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IlepeamoBa

Lleii miapyYHHUK CTBOPEHMIT JUT YaCTKOBOTO 3aIIOBHEHHS CYTTEBOI NPOTAIMHU
y CydYacHiil BWIIH TeXHI4HIN OCBiTI YKpaiHH — HEIOCTaTHHOTO 3a0e3Me4eHHs Il
HaBYAJIBHOIO JITeparyporo. 30KpeMa, I HanpsiMy ocBiTH "[mkeHepHe Mmarepiaio-
3HABCTBO" Taka JIiTeparypa, sika O BiAMOBiaNa CydacHOMY CTaHy HAyKH W TEXHIKH 1
Oyna 6 HamMcaHa Ha BUCOKOMY HAayKOBO-METOAWYHOMY PiBHI Ta AepPKaBHOIO MOBOIO,
Ha ChOTOZHI MPakTH4HO BiacyTHs. Came LMMH MIpKYBaHHSIMH KepyBaluCs aBTOPU
I[bOTO BHJIAHHS.

3MICT mifipyYyHHKa BIJIOBiIa€ OCBITHBO-TIPOQECiiiHiil mporpami MiAroTOBKH
(axiBuiB 3a HanpsiMoM "[HKeHepHe MaTepialo3HaBCTBO', 3aTBepKeHIH MiHicTep-
CTBOM OCBITH 1 HayKM YKpaiHW; BiH HEOOXiTHMH MalOyTHIM criemiamictam i
MaricTpam, a TakoX acIlipaHTaM i THM, XTO XOue MiJBUIIUTH CBOIO KBami(ikarliio,
HaOyTy paHille. ABTOPH IUICKAIOTh HAMII0, [0 CTBOPSHUII HUMHM MiAPYYHHK Oyne
KOPUCHUM TaKOX JUISl CTYJICHTIB MAIIMHOOYMIBHMX 1 METaJIypridiHuUX Creriaib-
HOCTEH IIpH BUBYEHHI HUMH Marepiajlo3HaBYNX JAUCLUILTIH.

[MinpyyHnK OXOIUTIOE KOMIUIEKC IHTaHb, IO CTOCYIOTHCS METANIB i CIUIABiB,
MMOYMHAIOYN 3 IX aTOMHOI Ta KPHUCTaNTidyHOI OyZOBH i 3aKiHUYIOYH PO3TOPHYTOIO
XapaKTePUCTUKOI OCHOBHHX IPyH METaJeBHX MarepiaiiB, 3 ypaxyBaHHSAM YHHHUX
JepXKaBHUX CTaHAapTiB YKpaiHH Ta y3araJlbHCHHSM THX HayKOBHX JAOPOOOK BYEHHX
HauionanbsHo{ akazemii HayK, KOTpi MOXKYTh OyTH BKJIIOUEHI 10 MiJpyYHHKA. 3HAYHY
yBary NpUAUIEHO TAaKOX THM IIiJBaJMHAaM, Ha sKi CIIUPAIOThCS YCi Marepiaiu, —
JiarpaMaM CTaHy IOIBIHHX 1 MOTPIHHUX CHCTEM.

Po3mimu 1 Ta Il Hamucani mou. FO. H. Mockanenkom; I1I-VI (4acTkoBO) Ta
XII — mou. B. C. Yepnenkom; VI (wactkoo), VII, VIII, XIII — mou. B. M. Iluca-
penkoM; IX, X, XI — mpod. O. M. Bsimixom.

ABTOpH BUCIIOBJIOIOTh MOSKY BUKITaa4aM i CIiBpOOITHUKAM Kadeapu MeTa-
JIO3HABCTBA Ta TepMiuHOI 00poOkM HallioHaNEHOTO TEXHIYHOTO YHIBEPCHUTETY
Vkpaian "KuiBcbknil momiTexHidHME iHCTHTYT", a Takok BueHMM HarioHansHOT
akazeMii Hayk YKpaiHH 3a JOTIOMOTY Yy MiATOTOBII MiAPYYHUKA.

ABropu OynyTh BASYHI KoJeraM 1 BCiM Oa)kalouWM 3a 3ayBaXKCHHSA Ta
MPOMO3HUIIi 100 MOJIIMIICHHS HOTO BUAAHHSI.
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Po3ain 1
ATOMHO-KPUCTAJIITYHA BYJIOBA METAJIIB

1.1. OcHOBHi ysiBJICHHS

Cepen 107 Bimomux XiMIYHUX eleMeHTIB Omu3pko 80 € Mmeramamw,
pemta — HemeranaMu (Metanoigamu). OcTaHHI pO3TalIOBaHi y NpaBii
YaCTHHI MEPiOMUIHOI CHCTEMH elleMeHTiB. JI0 HUX BITHOCSTH yCi iHEepTHIi
ras3u (Teliif, HeOH, aproH, KPUIITOH, KCEHOH, paoH), TajnoreHu (¢rop, xiop,
Opom, #iom), a TaKoXX BOIEHB, OOp, BYINIEIb, a30T, KUCEHb, (ocdop, Cipky
tomo (tabim. 1.1).

Tabnuys 1.1. Tlepiognuna cucrema ejemeHTiB /I.I. MenaeneeBa
Mpynu

TA |TIA |I0A | ITA | TA | WA [WWA] v |78 (78 s ws|xe [wa | wma]

Metanu

MeTanoigm ———={

Mepioan

le—— MepexinHi MeTann ———»

1 R! |He?
2 u.l k‘ 55 cs NT 08 FB Ne!d

Na!! Mg'2| aut3 |54 [ p15 | 516 | ot [ 18

K1 |cal0 |sc 2! Ti_!? v 23| op24 | Mn2S Fe26 co?7|ui2t tu?|zn¥0 gad! Ga” AsH s | g5 Kr®

/Y7 {sr38 kv 30 12040 bt [Mo%? [ 1e43 [Ru* [RN*S [Pa*B | Ag*7 | Ca®® | 1n®% | 5n%0 | 5B57 | Te52] 1 53| xe™

Tl
6s% (8% |a " (172 |7a”®| W[ Re™S| 0578 | 177 pt78 | A" g 0| T18 | p1B2]8i83 | po®[A185 | Rn®E

Fr07 |Ra®® |25, ™| 108

N |||«

*Jlantanoinu (pinkozemensHi). ** AkTuHOIIH.

OnHak 4iTKOI MeXI MDK MeTajJaMH Ta HEMeTaJlaMH Hemae, 00 IesKi
SJIEMEHTH, TaKi K KpeMHiii, FepMaHiii, apceH, 0JI0BO, CEJICH, TEIyp, MOXYTh
BUSBJISITH 1 METaIIYHI, 1 HEMETaJIYHI BJIACTHUBOCTI.

B aroMi enexTpoHH po3MOoAiTeH] 0 €HEPreTHYHHUX PIBHAX. Y IOPSAKY
3pOCTaHHS SHEpTii i PiBHI MO3HAYAKOTE TakK: Is, 2s, 2p, 3s, 3p, (3d, 4s), 4p,
(4d, 5s), 5p, (5d, 4f), 6s, (6d, 5f), 7s. 3aNOBHEHHS] EHEPTETUYHUX PIiBHIB
BiIOyBa€eThCS caMe y TaKii mociigoBHOCTI. EHepria piBHIB, 3a3HAaYCHUX Y
IY)KKax, Maibke OJHAKOBa; iX IMOCIIIOBHICTH MOXKE 3MiHIOBATHCS B Pi3HHX
eJIeMEHTAaX.

3HaYHy YaCTHHY METAalliB CTAaHOBJIATH mepeximHi (y Tabm 1.1 BoHH
00Be/IeHI TeMHOIO JiHi€10). [lepexioni memanu XapaKTepU3yIOTHCS HEMOCTi-
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JIOBHMM 3aIllOBHEHHSM EJICKTPOHAMH E€HEPTeTUYHUX PIBHIB B i30IbOBAHUX
aromax. Tak, y 4-My mepioni B eleMeHTax Bil CKaHIil0 A0 Hikemo 3d
mig000IOHKAa HE 3aBepIIeHa, TOAI SIK 45 IMigo00JI0HKa BXKE MIicTUTh 1...2
eJNIeKTPOHH. Y 5-My mepioxi y MeTanax Bif iTpifo 10 Mamajiro He3aBepIie-
HUM € 4d piBeHb. Y 6-My Iepiozi B eleMEHTaX BijJ JIAHTaHy IO IUIATHHU
HEMOCTITOBHO 3alOBHIOIOTECS 4f 1 5d miZ0O0IOHKH.

Merany, aroMd SKAX MalOTh IIOBHICTIO 3alOBHEHI a0O0 ITOBHICTIO
He3anoBHeHi enekrpoHamu d i f 000TOHKH, HA3UBAIOTE NPOCTNUMU.

3IaTHICTF TOTO YW IHIIOIO €JEMEHTa IOBOLWTH cebe K MeTal
KUTBKICHO XapaKTepU3yIOTh pPOOOTOI0, SKy HEOOXiZHO BHKOHATH IS
BHJAJICHHS 3 130IbOBAHOTO aTOMa €JIEKTPOHA 30BHIITHBOI 000JIOHKH, TOOTO
ioHizayitinum nomenyianom eneMeHnTa. UM MeHmoro Oyne 1st podorta, THM
CWJIBHIII MeTajiuyHi BJIACTUBOCTI €JEMEHTIB. [OHI3amiMHMAI MHOTEHIaT
3pocTae 3i 30UTBIIEHHSIM aTOMHOTO HOMEpa B KOXXHOMY TIEpiOAi CHCTEMH
eneMenTiB. Haii0inpmi fioro 3Ha4YeHHS XapaKTepHi IS iHEPTHUX Tra3iB.

OTKe, aTOMU METalliB JOCUTh JIETKO BIAIAI0Th CBOI 8aienmii, HAWOLIbIII
BiJIAJICH] Bif S/Ipa eNEKTPOHH, TOMI K HEMETAIH MIIHO iX YTPUMYIOTb.

VSBIICHHS TIPO iCHYBaHHS BLUTPHMX EJICKTPOHIB, HE 3B’S3aHHUX 3 THMH YA
IHIAMA i10HaMH 200 aToMaMH, sIKi HaJeKaTh KPHCTAIY B IIUIOMY, IIOKJIAICHO B
OCHOBY TIOHATTS METAJICBOTO 3B’SI3KY 1 OSICHIOE TaKi XapaKTepHi O3HAKH METAJIIB,
SIK METAJIYHHI OMCK, BUCOKI INTACTHYHICTD, JIEKTPO- 1 TEIUIOMPOBITHICT.

TeMmepaTypHa 3aJ€KHICTD €IEKTPOOIIOPY, HOTO 30UIBIIICHHS 3 POCTOM
TEMIEPATYpH, TaKOXXK € XapaKTepHOI0 O3HAKOI0 METAJTIYHOTO CTaHy.
Memanamu cnig BBaKaTH €JIEMEHTH 3 EIEKTPOHHOIO MPOBIAHICTIO, IO
3pOCTae 31 3HIKCHHSAM TEMIIEpaTypH.

Hwkue 3a meBHy TeMmueparypy, 3BUYaifHO pO3TalloBaHy Ha JEKUIbKa
TpaAyciB BUIE BiJ aOCOMOTHOTO HYJS TEMIEparyp, eIEKTPOOIip OIM3BKO
30 metaniB cTpHOKOM 3MEHINYEThCS OO0 Hyms. Lle sBumie Ha3MBaeTHCS
Haonposionicmio. HaliBuiy TeMiiepaTypy nepexoay y HaAlpOBITHUNA CTaH
(9,17 K) mae Hi00iiA.

MarHiTHI BIACTHBOCTI METaJiB TAaKOX 3yMOBICHI X €JIEKTPOHHOIO
OynoBO0. 3a MarHITHOIO CIIPHUHHATINBICTIO METAIN MTOAUIAIOTE HA diaMae-
HemuKu, napamazHemuxy 1Ta epomacHemuxu.

JliaMarHeTH3M TOB’SI3aHUA 3 HaMarHiYyBaHHSIM, HPOTUIC)KHIM
30BHIIIHEOMY ITIOJIIO, 1, OTXKE, 3 HOTO OCINAaONeHHAM, XapaKTepHUHA I BCiX
MeTaniB i HeMeraniB. Ilig BIJIMBOM 30BHIMIHBOTO MO OpOiTanbHI
€JICKTPOHH 3MIHIOIOTh CBOIO HIBHUKICTB, IO MPHU3BOIUTH 10 BHHUKHEHHS
MarHiTHOTO MOMeHTy. CIUIbBHHUMH [[iaMarHeTHKaMH € BICMYT, CypMa,
Oepuiil, MUPKOHIH.
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BinpmmicTe mepeximHUX MeTalliB HaJle)KaTh 10 MapaMarHeTHKiB, IO
JOCHUTH C1a00 HaMarHIYyIOThCS 30BHIINIHHM IOJIieM. Y IX aToMmax, depe3
HE3amoBHEHICTh 3d 1 4f 00OIIOHOK, iICHYIOTH €NIEKTPOHH i3 HECKOMIIEHCO-
BaHUMHU MarHiITHUMH MOMEHTaMH.

[opsix i3 uM, iCHY€ HEBEJIHMKa TpyIia MeTaliB (3al1i30, KOOAJBT, HiKeNb,
rafioNiHiil), HAMarHiYeHICTh SKUX BHABIAETHCSA 1 32 BiACYTHOCTI 30BHIII-
HBOTO TI0s. IX (hepoMarHeTHsM € HaCHiIKOM OOMIHHOT B3a€MOIil eneKTpo-
HiB HeJOOYIOBaHMX OOOJIOHOK CyCimHiX aroMiB. [Ipu yTBOpeHHI KpHCTaiB
i 00OJIOHKH MEPEKPHUBAIOTHCSI.

1.2. IIpupona cui1 MizKaTOMHOI0 3B’I3KY

dizuka TBEpHOTO TiNa JOIYCKAE CHPOIICHE YSBICHHS NPO aTOMH SK
mpo chepudHi YaCTHHKH, MOB’S3aHI MK COOOI0 Mi€l0 MIXKATOMHHX CHIL
XiMiYHa CTIOPiTHEHICTh MIXK aTOMaMH Tiependavae HasBHICTh MiXK HUIMH CHUT
NPUTATAHHS i BiAIITOBXyBaHHA. IX piBHOmiNHA 06epTacThcs HA HYIb MPU
TIeBHIN pIBHOBAXHIM BIICTaHI I' MK aroMaMmy, SKii BiANOBigae MiHIMyM
moTeHIiansHoi eHeprii U.

Cinixg BpaxoBYBaTH TaKOXX BIUIMB TEMIIEpaTYpHd Ta THCKY Ha CHIIH
MDXKaTOMHOTO 3B’s13Ky. Llelf 3B’S30K MOPYIIYEThCS, KOJMU SHEPTis TEIUIOBHIX
KOJIMBAHB TIepeBePIIIye MOTEHIIaIbHy eHeprito U (Tmubuny "nomenyianvHoi
amu'). YuM MiHIIIAME OyIyTh MIKaTOMHI 3B’SI3KH, THM BHIIOIO TOBHHHA
Oytu Temmeparypa, mo0 ix 3pyiHyBaTtH. Came TOMy BHCOKI TeMIIepaTrypu
IJIABJICHHS Ta BHITAPOBYBAaHHS BiANOBIZAIOTh MIIHAM MIXKaTOMHUM i
MDKMOJICKYJISIPHUM 3B’SI3KaM Y PiAKOMY Ta TBEpIAOMY CTaHaXx.

1.2.1. Ionnnii 3B’9130K

Takuid 3B’s130K 0a3yeTbcsi Ha B3a€MHOMY IPHUTATAaHHI MPOTHUIICIKHO
3apsmkeHux ioHiB. [Ipu yTBOperHi Takux cronyk, sk NaCl, MgS, KCl, KF
TOILO, aTOMH BTPA4YalOTh YW HaOyBalOTh €JIEKTPOHH, LI0, Y CBOK Yepry,
OB ’s13aHO 3 TEHACHINCI0 N0 MOOYJOBH HAHOUMBII CTIHKUX EIEKTPOHHIX
KoH(Irypariit — dybnemis Ta okmemis. Tak, y sunaaky NaCl Harpiii BTpadae
crabKo OB’ sI3aHMH 3 AAPOM 3S eJEKTPOH i ePETBOPIOETHCS HA TIO3UTHBHO
3apsmkeHuit ioH Na+ 3 eleKTpoHHOI0 KOHQITypaIli€io, ToaiOHO0 10 HEOHY.
ATOM XJIOpY, NPHETHYIOUH Il OOMH €JCKTPOH, YTBOPIOE HETaTHBHO
3apsypkeHnit i0H Cl 3 eJIeKTPOHHOI0 CTPYKTYpOK atoMa aprony. OTxe, B
000X BHITA/IKaX YTBOPIOETHCS KOHQITYpAIIisl CTAIIOTO OKTETY.

XapaKkTepHOI0 O3HAKOI0 10HHOTO 3B’SI3KYy € BIACYTHICTH Oyab-sKOi
NEepeBaXHOI CHPSIMOBAaHOCTI Horo B mpocTtopi. ToMy KoXeH i0H
HaMaraeTbcs OTOYMTH ceOe HalOIIbIIOW KUIBKICTIO 10HIB MPOTHIIEKHOTO



16 Po3miin 1

3HaKa. CTPyKTypa CHOJYKH 3aJie)KaTUMe Bi] TEOMETpPil B3a€EMHOTO po3Ta-
[TyBaHHS 10HIB.

3a ymoBH enekTpoHelTpanbHocTi y kpuctan NaCl koxkeH HeBelIHKUit
3a po3MipamMH iOH HATPIl0 OTOYCHHMU MHIICTbMA OUIBII KPYIHAMH iOHAMHU
XJIOPY, PO3TAlIOBAHUMHU Y BEpLIMHAX MPAaBUIILHOTO OKTaenpa. KoxeH ioH
XJIOPY TAaKOX OTOYEHHMH IIICThMa OKTACAPHYHO PO3TALIOBAHUMH iOHAMHU
Harpito (puc. 1.1).

e JER G e

(O—

®c Ona

a
Puc. 1.1. Cxema ioHHOTO 3B’S3KY: a — KpucTaniuHa rpatka NaCl;
6 — posrauryBaHHs iOHIB B OJHiH IJIONIMHI Ky0Oa

Jlo HaWO1mBII XapaKTePHUX BIACTHBOCTEH 10HHIX KPUCTAJIB BiTHOCSTD
BucoKy (0nm3pko 103 K) Temneparypy riaBieHHs, BEUKY TEILIOTY CyOnima-
uii (6mm3pko 106 [Ix/Monb). Bucoky MexaHiYHY MIIHICTD IOHHMX KpHCTalliB
Ha MPaKTHI BAKKO BUKOPHCTATH Yepe3 1X BUCOKY KPHXKICTb.

1.2.2. KoBaJjieHTHMHIi 3B’ 130K

Mertanoign Ta HamiBIPOBIAHMKH, a caMe: HOJ, BYyIJICIb, KPEMHIi,
repMaHiii TOIIO — YTBOPIOIOTh KPUCTAIH 3a JOMOMOIOI0 KOBaJIEHTHOTO
3B’a3Ky. BiH 3miCHIOETBCS TapoOl0 ENEKTPOHIB, IO Halle)KaTh BOJHOYAC
JIBOM CycimHIM ioHaM. KillbKicTh TakuX map JTOPIBHIOE 8-p, 1€ p — KUIBKIiCTh
BaJICHTHUX CIICKTPOHIB. Y IIbOMY BHUITAJKy KO)KEH 10H HAMAra€TbCsi OTOYUTH
cebe BiCBMOMa BaJCHTHUMH CJICKTpOHAaMHU. JIJi1 OTO BiH B3a€EMOJi€ 3i
CBOIMHU HAMOIMKIMMHU CYCITaMU.

OTxe, U1 WOMy KOOpAWHAIMHE YHCIO — KUIBKICTh HaHOMIKINX
CYCI/IiB Ha OJTHAKOBI BIICTaHI — CTAHOBUTH 1, IS CeNieHy — 2, 11 amasy — 4.
KoxkeH aToM ByIJICIF0 OTOYEHHI B aiiMa3i 4OTHpPMA IHIIMMHU BYIJICLEBUMU
aTOMaMH, O[O0 PO3TAIIOBAaHI CHMETPUYHO Yy BEPIIMHAX MPABUIHHOTO
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terpaenpa. [Ipu mpOMy KOXEH i3 CyCIIHIX BYIJICIEBUX AaTOMIB BOJOi€
CIIJIbHO JIBOMa EJIEKTPOHaMH, TOOTO BiJi KOXKHOTO CycCifia KOXKEH aroM
OTPHMY€E OIMH JOJATKOBHUHU eNeKTpOH (puc. 1.2).

T
P TR S

& eT_C_e
1
&

Puc. 1.2. CxeMa KOBaJICHTHOTO 3B’SI3KY Ha MPHKIIAII KPUCTAIIYHOT "PATKH aMasa

SIK1o iOHHMI 3B’SI30K BCTAHOBIIOETHCS MIK aroMaMH Pi3HHX COPTIB,
TO KOBJICHTHHH — MiXK aTOMaMU OZIHOTO COPTY.

Jlo OCHOBHHX BIIACTUBOCTECH KOBAJCHTHHX (BaJCHTHUX) KpHCTAIiB
BIZIHOCSTB iXHIO BUCOKY TeMIIepaTypy IuiasieHHs (ouibiue 3a 103 K), Benuky
teroTy cyomiMariii (105...106 JIx/Moib), BUCOKY TBEPIICTh i KPUXKICTh. 32
CJIEKTPUYHUMH BJIACTHBOCTSIMH BAJCHTHI KPUCTAJIM HaJEXaTh SK JO
HaIiBIIPOBIIHUKIB, TaK 1 IO JII€JIEKTPHKIB.

Jeski Meranu, NOpsA 3 METAJICBUM, MAlOTh 3HAauHY YacTKy
KOBAJICHTHOTO 3B’SI3KY.

1.2.3. Ban—aep-BaaJjbciB 3B’S130K

Ban—znep—BaasbciB 3B 130K 3yMOBIICHUI CHJIaMH MPUTITaHHs (CHIaMu
Ban—nep—Baanbca), mo BHHUKAIOTh MK HEHTpalbHHUMH aToOMaMd B
KpHCTaJlaX IHEPTHUX TIa3iB, OpPraHIYHUX CIIOJYK Ta B JESIKHX IPOCTHX
pedoBuHax. L[i mocuTh cinabKi CHIM € pPe3yabTaToOM NEPEepPO3MOALILY
€JICKTPOHHOI TYCTHHH 32 3aKOHOM 1H/YKIIii, SIK TTOKa3aHo Ha puc. 1.3.

Cwn Ban—nep-Baanbca BuHHMKaIOTh y Oynb-sKMX KpHCTajlaX, He3a-
JISKHO BiJ] IPUPOAM aTOMIB, IO B3aeMOAiOTE. OqHAK 32 HASBHOCTI OLIBII
CHJIBHOT MDKaroMHOI B3aeMojii (IOHHMI, KOBaJCHTHHH YW METaJeBUil
3B’SI3KH) i CHJIA IPAKTUYHOI POJIi HE BiNITPaIOTh.

JUis THIIOBHUX MOJIEKYJSIDHMX KpPHUCTaJiB, J€ MAIIOTHh JIMIIE CHIIN
Ban—nep—Baansca, xapakTepHi Hu3bKi Temneparypu mwiasierss (150...300 °C),
HEBEJHKI TeruoTy cyonimanii. Taki kpucTanu rmpu 3BHYaliHii Temreparypi
€ IIIeNIeKTPUKAMH.
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Puc. 1.3. Cxema BuHuUKHEHHs cuil Ban—nep—Baanbsca Ha npukiiazni yTBopeHHs
JIUTIONIB aTOMIB aproHy

1.2.4. MeTaJieBuii 3B’130K

Kpucran THIIOBOTO MeTaly MOXHA PO3IVIAJATH SIK KOJIEKTHB ITO3UTHB-
HUX 1OHIB, 1[0 3HAXOAATHCS B CEPEIOBUILI Maiie BIJIBHUX, KOIEKMUBI30-
6aHux eneKkTpoHiB. [Ipu 30:1rKeHHI aTOMiB MeTaily iX BaJeHTHI eJIEKTPOHU
PO3TAaIIOBYIOTECS HE Ha 30BHIMIHIX Op0OiTax, a yci pa3oM 3aiMaroTh TOCHTh
HIMPOKHH €HEPreTUYHHUN PiBEHb I MOXYTh JIOCUTh JIETKO MEPEMIIyBaTHUCS
BcepenuHi MeTairy. LM MosiCHIOEThCsl BUCOKA €TIEKTPO- 1 TEIUIONPOBITHICTh
METaliB.

HasiHIiCTh BeNMHMKOI KUTBKOCTI KOJICKTHBI30BaHUX CIICKTPOHIB (€IeK-
TPOHHOTO Tra3y) BU3HA4Ya€ HE >KOPCTKHM, HE CIPSIMOBAHHMH XapakTep MeTa-
JIEBOTO 3B’SI3KY, 3aBIAKH YOMY 10HH METAIy MOXYTh JIETKO 3MiI[yBaTHCS 31
CBOIX MICIIb IiJ TI€F0 30BHIMIHBOI crit. [{UM 3yMOBITIOETHCS BHCOKA ILTAC-
THUYHICTH METAaJIiB.

[Nepexinni MeTaIM MArOTh | METAJICBHA, 1 KOBAJIGHTHHH 3B’ I3KH, TIPUIO-
My nepeBakae MetayieBuil. [lepinii 3 HUX peaizyeThest BUIbHUMH S-€JIEKTPO-
HaMH, a JPYTuid — HECKOMIIEHCOBAaHUMHU d- UM f-eNIeKTPOHaMH.

1.3. ATomHO-KpHCcTaTiYHa Oy1oBa MeTaliB

Kpucmanu — TBepai Tija 3 AUCKPETHHM Ta YIOPSAKOBAHHM PO3TAIILy-
BaHHSIM aTOMIB, 5IKi YTBOPIOIOTh IIPOCTOPOBY Kpucmaiiyny pamky. Excne-
PUMEHTAJTIBHO JOBEJICHO, 1110 B KpI/ICTaJ'Ii‘-IHI/IX TBEpANX TiJ'Ia.X aTOMU 3HaXOOAThCA
y By3Jax Kpuctaiignoi rpatku. IIpo me cBig4aTh pe3yibTaTd aHai3y AH-
(pakuii peHTTeHiBCHKOro BUMPOMIHIOBAHHSI Ta ITyYKa MPHCKOPEHUX EIEKTPO-
HIB Ha Iill "parii.

Kpucraniuny ‘parky MokHa NMOOYIyBaTH, SKIIO MOAYMKH HPOBECTH
PSAA CHCTEM TapaleibHHUX IUIOIIMH, IO IEePEepPi3aoThCs y MPOCTOpi, 1 B
KOXHIM Toulli mepepidy (By3mi) po3MicTutu no aromy (puc. 1.4). Bynp-saxy
KpUCTAJIIYHy 'paTKy MO)KHA OXapaKTepPU3YBaTH ii eremMeHmapHoio Komip-
KO0 — MIHIMaJIbHOIO CYKYITHICTIO aTOMIB, TPaHCISIS SKOI B YCIX TPbhOX
BUMipax BiZITBOPIOE BCIO KpUCTaliyHy parky. Ha puc. 1.4, a enemeHTapHy
KOMIPKY BHIIIEHO ITOTOBIEHUMH JTiHISIMU.

Puc. 1.4. TIpocTopoBa kpucTaniuHa ‘paTka (a), eneMeHTapHi KOMipKH KyOidHOT (0, B)
Ta reKCaroHaJIbHOI (T') CUCTEM

Bb. ®enopoB y 1889 pori naB MOBHMH MareMaTHYHHH PO3paxyHOK
230 BHIIB MOXJIMBHX MPOCTOPOBUX TPYI, MO CKIAAAIOTHCA 3 32 KIacis,
00’elHAHKX Y 7 CHCTEM (CUH2OHIl), XapaKTEPUCTUKY SIKUX HaBe/IeH] y Talil.
1.2. Is xnmacudikamis Oa3yeTbcsi Ha BUKOPUCTAHHI INECTH BEIMYMH —
napamempis ‘pamku: TPHOX BIAPI3KIB, IO MOKA3yIOTh BIJICTaHi 10 Haii-
Omkunx aroMiB (10HIB) Y3MOBXK KOOPIMHATHUX OcCeil; 1X Ha3HMBaIOTh
nepiooamu ‘pamxu Ta NO3HAYAIOTh JIITEPAMU d, b, ¢; 1 TPHOX KyTiB MK IIUMHU
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BiZpi3Kamu, SIKi TO3HAYAIOTH MEPITUMH JiTEPaMH TPEIBKOI a0eTKH ¢, B Ta .
CriBBigHOIIEHHS WX TTApaMeTPiB BU3HAYAE TUI KPUCTATIYHOT “paTKu
i, oTKe, (hOpMy eleMEeHTaPHOI KOMIpPKH.

Tabnuya 1.2. XapaKTepUCTHKH KPUCTATIYHUX CUCTEM

CucremMu PebGpa KyTu
TpuxinrHHa a#b#c 0By
MOHOKIMHHA a#b#c o=B=90°, y£90°

PombOiyna a#b#c o=B=y=90°
Pomboenprina a=b=c o=B=y290°
I'excaroHaibHa a=b#c o=3=90°, y=120°
TerparonanbHa a=b#c o=B=y=90°

Kybiyna a=b=c 0=B=y=90°

1.3.1. XapakTepucTuKH KYOi4HOI Ta reKCaroHaJbHOI CHCTEM

Binpuiicte KpuCTadiyHUX PaToOK METalliB Hajiekarh 10 KyOiduHOi Ta
rexkcaroHasbHoi cucteMm. KybOiuHa cucrema, y CBOIO 4epry, Moxe OyTu
MPOCTOI0 YU CKIamHO. OcTaHHS YTBOPIOETHCS TOMi, KOJIH 10HH PO3Mi-
LIYIOTBCSL HE JIMIIE Yy BepIMHax Kyba, a H y #oro meHrpi — 06 ’emo-
yenmpuuna xyoiuna (OL]K) — abo B 1ieHTpax Horo rpaHeit — epaneyenmpuyna
xybiuna (I'IK).

OLIK-'paTky MaroTh BaXKOTOIKI (BaHafiii, HIOOif, TaHTal, XpoM,
MoJti0sieH, Boibdpam), ry>kHi (JIiTiH, HaTpiid, Kaxii, pyOiaii, 1esii) Ta iHmi
MeTaJld, a TAKOXK -3aJ1i30, -TUTaH, S-IIUPKOHIM.

I'lIK-"patka mpuTamMaHHa Mifi, cpibiy, 30JI0TY, aJIOMiHiIO, CBHHIIIO,
TUTATHHI TOIIO, & TAKOXK }-3ai3y, -KOOaIBTYy.

I'ekcaronanpHa ‘paTka Mo)ke OyTH ITPOCTOO, KOJIM 1OHH PO3TalIOBY-
I0ThCS y BEpLIMHAX MIECTHIPAaHHOI NMPU3MHM Ta B IEHTpax ii 0a3ucis, Ta
KOMITaKTHOIO, SIKITIO 10 HUX JOJAIOTHCS e TP 10HU Y CePENUHHIN TUTOIIHHI
npm3mH. [Ipu chiBBiAHOIIEHH] IepioxiB

c/a=1,633 (1.1)
naKyBaHHs Oyze ineanbHuM. [ excazonanviy komnaxmuy (I'K) ‘parky MaroTh
TaKi MeTajH, K OepwiIiii, MarHiii, MUHK, KaaMii, radHiil TOIIO0, a TaKOK
O-KO0AIBT, O-TUTAH, O-ITUPKOHIH.

CryniHb CKJIaJHOCTI OyZOBM KPHCTAJI4YHOI ‘PaTKH MOXKHA OLIHUTHU 32
JOTIOMOTOI0 ii winbHocmi naxKysanHsa — KUIBKOCTI 10HIB, IO IPUTAIAI0Th HA
€JIEMEHTapHy KOMIpKY. Y MpocToi KyOiuHOI 'paTky HIUIBbHICTh IAaKyBaHHS
JIOPIiBHIOE 1, OCKINIbKM KOXEH 3 8 10HIB, PO3TAlllOBAaHUX Y BEpIIMHAX KyOa,
HAJIEXUTHh BOAHOUAC § KoMipkam, orxe, !/sx8=1. B OLK-"parmi no HEX

JIomaeThes mie 1 10H, po3TaloBaHui y NEHTpi Ky0a, i IITBHICTh TaKyBaHHS
30iIbmyeThest 10 2, a B ['TIK — o 4: /s x8+1/2xX6=4, 60 i10HU B LIEHTP1 KOXK-
HOi 3 6 rpaHell kyOa Hanexarb BogHodac 2 Komipkam. B imeamsniit I'K-
"parui 12 ioHIB, pO3TalIOBaHUX y BEPLIMHAX MPU3MH, HAJISKATh KOKEH 6
KOMipKam; 2 10HM B LIEHTpax 0a3uciB — 2 KOMipKaM, OTKe, [IIJIbHICTh MaKy-
BaHHS CTAaHOBHUTUME: !/6X12+1/2X2+3=6.

[lle oxHi€I0 BaXIUBOI XapaKTEPHCTHKOI OyIb-SKOi KPHCTAIIYHOL
‘patku € 11 KoopouHnayitiHe uucio — KUTBKICTh HAHONMMKIUX PIBHOBIN-
JAJICHUX CycimiB y koxkHOi yactuHku. Y ['IK-"parmi HaliMeHIIa BifcTaHb
MK IIEHTpaMH i0HIB JOPIiBHIOE: a\/;/z =~ 0,707a, e a BIiAMOBIZa€e TOBKUHI peo-
pa xy0a, ToOTO € TiepiomoM ‘paTku. Ha miif BifcTaHi BiJ KOXKHOTO i0OHA
posrtamioBano 12 cycigiB (puc. 1.5, a). OTxe, KOOpAUHAIIIHE YUCIIO IS
I'IK-"patku ctanoBUTH 12, ToMy ii mo3HadaroTh me K72 (kyOidHa ‘paTka 3
KoOpIuHaLiiHUM unciioM 12). Taka cTpykTypa BiIIOBIAa€ HAMIIIILHILIOMY
MaKyBaHHIO 10HIB y IPOCTOPi.

Hbr!
o > ;,

el

B

Puc. 1.5. Cxema Bu3HaueHHs KOOPIUHALIIWHOTO YHCA:
a— I'lIK-; 6 — OIIK-; B — 'K-"parok
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OLIK-'paTka € MEHII KOMIIAKTHOIO, HiXk monepends. KoxeH 3 ii ioHIB
Mae Tiutbku & _cycimiB (puc. 1.5, 06) Ta me i Ha OULIBIIIN BifcTaHi, sKa
JIOPIBHIOE aj§/220,866a. OTtxe, ii KoOOpIUHALIKHE YHCIO CTAaHOBUTH §, a
"parky mo3Hauaroth 1ie K§.

B ingcanpniit ['K-"pariii koxkeH ioH Mae 12 HaHOMMKYUX CYCIfiB,
po3TaioBaHUX Ha Bifcrasi a (puc. 1.5, B), T00TO ii KOOpAMHALIIHHE YUCIIO
CTaHOBUTH 12, a "paTKy MO3HAuYaIoTh K [ 12.

Y Garathox mporiecax, o BiJI0yBarOThCs Y MeTallaxX 1 CIiIaBax, BayKIIH-
BY POJIb BiAIPatOTh MOPOKHUHYU MIXK 10HAMHU y KpUCTaliyHii “parui. Bonu
MOXYTh OyTH YTBOpeHI 6 i0HaMu, pO3TAllOBAaHMMH Y BEpIIMHAX IPaBHU-
JILHOTO OKTaenpa (oxmaedpuuri nopodcHunu), ado 4 i0HaMH, 10 PO3TAIIIO-
BaHi y BEpIIMHAX MPABUIIBHOTO TeTpaenpa (mempaeoputiHi ROPONCHUHIL).

VY T'K-"parui okraexpu4Hi nopoxuunu (puc. 1.6, a) po3raiioBati y

aviy

Puc. 1.6. OxraexpuuHi (a, B) Ta TeTpaeapuydHi (0, T) TOPOKHUHHU:
a, 6 — 'IK-"parku; B, T — OLIK-"parku
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LeHTpi KyDOa Ta mocepequHi Horo rpanei. SKIo MpUITyCTUTH, 0 y By3Jax
TPaTKH 3HAXOIATHCS )KOPCTKI KyJIi pasiycoM r (aTOMHHHA pajiyc MeTany), sKi
0e310cepeIHbO TOTHKAIOTHCS OIHA IO OHOT, PO3MIpP OKTAaeIPUIHOT IOPOXK-
HuHN craHoButuMme 0,41r. TeTpaeapwduHi MOpPOXXKHUHH pPO3TAlIOBaHI Ha
MIPOCTOPOBUX JiaroHaNsX KyOa, Ha 1/4 1X momxuHH, i MatoTh po3mip 0,225r.

OLIK-"parka, sIK TOKa3aHO BHIIE, € MEHII KOMITakTHOO, Hix ['LIK, ame
¥ TIOPOXKHUHH B Hill MeHIIOro po3mipy. Tak oKTaeApuyHI MOPOKHUHH, SKi
po3TamoBaHi B LEHTpax rpaHei Ta mocepennHi pebep kyda (puc. 1.6, B),
MaroTh po3Mip ycboro 0,154r. lemo 6inpmmmu (0,291r) € TyT TeTpaeapuyHi
mopoxHUHU (puc. 1.6, T), KOTpi 3HAXOMATHCS Ha TpaHAX Kyba, Ha 1/4 ix
MeIiaH.

Po3mipu mopoxuamuau B I'K-'parmi touno Ttaki, sx i B ['IK. Oxra-
eIpUYHI MOPOKHIHHU 3HAXOIATHCS BCEPEIHHI IPU3MH 1 MaroTh po3mip 0,41r,
a TeTpaeqpudHi (Ha pedpax i BcepenuHi mpm3mu) — 0,225r.

30ir mBox xapakrepuctuk I'IIK- i I'K-"parox — ix xoopmuHamiiHUX
YHCel i pO3MipiB MOPOKHHUH — HE BUNIAIKOBHU. BiH CBIIUNTH, IO i TPaTKH,
TTOTIPH Ha4eOTO CYTTEBY BIAMIHHICTH MK HUMH, HacIIpaB/i OMM3bKi OJHA 10
OIHOI.

1.4. AHi30TpOmisi KPUCTAJIIB

Amnizomponisa — PpI3HUIS BIACTUBOCTEH KPUCTAJIYHUX TIT y Pi3HHX
HanpsiMKax. BoHa 3yMOBJI€Ha Pi3HIMH BiICTaHAMH i, OT)KE, PI3SHUMH 3HAYCH-
HSMH CHJI 3B’ 3Ky MK i0HAMH B pi3HUX HallpsAMKax y kpuctaii (puc. 1.7).

Y

OHORORO

{140}

1100¢ {110}
Puc. 1.7. Cinigu riomma {100 }, {110 }, {140 } Ha wiommHi X-Y
npocToi KyOiqHOT "paTKu
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UM OinpIe eIeMEeHTIB CHUMETpii Mae KpHCTallidHa parka, THM
MeHIIo Oyne ii aHi30TpOnHICTh. AHI30TPOIS 3MEHIIYETHCS TAKOX HPU
Tepexosii Bifi CHPSMOBAHOTO KOBAJCHTHOTO IO HECIPSIMOBAaHOTO MeTaje-
BOTO 3B’s13Ky. AMOp(QHI MaTepiaiy 3a3BHYail 130TPOITHI, a MOJIKPUCTATIYHI
Tija, M0 CKJIAMAI0ThCS 3 BEJIUKOI KIIBKOCTI A€30PIEHTOBAHMX KPUCTAIIB, —
KBa31i30TPOITHI, TOOTO MArOTh OTHAKOBI BIACTHBOCTI y PI3HUX HAIpsSMKaX.

AHI30TpOIIisI METaNIB Ma€ BeJIMKE NPaKTU4He 3HaueHHs. Hanpuknan, y
kpucrtani ugucroi minmi, mo Mae ['TIK-'paTky, TpaHWI MIITHOCTI TpH
posrsrHeHHi y HanpsaMKy [100] cranoButs 146 MIla, Toai Sk y HanmpsMky
[110] us xapakrepuctuka csirae 350 MIla.

VY neskux BHUIaAKax 0a)kaHO MaTH aHI30TPOITHI MOJIKPHCTaTYHI Tija,
KOJIM TPaTK! OUIBIIOCTI KPUCTAIIB MAIOTh MEBHY OPIEHTALII0 B MPOCTOPI —
Tak 3BaHy mexcmypy. OCTaHHIO MOKHA OJiep KaTH TP 3HAYHINA ITaCTUIHIN
nedopmartii, kpucramizanii, enexrpomizi Tomo. Hanpuxiazx, y craneBux
JIUCTAX, 3 SIKUX KOMIUICKTYIOTH Ocepls TpaHc(opMmaropiB, BTpaTH SHEPTii
IIpY TIepeMarHiuyyBaHHi OyIyTh MiHIMaJIbHUMH, SIKIIO Bick [ 100] kpucrainiu-
HOI 'parku 30iraTUMEThCsl 3 HANpPSMKOM MPOKaTyBaHHS, a IUIONIMHA Kyba
{110} 3HaXOMUTHMETHCS B TUIOUIMHI TPOKATYBAHHSI.

1.5. Hoaimop¢izm meTatiB

THonimopghizmom HA3UBAETHCS HASBHICTD Y 0araThbOX METAIB 1 ACSIKHX
HEMETaJliB pi3HUX KPHUCTATIYHUX PaTOK, CTIHKWX y TMEBHHUX IHTEpBajax
TEMIIEpaTypH Y¥ THCKY. BiIIOBIIHO PO3PI3HAIOTD mepmiynuil Ta 6apuyHuil
nojiMop¢iszM. Pi3HI KpucTamiyHi CTPYKTYpH OJHOTO 1 TOTO CaMmoro
eJIEMEHTa HA3WBAIOThCA HOTO nonimMopgHumu mooughikayismu i TIO3HaUa-
I0ThCS TIOYATKOBUMH JIITEpAMU TPELbKOI aO0eTKH, MOYMHAIOUH 13 HU3BKUX
TeMIepaTyp.

IMepexin onmuiei Momudixamii B iHIIY Ha3UBAETHCS HOAIMOPHHUM
nepemeopenuam. Y 4UCTHX MeTajaX IIi IEpeTBOPEHHS BiAOyBarOThCS MpHU
MOCTIMHIA Ta 3aBXIW OIHAKOBIM TemIeparypi i, OTXke, € IIe ONHIEI0
XapaKTepUCTUKOIO JaHoro Metaiy. [Ipuknaan momimopdizMy y MpakTHIHO
BOXJIMBUX MeTaJlaX HaBelIeHl B Taou. 1.3.

Ha puc. 1.8 mokasaHi TemreparypHa 3aJeXHIiCTh BUIBHOI eHeprii Ta
JiarpaMa CTaHy noaimMopgro2o memaniy, mo Mae 2 moamdikamii — o i .
Jlinis KL BignoBinae craHy, KOJW TEPMOAMHAMIYHI yMOBH iCHYBaHHS
pi3Hux Mozaudikamiii MeTany OIHAKOBi, TOOTO MOXIHBE pPiBHOBa)KHE
criBicHyBanus kpuctaiiB ¢ i . [Ipu TucKy p, UbOMY BiANOBigae Temre-
parypa T,. [Ipu Buiux temmeparypax Oyae crabinpua S-moxudikanis, mpu
HIDKYHX — CL.
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Tabnuya 1.3. MHonimop¢i3zm nesKux mMerasin

InrepBan
Merain Mopnudikawis icHyBaHHSI, Ipatka
°C
o Hioxue 910 OLIK (A2)
3aiizo Y 910...1401 T'IK (A1)
S(ar) 1401...1534 OIIK (A2)
Kobanut o Hioxue 450 'K (A3)
B 450...1493 T'TIK (Al)
o Huxue 710 Cxiragaa OLIK (A12)
710...1079 Cxiragna xkybiuHa (Al3)
Mapraeus % 1079...1143 FHIZ6(A1)
) 1143...1244 OIIK (A2)
Ooso o Hwxue 13,2 Tuny anmasza
B 13,2...232 TerparoHasipHa
Turan o Hioxue 882 'K (A3)
B 882...1668 OIIK (A2)
[uproniii o Hioxue 862 'K (A3)
B 862...1855 OIIK (A2)

VY pealbHMX yMOBax, IpW HarpiBaHHI YW OXOJIOJDKCHHI 3 KiHIIEBOIO
MIBUAKICTIO, TepeTBopeHHs o' BimOyBaeTbhcsi mpu TmeperpiBaHHi abo
TIEPEOXOIIO/KEHHI, IPH I[bOMY CTYIIIHb NIEPErpiBaHHS 3aBXK I MCHIIHN, HiXK
MIEPEOXOJIOKEHHS. 3aBIsIKM MM 0OCTaBHHAM PiBHOBa)KHa TeMmeparypa To
HE JIUIIE 3MIIIYEThCS BBEPX a00 BHU3, alic W PO3TATYETHCS HA TICBHUMN
inTepBan Temmeparyp (puc. 1.8, B).

[Nepexpucranizanist npu nojaiMophHOMY EPETBOPEHHI, SIK 1 KpHCTali-
3amig piguHM, BiIOYBA€THCS MUIAXOM YTBOPEHHS 3apOAKIB HOBOI ¢a3u Ta
MMOJANIBIIOTO iX 3pocTaHHs. [Ipu HarpiBaHHI Ii¢ MEPETBOPEHHS CYIPOBOJ-
JKY€THCSI IONIMHAHHAM TEIUIOBOI €Heprii, a MpH OXONOKEHH] — {1 BUIITICH-
HSIM.

Kpim TemnoBoro edexry, nomimMopdHe MepeTBOPEHHS CYIPOBOIXKY-
€TBCS TaKOXK 00’€éMHUM e(eKTOM, IHKONIM — JOCHTh 3HA4HUM. Tak, mpu
nepeTBopeHHi 6isoro B-omoBa Ha cipy o-mMoaudikailiro 06’eM 361TbITYETHCS
Ha 25%, 1110 PU3BOIUTH 10 BUHUKHCHHS 3HAYHUX BHYTPIIIHIX HANPYKEHb
y IETaJsIX, BUTOTOBJICHHX 3 I[bOTO METaly.

ITpn monimMopdHOMY neEepeTBOpeHHI pi3ko (CTPUOKOM) 3MIHIOETHCS
YUMaj0 BIACTMBOCTEM METaiB 1 CIIABIB: MUTOMUK 00’ €M, TEIJIOEMHICTb,
TEIUIOMPOBIIHICTh, CIIEKTPONPOBIAHICTh, MATHITHI, MEXaHiYHi, XIMidHi
TOLIO.
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1.6. lepexkTn KpucTadidYHOI Oy10BH

0. B mondiauif merary Kpucraniuna O6ynoBa peaqbHUX METaTiB i CIUIABIB HE € iJealbHOIO,
TOOTO NEpPiONWYHICTE pPO3TallyBaHHS aroMiB (iOHIB) y KpHCTaJIuHIN
'patii MOpYyIIyeThCsl YUCICHHUMH Oegekmamiy — HETOCKOHAIOCTIMH il
OymoBu. Jlo HHX HaleXaTb mMOYK08i, JiHIUHI Ta noGepxHesi
MikpoOegexmu. ICHYIOTb TaKOXK 00’ €MHI MakpoaehEeKTH.

o

Binbha eneprist

1.6.1. ToukoBi nedexTn

Li nedexkTn MarOTh HEBENMKI PO3MIpH B yCiX TPhOX BUMIpax — He
Oinble KiNBKOX miaMeTpiB aroMiB. J[o TOYkOBHX Jc(EKTiB HaekKaTh

> BAKAHCIL, MIJHIC8Y3106] Ta OOMIWKOGI amomu Ta TXHI KOMIUICKCH.
Ta To Temnepatypa Baxaucis — ne He 3aifHATE aTOMOM MicCIe Y BY3J KPHUCTaTI9HOI

‘patku. 3a momemmtio . ®PpeHkens, BHHUKHEHHS BaKaHCI Moxe
BimOy-BaTHCS BHACHINOK (PIyKTyamifHUX INPOIECiB MEPEeXOqy aTOMiB
KpUcCTalia 3 By3Ja TpaTku y MIXKBY3JIOBE MOJIOKCHHS, HPH LBOMY
BUHUKAE napnutl degexm @Ppenkens, WO CKIANAETHCSA 3 BakaHCIi Ta
MixBYy310Boro aroma (puc 1.9, a). 3a mozgemmto lloTTKi, BakaHcii Mo-

Tuck

Piguna

6 KYTh YTBOPIOBATHCS IIPU MEPEX0li aToMa 3 By3ja 'paTKU Ha IMOBEPXHIO
o KpUCTalla YHM LUISXOM HOro INOBHOTO BUIApPOBYBaHHS 3 IOBEPXHI
Tasonopi6emii cram (puc. 1.9, 6). Y BinmbHUIl By301 ‘paTKu MOXKe MepeMillyBaTHCs iHIIHi
aTOM, 3aJIMINAaIoYd HOBE BaKaHTHE Micle, TOOTO BiaOyBaTUMeEThCS
Mmiepayis eaxanciu. lled nmpouec Bijirpae BaxxJauBy poiib npu 1udys3ii ta
> camonudysii, Ipu MOB3Y4YOCTI METaIy TOLIO.
A Temmneparypa
s
] - o°
% o—>P >
&
B
a
To 4
o € DO e
o 0
gl Puc. 1.9. Cxema ytBOpeHHs BakaHciil: a — ®penkens; 6 — [orTki

IIBHzKiCT HArPiBaHHS (OXOJIOKCHHS)

HaBkono HesaltHITOrO By3JIa, Mi)KBySHOBOI‘O Y{ JOMIIIKOBOI'O aroMa
KpI/ICTaJ'Ii‘IHa 'paTKa BUKPUBIIAETHCA, TOMY TOYKOBHM ,He(l)eKT PO3TIIAOar0Th
SIK IEHTP CTUCHEHHSI YM PO3IIUPEHHS B IPYKHOMY cepenoBuili (puc. 1.10).

Puc. 1.8. 3anexHicTb BUIBHOT eHepril Bix Temneparypu (a), aiarpama ¢pa3oBoi
piBHOBaru (6) MOIIMOP(HOTO METATy, HOJIOKEHHS TeMIIepaTypy IoJIiMOppHOTro
nepeTBOpeHHs To 3aJIe)KHO BiJl IIBUIKOCTI HArpiBaHHS i OXOJIOKEHHS (B)
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Puc. 1.10. BukpuBieHHs KpyCTanivHOT ‘paTKU HABKOJIO TOUKOBHX Je(hEKTiB

3aBAsSKM TEIUIOBUM KOJHMBAHHSIM aTOMIB y 'parii BakaHcii Ta
MIDKBY3JI0BI aTOMH HasiBHI y KpHUcTanax npu Oyab-siKiii Temrieparypi, 1o
BHUIIIE BiX aOCONIOTHOrO Hyns. Taki BakaHCii HAa3WBaKOTh TCIUIOBHMH, Ha
BIZIMIHY BiJl THX, III0 MOXYTb YTBOPHUTHUCS IIiJ| BIUIMBOM IUIACTUYHOTO Jie-
(dopmyBaHHs, OOMOapIyBaHHs TOBEpXHI KpUCTaja YaCTHHKAMH BHCOKOT
€Hepril Y ONPOMIHIOBaHHS KOPCTKUM BHIIPOMIHIOBaHHSIM.

KoxHniit Temneparypi T Bianosigae piBHOBa)KHa KOHIICHTpALIisl BaKaH-
CiHi, IKy MOXXHA BU3HAUUTH 32 POPMYIIOI0

n/N=e-E/KkT, (1.2)
Jie n — KUIBKICTh BakaHCil y kpucrtaii 3 N atoMamu; k — KoHcTaHTa bombii-
MaHa; E — eHeprisi yTBOpPEHHsI OJ{Hi€T BaKaHCIi.

3BijicH BUXOAUTH, 1O CHiBBiAHOMICHHS /N, sSIKe BiAMOBIIA€ PIBHOBAXK-
HIill KOHIIEHTpAIlii BaKaHCiH, CKCIIOHCHI[IHO 3aJIeKHUTh BiJ] TEMIICPaTypH.
Hanpuknan, sikio Juist eHeprii yTBOPEHHsI BAKaHCIH y Mifi B3STH 3HAUYSHHS
1,1 eB, piBHOBa)XxHa KOHIIEHTpallisi BakaHCiii Oyne 3MiHtoBarucs Bin 10-19
npu 300 K o 104 mpu 1350 K.

HezanoBHeHICTh aTOMaMy TEBHOI YaCTUHH BY3JIIB KPHUCTAJIIYHOI
‘patku mpu OyIb-SKMX TeMIIeparypax, BHUIIMX Bif aOCOIIOTHOTO HYII,
MOKJIQJICHO B OCHOBY 6AKAHCIUHO20 Mexanizmy oughysii. JIOMIIIKOBI aTOMU
MOXXYTh NIEpEMIlLyBaTHCS B 1l BAKaHTHI By3JH. BcTaHoBieHo, 1110 mpu pyci
aTOMIB JOMIIIKOBHX €JIEMEHTIB y TBEPIMX PO3UMHAX 3aMillleHHs HalOiLIbII
HMOBIPHO peasli3yeThCsl caMe BakaHCIHHUII MeXaHi3M, TOHNi SIK aToMH
JOMILIIOK TNPOHHMKHEHHS (ByIWIelb, a30T) MIrpyioTh npu audysii mo
MEKHUBY3IIAX, TOOTO PEaTi3yEThCS MENCUBY3NEGUU MEXAHIZM OUDY3il.

