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It is determined that application of nonstick coverings
with additives of nanostructured materials in technological
process of castings production will enable increase of the
casting mold filling degree, reduction of underfilling and
seals waste.
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WNCCJIEAOBAHME MNPOLIECCOB 3ANOJIHEHNA

NMTENHOW ®©OPMbI MNP NCMNOJSIb30BAHUN
MPOTUBOMPUrAPHBIX MOKPbLITAIA

C JOBABKAMW HAHOCTPYKTYPMPOBAHHbLIX MATEPWAJIOB

B nacrosieii paboTe ObLIO UCCIICIOBAHO BIMSIHUE
IIPOTUBOIIPUTaPHBIX ITOKPBITHHA, COAECPkKAIIUX B CBO-
€M cocTaBe J00aBKH HAHOCTPYKTYPUPOBAHHBIX MaTe-
pHaoB, Ha OCOOCHHOCTH 3allOJHECHUSI PA30BBIX TIEC-
yaHbIx (opm. s peanuzanmuy SKCIEpUMEHTOB OblIa
UCIIOJIb30BaHA TEXHOJIOTHUYECKas MPpooda 1o onpeese-
HUIO JKUJKOTEKydecTH CcIutaBoB (cmupainb Keppu,
I'OCT 16438-70).

Jlureitabie popmbl «crimpaib Keppu» nsrorasiu-
BAJIM U3 XOJIOAHOTBEPJACIOUICH II€CUYaHO-CMOJISIHON
CMECH CJIEAYIOIIEro COCTaBa: cMolia KapoaMuHoO-y-
panoBast mapku KD-65 — 2,0 mac.%; 50%-nb1it pac-
TBOp opTodochopHroit kuciorsl — 1,0 mac.%; kBapiie-
BbIi (hopMoBouHEIH Tecok Mapku 1K;0,02 — ocrains-
Hoe. [InockocTh pazbeMa U MoJIOCTh CIUPATICBHIHOTO
KaHalIa OKpallMBaJIM Pa3JIMYHbBIMH 3alllUTHBIMHA I10-
KPBITUSIMU: HAa OCHOBE KOMIIO3UTHOTO HAIIOJHUTEJIS,
COCTOSIIIETO M3 JUCTEH-CHIIMMAHUTa U HAaHOCTPYK-
TYPHUPOBAaHHOTO OEMHTA; HA OCHOBE YUCTOTO JUCTEH-
CHJIJIMMaHHUTA. I[J'ISI BBINTIOJIHCHHA CPAaBHUTCIILHOI'O
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aHalM3a B HKCIEPUMEHTE y4acTBOBaJa HEOKpPAIIECH-
Hast ¢opma. [lox 3amuBKy coOpaHHBIE W TIpenBapu-
TEJILHO MPOCYIICHHBIC JTUTEHHBIC ()OPMBI YCTaHABIIH-
BaJM Ha IUIAIly CTPOTO TOPHU30HTAIBHO, YTO KOHTPO-
mupoBasin  ypoBHemepom YC-II (I'OCT 9416-83).
3aNuBKYy OCYHIECTBIISUIM CEpPhIM UYYTYHOM MapKH
CY20 (I'OCT 1412-70) npu temmneparype 1320 °C.

Ycranosneno (puc. 1), 4To HCTIONB30BaHHBIE TIPO-
TUBONIPUTAPHBIE MOKPHITHS OKAa3bIBAIOT BIUSHUE Kak
Ha TpoleCC 3aIl0THEHUs TUTEHHON (OpPMBI pacIiiaBoM,
TaKk ¥ Ha CTEIEHb 3aM0JIHCHUS KaHaa (CM. Ta0nuiry).

O4eBHUIHO, YTO TPU OJMHAKOBBIX YCIOBHUAX IKC-
NepuMeHTa (XUMHUYECKHI COCTaB CIUIaBa, TeMIIepary-
pa 3aJMBKH, Marepuai JIMTeHHOW (Gopmbl, BelnYnHA
THJIPOCTATHYECKOTO Hamopa M Jp.) MPOTHUBOIIPHUTap-
HBIE TTOKPBITHS BIMSIOT, B TIEPBYIO O4epenb, Ha Bpe-
MEHHOM MPOMEKYTOK MpeObIBaHMsI pacijiaBa B yKHI-
KOM COCTOSIHUM TIPH €ro JBWKeHHHM 1o crimpanu Kep-
pu, T. €. Ha YCJIOBHS KOHTAaKTHOTO TEIUIOOOMEHa
MEXKIY OTIMBKOH M JTUTEHHOH (OPMOI.

