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OU3MKO-TEXHONOTNYECKMIA MHCTUTYT METanoB 1 cnnasoB HAH YkpauHbl, Kues
*Ofecckuii HauMoHaNbHBIA NONUTEXHUYECKNIA YHUBepcuTeT, Opecca

BnusiHue cocTaBa, AMCMNEPCHOCTI 1 TEMNEPATYPbI OXNAXAEHNS
(hOpMOBOYHbIX MAaTEPKANIOB Ha NPOYHOCTHbIE CBOICTBA

HU3KOTEMNEPATYPHbIX (HOPM

PaccMOTpeHbl BOMPOCHI, CBSi3aHHbIE C M3YYeHWeM BfIMSHWSI COCTaBa, AMCMEPCHOCTU M TeMnepaTypbl OX/1aXaeHus

(POPMOBOYHbIX MaTeEpVasioB Ha MPOYHOCTHbIE CBOMCTBA HU3KOTEMnepaTypHoin dopmbl (HTD).

B pesynbTare

NPOBEAEHHbIX UCCNEef0BaHNI C Lefblo OnpeaesieHnst NPOYHOCTHbIX nokasaTeneli HT® nokasaHo, YTO OCHOBHLIMM
(pakTOpammn, 0KasbIBAKLLMMI B/IMSIHUE HA MPOYHOCTHbIE CBOWCTBA 3aMOPOXEHHOI (POPMOBOYHOI CMecH, SBMSOTCA
BNAXHOCTb W TemnepaTypa OX/axaeHusi, MeHee 3(PPeKTVBHO Ha MOBbILLIEHUM MPOYHOCTU CKasbiBaeTcs fo6aBKa B

CMECb I'/IMHbl N YMEHbLUEHNE 3epHNCTOCTN Necka.

KntoueBble cfioBa: HU3KOTeEMMepaTypHas chopma, 3amMopoXeHHasi (POPMOBOYHAS CMECb, MPOYHOCTb Ha U3ruG,

MPOYHOCTH Ha CxaTue, Aedopmanms.

pob6nema nonyyeHuss NUTeHoV opMbl 3afaHHO
MPOYHOCTM NpWM MWHUMANbHbLIX 3aTtparax Tpyaa,
HepreTMyecknx W maTtepuasibHbIX PecypcoB Mpo-
o/hkaeT ocTaBaTbCA BeCbMa akTyasbHOl, OfHUM
U3 NepcnekTUBHbIX METOAOB pelleHns 3ToN npob6riemsbl
MOXEeT cTaTb NMPUMeEHeHWe HU3KoTemnepaTypHbix dopM
(HT®) [1]. MnTbe B HT® cBA3aHO C CyL,EeCTBEHHbLIM YBe-
NNYEeHNeM MPOYHOCTU NUTeliHbIX DOPM U CTEpPXHEN B
5-10 pa3 B CpaBHEHMMN C COOTBETCTBYIOLMMY XapakTepu-
CTUKaMW MecyaHbIX CbIPbIX U CYyXUX QOPM U CTEPXHE.

Ncnonb3oBaHne BOAbl B KA4eCTBE OCHOBHOIO CBSA3Y-
lowero NpMBOANT K COKpaLLeHunio TPyAOeMKOCTU onepa-
uuin cbopmoobpasoBaHns, BbIOUBKM POPM U CTEPXKHEN
Ha 80-90%, a Takxe CyWecCTBEHHOMY coOKpal,eHUto
BPeHbIX ra3oBbiX BbIGPOCOB B OKpYXalolyo cpeady npu
onepauusax NpUroToBfieHNs, yganeHns )OpMOBOYHON 1
cTepXxHeBoOn cmeceli [2].

OCHOBHOW Uenbld paboThbl SABAANOCHL oOnpejene-
HME NPOYHOCTHbLIX Mokasateneik HT® B 3aBUCMMOCTHU
OT BJIXHOCTU, TemnepaTtypbl OxJaxaeHus, p[obasku
INIUHBI U 3ePHUCTOCTN necka. B paboTe mcnonb3oBanu
cTaHOapTHble MeTOAWMKM UccnefoBaHuini CBOWCTB 3aMo-
POXEHHOW hOPMOBOYHOWN CMECH.

