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di3nko-TeXHONOrYHWUIA IHCTUTYT MeTanis Ta cnnasis HAH Ykpainn, Knis

B pobomi na npuxnadi cmani 25J1 0ocniosxceno eniue nepezpisie po3niasy 6 iHmepeaii
50-150 °C nao pisHosadxcHum 1iKk8i0ycoM i WBUOKOCHI 1020 0XON00JCEHHS NI Yac Kpucmanizayil
BUNUBKIE HA POPMYBAHHS. MAKPOCMPYKNYPHUX 30H NO IX nepepizy, Ha 3MiHy OUCNEPCHOCMI 3epHa,
xapaxmepucmux 0eHOpumHoi 6y006U i MexaHiyHux enracmugocmetl.

Bcmanogneno, wo Makpocmpykmypa GUIUGKIE Y Hanpsami 0OHOCHOPOHHb020 Meni08i060py
1o Mipi 8I00aN eHH3 810 OXON00ACYBAHOT NOGEPXHI CKIADAEMBCS 3 YOMUPLOX OCHOBHUX CIIPYKIYPHUX
30H—OPIOHUX PIGHOOCHUX KPUCMATIE, CMOBOYACIIUX, PO32AIYHCCHUX [ BETUKUX DIGHOOCHUX KDUCIAILLG,
NPOMSIACHICb | MOPGPONO2ISL AKUX 3AKOHOMIPHO 3MIHIOEMbCSL 3ATIEHCHO 610 MEPMOKIHEMUYHUX YMOG
Kpucmanizayii i cmpykmypoymeopeHnus. Ilokazano eusHauanvHy poib ul6UOKOCHI 0XO0N00ICEeHHS
30 3HAUHUX Nepespisie Po3niagy HA 30LMbULeHHsT KITbKOCMI 3apoo0Kie Kpucmanizayii, oopmysants
Oinout OUCnepcHoi Tumoi CMpPYKmypu 3a PAxXYHOK NIOGUULEHHSI CHIYNEHST NepPeoxX0l00NCeHHs.
posnnagy npu Kpucmanizayii. Becmanoeneno 3akoHomMipHOCmi 3MiHU KINTbKICHUX XapaKmMepucmux
MIKpOCmMPYKmypu i 0eHOpUmHoi 6y006U 3aNeAHCHO 10 3MIHU MEMNEPANypPHO-4dCcO8UX NAPAMEmpIg
Kpucmanizayil 'y pizHux cmpyKmypHux 30HAX GUIUeKi6 ma ix 38'30K i3 xapakmepucmuxkamu
MEXAHTYHUX 8T1ACMUBOCHEN CIMAlI.

Ha ocnosi mamemamuunoi obdpoOKu excnepumeHmanvHux OaHux MemoooMm HiHilIHO20
pezpeciiiiozo ananizy 00epicaHo IHmepnonayiuni mooeni ma ix epagpiuni inmepnpemayii, sKi
00380/15110Mb  KINbKICHO OYIHUMU | NPOSHO3Y8AMU 3MIHY MEXAHIYHUX 61acmueocmell y pizHux
CIMPYKMYPHUX 30HAX 2PAOIEHMHUX GUIUGKIE 3ANIENHCHO 610 memnepamypu nepezpiey po3niagy i
PEACUMIB 11020 OXONIO0ACEHHS 8 MENCAX DOCTIOANCYBAHOLO (PAKMOPHO20 NPOCIMODY.

Knwuoei cnoea: cpadicumuicmv, cmpykmypa, CmMpyKmypHi 30HU, pPO3NIAG, MEXAHIYHI
61acmueocmi.

BHSHaqaﬂbHI/IMI/I ¢axkropamu BmBY Ha (OPMYBaHHS BJIACTUBOCTEl CTAJIEBUX
BUWJIMBKIB € TeMIlepaTypHO-4acoBi IlapaMeTpy MiJITOTOBKU PO3ILJIaBy, IIPOIECiB
KpUCTaaisalii, CTpyKTYPOYTBOPEHHS 1 OXOJIOKEHH BUJIHUBKIB I1iCJIA TBEPAHEHHS.
I[Ipu 1mpoMy y OiJbIIOCTI BUIQJIKIB HaMaraloTbCsl 3a0e3MeYnTH  OJeP>KAHHS
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CTpykTypa Ta (pisamko-mexaHiuHi BIacTUBOCTi

JIPiOHOKPUCTAIIYHOT OJIHOPIJTHOT JIUTOI CTPYKTYPH /s MiJIBUIEHHS PiBHA i
cTa6iJIbHOCTI MEXAHIYHUX BJIACTUBOCTEN CTAJIi 10 BCbOMY TIepepi3dy JUTUX BUPOGiB
i, 30KpeMa, iX ONOPY KPUXKOMY PYWHYBaHHIO.

