In order to prepare data in BMS
standard stages of data processing for analysis are used, including data integration, cleaning and
transformation, as well as the introduction of machine learning algorithms. The problems of
implementation of big data technologies in the sphere of housing and utilities sector and
complexities of processing official data on apartment buildings are highlighted.
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YK 631.6:627.8

IKCIIVIYATALUA U OBCJIYKUBAHUE _
MEJIMOPATHBHBIX TMAPOTEXHHYECKHUX COOPY’KEHUM,
HE 3AJIEHCTBOBAHHBIX B HAPOJTHOM XO3SMICTBE

H.II1. Kypoamoe
Tsepckoii cocyoapcmeennblli mexHuieckuil yrusepcumem (2. Teepw)

© Kypb6aros H.I1., 2024

AnHoTanusi. CTaTbsl MOCBAILICHA aHAIU3Y SKCIUTyaTalldd HU3KOHAIIOPHOTIO THUAPOTEX-
HUYECKOTO COOPY)KEHMSI, CO3/JaHHOTO [UIsl OpOILEHHUS CEJIbCKOXO3SMCTBEHHBIX KYJBTYP.
OTMeueHO, YTO B HACTOsAILIEE BpPEeMs COOPYXKEHHE HE 3KCIUIyaTHpYeTcs, mepel IUIOTHHOH B
BepxHeM Obede CymecTByeT HeOONBIIONW HAmop, HO aBapuiiHas CHUTYaI[Usl MOXKET HPUBECTH K
YeJIOBEYECKUM >KEPTBAM.

KuroueBble c10Ba: ruipOTEXHUYECKUE COOPYKEHUS, MEITHMOPATUBHbIE MIJIOTUHBI, BETPO-
BOJIHOBAs HPO3Us OTKOCOB INIOTUH, PEMOHTHO-BOCCTAHOBUTEIIbHBIE pAOOTHI, HAZIE)KHOCTb.

DOI: 10.46573/2658-7459-2024-4-10-14

[Tpu sKcrulyataiuy MeIMOPaTUBHOW CHUCTEMBI €€ COCTAaBHbBIE JIEMEHTHI MOABEPraroTCs
BO3/CUCTBUIO PA3NNYHbIX (PaKTOpOB. VX BIMSIHUE MPOSBISIETCS B BUJE OTKJIOHEHHH MapaMeTpoB
CUCTEMBI OT PpAaCYETHBIX 3HAYEHWI, W3MEHEHUH, BO3HHMKAIOIIUX B IEPUOJ JKCIUIyaTalluu Yy
KPEIUIEHUH OTKOCOB, €JI€300€TOHHBIX BOJIOCOPOCHBIX COOPYKEHMH, a TaKKe B BUJAE IOBBI-
IIEHUS/TTIOHNKEHUS TIPOITYCKHOM CIIOCOOHOCTH.

CornacHo TpeOoBaHMSIM B O0JAacTH OXpaHbl OKpYXarolleW cpeasl, pa3paboTka U
peanu3anys Tocy/1apCTBEHHON MOJIMTUKU B cepe 6e30MacCHOCTH THAPOTEXHUYECKUX COOpYKe-
HUN JIOJKHBI OBITh HANpaBJIEHbl HA COXpaHEHHE OJIaronpHUsATHONW OKpy’Karollell cpenbl u
310pOBbsS YEJIOBEKA.

B Teepckoit o6mactu UMEIOTCS THAPOTEXHUYECKHE COOPYKEHUS, KOTOpble HE HCHOJb-
3yIOT B HapoAHOM XO3siicTBe. B OCHOBHOM 3TO Maible BOAOXPAaHWJIMILA, IOCTPOEHHBIE IS
OpOLIEHUsI CEbCKOXO3AMCTBEHHBIX KYyJIbTYp. B cooTBercTBHM cO crarbei 225 I'pakIaHCKOTrO
kozekca Poccuiickoil @enepaniii OpraH MECTHOTO CaMOYIPaBJICHUS SIBISETCS €IUHCTBEHHBIM
OpraHoMm, oOOJiaJjaloIMM TPAaBOM II0/Iaud 3asBICHUS O IIOCTAHOBKE HMYIECTBa Ha y4yeT B
KauecTBe Oecxo3siHOro. Xo3siCcTByIOIIME CYOBEKTHl B psijie CIy4yaeB HE MPHU3HAIOT Majoe
BOJIOXpaHWIHILE TUIPOTEXHUYECKUM coopyxkeHueM. Ilpu »sTtom Manble (B OCHOBHOM)
BOJOXPaHMWINILA UMEIOT BCE COOTBETCTBYIOLINE IPU3HAKH.

B rpanunax cenpckoro noceneHuss KaauHMHCKOrO MyHUIMIIAJBHOTIO paiioHa TBepckon
00J1aCTH HaXOJUTCS THIPOTEXHUYECKOE COOpYyKeHHe Ha p. Benembe. OOBEKT COCTOUT:

1) u3 3emisiHOM Hackinu (puc. 1);

2) paspyiieHHoro BogocOpoca (puc. 2);

3) OGeTOoHMpPOBAHHOTO KaHalla KaracTpoduyeckoro copoca (puc. 3).

Bce mepeuncieHHOe CBUAETENBCTBYET O TOM, YTO JAHHBIA BOAHBIM OOBEKT MMEET He
€CTECTBCHHOE IIPOUCX0XKICHUE, 4 HCKYCCTBEHHOE.
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Puc. 1. Bogoem u 3emiisiHasi HaChINb (IJIOTHHA)

Puc. 3. beronnpoBaHHbIi KaHan KaTacTpoduaeckoro copoca
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[Tepemam 0TMETOK BOJIBI B BOJJOEME U B HIDKHEM Obe(he PeKH COCTABIISIET OKOJIO 2 M.

OcMOTp moOKasall, YTO BOAHBIM OOBEKT OBLI CO37aH JJISI OPOIIEHHUS CENIbXO03SMCTBEHHBIX
KYJIBbTYP. CormacHo HOPMATUBHBIM IOOKYMCHTAM, OH CHHTACTCA TUAPOTCXHHUYCCKUM COOpY-
skeHueM (cM. 1. 3.3 ucrounuka [1]).

lupporexHUYecKne COOPYXKEHHSI — COOPYKCHHSI, IOJBEPraroIIuecs BO3ICHCTBUIO
BOJHOM Cpeabl, NpelHAa3HAYCHHbIC JJIi HUCIOJb30BAHUA W OXpaHbl BOJHBIX PECYPCOB,
npeaoTBpalicHud BpECaAHOro BOSHeﬁCTBHH BOO, B TOM YHCJIC 3arpsA3HCHHBIX JXUIAKUMH OTXOOdaMU,
BKJIIOYAs:

IJIOTUHBI, 3aHUS THMAPOIEKTPOCTAHLHUN, MAPOAKKYMYIUPYIOIIUX AJIEKTPOCTAHLMU H
MPUJINBHBIX AJIEKTPOCTAHIUI;

BOJIOCOPOCHBIE, BOJIOCITYCKHBIE W BOJOBBIITYCKHBIE COOPYXCHHS, TYHHEIH, KaHAJbl, Ha-
COCHBIE CTAHIIUH, CYAOXOIHBIE IUIIO3bI, CYyIOTIObEMHUKH, TOKH;

COOPYXKEHHUS, IPEAHA3HAYECHHBIE JJISI 3aLUTHI OT HABOIHECHUIA;

COOpPYKEHHMsI, TIPeAHAa3HAUCHHBIC ISl 3alIMTHI OT pa3pylleHuil OeperoB Mopeil u o3ep,
OeperoB U JIHA PEK U BOIOXPaHIIIUIII;

YCTPOMCTBA 3allIMThI OT Pa3MbIBOB HA KaHAaJaX;

CTPYCHAIPABJISIONINE U OTPAJUTEIHHBIC COOPYKCHHUS,

COOpykeHHsI (IaMObl), Orpa)KAarollue 30J0- U NUIAKOOTBAIBI M XPaHWIHILNA KUIKUX
OTXO0O0B INPOMBIIIJICHHBIX U CEJILCKOXO3SIMCTBEHHBIX OpFaHHSaHI/Iﬁ;

HaOepexHbIe, MTUPCHI, TPUYATbHBIE COOPYKEHHUS ITOPTOB;

COOPYKCHUA MOPCKUX He(l)TCFaSOHpOMBICHOB, CUCTCMbI TUAPOTPAHCIIOpPTAa OTXOAOB U
CTOKOB, CHCTEMBl TOJIaYM OCBETJICHHON BOJBI, COOPYXEHHS CHCTEM TEXHHUYECKOTO BOJIO-
CHa6)KeHI/IH, 3a UCKJIFOYEHNEM OOBEKTOB OECHTPAJIM30BAHHBIX CUCTEM TI'OPAYCTO BOJIOCHa6)KeHI/I$I,
XOJIOJTHOTO BOJOCHAOKEHUS U (MJIM) BOJAOOTBEICHUS, IPEIYCMOTPEHHBIX B (heIepaTbHOM 3aKOHE
[3].

B mepuon akTUBHOTO HCIONB30BaHHUS BOJOEMa YPOBEHb BOJABI B HEM ObLI BHIIIE TMPH-
MepHo Ha 1,5 M. Ha 310 yka3eiBaeT 0OpbIB iepepaboTanHoro 6epera (puc. 4).

TFE
el

Puc. 4. Pa3zpymenue oTkoca noji 1eiCTBUEM BETPO-BOJHOBOM 3pO3UHU
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OO6cnenoBanue TIOTUHBI BHIMONHAIOCH B 1980 rojy, a BBeeH B IKCILTyaTallMI0 OOBEKT
ob1 B 1975 toay [2]. OTKOC TJIOTHHBI TOJBEPTayiCsl BO3ICHCTBUIO BETPO-BOJHOBOW APO3UH U
ObuT yacTHUHO pa3MbIT. OOBEMBI paspylieHuil 3adukcupoBanbl B pabote [2]. B Hacrosimee
BpeMs BOJIOEM B KayeCTBE MCTOYHHMKA BOJIOCHAOKEHUS HE HCIOJB3YETCs, OJHAKO 3eMJIsHast
HacChIIb (MJIOTUHA) HaXOAUTCs 1o HanopoM (2,0 M) u3-3a pa3HUIBI OTMETOK MEX1Yy BEPXHUM U
HIDKHUM ObeoM. BepxHuii 6bed — 0TMETKa BOJIbI B BOJIOEME, HUKHHUM — OTMETKA BOJIbI B PEKE.

B nepuon obcnenoBanus 00BEKT HAXOIWICSA B CTaOMIIbHOM cocTtosiHuK. He Habromanocs
oOpyIIeHuil, CIOCOOHBIX BBI3BaTh MPOPBHIB BOAbI B HWKHUHA Obed. Tem He MeHee Bce
TUIPOTEXHUYECKHE COOPYKEHUS, HE3aBUCUMO OT KJIacca OTBETCTBEHHOCTH, JOJKHBI HAXOAUTHCS
Mo/ TIOCTOSIHHBIM HaOioaeHueM (cM. 1. 6.2 ucrounuka [1]). B oTHomeHuu coopykeHUH,
ABJIAIOIIMXCST  OECXO3SMHBIM  HMMYILECTBOM, HE COONIOAAarOTCsl Mepbl  0€30I1acHOCTH,
CBOEBPEMEHHO HE MPOBOJAATCS PEMOHTHO-BOCCTAHOBHUTEIbHBIE MEPONPUATHUS JUISl TOAJCPKAHUSL
UX B UCIIPABHOM COCTOSIHUU.

Hapsiny ¢ TpaaiuIMOHHBIMU TIOKA3aTEISIMU, JJIs1 OLEHKH 3KCIIITyaTallHOHHBIX Ka4eCTB CHC-
T€Mbl HEOOXOIMMO HMMETh MPEJCTaBICHUE O KOJIMYECTBEHHOM XapaKTEPUCTHKE HAJIEKHOCTH.
Ona pomkHa OBITH YCTAHOBJEHA, paccyMTaHa Ha OCHOBE aHAlIM3a IOBEAECHUS OCHOBHBIX
[IapaMeTPOB CUCTEMBI IIPU €€ IKCIUTyaTallUH.

HanexHoctb MokeT OBITh oOIlpelesieHa KakK CIOCOOHOCTh MEIMOPAaTUBHOM CHCTEMbI
o0OecrieunBaTh M COXPaHITh IpPHU SKCIUIyaTallUd 3HAUYEHUE 3a/laHHBIX I1OKa3aTejeil B TeueHue
BCEr0 CpOKa 3KCIUIyaTallud B TIPaHMUIAX YCTAHOBJIEHHBIX JONYCKOB JMOO KaK CIIOCOOHOCTb
CUCTEMbI 0€30TKa3HO padoTaTh B TEUEHUE OIPEAEICHHOIO BPEMEHM IPH 3a/laHHBIX YCIOBMSIX
IKCILTyaTaluu.

Eciu cBoeBpeMEHHO HE MOCTaBUTh Ha y4yeT OecX03sHHOE THAPOTEXHHYECKOE COOpY-
KeHHe, To He Oyner obecreyeHa ero OE30MacHOCTb, a CJIeI0BaTeNbHO, HE OyleT obecrnedeHa
3alMTa *KU3HU, 3/J10pOBbSI U 3aKOHHBIX HMHTEPECOB JIIOJAEH, a TaKKe 3allluTa OKpyKarouen
Cpebl U X03sIMCTBEHHBIX OOBEKTOB.
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OPERATION AND SERVICE OF MELIORATION HYDRAULIC STRUCTURES
NOT INVOLVED IN THE NATIONAL ECONOMY

N.P. Kurbatov
Tver State Technical University (Tver)

Abstract. The article is devoted to the analysis of operation of low-pressure hydraulic
structure, created for irrigation of agricultural crops. It is noted that at present the structure is not
in operation, there is a small head in front of the dam in the upper embankment, but the
emergency situation can lead to human casualties.

Keywords: hydraulic structures, melioration dams, wind-wave erosion dam slopes, repair
and restoration work, reliability.
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YK 691.328

INPUMEHEHUE KOMITO3UTHOM APMATYPBI
B BETOHHBIX KOJIbBIIAX KOJIOJAHEB BOAOITPOBOJA U KAHAJIM3ALIUN

10.10. Kypsamnukoe
Tsepckoti 2ocyoapcmeenHblil mexHudeckull ynusepcumem (2. Teéeps)

© Kypstaukos 10.10., 2024

AHHOTanmusA. B crarbe OTMEUEHO, YTO BO3JACHCTBUS arpeCCUBHBIX BEHIECTB, HAXO-
JSIIUXCS B TPYHTOBBIX BOJAX M KaHAIM3ALMOHHBIX CTOKAaX, MOTYT IPHUBECTH K pa3pylIECHUIO
OETOHA M CTAJTBLHOM apMaTypPhI B J)KeIEe300€TOHHBIX U3/IETUAX. B 4acTHOCTH, TaKMM BO3JCHCTBUIM
MOJIBEPraloTCcsl OCTOHHBIE KOJbIIA KOJOIEB BOJOMPOBOJAA M KaHanu3anuu. l[IpeacraBieHo
OJIHO W3 pelIeHUuH JaHHOW NpodieMbl, OOOCHOBaHAa BO3MOXKHOCTb IPUMEHEHHUSI CTEKJIO-
KOMITO3UTHOM apMmaTypbl UIsl KOJEl KOJOJAUEB C LEJIbI0 TMOBBIIIEHUS HX JOJITOBEYHOCTH.
JloxazaHo, 4TO CTEKJIOKOMIIO3UTHAsI apMaTypa MOKET ObITh aTbTEPHATHBOM CTAJIBHON apMaTrype
0e3 yXyIIIeHUsI MeXaHNYeCKUX XapaKTEPUCTUK KOJIel] KOJIOIIIEB.

KiroueBble cjioBa: KoJblia KOJOIIEB, CTEKIOKOMIIO3UTHAsI apMaTypa, KOppo3usl apma-
TYpbl, UICIIBITAHKS HA TPOYHOCTh U TPEIIMHOCTOMKOCTb.

DOI: 10.46573/2658-7459-2024-4-14-19
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Paspymienne xene300€TOHHBIX HM3ACTUA M KOHCTPYKIMH H3-32 KOPPO3MH CTAIbHON
apMaTypbsl — OJJHA M3 B@XHBIX MPOOJIEM, C KOTOPOH CTOJKHYJach CTPOMTENbHAs OTPACHb.
[Iporecc KOppo3UK apMaTypbl HAUMHAETCSl ¢ 00pa3oBaHUs B OETOHE TPEIIMH, BO3HUKAIOIIUX H3-
32 MEXaHWYECKHX M aTMOC(EpHBIX BO3AeHcTBUM. Uepe3 TpeuuMHbl IPOHUKAIOT COJIM M BOJA, U
noJ JeiicTBUeM OOpa30BBIBAIOLICICS Ha apMaType piKaBUYMHBI HAYMHAETCS MpPOIECcC Tak
Ha3bIBAEMOT0 «OTCTPEIMBAHUSA O€TOHa». DTO NPUBOIUT K JaJbHEHIIEMY OrOJIEHUIO apMaTyphl U
pa3pylieHHI0 KOHCTpYKUuU. Koppo3MOHHO-yCTOHYMBBIE KOMIIO3UTHBIE apMATYpPHBIE CTEPIKHU
MOTYT 00€cle4uTh 3aIIUTy OOBEKTOB IPaKIAHCKOM M IPOMBIIUICHHONM HH(PAcCTPyKTyphl OT
BO3/JCICTBUS KOPPO3MH. BBICOKOKaueCTBEHHBbIE KOMIIO3UTHBIE CTEPYKHU SIBIISIIOTCS pPELICHHEM
npoOJaeMbl apMUPOBaHMS U alNbTEPHATUBOW TPAJULIMOHHON CTalnM, KOTOpas HCIOJb3YeTCs B
OETOHHBIX KOHCTPYKIIMSX B arpeccuBHOM cpene [1].

KommnosuTtHas apmatypa Oblia u3o0perena emie B 1960-x ronax, ogHako 10 CHUX TOp HE
noiy4yuia OONBIIOrO pacmpocTpaHeHusi. CBsA3aHO 3TO € TEM, 4YTO IOKa HE CYIIECTBYET
roCyJapCTBEHHOI'O CTaHJapTa Ha COOpHbIe OETOHHBIE U3/1EIHS C HCIIOJIb30BAaHHUEM KOMITO3UTHOMN
apMarypbl, KOTOpbI BKJIIOYan Obl TpeOoBaHusA K KkadecTBY mnpoaykuuu [2]. CormacHo
CII 295.1325800.2017, KOMIO3UTHYIO IOJUMEPHYIO apMaTypy PEKOMEHIYETCS NPUMEHATD AJIs
apMHUpOBaHUs KOHCTPYKLUHN U3 OETOHA IIPU CTPOUTEILCTBE OOBEKTOB JOPOKHO-TPAHCIOPTHON U
TOPOJCKONH MHXXEHEPHOH MHQPACTPYKTYpPbI, CEIIbCKOXO3HCTBEHHOI0 Ha3HAuUEHHs, XUMHUYECKUX
IIPOU3BOJICTB, TOKCUUHBIX 3aXOPOHEHHM, BOJOMOATOTOBKH M BOJOOUYUCTKHU; IPU CTPOUTEIHCTBE
IIaXT, TOHHENEH, COOPYKEHHUH, HKCIUTyaTUPYEMbIX B YCJIOBHUSX BBICOKHX 3JIEKTPOMAarHUTHBIX
MOJIe, MOPCKHX W TPHUIIOPTOBBIX COOPYXKEHHIA; Uil apMHpoBaHUs (PyHIaMEHTOB, TpyOo-
IIPOBOZIOB, ONOP JINHUH AJIEKTpoIepeaay U ApyruxX KOHCTPYKIUH, SKCIUIyaTUPYEMBIX B YCIOBHAX
BO3/ICIICTBUS arpeCCUBHBIX CPEl.

KomnosuTtHast apmarypa mnpezicTaBiseT coOOi CTEp)KHM M3 CTEKJISHHBIX, 0a3a1bTOBBIX,
VIJIEPOAHBIX WM apaMUIHBIX BOJOKOH, MPONUTAHHBIX TEPMOPEAKTHUBHBIM WM TepMOILIac-
TUYHBIM [TOJUMEPHBIM CBs3ytomuM. s obecrieueHus Oosiee MPOYHOTO CLEIUIEHUS] apMaTyphl C
0OETOHOM Ha MOBEPXHOCTb CTEP’KHS HaMaTbIBA€TCSl TOHKUH IIHYP, KOTOPBIH COCTOUT M3 TOTO K€
MaTepuana, WIA HAHOCUTCS IIeCYaHOE HamblUleHue. Marepuanbl, IPUMEHSEMbIE Ul H3rO0-
TOBJICHUS KOMIIO3UTHOM apMmaTyphbl, JOJDKHBI COOTBETCTBOBATh TPEOOBAHMSM HOPMATHUBHBIX
AKTOB, UIMETH CONPOBOJUTENBHYIO JOKYMEHTALIHIO.

[Io Tumy HeNmpephIBHOTO apMHUPYIOLIEr0 HAMOJHUTENS KOMIIO3UTHYIO apMmarypy IMoj-
pa3feIsoT:

Ha CTEKJIOKOMIO3UTHYIO (cokpatieHHo — ACK);

6azanprokoMno3uTHYIO (ABK);
yraexkomno3utHyto (AYK);
KOMOMHHPOBaHHYI0 KoMIo3uTHy0 (AKK).

JlocToMHCTBa KOMITO3UTHOM apMaTyphbl:

1) maTepuan XMMHUYECKH MHEPTEH, BCIEACTBUE YEro BO3ACWCTBUE BOJBI U arpeCCUBHBIX
BEIIECTB HE SBJSETCS pa3pylIAIOLINM;

2) cHIKaeTcs ce0eCTOMMOCTh U3EH [0 CPABHEHUIO CO CTaIbHOM apmatypoii [3];

3) nabnromaercs HU3Kasl TEIUIONPOBOJAHOCTh MaTepuaia, CocOOCTBYIOMIAs YIyUIICHUIO
HHEprocOeperaIux XapakTepUCTUK KOHCTPYKIIUH;

4) sBiseTcsl AMAIEKTPUKOM, IO3TOMY H3JEJIMe HE IOJBEpraercs paspyllarolemMy
BO3ICUCTBUIO OIYXKJIAIOIIMX TOKOB U AJIEKTPOMArHUTHBIX TOJICH;

5) MPOYHOCTH Ha PACTSHKEHUE KOMITO3UTHOTO CTEPXHS B 2—2,5 pa3a BBIIIIE, YeM CTaJIbHOTO.

15


https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D0%BA%D0%BB%D0%BE%D0%B2%D0%BE%D0%BB%D0%BE%D0%BA%D0%BD%D0%BE
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B0%D0%BB%D1%8C%D1%82%D0%BE%D0%B2%D0%BE%D0%B5_%D0%B2%D0%BE%D0%BB%D0%BE%D0%BA%D0%BD%D0%BE
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%BC%D0%B5%D1%80

Ne 4 (24), 2024 BectHuk TBEpCKOro rocy1apCTBEHHOr0 TEXHUYECKOTO YHUBEPCUTETA

CepI/Iﬂ ((CTpOI/ITeJIBCTBO. SJICKTPOTGXHI/IKa 1 XUMHUYCCKHE TCXHOJIOTUH»

Henocrarku KOMIIO3UTHON apMaTyphl:

1) Monysb yHIpyrocTH KOMIIO3UTHOM apMaTyphsl B 4 paza HUXKeE, YEM CTaJbHOM, OITOMY
TaMm, TA€ CTalbHas apMarypa HOpeAoXpaHseT OETOH OT TMOSBJICHUS TPEIIMH, KOMIIO3UTHAs
MIPOJIOJDKAET CrU0AThCs, YTO MPUBOJNUT K 00OPa30BaHUIO TPEIIUH;

2) CyILIECTBYIOT CJIO)KHOCTH IPU UCIOJIb30BAaHUHU HAa CTPOUTEIILHOM IUIOIIAKE, CBSI3aHHbIE
C HEBO3MOXHOCTbIO TI'MOKHM C MajblM paJlycoM B YCJIOBUSX CTPOHMKU. ['HyTble CTepKHU
HE00X0IMMO 3apaHee 3aKa3bIBaTh MPU MPOU3BOJICTBE;

3) HEBO3MOXXHO CBapuBaTh apMarypHbiii kapkac. [Ipumensercs cmoco0® BSI3KH, YTO
3aMeJUISIET CPOKU CTPOUTEIILCTBA;

4) cHUXKaeTcs NPOYHOCTh IIPU PACTSHKEHUH 1TOCIIE BBIIEP/KKHU B IIETI0YHOH cpere;

5) UMeeT HU3KYI0 TePMOCTOMKOCTh. CTEKIOBOJOKHO YCTOMYMBO K BBICOKOWM Temmeparype,
OJTHAKO CBA3YIOIIMH €€ IOJIMMEP MOYKET TEPATh IPOYHOCTH IpH Harpese Boiiie +90 °C [4].

Lenp wuccnenoBaHuil 3akiroyanach B OOOCHOBAaHMM BO3MOXKHOCTU IPUMEHEHUS CTEKJIO-
KOMIIO3UTHOW apMaTyphbl B KauecTBe pabouell (paccuMThIBaeMOM) JJIs KOJIELl KOJIO/LEB BOJOIPOBOIA
U KaHanu3auuu (puc. 1). Bpil BBINONIHEH pacyeT W3/eNus MO IpyIaM MpeieNbHbIX COCTOSIHUM, a
TaKK€ IPOBEICHBI MWCIBITAHUA HAa MPOYHOCTb M TPEIIMHOCTOMKOCTb B COOTBETCTBHU C
tpeboBarmssMu ['OCT 8829-2018. Jlnst ocymiecTBiieHHs MCHbITaHUN oToOpamu kombiio KC 10-9,
W3rOTOBJIEHHOE B cooTBeTcTBUM ¢ cepuell 3.900.1-14.1, ¢ 3aMeHON CTalnbHOM CETKM HA CETKY W3
CTEKJIOKOMIIO3UTHOW apmaTypbl (puc. 2). Mcronb3oBancs MPOEKTHBIM Kiacc OETOHa Kousel Io
npoyHocT Ha coxarue B15. Ha neHp ucnbiTaHuii ¢akTuueckas NPOYHOCTh OETOHA H3JEIHs
coctraBuna 19,8 MIlIa (103 % ot Tpebyemoii mpouHocTH). VcnbITaHust IPOBOAMIIMCH B COOTBETCTBUH
¢ tpedoBanusamu ['OCT 8829-2018 u I'OCT 8020-2016 Ha roroBoM wmzaenuu amuHoi 0,89 wm.
Harpy>kenue xospIia py UCIIBITAHUN TIPOU3BOIMIIOCH B COOTBETCTBUU CO CXeMOM (puc. 3), T.e. pu
MIOMOLIM THUIPABINYECKOM YCTAHOBKM CTYIEHSMH C JaBlIeHHMEM Ha Kaxnaou 251 krc. Harpysky
HapaluBajJl paBHOMEPHO U BBIAEPKUBAIN KOJIBIO Mo Hel B TeyeHue 10 muH (Tabmuua). CteHy
JUISL UCIIBITAHUS NIPEJCTABIIEH Ha pucC. 4.

Puc. 1. Konsno xonomaira KC 10-9 Puc. 2. CeTka U3 CTEKJIOKOMIIO3UTHOW apMaTypbl
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77
/ Ve
AR Y Y AN Y S T

. s s

Puc. 4. UctipiTanme KoyibIa KoJoaia
Ha CTEH]IE

Puc. 3. Cxema ucnsiTanus:
1 — cranbHas TpaBepca; 2 — AepeBIHHBIN OpYyC;
3 — IEMEHTHO-TIECYaHbIA PacTBOD;
4 — UCTIBITBIBAEMOE KOJIBLIO;
5 — HeMOABMKHOE OCHOBaHUE

Hal"py3KI/I ITPpU UCIIBITAHUU KOJIbIIa KOJIOALICB

Neery-|  Tonesnas Kosn- OmbiTHAs
HCHU | garpyska Hokasanme |- Cymmapras TPOJIbHBIC MIMprUHa
. MaHOMETpa, noJie3Hast
OT OJTHOM 3 Harpys3K, PACKPBITHSI
crymeny, Krc/cm Harpyska, Krc he TpemyH,
KI'C (o mpoexTy) MM
1 251 5 251
2 251 10 502
3 251 15 753
4 251 20 1 004
5 251 25 1255
6 251 30 1 506
7 251 35 1757
8 251 40 2 008
P o = 2 100
9 102 42 2110 0,1
10 50 43 2160 Pazpymenue
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KoHuTponpHast Harpy3ka mo mpoYHOCTH JJIsL JAHHOTO KOJbIla ¢ Y4eTOM COOCTBEHHOTO Beca
coctraBisuia 2 100 krc. Ilpu Harpyske, paBHoi 2 110 krc, oOpa3oBajgucCh NMEpBbIE TPEIIUHBI B
pacTSHYTBIX 30HaxX (CBepXy M CHH3y HAa BHYTPEHHEH NOBEPXHOCTH, COOKY Ha HapyKHOM
MMOBEPXHOCTH), IIMpPHHA PpackpbiTus cocraBimsia 0,10 mm. Ilpu BwImepikKe IO Harpy3Kou
2110 krc B teuenne 30 MUH He HAOIIONATIOCh MPU3HAKOB IMOTEPHU HECYIIEH CIIOCOOHOCTH
Kosblla. B Xone nanbHeiiero yBenu4eHHs BO3JIEHCTBUS MPOUCXOAWIIO HapacTaHWE IIWPUHBI
PacKphITUSI TpemuH ©0€3 yBEIWYCHHS BOCIPUHUMACMON HArpy3kKd C IOCICIYIOIIUM
paspyuieHuem. Paspyiienue Kosblia Mpor30ILIo noa Harpy3koi 2 160 kre.

B pesynbTaTe BBINOJHEHHOW pa0OTHI OBLIO YCTAHOBJICHO, YTO KOJIBIIO MPHU JAaHHOM
apMHUPOBAHUM CTEKJIOKOMIIO3UTHOM apMaTypoil MPOILIO0 UCHIBITAHUE HA TPEIHIMHOCTOUKOCTh, TaK
KaK JI0 KOHTPOJIbHOW HAarpy3KH TOSIBJICHUS M PACKPBITUS TPEIIMH HEe HaOmomanock. [lepBoie
TpEIIMHbI 00pa3oBauCh MpH Harpyske, paBHou 2 110 krc. Komnbiio mporuio Takxke ¥ UCIbITAHHE
Ha TPOYHOCTh, MOCKOJBKY MaKCHMallbHasi BOCHPHHHMAaeMasi Harpy3ka Iepel pa3pylIeHHeM
cocrapuna 2 110 krc, uro Oosblle KOHTPOJBHOM Harpys3ku, cocrtapistomeir 2 100 krc.
[IpumMeneHre KOMIIO3UTHOW apMaTyphl B OETOHHBIX KOJbIIAX BOJOMPOBOAA U KaHAIM3AIUU
MOBBIIIAET JIOJITOBEYHOCTh JAHHBIX H3JEIHH 3a CYET CTOMKOCTH apMaTypbl K arpecCHBHBIM
BO3JICUCTBUSM BEIIIECTB, HAXOIAIIMNXCS B TPYHTOBBIX BOJIaX M KaHAJIM3alMOHHBIX cTOoKax. Kpome
TOT0, 3aMEHa CTaJIbHOW apMaTypbl Ha KOMIO3UTHYIO CYIIECTBEHHO CHHUXAeT ce0ecTOMMOCTh
JAHHBIX W3JEIUd W HEe TpeOyeT HCIOIb30BaHUSI MHOTOTOYEYHBIX CBAPOYHBIX MAIIUH JIJIS
W3TOTOBJICHHSI CTaJIbHOU CETKHU.
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APPLICATION OF COMPOSITE REINFORCEMENT IN CONCRETE RINGS
OF WATER SUPPLY AND SEWAGE WELLS

Yu.Yu. Kuryatnikov
Tver State Technical University (Tver)

Abstract. The article notes that the effects of aggressive substances in groundwater and
sewage can lead to the destruction of concrete and steel reinforcement in reinforced concrete
products. In particular, concrete rings of water supply and sewerage wells are exposed to such
effects. One of the solutions to this problem is presented, the possibility of using glass composite
reinforcement for manhole rings to increase their durability is substantiated. It is proved that
glass composite reinforcement can be an alternative to steel reinforcement without deterioration
of mechanical characteristics of manhole rings.

Keywords: well rings, fiberglass reinforcement, reinforcement corrosion, strength and
crack resistance testing.
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YK 69:621.373.826
HCHOJb30BAHUE JIASEPHBIX TEXHOJIOT'MIA B CTPOUTEJBLHOM OTPACJIA

10.H. Mockeuna, A.B. Kpymckux
Tsepckoti cocyoapcmeenHblll mexHudeckuti yHusepcumem (2. Teepw)

© MocksuHa I0.H., Kpyrckux A.B., 2024

AHHoOTamus. B cratbe paccMOTPEHO HCIMOJB30BAHHUE JIA3EPHBIX TEXHOJIOTUW B CTPOHU-
TEJILHOM OTpaciM, 3HAYUTEIBHO MEHSIOUIee IOAXO0J K IPOEKTUPOBAHUIO U BO3BEICHMIO
00bekTOB. OTMEUYEHO, YTO MPUMEHEHHE Ja3epa He TOJbKO MO3BOJISIET ONTUMU3UPOBATh pabounit
npolecc, HO M CIOCOOCTBYET CO3JaHMI0 Oojiee YCTOMYMBBIX, Oe30macHbIX U 3(deKkTuBHO
yIpaBiIsieMbIX OOBEKTOB, MEHSET OOJIMK CTPOUTENbHOM OTpaciud B ILEJIOM. YKa3aHO, YTO
COBPEMEHHBIMU HAlpaBJICHUSIMH WCIOJIb30BAHUS Jla3epa SIBIAIOTCS JAUCTAaHIIMOHHAS pe3ka Mpu
JIEMOHTaKe KOHCTPYKIIHH, JJa3epHast 00pab0TKa MaTepuasoB, Ja3epHOE CKAHUPOBAHNE OOBEKTOB.

KiroueBble c10Ba: CTPOUTENBCTBO, Jia3ep, JAEMOHTAX, JlazepHas oOpaboTka, MpoTO-
TUMIUPOBAHUE, JIA3epPHOE CKaHUPOBAHUE.

DOI: 10.46573/2658-7459-2024-4-19-23

19



Ne 4 (24), 2024 BectHuk TBEpCKOro rocy1apCTBEHHOr0 TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIIEKTPOTEXHUKA U XUMUYECKUE TEXHOJIOT UM

OnHUM M3 NEepCHEeKTHBHBIX HAINpPaBICHUH yaydineHUs 3((EeKTUBHOCTH CTPOHUTEIHCTBA
00BEKTOB M POCTa KAauyecTBa CTPOUTEIbHON MPOAYKIMU SIBISETCS NMPUMEHEHHE TEXHOJOTHH C
MCIIOJIb30BaHUEM Jla3epa. JTU TEXHOJOTMU I103BOJISIIOT IOBBIIIATH OPraHU3alUOHHO-TEXHOJIO-
TUYECKUN YPOBEHb CTPOMTEIBHOIO IPOU3BOJICTBA, IMOJIYy4aTh BBICOKOTOYHBIE T'€OJE3UYECKHUE
U3MEpPEHUs], pa3BUBATh CUCTEMY MH()OPMAIIIOHHOTO MOJICTUPOBAHHS.

Poct nHTEpeca Kk 1a3epHbIM TEXHOJIOTHSAM TAaK)Xe CBA3aH C NOTEHLIMAIBHONW 3HAYUMOCTBIO
UX HCHOJb30BAaHUS B APXUTEKTYPHBIX M IAU3AMHEPCKUX PEIICHUSX, T€ TOYHOCTh M 3CTETUKA
BBIXOJIAIT HA NIEPBBIN IJIAH.

Ilpumenenue nazepa npu 0emMoOHmMA}CHBLIX padomax

D¢ PexTUBHBIM TEXHOJIOTMYECKUM HHCTPYMEHTOM SIBJISICTCSI MPUMEHEHHE JIa3epOB IpU
JNEMOHTa)XX€ KOHCTpYKIMiA. Pa3paboTaHHBI crHenuanucTaMd HAyYHOTO JHBH3HMOHA TOCY-
JapcTBeHHON koprnopamuu «Pocarom» MoOuiabHBIA sa3epHblii komiuieke (MJIK) mosBomsieT
POM3BOIUTH PAOOTHI TIO JUCTAHIMOHHOW pa3JeUTENIbHOM pe3Ke METaUTIOKOHCTPYKIHMA
tonmuHoM 10 300 MM IpW MOMOIIM Ja3€pHOr0 H3Iy4yeHus ¢ pacctossHus Ao 200 M mpu
temneparype ot —50 1o +40 °C. Kommekc BBesieH B 3kcmutyaranuto B 2020 rony.

Bnepseie MIJIK wucnonp3oBamiv A J€MOHTaxa KpaHoB-neperpyxareneir TOL[ B
r. Kyprane (puc. 1). beuim paspesanbl Hecyliue Onopbl ABYX KpaHOB BbicOTOM 10 40 M u
rpy30M0abeMHOCTBIO 10 32 T [1].

JleMOHTax 3JaHU U COOPYKEHHUI OTHOCHUTCS K paboTaM MOBBIIIEHHOW OIMTACHOCTH, KOT/1a
BO3MOXXHO OOpYyIlIeHHE U TaJIeHuEe HE3aKpeIUICHHBIX KOHCTpYKuui. [IpumMeHeHne crenTeXHuku
CBS3aHO CO CJIO)KHOCTSIMM IIPU €€ TPAHCIIOPTUPOBKE M 3HAYUTENIBHO YBEJIUYMBAET CTOMMOCTH
pabot. Meron na3epHOM pe3ku siBIsieTcs Oosee Oe30MacHbIM CHOCOOOM IO CPAaBHEHUIO C
KJIACCUYECKUMH TEXHOJIOTHSIMHU, a TaKXe IO3BOJISIET COKPATUThH MPOJOJKUTEIBLHOCTh paboT U
CHM3UTbH 3arpatrbl. [IpuMeHeHHe na3epHON PEe3KH TakKe aKTyaslbHO JUIsl pabOT Ha OMAacHBIX U
CIIOXKHBIX OOBEKTaXx.

Jlazepnasa oopadomka memanauyeckux mpyo

CoBpeMEHHbIE TEXHOJOTHUU pe3KH TpyO (pHuc. 2) 3HAYUTENbHO W3MEHMIU MOAXOA K
0o0paboTke MeTaJuIMueckux wu3nenuid. JlazepHass pe3ka, HMerOLas BBICOKYIO CTEHECHb
aBTOMAaTH3alllK, MO3BOJIAET OBICTPO U TOYHO 00padaThiBaTh TPYOBl pa3iIMuYHBIX (OPMATOB U
MaTepHajoB, BKJIIOYas OLMHKOBAHHYIO U HEp)KaBEIOUIyl cTajb. IIpuMeHeHHe I1azepoB
MotHocThio Oosiee 3 000 Bt oGecnieunBaeT BHICOKOCKOPOCTHYIO PE3KY, UTO OCOOEHHO aKTyaJbHO
JUISL TOJICTOCTEHHBIX TPYO.

Puc. 1. JleMoHTax KpaHOB-IIepErpyKareyei

& r. Kyprase ¢ momopio MJIK Puc. 2. JIazepHas pe3ka Tpy0
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TexHosorus na3epHON pe3KU YCTPAHSIET MHOTME HENOCTATKH TPAAMIIMOHHBIX METO/OB,
TaKhe KAaK BPEMEHHBIC 3aTpaThl IIPM MEXAaHUYECKOM pe3Ke, a TaKkkKe JAaeT BO3MOXKHOCTb
BBITNOJIHATh CIJIOKHBIE OIEpalllM, BKJIIOYas CBEPJIEHHE U KOHTYpHYIO pe3Ky. Mcrnosb3oBaHue
IPOrpaMMHOr0 00ecHeueHus] U aBTOMAaTH3allMK IIPOU3BOCTBA MO3BOJIAET 3HAUYUTEIBHO IMOBbI-
CHUTh KauyecTBO pabOT, YCKOPHUTb TEXHOJIOTHYECKUH NpOoIecC M 3HAYUTENBHO CHHU3UTH
BEPOSITHOCTb JOMYILEHHSI OINOOK.

Jlazepnasa oopabomka HememaniuyecKux CmpoOumeabHbvlX Mamepuaios

bnarogapss COBpEMEHHBIM TEXHOJIOTUSM, OCHOBAaHHBIM Ha IIPUMEHEHUU Ja3epa, MOKHO
o0OpabaTbIBaTh HE TOJBKO METal, HO U TaKWe MaTepHalibl, KaK CTEKJIO, KepaMUKa U KaMHHU.
Jlazeppl HacTpauBarOTCsS Ha pa3Hble JJIMHBI BOJH (B 3aBUCHMOCTH OT 33Jadd M Mmarepuaina) [2].
Bornee HU3KKE UTMHBI JalOT BO3MOXKHOCTB MOJIYYUTH 00JI€e aKKypaTHYIO U Kaue€CTBEHHYIO PE3KY
0e3 3HaUMTEIbHOro 0Opa3oBaHUs NbUIM. Kpome TOro, akTHBHOE NPUMEHEHHE KOMIIbIOTEPHOIO
MOJICJIMPOBAaHUS M AaBTOMAaTH3allMU IPOLIECCOB JIA3€pHOM pE3KH CTAHOBUTCS pPEIICHUEM
npo0JeMbl PyYHOTO YIPABJIECHUS, YTO MO3BOJIAET CHU3UThH TPYyJ03aTpaThl U MOBBICUTH Oe3omac-
HOCTb TpYyJa.

YCTOWUYNBOE COYETAHME TPAAMLMOHHBIX METOIOB U COBPEMEHHBIX TEXHOJIOTMH MOKET
CTaTh 3aJI0TOM YCIIEIIHOT'O Pa3BUTHUS CTPOUTEIBLHOM OTPACIIH.

Ilocmpoenue moodeneii u npomomunupoganue

[loctpoeHue mojnenel W MNPOTOTUIUPOBAHUE JAaOT BO3MOXKHOCTH CO3/aBaTh CIIOKHBIE
reomerpuueckue (GopMbl M JeTalld, YTO HE MO3BOJISIIOT CAEIaTh TPAJAULMOHHBIE CIIOCOOBI, a
TaK)Ke MPOTECTUPOBaTh pabouyro mozenb. /s peanu3anuu 3TOW TEXHOJOTUHU HCIHOJIB3YIOTCS
COBPEMEHHBIE JIa3€pHBIE TEXHOJIOTMH, C MOMOIIBI0 KOTOPBIX YAAETCA 3HAUYUTEIBHO COKPATHThH
(uHaHCOBBIE 1 BpEMEHHBIE 3aTPaThl U MOJIYYUTh MAKCUMAIIbHO BBICOKOE Kau€CTBO MPOIYKIUH.

ITponiecc mpou3BojacTBa MojeNell HauMHAEeTCs ¢ Pa3paboTKU IU(PPOBOro MpoeKkTa Ha
OCHOBE TEXHOJIOTMM TPEXMEPHOIro Ja3epHOro ckaHupoBaHus. Ha 0Oaze mpoekrta cosnarorcs
KOMaH/Ibl JIJIS1 JIA3€PHBIX PE3aKOB.