[IIBunKe 0XOJOHKEHHS BiJl BUCOKMX TemIeparyp (ikcye BakaHCil mpH
KIMHATHIH TemIeparypi, 1 MeTan HUMH nepecudyerhbes. [Ipu HarpiBaHHi 11i
HaJUIMIIKOBI BakaHCIi MIrPYIOTh JI0 CTOKIB — MEX 3€peH 1 OJNOKIB, 1HIIMX

nedexTiB. Y pesynbTari KOHIIEHTpAIlisl BaKaHCiH HAOMIDKAETBCSA O PiBHO-
BaXHOI. SIK HACHiOK KOHIIEHTpAlii HA/UINIIKOBHX BaKaHCIH, MOXIIBE
YTBOPEHHS Ouy3itinoi nopucmocmi i, 3peuITor0, MiKponopucmocmi.

[Ipu B3aemomii TOYKOBHUX JIePEKTiB MOKIUBE YTBOPEHHS HE JIUIIE ITapH
BaKaHCi — MIXKBY3JIOBHI aToM, ane W mapW BaKaHCiI — BaKaHCis
(nuBakaHCis). EHEpPreTHYHO BUTITHAM € TaKOX KOMIDIEKC 3 YOTHPHOX
BakaHciit, sxki B ['IIK-'parmi MOXyTh yTBOPIOBATH TETpacapU4Hy KOHQi-
rypamiro. [lo iHIIMX KOMIDIEKCiB TOYKOBHX Me(eKTiB Halexarb: mapa
BaKaHCi — aToM [OMIIIKH, Tapa MIXBY3JIOBHX aTOMIB (eaumens),
JAaHLIKOK OCHOBHHX AaTOMIB 3 MiJBUILEHOI TyCTHHOIO Y IIEBHOMY
HaTPSMKY KPACTAIIYHOI "paTKu (KpayoioH).

1.6.2. Iucnoxkamii

Jinitini MikpoOegexmu MArOTh MaJi PO3MIPH Y JIBOX BUMIpaX i BEJIHKY
MIPOTSDKHICTD Y TpeThoMY. Taki HeZOCKOHAIOCTI KPUCTANIYHOT OyI0OBH HA3H-
BalOTh Oucaokayismu. lle ocoONMMBUIL BuA po3TallyBaHHS aTOMiB, KOJHU
MTOPYIICHO HOTO MePioMUIHICTh. PO3pi3HAIOTH KpaiioBi (JIiHiITHI) Ta TBUHTOBI
JIMCIIOKAITI].

VsBIEHHS PO KpaHoBY IHMCIOKAILilO TOB’sA3aHe i3 3aliBOI0 aTOMHOIO
IUTOIIMHOI0 — EKCTPAIUIONIMHOI0, KA HE Mae€ IPOAOBXKEHHS BCEpeIHHI
kpuctana (puc. 1.11, a). Taka aucioOKaIlis MOXXe BHHUKHYTH, HAPUKIAL, ¥
MPOIIECi KPUCTaNi3alii MpH 3pOIIyBaHHI KPUCTAJIB 3 PI3HOIO OPIE€HTAIIEI0
MIPOCTOPOBUX 'PaTOK, IPH IIIACTHYHOMY JIe()OpPMYBaHHI.

Sxmo BepxHIO YacTHHY KpHuctana (puc. 1.12) 3cyHyTH moI0 HUKHBOT
Ha OIHYy MDXKaTOMHY BiJICTaHb i 3a()iKCyBaTH MOJIOKEHHSI, KOJIH 3CyB OXOITUB
HE BCIO IUIOIIMHY KOB3aHHS, a JIMIIE {1 YacTHHY, TO MeXa AB MiX AJISHKOIO,
Jie KOB3aHHS BXXE BIIOYNOCS, Ta IHIIOK YaCTUHOKO Ili€l IUTOMKHY, e HOro
me He Oyno, i Oyme KpaioBOow Auclokamiero. AB — miHiZ KpaHoBOi
JHCIIOKaNii, sika MMPOHNU3Y€E KPUCTAJ MEPICHINKYSIPHO BEKTOPY 3CYBY T.

[To6nu3y Kparo eKCTPAIIOMHA BUHUKAIOTh 3MIIIEHHS aTOMIB IIOJ0 1X
HOPMAIbHUX TIOJOXKCHb, MPUYOMY HAWOUTBII 3MIMICHI Ti aTroMu, fKi
po3TamoBaHi Ol Kparo ekcTparuiomuHu. [IpoTe Bke Ha BifCTaHI KITBKOX
aTOMIB IIi 3MIIIEHHS CTalOTh HE3HAYHUMHU. BUKpUBIIEHY TUTONIMHY HABKOJIO
JMCIOKALi HA3MBAIOTH il z0pom. Moro posmipu craHoBmate ~10-9M, a
MOBXKHHA EKCTPAIIOIUHUA MoXe csratn =102M. Y sapi KpaiioBoi
JUCIIOKAIii 3HAXOAAThCS 00NacTi TPYKHO CTHCHYTOTO Ta MPYXXHO
po3tarHeHoro Mmertany (puc. 1.11, 6). came TaM e€HEpreTHYHO BUTITHHUM €
pO3TalIyBaHHS aTOMIB JIOMIIIOK, IO YTBOPIOKOTH TakK 3BaHiI ammocpepu
Kompenna.
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Ob6nactb

6 MPY>KHOPO3TATHYTOrO
MaTepiany

Puc. 1.11. Cxema kpaitoBoi nucnokaii (a) Ta ii simpa (6)

[MopyuieHHsT MOPSIIKY PO3TAllyBaHHsS aTOMIB MOXKE YTBOPHTH IHIIHIA
BHJ JiHIIHOTO nedeKTy — BHHTOBY IUCIOKALif0. 3CyB OIHi€l YaCTHHHU
KpHUCTajla MOA0 iHIIOI MOXKHA peai3yBaTéd HE TUTBKH 32 CXEMOIO, MOKa-
3aHoto Ha puc. 1.12, anme i Tak, sk Ha puc. 1.13. SIkmo HagpizaTn KpucTa
1o cepeauHU 1o TwiomuHi ABCD 1 3CyHYTH HOro mpaBy YaCTHHY BHU3 Ha
OJIMH TIEPiOJ TPATKH, TO Ha BEPXHi IpaHi KpUCTaIa YTBOPUTHCS CXOAWHKA,
oo 3akiHgyerbcs B Toulli B. Ilpm mpoMy 3MmimeHHS MpaBoi YaCTHHHU
KpHUCTajia 010 JIiBOi 3MEHIITY€THCS y HANPSMKY Bif A 10 B. SIK1io 10 3cyBy
KpHCTaJI CKJIaAaBCcsi 3 TapalelbHUX aTOMHHUX IUIOUIMH, TO MICHs 3CYBY
HaBKoJIO oci EF (puc. 1.13, B) aTOMHI IUTOIIUHA PO3TAIIOBYIOTHCS y BUTIISAL
TBUHTOBOI CXOAWHKH. By3pka 00/acTh BHKPUBIEHOI TPaTKH HABKOJIO JIiHi1
EF Bimokpemiioe Ty 4YacTHHY KpHUCTajia, A€ 3CYB y Ipolieci KOB3aHHS
BinOyBcCs, Bif Ti€i, Ae Horo He Oyro.

Puc. 1.12. Cxema 3cyBy mif Ji€lo Hanpy>xeHHs T
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Puc. 1.13. Cxema 3cyBy npu yTBOpPEHHI 'BUHTOBOI Juciokaiii (a, 0),
KpHCTA i3 'BUHTOBOIO TUCIIOKAITIEO (B)

Skuio Bick KpaioBoi JucioKanii i BEKTOp 3CYBY B3a€EMHO IEpPIEHIH-
KYJISIpHI, TO JUIs TBHHTOBOI IUCIIOKAllli BOHM IapajielibHi OIHE OJHOMY.
IBMHTOBA AUCIIOKALiA, SK 1 KpaloBa, € PyXOMHM YTBOPEHHAM y KPUCTAJI.
JlocuTh HEBENMKHX 30BHILIHIX HaBaHTAXEHb M iX Iepexoay y HOBI
TIOJIOXKEHHSL.

MexaHi3M yTBOpPEHHs 'BHHTOBOI JIWCIIOKalii NMpu Kpucraiizamii
MOBHICTIO HE 3’5ICOBaHO. BUHUKHEHHS! CXOAMHKH, MOXJIHMBO, 3yMOBJICHE
JOMIIIKaMU. 3a aHAaJOTi€l0 3 PO3MISIHYTOK HIXKYE CXEMOIO INPHEIHAHHS
aTOMIB IpU 3pOCTaHHI y Mpoleci KpHucTaii3auii JBOBUMIPHOIO 3apojiKa,
aToMH 3 OLIBLIOI WMOBIPHICTIO OyQyTh NPUENHYBATHCS IO 3POCTAIOYOrO
KpHCTajga B 00JacTi CXOIMHKH, & HE JIO IUIOCKOI MOBEpXHi. Y pe3yJbrari
I[BOTO CXOMUHKa Oyne oOeprarucs HaBKoJIO JiHIT EF. 3 i€l mpuuuHu Ha
MOBEPXHi 0ararbox KpUCTaJIiB MOYKHA CIIOCTEPIraTH CHipai 3p0Cmants, siKi
HiATBEPKYIOTh 3alpOINOHOBAHUN MEXaHi3M YTBOPEHHS KpHCTajla 3a
y4YacTIO ‘BHHTOBOI AMCIIOKALl.

[IpaBnononiOHOIO € MoOjeNb BUHUKHEHHS IUCIOKAlld y KpHCTali,
3anpornonoana ®. ®pankom i B. Pimom, 31 cneniaabHUX pKEpet, Ha TXHIO
4eCTh Ha3BaHUX Ooiceperamu Ppanrxa—Pioa.
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Ha BigmiHy Bim TOYKOBHX Ie(eKTiB, KOHIEHTpAIlis SKUX € PiBHO-
Ba)KHOIO JUISL IaHOI TEMIIEpaTypH, AUCIOKaLil Ipy Oyab-sIKIX TeMIIepaTypax
MiIBUINYIOTH BUTBHY €HEPril0 KpUCTajla BHACIHIIOK BHUKPHUBICHHS PaTKU
IpH X YTBOPEHHI 1 TOMY € TePMOAWHAMIYHO HEpiB-HOBaXKHUMH Je(PEKTaAMU.

KpurepieM BHUKpHUBICHHS KpPHUCTANidHOI 'PAaTKH € BEKTOP 3CYBY
(6exmop bBropeepca) b. Ins ioro BU3HAYEHHS Yy BHITAIKYy KpaiHoBoi
JUCIIOKAIlii HaBKOJIO Hel OyaytoTs KoHTYp ABCDE (puc. 1.14), nns iporo Bifg
TOYKH A TIOCIIJOBHO BiPaXxOBYIOTh ONHAKOBY KUTBKICTH MIXKaTOMHHX
BiJICTaHEH MPOTH TOAWHHUKOBOI CTPiIKH, TOOTO y HanpsaMkax AB, BC, CD,
1 3aMHKafOTh KOHTYp Ha AiSHI DA. [TopiBHIHHAM 13 KOHTYpOM i1€aIbHOTO
KpHCTala, 0 He MICTHTh IUCIIOKAMii, 3HAXOIATH iX Pi3HUIIO — Biapizok AE,
SKUA 1 BU3HAYae BENHMYMHY BekTopa broprepca. AHamoriuHy moOyHmoOBY
BHUKOHYIOTP 1 JUIs1 'BHHTOBOI TUCIIOKAMii. Y KpHCTaji 3 KpalOBOIO IHCIIO-
Kaliero BekTop broprepca posramoBaHdAi HMEPHEHIUKYISIPHO IO il oci, y
KpHUCTaJi 3 'BUHTOBOIO JUCIIOKAIIEI0 — MApaJIebHO.
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Puc. 1.14. BusHauenHns Bektopa Broprepca y kpucraini 3 KpailOBOIO TUCITOKALIE0

Enepcisn oucnoxayii Ep 3anexuTb Bim Bektopa broprepca, mo
XapaKTepu3ye CTYIiHb BHKPUBICHHS PaTKH, Ta MOXYISA 3CyBy G, SKUH
BH3HAYAETHCS CHJIAMH MiKaTOMHOTO 3B’sa3Ky. EHepris mucmoxamii, mio
MIPUIIAZa€ Ha OAWHUINO 11 JOBKUHH TOPIBHIOE

Ep=0Gb?, (1.3)
o€ O — KOHCTaHTa, sKa 3aJeKUTh BiJ THITy AWCIOKAIii, i1 BifcTaHi Bif
CYCIOHIX IUCITIOKAIliil Ta IMOBEpXHI KpHCTala, iIHMHX (aKTopiB. 3BUYANHO
=0,5...1.
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I'yemuna Oucnokayiii p — ne cymapHa ix IOBXHHA XL, y cM, IIO

MPUNAJA€ HA OMUHUIIO 00’ eMy V, cm3:
p=2L/V. (1.4)

VY peanbHUX KpHCTanax MiCTUTbCs Onu3bko 100...108 cM~2 mucnokariiid.
Bonn MaroTh BHCOKY PYXJIMBICTh 1 3[aTHICTh MHOXXHTHCS Il BILUTHBOM
30BHIMIHIX CHII, IPUKJIAACHUX J0 KpUCTala. 3HauHa IUTaCTHYHA JeopMaltis
METally CYTTEBO 30LIblIy€ TyCTHHY auciokamidi — go 109...1012 cm2.
I'ycruna nucnokaniii Ta iX po3TallyBaHHS 3HAYHO BIUIMBAIOTH Ha
BIIACTHUBOCTI METaly.

Jo niHiitHEX nedeKTiB, KpiM OUCIOKaIlii, BITHOCATH TaKOX JIAHITIOKKH
BaKaHCIH Ta MKBY3JIOBHX aTOMIiB.

1.6.3. IloBepxHeBi nedexTn

Bonn MaroTh Maii po3Mipu TUTBKH B OJHOMY BEMIpi. Jlo HUX BiTHOCSTE
MEXI 3epeH 1 CTPYKTYPHHUX EJIEMEHTIB, 3 SKHX CKJIaJaroThCs 3epHa.

[omikpucramiyHi Tina CKIANAIOTBCS 3 BEIHMKOI KITBKOCTI JAPiOHMX
(10-1...10-5 cm), o piZHOMY 30pi€HTOBAHHX MIOAO CBOIX CYCiiB, KPUCTAIIB,
AKi, B CBOIO Yepry, MOMUISIOTHECS Ha (PparMeHTH, IO PO30pi€HTOBaHI Ha
JeKiTbKka rpamyciB. OparMeHTH TakoK CKIANAIOTBCA 13 cyO3epen (Onokie
Mmosaixu) po3mipom mpubiau3no 10-5...10-6 cMm, yms KprcTaliyHa ‘parka 3a
CBO€IO OyZI0BOIO HAOMMKAETHCS JI0 BiIHOCHO MPABUIIBHOI.

Mediceio 3epen BBaXKarOTh IEPEXiTHY 30HY MDK 3€pHaMHM 3aBIINPIIKH
10 10 Mi>kaTOMHHX BiJcTaHEH, 11 HA3UBAIOTh BUCOKOKYMOBOI0, TOMII SIK KyTH
pO30pieHTAIl CYCiIHIX 3€peH CTaHOBIITH ACKIIbKA ACCITKIB TPaIyciB.
Mexy ONOKIB 3epeH Ha3MBAIOTb MAIOKYNOG0I0, aJDKE KYyTH PO30pIEHTY-
BaHHS CTAHOBIATH TYT AEKIJIbKa KyTOBHX MIHYT a0 JeKiIbKa JECSATKIB
KyTOBHX CEKYH]I.

Mexi 3epeH i OJIOKIB MarOTh MiBUIICHY XiMIYHY aKTHBHICTH, MICTSTh
CKYITYEHHSI IMCIIOKALlill Ta DOMIIIKOBHX aTOMIB, IPaBHJIBHICTD PO3Tally-
BaHHS aroMiB TyT mopymieHa. [1ix BIIMBOM HampyskeHb, a OCOOIMBO IPH
i IBUIIECHHI TEMITEPATyPH, MEKi MOXKYTh TIEpeMIIyBaTucs (MirpyBaru), o
MIPU3BOJNTE 10 YKpYNHEHHs 3epeH. [udysis mo mexax 3epeH morpedye
MEHIIIOT CHePreTHYHOI aKTHBAIIi MOPIBHAHO 3 00’ €MHOIO AH(Y3i€r0.

Jlo oBepXHEBUX BITHOCATH TaKOXK Oedhekmu naxyeauHs, TIOB’s3aHi 3
BIIXWJICHHSIM BiJ PETyISIPHOCTI B pO3TallyBaHHI mapiB aroMiB. Tak,
HOpMankHa TmochigoBHicTs miommH {111} B ['IK-"patmi nmoBurHa OyTH
takoto — ABCABC. 115 mocnigoBHICTh TOPYLIYETHCS IPH ICHYBaHHI edek-
TiB MaKyBaHHS THITY GU/IyYeHHs, KO HE BHCTA4a€ OIHOTO IIUILHOYIAaKO-
BAHOTO Imapy, i ix mociminoBHicTh cTae Takow — ABCBCABC. IcHye Takox



34 Po3miin 1

Oe(GeKT NaKyBaHHS THIY HPOHUKHEHHs, KOJIW JONAHO OAMH 3aiiBHi
oliTpHOyNakoBaHUi 1map. TparmuisiroTbCs TaKoX O0gitlHuKo6i NeexTn
MAKyBaHHS 13 CHMETPUYHUM ([I3€pPKATBFHIM) 3CYyBOM aTOMHHX IIapiB.
[MoBepxHeBi agedeKkTH 3HAYHO BIUIMBAIOTh Ha  BIACTHUBOCTI
KPUCTAJIIYHUX TiJ, 0COOIMBO HA IXHIO MIIHICTb, yAapHY B’SI3KICTH TOIIO.

1.6.4. O0’emHui nedextu

Jlo Takux IeQeKTiB Halex)aTh CKYIMYCHHS TOYKOBHUX NE(EKTiB, sKi
YTBOPIOKOTH MOpuU, @ TaKOXK 6KItoueHHa iHWOI ¢asu. [lopucTicTh yTBO-
PIOETBCS Ha PI3HUX CTaisfAX BUTOTOBJICHHS METAJCBHX BHPOOIB: TaK, IpH
JMTTI BOHA MOXKE BUHUKHYTH Y MPOLIECi KpUCTali3amii 3a paxyHOK yCaIKH
Metany (ycadouna nopucmicmy). TIOpHUCTICTE € XapaKTEPHOIO O3HAKOIO
MarepiaiiB, BUTOTOBICHUX METOIAMH MOPOLIKOBOI MeTayprii.

Kpucramnizaris meramniB 35

Po3aia 2
KPUCTAJIIBALISA METAJIIB

2.1. XapakTepuCcTHKA PiAKOro MeTaay

Bararo moCHiTHUKIB Bi3HAYAIOTh HASBHICTH 3B 53Ky MiX BJIACTH-
BOCTSMH PIJKUX METAJTIB 1 CIUIaBIB Ta MEXaHIYHUMH, TCXHOIOTIYHUMHU I
IHIIUMHA XapaKTepUCTUKAMH TBEPAOTO METANY, 0 YTBOPIOETHCS 13 PiUHU.

Pimunm, 3amexHO Bif iX BHYTPINIHBOI OyJIOBH, BINPI3HSAIOTBCS MiX
co0010 B'SI3KICTIO, TEKYUiCTIO, TeMIlepaTypaMu KpHCTajli3amii Ta KAIiHHS,
3[aTHICTIO PO3YMHIOBATH 1HII PESYOBHHU TOLIO.

Knacudikanist pisnH BpaxoBye XapakTep B3a€MOJIii YaCTHHOK, 3 SIKHX
BOHH CKJIQJIAIOTHCSL.

Bopna, cimprty, opraHiyHi KHCJIOTH HajeXaTb J0 TPYNH PiIuH 3 Tak
3BaHUM BOJHEBHM 3B sI3KOM. beHzon, Tomyon, posruiaBieHi mapadinu
CTaHOBJIATh TPYIY MOAEKYIAPHUX piOuH, BOHHM CKIIANAIOTHCS 13 CIa0Ko
OB SI3aHUX MK c0o0010 Mojeky. [Inpokuii kiac HeopraHiYHUX PEYOBHH,
a came: BOJIHI PO3YMHU KHCIIOT, JIYTiB, COJICH — HAJISKHUTH JI0 piOUH 3 iOHHUM
36 s3kom. Po3IulaBneHi MeTanu Ta CIUIaBU YTBODPIOIOTH OKPEMY epyny
MemaniyHux PiMH, 3B 30K MDK YaCTHHKAMH SKHX BHUHHKAE€ BHACIIJOK
B32€EMO/II1 MMO3UTUBHUX 10HIB 3 BUIBHUMH €I€KTPOHAMH.

Sk BizoMo, pifMHa 3a CBOIMH XapaKTEepUCTUKaMHU 3HAXOIUTHCS TTOMIK
ra3onofiOHNUM Ta KPUCTAJIYHUM CTaHAMH.

YMOBH iCHYBaHHS TOTO UM IHIIOTO arperaTrHoro CTaHy MeTaly MOXKHa
BU3HAYMTH 3a JIONIOMOIOIO miarpaMu (asoBoi piBHoBaru (puc. 2.1). Ilpum
TeMIeparypax 1 THCKaX, HWK4YMX Bin JiHii ABI, meranm Oyne CTiHKMM Yy
razononioHomy crani. Pinkwuii cran Oyze crilikuM B obnacti B5I, KpuctamidHui
— B obnacti AFB. Jlinii AF, FB i HI" BimNOBimaroTh ymMoBaM IBO(a3HOL
piBHOBaryu, a Touka b — tpudasHoi. Tak, mpu Temmeparypax i THUCKax, IO
BIZIMTOBINAIOTH JIiHIi HI, MOXKJIMBE CHIiBICHYBAaHHS PIKOTO Ta Ta30MoIiOHOTO
METaJliB, a 110 JIiHii 5B — piBHOBa)KHE ICHYBaHHS PiIMHHU Ta KPUCTAIB.

Monens OynoBH iealbHOTO Tra3y nependadae BiACYTHICTH MKMoIe-
KYJISIPHOT B3a€MOJIi{, TOMY pPO3TallyBaHHS Ta PyX MOJIEKYJ i1€aJIbHOTO ra3y
XapaKTepU3YETHCS MOBHOIO XaOTUYHICTIO Ta HEBIOPsIIKOBaHicTI0. HaBmakw,
Mojienb Oy/IOBM 17€ajIbHOTO KpHCTaja JO3BOJIE PO3MISAATH HOro SK
"CYLIBHY MOJIEKYITy" 3 TIOBHOIO YIOPSKOBAaHICTIO, TOOTO 3 JaJeKUM HO-
PSIKOM pO3TallyBaHHS 10HIB.

CkJ1aJHiCTh MOZICTBHUX YSBJIEHB PO Oy/IOBY PiJIMHU IOB s13aHA 3 iCHY-
BaHHSIM, 3 OHOTO OOKY, B3a€MOJii YACTHHOK 1 BITHOCHO MII[HHM iX 34el-
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Tuck

Kpucraniynuii cran

T"azomoxiOHuil cTan

>

Temmnepatypa
Puc. 2.1. diarpama azoBoi piBHOBaru
JICHHSIM, @ 3 JIpyroro — IiIBUIIEHOIO iX PYXOMICTIO Ta HEBIIOPSAKOBAHICTIO
B PO3TallyBaHHI.

OpHak 3a cCBOiMH OyZTOBOIO 1 BIACTHBOCTSMH PiJFHA OUTBII OAIOHA 110
TBEP/IOTO Tija, HIX 0 ra3y, OCOOIMBO NP TeMIleparypax, OIM3bKHX IO
TeMIlepaTypy KpucTaiizamnii. EkcriepuMenTalbHi J0Ka3| IIbOTO TBEPPKCHHS
Oymu y3aranpHeHi S1.DpeHkeneM i 3BOAAThCS 10 TaKOTO:

1. Tlpm muraBneHHI TBEpAWX Tijl BiJHOCHE 30UIBIICHHS 00 €My
craHoBuTh He Ounbnre 10 %, Toxi sIK MpW BUIIApOBYBaHHI Cepe/Hi BifcTaHi
MK YaCTHHKAaMH PEYOBHHH 301TBLIYIOTECS B JICCSITKU 1 COTHI pasiB.

2. IlpuxoBaHa TemJIOTa IUIABJICHHS € Ha0arato MEHIIOI0 3a TEIIoTy
BHUIIAPOBYBaHHS, TOOTO CHJIM B3a€MOJii MK YaCTHHKAMH IIpH ITUIaBICHHI
TBEP/IOTO TijIa OCIAOIAIOTHCS BITHOCHO MaJlo, MOPIBHSHO 3 iXHBOIO 3MiHOIO
TIPY BUIIApPOBYBAHHI.

3. TennoeMHICTh KpHCTalliB Maike HE 3MIHIOETbCS NMpPH IUIABJICHHI,
TOOTO B piMUHI 30epira€TbCsi XapakTep TEIUIOBOIO PYXy YacTHHOK, SKi
KOJIMBAIOTHCSI HABKOJIO TUMYACOBHX ITOJIOKEHb PIBHOBATH.

4. 3a TaHUMHM PEHT €HOCTPYKTYPHOTO aHaNli3y, IpH TeMIeparypax, 1o
He Habararo IepeBUILYIOTh TEMIIEPATypy IUIABICHHS, PO3TAIIyBaHHS dac-
THHOK y PiWHI JOCHTH MOMIOHE 10 iX PO3TAIlyBaHHSA y TBEPJAOMY CTaHi.
[Ipo ue cBimunUTH MOMIOHICT PEHT €HOTpaM PiTMHU Ta MIKPOKPHCTATIYHUX
TBEPANX TiJI, O CKJIAAIOTHCS 3 KPUCTAIHKIB po3MipaMu Omm3pko 10-7 e i
JIOBLTBHOIO OPIEHTALIIEIO Y TIPOCTOPI.
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OpHak, Ha BiOIMIHY BiJ KPHUCTaJiYHHX TiI, IO MArOTh OdleKkull
Nnops0oK, OCHOBHOIO XapaKTEPHCTUKOIO DITUHH € Onu3bKuii nopsaook. B
OCTaHHBOMY BHUIAIKy CTaJiCTh MDKATOMHHX BiJCTaHEH i KyTOBHX CIIiB-
BiJTHOIIEHB 30epiraeThCs JHIIe Ha MAJIUX BiACTaHAX. Y Mipy BiIganeHHs Bif
Oyab-KOTO aTOMa, 00PaHOTO 32 TIOYATOK BiAJIIKY, BIIXMJICHHS BiJ OJIH3BKOTO
MOPSIAKY IOCTYHOBO 3pOCTalTh. Ha 1OCTaTHHO BENUKUX BIICTaHAX
MIePiONIHICT Y PO3TAIIYBaHHI YACTHHOK 3HHUKAE.

Hns ¢izudHOrO OmMMCy OYyZOBH PiOMHHA BHUKOPHUCTOBYIOTH TaK 3BaHY
cubomaxkcuyHy mooenb, OCHOBHI MOJIOXKEHHsI AK01 0a3yI0ThCs Ha poOoTax
I'. Crroapra, B. Jlanmnosa, 5. ®penkens.

Cubomaxcucamu (Bix rpeusk. — xoguee) I. Ctioapt Ha3BaB 00macTi pi-
IOUHE 3 IIEBHHM THIIOM HPOCTOPOBOi YHOPSAKOBAHOCTI PO3TaLTyBaHHS
yacTHHOK. [1i3HimIe oJanm BUKOPUCTOBYBATH TEPMIiHU Kiacmep (Bif aHTIL. —
2POHO), aD0 KOMNIEKC Y MIKPOYZDYHOBAHHA.

CuboTakcucy BHACTIIOK Oe3MepepBHOTO TEIUIOBOTO PYXy YaCTHHOK HE
MAaroTh IIEBHUX MEX. Po3TalyBaHHs 4aCTHHOK y cepelrHi X Oe3nepepBHO
3MiHIO€ThCS. OTKe, CHOOTAKCHYHI YIPYIIOBaHHS HE € CTifkumu. Yac IXHBO-
TO iCHyBaHHS 3aJIS)KUTh BiJ CKIAAy piOWHHU, I TeMIepaTypu i, 3HAYHOIO
MipOl0, — BiJ €Heprii MiXaTOMHOTO 3B'SI3Ky, XapaKTepHOI Ui X YIpy-
MIOBaHb.

3a A.®DpeHkeneM, yac iCHyBaHHsI aTOMa Y JaHOMY OTOYEHHI

T=1e VKT, (2.1)
Ie T, — Nepiox KOJIMBaHHS aToMa Ouns neHTpy piBHOBaru; U — eHeprist akTu-
BaIlii, TOOTO poOoTa, Ky HEOOXiTHO 3MIHCHHUTH I TMEPEeXOAy aroMma 3
OJHOTO TIONIOKEHHs piBHOBarW B iHmIe; k — koHcraHTa Bonpumana; T —
TeMIeparypa.

Cubotaxcuc, sk 3ayBaxkuB b. baym, He citif] 0TOTOKHIOBATH 3 TIOHATTSAM
¢bykryanii. @aykmyayii — e BUNAIKOBI BIIXHIJIEHHS CTAaTHCTHYHUX
BEJIMYMH (€Heprii, TYCTHHHU, KOHIIEHTpAIIil TOIIO) BifJ iX cepenHix 3Ha4YCHb.
CuboTakcucn X XapaKTepHU3yIOTh OUTBIN TpUBale ICHYBaHHS YIIOPSIKO-
BAaHOCTI MOPIBHSIHO 3 BUMAJAKOBAMHU (DIIYKTYaIlisIMH.

He ciig Takox BBaykaTh cHOOTaKCHCH HOBOIO (ha3or0. BoHn He MaroTh
Mexi, mo posminge ¢azu. Ha BiamiHy Bim ¢as3oBoro mepexony, 3MiHH B
po3TanmryBaHHI aTOMiB HpH TNepexoni Bix cuboTakcucy OO0 1HIIOTO
pO3TalnIyBaHHs BiIOYBAaIOTHCS MOCTYIIOBO, MAlOTh OE3MEepepBHUIT XapaKTep.

OTXe, BpaxOBYIOUM IiCHyBaHHS CHOOTAaKCHCIB, CIiJi BBaXaTH, IO
pianHa 3a cBOEKO (Pi3UYTHOIO MPUPOIOI0 Ma€ MIKpPOHEOIHOPiTHY Oymosy. Lle
OCOOITMBO CTOCY€THCSl PIOKMX METANEBHUX CIUIABIB IIPH TEMIEpaTypax,
ONMM3BKUX IO TEMIIEpaTyp IX KpUCTaJi3allii.
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[Ipu mepeoxonomKeHHI PiTUHA HIDKYE Bif Li€l TeMIepaTypu yrpyIo-
BaHHS OJNHM3BKOTO TMOPSAKY (IKCYIOTBCS 1 3a TEBHHX YMOB MOXYTh, 3a
TEOPi€I0 TOMOTEHHOTO 3apOIKOYTBOPEHHS, CTaTH 3apOAKaMU HOBOI (a3,

2.2. TepmoguHaMiKa Ta KiHeTHKA KpHUCTaJi3amil

2.2.1. TepmoaunamMiuHi yMOBH KpHcTaJi3anii

J1J1st TOSICHEHHSI TPUYHH MEPEX0Ly PiJIMHHU Y TBEPAUN CTaH BUKOPUCTO-
BYIOTh TEPMOJHMHAMIuHy Teopito ¢azoBux nepexomiB k. V. ['io6ca. dns
1301bOBaHOT CHCTEMH NPHUITYCKAIOTh BIJACYTHICTh TEILIOOOMIHY MiX
CHCTEMOI0, 1[0 KPUCTANI3YEThCS, Ta 30BHIIIHIM CEPEIOBHUIIEM, a EHEPTiio Ha
MeXI MONUTY Kpucman—piouHa BBaXKaroTh 130TPOITHOIO.

PiBHOBa)XHOIO TEMITEpaTypOI0 KPHCTaIli3alliil BBAXKAETHCS Ta, TPH SKiit
eneprii ['i00ca pigkoi i TBepaol a3 TOPiBHIOIOTH OHA OJIHIN:

G,=G,. (2.2)

Kpucramizaiiiss Metaigy CyNpoOBOMKYETHCS BUAUICHHSIM MPUXOBaHOT
TEIJIOTH, OCKUIBKU PIIKUI MeTal 3 MpUTaMaHHUM HOMY ONTU3BKHM TOPSi-
KOM Ta HETapMOHIYHUMH KOJMBAaHHAMH aTOMIB XapaKTEePH3YEThCS OUTBIIO0
BHYTPILIHBOIO €HEPTi€r0, HXK TBEPAHiL, e ICHYE NaeKHid OPSIOK.

Mix TemIoTor KpucTaizaiii O i piBHOBaKHOI TEMIIEPATyPOIO KPHUC-
tanizanii 7 € IeBHUIT 3B’ 430K. BpaxoByI04d TOTOXKHICTh TEPMOANHAMIYHHX
MOTEHIIAJIIB PIJKOTO 1 TBEPJOTO CTaHIB MPH PIBHOBaXHIN Temreparypi, 3a
YMOBOIO, III0 BU3Ha4ae eHepriro 1'i60ca:

Hp—TgSp=H1-TsSt, (2.3)
ne Hp 1 Hp, Spi Sy — BIINOBIIHO €HTANBITIS i €HTPOIIIS PiJJKOTO 1 TBEPIOTO
CTaHiB.

Teruora kpucramizamii (, MO BUAUBIETbCS IMiJ Yac TEpPexony i3
piakoro y TBepauii cTaH, TOPIBHIOE:

Q=Hp—H=T¢4S, (2.4)
ne AS — 3MiHa eHTPOIIii IpY MepexoAl 3 PiIKOTo y TBEpAUN CTaH.

3mina ii mig yac KpUCTami3allil pisHUX METajiB JAOCHUTh HEBEIHMKA i
CTaHOBUTH 2...5 xain/r-arom °C. Ile cBigunuth npo Te, mo BenuuuHa AS npu
KpHUCTai3allii € BiIHOCHO He3aJIe)KHa BiJl CTPYKTYpH TBEPIOTO Tia.

CniBBigHomenHss AS=Q/Tg € Mipolo 3MiHH YHNOPSAAKOBAHOCTI B
po3TalIyBaHHi aTOMIB MPH KpUCTaTi3allil.

Terutora kpucramizaiii Ui pPI3HUX MeETaliB 3MiHIOETbCs Bin 500
KaJI/MOJb TSI METAJIIB 13 CIAOKHM MI>KaTOMHHUM 3B SI3KOM, HAIPUKJIAI, s
JMY)KHHX MeTaiiB, 10 5000 kan/mMonb [UIs METaliB i3 3HAYHOI CHEPIier0
MIDKaTOMHOTO 3B 513Ky, HAIPUKJIa] Ui BoiIb(paMy i IHIIMX Ba)KKOTOIKHX
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metaniB. OTke, YiM OINBIIOI0 € EHEePTist MiXKaTOMHOTO 3B ' SI3KY, THM OLJIbIIIe
eHeprii Tpeba BUTPAaTUTH IJIS TUIABJICHHS METaIy.

Kpucramizarmis BimOyBaeTbCsl y TOMY BHIAIKY, SKIIO TEPMOTMHAMIU-
HU{ IOTEHLiaJ] PEYOBHHU y TBEPAOMY CTaHI CTa€ MEHIUUM 3a TSPMOAU-
HaMivHWH ii moTeHmian y piakomy ctati. OTxke, KpucTati3amis BigOyBaeTbCs
IIPH [IEPEOXOTIOPKEHHI METally 10 TEMIIEPATypH, IO HIDKYA 32 PIBHOBaXKHY.

[epeoxomomkeHHs Ma€e MicCIle BHACTIIOK TOTO, IO TeMIIeparypa pigu-
HU Oe3IepepBHO 3HIKYETHCA, a YTBOPSHHS KPHUCTAJNB MpPHU PIBHOBaXKHIN
Temreparypi kpucramizanii 7y He mounHaeTbes. OTKe, iCHye sIKach peaibHa
TeMmIeparypa Kpucramizamnii Ty, a pisHAIo Temmeparyp AT

AT=T¢Tg (2.5)
Ha3UBAIOTh CHYNEeHeM Nepeoxonooxcents. BiH 3aleKUTh BiJl YCTOTH MeTa-
JIy, YMOB OXOJOMKCHHS Ta iHIUX (pakropiB. CTymiHb IEPEOXOIOMKECHHS
3poCTae 3 TMIABHIICHHSM YHCTOTH METaily, 31 301MBIIEHHSM MIBHIKOCTI
OXOJIOIDKEHHS 1 B 3BUYAHIX YMOBaX OXOJOMKeHHs cTaHoBUTH 10...30 °C.

MakcuMmaibHe X HepeOoXONOMKEHHS PIIKUX METAaliB, Ofiep)KaHe MEeTo-
JOM ApiOHMX Kparenb, npocsrae a1 Pb — 80, Bi — 90, Sn — 118, Au — 230,
Cu — 236, Fe — 295, Pt — 370 °C.

Jlnsi BU3HAYEHHS TeMIepaTypd MeTaly MiJ Yac Woro Kpucramizarii
(TuTaBNeHHS) BUKOPUCTOBYIOTh mepmiunuti ananiz. Leit meton 0a3yerbes Ha
¢ikcyBaHHI TeroBoro edekry mneperBopeHHs. Cxema HOro BHKOHAaHHS
HaBeZieHa Ha puc. 2.2, a.

[Tix wac kpucTamizaIlii 9MCTOro METaIy BilBeICHHS TeIlIa, 10 BiIOyBa-
€TBCSl BHACIIJIOK OXOJIOJPKCHHS, KOMIIEHCYEThCS HPUXOBAHOK TEIJIOTOO
KpucTami3aiii. Y 3B 3Ky i3 IIUM Ha Kpugiil 0x0100JiceHHs, TOOyJ0BaHii y
KOOpIOMHATaX yac—memnepamypa (puc. 2.2, 0), GiKCyeTbcs TOPU3OHTATBHA
TUTONIaKa, sKa BIINOBiAe KpHUcTaii3auii yncroro merany. [Ipu Benukomy
00 eMi pigKOTO MeTaldy BHACHINOK BWAUICHHS TEIUIOTH KpHUCTami3arii
BiI0yBa€ThCs MiABUIICHHS HOT0 TeMIepaTypH MPaKTHYHO J0 PIBHOBAXKHOI
T (xpuBa 1 Ha puc. 2.2, 6). IIpu MasioMmy *k 00'€Mi TEIUIOTH BUAIISETHCS
HEIOCTAaTHBO, Y PE3y/IbTaTi YOro KpHCTali3alis Hie 3 MepeoXosIoHKEHHIM
o710 piBHOBaXHOI Temmeparypu 7 (kpusa 2).

3 MiABUINEHAAM TeMIIEpaTypy TEPMOTUHAMIYHAN TIOTEHITIa PEIOBIHHA
1 i BiIbHA eHepris K Y TBEpPIOMY, TaK 1 B PIOKOMY CTaHAaX 3HIKYIOTHCS
(puc. 2.3). UnM HIDKYOIO € peanbHa TeMmeparypa Kpuctamizaiii 7, To0To
yuM OimbImuM Oyne cTymiHb nepeoxonomkeHHs! AT=T¢ Ty, THM OiIbIIOI0
CTa€ MUTOMA 3MiHa BIIBHOI eHeprii Af;, pEeHOBHHH, IO KPUCTAIIZY€ETHC:

Afy=(Fp—F1)/V, (2.6)
ne iagexcu P ta T CTOCYIOTBCS BINIOBITHO PiIKOTO Ta TBEPAOTO CTaHIB
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Jlo peecTpyBaIbHOTO
HIPUCTPOIO

Temneparypa

Kpucraniuauii cran

6 Yac

Puc. 2.2. Cxema npoBe/ieHHS TEPMIYHOTO aHAm3y (a),
KPHBI OXOJIOJDKEHHST YHCTOTO MeTaiy (0)

Mertaiy, a V' — iioro 06 em. TepmonnHamiunuit gakrop Af,V € pyuiiiHOIO
CHJIOIO TIPOLIECY KpUCTai3alii i BUMIPIOETHCS Y JHKOYIISIX.

YTBOpeHHS 3aponKiB — IEHTPIB KpUCTami3amii 3MiHIOE TEPMOIH-
HaMiYHMH TOTEHIiaJl CHCTEMH. 3 OIHOro OOKy, IpH NEPEXoil piAuHH Y
KPHUCTAJIYHUIA CTaH TEPMOJMHAMIYHHMI TIOTEHIIa] 3MeHIYeThesl Ha Af, V. 3
iHImoro OOKy, BiH 3pOCTa€ BHACIHIJIOK BUHUKHEHHS IOBEPXHI MOMITYy MiX
PIAMHOIO Ta KpUCTANIYHUM 3apoakoM. MixkdaszHa moBepxHsl, sika BUHUKAE
IIPY YTBOPEHHI 3apOJKY, XapaKTepPH3YEThCs HAIJIMIIKOBOIO E€HEpriero, IIo
MIPU3BOUTH A0 301JBIICHHS TEPMOJMHAMIYHOTO TITOTEHINIATy CHCTEMH.
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VAfv

P

BinbHa enepris

>
Tk Ts Temmepatypa

Puc. 2.3. 3miHa BinbHOI eHeprii MeTany y pinkomy Fp Ta TBepromy Fp cranax
3aJIeKHO BiJ TEMIIEpaTypu
SIKIIO TO3HAYMTH Yepe3 S INHTOMY IOBEPXHEBY CEHEprilo Ha Mexi
Kpucman—pioura, mo BUMIprOeThes y JIx/cm2, a uepes S (y cM2) — cyMapHy
MIOBEPXHIO KPHUCTAIIYHOTO 3apofKa, TO AOOYTOK OS XapaKTepH3yBaTHMeE
3a3HayeHe IiJIBUILEHHS TEPMOANHAMIYHOTO HOTEHIIiaTy.
3aranpHa 3MiHa BUTBHOI €Hepril y bOMY BHITaJKy CTAHOBUTHME:
AF=-V Af\+08S. 2.7)

[epunit uneH ubOro PiBHSHHS XapakTepu3ye 3MiHy 00 €MHOI eHepril
(11 3MeHIIeHHs), a IPYruidl — MoBepXHeBOi (11 301IbIIeHHS). 3apOIOK MOXKE
30epiratucsi 1 B TOAANBIIOMY 3pOCTAaTH TIJIBKH 32 yYMOBH 3HMKCHHS
3araipHO{ BITBHOI €Heprii.

Ile o3Hayae, MO MOBHHEH ICHYBaTW IEBHUH KPUTHYHUH pPO3MIp
3apolika, HIDKYE SKOTO CIiBBIJHOIICHHS MOBEPXHI 1 00 €My sl Masux
YaCTHHOK JOCHUTH BEJMKE, 00 MOIJIa BUKOHYBATHCS HAaBe/IeHA BUIIIE YMOBA.
Komnu >x 3apofiok mocsira€ KpUTHYHOTO PO3Mipy, HOro ob6'eMHa eHepris 3a
abCONIOTHOIO BEJNMYMHOIO Oyne mepeBakaTd moBepxHeBy. Ilomampmie
3pOCTaHHS 3apoJlka NPUBOIUTH JI0 3MEHILIEHHS 3arajibHOI BUIBHOI eHeprii
cuctemu (puc. 2.4).

Skmo mnpunycTuTH, [0 3apoAok Mae chepuuny dopmy (ue
NPUIYIIEHHS] JIOBUIbHE 1 HE MPHUHIMIIOBE, aje 3py4yHe AUl MOAAJbIIMX
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3MiHa BUJILHOT
enenrii. AF

AT,

AT,
AT]

|
|
|
|
|
|
|
|
|
|
|
|

>

I'x1 2 | §%] -
Paniyc qacTuHOK, 1

Puc. 2.4. 3mina BinbHOT eHeprii AF MeTaiy 3aJ€KHO BiJl pajiyca I YaCTHHOK
JUISL PI3HUX CTYNEHIB nepeoxoomkerns AT
o0umucieHs), piBHsAHHS (2.7) HaOyBae BUIIALY:
AF=—4/ 33 Af\+4m2o, (2.8)
Je 7 — paziyc 3apofKa.

[Mepa cxiazmoBa HOTO PiBHAHHS HporopuiiiHa #3, a apyra — r2. Ilpu
HEBEJIMKOMY 3HaueHHi r BenuunHa AF 3pocrae, 00 nepeBakae 3011bLICHHS
moBepxHeBoi eHeprii. [Ipu Bemmkomy » AF 3MEHIIy€eThCS BHACTIIOK 3pOC-
TaHHs a0COIIOTHOTO 3HAUEHHS IEePIIOoi CKIIAJI0BOI.

Jocmimpkenns piBHAHHS (2.8) Ha eKCTpeMyM IIOKasye, IO IPH KpH-
TUYHOMY 3Ha4€HHI pajiyca 3apojika 7, MPHUPICT BUILHOI eHepril mocsrae
MakCUMyMy, a Ieplia TOXiJHa BUIbHOI eHeprii 3a paiiycoM YacTHHKH
MIOBHHHA JIOPiBHIOBATH HyM0. OCTaHHE JO3BOJISIE PO3paxyBaTH /y Ta BiAIO-
BiJJHE 3HaYEHHs PUPOCTY BUILHOI €HEPrii CHCTEMHU IPH yTBOPEHHI 3apojika
KPUTHYHOTO po3Mipy AF:

d(AF)/dr=—4 mr2Af\+8 mro. (2.9)

[TpupiBHIOIOYM 10 HyNA L€ CHIBBIIHOIIEHHSA AL F=7r), 3HalIEeMO

KPUTHUYHUH pajiyc 3apoaka:
1,=20/Afy. (2.10)

[TixcTapnsroun 3HAYCHHS KPUTHYHOTO pajiyca 3apoiKka y PiBHSIHHS
(2.8), omepxxumo:

AF—=32/sn63/Afv2+16n63/ Afv2=1/3(16TG3/Af2). (2.11)
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Taxum uyuHOM, AF) CTAaHOBHUTH !/; MOBEpXHEBOI eHeprii yTBOpEHHS

3apozika KpUTHIHOTO PO3MIpY:
AF,=1/508. (2.12)

Toni 3arampHa 3MiHa BiNBHOI €Heprii MpM BHHUKHEHHI KPUTHYHOTO
3apozka JopiBHIOE 1/3 poOGOTH yTBOPEHHS H1OT0 MMOBEPXHi, TOOTO CHCTEMI HE
BHCTa4a€ caMe IIi€i KiMbKOCTi eHeprii. Bxazanmii neinuT nepekpruBaeThCs
eHepreTHuHUME ¢rykryamismu. lle o3Hauae, mo Quykryarii eHeprii €
HEOAMIHHOIO ITEePEIYMOBOIO CaMO/IOBLIBHOI KpUCTAaTi3allii.

I3 301IBIICHHSM CTYTIEHS NIEPEOXONOKEHHS 3MEHIIY€ThCSI KPUTHIHUI
paniyc 3apoaka (puc. 2.4) Ta 3HIKYEThCA IPUPICT BUTbHOI eHeprii mpu foro
YTBOPEHHI.

2.2.2. KiHeTu4Hi yMOBHM KpucTagizamii

Tepmonnaamika Kpucramizamii 3ymMoBmroe ii kiHetwky. [lim dac
TIEpEeTBOPCHHS DPIAMHU Ha TBEpAE TiJO0 B i30TepMIYHMX YMOBax Ha
MaKpOCKOIMIIYHOMY piBHI BHW3HA4YalbHE 3HAYCHHS Ma€ IIBHIKICTH
kpuctamizamii. OcTaHHS , Y CBOIO Hepry, 3aJeKUTh BiJl IapameTpiB
KpHUCTali3aIii Ha MiKpOCKOIIIYHOMY piBHI.

J.YUepHOB TOKa3aB, 110 HA IIHOMY PiBHI KPHCTANI3aIlisl CKIANAETHCS 3
IIBOX €TalliB: ymeopeHHs 3apookieé (LEHTPIB KpHCTami3amii) Ta pocmy
Kpucmanie 3 MHX TeHTpiB. OOHIBa eTamy XapaKTepH3YIOThCS BIACHUMH
IIBUIKOCTSIMH, SIKi i CTAHOBJISATH OCHOBHI MTapaMeTPH KPHCTAi3aIlii.

LIsuoxicmv ymeopenus 3apooKié n BU3HAYAETHCS KITBKICTIO 3apPOJIKIB,
IO YTBOPIOIOTHCSI B OJMHUII 00 €My 3a OAWHUINIO Yacy i Ma€ poO3MipHiCTh
cm3c L

Jlinitina weuoxicms pocmy Kpucmaiié ¢ BU3HaUa€ 3MiHY X JIHIHHIX
PO3MIpIB 32 OAMHUITIO YaCy i Ma€ PO3MIpPHICTH cM/C.

3 IOCTaTHBOIO MipOi0 HAOMMKEHHS MOYKHA BBa)KaTH, IO B i130TepMid-
HUX yMOBaxX OOHIBI MiKPOCKOIIIYHI MIBUIKOCTI KPUCTAII3aIlii 3aTHIITAI0THCS
HE3MIHHHMH, allé TIOBHHHI CYTT€BO 3MIHIOBATHUCSA NPHU 3MiHI CTyIEHS
TIePEOXOJIOKEHHS PiIMHHN, TOOTO TeMIepaTypH KpHUCTai3allii.

Sk TOKa3aHO BHILE, 30UTBIICHHS CTYIEHS IEPEOXOJIOKeHHS IPHUBO-
IMTH 10 3MEHIIEHHS 7, Ta AF), OTXe, 10 TOJIETIEHHs YTBOPEHHS 3apOAKiB
1 JOCSATHEHHS HUMH KPUTHYHUX PO3MIipiB, TOOTO 1O 301IBIIIEHHS IIBUAKOCTI
YTBOPEHHS 3aponKiB 7. AJie BOmHOYAaC MpH 30UTBIICHHI CTYNEHS Iepe-
OXOJIOJUKCHHSI PYXOMICTH aTOMiB, $SKa XapaKTepU3YETHCA B A3KICTIO
cepemoBUIIa YU KoedimieHToM camoau(ysii, 3MEHIITY€eThCS 1 e Teperl-
KOIDKa€ BUHUKHEHHIO HOBHUX 3apOAKOBHX IICHTPIiB, TOOTO WIBHIKICTH
YTBOPEHHS 3apOJIKIB Ma€ 3MEHIITYBaTHCS.
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TakuM 9MHOM, Ma€ MICIe CYTIEPIIO3HUIlis ABOX (PaKTOPiB, IO HilOThH Y
MIPOTHIICKHUX HAIPSMKAX, BHACIIIOK YOT0 HIBUAKICTH YTBOPEHHS 3aPOJIKIB
3aJIOKHO Bifl CTYIEHSI MIEPEOXOJIOKEHHS PIAMHN Ma€ BUPA3HHI MAaKCUMyM
(puc. 2.5).

—AFK/KT

KinbKicTh 3apOJIKOBUX IIEHTPIB, N

Temnepatypa Tkp
Puc. 2.5. 3anexxHiCTh KIJIBKOCTI 3apOAKOBUX LEHTPIB BiJ TeMIIEpaTypu

3a CTaTUCTUYHUMU YSBICHHSAMH TeOopii IMOBIPHOCTEH IS IIBUAKICTH
JOPIBHIOE:
n=Ke-AFkTe-UKT, (2.13)
abo
n=K e-(AF+U)KT (2.14)
ne K — xoedimient npomnopmiitHocTi; AF, — BenmuunHa QykTyarii eHeprii,
HEOOXiAHOI IUIi YTBOPEHHS 3apofka KpUTHYHOTO posMmipy; U — eHepris
aKTHBaLii, o moTpidHa I Tepexoay aTtoma 3 pimkoi ¢asu y tBepay; k —
rxoHcTaHTa bomeivana; T — Temmeparypa, mpu sikii BigOyBaeTbcs KpHCTa-
JTi3aris.
[Mepmwii ciiBMHOKHUK piBHSHHA (2.13) BpaxoBye 3MiHy ¢uryKTyamii
e”eprii, mo HeoOXigHa i1 YTBOPEHHS 3apoKa KPHUTHUIHOTO PO3MIpY,
JOpyTuil — 3MiHy B 3KOCTi CepEeOBHIIIA.
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[Ipu 3pocTaHHi CTyIeHsT epEOXOTIOMKECHHS (3HIDKCHHI TEMIIEPaTypH)
noTpiOHi ¢(aykryamii eHeprii 3MEHNIYIOTBCS, 1 TEpImHN CHIBMHOXHHK
MOHOTOHHO 3pOCTa€, TOHI SIK JPYrHil HEBIMHHO 3MEHIIYETHCS 3aBISKH
30inblIeHHI0 B's3KocTi pimuHu (puc. 2.5). Komu mnoka3HHK CTeneHs y
¢dopmymi (2.14) cTane MiHIMaJIBHUM, KpUBa MIBUAKOCTI YTBOPEHHS 3apOAKIB
JOCSITHE MaKCUMYMY.