Puc. 1. Cniupanu Keppu, nonydeHnHsle NPy UCTIOIB30BAHNN IPOTUBONPUTAPHBIX MOKPBITUI: @ — CIUPAITb, IOTYUYEHHAs IPH UCTIOIb-
30BaHUH ITPOTHUBOIPUTAPHOTO MOKPBITUS ¢ JOOABKAMHU HAHOCTPYKTYpPUPOBAHHOTO OEMHUTA; O — CIIMPallb, TONy4YeHHAas MPH UCTIOIb-
30BaHUH MPOTHUBONPHUTAPHOTO MOKPBITUS HA OCHOBE ANCTEH-CUIUIMMAHHUTA; @ — CIIUPAJIb, MOTy4YEeHHAs B HEOKPAIIEHHYIO (opMy
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Pe3ybTaThl 3KCIIEPUMEHTOB 110 3aI10JHEHUIO
JuTeiHoi GopMbl

Jureiinan dopva ‘Yrou, npoiieHHbIi | [inHa 1y TH, IPOHAEHHOTO
paciuiaBoM, rpaj pacijiaBoM, MM

OkxkparieHa npoTUBOIPH-
TrapHBIM ITOKPLITHEM C

p P 662 851
J06aBKaMU HAHOCTPYKTY-
PpUpPOBAHHOTO OEMHUTA
OxparreHa mpoTHBOIIPH-
TapHBIM ITOKPHITHEM

P P 453 661
Ha OCHOBE JUCTCH-
CHJUTMMaHHUTAa
He oxpamiena 356 524

C nenpro ycTaHOBIEHUS (haKTOPOB, BIHSIOMINX HA
MIPOLIECC 3aIOTHEHHS, OBUIO BBITOJHEHO KOMIIBIOTEP-
HOE MOJICJIMPOBAHME TPH HAYAIBHBIX M I'DAHUYHBIX
YCIIOBHSX, aHAJIOTHYHBIX HATypPHOMY SKCIICPUMEHTY.
Ananu3 QU3NUECKHUX MPOIECCOB OCYLIECTBISUIN TIPH
nomouy cucrembl CKM «Ilonuron V12.1».

Pesynbrarsl MogeIMpOBaHUS MTOKA3BIBAIOT (pHC. 2),
YTO HAJW4YHE NMPOTUBONPHUTAPHBIX IOKPHITHH B KOH-
TaKTHOW 30HE CHIIKAET CKOPOCTH ITaJeHHs TeMIlepa-
TYpBI paciuiaBa IpH €ro JIBIKEHHH 1o crimpanu Kep-
pH, 94TO U OOYCIIOBIHMBAET OoJiee BHICOKHE TTOKA3aTeH
3aOJTHAEMOCTH (JUIS IPOTHBOIIPUTAPHOTO TTOKPBITHS
¢ nmo0aBKaMH HAaHOCTPYKTYPHPOBAHHOTO OeMHTa Ha
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Puc. 2. Pesynbrarel MoJenupoBaHMsl Ipoliecca 3aroJIHCHUS

pacriaBom crnipanu Keppu, nojydeHHbIe MpU UCIIOIb30BAHUU

MPOTUBONPUTAPHBIX TOKPLITUH: @ — IMPOTHUBOIPUTAPHOE IO-

KpBhITHE ¢ J100aBKaAMH HAHOCTPYKTYPHPOBAHHBIX MaTCpPHAJIOB;

6 — IPOTHBOIPUTAPHOE TIOKPHITHE HA OCHOBE TUCTCH-CUILINMA-
HUTA; 8 — HEOKpaIICHHAs opma

327 MM OoJblie, 4eM B HEOKpAIIEHHOH dopMe u Juis
JIUCTEH-CHIIMMAaHUTOBOTO IIPOTUBONPUTapHOIO II0-
KpbITHS Ha 137 MM Oosbllie, 4eM B HEOKpAILICHHOM
thopwme).

