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Beryn

TexHiuHe Mepeo30pOEHHS i PEKOHCTPYKLis BUPOOHULITBA KPiM, MPOEKTYBaHH: i BIPOBAaUKEHHsSI HOBUX Te-
XHOJIOTIYHHX TPOIIECiB Mependavae TakokK K OCHOBHMIA 3aci0 iHTeHCUdiKkaIlil BUpOOHNUMX MPOLECiB, KOMILIEK-
CHy MeXaHi3alilo i aBToMarm3amiio. B ocTaHHE OECATHIITTSA CIOCTEpiraeThcsl iHTEHCHBHWN TpOLEC BIIPOBa-
JUKEHHST iH(OpMaLiiiHO-BUMIipIOBATBHUX CHCTeM. BiH 0OyMOBIIEHNIT MOXKIIMBOCTSIMHM CY4acHOI BUMipIOBaJIbHOT
6a3w, 110 T03BOJIAE HE TITHKM BUKOHYBATH BUMIPIOBAHHS B TIOBHOMY 00CS3i Ta 3 BUCOKOIO TOUHICTIO, alle i mepe-
JaBaTH AJIsi OOpOOKM BIAMOBiMHI AaHi B OOYMCITIOBAIbHMIT KOMIUIEKC 32 IOTIOMOTOIO Pi3HOMaHITHHUX TEIEKOMY-
HiKauifHUX 3aco0iB. HaBeneHi B gaHiit ctaTTi po3poOKM BiIpPi3HAIOTHCSA THM, IO B HUX CYTTEBHIl aKLEHT po-
OWUThCS Ha BUKOPHCTAHHS 0araTorpoleCOPHUX OOYUCITIOBAIbHUX CHCTEM. 3ayBaXKMMO, 10 Ha CHOTOJHI Y CBiTi
CTIOCTEPIraeThesl CTPiMKe 3pOCTaHHs yucia 6araTonponecopHUX 0OUUCITIOBATBHUX CHCTEM Ta iX cyMapHOT npo-
IOyKTMBHOCTI. Lle BUKIMKaHO THM, L0 TaKi CUCTEMH CTajlk 3arallbHOJOCTYITHUMH i AEIIEBUMHM anapaTHUMH Tia-
ThopMaMu I BUCOKONPOAYKTUBHUX oOumcieHb. [1pu npoMy pizko 3pic iHTepec 10 mpobiieMaTuKH 064HCIIo-
BabHUX Mepex (GRID) i cTae 3po3yminuM 10 BIPOBAaIKEHHS TAKUX MEPEX MaTHMe BelNYe3Huil BIUTUB Ha po-
3BUTOK CYCIiJIbCTBA, MOPIiBHAHUMN i3 BIULTMBOM HA HBOTO MOSIBHM HA MOYATKY CTOJNITTA €IMHHUX €NEKTPUUHHUX Me-
pex. Y 3B'3Ky 3 LM, PO3TIISAAI0UN MPOOJIEeMH OCBOEHHS 0araTonpoIecCOPHUX CHUCTEM, CITix OpaTh 10 yBaru i
Te, 10 BOHM € TIEPIIOI0 CXOANHKOIO Y CTBOPEHHI TaKMX 00YHCITIOBATEHUX MEPEX.

Kpim Toro, chorosiHi MpakTHKa BUCYBAE Mepe]] yIeHUMH-NPUKIAAHIKAMHU Pi3HOTO POy MpoOieMu, TTOBHE
BHpIIIeHHS KX Y OiBIIOCTI BUMAAKIB MOXIIMBE JIUIIE 332 PaXyHOK 3aCTOCYBaHHS 0araTompolecopHUX 00Jmc-
JIOBAJTBHUX KOMITIEKCiB. Tak, HanpuKiam, K y TipHUIOMY, TakK i B METaJTypriifHOMY BUPOOHHUITBI BiZOYyBaeThCS
6e37iu Halipi3HOMaHITHIIINX i B3a€MOIIOB'I3aHAX TPOLIECiB. YV mepury 4epry, e TEXHOJIOTIT HarpiBy, MPOKATKN i
TepMiuHOi 00pOOKH, a TaKoK PobOTa TOTMOMIKHOTO YCTaTKyBaHHs Ta iH. V Toli ke vac, po3B’A3yBaHHs 3a3Haue-
HHX 3a71a4 3a JOTIOMOTrOI0 BiOMHX CTaHIApTHHUX MiAXOMIB SBJIA€E cCOOOIO CKIAAHY MpoOiieMy, MONONAHHA SKOT
MOXJIMBE TiJIbKM 332 paxXyHOK 3aCTOCYBaHHS CyYacHHX 0araTomnpoLEeCOPHHX OOYMCIIOBAJIBbHUX KOMIT FOTEPHHX
TexHomnoriid. Ilpu 1bOMY OJHAa 3 OCHOBHHX OCOOJMBOCTEl 3acTOCyBaHHA TaKMX TEXHOJIOTiH moJssArae
y 30inbLIeHH] IUBMAKOAIT Ta MPOAYKTMBHOCTI oOuucieHb. Bucoka NpOIyKTHBHICTb OOYMCIEHb AO3BOJISIE
PO3B’si3yBaTH OaraTOBMMIpHI 3a1adi, a TakoX 3a4adi, sSKi BUMaraloTh BEJWKOI KUTBKOCTI IPOLECOPHOTO Yacy.
[IBuaxonist 103BoJIs€ 200 e(heKTUBHO KepyBaTH TEXHOJIOTIYHUMU NpouecaMy, abo B3araji CTBOPUTHU NeperyMo-
BU JJ151 pO3pOOKM HOBUX NEPCHEKTUBHUX TEXHOJIOTIYHUX NPOLECIB.

