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113: 102 cTop., 26 Tabn., 19 puc., 48 jpxepena

MET& pﬂﬁ{}TH: BCTAHORHKTH MOBJIHBICTE 3ACTOCYEAHHA CKOHOMHOJIEIDBEAHHX
AAPOCTIAKUX cTateH 3aMiCTE CTamel 3 BMCOKWUM EMICTOM HIKEND.

B naniii poBoTi pe3rnagandch Taki TUTAHHA SK NPHYHHH BUIHKHEHHA KOPO3i,
MaTEAIH, K1 MaKOTh HIBULUIEHHY KAPOCTIHKICTE. BYJIH PO3MISHYT! MCTOLHKH
PO3PAXYHKY KApOCTIHKOCTI MeTame, MaTtepianamu 418 AOPIBHANLHHX OOCH1TKEHE
Byno obpano crani 12X18H10T, 08X 18T1, 08XBCK) Ty, 08xn, XH45H0, YUS 409D,
L[i MaTepianu BHOpOOYBATM Ha KOPOMHHY CTIAKKTE Ta XKapooTIHKICTL, Takox
MPOBOANITH MeTanorpadiutui Ta PeHTIEHOCIEKTPalbHHA aHanis.

AHani3 oTpHMaHHX pe3ybTaTiB CBIIMHTE NPO Te, 110 CKOHOMHEOETOBAHA CTAb
DEXECHITy 3bepirae apoctiRKICTh | He TTOCTYNAETheA 32 Heto c1an! 12X ]18HI0T no
temnepatyp 1200 °C, a cimasy XH45K) no temneparyp 1104 °C. Tlogateure
BIOCKOHAIEHHA CHCTCMH JCryBaHHA MOXE HAOATH MOKNABICTL BUKOPHCIOBYBATH
cTani hepHTHOrD KIACY 1 1PN SiNbIN BUCOKHMX TeMIepaTy pax. OUTHMICTHYHI NPOTHO3H
MMKHa BB ATH T[ITKOM KOPEKTHHMH, OCKINBKH BLIOMO NPO BETH4E3HUH NPaKTHYBA

JOCBIN BUKOpHCTAHHA Gexpanie (THmy X23H05) o Temnepatyp nepanky 1356 °C.

WAPOCTIMKICThE, CTAT, KOPO3L,  OKCHIIHI [TJIIBKH,
IIACHBALILS, OKAJIMHOCTIMKICTE, METOJUKA
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BCTYTI

EncMcuaTH $araThOox MalUHMH TA arperaTiB cy4acHol TEXHIKH B (polecl IX
exciyarami MiamalThed Ail pI3HHX ATPecHBRHUX CEpelOBWL, B PC3YNLTATI AKOL
RIJIGYBACTRCH TX cAMDAOBINEHE pyitHyBaHHA. Hallbilsi nommMpeHHMMH BHNAMHA TAKOL
jiT € BUcokoTeMitepatypae okucacuia (BTO) Ta atmociepra kopoesia.

B ymoBax pealbHOi eKcIUTyaTalil Matcpian BHpofIB, fKi Npalo0Th TP
BACOKHAX Temileparypax. KpiM il Tapavoro NOBITPS HacTo IMLIA0ThCA I IHIDHX
TEXIIUHHAX Tallk piiHOTO cKiany. 1le OpoIyKTH TOPIHHA TBEPAWX Ta PLOKKMX TIAJIHE,
3aXBCHI KORTPONLORaHi aTMocdepH, K BHKOPHCTOBYIOTE [IPH TepMivHii obpobul, Ta
iHini ra3000pazHi cepelOBUIIA, AK] BHKOPHCTORYIOTE B TEXHIILL

KoMILTekCHHA BILNTHE cepeloBHILA ab0 OKpeMux, HaHDILTLII aTPecHBHHX HOro
KOMIIOHEHTIB, BH3HAYSHOTE METOAH 3aXHCTY MeTanik Ta Cr1aBiB BiN pyHHYBaHHA NPH
BTC. OppuM i3 OCHOBHHX TAKHX MCTOOIR € JICIYBAHHY METAIE XIMIYHHMH
CNEeMCHTAMHY, K1 TILBUIUYIOTE iX KAPOCTIHKIC L.

3a7auelc pO3paxyHKy WApPOCTIHKOCT! MET@llB € BHIHAUEHHA KUIBKICHUX
XapaKTepHCTHK 1X kapoceTifkocTl. Ilpu nnomy JIOCHLIHAKIE WIKABHTE NEpI 2a Bee
XAPAKTEPHCTHKHY PIBHOMIPHOL KOpe3ii, cepey HUX HAHOIMBLILY LIKABICTh IS TEXHIKH
NpeACTARIAE 1IHTOMa BTpaTa MacH, abo rinbuea koposil MeTany 3a 3anaHMi Hac —
pecype eKCnyaTalil Makeyg abo arperaTy. IHQT BAXIWMBO TAKOK 3HATH LIBAOKICTE
KOposil MeTany. Buado, W0 Bif TOYHOCTI METO/iE pOIPaXyYHKY KapocTiAKoCT
MATCPIANLE B 3HAYHIH MIP) 3AIeKHTE NPAUE3JaTHICTE NIPOMHCI0BHAX YCTAHOBOK.

OTpuMadHa TOBONI  ONTHMICTHHHHX — PeIYIIhTATIE  IMOOO  [OKA3HHKIB
scapocTiiikecTi eran 08 XECKITy jjo3sonune pobMTH IPHITYIIEHHA TIPO MOKIHBICTS
BHKODHCT2HHA  JaHOrQ  MaTeplaly 1 1pH BINBLII  BUCOKMX  TeMIepaTypax
(1000-1300 °C}. Ha cwhoroani Taki BMpoDH RK HACAIKH PEAKTMEHHX ABHIYHIB
MITAIbHUX ALAPATIB BHIOTOBNAKTECA 13 KoMOiHOBaHAX DaraTollapeBHy MaTeplanib.
Pone wanosmiorauwa B HMX BHKOHYE€ CiTka 3 BOILppaMoBOro ApoTY, a 3aXHCHI

OO0JIOHKA BHTOTOBJIIOTBCA 3 IHCTOBOIO MaTeplany Mapxd XH45K). 3amzo-



"Hixenerni cniap XH45K) € roctpoae i UHTHHM, 4€pe? 311a4HHA BMICT HIKEN0, TOMY
AMIHA LBOI'O MATCPIALY Ad cKOHOMIETORAHY MapKy 08X ECHOTH ¢ jiyxke akTyLie M,
IlpﬁKTH"IHD BarroMHAM LIMTaNaM.

B 3r’atky 3 (MM AHOMOMHE podota mae BefIMKe 3HAMEHHSH, OCKLUTBKH Hagae
MOMIIHBICTE  320MIAMKEHHS KOWTIB 23 PaxyHoK exoHoMil BlY 3aMiEM  cTal]

12X18H10T na O8XBCHITy npy sbepeskennl TAX Xe NOKA3HHKIB XKApOCTIAKOCTI.



I AHAJITTHYHKWMHA OT 1151)1

EnemeHTH DaraThOX Ma)MHE TAa ATPEraTIB CYYACHO) TEXHIKM B TIpoUec 1X
eKCIyaTamii NianawoThed 1l Pi3HHX arpecMBHHX Cepe/IORHIL, B PC3YJIBTaTI AKOI
BiubyBacTeCA iX CAMOJORINBHE PyHHYRaHAR. HaRbInsLI NOMIHPEHMMY BHAAMY TAKOT
il € BucoxoTEMIEpaTypHe okUcacHAA (BTO) Ta atmochepira kopozis.

[Tpouce BACOKOTEMIIEPATY PHOLO OKHUCTEHHS MeTATY — RH[ XiMiuKol kopoal], Le
53a€MOIA METANY 3 OKHCMIOBANBHHM TA30BYM CEPE/OBUILEM BH3HAYCHOIO CKNARY
(200 KOMITOHSHTOM FA30BOT0 CEPEI0BMILA) 32 YMOBH BI;ICYTHOCTI Ka NOBEPXHI METANY
naiskd Boorn. Yacto nefi pisHOBHI KOpo3il FAa3ABAKTE TA30B0KD KOPO3ICK, 3/TATHICTE
meTany mpoTHeTeaTH BTO nasusaroTe kapocTiHkicTa [4].

g arMochecpHOKY KOPO3SIEH MCTAIBR PO3YMIKOThH 1X  PYHHYBAaHHH, HKe
BIAGYBACTECA DN RIHBOM  eCKTPOXIMIMHOT 011 30BHILIMBOCO CEPeOOBHILA,
I"0n0B8HOW BIAMIHMICTIO ULOMO BHIY KOPO31 € Te, 10 NPOBIAHAM CepeoBHILEM,
HeoOXLAHNM IS MPOTIK2IIHA NPOLECY, € TOHK] WAapH eNCcKTPONITIE, AK1 BAHHK2IOTD B

aTmocdepi 1a OCalKYHTBCH HA OBEPXHI METATY [3].

[.1 MexaHirMH RUCOKOTEMIERATYPHOID okHeIeHHs (BT0O)

B ymoBax peantcuol ekcnayatauli mateplal BHpobih, AKXl DpalioloTe 1pH
BUCOKHX TeMIlepaTypaX, ¥piM Z2ii 1apAyoro UCEITPA HacTO MATAKTECA J17 1HLIMX
TEXHIYHKX ra3ie pisHoro ckaajiy. Lle npoaykri ropiuns Teepaux Ta piakuX Nanue,
3aXHCHI KOHTPO.IL0BaN] aTMOC(EpH, AKI BHKOPUCTOBYIOTE NPH TepMI4Hii obpobul, Ta
inun razoebpa’ii cepeloORHIN, 9K BHKOPHCTORYIOTE B TEXHIN,

KomniekcHYiA EIUIME cepenoBMilla a0 OKpeMHX, HAaHOUILLI arpecHBHHX HOIo

KOMIIOHEHTIB, BH3HAYAI0Th METO/IH 3aXHCTY METANE Ta CINABIB B PYHHYBaHHA mpuy

0 e ——
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BTO. OauuMm 13 OCHOBHMX Takux MeTQjIR € IeTYRAHHA METATIR XIMITHHMH

¢NeMeHTAMH, AKI NIIBHLUIYIOTE X AKAPOCTIHKICTE,

1.1.1 Bnang neryBaiubHHX €leMEHTIE Ha NpOLecH YTBODEHMH KapOCTIHKWX

OKCHIHHX NNIBOK

B axocTi eneMeHTiB, AKI NJIBMOLYIOTE CTIHKICTE 10 BTO cnnarig Ha OCHORI
341933 BIIOMI XPOM, aMiOMIHIA, KpeMiill. XpoM, aTioMiHii Ta KpeMHilA MaoTs BineLy
COOPIAHEHICTE 10 KHCHID, HIXK 34Ti30. L[ eneMeHTH vTBOPIOWTL Ha NMOBEPXHI CTAN
3AXMCHY IIMIBKY, AKa CKIAJAETHCH 31X OKCHIIB.

OJIHMM 13 eNeMeHTIR, AKWH CYTTCED IHJIBHILYE mapncTii‘{KicTL CTalli, € XPOM.
Brcoka xapocTiHKICTE XpOMOMICTKMX cTalled Ta cILIapiB 00YMOBIEHA YTBOPEHHAM Ha
X IIOREPXH] JYEE MULHOT TYTONIABKOT MNMBKH, AKa CKI&JRETLCA 13 OKCHAY XPOMYy
(Cr;03) abo i3 CRIAJHHY OKCHIIB NIMIHENBEHOTO THOY. B 3ami30XpoMHACTHX cn1asax
YHCTHI OKCHJl XPOMY YTBODEOCTRCS TIMBKW TIpH [TyKe BHUCOKHX BMICTAX XpOMY,
opHKy 30 % 1a sunze. [Jel okeua C1IRKKME B 1UMPOKOMY LHTEPBAN] N0IHTHBHUX 1a
BLA€MHUX TeMIepaTyp [IPH PITHUX TOBLIMHAX TULBKU, No0Ope 3 eA1aHuH 3 MaTpHLEIC
TA MA€ BHCOK] 3axuchi Baactupocti [7]. [lpn meduni konuencpalil Xpomy B cKiIaii
CTAABIR iX BHCOKA KAPOCTIAKICTL 0OYMOBIEHa YTBOPEHHAM Ha NMOBEPXH! OKCHIIB
unnHessHere THY (Fe(Q-Cry(03) 3 HacTyluHor TpaHcdopmalllerd NpH TeMmIepaTtypl
500 °C, FeO g FeaOa B s’ a3ky 3 thm, mo FeaGs ta Cra)s marors Suin3eki napametpu
TPATKH Ta |AeHTHYNICTE GopMynu THmy Mea()s, To npunyckaloTs, mo Fe:O; 1a CrOs
npH BTO yTBOPHOWOTE TBepAHA po3ddE [8]. XpoM pO3NCIUIAETECE ¥ BHY TPIILIHEOMY
T3 30BHIIIHBOMY LIAPAX 3aXHCHOT MMEKH HeoMHakoBo. Lle 3ane:xuTs B0 TeMOepaTypu
Ta BMICTY XPOMY B CKN&Jl CTall. FK OpaBuIIo, BMICT XpOMY B NNIBLI 3011binyETbCH
IPH NIBMIIEHHI TEMIEpaTypH Ta 30L1bmeHH] Hacy ekcnoduiil. Bnmne xpomy cTac
IIOMITHAM, NOYKEAKGH 3 BMICTY Bina 5 %. Ctani 3 5 % xpoMy MarTh JOoOpHH onip

OKHCIEIME NpH TeMueparypax 600 — 650 °C. 3 inasHIICIIIAM BMICTY XpoMy 20 10 —
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15 % cTIHKICTL 0 OKUCReHHs naeuuyersen 10 800 — 900 °C. [Ipn MicT1 xpoMmy 20
— 22 % ¢1imag crac NOBHICTIO ¢TIHKAM 20 BTO 70 1000 — 1100 °C {puc. 1.1} [9].
Omnip razosifi KOpo3ii XpOMHCTHX CTAICHA 3HAYHO DINEUIYETHCA NPW BREJICHL B

Tx CKNa{ TAKHX NeTyIOUMX eNeMeHTIB 4K aTOMIHIE Ta KpeMHiA,
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BuicT xpowy, %
Pucynox 1.1 — Brauve xpoMy Ha OKaNMHOCTIRKICTE cTali NpH  pisHMX

TeMIIEPATYPax T4 TPHBAIOCT! BRNIpODYBadL Ha NOBITPI

AMOMIHIE € HafDL/Ib1I ePeKTHRACHO NPACAIKDID, AKA NIJIBHLLYE KaPOCTIHKICTh
320133 TA 3AMIOXPOMUCTHX c1iMaBik. J101aBaHHA aMOMIHI0 B 3aTi30 [IPUBOJAHTE JO
VTEOPCHHA Ha NMOBEPXH] COMABY CTIHKO! 3aXMCHON NAIBKH, SKa NPH BCIHKEX BMICTAX
ANIOMIHIIG CKIANACTECA LepeBaXHo 13 oxeHny AlDs [10] [lpH emicti 7 — 8 %
ANMOMIHIK B 340131 crindae HabyBsae Taky X wapoCTiHKICTE, K 1 HIXpOM. Alte, MoABIHHI
CIIIABH 30138 3 WIIOMIITIEM, 13-34 BHCOKO] KPMXKOCTI, B TEXHIIl MpakTHYHO He
BHKOpUCTOBYHOTheA, LHIHpoKe BHKOpHMCTaHHA OIPHMANH 3T30XPOMHCT CcTall Ta
CTINABH 3 HEBCAWKHMH {mo 5 % mac.) aobaskamu aMHOMIHIK B AKOCTI NECYHHOro
e;leMenTa. JIpy ULOMY, YAM BHINE BMICT XpOMY B 3aii3], THM MEeHIE HeoOX1IOHO
AMOMIHIID Ta, HABIIAKH, YK BHIOHA BMICT aMIOMIRID, THM MeHINe HeODXIIHO XpoMy
AR pocAardeHss riel ® okapocridkocni [11]. Bioime anominie Ha KapocriEKIcTE

3AM30XPOMUCTONC CILIARY 110KA3AHO Ha pue. 1.2,
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BsicT aTroMiHiG. ¥

Pucyuox 1.2 BnaMe aioMinilo Ha KapoCTiAKICTE 2a71130XpOMHCTOrO CIUIARY,

IPH BMIcTI XpoMy 6 %. Excuosnins 24 roguuk 800 °C na nosiTpi

Bituuzuan Ta 2akopdonni aocniaHeke [12, 13] metansHO BHBYATH IpoLec
OKHCIICHHA — 3ali30XPOMOATIOMIHIHOBHX  cmnaei.  BeTadoRneHos, U0 OpH
TeMiepatypaX BaKuzpko 700 “C OKMCTIGHTECA Yol TPM KOMIOHEHTa CIUIABY, 3
YTBOPEHHAM HA [IORPEPXH] METATY TBCPIHX PO3YHMHIR OKCHIIR WIMIHENEHOMD THRY FeO
(Cr,Al):O5. npy BMCOKHX TeMNEpaTypax, BHACHOAOK BCAMKO! XIMIMHOT dKTHBHOCTI
ANHMLHIIO, BIADYBAETLCH DinblI CKIAAHKA NPOLLC, DK SKOMY METANCBHH antOMIH1HA
MOXKE BPOABIATH CBOIO BLIEOBAKBANLHY 3aTHICTL N0 BLTIONICHHED /10 OKCHAIB 3an13a
Ta XpOMY. 3 IPOTIKAHHAM 3aralbHOBIIOMHX ATIOMOTEPMITHUX peakuif. ile npHBOIHTE
A0 3DarayeHHn OKCHIHHX IIMIBOK DKCHAAMM 2THIMIHIQ TAa 3MCHLIERHA HOrD BMICTY B
MATPHII.

[Ipucanka kpeMHIKO 10 3a1130XPOMHACTHX cTafdcH di€ HeKulbKa CBOepinHo [8,
14]. ¥ TBOpEHHA 3aXHCHUX OKHCHHX MNIBOK BLAOYBAETLCA B IHTEpBaT! TeMneparyp 700
— 900 °C. Ha noyaTxy npolecy KpeMHIH Ta XpoM DKMCTIOITBECY OJHOYACHO 3
yreapeHHam  mnuiHedi FeO-Cr0s, Si0; ta cuinkaris, a norim  Biabysaerbhes
NOTOBIICHHA 3aXHCHOID LIAPY, BHACALIOK CNIKAHHS OKCHIIB KPEMHIIO TA CHIIKATIB.
BIUIME KDEMHIO Ha XapOCTIHKICTR CTaNl 3 PI3HMM BMICTOM XpOMY NPOLICCTPORaHO

na puc. 1.3
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Buicr xposy, Yo

——eemee — 0,5-1 % kpemuIlo;  — 223 % xpemnio.
Pucyiiok 1.3 — BOUHB KPCMHIKD HA KapoCTIHKICTE CTAIEH 3 PISHHM BMICTOM

XpoMy

33 Cy4yACHMM MIPKYBAHHAM BHEIEHHN B XPOMHCTY CTallh, B HeBENMKHX
KLIBKOCTAX, PiAKO3EMENsHUX MeTAIIB TAKOX NLABWILYC 1 KapocTiHKicTs [15-17]. LI
CIACMOEHTH 3ABAdAH T HHCT}"HHUI'G BIIJIHH}':

- IePelUKOAXKAKUM Koaryaaull KapOlalE npy TPHBaINX HArPIBAHHAX, CIIPUAKTE
0epeKeHHIC PIBHOMIPBOTO POINn/ILTY NeryiouHX eNeMenTiB B XIMIYHOMY CKNamy,

- MaKuUH BeIHKHH ATOMHHH pajiye, Ui eNeMenNTH pO3TALIOBYIOTECH HA MPaHHIII
Ilﬂlliﬂ}" OEKCHI CROBRR, 1UPH 11bOMY BCOHH 33l05BHHOHTE NOpH Ta TONERCIAYHTh
YTBOPEHHA NIOJIOCTEH;

- HOKPAILYIOTE INMACTHYUHICTE AK CaMOl TITIBKY, Tak i MLITOAKKH.

B cyvyacm# MeTaIyprli QepHTHHX cTaned B axocT Takoi nobaskyl Halibinblue

LIGIIMPEHHN orpuMab Nepiit [18].
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1.1.2 Tlpuponaa Ta BIACTHROCT] 3aXHCHHUX KapocTiitkux maisok npu BTO

B 3aranLioMy BHrAAal B3AEMOIIH [a3IB, W0 OKHCIHOIOTE, 3 YHCTOK NMOREPXHED
ME!TEI.J'IiE MOWHA HPEHCTHHHTH AK MPOILCC, FKHH ﬂpDTi Kae B ]T!‘r}’] CTHIH:

- ancopdUia MONEKYN rasy, Io OKUCILIOEL;

- HYKIICAU1A, TOOTO YTBOPSHHA 3aPOAKLE I1BKH;

- PICT CYLINBKC] OKCHOHOT NINIBKH.