Ona orpaHnyeHnss ob6bema OMbITHO-NabopaTopHbIX
paboT ¥ nonayvyeHus o06WUX 3aBUCUMOCTEN BAUAHUSA
nepeyncneHHblx napametpoB HT® Ha ee NPOYHOCTHbIE
XapakTepucTukM nNpPUMEHEeH MeTo4 MHOroakTopHoro
aKkcnepumeHTa. NepeMeHHble hakTopbl MPY NOCTOSIHHOM
NAOTHOCTM (POPMOBOYHOIO MaTepuana p = 1700 kr/m3

OnemMeHTbl MHOFOCbaKTOpHOFO IKCnepnmMmeHTa
1

r
INen/n

[

P akTopbl

1 BnaxHocTb cmecn, %
TemnepaTypa 3amopaxusaHus, °C
% [o6aska rnmHbl, % *
4 MakcuMaribHbIli pasMep 3epeH necka

npeactasneHsl B Tabn. 1. Mo pesynbtatam 16 akcnepu-
MeHTOB (Tabn. 2, 3) No KaxgomMmy BUAY MUCNbITaHUii nony-
YeHbl ypaBHeHUs perpeccumn A onpepesieHus npoyHo-
CTW KaK MHOTOG)aKTOpPHON RYHKUMN:

=-1,89 +0,55B- 0,07T -0,41T +5,34M-0,007BT +
+0,004Br-0,3BM-0,015TT +0,021TM-0,28TM , (1)

0#=1,14+23,17B-0,0338T -0,266+0,0602M - 0,0045BT +
+0,0045BI" +0,0633BM-0,0023TT +0,0193TM +0,2533r, (2)

roe - npefesn MPOYHOCTM Ha cxaTtue; au-
MPOYHOCTU Ha M3rno.

AHanun3 Moay4YyeHHbIX ypaBHEHW NO3BOMWA cAenatb
BbIBO/J, O ,OCTATOYHO BbICOKOM YPOBHE fileTEPMUHUPOBAH-
HocTu (r2= 0,921 ana ackm r2= 0,905 Ansa aw), 4To yKasbl-
BaeT Ha Hanuyue CUAbHOW 3aBUCUMOCTU MeXAy He3asu-
CUMbIMU MEPEMEHHbLIMU U YPOBHEM MPOYHOCTU DOPMBbI.
icnonb3oBaHue F cTaTUCTUKM MO3BOJIUIO ONpeaennThb,
ABISIETCA NN 3TOT pe3ynbTaT c/ydaliHbiM. Tak Kak nony-
YeHHbIli pe3ynbTaT onpegeneHunsa F2= 32,3 3HaunTenb-
HO 6onblie TabnnyHoro FK= 4,8, Nosly4yeHHbIe ypaBHe-
HUA MOTYT 6bITb MCNONb30BaHblI ANA MPOrHo3a YpPOBHSA
npoyHoctT HTP. PacuyeTbl 3HAYMMOCTU NEPEMEHHbIX C
npuMeHeHnem £-cTaTUCTUKA Nokasasun, YTO OCHOBHbIMU
hakTopamu, okasblBawLWWMU BAUAHWE HA MNPOYHOCTb
opmbl, ABAAIOTCA BMaXHOCTb M TemnepaTtypa, B TO
BpPEMS KakK KO/IMYECTBO [/IMHbI U AUCNEPCHOCTb Necka
npakTUyeckn He OKasblBalOT B/INAHUA Ha MNPOYHOCTb

npegen

Tabnmua 1
O603HaueHune MpepensbHble 3HavYeHusa
1 0 +1
B 5 75 ! 15
T -60 -35 -10
r 0 2,5
M 0,25 0,62 1
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Tabnuua 2

