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properties, including methods of NDT, quantitative metallography analysis of mathematical models
based mainly on statistical data showed that these methods are relative ly expensive and often produce
results that diverge from the requirements of the guests. This is due to the fact that to realize the most
obvious, a deterministic approach used to evaluate the mechanical properties of the rolls, based on the
analysis of causal connections and relationships, it is not possible, because the technology of
production of rolls is a multiparameter and multicriterion. Consequently, the quality of the metal
exerts a substantial influence a large number of technological parameters (chemical composition,
alloying elements, cooling conditions, spreads thickness, shape, casting process, and other parameters)
affecting the formation of the structure, highly interconnected. Even a slight change of some of them
significantly alter the properties of the metal in a relatively wide range. The task of identifying the
desired product quality is further complicated by the fact that the physical nature certain quality
criteria tend to contradict each other, i.e., improving one criterion, we often worsens the other - for
example, strength, ductility, toughness, brittleness, and others. Most of the criteria that characterize the
performance and efficiency of technology identified acceptable, relatively small intervals, providing a
relatively small effect on the magnitude of these criteria. This is probably based on the fact that the
developers of the process in an effort to sustain it, as far as possible in one's chosen field of
technological parameters, numerical values of the restricted criteria that characterize its performance
and efficiency. The area where these criteria are minimum contradict each other, we call the area of
compromise quality criteria. «Just between opposites may be a compromise».

Given the foregoing, the development and research of a method for determining the area of
compromise quality criteria multicriteria technologies is an actual scientific and practical problems of
modern materials. This approach will allow the adjustment of the mechanical properties of metal
products during their production.

Experience has shown that in practice, this approach is particularly useful when foresight
chemical composition of the product and its mechanical properties in a production environment.
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MOJEJJMPOBAHUE CBOUCTB U TPOYHOCTHbIX XAPAKTEPUCTHUK BETOHOB
JJIA KOHCTPYKIUH, SKCIIJIYATUPYEMBbBIX B CJIOKHBIX YCJIOBUAX

H.JI. Cuzosa, 0. p-m. 1., npogh., . A. Muxees, k. m. H.
XapbKoBcKull HAYUO HATILHBILL YHUSEP CUMeN CIPOUMETbCIBA U apXUMEKNYpbl, 2. XapbKoe

Knrwouegwle cnosa: mexnonoaus bemona, mooenuposanue, UHQpOpMayuoHHble mexHoI02uu

IMocranoBka npo6sembl. TeXHOIOTUS MPOM3BOACTBA OCTOHHBIX W3JCNHI, B TOM YHCIe, JJIS
KOHCTPYKLIMI U COOpY’KEe HUI JKEJIE3HBIX J10pOT, TPEATONaraeT BBITIONHE HUSI HECKOJbK MX OCHOBHBIX
9TamoB, OJHMM W3 KOTOPBIX SIBISIETCS 3aj]ada NpOoeKTHUpoBaHUs coctaBa Oetona [1; 15]. Hammuwe
OOJBIIOr0 KOMMYECTBA HaydHOM smrepatypsl [1; 5; 7; 15; 16; 20] momuepkuBaeT axTyalbHOCTDH
JAHHOW MPOOJIEMBI U B TO € BPEMS YKa3bIBA€T HA MHOI'ME HEPEIICHHbIE BOMPOCHI OTHOCUTEJIBHO
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METO/IOJIOTUH TIPOSKTUPOBAHMUS COCTaBa OETOHA, B TOM 4YHUCJE MHCIOJIB30BAHUE XUMHUECKHX H
MHUHEPAJIbHBIX J100AaBOK, KOTOPBIE TO3BOJSIOT 3HAYUTEIHHO TOBBICHTH S(P(PEKTHBHOCTH COCTAaBOB,
JOCTUYI b HEOOXOIMMBIX M3MEHEHHUI OTIpEIeTICHHBIX CBOVCTB H T. TL.