[oni6Hi xpuBi Oynm omeprkaHi i excepuMenTanbHo [ TammaHoM Ta
IHIIMMHU JOCHITHUKAMHA TIPH BHUBYCHHI KpHUCTaji3amii XiMIYHHX CIIONYK,
TOJIOBHUM YHHOM — OpPTraHiuyHHX.

Ha BiaMiHYy BiJ HUX METalIu KPUCTAI3yIOThCS 3 BEIUKOKO IIBUJIKICTIO
3aBISKH MPOCTIii Oy10Bi CBOTX KPHCTAIIYHUX "PATOK Ta BENUKIH PyXJIMBOCTI
YaCTHHOK, IO BXOAATH A0 CKJIaJy MeTaly. 3 IMX NPUYMH I MeTaliB
pealtizy€eThes JIHIIe T09aTKOBa YacTHHA KPUBOI, IIOKa3aHOi Ha puc. 2.5, mo
Bi/IMIOBila€ MaJUM CTYIICHSAM HEPEOXONOMKEHHs. SIKIIO X IepeoXOIOAUTH
pioKHii MeTan CHJbHINIE, KpHCTami3amis BigOyBaeThcs OypXJIHMBO, 3
BU/IUJIGHHSIM 3HAUHOT KiJIbKOCTI IPUXOBAHOI €Heprii, BHACIIIOK YO0 MeTaj
PpO3irpiBaeThCs, i CTYIiHb IEPEOXOIOHKEHHS 3HOBY 3MEHIIYEThCSL.

AJie OXONOIKEHHSI PIOKOro METaly 3 HAaJBHCOKAMH INBHIKOCTSIMH
(10-5...10-°C/c) no3BoJIsiE MOBHICTIO MPUTHITHTH TPOLEC KPUCTATIZALIIT, SIK
e Mae Micle, HalpuKIaa, Y 3BUYAHHOMY CKIIi, 1 OIEpXKaTh TaK 3BaHi
amop@ui memanu 91 Memanesi cmexid, 0arato BIaCTUBOCTEH SIKUX MepeBa-
JKAIOTh XapaKTEPUCTUKU THX YK€ METAJIB 3 KPUCTAIIYHOIO CTPYKTYPOIO.

2.3. I'ereporenHe (He10BiIbHE) 3aPOAKOYTBOPEHHSA

VYTBOpEHHsI 3apOIKiB Ha MOBEPXHI OyIb-SKOTO TBEPAOrO TiNa, IO
MEXYy€ 3 pIOMHOI0, HA BiAMIHY BiI PO3ISIHYTOTO BHIIE 2OMO2EHHO20
(6inbHO20) TIpOTIECY HA3ZUBAETHCS 2emepozeHHUM (Heo08inbHUM) 3apOIKO-
yTBOpEHHSM. BOHO BiIOyBa€ThCs TP 3HAYHO MEHIIIOMY MEPEOXOIOHKEeHHI
piauHu.

[TonermeHHs 3apoKOyTBOPEHHS 32 HAsIBHOCTI TBEP/IOi (pazu Mae micue
TOJIi, KOJI IOBEPXHEBHUH HATAT O, Ha MEXI MIXK 3apOJIKOM 1 TBEpIIOIO (ha301o
MEHIINH, HIX Ha MeXI1 3apodok—piouna (0;), TOOTO:

0,<0;. (2.15)

UnM MeHIMH MOBEepXHEBHH HATAT Ha MEXIi IBOX (a3, THM MEHIIO0
Oyzne duykTyartist eHeprii, mo moTpiOHa AT YTBOPSHHS 3apOAKa, OTXKE, THM
OiNbIIIe 3apOIKIB 3MOXKE YTBOPUTHCS 1 TOCITTH KPUTHIHOTO po3mipy. Came
UM 1 TIOSICHIOETHCS T€, M0 TeTEPOTCHHE 3apOAKOYTBOPEHHS BiIOyBaeThCS
TIPH MEHIIIOMY TIePEOXOJIOKeHHI PiANHU.

IToTpiOHI mJIsi 1BOTO CTOPOHHI TBEPAi YACTHHKH — HEMETAaJIeBi
BKJIFOUEHHSI, IHTEPMETAJIuHI CIIOJIYKH TOLIO Maike 3aBKAM HasBHI y pin-
KoMy Mertani. KpiM Toro, ponpb MmiAKIanKy IS TETEPOTeHHOTO YTBOPEHHS
3apOJIKiB MOXKYTh BilirpaBaTH CTIHKM BWJIMBHHLI a00 JMBapHOi (GOpMHU.
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[ToBepxHeBHUil HATAT Ha MEXi MK MiAKIAAKOIO 1 3apOJKOM THM MEH-
Ui, 9UM OUTBII CXOXKOIO € X KpUCTaTiduHa CTPYKTypa. bymoBa minkiagku
MOBUHHA BIANOBIJATH ILIOAO METaly, SKMH KPUCTATI3YEThCS, NPUHLHUILY
CTPYKTYpPHOI Ta po3MipHOi BiAnoBigHoCTi, chopmyabpoBanomy 1. JlankoBuM
i C. KoHOOE€BCHKIM:

Tlepemeopennsn Ha nosepxni meepoo2o mina 8i006y8acmvcsa max, uoo
KoHicypayis amomie euxioHoi meepdoi ¢pasu 30epicanacs (abo maiidice
30epieanacs) i 6 Hogiti meepdiu ¢pasi. Ipamku cmapoi i Ho6oI ¢az npu
YbOMY CHpALAIOMbCs NOOTOHUMU KPUCMATTYHUMU NIOWUHAMY, NApaMempu
SAKUX BIOPIZHAIOMbCS MIHIMATILHO.

BiamoBigHO 40 IOTO MPHUHIHKIY, 3apOAOK KpHCTAIOrpadidHO
OpIEHTY€ETHCS IOJ0 YACTUHKHM MiJKIaAKy. Hampukian, JOMIIIKK THTaHY B
amominii (Menme 0,15 % Ti) cnpustoTh YTBOPEHHIO IPIOHMX YaCTHHOK
TiAl;, piBHOMiIpHO po3momineHuX y pos3iuiaBi. Lli YacTWHKK MONIMIIYIOTH
3apOJIKOYTBOPEHHSI, OCKUIBKH iX TeTparoHajibHa ‘parka J100pe CrpsraeTbest
3 I'IK-"parkoto amomiHito 3a momuHamu {001}.

TpimuHU Ta MIKpOIIOPHU HA TOBEPXHI YACTHHKH-TIAKIAIKH TaKOX
TOJTIMIITYIOTh TETEPOTEHHE YTBOPESHHS 3aPOJIKiB.

SIKio >k KpucTaiiuHi OyZOBH HiAKIaJKH Ta 3apOJKa 3HAYHOK MipOIO
BIJIPI3HAIOTHCS OJIHA BiJ OJHOI, MOBCPXHEBHH HATAT MK HUMH Oye
BEJIMKUM, 1 y BUMAJKY, KOJIU O,>0|, YaCTHHKA JOMIIIKH HE BigirpaBaTHMe
POJb TiAKITAIKH.

KisnbKicTh 3apoaKiB, 110 HEAOBUIFHO BUHUKAIOTh, 3AJIS)KUTh HE JIUIIE
BiJl KUIBKOCTI Ta NPUPOAM YACTHHOK IOMILIOK, ajleé ¥ BiJ TeMueparypu
pinkoro meramy. Moro meperpiBanHs 3HIKY€ LIBHIKICTh Te€TEPOrEHHOTO
3apOAKOYTBOPEHHS SIK 32 PAXyHOK YaCTKOBOTO PO3YMHEHHS (PO3ILIABICHHS)
LUX YACTHHOK, TaK 1 3aBISIKHU iX Oezakmueayii. Il OCTAaHHBOIO PO3YyMIIOTh
3MiHY NPHUPOIHU CTOPOHHIX BKIIIOYEHB, CKJIAJy Ta CTaHy iXHBOI IIOBEPXHI i,
SIK PE3yJIbTarT, IX aKTHBHOCTI.

Buxiazene Buie CBiIYMTH, IO HPOLECOM 3apPOAKOYTBOPEHHS K
TOMOTEHHHUM, TaK 1 TeTepOTeHHIUM MOXKHa KepyBaTH, CBIJIOMO 30UIbIIYIOUN
YY 3MEHIIYIOYHM HOTO IIBUJIKICTh. Y MEpPIIOMY BUIAIKy 3aKpPHUCTAI30BaHUI
MeTau Oyzne ApiOHO3EPHUCTHM, Y APYTOMY — KPYITHO3EpHUCTHM. baskaHnM €
TIePIINN BapiaHT, OCKUIBKH Y JpiOHO3EPHUCTOTO METany OijbIIiCTh BIACTH-
BOCTEH BUSIBIISIIOTHCS] BUILMHU.

KepyBaHHS TporiecoM KpHUCTai3allil Ha3UBAETHCS MOOUGDIKYBAHHSM.
Icaye nexinmpka i#oro BapianTiB. Tak, mpu BBeAEHHI Yy pIIKANA MeTam
IIOBEPXHEBO-aKTUBHUX PEYOBUH, IO 3HWKYIOTh IOBEPXHEBHH HATAr Ha
MEX1 piOuHa—3apoooK, TIONETIIYEThCS TOMOTCHHE (IOBUTBHE) 3apOIKO-
yTBOpeHHS. B iHIIoMy BUNaaKy y pigkuii MeTas BBOAATH HEPO3UHHHI TBEPIi
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YaCTUHKH 3 BIAIOBIOHOI KPHCTANIYHOIO CTPYKTYpOIO UIS IOJETTICHHS
reTepOreHHOro (HeIOBUILHOIO) YTBOPEHHS 3apo/KiB. Takok piakuii MeTan
MOXKHA TeperpiBaTy JyIsl JIe3aKTHBAllii CTOPOHHIX YAaCTHHOK, YHEMOXKJIMB-
JIOIOYM TETEPOTreHHE 3apOIKOYTBOPEHHS, IIJBUINEHA > BHACIHIJIOK
neperpiBaHHs MIBUAKICTh OXOJIOJUKCHHS MPHU3BOJUTH N0 OIiJbIIOTO
TIEPEOXONIOPKEHHS PIIUHH 1, OTKe, 10 301IbIIEHHS IBUAKOCTI TOMOTEHHOTO
YTBOPEHHS 3aPOJIKiB.

Monn¢ikyBaHHS JO3BOJSAE 3MIHUTH HE JIMIIEC PO3MIPH 3€pPEH METaly,
aiie i iX GpopMy — Tak OEPKYIOTh, HATPUKIIAJ, YABYH 3 KYJISICTHM rpaditoM.
MopnudikyBaHHS CHIyMiHIB JIOKOPiHHO 3MiHIOE iX ¢asoBuil ckianx i
CTPYKTYDY, @ OTKE, i BIIaCTUBOCTI.

2.4. Pict xkpucraJjis

ITpu 3HIWKEHHI TeMIepaTypH piIKoro Meraily HWk4e 3a Ty y HbOMY
YTBOPIOIOTHCS 3aPOJKH KPUCTAIB, SIKi POCTYTh IIJISIXOM ITPUETHAHHS aTOMIB
3 piguau. Atomy 1 Ha puc. 2.6, a, Ha BiAMiHY BiJ atoMiB 2 i 3, BaXKo
BTpUMaTHCA Ha TpaHi, mo pocre. [lilficHO, npW NIpUEJHAHHI aroMa 2
30UTBIIICHHS] TIOBEPXHI KpHCTala VABIYlI MeHIIe, HiK Juisi aroma 1, 1o
BH3HA4Ya€e MEHIII eHepreTuyHi BUTpaTh. [IpueHanHs x aroma 3 € HalOLTbII
BUTIIHUM, 00 TyT Mai)e He MOTPIOHO YTBOPEHHS MOAaTKOBOI Mik(a3HOT
TTOBEPXHI MOAITY | BAHUKHEHHS] €HEepreTHYHO1 (IIyKTyauii.

3 nuX IpUYUH J0 TIaIeHbKOI TTOBEPXHI TpaHi, 1o pocte (puc. 2.6, 6),
3 PIOVHU NPUENHYIOTHCS HE ITOOIMHOKI aTOMH, a Lidl iX yrpyHnoOBaHHS y
BHIVISIZI TaK 3BaHOTO IBOBUMIPHOTO 3apojka. Takuii 3apojiok Oyie CTIHKuM,
SIKILIO HOTO PO3MIpH IEePEBUILYBaTUMYTh KPUTHYHI.

Hexali gBoBuMipHHI 3apojgok y Tutadi mae ¢opMmy KBaapara 3i
CTOPOHOIO ¢ 1 TOBIIMHOIO b B onuH atoMHUH map. Toxi 3MiHa NpH 1bOMY

BUTLHOI €Heprii CHCTEMH CTAaHOBUTUME:
AF=-aZbAfy+4abo. (2.16)

a 0
Puc. 2.6. Cxema npueHaHHS 10 TPaHi 3pOCTAIOYOT0 KPUCTaa OKPEMHUX aToMiB (a)
Ta JBOBHMIPHOTO 3apozka (0)
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Crnig 3a3Ha4nTH, MO TPU OOYMCICHHI IUTOmi Mik(pazHOI MOBEpXHI
MTOJITy BPaXOBYIOTHCS JIMIIE IUIOMII YOTHPHOX OOKOBHX TpaHel ABOBUMIp-
HOTO 3aponka (4ab), a turomi 000X WOTO TOPIIEBHX T'paHEH HE BPaxoOBY-
FOTBCSI, OCKUTBKHU HE 30UIBIIYIOTH yKE ICHYIOUY ITOBEPXHIO MOALTY ¢a3.

AF=0, sxmo a=0. I3 30inpmIeHHSIM a Tepmia CKIagoBa LHOTO
PpiBHSIHHS, SIKa BiAIMOBia€ 3MEHIICHHIO BUTFHOI €HEPTii CHCTEMH 3a PaxyHOK
(ba3oBoro mepexoiy, 3pocrae mporopuiiHo @?. Jpyra K CKIagoBa, IO
XapakTepu3ye 30UTbIICHHS BUTFHOI €Heprii 3a paxyHOK pOOOTH YTBOPEHHS
JIOAATKOBOI MTOBEPXHIi MONLTY (a3, 3pocTae MponopIinHo a. OTxe, XapakTep
smian ¢ysKUii AF=f(a) Oyne momiOHWM 10 BigmoBigHOTO Tpadika
(puc. 2.4) nust TPUBUMIPHOTO 3apOJIKa.

HocmimkeHHs 1iei (QyHKOII Ha EKCTpeMyM [03BOJSE 3HAUTH
KPUTHYHHHA PO3MIp IBOBHUMIPHOTO 3apOJIKA:

o =2 o/ Afy,. (2.17)
[MincraBnaroun ne 3HadeHHS o y (opmymy (2.16), 3mHaiimemo
MaKCHMaJbHE 301JbIICHHS BiTbHOT €HEeprii CHCTEMH Y MOMEHT IOCSTHEHHS
JBOBHMIPHHAM 3apPOJIKOM KPUTHIHOTO PO3MIpY:
AF,=—40b/Afy+80b/Afy=40b/Afy, (2.18)
abo

AF,=1/,08k. (2.19)

Otxe, nedimuT eHeprii CUCTEMH NpHU yTBOPEHHI IBOBUMIPHOTO
3apoaKa Ha4eOTO OiNBIINIA, HIX MPHU YTBOPEHHI TPUBUMIPHOTO, 1€ CHCTEMI
HE BUCTaua€ TPETUHM POOOTH YTBOPEHHS 3apOfKa KPHUTHYHOTO PO3Mipy
(muB. dopmyny (2.12)). HacmpaBni x, yce sIKpa3 HaBIAkH, OCKIIBKH Yy
¢dopmymy (2.19) BXomuTh NUIIE HEBENMKA YaCTWHA 3arajbHOI ITOBEPXHI
JBOBHMIPHOTO 3apozka, a B (2.12) — Bes s moBepxus. Lle, y cBoro uepry,
O3Hauae, 110 JUIs TOCATHEHHS KPUTHYHOTO PO3MIpy JBOBUMIPHHUM 3apPOIKOM
moTpiOHa 3HaYHO MeHMIa (UIyKTyamis eHeprii, HiK AN TPUBHUMIPHOTO
3apofKa, i MEHIIUH CTYIiHb MEPEOXOIOMKEHHS PiANHU.

Hapezneni Buie MipKyBaHHS IOAO 3aJISKHOCTI IIBUIKOCTI 3apOIKOY-
TBOPEHHS /1 BiJI CTYIICHS IEPEOXONOLKEHHS AT 3aJIMIAI0THCS CIIPABEIIMBUMU
1 Ui JHIEHOT MBHAKOCTI pocTy KpucraniB c. Kpuea ¢ynkuii c=f(AT),
rmojaHa Ha puc. 2.7, Mae TOH caMWii BHIVIAA, IO ¥ JUTS IIBHUAKOCTI 3apOAKO-
yTBOpeHHS (puc. 2.5). Ane y mepioMy BHIIAAKy MaKCUMYyM C, SIK BUIIIMBAE 3
BUKJIA[ICHOTO BUIIE, JOCATAETHCS MPH MEHIINX 3HAYEHHSX CTYIEHS I1ePeoXo-
nomxenust AT.

3a teopeTmyHNMH po3paxyHkamu A. Koimmoropoma, B i30TepMiduHUX
yMOBax KpucTaizanii (mpu cranux 3HadeHHsIX AT 1 Tg) piguau 00’ emom V),
MiX i KIJIBKICTIO V7, IO 3aKpHcTajidyBaiacs 3a 4ac 7, i MmapaMeTpaMu
KpHUCTaJIi3aIlii 7 i ¢ € IEBHUHN 3B’ A30K:

e
V=V, 1-exp, (2.20)
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JlinifiHa MWBHAKICTH POCTY

Ts -s+—  Temmneparypa Tk

CTymiHb IEPCOXOIOKECHHS  — g

Puc. 2.7. 3anexHicTh JIHIHHOT IIBHIKOCTI POCTY BiJ
TeMIepaTypy KpHCTami3amii

a MakpoCKOIiYHa IIBUJKICTh KpHcTanmizauii dV/dT, sk BUXOAWUTH 3 LBOTO
PIBHSIHHSI, CTAHOBUTHME:

34
dv/ddr 4/ 3pne 3(1)3V“expfl/ 3pne’d (2.21)

Ockigpk MakpockomigHa (00'e€MHa) IIBHIKICTH Kpucrtamizamii dV/dt
MPOTIOPIIiiHA 71¢3, BOHA TaK Ke 3aJISXKUTH BiJI CTYTICHS IEPEOXOIOIKEHHSI, SIK 71 1 C.

SIKIO 3aMIiCTh INBHAKOCTI KpucTamizamili dV/dT CKOpHCTaTHCS SIK
MIEPEeTBOPEHHS, OAEPKUMO Tak 3BaHy C-nodiony kpugy (puc. 2.8). Bona
XapakTepusye mer (a3oBH Tepexil, MO BigOyBaeTbCA B 130TEPMIUHHX
YMOBaX IPH Pi3HUX TEMIIEpaTypax.

Sk 3a3HaYeHO BUINNE, BUCOKA KpHUCTadi3allifHa 3IaTHICTh METajiB He
JIO3BOJISIE JIOCSTTH 1X 3HAYHOTO MEPEOXOJIOPKEHHS Y 3BHYAHHX YMOBax
Kkpuctamnizamii. Tomy 11 HUX, Ha BiIMiHY Bl OpraHiYHUX Ta {HIINX CIIONYK,
peari3yroThcs JIMIIE JIiBi, TOYaTKOBI YACTHMHU KPUBHUX 3aJICKHOCTI 71 1 ¢ BiX
AT, a Ha miarpaMi KiHETUKH KpUCTaTi3allii — TUIBKY 1 BEpXHS YaCTHHA.

2.5. ®opma i po3mipu KpucrajiB

Ha ¢opmy 1 po3mipu KpucTaliB BIUIMBAIOTH YMOBHM KpHUCTaNi3awii, a
caMme: CTYIiHb HeperpiBaHHS 1 MEPEOXOJOMKCHHS, HANPSIMOK TEILIOBIIBE-
JICHHS, HasBHICTh JIOMIIIIOK, OKHCICHHS METally, TepTsS HOro o0 CTiHKH
(hopmu, a TaKoXK MPHUPOIA CAMOTO METAIYy.
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—
w

Tlouarok kpucraizarii

Kinenp kpucramizanii

Temneparypa

-
Yac, lgt

Puc. 2.8. C-monibHa niarpama KiHETHKH KpUCTami3amii

CKIIamHICTh ypaxyBaHHSA [Hii IHX (PaKTOPIB IMOCHITIOETHCS HEOMHO-
piAHICTIO pinmuHM, HepiBHOMIpHICTIO i Temneparypu. OctaHHs oOCTaBUHA
3YMOBIIO€ KOHIICHTpAIlifHI Ta KOHBEKIIHHI MOTOKH B PIiAWHI, AKi TEX
YCKJIaTHIOIOTh YMOBH KpHUCTai3aii.

TomoBHMM ke (pakTOpOM, IO BIUIMBAE HA MPOIEC KPUCTAIi3allil, CIix
BBa)KaTU CTYIIHb MEPEOXOJIOIKCHHS, IKUI BU3HAYAETHCS IIBHKICTIO OXO-
JOIPKEHHS PiIKOTO MeTally: YMM Oibllla OCTaHHSA, TUM OUIBIIHNN CTYITiHB
HIEPEOXOTOPKEHHS.

I'' TamMaH BUBYAB BIUIMB CTYTICHSI IEPEOXOIODKEHHS Ha MTAPaMETpH 7
1 ¢ KpHCTali3alii AesKUX OpraHiYHUX pedoBUH. [Ipu mepeoxonomKeHHi 10
temneparypu 7; (puc. 2.9) mBUAKICTE YTBOPEHHS 3apOAKIB HEBHCOKA, TOII
SIK IIBHJKICTh POCTY KPHCTAJIB € 3Ha4YHOW. Y IIMX YMOBaxX 3 HEBEJIHMKOi
KUTBKOCTI 3apOAKIB JOCHTh IMIBHAKO BHPOCTYTH BEIHKI KPHUCTAIH, TOOTO
YTBOPHUTHCS KPYITHO3EpHUCTA CTPYyKTypa. HaBnaku, npu temmneparypi T,, e
n BellMKa, a ¢ Mana, i3 0araTboxX 3apOAKiB BIZHOCHO MOBUIFHO POCTUMYTh
YHCIIEHHI KPUCTAIH. AJie IBa CYCI/IHI KPHCTAJIM POCTYTh JIOTH, TIOKM BOHU
HE 3ITKHYTBCS ONMH 3 ONHHUM, IICISA YOro PIiCT 000X MPHUITHHSIETHCS.
3po3yMiso, IO B TAKUX YMOBAX YTBOPHUTHCS JIPiOHO3EPHHUCTA CTPYKTYpa.

3a Teopieto Tammana, KiTbKiCTB 3epeH N TpomopHiiHA MIBHIKOCTI
YTBOPEHHS IIEHTPIB KpHCcTalizalii # i 00epHEHO MPOMOpIiifHa IIBUAKOCTI

pocry c:
N=kn/c, (2.22)
ae k — cranmuii Koegili€eHT.

Kpucramnizaris meramniB 51

A

[Mapamerpu kpucranizaiii, n,

>

Ts T, T, .
Cryninb nepeoxonomxerns, AT

Puc. 2.9. [NapameTpu KprcTaTi3alii 3aJ1€XKHO BiJl CTYNEHS EPEOXOIOKEHHS

Juis MetaniB po3Mip iX 3epHa 3HAYHOIO MipOIO BIUIMBA€E HA MEXaHI4HI
Ta iHmi X BiaacTUBOCTI. Tak, APIOHO3EPHUCTHH METal XapaKTECPU3y€EThCS
O1IbII BUCOKMMHU B SI3KICTIO Ta IUIACTUYHICTIO, HIXK KPYITHO3EPHUCTHH.

®dopMa KpHUCTaiB BH3HAYAEThCS npunyunom Iiooca—Krwopi—Byrnvgha
(3axonom Bynvgpa—Kiopi):

Minimym nosepxuesol enepeii npu 3ad0anomy 06 emi 6azamoepanHuxa
00CA2A€EMbC. NPU MAKOMY 63AEMHOMY POIMAWLYBAHHI 1020 2panell, KOau
80HU 8i00aNeHi 8I0 OOHIEL 1l mi€l Jc MouKu Ha 6i0CMAHI, NPONOPYIUHT IX
NUMOMUM NOBEPXHEBUM EHEPIIAM.

3riiHO 3 MM MPUHIIMIIOM, TIOBEPXHEBA EHEPrisl KpUCTala, 1110 pocTe,
Y0; S; noBUHHA OyTH MiHIMaJIbHOIO, @ JUISl IIbOTO Ma€ BUKOHYBATHUCS CITiB-

BIJIHOIIICHHS
o0,/h=0,/h,=03/h;=...=c/h;, (2.23)

Jie O; — MUTOMa MOBEPXHEBAa CHEpris i-1 rpaHi, 0 YUCETIbHO 30iracThes 3
TTOBEPXHEBUM HATATOM Ha Hil; /i; — BIICTaHBb i-1 TpaHi BiJ HEHTPY KpUCTaa.
3BijcH BUIUTMBAE, MO TPaHi 3 OITBIIMNM TOBEPXHEBHM HATATOM IPH
POCTI KpHCTasia MOBUHHI MMEePEeMIITyBaTHCs MIBHUIIIE, HIX 1HIII, 1 Y mporeci
POCTY MalOTh 3MEHIIYBaTH CBOIO IUIOILY i HaBIiTh 30BCIM 3HHKATH (3apoc-
TaTy).
Kpucran, mo BiIbHO pocte y pianHi, 6e3 nepenkos 3 00Ky cBoix cyci-
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IiB, 30epirae TMpaBWIbHY TE€OMETPUYHY (OpMY, OTpPAHEHY TpaHAMH 3
HalMEHIIMM MOBEpXHEBUM HatsroM. lle o3Havae, HarmpuKiaz, o MeTau 3
I'IK-"paTkoro MaTuMyTh (OopMy HE KyOa, a OKTaempa, OCKUIBKH caMe Ha
IomuHax okraeapa {111} moBepxHeBUil HATAT HAWMEHIITHNH, 0O IIi IUIOMIH-
HU € HaOUIbII OIiTHOYTIAKOBAHNMH 1 IX BiATIOBiTHI XapaKTEPUCTHKH Iepe-
Ba)KarOTh Ti caMi MMOKa3HUKH AJIs TUTomuH Kyoa {100}.

OTxe, pIBHOBAXHOIO (hOPMOIO KpHCTala, sika (popMyeThCS B yMOBaxX
MTOBLIEHOTO OXOJIOKEHHS, € TIOMIieAPHUYHA. 3a YMOB IPHCKOPEHOTO OXOJIO/-
JKCHHS1, HapiBHI 3 MIUIFHOYTIAKOBAHNMH, BUHUKAIOTE TPaHi 3 MEHII IIITEHUM
MaKyBaHHSAM 1 OLTBIINM TOBEPXHEBHM HATATOM, IO CHpPHUSE yYTBOPEHHIO
JCHAPUTHHUX, IUTACTUHYACTUX, TOMYACTUX Ta IHIINX KPHUCTAJiB, aie
HalgacTime — 0eHOpUmHUX.

JennputHa (opMa KPUCTAIIIB € HACTIKOM aHi30TPOMII IX pOCTy, KOIHI
TOJIOBHI Ta OiYHI OCi JEHOPUTIB POCTYTh y MEBHUX KpUCTAIOTpadigHmX
HanpsMmkax. Tak, mist meraniB 3 ['TIK-"paTkoro Ha mepmux eramax ix pocTy
BHHUKAIOTh IIICTh HApOCTKIB Y TPHOX B3aEMHO IEPIEHAMKYIIPHHUX
Hanpsmkax (puc. 2.10, a, 6). Lli mapoCTKu 3romoM mepeTBOPIOIOTHCS Ha TO-
JIOBHI OCi IEHAPHUTA — OCI MEPIIOTo MOPAIKy. BomHoUac 3 iX MOMOBKEHHSM,
MIEPHEHANKYIAPHO 10 HUX BiAPOCTAIOTH OCI JPyroro MOpsIKY, Ha SIKUX, Y
CBOIO Uepry, YTBOPIOIOTBCA Oci (2inku) mpemwvozo nopaoky (puc. 2.10, B).

HamnpsiMOK po3BUTKY ICHAPUTHHUX KPHCTAIIIB 200, SIK iX e Ha3UBaIOTh,
OeHOpUMHUX KONOHIl, BU3HAYAETHCS HE JIMIIEC aHi30TPOMi€i MIBHIKOCTI
pocTy, a # HampsSMKOM TEIUIOBIIBOACHHA. JICHAPUTH POCTYTh y HaNpsMKY,
MIPOTHIIS)KHOMY OCTaHHBOMY 400, ITi/I HEBEJIMKHUM KYTOM JIO HBOTO.

[pu nomanemiii KpucTamizalii, KOJM PiIAHH 3aJHIIAETHCS Yke HeOa-
raTo, MPOMDKKH MK OCSIMH ICHIPUTIB 3alIOBHIOIOTHCS NMPiOHMMH KpHCTa-
Jamu iHmoi popMu, 0coOINBO PH YIOBUTFHEHHI OXOJIOMKESHHS METAIY, 10
KpHUCTaJi3y€eThCs. AJle HaBiTh HEBEIHUKOI KITBKOCTI JOMIIIOK, abcopOOBaHIX
TIKaMU JeHIPUTIB, JOCUTH, 00 IEHAPUTHA CTPYKTYpa Oyia BUsBICHA TIPH
MiIKpPOCKOIIIYHOMY JOCTI/KEHHI, @ 9aCTO — i HE030POEHUM OKOM.

[pu Oynb-sKOMY BHIII 0OpOOKH THCKOM KPYITHI, PO3TaTyKeHi JeHIPUT-
Hi KPUCTAJIH JIAMAIOThCS, 1 JCHAPUTHA CTPYKTYpa 3HUKA€. 30eperTucs BoHA
MOXKe JIMIIE B JTUTOMY METali, SKHi He 3a3HaBaB 00poOku ThuckoMm. OTke,
OeHOpUmMHA CIMPYKMYpa € XapakmepHolo O03HAKOIO JUMO20 Memany, 9ui
BJIACTHUBOCTI, K BiZIOMO, TOCTYIIAIOTHCS BIIACTHBOCTSIM I1e(hOpMOBAHOTO
MeTaiy.

2.6. BynoBa MeTaJieBOro 3J1MBKa

MertaneBuii 3TUBOK HaWdYacTilIe CKJIATAETHCS 3 TPHOX 30H: APiOHUX
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Y, Y Y

Z

Puc. 2.10. Cxema yTBOpeHHs AeHApPHUTHOTO KpucTaia (3a K. ByHiHnM)

KpHUCTAaJIiB Ha MOBEPXHI, KPYITHUX CTOBITYACTUX KPHCTAJTIB Ta PIBHOBICHHIX
3epeH y cepeanHi 3muBKa (puc. 2.11, a).

JpiOHO3epHHCTA TOBEPXHEBA 30HA TOBIIMHOK y JEKLTbKa MiTIMETPIiB
BUHHMKA€E MMPU LIBUAKOMY TBEPIHEHHI YK€ MEPEOXONOIKEHOT piliHu O11s
TTOBEPXHI XOJOAHOT BIUIMBHUII (JTMBapHOI popmu). B ymoBax TepTs metary
00 cTiHKE (POPMHU 1 BUCOKOTO CTYIICHS IIEPEOXOJIOMKCHHS BUHUKAE Oararo
3apOIKIiB, SIKi POCTYTh BITHOCHO MOBLIBHO. [I0 TOTO K piCT X KPUCTATIB i
B3araji yciel mepmoi 30HH JOCUTh IIBHAKO HPUIUHAETHCS 3aBISKH
BHUJIUICHHIO BEJIMKOI KUTBKOCTI IPUXOBAHOI TEIUIOTH KPUCTATI3aIlil.

30Ha CTOBMYACTHX KPHUCTANIB CKIAJA€ThesA 13 3€peH, 5K JykKe
BUTATHEH] Y HaNpsIMKy LEHTPY 3JHBKa. J[oBXHMHA IMX 3epeH (IECHAPHTIB)
MOJKe 3MiHIOBAaTHCSA y JOCHTh IIMPOKHX Mexax — Big 1 mo 10 cm. Ix
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WA N AKXR

0
Puc. 2.11. Knacu4Hi 30HH KPUCTaiB y 3IUBKY (),

(opMyBaHHS CTOBITYACTUX KpUCTaIIB (0)

YTBOPEHHIO CIPUSE BHCOKA IIBHIKICTh OXOJIOJDKEHHS Ta CHpPSIMOBaHE
BiZIBEZICHHsI TEIUIA MU II€ JOCUTh BHCOKOMY CTYIEHI MEPEOXOJIO0KEHHSI.
OCKUIbKM TEIUIOBIIBE/ICHHS TEMep yXKe YIiTKO CIPSIMOBAHE IEpIeH/IU-
KYJSIPHO CTiHIII BWJIMBHHI, MEPEBAXHO POCTYTh Ti KPHUCTAIH, Yy SKHX
MaKCHMaJbHa IIBUAKICTH POCTY 3a HANPSIMKOM 30ira€ThCcs 3 HaIpPSIMKOM
BiBeeHHs Teruta abo Omm3bka 1o HBoOro (puc. 2.11, 6). [nsg meramis 3
KyOiYHMMH 'paTkaM¥, y TOMY YHCII JUIS CTalli, CTOBITYACTiI KPUCTAIH POC-
TYTb epeBaXHO y HanpsMKy [100].

ITpy mBHIKOMY OXOJIO/KEHH] HEBEIMKHX 32 TIOIIEPEYHIM TIEpepi3oM 3JIHBKIB
Ta BIIMBKIB CIIOCTEPIra€ThCsl MPaHCKpUCMaaizayisi — POPOCTaHHS CTOBITYACTHX
KPHUCTATIB JI0 CAMOTO IIEHTPY 3TMBKA. TpeTs 30Ha KPUCTANIB TyT BIICYTHS.

VY Oinpll 3araJbHOMY BUIIAAKY B CEpelUHI 37UBKa (OpMYyEThCS 30HA
PIBHOBICHHX J1€30pIEHTOBAHUX 3€PEH MOJIrOHAIBHOT (POPMH, PO3MIPOM Bij
1 no 10 mm. I 30Ha yTBOPIOETHCS B yMOBax Majoi HIBHIKOCTI OXOJIOA-
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JKEHHS 1 MaJIOTO CTYIIEHs epEOXOIOMKEHHS 32 BIACYTHOCTI CIIPSIMOBAHOTO
BiZIBE/ICHHS TEILIA.

Po3mipu KokHOT 3 TPHOX 30H, K 1 PO3MIPH KPUCTAIIB y HUX, 3aJICKaTh
BiZl popMu i po3MipiB 3THMBKA, KOHCTPYKIIii Ta MaTepiany BHJIMBHHUII, TEMIIC-
paTtypH Ta XiMiYHOIO CKJIay CIUIaBY, [0 KPUCTANi3y€eThCs, TOmo. Hanpuk-
Jaj, 30HA CTOBIYACTUX KPUCTANIB Maibke 3aBKIM HasBHA Y CTaJICBHX
3IIMBKAX, BIJTUTHX YV YaBYHHI BHJIMBHUII, aJPKe TEIUIOMPOBITHICTh YaBYHY
Habararo BHWIIA, HIX (HOpPMYBaIBHOTO MiCKy. TOBCTOCTIHHA XOJOIHA BHIIH-
BHHIIS 3HAYHO MiIBHUIIYE TEeMIIEPaTypHUIl TPadi€HT PO3IUIaBY, IO CIIPUSE
YTBOPEHHIO TOBCTOTO IIAPy CTOBITYACTUX KPUCTAIIB.

HanpsiMOK pocTy CTOBMYACTHX KPHCTAIIB 3QJICKHUTH LIe 1 BiJ hopMmu
Ta ITUOWHU BaHHH PigKoro MeTary. UM MeHmior Oyme ridnHa pigkoi BaH-
HU 3aCTUTAI0Y0TO METay i YMM OLIbII IIOCKO0 Oyne 11 HIDKHS IMOBEpXHS,
TUM OLITBIIOI0 Oyae 0ChOBa Opi€HTAIlis CTOBMYACTUX KpucTamiB. e xapak-
TepHE JJIsl BTOPUHHHX ITEPEIUIABHHUX MPOLECIB — ENEKTPONUIAKOBOTO, TUIa3-
MOBO-J[yTOBOT'O TOILIO.

[pu HacTymHil Tapsadiii 0OpoOIi THCKOM 3IIUBKIB 3 BEIHKOI 30HOIO
CTOBITYACTHX KPUCTAIIB y MICISIX iX 3ITKHEHHS MOXYTh BUHUKATH TPiLIMHH.
ToMmy I MaNOIUTACTUYHMX MaTepiaiiB 3amo0iraroTh BHHHUKHEHHIO 30HH
CTOBIMYACTHX KpHcTamiB. [limOuparouyn TOBIIMHY CTiHKM BWJIMBHHUII Ta il
TeMIePaTypy, MOXKHA OJICPIKaTH 3TUBOK 0€3 CTOBITYACTUX KPHUCTaTiB. LIboMy
CIpHUSiE€ TAKOX OJHOYACHE YTBOPEHHsS BEJIHMKOI KINBKOCTI LEHTPIB
KpHCTAaNi3allii: BiIIEHTPOBA BIIUIMBKA, CTPYLIYBaHHS METally, JOAaBaHHSI
BIJIOBIIHAX JOMIIIOK TOIIIO.

2.7. JikBanist

Jlixeayicro Ha3WBA€THCA HEOMHOPIMHICTh XIMIYHOTO CKiIamy. SKmio
JKBAIis Ma€ MicIle y MexXax OJHOTO ab0 IEKiIbKOX 3epeH (ACHAPUTIB), 1i
Ha3MBaIOTh MIKpOCKONiuHOK. PO3PI3HAIOTE 8HYMPIHbO- TA MIdC3EPEHHY
MIiKpOCKOMIIYHY JikBamiro. [lepmra 3yMoBiIeHa TUM, IO BHYTPIlIHI 00" €eMu
3€epeH, fAKi YTBOPIOIOTHCS Ha TMOYATKY iX pOCTy, 30aradeHi OLNBII Ba)KO-
TONKAMH KOMIIOHEHTaMH MOPIBHAHO 3 iX mnepudepiiHUMH IMapaMu.
Mix3epeHnHa (MiXICHIPUTHA) JIKBAIlis CBOIM MOXOMKEHHSIM 3000B s3a-
Ha, BIIaCHE, TOMY CaMOMY SIBHIIY, aJieé y MexXaX ACKITbKOX NEHAPHUTIB: iX
OCi MICTATh y €001 MEHIIE JerkOTONKHX JOMINIOK, HiX MiXKOCHOBI1
TIPOMIXKKH.

Maxkpockoniuna JIKBaLlis OXOIUTIOE YBECh 3JMBOK YW BHJIMBOK. BoHa
MOXe OyTH 30HanbHOIO Ta 3a 2ycmuuoro. Y TEepIIOMY BHIIAAKY BMICT
JIOMIIIIOK Y PI3HUX 30HAX 3/IMBKA BISIBISETHCS HEOMHAKOBUM. Halfuncrimoro
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€ TIOBepxHeBa (KipKoBa) 30HA 3IUBKa, OLTBII 3a0pyIHEHOIO0 — HOTO ceplle-
BHHA, OCKUTBKH JIETKOTONKI JOMIIIKA MOCTYTIOBO HAKOMTUIYIOTHCS B PiANHI,
o0 Ime He 3aKpucTalizyBajiacs. Taka 30HaJbHA JKBAis HA3UBAETHCS
npamoro. Haiibinpire 3a0pymHEHHS CIIOCTEpIraeThCsl HA MeEXi Opyroi i
TPETHOI 30H 3IIMBKA, a OCKIUIBKA I MeXa MPOXOAWTH IO TBipHIH Heskoro
KOHyca 1 Haragye Byca, IO 3BHCAIOTh IOHM3Y, II€ SIBHIIE HA3HUBAIOTh
KOHIUHOW cezcpezayieio, abo 8ycamu.

360pomHnoio 30nanbHoI0 NiKEaYi€I0 HA3NBAETHCS 30araueHHs TIOBEPXHE-
BHX 30H 3JIUBKA JIETKOIUIABKMMHU KOMITOHEHTAaMH CIUIABY Ta JIOMIIIKaMH.
Bona Moxxe MaTé Micue MmpH BEIMKOMY IHTEpBalli KpHCTali3amii CIUIaBy y
MpOIeCi MIBUAKOTO OXOJOMmKeHHs. CTymiHp 1 TUM OUTBIIHA, YuM OLTBII
pO3MipH 3THBKa Ta MeperpiBaHHS pigkoro meranmy. Haifdacrime 3BOpoTHa
30HaNlbHA JIIKBAIli CIIOCTEPITa€ThCA B OJOB’STHUCTUX OpoH3ax Ta
ATIOMiHI€BO-MiZHUX CIUIABaX. 1i NPMYMHAMH MOXYTh OyTH, IIO-TIEpIIE,
BHJABIIOBAHHS PITUHH TI0 MIKpOIOpax MK JCHAPUTAMH HAa30BHI 3ITUBKA
BHACINIJIOK BHIUICHHS ra3iB, CTUCHEHHS KipKH TOINO; MO-ApyTe, OUThIINi
CTYMIiHb IEPEOXOJIOKEHHS TOBEPXHEBUX IIAPIB 37MBKA.

OkpeMHM BHIOM € Ta30Ba JIKBaIis — 3aCMOKTYBaHHS 30aradeHoi
JOMIIIKAMHU pPIOJUHU y Ta30Bi My3upi BHACHIOK YTBOPEHHA TaM
PO3pimKeHHS Y IPOIIECi OXOIOMKEHHS.
pI3HOIO TYyCTHHOIO (a3, IO KPHUCTANI3YIOThCA y cIiaBaxX. il MokHa
3anmo0irtu abo 3MEHIINTH, IMiJBUIIYIOYHN IIBUAKICTE OXOJOMKEHHS CILIABY,
CTPYIIYIOUM HOro y mporeci Kpucramizamii abo Omarodu BiAmmoOBigHI
JIeTYI04i eIeMEeHTH.

2.8. Ycaaka npu kpucraizanii

Pigxuit Mmetan mae OLTBIINI 00 €M, HiXK TBEPIHA, TOMY KPHCTaNi3amis
CYIIPOBOIKY€ETHCS 3MEHIIICHHSIM 00 €My, SIKe Ha3UBAETHCS ycadkoro. SIKIIo
BHUJIMBHHMIIS 3allOBHEHA PIIKUM METAJIOM JIOBEPXY, TO IpU KpHCTaNi3amii y
Ti# ii yacThHi, A€ TBepOiHHS BiAOYBAETHCSA B OCTAHHIO YEPTYy, YTBOPIOETHCS
MMOPOXHUHA — TaK 3BaHA ycadouHa pakosura. HaBkoio Hel 3BHYaifHO KOH-
LEHTPYIOTHCS AOMIIIKH, MIKPO- Ta MAaKPOIOPOKHUHH, Ta30Bi ITy3Hpi.

dopma, po3MipH Ta PO3TALIyBaHHS yCaJ0YHOI PAKOBHHHU BH3HAYAIOTh-
Csl TEMIIEPaTypOIO PIIKOTO MeTairy, cocoboM Horo 3anmBaHHS, (opMOrO
BUIIMBHUII, YMOBaMH OXOJOKEHHs MeTally Mpu KpucTaiizamii. Ii posmipu
OyayTh TUM OINBIIMMH, YMM BHIIA TEMIIEpaTypa PiIKOTO METAIy Ta YUM
IIBU/IIE BiIOyBA€THCS HOTO 3aIMBAHHS.

Jns toro, mob CKOHIIEHTPYBATH YCaAOUHY PAaKOBHHY Y BEpxXHii (To-

Kpucramnizaris meramniB 57

JIOBHIN) YaCTHHI 3JIMBKA, JOBOMUTHCA BiApI3aTd Ta BiNMpPaBIATH Ha Iepe-
IDTaBIICHHS MEHIIYy HOTr0 YacTHHY — TaK 3a0e3MedyloTh OUTBII HIBHIKE
OXOJIOMKEHHS MOTO HWXKHBOI YaCTHHH. 3 II€I0 METOI CTIHKM BWINBHHII
MOCTYIIOBO IMOTOBILYIOTH TOHU3Y, @ HA BEPXHIO ii YaCTUHY CTaBIATH CIIe-
miagbHy HAJACTABKY, CTIHKH SKOI (pyTepoBaHiI TEIIIOi30IFOBAIFHOI0 BOTHE-
TPUBKOIO LIETVIOKO.

B ocCpOBili dYacTHHI 3IHBKa PO3TANIOBYETHCA TAKOXK YCAOOYHA
nopucmicmy. BUTBIIICTP HX TIOP MPH HACTYIHIN MPOKATIi 3aBapPIOETHCS,
aJie HeMeTaJIeBl BKIIIOYEHHS Ha IIOBEPXHI IOP IIEPEIIKOPKAIOTh LIEOMY, 10
MOXE IIPU3BECTH IO pO3LIApyBaHHS MNPOKary. IIpOTSIKHICTD AUISHKH
0CBHOBOI IOPHCTOCTI 3MEHIIYETHCS IPH 3MEHIIIEHHI CITiBBiTHOIICHHS BUCOTH
3MMBKAa Ta HWOTO CEPeIHBOTO IiaMeTpa, a TaKoXK NpH 30UTBIICHHI Mach
HaJICTaBKH Ha BUJIMBHUIII.

2.9. I'a3u Ta ra3osi my3upi

Pigkuit mMeranm MICTHTh 3HaYHy KIIBKICTh PO3YMHEHHX TaziB. BoHm
TIOTIIMHAIOTHCS. METAJIOM 3 MIYHOI aTMOC(epH Ta TOBITPS; YTBOPIOIOTHCS
MIPH XIMIYHUX pPEaKLisX y TPOIECi IUIaBICHHS, MOXYTh OyTH MEXaHIYHO
3aXOIUICHI CTPYMEHEM PiKOTO METaly MiJ 9ac pO3NUBaHHI, HAPEIITi, yTBO-
PIOIOTHCS TIPH B3a€EMOIIi PiAKOTO MeTairy 3 00Ma3KOl0 BHIMBHHII. Y PigKiit
CTaJli Ta CTAJIEBHX 3JIMBKAX Haifuactime HasBHI Taki rasu, sk CO, H,, N,,
CO,, CH,.

OCKUNBKH PO3YMHHICT Ta3iB 3MEHIIYETHCS TPH 3HIDKCHHI TeMIIepa-
TypH, BOHH BHIUIAIOTHCS MiJ Yac Kpucramizamii. OmHaK 9acTHHA PO3UH-
HEHHX Ta3iB 3aJIMIIAE€THCS 1 Y TBEPAOMY METalli — B IIOpax Ta Iy3upsX.

YactuHa OuX MOP 1 IMy3UPiB PO3TAIIOBYETHCA HENAIEKO Bill IIOBEPXHI
3IIMBKA — B 30HI CTOBITYACTUX KPUCTAJIB, PEIITa — Y CEPEeaHIi HOro YacTHHI.
[osicHIOETBCS L€ THM, IO YTBOPEHHA Ta PICT CTOBIMYACTHX KPHCTANIB
BinOyBa€eThCcA TOBITBHIINIE, HIK TOBEPXHEBOI, KipKOBOi 30HH, i Ta3H TYT
BCTUTalOTh BHIUIMTHCSA. BomHowyac cTOBIMUYACTi KPUCTAIH, LIO POCTYTh,
MIEPELIKOKAIOTh Ta30BUM ITy3UPSIM BHHMTH HA MOBEPXHIO 3JIMBKA, TOMY B
HIDKHIA 9aCTHHI 3TMBKa ITy3HpiB OUIbINe, HIK Y CepenHiil U BEpXHii.

KimpkicTh Ta30BUX ITy3UpiB 30UIBIIYETHCS 3 MIABUIICHHSIM TEMIIE-
paTypH piIKoTo METary Ta HOTO ra30HACHYCHOCTI.

[HTeHCHBHE YTBOPEHHS T'a30BUX ITy3HPIB BiIOyBa€THCS NPH KPUCTa-
Ji3arii criaBiB Ha OCHOBI THX METalliB, OKCHAM SKHX MOXYTh BiTHOBIIO-
BaTHCS SAKUM-HeOyIb 3 KOMIIOHEHTIB CIDIaBYy 3 YTBOPEHHSM Tra3OIMOIiOHUX
crioiyK. THITOBUM NPHKIIaZOM TaKOTO Ta30BUILICHHS € TaK 3BaHE KUITIHHS
CTaJli: y KUIUIAYil CcTami , 0 He PO3KHCIICHA IO PO3IHBAHHS SKAM-HEOYIh
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CIJIFHUM BiTHOBIIOBa4YeM (KpEMHIEM, aJlFOMiHI€EM, THTAHOM), BiIOyBa€THCS
IHTCHCUBHE BUIUICHHS Ta3iB 32 peaKIi€lo:

FeO+C=Fe+CO.
Kunnsua crane Maibke He Ma€e yCaJOYyHOI PAKOBUHHU, HOpH Ii

KpHUCTali3aIii He MoTpiOHa HAaCTaBKa HA BIUIMBHUINIO. AJIE IIPH MPOKATI 11
Ha TOBEPXHIO BHXOITH T'a30Bi IMy3Hpi, Oararto 3 sSIKHX MarOTh OKHCIICHY
noBepxHIo. Lle nmpu3BOIUTH NO YTBOPEHHS BEJMKOI KITBKOCTI PO3KaTaHUX
TUTIBOK Ta TaK 3BAHUX 60710c08uH. Hepes e KUIIISIy CTalb BUKOPHUCTOBYIOTh
JUIS  ENIeBUX, MAacOBUX BHpOOiB. /Jlns BUpPOOIB BiAMOBiIaTBEHOTO
MpU3HAYCHHS BUKOPUCTOBYIOTH JI00pe PO3KUCIEHY CHOKIHHY CTalb.
OcranHsi Mae [oOpe pO3BHHEHY YCaJO4HY DPAaKOBHHY IPHU HEBEJHKIii
KUTBKOCTI TIOP 1 Ta30BUX IMY3HPIB.

OTxe, ICHYIOTh SIK YCaJ04HI MOPH, TaK i IIOPH I'a30BOTO TTOXO/DKEHHS,
ajie y BCIX HHMX MicTiThes rasu. [Ipm HakonmuueHHi ra3iB Ta 1X mepexoni 3
aTOMapHOTO y MOJICKYJISIPHUM CTaH PO3BUBAETHCS BUCOKUM TUCK. Lle mpu-
3BOANTH [0 MIBHIKOTO 3POCTaHHS MOP W YTBOPEHHS BHYTPILIHIX TPIIIHH —
TaK 3BaHUX @hrokenie. OCTaHHI € HETIONPABHUM OpaKoM MeETaly.

CyuyacHa TexHiKa (acOHHOTO JMTTS JO3BOJISIE BIUIMBATH HA XapakTep
HOp 1 IMy3UpiB 1 KepyBaTH PO3MOALTIOM MOPHUCTOCTI y BiuuBIi. s mporo
MPOBOATH padiHyBaHHS METaly Bix ra3iB abo 3amoOiraioTh iX BHIUICHHIO
3a JOTIOMOTOIO0 IIBUKOTO OXOJIOMXKSHHS UM KPUCTANI3ALIT ITiJ] THCKOM.

2.10. HemeTaJjeBi BKJIIOYCHHSA

Jo nmedekTiB,I0 MOPYIIYIOTH CYNUTBHICTH CTali, HaJeKaTh TaKOXK
HEeMeTaJIeBl BKIIIOYEHH:. BOHM MOXXyTh OyTH pi3HOTO HOXOIKEHHS, BiJpi3-
HIOTBCS 32 CBOIM CKJIQJIOM 1 po3Mipamu.

HemeraneBi BKIFOYCHHST BUHUKAIOTH TIPH KPUCTAi3allil cTaji BHACHTI-
JIOK 3aIUTyTyBaHHS y MeTajl YaCTMHOK IIIAKy Ta MPOLYKTIB PO3KHUCIICHHS,
po3'imanHs MeTasioM (DYyTEpOBKHM Iieyi, )K000a i KOBIIA Ta K MPOTYKTH
peaxiiii (mepeBakHO OKCHAX Ta HITPHIN).

3a XIMIYHAM CKJIaIOM PO3PI3HSAIOTH TaKi BKIFOUEHHS: OKCHAM 3alliza i
amowmisito (FeO, Al,03), Hitpuan (AIN, TiN), cipuani cionyku (MnS, FeS)
i nmutaku (mFeOnSiO, Ta iHm).

Jlesiki BKIIOYEHHS y PIiAKIA cTanmi BigirparoTh poib MIAKIAAKA MPU
HEIOBINBHIN KpHCTati3amii.