Ha cramii agcopbuii TpPHAHATe pO3PIZHATH  BI3MHHY AZCOpPOLIK Ta
xemocopbuit. Ilpu ¢izwuniid aacopbinil rasd yTpAMYIOTBECA Ha OOBEPXHI MeTamy
Baracp-BaanbcornMH cHTaMi, a npu xeMocopbwii ancopboba Monckynn abo atomu
BCTYMAKITE B XIMIYHWH 3B 30K 3 TTOBEPXHEBHM 11apOM METATY. [aKHM YHHOM, TTpoLec
XeMocopOUll 3aKnY2CTheA B TIEPeHeCeHH] eneKkTporIE. TIpH OKNCTenHl, HanmpHK1aa,
3351138, OCKINIBKHE MBHIKICTE TUQY3IL 10HIE MeTany OiNblIa, HIX IWBHIKICTE AHGY Il
10HIB Tazy, 110 OKHCITIOC, DKUCIEHHA NPOTIKAC 33 PAXYHOK AHDVIIT 10H1B MeTany y 01K
nopepxHi. Cnla BIAMITHTH, WO Ipouec xemocopbuii Mae Micue MOpM BHCOKHX
Temnoepatypax. Baxamsa ocoBIUBICTE 1BOI0 NOYATKOROIO CTaNY YTBORCHHA OKCHIY
CKIANACTRCH B TOMY, LIO OKpEeMl HOM0 3apofKH POITALUOBYIOTLCA HA MOBEPXHI
HCBMOPAIKOEAH0. Micld iX 3apomKcHiEA YABIAIOTE 3 cofc 11eNOCKOHAIOCTI oRepX]
merany abo jomimkosi aromu [19, 20]. 3riuHo mipxyeads baymepa [21], ocTpipku
OKCHIIB Ha NOYAaTKOBHX CTAOIAX YABIAIOTE 3 ¢c0c LUMIIHADHYHI THCKH BACOTOK) B
OJMH MOHOMOIEKYIApHHHA map. [Noganeuin iX picT 2alexuTs Big paay (akropis —
TEMLIEPATYPH, NApLUIANEHOrO THCKY I'a3y, 110 OKHCIIOE, CTPYKTYPH METally, KUIBKOCT!
nopepx4esux AethexTis. KonW 3axX1Ccna NuiBka NORHICTIO TOKPHBAE MOBEPXHKID METANY,
TO IUBHIOKICTh peaKilil OKHCIEeHHs BHIHAYAETLCA IEPEHECEHHAM ETEKTPORIB ab0 ICHIB
kpize 1niBky. [lpw BucOXuMx Temneparypax UeH nOpoiec nos'E3adH 23 aady3ieo
pCarcHTiB, AKa OO0VMOBICHA 1AABHICTI0 IpPajl€HTa XIMIMHOIO NOTEHUIANY 34
TOBUIHHOK TNIBKH, AKHA ITIIHO MeXaHI3My Barrmepa npueoge o nmapaboiiyHOro

oxucnenns. lIpy uM3bkUX TeMmOepaTypax 28 MOACHeHHA XapaxkTepy peakuil
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BPAXQBYIOTECA II¢ H cNEKTPHYHE MI0Te 3a TOBWMHOK NIIBKH 4bo IPOCTOpoB 3apain
B HIH |22].

Teopin Morra ta Kabbpepn [23] upnnyckac, uio aToMe razy, WO OKHCIOE,
ancopOyIOTRCS Ha MOBEPXH] DKCHAHOL NNIBKH, a EISKIPOHY, 33BIAKH , TYHEIRHOMY
ediekTy” MOKYTE LIBAOKO NPOXOAWTA KPIZk NABKY, BHACALAOK SOTO BCTAHOBMIOCTECA
PIBHOBara MDK MCTAIOM T4 afcopboBaHHM OKHCHMKOM. Iled npouec yTBope
eNeKTPHYHE NoNe, AKa NOJCTLIYE 1ICPEHECEHHA 10HIB Kpisb naisky. [Ipuuycraerec,
L0 [EPEeHECEHHA 10HIB MeTay Ha TOBERXHK NOIITY METan—OKChI € (akTOpOM, AKHA
BH3HAYAe IWBHIKICTE OKHCIeHHA. Tpeba npuamyckatd, mo Mojgens MoTtTa Ta
KaGOpepH. fixa ouncye Takuit MexaHisM pocTy, AlcHa TIUIBKH TIpH TOBIIMHI NIIBKH
metnie 2,0 HM. [e MakcHMankIa TOBNIMHA, TPK SK1H 38BANKH ,, TYHEAbHOMY ehekTy
Kpish (LIBKY TPOX0Je MOCTATHA KUTRKICTD EAEKTPOHIE.

[chyioTe i iU Teopil, 3TIAHO OAHIET i3 HMX, gKa Oyna pospobiacia Xayde |24],
KOHIIeHTpauis fedexTE B cepeiddHl oKeuiHO! NMIiBKH TIOCTiHHA Ta 1WBHIKICTH
OKACTEHHA BU3HAYACTRECA TIBKH KUILKICTK) 10HIE OKWCHMKA, SKHHA NMPOXOAHTL Kpisb
MN:IiBKY.

Jns 3abesneueriia BUCOKOT XKapocTiHKoCTI Heobx1AHo, 1100 B 3aXWCHIH 1LMIRLI
He YIBOPIOEAIHMCh TPIIUHHA T3 BIIIUADYBAHHL, A CaMa ILIIBK4 LUUIBHO BKPHEANA
NOBEPXHIO MCTany. B CBow depry, Ha 34eNNeHHA MNIIBKH BIUVIMBAKTE HACTYNHI
(paxToOpu:

- Audy3ia ioHiE MeTaTy abo 10HIB OKHCHHKA NMOBHHEA NPOTIKATH NOELIBHD;

- OKCHIHE TUTIBKA 1IOBHHHA MATH NEBHY TLTACTHYHICTE 418 TOro, med npH
RTHHAHHI Ta KPYTIHH] MATPHI HEC BHHMKAIM TPIILIMHM;

- SKIMO TPIHAM Ta BLIIAPYRAHHE YTBOPKIOTLCS, TO TIORMHHA YTBOPHOBATHCE

HOBa NIIBKA 3 TAKHMH ¥ 3aXHCHUME BINACTHROCTAMM.



1.2 VaBaecuun npo Mexanism nacheaull

TlacHeHICTE MEFANY BHIHAYAETHCH AK CTAH ULABHIIEHOT KOPOZIHHOY CTIAKOCT B
YMOBAX, KOIIH 3 TEPMOAHIAMIYHOT TOYKH I0PY BIH LLIKOM pLakulMHo3aaTHHA.

Ha#binei nowMperHi Teopil NOB A3Y10Th IIACHEHHA CTAH XPOMHCTHX CTalleH 3
ABMIMAMHM, $KI BLUOYBAIOTBCR Hd NOBCPXHL MeTany. B OCHOBL UMX ABMIL JICHEMTH
nmB4acTHi  abe  agcopbmiHMA  MCXaNI13M  TanbMYyBaHHA AHOJHOMD IPOUCCY.
lNmiByacta Teopls 3nakmna nadbinelne BiaoOpakedHs B poborax "B Aximosa,
T1.10.lankora, H J.Tomamora, ¥ .P.Iisanca [25-28). 3rinno wiel Teepii KoposifiHa
CTIUKICTE TNORCHIOETHCA YTBOPEHHAM HA [IDBEPXHI TOALNY A¥KE TOHKOI 3aXHCHOL
IINIBKH, SKY 11€ MOXHA [10DAYMTH, B PEIYNLTAT] BIACMOAI] KMCHKIO HABKOIHIUNLOTO
CCPCOORMINA : NMOBEPXHEK METAny, [IPH ULOMY TOTEHLIATT METANy 2CYRACTHCH B
BINLIIAA GIK.

Jpyra Teopia nacHBHOrD <CTaHy METany, HUKA DO3IBHBACTECA B TPyaax
A H.dpywmrina, b.ilKatGanora, 1.J1.Pozendensaa [29-31], nor’szana 2 ancopluieto
ATOMIB KHCHI0 [OBEpXHeH MeTany, fAKa VYCKIajHiC AHOOHME mpollec Horo
POHHHENNS.

OcTaHHiM 9acoM 1l 1Bl Tcopli Oynn of’edmnanni B enMiry ancopbuiibo-
nniByacTy Teopilo. /loBeeHo, Mo ¥ PRAL BUIAMKIE 110MITHE IAlEMYBAHHA BHOIHOIO
NPOLECY MOEE BUHMKHYTH BXe npy  ancopbiil  Ha noBepxHi  MeTany
MOHOMONCKYIAPHOIC Wapy KHcHIO. Lle nosicHIoeThes pi3koo 3MIHOIO NOTEHUIally B
nofeiHHOMY L0api (110 061nAea OoKy haz0r0T IPanHLl), AKE YCKNAAHIOE NPOXOIKEHHN
KP13k 11LOTO 10HIE 300 G10XYBAHNS DKPEMEX AKTUBHUX LEHTPIE NOBEPXHL.

B Suswmocri BUANAIKIB  [IPUMIYCKAETBCA — HAABHICTE CYLLNBHHX
MOHOMOUEKYJUHDHUX  aD0  IIOUNMONEKYUAPHAX  aacopOulAanx  wapls  Oyab-sakkx
3 eAHAHD (MACTIIIC XeMOCOPOLIHHNX LIAPIE KUCHIO) 3 YTBOPCHIHAM OKCHIHHX TUILBOK.
[TacMBHICTE TAKOTD XapakTepy CMOCTEPITACTECA HA XPOMI, HEIPWKaBIOUuHX CTamdax,

33131, Je TosmuNa abcopbuiiHKx nacHBHUX MAIBoOK cknanae 1,0 — 5.0 umM.
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[Npn s6inbuieHH] aHOOHOCO HOTCLUJAMY [ePRUHHKA XemocopOuiHHui wap
KHCHIQ MOKC NOTOBUIYEATHCL. SIKNO BIH TTOBHICTIO 20epir MINEHICTE, TO HOI'0 3aXHCH]
KIACTHEDCT], TOOTO rankMyBAHHS AHOHOTD NpOoLUECY, Oy Ay Th MABHLLYBATHCH, TaKoXk
MWAPH ¢ TePeXiZiMME BT YMCTO aNcopduifinmux 1o GaloBHX T4 MOXKYTh CHIATH
TosuwEy 5,0 — 1000 uM. o6 pigpiziaTy 1X Bl XeMOocopOIIHHEX 1apie 3 011010
60Ky Ta Gaz0BHX 3 IHILOTO A0ULIEHO Ha3UBaTH Ix Dap’epunmy. BoHy MatoTs aMopdHy
a0 HEeABHY KPUCTATIMHY CTPYKTYPY, AK2 3HAXOOWTRCA B ICKOTPIH Opl€HTaIlARIH
BLANOBLAHOCTI 31 CTPYKTY PO HIMKYSPOITaRIOBAHHEX MapiE MCTATY.

l'aneMyBaHHA AHOAHOMO [polecy XeMocopbuifuoio abo Gap epHOIO TUNBKOKO
3aKTHOYAcTHCA HE B MOKPHBAKOYINA 1T, AK e paHille NpHAyckanocd, a mae 0insw
CKIANHHA eieKTPOXIMITHAR abo HaliBNpOBITHHKORWA XapakTep. CNl/1 POIPIZHATH
AB4 THIIM AHOJIHKX LIPOLECIB Ha NacHBHIH MOEepXIl MeTany:

- @HOMJH] NPOUECH, OpH AKX TIepeHeccHHA 3ap4aaiB kpizk ancopbnifinmd
NACHBYKOYHH 113p 3HCHIOETLCA TIILKH PYXOM CACKTPOIIB NPWM  Maike 1OBHIA
BIACY THOCTI ITepeHeceHHA 3aPANIR 10HaMH;

- AHOJHI TPOUECH, IIPH AKKMX YTROPHIETBEH MEHIL JOCKOHANA MTACHBHA NTRKA,
SKA MAE€ KPiM 1eKTPOHHOL, MOMITHY 10HHY IPOB1IHICTD.

Po3urHerns MeTany B DacHBHOMY CTAHI BHIHAUACTLCA B [IEPLWY YEPry IIPAMHAM
NEPEXOAOM KaTIOHIB METany i3 KpueTanianoi rparku 8 posyus (Me — Me' +e7), TobT0
2HOJHOK i0HIZalIeIo MeTally Kpiibh macHeHy nnieky. IloToBuienna nacnenol 11nisku
HOB'A3aHO 3 YTBOPEeHHAM 3 €iHadb Metraly 3 loHoM (Me + A, — MeA, + ¢€).
3 enpaHEs A, MOKE OYTH CKIAQHAM KOMILIEKCHMM 3 €UHAHHAM abo OKCHAOM.
[ToToBIMIEHHA TACHRHOL IU1IBKM Bejle JJo 3THMKEeNHs UWIBWOKOCT] i1 POCTY Ta WBHIKOCTI
POIUMHEHHN MeTaTy a TACHBHOMY CTaHi. K0 HAa OKCUAHY IIBKY HemMac XIMIYHOT 1T
I He BiOOyBacThCA 1I MCXEHIYHE pyHHYBaHHA, TO picT 1T 3a3BHMall ranbMyeThea.
[anbMyraHHg TLOTO NPOLECY 2ANEKHTH Bljl BENWUMHH 10HHO] MPOBIAHOCTI TaCHBHOT
uriekd. YAM BOoHa MeHlle, THM CHMTbHiIIe TafkMYBAHHA, 1 THM I[PM MeHHIHX
TPAIIHYHWX TOBIUHHAN HACTAE 110BHA NACHUBHICTL Ta NPHIKHEHHS pocTy Gap’epHol
110iBKH. []pH XiMIYHOMY POIUHHCHHI 30BHIIHBOT IOBEPXHL TIACHBHOT [IMIBKH MOXE

BCTAHOBMTUCH PIBHDBAIA MIiK T[IPOLECOM XIMIYHOTO POIYHHEHHA Ta AHONHHM
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npotecoM 11 pocty {32]. Ane, B 1{hOMY BHIANKY, 3TIANO CYHACHUM TeopiaM [33-33],
NOPAI T AHOJIHHM MPOLecoM XIMIMILOTO PORUHHEHHS [L1iBKa 30CpIracTees 1 aHONHM
NPOLCS TIPAMOND EPEXOAY 10HIE MeTally B po3ynH. CHIBRITHOIIEHAS IURBRIIKOCTEH
OPAMOTO TePexoiy I0HIB MeTany B PO3MHA T4 Kpith HACTYTIHE XIMIYIIe pOo2YHHEHHN
AHOAOYTROPIOBANEHOMO OKHC/IA MOWKE CHIRHO IMIHIOBATHCEL B 3aNeKHOCTI Bifl YMOB
KOPO3LIRAOTO NPOLCCY T NPHPQIH METATY, 1O PO3TNATACTLCA,

TakuM 4MHOM, B 331CKHOCT] BLT THIY METANY T2 BMAY CCPEAVBMLIA, HACHBAIlIA
wMoKe OvTH BEKIHKaHA AK aIcopCllicky KHCHIO Ha OKPeMHMX TOouKaxX NOoBepxHi (abo
YTBOPEHHAM CYLIMBHHX MOHO- ab0 110A1XeMocopbOBaHNK WapiB KHCIO), Tak 1

38XHCHAMA Dap’epHHMH apami.

1.3 OCHORE] MapKK XPOMHCTHX CTa1eH, 110 BUKOPHCTOBYHOTECA B YyMoBax BTO

Ta aTMOChepHHX YMOBAX

BiTuninana MeTalypridda NPOMHC/IOBICT, BHKOPUCTORYE [IHPOKWH CNEKTp
HCPHTIHX KOPORHHOCTIHKHX cTranel, Akl 3a0e3NedyioTh TeXHIYHI BMMOTH PI3HHX
ranyze# MawmHoOy IyEaHHA. j]0 OCHORHHX 17 HHX HanexkaTs ctan 08X 1871, 04X 17T,
15X25T, X25, 06X 184. Bmict xpoMy kB UEX cTalgX He Hxde 13 % [36-39].

PEepUTH! XPOMHCTI CTATI MaKOTE BHCOKY KOPOIIHHY CTIHKICTE B PI3HMX Ia30BHX
TAa PLAKHX CepenoBUIIAX: KUCHI OBITPA, MPOIYKIaX TOPIHIA PIIHEX IMANME, a30THIHA
KMCAOOTI, BOJIHMX posduuax amiaky Ta iHm. Koposiiina ¢TifikicTs npx craneit
OIABHNLYETLES 31 30INLLIBHAAM EMICTY XPOMY T4 3MEHILEHHAM BMICTY BYITIELKD Ta
a30TY.

B sakopnoHHif NpakTHLL po3pofileHi ¢Tani 3 HH3LKMM CYM3PHHMM BMICTOM
BY[ICUEO T a30Ty (0,025 — 0,035 %), nonaTxoBo AeTOBUHI KPEMHIEM T2 THTaHOM THITY
AJST — 316, YUS ~ 409D, DIN WNR 4512, mo A03801HN0 CYTIEBO 3HHIHTH BMICT
xpomy a0 10 — 12 %, upwr 30epekedH] piBHA KapOCTIAKHX Ta KOPOIHHOCTIHKHX

BJACTHROCTEHA [2, 3].
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1.4 XapakrepHCTHKH XKAPOCTIHKOCT] MeTarleBUX MaTCPIANB

[Ipouec oxucnerHA ¢ Kpai uedamanmm 18 TEXHIKH, TaK AK MOWe BUKIIHKATH
IHIGKEHHEA IPale3naTHOCTL {a & TeAKUX BANAAKaX | ABApH ) MalllMH Ta arperatik, J'oMy
B TPAKTHYHMX UiNAX IIOBHEHI BAKOPHCTORYBATHCh METareBl MaTepiany, AKi 30aTHI
acbpe IHAWTH ONIp CKACICHHIO, TOOTO SKI MAawTh BHCOKY HapocTidkicTs, lllob
CYAHTH 1IpO KAPOCTIAKICTE MeTanis, HeoOXLTHO BMITH NPaBWILHOG POspaxoByBaTH
XAPAKTEPUCTHEKH i€l BIACTHROCTI MeTamy.

T nubuHHEMA okazHHK kepozn T1 npoelosyeTeeA A8 XapakTCPHCTHKH [TMOHHA
KOPO3iiHOTO pYHHYBalia MeTany 3a HneBnmit uac [vm/pik]. TTin ror@HHHEM
DOKASHUKOM KOPO03il pO3yMI€TRCA cepeans it MBUIKICTE, AKd BUPAXOBYETLCH B IEBHHX
CUHHHLAX.

Bia'eMEWI DOK23HUK SMIHH MacH MeTay:

k="M (1.1)

oe (mg — m) — BIpara Macu MeTany 3a uac BHIPOOYBaHHA t, KA BU3HAYACTLCH
33 PIHHIIEI0 MACH Ty Ta MACH MCTAITY [[IC/H BHIANEHHA NIPOLYKTIR KOpo3ii m;
S — poBepxHA MeTaTy, IO OKHCIIOCTBCA.

TTO3IMTHEHKH NOKAZHUK SMIHH MacH MOTAITY:

K, =2~ " (1.2)

ac {m — my) — 30in6WEeHHA MacH MeTaly 3a 4ac 1, AKE BHKIMKAHE YTEOPCHIAM
NIIBKH DKHCIIB.
[z piswane (1.1) Ta (1.2) BBOEO, M0 OGMOBAa TOKAa3HHKA IMIHH MacH, AKI

KITBKICHO BHPaalTh 3MiHY Mace# MeTany, fAKC BIOHCCCHE IO OJMHMIU 4acy ra
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OIUHHI! NMOBEPXHI, XapPaKTepHIVIOTH TAKOXK AK | CMHOGHHHUH 11OKA3HHK, INBHAKICTL
KOPO3IHHOTO NpoLecy.

Tomy mim noxazHukaMHi Tl Ta K ICHYE 3B'#10K TA BOHHM MOXYTE DOyTH

niepepaxoran! OfHIl R IPYTOFC 38 HACTY ITHOK (JOPMYI0HD:

i :ha,?ﬁ, (1.3)

e p — I'YCTHHA MeTaly, riem;
K, — BUMIPIOETLCS B I/{M*ToO7).
/o 9Kcra NoKasHHKIE Kopoil, AKI TAKOK XapakTepH3VIOTh ITBUIAKICTE IIpoLecy,
BITHOCHTRCA 1 00’ €MHMA LOKAZHNK!
I}.’

K. .=, 1.4
i e Sf ( )

Ae V — ob'cM KHCHIO, 1O MTONTHHACTRCH, SKHUH 1IPHBEIEHMA 10 HOPMANLHEHUX
vymMaB (Temnepatypa 0 'C, Tuck 760 MM pr. cT.);

t — 4ac OKMCIICHHS MeTaly,;

S — noeBepxXHE MeTany, 1110 CKACTIOETBCH.

PcrosMennyiotees ANA BHKOPHCTAHHA Ha MPaKTHLI NOKaiHHKH Kopo3ll, AK!
HazueawThe, 9K 1 I1, rompbuaaumy (I'OCT 6130 — 71), ane akl He BIAHOCATBCA OO
OJWHHLI 4acy, | 2Kl He XapaKTePH3IYIOTh WIBKAKICTL KOpo31T, TAKHM NOKa3HHKOM €

TNHOMHA NPOHHKHEHHS KOPO31i:

&g
e 1.5
100 (1.3)

Ae AqQ — 3MeHHIEHHS MACH, AKe BLIHECEHE J10 O;IMHALI 110 [10BEPXHI METany,

110 OKHCIHOCTBEA, MT/CM?;
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p — TYCTHHA MeTany, ricM’,

PospaxokaHa 3a QopMyNoK MAOHHA IPOHWKHEHHS KOPQ3ll BH3HAYAETLCH B
MULIMETPaX.

Benuuwry rnabunn npoankhnennn koposil sal OCT 6130 - 71 pexoMeHIycTECA
TAKOSK  BH3HAYaTH 33 EKCTIEPAMEHTATLHHMH  JalWMW, #K1  XapaKTepH3yoTh

IINLUICIIHA MACH METANY:

CAg

h= .
2100

{1.6)

e Aq’ — 20V TRITEHHA MACH, 9K RIJTHECEHO0 10 O;THHHALI Mo |1¢}Bepri MeTanNy,
11O OKHCIIHOETHCA, MIYeM?,
C — koedUNEHT, AKHH XapaK epH3yC CTIBBLIHOWEHHA BCIWYHII 301ThIICHHA TA

SMCHINCGIIHA MACH JaHO0r0 METATY

c-2 (1.7)

PazoM 1 THM rmuOWAY DPOHUKHENR KOpoill PpeKOMEHIYETBCH BH3HAYATH He
TITBKM 33 pospaxyHkaMmp, ate | Oe3nocepe/lHLO BHIHAYEHHAM 3MIHH PO3MIPIB
METANEBAOTY UPAGKA, HKIID HE MOBTHBO.