beron sBnseTcs OAHMM W3 OCHOBHBIX KOHCTPYKIIMOHHBIX MAaTEpHasoOB, KOTOPBIM IIUPOKO
NPUMEHSIETCSI TP TNPOECKTUPOBAHWH  JKEJIE3HOAOPOKHBIX  KOHCTPYKLIIMA M COOPYXKEHHUH,
IKCIUIyaTUPYEMBIX B CJIOKHBIX YCJIOBUAX, TAKMX KaK:

— cpelia ¢ arpecCUBHOM CTEIIEHbIO BIIUS HUS;

— YCJIOBUS TIOBBILIEHHON BJIAKHOCTY,

— M3MCHSIEMBIE TEMIIEPaTyPHbIE XapaKTEPUCTHUKY;

— NEPHOANYECKOE 3aMOPaKMBAHNE — OTTAMBAHUE B OCEHHE-3UMHE-BECEHHUN MIEPHOT;

— HEpPaBHOMEPHBIE HATPY3KH.

C yueroMm »3Toro s obecneyeHuss O€30MACHOCTH, HAAEKHOCTH, JOJIIOBEYHOCTU pPabOTHI
KEJIE3HOAOPOXKHBIX KOHCTPYKIMH M COOpPY>KeHHH HEOOXOAMMO HPOEKTHPOBATH OETOHBI, KOTOpHIE
obsiaaror BbICOKOM IPOY HOCTBIO, BOJIOHETIP OHULIAEM OCThIO, MOPO30CTONKOCTHIO,
TPEIIMHOCTOUKOCTHIO, COMPOT UBJICHHEM JIEKTPOKOppo3uu OetoHa [11; 18].

AHanu3 ny0aukauuii. beToH Kak MHOTOKOMIIOHEHTHBIM MaTepuasl SIBIISIETCS CIIOKHON
CHCTEMOM, XapaKTepH3YyIOIEHCs] 3HAYWTENIbHBIM YHCJIOM B3aMMOCBA3aHHBIX mMapameTpoB. Kak
NpaBUJIO, METONOJOrMS pEIleHMs 3a7add IPOSKTUPOBAHUSA COCTaBa OETOHAa OCHOBBIBAE€TCS Ha
M3BECTHBIX 3aKOHOMEepHOCTsX [1; 15].

B Vkpl'AXKT [11] pa3paborana Meroauka NpPOSKTHUPOBAHUS COCTaBa OETOHOB, K KOTOPBHIM
NPEIBABISIIOTCS 0COOBIe TPEOOBAHMS M KOTOPBIE MCTIONIB3YIOTCS B JKEJIE3HOIOPOKHBIX KOHCTPYKIIMAX
1 COOPYKEHISIX.

B coorBerctBun ¢ meroamkod Ykpl'AXT nns momydenuss BBICOKMX ToOKasarenen (u3uko-
MEXaHMIECKUX M (M3MUECKUX CBOMCTB OeTOHa HEOOXOAMMO BBINIOJTHEHHE YCIOBUS, MPHU KOTOPOM
MEXy CTPYKTYpOOOpa3yIoIMMH 3JIEMEHTaMH KaKIA0ro CTPYKTYpHOIO YpOBHA MaTepuasa
00pa30BBIBAIOTCS MPOCIONKU MaTpHIilpl. CTPYKTypa 3TOU NMPOCIOWKH ONpeIelisieT CBOMCTBA OETOHA, B
TOM 4ucje GWIbTPAlOHHbIE U AepopMaTuBHbIe. Hammydme nokazaTesy CBOMCTB OTMEUAIOTCS TpU
HanOoJee IUIOT HOM YIIaKOBKE YaCTHIl MATPHIIBI B MPOCIIOHKE , KOTOPOI COOTBETCTBYIOT ONTHUMAJIbHBIC
3Ha4eHUsA KO3((PHULMEeHTOB Pa3ABMKKH Oloyr U Ly, @ 3aBUCHMOCTH CBOMCTB OT 00 M [l SIBJISIFOTCS
9KCTPEMAJIbHBIMU C MAKCHUMYMaMH, COOTBETCTBYIOLIUMU Oy U tonm (1)
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Astopsl Mmeroaukn Ykpl'AXT paspaboramm arropurm odecriedeHust 10IrOBEUHOCTH OSTOHHBIX
COOpPY)KEHUH, TIOCTPOCHHBI HA KHHETHYECKHX 3aBUCHMOCTSIX HM3MEHEHMS JKCIUTyaTaLMOHHBIX
0CcOOCHHOCTEW OETOHa OT ero cocraBa — TMON3YYECTH, Ne(QOPMHUPOBAHUS KOHCTPYKLWHU, PA3BUTHUS
TPEIH, TPOYHOCTH OETOHA TIPY 3aMOPaKUBAHWH U OTTAUBAHUU, & TAKKE KOPPO3HH U JIp.