Jlo Hai6inbIT TOMMPEHUX MeTO/iB TOAPIGHEHHS 3epHA y CTPYKTYpi
BUJIMBKIB BiTHOCIATb MeTO/JU 3aCHOBAHi Ha IIiABUIIEHHI MBUIKOCTI OXOJIO/KEHHS
i CTymeHsI TIepeoXOJIO/)KEHHd PO3IJaBy Yy TeMIepaTypHOMY iHTepBaJi
KpHUCTaIi3allii, a TaKOX HAa BUKOPUCTAHHI CHEIiabHUX MOAMMIKATOPIB 1 pi3HUX
eHepreTHYHUX BILIMBIB HA TBepAHYy4Mit MeTan tomo [1-5]. Cryminb aucnepcHocTi
JINTOI CTPYKTYPH BUJIUBKIB 3yMOBJIIOE CIIiBBiJHOIICHHS MiXK IIBU/KICTIO YTBOPEHHS
3apo/iKiB TBep/oi (asm i mBuaKicTio iX pocty. IIBUAKiCTL yTBOpeHHS i pocTy
3apo/IKiB KpucTasisallii 3aKOHOMIpHO IiJIBUINYETbCA BiJAIIOBIJIHO JO CTYIIEHS
NIepeoXo0JI0/IKEHHs PO3ILIaBy, IO KpUCTadi3yeTbed. 1Ipn 1boMy mepiina 3pocTae
3HAYHO iHTEHCUBHIIIIE.

[Tpore mpu BUTOTOBJIEHHI peaJbHUX CTAJeBUX BUJUBKIB 3a6e3NeunTH
B Tiil yn iHII# Mipi MOTPiOGHY OAHOPIAHICTD i AMCIIEPCHICTb JUTOI CTPYKTYPH €
TEXHOJIOTIYHO CKJQJIHUM 3aBJaHHaM. UMM I[MUPIIWHA TeMIepaTypHUI iHTepBaJ
KpucTasisalii craui, TUM GiJiblia Bipori/iHicTb PO3BUTKY y BUJMBKY 30H XiMiyHOT
i CTPYKTYPHOI HEOJHOPI/THOCTI.

3 iHmoro 60Ky B Ps/i BUMAJKIB NPU BUPOOHUIITBI JUTOT TPOLYKILiT
MaIlMHOOYAyBaHHS I TiJ[BUIIIEHHS CIelliaJibHuX BJacTUBocTeld  BUPOOiB
CTa€ NEPCINeKTUBHUM i €KOHOMIYHO /[IOIiJIbHUM CTBOPEHHS i BUKOPUCTAHHS
rpajgiedTHuX  (indepeHIiioBaHNX)  JMTUX CTPYKTYp TP 3aCTOCYBaHHi
MEBHUX perjaMeHTOBAaHUX peXUMiB TeIlJIoBiI0opy il Yac KpucTaJisaiii i
CTPYKTYPOYTBOPEHHI BUJIMBKIB.

@DopMyBaHHS TPAIIEHTHUX CTPYKTYP Y MeTaJeBUX Marepiajax 3azBuyai
JIOCSATAETBCS METOJIAaMU XiMiKO-TEPMIUHOI, TepMOMEXaHiYHOi, JTa3epHOi 0OPOOKHU
tomio [7, 8]. BukopucTtanus sk TeXHOJOTIUHUX MOKJIMBOCTEN CYYaCHUX JTUBAPHUX
TEXHOJIOTil  BiJIKpHBA€ HOBi TIEPCIIEKTUBU KOHKYPEHTHOTO BUKOPUCTAHHS
JUTUX BUPOOGIB 3 AUMEpeHIliioBaHOI0 CTPYKTYPOIO /sl cllelliaJbHUX YMOB iX
excrryaraiii [9-12].