06’exmom asmomamu3zayii OyB KOHTPOJIb TEMIEPATYPHUX PEKMMIB JOBIOMIPHOIO CTajaeBoro BUpoody. 3a-
Jadi, 110 po3B’A3yI0ThCA 3@ AONOMOIOI0 PO3pO0JIEHOT ABTOMATU30BAHOT CUCTEMHU KOHTPOJIIO NapaMeTpiB TeXHO-
JIOTIYHUX MPOLECIB, KOHLEHTPYIOTHCS B JABOX HAMpPAMAaX — MOHITOPUHI (CIIOCTEPEXEHHS B peaJbHOMY yaci 3a
TeMIepaTypHUMH NapaMeTpamMu 00'€KTa) i peTpOCHEeKTUBHUI KOHTPOJIb, aHaJIi3 | KOperyBaHHs TeMMepaTypHUX
peXUMIiB 00pOOKH JOBrOMipHOTO BUPOOY.

Ingpopmayitinoro 6azoro 1mua podOTH PO3pOOJICHOI CHCTEMH € pe3ylbTaTH BHUMIPIOBaHb KOHTPOJIBHO-
BHUMIpIOBJILHOTO yCTaTKyBaHHS, BCTAHOBJIEHOTO Ha 00'€KTaxX, i3 MOXJIMBOCTAMH apxiBauii i mepepadi gaHUX B
o0uncIoBaIbHy cucTeMy. Bubip KOHTPOJIbHO-BUMIpIOBAIBHUX MPWIIAAIB 3AiHCHIOBABCS BiAINOBIIHO 10 iCHYIO-
YOi CXeMH TeXHOJIOTIYHMX MPOLECIB i 3 ypaxyBaHHAM HEOOXiTHUX TEXHIKO-€KOHOMIUHMX MOKa3HUKIB, @ TAKOX
MoAaJIbUIO] aBTOMATH3alil JJOKaIbHUX KOHTYpiB. CHcTeMa OXOILIIOE Pi3HI TEXHOJIOTIUHI MpOLECcH, Taki K Mpo-
Liecy HarpiBaHHs, BUTPUMKH Ta 0X0J0KyBaHHA. [1in0ip ycTaTkyBaHHA 31ilicHIOBaBCS 3 NO3ULII 3a0e3neyeHHs
HaIiHOCTI, 8 TAKOK MiHiMi3alii BApTOCTI MOHTA)XKHHUX 1 TyCKOHANATO/I)KYBAJILHUX POOIT, OCKIJIbKHM NIPU BETHUKUX
TEMIOBUX HABAHTAXKEHHAX ICTOTHO 3pOCTAE TPYAOMICTKICTh yCTaHOBKM oOnanHaHHA. besnocepennbo oOpoOka
JaHUX TEXHOJIOTIYHOTO NpOLecy 3AiHCHIOETHCS 3a 10MOMOrol0 6araToNpoLecOpPHOi 00UHCIIOBANBHOT CUCTEMM.

V 3B'3Ky 3 LM 3ayBakKMMO, po3po0Ka i BUKOpUCTaHHS 0araTonpouecopHnx 00UMCIIOBAIBHIX KOMIUIEK-
CiB 3 IX MaTeMaTUYHUM Ta MPOTPAMHMUM 3a0€3MEUEHHSAM € aKTYaJIbHOIO MPOOJIEMOI0, 10 103BOJISIE 3HAYHO CKO-
POTHUTH KiJTbKICTh €KCIIEPUMEHTAJIbHUX AOCIIKEHb 1 Yac, moTpiOHMI Ha iX MPOBENEHHS, a 11 A03BOJISIE OAepKa-
TH HEeoOXiAHy iH(opMalLLito I CTBOPEHHS Ta BNIPOBAKEHHS Pi3HUX TEXHOJIOTIYHUX HOBOBBEAEHb. Y CydacHUX
YMOBaX >KOPCTKOT KOHKYpEHLii M’k CBITOBUMYM BUPOOHUKAMM YKPaTHChKI NOCHIJHUKM MOCTIHHO MPAaLOIOTh HAl
CTBOPCHHSIM i peali3allicro KOHKYPEHTO3/IaTHUX TEXHOJIOTiii BupoOHuITBa. HOBI TexHOMOTIUHI mpouecH (Harpi-
BaHHA TA OXOJIOMXKEHHA 3 HeOOXiJHOM IUBMAKICTIO B KOHKPETHUX TEMIEpaTypHO-4aCOBUX YMOBAaXx), pecypco-
30epekHI TEXHOJIOTT MiArOTOBKY 3ar0TOBKH JI0 MOJANbINOT 00poOKM — e HalBaXJIUBILi MEepPCNeKTUBHI HAMps-
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MU PO3BUTKY TipHUYO-METATYpPTiifHOr0 KOMIUIEKCY Ta MamnHOOyryBaHHA. KOHTPOJIb TEXHONOTIYHUX MapameT-
piB Ta KepyBaHHA PiI3HOMAaHITHUMH TEXHOJIOTIYHUMH MPOLIECAMHU MOKHA 3a0€3MeUNTH 33 PaxyHOK 3aCTOCYBaHHS
6araTonpouecopHUX 00YHUCITIOBATIBHIX KOMIUIEKCIB.

