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IIEPEIMOBA

MeTtanypria € NPOBIIHOIO TaNy3sio npuuncnunncn Yxpamn AKa
HanpHKiHui XX cr. BupoGnde Maiixe HTF YacTHHY BCi€l poMucao-
BOI nponyxuu Mera.arypnﬁm KOMOIHATH i 3aBOXH eKCIIOPTYIOTh MeTa-
JYPrifiHy Mponyxuilo B obcarax, mo 3abesmevyoTs GIH3LKO TpeTMHU
' BAMIOTHHX HAIXOMKCHb A0 YKpamn

ExoHoMid9Hi o0CTaBHHHM OOMEXYIOTH eKCTeHCHBHMIl PO3BUTOK Me-
Tajyprii, TOMy 1 IEPCIIEKTHBOIO € BROCKOHANICHHA arperaris Ta TeXHOo-
JIOCi#, ¥ TOMY MHCII IUISXOM ONTHMi3ailii.

I'Ipnrpan.{a BUHIOT OCBiTH 3 MeTanyprii nepeﬂﬁaqae Y HOPMAaTHBHIil
JacTHHI npnq)ecmﬂu-npleﬂ'mnaﬂux AUCUMIVHH i Taky, ax “Moneno-
BAHHA Ta ONTHMIsaUiA TeXHOMOriYHKUX cucTeM”, Bepyun no ysarw Me-
TOZONOMYKY NOLLABEHICTE mﬂxpemaauu IMICTY OCBiTH 3 HaGmoKeR-

HjAM TOTO, IO BHBYAETHLCA, AO BiNITOBIANMX CHCHWIATLHOCTEH Ta Clle-

uianiaauiﬁ, BECh Marepiai nn,uinenn Ha YACTHHY, 110 MICTHTB 3ardibHi
MONCKEHHS 1 HaWyXWBaHIN Yy MeTANYPriiHMX CHCTeMax METONH
PO3B’S3aHH 3aBaHb HAa CTBOPEHHS MOIC/cH Ta ONTHMi3allilo, Ta Jac-
THHY, 1€ HABOAHTLCA 3aCTOCYBAHHA OCTAHHIX Y BIAMOBIAHMX MeTanyp-
FIAHMX CHCTEMax i OKpeMi xapam'epm ANA OCAKHX 3 HHX [TIXOmM IO
PO3B’A3aHHA UMX 3aBfaHb. TakW¥ MiIXIA He TUTBKH [MONIMUMTE 3a-
CBOEHHA MaTtepiany mif cnrnennﬂ ane " 3pobUTh KHHI'Y WIKAROIO A
(paxiBUiB, AKi ZOCHIITKYIOTh BiITOBIIHI rmpobiieMH.
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1. 3ATAJIBHI TITOJIOAKEHHS

1.1. Cucrema, 1i ckaan

CUCTEMOI0 HAIMBAETHCA CYKYIIHICTE CICMEHTIB, SKi nepebyBajTh y
BIAHOCHHAX Ta 38°A3KaX OOuH 3 oOHHM. BoHu OyRalOTh MaTepiannti Ta
abcrpaktui. [lepuii nmoAingOTECA HA CUCTEMH HEQPraHIYHO] MPHUPONH
TA HA XHUBI CHCTEMH. XiMI4YHI CMCTeMM, B TOMY YWCHi MeTanypriitii,
HanexaTh 0 NepIuHX, a MaH, AKi 3aAMaIOThCA LMMH CHCTeMaMK, —
A0 APYrHX. ADCTPakTHHMM CHCTeMaM#l € IOHSATTS, TITOTE3H, Teopii,
HAaYKOBI 3HaHHA.

