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Beryn

Kypc wmi€i aucuuruiHu NOBUMHEH JaTH CTYJIEHTaM 3arajibHi YSBJICHHS MO0
CBITJIOTEXHIYHUX MaTepiaiiB. 3BayKalouu Ha 1X pI3HOMAHITHICTh, OUThIIA YaCTHUHA Jie-
KLITHOrO MaTepiaidy MPUCBSUEHA MeTanaM, sIKl BAKOPUCTOBYIOTh y CBITJIOTEXHII],
OCOOJIMBOCTSAM KPUCTATIMHUX CTPYKTYP LIUX METaJIiB, HABEJEH1 XapaKTEPUCTUKU Me-
TaJliB 3 MOTJISIAY TEOPii OMOpy MaTepiais.

Jlpyra 4yacTuHa JIEKLUITHOTO KypCY OXOIUTIOE OCOOJIMBOCTI JIFOMIHECIIEHTHUX
MmarepiaiiB (TFOMIiHO(OpPIB) Ta TEOPItO JFOMIHECIICHITII.

VY Tperiif yacTHHI MOJAHO Nepenik (IBUYHUX BIACTUBOCTEH CBITIONPO30-
pux MarepiaiiB (OpraHIYHUX Ta HEOPTAHIYHUX) — CTEKOJL.

Tpeba minkpecanTH, BpaxoByBaTH HaA3BUYANHUM CTPIMKHUI PO3BUTOK CBITJIO-
TEXHIKH, OXOMHUTU BCE PIBHOMAHITTA MarepiaiiB, siKi y Hill BUKOPHCTOBYIOTh, Y Me-
&KaxX CTUCIIOTO KypCyY HEMOJIMBO. ToMy MeTa 1MX JIeKIId — 30pieHTyBaTH MailoyT-
HBOTO 1HXKeHepa ad0 HAyKOBOTO MpalliBHUKA B BEJHKINA KUILKOCTI JIITepaTypH, NpHc-
BSIYCHIA TMTAaHHSIM CBITJIOTEXHIUHUX MaTepiaiaiB, KOJM BHUHHUKHE HEOOXITHICThH
OKpEeMHH KJIac X MarepiaiiB (00 OMH MaTepian) BHBYATH OUIBII I'PYHTOBHO.

Bumesraganuii kypc 30BCIM HE BUCBITIIIOE, HAMPHKIAJ, OpPraHidyHI Marepia-
7Y, CIUIaBH, OKPEMi KJIaCH HEOPraHIYHHUX CIOJTYK (HAIpUKIIAI, CUTAIIH), aje Ie pa3
MIIKPECAUMO, IO Il JIeKIli He MPEeTEeHAYIOTh Ha BCEOXOIUICHHS, a JOTIOMararTh

BIPHO OKPECTHUTU NUIAXM MalOyTHHOTO BUBUEHHS.



JlexkmiaNel
BBenenns. BusHaueHHS CBITJIOTeXHIYHMX MaTepiaJiiB.

Knacudikauis. I'anysi3actocyBanHs

CBITIIOTEXHIYHA MPOAYKISA y OUIBIIOCTI BUIAAKIB € MPEIMETOM MacoBOTO
criokuBaHHs. Tpeba 3a3HaumuTH, 1110 B CHJI mopiaHO BUTOTOBISIOTH OUTBIIE OTHOTO
MUTbSIpJIa JKEPEN CBITJIA 3arajlbHOTO TMPU3HAYEHHS, IECATKU MUTLUOHIB CBITHIIbHU-
KiB, anapaTiB BKJItoueHHs 1T.4. bau3bko 10% BupoOsieHoi y KpaiHi eleKTpoeHeprii
Hje Ha [UTl KOMyHQJILHOTO Ta MPOMUCIIOBOTO OCBITIeHHS. OTXe, MIIBUIICHHS €KO-
HOMIYHOCTI 1 SIKOCTI CBITJIOTeXHIYHOI MPOAYKIIi 3aBXIH € aKTyaJbHUMH, a HAATO
3B)XAIOUM Ha Te, 0 B YKpaiHi He BUCTauae HaTH, ra3y Ta HIIMX €HEPTOHOCIIB.
P03B s3aHHs MTaHb TOJIMIIEHHS SKOCTI i 3HMXKEHHSI PIBHS €HEPTOCIIOKUBAHHS He-
MOYKJIMBO O€3 MIBUIICHHS SKOCTI CBITIIOTEXHIUHUX MaTepialliB 1 BMUIOTO X BUKOPH-
CTaHHA, JJI1 Y0r0 HeoOXiIHE 3HAHHS 1X BJIACTUBOCTEIA.

CBITJIOTEXHIYHUMHU BapTO BBAKATU MaTepialiv, MPU3HAYEHI JIJIST 3aCTOCYBaHHS
0e3mocepenHbO Yy B3aEMOJII 31 CBITJIOM: [IJI1 MOTO BIMOUWTTS, MPOTMYIICHHS, MTOTJIU-
HaHHS, 3MIHU XapaKTePUCTUK 1 reHepyBaHHs. [[uM BU3HAUYEHHSM OXOIIJICHO BECh OTI-
TUYHAHN qiana3oH Bl 1am 10 IMM TOBKUH XBWIb.

3a cmocoOoM B3aeMOJil 13 BHUIPOMIHFOBAHHSM, CKJIQIOM 1 TaIy3sIMHA 3aCTOCY-
BaHHS CBITJIOTEXHIYHI MaTepiaid MOXYThb OyTH Kilacu(iKOBaHI y TaKUil CIOCiO

(muB.puc.1).
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Puc.l —Knacughikauin ceimaomexniunux mamepianie

3 puc. 1 moxHa MOOAYHTH, IO CYKYIMHICTh PEYOBHH 1 MaTep ialiB, K1 BUKOPH-
CTOBYIOTBCS CBITJIOTEXHIYHOIO MPOMHUCJIOBICTIO, HAJ3BUYANHO BEJMKAa 1 BKIIFOYAE
MeTaIMd ¥ HEMEeTalld, a TaKOX PI3HOMAHITHI CTIOJyKH. 3BUYalWHO, BUKOPHUCTOBYIOTH
TOJIOBHMM YMHOM HE OKpeMi ejeMeHTH Tabymiii MeHeneeBa, a iX CIOJIyKH, B OKpe-
MHUX BUNQJKaX TOTPIOHI HaJ3BUYANHO YUCTI pCUOBHHHU, HAPUKIIAA, YHUCTHI HEOH,
aproH a0o remiii 11 CTBOpEHHS poOoumx TuT MazepiB. Kmacudikaris 11 He mpeTeH-
Y€ Ha TOBHOTY MW OCOOJHMBY WYITKICTh. [IpmmycTrMo, HeopraHidHI Marepiali, IIo
IPOIYCKAIOTh CBITJIO, — CTEKJIa MOJKHA HOAUIMTH Ha HacTymHi rpymu:. 3a TKJIP (re-
PMIYHHH KOe(IIIEHT JIHIAHOTO PO3IIMPCHHS), 32 OCHOBHUMH CKJIOYTBOPIOIOUHMH
OKHCIIaMH Ta iH.

B3arauni, BUKOpUCTOBYIOTh J1y:ke OaraTo MarepiaiiB 1i1XHs KUIbKICTh HOCTIHO
3pOCTaEe.

[TouHemMO BUBYEHHS CBITJIOTEXHIYHUX MaTepiaiiB 13 METANIB.



JlekuigNe2

3araabHi B1acTuBocTi MeTasiB. Po3mipu aTtomiB Ta ioHIB

PeyoBuHH, IKi MU B TIOBCSAKIEHHOMY >KUTTI HA3UBAEMO METaJlaMH, XapaKTepu-
3YIOThCS IIUI0I0 HU3KOIO BIACTHBOCTEH. J[0 HaWBa)XJMBIIMX 1 HailXapakTepHIIINX
BJIACTUBOCTEN BITHOCSTH. METAIEBUI OJIMCK, TapHY TEIIONPOBIAHICTh, TAPHY EJIEKT-
POTIPOBITHICTE, SIKA OB sA3aHa 3 TEIUIOMPOBITHICTIO MEBHUM KoedilieHToM K (3a 3a-
KOHOM Binemana- ®panria) , BUCOKY 3aTHICTb JI0 IUIACTHYHOI JeopMmalrii.

[lepur HDK JOKJIAHO PO3IJAATH BJIACTUBOCTI METAIIB, YMOBUMOCS PO3YMITH
i METaJIOM PEUOBUHY 3 METAJIEBUMHU BIACTUBOCTSIMH, HE3aJIEKHO Bi TOTO, e
MOBa MPO XIMIYHUI €1eMEHT ad0 MpO CIUIAB 13 JIEKUIBKOX E€JIEMEHTIB, X04a 4acTo 1€
HOHSITTS BITHOCSTH TUIbKH JI0 OJTHOTO €JIEeMEHTA.

BapTo 3a3HaumnTH, 110 I1HKOJM 3a OJHIEIO 31 CBOiX BJIACTUBOCTEH peuyoBHHA
MOKe OyTH BITHECEHA JI0 METAJIB, a 3a iHII00 — Hi. [IpuryctumMo, pTyTh, 1110 Mae Me-
TaJIeBUH OJIHMCK, ajie He Ma€ 3JJaTHOCTI JI0 IUIaCTUYHOL tedopMartii (3a H.y. —pinuHa).

Tomy He MOKHA OYIKYBaTH, IO MDK MeTallaMi i HEMeTaJlaMH, 3 TOTJISAY CBIT-
JIOTEXHIKH, BAACThCS TPOBECTU BUPA3HY MEXKY, OCOOJIMBO JIJIsI €IEMEHTIB 13 OaraTbma
aJIOTPOTIAMHM, OFWH 3 SIKHX — METaJl, a IHIINK — Hi (Hanmpukia, Ouie i cipe 0JI0BO).

[3 BuIEHABEEHUX BJIACTUBOCTEN I KUIbKICHOI XapaKTepUCTUKHU HAOUIbII

MpUaTHA EJIEKTPOTPOBIIHICTh. THIIOBI METaIM Yy YMCTOMY BHUIJISIII MalOTh 3a H.Y.
1
o 6 .
€JIEKTPOIIPOBINHICTL He HIKYe 6>10° B Y tHnoBux

1
. . ~1GY ond  R;
TieNIeKTPUKIB, HAIPUKIIAA Y KBapIily, BOHA CTaHOBUTH Jmie 6~10 . Bi-

JMIHHICTh MDK METaJIOM 1 HaIlIBIPOBITHUKOM BHW3HAYAETHCS HE CTUTBKH YHCEITbLHUM
3HAYEHHSIM €JIEKTPOTPOBITHOCTI, CKUTBKH i1 3aJICKHICTIO BII TEMIIEpaTypH . y MeTa-
JIB €IIEKTPOTPOBITHICTS 3HUKYETHCS 3 MIIBUIICHHIM TEMIIEpaTypH; Y HAITIBIPOBII-
HUKIB — 3POCTaE.

Tpu uBepTi enemenTiB nepioauaHoi cuctemu [1. I. MeHnneneeBa moskHa BBaXKa-
TH MeTaJIaMd. Y C1 METalIM i MeTajieB1 CIIJIaBH € KPUCTATTYHUMU TUTaMH, Y SIKUX aTo-

MU a00 10HHM PO3TAIIOBaHI BIIOPSAIKOBAHO ¥ IMepioandHO. PeanbHI MeTamm SIBISIOTH



c00010 TOMIKPUCTAIIUHI TIIa, 0 CKIAJalThCS 3 BENMMKOl KutbkocTi ApioHux( 1-10
%cM), [O-PI3HOMY OpIEHTOBAHHX BIIHOCHO OJMH O/{HOTO KPUCTAIIB.

Bracninok crienniaHuX yMOB KpUCTai3aIlii KPUCTATUKA MAIOTh HEIIPaBHIIb-
Hy ¢opMy (Ha BIIMIHY Bil MOHOKPHCTAJIB MPaBUIbHOI (POpMH), BOHH HA3HBAIOTHCS
KpHCTaIITaM#A a00 3epHAMHU METaITy.

VYci Haltb UTbIIT XapaKTepHI BIACTUBOCTI METaJIIB 3yMOBJICHI iXHBOIO €JIEKTPOH-
HOIO0 OymoBO0. KUTBKICTh €JICKTPOHIB B aTOMI BU3HAYAETHCS HOMEPOM €JICMEHTA B
nepioanunid cuctemi [[. 1. MenneneeBa. EnmekTpoHn B aromi po3mOAUISIOTECSA 3a
CHepreTHYHUMH piBHAMU (opOitamu) i migpiBHAMH (opOirtaysimMu). MakcuMalibHa Ki-
JBKICTh e1ekTpoHIB N Ha eHepreTMIHOMY piBHI 3 HOMEPOM N BH3HAYAETHCS 3a BUpA-
30oM N=2rf.EHepris eleKTpOHiB THM BHINE, 9UM OUTbImMi HOMep piBHs N. Exepris
eTICKTPOHIB HA CHEPTETUYHHX PIBHAX MIIPO3AUIETHCS 32 MAPIBHIME (OpOUTAIIMN)
s,p,d,f.MakcumanbHa KUTBKICTh €IEKTPOHIB HA MiIPIBHIX (OpOMWTAIAX) HACTYITHA: S-
2; p-6; d-10;f-14linBuieHHsT eHepril eNeKTPOHIB Ha piBHAX 1,2,...7Ta minpiBHIX
s,p,d,f BinOyBaeThcs B Takiii mociimoBHOCTI: 1S-2S-2p-3s-3p-4s-3d-4p-5s-4d-5p-6s-
4f-5d-6p-7s-5f-6d. bpOiranbHe kBanTOBe umcno. BoHo 3miHIOEThCs Bim O mo n-
1.Joro Tako Ha3MBAIOTh MOOIMHUM a60 a3MMyTanbHHM. Lle YMCIIO XapakTepH3ye
opOiTaIbHUI MOMEHT KiTbKOCTI pyxy. M =nmvr (I=0 — mo3nauenns S; =1 —rno3Ha-
yeHHs P; |=2 —no3Hauenns d; =3 —nmo3nauyenns f). IcHye Tako)k MarHiTHe KBaHTOBE
YHUCJIO - M, 110 HaOyBae 3Ha4YeHb Bid -l 1o OTa mo +l.

3a edpekToM 3eeMaHa CHEKTPabHI JIHII PO3IIEIUIIOIOTHCS B MarHITHOMY MOJI.
JlocTimKeHHsT aTOMHHX CTIEKTPIB MOKa3ajo, 10 € TaKOX CITHOBE KBAHTOBE YUCJIO —

S. Bin anrmiiickkoro Spin — BepeTeHo, o0epTanHs, KpyTiHHA. CITiH €IeKTPOHA MOXKE

1 1 )
MaTH JABa 3HAYEHHA + > abo - 5 YoTupu KBaHTOBUX 4yucia N,|,M,SIOBHICTIO BU-

3HAYalOTh CTaH eleKTpoHa B aroMi. [lpunuumn Ilayni: y atomi He MOke OyTH JBOX
€JIEKTPOHIB, Y SIKUX YC1 YOTHUPU KBAHTOBUX YHcia Oynu O OAHAKOBUMM.

Po3mipu aroMiB i1 10HIB. TOOTO €NEKTPOHHI XMapH, HE MAlOTh PI3KO OKpecIie-
HUX MEX, TaK 1 YSBJIEHHSI CTOCOBHO PO3MIPY aroMa HE € aDCOIIOTHO BIATIOBITHUMH.

Ane SIKIIO YJABUTH AaTOMH B KPUCTAIAX Y BHFJBII[i JOTHYHHUX OAHA J0 OIIHO.I. c@ep, TO



BIICTaHb MDK IIEHTpaMH JBOX cep MOXKHA IPUHHITH 32 TIOJBOEHUH pajiiyc atoma. Y
MeXax OJHOTO Tepioy 31 30LIbINCHASIM Z TIPOSBISIETHCS TSHACHIS 0 3MEHIIICHHS
pO3MIpiB aToMa.

Lio 155 Be B C N O Foeam

Nay 18a:m.

Hait6impmr xapakTepHOO (DIBMYIHOIO BIACTHBICTIO METATIB € 3JaTHICTH iXHIX
aTOMIB JICTKO BiJIJIaBaTH 30BHIIIHI €IEKTPOHHU 1 IEPETBOPIOBATHCS HA TO3WTHBHO 3a-
pskeHi ioaM. Hemeramn oTpuMyroTh elnekTpoHu. s Toro, mob Bif aToma BimipBa-
TH €JIEKTPOH, Tpeda BUTPATUTH €HEprito. LI eHepris Ha3MBaeThCSA CHEPTricl0 i0HI3a-
ii. Bona mepeBaxHO BUMIPIOETHCS B eleKTpoH-BonpTax. 1 eB. — eHeprida, sky
OTPHUMYE €JIEKTPOH y TPHUCKOPIOBAJIHHOMY TIOJI, KOJHM BIH MPOUIIOB OYIb-SIKUM
LUTIXOM PBHHMIIO noTeHmjaniB y 1B 6e3 sirkuens (les=1,610"°Tx.). Enepris ioni-
3arnil Qi1 METAIIB 3a3Br4ai ckiagac 4— EB.

30BHIIIHI €IEKTPOHU METaIB, 32 Cy4aCHOIO TEOPI€l0, yKe cIabKo 3B's3aHi 3
SAIpoM, a ToMYy 3JIaTHi JIETKO BiTOKPEMHUTHCS BIJ CBOiX aTOMIB Ta mepedyBaTu yce-
peauHl MeTally y BITHOCHO BUIbHOMY CTaHl, 1110 YTBOPIOE ~€NEKTPOHHMI Ta3”.

MeTtaseBuii CTaH BUHUKAE B CUCTEM1 aTOMIB M1 Yac IXHBOTO 30IMKEHHS, KOJIH
30BHIIIHI €JEKTPOHU BTPAvyaroTh 3B'SI30K 3 OKPEMHM aTOMOM, CTalOTh 3arajlLHUMH,
JIETKO TEePEeCcyBaIOThCS MDK MO3UTHUBHO 3apsKEHUMU I0HAMH KPUCTATIYHUX IPATOK.
TakuM YMHOM, METaJl CKIIAIA€THCS 13 BIOPSAIKOBAHO PO3TAIIOBAHUX Y IPOCTOP1 10HIB
1 y3araJlbHeHUX €JISKTPOHIB, IO TIEPEMIIIAIOTHCSI Cepel] HUX.

Cura 3B's3Ky B MeTaJlaX BU3HAYAETLCS CHJIAMU BITIIITOBXYBAHHS Ta MPUTATaH-
HS MDK 10HaMU 1 eIEeKTPOHAMH, SKi HE MalOTh YiTKOTO CIPSIMOBaHHSA. ATOMHU MalOTh
pO3TalllyBaTUCsl Ha Takid BIACTaHI OJWH B OJHOTO, MO0 €Hepris iXHbOi B3a€MOIil
Oyna MiHIMaJbHOIO (3aKOH eHTpoIIii). MeTaeBHil CTaH XapaKTePU3YEThCS BHUCOKOIO
MIITHICTIO 3B'I3KY(HE TUTyTaTH MIIHICTh 13 HECTPSMOBAHICTIO). MipOt0 MIITHOCTI CITy-
KUTh MHTOMA TeIUIoTa cyOmimMarlii (BUmap, MHHAIOUYHU PinKy (asy), mia sSKo po3y-
MIFOTh €HEPTiI0 HEOOXITHY JJI MEePETBOPEHHS TBEPJOTO METAJICBOTO TUIa HA OKpeMi
aromu. [luToma TeruoTa cyOmMarlii JJis METaIB 3MIHIOEThCS B Mexkax Bim 20 10

220 kkas1/MoJIb.



HaBeneni mosoxeHHS JO3BOJISIFOTH TOSCHUATH XapaKTEPHI BIIACTUBOCTI METaIB.
Burcoxka enekTponpoBiqHICT, METATIB MOSCHIOETHCS HASBHICTIO B HUX ~BUIBHUX  €Jle-
KTPOHIB, SKI M1 BIUIMBOM HaBITh HEBEJIMKOI PI3HMIN MOTCHINAIIB MEPEM ITyIOThCS
Bil HETaTUBHOTO TMOJIIOCA JI0 TIO3UTUBHOTO. 3 MIBUILEHHIM TeMIepaTypu depe3 Imo-
CHWJICHHS TIPOTHU/IIl KPUCTATIYHUX IPATOK MPOBITHICTS METATIB Maja€c. 31 3HKEHHIM
TEeMIIepaTypH MPOBITHICTH 3POCTAE, 1 HAPEIITI IPH TeMIIepaTypax OJU3bKUX 0 adco-
JIIOTHOTO HYJIS (-273,1§C) BHHHKAE SBUIIEC HAATIPOBITHOCTI, TOOTO MPAKTHYHO Bif-
cyTHii omip. Teopito mporo sBuia Bam 10moMoxyTh 3po3ymiti B Kypci “ KBanToBoi
MEXaHIKH .

Bucoka TemIompoBIIHICTE METaNIB 3yMOBJICHA SIK BEIHKOIO PYXIUBICTIO
"BUTbHUX" ENEKTPOHIB (BUIPHUX Yy JIAMIKaX TOMY, IO ICTHHHO BUTLHUH €NEKTPOH Tie-
peOyBae 1mo3a aToMOM 111032 METaJIOM B a0COIIOTHOMY BaKyyMi, a yCi 1HIII €1eKTpO-
HU KBa3iBUIbHI 00 BUIbHI YMOBHO), 3/JaTHUX ITEPEHOCHUTH TEILIO a0 €HEprio, TaK i
KOJMBAJbHUMU PyXaMH TPATOK, IO TaKOX CHPUYUHSIE IIBUIAKY Tepeaady Teruia.
BHacnigok 11p0ro BiiOyBaeThCs MBUIKE BUPIBHIOBAHHS TEMIIEpaTypH yCEpeIrHi Tija
MeTany.

Burcoka miacTUYHICT METANB MOSICHIOETHCS HECTIPSIMOBAHICTIO METAJIEBOTO
3B'I3Ky, TOOTO PIBHOMIPHHUM PO3TIOIUIOM €JIEKTPOHIB MO BChOMY 00 €My KpucTana. Y
npolieci IacTUIHOT fedopmartii (KyBaHHS, IPOKATKA, BOJOYIHHS, BUTSTAHHS 1 T.JI.)
MeTaly, IpH 3CyBl OKpEMHUX HOTr0 JUITHOK BIJHOCHO IHIIMX, 3B'I30K MDK I0HaMHu abo
aroMaM# He IOPYUIYeThCs. 3r0/IoM Oyie MOSICHEHO, SIK 1€ BITOYBa€EThCS.

Mertanu € 3a XIMIYHAUMU BIIACTUBOCTSIMH TapHUMHU BITHOBIIIOBAYaMH, TOMY IO
JIETKO BIIJAIOTh BaJICHTHI €JIEKTPOHU M MEPEXOATh Y CTaH MO3UTHBHO 3apsI>KEHIX
10HIB.

YucTi MeTalmi MaroTh HU3bKY MIMHICTh 1 HE 3a0€31euyloTh HEOOXIMHUX Pi3U-
KO-XIMIUHHMX 1 TEXHOJIOTTYHUX BJIACTUBOCTEH. TOMy y TEXHIll iX BUKOPHUCTOBYIOTh
NOPIBHSIHO piKo. J[0 TOTO 3K OTpUMaHHS M OYUIIEHHS BiJ JOMIIIOK METaJIB, 0 J0-
OyBarOThCA y BUTJIIAL PYyA, — CKIAIHUN 1 JOPOTrWil TeXHOJOrMHUI mporiec. Haii-
OUTBIIT MIMPOKO BUKOPUCTOBYIOThH CIUIABH, SIKI OJIEPKYIOTh CIUIABJICHHSIM ab0 CIIKaH-

HSIM IBOX 1 OUTbIIIE KOMIIOHEHTIB.



Jlnst po3rasmy OyloBH, TIEPETBOPEHB 1 BIACTUBOCTEH METAlIB YBOJIUTHCS TIO-
HATTS «(aza» il «cucTemar».

®a3010 HA3UBAETHCS OJHOPIAHA YaCTHHA METaly abo CILIaBy, 0 MAa€ OTHAKO-
BUHA CKJIaJ, KpUCTAIYHY OYyJIOBY i BIaCTHBOCTI, BOHA BIIJUICHA Bil IHIINX YaCTHH
CHCTEMH TIOBEPXHEIO po3auTy — Meskero (azu. I1in gyac mepexomay Mexi da3u BIacTH-
BOCTI 3MIHIOIOTHCST CTPHUOKOTIOTIOHO.

CHCcTeMO0 Ha3MBAKOTh CYKYITHICTh OKPEMHX PEYOBHH (XIMIUHI €IIEMEHTH, XiM.
CITOJIYKH), MDK SIKUMHU a00 YacTHHAMH SKUX 3a0e3IeuecHa MOKIIMBICTh OOMIHY eHep-

TI€F0, a TAKOK MOYKJIHBI MpoIecH TUQY3Ii.

Jlexuia Ne3
OcHoBH Teopii kpucTaaizauii MetaJiB. [lorenuian I'id00ca.

Entponisi. Entanbnis. ImosipaicTs ctanis cucremu. I'patu Bpase.

JloBruii yac BBKaJH, ITI0 TIEPEXif CUCTEMH 3 OTHOTO (Pa30BOTO CTaHy 0 IHIIIOTO
(kpucTamizarlis) MOB'I3aHUH 13 THM, IO MPOIIEC IEPETBOPEHHS CYIPOBOHKYETHCS BHIII-
JICHHSIM TEIUIOTH, TOOTO €HEpPrii CHCTeMH y HOBOMY CTaHI 3MEHITYeThes. JIs
3’ ICYBaHHsI MPUYHH XIMIYHHUX PEaKI[iii TAKOT0 BUCHOBKY JIHIIOB bepTio, ToMy eHepre-
TUYHE TPAKTyBaHHA PI3HOMAHITHUX TMEPETBOPEHb OJEpKaJlio Ha3By mpuHImMITy bepTro.
OnHak, Jierko 0auuTH, IO e MPUHIMI JAJIEKO HE 3aBXKIHM MOKE TOSCHUTH MPUIUHY
sBUIIA. 30KpeMa, He MOKHA TIOSICHUTH €HIOTEPMIUHI peaKIlii, K1 HIyTh HE 3 BUIUICH-
HSIM, a 3 TIOTJIMHAHHIM Teruia. Takok He MOXKHA TIOSICHUTH, YOMY i€ TIpoliec MJIaBJIeH-
HSI PEUOBHMHU IIiJT 9ac HarpiBaHHS, TOMY IO 3a paXyHOK IMOTJIMHAHHS TEIJIOTH CHEpPTisA
CHCTEMH Y PO3ILIABJICHOMY CTaHi BUIIE, HDK Y TBEpIOMY (KpHCTAIIYHOMY).

OckutbKH Oararo sSBHI MOXHa KpaIlle 3pO3yMITH 3aBISKH MOPIBHIHHIO ,TO
MIPOBEACMO aHAJIOTIIO 3 MEXaHIKOr. Hampukian, Tino, MaHATE HaJl 3eMJICI0, Ma€ TI0-
TCHI[IMHY €HEPril0, 3yMOBJICHY BEIMYHMHOIO TPaBITAI[IfHOTO MOTCHINATY (BHCOTOIO
nigfiomMy Tuta Hax 3emuiero). [loymmieHe camo co0O0r0 TUIO MOYHE PYXaTHCh, a KOJH
BOHO JIOCSITHE MOBEPXHI 3eMJI1, TUJIO 3yMUHUTHCS. Haammiok rpaBitaiifHoro MOTEH-

I1iaJTy, BITHECEHOTO JI0 OJHWHHMIN MacH, JOpIBHIOE poOoTi maninHsa Tita. [lomgioHuit
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HOTEHIla, SKUH Ha3UBAIOTh TEPMOAUHAMIUHUM ( MO3HAYa€eThess G ), i€ Mix yac Ie-
pebiry Bcix mporeciB, 30kpema XiMaHUX peakiid. [Torenmian G yOyBae moBUIHHO
i1 9ac mepediry mpolieciB Ha BeMUIuHy AG,II0 BIIMOBIIA€ MaKCHUMAaIbHIA POOOTI
MpoIIeCy, 3a BUHATKOM pOOOTH MPOTH 30BHINIHBOTO THUCKY. 32 CBOEIO CYTHICTIO AG
BHpaKae Tpare3aaTHiCTh cucteMu. J[s 300apHuX mporieciB noteHmian G Ha3uBa-
I0Th 1300apHO -BOTEpMIYHUM ab0 130OAPHUM TIOTEHINATIOM. Y JiTeparypi 3ycTpiua-
IOTBCS ¥ IHIIN Ha3BW. BUTbHA €HTAIbIIS Z ,BUIbHA CHEPTid 3a MOCTIHHOTO THUCKY F,

norenrai ['100ca G.

G
A p=€00$t, T=const G
Buxinai [TpoxykTH
PEUYOBHHHU B3aEMOJII

Puc.3.1 — Cxema nomenyiany G cucmemu

YMOBOIO MPUHIIMIIOBOI MOKIMBOCTI Mepediry mporecy € HepiBHICTH AG <0,
HJIUKATOPOM HEMOXJIMBOCTI — AG >0.

OueBUIHO, SKIIO MPOIIEC PEATBYETHCS, TO BIH Ma€ niepediraTi 10TH, TOKH CH-
cTeMa He JI0CSTHe piBHOBaryu, komu AG =0.

Ha puc.3.1Bka3ani 3HaueHHs noteHuiary ['100ca 1t cucTeMu BHXITHUX pe-
qoBUH(AG=A) Ta npoaykriB ixHpoi B3aemoii(AG=B), snauenns G a1 cuctemMu B
NPOMDKHUX CTaHaX (BHXITHI pEYOBHHU + MPOJTYKTH TXHBOT B3a€EMOJIII).

SIKIIO KUTBKICTh BUXIIHUX PEUOBHUH 1 MPOAYKTIB B3aeMoAii mpu 3aganux P 1T
Oyne BIIpI3HATHCA Bl iXHBOI KUTLKOCTI y TouIll D,T0 3al&KHO Bl TOrO, KA KUTLKICTh
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X CKJIaAOBHUX, Oyze BiTOyBaTHCs ab0 B3a€MOJis BUXITHUX PeUoBUH( JBIIIC TOUKH
D), abo po3kiagaHHs NpoAyKTiB meperBopenHs( npasimre Touku D) qoTH, 1oku Tep-
MOJIMHAMIYHUH TTOTEHITIa] HE TOCATHE MIHIMYMY, SIKOMY BIIIIOBiTae piBHOBara CHC-
TeMU. He Oyze B3aeMO/Iii BUXITHUX PEUOBHH 1 PO3KIIAJaHHS MPOIYKTIB B3a€MOIIi.

BaxmBo migkpeciutH, mo 3HaKk AG BH3HA4ae TUTbKHM MOKIMBICTD “ — “ a0o
HEMOYKJIMBICTE "+ TIEpETBOPEHHS CUCTEMH, ajie 3a BenmnunHo A G He MOokHA poOu-
TH BHCHOBOK HI MPO MBHJKICTH, HI PO MEXaH13M, TOOTO PO KIHETHKY IMPOIECY
SKITO TIEPETBOPEHHS 3IIHCHIOETHCS. TOMY MOJKIIMBI MPOIIECH HE 3aBXKIU pealt3y-
I0TBbCsI. MOKIIMBICTD Oy/ie peani3oBaHa, SIKIIO CTBOPEHI BIATIOBITHI YMOBH.

AG=AH - TAS, (3.1)
ne AH — 3MiHa eHTabIil CHCTeMU(TETIOBMICT CUCTEMH);

AS — 3MiHa EHTPOTIii CUCTEMHU;

T— abcommoTHa Temneparypa.

3MiHa eHTadbmli AH TOKa3ye 3MIHYy BHYTPIIIHbOI €HEPrii CUCTEMHU 3ale€XKHO
BII 3MIHM €HEPTil KPUCTATMHUX I'PATOK, EHEPril YCiX BUAIB PyXy HacTOK, IO CKIa-
JAI0Th CUCTEMY, EHEprii pYyXHUX Jedopmalliii KpUCTATIHUX I'PATOK.

3arasiom, AH moka3zye 3MiHy €Heprii CUCTEMH il Yac MepeTBOPeHHs (Terio-
BUIl epekT mepeTBOpeHHs ). AG MOKa3ye MparecnpoMOXKHICTh CUCTeMH. Tomy piB-
HsHHA (3.1) UrocTpye ToM (aKT 110 He BCS €HEPTisi CUCTEMH MOYe OYTH TiepeTBope-
Ha Ha poOOTYy, yacTuHa ii sika ckiuagae T-AS, He fige Ha podoTy. Lle 3B'13aHa eHepris,
sIKa TIPOTMOpIIiiiHA 3MiH1 EHTPOIIIl Y MPOLEC] IEPETBOPEHHS; KOSPIIEHT MPOIMOpPIIiii-
HOCTI — abcommoTHa Temreparypa T. Homy He Bcs eHepris mpoliecy Oy/Ib-sIKOTO Tie-
pETBOpEHHS He Hae Ha poOoTy? [l MOsSICHEHHS IbOT0 SBUIIA, YIBUMO COO1 CUCTEMY
y BUTJISIA1 OalioHa 3 HarpituM razoM. YacTKu ra3y MaroTh KIHETUYHY €Heprito. Ko
B Takui OaJIOH MOMICTUTU TypOIHY, TO YU OyayTh 0OepTaTucs jomnati TypoiHu? Po3i-
OpaBIM 1I€ 3aBIaHHs, MOXKHA MPUITYCTUTH, II0 YaCTHUHA €HEpPrii, sIKy OJiepKaja Cuc-
TeMa MpU HarpiBaHHi, Oyjia BUTpadeHa Ha XaOTWYHUU pyX yacTok. Lle — 3B's3aHa
SHEpris, ToMy CTBOPIOBAaTH poOOTY BOHA HE MOKe. BenmnuuHy 1€l 3B's13aHO1 eHeprii

xapakrtepuszye Bupa3 TAS.
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st po3ymiHHS (BIBUKO-XIMIYHHUX TPOIIECIB, SKI PO3TIIAAIOTh Y MBOMY KYpCl,
HEOOXITHO 3’ SICYBaTH MATAHHA (DIBUIHOI CYTHOCTI BEJTMIMH STa AS.

Cran Oyp-AK01 crcTeMH (PEIOBUHH) MOXKHA XapaKTEePU3yBaTH TIOABIHHO :

1) yka3aTu 3Ha4YeHHS Oe3MOCepeHhO BUMIPSHMX BIACTUBOCTEH, HAIPHUKIIAL:
TeMIieparypu, 00 €My, TYCTUHHM Ta IHIIMX XapaKTEPUCTHUK MAaKpOCTaHy PEUOBUHU
(cucTemn);

2) yKa3aTH BJIACTUBOCTI KOXKHOI YaCTKH PEYOBUHHU — 11 TIOJIOKEHHS B POCTOPI,
IMIBUAKICTD 1 HAIPSMOK TTEPEMIITICHHS] — XapaKTEPHUCTHUKH MIKPOCTAHY CHCTEMHU.

3amaHoMy MakpoCTaHy BiMoBinae Oe3iy MikpocTaHiB . [Ipu He3MiHHIA TeM-
nepaTypi MOJIOKEHHS YaCTOK 1 MBUIKICTH 1X pyXYy, K1 € HACTIIKOM XaOTHYHOTO Py-
Xy, 0e3MepeBHO 3MIHIOIOTHCS.