ITocranoBka npodJieMu 0C/IiAKeHb
VY naniii po6oTi ctaBunacs 3agada apromatusauii koutpo- T,°C

JII0 MapameTpiB TEXHOJIOTIYHOTO Mpolecy TepMidHOT 06poOKu 500
JOBromipHoro BupoOy. besmocepenHbO 3aroToBKa TOBMHHA
nmpoiiTH pexuM TepMigHOi 00poOku Ha (puc. 1.) Sxka 3micHro- ’ \ /\\
. . . oy e
€ThCA IIJIAXOM HarpiBaHHA 3arOoTOBKHW B MEXKaX MDKKPUTUYHOL ~
30HU TeMmrmepatyp. s 3amaHoro maTepialy BCTAaHOBJICHO Taki

3HAYEeHHs KPUTHYHHUX TOUoK: Ac; =725 °C; Acsz =795 °C. Ha- 400
rpiBaHHS Mae BizOyBaTHCs 10 Takoro 3HaueHHs: Acy + (10 —30 ]
°C). TIpoTsATOM HaCTYITHOTO eTary OOpOoOKM Marepiany HeoO- 200
XiHO peasli3yBaTH NpoLec i30TepMiuyHOI BUTPUMKH MPOTIATOM J
45 c. Jlani TpuBasio OXOJOMXKEHHsS BUPoOY 3i mBuakicTio 20 — 0
30 °C/c no temnepatypu 620 °C 3 MomaibLIOK {30TEPMiuHOMO 0 &0 "0 wac, ¢
BUTPUMKOIO mpoTsaroM 45 c. Hapeluri, Ha ocTaHHbOMY eTari . L
. . . . Puc. 1. I'padik pe:xxkumy TepmiuHoi 00poOxu

00poOKM MaTepiaiy 3pa3oK HarpiBayiu 3i WBUAKICTIO 15—25 waTepiany
°C/c 10 MiIKPUTHYHKUX TEMIIEPATYP.

3acTocyBaHHS aBTOMaTH30BAHOTO KOHTPOJIIO MTapaMeTpiB TpoLiecy TepMiuHOi 00poOkH BUpoOy Mae Ha MeTi
TOJINIIIEHHS TEXHOJIOTIYHNX BIIACTUBOCTEH 3arOTOBKH 32 PAaxXyHOK 3abe3redeHHs] BUCOKOT TUCTIEPCHOCTI i o1-
HOPITHOCTI CTPYKTYpPH 3pa3Ka Ha Bciif TomuHi nepepisy. [Ipn poMy TeXHOJOTidHMI Tporiec TOBUHEH HabyBa-
TH TaKWX TIepeBar, K BHCOKA MPOAYKTHUBHICTh, 3HIDKEHE €HEPTOCTIOKMBAHHS, TIOKPAIIEHHS EKCIUTyaTalliitHnX
XapaKTepUCTHK. 3a3HAYEHNX BIACTUBOCTEH TEXHOIOTIYHOTO MPOLIECY BAANOCSA TOCATTH 32 PaXyHOK 3aCTOCYBaH-
Hs 6aratonpoLecopHoi o0uucIoBaibHOT crcTeMu [1, 2]. baratonpouecopHa o0uuCIOBaIbHAa CUCTEMA MOHTY-
€TbCA Y BHUITIAI OKPEMOro MOAYJIS i JO3BOJIAE 3a JOMOMOTOIO CMelialIbHOTO MPOrpaMHOro 3abe3MneueHHs 3a1a-
BaTU W KOHTPOIIOBATH HEOOXiOHI TeMIlepaTypHi pekKMMHU Ha BCili TUIOIIMHI Tepepidy 3pa3kanpu HarpiBaHHi i
BUTPHUMIIi MaTepiaiy.