NcxoaHble 1 pacyeTHble gaHHble Mo onpeAeneHnto NPoOYHOCTM Ha 36 3aMOpPOXXEHHOW (hOPMOBOYHOK CMe-

cn
dakTopsl
Ne
n/n BnaxHocTb, Temnepatypa, Jo6aska rnuHsbl,

% °C %

1 15 -10 5
2 5 -10 5
3 15 -60 5
4 5 -60 5
5 15 -10 0
6 5 -10 0
7 15 -60 0
8 5 -60 0
9 15 -10 5
10 5 -10 5
1n 15 -60 5
12 5 -60 5
13 15 -10 0
14 5 -10 0
15 15 -60 0
16 5 -60 0

MaKcumMmanbHbIi
pasmep 3epeH
necka, Mm

1,0
1,0
1,0
1,0
1,0
1,0
1,0
1,0
0,25
0,25
0,25
0,25
0,25
0,25
0,25
0,25

JKCcnepumMmeH-

TasibHadA

5,85
4,45
11,50
5,40
6,80
2,45y
11,20
4,50
5,83
1,30
11,10
5,10
5,90
3,10
9,69
6,30

PacueTHasa

6,84
321
11,52
5,64
6,45
3,05
10,55
4,90
5,27
2,12
10,67
5,27
5,84
291
10,66
5,49

Tabnuua 3

NcxogHble 1 pacyeTHble faHHble Mo ONpeaeneHnio NPOYHOCTU Ha CXXaTue 3aMOPOXEHHbIX (hOPMOBOUYHbIX

cmeceii
: dakTopbl
No
ain BnaxHocTb, Temnepatypa, [ob6aBka rnuHsbl,
% °C %
1 15 -10 5
2 5 -10 5
3 15 -60 5
4 5 -60 5
5 15 -10 0
6 5 -10 0
7 15 -60 0
8 5 -60 0
9 15 -10 5
10 5 -10 5
1 15 -60 5
12 5 -60 5
13 15 -10 0
14 5 -10 0
15 15 -60 0
16 5 ! -60 0

o . Mra
MakcumanbHblii
JKCcnepumMmeH-
pa3mMep 3epeH PacueTHas
necka, MM TasibHas

1,0 6,3 6,52
10 4,0 3,02
1,0 18,4 18,65
10 10.8 11,30
1,0 9,2 8,92
1,0 4,6 5,62
1,0 17,5 17,3
1,0 10,7 10,15
0,25 6,8 71

0,25 0,9 1,35
0,25 20,8 20,02
0,25 10,4 10,45
0,25 8,7 8,45
0,25 34 29

0,25 16,9 17,62
0,25 8,2 8,22

HT®. [nsa cpaBHEHWA NOJIYYEHHbIX pacyeTHbIX AaHHbIX
C 3KCnepruMeHTanbHbIMW Ha puc. 1 npeacTaBneH B BUae
OBYX LWITPUXOBbIX /INHUI TpadMK pacyeTHbIX 3HAYEHUN
an(gnsa cnyyvasa B = 5%, temnepatyp ot -10 C go -60 °C,
=0 1 5%,). PacueTHble KpuBble NPUOGAMKAOTCA K 3KC-
nepvMeHTasibHbIM.

MpoBefeHHbIN aHann3 pes3ynbTaTOB 3KCNEPMMEHTOB
no onpefesieHuto BUAHUA NapamMeTpoB 3aMOPOXEH-
HOMW (pOpPMOBOYHOW CMEcKM Ha ee npegen npPoYHOCTU
Ha cxkaTue nokasasn (puc. 2), 4To yXxe npu Temneparty-
pe 3amopaxusaHuna -10 °C BesiuMHa acKAnsa necka c
5%-mu Bnarv 6e3 fo6asBku ruHbl (KpUBble 4 1 5) NpeBbl-
waet 4 MlMNa. 3TO 3HAYUTENIbHO BbllWe NMPOYHOCTU CYXUX
dopM. C noHMXeHMEM TeMnepaTypbl 3amMOpaxuBaHus
(oo -60 °C) BennunHa ack pactetr 6osee, 4em B[ABOeE,
pocturaa 8-11 MIMa. Pe3ko Bo3pacTaeT MPOYHOCTb U
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npu MOBbIWEHNN BIAXHOCTN A0 15%. DTO CBA3@HHO C
obpa3oBaHMeM 60siee TOJICTOW HENPEepbIBHOW NeasHON
CBA3KM MeXAy necymHkamu, KoTopas MOXeT KonebaTtbcs
B npegenax 10-44 mMKM, 3a CYET CUIbHOTO KanuaisapHoro
BcacbiBaHUA. MNMpy NOHMXEHUN TemnepaTypbl NPOYHOCTb
TakoW CBA3KM BO3pacTaeT, Tak Kak Bo3pacTtaeT npou-
HOCTb camoro nbga [3].