KubKicTh MIKPOCTAHIB, SKUMH OIUCYEThCS TNMEBHHM MaKpOCTaH PEUYOBUHH,
HA3MBAETbCA WMOBIPHICTIO CTaHy pedoBUHM — W, TOOTO 1le € KUIbKICTh PI3HUX
croco0iB peaizailii TeBHOI'O CTaHy PEYOBHHU(CHCTEMH). ABCTpaiHChKUM (Hi3UKOM
JI. bompimanom Oyfia OTpUMaHa 3AJICKHICTh MDK €HTPOMIEI0 — S 1 HMOBIPHICTIO

cTa”iB cuctemMu — W.

s—NR In W, (3.2)

a

ne R —yHiBepcanbHa razoBa cTana,
Na —yucio ABorajapo.

Uum Oulbllle XAaOTUYHUX MIKPOCTAHIB Ma€ CHCTEMa, TUM OUIbllE CHOCOOIB
JOCSTHEHHS TeBHOTO MakpocTaHy (Oiutbmie 3HadenHst W).Tomy eHTpomito MoOKHA
XapaKTepHU3yBaTH 1 K MOKA3HUK XaOTHYHOCTI cucteMu. 3 (3.2) BUIUTMBAE, IO TpH
Nepexo/il CUCTEMHU 3 OJHOMY CTaHy y IHIIMH, 3MiHA eHTpomi AS Moxe OyTH
BHUPaXEHA 3AJICKHICTIO

R WET
AS:SKiH-SBI/IX.: Na In Weno (33)

Jlerko 6aunTw, M0 )1 PI3BHUX CTAHIB 3HAYEHHS SHTPOTIIi 3POCTAE B MOCIIIOB-

HOCTI SICpI/ICT M - Spi,:[, (. Snapa. .
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Cucrema O0yne nepedyBatu B cTaHi piBHOBaru (AG =0 ), KOJIM €HEPreTUYHHUI
yjaeH AH Oyae JOpIBHIOBATH €HTPOMIHHOMY TAS.

[ToBepHeMocs 10 cTpykTypH. [1im CTPpYyKTYpOIO pOo3yMirOTh OyA0BY MeTaly ado
CIJIaBY.

CTpyKTypy MeTalry abo CIUlaBy MOYHA PO3AUIMTH Ha MakpOCTPYKTypy(OymoBa
MeTajly, BUIUMa He030pOEHHM OKOM a0o0 MpHu HeBenkomy 30utbmieHH1 (3-40pa3iB) i
MIKPOCTPYKTYPY (BUAUMY ITiJI CHIIbHAM MIKPOCKOIIOM). MaKpOCTPYKTYpY MOKHA J0-
CIIIKYBATH 3a JIOTIOMOTOI0 OOCTEXKEHHS 3JIaMy 1 00CTE)KEHHSM CIIEIiaTbHUX MIKPO-
nuTidiB. 3a BUTIIAIOM 3JIaMy MOKHA CYIUTH PO PO3MIP 3€peH, TePMITHY 00pOOKyY Ta
PO JACSKI 1HII BIACTHBOCTI MeTally. MakpOoCTpyKTypa MOKa3ye B3a€EMHE pO3Tallly-
BaHHSI 3€peH, iXHIO (hopMy i po3MipH.

J1yis1 BU3HaYeHHS MIKPOCTPYKTYPH 000B'SI3KOBO BUTOTOBIISIIOTh MIKPOILTI(H,
TOOTO HEBENMKUMN 3pa30K, OJHY 3 IUIOILIMH IKOTO PETeNbHO HUTIPYIOTh, MOJIPYIOTH,
00pO0IAIOTH CIIEIIAILHUMU peakTUBaMU. MK MIKpOCTPYKTYpoOIO i Oarathbma Biac-
TUBOCTIMHU METAJIIB ICHYE SKICHA 3JISKHICTh. TOMY BUBUCHHS MIKPOCTPYKTYPH Me-

TaJliB 1y’K€ BaXIIMBE.

ATOMHO-KPHUCTAJIYHA CTPYKTypa MeTaJiB

[Tin aTOMHO-KPUCTANIYHOIO CTPYKTYPOIO PO3YMIIOTH B3a€EMHE PO3TaITyBaHHS
aTOMIB, IO ICHYE B pealbHOMY KpuCTaii. KpucTan ckiamaeTses 3 aTOMIB, PO3TAIIIo-
BaHUX y TIEBHOMY TMOPS/IKY, 10 MEPIOMYHO TIOBTOPIOETHCS B TPHOX BUMIpax. Y Kpu-
cTalax iCHye JaJleKUi MOPSJIOK Yy pO3TallyBaHHI aToMIiB (B aMOp(hHUX TUIaX, HAIPHU-
KJIaa Yy CKI, ICHYE TUIbKH OJIDKHIA MOpPsAmokK). s ommcy aToOMHO-KPHUCTAIIYHOT
CTPYKTYPH KOPUCTYIOTHCS IMTOHATTSAM MPOCTOPOBOI 200 KPUCTANIYHOT TPATKH.

KpucTtanmiuHi rpaTku SBISIIOTH COO0I0 YSIBHY IMPOCTOPOBY CITKY, Y By3JaxX SKOT
pO3TalIOBaHi aTOMH, SIKi yTBOPATH MeTaj. Halimenmii 00 €eM KpucTana, 10 Ja€ ysi-
BJICHHSI TIPO aTOMHY CTPYKTYpY METaly B Oyab-iKOMY 00 €Mi, OJIep>KaB Ha3By elie-
MEHTAPHOTO KPHCTATYHOTO ocepenky. Jljisi OMHO3HAYHOI XapaKTePUCTUKH KPUCTaITI-

9HOI KOMIPKH HEOOXiTHO 3HATH HACTYIHI BEJIWYUHH: Tpu pedpa (a,b,C)i Tpu xytH
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MK ocsaMu (A, B,y ). YCI0 pI3BHOMAHITHICT MPOCTOPOBHUX IPATOK MOYKHA PO3IUTUTH
Ha ciM cucTeM(CUHIOHIM) BUXOASYH 31 CIHIBBIIHOIIIEH, MDK OCHOBUMHU OJUHUIIMH K
KyTaMHu:

1) a=b=da = g =y =90°—ky06iuna,

2) a=b#da = g =y =90° —rerparonannHa,

3) a=b#d a = f=90° ,y =120°— rekcaroHanabHa,

4) a=b=d a =g = y#90° — Tpuronansua

5) a#b=d a == y=90°— pomOiuna,

6) a#tb#d o =y =90 °— MOHOKIIIHHA,

7) a#b#d a# p# y — TPUKIIIHHA.

[Ile icHye 7 MIBUAIB: TPUITYCTUMO MOHOKJIIIHHA 1 00'€MHOIICHTPOBAaHAa MOHOK-
JIIHHA, TMpOocTa poMOTYHA i 00'EMHOIIEHTpOBaHA POMOIUHA, O€3IIEHTpOBaHA POMOIUHA,
rpaHelieHTpoBaHa poMOIUHA, MPOCTa TeTparoHajibHa i 00'€MHOLIEHTPOBaHA TETParo-
HaJIbHA, TPOCTa KyO1uHa i KyO1uHa 00'€eMHOIIEHTPOBAHA, FPaHelleHTPOBaHA KyO1uHa.

Ycporo Buxoauts 14rpat bpage, sxuii me B8 1850pomi 11e BinkpuB 1 onmcas.

Kpucramuni rpatku, y SKAX aTOMH PO3TAlIOBaHI TUTbKK HA BEpINMHAX HAa3U-
BalOTh MPOCTUMHU, a Y SKMX HE TUTbKYA Ha BEPIIMHAX, & W yCEpearHI KOMIPOK, Ha3H-
BalOTh CKJIQJHUMU. BUTBIIICTH TyrormiaBkux meranis, 30kpema: W, Mo, Cr, V —ma-
10Th 00'eMHOLIeHTpoBaHi KyOiuni rpatku (O. L. K.). I'paninentpoBany KyOoidHy CTpy-
xktypy maroTh Ni,Al,Cu,Pb,Mq,Zn,Be, CoY mnepepaxoBaHi THIIH IPaTOK KPUCTAIi-

3y10Thcs 3/4 yCiX METaiB.
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Jlekuisa Ne4.
Po3mipu kpuctajgiyanx rpatok. Innexcu Misuiepa.

Moaimopgizm. Bynosa peasibHux MetaaiB. Buau nedgexris.

Po3Mipu KpUCTaTIYHUX I'PATOK XapaKTEPU3YIOThCS MepiojaMu, i SKUMUA PO-
3YMIIOTh BICTaHI MDK MapajieIbHUMH aTOMHUMHU TUIOIIMHAMU , 110 YTBOPSTH eJieMe-
HrapHy KoMmipky. Ilepion rparok Bupaxkaerscs B anrcipemax — A°. Ilepion rparok
METaJiB, 0 KPUCTAN3YIOTLCS B KyOluHil cucTeMi, mepedysac B mexax 2,85-6,0A °
. [I{inpHICTh KPHUCTAIYHKUX IPATOK, TOOTO 00 €M 3aliHATHI aTOMaMHM, XapaKTepH3y-
€THCS KOOPAMHAIIMHUM YHCJIOM, IMif SIKUM PO3YMIIOTh KUIbKICTh aTOMIB, IO Tiepe-
OyBalOoTh Ha PIBHIN, HalMEHIIH BiACTaH1 B MEBHOTO aroMa. YuM BHILE KOOPUHA-
IiiiHEe YKCJI0, TUM OUIbIIA HIUIbHICTh yrakyBaHHs aroMiB. B (O. L. K.) enemenTapHhii

KOMIpIII HaliMeHIIIa BIICTaHb MDK aTOMaMU BIATIOBIAAE BUPaA3y

(4.1)
2

Ha miit BimcTani Bing meBHOTO aroMa mnepedyBae BiciM cyciniB. OTxe, KOOpau-
HaIfiiiHe yucyio nopiBHIoe 8.KoediieHT 3amoBHEHHS MaTeMaTUYHO MOXE OyTH BU-
paKEHUH BITHOIIEHHSIM 00 €My, 3aiHATOr0 aToMaMH, 0 00 €My KOMIPKH 1 CTaHO-
BUTH 68%.

JIyi BUBHAYCHHS MOJI0KEHHS! aTOMHHX IIONMH (IJIOIMH, SIKi MOXKHA YMOBHO
IPOBECTH Yepe3 aTOMHU B KPUCTAMYHUX IMPOCTOPOBUX IPaTKax) KOPUCTYIOThCS iHIIE-
KcamMu Munrepa, mo SBIISTIOTh COO00 TPH IUTUX PaIllOHATLHUX YHCIIA, SIK1 € BETNIH-
HaM{ 3BOPOTHHMH OCHOBHM BiIpi3KaM, IO BIIOKPEMIIIOIOTHCS MEBHOIO ILIOIIMHOIO
Ha ocsaX KoopauHat. OQUHUII JTOBKHWHU B3JOBXK IIMX OCEH BUOMPAIOTh PIBHUMU JIOB-
KUHaM pedep enmemeHTapHoi koMipku. Hampukman, s kyOa: Ko)KHa TUTOIIMHA KyOa
TIEpETUHAE TUIBKU OAHY BICh , TIPpH oMY Bimpi3ku OyayTs nopiearoBarn 100;010;001.
[HIeKCH TUTOIIMHM ITepEBAXKHO MUIINYTh Y aykkax 0e3 kom (100);(010);(001).

VYHacIimoK HEOJTHAKOBOI MIUTLbHOCTI aTOMIB Y P I3BHUX HampsSMKax Oararo Bjac-

TUBOCTEH (XiMIUHI, (Di3UYHI, MEXaHIIHI) KpHUCTaNa 3ajeKaTh Bl HanpsaMmKy. [logiOoHy

HEOJTHAKOBICTh BJIACTHUBOCTEH KpHUCTajla B PBHUX KpHCTAIOrpapiuHUX HampsIMKax
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HA3WBAIOTHCS aHBOTpomicr0. KprcTan — TUI0 aHI30TPOIHE, HAa BIIMIHY Bi 130TpOT-
HUX aMOp(HUX TUT (CKJIO, IIacCTMAcH ,CMOJHM Ta iH.). MeTajau € MOJIKpHCTANIaMH,
TOOTO CKJIaJal0ThCS 3 BEIUKOI KUTbKOCTI aHI30TPOIHUX KPHCTATIB. Y OUIBIIOCTI BU-
MaJKIB KPUCTAIITH a00 3€pHA MO-PI3HOMY 30PIEHTOBaHI OJJHE BITHOCHO IHIIIOTO, TO-
My B YCIX HampsSMKaX BJIACTHBOCTI METAIIB OUTbIII-MEHIII OTHAKOB1, TOOTO TOJIKpHC-

TaJidHEe TUI0 Oy/e 130TPOITHUM.

HoaiMmopg izm

VY neskux MeTariB MpH HArp iBaHH1 3MIHIOETHCS KpUCTaIIHa OyoBa. IcHyBaH-
HSI OJTHOTO ¥ TOrO K METaly B PI3HMX KpHUCTAIYHUX (popMax (Momudikailifax) Ha3H-
BA€THCS MOJIMOPHI3M.

Fenpu kiMHartHiii Temneparypi mae O. 1. K. rparky (a -3amizo), mpu 911° C
Fe Brpauyae marnitai BiactuBocTi #t O. L. K. neperBoproerscst Ha I'. 11, K. (y - 3ami-
30). IIpu 1392° C y- Fe nepersoproetses na S-Fes O. 1. K. rparkamu, 1o icHy-

I0Th 10 Temneparypu miasjiends 1532 C. Ycei moaudikaitii MaroTh pi3Hi BIaCTHBOC-

Ti. Tutan — Tinpu 882,5 C Tig ¢.mvy— TiB 0.1x)

bynoBa peajbHuUX MeTaJIiB

PeanbHuil onMHUYHUN KpHUCTall a00 Oy/b-sKe 3€pHO MOJIKPUCTAIMHOTO METa-
Jly HEe MalOTh iMeaJbHO MPABHJIHHOTO PO3TAIlyBaHHS aTOMIB IO BChOMY 00 eMy. Y
peaTbHUX KPUCTATAX 3YCTPIYAETHCS BEIHMKA KUIbKICTh AC(EKTIB, sIK1 BIUIMBAIOTh Ha
BJIACTHBOCTI METANIB i 1XHIO MOJanblry 0OpoOKy. PO3pBHSIOT HACTYNHI BUIU JiE-
(eKTIB KpUCTATIYHUX I'PATOK: TOUEUHI, JIHIAHI i1 HOBEpXHEBI, 00 €MHI.

OG'emH1 gedekTH MalOTh 3HAYHY JOBXKUHY B yciX HampsMmkax. [Ipukmamamu
Takux ACPEKTIB €. yCaJ04yHl, ra30Bl paKOBUHH, TPIIIMHH, 1110 YTBOPUJIMCS HA PIBHUX
eranax TEXHOJIOTTYHOTO NPOLIECY BUPOOHHUITBA 3JIMTKIB, BUJIMBOK a00 MpPH MOJaIb-
mrid 00poO111 ux HaniB(haOpuUKaTiB.

[ToBepxHeBi neekTH — 3HaYH1 HEBIAMOBITHOCTI MOPSAKY PO3TAIlyBaHHS aTo-

MIB, IKI CIIOCTEPIralOThCS Y MICUSAX CTUKY YTBOPEHUX NP KpHUCTali3allii 3epeH.
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Mexa MDK 3epHaMH CTaHOBUTH c00010 TOHKY (5-10aToMHMX miaMeTpiB) , MOPIBHSHO
3 PO3MIPOM 3€pHA, TOBEPXHEBY 30HY 3 MAaKCUMAIbHOIO HEBIIITOBITHICTIO TTOPSIKY B
po3TamryBaHHS aToMiB. Taki AedeKTH XapaKTepru3yroTh SK MOBEPXHEBI a00 TBOBUMI-
pHi. [lopymyBanHS MOPSAKY Ha MKl 30H 3€PEH MEPEBAKHO 30UTBITYETHCS CKYITICH-
HSIM Y IUX JUITHKAX PI3BHOMAHITHMX CTOPOHHIX BKIIOYEHb (KY)KUTbHI BKIIIOYEHHS Ta
H.).AJle 1 ycepeanHi 3epHa HIKOJHM HE CIIOCTEPIracThes iAeaabHO1 OyI0BH KPUCTATI-
YHUX TPATOK. YCTAHOBJICHO, IO KOKHE 36PHO CKIAAETHCS 3 OKPEMUX €JIEMEHTIB —
6II0KIB, pO3MIp SIKHX KOJTHBAeThCs B Mexax 3-10°Mm. Oxpemi 6:10Ku moBepHeHi Bin-
HOCHO OJIH OJTHOTO Y JOBUTLHOMY MOPSIKY. Bemmki yTBOpeHHS 3 AEKUIbKOX OJIOKIB
CKJIQJIal0Th, TaK 3BaHi cyo3epHa (pparmeHTH).

Toueuni gedextu. [lpu kpucTanizaimii okpemi By3JH IpaToK MOXYTb OyTH He
3alfHATI aToMaMH, a0 OKpeMi aroMaM¥u MOXYTh 3HAXOAUTUCS Y MDKBY3IX. YTBOPEHHS
TOYEYHUX Je(EKTIB MOB'A3aHE 3 TEIJIOBUM PYXOM aTOMIB 1 MPUCYTHICTIO B MeTall
JOMILIOK, IO Ae(OpMYIOTh KPUCTAIIUHI IPATKU. Y KpHUCTalaX € aTOMH, CHEPTis IKHX
3HayHO OuTbIIa a00 MEHIa CepeIHhOr0 3HAYEHHsI, BIACTUBOTO IMEBHIA TeMIepaTypi.
ATOMHM, IO MarOTh BUCOKY €HEPTII0 MOKYTh HE TUIbKHM BIIINTH Ha 3HAUYHY BIICTaHb
BII CTaHy pIBHOBAry, ajie i MepeiTy NOTEHIINHMIA Oap'ep, CTBOPEHUI CYCITHIMUA aTOMaMHU,
1 MIrpyBaTH B MDKBY3J1s1 200 Ha MOBEPXHIO KpUcTana. MiHIMallbHa HAJIJIMIIKOBA €He-

prid, sika noTpiOHa Ha MOJOJaHHS X 0ap'€piB HA3UBAETHCS CHEPriEr0 aKTUBAILII.
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Puc.4.1 — Cxema oeghexmie Kpucmaniunux rpam oK memaiie.
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ATOM, 0 BUHIIOB 3 PIBHOBAKHOTO CTaHY B MDKBY3JT1, HA3UBAIOTh JUCIOKOBA-
HUM, a IPaTKH, SKI YTBOPWIH Y BY3Jl BUIBHE MIiCIle,— “BaKaHCIEID” ab0 <«TIPKOIO».
YTBOpEHHS AUCIIOKOBAHHWX aTOMIB 1 BAKAHCIM BUKJIMKAIOTh BUKPHUBJICHHS IPATOK, IO
MOIIHMPIOIOTECS Ha S-6Tiepio1iB. BakaHCii 0€3ynmMHHO TEpEeMIITyOThHCS.

CycinHiil 3 BaKaHCIEIO aTOM, IO Ma€ MIIBUIICHY €HEPTIEI0, MOXKE IePEMICTH-
THUCSA Ha MICIe BakaHcii. BakaHcit BUSABUTHECSA HA MICI, SK€ 3aiiMaB L€l arow, 1 il
MOKE 3aiHATH IHIIMI aToM, II0 CTBOPIOE HA CBOEMY MICITl BaKaHC 10 1 T.J. BakaHcisa
MEPEMIITY€ETHCS TOTH, TOKU HE BUIE HA MOBEPXHIO KPUCTATIA.

Uum BuIme TemriepaTypa, TAM OUTbINE JIPOK 1 MEHIIMKA Yac 3HAXOKCHHS Ba-
KaHCId B OJJHOMY BY3IIl IpaTok . KimlbKicTh BakaHCIH 3a TeMIieparypu OJHM3BKOiI 10
TeMIIepaTypH IUIaBJIeHHs Jocsrae 1% BITHOCHO KUTbKOCTI aTOMIB IPAaTOK. Y TBOPEHHS
BaKaHCIi He MOB'sI3aHE 3 000B'SI3KOBUM BHUXOJIOM atomMa B MDKBY3Js. ToMy KUTBKICTb
“ nipox” 1 AucIoKoBaHUX aTOMIB pi3He. [Ipryomy nipok 3a3Buuail Ha 6arato MOPSAKIB
Outblle. YTBOPEHHS BaKaHCIM HalfuacTilie BiTOyBaeThCs B PE3yJIbTaTl BUMAPy aTOMIB
3 MOBEPXHI MeTally. ¥ KPUCTalll CTBOPIOIOTHCS HE TUILKHU MOOWHOKI BaKaHCIi, ane i
NoABIMHI i NOTPIiiiHL. TodeuHi n1eeKTH BUKIUKAIOTHCS TaKOkK CTOPOHHIMU aTOMaMH,
KUTBKICTh SIKMX HaBITh Y TEXHIYHO YHUCTHX MeTallaX JOCUTh Benuka. OcoOmBo Oara-
TO TaKMX aTOMIB y CIUIaBaX .YTBOPEHHS TOUEYHUX J1€(DEKTIB BINOYBAETHCS BHACIIIOK
auQy3ii, 10 NMOB's3aHe 3 BUTPaToro eHeprii (Tak , y rparmi [.I[.K.- mini Ha yTBOpeHHs
BakaHCii MoTpiOHa eHeprist Oau3bko 1 eB., a And po3MilieHHsT MDKBY3J0BOTO aroma
Bin 2,510 3,5¢B.).

CepenHsi TEIJIOBAa €HEPTIsl aTOMIB, SIKI KOJMBAIOTHCS, 3AJIEKHO Bl TEMIIEpaTy-
pu, ctanoButh 0, 025-0,2B. JIyna Toro mo6 nudysis cTaja MOKIMBOIO, TOTPIOHA
¢uykTyariis eHeprii okpemux atomis. Benmnunna (uykryaitii eHeprii OKpeMuX aTOMIB
E;, noBuHHa OyTH Oi1bIIO0 eHeprii aktuBanii audysii Q ¢ hopmyau 111 BU3HAUEH-
Hs koedinienTa nudysii: D=Dye=2 , ne Q- eHepris akTuBarii ).

JlxepenaMy BakaHCIH € BUIbHI MOBEPXHI KPHCTAJIa: TPAHUII 3€PEH , TPIIMHU
i mopu ycepenuHi kpuctana. L1 )k MICII € MICIFIMH CKYITYCHHS BaKaHCIH, SKIIO Ki-

JBKICTh BaKaHCIA y KPHUCTAJIl BUSABISIETHCS OUIBINOIO 32 1X PIBHOB@KHY KOHIICHTpA-
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0. Tak caMo MOKYTh TepEeCyBaTHCS CTOPOHHI aTOMH . IIPH IIBOMY ITPOTIKAE TIPOIIEC
rerepoaudysii. 'erepoaundysist OyBae pi3HUX BU/IIB.

1) Ko gyxopigHi aTOMH MEPEXOAATh i3 OJHOTO By3ja I'PATKH IO IHIIOTO.
Jl1st 1boTO MOTPIOHO BUIAJIEHHS 3 BY3Jia IPaTKM aToMa OCHOBHOT'O MeTalmy. Takuid
IpoIleC BUMarae 3Ha4YHOI CHEprii.

2) 3HauHo Jyerme TuGyHIYIOTh (MICPYHOTh) aTOMH 3 MaJIMMH PO3MIpaMH, SKi
MICTSTBCS B TIopax Ipartku. Oco0IMBO JIETKO NPOXOJUTHh Terepoaudys3is B rparkax
turry O.1K., ssxa Mae MopoKHUHM, MO MUTLHO PO3TAIIOBaHI.

3) Uepes cuibHE BUKPUBJICHHS I'PAaTKU HA TPAHUIIAX 3epeH Tudy3id HA IUX Ji-
JstHKaX (mpurpanndHa qudy3is) MpoTiKae 0COOIMBO JICTKO .

BaxkaHcii i MDKBY3JI0BI aTOMH aHIr UTFOFOTh MPU 3YCTpidi (B3aEMHO 3HHIIYIOTh-
cs1). OgHak , Taka peKOMOIHaIsl JedeKTiB BimOyBae€ThCs PIAKO, BHACTINOK MAalOi
KOHIIEHTpAIlll MDKBY3JIOBHX aTOMIB .

[Ipu 3ycTpiui BakaHCiii MOe BiOYBaTHCS iXHE CKYMUEHHS, a TAKOX MEPETBO-
peHHs 1X Ha HII BUIU JedeKTIB: CyOMIKpPOCKOMIYHI TPIIMHNA H JiH1HHI JedeKTu-
aucnokani. Mirpamis BakaHCIM 0 ICHYFOUMX MOP 1 TPIIIMH NMPU3BOAUTH A0 30UTb-
IIEHHS! PO3MIPIB OCTaHHIX. Y I[bOMY BHUIAJKy Ma€ MICIE 3HAYHE 3MILIHEHHS METay,
TOOTO TOUeUH1 Je(EKTH BIUIMBAIOTH HA MIHICTH METAJIB.

JliniitHi ned extu-guciokarii. JliHiiHI (0qHOMIPHI) AedekTr MarTh Mai po3-
MIpH y ABOX HampsMKax 1 OutblIl —y TpeTboMy. [IUTaHHA MIHOCTI ¥ TIaCTUYHOCTI
MeTaniB, Oararo HIIMX MpOoOJeM METaJO3HABCTBA 3HAXOIATH CBOE TMOSICHEHHS MPU
BUKOPHUCTAHHI TEOPii JUCTOKAITIH.

AmnpiopHa Teopis IucioKaiii Brepiue Oyna Bukopuctana B 1934p. Oposanowm,
[ossini #1 TelnopoM 7Sl MOSICHEHHS MPOLECIB TUIACTUYHOL JedopMallii KpHCTaIId-
HUX MarepiaiiB. PeanbHi quciokaliii B MeTanax Oyjau BCTaHOBJIEHI 3HAYHO MI3HILIIE.

Jlucroxkailii MOXKyTbh YTBOPHUTHUCS 33 KpHUCTaNBallii. YABITh c001 , IO y Mpoliect
3pOCTaHHSI IBOX KPHUCTATIB HAa3yCTPIU OJMH OJTHOMY HA MOMEHT IXHBOTO 3pOIICHHS B
OJIVH, 3 HUX YTBOPWJIACS IUIONIMHA , 10 HE Maja PO3BUTKY Yepe3 YBECh KpHUCTal. Y
pe3yNbTaTi YTBOPUTHCS HOBUM €IWHUI KPUCTAT 3 HE HUTKOBUTO 3alIOBHEHOIO aTOMa-

MU INIOIIIMHOXO. TaKy HCIIOBHY ATOMHY INUIOIIMHY HA3UBAIOTh CKCTPA-TINIOIMHHOTO.

2C



Hait61p1111 BigXuiieHHs B pO3TaIllyBaHHI aTOMIB y KpUCTaIl MarOTh MICIIE TT00-
M3y HIDKHBOTO KpAr eKCTpa-TommHM. LI BiTxwiIeHHS JTIBOpYY 1 MpaBOpPyd Bim
Kpar eKCTpa-IUIOIMHM Maji (HOIIMPIOIOTHCSA Ha KUIbKa IMEpIiOdiB I'PATOK; Y3I0BK
Kparo eKCTPa-IUIOIIMHYU I[i BIIXMIEHHS MOIIUPIOIOTECS Ha THCSYI MEPIOiB IPATOK).
Tomy 3a pO3MIpHUMH O3HAKaMH Kpal €KCTPA-TUIOIMMHNA CTBOPIOE JIHIMHUN HedeKT,
10 HA3WBAETHCS JAUCIOKAITE0. Y IIbOMY BUIIAAKY JTUCIOKAIlS YTBOPEHA KPAEM EKCT-
pa-TUIOIIMHN W TOMY Ha3WBA€EThCS KparoBOIO AWCIOKarliero. Kpucrtamm 3pocTaroTh
CIIpabHO, HEMOB O 3aKpy4yBaHHSM aTOMHOI TUIOMIMHU TBUHTOBOIO JiHiEr0. Oue-
BHJIHO, PO3TaIllyBaHHS aTOMIB MOOIM3Y Ili€i JIiHIi BUKpHBiICHE. Taki BUKPHUBICHHS
HA3UBAIOTh TBUHTOBOIO IMCJIOKAITIETO.

[cHytOTH ¥ 1HIIII MEXaH3MHU YTBOPEHHS AUCIOKalii. Hanpukian, npu 3poiieH-
Hi OJIOKIB 3 MaJMM KyTOM pO30pI€HTYBaHHS MOBEPXHI IXHBOTO CTHKY YTBOPATHCS
KpaiioBi nucnokaiiii. Sk BiA3Havanocs, y KpUcTajax 3aBX1Iu € BakaHcii. Pyxatouuce
yCepeHI KpUCTalla, BAKaHCii MOXXYTh KOHIIGHTPYBATHUCS, YTBOPIOIOUH B KPHCTAJIOT-
padiuHUX IOMMHAX TOPOXKHUHU y POpMi TUCKIB. SIKIIO Taki AUCKH TOCHUThH BEJIHIKI,
TO €HEpreTUYHO BUTIIHE ‘3aMUKaHHS 1X 3 YTBOPEHHSM IO Kparo JUCKY KpailoBOI

JTACHOKAII .

JlekuigNeb5

Bynosa nucaokanii. Bektop Broprepca ii eneprisi aucJjiokamii

binpmmicTe AUCTOKAIM YTBOPUTHCS 3a PaxyHOK BHHHKHEHHS Jedopmarrii.
KpaitoBa quciokariiss yTBOPUTBCS ,IKIIO 3AIMCHUTH IUIACTUYHOIO qedopMaIri€ro 3cyB
BEPXHBOI YaCTUHH KPHUCTAJIa BITHOCHO HIDKHBOI Ha OJIMH Tepio rpaTok. [lopymenns
CTBOPWJIO €KCTPa-IUIOIIMHY 1 KpalloBY AWCIIOKAIIiO, TOOTO pe3yIbTaT MOMIOHUN 10
YTBOPEHHS KpaiioBOi JUCIIOKAIT TTiT yac KpucTaizaiii. Taka quciokaris € JIiHIHHAM
nedeKToM, 10 YTBOPUTH yCEpeauH1 KpUcTaja TPaHMIII0 30HU 3CYBY. 3CYB BiTOYBCs

o miHii AB.
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Puc5.1 -/lucnokauii y kpucmanax.

a) yTBOPEHHS KpaioBoil auciokaiii AB BHACIiIOK 3CyBY;

0) exctpa-moniuHa KL;

B) TBHHTOBA JUCIIOKAIIIS .

Moske BimOyBaTrCs 3pyIICHHS OHIET YaCTHHHU KpHCTaIa BEPXHBOI 1010 1H-
1101, TO/I1 yTBOPUTHCS TBUHTOBA JIUCJIOKAIlsl .MOJKHA YSBHUTH, 10 BECh KPUCTAJI, HE-
MOB OM YTBOPEHUH €IMHOI0 aTOMHOIO IIOIIUHOKO, 3aKPYYEHO0 y BHTJISI TEITUKO1/1a
(moBepxHs1, OIMUcaHa MPSIMOIO, 110 00EPTAETHCS HABKOJIO HEPYXOMOI OCi 3 HE3MIHHOIO
KyTOBOIO IBUIAKICTIO i OJTHOYACHO TIEPEMIIIYETHCS B3OBXK OC1 00EpTaHHS 31 CTAIOIO

IIBUJIKICTIO).

KouTyp i BekTOp Broprepca auciaoxkauii
KonTtypom broprepca Ha3uBaeThCsl TOBUILHUM KOHTYP y KPUCTAJI, 10 TTPOXO-
JIUTH BIIT aTOMa JI0 aTOMa TaKUM YMHOM, ITI0 BCEPEIUHI ITbOTO KOHTYPY BUSBIISETHCS

JTACJIOKALTIS.

11 l !

. -t
¥ 0

Puc.5.2 —Koumyp i éexmop bropzepca Kpait06oi oucnoxauii.

VY kpucTam Hemae IucioKarlil, BeKTop broprepca Ha BenmuumHy Binpizka b He

3aMkHeHui. Bekrop b, skuit HeoOXinHuiA 11 TOTO, 1100 3aMKHYTH KOHTYp Broprepca
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B 1IeaTbHOMY KPHUCTaJ, HA3MBAEThCS BeKTOpoM broprepca mucnokarrii. Bektop bro-
prepca y rBUHTOBIN AUCJIOKAIIil JOPIBHIOE MEPIOAY IPAaTKH B HANpPSAMKY JojaTka cui F.

JloBeneHo, 1o kKoHTYp broprepca skum uynHOM BiH OM HE OyB NPOBEACHHUH y
KPHUCTAJI, 110 MICTUTh AMCIIOKAIiFO (38 YMOBH, 1[0 JUCJIOKAIlisI BUSBUTHCS yCEPEIMHI
KOHTYPY), IPU MEPEHOCI B KPUCTAJ, SIKUH HE MICTUTH AUCIIOKAaIlid, Oyae abo posi-
MKHEHUH, a00 3amkHeHui. OCKUTLKH MpH MOOYI0B1 KOHTYpY Broprepca pyx mepena-
€THCS BiJl aTOMa JI0 aToMa, TO BeKTop broprepca sBisie co0010 BiiCTaHb MDK JBOMA
BYy3J1aMH aTOMHOI IpaTku,TOOTO BEKTOp broprepca € BEKTOpoM TpaHCIBIIIil IPATKH.

Bektop broprepca aucioxariii € BaXIMBOI KUIBKICHOI XapaKTEPUCTHKOIO
nuciokaii. BiH Bu3Hauae xapakTep TpaHchopMallii KpUCTATIIHOI TPATKH: BETMIUHY
MOPYIICHHS, TIOB'S3aHy 3 TIEPEMIIICHHAM JUCJIOKAIlil, CHePTii0 AUCIOKAIli, a TaKOX
CUIy, IO Jli€ Ha JHUCJIOKaIifo. HasBHICTh AWCIOKAIN MPU3BOAUTH 0 MPYXKHOI Je-
dopmarii KpucTamigHOI IpaTKH, A0 MIIBHILNEHHS 11 eHeprii. EHeprito nucnoxarii Bu-
3HAYAIOTh 32 GOPMYIIOIO

E,=aGb® |, (5.1)

G- MonyInb 3pYILICHHS |

b-sexTop broprepca ;

|- noB>xxuHa mucnoKaLii.

Cuna F, 1110 i€ Ha OTMHUIIIO TIOBXKWHU JUCTIOKAIlil, TOPIBHIOE TIOOYTKY BEKTO-

pa broprepCa Ha BeIMYMHY JOTUYHOT HAIPYTH 7 B IUIOIIMHI 3CYBY

F=br.
[oBomxeHHs METaNIB M1 HaBaHTAXKEHHAM 3aJI€KUTh Bl IIUILHOCTI JUCJIOKA-
Il o, K1 HA3UBAIOTH CYMAPHOIO JOBKUHOO TUCTIOKAITIH z |, o mpumnamae Ha

OJIMHULIIO 00'eMy, TOOTO
| 2
p=- (M) (5.2)
Vv
[Ipy 30BHIIIHEOMY BIUIMBI HAa MeETal JUCJIOKAIlll B3a€EMOJIIOTh MDK CO0OIO.
Haitnpocrinri pe3ynabTaTu 11i€i B3aeMOIii :
1) KpaiioBi aucrokaiii pi3HHX 3HaKiB B OJHIM IUIOIIMHI KOB3aHHS OYIyTh

OPUTIATATUCS, TOMY IO 30MKEHHS iX 3MeHIIye aeopmMallii KpUCTaIaHOI I'PATKH.
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Koym BepxHs 1 HMXKHS €KCTPA-TUIOIIMHU CIIIBIIAIyTh, JUCJOKAIli B3aEMHO 3HHMIILY-
IOTHCSI — aHIT UTFOIOTh.