[IpoToTHnbl CTAHOBATCS Ba)KHBIM 3TAllOM INPU MPUHATHU PELIEHUN, TO3BOJISIOT BBISIBUTH
BO3MOYHBIE HEJOCTATKN M BHECTH HEOOXOMMbIE U CBOEBPEMEHHBIE KOPPEKTUBBI B IPOEKT. DTOT
MPOLIECC 3HAUUTEIBbHO CHUKAET PUCKHU M 3aTpaThl Ha ATale CTPOUTENIHCTBA, MOBBIIIAS KAaYECTBO
KOHEYHOro mpoaykra. TakuMm oOpa3oM, MOXHO CKa3aTh, 4TO JIa3epHas pe3ka (opMupyer
Oynyliee apXUTEKTYPHOTO JIn3aitHa M HH)KEHEPHBIX PEIIeHU.

Co3nanue npororuna Ha 3D-ckaHepe UMeeT CBOM OCOOCHHOCTH:

BBHIOOPOYHOE JIa3€pHOE CIIEKaHWE, KOrJa MOCIONHO HAHOCHUTCS CIIEHUalIbHBIA COCTaB C
MOCJIEAYIOLUM 3allEKaHNUEM 3a CUET BO3JECHCTBUS Jla3epa;

JTaMUHHUPOBAHUE, IpeaycMaTpuBarollee MOCIOWHOE HaKJIeMBaHUE IUIEHKHU, KOTOpas B
npoliecce HaHeceHus o0pe3aeTcs MpU MOMOIIH Ja3epHON yCTaHOBKH [3].

Jlazepuvie uncmpymenmaol

BaxHO OTMETHUTH, YTO JIa3epHOE CTPOHUTEIBHOE 00OpYIOBaHME 3HAYUTENBHO YIPOIIAET
pellleHne pa3InyHbIX 33/1a4 B CTPOMUTEILCTBE M peMoHTe. Hampumep, poTanMoHHBIE Ja3epbl
UleaTbHO MOJIXOAAT JUIs OONIBIIMX IUIOMIAJe, rae HeoOXoauma pa3MeTKa YpOBHEW Ha
3HAYUTENbHBIX paccTOsSHUsAX. VX CHocoOHOCTh CO3/1aBaTh TOPU3OHTAIBHBIE U BEpPTUKAJIbHBIE
IUIOCKOCTH TO3BOJISIET CTPOUTENSIM TOYHO BBIPABHMBATH CTEHBI, NOTOJKU U JAPYTUE DJIEMEHTHI
KOHCTpYKLMU. CeKTOpHbIE J1a3epbl MOAXOIAT Uil Oosiee crnenn(UYeckux 3afad, TAKMX Kak
yCTaHOBKA OKOH WJIM JIBepei, Oarogapsi X CiocoOHOCTH MPOECUMPOBATH HECKOJIBKO TIOCKOCTEH
OZIHOBpPeMEHHO. KpoccnaliHepsl, akTUBHPYIOIME CPa3y HECKOJIBKO B3aMMOIEPIECHIUKYISIPHBIX
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JUHHH, 00JIETYa0T MPOIECC PA3METKH, MO3BOJISIIOT M30€XkKaTh JIMITHUX 3aMEPOB M BU3YAIbHBIX
OIMOOK.

Takum o0pa3om, BBIOOp JTa3€pHOTO OOOPYIOBAHUS JIOJDKEH 3aBUCETh OT KOHKPETHBIX
norpeOHOcTe mpoekra. Crenuanuctel, oOyajaroimue HWHPOpPMAIUMEl O XapaKTepHCTHUKaxX
WHCTPYMEHTOB, MOTYT ONITHMAJILHO IPUMEHSATh UX B 3aBUCUMOCTH OT TPeOOBAaHUI K TOUHOCTHU U
CJIOKHOCTH padoT [4].

Moobunwvhoe nazepnoe ckanupoeanue

Hcnonp3oBaHne J1a3epHOTO0 CKAaHUPOBAHMS 3HAYUTEILHO YBEIHMYUBAET TOYHOCTh H
CKOPOCTbH BBITIOJTHEHUS PabOT B CTPOUTEILCTBE M IPYTHX OTPACIISIX. BaKHBIM aCIIEKTOM SIBIISICTCS
BO3MOXKHOCTh OBICTpO ToiydaTh 3D-Monmenu OOBEKTOB, YTO TO3BOJISIET CIIEIUATUCTaM Ooliee
3¢ (}EeKTHBHO BBITIONHATh aHAIW3 W IUIaHUpoBaHue. Korma masepHbIl ckaHep (UKCHpYeET
KOOPJMHATBI KaXI0H TOYKH, CO3JaeTcs MoApoOHas udpoBas KapTa MECTHOCTH, OTpaKkaromiast
aKTyaJlbHOE CcOCTOsiHUE 00BekTa. CpaBHEHHE JTUX JAHHBIX C MEPBOHAYAIBHBIMH IPOCKTHBIMU
PELICHUSIMU JTAeT BO3MOXKHOCTh HE TOJIbKO KOHTPOJIMPOBATH COOJIIOJICHHE CTAHAapPTOB U HOPM,
HO M BHOCUTBH HEOOXOAMMBIE KOPPEKTUBEI HA PAaHHUX CTAAMIX PabOTHL. ITO 0COOEHHO aKTYaIbHO
B KPYITHBIX MPOEKTaX, IJIe¢ MUHUMHU3AIIUS OIIUOOK U OTKJIOHCHUH MOKET COKOHOMHUTH PECYPCHI U
BpeMsL.

JlazepHOE CKaHMpPOBAHME TAKXKE JAaeT BO3MOXHOCTh apXUBUPOBATh HH(MOPMAIIHIO,
Omarojapst 4eMy CO3JAOTCSl MCTOpHYECKHe Oa3bl MaHHBIX JUIA TIOCJIEAYIONIETO aHajIH3a.
WHTerpamusi IMOJIyYEeHHBIX JaHHBIX C JPYTUMH METOJAMH T€OJC3HMH U IPOCKTUPOBAHMUS
OTKPBIBAET HOBBIC TOPU30HTHI JUISI KOMIUIGKCHOTO IOJXO0JIa K YIPABJICHHUIO CTPOUTEIHLHBIMU
MPOEKTaMH, 00eCTieunBas JIUIIyl0 KOOPIAUHAINIO IeHCTBUI pa3NUYHbBIX CHEIHATUCTOB U Ooee
BBICOKYIO 3¢ (heKTUBHOCTH Ipornecca [S].

[Ipumenenne na3zepa B CTPOUTENHCTBE PEBOIIOIMOHU3HPOBAIO MHOTHE ACHEKTHI
MPOSKTUPOBAHUS M BBHITIOJTHEHHSI CTPOUTEIHHBIX paboT. COBpEeMEHHBIC JIa3epHBIC TEXHOJIOTHU
MO3BOJIAIOT JIOCTUTaTh BBICOKOW TOYHOCTH B M3MEPEHHUSAX U pa3METKe, YTO CIIOCOOCTBYET
CYIIECTBEHHOMY POCTY Ka4eCTBa M YBEIMUEHUIO CKOPOCTHU BBHIMIOJIHEHUS orepaiuii. Kpome toro,
Ja3epbl UCHONB3YIOTCS JUIS CO3JaHUS TPEXMEPHBIX MOJeleld W MPOTOTUIHUPOBAHMS, a ITO
3HAYUTEIBHO YIPOIIAET IMPOIECC TNPOCKTUPOBAaHUS. 3a CYeT JIa3epHOM pPE3KH U CBapKH
MaTepuaoB CO3JAI0TCS MEXaHUYECKHE KOHCTPYKIIMH, OTIIMYAIOIINECS BHICOKON MPOYHOCTHIO U
aKKypaTHOCTBIO. J[aHHBIE TEXHOJIOTWM COKpAIaloT BpeMs 0OpabOTKH, MO3BOJISIOT CO3/1aBaTh
CIOXHBIE (POPMBI, KOTOpPBIE OBUTH OBl TPYJHOJOCTHKUMBI TIPU HCIIOIB30BAHUH TPATUIIHOHHBIX
METO/IOB.

BHenpenue a3epHBIX TEXHOJOTHH B  CTPOUTEIBCTBE HE TOJNBKO  IOBBIIIAET
3¢ (PEeKTUBHOCTH M 0€30MaCHOCTH PabOT, HO M CIIOCOOCTBYET COKPAIICHHIO 3aTPaT HAa MAaTepUaIbI
U Tpyd. DTO AeNaeT Ja3epHYI0 TEXHOJOTHIO YPE3BBIYAHO BAXKHBIM 3JIEMEHTOM COBPEMEHHOTO
CTPOHTENBCTBA.
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YK 666.9-1

POJIb TOBABKN MUKPOKPEMHE3EMA
B KOPPO3MOHHO-CTOUKHUX HEMEHTHBIX KOMIIO3UTAX

B.b. Hemponaeﬂoecmml, T.b. Hoeuuenkoeal, K.C. Hemponaeﬂoecxuﬁl,
M.C. 38ep662, P.3. I[vi6una’
T, BePCKOU 20CY0apcmeenHblll mexHudweckuil ynusepcumem (2. Teepw)
*Mockosckuil ABMOMOOUTLHO-00POICHBIU 20CYOAPCMBEHHBI
mexnuyeckutl ynusepcumem (MA/[U) (e. Mockea)

© IlerponasnoBckas B.b., HoBuuenkona T.b.,
[Terponasnosckuii K.C., 3sepeB M.C., Llpi6una P.3., 2024

AnHOTanus. MccnegoBaHue NOCBAIIEHO TEME CO3JaHUS BBICOKOAMCIIEPCHOIO MUHE-
paJIbHOIO KOMILIEKca Ui (OPMHPOBAHUS KOPPO3MOHHO-CTOMKOIO ILIEMEHTHOTO KaMHS C
YIUIOTHEHHOM CTPYKTYpOH M BBICOKMMM OKCIUIyaTallMOHHBIMH CBOMCTBaMH. BBeneHue
BBICOKOAKTUBHOM JO0OAaBKM C BBICOKMM COJEp)KaHHEM aMOp(pHON (a3l MOI0KUTEIbHBIM
0o0pa3oM OTpaxkaeTcsi Ha CTPYKTYpEe LIEMEHTHOIO KaMHs, IOJIy4aeMOW Ha OCHOBE OOBIYHOIO
nopTiaHauemMenTa. B cocraBe oOpasyromierocss B pe3yibpTare T'MIpaTallud IIEMEHTa MPOCTpaH-
CTBa MEXKJ1y IPOJYKTaMH THpaTalMy U YaCTULAMU HETPOPEArnpoOBaBIIErO [IEMEHTA 3aIll0JIHEHbI
BO3JYIIHBIMU [TIOPAMU U JUCIEPCUOHHOM CPENOH, BKIIOYAIOLIEH HOHBI KablUs, HATPUs, KaJIUs,
OH-rpymm, a Takke y4acTBYIOUIEH B Ipolieccax CTPYKTypooOpa3oBaHHs LIEMEHTHOTO KaMHS.
BBenenne ¢a3pl MHUKpPOKpEMHE3eMa B COOTBETCTBYIOIIEH NPOMOPLMU OTpa)kaeTcs Ha
(GOopMHUPOBAaHUH TOPOBOIO MPOCTPAHCTBA M CBOMCTBaX MOJYyYaeMOI'O0 HCKYCCTBEHHOT'O KaMHS.
M3y4yeHsl CBOMCTBA LIEMEHTHBIX COCTABOB C ONTHMAJIBHOM PELENTYypOl MJI1 MCIOIb30BAHMS B
JIOPOKHOM CTPOUTEIBCTBE.

KiroueBbie cj0Ba: MOPTIAHALEMEHT, MHUKPOKPEMHE3EM, CTPYKTypa, IOPOBOE IpO-
CTPaHCTBO.

DOI: 10.46573/2658-7459-2024-4-24-30

BBE/IEHUE

OOnacte TPUMEHEHHS JOPOXKHBIX OETOHOB pacCIIMPSETCS C KaXAbIM TOAOM, U 3TO
CBA3aHO C YBEIHMYEHHEM OOBEMOB JIOPOXKHOIO CTPOUTENbCTBA. Pa3BHBaeTcs HalpaBlIeHUE
CTPOUTENBCTBA BBICOKOKAUYECTBEHHBIX OETOHHBIX JOPOr, MO3TOMY POCT KayecTBa JOPOXKHBIX
0eToHOB sIBiIsIeTcs BaKHOM 3anmayeit [1]. M3BecTHble MOAXOABI K MPOEKTUPOBAHUIO TOPOKHBIX
0OETOHOB M TEXHOJIOTHSM MX M3TOTOBJICHHUS OBIBAIOT HEAOCTATOUHO 3 (eKTUBHBL. [ pemenus
JaHHOW TmpoOJemMbl MPOBOJSATCS HayyHbIE MHCCIEIOBaHUS, HaANpaBlIEHHbIE Ha TMOJy4yeHUE
MHHOBAIIMOHHBIX MaTEpUAJIOB TPH MCIOJIB30BAaHUM 3apEKOMEH/IOBABIIUX C€e0s MPEMUKCOB,
00aBOK, OPraHOMHHEPATbHBIX U MUHEPAIbHBIX MOAUPUIMPYIOMHUX KOMITIEKCOB [1-5]. Onquum
U3 TaKHUX MEPCHEKTUBHBIX MAaTEPUAJIOB ABIIETCS MUKPOKPEMHE3EM [6].

Eme B xonne XX Beka gaHHas BRICOKOAKTHBHAS J00aBKa Hadajia YCIICITHO 3aBOEBHIBATH
CTPOUTENbHBIA PBHIHOK, MOCKOJBbKY Ha €€ OCHOBE pa3padaThIBaIUCh OETOHBI C BBICOKHMH
9KCIUTyaTallMOHHBIMU CBOMCTBaMU. OTJIMYUTENBHBIMU 4YE€pPTaMU TaKUX MOJU(PHUIMPOBAHHBIX
OetoHOB sBNsUTHCH BhIcOKas (mo 80 MIla) u cBepxBbicokas (cBbime 80 MIla) mpodHOCTH,
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MOBBILIEHHAs] KOPPO3MOHHAsI CTOMKOCTb M JIPYrMe ASKCIUIyaTal[MOHHBIE XapaKTepUCTUKU. OHu
ObUTM  OOYCIIOBJIGHBI TEXHOJIOTWEH MPOU3BOJCTBA BBICOKOIMOABI)KHBIX OETOHHBIX CMECEH.
[ToMMMO IPOYHOCTH, 3a4ACTYIO0 UX OTIMYAJIM €IIE U BHICOKUE 3CTETUUECKHE IT0Ka3aTenu [6].
I'maBHOII 0COOEHHOCTBIO TEXHOJOTHMHM IPOU3BOJCTBA HA3BAHHBIX CMECEHl SIBISIOCH
NPUMEHEHHE BBICOKOAKTHBHBIX J100aBOK C BBICOKOH CTENEHBI0 MucrnepcHOCTH. OnHOW M3 HUX
cTall Xopomo ce0d 3apeKOMEHIOBAaBIIMNA MHUKPOKPEMHE3eM, KOTOpPBI TOrAa SIBISUICS
MAaJIOMCIIONIb3YEMbIM B CTPOUTEIBHOM MPOU3BOJICTBE OTXOJO0M (eppOCIIaBHOTO MPOU3BOJCTBA
[6]. On npencraisn coO0l BRICOKOAUCIEPCHBIN MOPOIIOK, COCTOSIINN U3 JUOKCUIA KPEMHUS, B
BUJIC YaCTHI] pa3MEpPOM B HECKOJILKO MUKpPOMETpoB [6]. B Xxone uccienoBaHusi EMEHTHBIX
0OETOHOB Ha OCHOBE MHKPOKpEMHEe3eMa ObLIO OIMpe/ie]IeHO OCHOBHOE TpeOOBAaHME K HEMY KakK K
MUHEPAJILHOMY HAIOJHUTENO0 BBICOKONPOYHBIX OETOHOB — aucnepcHocTh [5, 6]. OmnHako ¢
pPOCTOM TOMYJIAPHOCTH HAIMOJHUTENS CHIDKAJach JKOHOMHUYecKas d((EKTUBHOCTh €ro
NPUMEHEHHS, YTO OBUIO BBI3BAHO TOBBIIICHHEM LEHBL. TakuM o0pa3oM, B HACTOSIIEE BpeMs
BeAyTcs paboThl Mo co3gaHuio 3(G(GEKTUBHBIX KOMILIEKCOB Ha OCHOBE MHKPOKpEMHE3eMa ¢
UCIIOJIb30BAHUEM MECTHBIX HEJAOPOTMX HAINOJHUTENIEeH, B TOM UHUCIE U3 OTXOJOB
npomeinuieHHOCTH [7]. Llenbto Hacrosimielt paboThl SIBISIETCS HMCCIEIOBAHHE BO3MOXKHOCTHU
NPUMEHEHHS MUKPOKPEMHE3eMa B COCTaBE KOMIUIEKCHOW JOOABKU C MCIOJIB30BAaHHEM OTXOJIOB
TOIUIMBHON TPOMBIIIJIEHHOCTH — BBICOKOKANBIIMEBBIX 30i-yHOca. Ha mepBom »sTame ObUIH
M3YYEHbl KOHTPOJIbHBIE COCTAaBbl HA OCHOBE MUKPOKPEMHE3€Ma U MOJyYeHbl OCHOBHBIE (PU3HKO-
MEXaHUYECKUE XapaKTePUCTUKH 3aTBEPAEBIIETO MOAUPHUIIMPOBAHHOTO IEMEHTHOTO KaMHSI.

MATEPHAJIBI U METO/IbI

B nanHBIX HCClenoOBaHUAX MPUMEHSUTHCH OOBIYHBIN mopTianaineMeHt [IEM 1 42,5 H,
MuKpokpemHe3eM Mapku MK-90, a Takxe Menkuii 3an0JHUTENb — IECOK PEYHOM.

[IpuroroBnenne roTOBBIX CMeCEW OCYIIECTBIISUIOCh B JlabopaTopHOW Memanke. Bcee
WHIPEIUEHTHI, BXOJSIINE B COCTABBbI CHIPHEBBIX CMECEH, MPEABAPUTENIBHO BBICYIIMBAIUCH 0
MOCTOSIHHOM Macchl. Jlanee MCXOAHBIE KOMIIOHEHTHI CMECEe B 3aJlaHHBIX MPOMOPIHUIX
MEePEMENINBAINCH B CYXOM BHJIE€ /10 TOMOT€HHOI'O COCTOSIHMS. 3aTe€M CMECH 3aTBOPSIIM BOJOM
KOMHATHOW TeMmreparypsl. Bpemsi mepeMemivBaHusi B J1a00OpaTOPHON MeIIajake OBLIO TpeaBa-
PUTENBHO YCTAHOBIIEHO OMBITHBIM IyTeM. B COOTBETCTBUHU C MPOrpaMMOM MCCIIEIOBAHUN BpeMs
nepeMeNnBanus ObUTIO MPUHATO MOCTOSIHHBIM. [lepeMennBanme oCyecTBISIOCH 10 MOTyYeHUs
OIHOPOJHON CMECH.

dopMoBaHNE TMPOU3BOIUIOCH B JIA0OPATOPHBIX YCIOBHUSX B COOTBETCTBHH C TpeOoO-
Banusimu 'OCT 30744-2001.

TBepaeHNe OCYIIECTBIIIOCh BO BIAXHBIX YCIOBUSAX B TeueHUE 14 cyT Ha mepBoM dTarre.
Ha BTOpoM BpeMs TBepAeHUS OBIIIO YBEIUYEHO A0 28 CYT.

CpenHsis TIIOTHOCTh OMpENENsiach IMyTeM B3BEIIMBAHHS OO0pPa3lOB-KyOOB B CyXOM
COCTOSTHUU Ha TabOpaTOPHBIX Becax.

[Ipeaen mpoyHOCTH OMpENeNsIN MO JTaHHBIM pa3pyIIarolel Harpy3Kd, TOJYYeHHOW Ha
1a0opaTOpPHOM Ipecce.

UccnenoBanue mpoBOAMIOCH B JBa dTama. Ha KaxaoM HM3ydaauch XapaKTEPUCTHKU
CBIPBEBBIX CMECEH M0 KPUTEPUI0 HOPMAIbHOM TYCTOTBI M CpPOKOB cCXBaTbiBaHWs. JlaHHBIE
XapaKTepUCTUKU ONPEIENINCh CTaHIApTHBIM METOJIOM Ha mnpubope Buka c mectukoMm u
UTOJIKOW COOTBETCTBEHHO (Tab. 1).

25



Ne 4 (24), 2024 Bectauk TBepcKOro rocy1apCTBEHHOIO TEXHUYECKOTO YHUBEPCUTETA
Cepus «CTpOUTENBCTBO. DIEKTPOTEXHUKA U XUMUUECKHE TEXHOJIOT I

Tabauya 1
3Ha4YeHHsI CPOKOB CXBATHIBAHMS I COCTABOB MOIU(DHUIIMPOBAHHOTO [IEMEHTHOTO KaMHs
Homepa coctaBoB 1 2 3 4 5 6 7 8 9
3HaueHUsa CPOKOB
p 3 2 3 2,5 2 2 2 3 2
CXBaThIBaHUsS, MUH

Ha mepBoM »sTame ObUIa UCIONB30BaHA METOJWKA BBIMOJHEHHS IIAHUPOBAHHOTO
skcriepuMenTta. CojepkaHue MHUKpOKpeMHe3ema BapbpoBajiock oT 0 g0 40 % c marom 20,
BonoTBepoe otHomeHue (B/T) cocrasisuio ot 0,4 1o 0,6 ¢ marom 0,1.

Pe3ynbTarhl ucciieIOBaHMA CpeHEH TUIOTHOCTH JJIS BCEX COCTABOB MPUBEICHBI B TA0I. 2

1 Ha puc. 1.

Tabnuya 2
CpenHsist TNIOTHOCTh MOJU(HUIIMPOBAHHOTO KaMHS
Howmepa
p 1 2 3 4 5 6 7 8 9
COCTaBOB
Cpennsis a “ 8 % = = 2 3 e
g - - S s 3 - - N
IUIOTHOCTD, a < D X = < 0 o —
By on N S o N I n S AN
I I ~ I ~ I I ™~ N

2400

2300

2200

2100

2000

1900
— 01800

20

CpenHAA NAOTHOCTL, Kr/m3

40 CopepraHue gobaBku
B/T=0,4 -
/ B/T=0,5 B/T=0,6 MUKpPOKpeMHesema, %

Puc. 1. Bausinue 1o6aBku MUKpOKpEMHE3eMa Ha CPEIHIOI0 MIIOTHOCTh
MOAU(DHUIIMPOBAHHOTO [IEMEHTHOTO KaMHs 1ociie 14 cyT HOpMaJbHOTO TBEPICHUS

PE3YJIBTATBI HCCIIE/IOBAHHUA
Ha ocHOBaHUM MOJTyd4eHHBIX PE3YJIBTATOB MUCCIEAOBAHUS MPOYHOCTH IEMEHTHOTO KaMHsI
¢ 100aBKOW MUKpPOKpEeMHe3eMa ObLTa yCTaHOBIIEHA 3aBUCUMOCTh Ry OT cofepkaHusi 100aBKU U
B/T (ta6mx. 3, puc. 2).

Tabauya 3
[Ipenen npouHoCcTH MPH CKATHUH MOAUPHUIIMIPOBAHHOTO KaMHSI,
MOJIYYEHHBIN Mocie TBEpACHUS B TeueHue 14 cyr
Howmepa coctaBoB 1 2 3 4 5 6 7 8 9
IIpenen
87,17 | 34,64 | 21,52 | 15,49 | 49,79 | 22,89 | 54,32 | 32,36 | 26,79
npoyHoctu, MIla
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20
/ 10

40

Mpeaea npoyHocTh Npu ckatumn, Mla

35
B/T 0,5 30
25
o 15
0,6 <
CofepaHne MUKpOKpemHesema, %

Puc. 2. Bnmusaue no6aBKku MEKpOKpEMHE3eMa Ha MpeIesl IPOIHOCTH

MO,I[I/I(bI/II_II/IpOBaHHOFO OEMCHTHOI'O KaMH: ITIOCJIC 14 CYT HOpMAJIBHOI'O TBEPACHU

B xone IIPpOBCACHUA I/ICCJ'ICILOBaHI/II‘/’I OBLIO YCTAHOBJICHO, YTO IIPpU YBCIUYCHHUU COLCP-

JKaHus I[O6aBKI/I MNPOYHOCTh HEMCHTHOI'O KaMHs YMCHBIIACTCA.

OntumansHoe 3HaueHue MK-90 B 1eMEHTHOM CMeCH COCTaBWJIO IO pe3yibTaTam

uccaenosanui 0,4-0,5 %.

Coz[epxcaHHe MHUKPOKpPEMHE3CMa B LIEMEHTHOM CMECH Ha BTOpPOM 3Tall€ COCTAaBJIAIO 0, 5,

10, 15 u 20 % nys coctaBoB 1-5 cOOTBETCTBEHHO (TabII. 4).

Tabnuya 4
VccnenoBaHHBIE COCTABbI IEMEHTHBIX CMecei
No B/T Coneprxanue .
MHUKpPOKpEMHe3eMa, %o
1 0,14 0
2 0,14 5
3 0,15 10
4 0,16 15
5 0,16 20

Pe3yJ'ILTaTLI HCclIeJOBaHUMH CLIpBCBOfI CMECHU U (bI/ISI/IKO-MCXEIHI/IquKI/IX CBOMCTB II€MEHT-

HOTO KaMHS TIPUBEICHBI B Ta0I. 5, 6 1 Ha puc. 3, 4.

Tabnuya 5
3HavyeHus1 AMaMETPOB pacIlIbiBa IIEMEHTHOIO TecTa
¢ 1006aBKOI MUKpOKpeMHe3eMa Ha rpruodope Buka
Homepa cocraBos 1 2 3 4 5
Jliavietp 15 21 20 17 24
pacIibiBa, MM

27



Ne 4 (24), 2024 BectHuk TBEpCKOro rocy1apCTBEHHOr0 TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIIEKTPOTEXHUKA U XUMUYECKUE TEXHOJIOT UM

Tabauya 6
3HaueHus Hpejieia IPOYHOCTH MPU CHKATHN
JUIsSE COCTABOB MOTU(UITMPOBAHHOTO [IEMEHTHOTO KaMHS
Howmepa cocraBoB 1 2 3 4 5
Hpenen IPOHHOCTH | 3 g 25,96 24,58 23,10 22,44
pu ckatuu, MIla

35 - 2500
=
- a0 -
£ £ 2300 -
- m 25 .
E = E
= E, 20 g 2100 -
i 5
= & 10 =
£ :
o 5 = 1700 -
=t
=) 2
0 @]
1 2 3 4 5 1500 m T T T T 1
1 2 3 4 5

Homepa COCTaBOB
Homepa COCTaBOB

Puc. 3. Bnusaue nodasku
MHUKpPOKpPEMHE3eMa Ha TIpeiesl TPOYHOCTH
MIPU CKATHH MO (DHUIIMPOBAHHOTO
[IEMEHTHOT'0 KaMHsI B Bo3pacte 28 cyT

Puc. 4. Bnusinue 106aBKM MUKpOKpeMHe3eMa
Ha CPEIHIOI0 IJIOTHOCTh MOAU(DUIIMPOBAHHOTO
LIEMEHTHOTO KaMHsI B BO3pacTe 28 cyT

3AK/TIOYEHUE
[To pesynpTaTam uccieqOBaHUN IIEMEHTHOTO KaMHs, MOAH(PUIMPOBAHHOTO 100aBKOMH
BBICOKOAKTUBHOTO MHUKpokpemHe3eMa MK-90, Obumn ompeneneHsl  (PU3HKO-MEXaHUYECKHE
XapaKTEepUCTHKHU Y COCTABOB CHIPHEBBIX CMeCeH, KOTOPbIE MOYKHO MCIOJIb30BaTh, HAIIPUMEp, IS
npou3BojCcTBa OoparopHoro kamHs. IlomydeHHble 3HaueHUS TPOYHOCTH U IJIOTHOCTH
LEMEHTHOIO0 KaMHS, a TakKe JPYrHe OSKCIUIyaTallMOHHBIE XapaKTEPUCTUKU COOTBETCTBYIOT
tpeboBanusim ['OCT P 58894-2020. MccnenoBanus OynyT NpoaoIKEHBI.

BbJ/IAI'O/IAPHOCTH
PabGora BemonmHeHa mpu momnepkke rpaHta Poccmiickoro HayuHoro Qonma (rpo-
eKT Ne 24-49-03004).
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THE ROLE OF MICROSILICA ADDITIVE
IN CORROSION RESISTANT CEMENTITIOUS COMPOSITES

V.B. Petropavlovskayal, T.B. Novichenkoval, K.S. Petropavlovskiil,
M.S. Zverev’, R.Z. T sybinal
"Tver State Technical University (Tver)
’Moscow Automobile and Road Construction State Technical University (MADI) (Moscow)

Abstract. The research is devoted to the topic of creating a highly dispersed mineral
complex for the formation of corrosion-resistant cement stone with a compacted structure and
high performance properties. The introduction of a highly active additive with a high content of
amorphous phase has a positive effect on the structure of cement stone obtained on the basis of
ordinary Portland cement. The spaces between hydration products and unreacted cement particles
formed as a result of cement hydration are filled with air pores and dispersion medium including
ions of calcium, sodium, potassium, OH-groups, as well as participating in the processes of
cement stone structure formation. The introduction of microsilica phase in the appropriate
proportion is reflected in the formation of pore space and properties of the obtained artificial
stone. The properties of cement compositions with optimal formulation for use in road
construction have been studied.

Keywords: portland cement, microsilica, structure, pore space.
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HUCCJEIOBAHUE T'MJIPOPU3NUYECKHUX CBOMCTB TAXKEJIOIO BETOHA,
MOAUPULINPOBAHHOI'O KOMIIVIEKCHBIM MOJJU®UKATOPOM
N PABOTAIOLIEI'O B CYPOBBIX YCJIOBUSAX SKCIINIYATAIIMHN

EB. T Kaul, 10.C. (Duﬂumonoeaz, .P. }Imcoeultl, B.HU. Haesckuii’
' Hayuonanshuiii uccnedosamenvcruii Mockosckuil 20Cy0apCcmeenHbill
cmpoumenvuulll yHugepcumem (2. Mockea)
’Mockosckuii nonumexnuyeckuti yHueepcumem (2. Mockea)

© Tkau E.B., ®unumonosa 10.C.,
Sukosuu [1.P., ITaesckuit B.1., 2024

AHHOTauus. B craTtbe mpuBEAEHBI pe3ysbTaTbl UCCIEAOBAHUN MOJIOKUTEIBHOTO BIIUS-
HUS KOMIUIEKCHOTO MOIU(HUIIMpPOBaHUS Ha CBOWCTBA TspKenaoro OeroHa. McciemoBanue
OCYIIECTBIISJIOCh IMYTEM YMEHBIICHHS COACpP)KAaHUS BSDKYIIEro (IIEeMEHTa) W 3aMEHBl €ro
METaKaO0JWHOM, 3a CYET YEerO IMOBBIIIAINCH TUAPOGU3NICCKHE XapaKTEPUCTHKU. OTMEUYEHO, YTO
MOJIOKUTENBHBIE PE3YJIBTAThl UCCIEAOBAHUS TAIOT BO3MOXHOCTh IPUMEHSATH JTaHHBI COCTAaB Ha
MPaKTUKE AJIA MOJYyYEHUS CTPOMUTENbHBIX KOHCTPYKIMH C 3aJlaHHBIMU XapaKTEPUCTUKAMH, a
MOT0OHBIE KOHCTPYKIIMA MOTYT JKCIUTYaTHPOBAThCS B YCJIOBHSIX TOBBIIICHHOHW HATPY3KH U
arpecCUBHOM Cpeibl, B YaCTHOCTU IIPU CTPOUTEILCTBE TOHHEIIEH.

KiiloueBble cj10Ba: KOHCTPYKIIMM TOHHEJEH, arpecCUBHbIE (DaKTOPBI OKpYXKaromen
Cpelbl, KOMITJIEKCHBIM MOAUGUKATOP, THAPOPHU3UIECKIE CBOWCTBA, CYpOBBIC YCIOBHUS JKCILTya-
TallMH.

DOI: 10.46573/2658-7459-2024-4-31-42

BBE/[EHUE

Tsoxenplii OCTOH SIBISETCS KIIOUEBBIM MaTepUajoM IPU BO3BEJACHUU ToHHeNed. OH
o0OecreunBaeT BBICOKYIO HAJEXKHOCTh M JUIMTENBHBIM CPOK OSKCIUTyaTalluu CcoopykeHuid. Jlis
JOCTHDKCHHSI ONTHMAJIBHBIX OKCIUTyaTal[MOHHBIX XapaKTePUCTHUK, TaKMX KaK MPOYHOCTH OT
50 MIla u Bbime, mwiotHocTh M0 2 500 kr/m®, BogoHenponunaeMoctb W10 U CTOWKOCTh K
arpecCUBHBIM CpelaM, MPUMEHSIOT pa3IndHble MOIU(DHUKATOPHI, YCUIUBAIOIINE CTPYKTYPY H
nonroBeyHocTh OetoHa [1-7]. OgHMM W3 BaXKHEWNINX HAIpPaBJICHUN COBEPIICHCTBOBAHUS
OCTOHHBIX CMECEHl SIBJISETCS BBEICHHE XWMUKO-MHHEPAIBHBIX T00ABOK, KOTOPBIE IO3BOJISIOT
VIYYIIUTh (PU3NKO-MEXaHUYECKUE TOKa3aTelu OeTOHa M COKPAaTUTh PacXo]] PecypcoB, UTO
0COOEHHO aKTyaJIbHO B COBPEMEHHBIX TEXHOJIOTHYECKUX YCIOBHUSX.

B Hacrosimee BpeMsi CYIIECTBEHHOE BHUMAHUE YJIENSETCS MCIOJIb30BAHUIO TaKUX
AKTHBHBIX MUHEPAJIBHBIX J00aBOK [7—12], Kak MUKPOKpPEMHE3EM, 30J1a U METAKaOJINH, KOTOPhIE
CrocoOCTBYIOT (OPMUPOBAHUIO OoJiee TMIOTHOM M YCTOMUYMBOM CTPYKTyphl OertoHa. Mccie-
IOBaHUS IMOKa3bIBAIOT, YTO Jo00aBlieHHe MeTakaoianHa B KoiaudectBe 10-15% oT Maccwl
BSDKYIIErO yIy4llIaeT XapaKTePUCTUKH OETOHA, a UMEHHO YCKOpSIeT THUAPATAIMIO M MOBBIIIAET
MPOYHOCTh. B cOBpeMeHHBIX pa3paboTkax BHUMaHHUE TaK)Ke aKIICHTUPYETCS Ha MCIOJIb30BAHUH
JUCIIEPCHOTO  apMHUPOBAaHUS  pa3iauyHbiMUH  TuUnamu  ¢ubper  [13—-16]. 3a cuer sToro
JIOTIOJTHUTEILHO YJIYYIIAeTCsS CTPYKTypa W YCHUJIMBACTCA MPOYHOCTh OCTOHA, OH CTAaHOBHTCS
0oJee yCTOWYMBBIM K MEXaHUYECKHM Harpy3kaMm U U3HOCY.
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CoBMECTHOE HCIIOJIb30BAHWE AKTUBHBIX MMHEPAIbHBIX J100aBOK M CyNEpILIacTH-
¢bukaTopoB mpeAcTaBiseT OONBLIOW HAY4YHBIH MHTEpeC, TaK KaKk OHO IIO3BOJIIET 3aMETHO
yIAYYIIATh CBOWCTBA TSDKENOTO OeToHa. JIaHHBINA MOIX0A K MOJU(HKAIIMK COCTaBa CIIOCOOCTBYET
YBEJIUYCHUIO TPOYHOCTH OeroHa mpu coxkaruu 10 150 MIla, a Takke IOBBIIIEHUIO €r0
BOJIOHETIPOHUIIAEMOCTH M CTOMKOCTH K 00pa30BaHUIO TPEIIUH.

Takum o0Opa3om, ynydllleHHE KauYeCTBEHHBIX XapaKTEPUCTUK TSHKEIOro OETOHA OCTaeTcs
aKTyaJIbHOM 3ajgadeld, TpeOyroled pelmeHuss € Y4YETOM COBPEMEHHBIX TEXHOJOTMYECKUX
HalpaBlieHUH. OTH HampaBieHHs] MPEANOJaraloT COBMECTHOE HCIOJIb30BaHUE IEMEHTHOIO
BSDKYIIIETO C KOMIUIEKCHBIMH MOJIM(UKATOPAMHU JJIs1 00ECTIC€YeHUs JOITOBEYHOCTH U HA/ICKHOCTH
KOHCTPYKIIUH.

MOJIEJIH U METO/IbI

3KCH€pI/IMeHTaJII)HI)I€ HCCIICAOBaHUA TIMPOBOAWINCL B CTPOroM COOTBETCTBUU C
OOLIENIPUHATHIMU CTAaHAAPTHBIMU MeToAuKaMu. OOpa3ipl MOArOTaBIUBAINCH MOCEPUNHHO MPH
COOJIIOICHUHM BCEX TMapaMeTpPOB BBIACPKKHM M XpaHeHUs 10 wucneitanus. OOmas cxema
HCCJICIOBAHMsI BKJIIOYala B ce0sl JIOTMUECKH B3aHMMOCBS3aHHBIC ATAllbl COBPEMEHHOTO HAYYHOIO
METO/Ia, B YaCTHOCTH KOHIENTYAJIbHOE TUIAHUPOBAHUE DKCIIEPUMEHTA C BBIJIEJICHUEM Haunbosee
BaXXHBIX HCCIEIYeMbIX XapaKTePUCTHUK, OIMpeAeNicHue HEeOOXOIMMBIX CBOWCTB HMCXOJIHBIX
KOMITOHCHTOB, pacycT Tp€6y€MBIX JO3UPOBOK KAXKAOTO KOMIIOHCHTA.

XUMUYECKUI ¥ MHUHEPAIbHBII COCTaB IIEMEHTa OMPENENISId IPU MOMOIIM PEHTICHO-
$a30BOTO ¥ PEHTTEHOIIYOPECIICHTHOTO aHAIM30B. Pe3yIbTaThl MpecTaBICHbI B Ta0I. 1.

Tabnuya 1
XUMUYECKUN 1 MUHEPAIbHBIN COCTaB MOPTIAHAIIEMEHTA
Mapka XuMHUecKuil cocTas, Mac. %

IIEMEHTAa NaZO SOg MgO F6203 CaO A1203 SlOz

0,83 0,6 0,88 3,9 64,1 5,89 23,8
CopepxaHne KpucTamnieckux (a3 B KIMHKepe, Mac. %
IHEM 1 42,5H C4AF C3A C,S GCsS
(4Ca0 - Al,03- Fe;O3) | (3CaO - Al,Os) (2Ca0 - Si0;) | (3Ca0 - Si0;,)

11,46 6,97 11,5 60,92

JlucriepcHbli  COCTaB, TEXHOJOTMYECKHME M IPOYHOCTHBIE XApAKTEPUCTHKH IIEMEHTa
ONpeAeNsa C TIOMOIIBI0O CHUTOBOIO aHajiu3a, MUKHOMETPUYECKOIO0 METO/a, ONpEeesIeHUs
OPOYHOCTH HA HU3rM0 M CXKaThue B COOTBETCTBHMM CO CTaHJAPTHBIMH MeToAukamu. Jlns
ONpeseNieHus] MEXaHWYEeCKOW MPOYHOCTH M3TOTaBIMBAIM  OOpa3lbl-0aJIOUKH  pa3zMepoM
4 x4 x16 cM U3 IIEMEHTHO-IIECUAaHOTO PACTBOpA C BOJOIEMEHTHbIM oTHoueHuem B/ = 0,4.
[Tocne wmzroroBneHust obpasipl B ¢opmax coiepkaid 1 cyT B BaHHE C THAPABIMYECKHM
3aTBOPOM, B KOTOpOW oOecreunBasICcsl CIeNYIOIIMI peXUM: OTHOCUTEIbHASI BIIAXXKHOCTh BO3yXa —
He meHee 90 %, temnepatypa cpeabl — 20 £ 2 °C. Yepes cyTku o0Opasipl pachopMOBBIBAIH U
3aTeM 27 CyT XpaHWJW B BaHHE C BOJOW, TEMIIEPATypy KOTOPOW KOHTPOJIUPOBAIU B Mpeaesiax
20 £2°C. Tlo ucreueHHH cpoKa XpaHEHHS OOpa3lbl-0aJOUYKM BBIHUMAIU M3 BaHHBI U HE
no3zHee 4yeM vepe3 30 MUH MCIBITHIBAIM HA POYHOCTH. [lomyueHHbIe pe3ynbTaThl IPUBEICHBI B
Tabn. 2. BBUIO yCTAaHOBIEHO, YTO LIEMEHT COOTBETCTBYET TpPEOOBaHUSAM CTaHAapTa II0
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HOPMHUPYEMBIM IIOKa3aTeNsIM: TECTY Ha paBHOMEPHOCTb U3MEHEHUsl 00beMa, Hayaly CXBaThlBa-
HUS LIEMEHTHOI'O T€CTa, IPOYHOCTH MPHU CKATUU dyepe3 2 U 28 CyT.

Tabnuya 2
Pe3ynbratrhl onpeneneHus XxapakTepucTuk nopriaananementa mapku [IEM 142 5SH
ToKasareis TpeboBanue DaKTHUYECKOE
I'OCT 31108-2020 3Ha4YEHHE
Ocrtarok Ha cute 45 MkM, % - 3,15
Ocrtarok Ha cute 80 MkM, % - 0,45
HopmasibHas rycrora ieMeHTHOro recra, % — 26,0
TecT Ha paBHOMEPHOCTH U3MEHEHUST 00BeMa 10 3
(xonb1ro Jle-IllaTenne), pacimpeHue, MM
V [ielibHast TOBEPXHOCTH (110 Buieiiny), cM™/r — 3540
Hauano cxBarbiBaHus, MUH He panee 60 168
Konerr cxBaTeIBaHHSI, MUH - 542
Hannuue npusHakoB J10KHOTO Her Her
CXBaTLIBAHUS, Ja/HET
Cpenusist MpOYHOCTh HA CKATHE He mettee 10 23.0
B Bo3pacre 2 cyt, MIla
CpenHsist IpOYHOCTb Ha CHKATHE He menee 42,5 46.8
B Bo3pacte 28 cyt, Mlla He 6onee 62,5 ’
HctuHHAS II0THOCTS, Kr/M° - 3162
HacpimHast I0THOCTB, Kr/M° - 1256

B kauyecTBe MENKOro 3alOJIHATENS HUCIOJIb30BaJIM MPUPOAHBIN MECOK C MOIYJIEM KpyI-
HocTH 2,5 u pasmepom uyactull oT 0,16 mo 2,5 mm mpousBoactBa OOO «Arat» (Anekcann-
poBckuit paiton Brangumupckoit obnactu).