MeTomomorus onpenenieHuss cocTaBa OeToHa [18] mornoaHeHa BO3MOXKHOCTBIO ydeTa JIeWCTBUS
100aBOK: CyNepIuiacTUPUKATOpa M YCKOPUTENsT TBEPACHWSA, M MOJNOKEHA B OCHOBY aJlfOpUTMA.
OnrumanbHbIe TO3UPOBKH 100ABOK TO3BOMIET O0ECIEUHMBATH B ONpEICIICHHBIE CPOKH TBEPACHHSA
OINTMMAaJIbHBIE COOTHOILEHHE MEXIY KPUCTAJUIOTHAPATHBIMHU M T€JIEBBIMHU MPOAYKTAMH THAPATALIH,
MHUHUMAJIbHYI0 ~ KaOWUIAPHYIO  TMOPUCTOCTh, T. €. YIYYIIMTh  T[OKAa3aTeld MPOYHOCTH,
BOJIOHETIPOHULIAEMOCTH, 1€ (POPMATHUBHOCTH U TPEIMHOCTONK OCTH.

Hear u 3agauu uccienoBanusi. Llenbio HacTosie pabOTHI SBISIETCS YCOBEPILEHCTBOBAHUE
MoJieNiel, METOJOB, AaJTOPUTMOB TPOECKTHPOBAHMS COCTABOB OETOHOB [UIi KOHCTPYKIMH U
COOPYKEHUU JKEJIE3HBIX TOPOT.

MogenupoBanue OeTOHA MpPEeACTaBISIET HETPOCTYIO 3a]1ady, HECMOTPSI HA TO, YTO COCTaB 3TOrO
Marepuasa MpoeKTUPYeTCs M noaOupaeTcs. TpyaHOCTH 3aKIIIOYAOTCS B CIOKHOCTH HCIIOIb3yEeMOM
MOJIEJIM ¥ COOTBETCTBEHHO €€ MPUOIIKEHUN K MOJIEIMPYEMOM KOHCTPYKLIUH, TIOATOMY IIPUMEHSIETCS
nedopManmoHHast MoJieb pacueTa Oerona [13].

Bonbiioe konuuecTBO BXOIHBIX MApaMEeTPOB B 3ajaye IPOSKTHPOBAHMA COCTaBa OeTOHa
(XapaKTepUCTHKH COCTaBHBIX MAaTEPHAJIOB, XapAaKTEPUCTHKH OCTOHHOM CMecH M OETOHA B TPOCKTHOM
BO3pAcTe, XapaKTEPUCTHUKH U YCIIOBMS SKCIUTyaTallMi KOHCTPYKLKMH), CIIOKHOCTh METOJIOB pacueTra H
BaXXHOCTHh OINEPATHUBHOTO TIONYyYEHHUS pE3ylibTaTa OOYCJIOBWIM HEOOXOAMMOCTh NPUMEHEHUs

8



Ne 11 muctoman 2014

COBPEMEHHBIX HMHPOPMALMOHHBIX TEXHOJOTMH [UIi aBTOMATHM3AalMM pEIIeHUS TOCTaBJICHHBIX
3amau [9; 12].