BaxHbIM hakTopoMm, onpeaensrwnum MNpPOYHOCTHbIE
CBOIiCTBA 3aMOpPOXEHHOro (bOpMOBOYHOrO Marepuana,
ABNseTCA cocTaB necka. llecku, cogepxawime manbie
konnyectBa Si02 (Towme neckm Tuna TO016B), sBns-
I0TCA MHOrogasHbiM Martepuanom, B COCTaB KOTOPOro
BXOAWT [/IHA, NONEBON wnaTt, cnwga u okucnsl [4]. Ta-
Kne npuMecu B COCTaBe Mecka Co34arT AOMNOSTHUTE/Ib-
Hbl€ MMIOCKOCTU CKOJIbXEHUA B CUCTEME «J1I€A-MECOK» U
CHUXaKT ee NpPOoYHOCTb. Takoil necok He MOXeT ObiTb



Temnepartypa, °C

W W TpoYyHOCTb Ha M3rnb HU3KOTEMMNepaTypHoi cmecn: 1-
necok 3K02A, BnaxHocTb 5%, 6e3 Ao6GaBku IMWHbI; 2 - Necok
3K02A, BnaxHOCTb 5%, 6e3 gob6aBku rMnHbI, 3 - necok 3K02A,
BNaXHOCTb 5%, c pgo6aBkoli rvHbl 5%; 4 - necok 3K02A,
BNaXXHOCTb 5%, ¢ o6aBKoii bl 5%; 5 - nep NPpecHOBOAHbII

Ll w | MpoyHOCTb Ha cxaTue HM3KoTemnepaTypHoi chopmo-
BOYHO cmecn: 1- necok 3K02A, BnaxkHocTb 5%, 6e3 fobaBku
rMHbI; 2 - necok 3K02A, BnaxHocTb 5%, 6e3 Ao6aBKu MUHbI;
3 - necok 3K02A, BnaxHoCTb 5%, ¢ 06aBKOW rnHbl 5%; 4 -
necok 3K02A, BNaxHocTb 5%, c A06aBKOW MnHbI 5%; 5- ne-
cok 3K16A BnaxHoOCTb 5%, 6e3 fo6aBNeHUst IMiHbI; 6 - Necok
T016B6 BnaxHocTb 5%, 6e3 fobaBrieHUsa MMWHbI; 7 - feq npe-
CHOBOAHBbIi

MCNO/b30BaH Kak OCHOBA 3aMOPOXEHHO (0OPMOBOYHOIA
cCMecHu.

[Job6aBKka B 3aMOpPOXEHHbII (DOPMOBOYHLIA MaTepu-
an 5% rnuHbl NoBbIWAET NPOYHOCTL €0 Ha cXaTue He-
3HauuTenbHo (kpueble 4 n 3). Takasa cMeCb MOXET ObITb
OTHeceHa yxe K cmecaM 2-ro poga. lNpu nepemewunsa-
HAW B HUX NPOUCXOAUT 06Gpa3oBaHWe JIMHUCTOM nacThbl,
o6najgarLieil BbICOKO CTPYKTYPHOI MPOYHOCTLI M Nna-
CTUYeCKOl BAA3KOCTblo. CBA3ylOLWMeE C MMHOWN pacnpepe-
nATCA 6051ee paBHOMEPHO MeXAy MaHXetamu W nieH-
KaMy Ha cBOOGOAHbIX MOBEPXHOCTAX. TONWMHLI 060/10-
yek HaxomAaTca B npegenax ot 10 go
30 MKkM. Mpu 3TOM M3BeECTHO [5], uTO
YyeM MeHblle COOTHOLWEeHUe B CBA3Y-