B kadecTBe KpymHOro 3amOJHUTENS NPUMEHSUIM TPAHUTHBINA I1e0eHb IPOU3BOJCTBA
000 «opHepyaPecypc» (r. CapaToB), COOTBETCTBYIOIIMN YCTaHOBJIEHHBIM TpPEOOBAHUSIM:
CoJiep)KaHUE 3€peH IUIacTMH4YaTOM M urioBaTod ¢Gopmbl coctaBimsuio 11,0 %; comepxanue
MBUIEBUIHBIX, MIUCTBIX M MTHMHUCTHIX dacTull — 0,8 %; mapka mebHs mo apodbumoctu — 1 400;
Mapka mebHs mo Mopo3socroiikoctu — 300; HackimHas TIOTHOCTHE — 1 420 KI/M; yAeIbHas
3 PeKTUBHAS AKTUBHOCTb PAJMOHYKIUIOB (A,py) — 92 BK/KT; Mapka meOHs o HCTUPAEMOCTH —
H-1. MakcumyMm B pacripeiesieHHH meOHs o pazMepam npuxoauics Ha 20 mM. MccnenoBanHbIi
3al0JHUTENb OTHOCUTCS K CpPEJHE3EPHUCTOMY THIYy KPHUCTAJUIMUECKON CTPYKTyphl. Jlid
3aTBOpEHUsST OCTOHHOW CMECH HCHoJb30oBaiach Boja. OHa He couepxkana cyibdaToB Ooiee
2 700 mr/n (B mepecuere Ha SOy), Bcex coneid 6onee 5 000 mr/n, HedTIHOTO IIaMa U HAKUIIH, a
coJiep’KaHue OPraHUYEeCKUX BelecTB Obl10 MeHee 15 mr/mn, pH — 7,8, uBet oTcyTcTBOBAIL.

B kauectBe muacTuduuUpyromed 100aBKM HCIIOJIB30BANach J00aBKa-CyNepIiacTU-
¢ukatop Sunbo PC-1021 mpousBoncta Sunbo (Kwurait), pacxom xotopoit coctasusiin 0,4 % ot
MAaccChl BSYKYILIETO BEIIECTBA.

B xauecTtBe BOJOpPacCTBOPHMOW TOJMMEpPHON J00aBKM HCIOJIB30BAIM  JI00ABKY
«[Tomunon-A» mpousBoactBa OO0 «Oprmnonumepcunres» (r. Cankr-IlerepOypr), coorert-
cTBytomyto TpeboBanusMm TY 9365-002-46270704-2001. Pacxon maHHOW TOOaBKH COCTABIISUT
0,3 % ot maccel Bspkymiero. «IlonmuaoH-A» — 3TO BOJIHBIM PacTBOP MOIMBUHWINHUPPOIHIOHA
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CsHoNO mnorHocTsio 1 200 kr/m?, Bsazkoctsio oT 3 000 go 6 000 MIla - ¢ mpu 25 °C, Temre-
patypoii miasnenus 150-180 °C.

B xauecTBe akTHBHON MHUHEpaJIbHON JOOAaBKM NPUMEHSJICS MeTakaoJnH Mapku BMK-45.
On npomssenen OO0 «Cunepro» (YensOunckas 00:1., moc. XXenruackuid, yia. CtemHast).

JlJiss qucepcHOTr0 apMUPOBaHUs OSTOHHOTO KaMHsS ObUT BEIOpAH BOJUTACTOHUT, KOTOPBIH
npescTaBiIsieT co00i MUHEpall U3 Kjlacca CHIIMKATOB, MPUPOAHBIN CHIIMKAT KallbLiMs IMOJKIacca
MUPOKCEHONIOB TPYMIBI IIETIOYEYHbIX CHIIMKAaTOB ¢ (opmynoit Ca[SiO,]. IlBer BommacToHuTa
Oenblif unu Oenblif ¢ cepoBaThIM MO0 OYpOBAaTHIM OTTEHKOM. BoJiacToHUT, B 3aBUCUMOCTH OT
JUIMHBl BOJIOKOH, JIEJIUTCS Ha JJIMHHO- M KOPOTKOBOJOKHHMCTBIMA, OONAJaroIuii MUKPOApMHU-
pyroum 3G HeKToMm.

B Tabn. 3 mpuBeneHbI COCTaBbI TSHKEIOro O€TOHA, Ha KOTOPBIX MMPOBOAMINCH AabHEUIIHNE
UCCJICIOBAHMS.

Tabnuya 3
Hccnemyembie cocTaBbl MOIUGUITMPOBAHHOTO TSHKEIOTO OETOHA
Pacxoz Ha 1 M° GETOHHOM CMecH, KI/M>,
Marepuasbl cocTaBbl OeTOHA

1, KOHTD. 2 3 4 5
I[IEM 142, 5H 365 365 365 321 321
Mertakaosnna BMK-45 (12 %) — — — 44 44
Bona 182 182 182 182 182
IlleOenn 987 987 987 987 987
[Tecok 756 756 756 756 756
Cynepniactudukarop
Sunbo PC-1021 (0.4 %) 146 146 | 146 1,46
[Tomunon-A (0,3 %) - — 1,09 1,09 1,09
Bomnactonut (2 %) — — — — 7,3

PE3Y/IBTATBI HCCIIE/IOBAHHUA U UX AHAJIH3

Jlnst ycranoBneHUs 3 GEKTUBHOCTH B3aUMOJEHCTBUS BOABI C MaTpUIiei pa3paboTaHHOTO
OeToHa u, Kak cieactBue, 3(PQGeKTUBHOCTH IUPGY3HOHHBIX MPOLECCOB BHYTPU MATPHULBL,
BIMSIONIMX Ha pa3pylieHHe CTPYKTYpbl OETOHHOrO KaMHsA, IPOBOAMUIIOCH OMNpeeTIeHHe
MOPUCTOCTH OETOHA, €ro BOJAOMNOIJIOUICHUS W BOJOHENpOHMIIAeMOCTH. [l ompeneneHus
BOJIOTIOTJIONIEHNS ObUI MPUMEHEH METO/]| MOCIEeI0BAaTeIbHOIO HACKHIIEHUsT 00pa3IoB BOJOH 10
nocrosiHHOM Maccbl corsiacHo ['OCT 12730.3-2020 «betonsl. Meton omnpeneneHus BOJO-
noryomeHus».  Mcnone3oBaHHble — 00pa3ibl-KyObl  umenu  pebpo  jumHoM 100 MM,
W3TOTABIMBAJINCh M3 OETOHHBIX cMecel pa3paboTaHHBIX cocTaBoB. OOpa3lbl TBEpAETU B
HOPMAaJIbHBIX YCJIOBHSIX Ha NpoTsokeHHH 28 cyT. Cepust 0Opa3loB A MCIBITaHUS BKIIIOYasa
3 xy0a, a TakXe KOHTPOJBHBIA UISI KaXKJIOTO M3 COCTAaBOB. BojormoriomieHnue cepun o0pas3iion
KaXJIOTO COCTaBa OIpPENEeIOCh KaK cpelHee apu(pMeTHYecKoe 3Hau€HUH BOIOMOTIIOIIEHHH
Kaxsoro obpasmna cepur. [lopuctocTs 00pa3mnoB pa3pabOTaHHBIX COCTABOB HAXOJHWJIACh MyTEM
OLICHKM KMHETHKHM BOJOIOIVIOUICHHMS] METOJOM AMCKPETHOTIO B3BELIMBAHUS B COOTBETCTBUHU C
I'OCT 12730.4-2020 «beronsl. MeToapl ompenesieHUs MapaMeTpoB MOPUCTOCTHY. OOpasIibl-
KyObI nMenu peOpo auHol 70 MM, cepuy UCIIBITAHUM BKIIIOYAM JIBa 00pa3iia KakJJoro cocTana.
3HaueHue MOPUCTOCTH PACCUUTHIBAJIOCH KakK cpeaHee apudmernyeckoe. BogonenponunaemMocts
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pa3paboTaHHBIX OCTOHHBIX M3JICIHI YCTaHABIMBAIACH MPH MOMOIIH METOJA «MOKPOTO ISTHa»
cornacHo TpeboBanusM ['OCT 12730.5-2018 «beronsl. Meroasl ompenencHus: BOIAOHENPO-
HuaeMocty». [l  ompeneneHuss BOJOHENPOHHUIIAEMOCTH U3 Pa3pabOTaHHBIX COCTAaBOB
W3TOTaBIUBAIUCE OO0PA3IBI-IIMIIMHIAPEI auamMeTpoM 150 MM u BbicoTOM Takke 150 mm. bBowiio
MOJATrOTOBJICHO IO 6 00pa3loB KaxJoro cocraBa B cepuu. OOpasubl A0 HCHBITAaHUA
BBIJICP)KUBAJIUCh B KamMepe HOPMAJIBLHOTO TBEPJACHHS B HOPMAJIbHBIX YCJIOBHSX B TEUCHUE
cyrok. OrmpezeneHne BOJAOHENPOHUIIAEMOCTH IMPOBOJMUIOCH IPU TMOMOIIM  YCTAHOBKHU
Form+Test WE 6 MMZ (I'epmanus). OOpa3ibl yCTaHaBIMBAIUCh B IMOCATOYHBIE YCTPOHCTBA
YCTaHOBKH, MAHXKEThl KOTOPOW MPEABAPUTEIHHO CMAa3bIBAIMCH BOJOHETPOHUIIAEMON CMa3KOM.
JlaBneHnue BOJBI MOJHUMAJIOCH CTYIEHYATO C nocieayromen Boaepxkkon (0,2 MIla B Teuenue
1-5 MUH) ¥ JJIMTETHLHOCTHIO BO3JCHCTBUS BOJIBI TOJ JTABJICHUEM, pPaBHOM 12 4 Ha Kaxmoiu
crynenu. [lpyu mosBIEHUH «MOKpPOTO MSATHA», PAaBHO KAaK M MHBIX MPU3HAKOB MPOHUKHOBEHUS
BOJBI B pa3jMYHbIC MecTa 00pasla, UCIBITAHUE MPEKPAIaIoCh. 3HAYCHHE MaKCHMAaIbHOTO
JaBJICHUS BOJBI, PU KOTOPOM HE MEHee 4eM Ha 4 oOpasiax u3 6 He HalOmo1anach GuiIbTpaIms
BOJIbI, OBLJIO MPUHSITO MTOKa3aTeJIeM BOJIOHEITPOHUIIAEMOCTH 00pasiia.

Jlst onpeieieHrss MOPO30CTOMKOCTH MCIOJIb30BAJICS MEpBbI 0a30BbIi MeToa. OOpasibl
JUTSL ICTIBITAHMSI TIPEJICTABIISI COOO0M CepHio OETOHHBIX KyOUKOB ¢ pedpom mammHoi 100 MM, 6 u3
KOTOPBIX OBLIM MPUHATHI B KAUYECTBE KOHTPOJIBHBIX, @ 12 MMENIM B COCTaBE BBEJICHHbBIC JOOABKHU B
COOTBETCTBUU C pa3paOOTaHHBIM IJIAHOM IKCIIepUMEeHTa. Bpemst BbIiepKKu 00pa3iioB COCTABUIIO
24 4 ipu norpyxeHuu Ha 1/3 BeICOTBI 00pa31oB, 24 4 pu MOrpyKEHUH Ha 2/3 BHICOTHI 00PA3IOB
u 48 4 mpu TMOJHOM MOTPYKeHHH. VcmplTanwe MnpoaonKalioch A0 TOSBICHUS CTPYKTYPHBIX
nedekToB 00pa3loB (TPEIIMH, CKOJIOB M HIENYIICHUS), TOTEPU MAacChl M MPOYHOCTH OOPA3IOB
6osee yeM Ha 5 % oT TpeOyeMOro 3HaYEHHUSI.

Pe3ynbTarhl MCOBITaHUN HAa BOJOMOTJIONICHHE M BOJOHENPOHHUIIAEMOCTh OETOHa Mpel-
CTaBJICHEI B Ta0II. 4.

Tabnuya 4
Pe3ynpTaThl HCHIBITAHUIM HA BOJONOTJIONEHNUE U BOJOHENPOHUIIAEMOCTh
IInoTHOCTS, Bogomnorimo- r?(;i(;HZ_ g:gf;
MapxkupoBka odpasiia Kr/m° / LICHHUE SMOCTI; 10 BOTOHEIDO-
MOPUCTOCTh, % | 10 Macce, % ’ 8 P
MlIIa HUIIAEMOCTH
CocraB 1, KOHTPOJIBHBIHI 2290/12,2 4,6 0,6 W6
Cocran 2
111 + 0,4 % Sunbo PC-1021 22927113 3,2 0.8 w8
Cocras 3
IT11 + (0,4 % Sunbo PC-1021 + 2293/10,3 2,2 1,2 W12
+ 0,3 % Ilomumon-A)
Cocras 4
ITLT + (0,4 % Sunbo PC-1021 +
0.3 % Momazon-A + 2293/10,1 1,9 1,4 W14
+ 12 % BMK-45)
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Oxonuanue maon. 4

Bonone- Mapka
IImotHOCTS, Bononorio- N — SeTona
MapxkupoBka oOpasiia Kr/M° / ICHUE SMOCTIi [0 BOLOHEINO-
MOPUCTOCTh, % | 1o Macce, % ’ 8 p
Mlla HULIAEMOCTH
CocraB 5
ITLT + (0,4 % Sunbo PC-1021 +
0.3 % Mommion-A + 12 % 2300/8,7 1,8 1,4 W14
BMK-45) + 2 % Bomnactonut

AHanu3 MoJIy4eHHbIX JAaHHBIX (CM. TaOi. 4) MMOKa3bIBAaeT, YTO BBEJCHHE KOMILJIEKCHOTO
MOJIU(PHUKATOPa COBMECTHO C BOJUIACTOHUTOM (COCTaB 5) CHU3WIIO MOKAa3aTeb BOAOIOIIIOMICHHS
Ha 57,8 %; na 37,8 % y cocraBa 2; Ha 48,9 % y cocraBa 3; Ha 53,3 % y cocraBa 4, ecnu
CPaBHUTb C KOHTPOJIbHBIM (cocTaBoM 1). Bononenponunaemocts Moan(puIMpoBaHHOTO OETOHA B
coctaBe 4 MOBBICWIIACH HAa 4 CTYNEHU HArpyXeHUs B CPAaBHEHHUU C KOHTPOJIbHBIM COCTaBOM 1I.
[Tpu 3TOM HajMuue B cocTaBe 5 BOJUIACTOHUTA HE MOBJIMSIIO HA €0 BOJIOHEIPOHUIIAEMOCTb.

Ha cnenyromem stane ucciaeqoBaHHUl ONPENETsIIA MOPO30CTOMKOCTh, KOTOpasi 3aBUCUT
OT CTPYKTYpbl Marepuaina. VM3BecTHO, 4TO HaJIM4YM€ OTKPBITHIX IMOpP, AOCTYMHBIX Ul MPOHHK-
HOBEHMSI BOJIbl, HETATHBHO CKAa3bIBAETCSI HA MOPO30CTOMKOCTU M JIOJITOBEYHOCTH CTPOUTENIBHBIX
matepuanos [17-20]. /i npoBeneHUs UCHBITAaHUNA Ha MOPO30CTOMKOCTH IPUMEHSJICS NEPBBINA
6azoBbiii Meron 1o TtpedoBaHusM ['OCT 10060-2012 «beronsl. MeToasl onpeneneHus
MOPO30CTOMKOCTH». Pe3ylIbTaThl HCIIBITAHUN IPU LHUKJINYECKOM ITONIEPEMEHHOM 3aMOPa’kKUBAHUN
Y OTTauBaHUU OTOOpakeHbl B Ta0I. 5 1 Ha puc. 1.

Tabnuya 5
Pe3ynbrarel ucnbiTanusi 0ETOHOB
TIPH [UKJIMIECKOM MOTICPEMEHHOM 3aMOPKUBAHUY U OTTAaUBAHUU

0
[Totepst maccel obOpa3sia, %o, K\yps MOCIIE LHICTOR
MOCJIe IUKIIOB

MapkupoBka
obpasima

200 | 300 | 400 | 500 | 600 | 200 | 300 | 400 | 500 | 600
Coctas I, 1,09 | 22 |436| — | — |095]092|068| — | —
KOHTPOJIbHBIHT
Cocras 2
LI+ 0,4 % 0,36 | 1,09 | 2,1 | 3,3 | 488 | 1,02 | 0,98 | 0,95 | 0,87 | 0,84
Sunbo PC-1021
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Oxonuanue mabn. 5

[Totepst maccol oOpasna, %,

K,p: TOCIIE LIUKIIOB
MOCJIE IIUKJIOB Mp3

MapkupoBka
obpasia

200 | 300 | 400 | 500 | 600 | 200 | 300 | 400 | 500 | 600

CocraB 3
I + (0,4 %
Sunbo PC-1021 +
+ 0,3 % Ilonuoon-A)

0,25 {09 | 1,87 | 3,1 | 39 | 1,02 | 1,00 | 0,97 | 0,93 | 0,87

Cocras 4

I + (0,4 %

Sunbo PC-1021 + 0,15 10,97 | 1,5 1,7 | 1,82 | 1,01 | 1,04 | 093 | 0,92 | 0,9

+ 0,3 % Ilonmumon-A +
+ 12 % BMK-45)

CocraB 5
I + (0,4 %
Sunbo PC-1021 +
+0,3 % Ilomumoon-A +
+ 12 % BMK-45) +
+ 2 % Bomnacronur

0,1 0,2 1038|100 | 1,6 | 1,09 | 1,01 | 0,99 | 0,98 | 0,92

Ilpumeuanue. K,p, — oTHOIIEHME MOKa3aTeNs NPOYHOCTH 0Opasla IOCIE MCHIBITAaHUSA €ro
MOPO30CTOMKOCTH K TMPOYHOCTH O0paslia Marepuajia B BOJOHACHIIIEHHOM COCTOSIHUU [0
OIIpeENIEHUS] MOPO30CTOMKOCTH.
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Puc. 1. I'padmyeckas uHTEpIpETAIMs PE3YIHTATOB UCIIBITAHUN 00PA3IIOB THKEIOr0 OETOHA
MPY HUKINYECKOM MONEPEMEHHOM 3aMOPaXMBAHUU U OTTauBaHUU: /-5 — cocTaBbl 1-5
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Pe3ynbTarhl MCOBITAHUN NPU LUKIWYECKOM IONEPEMEHHOM 3aMOpPAXMBAHUU U OTTau-
BaHUU 00pa3loB-KyOOB U3 OETOHA Pa3IMYHOIO COCTaBa, MPEACTAaBICHHBIX B Taba. 5 u Ha puc. 1,
NOKa3aJu:

1) makcumanbHOe CHIKeHHE macchl 10 4,36 % u kyOukoBoil mpouHoctu Ha 32 % B
KOHTpoJIbHOM cocTaBe 1 mocie 400 HUKIOB MCIBITAHWM IONEPEMEHHOTO 3aMOPaKMBAHUSA U
OTTaWBaHUsA, YTO TPEBBINIACT YCTaHOBJICHHBIC moka3zarenu TpedoBanus ['OCT 10060-2012
(moTepst Macchl ¥ IPOYHOCTH OeToHa He O6osee 2 u 15 % cOOTBETCTBEHHO);

2) BBICOKHE XapaKTEPUCTUKH MOPO30CTOMKOCTH COCTABOB, COJAEPKAIIUX KOMILUIEKCHBII
moaudukatop. Ilpu 600 nukiax ucnbpITaHUN MOTEPss MAcChl B cocTaBax 4 M 5 okazanachk 1,82 u
1,6 % npu cHwxkenun npoyHoctd Ha 10 u 8 % COOTBETCTBEHHO, YTO MOATBEPKIAET
JOCTaTOYHBIA 3amac MPOYHOCTH W MOPO30CTOMKOCTH IMpeIaraéMblX COCTaBOB MOAMUDHUIIN-
POBAHHOTO OETOHA.

KocBeHHBIM /10Ka3aTENLCTBOM TOTO, YTO KOMIUIEKCHOE MoOIu(UIHpoBaHue (CM.
Tabn. 5, cocraB 5) cmocoOCTBYEeT MOBBIIICHHIO MOPO30CTOMKOCTH OE€TOHA, MOTYT OBITh
pe3yJIbTaThl UCIIBITAHUSI OETOHOB Ha BOJOIOIJIOIIEHUE 10 U OCJE UCIIBITAHUS TPU LIMKIUYECKOM
MOTIEPEMEHHOM 3aMOPAKMBAHUU U OTTaUBaHUM (pHC. 2).

o W AR O N 0

Bogonoraomenne no macce, %

=

0 6 12 18 24 30 36 42 48
Bpems, u

Puc. 2. Bogonornomenue 6€TOHOB 0 U TIOCJIE UCITBITAHUS
NP ITUKIINYECKOM TTOTIEPEMEHHOM 3aMOPAXUBAHUH U OTTAaUBAHUH:
1 — Al u b1 — KOHTPOIBHBIN cocTaB 1 COOTBETCTBEHHO JI0 M MOCIE UCTIBITAHUS
NP ITUKITMIECKOM TTOTIEPEMEHHOM 3aMOPAKMBAHUH M OTTAaWBaHUH,
2—A2ub2—cocraB 2; 3— A3 u b3 —cocraB 5

W3 puc. 2 BUIHO, YTO MOCJE UCHBITAaHUS Ha MOpo3ocTorkocTh (300 mUKIOB momepe-
MEHHOTO 3aMOpaXMBAaHWUS W OTTAWBAHUS) HCCIEAyeMble COCTaBbI OETOHOB HMMEIOT pPa3zHOE
yBenuueHue Bojomnoriomenus. [Ipupoct BogonornomieHust y cocraBa 1 — 26 %, cocraBa 2 —
12 %, coctaBa 5 — 5-7 %.

DKCIepUMEHTAILHO JIOKA3aHO YIYyYIlleHHue TUAPO(U3HUECKUX CBOWCTB: COCTaB 5 CHU3UI
nokazatenb Bojomoryomenus Ha 60,9 % B cpaBHEHHMM C KOHTPOJBHBIM COCTaBOM 1.
BononenponuiiaeMoct MOaU(pUIIMPOBAHHOTO OETOHA B COCTaBe 4 MOBHICHIIACH HAa 4 CTYICHH
Harpy>keHusi B CpPaBHEHUM C KOHTPOJbHBbIM cocTaBoM 1. Ilpm 3ToM Hanmume B cocTaBe 3
BOJUIACTOHUTA HE TMOBJIMSUIIO HA BOJOHENPOHUIIAEMOCTh. BBICOKYI0O MOpPO30CTOMKOCTh MOKa3aan
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cocTaBbl 4 U 5, comeprkaiye KoMIuieKcHbId Moauukarop. [lpu 600 nukiax UCTIBITAHUS TOTEPS
Macchel Obta 1,82 % B coctaBe 4 u 1,6 % B cocraBe 5 coorBercTBeHHO. [Ipn 600 1ukimax
UCIBITaHUH B cocTaBe 4 mpoyHocTh cHU3MiIach Ha 10 %, a B coctaBe 5 — Ha 8 % COOTBETCTBEHHO.

BBIBO/IbI

[TpennoxenHoe MoaU(UIMPOBAHUE KOMIUIEKCHOH D00AaBKOW COBMECTHO C BOJIJIACTOHU-
TOM IIO3BOJISICT MOJYYHUTH TSDKENbI OETOH BBICOKOTO KAayeCTBA C YIYYIICHHBIMH THAPOQHU3U-
YECKUMH CBOMCTBAMH: BOAOIOTJIOMIEHHEM, BOJOHETIPOHUIIAEMOCTBIO B MOPO30CTOMKOCTBIO. JTO
JaeT BO3MOXKHOCTb PEKOMEHJ0BATh €ro JUIsl MPOU3BOJACTBA CTPOMTEIBHBIX M3ACTHA |
KOHCTPYKINH, pa0OTAIONINX B CYPOBBIX YCIOBHUSX IKCILTyaTaIHH.

Bbuto  ycTaHOBNIEHO yiydlieHWe TUAPO(YU3NYECKHX CBOWCTB MOIUPHUIIMPOBAHHOTO
6eToHa: BoJoIOIIOIIEeHue cCHU3MIoch Ha 60,9 %; Mapka 1o BOJOHENPOHHUIIAEMOCTH OBBICUIIACH
Ha 4 CTyNEHU Harpy)XeHHs B CpPaBHEHUU C KOHTPOJIbHbIM cocTaBoM. Ilocie 600 nuxios
UCTIBITAHUSA Ha MOPO30CTOMKOCTh MOTEps Macchl cocraBuia Toibko 1,5-1,8 %, a cHuxeHue
npounoctu — 9,1-10,2 %.
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Abstract. The article presents the results of research on the positive effect of complex
modification on the properties of heavy concrete. The study was carried out by reducing the
content of binder (cement) and replacing it with metakaolin, due to which the hydrophysical
characteristics were increased. It is noted that the positive results of the study make it possible to
apply this composition in practice to obtain building structures with specified characteristics, and
such structures can be operated under conditions of increased load and aggressive environment,
in particular, in the construction of tunnels.
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HCIOJb30BAHUE BA3AJIBTOBOM ®UBPHI 1 JOBABKH MUKPOKAJIBIIUTA
B COCTABAX D®@PEKTHUBHOTI'O BA3AJIbTO®PUBPOBETOHA

K.A. Oxeucm, B.B. benos
Tsepckoii cocyoapcmeenHblli mexHudueckui ynugepcumem (2. Teepw)

© Oxsuct K.A., benos B.B., 2024

AHHoTanus. B cTrarbe 0oTMEUEHO, UTO OETOHHBIE TOHKOCTEHHbIE OOJIMIIOBOYHbIE U3IEIIHS
BCE Yallle MCMOJb3YIOTCS B COBPEMEHHOM CTPOHUTEILCTBE, B CBA3M C Y€M BO3HHKAeT HE00XO-
JUMOCTb CO3J]aHHsl COCTaBa, M3JENUsS W3 KOTOPOIro, C OJHON CTOPOHBI, JOJIKHBI BBITJISIETDH
ACTETUYHO, a C APYrod — o0aanaTh psIOM HEOOXOJUMBIX CTPOUTENBHO-TEXHUUECKUX CBOMCTB.
VYka3aHO, 4YTO TOTOBblE U3JEIUS OTBEYAIOT JKECTKUM TpeOOBaHUSIM K IPOYHOCTH,
TPEIMHOCTONKOCTH, MOPO30CTOMKOCTH M KOPPO3MOHHOM cTOMKOCcTH. OJHUM W3 peLICHHN
JaHHOW mpoOjemMbl 0003HAUYE€HO UCHOJb30BaHUE (UOPOBONIOKHA KaK MHMKPOApPMHUPYIOIIETO
KoMIoHeHTa. MccnenoBano BnusHue 0a3anbToBol (GUOPHI U MUKPOKAIBLUTA HA XapaKTEPUCTUKH
OeToHa.

KiroueBble cioBa: 0OazanbToBas (ubpa, MUKpPOApMUPYIOIIMN KOMIIOHEHT, J100aBKa
MUKPOKJIBIINTA, 0a3a16TO0hUOpOOETOH.

DOI: 10.46573/2658-7459-2024-4-42-49

BBEJIEHUE

B o00630pHoil cratbe [1], HamucaHHON aBTOpamMH HacToOsMIeW pabOThl, yKa3aHO, YTO
NPUMEHEHHE JUCHEPCHBIX BOJIOKOH B COCTaBe OETOHA MO3BOJSET 3HAUUTENBHO YAYYIIUTh €ro
MEXaHUYECKHE XapaKTePUCTUKH, TaKHe€ KaK IPOYHOCTb, YCTOWYMBOCTH K pa3pylIEHUIO U
negopmanusam. BosokHa co3iaioT B 6eTOHE JOMOIHUTENbHbIE apMaTyPHbIE JIEMEHTHI, KOTOpPbIE
MOBBIIIAIOT €ro CIEMIEHWEe W MPOYHOCTh. ITO OCOOEHHO BaXXHO NPHU TMPOU3BOJACTBE
TOHKOCTEHHBIX OOJIMIIOBOYHBIX H3JENUH, TaK KaK OHHU IMOABEPKEHbl BBHICOKMM Harpyskam M
BO3JICHCTBUIO BHEIIHEN CPEJIBI.

Br10op THIa BOJIOKOH 3aBUCHT OT TpeOOBaHMN K KOHEUHOMY MPOAYKTY. MeTamuinyeckue
BOJIOKHA, HalpuUMep CTajibHble, O0JIaJal0T BBICOKOM MPOYHOCTBIO M YCTOHYMBOCTBIO K
negopmanusM, 4YTO JielNaeT HX MJeabHBIM BBIOOPOM ISl HCHOJB30BaHMA B O€TOHE.
Hemerannnueckne BOJOKHA, TaKHE KAaK CTEKJIOBOJOKHO M IOJIMMEPHBIE BOJIOKHA, TAKXKE UMEIOT
XOPOIINE IPOYHOCTHBIE XapAKTEPUCTUKU U MOTYT OBITh MCIIOJIb30BAaHbI B PA3JIMYHBIX YCIOBHSX.

[Tponiecc mpousBoacTBa (prbpoapmMupoBaHHOTO OeTOHA TPEOyeT TOYHOTO JO3UPOBAHUS
BOJIOKOH M HX pPaBHOMEPHOTO pacIpeneneHuss 1no oovemy OeToHHOM cmecu. Jlns 3Toro
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NPUMEHSIOTCS CelraNbHble 100aBKU M 00OpYAOBaHUE, KOTOPHIE MO3BOJISIOT JTOCTUYH OITH-
MaJIbHOT'O COOTHOIIEHUS MEK/y BOJIOKHAMU U OETOHHOM MaTpULIEH.

Hcnonb3oBanne ¢GuOpoapMUpOBaHHOTO OETOHa B  NPOM3BOJCTBE TOHKOCTEHHBIX
OOJIMIIOBOYHBIX M3/ETUN /J1aeT BO3MOXKHOCTh YMEHBIIUTH TOJIIUHY HU3AEIUN IPU COXPaHEHUU
HEOOXOJUMBIX MPOYHOCTU U YCTOWYMBOCTU. DTO J€JaeT X Oosiee JIErKUMH U SKOHOMHUYHBIMU
IpU TPAHCIOPTUPOBKE M MOHTAXE, a TAK)KE paCIIUpSieT MX ACTETUYECKHE BO3MOXKHOCTH. B
[IEJIOM TPUMEHEHHE JUCIEPCHBIX BOJOKOH B MPOHM3BOJICTBE A(P(PEKTHUBHBIX TOHKOCTEHHBIX
OOJMIIOBOYHBIX OETOHHBIX HW3JEIMM SBJISETCS BaKHBIM IIaroM B Pa3BUTUU CTPOUTEIHHOU
otpacyid. OHO MO3BOJISET YAYUIIUTh KAYECTBO U JOJITOBEYHOCTh CTPOUTENBHBIX KOHCTPYKIUH, a
TaK)Ke COKPATUTh 3aTPaThl HA UX MPOU3BOJICTBO U IKCILTYaTaIHUIO.

Homenknarypa BOJIOKOH, KOTOpbIE MOT'YT ObITh MCIOJb30BaHbl B apMHPOBAHUU, OYECHb
mpoKa. BonokHa M3roTaBIMBAIOTCS M3 PAa3UYHBIX MATEPUANIOB, BKIIIOYAs KPEMHUH, yriaepon,
BOJIb(pamM, 0azaibT, CTEKJIO, CTajdb W MOJMMEPHl. BONOKHA M3 JPEeBECHHBI TaKXe MOTYT OBITh
UCIIOJIb30BaHbl, HO OHH HMEIOT HEKOTOpbIE OrPAaHUYCHHsS B OTHOUICHHHM KOHCTPYKIIMOHHOMN
npovHOCTH. ECTh BO3MOXXHOCTH HCIIOJNIB30BaHUSI 0a3albTOBBIX BOJIOKOH JUIS  yIyYIICHHS
9KCILTYyaTAllMOHHBIX U (PU3UKO-MEXaHUUECKUX CBOUCTB Oazanbropudpoderona (bDB) [2].

KnroueBbiMM HanpaBiIEHUSIMU UCCIEAOBAHUM JTOJITOBEYHOCTH U U3HOCOCTOMKOCTH BDb B
Pa3IMYHBIX YCIOBUSAX IKCIUTyaTallMH JIOJDKHBI ObITh pa3pabd0TKa TEXHOJOTUYECKUX PEIICHUM TS
NOJYYeHUsT MaTepuasia ¢ TpeOyeMbIMH (U3NKO-MEXaHHMYECKMMH XapaKTEPUCTHKAMH |
pa3paboTKka HOPMATUBHBIX JOKYMEHTOB M PYKOBOJSIIUX MAaTEpUANOB Uil MPOEKTUPOBAHUS U
npumeHenuss bdBb. 3xgech HEOOXOAMMO COTPYIHUYECTBO MEXKAY HAyYHbIMH U HUCCIIe-
JIOBAaTEIbCKUMH  YUPEXKACHHUSIMH, CTPOUTEIbHBIMA  KOMIAHUSMHU UM HPOU3BOAUTEIISIMHU
MmaTtepuaioB. Kpome TOro, Ba)KHO OCYIIECTBJIATH MHJIOTHBIE MPOEKTHI, € MOKHO OILIEHUTh
3¢ (heKTUBHOCTH U HaleKHOCTh bDB B pealbHBIX yCIOBHSIX JKCIUTyaTallud. B pe3ynbrare Takux
UCCIJIEIOBaHUM U ITpakTHUecKol peanu3anuu bOb MoxHO OyzieT mosydynuTh JOCTOBEPHBIE JaHHBIE
O €ro JOJTrOBEYHOCTH U JKCIUTyaTallHOHHOW TPUTOJHOCTH, a Takxke pa3paboTarh
TEXHOJIOTMYECKHE pEIICHUs, KOTOpbhle TMO3BOJAT CO3/1aBaTh Marepual ¢ TpeOyeMbIMHU
XapaKTepUCTHUKaMU. JTO, B CBOIO OYepelb, JAaCT BO3MOXKHOCTh HIMPOKO Hcnonb3oBatbh bDb B
CTPOUTENIbCTBE M TOJYyYUTh BCE €ro IMPEeUMYIIECTBa, TAaKHE KaK BBICOKAs IPOYHOCTb,
OTHECTOMKOCTb U CTOMKOCTB K KOppo3u# [3].

HccnenoBanus o0pa3loB M3 BBICOKOINPOYHOIO OETOHA CBHJETENBCTBYIOT O TOM, 4YTO
nobaBieHHe B HUX 0a3anbToBOM (UOpHI MOBBIIIAET MPOYHOCTH OETOHA MPH PACTSHKEHUH Ha
4248 % [4]. Tlpu stom Oa3anmpToBasi (uOpa CYIMIECTBEHHO YBEIMYHUBACT JHEPTOEMKOCTH
paspyleHHs MeIKo3epHUCTOro 6eToHa o 2,2 pasa [5].

B pabore [6] mnpu wu3ydeHuH BIMSHHUS cojJepkaHus Oa3zanbToBOW (UOpPHI Ha
HHEPrOEeMKOCTh YJApHOTO pa3pylIEHUs MOCJe LUKIOB 3aMOpPAXMBAHUSA W OTTAUBaHMUA ObLIO
YCTaHOBJICHO, YTO DHEPro3aTpaThl Ha pa3pylIeHne o0pas3os, coaepxamux 2 u 4 % 6azanbToBOI
¢ubpbl moCNe 5 IMKIOB 3aMOPaKUBAHUSA/OTTAUBAHMS, IIPEBOCXOMAT DJHEPro3arparhl Ha
paspyliieHne 00pas3IoB KOHTPOJIbHON (HeapMupoBaHHOH) cepun Ha 19 u 60 % cOOTBETCTBEHHO.
OTO CBUJETENIBCTBYET O IMOBBIIMIEHUN CBOWCTBA MOPO30CTOMKOCTH MaTepuaia, apMUPOBAHHOIO
0a3a1bTOBBIM BOJIOKHOM.

PemiennemM BOMPOCOB SKOHOMHUH, SHEPro- U pecypcocOepexeHus Npu IMPOU3BOJCTBE
¢ubpobeToHa MOXKET CTaThb MCIOJb30BAHME TEXHOTEHHBIX OTXOJIOB, B OOJIBIIOM KOJIMYECTBE
MOJIy4aeMbIX TMPU PEKOHCTPYKIIMUM W PEMOHTE MPOMBIIUICHHBIX 3JIaHUA M COOPYKEHUU WU
KOMMYHHKAIIMOHHBIX CETEeH, I/leé OAHUM M3 OCHOBHBIX SIBJISIETCS MHHEpalbHAsl WA CTEKJISIHHAs
Bara [7].
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Kak ormeueHo B 0030pe [1], MepCHEKTUBHBIM TEXHOJOTHYECKHM TPUEMOM TIPU MOIIY-
yeHuu 3 dextuBHOro bAOb sBsieTCs UCMoNb30BaHUE TAKOW TUCTIEPCHOMN 100aBKU-HATIOJHUTEIIS,
KaK MHKPOKAJIBITHT.

B paGote [8] ycraHOBIEHO, YTO C TMOBBIIIEHUEM JHUCIEPCHOCTH MHUKPOKAIbIUTA
MIPOUCXOAUT MOCTEIIEHHOE YIYUlIEHHE BCEX CBOMCTB LIEMEHTHOrO0 KamHs. Tak, eciau mMpoYHOCTb
0e3/100aBOYHOTO cocTaBa cocTaBisiiia Ha cxatue 53 Mlla, a va u3ru6 — 21 Mlla, To npoyHOCTH
COCTaBa, COJEPKAIIEr0 MHUKPOKAIBIUT JucriepcHocThio 300 MKM, COCTaBisia Ha CXKaTHe
82 Mlla, a na u3ru6 — 53 MIla. Ilpu BBenenuu 5 % MHUKpPOKAJIbLUTA U C POCTOM €ro (ppakiuu
3HauUEHUE MOPUCTOCTH IUIaBHO yMmeHbluaercs ¢ 7,1 1o 4,8 %. Ilpu noBbllIeHHH IUCIEPCHOCTH
MUKpOKaJNblIUTa HaOJIIOAAeTCd yMEHbIIEHHWE 3HaueHud BojomorjomeHus ¢ 3,4 % s
6e3mo6aBouHoro cocraBa A0 2,1 % s cocTaBa, COAEPIKAIIETO0 MHKPOKAIBLIUT ¢ (pakiue
300 MKM.

3a pyOexOM Tak)Ke MPOBOJSATCS HCCIIECIOBaHHUS CBOUCTB (pubpodeToHoB. JI. Bpancron
YCTaHOBWJI, UTO J00aBieHue 0a3anbToBOil GUOpPHI B OETOH sBIsETCS YPPEKTUBHBIM CPEICTBOM
JUI TIPEJOTBPAIICHUS TPEUIMHOOOPa30BaHMUs B pe3yJbTaTe CHIDKEHHsS CBOOOJHOW yCaaku, a
TaK)Ke 3aMeJIEHUs] POCTa TPEIINH, €CJIM OHU BCE K€ BO3HHUKAIOT [9].

B pa6ote [10] BbIsiBiEeHO, uTO M0oOaBiIeHNE Beero aumb 1 % (GuOpBI OT Macchl BSXKYIIETO
3HAYUTENBHO MOBBIIIAET MOMEHT TPEUIMHOOOpa30BaHus B OETOHE.

[IpuBenenHble TUTEPATYpPHBIE HCTOYHUKH CBUJETEIHCTBYIOT O TOM, YTO 0a3albTOBOE
BOJIOKHO B cocTtaBe (uOpoOeToHa (B OIpeNeIeHHOW MPOIMOPLUU) 3HAYUTEIHHO IOBBIIIAET
MHOTHE IKCIUTYaTaIllHOHHBIC XapaKTEPUCTUKHU: MPOYHOCTh HA CKaTHE U U3THO, MOPO30CTOHKOCTD,
TPEIIMHOCTONKOCTh. MUKPOKAIBIUT B COCTaBEe OETOHA MOJIOKUTEIHHO BIHUSAET HA MPOYHOCTH H
MJIOTHOCTh TOTOBOTO M3IEIINSI, YBETUUMBas UX. TeM He MEHEee UMEIOTCS U HEJIOCTATKU, TaKHE KaK
TEXHOJIOTMYECKHUE CIIOAKHOCTH MPOU3BOJICTBA U OTHOCUTENIBHO BBICOKAsi CTOMMOCTD M3EIIHM.

MATEPHAJIBI U METO/IbI

B HacTosmeit pabore wu3ydyanoch BiIMsSHHE 0a3anbToBOM (QUOpH (Kak MHUKpOapMu-
PYIOLIEr0 KOMITIOHEHTa) Ha XapakTepucTuku bDb ¢ nobaBkoil MHUKpokanbLuTa I 1Moadopa
onTuManbHOro cocraBa bOb u B ToM ynciie Heo6X0auMOTO BoAolieMeHTHOro oTHOoIIeHus (B/L).

beun 3azeficTBOBaHbI CIIEYIOIINE KOMIIOHEHTHI:

1. Hement LHEMPOC M500 HEM IT A-111 42,5 H.

2. Ilecok CTpOUTENBHBIN, MOYJIb KPYITHOCTH — 2,1.

3. Mnactudunupyromas nodaska SIKA ViscoCrete-200 (ITT).

4. ucnepcHas 100aBKa — MUKPOKAJIBIUT (MpaMopHbIi necok). @pakius — 0,2-0,5 mm.
TBeprocts — 2,8 no mkaine Mooca.

5. MukpoapMupyromnuii KOMIoHeHT — 6a3anproBas pudpa CemFibra R.

PE3YJIBTATBI HCCJIE/IOBAHHUHA

B nByxdakTopHOM OJKCINEpUMEHTE Ha TIEepPBOM JTale HCCICNOBAaHUN B KadecTBe
NepeMeHHbIX (aKTOpPOB BbIOpanu cojaepkanue (GuOpsl, ypoBHU BapbupoBanus 3, 4 u 5 % or
Macchl BshKymero, a takke B/I[ ¢ ypoBusmu BapsupoBanus 0,4; 0,5; 0,6. KommuectBo
MUKpPOKAJIBIINTA, COCTaBisitomee S5 % OT MacChl BSDKYIIETO, OBUIO TPHUHATO HAa OCHOBE
JIUTEpaTypHBIX NaHHBIX [9]. Takum 06pa3zom, UCTIOIB30BANIOCH 9 3KCIIEPUMEHTABHBIX COCTABOB:

1. Hement — 1 200 r; mecok — 1 200 1; mukpokaneut — 60 T (5 %); I — 3,6 T (0,3 %);
Boaa — 720 mu (B/I1 = 0,6); dpubdpa — 60 1 (5 %).
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2. Hement — 1 200 r; mecok — 1 200 1; mukpokaneut — 60 T (5 %); T1IJ1 — 3,6 T (0,3 %);
Bojaa — 720 mu (B/IL = 0,6); dbubpa —36 1 (3 %).

3. Hement — 1 200 r; mecok — 1 200 1; mukpokansiut — 60 T (5 %); I1J] — 3,6 r (0,3 %);
Bojaa — 720 mu (B/IL = 0,6); dbubpa — 48 r (4 %).

4. Hement — 1 200 r; mecok — 1 200 r; mukpokaneut — 60 T (5 %); I1IJ] — 3,6 T (0,3 %);
Boja — 480 mu (B/Il = 0,4); dbubpa — 48 1 (4 %).

5. Hement — 1 200 r; mecok — 1 200 1; mukpokansut — 60 t (5 %); I1J] — 3,6 r (0,3 %);
Bojaa — 480 mu (B/Il = 0,4); dbubpa —36 1 (3 %).

6. Lement — 1 200 r; mecok — 1 200 r; mukpokansut — 60 T (5 %); I1J] — 3,6 r (0,3 %);
Boja — 480 mu (B/IL = 0,4); dbubpa — 60 r (5 %).

7. Hement — 1 200 r; mecok — 1 200 1; mukpokanenut — 60 T (5 %); I1J] — 3,6 r (0,3 %);
Bojaa — 600 mu (B/IL = 0,5); dbubdpa — 60 r (5 %).

