MIHICTEPCTBO OCBITU I HAYKU YKPATHU
Harmioransauii yHiBEpeHuTeT «3armopi3bKa MOMITEXHIKa

B.M.INIECKAY

KOHCIIEKT JIEKL{I
3 muctuiutiny « CydacHi BUpOOHHYI TEXHOIIOTI1»
JUTSE CTyIeHTiB crienianbHocTi G8 Marepiano3HaBCTBO

crerfiamizanii KoMmo3umiiHi Ta MOPOIIKOBI MaTepiain, MTOKPUTTS
ycix opmMu HaBYaHHS

2026



Koncnekr nexuiii 3 nucuumuiing «Cy4acHi BUPOOHHUYI TEXHOJIOTIi»
JUIL  CTYIEeHTIB crerianbHocTi G8 Marepiano3HaBcTBO — criemiamizarii
Komrmo3utiiitai Ta HOpOIIKOBI MaTepiaiu, MOKPUTTS YCiX (popMu HaBYaHHS /

VYxi.: B.M.Ilneckau — 3amopixxxs: HY «3amopizbka monitexnika, 2026. -
127 c.

Vxnagad: B.M. Ilneckad, mor,., K.T.H.

Penien3zen: O.A. Mirses, npod., 1.T.H.

BinmnoBiganbHUit 32 BUITYCK: B.M. Ilneckau, goi., K.T.H.

3aTBepKEHO Ha 3aciiaHHi
Kadeapr KOMIO3UIIHHIX
MaTepiajiB, XiMil Ta TEXHOJIOT1H,

rpotokoi Ne 2 Bix 25.08.2025 p.

Pexomennosano g0 suganasgs HMK
¢axynsrety BAJL,
npotokoin Ne 1 Bix 11.09.2025 p.



3MICT
BOTYIH. e 6
1 Opranizamist BApOOHUIHX TPOIECIB. THITH BUPOOHHUIITB. ...vvevvvvrevreereneans 7
1.1 BUpOOHHIITBO, OCHOBHI TTOHSTTS ...ecvveeeereeeereeeereeseeesssessssenessenssssennns 7
1.2 THUIH BUPOOHUIITB .....eveeueinrieuieieieetieteseeseeeeestessessesneensesneeresresneennens 8
1.3 ®opMu OpraHizamii BUPOOHHIITBA. ....cvvervrereesrreseesseesseesnesssessesssenns 12
2 B3a€MO03aMiHHICTB 1 SIKICTh IIPOMHUCIOBOT TIPOTYKITT . cvvvevvereeeriveveeneies 14
2.1 B3aeM03aMIHHICTD, OCHOBHI HOHSATTS ....vvvvvveeeeereeeeeeeeeeessesissreeseessnns 14
2.2 BUIY B3aEMOZAMIHHOCTEH]. ... .ceuvevenvienienteneenteetesieeeseeseeeeeseeeneennenneas 15
2.3 SIKiCcTh TPOMHUCITIOBOT TIPOMYKIIIT.c.vveuvveeveeteesiresiresieeseeesieesieesinesseeseneas 17
3 OCcHOBHI KOHCTPYKIilHI MaTepiaiy, ix 0yJ0Ba i BIACTUBOCTI. .............. 20
3.1 Knacudikariisi KOHCTPYKIIHHIX MATEPIAMIB. .ccuveeveeeeneereeeeeneeneenneens 20
3.2 KprcTamigHa OYTOBA METAIIB. .....ccuveeureeneernreenreenreneeesseesueesaeesseesnnesnns 21
3.3 METAMEBI CIITABH. ......veeueeeeneeeneeenieenteeseesseeneeeseessesatesneesnseenseesesasenane 23
3.4 CTaIl TA YABYHH....ccvveveeveereeeseresseesseesssesseesseesseessesssesssesssesssssssesssesses 24
3.5 KOTBOPOBI METAH 1 CTIIIABH. ......eeveeeieneeeieesieeneeeneeenieesseesseesneenneennns 26
3.6 TIOPOIITIKOBI MATEPIATIH ....eevvveeeeeurerienneeeueesieesaeeseessressresnreessessseenneens 28
3.7 KOMITOBUITITHI MATEPIAIIH. ... eevverveereererereessreseressessseesseesseessssssessses 28
3.8 KePaAMIKA 1 CKITO....c.vveveeieirisiieiesiestesiesie st ne e 29
4 CrenianbHi KOHCTPYKIIHHI MATEPIAMH . ..c.vvvveririsreenrenresre e seeenee s 31
4.1 BUCOKOMIIIHI KOHCTPYKIIIAHI CTAIL. . .ecvveevveeerearesseesseesenesenesseesseesnees 31
4.2 XOMOMOCTIIKI CTAM..uveveeueeeienienieeeeetesteee st enteseeneeseeeneeeesneeneeneenees 32
4.3 YXKapoCTiHKi 1 KAPOMIITHI CTAM. .. .eeuveeurrenreeeeseeeiesneesreeseenseeneeenseens 33
4.4 KOPOBIHHOCTIHKL CTAIL. . eeuveureenreeneeeeeeeeesieeseesesneesnseenseenseesseenseesane 34
4.5 3HOCOCTIHKI MATEPIAIH. ...c.vveeveeereeererieeseresseesseesnsesseesseesssesssesssessnesnns 35
4.6 Marepiasii 3 0COOTUBUMHE BIACTHBOCTIMH. .....ccveruvernreanreaieeseeaneeans 36
5 MeToau migBUIIEHHS KOHCTPYKTHBHOI MIITHOCTI CTalel i CIIaBiB....... 39
5.1 Meranyprifidi METON MIiABUIIEHHS MIITHOCTL.....ccuveeeveereeeseeeneeesenens 39
5.2 TepmiuHe 1 XIMIKO-TEPMIYHE OOPOOTCHHS. ... cveeneemeeveeneeeeeneeneeneene 43
5.3 TepMOMEXAHITHE OOPOOIICHHS. ......vervveeereenrererennrennresnrennseenseensessennns 45
5.4 3MIIHIOBAITBHO-KANIOPYBATBHE OOPOOIICHHS. ......evveeveeeveeneeeneeannenns 46
6 BupoOHUIITBO 1 BUKOPUCTAHHS CyYaCHUX KOMITO3UIIHHUX 1
TIOPOIIKOBUX MATEPIATIIB. +..ve.vevresreareesresresneeseesnesresseesresnesnesneesnesneennssnsnnenns 49
6.1 BupoOHUIITBO 1 BUKOPHUCTAHHI KM......oooiiiiiiiiiiiiiciieececee 49

6.2 BupoOHUITBO 1 BUKOPUCTAHHS [TM.....cooviiiiiiiicic e 55



7 CyyacHi MeTaIyprifiHi TEXHOJIOTii BUPOOHUIITBA CTAJICH i CIUIABIB....... 61
7.1 MIHICKC-TIPOTIIEC. .. eecuveeereeenrreesereessreesseseeseessesanseessseesssessssseesssessssens
7.2 YCTaHOBKA METATI3ALIT OKATHIIIIB. ..c..eeueeurenrenieeeereenrenneeneensesaeeneennes
7.3 OtpumanHs 3aii3a 3 kapOixy 3aiiza
7.4 CraneriaBuibHa YCTAHOBKA O€3MEPEPBHOT Mil....cevveerurerueereieeannee. 64
7.5 YcTaHOBKa PiAKO(AZHOTO BITHOBICHHS. ... veeevveeevreeereeenrreeneneaenans 64
7.6 Be3nepepBHE POSITUBAHHS CTAT L. ....verveereeeeeerersenseeseeseesseesseesinens 65

8 CyUacHi JTUBAPHI TEXHOIOT T ve.vveveeerreesresresresreessesresresnesneenesreseeesnnesns 67
8.1 YoCcKOHAIIEHHS JIUTTS Y THIHAHT POPME.....vviveevierieriierieesiresieeninns 67
8.2 Y 10CKOHANIEHHS CELIAIEHUX CTIOCOOIB JIUTTS .o vvvevereenreseeereenens 70

9 BupoOHUITBO BIJIMBKIB METOJJAMH CIIPSIMOBAHOI KPUCTAII3aI] ......... 74
9.1 MeTtonu CIPSIMOBAHOT KPHCTATIBAIIT. ... veevveenreenieeieesireeieesiee e 75
9.2 MeTtony OTpUMaHHS MOHOKPHCTATIYHUX BAIHBKIB.....cvveeeveareerieennne 78

10 CyyacHwuii cTaH i IEepCIEKTUBH PO3BUTKY KOBAIBCHKO-

IITAMITYBATEHOTO BHPOOHUIITBA. «...cvvveateesresseesiressnenseesseesseeseeesseessnenseessns 82
10.1 Cy4acHe OO0MaTHAHHS JUTT KYBAHHM. ... vervveeieeererreesteesseesseesneesnesnne 84
10.2 CyyacHe oOnaTHAHHS ISl IITAMITYBAHHSL. .. ccveevveveeresneeeeseesneseennes 86
10.3 [lepcriekTHBU PO3BUTKY KOBAJIbCHKO-IITAMITYBaJIBLHOTO

BUAPOOHIIITBA. .......veeuveeeesutesteesteaasseesseessessseenseesseasseesaeessesseesssessneessesssesnnens 88

11 BupoOHHITBO 3BaPHUX i KOMOIHOBAHMX 3ATOTOBOK.....veevrerrereereereesees 93
11.1 OCHOBHI CIIOCOOH 3BAPFOBAHHS. .....c.vevverreeeereesrenressesseeseesseessennesneas 93
11.2 3BapHi 1 KOMOIHOBAHI 3ATOTOBKH . «......veeereesresrearesresseenesnessnesesnnenns 94
11.3 OcHOBHI HanpsIMKH yJIOCKOHaJICHHS 3BapIOBaJIbHOTO

BUPOOHUIITBE. ......cveveeteententesteeseessesseeseeseesbesssessestesbe e beseessesbeeseennesaesneenne e 98

12 3arajibHa XapaKTepUCTHKA 1 MPOOIeMU 00pPOOJICHHS Pi3aHHSM. ........ 100
12.1 OcHOBHI cIOCOOHM OOPOOTEHHS PI3AHHIM. .....vvivereeeerrenreesrerennens 100
12.2 Pexxum pizaHHsI IPH OOPOOIICHHI 3aTOTOBOK. ....cuveuveeeeneeeeeneeneenes 101
12.3 Cyy4acHi IHCTPYMEHTATBHI MATEPIAIH . ....ceuveveenrerenresieeseeseeeeenens 102
12.4 BuGip criocody 00poOIEHHS 3aTOTOBOK PI3AHHAM. .......cevvernveannens 104
12.5 MexaHi3aris 00poOJIeHHS Ha YHIBEPCATBHUX BEPCTATAX............. 105
12.6 TIpoOsieMut OOPOOTICHHS PIBAHHSIM ......eevrrvevensreneeriesieeresiesneennenes 107

13 EnexTpodi3nyHi i eneKTpoXiMiuHi METOIN OOPOOIEHHS........cv.vvnee 110
13.1 Enektpoi3udHi METOINU OOPOOIICHHSL. ....cvvevvevrereesresreenrenneeneennenns 110
13.2 ENeKTpOXiMiuHI METOIH OOPOOTCHHS ... .cvvivevieneeriesieeieseeeneenee e 113
13.3 Di3HYHI METOIN OOPOOIICHHSL. ....c.venveeieneireesteeiie e siesieeie e eneeee e 114

14 ABromaTuuHi JIiHi1 1 THYYKi BUPOOHUYL CHCTEMH.......ceveenreeeeneerennne 118

14.1 ABTOMATHYHI JHHIT.....eiiieeeeeeeeeeeeeiet et et et e iessssesesessessasesasabassrererseesnnes 118



14.2 THYYKI BUDOOHHYL CHCTEMH. ... verveereeseesressesseessesnesnesseennesseeneennenns 120
15 IlepcriekTHBHI HATPSIMKA PO3BUTKY MPOBITHIX BUPOOHUUIIX
TEXHOJIOTTH. 1.1ttt sttt sttt sttt sttt b bttt sb ettt et sae s st ebenne s 122

15.1 CrinpHi HANPSMKH PO3BUTKY BUPOOHUYHUX TEXHOMOTIH. .............. 123

15.2 [lepcriekTHBHI HAIPSMKHA PO3BUTKY OKPEMHUX BUPOOHUYNX
L Q3 (011 o) | QH OO UV R PP PPR 124

TTepeitiK OKEPEIT TIOCHIIAHD.........eeveereeeresereenseesensseesseessesseessessssenssesseenses 126



BCTYII

JKutTs mroanHM HE MOXHA ySIBUTH 0€3 BUpOOHHYHX mporeciB. HaBiTh
HaliIaBHIIlIa JIIOJJUHA BHUTOTOBIIsIa €001 SKiCh 3Hapsans mpari abo
TIOJTFOBAaHHS. 3 4acOM KHUTTS JIFOJIEH yCKIIaHIOBAIOCS, 3’ IBUJIHCS CKJIa THITII
3Hapsaang npairi. [lotpedu mroxei 301TbIOIyBaIiCs, a BOHM BHMaraiiid BCe
HOBHX 1 HOBUX TEXHOJIOTIH Ta OpraHi3ailii JroIel 10 CIUILHOI Mparii.

Y3ke HeJJOCTaTHIM CTajJ0 HaTypajbHE TOCHOJAPCTBO, KOJIHM TOCTIOAAD
BCe HEOOXimHe I >KHUTTS, BHpOOIsiB cobi cam. [locTymoBo pemicHHKH
npani. [li3nime BuHUKIM (QaOpWKH, SKi AO3BOJIWIM PO3MOYATH BUITYCK
cepiifHol mpoaykiii. BuHNKIIO moonepariiiiie BUKOHAHHS pOOIT, a 3 HUM i
crierfianizamis poOiTHUKIB, MexaHi3MiB i mpuctpoiB. [loctynmoBo Bce 1€
MPHUBEJIO JIO MOCTIMHOTO YCKIAJIHCHHS 1 YIOCKOHAJICHHS OOJaJHaHHS,
TEXHOJIOT1H 1 KOHCTPYKIIIHUX MaTepiaib.

Y ChOTONHINIHROMY TJ00alli30BAHOMY CBITI BHPOOHHYI MPOIECH
YIOCKOHAIIIOIOTBCSI 1 3MIHIOIOTBCSI JIOCHTh HIBHAKO. TOMY CIELiaNicTH,
BUITYCKHUKH BUIIUX HaBYAJILHUX 3aKJIaJ[iB TIOBHHHI CJIiIKYBaTH 3a 3MiHAMH
y iIXHIX BUPOOHUYHX TaITy35X, 32 CBITOBUMH TEHICHITISIMU PO3BUTKY TEXHIKH
1 TEXHOJIOTIH.

Kypc «Cy4acHi BUpoOHHYI TEXHOIIOTI1» HE MOKE OXOITUTH YC1 CBITOBI
HOBUHKHM, BIH TIPU3HAUCHHWU JUIS PO3LIMPEHHS KPYro3opy CTY/ACHTIB,
MOBHUHEH HAJaTH TM OCHOBH JUIS MOAATBIIOTO PO3LIMPEHHS CBOTX 3HAHb Ta
inTepeciB. ChOrofHI HEMOXJIMBO €(QEKTUBHO TMpALIOBATH JIMIIE 3
«IIKUTBHUMY 3allacoM 3HaHb. lle Kypc HaBOAMTH BIJOMOCTI MPO CTaH
CYy4YacHUX TEXHOJIOTIM 1 TPOIMOHYE O3HAWOMHTHCS 3 TEpPCHEKTHBAMH IX
PO3BHTKY Y Pi3HUX Taly3sX BUPOOHUIITB.



1 OPTAHI3AIIAA BUPOBHUYHX ITPOLECIB. TUIIN
BUPOBHUIITB

1.1 BupoO6HUIITBO, OCHOBHI MOHATTS

Bupoonuuymeo — npoyec cmeopenns 3 peuosun npupooHozo abo
WMYHYHO20 NOXOONCEHHS MAMEPIATbHUX | CYCNINIbHUX O1de, HeOOXIOHUX Oist
ICHYBAHHA | PO3BUMKY.

VY  nmeskuxX BHIIAQJKaX BHPOOHHMLTBOM HA3WBAIOTh Micle, Je
BUTOTOBIISIETHCS IPOAYKILisl, HANPUKIA[, padpuka, maxTa, nex, BUpoOHuYa
JUTBHUIISI, MAKCTEPHSI TOIIO.

Pi3HOMaHITHI BHUPOOHHUIITBA 3a XapakTEpPOM TIIpalli, SK IIPaBHIIO,
KIacu(piKyIOThCs 38 TAKUMH O3HAKaMU: IPU3HAYEHHSI, PIBHEM 3aCTOCYBaHHS
3aco0iB MexaHizalii Ta aBTOMaTH3aIlil, 32 BUJaMH 1 THIIOM BHPOOHHUIITBA
TOIIIO.

3a Tpu3HAUCHHSM BUPOOHMIITBA TMOAUISIOTECS HA  OCHOBHE,
JonoMikHe 1 mociane [3, 4].

OcHOBHE BUPOOHUITBO 3aHMae€ThCSl BUTOTOBJICHHSM TOBapHOI
NPOAYKIi 3a CBOIM TNpU3HAYCHHSAM. BOHU MarOTh  OUIBII-MEHII
po3raykeHy CTPYKTYp 3aJIeKHO BiJi 00CITY MPOJYKILii, 10 BUITYCKAEThCS,
1 IIOBHICTIO BiIIOBIIAOTH 34 11 AKICTb.

Jomomidkae BHPOOHUIITBO BHUTOTOBIISIE 3aCO0M, HEOOXiNHI I
3a0e3neueHHs (DYHKIIOHYBaHHS OCHOBHOTO BHpPOOHMLTBA. Y OiIbIIOCTI
BUTIAJIKIB OCHOBHE 1 JIOTIOMi)KHE BHUPOOHMIITBA MPAIIOIOTh HA OJHOMY
HiANPUEMCTBI.  AJie 1HOJI OpraHi3yrThCs CIICIiali30BaHi JIOTIOMIXKHI
BUPOOHUIITBA, SIKI BHITYCKalOTh CBOIO MPOAYKIIIO MacoBO Ui 3HAYHOI
KUTBKOCTI miAnpueMcTB. [IpukiagaMyu Takux BUPOOHHIITB MOXYThb OyTH
HiAMPUEMCTBA, SIKI BHUITYCKalOTh CTaHAAPTH30BaHI BHUPOOH: IiIIUITHHKH,
METaJIOpi3abHUHM IHCTPYMEHT 1 T.II.

Jocnigauibke BUPOOHHMIITBO BHUITYCKae 3pas3Kkd, mapTii abo cepii
BUPOOIB Ui TPOBEJACHHA  JOCIIHUIBKHX POOIT a00 IHHOBAIIHUX
po3pobok. Take BUPOOHUITBO XapakTepHE ISl MiJNPUEMCTB, SKi MArOTh
CBOT KOHCTPYKTOPCHKI OFOPO, 1110 3aiMar0THCs MPOoOIeMaMu BJIOCKOHAICHHSI
1 IOJIAJIBIIIONO PO3BHUTKY CBOET MPOIYKIII.
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3a piBHEM 3acTOCyBaHHS 3ac0o0iB MexaHizalii Ta aBTOMaTH3aIlii
MOJUISIOTHCS] HA aBTOMaTH30BaHe 1 MeXaHi30BaHe.

Jlo aBTOMaTH30BaHUX BiJHOCSTHCS MIANPUEMCTBA, B AKUX BCi €TaIly,
MOB’S13aHi 3 TEXHIYHOIO MMiATOTOBKOIO Ta YMNPABIiHHSIM BHPOOHHLITBOM,
KOHTPOJIEM SIKOCTI MPOJYKIii KOMIUIEKCHO aBTOMAaTH30BaHO. SIK mpaBuio,
Ha TaKHX TMIANPUEMCTBAX BUKOPHUCTOBYIOTHCS ABTOMATHU30BaHI CHCTEMHU
ynpaiinasg (ACY), a BUTOTOBJICHHS OKPEMHX €JIEMEHTIB BUKOHYETHCS 3a
JIOTIOMOTOI0 ~ OOJIQJIHAHHS, OCHAIICHOTO CHCTEMaMH 3  YHCIOBHM
nporpamMuauM kepyBaHasM (CUIIK). BoHo 103B0JIsI€ Y TOPIBHSIHO KOPOTKHI
TEPMiH OCBOIOBATH 1 BUITyCKATH HOBI, JJOCKOHAIIII BUPOOH 3 ITiABUIIEHOO
SIKICTIO.

Jlo MexaHi30BaHUX BUPOOHMIITB BIAHOCSATHLCS IIIPUEMCTBA, B SIKUX
MEXaHi30BaHI BCi TpOLIECH, MOB’s3aHi 3 MOJETIIEHHSIM pPYYHOI mpaiii,
TOYHUMHU OTIEPAIliSIMH, OTIepaIliIMU, HEOC3MEYHUMH TSI 370POB’ S JIFOAMHH,
i T.1. 3acobamMu MexaHizallii MOXyTh OYT pIi3HOTO pPOAY TPaHCHOPTHI
KOHBEEPH, IIPOMHCIIOBI POOOTH Ta iH.

3acobm aBTOoMaTrm3alii 1 MexaHi3amii MOXYTh HOCHUTH HE
KOMIUIEKCHHI XapakTep, a 3yCTpidaTHCs TIIBKH B OKPEMHX IIpolecax i
orepartisx.

3a BWJaMU BHPOOHMIITBA MOJUISIOTHCS 32 TUMH METOJaMH, SIKi
BUKOPHCTOBYIOThCS JIJII BUIOTOBJIGHHS (PEeMOHTY) BuUpOOy abo Horo
CKJIQJIOBUX YacTHH. /10 HAUMIOMIUPEHIIIMX BUJIB BUPOOHUIITB BiTHOCSITHCSL:
JMBapHEe, KOBAIbCHKO-TIPECOBE, MEXaHOOOPOOHE, TepMiuHe, 3BapIOBANIbHE,
CKIIaJlaJibHe, TajbBaHIYHE Ta iH. HasBHICTH TOrO YW iHIIOTO BHIY
BUPOOHMIITBA HA MIAMPUEMCTBI 3aJ€KUTh BiJl OCOOIHMBOCTEH KOHCTPYKITIT
OCHOBHHX BHPOOIB MiJAMPUEMCTBA Ta Yacy iX BUTOTOBJICHHS. Po3jiieHHs
BUPOOHUIITB 3a BUJAMH XapakTepHe JJIsl MiIPUEMCTB KPYITHOCEPIHHOTO 1
MacoBOI'0 BUPOOHHUIITBA.

1.2 Tunu BUPOOHUNIITB
3ajeKHO BiJg BHIYCKY MPOAYKLIl Ta CTYNEHS IOBTOPIOBAHOCTI

BUPOOIB BUPOOHMIITBA TOMUISAIOTECS HA THIIM BUPOOHHUIITB: OJMHHUYHE,
cepiiiHe 1 MacoBe.
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Tun eupoonuymea — xiacugpixayivina kameaopis UPOOHUYMEA, KA
BUOINACMbCA 30 O3HAKAMU  WUPOMU  HOMEHKIAMYPU, PecyapHOCHi,
cmabineHocmi ma obcs2y 8UnYCKy 8Uupoois.

[IpunanexHicTs BAPOOHUIITBA A0 TOT'O YH 1HIIOTO THITY BU3HAYAETHCS

KUTBKICHAMH 1 SKICHUMH XapaKTepPUCTUKAMH.

Kinvkicnotw xapakmepucmukoi TUIy BUPOOHUITBA € KOe]imieHT
3aKpITUICHHSI OTepamii:

_0
K3.0 - E ’ (11)

ne O — KUTbKICTh OTIepalliil, siki BAKOHYIOThCS Ha pOOOYMX MICIIX JTUTSTHKU
(mexy) 3a meBHUII Iepiof gacy;
P — kinpKicTh poOOYHX MICIIh, HA SIKUX BUKOHYIOTHCS I1i OTIepaltii.

Y  nmeskux BUNAgKax sl BU3HAYEHHS THUIy BHUPOOHHLTBA
BUKOPHUCTOBYIOTHCS TaKi KUTBKICHI XapaKTEPUCTUKH, SIK TAKT BUPOOHHUIITBA i
Koe(ilieHT cepiliHOCTI.

Takmom upoOHUYmMEA HA3UBAEMBCA NPOMINCOK HACY MidC 080Ma
HOCAI008HUMU ONepayisamu abo 8UnycKom 080x upoois.

Koedhivienmom  cepiiinocmi  nazusacmvcs  KilbKicmb — pi3HUX
onepayii, SAKI GUKOHYIOMbCS HA OOHOMY OOJNAOHAHHI  (HANPuKIao,
sepcmami).

AKicHoro xapakmepucmukoro TiIy BAPOOHMIITBA € IOBTOPIOBAHICTh
BUTOTOBJIEHHS BHPOOHMYOI TapTii, XapakTepUCTHKA 1HCTPYMEHTIB,
TEXHOJIOTIYHOTO OOJIaflHAHHS Ta OCHAIEHHS, $Ki BUKOPHUCTOBYIOTHCS,
kBami(ikamiss poOiTHUKIB. TexHIYHI XapaKTEPUCTUKW PIi3HUX THITIB
BUPOOHUITB HaBezleHi y Tadu. 1.1.

Oounuune  6UpOOHUYMBEO  BIIPIBHAETHCS ~ BUTOTOBJICHHSIM B
OJIMHMYHHX KUILKOCTSIX IIMPOKOT HOMEHKIATYpHU BHPOOIB, BUT'OTOBJICHHS
SIKUX HE TIOBTOPIOETHCSA a00 TTOBTOPIOETHCS Yepe3 HEIMEBHI MPOMIKKH dacy
Ha poOOYMX MICISIX, IO HE MaroTh MeBHOI crerianizamii. Koedimient
3akpituieHHst onepanii K, He pernamenrtyetbcs. Lle o3Hauae, mo Bci
orepauii 3 BUTOTOBJICHHS BHPOOY MOXYTb 3JIIHCHIOBATUCS HAa OJHOMY
poboyomy Micui. POGITHUK BUKOPUCTOBY€E Maiike BUKIIIOUHO YHIBEpCaIbHi
Ta CTaHAAPTHI TEXHIYHE OOJNIaJHAHHs], MPHUCTPOI Ta IHCTPYMEHTH
(Hampuka, JemaTa s 3aKpilICHHs IeTalel, BUKPYTKH, TalKOBI KIIIOUYH
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1 T.11.). YHIBEpCaIbHICTh BUKOHAHHS POOIT BUMarae BiJl poOITHHKA BHCOKOI
kBamidikauii. Kosxauii BUpiO BUTOTOBIAETHCA Maike 1HIAMBIAyaIbHO, TOMY
co0iBapTiCTh TOTOBOI MPOIYKIIii BUCOKA.

Cepitine  6UpOOHUYMBO ~ XapaKTEPU3YETbCS  BHUTOTOBJICHHSM
00MeKeHOI HOMEHKIIATYpy NapTisiMH, SIKi MOBTOPIOIOTBHCS dYepe3 JAesKi
MPOMIXKKH Yacy, a TAKOXK ITUPOKOIO CTIETiai3aIliero poOOUNX MiCIb.

Ta6mums 1.1 - SIkicHi XapaKTepUCTHKH Pi3HUX THITIB BUPOOHHUIITBA

XapakTepHa BupobHunTBO
O3HaKa OJTMHUYHE cepiiiae MacoBe
IToBTOpPIOBAHICTH besmepepBHMit
BUPOOHUIITBA BincyTus [Nepionnuna BUITYyCK OJTHUX
naprii 1 THX XKe
BHPOOIB
[upoke
VHiBepcanbHe, | BUKOPUCTaHHS
TexuHosoriuge VYHiBepcabHE | YaCTKOBO crneniajibHOro
oOyaHaHHS crerfianizoBaHe i | oOMagHaHHS Ta
creriajibHe aBTOMATUYHUX
JHIT
CrerianpHi CreriajibHi,
[Tpuctpoi [lepeBaxxHo MIepeHaaro/XKy- | 9acTo TiCHO
yHIBepcajibHe | BaHi OB’ si3aHi 3
o0 THaHHSIM
IHCcTpy™MEHT VYuiBepcanbuuil | YHiBepcanbHUN [lepeBaxkHO
Ta CIeliaJIbHuN cIieliaJbHu
Huspxka (ane
NPY HasIBHOCTI
Kgamidixkartis Bucoka Pizna BHUCOKOKBAJTi-
pOOITHHKIB (ikoBaHUX Ha-
JIaroJHKyBallb-
HHKIB)
Co0iBapTicTh
TOTOBOI Bucoxka Cepenns Hatinnxua
OPOJIYKITT
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3ayie)XHO Bim YWCTa BUPOOIB y MmapTii 1 3HadeHHS KoedimieHTa
3akpituieHHst onepanii  K;, po3pisHiolOTh ApiOHO-, cepenHbO- Ta
KpyIHOcepiiiHe BUpoOHUITBO. BBaxkaetbes, mo 20 < K3.0<40 Bimnosiga
npidHocepiiiHoMy BupoOHUITBY, 1 0 <K< 20 — cepenubocepiiiHoMy i
1< K;,0< 10 — kpynnocepiitnomy. [Ipy BuUKOHAHHI POOIT BAKOPHCTOBYETHCS
He TITBKW yHIBepcaJbHE OOJNIaTHAHHA, ajie ¥ CIieliati30BaHe Ta Take, IO
MOJKE TIePEHANIAaro[)KyBaTUCS TIPY TIEPEXO/Ii O BUTOTOBIICHHS 1HIIOI MApTii
BHPOOIB.

VY cepiitHOMy BUpOOHHIITBI cepeaHst KBamidikailis poOiTHUKIB HIDKYE,
HiXK B OIMHUYHOMY BHPOOHHIITBI.

Macose 6upodHuymeo XapakTepru3y€eThCs BETUKUM 00CATOM BUITYCKY
OPOAYKIi, sIKa Oe3MepepBHO BUTOTOBISETHCS TPUBAIUM Yac, MPOTATOM
SKOTO Ha OIBIIOCTI poOOYMX MICIh BUKOHYETHCS OJHA poOoda omeparis
(Kse = 1. Y MacoBoMy BHPOOHHMLTBI  BHKOPUCTOBYETHCS
BHCOKOTIPOTYKTHBHE OOJIafJHAHHS: CIICIlialIbHI Ta CIeIlialli3oBaHi BepCTaTH,
Bepcratn 3 UIIK, aBtomatwuni miHii. [IIupoko BUKOPHUCTOBYETHCA
CHeIiabHUN pi3aNbHAN 1HCTPYMEHT, MIBHUAKOJIIOYl aBTOMAaTHYHI abo
MEXaHi30BaHI TPUCTPOI, BUMIPIOBAIBHI IHCTpyMeHTH Tomo. Jlns
TEXHOJIOTIYHUX TPOLECIB XapakTepHUH BHCOKUI pPIBEHb BHUKOPHCTaHHS
aBTOMAaTHU3allil Ta KOMIUIEKCHOI MeXaHi3ari.

Jiss BUKOHAHHS TakKuX pOOIT HE TMOTPIOHWI BUCOKHH piBEHb
kBajidikamii poOiTHUKIB. Ase 100 BCi i CHCTEMH aBTOMAaTHYHOTO
o0JaTHaHHS MPAIFOBAIH, HEOOXiTHI KBaTiPiKOBaHI HANATO[KYBaIbHHUKH,
TEXHOJIOTH-TIpOrpaMicTH. BapTicTh oOnagHaHHS, IO BHKOPUCTOBYETHCS,
JIOCHTB BHCOKA, aJie, PO3KJIa1al0uHCh Ha BEITMKY KUTbKICTh BUPOOIB, BOHA A€
HU3bKY COOIBapTICTh KiHIEBOI ITPOTYKIIi].

THUIOBUM ISl MAacOBOTO BUPOOHHUITBA € e(peKTHBHE BUKOPHCTAHHS
TaKTy BUPOOHHWITBA NMPH BHKOHAHHI CKJIaJallbHUX POOIT Ha KOHBeepi. 3
onHOTO OOKy, Oa)kaHO BENUYMHY TaKTy BHUPOOHHWIITBA MIHIMAIBHOIO,
OCKIJTbKM BOHA BH3HAa4aTUME MPOJYKTHBHICTH CKJIaJaHHs. 3 1HIIOrO OOKY,
BUPOOHHUK 3a Yac TaKTy MOBMHEH BCTUTHYTH BMKOHATH BCi MOKJIAJAEHI Ha
HbOro omepauii. | meil wac, exuHMil Ui BCHOIO KOHBEEPA, ITOBHUHEH
3a0€3MeYUTH SIKICHE BUKOHAHHSI POOIT Ha BCIX POOOYMX MICIISIX.
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1.3 ®opmu opranizanii BUpoOHHIITBA

Bin mpaBunbHOi oOpranizamii BHPOOHHYOTO TPOLECY 3aJiekKaTb
pe3ynbTaTd  BUPOOHHYO-TOCIONAPCHKOI  MISIIBHOCTI  MIiANPUEMCTBA,
€KOHOMIYHi MOKa3HUKH HOTO poOOTH: COOIBapTiCTh MPOAYKIII, NPpUOYTOK Ta
peHTabeTbHICTh BUPOOHHIITBA.

®dopmu 1 METOIM OpraHi3amii TEXHOJIOTIYHUX MPOIIECIB 3aJIeKATh BiJ
YCTAaHOBJICHOTO  TOPSIIKY ~ BHKOHAHHA  ONEpaliif,  po3TalryBaHHS
TEXHOJIOTIYHOTO 00JaJHaHHS, KUTBKOCTI BUPOOIB 1 HAMPSIMKY iX pyXy IpH
BUTOTOBIIEHHI.  3rifHO 3  YMHHUMH  CTaHAApTaMHd  Hap@dJacTimie
BUKOPUCTOBYIOTBCSI Taki (GOpMH oOpraHizalii BHpPOOHHITBA: TPYIOBA,
HOTOKOBA i cTana [4].

Ipynosa ¢opma opranizaiii BHUPOOHHMIITBA XapaKTEPU3YETHCS
€THICTIO 3ac00iB TEXHOJOTIYHOTO OCHAIICHHS 1 Cremiani3amielo poOounx
Mmiciie. [lpu3HaueHa pAns BUTOTOBIEHHS Tpym BHPOOIB 3  PI3HUMH
KOHCTPYKTHBHUMH, aJie CITUIBHUMH TEXHOJIOTIYHMUMH oO3Hakamu. [lpum
rpynoBii  ¢opmi opraizamii BHpOOHWIITBAa OONAgHAHHA B IIEXy
PO3TAIIOBYIOTH 32 HOTO TUIIAMH, i BUPOOU PI3HHUX TPYIT BUTOTOBISIOTH Ha
pizHux ninsHkax. Hanpuknaz, y nexy MoXyTb iICHYBaTh OKpeMi JUTSTHKH A1
(dpesepyBanns 1 nutipyBanus. Ha HUX 30cepemkeHi BiIIOBIIHI BEPCTATH.
ITepexiy BiJi BATOTOBJICHHS OHOTO BUPOOY 0 1HIIIOTO 3BOJAUTHLCS JI0 3aMiHU
BIiJIMIOBITHOT OCHACTKH BEPCTATIB.

Ilomoxosa ¢popma opraHizaiii BHPOOHHIITBA  XapaKTEPH3YETHCS
CIIEITialli3alie€l0 KOXHOTO POOOYOro MicIs, Y3ro/DKEHHM Ta PUTMIYHHM
BUKOHAHHSAM YCiX OIlepamiii TEXHOJIOTIYHOTrO IPOIeCY Ha OCHOBI TaKTy
BUPOOHUIITBA, PO3MIIIEHHSAM pPOOOYMX MICIlb Y TIOCTiJIOBHOCTI, fKa
BIiJINIOB1/Ia€ TIOCITiIOBHOCTI BUKOHAHHS TEXHOJIOTIYHHUX OTEPAIIii.

Bona peaiizyerbcss y BUIJISAI MOTOKOBOI JIiHIT HAa OJHINM JIBHHMIII
nexy. IlorokoBi JiHIi XapakTepHi [uis CcepiiHOro BUPOOHHITBA i
BUKOPUCTOBYIOTHCS IIPH BUTOTOBJIEHHI KOHCTPYKTUBHO OJM3BKUX BUPOOIB
3 BIANOBIAHUMH TNEPEHANArOKyBaHHSAMH OOJIaJHAHHA Ta OCHAIIECHHS.
30kpeMa, Taki MOTOKOBI JiHII YacTO BUKOPHCTOBYIOTbCA Yy LeXax
aBTOMOO1IEOy/NiBHUX 3aBOJIB. Y IUX L€XaX, MOXKYTb BHUKOPHUCTOBYBATHCS
Pi3HI BUIM TPAHCHOPTHHUX 3aC001B, HAIPUKIIAA, KOHBEEPU ab0 POJIbIAHTH.
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Slkmio Ha TOTOKOBIM JIiHIT BCi MPOIECH aBTOMATH30BaHi, TO BOHA
HAa3UBAETHCS aBTOMAaTHYHOIO.

Cmanum 6upobHuymeom HAZUBAETHCS BUPOOHHUIITBO BHPOOIB 3a
OCTAaTOYHO BIANPAIbOBAHOK KOHCTPYKTOPCHKOIO 1  TEXHOJOTIYHOIO
JIOKYMEHTAIII€10.

OCHOBHMM MPHHIUIIOM paliOHATBFHOI OpraHizamii BHPOOHHYOTO
MpoIIeCy € creriamizalis podounx Micue. Creyianizayisi — ogHa 3 GopM
NOJTy Tpalli, sKa ToJIArae y TOMY, IO MiAIPUEMCTBO B HijoMy abo Horo
OKpEeMi IMiIPO3/iIk Ta POOOYi MICIIsI BUTOTOBIISIOTH MPOAYKIIKD 00MEKEHOT
HOMEHKJIATYPH. CkopoueHHS  HOMEHKJIATYpH  HPOAYKIil,  sKa
BUTOTOBIIIETHCS HA KOKHOMY POOOYOMY MiCIIi, y TIeXy 1 Ha 3aBO/Ii, BEIE 110
30INBIIEHHST BUITYCKYy OJHOMMEHHOI TMPOAYKIii, 10 IOKpameHHs
€KOHOMIYHHMX TIOKa3HHWKIB 3a pPaxXyHOK BUKOPHUCTAHHSA CIEI[iaIbHOTO i
MPOAYKTUBHIIIOTO 0OJaJHAHHs, MIiABUINCHHSA CTYICHs MexaHizalii W
aBTOMATH3allli BCIX MpOIIeCiB, HAOYTTs pOOITHUKAMU BHCOKOI KBasi(hikaiii
y po0OTi, M0 BOHM BUKOHYIOTH, IOKpAIIEHHS OpraHizamii mpaimi TOIIO.
3MEHIICHHIO HOMEHKJIATYpPH TPOAYKIii, fKa BHUITyCKA€THCS, CIPHSIOTH
CTaHIapTH3alisl, HOpMaii3amis W yHidikamis BHpoOiB Ta iX CKIQJOBUX
YaCTHH.
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2 B3AEMO3AMIHHICTS I SIKICTh TPOMHACJIOBOI
MPOJIYKIIT

2.1 B3aemo3aMiHHiCTh, OCHOBHI IIOHATTSI

3a yMOB Cy4acHOT'0 KPYITHOCEPIMHOT0 1 MACOBOTO BUPOOHUIITBA iCHYE
HEOOXiHICTh, MI00 HE3aJeKHO BUTOTOBJIEHI AETaii, BY3JIM YW arperaTtd
MOYKHa 0yJI0 BUKOPUCTOBYBATH Ha OyIb —IKOMY IiATIPHEMCTBI, TPH PEMOHTI
abo B ekciulyarauii 6e3 JOAAaTKOBOTO MONepenHboro oopoOmeHHs. s
BOTO IIi BUpOOW MTOBHHHI Bi/IIIOBIIaTH TIEBHUM 3a3aJIETi/[b BCTAHOBICHIM
HOpMaM 1 cTaHAapTaMm, IO CTBOPIOIOTH MOXIIMBOCTI [T B3a€MO3aMiHHOCTI.

Bzaemozaminnicmio Hazugacmvcsi npuOAmMHicms  00HO20 BUPOOY
BUKOHY8AMU 3aMicmb [HW020 OO0HI U mi dc cami QyHKyii (sumocu) Oe3
DPe2y08anHs i NPUNACO8Y8AHHSL.

B3aemo3aMiHHICTh Oyjia HEMOXJIMBA 332 YMOB 1HIUBIAYaJIbHOIO abo
1IEXOBOro BUpOOHHUIITBA. [lepexim g0 MacoBoro BHUpPOOHHUITBA OyB OH
HEMOXHBHM 0Oe3 ypaxyBaHHS B3aeMmo3aMiHHocTi. Kpim Toro, BoHa
MOJICTIIYE EKCIUTyaTallif0 MalliH 1 MpUiIaAiB Ta iXHiH PEeMOHT, OCKLIbKH
3HOmEeHa abo MmojamaHa JieTalb MOke OyTH 3amiHeHa Oe3 IMOTipIIeHHs
eKCIUTyaTallifHUX BIACTHBOCTEW IHIIOK, 3a3aJIErilb IMiATOTOBIECHOK. Y
TaKOMY BHUIIQJKy PEMOHT JIETKO 3BOJUTHCS JIO MPOCTOi i MIBUAKOI 3aMiHU
3i1ICOBaHOI ZieTajll Ha IHIIY, SIKa TIOBHICTIO BIAMOBIa€ 3aMiHIOBaHiH 3a BCiMa
napaMeTpamu.

B3aemMo3aMiHHICTh - II€ MPUHIKAIT KOHCTPYIOBaHHS, BUPOOHUIITBA 1
eKcrutyaranii BHpOOiB, AKkHMW 3a0e3lmedye MOXJIMBICTh CKJIanaHHs (abo
3aMiHU TP PEMOHTI) HE3aJe)KHO BHTOTOBIICHHH JleTajiei 1 By3JiB, IO
criony4aroThes [1]. BoHa IpyHTY€EThCS Ha BUCOKIiM TEXHOJIOTIYHIN KyJIbTYPI,
MOYMHAKYM BiJ 3aroTOBOK JeTajiei, uepe3 MeXaHiuHe OOpOOJICHHS 1 10
OCTAaTOYHOr0 CKJanaHHs BUpoOy. Jlis 3arotoBok i HamiBhaOpUKaTIB Iie
03HaYa€ TOYHICTh 33/IaHMX XIMIYHOTO CKIIaay, MEXaHIYHUX, (QI3WYHHX i
XiMigyHUX BiactuBocTedl [6]. OOpoOneHHS pi3aHHSAM Mae 3a0e3NeyuTH
TOYHICTh PO3MIpIB 1 (JOPM 3TiJIHO 3 BUMOTaMU KOHCTPYKTOPA, a CKIIaJJaHHs
— (yHKIIOHANBHY BIAMOBIMHICTE CKJIAJEHOTO BHPOOY TEXHIYHOMY
3aBJIaHHIO HA BUPIO.

Y cydyacHOMy MamMHOOYAyBaHHI B3a€MO3aMiHHICTh € OJHIEIO 3
TOJIOBHHMX TIEPEAYMOB OpraHisallii MacoBOro BHpPOOHHUIITBA. 3a LIUX YMOB
POOITHUK IpH CKJaJaHHI BUPOOY BHKOHYE 32 BCTAHOBJICHHH HEBEJMKHH
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NPOMIDKOK 4acy (TakT BUPOOHHUIITBA) MEBHY KiJbKICTh omepariii. Bucoka
TOYHICTH 1 Y3TO/KEHICTh MPH iX BUKOHAHHI MOXKe OyTH MOCATHYTA JIHUIIE Y
BUIAJKy, KOJIM HEOOXigHI Uil CKJIaJaHHSd JeTajli He BHMaramTh
JOJaTKOBOTO 00pOOIEHHS — peryIOBaHHS, IPUIACYBaHHS YU JOOUPAHHS.

IIpm pemoHTI MamMH B3aeMO3aMiHHICTE HaOyBae OCOOIHMBOTO
3HAUCHHS, OCKUIBKH 3aliBUI 9ac MPOCTOI0 HAa BUTOTOBJIEHHS HOBOI JeTali
BUKJIMKAa€ JOAATKOBI BUTpaTh dYacy 1 KomrTiB. HaromicTe HasBHiCTBH
3allacCHUX B3a€EMO3aMIHHUX JeTaneil 3abesledye I[IBUAKE YCYHEHHs
HETIOJIa 0K.

BukopucTaHHs NPHHOUIYY B3a€MO3aMIiHHOCTI JIa€ MOXJIMBICTH Yy
HIMPOKKX MaciuTadax 3/iMCHIOBATH CHeliaii3amilo 1 KOoOoMepyBaHHS
MiAIPUEMCTB, IO Ja€ BEIUKY EKOHOMIIO TMpari 1 KOIITIB 3aBISKH
3aCTOCYBaHHIO Ha CIICI[ialli30BaHUX BUPOOHHIITBAX YW PEMOHTHHX
HiANPHUEMCTBAX  MPOAYKTHBHIINIOTO  BHCOKOTOYHOTO  TEXHOJIOTIYHOTO
oOnamHaHHS, KOMIUIEKCHOI MeXaHi3amii Ta aBTOMaTH3allii BHUPOOHHYUX
TIPOIIECIB.

2.2 Buau B3aemo3aMinHocTeid

B3aemo3aMiHHICTh MOXe OyTH MOBHOIO i HEMOBHOK (0OMEXEHOIO,
yacTkoBom) [1, 4].

llosna 638acmoszaminnicms BUMarae, mo0 BCi TeOMETpPUYHI
MeXaHI4Hi, eIEeKTPUYHI Ta 1HIIII TOKa3HUKH BIACTHBOCTEH JeTanei Ta By3IliB
BUTPUMYBAJIHCS 3 TOYHICTIO, SKa J03BOJISIE MPOBOJWTH CKiafaHHs (abo
3aMiHy TP PEMOHTI) JIeTaJei 1 By3JiB, IO CIIOIYYIYIOThCS, 0€3 JOAaTKOBOTO
ix o0poOsieHHs abo migdopy s 3a0e3ledeHHs HEOOXIJIHOT TOYHOCTI
CKJIaJJaHHs 1 30€pPeKEeHHS Y 3aJJaHUX MEXaxX ONTUMAaIIbHUX eKCILTyaTaiiHuX
XapaKTEePUCTHK JUIS BCIX OJHOPIMHUX BY3JIIB 1 MaIlIiH.

IloBHa B3aeMO3aMiHHICTP Ma€ IITy HU3KY MepeBar Mpu CKIAIaHHi,
eKkcrutyaraiii Ta peMoHTi. CIIpoIIy€eThCS caM Mpolec CKIaiaHHsl, HOTo MOXe
BUKOHYBAaTH pOOITHUK HEBUCOKOI kBamidikamii. Ha koxHOMYy poGodomy
MiCIIi MOXKHa CTBOPUTH KOMIUIEKT CIELiaIbHUX 1HCTPYMEHTIB 1 MPUCTPOIB,
K1 3a0€31euyBaTUMYTh HIBUKICTD 1 €eKTUBHICTh BUKOHAHHS HEOOX1THUX
omnepaiiiii. [Iporec ckiiagaHHs MOXHA JIETKO pO30MTH Ha MEBHI €JICMEHTHU B
yaci 1 opraHiyBaTH NOTOYHEe BHpPOOHHUITBO. [loBHa B3a€MO3aMiHHICTh
CTBOPIOE UIMPOKI MOKJIMBOCTI Il BUKOPHCTAHHS CIENiali30BaHUX
BUPOOHUIITB, CIIPOIIYE PEMOHT MAaIlIMH 1 MEXaHi3MiB.
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Henosna 63aemosaminnicns BUKOPUCTOBYETBCS TPU TPYHOBOMY
migbopi geraneil (celmeKTHMBHE CKIAAaHHA) a00 TpH 3acTOCyBaHHI
KOMIIEHCATOpiB (METO peryntoBaHHsA). B 000X BHIIajKax CKIaaoBi aeTai
BUTOTOBIIAIOTHCS. 3 MEHIIOK TOYHicTIO. [Ipu rpymoBomy migbopi st
3a0e3meyeHHst HeoOXiqHOI TOYHOCTI CKIIQAaHHSA MPOBOJUTHCS COPTYBaHHS
JieTaei, 0 BUKOPHCTOBYIOTHCS, HA OAHOTHUITHI TPYIH y MEXaxX MEHIIOTO
JOMYCKY 1 THM CaMUM KOMIIEHCYBaTH MEHIL BUMOTH IIPH X BUTOTOBJICHHI.

3acTocyBaHHS HENOBHOI B3a€EMO3aMIiHHOCTI JIO3BOJISIE OTPUMATH
TOYHI CITOJIy9EHHS MTPY BUKOPUCTAHHI MPOCTIMINX 1 ACMIEBIINX TEXHOJIOTIH
BUTOTOBJICHHS JIeTalel. AJie NmpH LbOMY 30UIBIIYETHCS TPYIOMICTKICTB
CKJIaJaHHs 1 KOHTPOIIIO BY3MiB 1 BUPOOIB, 301JbIIYETHCS HE3aBEPIICHE
BUPOOHUIITBO, 3BY)KYEThCS MOMIIHMBICTh ITOCTAYaHHS 3allaCHUX JeTalell i
BY3JiB.

Po3pi3HsAIOTE  TakoX  B3a€MO3aMiHHICTH 32 TEOMETPHYHHMHU
napaMeTpaMmH AeTanei i QyHKI[IOHAIbHY.

B3aeMO3aMiHHICTE 3a 2eomempuuHuMU napamempamu Oemanell
nependadac B3a€MO3aMiHHICTH 32 po3MipamH, (QOPMOIO, B3aEMHHUM
po3TalllyBaHHIM ITOBEPXOHb 1 OCEH JieTaiel Ta MOPCTKICTIO X TOBEPXOHb.

Slkmo merans 3aifHsANIA CBOE MicIle y MalluHi (By3IIi 9u arperari) 6e3
JIOJTATKOBUX OIepalliii oOpoOIeHHS YK MPHUIIACYBaHHS Iie HE O3HAYae, 110
BOHA B3a€EMO3aMiHHA 3 JIAHOK JICTAJUIIO, Ky BOHA 3amiHuna. Jletanb Oyze
BBa)KATHCS B3a€MO3aMIHHOIO, SIKIIIO BOHA HE JIMINE 3aifHsUIa CBOE MiCIe y
BY3Ji, a IIe # BUKOHYE CBOI (DYHKIIi1 BiAMTOBITHO 10 TEXHIYHUX BUMOT.

QDYHKYIOHANbHA 83AEMO3AMIHHICIb TIONSTAaE Y TOMY, IO JI€Tallb
(By30u1) KpiM TOTO, 1110 3aliHsJIa CBOE Miclle B MaIllMHI 0€3 MpHUIIaCyBaHHS Y1
PETYIIOBaHHS, MOK€ BUKOHYBATH CBOi (DYHKIIIT BiMOBIIHO JO TEXHIYHHUX
BUMOT.