XUAKOW dhasbl, TeM 60Nblie NpOsB-

| MpoyYHOCTb Ha paspblB HU3KOTEMMepaTypHoi opmo-
BOYHO cMecn: 1- necok 3KO2A, BnaxkHOCTb 5%, 6e3 gob6aBku
rnHbI; 2 - necok 3K02A, BnaxkHOCTb 5%, 6e3 A06aBKU [MMHbI

nokasanu (puc. 3), uto yxe npu -10 °C n 5% BaxXHOCTK
NPOYHOCTb CMecKn Ha pas3pbiB 0,3 MlMa Ha nopsafoK Bbilwe
MPOYHOCTU CbIPOM CMEecu AN aBTOMATUYECKUX JNTUMHUIA
0,012-0,035 MlMa n BABOE Bbille NPOYHOCTU CYyXOli CMe-
cn 0,05-0,15 MMa, a npu 15%-HOW BNAXHOCTM paBHa
cpepHell NpoYHOCTM cTepxHeBoi macchl 1-1,5 MMa [2].

Mpun NOHWXEHUN TeMnepaTypbl 3aMopaxnsaHnsa op-
Mbl OT -10 °C go -60 °C npo4YHOCTb Ha cxaTue BoO3pac-
TaeT 6onee yem BABoe. Kak u npu cxatnun, NpOYHOCTb Ha
paspbiB C yBENNYEHNEM BlaXHOCTM cMecu oT 5 go 15%
Bo3pacTaeT npumMepHo BaBoe. bonee appekTUBHO BNU-
SleT Ha NPOYHOCTb MOBbIWEHUE BAAXHOCTW NPU HU3KOWA
TeMnepaTtype 3aMmopaxuBaHusa )OpMbl.

CpaBHeHMEe 3Ha4yeHuii NPOYHOCTU Ha CxXaTue K pas-
pbiB nokazanu (tabn. 4), 4To ANA 3aMOPOXEHHOI hop-
MOBOYHOI CMecu BennuMHa ackbonee 4yem Ha nNopsafok
Bbllle, Yem ap. Takoe coOTHOWeHNe HabnwpaeTca n Ans
06bI4HbIX DOPMOBOYHbIX cMeceit [5].

Pe3ynbTatbl ncnbiTaHna Ha 1M3rné (puc. 1) nokasbiBa-
0T, 4TO Npo4YyHocTb HT® kak c gob6aBKkamu r/MHbI, TakK ”
6e3 HuX, BO3pacTaeT Mo Mepe OX/1aXAeHUs, HO He CTOJ/b
pes3ko, Kak npu LPpYyrnx MeXaHUYecKUX WUCNbITaHUax u
yBenmumBaeTcs npumepHo Ha 50%. Job6aBka 5% rAnHbI
nosbiwaeTt Ha 20% npoyHocTb HT® Ha wu3rm6. Cnepy-
€T OTMeTUTb, YTO COOTHOLLUEHME 3HaYyeHuii a ,a u a
OT/INYaeTcsa OT TaKOBbIX B 06bIYHOW NecyaHo-rMHUCTOM
¢gopme un coctasnaet gna HTS:

0 >2a >1Cor (3)
CX n p:
ANst 06bIUHBIX CMECEN 3TO COOTHOLIEHUE NUMEEeT BUAL:
a_>10a >30a 4)
p n
Tabnuua 4

MPOYHOCTb 3aMOPOXEHHOW (POPMOBOUYHOI cmeckn (necok 3K02A, Bnax-

=-g°° w0 °c
NATCA KanunnsipHble cBOCTBA KOM- MpouHocTs, Comen e o
p MMa BnaxHocTb BnaxHoCTb BnaxHocTb BnaxHocTb
no3vuum U TeM MeHblle PoJib [MNHbI 5% 15% 5% 15%
B QOPMUPOBAHUN CTPYKTYpblI. 110 175 45 9.0
_ CTOK ) ] ) ’
MpoBepfeHHbIe UCNbITaHNA Ha pas . 11 16 03 08

pbiB 06pa3L,0B hOPMOBOYHOI CMecH
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BbiBOAbI