8. Lement — 1 200 r; mecok — 1 200 r; mukpokameut — 60 r (5 %); [T — 3,6 T (0,3 %);
Bojaa — 600 mu (B/IL = 0,5); dpubpa —36 T (3 %).

9. Lement — 1 200 1; mecok — 1 200 r; mukpokansiut — 60 r (5 %); 11 — 3,6 T (0,3 %);
Bojaa — 600 mu (B/IL = 0,5); dbubpa — 48 1 (4 %).

W3 maHHBIX cOCTaBOB OBUIM MOIYYEHBI SKCIIEpUMEHTAIBHBIE 00pa3ip-Kyosr 10 x 10 x 10 cm
JUISL OTIpE/ICIICHUsT (PU3UKO-MEXaHUYECKUX XapaKTEPUCTHK OETOHA — IUIOTHOCTH U MPOYHOCTH HA
coxkatue. [lanee npu MOMOIIY alirOpUTMa pacyera ABYX(aKTOPHOTO IKCIIEPUMEHTA U PE3YJIbTaTOB
3aMepa XapaKTePUCTUK OOpa3loB MOJYYHIIM OOBEMHBIC MOBEPXHOCTHBIC TUArpaMMbl 3aBHUCH-
MOCTH MTPOYHOCTH Ha CxkaTHe U TuioTHOCTH OT B/L] m konmaectBa ¢pubdps! (puc. 1, 2).

E 80,00
=
= 60,00
=
=
g 40,00
=
2 20,00
2
= 0,00
o = 5
=] SN 4
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B’[ g S o g “ 2 i\\‘“c
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Puc. 1. 3aBucumoctu npezaena NpoYHOCTH Ha cxatue o0pa3noB bdb
oT coaepskanus Gudps! u B/11;
1 -20,00-40,00; 2 — 40,00-60,00;
3 —60,00-80,00 MIIa
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Puc. 2. 3aBucumoctu miotTHocTH 00pas3ioB bdb
ot conepxkanus ¢pubpser u B/LL: 7 —2,00-2,10; 2 —2,10-2,20;
3-2,20-2,30; 4 —-2,30-2,40 r/em’

JlaHHbBIE TTOKA3bIBAIOT, YTO C BO3pAacTaHUEM KolmdecTBa (GUOpHI B COCTaBEe MPOYHOCTh Ha
CKaTHe M TUIOTHOCTh yBeNW4MBaKoTcs. Kpome TOro, MOKHO OTMETHTh, uTO yBenndenue B/I]
IIOYTHU HE BIUSAET HA MPOYHOCTh, B TO BPEMS KakK IUIOTHOCTh B TAKOM Ciyyae mnajaaer. MoMeHT
Hayaya NOHWKEHUs TIOTHOCTHU ¢ pocTtoM B/L] npuxoaurcs Ha 3Hadenue 0,4.

OnTtumansHoe konudectBo GuoOpsl B coctaBe bOb — 5 % oT macchl BsKyliero mpu
B/l =0,4.

N3 manHOrO CcocTaBa, a Tak)ke KOHTPOJIBHOTO cOCTaBa OeToHa 0e3 J00aBIIEHUS] MHUKPO-
KaJblUTa U 0a3ajlbTOBOTO BOJIOKHA OBUIM M3TOTOBJIEHBI 00pa3ubl-kyosl 10 x 10 X 10 cm s
CPaBHUTEIBHOT'O UCIIBITAHUS HA IPOYHOCTH MPU CHKATUU.

Hwuxe npuBeneHs! rpaduku CpaBHEHUS XapaKTEPUCTUK IKCIIEPUMEHTAIBHBIX 00pa3IloB U3
BBISIBJIEHHOT'O ONTHMAaJIbHOTO COCTaBa U 0a30BbIX 00pa3loB 0e3 100aBlIeHUS MUKPOKAIbIHUTA U
0a3abTOBOTO BOJIOKHA (pHC. 3, 4).
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Puc. 3. CpaBHEeHME TPOUHOCTH Puc. 4. CpaBHEHME TIIOTHOCTH
Ha ckatue 6a30BOTO 0a30BOT0 U IKCIEPUMEHTATHHOTO 00pa3IoB

¥ SKCIIEPUMEHTAITLHOTO 00pa3IioB
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Cpenusis npouHoctb npu cxatuu bOb ontumansHoro cocraBa cocrasmia 39,9 Mlla,
CpemHsis TUIOTHOCTH 00pa3noB — 2,1 /™, nopuctocts — 10,7 %.

[Tonmy4yeHHble pe3yiabTaThl MOKHO OOBSICHUTH CIEAYIOIIUM 00pa3oM:

1. bazanbToBas ¢ubpa, Omaromaps CBOei BBHICOKOH MPOYHOCTH U MOJIYIIO YIPYTOCTH,
obecrnieunBaeT 3 PEKTUBHOE AUCIIEPCHOE APMUPOBAHUE OETOHA, YTO CIIOCOOCTBYET MOBBIIICHUIO
€ro CIIOCOOHOCTH BBIJICPKMBATH CKHMAIOIINE HATPY3KA. JTO MPOUCXOAMT 338 CYET TOTO, UYTO
BOJIOKHa (UOpBI, pacmpenersisich Mo BceMy o0beMy O€TOHa, CO3/al0T MPOCTPAHCTBEHHBIN
KapKac, KOTOPBIi MPEMSITCTBYET PACIPOCTPAHEHUIO TPEIIUH ¥ MOBBIIIAET CONPOTHUBIICHHE OETOHA
pa3pyueHHIo.

2. JloGaBneHnue 0a3anbTOBOM (PUOPHI CIIOCOOCTBYET YMEHBIICHHIO IMOPHUCTOCTH OETOHA
3a CYeT 3allOJIHCHUS MYCTOT W YJIYYIICHHUS CICIUICHUS MEXKIY YacTUIAMHU. DTO TPUBOIHT
K VYBEIMYCHHUIO IUIOTHOCTH OETOHA, 4YTO, B CBOK OYepelb, TAKKE IIOBBINIACT €ro
MPOYHOCTD.

3. MEKpOKaJIBIUT, 0Jiarogaps MEJIKOMY pa3Mepy YacTHII, CIIOCOOCTBYET 0oJjiee TIOTHON
YITAKOBKE KOMITOHEHTOB OETOHA, YTO YMEHBIIACT KOJIMYECTBO MYCTOT M YBEIIMYMBACT TUIOTHOCTh
Marepuaia. ITO JOCTUTACTCS MyTEM 3aIllOJIHEHHUSI MEKPOKAIBIIUTOM MIPOCTPAHCTBA MEXIy Ooee
KPYITHBIMHU YaCTUIIAMH, TAKUMHU KaK MECOK U MIe0eHb, 32 CUET Yero yaydIIaeTcs X CIEIUICHUE U
YMEHBIIIAETCS IIOPUCTOCTH OETOHA.

4. MUKPOKAJIBIIUT MOXKET CIIOCOOCTBOBATh YIIYUIICHUIO THIPATAIIUA [IEMEHTA, YTO BEACT
K 00pa3oBaHHI0 0o0Jiee TUIOTHOM M MPOYHON KPUCTAJUIMYECKON CTPYKTYPBI IEMEHTHOTO KaMHSI.
bnaronapst 5 ToMy yBeIMYHBAETCS TPOYHOCTH OETOHA NP CHKATHH.

BbIBO/IbI

B xone uccnemnoBatenbckoil paboThl OBUIO JTOKA3aHO TMOJIOKHUTENBHOE BIUSHHE 0a3aib-
TOBOTO (hMOPOBOJIOKHA Y MUKPOKAJIBIIMUTA HA XapaKTEPUCTHKKA OETOHA, a UMEHHO Ha MPOYHOCTH
OpU CKAaTUU U IUIOTHOCTb. JlaHHBIE KOMIIOHEHTHI CYIIECTBEHHO TMOBBIMIAIOT (PU3UKO-
MexaHWYecKue TokazaTenu OeroHa. Kpome Toro, Ha OCHOBE JHTEpPAaTYpHBIX HCTOYHHKOB,
MPEJICTABICHHBIX BhIIIE, MOXHO C/IETaTh BBIBOJ, YTO 0a3aibToBas (uOpa Takke MOI0KUTEITHHO
BIIMSIET HA MOPO30CTONKOCTh U TPEIIUHOCTOMKOCTh OETOHA.

Pe3ynbrarel HacTosmiedt paboThl MO3BOJSIOT O00OCHOBATh ONTHMAabHBIE cocTaBbl bDb
JU1st TosTydeHust 9 HEeKTUBHBIX TOHKOCTEHHBIX 0OJUIIOBOYHBIX U3/EITHIA.

CIIUCOK JIMTEPATYPbI

1. OxBuct K.A., benos B.B. DddextuBnbie GpuOpodeTOHHBIE TOHKOCTEHHBIE OOIUIIOBOYHBIE
mpenus //  Becmnux  Teepckozo  20cyoapcmeenHoco  MeXHU4UecKkoeo  YHUueepcumemd.
Cepus «Cmpoumenvcmeo. Inekmpomexuuxa u xumudeckue mexnonocuuy. 2024. Ne 3 (23).
C.5-12.

2. Kotnspesckas A.B., Jlyoenen S.B., KormsapeBckuii A.A. AKTyalnbHOCTb HPUMEHEHHS
0a3anpTOBON (UOpPHI B COBPEMEHHOM CTPOHTENbCTBE // Unowcenepmuwiii secmuux [ona. 2021.
Ne 11. C. 507-516.

3. OxombhmkoBa I.J., Moumu M., Kypmua M. TlepcrneKTHBBI NPUMEHEHHS MONMJUC-
NepCHO-apMUpPOBaHHbIX (udbpodeTtoHoB //  Cucmemmuvie mexnonoeuu. 2021. Ne 1 (38).
C. 86-88.

47



Ne 4 (24), 2024 Bectauk TBepcKOro rocy1apCTBEHHOIO TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIIEKTPOTEXHUKA U XUMUYECKUE TEXHOJIOT UM

4. IlnekoB B.C., KomymaeBa C.H., KynmsxoB K.I. PacuerHbie auarpaMMmbl HEJIMHEHMHOTO
nedopmupoBanus 0a3anbToPpuOpPoOETOHA MPU CTATUYECKUX U KPATKOBPEMEHHBIX TMHAMUYECKHX
Bo3eicTBusX // Becmuuk TTACY. 2016. Ne 3. C. 95-109.

5. AnekceeB K.H., Kypuiko A.C., 3axapos E.B. Biusuue 6azanproBoro BosiokHa ((puOpbI) Ha
BSI3KOCTh U DHEPrOEMKOCTh Pa3pyLICHUS MeIKO3epHUCTOr0 OeToHa // I opusiil unghopmayuonHo-
ananumuyeckuti oronremens. 2017. Ne 12. C. 56-63.

6. Anekcee K.H. BnmsHue NHHKIOB 3aMOPaKMBAHUS-OTTAMBAHHS HA CIIOCOOHOCTH MEJKO-
3epHUCTOr0 OETOHA COMPOTUBIATHCS TUHAMHYECKUM (yAapHBIM) Harpy3kam B 3aBUCUMOCTU OT
conepkanust 0a3anbToBON GUOpHI // [opHbili unopmayuonno-anarumuyeckuii OwJIemeHs.
2018. Ne 12. C. 84-91.

7. Hempsnenko O.B., Komanmma H.O., Huumnckmit A.H. ®usuko-teXxHUYECKHE CBOHCTBa
¢bubpoOETOHOB € HCIIOJIB30BAHMEM BTOPHUYHOTO MHHEPATIOBATHOTO ChIpbs // Cmpoumenvhbie
mamepuanet. 2019. Ne 7. C. 16-20.

8. VpbanoB A.B., Manymmna A.C., [ImutpueBa E.A., KypmiomoBa C.E., Iloranoa E.H.
Pa3paboTka CTpOWTENHHOM CMECH JUIsl MAJIbIX apXHTEKTYPHBIX (GopMm // Vcnexu 6 xumuu u
xumuuecxou mexronoeuu. 2017. T. 31. Ne 1. C. 25-27.

9. Branston J., Das S., Kenno S.Y., Taylor C. Influence of Basalt Fibres on Free
and Restrained Plastic Shrinkage // Cement and Concrete Composites. 2016. Vol. 74,
pp. 182-190.

10. Xapyn M., Koporees I./., Hxap II., XKnepo C., Enpo6a LI.M. ®dusnko-MmexaHU4eCKHe
CBOICTBa 0a3aIbTO-BOJIOKHUCTOTO BBICOKONPOUHOTO OertoHa // CmpoumenvHas MexaHuka
undcenepuvix KoHcmpykyutl u coopyicerui. 2018. C. 396—403.

CBEJEHMHSA Ob ABTOPAX

OKBUCT Kupunn Anexceesuu — wmaructpant, ®I'bBOY BO «TBepckoil rocynapcTBeHHBIN
TeXHUueckud yHusepcuteT», 170026, Poccus, r. Tepp, Ha0. A. Hukurtuna, n. 22. E-mail:
hgfjcch@gmail.com

BEJIOB Braoumup Bnaoumuposuy — copeTHuk PAACH, nokTop TexHHYeCKHX Hayk, mpodeccop,
3aBeAyIOMINN Kadeapoil mpou3BOACTBA CTPOUTENBHBIX M3Aenuii U KoHCTpykuuii, ®I'BOY BO
«TBepckoll TrocynapCTBEHHBIM TeXHMYeCKHHd yHusepcuter», 170026, Poccusa, 1. TBeps,
Ha0. A. Hukutuna, 1. 22. E-mail: vladim-bel@yandex.ru

BUBJINOI'PAOUYECKAS CCBIJIKA
Oksuct K.A., benos B.B. Hcnonb3oBanue 6a3anbToBoil GpuOpbl n 100aBKM MHKPOKAJIBLUTA B
coctaBax 3(dexTuBHOTO 06a3anpTOPUOpOOeTOHa // BecTtHuk TBepckoro rocymapcTBEHHOTO
TexHuueckoro yHusepcutera. Cepuss «CTpoUTENbCTBO. OJIEKTPOTEXHHKA M XMMHUYECKHE
texuosorumy. 2024. Ne 4 (24). C. 42-49.

48


mailto:vladim-bel@yandex.ru

Ne 4 (24), 2024 Bectauk TBepcKOro rocy1apCTBEHHOIO TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIIEKTPOTEXHUKA U XUMUYECKUE TEXHOJIOT UM

THE USE OF BASALT FIBER AND MICROCALCITE ADDITIVES
IN THE COMPOSITIONS OF EFFECTIVE BASALT FIBER CONCRETE

K. A. Ekvist, V.V. Belov
Tver State Technical University (Tver)

Abstract. In the article it is noted that concrete thin-walled facing products are
increasingly used in modern construction, in connection with which there is a need to create a
composition, the products of which, on the one hand, should look aesthetically pleasing, and on
the other hand - have a number of necessary construction and technical properties. It is indicated
that the finished products meet strict requirements for strength, crack resistance, frost resistance
and corrosion resistance. One of the solutions to this problem is the use of fiber as a
microreinforcing component. The influence of basalt fiber and microcalcite on concrete
characteristics was investigated.

Keywords: basalt fiber, micro-reinforcing component, microcalcite additive, basalt fiber
concrete.
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QJIEKTPOTEXHUKA

YAK 621.311:004.89

METOAbI OB BbACHUMOI'O HCKYCCTBEHHOI'O UHTEJUVIEKTA
JJIA SQHEPTETHYECKUX U QJIEKTPOOHEPTETUYECKUX CUCTEM:
OB30P, ITIPOBJIEMbI U BO3MOKHOCTHU

M.A. Kynukoea, O.H. Topzosanosa, K.b. Kopnees
Tsepckoii cocyoapcmeenHblli mexHudueckui ynugepcumem (2. Teepn)

© Kynuxoa M.A., Toprosanosa O.H.,
Kopuees K.b., 2024

AHHOTanusi. B craTthe paccMOTpeHBl MEPCINEKTHUBBI HMCIOJIb30BAaHHUS METOJIOB OObsIC-
HUMOTO UCKyccTBeHHOro wuHTeuiekTta (XAI) B cdepe smeKTposHEpPreTUKH, CBSI3aHHBIE C
HOBBIIIEHUEM OOBSCHUMOCTH MOJEJIel MAIIMHHOIO OOY4EHHUs M YIydlIeHHMEeM HOHHUMaHHs UX
pe3ynbraroB. [lpencraBineHsl oOuiye mpoOieMbl U OTrpaHUYEHUS, BBI3BAHHBIE BHEAPEHUEM
meTo10B XAl B chepe sHEpPreTUKH U 3IIEKTPOIHEPTeTUUECKUX CUCTEM.

KiroueBble ciioBa: 3JI€KTPOIHEPreTHKA, DHEPrOCUCTEMA, HEHPOHHBIE CETH, TIyOoKoe
o0yuyeHue, 0O0bSICHUMBIN HCKYCCTBEHHBIN HHTEIIEeKT, XAl

DOI: 10.46573/2658-7459-2024-4-50-57

PazButue meronoB riybokoro obydenus (ot anri. deep learning — DL) mpuBeno k
CO37aHMI0 00Jiee COBEPIICHHBIX KJIAcCU(UKATOPOB M aJrOPUTMOB MAIIMHHOTO OOy4YeHUs
(or anrn. machine learning — ML), koTopble Hamuu mpUMeHeHHE B 3Heprocuctemax [1]. B
HEKOTOPBIX CIy4asx OSTH METOIbl JIEMOHCTPUPYIOT 3HAYHTEIbHBIE MPEUMYIIECTBA TIEpeN
TPAaJULIMOHHBIMH aJITOPUTMAMU ONTUMHU3AIUH C TOYKU 3peHHs () (HEKTUBHOCTH, YCTOHUNBOCTHU K
MOMeXaM U TOYHOCTH.

Tem He MeHee, HECMOTps Ha OYEBHJHBIA yCleX Ha3BAaHHBIX aJITOPUTMOB, CYIIECTBYET
BaxkHas npodnema. Mozaenn ML 3auactyto ObIBalOT OYEHb CIOKHBIMH, U OTIEPATOPY MOXKET OBITH
HETOHATHO, KaK ¥ M0YeMy OHHM NPUHUMAIOT T€ WM WHBIE PELICHHUS, a TAK)KE KaKMM 00pa3oM OHH
oOpabatrpIBaloT BXojdlue JaHHble. [lmaHupoBaHMeM U JKCIUTyaTaluell 3SHEProcucTeM
3aHUMAIOTCS] UCKITIOYUTENBHO CIIEUATUCTHI B JaHHOW 001acTi. OHU ONUPAIOTCS HA UMEIOIINECs
3HaHUS 00 OTHX CHCTEeMaX, CHEIHAJM3UPOBAHHBIE TPOTPaMMbl W HAKOIUICHHBIA OIIBIT.
DKcrepTaM  3a4acTyl0 TSDKEJO JOBEpATh pELICHHWSM M PEKOMEHAALUSAM, MpeIIoKEeHHBIM
anroputMamMu ML, u 3TO orpaHMumMBaeT WX MpaKkTHYECKOe NpUMeHeHue. JlaHHas TpYyJHOCTh
0COOEHHO 3aMeTHaA B CIIy4asix, TpEOYIOIUX BBICOKOT'O YPOBHS HaJI€KHOCTH, YTO XapaKTEPHO IS
sHEpreTuYecKor otpaciu [2]. BepHo u oOpaTHOe: cieUaMCThl B 00JaCTH MPOTPAMMHUPOBAHUS
QITOPUTMOB HE 3HAIOT CHEIM(PHUKH PadOTHl SHEPrOCUCTEM, ITOATOMY HE MOTYT B IOJHOW Mepe
OpraHu30BaTh O0yUYEeHHUE MOJIENIeH HCKyCcCTBEHHOTO nHTeuiekTa (M),

B mocnennue rombl aKTHBHO pa3paOaThIBAIOTCS HOBBIE MOAXOABI M KOHIEHIIMS,
HalpaBjieHHAs Ha TOBBIIICHUE OOBSICHUMOCTH M TOHATHOCTH PE3yNbTaToB mojeneit ML. Drta
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KOHIENIINS TOJy4Yiiia Ha3BaHHE «OOBSICHUMBIA HWCKYCCTBCHHBIH WHTEIUICKT» (OT aHTIL
Explainable Artificial Intelligence — XAI). Ilear XAI 3akmrouaercs B TOM, 4TOOBI ITOMOYb
UCCJIeIOBATENsAM, pa3padOTUMKaM, CIEHUATUCTaM M TOJb30BATESIM JIydllleé MMOHUMAaTh, Kak
paboraroT Moaenmu ML, coxpansas mpu 3ToM ux 3(dekTuBHOCT U ToyHOCTHh [3]. Ha puc. 1
MIPE/ICTABJICHBI KIIFOUEBBIC ATallbl, CBs3aHHbIe Kak ¢ M, Tak U ¢ 3HEpreTH4ecKuMHU CHUCTEeMaMH.
Bunno, yro ucnonbszoBanue XAl B 0051aCcTH SHEPreTUKH HAXOJUTCS MOKA YTO HAa HAYaJIbHOM
JTarne.

OaHMM M3 MHUHYCOB MHOTHX aliroputMoB ML sBisieTcss MX HEMOHSATHOCTh. JTO 3HAYMT,
YTO TaKHE AITOPUTMBI TPYTHO OOBSCHUTH, JaKe CICIHUATUCTHl B JAHHOW OOJIACTH HE KaXKIbIi
pa3 Moryt 3To cjaenaTh. Eciu mosib30BaTeny CUMTAIOT MOJENIb «UEPHBIM SIIMKOMY», OHU HE
BCErJa JOBEPSIIOT €€ MPOTHO3aM M IMOATOMY ee He ucnois3yioT [4]. Kpome Toro, muorue
HEHPOHHBIE CETU — 3TO OYEHb CIIOKHBIE MOJENH, KOTOPhlEe TPYAHO MOHATH JlaXe HKCIEpTaM B
obmactu MU. Ux apxuTektypa pazpadaThIBacTCsi METOJIOM MPOO U OMMUOOK U MOXKET COIEPKATh
COTHHU YPOBHEH U MUJUIAAP/IBI BXOAHBIX TAPAMETPOB.

'~ &z ~ T g A

BosobHoEnst  |VMuble 3panus | axxymymarop | XAl AN

Hepep'at{a ConHe4uHBle embie YMHBIE CETH | pgpie cycTempl | PHEprociabxe
IepeMeHHOro naHeau WMCTOYHMKM 3MeKTPUUYECKH HUA
P SHEPruu MarMHbI
TOKa
1880s 1950s 1960s 1970s 1980s 1990s 2000s 2010s 2020s
3 PaszBuTHE
HeltpoHHas MamuHHoe Honras
P ,E[epesbs{v obyyenue KpaTKocpodHas rny6okoro
ceThb pelieHuu FOREPEMISRAEM]  naaTs obyuyeHUs

Puc. 1. ITyte k XAl 1151 3HEPreTUKN U SHEPTETUYECKUX CUCTEM

C yueTroM yKa3aHHOW TpOOIEMBbI CIeIyeT YTOYHUTh, YTO TNaBHas 1enb XAl — gath
HCCIICIOBATENISIM, pa3padOTIYNKaM U MTOJIb30BATEIISIM BO3MOYKHOCTH JIYYIIE TTOHUMATh PE3YJIbTAThI
moneneit ML. Kpome Toro, mpenmnonaraercs, 4To A00aBIeHHE OOBSICHUMOCTH MO3BOJIUT CIIENaTh
00o00menue mozeneit ML Oornee HajgeXHBIM, U B JAJbHEUIIEM 3TO MOMOXKET YIYYIIUTh UX
ympaisieMocThb. JlaHHBIE Hien ObUTH pealin30BaHbl B chepe sHepreTuueckux cucreM (puc. 2). Ha
puc. 3 mpeacTaBieH KOHKPETHBIN MpuMep OIEeHKH dPPEKTUBHOCTH SHEPTOMOTPEOICHUS 31aHuUs
[5]. 3nece XAl ucnonb3yercst s MPEAOCTaBICHUS IOJIB30BATENI0 CBEJACHHN O TOM, KaKHe
(GYHKITUH SIBISTFOTCS] BAKHBIMH.

Ecth n1Be ocHOBHBIE 0051aCTH OOBSICHEHMS, HA KOTOpble OpUEHTHpPOBaHbI MeToAbl XAl
[TepBast 06;acTh — 3TO «JIOKAIBHOE OOBSICHEHHEY, MPU KOTOPOM BXOJHBIMH JaHHBIMH JUIsT XAl
SIBIITFIOTCS. OTJICIBHBIC DJIEMEHTHI BXOJHBIX JAHHBIX, T.€. KapTa OOBSICHCHHS g TEHEPUPYETCS
KOKIBIA pa3 JUIsl OTAEIBHOTO AJIEMEHTa JIaHHBIX. J[pyras o0iacTe — «riobaibHOe OOBSICHCHHEY,
KOT'J1a [EJbIO0 SBJISETCS MOHUMaHue (yHKIIMOHUPOBAHUS Bcel Moenu. J{Jisl 3TOro uCnob3ytoTes
TpYIIBl HA0OPOB JAHHBIX, HA MX OCHOBE co3maercsi oObsicHeHue g. Ha puc. 4 mpencramieHa
00111as1 cXeMa JOKAIbHBIX U INI00aIbHBIX 00BSICHECHHH.
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Puc. 2. Konneniun XAl 1t o01ux 3a1a4 SHEPrOCUCTEM
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Puc. 3. ITpumep monenu knaccugukaropa ¢ XAl
U1l OLleHKHU 3(pPEKTUBHOCTU SHEProNOTPeOICHNS B 3[JaHUN

ML
MOJIeITh

ML
MO/IEJIb

Texnuka Texuuka
XAI XAl
| I —

a 0
Puc. 4. KonnenryanbHas WITIOCTPAUs O0bICHUMBIX aITOPUTMOB:
a — JOKAJIBHBIX; 0 — rI100abHBIX
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Eme onmna Baxknas koHuenims XAl — 310 mHTerpanus OOBSCHEHHH B camy MOJIENb.
OO0BsicHEeHHUS MOTYT OBITh YaCThIO KOHKPETHOW Moaenu ML wim nmpuMeHAThCs K 1000 Moaenu
B KauecTBe nocrrpoluecca. CymiecTByeT ABa N0AX0Ja K UHTerpauuu Meto 0B XAl: BHyTpeHHUl,
KOTOPBIA 3aBUCUT OT MOJEIM, U IOCTCHEUUAIbHBIM, KOTOpbIM HE 3aBUCHT OT Hee. llpu
BHYTPEHHEM MOAX0/I€ OOBSICHUMOCTh CTAHOBUTCS YaCThIO apXUTEKTYpbl Moenun ML u He MoxeT
OBITH MEepeHeceHa Ha JApyrue apXxurTekrypbl. Ilpu mocrcnenumanbHoM moaxone meron XAl He
CBSI3aH C KOHKPETHOU apXUTEKTYpPOM U MOKET ObITh MIPUMEHEH K JTF000i 00yueHHo Moaenu ML.
Ha puc. 5 nokazaHa BRICOKOYpOBHEBAsI cXeMa JJIsl BHYTPEHHET0 U mocTenenuaibioro XAl

B bIXO)'[
ML mMonens
BHyTpeHHsm
TeXHHKa XAI Texnuka nocr-nporecca XAl

a §)

Puc. 5. BoicokoypoBHEBasi HWJUTFOCTpaLUs aITOPUTMOB 0OBICHUMON MOJEIH:
a — BHYTPEHHET0; O — MOCTCIEUAIBLHOTO

Taxum o0Opa3om, JIOKanbHbIE OOBSICHEHUS] IIOMOTAIOT MOHSATH, 1I0YEMY OBLJIO MPUHATO TO
WIK WHOe peuleHue. [nobanbHble OOBACHEHMS IMO3BOJSAIOT Yy3HATh CHCTEMY B LEJIOM H
ONTUMU3UPOBATh €€ Ha OCHOBE 3HAHUH, MOJTYYEHHBIX MOJIENbI0. BCTpOeHHBIE METO/IBI MOJIE3HBI
npu OOy4yeHMHM HOBOM MOJENu, JUIsi KOTOPOH IOHMMaHHE HMEET KII0YeBOe 3HaueHHe.
CneuuanbpHbple METOJbl JAal0T BO3MOXKHOCTh HCIOJb30BaTh YK€ OOYYEHHbBIE MOJENM WIN
IIpoBepeHHbIe MeToaAbl ML.

IIpu BHeapenun XAI B cucTeMbl 3JIEKTPOCHAOXKEHHS HEOOXOAMMO YUMTHIBATH Pl
npo0iieM u orpaHuyeHui. B Tabnuiie npeacTaBieHo UX KpaTKOE ONUCaHHE.

CymiecTBylolme orpaHnyeHus mpuMenenus mojeneit M1 B snepretuke

Kareropus [IpoGiembl 1 orpaHUYEHUS

KOMHpOMI/ICCBI Kax 06’B$[CH€HI/IC, TaK U PE3YJIbTAThI JOJIKHbBI OBITh TOYHBEIMHA

OtcyrcTBue cornacus B onpeaeneHuu XAl u 00bICHUMOCTH.
Pasnuunble THOBI mosb30Barenel: uccnenosarenu MU, skcneptsr
B 00JacTH PHEPreTHKHU, pa3paboTUUKH SHEPreTHUEeCKON MOIUTHKU
Y IOTPEOUTENH.

J10JKHBI OBITH JaHBI 000CHOBAHHBIE OOBSICHEHUS

CTaHIlapTI/ISaI_II/ISI

Crnenyet UCIonb30BaTh OOBEKTHBHBIC TTOKA3ATEIH,
IToxa3aTenu oneHKH eclii OOBSICHEHHE HEe MOKET OBITh OIpeIeICHO.
Heo6xoauMo onpeenuTh 1 ONEHUTh MOKa3aTeNlb 00bICHUMOCTH

BpenonocHble aTaky MOTYT OBITh CT€HEPUPOBAHbI

C UCIIOJIb30BaHUEM MH(OPMAIIUH, TOJTYYCHHOMN

C ITIOMOIILIO METOIOB XAl

KondunennuanbHocts Mozeneid ML MoxeT ObITh HapylieHa

Be3omnacHocTs
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Oxkonuanue madbauywl

Kareropus [Ipobnembl 1 orpaHudeHus

Metoapl XAl 10JKHEI OIITUMAJILHO MOIXOIUTH
JUTSl pa3JIMYHBIX TUIIOB MOJIb30BaTENCH.

[Tonp3oBaTenu
Cn0KHOCTb COTPYIHUYECTBA MEXKIY IKCIIEPTaMU B 00JIaCTH
SHEPTETHKHU U IKCTIEPTAMH B IPYTHX 00JIaCTSIX
[ToTrpeburenu MOTyT OBITH BBEICHBI B 3a0JTyKICHHUE
Y TIOJIaraThCsl Ha HEIOCTOBEPHBIC PE3yIbTATHI.
Pexomennamuu

Henw3s nomyckatk, 4To0b1 MeTO1bI XAl BeIaBaIN
BBOJISIIINE B 3201y /IeHHE 00BICHEHUS

OpHOll M3 IUIaBHBIX MNpPOOJIEM, OTHOCAILIMXCS HEMOCPEJCTBEHHO K cepe IHEepreTHUkH,
ABIIIETCS BO3MOKHOCTh HCIIOJIb30BAHMSI MOJENH, KOTOpas 0OecleyrMBaeT BBICOKYIO MPOHU3BO-
JTUTEIILHOCTh U MPH 3TOM OCTAaeTCs MOHATHOH [6]. OOBIYHO TOYHBIC MOJEIN OBIBAIOT CIIOXKHBIMU
UIsE  BocHpusATHs M mnoHuMaHus. Kommpomucc wumeer ocoboe 3HaueHue B 00JacTu
AJIEKTPOIHEPIE€TUKH, MOCKOJIbKY IOJb30BaTENI0 (IEPCOHAYy SHEPrOCUCTEMBI) TpeOyeTcsl Kak
BBICOKAsl POU3BOAUTEIBHOCTh, TAK U TOYHOE OOBSICHEHHE, YTOOBI 00ECIIEUUTh BHICOKHI YPOBEHb
Ha/Ie)KHOCTH.

Eme ogum cymiecTBeHHbIM HenocTaTKOM XAl MOXHO BBIIENUTH OTCYTCTBHE CTaH-
JapTu3allMd M 4eTKUX oIpeneieHuil. B Hacrosiuee BpeMs HET €IMHOIO MHEHHS O TOM, KaK
UMEHHO cienyeT noHuMmatb XAl u oObsicHUMOCTb ero paboTsl. HekoTopele uccienoBaTenu
COCpEI0TOUYEHBI Ha METOIaX BU3yaJU3alliH, B TO BPEMsI KaK OCTaJIbHbIE MCIIOJIb3YIOT KOHLEIIIUIO
BaXHOCTH OOBEKTOB MJIM UX pesieBaHTHOCTH. OfHA U3 MPUYMH OTCYTCTBUS €AMHOTO CTaHAapTa
3aKJIFOYAETCA B TOM, YTO CYHIECTBYIOT Pa3HbIE TUIIBI MOJI30BATENIECH, MPUMEHAOIUX Moaean ML
u XAl: uccnenoBarenu B obnactu MU, skcnepTsl B 3HEpreTUKE, pa3padoTUUKHU SHEPreTHUECKON
MOJIMTUKU U TIoTpeduTenu [7]. Kaxapiii U3 HUX wcmonb3yeT mMeToabl ML juisi cBoux HYXJ Ha
OCHOBE PA3JIMYHBIX (aKTOPOB M ypoBHeW aOcTpakuuu. Emie oJuH BaXHbBIM BONPOC COCTOUT B
TOM, KaK ONpPEJENNUTh ONTHMAalIbHOE OOBsICHEHHE. BO MHOTMX MPHIOKEHHUSX HE CYLIECTBYET
YEeTKO YCTaHOBJIEHHOTO METOAA Il MPEAOCTaBIEHHs MOHSATHOTO U ONTHUMAJIBHOIO OObSICHEHHUS.
be3 BO3MOXXHOCTM peLIUTh ATy 3anady Hcmoib3oBaHue XAl MoxeT craTh HESACHBIM, a
pe3yibTatel paboThl anroputMa XAl — TpyaHo uHTepnperupyemMbiMu. Kpome TOro, Xots
JaHHbIE, KaK MPaBUJIO, COJIEPKaT KilacCU(UKALMOHHBIE METKU JIJIS ITpoliecca 00y4eHUs, 0OBIYHO
HE MPUBOAATCS 000CHOBaHHBIE 00bsCHEHH. be3 Takux oObsicHeHuit pe3ynbraThl XAl He OynyT
UMETh OpPHEHTHpA Ul CpaBHEHMs. TakuM oOpa3oM, MpU CO3/JaHHMU 0a3 BXOAHBIX JAHHBIX IJIs
JI000T0  DHEPreTUYECKOro TMPHIIOKEHUS BaXKHO, IO BO3MOXHOCTHM, BKJIIOYAaTh B HHX
000CHOBaHHBIC 00BSICHEHUS [ 8].

CylecTBeHHBIM HEJOCTAaTKOM MeToJ0oB XAl sBisieTcst OTCYTCTBHE OOBEKTHBHBIX
KpUTEpUEB OLEHKM KauecTBa OOBsicHEHWH. Jlaxe eciu MOXXHO JaTh UYETKOE OIpeelieHue
OO0BSICHUMOCTH, JKEJIaTeIbHO MMETh IOKa3aTellb, KOTOPbIM OLIEHUBaJ Obl, HACKOJIBKO MOJIEINb
«00BsICHUMAa». DTU MOKA3aTENH JTODKHBI U3MEPSTh O0BICHUMOCTD JUIsl Kaxaoro metoga XAl u
aro6oro kinaccupukaropa. 3HAUEHHE OLEHKH JOHDKHO OCHOBBIBAaTbCS Ha TOM, HACKOJBKO
npejmnosiaraeMoe OOBSICHEHUE COOTBETCTBYET OOOCHOBAaHMIO. B oTiaMYMe OT MHOTHX JIpYrux
pacrpocTpaHeHHbIX 3amad ML, B 00jacTu 3HEPreTHKH CYIIECTBYET MHOKECTBO MPHIIOKEHUH,
e TpaBWIbHOE OOBSCHEHHWE MOXET OBITh YETKO OIpeAesieHO (HampuMmep, B 3ajade
OoOHapyXeHHs] M KJIacCU(UKAIIMM AaHOMAJbHBIX COOBITUH B 3jeKkTpoceTH). B 3Tom ciyuae
0OBSICHEHHE MOJXKET BKJIIOYATh BPEMs BO3ZHHUKHOBEHHsI COOBITHS Win ero nmpuuuHy [9]. Takum
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00pa3oM, 0OBSICHEHHE MOXKHO TNPEICTaBUTh B BHUJE ABOMYHOTO BEKTOPA, KOTOPBIM MOKa3bIBACT
HQJIMYME WIM OTCYTCTBUE COOBITUS B KaXKAbIM MOMEHT BpeMeHU BblOOpku. OmnperneneHue
OLIGHOYHOT'O TI0Ka3aTelii OCHOBBIBAETCS HA KOPPEKTHOM OOBSCHEHMH M CpPaBHHUBACTCS C
pesyibTatamMu, nojgydyeHHbIMH ¢ nomomibio XAl Ecnu oObsicHeHHe He MOXeT ObITh TOYHO
OTIpeIeJIEHO, TO YCTAHOBUTH OOBEKTUBHBIE TIOKA3ATENHN IS KQK0TO MOIB30BATEINS CIOKHO.

Eme ogHMM KpUTMYECKHM Ba)KHBIM AacleKTOM, KOTOPbIH HEOOXOJUMO YYMTHIBATH,
sBIsieTcs MHPOpMalMOHHAs 0e30macHOCTb. B cdepe sHEpreTukn M CHCTEM SHEProcHaOKEeHUS
JIAHHBIA BOIPOC CTOMT 0coOeHHO ocTpo. Korma mpumenstorcs metonbl XAl mist oObsCHEHHS
monen ML, KoHGUICHIMATFHOCTh TOCTEAHEH MOXKET OBITh HapyIlIeHa H3-32 HEOOXOIUMOCTH
00paboTKH 00JIBIIOr0 00bEMa BXOJHBIX JaHHBIX, IOJIy4ae€MbIX HE TOJIBKO IO MCCIEyEMOMY, HO
U [0 CTOPOHHMM OOBEKTaM JJIEKTPOIHEPIeTUKH, C CYIIECTBYIOMIEH (PAKTHUECKOW MPHUBI3KOM
HOCIETHUX K CMEXHBIM OOBEKTaM 3HEprocucreMbl. B cuily Hamuuus y cUCTeMbl AOCTyHa K
TakoMy 00bE€MY BXOJHBIX JaHHBIX CYLECTBYET HEKOTOpasi BEPOSTHOCTh OOPATHOIO M3BJIEUEHUS
UCXOJHBIX JIaHHBIX, @ TaKXXE BO3MOXKHOCTb YIIPaBJIEHUS CHUCTEMOH HuX oOpaborku. Jlrobas
uH(popMalys, MOITy4eHHas C MOMOUIbI0 MeTo10B M, MoXeT ObITh HCIOIb30BaHa i CO3/1aHus
3¢ (eKTUBHBIX BPEIOHOCHBIX aTaK, HAIPABJICHHBIX HA JI€30PUEHTALUI0 MOAEIH. DTH aTaku
BKJIIOUAIOT, K TpUMEPY, MAaHMUIIYJIUPOBAHHE MOJEIBI0 IIyT€M NPEJOCTABICHUS CHCTEME
OIPEEIICHHBIX JIOKHBIX JaHHBIX, YTO IPUBOAUT K UCKAXKEHHBIM pe3ysibTaTaM. OCHOBBIBAsCH Ha
JTAHHBIX, MMOJIyYEHHBIX C MOMOINBI0 XAl, Takue atraku MOTYT MPOSBUTH ce0sl Kak 3 (EeKTUBHBIE,
IIOCKOJIBKY OHHM TII03BOJISIIOT HAWTH MHUHUMAIBHBIE HW3MEHEHHS BO BXOJHBIX JAaHHBIX,
HeoOxoaumble sl u3MeHeHus pemieHus wmonenun ML. IlocmenacTBust naHHBIX aTtak  Juis
ANIEKTPUUYECKUX CETeH U CUCTEM YIPaBJIECHHUS SHEPronoTpeOIeHnEM OKa3bIBalOTCS CEPbE3HBIMU U
naxe karactpopuyeckumu. Kpome Toro, HaexXHOCTh OOBSICHEHUH J0JKHA MOJIEPKUBATHCS 3a
CYET IIOCTOSHHOTO IIOJIy4YEHHUS aKTYaJbHbIX JAaHHBIX O COCTOSSHUHM DJIEKTPOIHEPTreTUYECKOU
cuctembl. OTkpbITEIA U1t cucteM WM noctynm k cOopy M 00pabOTKE 3TUX JaHHBIX MOMKET
IPUBECTH K Pa3pyLICHNUIO BHYTPEHHEN CUCTEMBI 0€30MaCHOCTH 00BEKTA NEKTPOIHEPIeTUKU HIIH
sHEprocucTeMsl B 11esioM [ 10].

Jpyras mpo0iema 3aKiIo4aeTcs B TOM, YTO COBPEMEHHbIE METO/IbI, MCIIOJIb3yeMble IS
00BsSICHEHHUST pe3ynbTaToB paboThl XAl, pa3paboTanbl ¢ y4eTOM MOTPEOHOCTEW SKCHEPTOB B
obmactu UM, a He crenuamucTroB Mo sHepreruueckuMm cuctemaMm [11]. B Hactosmee Bpems
camble repeioBble anropuTMbl XAl co3naHbl y4eHBIMU-KOMIIBIOTEPIIMKAMU U UCCIIE0BATEIIMU
NU. Takum o6pa3zom, HauOojiee paclpOCTPAaHEHHBIM CIOCOOOM OOBSCHEHUS pPEe3y/IbTaToB
ABJIIETCS. HCIIOJIb30BAHME TaK HAa3bIBAEMBIX «TEIUIOBBIX KapT», KOTOpble OOECIeunBaroT
HarJsIIHOCTh paboThl, HO HE BCErJa CoAepXkaT JOCTaTOYHOE KOJIMYECTBO HMH(OpMAIMH JUIs
noJsib3oBaress. Bo MHOTMX NMpuiIokeHHUs X 0ojee CI0KHOE IMPEICTaBICHHE BBIXOJHBIX JaHHBIX
XAI moxer npuectu k 6onee 3¢p(HeKTUBHOMY OOBSICHEHUIO aIrOPUTMOB PaOOTHI M MPUHATHS
pemieHuii. B cBA3uM ¢ 3TUM ObulO OBl 1€1€COO0pa3sHO HANATUTh COTPYAHUYECTBO MEXITY
JKCIepTaMU B 00JIaCTH YHEPTETUKU U APYTMMHU CHEIHMATINCTaMU, YTOOBI co3/1aTh 3(pPeKTUBHBIE U
CrielMaau3upoBanHbie MeToAbl XAl, maeanbHO moaxonsdmue s MPUIOKEHHH B 00JacTH
sHepreTuku. Hampumep, B MeTOABI, Iie OOBSICHIIOTCS U AAIOTCA PEKOMEHJAIMH IO JKCILTya-
TalUU JJIEKTPUYECKUX CHUCTEM, MOXHO ObLIO Obl BKIIOYUTH MH(POPMAIUIO, OCHOBAHHYIO Ha
IIPEJICTaBUTENIBHBIX 3HAHUSX CUCTEMHBIX OIIEPATOPOB.