[lemecooOpa3HOCTh W aKTyaJbHOCTh WCTIONB30BAHMS WHPOPMAIMOHHBIX TEXHONOTHHA IS
pelieHus  3aJayd  [POEKTUPOBAHMS  CcocTaBa OETOHA  MOATBEPXKAAIOTCS  CYIIECTBOBAaHHUEM
NpOrpaMMHOTO OOECIieueHus] 1 pelleHns TOJ00HBIX BOMPOCOB (KaK OTEYECTBEHHBIX, TaK U
3apyOeXHbIX pPa3pabOTYMKOB), €r0 AKTHBHBIM pa3BUTHEM M YCOBEPIICHCTBOBAHHEM, a TaKKe
NIO3UTHUBHBIM OIBITOM aBTOPOB B pa3padOoTKe MOAOOHBIX IPOSKTOB.

OcHoBHO#i Matepuan. B ocHoBe nedopmammonHoii Monmenu pacdyera OETOHA JIEXaT BOIPOCHI,
CBA3aHHBIC C MOICJIMPOBAHWEM TIOJIHOM JHWarpaMMbl Ae(OpMHUpOBaHHMS O€TOHa, KOTOpas [aeT
BO3MOXKHOCTH OLEHHTH HAPSKEHHO-JIe GOPMHUPOBAHHOE COCTOSIHHE M MPOYHOCTH OeToHa. Takast monesnb
JIACT BO3MOXKHOCTH HE paccMaTpuvBaTh JIMIIIHKAE AMIMPUUYECKHE 3aBHCUMOCTH, 0OJiee TOYHO OICHHUBATH
paboTy OeTOHHBIX KOHCTPYKIMIA, POSKTUPOBATH UX O0JIee HA/IeKHBIMHU 1 SKOHOM I HbIMH [ 13].

Mogens mpejicTaBsieT coO0OM ypaBHEHMsI MEXaHMYECKOTO COCTOSIHHMS B BHAE aHAIUTHIECKOM
3aBHCHMOCTH, KOTOpasi ammnpOKCHUMHUPYET IuarpamMmy ne(OpMHUpPOBAHMS CTEPKHEBBIX OETOHHBIX
3NIEMEHTOB. JTa MOJAENb pacCMarpvBaeTCcsl KaK MapaMeTpuieckas KpuBas, TOYKH KOTOpPOI
TIPEICTABIIAIOT PE3YJbTaT 3KCTIEPUMEHTATBHBIX 3aBUCUMOCTEi. OCHOBOW STOW MOJENN SBISCTCS
IKCTIEpPUMEHTAJIbHAS. 3aBHCHUMOCTh B BHJE IUATPAMMbl «G — €« (HANpsDKeHHS — JehopMarlivm).
B skcnepumeHTaIbHbIX HCCIIEOBAaHMAX AvarpaMmMa AeGopMHpOBaHMS pa3Has Il OJUHAKOBBIX
0ETOHOB NpPH pa3HbIX PeXKUMAaxX HATPY3KH, KOTOPbIE MPEBHIIAIOT TPAHMUILY €€ JTUTEJILHON IPOYHOCTH.

Cunraetcsi UTO OTKJIOHEHUS AHATPaMMBl «G — £« TMOBEACHUs OETOHA OT AMarpamMMBbl JIMHEHHO-
VIIPyroro MmaTepuana MpOWCXOAWT 3a CUeT Heynpyrux naedopMmaimii, 00yCIOBICHHBIX
MHKPOTPEITHOOOpa30BaHUEM.

Yrpyro-Bs3koe coCTOsSHHE OeTOHA MOXET COXPaHsIThCS JMIIb TPW JIMHEWHBIX WIW CJerka
HEJIMHE MHBIX 3aKOHOMEPHOCTSAX HampsDkeHHH orT naedopmaimid. Ha Oonee BBICOKHX CTYIEHIX
HaIpsHKEHUI HAaJl0 YYUTHIBAThH MPOLIECC BHYTPEHHETO paspymeHus. CieoBaTeNbHO, OonbIas 4acTh
Heynpyrux JedopMarmii 06 TOHa MOKET OBITh OTHECEHA 33 CUET Pa3pyIICHHS] MUKPOCTPYKTYPBI.