Hanpukinaz, B3aemo3aminHe 3y0dacTe KOJI€CO, 3aliHABIIM CBOE MiCIIi
y MEXaHi3Mi, TIOBHHHO Iepe/aBaTh 3aaHuii 00epTOBUI MOMEHT, MaTH Y
34eIUIeHH] 3 1HIIMM 3y04acTUM KOJIEeCOM 33/IaHe MepelaTOuHe BiTHOIICHHS
1 BOJIOJIITH JIOCTATHIM TEXHIYHUM PECYPCOM.

B3aemo3amiHHOCTI 32 TEOMETPUYHMMH  TapaMeTpamu i
(yHKUiOHaNbHA €  B3a€MONOB’s3aHMMM. llepmr  HIX — JOCATHYTH
(byHKIIOHATBHOT B32€MO3aMiHHOCTI, HEOOX1THO 3a0e3MmeYnTr
B3a€MO3aMiHHICTh 32 TEOMETPUYHUMH IapaMeTpamMu. Bzaemo3amiHHOCTI 32
reoMEeTPUYHUMH HapaMeTpamMu 3a0e3reuye 3’ €JHyBaHHA JeTanel y By3i, a
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(yHKIIOHaTbHA B3a€MO3aMiHHICTh 3a0e3leuye €KOHOMIYHO ONTHUMaJbHE
(hyHKITIOHYBaHHS BY3JIiB 1 arperaTiB 3a CBOIM IIPU3HAYCHHSM.

Jns ckimaganbHUX BY3IiB UM arperariB, AKi y CBOIO Yepry BXOISTH 110
CKkiagy OifMbIIMX MAallWH, PO3PI3HIOITh BHYTPIIIHIO 1  30BHIIIHIO
B3a€MO3aMiHHICTb.

Buympiwma 63aemozaminnicmy BU3HAYAETHCS TOUYHICTIO PO3MIpiB
Jetaneld, AKi BXOASATh [0 CKIaJalIbHUX OAMHUIL YH BY3JiB, IO
BUTOTOBIIAIOTHCS. Ha JAaHOMY BHpOOHMUTBI. Hampuxman, e moxe Oytn
B3a€MO3aMIiHHICTh KyJNbOK UM POJHUKIB y MiIIMIMIHAKAX KOYEHHS,
BHYTPIIIHIX JeTajiei aBiaBUTYHIB, KOpOOOK mepeaay TOIIO.

3osHiwns 63aemo3aminnicms BU3HAYAETBCS po3Mipamu i Gopmoro
NPUEIHYBAJIBHUX IIOBEPXOHb BY3IIB UM arperatiB Ta iX OCHOBHHMH
eKCIDTyaTallitHIMHA MTOKa3HUKAMHU. 30BHIITHA B3a€MO3aMiHHICTb
€JIEKTPO/IBUT'YHA JI03BOJISIE 3aMIHUTH JIBUTYH, SIKH, HAIIPUKJIa]l, BUHILIOB 3
Jaay y TpalbHIA MalinHi, OCKIIBKH BiH CITIBIANa€ i3 3aMiHIOBAaHHM 3a
MIPHUETHYBATHLHIMH PO3MipaMHU, TOTYKHICTIO, YACTOTOK 00EpTaHHS TOIIO.

30BHIIIHS  B3a€EMO3aMIiHHICTH Ma€ BAXJIMBE 3HAUCHHA MpH
KOOIEpyBaHHI BUPOOHHIITB.

2.2 SIxicTh MpPOMUCJI0BOI MPOAYKIIiL

Axicmb npodykuii — cyxkynuicme enacmusocmeti npooyKyii, wo
00YyMOGIIOIOMb i NPUOAMHICMb 3A0080JIbHAMU NEGHI NOMpedU GIONOBIOHO
00 ii npuzHayenHs.

SIKiCTP  BIZHOCHTBCS O YHCIA HAWBAXIIMBIMIMX ITOKa3HHUKIB
nmisobHOCTI srommHU. [IpoGmema 3abesredeHHs 1 TiABUINEHHS SKOCTI
NPOAYKII  aKkTyajdbHa JUisi BCIX  MmMAOPUEMCTB. [IOHATTS  SIKOCTI
Oararomapose. [1ix HUM po3yMIIOTh 1 SIKICTh MiANPHEMCTBA, TIOB’sI3aHY 13
3a0e3MeYeHHsIM OPTaHi3aliifHO-TEXHOJIOTIYHOr0 pIiBHSI BHPOOHUITBA, 1
AKICTh POOOTH, IO BKIIIOYAE CUCTEMY NPUHHATTA PillICHb, KOHTPOJIb SKOCTI
Ha BUPOOHMIITBI 1 T.I., @ TAKOXK BPEIITI - BJIACHE SKICTh MPOAYKIIii, 1110 €
HACJI{IKOM SIKOCT1 pOOOTH BCHOTO MiANPUEMCTBA.

Bynp-sike BUpOOHUITBO BKJIIOYAE IMeBHI (yHKUIi, CIpsAMOBaHI Ha
JOCSTHEHHSI TTOCTABIICHHUX 3aBJIaHb y Tany3i sikocti. LI 3aadi BUpINIyrOThCS
HUIIXOM  KOHTPOJIIO SIKOCTI Ta HACTYITHOTO PEryJIIOBaHHS HasBHUX
TEXHOJIOTIYHUX POLECIB.
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SlkicTh BHU3HAYAETHCS €0 BUIMAJAKOBHX 1 Cy0’€KTHBHHUX YMHHUKIB.
Jlns KOHTPOJIIO 32 HUMH 1 TOTIEPE/DKCHHS BIUIMBY HETAaTUBHHUX YMHHUKIB
CITy’aTh Pi3HI CHCTEMH yNPaBIIHHS SKICTIO. BilCyTHICTH Ha MiANPHUEMCTBI
NPOJYMaHOi CUCTEMH YIPABIiHHS SKICTIO 1 €DEKTUBHOTO KOHTPOIIIO SKOCTI
K 11 CKIIaI0BO1 €, K TPaBWIIO, IPUYMHOIO 3aHETA Ay 1 HaBiTh Kpaxy TaKoro
i IIPHUEMCTBA.

Ho sxocti mpoxmykuii cTaBiATBbCA TEBHI BHMOrM. Bumorum 1o
MPOAYKIIT — 11 YMOBH Ta 0COOJMBOCTI, IKHM MAlOTh BiJIIIOBiIaTH BUPOOU.
Bonu 3 yacoM MOy Th 3MIHIOBATHCA 31 3MIHOIO CYCITUTBHUX ITOTPEO 1 BUMOT
Ha PUHKY aHAIOTIYHOI MPOAYKIII.

BuMorn moOAiNSIOTECS HAa HOMOYHI, IO TPEI SBISIOTHCS 0
MPOAYKIi, SKa BHUIIYCKA€ThCS HHHI, 1 OOTPYHTOBaHI MOMIIMBOCTSIMH
BUPOOHUIITBA Ta XapaKTEPOM IIOTUTY, i nePCHeKmMUBHI, K1 PO3POOISIOTHCS
Ha MiJCTaBi TPOTHO3IB BUKOPUCTAHHS HOBHUX BH[IB CHPOBHHH, HOBHX
TEeXHIYHUX ie# i MeToniB BUpoOHUIITBA. [10TOUHI i TepCIEKTHBHI BUMOTH
MOXYTh  pErJIaMEHTYBaTHCS CTaHAapTaMH. llepcrieKTHBHI  BUMOTH
BCTaHOBIIIOIOTh Ha OCHOBI (yHAaMEHTAJIbHHUX 1 MPUKIATHUX HAYKOBHX
JOCHIDKEHB. 3r0I0M TMEPCIIEKTUBHI BUMOTH CTalOTh MOTOYHUMH, a 3aMiCTh
HUX 3 ABIISIIOTBCS BHMOTU BHUIIOTO DiBHS, IO 3abe3meuye Oe3mepepBHE
BJIOCKOHAJICHHS MPOAYKIIii.

{06 3a70BiTBLHUTH OCTaHHIO BUMOTY, BUPOOHHIITBY Tpeba MUILHO
CIIIIKYBaTH 3a CTAaHOM KOHKYpPEHIi Ha BIAMOBIIHOMY PHHKY, HOBUHKaMHU
TEXHOJIOTiH 1 oOnmagHaHHA. .Buryckarounm Oyab-sKy MPOIYKINIO, 3aBXKIU
Tpeba qUBHUTHUCS y MalOyTHE, 60 MPOIYKIlisSi 3 MOMEHTY BUXOJy Ha PHHOK
IIBUJIKO 3aCTapiBae.

3a0e3neueHHsT SIKOCTI TPOMHCIIOBOT MPOAYKIIl TMOYMHAETHCA 3
PO3pO0JISTHHS HOBOI KOHCTPYKII BUPOOY, IO mependadae po3poOIsHHs 1
BCTaHOBJICHHS BUMOT JI0 SIKOCTi Ta TEXHIYHOTO PiBHS MaiOyTHBOT MTPOYKIIii
(y Tomy umcnmi ¥ 3 ypaxyBaHHSM MOJIMBOI B32€MO3aMiHHOCTI JESKUX
Jeraineit). 3a IMMU BUMOTaMU Tiepe0adaeThes po3poOisiHHs €(heKTHBHOTO
TEXHOJIOTIYHOTO MpPOLECYy BHUTOTOBJICHHA BHPOOy. 3riTHO 3 HHM BCi
CHUPOBHHHI MaTepiany, HamiBhaOpUKaTH 1 KOMIDICKTYBaJIbHI €IeMEHTH, sIKi
HAJAXOIATh Ha MIANPHUEMCTBO, IIJJIAIOThCS BXIJHOMY KOHTPOJIO. 3a
TEXHOJIOTIYHMUM  MpPOIIECOM Ha  PoOOYMX  MICHSX  MPOBOIUTHCS
MOOTepaniiHii KOHTPOIb KOXKHOI BHrOTOBIIEHOT Jerani. Crocobamu
NOOTEPaLiiHOr0 KOHTPOJIIO MOXKYTh OYTH Bi3yaJIbHHI OTJISIA, BUMiPIOBaHHS
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po3MmipiB, JabopaTOpHUI aHaNi3, MEXaHI4YHI BUMPOOYBaHHS, KOHTPOJIb 3a
JOTPUMaHHAM BUMOT TEXHOJIOTIYHOTO MPOLECY Ta iH.

loToBuii BupiO MigAaeTbCs BUXIAHOMY KOHTPOJIO, SKUH MOXe
ckiagatucs 3 Takux eramiB. CHowaTky TepeBipseThCsl MEepBHHHA
npane3faTHicTh BUpoOy: 3MaTHICTh BUKOHYBAaTH €JEMEHTH PYXiB 3a CBOIM
npu3HadeHHAM. [lami mepeBipsaeThCs, YU BIAMOBITAE BHPIO 3aIlUTAHOBAHUM
TEeXHIYHUM mapamerpaM. Hampuxman, Oyap-aKuil aBiaABUTYH MPOXOAUTH
BUIIPOOYBaHHS, Ha IKOMY MIEPEBIPAETHCS, UM BiJIMOBIIA€ HOTO MOTYKHICTH 1
BUTPATH MajMBa HA PI3HUX pEeKUMaxX BHU3HAYEHHM XapaKTEPHCTHKAM
IBUTYHA. Y [IeSKAX BHIAJKaX OKpeMi BHPOOHW TMPOXOIATh TpUBANi
BUTNIPOOYBaHHS JUIS MiATBEPPKEHHS FapaHTOBAHOTO Yacy eKCILTyaTarlii.
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3 OCHOBHI KOHCTPYKIINHI MATEPIAJIH, IX
BYJIOBA I BTACTUBOCTI

3.1 Knacugikanis KOHCTPYKIIHHUX MaTepiaiiB

[lepenik KOHCTPYKUIHHMX MaTepialiB, SKi 3aCTOCOBYIOTBCS Y
Cy4acHOMY BHUPOOHHITBI, AyK€ BEIHMKUH, 1 KIaCH(iKyIOTh 3a pi3HUMHU
O3HaKaMU.

Ileprm 3a Bce BCIO CYKYITHICTh KOHCTPYKIIIHHUX MaTepialiB MOXHa
PO3AUINTH HA JBI BEJIMKI IPyIu: MeTaau 1 HeMeTain. Ko)kHa 3 HUX BUMarae
CYTTEBOI 10JaTKOBOI Kiacudikaii. KpiM Toro, y TenepimniHiii yac orpumaa
MOIIMPEHHST TPyIa MaTepialliB, sSka 3aiiMae MPOMIKHE CTaHOBHIIE MK
MeTajaMu i HemeTtanamu. Pi3Hi 3a cBOiM CKi1aJjoM 1 OyI0BOIO, BOHU MOXKYTh
MICTHTH Y CBOEMY CKJIaJli OJTHOYACHO 1 METalli, i HeMeTaJleBi peUOBHHHU.

3a 00csATOM BUKOPUCTAHHS Y BUPOOHHUIITBI 0€3yMOBHO JICBOBY YacTKY
3aifMaroTh MeTaau. BOHH y CBOO Yepry MOIIISIOTHCS Ha YOPHI 1 KOJTBOPOBI.
YopHi MeTalIu HAa OCHOBI 3aJTi3a — CTaJli Ta YaBYHH — 1 TYT Ha MEPIIIOMY MICTI.
[IpuanHorO 1IBOTO € iXHI IiHHI (i3WYHI 1 MEXaHIYHI BIACTHUBOCTI, 3HAYHE
MIOIIUPEHHS Yy TIPUPOJIi BUXITHUX PECypcCiB, BITHOCHO MPOCTE ¥ JlemieBe ix
BUPOOHUIITBO.

Cepel KOJILOPOBHX METAJIIB Ha IEpILe MICIE BUXOASATh AJIFOMIHIN 1
TUTaH Ta iXHI CIUIABU 3aBJSIKM TAKUM BaXKJIMBUM BJIACTHBOCTSIM, SIK BUCOKa
MUTOMA MIIHICTh Ta KOPO3iiiHA CTIHKICTb.

OO0csiru BUPOOHUIITBA 1 BUKOPUCTAHHSI HEMETaJIiB 3HAYHO MEHIII, ajie
0e3 iXx 3acrocyBaHHs Oyj0 O HEMOXJIHMBO CTBOPEHHS TaKUX raiy3en
MIPOMUCIIOBOCTI, SIK €IeKTPO-, pajlio-, MpuiIago0y /TyBaHHs, aBiallisi, pakeTHa
TEXHiKa TOIIO.

Jlo MeraneBUX KOHCTPYKIIHHUX MaTepialliB MEBHOK MipOI0 MOXHA
BiJTHECTH TTOPOIIKOBI MaTepiai. binbia 4acTHHa 3 HUM MICTHTb ITOPOIIKH
YUCTHX METAJIB 1 CIuiaBiB. TEXHOJOTT MOPOLIKOBOT METAYPrii JJO3BOJISIOThH
OTPUMAaTH Taki CIUIABM 3 HOBHUMH BKJIMBUMHU BIACTUBOCTSIMH, SIKi
HEMOXKJIMBO OTPUMATH 3BUYAHUMU JIMBADHUMHU METoJaMHM. [Homi y ckian
MOPOIIKOBUX BHPOOIB JIOJIAIOTHCS HEMETAEBI pedoBHHH (TpadiT, TalbK,
KpPEMHiii), 1100 OTpUMaTH TakKi JI0JIaTKOBI BIACTHBOCTI, SIK aHTU(DPHUKITIHHI,
($puKUiliHi, MABUIIEHY €IeKTPONPOBIIHICTD TOLIO.

Komnosuniiini marepianu, sKi HalvacTille BHTOTOBJSIIOTBCS Ha
OCHOBI TIOJTIMEPHOT MaTpPHIli, BAKOPUCTOBYIOTHCSI 3aMIiCTh METAIIIB 1 CIIIABIB,
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TOMY IO JO3BOJSIOTH 3HM3UTH Macy BHpOOiB, 36KOHOMHUTH Ae(ilUTHI
METaJI 1 CTIIaBH, 301TBIIATH TEPMIH CITY>KOU JeTamneil 1 By3iiB, SHU3UTH
co0iBapTIiCTh Ta TPYJOMICTKICTh BUPOOHHIITBA.

3.2 Kpucrasiuna 0yioBa meTtaiiB

Vi MeTamu MaroTh Kpuctaniuny 6ymoBy [10, 12]. Ixns kpucraniuna
Oy/J10Ba XapaKTePU3y€EThCS 3aKOHOMIPHUM PO3TAIllyBaHHSIM aTOMIB. YsIBHA
MPOCTOPOBA MEPEXka, TBOPEHA ATOMAMH METAITy HA3HUBAETHCS KPUCHANIUHOIO
Ipamkoro. HaifgacTimme MeTaaun MaroTh KPHUCTATIUHI ITPATKH HACTYITHHUX
TUMIB: 00’eMHoIeHTpoBaHa KyOiuHa (OLIK), rpaHemeHTpoBaHa KyOidHa
(I'LIK) 1 rekcaronanpHa mmiisHOoynakoana (I'LIY) (puc.3.1).

a - 00’eMHOIIeHTpOBaHA KyOidyHa, O - TpaHEleHTpOBaHa KyOiuHa; B - TeKCaroHanbHa
NIUTPHOYTAKOBaHA

Pucynok 3.1 - Tunu KpucTamivHUX IPaToK

Bararo BnacTuBOCTEH KpUCTaNiB y Pi3HUX KPUCTATIYHUX HANPAMKAX
pizHi. lle moOB’s3aHO 3 HEOJHAKOBOK KIJBKICTh AaTOMIB TIO pi3HUM
HaNpsIMKaM KpUCTaTivHOi rpaTtku. Lle sBullle Ha3UBAETHCS aHIZ0MPONIEI.
30kpeMa TO PI3HHX HANpSIMKax IPOSBISIETHCS aHI3OTPOIisS MIITHOCTI
kpucraiiB. [Ipy HaBaHTa)KEHHI y TPaTIli BUHUKAE KOB3aHHS 110 IUIONIMHAX 3
MaKCHUMaJbHOIO LIUIBHICTIO aTOMiB. Pi3HI IpaTKM MaloTh pi3HY KiIbKIiCTb
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MOJKJIMBHUX TUIOMIMH KOB3aHHS, a OT)Ke W Pi3Hy IutacTuuHicTh. Haitbimpury
KiTbKicTh Takux uiomuH Mae ['T[K-rpatka (12), a Hatimenmry — Y -rpaTka
(6). Tomy wmeramu 3 T'TK-rpatkoro (Hampukiaa, CBHHEIB) J00pY
TUTACTHYHICTS, a 3 'Y -rpaTkoro (Hampukian, TUTaH) — HU3bKY.

[Tpu 3miHi TemmepaTypu ad0 THCKY y HH3LI METaliB BiOYyBa€eThbCs
3MiHa THITy KpUCTaIidHOI IpaTku. Lle sBuIe HA3UBAETBCS nOIMOPPizMOM,
abo anomponiero. PI3HOBHIM OXHOTO W TOTO X MeETAly 3 Pi3HUMH
KPUCTAJTIYHAMH TpAaTKaMH Ha3UBAIOTHCS MoOu@ikayisimu 1 TIO3HAYAIOTHCS
rpeubKuMH OyKBamu o, 3, y 1 T.1I.

PeanpHi MeTaneBi KpHCTAIM HE MAalOTh 1A€aJbHO MPABHILHOIO
po3TalryBaHHsS aTOMiB MO0 BCcboMy 00’eMy BHpoOy. KpiM Toro, Mixk HUMHU
3yCTPIYaEeThCs 3HAUHA KiTBKICTB JIepeKTiB, sIKi 38 TeOMETPUYHIMHU O3HAKAMU
MOJIIJISIFOTHCS. HA TOYKOBI, JIIHINHHI Ta IOBEPXHEBI.

ToukoBi edeKTH MarOTh AyXKe Malli pO3MIpH B YCIX TPhOX HaIPsIMKaX
y TmpocTopi, iXHI pO3MipH HE MEPEeBUIIYIOTh IEKUTBKOX IapaMeTpiB
KPUCTAIIYHOI I'paTKu. PO3pi3HIOIOTH TpH BUAM TOYKOBUX Ie(DEKTiB: BAaKaHCI1,
MIXBY3JIOBI aTOMH 1 aTOMH JOMIIIIOK.

Baxanciero Ha3uBaeTHCS MOPOKHE MicIle, HA IKOMY Y IPpaTIli MaB Ou
OyTu aToM. Ha KOHIIeHTpallito BakaHCiii BIUTUBAE TeMIiepaTypa. Uum Buime
TEeMIIepaTypa MeTajly, TUM Oijiblie BakaHcii. [lepecuueHHs BakaHCIH MOXe
BUHHUKHYTH NIPU PAalITOBOMY OXOJIOJPKEHHI, HANPHUKJIIAJ, IPH FapTyBaHHI.

Mixceysnoeuti amom — 1€ aTroM, SIKMA BHUMILIOB 3 MOJOXKEHHS
piBHOBAry i 3aifHsIB MicIie y TPOCTOPi MIXK CYCITHIMHU aTOMaMHU.

Amomu Oomiwiox 3aMilIalOTh aTOMH OCHOBHOTO METaly y BYy3Jax
KPHCTAIIYHOI IpaTku a00 PO3TAIIOBYIOTHCA MK BY3JIaMH.

HaBkono To4koBUX AedeKTiB KpHUCTaliyHA IpaTka CIIOTBOPIOETHCS,
aJie 1e CyTTEBO HE IMMO3HAYAETHCS HA MEXaHIYHUX BJIACTUBOCTSIX METAIy.

3 TOYKOBUMH Jie()eKTAMH THUIYy HEMETAJIEBUX BKIIOUCHb BEIETHCS
00poThOa MUITXOM €JIEKTPOILIAKOBOTO MEPEILIaBy.

JliniiiHi nedekTH — Oucioxayii — MalTh Mali PO3MIpH y JBOX
HampsIMKax 1 BEJIUKY JOBXHHY Yy TpeTboMy. DakTHYHO Le IUIOIIUHH
JOJATKOBUX AaTOMiB, SIKi «BKJIHMHIIOTBCS» MDK aTOMaMu KpUCTaIidHOI
rpatku. I'ycTuHa qucnokamiii TOMITHO BIJTMBA€ HA MEXaHiYHI BIACTHBOCTI:
npyu  30iTbIIEHHI 3pOCTaE  MIIHICTh 1 3MEHIIYETBCS IJIACTUYHICTS.
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Jucrmokarii MOXYTh B3aEMOJISTH MK co0ot, o0’emHyBatncs abo
BiJIIITOBXYBATHCA.

[lepemimieHHs  OuclOKaliii  COyXUTh OJHMM 3 MeXaHi3MiB
TUTACTHYHOTO JeOPMYBaHHSI.

[ToBepxHeBi nedeKTH Majli B OAHOMY HampsMKY i 3HA4HO OiibLIl Y
JIBOX IHIIIX. BOHU yTBOPIOIOTH TPaHUIll PI3HOOPIEHTOBAHUX OJIOKIB IPaTOK
1 3epeH. ['paHuIii 3epeH MOMITHO BINIMBAIOTh Ha MEXaHIYHI BIACTHBOCTI
MeTaiiB. YuM apiOHIITi 3epHA, TUM BHIIE TUIACTUIHICTD 1 MIITHICTh METATIB.

3.3 MeTaJjeBi criiaBu

Ha mpakTuiii 4YwucTi MeTaau BUKOPHUCTOBYIOTBCSA IIy)KE PIIKO.
3BHYAIHO 3aCTOCOBYIOTHCS CILIABH.

Cnaasamu nazueaiomo peuosuMU, Ki Ymeopiolomuscs npu CnIAGNeHHI
080x i Oinblle eeMenmis.

EnemenTn abo XiMidHI CIIOITyKH, SIKi YTBOPIOIOTH CILIAaB, HA3UBAIOTHCS
komnonenmamu. KOMIOHEHTaMH METaJICBUX CIUIaBiB MOXKYTh OyTH METaJIH,
HEMETAaJH, Ta3u Ta XiMI4HI CIIOTYKH.

KommoHeHTH criiaBy Opu B3aeMoJii y TBEpAOMY CTaHi MOXYTb
YTBOPIOBATH: MEXaHIYHI CyMillli IBOX a00 MEKUTbKOX YHCTHX KOMIIOHEHTIB,
XIMIYHI CITONTYKH 1 TBEPJIi PO3UMHH.

Mexaniuni  cymiwi  yTBOPIOIOTBCS TPH  BEJIHMKIH  PI3HHII Yy
BJIACTHUBOCTSIX KOMIIOHEHTIB IO BXOJAATH y CIUIaB. Y IbOMY BHIAAKH Y
TBEpP/IOMY CTaHI IMMOPYY OKPEMO ICHYIOTh 3€pHa YHCTHX KOMIIOHEHTIB.
IMpuknan: cmiasu Pb-Sn, Pb-Sb Ta in. BrmactuBocTi Takux CIuiaBiB
CTaHOBJIATh KOMIIPOMIC MiX BJIACTUBOCTSMH BHXIJIHUX KOMIIOHEHTIB
3aJIe)KHO Bif[ X CIIBBIIHOIICHHS Yy CILIABI.

Ximiuni cnosyku yTBOPIOIOTHCS TPU XIMIUHINA B3a€EMO/IiT KOMITOHEHTIB.
Haifgacrime yTBOPIOIOTBCSA XIMIUHI CIIOIYKH TPH B3a€MO Jii MeTamiB i
HemetaniB. Hampuknan, xap6igu (FesC), mitpumu (AIN), oxcuan (FeO,
Si0y), Kl MpHUCYTHI y 3ai30BYIIICIIEBUX CIIaBax. MOXJIMBA B3a€MOIIs 1
METAJiB 3 MeTalaMH — YTBOPIOIOThCS iHTepMmeramign tumy CUAly y
JTypaTFOMiHi.
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BractuBocTi  XIMIYHHX —CIHOJYK ICTOTHO BIPI3HSIOTBCS  Bif
BJIACTUBOCTEH BHUXIJHUX KOMIIOHEHTIB. XIMIiYHUM CHOJyKaM BIIACTHBI
HU3bKa IJIACTUYHICTH 1 BUCOKA TBEP/ICTb.

Y meepoomy po3uuni 0JHa 3 KOMIIOHEHT, 1[0 BXOJIUTb OO CKIaIy
CIIaBy, 30epirae CBOI0 KPHUCTAJYHY I'PaTKy, a 1HIIWH y BUTIISAL OKPEMHX
aTOMIB 3aiiMae MICIs y i KPUCTANIYHIN TpaTIIi.

3ane)XHO BiJ pO3TallyBaHHS aTOMIB PO3YMHEHOTO KOMITOHEHTA
PO3PI3HIOIOTh TBEPAl PO3UUHH 3amiujeHHs (ATOMHU 3HAXOASTHCA y BYy3Jax
OCHOBHO{ I'paTKH) 1 TBEP PO3UNHU npoHuKHerHs (ATOMHU 3HAXOIITHCS MK
aTOMaMH MeTaly-pO34iMHHNKA) (puc. 3.2).
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Pucynok 3.2 - KpucraniuHa rpatka TBepIOro po3unHy 3aMilleHHs (a) Ta IpoHUKHEeHHS (0)

Heobmexeni TBepAi pO3YMHM 3aMillleHHs YTBOPIOIOTH METANH 3
HEBEJIMKOIO Pi3HUIICI0 aTOMHUX PaIiycCiB, HAPHUKIIAMI, Milb — 30JI0TO, Mib
— Hikenb. Taki TBepAl pO3UMHH XapaKTEPU3YIOTHCS ITiIBUIIEHOIO TBEPIICTIO,
MIIHICTIO, aJleé 3HIKEHOIO eJIEKTPONPOBIIHICTIO 1 TIacTHYHicTIO. TBepai
PO3YMHH TPOHUKHEHHS YTBOPIOIOTH JIMIIE KOMIIOHEHTH 3 MAaJUMHU
po3Mipamu — HeMeTanu (BYyTJienb, a3oT, 6op). KoHneHTpalis po3unHeHHX
KOMITOHEHTIB y HUX 3aBXI1 0OMeXeHa (HalpuKial, ayCTeHIT — MaKCUMYM
2, 14%C). Ilpu 30inbpLIeHH] KOHLIEHTpaLlii PO3YMHEHOT0 KOMIIOHEHTa Yy HUX
CHJIBHIILIE 3pOCTA€E TBEPAICTh 1 MILHICTh NP MOTIPIIEHH] INIACTUYHOCTI.

3.4 Crani Ta yaByHH

Cmanb — 3anizosy2ieyesuil cniag , akuti micmums He Oinvute 2, 14%
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gyeneyro. lle OCHOBHMII MaTepial OCHOBHHX BHPOOHHYHX TalTy3eH,
HEJIOpPOTHil, BUTOTOBJISETHCS Yy BeNUKiiH Kimbkocti [4, 12]. Crami
KIacu(iKyrOThCs 32 XIMIYHUM CKJIa0M, IPU3HAUEHHSAM, SIKICTIO, CTYIICHEM
PO3KHUCHEHHS.

3a ximiunum cknradom cTaji MOJIUIAIOTHCS Ha BYTJICNEBI Ta JETOBaHi.
Byrueniesi crami, KpiM 3aitiza i ByTJIeno, MOKYTh MICTHTH JIUIIIE TOMIIIIKH.
VY neroBani cTami, KpiM BYTJENIO, BBOISATHCS PI3HOMAaHITHI JETyBalbHI
€JIEMEeHTI, SIKUMH MOXKYTh OyTH MeTalli, HEMETaJI 1 Ta3u.

3a  npusnauenmam  CcTadl TOAUIAIOTECS HAa  KOHCTPYKINHHI,
IHCTpYMEHTAJIbHI Ta CTaMi 31 CHEIiaTbHUMH BIaCTUBOCTAMU. KOHCTPYKIIiiHI
CTaJli — HaWOLIbIIA Tpyma Ccrajel, NpU3HAYeHa I BUTOTOBJICHHS
PI3HOMaHITHUX JeTanei MaIIT{H. IHCTpyMEHTaIBHI craii
BUKOPUCTOBYIOTBCSI JJII BUTOTOBJICHHS Pi3ajibHOTO, BHMipIOBAILHOTO
iHCTpyMeHTIB Ta iHme. CrenianeHi cTam - e Hep)KaBilodi, »KapOoCTiHKi,
3HOCOCTIHKI Ta iHII cTami.

3a axicmio cmani TOAIIAIOTHCS Ha CTall 3BHYAHOI SIKOCTI, SIKICHI Ta
BHCOKOSIKICHI. Pi3HUIIS Mi>K HUIMH JTOCATAETHCS METATypPTiHIMA METOIaMH
3a paXyHOK 3MEHIIIEHHSI BMICTY IITKiUTUBUX JIOMIIIIOK.

3a cmynenem posxucHenHs CTall TOAUIAIOTBCS Ha CIOKIMHI,
HamiBCIoKiiui Ta kumstyi. Criokiiina cTaas SKiCHIIA, aje i KOIITOBHIIIIA.

Ha MexaHi4Hi BTacTHUBOCTI CTaJiel CyTTEBUH IJIMB MA€E BMIiCT
Byruento (puc. 3.3).

KCU, M/t
40 - 16

PucyHok 3.3 - 3ajexHicTh BIaCTHBOCTEH CTaseil BiJl BMICTY BYIJICLO
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Yaeyn — 3anizogyeneyesuil cnias, axuu micmume Oinvwe 2, 14%
gyeneyto i meopemuuno ne oinvue 4,3% eyeneyto. YaByHuU 3HaUHO AEIIEBIL
3a cTajl, MaloTh JOOpi JIMBapHi BIACTHBOCTI, MPOTE HEIUIACTUYHI, HE 3[aTHI
JI0 OOpPOOJICHHS THCKOM.

3a CTPYKTYpOIO YaBYHU MOAUISIOTHECSA Ha Oini Ta rpadituzoBani. Sk
KOHCTPYKLIMHMI  MaTepial  BHUKOPHCTOBYIOTbCS ~ NPAKTHYHO  JIMIIE
rpadiTr3oBaHi YaByHH.

VY rpaditnzoBaHHX 4YaByHaxX 3a JOINOMOIOK IIEBHUX JIMBAapHUX
TEXHOJIOT1M OTPUMYIOTh BYTJIEIh Y BUTIISAL CTPYKTYPHO BUTRHOTO TpadiTy.
3anexxHo Big popmu BKIFOUSHB rpadiTy po3pi3HIOIOTH TaKi BUAH YaBYHIB:

- cipuii — TIacTUHYACTHI TpadiT;

- BHCOKOMIITHHI — KyJISICTUH TpadiT;

- KOBKHH — TJIacTiBYacTUil rpadit;

- BEPMIKYJSIpHHIA - Tpadit y ¢opmi yepB’sKiB.

BupimansHii BIUIMB Ha BIACTHBOCTI YaBYHIB Mae ¢opMa BKIFOYCHb
rpadity. I'padit He Mae 3B’S3Ky 3 METalIeBOK OCHOBOIO YaBYHY, TOMY
BKITFOUEHHS TpadiTy MOXKHA PO3TIIAATH SIK ITyCTOTH, HAAPi3Ku ab0 TPIIIHHY,
SKi 3HAYHO 3HWKYIOTH MIIHICTh 1 IUIACTHYHICTh 4aByHiB. HaiOimbmie
3HW)KEHHS BJIACTMBOCTEH BHUKJIMKAIOTH BKIIOYEHHS rpadiTy y BUIILII
TUTACTHHOK, HAIMEHIIIe — BKITFOUSHHS KyJSICTOT (hopMu.

3.5 KoanopoBi MeTanu i cruiaBu

Y nopiBHSAHI 3 UYOPHMMH MeETajJaMH KOJIbOPOBI MeETalu €
KOMITOBHIIMMHU 1 nedimurHimmmu. llpote oOxacti iX 3acTocyBaHHS Yy
BUPOOHMITBI O€3NepepBHO PO3MMPIOEThCs. Lle moB’s3aHO 3 THUM, 11O
OUTBIIICTH 3 HUX MAIOTh YHIKaJbHI (hi3u4HI Ta XiMiuHi BIacTuBocTi. Jlo Toro
kK 0araro 3 HUX, 0COOJIMBO CIIJIaBH JIETKUX METAJIiB, MAlOTh BUCOKY ITUTOMY
MIIHICTb.

Miob 1 MigHI CIUIaBU IIHPOKO 3aCTOCOBYIOTHCS 3aBISKH TaKUM
IHHUMHU BJIACTHBOCTSAM, SIK BHCOKI €JEKTPO- Ta TEIJIONPOBiAHICTb,
TUTACTUYHICTB, 100pa KOpo3iiiHay CTIHKICTh 1 piAMHOIUIMHHICTE. Mink Ta ii
cruiaBu J100pe 0OpOoOJISIIOTBCS THCKOM, 3BaplOIOTHCS BCiMa crocodamu
3BapIOBaHHA.
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Uncra Migp BUKOPHCTOBYETHCS TEPEBAKHO B EIEKTPOTEXHIIN, IS
BUTOTOBJICHHS TEIUNIOOOMIHHIKIB 1 T.1I. Bijbllle BUKOPUCTOBYIOTHCS OCHOBHI
MIiJIHI IPOMHUCIIOBI CIUIABH: JIATYHI Ta OPOH3M.

Jlamyni — 1ie cinmaBu Mifi 3 Big 3 mo 45% uuHKy Ta iHOAL 110 7...9%
IHIIUX JIETYBaJbHUX eJeMeHTIiB. JleopMiBHI JaTyHi BHITYyCKalOTBCS Y
BUTIIAl TIPOCTHX 1 0araTOKOMIIOHEHTHHX CIUIaBiB. BOHM MaioTh BHCOKY
TUTACTUYHICTD, MMOCTAYAIOTHCS ¥ BHUIJISIAL APOTIB, MPYTKiB, CTPIUOK, MITA0,
JUCTIB, TPYyO Ta 1HIIMX BHUIIB KATAHUX Ta IPECOBAHUX BUPOOIB.

bponszu — 1e crmaBu Mizl 3 OJIOBOM a00 HEBEIMKUMH 00aBKaMHU
AFOMIHIF0, KPEMHIIO CBHHITIO Ta IHIINUX €IeMeHTiB. BpoH31M MaloTh BHCOKY
CTIMKICTh MPOTH KOPO3ii, 001 JIMBapHi BIACTUBOCTI Ta 0OpOOIIOBaHICTh
pi3aHHsIM, BUCOKI aHTU(PPUKIiITHI BIACTUBOCTI.

HaiinommpeHimumu € 05108’ siHi OpOH3H, 3 HUX BUPOOJISIOTH BOASIHY 1
MapoBy araparypy, IMiIIAITHAKA KOB3aHHs, 3y04acTi KoJyieca, MPYKUHU
Tomo. [OMOBHWIA HEMONIK OJOB’SHUX OpOH3 — BHCOKAa BapTICTh Ta
neiUTHICTD 0JI0Ba. AJTFOMiHI€BI OPOH3M MalOTh BUCOKY MIIHICTh, XIMIYHY
CTIMKICTh Ta aHTU(PPUKIIHHI BIACTUBOCTI. 3 HUX BUTOTOBIISIOTH 3yOUacTi
Koyeca, feTaii TypOiH, ci/yia KiIamaHiB, eJIeKTPONPOBIIHI MPYKUHU 1 T.II.
CBuHIeBI  OpOH3M  BIAPI3HSAIOTBCS ~ BHCOKUMH  aHTHKOPO3iHHUMHU
BJIACTHUBOCTSIMH Ta TEIUIONPOBIAHICTIO (Y YOTHUPW pa3W BHINE, HIK B
OJIOB’STHUX OpoH3), BOHHM 3aCTOCOBYIOTHCS IS BHCOKOHABAHTAXKEHUX
MiIITUITHAKIB KOB3aHHS 3 BETMKUM MTUTOMHM THCKOM.

Antominini mMae Many MIIHICT, HU3BKY TBEPHICTh, aje€ BHUCOKY
TUTACTUYHICTE 1 ENEeKTPONPOBIAHICTE. AJIOMIiHIN m00pe 00pOOISETHCS
THUCKOM 1 3BapIOETHCSI; MAa€ BUCOKY CTIHKICTh MPOTH aTMOC(EpHOT KOpo3ii Ta
y TpicHiit BOIi.

SIK KOHCTPYKIIHMI MaTepial BUKOPUCTOBYIOTH CIUIABH aJFOMIHIO 3
JIeTyBaJbHUMHU ~ €JIEeMEHTaMH, TOJOBHHUM YHHOM 3 MU0, MarHiem,
MaprasieM. Bcei crutaBu noaisisitoTbest Ha JeOpMiBHI Ta JIMBApHi.

Halimommpenimmit 3 geQopMiBHHX —aJOMiHIEBUX CIUIaBIB €
JIOpaTIOMiHM. BOHM BHIYCKalOTBCS y BHUIVIAII JIMCTiB, NPECOBaHUX 1
KaTaHUX MpodiniB, NpyTKiB, TpyO. OcoOIMBO IIMPOKO 3aCTOCOBYIOTH B
aBialidHii mpommcioBocTi Ta  OynmiBHMUTBI.  HalmommupeHimmmu
JMBApHUMHU AJTIOMIHIEBUMH CIJIABAMU € CHJIYMIHM — CIUIaBH aJIOMIHIIO 3
4...13% xpemHit0. BoHM HIUPOKO 3aCTOCOBYIOTHCSI 1J1s1 BATOTOBJICHHS JIUTHX
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MIPHUJIAIiB, KOPITYCiB TypOOHACOCIB Ta IHITNX MalOHABAHTAXEHHX JIETaleH,
y TOMY YHCJIi TOHKOCTIHHI BUJIMBKY CKJIaTHOI KOH(ITypallii.

Tumanoei cnnaeu BiAPI3HAIOTHCS BHCOKOK MIIHICTIO 1 MAajor
TYCTHHOIO, MalOTh J00pY KapOMIIHICTh 1 BUCOKY KOPO3ilHY CTiHKICTh Y
0araTboX KOpO3IMHMX cepeloBUINaX. THTaH Ta HOro CIUIaBU IIHUPOKO
BUKOPHCTOBYIOTBCSA Y PAKETHO-KOCMIYHIN Ta aBiaIliiiHii IPOMHCIOBOCTI, y
cynHOOyIyBaHHI Ta TPAaHCTIOPTHOMY MAIIMHOOYTyBaHHI. Y 3B’SI3KYy 3 THM,
0 THUTaH MAa€ [OCTaTHI IUTACTUYHICTE Ta B SA3KICTh TPU HHUIBKHAX
TEeMIepaTypax, BOHH 3aCTOCOBYIOTBCA Y XOJIOAWIBbHIM Ta KpiOTeHHIH
TexHimi. TUTaH TakoXX BUKOPUCTOBYETHCS Y MEAWIIMHI 3aBISIKU BHUCOKIH
HOro CTIHKOCTI y TKAaHHHAX JIIOJICHKOT0 OpraHi3My.

3.6 IlopomkoBi maTepiaim

[lopomrkoBi MaTepiaay BUTOTOBIISIFOTHCS 3 TIOPOIITKIB METaI 1 CTUIaBi
3 T0JIaBaHHSAM Pi3HOMAaHITHHX HEMETAJIEeBHX MaTepialliB, XIMIYHUX CITOIYK
ta iHmmx exemenTtis [10, 12]. TTicis npecyBaHHS i CITiKaHHS 1X MIIIHICTh Ta
IHIIT BIACTHBOCTI MOXXYTh HaONMKATHCA A0 BIACTUBOCTEH KOMITAKTHUX
METaJliB aHaJIOriyHOro ckiany. CTymiHb HaOJNMKCHOCTI 3aJISKUTh Bij
0CTaTOYHOI IOPUCTOCTI BUPOOY. 3 MOPOIIKOBUX MaTepialliB BUTOTOBJISIOTh
BUPOOW 3 TaKWM CKJIQJIOM 1 BJIACTHBOCTSMH, SIKI HE BJAETHCS OTPUMATH
TPagUIiHHUMHA METOJIAMH.

3a 00JacTI0O BHKOPUCTaHHS IIOPOLIKOBI MaTepiaid HaJ3BHYAiHO
pizHOMaHiTHI. [lepeBakHy YaCTHHY CTaHOBISATH KOHCTPYKIIIHHI MaTepiaiy,
SIKi BUKOPHCTOBYIOTBCS JUIS BUTOTOBJICHHS PI3HHMX JETalleil 3arajibHOTrO
npu3HadeHHS. KpiM TOro 3 TOpOMIKIB BUTOTOBJISAIOTH (GPHKIHHI Ta
aHTU(QPUKIIMHI MaTepiany, QUIBTPU JUTSL arpeCUBHUX PEUOBHH 1 Tapsiaux
razie, TBepli  CIJIaBH  JUIi  MeETalopi3ajJbHUX  IHCTPYMEHTIB,
€JICKTPOKOHTAKTHI MaTepiajd i Take iHIIe.

3.7 Kommno3uniiini maTepiaamn
Kommno3uuiiiHi MaTepiajiy CKIAJaloThCsl 3 B3aEMHO HEPO3UMHHUX

KOMIIOHEHTIB, SIKi CHJILHO BiJJPi3HSIOTHCSI 32 BJIACTUBOCTSIMH, ajie Oy0Ba
KOMITO3UTY JTO3BOJISIE BUKOPUCTATH TIepeBard KOxHoro 3 Hux [9, 10].
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OcHoBoIO Marepianry € marpuis. BoHa 00’ eaHye BCi KOMIOHEHTH,
Hazjae BHpoOy ¢dopMmy 1 3abe3meduye oOmip 30BHILIHBOMY CEpPEIOBHILY.
Minnicte BUpOOy BH3HAUYAETHCS TOJNOBHMM YHHOM HAaloOBHIOBad. Sk
MaTpHUIs MOXXYTh BHKOPHCTOBYBATHCS TOJIMEpPH, MeTal 1 Kepamika.
HanoBHioBaui MOXyTh OyTH AyKe PI3HOMaHITHUMH 3a CKIagoM i (Hopmoro
MPUCYTHOCTI Y KOMITO3UTI. 3a Ii€I0 03HAKOI0 HATIOBHIOBAY1 MOIISIOTHCS HA
JucTiepcHi (MTOpOIIKH, pi3aHi BOJOKHA), BOJIOKHHCTI 1 mmmapyBati (marmip,
TKaHWHa, parepa).

Komruiekc BIacTHBOCTEW KOMIIO3UTHOTO MaTepiany 3alie)kuTh He
JUIIE BiJ BIACTHBOCTEW MATpWIll i HAMOBHIOBAYa, ajie W BiJ MIITHOCTI
3B’S13Ky MK HUMH, 00’ €MHOI 4aCTKM HaIllOBHIOBaYa, PO3MIpiB 1 opieHTaLil
BOJIOKOH, X TEPMIYHOI CTIHKOCTI TOIIIO.

BaxnuBuMH XapaKTepHCTHKaMHU KOMIIO3UIIMHUX —MarepialiB €
BUCOKI TIMTOMa MIIHICTh 1 JKOPCTKICTh, CTIMKICTh y arpecMBHUX
CepeIOBHINAX, POHUKHICTH JI0 NIEKTPOMArHiTHOTO BUIIPOMIHIOBAHHS Ta iH.

3.8 Kepamika i ckiio

Kepamikoro Ha3HUBaIOTh MaTtepiany, OTpHUMaHi npu
BHUCOKOTEMIIEpaTypPHOMY CITIKaHHI MiHepalbHUX mopomnikis. [Ipu HarpiBaHHi
BUXIJTHI PEUOBHHHU B3a€MOJIIOTh MiXK COOOI0, YTBOPIOIOUM KPUCTATIUHY 1
amopduy ¢aszu. Kepamika Mae monikpucTanigyHy OyIOBY 3 MpoHIapKaMu
CKkJia i Oe3JaHIM pO3TallyBaHHAM 3€peH, 1 TOMy KepaMiKa OJHOpiJHA 3a
BiactusocTsamu [4, 10].

[To3uTHBHI BITaCTUBOCTI K€PaMiKH: BUCOKI JAieJIEKTPHYHI BIACTHBOCTI,
XiMi4Ha CTIMKICTh 1 30KpeMa JYrOCTiHKICTh, BOJO- 1 TEIJIOCTIHKICTB,
CTaOUIBHICTh BIACTHUBOCTEW Yy Haci (He cTapi€), BIJICYTHICTh 3aJIMIIKOBUX
HAINpPYXKXEHb TICIIsl BUTOTOBJICHHS BUPOOY.

Hepmouniku: KpuxKicTh, BEJIMKA ycaJika IpH criikanHi (10 25%), BaxkKo
00pOOISIETHCS PI3aHHSIM.

HaiiuacTime BUKOPHUCTOBY€ETHCS SIK JIOBFOBIUYHHMI MaTepiaj, CTiHKUM
OpOTH  3HOWIYBAaHHS,  HAarpiBaHHA 1  arpeCHMBHUX  CEPEIOBHIL.
BuKOpHCTOBYIOTH y pajio- Ta eNEeKTPOTEXHilli, K BOTHETPUBH, €IEMEHTH
Ppi3anbHOrO 1HCTPYMEHTI, JUIsl BATOTOBJICHHS CAHTEXHIYHUX BUPOOIB.
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Ckio — amopdHa pedoBHHA, KA YTBOPIOETHCS CIUTABIICHHSIM OKCHJIIB
a00 0E30KCHIIHHX CIIONYK HUIIXOM TEePEOXO0JIOKCHHS po3iaBy. [ 0I0BHi
oxcuau misg BurorosieHHs ckia: SiO;, B0z, P20s, a Takox npesxi
3’€HAHHS MHUI SIKy, ceJeHy, Tenypy. OcCHOBHa OCOOJHMBICTH CKJIa:
130TPOIHICTh, BUCOKA XiMiUHA CTiIHKICTh, BUCOKI JAi€JIEKTPUYHI BIACTHBOCTI,
OIITHYHI BJIACTUBOCTI, BUCOKA TEXHOIOTTYHICTb.

3a TpU3HAYCHHSAM 1 XIMIYHAM CKJIQAOM PO3PI3HIOIOTH TaKi BHIH
CTEKOJ:

- 3BHYaifHE CKII0 — 3aCTOCOBYETHCS y OYMIBHUITBI, XIMIUHIN 1
Xap4oBiil TPOMHUCIIOBOCTI;

- EJCKTPOTEXHIYHE CKJIO — 3aCTOCOBYETHCS SIK JIENEKTPUK IPH
BUTOTOBJICHHI 130JIATOPIB, KOJIO €JEKTPO- 1 paliojamil, 130 sIiiHOT TUTiBKA
Ha IPOTax;

- kBapueBe ckio (99% SiOz) — mae MiHIMambHHE KoeQIli€HT
JHIAHOTO PO3IIMPEHHs, MpaIoe 0e3 pyWHyBaHHS IPH TeMIepaTypi 10
1000°C, nponukHe 11 yIsTpadioaeTOBUX IIPOMEHIB;

- 0COOJIMBI CTEKJIa — MAIOTh CIIEIIAIBHAN CKJIaa 1 MPU3HAYEHHS: JJIs
iH(pauepBOHOTO BUIIPOMIHIOBAHHS, /IS TIOTJIMHAHHS a00 POHUKHEHHS Y-
MPOMEHIB

- 1HIII.
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4 CHEIIAJBHI KOHCTPYKIIMHI MATEPIAJIA

Po3BuTOK TEXHIK 1 TEXHOJIOTI dYac Big dYacy 3ycTpidaBcs 3
npobjeMamy, SIKi HE MOXKHA BUPILIIMTH 3BUYHUM, TPAIUIIMHAM LUISXOM.
Toxi mounHaBCs MOIIYK HOBHX, CHELialbHUX pilleHb 1 MaTepianiB. Ha
CHOTOIHI PO3pO0JICHAa BENMKA KUTBKICTH CIEIIaTbHUX  KOHCTPYKITIHHUX
MaTepialiB 1jsl BAKOPUCTAHHS Y PI3HUX Taly3siX BUPOOHHLTB, JESIKi 3 SIKUX
PO3TISIIAIOTHCS Y AAHOMY PO3ILIL.

4.1 BucokominHi KOHCTPYKUiiiHi cTami

BucokowmiIHi cTam 3acTOCOBYIOTBCS Y BUPOOaX, IS IKUX BaYKITHBHM
€ 3MCHIICHHS MacH Npu 30epeKeHHI BHCOKOi MimHOCTI. lle Hampukiam
0O0JITH Ta KpIMWIbHI BUPOOH, €Ki BUIM TPOCIB, BUCOKOIIBUIKICHI POTOPH
Ta OaraTto iHIIMX JAeTaledl MallWH, 30KpeMa y KOCMIiYHii, pakeTHId Ta
asiariiniit Texmnimi [10].

OTpuMaHHSI BUCOKOT MIITHOCTI CTaJieil HeMUHYYe BeJle JI0 3HHKCHHS
TUTACTUYHOCTI Ta OMOPY KPUXKOMY pPyHHYBaHHIO. TOMYy HaiifHICTh TaKUX
BUPOOIB MOXHAa OXapaKTepU3yBaTH KOHCTPYKTHBHOIO MIIHICTIO —
KOMIUIEKCOM MEXaHIYHHX 1 CIy>)kOOBHX BIACTHBOCTEH, ITOB’SI3aHUX 3
yMOBaMH# POOOTH BUPOOIB.