AHaJi3 ocTaHHIX JocaiTxeHb i myOaikauiit

Jlo mporpecuBHMX TEXHOJIOTIH, AKi JO3BOJATH MPUHIMIIOBO 3MIHUTH TPAAWLIiitHI MaTONPOIYKTHBHI €Hep-
TOMICTKi TIpOLIeCH, MOXKHA BiTHECTH aganToBaHi 10 YMOB METH3HOTO BUPOOHMIITBA METOIM IIBUIKICHOTO Harpi-
BaHHA MeTany (ApoTy, npyTKiB). [Ipy mbOMy eneKTpoTepMiuHuiA CTIOCi0 XapaKTepHu3y€eThcs BUCOKOIO IIBUIKICTIO
HarpiBaHHS BHACIIIOK BIUIMBY SIBUII €JEKTPOMArHiTHOI iHIyKnii (iHAyKLiliHe HarpiBaHHSA) a00 eJEKTPOOTIopy
(enekTpoKOHTaKTHe HarpiBaHHs) [3]. 3ampomoHOBaHa TEXHOJIOTIsI Mependavae, M0 3aroTOBKa HArpiBa€ThCs B
MDKKpUTHUHUIA iHTepBan Temnepatyp (MKIT) 3 noaanbioio BUTPUMKOIO i IBUAKKUM il OXOJIOKEHHSM, IPHY0-
My [uisi 3a0e3neueHHs1 CTallTbHOCTI BJIAaCTMBOCTEll HEOOXIAHO MIATPUMYBATH TOYHMN TeMOEpaTypHUN PEXHM.
Besnepeuni nepeBaru enekTpoTepMiuHOl 0OpOOKM Taki: HAIaHHA CTAJIeBUM BMpoOaM OinblLI IIHHMX BIACTHUBOC-
Teii, 10 3yMOBIIOETbCS CreUn(piuHUM BIUIMBOM BUCOKOI iHTEHCHBHOCTI HarpiBaHHs Ha MeXaHi3M i KiHETHKY
CTPYKTYPHHUX 3MiH y cTajli, 0OOMEKeHNM OKaJIMHOYTBOPEHHSM | 3HEBYIJICLIOBAHHSM, YHUKHEHHAM 3a0pyIHEHb
TOBKLIIISI, CKOPOUYCHHSAM TpUBaNOCTi TepMiuHol 00poOku (TO) B mecsatku pasiB. 3ampoBamKeHHs iHIYKIiHHOTO
HarpiBaHHs y TexHousoriuHiit ninii gns TO npoty Bxke Bigome y BUpoOHUYHIl npakTuli [4]. PazoM 3 TUM onuca-
HUH npolec TepMiyHOT 00pOOKU Ma€e NEBHI HEA0iKY, a came:

1. BincyTHicTb KOHTpOJIIO TeMOEpaTypHUX PeXMUMIB HarpiBaHHsA, BUTPUMKHU i oxonomxkeHHs min yac TO
MeTaiy.

2. PexxuM TepMiuHOT 00poOKHM 3aroToBKM nependayae 3HaYHy TPUBATICTh TEXHOJIOTIUHOrO nmpolecy (3a na-
HUMMU aBTOpIB, Bi 30 10 90 XBUIMH), IO HE JO3BOJIAE CUHXPOHI3YBATH 3aMKHYTUIl LMK BUTOTOBJEHHS BiAMmo-
BiTHUX BUPOOIB.

Bukuyiag ocHOBHOro MaTepiany A0CJiIKeHb

o6 BupimmTy po3risHyTi Mpobiemu, Oya0 po3podJeHO yCTAaHOBKY AJISI TEPMIUYHOI 0OpOOKM 10Bromip-
Horo ctaneBoro BupoOy [5]. [Ipu upomy nociimkeHHs, CpsAMOBaHi Ha BUBUEeHHs ocobmuBocteil TO meTany 3a
JIOTIOMOTOI0 TaKOi YCTaHOBKH, Ha0YJIM CBOTO PO3BHUTKY B poboTax [6 — 8]. Ha puc. 2 momaHo 0JI0K-CXeMy KOH-
TYpiB CUCTEMM aBTOMAaTU30BAHOTO KepPyBaHHS YCTAaHOBKOIO TEpPMidHOi 0OPOOKU JOBrOMipHOIo CTaleBOro BUPO-
0y, ne npuiiHaro Taki no3HaueHHs: [TOK — nepcoHansHuii odunctoBaibHuil kinactep; BM [IM — BukoHaBuuit
MeXaHi3M MpoTskHOro MexaHisMy; BM BIBT — BukoHaBUi MexaHi3MK OJIOKIiB i30TepMiYHOT BUTPUMKH TeMIepa-
Typu; BM BIl — BukoHaBumii MexaHi3m OJoka migcTymkyBaHHs; BM BH — BukoHaBUMii MexaHi3M 0Joka Harpi-
BaHHA 3pa3ka. Taka cuctema KepyBaHHS Ma€ y CBOEMY PO3NOPALKEHHI O10KH, sIKi J03BOJIAIOTH OTpUMATH iH(pO-
pMaLlilo Npo NOTOYHI MapaMeTpu KepoBaHUX MpoLeciB. OcoOaMBICTD i1 NoJsArae B TOMY, 110 Ha KOXKHOMY 3 's-
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TH eTalliB TEeXHOJIOTIYHOI 0OpoOKM 3pa3ka po3B’sA3yeThcs ABOBMMIpHA 3aaava TeruionposinHocTi. [Ipn mpomy
nporpamHi 3acodn [TOK 103BOJISIIOTE KOHTPOITIOBATH TEMIIEPATYPHI peKUMH, SK Ha BCili TUTOIIMHI Mepepi3y 3pa-
3Ka, TakK i Mo Horo KoB1Hi. KOHTPOJIb TaKMX TeMNepaTypHUX PeXKMUMIB 3[iHCHIOETbCA B LIEHTPI MUIOIIMHHM Tiepe-
pi3y 3paska.