[Ipu TOM aHanM3 AMHAMHUKH M3MEHEHMS TeMIIe-
parypbl HEOKpaleHHOH GopMbl (prc. 3) B KOHTPOJIb-
HBIX TOYKax crmpainu (puc. 1, 6, Touku /, 2, 3, 4) ¢ Ko-
opauHaramu 90° (L = 154 mm), 180° (L =284 mm), 270°
(L =397 mm), 360° (L = 529 MM) COOTBETCTBEHHO I10-
Ka3bIBaeT, YTO pacIlUlaB ABHMKETCS HEPaBHOMEPHBIM
MyJILCUPYIOLUIMM IIOTOKOM. B mpouecce 3anonHeHus
JI0 TIONHOW ocTaHOBKM pacmiaBa (Tt = 3,32 c¢)
aMIUTUTYAa KOJICOAHUH TemIepaTypbl HOCHT 3KCTpe-
MaJIbHBIH XapaKTep U JOCTUTAeT MAKCUMAaJIbHbIX 3Ha-
YEHUH B KOPOTKHE TPOMEXYTKH BpeMeHH. B KoH-
TPOJBHON TOYKE [ HAOIIONAIOTCS JBAa OTYETIHMBBIX
nuka (Kkpusast /, puc. 3), XapakTepu3youux Koiaeoda-
TeNbHBI XapakTep mnpouecca 3anoiHeHus. [locne
YBEJIMUEHHS TeMIIEpaTyphl paciuiaBa o TeMIeparyp,
OJM3KHUX K TEMIIepaType 3aJIMBKHU, IPAKTUYECKN MIHO-
BeHHO (3a 0,2 ¢) mpoucxomut ee nagexue Ha 81 °C, a 3a-
TeMm mnoBbimenne 3a 0,69 ¢ Ha 38 °C. AHallOru4HbIE
Koje0aHusl TeMIlepaTypbl HAOIIOJAlOTCs W B KOH-
TposibHOU Touke 2 (KpuBas 2, puc. 3), OIHAKO UX aM-
IUINTYJa CYLIECTBEHHO MEHBIIIE, YeM B Touke / (maze-
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Puc. 3. lunamuka u3MeHEHNUsI TEMIIEPATyphl B KOHTPOJIBHEIX TOUKAX Ha criupanu Keppu B HeokpameHHO Gopme: / — KOHTpOJIbHAS
TouKa ¢ koopanHatoi 90° (L = 154 Mm); 2 — KOHTpOJIBHAs Touka ¢ koopauHaToil 180° (284 MM); 3 — KOHTpOIBHAS TOUKA C KOOPAMHA-
Toit 270° (L = 397 MM); 4 — KOHTPOJIBHASI TOUKA OCTAHOBKH pacIliaBa ¢ koopanHatoi 360° (L = 529 Mm)

HUe Temmepatypsl — 16°C, a mocnenyrommid pocT —
25°0).

B xoHTponbHOI Touke 3 Temmeparypa JOCTHraeT
3HayeHn (¢ = 1180 °C), OnM3KuX K TeMmnepaType JHK-
BUYC pacIjiaBa, U MOBTOPHBIX KoJIeOaHUH He HAaOO-
naercs. [IBikeHMe paciiiaBa MpOIODKaeTes A0 TeM-
neparypsl conuayc (touka 4). Ilocie ero ocraHoBKH
MyJIbCAlMK TEeMIIEPaTypbl OTCYTCTBYIOT M OHAa MOHO-
TOHHO yObIBaeT. TakuM 00pa3oM, MEXaHU3M 3aIOJIHe-
HUsI HEOKpalleHHoH cniupanu Keppu MoxxHO mpezcra-
BUTH cieayromuM obpasom. B nepuon Bpemenn ot 0
o 2,1 ¢ moTOK pacruiaBa, MOCTyMHasi U3 JINTHUKOBOM
CHCTEMBI, T0Jl ACHCTBUEM I'MIPOCTATHYECKOTO HAIO-
pa nepeMeIaeTcs B CIUpaJbHOM KaHajle Ha HEKOTO-
PYIO0 MakCUMaJbHYIO JJUHY. | 0JI0BHAs 4acTh MOTOKA,
COIIPUKACAsICh C XOJIOOHBIMHM CTCHKaMH (hOpMbI, WH-
TEHCUBHO oxjaxnaercs. IIpu stom, corachHo [1, 2],
B INPUCTEHOYHOM CJO€ B HEKOTOPBIA IPOMEKYTOK
BpPEMEHH Ha4YMHACTCS OOpa30BaHME TOHKUX IUICHOK
METajula Ha MEHHCKE, KOTOpBIC JIOMAOTCS JBHXKY-
IIMMCSI TIOTOKOM U 3aXBaThIBAIOTCA WM. Pesysnbrarsl
MOZAETUPOBaHUS (PUC. 3) MOKa3bIBAIOT, YTO MOBBILIE-
HHUE BS3KOCTH PACIuIaBa, CBA3aHHOE CO CKadKooOpas-
HBIM TaJCHUEM TeMIIEPaTypbl, IPOUCXOAUT B MPOMe-
J)KYTOK BpeMeHu ot 2,1 1o 2,3 c. B pesynbprare sToro
MHTEHCUBHOE Pa3BUTHE IOIy4aeT MPOLECC KpUCTal-
JM3alMU Ha MEHHUCKE, KOTOPBIH NPUBOAMT K MaJCHHIO
CKOPOCTH ¥ PE3KOMY 3aMeJICHHIO noToka. [Ipakruye-
CKM MT'HOBEHHOE M3MEHEHUE CKOPOCTH JBMKEHUS TO-
JIOBHOH YaCTH pacIljiaBa BbI3bIBAET ObICTPOE HapacTa-
HHE Haropa 1 NpUBOAMT K 3 (HEeKTy TuApaBINIECKOTO
yaapa, 4To 00yCJIOBINBAET IOBTOPHBIN CKauOK TeMIIe-
patypsl B iepuoz ot 2,3 10 2,98 c. MoxHOo nosarars,
YTO BO3HHKILIAS NPH TOPMOXXKCHUHU IIOTOKA KOPOUYKa
TBEPAOr0 METaJljIa Pas3jiaMbIBaeTCs BHOBb YCKOPSIO-