KiroueBas 3amava cucrem MU B sHEpreTuke 3akitodaeTcs B TOM, YTOOBI MPEAOTBPATUTD
NPEJOCTaBIICHUE TII0JIb30BaTEeNIIMU HEBEpHBIX OO0BsICHeHMH B pamkax XAl u obecnieuuTsb
Ha/IeKHbIE pPEKOMEHJaluu. XOTd OOBSICHEHUS MOryT YCWINTh JIOBEpUE I0JIb30BaTeNeH K
CHCTEME, B JIOJTOCPOYHOM MEPCIEKTUBE Pe3yNbTaThl pabOThl MOJIENIEH HE BCET/la OKa3bIBAIOTCS
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TOYHBIMH. DTO MOKET HMPUBECTH K TOMY, YTO IOJb30BATEIM HAYHYT JOBEPATH OMIMOOYHBIM
BBIBOZIAM, CO3/1aBasi JIOXKHYIO yOexx7eHHOCTb. KpoMe Toro, poBepue K HEBEpHBIM OOBSCHEHUAM
WIN TIPOTHO3aM 3aCTaBIISICT UX HUCIOJB30BaTh Hed(h(HEeKTUBHBIC MM HEOE30MIACHBIE MOJIENH, YTO
B Oy/yIlleM MOXET IIPUBECTHU K CEPhe3HbIM ITpobiemMaM. YToObl 00ecieunTh JOBEPHE K JIOKAIbHO
00BSCHUMOMY AITOPUTMY, HEOOXOAMMO IIPOBEPUTH €r0 HA PA3IMYHBIX BXOJHBIX JaHHBIX. [Ipu
9TOM IOJIXOJ, OCHOBAaHHBbIH Ha TIJO0AJIBHO OOBACHUMOM QJIrOPUTME, IO3BOJSET IOJIYyYUTh
00BsICHEHUS, UCIIOJIb3YS Bech HaOOp AaHHBIX [12]. CpaBHEHHE 3TUX BHYTPEHHUX U BPEMEHHBIX,
JIOKAJIbHBIX U IVI00AJIBHBIX MOAXOJO0B K SHEPreTUUYECKUM HPUIIOKEHUAM TpeOyeT AajabHeHIero
U3Y4EHHUS.
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3AKOHBI TEIVIOBOI'O U3JIYYEHUS I'A30BbBIX OBBEMOB
JEKTPOIYTOBBIX CTAJIEILUIABAJIBHBIX IIEYEMN,
®AKEJbHBIX HATPEBATEJBHBIX IIEYEN, TOITIOK ITAPOBBIX KOTJIOB,
KAMEP CI'OPAHMA I'A3OTYPBUHHBIX YCTAHOBOK

A.H. Maxapoe
Tsepckoii cocyoapcmeenHblli mexHudueckui ynugepcumem (2. Teepn)

© Maxkapos A.H., 2024

AHHoTanus. V310%eHbl pe3ynbTarThl aHaliM3a HWCTOYHUKOB TEIUIA, MOCTYMHAIOIIEro B
BBICOKOMOIIIHYIO AyTroByt0 craneriaBuibHyto neub (JCII). Yka3ano, uto snekTpuyeckue Iyru
ABJIAIOTCS OCHOBHbIMM HcTouyHuMKaMu Temia B JICII; TeriooOMeH MOHU3MPOBAHHBIX T'a30BBIX
00BEMOB Iy U HEMOHU3UPOBAHHBIX I'a30BBIX 00BEMOB (haKeloB ra30KUCIOPOJHBIX TOPENOK ¢
nosepxHocTaMu HarpeBa B JICII ocymiecTBisieTcs TEIIOBBIM M3IydeHHEM. Jloka3aHO Haauuue
3HAYUTENBHOM IOTPEeIIHOCTH NpPU pacyeTe TermiooOMeHa ra3oBbIX O0BEMOB Iyr, (akenoB c
MOBEPXHOCTSMU HarpeBa I0 3aKOHY TEIUIOBOIO W3JIY4YEHMsI TBEPABIX TeEJ, T.6. IO 3aKOHY
Credana — bonsimana. Paccmorpensl oTkpeiThie B Poccun B 1996-2001 romax 3akoHBI
KBaHTOBOT'O TEIJIOBOTO H3JIyUYE€HHUsI Ta30BbIX 00bEMOB anekTpuyeckux ayr u ¢akenos JICII,
(axenoB, ¢pakenbHbIX HarpeBarenbHbIX nedyeil (PHII), Tonok napossix koTioB (TIIK) TemmoBbix
anekTpudeckux craHuui, kamep cropanus (KC) razorypOunubix yctaHoBok (I'TY) amekrpo-
ctaHuui. OTMEUEHO, YTO, COIJIACHO OTKPBITBIM 33aKOHaM, B Ta30Bble O0OBEMBI IYyT, (pakenoB
BIIMCBHIBAIOTCS IWJIMHJPUYECKHUE Ta30Bble 00ObEMBI M B pacueTax MX TEIUIOBOE M3Iy4YEHHE C
BBICOKOM TOYHOCTBIO MOJENHUPYETCS TEIIOBBIM U3IyYEHUEM LWINHAPUYECKUX OCEH CUMMETPHUH.
Ha ocHoBe OTKpHITBIX 3aKOHOB pa3paboTaHa Meroauka pacuera termiooomena B JICII, ®HII,
TIIK, KCT'TY.

KuiroueBble cioBa: snekTpuyeckas ayra, ¢akes, TEIIOOOMEH H3JIydeHHEM, ra3oBble
00BEMBI, 3aKOHBI TETJIOBOTO U3JTyYSHHMs], IEUH, TOTIKH, KaMepbl CTOPaHUsl.

DOI: 10.46573/2658-7459-2024-4-58-67

BBE/IEHHE

ONEeKTPUYECKHUE IyTU SBISAIOTCS OCHOBHBIMM MCTOYHHMKAMHM TeEIUIa B JYTOBBIX CTaje-
mwiaBwibHbIX neyax (JICII). CornmacHo pe3ynbTaTraM aHaiu3a JHEPreTHMYECKHUX OallaHCOB, Ha
JIOJII0 IyT B COBpeMEHHBIX BbicokoMoIHbIX JICII npuxogutcs 55—65 % Temia, nocTynaroIero B
neusb. Jlonu temna, BbiHOcuMOro B JICII npyrumMu HCTOUHMKAMHU, PACIPENEISIOTCS CIEAYIOLUM
o0pa3oMm: Temio peakuuii okuciaeHus metamwia — 12-20 %; temno ¢akenoB (ra3oBbix 00BHEMOB)
razokuciopoubix ropenok (I'KIY) — 7-14 %; Tenno HMHXKEKTOPOB YroJbHOTO MOPOIIKAa —
12-18 % [1; 2]. Cpeau BHemHUX HMCTOYHUKOB SHepruu (ayr, daxenoB I'KI', mHxKeKkTOpOB)
AIIEKTPUUYECKUE AYTU SBIAIOTCA Hanbosee 3PPEeKTUBHBIMH UCTOYHUKAMHU TEIUIOBOW PHEPTUH B
JCII. Koaddumment mosesHoro ucnonbzoBanus Terma ayr (KIIJ myr) 3a omHy miaBky B
coBpeMeHHbIX BbicOkoMomHbIX JICIT B cpemnem cocraBusier 0,76—0,78, xoadduimeHt
MOJIC3HOTO HMCIIOJB30BaHMs Teria ra3oBeix o0bemMoB (akenoB ['KIT He mpeswimaer 0,55, a
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KO3(QHUIMEHT TOJE3HOr0 HCHOJIB30BAHUS TEIUIA Ta30BBIX OOBEMOB HH)KEKTOPOB YrOJIHHOTO
nopomika cocrasiser 0,28-0,36 [2]. KoadduuueHT mosie3HOro MCIonb30BaHUS TEIIa Ta30BbIX
o0bemoB (axeno ['KI' makcumareH B Hayalle pacIUIaBICHUS IIUXTHI MPH TOpPEHUHU (akena B
Hume B muxTe. OH cHwkaerca no 3HadeHus 0,25-0,3 npu ropenun ¢akema ['KIT Ha
KHUJIKOMETAUINYECKYyI0 BaHHY. KOa(pHUIMEHT MOoJe3HOro MCMOIb30BaHUS TEIUIa BHYTPEHHETO
UCTOYHUKA TEIJIOBOM HSHEPruu pEaKIMH OKUCICHHs MeTauioB cocraBiser 1,0. Dto Temso
MOJIHOCTBIO yCBauWBaeTcsi BaHHOW [2], HO okucisATh, cxurarb merami B JCIl sxonHomuuecku
Heleaecoo0pasHo.

Bcest anexTprdeckass MOIHOCTb, MOJBEACHHASA K Jyre, Mpeodpasyercss B Hell B TEIJIOBON
notok. TermnooOMeH anekTpuueckux Ayr ¢ noBepxHocTsmu Harpea B JICII ocymecTBisiercs 3a
cyer TeruioBoro u3nyudeHus [3]. TeruioBble MOTOKM, MaJaOlME HAa TOBEPXHOCTH CTEH, CBOJA,
BaHHbI, Ha 95 % COCTOAT W3 MOTOKOB TEIIOBBIX M3nydeHuil [2; 3]. B BwicokomouHbix JCII
92-94 % MOILIHOCTH AYTU BbLIEISETCS B CTOJI0E TYT'H, PEICTABIIAIOLIEM COOON HOHU3UPOBAHHBIN
ra3oBblii 00bEeM, U U3TY4aeTcsl UM B BUJE TEIUIOBOIO MOTOKA BO BCEX HAMPABJICHHUSAX B paboyem
npoctpanctBe JCII. Cron6 myrm B [ICII — 5TO MOHM3MPOBaHHBIN Ta30BBIi 00BeM B (opme
YCEUEHHOT0 KOHYyca. B CBsI3u ¢ paBHOMEPHBIM pachpezesieHHeM MOIIHOCTU IO BBICOTE CTOJIOA B
pacueTax TemI000MeHa OH MOJIEIUPYETCS IMIMHIPUYECKUM HOHU3UPOBAHHBIM ra30BbIM 00BEMOM
[2]. He3naunrtenbHas 4acTh MOIIHOCTU (2—3 % MOIIHOCTU IIyTH) MEpeAaeTcss HOHU3UPOBAHHBIM
ra3oM Ha OCHOBE KOHBEKLUMH BaHHe Merauia. Yactb MomHoctH (5—8 % MOLIHOCTH Jayru)
BBIJICNIIETCS B AQHOJHO-KATOAHBIX MSTHAX Ha AJIEKTPOJE€ M B BaHHE MeTalla U Meperaercs
TETIONMPOBOAHOCTBIO B PABHBIX JIOJSIX 00beMaM IpaduTOBOTO 3JIEKTPOa U BAHHBI METaJLIA.

ITpu daxensHOM cxxurannu TorumBa B ['KIT JICIL, B ¢akenbHBIX HarpeBaTelIbHBIX MedYax
(®HII) B MeTayuTypruu ¥ MallMHOCTPOEHUH, B Tonkax napoBbix KoTioB (TIIK), kamepax cropanus
(KC) razorypounnbix ycranoBok (I'TY) rtemnoBbix snekrpuueckux craHimii (TOC) TemnmoBble
MOTOKH, TIaJIAI0NIIE OT ra30BOro oobeMa (pakena Ha MOBEPXHOCTHU HarpeBa, Ha 95-97 % cocrosT U3
MOTOKOB TeryioBoro u3nmydeHust [4—7]. Ilpoueccsl npeoOpa3oBaHusl SNEKTPUUECKOW SHEPTHU B
ra3oBoM o0beMe ekTpuueckoi nyru, ropsmeid B JICII, u sHeprun TommmBa npu ero GaxeabHOM
cokuranun B I'KI' B TIIK TOC, KC I'TY TOC uAoeHTHUUYHBL DJIEKTpUYECKass SHEPrus B
anextpuueckor ayre JICII u sHeprus TommBa npu ero (akelIbHOM CXKUIAaHUU MPeoOpas3yroTcs B
NOTOK TerioBoro u3nydeHus [8]. Ha mporsbkennn XX Beka, 10 OTKpwITHs B Poccun 3akoHOB
TEMJIOBOTO M3Ty4YEHHs] HOHU3UPOBaHHBIX (AnekTpudeckas ayra B JICIT) u HeoHusnpoBaHHbIX ((paken
['KT' B mewax, Tomkax, KC) ra3oBbIx 00beMOB, pacuer TemiooOMeHa B medax, Tomkax, KC
OCYIIIECTBIBUTN TI0 3aKOHY TEIJIOBOTO M3mydeHus: TBepasix Ten Credana — bomsimana [4-8]. Ha
OCHOBE JaHHOTO 3aKOHa ObUIM pa3paboTaHbl MeTonbl pacuera Yanapacekapa, llIBapribaa—
[Ilycrepa, 30HANBHBIN, YHCIEHHBIA M Jpyrue, OJHAKO OHHM HE NOJIYYWIM IIUPOKOro pac-
NPOCTPaHEHHS, TaK KaK W3Ty4eHHE Ta30BbIX 00bEMOB HE MOJUUHSAETCS 3aKOHY TEIIOBOTO M3ITyYEHHS
TBEpABIX Tel W MorpemHocts pacueroB cocrtabisier 200-300 % u Gonee [8]. [lnoTHOCTH MOTOKA
TEMJIOBOTO W3JIyYEHMs TBEPIOrO Teja, TOIUIMBA Ha HarpeBacMoe TBEPJOE TEJO, COITIACHO 3aKOHY
Credana — bonbimana, onpexaensiercs o popmyie [4-7]

1= com(555) (o) | m

rae ¢, — Koodduument usnydeHus abcomorHo vepHoro Tena (AYT); &;, — nmpuBeAeHHbIH

K03(QQUIMEHT u3irydenus; T, , T, — TEMIEpaTypa ropsuiero TBEpAOro TOIIMBA Ha KOJOCHUKOBBIX

59



Ne 4 (24), 2024 Bectauk TBepcKOro rocy1apCTBEHHOIO TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIIEKTPOTEXHUKA U XUMUYECKUE TEXHOJIOT UM

pelIeTKax 1 MOBEPXHOCTH HarpeBa COOTBETCTBEHHO, K; (945 — yrnoBoil koaddunuenr, T.e. qomus
U3JIY4EHUs CII0sl TOIJIMBA Ha MIOBEPXHOCTh HAarpeBa.

IIOI'PEHNTHOCTh CYHIECTBYROLIITUX METO/IOB PACYETA TEII/IOOBMEHA
B JICII, ®HII, TIIK, KCTTY
3akon Ctedana — bonbliMaHa ucCHonb3yeTcsl IJsl ONpEAeNeHUS IUIOTHOCTEH MOTOKOB
TEIUIOBBIX M3IIy4EHUH TBEpAOro TorumBa (yris, Topda, cimaHieB) (puc. 1), Haxomsmerocs Ha
KOJIOCHMKOBBIX peEIIeTKax, Ha dKpaHHble moBepxHOcTH Tpyo B TIIK snekrpocraniuii. B aTom
clly4yae Ha3BaHHBIN 3aKOH JaeT 0€3yKOPU3HEHHBIN pe3ybTaT pacueta [4].

Puc. 1. 'openue TBEp10TO TOIIMBA HA KOJOCHUKOBOM pemerke B TIIK

Ucnons3zoBanne 3akona Credana — bombiiMana naisi pacdera IUIOTHOCTEH IOTOKOB
TEIIOBOT'O M3JIy4eHHsI Ta30BbIX 00beMOB AnekTpuueckux ayr, ¢pakenos I'KI' B JICII, ¢dakenos B
HarpeBatesnbHbix nedax, TIIK, KC ITY B »dHepreTuke MNpUBOAUT K 3HAUYUTEIbHBIM
norpemHocTsM. Hanmpumep, 8 @HII nis HarpeBa cuTKOB nepes NpOKaTKOM MOITHOCTB I'a30BOI0
o0wvema ¢akena I'KI', co3gaHHOrO ckMraHueM razoo0pasHoro TOIUIMBA, coctaBuia 5 MBT npu
temneparype 20 °C nomaBaemoro B I'KI' Bo3gyxa. CpenHemaccoBas TemrepaTypa Ia30BOIO
obwvema daxena coctasiusger 1 300 °C [9]. Cpennsisi MIOTHOCTh TEIIOBOTO MOTOKA H3ITy4EHUS
ra3zoBoro o0bema (pakena Ha pacueTHYIO IJIOLIAAKY Ha CIUTKaX, paccunTaHHas no gopmyne (1),
paBHusercs 40 kB/M’. [Ipu nogorpese nonasaemoro B I'KI" Boznyxa no 600 °C cpegnemaccoBas
Temmeparypa razoporo oobema ¢akena Bospocia 1o 2 000 °C, a momHocTh ¢akena — Ha 17 %.
[Ipu pacuerax 1o BbIpaxkeHHUIO (1) MIOTHOCTH MOTOKA TEIMJIOBOTO M3IYYEHHUs T'a30BOr0 oobema
dakena Ha pacyeTHYIO TUIONIAJKY Ha CIUTKaxX yBenuumwiach ¢ 40 go 200 kBr/M%, T.. B 5 pas, a
CKOPOCTb HAarpeBa CIMTKOB TaK)XXe JOJDKHA BO3pacTH B 5 pa3, 4YTO IPOTUBOPEUYUT 3aKOHY
COXpaHEHHUsI PHEPruH. B peanpHBIX YCIOBUAX SKCIUTyaTallid HarpeBaeMoil medyu MpH Mojorpese
Bo3ayxa g0 600 °C u yBenWYeHHH MOIIHOCTH Tra3oBoro oobema Qakena Ha 17 % MIOTHOCTH
TEIUIOBOTO MOTOKA OT (hakesa U CKOPOCTh HarpeBa CIMTKOB YBEIMUMUIUCHh Ha 17 %, T.e. mpsaMo
IPONOPIMOHATIBHO YBEIMUYEHHIO MOIIHOCTH Ta30BOT0 oObeMa Qakena, a HE TeMmIepaTrype B
yetBepToil crenenu [9]. IlorpemrHocTs B pacyeTax TEIIOBOTO M3JIY4YEHHs Tra3oBOro odbema
(akena Ha MOBEPXHOCTh CIMTKOB COCTABMJIA, COTJIACHO 3aKOHY TEIJIOBOTO M3JIYYEHHUS TBEPABIX
ten, 427 %.

[IpumeHeHHne 3aKOHA TEIUIOBOTO W3NMy4deHHus TBepAbIX Ten ((opmynsl (1)) mis pacuera
IUIOTHOCTH IIOTOKA TEIUIOBOTO W3JIyd€HHUs TIa30BOr0 HOHU3MPOBAHHOIO 00OBEMa JAyru Ha

60



Ne 4 (24), 2024 BectHuk TBEpCKOro rocy1apCTBEHHOr0 TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIIEKTPOTEXHUKA U XUMUYECKUE TEXHOJIOT UM

pacuetHble miowmwanaku B JICII takke nenpuemnemo. CpegnemaccoBas temieparypa ayru B JICII
BCEro HoMeHknaTypHoro pazaa ot 0,5 mo 200 T B skuakue nepuoisl miaBku coctasiser 6 000 °C
[10-12]. IIpu pacuerax no ¢opmyre (1) moaydaem oJUHAKOBYIO TUNIOTHOCTH MOTOKA TEIJIOBOTO
u3nydeHus ayru Ha noBepxHoctu Harpea B JICII-1,5 u ACII-150 (1,5 u 150 T), oguHakoByto
MPOU3BOJAUTENBHOCT Teuell mnpu MomHoct ayr B 3tux nedax 0,4 MBtr u 80 MBT
COOTBETCTBEHHO. B peanbHOCcTH npom3BoguTenbHOCTh 1,5-ToHHO#M JICII coctaBnser 0,5 1/4, a
150-rornO# — ok010 200 T/4, T.€. MpousBoauTeNbHOCTH JICII 3aBUCHT OT MOIITHOCTH YT, a HE OT
TEMIEpaTypbl Oyr B YETBEPTOM CTEMEeHM, 3aKOH TEIJIOBOIO H3Iy4deHHs TBepabix Ten (1)
HENpUeMJIEM Ui pacdera TerIoOOMEHa Ta30BbIX HOHH3UPOBAHHBIX W HEHOHH3WPOBAHHBIX
00BEMOB € MTOBEPXHOCTAMHU Harpena.

3AKOHBI TEII/IOBOI'O H31YYEHHUA I'A30BbIX OB bEMOB
B 1996-2001 romst B Poccum OBUIM OTKPBITHI 3aKOHBI TEIIOBOTO W3IyYCHUS
uoHusupoBaHHbIX (dnextpuyeckue ayru B JICII) m HenonusupoBaHHbIX (Paxenst B JCII,
HarpeBarenbHbIX medax, TIIK, KC I'TY) razoBeix oobemoB [13]. IlepBblii 3aKOH TEIIOBOTO
U3JIy4EeHUs] HOHU3UPOBAaHHBIX U HEMOHU3UPOBAHHBIX ra30BbIX 00BEMOB 10001 Gpopmsbl (puc. 2) u
TOOBIX TA0APHUTOB BHIBEIIM Ha OCHOBE MaTeMaTH4ecKkux pacueToB [8; 13]. OH uMmeeT ciemyromnmmii
BUJL:

oy — PrePr
[F ™ pgkl’ ()
rac qu — INIOTHOCTH IIOTOKa TCIIJIOBOI'O HM3JIYUCHHSA Ta30BOI0 oObeMa Ha PaCUCTHYIO

mnomanky F, kBt/M*; @rp — yrioBoii ko3 (UIHEHT, T.e. IO H3TydeHHs ra30BOro o0beMa Ha
pacueTHylo MmIomanky; Pr — MOUIHOCTh ra3oBoro o6bema, kBT, F — miomagb pacyeTHOM
TUIOMAKH, M; € — YHCIIO HATYPAIbHBIX JOrapupMos; K — kod()OUIHEHT MOrNOMEHHS Ta30BOr0

o0bema; | — cpemHss IIMHAa TyTH Jydell KBaHTOB OT BCEX aTOMOB Ta30BOr0 00beMa 10
pacUeTHOM MIIOIAKH, M.

Puc. 2. T'openne raz0006pa3HoOro, >KUIKOT0, MEUIEBHAHOTO TOTIJINBA
¢ obpazoBanueM razosoro oosema B TIIK [14]

Omnpenenenue A0NM U3TY4YEHUS Ta30BOro oObEeMa Ha pACUETHYIO IUIOINAAKY U
YCTaHOBJICHHE CpEAHEW [UIMHBI MyTH Jydell KBAHTOB OT BCEX aTOMOB TIa30BOro obbeMma 10
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IUIOLIA/IKK — 3TO CBEPXCJIOKHBIE MaTeMaTudeckue 3a1aun. /st onpenenenus 101U U3JIydeHus u
cpedHeil [UTHHBI MyTeil KBAaHTOB OT BCeX KBUHTHLIHOHOB (10°°) aTomoB razoBoro o6bema
HEOOXOAMMO PEIINTh TPEXKpPATHbIE HHTETpalbHbIE ypaBHEHHUS MO JUIMHE, IIUPUHE, BBICOTE
razoBoro oobemMa. B XX Beke pelieHus JaHHBIX ypaBHEHUH 1Mo o0beMy ra3oBoro odobema He
ObLI0 HaliieHo HU B Poccuu, HU B Jpyrux crpaHax. 3aJayd pacuera JI0JIM U3JIyuYeHUsl Ia30BOro
o0beMa Ha IIIOIIAJKY U CPEAHEH UTMHBI TyTH KBAHTOB OT BCEX aTOMOB JI0 PACUETHOM MIIOIIAIKU
ObUIM PEUICHbl aBTOPOM HACTOALICH PabOTHI MOCIE OTKPBITHS 3aKOHOB TEIJIOBOTO H3JIyYCHHS
MUAJTUHAPUYECKUX ra30BbIX 00beMoB [8; 13]. Lumuuapudeckue ra3oBbie 00bEMbI BITUCHIBAIOTCS B
ra3oBble 00BeMBI dNeKTpudeckux ayr, paxenos ['KI™ ACII, ®HII, TIIK, KC I'TY TOC.

Bropoii 3akoH TEmJIOBOrO W3JIy4yeHUS Ta30BBIX OOBEMOB HMEET CIEIYIOIIYIO
(GOpPMYITHPOBKY M aHATUTUYECKYIO 3aIHCh: «YTIIOBBIE KO3()(DUIMEHTHI, T.€. OIS M3IydeHHUs Ha

PaCyYCTHYIO IUIOINAAKY, NUIMHAPUYCCKOI'O ra3doBoro obbeMa Q.'JI"F n €ro HHHHHHqueCKOﬁ oCcHu

CHMMETPHH (I PABHBI IPU PABEHCTBE KOJIMYECTBA aTOMOB M MOIIHOCTEH B IIMJIMHIPHYECKOM
0o0BbeMe U ero HUIMHIPUUECKOH OCH CUMMETPUN»:

Prr = Por- €)

VYHUKaIbHOE SIBJICHHE, ONHMCAHHOE BTOPHIM 3aKOHOM TEIJIOBOTO H3JyYEHHUS TIa30BbIX
00BEMOB, MPOUCXOAUT B TOM Cllydae, KOI/la BCE aTOMbl OOJIBLIOTO HMJIMHAPUYECKOTO ra30BOr0
o0beMa pagualbHBIM YCWIIMEM CXaThl Ha IWIMHAPHYECKYIO OCh oObema. B aToM ciyuae
MOITHOCTH TEIUIOBOTO M3JIyYEHHs LMIMHIPUYECKOIO Ia30BOr0 00beMa U €ro IHJINHAPHYECKON
OCH CHUMMETpPUHU paBHBbI. BTOpOI 3aKOH TEMJIOBOrO M3JIY4E€HHs Ta30BbIX OOBEMOB IO3BOJIHII
OCYIIECTBUTH NEPEXOJ OT HEPEIIEHHBIX TPOWHBIX HMHTETPAJIOB IO JJIMHE, LIMPUHE, BBICOTE
razoBoro oObema (IpU ONpENeNeHUH JIOJM U3Iy4YeHHs Ta30BOro oObeMa Ha pPacyeTHYIO
IUIOINAAKY M CpelHell AJUHBI MyTH KBAaHTOB OT BCEX aTOMOB o0beMa [0 IUIOMIAJKH) K
OJIHOKpPaTHBIM MHTErpajaM IO BBICOTE OCH CUMMETPUHU Ta30BOr0 00beMa C T€OMETPUUECKUMU U
TPUTOHOMETPUUYECKUMHM ~ (YHKLUSAMU B TOJBIHTETPAJIbHBIX BBIPAKEHHSX, CBSA3BIBAIOIINX
IUIOIIAJIKYy W BCE aTroMbl razoBoro oOwnema. OpHOKpaTHbIE MHTErpajibl Ui pacdera J0Ju
U3IY4YEHUs HWINHAPUYECKOT0 Ta30Boro oobema snekrpudeckoit ayru, ¢akena I'KI™ JICII, OHII,
TIIK, KC I'TY Ha pacueTHyl IUIOLIaJIKy pELIEHbl aBTOPOM Ul JHOOOro MOJIOKEHUs
WIMHAPUYECKON OCH CUMMETPUU Ta30BOro o0bema Ayru, dakena 1 pacueTHOM miiomaaku [8].

C OTKpBITHEM TPETHETO 3aKOHA TEIJIOBOTO M3JIyUYEHHUS ra30BbIX 00HEMOB ObLIO HAWJIEHO
IIPOCTOE PEIIEHUE CBEPXCIOXKHOW 3a/lauMl OINPENEICHMs CPEAHEN JUIMHBI IIyTH KBAHTOB OT BCEX
KBUHTHUJUIMOHOB aTOMOB Ta30BOTO O0OBeMa J0 pacueTHOM riomanku: «CpenHssi IIuHA MyTH
KBAaHTOB OT BCEX KBUHTHJUIMOHOB aTOMOB LMJIMHIPUYECKOTO Ta3zoBOro o0beMa 10 pacyeTHOM

wiomanku [rp paBHa cpenHeapuPpMETHIECKOMY PACCTOSHUIO OT OCH CHMMETPHH IIMJIHH/PH-

YeCKOro ra3oBoro oosema lgp 10 pac4eTHOM IIOMmaKn»:

Irr = lop- 4)
Tperuit 3ak0H TEMJIOBOrO M3IY4YEHHS Ta30BbIX OOBEMOB Jajl BO3MOXHOCTH DPELIUTH B
Poccun cBepxcnoxHyto 3amauy (kKoTopas He Oblla pelieHa B JApPYrUX CTpaHax MHpa)
onpejieNieHusl CpelHed [UIMHBI MyTH KBAaHTOB OT aTOMOB (KOTOpbIX, Hampumep, B TIIK
sHeprodioka 800 MBT cronbko, CKOJIBKO MecunHOK B mycThiHe Caxapa) 10 pacyeTHOM
wiomaaky. Ilocie OTKpBITUS TPEThEro 3aKOHA TEIUIOBOIO H3JIYy4EHHMs Ta30BbIX OOBEMOB
peleHne 3a71a491 0Ka3ajaoch MPOCTHIM (B HECKOJIBKO anredpandeckux aeicTsuii) [8].
YerBepThlii 3aKOH TEMJIOBOIO M3JIyY€HHUS Ta30BbIX OOBEMOB SBIIAETCS CIEACTBUEM
BTOPOTO M TPETHETO 3aKOHOB: «IlIOTHOCTH NOTOKOB TEIJIOBBIX W3JIYYEHHH Ha PAacCUYETHYIO
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IIom@aaKy HUJINHAPUYCCKOro rasoBoro obbema qu M ra3oBoro o0beMa ero HHHHHHpH‘IeCKOfI
OCH CUMMCTPHH g PABHBI IIPHM PABCHCTBC B 3THUX T'a30BbIX 0o0beMax KOJIUYCCTBA N3Tydaromumx
aTOMOB H MOH.IHOCTGﬁ TCIIJIOBBIX H3Hy‘leHHI>i»Z

drr = Yor- (%)

OTKpBITHE 33aKOHOB TEIUIOBOTO H3JIYYCHHSI Ta30BBIX OOBEMOB IO3BOJIMJIO BBISBUTH

VHHUKaJIbHOE (PU3MUECKOe SIBJIIEHHE: B Ta30Bble 00beMblI 3yeKTpuueckux nyr, (axemnoB ['KID,

dakeno mo0bix pasmepoB DHII, TIIK, KC MoXHO BOUCHIBATH MHJIWHAPUICCKUE Ta30BBIC

00BEMBI U MOJIEIIUPOBATh, PACCUUTHIBATH C BHICOKOW TOUYHOCTHIO TEIJIOBOE M3JIYyYEHHUE T'a30BOTO

o0beMa Ha OCHOBE TEIUIOBOTO H3IYYCHHS €ro IMIIMHIPUYECKOW OCH CUMMETPUU HA JIOOYIO
PacCUETHYIO IUIOMIAIKY.

MYIbTH/TUCHUII/THHAPHOE UCIIO/IB30BAHHE
34AKOHOB TEIL/IOBOI'O U3/IYYEHHA I'A30BbIX OB bEKTOB

B snekrpuueckyro ayry JICII BnuchiBaeTCsl OAMH WIMHIPUYECKUN Ta30BbI 00beM. B
razoBeie 00beMbl (akenmoB ['KIT JICII, dakemor ®HII, TIIK, KC (B 3aBucHMOCTH OT
pacripesielieHusl M30TepM 1O 00beMy (hakena) BIUCHIBAIOTCS HECKOJBKO LMIMHIPUYECKUX
ra3oBbIX 00bEMOB WJIM HECKOJIBKO JAECATKOB LIMJIMHAPUYECKUX Ia30BbIX 00OBEMOB, OT KaXk/10I0 U3
KOTOpbIX 1O (opmyie (1) ompenensrorcs IUIOTHOCTH HMOTOKOB H3IYYEHHUH IMIMHAPUYECKUX
ra3oBbIX OOBEMOB M CyMMapHas IUIOTHOCTb IIOTOKA TEIUIOBOTO H3JIy4€HUs ra3oBOro odbema
¢akena. B kuure [8] mpuBeneHbl 3KCIEPUMEHTAIbHbIE MOATBEPIKICHHS OTKPBITBIX 3aKOHOB.
W3mepenust TtemnoBblX MOTOKOB Ha jedcTBytrommx JICII cBuaeTenbCTBYIOT O TOM, 4YTO
HOTPEIIHOCTh NMPU MaTEeMaTHUYECKOM MOJETUPOBAaHMU TEIUIOBOTO M3JIyUYEHHs T'a30BbIX 0OBEMOB
anektpuueckux nyr, ¢akenos ['KI' B JICII, ¢akenos B @HII, TTIK, KC temmoBbM u3aydyeHnEeM
BIIMCAHHBIX B HUX LIMJIMHJIPUUYECKUX I'a30BbIX 00BEMOB, UX LMIMHJIPUYECKOH OCbIO CUMMETPHUH
He TpeBbImaeT 6—8 %.

OTKpBbITbIE 3aKOHBI TEIUIOBOI'O M3JIyYEHHs Ta30BbIX OOBEMOB, KaK M 3aKOHBI TEMJIOBOTO
u3nydeHus: TBepiablx Ten Credana — bonpimana, oTHOcATCS K (DyHAaMEHTalIbHBIM 3aKOHaM
¢u3uky, 061a1a0T MYJIBTUAMCHUIUIMHAPHOCTBIO M UCHOJB3YIOTCS B METATypIruH, SHEPreTUKE,
pa3IUYHBIX OTpacisx MamuHocTpoeHus [8; 13]. PaspaboranHas Ha OCHOBE HayYHOTO OTKPBITHS
METOAMKA MO3BOJISIET paccuuTaTh TemoooMeH razooro oobema (akena I'KI™ m moBepxHocTeit
Harpesa JICIl mpu ux mr000M NPOCTPAHCTBEHHOM TIOJIOKEHUHU. PacdeTsl pacmpeneneHus
IUIOTHOCTEH TMOTOKOB TEIUIOBBIX H3JIydeHHUil rasosoro odbema daxena I'KI' mo moepxHocTH
BaHHBI, COIVIACHO OTKPBITHIM 3aKOHaM M pa3pabOTaHHON METOJMKE pacyeTa, MOKAa3bIBAIOT, YTO
4YeM MEHbIIE YroJl MEeXIYy OChI0 CHMMETpUHU razoBoro odbema ¢akena I'KI' u moBepXHOCTBIO
BaHHBI, T€M OOJbIIE IIOTHOCTh TEIJIOBOTO IMOTOKAa M3JIy4EHHs] ra3oBoro oobema Qaxena Ha
MIOBEPXHOCTh BaHHHI [§; 13].

OTkpbiTHE (QYHIAMEHTAJbHBIX 3aKOHOB (U3UKH — peaKoe coObITHE B HCTOPUU
4eJI0BEYEeCTBA, KOTOpPOE MpoucxoautT oauH pas B 80—100 nert. [ToarBepkaeHreM naHHOTO (akTa
ABIISAIOTCA y4eOHMKU Qu3uku [15], B KOTOphIX H350keHbl 0k010 30 GyHIaMeHTaIbHBIX 3aKOHOB
¢u3uky, OTKpbITHIE 3a mocieanue 2 500 ner ucropum yenoBeuecTBa. [locie yupexaeHus
HoGenesckoit npemun B 1900 . yueHble, OTKpbIBIINE (PyHAAMEHTaIbHbIE 3aKOHBI (PU3UKH, ObLIN
ee ynoctoeHsl: B. BUH — 3a OTKpbITHE 3aKOHOB TEIUIOBOTO M3MydeHHUs TBepabix Ten (1911 r.),
M. Ilmank — 3a oTkpbeiTHE KBaHTa m3nydeHus (1918 r.), H. bop — 3a 3acinyrun B m3ydeHHH
CTpOeHHS aroma U u3nydeHus u3 Hero (1922 r.). HoGeneBckoii mpemMun ObUTH ObI YIOCTOCHBI U
Credan ¢ bonabiiMaHoM 3a OTKpBITHE 3aKOHA TEIUIOBOTO U3Jy4EHHs TBEPIOTO Teja, HO OHA Oblia
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yupexaeHa yxe nocie ux cmeptd. C 1922 r. u o nacrosimero Bpemenn HoOeneBckas npemust
MpUCYK1aiach 3a OTKPBITUS SBJICHUHN IPUPOJIBI (HAIPUMEpP, HEUTPOHA, TO3UTPOHA, KOCMUYECKHIX
JTy4el U T.1.), BETUKUE U300peTeHus (K MpUMEpY, HHTErPaIbHbIE CXEMbl, ONTHYECKUE CUCTEMBI
nepesavyn JaHHBIX, CBETOAMO/IbI), HO HU pa3y He MPUCYKAAIACh 32 OTKPBITUE (YHIaMEHTAIbHBIX
3aKOHOB (DU3HKH, MMOCKOJIBKY Ttociie 1922 1. He ObLIO COBEPIIIEHO OTKPBITUN TAKOTO YpOoBHS [15].

Ha ocHOBe 3aKkOHOB TEIJIOBOTO M3JIy4eHHsI Ta30BbIX OO0BEMOB ObLTa pazpaboTaHa
meroauka pacdera Tteriooomena B JICII, mo3Bomsiomas oOnpeAenuTbh TEIJIOBBIE IOTOKH
U3NTy4yeHUs, Majalolue OT AYr C pa3jiuuyHbIMH TE€OMETPUYECKHUMH M DJICKTPUYECKUMU
napamMeTpaMM Ha TOBEPXHOCTH CTEH, CBOJA, BaHHBI, paccuuTaTh KO3(PPHUIMEHT MOJIE3HOTO
ucnonb3oBanus Temna ayr Ny (KIIZ nyr) npu pa3auuHbIX 3J€KTPOTEXHOIOIHYECKUX PEXUMAX,
BBICOTE CJIOSl IIJIaKa, JWaMeTpe pachaja »3JIEeKTPOJIOB, PACCTOSHUM OT JYyr JIO0 CTEH,
MPOTHO3UPOBATh YJCIbHBIN PACXO]l AIEKTPOIHEPTHH MPHU 3ariTyOJIeHUU YT B IUIAK Pa3TuYHON
BBICOTBI U ONPENENIATh IPYIHe dHEPreTUYecKue napamerpsl miaBok [8; 13]. OTKpbITbIE 3aKOHBI
TEIUIOBOTO M3ITyYEHUS Ta30BBIX 00BEMOB MO3BOJIWIN YCTAHOBUTD, YTO MPH MOJTHOM 3ariayOsieHuu
IyT B LUIAK TEIUIOBBbIE NTOTOKU UX M3Iy4EHHs MPeoOpa3yroTcs B YIUIyOJEHUsAX B BaHHE, LIUIAKE B
MOTOKM KOHBEKTHUBHBIE MPU TYypOyJEHTHOM IMEpeMEUICHUH [yramMu Ijjaka u MeTaia H3
yriayOieHHsl Ha TOBEPXHOCTh BaHHBI, & TAK)KE B INOTOKU TEIJIONPOBOJIHOCTH, HarpEBaIOIIUE BECh
o0beM BaHHbl W mwutak [13]. OcraroTcs HEM3y4yeHHBIMU MPOIECCH TEIUIONEepenayd Ayr B
yOIyONeHWsIX B BaHHE MeTajula M IIUTaKe M IPOIECCHl Mepefadd TeIula U3 YrIIyOJeHHWH oA
oyramMu Ha nepudepuiiHble y4acTKHM BaHHBI, Ha mNepu(epHilHble YJacTKH I[UIaka U MeTalla,
OTCYTCTBYIOT JaHHbIE O pACIPEAEICHUM M30TEPM [0 IOBEPXHOCTH IUJIAKa W MeTaula B
OKUCIUTENbHBIN EpUOJ Mepe] BBIIMYCKOM METalIa B €Yb-KOBIIL.

3AK/TIOYEHUE

Ha ocHoBe Hay4HOro OTKpBITHSI aBTOpPOM ObLIa pa3paboTaHa TEOpHUsl TEII0OOMEHa B
JCII, ©HII, TIIK, KC I'TY. Ona npeacrasiena B yueOHOM nocobuu [13] u monorpaduu [8].
[Tocobue pexkoMeH10BaHO (eiepalibHBIM YUeOHO-METOINYECKUM O0BEIMHEHHEM TI0 00pa30BaHHUIO
B 00JIaCTH METAJUTYpIUH JUISl UCIIOJIb30BAHUS B YHUBEpcUTeTaX. Kak v OTKpbIThIE 3aKOHBI, y4eOHUK
MYJIbTUIUCIMITIMHAPEH U IPUMEHSETCS ITPU 00Y4YEHUH CTYAECHTOB, MarCTPaHTOB, CIIMPAHTOB IO
HanpasieHusIM «Mertamtyprus», «TernosHepreTuka M TEIJIOTEXHUKA», «DJIEKTPOIHEPreTHKa
U DJIEKTPOTEXHHKa» «DHEPreTHuecKoe MalluHocTpoeHue», «Texuuueckas ¢usuka», «TexHo-
JIOTMYECKUE MallMHBl U 000pyloBaHUe» B Belymmx yHuBepcurerax Poccun: MUCHUC; MOU;
MITY wum. H.D. baymana; MOCKOBCKOM TIOJUTEXHUYECKOM YHHUBEpcUTeTe; Y pumMckoM
AaBUALMOHHOM TEXHHUYECKOM YyHHUBepcuTeTe; HOXKHO-YpalbCcKOM TIOCylapCTBEHHOM YHHUBED-
cutere; Kazanckom (IIpuBomxckom) denepanbHOM yHUBepcutere; KazaHCKOM HalmoOHAIBHOM
UCCIIEIOBATEILCKOM TEXHUYECKOM YHUBEPCUTETE; YPaTbCKOM (QelepaIbHOM YHUBEPCUTETE;
TomMckoM monuTexHUYECKOM yHuBepcutere; CHOMPCKOM YHUBEPCUTETE HAyKH M TEXHOJOTHUH;
[TlepMcKOM HaIMOHAIBLHOM HCCIIEOBATEIBCKOM IOJUTEXHUYECKOM yHHBepcutere; Cankr-lle-
TepOyprckoM TOpPHOM  YyHUBEpCUTeTe; MarHuToropckoM TEXHHYECKOM  YHUBEPCHUTETE;
Poccuiickom mnpodeccHoHaNIbHO-TIEAarOrHYecKOM YHUBEPCUTETE; AJTaliCKOM TEXHUYECKOM
yHHBepcuTeTe; KazaxckoM arpoTexHM4ecKOM YHHUBEPCHUTETE, a TaKXKe B JIPYTrUX YHHUBEPCHUTETaX
Poccun u GnmxHero 3apyOexbs. B moarBepxkieHne cka3aHHOTO MOYKHO HaOpaTh B MOMCKOBOM
cUCTeMe HUHTepHeTa: «MakapoB, TEmIoOOMEH B pabo4MX MporpamMMaxy», IOCIE 4Yero HaWTh
pabounre mporpamMMbl AUCHUILINH B YHUBEPCUTETAX, I/I€ HCIIOIb3yeTCs JaHHOe yueObHoe rocodue.