l
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Puc. 2. Baok — cxeMa KOHTYpiB cHCTeMH aBTOMATH30BAHOI 0
KepyBaHHs apaMeTPaMU TeXHOJIOTIYHOro mpoLuecy

Texuiunuii pezynomam, wo 00CA2AEMbCS NPU 3ANPOBAOICEHHT 3aNPONOHOBAHOI cucmemil, TIOJSITae B TOMY,
mo 3a0e3MmevyeThess BUCOKA AUCTIEPCHICTD i OMHOPIAHICTh CTPYKTYPH 3pa3ka Ha BCil TUTOMUHI HOTO Tiepepisy,
TpY [IbOMY TeXHoJoTigHMH Tpotiec TO cTaii XapaKkTeph3yeThCsl BUCOKOIO MPOIYKTHBHICTIO, MAJIMM €HEprocro-
KMBaHHIM, TOJIMIIEHUMH eKCIUTyaTalifHUMK XapaKTepUCTUKaMU. 3acCTOCYBaHHS YCTAHOBKM IS peajizaii
pexuMy chepoinn3iBHOTO BiNATOBAHHS 3yMOBIIOE PIBHOMIPHUI PO3MOMiN MO0y HEMEHTHUTY Y (epuTHIl Ma-
TpuLi, a TOMy 3a0e3neuye HeoOXiHI MeXaHi4Hi BIAaCTUBOCTI MeTaly I/ foro momanbinoi xonoaHoi nedopma-
wii.

Hwxve onucaHo 3araibHy MaTeMaTH4YHY MOCTaHOBKY 3aaadi. [TOK i3 crnewiansHUM nporpamMHuM 3abesre-
YEeHHSIM SIK €[1iHa 0a3a Mae MaTeMaTHYHi MOJeTi y BUTTISII PiBHSHHS TETUIONPOBiTHOCTI, TOOTO

or &°T o°T 1 or
—= +—+—-5+W, (1)

ot 82_2 6}’2 r

. at . .
npu 1boMy kputepiii yp'e 7=— , AKuwo 7> 0, W — nuToMa moTY)XHICTh y BUIIIAI JUKepe Tera,
R

B/,
KpaiioBi yMOBY 11bOTO PIiBHSIHHS MAlOTh TaKMA BUTJISA:

T0,7,2)=f(r,7);
T(z,l,z)=var;
T (z,0,z) —0:

or
T(z,0,2)#0.