IIMMCSI TIOTOKOM, ITOCTYHAIOIIUM W3 JIUTHUKOBOH cH-
creMbl. B npomexxyTok Bpemenu ot 2,98 10 3,2 ¢ cko-
POCTh HOTOKA CYIIECTBEHHO 3aMEAJIsieTcs U Mpu J0-
CTHKCHUH HEOOXOIMMOTO KOJIM4YeCTBa TBEPAOH (azbl
Ha MEHHCKE IIOTOK ITOJIHOCTBIO OCTaHABIMBACTCSL.

B pesynbrare MoAenMpoBaHUs YCTaHOBICHO, YTO
[pY HAJIMYMK B KOHTAKTHOW 30HE MPOTHUBOIIPUTAPHO-
TO HOKPBITHS (pHC. 4, 5) XapakTep ABMKEHHUS KHJIKO-
CTH 3HAUUTEJIbHO M3MeHseTcs. Bpemsi mpeObiBaHMs
paciuiaBa B KHMJIKOM COCTOSHHUM YBEIMUYMBAETCS Ha
0,39 ¢ mpu UCHOJIB30BAHUU MPOTUBOIPUTAPHOTO MO-
KPBITUSI HA OCHOBE JUCTEH-CHJUIMMaHuTa 1 Ha 1,19 ¢
IUISL TPOTUBONIPUTapHOTO MOKPBITHS ¢ 100aBKaMM Ha-
HOCTPYKTYPHUPOBAaHHOIO O€MHTa, YTO IMO3BOJISET IO-
JYYUTh JYYIIHE PEe3yIbTaThl MO 3alOJHAEMOCTH JIU-
TeitHOU (popMBI (cM. Tabmuiry). XapakTepHbIe MHKH
MyJIbCALMK TEMIIEPATypPhbl CIVIAKHBAIOTCS M HUBEJU-
pytoTcst Bo BpeMeHu. [Ipu mcrnosnb30BaHuM IPOTHBO-
MPUTapHOTO TIOKPBITHSA HAa OCHOBE TUCTEH-CHUIIMMA-
HHUTa KoJeOaHus TeMIepaTypsl 0ojiee OTYETIMBO MPO-
cMmarpuBaroTcs (puc. 4), 4eM IpH HCIOJIb30BAHUH
MPOTUBOIIPUTAPHOTO HOKPBITHA C J00aBKaMH HaHO-
CTPYKTYpPHpPOBaHHOTO OemuTa (puc. 5). DT0 TOBOPHUT
0 TOM, YTO paspyliaroniee ACHCTBUE THIpaBIHYe-
CKOTO yzapa CBEICHO K MHHHUMYMY IIPH HCIOJb30-
BaHWU NPOTUBONPUTAPHOTO IOKPBHITHS HA OCHOBE
YUCTOTO JAMCTEH-CHJUIMMAHUTA M MPAaKTUYECKU OT-
CYTCTBYET IIPH UCIIOJIb30BAHUU IIPOTUBOIIPUTAPHOTO
MOKPBITHA C A00aBKaMH HAHOCTPYKTYPHUPOBAHHOTO
Oemura.