IkiMBO BIUNIMBAIOTh HAa MEXaHIYHI BIACTHBOCTI TBEPHAI Ta KPHXKI
BKJIIOYECHHSI, 110 PO3TAIOBYIOTHCS 10 MeXax 3epeH. BoHm MoxyTbh OyTn
TAKOXK MICISIMH 3aPOJKEHHS TPIIUH.

JIisi MigBHMINCHHS YHCTOTH METaly MO HEMETaJeBHX BKIFOYCHHSIX
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MOXXHAa BHKOPHCTAaTH iX PpO3IUIABJICHHS, PETENbHE PO3KHCIICHHS, IiJBU-
LIEHHS PiAKOTEKY4OCTi METajy Ta IIUIAKy, JOCTATHIO BUTPUMKY MeETaly B
nevi Ta KOBILI Hepe]] HOro po3JIMBaHHIM.

BukopucTaHHST BTOPMHHHMX NepeIlUIaBHUX MpPOLECciB (BaKyyMHO-
JyTOBOTO, €JIEeKTPOLLIAKOBOIO, I1a3MOBO-AYTOBOIO) JI03BOJIAE OJEPIKATH
MeTal, Maiike He 3a0pyTHeHUI HEMETaJIeBUMHU BKJIIOUYEHHSIMH.

2.11. BropuHHi nepenJiaBHi npouecH Ta HeOAHOPIAHICTH
JINTOT0 MeTajy

[IpoTsiroM OCTaHHIX POKIB Y 3B 3Ky 3 HEOOXiJHICTIO OfepKaHHs CTali
MiIBUIICHOT SKOCTI HAOyIW MONIMPEHHS TaKi MPOIECH, SK EIeKTPO-
LUTAKOBH, BAKYyMHO-/IyTOBUM NEpeIyiaBU, BAKyyMHO-IyTOBUH TeperiaB y
3MIHHHUX (I3UYHUX TOJISIX, €JICKTPOHHO-POMEHEBUIl Ta MI1a3MOBO-IIPOMe-
HEBUH TepeIIaBH, a TAaKOXK MPOIIECH MO3aMiIHOT 0OPOOKH PiKOTO METaIy
CHHTETUYHUMH IUTaKaMH, BaKyyMyBaHHSM, NPOTyBaHHSAM 1HEPTHHMH
raszamMu, BiOpaIri€ro ToIIo.

YHaciIoK J0AaTKOBOTO TETUIOBOTO, XIMIYHOTO, €JIEKTPOMArHiTHOTO Ta
1HITIIOTO BIUIMBY Ha PiAKY CTAJIb 3MiHIOIOTHCS i1 BIACTUBOCTI. [1iABHIIYIOTHCS
11 KiHeMaTH4YHA B A3KiCTh, TYCTHHA, TIOBEPXHEBHIA HATAT. BogHOUac 3pocTae
PIAKOTEKYUiCTh, IO JO3BOJISE PO3JIMBATH CTajb MPU HIDKINX, HIXK 3BUYAM-
HO, TeMIiepaTypax. BillmoBiAHO MiABUIYETHCS MIACTHYHICTD Ta 1HIII CITYX-
0OB1 XapaKTepUCTUKN METay.

Taka 3MiHa BIACTHBOCTEH, SK 3ayBaxxye b.bayMm, moB's3ana He TibKH
31 3HWKEHHSM BMICTY Ta3iB, IIKiJUTMBUX JOMIIIOK, HEMETAJIEBUX BKIIIOYECHb.
BuxopucranHs meperuiaBHUX MPOLECiB 1 MO3aMiYHUX METOMIB BIUIMBAE HA
(hi3uUHY IPUPOTY PiIKOTO METAITy, MPUBOIUTE M0 cTabimizalii Horo cTpyk-
TypH, HaOIIKae JIOKATBHUH MOPSIOK y PO3TAlIyBaHHI aTOMiB-KOMIIOHEHTIB
JI0 PIBHOBaXHOTO.

[Ticnst mepeniaBHUX MPOIECIB METAl K B OCSIX NCHAPHUTIB, TaK i B
MDKBICHUX AUISHKAaX XapaKTEePHU3YEThCS IMiJBUIIEHOIO TyCTHHOIO, OiIBII
PIBHOMIDHUM PO3MOAUIOM Ta MEHIIOK TYCTHHOIO TOYKOBHMX 1 JiHIHHHX
nedextiB. OTxe, TOTIMIIYETHCS HOTO MaKpo- 1 MIKPOCTPYKTYpa.
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Po3aia 3

IINTACTUYHA JE®OPMAILIA TA
PEKPUCTAJIIBALIA

3.1. IIpyxHa Ta nuiactuyHa gedopmanis

[Tig miero MpUKITageHUX 330BHI CHJI METall, 5K 1 Oyab-sike TBEpIe Tio,
3MiHIOE CBOIO (hOpMy Ta po3MipH. IX 3MiHa HasuBaeThCsa degpopmayicio.

[pu manux crymensax nedopmarii aie Bimomuit 3akoH ['yka:

o=¢kE, (3.1)
JIe O — Halpy>XeHHsI; € — BIIHOCHA Jedopmaltist; £ — MOIyIIb IPY>KHOCTI.

Mertan npu nboMy 1eOpMYy€ETHCS MPY>KHO: aTOMHU 3MIITYIOTBCS 3 TIOJIO-
JKEHb PIBHOBaruW y KpuCTaiiuHii rparui (puc. 3.1), BigcraHi MK HUMH
3MIiHIOIOTECS, B PE3YIIBTATI YOTO MOPYIIY€ETHCS OaTaHC CHII IPUTATAHHS @ Ta
€JIEKTPOCTAaTUYHOTO BiJINTOBXYBaHHS b 1 BUHUKA€E pIBHOJIIOYA CHJIA C, SIKa
HaMaraeThbcsl MOBEPHYTH aTOM Y IOJOXKEHHs piBHOBaru n. Cyma BKa3aHHX
CHUJI, SIKI JIFOTh Ha yCi 3MIIICHI aTOMH, PO3TAIlOBaHI HA OMMHUIN ILIOIII
TMIOTICPEYHOTO TIepepizy METay, HA3UBAETHCS HANPYHCEHHIM:

o=P/8S, 3.2)
Jie O — HanpyXeHHsT; P — 30BHIIIHE HABaHTAXXEHHS; S — IUIOLIA TIOIIEPEYHOTO

epepisy.
+f

_f |
Puc. 3.1. Cunu, 110 AifOTH HA 1Ba aTOMH
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Iloku He NePEeBHILCHA pAHUYA NPYICHOCTL Oppyyer TICHS BHSATTS
30BHIIIHPOTO HABAHTA)KCHHS KOKCH aTOM IIOBEPTAEThCSA Y MONOKEHHS
piBHOBary, a mpyxHi aedopmarii Ta HanpyXeHHs 00EpTAIOTHCS Ha HYJIb.
CrpyKTypa MeTajy NpH LbOMY HE 3MiHIOETBCSL.

Cuijf 3ayBayKHTH, 1110 BU3HAYCHHS TPAHUII TPYKHOCTI Oppyx AOCHTH
TpHUBaJe 1 TPYAOMICTKE, TOMY Ha TPAKTHIIl 3aMiCTh Hel BH3HA4YarOoTh abo
TPAHHUL0 [PONOPLIAHOCTI Oy, 200 IPAHUIIO TEKY4OCTi, Gi3HIHy O, 4K
YMOBHY Oy ». Alle O, MCHIIIA BiJ{ YCiX HIX.

Konn HanpyxeHHS! B MeTaJli IEpeBUIIaTh TPAHUIII0 PYKHOCTI, 3aKOH
I'yka crae HempUIATHUM, BHUHUKAE Heobopommua, abo 3anuukosa oepop-
Mmayis, siKa 3poCTae 3i 30UIBLICHHSM HABAHTAKEHHS X N0 PyHHYBaHH:I
Mmetany. [IpyxHa nedopmamnis npu mboMy 30epiraeTbes i HaBiTH 301TBITY-
etbes. Ilpomec, sSKuil CIIpUYMHSE 3aTHIOIKOBI 3MIHH y MeTali, Ha3UBA€THCS
NIACMUYHOI0 0eopmMayicio.

Hi uncre BceOiuHe poO3TSAraHHs, Hi CTUCHEHHS HE JAIOTh 3aJMIIKOBOT
nedopmattii. €IMHAM TUIIOM HAaBaHTAXKEHHS, 3aTHUM CIPUYMHUTH 3aJIMIII-
KOBE 3MIIICHHS aTOMIB HIOJO OAWH OJHOTO 0Oe3 MOPYIIEHHS 3B SI3KY MiX
HUMH, € HaBaHTa)XEHHS 3CYBY. 3cyéHa Oegopmayis TIONSATAE y OpraHizo-
BAaHOMY TIEPEMIIICHHI OKPEMHX YaCTHH KpHUcTana (xog3anusa) abo Tpymu
HOTO aTOMHHX TUTOIIUH (O08IlHUKY8AHHS), B PE3YIBTATI SIKOTO KPUCTAN i BCe
TIJIO BUTATAETHCS Y3IOBK HAMPSIMKY Jii 30BHINTHBOI CHJIHM TPU BiAMOBII-
HOMY 3MEHIIIEHHI [ONIEPEYHUX PO3MIpIB.

3.2. JloTu4Hi HanpyKeHHsl Y KPUCTAJi

He Bapto mymaru, mo 3aiumikoBa fedopmaitiss Moxxe OyTH BHKITHKaHA
BUKIJIIOYHO 3CYBHHMH HaBAHTAKCHHSIMM, a HE PO3TATYBAJIbHUMH ab0 CTHC-
KyBaJIbHUMH. AJl€ B IMX BHIIAJKaX €()EKTHBHOIO € JHIIE Ta YacTHHA
30BHINIHBOTO HABAaHTAXEHHS, Ta 11 CKJIa/I0Ba, 1110 BiJIOBIIAE CHIIaM 3CYBY i
CTBOPIOE Y KPUCTAJL Q0MUUHI HANPYICEHHSL.

Bynp-sike 30BHINIHE HABaHTaXKCHHS P Moxke OyTH po3kiaaeHo (puc. 3.2)
Ha JBi CkyanoBi: HopManbHy N Ta noruuny K. CkiagoBa N mepreHau-
KyJsipHAa TUIONIMHI KOB3aHHS, BOHA CTBOPIOE HOPMAabHI HANPYXECHHS 1
CIPUYHHIOE TIPYXHY nedopmartito. Cxnanosa K IeKUTh Y IDIOMIMHI KOB3aH-
HS 1 € CHJIOIO 3CYBY, SIKA CTBOPIOE JIOTHYHI HANpPYKCHHS Ta CHPHUYUHIOE
IUTACTHYHY Jie(opMariio.

SIK1I0 MO3HAYUTH Yepe3 A TIOILY MOMEPEYHOT0 epepi3y KPUCTaa, TO
TUTONIA TUTONMHU KOB3aHHS S:

S=A/cos6, (3.3)
e 60 — KyT MK HampsIMKOM 30BHIIIHFOTO HaBaHTAKCHHS Ta HOPMAJLTIO 10
TUTOIMHN KOB3aHHS.
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Puc. 3.2. Po3kmageHHs ciim y KpucTami

Boanouac cknagosa K cumu P:

K=Psiné. (3.4)
Tomi TOTHYHE HANPYXXEHHSA O:
0=K/S=P/AsinfBcos6=P/2Asin26. (3.5)

3BiJICH BUILIMBAE, 1110 TOTUYHE HarpyxeHHs 0=0, konu sin26=0, To0To
npu =0° a6o 6=90°.

MakcumaibHe XK JOTHYHE HANPY)KSHHS CTAHOBUTHME:

O-lTlaX:P/ZA:O’ 5 O-p03T$[l"H((yCTI/ICH) N (3’6)

BoHo nocsirae cBoro Mmakcumymy npu sin26=1, To6to xomu 6=45°.

OTxe, IpU PO3TSATaHHI Ta CTHCHEHHI JOTHYHI HaIlpy>XeHHs JOPiBHIO-
I0Th HYNIO y IUIOIIMHAX, ITapaJielbHUX Ta MEepIeHIUKYISPHUX OCi po3Ts-
ra"Hs (CTHCHEHHS), Ta JOCATAlOTh MAaKCHMyMY, IO OPiBHIOE MOJOBHHI
BEJIMUMHH HAIPY>KeHb PO3TSTaHHS YW CTHCHEHHS Y IUIONIMHAX, PO3Tallo-
BaHMX ITi1 KyToM 45° 110 oci po3TsiraHHs (cTHCHEHHs ). Taki MIomnHA Ha3H-
BAIOTBCS MIOWUHAMU HATLIE2UIO20 3CY8Y.

3.3. CucreMu KOB3aHHSl Y KPHCTAJIaX

YHacIiIoK CHIBHOI aHi30TpPOIIii BIACTHBOCTEH KPUCTAIIB KOB3aHHS B
HUX MOXIIMBE JIMIIC Y3JOBX JAESKUX KpUCTajorpadidyHuX IUIOLIMH, SKi
BH3HAYAIOThCS BHUKIIIOYHO T'€OMETPIEI0 KPUCTAIIYHOI ‘PaTKH, Ta B JNESKUX
MIEBHUX HANPIMKAX, 110 JIEKATh Y IIMX IUIOMIMHAX.

VY Oyap-sKOMy KpHUCTalli € 0JHa a00 NEKiTbKa CHCTEM IUIOUIHH, Y KX
aTOMH YTIAaKOBaHI IIUTBHIMNIE, HIK Y OyAb-SKUX IHMHX. Y OUX IUIOMKHAX €
TaKOXX MEBHI HANPSIMKH, Y3IOBX KOTPHX BiJICTaHi Mk aTOMaMH MiHIMaJbHI.
TaMm, me 1i BicTaHi MiHIMaIbHI, TSOKIHHS MK aroMaMH Oyae MaKCHMallb-
HUM. OTXKe, y KpUCTalll € NIOWUHY T HARPAMKU MAKCUMATLHOL MIYHOCI.

KoB3aHHs 3BHYaifHO BifOyBA€ThCS MapajelbHO MM IUIONIMHAM Ta
HampsMKaM, OCKUTBKH TMpPH IIbOMY JOCSTA€ThCA MiHIMalbHE MOPYIICHHS
MPAaBHIBHOCTI y pO3TAaIlyBaHHI aTOMiB, NPHUYOMY HE3AJIEKHO BiJ] BUAY
MaKpOCKOIIIYHOI Aedopmartii.

B3zaraii, MOXITHBI IDIOMIWHU KOB3aHHS JIUIIE BHITAIKOBO MOXYTh OyTH
OpIEHTOBAHI MapajeNbHO IUIOUIHHI, ¢ JOTHYHI HANpY>KEHHS MaKCHMAIbHI.
ToMy MIOMMHM, IO SKUX BiIOYBA€THCS KOB3aHHS B METAall, IO ITiJTaHUI
PO3TATaHHIO YU CTHCHEHHIO, PiTKO PO3TAIIOBYIOTECS Mia KyToM 45° 1o oci
HalnpykKeHb. AJle BOHH HaJEXaTh 10 CHCTEMH MIIHHUX IUIOLIWH, Y KX JI0-
TUYHI Halpy>KeHHS BHIIAJKOBO JOCATAlOTh MakcUMyMy. KyTu x i3 Biccio
HaTPy>XCHb P IOMY MOXYTb OyTH y Mexkax Bixg 0 mo 90°.

VY rexcaronanpHii kommakTHiH (I'K) "parmi, abo iHakme — "paTmi Ty
Aj;, HaWiNbHINNE YIaKoBaHMMU € IUIouHU Oaszucy {001} Ta HampsMKu
<100> y mux miommuHax. OTxKe, TYT icHye | crcTeMa IUIOMKH 1 3 HampsSMKH
(6e3 3BopoTHUX), a pa3oM 3 cucTemu KoB3aHH:. lle Hakanae meBHi oOMe-
JKeHHs Ha 3IaTHiCTh MetalniB 3 ['K-'parkoro ruractTwmgHO nedopmyBaTucs
nepes HaCTaHHAM pyiHHyBaHHA. Hanpukmazx, nedopmaris UHKY MOXIIMBA
ye, sxmo 1wronuHa (001) yTBOproe 3 BicCcro po3TATaHHSA KyTH, OUTBII 32
10...20°, ane menmii 3a 70...80°.

I'lIK-rparka (abo "parka Ty 4;) Mae 12 cucTeM KOB3aHHs, O CKIa1y
SAKUX BXOIATHh 4 cuUcTeMH IUTomuH okraenpa {111} ta 3 cim'i mgiaronameit
rpareil kyoa <110>. Meran 3 ['l[K-"paTkolo HEMOXJIHBO OpiEHTYBaTH Y
MpoCTOpi Tak, MO0 y BCIX IUIOMIMHAX OKTaelpa NOTHYHI HAIpYKEHHS
JOpiBHIOBaNU Hymo. KOB3aHHS B TaKMX MeTajlax PO3MOYMHAETHCS IO IUIO-
IIIHAX, SKi 3 BICCIO HAIIPYKEHBb YTBOPIOIOTH KyT, HAOMmxumii 10 45°, moTtim
MIePEeXOIUTh y HACTYIHY cHUcTeMy IutomuH i T.A. Tomy pyitHyBanato I'IIK-
KpHUCTajla 3aBKIU Iepenye 3Ha4Ha ractuaHa aedopmaris. Cepen iHIIIX
Taki MeTanu (aJfoMiHil, Miib, CBHHEIb, 30JI0TO, cpibio, TUIaTHHA Ta iH.)
BUJIIISIOTHCS CBOEIO BHCOKOIO IUTACTHYHICTIO.

Y OLK-"parku (abo ‘parku Tuiy A,) BIiJHOCHO IIUIPHO YIaKOBaHi
rromuHA {110} Mamo BiAPI3HAIOTHCS 32 IIEI0 XapaKTEPUCTUKOIO BiJl iHIIHX,
Hanpukias Big mwiomuH cucteM {112} ta {123} B a-3ami3i. Tyt dakruuHo
MO>XXHa TOBOPUTH JIMIIEC PO HANPAMKHU HliJ'IBHOFO NaKyBaHHA, SAKUMH €
4 mpocTtopoBi miaroHaini kyba <l111>. ¥ takux meTaiiB KOB3aHH:, HAIIEBHO,
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3aBXAM BimOyBaeTbes y Hampsamkax <111>. Orxe, mi MmeTtamu MaioTh 4
CHUCTEMHU KOB3aHHS 1 3a CBO€I0 IUIACTMYHICTIO PO3TAIIOBYIOTHCS MiX
metanamu 3 ['TIK- ta I'K-"parkamn.

V iHIMX, HEKOMITAKTHO YIIaKOBAaHHUX, METAIB IUIACTUYHICTD 3aJI€XKUThH
BiJl CKIaJHOCTI iX KpucTamiuHoi OymoBu. Tak, -010BO 3 TOCHTH MPOCTOIO
00’ €MOIICHTPUYHOIO 'PATKOI0 MA€ BHCOKY IUIACTUYHICTb, & O-MapraHens 3i
CKJIQJIHOI0 KyOI4HOI0 'paTkol0 THUly A;, Ayxke Kpuxkuil. Mertamu Ta
CIIOJIYKH 3 IOHHUMH Ta KOBAJICHTHUMH 3B SI3KaMU (CypMa, apceH, BiCMYT, O-
0JIOBO, KPEMHIH, CeJIeH, Teyp Ta iH.) aDCONIOTHO KPUXKI.

3.4. lucnokauiiHuii MexaHi3M KOB3aHHS

Panirre BBaXkaysocs, 110 Mia AI€I0 TOTHYHUX HAMPYKCHb OHA ITOJIO-
BMHA KpHCTaJla BOJHOYAC 1 0/[pa3y 3MIIIly€eThCs MOAO IHIIOT HOTO MOJIOBHHU
Ha oiHy a0o0 iHIIe I[iJIe YKCII0 MDKIUIOIMHHUX BijcTaneid. Komiw x migpaxy-
BaJM TOTPIOHI AN IBOTO 3yCWIUIsA, abo, iHAKIIEe KaXy4dH, TEOPETHIHY
MIIHICTh, BUSBUIIOCS, 0 OCTaHHS Ha JICKLTbKA TIOPSIKIB BEIMYMHA O1TbINA
3a eKCHEPHMEHTAJIbHO BHM3HAYEHY MIIHICTh TOTO X CaMOro MeTaly.
Hanpukian, TeopernyHa MimHICTH 3amiza craHoBuTh 11000, a excrepu-
MeHTajbHa — ycboro 29 MIla.

Jnsa ycyrnenss mporo nporupivust J. Teiinop, E. Oposan i M. Iomssi
3alpONOHYBaIM CKOPUCTATHCS Teopiero nuciokaniii. Ha ixHio nymky,
KOB3aHHA € pe3VIbmMamomM YMEOPeHHsA ma NnepemiujeHHs OUCIOKayii.
CnpoumieHa cxema LbOTO MPOLiecy MojaHa Ha puc. 3.3.

ITig miero 30BHIMIHBOTO HABAHTA)KCHHSI IMIBILUIOIIMHA | IMOYMHAE pyxa-
THCS BIIPABO 1 BPEIITI-PEINT BUXOMUTH 31 3UCIUICHHS 3 MIBIUTONMIMHOIO 1'.
[Ipu mnonmanpmioMy pyci miBIIOmMHA 1 BXOAUTH Yy 34YCIUICHHS 3
MIBIUTOIIWHOIO 2', a BEepXHS YacTHHA OCTAaHHBOI TEPETBOPIOETHCS Ha
EKCTPAIUTONINHY, TOOTO YTBOPIOETHCS NOZUMUBHA NIHIHA Juciokayis. Jlam
s IUCIIOKAIis, MOmiOHO 10 ecTaderTHOl MaTUYKH, MEePEXOIUTh 3 OXHI€l
aTOMHO] IIJIOIIMHM B CYCiJTHIO, IOKH HE BUIJIe HAa MEXY 3€pHa, JI¢ 1 3HUKaE.
PesyneraroM 11 yTBOpEHHS Ta PyXy € 3CYB OfIHI€T MOJIOBMHHU KpUCTaa 00
1HIIOT HA OTHY MIKIUIOIIWHHY BiICTaHb, 5K IIe TIepen0avyanocs i KIIACHIHOO
TEOpi€r0 KOB3aHHs. AJie [UIsl YTBOPEHHS 1 pyXy JMCIIOKalii HOTpiOHI 30BCiM
HEBEJIMKI 30BHIIIHI HAaBaHTKCHHS Ta CTBOPEHI HUMH HAPYXCHHS, SKi
JIOPIiBHIOIOTH €KCIIEPUMEHTAIIbHIH MIITHOCTI Marepiaiy.

Cnin 3ayBakMTH, L0 OUCIOKAYIl € €OUHUM munom oegexkmie
Kpucmaniuuoi 6y0o8u, 30amHum Ymeopoeamucs ma MHONCUMUCS Y npoyeci
KOB3AHHL.

Jlucmokarii BHHUKAIOTh Y KPUCTAli TOAi, KOJU AOTHYHI HAIPY>KEHHS
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Puc. 3.3. JlucnokariiiHa cxema ITACTUIHOTO 3CYBY

MIEPEBUIIYIOTh TPAHUIIIO MIITHOCTI MaTepiary. BoHH yTBOPIOIOTBCS y MICIISIX
KOHIIGHTpallii X HalpyXeHb, SKUMH MOXYTh OyTH MeXi 3epeH Ta OJIOKiB,
CKYITYCHHS BaKaHCIH YM CTOPOHHIX aTOMIB, TIOPOKHUHH Ta MiKPOTPIIIUHI
TolI0. AJle B MeTasax € i creniaibHi Jpkepelia BAHUKHEHHS IMCIIOKalii, Ha
YeCTh MEPIIOBIIKPUBAYiB Ha3BaHi dowceperamu Ppanka—Pioa.

3.5. I:xxepena dpanka—Pina

Jxepeno @panka—Pina sBiasie co00r0 AUCIIOKAIIIO, OMUH abo 00uIBa
KIiHII SIKOT 3aKpiIUleHI IHIIAMH, HEPYXOMHUMH IHCIOKAI[iIMH, pPO3TaIlo-
BaHMMH Y IUIOLIMHAX, JIe KOB3aHHS HEMOXKJIMBE, HAPUKIIA, Y TUIOIIMHAX 3
BETUKUMHU KpucTajorpadigHuMu iHIekcaMu. Taka HAWCIOKaIlis 37aTHa
MepeMillyBaTHCs 32 PaxyHOK 3MiHM TOJIOXKEHHsS ii iHmoro kiHus abo
LEHTPAJIbHOT YacTHHH. Y pe3yJbTaTi Or0 BOHA MOXKE PyXaTHCS Y3IOBXK
TUTOLIIMHY KOB3aHHS ITiJ] Ii€F0 30BHIIIHBOTO HABAHTAKECHHS.

[pu 30iTBImICHHI OCTaHHBOTO AWCIOKamist DD’, 3akpimineHa Ha 000X
KiHIsX (puc. 3.4), croyarky BUTHHAEThCS y CBOIM LEHTpasbHIN 4YacTHHI,
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Puc. 3.4. Cxema nii mkepena ®panka—Pina

MOTIM TIEPETBOPIOEThCA Ha MBI 3'e€qHaHi miBcmipami. [Ipm ix 30mmKkeHH]
BiZIOYBa€ThCs aHITUIALLISI, OCKUTBKY 11l YACTHHHM MIBCIIpaici € JUCIOKAIIMU
MIPOTHJICKHUX 3HAKIB. Y pE3yJbTaTi yTBOPIOEThCS 3aMKHEHHH JUCIOKa-
LIMHUHA KOHTYp, BCEPEIWHI SIKOTO BiJITBOPIOETHCS IIEPBICHA JHUCIIOKAIIis.
SIKIIO 30BHIIHE HaBaHTAKCHHs IPONIOBXKYE 3pocTarH, kepeno Dpaxka —
Pina renepye npyruii qUCIOKAliiHUN KOHTYp, MOTIM — TPETiH, YeTBEPTHH
1 T.1., TOMIOHO IO YTBOPEHHS MIIIFHIX OYyJIBOK Ha KiHIII TPYOKH.

3aMKHEHUI KPUBONIHIMHAN AUCITOKAIITHAN KOHTYP MOXKHA PO3KIIACTH
HAa KOMITOHCHTH — JIHIlHI ma 28unmosi ouciokayii 000X 3HakiB (puc. 3.5).
Ilig niero 3pocTarouoro HaBaHTAKCHHSA I 3aMKHEHMH KOHTYp Oyme

L

P f

lpaea remHTOBa
JliBa reuHTOBA

T
Puc. 3.5. Anpokcumalrtist JUCIOKALIHHOTO KOHTYPY

PO3MINPIOBAATHCS, HOTO MeXKi OymyTh po3xoauTucs B yci 6oku. [IpocyBanHs
KOHTYpPY Kpi3b KpUCTaJ HpHU3BEAE MO 3CYyBYy Ha OJAHY MIKIUIOIIMHHY
BiJICTaHb, aJie JIMILIE y HANPSAMKY Jil HaBaHTa)XeHHs. Xo4a CTOPOHH KBaJpa-
Ta PO3XOAATCS Ha BCi OOKH, 3CYB, CIPHYMHEHHH X PyXOM, BiIOyBaeThCs
JIUIIE Y3O0BXK JIiHIT Ail BEKTOpa HaBaHTaKEHHS.

3.6. Hakien meraJiB

[Tmactuana gedopmartist 3MiIHCHIOETHCS UITXOM ecTadeTHOTO TepeMi-
IICHHS AUCIOKAIlii. Y HbOMY OepyTh y4acTh SIK AUCIOKAIii, o yke Oyiu B
METaJli paHimie, Tak i Ti, SKi BUHUKIN y TPOIECi IacTHIHOI aedopmartii.
Tomy ix ryctuna 36inburyerses 3 105...108 1o 10101012 ma 1 cm2. 3 num
OB 's3aHE 3MIIHEHHS MeTally y Tpoleci IacTUYHol nedopmartii, ske
Ha3HUBA€ETHCS HAKAEHOM.

Haxnen e HacmigkoM TOTO, IO TMPOCYBAaHHS IHCIOKAIlil y TUIOMIHMHI
KOB3aHHS IIOCTYIIOBO YTPYOHIOETHCS B PE3YNIbTaTi B3aeMOAil 3 IHIIMMH
JIUCIIOKAIISIME, IO PYXalOThCH y TUIOIIMHAX, K1 Iepepi3aroTh IO TUIOIIHHY.
Bunnkae Tak 3BaHa ‘paTKa JUCIOKALIN Ta IO JIOKAIBHUX HAIPYKEHB, SIKi
OTOYYIOTH IHCIIOKAIIii.

s moganbImoro pocTty aedopMariii moTpiOHO 301IBIIYBaTH 30BHIIITHE
HAaBaHTAXXCHHS Ta CTBOPEHI HUM JIOTWYHI HampyxeHHS. OTxe, mMeTan y
mporeci TIacTHYHoi AedopMarliii crae MIMHAIIMIM — 1€ i € Hakiem. Xa-
PaKTepHO, IO 3MIIHIOIOTHCS HE JIMIIE YK NTif0di IUTOIIMHY KOB3aHHSA, a i
mapajenpHi iM Ha TIEBHIM BifcTaHi Bif Aif040i, TOOTO B OCTaTOYHOMY
MICYMKY — yBECh KPHCTAIL.

VY mpomneci mactudHOi HedopMarii TUCTOKAIii TAKOK 3aCTPSIIOTH Oins
pi3HHX Tmepemko (BaKaHCIH, MEX 3epeH TOIO0), IO NPU3BOAUTEH MO
yTBOpeHHS (puc. 3.6) iX TOpU30HTANBFHUX YTPYIIOBaHb (CTiHOK). OqHONMEH-
Hi IUCIIOKAMii, sIK BiJOMO, BiIIITOBXYIOTHCS OIHA BiJ OFHOI, YTBOPIOIOUH
rmoJyie  HampyXeHb. lIpu meBHiH i#oro BemmuwHI mKepeno Dpanka—Pima
repecTae MpamioBaTH, i Aedopmamnis mpunuHAeTbes. [Ipu 30imbpmeHHi
30BHIIIHFOTO HaBAaHTAKCHHS 3HOBY IOYMHAE AisTH mkepeno dpanka—Pina,

P S 0]

|-|--|--|--|- | III|
|III 1 i -I-_I._I._|.|

Puc. 3.6. CkymueHHs AUCIIOKaLii Y IepemKoIH
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nedopmallis TOHOBIIOETHCSA 1 T.A. IO HACHYCHHS a00 PYyIHYBaHHS METATy.
OTXe, 3aJIeXKHICTh MIITHOCTI METay BiJ T'YCTHHH IOUCIOKAIiN Y HhOMY
Ma€ JTOCHUTH CKIIaaHuH xapakrep (puc. 3.7). MakcumaibHy ab0 TEOPETHIHY
MIIHICTh MalOTh a0COMIOTHO Oe3nedekTHI KpucTamu. Taki KpHCTamd Mo-
KyTb OyTH OofiepKaHi i Ha MPAKTHUIIl IUIIXOM CIPSIMOBAaHOI KpUCTai3allii Ha
BIIOBIMTHO MimiOpaHii miakmaami. 3a CBOIM pO3TAllyBaHHAM Ha Hii IIi
KpHUCTAaJN OflepKalli Ha3By gycig. Ha xxanp, iX po3mipu (miametp 2...10 MkM,
JOBXKHHA JCKiIbKa MUTIMETPiB) BUKIIIOUAIOTh 1X MPAKTHYHE 3aCTOCYBAHHS.

TeopernuHa MilHICTh
MeTaliB

Minnicts

MiunicTb ByciB

PeanbHa MillHICTH
MeTaltiB

I
I
|
|
\
\

\ S

-

3MilHEeHI MeTanu

Yucri
MeTain

T'yctuna pucnokauiii Ta iHmmx qedexris

Puc. 3.7. MinHicTh KpucTala 3ajJe)HO BiJl BUKpUBIEHb paTky (3a 1. Oxinrom)

3 MOsIBOIO AMCIOKAIil Ta 30UIBIICHHSAM IX TYCTHHH MIIHICTH METaly
IIBUIKO 3MEHIIYETHCS 1 TOCATAE MiHIMyMY, IIIO JJOPIBHIOE €KCTIEPIMEHTAIIb-
HUM 11 3HAYEHHSIM ULl METAJIiB TEXHIYHOT YHCTOTH, JI¢ TYCTHHA JTUCIOKALIH
cranosuth 107...108 na 1 cm2.

[MonaneIme 301TBIICHHS TYCTHHN TUCIOKALIN IPHBOIUTH A0 CYTTEBOTO,
y IeKijgbKa pa3iB, 30UIbIIEHHS MimHOCTI MeTanmy. KpiM Hakiemy, Iboro
MOYKHA JTOCSITTH 32 JTOTIOMOTOI0 TePMidHOi 0OpOOKH Ta JIeTyBaHHS METaly.

3.7. IBiiiHMKyBaHHS

Bume Oyno po3misHYyTO HaWMOMIMpeHImiii MexaHi3M IUTacTUIHOL
nedopmarlii — KOB3aHHS, iHITUM i MEXaHI3MOM € IBiHHUKyBaHHS. lle —
CBO€pimHA cucTeMarndHa (opMa KOB3aHHS, sKa TPHBOAWTH A0 3MiHHU
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Opi€HTAaIlil YaCTHHU KpUcTala (IBITHUKOBOI 007acTi) moao pemT 00 eMy
TOTO X KprcTana. Po3ranryBaHHs aTOMIB y IBiHHUKOBI# oOmacTi (puc. 3.8) €
J3epPKABHIM BiTOOpaXeHHSAM (IIOAO TUTONIMHU ABIHUKYBaHHS) CTPYKTY-
pH, sIKa iCHye B iHIIIH 9acTHHI mboro Kpucrana. Qi3UIHO TaKuil TTOBOPOT,
3BHYATHO, HEMOXIIUBUH, TOOTO ABIHHUKYBAHHS € CBOEPITHOIO BHIO3MIHOIO
KOB3aHHSL.

Puc. 3.8. IlepemimeHHs aTOMiB IIpU ABIHHUKYBaHHI

AJte Ipy KOB3aHHI CyCi/JJHI aTOMHI IJIOIIMHA 3MIIIyIOThCS Ha BiJICTaHI,
10 KpaTHi HiJIOMY YHCITy MIDKaTOMHHUX BifcTaHe# d, a mpu IBIHHUKYBaHHI —
yacTKaM I1i€i BiZICTaHi, sKi 301JbIIYIOTHCS MPH BiAAaJCHHI BiJ IJIOIIMHU
JBIHHMKYBaHHS (X ;<X ,< <x3<...).

Y MiKpocTpyKTypi nehOpMOBAHOTO METally NBIHHUK OOMEXCHHIA
NPSMUMHU JIIHISIMH, Ma€ HIY TPaBUMICTh, HIX pellTa KpUcTaia, i He rnepe-
THHa€E MeXy 3epHa. Ha HeTpaBneHoMy Mikpouutidi ABIHHHUKIB HE BHJIHO,
MPOTe BUOHO CMYTH KoB3aHHs. [lomipyBaHHS MiKpomniida ycyBae cMyTH
KOB3aHHS, a JIBITHUKY 3QJTUILIAIOTHCS.

Cmyeoro (naukoi) Koe3aHHsi HA3WBAETHCS JIiHIS MIiKPOCKOTIYHHX
PO3MipiB, po3TamoBaHa Ha BiNbHi moBepxHi MeTany. BoHa € ciimom mepe-
pi3y aKTUBHOI IUIOIIMHM KOB3aHHs (200 IpyIM TaKUX IUIOLIMH) 3 BUILHOIO
MOBEpXHEI0 MeTany (rurommHoo Mikpouurida). I. Xalinenpaiix noBiB, mo
TOBIIHA CMYTH KOB3aHHS CTaHOBHUTH O1M3pK0 100 MKIDIOMIMHHUX BifcTa-
Heit. Ile o3Hayae, 0 HABITH MIPU IyXKe BEIUKIN qeopMallii aKTHBI3Y€EThCSI
Ta BUKOPHCTOBYETHCS HE Outbime 1 % MOXKIMBHX IUIOIIMH KOB3aHHS. Y
KOXHIH CHcTeMi IUIOMKH aKTUBHI IDIOMIMHU BiTOKpEMIICH] BiICTaHIMH, HE
MeHmumu HiK 100 mixaromuunx. Came Taki BifcTaHi BiIOKPEMIIIOIOTH
cycimni ;mxepena Opanka—Pina.
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Cmyru woB3amHs y weraimax 3 ['IIK- Ta I'K-'parkamm miiicHO €
MpsIMAMU JTiHIAME, Toxi K y Meranax 3 OLIK-'parkoro (a-3amizo Ta iH.)
BOHH YacTO XBWJIACTI, OCKIJIBKH TYT KOB3aHHS MOJXKE JIETKO IEPEXOAUTH 3
OITHI€T CUCTEMH TUIOIIMH y 1HIITY.

JIBiiiHUKYBaHHSl BiZOyBaeThcs Iy)Ke HIBUAKO, OKPEMHMH DPHBKaMH,
HaBiTh CYINpPOBOJKYEThCS (B O0JIOBi, Kaamii) TpickoM. B  o-3amizi
JBIHUKYBaHHS CIIOCTEPIraeThCsl 1 IPH YAAPHUX HABAHTAKCHHSIX.

JIBifiHUKYBaHHS MO)Ke OyTH TakoX NpW Binnani (O-7aTtyHb), poOCTi
3epHa 1 HaBiTh y LEHTPI BUJIUBKIB. Y M SKHX MeTanax JABIHHUKHA BUHUKAIOTh
HaBiTh M MoJNipyBaHHI. MexXaHiuHI IBIHUKM 3a3BHYall BY3bKi, TOAI SIK
JBIAHUKY BiAMIATY 3HAYHO IIHPIIII.

BinOyBaeThcss ABIHHWKYBaHHS NpPH 3HAYHO OUIBIIAX JOTHYHHUX
HaTIPYXXCHHAX, HDK KOB3aHHS, 1 HE Ja€ 3HAYHOI 3AIMIIKOBOI Jedopmartii
(manpukiaza, B THHKY 10 7,39 %). BoHO monernrye kKoB3aHHS 1 Ma€ MicIie
HAaBIiTh y BaJICHTHHX KPUCTaNax, Ie KOB3aHHS B3araji HEMOXKIIUBE.

[lomo MexaHi3My ABIHHUKYBaHHS CJIiJl 3a3HAYUTH, IO Y IIOMY IMPO-
1eci 6epe yyacTh KOYKHA TUTONIMHA, a He onHa 31 100, sk nmpu KoB3aHHI. YTBO-
PIOETBCS CBO€EpiIHA "TaBUHA" KOB3aHHS, sIKA TIEPEXOIUTH 3 OHIET TUIOMIHHA
Ha CyCimHIO 1 T.J. MOXJIMBO, IO I0J€ HAIpPYKEeHb, OB S3aHE 3 PYXOM
MO3UTHBHOI JIHIWHOT AWCIIOKANil, 3MEHIIYE CWJIM 3CYBY, HEOOXiJqHI IUIst
YTBOPEHHS HETaTHBHOI JMCIIOKAlii B CYCiIHIH TUTONIHHI.

3.8. [lnacTuuHa nedopmanisi NOTIKPUCTATIYHUX T

3BuyaiiHi MeTanu, K BiZlOMO, € HE MOHO-, a TOJiKpHcTanaMu. Mexa-
HI3M NIPY>KHO Ta ITaCTUYHOT Nedopmarii y 3aralbHUX prcax OTHAKOBHH SK
IUTsL OKPEMOT0 KPUCTala, TaK i JUIsl KpUcTalla BCePeIUHI IEBHOTO arperary.
AJe Ha CTyIiHb KOB3aHHS Ta JOBIHHWKYBaHHS Ta iX PO3MOALT BCepenwHi
KOXXHOTO KpHCTaJla BIUIMBAIOTh CYCiTHI 3epHa, IMO-Pi3HOMY OpI€HTOBaHI Ta
BiIOKpEMIICHI BiJl JAHOTO 3epHA Mekamu. Llei BITMB 0COOIMBO CYTTEBUH Y
TeTepOreHHHX CIUIABax, ¢ KPUCTAIU BiIPI3HSIIOTHCS CBOEIO CTPYKTYPOIO Ta
BJIAaCTUBOCTAMH.

VY 3BUUYAlHUX MeTalax OPIEHTAIlis CYCIIHIX 3€PEeH € BUIIAIKOBOIO 200
Maiike BUIaIKoBOIO. J{esiki 3 HMX 30pi€HTOBaHI BiIHOCHO Oyab-sIKOI MEBHOT
OCi HampyXeHb TakK, 10 BOHH Je(pOPMYIOThCS TPH BIIHOCHO MajloMy
30BHINIHBOMY HABaHTA)KEHHI. IHI, y SIKMX JOTHYHI HaIlpy>XEHHS Y3I0BXK
MOXJIMBUX CHCTEM KOB3aHHS MEHIII, ITOBHHHI 3a3HaBATH IUIACTHYHOI
nedopmartii mpu 3HAYHO OINBIIOMY 30BHIITHROMY HaBaHTaKCHHi. AJie B
OJHOPITHUX METaNax i CIIaBax yci 3epHa B JaHil 00nacTi 1eopMyrOThCs
BomHOYAc i momiOHUM crmocoOoMm. HesBakatoum Ha iX pi3HY Opi€HTaIilo,
34EIUICHHS Ha MeXaX TaKuX 3epeH 30epiracTbCst OTH, HOKH HE CTaHEeThCS
pyWHYBaHHS.

[IpuunHa nporo nosArae y HaCTynHoMmy. Mexa 3epHa YMHUTD BEJTMKUAN
omip pyXy MUCIOKaIlii i He MpoIrycKae ii 3 oMHOTO 3epHa a0 iHmoro. Tomy
nedopmalliss ycepenuHi 3epHa Oinblina, HDK OIS HWOro Mex (Tak 3BaHUN
e(ext 6aMOyKa), a TPiOHO3EPHHUCTHI MeTal, JIe MPOTHKHICTH MEX OibIIa,
MIIHIAR 32 KPYITHO3EPHUCTHIH.

IIpu HarpomaKeHHI AMCIOKAIK 3 OAHOrO OOKYy MEXi 3epHa BOHHU
MOXXYTh HPOHUKHYTH y LI}0O MEXY 1 PO3IHTHCS TaM y BHUIVISIAI BakKaHCIH,
3MIIIEHUX aToMiB Tom1o. EHeprist Mexi mpy boMy 3pOCTe HACTIIBKH, L0 1e
CHPUYHHUTH 3apOIDKECHHS IUCIOKAIlii y CYCITHBOMY 3€pHi, HaBiTh SIKIIO
Horo ‘parka IOCKOHajIa, TOOTO HE Ma€ HiSKHX Ae(eKTiB. Y pe3yibrari B
CYCIZIHBOMY 3€pHI, MCHII CIPHUSITIMBO OPIEHTOBAHOMY MO0 30BHILIHHOIO
HaBaHTaKEHHS, TEX BiIOyIEThCS KOB3aHHS.

3.9. 3MiHHN CTPYKTYpH Ta BJIACTHBOCTelN MeTaJy NpH
IVIaCTHYHIN Aedopmanii

VY nepmomy HaOMIKEHHI MIKpOCTPYKTYPHI 3MiHHM TPH IUTACTHYHIN
nedopmartii MOKyTh OyTH TMOIIJIEHI HAa TPU PiBHI 3aJIEKHO BiJ| CTYIMEHS
nedopmarii.

pu manux cmynensx deghopmayii (opienToBHO 5...10 %) B OKpemux,
CIPHUSITIIMBO IS LIbOTO OPIEHTOBAHUX 3ePHAX 3 SIBJSIFOTHCS CMYTH KOB3aHHSI.
Hi po3mip 3epen, Hi ixHs hopMma i opieTallis TYT 1€ He 3MIHIOIOTHCSI.

Cepeoni cmyneni Odegpopmayii (6mu3pko 30...50 %) CHOPUYMHSIOTH
KOB3aHHSI ITPaKTHYHO B YCIX 3€pHAX, SIK IPO 1€ HIIIOCS BHIIE, PE3YJIBTaTOM
YOro € pO3BHHEHA CHCTEMa CMYT KOB3aHHS Yy KOKHOMY 3 HuUX. Dopma 3epeH
MMOYMHAE 3MIHIOBATUCS 3 BUXIAHOI PIBHOBICHOI J0 JEHIO BHUTITHYTOI Yy
HAaIpsMKY Ji1 30BHIIIHBOT CHIIH.

Hapemrri, seruxi cmyneni deghopmayii (6inpure 70...80 %) npu3BoasTh
II0 TIoNpiOHEHHS 3epeH 4epe3 KOB3aHHs, sSKe BigOyIocs Ha 3HAYHI BiJCTaHI.
Kpim Toro, yci 3epHa MOBEpTalOTHCA Tak, MO0 iX OCI MaKCHMajIbHOL
MIITHOCTI 30iraucst 3 HAPSIMKOM [1ii 30BHIIIHBOT CHITH 200 OyJIH OJM3bKUMHE
no Heoro. OTxe, yci 3epHa myxe ae(OpPMOBAHOrO MeTaly HaOyBaroTh
CIUTBHOI OpieHTAIii.

Taka opi€eHTOBaHa CTPYKTypa, LIO CKJIAJAEThCSI 3 BUTSATHYTHX Y
NIEBHOMY HaNpsMKY 3€peH, Ha3uBaeThbCsl mekcmypoio. BoHa Moxe yTBO-
puTHCs He JMuIe miJ yac aedopmalii MeTaiy, ajle i Ipu pekpucTaizalii,
OCaJpKCHHI 3 PO3YMHIB 1 PO3IUIABIB TOIIO, TOMY Yy Ha3Bi TEKCTypH
000B A3KOBO BKa3zyeThcs ii moxomxkeHHs. OTxe, 3apa3 ige MoBa IIpo
mekcmypy Oegopmayii. Byap-sika TekcTypa pOOUTH MONMIKPHCTATIYHUN
KBa31130TPOIIHUI MeETaJ MaKpOaHI30TPOITHUM, i 11 000B S3KOBO BPaxoOBY-
€THCS IPH BUKOPUCTAHHI TAKOTO METaJy.
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BinpmicTs BIacTUBOCTEH MeTaIly — MEXaHIYHHX, (PiI3UIHAX, XIMITHAX —
€ CMPYKMYPHO YYymMaueumu 1 CYTTEBO 3MIHIOIOTHCS TPH IIACTHIHIN
nedopwmartii (puc. 3.9).

BracrreocTi

CiylliHb pedopmair
Puc. 3.9. Cxema 3MiH BIacTUBOCTEIl MeTaly Ipy IIacTHYHiH nedopmarii

OpHi 3 HAX — Taki SK TPaHHUNS TEKY4OCTi, TPAHUII MIIHOCTi, TBEp-
IiCTh, KOCPIHUTHUBHA CHJIA, TUTOMUH ENEKTPOOIIp, TPAaBUMICTh TOLIO — Y
mporeci aedopmarii 301TBITYOTECS, TIOKA HE BiIOYAETHCS HACHUCHHS.

[HIIi — BiTHOCHI TOMOBKEHHS Ta 3BYXKEHHS, yIapHa B SI3KICTh, TYCTHHA,
MAarHiTHa TPOHHUKHEHICTh, TEIUIONPOBIAHICTH TOIIO,- HABIAKH, 3MEHIIY-
FOTHCS] BHACIIIOK TUTACTHYHOIL e opmMaltii.

Jo cmpykmypHo Heuwymausux BIACTUBOCTSH MeTaly, sKi HE 3aJIeKaTh
BiXl cTymeHs Horo nedopmarii, HalIeXaTh BaJCHTHICTh, IEPIOAM 'PaTKH,
TeMIepaTrypa IUIaBICHHS, MOAYJIb INPYXKHOCTI, IHTEHCHUBHICTh HaMarHi-
YyBaHHS, TEIUIOEMHICTD Ta JEsKi 1HIII.

Orxe, macTnyHa AedopMariisi MeTany NPU3BOIAWTH A0 CYTTEBUX 1
DIHOOKHX 3MiH B HOTO CTPYKTYpi Ta BIACTUBOCTSX.

3.10. BniiuB HarpiBaHHsi Ha CTPYKTYpPY Ta BJaCTHBOCTI
nedgopmoBaHoro meraJuy. IloBepHeHHs Ta pekpucTaizanis

[Tpu nedopmartii MeTaay BUTpadaeThesl 3HaUHa eHeprist. Jlume Heenu-
Ka yactuHa ii (He Oubue 7...8 %) nepeTBoproeThCs Ha TEIUIOTY 1 PO3CII0ETh-
csl y moBKULI. BHacnizok 1poro ne)opMoBaHHMN MeTall XapaKTepU3yeEThCs
3HAYHO OUIBIIOI0 €HEeprielo, HiX HeneOpMOBaHUH 1, OTXKe, nepedyBae y
HE3piBHOB&KEHOMY cTaHi. BujineHHs wi€i HaAIWIIKOBOI eHeprii €
HEOoOXiJTHOI0 YMOBOIO IOBEPHEHHS IO CTa0IIbHOTrO, PIBHOBRKHOIO CTaHY.
Takuii nmpouec 3Ha4HO iHTEHCH(DIKYEThCS IPH HarpiBaHHI J1ePOPMOBAHOTO
MeTaly i CylpOBODKYETHCS 3MiHAMH HOTO CTpYKTypH Ta BiaacTuBocTed. Lli
3MiHM HOKJIaICHO B OCHOBY TaK 3BaHUX NOGEPHEHHs Ta PEKPHUCTai3ail.
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BinHoBHI mponecu y nedopMOBaHOMY MeTalli NP HOro HarpiBaHHI,
TIepII 32 BCE IMOJISATAIOTh Y 3MEHIIEHHI KUTBKOCTI Ae(EeKTiB Ta iX mepepos-
TIOILTi 3 YTBOPEHHAM OLTBII PiBHOBAKHUX KOH(]irypariit. I mepre i mpyre
BinOyBaeThCAd MUITXOM MEpPEMIIIeHHS aTOMIB, IO BU3HAYa€ BHPIMIAIBHY
POIIb TEMIIEPAaTypH METaly y IpoliecaX NOBEPHEHHS Ta PeKpHCTAai3aLil.

3.10.1. [ToBepHeHHs1 y 1ehOpMOBAHOMY MeTAJIi

[Micns HarpiBaHHS TPHU MOPIBHSHO HU3BKUX TOMOIIOTIYHHX TEMIIepa-
Typax (U1 TEXHIYHHX METalliB HIKIUX 3a mpuomusHo 0,3 Trur) ontnaHuit
MIKpOCTPYKTYpHHI aHaii3 He (ikcye Oymb-sKuX 3MiH (GOpMH Ta PO3MIipy
nedopmoBaHux 3epeH. HoBi 3epHa He 3 ABISAIOTHCA. J{esKi K BIaCTHBOCTI
JIe(OPMOBAHOTO METaNy IPH EOMY MOMITHO 3MiHIOIOTECS, IO MOXe OyTH
HACJTiJTKOM JTHIIIE TIEBHUX 3MiH Ha CyOMIKpPOCKOIIIYHOMY piBHI.

CykymnHicTh OyAb-IKMX MOBUIBHUX MpPOLECIB 3MiHM TYCTHHH Ta
posnoniny nedektiB y negopMOBaHHX KpUCTalax 10 MOYaTKy PEKPHCTa-
Ji3auil Ha3UBAETHCS HOBEPHEHHSM.

Sxmo nmoBepHEHHS BiOyBaeThCsl 0€3 YTBOPEHHS Ta Mirparii cyoMex
BCEPEANHI 1e(OPMOBAHHUX 3EPEH, BOHO HA3UBAETBCS NOBEPHEHHAM NEPULO2O
o0y, abo sionouurkom. SIKIO X y AePOPMOBAHUX 3ePHAX YTBOPIOIOTHCS Ta
MITpyIOTh MAJIOKYyTOBI MEXi, TaKWil MPOLEC HA3HMBAETHCSI NOBEPHEHHIM
0py2020 pody, abo nonicoHizayiero.

3.10.1.1. BigmounHok

Ile Haii0inpmI HHU3BKOTEMIIEpATYpPHHMH IIpoLec cepeln yciX, sKi
BiOyBatoThCa y neopMOBaHUX MeTanax. Tak, y Mili Ta 30JI0Ti yXe IpHu
temreparypi MiHyc 196 °C ¢ikcyeTbest 3HIKESHHS TUTOMOTO EJIEKTPOOTIOpY,
TOOTO BiOYBa€THCS MPOLIEC BiAIOYNHKY.

Ha mili cranmii BiIHOBHHX TMPOIICCIB BiIOYBAa€THCS, MEPEBAKHO,
Mepepo3nOIia TOYKOBUX JMe(eKkTiB 1 3MEHIICHHS IX KOHIICHTpAIIil,
HAUIMIIKOBOI, TOPIBHSHHO 3 PIBHOBA)XXHOIO, JUIA JaHOI TEMIEparypH, a
came: MDXKBY3JIOBI aTOMH aHITUTIOIOTh Ha JUCIIOKAINSX Ta MPU 3YCTpidi 3
BakaHCisIMH. BakaHcii, y cBOIO 4epry, MirpyloTh IO AMCJIOKAIl Ta Mex
3€pCH 1 TaM aHITLTIOIOTh.