Ipusedeni BHIME NOKATHHKA KOPO3il XapakTCpHIyHTh PIBHOMIPHONIHHAMHR
KOpPO3tHHLA npotec. B JeKOTPUX BHIAIKAX CNOCTEPIrAcTRC HEPIBHOMIPHZ NOKANBLHA
KOQPO3IA METAINY, SKA BHPaMacTLCA B YTBOPEHHI Ha #0OTo NOBepXH] BHpa3ok a0 B N0AB]
MUKKPACTANITHOTO pYHHYBalHA. Takdi By Koposli DyBac, HAIPHKNIafd, Ha CTANAX,
AKl NPALIOKOTE OPH BHCOKIH TeMnepaTypi B OKHCHOMY Ta30ROMY CEDENCEWNN T2 3
IDMOBUMH BIOKTAIEHHAMHE, SK1 YTBODKMOTLCA NPH 3r0PAHHL JAEKOTPHX BUIIB MaIMEa
{Ma3yT, BYTIIA). MDKKPHCTAMTHIN KOPO3H NILIAKITLCS TAKOK ASAK! HIKSTeBi CTUTaBH
B TA30BOMY CepeNoBdlli, Ake MICTHTL SO ['muluAy PUpazoK Ta MIKKPHCTATITHOI

KOpe3ll MET#MIB BUMIPHKMOTh 33 JICNOMOTOK MIKPOCKOTIIB Ha MeTaleTpadidHHX
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wmidax. I'MubHHY BUPa30K BHMIPKOWTB, KpiM TOro, CNeliaJbHHMW NPRCTPOAMA
{FIUOHHOMIPAMH Ta THIL ).

Kpim uepepaxoBaHHx Hai0bILI BUKODPHCTOBYEMHX LHOKAZHHKIB HAPOCTIHKOCTI,
1501 BHKOPHCTOBYROTE A4 OUIHKH i HA MEeTATH OKMCHOUD TA30BOrD CCPEI0BHIIA
IHUTI  TTOKa3HHKH, fAK] MOWKHa RIOHECTM 0  COCUiAThHEX:  MEXaHIMHHHA,
PEINCTOMETPHYIHA T2 BLIOWBHHA (QUTHYHMHA). MexadHldHHH 1TOKA3HWK  Koposil
XapaKrepH3yr 3MIHY OYIk-HKOTO TOKa3HHKa MEXani4HHX BIaCTHBOCTEH MeTaTy
BHACALAOK 011 H2a HBOTO OKUCHOTO cepefoBunid. Jlo mexaHIYHAX TMOKa3HHKIB

RiIHOCATLCA MILTHOCHHH

K, - b (1.8)

K, =522 (1.9)

JIE O Ta Oy — IPAHKUA MIHHOCTI (THMYACOBMH OIIIp PO3PHBY) TA BLIHOCHE
BH/IOBKEHHA MCTAIY B BUXIIHOMY CTall;

T T4 6 — Tl 3 XaAPaKTCPHUCTHKH MEXAHIMHHMX BNACTUBOCTER MeTaly Mmcng Roro
OKM{IIEHHA.

PezucToMETPHUNHA [OKAIHAK XapaKTCPHIYE 3MiHY EJEKTPHYHOID OTOpY

IPpA3KY METaIY, HI0 OKHCNTHETECA

K,="0"2 (1.10)

ae Ro — moyaTKORWA eneXTPHUHHH OTIp 3paska,

R —fioro onip micid oKHCIEHHA 38 94¢ 1.
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Bigtupiuuit {onTHMHAR) DOKa3HUK KOPO3ii BH3HAYAC IMIEY RIJIGHRHOT 21aTHOCT!
NoBepXHI MeTaly, ake BIAOYBacTLCA B pe3yNbTaTi doro oxucileHnd. lle#t nokazliHk
NPHAATEHH I8 XAPAKTEPUCTHKM JIHINE I[I0YATKOBHX cTanlil xkoposll, #AKl HC
CYNIPOROJPKYIOTECA  CHNBHOW 3MIHOK pelbedy noeepxXHl  Metany. Kinnkicho
BLAGHBHHE NOKA3ZHHK KOPO3il RHRHAUAIOTE ¥ BHIMAN BIAHOIWNEHHA DoTocTpyMy | nns
LOBCPXHI 3pAa3Ka, 10 OCHIDKYETHCH, Ta POTOCTpYMY LA CTARAAPTHOrO J3epkana lo,
AKI BHMIPIOWOTh Ha CHeUianbHifl YCTaHOBIN, AKa TICPeTBOPIOE CHEPriKd BRIDOMTHX

NPOMEHIB B SIeKTPHIHY €Heprik:

K .. o=—. 1.11
o =5 (111

Bcei kineKicHD XapakTepuoTirl wapocTifikoct! {alo xapakTepHeTHKE Kopodli
METAMB B OKHCHOMY Ta30BOMY CEpPEeAOBHIN) PeKOMENIYVEThCA PO3IOHTH HA HOTHPH
I'PYIH T2 BRECTH HACTYIIH] HAAMEHYBAHHA, NO3HAYEHHN Ta PO3PAXYHKOBI (HOpMyIH
IHX XapaKTCpHCTHE:

1. XapakTepHcTHKM piBHOMIPHO! KOPO3IT MeTany.

1. XapaxTepHCrHKK CTYHEHHD RIBHOMIPHOT KOpO3il.

[InToMa eTpata (3MEHIOCHHAA) MacH MCTaIY:

g T {1.12)

A€ My — MYSaTKOBE Maca METAaNCBOT0 3paska;

m - Horo maca B OyIe-AKMA MOMEHT 4acy t HIC/IA [MOBRHOFO BHAAINEHHS
NPOAYKTIE OKHCICHEA;

S — nucma NoeepxHi, MO COKHCTIOETECA (TMPHAMAETBECA, W0 TUIQIIE HE
3IMIHIOCTBCA B NPOLISCI OKMCIIEHHA ).

I'nubuHa piBHOMIPHOI KOPO3il MeTally:
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m, —m (1.13)

JAC 0 — I¥yeTHIIA MCTaTY.

TTHTOMMH DPHPICT MACH MeTATY (3a paXyHOK YTBOPEHHSA INIBKK OKHCTIE):

e (1.14)

I A& M+ — MACA METANCBOTS 2PARKA Ppa3iomM 21 BCIMA MROY KTAMH Horo OKHCNCHHSA,

K1 YTEROPHOTLECH HA HOI'O IIDBEPKI—Ii 3ayvacl.

' ToBILIMHA OKHCHOT NLTIBKH HA METANL:

- E——

-~ if. M. — M
=174 . (1.15)
Fil FIR)
| 2 XapaxTepHCTHEH IHTEHCKBHOCT] pIBHOMIPHOT KOPo3id.

a) XapaKTepPHCTHKM 1CTHHHOI (MMTTEBOT) ILUBAAKOCTI KOpo3n weTtany. LD
XapaKTepHCTHKH BH3HAYAKTh BENHMYHAY [IIBUAKOCT] KOpo3iT B nannii nepioq yacy 1.

leThna MBHﬂKiCTb BTpaTH ('3MEH[I]EHHH] MaCH MeTaly!

dy 1 dm
po=—=-_. 22 1.16
od S ( )
[CTHHa WBHIKICTE MPOHHKHEHHA KOPO3il B MeTan
th el
_ldg_ 1 an (1.17)

L:lh = —

dt  pdi o8t

—_— —

[cTiHa WBKAKICTE NPHPOCTY (20LILILCHAA) MACH METATY




g, | dm.
A S odt

1

[cTHRA [WBHAKICTE POCTY OKMCHOI [UTIBKH

dh. ] qu+dqf}__ I dm. dm

3, = = — -

et o df o8 dt et
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(1.18)

(1.19)

6) XapakTCpUCTHKH CCPCIHBOL INBHIKOCTI KOPO3ll MCTATY. XapaKTepHCTHKH

W€l FPYIA BUIHAYATE BETHUHHEY IIEHAKOCTI {IHTCHCHBHOCTI) KOPO3il, yeepeIHeHy

214 IRTepBaTY Yacy tz — 1, Je tz = 1.

(JepeiHa MBNAKICTE BTPATH {(3IMEHINEHHS} MACH MCTaly

= _9: -4, _Mm-m
" . —4 Sir; =)

CepelHA IBHAKICTE NPOHUKHERHS KOPO3IT B METAT

'F]: ] 'Fﬁ l 4, :?1

I___!#z =-—. =
L-H P ok

B) Cepenns WBHAKICTE NPUPICTY (301Ib0IEHHA) MACH MaTaTy

(epeHa NTBHAKICTL POCTY OKWCHO! NIILBKH

— htz_h-: _q:_q-l‘}'q.-! _qu _m‘, 'm: +Fﬂ.2_m-t

.. =
" i —h Pally —4) ety —4)

(1.20)

(1.21)

(1.22)

(1.23}



II. XapakTepucTHRH TOKATRHOT KOpo3l MeTany.
. XApAKTEPUCTHKH CTYNIEHA NIoKaNLROL KOpo3il.

Maxkcamankia riuinea BUpazox:
hiima}; > hl‘lh i = ]-! 25 roeoay N1

ne hp — 0yi[b-AKa BAMIpAAa FIMTHOKMHA BHPA3OK Ha METa'N;
N — KLIBKICTE BEMIPHHHX BHPA30K,
Cepenna riunbHHa BAPA3OK

—  h, +h, +.+HA ~
hy, = g .__.‘Ellv L R i_.zh}f, :

e
F}fc*mHa POITANTYRAHHA BHPDATOK HA HDEE]}XHi METATY

pr = Nu/§,
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(1.24)

{1.25)

(1.26)

e Ny — KIMBXICTE BUPA30K Ha OKHCIEHIH NoBepXHI MeTATY, AKa Mac M50y S.

MakcHManbHa rIH0HAL MDEKPUCTUNTHOT KOPO3IT MeTany:

hME'I'I’I.iI.\E}hMK:i: i - ].-, 2., PR N,

ite N = KIMBKICTL BUMIPHOBaHE TIMOUHN MIZKKPHCTANI THOI KOPO3il,

Cepegta raMdnHa MIKKPHCTALTHOT KOPO311l MET4ny

| &
h, = - S

4 i1

2. X4paXTCPUCTHKA IHTEHCHBHOCT JIOKAIBHOT KOPO3il.

(:E!pe,-'ll-iﬂ T]lEH,}IKiCTL POoCTY MaGkCHMATEHD INMHDOKHX BHpAIDK

(1.27)

(1.28)



Cepeqiis  1WBMOKICTE  POCTY  MAKCHMAIBHO  FIMOOKHX

MLKKPHCTANI THOT KOPO3il

T11. XapaxTEPHCTHKW TIOLWIKODKENHA TIA0OKHCHOTO WIADY METATY.

1. XapakTepHcTHKH CTYNCHA NOWKOANKCHHA TIAGKHCHOMO Iapy.

27

(130)

OCEPeNKiB

(1.31)

{1.32)

CepeaHa TOBIMEE NIAOKHCHOTO N1Apy MCTay, kWi 301 THeHHHE TeryBalsHHMH

eeMEeHTAMI:

_ 1 &
hoo=— > h_ o,
T N ; AT,

(1.33)

ae h,,; — TOBIINHA MITOKHCHOTO WAPY B OKPeMEX JiNSHKAX NOBEPXHi MeTamy;

N — KUIBKICTE BUMIPEB TOBIIMEH 1Iapy.

CepelHA TOBIIKHA APy BHYTPLIUHA0ID OKHCIEHHS METANY:



2¥

. 1 Ky
By = Ezh“’ ) {1.34}
|

ne hyo | — TOBMIMHA WApy BHYTPILTHROTO OKHCIACHHA B OKPCMMX INHKaX
NOBEPXH] METLLY!
N — KiIbKICTE REMIPIR TORIIMHY THADY,
2. XapakTepuCTHKH IHTCHCHBHOCT] MOUIKODKEHHA ITLI0KACHOTO LUAPY,
CepeaHs LWIBMAOKICTL POCTY OIACKHCHOID LOAPY MCTany., AKHHA 30LAHEeHKIH

_'IET'}’BE_T”:-"HMH EIeMCHTAMIL
for — h
.- AT T,
g, = ————% (].35)

Cepennsa MIBHIKICTE YTROPEHHS APy BHYTPIHBOTO OKHCACHHSA MeTany:

k 7. —h il
Oy = " (1.36)

&, 1

i

ITlo cTOCYETRCS O/IMHHIK BHMimeaHHH BBEJEHHX BHILE XAPAKTEPHUCTHK
AApoCTIRKOCTI MeTanls, To BOHW MOXYTE O¥TH pizHumu. B cuctema CI onuaaneio
BHMIpY XApPaKTePHCTHK MMHOHEK Kopo3il (1, he, hp e, Ay s Bugmase .., Do) € METP (M),
A0A BeJIHHMH, SKE BH3HAYAKOTL LBUIKICTD [IHX XapaKepACTHK (Un, Uy, Bhe, e, DB mays
L IHIL} OQHHHLERD € METP B CeKYHAY (M/C); 118 NUTOMUX BEAMHHMH KOPOsl q Ta Qs —
KLIOTPaM Ha METP KBaIPaTHHI (Kkr/M%); 417 WEHIKOCT] IMIHM NHTOMKX BEIHYHH (U,
Vg, @, D) — KiOTpaM Ha MCTP KBAAPATHHH | HA CEKYHAY |kr/(M%-C)|, MexaHidHi,
PCIKCTOMCTPHYHA Ta BIMOMEAIBHA XapaKTCPHCTHKH ¢ Desposmipupwu abo
BUMIPHOHTECA ¥ BIACOTKAX.

A8 OpakTUHHOrO BUKOPUCTAHHA B TexHilll 0iabll 2pYyYHUMMH € HACTY!HI

ONHHHUI BHMIPWBAHHES, $KI MAKTb HAITHOHICTh, 1 YCHIIIHO BUKOPUCTOBYHITBCH A0

CHX Hip: In8 XapakTepHeTHK TIMOHMHA Koposli — MimiMeTp (MM); I0d BenHYIHH
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MEBHAKOCTI 3MIITH XapaKTepUCcTHK TIHOWIE KOPo3li — MIIIMETP HAa PIK {MM/PIK); N
OHTOMAX BEIMHMHHE — TPaM Ha CaHTHMETp KRafpaTHHH {ricM™), AnA LWIBHAKOCTI 3MIHH
OHTOMHAX BENWMHH — PPaM Ha CAHTHMETD KBajApalaHil i Ha pik [r/(cm’-pik)]. Ouxierwo iz
NepcBar BHEODPHCTAHHA #NCpCPaxOBaHHX BHLLiE OU0WHAHLE ¢ Tagox 6ﬂHTﬂ-EKiCTL
HCENBHMX 3HAYEHDL XapaxkTepucIMkM rmbuun  piBHOMiIpHOT Koposii h Ta
XAPAKTEPHCTHKM [IHTOMO] BTPATH MacH ( 404 3afliza, HIKeTKy Ta IITHPOKO
BHKOPHCTOBYCMHX B TCXHILL CTANEH ra CYIaRIB HA HiKeNnesii oCHOBI.

Bunie Hamemena CHCTEMATHIANIA BCIX XAPAKTEPHCTHME, AKL MOKYTh OyrTH
BHKOPHCTAaHI TIPH NOCALDKEHHI KapocTIHKOCTI MaTeplani. Ane, fAK [PABHIIO,
BH3HAYACTLECA B TAKHX JIOCTIDKEHHAX JHINE HacTHHA IIHX XapakKTepHCTHK. 3a3BHYaH
11& XapaKTEPHCTHKH CTYIICHA Ta IHTEHCHBHOCT] piRHOMIpHOT Koposil (1pyuw [ Ta IT),
Tak fK B OKHCIIMX TAZ0RMX CCPCHOBHINAX JIOKATHHA KOpOsia MeTalis, 4Ki
BHKOPUCTOEYIOTRCA R TeXHilli, pliko BIIGYBACTRCA, 2 BHIHAYEHHN ChELlaibHUX
XAPAKTCPUCTHK KAPOCTIAKOCT] HeoOXiOHO NHIIe AnA BHPIMICHHS OKPCMHX, BY3LKHK
34734, 2 ¢ 171% MacoROl OIlIHKH KAPOCTI#KOCTE METANIE.

3 mMe1010 cniBCTaBIeHAS KAPOCTIAKOCTI PITHAX METANIB 1HO/1 BHKOPUCTOBYIOTL
acearubansny wwkany (COCT 5272 — 50). 3a Li€w 1IKaN0K MeTalA NOJILHeH] Ha TPYITH
CTIHKOCT] B 34MeXHOCTL Bl BeIMYMHM IX  cepelnboi  INBHIKOCTI  KOPO3L.
BuxopncranHs TaKKX IIKaT KOPHCHO JJALIC 418 YTPYNYBRHHST MaTEPIANiE 38 pisHeM ix
XAPOCTIHKOCT] IPH CHETEMATH3ALIT OTPHMAHKX eRCMEPHMEHTATRHAX JaHHX.

XapakTepuoTURH HapocTifiKocT], AK1 HABEACH] BHIE, HAIOTH MOKIHMBICTE
BOCTaTHRC 000pe OMCATH CONIP BHCOKATEMNEPATYPIOMY OKHCTEHHW) METANeBOro
KOHCTPYKILIHHOIO Mateplany. Ang BpaxOBYIOYH T, L0 IMiHA [IHX XApaKTCPHCTHK B
4aci Ta B 3B’ A3KY 31 3MIHDK TEMIIEPATYPH € HCOAHUKOBOKO ¥ PISHUX MaTeplatTis, To
BLIBIN NOBHE CNIBCTABIEHHA XKapOCTIHKOCT) MaTePIATIR MOKe OYTH RHKQOHAND HE HA
MIICTaBl OKPEMHX KUThKICHMX 3HaMeHb q, h, vg, Un Ta IHl., a 32 KIHETHIHHM Ta

TCMIICPATY PHHM 3&IIEAHOCTAM OKMCACHHR (nanprknan, lg g -lgt, lg q- 1/T Ta inm.).
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1.5 MoxX1uBl MCTOAM PO3IPaxXyNKY XKEPOCTIHKOCTI METATIB

3amadero poIpaxyHKy KapocTiAKeCTI MeTanis ¢ BW3HAYeHHA KIUTBKICHHX
XAPAKTEPHCTHK 1X apocTiHkocT. TlpH 1s0My A0CILAHHKIB WIKABUTE NEPLI 33 BCE
XapakTEPHCTHEH PIBHOMIPHO! KOPO3IT, cepell HUX HaHDLIRIY U1KABICTh 118 TEXHIKH
UPELCTABIAE [IHTOMA BIparTd MacH, aldo 1uubnia KOpo3ll Meraily 3a 3ajaHMi Hac —
pecype ekcriyaTtawl Mawnnyn abo arperaty. [HOA1 BAIIMBO TAKOXK 3HATH WBHIKICTH
Kopo3il MeTany (3a3BM4Mal Ha cTajall MOPIBHAINA BITACTHBOCTEN KONCTPYKLUIAHHX
matcplanis ons BAGopy HaiGInem npraaTHOTO 3 HEUX). Buawo, mo Bin TOYHOCTI
METOMIE POIPAXYHKY KAPOCTIMKOCTI MATCplamiB E  3HAYHIA M1l 3aNeXMHTh
npauemamicm NPOMCTOBHX YCTANOBOK. Humue ANIHACYHOTLCA iC]I}"]'D‘-Ii METOAH

POIPAXYHKY XaAPOCTIAKOCTI TIpY MOCTIHHINA Ta IMUNTH TEMNEpaTypi.

1.5.1 PospaxyHok xapocTiitkocTl npy nocTiifHii reMneparypl

[chHy oM MeTO M POIPAXYHKIE MOKHA NOJLNHTH HA aHamTHYHI Ta rpadiuni. Ho
AHATITHUYHWNX METOAIB BIIHOCHTECA BU3IHAUCHHA MOKAZHHKIR KOpe3dil — rMHOHHEHOTO,
BN’ EMHOTO T IO3UTHBHOCO [IOKA3HHKIB 3MIHH MACH MeTALY . X042 IPUIHAMEHHA iHX
NOKa3HHKIB — BHKOPHCTAHHS 1X JUIM 1IOPIBHAHHA KAPOCTIHKOCTI PISHHX MaTepialik,
HACTD TX BUKOPHCTOBYIOTE JLTA POIPAXYHKY KOPO3i1 32 NCBIHE IPOMIKOK Jacy. Takuh
PO3paxyHOK IIPOBOJHTLCA 3a3BHHEaH IINAX0M MHOKEHHA BUIMCOBLIHOIO NOKa3HHKA Ha
BCIMYNHY TNPOMUKKY dacy — TEPMIH cryxbW MeTany B KOPOIIWHOMY CepeloBHLI.
(TpHMaHa eenndHHa yABiAe 3 ceDe rmuOHAY KOpOo3i, 1TMTOME BTpaTy T4 30LIbMIeHAR
MAacH MeTally — B 3aI€XXHOCTI Bill BHKOPHCTAHOIC 1IPKU PO3PAXYHKY HOKAIHMKE — 34
BeCh Mepie eKCTLIYaTaNl.

ATne o4eBHIHO, 11D TAKHHA MeTO] J0IBONAC MPARMILHO pOIpaxyBaTH KopoiidHe

DYHHYBaHHA MeTally JMINIC ¥ BUNMAAKY JOTPUMAHHA NiHIHHOMO KiHETHYHOTO 3aKOHY
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oxvcreuns. HKINO 3aK0N OKUCICHHA MeTany napabomunuil (skud uacriue 3a Bee
SOOCTEPiTacThea Ha UpakTHN} abo orapudMivdHHil, TO OTPUMaNa pO3IPAXYHKOBO
BEKYMHEA Oyie 3AHHMEHOKW B MOPIEHAHHEL 3 GaKTHYHOWO NPH 3HAYSHHAX 4acy
MEHIIHX, H1K AKe BHEOPHCTOBYETECA IL1A BH3AAUCHHA ITOKAIHHKE, Ta 3ABHIOCHOW ITPH
IHAMEHHEX uYaCy BHIUMX, K MPOMULKOK UACY, AKMH BUKOPHCTOBYETHCH JINA
NiJIpaxyBaHHA NOKAZHHMKA.