OTKpBITBIE 3aKOHBI KBAHTOBOI'O TEIUIOBOIO H3IY4EHHUs Ta30BbIX 00BEMOB (DaKenoB U
pa3paboTaHHas HAa UX OCHOBE METOAMKA pacyeTa TEIIO0OMEHAa HCIONb3YIOTCS B MPAKTUYECKOM
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JESATEIBHOCTH B METAJIIyPIUUECKUX, SHEPTETUUECKUX, TPOMBIIIJIEHHBIX KOMIIAHUSIX Ul pacdyeTa
parmoHanbHbIX KoHcTpykimid JICII, ®HII, TIIK, KC I'TY, noBeimenus kosdduimenta moses-
HOI'O HUCIOJb30BAaHUS TEIUIA TOIUIMBA M AJIEKTPUYECKOW IyTW, CHM)KEHMsI pacxoja TOILIMBA U
JNEKTPUYECKOM SHEPTUHU, YBEIUYCHHS HAJIC)KHOCTU U CPOKa CIIYKObI SKpaHHBIX TPYO, rOpeyoK,
KApOBBIX TYpOWH M JpYruX KOHCTpyKIMi mneueil, Tomok, KC, cokpameHus BBIOPOCOB
3arpsI3HSAIOLIMX BEIIECTB B PETHOHAX.

B PCOCP B konue 1980-x romoB, Hanpumep, yaelabHOE TOTPEOIEHUE IIEKTPOIHEPTUH B
anektpoayrosor JICIT (DACIIT) BmectumocThio 100 T ctamm cocraBmsuio 450—460 kBt - u/T. K
2015 rogy 3a cyeT TEXHOJOTHYECKHX (DaKTOPOB, PAIMOHAIBHON OpPraHM3alMH TEIUIOOOMEHa B
JCII ynenpHOE mOTpeOieHHE AJIEKTpOodHEepTruH CHHU3WIoCch 10 350-360 kBT - u/T. DxoHOMMS
anekTposHeprun coctasisier 100 maH kBT -4 Ha ogHy meus B roj. B atom ecth 3aciyra
COTPYIHUKOB METAJUIypTUYECKMX KOMIIAHUH, a Takke MpoQeccoOpPCKO-MPenoaaBaTeIbCcKoro
cocraBa Kadenp MeTaulyprud, KOTOphle MX TOTOBAT. Kpome Toro, ompeneneHHas 3aciyra
npuHaiekuT 1 A.H. MakapoBy — pa3zpaboTuuky nuoHepckoi Teopuu Teruiooomena B DJICII.
JlanHast Teopus UCIIOJIb3YETCS AJIsl MOJATOTOBKU CIELUAINCTOB B YHUBEPCUTETAX M AJIS pacueTa
panoHanbHoro teroodmMena B JICII B MeTamunyprudyeckux KOMITaHUSAX.

[TonpoOHO MHpOpMAIHSA O BBIBOJIE 3aKOHOB KBAaHTOBOI'O TEIUIOBOI'O U3IYYEHMS Ta30BbIX
00beMOB (pakelnoB U WX MYJIbTHAMCUUIUIMHAPHOM HCIIONB30BAHUHM B PA3TUYHBIX OTPACIAX
IIPOMBIIIIEHHOCTH, 3HEPreTUKE, METALIypruu U cdepe o0pa3oBaHUS HU3JIOKEHA B CTAThsX
KypHanoB [ 17-27], BKIrOUeHHBIX B MUpOBbIe 0a3bl qaHHBIX Web of Science u Scopus, a Takxke B
BUJICO3AMMCSIX, KOTOPbIE MOKHO IIOCMOTPETh, €clii HabpaTh B ouckoBoi cucteme: «BKonrakre,
TsI'TY, Buzeo, nexuuu npodeccopa A.H. Makaposay.
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BUBJIUNOTI'PA®UYECKAS CCBIJIKA
MakapoB A.H. 3akoHBI TEIIOBOTO M3Iy4EeHHUS Ta30BBIX OOBEMOB 3IIEKTPOIYTOBBIX CTale-
IUTAaBWIBHBIX TI€4YeH, (PaKeTbHBIX HArpeBaTeNbHBIX I€4Yel, TOMOK IapOBBIX KOTJIOB, Kamep
CropaHus ra30TypOMHHBIX YCTAaHOBOK // BecTHMK TBepcKOro rocyaapCTBEHHOTO TEXHHUYECKOTO

yHuBepcutera. Cepuss «CTpOUTENBCTBO. DNEKTPOTEXHUKA U XUMHUYECKHE TexHosorum». 2024.
Ne 4 (24). C. 58-67.

LAWS OF THERMAL RADIATION OF GASEOUS VOLUMES
OF ELECTRIC ARC STEEL-MELTING FURNACES, FLARE HEATING FURNACES,
STEAM BOILER FURNACES, COMBUSTION CHAMBERS
OF GAS TURBINE PLANTS

A.N. Makarov
Tver State Technical University (Tver)

Abstract. The results of the analysis of heat sources entering a high-power arc
steelmaking furnace (ASF) are presented. It is stated that electric arcs are the main sources of
heat in ASF; heat exchange of ionized gas volumes of arcs and non-ionized gas volumes of flares
of gas-oxygen burners with heating surfaces in ASF is carried out by thermal radiation. It is
proved that there is a significant error in calculating the heat exchange of gas volumes of arcs and
flares with heating surfaces according to the law of thermal radiation of solid bodies, i.e.
according to the Stefan — Boltzmann law. The laws of quantum thermal radiation of gas volumes
of electric arcs and flares, flares, flare heating furnaces (FHF), steam boiler furnaces (SBF) of
thermal power plants, combustion chambers (CC) of gas turbine units (GTU) of power plants
discovered in Russia in 19962001 are considered. It is noted that, according to the open laws,
cylindrical gas volumes of arcs, flares are inscribed in the gas volumes of arcs, flares and in
calculations their thermal radiation is modeled with high accuracy by thermal radiation of
cylindrical symmetry axes. On the basis of the open laws the methodology of heat exchange
calculation in ASF, FHF, SBF, CC of GTU is developed.

Keywords: electric arc, torch, heat exchange by radiation, gas volumes, laws of thermal
radiation, furnaces, fireboxes, combustion chamber.

INFORMATION ABOUT THE AUTHOR
MAKAROV Anatoly Nikolaevich — Doctor of Engineering Sciences, Professor, Head of the
Department of Power Supply and Electrical Engineering, Tver State Technical University, 22,
embankment of A. Nikitin, Tver, 170026, Russia. E-mail: tgtu_kafedra ese@mail.ru

CITATION FOR AN ARTICLE
Makarov A.N. Laws of thermal radiation of gaseous volumes of electric arc steel-melting
furnaces, flare heating furnaces, steam boiler furnaces, combustion chambers of gas turbine

plants // Vestnik of Tver State Technical University. Series «Building. Electrical engineering and
chemical technology». 2024. No. 4 (24), pp. 58-67.

67



Ne 4 (24), 2024 Bectauk TBepcKOro rocy1apCTBEHHOIO TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIIEKTPOTEXHUKA U XUMUYECKUE TEXHOJIOT UM

XUMHNYECKASA TEXHOJIOI'UA
—_&@-ﬂ——

YK 532.135: 666.97

ONPEJEJEHUE PEOJIOTHMYECKHX CBOVCTB
TBEPJOOBPA3HBIX TUCIIEPCHbBIX CUCTEM, IPUMEHSEMbIX
B NTIPOU3BOACTBE CTPOUTEJIbHBIX MATEPHUAJIOB,

C IOMOIIIBIO KOHYCHOM NEHETPAIIMN.

YACTD 3. SKCIIEPUMEHTAJIBHBIE HCCJIEJOBAHUA

B.B. benos
Tsepckoii cocyoapcmeennbvlli mexHudweckui ynugepcumem (2. Teepw)

© benos B.B., 2024

AHHOTanus. B cTarhe npecTaBieHo onucaHue TOro, Kak ¢ MOMOIIBIO0 MEHETPALIMOHHOTO
BHCKO3UMETpa MW CICHHAIBHO pa3pa0OTaHHOW METOAUKH OBbUIM HM3MEPEHBI TPEIeIbHOC
HaNpsDKCHUE CABHTa M BS3KOCTh B YIUIOTHEHHBIX TBEPA00Opa3HBIX TpeX(a3HbIX IUCIEPCHBIX
CUCTEMax: YBIIAXXHEHHBIX MOJOTOM II€CKE€ pPAa3IMYHOM TUCHEPCHOCTH, CMECH MOJIOTOTO U
Bomnbckoro necka ecTeCTBEHHOW TUCIIEPCHOCTH M IIEMEHTHO-TIECUaHbIX cMecsiX. OTMeUeHo, 4To
MOJIy4YEeHHBbIE 3aBUCHUMOCTH PEOJIOTHYECKHUX XapaKTEPUCTUK OT BIAXHOCTH, YyJEIbHOMI
HOBCpXHOCTI/I u HOpI/ICTOCTI/I IIOKAa3bIBAKOT HCHOCpe)ICTBeHHYI-O CBA3b peOJ'IOI‘I/I'-IGCKI/IX CBOI\/JICTB
Tpex(a3HbIX AUCIEPCHBIX CHUCTEM C KANWUISPHBIM CIETUIEHHEM. JTO MO3BOJSET 3(PPEKTUBHO
BOSHGfICTBOBaTL Ha BGJ'II/I‘II/IHy KaHI/IJ'IJ'ISIpHOFO CHOCIINICHUA U CBA3AaHHBIC C HUM peonomquKHe
CBOMCTBA JUCIIEPCHBIX CUCTEM, TPUMEHSAEMBIX JIJIsl IPOU3BOACTBA CTPOUTEIBHBIX MAaTEPHAIIOB.

KiawueBble ci10Ba: CTPYKTypUPOBAHHBIE IHCIEPCHBIE CUCTEMbI, MPEACIBHOE Hamps-
JKEHUE CIBUTA U BA3KOCTh, METOJl KOHYCHOM MEHETPalluH, KOHYCHBIN peoMeTp.

DOI: 10.46573/2658-7459-2024-4-68-74

B yactax 1 u 2 Hactosimieit pabotsl [1; 2] Ha OCHOBE U3y4YeHHS] KAPTUHBI TEUEHUS TBEPJIO-
0o0pa3HOoil TucnepcHOi cpeAbl BOKPYT MOTPYKEHHOTO B HEe KOHyca ObUIO MOKAa3aHO, YTO JUIs
OTIpeNieNIeHUs] PEOJIOTMYECKHX XapaKTEePUCTHK TaKUX CHCTEM Iieflecoo0pa3HO HCIOIb30BaTh
METO]T KOHYCHOM NEeHeTpalnH.

CoIpbeBbIE CMECH, MPUMEHSAEMbIE B MPOU3BOJACTBE MHOTHUX CTPOMUTENIbHBIX MaTE€pUasoB,
MPEJICTaBIISIIOT COOOM CTPYKTYpHUPOBAHHBIE IUCIIEPCHBIE CHCTEMBI, KOTOPBIE OTHOCSTCS K Kiaccy
YOPYrOBSI3KOIUIACTUYHBIX MaTepHUaIOB. 3HAHUE PEOJOTUUYECKUX XapaKTEPUCTUK CBIPHEBBIX
cMmeceil HeoOXOIUMO ISl IPAKTHKH, TaK KaK ONTHMaJIbHbIE [TOKa3aTeIN JAHHBIX XapaKTEePUCTUK
TpeOYIOTCS ISl YCTIETHOW PpabOThl TEXHOJOTHYECKOTO M TPAHCIOPTUPYIONIETO 000PYyI0BaHMS,
BOCTIPUATHS TeMIIEpaTypHBIX HAINpPsHKEHUH B Mpoliecce TerioBoil o0pabotku u T.1. [Ipu sTtom
KaK TEXHOJOTUYECKHE, TaK M HSKCIUTyaTallUOHHBIE MapaMeTpbl OINPEIENSIOTCS COCTOSTHUEM
CTPYKTYpPBI H3y4aeMoro matepuana [3].

Hcnonb3oBaHue paccMOTpeHHOM B padoTax [1; 2] MeToauku pacdera MiIacTUYHO-BSI3KUX
XapaKTepUCTHUK JeNlaeT U3 IJIacCTOMETpa KOHYCHBIH PEOMETp, C MOMOIIbI0 KOTOPOTO, a TaKkKe
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YKa3aHHOM BBIIIE METOJUKH MOYKHO OIPEAEIATh PEOJOTMYECKUE XapaKTEPUCTHKH Majolliac-
TUYHBIX JUCIIEPCHBIX CUCTEM, INPHUMEHSAEMBIX B IPOU3BOJCTBE CTPOUTENIBHBIX MaTepUalloB
(MEJIKO3epHHUCTBIX KECTKUX OCTOHHBIX M PACTBOPHBIX CMECEH, a Takke CBexec(HhOpMOBAHHBIX
u3zenuil (cbipua), MOJTY4YEHHBIX METOJaMM IOJIYyCYXOro IpeccoBaHMs, BHOPOIPECCOBaHUS); B
MPOM3BOJICTBE CHJIMKATHOTO M KEPAMHUYECKOTO KHUPIHYA; MPECCOBAHHBIX M BUOPOIPECCOBAHHBIX
OETOHHBIX M3JIEJINH; ChIPLA STYCHCTOOETOHHBIX U3AEIUM U T.Il. DTH Tpex(dasHble 110 arperaTHOMy
COCTOSIHUIO ((TBEPA0E» — OKUJIKOCTB)» — «T'a3») CUCTEMBI C PEOJIOTUYECKON TOUKU 3PEHUS TAKKe
ABJISIIOTCSL TBEPIOOOPA3HBIMU, B KOTOPBIX IEPHOABI BOCCTAHOBJIEHUS Pa3pYIICHHBIX CBs3€il
COKpAILIAOTCSl.

B pabGote [4] ycTaHOBIJIEH SKCTpEeMaJIbHBIN XapaKTep 3aBUCUMOCTEH KOTE3MH IIEMEHTHBIX
nacT U OETOHHBIX CMecel, ONPENEIEHHON METOAOM MPSMOro CIBUra, OT BOAOLEMEHTHOIO
otHomenus (B/Ll). Kak oka3zanock, MakCUMyM Kore3uu i OGTOHHBIX CMeceil HMKe, 4eM Jis
[IEMEHTHBIX MAaCT, 3aBUCHT OT (OpPMBI 3€peH 3alOoJHUTENS B ClIydae HENPEpPhIBHOW TpaHy-
JIOMETPUH U HE 3aBUCUT OT Hee B Ciydae MPEepbIBUCTON. MaKkcuManbHble 3HaU€HUs 1J1s1 KOT'€3UH
HaOJIOAaMCh MIPH KpUTHUYECKUX 3HaYeHusx B/LI, korna meMeHTHas macta BO BpeMsi BUOpAIUH
U3MEHSET XapaKTep CBOEro IMOBEJIEHHs, T.€. MEePEXOAUT OT YIUIOTHEHHs, NOJOOHOIO ChITYyYUM
MaccaM, K YIUIOTHEHHIO C TUKCOTPOIHBIM pa3pylieHHeM (pa3:KUKeHueM) CcTpykrypsl [5]. s
TaKUX BBICOKOKOHLIEHTPUPOBAHHBIX TpeX(a3HbIX IUCIIEPCHBIX CHUCTEM, KaK BIIaXKHbIE Ipecc-
MOPOILKH, C POCTOM CTPYKTYPHOM IPOYHOCTH MEPUOJbI BOCCTAHOBIICHUS Pa3pyLICHHBIX CBS3EH
cokpaiarorcs. [lo3TroMy THKCOTponMsl B JaHHBIX CHCTEMax y4acTBYeT B Ipoliecce TEUCHMS
CKPBITO, pEaJIN3yACh JIMILb IPU MOAJEPKAaHUN COCTOSIHUSI pa3pyLIeHHs] BHYTPEHHHUX CBsizel [6].

Panee Hamu ObUTO MOKa3zaHO [7], 4TO MPOYHOCTH Ha Pa3pbiB TpeX(a3zHbIX TUCIEPCHBIX
CHUCTEM ONpEeNeNseTCs CHIAMH KalWUIIPHOTO CIIETUICHUs, COCTaBIsommMHu Oonee 98 % ot
CyMMapHOM BEIMYMHBI BCEX CHJ MEKYaCTUYHOTO B3auMOAEWUCTBHA. MakcuManbHOE
KalWUISIPHOE CLETUIEHUE JIJIsl TaHHOW CUCTEMBI (pa3pbiBHAS MPOYHOCTH) 3aBUCUT OT CTEIIEHU €€
YIUIOTHEHHUS], YBEJINYUBASACH C POCTOM IIOCJIEIHEH, HO JOCTHIaeTcsi NpU OJHOW M TOM XK€
BJIQXKHOCTH. AHAJIOTMUYHBIM XapakTep 3aBUCUMOCTH KaNWUIIPHOIO CIEIJIEHUS OT BIIAXKHOCTU
(BOAOTBEPJIOrO OTHOLIEHMS) B JUCIEPCHBIX CHCTEMaxX M OJHOM U3 PEOJIOTHYECKUX XapakTe-
PUCTHK (KOT€3UH MPHU CIBUTE) TAKUX JUCIEPCHBIX CUCTEM, KaKk OETOHHBIE U PACTBOPHBIE CMECH,
MO3BOJISIET BBICKA3aTh OOOCHOBAaHHOE MPEIMNOJ0KEHHE O HEMOCPEACTBEHHOW CBS3M PEOJIo-
THYECKHX CBOWCTB TpeX(a3HbIX CUCTEM C KaIWLISPHBIM clerieHneM. Llens Hacrosmel paboTbl
3aKJIoyalach B YCTAaHOBJIEHHWM YKa3aHHOM B3aMMOCBS3M U OOOCHOBAaHUH BO3MOKHOCTH
HAIPaBJIEHHOTO PErYJIMPOBAaHUS PEOJOTMUYECKUX CBOMICTB CBHIPHEBBIX CMecCeil Jis MPOU3BOJCTBA
CTPOUTENIBHBIX MAaTEPUAJIOB.

[IpoGrl uccrmeayeMbIX cpeA TOTOBWIM B LWIMHAPUYECKOH QopMe ¢ BHYTPEHHUM
muamerpoM 90 MM u BbicoTOM 40 MM. IIpoObl mecka M CHIPBEBBIX CMECEW YIUIOTHSJINCH Ha
TUIPABIMYECKOM Ipecce B yKa3aHHOW (opMe cO ChbeMHON HacaJkoil O OJHOTO M TOTO K€
o0beMa, paBHOrO 00beMy OCHOBHOM (opmbl. HaBecka mecka WM CMECH pPacCUUTHIBANACH U3
YCIIOBUSL TOJMYYEHHS 3a/laHHOM MOPHUCTOCTH WM CpelHEH IUIOTHOCTH B IEpecueTe Ha CyXoe
BEIIECTBO. B HEKOTOPHIX SKCHEPUMEHTaX YIUIOTHEHHE MpoO MPOM3BOIMIOCH NMPH 33JaHHOM
JaBJICHUM TpeccoBaHUs. B 3Tux ciyyasx HaBecka Mmojalupaiach M3 TOTO pacyera, 4ToObl Mpu
MUHHMaJIbHOM JIaBJIIEHUHM TMPECCOBAHMS IMOBEPXHOCTh YIUIOTHEHHOM MpoObl ObUIa NPUMEPHO
(4yTh HMKE) Ha OTHOM YpOBHE ¢ KpasMu ¢opmbl. CosiepkaHue BOJIbI 3aTBOPEHUS U3MEHSIIOCH OT
HYJISl 10 BEJIMYMHBI, COOTBETCTBYIOIIEH MOJIHOMY 3allOJHEHUIO TIOP CUCTEMBI, T.€. TOCTHIKEHUIO
cucTeMod JByX(a3HOro cocTosHus. JlJI KOJIMYECTBEHHOW XapaKTEPUCTUKU BIIA)KHOCTHOTO
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COCTOSIHMSI HCIIOJIb30Bajach KaK BEIMYMHA BIAXHOCTH (BOJOTBEPAOrO0 OTHOIICHHS), TaK U
oOuienpuHaATas IMpU OICHKE YKA3aHHOTO COCTOSHUS PACTBOPHBIX CMecedl BETMYMHA BOJIO-
BSDKYIIETO (71 IEMEHTHO-TIecuaHbix cmecerd — B/L]) oTHOmEeHUS!.

[Ipy TOBBIIIEHUH BIAXXHOCTU IMpeNeIbHOE HAIpPsDKEHHWE CIOBUTA M BS3KOCTh YIUIOT-
HEHHOT'O JI0 MOCTOSIHHOM MOPUCTOCTH MOJIOTOTO TECKa ¢ yJeabHbIMU ToBepxHOcTaMu 103, 196,
298 u 384 m*/kr cHadaima pacTyT, IOCTUTalOT MakCUMyMma MpHU ONpPEIEICHHON BJIAKHOCTH, a
3areM ymesbliarorcs (puc. 1, 2). Takoii ke xapakTep HOCUT M HM3MEHEHHE KalMUJUISIPHOTO
CLEIUICHHUS B 3TOM CHCTEME B 3aBUCUMOCTH OT BJIQKHOCTH [ 7], mpHueM, Kak 0Ka3ajloch, 3HAUCHUS
BIAXHOCTH W), COOTBETCTBYIOIIME MAaKCHUMYMaM pPa3pbIBHOM MPOYHOCTH (KAMUJUISIPHOTO
CUEIUICHUS) U TPENeIbHOr0 HAMPSHKEHUS CABUTA JJIi MOJOTOTO MeCKa C OJMHAKOBOH yAeIbHOM
MOBEPXHOCTBIO, COBIAJAOT (HE3aBUCUMO OT MOPHUCTOCTH cUcTeMbl). Cien0BaTeNIbHO, IPEIEIIb-
HOE HallpsHDKeHHE CABUTa Tpex(asHbIX TUCHEPCHBIX CHUCTEM OIpelensieTcs B OCHOBHOM
KaMWUISPHBIM CLEIUICHUEM W OTPAXKaeT €ro JCUCTBUE. 3aBUCHUMOCTH BSI3KOCTH YIUIOTHEHHOTO
MOJIOTOTO TEeCKa OT BIIAYXHOCTH HMEIOT aHAJIOTUYHBIA XapakTep. Bmecte ¢ Tem, MOCKONBKY
BEIIMYMHA TUJJACTUYECKOM BS3KOCTH 3aBUCUT HE TOJBKO OT CHUJI CLEIJICHWS, HO U OT
KoadduIMeHTa BHYTPEHHETO TPEHHSI, KOTOPBII C YBEIMUEHUEM BIAKHOCTH CHUCTEMbI MOHOTOHHO
YMEHBIIAETCS, MAKCUMYM BSI3KOCTH JIUCIIEPCHBIX CHCTEM HAOIIOJAeTCs TPH BIIAKHOCTH,
MEHBIIIEH BIAKHOCTH Wiy.
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Puc. 1. IIpenensHoe HanpsKEHNE CABATA YINIOTHEHHOTO MOJIOTOTO MECKa
C yJIeTTbHON OBEPXHOCTHIO, M2/KT: @ — 103; 06— 196; B —298; r — 384
B 3aBUCHUMOCTH OT BJIAKHOCTH; [ — MOPUCTOCTh 00pa3moB 42 %; 2 — 46 %; 3 — 50 %; 4 — 54 %
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Puc. 2. BSA3KOCTh yIIJIOTHEHHOTO MOJIOTOTO MECKa
C yJIeTTbHOM TTOBEPXHOCTBIO, M>/KT: a — 103; 6 —-196; B—298; r — 384
B 3aBHCHMOCTH OT BIQKHOCTH; [ — MOPUCTOCTh 00pa3ioB 42 %; 2 — 46 %; 3 — 50 %; 4 — 54 %

Ha rpadukax 3aBucuMOcCTel BA3KOCTH OT BIQXHOCTH (CM. PHC. 2) XOPOIIO 3aMETHO
CKauKO0Opa3Hoe MaJicHNE 3HAYEHUN ATOTO MapaMTepa MpH MPEBBIIIEHUN BIAXHOCTH Wy.. Takum
o0pa3oM, MOXKHO OXHJaTh, YTO HMMEHHO BIAXHOCTh W, IUIS [aHHBIX CHUCTEM Oyjaer
XapaKTepU30BaTh OTMEUYCHHBIN paHee [6] mepexol uX COCTOSIHUS OT BIAXKHBIX MPECC-TOPOIIKOB
K KOHIICHTPUPOBAHHBIM MacTaMm, M 3TOT MEPEXO]] pealu3yercs ¢ MOTepeil CBOMCTBA 3€pPHUCTHIX
cpel, a HMEHHO CBHIY4YEeCTH, M NPHOOPETEHHEM OCHOBHOTO CBOMICTBA, OMPEEISIONIETO
peosoruto, — cBs3HOCTU. [Ipu 3TOM, Kak ykazaHo B paboTe [6], BHICOKOKOHIICHTPHUPOBAHHBIE
JUCTIEPCUU 00JIaIal0T BBICOKON UYYBCTBUTEIBHOCTHIO K OallaHCy MOOABOYHOW KHJIKOCTH, TPH
KOTOpO# (popcupyercs Mmepexoa CUCTEMBl B APYroil CTPYKTYpHO-MEXaHWUYECKH TuIl. J{aHHBIHA
MepexoJ] M XapaKTepU3yeTCs CKAayKoOOpa3HbIM TAJCHUEM BSI3KOCTH TIPH TPEBBIIMICHUH
BIIQKHOCTHU Wye.

Tpanchopmanuio ¢parmeHTa SYEUCTON CTPYKTYphl Tpex(azHOM AHUCIIEPCHON CHUCTEMBI
MIPU CABUTOBOM Jeopmanu MOKHO TIPeICTaBUTh Ha MoJeTH (puc. 3).

[Ipu casurosoil nedpopmannu B Tpexda3HON CTPYKTYpHUPOBAHHOM IJUCIEPCHOM CUCTEMeE
MoJ JCHCTBHEM CUJ KANWUISPHOTO CIEIUICHHS MPOUCXOISAT CKAYKOOOpPa3HBIA pPa3phIB CBS3U
MEXK]ly YaCTHUIAMH U TaKO€ K€ BOCCTAHOBJIEHUE CBSI3M, HO YK€ C coceqHer yactuier. Takum
00pa3oM, 4acTUIIbl CUCTEMBI KaK ObI mepenatot 3ctadery cBs3eil apyr Apyry. DTOT 3cTadeTHBIHM
XapakTep pa3pylieHUus] W BOCCTAHOBJICHHS CTPYKTYPHI OMNpPEAeNsIeT Majblii TEepHuoj JTaHHBIX
MPOIIECCOB U C1a00 BBIPAKEHHBIE THKCOTPOIMHBIC CBOMCTBA CUCTEM.
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Puc. 3. Tpancdopmanus ¢pparmMeHTa ssueHCTONH CTPYKTYPHI
TpexdazHOU AUCTIEPCHON CHCTEMBI IIPU CIIBUTOBOM JeopMaIiuu:
I — monoxeHue yactuipl 10 Aedpopmanum; 2 — nocie aehopManum

VYBennueHne KoJIMYeCTBA KUAKOCTU B 30HAX KOHTAKTA YACTULl U3MEHSET PEOJIOTHYECKOE
noBeJIeHHe cUCTeMBbl. [Ipu 3 ToM hopMHUpyeTcst TEPEeXOAHbBIN THIT CUCTEMBI, XapaKTEePHU3YIOIIHNACS
HaJIMYMeM Tpex(as3HbIX arperatoB-rpaHylsl, B KOTOPBIX BO3JyX HaXOJUTCS B 3aIleMJICHHOM
COCTOSIHUH, @ CBSI3HOCTb I'paHyJl ONpENEeseTcsl BHEUIHUMH KalWULIPHBIMM cuiaMu. Mojeinb
TpaHchopMmanuu pparmMeHTa CTPYKTYphbl TaKOH cHCTEMBbI MU CABUIOBOW nedopmauuu (puc. 4)
MIOKa3bIBAaET, YTO B CHCTEME Mporecc aehOpMUPOBAHHS MPOUCXOIUT IUIABHO, CTIAKUBACTCA U
nemidupyeTcst OKpyXKarolel >KUKOCTBIO, IIPUYEM pa3pyLIeHHE U BOCCTAHOBJIEHUE CTPYKTYPHI
OyqyT HOCUTb MEHEE BBIPAKEHHBIH XapakTep Ha (OHE COXPaHSIOUIEHCS CBSI3HOCTH TPaHYIL
[TosToMy naHHas cucrteMa, NpeAcTaBisdiomas co0oil B YIJIOTHEHHOM COCTOSIHUM KOHILIEH-
TPUPOBAHHYIO MACTy, OyeT 00J1aaTh SIPKO BbIPaKEHHBIMU TUKCOTPOITHBIMHU CBOWCTBaMHU.

Puc. 4. Tpanchopmanus pparmMmeHTa CTpyKTYyphbl
Tpex¢azHOU TpaHyJibl IPU CABUTOBOM JehopMaIiu:
1 — MONOKEeHHEe YacTUIIb 10 Aedopmanuu; 2 — mocie aehopmariu

Taxum o0Opa3om, npeaenbHOE HANPSKEHUE CIBUTA U BI3KOCTh TBEPI0OOPA3HBIX AMCIIEPC-
HBIX CHCTEM, IPUMEHIEMBIX B IIPOU3BOACTBE CTPOUTEIBHBIX MATEPUATIOB, MOTYT OIPEIAEIATHCS
Ha neHeTpanoHHoM peomerpe [IPB-2 ¢ ucnonbs3oBaHMeM METOAMKH, KOTOpas pa3paboTaHa B
HACTOSIIEM HCCIIEZJIOBAHUM HA OCHOBE HKCIEPUMEHTAIbHO MOJYyYEHHOH KapTuHbI jaedopmu-
pOBaHUs Cpebl BOKPYT KOHYCA.

Ilenerpannonnsiii peomerp IIPB-2 u Teopus omnpeneneHuss peoJOrMUYECKHX XapakTe-
PHUCTUK, OCHOBaHHAsl Ha y4eTe MCTUHHOTO Xapakrepa 1eOpMHUpPOBAHUS CPEbl BOKPYI KOHYCA,
SBIISIOTCS 0a30¥ U1l pa3BUTHSI ICHETPALMOHHONW BHCKO3UMETPUHU TBEPA00OPa3HBIX JAUCIEPCHBIX
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cucreM. JlanpHeliee npumenenue npudopa [1Pb-2 u pazpaboranHOl TEOPHUH MOXKET BBIIBUTH
HOBbIE OCOOCHHOCTHU KaK METO0/1a, TaK U PEOJIOTUYECKUX CBOMCTB PA3IMYHbIX MaT€pPHUAJIOB.

[IpenensHOE HanpsHKEHHE CABHUra TpeX(asHBIX JUCIEPCHBIX CUCTEM YCTAHABIMBAETCS B
OCHOBHOM KallWIJSIPHBIM CILEIJICHUEM U OTpakaeT ero jeicrBue. BennmunHa rutacTuueckon
BSI3KOCTH 3aBUCHT HE TOJIBKO OT CHJI CHEIUICHHS, HO U OT KOX((PHUIHEHTa BHYTPEHHETO TPEHUS
MEX]y 4YacTHIIAMU JAHUCHEepCHON cucrembl. BnaxHocts W, COOTBETCTBYIOIIAs MaKCUMyMY
KallWJUISIPHOTO CLEIUIEHUSI U HIPEJENbHOTO HANPSDKEHUs CABUIAa B CUCTEME, XapaKTEpU3YeT
[IepexXo/l €€ COCTOSHUS OT BJIAKHOIO IPECC-MOPOIIKAa K KOHIEHTPUPOBAHHOW macte. DTOT
nepexo] OTIMYAETCs CKauyKOoOOpa3HbIM MMAJCHUEM BS3KOCTH. YKa3aHHAs CBS3b KAIMJUIIPHOTO
CLEMJICHUS U PEOJOIMYECKOr0 IOBEIEHUS CHCTEMbl OOBSCHAETCS 3CTa(ETHBIM XapaKTepoM
paspylieHUsT W BOCCTAHOBJICHUS €€ CTPYKTYpPBHl B Tpex(a3zHOM COCTOSHHH (IIPH HATUYUU
BHYTPEHHUX KalWUIAPHBIX CHJI) M IOCIEAYIOIIUM IIEpeX0J0M STOW CTPYKTYpbl B JpYyroi
CTPYKTYPHO-MEXaHUYECKUM THUI, XapaKTepU3YIOIIUNCS MPEUMYIECTBEHHbIM JE€HCTBUEM BHEILI-
HUX KaoWUIApHBIX CWJI B Tpex¢aszHbIX TIpaHyjldaX, YTO ONpEIeNsieT IMOsBIEHHE pPE3KO
BBIPaKEHHBIX TUKCOTPOIIHBIX CBOMCTB CUCTEMBI.
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DETERMINATION OF RHEOLOGICAL PROPERTIES
OF SOLID DISPERSED SYSTEMS USED IN THE PRODUCTION
OF BUILDING MATERIALS APPLYING CONE PENETRATION TECHNIQUE.
PART 3. PILOT STUDIES

V.V. Belov
Tver State Technical University (Tver)

Abstract. The article describes how, using a penetration viscometer and a specially
developed technique, the limiting shear stress and viscosity were measured in compacted solid
three-phase dispersed systems: hammer-moistened sand of various dispersities, mixtures of
ground and Volsky sand of natural dispersion and cement-sand mixtures. It is noted that the
obtained dependences of rheological characteristics on humidity, specific surface area and
porosity show a direct relationship between the rheological properties of three-phase dispersed
systems with capillary coupling. This makes it possible to effectively influence the amount of
capillary adhesion and the associated rheological properties of dispersed systems used for the
production of building materials.

Keywords: structured dispersed systems, ultimate shear stress and viscosity, cone
penetration method, cone rheometer.
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AnHoramusi. HccnegoBaHa  KMHETHMKA ~ OKHMCIUTEIBHOTO  PACTBOPEHUS — MEIU
npu  o0pa3oBaHMHM  PA3HOJUTAHIHBIX KOMIUIEKCOB. MeETOIOM  BpallaloIierocs JAucka
U KOJMYECTBEHHBIM  ONpEICICHHMEM  MeTauia  (OTOMETPHUYECKHMM  METOAOM ¢
OHC(LMKIIOT€KCAHOH )OKCATMIIIUTHIPA30HOM ONpEe/esIeHbl KMHETHYEeCKHe MapaMeTphl IMpoiiecca
pacTBOpeHUsI, MOJIydeHa MaTeMaTH4ecKas MOJEIb 3aBHCHMOCTH CKOPOCTH Tepexoja Meau B
pacTBOp OT MapaMeTpoB Ipoliecca.

KiitoueBble c¢j10Ba: KHUHETHKA OKUCIUTEIBHOTO PACTBOPEHHUS, SHEPTUsl aKTHUBALIUU,
KOHCTaHTa CKOPOCTH, KYTIPU30H.

DOI: 10.46573/2658-7459-2024-4-75-80

BBE/IEHUE

N3BecTHO Oosbllloe YHMCIIO METOAMK ompeneneHus coxaepkanus meau(ll) ¢ momomibro
¢u3nueckux U GU3NKO-XUMUYECKHUX METOAOB aHAIN3a, HO OHM 3a4acTyl0 00Ja/lal0T HEBBICOKOM
YYBCTBUTCIIbHOCTBIO U I/136I/IpaT€J'II>HOCTI>IO, Tp€6YIOT NPUMCHCHUSA TOKCHUYHBIX OPraHUYCCKHX
HKCTPAreHTOB, CI0KHOM NMPOOOIOJrOTOBKM U MCIOIb30BaHUS JOPOTOCTOSILEr0 000pyA0BaHMUS.
B HACcTOAIICE BpEMs B AHAITMTUYECKOM MMPAKTUKE AKTHUBHO PAa3BUBAIOTCA W TPHUMCHAIOTCA
KOMOWHUPOBAHHbIE METOJbl, B KOTOPBIX COUYETAIOTCS COPOLIMOHHOE KOHIEHTPHUPOBAHUE H
MOCJIeIyIoIee OIpeesieHrne B TBepAou ¢asze. 3a CYET ITOTO MOXKHO JOCTHYD IOBBIIICHHS
U30MpPATENTbHOCTH OIpENeNIeHUs, a TAaKXKe BO3MOXKHOCTH OIPENETICHUsI 3JEMEHTOB Ha YpPOBHE
npeaAcCIbHO JOIMYCTHMBIX KOHHeHTpaHI/Iﬁ " HHUXKE, aBTOMATHU3UPOBATH ITPOLCCC OMPECACIICHHA.

CoBepIIeHCTBOBaHME W HMHTEHCH(HKAIMA  TUAPOMETALIYPrHYECKUX  IPOLECCOB
H3BJICUHCHUA MCIU HU3 pPyd H BTOPHUYHOI'O ChIPbs 6a31/1py}0TcsI Ha HU3Yy4YCHHU KHUHCTHUKU
pactBopenus. Ilponomxarorcs pa3pabOTKH peareHTOB-pacTBOPUTENEH, KOTOPbIE MPEICTABISAIOT
co00i1 BOIHBIE PACTBOPBI OKUCIUTENS M JHMraHAoB. B Takux cucremax MOryT 0Opa3oBBIBATHCS
IIPOYHBIE KOMIUIEKCHI MEH, B PE3YNIbTAaTe€ MPOUCXOAAT OKUCIECHHE METAUIA, a TaKXKe IepeEXo
ero B pactBop. [IpumeHeHHEe KHUCIOpPOJa B KadecTBE OKUCIHUTENS HCKIIOYaeT MpoliemMy
pereHepannuy peareHToB.
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METO/IbI, METO/IHKH H MATEPHAJIbI

HccnegoBanne KMHETUKM OKHMCIUTEIBHOTO PACTBOPEHUS MEAU MPOBOAMIOCH METOJIOM
BPAIIAIOIIErocs IMCKa B MPUCYTCTBUU KOMILIEKCOOOpa3oBarenel (THolranaTa, THOMOYEBUHBI).
Omnpenenenre CKOPOCTH PeakIMi OCHOBAHO Ha ()OTOMETPUUYECKOM METOJIe aHallh3a MeTallla B
BUJIE OKPALLIEHHOTO KOMILIEKCa ¢ Kylpu30HOM. VIOHBI IByXBaJIEHTHOW MeU 00pa3yroT IPOYHBIN
KOMILIEKC rosryooro mera nmpu pH = 9,2-9,5.

VHTEHCUBHOCTh OKpAacCKM KOMIUIEKCA IPONOPLUOHAIBbHA KOHLEHTpAllMM MeEIu B
pacTBope. DTUM METOJIOM MOXHO OOHapyxuTh 1,5 Mkr meau B 50 oM’ pabouero pactBopa mnpu
JnHe BOJIHBL 590—-610 HM.

[IpoBenenue ananu3a TpeOyeT MpeABAPUTEIbHONW TMOATOTOBKM MPOO: KUCIOTHOTO
Pa3IoKeHUsl KOMIUIEKCHBIX COEIMHEHUN ME/IM U OTJEJICHUS MeTajljla OT MEIAOIUX 3JIEMEHTOB.

PE3Y/IBTATHI H OBCYXK/IEHUA

Bnusanue xonyenmpayuu muoyuanama xanus. BzauMoaencTBue METaANIMYECKONW MEIU C
HEUTpPAJIbHBIMM PACTBOpPAMU THOIMAHATa KaJdsl B NPHUCYTCTBUM (B KAaueCTBE OKHCIUTEIS)
KHCTIOpOJIa BO3AyXa MpPEIBapUTENbHO OBLIO H3YYEHO METOJOM pACTBOPEHHUS AMCIIEPCHOTO
MaTtepuaia, a8 MMEHHO ITyTeM OIPEICIICHHS PaBHOBECHBIX KOHIIEHTPAIIMIA MEIU B PAaCTBOPE.

Anamu3 cucrembl Cu-H;O-O, mokasas, 4to B yCIOBHSIX IPOBEACHHS OIBITOB MEIb B
pacTBopax He oOHapykeHa. OfgHako B XozA€ 100aBjIeHUS B pacTBOp THOLMAHATa MpU MPOTyBKE
KHCJIOPOJIOM BO3/lyXa MEXaHU3M MPOLECCa U3MEHSIICS:

2Cu + 1/20, + 8Tcy + H,0 = 2Cu(Tcy)s* " + 20H..

Takum 00pa3zom, HalWYHE JIMTAHAOB, CBSI3BIBAIOIIMX MEIh B KOMILIEKC, CIIOCOOCTBYET
CMEIIECHUIO0 PAaBHOBECHSI TAHHOW PEAKIIUU U TTOBBIIICHUIO PACTBOPUMOCTH MEIH.

BrnusiHue KOHIEHTpaluu KOMIUIEKCOOOpa30BaTeNis Ha PacTBOPUMOCTb METaNTMYECKOM
MEJIA MOKa3aHo Ha puc. 1.

lg w
0,0006

0,0005
0,0004
0,0003
0,0002
0,0001
0 0,1 0,2 03 0,4 0,5 0,6
C, monb/n

Puc. 1. Bausinue KOHUEHTpauuu
KOMIUIEKCO0Opa3oBaTesi Ha PaCTBOPUMOCTh METAJUTHUECKON MeIn

I'paduk 3aBUCUMOCTH PACTBOPUMOCTH OT KOHIICHTPALUU THOILMAHATA UMEET THUIHYHBIN
XapakTep s MOJOOHBIX cucTeM. [Ipyu M3MEHEeHHHM KOHILIEHTpAalMd OJHOTO U3 PEareHTOB POCT
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pPacTBOPUMOCTH TMPOUCXOTUT JO Tpeeina KOHIGHTpAalMH TUolmaHara, paBHoro 0,25 Moib/a
(puc. 2).

lgw
7,2

7,4
7,6
7,8

-8
-8,2
-8,4

-8,6
0 0,1 0,2 0,3 0,4 0,5 0.6

88 C, MOJIB/TT

Puc. 2. I'pacduk 3aBucuMOCTH cKopocTH pacTBopeHus Cu OT KOHIICHTPAIlUU THOI[MAHATA
mpu T =298 K, pH =3, n = 10 06/c, xonneHTpanus troruanara — ot 0 1o 0,5 Mois/n

C yBEIMYEHHEM HCXOJHOW KOHIIEHTPAMU THOIMAaHATa CKOPOCTh OKHCJICHUS MeIu
CHayaJla pe3KO YBEIMYMBAETCs (0 MpeAeabHON 007acTH; MOPSAOK PEaKIMH MO0 KOHIIEHTPAIH
tuonanara paseH 0,91), a 3arem, Mo AOCTHKEHUH (UKCHPOBAHHOW KOHIEHTpPAIMH, 3Ta
CKOpOCTh TPaKTHUECKH HE MeHseTcs (3ampenenbHas 00JacTh pPEaKLUUU 10 KOHLEHTPAILUH
THOIIMAHATa TPUOIMKACTCS K HYIIO).

Bruanue uacmomwvr epawgenus oOucka. ONBITBI TPOBEIEHbl C LENbIO JaJbHEHIIEro
YTOYHEHHS] XapakTepa JHUMHUTHPYIOUIEH CTaIuHd TpOLEecca OKUCICHHS MEIH, TIOCKOIBKY
3aBHCHUMOCTBH CKOPOCTH OT 4YHcia 000pOTOB JKCKa IMO3BOJIIET OJJHO3HAYHO OTBETUTH HA BONPOC O
pexume npotekanus mnporecca. YcioBus onblToB: T —298 K; [Tey] = 0,25M; uncino o60poToB
u3MeHsu ot 1,6 1o 25 o6/c (puc. 3).

n, 06/c
1,8

1,7

r
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r
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Puc. 3. BiusiHue ckopocT BpalieHus IMCKa Ha paCTBOPEHUE METU
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OtcyTcTBHE 3aBUCHUMOCTH CKOPOCTH PACTBOPEHMSI OT 4YaCTOThl BpalICHUS JHCKa
CBUJICTENLCTBYET O MPOTEKAHHUH MPOLIECCOB B KHHETHUECKON o0acTu. 00 3TOM TaKkKe TOBOPUT U
BBICOKAsI SHEPTUsI AKTUBALIMH JIAaHHOTO TIpoIiecca.