CHcTeMa CKIANAETLCA 3 €AeMEHTIB, KOXEH 3 AKHMX CaMoCTiitHa i
YMOBHO HeNOAiNbHa oAWKHUNA. B MeranyprilfHHX mpollecax enemeHTA-
MW € MeTajll, UUIAK, OKptMi a3k, a TAKOXK OKPEMI YACTUHH arperary,
HaNpHKNan, ropH abo iwaxra AOMEHHOI Iiedi, NaNbHWK HATpiBaIbHOL
NeyYyi, BANKK IIPOKATHOrG CTAHY TOWO. MiX okpeMHUMH eneMeHTaMM
CHCTEMH ICHYE MarepialbHMi, eHeprerHuBuiz T1a iHdopMauwiibi
38’A3kM. Hanpuxian, Tenno nepelactscs Bik moaym's ta dyTepoBKH
HarpiBaibHOl [eY] O METANEROT 34roToBKH. MK MeTaNoM Ta [NAKOM
BiabyBa€ETECA NEPEHECEHHA PEYOBHH — KPEMHIK, Mapraduio, cipkw,
ocopy, a pepepc 0OEpTaHHA BANKIB TPOKATHOIO CTaHy 3RiHCHIO-
ETBCA 3aBIAKM IHQOPMAITAHOMY Ta €HEPreTHYHOMY 38°A3KY ¥ BHTAAMI
ENEKTPHYHOIO CTPYMY, 1O NOB’A3YE NYALT YOPaRIIHHA 3 BHKOHABYM-
MH MeEXaHizMaMU enekTponpupoaa. CyKyIHICTh elleMeHTis 1 3B’43KiB
YTBOPIOE CYKYIHICTh CHCTEMHU.

Oxpema YacTHHA eJIEMEHTIB, L0 MalOTh NeBHY UUICHICTE i uinec-
NPAMOBAHICTL | B3ACMOMIOTE MiX coBolo, Moxe Oyru BuaineHa y
$yHKilioHanbny nigckucreMy. Takolo €, Hanpuknaa, ¢dopma y iupapHii
CHCTEMI, 3arapToBYBAllbHE CEPEOBHUIC ¥ TEPMOOSpoBHIi Texnenorii
T4 1H. | :
Y meranyprifiHux cHcTeMax iCHYE NeBHa iepapxin (iznko-XiMiuHNX
edexrtin. Ha nepuwioMy piBHi — Lie B3aEMOOis MDK aTOMaMH, MOJEKY-
JaMHK, BUILHUMH palikaiaMmy, iOHAMK, KOMITIEKCAMH, KA BiNOYBAETDh-
CA ¥ CHCTEMI METaJl — ilAAK AOMEHHOTO, CrajennasuabHoro abo nu-
BapHOTO MpOuECiB, TOAYM’] HArpiBaALHOL TTedi ¥ FOMOTEHIAX TBEDEKX
thaszax merany 3a Horo npokarku, Tepmoobpobkiu abo cilikaHHs HO-
POIIKIB. |

Ha jgpyroMy piBHi B3aEMOfifn BiROYBAETBCS MiK OKPEMHMH MOje-
KyNAPHEMY TN00YNAMH | HEMETANIEBHMM BKAIOYEHHSAMM Ta DPIAKHM
MCTAJIOM, 3€PHAMM TEBEPIOro METany, MOAAMM NAIHRA T3 NOBIFPA 33
TOPIHHS TOWO.
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Ha 1peTbOMy piBHi pOSINARAIOTECH OKpeMi CTBOPEHHS: Kpaluii,
OyneOH, YaCTHHKNA MaTepiaiis i 1. iH. _
B obpobui Metanis THCKOM MeTa B3aralli MOXKE POITASAATHCH AK
\AeanizoBaHe cyuiabHe cepenoauule. B LbOMY BHMAZKY MaTeMaTHuHe
MOZRENIOBAHHA TIPOUECiB 0OpOOKM THCKOM BHKOHYIOTH 33 JOTIOMOTOK
MATeMATHYHOTO anapary Teopii MACTHYHOCTL. |

3 KOXHHMM piBHEM MacwTab npouecy, MO PO3MISINAETHCA, MOCTY-
NoBO 3POCTAE aK JO MAKPOPIBHA METANYPTiiHOTO arperary B UiIOMY.

CucreMy OYBAlOTH ONHOPIAHHMH, AKUO CKIANAIOTECS 3 OAHOIO
BUIY €JIEMEHTIB, B AKHX MPOTIKalOTh ONHAKOBI (i3MKO-XiMiuHi mepe-
TBOpeHHA, 800 HEORHOPIIMi, AKINO B e€EeMEHTAX, IO IX CKAANRIOTH,
BIIOYBAIOTHCA PisHi NpouecH.