BinOyBaeTbcst TakoXK IepeyrpynoBaHHS AWCIOKAIiM Ta iX B3aeMHa
aHirinis. Aje yci HepeMillleHHs AWCIIOKalid Ha I cTanuii MaroTh
JOKaJbHUM XapakTep. 3IIHCHIOETHCS JIMIIE HEBEIMKUN Iepepo3mOoaia
JIMCIIOKaMiH, a iXHS TYCTHHA CYTTEBO HE 3MEHIIYEThHCS.

OTKe, OCHOBHHM MPOLIECOM IPH BiATIOYMHKY € 3MEHILICHHS Ha UIUIIKO-
BOT KOHIICHTpAIIil BAaKaHCIH.
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3.10.1.2. Iomiroxizaris

IIe 1932 poxy C. KonoGeeBcokmii Ta C. Mipep BUSBHIN JIOBIIBHUI
nonin nedopmoBanoro kpucrtana NaCl mim dac MOBEpHEHHS Ha TPOXHU
po3opieHTOBaHI (parMeHTH (OJOKM), BCEpEeAMHI SKHUX Kpuctajorpadidxi
TIJIONUHY CTIPSMIICHI.

P. Kan (1949 p.) BcTaHOBUB, 110 3IrHYTHH MOHOKPHCTAJ IIUHKY IPH
Binayi IUTUTBCS Ha OJOKHM, MPUYOMY HOTO KPHBONiHIHHA BiCh pO3MOmi-
JSETbCS Ha TpPSAMi BiJPI3KM — CTOPOHM OaraTOKyTHHKIB a0o moJiro-
HiB.3BiJICH TIOXOIUTh TEPMIH NOAICOHI3AYIs.

MexaHi3M MoJiroHisaunii noxirae y HaCTYITHOMY. 3aJMIIKOBHH BUTHH
KpHCTaJla 3yMOBJICHUH HAIJIMIIKOM y HbOMY HMO3UTHBHUX UM HETaTHBHUX
NinHifHMX auciokamii. IX ekcTpammommHM, MO BMXOAATH HA MOBEPXHIO
kpucrana (puc. 3.10), nmioTh SK KIMHH, SKi BUTHHAIOTH Kpuctan. [lpu
BiMaii JUCIIOKAaIil NMepepo3NOAISIIOTECS Y BEpTUKaNbHI cTiHKU. [lpm
BOMY TIiJI 00TAacTIO PO3TATHEHHS OAHI€l AMCIOKAIlil OMUHAETECA 00IacTh
CTHCHEHHs iHIIOI, 1 IXHI MOJS NPYXHUX HANpyXXeHb 3HAYHOIO MIipOIO
KOMIIEHCYIOTBCSI, 110 TIPU3BOIUTH 0 3MEHIIEHHS BUIBHOI €HEpril MeTay.

OTxe, MOJNIroHi3alis eHepreTHYHO BUTiAHA 1 MOXKe OyTH JOBULIBHOIO,
ane morpelye BUIIO] TEPMIYHOI aKTHBAIii, HIK BiAIOYHHOK.

VY pesynsrari yTBOPEHHS BEPTHKAIBHMX CTIHOK JHCJIOKaliid BUHH-
KalOTh MAJIOKYTOBI MEXi, Kl BiIOKPEMIIIOIOTH CyCiTHI cyO3epHa.

0
Puc. 3.10. Cxema mosrirosizaigii
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OcragHi, 31 30UTBIIICHASAM TEMIIEPATypH Ta TPUBAJIOCTI BiJMary, HaMa-
rafoThCs 30UTBIINTHCSA, YKPYHHHUTHCS, OCKUIBKHM L€ TEX IPHBOIUTH IO
3MEHIIIEHHSI BUTBHOI eHeprii Metamy. [Ipomec yKpyImHEHHS 3epeH MOXe
BinOyBaTHCS 32 TBOMAa MEXaHi3MaMHU.

VY mepmomy BUIAAKy BinOyBaeTbes micpayisn cyomedic (puc. 3.11): nBi
ONM3BKO PO3TAIIOBaHI CTIHKHM nuciokaniid B 1 C 3p0CcTaloThCs, HOTOBKYIOUN
cTiHKY A. Y pesynsrari cyd3epHa I 1 [II pocTyTh 3a paxyHOK iX cycima —
cy03epHa 1.

I
1

pun

.

A

Puc. 3.11. Mirpauist cyOMex npu HOJIroHizamii

Hpyruii MexaHi3M yKpyITHEHHs cyO3epeH IpH IOJITOHi3alii mosirae B
iX koanecyenyii (puc. 3.12).0mHe i3 CycigHIX CyO3epeH CIIOYaTKy TpPOXH
MOBEPTAEThCA — TaK, mo0 Horo opieHTamis 30irajacs i3 CyCiIHBOIO
(puc. 3.12, 6). YHacHimOK IBOTO CTiHKA IUCIOKAIliH, sIKa € MEXEI Mik
HUMH, pO3CHIIA€THCS, 1 oOmaBa cyO3epHa OO0 €THYIOTBCA B OHHE, IO
TIPU3BOAMTE JI0 3MEHIIICHHS BUTBHOI eHeprii. AJje Iie HoBe cy03epHO Mae I1ie
JIOCHUTh CKJAaIHUH, pO3BUHYTHH mepumerp (puc. 3.12, B) i depes Ie
MiIBUINEHUH PiBeHb BUIbHOI eHeprii. Tomy naii BinOyBaeThcs CHpSMIICHHS
MeX IIbOTO HOBOTO cy03epHa (puc. 3.12, 1), mo i 3abe3neuye MiHiMaTbHAN
piBeHB BUTBHOI €HEprii.
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Puc. 3.12. Cranii xoanecneHnii 1Box cy03epeH

3i 30iIBIICHHSAM TeMIepaTypu i TPUBAIOCTI IOINiroHi3amii cy03epHa
MOXYTh BUPOCTH HaBiTh JO TIraHTCHKUX po3MipiB (Omm3pko 10 MkM), ame
Opi€HTAaIlisl BUXITHUX 3epeH MpH IboMy 30epiraeTscs. Taka mosiroHizaris,
10 AaJIeKo 3aiiiuia, Ha3UBAETCS pekpucmanizayicio Ha micyi (in situ). Ane
[Ie He PEeKpHUCTaJi3allisl, OCKiITbKH HOBI 3€pHA i3 BUCOKOKYTOBUMH MEXaMH
HE BUHUKIIM, a ITOJIITOHI3aIlis.

3.10.2. Pexpucranizauis

Pexpucranizamist po3OYHHAETHCS BUILE BiJl IEAKOI TEMITepaTypu. AJie,
Ha BiIMiHY BiJ TeMIepaTypy IDIaBICHHA, TEMIeparypa Mmo4aTtky peKpucra-
mi3amii He € (i3NYHOI0 KOHCTAHTOK MeTaiy, 00 BOHA 3aJIeKHUTH BiI ALY
(akropiB. Takumu €:

1. TpuBamicts Bimmany. 3 1l 30UIBIICHHAM TeMIlEpaTypa MOYaTKy peKpH-
cTaizarii 3HIWKY€EThCS, TIOKH He Oyrie MOCTIHHOIO Niech 3a 1...2 TonuHN.

2. Crymine pedopmamii npu o6pobmi tuckom (puc. 3.13). 3i 30i16-
IICHHSM CTYIIeHS JedopMariii 3pocTae TYCTHHA JUCIOKAIA Ta BEIWYHHA
eHeprii, HarpoMapkeHoi y MeTani npu aedopmarii, ToOTO 30iTbIIyETHCS
TEPMOJIMHAMIYHAN CTUMYI pEKPHUCTANi3alii, [0 TPU3BOJUTH 0 3HIKECHHS
TEeMIIepaTypu MOYaTKy pekpuctaimizamii. OCKIIbKH X 3 POCTOM CTYTICHS
nedopmarii picT TYCTHHH JAHCIOKalii Ta HArpoMaKeHoi eHeprii
MTOCTYTIOBO 3aTyXa€, BIAMIOBITHO cTa01Ti3y€eTHCS MPH CTYTICHAX aedopmallii,
6inpmnx 3a 60...70 %, 1 MONOXKEHHS Li€l TEMIIepaTypH.
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Puc. 3.13. BouB crynens aedopmaliii Ha TeMIeparypy Mo4aTtky peKpucTamizanmii
MiHiManbHa TeMmeparypa IIOYaTKy peKpHCcTami3alii, 10 BiAIOBIIaE
crynensM ziepopmarii, 6utbim 3a 60...70 %, Ta TpuBanocti Bignaty 1...2 rox,
MO OyTH KOHCTAHTOFO MaTepiaily i Ha3HBAETHCS [IOPOTOM PEKPHCTAIBALL /,,,.
3i 30idpIIEHHSM YHUCTOTH MaTepialy Topir pekpucramisaiii
3HMWXKYeThcsa. Hanpukinaz, ais antomiHito (taom. 3.1):

Tabnuys 3.1. 3anexHicTh NOPOry peKpucTai3auii Bix yncToTn Merany

Buicr Al, % 99,7 99,9 99,99 99,9992
tp, *C 240 200 100 -45

A. bouBap mokasaB, II0 MOPIr peKpucTaiizamii 3aleXxuTh e H BiX
TEMIEepaTypy IUIABJIEHHS f,,, 1 3alpOIOHyBaB (OPMyYIIH 1JIs1 OPIEHTOBHOIO
BU3HAYCHHsI IOPOTY pEeKpUCTaIi3allii 3aJ1e)KHO BiJ] IBOX OCTaHHIX (aKTOPiB.

Jl1st MeTastiB TEXHIYHOT YHCTOTH:

Tnp:(0,3...0,4)Tm. (3.7)
J1s1 0cOOIMBO YHUCTUX METAJIIB:
Tnp=(0,25...0,3)Tm. (3.8)

3.10.2.1. ITepBrHHa peKpHUCTaTi3aLlisg

Hogi piBHOBiCHI 3epHa, IO YTBOPIOIOTECS TIPU pPEKpHCTaTi3alii,
BIZPI3HSIOTHCST B CTapuX BHUTATHYTHX He Jjuiie Qopmoro, a i pi3ko
3HIKEHOIO TYCTHHOIO aucnokaniii (103...108 zamicts 1011...1012 na 1 cm?).
Bonwn BimokpemiteHi Bix geopMoBaHO MaTPHIl BUCOKOKYTOBUMH MEKAMHU.

YTBOpEHHS 1 PiCT 3epeH 13 JOCKOHAJIOI CTPYKTYPOIO, OTOYEHUX BHCO-
KOKYTOBUMH MEXaMH, 332 PaXyHOK BHUXITHHX Ne(OPMOBAHHX 3€peH Ti€i kK
(hasu, HA3UBAETHCS NEPBUHHOIO PEKPUCMANI3aYicto, a00 peKpucmanizayiero
006pOONEeHHS.
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Jlesikuii 4ac HOBI 3epHa CTPYKTYpHO HE BUSBISIOTHCS, TOOTO MHpH
MIepBUHHIN pekpucTamizamii Mae wMicue iHKyOamiamid mepion. I3
30UIBIICHASAM TEMIIepaTypH i cTyrmeHs aedopmarii iHKyOaritHuid mepion
3MeHmIyeTbes (puc. 3.14).

YacTka

PEKPHCTAI30BAHOTO
Merany, 0 —

0,8

0.6 - 370° 350 325° 310%0

0,4

0,2

0 0 = 0—0?

10 100 1000
Yac BUTPUMKH, XB

Puc. 3.14. Po3BUTOK TIEPBHHHOI peKpUCTaTi3alii IpH pi3HUX TEMIIEpaTypax

Kinetnka momiroHizamii Ta TepBHHHOI peKpHCTali3zamii iCTOTHO
Binpi3HsroThes. [lomironizamis He Mae iHKyOaLifHOTO TTepioxy, 1l IBUIKICTh
CIIOYaTKy MaKCHMallbHa, a NOTiM Oe3lepepBHO 3MEHIIyeThes. Pexpucra-
JI3a11is K MOYMHAETHCA MICIs 1HKYyOaIitHOTO TIepioxy, 11 IBUIKICTH 3pOCTae
3 HyJIsl 1O MAaKCUMYMY, @ MOTIM 3MEHILYEThCS.

TepMonuHaMiYHIM CTHMYJIOM IIEPBHHHOI PEKpHCTAaNi3aIlil € Harpo-
Ma/DKeHa TP TUIACTHYHINH AedopMarlii eHepris, MoB s3aHa 3 TUCIOKAIiIMU.
3HIDKEHHSI TYCTUHU AMCIOKaLiil IPUBOANTH 10 1i 3MEHIICHHS, HACTIIBKU
3HAYHOTO, IO IIe TMEPEeKpPHBAa€ HaBiTh 30LIBIICHHS IMTOBEPXHEBOI EHEpril
3aBISIKH MaJIUM pO3MipaM peKpHCTaTi30BaHUX 3€PEH.

OTrxe, 3aranpHa QopMyna IS 3MiHM BUTbHOI eHeprii moBHHHA OyTH
MIONIOBHEHA HOBUM JOAAQHKOM — IIPYXKHOIO CHEPTIE0:

AF=VAfy+So-VZ, 3.9

Je AF — 3MiHa BinbHOI eHeprii cuctemMu; V' — 06" eM 3apoaka; Afj, — nuroma

3MiHa BUIBHOI €Heprii; S — mioma MmoBepXHi 3apoiKy; O — IOBEPXHEBHI
HATAT Ha Hill; Z — IATOMA TIPYKHA €Heprisl.

OCKITBKY TIPH peKpUCTaITi3alii, Ha BiIMiHY Bill KprcTami3amii , HoBa ¢asa
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He 3 sBisieTbed, Afy,=0 1 nepumii noganok y gopmyii (3.9) 3HuKae. Y npomy
BHIIAJIKy KPHTHYHUI pajiiyc 3aponka 1y, Oyne BU3HaUaTUCS TaKHM BHPa3OM:

1 ,=20/7. (3.10)

AHaIi3 IbOTo BUPa3y MOKa3ye, 10 31 301TbIIEHHAM CTyHeHS AedopMarii
€ 3pOCTa€ NMUTOMA MPY)XKHA EHepris Z, a Lie NPU3BOAUTH 10 3MCHIICHHS
KPUTUYHOTO pajiiyca 3apozika #y. OCTaHHE *k 03Haya€ 301IbIIEHHs IBUAKOCTI
3apOIKOYTBOPEHHS 71, 1 X04a MPH HBOMY 30UTBIIYETHCS TAKOX IIBHUAKICTH
POCTY C, pO3Mip PEKPHCTANi30BaHUX 3epeH [ 3MEHIITY€EThCS.

Opmnak rpadik D=f(€) mae ckmagHimuii xapakrep (puc. 3.15).
Crymiae gedopmariii, micis SKOro Ipy peKpUCTai3alii yTBOPIOIOTECS 3ep-
Ha MaKCHMAJIbHOTO PO3MIpY, HA3UBAETECS KPUMUUHUM €. JI1st OlnbimoCTi
meranis €,,=3...10 %. IIpi 06poOIi THCKOM TaKHX CTyMeHiB nedopmartii
YHHKalOTh, 1000 HE OAEp)KaTH KPYNMHO3EPHHCTY CTPYKTYpy, fKa 3a

KOMIUIEKCOM CBOiX BIIACTHBOCTEH MOCTYMAETHCS IPIOHO3EPHHUCTIH.
A

111

Po3wmip 3epna, D

»
>

€0 Crynigs gedopmarlii, €
Puc. 3.15. BuB crynens nedopmarii Ha po3mip 3epHa Mmiciisi peKpucTaizanii

Kputnunnii crynine aedopmarii i BixmoBimHUil HOMy MaKCHMyM
BEIMYMHN 3€PHA JTO3BOJSIOTH MOAUTUTH KpuBY D =f(€) Ha TpH AINSHKU:
JOKpUTHYHY, KPUTHYHY Ta 3akpuTHuHy. Lleit moxin He € dpopmansHuM, 60
JUTS KOXKHO1 TUISTHKH i€ OKpEMHUI MEeXaHi3M yTBOPEHHS 3epHa.

Ha nokpuTnuHii AifsMHII BeTMYMHA 3€pHA 3aTUIIAETHCS HE3MIHHOIO,
TOOTO 3MiHH y MeTaii BigOyBalOThcs Ha CyOMikpockomigyHOMy piBHI. Lle
O3HaYae, MO TYT BiAOyBAa€THCS HE PEKPUCTAII3AIlis, a TIOJITOHI3aIis.

Kputnunnii ctymine gedopmariii CTBOPIOE y MeTalli JyXe TudepeHti-
fioBaHy 3a pO3MipaMu 3epHa CTPYKTYPY, JI€ TIOPAL i3 KPYITHUMH BHUXiTHUMH,
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HenepopMoBaHUME 3epHAMHU yTBOpWiIHCs IpiOHImI nedopmosani. Taka
CTPYKTYpa, sIK OyJe MMoKa3zaHO Iaii, 3JaTHa 1O IIBHIKOIO YKPYITHEHHS 3a
paxyHOK 30mpanpHOi pekpucramizamii. Came med MexaHI3M 1 Ji€ Ha
KPUTHYHIA TUISHII KPUBOI, IO PO3TIIAAETHCS.

Hapermri, Ha 3aKpUTHYHIN AUISHIN Ai€ pO3TISHYTHH BUINE 3BHYAHHN
KpHUCTaJi3aliifHI{ MeXaHi3M MEPBUHHOI pEeKPHCTaTi3alii, TOOTO YTBOPEHHS
3apOAKIB 1 POCTY 3 HUX HOBHX 3€peH. 3pPO3yMLiN0, IO TYT, K MTOKAa3aHO
BHIIE, 31 30UIBIIEHHSAM CTYIEHs NedopMallii IMpH peKpHcTami3amii yTBO-
pro€eThes Ol pidHE 3epHO.

Po3mip (3epHa) peKpUCTaTi30BAHOTO METATY 3aJICKUTh TAKOXK BiJI TEM-
mepatypu pekpucrtamizamii (puc. 3.16) Ta TpPHUBAIOCTI KpUCTaIi3alifHOTO
Binnay (puc. 3.17). OcKiTbKH peKprcTaNi3amis, K i OLTbIICTh (a30BUX i
CTPYKTYpHHUX IIEPETBOPEHB Y METaJax i CIUIaBaX, BiIOyBaeThCs TUQyY3iHHIM
[UIIXOM, a 3aJIeKHICTh KoedimieHTa audy3ii B TeMIIepaTypH € eKCIIOHEeH-
LiajbHOIO, a BiJ 4Yacy — KBaJPaTHYHOIO, Ieplia 3 HUX KPHBUX € EKCIIO-
HEHTOI0, a JIpyTa — mapadoJIoko.

OTke, B pe3ylbTaTi MEPBHHHOI PEKPUCTANI3aIlil CTPYKTypa MeTay
TIOBHICTEO OHOBIIIOETHCS, AJIe ITPU LIbOMY MOXKE BUHUKHYTH HOBA TEKCTypa —

Po3wmip 3epHa, MKM

400
300 T Posmip 3epHa, MKM

900°C
200 —+

60

800°C

1007 20 | \ |
0 160 320 480 640
TpuBaiicTh Bignany, XB
300 400 500 600

Temmeparypa Bimmany, "C
Puc. 3.16. Po3mip pexpucranizosanoro Puc. 3.17. Bruiue TpuBanocrti Bianany Ha
3epHa 3aJIe)KHO BiJl TEMIIEpaTypu PO3Mip PEeKPHUCTAaIi30BaHOTO 3epHa
BiAmamy
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mekcmypa pexkpucmanizayii. OOUIBI TeKCTypH — nedopmallii Ta peKprcTa-
mizamii — y metanax 3 ['K-"parkoro, sk mpaBuiio, 30iraroTecsi, y MeTaiax 3
OLIK-'parkoro He 30iratothest, a y meranax 3 ['LIK-'parkoro moxmuBuit
Oyab-SKHi 3 IUX BapiaHTIB.

3.10.2.2. 30upasibHa pekpHrcTatizaris

[Ticist mepBUHHOT peKpHUCTai3aiii, KoK 3HUKAIOTh AehopMOBaHi 3epHa,
BUJIbHA CHEPTisl METally Jy)Ke 3HWKYEThCS, ajle CTPYKTYpa 3aUINaeThCs LIS
HeCTaOUIBHOK Yepe3 PO3BUHEHY TIOBEPXHIO MEX PEKPHUCTANII30BAHHX 3epEeH 1
HE3piBHOBAKEHICTh MOBEPXHEBOIO HATATY HA HUX.

Po3rsiHeMO HaWOINBII MONIMPEHWI BapiaHT — CTHUK TPhOX 3€peH
(puc. 3.18). YMOBOW0O CTaOUIBHOCTI CTPYKTYPH 3 TaKUMH MNOTPIHHUMHU
CTHKAaMH € 3pIBHOB)XEHICTH CHJI IOBEPXHEBOTO HATATY:

YA~ V5-B=YA-B- (3.11)
QOueBuIHO, 110
Y5-B=7YA-BC0S0/2+7, 5c0s6/2=2yc0s6/2, (3.12)
abo
cos6/2=1/2, (3.13)
TOOTO
6/2=60°, a 6=120°. (3.14)

OTxe, piIBHOBXHUM € TIOTPIHHUI CTUK 3 KOHTAKTHUMHE KyTamu 120°.

Y Y =)

v B

Puc. 3.18. Cxema noTpiiHOro CTUKY 3epeH

B inmomy Bumnazaky (puc. 3.19) y kokHy onuHHIIO Yacy i3 3epeH [ 1 111
0 3epHa [/ TIepexOomuTh OiNbIIEe aToMiB, HIX y 3BOPOTHHX HampsMKax,
OCKIUTBKH aTOMH B KyTy KpHCTajla MalOTh THM MEHIINH B3a€EMHHH 3B 30K,
YUM MEHIIWH 1eit KyT. Y pesynbrari 3epHo I/ pocTe 3a paxyHOK / i /1] 3epeH.

Koxne xpymHe 3epHO, 0OTOYCHE OpiOHIMUME 3epHAMH, pOCTe 3a iX pa-
XYHOK, 00 y HHOTO KOHTaKTHI KyTH O1JIBIIIi.

Pict omHMX pekpHCTai30BaHUX 3epeH 3a PaxXyHOK CyCiTHIX peKpucTa-
J{30BaHUX 3€PEH MIrpaIli€lo BHCOKOKYTOBHX MEX Ha3UBAETHCS 30UPAIbHOIO
pexpucmanizayiero. 1i TepMOIMHAMIYHAM CTUMYJIOM € BUCOKA €HEPTis Mexk
3epeH, a 000B’ I3KOBOI0 YMOBOIO — HE3PiBHOBAKEHICTh IIOBEPXHEBOTO HATA-
Ty, IKHH HaMaraeThCs CIPSIMUTH BUKPHUBIICHI MEXi i CTBOPUTH PiBHOBAXKHY
KoH(Iryparito.
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Puc. 3.19. Mirpartist Mex 3epeH IpH 30HpaibHii pekpucTamizarii

Ha BimMmiHy Bix nepBUHHOI, 30MpabHIN peKpHCcTati3amii He 000B" I3K0-
BO MOBHWHHA IIEpeAyBaTd IacTu4Ha nedopmanis. Bona moxe BigOyBarucs
TIPH BiIaJli IUTUX METAJIB i OMHO(A3HHUX CIUIABIB, IPH €IEKTPOTITUIHOMY
OCaJDKeHHI, HAMWICHH] y BakyyMi Tomo. ToMy B aHIJIOMOBHIH JiTeparypi
30MpanbHa PeKpUCTAi3allisl Ha3UBaeThCs grain growth, ToOTo pict 3epHa.

3.10.2.3. BropuHHa pekpHcTaizaris

Bmopunnoio pexpucmanizayiclo Ha3uBa€ThCSI HEPIBHOMIPHUH picT
3epHa, KOJIM OUIBILICTE 3epeH pocTe NOBUIBLHO abo B3araji He pocTe, a OKpeMi
3epHa BUPOCTAIOTh 10 BEJIMKUX PO3MIpiB, "3 inaroun" npiOHMX cyciaiB.

OTxe, 30upanbHa peKpHUCTalli3alis IMoJsIrac y piBHOMIpHOMY 1 IOCTY-
IIOBOMY POCTi 0ararbox 3epeH, a BTOPHHHA — Y IIEPEBRKHOMY 1 IIBUIKOMY
POCTI JIeSIKUX 3epeH.

MakcumanbpHui po3mip 3epHa nocaraerbes (puc. 3.20) npu Temrepa-
TYpi typ,, @ IIPU NOXANBIIOMY 30LIBIICHH] TEMIICPATYPH, 3aBISKH 301IbIICH-
HIO KUIBKOCTI LEHTPIB BTOPMHHOI peKpHucTanmi3alii, po3Mmip 3epHa
3MEHIIYEThCS. BogHOuac MOCHIIIOETHCS HOPMAallbHUE pICT 3epeH, i mpu
JOCUTh BHCOKHX TeMIleparypax 30upanbHa Ta BTOPMHHA peKpUCTaii3amii
CTalOTh KOHKYPYIOUHMH IIpOLIECAMH, BHACIIZOK 4YOro OOWIBI KpHBi
37IMBAIOTHCS B OJIHY CIIUIBHY.

TakuM 4MHOM, BTOPHMHHA PEKpHCTAIi3allisi PO3BUBAETHCS Y MEBHOMY
IHTEpBai TeMIleparyp, Ae¢ HOPMaJIbHUI picT 3epeH Hae BiIHOCHO OBUIBHO.

OO00B'SI3KOBOI0  YMOBOIO BTOPWMHHOI peKpHCTami3amii € Tak 3BaHa

Po3mip 3epHa, MKM

o

0.01

800

1 T

1000

1200

tap
Temneparypa signany, °C

Puc. 3.20. Pict 3epeH npu BTOpHHHIN peKpUcTatizamii

cTaliii3alis MaTpuili, TOOTO 3HAYHE TaJbMyBaHHS POCTY OUTBIIOCTI 3€peH,
SIKI YTBOPWJIMCSI TIpH NEPBUHHIN peKkpucTanizamii, Yui Mexi 3a0J0KOBaHi
JMICTIEPCHUMH YaCTHHKaMHM iHIIOI ¢a3u. Oxpemi X, OUIbII KpyITHI Micis
TNIepPBMHHOT PEKpUCTaNi3allil, 3epHA MAIOTh MEHII 3a6IOKOBaHI Mexi. IX
OUIBIIMIA, HIX Y CYCiJiB, PO3MIp 3yMOBIIIOE PYIIIHHY CHJIY IIBHJIKOTO POCTY
3a paxyHOK JAPIOHINIMX CYCimiB. AJie TaKMX 3€peH Iy)Ke Majo — OIHE 3
105...106.

3.10.3. XoJ10aHa, Temi1a Ta rapsiya 00podKa THCKOM

JloHenaBHa iCHyBaJIu 1Ba BUIM OOPOOKH THCKOM — X0100HA Ta 2apAaud.
Mesxero Mk HUIMH OyB TIOpIT peKpHCTami3amii, Ipo SKUH iIIIocs BUIIE.
BBaxanocs, mo mpu oOpoOIli TUCKOM HIDKYE BiA Ii€i TeMmmeparypu B
pe3ynbTari miacTU4HOi AedopMariii MeTan HaKJIeHmyeThes, 1 el Hakiemn
30epiraeTbes 1 Hamami. OTke, Takuid MeTal Ma€ MiJABUINCHI MIIHICTh 1
TBEPIICTh, 3HIDKCHI IUIACTHYHICTD 1 B SA3KICTh 1 XapakTepH3YEThCS BUPA3-
HOIO aHI30TPOIIi€I0 BIACTUBOCTEH. ToMy Ipy BUTOTOBJIEHH] BUPOOIB 3 TaKo-
TO XOJIOAHOAE(OPMOBAHOTO METATY I1i OOCTaBHHU CIIiJ] BpPaXOBYBATH.

Sk1o & 06poOKa THCKOM ITPOBOAUTHLCS BUIIIE 3a TIOPIT peKpUCTamizalii
1 TpuBa€e MEBHUH Yac, MOPAL 31 3MIIHEHHSIM METaJy 3aBISKH IUTACTHYIHIN
nedopmarii BigOyBaeThCsl HOTO 3HEMIIIHEHHS 4Yepe3 peKpHCTaTi3allilo.
Takuit rapsaenedopMoBaHmii MeTal He 30epirae Hi HaKIer, Hi aHI30TPOTIiI0
cBoix BiacTuBOCTeH. Lle Takox, 6e3yMOBHO, MOTPIOHO BpPaxOBYBAaTH INPH
BHUTOTOBJIEHHI BUPOOiB 3 HHOTO.
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3rogoM 10 IHMX BUAIB OOPOOKH THCKOM IPHUETHABCS TPETid, BiIOMUA
Temnep K menia o6poobka. Ha BimMiHy Bix XomomHOI 0OpOOKH, sIKa ITPOBO-
IUTBCS a0 TpH KiMHATHIA Temmeparypi, abo Tpoxu BHIE Bia Hei, Teruia
00poOka THCKOM BifOyBaeTbCA MPH TeMmIlepaTypax, MO CTAaHOBIATH
0,15...0,25 Bin Temneparypu tuiaBieHHs. [Ipy Takux Temreparypax BOJHO-
Yac 3 IIACTUYHOIO Ie(hOpMALIi€r0 TIPOXOIATE MPOIECH TOBEPHEHHS, BHACITI-
JIOK YOTO TaKWH MEeTal MOCTYHAEThCS MIIHICTIO XOJOAHOAC(POPMOBAHOMY,
aje CyTTEBO IEpeBaXkae 3a IIMM IOKa3HUKOM rapsdenedopmoBaHuii. 3a
IUTACTHYHICTIO 1 B'A3KICTIO BiH TaKOX 3aliMae TMPOMDKHE TOJIOKCHHS MiXK
BOMa IHIIMMH. Take o€ IHaHHS BIACTHBOCTEN YaCTO € ONTUMAJIBHUM, 1110 1
3a0e3nedye Teriii 0OpoOIli THCKOM IIPaBO HA ICHYBaHHSI.

MerTaiesi ciuiaBu 85

Pozain 4
METAJIEBI CIIVIABU

4.1. 3arajJpHi MoJI0KeHHH

Memanesumu cniaéamu Ha3WBAIOTBCS Marepiaiu, sKi MaloTh yci
XapaKTepHi BIACTHBOCTI METAIIB, alie HE € XIMIYHO YACTUMH, TOOTO MICTSTh Y
cobi aromMu TpUHAHMHI JBOX KOMITOHEHTiB. Jlnmsg Toro, mo0 cruiaB OyB
METaJIeBUM, 10r0 OCHOBHMM KOMITOHEHTOM TIOBHHEH OyTH MeTall, a HepeBax-
HHUM THIIOM 3B'sI3KY — METaJICBHI1. [HIIII KOMITOHEHTH METAIEBHX CIUIaBIB TAKOXK
3a3BUYail € MeTaJlaMH, ajie He 3aBK1u. Tak, JPyTuM KOMIIOHCHTOM HalBasKIIH-
BIIIMX ITPOMHUCIIOBHUX CIUIABIB — 3aJTI30BYIJIELIEBUX — € HEMETAJ BYIJICIb.

AOCOIOTHO YUCTHX METAIlB HE iCHY€, TOMY OyIOb-IKHU 3 HUX MOXKHA
Oys1o © BBa)KaTH 3 CIIaB, OCKUIBKH BiH MICTHTB Y CO01 aTOMHM 1HIINX XiMid-
HUX €JIEMEHTIB, HE TOBHICTIO BHJAJICHNX Yy IPOLECi BUPOOHUIITBA METAIY
a00 BWITQJIKOBO 3aHECEHMX TYIHU. AJE CIUIaBOM HAa3WBAIOTh JIMIIE TaKWi
Marepias, KyIy iHIII, TaKk 3BaHi JETYHOYi €JIeMEHTH, HONAaHO YMHCHE IJIs
3MIiHHM CTPYKTYPH Ta BJIACTHBOCTEH HOro y Oa’kaHOMy HampsMKy. B iHmomy
BHIAJIKy MOBA i€ PO mexHiuHo yucmuii abo MPOCTO wucmuil Memai.

CrutaBy, SIK TIPaBWIO, OAEPKYIOTh CIUIABJICHHSM KOMIIOHEHTIB MiX
coboro. Yci iHmI Marepianyd 3 METaJIIYHUMH BJIACTUBOCTSMH, OJep)KaHi
CIIKaHHAM, €JIEKTPOIIi30M, CyOIiMAaIli€l0, HA3UBAKOTh 1Ce800CNIABAMU.

Bynp-sikuii criaB ckIamaeTbes 3 onmHiel abo mekimpkox (a3. Humm
MOXYTh OyTH: 1) 4HCTi KOMITOHETH; 2) XIMI4HI CIIOIYKH; 3) TBEpAi PO3UHHHY;
4) mpomixHi (azu.

Koxna 3 a3 y cknazi cmiaBy 30epirae cBOI KPUCTANIYHY CTPYKTYPY
Ta BJIACTUBOCTI, a BJIACTUBOCTI CIUIABY Y IIJIOMY BH3HAYAIOTHCS X Cyrep-
THO3UIIEIO.

Ane 3HaHHA ha306020 ckiady CIUIaBy 3BUYalHO HE JOCHUTH. Binmbmumit
MacuB iH(opMamii MiCTHTB Y c001 cmpykmypHuii ckiad Horo, TOOTO HasB-
HICTb Y HBOMY II€BHHX CTPYKTYPHHX CKJAQJIOBUX — OKPEMHX EJIEMEHTIB
MIKPOCTPYKTYPH, SIKi BIPi3HAIOTHCS BiJl iHIUX. [I0SICHIOETBCS TI€ THM, IO
KIUIBKICTh CTPYKTYPHHX CKJIQJIOBHX METAJIEBOi CHCTEMH YacTO IepeBaXkae
KUTBKiCTh (Da3, OCKIIBKH MICTHTH yCi ()a3u Ii€l CHCTeMH, a TaKOX IXHi
CYMIIlIi, IO KPHUCTANi3YIOThCS BOTHOYAC 1 pa3oM (SBTEKTHKA, €BTEKTOIN).
KpiM TOTO, CTpPYKTypHH# CKJaa cCIUiaBy IIOBHIIIE BimoOpakae HOro
"6iorpadiro”, 0coOIMBO eTany BTOPUHHOI, TPETHHHOI 1 T.1. KpucTamizanii. 3
1€l MPUYMHYU Ha JiarpaMax CTaHy HaBOAATH HE (ha30BHi, a CTPYKTypHHH
CKJIAJI JUIA KOJKHOI 1X o0JacTi.
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4.2. XiMivHi croryku

3a mpomno3uiiero M.KypHakoBa Taki CIOJIYKH YacTO Ha3UBaKOTh
Mmemaniunumu a00 inmepmemaniyHumu cnoaykamu (CKOpOYCHO — IHTepMETa-
nmigamu), 100 MIAKPECIUTH OIHY 3 CYTTEBUX iX ocoOnMBOCTEH —
HEJJOTPUMaHHS HOPMaJibHOI XiMi4HOi BaJCHTHOCTI TPH YTBOPEHHI IMX
CIIOIYK y METAJIEBUX CILIaBaX, HapUKiIan YB .

BuHATKOM € rpynma Tak 3BaHMX BAJCHTHHX CIONYK, 3A€0UIbIIOTO
MmarHito 3 enemeHntamu [VB, VB, VIB miarpyn mnepiogndHol TaOmuii
eneMeHTiB Meneneena (tabdm. 4.1):

Tabnuys 4.1. BaneHTHi CHOJYKH Y MeTaJeBUX CIJIaBaxX

Iligrpyna IV B VB VI B
Crexio- Mg, Si Mgs P, MgS
METPHYHI MgrGe Mgs As, Mg Se
hopmynu Mg, Sn Mgs Sh; MgTe
Mgz Pb Mg3 Biz

VY 1uX CroiryKax Iopsi 3 METaJIeBUM i€ e OJIUH CHIbHUH BHJI 3B'I3KY
— ionHuii. Ile 3HauHOIO MipOrO BU3HAYAE BIACTUBOCTI TakuX (a3, 30Kkpema ix
MiIBUIIEHY KPUXKICTb.

VYci XiMivHI COTYKH B METAJICBUX CIUIABaX MAIOTh PsJ CIIUTBHUX PHUC:

1. TleBHe, MOCTiliHE CMIBBITHONICHHS aTOMIB KOMITOHEHTIB, K€ MOXKE
OyTu BUpaXkeHe POCTOr0 cTeXxioMeTpuuHoro hopmynor 4,,B,,. Lle € racnia-
KOM CYBOPO YIIOPSIKOBAaHOTO PO3TallyBaHHS aTOMIB yCiX KOMIIOHCHTIB Y
KpUCTaNliyHii Trparmi xiMigHoi cmonmyku. Hampuxmam, B OLK-'patmi
crnionmykn AgMg atomu cpibiia po3TanioBasi y BEpIIMHAX Ky0a, a MarHito — y
fioro nenTpi. Ha onHy enemeHTapHy KOMipKy, oTxe, npunaznae 1/8-8=1 atom
cpibla Ta CTINBKHM X aTOMiB MarHilo, IO W Ja€ HaWMpOCTIiNry crexio-
MeTpu4Hy (opMyiy cronyku AgMg.

2. HasBHICTb y XiMi4HO{ CHIOJIyKH BJIACHOI, CIIEHU(IUYHOT KpUCTATIYHOT
"paTk, BiIMIHHOI BiJl "paTOK KOMIIOHEHTIB, sIKI YTBOPHIIH 1[I0 CHIONYKY. Tax,
migs Mae I'IIK—'parky, muak — I'K—'parky, a ixui cmomykm CuZn Ta
CusZng — OIIK Ta cxianny ky6iuHy Tumy o-Mn BiIIoBigHO.

3. OcKinbKH XIMIYHI CIIOJIYKH YTBOPIOIOTHCS 33 JOIIOMOTOIO YKOPCTKUX
3B'SA3KiB (I0HHHX, KOBAJICHTHHX ), BOHM 3BUYaifHO MalOTh BUCOKY TBEPIICTb 1
KPHUXKICTb, SIKi ITepPeBa)karoTh BiANOBITHI BIACTHMBOCTI BUXITHUX XiMIYHHX
eneMenTiB. Hampuxiran, grcre 3amizo mae TBepaict HB=800 MIla, BigHO-
cHe ToHOBKeHHS 0=50 %, TOOTO € M'IKMM i IJTACTHYHMM MaTepianom, a
cronyka Fe;C — Bignosigao 8000 MIla ta 0 % i, oTxe, Iyke TBepaa i
a0COTIOTHO KpHUXKa.

4. 3 Ti€l )X IPUYMHA TeMIIepaTypa IUIABICHHS XIMIYHOI CITONYKH TEX
3BHYAIHO BUINA, HIK Y BUXITHUX eleMeHTiB. Hampukian, y HikeIro BOHA
cTaHOBUTH 1453, amroMiHito — 660, a y coryku NiAl — 1638 °C.

5.3 mm. 3 Ta 4 BUILTHBAE, 0 HA KPUBHUX CKIA0-61ACMUBICMb XIMITHIN
CHONYII BiAmoBimae ocobnmBa, cuneyiapua mouka (puc. 4.1).

BrnactusicTs

A AnB, B
Cknag
Puc. 4.1. [liarpama cknao-eiacmugicms CUCTEMH 3 TaJTBTOHIIOM

Yce e TIOBHICTIO CTOCYETBCS 0abimoHioie, Ha3BaHUX Tak M. KypHa-
KOBUM TOMY, IO BOHH IIiAIIOPSIKOBYIOTHCSI CTEXIOMETPHYHHMM 3aKOHAM
Hamerona. Ha oCHOBI XiMiYHHX CIIONyK-IANBTOHINIB 9acTO YTBOPIOIOTHCS
TBEpIi pO3YMHH, TOOTO (ha3u 3MIHHOTO CKIIAAy. AJie CHHTYISIPHA TOUYKa
30epiraeTscs 1 y IUX BHIAAKAX.

Benmka kinmpkicTh MeTaneBuX (a3 HE Mae TaKUX CHHTYISPHUX TOUYOK.
®a3n 3MIHHOTO CKJIany, SKi MalTh OCOONMBI KPHUCTaJidHI PaTKH, IO
BiJIPI3HAIOTHCS BiJ "PaTOK KOMIOHEHTIB, KOTPi X YTBOPHIIHU, Y SKUAX BiJICYT-
Hi CHHTYJISIpHI TOUKH, 32 TIporio3utiiero M. KypHakoBa, Ha3UBarOTECS Hepmo-
nioamu — Ha 4ecTh (panmys3pkoro ximika XVIII ct. K. Beprome, saxuit
BBa)XkaB, IO CKJAJ XIMIYHHX CIIONYK € 3MIHHHAM i 3aJIe)KUTh BiJ] YMOB, 3a
AKX BiZOYBa€THCS B3a€MOJisi KOMIIOHEHTIB, TOOTO YTBOPEHHS IX.

Ha BizMiHy Bin DadbTOHINIB, pO3TAaITyBaHHS aTOMIB Y KPUCTAIIYHIN
rpaTmi OepToyimy € JHIIe YacTKOBO yMOpsAKoBaHUM. CTYIiHB YHOPSIIKO-
BaHOCTI 3MIiHIOETBCS Y MEXKaxX 001acTi TOMOTEHHOCTI OepTOIi Ty 3aJIe)KHO Bif
CKJIafy, ajieé HIKOJIM HE CSra€ MakCHMyMy, MOXKJIHMBOTO 3a T€OPETHUYHHMH
po3paxyHkamu. Ha mifcraBi I[bOTO, a TaKOX 3 ypaxXyBaHHSIM BiICYTHOCTI
CHUHTYIIAPHOI TOYKH (puc. 4.2), 6epToian MOKHA BBaXKaTH TBEPIUMH PO3UH-
HaMH Ha OCHOBI YSBHUX (HEICHYIOUHX Y YACTOMY BHUIJISL) XIMIYHUX CIIOIIYK
TIEBHOTO CKIIAY.
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BiactusocTti

Fe FeSb Sb

Cxman
Puc. 4.2. [liarpama ckrao—eracmusicms CUCTEMH 3 OEpTOIIIOM

4.3. TBepai po3unnun

BoHu yTBOPIOIOTHCS TOI1, KOJIM aTOMH PI3HHUX €JIEMEHTIB, 3MIIIyIOUUCh
y PI3HUX NMPONOPLINX, 30aTHI CTBOPUTHU 3arajibHy KPHCTaJIIYHY TpaTKy. Yci
METaJH 1 CIOJYKH BUSBISIOTH IIEBHY PO3YMHHICTH Y TBEPAOMY CTaHi, aye
nyxe pizny: 0,02 % C B o~Fe, 39 % Zn B Cu, 100 % — B cuctemi Cu-Ni.

TBepai po3uMHU MOXYTh OyTH YTBOpEHI SIK Ha OCHOBI KOMIIOHEHTIB
CIUIaBY, TaK 1 XIMIYHUX CHOJIYK JAJIBTOHIJIB i, B 0OOB'SI3KOBOMY HODSIIKY,
oepromimie. lle Mae Benuke MpakTUYHE 3HAYCHHS, OCKUIBKM Taki CILIABH
HaBITh NpPH IMOPIBHSIHO TPOCTIM KPUCTATIUHIA CTPYKTYpi BiA3HAYAIOTHCS
CBOIMH OUIbIII BUCOKMMH MEXaHIYHUMH 1 (I3MYHUMH BIACTHBOCTSIMH, HIX
YHCTI METAJIH.

OTxe, meepoumu PO3YMHAMHU HA3MBAKOTHCA ()a3u, B SIKHUX aTOMHU
PO3YMHEHOr0 KOMIIOHEHTa a00 3aMillyloTh aTOMH PO3YMHHMKA B HOro
KpHUCTaJiuHii rparii, abo po3TalIOBYIOThCSI MK HMMH, ab0 YTBOPIOIOTh
0COOHMBHUI THI PO3YHHY 3 IC(PEKTHOIO KPUCTAIIYHO PATKO0. BiAmosiaHo
PO3PI3HAIOTE MmeepOi pO3UUHY 3AMilyeHHSA, NPOHUKHEHHS Ta 6UTTYYEHH .

AJte He3aJIe)KHO BiJ iX THITY TBEpP/II PO3YMHU MAIOTh PsiJl 3aralIbHUX O3HAK:

1. Kpucraniuna "parka TBEpJOIo po3uuHY, K IPaBHUIIO, MOOyI0BaHa 32
THUIIOM KIJIBKICHO TIEPEBAKAIOUOTO KOMIIOHEHTA (PO3YMHHHUKA).

2. TBepni po34MHU HE MalOTh Oy[b-SKUX CTEXIOMETPHUYHMX UM IHIIMX
HPOIOPLIHHUX MOCTIHUX CITiBBIHOLIEHb KOMIIOHEHTIB, a 3BUYaiHO Aal0Th
HETepepBHUIl psiJl PO3UUHIB 3 KOHIEHTPALIEIO, 1110 MOCTYIIOBO 3MiHIOETHCS.

3. 3 wi€ei mpUYMHYU BIACTHBOCTI TBEPAOIO PO3UYMHY 3MIHIOIOTHCS HE
CTPUOKOM, a IIOCTYIOBO, BiJIIOBIIHO JI0 TUIABHOT 3MiHH TX KOHLIEHTpALl.
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4. TlonoxxeHHS aTOMIB SIK PO3YMHEHOTO METaly, TaK 1 PO3YMHHUKA B
KPUCTaJIIYHIN TPATIi TBEPIOTO PO3UNHY He (PiKCOBaHi, a IMiIMOPSIIKOBYIOTb-
Csl 3aKOHaM CTaTHCTHKH.

4.3.1. TBepai po3uMHU 3aMillleHHSI

Taki po3YrHU YTBOPIOIOTHCS HA OCHOBI SIK KOMIIOHCHTIB CILIaBY, TaK i
XIMIYHUX crodIyK. MOXyTh OyTH K HEOOME)KEHIUMH, TaK i 0OMEKESHIMU.

V. FOM-Pozepi copmynioBaB JiesiKi 3arajibHi MpaBmiIa OO0 PO3YHH-
HOCTI Y TBEpIOMY CTaHi:

1. SIxmo atoMHi paniycu KOMIIOHEHTIB BiIPI3HSAIOTHCS OUTHIN HiXK Ha
14...15 %, po34rHHICTS MOYKe OyTH JIHIIIE OOMEKEHOFO (Po3mipHuULl hakmop).

2. Obnactb 00OMEXEHUX TBEPANX PO3UMHIB 3BYXKYETHCS NP YTBOPEHHI
CTIHKHX npoMikHKX (a3. IMOBIPHICTb FOr0 BU3HAYAETHCS XIMIYHOIO CIIO-
PIOHEHICTIO KOMITOHEHTIB CIUIaBy 1 THM OLTbINa, YUM OLIBII eNeKTpOHETa-
TUBHHAM € OJMH i3 KOMIIOHEHTIB CIUIaBy Ta €JIEKTPONO3UTHBHUM IpPYrHi
(echexm enexmponecamusHoi eanenmuocmi).

3. B3aeMHa pO3YMHHICT ABOX €JIEMEHTIB MOB'A3aHa 3 X BaJICHTHICTIO,
MIPUYOMY PO3YMHHICTH B €JIEMEHTI 3 MEHILIOIO BAJICHTHICTIO BHSBIIAETHCS
3aBXIM OINBIIOI0, HIK B €IIEMEHTI 3 OUIBIIOI BaJCHTHICTIO (eghexm
8I0HOCHOI 8anenmHocmi).

4. Taxoro > HEOOXiJHOIO, ajie HEAOCTAaTHHOIO YMOBOIO HEOOMEXEHOT
B3a€MHOI PO3YHHHOCTI, € i30MOpdHicTh "paTok. [IpukmamoM MOXyTh OyTH
CHCTEMH MiZb—30JI0TO Ta Miab—cpiOio. Y mepmiii 3 HUX PO3YMHHICTH
HeoOMexeHa, y pyriii — He riepeBuiye 9 %, xou y 060x Bunaakax Ar=12,5 %,
i yci "parku I'LIK.

[Ipu yTBOpEeHHI TBEpANX PO3UMHIB 3aMiIICHHSI, 3p03YyMiJI0, 30epiraeThes
KpHUCTaJiyHa 'paTKa PO3YMHHHKA. AJle He3Bakaloud Ha Mairy Ar, B HIid
CTBOPIOIOTHCSI BUKPHBIICHHSI, SIKI IIPU3BOJSTE A0 AedopMmanii — B pe3yabTari
CTHCHEHHS a00 po3TsrHeHHs ‘parku (puc. 4.3). [Ipu mboMy 3MIHIOFOTECS HE
JIMIIE MDKAaTOMHI Ta MDKIDIOIIMHHI BiJICTaHI, a i Iepioan "PaTKH.

Puc. 4.3. lepopmarnis KprcTanigyHol IpaTKH MIPH YTBOPEHHI
TBEPIMX PO3YUHIB 3aMilllEHHS
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4.3.2. TBepai po3yuHN NPOHUKHEHHS

Y TBOPIOIOTECA MPH PO3MIIICHHI aTOMIB PO3YMHEHOTO KOMIIOHEHTA Y
BUIBHUX MPOMIDKKAaX MK aToMaMu po3dnHHHKA. OTXKe, TYT 3aBXKAH 30epi-
Ta€ThCS KPUCTANIYHA paTka pO3YMHHUKA, POZYMHHICTH JIMIIIE OOMEKeHa,
Mepiofan TpaTKu 3aBKId 301TBIIYIOTHCS. TBepHi PO3YMHU HMPOHUKHEHHS
YTBOPIOIOTHCS, TOJIOBHMM YHHOM, HAa OCHOBI KOMIIOHEHTIB CIUIaBY, XOua
3yCTpidaloThCA PO3UYMHU HA OCHOBI XIMIYHHX CIIONYK, Hampukiax Ni B
NiSb.

I". Xerr BcTaHOBHUB, 1110 TBEP/Ii PO3YMHN POHUKHEHHS yTBOPIOIOTHCS MIPH

rp/14<0,59. (4.1)

Tomy ix yTBOPIOIOTH BOJCHB, 430T, ByIJIelb Ta 60p (aToMHI pajiycn
BiamosigHo 0,46; 0,71; 0,77 ta 0,97A) 3 mepexiTHUIMU MeTaJaMH.

Otixe, TBEpAI PO3YMHHU 3aMillieHHs YTBOPIOIOThCS IpH #5/r 4>0,85, npo-
HUKHEHHS — MeHIIe abo nopisHioe 0,59, a intepsai 0,59...0,85 € HecnpusT-
JIUBHUM JIJISl YTBOPEHHSI TBEPIUX PO3UUHIB.

TBepi po3urHU MPOHUKHEHHS! YTBOPIOIOTHCS TIEPEBAYKHO B KOMITAKTHHX
‘parkax ('K, I'K) 3 Benmukumu nmopoxuanHamu, Tomy B ¢-Fe (OLIK-"patka)
pozunnsieTsesa He Oinbie 0,02, a B ~Fe (I'LIK) — mo 2,06 % Bymemto. Came 11
TBEpAi PO3YMHHU BiirpaloTh BU3HAYAIBGHY pOJb y CTAIX Ta YaByHaX. Y
CKJIQJHUX CIDIaBaX MOXYTh OyTH KOMOiIHOBaHI TBEpIi pPO3YMHH 3aMIIICHHS i
MIPOHWKHEHHS BOIHOYAC, Hanmpukiaz, y cram 110I'13 mapranens i3 3amizom
YTBOPIOE TBEPIHA PO3UMH 3aMILCHHS, & BYJIellb — IPOHUKHEHHSI.

4.3.3. Teepai po3uuHU BHJIYYEHHS

BoHn yTBOpIOIOTECS JNHINE Ha OCHOBI XIMIYHHX CITONYK 1 XapakTe-
PHU3YIOTHCS HasIBHICTIO BaKAaHTHHUX BY3JIiB y KPHUCTANIYHINA TpaTIi, yepes mo
TaM iCHYIOTh 3Ha49HI BUKPUBJICHHS, SIKi CTBOPIOIOTH HAIIPY>KCHHS PO3TATHEH-
Hs. Lle mpu3BOANTE, Y CBOO YEpry, A0 3MEHIICHHS MTEPiOMiB “PaTKH.

VYnepiire TBepi PO3YMHN BHITYUICHHS OyJH BUSABIICHI IIPU JOCIIKCHHI
OKWICIICHHS 3alli3a Ta #oro cruraiB. LIIBHAKICTE IIOTO TpoIIECy, IK BiIOMO,
IyXe 3pOocTae MpH Temreparypax, Bumux 3a 570 °C, Konu HMOYNHAETHCS
yTBOpeHHs 3akucy 3aniza FeO. 3’scyBamocs, Mo OCTaHHIA Mae 3HAYHY
KIUTBKICTh BAKAHTHUX BY3JIiB TPATKH, SKi Manu O 3aiimaTtu atomu 3aiiza. Jle-
TaJbHI JOCTIDKEHHS IMOKa3and, mo GopMmyiy i€l ¢asu Tpeba 3amucyBaTtu
K Feg 9r 0960100, TOOTO BOHA SIKPa3 1 € meepoum po3uuHOM GULYUEHHs.
KucHio y cnoayyi FeO 3 degiyumonm 3aniza.