Binb1iicTh BUCOKOMIIIHUX cTajield MiCTUTh He Oubiie 0,4% Byrielto,
OCKIJIBKHU OlJIbIlIa KUIBKICTh BYTJICIIO MPU3BOJANUTE JO 3HMKEHHS B SI3KOCTI
pyliHyBaHHS 1 3BaproBaHOCTI. JleryBaibHUMH eJeMEHTaMH HaWdacrTilie €
MapraHellb, KPEeMHI, HiKeJlb, XpOM, MOJIiO/eH. 3arajibHuii BMICT TPhOX 3
[IUX JIETYBAIBHHUX €JIEMEHTIB 3BUYAIHO JIOKUTh Y Mexax Bifl 2 10 4%. [lpu
JIETYBaHHI BHUCOKOMIIIHUX CTajled PEKOMEHJIYETbCSI BHKOPHCTOBYBAaTH
JIETYBAJbHI €IEMEHTH, KapOiy SKUX PO3UYMHIOIOTHCS MPHU HArpiBaHHI ITiJ
rapTyBaHHs, TOMY 110 HEpPO3YMHEHI KapOi 3HAYHO 3HWXKYIOTh yJIapHY
B’SI3KiCTh cTalli. PO3po0iieHi BUCOKOMIIIHI CTalll, B SIKUX BUCOKUH KOMIUIEKC
BJIACTUBOCTEH JOCSTAETHCS 3aBISKMA OJICPKAHHIO JIUCIIEPCHUX HITPUIHUX
¢daz. L crami seryrore azotom (0,02..0,04%) 1 HITPUAOTBIpHUMHU
enementami (Al, V, Mo).

BmicT mkijuymmBuX Aomimok cipku Ta ¢Gochopy y BHCOKOMIIHHX
CTaJIsIX Ma€ OyTH MiHIMAJIbHUM.
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Mapku neskux BHCOKOMIMHHX craneit: 40X5M2CD, 40X5M2CDBb,
40X5DCB, 35X2AD, 40X2ADE.

4.2 XoJogocTiiiki craji

Xonooocmiiikicmv — ye 30amuicmv mamepianie 30epicamu
eKCHIYamayiliHi  Xapaxmepucmuky npu 3HUNCEHHI memnepamypu 6e3
icmommnozo nocipuienns enracmugocmetil

3a XOJOJOCTIKICTIO METalIeBi MaTepialy MOJUISIOTHCS Ha JIBI TPYIIH:
Martepiaiy Ui HU3BKMX KIiMaTUaHHX Temrepatyp (1o -60°C) i matepianu
JUTSL KpIOT@HHOI TeXHIKH, TeMIepaTypa eKCILTyaTallii SKHX MOXKe JJOCATaTH -
-190°C [16].

XoIomoCTIKI crani KAIMAMU4HO20 X000y IIPOKO
BUKOPHUCTOBYIOTHCS Yy OyAiBETbHUX KOHCTPYKINSX, UIT BUTOTOBIICHHS TPYO
MaricTpajibHuX ra3ornopoBoiiB, y CyiHOOyayBaHHI ToIo. Lli cTani nmoBuHHI
MaTH HHU3bKUH TOPIT XOJOJAHOIAMKOCTI, JOOpi JIMBAapHiI BJIACTUBOCTI Ta
3BapIOBAHICTh, I00pPEe 0OPOOIISTUCS Pi3aHHSIM 1 THCKOM.

BBaxkaeThcst, 0 y IMX CTAJISIX IEPEBAKAIOYOI0 CTPYKTYPOIO Mae OyTn
¢deput. Tomy Taxi crani MicTare He Oinbiie 0,2% Byrieuto. 301IbLICHHS
BMicTy Byrierto Ha 0,1% miaBHIye mopir X010 {HOIAMKOCTI Ha 20°C.

JleryBaHHs cTanmeil HEKapOINOTBIpHUMH eJieMEHTaMu (HIiKeb,
KpEMHill, MapraHellb) 3MilHIO€ ()E€PUT 1 CTIPHUSIE IMiIBUIICHHIO TTACTUYHOCTI
Ta TpilMHOCTIHKOCTI. XpoM € cnadum 3minHoBaueM depury. [pu
HEBEJIMKOMY BMICTI XpoMy (110 1%) Jelio MmiJBUIY€EThCS yaapHa B SI3KICTh,
ajie mojanblie 30UTbIIEHHS BMICTY XPOMY CYNPOBOKYETHCS 3HIKEHHIM
B’ SI3KOCTI.

JleryBanus kap6imotBipaumu enementamu (Ni, V, Nb, Mo, Cr) e
HEOOXiJHUM JUIs OJIOKYBaHHS 3alBOTO BYTJICIIO, 3MEHIIYE CXHJIBHICTB J0
KPUXKOTO PyHHYBaHHS.

Pi3ko HeratwBHy [it0 Ha XOJIOJIHOJAMKICTh CIIPABISIIOTH (hocdop,
cipka Ta pO34MHEHI ra3u (BOJICHb, KHCEHb, a30T).

Juiss otpuMaHHS HEOOXiTHHX BJIACTUBOCTEH Tpeda BpaxoByBaTH
BUCOKY BapTiCTh HIKeI0 1 MOJi0eHy. BUKOpHCTOBYBATH X SIK JIETYBaJIbHI
€JIEMEHTH BapTO JIMIIE IPU BUIOTOBJIEHHI OCOOJIMBO BIMOBITAIIbHUX
JleTanei.
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pukman craneit: 14XI'C, 1515XCH/, 2512C, 08T2ITH®JI, 20TJ1.

XOJIONOCTIMKI ~ MaTepiall  KpiO2eHHO20 NPUSHAYEHHs TTUPOKO
BUKOPHUCTOBYIOTECSI Y METalyprii, pakeToOyayBaHHi, SACPHIH eHepreTulli,
IPY OCBOEHHI KOCMOCI TOIIO.

Kpammmn X0nofocTiiKuMu  CTalmsIMH  JUIsi KPIOTEHHOI TEXHIKH €
aycTeHiTHI 1 MapTeHcuTocTapitoui crami. Lli cram 30epiraioTe AOCTaTHIO
B’SI3KIiCTh NpH pobounx Temmneparypax 10 -250°C. OpnepkaHHs ayCTeHITHOT
CTPYKTypu 1 30epeXeHHS ayCTEHITy TMpH HH3BKUX TeMIepaTypax
JIOCSTAEThCA JIETYBAaHHAM 1 TepMiyHUM 00poOieHHsM. OCHOBHUMH
JIETYBAIBHAMH €JIEMEHTaMH € XpOM 1 Hikenb. Kparie crmiBBiAHOMICHHS MiX
aumu: Cr =18% i Ni = 8...10%. [Ho1i BUKOPUCTOBYIOTHCS TAKOXK ayCTEHITHI
CTaJli, B IKUX JIOPOTHl HIKEJIb 3aMiHEHUI MapraHIeM.

lapTyBaHHSI ayCTEHITHUX CTasieil 3A1MCHIOETBCS MIPU HATpiBaHHI J10
1050...1150°C 3 oxomojskeHHAM y BOAy ab0 Ha TOBITPi 3 IHTEHCHBHHM
00yBaHHSA (TOHKOCTIHHI BHpOOW). 3arapToBaHi ayCTEHITHI CTali MaroTh
HAWBUIII IJTACTUYHICTH 1 B’S3KIiCTh, @ TAKOXK KOPO3iiHY CTIHKICTb.

[Mpuxnaam craneit: 12X18H10T, 03X13AI'19, 07X13H4AI20.

4.3 Kapocriiiki i sxapominHi crai

Y Oarateox ramy3ix ~MeTanyprii  Ta  MamMHOOYyIyBaHHS,
HadTorrepepoOHOI TMPOMHUCIOBOCTI € TEXHOJOTIi, y SKUX TNpWIagd i
amaparypa MpamioloTh Y CEpPEIOBHIIl AKTUBHMX Ta3iB IpU BUCOKIH
Temreparypi. XiMiyHa Jisg Ha JeTalli [HX TPUCTPOIB HE OOMEKYETHCS
BHUCOKOIO TEMIIEPATypOIO0 1 KHUCHEM, a 3HAaXOJUThCS IiJI BIUIMBOM a30Ty,
BOJISIHOT mapu atMocdepu. Jljiss BUTOTOBICHHS TaKuX JCTajeil MOTpiOHI
»apocrTiiki crani [2, 16].

Kapocmiuxicmrio Hnazusaemvcsi 30amuicme Memany RpoOMuoisimu
XIMIYHILL KOpO3ii Y 2a3080My cepedosuwi npu GUCOKIN meMnepamypi.
OCHOBOIO /17151 CTBOPEHHS JKaPOCTIMKHUX CTajed € Takui XiMIYHUM CKIa,
SIKMI BU3HAYA€E 3aXUCHI BIACTHBOCTI OKCH/THOI TUTIBKH Ha TIOBEPXHI BUPOOY.
[linbHy OKCHIHY IUIIBKY 3 BHCOKUMH 3aXMCHUMH BJIaCTHBOCTSIMU
CTBOPIOIOTH JIETYBallbHI €IIEMEHTH XPOM, allfOMiHIH. XpoMm Ta alroMiHil
pa3oM 3 KpEeMHiIEM  HaWJacTillle BUKOPUCTOBYIOTH JUISL ITiJ{BUILICHHS
xapocriiikocti. Ctalb, 0 MiCTHTE 5% XpoMy, 30epirae skapoCcTiiKicTh pH
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temmneparypi 10 900°C. BuCOKMI BMICT alOMiHIIO i KPEMHIiIO CIpuse
OKPUXYYBaHHIO 1 IOTIPIIY€E TEXHOIOTIYHY IJIACTUYHICTb.

[puxknagu craneit: 40X9C2, XH32T, 20X25H20C2, XH7010.

Kapomiuynicmwo HA3U8AEMbCS 81acmugicno Mamepianie
BUMPUMYBAMU MEXAHIYHI HABAHMAICEHHS NPU BGUCOKUX MEMNepamypax
NPOMA20M NeBHO20 HACY.

JKapoMiIHICTh € TOJIOBHUM KpUTEpieM IJIsi BHOOpY cTayieil BUpOOiB,
AKi mpamioroTh mpu  Temmeparypi monax  450..500°C. OcHoBHHME
MMOKa3HUKAaMHU YKAPOMIITHOCTI METAaNiB € TPAHHUIlI MOB3YYOCTI Ta TPAHHIIA
TPHUBAJIOT MIITHOCTI.

JKapoMinHiCTh AOCSTAETHCS 32 paXyHOK KapOiJOTBIPHUX EIEMEHTIB -
XpoM, BaHajil, Boib(pam, MomidaeH, HioOid. 1li eneMeHTH yTBOPHOIOTH
JqucriepcHi ¢asu KapOifiB, SKi MiJBUILYIOTH OMIp CTajlei IIacCTHYHOMY
JneOpMyBaHHIO TIPH BHCOKHX TEMIIepaTypax.

XpoM BBOJHTHCS TOJOBHUM YHHOM JUIS MiJBUIIEHHS KOPO3iitHOT
crifikocti # MimHOCTI crami. Hikenb, a30oT 1 k00ambT CTaOLTIZYIOTH
ayCTEHITHY CTPYKTYpy. HU3bKHii BMICT BYTIICITIO 3a0€31euye CTallsaM 100py
TUTACTUYHICTh, 3BAPIOBAHICTh 1 yAapHY B’ s3KicTh. KapOimu Bombdpamy,
MOJIIO/ICHy, BaHaJil0 MOJAPIOHIOTE 3€PHO, MiJABHUILYIOTh JKApPOMIIHICTh i
POrapTOBYBaHICTh, 3HIKYIOTh Yy TJIMBICTh CTaJI JIO TIEPIPiBY.

Ipuxmnaau craneit: 13X11H2B2M®, 14X16H2M2K5DAB.

4.4 Kop3siiinocriiiki crasmi

Kopo3iifHOCTiiKI cTajl 3aJIe’KHO BiJi BJIACTUBOCTEH HABKOJIMIITHBOTO
CEpEeIOBHIIA 3JIaTHI OMUPATHUCS BCIM BUJAM XIMIYHOI 1 €JIEKTPOXiMIUHOT
KOpO3ii.

KoposziifHa CTiliKicTh cTanell 3a0e3medyeThCsl BHCOKAM BMICTOM
XpOMYy 1 HHM3bKMM BMICTOM BYIJICLI0. XpPOM BH3HAya€ YTBOPEHHS Ha
MOBEPXH1 JeTalieil MacuBHOI OKCHJIHOI ILUTIBKH, sIKa 3a0e3ledye BHCOKY
Kopo3iiiny crilikicte. Ilpu BBenenHi xpomy Menme 13% xoposiiiHa
CTINWKICTH CTaJIEN BUSIBISIETHCSA HELOCTATHHOIO.

Hikenb, MmapraHenp 1 a30T — ayCTEHITOTBIpHI €JNEMEHTH —
3a0e31euyroTh OTPUMAaHHS OJTHOPITHOT ayCTEHITHOT CTPYKTYpH cTami. Tutan
3B’s13y€e Maibke Bech Byriels y kap0Oin TiC, skuii Maiike HE PO3UMHSIETHCS
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MpH  TEpPMIYHOMY OOpOOJNEHHI 1 TPUTHIYYE CXWIBHICTH CTallell [0
MDKKPUCTATITHOI KOPO3ii.

Kopo3iiiHocTiliki ayCTeHITO-MapTeHCUTHI CTall  BiJPI3HAIOTHCS
BUIIOI0, HDK ayCTCHITHI CTajli, MIIHICTIO, J00pOI0 3BapIOBAHICTIO,
30epiraloTh MeXaHi4Hi BIacTUBOCTI 10 TebMnepatypu 450°C. OcobnuBicTh
iX BUKOPUCTaHHS IOJISTae y TOMY, IO JIETali NMPOXOJSTh TapTyBaHHS Ha
nosiTpi 3 Temmeparypu 950°C. Ilicas rapTyBaHHS CTadi IIiIIQROTHCS
00po6eHHI0 xomomom mpu Temneparypi -70°C mporsrom 2 romun. [pu
LbOMY y CTaji 30epiraerbcsi OaM3bKO 25% HENEepeTBOPEHOro ayCTEHITY,
3aB/ISKM YOMY BOHM MAalOTh BHCOKY TEXHOJIOTIYHY IUIACTHYHICTH, IT0Ope
HITAMITYFOThCS.

[Mpuxnagu craneit: 12X18H10T, 08X17H5M3, 1X15H4AM3.

4.5 3HococTiiiki MmaTepiaan

Maiixke Bci metani y mporieci OUTbII-MEHI TPUBajiOi eKCIUTyaTarii
3HOUIYIOTHCS. 3HOITYBAaHHS — I1€ TIPOIEC BTPATH IETAILTIO MACH, 3MEHILICHHS
00’emy abo miHiitHEX po3mipis. 3rigro 3 JCTY 2823-94 pospizHioeThCs
JICKiJIbKa BUJIB 3HOIIYBaHHA. BcCi BOHHM BIJIPI3HSAIOTHCSA XapaKTEpOM
B3a€MOJIIi 3 KOHTpareHTaMH, CEPeJOBHIIEM 1 BIJIOBIIHO - MEXaHI3MOM
pyViHYBaHHS OBEPXHi JeTalli. 3a X YMOB 3HOCOCTIHKI MaTepiaiy NOBUHHI
CTBOPIOBATH OIIp 30BHILITHIN Jii.

Po3unHeHunii mpu TemmepaTypi TapTyBaHHsS BYIJICIb BHU3HAYAE
TBEPAICTh 3aeapmogaroi ctaii. ToMy 301IbIIEHHS] BMICTY BYTJIEIIO CIPHUSE
TIOJIIIIIIEHHIO 3HOCOCTIKOCTI CTayled 3a paxyHOK 3MII[HEHHS MaTpuIl 1
301TBIIIEHHS BMICTY KapOiIiB.

[lpy migBHMINEHHI BMICTY JIETYBalbHUX €JEMEHTIB, OCOOJIUBO
kapOinotBipHuX (Cr, V, M0), nojimniryeTbcst TBEPAICTD i IPOrapTOBYBaHICTh
craneit. Ilpu miepeBUINEHHI IEBHOTO CIIBBIJIHONMICHHS JIETYBAIBHUX
€JIEMEHTIB 1 BYTIJICIIO BiZI0yBa€ThCSI YTBOPEHHS CHEHiaIbHUX KapOiiB, 10
3HAYHO MiJBHILYE TBEPIICTh MOBEPXHI Ta 11 3HOCOCTHKICTB.

IIpote Taka TBepAicTh BHUTiAHA HE NPH BCIX BUAAX 3HOLIYBAHHS.
Bubuparoun neryBaibHi eeMeHTH, 1X CITiBiTHOIICHHS 3 ByIJIeleM Tpeda y
Hepury Yyepry MaTi Ha yBasi yMOBH POOOTH IOBEPXHI IPH EKCIUTyaTalii.
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Ipaghimuzosani  cmani 3aBOSKW  CHEHIaJbHOMY  TEPMIYHOMY
00pOOJICHHIO MaroTh XapakTepHI BHIUICHHS rpadiTy, 1 3aBISKH IBOMY
«3MalIMBaHHIO», HE3BAYKAIOUM HA JISIKE 3HIKCHHSI TBEPIOCT, OTPUMYIOTh
HiIBUIICHY 3HOCOCTIiHKicTh. ['padiTuzoBani crami mictsath Onusbko 1,5%
Byraemo 1 0,7..2% xpemuiro. Kpemuiii Binmirpae pojb OCHOBHOTO
rpadiTHzaTtopa MpHu BiaMaTIOBAHHI.

I'pacditnzoBani crami MaioTh A0Opi JUBapHI BIACTHBOCTI, HHU3BKY
yCazKy 1 Mally CXHIJIBHICTB /IO YTBOPEHHSI TapSYHX 1 XOJIOIHUX TPIIIUH.

Bucoxomapeanyesi  aycmenimni  cmani  (cram  [andinpma)
BUKOPHCTOBYIOTHCS B YMOBaxX yAapHO-aOpazuBHOTO 3HOmIyBaHHs. Lli crami
MicTsaTh 1,2% Byrineno 1 61m3bko 13% mapranmro. [Ipu HU3BKIH TBepaOCTI
HB 200...250 B yMOBax yAapHOTO HaBaHTaKCHHs a00 BUCOKOTO MUTOMOI'O
THUCKY BOHU HaOyBarOTh BUCOKY 3HOCOCTIHKICTb.

BucokomapranioBi aycTeHiTHI CTaji BHKOPHCTOBYIOTBCS ISt
BUTOTOBIIEHHS ~ XPECTOBHH  3aNi3HUYHUX CTPIIOK, 3yOiB  KOBIIIB
€KCKaBaToOpiB, KOHYCIB 1 IIIK APOOAPOK, TAHOK TYCEHUYHHUX MAIWH 1 T.1I.

[puxnagu craneit: 95X18, 8X4Bo9d2, IIX15, IIX15CT, 110I'13J1,
110T'13DTJL

4.6 Marepiaiu 3 0COGJJMBUMH BJIACTHBOCTAMHU

Haonpogionukoseuii mamepian — mamepian, eneKmpuyHuii ORip
K020 HUdCUe Kpumuunoi memnepamypu T, cmae pignum Hymo.

OCHOBY TeXHIYHHX HaJMPOBIIHUX MaTepianiB cTaHOBUTH cruiaB Nb-
Ni 3 kputnuynow Temneparypow T« = 9,6K. JIpyrum HaampoBiIHOKOBHM
MarepiaioM, OCBOEHHM IIPOMHUCIIOBICTIO, € iHTepMeTarinHa crionyka NbsSn.
Marepian Ha ocHoBi ND3Sn mae xputnuny rtemmeparypy Tk = 18,3K.
Haiinommupeninmm HagnpoBinaum € crutas Nb-Ti (46,5% Ti 3a macor).
Leit crutaB BiApi3HAETHCS BUCOKOIO TEXHOJIOTIYHICTIO, 3 HHOTO 3BUYaHUMHU
3aco0amMH TJIaBleHHS, OOPOOJEHHS THCKOM 1 TEpMIYHMM OOpOOJICHHAM
BUTOTOBIISIOTH JIPIT, IIWHU, KaOeTi.

TexHiyHI HAAMPOBIMHI JIPOTH BUTOTOBISIOTHCA SK  CKJIAJHI
KOMITO3UTHI KOHCTPYKII 3 PI3HOPIAHMX MaTepiaiiB 3 YJIbTPATOHKHMU
(miameTpoM J10 4acTOK MIKpOMETpa) HUTKaMU HaIMPOBIIHUKA.
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Y 1986 p. maykosii y llIBeiinapii omeprxann 3pa3Ku 3 HAAIPOBITHUX
KepaMmiyHuxX okcufiB cuctemu La-Ba-Cu-O 3 temmeparyporo mepexoay y
Haanposigauii cran T, = 35K. [lomyk i oTpuMaHHS HOBUX HAINMPOBITHUAX
MaTepiajiB 3aIHINAITHCS YUCTO HAYKOBOKO MPOOIIEMOIO.

Cnnasu 3 pecnameHmosaHum memnepamypHum Koe@iyicnmom
ainitnozo posuwupenns (TKJIP) Bimpi3HAIOTHCS HE3MIHHICTIO PO3MIPIB TIPH
3MiHI ~ TeMIlepaTypHHX  yMOB  ekcinryatamii. Llg  BmactuBicTh
BUKOPHUCTOBYETHCS TPU 3aKPIMJICHHI JKOPCTKUX TPyOOMPOBOMIB CKIIATHOT
MPOCTOPOBOi (hOpMHU, Y KpiOreHHHX ycTtaHoBkax. Mama BemmunHa TKIIP
JTO3BOJISIE 3MEHIIIUTH HATIPYKEHHS y TPYO 1 3aM00irTH iX pyiHyBaHHIO.

OCHOBHHMM IPEJICTABHUKOM CILIaBIB 3 MiHIMAJIbHUM 1 MOCTIHHUM
TKIJIP € inBap 36H — crutaB 3amiza 3 36% Hikedro.

3HavyeHHs 1 CTaOUIBHICTh 1HBapiB y 4Yaci 3aJIe)KUTh BiJl TEPMI4HOTO
o0pobnenns. /s onepxkanns minimansHoro TKJIP npoBoasite rapryBanHs
3 temneparypu 850°C  (Butpumka 30 XB.) y BOAy 3 HACTYIIHHM
BiamyckanHam pu Temneparypi 315°C npotsarom 1 rog.

KpiM iHBapiB BUKOPHCTOBYIOTHCS II€ JeKiibka aHamoriuaux Fe-Ni -
CrutaBiB (cymepiHBap, KOBap, IUIATHHIT), SIKi BIAPI3HSIOTHCS HE3HAYHOIO
3MIHOIO CKJIaJly 1 BUIIIOI KPUTHYHOK TEMIIEPATYPOIO.

VY nesikux BUMAJKaxX CTaHOBIATH 1HTEpEC Mmamepianu 3 nam smmio
¢opmu. Edexr nam’sti Gopmu (EIID) nonsirae y Tomy, 1110 3pa3ok, SIKHi
Mae reBHy (opMy B ayCTEHITHOMY CTaHI MpH IiJBHUILNEHIM Temrmeparypi
neGOpMyIOTh IIPH HWXKYIM TemIieparypi MapTEeHCUTHOTO NEPETBOPEHHS 1
0oXONOKyITh. llpn HacTymHOMY HarpiBaHHI BigOyBa€ThCS 3BOPOTHIM
edekr: BuximHa ¢popma BiHOBIIOETECA. EIID mposiBisieTbes y criiaBax, 1o
XapaKTePU3YIOTHCSI KOTEPEHTHICTIO KPUCTAIIYHMX I'PATOK, & TAKOXK MATUMH
3MiHaM¥ 00’ €My MPH NEPETBOPEHHSIX.

HaiinepcreK THBHIIIMMY JIJIsi IPAKTUYHOTO BUKOPUCTAHHS € CIUIaBH
Ti-Ni (mpu6mu3zHo 50:50%), 110 3BHYAIHO HA3WBAIOTHCS HIKEMI THTaHy a00
HiTiHOJ. HeBennuki BIIXHICHHS BiJ CTEXIOMETPUYHOI'O CITIBBIJHOIICHHS
NPU3BOJATH JI0 3MIHU TeMIeparyp Gpa3oBUX MEPEXOIiB.

3aJe’KHO BiJl OCHOBHHX MarHiTHUX XapaKTEePUCTHUK MAcHIMHI CHAABU
MOJIJISIFOTHCS. HA MAarHITOTBEPAl Ta MarHiTOM siki. MarHiToTBepii CIijiaBu
BIZIPI3HSIOTECS. IIMPOKOIO TIETJICI0 TicTepe3iCy, BUCOKMM 3HAYCHHAM
KOCPIUTUBHOI CHUJIM 1 3aCTOCOBYIOTBCS JUISS BHTOTOBJICHHSI IOCTIMHUX
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MarHiTiB. MarHiTOM sIKi CIUTaBH MPAIIOIOTh B YMOBAaX MarHiTHUX MOJIIB, IO
IUKJIIYHO 3MIHIOIOTKCS, 1 Oe3NepepBHO NIEPEMarHiuyrThCS.

BupoOu i MOCTIHHUX MarHiTiB 3a3BHYail BUTOTOBJISIFOTH JINTTSIM
abo MeToJaMHM TOpPOIIKOBOi MeTanyprii. s HHX BHKOPHUCTOBYIOTH
TOJIOBHUM YMHOM BHCOKOBYTJICIIEBI CTaji 31 CTPYKTYpOIO MapTEHCHUTY, IO
MICTATh Onm3bKo 1% ByTIEIo JOJATKOBO JETYIOTHCS XpoMmoM (o 3%) i
KobampTOM (110 6%)).

Bucoki MarHiTHI BracTHBOCTI MatoTh crtaBu cucremu Fe-Ni-Al i Fe-
Ni-Al-Co 3 nomaBanusm 2..4% Cu. Lli crulaBu migmarOThCs TaKOMY
TepMo06pobaenno. CriouaTky HarpiBanns 10 Temnepatypu 1280...1300°C,
BUTPMMKa TP 1Iili TemmepaTypi, moTiM oxonomkends g0 900°C. Jlami
MOBiJIbHE OXOJOMKEHHS y MarHiTHOMY Toni 3 He = 160...280 xA/m, micins
4Oro MPOBOAMTHLCS BiAMyCKaHHs npu Temneparypi 630°C, TpusasticTh SKoro
3aJIeKUTh BiJl MAPKHU CILJIaBY.

SIk MaruiTOM’ SIKH MaTepiaj 3aCTOCOBYIOTh YHCTE 3aJ1i30, B IKOMY BCl
JIOMIIIIKA, OCOOJIMBO BYIJIENb, € MIKiJJIHBUMHU. Ix BmicTt Mae me
nepesunryBatu 0,025%. [{ns ycyHeHHS Hakiemy i ofiep>KaHHS KPYITHOTO
3epHa JIMCTOBHI METal IiJJIal0Th BUCOKOTEMITEPATYPHOMY BiITAIIOBAaHHIO
y 0e30KHCHiN aTtMocdepi.

3a XIMIYHMM CKJIQJIOM MarHiTOM sKi MaTepiajiu HOJUISIOThCS Ha TaKi
rpyIu:

- IepMalioi - 3ai30-HikelneBi crutaBu, MicTsTh Big 30 10 83% Hikerto,
HaMBUILY MarHiTHy NPOHUKHICTh MAIOTh nepMaioi 3 72...93% Hikernio,

- 3ami3o-kobanpToBi crutaBu  (26...50% Co) wmaroTh OuThIIy
MarHUTOCTPHKIIIIO, aJle HU3bKY TUIaCTUYHICTB;

- cruaBu 3aiizo-Hikenb (45...47%) - xobanbt (25%) 30epiratorh
NOCTIfHY ~ MarHiTHy OPOHMKHICT Yy  MarHiTHUX TIOJNSX — HH3BKOI
HAIPYKEHOCTI;

- crutaBu 3aiiza 3 xpomoM (13...17%) BIiJpI3HSIOTHCS BHCOKOIO
KOpO3if{HOIO CTIMKICTIO Yy  TpicHI 1 MOpChKId BOIi, y TyMaHi Ta
POMHMCIIOBIH arMocdepi.
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5 METOJIYA MIABUIIEHHS KOHCTPYKTABHOI
MIIITHOCTI CTAJIEH I CILIABIB

MinHicTh — 0fHa 3 HalBaKJIMBIIINX BJIIACTUBOCTEN CTalel 1 CILIABIB,
T ABUIIEHHS SIKOi TPY JOCTaTHROMY 3araci TUIACTUYHOCTI 1 B’ SI3KOCTI Be/Ie
JI0 3HIDKEHHS MaTepiaJOeMHOCTI KOHCTPYKITIH Ta TiABUIIIEHHS 1X HaJIHHOCTI
Ta moBrosiunocTi [19].

MIinHICTh 3aJ€KUTh BiJl XIMIYHOTO CKIIQAY 1 CTPYKTypH MaTepiary. 3
TOYKH 30pY TOJIOKEHb TEOpil TUCIIOKAIN peajbHa MIIHICTh METATIB 1
CIUTaBIB MOKE OYTH IiJIBHIIICHA TBOMA IIUISIXaMH:

- OTpUMaHHS MeETaliB 3 MiHIMAJIBHOIO KUIBKICTIO Je(eKTiB,
HAOJIMYKAFOYHMCH JI0 TEOPETUUHOT MIITHOCTI MaTepiaiy;

- 1 HaBMaKW, 30UTBIICHAS KITBKOCTI CTPYKTYPHHUX HEJOCKOHAIOCTEH,
SIKi TIEPEIIKOPKAIOTh PYXY AUCIOKAIII.

[epmuit muisx 3qaTHAN 320€3MeUNTH HAWOIbIIE 3MIITHEHHS, ajie Ha
CBOTOJIHI 3IIMCHUTH HOTO MOXIIMBO JIUINE JJIsi BUPOOIB Majux pO3MipiB.
Hpyruii nmsax mnpoctimmi s 3aiicHeHHs.  [Ipore  MinHICTh, sKa
JOCSATAETHCS MPH IIbOMY, CYIPOBOKYEThCS 3HIKCHHSAM TUIACTHYHOCTI Ta
B’SI3KOCTI, 1 TUM CaMHM OJHOYACHO — HaIIMHOCTI.

dopMyBaHHIO  OaXaHOI CTPYKTYpPH  CHPHSIFOTH:  ITi{BUINCHHS
METaJTypriifHOT SIKOCTI METaly 32 PaxyHOK BHJIAJICHHS IIKiIJTMBUX TOMIIIOK
- cipku, docdopy, razis Ta HEMETAJICBUX BKIIIOUCHb; palliOHAJIbHE
JIETYBaHHS 3 METOIO IiJIBUIICHHS IUIACTHYHOCTI 1 B’A3KOCTI; TO/IpiOHEHHS
3epHa 3a paxyHOK JIETyBaHHsI 1 TEPMIYHOIO 00POOJICHHS.

5.1 MeranypriiiHi MeToau nigBUIIeHHS MILTHOCTI

[To 3akiHUEHHIO TIIABICHHS CTali TMPOBOJIUTHCS  OMEpallis
PO3KUCHeHHsl, TOOTO BUAAJICHHS PO3YMHEHOrO 1 IMOB’S3aHOrO i3 3alli30M
KcHIO. s mporo miAg dvac BHUIYCKY CTaji 3 Medi y KiBII JOAal0Th
PO3paxyHKOBY KUIBKICTh CIIOYaTKy (epoMapraiis, motiMm Qepocurimito i
HANPUKIHII — aJIOMIiHIO. YTBOPEHI OKCHAM MAapraHilfo, KpEeMHIiIO0 Ta
QIIOMIHIIO BUIUIMBAIOTh Ha MOBEPXHIO METaly W yTBOPIOIOTH Huak. OnHak
YacTUHA TX MOXe 3aJIUIIUTUCS Y METaJll Y BUTJISII HEMETAICBUX BKIIIOUYCHD

[4, 10].
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Komu BumnaBnsioTh JeroBaHi crami, OUIBIIICTh JETYBalbHUX
€JIEMEHTIB BBOJATh TAKOX y KIiBII y BUTIAAI (pepocruiaBiB abo 9mCTHX
MeTajiB. EnmeMeHTH, o MatoTh MEHIITY CITOPiTHEHICTh 3 KHCHEM, HiX 3aJTi30
(Ni, Mn, Mo,Cu) nomaroTh y mid i 9ac TiaBiIeHHs.

Jis  momimimeHHsl  SIKOCTI  PiKOi cTaji B yMOBaX MacOBOIO
BUPOOHUIITBA 3aCTOCOBYIOTh 1103aniuHi memoou ii 00poOIIeHHS.

OnuH 3 HAWMPOCTIMIMX 3 HUX — METOJ 0OpOONeHHs CUHMEeMUYHUMU
wiiaxkamu. B okpemiil medi po3miaBIisoTh IIaK 331aHOTO CKIIay (3BUYaiHO
11e BaIHO, TIIMHO3€EM, TUIaBIKOBUH IImaT Ta iH.). [1oTiM y 11e# KiBII 3 BUCOTH
8...10 M BHITyCKarOTh cTaib 3 mmedi (puc. 5.1).

Pucynok 5.1 - O0poGIieHHs piKoi cTami y KiBIIi 3 CHHTETHYHAM [UIAKOM

VY mporeci eHeprifHOro mnepeMillyBaHHA LUIAK MOIJIMHAE 31 cTali
HIKiJIMBI ToMitkH (CipKy, ¢pochop, KiuceHb, BOAEHb) i crumBae. [Ipote He
BCI JIOMIIIIKHU BJIA€THCSI BUJIAJIMTHU 3pasy.

[lpu 0b6pobrenni eakyymom CcTaib PO3KHUCHIOETHCS, BUIANISIOTHCS
HEMeTaJleBl BKJItOUYeHHs (cipka, pocdop), i rasu (BojieHb, a30T). OHOUYACHO
BUIIAPOBYIOTHCS JIETKOIUIaBKI MeTayid (0JIOBO, CBHMHEIb, CypMa Ta iH.).
BuKOpHCTOBYIOTH yCTaHOBKY MOPLIHHOTO 1 HUPKYJISLIHHOTO BAKYyMYyBaHHs
(puc. 5.2).

B ycTraHoBKax mepuioro THIy MeTasl MEPiOJUYHO 3aCMOKTYETHCS 3i
CTOIOPHOTO CTAJIEPO3JIUBHOTO KiBIIA y BaKyyMHY Kamepy 1 OUHMILEHHH Bix
JIOMIIIIOK ITOBEPTAETHCA Y KiBIII. B ycTaHOBKax JPyroro THUITY 3aBJISKH TUCKY
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aproHy cTajb yepes3 JiBUi MaTpyOOK MOJAEThCA y BAKYyMHY KaMepy 1 Mmicist
00pOOIICHHS TOBEPTAETHCS y KiBII Yepe3 MpaBuil maTpyOoK.

Pucynoxk 5.2 — IopuiiiHa (a) Ta mupKyssmiiiHa (6) yCTaHOBKH JJIsI BAKYYMYBaHHS
piznkoi craini

Ille onmH crioci6 padinyBaHHS Y KiBIIIi — #POOYEAHHS PO3NIABNIEHO20
memany apeonom (puc. 5.3). YV JHUIIN KiBIIa BCTaBJICHUH BOTHETPHBKHI
0JIOK, "epe3 sIKUH y KiBII MTOAA€THCS apTrOH.

1 — BorHeTpuBKHH OJI0K

Pucynok 5.3 — Cxema npojiyBaHHs pikoi cTaji aproHoM

[Ipu upomy y OynbOarmiku aproHy 30MparOTbCS PO3YMHEHI y crai
rasu, a Ha iX MOBEPXHI OCIJal0Th HEeMeTaleBl BKItOUeHHs. [Ipu mimiomi
OyJb0AIoK aproHy Ha MOBEPXHIO BiI0yBa€eThCs paiHyBaHHS CTalll Bij| ra3iB
Ta HEMETaJeBHX BKIOYEHb. [IpoayBaHHS MOKE IMPOBOJUTHCS JIBOMA
ra3amH IoCyiIOBHO (KHCHEM — JUIsl 3HEBYTJICIILOBYBAHHS 1 aprOHOM), Ta3aMH
1 MOPOLIKOBUMH MaTepianamu (BamHO, Kadia KambLilo i T.11.). MoxiuBe
HiAirpiBaHHs yCTAaHOBOK B MIPOLIECI BaKyyMYBaHHS UM IPOJIyBaHHS razaMH.



42

Y  Meramyprii  3aCTOCOBYETBbCA  TaKOX JEKiIbKa  CHOCOO0iB
enekmpopa@inysaivHo2o  nepeniaeienusi: BakyymHo-myrosuii  (BJID),
enextpouniakoBuii (EILII), enekrponno-npomenesuii (EIIII), 1 mmasmo-
nyrouit (ITJIT). CroinbHuM Juisi BCIX IMX MPOLECIB € Te, IO Kparui
BUXIJTHOTO METaly TIEPEHOCITHCS Y BUJIMBHUIIIO, 1[0 OXOJOAYETHCS BOJIOIO,
1 KpucTami3alis BifOyBaeTbCs 3HN3Y BBEPX, YTBOPIOIOYH 3MHUBOK (puc. 5.4).

a — BaKyyMHO-Iyrose neperuiasienHs (BIT); 6 — enekTponuiakoBe nepernaBieHHs
(ELLIT); B — enexrponHO-ipoMeneBe neperuiaBieHs (EINIT); T — mia3moBo-ipoMeHeBe
neperutaBienss (IT1I1)

Pucynok 5.4 — CxemMu yCTaHOBOK JJIsl IEpeTUIaBICHHS CTalli

[Tpu BakyyMHO-IyroBOMY TieperiaBlieHHI padiHyrouuM 3aco0oM €
BaKyyM, B YMOBaXx SIKOTO 3 METaJy BUIIJISIOTHCS Ta3u 1 MIKIJUIUBI JIOMIIIKH
Ta JIETKOTIABKi METaJIH.

EnexromnakoBe neperiasieHas pozpodnene y 1958 p. B [ncturyTi
enexkrpo3BaproBanHs iM. €.0.Ilarona 3a ywacti Buennx HY «3amnopispka
MOJITEXHIKa» 1 BIEpIIE BIPOBAKEHO Ha 3aBoii «JlHimpocmencranb» (M.
3amopixxKs). Padinyrounm  3aco00M  CIYXKUTh  PO3ILIABICHUI
€JEeKTPONpOBiiHMiT cuHTeTHdHMil 1mak (Temneparypa 2000...2500°C).
Posmnasiennii MeTan ocilac Ha JIHI BUIMBHMUIN, @ HEMETAJIEB] BKIIOUYCHHS 1
JIETKOTIJIABK] JIOMINIKKM 3aJMIIAIOTHCS Yy IUIAKy Ha IbOTO MoBepxHi. ['asn
BUJIAJSIFOTBCSL Y MEHIIH KibKOCTI, HixK nipu BJIIT.
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[epernaBieHHs y BaKyyMHHX EJEKTPOHHO-IPOMEHEBUX IedYax
3aCTOCOBYIOTh JIJISl OTPUMAaHHS YUCTHX 1 HATYMCTUX TYTrOIUIABKUX METaiB
(Mo, Nb, Zr ta in.), a TaKoXK 7151 OTPUMAHHS CIICI[iaIbHUX CTaJICH 1 CTUIaBiB
BIJIMIOBIIAJIBHOTO TIPU3HAYCHHS. J[)KepesioM Teria eHepTis, 110 BUAUISEThCS
npyu oOpoOJIeHHI MeTany MOTOKOM eJeKTpoHiB. CTyminb padinyBaHHS
ananorivna B/Ill-padinyBannto. Ane EIIl Texnomoriynime mpu
MepeTIaBIeHH] TYTOTUIaBKIX METAiB.

[T1a3mMoBO-/IyTOBE TMEperiaBIeHHsI 3aCTOCOBYEThCS IS OTPUMAHHS
BHCOKOSIKICHHMX CTaJieH 1 craBiB. J[kepenoM Teria € Hu3bKoTeMIepaTypHa
(6:am3pk0 30000°C) mnasma, M0 OTPUMYEThCS Y TIA3MOTPOHI 1 CTAHOBHTH
MOTIK BUCOKOIOHI30BAHOTO I1HEPTHOrO raszy. Y T[e4yax 3AiHCHIOEThCS
Jerasalisi MeTany i 3a0e3neuyeThesi HOro CrpsiMoBaHa KpUCTai3allis.

5.2Tepmiune i ximiko-Tepmiune 00podIeHHSs

3MiHa BJIACTHBOCTEW TPU TEPMIYHOMY OOpPOOJEHHI IOCATAETHCS
IITXOM 3MiHH CTPYKTypH cTam. Cepes crmoco0iB TepMigHOTO 00poOIeHHS
HANOUTBITY MIIHICTD J1a€ TapTyBaHHS. [ apmysearHs TIONATAE y HArpiBaHHI
CTali 70 TemIepaTypu BHile ii TemrepaTypu (a3oBHX MEpEeTBOPCHb,
BUTPUMII JUIs 3aBEPIICHHS MEPETBOPEHb Ta OXOJOJPKEHHI 3 JOCTaTHBO
BHUCOKOIO INBUJAKICTIO, HE MEHIIOW 3a KpuTWyHy. [lpu rapryBanHi
OTPUMYIOTh MapTEHCHTHY CTPYKTYpPY 3 BHUCOKOIO TBEPJICTIO, ajle KPHXKY.
ToMy 3aKJIIOYHOIO OIEpali€lo Micis TapTyBaHHS €  BiIIMYCKaHHSL.
Bionyckanus mnossrae y HarpiBaHHi 10 TEMIIEPAaTypH HIDKYE TEMIIEPAaTypH
(a30BOro MEpPEeTBOPEHHS Ta HACTYHNHOTO OXOJIO[UKEHHS, IPHU SKOMY
(dbopmyeTbes  ocTaTOYHA CTpyKTypa cTaii. KoHkperHa Ttemmeparypa
BIJIITyCKaHHS OOMPAEThCSl 3alIeKHO BiJ| TBEPJOCTi, OTPUMAHOI TMiCIs
rapTyBaHHsl, Ta po0040i TBepIOCTi, yKazaHoi y kpecienHi [10, 12].

OTxe, MiIBUIIEHHS] KOHCTPYKIIIHHOT MIITHOCTI TMOJISITAE HE CTIIBKH Y
MIJBUIIEHHI MIIIHICTHUX BJIACTUBOCTEH, CKUIbKH Y TOMY, 1100 MPU BUCOKIH
MIITHOCTI 3a0€3MeYUTH BUCOKHIA OITip B’SI3KOMY PYHHYBAHHIO.

[ligBUIIEHHIO KOMIUIEKCY MEXaHIYHUX BIIACTUBOCTEH cHpusie
mepmoyurniune o6pobaenns (TLO). TLHO mnonsrae y OaratopazoBomy
HIBUJKOMY HarpiBaHHi B iHTepBasi ()a30BHX IEPETBOPEHb, BUTPUMLI MpPU
MaKCHUMaJbHIA TemIeparypi HarpiBaHHs 1 OXOJo/pKeHHi. bararopa3osi
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LUK «IIBUAKE HArpiBaHHS — OXOJIOJUKEHHS» MO3BOJIIOTH MOAPIOHUTH
NIEpPBUHHE 3€PHO JI0 CEPEIHBOr0 Aiamerpa 3...5 MKM.

Crami miciasi TEpMOLMKIIOBAHHS Yy TIODPIBHSHHI 31 CTalsIMHM, SIKi
MPOUIILTN 3BUYAHE TepMiuHe 00pPOOJICHHS, MalOTh 3HAYHO BUIII MII[HICTHI
XapaKTepUCTUKU 0e3 3HMKEHHS TUIACTHYHOCTI Ta yIapHOi B’SI3KOCTI.

Buxopucrarnas TIO Takox 703BOJMIIO MiABAITUTH XapaKTCPUCTHKN
B’SI3KOCTI pyWHYBaHHS, TPUBAJOi 1 BTOMHOI MIITHOCTI CIUIaBIiB aJIOMIiHilO,
TUTaHY 1 HIKEO.

IIpu rapryBaHHI CTPYKTypa 1 BIaCTHBOCTI METaly 3MIHIOIOTHCS TIO
BChOMY 00’eMy BUPOOY. Y JIeSKHUX BUIMAIKaX 32 MEBHUX YMOB €KCIUTyaTaIii
JUTst 320€3MeUYCHHS JJOBrOBIUHOCTI JIOCTATHBHO 3a0€3MICUNTH BUCOKY MIIIHICTh
1 3HOCOCTIMKICTh TOBEpXHEBOMY Iapy BupoOy. lle mocsraethcs 3a
JIOTIOMOTOF0 XIMiKO-TepPMiuYHOTO 0OpOOIICHHS.

Ximiko-mepmiuHum 00pobienHsM HA3UBAETHCS MPOLIEC, SIKUH MOJIsATae
y TO€THAHHI TEPMIYHOTO 1 XiMiYHOTO BIUTMBY JIJIsl 3MiHH CKIIATy, CTPYKTYpH
1 BIIaCTUBOCTEH IMOBEPXHEBOI'O IIApy JeTaliell 3a paxyHOK Audy3idHOTO
HACHYEHHS HOTO Pi3HUMHU €JIeMEHTaMH.

HailimomupeHimmMu BUAaMH  XIMIKO-TEPMIYHOTO OOpOOJICHHS €:
[EMCHTYBaHHs, a30TyBaHHS, HITPOIIGMEHTYBaHHS, LiaHyBaHHS  Ta
MeTaJli3yBaHH;.

Llemenmysanns monsrae 'y nudy3iiHOMY HAaCHUYEHI MOBEPXHEBOTO
nrapy crali BYTJIelleM Ta OTPHMAaHHSI TTicIisl TapTyBaHHS BHCOKOI TBEPIOCTI
MOBEpXHI TIpH 30epekeHHI B’SI3KOCTI ocepis. lleMeHTyBaHHIO MTiIIarOTh
netani 3 Hu3bKoByrieneBux craned (0,1...0,2% C). Hdus nemeHTyBaHHS
BUKOPHCTOBYIOTh TBEpAHMH YU iKW KapOropizaTopu abo INTy4YHI Tas3u.
Temneparypa nementysanns — 950...1050°C.

Azomyeanns ionsrae y mudy3iiHOMY HACUUEHHI TOBEPXHEBOTO MIAPY
CTalli a30TOM 1 MPOBOAMTHCS y CEPEIOBHINI amiaky, SIKUM TpH 3aJaHuX
TeMmreparypax JIMCOIIOE 3 YTBOPEHHSM aroMapHoro asory. Jlis
MIJBUIIEHHS 3HOCOCTIHKOCTI Ta MIIIHOCTI a30TYBaHHS IPOBOJATH IPH
temneparypi 450...600°C, a s nigBUIIEHHS KOPO3iiiHOi CTiliKOCTI — IIpH
temnepatypi 600...800°C.

A3OTYBaHHIO MiJAAIOTHCS CTaji, JICTOBaHI €JIeMEHTaMH, 3AaTHUMH
YTBOPIOBAaTH TBepAl M cTiliki HiTpuau. KilacHUHUM TNPHKIAAOM CTaii,
MPUIATHOI AJIs a30TyBaHHS, € ctainb 38XMIOA.
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Himpoyemenmysanns 1a yianyeanns — IOBEPXHEBE HACHICHHS JeTalll
OJTHOYACHO BYyIJeleM i a30ToM. HiTpoleMeHTyBaHHS 3IiIHCHIOETBCS Y
cyMiln amiaky y rasdy, SIKUM HaBYIJICI[bOBYIOTh, MPH TeMIeparypi
850...870°C mporsrom 2...10 rog.

LlianyBaHHA NPOBOAUTHCA y PO3IUIABICHIN wiaHicTid comi. Ilpu
temmneparypi  540..560°C pe3ynbTaTH UiaHYBaHHS HaOIMKACTBCSA JI0
a3oTyBaHHs, a npu Temneparypi 820...950°C — 1o nemenTartii.

OpnHovYacHe HAaCWYEHHS BYTJICIEM 1 a30TOM BiIOYBA€TbCA MIBHIIIIE,
HDK ~ IOCHIJOBHE  HACHUYCHHS  KOXXHHUM  €JIEMEHTOM  IIOCIIiZIOBHO.
CHiBBiTHOIICHHS BYTJICII0O ¥ a30Ty y HAaCHYCHOMY IIapi PETyIOETHCS
3MIHOIO CKJIay CEpeIOBHIIA Ta TEMIIEPATYPOIO MPOIIECY.

Judghysitine memanizyeanusi — TPOIEC HACHUCHHS IIOBEPXHI CTaJIl
AITIOMIHIEM (ATITyBaHHS), XpOMOM (XPOMYBaHHS ), KPEMHIEM (CHITIIyBaHHS).
Pisni BuauM MeramizyBaHHS BHUKOPUCTOBYIOTHCS Uil MiJBHILCHHS
JKApOCTIKOCTi, KHUCIOTOCTIMKOCTI Ta  3HOcOCTilikocTi. OOpoOieHHs
NPOBOJATHECS MPU BUCOKMX TeMIlepaTypax 3ajJeXHO BixX MaTepiary
MeTalli3yBaHHS.

5.3 TepmomexaniuHe 00pod.ieHHsI

TepmoMmexaHiuHe 0OpOOJICHHS TONATAE Yy TIOEIHAHHI MJIACTUYHOTO
JnehopMyBaHHS CTajll, HarpiToi JI0 ayCTEHITHOrO CTaHy, 3 I HACTYITHUM
raptyBaHHsM. lle J03Bosisie MIMBUIIMNTA MEXaHIUHI BIACTHBOCTI Yy
MOPIBHSIHHI 3 BIACTUBOCTSMHU ITICJISI 3BUMAHOTO TapTyBaHH. 3a Jliarla30HOM

TeMITepaTypu IUIACTHYHOTO nehopMyBaHHSI PO3PI3HIOIOThH
BHCOKOTEMIIEpaTypHE i HHU3BKOTEMIIEPATYPHE TEpMOMEXaHiYHe
00pOOIICHHSI.

Ilpn  sucokomemnepamypnomy mepmomexanisnomy o6pooneHHi
(BTMO) cranp nedopmyerbes Ha 20..30% mpu Temreparypax, BHUIIE
BEPXHBOI ayCTeHITHOT Toun (mpubansno 10 950°C), a micis uporo Bigpasy
K TapTyeThCsl 3 HU3bKoTeMIepaTypauM Biamyckanusam (100...300°C).

BTMO y nopiBHsIHHI i3 3BUYailHUM TrapTyBaHHAM HPUBOIUTH 10
T IBUIIIEHHS MIITHOCTI, IJTACTUYHOCTI Ta B’SA3KOCTI mpubiu3Ho y 1,5 pasu.
YnapHa B’A3KICTh NPH KIMHATHIHM 1 HU3bKUX TeMIepaTypax IiJBUILY€EThCS,
3HIKYETBCsL Topir xonoanonamkocTi. Kpim Toro, BTMO € texHonoriuHo
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BUT1/THIIIIOIO OTIEPAIli€l0, OCKUTBKY 1e(hOpMyBaHHS IPOXOAUTH IPU BUCOKUX
TeMmIeparypax i BAMara€ MEHIINUX 3yCHJIb.