Anasiz JaHux JiTepaTypu CBilYUTH IPO Te, 1O aBTOpU MNyOJiKaliii 3
IUX TUTaHb OOMEXYIOThCS JIMIIEe KOHCTaraiieo (akTy HASBHOCTI TPaJi€HTHUX
CTPYKTYPHUX IIapiB y BWJMBKaX 32 BiJICYTHOCTi y3arajJbHIOIOUUX Pe3yJbTaTiB
JIOCTi/KeHb 10/10 TIpo6JeM (opMyBaHHSI TaKUX CTPYKTYpHO-(pA30BUX CTaHiB y
JINTUX BUPOGAX.

Buxogguun 3 1mporo B pob6ori Ha mupukiaagi crami 25J1 (0,26 % C;
0,60 % Mn; 0,38 % Si) mOCJiZKEHO BIJIMB MEPErpiBiB PO3IIABY i IIBUIKOCTI
HOTO OXOJIO/IPKeHHS I1i/l Yyac KpucTaJisailii Ha (OpMyBaHHSI MAaKpPOCTPYKTYPHUX
30H, 3MiHy JeHApUTHOI OYIOBM i MeXaHIYHWX BJACTHBOCTEH 10 Tepepi3y
BUMBKiB. [IpsAMokyTHi BusmBkM crtasi posmipom 60x60x100 MM ogepskyBain
po3/MBKoI0 posiiaBy Bia temneparyp 1570 °C, 1620 °C i 1670 °C y sauBapni
dopmu 3 pi3HOIO TETIOBiGI PHOIO 3ATHICTIO (mimmani i migHi BOI[OOXOJIOI[)KyBaHi)
i3 CTBOPEHHSIM IepeBa)kaloyoro OJHOCTOPOHHBOIO TEIJIOBI60PY Y MOB3/IOBXKHIN
OCi BUJIMBKIB B YMOBaX HOPMAaJIbHOTO i IIBUAKICHOTO OXOJO/KEHHA BiJIIOBIIHO.
BusnaueHHsa XapaKTEepUCTHK CTPYKTYPH i MeXaHiYHUX BJIACTUBOCTEH cTamdi y
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CTpykTypa Ta (pisamko-mexaHiuHi BIacTUBOCTi

BUJIMBKAX IIPOBOJIMJIM HA TeMILJIeTax Ha Pi3HiM BiZICTaHiI Bijl OXOJIOIKYBaHOTO
TOPIA /10 T6UHA 60 MM.

Bceranosseno (puc. 1), 10 MiKpOCTPYKTypa HEHTPAJIbHUX IiJISSHOK IIO
MOB3/IOBXKHiI OCi BUJIMBKIB y HampsiMi OHOCTOPOHHBOTO TENJIOBi60PY MO Mipi
BifilajleHHs BiJl OXOJIOJKYBAaHOI IIOBEPXHI CKJIAJAETHCSA 3 YOTUPHOX OCHOBHUX
CTPYKTYPHUX 30H: IOBepXHeBOi (KOpKOBOi) Api6Hux piBHOOCHMX KpucTatis (1);
30HM cTOBOYACTMX KpucrajiiB Tpanckpucramisamii (I1); 3omu posopieHTOBaHMX
posrany:kenux kpucranais (II1) i sonu Besmkux pisHoocuux (IV). IIporssKHicTh
i MopdoJorisi TMX CTPYKTYPHUX 30H 3aKOHOMIpPHO 3MIiHIOETHCS 3aJI€3KHO Bijl
TEPMOKIHETUYHUX YMOB KpUCTAJi3allii 1 CTPYKTYPOYTBOPEHHA BUJIUBKIB.
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Puc. 1. MpoTaxHICTb MakpOCTPYKTYP HUX 30H Y BUnuBkax crani 25J1 saanexHo Big TemnepaTypu po3nnasy 3a yMOB
HOpMarnbHOro (a) i weunakicHoro (6) oxonopxerHs. —1570 °C - 1620 °C - 1670°C