Y 1BOX OCTaHHIX CIiBBiJIHOLIEHHS B KPaliOBUX yMOBAX CBiJuaTh, [0 3HAYEHHS TEMIEpaTypH B AUISHIL OCi
LUJTiHAPa OPOTArOM YChOTO IPOLECY TeII0OOMiHy Ma€e OyTH CKiHYEHHMM. 3a KOOPIMHATOIO z PAaHUYHI YMOBH,
3a/Ie)KHO BiJl 0coOaMBOCTeil po3B’sA3yBaHOl 3ajadi, MOXYTb OyTW NepLIOro, APYroro abo TPEThOro pofy.
Po3p’s3ytoTh 3amauy (1) i3 3acTocyBaHHAM METOAIB PO3KJIANAHHS], CYThb SKMX MOJrae B peayKuii ckiamHOro
onepatopa (1) mo mpoctux. Lleit miaxix n03BoJIsE MPOIHTErpyBaTH AaHe PiBHAHHS SIK MOCHIJOBHICTH iHTErpy-
BaHHsS OJHOBMMIPHHX PiBHSHB MPOCTIIIOT CTPYKTYpH. 3 OISy Ha CYTTEBY CKIAAHICTh MaTeMaTWYHOI MOAENi
(1) Benmkoro 3Ha4eHHs HaO0yBae po3poOKa EKOHOMIYHUX AJITOPUTMIB IJIS1 pO3paxyHKy edekTiB kepyBaHHS (yH-
KLisIMM 3aIIPOTIOHOBAHOT YCTaHOBKH. [Iporiec CTBOpeHHs 3a3HaYeHNX AJITOPUTMIB BUCBITIIIOETHCS B podoTax [9 —
11].
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3ayBakuMo, IO TYT caMe 3a7ada KepyBaHHS (SIK i 3a1a4a cHMHTE3Y) B 11 TOUHIil TOCTAHOBII BiTHOCUTHCS JI0
Ki1acy oOepHEeHMX, OCKIJIbKM BOHa Mepeadauae BU3HAYEHHs KepyOUMX (YHKIIOHAJIbHUX MapameTpiB Ha OCHOBI
3a3[alneriip 3aaHoTo, HEOOXiTHOTO pe3ysbTaTy (oOepHeHa 3anava KepyBaHHS). AJITOPUTMOM pO3B’S3yBaHHS
00epHEeHHUX 3a/1au CIyrye MeTo] “BMJIKM” 3 MOMNepeAHIM BU3HAYEHHSAM AESAKOTO MOYaTKOBOro Binpiska. 3agaya
PO3B’A3y€eThCs B ABa eTany. Ha nepuioMy peanisyeTbest BiTOKpeMIIEHHS MiHIMyMY HeB’A3KH, Ha IpPYroMy BU3Ha-
YaeThcsl MiHIMYM IIyKaHOT (YHKIIT KepyBaHHS 3 BiJIOKpeMJICHOTO iHTepBay. 3a3HaueHa NMpoLenypa peatizy€eTb-
Csl CTaHIapTHO. [HaKIIe Kaxyuu, SIKIIO &  sBIsie cOOO0 Jesike [ilicHe 3HAYEHHSI [IYKaHOTO KOpeHs, TOOTO, KO-
m a<9<bh, a f($)=0, To MOXHA OOYMCIMTH UYHCIO W TAaKOK, IO 3aJOBOJIBHSAE YMOBH a<9<h Ta

|19—m4 <&, TOOTO MEHIINM Bil OYIb-IKOTO Hallepeld 3aJaHoTo Mayoro 4ncia & . [loniOHa cxema BKITFOUEHA 11O

ckJlaxy MaTematuyHoro anapara kepyBanHs [IOK. Ha Bcix uuknax TO mMeTany BUKOPUCTOBYETHCS MaTeMaTHYHa
Mmozens (1), Tomy B IOHiH poOOTi pe3yabTaTu MOJETIOBaHHA OyoyTh CTOCYBAaTUCS LMKy MEPBUHHOTO HarpiBaH-
Hs MeTaly. [Ipo6GnemMa MoJeNIOBaHHS MOJATAE B TOMY, IO Ui 3a0e3nev4eHHs HeoOXiqHOT TOUHOCTI i cTilikocTi
004HUCIIeHb TOBOANTHCSA OpaTh po3paxyHKOBY CITKY 3 YMMAJIO KiJIbKIiCTIO BY3JTiB i BAKOHYBaTH 0e311id iTepalliii.
VYHacnigoK uporo 4uciao apuMEeTHIHNX Omneparliid, sKi HeoOXimHi I po3paxyHKy TeMMepaTypHUX MOJiB, Te-
pebysae B Meskax 10’ — 10° By3niB, a KOJIM KPOK 3a 4aCOBOKO 03HAKOKO CTaHOBUTH 107 ¢, TO 3aranbHa KilbKicTb
BY3JIiB 1y obumciens Moxke nocartd 10 2 i Ginbme. OmxHOMPOLECOpHi 06UHCTIOBATBHI CHCTEME HE MOXKYTh
BIIOPATHCh 3 TaKMM HaBAaHTa)KEHHAM TIiJ 9ac MOJEINIOBaHHA B pealbHOMY Maciutali qacy, TOMy HaiOimbI BU-
mpaBOaHuM OyJe 3aCTOCYBaHHS 0araTOMPOILECOPHUX CHCTEM, IO W OyJI0 3MifiCHEHO 3 METOI yIOCKOHAICHHS
TexHosorii TO goBromipHoOro craneBoro BUpoOy.

Excnepumenmanehi docniodicenns. JIns BUNpoOyBaHHs (hyHKIIN 3aNpOIIOHOBAHOI YCTaHOBKM OYJIO MpOBe-
JIEHO KillbKa eKCIIepUMeHTIB, Konu OpiT niametpoM 20 MM i3 ctami 201°2P minnaBacst TO. Po3rnsHemo nBa xa-
pakTtepHi gocninu. Ha puc. 3 300paxkeHO KpHBi PO3MOIiTy TeMIlepaTypH 3pa3ka Ha TIOMIMHI oro mepepisy, ne
T, — TeMmiepaTypa HarpiBaHHS MOBEPXHi 3pazka, 7, — KOHTponboBaHa 3acobamu [TOK Temnepatypa ¢azoBoro
nepeTBOpeHHs: MeTany (Ac|) Ha TUIOLMHI Tepepizy 3pa3ka. OcoONMBICTh KOHTPOIO TeMIEpaTypu 3pa3ka Mos-
rae B 3a0e3Me9YeHH] MporpiBaHHA yciel oro MacH 0 TeMIepaTyp, 3alaHUX NMEBHUM pexxnMoM. KpuBi posmomniny
TeMIIepaTypy B 3pa3Ky XapaKTepu3yIOTh OCOONIMBICTH MPOTpiBaHHA MeTally Ha BCil TUTOIIMHI HOTO Tepepisy.
MonemtoBaHHST TaKMX TEMNEPAaTypHUX TOJNIB 3MIHCHIOETHCS 3 YpaxyBaHHSIM 3MiHU TETIO()I3NIHUX BJIACTHBOC-
Teif Marepiany mix gyac foro HarpiBaHHs.