2) KpaiioBi auciokariii 0JHAKOBHX 3HAKIB B OJHIM IUIOIIMHI KOB3aHHS BIIII-
TOBXYIOTBCS ¥ OyTyTh pO3TAIlIOBaH1 Ha BIICTaH1 OJTHA BiT OJTHO.

3) KpaiioBi guciokaril pi3HUX 3HAKIB Y CYMDKHUX IUTOIIMHAX KOB3aHHSA Oy-
IyTh MPHUTITATHCS.

4) Jlucnokarii 0OHOTrO 3HaKa rpymyroThes B “cTiHKM . Taki “ cTIHKH” yTBOPSTH
MaJTi KyTOBI TPaHMIT, SKi UIATh KPUCTAI Ha OUThII ApiOHI dacTuHU. Llei mpoiec Hazm-

BA€THCS MOJITOHI3AIIEI0. YCEpEIUHI MOJITOHIB MaiyKe HE 3aTUIIAETHCS AUCTIOKAITIH.

. -4
e 5
Puc.5.3-Cxema nonizonizauir.

a)XaOTHYHE PO3TalllyBaHHs KPalOBHMX JHCIIOKAIlN y 1ehOpMOBAHOMY KPHUCTAI,
0)aucoKaIiiHI CTIHKH MICIIA MOJIrOHI3arlii.

IlepeTMHAHHA AUCJTOKALIN
VY mporeci miacTHaHOI aedopmarltii JUCTIOKaIlii, po3TalloBaHI B PI3HUX TLUIO-
IIIMHAX, TICPETUHAIOTHCS OJHA 3 ogHOI0. CHCTeMy MHCIIOKAIlil, SKa MPOHU3YE ILIO-
IIIMHY KOB3aHHS, HA3WUBAIOTh <JTICOM>» JTUCJOKAIA. Y pe3ynbTari NepeTHHAHHS JIHC-
JIOKAIl Ha HUX YTBOPSATHCS MOPOTH, Kl YTPYAHIOIOTh pyX Auciokarii. Tomy medo-
pMyroda CHJIa, BIAIIOBIAHO JI0 PO3BUTKY aedopmariii, moBHHHA 30UtbITyBaTHCs. Ha-
BEJICHI CIICMEHTAPHI BITOMOCTI IIPO JTUCIIOKAIIil JO3BOJIIOTh PO3YMITH TTOBOKEHHS

METaTIB M1 HAaBaHTAKEHHSIM | MEXaH13M TUIACTUYHOI 1ehopMaltii 1 pyiHyBaHHS.

Kpucragizanis mertasis

[epexin Metay 3 piIkoro CTaHy y TBEpIUi HA3WBAETHCS MIEPBUHHOIO KPUCTA-
anariero. [eit npouec 0arato B yoMy BU3Hauae OyJ0BY METaly 1 HOTO MPUAATHICTD

I BUKOpUCTaHHsA. Kpuctanizaris BiqOyBaeThCsl BHACTIIOK MEPEXOAY CHCTEMH JIO
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TEPMOJMHAMIYHO OUTBII CTIAKOTO CTaHy, 3 MEHIIOI0 BUIbHOIO eHepriero F abo moTe-

aitiagom ['100ca G, ab0 BUIBHOIO DHTAIBITICIO Z.

F=H-TS, (5.3)
ne H —noBHa eHepris cuctemy;
T —abcoroTHA TemMneparypa,
S —eHTporris.
3MiHa BUTbHOT €HEprii pIAKOTO 1 TBEPJIOTO CTaHIB 3aJIEKHO Bil TEMIIEpaTypHu
nokasasi Ha puc. 5.4.

G, b~

Om "'"_ﬂ'_ll-_-.
| |
L l Orm
.
! 1l l G»
| | |
1 | |
] | 1 —
T Tk Ts

Puc.5.4 -3anexncuicmp iz00apnozo nomenyiany memany 6 piokomy G, i

meepoomy G,, cmanax 3anexcHo 6i0 memnepamypu.

Bumme Temmeparypu T OUIbIN cTATUM € PIIKWAN CTaH MeETaly , 00 Ma€ MEHIIHI
3arac BUTbHOT €HepTii, a HIKYe 1Ii€l TemrepaTypu — MeTan y TBepaomy crtaHi. [Ipu
Temreparypi Ts BEMTMUMHU BUILHUX €HEPTId PIIKOro i TBepaoro craHiB piBHi. L Te-
MIIepaTypa BIINOBIIaE PIBHOBAXKHIN TeMIlepaTypl KpUcTaii3allii abo IIaBiIeHHs eB-
HOI PEYOBHHH, 3a AKOi 0O0MABI (pa3u TBepAa 1 pimka MOXKYTb ICHYBaTH OJHOYACHO.
[pouec kpucTamizaiii npu i TeMneparypi e He NoUYnHaAeTbCs. BoHa po3BUBa€ETH-
Csl, SIKIIO € PI3HULS BUIBHUX €HEPTid, 110 YTBOPUTHCSA BHACIIIOK MEHIIOI BUIBHOI
€Heprii TBEPAOr0 CTaHy METATy MOPIBHAHO 3 pigkuM. OTKe Mpolec KpuUcTam3amil
MOXKe€ MepediraTi TUIbKU MPU MEPEOXO0JIOIKEHHI METATy HH)KUE PIBHOBAKHOI TEMIIE-
parypu Ts. Puus mok temneparyporo Ts1 T, 3a K010 NpOTIKAE NpoLec KpucTaii-

3allii, HA3UBAETHCS CTYMIHHIO MEPEOXOIOIKEHHS

AT =T¢-T,. (5.4)
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[Tpu 3aTtBepaiHHI Ty’KE€ YUCTHX METAJIB CTYIIHBb TIEPEOXOJIOKEHHS MOXKe Oy-
™ nyxe Bemikoro 100-130 C. Jna 3puuaiinux meranis 10-30 °C.

[Ipomec kpucTamizamii MOYMHAETECS 3 YTBOPEHHS KPHUCTANYHUX 3apOJKIB -
IIEHTPIB KpUCTaN3aIlii, 1 TpUBa€e B Mpolieci IXHpOro 3pocTanHs. Kpucrtamm, mo yTBo-
pWIKCS, 3pOCTAIOTh BUIBHO, MalOTh NMPaBWIbHY TeoMeTpuuny (opmy. OaHak, npu
3ITKHEHH1 KPUCTATIB SIKI 3pOCTAIOTh, iXHSA (PopMa MOPYIIYETHCS, TOMY IIIO B MICIIi 3i-
TKHEHHSI 3pDOCTaHHS TpaHi MPUIUHAETHCS. 3POCTaHHS TPUBAE TUIBKUA Yy BUIBHHUX Bif
KPUCTATIB HamMpsiIMKax. Y pe3yibTari, MICJs 3aTBEpAIHHS KpUCTAIM HaOyBalOTh He-
MPaBUILHOI 30BHIMIHBO1T (DOPMHU, 1X HA3UBAIOTHh KPUCTAJITH a00 3epHA.

SBuima kpucTanizaii, TyKe CKIaaHl i pi3HOMaHITHL. OCO0IMBO BAXKKO YSIBUTH
M CKJIaIHO OMHCATH MOYATKOBI CTall MPOIECY, KOJM B PIAUHI YTBOPUTHCS MEPILIHii
KpUCTAMK a00 IeHTp Kpuctamiani. KopoTko MOKHa BII3HAYWTH, 10 YTBOPEHHS
LEHTPIB KpHUCTaNi3allii MOKe BitOyBaTuCs B piAKOMY MeTajll Ha HEBEJIMKUX CKYITYEH-
HSX, y SIKUX aTOMU MalOTh KPUCTAJIYHY YIaKOBKY. Take yTBOpEHHS LEHTPIB KpHCTa-
Ji3allii HAa3UBAETHCS NOBUIbHUM a00 CHOHTaHHUM. Lleil BUI yTBOpEHHS B YHUCTOMY
MeTall JOCUTh BaKkuid. HaluacTimie JkepenoMm yTBOPEHHS LIEHTPIB KpHUCTali3allil €
PI3HOMaHITHI TBep1i BKIIOYEHHS (HEMETaIaH1 YaCTKU, OKUCIIH, IOMIIIIKA # T.11.), SKi
3aBX/IM NPHUCYTHI B po3muiaBax. [loBepxHsa yacTku abcopOye aTOMH 3 pO3IUIaBYy, IPU-
4OMYy BIOPSAKOBaHA OyJ0Ba TBEPIOI NMOBEPXHI BUKIMKAE BIIOPAAKOBAHY Oyq0BYy a0-
copboBanux aromiB. Ha moBepXH1 4aCTKH YTBOPUTHCS OJIHOIIAPOBHUNA KpHUCTal, Ha-
BKOJIO HbOT'O CKYMUYYIOThCSI HOB1 aTOMU — 1]1€ 3pOCTaHHs KpucTtaia. Yum Ouiblie J10-
MIIIOK, TUM Oulbllle LEHTPIB KpHCTai3alli, THM MEHIIUM BUXOAUTH 3epHO. Taxe
YTBOPEHHS IIEHTPIB HA3UBAETHCS TE€TEPOTCHHUM.

BukopuctanHs TOMIIIOK JJIs1 OJiepKaHHS APIOHOTO 3epHA HA3UBAETHCS MOJIU-
¢ikyBanHsaM. [Ipu MoandiKyBaHH1 4O pO3IUIABIEHOTO METATy JOJAI0Th HEBEIHUKY Ki-
JBKICTh CTeIiabHUX peuoBUH (MOIHU(DIKATOPIB), K1 MPAKTUYHO HE 3MIHIOKOTH HOTO
XIMIUHMMA CKJIaJ], MPOTE BUKIMKAIOTh NP KpHUCTai3allii 3MEHILIEeHHs 3epHa W moJin-
IIEHHsS] MEXaHYHUX BlacTUBOCTEH. [[pakTHIHO BCi MeTall, BUKOPUCTAHI B €JIEKTPO-
JaMIIOBOMY BHUPOOHUIITBI, MOTPAILISIOTh Y BUPOOHUIITBO HE B YHCTOMY BHUTJBIIL, a 3

JOMIIIKaMH, 110 MOJIMIIYIOTh iX CTPYKTYPY ¥ MEXaHI4H1 BIaCTUBOCTI.
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JlekuigaNe6

MexaHiuHi BI1aCTHBOCTI MeTAJIB. 3B'A30K MK MeXaHIiYHUMHU BJIACTHUBOCTAMM.

Po3paxyHok 3cyBHOT HANpyru. CTPyKTypHa HAAIUIACTHYHICTD.

[Tin MeXaHIYHIMH BJIACTUBOCTIMH PO3yMIIOTh BEJTUYHHH, 1[0 XapaKTEPU3YIOTh
MOBOKEHHS METaTy i JI€F0 MeXaHIHUX cHil. HaluacTime MexaHiqH1 BIIaCTUBOCTI
METaJly XapaKTepHU3YIOThCSI HACTYITHUMHM ITapaMeTpaMH. MITHICTIO, I SKOI PO3y-
MIFOTB OITp MeTairy aedopMalli i pydHyBaHHIO, Ta IJIACTHYHICTIO — 3J]aTHICTIO Me-
TaTy 10 3IMIIKOBOI JedopMartii.

Hedopmariiss Mmoke OyTy MPYKHOIO 1 MmacTuyHowo. [IpykHOI0 nedopmaitiero
Ha3MBaIOTh JedopMallito, BIUIMB sIKOi Ha (opMy, CTPYKTypy M BIACTUBOCTI Til
“Maibke” MOBHICTIO YCYBA€ThCs MICIs MPUMUHEHHs Aii 30BHIIHIX cuil. [lpyxHa ne-
dopmallis He BUKIIMKAE MOMITHUX 3MIH Y CTPYKTYp1 i BIACTUBOCTSX METAy.

¢

G\
Y

Hanpyaa

E

0a

dethopmauis

Puc.6.1- Tiazpama 3anexcnocmi degpopmauil s memana 6io ditouoi nanpyzu o

[Ticnst 3HATTS HaBaHTa)KEHHS NpyxHa nedopmailis 3HuKae. Hanpyra, siky Bu-
TPUMYE 3pa3okK, HE JAal0UM MOMITHOI 3aJIMIIKOBOI JAeopmMallii, HA3UBAETHCS MEXKEIO
NpYyXHOCTI. BenmnuuHa npy>XKHOTO 3CyBY JIHIHHO 3aJ€KUTh Bl HABAHTAKEHHS U OIU-
cyeThes 3akoHOM ['yka

0=Ee, (6.1)

ne E— monyne npyxHocTi(E=tgA ), abo moxysb FOHra,;

s=4L . :
¢ — BimHOCHa IpyxHa aedopmartis.
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[TpyxHa nedopmarliis BimOyBaeThC 3a paxXyHOK 3MIHH MDKAaTOMHHUX BiICTaHEH
y KpUCTaIUHUX I'paTkax. BoHa ycyBaeThCs MICHs 3HATTS HABaHTAKEHHS 3aBJISIKU CU-
JaM B3aeMOJIi MDK aToMaMu. HaliBaXJTMBIIIOI0 XapaKTEPUCTUKOIO MPYKHUX BIACTH-
BOCTEH METAJIIB € MOJYJIb MPYKHOCTI. 32 (HI3UYHOIO MPHUPOJIOI0 BEIMYHHA MOTYITIO
MPYKHOCTI MOKE PO3TIBIIATHCS SK Mipa MIITHOCTI 3B'SI3KIB MDK aTOMaMH Y TBEPIOMY
Tt Lle migTBepaKyeThCs HasSBHICTIO 3B'SI3Ky MDK TEMIIEpaTyporo IIaBJICHHS W Be-
JUYUHOIO MOJYJS MPYXKHOCTL. YnM BHIlE TemrepaTypa IUIaBjeHHS, TUM BHUIIE MO-
JTYJTb TIPY>KHOCTI.

Moaynb Npy»KHOCTI KpUCTAIYHUX TUT € aHI30TPOITHOIO BEIMUMHOIO 1 3aJICKUTH
Bil BiICTaHI MDK aTOMaMH Y BIIMMOBITHAX HaNPsIMKaX KPUCTAIIHOT IpaTku. Tak, 1
3aniza B HanpsMKky (100) E=132000MIla, y wanpsimky (111)E=271000MIla. s
MOJIIKPUCTATIYHOTO 3ai3a BIACTUBOCTI € YCEPEIHEHUMH BJIAaCTUBOCTSIMU MOHOKpPHC-
taia E=217000MI1a. [IpakTH4yHO BCTaHOBUTH TOUKY MEPEXOAY B HEMPYKHUU CTaH
HEMOXUJIMBO, a BCTAHOBJIIOKOTh YMOBHY MEKY MPYXKHOCTI. MeXero Mpy»KHOCTI BBOKAKOThH
HAIpyry, 3a Kol 3aInIIKoBa gehopMartis ayxe Maia (Hanpukian, 0,05%abo0 menre).
3aeXHO Bl NPUIYCTUMOI Aeopmallii, MEXY HPYXKHOCTI 3alHCYIOTh HACTYIHUM
gyuHoMm: 90,05 . Mexa mpyXHOCTI € BaXIMBOIO XapaKTEPUCTUKOIO BIIACTHBOCTEH
MartepianiB, BUKOPUCTAHUX JIJIsl BATOTOBIICHHS JieTaneil Tumy npyxuH. Hanpyry d 0,2
(zaymumkoBy nedopmartito 0,2% )IpHitHATO HA3UBATH YMOBHOO MEKEIHO TEKYIOCTI.

VY nesxux marepianis 3 rparkamu O.1[.K. (30kpeMa B MaJOBYTJeNEBHX CTa-
Jei) 3a HalmpyTH TPOXHU BUIIE MEXi MPOTOPIIIHHOCTI Ha JTiarpami po3TATaHHs, BUHU-
Kae MJIOMIaaKa, 1 MaTepian 1eopMyeThes 0e3 30UThIIICHHS HaBaHTaKEHHS (HalpyTH).

Hanpyry, sika BinnoBigae [pOMy CTaHy Marepiana Ha3UBalOTh MEXKEI0 TEKy4O-
CTI 1 TO3HAYalOTh J ;. 3a PBUYHOIO MPUPOJOI0 MEXKA TEKY4OCTI 800 YMOBHA Mexa
TEKYUYOCTI J ¢, XapaKTEPU3YE OIIp MaTepiany MajIuM IUIACTUYHHUM JeQopMallisiMm.

[cTHHA 00 yMOBHA MeXa TEKY4OCTi — BaKIIMBA PO3PaxXyHKOBA XapaKTEPUC-
THKa Marepiany. Jlerani, aKi mpaioroTh B yMOBaX IHTEHCUBHOT HAIIPYTH, III0 BUHUKAE
JIeTalsiX, MOBUHHA OyTH HWXKYOI0 32 MEXY TEKy4ocTi. PIBHOMIpHa nyacTuuHa edo-
pMallis TPUBAE 10 3HAYEHHS O ,. 32 HANPYT O, CHOCTEPIracTbCs NPUHIMIIOBA 3MiHA

nedopmartii 3pazka. BoHa 3ocepekena Ha Matii JUISTHIT JJOBKUHM 3pa3ka. Y I i
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JISTHITI BUHUKAE MICIIEBE TOHIIIAHHS 3pa3ka, IMEHOBaHe IMMiiKoto. Hampyra BimmoBi-
HOTO TOYAaTKy BEJIMKOI MICIIEBOI IUIAaCTHIHOI Jedopmariii HA3UBAETHCA MEXKEIO MIIl-
HOCTI. YTBOpPEHHS MMHKK XapaKTepHE U TUIACTUYHUX MaTepialiB, K1 MalOTh JTiar-
pamy po3TATaHHS 3 MAKCUMYMOM.

Kpim momyns FOHra s po3paxyHKIB KOPHUCTYIOTECS KoedimienToM [lyaccona
1 MOZYJIEM 3CYBY.

R Koedimient Ilyaccona. Ilpu cTrckanHi (a00 pO3TATHEH-

Hi), KpiM 3MIHH JOBXXHHH 3pa3ka, BiIOYBa€TbCS HOro IMOTOB-

mieHHs a00 ToHIIaHH:A. Sko d— nmonepeunuii po3mip Tiga (i-

aMeTp,TOBIIMHA CTPIKHA);Ad-3MiHA TMOMEPEYHOTO PO3MIPY;

TR
!
a

l-moBxkuHa TiTa; AF3MIHIOBaHHS JOBXXKHWHH, f- KOC]IIIEHT

[lyaccoHna, To 1ii BETUYUHU TOB'SA3aHI HACTYIHUM CITIBBITHO-

R@
H
=14

INICHHAM.

M=pfez-pe (6.2)

Koediuient Ilyaccona sBisie co0010 BITHOCHY 3MIHY IONIEPEYHOTO PO3IMIPY Ti-
Ja, TIOJIUIEHY Ha BITHOCHE 3MiHIOBaHHS oro aoBxuHU. Koediient [Tyacona nady-

Bae 3HaueHb Bix 0,210 0,511 meranmis — Big 0,33 10 0,5.

3cyB

VYsaBuMo, 0 10 MapalelbHUX IUIOMIMH Tila MPUKIAICH] MapajelbHl CHIIH,
crpsiMOBaHI B pi3HI 00ku. Toxdl Il TUTONMHN 3MIMIIOIOTHECS BITHOCHO OHA OJTHOI.
Taka nmedopmartist —3CyB,IKUH XapaKTEPHU3YETHCS KyTOM 3CYBY J .

Sxmo F — cuna mnapanensHa TUIOMMHL  A-
TOTHYHA, A-TUIOIa TOBEPXHi, 7—JOTHYHA HaIpy-

ra; y- nedopmartis 3cyBy, G-Monyns 3CyBYy, TO 3a aHa-

Joriero 13 3akoHoM ['yka:
F r
I' ='A=Gy; G=y [l (6.3.)
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MiK TppOMa MEXaHIYHIMH XapaKTEPUCTHKAMU ICHYE 3B'SI30K

E
G= 2+(1+u) (6.4.)

[ToBepuemocst a0 miactTuaHoi nedopmartii. [Tnactuuna nedopmartist Mmoxe Bif-
OyBaTuCs BHACIIIOK KOB3aHHA a0o NBiiHUKYBaHHs. [Ipu KOB3aHHI criOCTEpIiraeThCs
B3AEMHHI 3CYB YaCTUH KpHUCTaja 3a MEBHUMH KPUCTAIOTPAPMHUMH IUIOMMHAMH 1
HamnpsIMKaMH, 110 YTBOPSITh CUCTEMY KOB3aHHS. BUueHHsS mpo MeXaHi3M IUIACTUYHOT
nedopmartii y mporieci po3BUTKY HayKH MepeTepriId ICTOTHUX 3MIH. PaHie npurry-
CKaJIM, 1110 MPU KOB3aHHI OJIHA YaCTHHA KpHUCTala 3CYBAETHCS BYTHOCHO 1HIIOI IJIO-
IIIMHA KOB3aHHS Ha IUTy KUIbKICTh TepioiB IpaToK. PO3paxyHOK KpUCTANIHOT 3CYB-
HOT HampyTH, 3a YMOBH I1I0 OJIHA YaCTUHA KPUCTAIY 3CYBAETHCS BITHOCHO IHINOT SIK
enuHe 1U1e, Brepiie 0y BukoHanuit f. . ®penkenem. HeoOxinHy A1 1IbOTO Hampy-

Ty 7 TPUOJIM3HO MOKHA PO3paxyBaTH 3a GOPMYIIOI0

7 = G =G
21T 6 (6.5)
ne G —MoayIb MPYKHOCTI MPH 3CyBi 200 MOAYJIb 3CYBY.

st 3amiza 7 =1330QW17a.1le Ha KidbKa MOPSIKIB OUThINE AIMCHOT 3CYBHOI Ha-
MIPYTH, sKa ckiaaae 1y 3ani3a 6m3pko 20 Mlla. Takuii camuii mopsI0K po3ObKHOC-
Ti OyB OTpUMaHui 1 1711 HIMX MeTaniB. OTke, ONMCaHni paHillle MeXaH13M TIaCTH-
yHOI Aedopmarlii He BIIIMTOBIIAE JIMCHOCTI.

B ocHOBY cydacHoi Teopii mmacTudHOi aedopmartii Oyiw MOKIaaeH1 HacTyIH1
TIOJIOKEHHSI: KOB3aHHS TIOIIMPIOETHCS TUIOIIIMHOIO 3CYBY MOCIIOBHO, @ HE OJIHOYAC-
HO, KOB3aHHS TIOYMHAETHCS Bil MICIIh MIOPYIIEHHS KPUCTANIYHUX I'PATOK, K1 TOBUHHI
OyTH, a00 BUHHMKAIOTh, Y KPUCTAJIl IPU HOro HaBaHTaxkeHHI. KoB3aHHs 311HCHIOETHCS
B pe3yJIbTaTi MepEMIILICHHsT TUCIOoKalii B kpucTtaii. [lepemimienns quciokarii depes3
BECh KPUCTAJ MPU3BOAUTH J0 3MIIECHHS BIIIMOBITHOT YaCTMHU KPHICTANIA HA OJTHY Mi-
KIUTOIIIMHHY BIICTaHb. J{MCoKallii MOXYyTh MepecyBaTUCS B TUIOIIMHI KOB3aHHS KPU-
CTTYHHUX TPaTOK MPHU JOCUTh MaJMX Hampyrax 3MimeHHs. [Ipu KoKHOMY aKTi Te-
pPEMILLEHHS AUCJIOKAllll Ha OAUH KPOK HEOOXITHO pO31pBaTh OJJHOYACHO 3B'A30K TUIb-

KU MDK JIBOMa psJiaMH aTOMIB Y IUJIOIIMHI, @ HE MDK yciMa psigamu atomiB. HabOnu-
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YKEHUH pO3paxyHOK KpUTHIHOI 3CYBHOI HANPYTHUT , MPH JUCIOKAIIMHOMY MEXaHI3M1

mIacTHIHOI nedopmartii MokHa BUKOHATH 3a Gopmyoro [ariepica—Habapo

T =1 e 7H, (6.6.)
ne G-Moynb 3CYBY;
- xoedimient IlyaccoHa;
a —BIACTaHb MK aTOMHUMH TUIOIIIUHAMM,
b-mbkaTomMHa BifcTaHb Y HaNpsIMKy KoB3aHHs (BekTop Broprepca).

Po3paxyHku MOKa3yroTh, IO 3@ TAKOrO MEXaHI3MY, Halmpyrd HEOOXimH1 IS
nedopMyBaHHS OJU3BKI 10 THX, IO CTIOCTEPIralOTHCS.

VY pesynbrati gedopmailii KUIbKICTh TUCIOKAIA 30UIbIIYETHCS, 1 IXHS IIUTb-
HICTh p IIPU BHCOKOMY CTyIeHi nepopmarii nocsrae 10 cm , Ha Binminy Bin 10*-
10cm ? —y HemedopMOBaHOMY MeTaJIi.

BinnoBigHo /10 30UThIIEHHS KUTHKOCTI JUCJIOKAIINA 3pOCTAaE MOKIIMBICT 1X B3a€-
Momii. BenmuuHy cwim B3aeMoii BU3HA4Yae BIACTaHb MDK JHCIOKAIIMUA. SIKIO TIpH
B3aEMO/IIi JMCJIOKAII O/THA 3 OJHOI0 a00 3 IHIMMH BITXWJICHHIMHU IPATOK KUTbKICTbH
nedeKTIB 3pocTae, TO 30UIBIIYEThCS M OMIp 1X MEPEeCYBAHHIO TOMY, IO TIEPECyBaHHIO
JIACTIOKAIIIN TTePEIIKOIKAI0Th K PI3HOMAHITHI BITXUJICHHS OyJIOBH IPATOK, TaK 1 cami
nuciokarii. ITlepexpecHi pyxu AUCIIOKaIli, HaIBHICTh JUCJOKAIl 3BOPOTHOTO 3HAKa
MoOJIM3Y TIONTMHA KOB3aHHS ICTOTHO TalbMYIOTh PYyX AUCJOKaIliid. CaMe 1ie BU3HA4Ya€e
BUKOPHUCTAHHS Y CBITJIOTEXHIYHINA MPOMHCIIOBOCTI HE YUCTUX METANIB, a 3 JOMIIIKAMH,
TOMY IO 1€ pOOWTH METaIM OUTHII TTAC THIHUMHI, TOOTO TaKUMHU, SIK1 KpaIle Miaaar0Th-

csl MeXaH1uHil 00poOi1i. S 3ramyBaB nedopmartito JBIMHIKYBaHHIM

- -n'-'.'n___s_ —:I'l———-d'———-|"

Puc. 6.2 —Cxema 0siiinukyeanus.
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3a NBIMHUKYBAHHS YacTHHHM KpHCTala 3MIIIYIOTbCS TaKUM YHUHOM, II0 BOHU
3aliMaroOTh IMOJIOKEHHS I3E€PKATHHOTO BITOWTTS BITHOCHO IUIOIIMHM JBIMHUKYBAHHS.
JIBIMHUKYBAHHS CIIOCTEPIra€ThCs, KoM Acdopmaliisi KOB3aHHIM yTpyaHeHa (3a BH-
COKHX IIIBUJIKOCTEH HaBaHTaKEHHS 1 HU3BKHUX TEMIIepaTyp, 3a 0araTooCHOro J01aTKy
HaBaHTa)keHHs). Bemnunna nedopmarii 3a aBiiHuKyBaHHsA Mana. OCHOBHUM BHIOM
nedopmariii MeTariB € KOB3aHHS.

CtpyKTypHa HaAIIACTUYHICTh. KpiM AUCIOKAIHOTO MEXaH3MY TUIACTUIHOT
nedopMmallii, o BiTOYBAaETHCS B 3¢pHAX MeETajla,BiloMa MDbK3EpHOBa (3epHOTpaHUY-
Ha) TUIacTUYHa aedopMalis, sika 3ade3nedye ayKe BUCOKI CTyIeHI JedopMalli £ 10
1000%.Taxke siBHIIIE HA3WMBAETHCS HAATUIACTUYHICTIO. JIJ1s1 IBOTO MOTPIOHI HEBEIMKI
sycwia nedopwmartii. [IpoMucioBe BUKOpHUCTaHHS I[LOTO SBUINA MA€ BEJIMKE 3HAYCH-
Hs1. HaanmmacTHYHICTh YTBOPUTHCS 3a MEBHUX YMOB. YCTAHOBIIEHO, IO HAATUIACTUY-
HICTh CTIOCTEPIraeThCsl B METAJIB 3a HAABHOCTI yAbTpaapiOHOro 3epHa, po3mip =10
MKM, 130epexeHHi Horo y npoteci aepopmyBanHs. Taka ctabuizallist po3MipiB 3ep-
Ha JIOCATAEThCS y NBOGa3HUX CIUIaBaX, K1 MarOTh 00 eMHe criBBimHOMmEHHS da3 1:1,
1 3a ICIKUX HIIMX YMOB. 3apa3 sSBUIIEC HAAIUIACTUYHOCTI BUKOPUCTOBYIOTh MPHU 00-

pOOIIi CIJIaBIB ATFOM IHIA-IUHK-AJIFOMIHINA , TATAHOBUX @ + B CIUIaBIB, IBO(a3HUX Mi-

JTHO-IIMHKOBMX CIUIaBiB (IaTyHe#), allOMIHIEBHMX CIDIaBIB, SKi CKIQJalOThCS 3

@ — TBEPJIOTO PO3UMHY ¥ AucTiepcHUX 4acTok Al;ZN Ta iHiii.

Jlexmis Ne/

OcHOBHI MeTO/IM BU3HAYECHHS MEXaHIYHIUX BJACTHBOCTEH METAJIB i CILIABIB

MexaH14H1 BUIpOOYBaHHs MOAUIIIOTh HA CTATUYHI U IMHaMMHL J(o mepmmx
HAJIeKAaTh BUNPOOYBAHHS HA PO3TATYBAHHS,CTUCKAaHHS ,KPYTIHHSA, BUTUH. CTaTU4HI
BUINIPOOYBaHHS JI03BOJIIIOTh BUSHAUMTHU: MIPY>KHI BIACTUBOCTI, OMIp MaJii 1 OUIbIIIN
IUIACTUYHINA nedopMaltii Mexy MITHOCTI ,0lllp PyHHYBaHHIO U T.1.

Jlna BunpoOyBaHHSI Ha PO3TITAHHS 3aCTOCOBYIOTh CTAaHIAPTHI 3pa3Ku MepeBa-

HO KpPYIJIOTO MOMEPEYHOro nepepiy. Mammuu 11 BUIpoOyBaHb MaroTh Mpuiaf ,
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0 3amucye aiarpamy po3Tsradds. ToOTo rpadik 3aeKHOCTI MDK 3YCHIUISIM Y 3pa3-
Ky 1 HOT0 a0COJIFOTHUM TOJO0BKCHHSM .

Cnouatky MOOBKEHHS 3pOCTA€E MPOTIOPIIHO HaBaHTAKEHHIO, TOOTO Mae Mmic-
e npyxHa aedopmaliis 3a 3akoHOM ['yka , MOTIM IIOMAAKa TIMHHOCTI, a TMOTIM
3HaYHAa TUTacTHYHA AedopMarlis , TOTIM PO3PUB Y TOYUIII , IO 3BETHCS MEKEIO MIITHOC-
Ti.

[cHYFOTH CTaTHYHI BUTIPOOYBAHHS HAa TBEPIICTb.

TBepAicTIO HA3WBAIOTh BJIACTHBICTH MaTepiadly YHHUTH OIIp IIACTHIHIA Je-
dbopmMmarii 3a MICTICBUX KOHTAKTHUX BIUIMBIB y IIOBEPXHEBOMY IIapi.

IcHyrOTH JeKiIbKa METOJIB BU3Ha4eHHS TBepAocTi. Illmpoke BuKopmcTaHHS
BUNIPOOYBAaHb HA TBEPAICTh MOSCHIOETHCS TUM, 11O 32 IIUX BUMPOOYyBaHb HE MOTPIOHI
CrieliayibH1 3pa3ku. Meroanka BUMPOOYBaHb AOCUTH MPOCTA i MOXe BUKOHYBATHUCS
Ha rOTOBI Aertaini, 6e3 il pyiiHyBaHHA. Y OUIbIIOCTI BUMAIKIB BUIPOOYBAHHS Ha TBE-
pAICTh 3AIMCHIOIOTH BAABIIIOBAHHAM y BUIIPOOYBaHUN Marepiai IHIAEHTOpa, BUTOTOB-
JIEHOTO 31 3HaYHO OUThII TBEPAOTO MaTepiany, HDK BumpoOyBanuid. IIpo TBepaicTh
cynate ab0 3a TIMOWHOIO TPOHWKHEHHs iHACHTOpa (TBepmicTh 3a PokBemoM—
HRC,HRB,HRA ),a60 3a BemunHOO BiIOWTKA Bil BAABIIOBAHHS IHACHTOpA 3a Bil-
TIOBITHOTO HaBaHTaxeHHs (TBepaicTh 3a bpunenem—HB).

Teepaicts 3a Bikepcom —HV ,mikpoTBepaicTh —H). 3a BCix BuUIlE3ragaHux BHU-
MaJKIB MPU BAABJIIOBAHHI IHICHTOPA BINOYBAETHCS TUIacTHYHA Aedopmarlis BUIIPOOy-
BaHOTO MaTepiay.

Yum Outblie omip marepiainy IIacTUYHIM Aedopmallii, TUM Ha MEHILLY TJIMOUHY

MIPOHUKAE HAECHTOP,TOOTO BHUIIE TBEPICTb.

Puc.7.1-Cxemu eu3nauenns meepoocmi .
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a) 3a bpunenewm; 0) 3a PoksenoMm; B) 3a Bikepcom.

TakuM 4MHOM,TBEPAICTh MPU BUNPOOYBAHHSX METOJAMH BIABJICHHS XapaKTe-
pHU3YE OMip MaTepialy MIaCTUYHUM JedopmallisiM,TOOTO BU3HAYAIOTh Tl K MEXAHIUHI1
BJIACTHBOCTI MaTepiaiy,s Kl BU3HAYalOTh MPHU BUMPOOYBAHHAX HA PO3TATCaHHS, alie 3a
HIIMX YMOB HalpyXeHoro crany. HailOouib1 nommpeHi BUIpoOyBaHHs Ha TBEPIICTb
3a bpunenem i 3a PokBenom.Ha puc.7.1 HaBeaeHI cXeMH METOJIIB BUIPOOYBAaHb Ha
TBepAICTh 3a bpunenem ,Poksenom ta Bikepcom.

TBepuicts 3a bpunenem.

[Ipu BU3HauUEHHI TBEpAOCTI 3a bpuHeneM HASHTOp y BUTIIAII CTAIEBOI KYJIbKU
NEeBHOTO AlaMeTpa D BIaBOOTh NpH MOCTIMHOMY HaBaHTaXeHH1 Py BUnpoOyBaHMii
matepian. Tepaicts 3a bpunemiem HB siBiisie co0010 BITHOIIEHHS! HABAHTAXKEHHS 710
MOBEPXHI OTPUMAHOTO BIOWTKA,BU3HAYAETHCS 32 (POPMYIIOIO

—_ 2P xl’
HB= 5p-VD2-d2 ) (u2) (7.1)
ne D-niametp KynbKH;
dsiamerp BiIOHTKA;
Psasanraxxenss.

3a BpuHesreM BHU3HAYA€ThCS TBEPICTh M SIKUX MarepiB (4aBYHIB,BilMmaieHO
CTaJI,KOJIbOPOBUX METANIB 1 IXHIX CIUIABIB.)

TBepaicTs 3a PokBenaom.