H.I[1. JKyK nponoHye po3paxoByBaTH MuUPOCTIHKICTh 3a dopMynamu, Rkl
o0’ €OHYIOTLH KIHETHYHY Ta TeMOepaTyPHy 3aKOHOMIPHOCT! OKHCICHHA MeTanB. [ax,
ATA MeTarnR, AKl XApakTepHIYIOThCA TIHIHIOK KIHETHUYNOW 3aKONOMIPHICTIO
OKUCIEHHA, PO3IPAXYHOK TIHMOMHKM PIBHOMIPHOI XOp031l PeKOMEHIYETRCA MPOBOAHTH

33 (hOPMY DI

i -

h=Ae Yr=410 71, (1.37)

ac Ay Ta by — cTanl KoedieHTH, 4K1 3aNeXaTh Bl BlacTHBOCTEH MCTaly Ta
OKHCTHIBANLROTO I'd30BAI0 CEPCIOEBHILA.
Jns wertame, KIHeTWYHa 3aKOHOMIDHICTE OKHCHEHHS SKHX mapabdonidna,

POIPaxyHOK IMTAOMHRA KOpPO3iT PEKOMEHIYETEC 32 QOPMY IO

[N h
h={de 0" =(A4,10 TH"", (1.38)

e Az Ta by — cTanmi koedillieHTH, AKI TAKOX 3a.1€KaTh RIJ RIACTHBOCTEH MeTamy
Td OKHCHOI'O CEpelOBHIIA.

Pospaxyuox riubuem kKopoili mertadie za dopmyramu (1.37) 1a (1.38)
NPOBOAMTBCA LLINXOM 11 CTAHOBKA B HUX 3alaHWX 3HaHUeHhL TEMIIePATYPH Ta Hacy, AKi
X4PAKTEPHUIYIOTE YMOBH OKWHCIEHHA METAITY. 3HAYEHHN CTAMMX KoedllleHTis, HKl
BXOIATE 10 OPMY1, BH3HAYAKTRCH HONCPSAHBD 3d CKCIEPHMEHTANLHEMH JAHMMH.
KoedinicuTet A| Ta Az Ta eHeprie axTHBauil (4 Ta (Q: peKOMERIYETECA BH3HAYATH i3

rpadika MIR KOMCTAMTH [BHAKOCT! okucnenus lg k — IS, akuil nobynosaro 32
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ZKCMEPUMEHTATEHHMH AdHHME. I[pH IIBOMY MOMHI CROPHCTATHCA

CIIBBINHOLIEHHAM®

lg A=lgkupn I/T =0, {1.39)
Q=1gu, (1.40)
A¢ ¢ — K¥YT Haxwily TocMIOepartypHol 2amesHocT! KOHCTAHTH ILBMHAKOCT]

oxucnennd jgo sici 1/T.

Takuy 9AROM, cTami A; Ta A:; BM3HAYalOTE 33 BeNHYWHOK BIIPIZKA, AKHA
BLICIKAETECA HA BICL lg k HA 104aIKy KOOPIMHAT TEMUEPATYPHOW 32UCKHICTIO
okucrenns. Eneprno akrneami Q) ta Q2 Ta Bianosigno ctam by 1a b: Bu3navaoTe 3a
TAHIeHCOM KYTa HAXMITY TeMTIEpaTyPHO! 3anewHOCTI OKHCNEeHHS. Ix Taxox moxkHa

BHZHAYMTH 38 GOPMYN0H0;

i - 2 (Lo Ty, (1.41)

Ie Ky 7a K2 — BefTH4YHHH KOHCTAHTH LWEBHMAKOCTL OKHCIEHHA Ha TeMNepaTypPHIA
IAMEKHOCT] OKHCHEHHN [IPH 3HAYEHANX Temueparypu T ra Tz BlAMOBIAHO.

3HaucHHA NOKasHMKa napabonn 7, AxMiA BxoanTe oo dopsmymn (1.38),
PEXOMEH/IYETRCS BHIHAUATH 33 HAXMIIOM eXCIIePHMEHTATRHOI KIHETHYHOT 3aNekHOCTI
OKACICHHA B Koopaunarax lg q—lgt.

Henomxom anamtavdoro metoiay H.IT. Xyka € cxiaqHicTe Ta TpYAOMICTKICTh
PO3paxyHKY, 8 TAKOW MOMUIHBICTE CHCTEMATHUNAX 1I0XHOOK, Tak SK TOUN] 2Hauents
koediniedTis B dopMynax (1.37) Ta (1.38) criagHo BH3HAYUTA. 13-23 BIACYTHOCTI
EKCIIEPHMEHTAIEHAX  3Ha4eHr 1MX  KoedilieHTIE  HaBITe JUin  HaRbinko
BHKOPHUCTOBYEMHY KOHCTPYKUIAHHX MaTeplanik aHaIiTHYHHH MeTo] 22aIHLIACThCA
HeOCTYIIHHM 1518 KOHCTPYKTOPIB T2 TEXHO.TOlB,

Apyry rpyny MeToiE poIpaxyHKy KapocTiikocT Ipy NocTilHIA TeMIepaTypi

YTBODIOIOTE  Ipadiunl  MeTonu. Pag  4ocnidle  pekeMengye  IpeOcTaBadTH
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AKCTICPUMCHTATRHI JIAHHI 38 KIHETHK OO OKHCTeHHS METATIR ¥ BHIIANL 3A1EKHOCTEN (
- 3t 360 g° —t. SIKmO KINCTHYHA 3aKOHOMIPHICTS ¢ KBAIPATHYHOI Napabonmo, To B
TaKHX KOOPIMHATAX pe3yabTarH J0CTiAlE po3TAllOBYIOTECA Ha NPAMIE  NHIL
[TpHpeaHO, 0 I8 3ANCKHICTs MOXKE Oy IH BHKOPHCTAHA 1A PORPAXYHKIB BEIHYHH g
B 00JTacTi 1HTEP- T2 EXCTPAMmONIN, AKII0 KBaApaTHYHa 1apadoliuba 3a71eXHICTh NPH
TaHifl TeMOepaTypi 30epiracThcs ¥ BChOMY LIKABITIOMY HAC IHTEPB&T 3HAYEHP Yacy.
Ale, AK NPERKI0, PYIKO BEIIHYHHA NOKAZHWKA Napadoiy LA TeXHIMHAX MaTepiaik
JopiBimoe 2. ToMy cMnipHYHa 3AICENICTE, XO04MA 1 MOMEC 3J8BATHCA JIHIAHOW B
KQOPIOHHATAX q1 —t, TAK AK JANMA30H BHTPHMOK 3pPa3KiB 3a3BHYANH HEI0CTATHLO BETHK,
NpH eKCTPanoIAuil AOCHIAHHUBKHX JIAHHHX 3a L€ 3aeXHICTIO Moxe Oyru
JONyLIeNa REMHKA I0XHOKa.

B 3r’a3ky 3 npM OibiD HAXIHHWM € MPEICTABNCIHA €KCHEPHMEHTANTBHHX
TAHHMX E Morapu@miveanx koopguHarax lg g — lg t. B npoMy BUnaaky Jgocniinl TOYKY
PO3TAMIOBYIOTBCA Ha (IPAMINA JiHIT MR Gy AR-AKOMY 3HAYCHII NOKA3HHAKA 11Apabosiv B
KiIHETHUHIA 2KOHOMIPHOCT! OKHCIIcHHS meTamy. Bukopuctanns norapuMidnux
KOOPAHHET ;10 1Ipe/ICTABNEHHS eKCNePUMEHTANBHAX JalHMX Ta PO3PAXyHOK 33 L€KW
EMIIPHYHOK SRWILKHICTIO ITHTOMOI BIPAaTH MacH ado  iHIIHX  XapakTepHCTHK
AApOCTIHKOCTI B 0bnacTl 1HTED- TA eKCTpanoisauii € NOCTATHLO TOYMHMM METOO0M
PO3PaXYHKY XKapocTi#kocTi. 1 lcmonikomM TaKore MeToay € NPHAATHICTE HOTO MMLLE 014
TIET TEMMNepaTypH, NPH AKIA BU3HAYEHA KIHETHYHA 3471€XKHICTE DKHCIIEHHS METamy.

Jdna po3paxyHKy XapakTepHCTHE XKapOCTIHKOCTI B JEKOTpOMY IHTepBani
TEMNepaTypd NP 3aJaHOMY 3HAYNEHH] 4acy pPCKOMCILA0BAHC BHKOPHCTOBYBATH
IATENHICTE I @ — 1/T, Aaku nody;(0BaHa 2a PKCHOEPHMEHTANBIIMMHY JaHHMK, [lpava
JTiHIA, SKY OTPHMYEMO B LMX KOORWHATAX, J3C MOXKIMBICTE BHIHAYATH BENHYHHY, 8K
HeODX1aHe 3HaBTH, B OONACTAX iHTep- Ta eKCTpaloIaill 3a TeMNeparypolo. [IpH
OEQMY €L METH HA YBAa3l, WO HA TEMIEPATYPHIA 340€XHOCT! OKHCTEHHA MOXYTE
OYTH NCPerHHH, AKI OOVMORICHHI CTPYKTYPHHMHM TA IHMMMM 3MIAAMK B OKHCHIH
paisn abo B MeTam. ToMy BHKOpHCTaBHA 3anexHocT! Ig q — 1/T nonycThmo nnine s
COMCHKCHOMY TEMMEPATYPHOMY 1HTEpBAni, O¢ 33KOHOMIPHICTE OKHCIEHHA HE

IMIHKOETECH.
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Ienyc npnnmml,iﬂ, AKa nﬁ’eﬂllyf‘ yaACTKORD ODMBA OMHUCAHMX BHIIE METOIIB
rpadiyHOr0 BURHAYESHHSA KOpPO3IHHOTO TOIMKOKEHHA MEeTaleBHX MaTepianie, Al
Pursincskuid, ILA. Axrnkaity ta B .M. 3ycmad pexoMeHIYHOTh BHKOPHCTOBYRATH LA
BHIHaucinia raubunn koposli MCTAIIB HOMOTIPAMH, AK1 yEBIAKOTE 3 cebe cepiro
manexHocTed Ig h —1g t, axi modya0Ranl 478 JeKINBEKOX TeMnepaTyp 3 IHTepeancM 10
rpan 1 aAna gianasody vacy 1000 — 100000 roa.

Hosvorpamy OyAy:©OTL HACTYNHWM YMHOM. LKCNCPHMERTANRHO FOCTIAKYIOTh
XOPORIiC MeTATY UPHOIHIHO TIPH TPLOX TEMMEPaTYpax LINAXoM BHTPHMOK piznol
tpueatocTl. Ha macrael uux ganHWX OYJY0TE KIHETHYH] 3aMeKHOCT! 1g q — g t 7a
reMueparypry lg k — 1/T. 3a uuMe eMILIPHUHEMA 32EXHOCTAMY BU3HAYAOTE CTam

KoedIUICHTH a, b Ta ¢ B MBHSAHH] OKNCICHHA METATY

lgg=a-b/] tclgt, (1.42)

[MoTiv, BHKOPHCTOBYWYH LE PIBHAHHA, POIPAXYHKOBHM LITaxXoM &YAYWOTH
BoMorpaMy lg h — lg t Ana IHTepBany TeMOEparyp, AKHH po3TalloRaHo MK KpaidHIMM
IHAYCHHAMM TEMNepaTypH B ekcneprmedTi. |lepepaxyHok BeTHUMH BTPaTH MacK B
BETIHYHHH FJ'IHEHHH HG]’JG3i.1. NpoBEOIATE, BHXOOAYH i3 JHaWCHHA YCTHHH MCTAY.

Hanpyxnaa, ana nepiiTHHX ¢TA’ACH TaKHH MepepaxyloK podaATh 3a opMy . TOH

h=1728q, {1.43)

e h naiio B MM,

q— B TVoM?,

MeToa HoMorpam Mae payd Helodixie, Ifo-nepule, i3-3a Manol KiNBKOCT
CKCMNCPHMERTATTEHAX  [JaHHHX T4, HK HHL‘J’Ii.ﬂ,DK, 14-34 HCADCTATHRD KOPEETHOLC
po3paxyHxy koediUICHTIE B TEMMCPaTYDHIN 3ANCKHOCT] OKHCIEHHA METANY B
HOMOTpaMax MOXYTbk OyTH HerouHoeTi. Tlo-ipyre, Merod He WUpUIaTHHNA 114
EKCTPAIIONANIT 33 TEMIEPAaTYPOK), a BLICYTHICTE CKCIICPAMEHTANBHMX TOMOK Ha

MOHOIPaMI POOHTE HEMOMKIIWRHM DIIIHKY BIIMOBUIHOCT! PO3PAXYHKOBHX BEIIHYWH Ta
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eKCTICPHMEHTANnsHUX. 1lo-TpeTe, BiacyTHI OyOBR-8K1 jaHHI IIp0 TOUHICTE BEIMYNN, IO
EHIHEYAMOTReCH i'_i MDHU!]]E!.MH.

(LIHIOIOHM B LLNOMY ICHYHUL METOLH POIPAXYIIKY KAPOCTIHKOCTI METUILB TIpH
MOCTIHAIFE TeMmmepaTypl, ciij[ BIOMITHTH, 110 1padignl METOjH MalTE Oinbury
HATMAOHICTE, Hi3K aHaNITHUH], | He 1oTpeOVIOTh BeNHUE3HUX pospaxyHKiR. Henonikom
rpadidlHx METO/IIB € QHCKPCTHICTSL BEIMUMH, LU0 BHIHAYAKITHCA 334 1X NONOMOrOH!
TaK, 33 XIHCTHUHMMA 32NM1eWHOCTAMM INTER- Ta CKCTPAnOISIli0 MOKNA NIPOBOIHTH
feimepeprHO TINRKHW 12 4acoM, & 3d TeMIIepaTypao — JHCKPETHO, RHKOPHCTAHHA e
TeMIEepaTyPHUX 3aNe:KHOCTed OKWCIIeHHA He NQ3BOJSE |IPOBOOHTH HenepepBHOL

IHTEPMONALLT 33 YACOM,

1.5.2 Po3paxyHOK KaPoCTIHKOCTI IIPH 3MIHHIH TeMnepaTypl

Meroais poipaxyHKy >KapocTiHKOCTI MeTajik TpdH 3IMIHHIA  TemnepaTypi

33N POIOHOBAHO [TOPIBHAHO KebaraTo, 30KpeMa Bei 111 METOAM € AHANITHYHHMY,
B.<P. KonuTtoe poipobna MeT00 po3paxyHKyY OKWCISHHA CTANCH IPK HAarP1BaHH]
B Nevax 3 OKHCHHM rajoeuM cepencaumeM. Hisknx cneungiynmnx ocobnueocTed, xxi
NOB'si3dHl 3 yMOBaMHM HArpiBahHsa cTaned B Oeuax, ueil MeTol He MICTUTE 1 MokKe
poirafiaracsa sk Maioudil G6inelr zarancnuf xapaxTtep. Mcetoo B, @, Konurtoea
NMPHOATHUE TOMY | ANA pO3paxyHKY OKUCICHHA Oyub-AKHX MCTANIE MpH 3MiHHIH
TeMnepatypt. [leh MeTon ¢ HaDnumenWM, Tak AK ICTUHA KPHBS 3MIHH TeMuepaTypH
IBMIRKHETRCA  CTYNNTATOH). NPHHMACTLCR, (M0 HarpIBaHHA METANY ApOXOAHTE
JHXOM PAZY NOCAIJOBHUX BUTPHMOK NpH 3HadenHax temnepatypu Ty, T, Ty, ..., Te,
NpH LEOMY BIANOBIAN] EATPHMKH JAOPIBHIOWTE 1y, (2. U3, ..., {h. POpaXyHOK OKUCIERHN
MCTATY TIPOBOHATE NPH YHEBJEHHI, IUO 30epITA€TECE KBaAPATH4YHA Ilapaboniuma

3AK0HOMIPHICTE OKHCTIEHHS
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& - ‘?m‘ﬁ:s (|-44)

Me q — NTUTOME 301NBMISeHHA MacH METany 3a vac 1) upH Temneparypi T,

Qon — NUTOMe 30UILNIEHHA MACH MeTATY 22 OJHHHIIO Bacy ( HanpHis1aa, 3a 1 ro/,
AKINO L BHMIPHOETBCS B TOIHHaX) NpH Temnepatypl 1.

Yac 1), Axn# HeoOXIANKA 178 YTROPEHHA TAKOl ME KIILKQCTE OXANTHHA ) TIPH

TeMOepaTy Pl APpVrol BUTPHMKH [z, MOXI11a BH3HAYHTHA 13 BHpazy

—

i, =y ‘u'l'r; - (1‘45}

e Quz — THTOMC 30INBLICHHA Mack METANY 33 OJIWHHIIK Hacy (IpH TeMIEpaTypl

OTpHMacMo

(Fyr, (1.46)

[1lo6 BU3HAYMTH 3araibHy KiMBKICTE OKANKHE, SK3 VTROPHIACA 3a Iepmi 1B
Temneparypni cxoaMuxu T ra T, cmid OpoeecTd po3paxyHOK OKHCIEHHA 3a
dopMmy 1010 (1.44), poapaxoBylouH, WO BeCh TPOUEC OKHACTEHHA [IPOXCIHE [IPH

TeMUCPATYPL s B IPOMIDKKY qacy L — 1" ~ 15!

G =gyt . . (1.47)

13 dopmynn (1.47) caiaye, wo 13 1y 3HAKOM KOPEHA BPaXoBY€ YTBOPEHHA
OKHMCHOI TIIBKH NIJ] Yac BUTPHMEKH 114 NONEPeHINA TeMIEPaTYpPHLE CXOOHHL.
,ﬂ&-‘]i .14 HACTYIIHHX TeMIICPATYPRHHAX CXOIHHOK DOIDRAXYHOK BCIYTh TAK MKe, HAK

L oaud apyrol cxounbiks. 3nayeHHA 30INBIIeHHA MacH MeTaTy, OTpPHMaHe TaKHM
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PO3IPAXYHKOM JJIA fi-0 TeMIepaTypHOL CXOIHHKY, DY 3¢ 3arafnsiuM 3011smeHHAM Aoro
MACH NPY HATPIBAHHI NPY IMiHHIA TemMnepaTypi.

tlenonikoM po3rnsHYTOTC METOAY € IIPHAATHICTE JIMIIE LTS CTYHIHHATHX
PEXHMIR IMIHH TeMnepatypd abo jins pewnMis ©TMIRKHX [0 HHX; BHKOPHCTaHHA
KBAAPATUYHOT Tapabo1ivHOl 3aKOHOMIPHOCT] OKHUCNEHHA, AKA piIko 30epiracrsen JIn
TEXHIYHHX  METANCBMX  MaTCplaniB, BEIWKA  TPYIOMICTKICTE  po3paxyHKIB;
ACOOXITHICTE NOTIEPCIHBOTG EXCNIEPUMEHTATIBHOTO BAZHAYMCHHA BEIBKOL KINBKOCTI
CTANHX o1, Qoze Qo - es Giin.

B.l. 'ybinceknii, AH. MiHaes T2 H.H) Tally sauponoHyeany MeToi
PO3PaXyHKY MACH DK&IHHW, AK2 YTBOPIETLCA UDH HATPIBaNAL 800 OXOJ0MIKeHH! (3
BHCOKOI TCMIICPATYPH ) MeTalry. MeTon po3pobieHHH IIA OKHCIICHHA 3a013a ra CTAleH,
a’le, AK BE2XAMTE ABRTOPH, NOPMJATHUHR 1 INA HIIMX METAIB UPH BHKODHCTAHHI
1HAHBIIYATEHMX A4 [HX MeTallB KOHCTAHT.

na BUBEAeHAA PO3paXyHKOBOrO PIEHAHHS aBTODH BHXOIATE 13 3aKomy Dika vy

diopmi:

, (1.48)

ae D 1a Dy — koednifienTs AHQy31 B OKAIHHL 3aNi3a Ta KHCHIO BLITOBITHO;

deidx Ta des/dX — rpaJlcHTH KOHIEHTpall B OKATHH] 3410133 T KHCHE).

Pisnanns (1.48) asTOpH BHPIWYKTH B NPEACTABACHIH] CTANOCTI TPaHHYHBX
KOHIIEHTPALIHA 3471132 Ta KACHIO 1 MPHIIYCKAOUH, UI0 PO3NOALT KOHLUEBHTPAl 3a/1i3a Ta
KHCHK) B OKaJHMHI OMHCYETHCA TapadoMMHUMH pIEHAHHAMA. [lam, BHKOpHCTOBY 04N
EMIIIPHYUHY eKCIIOHEHLIANBHY 3LICHKINCTh KONCTANTH 1UBWAKOCTI OKHMCTHEHHSN Bil
TEMICPATYPd Ta BBAXKAIOYH, L0 HArpiBaHHA (OXONOMHKEHMHA) METany npoxoje 3

IOCTIMHOW ILBHAKICTIO W

T=Ts+ wt, (1.49)



e [y — noyaTkoEa TemItepaTypa.
ABTODPH METOLY OTPHMYIOTE HACTYIHY (POpPMYIY, AKA PEKOMEHOYCTECA HHMH

T4 PO3PAXYHKY [THTOMOI MACH DKATHHH, SKa YyTEOPIOCTBCH Hd METAIL:

J

L
2 z, 4, — Pk
ig —quz—kuﬂ—mj:xp( 159y = |wl'.b (1.50)

A€ (o — TIHTOMA Maca OKANTYHM B TOYATKOBHIH MOMCHT Hacy;
ky — nepeaekcroHeHIIANLHMA KoeiUIEHT B TEMUSPATYPHIA 3alleXHOCTI

KOICTAHTH UIBKAKOCTI CKHC/IeNs;

B =Q/R;
y = T/B.