Takum oOpa3om, pedb HAET O HEMHSHHO U JTehopMaIMOHHON MO pacyera.

s onpeneneHuss  HANPSKEHHO-IE(OPMHUPOBAHHOTO COCTOSHHMS OETOHAa Hcclie0Baach
cIeayrolas cucteMa ypaBHenwii [ 13].

YpaBHeHUs] paBHOBECHS:

oy (X)+ p(X)F, =0,xeV,, )

IJIe X — PainyC-BEKTOP MPOCTPAHCTBEHHOTO TOJIOKEHS YACTHUIBL;

p(x) — IOTHOCTh MaTepHana;

Fi — KOMIIOHEHTBI BHEILTHUX CHIL.

31ech W Janee MO YMOJNYAHMIO 3amsiTas C MHIEKCOM O3HaYaeT YacTHYI HPOM3BOAHYIO MO
COOTBETCTBYIOIIEH KOOPAWHATE Xj, MHIEKCHl NPU KOMIIOHCHTAX TEH30pPOB, HAOpaHHBIE MaJbIMU
JATUHCKUM M OyKBaMH, IPUHUMAIOT 3Ha4eHus oT 1 110 3.

['eomeTprueckue cooTHomeHus (cooTHomeHmust Komrm):

&j (X)=;(Ui‘j(X)+Uj’j(X)),X€V,, (3)

e Uj — KOMIIOHEHTBI BEKTOPA NePeMEIIICHIS.
O nyeckue (onpeaessonie) COOTHOEHNS :

;i =Ciy (X)eq, xeV,, (4)

rae Cijy — KOMIIOHEHTBI TEH30pa YIPYT MX KOHCTAHT.

I'pannuHble yCnoBUS 11 NEpeMEIeHUN U HATPY30K
u(x) = f(x), )
oy(x)=n;(x)=0.’

HeobOxonmmo Taxke yIUTHIBATh HEJMHEWHOE TIOBEACHHE, KOTOPOE XapaKTEPH3YeT COCTOSHHUCS
NOBCACHMA KOHCTPYKIIMU (HOSIBJ'IGHI/IG TpeHII/IH). KecTkocTb B Takmx CliydadaXx MCHACTCA CKAYKOM M
MOXET 3aBHCETh OT HArpy3Kd WIM JApyrux IpuduH. [losBieHue TpenmH B IDIOCKOCTH,
NEPIICHIMKYIISIPHOM OHOW M3 KOOPAMHATHBIX OCEH, MPUBOIMT K TAJCHUIO )KECTKOCTH Marepualia B
JaHHOM HarmpaBieHud. [1o )KeCcTKOCThIO MOHUMAaeTcsl 0Opa3oBaHue B OECKOHEYHO MAalloOM 3JIeMEHTE
Cp€abl 30HbBI CO CHIKCHHBIMHM MCXAaHUICCKUMHU XapaKTCPUCTUKaAMU B PE3YJIbTATC HAKOIUICHUA
TIOBPEKICHAM.
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MonenupoBanue AuarpaMMbl JeQOpMHUpOBaHMS OETOHA U, KakK CIEICTBHE, ONpeleIeHHs
MPOYHOCTHBIX XapPaKTEPUCTHK OETOHA BBINONHAETCS KAK C MPHUBJICYCHUEM OKCIEPUMEHTAJIBHBIX
HCCIICIOBAHUN, TaK W C TPUBJICUCHHEM CYLIECTBYIOIIMX METOJWK NPOTHO3UPOBAHMS NPOYHOCTH
Oerona [14; 19].

[Ipu nccnepoBanny Moneny 0€TOHA YHCIEHHBIMU METOAAMH MPUMEHSAETCS, KaK NMPaBHIO, METOI
KOHEUHBIX 2JieMenToB MKDO [8].