Brusnue memnepamyper na cxkopocmv pacmeoperHus memaniudeckou meou. ONBIT
IpOBOAMIN B MHTepBasie Temreparyp 288-318 K, BenuunHa 3HEpruM akTUBALlUM COCTaBUIIA
56,9 kI, a KOHCTaHTbl ckopocTh — 4,05 - 10'°. B nannom cllydyae OTMEYaJIOCh TOPMO3SIEE
JIEMCTBUE XMMUYECKON CTAJIUU, YTO TAKXKE MOATBEPKIAET MPOTEKAHHUE MpoIlecca PAaCTBOPEHUS B
KHHETHYECKOU oOmactu (puc. 4).

lgw
7

37
0,003 0,0031 0,032 0,033 0,034 00035 0MB6T, K

Puc. 4. I'paduk 3aBUCUMOCTH CKOPOCTH PACTBOPEHUSI METU OT TEMIIEPaTyphl

3AKITIOYEHHE

MeroaoM HENMHEWHON anMmpOKCUMAlUd PACCUUTaHbl KUHETHYECKUE XapaKTEPUCTHKU
mpoliecca OKUCICHUSI MEJIU, MPE/II0KEHAa MaTeMaTH4YeCKasi MO/JIeNb, OTTMCHIBAIOIIAs 3aBUCUMOCTh
CKOPOCTH pacTBOPEHUS OT KOHIIEHTPAIIUH KOMILJIEKCOOOpa30BaTesl U OKUCIUTENS:

W = 87,046 x 107" [Tcy]™®.

DKcnepuMeHTaIbHAs SHEPTUsI aKkTUBaIMK cocTtaBmia 28,1 kJk/Moib, peakius mpoTekaia
BO BHEITHEAU(PPY3HOHHOM pEKUME, TUMUTHUPYIOIIas ctaaus — Muddy3ns KOMIUIEKCOB MEIU OT
MMOBEPXHOCTH B 00BEM pacTBOpa.
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INVESTIGATION OF THE KINETICS OF COPPER DISSOLUTION
BY THE PHOTOMETRIC METHOD WITH BIS(CYCLOHEXANONE)OXALYL
DIHYDRAZONE IN THE FORMATION OF MULTI-LIGAND COMPLEXES
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Abstract. The kinetics of oxidative dissolution of copper at formation of dissimilar ligand
complexes has been investigated. The kinetic parameters of the dissolution process were
determined by the rotating disk method and quantitative determination of metal by photometric
method with bis(cyclohexanone)oxalyl dihydrazone, and a mathematical model of the
dependence of the rate of copper transition into solution on the process parameters was obtained.
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V]IK 544.773.2

HNCCIEJOBAHUE ITPOLHECCOB OTBEPKJIEHUSA
HEIPEJAEJIbBHBIX ITOJIUIP®PUPHBIX CMO.I
METOJOM MHOI'OKPATHOI'O HAPYIIEHHOI'O
IHOJIHOI'O BHYTPEHHEI'O OTPAKEHUA

AU. Muuyzuna, H.FO. Cmaposoiimosa, M.B. Ocnennukos
Tsepckoii cocyoapcmeennbvlli mexHuueckui ynugepcumem (2. Teepw)

© INuuyruna A.U., Craposoiiroa H.1O.,
Ocnennunkos M.B., 2024

AnHoTtanus. [IpoBeneHo wHccinenoBaHHME NPOLECCOB OTBEPKIAEHUS IPENLyCKOPEHHOU
HEHACBIIEHHON Nonu3GupHoi cMoibl MeTogoM NK-Dypre-cnekTpoCKOnuu ¢ UCIOIb30BaHHEM
IIPUCTAaBKM MHOTIOKPATHOI'O HApYyLIECHHOIO IIOJIHOTO BHYTPEHHETro oOTpaxkeHus. Ilomydeno
ONTUMAJIBHOE COOTHOIIEHWE KOMIIOHEHTOB JUISl JOCTHKEHHS MAKCUMAaJIbHOM NPOYHOCTH
[IOJIMMEPA U MUHUMAJIBHOM SYMUCCUU BPEJHOTO CTUPOJIA B OKPYXKAIOLLYIO CPENY.

KiroueBble ci0oBa: HEHachlllleHHass NOAuWA(GUpPHAs CMOJIa, CTENEeHb OTBEPXKICHUS,
NepeKUch METUIITUIKETOHA, MK-Dyppe-ciekTpockonus.

DOI: 10.46573/2658-7459-2024-4-80-85

BBEJ/IEHHUE
HccnenoBanue CBOWCTB HEMPEENBbHBIX MOMUI(PHUPHBIX CMOJ UMeeT OOJIbIIOe 3HAYCHHE
JUI TPOMBILIUICHHOCTH. 3HAaHUE AHAJIUTUYECKUX 3aBHCUMOCTEH HEKOTOPBIX XapaKTEpPHUCTHK,
U3y4aeMbIX B 3TOH paboTe, TO3BOJIHUT MPOU3BOIUTH MAaTEPHAIIBI C JIYUIIMMU CBOWCTBAMH.
B Hacrosmieit pabote paccMaTpHBAIOTCS KOMITO3UIIMU HA OCHOBE MOJUA(PUPHOM CMOJIBI
CIID®-ST-10 (RTM), paznuyaromuecs 0 COCTaBy B IUIAHE BIMSHUS KOJUYECTBA OTBEPAUTENS
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Ha UX KOHECYHbIC CBOMCTBA. bBUIM NIPOBEIEHBI MCIBITAHMS CMEIICHMS CBS3YIOLIET0O Ha OCHOBE
HEHACBIILECHHON NOIM3(UPHON CMOJIBI U ETAJbHOE UCCIIEAOBAHHE €r0 OTBEPKACHUS METOJ0M
NK-Dypbe-CIeKTPOCKONIUU C IPUMEHEHUEM ITPUCTABKM MHOIOKPATHOI'O HAPYLIEHHOI'O IIOJIHOIO
BHyTpeHHero otpaxkenus (MHITBO).

METO/bI, METO/IHKH H MATEPUAJIBI

B  pabore wucnomp3oBamack cmoma  CIID®-ST-10 (RTM)  mpowusBoaurtens
«[Inactllonmuadpup». Oto cmona mnonudbupHas HEHACHINIEHHAs MPEAYCKOPEHHAs, HMEoIas
HU3KYI0O OMHUCCHIO CTHpOJIa, OTIUYHYIO TPOMUTHIBAIOIIYI0 CIHOCOOHOCTh, HHIUKATOP
orBepxaeHua. OHa XapakTepu3yercs ObICTPOIl MmoJiMMepHu3anueil Mpu OTHOCUTENBHO OOJBIIOM
BpPEMEHU T'eJIe00pa30BaHUA.

B kawectBe oTBepauTeNns MOPUMEHSJIM Tepekuch MeTwmTwikeToHa ([IMOK)
mapku Butanox M-50 ot npousBoautens Nouryon Chemicals B.V.

O6pasubt  cMonbl  uccienyemo mapku CIID®-ST-10 (RTM) mnonydanu myrem
B3BEIIMBAHMS HAa aHAJTUTHYECKUX Becax C pa3HbIM coiaepxkanuem otBepautens [IMOK (0,7; 1,0;
1,4; 1,8 %) wm TmarensHo mnepemermmBand. Jlamee KOMIO3UIMIO 3anuBaid B ¢GopMy 10
ONPEAECICHHON TOJIIHMHBI.

B uccnenoBanuu ucnosb3oBanachk npucraBka MHIIBO36 ropuzoHTanbHOro THMa s
HNK-®ypre-cnektpomerpa ®CM-2201. PaboTta mnpucraBkd OCHOBaHa Ha NMPUMEHEHUHM METOJa
MHIIBO. IIpo6omnoaroroBka He TpedyeTcs: UCCIeqyeMblii 00pasel] HOCTaTOYHO MOMECTUTH B
BaHHOYKY, JHO KOTOpoi obOpa3omano mpusmoii MHIIBO. [TonmMepHbie 00pa3ibl MEXaHHYECKU
MPUKUMAIOT K IIOBEPXHOCTH MPU3MBI € TOMOILBIO CHEIUAIBHOTO MPUKUMA.

PE3YIIBTATBI H ObCYK/IEHUA

Peakuust OTBEp)KIAEHMSI HEHACBHILICHHBIX MMOJMA(UPHBIX CMOJI TPEACTaBISIET COOOM
paluKalbHYI0 CONOIMMEPHU3ALMIO PACTBOPUTENS (KAaKOBBIM OJHOBPEMEHHO SIBIISIETCS MOHOMED)
C pE€aKIIMOHHOCTIOCOOHBIMU JIBOMHBIMU CBSI3SIMH OJINTOMEPHOTO Mosn3pupa.

ITocne nobGaBnenus 1-4 % NEPOKCUAHOTO HWHHMIMATOpPA HAYMHAETCS paJuKaibHas
COMOJIMMEpHU3alisd MEXAY BHHUJIOBBIM MOHOMEPOM (CTHUPOJIOM) U  IOJIMHEHACBHIIEHHON
MakpomoJsekyaoi. Ha ObIBIIMX ABOMHBIX CBS3AX OT JBYX JO TPEX 3BEHbEB CTHUpOJIa 00pa3yroT
CBSI3U C COCEJHMMH MAaKpOMOJIEKYJaMH, I1OCJI€ YEero 3aIlyCKaeTcs Mpolecc ciuuBaHus (puc. 1).
CrnepnoBarenbHO, IPU YBEIMYEHUU KOJIMYECTBA OTBepAuTens uucio cBaseil C=C nomkHO
MIPONOPIMOHAIBHO yMeHbIIaThCsA. Ha puc. 2 mpencraBiieHbl CIEKTPhl aHAIM3UPYEMON CMOJIBI €
BAPBUPYEMBIM KOJIMYECTBOM OTBEPIAUTEIIS.

0 O CH
A{O‘QO —CHo—CH>-0— C CH—CH— C 0O—CH; CH O}“
O "
@ T
0 0O—CHz-CHz-0O—C—CH—CH— C O—CH; CH o]
—8— @ Hs m

Puc. 1. CimuBanue HEHACHITIICHHOW MOIMA(UPHON CMOJTBI
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AHaIM3UpyeMblii MANAa30H MOXKHO OrPAaHHYHTL 061acThio 3 300 cm . OTcyTcTBHE
MHTEHCUBHOCTU NHUKOB momiomeHus B auamazone 3 000-3 300 cm ! cBszano ¢ OTCYTCTBHEM
TUIPOKCWIIBHBIX TPYIII B HCCIIEIyeMOM o0Opasiie.

O6mnactu 2 991, 2947 cM ' orHOCATCS K C-H-cumMeTpu4HBIM BaJICHTHBIM KOJICOAHUSIM
apOMAaTHYECKUX TPYHIIl VgCH)Ar, YTO HOATBEPXKAACTCA NyONUPYIOIUMHU AaCUMMETPUYHBIMU
BAJICHTHBIMU KOJICOAHMAMHU VggCH)ar U JE(POPMAIMOHHBIMU KOJEOaHUSMH B  00JIACTAX
uHTeHCHBHOCTH 2 370, 2 340 cM ' (oGepToHaMM) COOTBETCTBEHHO.

Kpome Ttoro, HaOmromaroTCs MHOXKECTBEHHBIC BajeHTHbIC Kojebanus C-H-apoma-
TUYecKoro psiaa B odmactsax 1 607, 1 586, 1 572 CM_I, MOATBEPKIAIOIIHNECS HATMYUEM TIIOCKUX
nehopMaIMOHHBIX HOKHUYHBIX KOJICOAHUN B OOJIACTH «OTIIEYATKOB HaibiieBy 931-902 em ' u
HETIOCKOCTHBIX 1e(OPMAIHOHHBIX MAsSTHHKOBBIX KOTeOaHuii B 06macTsx 652, 631 cm '

SIpko BbIpa)KCHHAs! OTIMUYUTENbHAS 110JI0CA BAJEHTHBIX KOJIEOAHUMN Vgy(C = C)ar HAXOAUTCS
B obmactsx 1748, 1305 cM ' u oxBaThiBaeT 00JACTb «OTIICYATKOB MANBLEB», 4 TAKKE
nedopmarmoHHbie Kosebanus 715 em

WNuTencuBHbie BasieHTHBIC KoseOanusi C-H ammdarmueckux rpynm HaOMOTAIOTCS B
obnactax 2 882, 2 328 Y

Hammune cBszeit C=C anmupaTHuecKux TPYNI OMPEACISIOT BaJCHTHBIE KoJeOaHHs B
obnactax 1503, 1458, 1403 CM*I, a Takxke JaeQOpMalMOHHBIE TUIOCKOCTHBIE HOXKHUYHBIC
KxoneGanms B o6mactsax 1 182, 1080, 1 048 cm ™.

He3naunTenbHple TO HMHTEHCUBHOCTH JiepOpMallMOHHBIE HOXXHUYHBIC KOJICOAHUS B
obmacti 1 554 cM ' 0Ka3bIBAIOT npucytcteue cBsizeil C = O B 007aCTH «OTIEYATKOB MAIBIIEB)»
1 HAJIMYHE MasTHUKOBBIX KOJEGaHu — 836 cM .

HaJndie OTYETIMBBIX THKOB B 00macTsix 767 cM ' u 715 e CBUJIETEIBCTBYET 00 OpTO-
HAJIOXEHUH KapOOKCHUIIbHBIX TPYIIN B apOMaTHYECKOM KOJIBIIE.

NHTEHCUBHOCTH CHUTHAJIOB O MEPE YBEIWYEHHUS COJEP KaHHS OTBEPAUTENST BO3pacTaeT
JUIIb 70 ompeaeneHHoro MomeHTta. Ilpu noGaBnenun 1,4 % oTBepAUTENns MHTEHCUBHOCTH B
HEKOTOPBIX CIIy4asXx TMepecTaeT MEHAThCS WM cHuxkaeTrcs (cM. puc. 2). KonBepcus mporecca
OTBEPKJICHUSI XOPOILIO BUAHA Ha ydacTke 1 748 cM . B 9700l 061acTH HAGIIONACTCS CHIKCHHE
uHTeHcuBHOCTH CBsizelt C =C mo Mepe yBEIMYEeHHS KOJMYECTBa JT00aBISEMOTO OTBEPIUTEINS

(puc. 3).
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JlanHasi cBsi3b OOYCJIOBJIEHA HArpeBOM B IPOLIECCEe OTBEPKICHUA. Tak, B ONpeaeTIeHHbIH
MOMEHT TeMIepaTypa CMECH JOCTHTaeT TeMIepaTypbl KHUIIEHHs OTBEpAMUTENs (CTUpoja), B
pE3yJIbTaTE YEro OH UCHApsIeTCs, HE YCIIeBask IPOPEarupoBarTh ¢ peakKlIMOHHBIMU LIEHTPAMHU.

Ha puc. 4 nokazano naMeHenue cojaepxkanus cBszeid C = C apoMaTHUeCKUX TPyl MOJ
BiaustHUeM otBepautens. Ilpu nobasnennu 1,4 % oTBepauTens HanbHEHIIee yBETHMUYEHUE €ro
KOHIEHTPAllUU OTPUIIATEIbHO BJMSET Ha MpOIEcC, TaK Kak HE BCE PEaKLUHUOHHBbIC IIEHTPHI
apOMaTUYECKUX IPYII YCIEBAKOT CIIUTHCS.

En. (C=C)
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Puc. 4. 3aBucumocts conepsxanus csizeit C = C
apOMaTHYECKUX TPYII OT KOJTUYECTBA OTBEPAUTENS

3AK/ITIOYEHHUE
W3 nonyyuBIIMXCS CHEKTPOB CIEAYET, YTO ONTHUMAaIbHOE KOJMWYECTBO OTBEPAUTEIIS
coorBercTBYeT 1,4 %. J[lanbHelnee yBeIMYEHUE KOHIEHTPAUMU MPUBOJUT K XPYNKOCTU
CIIMTOTO MOJMMEPA U BBICOKOM 3MHUCCUU BPEIHOTO CTUPOJIA B OKPYKAIOILYIO CPELY.
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Abstract. A study of the curing processes of a pre-accelerated, unsaturated polyester resin
by the method of IR-Fourier spectroscopy using the prefix of multiple disturbed total internal
reflection was carried out. The optimal ratio of components has been obtained to achieve
maximum polymer strength and minimum emission of harmful styrene into the environment.
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YK 665.775.4

IOPEKTUBHOE CPEJICTBO BOPbBbI
C IIPEKAEBPEMEHHBIM PA3ZPYIIEHUEM
ACPAJTBTOBETOHHOTI'O ITOKPBITHUA B 30HE CTBIKOB

E.O. ITpokyoun’, B.B. Casuyxuii’, B.E. Huxonaesckuii', JI.1O. Heépamenko” ?
'Poccuiickuii YHUgepcumem mpauncnopma (2. Mockea)
? Hayuonansnoi uccredosamensciuii Mockosckuil 20Cy0apCcmeeHHblil
cmpoumenvuwlll yHugepcumem (2. Mockaa)

© Ilpokymun E.O., CaBuukuii B.B.,
Huxonaesckuii B.E., HeO6parenko /[.1O., 2024

AHHOTanusi. B craThe yKa3aHO, 4YTO CPOKH CIY>KObl JOPOXKHBIX TOKPBITHH JUIs
aBTOMOOWJIBHBIX J10pOr (efiepanbHOro 3HaueHus omnpeneieHsl [loctanoBnenuem IlpaBurenscTBa
P® ot 30 mas 2017 r. Ne 658 u cocraBisaT 24 roga ans Bcex Kareropuil. B mpenpiaymem
[TocranoBnenuu (ot 23 aBrycta 2007 r. Ne 539 ¢ nu3menenusimu 2015 r.) 3T CPOKH COCTaBIISIIH
12 ner. OTMeuyeHO, 4YTO YBEIUYEHUE MEXKPEMOHTHBIX CPOKOB B JIBa pas3a JOJIKHO
COMpPOBOXKAATHCSI PE3KUM  IOBBIIIEHUEM KauecTBAa CTPOMTEILCTBA JIOPOI, IOSIBICHUEM
IPOPBIBHBIX MPOEKTHBIX, KOHCTPYKTUBHBIX M TEXHOJIOTUYECKUX PELICHUH, OJTHAKO KalUTalbHbIH
PEMOHT JIOPOXKHBIX OJEXK] MO-TIpekHeMy mpoBoauTcs uepe3 10-12 ner, mpuueM OOBIYHO
CCBIJIAIOTCSI HAa CYpOBBIE KIMMAaTHYECKUE YCIIOBHS, POCT TPAHCIIOPTHBIX HAarpy3oK, HEAOCTaTKU
INPOEKTUPOBAHMSI, HapylIeHHEe TeXHoJoruu. Jlaxke Tmpu KadyecTBEHHOM  yKIaJgKe B
acanbTOOCTOHHBIX MMOKPBITUAX HAXOJATCA 30HBI, Ha KOTOPBIX TOSBISAIOTCS IPHU3HAKH
pa3pylIeHHs YK€ IOocie MEPBOro Ce30Ha IKCITyaTalluu. DTO CTHIKU B TEJIE CJIOSI TOKPBITHUS, TE
BHOBb YKJIaJIbIBa€Masi CMECh INPUMBIKAET K YJIOKEHHOH paHee. IlomuepkHyTo, 4TO NpUYMHA
OaHanmpHA: B MeCTax KOHTaKTa BeCbMa CJOXXHO oOOecneunTh TpeOyemMylo IJIOTHOCTh H
MOHOJIMTHOCTh cMecH. IIpeanoxkeHo pemuTh MpodJieMy «CpalldBaHHUs» MEXIy coOoi
NPUMBIKAIOIUX (ParMEHTOB CJIOS MOKPBITUS Ha OCHOBE MPUMEHEHUS! CTHIKOBOYHBIX OMTYMHO-
NOJIMMEPHBIX JIEHT, TaKk Kak B Poccum yxke uMeercs ONbIT MX NPUMEHEHHS, & MOHUTOPUHI
COCTOSIHUSI TIOKPBITHSI B 30HE CTHIKOB CBHJETEIBCTBYET O TOM, YTO HCIIOJIb30BAHHE OUTYMHO-
MOJIMMEPHBIX CTHIKOBOYHBIX JIGHT JaeT CYIIECTBEHHBIE MPEUMYIIECTBA 3a CUET OOeCHeueHHs
MOHOJHMTHOCTH COEIMHEHUS B TE€YEHHE HOPMAaTUBHOT'O CPOKa SKCILTyaTalllu.

KiroueBble c10Ba: CTHIKOBOUHBIE OUTYMHO-IIOJIMMEPHBIE JIEHTHI, HOJTUMEPHO-OUTYMHBIE
BSDKYILUE, CTHIKU COTIPSKEHHUSI.

DOI: 10.46573/2658-7459-2024-4-86-94

BBEJ/[EHHE

CoxpaHeHHe CTaOMIBHBIX  XapaKTEPUCTUK OUTYMCOJAEp)KAIIMX CIOEB  SIBISETCS
HEMPEMEHHBIM YCJIIOBHEM O0ECHEeUeHHs MPOYHOCTH M JOJTOBEYHOCTH JOPOKHBIX MOKPHITHH.
BakxHO mOHMMaHME TOTO, KaK Ha ATO BIUSIOT COCTAaB U CBOWCTBA KOMIIOHEHTOB ac(aibToOeTOHA
u nonaumepachanproderona. IMeHHO oTCyTCTBHUE 1e(DEKTOB HA TOPOIKHOM MOKPHITHU MTO3BOJISET
aBTOMOOWJIBHOM J0pOTe BBINOJHATH CBOIO (YHKIHIO — (YHKIHIO oOecredeHus: 0e30macHOro
KPYTJIOTOTUYHOTO JBMKEHUSI TPAHCIIOPTA C PACYCTHBIMUA CKOPOCTSIMH B TEUYCHHE HOPMATHBHOTO
CpOKa CITYObI IPY TOCTOSTHHOM POCTE MHTEHCUBHOCTH M 00beMa IepeBo30K [1].

86



Ne 4 (24), 2024 Bectauk TBepcKOro rocy1apCTBEHHOIO TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIIEKTPOTEXHUKA U XUMUYECKUE TEXHOJIOT UM

Pano wnm mo3mHO Ha TMOKPBITHSX aBTONOPOT BO3HUKAIOT Aedextsl. Kak mpaswuio,
IPEJBECTHUKAMU DPA3pyLICHUs] SBIAIOTCA IIETyLIIEHHE W BBIKpAllMBAaHUE MaTepuanga C
MOCJEIYIONUM HApYIICHHEM CIUIOIIHOCTH ac(}anbTOOETOHHBIX TIOKPBHITHH B 30HE IIIBOB
COIIpsDKEHUs. OTO CTBIKM B Iojlocax ac(aabTOOETOHHOTO MOKPBITHS (IIPOAOJIbHBIE H
MIONIEPEYHBIE), a TAKKE CONPSDKEHUS C Pa3IMUHbIMU KOHCTPYKTUBHBIMU ieMeHTamu [2]. U atu
«UEHTPBl pa3pyuieHus» (HOpPMUPYIOTCS €Ile Ha 3Tane MNPOSKTHUPOBAHUS U CTPOUTEILCTBA,
MOCKOJIBKY HEBO3MOXXHO M30eXaTh TeMIepaTypHOH U TpaHyJIOMETPUYECKON cerperanuu
ac(anbTOOETOHHOM CMECH IpU €€ KOHTAKTe C YJIOKEHHBIM paHee ciloeM. B cBa3u ¢ 3TuM
BO3HUKAET IOBBIIIEHHAs OCTAaTOYHAs IOPUCTOCTb, a TAaKXKE€ OTCYTCTBYET MOHOJIMTHOCTH B
00J1aCTH CThIKA.

MATEPHAJIBI U METO/IbI

JIeWCTBEHHBIM CpEICTBOM OOpHOBI C  BBIIMICONMHCAHHBIMU TPOOJIEMaMHu  SIBISIOTCS
cThikOBOUHbIE OuTymMHO-nionuMepHbie JeHThl (CBILJI). B CIIA u crpanax 3anaaHoit EBpormsl
CTBIKOBOYHBIE JIEHTBl PaclpOCTPAaHEHbl JOCTATOYHO IIMPOKO M YK€ JOKa3ald CBOIO
3 PEKTUBHOCTS.

Jliis Poccuu CTBIKOBOYHBIE OMTYMHO-IIOJIMMEPHBIC JICHTHI — 3TO CPABHUTEIHLHO HOBBIM
MaTepuan, MpeICTaBSIoNMi co00il mpoduIupoBaHHYIO JIEHTY, COXPAHSIONIYI0 CBOIO
FEOMETPUUECKYIO LIEJIOCTHOCTh IPU BBICOKMX TEMIIepaTypax /10 MOMEHTa npumeHeHus. Ho B
OTNIMYKME OT 3alaJHOr0 aHajiora, OCHOBAHHOTO Ha OWTYMHO-Kay4yKOBOM  BSIKYIIEM,
OTEYECTBEHHBIC  CTHIKOBOYHBIC  JICHTHI  M3TOTABIMBAIOTCS M3  OUTYMHO-TIOJIMMEPHOTO
kommno3uTHoro Bsokymero (I1I6B). U ato He crmyuaiino. [TaBHBIM KaueCTBEHHBIM MOKa3aTelieM
I[IBB y1st  CTHIKOBOYHBIX JIEHT SBJSIETCS €ro CIOCOOHOCTh TIPOHUKATh B  CTPYKTYPY
KOHTAKTHUPYIOIIUX CJIOEB, obOecreunBas CLEMJICHHe, MPUBOAAIIEe K OOpa3oBaHHUIO €IUHOTO
MoHOJHTa. bojee Toro, 3a cueT BHICOKOMOJIEKYJISIPHBIX KOMIIOHEHTOB (B CPaBHEHUHU ¢ OUTyMaMu
HedTsaHbIME J0poxkHBIMU) [IBB He Tonbko sydIe cnpaBisercs ¢ pelieHneM JaHHOW 3a/1a4yu, HO
U COXpaHSeT CBOM KaueCTBEHHBbIE IOKa3aTeld Ha MPOTSKEHUH BCETO0 CpOKa 3KCIUlyaTalluu
oOwekra [3].

CtTbIkOBOYHAs OUTYMHO-TIOJIMMEpHAsi JIEHTa, PAcHOJIOKEHHAass Ha CTBIKE II0JIOC, IpHU
HarpeBaHWu OT ropsyeil achaabTOOETOHHON cMecH NEepexXOIUT B BI3KOTEKydee COCTOSIHHE W
00BOJIAKMBAET BCIO MMOBEPXHOCTh KOHTAKTA, MPOHUKAsl B HEPOBHOCTH, 3aKJIMHUBAETCS B HUX IpU
ocTbiBaHUU. TakuMm 00pa3oM, HA OCHOBAaHMU MEXAHMYECKOW TeOpHH aare3uu obOecrednBaeTcs
MIPOYHOCTH CTBHIKOB.

Puc. 1. BuemHuii BUJ CTHIKOBOYHON OMTYMHO-TIOJIMMEPHOM JICHTBI
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[lo pe3ynbraram pa3IUyHOTO POJIAa HMCCICJAOBAHUI YCTAHOBJIEHO, YTO aJAr€3MOHHOE
COCIMHCHHUE 3aBUCUT OT TaKuX (aKTOPOB, KaK COCTaB W CTPYKTypa ajre3uBa M cyOcTpara,
TEOMETPHUYECKUE MapaMeTphbl 00BbEKTa, MPUPOLI (ha3, BCTYHAIOIINX B KOHTAKT, a TAKXKE yCIOBHS,
MIPU KOTOPBIX OyzieT (hOpMUPOBATHCS aJAr€3MOHHOE COCTUHEHHE [4].

«[Ipunumanue» — mpouecc 00pa3oBaHUsS MPOYHON CBSI3W B TOYKE KOHTAKTa a/re3uBa W
cybcTparta, T.e. oOpa3oBaHMs 30HBI CIEIUICHUS. «AAre3us» — IOKa3aTellb MPOYHOCTU CBS3H
[5-T7].

B cnoe popoxkHOro mOKpeITHS (KaKk MHOTOKOMIIOHEHTHOM CHCTEME) Ha KadeCTBO
aJre3MOHHOTO COSIMHEHUS OKA3bIBAIOT BIHMSIHUE (DAKTOPHI, OCHOBHBIMH U3 KOTOPBIX SIBIISFOTCS:

XUMUYECKHUMA COCTaB IICOHS;

CTPYKTYpa €ro IOBEPXHOCTH (HAJIMYUE€ MAKpO- U MHUKPOPA3BUTHIX IMOBEPXHOCTEH,
MHUKPOJE(HEKTOB, OTKPHITBHIX TIOP U MOJIOCTEH);

(PU3HKO-XMMHYECKHE CBOMCTBA BSDKYIIIETO;

TeMIeparypa, Ipu KOTOPOH OCYIIECTBIISIETCS MPOLIECC.

N3BecTHO, UTO IIENOYHBIE TOPOJBI CLEIUIAIOTCS C OKHCICHHBIMH OUTYMHBIMHU
KOMIO3UIUSAMH JIyUllle, YeM KHUCHbIE. DTO OOBSCHSAETCS HAIUYUEM HA MOBEPXHOCTHU OCAIOUHBIX
MOPOJT TUJIPOKCHIIBHBIX TPYIIN, KOTOPbIE B3aMMOJIEUCTBYIOT C KHUCIOPOJOM BO3ayXa U Ooliee
CKJIOHHBI K XMMHUYECKUM W BaH-JIEpP-BaajJbCOBBIM B3aMMOJICUCTBHUAM C IOBEPXHOCTHBIM CJIOEM
«3aKHUCIICHHOT0» BSKYIIEro. [ToCKONMbKY MOpOXKHBIE OMTYMBl CHJIBHO OKHCISIIOTCS Ha CTaJUH
MPOU3BOJICTBA, MPH HATMYUKU OOMEHHBIX HOHOB B BHJI€ TUIPOKCUIBHBIX TPYII Ha MOBEPXHOCTU
IeOHsT MOTYT IMTPOUCXOIUTH OKHCIUTEIIbHO-BOCCTAHOBUTEIILHEIC peakinu [8].

Hannune makpo- © MHUKpPOPa3BUTHIX MOBEPXHOCTEH, MUKPOIE()EKTOB, OTKPBITHIX TOP H
MOJIOCTEH TO3BOJISIET KOMIIOHEHTaM BSDKYIIEro, OCOOCHHO TMOJUMEPHBIM IIEMsM, MPOHUKATh,
mubGyHIUPOBaTh U OTBEPXKIATHCS B OTKPBITHIX MOJOCTSIX HApPY>KHOTO cliosi kKamHs. B aTom
ClTy4ae TOJIMMEP BBICTYMAET B POJIU aHKEepa KaK B OCHOBHOM 00bEME CBSI3YIOIIET0, TaK M B TTOpax
KaMEHHOTO MaTepuana, Kyda YyxXe MpPOHHUKJIA [IO0CTaTOYHAas 4YacTh Iemnei s oOecreueHus
npouHoro cuervieHus [9, 10].

C opmHON CTOpPOHBI, OUTYMHOE BSIKYIIEe JOJDKHO COAEpk aTh HHU3KOMOJIEKYISIpPHBIC
KOMITOHEHTHI, 00aiaromme OONbIION MOJABHKHOCTBIO M CIOCOOHBIE NMPOHUKATH B COCETHUMN
MacCHB CMEXKHOTO MaTepualia Ha 3HaYUTENbHYI0 TIyOuHy. /[t 3T0ro ykazaHHble KOMIIOHEHTHI
JIOJDKHBI MUMETh Malible pasMmepbl u (opmy. C apyroil CTOpOHBI, MOJMMEpPHBIE MaTepUaIbI,
MPUCYTCTBYIOIINE B JOPOKHBIX CMECSIX HUCKIIOYUTEIBHO B KAYECTBE KOMIIOHEHTOB BSIKYILETO,
00J1a1al0T JTOCTAaTOYHOW MPOYHOCTHIO JUIMHHBIX IIeTIeH, YTOOBI MPOHWUKATH B TIOPHI KaMHS U
3aKJIMHUBATHCS B MACCHBE WJIM MOTPAHUYHOM CIIO€ BSKYIIEro. BO3MOKHOCTH mepemieTeHus
MOJIMMEPHBIX Tienel 0e3 00pa30BaHUs XMMHYECKUX CBSA3EH B MECTE CBS3bIBAHUS OOECIIEYMBAET
BBICOKHI TOKa3areidb MPOYHOCTH B MECTE CBS3BIBAHMS ICOCHOYHBIX KOMIIOHEHTOB CMECH U
TapaHTHPYET JIACTUIHOCTH U OOJBIIYIO PACTSHKUMOCTD BSDKYIIETO MaTepuaia 0e3 pa3pyIiieHHs.
OtuM U 00BsicHseTCs nposBienue koresuu B [I6B [11-13].

Jlnst mporiecca 0Opa3oBaHUSI KOHTaKTa MEXKIYy IMOBEPXHOCTHIO TBEPAOrO0 KaMHS U
CBS3YIOUIMM  MaTepuajoM, KpOME BCEro, HyKHa COOTBETCTBYIOLAs  TeMIeparypa,
aKTHBU3HPYIOIIAs (PU3NKO-XMMHUUYECKHE TTPOIIECCHl KaK Ha TpaHulle paszaena (a3, Tak u B o0beMe
Kakaou u3 Hux [ 14, 15].

byranuen-ctuponsnbie Tepmodsactoriactel  (ChC-momuMepsl) NpeaCTaBIsSIOT CcoO0H
eANHYI0 JBYXOJOYHYIO MAaKpOMOJEKYTy M3 JBYX MOHOMEpOB (cTupoia W OyTagueHa),
COCTMHCHHBIX MPOYHBIMA XMMHYECKUMHU CBSI3SIMU. B3auMojeicTByIomas ¢ HUMH MajdbTEHOBAs
¢daza HauMHAET BCTPAMBATHCS B CTPYKTYpPHBIC OOJNACTH TMOJIMMEpA, JOOKUCISISACH MPH STOM B
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HU3KOMOJICKYJISIPHBIE CMOJISTHBIE COCTaBIISIOIIME OuTymMa. B pesymbTare yBeaM4MBaeTCs
HavaJbHas BSI3KOCTh KOMIO3UIIMK U YIy4IIAIOTCS aAr€3MOHHBIE CBOMCTBA MMOBEPXHOCTHOTO CJIOS
[16—19].

st Toro utob6bl obecneunTh cuemienne CBIIJI ¢ g0opoXHBIM TOKPBITHEM, TEpe.
HAHECCHHEM HEOOXOIUMO TIIPOBECTH OYHUCTKY CaMOr0 TMOKPBITUS OT Pa3jIudHOTO poja
3arpsiI3HEHUI: MbUTH, TPSA3H, CHETa U T.1I.

[Ipu ycnoBum mnpoBeneHusi padbot mpu Temmeparype Hmwxke 10 °C HYXHO BbIIEpKaTbh
JICHTY B CYXOM IIOMEIIEHUH B TeMnepaTypHoM auana3zone ot 15 go 20 °C.

Texunonorus npumenenus: CBILJI 3akimouaercs B cleayrolieM: U3rOTOBIEHHYIO JIGHTY C
MPOMEKYTOUHBIM aHTHA/IT€3UOHHBIM BKJIAJBIIIEM CBOPAYMBAIOT B PYJIOH M YHNAKOBHIBAIOT B
KapTOHHBIN KOHTelHHep [20]. Ha o0bekTe IeHTY U3BJICKAIOT U3 YIIAKOBKHU U PaCHpeestoT BAOIb
Kpasi CThIKa, YCTaHaBIMBasg Ha peOpo TakuM o00pa3oM, 4YTOObl aHTHAATE3MOHHAS IUICHKA
HAaXO0JIUJIaCh C BHEUTHEH CTOPOHBI (puc. 2).

a 0

Puc. 2. CtbikOBOUYHAs AOPOXKHAS JIEHTA!
a — yIaKoBOYHBIN KapTOHHBIN OapabaH ¢ nH(opmanuen o JeHTe;
6 — OyMaXKHBIH CJIOW C aHTHAIT€3MOHHBIM ITOKPBITHEM /IS IPEIOTBPAILIECHUS
CIIUIIAHUS PYJIOHOB JICHTHI IIPU TPAHCIIOPTHUPOBKE U XPAaHEHUU

Yro0bl JEHTA HAaACKHO MPHUKPEIINIACE K Kparo CTBIKA, HCO6XO)II/IMO NEPpUOANICCKU
MPIKUMATh €€ K BEPTUKALHON MOBepXHOCTH. [locie ycTaHOBKM JIEHTHI aHTHAATE3NOHHBIN CION
ynansercs (puc. 3). Kaxgas mociemyromas JICHTa JOJKHA MPUMBIKATh K TPEABIAYIIEH BCTHIK.
CoennHeHHE BHAXJIECT HE JOMYCKAETCs, TaK KaK MPUBOAUT K 00pa30BaHUIO M30BITKA BSDKYILETO,
a TaKXKe 6HTyMHBIX IMATCH Ha TMOBEPXHOCTU IMOKPBITUA. B mponecce yKIaaKu N YIINIOTHCHUSA
ropsiueil ac(hambTOOETOHHON CMecH HEOOXOJWMO OCYIIECTBISATh KOHTPOIb 3a IOJIOKEHHEM
JICHTBI Ha CTBIKE C paHEC YIIOKCHHBIM IMOKPBITUCEM.

Ha mpotsbkenuu Bcero 3tama oOpa3oBaHMs IIBa MEXKIY HOBBIM M paHee YIOKEHHBIM
cinosmu acanprodeToHHoro mokpeiTuss CBIIJI mperepneBaeT psii MEXaHWYECKHX U (PU3HKO-
XUMHNYCCKUX Hp6‘06pa3OBaHI/II7I, 3a CYCT KOTOPBIX JOCTUTAaCTCsI MOHOJUTHOCTD 30HbI KOHTAKTA.
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W3mo:xeHHbIe BEIIIE TOJIOKEHUS JOJIKHBI OIMMPAThCA HAa ACTAIbHOC M3YUYCHUC IOBCACHUA
CBIII Bo BHOBb C(HOPMHUPOBAHHOM TOKPBITUU (TeMIlepaTypa OKpYXarouleil cpenbl B 30HE
yknaaku — 14 °C; remneparypa achansroderonnoi cmecu — 140 °C). C 3T0ii LeNbI0 B 30HE 11Ba
MIPOBEJICHO M3BJIEYCHHE HECKOJIBKUX KEPHOB, B cocTaB KOTOpbIX Bxoaut CBILI (puc. 4).

Puc. 3. Pacnpenenenne CBILI Puc. 4. Buemnuii Bua o0pasua
C TIPUKPETTICHUEM HI0CJIE TIOCTIONHOTO pa3pe3aHus KepHa,
K BEPTUKAJIBHOMN MMOBEPXHOCTH CTHIKA B3SITOTO B MECTE CTBIKA JJIs1 KOHTPOJIS

PacCIioJIOKCHHA JICHTHI

Kepubr Obutn 0TOOpaHBI 2nekTpudeckuM kepHooTOopHHKOM Keos KS-KB200/250SET,
(2 800 BT), 3akperuieHHbIM Ha mTaTUBe. HampasneHnue BpalieHus paboyero opraHa COBIagaio ¢
OCHOBHBIM X0JIOM JIBH)KEHUS TI0 MOJIOCE.

Jlanaple TaOMWIBI W BUJ KpUBOM (cM. puc. 4) MOATBEPKIAIOT, YTO BSDKYIIEE,
ucrnonb3oBanHoe npu mpousBoacTBe CBILJI, qoctarouHo paBHOMEPHO pacmpenesseTcss Kak Imo
MOBEPXHOCTH CTaporo acganbroOeToHa, Tak U B 00beMe ropsdel achanbToOETOHHOW CMecH,
yKJIa7pBaeMO B 30HE CThIKa. OTKIOHEHWE OT meHTpanbHOW jmHMH 1o ocu CBIIJ He
npesbimaet 15-20 %. OgHako ¢ yBelIUYeHUEM PAaCcCTOSHUS OT OBEPXHOCTH ac(haabTOOETOHHOTO
nokpbITust pacrekaemocTh CBIIJI cHMXeTcs M BBIpaBHUBAaHUE COJEPXKAHUS BSDKYIIETO B
XOJIOAHOM U TOPSYEM CHOSX YXYAIIAETCS.
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[[IuprHa 30HBI pacupenencHus
OMTYMHO-TIOJIMMEPHOTO KoMItioHeHTa u3 coctaBa ChILJI B 30He miBa

30Ha NPUMBIKaHUSA
I'myOuHa ot . IlentpanbHas 30Ha 30Ha XOJIOAHOIO
ropsiuei
MMOBEPXHOCTHU . | mo mmupune CBILI, acganpToOeTOHA,
ac(hanbToO0eTOHHON
MOKPBITHUS, MM MM MM
CMECH, MM
10 1,5 0,6 0,9
1 5 1 ,5 038 037
20 1,4 1,0 0,6
25 1,2 1,2 0,6
30 0,8 1,8 0,2
35 0,8 1,8 0,2
40 1,0 1,8 0
50 1,0 2,0 0
3AK/TIOYEHHE

3a nmocneHue HECKOBKO JieT ucnoib3oBanne CBIIJI Ob110 MHUIIMATUBHO alipOOMPOBAHO
Ha JIOPOXKHBIX OOBEKTAaX pPa3IUYHBIX YpOBHEH MOJYMHEHHOCTH. B Hacrosiee Bpemsi Benercs
CUCTEMATUYECKUN MOHUTOPUHT COCTOSIHUSI OOBEKTOB, HA KOTOPBIX ObuIM Mcnoiab3oBaHbl CBILJIL.
[Ipy 5TOoM BHHMMaHUE YJENAeTCs He TOJBKO COCTaBy OWUTYMHO-TIOJIMMEPHBIX KOMIIO3HMTOB,
HCIIOJIb3YEMBIX ISl POU3BOJICTBA JIEHT (MapKe U MHAEKCY MCXOJHOTO BSKYIIETO, COJIEP/KaHUI0
U CBOWCTBaM NMPUMEHSIEMBIX MOIU(PHUKATOPOB, COOTHOIIEHUSM KOMIIOHEHTOB), HO U T€OMETPHH
COEIMHUTENIbHBIX JIEHT (IIUPHUHE, TOJIIMHE, HAIN4YUio ¢acok). Kpome TOro, TeXHOIOIrMYHOCTh
UCTIOJIb30BaHUSl JIGHTHl TpeOyeT oOT MoTpeOuTeNnell OLIEHKM aHTHAJATre3MOHHBIX CBOMCTB
MPOKJIAJOYHBIX TJICHOK.