Ha pwuc. 4 momaHo kKpuBi po3moiny TeMreparypy 3paska Mo JOBXKHHI B TIpolieci Horo HarpiBaHHs, ae nud-
poto 1 mo3HaueHo Temmeparypy nosepxHi (7)), a 2 — TeMniepaTypy B LEHTpi rutonHu nepepisy. Tyt 30Ha I Bi-
Jobpaxae mpolec HarpiBaHHs 3pa3ka 0 3aJaHoi TeMIepaTypH Ha ioro moBepxHi, a 30Ha Il nemoHcTpye BUXig
Ha 3aJJaHuii TeMIepaTypHUii peKUM y LeHTpi IIIOLIMHHM Tepepi3y 3paska.

V xoni excriepuMeHTy Oylo TpoaHalli3oBaHO CTPYKTypy MaTepianmy 3paskiB. Ha puc. 5, a 306paxeHo mo-
4aTKOBY (epUTHO-OEiHITHY (MapTEHCUTHY) CTPYKTYpY MeTany. OCTaTOUHMIA BUTIISI CTPYKTYPH MaTepiaiy Iic-
1 cpepoimmsanii mogaHo Ha puc. 5, 6. CTpyKTypa SBJIsIE COOOI0 TIEPIIIT 3€PHUCTHIA i3 CTAHIAPTHOIO OIiHKOIO B 2
Oany, fioro TBepAicTh ctaHoBuTh 148 — 169 HB.
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Puc. 3. Kpusi po3snoainy Ttemnepa- Puc. 4. I'padixu po3noainy Temnepatypu 3paska 1o iioro 10B-
TypH 3pa3Ka Ha IUIOLIMHI iioro nepepisy JKHHI B mpoueci HarpiBaHHsA
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Puc. 5. MikpocTpykTypa craqai 20I12P

OTmxe, BUKOHaHa cepoinu3ailis 3aroTOBKH B yMOBax BinnoBigHux pexxumiB TO Hamae martepiany CTpyK-
TYpH 3epHUCTOrO Tepaity. [Ipuuomy mBuaKicHa cdepoinnzalist 3yMOBIOE OiTbII PIBHOMIpHHUH PO3MOIN TII0-
Oyn meMeHTHTY y (epuTHiit MaTputli (puc. 5, 6). 3pa3ku i3 cTani Maike oqHakoBol TBepaocTi micist TO nHabynu
IpiOHOVCTIEPCHOT CTPYKTYPH, IO 3a0e3Mneuye OibIn BUCOKHUiT piBeHb TUIACTHYHOCTI MeTary. YHACHiIOK IMIBH-
KOT0 HarpiBaHHA 3pa3ka W HEMOBHOI ayCTeHiTH3aLil cTajii BiaOyBalThCs MeBHi 3MiHM B Mopdooril kapOiaHoi
(a3 Bix mracTHHYACTOT 10 APiOHOAUCTIEPCHOT TIIOOYISPHOT.

BucHOBKM i mepcneKTHBY MOJAJbIIHNX AOCTiIKEeHb

ViockoHaleHHS HasBHHMX W CTBOPEHHS HOBMX TEXHOJOTIYHHMX MpPOLECiB BHUMAraloTh 3HaYHUX BHTpaT,
MOB’A3aHMX i3 TPOBEAEHHSAM BEJNUKOI KiJIbKOCTi HATYpHHX EKCIepHMMEHTIB Ha JlabopaTopHOMY, HOCIiqHO-
MPOMUCIIOBOMY YCTaTKyBaHHi, a TaKOXX Y BUPOOHMYHUX yMOBaX. 3MEHBLIEHHS KiIbKOCTi eKCHepUMEHTaNbHHUX
JOCTiDKeHb Ta Yacy Ha iX NPOBEedEeHHS 3 OlepikKaHHAM HeoOXinHol iHpopMaLil ansg nobynoBH it yNpoBaIKeHHS
TEXHOJIOTIYHUX PO3POOOK MOXKHA 3AIHCHUTH LIJISTXOM PO3POOKH CHCTEM aBTOMATH30BAHOTO KOHTPOJIIO TTapameT-
piB TEXHOJOTIYHNX MPOLIECIB HA OCHOBI 3aCTOCYBAaHHS 0araTOMPOLECOPHUX OOUMCIIOBATEHUX KOMIUIEKCiB. Y
IaHiit poOOTi po3p0o0IIeHO CUCTEMY, IKa BUKOPUCTOBYETHCS 3 METOI0 BHUBUCHHS MBHUIKiCHUX pexkumiB TO mos-
TOMipHHUX BUPOOIB Ta CTBOPEHHS HOBUX TEXHOJIOTiH, peXKMMIB i ycTaTKyBaHHS ISl X TETIOBOT 00poOKH.