B pe3ynbTaTe npoBeAeHHbIX NCCNeA0BaHWA C Lesbio
onpeaesieHUs MPOYHOCTHbIX Mokasateneir HT® npo-
BeleHbl 3KCMNEepPMMEHTbI M NOKa3aHOo, YTO OCHOBHbIMU
hakTopamu, okasblBalLWMN BANSHUE HA NMPOYHOCTHbIE
CBOWCTBa 3aMOpPOXEHHOI (DOPMOBOYHON cmecu SABNA-
I0TCA B/IXHOCTb W TemnepaTtypa OX/aXAeHus, MeHee
3P WEKTUBHO Ha MNOBbIWEHWE MPOYHOCTU CKasblBaeTCA
po6aBka B CMeCb [/IUHbl U YMEHbLUEHWE 3epPHUCTOCTU

necka. lNpoyHOCTb Ha cxaTne cmecu c 5% BnaxHocTu
n 6e3 gobaBku rMHbl npeBbiwaeT 8-11 MlMa, 4To 3Ha-
UNTENBbHO Bblle YPOBHA NPOYHOCTU Cyxux chopM. OTme-
YeHO MOBblWEHHOE conpoTuBrieHne HT® wusrnbarowmnm
HanpsXXeHUAM. YCTaHOBJ/IEHbl COOTHOLIEHNE MeXay Be-
NMYMHaMn acK anu apans o6blYHbIX U 3aMOPOXEHHbIX
POPMOBOUYHbLIX cMecel. [/ 3aMOPOXEHHbIX CMecei
npu temnepartype -60 °C ook2o0w-10ap, B OT/MU4MN OT
06bIYHbIX CMecell, Ana KoTopbix ack>10ap>30an
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AHoTaLlA

Bnnve cknagy, AUCNEPCHOC | TemnepaTypu OXONO0MKEHHS (hOPMYyBabHUX

mareplanls Ha MLLHIOT BAACTMBOC/ HU3bKOTEMMNEPATYPHUX hOPM

Po3rnsHyTo nuTaHns, NoB 'A3aH/ 3 BUBYEHHAM BM/IMBY CKiafy, AMcnepcHocn / TeMnepaTypy OXON0MKEeHHS (hOPMYBasTbHUX
maTeplanls Ha MipHicHi BnacTusBocn HU3bKoTemMnepaTypHo/ popmu (HTD). B pesynbTaT7npoBeLeHNX AOCUDKEHb 3 METO
BU3HAYeHHA MiLHIOHMX MoKa3HuoB HT® nokasaHo, WO OCHOBHMMW YMHHMKaMW, L0 Br/MBaOThb Ha MipHicHi BinacTwmsocnh
3aMopoXeHoi hopMyBasibHOI cyMimi, € BONONCThb / TemnepaTypa OXONI0KEHHS, MEHL e(peKTMBHO Ha nuiguilieHH1 MipHocn
no3HavyacTbcs fo6aBKka B CyM'iLL [IMHW / 3MEHLUEHHS 3€PHUCT OCH M'HOKY.

KnrouoBl crioBa
.

Ha CTVCK, aechopmap!s.
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HusbkoTemMnepaTypHa hopma, 3aMopoXxeHa hopMyBasibHa CYyMUK, MIPHIOTB Ha BUrvH, MILHIOTH



Shinskii 0., Lysenko T.,Solonenko L.
The influence of composition, dispersity and temperature of cooling mold
materials on the mechanical properties of low-temperature forms

Summary

The issues associated with the study of the influence of composition, dispersity and temperature of cooling molding materials
on the mechanical properties of low-temperature form (LTF) were considered. In studies conducted to determine strength
parameters of the LTF it was shown that the main factors influencing the strength properties of frozen molding sand are
humidity and temperature of cooling, less efficiently on increase of strength additive in mixture of clay and reducing of a
graininess of sand affects.

Low-temperature form, frozen forming mixture, flexural strength, compressive strength, defor-
mation.
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