VY 11boMy MeTO1i TBEPAICTh BU3HAYAETHCS HE 3a JIIaMETPOM, a 3a TITMOUHOIO Bi-
n6utka. Y BUMPOOyBaHE TUIO BIIABIIOIOTh AJIMa3HUN KOHYC 13 KyTOM MpH BEPIIMHI
120" (mpu BUIIPpOOYBaHHI TBEPIOCTI JyXKe TBEPIUX METalliB) a0 CTaJeBy 3arapToBa-
HY KYyJbKY JiaMeTpoM Y aroiima (1,588mm) npu BUnpoOyBaHHI M'SIKUX MaTepialiiB.
Konyc abo KynbKy BHABIIIOIOTH TMPU JI0JIaBaHHI JABOX TMOCIINIOBHUX HaBaHTAXCHb
(momepenuboi Py=10 krc i ronosHoi). CymapHe HaBaHTaXEHHS I IKauu B craHo-
Buth 100krc, qost mkam C — 150kre, aus mkamu A— 60 kre. Illkama A 3acTocoBy-
€TbCA TPU BUMPOOYBAHHSIX Jy’K€ TBEpAUX marepianiB. TBepaicte 3a PokBenom Bu-

3Ha4YalOTb B YMOBHUX OAWHHUIIAX. 3a OJHUHHUIIIO TBepI[OCTi HpHﬁHﬂTa BCIMYHMHA, sAKa
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BIATIOBIAAE 0CbOBOMY TepeMimeHHto iHaeHTopa Ha 0,002mM. TBepaicTh BU3HAYAETH-

Csl 32 HaCTYTHUMU (HOpMyJIaMu:

HR=1040#ass mxan A u C;
HR=130#aa mkam B ,

h-hy

ne e= 0,002 ;

h —rmmbuHa BXOMKEHHSI IHAEHTOPA 32 OCHOBHOT'O HABAHTAKECHHSI

hy — mix Ji€ro Mo4aTKOBOrO HABAHTAKEHHS.

Teepaicts 3a Bikkepcom HV u mikpoTBepaicts H.

TBepaicts 3a Bikkepcom, K 1 MIKPOTBEPICTh, BUSHAYAETHCS BABIIOBAHHAM
IHAGHTOpa y BUIJIAMI anMa3Hoi mipaminku. Meroa Bikkepca BUKOPHCTOBYIOTH MJIst
BUTIPOOYBaHHS TBEPOCTI JeTaiell Maoi TOBIIMHU a00 TOHKUX MOBEPXHEBUX INAPIB,
110 MArOTh BUCOKY TBEPIICTb.

MetogoM MIKpOTBEPAOCTI MEPEBAKHO KOPHUCTYIOTHCS AJII BUMIPY TBEPJIOCTI
OKpEMUX 3epeH abo ayxe ToHKUX mapiB. HaBantaxxeHHs P MoxHa 3MiHIOBaTH Bl 1
no 500T¢c.

Bynu mpoBeneHi JOCTIIKEHHS, K1 MaJld Ha MET1 BCTAHOBJICHHS 3B'SI3KY MDK
PI3HUMHU MITHOCHUMU XapaKTEpPUCTUKAaMU B TBEPAICTIO MaTepiany. Y pe3yibTaTi AJis
0araTtb0X MJIACTUYHUX MarepiailiB yCTAHOBJICHA EMITIPUYHA 3aJEKHICTh MDK MEXEIO

MIIIHOCTI 0, ¥ TBepHiCcTIO 3a bpunenem HB:

o,=cHB , (7.2)
ne c-koedimieHT nmponopiiaocTi,c=0,33................ 0,36 craneii.

Crin 3a3Ha4UTH, MO JJISI KPUXKHUX MarepiaiiB (4aByH, CHUIyMiH) HaJiifHOT KO-
pemsALi MK TBEPIICTIO M MEKEIO MIIIHOCTI BCTAHOBUTH HE BIAETHCA.
Henosnikom BUMIpy TBEpIOCTI € Te, 110 3a MOKA3HUKAMH TBEPAOCTI HE BJAETHCS

JIOCUTH BIPOTIIHO XapaKTepPU3yBaTH IUIACTUYHICTh MaTepiaiy.

Bunpo0yBaHHs npu 1MHAMIMHOMY HABAaHTAaKeHHI
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OCHOBHHM BHJIOM IIMX BUIPOOYBaHb € BUMPOOYBAHHS HA yIapHHIA BUTHH CIIe-
IMiaTbHUX 3pa3KiB 3 HAAPi30M. BunpoOyBaHHS BUKOHYIOTH Ha MasTHUKOBHX KOIIpax,
110 JI03BOJISIE BUZHAYHUTH POOOTY, BUTpadeHy Ha PyWHYBaHHS 3pa3Ka.

PoGoTa pyitHyBaHHSI BU3HAYAETHCS SIK PI3HUI MDK €HEPTIEIO MITHITOTO MasiT-
HUKA JI0 y/Iapy Ta €Heprii, sika 3aInIIHIIACs M yaapy. 3HAIOUH JOBXKUHY MasiTHU-
Ka |, KyT migiioMy a , KyT BiIXWJICHHS MicJIg B Ta Macy MasTHHKa M. Podoty pyiiny-

BaHHSI MOJKHA BU3HAYUTH 32 (DOPMYJIIOIO

A=ml(cos B -cosa) (7.3)

3anexHo Bl GpopMu Haapi3y (KOHIIEHTpATOpa HANPYTH ) HA 3pa3Ky yAapHY
B's3KicTh mo3HavyaroTh cuMBosiaMu KCU ,KCV,KCT. KC —cumBo yaapHoi B's3KOC-
ti. U,V,T —Buau xonuentparopa Hanpyru. U —paaiyc 1+ 0,07, V —paniyc 0,25+
0,025, T —rpimmuHa.

Joe°
Hi¥ MagmHuka
R2505

55+0,2 1:;:1 10£0,1
S [ ]
| —

Riz@1 i 2
=
i
40+ 05

[
0)

Puc. 7.2 —Cxema sunpodysanv yoapHoi 6 a3kocmi
a) cxeMa MasiTHUKOBOTO KOTIpa; 0)3pa30K,I0 BUMPOOYIOTh

VY napHO0 B'3KICTIO HA3UBAETHCS MUTOMA pOOOTa pyHHYBaHHS, 1K OMUCY€ETHCSA

dbopmynoro

KCU=F, (7.4)
ne KCU — ynapHa B's3KICTh 3pa3ka MpH KOHIICHTPATOP1 TUITY U,ﬂ% 2 )
A —poboTa pyiiHyBaHHS;
F —moma monepeyHoro mepepizy 3paska.
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[Ipu BunpoOyBaHHX 3pa3kiB 13 KoHIEeHTpaTopamu tuity U 1 V enepris mast-
HUKA MIPH yJapi BUTPAYaE€ThCS Ha TNIACTHYHY JeopMalliio 1 Ha MOIIMPEHHS TPILH-
HH, sIKa BUHHKJIA M1 Yac pyWHYBaHHS. Y BUMAJKy BUKOPUCTAHHS 3pa3Ka 13 KOHIIEHT-
patopoMm Tuny T ycs eHeprisi BUTpadaeThCsl Ha pyHHYBaHHSA, 00 TpIIMHA B 3pa3Ky
CTBOPIOETHCA NMPU MUKIYHOMY HaBaHTaXeHHI. He3Bakarouu Ha Te, 110 BUIPOOYBaH-
HS 3pa3KIB 13 TpIIMHAMU J1a€ OUIbII TOYHY XapaKTEpUCTUKY HAIIHOCTI MaTtepiaiy,
BUTOTOBJICHHSI TAKUX 3pPa3KIB JIOCUTh CKJIaJHUN nporec. ToMy Ha MpakTHill Hailyac-
Tillle BU3HA4al0Th yaapHy B'si3kicth KCU 1 KCV.

Crape nmo3HaueHHsI yapHOi B'SI3KOCTI a,. YJapHa B'SI3KICTh XapakTepHU3ye Ha-
JIMHICTh MaTepialy 3a HOTro ONOpy KpUXKOMY pYWHYBaHHIO. 3HAY€HHS a, Yy 3arajib-
HOMY BMIIQJIKy IHTErpajlbHa BEJIMYHMHA,TOMY IO a,=a,+a, Je a,— po0oTa, BUTpaycHa
Ha MJIaCTHYHY Ae(OopMallilo 1 Ha BAHUKHEHHA TPIlIMHM, 4, — po0OTa, BUTpayeHa Ha
NOIIMPEHHS TPILUHU.

KpiM TOro, HEOOXiqHO BpaxoByBaTH, II0 B PEATbHUX TEXHIYHUX MeTajax 3aB-
XIU €,TaK 3BaHl CTPYKTYPHI KOHLIEHTPATOpH HAMpyT, CTOPOHHI BKIIOUEHHS, MIKPOT-
piliMHYU, TpaHull 3epeH Ta Hull. i qedekTy BapTO po3risiaTu sk TOCTP1 TPILMHHU.
V Takuii crocid MOKa3HMK a, MOBHIIIE XapaKTEpU3ye OIIP PEANbLHOIO METaly KpHX-
KOMY pyHHYBaHHIO. BrcOKa KOHCTPYKIIIIHA MIIHICTh 3a0€3MeUyEThCS, KOJIM MaTepi-
a7 Ma€ 3HAYHUH OMIP YTBOPEHHIO TPILIMHH &, 1 BACOKUHM OMIp 1X IOMIMPEHHIO a,.

Jlyxe BaXJIMBUM KPUTEPIEM B'SI3KOCTI MaTepiaily Ml Yac yJapHUX BUIPOOY-
BaHb € BUJ 3JIlaMy. Y KpHUXKUX MaTepiajliB BUJ 3J1aMy KPUCTATIYHUHN 1 OnucKyyuit. Y
B SI3KMX MaTepialiB 3J1aM BOJIOKHHCTHH i MaroBuil. SIKI0 Marepian Mae 0OMeXeHy
B'SI3KICTh, TO YTBOPUTHCS 3MIMIAHUIA THII 3JlaMy — KpUCTaJIYHUI 1 MaToBuil. Bumpo-
OyBaHHS Ha yJIapHY BSI3KICTh € AYX€ BOXIMBUM BUIOM BUIPOOYBaHb. SIKIIO MaTepi-
aJl TOBUHEH MpAIfOBaTH B YMOBaxX HU3bKUX TEeMIIEparyp, To MPOBOAATH yJIapHI BU-
npoOyBaHHs 32 HU3bKUX TEMIIEpaTyp, KOJM B'SI3KICTh JACSIKUX MaTepialliB pi3KO 3HU-
KyeThes. [[IIBUILICHHS KPUXKOCTI MaTepialy 3a 3HMKEHHX TeMmIepaTryp Ha3uBalOTh

XJIaJ10JIAMKICTD.

BunpoOyBaHHS HA BTOMHICTh

37



binpmricTs qeTanelt MalmH 1 KOHCTPYKITIH , 110 MPAIOI0Th MPH [MUKIIYHO JIFO-
YOMY HaBaHTAXCHHI PYWHYIOTHCS IICJIA TIEBHOI KUIBKOCTI IUKIIIB HaBaHTAKEHHS
,KOJIM JIIF0Y1 HAMPYTH HaBITh HIKY1 MEX1 TeKydocTl.lle sBuIie Ha3nBa€eThCsI BTOMHIC-
TI0._Y CBITJIOTEXHII[1 YACTIIIE MPOSBISIOTHCS TEPMOIUKIIIYHI HABAaHTAKEHHS 1 SIBUIIC
TEPMOIUKIIIHOI BTOMHOCTI 200 TEPMOYIapHOT BTOMHOCTI.

Sk XapaKTepHUCTHKY MaTepially , KM MPaIlo€ B yMOBaX ITUKIIYHOTO HaBaH-
Ta)KCHHS, BAKOPHUCTOBYIOTh MEXKY BUTPHUBAJIOCTI.

Mekero BUTPUBAIOCTI HA3UBAETHCS MaKCUMAalIbHA HANpyTa, i BIUTMBOM SIKOT
HE BIIOYBa€ThCS BTOMHICTh PYWHYBAHHSI MICJIS JOCTAaTHHO BEJIHKOI KUTBKOCTI ITUKITIB

HaBaHTaXeHHs. [IpoBOIsITE BUNPOOYBaHHS HA BUTPUBAIICTb.

]

KimpkicTh mukniz N
Puc 7.3 —Kpuea emomnocmi. o_,—medxnca emomuocmi.

[lepeBaxkHo 0a3a JJisi BU3HAYEHHS MEXI BUTPHBAIOCTI OUThIa (11 cTaji He
amkda 3a 10 muxmis, s KOJIbOPOBUX METAIIB -10, s IMITYJTECHUX JTAMIT —10 O),
TaKi BUPOOYBaHHs Ha BTIOMHICTh Jy>K€ TPUBAIL.

YacTo ans gerani He NOTPIOHO, 1100 BOHA BUTPUMYBajia MUIbMOHU IMKIIIB Ha-
BaHTXEHHS. Y IIUX YMOBaX 33Jal0Th HANIPYTy O BUIIE O, , 0 BUKIIMKAE PyHHYBaH-
HSI TTICJISI TIEBHOT KUTHbKOCTI ITUKJIIB 200 Yacy poOOTH 10 pyHHYBaHHS, TaK 3BaHy 00-
MEXKECHY BUTPHUBATICTh. Y 1IbOMY BHIIAIKY ITICJISI BCTAHOBJICHOTO Yacy poOOTH JIeTalb
3aMIHIOIOTh HOBOIO. Y TaKUX yMOBaXxX MpPAaIllO0Th, HANPHUKIAM, 3aT3HWYHI PEHKH.
[IpupoaHO, Takuid MiAXid J03BOJIIE 330 KyBaTH MeTal. [Ipyu BUMpoOyBaHHAX Ha
BTOMHICTb paIfioHaJIbHO BUSIBUTH JIOJIATKOBI XapaKTEPUCTHUKH, HacaMIiepe] KUTbKICTh

IUKITIB (4ac poOOTH) /IO TOSBU TPIIMH BTOMHOCTI i KUIBKICTh IMKIIB IICJS YTBO-
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PEHHS TPIWH, K1 IPU3BOAATH JI0 BTOMHOrO pyiiHyBaHHS. Ha puc. 7.3mMyHKTHPHOIO
JIHIEO MMOKa3aHa KUTBKICTh IUKJIIB HABAHTAKEHHS JO YTBOPEHHS BTOMHOI TPIIIMHH
3QJIKHO Bifl 3HAYEHHS JIFOY0T HAIIPYTH.

Pi3HUIT MDK KUTBKICTIO ITUKJIIB 0 MOBHOTO PYWHYBAHHS M KUIBKICTIO ITUKJIIB
JI0 TIOSIBM BTOMHOI TPIIIMHA HA3WBAETHCS KUBYUICTIO MeTaly. JKHBYUiCTh — BaXKIIMBA
XapaKTepHUCTUKA KOHCTPYKIIHHOT MITHOCTI MaTepiady. Bu3HaueHHS MbOro TMOHSATTS
03HaJae, 10 JieTalb MOJKE MpaIffOBaTH 3a HAsABHOCTI TPINMHU BTOMHOCTI. Haitgac-
TIIIE JeTadh HE PYHHYETHCS B YMOBAX, KOJU TPIIMIMHA BTOMHOCTI OXOILIIOE OUThITY
YaCcTHHY TIEPETHHY JCTaIl.

O3Hakoro pyHHYBaHHsS BTOMHOCTI € BUJ 371aMy. BiH CKamaeThcs 3 JBOX 30H:
rnankoi (mpuTepToi) 30HH BTOMHOCTI, IO PO3BUBAETHCS TIOCTYTIOBO, 1 30HH KIHIIEBO-
ro pyliHyBaHHs (0JIOMY), siIKa MPU3BEJA JI0 TTOBHOTO PYHHYBaHHS JeTati. Ha xanb,
BUIMPOOYBAaHHS HAa BTOMHICTb TPHUBAJi W JOPOT1 i OTeNep HEe BCTAHOBJICHO 3B'SI3KIB
MDK MEXEI0 BUTPUBAIOCTI Ta IHIIMMHU MIIIHOCHUMH XapaKTEPHCTUKAMH. 3HAHICHO
0e3mu eMmipuaHUX GOPMyII, alle MiAXiA MOBUHHUN OYTH AyXe 00epeKHUM, TOMY IO

IcHye MaciuTaOHMi GakTop 10€e3/114 IHIIMX HIOAHC IB.

BunpoOyBaHHSI HA MOB3Yy4iCTh
barato meraneii MamvH , 10 MPAIOIOTH 33 BUCOKHUX TeMIlepaTyp (JIOmaTku ra-
30BHX 1 MAPOBUX TypOiH), a TAKOXK JETaNi, 0 MPAIIOIOTh Y IIMX YMOBAX MPH MOCTIM-
HOMY HAaBaHTa)XEHHI, 1e(OPMYIOThCSI MPOTATOM MEBHOTO 4acy, ax A0 pyHHYyBaHHS.

[le siBume Ha3uBaeThCs MOB3y4icTiO. Ha puc. 7.4 HaBeneHa TUIIOBa KpUBa MOB3YYOCTI.
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Puc.7.4 —Kpuea noezyuocmi

JlinsHKa 0a BIAMOBIMAE MPYXKHIA 1 IIACTHYHIA AedopMallii, SKa BHKIMKaHA

MUTTEBUM JIOJJaBaHHSIM HAaBaHTA)KCHHS; HA IUITHIN ab Metan AepopMyeThCs 31 IIBH-
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JKICTIO, IO CIOBUTbHIOEThCS. JlimstHKa DC XapakTepmsye cTaqy MBUAKICTH TOB3y4OC-
Ti; ai1siHKa Cd BinMmoBimae MPUCKOPEHIiil MOB3YUYOCTI, 10 3aKIHYYEThCS PyHHYBaHHSIM
y Touni d. BunpoOyBaHHs MaTepiany 3a BUCOKHX TeMIIepaTyp OyBarOTh KOpPOTKOYacC-
HI ¥ TpuBajii. 3a KOPOTKOYACHUX BUIPOOYBaHb MPH BIIMOBIIHINA TeMIlepaTypi BCTa-

HOBJIFOIOTH Ti )k XapakTepucTuku marepiany (E, o, , o, Ta iH.), mo i1 3a HOpMaIbHOI

temneparypu. OgHaK HeEOOXITHO BpaxOBYBaTH, IO MPU HOPMANbHIA TeMmmeparypi
MeKa MITHOCTI METaly MPAaKTUYHO HE 3aJIeKUTh Bil 4acy J0/1aBaHHS HABAHTAKEHHS,
a MpY MIIBUILEHUX TeMIlepaTypax Taka 3aJIeKHICTh CTa€ JOCHUTh ICTOTHOIO. 301Ib-
IIEHHS! TPUBAJIOCTI BIUIMBY MPU3BOJIUTH A0 3HUKEHHS MIHOCTI. MeXaHuHUMU Xapa-
KTEpUCTUKAMU MaTepiay, IpU3HaYeHoro sl poOOTH MPU BUCOKUX TEMIIEpaTypax, €
MeKa TPUBAJIOi MIIIHOCTI O, W MeXka MOB3Yy4OCTio,, . Mexa TpuBajiol MIITHOCTIO;, Xa-
pakTepu3ye Hampyry, M0 BUKIMKAE PYHHYBaHHS MeETaly IpH 3aJaHlii TeMmeparypi

3a MEBHUM BIIPI30K Yacy, HAPUKIIAJ

8500 C
JA 10001 ° :2001\/[1_[3 .

[lepeBaxkHO MeXa TPUBATIOT MIITHOCTI 04 IJII METATIB 3aJ]a€ThCS CEPIEI0 JITH1M

JUISL pIBHUX Temrepatyp. [HIIor XapaKTepUCTHKOIO OMOPY MOB3YIOCTI € MeXa TMOB-
3y4OCTI, IO XapaKTEPHU3ye HAMPYTY, KA BUKIMKAE MMPH TEBHIA TeMIeparypi 3aaany
nedopmaniro (Hanpukian 0,5% )npu HaBaHTaXKEHHI MPOTATOM IIEBHOTO Yacy (mepe-
BaxHO He MeHme 500 roaun). Tak, HaPUKIAM, 3aIHC O 7000,5,100(;15@/[1'['& O3Ha-
yae, mo Hanpyra 150MIla npu temneparypi 700° C BuKiIMKae BigHOCHY aedopma-
iro 0,5%3a 1000roguH.

CyTb siBUIIa TOB3YYOCTI 111 IPUYMHM CTAaHYTh 3p03YMUIMMH, SKIIO BpaxyBaTH,
10 MOB3YYICTh HACTA€ MPH TEMIIEpaTypaxX HABAHTKEHHS BUIIMX 3a TEMIEpaTypy
pekpucTamzaiii. SIKio Hanmpyru 3a MUX TEMIEpPaTyp BHUII 332 MEXKY TEKYJOCTi Mpu
NEBHIA Temneparypi, TO BiIOYyBaeThCA IUIACTUUHA AeopMalis 3a MEXaH13MOM, IO
NPU3BOJUTH JI0 HAKJICMyBaHHs. AJle B yMOBax, KOJM TeMIlepaTypa HaBaHTKEHHS

BHUIIE 3a TEMIEpATypy pEeKpUcCTanizallii, Bif0yBaeThCs peKpHCTaN3allisi, sika yCcyBae
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HANpyTy HAKJICIyBaHHS, a IPOJJIOBKCHHS BIUIMBY HABAHTAKEHHS BHUKIIUKAE 3POCTAH-
Hs nedopmaliii, Mo MpU3BE/IE 10 PYHHYBaHHS JeTal.

BpaxoByroun mexaHi3M IOB3Y4OCTI, CTBOPIOIOTH >KapOMIIHI MaTepiaiu, IIo
MarOTh BHCOKY TeMIIepaTypy pekpucTtanizaiii. /1 CTBOpEHHS Takux MaTepialliB

B)KUBAIOTh JIOJIATKOBI 3aX0 1M, 0 TIEPEIIKOHKAIOTh TIEPEMIIICHHIO JHUCIIOKAITIH.

Jlexkuisa Ne8

TyronsaBki meTasu

Jlo HaOUIbII BaXKIMBUX TYTOIUIABKUX METANiB, K1 BUKOPUCTOBYIOTh Y CBIT-
JOTEXHIYHINA MPOMHUCIIOBOCTI Haexath: Bosbdpam( W), momionen( M), tanran( Ta),
nio6iii( Nb). Temneparypu mnasnenns: W—3410 C, Ta—3000 C, Mo-2640 C,
Nb-2415 °C.

Bracninok BHCOKOI TeMIiepaTypH IUIaBJIEHHSI CIIOCOOM O/IepKaHHS 1 0O0pOOKH
METaJIIB I11€1 TPYIH ICTOTHO BIAPIBHAIOTHCS Bi TPAAMIIIHHAX METOMIB, K1 BUKOPHUC-
TOBYIOTbH JIJI1 BUPOOHMIITBA THIIMX METAJIB, 10 TEPEBAKHO OJEPKYIOTh BITHOBJICH-
HSIM PYAH ¥ IJIABJIEHHSM Y METATYPT IMTHOMY IIUKJI1 a00 MeperiaBieHHsIM I BUAI-
JICHHS €JICKTPOJITUIHUM IIITXOM. Uepe3 BiACYTHICTh TUIaBMJILHUX TEUEH, MPUIaTHUX
T TYTOTIJIABKMX METaJTiB, BUHMKJIA HOBA TEXHOJIOTIS 1X OJIepKaHHs, TaK 3BaHa MOPOIII-
KOBa METAIYpris. Y IbOMy METO1 3 PY/IH, IO MICTUTh MeTal, XIMIYHIMU W PI3UIHUMH
METOJIaMH OJIEP)KYIOTh YHCTUWA MeTall y BUTIIAI MOpolKy. [IpecyioTs 13 HBOTO 3a
JOTIOMOTOI0 B sKY40l peuoBHHHM (3a3BU4Yaii 1i Ha3MBarOTh OiHaEp) OJIOKK MeBHOI (o-
PMH, K TIOTIM CITIKaIOTh (ariloMepyroTh) y BakyyMi abo B 3axucHii atMocdepi. He-
PIAKO y MPUCYTHOCTI CYXOTO BOJHIO MPH BUCOKIA TeMIIEpaTypi MeTall BiTHOBIIIOIOTh
1B okucHiB. Ofep>kaHHs METaB METOJI0M MOPOIIKOBOI METATypTii Mae HU3KY Tepe-
Bar MOPIBHSIHO 3 METOJOM IuTaBiieHHs. Lleit crocid J03BOJIsIE BBOAUTH B METajl Haii-
PIBHOMAHITHIII MMPHUCATKHA, 0OCOOIMBO HEMETAIIYHI, Y HEOOXITHIM KUTLKOCTI, TIPUCaT-
KU JIy’KE€ TOHKO PO3MOJIUICHI MK OKPEMHMHM KpHCTaMKamHu. JleTanasiM, BUTOTOBIIE-
HUM METOJ0M TOPOIIKOBOI METaIyprii, MOXHA BiApa3y HaJaTu HEOOXiIHY Gopmy,

HE 3aCTOCOBYIOYHM BUCOKMX TEMIIEPATyp ¥ YHHKAIOUM TaKUX CIOCOOIB OOpOOKH  sIK
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MpOKaTKa, MPOTIATaHHs, MpecyBaHHSA a00 IHII BHAM MEXaHIYHOI 00pOOKH, SKI 4acTO
HENPUHHATHI Yepe3 YCKIaTHEHHS B 00pO0Ill TYrOTUIaBKUX MeTaliB. ['0BOpSTH, 110 i
MeTaJl HETeXHOJIOT 1Y HI.

[TpuHtIMIIOBE 3HAYCHHS JJI YIIUTbHEHHS MPECOBAHMWX ACTaliei MpH CIIIKaHH1
Mae po3MIp 3epEeH METAIeBOTO MOPOIIKY. JpiOHI MOPOIIKH CITIKAIOTHCS TPH 3HAYHO
MEHIIINX TeMIIepaTypax, HDK BEJIMKI, PHYIOMY 3 BEIMKHUX IMOPOIIKIB 1 IPH HAHBUIINX
TeMIIepaTypax Ta Jy>Ke TPUBAIIOMY CITIKaHHI OJIEP)KYIOTh TIOPHCTI 3arOTOBKH.

Ak mokazye nocBim, (Pi3UUHI BIACTUBOCTI METAJIiB, OTPUMAHUX METOIOM TIO-
POIIKOBOI METATYPTii, CHIIBHO 3aeXaTh BiJl BEIMIUHU 3€PEH BUXIIHOTO MaTepiary i
Bil peXuMYy cITikaHHs. Lle € oHier0 3 mpuduH TOro, MmO 0arato (Gi3UYHUX XapakTe-
PUCTHK TYTOIUIABKMX METATIB MAlOTh BEJHKI PO30DKHOCTI MapamerpiB (MHTOMHUIA
OTIip, TETJIOEMHICTB,TETUIO- W TEMIIEPaTypOIPOBINHICTh, TycTUHA). OCO0IMBO BEmH-
KAMHU € PO30DKHOCTI MPHU BUCOKUX TEMIIEpaTypax, OCKUIbKU HE BUPOOJIEHO €IUHOI
METOJIMKH BUMIPIB 6araTh0X BaKJIMBHUX BIACTHBOCTEH.

[cTOTHMM HEmONIKOM METOIy MOPOIIKOBOI METATYPTil € Te, 110 BUKOPUCTOBY-
I0YM HOTO0, MOKHA OJIEpKAaTH TUTbKH MOPIBHAHO HEBEIMKI IITA0 KM KOMIAKTHOTO Me-
Tairy. ToMy B OCTaHHI POKH PO3BHUBAIOTHCS W 1HIII METOAM OJIEPHKAHHS TYTOIUIABKHX
MeTaJliB, 30KpeMa 1yroBa IUIaBKa y Bakyymi ad0 B 3aXMCHOMY CEpelOBHUILI, IO J0-
3BOJBIE OJICPIKATH 3IUTKU OUIbIX po3mipiB (mo 2 000kr.).

PosrnsiHeMO XapakTepUCTUKH JESKUX TYTOTUIABKUX METATIB ,SIKi BUKOPHUCTO-

BYIOTbH B CIICKTPOJIAMIIOBOMY BI/IpO6HI/IL[TBi.

Boabsppam W

VY uuctoMy BUTIIA I BOJIbGpaM y MPUPOJ1 HE 3yCTPIUAETHCS. SIK BUXITHY CUPO-
BHHY IS OJiep KaHHS BOJIb(paMy BUKOPHUCTOBYIOTh BOJIb(PaMOBI pyau: BOJIbGpamir
(FeEWQO,+MnWOQO,) i meenir (CaWQ,). HaibOumbmri pogosuma skux y Kurai, Kopei,
bipmi, ABctpanii, CILIA i nesakux iHmmx kpainax. i pyau moapiOHIOIOTE 1 MiCTs
pSIy XIMIYHHUX OTIEepalliidi 3 HUX OJEPKYIOTh BOJIb(PaMOBY KUCIIOTY. J{s omeprxaHHS
YUCTOTO BOJb(pamy, IO MOTPIOHUHN €JIEKTPOJIAMIOBIA MPOMUCIOBOCTI, HEOOXITHO
OJIepKaTh YUCTY BOJIb(PPaMOBY KUCIIOTY. TOMY CriodaTky oTprMaHa KHCJIOTa MPOXO0-

IUTHh KUIbKA €TAaIliB OYHUIICHHS.
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MertaneBuii BoibhpaM OJEPKYIOTh 13 BOJb(PPAMOBOI KHCJIOTH IIUITXOM BiTHO-
BJICHHS BYyTJICIleM a00 BOJHEM, JJIS JKEped CBITJIA 3aCTOCOBYIOTh TUIBKH BOJCHD.
[IpupoaHi crioayku BoJib(ppaMy y OUTBIIOCTI BUTIAAKIB SIBJITFOTH COO0I0 BOJIb(pama-
TH — coJii BojbdpamoBoi kuciaotu ( HbWO,). s BuaiieHHsS Boabdpamy 3 pyau BO-
Th(paMITy OCTaHHIN CIUIABIISIIOTh y MPHUCYTHOCTI MOBITPS 13 cOA0I0 ab0 moTarmemM
(Na,CO; — coma, K,CO; — moTam). Boisdpam nepexoauts y BoJib(ppamar HATPIIO
(N&,WO,,, sixuii BiTOKpeMIIIOIOTh 13 OTPIMAHOTO CIUIABY BOAOIO, a 3ali30 i Mapra-
HEIlb MEePETBOPIOIOTECS Ha HEPO3UMHHI y BOJI cionyku F&0; it Mn;O,. 3 BoasHOTO
PO3YHHY JTIEI0 COJITHOT KHCJIOTH BHIUISIOTH BUTbHY BOJIL(PPAMOBY KHCIIOTY Y BUIIISI1
aMOP({HOTO KOBTOTO 00JIOTY 3a PEaKITIEF0

Na,WO,+2HCI =H,WO,, +2NacCl.
[Ipu mposkaproBaHH1 BOJib()paMoBa KHUCIOTA MEPEXOIUTh Y TPUOKCH]T BOJIb(-

pamy ( WO;,. BinHoBmOI0UH #0T0 BOJHEM, OAEPKYIOTH IOPOLIOK METAIEBOTO BOJIb-
bpamy 3a peakIriero

WO;+3H,=W+3H,0
Benmnuuna 3epHa otpumanoro nopoiky W, 1o 6arato B YoMy BU3HAUYa€e MOXK-

JMBOCTI NOAATBIIONO MEPETBOPEHHS METAIy Ha JIPIT, 3aJIKUTh Bil TEMIEpaTypH Bi-
JTHOBJICHHSI 1 BEIMUMHM 3€PEH BUXIAHOI BOJIb(PaMOBOT KUCIOTU. 3MIHIOIOUH 111 (ak-
TOpH, MOkHa oaepxkatu W 3 Oynb-skum po3mipoM 3epeH Bin 0,5 mo 500 mxm. Jlys
BUT'OTOBJICHHSI IPOTY HalKpalle BUKOPHUCTOBYBATH MOPOILOK 3 pO3MIPOM 3€pHa Bifl 2
10 10mxm. [Tonganbima 06poOka nmopomiky W 31ilCHIOETHCS 3apa3 Maiike BUHATKOBO
METAIOTIOPOIIKOBUMHU METOAaMU. 3 MOPOIIKY 31 3B'I3YIOUHM, SIKUW MOJIETIIYE Tpecy-
BaHHS, MPECYIOTh Yy cTasieBux Gopmax npu tucky 600 Mlla yotupurpanui mradbiku 3
nepetrHOM Bif 8x 8 mo 40x 401 noxkunorw 200-600mmM.

[IpecoBani 3aroTOBKM MOMEPEAHLO CIIKAIOTh Y BOJHEBUX Me€4Yax MpU TeMIlepa-
Typi 1200-1400 C npomirom mpubiau3Ho 2 rogaus . Ilicas 1miei 00poOKku mradiku 1e
MOPUCTI Ta MAIOTh TaKy * MIIHICTb, AK 1 kKpeiaa. [Ipu 1t oOpoOiii 3HAUHO 3MEHIITY-
€THbCS OMIp ENEeKTpUYHOMY CTpyMmy. llomepenHbo 3armedeHi YOTUpUTPaHHI IITA0 KU
3BaproioTh. 1100 3aiiiCHUTH 3BaprOBaHHS MTA0IKA HArpiBarOTh B aTMOC(dEpi BOTHIO Y
CIICIIATbHOMY arapaTi IpsIMAM TPOMYIICHHSIM €JICKTPUIHOTO CTPyMYy, HarpiBarouH

no 2700—-3100 C. Ilig gac 3BaproBaHHS TaKOX 3HAYHO 3MEHIIYETHCS OIIP, 3aBISKH
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IIbOMY 30UIBIIYETHCS CUIIa CTPYMY, 10 mpoTikae. [ToBamit vac 3BaproBanns — 30—40
XBWJIMH, IPUIOMY IITA0 IKM BUTPUMYIOTh TIPH MaKCUMAabHIA TeMIepaTypi IpoOTITOM
10 — 15xB. Ctpym nocsirae 5—10kA. Hanpyra ckmagae 10—50B. Toxansma nepepo-
Oka 3BapeHUX MTa0IKIB Ha APIT 3AIMCHIOETLCS KyBaHHIM. [0TIM 13 Kpyrioro mpyTka
W numsxoM mpoTtsraHas depe3 (uib’ €pu 13 TBEpAUX CIUIaBiB mpu Temmeparypi 700-
800" C onmepxyroTh apiT miamerpoM Oubiie Imm. JIpoTu MeHIMX miaMeTpiB ojep-
KYIOTh TaKOXX IUIIXOM mpoTsranHas W npyTkiB yepe3 anMaszHi Quts’ epu Ipu KIMHAT-
Hiif TemmiepaTypi. [Ipy nbomy miis 3axucTty ¢Guth’ €piB B 3HOIITYBAHHS I 3am00IraHHS
OKHCJICHHIO IPOTY BUKOPHUCTOBYIOTh MacTHJIbHI MaTepialn y BHUTIIAII TpadiToBOi Cy-
CIIeH3Ii, K1 MalOTh Ha3BYy aKBajary.