AHanu3upys NOJy4YEHHBIE B paMKax MCCIEA0BaHUA JIaHHBIE, MOYKHO CIEJIaTh BBIBOJ, YTO
CBIUI sBASITOTCS HOBBIM JIOPOXKHO-CTPOUTENbHBIM MaTepuaioM, UX MPUMEHEHHE He Tpedyer
npuoOpeTeHusl JOMOJHUTEIbHBIX TEXHMYECKHX CPEJICTB MeEXaHW3alluh, a KBadu(ukamnus
pabOTHUKOB  MOAPSAIHBIX  MOAPA3JEICHUNH OTpacid TIO3BOJSET UM  BBINIOJHATH — BCE
TEXHOJIOTHYECKHE OIEpallud B COOTBETCTBUM C HMEIOLUIUMCS TEXHMUYECKUM pETJIaMEHTOM
npoBeaeHus padbot. [Ipu sToM OHM OOecTIeUMBAIOT YIy4IIEHHE CTAOMIBHOCTH 30HBI CThIKA U
IPEMSTCTBYIOT PACKPBITUIO TPEIIMH Kak B 30HE IMPOJOJIBHOIO, TaK MU B 30HE IONEPEYHOTO
KOHTAaKTa CBEXXET0 M OBIBIIIETO B SKCIUTyaTalluu ac(PasbTOOETOHHOTO MOKPBITHS.
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AN EFFECTIVE MEANS OF COMBATING PREMATURE DESTRUCTION
OF ASPHALT CONCRETE PAVEMENT IN THE AREAS
OF JOINTS AND SEAMS

E.O. Prokudin’, V.V. Savitsky’, V.E. Nikolaevsky], D.Yu. Nebratenko”?
"Russian University of Transport (Moscow)
?National Research Moscow State University of Civil Engineering (Moscow)

Abstract. The article states that the service life of road surfaces for federal highways is
determined by the Russian Government Resolution No. 658 of May 30, 2017 and is 24 years for
all categories. In the previous Resolution (dated August 23, 2007, No. 539, as amended in 2015),
these terms were 12 years. It is noted that the doubling of inter-repair periods should be
accompanied by a sharp increase in the quality of road construction, the emergence of
breakthrough design, structural and technological solutions, but major repairs of road pavements
are still carried out after 10-12 years, usually referring to harsh climatic conditions, increased
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traffic loads, design flaws, violation of technology. Even with high-quality paving, there are areas
in asphalt concrete pavements that show signs of destruction after the first season of operation.
These are joints in the body of the pavement, where the newly laid mix adjoins the previously
laid mix. It is emphasized that the reason is trivial: at the points of contact it is very difficult to
ensure the required density and monolithicity of the mixture. It was proposed to solve the
problem of “splicing” of adjoining fragments of the pavement layer on the basis of application of
bituminous-polymer jointing tapes, as in Russia there is already experience of their application,
and monitoring of the pavement condition in the joint zone shows that the use of bituminous-
polymer jointing tapes provides significant advantages by ensuring monolithic jointing during the
period of the pavement pavement paving.

Keywords: connecting bitumen-polymer tapes, polymer-modify bitumen, interface joints.
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NCCIEJOBAHUE 3ABUCUMOCTHU COAEPKAHUA KUCJIOTHBIX I'PYIIII
B HOJIMOTUJIEHTEPE®TAJIATE OT TAPAMETPOB ITPOLIECCA
IMPOMBIIIVIEHHOTI'O CUHTE3A ITIOJIUMEPA

H.I0. Cmaposoﬁmoeal, AN. Huuyzunal, A.T. Koeaﬂesl, A.B. Huxonaes’
't 6epCKOl 20CY0apCcmeeHHblll mexHudeckuil ynusepcumem (2. Teepw)
240 «Cubyp-IIPTD» (2. Teepy)

© CraposoiitoBa H.I1O., [Tuuyruna A. 1.,
Koganes A.I'., Huxonaer A.B., 2024

AHHoTanusi. B Hacrosimeld paboTe uccleOBaHO BiIHMSHHUE (U3UYECKUX MapaMeTpoB
npoiiecca MOJIMKOHACHCAIIUN TOJIMATUIICHTEpeTaiaTa Ha KapOOKCUIIbHOE (KUCJIOTHOE) YHCIIO.
JlanHple MOJIy4YeHBI METOJOM (HOTOMETPHUYECKOTO0 THUTPOBaHUS. BbIABIEHBI 3aBUCHMOCTH
KOHIEHTPAallUU KapOOKCWJIbHBIX TPYII B IOJUMEPE OT KHUCIOTHOIO YHCIa, U3MEPSIEMOIO B
Impolecce CHUHTE3a MOoJMATWIeHTepedTanara, a TakkKe XapakTep 3aBUCHMOCTEH JTHUX
XapaKTEPUCTHK OT HEKOTOPBIX (M3MYECKUX MapaMeTpoB Tporecca (JaBJICHHS, TEMIEPaTypHl,
o0bema peakiMoHHON cmecu). [lomydeHHble pe3yabTaThl MOMOTYT ONEpaTopaM TEXHOJO-
THYECKUX YCTAaHOBOK PAIlMOHAIBHO U ONITUMAIIBHO YIIPABIISATH MPOLIECCOM CHHTE3A.

KiaroueBble cioBa:  monudQUpbl, MONMMKOHJEHCAIMS, MOJMATUICHTepedTaIar,
doToMeTpHUYECKOE TUTPOBAHUE.

DOI: 10.46573/2658-7459-2024-4-95-100

BBE/IEHUE

[onustunenrepedranat (II2TD) sBnasercs oJHUM U3 KPYTHOTOHHAKHBIX MOJIMMEPOB U
UMEET LIMPOKOE IMPUMEHEHHME B Pa3JIMYHBIX OTPACISAX: IHILNEBOM IPOMBIIUIEHHOCTH — IPH
IPOU3BOJCTBE OYTBUIOK JUIsI HANUTKOB, KOHTEWHEPOB MJI MPOAYKTOB U YHAKOBOUHBIX
MaTepUasoB; TEKCTUIBHOW — IIPHU NPOU3BOJCTBE BOJIOKOH; MEAUIIMHCKONW — IIPU U3TOTOBJICHHUH
MPUCTIOCOOICHU, TAKUX KaK MPOOUPKU U KOHTEMHEPHI Ui XpaHeHus: bnomaTtepuraios [1].

Cunte3 II9T® B mpOMBIIIJIEHHOCTH OCYIIECTBISETCS HECKOJBKMMHU crocobamu. B
naHHOW paboTe paccmaTpuBaercs mnpsMas stepuduxanus TepedraneBoir kuciaorsl (TOK)
STWJICHIJIMKOJIEM C JalbHEHWIIEH TIONMKOHJIEHCAIMEH B BBICOKOMOJEKYJSPHBIA MPOAYKT.
Peakuust mpoxoauT B JBe CTaJuu: HA MEpBOil oOpa3yeTcs NUINIMKOJIbTepedTanaT, Ha BTOPOH —
noauaTUiIeHTepedTanat. Obiee ypaBHEHHE PEaKIIMU UMEET CIeAYIOIUN BU:

n HOOC’@COOH +NHO-CH,-CH,-OH —>

@) )

Il Il
— HO{CHchZ—o—C’@C—ohH +(2n-1) H,0
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KucnotHble rpymibl UrparoT BaXHYIO pOJib B PEAKIIMOHHOW CIIOCOOHOCTH MOHOMEPOB U
onuroMepoB. I3MeHeHrs B KOHIEHTPALUU ATUX TPYIII MOTYT CYIIECTBEHHO BJIMITh HA KHHETUKY
peaKknuy, MOJIEKYJISAPHYIO MacCcy H, COOTBETCTBEHHO, Ha (PU3MKO-MEXaHHYECKHE CBOHCTBA
Marepuana. Takum 00pa3oM, BaKHBIM acmlekToM mpou3BojacTtBa [IDTd sBisercss KOHTPOJb
KapOOKCHIJIBHOTO 4Hcia (KOHIICHTPAUU KapOOKCHUJIBHBIX TPYII) HAa BCEX dTamax cuHTe3a. Ero
YBEJIMUEHUE TMPUBOAMUT K CHIKEHUIO CpeIHEH IIMHBI Ieneil U, KaK CIeACTBHE, YMEHbIICHUIO
CTENEHM IMOJIMKOHJeHcauuu. PerynupoBaHue KapOOKCHJIBHOIO 4HCIAa B  OIPENEICHHOM
UHTEpBaJie MPEJOTBpAIIAeT HEKOHTPOIMPYEMOE TEUEHUE PpeaKkIUH IOJIMKOHJIEHCAINH,
IpUBOJALIEE K 00pa30BaHMUIO [TOJIMMEPA C HECTAOUIIbHBIMU CBOMCTBamH [2; 3].

W3ydyeHue BIUSHUSA pa3IUYHBIX (U3MUECKUX TMapaMeTpPOB Ha MOJUKOHIACHCALUIO
NO3BOJIsIET paszpaborars Oonee APPEKTUBHBIE MPOM3BOACTBEHHBIE TMporecchl. [lapameTpsr
OKa3bIBAIOT CYIIECTBEHHOE BO3JICHCTBUME Ha CTENEHb MOJMMEPHU3AlM W MOJEKYIsIpHOe
pacnpeneleHre, 4To, B CBOIO O4epelb, ONPEEIsieT MEXaHUYECKUEe CBOWCTBA, YCTOMYUBOCTh K
BO3/ICHICTBUIO BHEIIHUX (PAKTOPOB U MPHUTOJAHOCTh MaTepuaia Uil pa3IuYHbIX MPUMEHEHUM.
OnTumu3zanus napamMeTpoB Ha OCHOBE JAHHBIX aHAJUTHYECKOIO ONPEEIICHUS KUCIOTHBIX TPYIII
CIoCcOOCTBYET MOBBHIMICHUIO () PEKTUBHOCTH MPOU3BOJICTBA U KAUeCTBA MPOAYKIIUH.

doTOMETpHUYECKOE TUTPOBAHHME SBISIETCS HaWOOJE€e TOYHBIM W YHAOOHBIM METOJOM
KOHTPOJISI COAePKaHMsI CBOOOTHBIX KapOOKCHIIbHBIX rpym [4—06].

Lenbp HacTosmied paboOThI 3aKIIIOYAETCSI B UCCIEIOBAaHUU METOJIOM (OTOMETPUUYECKOTO
TUTPOBaHUs BIUsHUS (pusmdeckux napamerpoB cunHre3a [[DTD na xucnorHoe uucino (KY) B
TepU(HKaTe U KOHLIEHTPAIMIO KapOOKCWIBHBIX TPYNH B monuMepe. st 3Toro ObLIM M3Y4eHBI
mapku [I9T®, Beimyckaembie Ha AO «CuOyp-I19TD».

METO/IbI, METO/THKH U MATEPHAJIbI
AHammM3 KHCJIOTHBIX TPYMIT MPOBOAWICS METOJOM (POTOMETPHYECKOTO THUTPOBAHHS IO
HUKENTPUBEAEHHBIM METOIuKaMm [7-9].
Memoouka onpedenenus cooepaxcanusi rkapookcunvnvix epynn (K4) 6 npooykmax
amepughuxayuu. IIponykt 3Tepudukannu pactBopsaT B N, N-numerundopmamuie, mocie 4ero
KOHIEHTPAlUI0 KapOOKCHIIBHBIX TPyl omnpeaenstor merogoMm TtutpoBanus 0,1 N pactBopom

KOH B stanone. Kucnotnoe uncio (mr KOH/r o6pasiia) paccunteiBaetcs 1o gpopmyine
n L I,

r/ie V — KONMYEeCTBO PacTBOPA IIENOUH, MOMIE/IIee Ha THTPOBAHUE TIPOOEI, CM; ¥y — KOTHYECTBO
pacTBOpa IIETOUH, MOLIEAEe HA THTPOBAHHE XOJOCTOH MpoGbl, cM’; N — HOPMAIBHOCTH
pacTBopa menoun; ' — GakTop pacTBopa IIEeNouH; m — Macca oopasua, .

Memoouka  onpedenenusi  codepoicanusi  KOHYesblX  KAPOOKCUNbHBIX — 2PYNn 8
nonusmunenmepegpmaname u npeonoaumepe. IlommdTuneHtepedTanaT pacTBOpAETCS IpH
TEMIIepaType KUIMEHUsI ¢ 0OpaTHBIM XOJIOJAUIBHUKOM B CMECH 0-KpPe30J/XJI0popopM B MACCOBOM
cootHomieHun 70/30. Ilocme oxmaxkaeHuss 1O KOMHATHOW TeMIepaTypbl KOHIIEBBIE
KapOOKCHJIbHBIE ~TPYNIbl  ONpeNeNsioTcs (OTOMETPUYECKHMM THTPOBAHUEM  CIHPTOBBIM
pactBopoM KOH (¢ 6pomMdpeHO0T0BBIM CHHUM B KaU€CTBE MHANKATOPA).

KonnenTpanus kapOOKCUIBHBIX TPYII (MMOJIB/KT') paCCUMTHIBAETCS 1O hopMyIie

rne CZggy — KOHIEHTpamusi KapOOKCHIBHBIX TPYINI B IONHITHICHTEpedTanare, MMOJIB/KT;
3
V,up — KOJIIMUECTBO PacTBOpa LIEJI04YH, NOLIEIIEe HA TUTPOBAaHUE 00pa3La, cM”; V, — KOJIMYeCTBO
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pacTBOpa IIEIOUH, MOLICAIEE HA THTPOBAHHE XOJOCTOH MpPoGhl, cM’; N — HOPMAIbHOCTH
pactBopa menoun; F — dakxrop 0,058 pacTBopa 1mienodu; m — HaBecka oopasiia, T.

Jns  skcrepuMeHTa Obuid  B3aThl Tpu  Mapku [IDT®, xoropbie NPOU3BOIATCA
AO «Cubyp-I112TDy»: I[I9TD FF, II9T® Oyreunounsiii, [I9T® BB [7-9]. Uto6sl moctuub
JIOCTOBEPHBIX PE3YJbTAaTOB, UCIIOIb30BAIM CTATUCTUUECKUE JAHHBIE, [10JyYEHHbIE LIEHTPaIbHOU
3aBojickoit maboparopueit AO «Cubdyp-I112TD» 3a 9 mecsies.

[Ipo6b1 oTOupanucy Ha oOeux cragusx cuHTe3a. Ha mepmoii (arepuduxanmm TOK
STUJICHTIIMKOJIEM) oTOupasiack npoda srepudukara. s wee ompenensioce KU. Ha BTopoit
craauu (MOJIMKOHJEHCANK aurinkoieBoro 3gupa TOK) ordbupanack npoba rpanynsara. 31ech
onpezensygach KOHIIGHTpAIMs KOHIIEBBIX KapOOKCWIIBHBIX TPYHN B MOJIMATUICHTepedTanare

EDDH'

B nemsix aHanusza JaHHBIX M IOCTPOEHUS 3aBHCHUMOCTEH Takyke ObUIM B3SIThl JAHHBIE
dbusznyecKkux mapaMmeTpoB peakTopa dTepuduxanuu 1-il cTyneHu (pacxod ATHICHTIUKONS B
peakTop, ypOBEHb B PEaKTOpe, TEMIIEpaTypa B pEaKkToOpe, AABJICHUE B PEaKTope) JUIsl Kaxaoi
OTJIETHbHOU TIPOOBL.

PE3Y/IBTATBI H ObCYK/IEHUE
AHanu3 MoJIydeHHBIX JaHHBIX IOKa3al, YTO B Mpejesax pabounx U3MEHEHUH 3HAaYCHHUH
JIaBJIEHUs] U TemIieparypsl uXx BiausgHue Ha KY MHHHMMAanbHO, BBIPQ)KEHHOW 3aBUCHMMOCTH He
Habmonaercs. [Tokasarens kodpduieHTa 3anoaHeHus peakTopa o (o =V /v, rae v — o0beM
CMecH, V, — 00bEM pEaKTopa) AEMOHCTPHPYET OOPATHYIO JMHEHHYIO 3aBUCUMOCTbD: MOBBIIICHUE
YPOBHS B peakTope NpuBoAUT K ymeHbinenuto KY (puc. 1).

501 4
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Puc. 1. 3aBucumocts usmeHenust kuciotHoro yncina AKY (mr KOH/r)
oT ko uunenTa 3anonHenus peakropa o i [I13TD 6yreuiounoro; [I9TO FF; [I9TO BB;
a, 0 — TMHeHbIe PYHKIMU, TOCTPOCHHBIE 110 CPEAHUM 3HAUEHUSIM
st [I9T® 6ytemounoro u [I9T® FF coorBeTcTBEHHO

Ha puc. 1 mnpuBenenst 3aBucumoctu wusMeHeHuss KUY (AKY = KY,o— KY,,,) OT
koaddunmenta 3anoanenus peakropa o. s [I9TD BB ¢gyHkius He moka3aHa BBUAY OOJIBIINX

OTKHOHGHHﬁ, BO3HUKIIHNX H3-3a HCAOCTATOYHOI'O KOJIMYECTBA CTATUCTHYCCKHUX JaHHBIX.
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Ha puc. 2 mnpencraBineHsl TpaduKd 3aBUCHMOCTH HM3MEHEHUS KOHIICHTPAIUH
KapOOKCHIBLHBIX Tpynn B nonumepe (Cgon) or u3Menenuns KU B srepudukare ajs Tpex Mapok
nonudTHIeHTepedranata: [I13TD Oyreuiounoro; [I9T® FF; [I9T® BB. Ha mansbix rpadukax
IPOCIIEKUBAETCSA NPsAMas 3aBUCUMOCTh Clggy o1 KY.

® [I95T® OyThUIOYHBIIT
o TI9Td FF

A JIOT® BB

12 A A
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= a “ .
1 'S ] T e
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A i l ...........
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Puc. 2. CpaBHHTENbHAS 3aBUCHMOCTD H3MEHEHHUS KapOOKCHIBHBIX KOHIEBBIX TPy (ACgy0x)
ot usmenenus K4 (4KY) nns [1I9T® 6yteuounoro; [I93T® FF; II9TO BB

st Bcex uccnepyeMbix Mapok [19T® nabmromaercss mpsimas JWHEWHAs 3aBUCUMOCTH
KOHIICHTpaInu KapOokeuabHbIX rpynn Cfgoy oT KY. Ilpudem BBIPaXEHHOCTH 3aBHCHMOCTH
pacret oT [I9T® FF k [I9T® Oyreumounomy u [I9T® BB. Tak, TanreHc yria HakJIOHa MPsIMOH,

MOJy4YeHHOU ycpenHeHueM AaHHbIX, 11 [I19T® 6yteimounoro cocrasuin 1,01; II9TD FF — 0,62;
I[I5T® BB - 1,58.

3AK/TOYEHHUE
ITo pe3ynbraram paboThl ObUIM OIpENeNeHbl 3aBUCUMOCTH COAEP)KaHUS KapOOKCHUIbHBIX
rpynn B noausgupe OT OCHOBHOTO MapameTpa mnporiecca nonukonaencanuu — KH. Kpome Toro,
OBUIO MOKA3aHO, YTO XapaKTep 3aBUCUMOCTH HECKOJIBKO pa3inyaeTcs s pa3HbIX Mapok [I19TO.
HOJ'Iy‘-IeHHBIe PE3YIBTATHI IO3BOJIAT OICpaTOPaM TEXHOJOIMYCCKUX YCTAHOBOK OITHUMAaJIbHO
yIpaBiATh npoueccoM cuHTe3a [T 1 KOHTpOIMpPOBaTh KAYECTBO KOHEUHOTO MPOAYKTA.
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INVESTIGATION OF THE POLYETHYLENE TEREPHTHALATE ACID GROUPS
CONTENT IN DEPENDENCE OF INDUSTRIAL SYNTHESIS PARAMETERS

N.Yu. Starovoitoval, A.L Pichuginal, A.G. Kovalevl, A.V. Nicolaev’
"Tver State Technical University (Tver)
?JSC «Sibur-PETF» (Tver)

Abstract. In the present work the influence of physical parameters of polyethylene
terephthalate polycondensation process on carboxyl (acid) number was investigated. The data
were obtained by photometric titration method. The dependences of the concentration of carboxyl
groups in the polymer on the acid number measured during the synthesis of polyethylene
terephthalate, as well as the nature of the dependences of these characteristics on some physical
parameters of the process (pressure, temperature, volume of the reaction mixture) have been
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revealed. The obtained results will help operators of technological installations to control the
synthesis process rationally and optimally.

Keywords: polyesters, polycondensation, polyethylene terephthalate, photometric
titration.
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METO/J YTUIN3AIIUHU ITOJIMMEPHBIX OTXOA0B

K.B. Yanos, E.U. Jlazycesa, IO.B. Jly2o0¢o01, B.IO. /lonyoa
Tsepckoii cocyoapcmeennblli mexHuiueckui ynugepcumem (2. Teepw)
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Jlyrosoii HO.B., lonyaa B.1O., 2024

AHHoTauus. B pabore npeacraBieHbl METOIbl YTUIIM3ALKHU U NTEpepabOTKH MOJMMEPHBIX
0TX0/10B. PaccMoTpeHsb! crmocoObl yTUIIN3alMU CIIUTHIX (OTBEPKIECHHBIX) MOJUMEPHBIX OTXOOB,
KOTOpblE HE TMOJBEpraroTcs BTOpUYHON mnepepaborke. I[lokazaHbl OCHOBHbBIE HaINpPaBICHUS
UCCJIEIOBAaHUM TMpoliecca YTUIIM3allMM OTXOJOB: XHMMHUYeckue M Tepmuueckue. IIpoBeneHo
CPaBHEHHME TEPMHUYECKOM YCTOMYMBOCTH NOJMATHIIEHA BBICOKOTO JABIEHUS M CLIMTOIO
nonusTuieHa. Ilponecc tepmonectpykiun uzydeH Ha tepmoBecax NETZSCH TG 209 Fl;
ompenenieHa TeMmmepaTypHas oOnacte aecTpykuuu nomudtuieHa (II9BJI) u  cmmroro
nommaTuiieHa (PE-Xa).

KioueBble c10Ba: yTHINM3aLus, CIIMTHIE MOJUMEpPHI, repepaboTka, TepMOACCTPYKLUS,
HUPOJIU3.
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BBE/[EHUE

CeroJiHs MJIaCTUKOBBIC U3JIENHSI IPUMEHSIOTCS YEJI0BEYECTBOM BO BeexX cdepax, MOITOMY
HEBO3MOXKHO TPEICTAaBUTh Pa3BUTHE COBPEMEHHOTO O0IECTBa 0€3 NCIOIb30BAHMUS TIACTUKOBBIX
MaTepuaioB. MUpPOBOIl BBIMYCK MOJIMMEPHBIX MAaTepHATIOB 3HAYUTEIHHO YBEIWYWICA B
nocneanee aecaruierve. CorjaacHO MMEIOIIMMCS JaHHBIM, MHUPOBOE IPOU3BOJICTBO ILIACTHKA
Bo3pocio moutd Ha 70 MaH T (¢ 299 miH B 2012 roxy mo 367 muH B 2020 roxy) [1]. Tem He
MEHEE BCE IJIACTUKOBBIC U3/ B KOHEYHOM UTOT€ CTAHOBATCS OTXOAaMH [2].

[11acTUKOBBIE OTXOJBI SIBJISIOTCS OJHUM M3 OCHOBHBIX KOMIIOHEHTOB MYHHIIMIAIbHBIX
0TX0/10B B ropoaax EBpomnbl u Poccun (Hapsay ¢ opraHmdeckumu U OymaxxHeiMu). ITnactuk —
9TO OMACHBIN 3arpsA3HUTEINb, TOCKOJIBKY OH BKIIOYAET TOKCUYHBIC KOMIIOHEHTHI U HE MOJIaeTCs
OMOJOrHYECKOMY pa3iiockeHuI0. [1macTuKoBbIe OTXO0/bI, CKIaJUpyEMble Ha MOJIUTOHAX TBEPJbIX
onIToBBIX 0TX00B (THO), MemneHHo pasznararoTcst moJ JAeHCTBUEM COJIHEUHOH paauaiuu, 4To
NPUBOANUT K 3arps3HEHUIO T1I0YB, BOJHBIX M BO3AYIIHBIX OacceiiHOB. I[lmacThk Takxke
BCTPAMBAETCAd B MUIIEBYIO IIEMOYKY, BJIMSS Ha OKPYXKAIOIIYIO CpEeAy, KHUBOTHBIX M JIIOJCH.
[IpoxxuBaHuEe pSAOM CO CBAIKAMH YBEIHMYMBACT BEPOSATHOCTh BO3HHKHOBEHHS IPOOIEM CO
3I0pOBBEM (3TO, HANPUMEP, HU3KUW BEC MPH POXKACHUU, BPOXKIEHHBIC 1e()EKThl U HEKOTOPHIC
BUJBI paka) [3].

[InacTUKOBBIE OTXOABI HAKAIUIMBAIOTCA B TOPOJACKHX KaHAIM3AIIMOHHBIX CHCTEMax U
IPUBOJAT K 3aKyINOpKe JpeHaka. KpoMme TOro, oHu MOTyT BBICTYIIaTh B KaUECTBE MUTATEIbHON
CpeIbl ISl HACEKOMBIX, BBI3BIBAIOIINX HH(EKIIMOHHBIE 3a001eBanus [4].

BnusiHue macTUKOBOTO 3arps3HEHMs OIIYIIAETCs B COBEPLIEHHO pa3HbIX cTpaHax. Ilo
HEKOTOPBIM OLIeHKaM, He Oosiee 9 % Bcex KOraa-mubo MpOM3BENEHHBIX IIACTMKOBBIX OTXOJIOB
Ob110 mepepaboTaHo, a 79 % OTX0/I0B OKa3bIBAETCS Ha CBAJKaX, OTBajaX WM B OKpY)Karolleu
cpene [2]. TBepable ObITOBBIE OTXOJbI COAEPKAT OOJIBLION MPOLEHT IMJIACTUKOBBIX OTXOJIOB C
TUIIMYHBIM COCTaBOM: noiudTuiaeHTepedranar — 10 %; nonustuieH BbICOKON MmIoTHOCTH — 19 %);
MOJIMBUHUWIXIIOPUI — 6 %; MONMATUIIEH HU3KON TOTHOCTH — 23 %; monunponuneH — 14 %;
noymctuposn — 9 % [5].

Vrunuzaumss v paszioKeHHe IUIacTUKa — 3TO BaKHEWINas 3ajada, MO3TOMY BEIyTCS
UCCJIEIOBaHMsI NIl TIOMCKa COOTBETCTBYIOUIMX pelleHnid. B Hacrosiiee Bpemsi MeTOIb
YTWIM3ALWU TUIACTUKOBBIX OTXOJOB MYTEM 3aXOPOHEHHUs Ha CBAJIKaX M CHKUTAHUSI COBMECTHO C
TBO mpakTukyroTcsi He ToJlbKO B Poccun, HO U B eBpomelickux crpaHax. OaHako o0a JaHHBIX
METOJIa OKa3bIBAIOT HETATHBHOE BO3JECHCTBHUE HAa OKPYKAMOIIYID CpeAy M B KOHEYHOM HTOTre
CUMTAIOTCA HEpallMOHATBHBIMU [6]. B mocrmemnue roapl BHUMaHWE HCCIEIOBaTEICH
NEPEKIIIOUNIIOCh HA PEKYNEpPalUI0 SHEPruu M3 IUIACTUKOBBIX OTXOJOB. 3a CYET JaHHOIO
mpolecca He TOJNbKO pelraercs MpoOieMa YIpaBlIeHHs IIJJaCTUKOBBIMH OTXOJlaMH, HO U
TeHepUpyeTcsl PHeprus Kak MNpoaykT. B pesynbrate Tpebyercsa mnpocrtas, >(PQpeKTHUBHAS U
HeJioporasi TEXHOJIOTHSl JUIsl pellleHus MpoOJieMbl 3arps3HEHHs IJIACTUKOBBIMHU OTXOJaMH U
npeoOpa30BaHus UX B MOJIE3HBIE YHEPT€TUUECKUE TPOTYKTHI.

[Tonnmanue Ha3BaHHON MpoOJeMbl NPUBENO K pa3paboTKe CIEAYIOIUX CIIOCOOOB:
OMOJIOTHYECKOTO PA3JIOKEHUs, XUMHUYECKOM M TEepMHUECKOW mepepadOTKH, BKIHOYAOLIECH
XUMHUYECKYIO JENOJUMEPHU3AINI0, Ta3u(pHUKALUI0, MUPOIN3 U KAaTAIMUTUYECKYIO JErpaJlaluio
[7-9]. IlomydaeMble MPOAYKTHI YacTO CHUJIBHO pa3IUYalOTCS B 3aBUCUMOCTH OT IIapaMeTpOB
npolecca yTuianu3aluu MmIacTUKoBbIX 0Txoa0B [10, 11].
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B nocnennee Bpemsi Bo3pacTarOT 0O0BEMBI IMPOM3BOJCTBA CHIMTOTO IOJIUATUIICHA,
UCIIOJIB3YEMOT0 Il pa3luyHbIX chep HAapoAHOro Xo3siicTBa. CIHIMTHIE MOJMMEPHI 00JIaJaroT
PSAIOM TIPEUMYILECTB: BBICOKUMH 3JIEKTPOU3OJIALIMOHHBIMUA CBOMCTBAMHU, TEPMOCTOMKOCTBIO,
CTaOUIIBHOCTBIO pa3MEpOB M YCTOMYMBOCTBIO K PACTPECKMBAHUIO TPU  BO3ACHCTBUU
oKkpy>karotei cpeasl [12]. OnHako BBICOKHE IKCIUTyaTallMOHHBIE CBOMCTBA JAHHOTO MaTepuaia
OPUBOJAT K 3HAYUTEIbHBIM TPYAHOCTSM YTWIM3AIlMM OTXOJOB €ro MpPOM3BOACTBA U
OTpeOJICHUSI.

[lepcrieKTUBHBIM ~ METOJOM  YAOBJETBOPEHHUS  DHEPreTUYECKUX  MOTpeOHOoCcTel
MPOMBIIUIEHHOTO, TPAHCIIOPTHOTO U CEIbCKOXO3UCTBEHHOTO CEKTOPOB, a TAKXKe YIpaBJCHUS
TBEPABIMU OTXOJIaMHU SIBIISIETCSI TEPMOXHMMHYECKAash KOHBEPCHsI CMEIIAHHBIX IJIACTHUKOBBIX
OTXOJIOB B TOILJIUBO.

[Tpouecc nmuponu3a MO3BOJSET MPOBOJUTH TEPMOXUMHUUECKOE PA3NI0KEHUE MPU BBICOKOM
TeMIIepaType MIACTUKOBBIX OTXO0JIOB B MHEPTHOM aTMocdepe (a30T), KOTOpast yaJgeT KUCIOPO
u3 30HbI peakuud. CremoBaTenbHO, MOXHO MpeoOpa3oBaTh IIACTUK B JKUIKUE Maclia
(KOpOTKOLIETIOYEYHBbIE YTJIEBOJOPO/IbI) aHAJOTUYHO OOBIYHBIM BHJAAM TOIUIMBA (OCH3UHY H
JTU3€JII0), TBEp/bIe YriepoAcoAepxKallre BelecTBa U yriaeBoaopoanbie razsl (uzomepbl C—Cs).
Takue pakTopsbl, KaK CKOPOCTh HArpeBa, TUI IJIACTHKA, TUI PEAKTOPa U HAJTMYUE KaTaau3aTopoB,
BIIMSIOT Ha KAYECTBO MPOAYKTOB nuposusa [13].

[Tuponu3 mosmoieUHOB JUIsI TIPOU3BOACTBA JKHIKHX YITICBOJIOPOJOB Kak Crocod
pEeKyIepanuu dHEPruu U COKpPAIIEHUS] OTXOJOB MPUBJICK BHUMaHHWE MHOTUX HCCIEIOBaTeleil B
nocinennue rtoael [14—-16]. bwuo mpoBeaeHO OONBIIOE KOJIMYECTBO HUCCICAOBAHMM ISt
OTpefieNieHus] YCIOBUHM, KOTOpble OOECHEeuMBAaIOT HAMOONBIINN BBIXOA IEHHBIX MPOIYKTOB.
OnHako OMyOJMKOBAHHBIX PabOT, MOCBAIMIEHHBIX HCCIEAOBAHUIO METOJOB YTHJIM3AIUU WIH
nepepaboTKU CIIMTOTO MOJUATHIICHA, UMEETCSl 3HAYUTENFHO MEHBIIIE.

Herpanmanus TJaCTUKOBBIX OTXOJIOB Ha OCHOBE METOJa NHUPOJM3a OYEeHb BaXKHa,
MOCKONIBKY 3TO Hambojee SKOHOMHYECKH BBITOJHBIM M YCTOWYHMBBIM MpoIlecC MPOM3BOACTBA
KUJKUX ~ yIJIeBOAOponoB. Hacrosimass pabGoTa mMOCBsIIEHa HCCIEIOBaHUIO  Ipollecca
TEPMOJIECTPYKLIUHU MOTUMEPHBIX OTXO/I0B, BKJIIOYAs CIIMTBIE, METOJIOM TEPMOTPAaBUMETPHUU.

METO/IbI, METOAUKH U MATEPHA/IbI

[Ipouiecc paznmoxkenust uccnemoBasics Ha TtepmoBecax NETZSCH TG 209 F1 co
ckopocthio Harpesa 10 °C/mMuH. B kauecTBe HCXOAHOTO ChIPhs UCIOJIB30BANTACH NOIMITUICHOBAS
IJIEHKA CEIbCKOX03iCTBEHHOTO Ha3HaueHus (MoiauaTuiieH Bbicokoro nasienus (I19BJ]) mapku
CT 10604-007), a Takxke TpyOBI U3 CIIUTOrO nonudTHICHa (Mapka PE).

TepMorpaBUMETpUYECKAN aHAN3 TPOBOJWIICS TIPU CIEAYIOIINX YCIOBHIX: HarpeB
obpazua — ¢ 35 no 600 °C, 3arem Belgepxkka — 15 muH npu 600 °C. Ilpouecc mpoxonuna B
MHEPTHOI cpeze (ckopocTh nojaun aprona — 40 mi/mun). Macca 06pa31ioB cocTasisiiia He Ooee
10 mr. MaTepuain TUIIIS U1 aHAJTN3a — QJIFOMUHUH.

O0paboTKa DKCHEPUMEHTANBHBIX JTaHHBIX TEPMOTPABHUMETPHH TPOBOAMIACH  C
ucnosnb3oBaHueM nporpammuoro obecneuenust «NETZSCH Proteus 6.1».

PE3YJ/IBTATHI H OBCYK/IEHHUA
Ha puc. 1 u 2 npeacraBieHsl pe3ynbTaThl TEPMOTPABUMETPUUYECKOTO aHAIM3a 00pa3IioB
nonudTHiieHa [19BJ] u cmmroro momudTmiieHa. [Iporiecc TepMHYECKOro pa3ioXeHHs 000X
00pasIoB MMEET CXOXXMHM MeXaHW3M, Tak Kak mpodwmm kpuBbix morepu Macchl (TI) m mx
npou3BoaHBIX (JITI) cxoxu. CruTeiit monudTHIIEH 001a1aeT 0oJiee BBICOKOM TEPMOCTOHKOCTHIO
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B cpaBHeHuu ¢ [IOBJI. Temneparypa miasnenus: cumuroro nonumepa Ha 20 °C Bbliie (KpUBbIE
c-ATA).

OcHOBHast TmOTepsi Macchl HCCIEAyeMbIX 00pa3loB HaOmonanack B AHANa30HE
400470 °C (xpuBbie TI'). OOpa3mpl pasiaraivch MPaKTUYECKH IMOJHOCTBIO, Macca JIETYy4hX
IPOAYKTOB cocTaisiia 99 %.
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B mponecce necTpykuuM IMOIMMEPOB IPOTEKAIOT NEPBUYHBIC PEAKIUU pa3pblBa LENU
MaKpOMOJIEKYJIBI, & TAKXKE BTOPUYHBIE pEAKLIUU U30MEPU3ALNHN, HUKIN3AU1, KOHAECHCALUK U IP.
MexaHn3M 3TUX peaklMii MOKET UMETh PaJUKAIbHBIA XapaKTep, TaK Kak MPOLECC AECTPYKLUH
IIPOBOAWJICS B MHEPTHOM cpene, T.e. C MUHUMAJIBHBIM COACPKAHMEM KHCIOPOAA B 30HE
peakuuu:

CHHE 2 - CmHEm + Clep—l B

roen =m +p.
MunumanbHOe 00pazoBaHue TBEpAOro nponaykra (MeHee | %) B mporecce pasziosKeHUs
MOJKET CBUAETEILCTBOBATH 00 OTCYTCTBUH PEAKIIUI CMOJIO- U KOKCOOOpa30BaHMUsI.

3AK/ITOYEHUE
Ha ocHoBanuu mosydeHHBIX PE3yJIbTAaTOB HEOOXOAUMO CJI€TIaTh BHIBOJ, YTO IMOJUMEPHBIC
OTXOJIbI U3 CHIMTOTO MOJUATUIIEHA MOTYT OBITh 3 (dEKTUBHO MepepadoTaHbl METOIOM MHPOJIH3a
C IMOJIyYEHUEM Tra3000pa3HbIX M KUAKUX YIrieBoaopoioB. I[IpoaykTel nuposnusza cienyer
UCIIONB30BAaTh [UIsl pEKylepaluu Terja, 3aTpadyMBacMoOro Ha MPOIECC, WM MOJIYy4eHUS
XUMHUYECKHUX BEIIECTB.
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METHOD OF POLYMER WASTE DISPOSAL

K.V. Chalov, E.I. Laguseva, Yu.V. Lugovoy, V.Yu. Doluda
Tver State Technical University (Tver)

Abstract. The paper presents methods of utilization and recycling of polymer waste. The
methods of utilization of cross-linked (cured) polymer waste, which are not subject to recycling,
are considered. The main directions of research of waste utilization process are shown: chemical
and thermal. The comparison of thermal stability of high-pressure polyethylene and cross-linked
polyethylene is carried out. The process of thermal destruction is studied on NETZSCH TG 209
F1 thermo scale; the temperature range of polyethylene (LDPE) and cross-linked polyethylene
(PE-Xa) destruction is determined.

Keywords: recycling, cross-linked polymers, processing, thermal destruction,

pyrolysis.

INFORMATION ABOUT THE AUTHORS
CHALOV Kirill Vyacheslavovich — PhD, Associate Professor, Department of Chemistry
and Technology of Polymers, Tver State Technical University, Tver. E-mail:
tschalov_k@mail.ru
LUGOVOI Yuri Viadimirovich — Candidate of Technical Sciences, Associate Professor of the
Department of Biotechnology, Chemistry and Standardization, Tver State Technical University,
22, embankment of A. Nikitin, Tver, 170026, Russia. E-mail: pn-just@yandex.ru
LAGUSEVA Elena Ivanovna — Candidate of Technical Sciences, Associate Professor of the
Department of Chemistry and Polymer Technology, Tver State Technical University, 22,
embankment of A. Nikitin, Tver, 170026, Russia. E-mail: lagusseva@yandex.ru
DOLUDA Valentin Yuryevich — Doctor of Chemistry, Head of Department of Chemistry and
Polymer Technology, Tver State Technical University, 22, embankment of A. Nikitin, Tver,
170026, Russia. E-mail: doludav@yandex.ru

CITATION FOR AN ARTICLE
Chalov K.V., Laguseva E.I., Lugovoy Yu.V., Doluda V.Yu. Method of polymer waste disposal
/I Vestnik of Tver State Technical University. Series «Building. Electrical engineering and
chemical technology». 2024. No. 4 (24), pp. 100-106.

106



BecTHuk TBepcKOro rocy1apcTBeHHOr0 TeXHMYECKOro yuuBepcurera. Cepusi
«CTpouTEeJBCTBO. JJIEKTPOTEXHUKA U XUMHYECKHE TEXHOJIOTHI»
Yupeautens u uznaresb: ®I'bOY BO «TBepckoii rocy1apcTBEHHBII
TEXHUYECKUN YHUBEPCUTET

Anpec penakuuu: 170026, r. TBepnb, Ha0. Adanacus Hukurtuna, 1. 22

Tea. penakuun: +7 (4822) 78-89-00. E-mail: common@tstu.tver.ru

Inasnwiii peoaxmop

I'ynerseB B.M. — a.1.1., nouent TBI' TY

OmeemcmeeHHbllU ceKpemapb

HoBuuenkosa T.b. — k.T.H., nouent TBI'TY

Ynenwvl pedakyuoHHOU KOLIe2UU:

AmudepoB A.U. — n1.1.H., mpodeccop HI'TY

benos B.B. — 1.1.1., npodeccop TBI'TY

bepesosckuit H.W. — n.1.1H., npodeccop benopycckoro HalmoHaIbHOTO TEXHUYECKOTO
yHUBEpCHUTETa, I. MuHCK, Pecryonuka bemapych

bonoros A.H. — n.1.1., npodeccop TBI'TY

bponmrreitn JI.M. — K.X.H., C.H.C., XUMU4eckuil (akyiapTeT MHAMAHCKOTO yYHHUBEPCH-
teta, T. baymunrron, CIIA

Koganes K.JI. — a.1.H., npodeccop MAU

KonecankoB A.C. — k.T.H., mpodeccop HOxHo-KazaxcraHnckoro yHUBEpCUTETa
uM. M. Aya30Ba, r. UumkenT, Pecriybnuka Kazaxcran

Kopnees K.b. — k.1.H., gouent TBI'TY

Kocusnos 10.10. — n.1.H., mpodeccop TeI'TY

Makapos A.H. — n.1.1., npodeccop TBI'TY

Marap I1.1O. — x.1.H., HDR, npodeccop JluBanckoro ynusepcurerta, r. beipyt, Jlupan
Martseesa B.I'. — n.x.H., npodeccop TBI'TY

Hazapora M.IO. — a.1.H., mpodeccop HUY benl'yY

[TerponaBnosckas B.b. — n.1.H., nouent TBI'TY

Camuenko C.B. — n.1.1., npodeccop HUY MI'CY

CeBoctbsHOB A.A. — K.T.H., nouieHT HI'TY um. P.E. Anekceena

CrpoxoBa B.B. — n.1.1., mpodeccop BI'TY um. B.I". lllyxosa

Cynbman M.T". — 1.x.H., npodeccop TBI'TY

TpemeB A.A. — 1.T.H., mpodeccop Tynl'y

Yepuspiuesa H.B. — a.1.1., npodeccop BI'TY um. B.I'. IllyxoBa

[Mudpuna 3.b. — A.x.H., 3aBeayromas 1ad0paToprel MaKpOMOJIEKYJISIPHON XUMUH,
NucTuTyT 3neMenToopranndeckux coeaunennii um. A.H. HecmesnoBa PAH

®emrok P.C. — 1.1.H., monieHT JlampHEeBOCTOUHOTO (eepalbHOTO YHHBEPCUTETA
Acunckas H.H. — n.17.1., norienT ButeOCcKoro rocy1apcTBEHHOTO TEXHOJIOTUYECKOTO
yHUBepcHTeTa, . Butebck, Pecry6nuka bemapych



BECTHHUK TBEPCKOI'O 'OCYIJAPCTBEHHOI'O
TEXHUYECKOI'O YHUBEPCUTETA

Cepus «CTpouTeIbCTBO. DJIEKTPOTEXHUKA 1 XUMUYECKHE TEXHOJIOT U
Hayunslll perieH3UpyeMBIii KypHAII
Ne 4 (24), 2024

Penaxrop C.B. Bopucos
Koppexkropsr: C.B. 3opuxosa, FO.®. BopoObesa

[Hata Beixoaa B ceT 25.12.2024

PenakiioHHO-U3/1aTENIbCKUMA LIEHTP
TBepckoro rocy1TapcTBEHHOTO TEXHHYECKOTO YHUBEPCUTETA
Anpec uznatens: 170026, r. Teepb, Ha0. A. Hukurtuna, 1. 22