Tak, mnigBUINEHHS TeMIlepaTypud IleperpiBy po3IliaBy CTaji Haj
PIBHOBaKHUM JIKBiZycoM B gocikysanomy inrepsaii (50-150 °C) npusBoauth
B IiJIOMY, He3aJeKHO BiJl iHTEHCUBHOCTI TeIJIOBiIGOPY TpHM KpHUCTAJi3allii,
J10 36iJbIIeHHST MPOTSLKHOCTI MakpocTpykTypHux 30H I, II i III BusmBka i 1o
Bi/IIIOBI/THOTO CKOPOYEHHS ITPOTIKHOCTI 30HU BEJUKUX PIBHOOCHUX Kpucrajip IV
(puc. 1). IIBuakicHe OXOJIOMKEHHSI PO3ILJIABY 3YMOBJIOE 3HAYHE IIiIBUIEHHS
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CTpykTypa Ta (pisamko-mexaHiuHi BIacTUBOCTi

IPOTSHKHOCTI KOpKoBOi  3onuM BuimBKa (1,2-2,0 MM) NOPiBHSHO 3 BHJIMBKOM
3BuyaitHoro oxoJioskertst (0,4-1,0 MM), a TakoX 30HHM CTOBITYACTUX KPUCTAJIIB
B Mexkax 16-26 mm i 8-12 MM Biamosinno. Ilpu 1boMy cyTT€BO CKOPOUYETBHCS
IPOTSDKHICTH  30H  posranyskennx kpucraiis (III) i BeJmKux piBHOOCHHX
(Iv) kpucramnis (puc. 1 6). Bxkazami 3aKOHOMIpHOCTi 3MiH CHiBBi/{THOIIEHHS
IIPOTAKHOCTI MAaKPOCTYKTYPHUX 30H BUJIMBKIB, II0 KPUCTAJIi3yBaAJIUCh 3a Pi3HUX
TEPMOKIHETUYHUX YMOB, 33/l0BIJIbHO IIOSICHIOETHCA BiJMIHHOCTSAMU T'PAAI€HTIB
TeMIIePaTypH, CTYIIEHEM II€PEOXOJIOMKEHHS 1 4acoM 3HATTA INeperpiBy pO3ILJIaBy
npu Kpucrasisamii [13].

BcranoBieno Tako)k 3aKOHOMipHiI 3MiHM JucriepcHOCTi i Mopdosorii
JIUTOT CTPYKTYPH i XapaKTEePUCTUK JeHIPUTHOI GYJ0BU TIO Tepepidy BUJUBKIB Y
3B’43KYy 3 BILJIMBOM IleperpiBy po3IIaBy Iepejl PO3JUBKOKI i NIBU/KICTIO HOTO
OXOJIO/IKEHHS.

[TokasaHo, 110 1eperpiB po3iiaBy Iepell PO3JUBKOKO B iHTepBaJi
1570°C — 1670°C 3ymoBiI0€, 32 yMOB 3BHYAMHOI IMIBUJKOCTI OXOJIO/PKEHHS
npu Kpucramisamii, dopmyBanusa rpy6osepHuctoi autoi crpykrypu (puc. 2) i
36isbIIeHHS po3Mipy 3epHa. llIBuUiKicHe K OXOJIO/PKEHHS TEPETPITOTO PO3ILIABY
3abe3rieyye CyTTEBe MOJPIOHEHHS CTPYKTYpH [0 BChOMY I€pepi3y BUJIMBKIB
(puc. 3), HaW6iIbIT CyTTEBE y MOBEPXHEBUX Iapax /0 riambunu 30-40 M.

3a yMOB HIBH/IKOTO OXOJIO/PKEHHSI PO3ILJIABY i Mi/[BUIIEHOT TeMIiepaTypu
fioro TleperpiBy po3Mip 3epHa y 1M MiKpoo6’eMax 3MeHINYEThCS Bi/l HOMEPIB
4-5 no 7-6 (puc. 4). 3a YMOB K€ HOPMAaJbHOI'O OXOJIO/I)KEHHSI i 3HauHMX
MeperpiBiB PO3IJIABY CHOCTEPITa€ThCs 361/bIIEHHST PO3Mipy 3epHa B TIOBEPXHEBUX
mapax BHJMBKIB Biji HOMepiB 3-4 0 1-2 BigmosimHo. Ilo Mipi BigmajeHHS Bif
OXO0JIO/IZKYBaHOI TTOBepXHi BUJIMBKA /10 SO0 MM po3Mip 3epHa 3a BCiX TeMIieparyp
MeperpiBy po3IMJIaBy i PeXUMiB OXOJIO/DKEHHS 3POCTAaeE B CepeHbOMY Ha O
HOMEPIB.