[lpu  HusbKOMEMNEpAMYPHOMY MEPMOMEXAHIYHOMY — 0OPOOIEHH]
(HTMO) nedopmyBanns Ha 75..90% NOpOBOAMUTHCS TPU TEeMIIEpaTypax
sume 400...600°C; rapTyBaHHs 1 HH3bKOTEMIIEpPATypHE BiIITyCKaHHS
MIPOBOMATH 3pa3y Mmicis nehopMyBaHHS.

HTMO, ne3Bakaroun Ha Te, IO MPOTIKAE MPHU MMOPIBHAHO HU3BKUX
TeMreparypax, 3a0e3redye BeIHKHH 3amac TUIACTHYHOCTI MPH BHCOKHAX
MOKa3HWKAX MIITHOCTI.

Tepmomexaniune OOpOOJICHHS JTO3BOJISIE 3aMIHUTH HHU3BKOJIETOBaHI
CTaJi Ha JeuleBIi Byrieuesi, a Takox Ha 20...50% 3HU3UTH Macy BHUpPOOiB
npy 30€peKeHHI X MIITHOCTI Ta JJOBFOBIYHOCTI.

5.4 3minoBajibHO-KAIOpPYBaJibHE 00PO0JIeHHS

3miynrosanvHo-KaniopysaibHe — 00poOieHHs — TPYHTYETbCA — Ha
TUTACTUYHOMY J1e(DOpMyBaHHI TOBEPXHI BUPOOY TBEPAWM IHCTPYMEHTOM.
Bracnizok 00po0ieHHS 3MEHIITY€THCS MMOPCTKICTh MTOBEPXHi, 301TBITY€THCS
TBEPICTD 3a paxyHok Hakeny [12]. Tak 06poOIsSIOTE IepeBaKHO 30BHIIIHI
1 BHYTpIIIHI IWIIHAPUYHI 1 KOHIYHI TMOBepXHi. I[HCTpymeHTamu €
3arapToBaHi KyJIbKH, POJUKH a00 ajiMa3u CriemiajabHOI (hopMu.

OOKOYyBaHHS 30BHINIHBOT 1 BHYTPIIIHBOI MMOBEPXOHD 3][IHCHIOETHCS
IHCTpYMEHTOM, TPUTHCHYTHM JO0 00poOmroBaHoi moBepxHi. [lpwm
00po0IIeHH] 30BHIITHBOT TOBEPXHI BUPIO 00epTaeThCS, @ IHCTPYMEHT POOUTH
3BOPOTHBO-TIOCTYIANIbHI PYXH y3/I0BXK TBIpHOI 00pOOITFOBaHOI TOBEPXHI.

BHyTpilIHIO TOBEPXHIO PO3KOYYIOTH 32 JONOMOIOI HPUCTPOIO
(iTanru), Ha SIKOMY 3MOHTOBaHi BWikk 3 ponukamu. Illtanra
3aKpIIUTIOETBCSL y KyJlauKax MaTpoHa i y oOepTalbHOMY IIEHTpi 3aTHBOT
0a0Kw, 1 TAKMM YHHOM OTPUMYE 00epTaIbHUHN pyX. 3ar0TOBKA 3aTHCKAETHCS
Ha CyIOPTI 1 OTPUMYE MOCTYNAIBHUIA pyX (pHC. 5.5).

[lopiBHSIHO 3 pOJIMKaMU KyJbKM BHMMAaraiOTh MEHIIOT CHJIH
NPUTHCKAHHS, ajle IPOILyKTUBHICTh 00pOOICHHS KyIbKaMu MeHIa. J{ist
MOBHOT0 00POOJICHHS TOBEPXHI BUKOHYETHCS JEK1IbKa TIO3/JOBXKHIX XOIiB.
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OCHOBHMMH TIapaMeTpaMu OOpOOJEHHS € THCK IHCTpYMEHTa Ha
KOHTAKTHY ITOBEPXHIO, MIBUIKICTh OOKOYYBaHHS, IMOjada Ta KiJIBKICTh
MPOXO/IiB B3ZI0BK 00POOIIIOBAaHOT MTOBEPXHI.

1 - kynadok maTpoHa; 2, 7 — 3arotoBka; 3,9 -posnuku; 4,8 — BUWIKH; 5 — IICHTP;
6 — 3aaHs 6abka

Pucynok 5.5 — Cxema oOxouyBaHHs (a) 1 po3kouykaHH: (0) IHTIHAPUIHUX
TIOBEPXOHb

Ilpy  00poOJIeHHI  TOBEPXOHH 3  TIABHINCHOIO  TBEPIICTIO
3aCTOCOBYIOTH aliMa3He BUIIIA/KyBaHHS. [HCTPYMEHT CKIIaJa€ThCs 3 aliMasy
Ha naepkaky. OOpoOJsieHHs BiOyBa€eThCs Mij 4ac 0OEpTaHHS 3arOTOBKH 1
MO3/I0BXKHIN Tofadi iHCTpyMeHTa. 3aBASKH Mallii TOBEPXHI KOHTAaKTy
IHCTpyMEHTA i 3arOTOBKHM CHJIA IIPUTHCKAaHHS HE3HAYHA.

OOpoOiieHHs  KaniOpyséanHuam TONSATa€ 'y MNPOIITOBXYBaHHI abo
MPOTATYBaHHI Kpi3b 00pOONIIOBaHMN OTBIp YKOPCTKOTO W TBEPIOTO
IHCTpYMEHTa, pO3Mip SKOTO JEIIO0 MEPEBUIIYE PO3MIp OTBOPY (pHc. 5.6).

1 — miaknaaka; 2 — 3aroToBKa; 3 — KynbKa; 4 — J10pH

PucyHnok 5.6 — Cxema kaniOpyBaHHsI OTBOPY KYJIbKOIO () i JopHOM (0)
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[HCTpyMEHTOM MOXKYTH Oy TH KyJIbKH 200 1opHH. JlOpHE MOXKYTh OyTH
CYUITBbHUMH a00 ckiaaeHuMHU. Kynbku 1 kamiOpyBanbHi eJIeMEHTH JOpHIB
BUTOTOBJIIOTHCS 13 3arapToBaHUX cTaneld abo TBEpAMX CIUIABIB.
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6 BUPOBHUIITBO I BUKOPUCTAHHSA CYYACHUX
KOMITO3UIIMHUX I IOPOIIIKOBUX MATEPIAJIIB

6.1 Bupoonuntso i Bukopucranass KM

Kommosumiitai  marepiamu  (KM), wMarouu 3amaHe  CIOJYYCHHS
PI3HOPIAHMX 3a TIOXOMKECHHSAM MaTepialliB, O3BOJSIOTH OTPUMATH
VHIKaJbHI ~ BJIACTUBOCTI: BHCOKY TMHTOMY MIIHICTh 1 TBEPHICTb,
JKAPOMIIHICTh, 3HOCOCTIHKICTD, TEIJIO3aX¥MCHI BIACTUBOCTI TOIIO. CIieKTp
BracTuBoCcTeil KM HEMOKIMBO OTPUMATH MPH BUKOPHUCTAHHI TPaTUITIITHIX
MarepianiB. IX 3acToCyBaHHS Ja€ MOMJIMBOCTI CTBOPIOBaTH paHillle
HEJIOCTYIIHI MPUHIMIIOBO HOBI KoHCTpykii [9, 11, 17].

Buxopucranas KM mo3Bonmiio cTBoputH CTpHOOK y 301MBIIyBaHi
MOTY>KHOCTI JIBUTYHIB, 3MEHIIIEHHI MacH MAaIlliH i MEXaHi3MiB, IiIBUIIECHHI
e(eKTUBHOCTI TPAHCTIOPTHHX 3aCO0iB 1 aBialliifHO-KOCMiYHHX arnapariB. Taxk,
BukopuctanHsi KM B KOHCTpYKIii HaWOLIBIIOrO TPaHCIOPTHOTO JIiTaKa
cBity AH-225 «Mpis» mano 3mory 3aMiHUTH 16 TOHH METaJIeBUX CIUIABIB,
301IBIIUTH HOTO BAHTAXKOMIIHOMHICT 1 IaJIeKICTh IMOJIOTY Ta 3¢KOHOMUTH
nanbHe.

6.1.1 IligBuimeHHs MiHOCTI Ta kopcTKocTi KM

Amnaniz noseiinku KM miji HaBaHTaXEHHSM TOKa3ye, M0 TOJOBHY
poib y 3a0e3eveHHi BUCOKOT MIIIHOCTI BUpoOy y OLIBIIOCTI BUTIANIKIB Oepe
Ha ce0e HamoOBHIOBaY 1 HOro B3aeMonis 3 Matpunero. [ucmepcHi
HAMOBHIOBAYl y HE3HAYHOMY CTYIIEHI 3aTPUMYIOTh MPOLEC PYyHHYBaHHS.
CyuacHi KOMITO3UTH BHCOKOi MIIIHOCTI BHKOPHUCTOBYIOTH SIK IPAaBHUIIO
BOJIOKHKCTI Ta IIapyBati HaroBHIoBaui [2, 11].

o crocyeThCsl BOJIOKOH, TO CTYHIHb iXHBOI E(PEKTHBHOCTI Yy
3a0e3MeYeHHI MIITHOCTI 3aJIE)KHUTh BiJl BIACTHBOCTEH BOJIOKOH, iX pPO3MIpIiB,
YaCTKHU Y 00’ €Mi KOMIIO3HTY 1 B3aEMOJIT 3 MATPUIICIO.

JocmimkeHHsT MOKa3yOTh, MO 30iJbIIEHHS JiaMeTpa BOJIOKOH Y
cknaai KM npu3BOIUTH 0 3HMKEHHS IX MIIIHOCTI, ajie Pi3HOK Mipoio,
3aJIe)KHO BiJI IPUPOIU BOJIOKOH. BBaXkaeThes, 1110 pH 301IbIICHHI JiameTpa
BOJIOKOH iX MillHICTh pi3k0o majae, a mnpu giamerpi d monHax 15 mMkm
ACUMITOTHYHO HAOJIMKYETHCS JIO0 IEBHOI MiHIMATbHOI BEJTMYUHH.

Minnicte KM,  apMOBaHUX  60M0OKHAMU,  3AJCKUTh  BiA
criBBigHOMEHHS TX qoBXHHU | Ta Miamerpa d. Yum OistbIe CITiBBIAHOMICHHS
I/d, Tum wminHimmid matepian. [Ipu aHamizi #oro BIUIMBY Ha MIIHICTB
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KOMITO3UTY BUKOPUCTOBYETBCS TIOHATTS KPUMUUHOL Q08IHCUHU BOTIOKOH lip -
BEJIMYMHHN KIHIIEBOI JIISHKH BOJIOKHA, siIka He Oepe ydacTi y CTBOpEHHI
omopy pyiiHyBaHHIO. 1i JOBXHMHA 3al€KUTh Bif iaMeTpa BOJOKHA i Tsy -
TPaHUIl MIITHOCTI 3CYBY Ha MEXI MAaTPHIIS-BOJIOKHO. 3ajadya TeXHOJOTil
BUPOOHHIITBA KOMITO3UTY TOJSTaE y 3a0e3nedeHH] OLTBIIOro 34erieHHS
BOJIOKHA 3 MaTpuLero. CTyHiHb 34eIUIEHHS 3aJIeKUTh TOJIOBHUM YMHOM BiJ
CTaHy TOBEPXHi BOJOKHA i XapakTepy KOHTAKTHOI B3a€MOii (3MOUyBaHHS)
MaTpHIli 3 HOTo TTOBEPXHEIO.

O06’eMHa KOHIIEHTpAIliSl BOJIOKOH, 3a0€3MeUyI0Yr BUCOKY MIIHICTD,
NOBHMHHA OyTH HE MEHIIIEe MiHIManbHOI BEIMYHMHY, aje i He 3aBUIIeHOI0. Ha
NPakKTUI 00’ €MHHI BMIiCT BOJIOKOH 3BUYaiiHO cTaHOBUTH 60+10% i cTBOpIOE
BUpINIAJbHAUN BIUTUB K HA MEXaHIYHi, TaK 1 Ha coy»00Bi BracTuBocTti KM
(Temto- i 3BYKOMPOBIMHICTh, TEIUIO- i 3HOCOCTIMKICTB) Ta iHIIE. 3ailBuUil
BMICT BOJIOKOH HE CIIPHSIE MiBUIICHHIO MII[HOCTI.

Orxe, ehekTuBHICTH apMyBaHHS KM BOJOKHAMH MPOSBISETHCS TPH
MiHiManpHOMY miameTpi (10...15 MKM i MeHIe), SKHaHOITBIIIH iX JOBXKUHI,
BiZICYTHOCTI TOBEPXHEBHX JE(EKTIB, a TAKOK MPH OOIPYHTOBaHIN 00’ €MHIH
KOHIICHTpAIIii BOJIOKOH.

MinHiCTh mapyBaTOro KOMIIO3UTY MOKe OYTH CyTT€EBa ITiIBHIIEHA 32
PaxyHOK noutapogoi cxemu ¢popmysarnns Bupo0y. CyTh TaKOT CXEMH MOJIATAE
y TOMY, MO y BUPOOi 32 TOBIIMHOIO (OPMYETHCS JEKUIbKa IIapiB, Y
KO>KHOMY 3 SIKHX JIOBT1 1 HeTIepepBHI BOJIOKHA PO3TAIIOBYIOTHCS MO-Pi3HOMY
BIJTHOCHO HampsiMy il TOJIOBHOTO HaBAaHTAXXEHHS MiJ Yac eKcCIUTyaTaii.
Martepian BUpOOy CTa€ i30TPOIHUM, 3JaTHUM CTBOPIOBATH 3HAYHHMU OIIIp
30BHIIIHFOMY HAaBaHTAXKEHHIO Y Oy/[b-IKOMY HaIpPsIMKY.

Sk KOHCTpyKIiliHWI MaTepiad HaWJacTillle BHKOPHUCTOBYIOTh
CKJIOIUIACTHKH. BoHM (hOPMYIOTBCS 3 HETIEpEPBHUX Ta Pi3aHUX BOJIOKOH 200
CKJIOTKaHHH. Ik MATPUIII0 BAKOPHCTOBYIOTH CITOKCH/IHI 1 OJTie(ipHi CMOJH.
Li cMonu MaroTh Iy>ke 100py 3MOUYBaHICTh 31 CKJISIHUMH HAallOBHIOBA4YaMH.
CKJIOIJIaCTUKY BUKOPUCTOBYIOTHCSI IPU BUTOTOBJIEHH] TPYO, KOHTEHHEPIB,
JeTasell aBTOMOOLIIB, YOBHIB, €JIeMEHTIB Oy IiBETbHUX KOHCTPYKIIIH TOIIO.
BoHM BUKOPHUCTOBYIOTBCS HE JIMILIE JJIs1 BATOTOBJICHHS Ky30Ba aBTOMOOIJI,
alle W 3aBASKM  BUCOKIH  JKOPCTKOCTI  JAJsl  BHIOTOBJICHHS
NPYKHOJIEMITQYOUMX EIEMEHTIB T1JIBICKH KOJIIC.

SIK  TeXHOINIOTil BHWIOTOBJICHHSI BHKOPHCTOBYIOTH IPECyBaHHS,
HaMOTYBaHHS, IMyJITPY3i0 Ta iHIII.

6.1.2 XKapowmiIHi i %KapoCTifKi KOMIIO3UTH
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HaiiBaxmBimmmii eneMeHT Cy4acHOTO Ta3oTypOiHHOTO aBialliiHOTO
JBUTYHa — Lie HOTro «raps4a» 4YacTHHA: KaMepa 3TOPsHHS, HalpsMHI Ta
TypOiHHI JIOTIATKH, >kapoBi TpyOu Tomo [2, 16]. Bei BoHM mpaliomoTh B
OKHCHIOBATBHOMY cepenoBuili npu Temmeparypax 1000°C i sume. Cepen
HUX HaWBIIMOBINAJBHINIUN €JIEMEHT — po0oua Jomarka — MiJIa€ThC
MEXaHIYHIfl BTOMiI Ta TEPMOIMKIIOBAaHHIO, a ii MaTrepial CXWJIbHHHA [0
noB3ydocTi. [ligBumuTi KoedimieHT KOPUCHOI Al ra30TypOIHHOTO JBUTYHA
MOJKHA 32 PaXyHOK BUKOPUCTAHHA €()eKTUBHUX KAPOMIITHIX MaTepialiB.

OnuH 3 HUX - JUCIEPCHO-3MIIIHCHMI KOMIIO3UIIIMHI MaTepianu -
Bimomi crumaBu Tty BAY: BAY-1 (Hikenb, 3MiITHEHHIA TIOKCHUAOM TOPIIO),
BJY-2 (mikens, 3minHeHnid piokcuaoM raduio) i BAY-3 (aikems + 20%
XpoMy, 3MIIHEHUH miokcuaoM Topito). Lli cmmaBu MarTh BHCOKY
JKapOMIIHICTh TIpy Temmeparypi 1200°C.

KoMmo3uTti 3 MeTajeBOI0 MaTpHIEI0, apMOBAHOIO BOJOKHAMH, ChOTOJHI
PO3IrIAAa0OTECA  SAK HAUTICPCIICKTHUBHIII1 JXAapOMIIH1 1 OJHOYACHO KapOCTIUKI
MaTepiajiu, 0 BUKOPHUCTOBYIOTHCA IIPHU BUCOKUX TEMIICpATYypaXx.

[MokpamuT KapOMILIHICTh METaJeBHX CIUIaBiB MOXKHa TaKOX 3a
JOTIOMOTOI0  BOJIOKOHHMX HAIllOBHIOBAaYiB. 30Kpema, HJisl apMyBaHHs
METaIeBUX KOMIIO3UIIMHUX MaTepialmiB BHUKOPHUCTOBYIOTh BOJIOKHA:
BYTJIETIeBi, OOpUIHI, 3 OKCHAIB AIFOMIHIIO Ta KPEMHII0, KapOixy KpemHiro, a
TaKOX TOHKWMH MeTaJieBUH JPIT 31 cTali, Boyibdpamy, MOJiOIECHY, TUTAHY.
TeopeTHyHO MaKCUMAJIBHUN BMICT BOJIOKOH Moxe nocsraTa 91% (00.), ane
yxe mpu 00’eMHiN yacTii BosIokoH 80% BHHUKaIOTh NPOOJIEeMU Ha MeEXi
MOJIITY BOJIOKHO-MATPHIIS.

Benuke nommpeHHs oTpuMalii O0pHIHI BOJIOKHA Ta BOJIOKHA KapOiy
KPEMHII0. 3aJI€XKHO Bil BUKOPUCTAHHS BOJIOKOH y Til UM iHIIIA MaTpULi Ha
MOBEPXHIO BOJIOKOH MOYTh HAaHOCUTHUCS OKPHUTTS, SIKI 3aXHUILAIOTH 1X BiX
B3a€MOJIi1 3 METaJIOM MaTpHIIi B IPOLIECi BUTOTOBIIEHHS BUPOOY. Tak, Kpim
3BHYAHOTO BOJIOKHA KapOify KpPEeMHII0 TPOMHCIOBICTb BUTOTOBIISIE
BOJIOKHO KapOiny kpemHiro SCS-2, moKpuTe ByTIIeEeBUM IIAPOM TOBITHHOO
1 MKM.

Bomokna 3 BOJIb()paMOBHX CILTaBiB SIK apmartypa
BHUCOKOTEMIIEPATYPHUX KOMIO3ULIHHUX MaTepiaiiB CbOTOAHI JOCTaTHBO
BHUBYeHI. BOHM MalOTh BUCOKI 3HAYCHHS IMOKA3HUKIB MIIIHOCTI Ta MOIYJIIO
MPY>KHOCTI y IIMPOKOMY Jialla30Hi TeMIepaTyp, ajie He MatoTh JOCTATHBOI
MIITHOCTI y MONepEeYHOMY HAIIPSIMKY 1 TOMY CXHJIbHI JIO pO3IIapyBaHHs. Y
Jetaneld, apMOBaHUX TAaKMMH BOJIOKHAMH, MPH POOOYMX HABAHTAKEHHSX
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Oyzae 3HIDKYBAaTHCS MILHICTh y HampsMKax, sKi HE CIIBNagalTh 3
HANpsIMKOM apMyBaHHS.

Kowmmosuriitai marepiann Ha MeTaneBiii OCHOBI MOXYTh TAaKOX
BUKOPUCTOBYBATHCS SIK KaPOCTIMKI MOKPUTTS JeTaned aBiaJBUTYHIB, SIKi
IPAIOIOTh IIPU BUCOKHX TEMIIEPATYPaX.

ChOT0/IHI SIK IEPCIIEKTHBHUI PO3TIIAIA€THCS KOMITO3UT Ha METaJIeBii
OCHOBI 3 BUKOpPHCTaHHsIM ubopuay Tutany-xpomy (TiCrB;). Cam nubopun
TUTaHy-XpOMY CTaHOBUTH TBEpAMN PO3UYMH XpOMY Yy AUOOpHII TUTaHy,
BIZIPI3HIETHCSI BUCOKUMH JKapo- Ta 3HOCOCTIHKICTIO 1 TOCTAaTHHO HHU3BKOIO
ryctunoto (4,5 r/cm®). Moro HemomikoM € BHCOKAa KPHXKICTh. Ane K
KOMIIOHEHT KOMIIO3UTY 3 METaJeBOI0 MATpHLECI0 BiH MOXE CYTTEBO
T ABUIIUTH JKaPOCTIHKICTh MATPHYHOTO MaTepiaiy.

KpiMm nmBapHuMX cmocoOiB JUii BHTOTOBJICHHS apMOBaHUX
KAPOCTIMKUX 1 JKApOMILIIHUX BHPOOIB SK 3arOTOBKHM BUKOPUCTOBYETHCS
JUCTOBUHA KOMIIO3UT, apMOBaHHH BOJILGPAMOBIMHU BOJIOKHAMH abo
apotoM. Tax, MTakeTHUM POKaTyBaHHIM BUTOTOBIISIOTH KPYITHOTaOapUTHI
JUCTH, MaTPUIICIO SIKUX € CIUIABU Ha HiKeJeBiii OCHOBI abo BYyTJELEBi Ta
HU3BKOJIETOBAHI CTaJi, TUIAKOBaHI IIapOM XPOMOHIKEJIEBHX CILIaBiB.

HocmimkyBaBcs nporec GopMyBaHHSI KOMITO3UIIIHHOTO MaTepiaiy 3
IapyBaTOI0 HiOOIW-THTAHOBOIO MAaTPHICIO, 3MIIHEHOI BOJIb(YpaMOBHM
apotoM. Kowmmo3utr QopmyBaBes 3a  TEXHOJIOTIEW)  KOHTAKTHOTO
3BapIOBaHHsA, po3po0iieHo0 aBTopamu. CKiiaJleH] 3aroTOBKY 3BapIOBaIMCS
10 BCill MOBEPXHi HA €JIEKTPOKOHTAKTHINA MAIMHI IIIOBHOTO 3BapPIOBAHHS.
3amada mossrana B OTPUMaHHI MOHOJITHOTO Marepiany 3 OJHOYaCHUM
30epeKeHHSIM Mil[HICTHUX XapaKTEPUCTHK apMyBaJIbHOTO JPOTY.

BurotoBinenHs BupoOiB 3 IMX MarepialliB 3MIMCHIOETBCS 3a
JIOTIOMOT'OK0  TEXHOJIOTiH, SKIi aHaJOTiYHI BHUTOTOBJICHHIO BHUPOOIB 3
MOJIIMEPHUX KOMIIO3UIIIMHUX MaTepiajiiB, BOHH JIOCTaTHLO BiAMpaIlbOBaHI i
MOPIBHAHO JemieBi. BWUTOTOBIIEHI TakMM YWHOM BHPOOW MiIAFOTHCA
BHCOKOTEMIIEpaTypHOMY O0OpOOJICHHIO, BHACIIIOK SIKOTO YHOPSAKOBYETHCS
CTpyKTypa  MaTepialy 1  YTBOPIOETbCSA  BHCOKOTEMIICPATYPHHI
KBa31130TPOIMHMI KOMIO3ULIHNN MaTepial.

6.1.3 KepamomarpuuHi Marepiain

Kepamomarpuuni kommnosuiiiini marepiamu (KKM) ctBoprotoThes
HUISIXOM CYMIIIEHHS KepaMiyHOT MaTPHIIi 3 ByTJIELIEBUMU BOJIOKOHHUMH 200
IHIIMMH apMyBaJbHUMH KOMIIOHEHTaMH. Y TIOPIiBHSHHI 3 MeTaJeBUMHU
KOMITO3UIIIHHUME MaTepialaMi BOHM MalOTh HH3KY IepeBar: HEBEJIMKa
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TYCTHHA MIPY BUCOKIM MIITHOCTI, XiMi4yHa iHEPTHICTb, BUCOKI KapOCTIIKICTh
1 JKapOMIITHICTh, 3HOCOCTIMKICTh Ta TEIIOI30JIAIIHA 34aTHICTh, CTIHKICTD
no naedekTiB MIKpOCTpyKTypu Ta iH. Taki BIACTHBOCTI JO3BOJSIOTH
BukopuctoByBati KKM 3 BHCOKOIO HafiifHICTIO B eKcIUTyaTauii mpu
BHCOKHX TEMIIepaTypax Ta 3a YMOBHU CTaTHYHUX, BIOpamiifHUX 1 yJapHUX
HaBaHTa)keHHsX [16].

Ax mampuya ans KKM BUKOpHUCTOBYIOTH Pi3HOMaHITHI KepamiuHi
Marepiany Ha ocHOBI okcuiB (Al203, ZrOy, SiO;), kapoixis (SiC, TiC, B4C),
HiTpuaiB (SisN4, AIN, BN), 6opunis (TiBz, ZrB;) ta in. [Ipote HalibiabIIe
NpakTUYHE 3aCTOCYBAaHHS OTPUMAJIM KOMIIO3HTH 3 KapOWIOKPEMHIEBOIO
MaTpHIIEIO.

HoBum Hampsimxom y 3actocyBanHi KKM € BukopucTaHHA
CKJIOKPHCTANYHOI (CHTanoBoi) MaTpuii. [i mepeBara mossrae y Tomy, 1o
(opMyBaHHSI  3arOTOBOK  BiIOYBA€ThCS TMPH  TIOPIBHAHO  HU3BKUX
temneparypax. llpu HacTymHOMY TepMOOOPOOIIEH] Y MaTpHIli BiIOyBa€eTHCS
CIpsIMOBaHA KpPHICTANI3aIlisl, HACTIAKOM $KOI € IIIBHIICHHI pPOOOYNX
temneparyp KKM (mo 1250°C).

Sk nanoeurosaui KepaMiyHOT MATPHIN JOOPUI pe3ybTaT MOKa3alu
BHCOKOMIITHI HETIepEepBHI 1 JUCKPETHI KapOWTOKPEMHIEBI Ta BYTJIENEBi
BOJIOKHHCTI Marepiaau (BOJIOKHA, HUTKH, CTPIYKH, JOKTYTH TOILIO) i
YIBTPAAMCIIEPCHI KepaMidHi crioayku, 30kpema moporiku SiC, SisNa, Al,Os.
VY neskux BUNaAKax (HampuKiIad, MPH CTBOPEHHI Teruioizomsninanx KKM)
Kpalui pe3yibTaT Ja€ BHKOPUCTAHHS JWCIIEPCHUX HAINIOBHIOBAYIB THITY
kapOiZly KpeMmHil0. A TpH BUKOPHCTaHHI JJIsi apMyBaHHs BYTJICHIEBOTO
JDKTYyTa MOKHa OTPUMATH JIOCUTh BHCOKI MIIIHICTHI XapaKTEPUCTHKH
KOMIO3HUTY: G; = 3000 MIla, E = 230 I'Tla mpu p = 1,75 r/cm®.

Texnonozcis euecomoenenus Bupod6iB 3 KKM - nocuth ckiagHuid i
TpuBasHii ponec. Ii 0CHOBA — YIIiILHEHHS i MPOCOYYBAHHS BOJOKHUCTOTO
HaroBHIOBaya a00 IMOPHCTOI OCHOBM MAaTpUYHUM MatepiaioMm. Bupobu
MOXYTh OyTH OTpPHMaHi TBEPJO- 1 piTUHHO(DASHUMH METOIAMHU.

Cytb TBepmodasHUX METOAIB ToysArae y QOpMyBaHHI BUPOOIB
NpecyBaHHIM y npec-hopMax, MyHIIITYYHHM (popMyBaHHsM Ta iHme. [is
OTPUMaHHS MOHOJITHOI KEpaMiKM CIIPECOBaHi BHPOOHM MiIJAarOTHCS
crikaHHIO. [HO/Il BUKOPHCTOBYIOTH TEXHOJIOTT, SIKI TOEAHYIOTH (POPMYBaHHS
31 CIIiKaHHSM — HANPHUKIIAJ, Tapsye i30CTaTHIHE TPecyBaHHS.

PigunHodasni  Meronm €  MOpIBHAHO — JEIICBIIMMH. BoHu
BUKOPUCTOBYIOTh JIEKiIbKa TeXHOJOTid. Hampuknan,  mpocodyBaHHs
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apMyBaJIbHOTO HamoBHIOBaua (y BUIVISII MiATOTOBICHOTO BOJIOKHHCTOTO
KapKacy) po3IIaBOM MaTpHIHOTo Marepiany. Lle mepmr 3a Bce kepaMika Ha
OCHOBI OOPOCHIIIKATHUX, aTFOMOCHJIIKATHHAX Ta 1HIMTHAX BUIIB CTEKOIL.

I'anysi Bukopuctanass KKM nmocuth mmpoki i pizHomaHiTHi. HoBi
KOMIIO3WIIIHI ~ MaTepialid € TMEepPCIeKTUBHIMH Il 0aratboxX ramysei
MaIIMHOOYIyBaHHSI.

Tak, 3 HUX BUTOTOBJISIOTH KPYIMHOTa0apuTHI TOHKOCTIHHI BCTaBKU
IUTSL BY3JiB TepTs (MAIIMITHUKA KOB3aHHS, 3aHYPEHI BiALIEHTPOBI Hacocw),
TOPIIEBI YIIIIHPHEHHS, €Tl KIIAMaHIB 1 3amipHOT apMaTypH, SKi MPAIIOI0Th
y PpI3HOMaHITHHX arpecMBHHX 1 aOpa3MBOBMICTHUX CepelOBHINAX MpHU
MiIBUIICHUX TEMIIEpaTypax i BiOpalifHNX HAaBaHTAKEHHSIX.

KepamomMaTpryHi KOMITO3UITiHI MaTepiain 3HAXOATh 3aCTOCYBaHHS
y BUpoOax aepokocMmiuHoi TexHiku. Hampuxian, xommanis GE Aviation
noBigoMuna npo crBopeHHs 3 KKM Gangaka 1 monatok TypOiHH BHCOKOTO
TUCKY aBiagBuryHa. KepamiuHi TypOiHHI JIONATKH 3HAYHO JIETIIIE 3BUYATHIX
JIOTIATOK 3 XPOMOHIKEIEeBHUX CIUIaBiB. Jlermm JomaTku CTBOPIOIOTH MEHIIE
BIJIIICHTPOBE HABAaHTa)XCHHS Ha JUCKHW, IMIIIIMITHAKA Ta IHII JeTaii
JBUTYHA, a OT)KE JO3BOJISIOTH 3MEHIINUTH X Macy.

6.1.4 Byrieup-ByrieneBi KOMITO3UINIIHI MaTepiaan

Byrneus-Byrnenesi komnosutiinai marepianu (BBKM) 3’sBumnmcs B
ocTtaHHi poku [2]. BoHM XapaKTepu3ylThCs XIMIYHOK 1HEPTHICTIO, MaJIO0
TYCTHHOI, IOOpUMH eNeKTPO(i3HIHUMH BIIACTUBOCTSMH, MOKJIHBICTIO
PETyJIIOBaHHS TEIUIONPOBIAHOCTI Ta EJNEKTPUYHOIO ONOpPy B IIHUPOKHUX
Mmexax. [li «BIyTriienb-ByIieleBUMH MaTepiajaMm» NpUHHATO PO3yMITH
Mmarepianu 3 TpadiTomomiOHO CTPYKTYpOIO — BiJl KPUCTATI4HOI 0
amopHO1.

[lepmoro cramieto BurotosneHHs BupoOiB 3 BBKM € BurorosneHHs
kapkacy. Kapkac BHTOTOBIs€TbCS 3BHYAaWHMMHU TexHojorissmu KM -
HaMOTYBaHHSM, BUKJIQJIaHHIM a00 1HIIMM CHOCOOOM 3 TiPOLETIONI03HUX
('B) i nomakpunaiTHpunsaux (IIAH) BomoxoH. BHKOpHCTOBYIOTH SIK
BOJIOKHA, TaK 1 HUTKH, JDKTYTH, CTPIYKH 3 HUX. [1i/1 yac oTBepAiHHS MOTPIOHO
3a0e3MeYuTH PIBHOMIpHE IMPOTpiBaHHA MaTepialy M0 BChOMY 00’€My 3
OJTHOYACHUM YIIiIbHEHHIM. KpaniiM BapiaHTOM BBaXKAETHCS OTBEPAIHHS Y
aBToknaBi. Kapkac Mae TouHO BifnoBigaTH KoHpIryparii BUpoOy.

Hactynuuii eram — xapOonizamis. KapOonizamito 3arotoBku
NPOBOJSTH Y CEPENOBHUILI iHEPTHOTO a3y ado y 3acHIli Npu Temmneparypi
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900...1000°C . Ilpy LBOMY BUIAPOBYIOTHCS JIETKI CKIAIHHKH, 4 BMICT
Byriienio 30utbmyeTbess 10 99%. BuroroBneHuil TakMM YHHOM KapKac
CTaHOBHUTh MILHMHA MOPUCTUI BUPIO, SIKMA CKIAQAAETbCA MPAKTUYHO 3
YHUCTOTO BYTJICIIIO.

[Ticns mbOTO MPOXOIUTH MPOIEC HACHYEHHS ITOP KapKacy MipOoTi3HIM
ByTJIELIEM, SIKUI YTBOPIOETHCS MPH PO3KJIaJaHHI IPUPOJHOTo ra3y. Byrieup
3/1e01IBIIOTO Y BUTTISINI Caki 3alOBHIOE MOpH Kapkacy. [Iponec HacuueHHs
fi7ie TOBUIBHO, IOBTOPIOIOYMCH JACKITbKA Pa3iB i MOXE TpUBATH 10 7 mi0.

Byrneup-ByrieneBi KOMIO3UIiHI MaTepiaid NEPCHEeKTUBHI JUIS
3acTOCYBaHHs y ra3oryp0Oinaux neuryHax (I'TH). [lo ix mepeBar HajekaTh
HU3bKa TYCTHWHA, BUCOKI MIIHICTHI XapaKTEPUCTUKU 1 TETUIOTPOBITHICTS.
OpHak s HAX HEOOXigHE BUpIMIEHHS TPOOIeMH BUTOPSIHHA abo
OKHCHIOBaHHS Tipu Temieparypax Buie 370°C mumsixom 3acTOCYBaHHSA
3aXUCHUX TOKPUTTIB. 30kpema, ¢ipma «Binmbsim IaTepreiimmm» (CLLIA)
MPOBOAUTH BHUMNPOOYBaHHS TypOIHHOT (OPCYHKH 3 BYTJIEIb-BYTEIIEBOTO
KOMITO3UIIIIHOTO MaTepiaiy 3 MOKPHUTTSM i3 KapOigy KpeMHilo.

OcHoBHI HampsiMKH poOiT i3 3acrocyBaHHsi Aetaneii 3 BBKM y
koHCTpyKIii ['T/[ cmpsiMoBaHi Ha OJepXaHHS aHTHOKHCHIOBAIBLHUX
NOKpPUTTIB ab0 3aMiHy, MOBHY a00 YacTKOBY, BYIJICHIEBOi MaTpHUI Ha
KapOiaHy.

6.2 BupooHuuTBo i BUkopucranus I[IM

Meroau  TOPOLIKOBOi ~ METAJyprii  J03BOJISIIOTH  CTBOPIOBATH
NPUHIMIIOBO HOBI Martepiainy, sKi CKIagHO a0o0 HaBiTh HEMOXKIMBO
OTPUMAaTH I1HIIUMH CIOCO0aMHU. 3a JIOMOMOTOI I[HUX METOMIB MOXKHA
orpumaru Oararomaposi kommosuii [10]. Pi3Hi komOiHaIii MeraneBux i
HEMETaJIeBUX KOMIIOHEHTIB, MOPHCTI MaTepiaid 3 HIMPOKUM [iara3oHOM
KOHTPOJIbOBAHOI ITOPUCTOCTI, BUPOOHM 3 TYTOIUIABKHX MaTepialiB TOIIO.
[MopomikoBa MeTamypris Ja€ MOMJIHBICTh BHKOPHUCTOBYBAaTH CTPYKKY,
OJIepXKyBaTH BHPOOM CKIanHOi KOHQIrypamii, CIpPOCTUTH TEXHOJIOTiIO
BUTOTOBJICHHS TOUYHHX JI€TaJlel 1 3HU3UTH TPYIOMICTKICTb iX BUPOOHUITBA.
KoedimienT Bukopucranns matepiany pocsrae 0,97.

Ha mouarox XXI cToniTTsi MeXaHi4Hi BJIACTUBOCTI IMOPOLTKOBHX
CTajlell JocCsArnmM PiBHA BJIACTUBOCTEH CTaleBOro MPOKaTy, TOMY
BIIKPUBAETbCS TEPCIEKTHBA IEPEXOAYy [0 BUPOOHHUIITBA JeTalicH 3
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MOPOIIKOBUX MaTepialliB, E€KOHOMJISYM 1O TOr0 X Ha MEXaHIYHOMY
00p0oOJIEHH] 3arOTOBOK.

6.2.1 Meroau minsuinesHs Mimaocti [TM

Bimomo, mo HaWBaXIUBIMHMM (GaKTOpPOM, IO BIUIMBAE Ha MIIHICT
MOpOLIKOBMX BUPOGiB, € ixHs mopucticts. llopu y mpecoBaHOoMy BHPOOI
MPHU3BOJIATE 10 3MEHIIEHHS TUIOMII MOMEePEeYHOro mepepisy BHpOOy  mif
HaBaHTA)XEHHSIM, a TaKOXX CIyXKaTb KOHLEHTPATOpaMHM HAIPYKEHb 1
JDKEpeJIoM YTBOPEHHS TPILLHH.

To06TO, OCHOBHUM HAIPSIMKOM TIiABHINECHHS MIITHOCTI MOPOIITKOBUX
BHPOOIB € 3MEHIICHHSI KiJTbKOCTI TIOP.

Jdns  migBUIICHHS ~ MIOHOCTI  BUpOOy  JOCTAaTHBO  IMPOKO
BUKOPHUCTOBYIOTHCSI TEXHOJIOTII MpecyBaHHs, CIPSMOBaHI Ha MiABUICHHS
IIIJTBHOCTI, @ OT)KE M 3HUKEHHS MOPUCTOCTI cupuX mpecoBok [15]. 3okpema,
OJTHIEIO 3 TAKUX TEXHOIOTIH € menne npecysanns OpukeriB. [Ipu npomy i
TIOPOILOK, i pec-(hopMa MoNepeHbO HArpiBaroThes 10 Temneparypu 150°C.
HarpiBanHs 3MIHCHIOETBCS 332 JOTIOMOTOK) 1HIYKTOPIB, MiIKPOXBOJIBOBHUX
npucTpoiB Towo. HacTynHe mpecyBaHHA OpoXOauTh Hpu TUCKy a0 700
MIIa.

s oTpuMaHHS NPakTHYHO OE3MOPUCTOI MPECOBKU 3aCTOCOBYIOTH
imnynbcHe ghopmysanis, IpU AKOMY YIIUIBHEHHS 3A1HCHIOETECS YAapHUMU
XBUJISIMA B IHTEpBaJi yacy, II0 He mnepeBuinye 1 ¢. 3a BUIOM JpKepena
EHeprii po3pi3HAIOTh BUOYXOBE, CIEKTPOriApaBiIiuHe, eJISKTPOMArHiTHE Ta
THEBMOMEXaHiuHe iMITyJIbCHE (popMyBaHHS. YIapHa XBWIS, CTBOPIOIOYH
HaJA3BUYaliHO Benukuii Trck (1o 1...3 I'Tla), nie qyxe kopoTkuii gac. Teruro,
K€ BUAULIETHCS 3a PaxyHOK ajaiadaTuvHoro aeGopMyBaHHS 1 TepTs
YaCTUHOK METajly, HE BCTUTA€ IMOIIMPUTHCA HA30BHI 1 CIIpHUAE 3HAYHOMY
VIIIBHEHHIO MPECOBKH. LluM MeT0o10M BUTOTOBIISIFOTH OPUKETH IOPiBHSHO
npoctoi KoHQiryparii.

Jnist oTprMaHHS MiHIMQJIBHOI MMOPUCTOCTI BUKOPUCTOBYIOTH TaKOXK
eapsiue npecysauns. BoHo mpoBomuthes mpu temmeparypi 0,5...0,9 Big
TEMIIepaTypy IUIABJICHHS OCHOBHOTO MeTally mopomKky. [Ipu rapsdomy
NpecyBaHHI MPOXOAATh OJJHOYACHO JBa MPOIECH: TIPECYBAHHS i CITIKAHHS.
OckinbKyM TemIiepatypa IIpu npecyBanHi Moke jgocsaratu 1000°C, Bunukae
npobiema marepiany npec-popmu i criocoOy ii HarpiBaHHs. KpiM Toro, npu
TaKUX TeMIIepaTypax OUIBIIICTh TOPOIIKOBHX MaTepiaiiB BUMAarae 3aXucTy
BiJl OKUCHEHH:. BpaxoBytoun Bce Bullle 3a3HaueHe, Tpeda 3ayBaXKUTH, L0
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Hei MeTo[ MigBUILEHHA MIIHOCTI BHMara€ BHKOPHCTaHHS JOCHTH
CKJIaJHOT'O 1 KOIITOBHOT'O 0O0JIaJHAHHSL.

[[{o6 3amobirTel BIUIMBY TOp SK KOHIICHTPATOPIB HANpPYXeHb Ha
MIIHICTh MOPOLIKOBUX BHPOOiIB, BHUKOPHCTOBYIOTH IE€ OIWH METOJX
00pOOIISTHHS TIPECOBOK — iHginempayito. CyTh ii mondrae y 3ani0OBHEHH] TIOp
IPECOBOK METAIOM a00 CIIaBOM, TeMIlepaTypa IUIaBJICHHS SIKOTO MEHINe
TEMIepaTypyd IUIABICHHS OCHOBHOTO MeTaly BHPOOY. VYILiTbHEHHS
MOPOIIKOBOT0 BUpoOy mpu 1H(}iIbTpauwii aHajgoriyHe mnpomecam Ipu
piamHOpa3HOMY CHiKaHHI.

BuakicTe iH¢inbTpanii craHoBuTh OnM3bko 1 Mm/c. ToBmumHa
1HQITBTPOBAHOTO MIAPY 3AJICKUTH BiJl PI3MUHMX BIACTUBOCTEH PO3ILIaBy Ta
TPUBAIIOCTI 3alOBHEHHA TOp. Yac MOBHOI iHQIIBTpamii y CBOIO dYepry
3aNIeXKUTh BiJl TYCTHHH PO3ILIaBy, IEPBUHHOTO 00’€My TIOp Y MPECOBII Ta
TUIOIII i1 MoMmepedHoro nepepisy.

[Ticns indinpTpanii BUpiO MpaKTUIHO HE MA€ TOP 1 32 HEOOXITHICTIO
JETKO TWiANAEThCSl HACTYITHUM BHAAM OOpOOJEeHHSA, y TOMY 4HCHi #
JIOJTATKOBOMY J1e(hOpMyBaHHIO.

OKkpiM MOPUCTOCTI, 3HAYHOIO MIpOK Ha MEXaHI4YHI BJIACTUBOCTI
MOPOIIKOBUX BHPOOIB TaKOXK BIUIMBAE 1X TOAAIBIIE TEPMidHE OOPOOICHHS.
AHai3 JIiTepaTypHUX JHKEpEIT OKa3as, 1110 HAWBUBUYEHIIIMMHU MaTepiaiaMu
HIO/I0 BIUIMBY TEPMIYHOTO OOpOOJIEHHSI Ha CTPYKTYpY Ta iX MeXaHidHi
BJIACTHBOCTI € BYTJIEIEBI MOPOMIKOBI cTam. SIK 1 KOMIAKTHi, TTOPOIIKOBI
MaTepiaiy MiIIarThcs YCIiM BUAAM TepMidHOTO 00pobneHHs. [Ipu mpomy
HaifyacTille BUKOPHUCTOBYIOTHCS BiAMATIOBAHHS, TAPTYBaHHS 3 MOJANBIINM
BIJIITyCKaHHSM, a TaKOXX cTapiHHs. Ha BiAMiHY BiJl KOMITAKTHUX MaTepialiB
pu TepMOOOPOOIIeH] MMOPOITKOBUX MaTepialliB iCHye HU3Ka 0COOIMBOCTEH,
BUKJIMKaHUX HASBHICTIO Y HUX TOP.

I[Mepr 3a Bce Tpeba 3a3HAYUTH, 10 HATPiBaHHS MTOPOIIKOBUX BUPOOiB
HEOOXiTHO POBOANTH y 3aXUCHiHM aTMocdepi AJs 3armo0iraHAsS OKHUCHEHHIO
YaCTHHOK Ta 3HEBYIJICIILOBYBAHHIO iX MOBepxHi. HarpiBaHHs MpOBOIUTHCS
ctpymamu BHcOkoi dyactotm (CBY), sike TPHBOAWTH [0 IIBHIKOTO
HarpiBaHHs ITOBEPXHi (30KpeMa, IPH OBEPXHEBOMY rapTyBaHHi), i mpouecu
OKHCHEHHsSI Ta 3HEBYIJICLIbOBYBaHHS HE BCTHrarOTh BimOyTucs. [pyra
0cO0JHBICTH TEPMOOOPOOIICHHS MMOPOITKOBUX MaTepiaiiB - HasiBHICTh TIOD
Ta BIJIBHUX IIOBEPXOHb BEIUKOI TNPOTSHKHOCTI, BHCOKA JIHCIIEPCHICTH
YaCTMHOK TIOPOLIKY, BEJIMKA HEPIBHOMIPHICTb PO3MOAUTY XIMIYHHX
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CKJIaJHHKIB (HAaMpUKJIa, BYTJIEIIO B CTAISX) — BCE 1Ie 3HAYHO 3MiHIOE YMOBH
CTPYKTYPHHUX IIEPETBOPEHb.

Jlns mopomkoBHX cTaiel mikaBuM (PaKToOM € Te, IO MIITHICT ITiCIsI
rapTyBaHHs, Ha BiIMiHYy BiJl KOMIIAKTHHUX CTaJIeH, MiABUIIYETHCS HE3HAUYHO
y TOpPIBHSHHI 3 MIIHICTIO Ticis crikaHHS abo HaBiTh 3MeHIIyeTbes. Lle
MOB’S3aHO 3 HEPIBHOMIPHUM PO3MOALIOM BHYTPINIHIX HAMPYXEeHb Yy
MOPOIIKOBUX MaTepialiiB, siKi, 0 TOTO K, MOXYTh 3MEHILIYBaTH U yJapHY
B’SI3KICTh Ta CHOHYKATH JI0 KpUXKOro pyiHyBanHs. llomo minHOCTI, TO ¥
3arapToBaHUX IMOPOIITKOBUX CTANAX il CYTTEBE 30UNBIICHHA BilOYBa€ThHCS
micns BignmyckanHa. [lpudyomy onTumanbHa TemImeparypa BiJIlyCKaHHS
kosmBaeThest y Mexkax 200...450°C # tak camo 3aJeXKHTh BiJ MOPUCTOCTI
00pOOITFOBAHOT MMOPOIIKOBOT CTaNi: YAM BOHA BHIIE, THM BHUINE Ma€ OyTH i
TeMIIepaTypa BiIyCKaHHS.

6.2.2 EdextuHi TexHonorii y [IM

Tapsiue i3ocmamuune npecysanna (I'IIT — Hot Isostatic Pressing)
BUKOPHUCTOBYETHCS I BUTOTOBJICHHS BUPOOIB TOUHOI popMH Macoro 1o 1
TOHHU (TIEPEBaXHO 3 HEP)KaBilOYOl CTall Ta JKapOCTIHKWX CIUIABiB) JUIS
SHEpPreTUKH, BIHCHKOBOI Ta MEAMYHOI TEXHIKH, aepOKOCMIYHOI0
MammmHOOyAyBaHHSA. PO3BHUTKY i€l TEXHOIOTIi CHpHsSE BIPOBAKEHHS
YIOCKOHAJIEHMX METOJIB aBTOMAaTHYHOI'O TPOEKTYBaHHS Ta MOXKIHUBICTBH
BUTOTOBJIGHHS  JleTaJied 31 CKJIQJHOK BHYTPIIIHBOIO T€OMETPIER.
BupoOnutTBo neraneit 3 iHcTpyMeHTabHUX cranei meromamu 1113 2010
p. 1o 2020 p. 3pocno Ha 62%.

[TepeBarn 130CTAaTHYHOTO TMPECYBaHHS IOJATAIOTH Yy 3JIATHOCTI
BUTOTOBJIATH JIETaJl 3HAYHO OUIBIIMX PO3MIpIB, HIXK I1€ MOXKIIMBO 1HITUMU
TEXHOJIOTISIMA MOPOLIKOBOI METaIyprii, 3 MPaKTUYHO HEOOMEKEHHMHU 32
CKJIaTHICTIO TEOMETPUYHUMHE (hOpMaMH i BUCOKOIO TOUHICTIO po3mipiB. ['II1
3aCTOCOBYETHCS Ui BUTOTOBIICHHS BHPOOIB 3 TaKUX MAIOMJIACTUYHUX
MaTepiaiiB, SK JKapOCTIKi CIUIaBW, TUTaH, IHCTPyMEHTaJbHI CTami 3
BHUCOKHUM KoeimieHToM BUKoprcTanHs Marepiany. Merogamu ['II1 MmoxyTh
OyTH BWIOTOBJICHI JeTaii, SKi MalTh CTOBIJCOTKOBY IIUIBHICTh 3
130TPOITHUMH MEXaHIYHUMH BIACTHBOCTSMH.