3 MeTO NMoNerlieHHE pospaxylikie 3a dopmyvioto (1.50) aBTopH BHpaxyBanq
METOJ0M NPHOIMIHONG HITCTPYBaNHAS 3HaUYeHHs Be3posMipHoT GyRKULT W NOg pizHUX
3Hadensb B/T Ta nobynypan satexnictey — B/T. Pisngnsa (1.50) Ta sanexnicTe y —
B/T apTopu merojly PeKOMEHAYHY(L 18 PO3PAXYHKY XAPAKTCPUCTHK OKHCIIEHHS
MeTAMB MPH X narpisadnl aGo 0xoo/KeHH] He ulle 3 00CTIHEOK LBUAKICTHO IMIHH
Temllepalypd, aie | npu Oynop-akoMy IHINOMY TeMmIOepaTypHOMY poxuMi. lle
CTRHOBHTHCA MOMK/IHBMM, AKLLO TCMUEPATYPHY KpPHBY HAIPIBAHHA (OXONODKEHHA)
MeTany poI0MTH Ha N IHTEpBa/IB, B MeXaX FKMX LIBMAKICTE 3MIHH TEMOCPATYPH
MOJKHA BEAXKATH NOCTIHHOW «, Buznaupeimm 3a sagexnsicTio w — B/T a1s koxnoro
IHTEPBANY TEMIIEPATYDH BLINGBLAHI 3HAMCHHAE $YHKUIL W), BETHUYMHY THTOMOIO
301IBIIEHHA MAcH MCTATY MOXH2 BHPaxyBaTH [Af BCLOTO NPOLECY HarpiBaHHA

{oXonomEeHHA) 3a POPMY IOK:

- ¥
g =y +EBY. — | (1.51)
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ABTOPH BBAXAIOTH, IO PoipobieHnii HUMH MeTo ] Ginblr TOUHMH, HIK METO],
B.D. Konurora, Tak Ak cnocid JiNeHIA TCMICPATYpHOl KPHMBOT Ha 1HTepsaay 3
OOCTIANOK WBMAKICTHY HalPiBaHHA (OXOTODKCHES) J03BOIAE KPallle BIITBOPHTH
peantHEN PCXKMM HArpiBaHHA, HIK CMNOCid JUTeHHA Ha CXDAHHKE 3 NocTiiinow
TeMieparyporn. Tum He menmm, merod Bl I'ybunchkore ¢ HabImmeHHM, 110
00YMOBNEHO PAAOM IPHNYIIEHE PR BUBeaeH] apMy: (1.30Y Ta{1.51), nabamkcinm
BHPAXYBAHHAM (PYHKUIT ¥ Ta HaOIMIKCHHM YABIACHHAM TEMUEPATYPHOIC PEKHMY
OKMCNIEHNS ¥ BWTANOl  IHTEpRANiB 3 MNOCTIHHOKY IUBHAKICTHY  HarpiBaHHA
(ox0a00xennal. Heqomke NLoro MeToIY CKIATAIOTLCH TAKOXK B HeoDX1AHOCTI
BH3HAMEHHA KOHCTAHT MeTaly Ky Ta B { B 3HauHIA TPy IOMICTKOCTI PO3PAXyHK!B.

IB.0¢M. 3veman, Al Puteidcexrid ra TTLA. AHTHKAAH 3alpPONOHYBAIH METOR
PO3paxyHKY XapocTHiKoCcTl METANB NIPH 3MIHHIA TeMueparypi, AKH# 3acHoBaHHA Ha
BRENEH] NOWSTTH €KBIBANEHTHOTO 4acy. Ile# smeros, sk 1 meroa B.®. Konntosa,
nependavae 1LipHBE/ICHHA pealbHOTO POKUMY 3MIHA TEMIIERaTYDPH MeTany, e
OKHCIOETRCH, 10 CTYTIHYATOre 3 BMTPHMKAMM TPHBANCTH 1), tz, ti, ..., 1y TIpH
remnepatypax Ty, Tz, Ta, ..., Th, AKi BIINORBI;1210TE CEpeAHL TEMOEPATY D1 ANA KOHKHOTO
IHTEPRANY, HA AKI PORIICHNA BECh A1211A20H IMIHHW TEMIIEPaTyYDH.

Jam, opHa 13 UBX TEMIEP&TYP, Halpukhal Ty, OOHpacTeca ¥ SKOCTI
eKBiBaNeATHOT {00paHo MoXKe ByTH Oy ib-fike 3HavernrA TemnepaTypu 13). Lle o3nayae,
HI0 BCCh NPOLEC OKHCUEHHA PO3IIANACTECA AK TaKMH, 110 MPOXOAHTE TIPH MOCTIHHIK
TemmepaTypl Ty, mo0 MoxHa Oy10 BMIHAUMTA ITHTOMY BTpaTy MacH MeTaly NpH
exBiBalleHIHIA TeMnepaTypi, HeoOXIIHO peankHi IHTEpBAIM wacy ti, 1z, 13, .., I
TIEPCTBOPKTH B EKBIBATEHTHI IM 3HAYEHHA, AKI BUIIHKAIOTE NpH TeMmnepatypi T Take
M OKUCIEHHA MeTany, sx 1 mpu Temnepatypax Ty, T, Ts, .., Th.

ExpizaneHTHH# uwac MOXHa po3paxyBaTH HACTYIIHHM 4YHHOM. [IDHPIEHSEMO
3YAUEHHSN [THTOMOI BTPaTH MacH MeTany upn remmnepatypi T; 3a wac t) Ta npu Oy;ie-
AKIF IHINIH  Temnepatypl T; 2a wac t, BBUKAKM, O OKKCJIEHHS ILIKOPHOETRCH

NapalOoTMEIA KINCTHYAIE 3aK0OHOMIPHOCTI

9 =4, (1.52)
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ki =kt
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3B1ACH

BuzladuMO  BIMHOINIEHRA  KOHCTAHT  OKKMCIEHHA B (hopmydl

BHKOPHCTORYHOUN TeMIepaTypHi 3aeXHOCTI IMX B THYHH:

k, kg exp(—(/ RT)}
k. Kk, exp(—Q/RT))

Jorapadmyoun (19} ra ssaxkawdr K; = 1, oTpuMacMo
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(1.53)

(1.54)

(1.54),

(1.55)

(1.36)

$opmyna {1.56) yaenac 3 cebc BMpas AnA BH3aNaYcIiAg KoediuieHTy &,

NEPEPAXYHKY FHAMEHD PEAINBHOID Y4CY 1 B CKBIBAICHTHE HOMY 3HAYEHHA vacy 1y 1pH

teMnepaTypd T). Hacnpaeni, spaxopyroyd pieeHcTRO k) = 1, i3 dopmynn (1.54)

GauMMo, WO JNA TepeTBOPEHHA 4acy U B t) NOTPIfHe JTHIE MOMHOMHTH Mepury

BeIMUHHY HA KoedlIEHT MepepaXyHKy k. AKHA BH2HauaeThCA i3 CHIBBIAHOMICHHSA

(1.56). 3uificHIo0uy Taki onepaitil 31 BCiMa IHTEPRATAMM HACY, BEMHYHHY CYMAPHOIO

eKBIBAJICHTHOIO HACy OKHACNEHHM METTY BHIHAYADTE Y BHTIIAI CYMH

Ll

R & A N D

(1.57)
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3a HAAEHHM CYMEPHUM eKRIBATEHTOM YACY Ta eKCNePUMEHTANILHO RH3HAYEHIH
KIHETHYHIR 3anemHeeTi lg q — ig t IpH TeMuepatypl T 3HAXONATE LY KdHY BeJIHYHHY
BTPATH MACH METATY 33 BeChb [epin/| OKHCNIEHHA NPH IMIHATH TemMnepaTypi.

MeToll exBiBATEHTHOrO uacy MaE CYTTCBI MepeBary fepej, JBOMAa IHIUAMM
BHILEPOITSHY THME MEeTO12MH: AN KOPHCTYBAHES HHM HeoOXinHe BU3HAYeHHA THINE
01HIET KOHCTAHTH () Ta noTpefyeThed MeHNa KiiBKICTE Po3paxyHKIB, Ane et meToq,
AK 1 OVER-AKMH anaiTHunui, TpyaomicTkuit. HeponikoMm fioro © Takox  me
poipobneticTe ¢nocofir TOMHOTO BRIHAYCHHA BenMuuH () Ta BIACYTHICTE YMOR, fKi
BHIHAUAOTE BUGIP TOro 4H iHIIOrO IHAYENHL TEMIEPATYPH B 4KOCTI ¢KBiBANEHTHOI,
X042 BIJ[ IbOT'O TAKOK 3ICHKUTE TOUHICTE PO3PaXyHKY KOPO3IHHOIO NOLIKOAMEHHA
MeTaTy.

TaxHM 4HHOM, ICHYIOW! METOAH POIPAXYHKY XAPAKTEPHCTHK KapocTiAKOCTI
NpH 3MIHAIH TCMOEPATY i MAXOTh HEAONIKA, IHOAL JIOCHTE CYTTEBI.

Ouimooun B WiaoMy yei 3alponoHOBall METO/M DO3PAXYHKY HapocTIAKOCT
METaNB NpH I0CTIHAIA Ta 3MIFHIA TCMNCpaTypl, c:1i 3p00HTH BHCHOBKY, 110 BOHH
JOKH IUE HemoCTaTHbO pospobnedi. Iapamgy 3 Tum e wi MeTo1u B bararbox BHNaIKax
TPYAOMICTKI, 11 BUIMITHTH BiACYTHICTb BKA3iBOK ¥y aBTOPIB METOALB Ha IX TOMHICTb
Ta TPAaHHALI PHKOPHCTaHHA. J'any3b BUKOPHMUT4HHN MEL0iIB 3a3BHYal DYXKC By3bKa,
BOIIH [O3BONANOTH BH3HAMWTH JIHIIC OJIHY XAPAKTePHCTHKY XKapOCTIAKOCTL. BTPaTy
{30iFemenns) mach ado raabGedy Kopoii Metary., CKIaZHICTE pOIPaxyHKIB
KAPOCTIHKOCT] ICHYHYMMH METOAAMH € IIPHYHMACIO TX HENOCAKHOCTI 18 LIHPOKOrO
K018 THXCHEPIB, Akl He € cnelianicTamu B of1acTi KOpozli, ane AKl LIKABJIATHCA
xapocTiikicTio MeTtanis [4].

OTxe, 0ZNAM 13 HaRDIAERI edexTHRHAX <n0CO0IB 3aXHCTY cTalell Ta CIJIARIB
BII ra30R0l T4 aTMochepHol Koeporil € TX NeryeanHa eneMciTaMH, Skl YTBOPIOWTb Hi
NOBEpXHI METaNiR UNbHI IAXMCH] OKCHMAHI 1IMIBKHM, TNPH BHCOKOTEMIEDATYPHOMY
OKUCIEHH], T2 MACHRH] IITBKH B YMDBaX aTMOCHEpHO] KOposil,

(JCHOBHHM JNEryIOUMM e1eMeHTOM, AKHE 1T ABHLIYE XKapoCTiHKICTE T2 KOPOZiHNY

CTIMKICTR CIIMBBIE HA OCHOBl daniza € xpoM. LleA eTemedT yTROpIO€ npH
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BHCOKOTEMNEDATYPHOMY OKHCIEHHI MCTaTy TyroTenkui oxcui CUr); ta masviyc
(ACHBHICTE METATY B aTMOCQEpPHAX YMOBaX.

A0 NepCHeKTHBHHX  marepialls  BLAHOCATH  (EPHTHI  XPOMHCTI T4
xpomoamiominiesl ctam (13 — 28 % Cr). Ane mi cTan? MarTh BETHKHHA HEJ01IK: BOHH
MOXYTh OKPHXYYRATHCA B NIPOLEC] TEXHOIOMNYHUX HArPIRaHk Ta TPHEATAX RHTPHMKaX
MPH NIABHINEHHX TEMNCPATYpax NI Yac CKCIUIYaTallll. AYCTeHITI ¥apocTifkl cTam.
B  aAxkocTl  #apoCTIAKMX  cTAaNed  ayCTCHITHOID  KNacy TOJOBHAM — Y4HHOM
BHKOPHCTORYIOTE CT3/1i Ha XpOMOHIKeneRiH ocyori. Tl cTati He MaloTe BENMKHX
nepeBar 3a XapocTIHKICTIO Nepel BHCOKOXPOMMCTHMH CTaSIAMH epHTHOMC KNacy, ane
BHIIHO BLAPI3HANOTLCA Bijl HUX 32 PIBHEM MEXAHIUHMX BIIACTHBOCTEH, B TOMY HMUCHI
ABPAMIHNHX, TeXHOJOTIHHOCT] (3naTHOCTL 10 raMGoKol BUTTKKH, [NTaMITYRAHHA,
IBAPIOBAHHA), BAHM TaKOX MEHIH CXWIBHI IO OKPUXYYBAHHA [ICTA TPHBATHX
BHTPMMOK 1DH EHcokux Ttemneparypax. Heaosixom crame#t nsoro xnacy ¢ ix
IOPIBLRHO EBHCOKA BapTICTh, BHKOPHCTAHNS B BCIMKMX KINBLKOCTAX JAchiuuTHOTD
HiXem0, HHUIkKI TenNONpORLAKICTRE Ta ONIP Ta30BIH Kopozii B cepeloBdHmax, AKi
MICTSIE CIPKY. B AKOCT! XApOCTIHKHX COMABIB NABKILEHO XAPOMIIHOCTL, Bk
HA;11THWX T2 Mafke HC CXHILHHX J0 OKPHXUYRAHHS, AK1 MarOTh BHCOK] TEXHONOTIYHL
BIACTHROCTI, B aBialifiHIH TpOMMCIOBOCTL (Kamepu 1TropaHHd, apoei Tpybu)
BHKOPDHCTOBYIOTE 3a7i30HIKeNesl cnnasy 1 ;iobaskaMH wmonibgeny (1o 3 %),
poakgpaMy (A0 3.5 %), Turary (oo 1,2 %), Hanpuknan cinae XH3EBT 1a cnnas
XHZEBMAD. apocmiiki cronH Ha HIKeALXPOMOBIHE OCHOBL (HIXPOMH) OTpHMAaNK
IHAUHE DOIIHPEHHS B AKOCTL MaTeplatis aas pobory npd 800 — 1100 °C, a mpu
KopoTKouaciil poborti no 1200 °C,

Jlonarkose NEeryBdHHA 3a130XPOMHCTHX CIGIABIB ATIOMINIEM Td KPEMHIEM
CYTTCBC TABHLIYE X *apocTifixicTs. Edexr mocsracThes 33 paxyHoK YTBOPEHHA
oxcH/AB Aly()y Ta $10;, AKI pa’oM 3 OKCHIOM XpoMYy (POpPMYIOTb Ha LICBEPXHI METaNy
JAXMCHI MNIBKH MITIHCABHOIO TALY.

3anauerd pO3PaxyHKy JKapOCTIHKOCT! METANB € BHU3HAYEHHA KLNBLKICHMX
XapakTEPHCTHK 1X KapocTifkocn. Tlpn uboMy JOCHIAHWKIB 1IKaBATH TSPl 38 BCe

XAPUKTUDHCTHEKY PIBHOMIPHOT XOPO31T; cepesl HUX HAHOBIY LUIKABICTD )18 TEXHIKH
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ONpeaCTABRAE TIUTOMA BTpaTa MacH, ad0 rmudnna Koposil MeTany 3a 3aJaHuP vac —
PECYpC exciTyaranii MalinHu abo arperary. THOAL Ba#UIMBO TAKOA 3HATH LUBUAKICTD
KOpo3il MeTaty (3a2BMuad Ha cra/lll NOPIBHAHHA BAACTHUBOCTEH KOHCTPYKULMAHMX
warepianis s Bubopy nawbineur npujatioro 3 uax). Buado, wmo Bl TOWHOCTI
MCTONIR  PO3PaXyHKY KapocTifikoeTi sarepianis B 2HauHIE Mipl  3asexuTh

ﬂpﬂ].l,i.?'iﬂaTHiCTh NpoMHUCITOBHEX YOTAHOBOK.
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2 MATEPIAJIA TA METO U JIOCHIDKEHHS KAPOCTIMKOCTI

2.1 MaTtepiany /114 NOPIBHAIBHHX AOCTIAMKEHD

Ha mncraet nrepatypHex ganux [36 — 39, 2, 3], cepea daratbox Mapok cTaned,
AKI  BHITYCKAKOTh  BITUM3HSAL T2 38KOPIOHHL  NPOMACAOBROCTL,  BH3HAYKIW
HOMEHKNATYPY JeroBaHUX CTajlel, 8KI B THX 94 1HWKX BMIAAKAX BUKDPHCTOBYIOTH
I8 BHIOTOBIEHHS eTancH, sKi TIPalCiOTE B YMOBAX RHCOKOTEMIIEPATYPHOTO
oKNCNeHAA. ToMY excnayaTalniidl xapakTepucTuka ctam 08X8CHK) Ty oninysany B
TIOPIBHAHI 3 XapakKTCpHCTHRaMK xpomucThx cTaned OBX18T1, YUS 409D, raxox
crank 12X 18H10T, gxa Mupoko BHKOPHCTOBYETRCS AMA TakWX Ke 11ine# Ta XH4510.

XIMIYEMA cxoan UMX cTaeil Hase,1eHo B Tadnmw 2.1,

Tabmeua 2.1 — Xiviuiedl cknag cranedt 12X 18HI10T, 08X 1871, YUS 409D,
XH451K), 08XBCH)Ty

. . i . ,
! BuicT eiaemenTis (%% Mac.)

Mapka cTam

C | Mn i 1 P ] s Cr | Ni Ti
2XI8I0T <000 | <043 | <056 | <003 | <o0vo | o o0 le11 0.8
0$X18T1 | <008 | <033 | <054 ' =003 ' <0,009 T s | <00
YUS 4091 <003 | <100 | <100 | <004 | <0,030 -2 <050 | <0,30
XI45K> | <008 | <0,80 | <0.80 | =003 | <0,020 ]iﬁiﬂ 4346 | -
0BXBCIOTs | <008 | <060 | 13-10 | <0035 | <0020 | | <060 {0.3-06
i -~ |




45

2.2 Nocmipmenna xapocTifikocTl B 1gTepsan tesueparyp 700 — 850 °C Tta

11040 - 1300 °C

KapocTIAKICTE BUTPOOOBYRANN Ha DIZNHX MaTepianax:

- MeTalln NabopaTepHUX NNABOK 3MIHHOIO XiMIUHOMO CKIATY OpH peadl3atlii
NoBHCGAKTOPHOTD CKCTepuMeHTy 275

- mMeTati npomucnoeol nimaekn ctam ORXBCHITw ans eunpodyeanna 1
AAPOCTIHKOCT! AK B TIOBITPAROMY CepeIORHII, TaK 1 B MPOIYKTaX TOPIHHA Nanvea;

- B MOPIBHANLHEX BHTIPOOYBAHHAX KAPOCTIHKOCT! BUKOPHCTOBYBATTH 3Pa3KH
13 NpoMHcnoBHX Inasox cTanei 08X ECHY Ty, 12X 18HI0T, 08X18T1, YUS 409D.

BuroToBneHns Ipa3kis, IX MATOTOBKY Ta 00pobxy pe3ynbTaTiR NPOBOAMIIN
srigro 3 TOCT 6130 -71.

Ilna BUnpoOYBAHHA XaPOC TIHKOCTI MaTEplany JadopaTOPHEX 1L1aE0K 3MIHHOIO
XIMCKIamy Oy/[¥ BHTOTOBICHH! IO T ATH 3paskiB pozvipom 30x25x3 mm. 3pasky
BKN2YBaTH Ha Cleliianbie NPHCTOCYBaHHA ¥ BATIAL eTaxepKH, ske BUKIIYalo iX
AoTopKanHA. TIpHCTOCYBaHHA 3@BAHTAKYBANM B uperpiTy dc 700 °C enextponid 3
NOBITPAHON0 ATMOCHEPOIC I BUTPHMyBany npogosx 2000 rogun.

[TopiraanpHi BUNPpeOYRAHHA KAPOCTIHKOCTI BKAa3taHMX Mapok cTajieil B
NOBITPHHOMY CEDCIOBHIIL TIPOBOIKNY NpH TeMmnepartypi 700 °C ta surpumui 2000
roguH. JinA KOKHOTC BHIY BHITPODYBAHRA TOTYBAJIM MO 5 3IpasKiB POIMIPOM
50%25% 1.4 MM,

[TopisHaIEH] BUNpOOYBAHHA MAPOCTIHKOCTI B CepeJOBHIN BlANPALLOBAHMX
Tazls apTOMOOUII0 BHKOHYBAIM HA CTIELIANBHIH YCTAHOBLI, AKa yaBIAC 3 cebe creHa
Ha bal xapbblopaTopHolCe BBUTYHa agToMobing 3101 — 130 3 niarmoweHoe 10 HEOTO
KOHTPOIIDION 010 anapatypo (pHc. 2.1).