OcHoBHast unest MKD coctour B TOM, uTO JIOOYIO HENPEPHIBHYIO BENMUUMHY (IIEpeMEIlecHHE,
JABJICHUE U JIp.) MOXHO allpOKCHUMHUPOBATh MOZAEINBIO, COCTOSIENH M3 OTIENIBbHbIX 3ieMeHToB. Ha
KOKAOM M3 3THX 3JIEMEHTOB HCClieqyeMas HelpepbIBHAS BEJIMYMHA AIIPOKCUMHPYETCS] KyCOYHO-
HETIPEPHIBHOW (PYHKIWE i, KOTOpasi CTPOUTCSI Ha 3HAUCHUSX HCCIICYeMOlN HETPEPHIBHON BEJINY UHEI B
KOHEUHOM 4YHCIIe TOUEK paccMaTpuBaeMoro syieMeHTa. B o0miem ciydae HempepbhIBHAS BEIMYHMHA
3apaHee HEM3BECTHA U Hy’KHO OIPEeeNIUTh 3HAYEHHUE STOM BEJIMY MHbI BO BHYTPEHHUX TOYKaX 00JIacTH,
T. €. CO3/aTh AMCKPETHYIO Mojeinb. JIUCKpeTHast MoAeslb MOXeT ObITh JIETKO IOCTPOEHa, €Ciu
CHayaia NpeArioNoXKUTh, YTO W3BECTHbI YHWCJIOBBIE 3HAYCHMS DSTOM BEJMYMHBI B HEKOTOPBIX
BHYTPEHHHUX TOYKaX 00JIACTH, HA3BIBAEMBIX Y3JIAMU.

Ha 6aze MKD pa3paboraHbl COBpeMEHHbIE MPOrpaMMHbBIE KOMIUIEKCHI, C TIOMOIIbIO KOTOPBIX
m3ydaroTcs iepopMalOHHbIE MOJIEIH, B TOM YHcIie U 111 OeToHOB [3].

[loBenenne Mopesn O€TOHa TMPH HWCCIESAOBAHWM YHUCICHHBIMH METOJAMHU C WCIOJb30BaHHUEM
nporpamMublx komiuiekcoB JIMPA, SCAD, ANSYS u np. [3; 6], koropeie ocHoBaHbl Ha MKD,
By4aeTcsi B TPEANOJIIOKEHHUH OTrPAaHMYEHHOCTH KOJMYECTBA COCTABIIOMIMX OETOHHOW CMech.
N3ydenre u aHanm3 pe3ylbTaroB MOJEIUPOBAaHMS OETOHOB [3; 6] TOKa3aj, YTO ¢ BBICOKOW CTETICHBIO
HaJe)KHOCTH TIOBEJCHHE OCETOHAa MOXKHO OTHCAaTh, HWCIONB3Yysd J1Ba (akTopa: MNPOYHOCTHBIC
XapaKTEPUCTUKU U CTPYKTYPHBIE XapaKTepUCTHKU. [Ipu 3TOM MOryT OBITH pPacCMOTPEHbI MEXaHU3MbI
TPELIMHO00Pa30BaHUs U pa3pyllIeHUs KOHCTPYKIMHA U coopyxeHuil. [l aToro, HanpuMmep, B MakeTe
ANSYS wncrionb3yroTcs KoHedHbIe 3eMeHThl ans 0erona SOLID65 [2], yuuTBIBAIOTCS KpUTEpHA
paspyiieHusi OeTOHa MpHU CJIOKHOM HANPSDKCHHOM COCTOSIHMM, HEJMHEHHbIE CBOMCTBa OeTOHa,
OIPEICIISIIOTCS 30HBI, XapaKTep 1 HATPaBJie HHe 00pa30BaBIIMXCS TPELIUH.

Jlns ydera TpelyH B KOHCUHOIEMEHTHO I MOJIENM KOHCTPYKIMK HCTIOJb3yloTest [4] nBa merona
B 3aBUCHMOCTH OT PAaCUETHON CXEMBI:

— ammpokcuManusi OeToHa C TPeIMHAMH SKBHUBAJCHTHBIM II0 JKECTKOCTH  CIUIOLIHBIM
AHM30TPOITHBIM TEJIOM;

— MOJIENIMpOBaHWE OE€TOHa C TpPEeIIMHAMU IyTE€M PpACIIMBKM CETKH KOHEUYHBIX SJIEMEHTOB IO
TPaEKTOPHH TPEILMH C 3aMEHON apMaTypbl YIPYT UMHU CBSI3IMU MEKIY Y3JIaMHU.