3a 3acoboMm (yHKIiOHyBaHHA CHCTEMH TNOMIRAIOTLCH Ha Gelne-
pepBHi {(AeSKI BMIM TIPOKATKM), OGeanepepsHo-mepionwuHi (Ge3ne-
PEPBHMA LOMCHHKIY MPOLEC 3 NEPiOAMYHKM BHITYCKOM), HEepiONWdHi
(KOHBCKTOPHUIE Ta MAPTEHIBCHKHIt TIpOLECH, BHI'OTORNEHHS! BIIHBKH,
3arapTyBaHHA AeTani, NPECYBAHHA NOPOINKY B OKpEMY AeTAIR).

3a wacaiakaMi (YHKUIOHYBAHHA CHCTEMH MOXYTh GYTH 6Ge3Bix-
XOJHHMH, HKUO BCe, HIO BHPOOIAETLCH, BUKOPHCTOBYETECA, abo Ma-
JIOBIAXOAHAMH, AKNIO AKACH YACTHHA NPOAYKTY He BMKOPUCTOBYETHLCH,

CucreMaM NpMTaMaHHi nesHi BracTusocti. HamifiHics — pnacTi-
BICTb BUKOHYBATH ¢yHKiLii, L0 BUMaraloTecs1, 36epirac B uaci 3HaYeR-
HA BCTAHOBNEHKX [TOK23HKKIB. Be3BiakajHicTs — BRACTHBICTH 36epira-
T¥ NPaNe3NaTHICTL ¥ yaci. YylHicTh — BIACTHBICTE 3MIHIOBATH CBOI
NnapaMeTpd & 30BHIlUHIM smauMsoM. [HepellixomosaxvieHicTs —
BAACTVBICTD CTaN0 (BYHKHiOHYBATH B YMOBAX il BHYTPIIIHIX i 308-
HildHix nepemkon. Cranicth — 30epexXeHHs BNaCTHBOCTEHN, HIO BAMA-
FAlOTHCSH NICAS EBHUX RiOOYpIoYHX BILTHEBIB. -

Ko 306pasuTH CHCTEMY Yy BHIIALI NPAMOKYTHHKA (puc. 1.1), 10
BOHa MOXe XapaKTEpUIYBATHCH NEBHOIO KiNbKICTIO BXiDHMX, IO KOH-
TPOMOIOTECA (X;, X2, X3,...), 400 HE KOHTPOMIOIOTRCA (Z, Z), Z3,...), HIO
MOXYTb IMIHIOBATHCR 3a GaXaHHAM Ta BIUVIMBATH Ha NpPOLECH B CH-
creMi (u), Uz, Uj,...), TA BHXUIHKX, L0 KOHTPOAKIOTECA (¥, V3, Vi,...),
abo napaMmerpiB CHCTEMH.
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Bxinni mapaMeTpy u € TAKMMH, AKHMH MOXHA YIPapIATH, SKINO
BOHH BHMIDIOIOTECH, CTabLTi3yloThCA 860 ABTOMATHIHO 3MIHIOIOTECA 33
380aH0I0 NPOrpaMol0. TARKMMH € IpaHynoMeTpHdHHMA Ta XiMivynmi
CKJIaX INWXTH IIPH BHIUIABLE YaBYHY, CT&Ii Ta JHTBa, a60 NpH CrikaH-
Hi, reoMeTpHuHa $opMa Ta poiMipH 06’eMy MeTaly, Lo 06pobnscTeco
THCKOM 360 TepMIiYHO.

ITapaMeTpH CHCTEMHM X BUMIDIOIOTHCH, aji¢é BIUIMBATH HA HHX HE
MOXHA Ta BOHH HE 3A/1€XaTh Big peXuMy npouecy. TakMMH €, HalpH-
Kial, JedKi po3Mipid MeranyprilHux arperariB, mo 6ynu obpaHi cBoro
yacy | HA LeH MOMEHT He¢ MOXYTh Oyru aMiHeHi. X049 3a OaXaHHIM,
AKUIO 1le HeoOXiAHO, 3 YacoM IX MOXHA Oyle 3MIHHTH, ane NPOTArOM
HACTYITHOTO 3MifiCHEHHA MPollecY BOHH 3HOBY 3aRMIUATHRCH HE3MIHHH-
MH.