Bonbdpam mae Han3BUUaliHy MUIHHICT KPUCTATIYHOT ITPaTKH, IO 30epiraeTh-
ca no temneparypu 700-800 €. 3pincu BUIIMBAE, 0 yCepeIUHI KpUCTAIYHA MIIl-
HICTHh BOJIb(ppamy B JeKUIbKa pa3iB Oulbllla, HDK MIIHICTP Ha MEXKI PO3TATHYTHX
okpemux 3epeH. Ll BractuBicTh Binpizase W Big Oararbox HIIMX METaliB, MpH 00-
poOI1Il IKUX yXKe NP KIMHATHIN TeMIieparypi BUHUKAIOTh 3MIHU BCEPEIUHI OKPEMHX
KpPUCTANIB, LI TOSICHIOE LIUTMHI psill XapakrepHux BiactuBocted W. IlIpu BUrotosmien-
HI BOJb(PAMOBHX APOTIB KPUCTAIM 3BAapEHHUX IUTAOIKIB BUTATAKOTHCS BHACIIIOK
IIACTUYHOL epopmaltii, 1 MOCTYNOBO (POPMYEThCS BOJOKHUCTA CTPYKTypa. biibiia
CUJIa 34YEIUICHHS OKPEMHUX BOJIOKHUCTUX KPUCTAJIB 0 HAMPSAMKY B3JIOBXK JIPOTY pa-
30M 13 BUCOKOIO MILHICTIO OKPEMHUX KPUCTAIIB MOSICHIOE BEMKUN OMIP PO3PUBY THAT-
HEHUX JpOTIB. Y mpolieci BojoviHHS W MingaeThcsl HAKJICMyBaHHIO, TOOTO OTPUMYE

nonarkoBy eHeprito. BHacninok HakienyBanHs W cTae Tak caMe MEXaHIYHO MIITHUM.

Meska MIITHOCTI MICIs BOJIOUiHHS 0, =420 K% 2 JlpoTr OutbIIOTO JiameTpa (OJu-

3pk0 200MKM) MaroTh g, :200<% L2 o e OUTHIIOTO JlaMeTpa — aW:120K% 2

Bouss(pam miciist BOJOUIHHS Mae Maly JTYKTHIBHICTH (3JATHICTH O PO3TITY-
BaHHs ). [Ipu Binnaini 3a t=600-1000 C W ctae mnactuunimmM. [Ipu HarpiBanHi 10
t=1400 C BinOyBaeThCsl pO3KIJIAJaHHS BOJOKOH Ha Maji kpuctanu. Leit mpouec Ha-
3MBAETHCS TICPBUHHOIO peKpHcTami3arfieto. (Y JEKIifax el mporec yxe 3raayBaBcs:

JUCTIOKALlll TPYIYIOTBCSA B “CTIHKM 1 YTBOPIOIOTH MAJOKYTOBI MEXI, SIKI JUISITh KPU-
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cTan Ha NpiOHW yacTuHMU. Llel mpoiec Ha3UBA€ETHCS MOIIrOHU3AIIE0. Y CepeIHHI T0-
JIrOHIB MaiiXke He 3aluIIacThes Auciaokaiii.) [lpu temneparypi nopsaky 2500 C
BiIOYBa€ThCS BTOPMHHA peKpucTaiizaiis. [lepebirae mpoiiec 3pocTaHHS OTHHX KpPHUC-

TaJIiB 3a paXyHOK IHINX. BpemTi-permT yTBOPIOETHCS KPYMTHOKPUCTAIIYHA CTPYKTYpa.

lllml ”
ri**f#f«
?!1”154
i

@)
Puc.8.1 3mina cmpykmypu eonvpamoeozo opomy 6 npoueci 6upooHuumea.
a) TICJIs BOJIOYIHHS; 0) IMICIIS BiMMATy; B) IMICHIS MEPBUHHOT PEKPUCTATI3AIIIL;
T') IMICJIsI BTOPUHHOI peKpHUCTaITI3aIlil.

Wy
4‘:.9;:":

0

YucTuii Bosb(paM Mmiciasi BTOPUHHOI pEKpUCTaNi3allii Mae JaMKy CTPYKTYpY.
BHacninok BUCOKOI MIIIHOCTI KPUCTATIB 1 MOPIBHAHO MaJMX CHJI 3YEIUICHHS Ha Me-
&KaX PO3TATHYTHX KPUCTAIIB PEKPUCTANIBOBAaHUN BOJIb(PaMOBHI JIPIT CTa€ AyXKe Ja-
MkuM. KpiM Toro, Binan BoJibpaMOBUX IPOTIB P TEMIEPATYypax BUILE TEMIIEpa-
TYypU pEKpUCTATBAIll CYNPOBOJXKYETHCS 1€ OJHUM HETPUEMHUM SIBUILEM — BUHU-
KalOTh BEJIMK1 KPUCTAIH, SIKI TOYWHAIOTh KOB3aTH IO MOBEPXHIX CYCITHIX KPUCTAIB,
o nopyirye GOpMOCTIHKICTb APOTY. Y pe3yibTaTi MOXIMBHUX JedopMaliiii okpemi
JTUISHKA APOTY 3MIIYIOTbCS BITHOCHO OJ[HA OJIHOI, MiJ JI€I0 BIACHOI Baru. 3 IUX
JIBOX MPUYMH — KPUXKOCTI ¥ HU3BKOI (POPMOCTIMKOCTI — BUKOpPUCTaHHA uucToro W
JIPOTY TPU BUPOOHUIITBI JKEPEN CBITIIAa HE € JAOIIILHUM, a BUKOPUCTOBYIOTh Pi3HI
MapK# BOJIb(paMy 13 JOMIIMIKAMH , III0 PETYJIIOI0Th 3POCTaHHS KPUCTAIIB, a BIINOBI-

JTHO 1 XapaKTEPUCTUKU BOJIb(PPaMOBOIO JPOTY .

JlexuisgNe9
Tunu npucaaok i XxapakTepucTHKHU BOJIb(pamMoBHX IPOTIB
[Mpu3HadeHHs MPHUCAIOK, MPO SKI MU BXKE 3TaJlyBald BHIIE, MOJSITAE B 3MIHI

TeMIIepaTypy i MIBUIKOCTI pEKpHUCTANI3AIli Ta y 3MIHI BIaCTUBOCTEH IPOTY.
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YoBUIbHEHHST peKpHUCTATBaIlil JOCATAETHCS MUITXOM BBEICHHS HHU3BKOJIETIO-
yux oxuciis: K,O; Sp; Al,Os, ocobmso ThO..

Okcua TOpifo MEPEBaXHO JTOAAIOTH JI0 BOJL(PPAMOBOI KHCJIOTH B KUIBKOCTI
0,7-1,5 %.Oxcua Topito, MO YTBOPHUTHCS MPHU TEPMOOOPOOITl, pO3TOAUIIETHCS MDK
BOJIOKHAMU BoJb(hpamy, yrpyaHse audysito atoMmis Boabhpamy, 3aBasku womy T hO,
3JaTHUI TICPEIKOHKATH 3POCTaHHIO KpucTamB. HeoOXigHO BpaxoByBaTH, IO TIPH
BMicTI okucry Topiro meHire 0,7 %,Moxke BIIOyBaruch MPUCKOPEHE 3pOCTaHHs 3€pCH
Bosb(pamy. TopiioBanuii Apir, mo MicTuTh 0m3bk0 0,7 % TID,, BUKOpHCTOBYIOTH
TOJIOBHUM YMHOM TPHU BHUTOTOBJICHHI BAKyYMHHX JIaMI PO3’KapIOBaHHA 13 MPSIMOIO
HUTKO0. CriipasbHi TiIa pO3KapIOBaHHsI, SIK1 MEPEBAKHO BUKOPHUCTOBYIOTh, HE MOXKYTh
OyTH BUTOTOBJIEHI 3 TOPIHOBAHOTO BOJIb(Ppamy, 00 BOHH MaIOTh MOTaHy (POPMOCTIHKICTh
npu Temneparypax Buiie 2500 C. i nocsarHeHHS HeoOXiTHOT (OPMOCTIMKOCTI 10
BUXITHOTO TMOPOIIKY BOJIH(PAMOBOI KUCIOTH JIOAAIOTH TIEpE BITHOBICHHIM HEBEIUKY
KibKicTh (MeHIme 0,2% )cyMmimni, 4acTKOBO JIETIOYUX CTOJYK JIY)KHHX METaIIB, Ha-
TPUKJIAN, BYTJIEKUACIIOTO Kalito abo BotHOTO po3urHy xyoprcToro kaiiro (KCI). A Takox
(I3 1i€FO K METOI0) JI0JAI0Th HEJIECTIOY1 PEUOBHUHU TaKi SIK: OKCHI KPEMHIIO, aTFOMIH IFO
a00 Kanp1ir0. Posb 1IUX NpUCANOK HE 3BOJUTHCS 10 TOTO, 00 CIOBUIBHUTH 3pOCTAHHS
KPUCTANIB, MPUCAIKN TOBHHHI BUKJIMKATH 3POCTaHHS KPHUCTAIIB Yy HampsMKy OCI
IpoTy. Y Takuii CroCi0 BUHMKAIOTh MEPEXPECHI MO BEJIUKINA MOBEPXHI KpUCTAIU. Y
PEKpPUCTATII30BAaHOMY APOTI 13 3a3HAYEHOIO CTPYKTYPOIO HE BIIOYBAETHCS 3CYBY KpH-
CTaJliB, TOMY BOHA JIy’K€ CTIiKa 10 CTPYCIB — BIOpaLiif .

KomOiHOBaHa amoMiHIEBa 1 KpeMHETyXHa MpUcagka y Bojib(ppami mapku BA
(SK-0,45% ,KCI-0,32%,Al05-0,03%),sika TeTHTh TIPH BUCOKOTEMIIEPATYPHOMY CITi-
KaHHI, 3aXOIUTIOE 13 COOO0I0 IIKIIJIMBI JOMIIIKH, IO CKYIMUYIOTHCS Ha MEXKaxX KpHUCTANIB,
COPUYUHSIIOUA TUM CaMHUM MO3UTHBHMI BIUIMB Ha 3pOCTAHHS APIOHUX KPUCTATIB 10
BEJIUKHUX.

Bombdpam mapku BA 3patHuit 306epiraTu BOJOKHUCTY CTPYKTYPY B YMOBaX,
KOJIM OUTBIIIICTH IHIMX METATIB TJIABISATHCS. Brcoka TeMrmeparypa pekpucTaizaitii
npuIyckae Horo oOpoOKy KyBaHHSIM, BOJIOUIHHSM 1 CHpaii3alito Ipy BUCOKUX TEM-

neparypax 6e3 Toro, o0 ApIT PEKPUCTATIZOBYBCS 1 cTaBaB Kpuxkum. OOpoOKka mpu

46



MIIBUIICHIA TeMIepaTypi KOpUCHA I KPaIioro YCyHEHHsI B IPOTI HANpyT, Kpamoi
roro nmerasarii. Bomsdpam mapku BA OyB cnerniabHO po3poOsieHui 111 3aCTOCy-
BaHHS MOTO B OiCIMIpaNbHUX JaMmax, /¢ BiH BUSBUBCS OUIbIIT (OPMOCTINKHM, HDIK
IHIIII MApKX BOJIb(pamy.

OnHak, MBHINIE HOTO TepeBaru 3HAWIUIM 3aCTOCYBaHHS 1 IPHU BUTOTOBJICHHI
MOHOCIIpaTbHEX Jami. I Tomy Boab(dpam BA BUKOpPHCTOBYIOTH 3apa3 y OUIBIIIOCTI

JIaMIT po3>kapioBaHHs 3 poboyoro Temmepatyporo 10 3300C.

Puc.9.1-Cmpyxkmypa eovghpamoseozo opomy:.
a)0e3 TOMIIIOK 0)3 JOMIIIKAMH .

Bomedpam mapkm BM — mpucanka kpemHenmyxHa i TopieBa (0,45%S,
0,32%KCI, 0,25%T}O) nns TpaHCTIOPTHUX JIAMIT Ma€e BEIUKY BIOPOCTIHKICT il Me-
XaHIYHY MIIHICTB, ane npaioe Tutbku 10 2700C.

Bomsdpam mapku BT — npucanka topiea (0,7-5 % TI,). Tominmryerbest
MOXJIMBICTh 00pOOKH, TEPMOEMICIHH1 BIaCTUBOCTI, MABUILILYETHCS CTIMKICTh 1O €PO-
31i, CHIOBUIBHIOETHCS IIBUIKICTh PEKpUCTANIi3allil, ajieé morada popMOCTIMKICTh. 3a-
CTOCOBYETHCSI TIPU BUTOTOBJICHHI KaTO/IIB JIaMIT BUCOKO1 iHTeHCHUBHOCTI JIBI.

Bosmmdpam mapku BK — npucanka kpemuenyxna (0,45%—-Sj, 0,45% — KCl ).
[linBumeHa GopMOCTIMKICTh, YKPYITHEHI 3€pHA 1 MIIBUILEHA 1XHS MIUHICTh, 8 TAKOXK
MILHICTh IXHBOTO 3YEIUIEHHS. 3aCTOCOBYETHCS JIJII BUTOTOBJICHHS €JIEKTPOJIB ra3o-
PO3PSATHUX JIKEpE CBITIA .

Bombsdpam mapku BPII — minBuiiennii BmicT gomimok. PIT — pi3HOMaHITHOTO
NPU3HAYECHHA. 3aCTOCOBYIOTh JJIi BUTOTOBJICHHSI HEBIIMOBIIAIbHUX JE€TaNICil: yBe-
JIeHb, YTPUMYBAuiB, a HOJI1 JJIsl aHOJIIB Ta30PO3PSAHUX JIAMII.
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Bomsdppam mapxku BU — Bomsdpam unctuii. BUKOpHCTOBYIOTH AJII BUTOTOB-
JICHHS JeTayiell Jjamr, 1o mpairoroTh 10 Temmneparypu 900 C, sxi He BUMararoTh
00pOOKH MPHU BUCOKHUX TeMIIEpaTypax .

Bomsdpam mapkn BUIAK — Bombdpam uncTuii a8 KOHTpoJro. Jlyke manmid
BMICT JOMIMIOK. BUKOPHUCTOBYIOTh SIK €TAJIOH IIPU BUPOOHUIITBI HIIIMX MAapOK BOJIb-
dbpamMy nepeBakHO 3aCTOCOBYIOTh Y 3aBOACHKHUX JJa00OpaTopiix.

Pa3oM 3 po3moBCIOPKEHIME MapKaMH BOJIb(PpaMy 3aCTOCOBYIOTH JCSKI CITCIIi-
albHI Ipucanku, Hanpukiaa Repeniit Bin 1 10 20%, 10 ocHOBHOTO MaTepiany — BA,
oTpumytoTh Mapky BAP. Temneparypa pexkpuctanizanii 2500 C. Mae rapHi miac-
TUYHI BIACTHUBOCTI .

JIyia mominieHHsT eMICIHUX BIaCTUBOCTEH OMAl0Th y BoJb(pam ckaHaaT Oa-
pito i amOMOCHITIKAT 1€310, IO 1HO1 3HWXKYe poOoTy Buxoay A0 1,5eB, nopiBHIHO
3 YUCTUM BOJb(hpamoM, sikuii Mae podoty Buxoay 4,5eB. Taki 700aBKH 3aCTOCOBY-
I0Th JIJIS1 BATOTOBJICHHS KATO 1B JIAMIT JIJIs1 HAKa4yBaHHS JIa3epiB.

TBepaicts Bonb(ppamy Bucoka «8» 3a mikaigor Mooca, M0 YTpyAHIOE HOro
MexaHuHy o0poOKky pizanHsaMm. Harpisanus apotie 7o 800-1000 C no3Bodsie 3011b-
IIUTH 1X TYKTWIBHICT (TSATYYICTB), IO XapaKTePU3ye 3AaTHICTh BUTITATHCS O€3 po3-

PUBIB y HAIIPSIMKY PO3TATYBAJIbHOTO 3yCHUILIS.

Koutpoas i BunpooyBanusa W aporty

CTaOuTbHICTh PO3MIPIB 1 BJIACTUBOCTEH BOJIb(PaMOBUX JPOTIB BIUIMBAE Ha
CHIPATIBYEMICTh JPOTY Ta CTAOUIBHICTh MapaMeTpiB Jamil. J[iaMeTpu IpoTiB OuIbIe
0,35MM BUMIPIOIOTH IHAUKATOPHUM MIKPOMETPOM Y JIBOX B3AEMHO TEPIICHIUKYJISP-
HUX HanpsiMkax. Jliamerpu npotiB menmii 3a 0,35 MM (d4epe3 BUCOKY MOTPIIHICTH
BUMIPY — MIKPOMETPOM) BH3HAYAIOTh METOJIOM 3BaXKyBaHHS Binpizka nomxuHo 200
MM 3 HacTYITHUM IE€pepaxyBaHHSAM Ha CepeAHil qiaMeTp. Y TexHIyHuX yMmoBax Ha W
JpIT HA KOKHY HOMIHAJIBbHY Bary 3aJlaf0Th NPUITYCTUMI BinxuieHHs (+1%- + 3%).
Busnauenns niamerpa JpoTy METOJIOM 3BaKyBaHHsI, XOua i Ma€e JJOCTATHIO TOYHICTb,
ajie He JI03BOJI€ BUABUTHU TaKi 1e(PEKTU SIK: HEPIBHOMIPHICTh JllaMeTpa Mo JOBXKHHI,

OBaIBHICTh. J{71s1 rpy0O01 OLIHKU AKOCTI IPOTY HAa PIBHOMIPHICTH AlaMeTpa Mo JOBKU-
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Hi OepyTh BIIPIBKH [JIs 3BaXXYBAaHHS HA MOYATKy ¥ HANPHKIHIN KOTYIIKH (OyXTH).
JlpiT BU3HAIOTh 3aJ0BUTLHUM, SIKIO PO3KHJI Y Ba3l HE IMEPEBUIIYE TOJOBUHH ITOJIS
JOITYCKyY. SIKIo apit BHOpaKoBYIOTh 3a HEBIIMOBITHICTIO JiaMeTpa,TO HOTO TepeTs-
T'YIOTh Ha OUTBII TOHKI pO3MIpH (IiamMeTpn).

BinmoBimHOIO HOpPMATHBHOK JOKYMEHTAIIEI0 BCTAHOBJICHHN OO0OB'SI3KOBUI
KOHTPOJIb CTPYKTYpH JPOTy AiamMeTpoM 25—30MKM 1 IPyTKOBOTO MaTepiaily — MeTo-
naMu Metajgorpadigaoro ananizy. I1ig MIKpOCKOIIOM OTJISIAI0Th MIKPOTILTiI(pH IpOTIB
(mimXoauTh OYIb-SIKUI MIKPOCKOII 31 30uIbIeHHsAM Oinbie 200 pa3is, MpHITyCTHMO
e MIM-8).

Po3pobeni Takox MeToau O0€3KOHTAaKTHOTO KOHTPOJIIO W aBTOMATUYHOTO pe-
T'YJIIOBaHHA JiaMeTpa IpOTIB 1 MPYTKIB y Mpolieci IXHbOro BUTOTOBIIEHHS. [liameTpu
TOHKHUX APOTIB KOHTPOJIOIOTh MikpoMmeTpoM BI'M-8, npunimn faii sikoro nojusrae y
BUKOPUCTAHHI KOPOHHOTO po3psiay. JliaMeTpu TOBCTUX JIPOTIB 1 MPYTKIB 3a JOTIOMOTOIO
€MHICHUX O€3KOHTaKTHHMX JAaTYUKIB. BUKOHYIOTh Tako>k BUNPOOYBaHHS Ha BUTHH 1
Ha po3puB. [ BUMpoOyBaHHS Ha BUTHH JIPIT 3aTUCKAIOTh MDK I'yOKaMU THCOYKIB 1
3TUHAIOTH BIpaBo i BiBo Ha 90°,a MOTIM MiIpaxoBYIOTh KUIbKICTh IIEPErUHIB JI0 3JIaMy.

JInst BUnpoOyBaHHS Ha CHIPAI3YEMICTh APIT HABUBAIOTh HA KEPHO, IAMETP SIKOTO
JOPIBHIOE IBOM JllaMeTpam ApoTy. ['apHuii ApiT HE Aa€ PO3PUBIB 1 pO3LIAPYBaHb.

JIst OLIHKY TMOB3Y4YOCTI APOTIB MPU BUCOKINA TeMIiepaTypi BIIpI30K APOTY 13
NpUB'SI3aHUM Ha HhOMY BaHTaKeM 2 KT HarpiBaroTh enektpuaauM ctpymom 1o 2800 €.
[Tin miero HaBaHTa)KEHHS ¥ BUCOKOI TeMIIepaTypu APIT MOAOBXKYETHCS. 3a BEIUYU-
HOIO TIOJIOBXKEHHSI CYAATh MPO TOB3YYIiCTh. MIKPOCTPYKTYpPY OIIHIOIOTH METalorpa-
¢bigaumME mikpockonamu MIM—6,7,8, ... HaiiuacTimne npu 200kpaTHOMY 30UTbIIICHH L.
BunpoOoByBaHi 3pa3ku OYHUIIYIOTH Bil akBagary Kull aTiHHIM B 20% po3uuHi Iyry
it Bimnmamoroth mipu t 1100-1200 C y atmocdepi BogHI0. OUHIIeHI 3pa3Ku peKpHC-
TanidyroTh B atmocdepi Boguto npu 2300-2400 C. I3 nux 3pa3KiB BUTOTOBIIOIOTH
MIKpOULTIPH, iX TOCIIIKYIOTh. [IpIT BUSHAETHCA 3aJOBUIbHUM, SIKIIO BIH Ma€ CTPYK-
Typy, fKa BIANOBIIA€ MEBHINA Maplil IPOTY, Ta L CTPYKTypa CTadUIbHA Yy BCIX JTOCIHi-
JOKYBAHUX 3pa3KiB. MeToau KOHTPOJIIO SIKOCTI BOJIb(PaMOBOTO MaTepialy MOCTIHHO

BIAOCKOHAJIIIOKOTHCA.
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Bomsdpam He okucaroetses n0 Temneparypu /000 C. 3a T=700° C mounna-
€THCA CJIA0KE OKHUCIIEHHS. 3a I1i€i TeMrepaTrypH BoJb(ppam 3 KUCHEM YTBOPHTH JIETydl
okucaum WO,; WO;; W,Os; W01 (M0KHA PO3MOBICTH PO €KCIIEPTU3Y aBTO IS
KaTacTpodu).

Bomsdpam B3aeMosie 3 mapamMu BOIH 32 PEAKITIEIO

W+2H,0=WGO,+4H .

Bomsbpam B3aemosie 3 BYrjIeBOTHIMH, BYTJICKHCIIAM Ta30M Ta 1H., YTBOPIOKOYH
npu 1pomy kapoinu (WC; W,C ). 1i kapOigu MaroTh OUTBIINI €JIeKTpUIHHUM OITIp HDK
W, ToMy X y mpaIorounii JJaMITi HarpiBaroTh BHUINE HDK BOJIB(OPaMOBHU JPIT, IO
TPU3BOANTH JI0 HTEHCHBHOTO BUTIAPY BOJb(Gpamy. KpiM Toro, kapOimd MarOTh OUIBIITY
TBEPAICTb HDLK BOJIb(ppam, 110 MOTIPIITye TEXHOJIOT M H1 BIACTUBOCTI i MitHICTh W JIpOTIB.

[HI11 BIacTUBOCTL BOJb(GpaM Ayxe CTIAKUNA BITHOCHO KUCJIOT, HaBIiTh 10 I1ap-
ChKOI TOPUIKH, ajie PO3YUHIETHCS B CYMIIlli a30THOI ¥ (PTOPUCTOBOIHEBOT KHCJIOTH.

buteiia yactuHa BoJbdpamy, sIKy J00yBatOTh, BUTPAYAETHCS B METATYPTil JJIsI
BUTOTOBJICHHS CIIEIIAIbHUX cTanel 1 craBiB. [1IBunkopi3aibHa IHCTpyMEHTaIbHA CTalb
mictuth 10 20% Wi mae 31aTHICTh caMoTapTyBaTUCs. Taka cTajdb HE BIPAyae CBOET
TBEPAOCTI HaBITh IPU HarpiBaHHI 4O YEPBOHOTO KOJIbOPY. TOMy 3aCTOCYBaHHS pi31IiB
3 BOJIb(PpaMOBOI cTal JO3BOJIIE 3HAYHO 30UIBIIMTH MBUAKICTH pi3aHHs MeTaniB. Kpim
HIBUJIKOP3AJIbHUX, IIMPOKO 3aCTOCOBYIOTH BOJIb()PAMOBI Ta XpOMOBOJIb(PPAMOBI CTaIL,
Hampuknan, cranb sika mictits Bin 110 6% Bosbgpamy it 10 2% xpomy, 3aCTOCOBYEThCS
JUIl BUTOTOBJIEHHS TTWJIOK, (ppe3, mTammiB. Sk HalOUThII TYroIJIaBKUI MeTall BOJIb(ppam
BXOJIUTH JIO0 CKIIAy PSAY KAPOMIITHUX CIUIABiB. 30KpeMa, HOTo CIUIaBU 3 KOOATHTOM i
XpOMOM (CTeITiTH) MarOTh BUCOKY TBEPJIICTh, 3HOCOCTIHKICTh, KapOMillHICTh. CIiuiaBu
W 3 miro # cpibioM MOEMHYIOTh BUCOKY DJIEKTPO- Ta TEMJIOMPOBITHICTh 13 3HOCOCTINKI-
cTi0. IX 3aCTOCOBYIOTE /1711 BUTOTOBIEHHS POOOYUX YACTUH PYOUILHUKIB, BUMHKAYIB,
eJIEKTPOTIB JIJIsl TOuewHOro 3BaproBanHs. Kapoin Bosmbdpamy (WC) mae myxe BUCOKY
TBEpAICTh (0JIMBBKY JI0 TBEPIOCTI ajMas3y), 3HOCOCTIMKICTh 1 TYroruiaBKicth. Ha ocHOBI
1[i€i pEYOBMHU CTBOPEHI HAUOUIBIII BUCOKOIMPOIYKTUBHI TBEpIi CIjiaBu. J[0 TXHBOTO
ckiany Bxoquth 85-95% WGt 5-15%ko00anbTy, 110 HaAae CIiiaBy HeOOXITHY MILHICTb.

Jlesiki MapKu TakuX CILIaBIB MICTATh, KpiM KapOiny BoJb(pamy, KapOiTy TUTaHY, TaHTAILy
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1 HI001r0. YCI1 111 CTUTaBH OJICPKYIOTh METOAaMH MOPOIIKOBOI METATYPTii. 3aCTOCOBYIOTH X
TOJIOBHAM YHHOM JIJI1 BUTOTOBJICHHS POOOYHX YaCTHH POKYIHX 1 OypOBHX IHCTPYMEHTIB.
Jlekmia Ne 10

Mounidaen, TanTas, pyoiaiil, THTAH i HUPKOHIN

MomnibaeH — Apyruii 3a 3HAYEHHSIM KOHCTPYKIIMHUN Marepiaj, SKAid BUKOPYIC-
TOBYIOTH JJI1 BUPOOHUIITBA JIKEPEIT OCBITIICHHS. BiH 3a3BH4ail BUKOPHCTOBYETHCS IS
BUTOTOBJICHHSI KEPHIB KaTO/IIB JIaMIl, KEPHIB MpH CIipani3allii BoJb()paMoBOro IpoTy, a
TaKO’K BBEJIEHb y KOJIOM JIaMII 13 TYTrOIUIaBKOTO I KBapIoBOTO ckia. MomioaeH xapa-
KTE€PU3Y€ETHCSI BUCOKOIO TEMIIEPATYPOIO IUIABJICHHS 1 HU3bKUM 3HaueHHsM TKPJI.

['0710BHOIO TIPUPOIHOIO CIIOTYKOIO MOJIOAEHY € MOJIOACHIT, a00 MOJIIOIEHO-
Buii Oymck (MOS,) — 1ie MiHepa1, SIKHii 3a 30BHIMIHIM BUTJISAOM JYXKE CXOXKHH Ha
rpadir, oro goBruii yac i BBaxkamu rpagitom. Y 1778pomui llleene nokazas, mo npu
B3a€MOJIii MOJIIOICHOBOTO OJIUCKY 1 a30THOI KUCJIOTH, BUMAIa€ OUTMIA oca , 10 Mae
BJacTUBOCTI kucyoTu. Illeene Ha3BaB ii MOJIIOEHOBOIO KHUCIOTOIO. [I'SITh POKIB TIO-
TOMY LIeH elleMeHT OyB OTPUMAHUIN y BUIbHOMY CTaH1 HUIIXOM MPOKapIOBAHHS MOJI-
0J1eHOBOT KHCJIOTH 3 JIEPEBHUM BYT ULISIM.

3aranpHuiA BMicT MotiOieHy B 3eMHii kopi 0,001%frac.). [Toxmaam Moo ae-
HoBUX pyn € B CHJI Y, Mekcuii, Hopserii 1 Mapokko. HaltGuts it BMICT MOJTi-
0/1eHy MatoTh CyJIb(QIIHI MITHI pYIU.

JInst ofepxaHHST METAIEBOTO MOJIOJEHY 3 MOJIOJEHOBOTO OJMCKY OCTAaHHIN
NEPETBOPIOIOTh BUNasioM Ha MoQOj3, 3 IKOTO MeTall BITHOBIIOIOTH BoJAHEM. [Ipu 1po-
My MOJIIOJIEH OJEpKYIOTh Y BUIJISIAI nmopouky. [am oyt 3a nmepediroM mnpouecu
MOPOIIIKOBOI METAIyprii: mpecyBaHHs, crikaHHS. [IpecyBaHHS B CTalieBHX Ipec-
dopmax npu tucky 10 7/00Mlla. Crikannsi B atMocdepi BOJAHIO BiIOyBaeThCs y ABI
craaii. [lepma — npu T=1100-1200 C. [Ipyra — npu npomycKaHHi €IeKTPUYHOTO
cTpyMmy, 1o posirpiBae aerani no T=2200-2400 C. [Jam mexaHiuHe oO0poOka — Ky-
BaHHs, MPOTITAaHHS U T.[I.

JInist oieprKaHHS BEIMKUX 3arOTOBOK 3aCTOCOBYIOTh JIYTOBY TUIABKY (3JIUTKH 710

2 1). JlyroBy IUIaBKy BeAyTh y BakyyMmi. Mibk katonoMm (Maker CHIYCHUX INTa0iKiB
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MoTibIeHy ) 1 aHoA0M (OXOJIOMKEHUH MITHHMI THTelIb) CTBOPIOIOTh AYTY. Meral Ka-
TOJa TUTABUTHCS ¥ 30MpaeThCcsl B TUTII. BHACIIMOK BUCOKOI TEIJIONMPOBITHOCTI M1Ii i
IIBUAKOTO BIABOJY TeIUIa,MOJIOAeH TBepimae. T oTpuMaHHS OCOOJIMBO YHCTHX
TYTOIUIaBKUX METATIB 3aCTOCOBYIOTh EJICKTPOHHOIIPOMEHEBY IUIaBKy. HarpiBaHHs
MeTalTy €JIEKTPOHHUM ITydKOM 3aCHOBAHE Ha NEPETBOPEHHI YaCTHHU EHEPTii SNIeKT-
POHIB Ha TEIJIOTY MPH iXHHOMY 3ITKHEHH1 3 TIOBEPXHEIO METaly. Y CTaHOBKA CKJIajIa-
€THCA 3 CIEKTPOHHOI TapMaTH, IO CTBOPIOE KEPOBAHUH TMOTIK €IEKTPOHIB, 1 TIABH-
nbpHOT Kamepu. IInaBKy BeayTh y BUCOKOMY BakyyMi (He Hivkue 10° MM pr. cT.), mo
3a0e3meuye BUAUICHHS JOMIIIOK, SKi BHIIAPOBYIOTHCS TpH TeMmieparypi miaBku (O,
N, P, As, Fe, Cu, Ni ixmri). KpiM Toro, BUCOKe pO3psIKeHHS HE0OXITHO, 00 elre-
KTPOHH, SIKI BUJIITAIOTh 3 €JICKTPOHHOI rapMard, He 3IITOBXYBAIMCS 3 MOJEKYIaMu
MOBITPS Ta IHIIMX ra3iB, MO mnpusBeno 6 mo BTpatu eHeprii. Ilicas enexTpoHHO-

POMEHEBO]I TIaBKH YHUCTOTa MOJIOAeHyY minBuiyeTbes A0 99,9%.Monibaen — cpid-
JascTO-OUTMiA MeTal 3 TyctrHO0 10,2 %Ms , ikt TotaButrcs npu 2640 €. Tlpu xiM-

HaATHIA TemrepaTypi BiH HE 3MIHIOETbCS Ha MOBITPI, ajie P HaKaTIOBaHH1 OKUCITIO-
€ThCst 10 Outoro Tprokcuay MoOs. ColisiHa 1 po3BeieHa cipyaHa KUCJIOTH MPHU KIM-
HaTHIA TeMIeparypi Ha MOJIOAEH HE JII0Th, BIH PO3UMHSIETHCS B a30THIM KUCIOTI a00
rapsdiil KOHIIEHTpoBaHii cipuanii kuciaoTi. Kucens npu T= 4000 C okucioe Mo
O/1eH .Y NpHUCYTHOCTI BUMAapiB BOJU, Mpu HarpiBanHi 4o 250 C Ha moBepxH1 MOJIIO-
JIeHy YTBOPSATHCA TOHKI IUTIBKU OKCUIIB M0O, 1 MoQOs, siKki CTiliKi 1O BIUIUBY BHUCO-
KUX TeMIiieparyp. PTyTe i i mapu npakTUuHO He pearytots 3 Mo, Bogens 10 T muias-
aeHHsA, N 0 10 2400 C, npu OUTHIII BUCOKUX TEMIIEpATypax yTBOPATHCS HITPUIIH.
[Tpu B3aemoii 3 ByrerieM, kapoinu yrBopsathes mpu T= 1100 C.

bmzsko 80% ychoro MommbaeHy, mo A00yBarOTh, BUTPAYAETHCS Ha BUTOTOB-
JICHHS CIICHIATLHUX COPTIB CTajil. BiH BXOOWUTH 10 CKIaay Oararbox HEpIKaBIIOUHMX
CTajed, MIBHUIIY€E TXHIO )KapOMIIHICTh. 31 CIUIaBy TaHTATy W MOJIOIeHY BUTOTOBIIS-
I0Th J1a0OpaTOpPHUM MOCY/, KU BUKOPHUCTOBYIOTh 3aMICTh IJIATHHOBOTO. I3 MOJIi0-
JIeHy BUTOTOBJISIIOTh aHOJHU, CITKM, KaTOJU €IEKTPOHHUX JIaMIl, BBEICHHS, YTPUMY-

Bayi JIaMIT pO3KapFOBaHHSI.
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Temmeparypa BropuaHOi pekpuctanizaii 1400—-1500C nnas monioaeHy map-
ku MY, 1 1800-1900C nns mapku MK. Ilpu HarpiBanH1 MOJTIOI€HOBOT'O IPOTY 10
T=1100 € (mepBuUHHOI peKpHUCTAM3AIli) MIIHICTh 11 3HUKYETHCSA, a IIACTUIHICTH
3poctae. [Ipucagku koOambTy ¥ 3aili3a MOJIMIITYIOTh MEXaHIIH1 BIACTUBOCTI MOJTIO-
neny. Beenenns 0,1%3aniza abo kobanpTy B Moo ieH Mapku MU migBuiye miac-
TUYHICTH MaTepiany Ha 1,5-2%./{ns1 ogep:kaHHs MaTepiany 3 BUCOKOO IUIACTUYHIC-
TIO B PEKPHCTAII30BaHOMY CTaHI BAKOPHUCTOBYIOTH CILIABH MOJIIOICHY 13 peHieM (pe-
Hito 10 50%).11pu bOMY 3HAYHO IIIBHILYETHCS TEMIIEpaTypa BTOPUHHOI PEKPHUCTa-
aamii 7o 1850 €. Ille OuThII BUCOKI 3HAYCHHS MEXKI1 MITHOCTI, TEMIIEpaTypH IIjIaB-
JICHHS ¥ TTMTOMO]I €JICKTPUYIHOI MPOBITHOCTI JOCATAIOTHCS TIPU BUKOPHUCTAHHI CTUIaBIB
MoutibieHy 3 BoJib(ppamom. BosbdpamomonnioaeHosi ciiasu mapok MB—20, MB-50
IUTACTHYHI § JIETKO MiAAa0ThCs MEXaHIUHIM 0OpoOIIl Mmicyis Binaty IpHu TeMIepary-

pax 1100-1300€, mio BinmoBigae Temneparypi NEpBUHHOI PEKPUCTATIZAILi .