3}]33}{11 RCTAHOBINMOBANH B CHELl'iBIILIIE [IPHCTOLYBANIIA KACETHOI'D THIIY, HKe
pPOATAIIOBYRANOCE B BHIYCKHHH KOJIEKTOp ABHPYHa. PexuM aunpoOypaHHA -

MepeoAMMHNE 3 3aranbHoi TPHBATICTIO 200 rojivH.
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Ilns  nporvosyrawng  XapocTiikux  BracTveocTed ctamt O8XBCHITy 3a
N4paMeTPUHHHM  METOJ0M  [OpPOBOAMIKY  BUNpoOYBAHHY  KApOCTiHKOCTL  [IpH
TeMncparypax 350, 700, £50 °C Ta nocTifinoMy yacl BUTpHMKH — 100 ronuy, 4 Tako®x
npu nocTiiinid remnepatypl — 700 °C 1a euTpuMmrax 100, 500, 1000, 20060 ro)ve B

NOBITPIHOMY CEPeLOBUIIL.

al]

—

] — ABUIYH; 2 — MicL¢ YCTAHOBKH NPUCTOCYBaHb 31 3pa3kaMH; 3 — RelTpanisaTopu
Pucyrnok 2.1 —Cxema ycTaHOBKH ANA BUNpo0yBallh 3pa3KiB HA KAPOCTIHKICTD B

MPOJIYKTEX TOPiHLA 8BTOMOOLTEHOrC NaTHR2

[licna BEnpodyBaHb 3Pa3kK OYHINANH B 3a0pyalcHb TA AHATI3YBANM X CTaH.
OCKITBKA OKCMAHI NIIBKH RMABKIIACE OOCTATHBO IWWIMBHHMHA | BHOaueHHds X 12
noBepxXHl  3paszkie  Oyi0  YCKNajgHeHe, BHKOPHCTOBYBAIH METOA  PO3PAxXyHKY
PCIYNLTATIE 33 REIHYMHOHK) T[PHBICY 3 BHIHAGYEHHAM TTHOMHH OpPOHUKHEHHA

KDPOEiﬁHHK [[OEGIDRCHE 32 HACTYTIHHMH d}GpM}'HE’LMHZ

=T {2.1)

e q— upHpiCT MACH i OJMHALIO 1101LU], I'r“cmz;

My, My — MAacK IPaikik 10 Ta 0IicHa BHnpobyBals, I
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S — IL10MA 3PA3KA, CM-.

h.= . (2.2)

Ae h,y — KIIBKICHHA TIOKA3HWE KAPOCTIHKOCTI — rIMBWHA TNPOHHKHEHHS
KDPBBiﬁHHK OOINKOIKCHE 32 3a03HUA YAC, MM,

£ — TVCTHIIA METATY, T/CM.

PoipaxyllkH 332 TNpPHEICOM  BMKOPHCTOBYIOTLCA 1 IIpH  A0CHLTKehwl
KAPOCTIHKOCT B iHTepEBadl TeMuepatyp 1100 — 1300 °C. BanpobGysany martepiany
12X18H10T, 08X8CIOTy 1a X1145H). Turai npocymyBand 1a eneKTpRYHIA IAHTUI
npotarom 1,5 roawn. IoTiM 3paacysann. 1 [icns 115070 B IMX PO3TAILOBY BATH 3PA3KY 13
Ja3HauenuXx Matepialis 1 Harpisany go Temncparyp 1100, 1200 ta 1300 °C 3 pisHow
BHTPAMKOI, THIIII BHKODHCTOBYWTECA 18 TOTO, 0L He BTpayaTH OKATHHY.
AlapocrifKicTh ouinOeThes 33 IPMBICOM, TOMY 1MO 1PH BHNPOOYBaHHAX NeqK] 3pa3ku

Oyad 3pyHBGHRAN] 1 OLIHKA 32 BTPATOW MacH 6yaa 0 le JoiinsHow.

2.3 MetanorpadbiyHui ananiz

Aas vetanorpadiuHuxX IOCNZHeHE CTPYKTYPH MATEpianip BUPITAMY 3pazku
poMIpaMi 25x10%3 MM. MIKpolnihy BEIOTOBRANH 13 3pa3kis, Akl §yad BupI3an]
HPANeNsHO HaupaMKy mpokaTke. [licns maldobpkH X MeXaniyHOe MoJipyeamd Ta
waeMaH B peakTwBl Binena,  MocilLiukeHHA MIKpOCTPYKTYpH UpPOBOOHIH  HA

Mykpockonl MIM — 8M mpa 361uismmennax »200,
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2.4 MikpopedTreHOCMexTpATLHHH aHanis

B npouecl BUCOKOTCMOEPATYPHOTO OKHCIEHHA JKAPOCTIHKWX MaTepiane
BiA0YEACTECH THTEHCHBHA ZYCTPidHA BHDY3IA JeTYIOUHX EiAEMEHTIB TA KOpO3liRHX
Ar¢HTIR 3 ¥TBOPSHHAM OKCHMAHEX I[00B0OK, (knal Ta BNACTHEOCTI UMX 1LIBOK
BH3HAYAKOTh WAPOCTIHK] RNACTHBOCTI UHX MATEpIANIE.

B BHly M&THX TOBIINH, OKCHAHAX TL1IBOK, AK] YTBOPHAWCA Ha 3paikax i3 CTan!
DEXECHITy, 1mns ix  BHBYEHHA  BUKOPUCTORYRAIH  MeTOd  TOUKOBROTO
MIKPOPCIITICHOCIEKTPaAsHoro aHamsy. B pobor BHKOpUCTOBYBalW CIELialbHO
MACOTORISHH] 2PAAKH, AKL IPOATILTH TePMINHY 00pobxy npw TeMneparypax 5(0 — 850
C ta Burpumkax sin 100 go 1000 roijun. BunpoQypakua 0OpOBOJHNIH Ha
MyKpoaHainzaTopi MS—46 dapmet ,,Cameca” npy IPALUBAAINCHUX HANPYKEHHAX 13,

20,23 kB Ta ctpymi 10, 20, 30 MxA.

2.5 BunpobyeaHHa KOpPoO31HHOL CTIRKOCTI

B pobori npoeojunM moawoBl  BMnpobyBaHHs  Ta  BUNpoOyBaHHA
MPHIIBATIIEHHM METOI0M B KaMepl cOTLOBOID TYMAaHY.

JIMA IpoEefeHny nONLOBUX BHIOpOoOYeaHE, 3ri0H0 OCT 9905 — 82 13 nucta
crated OBXEBCHOTy, [2ZX18H10T, O8X18TI, YUS 409D rotysann 3BapHl 3pa3kh
posmMipaMu 150x100=1,5, aki 0TpuMaiil AYTORHM CAEKTPO2BAPIOBAHILAM B Cepe0BHL
BYITIEKMCIOTO rasy §es npicaiosHore Matepiany. ¥ BunpoOyBaHgl IPHAMATY YHACTh
1[0 5 3pazkiB KOKHOTQ BHAY.

TliaroTosacHI 3pa3kd MIOBILIVRANIM Ha COellialbHi PaMH, AK1 BHKIHOYATH 1X
DesnocepesHiH KONTAKT Ta eXKCNaHyBand upoTAroM 3 poxie. KoxHi ¢ sicame
PO3TAlIYBaHHA Pam 31 3pa3kaMH JOBIIBHO 3MIHIOBAIH BIAHOCHO HamnpAMKIB (i(BAEHb,

DIBHIM, 3axi, CXiN). 3MIHy PO3TAllYBaHHA paM NPOBOIMIA 3 METOK BHKIOUYEHHA
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BIUTUBY BITPY. LA obmniky 3MIHM 30BHIHEOTO BUMTEAY 3pa3Kis M 4ac sUnpobyBaHe
BETM MYDHA CNOCTEPEXKEHK, & KOXKHL 3 MIcAl PIKCYBAIH 3MIHM 30BHILHBOTD
BHITIALY KOKHOTO 3pazka. BuopofyranHs NMpoROIHIUCE B M. 3anopixoks, atMochepa
axoro wigHo 2 1'0CT 6.096 — €4 pH311a98€TRCA AK MICEKA TPOMUACIIORA.

3a pesyneTaTaMM BHMpoBYBANL [IPOBOHIM  HKICHY OIIHKY KODPO3HHOT
CTIHKOCTI,

3 METO OTPAMAHHS OUIHKH KOPO3IIHHOL CTIRKOCT] B Db ATPECHBHAX YMOBAX
HPOBOAMIN [PHILUBHILIEH] BHUpODYBaHHA B Kkamepl coaeosoro Tymany (KCT),
Kamepa yasiune 3 cebe repMeTHunu®it pesepsyap ob emom 0,25 M, aKHil Mac opHCTPi
005 3aKa4yBaliHA Ta POIMHACHHA pOD0Y0ro PO3HHHEY, NIAITPIEAYl, BHTMKHNEA IPHCTPIH
Ta KOHTPQIBHO-BHMIPHOBAILRY  anaparypy. B akocn  podoworo  posdnny
BHKOPUCTOBY BaIK 5-ThH % posunn Nall 3 nodaexow 0,25 riam” DUETY AK KATOOHOID
NENORAPH3ATOPA, SKMH NITPEMYE TIOCTIRRE sHaueHud pll = 3,1-3,3. temncpatypy p
KCT mip gac svupodyBank MIATPREMYBAIH HA pikld 35 °C, sonoricts — 100 %, Hac
BHITpODYBane — 300 1oaun,

BunpoboByBaTi T1 ¥ MaTEpI&IH, i3 THCTA SKMHX rOTYBAJIH 3PazKn pOIMIpaM#
30=30%1,5. 3paitka pIBHeMIpHO pownodidany za ob'emoMm KOT, suktoqakoun
TOPKaAHHN 0GUH o4n010. Hepes koxnl 30 roing, V1A yCepeIHEHAA PE3y 1bTATIB, 3pa3kn
ANOBINBEND PO3TALIOBYBanH 3a 00'cMom xamepn. (Cepejosunle, axe creopere B KT,
arigno ['OCT 9906 — 84 mH3layacTheAd AK IPHMOpPCBEKA aTMOchepa TpONiHHOTO
paHOHY | BIAHOCUTECA JO HANDINEIL AaTpecH BHOMY THIY aTMochep.

INo 3aKiH4eHKEK) BHIIPOGYBAHb TAKDK POBOJMKIM AKICHY OILIHKY KOPO3iHHOI
CTIHKOCTI Matepianis.

llpy  mociiTKeHHL  eKClLryaTallifHMX  BlIACTHBOCTEH  marepiany  fik
JaDOpATOPHHX, TAK | [POMHCIOBHMX [UTAROK BHKOPHCTOBYBANMCh CTAHIBPTHI
MeTOIMKH, o 3a0e3MedUno NOpiBHAHESA OTPHMaHHX Pe3y. 16 1aTiB 3 pe3ynbraTaMH, SKi
6y1u oTpUMaHi B IHINUX podorax.

MNopiBuanbLEl MCTODH BBIpoOYBallk KAPOCTIHKOCTI, KOPOIIHHOI CTIHKOCT

cTaneH JO3BOMHII0 BHTHAYHTH 1X Nepepary 1a HeoNMKH.



3 PE3YJILTATH TA IX OBIOBOPEHIIA

3.1 MMpormesysansa crifixoeTi ¢tani 08XECHI T B yMoBax razoeol xoposii

HaiiGinswa TpABANICTE BHNPOOYEaHE MATEPIany Ha KapoCTiiKICTE, TTPOTATOM
sunpobyBane cknana 2000 rooxy. B peankHOCTI 3aN1aHOBAHI TEPMIHN eKCnnyarauii
BHpoOIE MOWyTh OYTH Habarato Ginmeiimmp. (CNporHosysatd IPAHHMHL TEPMIHH
excrTyaTanll BMPOGIE i3 nucToBoTe Metamenpoxaty craml 0BXBCIOTy moxcinso
EHKOPHCTOBYIOUH  EKCTPAlIONAINK 33 NAPAMeTPHIHHM  MeTodoM. [/Ima  ukoro
HeoBXilHO po3paxyBarH Ta noby1yBaTH NapaMeTpHHHY llarpaMy JapocTIHKoCTI,

Hns 6yuyBaHHEA NapaMeTpHYHO! JiarpaMy, Ha NiACTABl OTPHMAHUX TPH Pi3HEX
TeMMnepaTypax Ta eKCIO3HWIAX B MOBITPAHOMY CePeTOBMIN 3HAUCHL KApPOCTIHKOCT]
ctam 0RXRCIO Ty, rusHavasea NapaMeTp skapocTidkocTi. OTPHMaIN NaHHL HABEEH]

B TabmHmi 3.1

Tatnuia 3.1 - XapaxkrepucThky xapoctifikocTi cTani 0BXECHOTy

TeMneparypa Yac BUnNpody BaHE.
_ g, 1M’ h. Mm p
BRnpobyeals, “C ol
00 3,10-10° 3.9%-107 13.6
500 820-10° | 105107 12.8
550
, LO00 3.80-10" 4.87-10° 12.5
| 2000 5.50- 10 7.56-10* 12.3
T 100 £2110°% | 1.05107 11.2
00 300 2.25-10° 2 R8-10 10,5
1000 420-107 538107 10,2
| 2000 6,10-107 7.89-107 3,9
o 100 1111072 1.42-10°72 9.4
; 500 2.90-10°2 3.71-107 8.7
850
1040} . 3.60102 4.60-107 8.4
2000 480107 . 6.15-107 81
]
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BUKOpUCTORBYIOUM DNAPAMCTPHYHY [1ArPaMy, MOKNE BUIHAYHTH rnabuHy
MPOHMKHEHHS KOPO3IAHHX TOIIKOAXEHE NpH Pi3HUX TeMIepaTypax Ta JOCTATHLO
TPUBAMHMX EKCLIO3NLIAX, | TUM CAMKM CNIPOIHO3YBATA MOMNUE] rapaHTOBaH TepMiHU

ekcinyatanii supobie (pue. 3.1).
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Pucysox 3.1 ~ [lapameTpnuna alarpama xapocTifikocti ctani 08X3CHOTu.

Tpusanicts Bunpobyeaxs ao 2000 rou. upu 550, 700, 850 °C na nositpi
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BBakatoTb, MO KOHCTPYKTMBHA MILHICTE BUPOOIB, $KI RATOTORIEH] 13
JMCTOBOTC METANONPOKATY Ta SK1 NpaiooTh B yMopax BTK 20cpiracThca npH
IMEHIIEHH] TOBIIHHA IIHCTA HA BENHUYWHY He OITRNIC NONOBUHHE Bid BHXINHOI [1, 6].
3rino 1o0yN0BaHOL OApAMETPUUHO] MiaTpaMi, IpH TeMIepatypax 800 — 850 °C, aki
XapaKTEPH] ;I8 HEHTPATI3aTOPIE RIINPALEORAHHEX Ta2B, 3MEHIIEHHAS TOBIIMHM JIHCTA
Ha 30 %, snac1iaok KOpo31HANK PyHRHVEaHE, BiN0Y1eTECA 1IPK ekcnayaTayil enpobis

npoTaroM npubnezio 100000 rogun, wo einuoeigae 10 — 12 pokam.

3.2 HocniaxeHns CTIHKOCTI 00 aTMOCPepHO] Kopoall

Haibineln eiporiiHi naHHI npo KopoidiHy cTHKICTE MATEpPIANiR  JIAr0Th
pe3yaeTaTH NOILOBHX RHIPOOYBAlib TPH TPHBANHX €KCOOINUiAXK. Bpaxosyloun
TPHBATICTE BHIPOOYEAHE, HEMOAGIMEG NOLEPCIHLO BWINAYWTH METDIH OLIHKH IX
pesyabTaTiB. Y 3B°A3KY 3 LuMm, B poboTi NpeICTaRACHI PEIYNLTATH TOPIBHSTRHKX
BHIIPUDY Bakb Koposliinol crifikocTt ctan 08 XBCIOTy ta cTanei, koposiiiHa cTidKicTh
axux BijjoMa — 12X18HI0T 1a 08X18T1 [43]. Takex (pOBOAMAMCE QO0CHLAMKEHHA
ctami YUS 409D, 3aransuuit uac unpodbysans ckiae 5 roguy.

JOBHIWHIA BHINSA 3pa3kiB SIS ONLOGBAX BANPOSYBAHbL NPeACTABNEHO HA
pHec. 3.2.

Bpaxosytouu e, 1w BHpoOM 13 UMX CTAACH MOXKYTE CKCTUTYATYBATHCS 1 B DIJILIN
AIPECHBHHMX ¥MOBax, NPOEeJeH] NPHIIBIIIIEH) BUNIPOOYRANHA KOPO3IHHOT CTIHKOCTI
ILMX cTajled B KAMEPL CONLOBOIO TYMaHY, sKa IMITYE MOPCLKY BOTOTY aTMocdepy.

Pesynerat 11Mx BHnpobyBanb 30IMalOTLCA 3 PE3YALTATAMH JOBTOTPHBAITHX
NoIL0BUX BUIIPOGYBAaHE 1 IpecTasientl Ba puc. 3.3,

Hx BROHO 12 HaBeJlgHWX Ha pyc, 3.2 Ta 3.3 QoTOKAPTOK, Ha 3paikax 13 cram
08X BCHD Ty, KOPO3IHHL NOIIKO;KERHR FakMaroTe Menwe 100 % nmoutl iX nosepxHi.

O1xe npy ouiHW {1 CXHABRIOCT] A0 NITIHOBOL XKOpo3il HeoOXijHO BHKOPUCTOBY BATH,
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w0 TOCT 13819 — 68, axicunit Me1o,1 IITHKY 38 INKLTeKy DATLHOCTL [IpH gromy
BH3HAYATHCE Cepedns TIHOHHA KOpOo3idHHX NOWKOTACHE i3 pospaXyHKY HA piK 12

IHIEHCHBHICTE 1X POSIIOULIEHHS 34 [LIOLLICH) 3PaA3KA.

B I
a—ctane ORXRECHOTY: 6 — ctane 1Z2XIBHIOT: 8 — eTane 08XI1811: r — ¢cTans
YUS 409D

Pucynok 3.2 — 3osHIMAIA BHTIA1 3pa3KiB MICHE NOJABOBAX BRUNPOOYBAHLE HA

CTIHKICTE 10 aTMOCThepHOT KOoposiT
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B r
a—cTtan, 0RXBCH)Ta; 6 — crane 12X18I1110T; 8 — cTans 08X18T1; r— cTame
YUS 409D
Pucyrox 3.3 — 30RHINIHIE BHOIA 3PA3KIB TUCTS NPHILIBHALICHHX BHIPOOYBAHb

HA KOPO31HRHY CTIHKICTE B aTMOChepHHX YMORAX

(JCKIZIBKKM CCpeiiHA FMHOMHA KOPO3IHHUX [IOLWIKOIACHD HA 3palkax i3 cTadi
mapky O8XEBCIOTq crara 0,05 MM/plk, A 3dransHa mnowE, XKy BOLHK 32AMAIOTH,
seHire S0 %, koposifina CTIHKICTD 1HCT CTadl. HPH TakoMy BRI BHNpofyBaHb,
BH31AMA¢TLCA BOCHMEM OGanoM. 3Jpaikw 17 Heipkasiouor ctancd 12ZX18HIO0T Ta
DRX 18T npakTHYHO 1E MIIIAOTLCA KOPCO3IHHHM NOWKOKEHHAM Td X KOpoiifina
CTIIKICTE BURHAYArTLCR DecaTHM DatoM. Cependd tnudMna KOPOLHHUX LIOIWLKOTKEeHR
Ha 3paskax 31 ctaii YUS 4090 cimana W05 Mm/pik npn zaratbHid I nnows 70 %
Tomy kopo2ifiHa cTIHKICTE UICT €Tl BH3HAYAETLCA 7 DHATOM.

(TpUMaH] pe3yLTaTH CBLIMATL Lpo T¢, o KOpo3iHna CriAKicTe ¢ram
DRXECIOTY MOWe TOPIBHIOBATHCE 3 [IMM [HOKAZHKKOM JUIH HEIpHKABIKUX cTallel Ta
WATOIAYETLEH 3 3ETHJI[:II[]IIPHF‘IHHTHMH VABNCEHHAMM T[O BILIEB [IErYEdHHA Ha
KoposiftHy criikicrs cTatcit Ta cnnaeis. Tak, BUCOKS Kopoliitna cTifikicTs cranel

12X1RH10T ta OBX 18T pH3aHauae b, TONOBHHM YHHOM, BUCOKKM BMICTOM XPOMY,
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e 0ILYe X CXWIRHICT: 10 DacuBauil Ta 3abesmeuye ¢TablLTBHICTE NacHBHOTO
cTany. 1lHeobXinHO BIOMITHTH, 1O 32 [MBHIKICTH PO3UYHHEHHA B HACHBHOMY ¢TaHl, B
ATMOCHEPHUX YMOBAX, JEIYIOUl €JEMEHTH, AK] PO3IILIZI0TECA, POITALIOBYIOTECA B
HacTynHOMY nopaaxy: Fe<Si<Al<Ti<(Cr [44]. XpoM B IsOMY CTaHi pO3IMHALTRCH
nprbanAzdo ® 140 pasie noeiapHInge, HIX 320130, 1 B 20 pa3is N0BUIEHILIE, YHM THTAH.
Jerysanns 341133 XpOMOM, TIpH foro BMICcTi Oinelne [2 %, 3HMKYE LIBWAKICTH
PO3YHHECHHA MATCplamy B MacHBHOMY CTaHi Ha 3 — 4 JIOpAAKH BEAWiMHK Ta
HABIMKACTBCA JO BIATIOBLAHKM XapaKTePHCTHKAM LA HHCToro xpomy [45].