[Ipu MozmenMpoBaHUK MO MEPE POCTA TPEILMHBI U3 Yy4aeTCs M3MEHEHHE BHEIIHUX MPOIOJbHBIX U
MoTNepeyHbIX ehopMaImii, KOTOpPbIE M 3aMEpsIOTCAd TNPH HATYPHBIX HCTBITAaHUAX. PocT omHOM
TPEILMHBI MOACIUPYETCS] M3MEHEHHEM BHEIIHHUX CBA3CH, & HECKOIBKUX — IMyTEM M3MEHEHHUS MO
YIIPYroCTH KOHEYHBIX 3JIeMeHTOB. [lo pe3ynsraraM MoaeIMpoBaHusS MOTYT OBITh MOCTPOSHBI rpaduku
M3MEHEHMS NPOJONBHBIX Aedopmaruii 1 kodpdunrenra [lyaccoHa B 3aBUCUMOCTH OT OTHOCHUTEJILHOM
JUTHBI TPELIMHBL.

B 3apmague npoexTupoBaHus cocTaBa 0€TOHA BaXKHBIM aCTIEKTOM SIBIISIETCSI 0OECTICU€HHE 3aIaHHOT O
YPOBHS MPOYHOCTH B YKa3aHHblE CPOKH TBepaeHusi. Ha ckopocTb TBepaeHus Oe€TOHa BIMSIOT
MHHEPAJIOr MECKUI COCTaB, BUA M aKTUBHOCTH IIEMEHTa, HAYaJbHOE KOJIMYECTBO BOABI B OETOHHOU
CMeCH, KOTOpOE OIpeeIsieT €€ MOABIKHOCTD (WM KEeCTKOCTh). JKecTkue OeTOHHbIE CMECH C HI3KUM
cofiepkaHueM BOJIbl 0OOecTieurBatoT OoJiee ObICTpOe TBEPACHNUE OETOHA, YeM TO/IBIDKHBIE.

ABropbl [17] nnst pemieHust 3aJadd  MPOSKTHUPOBAaHHS CcocTaBa OCTOHA MPEUIOKIIH |
9KCTIEPHUMEHTAIbHO BEPHU(PUIIMPOBAIM HOBYIO 3aBHCHMOCTBH JJIsI OLEHKM HAapacTaHUs MPOYHOCTH
OeToHa BO BPEMEHHM C YUETOM HCTIONIH30BAHUS LIEMEHTOB PA3JMYHBIX BHIOB M I00ABOK YCKOpHUTEIEH
TBEPACHUA.

CrarucTHdecKuii aHallM3 OKCIEPUMEHTAIBHBIX JIaHHBIX IIOKa3ad (AJi1 HEKOTOPBIX BUIOB
LIEMEHTa) BBICOKYIO CXOIHMMOCTb PEIBHBIX W MOAECIMPYEMBIX Ppe3yJabTaToB: Ko3( (uiye HT
koppessitmu — 0,97, crangapraas oummbka — 0,27 (cyToK), YTO CBHAETEIBCTBYET O BO3MOXKHOCTH
UCIIOJIb30BAaHUs  IPEJJIOKEHHON 3aBUCHMOCTH JUIi NPOrHO3UPOBAHMS TPOYHOCTH OETOHa B
OnpeIeJICHHbIi MOMEHT BPEMEHU TBEPIACHHS.