TanTan
Hanexxuth 10 minrpynu Banazgito ( BaHaid, HioOii, TaHTa). Metanu 1iei min-
TPYIH, a TAKOK XpPOM, MOJIIOJIeH, BOJIb(paM, peHiil, pyTeHii, poaiid, ocMiil Ta ipuIii
BITHOCSITh 70 TYTOIUIABKMX METAJiB, y SKMX TeMIleparypa IUIaBJICHHS TEPEBUIILYE
Temneparypy miasieHHs xpomy — 1890 €.

VY 3emuiit kopi mictuthes 0,0002% frac.) TanTany. Tantan TBepaui, ane He
KPUXKHUI MaTepial, qyke 100pe MiAaaeTbCsl MEXaHuH1d 00po01l, rycTuHa 16.6/64,,3 :

temmieparypa iasjieHHs — 3000 €. Tanran € xiMm™HO cTilikuM. Ha HROTO HE TIFOTH
COJISTHA, CipyaHa, a30THA, XJIOPHA KUCJIOTH ¥ IIapchKa TOpUIKa, TOMY, 10 Ha IMTOBEPXHI
YTBOPIOETHCS TOHKA, ajie My>Ke MillHA ¥ XIMIYHO CTIMKa okcuaHa IiiBKka — [80:s.
Tomy Ha TaHTal AIFOTH TaKl peareHTH, SAKi 3J1aTH1 B3AEMOJIATH 13 ITMM OKCHIOM abo
MPOHUKATH Kpi3b HBOTO. Lle — dTop, dropucTuii BoIeHs 1 TUIaBUKOBA KHUCIIOTA, PO3-
YWUHU JyTiB. Haiid U1bI1 BayKTMB1 rairy31 3aCTOCYBAaHHS TaHTATy — CICKTPOHHA TEXHIKA
1 MammHOOYAyBaHHA. B €eKTpOHIIll BiH 3aCTOCOBYETHCS JJISI BUTOTOBJICHHS €JICKT-
POJITHYHUX KOHJICHCATOPIB, aHOIB MTOTYKHHX JIaMIT. Y BHPOOHUIITBI JHKEPEIT TAaHTAI

BUKOPHCTOBYIOTh SIK TapHHM ra30BOMpau Mpu BUCOKUX TeMIleparypax. Y XIMIYHOMY
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MaIMHOO Y TyBaHHI 3 HROTO BHTOTOBJISTIIOTH JIETANl armaparis, M0 3aCTOCOBYIOTh Y BH-
POOHUIITBI KHCJIOT. Y TaHTAJOBUX THUTJISAX TUIABJISITH METAIH, HAPHUKIIA P IIKO3EMe-
JbHI. 3 HBOTO BUTOTOBIIIIOTH HarpiBadi BUCOKOTEMIEpaTypHUX medei. TaHTam He
B3a€EMOJII€ 3 KUBUMHU TKaHWHAMHU OPraHi3MIB 1 HE IIKOJHUTH iM, BIH 3aCTOCOBYETHCS B
XIpYyprii JyIs1 CKPIUTFOBAHHS KICTOK IpH 3jamax. KapOinu TaHTamy, TakoX SK BOJIb(]-
paMy ¥ MomiOAeHy i HIOOIF0, Ty»e TBEP/l i 3aCTOCOBYIOTHCS IS BUT'OTOBJICHHS Pi-
3aIbHUX IHCTPYMEHTIB. TaHTal MEXaHIUHO YK€ IUIaCTHYHHUA. 3 HOTO 0€3 MpOMDK-
HOTO Bigmajay MoHa mpokaratd ¢(ojery toBmmHO0 10vkMm. TaHTanm mMae HM3BKHMA
TUCK HACHYEHOI TMapH, HIKYE HDK Y MOJIOJICHY, TOMY BiH MOJKE 3aCTOCOBYBATHCS
IpY TEeMIIepaTypax BUIMX HDK MoJIiOeH. TaHTan 4acTo BKUBAIOTh Y CIUIaBax 3 pe-
HieM. OcTaHHii HabaraTo jaemieBIie. TaHTal CTIMKUN 70 BIUIMBY BOJM JO TeMIIepa-
typu kumiaag — 100 C. Byrnens He B3aemoie 3 Tantanom g0 1200 C. Ilpu Gutem
BHUCOKHX TEMIIEpaTypax yTBOPIOIOThCA KapOimu. KuceHnb He pearye 3 TaHTaJoM JI0

1000 C. Bumapu pTyTi HE pearyroTh 13 TAHTAJIOM JI0 TEMIIEPaTypH IUIaBJICHHS.

HioOiit

Bucoxomimamii, mmactnaanid, TyromiaBkuii metan. T,=2500 €. I'yctuna —
8,57%/113 . HioG1i1 cTitikuit 1o atMocdepHoi KOpo3ii, BOASHOI IMapu W PTYTI a TaKOXK
710 BILTMBY KUCJOT 1yriB. [Ipu HarpBanHi 70 400 € iHTEHCUBHO OKHCIIOETHCS, TO-
rIMHaUM atMocepHi ra3u ( KMCeHb, BOACHD, a30T), SIKi yTBOPIOIOTH 13 HI0OIEM TBe-
Pl PO3UMHMU W XIMIYHI CTIOJYKH, PI3KO 3HIKYIOUM HOTO IJIACTHYHICTH. Y Mpoleci
BakyymHoOTO padinyBants (T=2300 — 2350C) 3 Hi0O0 BUAAIAIOTH HE TUILKU aI-
copOOBaHi ra3u,ajie i OUTBIIICTH TOMIIIOK — CBUHEIh, KpeMHiH, 3am30. Hio61it Bupo-
0JI1€THCSL METOJIaMU BaKYyMHO1 200 €NIeKTPOHHO-TIPOMEHEBOI IJIABKU Y BUTJISAI1 JIUC-
TiB, IPYTKIB, (OJIbTU i1 BUKOPUCTOBYETHCS Il BUTOTOBJICHHS YBEJEHb Y MAbHUKH

ra3opo3psTHUX JIaMIl, HalJacTiIIe 31 CBITIOIPO30pOi KEpaMIKH.

Peniii
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Peniii He yTBOpIOE cCaMOCTIMHUX MiHEpalliB. Y HE3HAYHUX KUIbKOCTIX BIH MiC-
TUTHCS B MOJTIOJCHOBUX pyAax 1 piIKo3eMelbHUX MIHepajiaX. 3aralbHUN BMICT pe-
Hito B 3eMuiil kopi ckiaagae 0,000 000 1%fac). Peniii OyB Binkpurtuii y 1925porii,
xo4da OyB mependaudenuii me Menneneesum B 1871poii, sikuii Ha3BaB MoOro JBOMAap-
ranmeM. Perii, TexHeriil 1 MaHTaH BXOISTh 10 MIATPYIH MaHTaHy. TexHeliil Ha 3eM-
Ji HE 3yCTpIMAEThCs 1 OyB OTpuUMaHUN TeXHIMHUM Huasxom y 1937 porri, 3a mo i
OJIcpKaB Ha3By — TEXHEI. Y BUIBHOMY CTaHi peHid cBIO-Cipuid Mertan ['ycTuHa

21,07 ., remneparypa miaasieHHs — 3190 €. Ximiuno cTiiikuii. Benuka MexaHuHa

MIIHICTh, BUCOKA TEMIIEpaTypa MIIABJICHHS, BEJIMKUI MUTOMUMN OMip — yce 1€ J03BO-
JIsi€ 3aCTOCOBYBATH PEHIM 3aMICTh BOJb(GpaMy y JKepesax CBITJIa 3 BUCOKUMH BiOpa-
IHHAMU HaBaHTAXKEHHAMH. [1MacTUYHICTD BIIMANIEHOTO pEHi0 MOXe OyTH TOpIBHS-
Ha 13 TUIACTUYHICTIO Ml 1 Masio 3MiHIoeThest 1o 2500 € 3 kucHem pearye TUIbKU
npu 600 €. 3acToCOBYIOTh Y 3aT3HOJOPOKHIX, TPAMBAWHHUX ,aBTOMOOUTLHHX JIaM-
nax .3 BoJb(paMy 3 peHIEM BUTOTOBIIIOTH TEpMOTapH, K1 mpairorots g0 2500 T,
Moske OyTH Karaai3aTopoM MPH OKUCITIOBAHHI aMiaKky, MEeTaHy, TIpYBaHHI €THICHY
["0JTOBHMM YHMHOM 3aCTOCOBYIOTH Y CIUIaBaX 3 BOJIb(ppamMoM, MOJIIOIEHOM, TAaHTAJIOM
JJISL Ty’Ke BIMMOBIMAJBHUX JACTaNCH, 10 TPAIOIOTh MPH BUCOKHX TEMITepaTypax 1 HaBaH-

TaXKCHHAX.

Turan i UUpKOHii

3aCTOCOBYIOThCS SIK Ta30BOMpadl. AKTUBHI 10 KUCHIO, BOJHIO, BYTJIEKUCJIIOTO

ra3zy. KpiM Toro, ix 3aCTOCOBYIOTh JJI1 CHAIOBAHHS 31 CKJIOM 1 KEPaMIKOIO.
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JexmiaNell

YopHi i1 KOJIBOPOBi METAJIH B €JICKTPOTEXHIYHI MPOMUCJI0BOCTI

[3 YopHUX 1 KOJTBOPOBUX METANB Y BUPOOHUIITBI JKEPEN CBITJIA MIMPOKO 3a-
CTOCOBYIOTh HIKEJIb, 31130, MiIb ¥ 1XHI crutaBu. Ha BimMiHy B TyroIjlaBKHX MeTa-
JIB, XapaKTEPHU3YIOTHCS OUThINT HU3BKOI TBEPHICTIO, MIIHICTIO, (POPMOCTIHKICTIO,
TEMITepaTypoIO IJIABJICHHS, a TakoX OuthbimmMu 3HaueHHsMu TKPJI. ¥V nux marepia-
JIB MIABUIICHUHA, TMOPIBHAHO 3 TYTOIUIABKMMHM,THCK HACHUCHHMX I1apiB, MITBUIICHA
MIBUAKICTH BUIIAPY, MEHIII MIITHI KpUCTAIIIH1 TPaTKH.

YopHi #f KOTBOPOBI METAIH, K1 BHKOPHUCTOBYIOTH Y BUPOOHHMIITBI JKEPEIT CBI-
Tia, 700pe oOpoOIAIOTECS B XOJOJHOMY CTaHl. Y TpoIieci iIXHbOI OOpPOOKH IMiABH-
IYIOTHCS TXHS TBEPIICTH 1 MEKa MIITHOCTI Ha PO3TATAHHSA. 3HIKYETHCS BITHOCHE TIO-
JIOB)KEHHS, II0 HACTYITHUM BiInanoM (1100 YHHKHYTH OKUCJIFOBAHHS, BIIIaI pOOJIATh
y BakyyMi a00 y BOJIHI ) BITHOBIIOEThCS. JIOCTaTHS MIHICTh 1 ITACTUYHICTH JTO3BO-
JIsi€ 3 HUX BUTOTOBJISITH TIOKOJI, YBEACHHS, BUBOIH, YTPHMYBadli, IITHPI, TAYKH, TOOTO
JeTani JOCUTh CKIIAAHOI GOopMH Ta OyAb-KUX pO3MIPIB, ajie sIKi HE MPaIol0Th MpH

MIIBUIIEHUX TeMIepaTypax.

HikeJap

Hikenb y mpupoIi 3yCTpIYaeThesl MEPEBAKHO Y BUTIIII CIOJTYK 3 MHIISTKOM (AS)
a60 13 cipkoto (S).1le minepamu: kynpepHikens (NIAS); MUl TKOBOHIKEIEBUH OJIHCK
(NiAS) Tta ixmn. MeTaneBuil Hikellb Mae CpiOJIMCTI KOJBOPH 3 YKOBTYBATUM BIITIHKOM,
Jy’Ke TBEp/WiA, 100pe TP YETHCS, MPUTSITAETHCSI MArHITOM. XapaKTEPU3YETHCS BUCOKOIO
KOPO31MHOIO CTIMKICTIO, CTIHKUN B aTMOCdepi, Y BOL, Y JIyrax 1 HU311 KUCIIOT. AKTH-
BHO PO3UMHSIETHCS HIKETh B a30THINA KUCJIOTL. XIMIYHA CTIMKICTh HIKEIIO 3yMOBJICHA
HOTO CXWJIBHICTIO 10 YTBOPEHHS Ha MOBEPXHI OKCHIHUX IUIIBOK, II0 MAaOTh CHIIbHI
3aXMCHI BJIaCTUBOCTI .Y HIKENIO TapHI TEXHOJIOTTYHI, MEXaH14Hl, BaKyyMH1 BJIacTH-
BOCTI. 3 HIKEJIIO BUTOTOBIISIFOTh: KEPHH JIJI1 OKCUIHUX KaTOJIB, €KpaHH, yTPUMYBadi
reTepis, yBeAeHHS jamil. {1 qoaBaHHs MIBUIIEHOT MIITHOCTI i ()OPMOCTIMKOCTI B

HIKEJTb YBOJSATH JOOABKH. MapTaHelb, KpeMHIN, KaJlbIii, MarHii Ta iH.
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3acTocyBaHHs HIKemo oOMexyerbes Temneparypoto 1000-1160° C, micisa bo-
ro WOTO BJIACTHUBOCTI PI3KO MOTIPIIYIOTHCSA. B eneKTpoaaMnoBoMy BHPOOHUIITBI BH-
KOPHCTAEThCS HIKETh HAacTymHUX Mapok: HM 3 momimkamu: 0,07% Mnii 0,07-0,15%
Mg; HK 3 gomimkamu: 0,15-0,25%SIiHKM: 3 gomimkamu 0,2-0,4% Sii 0,2-0,4%
Mg; HIBO — 3 npucankoto Boibdpamy; HIKA — 3 nprcankoro kKaibIliro Ta 6e3mpuca-
nkoBui Hikens pizHOT wnctotr: HO, H1, HITO, HIT, HI12, HE, HB, HOOO,HOO0OO ;H-
akcTpa. [Ipm 360p11i TaMIT BUKOPHUCTOBYIOTH “ IUTIOIIEHKY — CTPIUKY 3 HIKEITIO MapKu
JIH4 toBmmnuo0 0,1 — 0,2vuM 1 mmpuHOIO 0,7 — 2MM, a TaKOX APIT 3 HIKEITIO MapKH
HMII-2,5; HMI] — 53 BmicTom mapranmio 2,5 — 5% .Hikens mae Bucoky Temriiepa-
Typy pekpuctanizamii (mo 920 C). 3aBusgku 1IbOMY MIITHICTh HIKEIIIO TPU HArpiBaHH i
3HIKY€EThCS MOBUIHHO. [Ipu 3BH4aiiHOMy HarpiBaHHI, AJisi 3HeTaXyBaHHA — 10 1200
C, y HIKeNll 3HMKaIOTh yci Hanmpyru. Hikenb BXOIUTH A0 CKJIaay HPUIOIB AJIS MaKK
BOJIb(ppamy, MoJIiOIeHy, 3aii3a. B eeKkTpoTexHuHii MPOMHUCIOBOCTI IIMPOKO 3aCTO-
COBYIOTH ¥ 1HII crjiaBH Hikemo. JKapoMiliHi CIIaBH, IO MPAIIOI0Th 0 TEMIIEpaTyp
850-900 C — HimMOHIK, IHKOHEJb, XacTeJOH, 0 CKIany SKuX BxoasaTh 60% Hikero,
20% xpomy ¥ iHmi meramu. [ BUrOTOBJIEHHS HarpiBadiB 3aCTOCOBYIOThH CILUIABH
TUITy HIXpOM, HalnpocTinmii 3 sikux MicTuth 80% Hikemo i 20% xpomy. 3 marHir-
HUX CIUIaBIB HIKETI0 0COOMBE 3HAYEHHs HaO0yB Mepmalioi, mo mictuth 78,5 %Hi-
kemo 1 21,5%3anida. BiH Mae BUCOKY MOYATKOBY MarHiTHy MPOHUKHICTb, IO CIIPU-
YUHS€ OT0 IHTCHCUBHE HAMArHI4yBaHHsI, HaBITh y cjlabux nojsx. Jlo cruiaBiB Hike-
JII0 3 0OCOOJMBUMU BJIACTUBOCTIMH HajexxuTh MoHeIb-MeTan (NiH+30% Cu),skuii 3a
TJTACTUYHICTIO HE TOCTYMNAEThCS Mifll, @ 32 AHTUKOPO3IMHUMU BJIACTUBOCTSIMU — HIKeE-
mo. HikeniH 1 KOHCTaHTaH TeX SIBJISIIOTH COOO0I0 CIUIaBU HIKENO ¢ M. Bonu ma-
I0Th BUCOKHI €NIeKTPUYHU OTIp, IO Mail’ke HE 3MIHIOETHCS 31 3MIHOIO TEMIIEPATypH,
1 BHKOPHUCTOBYETHCSI B €JICKTPOBUMIPIOBATIbHUX anaparax. [HBap (cruiaB 36%0Hiketo
i1 64%3aniza). [IpakTudHO HE po3UMPIOEThes Mpu HarpiBanHi 1o 1000 C .TKPJI-1,5
10°. 3acTOCOBYEThCS IS BIAIOBAHHS Y CKIIO. [LTATUHIT — CTATCBHI APIT 3 BUCOKNM
BMicToM Hikeso (40-42% Ni),3Bepxy nokputuii migaio (30% Bin macu aApoTy), 3a-

CTOCOBYETHCA AJi1 YBCACHD 10 KOJIO JIaMII 31 3BMYAaMHOTO CKJIa.
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3axizo

3anizo, He3BaXAOYM Ha BHUCOKY Temreparypy masnenHs (1535 €), rapny
MJTACTUYHICTH 1 HU3KY THIIUX TTO3UTUBHUX BJIIACTUBOCTEH, Mae 0OMEXEHE 3aCTOCYBaHHS
B €JIEKTPOJIAMIIOBIN TPOMUCIIOBOCTI, TOMY L0 HOTO BaXKO OUMCTUTU U 3HEra3uTH. I3
3aJli3a BUTOTOBJIAIOTH 30BHIIIHI JeTalli JpKepen cBitia. UucTte 3ami3o HEIOCTaTHLO
TBepJE U MillHE, TOMY HOTO BUKOPUCTOBYIOTh Y BUTJIS/II CIUIABIB: CTaJlCH 1 YaBYHIB.
Crani 3 BMIiCTOM ByTJielio 10 2% —uaByHU, MeHIIe 2% — HU3bKOBYTJIELIEBA CTAJIb.
Oco061BO M'sTKa X0JIOTHOKAaTaHa CTalb 3aCTOCOBYETHCS JIJI1 BUTOTOBJICHHS IIOKOJIIB 1
KopmyciB ctapTepiB. CTajieBUid BYTJICIIEBUI JPIT 3aCTOCOBYETHCS JIJIsi KEPHIB CIIipa-
Jell IeBHUX TUITIB JIaMIl po3xaproBaHHs. PBUYHI BIACTUBOCTI 3aji3a 6araro B YoMy
3aJIe)KaTh BT BMICTY JIOMIIIOK, OCOOJMBO BYTJICIIO, 3 SIKAM 3aJ1i30 YTBOPIOE CILIABH.
3 MABMIICHHSM BMICTY BYIJIELIO 3pOCTAa€ MUTOMA TEIUIOEMHICTH, 3MEHIIYETHCS
TKPJI, 3pocTae muTOMUM €IEKTPUIHHUM OTIp, 13 3HUKEHHSIM BMICTY BYTJIEIIO 3POCTAE
TBEPJIICTh, MEKa MIIHOCTI, 3MEHIITYETHCS BITHOCHE TOJA0BKECHHS. 3aIi30 HE B3aEMO-

Ji€ 13 PTYTTIO. 3aJ1i30 ICKPUTh, SAKIIO HOTO MPUKIACTH 10 adpa3uBHOTO KOJIa.

Minb

VY BUPOOHHUIITBI JIKEpPEN CBITJIa MITb 3aCTOCOBYETBCS JJIsl BUTOTOBJICHHS 30B-
HIITHLO1 YaCTHHH YBEICHD JIaMIT 1 BHYTPIIIHBOI YaCTHHA BaKyyMHHX JiaMIl. Kpim Toro,
MITHHUI APIT NIMPOKO BUKOPHUCTOBYIOTH JJII BUTOTOBJICHHS T'a30pO3PSTHAX JIAMII 1 JIJIS
BOJIOOXOJIO/DKYEMHX aHOJIB y 0ararb0X AJIEKTPOBAKYyMHHX TMpHIagax. 3acTOCyBaHHS
M1l OOMEXKY€EThCS TIOPIBHSIHO HM3BKOIO TemmepaTtypoto masiierHs — 1083 € 1 Bucokoro
IIBUAKICTIO BUTIAPY. Minb Mae Maluii eJIeKTpUaHUI otip 1 Bucoke 3HadeHHs TKPJI.
Bona xapakrtepu3yeTbest Bucokoro miactuunicTio (1 =0,35).1le myxe KOBKHH, TeX-
HoJioriuaui Merai. [Ipu Binnasnmi Temmneparypa He nopuHHa nepepuiyBatu 800-900 €.

[Tpu Bignayii BUIHOBIIOETHCS TEPBICHA MIHICTH 1 TUIACTUYHICTh, MEPEBAKHO
Binan BenyTh npu Temmneparypi 500 € y BonHeBiit abo BakyyMmHiil nedi. Brnactuso-
CTI M1/l ICTOTHO MOTIPIIYIOTHCS Y IPUCYTHOCTI MapiB BOAM ¥ pTyTL. [ BHYTpIIIHIX
YaCTHUH JIaMIl BUKOPUCTOBYIOTh Milb Mapok Mb 1 MB 13 unctoToro 99,97% 1 99,99%;

JUJIS1 30BHINIHIX YacTUH — Mapok MO, M1, M2, M3 3 unctototo 99,5-99,55%3arann-
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HUM BMICT Mini B 3emHiit kopi 0,01%f1ac). Minp gacTimne 3a iHIIN MeTaad 3ycTpiya-
€THCS B CAaMOPOTHOMY CTaHI, MPUYIOMY CaMOPOJIKH Mifl OyBarOTh JOCUTH Benuki. [{uMm, a
TaKOXK JIETKICTIO 00pOOKH, MOSCHIOETHCS, 110 BOHA paHiIlle 3a 1HII MeTajiu,0yJia BU-
KopwrcTaHa roauHo0. 80%Mini BUIIABISAIOTE 13 Cyab(PiqHUX pya, TOOTO pyx 13 Cip-
KO0, TAKHUX SIK. XaJabKO3MH, a00 Migauii 6mck (CW,S); xanpkomput, ad0 MiTHHI KO-
maenan (CuFe). Manaxir — okcuaa pyaa mini ((CUOHYCO;). MinHi pyau MIiCTSITh
HEBEJIMKY KUIBKICTh Mii, TOMY MITHY pYyay 30aradyioTh, 3a3Budai (proTariitHuM me-
ToJ0M. BuImaBka Mii CKIIagHUHN TIpoIiec, SIKMM BKITFOYAE JEeKUThbKa OTeparliii: BUIIa,
IUTaBKa, KOHBEPTYBaHHS, BOTHEBE U €NEKTPOJITHUHE padiHyBaHHS. Y XOJi BUMATY
OlThIlIa yacTHHA CYIb(MITIB €IEMEHTIB, SIKI CKIAQAAIOTh JOMIIIKH, ITEPETBOPIOIOTHCS
Ha okcuau. ['onoBHa goMmiika OUThIIOCTI MiTHUX pyA mipuT (FES) meperBoproeThes
Ha Fe0s;. ['a3u, mo BigxoasaTs mpu Bumnam ,MiCTATh SO, 1 BUKOPUCTOBYIOTHCS IS
onepxaHHs cipuaHoi Kuciotu. OKCUAM, 10 YTBOPIOIOTBECS Yy XOJi BUNAy (3amiza,
IIMHKY Ta HIIMX JOMIIIOK) BITOKPEMITIOIOTHCS Y TUIABII Y BUTIBSIAL NDaKiB. OCHOB-
HUI TIPOYKT TUIaBKH — pinkuii mreiiH (CWS 3 momimkoro Fe)HanxonuTts 10 KOHBe-
pTOpa, Jie 4Yepe3 HhOTO NMPOAYBAIOTh KUCEHb. Y XOJ11 KOHBEPTYBaHHS BUIUIIETHCS Ii-
OKCHJI CIPKH 1 BUXOJUTh YOpHA ab0 cupa Miib. JlJi1 3100yTTsI KOIITOBHUX CYITyTHHKIB
(Au, Ag, Tera iHIMX) 1 119 BUAAJICHHS IIKIIJIMBUX JOMIIIOK YOpHA Mi/lb MiJITae BO-
THEBOMY, a MOTIM €IEKTPOJITUYHOMY padiHyBaHHIO .Y XO]11 BOTHEBOTO pa(iHyBaHHs
pliKa MiIb HacH4yeTbCs KUCHEM. Ilpu mpomy nOMIKK 3ami3a, KOOaldbTy, LIUHKY
OKHUCJIIOIOTBCS, TIEPEXOSTh Y IITaKA W BITOKPEMITIOIOThCS. Mib ke po3IUBAIOTh Y

dopMu (BIITBKH), SIKi CITY)KaTh aHOJIAMH NP SNCKTPOITUIHOMY padiHyBaHHI.

CniaBu Mmini .
Jlarynp — 1e Minp 3 1uHKOM (10 45% 1uHKy). JIaTyHb 13 BUCOKMM BMICTOM
Mifi (ToMIaK) BUKOPUCTOBYIOTh Y IOBETIPHUX 1 JEKOPATHBHHX BHPOOAxX, TOMY IIO
BOHHU CXO>1 Ha 30J10T0. MiTHO — HIKEJIEB1 CIUIaBU — MENbXIOpH U Hei3mis0epu. Me-
abxiopu MIcTATh 20 — 30%Hikemnto i HeBeNuKy KUIbKICTh 3aii3a il Maprasio. Heit-
3mib0epu: 5 — 35%mnikemo U 13 — 45%ruunKy. B enekTpoTexHili 3aCTOCOBYIOTh

xoHcTanTaH (40% nikemo, 1,5% mapranmio) i manranin (3% uikemo, 12% mapran-
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If0), 10 MAlOTh HU3HKUN TEMIEPATypHHUH KOCPIIEHT €IEeKTPUUIHOrO OMOpY 1 CIIy-
JKaTh JIJI1 BATOTOBJICHHS Mara3uHiB OTOPIB.

Tepmonapuuii crutaB—komnens (43% uikemo i 0,5% mapraiio) BUKOPUCTOBY-
I0Th I TEpMOTIap.

BpoH3y Mminpo3aUIIiOTh 338 OCHOBHHM KOMIIOHEHTOM (KpIM Mizi) Ha CITOJYKH:
OJIOBSHHUCTI, AIFOMIHIEB1, KpeMHIeB1 1 1HII. OJOBIHUCTI HAHOUTLIN TaBHI. 3apa3 1XHE
3aCTOCYBaHHS CKOPOYYETHCS. BUTBII MMPOKO 3aCTOCOBYIOTH ANIOMIHIEBI OpOH3H
(5-10%amomiHiro 3 Jo0aBKaMH 3ajli3a, MapraHIlio, HIKeMo). bepuitieBi OpoH3HU Tyxe
MIITHI, iX 3aCTOCOBYIOTh JIJII BHTOTOBJICHHS MPYKWH W IHIIMX BIiAMOBIHaIbHUX

JeTaJIeH.

AJIIOMiHIH

AmoMminiii — nerkoraBkuii meran (T,,=660 C). Mae HeBHCOKY MIIHICTh Ta
MaJIiii MOAYJb MPY>KHOCTI, aje rapH1 TEXHOJOTTYH1 BIIACTUBOCTI i BUCOKY IUIACTUY-
HICTh, HEBUCOKY MEXKY TEKYy4YOCTI, 1110 JO3BOJBIE Oro 00pOOJIATH B XOJIOJHOMY CTaHI.
["apHa Temo- i eNeKTPONpPOBIAHICTh, a TaKOXX AHTHUKOPO31iHA CTIMKICTh, JO3BOJIS-
I0Th 3aCTOCOBYBATH HOTO B €JIEKTPOJIAMIIOBOMY BUPOOHUITBI. [ '0JI0BHUM YHMHOM JJis1
BUT'OTOBJICHHSI 30BHIIIHIX AeTaneil mxepen cBimia. Oco0aMBO YUCTHM aOMIHIA Ma-
pok AB-1 (99,9%),AB-2 (99,85%),AB-0 (99,95%),AB-000 (99,99% BukopucTo-
BYIOTh ISl BATOTOBJIEHHSI BHYTPIIIHIX JI€Talei 1 MpU HAaIWIIOBaHHI CBITJIOB1IOMBA-
I0uKX NOKpUTTIB. KpiM TOTO, HOr0 3aCTOCOBYIOTH y Ta30BOMpadax Ha OCHOBI Oapiro

AJ 3aXUCTy OCTAaHHBOT'O Bi[[ BIIVIMBY 3aJIMIIIKOBHX rasiB.

P1yTth

PTyTh € 0THMM 3 OCHOBHHUX MartepialiB y BUPOOHMIITBI Ta30p O3PS THUX JKEP e
CBITJIa ¥ y BaKyyMHI{ TexHIl. {75 1ireli BakyyMHOT TEXHIKM MOKHA BHKOPHCTOBY-
BaTH TUILKK PETEbHO (BUYHO W XIMIIHO OYHIIeHY pTyTh. CHIBHO 3a0pyaHeHa
PTYTh OBHMHHA MIIIaBaTHCh CIIOYATKy MEXaHIIHOMY OYHIICHHIO, a MOTIM (I3UIHO-

MY ¥ XIMTIHOMY.
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Pryrh moumpena B mpuposi Mano. Bumict y 3emwiit kopi 10°% (mac). 3pinka
PTYTh 3YCTPIUAETHCSA B CAaMOPOJHOMY BUTJISIII, BKpAIJICHAa B TIPCHKI IOPOIH, ajie To-
JIOBHMM YHMHOM BOHA TiepeOyBa€ y MPUPOJIl Y BUTTIAII SCKPABO-UYEPBOHOTO CYIbDImMy
pryti (HgS) —xkinoBapi. Lleit miHepan 3aCTOCOBYIOTH [IJIs1 BUTOTOBJIEHHS YEPBOHOI
bapOu. 3 KIHOBapi METAJIEBY PTYTh OJCPXKYIOTh BHUIIAIOM pyau. [Ipu nmpomy pTyTh
BHJIUIIETHCS Y BUTJISIAI ITAPIB Ta OCAIKYETHCS B OXOJIOKYBATLHOMY MpUHMadi

Hg+0,=Hg+SQ)

PtyTh 1 Qpanmiii — Metanu, siki nepedyBalOTh NPU KIMHATHIA TemmepaTrypi y
pinkomy ctani. ['yctuHa pTyTi — 13,546 %Ma; T.= -38,89 C; T, =1+356,66 €.

Enepria ionanii 10,44 eB. BnacTtuBocTi pTyTI HaOMMKAIOTHCS JIO BIIACTHBOCTEH
Omaropoguux meTaniB. I[lpm KIMHATHIA Temmeparypi Ha PTyTh HE BIUIMBAE ITOBITPS.
BUTbIIiCT, MeTalliB PO3YMHSIOTECS B PTYTi, YTBOPIOIOYHM aMajbramMH (amajbrama B
cToMaroJiorii). 3am30 ¥ BoJdb(GpaM MPAKTUYHO i3 PTYTTIO HE B3aEMOIIOTH. PTyTh
MO>KHa TEPEBO3UTH B CTAIEBUX €MHOCTAX. OCOOJIMBO JIETKO YTBOPIOIOTHCS amasbla-
Ma 30JI0Ta, TOMY 30JI0Ti BUpOOU HE MOBUHHI CTHKATUCA 13 PTYTTIO. Big momimox
PTYTh OYUIYIOTh, 300BTYIOYH PTYTh i3 po3unHOM Hirpary ptyTi (Hg (NGs),), momi-
KK WIYyTh Yy PO3YUH, BUTICHSAIOYM PTYTh. [IOBHE OUMINEHHS PTYTI AOCATAETHCS
HUIIXOM 11 6araTtopa3oBoi MepPeroHKH, Kpallle MpU 3HWKEHOMY THCKy. OnHi€o 3 oc-
HOBHHX IIepeBar pTyTi € BUCOKA MPYXKHICTD i MapiB, sika Ha 6araTo MOPSIKIB mepe-
BUIIY€E MPYXKHICTh MapiB IHIIMX METAIB.

[ls oOcTaBuHa Ja€ MOXIIMBICTh 3IMCHIOBAaTH PO3pPA] y Mapax pTyTi MpHU Bia-
HOCHO HEBHCOKHUX Temrieparypax koio. [lapu pryti myke oTpyiiHi (i yci coumi pTyTi
Takox). [Tapu pTyTi MOXKYTh BUKIIMKATH BaKKE OTPYEHHS. J{JIS IbOTO TOCUTH, HABIThH
Ti€i HEBEJMKOI KUIBKOCTI MapiB, sKI YyTBOPSThCS MpHU KIMHATHIN Temneparypl. [Ipu
BCIX po0OTax 13 pTYTTIO HEOOXigHO OyTH oOepexHuM. He ciig Tpumaru BIIKpUTHMHU
€MHOCTI 13 PTYTTIO, yYC1 poOOTH 3 HEIO Tpeda MPOBOAMTH Ha EMAIbOBAaHUX a00 3aii3-
HuXx Taisx. [lyxxe HeOe3neuHa pTyTh, OpojmTa Ha nigiory. [lpu nagiHH1 BOHA po36u-
Ba€ThCA Ha JIpiOH1 Kparuii, AKl, MIOTPAIUIIIOUH 10 IIUIMHH, 3 Y4aCOM OTPYIOIOTh aTMOC-

depy. Tomy, K10 PTYTh NOTpaIWia HAa MIJIOTY, HEOOXITHO HETalHO U PETENbHO 31-
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Opatm 11 TuIococom abo MIMETKO 13 Tpymiero. [ BuganeHHs pTyTi HEOOXITHO KO-
PHUCTYBATUCSA CTICIIATLHUMHU PEAKTHBAMH — JEMEPKYPI3aTOPaMH.