3aJie’KHO Bi/l BIJIMBY JIOCTi/PKYBAaHWX TapaMeTpiB Kpucramidarii i ix
3MiHM 110 Ilepepi3y BUJIMBKIB 3aKOHOMiPHO 3MIiHIOIOTHCS TAKOXK 1 XapaKTePUCTUKU
JEH/IPUTHOL CTPYKTYPHU CTajIi — JUCIEPCHICTDH ([11C), 10 KiJbKiCHO OI[iHIOETHCS
CYMOIO OcCell i Mi’KOChbOBUX /IIJITHOK JIeHJIPUTHOI OY/IOBM HA OJMHMINO JTOBXKUHU
(mm') i migpnicte (HIJC) — cHiBBifHONmIEHHAM ILION] OCEd JEHAPUTIB i
MIi’KOChOBUX iJstHOK [14, 15].

BceranoBsieHo, 110 JucliepcHicTb JIEHAPUTHOI CTPYKTYpU CTajdi 3a
BCiX PEXHUMIB KpucTasidaiii (Tabauilsl) 3HAYHO BUINA S YMOB IIBUIKOTO
OXOJIO/KEHHS BUJIUBKIB 1 3aKOHOMIPHO 3POCTA€ IIPU 1IbOMY BiJIIOBiIHO CTYIIEHIO
neperpiBy posmiaBy nepea poaauBkoio. Tak, /I/[C mo mepepisy BUIMBKa IO
Mipi BifJaJieHHA BiJl OXOJIO/DKYBAHOI IIOBEPXHi 1 IiJABUIIEHHA TeMIlepaTypu
pO3ILIaBy, MO KPUCTATI3YETbCsI, 3MiHIOETbCs B Meskax 80-20 mm', 86-26 MM, 90-
32 mm! BignoBigHO Temmeparypam meperpiBy 1570 °C, 1620 °C i 1670 °C. 3a
YMOB HOPMaJIbHOTO OXOJIO/KEHHS IIpU KpucraJisanii piBeHb 3HauyeHb Ili€l
XapaKTEPUCTUKU B CEPEJHbOMY BJ/IBiUi HUIKYMH [JIS1 BCiX JIOCJIi/IKYyBaHUX
TeMIIepaTyp TeperpiBy po3ILIaBy.

[Toi6HUM YMHOM TaKOK 3MiHIOIOTHCS i TTOKA3HUKU IIIJBHOCTI J€HPUTHOT
CTPYKTYpH, sKa 3aKOHOMipHO 3HIKYeETbCs 110 Tlepepidy BHUJIMBKIB i HaGyBae
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CTpykTypa Ta (pisamko-mexaHiuHi BIacTUBOCTi
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Puc. 2. MikpoctpykTypa no nepepidy Bunuka ctani 25J1 npu kpuctanisauii y niwjaHii oopmi 3anexHo Big
TemnepaTtypu po3nnaey nepeg pos3nuekoio. x 100.
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CTpykTypa Ta (pisamko-mexaHiuHi BIacTUBOCTi
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Puc. 3. MikpocTpykTypa no nepepisy Bunveka crani 25J1 npu kpucranisadii y MigHii BOJ00X0N0AXyBaHin hopmi
3anexHo Big TemnepaTypu posnnasy nepea posnuskoto. x 100.
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CTpykTypa Ta (pisamko-mexaHiuHi BIacTUBOCTi
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| W Puc. 4. Poamip 3epHa no nepepisy Bunuekis crani 25J1
4 \l\ 3amnexXHO Bif, TEPMOKIHETUYHNX YMOB KpucTanisauii.
i
m 3 a — Temneparypa posnnasy 1670 °C,
29 TN G 6 — 1620 °C, 8 — 1570 °C;
=1 -.\_\“= e.f ® — LUBNKE OXONOAXKEHHS,
T 0 © — HOpMasibHe OXOJIOAKEHHS.
<X ]_ -“\\9_
-2
_3 1 1 1 1 1

1] 10 20 30 40 50
BincTame Bin moBepxHi BEWMBKA, MM
B . . . oes . . .
MaKCUMaJbHUX 3HAaUYeHb 3a YMOB MIBU/JKICHOI KpuUcTadisdalii i NiJABUIIEHOI
TeMIlepaTypy PO3ILIABY nepe po3anuBKoio (tabmis).