- AKINO mapaMerpM He JANeXaTh Bil PEXHMY IpOllecY, BOHH HAIH-~
BAIOTBCA 30BHILIHIMHA, 8 AKILNO 3a/I6XATH, — BHYTPILIHIMH.

- I1apaMeTpH MOAULDOTECA HA KOHCTPYKTHBHi, IO AKHMX HAMEXATh
NEOMETPHYHI XapaKTePHCTHKH KOHCTPYKUIM eAeMEHTIB cucremH, Ta
TeXHOJIOTi4YHI, TO06TO (iIHKO-XiMIYHI BEAMYHHM, AKI XapaKTEPH3IYIOTh
BIIACTHBOCT], MEXaHI3M Ta KIHETHKY MeTanypriitHux mpoirecis.

IcHy10Th TAKOX DapaMeTpH CTaHy, 10 SIKUX HajeXaThb KOHLCHTpa-
i, TEeMIIEPaTypa BHUTPATH PEYOBHHM Ta RIACTHBOCTEH, TakMx sk
B’SI3KICTh, TYCTHHA, MOBEPXHEBHH HATAT TOLIO.

Qisuko-ximMiyHi (TexHOMOTIYHI) ApoLecH, U0 BiAOYBAOTECA ¥ Me-
TANypriiiHik cﬂc'reui, MOXYTh 6)*111 crauinﬂapnuuu, SIKHIO TapaMeTpH
CHCTEMH HE 3MIiHIOIOThCHA B uaci, abo HBCTBIIIDHHPHHMH AKINO 3Mi-~
HoioTCA. [lepini asugafino nmﬁynalomn ¥ BIIKpHTHX CHCTEMaX, AKi
OOMIHIOIOTECA PEHOBHHOIO, €HEPFI® TAa IMITYIBCOM 3 HaBRKOMHIIHIM
CEPCHOBHILEM, SIK HANPHKASN, AOMEHHA ITiY, B fAKY 3aBAHTAKYETECSH
muMxra, abo GeanepeppHHMH NPOKATHHH CTaH, OO AKOMO HANXOAMTH
3aroTOBKa. Jio ApyrMx Hanexats NEpioAWMHI MpouecH, Koau oOMiH
peYOBHHOI0 3 HABKOJHIIHIM CepelOBMlLeM BixGyBaeThCs yepes NeBHi
MPOMIKKH 4Yacy. 3aBallKa LIMXTH A0 KOHBeprepa alo po3MiilleHHs Ae-
Tajli, [0 TepMOOOGPOONAETECA KO BiIMOBIZHOIO CepenoBHiia.

Bsarani cranjorapri npouecn B Aesikux oGcraBMHAX MOXYTH Bil-
Oysatucd ax HecrallioHapHi. Ile Gysae, KoMK 3MIHIOETECS PEXHM NPO-
uecy (#ioro npuckopeHHa abo ynoBiTbHeHHsT) abo HA cTagii foro 3a-
MycKy 9M 3yndHKH. Hampukian, y ZOMEHHOMY CTaLliOHAPHOMY Mpo-
Heci 3a 3MIHH BITPAT KMCHIO, AKMIl HApHCKOpioe nponec, abo 3a
ITYCKOM 9H 3YIIHHKOIO JOMEHHOI revdi.

Bignoeinso no Buay mpoileciB CHCTEMM, B SKHX BOHH RiIGyBaloTh-
¢sl, HaNeXarth A0 CTATHYHHX 200 DUHAMIYHUX.
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CyXyIIHiCTb BIUIMBiB, MO BiAGYBAIOTECH B NPOLECI IEPETPOPEHHA
BXiIHHX 3MiHHMX Y BHXitHi, cknagae Texsonorivmii oneparop. Bin,

AK NpaBHIo, € CYMePHOKILE,  TOOTO pe3yIbTAaTOM HAKHAIEHHN
LIMOT0 DALY €JIEMEHTAPHHX TeXHOJIOTITHHX OMNeEparTopiB XiMiTHOIO Ta
¢a30B0T0 NMEPETBOPEHHA, RWY3ilHOIO, KOHBEKTHBHONO i rypﬁynem—
HOIO MEPEHOCY PCHOBMHM Ta TCILIA, 3MilIAHHA, KoalecHeHuii i auc-
HepryBaHHA claaa Ta iH.