BuicT xpomy B cTanl UBXECH Ty renmie 12 %, ane jobasku anominio nodbpe
BILIMBAKOTL Ha 3Depexkenns 1ACHBHOrQ crtany MeTaty. lIlpy upoMy, 3a DaHMME
Pozendenrna [31], amominiil BaRGinbIL CUTBRO MTPOSBIAE CBOT 3AXMCHI BNACTABOCTI
camMe B CTanAX, AKI MICTSThE XpoM. KpiM TOro, HeEMOMIIMBO He BPAXOBYEATH W
cTpyKTYpHHHA darTop. CtpykTypa ctati 08X E8CKI Ty — piiHodhazHui TBEPAMEA po3uMn,
AKHH A03BOIAE AOCATHYTH PIBHOMIPHOTO POINOINY NEPRHHIIKX TA BTOPHHHHX daj 3a
BCIM  O0'EMOM  MCTANY Ta BHKITHOYATH BHHAKHEHHS MIKPOrATbBAHIYHMX —Hap.
GaHopiIRICTE GA30BOro CKNaay B CTAN WIALHO OB S32HA X TepMIYHOK 06poGKOI0 R
[IpOLEC] BUOTOBACHIS MeTaty [46]. Pozpobneni pexXynH pekpucTallizallil JNCTOROTO
METANONPOKATY HOIBOIAIOTE OTPHMATH  PiBHOBICHY  3EpPHUCTY  CTPYKTYDY 3
MIHIMAIbHOK KLIbKICTKY KapDiAHHX BKNIOMEHB N0 IPaHUIAM ICpeH — (aKTop, AKWii
CTPHMYE DOIBHTOK MIKKPHCTANTHOL Koposil. B Tofl ke uvac, no ob’eMy 3epen
BINOyBacThCA Koarviaania xkapbinuoi dail, Mo CIPpULEe BAPIBHIBAHHK KOHIEHTPAUT
XPOMY B TBEPIOMY PUO3IYMHI T4, §K HACJIA0K, [IIJIBUUIEHHA KOPO3LHIOI CTIHKOCTI cTaxl,

B 3oml 3papHoro 7'cIHAINA KOPO3iAHI MOMIKOMKeHHA MawTth Binbw
POIBHHYTHE XapakTep. BHcoKoTeMepaTypHe HAIPIBAHHA T4 WBHAKE OXOJDJMEHHS
Np¥  36aDIOBAHHL OPHBOOE JC 3HWKEHHS KOPO3IHHHX BNACTHBOCTEH, AK Y
HeIpkaBiiouHX cTaneH, Tak 1 B cTanax 0RXECHITy 1a YUS 409D. 1le non’azano, s
OCHORBHOMY, 31 RHIKEHHAM KOHLEHTPAL] XPOMY B 30H]1 3BAPHOMO [UBa Ta B 30HI
TePMIMHOrO BIJIMBY BHACAIAOK HOro BHIOPAHHA, B8 TAKOX BHBEAEHHA XPOMY 13
TREPJIOTO PO3YHILY B KapSian. KpiM Toro, B 20H1 3RapHOTO 1BA MOMIUES YTBOPEHHA

BTOPWHHHX a3 Ta BUHAKHEHHM HANPYKEHb, HAK1 [PHBOAATh OO NOCPIIEHHS
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MIACTHUHEYX BIACTHBOCTEH NacHBYHOYOI [LTIBKH. AJle, PO3BHTOK KOPO3IRHWX Opollecs
B 1i# 30H1 MpY TPHBANAX BUNPODYBAHHAX He NPHBIS 10 KAatacTpodIuHOro pyiny pansg

METTY .

3.3 IepisHanbHi BunpodyBaHHA HapoCcTIHKOCTI B pIZHIX TAZ0RHX CepeioBYITaX

a0 &00 °C

Kinexicui pe3yIpTaTH BUOpoOYBAaHE KApOCTIHKOCTL, AK B TOBITPAHOMY
cepeqoBMIL, Tak 1 B Cepe/lOBHIL BI/IPAlLOBAHAX ra3iB aBToM0GINg MoKazaHi Ha pHc.
3.4, 3.5, a Takox 30RHIINHIA BUT7IAZ 3pasKiB, SKHE NpejcTasieHo Ha puc.3.6 1a 3.7,
AK1 CBIAYATE PO Te, 110 33 #apocTikicTio ctaas 08XECHOTyY ta ctani 12X 18H10T,
QRX18T] OnM3nki Mk coGorwo, Tonl 8k cTame YUS 409D 6inbil CXHAIBLHE 10
oxMcneHHA. Taxi nokasHuke xapoctifikocTi crani 08XECHOTy, aka mae B cxnani
CYTTCHO MEHLUY KIMBKICTE XPOMY, MAKYTE CBOE NOACHeHHA. [Tpa okncnenHl tiel crami,
B CKJIaQ NTiBOK, MO YTIBOPHOKTECA, HAUX0AATE okcuan AlOz, 510, a Takox Gimwu
cknafHi 3'cAHanns Fe() Al(O;, Fe() 8510, axki B nocanandi CraOs; ta FeO-CrOy
JIO3BOISI0TE CYTTEBO NMOKPAIUMTH 2aXHCHI BJACTHBOCII LMX OKCHMAHMX NMiBOK Ta
OiDSUIATH KapocTinkicTs cTanl. JKapoctiikicts xe crami YUS 409D nomitso
HH#EYE, OCKIMEKH B 11 CKAajJl RMICT XpOMY HEJOCTATHIA 1S  YTBOPEHHHA
BHCOKOS()EKTHBHWX OKMCHHX IINIBOK, TaKKX AK B cTam 12X18H10T abo 08X 18T1, a
THIIHX Je1 YUK SEMEHTIB, KPIM HCBLIHKOT KINBKOCT] KPEMHIS, BOHA HE MAE,

BigsocHo ripwil ToKasiHKW ®RAPOCTIAKOCTI ¥ BCIX CTajeH mican BUIIpeOYEaHb B
CCPeIOBHILI BISNPallbOBAHHX Ta3is aBTOMODLIA 110B'A3aH1 3 OLIbI BUCOKOW 11

ArPECHEBHICTIO.



0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

QEXECKITy  12X18H10T 0EX18T1 YUS 409D

Pucyrnok 3.4 — Hapoctifikic T cTanci, 1o T0CILIKYHITLCH, B IIOBITPAHLI

at™octepi npu 700 °C, 2004 rogun

4.5

35

2.5 -

SBXBCHITY 12X18H10T OaX18T1 YUS 405D

Pucynok 3.5 — Kapoctifikic Th crajed, 1110 JOCI/pEY OTLER, B aTMoShem

BIANPAILOBAHNK Tasik agroMediig B iHrepsan Temueparyp 650 — 800 °C, 200 roaun

Otpumanili Aani Jai0Th IHHCTARY NpAiyckaTh Te, 1o ctaik 08XECHITy, 3a
CBOTMH KAPOCTIHKMMH BIACTHROCTAMY, NPIGIATHA JIA eKCILTyaTalll B cepeloBHIN]
RUTIPANGLOBANKX T23B ABTOMODLINE 3 TAPAHTOBAHWUM 3311ACOM  EKCIEYATALIAHOL

HaNHHOCT.




B r
a—08XSCH Ty, 6 — 12X18H10T, s — 08XI18T1, r — YUS-409D
Pucynox 3.6 — 3oBrINHIE BULIS/ 3PpasKIB ¢ BLIpODYBaHHA Ha

HAPOCTIHKICTE B NOBITPAHIA armocdept, 700 °C, 2000 roaHH

B r
a—O08XECHO Ty, 6 — 12X18H107T, s — 08X18T1, i = YUS-409D

Prcynoex 3.7 — 3oBaiwiniii BUras 3paskis eid sBHupobysaHHa Ha
KAPOCTIHKICTL B POJAYKTAX FOPIHHA dBTOMODLIBHOLO niciasa, 650 — 850 °C, 200

OGMIHIT
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Huxue napegeni (Tabn. 3.2) peavasTaTH BHNpoDYRaHE KAPOCTIHKOCT] B
OPOJIYKTAX TOPIHHA NaIMBa KapocTiikol depurnol cTasl 08XECHI Ty, sakopaonHux
cTanei, AKi BHKODHCTOBYIOTHL Ana Aeraedl CHCTeMH Ta30BMXIONY, B [OPIBHAHHI 3i

cranaMy 12X 18H10T 1a O8nc.

Tabarus 3.2 — KapocTiikicTs cranci (t =700 °C, 7 = 1500 ron.)

Maca g0 Maca icns ! ‘
Timowa, | Cepensa WIBKW/IKICTE
Mapxa cTan BHIPOOYBAHHA * BHOPOOYBAHHA | . ]
| w- 10% | kopozti, 1/(Miron)
I W T T
08X8CIOT 1,7592 T 16934 5,460 | 1,8270 i
12X18H10T 3.7763 31,6870 6,290 1,3310
08X18T1 |  1.9854 1,8601 5410 | 1,5620
LYUS 409D | 1,7884 16188 | 5440 4,1970
.. ] o . ]

BizyateHuii orisf noBepxHi 3paskis IOKA3aB, 10 OKAlIMHa Ha 3paiwax
KApocTidikol craml Mapxky 08XBCHOTY oTpuMana PIBHOK T2 WINENOW, SK 1 Ha
KJaCAYHIA aycrediTRIA ctanm 12X18H10T. B 1ol %e yac HA 3pa3kax SIOHCBKMX
craned UMy YUS40Y rola 4acTKOBO OCUMITATACh | NOBEPXHS BHHINIE [NIAMHCTONK,
He3IBAXKAKOUH Ha BINLIN BHCOKHA BMICT B HIH XpoMy. TloBepxHs 3paskib 13 AmoMoBaHol
CTE1] CTPUMAHa PO3NYXIIEI0 Ta NOOUTOIO OUIKMHAMH ¥ BUra!ll HANKONE HE3RAKADYH
Ha Te, L0 BOHH AHNpoSoBYBATHCE Mg npoTarom 19,5 roaun. 3pasku 13 crani 08nc
He TOKazamd 3HayHol CTIHKOCT! T2 Biaranl IpyHHYBANHCA DI Yac [OpoBeJeHHN
BHIIPOOYHAHb.

Ha croprnyactiit marpami {prc. 3.4), axa nobynosana 3a pesyabratamy TabnHLl
3.2, moKazano, Mo, BAXO/SMK 3 BTPATH BaTH, *KapOCTIHKICTE CTAT 3 [TPHCAAKAMH
KPEMHIK® Ta &HOMIHIO NepeBepllyOTh TPaIuLIiECe BUKOPHUCTOBYEMI 3aKOPAOHHI
XPOMMCTI CTaAl Ta AMOMOBANKH THCT, HE 3E23KAM04H HA TE, IO B CTAJAX THNY Y US409
MICTHTBCH Ha 2 — 3 % Siawnte xpoMy, HY B cTam 08XBCH)Tu.

B To# ke yac Brpata pard B cTani 08X BCHKI Ty 3Hax0auThCA HA PIBHI KNaCH4HOI

Mapku 12X 18HI10T. Tlpy usomy Hadkpaila xXapocTIAKICTE ¥ BHILIABLI, KA MICTHTH
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St = 1,23 %; Al = 0,96 %, 3menmenna xpeMHI0 HA Beoiwanny nopanxy 0.2 % ra

amominie na 0,1 % mxe 300nbNIVe BTpaTY Bard. ¥ BWIAIKY 301EWENNHA KPeMHID

pauie 1,23 % na 0.3 % 1 nopanksoro aMenweHHR aloMiaie ga 0,4 % gpotu (1,96 %

ETPATA MACH XO09a 1 JAeKIIBK2 3MEHIUMTHCA, alleé He AOUATHE Takoero piens. Takum

THHOM, ONTEMANEHHM € BMICT Xpemuio 6ian 1,2 % ta amomidio 61ng 1,0 %,

Jpazkr oOMIpIOBANY Ta 3BaKYBATH Ha aHaliTHMHMX Barax Mo Ta Iicns

BENPoOYEBane. IIBKIKICT KOPO311 BU3HAMANACA 32 BHPAIOM

He Iy, P — Maca 3paskiB 1o Ta ricns BUNpodYRAHHS, T

S — Nnoma NesepXHi 3paska, M,

1 — TPHBATICTL BHIPOOYBAHHA, 1101,

PeayneTatw  BHNpobyRauna

mcna

MeXaH1dHoT ¢

BHIATEHHA,

(3.1}

NLAXOM

ICKOONKOBAHEA, OKATHHH 3 HACTYIHHM NasieHEaM B 50 % H-50, nascaeni B Tadnui

33
Tatanna 3.3 — [NepisHAnBHA OKATHMHOCTIAKICTE IPAZKIE
" Maca no Maca micns | o ]
Mapxa Inowa, | OxainmunociidkicTs, ¢ CraM
BHUNPOGYBaHHA, | BHOPOOYBaHHA, _
cTani 107w riv*res IOBEPXHI
r I
08X8CI10 llimeea |
13,3060 13,2735 2,215 0,147
Tu OKa-THHA
12X18HI litssa
14,7495 14,7274 2,574 0,086
0T aKandHa
- i Itiabna |
O8X18T1 ! 12,3940 12,1368 2,613 0,219
OKanuHa
OKHJIHHEJ
081uc 13,6002 11,5048 2,216 0,432
CHH}"‘iEl
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I3 naBeneno! Tabnuni BUAHO, 110, 9K 112 GY10 HCKaTH, MIHIMATEHa BTPATE MacH
cnocTepiracTecs B ctam 12X 18HIOT, a Ha aApyrosMy mICIl 3HAXOAHTBCA KApPOCTIFKA
deputna crans Mapxy 08 X8CHO Ty, Ginkm cTifKa, HIXK Helpkabilova cTany 08X 1&TH,
Lle, HancsHo, NOB' A3aHO 3 TAM, 110 NPH OTHIA | TIH e ¢epuTHLl cTpYKTYPL B CK1am
oka;wuM ctani 08 XBCH)I Ty avaxoanTees 3’ € JHAHHA, B CKIa] AKMX BXOJATh aToMH Al
ta Si, a Takoxk P3M, 4Ki KapaUHaNBHE TIBUNTYIOTE MaPOCTIHKICTE CTAM.

Takum 4WHOM, He 3BaxarH¥ Ha OllbLL HWU3BKME BMicT XpoMy B 3B A3KY 3
JICTYBAHHAM  CcT2T1l  HenediUMTHMM  @UIOMIHIEM 12 KPeMHIEM, a  Takox
MikposierysaHiam P3M ta J13M, BnaeTnea pisko NLISHINATH OKaNHHOCTIAKICTS cTasl
HaBiTL mpn 7 — & % xpoMmy.

3a;10BlbH] okasHukK cridkocrt crani 08XBCHOTY npakTH4HO and BCIX
3ATHAYCHWX BHINC ¥MOB BHIIPOOYBAHE NO3BOJMNO NPHATIYCTHUTH, WO JAaHHHA MaTepiai
MO®ITHBO BHKOPHCTOBYRATH | IPH BUTOTORIEHH] BUpPODIB, IO eKCILTYATYIOTRCA TIPH

Diab11 BHCOKHX TemnepaTypax (1000 — 1300y °C.

3.4 HocnimKeHHS CKNa/ly OKCAIHUX TINBOK

B xom J0CILKCHL BHABHNOCh, 10 Ha nosepxnl cranl O8XBCHOTH
VTEOPIOKOTECA AYIKE TOHKI, WiMbHI OKCHIHI ILTIBKM, AKICHE BIOKPEMNEHHS AKWX BLI
MaTpUIll BHSBHAOCH HemoXUiHBuM. JoclixeHHA IX CKNIany DPOBOMAAOCE 34
JOTOMOrOK)  MIKPOPENITICHOCTIEK TPAIbHOrO  aHanizy. Pobora npoeojuiace Ha
ananizatopit MS—-46 dipMy Cameca”™, AKMHA [103B0.I9€ BHIHAYWTH NOCNCMCHTHMH
CKIAZ NOEEPXHEENX 1IARIE MaTeplany B NOKanbHuX 00 emax. TOBIIMHY NOBEPXHEBHX
OKCHIHHX [NapiB BA3Ha4YalH BapLIOBAHHAM NPHIIBHAWYBAIBHOMO HANPYKEHHA, NPH
3011b1NEHH] AKOTO CKaHYOYHH eNeKTPOHHHH CTPYMIHE DPOHWKAE Ha Bee Olibluy
raubuny. TIpy UbOMY BM3HAYATH CKJIAJ 30HH CKAHYBAIIHA 32 OCHOBHWMH XIMIMHHMMH
eneMeHTaMH Ta NOPIEHIDBANTH 3 XIMIMHMM cknagom marepiany. Ckinan oxcHoHHX

NNiBoOK 3a OCHOBHHMH ACCYHOHHMHA  CICMCHTAMHA, HpEﬂCTﬂBﬂEHHﬁ B Tabil. 34,
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OTPMMAHO [IPH JIOCALPKEeHH] noeepxni 3paskis 13 crami 08XBCH)YTu, axi Byan
BUIIpOOYBaB] Ha KapoCTIHKICTE B TOBITPAHOMY CEPE/IDBHLLG  1PH  PIZHHX

TCMTICpPaTyPax Ta TPHBANOCT! eKCrIn3Miil.

Tabnuua 3.4 — Cri1a1 OKCHNHYX TLTIBOK 33 OCHOBHUMM NETYHOUHMH eIeMSHTAMH

Temnepatypa | Yac eKClo3nLii, | BMICT Teryiounx e1eMEHTIB B MBI, %
BUNpOOYRaHE, “C ! rof. Cr Al S1 Fe
[ 3 100 9,37 144 - ocH.
550 F
5 1000 10,47 1.80 0,92 ocH.
S 100 11,47 185 | 032 oCH.
760 . _
! 1000 16,25 2,10 1,27 och. |
. 100 11,57 1,60 0,65 OCH. !
850 ' e
| m 1600 18,64 2,74 1,85 ocH. |

OTpuMadi pedy.IKIATH N03BOIRKOTL NPUNYCTHTH, LI0 INIBKH, AK]1 YTBOPIOKTHCA,
MATH JYKE Mady TOBLLHEY. BapeioBanus NpHIURKINIEHOD HANPYKEHHA NpH BHOOP
pobounx pexMMmIB Toxazano, uie npy 23 — 25 kB cxian mapy, mo ananizyerses,
NOBHICTIO BLANMOBLIAR XIMIYHOMY CKTany CTall.

[Tepwi 3mink B CcKnNaal wapy, WO BHAIIZYETHCA, 3 ABMINCA IPH 3MEeHIUeHH]
MPHIIBHALIIYFIOUOTO HANPYXelHA a0 15 — 20 kB, 1o Bignosijjae TOBMMHAM OKCHIHUX
ITBOK 2 — 4 MKM. ¥ 387 43Ky 3 IX MANOK TOBILIMHOW HANIZYBABCA YCEPeAHEHNH CRITAL

[Ipouge OKHCIEHHA Mag TEMNCPATYPHO-YacOBHE xapaktep. 3i 30inpuleHHAM
TEMNEPATYPH Ta Yacy CKCTIOIHLIL 3Pa3Kik, BMICT JI€IyHOHMX €NEMEHTIE B CKIaal
OKCHINHX IiBOX 30iNeMyereben. 1le xapakTepHo AgA OKMCNEHHSA, AKe IPOTIKAC 3a
MapaboiilyHEM 33K010M. 3D1IRIIEHHS BMICTY TeTYBATRHHUX €J1€MEHTIB, K] BXOJATh A0
CKNaTY CKCHOHOI IITIBKH 00YMOBIIOE YNOBIALHECHHSA NPOLUECY OKHCIEHHA.

3MiHA X1TBKOCT] JIEIYHOHHX E¢MEHTIE B CKIa1l CKCHIHHX MMBOK B1A0YBAocs
HacTYNHHM YnHom (rabn. 3.4). [Ipy HeBHCOKIH TemmepaTypl Ta HEBETHKOMY 4aci
excno3null {550 °C, 100 roguH) KIRBKICTE XPOMY Ta aTHOMIHIO B CKNAmi TUiBOX

HE3HadHO BLAPI3HANOCH ¥y D1k 301MbLUCHHA BL1 XIMIYHOMD CKNALy Camol CTanl, a
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KINLKICTL KPEMHIWD LC  HEPeBMYBANG (OHORMX 3HAUEHB XapaKTepHCTHWHOTO
BHOPOMIHIOBAHHA. 31 *0LMBIICHHAM Hacy ckenoauull ge 1000 roguu npy oiff ke
TeMOeparypl B ckaaal uNiBOK 3 ABARBCA KPEMIiH, BMICT XpoMy Ta amiOMiliie moMiTHO
301nLInyBABCA. Tlpn nOBHIOCHA] TemilepaTypy rELpobysadaa o 700 °C, HapiTE 11pw
yaci excnozuil B 100 rogki, KIIBKICTE XpOMY Ta ATomnno e Binbw spoctae, a NpH
ekcrosunil B 1000 TOAHH BMICT aliOMIHIKO B CKNAdl OKCHHOI TUTIBKA IEPEBHULYE
{hOHOBI 3HAMCHHSA XapaKTCPHCTHYHOTO BHUPOMIHIOBAHHA B JBa pasM. laxka XK
TeHAEK11A 30cpiracThea npu TeMirepaTypl Bunpobysany 850 °C. I1pK uiit temnepatym
Ta 100} roanH BUTPHMKH TBOKpaTHE TICPEBHIIEHEA (OIIORHMX 3HAUEHL OCAIEGETHLS |
3a KPEMHIEM.

Bpaxoeyiouy, 110 11 €I18MCHTH 32 3MEHIIERHAM BEIM4HHH TEPMOAHHAMITHOTO
NIOTENIATY  YTROPEHHS 1X OKCHAIE PO3TAUIOBYHOTBCA B HACTYIHOMY PAIy:
Fe(=510:7Cra0n=Al0; [42] MOKH2 3p00HTH BUCHOBOK, IIO MA€ MICLE CCICKTHBHRH
xapakTep OKHCnenHA. HalSianowi BONMB Ha [pOLEC YTBOPEHHA KaApPOCTiHKWX
3AXHMCHHMX NIIBOK MAKITL XPOM Ta ATHOMIHIHE, UPH NLOMY BILIAB ATHOMIHIKQ HAHGITEM
epe KTABHHA.

OKCHIM KpeMHIK, UI0 YTBOPHOXOThCA, «YUUNBHIOKIB» 3aXHCHY INIBKY Ta
JOZBONAIOTE CYTICBO IHAIUTH LUBUIKICTE PEAKUi] OKWCICHHA CTANl NpH TpUBAJHEX
TepMiliax excTuTyaTailii.

(OTpUMaH] pesyIbTATH CBIAYATH [TPO T, 10 BBEIEHHA B CKIAL 34T 30XpOMOBOTO
CTUIZBY WIIOMIHIA T3 KPEMHIN, @ TOYKW 30pY OTPHMaHHS BHUCOKHX KapocTiHKMx

B1aCTHEOCTCH ra 30eperkeHis 1X POTATOM TPHBANOIG YACY, £ AYKE KOPHCHAM.