Bcranossieni 3akoHoMipHOCTI (DOPMYBaHHS JIUTOI CTPYKTYpHU cTasi i 3MiH
il rpajJlieHTHOCTI 1O Tlepepi3y BUWJIMBKIB y 3B’SI3Ky 3i 3MiHAMM TeMIlepaTypHO-
YacOBUX YMOB KpHUCTaJi3allil J03BOJIAIThH IiJEeCIPAMOBAHO BILIMBATA Ha PiBEHb
MEXaHIYHUX BJIACTMBOCTEH 110 Mepepi3y BUJIMBKIB.

O6po6Kka MacuBy OJIepKaHUX  eKCHepUMEHTAJbHUX JIaHUX MO0
MeXaHiYHUX BJIACTUBOCTEH i3 3acTOCyBaHHAM JIIHITHOTO perpeciiiHOro aHasisy
i ozmepskani iHTepmosAIiiiHi Mozemi Ta X TpadiunHi 306paskeHHS, [T03BOJSIOTH
KiJTbKiCHO OI[IHUTU 3MiHM XapaKTEePUCTUK MEXaHIUHMX BJIACTUBOCTEN y Pi3HUX
CTPYKTYPHUAX 30HAX BWJIMBKIB CTaJi 3ajIe)KHO BiJl TeMIlepaTypu IlieperpiBy
PO3IJIABY i PesKUMIB OXOJIO/IKEHHsI oro IiJi yac KpucTaJisalii.

3MiHa BJACTUBOCTEN cTami B 06JacTi [OCTIZKYyBaHOTO (HAKTOPHOTO
IPOCTOPY 3a yMOB 3BHYailHOro (HOPMAJBHOTO) OXOJIO/PKEHHSI PO3ILIaBy
omucyerbest piBHsaHHsAME (1-6), ne T — temmeparypa possmsku , °C; d — Bijgcranb
Bi/Jl IOBEPXHi BUJIUBKA, MM.

c,, MIla = -3614.1786648152 + 1.9112380953-d + 4.8751999975-T +

+ 0.0061904762-d?> — 0.0018-d-T- 0.00148-T?, R? = 0.94; (1)
o, MIla = 4845.5759975206 + 11.2874285714-d — 5.7755999971-T+
+0.0071428571-d> — 0.0078-d-T+ 0.00184-T%, R* = 0.95; (2)
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CTpykTypa Ta (pisamko-mexaHiuHi BIacTUBOCTi

XapakTepuCcTuK1 AeHAPUTHOT CTPYKTYpY No nepepidy Bunueka crani 25J1 3anexHo Big
TEPMOKIHETUYHUX YMOB KpucTanisauii

XapakTepucTikal Bincrans Big TOpIs, MM
CIPyKLypH 2 5 10 20 30 40
Temneparypa posausku 1570 °C
4,35 3.50 2,30 1,62 1,50 1.40
LL1C 2,50 2,00 1,60 1,50 1,30 1,25
TIC, mu! 80,00 72,00 60,00 32,00 24,00 20.00
’ 40,50 31,50 20,50 16,00 12,00 10,50
Temmneparypa posmuskn 1620 °C
4,70 4,00 2,80 1,85 1,60 1,55
C = 1WA =15 A7 =, 0 [EXLOIN [EROASA Sa e
(A 2,85 2,52 2,10 1,70 1,48 1,35
; 86,00 75,00 68,00 38,50 30,00 26,00
C ! .
AUIC, v 42,00 | 40,00 | 30,00 18,00 12,00 10,00
Temmneparypa posmusku 1670 °C
[IC 3,20 4,65 3,50 2,80 2,00 1.80
3,40 3,00 2,65 2,20 1,65 1,42
JUIC, Mt 90,00 86,00 74,00 46,00 35,00 32.00
’ 45,00 43,00 32,00 18,50 12,00 10,00
[TpuMiTKa: HAJI PUCKOIO — IIBUIKE OXOJO/KEHHS, il PUCKOI0 — HOPMAJIbHE
OXOJIO/IPKEHHS .