Inscexyiine ¢opmysanna (1O - Metal Injection Molding) —
(opMyBaHHsS 3aroTOBOK 13 CyMillli TOHKOTO METAJleBOTO TMOPOMIKY 1
15...30% (006.) mnactudikaropa, SIKuil 3a0e3nedye CyMilll IUIAaCTHYHICTb,
HUISIXOM BIIOPCKYBaHHS il y mpec-GpopMy NpH HEBEIUKOMY THUCKY 1
HeBUCOKOMY HarpiBanHi. [lepeBaramu I®D € mpumaTHiCTh HpoOLECY IS
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BUPOOIB HEOOMEXEeHO CKJIanHOoi (JOpPMH 3 BHCOKOIO TOYHICTIO PO3MIpiB i
BHCOKOIO MIITHICTIO, TOMY IO TOHKI TMOPOIIKH CIIKaIOTHCSA IO MPAKTUIHO
CYIUTBHOI IIITBPHOCTI; BUCOKA MPOIYKTHBHICTD 32 PaXyHOK BHKOPHUCTAHHS
0araTorHi3gHO1 OCHACTKH. 3a MEXaHIYHUMH BIACTHUBOCTSIMU TaKi BHpPOOH
YCIIIITHO KOHKYPYIOTh 3 BUPOOaMH, BUTOTOBICHUMH Taps9uM TIACTHYHAM
nedopmyBarHAM. Po3Mmipu BEpOOIB - BiJ AecATHX 4acTok rpama ao 250 r
npu ToBmuHi 0,7...5,0 Mm.

Metogamu I® BHUrOTOBISIFOTH BUPOOM 3 HHU3BKOJIETOBAaHHX 1
HEP)KaBIIOYMX CTaJleH, CIIaBiB Ha OCHOBI HIKEIIO i KOOANBTY Ta MarHiTHUX
MmartepianiB. ['onoBHI cnoxkuBadi BHpOOiB — aBTOMOOUIPHA Ta MEAWYHA
MPOMHCIIOBOCTI, BUPOOHHWIITBO CIIOKMBYHMX TOBapiB. 3OUIbIICHHA Y
MONANBIIOMY BHPOOHUIITBA JETajel, BHUTOTOBICHHWX MeTomamu [D,
MOB’s13aHe 31 30UNBIICHHAM ITOTUTY HAa KOMITOHEHTH ISl CTUTBHUKOBUX
TeneOHIB, KOMITIOTEpiB Ta IHIIMX ENEKTPOHHUX MpPUIATiB, a TaKOX
JleTanel aBialiifHuX TBUTYHIB, BOTHENAIBLHOI 30pOi.

st BUTOTOBIIEHHS BUPOOiB BUKOPUCTOBYIOTH MTOPOIIKH 3 PO3MipaMu
YacTHHOK MeHIe 20 MKM, ajie 6axaHo, o0 cepeqHii po3Mip YaCTHHOK HE
nepesuiyBas 10 MkM. ToMy roJIOBHUI HEOJIIK MPOLIECY — BUCOKA BapTIiCTh
BUX1/THUX TTOPOIIIKiB.

Excmpy3is MeTaneBuX TOPOWKIB g03Boisie  jpocsartd  100%-noi
HIUTBHOCTI 0€3 TpOBEJCHHS omepalii chikaHHsS. 3epHa y CTPYKTYypi
EKCTPYJIOBaHUX IOPOILIKOBHX BHUPOOIB Masli Ta BHUTATHYTi. 3MEHILICHHS
PO3MIpiB 3epeH cupusie iHTeHCU]IKaIi Mex3epeHol mudys3ii, sKa MpoTikae
31 3HAQYHOIO IIBHJKICTIO. YTBOPEHHS BIJIBHHMX BiJl OKCHJIB KOHTAKTHHUX
MIOBEPXOHbB 3epEH aKTUBYE OE3IM0OCepeIHBO B3AEMOIIF0 MiXK YACTUHKAMH, 110
MIPUBOAUTH JI0 301IBIIEHHS MIITHOCTI i TUTACTUYHOCTI KiHIIEBOTO BUPOOY.

6.2.3 AIUTUBHI TEXHOJOTIi (OpMyBaHHS

BinMiHHICTE adumueHux mexno102ii BiJ TPAAUIIIHHUX IPYHTYETHCS
Ha IIONIAPOBOMY CHHTE3l BHPOOY MHUIIXOM 000asanHs TIApiB Martepiairy
BUPOOY 3TiIHO 3 MPOrpaMolo, 3aJaHOK MOJEITI0 KOHCTpyKTopa [16]. Ix
Ha3Ba ITOXOINTH Bl aHrIiHCcEKOrO0 Aiecnosa add — qomaBaTu, TOITOBHIOBATH,
JOJy4aTH, IpUETHYBATH, TOMY iX MOXHA Ha3BaTH TaKoXK doddeanumu. 11i
TEXHOJIOT1I JJO3BOJIAIOTH BUIOTOBJISITH 3 BHCOKOIO TOYHICTIO TPHUBHUMIpHI
JIeTalli CKJIaIHOT CTPYKTYpH 0€3 3aKpiIuieHHs Y Oyab-sKii OCHACTII.

Ha mnpakTuii BHKOPHUCTOBYIOTHCS JBa BapiaHTH 0odagauux, abo
AJIUTUBHUX, TEXHOJIOT1H, SIKi BiAPI3HAIOTHCA 38 METO0M (POPMYBaHHSI ILIAPiB
MeTay.
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[Mepmii BapiaHT — ocaodscysannsa na ocnogi-nioknaoyi (OOII - Bed
Deposition) — monsirae y TOMy, 1[0 HaJ IEBHOK OCHOBOKO (poboyeto
1aT(oOpMOI0) CTBOPIOETHCS JOCTaTHI 00’€M TIOPOIIKY, B SKOMY
MOCIIZIOBHO, map 3a mapoM TOBIIMHOK 20...50 MKM KOXXHUN TICBHUM
JOKepesioM eHeprii (HaiigacTime - Ta3epHUM ITPOMEHEM ) YaCTUHKH TTOPOIIKY
CIUIaBISIIOTECS, @ OCHOBA-MIAKJIAIKA IIOCTYIIOBO OITyCKAETHCS BHU3.
®dakTU4HO BUPIO, omoueHuil 3 ycix 00KI@ NOPOwWKOM, 1 TaKUM YHHOM,
CIHMPAIOYNCh Ha HEBUTPAUCHHUN MOPOULIOK, «BUPOIIYETHCS» 3HU3Y BBEPX.
JlazepHuii MpOMIHB IIABUTH IMOPOIIOK Ta 3 MIKPOHHOIO TOYHICTIO CTBOPIOE
Jetani HaiickiagHimoi xoHgirypauii. [lpn npomy oTpumyroTe netami 3i
IIBHICTIO TOHAR 99%.

Jpyruii BapiaHT 101aBaHUX TEXHOJIOTIN - CHPAMOGAHE 0CAOHCYBAHHA
(CO - Directed Deposition a6o Directed Energy Deposition) — mossirae y
TOMY, IO 32 cxemoro 3D-TexHonoriit BUpi® hopMy€eThCs Ha TIEBHIH OCHOBI-
migKTaai 6e3 OTOYeHHS MOPOIIKOM MOCTIIOBHO, IIIap 3a MIapOM, IIIIXOM
CIIPSIMOBAHOTO Ti/IBE/IEHHS OJTHOYACHO €Heprii (Ja3epHuit a00 eNeKTPOHHHHA
MIPOMiHb, EJICKTPUYHA JAyra) 1 OYAiBEIBHOTO MaTepiany (Y BUIJISLIl IOPOILIKY
a00 MOPOIIKOBOrO JPOTY) OE3MOCEepeIHbO Y Miclie o0y moBH BUpoOy. Ha
MMOYATKOBOMY €Talli CTBOPIOETHCS MIKATOMHHI 3 BA30K MK OCHOBOIO 1
OCaJDKCHUM MeTajioM. A najii BUPIO Oe3 306HiutHbOi onopu (ocHacmu)
HApOIIYETbCS 3HU3Y BBEPX IMOCITIJOBHAUM HaHECEHHSIM pPO3ILIABICHOTO
MeTally Ha ONePEe/IHi IapH 3a TIEBHOIO PO PaMoIo.

[IpobGiiemoro momaBaHuX, a00 AANTUBHUX, TEXHOJIOTIH € HEOOXiAHICT
BUKOPUCTaHHS BHCOKOSIKICHUX 1 JIOCHTh KOIITOBHUX MOpOIIKiB. [lopomku
JUTSl QJINTUBHUX TEXHOJIOTIM MOBUHHI OyTH XIMIYHO OJHOPITHUMH, MaTh
NOHM)KEHUH BMICT Ta30BUX JOMILIOK, OaxkaHo chepudnoi popmu. Cepenniit
po3Mip YacTHHOK mpuHaiiMHi Ha 50% mae Oytu He Oinbiie 40 MM, Ynum
MEHIIIE CePeHIi PO3Mip YACTHHOK MOPOIIKY, THM MEHIIHNH KPOK 00y J0BH
BUPOOY MOXKHA BUKOPHCTATH, a [1¢ 03HAYAE, 0 MOKHA JOCATHYTH MEHIIY
MIOPCTKICTh TOBEPXHI JeTam Ta penbedHime npopodbutn ii ApiOHI
CJIEMEHTH.

AUTHBHI TEXHOJOrIl, NMPaKTUYHO OE3BIAXOMHI Ha BIAMIHY BiJ
TpagULUiHUX, BHUTAHI B yMOBax JpiOHOCEpiHHOTO BHPOOHMIITBA,
BUMIpIOBaHOTO JiecsiTkamu abo coTHsMH BupoOiB. Takux BHPOOIB,
Hal4JacTille CKIaJHOI reoOMeTpii, 31 CelialbHUX MaTepiajIiB JOCUTh Oarato
B aBiamidHIl MPOMHCIOBOCTI, KOCMIYHIM iHAYCTpii, EHepreTHYHOMY
MaIIMHOOYIyBaHHI 1 HHA3II 1HITUX Tamy3ei.
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7 CYYACHI METAJIYPI'IMHI TEXHOJIOI'TI
BUPOBHUIITBA CTAJIEM I CIIJIABIB

OCHOBHI MeTanmypriiiHi 3aBOAM YKpaiHH CHOTOJHI BHUILIABISIOTH
CTallb 08ocmadiunum MeTonoM. BiH momsrae y ToMy, IO CIOYAaTKy 3
3aJTi3HO1 pyJH 3 BUKOPHUCTAHHAM KOKCY Y JOMEHHOMY HPOLECi OTPHUMYIOTh
9YaByH, a MOTIM 3 YaByHE — cTasb. CTaleIIaBWIBHUN IIPOIEC MOXKE
BUKOHYBATHCS JIEKiJIbKOMA HUISIXaMU: 3 OHOTO YaBYHY, 3 METaJIOOPYXTY Ta
3 YaBYHY 1 MeTaJoOOpYXTy pa3oM y MapTEHOBCHKMX YH €JICKTPOIYTOBHX
neyax abo y KoHBepropax. Lleif mpomec BUMarae 3HaYHHX €HEProOBUTPAT i
BUTpAT JOBOJIi KOIITOBHOTO KOKCY. [1l00 3MEHIINTH iX 1 OTpUMAaTH YUCTIlLy
(6e3 cipku, dochopy Ta IHIIKUX MIKIAJIABAX JOMIIIOK) CTajlb, BEAYThCS
MOCTiIHHI poOOTH 10 CTBOPEHHS 00HOCMAadiliHo20, Oe3MocepenHbOro
OTpUMaHHS CcTali 3 pyau. Bei Taki mporecu, iCHyroo4Yi Ha ChOTOJHI,
00’ € THYIOTHCSI ITiJ] Ha3BOO: MPSAME OTPUMAHHS CTaJI.

7.1 Mingekc-nmpouec

Minpekc-niporiec — OAMH 3 0araThbOX CIOCOOIB MPSIMOTO OJCPKAHHS
3armiza i3 3ami3Hoi pyau. [Ipomec Moke OyTHM BHKOpHCTaHHH, 30Kpema, y
KpaiHaX, B SIKHX HEMAae€ IOKJIaJliB KOKCIBHOTO BYTiJUISl, HATOMICTh € BEJIHKI
HOKJIaJIM TIPUPOAHBOTO rasy [5].

OxaTuimy i3 30aradeHol 3aii3HOI PYAM 3aBaHTAKYIOTHCS 3BEPXY Y
maxTHy mid (puc. 7.1).

Hagyctpiu  pyai 3  KOHBEpCIHHOI  YCTaHOBKH ITOJIAETHCS
KOHBepTOBaHMK npupoxnuii ra3 (CO2, H2). Ilpouec BinHOBIEHHS
3aificHoeThc Tipu  TemriepaTypi 7600C 'y BepxHii dYacTHHI Iedi.
BignoBnenust tpuBae 4...6 roa. Omnyckawo4nch y HWKHIO YacTUHY IIevi,
OKaTHIII OXOJIO/DKYIOThes. CyMapHUi yac nepeOyBaHHS OKATHILIB y meui
cTaHOBHTH §...12 roa. Ha Buxoai orpumyroTs rybuacte 3ai1izo, sike MiCTHUTb
90...93% 3amniza.

31969 o 2019 pokn y 21 kpaini cBiTy Oys0 moOya0BaHO OIM3HKO
100 momymiB Migpekc.


https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BB%D1%96%D0%B7%D0%BD%D0%B0_%D1%80%D1%83%D0%B4%D0%B0
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BA%D1%81%D1%96%D0%B2%D0%BD%D0%B5_%D0%B2%D1%83%D0%B3%D1%96%D0%BB%D0%BB%D1%8F
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1 — moBiTpsyBKa; 2 — TEIIOOMIHHHK; 3 — 3MilllyBay ra3iB; 4 — KOHBepCiliHa
YCTaHOBKa; 5 — koMIipecop; 6,8 — ckpy00epu; 7 — maxTHa mid; 9 — rpoxoT
Pucynok 7.1 — Cxema oTpUMaHHS METai30BAHUX OKATHIIIB Yy MAXTHIN 1Medi.

7.2 YcTaHoBKa MeTadi3alii okaTHIIiB

VYcranoBka - 64-mMeTpoBi muimiHApWYHA OamTa 3 BHYTPINIHIM

niamerpoM 5 M (puc. 7.2). OKaTHIlli MOJAIOThCS Y NPUHMaIbHUN MPUCTPIN
CTpIUKOBUM KOHBeepoM. [lami mo TpyOax OMyCKalOThbcs BHU3 B INAXTY.
Hasyctpiu im minifimaetscs BigHoBmoBanbHuil ra3 CO+Ha, sxwuit
OTPUMYIOTh y pehopmaTopax.

ormcHeH|
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1 — umninapuyna Oamra; 2, 9 — crpiukoBi koHseepy; 3, 4, 5, 8 — TpydonpoBoay; 6 —

cKkpyOep; 7 — KoMIpecop

PucyHnok 7.2 — YcTaHoBKa MeTaizalii OKaTHIIIB
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BianoBsenHs npoxoautk npu Temneparypi 600...800°C, i oxuceni
OKaTHIII TIEPETBOPIOIOTHCS Y METali30BaHi 3 BMicTOM 3aiiza moHaza 90%.

Bech mporiec mpoxoanuTs y 3aMKHEHIH cHCTeMi: KOJOITHUKOBUH Ta3
uepes  TpyOOHNpOBOAM  BUXOAMTH 3  Temmeparyporo  400°C i
BUKOPHUCTOBYETHCS TSI KOHBEPCil pa3oM 3 TPUPOTHIM Ta30M, IO MTOTAETHCS
o TpyOorpoBoay 4 (puc. 7.2) 3HOBY y IIaxTy.

7.3 OTpumaHHs 3aJi3a 3 Kapoiny 3ajiza

TexHomoris IPYHTYETHCS HA TOMY, 1[0 BUKOPUCTOBYIOTH Kap0Oia FesC
3aMiCTh «OpYJHOTO» CTaleBOr0 OpPYXTy IpH BapeHHI CTalli y KHCHEBUX
KOHBepTepax abo eIeKTpOayroBux neyax [4].

Kap6in 3amiza oTpuMyroTh 3 IOJpiOHEHOI pyau y peakTopax (medax
KUIUIYOTO 1Iapy) NUIIXOM MpPOAYBaHHSA uepe3 pPyAy KOHBEPTOBAHOTO
PUPOHOTO Ta3y (puc. 7.3).

1 — peakTop; 2 — moapiOHEHa 3ai3Ha pyna; 3 — MOPUCTE THUIIE; 4 — KOHBEPTOBaHUI
Ta3-BiIHOBIIIOBAY

Pucynok 7.3 — Cxema nedi KHIUITIOTO [apy JJIsi OTPUMAaHHS KapOimy 3amiza

Temneparypa mnpouecy - 590°C, mnpomyKTuBHICTH peakTOpa
niamerpom 12,5 M — 6mu3bko 40 1/ron. KapOiz 3a1iza Ha BUXO/1 3 peakTopa
mae temmnepatypy 550°C. 3aBiskm 1bOMY i BHCOKOMY BMICTY BYTJIEIO
(6,67%) BiH He MOCTYNA€ETHCS 3a BIACTUBOCTSMH PIIKOMY IE€PEpOOHOMY
yaByHy. [Iporiec oTpuMaHHs KapOiy OBHICTh aBTOMATH30BAHUH.

Jaui kap0ij 3aBaHTa)Xy€ThCS HAa THO KOHBEPTOPa a00 eNeKTPOIyTroBOT
nedi nepez 3aIMBaHHAM PiKOro 4aByHy. MeToa 103BOJIsIE OTPUMATH CTaNlb
BHCOKOT SIKOCTI.
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7.4 CranenaBuiibHa YCTAHOBKA Oe3mepepBHOI il

YcTaHOBKa CKITAJAa€Thes 3 JIBOX KOHBEPTOPIB, MOETHAHUX HKOJIOOOM
(puc. 7.4).

YV mepmuii KOHBEpTOp O€3MEpPepBHO TOMAETHCA KapOim 3aiiza,
migirpituii 1o 500°C, xucens, nmpuponHuii raz i Bamno. Ha mnosepxni
pO3IUIaBy YTBOPIOETHCS TOBCTHIA map nutaky. [lpupogHuii ras, KMCEHb Ta
KapOi 3ajli3a TOJAIOThCS i IIIaK y PO3IUIABICHUH MeETal uepes
crierianeHi Gypmu.

; CO.CO, HO

144 :.wn/

'x/f ; ¥ilt-e

1 — mipirpiBau kap6iny 3amiza; 2 — nepIuii KOHBEPTOp; 3 — PLOKHA MeTa; 4 — HIak; 5 —
rasy, 10 BiIXOJATb; 6 — k07100; 7 — Apyruii KoHBepTOp; 8 — KMCHEBI Ppypmu; 9 — k01100
IUTSL BUITYCKY ctaui; 10 — KiBmI

Pucynok 7.4 - Cxema cTayieruiaBUIbHOI YCTaHOBKH Oe3nepepBHOi Aii

Crams 3 Ttemmeparyporo 1450°C ta Bmictom 1,5%C 3 mepmioro
KOHBEPTOPA 110 01100y Oe3repepBHO MOCTYIaE y AIpyruil KoHBepTep. Uepes
JTHUIIE IPYTOro KOHBEpTepa BAYBAEThCA KHCEHB. ByTiieh OKUCHIOETHCS, 1 3
KOHBEpTepa BUXOAUTH cTajb 3 0,05% Byrieio 3 Temneparyporo 1650°C.

7.5 YcraHoBKa pinko(da3HOro BiTHOBJICHHS

IIpouec pinkodaszuoro eigHomnenus (I1PB) monsrae y tomy, 1o
muxra (rpyaKkoBa pyna, HiaM, M0 MICTUThH 3aji30, BYTiuis i ¢uroc)
3aBaHTAXYIOTBCS 3BEpPXy Ha IIap LUIaKy, 1 0apOoTye 3a JONOMOTOIO
crnenianbHUX Gypm (puc. 7.5).

Buacnigok  po3kiagaHHs 1 HEHNOBHOTO  3TOPSAHHS — BYTULIA
YTBOPIOIOTECS BigHOBMoBaibHUN Tra3 (CO+H2), sxuil BiZHOBIIIOE 3211130
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MOr0 OKCHIIIB.

BigHOBIEHE 3211130 HABYTIIEIIFOBYETHCS Y MIAPi NITAKY, 10 0apOoTye,
NPOXOJUTH Yepe3 IMIap CHOKIHHOTO NIIAKy 1 yTBOPIOE METANeBY BaHHY Ha
nofti mevi. dypMu BEpXHBOTO PSY BUKOPUCTOBYIOTHCS IS TTOa4i KHCHIO
JUTS TOTIATIOBAHHS Ta3y-BiIHOBIIOBaYa. TemMriepaTypa MeTaleBOi BaHHU y
BepxHiif wactmHi meui miaBumyetrbes 10 1500...16000C. EdexTuBHICTH
poOOTH Tedi 3aJIe)KUTh BiJ] CTYIICHS JONATIOBAaHHS IMYHKUX Ta3iB.

Mivod raon Wlixra

lsnxra IMivod raon
6L

Kncernn

1 — mrak; 2 — meraneBuit cudoH; 3 — nurakoBuit cuoH; 4 — mijg nedi; 5 — mepeToku;
6 — 3aBaHTaXI[BaJIbHUI MAaTPYOOK; 7 — BiABIAHUIA MaTpyOoK; 8 — bypmu 6apboTaxy; 9 —
kucHeBi Gypmu; 10 — criokiiHumit nutak; 11 — MetaneBa BanHa; 12 — 0X0JI0KyBayi

Pucynok 7.5 — Cxema nieui [1PB (a - mo3moBxHiif, 6 — nonepeyHuii mepepisu)

7.6 HenepepBHe po3JiMBaHHsI cTAJi

[Ticnst 3akiHYEeHHS! BapiHHS CTaJlb BUJIMBAETHCS 3 M€Yl y PO3TUBHHN
KiBIII, a 3 KiBIIa — y BHJIMBHUII. [Ipy KpucTamizalii 3J1MBKa y BUIMBHHUII
YTBOPIOETHCS 30HATBbHA CTPYKTYypa: Y CTIHOK —30Ha CTOBIYACTUX KPHCTAIB,
a 'y LIEHTP] YTBOPIOETHCS 30HA KPYITHUX PIBHOBICHUX KPUCTATIB. Y BEpXHil
YacTUHI 3JIUBKa YTBOPIOETHCS BEIHMKAa YyCaJKOBAa PAKOBHHA, HACHUYCHA
HIKiMBUMHU  oMimnkamu  (cipka, docdop Tta in.). Ilicns 3akiHYeHHS
KpHUCTami3alii BepxHs, HaAJIMBHA YacTHHA 3JMBKa BiApizaeTbcs i
CIPSIMOBYETHCS Ha TieperuiaBiicHHs. ToOTo, po3JIMBaHHS CTalll y BUJIMBHUII
XapakTepu3yeThcs BHTpaTtamu Metany (1o 15..20%) 1 HeomHOpiIHOO
OyZI0BOIO 3TTHBKA.

o6 yHMKHYTH LHMX HEIOJiKiB, BHKOPUCTOBYETHCS HEMEPEPBHE
PO3TMBAHHS CTaji Ha MallMHax Oe3rnepepBHOTO JUTTS 3aroToBok (MBJI3)
(puc. 7.6).



66

3 PO3JIMBHOTO KiBIIIa CTaJIb TIOCTYTIAE Y TIPOMIXKHUH KiBIII, @ 3 HBOTO —
Yy MiTHUI OXOJIOKYBaHUN BOJOI0 KPUCTAII3aTOp. 3alIeXHO BiJ PO3MIpIB i
KOH(ITypamii monepeyHoro nepepily Kpucramizaropa (GopMyeTbes OIoM
a0o cnsa0. BUTATHYTHIT 4acTKOBO 3aTBEpAUIMH 3JIMBOK OXOJIOKYETHCS
BOJIOIO, a TTOTIM Oe3MepepBHUI 3THBOK KHCHEBHM Pi3aKOM PO3pi3aeThCs HA
BiJIpi3KH HEOOX1THOI JOBKUHHU.

1 — xiBm; 2 — IpoMiXKHUIT KiBII; 3 -MiTHMI KpHcTanizaTop; 4 — Kipka BiutHTO{
3arOTOBKH; 5 — POJIUKH; 6 — KHCHEBHI pi3ak

Pucynok 7.6 — Cxema HemlepepBHOTO PO3JIMBAHHS CTali
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8 CYUACHI JIMUBAPHI TEXHOJIOTI'TI

JluBapHe BHPOOHUIITBO BiJIOMO 3 HaWJaBHIIINX YaciB. 3 4aCOM BOHO
BIIOCKOHATIOBAJIOCS, 3’ IBJSUTHCS HOBI ¥ HOBI crtocoOu muTTs. Ha TenepinrHii
yac 30eperniucs 1 yIOCKOHAIMINCS TaKi OCHOBHI CITOCOOW JIMTTS: Y MiIlaHi
Ta 000J0HKOBI (popMH, 3a BHTOIUTIOBAHHMH MOJEISMH, KOKLIBHE,
BIIIIEHTPOBE 1 JIUTTS mix TUCKOM. BoHu #1 moci € cydacHuMu, 0e3 HAX He
00X0UThCS KOMHUH nuBapHUiA 1eX. [IpoTe y HUX € CBOi yIOCKOHAJICHHS
HOBHX YacCiB.

8.1 YnockonasieHHs JTUTTH y mimani ¢popmu

8.1.1 dopmMyBabHI CyMillli T OCHACTKA

VY neskux BUNMAAKax AJS BUTOTOBICHHS KPYNMHHUX (OPM 1 CTPHIKHIB
BUKOPHUCTOBYIOTh PIAKOCKIISTHI CyMIllli, SIKi KPiM KBapIIOBOTO IICKY MIiCTSTh
3...7% piaxkoro ckia, 3...5% raunu Ta 3,5...4,5% Bonoru [12]. ®opmu micias
VIIiTbHEHHS MiAat0Th TBEPAiHHIO NIISIXOM BUTPHUMKH Ha TIOBITPi MPOTAITOM
JIEKITbKOX TOAWH TIPY KiIMHATHIM TemrmepaTypi a0 NeKUTbKaXBHIMHHUM
MPOAYBaHHSIM BYTJIEKHCIUM ra3oM (puc. 8.1).

1- GanoH; 2 — penykTop; 3 — MUTaHT; 4 — MAPACONbKa;
5 — hopmyBanbHa cyminr; 6 — miBGopMa

Pucynok 8.1 — Cxema npotyBasHs ()OpPM BYTIIEKHCINM Ia30M

[poxomstun yepe3 GopMyBaIbHY CyMilll, ByTJIEKUCIINN ra3 BCTYIAE y
PEAaKILiro 3 pioKuM CKIOM CyMillli 1 BUKITMKAE i1 TBEPIIHHSL.

[lepeBaroto COz-nporiecy € TpuBajia >KMBYYICTb (hopmu, T MBUAKE
TBEPIHHS, BIJCYTHICTh TOKCHYHHX BHUKHIIB, aje Taka (opMa BaXKKO
BUOMBAETHCS NIPH BHUJIAJICHHI BUJIMBKA.
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[Ipouec BuroTOBIEHHS (GOPM 3 BUKOPHCTAHHAM  HIACTHUYHUX
camomsepoiroyux cymiwei (IICC-pomec) 3miiCHIOETBCS y [Ba €Tallu.
CriouatKy roTyrTh CyMill, SIKa CKIaAa€eTbes 3 5% riuHH, 3% MeneHoro
ByTims, 5,5% pinkoro ckia, 3, 5% Boau, pemTa — micok. CyMmilll Mae BUCOKY
TUTACTUYHICTD, JIETKO YIIUILHIOETRCS cTpymryBaHHAM. [1ig gac hopmyBaHHS
y cyMim BBOIATE 2...5% (epoxpoMoBOro mmaky sK KaTali3aTtop, SKHAH
NPUCKOPIOE TBEPIiHHS CyMIlli Ha OCHOBI pigkoro ckia. Llg cymim
BUKOPUCTOBYEThC sIK oOmuiioBanbHa. Yepes 20...30 XBuiauH micis
ymisHeHHsT hopMy (hapOyIOTh MPOTUIIPUTAPHOIO CyMIIIIo, a yepe3 4...6
TOJMH A0 HEl MOKHA 3JIMBATH METall.

[NICC-nporiec BUKOPUCTOBYETHCS ISl CEPEAHIX 1 KPymHUX (QopM i
CTPIDKHIB; TOJIOBHI IepeBara — 3HIDKEHHS BHTPAT 1 CHPOINEHHS MPOIECy
thopmyBaHHS.

Pioki camomeepoiroui  cymiwmi (PCC) po3pobneHi 1 Brepiie
BIPOBAKEHi y BUPOOHMITBO B YKpaimi. Ixus ocobmmicts — dopmu i
CTPWKHI BUTOTOBIISIOTHECS HE MEXAaHIYHUM YIIUIBHEHHSIM, a IIDISIXOM
sanuBaHHs. CKJan cyMilIi: MiCOK, piKe CKJIO, ()epOXpPOMOBHI HITaK SK
KaTallizaTop, BOAa, MeJIeHe BYTLUI, MIHOYTBOPIOBaY i cTadimizaTop MiHH.
Uepes 1,5...2 XB. micns BBEICHHS KaTalli3aTopa CyMIIll 3aIHBAOTh Y GhopMy
a00 CTPKHBOBUI AIHMK. MoJienb 3 OPMH 1 CTPIIKHI 3 SIIUKIB BUAAISIOTH
yepe3 30...40 xB. micns 3anuBaHHs cymimni. ['onoBHa nepeBara PCC-cyminri
- BHKITIOYEHHS MPOLIECY PYYHOTO YIIIIbHEHHS Ta (OPMYBAILHUX MAIIIHH.

3 po3BuTtkoM 3D-mporneciB ¢popMyBaHHS Pi3HOMaHITHHX BUPOOIB Y
JUBapHOMY BHUPOOHMIITBI II0YaB 3aCTOCOBYBATHCS METOJ| IIBHJIKOTO
BUTOTOBJICHHS MOOe/iell - TEXHOJIOTIS IBHIKOTO mpototunysanns (Rapid
Prototyping RP) — e morapoBuii CHHTE3 YM MOIIAPOBE «BHUPOLLYBAHHS»
noJiiMepHoT MoJieNi  Oe3MocCepeIHbO 3a CJICKTPOHHUMHU JaHuMH. [licis
pO3pO0JIeHHST KOHCTPYKINI MOJENi BHJIMBKA 1 EIIEMEHTIB JIMBHUKOBOI
CHCTEMHU pO3pOOJISIETHCS MpOrpama, sika Kepye Jia3epoM IIPH CTBOPEHHI
TBEPAOTLIILHOT MOJIETII.

ITepeBaroro RP—rexHoJOri# € MBHAKICTh 1 TOYHICTh BUTOTOBJICHHS,
3MEHIICHHS BUTpaT, OCOOJIMBO NPU BUTOTOBJIEHHI JAOCHiAHUX abo
OJJMHUYHHX 3pa3KiB, MiHIMaJILHUI 00csr py4Hoi poboTu [14].

8.1.2 YockoHalleHHS yIUILHEHHST (OPMYBATBHOI CyMilIli

IMpu GopmyBanHI TOCHTH NOOpE BIJIOMO 3aCTOCYBAaHHS NMPECOBHX i
CTpyLIyBalnbHUX (OMYBJIBHUX MAIIWH, MICKOCTPUIBHUX MAIUUH JUIs
BUTOTOBJICHHS CTPHXKHIB TOIIO.
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Jns nuBapHUX II€XiB BaKIWBO, 1100 BCI TEXHOJIOTIYHI oOIeparii
3MIHCHIOBATINCS OHOYACHO 1 CHHXPOHHO. /{715 IbOr0 BUTOTOBICHHS (HOPM,
iX cKJamaHHs, 3ajJdBaHHA 1 BHOMBAaHHSA 3IIMCHIOETHCS Ha HAZEMHUX
KOHGeepax, OOJIaJHAHWX  BIAMOBITHMMH MPUCTPOSIMU 1  3aco0aMu
TpaHcriopTyBaHHs. Ha puc. 8.2 sk mpukimajg moka3aHa cxemMa Ha3eMHOTO
TOPU30HTAIbHO-3aMKHEHOT0 JIMBAPHOTO KOHBEEPA, IPU3HAYCHOIO IS
MOBHOT MEXaHi3aIlii BUTOTOBJICHHS (DOPM, 3aJIMBaHHS METATY, OXOJIOKCHHS
Ta BUOMBAaHHS BUIUBKIB.

16 15 1413 13 11

1 — BubiBHa pemiTKa; 2, 7 — CTPiUKOBI TpaHcnopTep; 3. 4 — hopMyBaIbHI HAXUIIH;
5 — ponprasnr; 6 — mHeBMoOMiAiiiMadi: 8§ — MOHOpeiika; 9 — kiBI; 19 — po3NMBOYHA IJIOMIAAKA;
11 — mpuBigna craHmis; 12 — Bi3ok; 13 — migBicHUI TpaHcmopTep; 14 — 0XomomKyBay,
15 — mroBxay; 16 — KOHBeep

Pucynok 8.2 — Cxema nuBapHOTO KOHBEEpa

CyuacHuM crioco6oM GopMOyTBOpEHHSI B JINBAPHOMY BHPOOHHIITBI €
8aKyyMHO-NIiBK0Ge hopmysants — (GOpPMyBaHHSA B ONOKaxX IO MOCTIHHHX
MOJIEISIX 3 CyXHM IickoM 0e3 3B's3ytouoro. Ilicok crpecoByeTbes i
YTPUMYETHCSL B OIOII 32 JIOTIOMOTOI0 BaKyyMy 1 CHHTETHYHOI MOJIiMEPHOI
wiiBky (puc. 8.3).

MogensHy IUIMTY 3 MOZEJUII0 HAaKpUBAIOTh HArpiTOIO IOJIIMEPHOIO
roriBka ToBmuHOMO 0,5...1 MM, sika mifg miero Bakyymy trckoM 40...50 klla
HIUTPHO TIPWIISITA€ JI0 MOJENBHOTO OcHamieHHs. Ilicns mporo Ha TUIMTY
YCTaHOBJIIOIOTH OIOKH 1 3aCHIIAIOTH KBapIlIEBUM ITiCKOM. BepxHIo moBepXHIO
niBGOpPMH 3HOB HAKPHUBAIOTh IUTIBKOIO 1 CTBOPIOIOTH BAKYYM Mi’K BEPXHBOIO
1 HIXKHBORO TUTIBKaMHK. Y Takui crocio micok 30epirae KoHpirypariro Mojaei
1 HaOyBa€e BUCOKY TBEPIICTb.
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1 — MozenbHA IUIKTa; 2 — MOJIENE; 3 — OmoKa; 4, 6 — TUTIBKH; 5 — popMyBabHA
cyMiIr; 7 — BaKyyMHa Kamepa

Pucynok 8.3 — Cxema Mmi1iBKOBO-BaKyyMHOTO ()OpMyBaHHsI

BakyyMmyBaHHSI TpUBa€ Mpu CKIaJaHHi GopMu, 3aJIMBaHHI METamy i
KpucTamizamii BwimBKa. [lim dac 3ammuBaHHS MeTally IUTIBKA 3TOpSIE,
BUKOHYIOYHU POJIb MMPOTHIIPATAPHOTO TIOKPHUTTSL.

[TepeBara mMeTonma: 3HWKYETHCS BapTicTh (OPMYBAIBHHX CyMilleH,
Bimajia€ HEOOXIAHICTh Yy CYMIIIEHiATOTOBYOMY OOJNagHaHHI, Pi3KO
MOJIETTITYETHCSL MPOIlEC BUOWBAHHS BWJIMBKIB, TPOJOBXKYETHCS TEPMIiH
CIIy0H1 MOJIETIbHO-OIIOYHOI'0 OCHAIIEHHSI.

Iunynscre ywinoHenus BiIOyBa€ThCS i I€I0 PAIITOBOTO BAYBaHHS
TIOBITPS B OTIOKY, MTOTIEPETHBO HAITOBHEHY ()OPMYBAIBFHOIO CYMIIIIITIO.

Ha mammHi iMImynibeHOT i1 3MOHTOBaHa MOJIENBbHA TUTUTA 3 MOJIEILIIO.
Han Hero € iMIysibCHa TOJIOBKA, 110 Ma€ Kamepy BIAMOBITHOIO 00’eMy 3
MIOBITPSIHUM KIIAIIAaHOM 1 BEJIUKOIO KiJBKICTIO OTBOPIB y HIKHIA YaCTHHI.
[Ticns HanoBHEHHS OMOKU (YOPMYBAITBHOIO CYMIIIIIIIO HA Hel HAKIIAIAEThCs
IMIyJIbCHA TOJIOBKA 1 BIJIKPUBA€ETHCS MOBITpsiHUN KiamaH. [loBiTps min
THUCKOM 5...8 MIla 3 BenTUKOrO MIBUAKICTIO CIIPSMOBYETHCS Ha (POPMYBaIbHY
CYMIIll, YIIUTBHIOE 11 Ta BUXOAHUTH KPi3b MOpPHU B aTMOcdepy.

[lepeBaru: piBHOMipHE YIIIJIbHEHHS IO BHCOTI OIOKH, BHCOKa
NPOJYKTHBHICTb ITPalli, HU3bKi BUTPATH €HEPTii Ta BiJICYyTHICTh LIyMY.

8.2 YnockoHaleHHS ceniaJibHUX CIIOCO0IB JTUTTH

8.2.1 [TneBMaTH4HI JIUBAPHI MAITUHA

Y KOKIJIbBHOMY JIMTTI BHKOPHCTOBYIOTHCS ITHEBMAaTHW4Hi JIMBapHi
MamuHH (puc. 8.4).

KokinbHa JIMBapHa MallMHA 3 BEPTHUKAIHGHOIO IUIOMIMHOK PO3HIMY
(hopMH Ma€ Ha CTaHUHI HEPYyXOMy 1 pyxoMmy miBdopmu. 3’e1HaHHS MiBHOpM
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nepea 3aJMBaHHSAM 3IIHCHIOEThCA 3a JOMOMOTOI0 MHEBMOLMJIHIpaA, a
BUIIITOBXYBaHHSI BUJIMBKA 3 (HOPMH — CIIEI[IaTbHUMH MTOBXaYaMHU.

KokinbHI THEBMAaTHYHI TUBApHI MAIlIMHA MOXKYTb BCTAHOBIIFOBATHUCS
Ha KapyCeJIbHUH CTLT 3 BEPTUKAIBHOIO BiCCIO 00epTaHHs Y KUTbKOCTI §...12
mryk. [lpn oGepranHi Kapyceini KOXKHAN KOKLTh TPOXOJIUTH 30HU BCiX
MTOCJTIIOBHUX OTTepaIliii Bijl MATOTOBKU KOKIJISA A0 3aJIMBAHHS 1 BHIAJICHHS
BUJIMBKA Ta OYUIICHHS POOOYHMX TIOBEPXOHB KOKIJIS.

2 3 4

—
A\

’

1 — cTaHuHa; 2, 5 — TIUTH 3 MTOBXa4aMu; 3 — HepyxoMa miBdopma; 4 — pyxoma
niBopMa; 6 — MHEBMOIITIHAP; 7 — KapeTKa

Pucynoxk 8.4 — Cxema mHEeBMaTHYHOI KOKLTBHOT MaIIUHA

KokinpHa nuBapHa MamMHA 3 BEPTUKAIBHOKO IJIOMIMHOIO PO3HIMY
(hopMH Ma€ Ha CTaHWHI HEpPYyXOMY 1 pyxomy MiBhopmHu. 3’eTHaHHS MiBpopM
nepes 3aJMBaHHSAM 3JIIHCHIOEThCS 32 JIOMIOMOTOI0 ITHEBMOIMJIIHIpa, a
BUIITOBXYBaHHs BUJIMBKA 3 (YOPMH — CIIELiaJIbHUMH ITOBXaYaMHU.

KokinbHi MHEBMATUYHI JIMBApPHI MAIlIMHA MOXYTh BCTAHOBIIIOBATHCS
Ha KapyCeJbHHI CTIJI 3 BEPTUKAIBHOIO BICCI0 00epTaHHS y KUIbKOCTI 8...12
mryk. [lpu oOepranHi kapyceni KOXHHM KOKIJIIb MPOXOAWTH 30HU BCiX
TOCIIIOBHUX OTepalliii BiJl MiATOTOBKK KOKUIA JIO0 3aJJMBAHHS 1 BUAAJICHHS
BWJIMBKA Ta OYMIICHHS pOOOYMX MTOBEPXOHb KOKIJIS.

8.2.2 JIuTTs 3a ra30(ikOBaHUMH MOJIEITSIMH

CyTb MeTOJa HOJAra€ y TOMY, L0 MOJIENb Ta JMBHUKOBY CHCTEMY
BUTOTOBJISIIOTH 3 MIHOIMOJIICTUPOJTY Ta IIOKPUBAIOTH BOTHETPUBKOIO (hap0oio.
Mo/iens BCTaHOBITIOIOTEH B OTIOKY, 330BHI 3aCHITAIOTh POPMYBAIIbHY CYMIIIL.
Hani pigkuii MeTan 3aiuBaeThesi O€3MOcepeHbO Ha MOJENb, SKa 3ropsie
(razudikyerscs), a Meranm 3aiiMae Micie, sKe JI0 IbOro 3aiimMalna
MIHOMOMICTUPOJIbHA MOJIEb.

[lepeBaru: Mozenb Mae MEHIL1 MPUITYCKH HA MEXaHi4HE 0OpOOIICHHS,
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HE Ma€ JMBapHUX HaxWiiB, (opMa BUTOTOBISETHCS HEPO3HIMHOIO;
MHOTIONICTHPOIbHA MOJIENb KOIITYE JEIIeBIIe IepeB’ THOT.

8.2.3 EnexpomniakoBe JIATTS

Meton po3pobmenuii B I[HCTUTYTI enekTpo3BapioBaHHS M.
€.0.I1arona (M. KuiB). llpu erexmpownakosomy summi MeTaieBa JuBapHa
(hopMa—KpucTaNmi3aTOp BUKOHYE OBI (DYHKIII: € arperatom /sl TUTaBIeHHS
MeTally 1 O/IHOYaCHO MOCTYIOBO, 3HU3Y BBEPX, POpMye BUIMBOK (pHc. 8.5).

a — yCTaHOBKA JJIs €IeKTPOLIIaKOBOTO JINTTA; O — BUIMBOK;
1 — BuTpauyBaHi eJ1eKTpoAr; 2 — IUTAK; 3 — METalN y 30Hi IUIABIEHHS; 4 — METal
BUJINBKA; 5 — muBapHa (hopMa-KpHCTali3aTop; 6 — BOAOOXOJIOIKYBaHHI CTPHKECHB;
7 — 3aTpaBKa 11 IICPBHHHOTO 3aIIAJIFOBAHHS AyT'H

Pucynok 8.5 — Cxema eeKTpoIuIakoBOro JUTTS

[TonoBHEHHS ()OPMHU METAIOM BiZIOYBA€THCS 32 PAXyHOK IUIABICHHS
MeTaJly BUTpadyBaHHX eJIEKTPOo/iB. Po3ruiaBieHuii Metan, mpoxoasan uepes
nrap I[UIaKy, OYMIIYEThCS BiJl CipkH, ¢ochopy Ta IHIIMX IIKIJJIMBUX
momimok. [lmaBnenHs wMertamy, 3amoBHeHHS GOpMH 1  TBEpIiHHA
BiOyBaroThCs y hopMi Oe3nocepenHbo i omHouacHo. Tomy 3a0e3nedyeThes
CIpsiMOBaHa  KpUCTajdi3amis,  BiJCYTHICTb  Je(deKTiB  yCaJKOBOTO
MOXOJIXKSHHSI, TAJIbMY€EThHCSI PO3BUTOK 30HAIBHOT 1 MKJICHAPUTHOT JIIKBAIIii.

EnexkTponuiakoBuM JIMTTSAM MOXKHAa OTPUMYBAaTH CKJIQJHI 3a
KOH(QIrypami€ro JgeTani OUITXOM 3’€JIHaHHS iXHIX 4YacTUH y Qopmi.
EnexrpomnuiakoBe JUTTS 3aCTOCOBYETHCS Y MacOBOMY 1 KpymHOCEpiitHOMY
BUPOOHUIITBAX JJIsl BATOTOBJICHHS 3arOTOBOK KOPITYCiB aTOMHHUX PEaKTOpiB,
CYJHOBUX I'peOHUX BaliB, AeTalel NOTYXHHUX JIBUTYHIB, BAJIKiB IPOKATHUX
CTaHIB Ta IHIIMX BIAMOBIZAJILHUX 1, SIK MNPaBUIO, MACHBHUX JIETaJicH.
[lepexin Ha BUTOTOBJICHHS BUWIMBKIB €IEKTPOLIIAKOBUM JIUTTSAM JI03BOJISIE
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3HAYHO 3MEHIINTH Macy 3aroToBkH. [Ipu poMy KoeQillieHT BUKOPUCTaHHS
MeTairy Moxke ctaHoButH 0,98.
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9 BAPOGHUIITBO BUJIMBKIB METOJAMHA
CIPSIMOBAHOI KPUCTAJIIBALII

CrpyKkTypa peallbHUX METaJiB Micls KpcTanizamii y TuBapHiid Gpopmi
HE € imeairpHOI0. Y HHUX 3YCTPIYalOThCS PI3HOMAHITHI HEIOCKOHAJIOCTI.
Huzka gedexTiB moB’a3aHa 3 KOHCTPYKINIEIO BHJIMBKA 1 BIIACHE MPOIIECOM
KpucTaiizaiii. Yepe3 HeKOMIICHCOBaHY YCaJIKy y MPOLECci KpUcTaizalii y
BWIMBKY BHHHUKAIOTh YCAIKOBI PAaKOBHHHM 1 IMyXKOCTi. BOHM MOXyTh
BUHUKHYTH TPH HETPAaBWIHBHOMY PO3MOAUII MacH MeETaly 3a MepepizoMm
BUIKBKa. J{71s1 TOTO, 100 3a100IirTH BUHUKHEHHIO LBOTO JEePEeKTy, poOiaTh
NepeBipKy KOHCTPYKIIi CTIHKH METOIOM "BIIMCAHUX KiJI, IO BUKOYYIOTHCS"
(puc. 9.1). YV mpaBuibHi# KOHCTPYKIIi BHJIMBKA Oy/b-sIKE BIMCAHE KOJIO
MOBUHHE 0€3 MepeIKo; "BUKOUYBaTUCS" Y HAIPSIMKY HaJJIUBY.

a —HETEXHOJIOTIYHO; O — TEXHOJIOTIYHO;
1, 2 — ycankoBi IMMyXKOCTi; 3 — HaJUTHB

Pucynok 9.1 - Cxema nepeBipku e()eKTUBHOCTI KOHCTPYKIIi{ BUJIMBKA.

YHHUKHEHHIO YCaJKOBUX Ie(EKTIB CIIpHUsE OpraHi3alis cnpsaMo8aHoi
Kpucmanizayii 3HW3Yy BBEpX, INpH SKIH ycaJkoBa pPaKOBHHA, IIIAKH,
HEeMeTaJIeBl BKIIIOUEHHS CIUIMBAIOTh Y HauB [8].

Kpim Toro, kpucramiyHi rpaTkd pi3HUX KpPUCTAJiB Yy BWIHUBKY
po3TamioBaHi  JOBUIBHO  BiJHOCHO  JIIOYOTO  MPH  EeKCIUTyaTamii
HaBaHTaKEHHSA. BijcyTHICTH BIANOBIAHOCTI Opi€HTAIll KPUCTATIYHUX
IPaTOK TMPHU3BOJIUTH JO CYTTEBOTO 3HWKEHHS MEXaHIYHHX BIIACTHBOCTEH
Bijymutoi fetanmi. TeopeTwyHa MimHICTE MeTamiB 3 0Oe3ned)eKTHO
CTPYKTYpPOIO 1 KPHCTAJIYHOI IPATKOI, OJHOCIPSAMOBAHOIO 3 JII0OYUM
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HABAHTAXKEHHAM (MOHOKpuUcmani), y COTHI pa3iB BHIIE, HIX peaTbHHX
MetaiiB (puc. 9.2).

TeopeTHyna MILMICTL

MitticTs “nycin

| |
N |
- | Qaxrivina Mitnders |
- MCTOAMD
-~ |\ /,.r'
\ .
| L Meraan

HlAsnicrs Aucaokawift Ta

IHIUHX CTIOTBODCHY

Pucynoxk 9.2 - BB cCIOTBOPEHb KPUCTANIYHOT IPATKU HA MILHICTh METAiB

ToMy y cydYacHOMY JIUBapHOMY BHUPOOHUIITBI CKJIAJHCSA JiBa
HANPSMKH MiJBUIICHHS MIIIHOCTI 1 SKOCTI BUJIMBKIB: METOIM CIPSIMOBaHOL
KPHCTAJIi3aIlil Ta METOIU JIUTTSI MOHOKpHCTAiB [2, 16].

9.1 MeToau cnpsiMOBaHoI KpUcTagizamii

9.1.1 CrnpsimoBaHa KpcTaiizaiis 3B PaxXyHOK 3HHKEHHS TTOTYKHOCTI
HarpiBaya

JluBapHa ¢dhopma BCTaHOBITIOETHCS y HarpiBadi Ha
BOJIOOXOJIOJ[)KYBAaHUH XOJIOAMIBHHUK 1 HIUIBHO 3aKPIILIIOETHCS HA HHOMY
CHeIialbHUM TIPUCTPOeM (puc. 9.3).

s mokpaiieHHs TeIUIOBiABOAY BiJ 3alMTOrOo MeTany (opMmy
BUTOTOBJISIOTH 3 BIIKPHTUM JTHOM, & YTPUMYIOUMH MPUCTPIN CIHYKHUTh IS
MEePeNIKO/DKaHHSl BUTIKaHHIO po3miaBy. Ilicns BakyymyBaHHS po0OYOi
KaMepu BKJIOYAETbCS HarpiBad, 110 Mae JBI OKPEMO KEepoOBaHi cekuii, i
JuBapHa ¢opma pPO3IrpiBa€TbCs 0 HEOOXIAHOI TeMmmeparypu. Pexum
HarpiBaHHS BCAHOBJIOETHCS TaKUM, 100 Y MOMEHT 3allOBHEHHS JIMBapHA
(hopma Mana TeMnepaTypy, OJU3bKY 0 TEMIIEpaTypH pO3ILiaBa.
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1 — ymBapHa ¢opMma; 2 — IBO30HHUHN HarpiBad; 3 — XOJNOAWIBHHK; 4 — IIPUCTPIN JUIs
3aKpIIUTiHHES (OPMH /10 XOJIOAWIBHUKA; 5 — TepMOTIapu

Pucynok 9.3 — Cxema cripsIMOBaHOI KpUCTaIi3alil IUIIXOM 3HIDKSHHS TIOTY)KHOCTI

3pazy micis 3anyMBaHHS ~MeTaly HIDKHS —CeKIlis HarpiBaya
BUMHKAETHCS, a HA BEPXHill HOYMHAETHCS IUIABHE 3HI)KEHHS TEMIIEPaTypH.
IIpomec cripsiMoBaHOT KpUCTaNi3allii MOYHHAETHCS i JTI€I0 XONIOAUIFHIKA
y HWXKHIA 4YacThHi (QOpPMH 3 YTBOPEHHS CTOBITYACTOi CTPYKTYypH Ta ii
3pOCTaHHS BBEPX. 3a PaxyHOK IJIAHOBOT'O 3HWKEHHSI MOTY>KHOCTI BEPXHBOT
cekmii HarpiBada TIIOCTYIOBO BiI0YBa€ThCS YTBOPEHHS CTOBITYACTOT
CTPYKTYPH aX JI0 BEpXHbOI YaCTUHH JIMBAPHOT POPMHU.