VYnpoBamKeHHs 3aMpoOHOBaHOI aBTOMAaTH30BAHOT CUCTEMH JTAJI0 MOXKITMBICTB:

0 — Tiep1Ie, 3iiCHIOBATH KOHTPOIb TEXHOJOTIYHHUX MapameTpiB y pexkumax TO merary, 30Kpema, Te-
MIepaTypH B LEHTPi nepepisy MeTaleBoro BUpoOy, 110 3ade3nevye HagaHHd MaTepialy HeoOXiIHUX BIacTHBOC-
Teil, MpUYOMY Ha BCili TNIONIMHI Nepepi3y Ta Mo TOBXKHHI;

Mo — JIpyre, KOHTPONIOBATH TeMIepaTypy HarpiBaHHS, BUTPUMKM W OXOJOIKEHHS Ha BCilf miomuHi
nepepizy 3paska, 3aCTOCOBYIOUH 3 Ii€l0 METOI0 0araTonpoLecopHy oOYMCIIOBANBHY CHCTEMY, THM CaMUM TiJ-
BUIINTH SKiCHI TOKA3HUKH TEPMiYHO 00po0IIeHOT cTalti;

M0 — TpeTe, CKOPOTHUTH TPHUBAIICTH Mpoliecy chepoian3iBHOTO BilNanoBaHHs MeTaly;

10 — eTBepTe, 3MEHIUUTH €HEeProCIOKUBAHHS;

0 — I’ iTe, 3HaYHO MOJIMIINTH YMOBHU €KCIUTyaTallii, a TAKOK CTaH JAOBKIJUIA.

Kpim Toro Big3Hauumo, 110 po3B’s13yBaHHA 3a/1ay, BU3HAYSHUX B JaHiil poOOTi, 3a3Buyail, BinOyBaeThcs Ha
OCHOBI 3aCTOCYBaHH anapaTta pi3HULEBUX PiBHSIHb, AKUil nependayae 00OB’A3KOBY 3aMiHy MOXiTHHUX pi3HHULE-
BHUMM CHiBBiIHOILIEHHAMH. BuKoHaHi B JaHiii poOOTI NOCHIIKEHHS MOKa3ylOTbh, 110 METOIM PO3B’sI3yBaHHS 3a-
Jla4y AaHOTO KJacy MaloTh OyTH HE TiIbKW Pi3HOMaHITHUMHU, ajie i TO€qHYBaTH OLIHIOBAHHS KiIbKICHHX TOKa3-
HUKIB i3 MOXJIMBOCTSAMH SKICHOTO aHamizy. Ha chOromHi HamiTwincs MeBHI TEHAEHIMIi B po3poOlli YHCIOBO-
AQHATITUYHUX METOMIB i3 CKJIAaZHOIO JIOTIYHOI CTPYKTYpOIO, ajeé BOHM MalOTh IIOPIBHAHO 3 KYCKOBO-
Pi3HHMLIEBUMY METOAAMM BUILMH MOPAIOK TOYHOCTI i MOXIIMBICTh MOOYAOBY lrOPUTMIB, aJanTOBAaHUX 3 I10-
psinkamMu anpokcuMaii. 3 004KCIOBANBHOT TOUKK 30pY TaKUi MiIXid BiAPi3HAETHCS MEBHOIO TPOMI3IIKICTIO, aje
BiH /Ia€ CBOEPIIHUI €TAJIOH ISl OPIBHAHHA 3 IHIIMMH MPaKTUYHUMH METOJIaMU. AJle, 3BayKar0uu Ha TepeBaru
NPOBENIEHHs. 00YMCIIIOBAJILHOIO €KCIIEPUMEHTY 3aco0amMy 0araTonpoLecOpHOi CUCTEMH, MOXKHA CTBEPAXKYBATH,
1110 00CTaBUHA, 5IKa CTPUMYBaJja PO3BUTOK YMCI0BO-aHAJIITUYHOrO MiAXOAY, HAa CbOTOAHI BTpaya€ CBOIO aKTya-
JIBHICTB. Y 3B'SI3KY 3 UM JUIsl po3B’si3yBaHHs Mozedi (1) y naniit po6oTi HaOyna monanbIioro po3BUTKY inest po-
3p0oOKHU CXeM MiABMLIEHOro MOPsIAKY TOYHOCTI HA OCHOBI YMCJI0BO-aHANITUYHOIO MiAXOMY.
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