3, % = —2443.2733320241 + 0.1426666667-d + 3.1469999984-T +

+ 0.0016666667-d*> — 0.0003-d-T— 0.001-T?, R? = 0.98; (3)
W, % = —1546.0053324453 — 1.4283809524-d + 2.0771999989-T -
—-0.0019047619-d* + 0.0008-d-T— 0.00068-T%, R? = 0.98; (4)

HV = -5604.1706638592 + 5.3967619048-d + 7.0383999965-T+
+ 0.0004761905-d? — 0.0036-d-T- 0.00216-T?; R? = 0.98; (5)

KCU, [Ix/cm? = =2500.8239987462 + 3.4687619048-d +
+ 3.1203999984-T— 0.0028571429-d> — 0.0022-d-T- 0.00096:T%, R*=0.99  (6)
3MiHy BJIACTUBOCTEH cTasi 10 Iepepidy BUJIMBKIB 3a YMOB HIBU/IKiCHOTO
OXOJIOJIZKEHHSI PO3ILIABY NP KpUCTai3alii onucyiorh piBHsHHS (7-12).

c,, MIla = 3183.7413317563 — 7.1140952381-d - 3.5027999983-T—

—0.0038095238-d? + 0.0038-d-T+ 0.00112-T2, R* = 0.99; (7)
o, MIla = 4500.5786643823 — 2.6676190476-d — 5.2891999974-T +

+ 0.0052380952-d? + 0.001-d-T+ 0.00168-T?, R? = 0.97; (8)
8, %=1452.1573325899 — 0.0237142857-d — 1.7723999991-T+

+ 0.0097619048-d? — 0.0006-d-T+ 0.00056-T2, R* = 0.97; 9
v, % =1099.309332745 + 0.1477142857-d — 1.3575999993-T +

+ 0.0069047619-d2 — 0.0006-d-T+ 0.00044-T2, R* = 0.98; (10)
HV = 899.5039994947 + 0.7902857143-d — 1.0523999995-T +

+ 0.0014285714-d? — 0.0008-d-T+ 0.00036-T2, R* = 0.99; (11)
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KCU, [x/cm? = 2823.667998517 + 0.7085714286-d — 3.5257999982-T -
- 0.0021428571-d> - 0.0005-d-T+ 0.00112-T2, R? = 0.99%. (12)

Ananiz opep)KaHMX 3ajJekHOCTel Ta 1X rpadiuyHuX iHTeprperarii
(puc. 5, 6) MOAO BILIMBY TEMIIEPATYPHO-KiHETUUHKMX MapaMeTpiB Ha MeXaHidHi
BJIACTUBOCTI BUJIMBKIB 3 TPA/IiEHTOI0 CTPYKTYPOIO CBI/IYNTH NP0 3HAUHU /liara3ox
3MiHM 3HAUEHb MMOKA3HUKIB MillHOCTi, yJapHOI B’SI3KOCTi i MJACTUYHOCTI CcTaJsi 10
Mipi BiJiJa/ieHHd BiJl OXOJIOJJKYBAHOI ITIOBEPXHI BUJIMBKA.

g, Mlla o1 , MIla &,%

16504
16304
L& 1H

1380

15704
10 0 3 40

W 4 M &

v o HV KCU , [/ cm?

Temneparypa neperpisy pocniIasy NpH KpHoTamzauii, °C

BincraHb BiI MOBEPXHI BHIHEKA, MM

Puc. 5. MexaHiyHi BNacTUBOCTI NO nepepidy BUNMBKA 3anexHO Bij TeMnepaTypu neperpisy posnnasy npw
KpucTanisauii 3a yMOB LUBUAKOTO OXOJOAMXEHHS.

I[Ipu upboMy, B yMOBax MUIBUJKOTO OXOJIOJ)KEHHSI PO3ILIaBy 1IpU
KpHcTasisaiii 3a6e3leuyeTbcsi 3HAYHO BUIUI piBeHb BJIACTHBOCTEH y BCiX
JOCJI/PKyBaHUX IepepisaX BWJMBKIB: G, B Mexax 435-375 Mlla, o, — 340-
300 MIla, tBepaictp 135-115 HV, ynapua B’sa3kicte KCU — 50-35 [Ix,/cm?.

3a yMOB HOPMaJIbHOI IIBU/KOCTI OXOJIO/UPKEHHSI PO3ILJIaBy 3MiHA
BJIACTHBOCTE! 110 Iepepisy BHJMBKIB CTAaHOBUTH BipmosigHo 383-365 Mlla (o)),
310-260 Mlla (o), 120-115 HV, 30-15 /I /cm? (KCU).