VY SKOCTI OCTaHHIX 3aCTOCOBYIOTH mopomok cipku, 20%po3unn FeCl, emyn-
CiI0 3 MIHEpAJTLHOTO MacJja i BOJH, IO MICTUTh MOPOIIKOTOAIOHI CipKy 1 Hox, 10%

pozunH KMNO,, makucieHnii COITHOI KUCIOTOTO.

baaropoani MeTajau

[InatuHa i MeTanu MIaTHHOBOI IPYITH, a TAKO 30JI0TO i Cpi0JIO BITHOCSTH 10
OnaroponHUX MeTamiB. PyTeHiid, poniid, mamaniii, ocMmil, ipuiid Ta TiIaTiHa — METalu
IUIATUHOBOI TPYMHU. Y TPHUPOAl IJIATHHOBI METAIU 3YCTPIUAIOThCS TIEPEBAXKHO B CaMO-
pPOIHOMY CTaHi, 3a3BUYal yCi pa3oM, ajie HIKOJIM HE 3yCTPIYalOThCs B 3IIBHUX pPyaxX.
CuibHO PO3MUIICHI M0 PI3HUX TIPCHKHUX MOPOJAX, IJIATUHOBI METAIM CTAaM BiAOMI
JIOICTBY MOPIBHSHO HemlonaBHo. Panimie 3a i, B 1750pomi, 6yno BcTaHoBIeHE
icHyBaHHs iatuHu. Ha mouatrky 19cTtounirTs OyiM BIIKpUTI NAIAA 1A, PO, OCMIit
Ta ipuaiid. OcTaHHii MIATHHOBUI MeTal — pyTeHii OyB BimkpuTHii TUlbku B 1844p.
npodecopoMm Kazancekoro yHiBepcutery K.K. Knaycowm, sikuii Ha3BaB HOro Ha 4ecTh
Pocii (Ruthenia Pocis). Jleski BIaCTHBOCTI IJIATHHOBUX METAITIB HaBemeHi B Tadm. 11.1.

Tabmung 11.1 -/leski BIaCTUBOCTI IJIATHHOBUX METAIIB.

Ru Ba Pd Os Ir Pt
Pagiyc aroma, HM 0,134 il,lﬂj 0,187 0,185 0,138 0.138
Enepria ioHisaujt i
5 5% B 7581 7,48 8,33 85 al 49
ot.>5", o8 188 181 104 7 17 188
Paniyc jona 3", nM 657 556 an 7ol 669 B85
CTaHaapTHa eHTANkNIA i
ionizauil metany mpu 25 C,
k[lx Ha | Mosn/aTom.
ryeriHa , Do’ 1 120 bl 224 218
Temneparypa - gng" IDH]” 1554 303 2450 T80
MNewna, C |
Temneparypa xunin- 4200 3700 2940 5080 4400 3500
[=]
ua, C t

Pyrenii, poaiit, ocMiil Ta ipuaiid — TyroriaBki Mmetanu. [InatnHoBi MeTanu ma-
JIOAKTUBHI W JJOCUTH CTIMKH JIO0 XIMIUHUX BIUIMBIB. J[€sKi 3 HUX HE PO3YUHSIOTHCS HE
TUIbKU B KUCJIOTAaX, al€ M y HApChKii ropiaul. YucTuil ipuiid 3acTOCOBYIOTh /ISl BUTOTO-
BJICHHS HayKOBUX NpWIaiB. 31 cruiaBy, sikuid Micturh  90%rmarunn 1 10% ipumito, Oymu
BUTOTOBJIEHI MDKHApPO/IHI €TaJIOHA METpa 1 Kutorpama. Yci Il MeTaji MOKHa 3aCTOCOBY-

BAaTH SIK BIOMBaY1 XBUJIb PBHUX JIOBXKHH, 30JI0TO — B 1H(pauepBOHIH 30H.
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JlekuiaNel?2

JIrominecuyro4i Matepianun

[Ipu cTBOpEHHI CydyacHUX BUCOKOIHTEHCUBHUX Ta30PO3PSATHUX JKEPEI CBITIA
BHHSITKOBY POJIb BIII'PalOTh JIFOMIHECIYIOU1 PEUYOBHHH, TOJIOBHA TIepeBara sSKux Io-
JSITa€ 'y 3AaTHOCTI BUIMPOMIHIOBATH CBITJIO MM JI€F0 PI3BHOTO poay 30ymHuKIB. Kiac
JFOMIHECITYIOUMX PEYOBHUH JTyKE€ PIBHOMAHITHUN. /|0 HROTO BXOAATH PITUHH, Ta3H,
napu, TBEp/Il pEUOBHHHU.

VY razomnoaioHOMY CTaHI MPAaKTUYHO BC1 ra3, a TaKOXXK MapW PEYOBHH, 3/aTHI
JFOMIHECITYBATH 1 TaBaTH XapakKTepHI JJI HUX JIHIAYATI CIIEKTPHU BHUITPOMIHIOBAHHS,
110 JIeKaTh MEPEBAKHO Y BUAUMIN i YD vacTuHi CrieKTpa.

VY pinkomy cTaHi HaOUIBII CUIIBHY JFOMIHECIICHI[II0 MalOTh PO3YMHH Oararbox
OpraHIIHUX CTIOJIYK: OCH301Ty, HapTamiHYy 1 T.]1I.

Ha#t61mb1r mmpoKo 3acTOCOBYIOTH TBEPl JIOMIHECITYIOUl PEUYOBUHU — JIFOMI-
HO(opu. JIFOMIHECTIEHIIIS — 1€ BUIPOMIHIOBAHHS HAJJIMIIIKOBE HAJl TETUIOBUM, SKIIO
HOTO TpWBANCT NeEpeBHMINye MHepiof onTH4HMX KoimBaHb 107° ¢ (BM3HaueHHs
C. I. BaBinoBa). Yac cBITIHHS JIFOMIHECIICHITI 3aJIGKUTh Bill BHIY, 3MIHIOETHCS B Me-
xax Bin 10"° ¢ 10 MeKiIBKOX TOMMH i HaBiTh 106U, SIKIO CBITIHHS TiTa TPUBAE TIEB-
HUI TPUBAJIMIA NPOMDPKOK 4acy, MICJsI MPUIIMHEHHS Aii 30yI1JMBOIO BIUIMBY, TO TakKe
CBITIHHS Ha3UBalOTh (ocopecieHIti€ro. Ko CBITIHHSA CIIOCTEPIracThCs MICHS i
KOPOTKOYACHOTO BIUIMBY Ha HHOTO BUIPOMIHIOBAHHSM, TO TaKe CBITIHHSI HAa3WBaIOTh

GbyopeceHII€ero.

JI*OMIHECTIEHII IO MO>KHA KJIaCU(IKYBaTH 32 BUAOM MOPYIIEHb:

1. ®oromomiHecueHIs 30yIKyeTbC (POTOHAMU ONTHYHOTO BUIIPOMIHIOBAH-
Hs 200 yIbTpadioJeTOBUM BUIPOMIHIOBAHHSIM.

2. PeHTreHoIOMIHECTICHIIISI BUHUKAE B PE3YJIbTAaTi MOTJIMHAHHS (POTOHIB PEH-
Tr€HIBCHbKOTO BUIIPOMIHIOBAHHS.

3. EnextpomnromiHeclieHIlis — 11e BUIPOMIHIOBaHHS, 10 BUHHKA€E B pe3yJbTaTi

HasIBHOCTI 3MIHHOTO CJIICKTPUYIHOTO IIOJIA.
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4. KaTtomoaroMIHECIISHITISI BUHUKAE B PE3YJIbTaTl HEMPYKHUX 3ITKHEHh MOJIe-
KyJI JIIOMIHECIIMPYIOYOi PEYOBUHHM 3 €IEKTPOHAMH, 110 HAOyJIM MPUCKOPEHHS B €JieK-
TPUIHOMY TIOJIL.

5. XemutmrOMiHECIIEHITIS 1 010JFOMIHECIICHITISI BUKIMKAIOTHCS €HEPTi€r0 XiMid-
HUX MPOTIECIB PEUYOBHUHHU U )KMBUX OPraHI3MIB.

6. PamiomromiHecTieHITIST — 30y IKEHHS JTIOMIHO(Opa BiTOYBAETHCS 3a PaXyHOK
BHIIPOMIHIOBAHHS, 110 BUHUKAE TIPHU Pali0aKTUBHOMY po3maii siaep (a, B,y BUIpOMI-
HIOBAHHS) 1 KOCMIYHOT'O BUIIPOMIHFOBAHHS.

7. TpubomominecueHIs — 30y/KEHHsI BITOYBA€eTbC MPU TEPTI 1 po3iamy-
BaHH1 KPUCTAJIIB.

Kpim HaBenenoi Bumie knacudikanii, C.J. BaBuioB 3anponoHyBaB KiIacuPiKy-
BAaTH JIFOM IHECIICHILIIO 32 XapaKTepoM (PI3BUUHOrO MPOLECY, 110 BiIOYBAETHCS B JHOMI-
HOOpL:

1. CamocrTiiiHe CBITIHHA JtOMiHecIeHIli. CBITIHHS B pe3yJbTaTi JOBUILHOTO
nepexoay i i€l Mol BIAaCHO 30yIKeHOI YacTKH (aToMa abo MOJIeKynu ) 31 30y-
JKEHOTO pIBHS HA OCHOBHMM. 30BHIIIH1 MOJISI HE MAIOTh BIUIMBY Ha I1e€f BUJI JIIOMIHE-
cuenii. Yac cairinns mxyxe mamnii (10°c.). Lleit Bua duyopecieHiii croctepiraeTh-
Cs B Mapax MeETaiB.

2. Bumymiene cBiTiHHSA. CBITIHHSL B pe3yJIbTaTl MEPEXO/IiB €IEKTPOHIB B aTO-
Max 31 30y/KEHUX PIBHIB Ha O LTI BUCOKI, 3BITKA MOJKJIMBUM TOBUIbHUH TIepeX i Ha
OCHOBHHI. Y 1IbOMY BUIIQJIKy Yac CBITIHHS BU3HAUAETHCS YaCOM MepeOyBaHHs aToMa
B 30y/>KEHOMY CTaHi, 110 3aJeXUTh B KOHIIEHTpAIlil 1 POy YacTOK, TEMIEPATypH.
BoHo Moske OyTH MOPIBHSAHO TpUBAIMM (IECATI YaCTUHH CEKYH/H). Y IUX JBOX BH-
MaJKax eJIeKTPOH 3ATUIIAETHCS MOB'I3aHUM 3 aTOMOM a00 MOJIEKYJIOIO.

CBITIHHS ITUX ABOX BHUIIB MOKE BiIOYBaTHCS B M&XaxX OJHOTO IIEHTpa BUIPO-
MiHIOBaHH. 1[I BUIM BUMPOMIHIOBAHHS HAa3WBAIOTh CBITIHHSAM JUCKPETHHX ICHTPIB,
IpU I[bOMY BIUIMB CEPEIOBHUIIA HA BUIIPOMIHIOIOUHI IIEHTP HE3HAUHE.

3. PexomOinHartiiine cBITIHHA. 1le CBITIHHS BlIacTHBE KPHCTAIMHNM PEUOBHHAM 3
TPaTKOI0, 110 Ma€ JIOMIIIKH, K1 HA3UBAIOThCS akTHBaTopaMu. CBITIHHS CIIOCTepira-

€THCS1, KOJIA Yy pe3yJIbTaTl MOTJIMHAHHS KBAHTA €JICKTPOH 3aJIMIIIaE MEX1 aToMa, repe-
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TBOPUBIIIM OCTAHHIA HA TO3UTUBHUI 10H-aKTUBATOP. Y 1BOMY BUMAAKY I TIEPEXOTY
JI0 HOPMAJILHOTO CTaHy HEOOXITHO, 100 BITOYJIOCS 3ITKHEHHS i0HA 3 BUIBHUM €JIEKTPO-
HOM, Ha 110 MOe 3Hamo0uTHCs Oarato dacy. Tomy yac CBITIHHS, 3yMOBJICHHI pEKO-
MOIHAITIEFO TTapy 10H-€IEKTPOH, MOXKEe OyTH AOCUTH TpuBaIuM. [Ipu pekomMOiHarii-
HOMY CBITIHHI, €JIEKTPOH OJTHOTO aTOMa peKOMOIHy€e 3 I0HOM IHIIIOTO aToma, TOOTO B
IIOMY TIporieci 6epe ydacTh yBeCh JIOMIHODOpP. Y TBEpAUX JTOMIHECIYIOUHUX PEYO-
BHH IHTCHCUBHICTH JIOMIHECIICHI[II 3aJ€KUTh B Jy)KE€ Majioi KUTbKOCTI JIOMIIIOK-
aKTUBATOPIB. 3a BIICYTHOCTI aKTUBATOPA JIFOMIHECIICHIT1S MOKE 1 HE CIIOCTEpIiraTucs.
Posnonin mominectieHIlii Ha 3 THIM JOCHTh YMOBHA. Y MIMCHOCTI CTIOCTEPIracThCs
CKJIaJHa KOMOIHAIIS ITUX MPOIICCIB.

JIroMHOpOpH XapaKTEepU3YIOTbCS HACTYIHHMMH OCHOBHHMH HapaMeTpaMu:
CHEPTeTUYHOT0 1 KBAHTOBOTO BUXOJTY: CIIEKTP MOPYIICHHS i BUTTPOMIHIOBAHHS, THEP-
IIHHICTh, CTAOUTbHICTh, BAKYyMHI BJIACTHBOCTI, BapTICTh.

OCHOBHOIO €HEPreTHYHOI0 XapaKTEPUCTUKOIO JTFOMIHECIICHIT € CHepTeTHYHUN

BUXI] /7 ,, IO TIOKA3Y€ sSIKa YacTKa €HEePrii BUTIPOMIHIOBAHHSI, TIOTJIMHYTOTO PEYOBHHOIO, —

Qsp, TPAHC(POPMYETHCS B €HEPI'iFO JFOMIHECLIEHTHOTO BUIIPOMIHIOBAHHA — Q) 0y

Q,"l}()M
m="7.,

T (poTONMOMIHECIIEHIIli yBEIEeHEe MOHATTS KBAHTOBOro Buxony//. sk Bin-

HOIIIEHHS KUTLKOCTI ()OTOHIB, 10 OepyTh y4acTh B €(eKTUBHOMY MEpPETBOPEHHI 30y-

JUTMBOTO BUNPOMIHIOBAHHS, JI0 3aralbHOI KUIbKOCTI ()OTOHIB, MOTJIMHEHHUX JFOMIHEC-

n 67
I7K6’ - ,7{51

[3 3ak0HYy KBaHTOBOi EKBIBJIEHTHOCTI, TpebOa MO0 TpaHWYHE MaKCHMaJlbHE

yIOYUM TUIOM

3HA4YEHHS KBAHTOBOTO BHXOY JOPIBHIOBAIO 1, KOJIM BC1 MOTJIMHEHT (OTOHU eheKTH-
BHO BHKOPHUCTOBYIOTHCS Y B3a€MOJIil 13 MOJIEKyJIaMHU peUOBUHH. YHCeTbHE 3HAYCHHS
CHEPTETUYHOTO BUXOY OYAb-IKOTO TIEPETBOPEHHS CHEPTii BUTIPOMIHIOBAHHS, STKE MEHIIIC
3a 3HAYEHHsSI KBAHTOBOIO BUXOJy BHACIIIOK TOTO, IO YaCTHHA CHEPTil MOTJIMHEHUX

(GOTOHIB TIEPETEPILIIOE TEIUIOBE PO3CiFOBaHHsA. HasBHICTH yTpar eHeprii B mpoilieci
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TIEPETBOPEHHS BUIPOMIHIOBAHHSI TIEPEBAKHO TPH3BOIUTH JI0 3MEHIIICHHS €Heprii ¢o-
TOHIB JIFOM IHECIICHIII, OTXKe 10 30UIbINICHHS JOBKWHH XBHJII BUTTPOMIHIOBAHHS 1 3CY-
BY CIIEKTpa MEPETBOPECHOTO BUIPOMIHIOBAHHS HA JUISTHKY OUIBIIHMX JOBKUH XBHJIb.
OcTanHe TBepmkeHHS O0y10 Briepiie cpopmynpoBano CTOKCOM 1 yTouHeHe JlomerneM.

CnexTp HOTOTFOMIHECTICHITI B IIUTOMY 1 HOT'0 MaKCUMYM 3aBXIH1 3MIIIEH] T10-
PIBHSHO 31 CTIGKTPOM TOTJIMHAHHS 1 HOT0 MaKCUMYMOM YOIK JJOBTHX XBHJIb — II¢ TIpa-
B0 Ctokca-JIomerns.

3a MPUHIMIIOM BUMPOMIHIOBAHHS JIIOMIHO()OPHY MOAUIAIOTH HA IB1 TPYIH — aK-
TUBOBaHI ¥ Oe3akTHBOBaHI. be3akTMBOBaHI TIOMIHO(POPH, 0 SKUX BITHOCSTH. PIIKI
3eMJIi, YpaHUIOBI CIIOJYKH, BOJIb(Ppamarn, MOJIIOaTH Ta 1H., MalOTh 3IaTHICTH JFOMi-
HECI[IIOBATH Y YUCTOMY CTaHI PEYOBUHHU. AKTUBOBaHI JIOMIHO(GOPHU BUIPOMIHIOIOTH
JIMIIE 332 HASBHOCTI JIOMIMIOK-aKTUBATOPIB (PiAKi 3eMITi — 1€ PiIKO3eMeIbHI METaJIH
ckaupin (Sc),irpiit (Y), manrtan (La), akruniit (Ac) imanranoingu (14 exeMeHTIB ITic-

T JTAaHTaHY).

CrnexkTp nopyueHHs i CIIEKTP BUNPOMIiHIOBAHHSA

CrekTp mopyUIeHHS! BU3HAYAETHCS 1alla30HOM JOBKUH XBWJIb, IO TOTJIMHA-
€TbCS MOMIHO(OPOM 1 HOTO CBITIHHSM, a CIIEKTP BUIPOMIHIOBAHHS — Jlialla30HOM
BUIIPOMIHIOBAHUX JTOBYKUH XBUJIb.

[HepuwmitHICTh MOMIHOOpaA — Yac, MPOTATOM SIKOrO BiH HaOyBa€ HOPMAaJbHOT
SICKPABOCTI MICJISl TIOYaTKy MOpPYIIEHHs, a00 Yac, MPOTITOM sIKOTO JIFOMiHOGOp mepe-
CTa€ CBITUTHUCS MICJS MPUIMMHEHHS HOro MOPYIIECHHS.

CTabuIbHICTh — 30€pEXKEHHS] OCHOBHUX CBITJIOTEXHUYHHUX BIACTUBOCTEN HA 3a-
J@HOMY PiBHI IPOTATOM IIEBHOTO 4acy.

BakyyMH1 BIacTMBOCTI BU3HAYAIOTh MOXJIMBICTh WOTO BUKOPUCTAHHS ycepe-
JUHI BaKyyMHOT 000JIOHKH. AOCOpOIIiiiHI i aacopOIiiiHi SKOCTi (MOKIMBICTh BUIA-
JICHHS ra3iB i mapiB OyAb-sIKUM METOJIOM , IO HE pyiHYye JroMiHodop). Blaemonis 3
MeTajlaMH I HeMeTalaMu yCepeanHl BaKyyMHO1 000JI0HKH. CTIMKICTh 10 yibTpadio-
JIETOBOTO OIPOMIHEHHS, HarpiBaHHs, BUJUMOIO ONPOMIHEHHS, A0 Ta3iB yCcepeauHi

JAMITA W 10 TUX, 10 BUAUIAETHCA 3 KOHCTPYKIIIH.
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Cunre3 goMiHopopiB

[poriec BUTOTOBICHHS JIFOMIHO(QOPIB HACTYMHUH | 1)ouHIieHHS CHPOBHHU; 2)
TOTYBaHHS INMUXTH; 3) MPOKAPIOBAHHA MIMXTH; 4)OUHINCHHS OTPHMAHOIO IMPOIYKTY;
5B apioHeHHs ¥ (ppakiioHyBaHHs; 6)101aTKOBE OYHUIICHHS ¥ CIieliaabHa 00poOKa.

OuuITeHHsT BUXITHOT pEYOBUHH JI0 BIHCOKOTO CTYIICHS YHCTOTH BEACTHCS JIHC-
TUJISIIIEIO, CYOIMaIli€r0, OCAIKEHHSIM JOMIMOK 1 T.J. OCKUTbKHU BT CTYHEHS MOApi-
OHEHHSI BUXITHHUX CKJIQJIOBUX 3aJCKHUTh TPaHYJIOMETPUYHUIN CKJIaJ KiHIIEBOTO MPO-
JYKTY, TO CUPOBUHHI MaTepiaid PO3MEIIOI0Th 1 MPOCIBAIOTh. 3 MIATOTOBJIEHOI CHPO-
BUHU CKJIAIA€THCS CYMIMI-IINXTA, sIKa MICIIS PETEbHOTO MEPEMIITYBaHHS 3aCUIAETh-
Cs1 y KBapIIOBi KIOBETH ¥ MPOKAPIOETHCSA Y BUCOKOTEMIIEPATYPHHUX IeYaXx MPH TEMIIe-
parypax 1070-1670K. [ns 3amo6iraHHs MEPEOKHUCIIIOBAHHIO MPOIYKTIB CHUHTE3Y
MPOXKAPEHHS BEIYTh Y CEPENOBHIII IHEPTHOTO Tazy ab0 BUKOPHUCTOBYIOTH 3aXHCHY
BJIACTHUBICTH PO3IIABY IJIaBHIB.

[TnaBHi — e nerkomiaBki cnonyku (tuny KCI, MgCI), mo BBoAaTh 10 CKiIamgy
HIUXTH JJIs1 TIOJIETeHHsT (GOpMyBaHHs MOTPIOHOI KPUCTATIYHOT TpaTKu JIFOMIHO(oOpa.
VY pe3ynbTati mpokaproBaHHS OIePKYIOTh HOBY PEUOBUHY, IO CKIATAETHCS 13 TPhOX
YaCcTHUH. OCHOBH, aKTUBATOPA 1 IOMIIIOK BiJT TJIABHIB.

OcHoBa sBJIsIE COO00 HAIMBIIPOBITHUK a00 JICTICKTPUK Ta YTBOPIOE KPUCTAITI-
YHY TpaTKy JitoMiHO popa.

AKTHBaTOpH Maike B yCIX JIOMIHO(OpPaxX € 000B'I3KOBUM KOMIIOHEHTOM, III0
BH3HAYaE JIFOMIHECIICHIIII0O PEYOBHUHH, 11 CHIEKTP. K aKTUBAaTOpHU BUKOPHUCTOBYIOTH.
€BPOIIIi, TUTAaH, CBUHEIIb, OJIOBO, MarHii, Milb, CypMy # T.1. YacTo 3aCTOCOBYIOTH HE
OJIMH aKTHBATOp, a JiBa ad0 TPH, SIKi IAFOTh BHIPOMIHIOBAHHS B PBHUX JUITHKAX CIICKTpAa.
Mic1ie BIpOBa/KEHHST aKTHBATOPA B KPUCTANIYHY TPATKY € IIEHTPOM JIFOMIHECTICHITIl. AK-
THUBATOP YBOJATH y KUTBKOCTI THCSIYHHX 1 ICCATUTUCIYHUX YaCTHH BiJl OCHOBHOI pe-
YOBUHHU. AKTHBATOp TIOBUHHHUI OyTH PIBHOMIPHO PO3TIOIUICHUM Y Maci OCHOBHOI pe-
4OBHUHU. € TICBHE CMIBBIIHOIICHHS! OCHOBHOI PEYOBHHHM 1 akTHBaTropa. MeHIa Kiib-
KICTh aKTUBATOpa IMOTIPIIye SICKPABICTh 1 BUXiA JIOMIHecHeHIi. binpia — noripirye

cTaOUIBLHICTH JIIOMIHO(opa .
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VYBeneHHs ABOX 1 01IbIIe aKTUBATOPIB MEPECIIiAYE 1Bl OCHOBHI IUTI: OJepKaTH
BHUIPOMIHIOBAHHS B PI3HMX Jlalla30HaX JTOBXUH XBUJIb 1 IOCATTH MTOPYIIICHHS] aKTHB-
HOTO IICHTPA, SIKIIO BIH HE MOXE 30yTUTHCS 3BHYaHUM CITocoO0oM. B ocTaHHBOMY
BHITAJIKY, aKTHBATOP, 110 YBEJH CIEIIaIbHO JIJIS MTOPYIICHHS HA3UBAEThCS CEHCUOUTI-
3aTOPOM.

["anodocdar xkanpiifo akTHBOBaHUN CypMOI0 i MaHraHoM. CeHcuOUTi3aTopoM
e cypMma (Sb).IlormuHaroun yiapTpadiosleTOBl KBAaHTH, CypMa YacTHHY €HEpTii meper-
BOpIO€E Ha cMmyry BurnpoMintoBadHsa 48(hHM., a yacTUHY mepeaae MaHTaHy, 10 BUIIPO-
MIHIO€ B cMy31 581+ ZaM.

IcHytoTh HeakTHBOBaHI JOMiHOGOpH (Bosibhpamar MarHiro, mupodocdar Oa-
pito i TUTaHy Ta iHIII), IEHTPAMH CBITIHHS B SIKUX € JTe(HEKTH KPUCTATYHUX I'PATOK,
BUKJIMKaH1 YaCTKOBUM TEPMIYHUM PO3KJIaJaHHSIM OCHOBH , ajie Taki JOMiHO(pOpHU
piaiIe 3aCTOCOBYIOTHCSI, TOMY II0 BOHM MEHII e()eKTHBHI.

CuHTEe30BaHy PEUOBHHY JIOMIHO(OpA MICIS OXOJIOJKEHHS MEeperjsgaloTh B
yIabTpadioNeTOBOMY BUIIPOMIHIOBAHH! JIJIsl BIIOPaKOBYBAHHS YacTOK 1 BKIIOUEHB, SIKI
HE CBITSATHCS a00 CBITATHCSA HE THM CBITJIOM (Ha iHIIINA J10oBXUHI XBUIi ). [ToTiM JTHO-
MIHO(OPH PO3MENIOIOTH 1 MPOCIBAIOTh. Y JAESIKUX BUIAAKaX MPOBOJATH (PpakiioHy-
BaHHs, TOOTO BIIJUIEHHS 3€peH 3 NMOTPIOHMMU po3Mipamu i1 popmoro. Hanmpuknan, y
['®K akTMBOBaHOMY CYpMOIO i MaHTaHy, BMICT 4acCTOK KpynHIIMX 14MKM He mo-
BUHHUH nepeBuiyBatu 15% cniomyku.

OnHOpIAHICTD JIIOMIHOGOpA 3a TPAHYIOMETPUYHICTIO CIIOJIYKH MOJIITIITY€E HOTO
OCHOBHI XapaKTEePUCTHKH.

3aKIIIOYHUMHU OTIEpaIlisiMU Y TIPOIIECi BUTOTOBJICHHS JTIOMIHO(OpA € 10JaTKOBE
OYHIICHHS ¥ crieniaabHa oopooka. [Ipu ouuienHi momiHodopa BiiOyBaeThCS BUIA-
JIEHHSI YacTOK IIMXTH, AKI HE TpOopearyBaid, HAJJIUIIKOBOI KUTbKOCTI akTUBaTopa i
wiaBHiB. CrierjaiibHa 00poOKa MOKIMKaHA MOJIMIIUTH TEXHOJIOTTYHI W eKcIulyara-
iiH1 BJACTUBOCTI JIOMIHO(Opa. 3a3BUyail 1€ yTBOPEHHS Ha MOBEPXHI HAUTOHIINX
TUTIBOK CTIOJYK, 1110 MiIBUIIYIOTh arperaTuBHY CTIMKICTh, CTAOUILHICTD BJIACTUBOCTEH
y MpOIIeCt eKCIUTyaTallii, 110 3MIHIOIOTh €JIEKTPUYHI BJIACTUBOCTI JrOMiHOGOpa il T.1.

OOpobOKa nepeBa)KHO BEJIEThCS B Mapax ado po3uMHAX XIMIUHUX PEUYOBHUH.
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JlekuiaNel3

Tunu cyyacuux srominogopis

3ae)KHO Bil OCHOBHHUX KJIAaCIB XIMITHHUX CTIOJYK, K1 3aCTOCOBYIOTh JJISI CHHTE3Y
JFOMIHO(OPIB, PO3PI3HAIOTH, HACTYNHI THIMH JHOMIHOGMOPIB: Ccymbdiny, cymbdinu-
ceneHiny, Gocdartu, CUITIKaTH, apCeHaTH, TepMaHaTH, BOJb(ppamaTH, BaHaIaTH Ta iH.

3acTocyBaHHsl TOTO a00 IHINOTO TUITY XIMIYHHMX CIIOJIYK BH3HAYA€THCS BUIOM
JFOMIHECTIEHITIi, KU HeoOXimHO oTpuMmaTu. Hampukian, cynpdinu MUHKY KaJIMiro,
aKTHBOBaHI CPI0JIOM, CHJIIKAT IIMHKY, aKTUBOBAaHWH MaHTaHOM (BULIEMIT), BOJIb(pa-
MaT KaJblIif0 BUKOPUCTOBYIOTH SIK KaToJooMiHO(GopH. B enexTponaaMioiit nmpomu-
CJIOBOCTI HAWOUIBII IIMPOKO BUKOPHUCTOBYIOTH (hoTomomiHopopu. HailGubin Bino-
muit 'OK — ranodocdar kanpiiito, a Takox JToMIHO(GOPHU Ha OCHOBI opTodocdaros i
Ha CWIIKAaTHIA OCHOBI, (pToprepMaHaT MarHito, apCceHaTu-IoMiHO(OpH, OpTOBaHAIAT
uttpusa. Hanpukian, BoibppaMaT KaJlbLI0 Ma€ AUITHKY CBITIHHS — CHHI KOJIBOPH.
OpTocuiikar IMHKY, aKTHBOBAHUIM MaHraHOM, — 3eJieHnid. bopar kaamito, akTuBOBa-
HUIl MaHTaHOM, —YEpBOHMM, (PTOprepMaHaT MarHiro — YepBOHUM, JUCHITIKAT Oapiio,
aKTUBOBAaHUM CBHUHELIEM, — yIbTpadioneToBui, ranodocgar Kanblio, aKTHBOBAaHUMA
CYpMOI0, — BiJ OJAKUTHOrO 0 POKEBOTO BIIMOBIIHO Bil BMICTY aKTUBATOPIB 1 rajo-
iniB ¢gropy u xmopy. CunrezoBanuii ramodocdar kampuiro y 1942 pomi. Illuxta
ckaamaetbes 31 cnonyk: CaPQ,CaCQ,Ca, SrCl, SbO; MnCO;Temmneparypa
npoxxaproBanss npu cuntesi 1420-1470 C. CriekTp NOPYILEHHS Ma€ JBa MaKCHMY-
mu Ha aiurtHKax 200# 250G1M., o063y pe30HaHCHUX JIHIM PTYTHOTO PO3pPSNy HU3b-

koro Tucky (253,71 184,%mMm.), mo nae Bucokuii kBantoBui Buxin (/7,, =0,75-0,85).

Burryckaetbcst cotHsmu ToHH. Jlammu trmiB JI/1, JIXB 1 JITh BUTOTOBISIOTH 13 BHKO-
pucTtagHsaM pi3HUX Mapok ['®K, y mammax JIJIL] 3acTocoByr0TH Cymiri romMiHO(poOpiB
13 gactuHOtO0 ['®K. I"'omoBHA 0coOmMBICT, Mapok I' DK — cenmdiaanii BUTIST Cyp-
M'ssHOi Ta MapranueBoi cmyr. Tak, ama mominodopa JII'-3 nis Burotosnenns JIJIL]
B3araji HeMae MapraHieBoi cMyru. AkTuBatop — ofHa cypma. Jlammu JIJI — Ha mmo-
MmiHoopi JII'-2. Makcumym cypm'siHoi cmyru ctanoButh 90% Bin MakCUMyMy MaH-

radoBoi cmyru. Jlammu JIXb — Ha mominodopi JIT'-6, 31 cniBBinHOmenusam 40%, na-
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M JIb — Ha mominodopi JIT'-1-2, 31 criBBimHOIIEHHAM Oi3bko 22%,mammu JITh —
Ha jgroMiHOop1 JIT'-5, 31 cniBBimHOmEeHHAM 12%. IcHYe iHIIIE TEXHOJOTTIHE MMO3HAa-
yerns mominodopis JII'L+ 5. (@JI-580-3500-1)Yboto aromiHodop TaMIoBuii 3 Mak-
CHMYMOM CHEKTpaIbHOI XapaktepucTuku npuid =58Gim. st mamm JIb 13 xomipHOIO
temmepatyporo 3500K — nepma moaudikartis. Ileperaroro I'®K, kpim criekTpa 1mo-
PYIIEHHS, € TapHa TEXHOJOTIYHICTh 1 HEBUCOKa BapTicTh. Hemomik — Mana cTabiib-
HICTh. JIJIA MABUIICHAS CTAOUTLHOCTI M JIJI1 BUIAJICHHS JOMIIIIOK HOTO 0OpOOISIIOTH
PBHUMH KHCIIOTAMH, a TaKO)K CTBOPIOIOTh HA MMOBEPXHI 3aXMCHY IUIIBKY, HAIPUKIIA]I
KaJIMif0, III0 TTOTJIMHAE BUMNPOMiHIOBaHHS MHI 184,91M., sika pyitHye JroMiHOGOP.

JTromiHOopH Ha ocHOBI opTodocdaTiB CKIANAIOTh BETUKY IPYMy. 1X 3acToco-
By10Th y JIJI Ta B mammax BUCOKOro TUCKY abo B JaMIiax JJisi yiIbTpadioleToBOro Bu-
IPOMIHIOBAHHS.

Hampuknaz, y (Sr,Mgk(PO,),Sn, kxBanToBuii Buxin 0sm3bkuii g0 0,9.3acToco-
BY€ETBCS JJIs MOJIMILIEHHS Mepeadi Kojapopy Jam. [lepeBaroto € BUCOKa TeMIiepary-
pHa CTIMKICTB, IO 0COOJMBO IIIHHE B JaMIlaXx BUCOKOTO THUCKY. [lopiBHSIHO Maia Be-
JUYMHA MOTOKY B YEPBOHIN AUISHIII CIIEKTpa ¥ MaJla YyTJIMBICTh 10 JIOBTOXBUJIbOBOI
YaCTHHU PTYTHOTO PO3PSAY.

Jlyisi BUTIpaBIIEHHS KOJBLOPOBOCTI BUIPOMIHIOBAHHS PTYTHHX JIaMI BHCOKOTO
TUCKY BUKOPUCTOBYIOTh (PTOpT€pMaHaT MarHit0, akTMBOBAHUN MapraHueM. 30ymxy-
€TbCs B MpokoMy miana3oHi ciekrpa Bing 20010 40G1M., a BUTIPOMIHIOE T'ITh BY3b-
KHUX CMYT, IO JIeXKaTh y 4€pBOHIM AUIAHIN ciekTpa. Heqonik — qoporuit. ¥V nux xe
ngammax 3amicte @I'M Moxe OyTH BUKOPUCTaHUN OpTOBAHAJAT ITPitO, aKTUBOBAHUI
espomiem (YVO, Eu) —Takox poporuii.

ApceHarHi JTIOMIHO(QOPH: apCeHaT MarHioo, akTUBOBAHUN MapraHieM, i apce-
HaT MAarHi0 — JIT0, aKTUBOBAHMN MapraHieM. 30y KYIOTbCs YIbTpadioJeTOBUM
BUIIPOMIHIOBAaHHSAM 1 BUIIPOMIHIOIOTH 6 CMYT Y Ue€pBOHIN IUIsHII ciekTpa. Hemomik
— TOKCUYHICTh, BUOIPKOBE TOTJIMHAHHS JTIOMIHOPOpPOM OJIAKUTHOI AUISTHKU CHEKTpa

Ta HEOOXITHICTh 3aCTOCYBaHHs cllaOkookucHoro cepenopuma( H,SO,).
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KaToxosrominogopn

Akmo npu GHOTOMOMIHECIEHITTT OJJUH MOTJIUHEHUHN JTFOMIHOGOPOM KBAHT BHU-
NPOMIHIOBAaHHS, Y HalKpaIloMy pasi, Ja€ OIUH KBAaHT BUMPOMIHIOBAHHSI JIFOMiHECIIE-
HIlI{, TO MPU KATOIOTFOMIHECIIEHITI OJUH €JIEKTPOH, 10 YBIAIIIOB y IIap JHOMIHOGO-
pa, MOKe CTBOPUTH PsiJi BTIOPHHHUX EJIEKTPOHIB, YaCTHHA SIKHX 3/1aTHA 30y KyBaTu
aToMu JIOMIHO(opa. TakuM YHHOM,0JJHUM TOTJIMHEHUH JIIOMIHO(DOPOM eNeKTpOH
MOXk€e OyTH MPUYMHOIO OJiep>KaHHA psay (OTOHIB (oTosoMiHECEeHIi. BTopunHi
CIIEKTPOHHU 3aPSAIKAIOTh JIIOMIHO(DOP HEraTUBHO, 110 BUKPUBJISIE €JICKTPOHHUHN MTy40K
1 3MEHIIIy€ EHEPTII0 EJIEKTPOHA, KU TOTpaluB Ha TIOBEPXHIO JIIOMiHO(opa .