Hdns  onpenencnus (yrouHeHus) KOd(QUIMEHTAa YCKOpCHUWs/3aMeJieHUs TBepacHuss K
HEOOXOAMMO TMPOBEACHUE SKCIEPUMEHTAJbHBIX HCCIEAOBAHUNA C YYacTHEM pas3MdHbIX BHUIOB
[EMEHTOB U YCKOPSIOUIMX J00ABOK, YTO CYIIECTBEHHO YCIOXKHSIET MPOLECC NPUHATHS pEIleHUs,
OJTHAKO J]aeT BO3MOXKHOCTH C BBICOKOM TOYHOCTBHIO TIOMy4aTh KONMYECTBEHHYIO OIIEHKY HapacTaHUs
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NPOYHOCTH OeToHa B JIIOOOKW MOMEHT BpeMeHW. lVccieqoBaHbl NMPOYHOCTHBIE XapaKTEPUCTHKH
MPOEKTUPYEeMOro OeTOHa, TOCTPOSHbI TpaMKU 3aBUCHMOCTH TPOYHOCTH OETOHA OT BPEMEHH
TBepaeHus (puc. 1). IIpodyHOCTHBIE XapaKTePUCTHKU TIOJyYEHBI C WCTIONH30BAHHMEM KOMIIBIOTEPHON
nporpammbl «[1ICB YkpIA3T» [10].

74 NCB YepJA3T = e

Metoguea Yep[JA3T  Metoguka < <HAMKE>> Mosa [lonomora
Buxigni aani | Pesynstat pospaxyHkis ,ﬂ.iarpaMa HHEDP)' Mi'—lHMTi;
Miunictb beToHy, MMa
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Puc. 1. JJuazpamma nabopa npourocmu 6emona ons npoeKmupyemo2o cocmasa

BoiBogpl. Maremarnieckoe W KOMIBIOTEPHOE MOJEIMPOBaHUE TIO3BOJIIET PacCMaTpUBATh
BOMPOCHI POSKTHPOBAHUSL COCTABOB OETOHA C 33JaHHBIMU CBOMCTBAMH, ITPOBOUTH BHIYHUCIIUTEIIbHBIN
9KCTIEPUMEHT U aHAJIM3 pe3y/bTaTOB, BBIPA0ATHIBATH PEKOMEHAALMH OTHOCUTEJILHO NMPUMEHEHUs U
UCIIOJIb30BAaHUs OETOHOB IS JKEJIE3HOAOPOKHBIX KOHCTPYKIIHI U COOpY KEHHUIA
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SUMMARY

Concrete production is a complex process, which consists of several important tasks. Design of
concrete — the first and most demanding task in this list. Successful solving of this task determines the
efficiency, reliability and safety of constructions.

The paper is devoted to the use of mathematical and computer modeling for solving the problem
of concrete designing for constructions of railways.

A great amount of literature, which focuses on questions of concrete mix designing, is an
indicator of the importance and relevance of the chosen direction.

Methodology of concrete mix design, which has been deweloped in the Ukrainian Academy of
Railways, provides a high mechanical and physical properties of concrete and selected as the basis.

The methodology supplemented possibility of account of influence of plasticizers and additives
hardening accelerators.

Expediency and relevance of the use of information technology to solve the problem of designing
the concrete composition confirmed by the existence of software for solving such problems (of both
domestic and foreign deve lopers), its active development and improvement, and positive experience of
the authors in the development of such projects.

The goal of research — the improvement of models, methods and algorithms designing of concrete
for construction of railways.

The model represents the mechanical state of the equation in the form of analytical dependence,
which approximates the stress-strain diagram of core concrete elements. This model is considered as a
parametric curve, the points of which are the result of the experimental curves. The basis of this model
is the experimental dependence in the form of diagrams «c-g« (stress — strain). In experimental
studies, different stress-strain diagram for the same concrete under different load conditions that
exceed the limits of its long-term strength.

Modeling of the deformation diagram of concrete and as a result, the definition of the strength
characteristics of concrete made with the involvement of both experimental studies and with the
involvement of existing methods of forecasting the strength of concrete
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The authors have proposed and experimentally verified a new dependency for the evaluation of
concrete strength in time with the use of various types of cements and additives hardening
accelerators. The basis of dependence — acceleration factor, which is determined experimentally.

Developed dependency introduced into the algorithm of software «PSB UkrSAR», which allows
the design of concrete with the achievement of the desired strength in the specified period of
hardening, as well as present the results of the application of dependence in the as a diagram strength
development concrete.

Mathematical and computer modeling allows us to solve the problem of designing concrete
compositions with desired properties, to carry out numerical simulation and analysis of the results,
make recommendations regarding the application and use of concrete for railway designs and
constructions
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