Inma nomynsipua cnonyka CuAl, moBHHHA omucyBaTucs (opMysaoo
Cuy goAl, g6, OCKiNBbKH BOHA MicTUTB y c00i He 54,1 % Cu, a 53,3...53,9 %
Mmigi. Y cmonykax TiC, NbC, ZrC, VC icHye nedinmut aToMmiB BYIJEIO.

OTke, BAKAHTHIUMH Y TaKuX (pa3ax 3aJUIIAIOTHCS JIesKi BY3JH, sIKi TOBUHHI
OyTH 3alHATI MCHIIIMMH 32 PO3MipaMU aTOMaMH.

4.3.4. YnopsiakoBaHi TBepai po34uHA

Sk yXe 3a3Ha4y€HO, NPH YTBOPEHHI TBEPAMX PO3YHMHIB 3aMIICHHS
aTOMH APYTOro KOMITOHEHTA MOXYTh 3aMilllyBaTH Oy/ib-sIKi 3 aTOMiB PO3YHH-
HUKa, PO3TAIIOBYIOYNCH Y By3JaX TPaTKH LIJIKOM IOBUTBHO. Taki TBepmi
PO3YHMHY HA3UBAIOTHCS HEYHOPAOKOBAHUMY (CMAMUCTIUYHUMUL).

AJe y psizii METaJIEBUX CHCTEM Y PE3yNbTaTi MOBIIBHOTO OXOIOKEHHS
a0o0 TpUBAJIOTO BiIay IpH MEBHUX TEMIIEPaTypax pO3TaIlyBaHHS aTOMiB
KOMITOHEHTIB Y KPHUCTANIYHIHA 'paTrili TBEpAOrO0 PO3YMHY 3aMIIlIEHHS CTae
3aKOHOMIPHHM — YHOPSAOKO8AHUl meepouti po3uur ado Hadcmpykmypa (Ha
PEHTTeHOTpaMax TaKHWX CIDIABIB 3'SBIIOTHCS TOAATKOBI iHTepQepeHIIiiHi
MaKCHUMYMH).

VYnopsiakoBaHi TBepai po3zunuu Biakpuian M. Kypnakos, C. JKemuyx-
Hut i M. 3acimarenes (1914 p.) npu AOCTIKEHH] CIUIABiB Mifi i3 30JI0TOM.
3'scyBasiocs, mo crasu 3 25 Ta 50 % (at.) Au micis Biinany 3MEHIIYIOTH
CBiff muToMHI enekTpoormip y 2...3 pasu (puc. 4.4). Ilpu Temmeparypax
900...400 °C cnaBu € HeynopsakoBaHUMU. ['apTyBaHHS iX 3 Temmeparyp,
mo nepesuiryots 400 °C, 30epirae HEyNOpSIKOBAHICTh 1 IPH KIMHATHUX
TeMIeparypax.

p, MKOM *cM
15 |—
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\Y/
;
|
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0 25 50 75 100
% (at.) Au

Puc. 4.4. [Tutomuii eneKTPOOIIp CIUIABIB MiOb—3010M0
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CrutaBu 3 25 ta 50 % Au npu MOBIIBHOMY OXOJIO/DKEHHI 3a3HAIOThH
aTOMHOTO IepeyrpyIOBaHHs, ITOB'I3aHOTO 3 YHOPSAKYBaHHIM y PO3TaIly-
BaHHI aTOMiB 000X KOMIIOHEHTIB. Y TIEpIIOMY 3 HUX aTOMH 30I10Ta (puc. 4.5)
3HAXOMATHCS Y BEpIIMHAX Ky0a, TOAI SK aTOMH Milli PO3TAIIOBYIOTHCS Y
LeHTpi KoxkHOI Tpani. Ha 1 xoMipky, oTxe, nmpumagae 1/8-8=1 arom 3omora
i 1/2:6=3 aromu Mifi, 0 MOXXHA TIOJATH CTEXiOMETPHIHOI (HOPMYIIO0
CusAu. Takuil crnas 30epirae rpaHelleHTpUYHY KyOiuHy ‘paTky — K 1y
HOro KOMITOHEHTIB.

o
O |
Q
=
s 0
Cu, Au 2;:‘ CuAu

Puc. 4.5. Kpucraniysa cTpyKTypa yHOPSAKOBAaHUX CIUIABIB Mii i3 30JI0TOM

VYnopsaxkyBasHs ciuiaBy 3 50 % Au MpUBOANTH 10 CYTTEBUX 3MiH HOTO
KPUCTAJIYHOI CTPYKTYPH: aTOMH MiJli TyT PO3TAIIOBaHi JIHIIE B IICHTPAax
0iuHMX TpaHeW Ky0a, a IEHTPH BEPXHBOI Ta HIDKHBOI I'paHel 3alMaroTh
aromu 3050Ta. OTKe, y KPUCTANIYHIH TPaTIi IOTO TBEPAOTO POIUUHY MiXk
JBOMA IIApaMU AaTOMIB 30JI0Ta PO3TAIIOBAHHWN Iap aTOMIB Mini, 4YWi
aToMHMH paxiyc Ha 12,5 % menmmii. BHacnizok nboro KpucraigigyHa rpaTka
MePETBOPIOETHC 3 KyOidHOI Ha TETparoHalbHY 31 CTYIICHEM TeTpa-
roHaNBHOCTI ¢/a=0,935. Ha omHy eneMeHTapHy KOMIipKy Terep MpHIaaae
1/2-4=2 aromu migi Ta 1/8-8+1/2-2=2 aromu 30iota. Take ocTiiiHe CIIiB-
BiHOIIEHHSI aTOMiB KOMIIOHEHTIB MOJXKHA IIOJaTH CTEXiOMETPUYHOIO
¢dopmymoro CuAu.

VY psani ciutaBiB ymopsiAKyBaHHS HOTpeOye HaI3BUYalHO TPUBAIIOTO
BiJNaiy, ajie 1 B I[bOMYy BHUIAJKy 3BHYAHHO HE JOCSTAETHCS MOBHUH MOpPS-
JIOK. 3 OIJISITy Ha IIe BBEACHO CIICIiabHy XapaKTePUCTHKY — CTYIIIHb yIIOPSI-
KOBaHOCTI, a00 TTapaMeTp JAJEKOTO MOPSIKY S

S=(r-w)/(r+w), 4.2)
Iie ¥ — IMOBIPHICTH TepeOyBaHHA aToMa Yy "TipaBriibHOMY" (7ight) TIOOXKEH-
Hi; W — T€ X A "HenpaBmIbHOTO" (Wrong) HOTO TOJIOKEHHS.
3po3ymilno, mo 3aBKIn
r+w=1. (4.3)

[pu mosrOMy mopsinky w=0, r=1 i S=1. IloBHe po3ymOpsAKyBaHHS
Oyme, ko r=w i S=0. S MOXHa BU3HAYHTH 3a CITiBBiTHOIICHHIM
CTPYKTYpHUX Ta HAJACTPYKTYPHUX IHTep(PEpEeHUIHHUX MaKCHMyMiB Ha
PEHT eHorpamax.

Axmo mpu abconroTHOMY Hym Temmeparyp S=1, ToOTo yci atomu
3HAXOMATHCST B "TIPaBHIBHUX" MOJOKEHHSAX, TO i3 30UIBIICHHSIM TEMIIe-
paTtypu iX TEIIOBi KOJIMBAHHS BUKJIMKAIOTh IOBUIBHE MTOPYIICHHS MOPSIIKY,
IesKi aTOMH TIOYMHAIOTH 3aiiMaTH "HempaBIIIBbHI" MOJOXEHHS 1 S
3MeHIIyeTscs. Ilpu monmanpimoMy MiABUINEHHI TEMIIEpaTypd MpoIec
PO3YTIOPSIKYBaHHS Mporpecye, 1 mpu neBHid Temmeparypi $=0. Lle — Tax
3BaHa KpUmuuHa memnepamypa ynopsoxyeanns (mouxa Kypnaxoea). Bume
Hel TEeIUIOBa CHEepris HAATO BeNMKa Uil 30epeeHHS MOpSAKY B 00'eMi,
OimpIIOMY 32 €NEMEHTapHY KOMIpKY, XO4 ONM3BKHN MOPAIOK INe MOXKe
30epertucs.

ToMy Bci ymopsiAKoBaHi TBEpIi PO3YMHM CTiHKI JIUIIE MPH MTOPiBHIHO
HU3BKHX TeMmIeparypax. [Ipu HarpiBaHHI 0 OUTBII BUCOKHX TeMIIEparyp
BOHH a00 TEepeTBOPIOIOTHCS Ha HEYIOPAOKOBaHI, ab0 po3mamaroThcs Ha
cymim nBox as.

M. AreeB 3anporioHyBaB Oiacpamu ynopsaoxysaunsa (puc. 4.6). Ha Hux
T¢— TeopeTHuHa TeMmIepaTypa kpucranizauii; 7' - — Touka KypHakoBa;
T'p — xpuTu4Ha TeMieparypa audysii, HuxK4e Bi AKOI BOHA IIPAKTUYHO HE
TIPOXOJHTE.

MoskmmBi Taki BapiaHTH:

a) Tc>T¢>Tp — clulaB KpHUCTaNli3y€TbCAd 3 YK€ YHNOPSIIKOBAHUM
pO3TalllyBaHHSIM aToMiB, Hanpukian, AgMg, AuZn, CusS;

0) T¢>T>Tp — yHOps,IKOBaHICTb 3'ABIAETHCA yXKE B TBEPAOMY CTaHI.
Ho Hux, kpim yxke sraganux Cus Au i CuAu, Hanexars Takox FezAl, FeAl,
criaB Teiiciepa Cu,AIMg Ta iHmi;

B) I'¢>Tp>T — YTBOPEHHA YHOPSAIKOBAaHOIO TBEPIOIO0 DPO3YMHY
HEMOXJIMBE, 00 qu(y3is NPUIMHUTBCA paHille, Hbk Oyae nocaruyra 1.

[Tpouec ynopsaxyBaHHS TBEPAMX PO3YMHIB 3HAYHOIO MIpPOIO BIUIMBAE
Ha BIAacTHBOCTI cruiaBiB. Ilopsa 3 €IeKTpOONnOpOM 3MEHIIYETHCS TAKOXK
IDTACTUYHICTH CIUIABIB, a IX TBEPIICTh Ta MIITHICTh 3pOCTAOTh. MIKpOCTPYK-
Typa IpH YHOPSIKYBaHHI 9acTO HaOyBa€ rodacToro XapakTepy.

4.4. IlpomixHi ¢a3zn

€auHOTO BW3HAYCHHS IUIA Takmx (a3 He icHye. Haifwacrime BuKo-
PHUCTOBYIOTBCS TaKi:
1. Ilpomisxcnumu ¢pazamu HA3UBAIOTBCA Ti, IO 3aiiMarOTH IPOMIXKHE
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Puc. 4.6. [liarpamu ynopsiakyBasHs (3a M. AreeBum)
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CTaHOBHINE M)XK TBEPIUMH PO3UYMHAMU Ta XiMIYHHMHU crionykami. [ToniOoHo
JI0 TIEpIINX, TIPOMiXKHI ()a3u iCHYIOTh Y TIEBHOMY IHTEpBai KOHIICHTPAIil,
aje SK 1 OCTaHHi, XapaKTePU3YIOThCS CTEXIOMETPUIHUM CITiBBITHOIICHHIM
aToOMiB KOMITOHEHTIB.

2. Ilpomisxcnumu ¢hazamu HA3UBAOTHCA YCi HOBI (a3m, MO YTBOPIO-
I0TBCSl Y 0araTOKOMIIOHEHTHHX CHCTEMax, KpUCTAIIYHa CTPYKTypa KOTPHX
BiJIPI3HAETHCS BiJ] CTPYKTYPH KOMIIOHEHTIB, AKi iX yTBOpWIH, a00 TBEpAUX
PO3YNHIB Ha iX OCHOBI.

4.4.1. EnexTpoHHi ¢a3u

i dasu Busaeneni ta geranbHO nociimkeni Y.HOM—Posepi, 3Bimcu ix
Ipyra Ha3Ba — @asu FOm—Po3zepi.

Enexmponni ¢pazu yTBOPIOIOTH J]Ba METaJIM, OAWH 3 SIKUX € OIHOBa-
neatHuM (Cu, Ag, Au) a6o mepeximaum (Fe, Co, Ni, Pt, Mn, Pd, Rh), a
JIpYTHid — IPOCTUM METAJIOM 3 BaJIGHTHICTIO Bix 2 1o 5 (Be, Mg, Zn, Cd, Hg,
Al, Ga, In, Si, Ge, Sn, Pb, Sb).

EnextpoHHiI (a3 XapakTepu3yIOThCS NEBHHUM CITiBBiTHOIICHHSIM
KITBKOCTI BaJCHTHHUX EJIEKTPOHIB e 1 KUTbKOCTI aroMiB a (tadm. 4.2). Ilpu
LbOMY IIEPEeXiTHUM METaJIaM Yy Pi3HUX BUITAAKaX MPUITUCY€ETHCS HE BIACTHBA
iM BasieHTHICTH Bix 0 mo 2.

Tabnuysa 4.2. OcHOBHI XapaKTepUCTHKHU €JIeKTPOHHUX (a3

e/a 3/2 (1,50) 21/13 (1,62) | 7/4 (1,75)
Dasa B v & Y €
Ddopmyna CuZn Cus Si AusSn CusZng Cus Zn
rpaTKa Az A13 A3 A12 A3

€ Tpu THIM eneKTpoHHMX (a3 3 e/a, mo nopisHioe 3/2, 21/13 Ta 7/4.
VYnepuie Taki ¢a3u Oynu BUSBICH] y CUCTEMI MiJb—IIMHK, iX OCHOBHI Ha3BH —
B, yi € — OX0IATH came 3 1€l CHCTEMH.

Koxwna enexktpoHHa (haza Mae MeBHY KPUCTANIYHY "paTKy, BIIMIHHY Bij
'paTOK KOMITOHEHTIB. AIle TIpH €JCKTPOHHIN KOHIEeHTpamii 3/2 € Tpm ix
tanu: —tuny 4, (OUK), 4 — tumy A3 (ckinagsa Kky6iuna 3 20 aroMamu Ha
KOMipKy, ToniOHa 1o rparkd S-Mn) ta {— tuny A; (IK 3 e/a=1,633). Yci ¢
¢da3u maroTe ‘parky Ty A4;, (ckiagHy KyOiuHy 3 58 aromamu Ha ene-
MEHTapHy KOMIpKY, HoniOHy mo rpatku o-Mn. Hapemri, yci &-dasu Tex
MaroTh ‘parky tumy Az (I'K), ane 3 e/a=1,57.

B- & i ¥ dasu 3Buuaiino ynopsaxosani — ax g0 T abo Hasite Ty
(ynmopsakoBati (ha3u M03HAYAIOTH 10AaTKOBMM IuTpuxoM: 3, § uu y). u- i
£-(hazu — HeyNopsIKOBaHi.
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VY crutaBax Mifi, cpibna Ta 3070Ta P eNeKTPOHHIN KoHIeHTparii 3/2
30LIbIIEHHS BAJEHTHOCTI KOMIOHEHTa B cnpuse yTBOpeHHIO -, {- Ta
{-das 3a paxyHok - ra .

e/a nae TEOPETUYHUH, MAKCUMAIBHUN BMICT APYTOr0 KOMITIOHEHTa (3
OUTBIIOI BaJICHTHICTIO), OCKUIBKH IIi 3HAYCHHS € TPAaHUYHO IPHITYyCTH-
MUMH. AJle Ha MIPAKTHULIi eNeKTPOHHI (ha3H iCHYIOTh y Miama30Hi KOHIIEHTpa-
it mo oOmaBa OOKH BiX CTEXiOMETPUUIHOTO CKiany. Ha miarpamax crany y
OUX BUMAJKaX iCHYIOTb o0racmi eoMo2eHHOCMI TBEPOUX PO3UMHIB Ha 0asi
SIIEKTPOHHHUX (a3 — THM BYXYi, YUM OLIbINA PI3HUIS aTOMHUX PaiyciB
KOMIIOHEHTIB.

OTxe, eNeKTPOHHI (Da3H XapaKTePH3YIOThCA XIMITHOO (DOPMYIIOI0, IO
miuiarae crexiomerpii (0€3 ypaxyBaHHS IHKONH HOPMAJIBHOI XiMIYHOI
BaJieHTHOCTI). Lle meBHOIO Miporo 30IDKY€ 1X 3 XIMIYHUMH CIIOTyKaMH, Ha
KOPUCTb YOTO CBIMYHTH TAKOXK HASBHICTh y HUX BJIACHOI, crenuidHol
KpUCTaNIYHOI ‘paTku. AJjie eNneKTpoHHI (Pa3u GopMyroThcs 0€3 MOCTaTHBO
KOpCTKOi (ikcarlii po3TamryBaHHS aTOMIB y 'paTii, IO CTaBUTH iX MO
OIHOTO psANYy 3 TBEPOIUMH pO3UYMHAMH 3aMimieHHsA. KpiMm Toro, CTymiHb
YIOPSIKOBAHOCTI E€JNEKTPOHHHUX (ha3 3aJeKUTh BN TEMIIEpaTypH, TOOTO
BOHHU HE € JaJIBTOHIIaMU.

4.4.2. ®a3u HiKeJIb-apCEHIAHOIO THILY

KomroneHTOM A B HHX € Ti )X METaJIH, IO B eNIeKTpoHHMX ¢a3ax (Cu,
Fe, Ni, Co, Mn, Cr, Pt, Rh, Pd), a xommoHerTOM B — mpocTi MeTanu 3
BaJIeHTHICTIO 4...6 (Sn, Sb, As, Se, Te, Bi) Ta Hemeram 3 niarpyn /VB...VIB (S).

Bigomo, mo emementy miarpym /VB...VIB 3a cBoiM XapaKTepoM i THUIIOM
YTBOPIOBAaHMX HHMMHM 3B'S3KIB € €JIEKTpOHEraTMBHUMHU. ToMy BOHHM 3aliMaioTh
NIPOMDKHE CTAaHOBHIIE MDK MeTajllaMd 1 HEMETallaMH, cepell HHX € SK
TIPOBITHUKH, TaK 1 HAIBOPOBIHUKH. 3 1€l MpuurHY a3y HiKeIb-apCceHiTHOTO
THITY TEX € IPOMDKHIMH MK METaJIEBIMH Ta HEMETAICBUMH (pazamuL.

Cknan a3 wikenv—apcenionoco Tily Biarnosinae dopmyini AB, ane
3BUYaiHO B 00MaBa OOKHM € 00JacTh I'OMOI'€HHOCTI, OCKIJIbKHM METaleBi
aTOMH MOXYTb OyTH y Ha/UIMIIKY 32 paXyHOK TPHUTOHAJIBHUX MOPOXHUH y
"parii KoMIoHeHTa B.

HazBa miei rpymu a3 moxoauTh Bif THHOBOTO Ii MpeICTaBHUKA —
apceHiqy Hikemo NiAs. Yci BOHM MaiOTh OJHAKOBY KPHUCTAJIiuHY  parky,
TaKy X, K 1 B NiAs: eexcaconanbHy Komnakmuy, YTBOPEHY OUTBIINMH 32
po3MipaMH aToMaMH KOMIIOHEHTa B, B OKTaCAPUYHHX ITOPOKHHHAX SKOI
pO3TaIIOBaHi MEHIIIOTO PO3Mipy aTOMH KOMIIOHEHTa A, SKi y CBOIO 4epry
YTBOPIOIOTH NPOCTY T'eKCaroHajbHy PaTKy 3 Y/IBi4i MEHIINM IEPioIoM c.
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4.4.3. Curma-¢azu

Taky nasBy iM namu E.beitn i A.Ipiditc (1927 p.), siki BuBYaIH
CUCTEMY 3a7i30—XpoM 1 BHUSBWIH MiABHIICHY KPUXKICTh CIUIABIB, CKJIaL
KOTpUX ONM3BKUIN IO €KBIaTOMHOTO.

Curma-¢asu yTBOPIOIOTb /1Ba MEPEXITHUX METAJIH: KOMIOHEHT 4 —3 VA
a6o VIA niarpyn nepiogumunoi cucremu (V, Nb, Ta, Cr, Mo, W), a xomro-
HeHT B — 3 VIIA ninrpynu (Mn) a6o VIII rpymu (Fe, Co, Ni) mi€ei cucremu.

s yTBopeHHs curma-¢hasu HeoOXiIHo, 1100:

1. Pi3Huns aroMHHX pajiyciB KOMIIOHEHTIB He nepeBHuryBaa §%.

2. OnyH 3 KOMIIOHEHTIB MaB KpucTalliuHy ‘parky tuny 4, (OLK), a 'y
JpYyroro NprHaiMHI o7Ha 3 TosiMopdHIX MoanGikalili MoBUHHA OyTH THILY
A; (I'IK). O6uaBi 1ii yMOBU BUKOHYIOTBCS [JI IIEpEIideHUX BHIIIE METaIB.
SAxmo x Ar>10% (MoFe, WFe, WCo), curma-asa € CTifiKor0 IpH BECOKHX
TeMITepaTypax, a i3 3HWKEHHSIM TeMIIepaTypy pO3MaaacThesl.

VYei curma-hazu OMMCYIOTBCS OTHAKOBOIO CTEXIOMETPHUYHOIO (opMy-
7010 AB. JIns 6araThoX 3 HUX XapaKTepHI MAPOKI 00JacTi TOMOTEHHOCTI,
Hanpukian, VFe moxe Mictutu y co0i Big 43 1o 63 % (at.) Fe.

OpnakoBoro 11 ycix curma-a3s € i KpucraniyHa ‘paTka — THILY A,
TOOTO CcKIagHa TeTparoHaidbHa 3 30 aTomMamMH B €JIEMEHTapHIH KOMIpIIi,
nonibua mo ‘parku P-ypamy. Ile, Mik iHIIMM, CBiIYUTH PO THIIOBO
METaJIiYHUH XapakTep curMa-as, Ha o BKa3ye TaKOX iX THI IPOBIAHOCTI
TOIIO.

Curma-dasu 3ycTpidaloTbCcsi y XPOMOHIKEIEBHX HEPXKaBIIOUMX Ta
KApOMILHUX CTAJSX, JIe iX YTBOPEHHS CIIPUYIHMHIOE ITiABUIIEHHS KPHUXKOCTI.

4.4.4. ®a3u NPOHUKHEHHS

SK i TBepAl pO3YMHM IPOHUKHEHHS, (Pa3U NPOHUKHEHHS YTBOPIOIOTHCS
NpU B3a€MOJIii €JIEMEHTIB, SIKi y)Ke BiJIPi3HSAIOTHCS aTOMHUMH PajiycaMu:
MepexiIHUX METaTIB Ta BOJHIO, 30Ty, ByrIewnto Ta 6opy. [Ipu npomy mera-
JIeBi aTOMH YTBOPIOIOTH Ty a00 iHITY KPUCTAIIYHY pPaTKy, a B il MMOPOKHH-
Hax PO3TalIOBYIOTHCSI HEMETAJIEBI aTOMH.

Otxe, (a3 NPOHMKHEHHS € TiApHIaMy, HiTpuaaMmu, kapoigamu ado
6opuiamu nepexinHux meramnis. Sxmo rp/r 4<0,59, yTBOprO€ThCS munosa
(ha3za MPOHMKHEHHS 3 MPOCTOI KPUCTATIYHOI "PATKOI0, MPOCTOK CTEXio-
METPUYHOIO (OPMYJIOI0, SIKa BaXXKKO PO3UYMHSETHCA B AyCTEHITI NpH
HarpiBaHHi CTai miJ rapryBaHHa. SIkimo x /v 4>0,59, yce sikpa3 HaBnaku
(nemunosi $a3u nponukHeHHs). J[o ocTaHHIX HalexaTh yci Oopuau mnepe-
X1THMX METaJIB, a TAKOXX KapOiM TAKUX BAKIMBUX 3 IIPAKTUYHOTO MOIISTY
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METAJIiB, SK 32130, Mapranels, XpoM. OCKUTPKH 1X aTOMHI paliycu JOpiB-
HIOIOTh ”Fe:1’27& rMn=1,3O/D%; rcr=1,28A, To A iXx KapOimiB rp/ry
ctaHoBuTh Bigmosimuo 0,605; 0,593; 0,60, mo i BH3HAYa€ HETHITOBUI
xapakTep nux ¢as.

Ilpu rp/r 4>0,41 atoMu HemeTally pO3TaLlOBYIOTHCS B OKTaeIPUYHUX
MIOPO’KHUHAX, Y IPOTHJICKHOMY BHIIA/IKy — B TETPACIPUIHUX.

TuroBi ¢a3u NpOHUKHEHHS MOXYTh MaTH OAHY 3 4 CTEXiOMETPHUIHUX
(hopmyIt, KOXKHIH 3 IKUX BiAMIOBiae eBHA KpUCTalliyHa parka (Tadm. 4.3).

Tabauysa 4.3. OCHOBHi XapaKkTepUCTHKH (a3 NPOHUKHEHHS

Dopmya KpI/VICTaJ'Ii‘IHa Koopaunariiiine Tpucnan
partka YHCIIO0

A4B A (T'IK) K12,6 FesN
AB A3 (T'K) 2,6 W,C
A (T'IK) K12,6 TaC

AB A; (OLIK) K8,6 TaH
Ag 16,6 WC

AB» Asg ZrH;

Kpucraniyni ‘patrku A, i Ag (IpocTa rekcaroHajibHa, IOAi0Ha 10
"patku rpadirty) 3ycTpivaroThes y (a3 MPOHMKHEHHS JOCHTh piako. Iparka
THIy A — TPaHEIeHTPIYHA TeTPAroHAIIbHA i3 CTyIICHEM TEeTPAaroHaNbHOCTI
c/a<l, momibHa 10 "paTKH iHAII0. ATOMH BOJHIO Ta BYIVICIIO IIPOHUKAIOTH Y
TaKy 'paTky, sIK IPaBHJIO, TapaMHu.

Binpmicts a3 mpoHUKHEHHS Ma€ 3MIHHHH CKJIa[l, 001acTi IX TOMOTeH-
HOCTI 1HKOJIM HaJ13BUYaiiHO mupoKi, Hanpukiaz, Fe,N mictuts 17...33 % (ar)
N, UC; — 26...65 % (ar.) C, To0TO 1€ TBEpAl PO3UUHU BUIIydeHH 3 Aedi-
LUTOM HEMETAJIECBUX aTOMIB.

®a3u MpOHUKHEHHS, X04a i MICTITh iHKomu A0 50...60 % HeMeTaneBux
aTOMiB, MAlOTh SIBHO BUpPaXCHI METAaJIi4HI BIIACTHBOCTI: BHCOKY EIIEKTPO-
MIPOBIIHICTH, METATIYHIHA OJIFICK, HAATIPOBIAHICTE Tomo. KapOinn 1 HiTpuan
3 yncia (a3 MPOHUKHEHHS € ayke TBepaumiu (7...9 3a mkanoro Mooca) Ta
BakkoTorkimu (Harpukia, TaC masutkcest mpu 4150 °C, ZrN —pu 3000 °C),
MePeBKAOYHN 32 TEMIEPATypor0 IUIABICHHS YUCTI METalH, sKi caMi €
Baxxkotonkumu (Ta mae Temmeparypy miasmeHas 3000 °C, Zr — 1852 °C).

4.4.5. ®a3m JlaBeca

®a3zu JlaBeca € THIIOBUMH MPEACTaBHUKAMHU MPOMDKHHX (a3 MmoCTiid-
HOTO CKJIJy.

BoHU MaroTh CKJaj, SKUil OMUCYETHCS OAHIEI H TiE K (HOPMYIOH0
AB,, 1 KpUCTaNiuHy CTPYKTYpy Tpbox TumiB: C;s; (ckiangHa KyOiuHa, SK Yy
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MgCu,), C14 (cxknagHa rekcaroHajibHa, K y MgZn,), C36 (Tex cxianHa
reKCaroHallbHa, aje iHma, 1k y MgNi,).

OcHOBHa yMOBa YTBOpEHHS IMX (a3 rmoisrae y TOMY, IIO0 CITiB-
BiJTHOIIIEHHS] aTOMHUX PaJliyciB KOMIIOHEHTIB TEOPETUIHO CTAHOBHIIO

rp/rg=1,225 4.4)
a6o Oymo 6mu3pkuM 1o mporo (1,1...1,3). 3 mporo BHIDIMBAE BiACYTHICTH y
(a3 JlaBeca moMiTHOI 00TaCTi TOMOTEHHOCTI.

Atomu xommoHeHTa 4 (Mg) yTBOPIOIOTH 'paTKy 3 KOOpPIMHAI[IHHUM
gucnoM 4, komnoneHTa B (Cu,Zn,Ni,...) — 3 KOOpAWHAIIIHHUM YHUCIIOM ©.
Kosxen atom A orouenunii 12 aromamu B, a BoHH — 6 atToMamu A.

®a3u JlaBeca yTBOPIOIOTHCA MPHU B3aEMOJIi TBOX METaliB, PO3TAIIO-
BaHMX MPAKTUYIHO Yy OyIb-IKOMY MICIIi IepiOANIHOT CHCTEMH E€IIEMEHTIB,
y ToMy uHcii, 1 B onHilt ii rpyni (NaAu,). IIpu npoMy onuH i Toi xe Me-
TaJl MO)Ke BUCTynartu i B poni A4, 1 B poni B (FeBe, i MoFe,, BiAu, i
KBi,).

®a3n JlaBeca MalOTh METANIYHHUNA XapakTep, Mpo IO CBiqJaTh THM X
MIPOBITHOCTI Ta iHII BIACTUBOCTI. BOHM 3yCTpivaroThes SK 3MIITHIOBAIIBHI
(hazu B XKapOMIITHHX CIIABaX.

4.5. Pe3rome

BpaxoByroun BuIecka3aHe, MO)KHa 3pOOWTH BHUCHOBOK, IO XiMidHA
B3a€EMOJiI KOMIIOHEHTIB INPH YTBOPEHHI (a3 y MeTaleBHX CIIJIaBax
TTOCHITIOETHCS y TaKil MOCIIZOBHOCTI: 3BUYAWHUH (CTAaTUCTHYHHN) TBEPANI
PO3YMH, YIOPSIIKOBaHUH TBEpANNA pO3UNH, IPOMIXHI (ha3r 3MIHHOTO CKIIALy
(emexTpOHHI, HIKETh-apCEHITHOTO THUIY, cuTMa-(asn, ¢pa3u MPOHNKHEHHS),
XimiuHi cionyku (BajieHTHi Ta ¢a3u JlaBeca).

Y mpoMy psay TpW Tepexodi Bil TBEPAOrO PO3YMHY IO XiMIUHOL
CHOYKH TTOCTaOIIOETHCS METATIIIHUH 3B'A30K, SAKAN 301HCHIOETHCS BiTbHU-
MH €JIEKTPOHAMH, 1 MOCIITIOEThCA KOBAJIICHTHHU (CHpPSMOBAaHWI) 3B'S30K,
SKHUH 31ACHIOETHCS CIIAPCHUMH EIIEKTPOHAMH.

VY 6inmpmocti MetaneBux (a3 € 3B'I3KM 000X BUAIB, 1 3aJEKHO Bifl iX
CHIBBIIHOIIEHHS yTBOPIOETHCS Ta a0o iHma ¢aza. [locumeHHs KOBaJeHT-
HOTO, CIPSIMOBAHOTO 3B'A3Ky NPHBOAHUTH A0 YHOPSAKOBAHOTO PO3TAIy-
BaHHS aTOMIB. Y XIMIYHHX CIIOlyKaX BOHO 30epiraeThCcs ax A0 TEMIEeparypu
rTaBieHHs. [IoCHICHHS K METaJIeBOro, HECIPSIMOBAHOTO 3B'SI3KY POOHTH
aToMd 000X KOMIIOHEHTIB PIBHOLIHHAMH y CTPYKTYpPHOMY PO3yMiHHI, i
BOHH MOXYTh TOCIiTaTé Oyab-AKi MICII B 'paTiii TBEPAOTO PO3UHHY YU
npoMmixkHOi (pasu mpu Oymb-sAKid TemrepaTypi abo xo4da O BHIIE TOYKH
Kypnaxkosa.
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Jnst momermeHHs imeHTH}iKanii mpoMibKHHX (a3 3a IX CKIaJAoM
KOPHUCHOIO MOXe OyTH 3BeneHa Ttabmuis (tabm. 4.4), me 3Hakom "+
MMO3HAYEHI MOXKJIMBI BapiaHTH CTEXiOMETPHYHOTO CKIIaTy THX UM IHIIKX (a3.

Tabnuys 4.4. Moxnusi crexiomeTpuuHni ¢popmysiu npomMizHUX ¢a3
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@asza AsB | AsB AzBg A3B [AyB4| AoB |AsB3|A3By| AB [AsBg| AB> | AB3

BanenTna + +

Enekrponna | + + + + + + +

NiAs-tumy

Curma-

|||+

[IpoHHKHEH-H]

JlaBeca + + +

Po3aia 5
JIATPAMMU CTARHY HOI[BIP'IHI/IX CUCTEM

5.1. OcHOBHI ysIBJICHHA

[loHATTS cucmema HaA3BUYaWHO IIMPOKE Ta PI3HOIIAHOBE 1 BHKO-
PHUCTOBY€ETHCS B 0ararbox Tady3sx 3HaHHS Ta OisutbHocTi. 1l{omo meraro-
3HABCTBA BAKJIMBUMH € TaKi OTO acIeKTH:

Mamepianvnua cucmema — 9acTUHA IPOCTOPY, 3aIIOBHEHA PEYOBUHOIO,
AKy BUAULIOTH Ui Oyab-SKOTO [IOCIHiIKEHHS. Pemta HaBKOJHIIHBOTO
MIPOCTOPY HA3UBAETHCS 308HIiUUHIM cepedosuuyem, abo 008KiIAM.

Tepmoounamiuna cucmema — MatepiallbHa CHUCTeMa, MK OKPEMHMH
YaCTHHAMH SIKOT MOXKJIMBUH OOMiH €HEpri€ro.

DizuKo-ximMiuna cucmema — MarepiaJibHa CUCTeMa, MiX YaCTHHAMH
SIKOT MOYKJIMBHI OOMiH HE JIMIIE €HEePTi€ro, a i peYOBUHOIO.

Y Merano3HaBCTBI (i3HKO-XIMIYHUMH CUCTEMAMU € wucmi memanu i
Memanesi Cniasu.

3aneXHO BiJ XapakTepy 3B'SI3Ky CHCTEMH i3 30BHIIIHIM CEpPEIOBHIIEM
PO3PI3HAIOTH CUCTEMH 130JIbOBaHi, 3aKPUTi Ta BiJKPHTI.

I3onvosani cucmemu He OOMIHIOIOTBCS 13 HABKOJIMIIHIM CEPEIOBUIIIEM
Hi €HEpricro, Hi PEYOBUHOIO; 3aKPHUTI CHCTEMH OOMIHIOIOTHCS IIHIIE
EHEPri€lo; BIAKPUTI — 1 TUM, ¥ 1HIINM.

Y MeTaj03HaBCTBI 3yCTPIYarOThCS 3aKPHUTI CHCTEMH, HAIPHKIIA] METal
y BimkadaHiii 1 3amasHiil aMmmymi, ane 3A€0LTBIIOr0 METaJIO03HABI[ MAalOTh
CIpaBy 3 BIIKPUTHMHU CHCTEMaMH.

Di3UKO-XIMIYHOIO CHCTEMOIO € He JIUIE OKpPEeMHUH CIUIaB, ajie W ycs
CYKYIHICTP HECKIHUEHHO BEJIMKOI KIIBKOCTI CIUIaBiB, YTBOPEHUX AaHUMH
KOMIIOHEHTaMHU.

Komnonenmamu Ha3MBarOThCS 1HAWBIAyalbHI PEYOBUHU, 3/aTHI iCHY-
BaTH B 130JJbOBAHOMY BUIJISMI, MiHIMAJIBHOI KiJIBKOCTI SIKHX JOCTaTHBO IS
YTBOpEHHS ycix ¢a3 cucremMu. KinbKicTh KOMIIOHEHTIB HE OOOB'S3KOBO
MOBHHHA JIOPIBHIOBATH KUIBKOCTI IHAWBIAYyaJIbHHX PEYOBHUH, 3ATHUX
YTBOPHUTH CHUCTEMY, a MOXke OyTu MeHmor. Hanpukian, cruiaB amroMiHiro i
5 % Mg,Si npu KiMHaTHIH TemnepaTypi Mae ABI PIBHOBaXHI (azu —
TBEPIUH PO3UMH MarHilo i KpEMHIIO B ajIIOMiHii Ta XiMiyHY crionyky Mg, Si.
AJle KOMIIOHEHTIB Yy HborO He 4 (Al, Mg, Si, Mg,Si), a nume 2 (Al i Mg,Si).

OTxe, KOMIIOHEHTaMH € HE yCi, a JUIIe He3aleKHi 1HANBITyanbHi
PEYOBUHU CHCTEMH, KUIBKICTh SIKMX MoOxxe OyTH He Olnblie Bi 3aralb-
HOT KUIBKOCTI PEYOBUH, IO YTBOPIOIOTH CHCTEMY. SIKIIO B CHCTEMi HE
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Jnst momermeHHs imeHTH}iKanii mpoMibKHHX (a3 3a IX CKIaJAoM
KOPHUCHOIO MOXe OyTH 3BeneHa Ttabmuis (tabm. 4.4), me 3Hakom "+
MMO3HAYEHI MOXKJIMBI BapiaHTH CTEXiOMETPHYHOTO CKIIaTy THX UM IHIIKX (a3.
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Po3aia 5
JIATPAMMU CTARHY HOI[BIP'IHI/IX CUCTEM

5.1. OcHOBHI ysIBJICHHA

[loHATTS cucmema HaA3BUYaWHO IIMPOKE Ta PI3HOIIAHOBE 1 BHKO-
PHUCTOBY€ETHCS B 0ararbox Tady3sx 3HaHHS Ta OisutbHocTi. 1l{omo meraro-
3HABCTBA BAKJIMBUMH € TaKi OTO acIeKTH:

Mamepianvnua cucmema — 9acTUHA IPOCTOPY, 3aIIOBHEHA PEYOBUHOIO,
AKy BUAULIOTH Ui Oyab-SKOTO [IOCIHiIKEHHS. Pemta HaBKOJHIIHBOTO
MIPOCTOPY HA3UBAETHCS 308HIiUUHIM cepedosuuyem, abo 008KiIAM.

Tepmoounamiuna cucmema — MatepiallbHa CHUCTeMa, MK OKPEMHMH
YaCTHHAMH SIKOT MOXKJIMBUH OOMiH €HEpri€ro.

DizuKo-ximMiuna cucmema — MarepiaJibHa CUCTeMa, MiX YaCTHHAMH
SIKOT MOYKJIMBHI OOMiH HE JIMIIE €HEePTi€ro, a i peYOBUHOIO.

Y Merano3HaBCTBI (i3HKO-XIMIYHUMH CUCTEMAMU € wucmi memanu i
Memainesi cniasu.

3aneXHO BiJ XapakTepy 3B'SI3Ky CHCTEMH i3 30BHIIIHIM CEpPEIOBHIIEM
PO3PI3HAIOTH CUCTEMH 130JIbOBaHi, 3aKPUTi Ta BiJKPHTI.

I3onvosani cucmemu He OOMIHIOIOTBCS 13 HABKOJIMIIHIM CEPEIOBUIIIEM
Hi €HEpricro, Hi PEYOBUHOIO; 3aKPHUTI CHCTEMH OOMIHIOIOTHCS IIHIIE
EHEPri€lo; BIAKPUTI — 1 TUM, ¥ 1HIINM.

Y MeTaj03HaBCTBI 3yCTPIYarOThCS 3aKPHUTI CHCTEMH, HAIPHKIIA] METal
y BimkadaHiii 1 3amasHiil aMmmymi, ane 3A€0LTBIIOr0 METaJIO03HABI[ MAalOTh
CIpaBy 3 BIIKPUTHMHU CHCTEMaMH.

Di3UKO-XIMIYHOIO CHCTEMOIO € He JIUIE OKpPEeMHUH CIUIaB, ajie W ycs
CYKYIHICTP HECKIHUEHHO BEJIMKOI KIIBKOCTI CIUIaBiB, YTBOPEHUX AaHUMH
KOMIIOHEHTaMHU.

Komnonenmamu Ha3MBarOThCS 1HAWBIAyalbHI PEYOBUHU, 3/aTHI iCHY-
BaTH B 130JJbOBAHOMY BUIJISMI, MiHIMAJIBHOI KiJIBKOCTI SIKHX JOCTaTHBO IS
YTBOpEHHS ycix ¢a3 cucremMu. KinbKicTh KOMIIOHEHTIB HE OOOB'S3KOBO
MOBHHHA JIOPIBHIOBATH KUIBKOCTI IHAWBIAYyaJIbHHX PEYOBHUH, 3ATHUX
YTBOPHUTH CHUCTEMY, a MOXke OyTu MeHmor. Hanpukian, cruiaB amroMiHiro i
5 % Mg,Si npu KiMHaTHI} TeMnepaTypi Mae /Bl piBHOBaxHi a3y — TBEp-
JMI PO3UMH MarHilo 1 KpeMHIIO B aJlloMiHii Ta XimMiyHy crioayky Mg, Si. Ane
KOMIIOHEHTIB y Hboro He 4 (Al, Mg, Si, Mg,Si), a nume 2 (Al 1 Mg,Si).

OTxe, KOMIOHEHTaMH € HE YCi, a JIMIIe He3aJe)XHI IHIUBiAyalbHI
PCUOBHHHU CHUCTEMH, KIJBKICTh SIKHX MOXKe OyTH He OLIblIe Bif 3arajabHOI
KUIBKOCTI pPEYOBHUH, IO YTBOPIOIOTH CUCTEeMy. SIKIIO B cucTeMi He
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BiIOyBArOTHCS XIMIWHI peaKmii, TO IIi BEIWMYUHH 30IiraloThCs; SIKIIO XK
BiI0yBalOTHCs, TO KOMIIOHEHTIB MEHIIIE Ha KiTBKICTh ITUX PEaKIIin.

3anexHO Bin pi3HUX (QaxkTOpiB piBHOBaru (Temmeparypa, THCK,
KOHIIEHTpalist) (i3UKO-XIMiIYHI CHCTEMH MOXYTh OyTH y pI3HOMY CTaHi.
Po3pi3HAOTH Taki iX cTaHU:

CmayionapHuii — cTaH, 10 HE 3MIHIOEThCS Y Yaci. Aje Temmeparypa,
TUCK, KOHLEHTpALsl y PI3HUX TOYKAX CUCTEMH pi3HI. SIKiIo cranioHapHy
CHCTEMY 130JII0BAaTH Bijl HAaBKOJIMIIHBOTO CEpEAOBHINA, TO ii cTaH mopy-
HThCSA, 00 MOYHYThCA IEPETBOPEHHS, SIKi MPHBEAYTH A0 BHUPIBHIOBaHHS
TeMIIEpaTypH, TUCKY Ta KOHLIEHTpaLlii.

Pisnosasicnuii cman € OKpeMUM BHIIAIKOM CTal[lOHAPHOTO, TOOTO TEX
HE3MIHHUH y 4Yaci. Aye TyT Temieparypa, TUCK, KOHLIEHTpalis He JINIIe
MIOCTiiHI, a i OTHAKOBI B YCiX TOYKaX cUCTeMH. ToMy piBHOBa)kHa CHCTEMa
Mae CKIHYCHHY KIJIbKICTh (hakTOpiB piBHOBaru (Temmeparypa, THCK,
KOHIICHTpAIlist), sIKi He 3MIHIOIOTbCS y 4Yaci i OHaKoBi B ycix 11 Toukax.

Jiarpamu cTaHy ONMCYIOTh caMe piBHOBaXKHI cTaHu cucteM. OcTaHHI
K, 3QJIEKHO BiJ] KIUTBKOCTI KOMIIOHEHTIB, MOXYTh OyTH OJWHAPHHUMHU,
MOJIBIMHUMH, MTOTPIHHUMHU TOIIO.

BpaxoByroun, 110 BIUIMB THUCKY y METaJ03HABCTBI 3BUYAHO He
PO3IIAIAETHCS, KOOPIMHATAMH, B SIKUX OY/yeThCs [liarpama cTaHy i ski, 10 peui,
€ OKpPEMHM BHWITAJJKOM KOOPIOWMHAT XIMIYHHMX Hdiarpam (paxmop pigHogacu —
BJIACTHBICTb, € TEMITEPATYPa 1 KOHIIEHTPAIIiS] KOYKHOTO 3 KOMITOHEHTIB CHCTEMHU.

Jliist moBIHHOT CUCTEMH TOCUTP 3a3HauyaTy KOHIIEHTPALil0 OIHOIO 3 ii
KoMIOHeHTiB. ToMy iarpaMa cTaHy Takoi CUCTEMH € IFIOCKUM KPECIEeHHSIM,
OOYAOBaHUM Y KOOPIHHATAX KOHYenmpayis KoMnonenma B — memnepamy-
pa. Tlpu upoMy BepTUKalbHa (TEeMIEpaTypHa) BiCh IIbOTO KpPECJICHHS
BOJIHOYAC € JiarpaMor0 cTaHy koMmmoHeHTa A. ToMy BHHHUKAE HEOOXiIHICTh
JOTIOBHUTH KpECIEHHS Jpyrol TeMIlepaTypHOIO Biccio, ska Oyne
Jiarpamoro craHy komrnoHeHTa B. KoxHa Touka y Mekax I[bOro KpEeCICHHS
300paXky€e CTaH CIJIaBy TEBHOTO XiMIYHOTO CKJIay TMPpH MEeBHIN TeMIeparypi
1 Ha3MBA€EThCS hicypamusHoio.

Jiarpamu cTaHy MeTaJeBHUX CHCTEM MAalOTh Ba)KJIMBE 3HAYCHHS HE
JIUIIE A7 METAIO3HABIIIB, a i I (axiBILiB 0araTbOX CyMDKHHX HAIpsMiB
(TepmicTiB, MeTanodi3ukiB, MaTepiaqo3HABIIIB, JUBAPHUKIB, 3BAPIOBATIHHHI-
KiB, (axiBuiB 3 0OpoOKM MeTayiB pi3aHHSAM 1 THUCKOM, 3 IOPOILIKOBOI
Metanyprii tomo). Came aiarpaMu cTaHy JalOTh MOMIJIMBICTH HayKOBOTO
MIPOTHO3Y CTBOPEHHS MaTepiaiiB 3 MOTPIOHUMH BIACTUBOCTSAMH. 3 1HIIIOTO
00Ky, BOHU JIO3BOJISIOTh PO3POOHMTH palliOHATbHI PEKUMU DPi3HUX BHUIIB
00poOKHM MaTepiaiiB i peasi3yBarH iX Ha HPaKTHI.

Haiinpocrinn niarpamu craHy MOXXyTh OyTH 1T0Oy/10BaHi 3a TEOpETHY-
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HUMH PO3PaxyHKaMH 3 BUKOPHUCTAHHIM Memody 2eOMempuyHoi mepmoou-
Hamiky. Ae OUTBIIICTH AiarpaM CTaHy peajdbHHX CHCTEM IO0ymIoBaHa
EKCTIIEPIMEHTAIBHO 3 BUKOPUCTAHHSAM Pi3HUX METOJIB MOCIiKSHHS, TTepIIe
MiCIle cepel SKUX HaJeKUTh, 0€3yMOBHO, TepMigHOMY aHamidy. JlilicHO,
OJlepKaHHS KPUBHUX OXOJIOJDKEHHS OyIb-sKOI KUTBKOCTI THIIOBHX CIUIABiB
JIOCIIDKYBaHOI CHCTEMH HE TOTpeOye Hi YHIKaIbHOTO OONagHaHHA, Hi
TIPUTOJIOMIIUTABOI TeXHIKH. Pe3ynbrati TepMidHOTO aHali3y HE BHMararoTh
HAJCKIIQJHOI HTepIpeTanii, HaBIaKu, MOXYTh Bipa3y OyTH BHKOPHCTaHi
IUTA TIOOYIOBH JTiarpaMu CTaHy.

KoHkpeTHmMii BHUITISAA IiarpaMu CTaHy BHU3HAYAETHCS IMPHPOIOIO il
KOMITOHEHTIB Ta XapaKTepoM iX B3a€MOIIl SIK y PiAKOMY, TaK, 3pO3yMiJo, i B
TBEPIOMY CTaHi i € TOCHTH PI3SHOMAHITHIM.

5.2. [liarpama cTaHy CHCTeMH, KOMIIOHEHTH KOI YTBOPIOIOTh
HellepepBHMIl P PiAKUX i TBePAUX PO3YHHIB

3po3yMino, M0 y IIbOMY BHIAJIKy MOBa MOXE WTH JIHIIE TIPO mEepodi
PO3YUHU 3amiujerHs, OCKUTBKH Hi TBEp/Ii pO3UYUHH IIPOHUKHEHHS, Hi TBEP/i
PO3YMHY BIIYYEHHS HE MOXKYTh YTBOPIOBAaTH HenepepBHUH psia. O1xe, 1t
TaKUX CHCTEM ITOBHHHI BUKOHYBaTucs Binomi npasuia FOmM—Posepi, Bukia-
neHi y po3n. 4.3.1.

VY 11bOMy BUIIaJKy JOaBaHHS KOMIIOHEHTA B 10 KOMIOHEHTa A 3HIXKYE
TEMIIEpaTypu KpHCTali3amii CIUIaBiB i, HaBOakd, aomaBaHHI A 1m0 B
iIBUIYE I[i TEMITEPATYPH.

Bimomo, 1mo mpy»XHOCTI mapiB, SKi HACHYYIOTH IPOCTIpP HAJ KPUCTa-
namu Oynb-sKOI PEYOBHHU 1 HAJ HOTO piaKoro (a3oro, JOPIBHIOKOTH OIHA
ozHi} y Touwi mIaBneHHs (puc. 5.1), ToOTO mpu Temneparypi ¢; BiANOBIIHI
KpHUBI TIEPETHHAIOTHCS, a 00MIBI (ha3u mepeOyBaroTh TYT Y CTaHI PIBHOBATH.
[ToniGHa cuTyamis XapakTepHa i AJIsl pO3UMHIB — PIAKHUX 1 TBEPIUX. Y HBOMY
BUIIAJIKY NPY>KHICTh ApH HIKYA, HIX JJIS1 YUCTOTO KOMIIOHEHTA, aJie HIbKIa
no-pisHomy. [lepuromy Bunazky (nonaBansio B 1o A) Bianosinae kpusa 4. Ii
TIEPETHH 3 KPUBOIO 3, 1110 300paXky€ MPY>KHICTh MapH HaJl PiIKUM PO3UUHOM,
BifOyBaeTbCsA IpPU TEMIEpPAarypi ¢, MpUuoMy ¢,<t;. Jpyromy BHIAIKy
(momaBanHIO A no B) BiamoBimae xpuBa 5. 3 puc. 5.1 BHIHO, IO TOYKA
HEepeTHHY ii 3 KPUBOIO 3 JIEXKUTH LIPU TEMIepaTypi ¢3, 1 13>¢;.

Hiarpama craHy, po sIKy e MOBa, € OIHIi€I0 3 HalimpocTimmx. Bona
MICTHUTB y co0i Bcporo aBi iHil (puc. 5.2). Bepxus 3 uux CFD e mninieio
IMOYaTKy KpHUCTali3alii OyIb-sSKOTO CIUTaBy M€l CHCTEMH 1 HAa3UBAETHCH -
nieto aixeioycy. Hwxusa ninist CHD € niHi€o KiHOA KpucTamiizamii ycix
CIUIABIB 1 HA3UBAETHCS JAIHIEN CONIOYCY.
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Puc. 5.2. Jliarpama craHy CHCTEMH, KOMIIOHEHTH SIKOT yTBOPIOIOTH HENICpepBHAUI
PSI PIAKKX 1 TBEPAWX PO3UHHIB (2) Ta KPHBA OXOJIOMKEHHS TUIIOBOTO CIUIaBy (0)
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Jlinii miKBigycy i CONigyCy MONUISIOTH YCIO IUIONIIY AiarpaMu Ha 3
oOmacti: BUIIE BiA JiHII JNIKBiAyCy po3TamoBaHa ogHO(a3Ha oO0IacTh
piakoro po3umHy, e ogHa onHO(a3Ha 00IACTh TOMOTEHHOCTI O~TBEPIOTO
PO3UMHY JICKUTh HIDKYE Bif JiHIl comimycy. Mik IHMMH JiHISIMH y Tak
3BaHOMY IHmepeani Kpucmanizayii po3TamioBaHa IBoQa3Ha 001acTh, ne
CHIBICHYIOTh 00WABa po3uMHH. Take B3aeMHE pPO3TallyBaHHSA obOiacTeit
Jiarpamu, KpiM 30pOBOTO INTy31y, BU3HAYa€ThCs e W npasuiom Maszinea
PO KITBKICTh (pa3 B 00MaCTAX, M0 CTHKAIOTHCS:

KBesnocepeonvo mescysamu 00na 3 00HOI0 nO IHIAX Oiacpamu MOXCYMb
Juwie maxi obracmi, KinbKicmos a3z y AKUX 8I0PISHAEMbCA HA OOUHUYIO.