SBuIle KaToJ0MIOMIHECIIEHIT CKJIQIHINIE, HDK SBUIIE (HOTOTFOMIHECIIEHITII,
aJsie, He3BaKAr04YHY Ha 11e, 3HAXOIUTh IMPOKE TEXHIUHE 3aCTOCYBAHHS B PI3HHUX €JICKT-
POHHO-TIPOMEHEBUX MPUIIA/IaX, Y TOMY YHUCIII B CIIEIIAILHUX JiXKepenax citia. Karo-
JOJFOMIHECTICHITISI XapaKTePU3YEThCS ICKPaABICTIO, CBITIIOBOIO BiIa4ueto, XapaKTepoOM
pO3MaToBaHHs 1 3aracaHHs, CTOMJICHHSM 1 BUTOPSIHHAM JitoMiHOopa.

[Tpu 30ymKeHH] e1eKTPOHHUM MPOMEHEM JIOMIHO(Op MOKe BUIPOMIHIOBATU
y BUAUMIN, yabTpadi0JIeTOBIA Ta iH(ppadyepBOHIM IUIHII ciekTpa. Bennka KUTbKICTb
SHeprii Mpu IbOMY MEPETBOPIOETHCSA HA TEIUIOTY. KUTbKICTh TEMJIOTH HACTUTLKH Be-
JMKa, 10 SKIIO 3yMUHUTH €IeKTPOHHUN MPOMIHb, TO IIBUAKO BUTOPUTH HE TUIHKU
JFOMIHOOP, alle ¥ MPOIIABUTCS CKJIO KOJIOHW TPYOKH y TOMY MICIIl, KyJH TTOTPaIuisie
CIIEKTPOHHUMA TPOMIHB. K JFOMIHO(GOPHU TPH KaTOJOJFOMIHECIICHIII 3aCTOCOBYIOTh
kpucTanodochopr. Y MpOCTUX 3a CKIATOM OTHOKOMIIOHEHTHHX JIFOMIHO(GOPIB CTIEKTP
BUIPOMIHIOBAHHS HE 3aJICKUTh Bill Croco0y 30ymkenns (eHeprii enexktpoHis). Criektp
BHUITPOMIHIOBAHHS KaTOJ0JIOMIHO(OPIB BU3HAYAETHCSA XIMIYHUM CKJIAJOM OCHOBHOI
pEUOBMHHU ¥ akTUBaTOpoM. Hampukian cymbdin MUHKY, akTHBOBAaHUH CpiOIOM, Mae
MaKCUMYM BUINpOMiHIoBaHHs Ha foBxkuHi xBuni A = 430Hm | a aximo Horo akTuBy-
BaTty MapranieM — 1o HaA =600Gim. BunpominroBaHHsS mpocToro oMiHOdopa 3a-
iMae MOPIBHSIHO BY3bKY YAaCTUHY CIIEKTpPa 13a KOJLOPOBICTIO CHIILHO BIIPI3HAETHCS
Bil BUIIPOMIHIOBAHHS OY/b-sIKOT'O CTaHIapTHOTO JiXKepena OUMX KOapopiB. Tomy s
OJIep>KaHHS BUMNPOMIHIOBAHHS JIFOMIHECIICHITH 3aJaHOi KOJBOPOBOCTI JTOBOIUTHCS
3MINTyBaTH B 3aJlaHUX MPOMOPIIX aBa ado 3-4 momiHOGopHu. Ko momMiHOGOp 13
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nBoMa abo OUTbIIIe aKTHBATOpaMH, TO, 3MIHIOIOUH iXHE BIICOTKOBE CITIBBITHOMICHHS
o I0HO 710 GoTOFOMIHOGOPIB, MOKHA 3MIHFOBATH KOJIbOPH BUITPOMIHIOBAHHS.

Expanu enexkTpOHHO-TIPOMEHEBHX TPYOOK PI3BHHUX THMIB XapaKTePHU3YIOTHCS
KPUBUMH BITHOCHOTO CTIEKTPAIBHOTO PO3TOLUTY €HEPTii, KOXKHOMY 3 SIKHX MpHBJIAC-
HIOETHCSI OyKBa pociiicbKoro andaniry . A-cuHii, b-0immii, [-3enenuii. A-3pydnmuii B
ocumiorpadax (mpu ¢goTorpadyBaHHi), Y YOPHO-OUIMX KiHECKOIAX, Y ocHuaorpadax
pajioJioKartii, Ipyu BI3yaabHIN peecTpartii.

Benuke 3HaueHHS MaroTh HEPIIiHHI XapaKTEPUCTHKHU JtoMiHOGopa. OcobmBo
BKJIMBI Tam, JIe TIOPYIIIEHHS JIFOMIHO (popa, BIIOYBAETHCS B TIMHI KOPOTKOTO TIPOMDKKY
yacy. Po3pi3HsArOTE "yac po3many i 3aracaHss. Yac, mpoTIroM SIKOTO BIIOYBA€THCS
3pOCTAHHS SICKPABOCTI JIIOMIHO(OPA, HABBUBAETHCS TOAMHOIO PO3MANy, a 4ac, MPOTITOM
SKOTO SICKPaBICTh 3MEHIIyeThcs 10 1% Big MakCUMalbHOI, — YacoM 3aracanHs. [lo-
YaTOK BINJIIKY Yacy po3mnaiy 30iraeTbcsi 3 OYaTkoM 30YI>KEHHs, a yac 3aracaHHs i3
3aKIHYEHHAM 30y/I>KEeHHS.

Yac 3aracanHHs 4acTo BaXKJIMBINIMI Yacy po3majy, TOMY IIO MOBUIbHE 3aracaH-
HS IPU3BOAUTH J0 MOSIBU HA €KpaHi JBOX 300pa’keHb HOBOTO 1 CTaporo, a pyx 300pa-
KEHHSI CYMPOBOIKYETHCS MOSIBOIO MEHIII SICKPABOTO XBOCTA, 1110 OCOOJMBO HETPHUITY-
CTUMO, HampHKIaJ y KiHeCKomaxX. 3a 4acoM 3aracaHHsi KaToJ10JIOMIHO(OpHU Mmoauis-
I0Th Ha D IPYIL:

1)  t3< 10°c — 1OCHTb KOPOTKE |
2) 10°°S t3<102C — KOpOTKE ;
3)  10°=ty< 10%c —cepente ;
4) 10*= t;< 16c — TpuBae ;

5) 1l6c< t, —gocuTh TpUBAE .

SIcKpaBICTh KaTOOIOMIHECLIEHIII 3aJeXUTh Bl (DAKTOPIB, sIKI MOXKHA IMOJI-
muty Ha 3 rpynu. [lepiia — ymoBu 30y15KEeHHSI BU3HAYAIOTHCSI €HEPri€l0 eJeKTPOHIB,
HIUIBHICTIO CTPYMY B Iy4KY, TPUBAJICTIO 30yI>keHHS. [[pyra rpyna — Qp3uKo-XiMI14H1
BJIACTHBOCTI Ta OCOOJIMBOCTI KPUCTATIYHUX TPATOK, XIMIMHHMHA CKJaJ, NPOBIAHICTH
JrOMiHO(Opa 1 HOro AIHOTPOHHI BIACTUBOCTI (TOOTO 3JaTHICTh BUITYyCKATH BTOPUHHI

enekTponu). Tpers Tpyma — KOHCTPYKTHBHI OCOOJIMBOCTI €KpaHa eJIEeKTPOHHO-
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MIPOMEHEBOI TPYOKH, CIOCI0 HaHEeCEHHs], TOBIIMHA HallapyBaHb, PO3MIp 3epHa, Xapa-
KTep MIIJIOXKKH, HASIBHICTH OlHIEpa, TeMIIepaTypa Ta iH.

OcoOIUBICTIO KAaTOIOFOMIHOGOPIB € T€, 0 BOHHU MOTJIMHAIOTH CHEPTIIO CIIeK-
TPOHHOTO 30Y/PKCHHSI HECEJICKTUBHO, MPUIOMY HE B IICHTPI JIFOMIHECIIEHIIIl, a B KPH-
CTATIYHUX TpaTKax MiII0XKKH.

JI1s1 KOJIbOpOBOTO Tene0adyeHHs 3aCTOCOBYIOTh 3 JToMiHODOpH: cyabdim ITHUH-
Ky, aKTHBOBaHUH Cpi0JIOM, — CHHIN, CYIb(II ITUHKY-KaIMf0, aKTHBOBAHHUI €BPOITIEM,
— 3€JICHHWM, OpTOBaHAaAaT ICTPil0, aKTUBOBAHUI €BPOITEM, — YepBOHMMA. |11 YopHO-
Oi1oTO TeneOadyeHHS] CYMII JIBOX JIFOMIHOGMOPIB: Cyab(dimTy ITMHKY, aKTHBOBAHOTO
cpibnoMm, cyab(]iny MUHKY-KaIMIF0, aKTHBOBAHOTO CPIOJIOM .

EnextpomoMiHO(pOpH 3aCTOCOBYIOTh MEPEBAKHO B JIXKEpenax CBITJA, K1 Ma-

I0Th Ha3BY €JIEKTPOIIOMIHECIICHTHI TTaHEe 1.

L X x m x & N x

Ty
)

=

5
Puc.13.1 —Enexmpontominecuenmna namenb(Konoencamop).
a) CTpyKTypa ; 0) yMOBHA MO3HAYKA ; B) SIPKICHA XapaKTEPUCTHKA .

EnexrpomominectienTHHi KouaeHcarop (puc.13.1)sBiase coboro GaraTomapo-
BY CTPYKTYPY, IO CKIAQAAETHCS 3 MIJIOKKHK 1, Ha SIKYy MOCIIIOBHO HAaHECEH] MTPOBI-
HUU 1map 2, SKUil CIy)KUTh HIDKHIM eJIEKTPOJIOM, Ta Imap JoMinodopa 3, 3axucHuit
map 4 1 BepXHid enekTpoa 5. MbK BEepXHIM 1 HIDKHIM €JICKTPOJaMU CTBOPIOETHCS
CIIEKTPUYHE TIOJIE , IO 30Y/IKYE EIEKTPOTFOMIHECIICHITIFO IeKTPOIFOMIHODOPY.

[HOM1 3aMICTh MIMIOKKH 1, HAMMITIOIOTH 1€ OJUH €IeKTPONPOBIAHUN ap, a
3BEpXY MOMIMIAIOTh CKIISHY TUIACTHHY, TOJI1 TIaHEIb CBITHTH B 0OMABa OOKH .

[Map mominodopy ayxe Toukuid (10 — 100km.), TOMy IO JIJIS ITOYATKY €JICK-

TPOJIFOMIHECTICHITI TTOTPIOHA HAMPYKEHICTH TOJIS MTOPSIKY 10-107 .

Cranpaptai DJII1 Ha cxii mpu3HaveHi Ayt po6otu Bin Mepexi 220 B Ha yacTo-

tax 50, 400, 10061 1200111 . [Ipu migBUIIEHH] YaCTOTH SICKPABICTh PI3KO 30UIBIITY-
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erbest. [lpu 50 -7 K%g npu 1OOOFH-14OK7M2 . Enextpomominodopu: cynbdinu
UHKY, KaaMIIO, CyIb(OCETIeH T IIMHKY, OKAC LIUHKY 3 aKTUBAaTOpaMH MaHTaH, alko-
MIH1, MIIb.

Paniomominodopu. Ha iX ocHOB1 BUTOTOBIISIFOTh JPKEpENa CBITIA, SIK1 HE MOT-
peOyIOTh 30BHINIHIX JIXKEpen KuBJeHHs. [Ipuknazn: cBITIOBI 3HaAKHU 13 TPUTIEBUM Ha-
noHenusM("H), sIKi SBISIOTS COGOIO 3aMasHy CKISHY KOJIOOUKy abo TpyGouKy ia-
MeTpoMm 1-3cM, BKpUTY 3CepelMHU JIIOMIHOPOPOM 1 HAIOBHEHY TPUTIEBUM Ta3oM,
BoTOMOM BOJIHIO °H. - BUNPOMIHIOBAHHS, 0 BUIYCKA€ TPHUTIil (€IEKTPOHH Manoi
eneprii 5,7 xB), 30ymKxye aomiHoGop, M0 BUMPOMIHIOE CBITJIO 31 CIIEKTPOM, Xapak-
TEPHUM JIJIS1 IBOTO TUITY JTFOMiHOGopa. CKIITHI CTIHKK KOJIOW 30BCIM HEMPOHUKHI JJIs
TPUTIIO 1 3 -BUMPOMIHIOBAHHS TaKe JKEPEJIO HE SBIIIE pagiaiiiHol HeOe3neku. Sck-

paBicTh Mana 6-7+/ . .

SckpaBicTh mamae Mo Mipi po3maay TPUTIFO, Y SAKOTO Tepioa HamBposmany 12

pokiB. Kopuchmii TepmiH ciry:xOn Takoro Jkeperna 12-15okis.

Ceititockaaam nmocrtinnoi aii. CI1J1
SABHAIOTH CO0010 MOMIHO(OP, 3MILLIAHUN 3 pa/llOaKTUBHUMU PEYOBUHAMMU. Y Halll
4yac BUKOPHUCTOBYIOTh PaI0AKTUBHI PEYOBUHHU, ITI0 AIOTh TUTbKU 3 -BUIIPOMIHIOBAHHS
— tpuriit a6o mpomeriit 147(*'Pm). EnektpoHu B-BHIPOMIHIOBAHHS 3aTPUMYIOTHCS

HaBITh TOHKUMH IIapaMH JIaKy. 3aCTOCOBYIOTH JJIi BUTOTOBJIEHHS HAaHCBITIIIINX

¢bap6. TepmiH CiTy>KOU TaKOXK BU3HAUAETHCS MEPIOIOM HAIMIBPO3MATY.
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JlexmiaNel4

CriT10n1pOoNycKaw i MaTepiaiu

Caimionpo3opi MaTepiajii MOKYTh OyTH MOJIUIEH1 HAa 2 KJIacU: OpTaHiuHi i He-

OprasiuHi cBITJIONpo30pi MaTepianu. [lounemo 3 HeopraHIYHUX.

Heopraniuni cBiTJI0MMpO30pi MaTepianun

OCHOBHOIO XapaKTEPUCTUKOIO CBITJIONPO30PUX MaTepiaiB € KOe(DIIIEHT Mpo-
NYUEHHA 7. BIH BU3HA4aeThCsl K BIJHOIIEHHS MPOMYIIEHOTO KPi3b MaTepiall CBIT-

JIOBOro moToky @7 110 Magaroyoro CBITJIOBOTO MOTOKY D 3a hopmysoro

Ay
5 @, (M) V (M) x () dA

o, 3,
T="—""" 1A ’
ot j ®,,(MV (M)A
Ay
Ao=T780 HM. (14.1.)

BurnpoMiHIOBaHHIO CKJIJIHOI CIIEKTPAIbHOI CTIOIYKH BIIMOBIAAE OCTAHHS 4ac-
tiHa popmyu (14.1). /111 MOHOXpOMATHYHOT — TIepIIia YacTHHA.

3a XxapakTepoM pO3MNOJUTY IPOIYIIEHOT'O CBITJIOBOTO NMOTOKY B IIPOCTOP1 MOXK-
Ha BUJIUIMTH HACTYIH1 BUAM MPOMYCKAHHS: CIPsIMOBAHE, CIPSIMOBAHO-PO3CISTHE, JU-

by3iitHe, 3MilIaHe.

Puc.14.1 —Buou hl;onj)CKaHHﬂ :
a)CIpsMOBaHe, 0)CIpsMOBaHHO-PO3CisHe, B)audy3iiiHe, I')3MIlIaHe.
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CnpsimoBaHe MPOIyCKaHHS — Iie MPOITyCKaHHs 03 po3citoBaHHs cBiTia (Tpeda
BpPaxoBYBaTH, IO 1€ CYTO TEOPETHYHO, 00 HEBEIUKE PO3CIFOBAHHS 3aBXKIH €, alie
HUM MOXHa 3HeXTyBaTH). [Ipu 1bOMY TUIECHHH KYT MaJarouoro MoTOKY JOPIBHIOE
TIJIGCHOMY KyTY MPOIYIIEHOTO TIOTOKY.

CrpsiMmOBaHHO-pO3CIsTHE TpoIycKaHHs. [Ipu cripsaMOBaHHO-PO3CITHOMY MPOTTY-
CKaHHI CBITJIOBUH TOTIK MOIIMPIOETHCS TIEPEBAKHO B HANPSIMKax ONM3BKUX J0 Ha-
NPSIMKY TMAfarodoro npoMeHs. GoToMeTpudHe TUIO CHIIM CBITJIA OTTUCYETHCS BUTST-
HYTHM €JIICcoigoM o0epTaHHs. TiUleCHUN KyT IydKa, SKUH MPOMIIOB KPi3b MaTepial,
Oyne OuThbImMii, HDK Mamarouunii. L{e¥ B mpoITyCKaHHS MarOTh MaTOBaH1 IIOBEPXHI.

Judysiiine npomyckanHs. Komn TiiecHUN KyT MPOIYIIEHOTO CBITIOBOTO ITyd-
Ka nopiBHIoe 277 la =l,C0Sx, a sickpaBicTh y BCIX HampsIMKax MIBIIPOCTOPY OJHAKO-
Ba. La =Ly=const./{udy3iiiHe npomyIieHHs CIOCTEPIraeThbCsi B MaTepiaiiB 3 HEO-
HOPIAHOIO BHYTPIIHEOI0 O0y10BOt0. CBITIIO, MPOXOSYH KP13b TaKe CEPEOBHUIIE, IIe-
perepIutioe O0araropazoBi BIIOUTTS U 3aJIOMJICHHS, Y pe3yJbTaTi 4OTO BOHO PO3CiiO-
€THCS B YCIX HANPSIMKAX.

3MillIaHe MPOIYCKaHHA. Y MaTepiajaiB 3 HEOJHOPIIHOI BHYTPINIHBOKO CTPYK-
TYpPOIO MOJKE CIIOCTEPIraTUCs 3MIIIAHE MPOITyCKaHHS, TOOTO pa3oM 3 AUQPY31MHUM, €
TaKOK 1 CIIPSIMOBAaHE, SKIIO TIIYIIEHE CKJIO HEIOCTATHRO 3araynmim. Sk 6auumo, oc-
HOBHOIO XapaKTEPUCTHKOIO € (POTOMETPUYHE TUIO MPOIMYLIEHOIO BUIPOMIHIOBAHHS.
J1o HeopraHiMHUX CBITJIIONPO30PUX MaTeplaaiB BTHOCSATh HEOPTaHIYHE CKJIO M CBIT-
Jonpo3opy kepamiky. CKJIo ¥ kepamika BIIPBHSIIOTHCS 32 CNIOCOO1 BUTOTOBJICHHS U
3a OaraThbMa BIACTUBOCTSIMHU. XapaKTEPHO, 10 KepaMiuHa IJIACTUYHA Maca HaOyBae
CBOiX BJIACTUBOCTEHM MIITHOCTI, MPO30POCTI Ta HIIUX IMICJS BUMATY, a CKJIO — Y MpoO-

ueci BapiHHs. [louHeMo 31 CKJla HEOPTaHIUHOTO.

Ckuro0.
Cxito siBisie cOOOK0 MEPEOXOJIOIKEHUI PO3ILIaB CKIOYTBOPIOIOUMX OKHUCIIIB,
10 MAalOTh BUCOKY B'SI3KICTh. 3 MOTJsAy (PIBUYHUX BIACTUBOCTEN CKIIO SIBIIE COOOIO
NEPEOXOJIOJKEHY PIAUHY, TPH 3aTBEPAIHHI IKO1 y MPOIECT OXOJIOMKEHHS HE BIIOY-

BA€THCSl YTBOPEHHS KPUCTATIB, TOMY IO I[LOMY IEPEIIKOKAE IIBUAKE 3POCTAHHS
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B'SI3KOCTI PO3ILIABJICHOTO CKJIa TIPH 3HIKEHHI Temrieparypu. [Ipu 3arBepaiHHI po3m-
JIaBy YTBOPHUTHCS roMOTreHHa amop(Ha Maca. MoJilekymi HEMOB “3aMOPOXKYIOThCS 1
30epiraroTh y TBEPJOMY CTaHI TaKe K MMOJIOKEHHS, SIKE 3aliMajii B PO3IUIaBl. Y YHC-
TOMY KBapIOBOMY CKIIl, HAIPUKJIAL, MPHUCYTHI TaKOXK TpymH Sy, SK 1y KpUCTaIax
kBapity. [Ipu 0Xos0mkKeHH], OJJHAK, YTBOPSTH HE BIOPSIKOBAHY KPHUCTAIUHY CTPYK-

TypY, a HEPETYIIpHY i aCHMETPHUHY KPEMHIMKUCHEBY CITKY.

Puc.14.2 —Cmpyxkmypa ckaa.

a)KBapII0BOro, 0)HATPIMCHIIKATHOTO CKJIA .

Xoua cKiIy MOe OyTH MpHUIKMCaHa MeBHA CTPYKTYPA, BIICYTHICTb PEryJsipHOC-
T1 B IOBTOPEHHI ii €JIEeMEHTIB Ha MOPIBHAHO BEIMKOMY IPOCTOP1 HE I03BOJISIE BBAXKA-
T 11 KpUCTaIuHOO. TOMYy CKJIO nepedyBae B TEPMOJUHAMIUHO HECTIMKOMY CTaH1 i
Ma€ CXWJIBHICTh JO PO3CKIOBYBaHHS,TOOTO J0 YTBOPEHHSI CTaOUTbHUX KpPHCTAIB.
Lleit mpo1iec MOXKIUBHUI TIPU JOCUTH TPUBAJIOMY HarpiBaHH1 CKJla 10 BUCOKHUX TeMIIe-
patyp, Kl He MEPEBUIILYIOTh TOUKY TUIABJICHHS KPHCTANIIB, 110 YTBOPATHCS, MPU 1HO-
MY B'SIBKICTH TIaJ1a€, Ta YTBOPIOIOTHCS KpUcTamu. CKIIO CTa€ 30BCIM HETIPO30PHUM.

3 TEXHIYHOTO TOTJISNY, CKJIO SIBJISIE COOOK0 HEOPTaHIYHUI TOCHUTh XIMIYHO CTIAKUI
MPOAYKT TIJIaBJICHHS OKHUCIIIB, SIKMI ITICTI OXOJIOJKEHHS TBEPIVH, KPUXKHUM, TIEP CBAKHO
NPO30pHUM, MPAKTUYHO T'a30HENPOHUKHUM, BIH YTBOPIOE NMPU pyiHYyBaHHI 0e3(hopMHI
pikydi ynamku. [Ipu yacTkoBoMY 3aMillleHH1 KPEMHIIO B T€Tpaeapax, HampuKiaj Ha
amoMiHIN a00 OOp, YTBOPUTHCS CITKA aTFOMOCHIIIKATHOTO ab0 OOPOCHITIKATHOTO CKJIA.
lonu myxuux i nyxno3zemenbaux meranis (Ca, Ba, Li, Na, Kk moaudikaropamu. Y
CTPYKTYPHIM CITITI CKJTa BOHH PO3TAMIOBYIOTHECS Y MPOMDKKAX TETPACAPUUHUX TPyIax

Si0,. Beenenns Na,O a6o iHmmx Moaudikaropis pospusae MiHi Si-O-Si3B's13ku i
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3HUKY€E MIIHICTh, TEPMOCTIHKICTh, XIMIYHY CTIMKICTh CKJIA, ajlé OJJHOYACHO IIOJIM-
IIy€ TEXHOJOTTIHICTH, TOOTO TOJIETIIYE BUPOOHHUIITBO CTEKOJI, Ma€ BITHOCHO IyXKY
CTPYKTYPY, 13 BHYTPIIIHIMHA HEOJHOPITHOCTSAMH 1 TOBEPXHEBUMHU JIePEKTaMHU.

Jlo ckiagy HEOpPTaHIYHUX CTEKOJI BXOJATHh CKIOYTBOPIOIOUY1 OKCHIIM KPEMHIIO,
oopy, dochopy, repMaHiro, MHUII Ky, YTBOPIOIOY1 CTPYKTYPHY CITKY CKJia, Ta OKHC-
7, 110 MOIUGIKYIOTh CTPYKTYPY CKJIa, — HaTPIFO, Kalifo, JITi0, KaIbIlifo, Oapito, AKi
3MIHIOIOTh (PIBUKO-XIMIYHI BJIACTHBOCTI ckioMacH. KpiM Iux oKCcHaiB, 1O CKIIamy
CKJIa BBOJSAThL OKCHAW QIIOMIHIIO, 3aj1i3a, THTaHy, OepuTit0, IUPKOHIIO Ta IHII, SAKi
CaMOCTIHO HE YTBOPIOIOTh CTPYKTYPHHUH KapKac, ajie MOKyTh YaCTKOBO 3aMIII[yBaTH
CKJIOYTBOPIOIOY1 OKCHIM 1 IIUM 3MIHIOBATH BJIACTUBOCTI CKJIA.

TakuM 9MHOM, TPOMHUCIIOB] CTEKJIA € CKIAJHUMHU OararTOKOMIOHEHTHUMU CHC-
TEMaMH.

Krnacu@ikyroTh CTeKIa 32 HU3KOIO 03HAK: 32 CKJIIOYTBOPIOIOYOI0 PEUOBHUHOIO, 32
BMICTOM MOJU(DIKATOPIB, 32 MPU3HAUYECHHIM, 32 TEMIEpPaTypHUM Koe(illieHTOM Jii-
HiliHOTO po3umpenHs — TKPJL.

3aexHo BiJ XIMIMHOTO CKJIaJly i OCHOBHOTO CKJIOYTBOPIOIOUOI'0 OKCHUIY CTEK-
JIa TIOAUIAIOTH HA!

|.  JIerkoIwiaBKI .
1) manonyxHi cBuHIEeBocwiIikatHi (SO, PO ckmamae 40-50%), ne myry
mentre 10%:;
2) JyKHI CBUHIIEBOCHIIKaTHI, e iyry oumbine 10%; PbQexnanae 20 — 35%;
3) myxHi kanbiiicwiikatHi (SI0,; Ca0 cxnamae 5-12%),1e nyry 13—20% .

Il. Cepennboi Temneparypu MaBJeHHS :
1) kampuitamomocuiikatai (SO,; Al,O; ckinamae 3,5-10%; CQ — 6-12%),
e yry no 23%;
2) amomobopokanbiiicuaikarai (SIO,;B,0; cknamae  3-8%; AVO; ckiamae
3,5-10%; C@a cxnanae 6—12%),ne nyry 8—23%;
3) amomobopokamsuinuakcuaikatii (Si0,; B,O; ckiaagae 3—8%; AbO; ckia-
nae 3,5 — 10%; Ca cknagae 3 — 12%; ZO cxiaagae 3 — 7%),0e nyry 8—14%.

[ll. TyrommaskicTekia :
1) 6opocunikatai (S0,;B,0; = 10%; ALOz;< 3%);
2) amomoOopocwiikatHi (S0,B,0;— 5-21%; AlO;— 3-20%)ze myry <6%;
3) cBuHIOBOOOpOCcHITiKaTHI (SI0,B,0;— 15-17%; PO — 6%).
V. CoemianabHi cTekna .
1) cTekna 31 CIaObKO OTMATECICHITIEI0 (TOPKATBIIAIITHKCIITIKATH],
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2) GoparHi,

3) docdari;

4) amomoOopartHi ,amoModocdaTHi i T. 1.

3aJIeXKHO Bil KUTBKOCTI JY’)KHUX OKHUCJIB CTEKJIa MOKYTh OyTH JIETKOTUIAaBKi (3
BHUCOKHM BMICTOM JTY»KHHMX OKCHIIB, 10 20—30% sxi matoth Bucokuiit TKPJI).

Tyromiaski cTeka 000B S3KOBO MalOTh Y CBOEMY CKJIazi OKCHI OOPY Ta BUCO-
kuit BMICT SIO,, 32 yMOBU HU3bKOTO BMICTY JIY)KHUX OKCHJIIB.

3a BMICTOM MOAM]IKATOPIB: Ty H1, O€3TyKH1 i KBapIIOBI.

3a mpu3HAYEHHSAM: TEXHIYH1, Oy/1iBeTbH1, MOOYTOBI.

3a TEeXHIYHUM MPU3HAYEHHSIM MO>KHA MIIPO3JUTUTH HA: BaKyyMHI, CBITJIOTEX-
HIYHI1, XIMIYHI Ta I1H.

3a TKPJI na rpynu: BossdpaMoBy, MOJIOAEHOBY, TNIATUHOBY, MIEPEXITHY, KBa-

PLIOBY, TUTAHOBY, 3aJI3HY.

JlexkuiaNel5

BupoOHUITBO TEXHIYHOTO CKIA

CxJ10 0/1€p>KyIOTh CIIUTHHUM CIUIABJICHHSIM HU3KU CHUPOBMHHUX MaTepiaiB, y3s-
TUX Y TIEBHUX BaroBUX Nponopitisx. OmHOpiTHY MEXaHITHY CYMIIII X MaTepialiB, TiI-
TOTOBJICHY JIJI 3aBaHTAKEHHS B CKJIOBApHY IM14, HA3WBAIOTh CKISTHOIO IIMXTOTO.

VY SIKOCTI OCHOBHOI BUXITHO1 CUPOBUHHU MOXYTh BUKOPUCTOBYBATH KBapIIOBHIA
MICOK, COAY, JOJOMIT, 0apuT, TIMHO3eM ab0 KaoJiH, MApMYypPOBY KPHXTY, MOJIHOBHMA
IIITaT, BAITHSK, MMOTAIll, CBUHIIEBUI CypHK. KpiM X KOMIOHEHTIB BUKOPHCTAIOTh Oa-
raTo IHIMX CTIOJYK JJIs 3HeOapBieHHS, (hapOyBaHHS, TITyIIIHHS.

Jlnst ogep>kaHHS OTHOPITHOI 32 TPAHYJIOMETPUIHUM CKJIaJIOM IIAXTH HEOOX1TI-
HO IITOTYBaTH BC1 CUPOBHHHI MaTepiaji. XapakTep IMATOTOBKH 3aJICKUTh BT IPH-
ponu ¥ mpu3HAYeHHS Marepiaiy. Marepial , o HaJaXoIITh Ha CKISTHUH 3aBOJ Y BU-
IJISI1 TTOPOIIKY MEePEBaKHO TUILKH MpociBaroTh. KyckoBi Marepiainu (ojomir, Barl-
HSK ) TIIAI0Th APOOJICHHIO, CYIIHHIO, TOHKOMY MJIMBY, TpocitoBaHHIO. OcO0JMBO
CKJIaIHy TIFOTOBKY HPOXOIMTH MiCOK, TOMY IO BiH HaifGinbu 3a6pynHenuit. Foro

OYMILYIOTh 130aradyoth 3a JOTMOMOTOI0 MPOMHBAHHSA, (proTallii, MarHiTHOi cemnapa-
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i ¥ XiMigHOTO ovmIeHHs. CymaThk 1 MPOCIBalOTh. PeTenbHO mepeMimany CyMil
IIAXTH 31 CKIIOO0€EM 3aBaHTAXYIOTh y CKJIOBapHY Y 1 HarpiBarOTh J0 TeMIEpaTypu
miaBiieHHs. CKIIOBapHI Tedi OyBarOTh TOPINKOBI W y BUTIIAAI KOHBEPTOPHUX BaHH.
Banui nedi MoXyTh OyTH TepiogW4YHOI W Oe3mepepBHOI ii. Y TOPIIKOBUX Tedax
CKJIO BapsATh y TOPIIMKAX, SKI TOMIMAIOTh y 4. Y BaHHUX II€4axX y BaH-
Hax(0aceitHax), SKi € YaCTHHOIO BOTHETPHUBKOI KJIQJKH Tedi. Y TEXHOJOTIYHOMY IPO-
Ieci BapiHHA BHIUIIIOTH 5 cTamiii: 1.)cHIiKaroyTBOpeHHsS ; 2.CKIOYTBOPCHHS |
3).npocBinTiHzsA; 4.)roMoreHi3anis; 5).0cTyKeHHS.

CumkaTroyTBOPEHHS TIOYMHAETHCA TP HEBHUCOKUX TeMIlepaTypax OJM3bKO
67K. VY pe3ynpTari XIMIIHUX PEAKI MDK CKIaJIOBUMH IIMXTH YTBOPIOIOTHCS CHITI-
katu. [lpu momanbiioMy MiABUINEHHI TEMIIEpaTypu BiAOYBaeTbCs PO3IUIABJICHHS i
B3a€MHE PO3YMHEHHS CUJIIKATIB — CKIOYTBOpeHHs. CTajisl CKIOYTBOPEHHS 3aKIHYY-
€ThCSI TIEPETBOPEHHAM MIHUCTOTO ¥ HEMpO30pOro po3IJiaBy CHIIIKATIB HA MPO30PY
cKJiomacy 3 0e3miyuto razoBux OymnpOamok. Ckiaomacy mie HarpiBaoth 10 170K,
B'SI3KICTh CKJIa 3HM)KYEThCS, Ta30B1 OyIb0allIku BUXOAATh Ha moBepxHio. CkiIomaca
NepEeMIITy€eThCS Ta BiTOYBA€THCS OCBITJCHHS (3BUIBHEHHS Bl ra30BUX OyJab0AIIoOK) i
roMoreHBanis (ycepeaIHeHHs XIMIYHOTO CKiaay). OCTaHHBOK CTAJIEI0 MIITOTOBKH
CKJIOMAacH JI0 BUPOOJICHHS € OCTYKeHHs, T00To oxomnomkeHHs g0 1200-1400K, o
3a0e3neuye NOTPIOHY B'S3KICTH CKIIA.

Jlnsa BUpOOHMIITBA KBapI[OBOT'O CKJIa BUKOPUCTOBYIOTH MIHEpaN TIPChKUM KpU-
mTath (TIPCHKUIA KPUIITAIL Ma€e Mpo3opi, 0e30apBHi kpucTamm). SKImo JoMilky Ha-
Jal0Th oMy OY3KOB1 KOJLOPH, TO BIH HAa3UBAETHCS aMETUCTOM, a B OypyBaTuil —
JUMYaCTUM TOTIa30M. AJjie HaldacTilie KBapll 3yCTPIHA€ThCS Y BUTISAI CYLUTbHUX
HaMBIPO30pUX Mac, 6e30apBHUX a00 TaKMX, SIKIi MAlOTh PI3BHOMAaHITHE 3a0apBJICHHS.
OpauH 3 pBHOBUIB KBApIly — KpeMiHb. Jl0 IpIOHOKpUCTATIMHUX PI3HOBHIIB KBAPILY
HaJleXath araT 1 simmMa. [Nipebkuil kpumrans mwiaButbes npu 1730 C, mpu oxoro-

JKEHH1 MOTO PO3ILIABIB OJEPKYIOTh KBAPIIOBE CKJIO.
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