9.1.2 Ex3oTepMmiuHuii criocib crpsiMoBaHOi KprcTaizamii

JluBapHa ¢dopMa BCTAaHOBIIOETBCA Y KepaMidHy OOOIOHKY. Mix
¢opMpro 1 OOOJIOHKOIO  CTBOPIOETBCS ~ IMPOIIAPOK,  3alOBHEHHH
€K30TEpPMIYHOIO CYMIIIIIIO, TOBIIUHA SKOTO ITOCTYIIOBO 30LIBIITYEThCS 10 1l
BepxHbOi wacTwHH. (puc. 9.4). llpm TOpiHHI eK30TepMiYHOI CyMili
CTBOPIOETHCS TETIEPATyPHUH TPAII€HT IO BUCOTI (GOPMH, SKHH 1 3a0e3nedye
CHpSIMOBaHY KpHCTaIli3alliio.

1 — popma; 2 — ek3oTepmiuHa cyminr; 3 — kepamiuHa 000JI0HKA; 4 — XOJIOUIBHHK;

;
5 — Tem0i3010104a 3aCUITKa

Pucynok 9.4 — Cxema BUIIMBHHUIII JUTsl CIPSIMOBAHOI KpUCTasi3ayil i3 3aCTOCYBaHHIM
€K30TEepPMIYHOT ciMili
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TennoBinBia 3AiHCHIOETECS TEPEBAKHO XOJIOIWIBHUKOM, 1 B Mipy
nepeMimieHdss ¢GpoHTa KpHCTami3amii BBEpX MIBHIKICTh TEIUIOBIIBOLY
CIIOBUTBHIOETRCS, IO CHpHUsie GOPMYBaHHIO SKICHOI CTPYKTYPH BUJIMBKA.

9.1.3 CnpsimoBaHa KpHcTani3alis IUIIXOM BUTATYBAaHHS BUIIMBKA 3
HarpiBadva

JluBapHi ¢opMu MOMIIAIOTECSA Y HArpiBad YCTAHOBKH Ha MiTHOMY
BOJIOOXOJIOJKYBAHOMY  KPUCTAIi3aTopi 1  IMIJIBHO  3aKPIILTIOETHCS
CreliaJIbHUM PUCTPOEM (puc. 9.5.)

BTt W ERER

|

0po0o0o0p0O0OOL
R R

[o0000000000000

|

|

1 — ¢opms; 2 — HarpiBay; 3 — pyXOMHIA KPHUCTai3aTop; 4 — IPUCTPil I KPIIJICHHS
(dbopmu; 5 — TEIIIOBUIA eKpaH; 6 — ITOK

Pucynok 9.5 — Cxema yCTaHOBKH JJIsl CIPSIMOBAHOI KPUCTAJIi3allii METOIOM
BUTSATYBaHHS 3 HarpiBaya

bnok nuBapHux ¢opm posirpiBaeTbess y Bakyymi 0,133[1a no
temnepatypu Ha 100...150°C Ginblue TemrepaTypy IUIaBJIEHHS JIaHOTO
MeTaldy, Micias 4YOro MpPOBOAWTHCS 3aiuBaHHA MeTany. Crouarky
KpHUCTaJTi3allisg Bif0yBa€eThCsl HA XOJOIMIBHUKY. B Mipy BUTATYBaHHS (opM
3 HarpiBaya TEIUIOBIJIBiJ Y HW)KHIN 9acTHHI (popMu 3MEHITy€eThCs, a GPOHT
KpHCTaNli3alii MOCTYNOBO IEPEMIIIy€EThCSl Y BEPXHIO YacTUHY JMBapHUX
tdopm. IIpu cnpsMoBaHiii kKpucTamizallii BaKIHBO MaTH YiTKE PO3IIJICHHS
30H HarpiBaHHS i OXOJIOJKCHHs. J[JIS1 bOTO CIYKHUTh TETUIOBUH €KpaH y
HIDKHBOTO 3pi3y HarpiBaya.

9.1.4 CipsaMoBaHa KpUCTaNi3aLlis 3 OXOJIOIKECHHSM y PO3ILIaBICHOMY
TETIIIOHOCIT

[Tpu oxos0IKEeHH1 Y PO3IUIABICHOMY TEILIOHOCIT TEIUToBiiada GopM
BUIIPOMIHIOBaHHSM 3aMiHIOETHCS] HA KOHBEKTHBHY TEIJIOBIJIavy Y piAKOMY
TEIUIOHOCIT, SIKUM CIIyXaThb MeTaJieBi po3miaBu 3 Koe(ilieHTOM
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TEIJIOBIIa4i y COTHI pa3iB OulblIMM, HDK TpW  TEIJIOBiAmadi
BHITPOMIHIOBaHHSM.

B ycramoBmi mus copsaMoBaHOi Kpuctamizamii (puc. 9.6) 3
OXOJIO[PKEHHAM Yy PO3IJIaBJICHOMY TEIJIOHOCIT JMBapHi (GOPMH CIIOYaTKy
BCTaHOBITIOIOTHCS HA PYXOMIH MiACTaBIll y HArpiBadi.

_—

1 — narpiBay; 2 — po3IUIaBIEHUN TEIUIOHOCIH; 3 — hopma; 4 — migcTaBka GopMH;
5 — KiJIbIEBUI XOJOAUIBHUK

Pucynok 9.6 — Cxema ycTaHOBKH IS CIIPAMOBAHOI KPHCTAJI3aIii 3 0XOJI0MKEHHIM
y PO3ILIaBi JIETKOILUIABKOTO METAITy

[Ticns HarpiBanHst GOpMU 0 HEOOX1THOI TeMITEpaTypH 1 3aJUBaHHS
METajy [IOYUHAEThCA TMPOIEC KPUCTANI3AIIOK MUIIXOM 3aHypeHHs
(omryckanus) Qopmm y posruiaBieHUil TerioHocid. [lpu moctymoBomy
3aHypeHHi (hOpMU BifICTaHb Bifl PPOHTY KpHUCTANI3AI] 10 PIBHS TEIIOHOCIS
Oyie IOCTIMHOO MPOTITOM BCHOTO IIHKITY CIPSIMOBAHOI KpHUCTAaJIi3alii.

i BUKIIIOYEHHS MEperpiBaHHA PiIUHHOMETAJIEBOIO TEIUIOHOCIS y
BEpPXHIll YacTWHI BaHHHM BCTAaHOBIEHWH KiNBIIEBUH BOJIOOXOJOKYBaHHMA
XOJIOAMIIHHHK.

9.2 MeToau 0TPUMAHHS MOHOKPHUCTAJIIYHUX BUJIMBKIB

9.2.1 3arpaBo4Huil METOJ OTPUMAaHH MOHOBIITUBKIB

Jluapna (opmu Oe3 THA BCTAHOBIIIOETHCS HA BOJIOOXOJIOKYBAHOMY
XOJOAWIBHUKY, B IKOMY 3pOOJICHO crenianbHe 3ariuOIeHHS Ui 3aTPaBKH
mriHgpuaHoi ¢opmu (puc. 9.7). Hax 3arpaBkoro € piagparma, mio
3’€IHYETHCS 3 KOHYCOM.

[lpu 3anuBaHHI MeTany TOpeUb 3aTPaBKW MiAIUIABIIOETHCS, 1 11
MIKpOKpHCTAIMYHA CTPYKTYpa NepeaaeThest BUpoOy. 3pocTaHHS KPUCTAJIiB
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MOYMHAETHCS OAHOYACHO BiJ] 3aTPaBKH 1 MOBEPXHi XoJoAuIbHNUKA. Kpucrtan,
10 3pOCTaE BiJl 3aTPaBKH, BXOAWTH Y Aiadparmy, a pemra Biacikaerscs. Llum
JOCATAETHCA TIEPEBAXHUHM KOHTAKT TOPIS 3aTPABKH 3 PO3ILIABOM.

JluBapHa Qopma 3azfanerigp HarpiBa€TbCs OO TEMIIEPAaTypH, IO
nepesuirye Ha 150..200°C Temmeparypy mmasneHHst cruiaBy. Haniiina
nepesava CTPYKTYPH BiJl 3aTpaBKH BHPOOY 3MIHCHIOETHCS JTUIIE TO/I, KOJIH
il BepxHiil TOpeupb IIABUTHCS, a PElITa YaCTHHHU 3AJUILAETHCS TBEPHOIO.
Tomy nmns ycmimHOT poOOTH 3aTpaBKU CTBOPIOETHCS TIEBHUN OCHLOBHIMA
TEeMIIEpaTypHUH TPaIiEHT.

Kepamiyna hopma

KepamiyHa 0bonoHka

KepamiyHa nnacmuxa 3ampaexa

XONnodunbHUK

‘ A >
il%u

o O

Pucynok 9.7 - Cxema nuBapHOi pOpMH JUTsi OTPHMaHHS MOHOKPUCTAIIYHOTO
BUJIMBKA BiJl 3aTPaBKU

9.2.2 be33aTpaBouHUii METOI OTPUMAHHS MOHOBUJIVIBKIB

VY npoMy BUNAAKY Y JIMBapHid (OpMi 3aCTOCOBYETHCS CIeLialibHA
JUBHUKOBA CUCTEMA 3 Kpucmanosiodipnuxom (puc. 9.8).

Ileperpituii MeTan 3aquBalOTh B 000JOHKOBY (hopMy Oe3 jaHA, sika
BCTAHOBJIEHA HAa MIiJHOMY BOJOOXOJIO/JKYBAaHOMY  KpPHUCTai3aTopi.
Buacmiiok 1HTEHCHBHOTO OXOJIO/DKEHHS IPH KOHTAaKTI 3 IOBEPXHEIO
KpHCTalizatopa y CcTapTepi 3apojpKyeThesl 0Oe3lid JpiOHUX 3epeH 3
JOBIJIbHOIO Opi€HTALi€l0 KpucTaniB y HuX. Hami mi 3epHa 3pocTaioTh B
YMOBax CIPsIMOBAHOT'O TETJIOBIABOLY 1 HAOyBalOTh CTOBITYACTOI CTPYKTYPH.
CdopmoBana y craprepi CTOBIMYACTa CTPYKTypa IOYMHAE MPOPOCTATH Y
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CHeLialbHO CIPOEKTOBAHY CHCTEMY JMBHMKOBHUX XOZIB. 3a paxyHOK
reoMerpii, po3MipiB 1 HAXWIy OKPEMHX XOJiB JMUBHUKOBOi CHCTEMHU
BITHOCHO HamNpsAMYy TEIUIOBIABOMY ¥ 3IIHCHIOEThCS BIAOip OFHOTO
MOHOCIIPSIMOBAHOTO ~ 3€pHAa. 3a paxyHOK CTBOPECHHS ONTUMAaJbHOI
KOHCTPYKIIi  JMBHUKOBHX XOHiB 1 3a0e3leueHHS  TOJaTKOBOTO
TEIUTOBIIBEICHHA y BHpPOOi MOKHA CTBOPHUTH TaKe OpI€HTYBaHHS
MOHOKPHUCTaJa, SKE HaWKpalle BIAMOBiae HABAaHTWKEHHSIM Ha BHUPIO Y
npolieci eKcITyaTarii.

1 — craprep; 2...4 — TMBHUKOBA CHCTEMa; 5 — BUPIO;
I — croBmuacra ctpykrypa y craprepi; Il i Il - croBmuacTa cTpykTypa y nepepizax
JIMBHUKOBOI CUCTEMHU

Pucynok 9.8 — Cxema JTMBHUKOBOI CHCTEMH JJIsI OTPIMAaHHSI MOHOKPHCTAIIIYHOTO
BUpOOa

9.2.3 MeTtoa paaiaibHO-CIIPSIMOBAHOTO 3aTBEP i HHS

Meton paliaibHO-CIIPSIMOBAHOTO 3aTBEPAIHHS BHKOPHUCTOBYETHCS
JUTSl BATOTOBJICHHS TOYHHUX KPHIIBYATOK, POTOPIB, OCOOIMBICTIO KOHCTPYKIIIT
SKUX € Te, 0 BUPOOM AUCKONOAiOHOI (OpMHU TOEAHYIOTH Y COOi
TOHKOCTiHHI 1 MacHBHI By31i. TOOTO OKpeMi eeMeHTH BUpoOy BUMAararmTh
Ppi3HOI MIBUAKOCTI KpUCTai3aii.

IIporpiBanns nuBapHoi ¢opmu (puc.9.9, a) BigOyBaeTbcs B
IHAYKIIfHOMY  HarpiBadi Ha OIOPHOMY KUNbIl, BCTaHOBICHOMY Ha
MeXxaHi3Mmi migiiomMy. Y 30Hi HarpiBaHHs JOHHUN XOJIOAMIBHUK BUBEICHUM 3
OTIOPHOTO KiJbIIS.
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a — IporpiBaHHs GopMH; O — KPHUCTAi3allis BUIUBKA

Pucynok 9.9 — Cxema paniagbHO-CIIPSIMOBAHOTO 3aTBEPIIHHS

ITicns 3anuBanAg MeTary ¢opMa 3a JOMOMOTOI0 MEXaHI3MY MigiHoMy
nepeMilacThCs i3 30HM HArpiBaHHs Y 30HY O1YHOTO 1 JOHHOTO OXOJIOIKEHHS
3 OJHOYACHHUM MiAIrpiBaHHAM J0JATKOBOT YaCTUHH BUIUBKA (puc. 9.9, 6). Y
MPOLIECi OXOJO/DKEHHS CIIOYaTKy OXOJOMKYETHCS TOPELb IHCKa, IOTIM
MaTOYHMHA, a B OCTaHHIO YePry — CTOSK, 1110 JOJATKOBO IiIirpiBAETHCS Y 30HI
HarpiBaHHSI.

MiKpOCTPYKTypa TaKHX BHJIMBKIB BUXOJIUTH CTOBITYACTOIO, IPUIOMY
MaKpo3epHa MOXXYTh MaTH 3MiHHY CIIPSIMOBAHICTh y PI3HHX YacTHHax
BWJIMBKA.
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10 CYYACHHMM CTAH I IEPCHEKTUBH PO3BUTKY
KOBAJIBCBKO-IITAMITYBAJIBHOI'O BUPOBHUIITBA

KyBanus — omuH 3 Haiictapimmx crioco0iB 0OpoOJIeHHS MeTaliB,
HalleBHE CTapillvii 3a JTuBapHEe BUPOOHMITBO W MeTamyprito. HemapemHuo
KOBaJIb OYB IIAHOBAHOIO JIFOJMHOIO 1 Y MICTi, 1y celi mpuHaiMHi 10 KiHLIs
XIX cromitrsa. Moro MaiicTepHs Maga HpocTe OOGIaIHAHHS: TOPH I
HArpiBaHHS MeTaly, KOBQJIo, MOJOT 1 Halip JESIKUX JOJaTKOBUX
incTpy™MenTiB. [lpamtoBanu 1IBi JIOAMHU — KOBajb 1 MOJOTOOOENH (pHC.
10.1).

Pucynok 10.1 — CepenHpOBiYHa Ky3HS

losoBHY poib BigirpaBaB MaiicTep — KoBaib. BiH TpumaB y pymi
MOJIOTOK — PYYHHK 1 HAM BKa3yBaB, KyIu OUTH. A POJb MOJOTOOIMIIA
3BOJIUIIACS 0 TOTO, 00 OUTH MOJIOTOM 3 YCi€l CHITH.

PoOuiucst cnipoOu 3aMiHUTH MOJIOTOOIHMIIS SIKUMOCH MEXaHi3MOM,
11106 OuTH MOJIOTOM OinbIIoi MacH. IIeBHMIT Yac BUKOPUCTOBYBAJIHCS T000BI
(BaxinbHi) MonotH (puc. 10.2).

Ha ogHoMy KiHII Bakess, HACa/PKEHOI'O0 Ha T'OPH3OHTABHY BICh,
3aKpiIuIsBCs OOHOK MOJIOTA, a IHIINH BUXOJIWB 32 MEXIi Ky3Hi 1 BIUpPaABCS Yy
OUCK 3 BHCTyNamMH (KyJlakaMH) Ha WOro 30BHILIHIA moBepxHi. Jluck
YPYXOMJIIOBaBCS BOASHUM KojiecoM. KojkeH Kysak moueproBo HaTUCKaB Ha
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30BHIIIHIN KiHEIb BaKens, 1 OOHOK mifiiiMaBcs. A KOJIM KyJaK CXOJUB 3
Bakellsi, DOHOK MajiaB i ieopMyBaB 3aroTOBKY, MOKJIAJICHY Ha KOBAJIJIO.

Pucynoxk 10.2 — Po6ota 1060B0Or0 MooTa

CrpaBxHiii mepeBopoT y OOpOOJCHHI MeETamiB THCKOM 3pOOHB
Ix.Hecemit y 1839 p., po3poOuBIIM KOHCTPYKIiIO IapOBOTO MOJIOTA
apkoBoro tuiy (puc. 10.3). 3aBasku npocTiii KOHCTPYKLIT Ta eeKTUBHOCTI
MOJIOTH, SIKi IPUHIUIIOBO HE BiAPi3HAIOTHCS Bix Mosiota Hecmira, i choroasi
BUKOPUCTOBYIOTHCS JUISI KyBaHHS 1 IITAMITYBaHHSL.

Pucynox 10.3 — KoBanscbkuil HaponoBITPSHINA MOJIOT
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10.1 CyuacHe 001afHAHHS 1JIS KyBaHHSI

Kyeanna — 1me cnocid0 oOpoONeHHS MeTamiB THCKOM IIIISIXOM
OaraTopa3oBHMX yAapiB 0  HArpiTiii  3aroToBIli  yHIBEpCaIbHUM
IHCTPYMEHTOM — MI0CKUM 6otikom. BHacmiok mboro Mertan IUTHHE

HeoOMeXeHO BOIK 1, 1eOpMYIOUNCH, TIOCTYIIOBO HabyBae 3amaHi hopMmy i
po3mipu. Po3pi3HIOIOTH KyBaHHA pydHE 1 MamuHHI. MammHHE MOXe
3MIMCHIOBATUCS sIK Oe3MmocepeHb0 OOWKaMM, TaK 1 13 3aCTOCYBaHHSIM
nigKraaaux mrammis [18].

KyBanusM BUTOTOBISIOTH MOKOBKH Macor Bix 0,1 xr mo 300 T.
[TepeBaroro KyBaHHSI € MOKIIUBICTh BUTOTOBJICHHS JOCTaTHHO CKJIaJHHUX 32
(hopMOIO 1 BEITMKUX 32 MacoI0 IMOKOBOK 3a JIOITOMOT'OI0 HEBEJIMKOTO HabOpy
MPOCTUX KOBAIBCHKUX IHCTPYMEHTIB. Y HU3Il BUMAJKIB KyBaHHS € €IHHO
MOJJIUBUM CIIOCOOOM BHUI'OTOBJICHHSI KPYIHHX 3aroTOBOK, HalpHKIA,
rpeOHUX BaliB JJIsi MOPCHKUX CYJICH, POTOPIB MOTYKHUX TYpOiH TOIIIO.

I"0;10BHUM HEZONTIKOM KyBaHHS €: HU3bKa IPOIYKTUBHICTb, HEBUCOKA
TOYHICTh IIOKOBOK, CKJIagHICTh HOro aBToMaru3alii Ta MexaHizalui.
KyBaHHSIM BUTOTOBIISIIOTH BC1 KPYITHI ITOKOBKH 1 YaCTUHY CEPEAHIX 1 IpiOHMX
(y mpiOHocepiliHOMY Ta OAWHUYHOMY BUpOOHHWITBax). [Ipm 30inblieHH]
CEepIHOCTI TepexoAiaTh M0 KyBaHHA Y MIJKJIaJHUX I[ITammnax ado o
HITaMITyBaHHS.

10.1.1 KoBanbchki MOJIOTH

Jnst KyBaHHS BUKOPHCTOBYIOTh KOBAIILCHKI MOJIOTH 1 TiJIpaBIlivyHi
HpecH.

[Mpanss MOJNOTIB mmoJsirae 'y TOMy, IO MeTan JedopMyeThCs i
JUHAMIYHOI JIi€F0  yJaapiB  BepxHbOro Ooiika. Momotn OyBaroTh
MapONOBITPSHI, THEBMATHYHI, MEXaHI4HI, Ta30Bi Ta iH.

VY naponosimpsnomy monomi (puc. 10.3) migiiom Ta ornyckaHHs 6a0u
3 BEpXHIM OONKOM 3IIHCHIOETbCA TP Mojadi y poOOuYMil HHITiHID
CTHUCHEHOTO ToBiTps abo mapu mig TeickoM 0,7...0,9 Mlla i3 3aBoachkoi
marictpaini. [lapomoBiTpsiHi MOJIOTH BUTOTOBIISIOTHCSA 3 Macol0 YacTHH, L0
NajarTh, Bia 1 10 8 T; MpH I[bOMY MOKHA BUTOTOBJISITH IIOKOBKH Macoi0 BiJ
20 go 350 kr. 3apa3 napa NpakTUYHO HE BUKOPUCTOBYETHCS, KOBAJIBCHKO-
HITAMIYBJIbHI L€XHd TPH HAABHOCTI MAapOMOBITPSHUX MOJOTIB MarOTh
LEHTPAIbHY KOMIIPECOPHY CTaHIIIO.
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Y wMailicTepHsX, HEBEIUKUX MiANPUEMCTBAX BHKOPHCTOBYIOTH
nneemamuyni moromu (puc. 10.4).

Pucynok 10.4 — ITneBMaTU4HUI MOJIOT

ITHeBMaTHYHUI MOJIOT Ma€ JBa T HIPH: KOMIIPECOPHU i poOoUnii.
Kowmmpecopruii mumiHap Mae MPUBiA Bif €IEKTPOABUTYHA 1 CITYXKHUTH IS
CTBOPEHHSI CTHUCHEHOro TmoBiTps. CTHUCHEHE TOBITPS 3a JONOMOTOIO
KJIamaHiB (30JOTHHUKIB) TIOYEProOBO MOJAETHCS y MOPOKHUHU Haa abo i
NopIIHeM poOovoro HwiIiHApa. 3aBASKH [bOMY BEpXHiM 00HOK 31ifiCHIOE
3BOPOTHBO-TIOCTYNANBHUH pyX 1 Aedopmye 3arotoBky. Hactory i eHeprito
yapiB MOKHA PEryIIOBaTH. MOJIOT MOXKe TIPAIfOBATH SIK Y PYYHOMY, TaK i
B aBTOMaTHYHOMY pekuMax. [IHeBMaTH4Hi MOJIOTH MatOTh Macy YacTHH, IO
naaarTh, Big 50 70 1000 kr. Ha HUX MOXHA OTPUMYBATH MTOKOBKH MacO0
1o 20 kr.

OnHa 3 BaXIJIMBUX IepeBar MHEBMAaTHYHUX MOJIOTIB — MOXIIUBICTb
NPALIOBATH BiJl 3aBOICHKOI €IEKTPOMEPEXI.

10.1.2 KoBasbchKi TipaBiiyHi mpecu

IIpecu Biapi3HAOTBCA BiJ MOJIOTIB THM, 10 TPUBAIICTh
neopMyBaHHS NIPU KyBaHHI IpecaMy MOXKE€ CTAHOBUTHU JIECATKU CEKYHI, a
mBHAKICTH AedopmyBanns — 0,3...0,5 m/c.

V¥ rigpasiaiudomy mpeci (puc. 10.5) miyHxep poboYoro muiiHIpa
nepeMillye pyXxoMy TpaBepcy i3 3aKpilieHMM Ha Hill BEpXHIM OOHKOM.

3ycuiia neopMyBaHHSI CTBOPIOETHCS TUCKOM PiAMHM (MiHEpaibHi
Maciia, BOJIHI eMyJibCii), sika TOJaeThCsl y POOOYME HMWIIHAP IMiJ] THCKOM
20...30 MIla. HuxHiit 601OK KpIUTHCS HA HIDKHIH TUIATI.
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lgpaBiiuyHi Mpecd BUTOTOBIAIOTHCS 3 MaKCHUMAaJIbHUM 3YCHIUIAM
5...150 MH i iX BUKOPUCTOBYIOTH [IsI KyBaHHS IIIOHAMBAYKIMX TTOKOBOK.

1 — HwxHs TIHTa; 2 — BepXHil 00HOK; 3 — pyXxoMa TpaBepca; 4 — HanpsIMHI
KOJIOHKH; 5 — Tsira; 6 — IUIyHKep; 7 — BEPXHS IUTUTa; 8 — OPIICHB; 9 — MITHIPH MiTiHoMY;
10 — poGouwnii mminap; 11 — Tpydomposin; 12 — HIKHIN 60IOK.

Pucynoxk 10.5 - Cxema KOBaJIbCHKOT'O TiAPaBIiYHOTO TIpeca

10.2 CyuyacHe o0iagHAHHS JUIS IITAMITYBAHHS

IlImamnysanns - 11e NPOIIECC BUTOTOBIICHHS BUPOOIB MUITXOM
IUTACTHYHOTO Je(hOPMYBaHHS CIEI[IaIbHOrO 1HCTPYMEHTa — wmamnd.
BuxigHa 3aroToBka IOMIIIAETHCS Y HIDKHIO IOJOBHHY ITaMIa 1
JIe(OPMY€ETLCS BEPXHIO TOJOBUHOI. SIKIO TPH IbOMY BiOYBa€eThCsS
3HAYHUH Mepepo3IoIii MEeTaIy 1O JOBXHUHI IOKOBKHU (TOOTO TOBIIMHA ii Ha
PI3HUX AINSHKAX CTa€ Pi3HOIO), TAKE NITAMITYBaHHS Ha3UBAETHCS 00 EMHUM,
SIKILIO HI — JIUCIOBUM.

3a TemnepaTypor nedOopMyBaHHS PO3PI3HIOIOTH Tapsie i XOJIOIHE
mramnyBadHas. Ilpu rapsuomy naedOpMyBaHHI 3MEHIIYETHCS 3yCHILIS
nehopMyBaHHS, aje BUHUKAIOTh BUTPATH HA HArpiBaHHs], MPH SIKOMY Ha
MIOBEPXHI ITOKOBKU YTBOPIOEThCS OKanuHa. [Ipu XonomHOMYy ImTaMITyBaHHI
3a0e3neuyeTbcsl BHUCOKA SKICTh IIOBEPXHI 1 TOYHICTH pO3MIpiB, aie
BHUMAraeThCs MOTYXKHIIIe 001aIHAHHS 1 IIBU/IIE 3HOIIYIOTHCS IITAMIIH.

VY mnopiBHSIHHI 3 KyBaHHSIM 00’€MHE HITAMITyBaHHS Ma€ IEpEeBar:
3HAYHO BUINA TMPOMYKTUBHICTh, BHUKJIIOUEHHS BEIHKUX HAITYCKiB IS
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CKJIagHUX 32 (OPMOIO TOKOBOK, NPHUITYCKM Ha HACTYNHE MEXaHIYHe
o0pobmennst meHmi y 3..5 pasiB. [Ipore mpomec mrammyBaHHA Mae i
HeJoJKN: oOMexkeHHS Macu MMOokoBoK (0,5..30 kr, pimme — go 300xr),
OinmpIi 3ycminist Ae)OpMyBaHHS, BEJMKI KOIUITH i Yac HAa BHTOTOBJICHHS
mrammiB. Lle pobute 00’€eMHE MITaMITyBaHHA HEPEHTAOETHFHUM B
OIMHUYHOMY 1 APIOHOCEPIHHOMY BUPOOHHIITBAX.

10.2.1 HlTamMnyBanbHi HapOMOBITPSIHI MOJOTH

ITammyBanbHi MAPOHOBITPSHI MOJOTH 32 KOHCTPYKLIEIO MOAIOHI 10
KoBainbCchbkuX (puc. 10.3), ame Ha BigMiHY BiI HHX MarOTh >KOPCTKIITY
CTaHWHY, HANpPAMHI, MO SKAM pYyXa€ThCS BEpXHS MOJOBHHA LITAMI, i
MacHBHiMK mabot. HanpsamHi cinparoThes He Ha (yHIaMEHT, a Ha aboT.
Bce nie moBuHHO 320€3MeUNTH TOYHIIIE CIIBIAiHHS ITOJIOBHH IITaMIla B
MOMEHT yAapy, a TaKoX MiJBUIICHHS Koe(ilieHTa KOpUCHOI mii ynapy.
Maca yacTuH, 0 NMaJaloTh, Y IITAMITyBAIFHUX MapOMOBITPSIHUX MOJIOTIB
CTa”HOBUTH Bijg 630 kr 10 25 T.

10.2.2 KpuBommrHi rapsiaernramiryBaibHi pecu (KI'LLIT)

PoboTa KpUBOMIMITHUX TapsyelITaMITyBaJbHUX MPECIB IPYHTYETHCS
Ha TOMY, IO BiJl €NEKTPOJBUTYHa O00EPTAEThCS MaXOBHK, IOB’SI3aHUH 3
konenBasioM (puc.10.6). Bix koseHBama yepe3 MATyHHHH MEXaHi3M pyx
nepenacTbcss  BepxHIM mosioBuHI mTamna. CHiBIAAiHHSI BEPXHBOI 1
HIDKHBOI TOJIOBHHOK IIITamIa 3a0e3MeuyeThcsi HAPSIMHUMU KOJOHKAMH.
ITig yac mpoiiecy, MO YCTAHOBUBCS, MAXOBHUK 00epTa€ThCs OE3MepepBHO, a
OTXKE ¥ BepxXHsS TOJIOBMHKA INTAMIIA TaKOX Oe3MmepepBHO 3iHCHIOE
3BOPOTHBO-TIOCTYNANIbHI pyxH. Lle 103BOJIsSIE€ MiIBUIIUTH TPOAYKTUBHICTS,
ajie 0THOYACHO BHUMAra€e TOYHOTO PO3paxyHKy 00’€My BHXIiJIHOI 3ar0TOBKH,
o0 BOHA BiAMOBigaNa 00’ eMy piBYaKiB MITaMIIA.

Pucynok 10.6 — KpuBommimHuiA TapssyemTaMyBaIbHAN TIpec
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KT'ILII po3BuBae 3ycumist Big 6,3 1o 100MH 1 3aiiicHroe Big 35 10 90
XOMliB 3a XBWINHY. HasBHICTP BHWINITOBXYBadiB JIO3BOJISIE€ 3MEHIIUTH
MITaMITyBaJIbHI HAXWJIM, a TOYHE CITIBMAiHHS YacCTHH IITaMIla 3a0e3mnedye
BUCOKY TOUYHICTb IOKOBOK.

10.2.3 I'opu3oHTaNBHO-KYBalbHI MAIIUHA

l'opu3oHTaNbHO-KYBAIBHI MAIIMHU — KPHBOLIMITHI IIPECH, IOB3YH
SAKHX PYXa€ThCS Y TOPU3OHTANBHOMY HampsMKy. Ha BinmiHy BiJg MOJIOTIB i
npeciB mramin ['KM mae 1Bi IOMIMHN PO3HIMY: TOPU30HTANILHY MiXK IBOMa
MOJIOBMHKAMH MaTpPHIIi 1 BEPTUKAIBHY MK ITyaHCOHOM 1 MaTpHIICIO.

IToxoBkw, 0 BUTOTOBISIFOTECST HA ['KM, 3BHUaitHO MatoTh hopmy Til
o0epTaHHs 3 MPSIMOK0 BICCIO, CIPSIMOBAHOIO 10 OCI BHXIJHOI 3arOTOBKH,
AKOI0 MOXe Oytu mpyTok abo tpyba. KM wacto 3acToCOBYIOTH st
BUTOTOBJICHHS 3arOTOBOK, IIO HE BHMAararmoTh IeQOpMYyBaHHS IO BCii
JOBXHMHI ab0 Ui BUKOHAHHs KIiHIIEBOI omepamii TUMy BHCAKyBaHHS
(bnaHIsI YU MOTOBLICHHS 3 000X KIiHIIB 3arOTOBKH.

MakcumansHe 3ycuwuid rammyBaHnHs Ha KM — 5..125 MH,
HAHOUTBIIMI JiaMeTp O0OpOOJIIOBAHUX BUXIJIHUX 3ar0TOBOK — 110 270 MM,
poGounii xix mos3yHa — 200...700 MM, KUIbKiCTh poOounx xomaiB — 20...95
3a xBwmHy. [IpogykruBHicTs Omu3bka n0 npoayktuBHocti KI'IIII, a 3a
TOYHICTIO TOKOBKH, BuroToBieHi Ha ['KM, Oxmk4ye 10 TOKOBOK,
BUTOTOBJICHUX Ha MOJIOTaX.

Henonikamu mrammysands Ha ['KM e: oomexeni popma i maca (10
150 kr) mrTamMImoBaHUX TOKOBOK, HEOOXiAHICTh BUKOPUCTAHHS SIK BUX1THOTO
Marepially TOYHOTO, a iHOJl KaliOpoBaHOTO MPOKaTy, MiIBUIIECHI BUTpATH
METaJy 3a paXyHOK XBOCTOBHUKIB (JIJIsI 3aKpiTNIECHHS IPOKATY Y MaTPHIIi).

10.3 IlepcnieKTUBH PO3BUTKY KOBAJbChKO-IITAMIYBAJILHOTO
BHPOOHUUTBA

KoBanbchbko-1ITaMITyBaJibHe BHUPOOHHUIITBO € OJHIEI0 3 OCHOBHHX
3aroTiBenbHUX 0a3 MammHOOynyBaHHS. CydacHe MAaIIMHOOYAyBaHHS
CBOT'O/IHI BiJluyBa€ MOTpedy y KOBAILCHKO-IITAMITYBAILHOMY BUPOOHHIITBI,
SIKe TPYHTYETHCS Ha MPOTPECUBHUX BHCOKOIPOJYKTHBHUX OOJIQJIHAHHI Ta
TexXHOJIOrisX [2, 16].

Koxnuit 31 3ragaHux Buille BHIIB OOpOOJEHHS METalliB THCKOM
3HaXOJMTh CBOT TEXHIYHO T4 EKOHOMIYHO BHITPABIaHi Tany3i 3aCTOCYBaHHS;
YIOCKOHAJICHHS Ta TEXHIYHUHA PO3BUTOK KOKHOTO 3 METOZIB TaKOX MA€, 3
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omHOro OOKy, CBOi OCOOJIMBOCTI Ta MOXIHMBOCTI, aje W CHUIbHI
3aKOHOMIPHOCTI, 3 1HITIOTO.

VY 3B’A3Ky 3 THM, IO KY8aHHA 3aCTOCOBYETHCS B OJUHUYHOMY Ta
IpiGHOCepiitHOMY BUPOOHUITBAX, EKOHOMIYHO BUIPABAAHO BUKOPHCTAHHS
JIOJTATKOBUX 3ac001B MeXaHi3aIlii MEBHUX OTeparliii y po0ouiit 30Hi KOBaJIAL.
3 Mi€0 METOI0 3aCTOCOBYIOTHCS MAHIMYJSATOPH, POOOTH Ta IMPOMHCIIOBI
poboTH.

Mawninynamop — TPUCTPId AN 3aXOIUTIOBaHHS W IMEpEeMilICHHS
3aroTOBOK y TPOCTOpi. 3a THUIOM TPUBOMY MOMUISMIOTHCS HA MEXaHidHi,
eJICKTPHUYHI Ta T1ipaBiiuHi. BOoHU cTaHOBIATH mapHipHO 3’ €HAHI OaNKw, sKi
MOXYTh OOepTaTHCs HABKOJO OcCi abo IeHTpa MaHImyJisaTopa.
XapakTepUCTUKOI MaHIMyJISITOPa € HOro BaHTAXKOIT AHOMHICTh Ta KITBKICTh
CTYTIeHIB pyxoMocTi. KoBalTbCEKMM MaHIMyISITOPOM KEPYE JIOIHA.

Pobom —11e maivHa 3 aHTPOIIOMOP(HOIO OBEIIHKOI0. PO3pi3HIOIOTH
Taki BUAX POOOTIB: 3 JKOPCTKOIO TMPOTPaMOr0, TaKi, IO KEPYIOTHCS
OTIepaTopoM, Ta 3i INTYYHHUM iHTENEKTOM. IXHS 0cOBNMMBICTE MONATAE y TOMY,
1[I0 BOHU MalOTh JATYMKH KOHTPOJIIO 30BHIIIHBOTO CEPEAOBUINA Ta MOKYTh
TiSITH TIECTIPSMOBAaHO 3 ypaxyBaHHSIM peajbHUX oOCTaBMH 0Oe3 ydacTi
JIFOTUHU.

Ilpomucnosi pobomu (I1P), siki 3aCTOCOBYIOTBCS Y KOBAJIbCHKO-
NPECOBOMY  BHPOOHHMITBI, (aKTHYHO € pOOOTH-MaHIMyJIATOPH 3
HEepPEeHAIAr0/KYBaHOKO TPOrpaMoro Jid. OCHOBHUMH XapaKTepHCTHKAMHU
MIPOMUCIIOBUX POOOTIB € TAKOXK BAHTAXKOIIJHOMHICTh, KUIBKICTh CTYTICHIB
CBOOOIM MaHIIyJATOPa 1 TOUHICTh MO3UI[IOHYBaHHS MPYU BUKOHAHHI POOIT.
BoHu 3BUNBHSAIOTH JIIOJUHY B HYAHOI U OJZHOMAaHITHOI pPoOOTH,
T ABUIIYIOTH MPOYKTUBHICTB 1 AKiCTh TPOYKIIii.

[pu wmamnysanni 1OCTaTHLO TOOPE MEXaHI30BaHI Taki ONepailii, sSK
MOJ]aBaHHSl 3arOTOBOK 31 CKJIay, 3aBaHTKYBaHHS 1 pPO3BaHTAKYBaHHS
HarpiBaJIbHUX HPHUCTPOIB, IMOJaBaHHS 3arOTOBOK JIO MOJIOTIB a00 IpeciB.
Jns oo IMPOKO BUKOPHCTOBYIOTHCS KOHBEEPH, POJIBTAHTH, TIOBOPOTHI
CTONH, MOHOpeWku Ta iHme. CKIamHIIOK € mpodleMa KOMIUIEKCHOT
MexaHi3alii BCbOro Mpolecy IITaMIyBaHHSA. BoHa  BupimryeTbes
3aCTOCYBaHHSIM POOOTH30BaHUX TEXHOJIOTIYHUX KOMILIEKCIB.

Pobomuzosanum mexnonociunum xomniexcom (PTK) nHaszuBaeTncs
CYKYIHICTh OJIMHHMIIb TEXHOJOTIYHOrO OONajHaHHs (HANpUKIal, NpPEeCH,
MOJIOTH, pOOOTH), siKa (PYHKILIOHYE aBTOMAaTHYHO i 0araTopasoBo 31iHCHIOE
neBHi mukind podoru. Y cknan PTK MoxyTh BXOAUTH IIBHIKOXIIHI MPECH
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abo momotru Ta IIP, ocHameHi CHCTEMOIO YHCIOBOTO MPOTrPaMHOIrO
kepyBanHs (UIIK). Cucrema UIIK kepye pyxamu maninymisaropa [P, pyxamu
Ootika mpeca (momnora). 3BuuaiiHo UYIIK mo3Bomse depryBaHHS
ABTOMAaTHYHOTO PEXUMY 3 PYYHUM, OCKIJbKH TIOBHAa aBTOMAaTH3allis
TEXHOJIOTIYHOTO MPOIECY BUKITUKAE 3HAYHI TPy THOIIII.

Ha puc. 10.7 HaBenena cxema tumnooro PTK y mramimyBansHOMY
BUPOOHUIITBI.

a: 1 — cremax; 2 — ponbranr; 3 — myJeT; 4 — HOXHLI; 5 — OyHKEp; 6 — TpaHCTIOpTEp;
7, 10 — mpomucnosi poboty; 8, 9 — tapa; 11 — mada; 12 — oropoxka
0: 1 —3aBaHTa)xXyBad; 2 — TpaHCIIOPTEP; 3 — mpec; 4 — aBTOONEepaTop;
5 — npomucnoBuii poboT
B: 1, 6 — mpomucioBi po6oty; 2, 7 — Tpancnioprepu4 3 — Tapa; 4 — mToBxad;
5 — mpec

Pucynok 10.7 — Tamoi PTK y mrrammyBansHOMY BUpOOHHIITBI Ha 6a3i cCOPTOBUX
Hoxu1pb (a); KI'LIII (6, B)

[lpn BUrOTOBNEHHI JESIKUX BUPOOIB, TUMOBHX 3BHYAWHO IS
IITAMITYBaHHS, BAKOPHCTOBY€ETHCS IIPOKATyBAaHHSL.

Tak, nonepeuno-xnunoge npoxamysanus (puc. 10.8) CIyXuth s
BUT'OTOBJICHHS 3arOTOBOK BaJIiB, Oceii giaMeTpoM 10 100 MM i IOBKHHOIO J10
700 mm.

3aroToBKy (Hai4acTille MpyTOK) Micisl HarpiBaHHs PO3TAIIOBYIOTh Y
po0oUii 30HI MK KIMHAMHU y TXHBOMY BHXITHOMY moioxeHHi. OnuH 3
IHCTPYMEHTIB 3aJIMIIAE€THCS HEPYXOMHM, a 1HIIHHA 301HCHIOE TOCTYNabHUN
PYX, 3aroTOBKa MPOKOYYETHCA MiXK JIBOMa KIMHAMH, Ae(opMyeTbes 3pasy
Mo BCIH JOBXMHI oOaHOYacHO 1 HaOyBae 3amaHy Qopmy. [loBHe
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NPOKaTyBaHHA 3aTOTOBKH 3I1HCHIOETHCS 3a 1,25 00epTH 3aroTOBKH i TpUBA€e
CeKYHJH.

E Z o
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a — IIPOKaTyBaHHS;, O — TUIIOBI BUPOOH

Pucynoxk 10.8 — Cxema nomnepeqHo-KIMHOBOIO IPOKATyBaHHS

VY nesikux BUTAAKaX iHAWUBIAyalbHY 3arOTOBKY aBiallifHUX JIOMATOK
JUI TIOJJANIBIIOTO TOYHOTO LITAMIYBaHHS OTPUMYIOTh 3 MEPEXOJ0M Ha
TPYTMOBY 32 JOMIOMOTOI0 IEPIOANMYHOTO MPOKATYBAHHSL.

CyTb nepioouunoco npoxamyeanHs TIONSTA€ Y TOMY, IO TPYTOK
MIEBHOTO JliaMeTpa 1 JOBKHHM HAarpiBalOTh Yy Ie4i JO HeoOXiaHol
TEeMIIepaTypH, i IOJalTh Yy MPOBOAKY KyBaJlbHHX BaJKiB cTaHy. KyBajbHi
BaJKH Ha poOOdYill MOBepxHI MarTh NPODITPHUN piBYAK, SKUA MpH
NPOKaTyBaHHI 3arOTOBKHM YTBOPIOE HEOOXimHy reomerpito. 3a oguH o0epT
BaJIKiB mpodimoeThes 4...5 1 Oibllle 3ar0TOBOK, 3B’S3aHUX IEPEMUYKAMU
(puc. 10.9).

Pucynok 10.9 — Ctpiuka mepioAMIHOTO MPOKATy 3arOTOBOK JIOMATOK KOMIIpEcopa

Baxumse YIOCKOHAJICHHS KOBJILCHKO-IITAMITYBAJIbHOTO
BUPOOHUIITBA TIOJNSTAE y 3aMiHi KyBaHHS MITAMITyBaHHSM, a Tapsdoro
mITaMIyBaHHA - XosonHuM. Lli mpouecu, 3 oqHOro OOKy, COPUSITUMYTb
MiIBUILICHHIO IPOYKTUBHOCTI, a 3 1HIIOTO — BUMAaraTUMyTh NOTYHIIIOTO
o0ajHaHHs, TOCKOHATIINX 1HCTpYMEHTIB (mtammiB). ToMy 3aMiHa OTHOTO
npolecy iHIIUM Mae BiOyBaTHCS 3 ypaxXyBaHHSM TEXHIKO-€KOHOMiYHOi
JOLIIBHOCTI Ii€1 3MIHU.
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BaxnuBuM HanmpsAMKOM YAOCKOHAJIEHHsS IITaMIyBaHHS MOKHA
BBOKATH MaKCHUMaJbHE HAOIIMKCHHS ITOKOBKH 3a pPO3MIpaMH 1 SKICTIO
MOBEPXHI J0 TOTOBOi AeTami, mo0 YHUKHYTH MOJAIBIION0 MEXaHI9HOTO
00pobnenHs. TyT MOXke CTaTH Ha PUTOJIi XOJIOAHE 0OPOOIEHHS TUCKOM.

B ocrtanni poku po3poOieHi Tak 3BaHI «METOIHA TOYHOTO TapsydOro
IITaMITyBaHHS», sKi 3a paxyHok wmoxepHizamii KI'LLIIL, 3actocyBaHHS
CHeIiaJIbHUX INTAMITIB Ta 3MIHM TEXHOJIOTIi INTaMITyBaHHS JO3BOJISIFOThH
3HM3UTH BUTpatu Metany y 1,5..2 pasu, a TakoX OTpUMYBaTH CKIIaJHI
JieTali, HalpHKJIaJ], TOKOBKH KOMIIPECOPHHUX JIOTIATOK.
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11 BUPOBHUITBO 3BAPHUX I KOMBIHOBAHUX
3AT'OTOBOK

Bunaxigauk erexkmpuunoco dyeosoeo 3aptoanns (1882 p.) Muxomna
MuxonaiioBinu benapmoc Hapomuscs y 1842 p. y ceni benappociBka
XepcoHcrKoi rybepHii (HuHI MukonaiBcrka 001acts) 1 ymep y 1905 p. y m.
®dacroBi. He Maroun 6a30B0i TEXHIYHOI OCBITH, BiH 3aBISKHA CBOIM pPO3yMYy,
TaJaHTy i eHeprii CTBOPHUB OJIVH 3 HaHBaKJIUBIIITNX
CydYacCHHUX TeXHOJIOTiYHMX mpoueciB. Jlume y 1889 poui Buena pana
ITetepOyp3bKOTO E€IEKTPOTEXHIYHOTO I1HCTUTYTYy TpHucBoina benapmocy
MoYecHe 3BaHHs iHKeHepa-elIeKTPHKA.

Ceoimu mpansiMu benapaoc HakpecnuB rojoBHI HANpsIMUA PO3BUTKY
3BapIOBaHHA, PO3POOMB OCHOBHI NMPUHIMIK 0aratboX Cy4acHHX CITOCOOIB
3BaproBaHHs. 30kpeMa, y 1886 p. E.Tommcon i M.beHapaoc nmpakTHIHO
OJIHOYACHO PO3POOHIIM OCHOBH 1 00JIa/ITHAHHS KOHTAKTHOTO 3BapIOBAHHSI.

Y 1929-1934 p.p. enexrporexHiuna nadoparopis AH Ykpainu min
kepiBHUIITBAaM  €BreHa OckapoBmuya [latroma pos3poOmia  crocio
ABTOMATUYHOT'O JTyTOBOT'O 3BAPIOBAHHSI 1i0 (irocom, TiJl Yac SKOTO y 30HY
3BapIOBAHHS OKPEMO MOAAIOTHCS Oe3MepePBHUIA EINEKTPOI — IPIT 1 3aXUCHA
MOPOIIKOTIOI0Ha peuoBrHa — (pirtoc. J{yra roputh min mapom ¢uirocy.

[Iponorxkyroun  poOOTH y raimy3i 3BaproBaHHs, y 50-X pokax XX
CTOJITTSI, yke [HCTUTYT enekrpo3BaproBanns iM. €.0.I1atona AH Ykpainu
pO3poOMB HOBUW 6Oezdyeosuii CIIOCciO 3BaprOBaHHS JIeTaleid BEIMKOl
TOBIIMHU — €JIEKTPOILIAKOBE 3BapIOBAHHSI.

11.1 OcHoBHi crioco0u 3BapIOBaHHS

HasBHi 3apa3 pi3HOMaHITHI CIIOCOOM 3BapIOBaHHS BiAPIZHIIOTHCS
BUJIOM E€HEeprii, 110 BUKOPHCTOBYETHCS MPU 3BAPIOBaHHI, PO3MipaMu 30HH
3BapIOBaHHA, JI€ BJIACHE i CTBOPIOETHCS MKATOMHHUI KOHTaKT YaCTHH, IO
3’€IHYIOTbCS, TEMIIEPaTypOI0 y 30HI 3BapIOBaHHS, CIIOCOOOM 3aXHCTY
MeTajy BiJl OKHCHEHHS TOIIIO.

Ha cporogni HapaxoByeTbes a0 60 crnoco0iB  3BaproBaHHS.
Haiinmommpenimi 3 HUX MOAUISATHCS HAa CIIOCOOM 3BapIOBAHHS

IIJIaBJICHHSM: 1 THCKOM:

- JIEKTPOIYTOBE - KOHTaKTHE;

- ra3oBe; - XOJIO/IHE;


https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81
https://uk.wikipedia.org/wiki/1889
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- €JIeKTPOIILIIAKOBE; - YIBTPa3ByKOBE;
- J1a3MOBO-IyTOBE; - TePTAM;

- €JIEKTPOHHO-TIPOMEHEBE; - mudysiline;

- Ta3epHe.

KosxeH 3 ux crmoco6iB Moke MaTH IeKiTbKa pi3HOBHIIB 3aJICKHO Bif
BUMOT JI0 3BAPHOTO 3’ €JHAHHSA i yMOB 3BapIOBAHHA. IX yJI0CKOHANEHHS e
TOJIOBHMM YHMHOM 32 paXyHOK BHUKOPUCTaHHS HOBHX MaTepialis,
JIOCKOHATIIINAX TPUCTPOIB Ta TEXHOJIOTIH.

11.2 3papHi i kom0GiHOBaHi 3ar0TOBKH

3eapni 3azomoexku — ye 3a20mMo6KuU, AKi CKIAOAIOMbCA 3 OKPEMUX
YaACMuH, BUKOHAHUX PI3HUMU cnocobamu (TUmmsm, 06poOIeHHAM MUCKOM,
XONOOHUM WIMAMNYSAHHAM MA IH.) SIK NPABUNO 3 OOHAKOBUX Mamepianié i
3’eOHani 36aprosanusam. 3BapHI 3aroTOBKH AOLIJIBHO BHUKOPUCTOBYBATH,
SKIIO BUTOTOBJICHHS 1X CYHIJIbHUMU TOB’s13aHE 3 BETUKUMH BUPOOHHYNMU
TpyAHOmaMH  (BIACYTHICTH OONagHaHHS, YCKJIAQJAHEHHS MEXaHI4HOTO
00poOIICHHS, BETUKHIA BiICOTOK Opaky Ta iH.) [4, 8].