BuBuenHs Oynp-AKOi JiarpaMul CTaHy MOABIHHOI CHCTEMH CKIIaTaeThCes 3
IBOX eramiB: 1) ii 3arambHOTO OMHCY; 2) aHANi3y MpPOLECY KpHCTai3amii
THUITOBHX CIDIABIB. Y CHUCTEMI, IO PO3IILIIAETHCS, OYIb-SIKHI CIUIAB € TUIIOBHUM,
OCKUJIBKH TIPOLIECH KpHCTalli3amii pi3HUX CIDIaBIB MAlOTh JIMIIE KiIbKiCHI
BigMiHHOCTI. JIOIIIPBHO TOpPYY 3 MdiarpaMor0 CTaHy 300pa)KyBaTH KpHBI
OXOJIOIKSHHS CIUIABIB, SKi aHAI3YIOThCA. SIKIII0 MacmTad 1mo TeMIepaTypHIX
0CsSIX Ha 000X pPHCYHKaxX 3pOOWTH ONHAKOBHM, 3'SIBISIETHCS MOXKIIMBICTH
TIEPEHOCUTH KPUTHYHI TOYKH CIUIABIB 3 OJHOTO PHCYHKA HA 1HIIHH.

[Ipoananizyemo mporec kKpucramizamii craBy /. KpuBa oxonomkeHHS
IIBOTO CIDIABY CKJIANAETBCA 3 3 MUIAHOK: (-1 BIATIOBINAE OXOIIOIKEHHIO
piakoro po3uuHy, /-2 — #oro Kpucramisamii, 2— 3 — OXOJIOMKEHHIO CILIABY,
0 BXe 3aKpUCTalidyBaBcs. Moro ocratouna crTpykrypa (puc. 5.3)
CKJIAZA€THCS 13 3epeH O-TBEPIOTO PO3UHHY.

Puc. 5.3. MikpocTpykTypa craBy / (cxema)
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Jlns OinpIn IeTanpHOTO aHai3y MPOIecy KPUCTANi3allil HOTO CIUIaBy
Tpeba CKOPUCTATHUCS TIPABUIIOM Bipi3KiB (BaXKels):

Jna eusnauenns ximiunozo cxknaody ¢as, wo nepebysaoms y pigHO8A31
00Ha 3 00HOI0, Yepes icypamusHy moyKy Cniagy nPo8oOaAmsb 2OPU3OHMAb-
HY NiHII0 00 nepemuny 3 JiHiAmMu diazpamu, sKi oomedcyroms 0any oonacme
diazpamu; npoeKyii Mmo4oK nepemurny HA GiCb KOHYEHMpayiti NoKa3yiomo
cKaou ¢as.

Toukn mepeTuHy, Mpo sKi ¥Wae MOBa, HA3UBAIOTHCS HOOAMU, A TIPSIMA,
10 iX 3'€IHYE, — KOHOOO0.

AJie IpaBIIIO BifpPi3KiB AO3BOJISE BU3HAYUTH HE JIMIIE XIMITHUH CKIIAL
(a3, a ¥ IXHIO BITHOCHY 1 aOCONIOTHY KiJIBKICTh:

s eusnauenns Kinbkocmi KodicHoi gazu uepes gicypamugny mouxy
cniagy npogoosims KOHOOY, ii 8iOpi3KU 0OEpHeHO NpONOpYiliHi KinbKOCMI
KOXCHOI 3 ¢has.

Hamnpuknan, y Touni fy piBHOBa3i 3HaXOATHCS PiIMHA CKIIALy TOUKH &
i o~(a3a xoHUeHTpawii ToukH 4. [Ipn pomy

%a/%p=fg/fh. (5.1)

SIKIIO cKopHCTaTHUTHCS IIUM IPaBWIIOM MpH aHami3i Impouecy
KpHCcTaltizalii cruiaBy /, TO BUSBIAETHCS, 110 3 PIAMHU KOHIEHTPALil TOUKH
1 BHIINSAIOTBCS KpUCTamM O-(pa3u KOHICHTpalii TOUYkH 4, TOOTO 30BCIM
IHIIIOTO XIMIYHOTO CKJIay. Y IIbOMY BHSBJISETHCS sl III€ OHOTO MpaBHiIa —
npasuna Konosanosa:

Teepouil pozuun BIOHOCHO PIOUHU 3a6AHCOU 30a2AYeHUTl MUM KOMNO-
HEHmOoM, KUl NIO8UWLYE MeMNepamypu Kpucmanizayii cniasis.

VY HamoMy BHTIaJIKy TaKUM KOMITOHEHTOM € A, OTXe, 3a OyIb-sIKOT TeMIIe-
parypu -daza 010 piAKOro po3unHy 30aradueHa came HUM. [Ipn 3HMKEHHI
TeMIepaTypy CKJIa] PIAMHN 3MIHIOETBCS Y3I0BXK JIHIT JIKBiLyCy Bix ToukH 1
JI0 TOUKH J, a CKIa]] O-(ha3u — T10 JiHil COiyCy Bif TOUKH 4 10 TOYKH 2.

OTxe, HaBITh Y IbOMY, UM HE HAMITPOCTIIIIOMY, BUITAKy KpHCTai3arIlis
€ KOMIUIEKCOM CKJAIHHMX IPOMDKHHMX TIpoueciB audepeHuianii Ta
BUPIBHIOBaHHS CKJIaJliB piaKoi 1 TBepmoi das.

BupiBHIOBaHHSI KOHIIEHTpAIii BiAOyBaeThCs 3a paxyHOK audysii sk
BCEpEIMHI KPHUCTAIIIB, TaK 1 MK PIJMHOIO Ta KpHCTAJaMH. 3pO3yMiJIo, [0
YUM OLTBIIOTO PO3MIipy KPHCTAJIM, THM JIOBIII BifcTaHi st Judysii i THM
TPHBAJIILII 11l IPOIlecH. Y PiIKOMY pO34MHI Iie BifOyBaeThCs 3a paxyHOK HE
nme audysii, a i KOHBEKIii, OTke, MBUALIE, ajle He MUTTEBO. Tomy mpu
O1IBII-MEHIT IBUIKOMY OXOJIOJKEHHI CIUIaBY, 110 KPUCTATI3Y€EThCS, CKIIal
piauHM He Oy/e BCTHTaTH 3MIHIOBATHUCS BiIIOBITHO JIO JiarpaMu CTaHy, THM
OiJIbIIIE [1E€ CTOCYETHCS CKIIAy KPUCTAIB.
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Ha mnpaktumi mpomecm audys3ii 3aBKOM BiICTAIOTh BiA MPOIECIB
KpHUCTalizalii, ToMy 3a OyIp-sKOi TeMIIepaTypH CKJIal TBEPAOTO PO3UUHY
JEKUTH NSO 3I1iBa BiA JiHII comimycy, Ha JiHii 4-6, a CKIIaA PiAWHU —
miBime Bix miHil JMiKBimycy, ame Ommxkde mo Hei, Ha miHii /-7. 3i
30UIBIICHASM MIBUIKOCTI OXOJIOJDKEHHS IIi JIiHIT 3MIMIYIOThCA y HANPSIMKY
HU3BKUX TEMIIEPaTyp.

OTxe, KpucTamizalis cruaBy / 3aKiHUUTBCS HE B TO4YII 2, a JIMIIE B
Toumi 6, i cknax o-pazu Oyne HeomHOpimHUM. OCKUIBKE Oarato KpUCTaiiB
O-TBEpIOTO PO3UYMHY POCTYTH B YChOMY IHTEpBaNi KpHCTamizamii, Oyxe
CIIOCTEPIraTUCs 8HYMPIUHbOKpUCTIANIYHA NiKeayis, TOOTO mepudepiitai ix
yacTUHU OyayTh 30aradeHi OLTBII JIETKOTONIKMM KOMIOHEHTOM B miomo
LEHTPATbHUX YaCTHH. 3pPO3yMiJo, IO 3i 30UIBIICHHSIM iHTEpBaly KpUCTa-
Ji3arii CTymiHb JiKBaIii Tex 301mbIryeTses (puc. 5.4).
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Puc. 5.4. 3B’30K MiX BEJIMYUHOIO iHTepBaiy KpucTaizawuii Az
i crynenem nikBauii Ac

Bynp-sika mikBamist € HeOaXaHOIO, OCKUTBKA HEOJHOPIAHICTH CKIAIy
BH3HAYa€ i HEOMHOPIJAHICTh BIACTHBOCTEW. 11 yCyHEHHS BHYTpilIHBO-
KpUCTaNigyHOI JKBalii JUTI CIUIAaBU WiAAAIOTH Ou@y3itHomy 6ionany
(eomocenizayii), AKAN TONATAE y TPUBATIA BUTPUMI CIDIABY IIPH SKOMOTa
BUIIIA TeMrepaTrypi (Maibke MpH TeMIlepaTypi CONiTycy) 3 IMOBLIEHUM
OXOJIOJDKEHHSIM /10 KIMHATHOI.

5.2.1. MexaHni3m kpucraJizanii ciiaBis, 110 MAIOTh CTPYKTYPY
HeO0OMEeKeHOr0 TBepAOro PO3YHHY

Jns mowarky Kpucramizauii crmaBy / (puc. 5.5) Horo morpiOHO
MIEPEOXONOUTH HM)KYE BiJ TOUKHM JIIKBINyCy [/, HampHKIAM, 10 TOYKU 2.
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Puc. 5.5. llenTpansHa yacTuHa piarpamy 3 puc. 5.2

VY nporieci i30TepMiYHOTO BUTPUMYBaHHS IIPH LIl TEMIIEpaTypi yTBOPUTHCS
MIeBHA KUIBKICTh 3apOJIKiB, 3 IKUX BUPOCTE JIesIKa KUIbKICTh KpUCTAJiB. AJe
KpHCTaJli3allisi Ipy Lil TeMIrepaTrypi He MOXe IPOHTH IOBHICTIO, 00 paHile
YH Mi3HIIIe BCTAHOBUTHCS PIBHOBAra Mi>K PiJIMHOI0 KOHIIEHTPAIliT TOYKH I Ta
KpUCTanaMu O-(a3u KOHLEHTpalil Touku k: p;+a,.

{06 xpucTamizawis IPOAOBKHIACS, CIUIAB HOTPIOHO MEPEOXOIOIUTH
JI0 HIDKYOI TeMIeparypu, HalpHKIaa, 10 Todkd 3. Bimpasy micis mepe-
OXOJIOZXKEHHS CKIIagu 000X (a3 3a/IUIIA0ThCA HE3MIHHUMMU, TOOTO p,, 1 0,
AJle pIBHOBaKHMMH JUISL L€l TeMIIepaTypy € IHIli iX KOHUCHTPALL: p,+0t,.
Otxe, B piIKOMY PO3UMHI (SIK, MIX IHIIINM, 1y TBEepAil (a3i) BUHUKAE rpai-
€HT KOHLEHTpAIil 000X KOMITIOHEHTIB (pHc. 5.6). OcKiIbKH TeMIeparypa Iie
JIOCUTH BHCOKa, BinOyneTbes nudysis aToMiB KOMIOHEHTa B y HampsMKy,

BKa3aHOMY CTPLIKOIO (i aTOMiB KOMITOHEHTa 4 y IPOTHIIC)KHOMY HAIPSIMKY ).
%B
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Puc. 5.6. Konnenrpariiina qiarpaMa uist KprcTalli3amii TBEpAOTO PO3IHHY

Hudysis ycyHe TpagieHT KOHLEHTpAIlil B PiAWHI, alleé OCTaHHA MpH
[bOMY CTaHE NEepEeCHYEHOI0 KOMIIOHEHTOM A, 1 piBHOBara Ha MixdasHiit
MexXi mopymmTbesa. g i BiZHOBIEHHS MOTPIOHO BHOANWTH 3 PiIUHHU
HQ/UIMIIOK KoMITOHeHTa 4. 3 ypaxyBaHHsM mpaBwia KoHoBasoBa crae
3pO3yMUINM, IO ISl IIbOTO YaCTHHA PiJJMHHU IOBUHHA 3aKPUCTAJi3yBaTHCS.
Kpucramnizaris iTuMe 10TH, TOKH IO BCHOMY 00'€My piIMHH HE BCTaHOBH-
ThCSI PIBHOB)KHA KOHLIEHTpALlisl TOYKH 0. Ilicis nporo Kpucraiizalis npu
JaHIi TeMIeparypi CTaHe HEMOXXIIHBOIO.

J1ns TOHOBJIEHHSI KpHCTalli3allii cruiaB Tpeba 3HOBY IIEPEOXOJIONUTH JI0
HIDKYOI TeMIlepaTypH, HalpuKIan, OO TOYKH 4, A€ YCl OmMcaHi BHIIE
MIPOLIECH MOBTOPATHCS. Jlani — HOBe MEPEOXOTOKEHHS 1 T. 1. 10 MOBHOT'O
3HUKHCHHS PiTUHH.

5.2.2. liarpamu cTaHy 3 eKCTpeMaJbLHUMH TOYKAMH Ha JiHifAX
JikBinycy i comigycy

Touka MiHIMYMy Ha 1MX JiHIX (puc. 5.7, a) 3ycTpidaeTbcsi JTOCHTh
4acTO B pEaNbHUX IMONBIMHUX CHCTEMaxX. 3 TOMIAAY TEPMOIMHAMIKA
MOXKJIMBA 1 TOYKa MakCUMyMYy (puc. 5.7, 0), aje peajgbHO BOHA 3yCTPIYaEThCs
B iHIIMX MOABIMHHUX CHCTEMaxX — 3 MPOMKHUMHE (azamu ad0 0OMEKEHUMHU
TBEPIUMH PO3YMHAMH, IO ILIABISATHCS KOHTPYESHTHO.

VY Toukax MiHIMyMy 1 MakCUMyMy KpHBI JIIKBiAyCy 1 comixycy
00OB'SI3KOBO TIOBHHHI TOPKATHCS ONHA ONHOI 1 MaTH CIIIBHY JOTHYHY. Y

L L L L
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Puc. 5.7. Jliarpamu craHy 3 eKCTpeMaJIbHIMHI TOYKAMH Ha JIIHISIX
JKBIAYCY 1 comimgycy
MIPOTUBHOMY pa3si (puc. 5.7, B, I') CIUIaBH B iHTEpBai KpHCTalli3alii ckiaga-
nucst 6 abo 3 2 piakux po3uuHiB (0e3 a-hasu), abo 3 2 pi3HUX 338 KOHLIEHTpa-
niero o-Qa3 (ane 6e3 piguHM), IO HEMOXKIINBO.

Otxe, crjiaB m Mae HYJIBOBHI IHTEpBaJ KpHUCTami3alii Ta OJHAKOBI
CKJIaJI1 piaKoi 1 TBepaoi da3 npu Temueparypi ¢,,, TOOTO y TOYLl # CUCTEMA
HE Ma€ CTYIEHIB cBOOOmM, € HoHeapiawmuoi. lle Ha4eOTO CylepeduTh
npasuny ¢paz I'ib6ca:

c=k-f+1, (5.2)
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3TiHO 3 SKUM BOHA ITOBHHHA OyTH MOHOBApiaHTHOIO:
c=2-2+1=1. (5.3)
Alle 1S CyNnepeyHIiCTh PO3B'A3YETHCSA 3a JOIOMOIOI0 OO0HOBHEHHS.
Ban—oep—Baanvca no npasuna a3 ['i66ca:
byov-ska osoghasna cucmema, nezanexcno 6i0 Kinbkocmi ii Komno-
HeHmig, npu i0eHMUYHOCMI CKAA0I8 PIBHOBANCHUX (a3 N0BOOUMb cebe K
OOHOKOMNOHEHMHA.

5.2.3. liarpama ctaHy 3 0iHOJaJIbLHOI0 KPHBOIO

[HKONM B MOABIMHMX cHCTEMAax CIIOCTEPIraeThesl pO3pHUB HEOOMEKEHOT
PO3YMHHOCTI y TBEpIIOMY CTaHi. Y IIbOMY BHIIJIKy Ha Jiiarpami ctay (puc. 5.8)
3'SIBISETBCS OIHOOATb — JTiHIS OOMEXECHOT PO3UMHHOCTI (JTiHIA po3IIapyBaH-
Hs1) pkr. Bue Bij Hel icHye HeOOMEXEeHUH TBEpAUH PO3YHH O/ KOMIIOHEHTIB
A 1 B, axwii Ha OiHOJAI CTa€ TPAHMYHO HACHYCHUM OJHHM i3 HUX. Hmxue
Bif miei minii o-¢asza po3mapoByeThCs Ha ABi: f — OOMEXEHWH TBepAHi
po34mH Ha 6a3i KoMroHeHTa 4 Ta ¢" — Te X Ha 6a3i KomroHeHTa B. - 1
¢-TBepAl PO3YMHU MAlOTh OJHAKOBY KpHCTANIYHy  parKy, aje pi3HUH
XIMIYHUN CKIIAL.

OTxe, rinka OiHomami pk € rpaHUIEI0 PO3YMHHOCTI KOMIIOHEHTa B y
KOMITOHEHTI A4, HWK4e Bin Hel 3 o-dasm Bunpinsgerscs ¢”. [Hma rinka kr
IIOKa3y€e IPaHUYHY PO3YMHHICTH KOMITOHEHTA 4 B KOMIIOHEHTI B, 1 HIXK4e BiJl
Hel 3 O¢"-TBepIOro pO3YMHY BHIUIAETRCS ¢f. MakcuMalibHa TOUKa OiHOmAmi —
TOYKa K — Ha3WBAETHCSI KPUTHUYHOIO. Y Iilf Todli O-(a3a po3mapoByeThCS
BoxHOYac Ha o¢'1 "

t
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Puc. 5.8. [liarpama ctany 3 6iHOQJIBHOIO KPHBOIO
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Bironmanp 3apxan po3TalioBaHa HIDKYE Bif JIiHIT COMiIycy 1 He Moxe ii
repeTuHaTd. Y IMPOTHBHOMY pa3i B piBHOBA3i 3 - i ¢/"-TBepauMH pO3UH-
Hamu Oyze pianHa, TOOTO BiIOyBaTUMETHCS €BTEKTHYHE a00 MEPUTEKTHIHE
NIePETBOPEHHSI.

5.2.4. [liarpamu cTaHy CHCTeM 3 YNOPAAKOBAHUMH TBEPAMMHU
PO3YHHAMH

VYhopsiakyBaHHS TBEPAOTO PpO3YMHY BinOyBaeTbcs B Ipomeci
MOBLILHOTO OXOJIO/KEHHS, TOOTO B yMOBaX, JOCUTb OJIM3bKUX JI0 PiBHOBaXK-
HUX, 1, OTKe, TOBMHHO MaTu BiOOpa)KCHHS HA JiarpamMax CTaHy BiAITOBij-
HUX cucteM (puc. 5.9).

Sxmo ymopsakyBaHHS BimOyBaeThcs SK (pasoBHil mepexin MepIIoro
pony, sikuii mimsrae npaswry ¢a3 ['i06ca, Ha miarpami crany (puc. 5.9, a) 3'BIs-
FOTBCSL TaK 3BaHi JiHii opdycy MOUYaTKy ekf i KiHIA gkh ynopsIKyBaHHS.
i ninii, sk OyIr0 MOKa3aHO BHUIIE, 000B'SI3KOBO TOBUHHI MaTH CIILIBHY TOUKY
k, B kil mie mormoBHEeHHs Ban—nep—Baanbca.
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Puc. 5.9. [liarpamu cTaHy CHCTEM 3 YIOPSAKOBAHIMHU TBEPAUMH PO3IMHAMHI

Ane yopsIKyBaHHS MOXKE BiIOyBaTHUCS 1 K (pa30BHI IEpeXig APYroro
pony, 6e3 nonepxanus mpaswia a3 [i66ca. Y npoMy BunagKy Ha miarpami
crany (puc. 5.9, 0) miHiii opaycy He Oyme. [lyHkTHpHA JiHisS ikj TTOKa3ye
3MiHy TIOJIOKEHHS TOYKM KypHakoBa 3alie)XKHO Bifl XIMIYHOTO CKJIamy
TBEPIOTO PO3UMHY 1 HE €, BIIacCHE KaXXy4H, JiHieto aiarpamu. Hmkde Big Hel
HEyTOps/IKOBaHa (-(ha3a MoCTyIOBO EPEXOANTH B YHOPSIIKOBAHUH OL-TBEpIHi
po34mH. 3pO3yMiJio, IO y LBOMY BHUIIAJKy HE MOXXHA KOPHCTYBAaTHCS Hi
TIPaBHUJIOM Bifpi3KiB, Hi MpaBuioM Ma3iHra.
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5.3. JliarpaMa cTaHy cCHCTeMHM 3 BiICYTHICTIO B3a€MHOI
PO3YMHHOCTI KOMIIOHEHTIB y TBEpPAOMY CTaHi

TeopeTnuHO Take HEMOXKIIMBO, ajie Ha NMPAKTHLI B JEIKUX MOABIHHUX
cUCTeMaXx (CeuHeyb—Cypma, 01080—YUHK, MiOb—ghocgop TOIO), POZYHHHICT
HACTUIbKY HE3HAYHa, 1110 HEF0 MOXKHA 3HEXTYBaTH.

VY 11boMy BHIIAJIKy JOJAaBaHHS SIK KOMIIOHEHTa B 10 koMnoneHTa A, Tak
1 HaBIAaKM KOMIIOHEHTa A4 1O B, CIPUYMHIOE 3HWKCHHS TEMIIEpaTyp
KpucTanizarii crurasis. Lle crae 3po3yminum 3 puc. 5.10, ne kpuBa / moka3sye
NOpPY)XHICTh Tapu Haj TBEpIUM KOMIIOHCHTOM, KpUBa 2 — Haj PiIKUM
KOMIIOHEHTOM, a KpuBa 3 — HaJl PiAKUM po3duHOM. 1 i 3 KpuBi, HE3aJIeKHO
BiZl TOTO, MpO SKMH KOMIOHEHT HJe MOBa, MEePEeTHHAIOTHCS MPH OLIBLI
HU3BKIN TeMIepaTypi, HXK IBi MepIi KpHBi.
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Puc. 5.10. IIpyxHicTb napiB y cUcTeMi 3 BIICYTHICTIO
PO3YMHHOCTI KOMIIOHEHTIB Y TBEPAOMY CTaHi

3 1i€l npuYKHHM JIiHis JIIKBiAycy Takoi cuctemu (puc. 5.11) omyckaerbcest
noHu3y 3 To4ok C i D kpucramizamii 000X KOMIOHEHTIB. 3po3ymilio, 1o
0oOW/IBI TUTKHM i1 TOBHHHI MEPETHYTHCS Y MEeBHIM Toutli £. KokHy 3 IUX TiJI0K
MOXKHa pO3MIIJATH HE JIMIIE SIK JIHIF0 MOYaTKy KpHUcTaiizamii Toro abo
IHIIIOTO KOMIIOHEHTA, a 1 SIK JIIHII0 TPAHHYHOTO HACHYCHHS PIAKOTO PO3UHHY
BimoBiqHIM KoMToHeHTOM. OTke, Ha niHil CE piguHa TpaHUYHO HACHYEHA
KOMIIOHEHTOM A, 1 IpY TOJAJIBIIOMY 3HMKEHHI TEMIIepaTypH Bii0yBa€eThCs
foro kpucramisaiis; Ha JiHii ED — KOMIIOHEHTOM B, SIKHil Tex Oyie
KPUCTAII3yBaTHCS MPH MOIATBIIIOMY OXOJOKeHHI. Touka E € CIiIbHO0 s
000X KpPHBHX, OTXKE, PiJHA TAaKOTO CKJIaAy TPaHWYHO HAcH4YeHa oOoma
KOMITOHEHTaMH, BOHU i OyIyTh KPUCTAi3yBaTUCS BOIHOYAC i BKYIIi:

pg—(A+B).
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Puc. 5.11. [liarpama crtany (a) i KpHUBI OXOJOMKEHHS TUIIOBUX CIUIaBiB (0) cHcTeMH

3 BIZICYTHICTIO B3a€MHOT PO3YMHHOCTI KOMITOHEHTIB ¥ TBEPAOMY CTaHi

Cymimr gBox (abo Oimpmie) TBepaux ¢asz, sAKi KPUCTATI3yIOTHCS
BOJHOYAC 1 BKYIIi 3 PiIMHU IIEBHOTO CKIIAJY, HA3UBAETHCS e8meKkmuKor (Bifg
TPENbK. 1e2KOMONKUIL).

VY kpucramizamii eBTeKTHKH OepyTh y4acTh 3 (a3m, OTXKe, 3TiTHO 3
npaBwIoM (a3, cUCTeMa B IieH 4yac € HOHBapiaHTHOM. Lle o3Hauae, mo He
JIUIIE CKIIAJ PiTUHM, aJie i ycix TBepauX (a3 MOBUHEH OyTH MOCTiHHAM, a i
KpHUCTali3aIlis eBTEeKTUKN Ma€ WTH IIPH IMOCTIHHIA TeMIreparypi.

[pu xpucramizamii Oynb-SKOTO CIUIABY Ii€l CHCTEMH CKIAA DPiTUHH
3MIHIOETBCS Y3IOBXK JiHIl JKBiIycy OO €BTEKTHYHOI TOukH E, TOOTO
KpHCTami3amiss yciX CIUIaBiB 3aKiHYYE€THCS YTBOPCHHSIM EBTEKTHKH.
Ockinpku e BigOyBaeThCs TpPH MOCTIHHIA 1 OZHAKOBIH IA BCIX
TEMIIepaTypi, TO JiHis COJiTyCy AaHOI CHCTEMH € TOPU30HTAIBHOIO IPSMOIO
FEG, sika Ha3uBaeTbCS JAIHICIO €6MEKMUYHO20 NEPEMBOPEHHSL.

Eemexmuuna mouxa E Bimirpae BaXINUBY KIacHQIiKaIliifHy poiib: BOHA
IUIATB yCi CIUTABH CHCTEMHU Ha Odoegmekmuuni (Ha Iiarpami po3TamioBaHi
3miBa Binm Touku E) Ta 3aesmexmuuni (cupaBa Binm Hei). B okpemy rpymy
TIOBUHEH OyTH BUIUICHUN e6mexmuyHull Cnias.

PosmsiHeMO mporiecu KpuCTamizallii THIIOBUX CIUIaBiB. Jl0EBTEKTHY-
HU# cioiaB / KpucTanmizyerses y 2 eramu. Ha mepmoMy 3 HuX, B iHTEpBai
Temneparyp /—2 3 piIuHH, CKIaJa SKOi 3MIHIOETHCS Y3IOBXK JIKBIAYCY Bif
TOYKHA [ IO €BTEKTUYHOI TOYKH F, KPUCTATI3yIOTHCS MEPBUHHI KpUCTAIN
KOMIIOHEHTa A4; MOTIM Yy Toulli 2 piJMHa, 10 3aJHUIIHIACs, 3aKPUCTAII3y-
€TBCS Y BUIVISIII €BTEKTUKHU. OTKe, OCTaTOYHA CTPYKTypa LLOTO CIUIABY Mae
2 CKJIaJIOBi: EPBUHHI KpHCTaH A Ta NUIIHKY eBTeKTUKH (puc. 5.12). Taky
XK B SIKICHOMY PO3yMiHHI CTPYKTYpY Ma€ Oy/ib-sIKMi JOSBTEKTHYHUI CILIaB,
ane 31 30UIBIICHHAM Y HBOMY KOMIIOHEHTa B KiNBbKICTh €BTEKTHYHOI
CKJIaJIOBOI 3pOCTa€ 3a PaxyHOK NMEPBHHHUX KpUCTaNiB 4. Taknum 4yMHOM, B
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obnacti miarpamu CEF CHIBICHYIOTH pIIKHH pO3YMH 1 KpHUCTAIH
xoMIoHeHTa A, B obnacti FEE'A — Ti ) KpUCTaH i eBTEKTHKA.
EBrexTnunmii craB /] Mae Bchoro 1 eram KpucTaiizamii — yTBOPEHHS
€BTEKTHKH — 1, BIZIOBITHO, / CTPYKTYPHY CKJIAJIOBY — €BTEKTHKY (puc. 5.12).
3aeBTeKTHYHMHN cIuiaB [/] KpUCTai3yeThCsl MOAIOHO JI0 JIO€BTEKTHY-
HOTO, ajie Ha | eTari 3 piAnHYU BUAUISIOTECS KpUCTall KoMioneHTa B. OTxe,
Horo ocraroyHa CTpykrypa (puc. 5.12) cKiamaeTbes 3 MUX KPUCTANIB i
JISTHOK €BTEKTHKH. 31 301IbIIEHHSM BMICTy KOMIIOHEHTa B y IHUX CIIaBax

Puc. 5.12. MikpocTpyKTypa JO€BTEKTHYHOTO (a), eBTEeKTHYHOTO (0)
Ta 3a€BTEKTHYHOTO (B) CIUIABIB (cXeMa)

KUTBKICTh WOTO TMEPBUHHUX KPHUCTANIB 3pOCTAE 3a PaxyHOK €BTEKTUYHOL
CTPYKTypHOI ckianoBoi. Takum umHOM, B obmacti DEG niarpamu
CHIBICHYIOTHh KpHUCTalH B 1 pianHa, a B obnacti EGBE' — Ti %k Kpucranu i
€BTEKTHKA.

5.3.1. MexaHi3M eBTeKTHYHOI KpUcTadi3auii

Jlo moyaTky BiaCHE EBTCKTHYHOI KpucTamizamii omHa 3 ¢as, 1o
BXOIUTH JI0 1i ckiany (mpoBigHa (haza), TOBLIFHO 3apOKYETHCS B PiIWHI
€BTEKTMYHOTO CKJIaJly NP INEPEOXOI0/DKEHHI 11 10 MEeBHOI TeMIeparypH,
Hanpuknajd, t; (puc. 5.13). Skmo ne OyayTb, CKaxiMo, KpHCTalau
KOMITOHeHTa A, iX 3apOomKeHHS 1 pIiCT NPU3BOAWUTH A0 30iTHIHHSA
HaBKOJIMILHIX 00'€eMiB pIIMHU Ha [EeW KOMIIOHEHT, IO IIOJIETIIYE
3apO/KeHHs APYroi (asW — CKIaJ0BOI EBTEKTHKH, — TOOTO KPHCTANTIB
KOMIIOHEHTa B. 3 1IbOr0 MOMEHTY MOYMHAETHCS e6MeKMUYHA KpUcma-
aizayis.

VYTBOpEHHSI KPUCTAJIB KOMIIOHEHTIB 4 1 B CIpUYMHIOE MicLleBy He-
OIHOPIZHICTh PiAKOr0 po3umHy. MOro KOHIEHTpalilo y piBHOBa3i 3
KpucTagaMu 000X TBepAux (a3 MOXKHA BH3HAYHTH 33 JIONOMOTO
METacTaOUIPHUX MPOJOBKEHb MUISHOK JiHII JikBigycy (Ha puc. 5.13
MTOKa3aHi MyHKTUPHUMH JiHISIMHA): ¥ PIBHOBA3i 3 KpUCTaIaMU KOMITOHEHTa A
pinHa MaruMe KOHIIEHTPAIlil0 TOYKH S, 3 KpUCTaJIaMu B — TOYKH 7.
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Puc. 5.13. LenrpanpHa yacTuHa aiarpamu 3 puc. 5.11

Bu3HayeHHs IMX TOYOK J[a€ MOMJIMBICTh TOOY/IyBaTH KOHLIEHTPALIHY
niarpamy (puc. 5.14). 3 Hei BuJHO, IO B PiJHHI ICHYE TPaJi€HT
koHueHTpauii. [{e cnpuunHuTh qudys3ito aroMiB KOMIIOHEHTa B y HanpsMKy,
BKa3aHOMY CTpIJIKOIO, i, 3BHYAiHO, aTOMiB 4 y NMPOTUIIC)KHOMY HaIpsIMKY.
Yepes neBHMii yac audy3ist ycyHe rpaJlieHT KOHIIEHTpalii B piguHi. Aye npu
[[LOMY HOPYIIUTHCS PiBHOBAara Ha 000X Mik(ha3HUX MeKax, a caMe: Ha MExi
3 KpUCTaJoM A pinuHa 301IHIOETHCS Ha KOMIIOHCHT B, TOOTO 30aradayerhcst
(mepecuuyeThCs) KOMIOHSHTOM A. J1Jis BIAHOBIICHHS MOPYIICHOT PIBHOBArH
3 PiJMHYU NOTPIOHO BUNAINTH HAJTUIIOK KOMIIOHEHTA A, 1110 i Bi10yBa€eThCs
HIISIXOM MOAAJIBLIOT0 POCTY KpUCTaliB wiel dasu.

Ha iHmi# Mexi — 3 KpUCTaJOM KOMIOHEHTa B — DiIKHH PO3YUH Yy
pesyabrari audy3ii, HaBnaku, 30aradyerbes (IIepeHacHuy€eThCs) caMe UM
KOMIIOHEHTOM. BiJIHOBIEHHS NOpyLIEHOI pIBHOBard TYyT MOXIIMBE 3a
PaxyHOK IOJAJIBILIOr0 POCTY KPHCTalla KOMIIOHEHTa B.

*5 i }
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Puc. 5.14. Konnentpaniiina niarpama Jurst eBTeKTUYHOI KpHCTasi3amnii
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OTxe, Uepe3 NEBHUN Yac piBHOBara BiTHOBUTHCS, aje IMOHOBUTHCA U
TpaZi€eHT KOHIEHTpalii B piguHi. 3HOBY mijge Iudy3isf i T.A. A0 IOBHOTO
BUUEPIIaHHS BUXIIHOI (a3 — piIKOTO pO3YHHY.

OcTaroyHa CTPYKTypa €BTEKTUKH 3aJIC)KUTh BiJl CTYIICHS MEPEOXOJIO-
JKCHHS PIAMHU: 31 30UTBIICHHSAM OCTaHHBOTO 3POCTAE, K BiIOMO, IIBHIKICTh
YTBOPEHHS 3apOJIKiB, B PE3YIBTaTi 4OTO AUCIEPCHICTH CKIIAJIOBUX €BTEKTH-
KM TEeX 30UTBITYEThCS.

5.4. liarpamu cTaHy cUCTeM 3 00MEKeHOK0 PO3YMHHICTIO
KOMIIOHEHTIB y TBEpPAOMY CTaHi

HeoOmexeHa B3aeMHA PO3YHHHICTh KOMIIOHCHTIB Y TBEPAOMY CTaHi, a
TUM OiJIbIIe — MOBHA {1 BIACYTHICTh Y OABIMHUX CHCTEMaX, 3yCTPIYalOTHCS
He ayxe yacto. Haifuacrille KOMIIOHEHTH TaKUX CUCTEM OJIMH B OIHOMY Yy
TBEP/IOMY CTaHI PO3YMHSIOTHCSI oOMexeHo. [Ipu npoMy B cHcTEMi MOXYTh
BinOyBaTHCs pPi3HI MEpPeTBOPEHHS (peakiii), 10 MPOXOAATh y HOHBApiaHT-
HUX YMOBax: €BTEKTHYHE, NEPHTEKTHYHE, EBTEKTOIIHE, MOHOTEKTOIIHEe
TOIO. IX HASsBHICTH CYTTE€BO BiNOMBAE€THCA HAa BHUDVIIAI Aiarpamu. 3 Imiei
NPUYHMHU JOIIEHO KOXKCH BapiaHT TaKUX JiarpaM po3rsgaTH OKPeMo.

5.4.1. liarpama cTaHy cMCTeMHM 3 €eBTEKTHYHUM MePeTBOPEHHIM

Hacamnepen Ttpeba 3a3HauuTH, L0 MPH TIEPEXOAl BiJ CHCTEMH 3
BIJICYTHICTIO PO3YMHHOCTI KOMIOHEHTIB y TBepaoMy craHi (puc. 5.11) mo
CHCTEMH 3 iX OOMEKEHOI0 PO3YMHHICTIO (pHC. 5.15) TIKBIAYC HE 3MiHIOETHCS
1 300paxyeThes diniero CED. BomHowac comiayc CHCTEMH YCKIaIHIOETHC i
CKJIQJAa€Tbesl 3 3 JUISHOK: JBOX KpuBOMiHIMHMX noxunmux CH Ta ID i
ropusoHTanbHOI JiHIT HEI, Ha sKiii BiIOyBa€Tbcs €BTEKTHYHE IEPETBO-
peHHS:

pE—=>(oyt By,
ne o i B— obMexeHi TBep/Ii pO3UMHH KOMIIOHEHTa B y KoMmmoneHTi 4 (o) i
KOMITOHEeHTa A B KoMIoHeHTi B ().

Kpim nmx, yxe 3a3Ha4eHUX JIiHiH, Ha Aiarpami € ¥ 2 HOBI — JiHIl
COJIBBYCY, TOOTO 0OMEKeHOI PO3YMHHOCTI y TBepaoMy crtani — HK 1 IL.
[Neprma 3 HUX TOKa3ye TPAHMII0 PO3UMHHOCTI KOMITIOHEHTa B B KOMIIOHEHTI
A abo, iHaKme KaKydW, TPaHUYHUI BMICT KOMIIOHEHTa B B O~TBepIoMy
pozuunHi. BianoigHo, jiHis /L € rpaHUICl0 PO3UMHHOCTI KOMIOHEHTa 4 y
KoMIoHeHTI B a6o rpanuynuM BMmicToM kommoHeHTa 4 B [-TBepmomy
pO34HHI.

Sk mpaBmslo, 31 3HW)KEHHSIM TEMIIEpaTypH B3a€MHa PO3YMHHICTH
KOMITOHEHTIB 3MEHIITYy3ThCH, SIK II€ W TOKa3aHo Ha puc. 5.15, 5.16, a. lyxe
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Puc. 5.15. liarpama crany (a) i KpuBi OXOJIOMKEHHs cIuIaBiB (0) cucteMu 3
00MEKEHOI0 PO3UMHHICTIO KOMIIOHEHTIB Y TBEPAOMY CTaHi

pifKo 1€ BiOYBa€ETHCS HABIAKM — 30UIBIIICHHS] B3AEMHOI PO3YMHHOCTI TIPH
3HIDKEHHI TeMrieparypu (puc. 5.16, 0) i me piamie — Koiau PO3YHMHHICTH 3
TEeMIepaTyporo He 3MiHIoeTbes (puc. 5.16, B). Ame y BciX BHIIaAKax
MMOBUHHO BHMKOHYBAaTHCSl TPABHIIO MemacmadiibHux npooosdceHb TiHIk
JiarpaMu:

Memacmabinvui npodosocens MiKitl diacpamu 3a MOUKy ix nepemumy
NOBUHHI 3HAXOOUMUCSL 8 0OIACMAX Olacpamu 3 OOHAKOBOI0 KINbKICmIo ¢as.

Tomy Bumamok, 300pakeHHH Ha puc. 5.16, 1, MmO cymepeduThb
TEOMETPHYHIA TEepPMOAMHAMINI B3arayji i LIbOMY MpaBHIy 30KpeMa, €
HEMOKITUBHM.

t

A %B A %B A %B A %B
a 0 B r
Puc. 5.16. Pi3ni BapianTr 3MiHM po34nHHOCTI B B A 3 Temmeparyporo

[TomiveHo, mo HaW4acTime MakCHMaJdbHAa PO3YHMHHICTE y OiIBII
Ba)XKKOTOTIKOMY KOMITIOHEHTI MEHINA, HiXX y JIETKOTOIIKOMY, X04a 3 ITbOTO
MpaBUJia € i BUHSATKHU.

Orxe, niHii giarpamu quiaTh 1 wiomy Ha 3 ogHodasHi Ta 3 nBodaszui
obnacti. [lo mepmux Hajekarb 00JacTh PiKOrO PO3YHMHY, PO3TaIlIOBaHA
Bumie Bix miHii sikBimycy CED; obmacte CHKA TOMOTeHHOCTI O-(asuy;
nomioHa x obmacte DILB romorenHocTi B-hasm.
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JBodasaumu € obmacti CEH i DEI xpucramizamii TEepBHHHUX
KPHCTaNiB O~ i B-TBepAMX PO3YMHIB, a TAKOXK 3HA4HA 3a po3Mipamu o+f
obnacte KHEIL, ne BinOyBaeThCsl BTOpUHHA KpHCTaslizalis. Bin nepBuHHOT
BOHA BIIPI3HAETHCS THM, IO Y Hill He Oepe yJacTi pinkuii po3duH.

V wmiii cucTeMi MO)KHA BUIUTATH 7 THIIOBHUX CIUIABIB, SIKi BiIPI3HAIOTHCS
OITMH BiJl OTHOTO TPOIIECOM KpHCTamizalii. Aje MoBa mijae nuiie mpo 2 3
HUX, 91 IPOICCH KPHUCTATi3allii MAIOTh MPHUHIIMIIOBO BAXKIIHUBI OCOOIUBOCTI,
a came crutasu /1 i I11.

[lepBuHHa KpucTamizalis cruiaBy // BimOyBaeThCS B IHTEpBaJi TeMIe-
paryp /-2, ne BCs piavHA 3aKPUCTATIBYETHCS Y BUDISII (-TBEPIIOTO PO3UH-
Hy. Jlo Touku 3, sika 3HAXOAUTHCSA Ha JiHIl combBycy HK, nieil po3uuH €
HEHACMYCHUM KOMIIOHEHTOM B, y Touni 3 BiH cTa€ rpaHUYHO HACHYCHUM, a
HIK4e Bim Hel — mepecwmueHHM. OCKUNBKH CTaH MEPECHYCHOTO TBEPIOTO
PO3UMHY € HE3PiBHOBOKEHUM, NMOYMHAETHCS WOTO PO3Maj i3 BUAUICHHSIM
HAQ/UIMIIKY KOMIIOHEHTa B y BUILSIII sKOiCh (ha3u, Oarartoi UM KOMIIO-
HEHTOM. 3p0O3yMiJIo, 10 Takowo (a3or Moxe OyTu Jumine S-TBepauil po3urH
(e, mo pedi, MOXKHA JIETKO BCTAHOBHTH 3a JIOTIOMOTOIO TIPaBHIIa Bi/IPi3KiB).
Otxe, B iHTEpBaJi TeMieparyp 3—4 3 MepEeCHYEHOr0 a-TBEPIOTO PO3UHHY
BUJIUISIOTHCS BTOPHHHI KpucTainu [-dasu. Haituacrimie 1e BigOyBaeThest Ha
MeXax 3epeH O-TBEpIOro pO3UMHY Yy BUDIAAI OKPEMHX JIUCIEPCHHUX
gacTUHOK (puc. 5.17, a), piamie — y BUDAII CyIUTFHUX MPOMIAPKIB (TDTIBOK).
Taky ocTaToYHy CTPYKTYpy MarOTh yCi ciuiaBu B obnacti HKH -miarpamu.

OCKUIBKY TeMIlepaTypy BTOPUHHOI KpHCTasIi3auii HeBUCOKI 1 audy3is
W€ JOCUTH NOBUIFHO, ONMCAHUK IPOLIEC BCTUTAE BiJOYTHCS JOCUTH TIOBHO
JWIIe B yMOBaX [yXe IMOBUIBHOTO OXOJIOMKEHHS ab0 MpH TPUBAIOMY
130TEpMIYHOMY BUTPHMYBaHHI. Y peallbHUX JK€ yMOBax KpHUCTaTi3arlii
3aBXK/H 30epiracThCsl eBHE MePECHYCHHSI.

a
Puc. 5.17. Mikpoctpykrypu cragis // (a) i II] (6) 3 cuctemu, niarpamy cTaHy sikol
HaBeJIeHO Ha puc. 5.15 (cxema)

JiarpaMu cTaHy HOABIHHUX CHCTEM 119

AJle TepecHUYeHU TBepAMH PO3UYMH € HECTIHKMM i B IONATBIIOMY
JOBIIBHO PO3MANAETHCS, IO CYNPOBOKYETHCS CYTTEBOIO 3MiHOIO BIIACTH-
BOCTEI CIIJIaBy, MEPIII 32 BCE — MEXaHIYHHUX: HOTro TBEP/ICTh 1 MILIHICTh 3HAY-
HO 301IBIIYIOTHCS, MPaBaa, IPH OJHOYACHOMY 3MEHIICHHI IIACTUYHOCTI 1
B'SI3KOCTI.

Ha BUKOpHCTaHHI IIbOTO ABUILA — CMAPIHHA NEPECUteH020 MEepoo2o
po3uuHy — 6a3y€ThCS OAMH 13 TBOX IUIIXIB TEPMITHOTO 3MII[HEHHS CIUIABIB,
TaK 3BaHEe Jucnepciline meepoinHts, a00 cmapinHsl, SKe IMUPOKO BUKOPHCTO-
BYETBCS TIPH TEPMiuHii 00pOoOIIi CIUIaBIB KOJILOPOBUX METAIIB.

Kpucramnizamis cray //] BinOyBaeTbes y 3 erarmu.

Ha nepiomy 3 HUX, B iHTepBaji TeMueparyp 5—06, 3 pilUHA BUIUISIOTh-
csl MepBUHHI Kpuctanu O-(aszn. Ckiajg piIvMHN MPU OBOMY 3MIHIOETHCS
Y3I0BXK JIHIT JIKBIAYCY Bi TOYKH 5 10 €BTEKTHYHOI TOukHM FE, a ckian
o-(hasu — 110 NiHiT COMiTycy Bi TOYKH 8 A0 TOUKH H.

Jlpyrum erarmoM € eBTeKTHYHAa KpHCTalizallis, ska BiIOyBaeTbCs y
Tour 6.

Hwxkue Big Hel A0 KIMHATHOI TeMIlepaTypd HpPOXOAWTb BTOPHHHA
KpUCTaji3alis — po3mag MNEePecHYeHOro (-pO3UnHy 3 BUIUICHHSIM
BTOPUHHHX KPHUCTANIB 37

o= fy.

Bonnovac BifOyBaeThest po3nan b-TBEpAOro po3dMHY, IO BXOAUTH 10
ckiany eBrekTukd (o)

B—ayr.

Ane Hi oy, HI [;; HEe yTBOPIOIOTH HOBHX, OKPEMHX CTPYKTYPHHX
CKJIaJIOBHX, a 3T1THO 3 MPUHIUIIOM CTPYKTYPHOI 1 pO3MipHOI BiZIIOBIIHOCTI
(mpunnoM JlanKoBa—KOHOOEEBCHKOTO) BOHHM KPHCTATI3YIOTHCS HA BXKCE
ICHYIOYHMX JiNISTHKaX THX ke (a3 y ckiani eBTeKTHKH. ToMy ocrarodHa
CTPYKTypa ciuiaBy /I, sik i Oyab-sKOTO iHIIOTO JOSBTEKTHYHOTO CILIABY, M€
BChOIO 2 CKJIAJOBi: NEPBUHHI KpUCTaIH OQ-(ha3u Ta AULIHKA EBTEKTHUKH
(o), sk mokasano Ha puc. 5.17, 6.

Ockinbky giarpama ctany (puc. 5.15) € CHMETPUYHOO, KPUCTaTi3allis
cwiaBiB V i VI BinOyBaeTbCsl aHAJOTIYHO, JUIIe O~ 1 S-ha3u MiHSIOTHCS
MICISIMH.

5.4.1.1. TpuxkytHuk TammaHa

I TammaH 3anponoHyBaB NMPOCTHH 1 MIBWAKHN CIOCIO BH3HAYCHHS
KOHIIGHTpAIlii KOMITOHEHTIB B €BTEKTHIlI i MaKCHUMaJbHOI PO3YMHHOCTI
OJTHOTO KOMITOHCHTA B iHIIOMY (TIPH €BTCKTHYHIN TeMmeparypi).

Jist 1IbOTO  TIPOBOAATH TEPMIYHUE aHAI3 MEBHOI KUIBKOCTI CIUIaBiB
JOCITIDKYBaHOT CUCTEMH B iICHTUYHHX YMOBaX (Maca CIUIaBiB, IIBHIKICTh
OXOJIOIDKEHHS 1 T. 11.). 3 ofiepKaHUX KPUBUX OXOJOHKECHHS YITKO BH3HAYA-
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€ThCS EBTCKTHYHA TeMIIeparypa, sKiii Ha KOXHIA 3 KpUBUX BiAIMOBimae
rOpU30HTaJbHa IUIOmAAKa. JIOBXHMHA LUX IUIONIAJIOK BU3HAYAETHCS
KUTBKICTIO €BTEKTHYHOI CTPYKTYPHOI CKIIaJOBOT Y TOMY a00 1HIIIOMY CIIABI.

Skumo Temep Ha MalOyTHIO Jiarpamy CTaHy HaHECTH IOJOXKEHHS
eBTeKTUYHOI JiHil i BHU3 (200 Bropy) Bim Hei BIOKIACTH y TIEBHOMY
MacumTadl BiAPI3KH, NPONOPLIHHI JOBXHHI TOPU3OHTAIBHUX IUIOMIAT0K
(puc. 5.18), a moTiM X KiHIIi 3'€JHATH MPSIMUAMU JiHIsIMHE kI 1 [m, yTBOPUTHCS
TaK 3BaHUU mpuxymuux Tammana.

t~ ,f’f

\ -~

Puc. 5.18. TpuxkytHuk Tammana

Moro BepimHa L 3 TOCHTb BEIHKOI TOYHICTIO BH3HAYHTH TOTOKCHHS
eBTEKTUYHOI TOUKH E, a 2 iHIII BEpIIMHA — K i m — MMOKAKYTh MaKCUMAJIbHY
PO3YMHHICTh OTHOIO KOMIIOHEHTA B iHIIIOMY. Ha ajib, TOUHICTh BU3HAYCHHS
LUX TOYOK Oy/Ie [EII0 TipIloko, ajie JOCTATHLOO JUIs MEPIIOro 3HAHOMCTBa
3 IOCITI/PKYBaHOK CHCTEMOIO.

5.4.2. Jliarpama cTaHy CHCTEMH 3 NEPUTEKTHYHUM MepPeTBOPEHHAM

et Bapiant niarpamu (puc. 5.19) peamnizyerbcs TOAiI, KOIHU
TeMITepaTypy KpUCTasi3amii KOMIOHEHTIB Jy>Ke BIAPI3HIIOTHCS, HAPUKIIAJI,
y cuctemi cpiono—naamuna (961 1 1769 °C BinmosigHo).

Jliniero nikBigycy cuctemu € CPD, coninycy — CMND, conbBycy — MO
i NR.

OTxe, Bijl MOTIEPEIHBOI 1A AiarpaMa Ma€e Taki BIIMIHHOCTI:

1. TemnepaTypa modaTKy KpHcTami3allii CrijaBiB HeMepepBHO 301IbITy-
€THCS TIPH NIEPEX0JIi Bijl OJHOTO KOMIIOHEHTA J0 JPYroro.

2. Touka P, 1o 300paxcye ckian piJuHH, siKa 3HAXOAUTHCS y PIBHOBA3I
3 0~ i B-TBepAMMH pO3YMHAMH, € KPaHHBOIO Ha JiHii PMN.

Jiarpama mae y cBoeMy ckiai 3 oxHogasHi 00nacTi: piIkoro po3unHy
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Puc. 5.19. Jliarpama crany cucTeMHd 3 0OMEXKEHOIO PO3YHUHHICTIO Y TBEPAOMY CTaHi
1 IEPUTCKTUYHHUM IIEPETBOPECHHAM

(Bumie Bim umimii nikBimycy), o-dpasu (CMQA), B-dasu (RNDB), ta 3

nBodasHi — piauau i kpucranis a (CPM), pinuau i kpuctanis § (PDNM),

KpHCTatiB o i B-TBepanx po3unHiB (QMNR). Y CTpyKTYypHOMY PO3yMiHHI B

OCTaHHiil MOXHa BUALTHTH OkpeMo obnacti OMM' (o) i NRN' (B+oy)).

Ha ninii PMN BinOyBaeTbCs nepumexkmuyte nepemeopensi:

piAMHA Ta KpHUCTaNH, IO paHille BUAUIIIINCS 3 Hel, y B3aeMOii Mixk
C00O0I0 YTBOPIOIOTH HOBY TBEPAY (a3y MPOMIXKHOTO CKIIAIY:

p P+ b N M-

OO6unsi Buxigai Qa3m OyayTh MOBHICTIO BUKOPHCTAHI IS YTBOPEHHS
HOBOi (pa3y 3a yMOBH NEBHOTO X CITiBBiTHOIIECHHS, 3TiAHO 3 IMPaBHIOM
BiJPi3KiB:

%p/%B=MN/PM. (54)
IIpu Oyap-siKOMY iHIIOMY iX CIBBiJHOIIEHHI OJHA 3 BUXIIHUX (a3 € y
HQUIMIIKY, 1 9acTHHA il 3aJMIIA€ThCS MICJs 3aKiHYEHHS HEPUTEKTHYHOTO
HIEPETBOPEHHSI.

Otxe, MepUTEKTHYHE TIEPETBOPEHHS Ma€ NPUHANMHI 3 BIZIMIHHOCTI Bij
€BTEKTHYHOTO:

1. 3 pinuan Buainserses aume 1 TBepaa ¢asa, a He 2, SIK TP €BTEKTHY-
HOMY IIepeTBOpeHHi; B il yTBOopeHHiI Oepe yuacTh TBepAa ¢asa, sika
BHJIUTMIACS PaHIIIe.

2. TlepuTekTHuHE MEPETBOPEHHS HE JUIsI BCiX CIUIABIB € KiHIEM
MIePBUHHOI KpHCTai3allii.

3. He icHy€e cTpyKTYpHOI CKJIaJI0BOI nepumexkmuxa.

3 6 THIIOBHX CIUIABIB, SIKi MOKHA BUIUIUTH B I CUCTEMI, PO3TIITHEMO
KpHcTaizanito gume a8ox — /171 1V.