MoxHO ToJararb, 4TOo TaKME M3MEHEHHS CKOpO-
CTH TaJCHHUs TeMIepaTypbl OOyCIIOBJIECHBI B MEPBYIO
o4epeb TEM, YTO IIPOTUBOIPUTAPHBIEC TOKPBITUS CO3-
JAr0T B KOHTAKTHOM 30HE ONpeesIeHHOE TEPMUUYECKOE
COIIPOTHUBJICHUE TEIJIOBOMY IIOTOKY, HallpaBJICHHOMY
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Puc. 4. luHaMuKa U3MEHEHHSI TEMIICPATY Pbl B KOHTPOJIBHBIX TOYKaX Ha crupaiu Keppu B hopme, OKpanieHHON IPOTHBOIPUTAPHBIM

MOKPBITHEM Ha OCHOBE JUCTCH-CHJUIMMAHUTA: /| — KOHTPOJBbHAS ToUKa ¢ koopauHaToi 90° (L = 154 MMm); 2 — KOHTPOIBHAS TOYKA C

koopaunatoit 180° (284 Mm); 3 — KOHTpoJIbHAs ToUKa ¢ KoopauHatoi 270° (L = 397 mm); 4 — KOHTPOJIBbHASI TOYKA C KOOPAUHATOH 360°
(L =529 Mmm); 5 — KOHTpOJIbHAS TOYKA OCTAHOBKH paciijiaBa ¢ KoopauHatoi 453° (L = 661 mm)
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Puc. 5. lunamuka n3MEeHEHHUS TEMIIEPAaTyPhl B KOHTPOJIBHBIX TOUKaX Ha ciupaiu Keppu B popme, OkpaieHHOW TPOTUBONPUTAPHBIM

MOKPBITHEM C 100aBKaMHU HAHOCTPYKTYPHUPOBAHHOTO OemMuTa: / — KOHTPOJIBbHAsI TOUKa ¢ KoopauHaToi 90° (L = 154 mm); 2 — KOHTPOJIb-

Has Touka ¢ koopauHaTod 180° (284 mMm); 3 — KOHTpodbHAA TouKa ¢ koopamHaToi 270° (L = 397 MM); 4 — KOHTPOIBHAS TOUYKA C

koopaunatoi 360° (L = 529 mm); 5 — KOHTposbHAs TOYKa ¢ KoopauHaToi 450° (L = 636 MM); 6 — KOHTPOJIbHAS TOYKA C KOOPAMHATOU
540° (L = 742 MM); 7 — KOHTPOJbHAS TOYKA OCTAHOBKH pacIiaBa ¢ KoopauHaTon 662° (L = 851 mMm)

OT pacIjiaBa B JUTEHHYIO QopMy, KOTOpOE Ompesie-
nsercs 3(dexTuBHBIM K03 dUIIMEHTOM Terutonepe-
Jagu o. 1 mpOTHBOMIPUTAPHOTO MOKPHITHS € 00aB-
KaMH HAHOCTPYKTypHPOBAaHHOTO OEMHTa Takoe Tep-
MHUYECKOE COMPOTHUBIICHHUE BHIIIE, Y€M y TPOTHUBOIIPH-
TapHOTO TIOKPHITHS Ha OCHOBE YUCTOTO JMCTEH-CHII-
JTUMaHWTa. B pe3ynbrare MoaepoBaHUs yCTaHOBIIE-
HO, 4TO ISl IPOTHUBOIIPUTAPHOTO TOKPBITHS HA OC-
HOBE TUCTCH-CHIIIUMaHUTa KOX(PPUIMEHT o, cocTa-
Bun 318 Br/(mM*-K), a [/ IPOTHBONPUIapHOTO TIO-

KPBITUSL ¢ J00aBKaMH HaHOCTPYKTYpHUPOBAaHHOTO Oe-
muta — 187 Br/(m?-K).

Takum o00pazoM, TpHUMEHEHHE TMPOTHUBOIIPUTAP-
HBIX TOKPBITHI ¢ 100aBKaMH HaHOCTPYKTYpPHUPOBaH-
HBIX MaTEpUaJIOB B TEXHOJIIOTMUYECKOM MPOLIECCE U3r0-
TOBJIEHUS] OTJINBOK OyIeT CIIOCOOCTBOBATh yBEIHYE-
HUIO CTETIEHH 3arloJIHEHUs JTUTeHHOW (hOpMBI M, Kak
CJIEJICTBHE, CHIDKEHUIO Opaka 1Mo HeloJuBaM, HeCIH-
THHAM, CTIasgM, 0COOCHHO XapaKTePHBIM MPH MU3TOTOB-
JIEHUU TOHKOCTEHHBIX OTJIMBOK.
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