Bararo 3BapHHX 3aroTOBOK BHIOTOBIJIIIOTH 3 JINCTOBOIO IPOKATy,
(acoHHMX 1 THYTUX NpOoQiIiB, MO 3a0e3rnedye MOXKIUBICTh OJCPIKAHHS
JIETKUX JIeTaJIeH ITiIBUIIIEHOT dKOPCTKOCTI 1 CTilikocTi. JIo TakuxX 3aroTOBOK
HaJIeXKaTh paMU, CTAaHUHH, OapabaHu, KOPITyCH PEAyKTOpiB, 3y0UacTi KoJjieca
HITAHTH, TATH MiAIIAIHUAKOBI OMOpU PI3HUX CUCTEM Tommo. Bci BOHHM
BUTOTOBJISIIOTHCSI TOJIOBHUM YWMHOM 3 JINCTOBOTO TPOKATY 3 IMiJCHIICHHSM
KOPITYyCiB TNPUBAapEHUMH peOpaMH >KOPCTKOCTi. 3aJeXHO BiA TOBLIMHU
JIMCTOBOTO MaTepially HaiyacTillle BUKOPHCTOBYIOTh T'a30BE€, KOHTAKTHE i
JyTOBE 3BapIOBaHHS.

IHomi  3BapioBaHHS ~ BUKOPHUCTOBYETHCS Uil MiJBHILECHHSA
TEXHOJIOTIYHOCTI KOHCTPYKTUBHOTO pimieHHS BupoOy. Hampukman, skmio
niBBichk TpakTopa (puc. 11.1) moainuTH Ha Bl YaCTUHH, TO BHYTPIIIHI IUTiLli
MOJKHA JIETKO 0OPOOUTH MPOTATYBAHHSM, a MOTIM YK€ 3BapHUTHU 3 BaJIOM.

aaolanna meana

| L] %

Pucynok 11.1 - 3Bapna miBBich TpakTOpa
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ExonomiuHa MOIIIBHICTE BHUKOPHUCTAHHS 3BapHUX 3aroTOBOK Ta
KOHCTPYKIIill 3pocTae 31 30iMbIIEHHSM IXHBOI Macw Ta TabapUTHUX
po3MipiB.

Komobinosanumu 3a20moekamu HA3UBANOMbCA  3020MO6KU,  SKI
CKNAOAIOMbCsl 3 eNeMeHmi8, 00epHCYBAHUX PDISHUMU MEXHOA0IUHUMU
Memoodamu (MUmmsam, Ky8aAHHAM, WMAMNYEAHHAM Ma iH.), 3 €OHAHUX
36apIOBAHHAM.

Y cydacHoMy WMammHOOYIyBaHHI TpW BHUTOTOBIEHHI KPYITHUX
3aroTOBOK HEPIAKO WIyTh HA 3aMiHy JTUTHX 3aTOTOBOK KOMOIHOBaHUMH, AKi
OJIEPXKYIOTh TIOETHAHHSM KyBaHHS 1 JIUTTS 31 3BaplOBaHHAM OAHO4YAcHO. Lle
JI03BOJISIE MIMIHTH AN(EpeHIioBaHO 0 Pi3HUX YAaCTHH JeTali, 30Kpema,
BUKOPHCTOBYBATH B OIHI KOHCTPYKIII p13Hop1nH1 MaTeplaJm SAKi
HaKOIbIIe BiANOBIAAIOTE YMOBaM POOOTH Pi3HHX €IEMEHTIB, 3MEHIIUTH
Macy i METaJIOMICTKICTh KOHCTpYyKIii. KomOiHOBaHI 3aroToBKH MaroTh
BUCOKY TEXHOJOTIYHICTh. IX BIPOBAIKEHHS 3HHMKYE CTPOKH OCBOEHHS
BUPOOHUIITBA, CKOPOUY€E BUTPATH Ha JIUBApPHE 1 IITAMITyBaJIbHE OCHAILICHHS.

36apro-1umi 3aTOTOBKYA BUKOPHUCTOBYIOTH TIPH BUPOOHUIITBI CTAHUH
MpeciB, MPOKATHUX CTaHIB, BEPCTATiB, KOPIIYCiB PEIyKTOPIB, KapTepiB
TETUIOBO3HUX JBUTYHIB, TOBCTOCTIHHHMX TOCY/IMH, PI3HUX JeTalicii BaroHiB
Tomo. Po3ginieHHs KpynmHOraOapHTHUX CYNUIBHOJMTHX 3aroTOBOK Ha
OKpeMi eJEeMEHTH JO3BOJIIE BHUKOPHCTAaTH TOYHIII CIIOCOOM IIUTTS
(KOKiNBbHE, ]I THCKOM), 3aCTOCYBaHHS SKHX PI3KO 3HIDKYE OOCST
MEXaHIYHOT'O 0OpOOIIEHHS.

LImamno-36apmi 3aroToBKU (pamu, KOXKYXH, 000,14, IIKiBU, EMHOCTI
Ta iH.) BUTOTOBJIAIOTH 3 JIUCTOBOTO MaTepiany. BOHU JO3BOJISIOTH 3aMiHUTH
nuTi 200 MTaMIOBaHI 3arOTOBKH, SIKi MOTPEOYIOTh Y TOAAIBIIOMY JOCHTh
JIOPOTOr0  MexaHiyHoro o0poOienHs. KoHCTpyKuist 1mrammno-3BapHOi
3aroTOBKHM TOBHHHA OJHOYACHO BIiJIOBIJIATH yMOBaM TEXHOJOTIYHOCTI 1
JHUCTOBOTO INTAMIyBaHHS, 1 3BapioBaHHs. llltammo-3BapHi 3aroToBKH
3BapIOIOTh B OCHOBHOMY KOHTaKTHUMH CIIOCOOaMH 3BapIOBAaHHSI.

3sapro-koeano-1umi 3arOTOBKA BUTOTOBIISIIOTH 3BAPIOBAHHIM JTUTHX
€JIEMEHTIB 3 MOKOBKaMH a00 3aroToBKamu 3 MpokaTy. Taki KOHCTpyKUil
YacTo 3aCTOCOBYIOTH y BaXKKOMY 1 €HEPreTHYHOMY MAIIMHOOYTyBaHHI:
potopu TypOiH, MacwBHI BajH, BellMKi 3y04acTi Kojeca, paMd TOIIO.
[lopiBasiHO 3 nuTUMHU (200 KOBAaHMUMH) 3BapHO-KOBAHO-JIMTI 3arOTOBKH
MaloTh TakKi IepeBard: 3HaYHE 3HW)KEHHS MacH 3aroTOBKH, CHPOLICHHS
JUBApHOT 1 KOBaJbChbKOI TEXHOJIOIIT BHUIOTOBJICHHS BIANOBIJAIBHUX
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€JIEMEHTIB, IIBHUINCHHS SIKOCTI 1 TOYHOCTI BHTOTOBJICHHS OKPEMHX
€JIEMEHTIB, CKOPOUEHHS BHPOOHUIOTO ITHKITY.

3’enHAHHS €NIEMEHTIB 3BapHO-KOBAHO-JIUTHX 3ar0TOBOKIIPOBAIAUTHCS
B OCHOBHOMY €JICKTPOLJIAKOBUM a00 KOHTaKTHHUM CTHKOBUM 3BaplOBaHHAM
1 pizine — IyroBUMH CIIOCOOaMH 3BapIOBAHHS.

[lepeBarn  KOMOIHOBaHMX 3BapHUX  KOHCTPYKLiH, B  SKHX
BUKOPUCTOBYIOTECSI OJHOYACHO BHXIi/JHI 3arOTOBKH, OJEpKaHi pPi3HUMHU
crroco0aMu (BHITMBKH, TIOKOBKH, TUCTOBHH 1 COPTOBHIA IIPOKAT), HACAMITEPET
TPOSIBIISIOTHCSI TPU BUTOTOBJICHHI TOHKOCTIHHUX BHJIOBXKCHUX JICTANCH.

EdexTBHUM HampsSMKOM € BHKOPHCTaHHS B PI3HUX YaCTHHAX
KOMOIHOBaHMX KOHCTPYKIIH pI3HOPIAHUX MaTepiamiB, AKi HaHMOBHiIIe
BIJIIOBialOTh BUMOTaM eKcruryaTamii. llpukmamom Moxke OyTH poTOp
ra3oBoi TypOinu. I[lo o000y auMck poTopa MiJIa€ThCs [ii BUCOKHX
TEMIIepaTyp i MOPIBHAHO HEBEIMKUX HABAHTAKEHb, a IICHTpalbHa YacTHHA
NPAIOE B YMOBaX HEBUCOKUX TEMIIEPATyp MPU BEIMKUX HABAHTAXKCHHSX.
[TixiOpaTn Matepiain, SKAi 0JJHAKOBO T0OpE MPAIIOE B TAKUX PI3HUX YMOBaX,
IyXe BaXKo. ToMmy IOLIIBHO BUTOTOBUTH 3BapHHUH POTOP: LEHTPAIbHY
YaCTHHY 3 BUCOKOMIITHOI CTalli MEPIITHOTO KJacy, a 00ix — 3 XKapOoMIiIHOT
aycTeHiTHOI craii (puc. 11.2).

i Vaia E

#740 |
#900

280

Pucynok 11.2 - 3BapHuii poTop ra30Boi TypOiHH

Bubip Bumy 3BapHOi 4 KOMOIHOBAaHOI KOHCTPYKIii 3arOTOBKH
3MIMCHIOETHCS 3 YPaxXyBaHHSAM €KCIUTyaTalliiHUX BUMOT, SIKI CTaBJISITHCS 110
roroBoi aeranmi. [Ipy HaABHOCTI IEKUILKOX MOXIHUBUX BapiaHTIB MHUTAHHS
BUDILIYETbCS HA OCHOBI TEXHIKO-€KOHOMIUYHHMX pO3paxyHKiB. TexHiko-
€KOHOMIYHE TOPIBHSHHS BapiaHTIiB BUTOTOBJICHHS CYIUIBHUX JHTHUX a00
IITAMIIOBAaHUX 3aroTOBOK, 3 OJHOTO OOKY, 1 3BapHO-JIMTHUX ab0 3BapHO-
IITAMITOBaHUX, 3 1HIIOTO, IPOBOIUTHCS 32 3MEHIICHHM (200 30UIBIICHHSM )
MacH 3aroTOBKH; BUTpaTaMHd Ha BHUI'OTOBJICHHS MOJEIBHOTO OCHAILCHHS,
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MITaMITIB Ta IHIIWX TPHUCTPOiB; YaCOM IIUKIY MIATOTOBKA 1 OCBOEHHS
BHPOOHHMIITBA; COOIBAPTICTIO BUTOTOBJICHHS 3arOTOBKH.

[lpu omiHrOBaHHI pI3HUX BapiaHTiB y KOXHOMY KOHKPETHOMY
BUTIAJIKY CJIiJi ypaxoByBaTH OCOOIUBOCTI AaHOI KOHCTPYKIii, TEXHOIOT14H1
BJIACTHBOCTI  Marepially, TWN BUPOOHHWIITBA, TMOTPIOHY TOYHICTH
BUTOTOBJICHHS Ta iHII (akTopH. SK mMpHKIax po3risHeMO TPU BapiaHTH
BHUTOTOBJICHHS 3arOTOBKH IIECTEPHI BETUKOTro po3mipy (puc 11.3).

I
a o B

a — 3BapHO-KOBaHWi: 1 — 00ix KoBaHMif; 2 — pedpo 3 JIUCTOBOTO MIPOKATY;
3 — MaTo4nHa 3 TOBCTOCTIHHOI TPYOH;
0 — 3BapHO-IUTHIA: 4 — 001 KaTaHUH; 5 — MaTOYMHA JTUTA;
B — JINTHH

Pucynoxk - 11.3. KOHCTpYKTHBHI BapiaHTH 3arOTOBKH ILECTEPHI

IlopiBHAHHS HaBeneHWX Ha puc. 11.3 BapiaHTIB NPOBOAUTHCA
TOJOBHUM YHMHOM 32 BHTpPaTaMM Ha BHIOTOBJICHHS TEXHOJIOTi4HOTO
OCHAIIIEHHSI, 32 YaCOM MIIFOTOBKH Ta OCBOEHHS BUPOOHUITBA. OTHOYACHO
CiI ypaxoByBaTh OCOONMBOCTI JaHOI KOHCTPYKIii, TEXHOIOTiYHi
BJIACTHBOCTI  Marepially, THI BUPOOHHIITBA, TOTPIOHY TOYHICTH
BUTOTOBJICHHSI TOIIIO.

Sk11o nepeBara KOMOIHOBaHOI (3BapHOT) 3ar0TOBKH MEPe/ CYLIIbHO0
(JTMTOYO, KOBAHOIO, MITAMIIOBAHOK)) HE OYEBUIHA, TOOTO SKIO COOIBApPTICTH
CYUTBHOI 3arOTOBKM MeEHIE COOIBapTOCTI KOMOIHOBaHOI, MPU TEXHIKO
€KOHOMIYHOMY TOpIBHSHHI MOXJIMBHX BapiaHTIB JIONIJIBHO BU3HAYUTU
KPUTUYHUN po3Mip maptii N, mo BU3HAYa€ Ty MaKCHUMAJIbHY KiJIbKIiCTh
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3aroTOBOK, UIA SIKO1 3BapHUM BapianT Oyae BurimHimmM. [Ipu Ginpmmomy
PO3Mipi MapTii CITiJT HEPEXOAUTH A0 CYLIIHHOI 3aTOTOBKH.

N = Bo/(Cx - Co),
ne Bo — BapTicTh OCHaIeHHsI, HEOOXITHOTO IS BUTOTOBJICHHS CYIIJIBHOT
3aroTOBKH (MOJEIBEHOTO KOMIUIEKTY, IITAMIIIB Ta iH. PUCTPOIB);
C — co0iBapTicTh OHIET KOMOIHOBAHOI 3aTOTOBKH;
C. — co0iBapTicTh OJHI€T CYLIILHOI 3aTOTOBKH.

IlepeBarn KOMOIHOBaHHMX 3BapHUX KOHCTPYKIIH, Tepex yciMm
IMPOABIIAIOTHECA ITPU BI/II‘OTOBJ'IeHi TOHKOCTiHHI/IX BUJOBXCHUX HCTaJIeﬁ, KOJIn
3’SIBISETHCS MOYIIMBICTh HIMPOKOTO BHKOPUCTAHHSI TPOKATy, TOKOBOK,
BUJIMBKIB, SIKi 3’ €JHYIOTBCS B € JMHUN KOHCTPYKTUBHUH OJIOK 32 TOTIOMOTOFO
3BapIOBAHHSI.

HaiipanioHanbpHImMiA TEXHOJIOTIUYHUIA MPOIEC BUPOOHUITBA 3BApHOI
3aroToBkH Tpeba oOWMpaTH Ha OCHOBI aHaNi3y MAEKUTBKOX MOMIIUBHAX
BapiaHTiB ii BUTOTOBJIEHHS, NPU OLIHIOBaHHI SKUX HEOOXITHO 3BEpTATH
yBary siKk Ha TEXHIYHWH, TaKk i HA €KOHOMIUHHWI OiK TeXHOJOrii, iHaKIIe
0OpaHMil TEXHOJIOTIYHHHI TIPOIIEC MOKE BUSBHTHUCS HEONITHMAIILHHM.

11.3 OcHOBHi HANpSIMKH YJAOCKOHAJIEHHSI 3BaplOBAaJIbHOI0
BHUPOOHULTBA

Cyuachi TexHOJOrii Ta iHHOBaLilHI PO3POOKH 3HAYHO 3MIHIOIOTH
o0muyust ramy3i 3BaproBaHHs. OTHUM 3 TaKMX HANpPSIMKIB € BUKOPUCTAHHS
ABTOMATH30BaHOTO 3BapIOBAJILHOTO 00JIaHAHHSI.

Aemomamuszosane 36aproeanvHe 001a0HaHHs, sKe 0azyeTbCcsl Ha
NporpaMHUX  3aco0aX KEpyBaHHS, JIO3BOJISE 3HAYHO  ITIJABHUIIUTH
NPOJYKTHBHICTH Ta SIKICTh 3BaptoBaHHs. TOYHICTh Ta CTaOUTBHICT TPOLIECY
3BaplOBaHHA 3a0€311€9y€eThCS IIUISIXOM BUKOPUCTAHHS CIIeLiaIbHUX ITPOrpam
Ta gaTyukiB. Take oOnagHaHHS AO3BOJISE TOCATTH BUCOKOI SKOCTI 3BapHUX
3'€JIHaHb Ta 3MEHIITUTH BiJICOTOK OpaKy.

HeszBakatoun Ha Te, 10 JaHWWA BUJI 3BApIOBAHHSI 3aCTOCOBYETHCH,
TOJIOBHUM YMHOM, Y MacOBOMY BHPOOHHIITBI, JIe CYyTTEBUMHU (PaKTOpPaMH €
e(EKTHBHICTh Ta SKICTh, MOKHA CTBOPHUTH IMPOTPAMU, SIKi MiIXOAATH IS
IHIINX THITIB BUPOOHUIITBA.
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Bukopucranas pobomie poOWTH 3BapioBajibHE  OOJaTHAHHS
THYYKIIIAM Ta TOTYXHIIMM. PoOoTH30BaHe 3BaploBaHHA — HAWOUIBII
BHUCOKOTEXHOJIOTIYHUH BapiaHT aBTOMAaTH30BAHOTO MPOLECY, NMPH SKOMY
3BapOBaHHA 3/1HCHIOIOTh MAIlIHU, aJIe 11 po0O0Ta BCE K TAKH BiI0OYBaEThCS
M7l HAMIAOOM 1 YOPaBIiHHSAM  3BaplOBANbHUKIB. TexHomoria i3
3aCTOCYBaHHSIM pOOOTIB [IO3BOJISIE OTPUMYBAaTH INBWAKI Ta TOYHI
pe3yabTaTH, a TaKOX CHpPUSE CKOPOYCHHIO BiAXOAIB Ta MiJBUILECHHIO
Oe3nexkn. PoOOTH MOXYyTh miCTaTHCS TaKWX MICIb, KyAH HEMOXKIHUBO
MPOHUKHYTH HISIKUMH 1HIIAMH CITIOCOOAMH, 1 B ITUX TOYKaX BOHW BUKOHYIOTh
CKJagHl 3BapHi MIBM IIBUANIE, HDK TPH PYyYHOMY 3BaplOBaHHI,
3a0e3Mmeuyroun TOUHICTh JTiHiH cTutaBieHHs. Lle 103Bosie 3BIIBHATH Yac s
BUPOOHUIITBA MPOAYKIIi Ta 3a6e3meuye OiIbITY THYYKICTb.

Po6oTn MOXyYTh TaK0X BUKOHYBATH PyTHHHI OTlepallii 31 3BaploBaHHS,
3HAYHO 3MCHIIYIOYM Yac BWUKOHAHHS THX YW IHIIMX pPOOIT Ta PHU3UK
BUHUKHEHHS TIOMUJIOK.

Ilpy wMacoBoMy BHPOOHHIITBI BHKOPHCTOBYIOTBCS —0e30p0mosi
MexHo102ii 1T 3B’ 13Ky MK PI3HUMH BUJAMHU 3BapIOBATBHOTO O0JIaAHAHHS,
10 3a0€3MeYyI0Th 3pYYHICTh Ta MOOUTBHICT y TIPOIIECi 3BaplOBaHHS. BoHH
JO3BOJISIIOTH  MIJKITIOYATH  pi3HEe OONagHaHHS  Oe3mocepeqHho 10
3BapIOBAIFHOI CHUCTEMH, 3a0e3ledyroud MIBUIKWN OOMIH JaHMMH Ta
KepyBaHHS NPOLECOM 3BapIOBaHHS 3 BHCOKOI ToyHicTIO. lle Takox
JI03BOJISIE 31MCHIOBATH O€3[pOTOBHI MOHITOPHHT Ta BiIaieHe KepyBaHHS
3BaplOBAUILHUM  oOnajgHaHHsAM.  Jleski  3aBoAM  BIPOBaKYIOThH
aBTOMATH30BaHi JIiHIi 3BaplOBaHHs, sIKi Ha 0a3i 0E3APOTOBUX TEXHOJOTIH
JTO3BOJISIFOTH 3HAYHO 30UTBIIATH OOCSATH BUPOOHUIITBA Ta IMiBUIINTH SKiCTh
TOTOBOT MPOAYKIIIi.

Po3po0iistoThes crieniaibHi TEXHOJIOTIT Ta 3BapIOBaibHE 0018 THAHHS,
IpU BUKOPHCTAaHHI SIKHX yciMa MPOoLecaMy 3MOXKe KepyBaTH aBTOMATHYHHI
JUCTIETYEPCHKHIA TIEHTP a00 poOoT.

O4iKy€eTbCSA, 110 HOBI TEXHOJOTil NPUBEAYTh JO IOJAIBIIOrO
3pOCTaHHS MPOYKTUBHOCTI Ta SKOCTI 3BapIOBAILHUX po0iT. Bukopucranus
HITYYHOTO iHTEJEKTY, IHTErpajbHi CHCTEMH KEpyBaHHS, aBTOMAaTHU30BaHE
peryJtoBaHHS NapaMETPIiB 3BapIOBAaHHS, BIPOBAKCHHS HaHOMATepiajiB
CTaHyTh HOBHMH 3aC00aMU JIJIsl IOCATHEHHSI MaKCUMAIIbHOI €(peKTHBHOCTI
3BapIOBaHHA.
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12 3ATAJIBHA XAPAKTEPUCTHUKA I ITIPOBJIEMHA
OBPOBJIEHHA PI3BAHHAM

3a JICTY 2391:2010: 06pobnenns pizannam — 6uU0 MeXAHIYHO20
00pobaenHsL, sIKe NOIA2AE 8 YIMBOPEHHI HOBUX NOBEPXOHb ULIAXOM BIOOLIEHH S
noeepxmesux wiapie mamepiany 3 ymeopenmsm cmpyscku [20].

12.1 OcHoBHi crioco0n 00po0JIeHHA pi3aHHAM

OOpoOneHHsT pi3aHHSAM TPH BHUTOTOBJICHHI JeTajed MaIlWH, SK
NPaBUIIO, € 3aBEpPUIATIHLHOI0 OTEpalliclo Mepes cKiIaaaHHsM. BoHo moxe
3a0e3meunT Oynb-SKy HEOOXigHY TOYHICTH PO3MIpIiB 1 IIOPCTKICTh
noBepxHi [3, 8]. V Toii ske yac 1eit BuI 00pOOIIEHHS € CKIIAIHUM 1 JOPOTUM
npoIecoM, Ha HbOTO mpunanae monas 90% TpymaoMicTKOCTI BUTOTOBJICHHS
Oinmpiocti neraneit. 1o Toro sk 0OpoOJeHHST pi3aHHSIM CYNPOBOIKYETHCS
3HAQUYHMMH BTPaTaMH METaly: IPH MacoOBOMY BHUPOOHHWIITBI BTPAYA€THCS
5...15% wmetany, a ipu npiGHOCEpitHOMY 1 OAMHUYHOMY - 10 25%.

3a croco0oM 3HSTTS CTPYKKH 00pOOIICHHS pi3aHHIM MOIIAETHCS Ha
nesoge (pi3ismu, (pe3amu, CBEpAJaMH Ta iH.) 1 abpaszusHe (aOpa3sUBHUMHU
Kpyramu, OpycKkamu, CTpidKaMu i T.I.).

3a xapakTepoMm 1 TMOCTIJIOBHICTIO OMepamliid 3i 3HATTS CTPYKKH
00pOOIIeHHS pi3aHHSIM MOIUIAETHCS Ha BiCiM OCHOBHUX rpy (puc. 12.1).

Slkmo HeoOXigHO 3a0€3MeYnTH BUIIY TOYHICTh 1 MEHIITY MIOPCTKICTh
MOBEPXHI BIJNOBIJANIBHUX JETAlCH, BHKOPHUCTOBYIOTHCS 03100JI0BAIbHI
(anctoBi) Meronu 00poOneHHs. BoHM BiJ3HAYAIOTHCS MAMMH CHIIAMHU
pizaHHs, HEBEJIIMKUMH TTHOMHAMH Pi3aHHS 1 HE3HAYHUM TETIJIOBHIIICHHSIM.
Jo HuX BIIHOCATH TIONiIpYBaHHS, TPHUTHPAaHHS, XOHIHIYBaHHS Ta
cynepiHinryBaHHs.

[lomipyBarHss — 1€ 0O0OpOONIEHHS a0pa3WBHUMH TIOPOIIKAMH,
HaHECEHHMH Ha M Ky OCHOBY (CYKHO, )eTp, TOBCTh). 3aCTOCOBYETBCS ISt
3MEHIICHHSI BHUCOTH MIKPOHEPIBHOCTEH, OTpPHUMaHHMX IpH ULTi(PYyBaHHI.
Po3mipHa TOUHICTH HE MiABUIIYETHCS.

[Iputupanus 3aiiCHIOETECS a0pa3sMBHUMH HOPOIIKAMHU, HAHECEHUMHU
Ha TBEPAWH NPUTHP 3a/1aH01 (OpMU 3 YaByHY, OpPOH3H, Mifll a00 JepeBUHH.
AOpazuB HaHOCATh, Yy BUTISII  BignoBigHol mactu. [IpuTHpanHs
3aCTOCOBYETBCS JJISl YCYHEHHS XBHJISICTOCTI, HEIJIOIIMHHOCTI Ta iHIIMX
NOXHOOK, 110 BUHUKAIOTh Ha ACTANAX IiJ] yac 00poOIeHHs.


https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%BE%D0%BE%D0%B1%D1%80%D0%BE%D0%B1%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%BE%D0%BE%D0%B1%D1%80%D0%BE%D0%B1%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D1%83%D0%B6%D0%BA%D0%B0
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a — TouiHHA; 0 — (hpe3epyBaHHs; B — CBEPUTiHHS; T — CTPYTaHHS; | —
Kpyriie nutiyBaHHS; € — IUIOCKe NUTi(YBaHHSI; € — IPOTATYBaHHS

Pucynok 12.1 — Cxemu 06poOIeHHS 3aTOTOBOK Pi3aHHIM

XoHinryeannsi ~ CTaHOBHTH  TpolleC  OOpOOJICHHS  BHYTPIIIHIX
T HIPAYHUX TIOBEPXOHb APiOHO3EPHUCTHMH aOpa3sWBHUMH OpyKaMmHu,
BCTQHOBJICHHMH y CHEUiaNIbHY [HIIHIPUYHY TOJIOBKY — XOH.

Cynepginiuysanns — Ipo1ec YMCTOBOr0 00POOJICHHS 3a JIOTIOMOTOI0
JIpiOHO3EepHUCTHX a0pa3uBHUX OpYyCKIB, 3aKpilJIeHUX y ToJIOBHi. Mix
aOpa3uBHUMH OpycKaMH 1 3aroTOBKOI BBOAWTHCA MacTwio. [Ipomec
BUKOPHUCTOBYETHCS [T OTPUMAaHHS 0COOJIMBO TI1aIK01 30BHIIIHBOT TOBEPXHI
BHACITIZIOK 3pi3aHHs MiKPOBHUCTYIIIB.

IcHye Takox Bennka Tpyma eneKTpO(I3UYHUX 1 eNeKTPOXiMidHMX
METOJIiB 00pOOIIEHHS, TIPO SKi MOBa OyJ1e HTH HIKUE.

12.2 Pexxum pizaHHsi npu 06po0JieHHI 3ar0TOBOK

Jnis BiIOKpeMJIEHHS CTPY)KKH IHCTPYMEHT 1 3aroToBKa IOBUHHI
BUKOHYBATH po00Ui pyXH, K1 MOMUISIOTHECS HA TOJIOBHUHN PyX 1 pyX MoJadi.
Tonoénum pyxom Ha3MBAa€ThCS PyX 3aroTOBKM ab0 iHCTPYMEHTa, SKUN
3IACHIOETECS 3 HaWOUIBIIOID IIBUAKICTIO cepex pobourx pyxiB. Bin
3a0e3neuye Oe3nocepe/iHE 3HIMAHHS CTPY)KKH 1 BH3HAaYae€ UIBHIKICTb
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o0poOmenHsi. Pyx nodaui w™ae MeEHIIy IIBUAKICTE 1 3a0e3medye
0e3nepepBHICTH MPOLIECy Pi3aHHs IO BCiii 00poOroBaHiil MOBEpXHi.

KinpkicHUMH XapakTepUCTHKaMU pOOOYHX PYXiB, IKi BU3HAYAIOTH K
AKicTh 00poONeHoi MOBEpXHi, TaK 1 NPOAYKTHUBHICTH OOpOOJICHHS, €
IIIBUIKOCTI pi3aHHs 1 Toavi Ta TIIMOWHA Pi3aHHS.

Llsuoxicms pizanna N, m/xB. (M/c) — Ue JNiHIAHA IIBUAKICTH
TIEPEeMIIIICHHsS] IHCTPYMEHTA BiJHOCHO TOYKH Ha TIOBEPXHI 3arOTOBKH,
HaliBigmaneHimoi Bix oci 3arotoBku (iHcTpymenta). llpum TodwinHi,
(hpesepyBaHHi, cBepATiHHI Ta NUTiI(yBaHHI TIBUAKICTH pi3aHHS

V=m-D-n/1000,
ne D — niametp 3aroroBku ((ppesu, cBepuia, Kpyra), MM,
N - 9actoTa 00epTaHHS 3ar0TOBKU a00 1HCTpyMEHTa, 00/XB.

Binx mBUIKOCTI pi3aHHs, 3 OJJHOIO OOKY, 3aJICKHUTh IMPOJIYKTHBHICThH
00po0IIeHHs, a 3 IPYroro — HarpiBaHHS Jie3a pi3adbHOTo iHCTpyMeHTa. Ynm
OimpIie  TEIIOCTIWKICTh PI3aIbHOTO IHCTPYMEHTa, THM 3 OUIBIIOO
MIBUJKICTIO MOXXHa BECTH OOpOOJeHHs, a oTke U Oijpime Horo
MPOAYKTHBHICTb.

Hlsuokicme nodaui S, Mm/00. (MM/XB.) BH3Ha4a€e BIiJICTaHb,
NPOJICHY TOYKOIO Pi3alibHOT KPOMKH iHCTpYMEHTa a00 3aroTOBKH Y3JIOBK
pyXy Tojaui 3a TEBHUMH IMKI pyXy (HampuKiaa, 3a oguH obept abo 3a
onuHuI0 4acy). llBuakicTe mojaui BHU3HA4Yae 4ac OOpOOJICHHS JaHOol
TIOBEPXHI, aie 00OMEeXY€EThCS MIITHICTIO MEXaHi3My 10141, 33JJaHOI0 SKICTIO
MOBEPXHI Ta IHIIMMU YHHHUKAMHU.

I'nubuna pizanna t, MM, - 1€ BiJICTaHh MK OOpOOJIFOBaHOI Ta
00OpOOJICHOIO TIOBEPXHSIMH, BUMIpsiHA TMEPHEHAMKYJSIPHO 10 OCTaHHBOI.
Bona BHW3Ha4Yae TOBIIMHY HIapy MeTaly, SKHH 3HIMAETHCS OJHOYACHO 3
MOBEpXHI 3aroToBKU. YuM Oinblie riuOrHa pi3aHHs, THM MEHIIE MPOXO/IiB
NOTPiOHO ISt 0OCTATOYHOTO 0OPOOIICHHS 3ar0TOBKH. AJie BOHA OOMEKYETHCS
MIIHICTIO 1HCTPYMEHTA 1 OTYXHICTIO 00JIQ/IHAHHS, 110 BUKOPUCTOBYETHCS.

12.3 CyuacHi iHcTpyMeHTaNbHI MaTepiaau

Pi3anbHi 1HCTpYMEHTH MNpamiolOTh B YMOBaxX 3HAYHUX CHIIOBHUX
HaBaHTa)X€Hb, BUCOKHMX TemmepaTyp i Tepts. lloTpiObHo, mo6 matepian
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po00YOi HYaCTHHHU IHCTPYMEHTY MaB BUCOKY TBEPAICTh, 3HAYHO OiIBLIY, HIX
TBEPHAICTh Marepialy 0O0poOJIOBaHOI 3arOTOBKH, BHUCOKY TEILIOCTIHKICTS,
TOOTO 30epiraB BUCOKY TBEPIICTh 3a 3HAYHUX TEMIIEpaTyp HarpiBaHHA i
BHCOKY 3HOCOCTiHKicTh [4, 12]. Yum BHIIle 3HOCOCTIHKICTh, THM TOBLIBHIIIIE
CIPAIbOBY€ETHCS IHCTPYMEHT 1 TUM JIOBILIE MO>KHA HOTO BUKOPUCTOBYBATH.

Ha  cporomni  HalvacTiime  BHKOPUCTOBYIOTHCSI ~ HACTYIIHI
IHCTpYMEHTAJIbHI MaTepia.

Byeneyeei incmpymenmanwvni cmani smintytots 0,9...1,3% Byrierro.
J71st BUTOTOBIIEHHS IHCTPYMEHTIB 3aCTOCOBYIOTH sIKicHI cTam Y 10A, Y11A,
VY 12A. Iicas Tepmiunoro oopoGieHHst Bouu MatoTh TBepAicTs HRC 60...62,
tertocTiiikicTs 200...250 °C. JlomycTiuMi BHIKOCTI pi3aHHS IHCTPYMEHTOM
3 Takux craned He mepesuirye 15...18 m/xB. Bonum MaioTh oOMexeHe
3aCTOCYBaHH:. 3 HUX BUTOTORJISFOTh MITUMKH, ILIAIIKH, HOXKIBKOBI MOJIOTHA.

Llsuokopizanvri cmani tuy P9, P12, P18, P6M3, P18,02, PIKS,
P9K10 Ta in. mictate Bim 9 1o 19% Bodbdpamy Ta iHIN JeTyBajbHi
eneMeHTU. Pi3anbHHMH 1HCTpYMEHT 3 Takoi CTall Michsg TepMidHOTO
00pobnennss mae TBepaicth HRC 62...65, teroctiiikicts 600...630 °C,
TiABUIIEHY 3HOCOCTIHKICTh 1 MOKE MPAIFOBATH 31 MIBUAKOCTSIMH Pi3aHHS 10
80 M/xB. 31 MBUAKOPI3ATBHAX CTaJIeH BUTOTOBIISIFOTH Pi3Ili, (hpe3u, 3eHKepH,
NPOTSKKH, PO3BEPTKH, TOBO SIKU, IEBEPH TOIIO.

Teepoi cnnasu BK2, BK3M, BK10, T15K12B, T5K12B, TT7K12,
TT29K9 Tta iH. 3aCTOCOBYIOTH y BHUTIISAI TUTACTUHOK TEBHOI (opmm i
PO3MipiB, BHTOTOBJICHHX METOJOM MOPOIIKOBOiI MeTamyprii. I[lmactuHku
TBEPJIOTo CIIaBy MaroTh TBepaicTh HRA 86...90, BUCOKY 3HOCOCTIHKICTS 1
remtocTiiikicts  800...1000 °C, mo J03BOJsE BECTH OOpOOJEHHS 31
HIBUIKOCTAMU pizanHs 10 800 M/XB.

Minepanokepamixa — CHHTETUYHUIA MaTepiajl Ha OCHOBI TJIMHO3EMY
(Al>03), 3 siKOr0 METOOM TOPOIIKOBOI METATYPTil IPECYIOTh 1 CIIIKAOTh 3a
temneparypu 1720...1750 °C miacTHHKH, 110 NPUKPIIUIIOIOTE A0 IEPKABOK
pi3liB 4K KOpIyciB iHCTpyMeHTiB. Bonu maroth TBepaicte HRA 91...93,
temtocTiiikicTs 10 1200 °C i 3HOCOCTIHKICTh, IO JTO3BOJISE MPAIFOBATH 31
HIBUAKOCTAMU pizanHs g0 1000 m/xB.

AOpa3uBHUMHU Ha3WBAIOTHCS MaTEpiaid, SKi BAKOPHUCTOBYIOTHCS JUIS
BUTOTOBJICHHS a0pa3UBHOTO IHCTPYMEHTY — IUTi(hyBabHUX KPYTiB, OPYCKiB
TOmO. Y TPOMHCIOBOCTI 3aCTOCOBYIOTH IIEPEBAXKHO WITYy4YHI aOpa3uBHi
Mmatepianu: enekrpokopyH (AlO3), kapoopysn (SiC), CHHTETHUHI anMasH,
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enpOop (KyOiunuii HiTpug Oopy). BOHM BHKOPHUCTOBYIOTBHCS, MEPEBAXKHO,
Ul 00poOJIeHHs 3arapToBaHOI 1 TepMiYHO HEoOpoOIeHOi CTaji, KOBKOTO
YyaByHY, OpOH3H Ta iHIIMX MaTepialliB BUCOKOI TBEpAOCTi abo 11t 0COOTUBO
TOHKOTO YHUCTOBOTO OOPOOIICHHS.

12.4 Budip cnoco0y 00po0/1eHHsI 3ar0TOBOK pPi3aHHAM

Bubip coco0y 06po0iieHHsT 3aTOTOBOK 3aJIe)KUTh TOJIOBHUM YHHOM
BiJl IPOJIYKTUBHOCTI Ta COOIBapTOCTI MPOIIECy.
[IponaykTuBHICTE OOPOOJICHHSI BU3HAYAETHCS KUIBKICTIO BUPOOIB Q,
HIT., BATOTOBJICHUX 3a TIEBHUH 1epion yacy T, XB. (Micsillb, 3MiHY, TOIUHY):
Q = T/tun,
1e tur, - HOpMa MITYYHOTO Yacy, XB.

Hopma wmyunoeo yacy — 11e 9ac BUKOHAHHS TEXHOJIOTYHOT orepartii.
Bona cknmamaeThcsi 3 OCHOBHOTO (MAIlIMHHOTO) Hacy Oe3IOCEepEeTHBOTO
00pOOJICHHST 3arOTOBKM 1 JIOMIOMDKHOTO 4Yacy, SKHHA BHUTpava€eTbcs Ha
BUKOHaHHS JONOMDKHUX [iH, TaKHMX, SK HEOOXigHa 3MiHa 1HCTPYMEHTY,
MOTOYHI BUMIPIOBaHHS PO3MIpiB, KOPETYBaHHS PEKUMY pizaHHs To0. YnMm
MEHIIIE HOpMa MITYYHOT'O Yacy, TUM BHIIE IPOJyKTUBHICTb.

Texnonoriuna cobiBapticTb C,; OXOIUTIOE BC1 BUJM BUTPAT, OB’ sI3aHi
OesrocepelHbO 3 IPOIIECOM BHUTOTOBIICHHS JIETali, ITOYMHAIOYU BiJ
3apIuIaTé OCHOBHUX POOITHHUKIB 1 IO BUTPAT HA JIOTIOMIKHI MaTepiau.

31 30UIBIIEHHAM CKIIQJHOCTI BEpCTATiB, CTYMEHsS aBTOMAaTH3allii
00poOJIeHHS, BApTOCTI 1HCTPYMEHTA YacTKa I[UX BUTPAT y TEXHOJOTIUHIN
co0iBapTOCTI CYTTEBO 3pOCTaE, OCOONMBO TMpU 30iIbIICHHI pPO3MIpiB
00pobIrOBaHoOT MapTii.

Cuiji BiAI3HAYMTH, 1O HIBUKICTH Pi3aHHS HEOJHO3HAYHO BILIMBAE HA
HNPOIYKTHBHICTB 1 co0iBapTicTh 00poOiaeHHs. 31 301IbIIEHHSAM IBUIKOCTI
pi3aHHS HOpMa IITYYHOro d4acy i coOiBapTicTh OOpOOJIEHHS CHOYATKy
3HIDKYIOTBCSI, @ TIOTIM 3pocTaroTh (puc. 12.2) y 3B’s3Ky 31 30iIbIIEHHIM
3HOCY 1HCTpYMEHTA Ta BUTPAT Yacy Ha HOTo 3aMiHy.

[lpn 4womy MIBWAKICTH pi3aHHS, ONTUMajbHA 3a cobiBapricTio V¢,
3aBKAM MEHIIE ONTHMAIBHOI IIBHIKOCTI 3a mpoaykTuBHicTO VL. Yum
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JelIeBIIe IHCTPYMEHT 1 MEHIIEe YacTKa BHUTpPAaT Ha HBOIO Y 3arajbHii
BapTOCTi OOpOOJEHHS, TUM BHIIEC ONTUMalbHA MIBUIKICTH pi3aHHS 32
co0iBapTicTIO 1 TUM OJIIKYE BOHA 10 ONTUMAJIbHOI HIBUIKOCTI Pi3aHHs 32
MPOILYKTHBHICTIO.

7
!
v |

!

Konnenrparis C i Byrnemnto, % mac.

map
3MilIHECHHS

[IBuaKicTh pi3aHHS Vv

Pucynoxk 12.2 — 3anexHicTb cobiBapTocTi 00podieHHs pizaHHsM C Ta HOpMH
IITYYHOTO 4acy tur, BiJ MBHUAKOCTI pi3aHHs V

[IpaBwsHUI BUOIp TEXHOJOTIT Ta peXKUMIB Pi3aHHS 3aJIEKUTH TEPIIl
3a BCE BiJi BUMOT [0 00OpOOIIIOBaHOI MMOBEPXHi. A 3 MM TIOB’sI3aHUN BUOIp
oOlasHaHHS Ta I1HCTPYMEHTIB. BHKOpHCTaHHS BHCOKONPOIYKTHBHHX
BEpPCTaTIB Ta BHCOKOSKICHUX IHCTPYMEHTIB OKYIYIOTHCS TIPH JIOCTATHBO
BEIMKOMY pO3Mipi BHpOOHMYOI mapTii. Omxke, B Mipy 30iJbIICHHS
BUPOOHWYOT TapTii  3’SBJISIETBCS  MOXJIMBICTh ~ BUKOPUCTaHHS — BCE
KOILITOBHINIOIO 1 CKJIAJHINIOrO 00JIaHaHHS.

12.5 MexaHni3amnisi 00po0.ieHHsI Ha YHIBepcaJIbHUX BepcTaTax

Cryninp MexaHi3allii Ta aBToMaTH3aiii BUPOOHHIITBA 3aJIC)KHUTh BiJl
TUIY BUPOOHMIITBA (OIUHUYHE, cepiitHe, MacoBe) [4].

IIpu OJIMHUIHOMY i npiOHOCepiitHOMY BUPOOHUIITBAX
BUKOPHUCTOBYETHCSI YHIBEpcaibHe 00Ja{HAHHS, SIKE JIO3BOJISIE BUKOHYBATH
pizHOMaHITHI poOoTH. [IpOYKTUBHICTE TAKUX BEPCTATIB HU3BKA, 1 MEPIIIM
KPOKOM aBTOMATH3Aallil Tpu 00pOOJICHH] HAa HUX 3arOTOBOK € aBTOMAaTH3allis
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camMoro mMKIy oOpoOneHHs. J[[ns 1bOro BHUKOPUCTOBYIOTHCS —JEsIKi
MOPIBHSIHO MPOCTi MPUCTPOI.

Ineemamuunuii nampon CyTTEBa CKOPOYYE 4Yac Ha 3aKpilICHHS
3arOTOBOK Ta 3HATTS TOTOBOI JeTami. 3acTOCOBYETbCS Ha TOKapHUX
BepcTaTax IpH BUKOPHUCTAHHI SIK 3aTOTOBOK MPYTKiB a00 TPyo.

Konipu pi3HHUX CHCTEM MO3BOJIIIOTH 0€3 MPOMDKHUX BHMIipIOBaHB
OTPUMYBAaTH TIOBEPXHI CKIAAHOI KOH}irypamii. 3acTOCOBYIOThCS Ha
TOKapHUX 1 (ppe3epHUX BepcTaTax TPU TOCTATHHO BEIUKHX PO3Mipax
BUPOOHNYOI mapTii abo y BHIIAAKaX, KOJM BUTOTOBJICHHS ACTali 1HIIUM
CIoCOOOM TPAKTUYHO HEMOXKITUBO.

Ynopu 3actocoBylOTbCS Ha TOKAapHO-PEBOJBBEPHHX, (Ppe3epHUX i
nuTipyBaibHUX BepcTaraXx. BoHM CKOpPOYYIOTh 4Yac Ui BHMipIOBaHHS
MMOTOYHUX PO3MIPIB i KOHTPOJFOBAHHS PYXiB IMOIa4i.

Y KpymHOCEpifHOMY i MacoBOMY BHPOOHHIITBAX pAaIliOHATHHUM €
BUKOPHUCTAHHS 6epCMamis-agmomamie, 31aTHUX BUKOHYBaTH CaMOCTIHHO
BCl TOTOYHI omeparlii TEXHOJIOTiYHI omeparii Bil MOYaTKy i JO KIiHIIA
00pobneHHs. Posib MOAMHU MPH TaKKX BEpCTaTax 3BOJAMTHCS JI0 BYACHOTO
NpUOHMPaHHS CTPYIKKH.

BaxnuBuMH mpencTaBHUKAMU 1€ TPYIHU BEPCTATIB € gepcmamu 3
yucrosum npozpamuum xepyeanuam (41IK).

Bepcrar 3 UIIK ckiamaeTbest 3 TphoX OJOKIB: Kepyroda Iporpama,
npuctpiii UIK i yrnpasiiHHsS aBTOMaTHKOO Ta BiiacHe Bepcrara (puc. 12.3).

%:l
T q
2 TN
i?hg’ 1
1 — npuctpiii BBoy/BUBOY AaHMX; 2 — mpoiiecop; 3, 11 — nomomMixHi 61o0ku; 4 —

JBUTYH TI0/1a4; 5 — MeXaHi3M 1mojiaq; 6 — BUMIpIOBaIbHHI TIEPETBOPIOBAY; 7 — 3ar0TOBKA; 8 —
0JIOK BUMIPIOBAIbHUX KaHAMTIB; 9 — MaTYMKK KOHTPOITHO; 10 — CHTHAIBHI JaTYUKA

Pucynok 12.3 — Crpykrypa Bepcrara 3 UIIK
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Kepyroua mporpama MIiCTUTh MpOrpamy-alTOpUTM BHKOHAHHS BCiX
omepaiiii 3 TEOMETPUYHOrO0 1 TEXHOJOIiYHOro (OPMYBaHHS BHUPOOY.
[Iporpama 3anmmcyeThcsi y mpoLecop BepcTaTa i MOXKe JISTKO 3MiHIOBaTHCS
TIPH TIEPEXOIi 0 0OPOOICHHS 1HIIOT IeTaTi.

IIpuctpiit UIIK meperBoproe 3amaHy mporpaMy B OIEpaTHBHI
KOMaH M, AKi peamizyloTh 00pOOIEHHS 3ar0OTOBKM Y MacIITadi MalImHHOTO
yacy Bepcrarta.

Bepcrat € ronoBHUM crioKuBaueM Kepyrodoi iHopmallii, 3a sIKOo
3MOHTOBaHI MEXaHi3MH KepyBaHHsI BUKOHYIOTh Ti 4M iHII pyxu. Komanan
BIUIMBAIOTH y MEPIIY Yepry Ha MEXaHi3MH KOOPJMHATHHUX 0J1a4, HAPSIMKN
SKHX 3aJIeXaTh SK BiJl KOHCTPYKIIii BepcTaTa, TaK i BiJl MOCTABJICHOI 3a/1a4i
Ha 00pOOIEHHS.

TounicTs 00po0aeHHs Ha BepcraTax 3 UIIK 3anmexuTh Big Xxapakrepy
CHUCTeMH KepyBaHH:, siKa MOXE OyTH TPSMOIO, i3 3BOPOTHIM 3B’S3KOM 1
AN TUBHOIO.

Ilpu npsmiit  cuctemi KepyBaHHA CHUTHAJ 3YUTYETHCS 3
MIPOrPaMOHOCISI, TIEPETBOPIOETHLCS 1 MOCTYIIAE HA KPOKOBHI JIBUT'YH, SKHI
HaJla€ IEeBHOMY poO0YOMY OpraHy BepcraTa pyX.

Ilpu cucreMi i3 3BOPOTHIM 3B’SI3KOM BepcTaT Mae€ JI0AaTKOBHM
MIPHUCTPIiH, KK KOHTPOIIOE (PaKTUIHY BEIIMYUHY TIEPEMIIIeHHS, TTOPiBHIOE
ii i3 3a1aHOFO 1 MPOBOANTH HEOOXITHE ITiTHAIATOPKYBaHHS.

[lpu amanTUBHIN cucTeMi CrHeialbHUH TPUCTPiId aBTOMATHYHO
BpaxoOBy€ 3MiHy peXHMYy OOpOOJIEHHS B XOJi BHUTOTOBJICHHS JETali.
Pearyroun Ha MOXKJIMBI BIAXUJICHHS, BEPCTAT IMi{HAJIATO/DKYETHCS Y CAMOMY
nporeci oOpoONeHHs. ANANTHBHUMH € Taki CHCTeMH, IO cami cebe
HAJIaro/PKYIOTh, OPraHi30BYIOTh 1 HABYAIOTh.

12.6 IIpoGsiemu 00po0JIeHHS pi3aHHAM

[Ipobnemu, siki BUHMKAIOTh MpH OOpOOJIEHHI 3arOTOBOK Pi3aHHSM,
OaraTorpaHHi i 4acTO B3a€MOIIOB’s13aHi. Sk OCHOBHI 3 HMX MOKHa Ha3BaTH
HACTYIIHI:

- TOYHICTB PO3MIpIB 1 SIKICTh 00POOIICHOT TOBEPXHI;

- SIKICTh 1 3HOIIIYBaHHS IHCTPYMEHTY;
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- IPaBUJIbHUI BUOIp peXUMY Pi3aHHS;

- neopmyBaHHs neTani i BiOpauii mig yac 00poOiIeHHs.

TouHicTh pO3MipIB 1 SKICTH 00pOOIEHOT TOBEPXHI MOXKE 3aJISKATH Bij
0araTboX HaJ3BUYalHO PI3HOMAaHITHUX YMHHHKIB. [lepin 3a Bce 3anexuTh
Bil TPaBWJIBHO BHUOPAaHOI TIOCTIMOBHOCTI BHUKOHAHHS TEXHOJOTIUYHUX
onepamiii. Koxauit Beperar i cmocid oOpoOIeHHST Mae CBOI MOYKJITHBOCTI.
Bubip TtexHoyoriuHoi cXxemMu O0OpOOJeHHS, a 3HAYNTh W BEPCTATIB Ta
IHCTPYMEHTIB, 3aJIe)KUTh BiJ THUITy BUPOOHMIITBA. BepcTar st KOKHOTO
BUJy OOJaJHAaHHS TIOBUHEH BIAMOBIJATH Cy4acHOMY pIBHIO 3a
KOHCTPYKIIIEF0 Ta SKICTIO BHUIOTOBJICHHS. 3BHUYaWHO, 32 EKOHOMIYHOI
MOJKJIMBOCTI Tpeba 00MpaTH BEPCTaTH TOTO YH 1HILIOTO PiBHS MEXaHizallii Ta
aBToMaTu3aiii. O4eBUIHO, IO BUKOPUCTAHHS IITYYHOTO IHTENEKTY IpH
nporpamyBanHi BepctatriB 3 UIIY, aBTOMaTWMYHUX IiHIH MOXE CHPHUATH
JIOCSTHEHHIO BHINOi TOYHOCTI 1 SIKOCTI TIOBEPXHI BHPOOY MpH THX Ke
€KOHOMIYHHX BUTpaTax.