Caig Bi[I3HAYUTH TAKOJK, IO PiBeHb MOKA3HUKIB MeXaHIYHUX BJIACTUBOCTEH
CTaji 32 HOPMAJBHOTO OXOJIOJKEHHS PO3IJIABY PErjaMeHTyETbCA B OCHOBHOMY
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Gp, MIla a1, MIla B.%

i, °C

v, %

EIPIBY POGILIABY NPH KPHCTAIL:

30 &0 n 30 40 30 60

Temneparypa nep

Biactans Bl MOBEPXHI BHIHBKA, MM

Puc. 6. MexaHi4yHi BNacTuBOCTI NO nepepidy BWMBKa 3anexHO Bif Temnepatypu neperpisy posnnasy npu
KpucTanisauii 3@ HopMmanbHNX YMOB OXONOAXEHHS.
Bi/ICTAHHIO BiJl OXOJIO/PKEHOI TIOBEpPXHi BWJIMBKA, a 3a YMOB IIBUJIKOTO
OXOJIO/IKEHHS — BILJIMBOM [IBOX IIapaMeTpiB: BiJ[CTAHHIO Bi/l MOBEPXHi BUJMBKA i
TEeMIIePaTypPoIO IleperpiBy po3ILJIaABY.

IIpoBeseni mocai/izKeHHsI 3acBiJUUJM 3HAYHE Pi3HOMAHITTS CTPYKTYpPHO-
¢aszoBux cTaHiB i 3MiHy NOKA3HMKiB MeXaHiYHUX BJIACTUBOCTEH 10 mepepisy
BWJIMBKiIB,  3YMOBJICHMX  Bi/IMiHHOCTSIMM  TEpPMOKIHETUYHUX  IlapaMeTpiB
KpUCTali3amii i CTPYKTYPOYTBOPEHHSI Y TOBEPXHEBUX i TJIMOMHHUX TIapax
BusmBKiB. [lokasano, mo TemiiepaTypa po3ILIaBy, MBUAKICTb i CIPSIMOBAHICTb
HOTO OXOJIO/UKEHHSI y Ppi3HUX 06’eMaxX BWJIMBKA IIiJl Yac HOTro KpucTasisarii
€ BU3HAYaJbHUMM ((pakTOpaMM I[iJIeCIpSIMOBAHOTO BIJIMBY Ha  IpoIlecu
CTPYKTYPOYTBOPeHHS i (DOPMYyBaHHSI BJIACTUBOCTENH, MOMIOHO KOMITO3UIIITHIM
MarepiajaM, JIUTUX BUPOOGIB 3 MEBHOIO TPAAIEHTHICTIO CTPYKTYPH i MeXaHiUYHUX
BiactuBoctei. Ile BifKpUBae TmepcreKTUBY po3po6JeHHS HOBUX JIMBAPHUX
TEXHOJIOTi 1 TMiJBHUINEHHSI KOHKYPEHTOCIIPOMOXKHOCTi IIpOIleciB JMBAPHOTO
BUPOGHUIITBA Y MAaNTMHOGY 1YBaHHi.
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Opnepsxano 16.08.21

S. Ye. Kondratyuk, V. I. Veis, Z. V. Parkhomchuk, G. I. Shevchenko
Gradient structure and properties of steel castings
Summary

The influence of melt overheating in the range of 50-150 °C on the equilibrium
liquidus and its cooling rate during crystallization of castings on the formation of
macrostructural zones along their cross section, on the change of grain dispersion,
dendritic structure characteristics and mechanical properties was investigated on the
example of 25L steel.

It is established that the macrostructure of castings in the direction of unilateral
heat removal as it moves away from the cooled surface consists of four main structural
zones - small coaxial crystals, columnar, branched and large coaxial crystals, the length
and morphology of which naturally change depending on thermokinetic conditions
of crystallization. The decisive role of the cooling rate at significant overheating of
the melt to increase the number of crystallization nuclei, the formation of a more
dispersed cast structure by increasing the degree of supercooling of the melt during
crystallization is shown. The regularities of quantitative characteristics change of
microstructure and dendritic structure depending on change of temperature-time
parameters of crystallization in different structural zones of castings and their connection
with characteristics of mechanical properties of steel are established.

On the basis of mathematical processing of experimental data by linear regression
analysis interpolation models and their graphical interpretations are obtained, which
allow to quantify and predict the change of mechanical properties in different structural
zones of gradient castings depending on melt overheating temperature and cooling modes
within the investigated factor space.

Keywords: gradient structure, structural zones, melt, mechanical properties.
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