3.5 TlopierAMEA KAPOCTIAKOCT] 11pH TeMIepaTypax o 1300 °C

OTpHMansy 10x0 COTHMICTHYHHMX  pe3yNbTaTik  [I0J0  NOKa3HMKIB
acapoctidkocTt ctam BEXESCHITY nossoaHna 3pobnty HIPHITYIUEHHA [P0 MOXCIHBICTE
BHKOPHCTAHHA JAaHOTO MATEpany 1 npH SU1BI BHCokMX Temneparypax (1000 — 1300
°C). Ha cworonni Taki BupobH AK HacaJKH PeaKTHBHHX JIBHIYHIB NITANBHAX anaparis

BHrOTOBIANOTHCH 13 xomOiHoBaHux DaraToliaposHx marepianis. Pols HATTOBHIOBAYA B
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HUX BHKOHYE CiTKA 3 BOMRPPaMOBOTO JPOTY, 4 1aXUCH] ODDIOHKH BUTOTOBIAIOTLCA 3
IMCTOBOPG  Mateplany wmapkd  XH45H). Jamzo-mikenaceu#t omiap XH45H0 ¢
rocTpoAcplUMTHYM, Hepes 3BAYHHI BMICT HIKCIK, TOMY 3aMida UBOTO Marepiainy Ha
exonomIierosany Mapky OBXBCIOTy ¢ ay:ke akTyanBHHM, NPaKTHYHO BaroMuM
THTAHHAM.

[opiBuAgBHAA  aHAmM? 311WCHIOBARCA 3 BHKOPHCTAHHAM METOOHKM, AKY
POICIAEYTO B 2 po3aini. 3 mMeToro 3anobiraHnA BTpaT OKanHHM, 3paskd NLLIaBAIH
TeMIePaTYPHROMY BILIHEY B CHEWIAILHAX ANYHIDENX THTIAX, HK1 3 METGK IMEHIISHHS

NOXHGKH CIIOUATKY NPOIPIBAIK 1 1I0TIM PETEILIIO 3BAXYBAITH.

3BaKyRaHHA THITIR OICHA NEPINOro NPOrPlBaHis

Ne | — 82,2451 Ne 4 — 82,3141
Ne 2 — 81,7039 Ne 5 —7F3,5733
Ne 3 — 73,0054 Ne 6 — 85,3926

Tlicas jqpyroro nporpiBaHHs

Ne | — 82,1940 No 4 - 82,3033
Ne 2 — 81,3835 No 5 - 73,5733
Ne 3 — 73,0055 Nu 6 — 85,5945

[licns TpeThoro NporpiBaHHY

Ne 1 - 81,5105 Ne 4 — 82,3038
No 2 — 82,5953 Ne5 73,5705
No 3 — 73,0067 Ne 6 — 85,5909

[licas YeTBepPTOre Nporpivadus

Nel-381,5135 Ned — 823117
No 2 — 82,6023 Ne 5 — 73,5947
Ned —73,0123 Ne & ~ 83,6002



Turni 6¥ 11 nporpiTi Ha enekTpHuHLl ILTWTI 1,5 roul,

Tabumsum 3.5 — Maca Tarinie upu BUNpoOYEaHHL

1licna

Ne Maca taran, v | Ilicnd cywidng, r A
CYHOIYBaHLA, T
Fo] 81,5150 -0,0010 81,5264 10,0114
2 82,5913 - 0,0039 82,6032 +0.0119
3 73,0080 -0,6104 73,0185 +0,0105
& | 823030 00134 1 823149 +0,0119
5 73,5694 - 0,009 73,5825 +0,0131
] 6 | 855892 | - 0,0061 85,6029 -+ 00137

Maca 0o unpooyeaHHa: 41,64575 — nBOX 3pa3KIB,

Tawp = 1250 °C, T =25 rog. Oxono/KeHHA 3 Niyy0 1o TeMueparyps 50 °C,

Maca spazka = 45121200 A +3,47545

Apyre BunpoOyBanuHa ABOX 3pazkiB: Temp = 1250 °C, 7 = 2,5 roy. Maca =
40 0053 A+ 4,7841.

[IpupicT Macu = 8,25953 p.

TaGawuus 3.6 — PoaMmipw 3paskie 1o kopozil, T =1100°C
|

Mapxa Pozmipp, MM
" Ne 3paska — - S, MM
u.r_r:- b".l’-' ﬁ P
1 20,25 53,65 0,5 147,8 | 2273.55 |
12X180110T
1 20,73 54,28 0,5 150,0 | 2325.45
| 2 20,28 | 50,00 0,5 141,55 | 2098,78
08XBCHOTH |
22 20,48 49.5% 0,5 140,10 | 210085
3 20,70 50.83 0,5 143,05 | 217589 |
XH4510
i 33 20,53 50,75 | 0.5 142,55 | 2155,07
4




Tabnuna 3.7 — Po3MipH 3pa3kis Mica4 3BaproBakHA N0 KOpo2il

L E’u;;’:l o PPo3mipH, MM
Ne spazka = S, Mm”
Q,, h__{, & P

4 2063 | 50,58 1,0 142,40 | 222933

08X8CIOTHy - _
44 | 2048 | 5053 LI 142,00 | 22259
[ T 5 1980 | 51.63 1,0 142,85 | 2187.40

12X 18H10T : . o
55 . 205 51,15 1.0 143,30 | 2240,45

&6

Tadawus 3.8 = PoaMipn spatiie 10 kopo3ii. Tenp = 1100 °C, t=1ron.(l}) 1.5

(11);2,5(111)

Pozmipy, mm

Mapra Ne 3paska ' _ : S, mwm?
: e B, ' 5 P
12X18HIOT | 111 2020 5380 | 03 148,00 | 2247,52
(08XRCIOTU | 222 2000 . 49,70 0,5 139,40 | 2057,70
XH45H0 333 1983 . 5100 | 05 T 14165 | 209348
[ 08X8CIOTy ‘r o
(nicas 444 2128 1 50,25 1,15 143,05 | 2303,15
3Bap.) l
12X18HI0T | S
(nicas 555 2000 . 5153 1,1 143,05 | 2218,56
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Tabmung 3.9 — PesyaeTaT 3B2XKYBAHHA 3packiB 10 BHOPODYRAHHA T IMICHA

BHIIpOOYBaHHS 1P TeMiepartypl 1100 °C.

] Maca ao Maca nic1a | IIpupict | Ilpupict
Cnnar - .. BMNpPobVRAlL, | EMNpOOYBAHL, | MACH MACH
PR r r Am,r | Am, %
] N e wnk EEE e
| Uac HalPIBAHHA r—lron. ]

12X18H10T ] 3,8561 3,8933 . 0,0372 0,35

DEXBCKO Ty 2 4,0427 4,0540 i 0,0113 0,28

[ XH4SK) 3 3,5972 3 6051 0,0079 0,22
0EXBCYOTy

(nicns 4 8,4974 §,50,40 0,0066 0,08
3BAPIOBAHHEA )
- 12X18HI0T

(micas 5 71116 T,11353 (,0037 0,05
IBAPIOBAHHA )

Yac marpieanna 1 — 1,5 rog.

12X18HI10T 11 3 8571 53,8986 (,0415 0,47

08XBCIOTy | 22 | 39510 3,9632 0,0122 | 031

XH4510 33 3,6255 3,6355 0,01 0,28
| 08X8CIOTy

(Tricns 44 8,2555 £,2636 0,0081 0,1
3BAPHBAHHA)
12X18HI10T

{nicns 55 7,2475 7,2552 0,0077 0,11
3BAPHBAHHA )
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[NponomxeHHe Tabnuns! 3.9

Yac garpivatia 1 — 2 rod.
12X181110T | 111 38559 T 39056 | 00497 | 0,83
e R o R o -

08X8CHOT« | 222 | 38329 | 38460 | 00131 | 0,34

XH4510 333 35333 3,5457 0,0124 0,35
BXECHOTy

{(oicna 444 17,7000 7.7152 0.0092 0,12
3BAPKYBAHHA)
1ZX18H10T

(micis 555 7,1353 7,71469 0,0116 0,16
3BapHBaHHA)

Tabnupa 3.10 — Possipn 3pazkie o koposzn. T = 1200 °C; 1= 2,5 ron., 1.5 ron.,

1 rog.
| Mapka Poastipu, mv
. Ne 3paixa . " ST S, MM’
f 1 2025 | 53,78 0,5 | 148,05 | 2252,12
12X18H10T [ 11 20,00 | 54,15 0,5 148,30 | 2240,15
{11 2000 | 5542 | 05 150,85 | 2292.23
2 2098 | 49.9% 0,5 141,90 | 2168,11
UBXBCHOTy 22 20,93 49.65 0.5 | 141,25 | 214897
222 1 20,13 | 4928 0,5 138,80 | 2053,4]
3 203 | 5060 0,5 142,65 | 2169,20
33 20.15 50,90 | 05 142,10 | 2122,32
XHA4510
333 2098 | 50,90 0,5 143,65 | 2207,59
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[Ipoigoisxenne Tabnuun 3.10

[ 08XRCIOTx 4 2028 | 51,42 1,20 142,40 | 2256,80
(iric:m 44 2183 | 51,20 | 120 | 146,05 | 2410,65 |
3Bap.) i

124 | 2050 | 5188 | 125 144,75 | 2308,02

12X18H10T 5 2123 | 50,88 1,0 144,20 | 230456
(nicx 55 2030 | 52,13 1,0 144,85 | 2261,83
ssap.) . 555 1978 | 5130 | 1,0 141,05 | 2170,48

Tadauug 3.11 — PeayakTaty 3RaxyBaHHs 2pa3kiB 1o BHNpoOyRaHHA Ta Nicnd

EUNIpoGYEAHHA MpH TeMnepaTyp 1200 °C

Macaao ~ Macanicng | [Tpupicr | TlpupicT
Ne :
Ciuae BUIIPODYBAHE, ' BULPOOYBdHb, |  MACH MACH
IpasKa
r r Am, r Am, %
Yac Harpisanis T = | roa.
I2X18HIOT | | | 13,7817 3.6866 | 09049 | 2393
QFXRCHITy | 2 3,7765 4,7347 (0,9582 26,02
XH45K) 3] 34038 | 34223 | 00185 | 054
ogXgCtoTd | | |
4 8.4561 90,8925 1,4364 16,99
{nicnA 38ap.)
1ZX18H10T
5 7,4705 7,6040 0,1335 1,79
{micns 3Rap.)
Hac narpisansg = 1,5 1o,
12X 18H10T il 3,7139 4,6901 0,9762 39,2
08X8CIOTy ; 22 4,1501 5,3654 1,2153 44.0
~ XH45K0 33 3,5529 | 3,5786 0,0257 | 0,72
08XRCHOTu | o |
(nicns 3Bap.) 44 73816 9,0923 1,7107 | 23,18 |




| Ipopomxenue Tabaunm 3.9

7

T 12X1R110T | l !
55 7,3842 7,9282 0,5440 | 737
(micnsa 3Bap.) ‘ !
| N |
Yac narpiranusa =2 rogm.
12X 18H10T 111 3.8431 19732 1,301 | 29,41
T XH4510 333 3,6925 | 3,7200 00275 | 074 |
 08XBCIOTHy 222 | 37667 5,0138 1,2471 | 41,33
08XRCIOTy |
_ 444 8,5947 10,8172 2,2225 | 25,86
(mncas zeap.}
12X18H10T
555 6,9211 7,7553 08342 | 12,05
{nicng 3Bap.) J |
[ i ]
Pucynok 3.¥ — Cxema spaska
Tabnuus 3.12 — Po3mipH 3paskiz a0 KOposil
Mapxa Ne | Poamipy, MM
- _ — 1 S, MM
Ipaika 2., b, B P
I 1990 | 5505 6,5 1499 2265,94
12X 18H10T
(' 20,25 53,60 0,5 147,70 224465
i 2 20,43 49,75 0,5 140,35 2102,96
08X8CHITH
22 20,48 49,55 0,5 140,05 2099 59
3 2025 50,88 0,5 142.25 2131,77
XH4510
33 20,50 50,68 0,5 142,35 214906
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S=(ab)2+Fo

Tabnetua 3.13 — Poamipu 3pazkiB nicis 3BaplOBaHHA 10 KOpPO2i
I

Mapxa | Ne Pmuipn; MM
i — : : S, MM~
spaska 4, b, & P
4 2023 | 50,00 1.0 140,45 2163,45
08XBCI) Ty -
44 20,28 51,50 | O 143,55 | 2191,83
5 2028 | 5235 1,0 145,25 226857
12X18H10T i ' _
55 20.00 52,10 i 1,0 144,20 2228.20 |

Tatnuns 3.14 - 3pazku nican xoposil; Ty = 1300 °C, 1=1 ron

I ! N Maca nc | Maca micta | Tlpupict | [lpupicT
(nnas i RENPOOYBaHk, | BUIPOOYBaHE, | MacH MaCH
apazxa !
r I Am,r Am, %
12X 18H10T 1 37400 | 53217 1,5808 | 42.25
08X8CIOTy ' 2 3.9827 56618 | 16791 | 42,16
- XH4510 3 3,5146 35400 | 0,0254 | 0,72
[ 08X8CTHOTy ! o
4 8,0338 10,0003 20565 | 25,60
(riicna 3Bap.) -
12X18H10T !
5 7,5172 8.0064 | 0,4892 | 6,51
{micnA 3Bap.)
Yac HarpiBaHI:Iﬁ-‘[ = 1,5 roa.
12X18H10T "o 3,6937 52639 1,5702 | 42,51
08X8CIOTH 22 38723 | 60433 | 30710 | 793!
XHasil0 | 33 3,6043 | 38201 | 02152 | 599
08XECIO Ty ’
44 8 4622 11,6449 3,1887 | 37,61
(Mm¢aa 2sap.)
12X18H10T | -
_ 55 73167 | 8,9967 1,6800 | 2296 |
(nicnn 3map.} i
L |




Tabanus 3.15 — Maca 2pa3kis Dicist Kopodi: Ly = 1300 °C, 1= 2,5 ro.

f No | Maca J0 Macu mens L IpupicTt a Tlpupict MacH |
KOpO3IT | Kopo3il Macu Am, % | Am,r
1 5,4232 7.1442 42,24 1,7210
1 5,4217 72159 | 42,26 1.7942
2 59517 [ 7.8988 44,40 1,947]
22 6,0407 7.9643 44,30 1.9236
3 85,5121 57915 1,51 02794 |
33 55072 5,7757 1,25 0,2685 |

3a pe3yIbTATAMY Ta0IMIs MOKHA NOGYYBATH rpafiky,

0.05

0.04

0.03

0.02

0.01

Pucynox 3.9 — lMpupict Macu dican sullpo0dyBaHL upH TeMmuepatypl 1100 °C
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Pucynox 3.10 — TpupicT Mack micna BuIpody Bank, NpH TeMueparypl 1200 °C
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Prcynok 3.11 — TipupicT mMacu micax BUnpodyRaHs IpH Temnepatypi 1300 °C
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y 2 >
] — 12X18H10T; 2 — 08XBCHITy; 3 - XH45H0;
Preynok 3.12 — 30BHilHIA BUTIS;L 3paskis nicd TePMIYHOTO RUTHRY. T=1300

*C,t= 17100

LRSI

[1— 12X181110T; 22 — 08 X8CKIT; 33 = X1I45KX,

Pucynok 3,13 — 3oBHiwAid BRI 3pasKis WA TCPMILNIOro BILTHRY. T=1300

*C, 11— 1.5 roa
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ANaniz OTPUMaIIMX pe3yILTATIE CBLIMUTE NPO T2, D eXOHOMHO JIETOBAHA CTah
MR XBCIO Ty 36epirac apocTIRKICTE 1 HE NOCTYNACTLCA 3a heto crany 12X 18H]0T no
temitepatyp 1200 °C, a cuaany XH45K) 1o teMmnepatryp 1100 °C, Tloganume
BAOCKONANCHHA CUCTEMH JICryBaHHA MOME HaiaTH MOXTHEICTL BHKOPHCTOBYSATH
cTam GepUTHOre KNacy @ 1IpH 0LIRI BHCOKHX TeMNEPaTypax. (ONTHMICTHYHI IPOTHOSH
WMKHA BBAXKATH ULNKOM KOPEKTHHMH, OCKLITBKH BAOMO NP0 BENHYE3HHH MPak THUHANA

ADCELA BHKOPACTaHHR expamis (Thiy X25H05) ao remueparyp nopaaky 1350 °C,

3.6 HpakTH4yHe BUKOPHCTAIIHA Pe3yIbTATIE

AWz CRITOBOTO AOCBLY B ARTODY 1y BAHIN IOKA3YE, 1D [TOCTIHHE NIABKILEHHA
HOPM eKCITyaranli aRToM00inmBs noTpedbye NPHHEHATTA 3aX0MB 00 IHWKEHHIO
TOKCHYHOCTI B ANPALBOBAHMX rasiB, (QaAanM i3 eeXTHBHHX METOINIB BUPILUCHHAS €1
3a/1a4i £ YCTAHOBKA B CHCTEMI BHXIDIIHOIO TPakTy HeliTpa/lizatopa BiANpalsOBAlNX
razin. QcobnusocTi ekermyatamf upore supody {119 TapIydx razie, aTMochepHuX Ta
NOPOXKHIX  YMOB) OOyMOB/IKONTL  HHUKOPUCTAHHA  jid 1X BHUCOTOB!/IEHHA
BHCOKICIOBAHNX KOpozliBocTidkKX crancd. (Tan rakoro kiacy, Akl BHATDTOBASEC
BITYMIHAHA Meramyprifiba IpOMHCIOBICTS He 20BCIM BIANOBIAAKTE BHMOCAM [0
MATePIATIR ;119 PHTOTOBASHHA HEHTpam3aToPip BLINPAULOBAHYX Fan e (CTPYKTYPHUR
daxrop, piscHs $IIMKO- MEXaHIIHUX BIZCTHBOCTEH Ta BUCOKA BapTicTr). B ol xe yac
[TPOBiaHI aBTOOYAiBenbH] dipMH BUKOPHCTOBYIOTE jLTA IIHX INeid eKOHOMIIETOBAHI
XpoMUCT] mapocTiiikl cTant. ToMy 1 Oy MpoBeieH1 BHIIpeOYBaHHA Ha KapOCTIAKICTE
[IPH TeMnepaTypax 10 830 °C.

Bunpobyeanhsa Ha wapocTIAKICTs IpH TemaepaTypax a0 1300 “C mac semike
ITayeHHn Ann pakeTobynysanni. Tax y BHFOTOBNEHHI HACAAKH peakTHBHOIO ABHIYHA
3 KOMMO3BHUIHHOTG MaTeplaly. B AKOMY HEMOBHIOBAYCM € BXIbDpPaM, B KOCTI
JAXHCHOMO IAapy BHKOPHCTOBYETHCA KapocTikxkHil cnias TMmy XH4510 abo cran

tany 12X18HIOT. IIi eunpobysanna mokazanw, e crans O0BXBCHOTa moe
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NOpiBHIOBATHCEL 33 XkapocTifikicTio 3 cramo 12X 18HIGT. 3 npore Moxeaa 3poduTH
BHCHOBKH NP0 JOWINBHICTE 3aMinM el cran, ajxe QEepHTIa CTATh Mae MEHITY

BAPTICTE.
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4 EKOHOMIYIA HACTHIEIA

4.1 Teraewili po3BHTKY CBITOBOIO PHHKY PUPHTHHX KOPO3AROCTIHKAX cTaned

QepHTHI  kapocTiiki  cTadl, Sk MICTATE  6-25%  xpoMmy, € J10CHTB
MePCnCKTHEBHHMH B TUIAHT 23MIHH HUMH CTaleH ayCTeniTIoro Kiacy, Lio MICTATE
Hikeds, [HHpoke BUKOPHCTAHHS DEIHIKCILOBMX MaTepiali R B HAW Yac 0OMexkeno yepes
uiauit pAd HakTopie, HaROIABIN CYTTERAMHM 3 AKMX € HACTYIIHI.

INpy 3BaploBaHH] BOUK MeHI TEXHONOTUH], HI aYCTeHITHI, L0 BHPAKAETECH B
OCHOBHOMY E OKpHXueHHl OinslposHol 30MM B PelyasTari BHCOKOTEMIEPATYpPHOTO
BUAMBY 3BapPHOTO UWKIY, LLO CYNPOROIDKYCTRCH IHTEHCWEHMM DOCTOM 3€PHA Ta
BUIITEHHAM HanMIKXoBHX $az, WO OKPHXTYIOTE, ad0 cerperaliaMH JOMILIOK Ha
rPaHAUAX HePHTHHX 3epeH.

DepuTil KApPOCTIHKI ¢1am, Ak 1 Bel Merann 3 OLK-rparkow. Matorte
NIABHIICHHA NOPIr xNaqionaMxocTi. Lle MoscHioeTheA THM, WO BOHW BOIORIOTE
HEZOCKOHANOK ENCKTPOHHOK) CTPYKTYPOLKO.

3BCACHHA 00 MILIMYMY BITHBY 1HX HEIO:IKIB HA BIACTHBOCT! MATeplany —
3adava OOCTATHLG CKAAHE, DIWEHHA AKOT 3AMEKHTE BLL 3O1HCHEHHA LHPOKOTO
KOMMNIEKCY HAYKOBHX T4 TEXHONDMYMHKX 3aXO0TiR.

OIHEM 13 LepPCTIEKTHRHHX 3aXOIIB N0 JHMKSHHIO KPHXKOCTL TAKHX GepHTHUX
cralcih Ta X 3BapHMX 3'€IHAHD € JETYBAHHA OCHOBHOMO METally eHepriiHuMu
¥ap01,10Y TBOPIGIOHHMA CIEMEHTAMH Ta PO3POGKA MCTOILB YIIPABNIHHA BHIINCHEAM 12
PO3N0AINOM H2UTHIUKORHX (Daz TIPH 3BHYANHOMY EMICTI @CMEHTIB BTIICHES.

HeobxiAHicT: NpoBelieHHA  A0CHIAXKEHB, CLUPAMOBAHWX Ha TOKDALLEHHH
HKIPOCTINKOCT] (DEPHTHHMX CTATEH 1 MOMIMBOCTI [X BMKOPMCTaHHA B OKpPEMUX
BHNAIKAX 33MICTE AYCTEHITHMX CTATEH 3  XPOMOHIKEALOBOKY KOMIMOZHILIEND

0ODYMORICHO, ITeplI Za Bee, MIPKYBAHHAMM EKOHOMIYKON J0LIMTLHOCTI.