SlkicTh 1 3HONIyBaHHS IHCTpyYMEHTa 3alieXaTh Bil BHOOpY HOTO
Mmarepially, NpaBWJIBHOI TreoMeTpii pi3aJbHOI KPOMKH Ta CTBOPEHHS
HEOOXiZIHMX yMOB pi3aHHS (HANpHUKIaA, BUKOPUCTAHHS MAaCTHIBHO-
OXOJIOJDKYBAJIbHUX  piAMH a00 IHIMIMX CHOCOOIB  OXOJIOJUKCHHS 1
3MaiiyBaHHs ). CbOroJIHI JJ1s1 CTBOPEHHS JOCKOHAIIINX IHCTPYMEHTAITBHUX
MmarepiaiiB HayTh nBoMa muisixamu. [lepmmii — cTBOpeHHs aOpa3HBHOTO
MaTepialy BHCOKOI TBEpPAOCTI Ta TeruiocTiiikocti. Ha choromHi e ens00p
(xyGiunumit HiTpHA 6Opy) Ta rekcauit-P (BrowiTonoaiOHuil HiTpua Oopy). 3a
TBEPMAICTIO BOHU OJW3bKI /IO anMas, aje MarTh BUIIY TEIUIOCTIHKICTb.
Jpyruii muisix — BATOTOBJICHHS JIE30BOTO 1HCTPYMEHTA 3 1HCTPYMEHTAIBHOT
Kkepamiku Ha 6a3i HiTpuais 6opy (LM 332, BO 13, BOK 60). 3miHHI pi3ajibHi
IUTACTUHU 3 I[UX MaTepiajiB J03BOJISIFOTh 0OPOOJISTH 3ar0OTOBKH 31 3HAUHO
OUTBIIMMU IBUJIKOCTSIMU Pi3aHHS.

[IpaBuibHui BHOIp peXUMy pi3aHHS MOJATAE€ Y OOIPYHTOBAHOMY
BHOOpPI MapaMeTpiB pexUMy pi3aHHS Ta 1X B3a€MHOMY BIUIMBI. 3aBHIIEHA
HIBUJKICTh Pi3aHHS BIUIMBA€ HA TBEPAICTh Marepiajly iHCTpyMeHTa i
OJTHOYACHO MOJKE MTPU3BECTH JI0 pO3M SITYeHHS 00pOOIIIOBAaHOT TOBEPXHI, 110
HE JIO3BOJIUTH OTPUMATH HU3bKY IOPCTKICTh MIOBEPXHI.

3aBUILNEHHS MIBUAKOCTI  MOfadi 1 IMIMOMHKM Ppi3aHHS CTBOPIOE
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JOJJATKOBI HABaHTAKEHHsI HA MEXaHI3MH BepcTaTa 1 He CIpHUsie OTPUMAHHIO
SIKICHOTO BUPOOY.

HedbopmyBanns jgeram i1 BiOparii mijg 4yac oOpOOJICHHS BHHUKAE
HalyacTinie Ipyu HETOYHOMY a00 HEXOPCTKOMY 3aKpiIUICHHs IHCTpyMEHTa
abo 3aroroBku. Ha TOKapHHMX BepcraTax nehopMyBaHHS IeTalli MOXKe
BUHHUKHYTH MPH 3aBHUIICHOMY TIONIEPEYHOMY HABaHTAXKCHHI (HANPHUKIIAJ, 32
paxyHOK 3aBHINEHOI TAMOWHU pizaHHs). Y pi3liB 11e MOKe OyTH OB’ A3aHO 3
iX HempaBWJIBHOIO (HEXOPCTKOIO) KOHCTpyKmiero. Ilepen modaTtkom
00pobneHHst Tpeba OLIHUTH BEIMYMHY HABAHTAKEHHS Ha Pi3elb 1 BKUTH
3aX0/H, 1100 YHUKHYTH Horo nedopMyBaHHIO 1 BiOpaii.
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13 EJIEKTPO®I3UYHI I EJIEKTPOXIMIHI METOJAU
OBPOBJIEHHA

Enexrpodizndni Ta eIEKTPOXiMITHI METOIU pO3MIPHOTO 0OPOOIICHHS
OCHOBaHI Ha TMporecax Oe3mocepeHbOI CHEPreTUYHOI Mii Ha IOBEPXHI
3aroToBOK. BOHM BHKOPHCTOBYIOTBCA Il OOpOOJIEHHS MaTepiamiB, SKi
MaloTh JyXE BHCOKY TBEpAICTh (TBEpAl CIUIaBM, CIEYCHI MarHiTHI
Mmartepianu, pyOiH, anMa3u Ta iH.); MaTepialiB, SIKi MiAJAIOTHCS 3HAYHOMY
3MILHEHHIO TMiJ Yac 3BHYAaHOrO OOpPOOJIECHHS pi3aHHSAM (KapoMilHi,
HEpIKaBitoUl CcTai, ACsKi CIeIliaibHI CIUIaB1); 3arOTOBOK, SIKI MalOTh Mally
YKOPCTKICTH (Hampukiaz, Tpyau aiamerpom 200...300 MM 3 ToBmmHOWO 1...2
MM [3, 12].

IHOAi i MeTomu MO3BOJSIOTH BUKOHYBATH TakKi BUIW POOIT, SKi
HEMOXJIMBO a00 Ba)KKO 3pOOWTH TPAJUIIHHUMHU METodaMu (HAIPHUKIA],
BUTOTOBJICHHSI OTBOPIB 3 KPUBOJIIHIMHO BICCIO 200 HEKPYTJIOro mepepisy
a0o JliaMeTpoM y JIeKibKa MiKpOMETpiB.

13.1 Enexkrpodiznuni MeToau 00podieHHs

Enexrpodizuune oOpoONEHHS TPYHTYEThCS Ha TOMY, IO MIiX
IHCTPYMEHTOM-EJIEKTPOIOM 1 3arOTOBKOIO BHHHKA€E ICKPOBHM Po3psn abo
IHIIIa B3a€MOJIisl, BHACHIIJOK 4OTO ii MaTepial TMOCTYINOBO PYWHYETHCH.
[TocTymoBo eneKkTpox pyxaeTbes 3TIHO 13 3aKIaJEHOI IPOTrpamoro,
3aJIMINAIOYN TICisS ce0e MOPOKHUHY, sSKa TOBTOPIOE HOro KOHTYp abo
npodisib, 3aJaHUi TPOrPaMoIo.

Enexmpoickposuil memoo Tonsirae y TOMy, IO €IeKTPO/] 1 3aroToBKa
30MKYIOTBCSI OJIVH 3 OJIHAM Y JlieNeKTpu4Hil piguHi. Konwn Bigcrans Mix
HUMHM CTaHE JIOCTAaTHHOIO, B1IOYBAETHCS IMIYIbCHUHM PO3PSA TPUBAJIICTIO Y
MiJILHOHHI YaCTKM CEKyHIU 3 I'yCTHHOI cTpymy 8..10 kA/mMm2. Meran
MOBEPXHI MiJl €IEKTPOAOM MUTTEBO BUIIAPOBYETHCS, BUKUIAAIOUN TPOIYKTH
IUIaBJieHHsT Ha30BHI. [1iJ1 €JIeKTPOIOM YyTBOPIOETHCS JyHKA TJIHOUHOO 1...5
MKM. 3a JOTIOMOTOIO0 CHCTEMH CTEKEHHS MIXK €JICKTPOJOM 1 JIYHKOIO 3HOBY
BCTaHOBIIIOETHCS BiJICTaHb, IOCTATHS JUII HOBOTO iMITyIbcy. Takuii poriec
MOBTOPIOETBCSI PETYJISIPHO, 1 MOCTYIIOBO ENEKTPOJI 3aHYPIOEThCS Jalli Yy
MOPOXKHUHY, SIKA BIITOPIOE OTO KOHTYD.
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Ha puc. 13.1 nHaBeneni Aeski BUAW poOIT MPH €IEKTPOICKPOBOMY
00poOJIeHH.

a — IPOLIMBaHHSA 0TBOPY; O — 00poOIeHHS (PacOHHOT MOPOKHUHH IITAMIIA;
B — TPOILIMBAHHS OTBOPY T10 KOHTYPY; T — IIPOIIMBAHHS OTBOPY 3 KPHBOJIIHIHHOIO
BiCCIO; [T — BHPi3aHHS 3arOTOBKH 3 JIMCTA; € — INUTi()yBaHHS BHYTPIIIHBOT ITOBEPXHI

Pucynok 13.1 — Cxemu JesKHUX BUAIB EIEKTPOICKPOBOTO 00pOOICHHS

EnexTponu-iHCTpyMEHTH BUTOTOBJISIIOTBCS 3 M'SIKMX — MiJHHX,
aTIOMiHIEBEX Ta  MigHOTpadiTOBHX cCIUiaBiB. Pexxum  o0poOneHHS
00UpaEThCsT TakuM, 100 pyHHYBanacs rOJOBHUM YHWHOM 3arOTOBKA, a HE
EJIEKTPO/I.

Enexktpoepo3iiine 00po0JicHHs Y IeIKMX BHUIIAJKaX Ma€e He3arepeyHi
nepeBaru Imepeji MexaHiyHuM oOpoOsieHHsiM. TpuBaiicTh 00poOieHHs Ha
EJICKTPOICKPOBUX BepcTaTax 3HAYHO MEHINA, a Koe(illieHT KOPHCHOT il
nocsirae 80...90% mpu 30...40% anst MexaHIYHUX.

Ilpu  anoomo-mexaniunomy  00pobneHni  4epe3  PyXOMHUH
CJICKTPOTIPOBITHUIM  THCTPYMEHT MPOXOAATh IMITYJIbCH CIEKTPUUYHOTO
ctpymy (puc. 13.2).

VY 30HY MK €JICKTPOJOM I 3arOTOBKOIO IOMAETHCS EICKTPOJIIT —
BOJIHMI pO3YMH pIAKOTO CKiIa. BHacHiJioKk eleKkTpoicKkpoBoi epo3ii i
AHOJIHOTO PO3YMHEHHS METAaJl 3ar0TOBKH BUIAJISIOTHCS 13 30HH KOHTAKTY.

[HCTPYMEHT BHUTOTOBIISIETHCS 3 M’ SIKOT CTaJIi Y BUIJISII TOHKOTO JICKa
a00 HECKIHYEHOT CTpiukH (IpOTY).
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[Ipu M’sikuX peskumax o0poOIeHHs (TyCTHHA CTpyMy 10 15 KA/cM2)
MOYKHa IPOBOAMTH aHOJHO-MEXaHIYHe IUTi(QpyBaHHS, OTPUMYIOUH TTapaMeTp
mropetkocti moBepxni Ra = 0,32...0,04 mxwm. Ilpu xopcTKHX pekumax
HaiyacTinie 3AiHCHIOIOTH pi3aHHS BaXKOOOPOOJIOBAaHMX 1 HaATBEPIMX
CIIaBIiB.

1 —3aroToBKa; 2 — MiZBEACHHS EIEKTPOIITY; 3 — IHCTPYMEHT

Pucynok 13.2 — Cxema aHOJJHO-MEXaHIYHOT0 00pOOIICHHS

Enexmpoxonmaxmue 00pobnennss TPYHTYETbCS Ha JIOKATBHOMY
HarpiBaHHi 3arOTOBKH Y MiCIli KOHTAKTy 3 €JEKTPOJOM-IHCTPYMEHTOM Ta
BUJIAJICHHI PO3M’SIKIIIEHOr0 a00 PO3IUIABJICHOTO METally 3arOTOBKH
MEXaHIYHUM CIOCOOOM — 3a PaxyHOK MOCTYHaJbHOTO IMepeMilieHHs abo
obepranns (puc. 13.3).

1 — 3aroToBka; 2 — iHCTpyMeHT; 3 — TpaHcdopmaTop
Pucynok 13.3 — Cxema eeKTpOKOHTaKTHOTO 00pOOICHHS
Jlxepenom Teria y 30HI OOpOOJIEHHS CIy)KaTh IMITYJIbCHI JIyrOBi

po3psiau. OOpoOJICHHS 3aCTOCOBYETHCS IS Bipi3aHHS JIMBHHUKOBHX
CHUCTEM, JUIsl OYMILICHHS BUIIMBKIB Ta 3JIUBKIB 3 BAYKKOOPOOIFOBAaHHUX CILIABIB.
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MerTopn He 3a0e3mneuye 3HaYHOT pO3MiIpHOi TOYHOCTI Ta SIKOCTI MOBEPXHi, aje
XapaKTepU3y€eThCS BUCOKOIO MPOIYKTUBHICTIO.

13.2 EnextpoximMiuHe 00po0/1eHHSA

EnexTtpoximiuHe oOpoOIIeHHS 3aCHOBAaHO HAa aHOJHOMY PO3YMHEHHI
MTOBEPXHEBOTO MIApy 3arOTOBKH, 5K 3HAXOAWTHCSA B EIEKTPOIITI MiJ Ji€r0
MocTiifHOTO CcTpyMy. MeraneBuii katopn (iHCTpyMeHT) Mmae ¢opmy, ska
BiJmOBilae MaiOyTHIH 00poOneHiii mnoBepxHi. [IpogykTn aHOIHOTO
PO3UMHEHHS BUJIAIISIOTHCS 3 PYXOM €JICKTPOJITY.

Ha puc. 13.4 naBeneni Jexiibka BUAIB POOIT, SIKi BUKOHYIOTHCS
EJIEKTPOXIMIYHUM OOPOOIICHHSIM.

a3
7% /‘ﬂ

1 — xaTom; 2 — enexTpoiT; 3 — 3aroToBKa; 4 — TUIaCTUHA; 5 — TpyOKa-KaTo; 6 —
NpYXXHHA; 7 — KpUIIKa BaHHK; 8 — Bai; 9 — muck-karox; 10 — migBeneHHs enexrpoiity; 11 —
abpa3mBHI 3epHa; 12 — eJIeKTPOINpOBiTHA 3B’s13Ka; 13 — MOBEpPXHS 3arOTOBKH

Pucynoxk 13.4 — Cxema eeKTpoXiMigHOTO 00pOOIeHHS

Ilpu enexrponituuHoMmy nonipyeanni (puc. 13.4, a) xarom - 1e
IJIaCTHHA, KA Ma€ KOH(Irypaiilo MOBEpPXHi, 1m0 00pobiseThcs. MeTos
JIO3BOJISIE OTPUMATH IIOPCTKICTh moBepxHi Ra Big 0,63 no 0,04 mxMm. Bin
3aCTOCOBYEThCS I OOpOOJICHHS CKJIaJHUX 3a MpodiieM 3aroToBOK
(yomatku TypOiH, BUMIPIOBAJIbHI IHCTPYMEHTH Ta iH.).
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Enekrpoximiune «ceeponinnsy (puc.13.4, ©) 3milCHIOETHCS 3a
JIOTIOMOTOI0 TPYOKH-KaTO/ia, 4epe3 sIKy MOJA€ThCsl eJICKTPOIIT. 3a30p MK
aHOZIOM 1 KaTOJOM CTBOPIOETHCS THCKOM EJEKTPOJITY 1 PerynoeThbes
HPY>KUHOIO.

Enexrpoximiune «gpeszepysannay (puc. 13.4, B) 3ailicHIOETBCA
METaJIeBUM JTMCKOM-KAaTO/IOM, SIKHH OJHOYACHO 1 00epPTAEThCS, 1 pyXaeThCA
MOCTYTIOBO. 3 COIUIA y 30HY 0OpPOOJICHHS TIOJAE€THCS EIIEKTPOJIIT.

IIpu enexrpoabpasuBHOMY wuiiighysanni (puc. 13.4, r) IHCTpyMEHTOM
CIIy’)KUTh a0pasuBHHI KPYr-KaTtoJ 3 CICKTPONPOBIAHOIO  3B’SI3KOIO.
[TpoxyKTH po3urHEHHS BUAAISIOTHCS 3epHAMHU a0pa3uBy. Y MOPIBHSHHI 3i
3BUYAalHUM IUTIQYBaHHAM L€l mpoliec 3a0e3neuye BUILY TPOILyKTHBHICTb,
MeHiry mopctkicte (Ra = 0,16...0.04 MkM), MeEHIIE 3HOIIYBaHHS
nuTihyBaTbHUX KPYTiB.

13.3 ®iznyni meToau 06p00IeHHS

Yavmpaseyxkose 00pobaenHs MaTepiajiB 10 CYTi CTAHOBUTH Pi3HOBU]I
MEXaHIYHOT'O 0OpOOJICHHS, OCKUIBKY pi3aHHs 3IMCHIOETHCS a0pa3uBHUMU
3epHaMH, IO OTPUMYIOTH CHEPril0 BiJl IHCTPYMEHTa 3 YJIBTPa3BYKOBOIO
gactotoro 16...30 xI'1y (puc. 13.5).

J 0

a, 0 - 0OpOOICHHS TIIyXUX OTBOPIB; B — 00pOOJICHHS BHYTPIlIHBOT (hacOHHOT
TIOBEPXHi: T — PO3PI3aHHs 3aTOTOBKH

Pucynok 13.5 — Cxema ynbTpa3ByKOBOTO 00pOOIICHHS
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CtpyM  BHCOKOI  4YacTOTH  TMOJNAETbCS  HA  ocepis 3
MarHiTOCTpUKIiiiHOro  Matepiamy. KonmuBamHs  Topus — BiOparopa
M JICHITIOIOTHCS. KOHIICHTPATOPOM, Ha KiHI SIKOTO 3aKPIIUICHUH 1HCTPYMEHT.
[HCTpYMEHT BHUTOTOBIISIETHCS 13 3arapTOBaHO1, ajle B’SI3KO01 cTalli JOCTaTHBOT
tBepaocti (35..40 HRC). Amrutityaa foro konuBaHb cTaHOBHTH 10...60
MKM. AOpa3uBHI 3epHa (eJIeKTPOKOPYHA, KapOif KpeMHI0, CHHTETHYHI
anMas3W) y CycreH3ii TMOoJMaloThCS Yy 3a30p MDK IHCTPYMEHTOM i
00po0IFOBaHUM BUPOOOM. Y ITBTPa3BYKOBUM METOAOM OOpPOOITIOIOTH KPUXKi
TBEp/i MaTepiaiu: CKIIO, KepaMiKy, KBapll, TBEpAl CIJIaBH, BOJbGPaM i T.11.
MeToaamMu ynabTpa3ByKOBOIO OOpOOJICHHST OTPUMYIOTH HACKPIi3HI 1 TIyXi
OTBOPH OY/b-IKOT0 Mpodinto, pacoHHI BHYTPIIIHI TOPOKHUHH, PO3Pi3al0Th
3arOTOBKH TOIIO.

Enexmponno-npomenese 00pobienHss 3OIUCHIOETBCS Yy  BaKyyMi
CIIeKTPOHAMH, SIKi BHUIPOMIHIOIOTHCS KAaTOJAOM 1 BY3bKHM IIYYKOM
CIPSIMOBYIOTHCSI Ha 3ar0TOBKY (puc. 13.6). pi3HUIM HAPYT MiXK KaTOAOM i
aHoI0M (3aroTOBKOI0) cTaHOBHUTH 10 50...70 xB.

==y
1 — crin; 2 — Mar”iTHUR KOHTYP; 3 — MarHiTHI JiH31; 4 — KOPEKTOD;
5 — eleKkTpoMarHiTHi KOTYIIKH; 6 — BaKyyMHa Kamepa; 7 — KaToJ; 8§ — iMITyJIbCHUIA
reHeparop; 9 — iMmnynecHuii Tpancdopmarop; 10 — rereparop Hanpyry; 11 — renepartop
BHCOKOT Halpyru

Pucynok 13.6 — Cxema yCTaHOBKH JUIS €JI€KTPOHHO-IIPOMEHEBOTO 00POOICHHS

Hiamerp myuka Moxke Oytu cokycoBanuit g0 miamerpa 0,005 mwm,
Temreparypa y micui o6pobnenns gocsrae 6000°C, BHAaCIIi 10K 4Oro HaBiTh
HAWTYromiaaBKilli METal IUIABIATBCS 1 BHUMAPOBYIOTHCA. MeTon
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BUKOPHUCTOBYETHCS Il OTPUMAaHHSI OTBOPIB, LIIMH a0o pizaHHs pyOiHiB,
ajMas3iB, TBEPAUX CIUIaBiB i MeraiiB. ['0yoBHUI HemoMiK — 0OpOOJICHHS
MMOBHHHO BUKOHYBATHUCS Y BaKyyMi.

OCHOBOIO 1a3epHO20 00poONIeHHsT CIYKUTh PYOIHOBHI KpHCTam y
BUTIIAI CTpYKHS. PyOiHOBHI CTpMKeHb 3HAXOAWUTHCSA y CKISAHIA TPyOI i
OXOJIO[DKYETHCS TIPOTOYHOIO BO10t0 (pHc. 13.7).

1, 7 — migBeneHHS 1 BiIBEICHHS OXOJIOKYBAJIbHOI PIIUHM; 2 — IPYKUHA;
3— obosonka; 4 — pyOIHOBHI KPHCTAI; 5 — IMITYJIbCHA JTaMIIa; 6 — KOTePeHTHU I
MPOMiHB; 8 — JKEPEIO YKUBJICHHS

Pucynok 13.7 — Cxema nazepHoro o0poOIeHHs

[Mpu cnanaxy jaMnu TiJKa4yBaHHS 4yepe3 HaIIBIPO30pUH TOpelb
CTPWKHSI BUIPOMIHIOETHCSI KOT€PEHTHHI ITPOMiHb. 32 IOTTOMOTOO ONITHYHOT
CHUCTEMa MPOMIHb MOX€e OyTH C(POKYCOBaHMI Ha ILIOIIAIII 0OPOOITFOBaHHS
nmiametpom a0 0,01 mm. Ha moBepxHi MeTany BUAUISETECS ITATOMA €HEPTis
10°...10" Br/cm?. IlIupuna pospisy moxe Oytu 0,1...0,5 MM IIpy IMIBHAKOCTI
pizanHs 3...8 M/xB. Ane mpu npomy Koedimient kopucHoi mii (KKJI)
TBEPAOTLIBHOTO JIa3epa CTaHOBUTH OIM3bKO 1%.

Benytbest poOOTH Haj yJIOCKOHAJICHHSM 1 BUKOPUCTAHHSIM 10 THUX
(HamiBIPOBIIHUKOBHX ) J1a3epiB. HakauyBaHHS TakuX Jia3epiB 31HCHIOETHCS
NPOMYCKaHHAM  €JIEKTPHUYHOTO CTPYMy depe3  HaIliBIPOBIIHUKOBHN
matepiai. KKJI giogaux nasepis ctaHoBuTh 40...50%.

TexHOMOoriYHl MOKIIMBOCTI J1a3epHOTO OOPOOJIECHHS BUILE, HIK Y
€JIEKTPOHHO-TIPOMEHEBOr0. BOHO Moke 3aifiCHIOBATHCS Y OyIb-IKOMY
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PO30pPOMY MPOCTOPI, HE BUMArae Bakyymy. CBITIOBHI MPOMiHb MOXKeE OyTH
CHPSIMOBaHUH 32 JOTIOMOTOIO CBITJIOBOJIIB Y HEJOCTYITHI MiCIISl 3aTOTOBKH.

OcHOBHE TpU3HAUEHHS MeToJa — OOpOOJICHHS TBEpAMX CIUIaBiB,
TYTOIUTABKUX METAaJIiB 1 MiHEepaIiB.
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14 ABTOMATHUYHI JIHII I THYYKI BAPOBHUYI
CUCTEMMU

14.1 ABTomaTuyuHi Jinii

Aemomamuyne Ninii — ye cucmema eepcmamis ma IHWUX acpe2amis
(mpancnopmepu, npucmpoi  3a6aHMANCYBANHSA/PO3BAHMAINCYBAHHL,
Ma2asuHu IHCmpyMeHmie ma iH.), SAKi A6MOMAMuyYHo, 0Oe3 GMmpyYaHHs
JMHOOUHU 30TUCHIOE MEXHONI02IUHI onepayii y 6CMAaH08/eHill NOCAI008HOCHII.
ABTOMATHYHI JIHIT TOIUIAIOTHCS HA CHHXPOHHI (3KOPCTKI) 1 HECHHXPOHHI [4,
7].

VY nepuoMy BUNaJKy 3aroTOBKa MOJA€THCS BiJl BepcTaTa 10 BepcTaTta
4epes piBHI MPOMIKKH 4acy, 110 HA3UBAEThCS maxkmom ainii. BinMoBa Oy /ib-
SAKOTO eJIeMEeHTa JIiHil TPU3BOAUTH 10 1 3YMHHEHHS aX 1O YCYHEHHs
MOIIKO/KEHHs. Ha HEeCMHXPOHHUX JIIHISIX CTBOPIOETHCS 3aI1ac 3ar0TOBOK 3a
JIOTIOMOT'OI0 HAKOMWYyBayiB. Y BUMNAJKY BIJIMOBH OJHOI'O 3 BEPCTAaTiB BCi
1HIII BepCTaTH, IO HOMY IMEpenyloTh, IMpPALIOIOTh Ha HAKONWYyBad, a
HACTYIIHI BEPCTaTH - OTPUMYIOTh 3arOTOBKH 3 HAKOIIMYyBaya BepcTara, 1o
PEMOHTY€eThCS. SIKIIO y cKiazi JiiHil BUKOPUCTOBYIOTHCSI BEPCTATH Maloi
NPOIYKTUBHOCTI, OpraHi3yeThCsl NapajieibHa poOOTa JAEKIJIbKOX TaKHX
BepCTaTiB, 100 He 301IbIIYBATH TPUBAIICTD TAKTY JIiHII.

[Tpu cTBOpEeHHI aBTOMATUYHUX JIiHIA 9aCTO 3HAXOJISATh 3aCTOCYBAHHS
acpecamui  éepcmamu. BOHM  KOMIOHYIOTBCS 3 YHI(IKOBaHUX
(cTanmapTHUX) BY3J1iB (arperaTiB), FOJJOBHUM YMHOM CHJIOBHX I'OJIOBOK, sIKi
HAJAal0Th 1HCTPYMEHTY OOEpTOBHH (TONOBHUIA) pyX abo0 TOCTYNOBUI
(B3mOBK OCi) pyX mojaayi. BUKOpHUCTOBYIOUM CTaHIAPTHI CHIIOBI T'OJIOBKH,
MOBOPOTHI po0OOYi CTOJIM Ta iHIII BY3JIH, CTBOPIOIOTH TaKi BEPCTaTH, Ha IKUX
3a OJIHYy YCTaHOBKY MOJKHA BUKOHATH JEKUIbKa Pi3HUX omepariid (TouiHHS,
cBep/uTiHHSI, (pesepyBaHHs Ta iH.) 200 0OpOOIIATH 3 JEKUTBKOX OOKIB (32
HAsIBHOCTI MMOBOPOTHOI'O CTOJIa) CKJIAJHY 3a (POPMOIO 3aIrOTOBKY.

3acTocyBaHHS B arperaTHUX BepcTaTax HOPMAIli30BAHUX BY3IIiB
CKOpOYYE Yac Ha X IPOEKTYBaHHS i BUTOTOBJICHHSI, JIOITyCKae 6araropa3ose
BUKOPUCTAaHHS IMX BY3JIiB INpPH IEPEKOMIIOHYBaHHI BepcraTa Ha
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o0pobnennst iHmoi 3arotoBkd. OpgHowyacHe OaraTOiHCTpyMEHTaJbHE
00pobneHHs 3abe3neuye BUCOKY TOUHICTD 1 MPOAYKTUBHICTb.

Ha puc. 14.1 HaBenenuii npukiaja CTPYKTYpH aBTOMATUYHOT JTiHIT A1
00pOOJICHHST KOPITYCHUX JIeTalIeH.

1 — mynbT KepyBaHHS; 2 — MMO3MILIIS 3aBaHTaKyBaHH:, 3 — TpaHcmopTep; 4, 5, 6 —
CHJIOBI T'OJIOBKH; 7 — MO3MIIiSI pPO3BAaHTa)KyBaHHS

Pucynok 14.1 — ABromaTnyHa JIiHis U1 0OpOOIEHHS KOPITYCHUX JieTanel

Hns  oOpoOneHHS  3arOTOBOK ~ MaJioTO  PO3MIpYy  3HaXOISTh
3aCTOCYBaHHS pomopHi aBTOMaTW4Hi niHii (puc. 14.2), ski BHaCHiJOK
MOEHAHHS TPAHCIOPTHUX 1 pOOOYHMX PYXiB MalTh YK€ BHCOKY
MPOJYKTHBHICTb.

a -3arayibHUil BUIII; O - cxema
1 — monaya 3aroToBOK; 2 — TPAHCIIOPTHHI POTOP; 3 — POTOPHHI BEpCTAaT;
4 — 3aXBaTHHUH NMPUCTPIi; 5, 6 — 3aroTOBKY; 7 — 3aBaHTaXKyBAILHUN MPUCTPIH;
6— BHBaHTaXYBAJIHHUI MPHUCTPIl

Pucynok 14.2 — PoTtopHa aBTOMaTHYHA JTIiHIs

JIinii cky1a1aloThCs 3 POTOPHUX BEPCTATIB 3 IEKIIbKOMA IIITiHACTSIMU
1 TpaHCIIOPTHHX POTOPIB, sKI 00epTalOTbCSs CHUHXPOHHO. 3aroTOBKA,
pyxarouuch Oe3nepepBHO, MEPEAAETbCd 3 OAHOrO OJoKa A0 i1HILOrO 3a
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JOTIOMOTOI0  3aXBAaTHUX MPHUCTPOIB, SIKI 3HAXOJSATHCS HA TPAHCHOPTHUX
poropax. Ha miHifX 1bOr0 THUIy MOXHa OJIHOYACHO OOpPOOJISATH JEKiTbKa
3aroTOBOK, AJISI KOKHOI 3 SIKMX IepeadadeHi OKpeMi 3aBaHTa)yBaslbHI i
po3BaHTaXyBasibHI TpUcTpoi. KinbKicTh pOTOpiB 1 pOOOYMX MO3MUIIH
BU3HAYAETHCS XapaKTepoM 1 TPHUBATICTIO ormeparliii oOpoOJIeHHS, 0
BUKOHYIOTBCS Ha POTOPHUX BEpPCTATAX.

ABTOMATHYHI JiHIi JOIUTBEHO BUKOPHUCTOBYBATH y KPYITHOCEPIITHOMY
Ta MaCOBOMY BHPOOHHIITBAX.

3acTocyBaHHS aBTOMATHYHUX JIHIA 3aMiCTh  yHiBEpCalbHUX
BEpCTaTiB 3a0e3reuye: CKOPOYCHHS BUPOOHMYMX ILION] Ta KUIBKOCTI
BepcTaTiB y 2...3 pa3u, 3MEHILICHHS YHCEILHOCTI MPAIoouuX y 5...8 pasis,
3HKEHHsI coOiBapTocTi mpoaykuii y 3,5..4,5 pa3, HiABHUINEHHS SKOCTI
BHUPOOIB Ta pUTMIYHOCTI BUPOOHHIITBA.

14.2 I'ny4ki BUpOOHHUYI cUCTEMU

T'nyuka eupoonuua cucmema (I'BC) — e xommuieke (puc. 14.3), sskuii
CKJIaJa€ThCs 3 aBTOMATUYHOT JIiHi1, y CKJIaj sikoi BXoasaTs Bepcraru 3 UIIK,
MIPOMUCIIOBI pOOOTH, aBTOMATHU30BaHI CKJI M 3arOTOBOK 1 FTOTOBHX JICTaJICH,
TPaHCIOPTHUX CHCTEM, yKJaaadiB-mradnepiB Ta iH. KoopauHaiist poboTu
BCIX OpraHiB 3[iHCHIOETbCA LEHTPaJbHOIO (Iucnerdepcbkoro) EOM, sika
y3TOJKY€ poOOTY BCiX JIAHOK cuctemu [7].

1 — tpancrioprep; 2 — aBroonepatop 3. 4, 5 — rpynu BUKOHABUMX BEPCTATIB; 6 — AIIHKA
HaJIaroJDKyBaHHS 1HCTPYMEHTIB; 7 — mTadlep mepeMilieHHs; 8 — 3aBanTaxysad; 9. 10. 11 —
No3uLlii po3BaHTaKyBaHHs; 12 — mtabyiep po3BaHTa)KyBaHHs; 13 — cTesak-HAKOMUYyBad

PucyHnok 14.3 - ['Hy4xa BUpoOHHMYA CHCTEMa Ha OCHOBI arperaTHUX BepcTBTHIIB 3 UITK
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Jlinis cximagaeTbes 3 yHI()IKOBaHUX y3IiB, OJTHAKOBUX JJISl BCIX JIIHIN
maHoro tumy. Ha moardopmi, mo mepeMilaeTses Mo UKy (MIBHIKE
MmigBeeHHsA, poboda Tmomaya, IIBHUAKS BiABEACHHS), BCTAHOBIIOIOTHCS
3MiHHI HIMTIHAENBHI KOPOOKH 3 HAOOPOM IHCTPYMEHTIB, CHIIOBI TOJOBKH 3
BJIAaCHMM T[PUBOJIOM Ta IHINI MEXaHi3MH, HEOOXiJHI JJs BUKOHAHHS
3aJIaHOTO BHY POOIT.

I'onoBua  ocoOmuBicte [BC —  MOXIUBICTG  IIBHIKOLO
nepeHanaro/HKyBaHHs IPH EPEX0Ai 0 BUPOOHHIITBA iHIIMX BUPOOIB.

[Tpu pynkuionyBanui 'BC moguna 6e3mocepenHbo He Oepe ydacTi y
BUPOOHMYOMY TIpOIleCi, a BHKOHye poOory 3 i 00cIyroByBaHHS,
PEMOHTYBaHHA OOJaJHAHHS, CIIAKYE 3a TPAaBWIBHICTIO BUKOHAHHS BCIX
omepariiii. CriemianbHi TPUCTPOI CUTHATI3YIOTh OIMEPaToOpy MPO MOMKIIMBI
HETIONIAJKH 3 00JIaAHAHHSIM, QIKCYIOTh HOTO POCTOT, MPOCTIIHO CITIIKYIOTh
3a CTaHOM pi3aibHOro iHCTpyMeHTa. [ BC ycmimkHO mpalitoe Jiniie ToJi,
KOJIM BCi ii elleMEeHTH MalOTh BUCOKY HaJliHHICTb.
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15 HIEPCIIEKTUBHI HAIIPAMKHU PO3BUTKY
MMPOBITHUX BUPOBHUYMX TEXHOJIOI' T

Y 3zarampHOMY TUIaHI TIEPCIEKTHUBU PO3BUTKY Oymb-AKOi Tamysi
3aJekaTh Bif 0araTbOX YMHHHUKIB — BiJf CTaHy y Tajy3i Ha ChOTOIHILIHIN
JICHb JIO TIOJITMYHOI OOCTaHOBKHM y CBITI. Ha MOXJIHMBICTH 1 HampsMKu
MOXYTh BIUIMHYTH HasiBHI TPHPOIHI pecypcu (HampuKiaa, MOKIaan
PIAKICHO3EMENIbHUX METajiB); HASBHICTh NUISAXIB BUXOAY MPOJYKII Ha
MDKHApOIHI pUHKH (MOPCBHKI TIOPTH, 3aJIi3HMII, aBTOIIEPEBE3CHH:); 0OMIiH
JOCBIZIOM 1 TEXHOJIOT1SIMU TOLLIO.

BaxnuBy ponp Moxke 3irpatm KOHKypeHIis. Bimomo, mo Bupid
MIOYMHAE CTAPITH, K TUIBKH BUXOIUTHh HA pUHOK. KOHKYpeHT 0e3 CyMHIBY
HaMaraTUMETbCsl BUITYCTUTH Ha PUHOK IIOCh Kparie. He nuBHO, mo Taki
¢bipmu, sk Apple, Samsung, Xiaomi, Motorola omna mepex ommHiii
HaMararmTbCsl BeCh 4ac pPO3pOOHMTH HIOCH Kpalle, HiX KOHKYPEHT. A 1ie
OakaHHs BHMara€ INyKaTH HOBI I[UISXHM PO3BUTKY BiAMOBIIHOTO
BUPOOHUIITBA

SIK He TUBHO, BIHHH TaKOXK CIIPHUSIOTH MOMIYKY 1 3HAXOKSHHIO HOBUX
HaNpSMKIB y BUpOOHUYMX TexHoJorisx. Tax, micis [lepmioi cBiToBoi BiitHH
3’SBHJIMCS TaHKH 1 TPakTOpH Ha TyceHHMYHOMY xoay. Jlo mporo dacy
Tpaktopu Oynu komicHumu. [1in wac Jpyroi cBitoBoi Biitau y Jloc-Anamoci
BUJIaTHI BUCHI-(13UKH NPAIFOBAIIN HaJl CTBOPEHHSIM aTOMHOT 00MOH. AJie Ha
OCHOBI TXHIX po3po0OK Miciisl BifHM BUHHKIIA aTOMHA eHepreTuka. [limuac
HUHIITHBOT POCIHCHKO-YKPaiHCHKOI BIHU TOJIOBHOIO 30pPOEI0 CTAIH JIPOHH.
IX BUPOGHUIITBO i BUKOPMCTAHHS CHPHUSIIO PO3BUTKY HOBMX KOMITO3MIIIHHUX
MaTepiaiiB, HOBUX TEXHOJIOTi BUTOTOBJICHHS MaJIOTa0apUTHHUX JIBUTYHIB
JUIS JIITAJIbHUX aIapatiB, CTBOPEHHIO YHIKAJIBHUX MPOrpaM HaBEICHHS Ha
I1JTb 3 BUKOPHCTAHHSM IITYYHOTO 1HTEJIEKTY.

Ane Ui pO3BUTKY TIEPCIIEKTUBHHX HANpPSIMKIB y BHPOOHHUITBI
HeoOXimHi iHBecTHIll. 3BMUaitno, Taki ¢ipmu, sk Rheinmetall AG, marots
CBOT JIOCJIIJIHI YCTAHOBH, SIKi MPAIFOIOTh HaJl PO3BUTKOM CBOIX BiJIIIOBIIHUX
texHonorit. Y Kpewmniesiit nonuni y Kamidopnii € Crenadopacbkuii
yHIBepcHUTeT, 0e3 Hboro (ipMu HE 3MOINIH O CTBOPUTH CBOI NMEPCIEKTUBHI
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TexHoJorii. be3 BKiIageHHs iHBeCTHLIN Y poOOTy (i3HKiB-TCOPETHKIB MU HE
Masii O ChbOTO/IHI aHi HAaHOMATepiaNiB, aHi HAHOTEXHOJIOTIH.

301IbLICHHS! iHBECTULI B OCBITY OKYMA€ETHCS IUISIXOM 3MIITHEHHS
JIIOICBKOTO  KalliTany, MiABUIIEHHS NPOXYKTHBHOCTI Ta CTUMYJIIOBAHHS
iHHOBamii. |HBecTHIN] MOBMHHI 3a0e3MEYNTH SKICHY IIKUIBHY OCBITY,
cnpuATH TpodecifHO-TEXHIYHIM OCBiTI 3 BHITyCKOM KBami(hiKOBaHUX
POOITHUKIB, SIKIi BUTOTOBISTHMYTh BHPOOW 32 HOBUMH TEXHOJIOTISIMH, a
BUIIIl OCBITI HagaTH MOXJIMBICTh MATOTYBaTH TAaKHX CIEMiaicTiB,
1H)KeHepiB, HAYKOBIIB, SIKi 3MOYKYTh CTBOPUTH MEPCIEKTHBHI HANPSMKH Y
CBOIX BUPOOHHYMX TEXHOJIOTISIX Y Maii0yTHHOMY.

15.1 CninibHI HANPSAMKH PO3BUTKY BUPOOHMYHUX TE€XHOJIOTIH

[TpoBiaHI BUPOOHUYI TEXHOJOT1] MaIOTh TaKi CIIJIbHY HAIIPSMKH.

IocTiiiHO 3pOCTaE MOMUT HA HadeeKi ma HaoMmiyHi mamepianu. Tomy
METaIlypry, Marepialio3HaBI[i MPAMOITh HAJA TIJBHIICHHSIM SKOCTI
AIFOMIHIEBMX, TUTAHOBUX 1 MarHi€eBuX CcIUiaBiB. BemyTbcs poOOTH Haj
CTBOPEHHSIM 1 BIPOBAKCHHSIM Yy BUPOOHHUIITBO BHCOKOMIIIHMX CTaJICH.
OcTaHHIM 4YacoM INHPOKE BHUKOPHCTAHHS OTPHMalll KOMITO3UIiiTHI
MaTepiaiy Ha MOJIMEPHIA OCHOBI 3 BUKOPUCTAHHSAM apaMiJHUX, CKIISHHX i
BYyIJICLICBUX HAMOBHIOBaYiB. BOHM 3/1aTHI 3MEHIIyBaTH Macy BUpOOiB mpu
30epekeHHI BUCOKOI MIITHOCTI.

B enepeoemmnux 6upobnuymeax BemxyThCsl pOOOTH HaJ| 3MEHIICHHIM
EHEProBUTPAT 3a PaXyHOK ONTHMI3allil IPOIIECiB HArPiBaHHS: MEPeXif Bij
BUTPAaTHUX Ta30BUX MAIGHUKIB Ha EJIEKTPUYHE HAarpiBaHHs, Ha
BUKOPDHUCTAHHS  JIOK&JIBHOTO  HarpiBaHHs  Tomo. Bce  wacrime
BUKOPHUCTOBYIOTKCS JDKEpesa BiJTHOBIIOBAJILHOT €HEPTeTHKH.

Y  memanoobpobyi TEPCHEKTUBHUMM  HAmNpsSMKaMd €  Taka
ONITHMI3aIlisl TEXHOJOTIYHUX TIPOIECIB, KA TO3BOJISE 3MEHITYBaTH O0CAT
BUPOOHMYMX BIOXOHIB Ta EHEProCIOXKHMBAHHS, HANPHUKIAA, 3MEHILCHHS
00’eMy JIMBHUKOBHX CHCTEM NpU JUTTi, HarpiBaHHS IIiJi KyBaHHs 0e3
OKaJIMHM, 3MEHLICHHS 00’ €MY CTPY KKH IIpU 0OpOOJICHH] Pi3aHHSAM TOILO.

Bce Oinbiue BHKOPUCTOBYEThCS LUQPOBi3alis TEXHOJOTIYHUX
nporieciB. BoHa moB’si3aHa 3 MPOEKTYBaHHSM (MOJIETIOBAHHSIM) BUPOOIB 1
TEXHOJIOTIYHUX TPOIECIB, TOTOYHUM KOHTPOJIEM 3a XOJI0M BUPOOHHUITBA Ta
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JiarHOCTYBaHHSAM a00 KOHTPOJIEM SKOCTI BHpPOOIB MIPH BUTOTOBIIEHH] YX B
eKCIDTyaTarii.

3 umdporizamiero 0e3nocepeHLO IMOB’S3aHAa  MeXaHizalis 1
aBTOMAaTH3allis BAPOOHHYUX MpolieciB. BoHu cipsiMOBaHi TOJOBHUM YHHOM
Ha 3MEHIIIeHHS O0CSTiB PYYHO] Mpalli, BAKOHAHHS BiJIMOBITaIbHIX OMepariit
0e3 BTpy4YaHHs JIOAWHH aX JO CTBOPEHHS OKPEMHX aBTOMAaTH30BaHHX
BUPOOHUIITB.

IIpu GpopmyBaHHI IEPCIIEKTUBHUX HAMIPSIMKIB PO3BUTKY BUPOOHHYIUX
MIPOIECiB BENMKa yBara NpUAUIAEThCS 30epekeHHI0 exojorii. PoboTm
BEAYTbCA Haj ONTHMI3ALi€l0 €HEPrOCIOKUBAHHS UIABMIIBHUX arperartiB i
HarpiBa4diB  (MeTajypris, JHBapHE 1 KOBaJbCHKO-IITAMITyBaJIbHE
BUPOOHUIITBA), 3SMEHIIIEHHSI CIIATFOBAHHS BYTJIEBOIHIB Pa30M 3 OJTHOYACHUM
301JIbIIEHHSM BUKOPUCTAHHS BiIHOBIIIOBAJILHOT eHepreTuku. Y Kpainax €C,
CILIA Ta AnoHii akTUBHO 1HBECTYIOTh Y 3MEHIIICHHS BUKH/IIB BYTJICKHUCIOT'O
ra3zy y MeTajyprii, Ha TPaHCIIOPTi, TEIUIOBUX €IeKTPOCTAHIIISX TOIIIO.

15.2 TlepcrieKTUBHI HAPAMKH PO3BUTKY OKPEMHUX BUPOOHUYHX
TEXHOJIOTiH

Y wMeranyprii mepembadaeThCcs MEpeXil  BiA  IBOCTaIiHHOTO
BUPOOHUIITBA CTalmi (IOMEHHMH + MAapTeHIBCHKUH TpOLECH) 10
SJICKTPOAYTrOBUX Meuyel Ta BUKOPHCTAHHS BOJHIO SIK BiJHOBHMKA 3aJli3a.
Benuka yBara mpuais€ThCS BTOPHHHOMY TMepepoOlieHHIO: Bce Oinblia
yacTka CTaji BHPOONSTHMEThca 3 OpyxTy. Lle eKoHOMiYHO BHTiHO i
BIJINIOBiIa€  €KOJIOTiYHUM cTaHmapraMm. llepenbadaeThcst CTBOpPEHHS
HAHOMETANYprii 3 METOW BUPOOHMIITBA MAaTEpiaiB i3 3aJaHUMH
BJIACTUBOCTSIMHU Ha aTOMHOMY DiBHI.

Y nuBapHOMY BUPOOHMILTBI OUiKy€THCSI BUPOOHUIITBO KOMIIO3UTHUX
i baraTomapoBUX BWJIMBKIB (MeTal + Kepamika, MeTajl + KOMIO3uT). €
HaMaraHHs T[O€JHAaHHS KiacuyHoro JUTTA 3 3D-mpykom Meranis,
HANPUKIAA, JPYK CKIagHUX O0’€MHUX BY3IiB. Y JESIKHX BUIAJIKaX
BUKOPUCTOBYIOTHCSI HAHOMOJU(IKATOpH ISl MiJABUIIEHHS 3HOCOCTIHKOCTI
Ta yIapHOi B’ I3KOCTI MaTepiary BUpPoOy.

Y KOBaJNbCHKO-IITAMIYBAILHOMY BUPOOHUIITBI TIEPCIIEKTUBHUM €
BUKOPUCTaHHS ~ HOBOro  OONagHAaHHS:  CJIEKTPOTiApaBIiYHHMX  Ta
€JIEKTPOMEXaHIYHHUX MPECIB 3aMiCTh KJIACHYHHUX MapONOBITPSIHUX MOJIOTIB,
a TaKOX aBTOMATHU30BAaHUX IPECIB i MOJIOTIB 3 YHCIOBHM IMPOTPaMHHM
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kepyBanHaM (UIIK). BrpoBamkyroTbCs BHCOKOIMIBHIKICHI TIPECH U
MacoOBOTO BHPOOHHIITBA IETaIC aBTOMOOITHHOI Ta BIHCHKOBOI TEXHIKH.
[IpawooTs Ha/l 3MEHIICHHSIM €HEPrOBUTPAT 3 IEPEXOOM JI0 EJIEKTPUIHOTO
npsMoro abo IHAYKOiHHOTO HarpiBaHHS. BaXITMBUM y TEpCIEKTHBI €
BUKOPHUCTaHHA  IM(GPOBOTO  MOJAECTIOBAHHA  IPOIECIB  KyBaHHS
(IwTammyBaHHSI) 3 METOI0 MPOTHO3Y PO3MONUTY HampyXeHb, MOMJIWBUX
TPIIIKH, TOIIO.

VY 3BaproBanbHOMY BHPOOHHITBI MPAIIOIOTH TOJIOBHUM YHMHOM HaJ
NOKPAIIEHHSAM  aBTOMATH3aIlii  3BApIOBAJBHUX  TPOIECIB  IIIIXOM
BUKOPUCTaHHS PpOOOTIB-3BapIOBAJIbHUKIB Yy CEpiiHOMY BUPOOHHUIITBI
(OymiBHHIITBO aBTOMOOLTIB, BaroHiB, CyA€H), a TaKOX PO3BUTOK
konabopamusHux pobomis (CODOLS), sKi MpaIFOBATUMYTh Pa30M 3 JIFOHHOIO.
[MepenbauaeTbesi BUKOPUCTAHHS POrpaM 3a y4acTi IITyYHOTO 1HTENEKTY 3
METOIO ONTHMIi3allil MapaMeTpiB 3BaplOBaHHS 1 3MEHIIIEHHS OpaKy.

Y MeranopizallbHOMYy BHPOOHHIITBI y TEPCHEKTHBI 30LTBIIUTHCS
BUKOPHUCTaHHS POOOTIB-MaHIMyIATOPIB AJIsl 3aBaHTaKyBaHHS 3arOTOBOK Ta
PO3BaHTaXXyBaHHS TOTOBUX jeTaieil. MOXIUBE CTBOpPEHHs OE3IIOIHOTO
BUPOOHHIITBA, J€ BEpPCTaTH MPAMIOITh Yy MIIOA000BOMY pPEXHAMI 3
MiHIMaNBHOIO y4acTio moanau. [lepenbadaeTrest Bce O1TbIIe BUKOPHUCTAHHS
riopizHUX BepcTariB, M0 MOENHYBaTUMYTh 3D-Ipyk 3 MexaHiyHUM
00po6enHsM. [lomanbimii pO3BUTOK OTPUMAIOTH Pi3Ili 3 TBEPAUX CIUIABIB i
KepaMiKk, CTIHKHX JI0 BHCOKHX Temreparyp. Jms 30inmblieHHs pecypcy
IHCTpYMEHTIB Ha IX IOBEPXHIO MepeAdavyacTbCss HAHOCUTH TOKPHTTS 3
HAHOCTPYKTYp (HAIPUKIIA, aJIMA30I01i0HI BYTJICIEB] ILTIBKH).

Illo crocyeThcsi KOMIO3UINIMHAX MaTepialiB, TO HAWOUIBIINI MTOTHT
Ha HUX Hepea0avyaeThcsl B aBlaKOCMIUHIN rajly3i Ta TPaHCIOPTI. Yike 3apa3
50% neraneit cyyacHux JiTakiB Boeing i Airbus BUTOTOBJIEHO 3 KOMITIO3UTIB.
Enexktpomo0bini moTpeOyrOTh JIETKUX KOMIIO3HIIMHNX MaTepialmiB IS
30inpIIeHHs 3amacy xonay. KommnosutHa apMarypa i manemni y OyIiBHUIITBI
CTalOTh aJIbTEPHATHBOI CcTayli 1 OeroHy. B VYkpaiHi Bke 3aCTOCOBYIOTH
KOMITO3UTHY apMaTypy NpH OYJiBHHIITBI MOCTIB 1 JIopir. ¥ TepcreKTHBi
3pocTaTUME TIONMUT Ha KOMIIO3UTHI TEIUIOCTiKI OOOJOHKM B aTOMHIU
EHepreTulli. IMIUIaHTH, MPOTE3W, XipypriduHi IHCTPYMEHTH 3 KOMITIO3HTIB
Jermn 1 CyMicHImi 3 opraHi3MoM. Bjke akTHBHO JOCIHIKYETHCS
BUKOPUCTAaHHS OlOCyMiHMX KOMIIO3UTIB JUIi BUTOTOBJICHHS KiCTKOBHX
npote3iB 3D-apykom.
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