Y nporieci MoXe crocTepirarHca 36ypeHHs, ToOTO Taki 3MiHH CTa-
Hy npolecy, siKi HOTpeGyioTs [epepaxyHKy peXuMy 3RiliCHeHHS Tpo-
uecy. BoHu MOXyTh OyTH MUIABHHME Ta crpubkononiGauMu. Sxmo
nepion Mix 30ypeHHAMU Ty Ta 9a¢ BiNIIOBIRHOTO nepemnuru FIpone-
CY Tiep, WO BiROYBAETHCA BHACAINOK UBLOTO, CHIBBITHOCATHCH TAKHM
yHHOM, o T, << Tg, 10 pexdM NpoLECY MOXE POITNANATHCA 5K
cmﬁnnapnnﬁ aBMAKH, NP Ty >> Ty npoitec BIROYPAETHCH ¥ IH-
HAMIMHOMY PEXMi.

30ypeHHs CKNAJAIOTH IHYM HPOLECY. 3a BiICYTHOCTL 30ypeHs mpo-
IECH HASHBAIOTHCA NETEPMIHOBAHMMH, TOOTO TaKMMM, IO BU3HAYa-
oTeCA. Km0 30ypeHHS 3HAYHO BIJIMBAIOTH HAa PEXHM RPOLECY,
OCTAHHIA HA3MPACTLCA CTOXBCTHYHMM. Y JeTepMIiHOBAHMX Ipouecax
nmlnammnymemmmmmxrau,aym |
CTUYHHX — TAKOX i Bi mapamMeTpib Z. -

SAxictt GYHKUIOHYBAHHA MeTATYPriHHOI CHCTEMH BH3HAYAETHCH
cyxynnjm BIACTHBOCTEH, 10 XApaKTEPH3YIOTH TeXHiMHMM craH i
CTYIIiHb TIPHCTOCOBAHOCTI CHCTEMH 10 BHKOHaHHA MeTH dyHKIioHy-
BaHHSA, WO 3anacThed. Bona XAPaKTePHIYETHCA KpHTEpieM edexruB-
HOCTi, 33 AKHM OLUHKETLCA CTYNIHEL FPHCTOCYBAHHA CHCTEMM IO MO~
CTABNIEHOI METH.

Y cydacHiil Hayni CHCTEMM HOCHIIXYIOTBCS B MEXAX CHCTEMHOIO
MAXoMy, 1HO € HAPABIEHHAM METOAONOr HAYKOBOIO Mi3HAHHA i CO-
UiaJIsHO1 HpaKTHKH. B HOro ocHOBI JICXMTH PO3IIRRAHHS oﬁ’em AK
cHerem. Bin uplemye TOCHAIIXeHHA Ha poaxpm ninicHocTi ob’exTa
BHABICHHSA THNIB 3B'SI3KY Y HBOMY Ta 3BEACHHA iX B €AUHY 'mopemqny
KaptuHy. CHcTeMMud miaxin ofrpyHToBaHmit B3aeMO3B’ SKIKOM,
B33€EMOJICI0 Ta BIAEMOODYMOBJCHICTIO SBMIN TAa 06’eKTiB y cBiri Ta
cycninbersi. ToMy aBuma Ta 06’exkTH, 10 BHBYAOTHCA, POIIANAIOTECA
He TITBKM 4K camocTiftii cycremu, a ¥ 8K NigCHCTeMHU Aeskol Gimbii
BEJIMKOL CHCTEMHU.

BiaHocHO MeTanyprifiHMX cHcTeM CHCTeMHMIt Hizxin € MeTomono-
TiYHHM HANPaRICHHAM, TONOBHOIO METOIO AKOFO € po3pobKa 3araNbHOI
cmaTem a TaKkox chaopuanmunaum, abo espucTHYRMX, i op-
MaJII3OBAHKX Aiff KOMIUIEKCHOTO JOCTIEXEHHS TA CTBOPECHHSA CKAAKHHX
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