Kpucranizauis crnay /17 cknanaerses 3 4 eraniB. Ha nepriomy 3 HuX,
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B iHTepBasi Temreparyp /—2, 3 pilMHA BUAUIAIOTECS KPUCTAIH [B-TBEpPIOTO
pO3UHMHY, CKJIaJ SKUX 3MIHIOETBCS Y3HOBXK JIHII COMiIycy Bif TOUKH 6 1O
Touku N. BomHowac pianHa 3MiHIOE CBili CKJIal Y3OBXK JIiHIT JTIKBiAYCY Bif
TOYKH / 1O TOYKH P.

®a3n Takoro CkjIaAy Ha 2-My erTami Kpucramizamii (B Toumi 2)
B33a€MOJIIIOTH OJlHA 3 OJHOIO 32 MEPUTEKTUYHOIO PEAKLIEI0 3 YTBOPEHHAM
o-ha3u. Ane CriBBiTHOWMIEHHS BUXITHUX (a3 TyT TpoXu iHIIE:

%p/%PB=2N/P2. (5.5)

[opisusHEs BUpaziB (5.4) 1 (5.5) mokasye, mo y maHOMY CIUIaBi €
HAUTUIIOK PiIIHU.

Ha nactymHOMYy, 3-My eTarri Il piqiHa 3aKpUCTAIi3y€e€ThCS B IHTEpBAi
Temmeparyp 2—3, aie TyT 3 Hei yTBOPIOEThCA YKe O-TBepuid po3unH. OTxe,
Mici 3aKiHYeHHS ycix 3 eTamiB MepBHHHOI KpHcTaii3amii criiaB HaOyBae
OIHOPITHOI i Ta OHHO(A3HOI CTPYKTYPU O~TBEPIOTO POZUHHY.

Jani B i”TepBami Temmeparyp 3—4 HISKHX 3MiH Yy CIUIaBi He
BiIOyBA€THCS, — SIK KAXKYTh, He mMpocTe Gi3nIHE OXOMOIKEHHS.

VY Touni 4 0—(a3za rpaHIYHO HACHYYETHCS KOMIIOHEHTOM B, 1 nmaimi, B
iHTepBali TeMmeparyp 4—5, BimOyBaeThCS BTOPHHHA KpPHUCTANI3allisd —
Buginenus . Came Takor Oyge ocraTodHa CTPYKTypa LbOTO CIUIABY
(puc. 5.20, a).

Kpucramnizamis craBy [V TexX MOYNHAETHCS 3 YTBOPEHHS ITEPBHHHUX
KPHCTaNiB B-TBepAoTo po3unHy (iHTepBait Temreparyp 7—8). dami B Tour 8
BimOyBa€eThCs TEpPUTEKTHYHE IIEPETBOPCHHS, aje, Ha BiAMIHY BIfX
MOTIEPEAHBOTO CIUIABY, TYT € HAIJIMIIIOK KPUCTaNiB [-hasu, ki 30epirarots-
cs 1 B ocTaTouHiil cTpyKTypi crmay (puc. 5.20, 6).

OXOJOKEHHS [IbOTO CIUIABY BiJl IEPUTEKTHYHOI 10 KIMHATHOI TeMIIe-
parypu (iHTepBanm §—9) TakoX CYNpPOBODKYETHCS BTOPHHHOIO KPHCTAIi-
3aIiero:

=Py,
By,
4

Bu

a 0
Puc. 5.20. Mikpoctpykrypa cmiasi /1] (a) i IV (6) (cxema)
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ayie 3 IpUYHH, 3a3HAUYCHUX BUIIE, HOBI CTPYKTYPHI CKJIAZOBI IIpH EOMY HE
yTBOpIoI0ThCs. OTKe, ocTaroyHa CTpyKTypa cruiaBy [V (puc. 5.20, 6) ckna-
JNa€ThCsl 3 KpHcTadiB [-pasd, MO0 BIUTIA TPH TEPUTEKTHIHOMY
HepPeTBOPEHH], Ta O~(a3H, sIKa yTBOPUIIACS IIPU LIbOMY II€PETBOPEHHI.

5.4.2.1. MexaHi3M NEpUTEKTUIHOTO ITEPETBOPCHHS

3ae’KHO BiJ CIIBBIJHOIIEHHS ITOBEPXHEBUX HATATIB Ha MiK(pazHHX
MeXKax IMEPUTEKTUIHE NIEPETBOPEHHS MOXE 31IHCHIOBATHCS TBOMA Pi3HHMH
criocobamu:

1. SIkio moBepXHEBHI HATST HAa MEKi MIXK CTapoIo 1 HOBOIO TBEPANMH
(dasamMy MEHIIMH, HDK Ha MeXi OCTaHHBOI 3 PIAMHOIO, TOOTO 0,<0j, TO
o-(hasa yTBOPIOIOETHCS Ha KpHCTanax [-TBepioro posumHy (puc. 5.21, a),
OTOYY€E iX CYIIBHOIO OOOJOHKOIO i TIOBHICTIO i30MI0€ Bin pimuHH. Takwit
MEXaHi3M Ha3UBA€EThCS 0O0IOHKOGUM.

2. Ilpu 3BOPOTHOMY CITiBBiTHOIIICHHI TOBEPXHEBUX HATATIB Ha MK (]as3-
HHUX MeXax, ToOTO Kolmu 0,>0], O-(ha3a 3apomKyeThCcsa i pocTe B pinuHi
Bijytamik Big kpuctaniB B-dasu (puc. 5.21, 6). Lleit MexaHi3M IIepUTEKTHY-
HOTO NIEPETBOPEHHS Ha3UBAETHCS OCMPIBYeGUM.

i
' l _I_
| I'J"-| I | |
P ldut g M S
| Erpas | ! |
| I I
L 1 _
a (1]

Puc. 5.21. O6ononkoBwHii (a) i ocTpiBueBHii (0)
MeXaHI{3MHU TIEPUTEKTHIHOTO [TEPETBOPEHHS

Pozmsinemo crioyatky o0onoHKoBUI MexaHi3M. Y cruiasi //] (puc. 5.22)
NEepUTEKTHYHE TIEPETBOPEHHS BiOYBAETHCS, 3pO3yMiso, HE B ToYMi /, sika
NeXuTh Ha JiHIl PMN, a Ipu EBHOMY TEPEOXOIOMKEHHI, HAIPUKIAI, 10
TOYKH 2. Bigpa3y micis nmepeoxoIomKeHHs O0U/IBI BUXiIHI (pa3u 30epiraroTs
CBOI TOIepeHi KOHIeHTpanil, a came p, Ta fB,. Ilicis yrBopeHHs O-(asu,
sIKa 1305110€ 111 (ha3u OJHY BiJ OAHOI, piMHA Ha MEXKi O~(a30r0 HaOyBae HO-
BOI KOHIIEHTpAIli — Touku i. Y cBoio uepry, B-dasa ma mexi 3 o-dasoro
HaOyBae KOHIIEHTpAIii TOYKH & (1€ JIerko BU3HAYMTH 3a JIOIIOMOTOIO IIpa-
BuWJIa BiZIpi3KiB). KoHleHTpalis )k o-a3u y piBHOBa3I 3 PiIMHOIO BiIIOBIAaE
TOUII f, & B piBHOBA3i 3 B-TBEPAMM PO3YHHOM — TOYIIi g.

3 KOHIIEHTpaIliiHo1 giarpamu (puc. 5.23, a) BUAHO, 1m0 BCi (a3 MaroTh
TpajlieHT KOHLEHTpalii, ajie CyTTEBUM € JIMIIE TOH, mo € B o-(azi. Y pe-
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P P+p

Puc. 5.22. IlenTpanbHa yacTuHa fgiarpamu 3 puc.5.19
3ynbrari audysii e rpamierT Oyae yCyHyTo, alle P MbOMY MOPYIIHTHCS
piBHOBara Ha 000X MiXK(pa3HUX MeXax.

Ha mexi 3 pignHOI0 O~(aza B pesynbrari nudysii 30i1HIOETbCS Ha
KOMIIOHEHT A. [[J1s1 TOHOBJIEHHS piIBHOBAru MoTpiOHE JHKEepesio aToMiB IbOTO
KoMmroHeHTa. Huwm, 3rimHo 3 mpaBwmiiom KoHoBajnoBa, € pigkuid po3umH,
KOTpuit pn Oynb-AKil Temneparypi 30aradeHui MM KOMITOHEHTOM IIOZ0
TBepANX po3urHiB. OTXKe, IS TOHOBJICHHS PIBHOBArM Ha 1[Il MeXi YacTHHA
PiAMHY MOBUHHA 3aKPUCTAJI3yBaTHCS y BUDNISAAL O-(asn.

Ha inmiit Mexxi — 3 xpucramamu B-TBepaoro po3unHy — o-¢pasza B pe-
3ynbTari Audysii, HaBnaky, Oyae 30araueHa KOMIIOHEHTOM A, abo iHakIe

%iA___ % A
/ I _____ _
a c———- —=
ap———- —
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|
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b————-———;—]‘ b———T___rLI
k== o | PinuHa | ] |
Piouna v} p A | I

a 0
Puc. 5.23. KonuenTpauiiiti aiarpamu 1j1st 000I0HKOBOTO (@)
i ocTpiBueBoro (0) MexaHi3MiB
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Kaxyuw, 30imHeHa Ha KOMIIOHEHT B. TyT [Is TOHOBICHHA pPiBHOBaru
MOTpiOHE sIKeCh JDKEPENIO aToMIB KOMIIOHEHTa B, a 1e Moxe OyTu Jiuiie
B-tbaza. OTxe, Ui IOHOBIECHHS PIBHOBAard Ha Wil Mexi uactuHa S-hazu
HOBMHHA IIEPETBOPUTHUCS B (--TBEPAUH PO3UMH.

Takum unHOM, 000JIOHKA (r-(ha3u BUPOCTE SIK Y OIK PiUHH, TaK i y OiK
B-dazm.

AJle 0JIHOYAaCHO 3 TOHOBJICHHSM DIBHOBard BiJIHOBUTHCS 1 TPaJieHT
KOHIIEHTpaIii B a-¢a3i. 3HOBY BinOyBaeThcs IUQy3isl, HOPYIIUTHCS PiBHO-
Bara i T.JI. JI0 TIOBHOTO BUYEPIIaHHA OfHi€l 3 BUXinHUX ¢a3. s cruasy 17
e OyayTh KpucTaiu B-TBEpAOro pO3UUHY.

PosmisiHeMO Tenep ocTpiBLIEeBUi MeXaHi3M MEePEeTBOPEHHS. TyT y piBHO-
Ba3si 3 IBOMa TBEPAUMU po3unHaMH repedyBae pinuHa. Ha Mexi 3 a-¢as3oro
11 KOHIIEHTpAIlis, K YK€ IOKa3aHO paHime, Oye BU3HAYATHCS TOYKOIO i.
Jluist BU3HAYEHHSI 11 KOHIIEHTpaIlil y piBHOBa31 3 B-TBEPAUM PO3UMHOM, SIK, 10
pedi, i KOHIIEHTpaIlii 0CTaHHBOTO, TPeOa MPOBECTH METACTAOUIBHI MPOIOB-
JKEHHS JIHIN JIIKBIAyCy 1 comiaycy (Ha puc. 5.22 moka3aHi myHKTUpoM). Toxmi
KOHICHTPAIII0 PiJJMHNA BU3HAYATUME TOUKA ¢, a B-¢as3u — Touka d. Hapemri,
TOYKa f, SIK 1 paHiIIe, MoKa3ye KOHIICHTPaLilo O-()a3n B piBHOBA31 3 PiIUHOIO.

KoHuenrpariiifina miarpama jjisi bOTO BapiaHTa MEXaHi3My MEPETBO-
pensst (puc. 5.23, 6) Tex ¢ikCye rpamieHT KOHICHTPAIi B 000X BHXIITHUX
¢azax. CyTTeBUM € TOH, IO ICHYE y piiuHi, A€, 10 pedi, BiH Ma€ JIOCHUTb
CKJIQJHUI XapakTep. AJie 10 KpUBY MOXHa 0Oe3 Oy/ib-sIKOi KO IS CYTi
CIpaBH allPOKCUMYBATH TI€I0, IO TTOKa3aHa IMyHKTHPHOIO JiHI€IO.

Judy3is aToMiB KOMITOHEHTa 4 Yepe3 PIIUHY y HapsSMKY, IOKa3aHOMY
CTPIJIKOIO, TIpHUBeEE A0 30iMHIHHA il Ha MEXi 3 KpUCTaIaMH O-(a3u, TOOTO
JI0 TIepEeCUYEHHs KOMIOHEHTOM B. J[Js NOHOBIIEHHS PIBHOBAard 3 piJvHU
MMOBHMHHA BUKPHCTANi3yBaTUCS TBepra (asa, y sKiii BMICT KOMIIOHEHTa B
BUIIMHA, HDK y piguni. Takux a3 y cucremi nBi: o~ i S-TBepai po3uuuw,
MIPUYOMY B OCTAaHHBOMY BMICT KOMITOHEHTa B 3Ha4HO BHIIMI. AJe 3rigHO 3
TIPUHIUTIOM CTPYKTYPHOI 1 po3MipHOi BiAmOBiAHOCTI Oyme KpucTai3yBaTh-
csi Ta (haza, CTPyKTypa sIKOi HaiOLIbII Toi0Ha 10 CTPYKTYpH O-(ha3u, TOOTO
caMe BOHA.

Ha immi#i mexi, pimmaa — [-¢pasza, B pesymsrari mudysii piguHa
TIePEeCUIYETHCSI KOMIIOHEHTOM A, TOOTO 30iTHIOETHCS Ha KOMITOHEHT B. s
HOMOBHEHHST Horo kpuctan f-ha3u MOBHHEH YaCTKOBO PO3YHHHUTHCS Y
piauHi.

Omxe, kpucran o-(pa3u 30UIBIMINTH CBOT PO3MIPH, TOAI SK KPUCTA
B-dasu 3mentmuThest. [ToHOBIEHHST piBHOBArd Ha 060X MiX(}asHUX Mexax
BiITHOBUTH 1 TPaJi€HT KOHIEHTpaIii B pianHi. 3HOBY BinOyBaeThcs Audy3ist
i T.J. — 710 MOBHOTO BHUepHaHHs [-hasu.
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VY crmnaBi [V obugBa MexaHI3MH CHPAaIlbOBYIOTh, 3p0O3YMilI0, caMe TakK,
aJie TaM NePETBOPEHHS 3aKiHIYETHCS TOJi, KOJU BUYEPIYEThCS PiAMHA.

5.5. liarpamu cTaHy cucTeM 3 XiMiYHMMH CIIOJTYKaMHU Ta
npomisxkHumu ¢azamu

VY noxBiHMX CHCTEMax MOXYTb YTBOPIOBATHCS SIK XiMiUHI CIIONyKH —
BalleHTHI Ta Qa3u JlaBeca, — Tak 1 MPOMiXKHI (a3u: ENEKTPOHHI, HIKEIb-
apCeHiHOTO TUIY, (ha3u NPOHUKHEHHS, CUrMa-(asu, a TaKoXK yIopsAKOBaHi
TBepAi po3unHu. ToMy giarpaMu cTaHy cUCTeM 3 XIMIYHHMU CIIOJyKaMH Ta
NPOMDKHUMU (ha3aMu BeITbMH YHCIICHHI 1 PI3HOMaHITHI.

XimiuHi criosryku Ta mpoMixkHi (a3u (Hagami 00'erHaeMo X 3arajabHOO
Ha3BOIO npoMidicHa ¢haza) y TIONBIMHHX CHCTEMaX MOXYTh YTBOPIOBATHCS
I'AThMa Pi3HUMH CIIOCOOaMH:

1. Be3nocepenubo 3 pianHH, MpU4oMy ckiaau wiei ¢asu 1 piauHU
30iraroTbcs

p—ALB,.

2. Ipu B3aeMomii IBOX PiAKMX PO3YMHIB Pi3HUX CKIIAJIIB, K1 BiPI3HAIOTHCS
BiJI CKJIaJTy IPOMDKHOI (pa3w, 32 TaK 3BaHOIO CHHTEKTHYHOIO PEaKIEro

pctpa—ApBg.

3. Ipum B3aemomii pinkoi i TBepAOi (a3 pi3HUX CKIAMIB, SKi BiIpi3Hs-
IOTHCS BiJl CKJIa/Iy TIPOMDXKHOI (ha3u, 3a MEPUTEKTUIHOIO PEaKIli€ro:

p f+ A g —>A r B -

4. be3nocepeHbO 3 TBEPAOTO PO3YHHY, MPUIOMY CKIamu 000X (a3

30iraroThCs:
u—>AB,.

5. Ilpu B3aemonii n1BoX TBepauX (a3 pi3HUX CKIAIB, SIKI BiIpi3HS-
I0ThCS BiI CKaxy NpOMIKHOI (asu, 3a Tak 3BaHOIO IEPUTEKTOITHOIO
peaxiiero:

Vi + 1= A v B we

5.5.1. liarpamu cTaHy cucTeM 3i CTIHKMMH NpoMikHIMH dazaMu

IIpomixHi ¢a3m, sIKi KPECTATIZYIOTHCS 3 PIIUHH 38 CXEMOIO
p—~>A,B,

Ha3UBAIOTbCS cMitikumu, abo gasamu 3 eiokpumum maxcumymonm. Ilpn
IUTaBJICHHI UM KPUCTAaTi3allii CTIHKOI MpoMiKHOIT (ha3u XiMivHI CKIIAAH PigKoi
i TBepOi (a3 30iratoTbes. ToMy X 4acTo Ha3MBAIOTh asamu 3 KOHSPYeHM-
HUM NABTEHHSM.

Ockinbku ckiag npoMikHOI (a3u € mocTiiiHuM 3a Oyab-skoi
TEeMITepaTypH, Ha aiarpamMi craHy Taka (asa 300pakyeTbcsl BEPTUKAIBLHOIO
JIiHI€10, IEPIICHINKYIISIPHOIO 10 OCi KOHIIEHTpaIlii y TOUIli, 0 BiAmoBigae ii
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ckiany. Lle mo3Bomsie po3misgaTté CTIHKy MpoOMiKHY a3y SK TOOaTKOBUH,
TPETiii, KOMIIOHEHT cucTeMu. Ha MmificTaBi 1[bOro CUCTEMY 3 TaKUMHE (ha3aMu
MOXXHA MOIUIUTH Ha IMiJCUCTEMH, KOMIIOHCHTaMH SKUX € HE TUIbKH YHCTi
MeTasid abo0 HeMeTanw, a W CTiiKi npomikHi ¢asu. KokHy 3 Takux
TiICKCTEM MOKHA PO3IVISIaTH OKPEMO, He3aJIeKHO Bifl iHIMX. TuM camum
3HAYHO TIOJICTIITY€ThCS BUBUCHHS 1 aHAII3 CKIIAJHUX MMOABIHHUX, IOTPIHHIX
Ta IHIIUX CUCTEM.

SIK 1 3aBxkKIM, KOHKPETHUI BUIVISA] liarpaMy BU3HAYAETHCSI B3AEMOIEI0
T KOMITIOHEHTIB, MEPIIl 332 BCE PO3UUHHICTIO iX Y TBEPIOMY CTaHi, a TaKOX
HAsBHICTIO THUX YW IHIIMX NepeTBOpeHb. Jleski 3 MOXIIMBHX BapiaHTIB
nokasaHi Ha puc. 5.24. BBaxaioun HeIOLUIBHUM JAETANBHUH iX aHai3,
3po0UMO JIesIKi TIPUHIIMITOBO BAKJIMBI 3ayBayKCHHS.

[ e

Puc. 5.24. Jliarpamu cTaHy CHUCTEM 31 CTIHKAMH MPOMDKHUMH (a3amMu

[epmmii 3 BapianTiB (puc. 5.24, a) BiANOBIAa€ CHCTEMI, B SIKIH pO3UUH-
HICTh KOMIIOHEHTIB Y TBEpAOMY cTaHi BiacyTHs. Crilika nmpomixkHa ¢asza TyT
300pakyeThest BepTukawito FIHK. Y KOXHIH 3 MiJCHCTEM YTBOPHOETHCS
BJIaCHa €BTEKTHKa, JI0 CKJIaIy SIKOi BXOAATH (ha3H, 0 € KOMIIOHEHTaMH
JaHoi mizcucTteMu: eBTeKTHKa E;(A+A,,B,) y nepuiil Ta iHIIa eBTEKTHKa
Ey(A,,B,+B) y npyriii.

Just cucremwu, jgiarpama cTaHy sKoi moka3aHa Ha puc. 5.24, 0,
XapaKTepHUM € YTBOPEHHS OOMEXEHHMX TBEPAMX PO3YMHIB HAa OCHOBI SIK
YHCTHX KOMIIOHEHTIB, Tak i CTifikoi mpomikHOI ¢asu — o-, B- 1 ydas
BianoigHo. Ciif 1e pa3 MiAKpEeCIuTy, 1o IIPH MePeXoi BiJ cucteMu 0e3
PO3YMHHOCTI KOMIIOHEHTIB Y TBEpPIOMY CTaHi 10 0OMEXeHOI PO3UMHHOCTI
nikBigycy cucremu (iHist CE1FE2) He 3MIHIOETBCSL.

Bijn BepTHKaNbHOI JiHIT, 1110 300pa)kyBasia CTIHKY MPOMiXKHY (azy, TyT
3aJIMIIMIIACS JIMIIE TOYKa BIJIKPUTOrO MakcMMyMy F a0o Tak 3BaHa TOYKa
Ooucmexmuxu (B TpeubK. gasickomonkuil). IlynkrupHa niunist FF' no3Bossie
HOJIIMTH 00JIacTh TOMOTEHHOCTI Y~(a3u: 3:iBa Bix wiel ninii J~dazy moxHa
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BBa)KaTH TBEPJAMM PO3UMHOM KOMIIOHeHTa 4 B NpoMikHIH ¢a3i 4,5, a
MIPaBOpyY — TBEPIUM PO3UNHOM KOMIIOHEHTa B y Tili camiii (hasi.
EBTeKTHKY B 11ili CUCTEMI CKIIQIAIOTHCS 3 KPUCTAIB TBEPAUX PO3UHHIB:
E\(a+7), Eo(7+B).

Tperiii BapianT (puc. 5.24, B) Bipi3HAETHCA BiJ] MOTIEPETHIX THM, IO B
000X mifcucTeMax BiIOYBAIOTHCS MEPUTEKTHYHI MEPETBOPECHHS, IMPHIOMY
BuXimHI (asm B 000X BHIagKaxX ONHAKOBI, a KIHIEBI pi3Hi: y mepriit
migcucTeMi p+y—a, y apyriit p+y—f.

M. KypHakoB BCTaHOBHB, LIO XapaKTep BiAKPUTOTO MAKCHMyMY
3aNIeKUTh B CTIHKOCTI MpOMiXKHOI (a3u, iHAKIIe KaXydH, BiJf CTyIeHs ii
IHcorianii 3a CXeMOIO:

A, B,mA+nB.

UuM MeHIIEe TUCONifoe ¢a3a y pioKoMy i TBEpAOMY CTaHaX, THM
TOCTpimmM € MakcuMyM (puc. 5.25, a). fAxmo npomixkHa (asza criiika B
TBEPIOMY CTaHi, aJie¢ IOMITHO AUCOIIIOE Y PIIKOMY, MAKCHMYM BUTIIAIAE, SIK
mokaszano Ha puc. 5.25, 6. Komu aucomiarist BinOyBaeTsCcs 1 B pinkomy, i y
TBEPIOMY CTaHaX, MaKCUMyM Oyzie 3rIapkeHuit (puc. 5.25, B). YV neprromy
BHIIAJKY NPOMiKHA (a3a € NANBTOHIIOM, Y TPEThOMY — OepToiimoM, y
IPyTroMy — MOXKe OyTH SIK TUM, TaK H iHIIAM.

5.5.2. liarpaMu cTaHy cucTeM 3 HeCTIHKAMM NPOMiKHUMH (pa3amMu

Taki ¢azn MOXyTb yTBOPIOBATHCS SIK 332 NEPUTEKTUYHOIO, TaK 1 3a
CHHTEKTUYHOIO PEaKI[isIMH, ajie PO OCTAHHIO MOBA WTHME JICIIO Mi3Hille.

Ockigpku B 000X BHITagKaxX CKIaa MpoMiKHOI (a3u He 30iraeTscs 3i
CKJIaJIOM PiIKOTO PO3YMHY Hi IpH KpHCTANi3amii, Hi IpU IUIABICHHI, BOHI
Ha3UBAIOTbCA NPOMIICHUMU A3aMU 3 THKOHESPYEHMHUM NIAGNEHHAM.

ZNZAN7EN

Puc. 5.25. ®opma BiIKpUTOro MakCUMyMY 3aJISKHO BiJf TPUBKOCTI MpOMiXKHOT (a3

Ha miarpamax crany takmx cucreM (puc. 5.26 i 5.35) BimkpuTwmii
MaKCHUMyM BincyTHii. HecTiiikiit mpomixkHill (a3i BinmoBigae mpuxoBaHUH
MaKCUMYyM — TOYKa 171, — [TOJIOKEHHS SIKOT MOYKHA BU3HAUUTH, SIKIIIO TIPOBEC-
TH METacTaOUIbHI IPOJOBKEHHS BiIOBIIHOT TUISTHKY JTiHiT JikBinycy EP ta
Beprukani HGL (puc. 5.26, a), mo 300paxye HeCTiHKy npoMikHY a3y, 10
iX MIEpETHHY.
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Hacnpagni x us ¢a3a yrBoproeThest Ha iHil PHK y pe3yibTari nepu-
TEKTHYHOTO MEPETBOPEHHS:

pptB—>A B,.

KpiMm TOro, B miii cucremi BigOyBa€TbCcs TaKOXK EBTEKTHYHE
neperBopeHHs (niHiss FEG piarpamu), TpU SIKOMY TEX YTBOPIOIOTHCS
KPHUCTaJIM HECTIHKOI IPOMIXKHOI (hazu:

PE—(A+ALB,).

OB AM NOL 0B
B B MWB

Puc. 5.26. Jliarpamu cTaHy cHCTEM 3 HECTIHKMMHU NPOMDKHUMHE (hazaMu

Hapemrri, kpucranu miei ¢azn MoXyTh yTBOpIOBaTHCS O€310CEPEIHBO
3 PIJMHY HIDKYe JiIsiHKY EP iHii JTiKBigycy, TOOTO HIDKYE BijJ TEMIeparypu
MNEPUTEKTHYHOTO NEPETBOPEHHSI.

JBa ocraHHI BapiaHTH CBig4aTh NpO Te, IO HIDKYE BiJ BKa3aHOL
TEeMIepaTypyd HECTIHKy NPOMDKHY (a3y MOKHA TaKOX pO3NIIIATH K
JONATKOBUI KOMITOHEHT CUCTEMH, aJie JIMIIE HUKYC BiJ L€l TeMIepaTypH.

VYTBOpeHHs 0OMEXEHUX TBEPANX PO3UYHMHIB Ha OCHOBI KOMIIOHEHTIB
CHCTEMH Ta HECTiHKOT IPOMDKHOI (pa3u, He 3MIHIOIOYH JIIKBIAYCY CHCTEMH,
CYTTEBO YCKJIQJIHIOE i COJIIyC Ta MPHU3BOAHUTH JIO IOSIBU JIHIM COJIBBYCY
FM, GN, KO (puc. 5.26, 0), no skux Ha puc. 5.26, B TOAA€THCS 111 OTHA —
niHisg RQ.

[lepuTekTHYHE TEPETBOPEHHS Yy LUX BUIMAJKax BigOyBaeThcs 3a
CXEMOIO:

pptBrx—7n,
a eBTEKTUYHE!
P> (T 7g).

Touka m MPUXOBAHOTO MaKCHMYMY YaCTO JISKUTh 32 MEKaMH 00JacTi
TOMOTeHHOCTI }-da3u (puc. 5.26, B), ToOTO 1151 (paza € 6epTomiToM — TBEpAUM
po3unHOM Ha 0a3i ysSBHOI, HE ICHYIOUOi y YHCTOMY BHUIJISII CIONYKH.
Hapmakwu, B cuctemi, nmpeacrapieHiil Ha puc. 5.26, 6, 061acTh TOMOT€HHOCTI
¥-ha3u MiCTHTB B c00i KOHIICHTPAIIilO, KA BiIIOBIa€ CTEXiOMETPHYHOMY ii
ckiany (Beptukanb HL), Xoua i He IMPOJOBXKYETbCS NpaBOpyd Bix Hei.
e o3nauae, mo-nepire, mo ~(hasza € JaIBTOHIIOM i, MO-ApyTe, M0 BOHA €
TBEPAUM PO3YMHOM JIMILIE KOMIIOHEHTa A y MIPOMIXHIH (a3i.
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5.5.3. JiarpamMu cTany cucTeM 3 NpoMixkKHUMH (pa3amu, sKi
YTBOPIOIOThCA 0e3 yyacTi piakoi ¢a3zu

besnocepeonvo 3 meepooco posuumny. Y 11bOMy BUIAJKy KOMIIOHEHTH
CUCTEMH MOXYTh YTBODIOBATH HENEPEPBHUU pAJl TBEPAUX PO3UHHIB
(puc. 5.27), 3 SKMX TPU TMOBUILHOMY OXOJOIKEHHI HIDKYE BiJ| MEBHHUX
temneparyp (J1iHist LKM niarpamn) HOUYMHAE BUIUIITHCS HOBa TBepaa (asza —
MIpoMiXkHa (ha3a 3MIHHOTO CKIIaay:

p—0.

3rigHo 3 mpaBwioM MasiHra mpo KijmbkicTe (a3 B oOnmacTsax, IO
CTHKAIOTHCS, omHO(Aa3HI 00macTi p- i 0-(a3 BIAAUIAIOTECS OAHA BiJ OXHOI
nBodazanmu obmactsamu LKN i MKO, ne 1i da3u criBicHYIOTh. BUHATKOM €
JUIe MakCMManbHa abo KpuThdHa Todka K, ne omHodaszHi obmacTi
MEXYIOTh Oe3mocepeaiHb0. Alle y IIbOMY BHIIAIKY, SK ITOKA3aHO paHime
(po3m. 5.2.2), mie momoBHeHHs Ban—mep—Baanbca, ockigbku y Touri K

cKJIamu 000X (a3 30iraroThCs.
t P

A L N 0O M
% B

m

Puc. 5.27. [liarpama crany CHCTEMH 3 IPOMIKHOIO (a3010, 1[0 YTBOPIOETHCS
6e3nocepeHbo 3 TBEPIOTO PO3UUHY

Cain 3ayBakuTH, WO 1 AiarpaMa rpagiyHo MOBHICTIO 30iraeTscs 3
JiarpaMol0 CTaHy CHUCTeMH, B SKill YIOPSIKYBaHHS TBEPIOrO PO3YHHY
BiOyBaeThCS SIK (ha30BHHU Mepexia meprroro poxay (puc. 5.9, a).

3a nepumexmoionoio peaxyicio. 1l peakitis aHajgoriyHa MEPUTCKTHY-
Hil, ane Bci ¢asm, mo 6epyThb y Hill ydactb, € TBepauMH. OTXKe, epUTEK-
TOIMHIM HA3WBAETHCSA TIEPETBOPEHHS, B SKOMY IBI TBepai (asm pi3HHX
KOHLIEHTpAIliil y B3aeMomii ofHa 3 OZHOIO YTBOPIOIOTH HOBY TBepAy (azy
HNPOMDKHOTO CKIIaJy.

VY cucremi, aiarpamy cTaHy sKoi HaBeleHO Ha puc. 5.28, Ha niHii PFG
BiZIOyBa€ThCS NEPUTCKTHYHE NIEPETBOPEHHS:

PptVG—HUr,
a Ha niHii HLM — neputekroiaHe:

HgtVM—PL-
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5.5.4. liarpaMu cTaHy CUCTeM 3 YIOPSIKOBAHUMU
npoMikHuMH (pazamu

[Ipouec ynopsiakyBaHHS Ma€ Miclie He JIMIIE B TBEPJAUX PO3YMHAX Ha
OCHOBi KOMIIOHEHTIB CHCTEMH, ajie JOCUTh 4acTo i B MPOMiKHMX (dazax. Ix
YHOPSIIKYBaHHS TaKOX MOXKe BimOyBaTHCs K (ha30BHH Hepexil Mepuioro
abo Jpyroro poxny.

VY nepmomy Bunazaky (puc. 5.29, a) ob6nacTi TOMOTE€HHOCTI yTIOPSIIKO-
BaHOI Y1 HEyHopsIKoBaHOI Y MpoMibKHUX (a3, 3rimHo 3 mpaBmiioM MasiHra,
BiZloKpeMiIeHi aBodaszHoro obnactio KLPO, ne ciiBicHyl0Th 00MaBI 1l (ha3u
i Jie BOHU Oe3rocepeIHbO MePEXOISITh OIHA B OJTHY.

t P

A N 0] R Q B
% B

Puc. 5.28. Jliarpama craHy cucTeMH, B SIKiif IPOMIKHA (ha3a yTBOPIOETHCS 32
MIEPUTEKTOITHOIO PEAKIII€0

Ane Y-¢a3a Moxe yTBOPHUTHCS U qBOMA iHIIUME criocobamu. Ha minii
KLM BinOyBa€eThCsl TEPHUTEKTOINHE NEPETBOPEHHS, MPOAYKTOM SIKOTO €
Y-daza:

Ykt Bm—7Y'L-

Ha ninii >x NOP BinOyBaeThCsl iHIIE IEPETBOPEHHS, SIKE 3arajiom
nofi0OHe 710 eBTEKTUYHOTO, ajie¢ B HhOMY OEpyTh ydacThb JuIe TBepi (asu.
Take mnepeTBOpeHHs, NpU sSKOMY 3 TBepaoi (a3 MPOMIKHOTO CKIAmy
BOJHOYAC 1 BKYIi YTBOPIOETHCS CyMIIl [BOX IHIIMX TBepAMX (a3, uus
KOHIIEHTpAIlil BW3HAYAETHCS KpaWHIMH TOYKAMH HOHBapiaHTHOI
TOPH30HTAIIl, HA3UBAETHCS €6MEeKMOIOHUM:

Yo—>(ant7'p).

3 pmiarpamMu 1i€l CHCTEMH BHIUIMBA€E, IO 3i 30LIBLIEHHSIM BMICTY
komroHeHTa B y crutaBax Touka KypHakoBa y-(ha3u IiBUIILY€EThCS.

SIkmio & ynopsakyBaHHS € (a30BHM IEPEXOIOM APYToro poxy, To0To
HE TIAMOPSAKOBYEThCS TpaBmiry (a3 [i60ca, To mepexin y—7 Wae B Mipy
3HIDKEHHS TEMITCpaTypH TIOCTYIIOBO, 0€3 3MiHH XIMIYHOTO CKIany ¥ (¥)-¢hazu.
CruiaB yBech yac 3aJIMIIAETHCS OHO(AZHIM.
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A Q R 5 u B
0
Puc. 5.29. [liarpamu cTaHy cuCTeM 3 yIOPSIKOBAHUMH MPOMDKHUMH (ha3aMu

[MynktupHa ninis PK (puc. 5.29, 6) mokasye 3aJeKHICTh TOYKH
KyphnaxoBa Bix XiMiqHOTO CcKiany y-¢asu. Y asodasnux obdmactsx HIPRON
ta JEMUSK Touka KypHakoBa 3aHIIa€THCS IMOCTIIHOIO, OCKUTBKH Y-(a3a
TYT Ma€ IMOCTiHY KOHIIEHTpalilo, sika BH3HA4YaeThcs Toukamu P abo K.
OTxe, nmiHii NP Ta KM — He HOHBapiaHTHI TOPU30HTAJ, a 3BUYaliHi KOHO/H,
0 XapakTepusytoTb ABodasHi piBHOBaru ONt+¥p 1 Yk+tPBy B MOMEHT
NOYaTKy YIOpsAKyBaHHS -hazu.

5.6. [liarpamu cTaHy CHCTEM 3 IOBHOI0 HEPO3YHMHHICTIO 200
00Me’KeHOK0 PO3YHHHICTIO KOMIIOHEHTIB y pilKkoMy cTaHi

[epmmii 3 MUX BapiaHTIB 3yCTPIiYae€THCS MOPIBHIHO PiIKO, OPYTHH —
yacrime. KOMIOHEHTH TakMX CHCTEM BIAPI3HSIOTHCS 3a (I3UYHUMH 1
XiMiYHUME BracTHBOCTSIMH. OcOONUBE 3HAYCHHS MAa€ 3HAYHA BiIMiHHICTh
aTOMHHUX pajiiyciB Ta TEMIIEpaTyp IUIaBICHHS.

ITpn oOMeskeHili PO3YMHHOCTI KOMIIOHEHTIB y PIIKOMY CTaHi, a TUM
Oinmpmre — 3a ii BiACyTHOCTI, HEOOMEKEHOI PO3YMHHOCTI y TBEPAOMY CTaHi
B3araji He Moxxe OyTH, a 0OMeXeHa SIKIIO 1 €, TO, SIK IPaBHJIO, Y BY3bKOMY
IHTEepBaIi KOHIIEHTpAIIil.

5.6.1. liarpama cTaHy cMCTeMH 3 IOBHOK) HEPO3YMHHICTIO
KOMIIOHEHTIB y pilkoMy i TBepaoMy cTaHax

s giarpama (puc. 5.30) € omHi€0 3 HAHIPOCTIMINX, BOHA MICTUTH Y
co01 BChOTO JIBi TOpH30HTaNBHI JiHii: PO i RS. Buie Bij BEpXHbOi 3 HUX,
sIKa TIPaBUTh 32 JIHIIO JIIKBIAYCY CUCTEMH, OOM/IBa KOMIIOHEHTH iCHYIOTH Y
pigKoMy cTaHi, TOOTO TyT CHiBiCHYIOTb p, 1 pp. Lli 1Bl pigMHH MOXKYTb
3MINIyBaTHCS MiXK COOO0I0, YTBOPIOIOYH €MYJIbCIIO, ajle He 3aBK/IH.
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Ha ninii PO BinOyBaeTbcs KpHCTANi3allil OXHOTO 3 KOMIIOHEHTIB,
Hanpuknan, A. Ilpu mpoMy HasSBHICTH APYroro pPigKoro KOMIIOHEHTa Ha
BKa3aHMH TpOlEeC He BIUIMBAE, TOOTO KpHCTaNli3allisl Wae Npu MOCTiHHIi
TeMIleparypi, 1o, 10 pedi, He CylepeynTh HpaBuiy (a3, ajpke cucrema €
TpuazHoIO:

c=k—p+1=2-3+1=0
1, OTKe, HOHBapiaHTHOIO.

Mix miHIAMH JKBiZycy Ta coiimycy (3a Hei mpaBuTh JiHiZ RS) B
CHCTEMI CITIBICHYIOTh KPHCTAJIM KOMIIOHEHTa A Ta pijikuii komnoHeHT B. Ha
Kallb, Y LIbOMY IHTEpBalli TEMIIEpaTyp 4YacTO PO3BHBAETHCS JIKBALs 3a
TYCTHHOIO, 0COOJIMBO KOJIM BPAaxOBYBAaTH, 110 TYCTHHHU yCiX METalliB MalOTh
pi3He abCONIOTHE 3HAYCHHS, a KPUCTANi3allisl CYIPOBOMIKYEThCS 00'€MHIM
e(heKxToM i, OTKe, 3MIHOIO TYCTHHH.

t

P+R
P Q
P+ A
R S
A+B
A % B B

Puc. 5.30. [liarpama ctaHy CHCTEMH 3 MIOBHOIO BiICYTHICTIO PO3UMHHOCTI
KOMIIOHEHTIB y PiIKOMY 1 TBEpIOMY CTaHaX
Ha ninii RS KpucTami3yeTbcst KOMIOHEHT B — TakoX Yy HOHBapiaHTHHX
yMoOBaX, fK IOKa3aHO BuIle s komnoHeHTa A. OTxe, ocrarouHa
CTPYKTypa OyIb-SIKOTO CIIIaBy Oyze CKIIagaThCs i3 3epeH KOMIIOHEHTIB 4 1 B,
II0 9epryIOThCS OfHE 3 ofHUM (puc. 5.31).

B

Puc. 5.31. MikpocTpyKTypa THIIOBOTO CIIIaBY CHCTEMH, Jliarpamy CTaHy SIKOTO
npencTaBieHo Ha puc. 5.30
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AJe 11 ofepXKaHHSA TaKoi CTPYKTYypH TpeOa IPHTHITHTH MOXIUBY
JIKBAIiI0 32 TYCTHHOIO 32 paXyHOK IIPUCKOPEHOTO OXOJIOMKCHHS B iIHTEpBaIi
KpHcTasi3aiii abo 3a 10MoMOror0 BiIIIEHTPOBOIO 3aJIMBaHHSI.

5.6.2. Jiarpamu cTaHy cucTeM 3 00Me:KeHOI0 PO3YUHHICTIO
KOMIIOHEHTIB y piIkomy cTaHi

Y nux BHMajgkax Ha JiarpaMax 3'SBISE€TbCA 0OiHOO0Anb — IiHIA
00MeXeHOi PO3YMHHOCTI abo JiHis posmrapyBaHHS. KoHKpeTHHHA BUIISAA
JaiarpaM BHU3HAUA€THCS IHTEPBAJIOM KOHIIGHTpAIid, y SKOMY iCHye IIf
oOMexeHa PO3YMHHICTB, & TAKOX B3a€EMHOIO PO3YHHHICTIO KOMIIOHEHTIB y
TBepaoMy craHi. OcTaHHS Haif9acTilIe BiZICYTH, ajle HE 3aBXK/IH.

5.6.2.1. OOMexeHa pO3YMHHICTh B YChOMY IHTEpBalli KOHIIEHTpaLii

3a BiICYTHOCTI PO3YMHHOCTI y TBEpAOMY CTaHi JiarpamMa Mae BHUIIIS,
mokazaanit Ha puc. 5.32. Tyt miHis LKM e Ginomammo, NO — IniHi€r0
nikBigycy, PR — niHi€r0 comimgycy.

OpHopigHui piaKwiA po3unH Ha JiHii LKM po3mapoByeThCS Ha JBa:
30aradeHuil KOMITOHEHTOM A PO3YHH pX Ta iHIIMHA PO3YHH py, 30aradcHuit
KOMIIOHEHTOM B, CKIaay SKHUX 3MIHIOIOTHCS 3TiIHO 3 riakamu 6inomani LK
ta KM. IHmexcwm x 1 y TOKa3ylOTh HENEpepBHY 3MiHY iX CKIAHIB TpH
3HIDKCHHI TEMIIepaTypH.

PxPy-

Crig 3BepHYTH yBary Ha OnHY OOCTaBWHY, sIKa, Ha JKajlb, HE 3aBXKAU
3HAXOOUTh BINOOpPaXEHHA B MiIpPyYHHUKAX 3 MeTajo3HaBCTBA. OCKIIBKH
KOMITOHEHTH CHCTEMH MAlOTh Pi3HI TeMIepaTypH ILUIaBiIeHHs, OiHOAA b He
Moxe Oyt cumerpuuHor. lle o3Hauae, mio 11 KiHIi — Touku L 1a M — He
MOXXYTb 3HaXOIUTHCS TIPH OIHAKOBiil Temreparypi. Y cBOO 4epry, 3BiacH
BHUIUIMBAE, IO BJAacCHE PO3MIAPYBAaHHS BiNOYyBAaeThCS JHIIE B IHTEpBAIi
TEMIEPATyp !g-t;, TOOTO IOTH, IOKU PO3UHH p, HE IEPETBOPUTHCS y TOUL L
Ha PIAKMH 4MCTHH KOMIOHEHT A. Jlami B iHTepBani TeMmmepatyp ¢, -ty 3
0OMEIKEHOTO PIZIKOTO PO3YUHY p,, BUAUIAETHCS PILKHI KOMIIOHEHT 4 — IIOKH
Py HE cTaHe y Touli M piakuMm uuctuM KommoxeHtom B. Hapemwri, B
iHTepBall TemIeparyp Bif f, 10 JikBigycy cucremu (Iinis NO) BinOya-
€Tbes IpocTe (hi3UuHe OXONOIKEHH JBOX PLIKUX KOMIIOHEHTIB p 4 1 pp.

Ha ninii NO 3akpucTani3yeTbes OIrH 3 HUX, HaPUKJIIal, KOMIIOHEHT A4,
a Ha JiHii comgycy PR — apyruil (KOMIOHEHT B).

5.6.2.2. O6MexeHa pO3YMHHICTb Y TIEBHOMY IHTEPBai KOHIEHTpAIin

VY takomy pa3i MOXJIMBI pi3Hi BapiaHTH miarpam crany. Ha puc. 5.33
MojiaHa Jiiarpama CTaHy CHCTEMH, KOMIIOHEHTH SIKOi y TBEpIOMY CTaHi €
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A+B

A % B B
Puc. 5.32. Jliarpama craHy cHCTEMH 3 OOMEKEHOIO PO3YHHHICTIO KOMIIOHEHTIB Y
piAkoMy CTaHi B yCbOMY 1HTEpBaJli KOHIIEHTpAIii

HEpO3YMHHUMHU OfMH y onxHomy. binomans FKG Temep OXOIUIIOE JIMIIE
NeBHUI iHTEepBaJ KoHIEHTpalid. CBOIMH KIHIISIMH BOHa OONHMPAETHCS Ha
TOpHU30HTANBHY JiHII0 FGI, e BinOyBaeThCS NMEPETBOPEHHS, SKE J1OCI HE
3ycTpidanocs, — MOHOTEKTHYHE.

Monomexmuynum Ha3UBAETHCS NEPETBOPEHHS, MPH SKOMY 3 PiANHH
MIPOMIXKHOTO CKJIQJy BHIUIAETHCS 1HINA piiMHA Ta TBepraa ¢asa, XiMiuHi
CKJIaJM SIKMX BHM3HAYaIOThCS KPaWHIMH TOYKaMH HOHBAapiaHTHOI TOPU30H-
Tali:

p G%p F+ B.

OTxe, me TMEepeTBOpPeHHS MOMi0OHE IO EBTEKTHYHOIO, SKE TEeX

BiIOyBa€eThCH Y JaHIA CHCTEMi Ha minil DEL:

pg—(A+B),
ajie Ip¥ MOHOTEKTHYHOMY TEPETBOPEHHI KPHUCTAII3YETHCS ad0 TUIABUTHCS
JIIe ofHa TBepAa (asa, 3BimKM i OXOIUTH HOTO Ha3Ba (MOHO — OIVH).

Taxum grHOM, JiKBiITycoM cuctemu € JiHis CEFGH, a comigycoM ycix
CIUIaBiB € eBTEKTHYHA TOpU30HTaIh DEL.

Sk mpuknaa, po3nITHEMO KPUCTATI3AIII0 OJHOTO 3 THIIOBUX CIUIABIB —
criaBy /. BoHna BinOyBaeTbesi y votupu ertamu. Ha mepuiomy 3 HHX, B
iHTepBai Temieparyp /-2, 3 PIAKOTO pO34uHy p,, 30aradeHoro KOMIIO-
HEHTOM B, BUIIIAETbCA PiAKuil po3uuH p, , 30arayeHuil KOMIIOHEHTOM A,
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Cc
P+B
P+A
D
E 3
AtD B+{A+B)
A % B 4 T
a 0

Puc. 5.33. liarpama crany (a) CHCTEMH 3 MOHOTEKTHYHHUM IIEPETBOPEHHSM 0e3
PO3YMHHOCTI Y TBEP/IOMY CTaHi Ta KpPHBa OXOJIOKEHHs (0) TUIIOBOTO CILIaBY

CKJIAJT SIKOTO 3MIHIOETHCSI Y3I0BXK JIiBOT TLTKK OIHOMAMI BiJ TOUKH 5 IO TOYKH F.
OzHOYACHO 3 MM XiMiUHUIi CKIal PO3UKHY p), 3MIHIOETbCS y310BK IIPABOL
rutky 6iHomaui Bix Toukd / 1o Touku G.

JpyruM eramoMm KpucTadi3amii HbOTO CIUIaBY € MOHOTEKTHYHE
NIepEeTBOPEHHS, CXeMa SIKOTO HaBezieHa Bulle. BinOyBaeTbcst BOHO y Touli 2.

Ha Tperbomy erami, B iHTepBaji Temmeparyp 2—3, 3 piiuHH, IO
3aIMINMIACS ITCNII MOHOTEKTHYHOTO IIEPETBOPECHHS, YTBOPIOETHCS IIEBHA
KIJIBKICTh KPUCTAJIB KOMIIOHEHTa B, y pe3yibTaTi 4oro CKiIaj piAuHH
3MIHIOETBCS Y3/IOBXK JIHII JIKBiyCy BiJ TOUkH F 10 Touku E, TOOTO piguHa
BpEITi-pemuT HaOyBae eBTEKTHYHOTO CKIIALTY.

UYeTBepTHii eTan KpucTaisallii [bOro CIUIaBYy, IO BiI0yBa€ThCSA y TOUIII 3,
MoJIsira€ B EBTEKTHMYHOMY IIEPETBOPECHHI 3aIHUINKIB PIIUHH y CyMiIl
KpHUCTaJIiB KOMIIOHEHTIB A Ta B. Jlami, 1o KiMHaTHOI Temreparypu (Touka 4)
e npocre izuYHE OXOJNOPKEHHS TIOBHICTIO 3aKPUCTAJII30BAHOTO CILJIaBY.

Moro ocratouna cTpykTypa Oyae CKIaJaTHCs 3 KPHCTAIiB KOMIOHEHTA
B, mo yTBOpWJIHCSA NpPH MOHOTEKTHYHOMY MEPETBOPEHHI, a TaKOX
BUAUTHIINCS OE3MOCEPEIHBO 3 PIAMHNA HA TPEThOMY €Talll KpucTasisallii, Ta
TUISTHOK €BTEKTUKU (A+B).

5.6.2.3. OOMexeHa pO3YMHHICTh KOMIIOHEHTIB Y TBEPIOMY CTaHi

Sk yxe 3a3Hav9anoCs paHille, py Mepexoi BiJx cucTeMu 06e3 B3aeMHOT
PO3YMHHOCTI KOMIIOHEHTIB Yy TBEPIOMY CTaHi 10 CHCTEMH 3 OOMEXCHOIO
PO3YMHHICTIO JIKBIyC CHCTEMH 3MiH He 3a3Hae. lle TBepmKeHHs
3aJMIIAETHCS CIPaBEJIMBUM 1 32 HasBHOCTI OiHonmani FKG (puc. 5.34):
JikBigycoM cuctemu TyT € niHist CEFGH.
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Comigyc cucremu (minis CDELIH) moxe Oyt pi3HEM. SIKmio #oro
IiisiHKa [L po3TarinoBaHa Mmif JiHIEI0 MOHOTEKTHYHOTO TepeTBOpeHHs FGI
(puc. 5.34, a), BiH € 3BHYAWHHM; SKIOIO X 32 MEXaMH Mi€i JiHIl —
petporpagaum (puc. 5.34, 6). B 06ox Bumankax Ha jiiHii FGI BinOyBaeThcs
MOHOTEKTHYHE TIEPETBOPEHHS 38 CXEMOIO:

PGPFt By
a Ha JiHii DEL — eBTeKTHYHE:!
pe—(optfhL).

Jo cknamy nmiarpaMu BXOAATH TaKOX JiHIl combBycy DM 1 LN, siki
00MEXYIOTh 00JIaCTi TOMOTEHHOCTI - Ta 3-TBEpIHUX PO3YUHIB.

CyTTeBa BiIZMIHHICTD MK 3a3HAQUEHUMH BapiaHTaMM HaWKparie
BUSBIIIETHCS TIiJT 9ac aHaJi3y MPOIecy KpUCTami3allil THIIoBoOro croiasy /. Y
MepIIoMy BHUIAAKy HOT0 KpUCTali3allis BiJ0yBacThCs B OIMH €Tall, a caMe —
B iHTepBaii Temreparyp /-2 ycs pilMHa IepeTBOPIOEThCS Ha [-TBepauil
po3umH. Jlani mo KiMHAaTHOI TeMmeparypu BiIOyBaTUMEThCS HOTO mpocte
GbisuuHe oxonomkeHHs (puc. 5.34, a).

VY npyromy BapianTi (puc. 5.34, 6) — KpucTami3amis bOr0 CIUIaBy |
3HAYHO YCKJIAIHIOETHCS 1 BiIOYyBAa€THCS TeHep Y YOTHPH eTamd. [lepmmii 3

t i i t

| 0 | \0
P K Ll P P K AR Pp .
>
. Bt P\ A4 N\FPp P PA R N
0 ) F 2| T 2
G | G | B f
c c 6 el -
3 =P
A P+p o P+h s
o 5 = P{oif)
DE a7 4 4
wfD E L o ) BB
L
a+f o+
AM % B N3 B JtAamM % B SNB 9T
a 0 B r

Puc. 5.34. Jliarpamu ctany (a, B) CHCTEM 3 OOMEKEHOIO PO3YMHHICTIO KOMIIOHEHTIB
Y piIKOMY 1 TBEpIOMY CTaHAaX Ta KPUBi OXOJOMKeHHS (0, T) CIUIaBiB

HUX — B IHTEepBaJi Temiieparyp /—2 — Takui caMuid, sIK 1 B ITONEPEAHBOMY
Bunaaky: p—f . Jani B iHTepBani temmeparyp 2—3 #me mpocrte ¢izuune
OXOJIO/PKCHHSI TIOBHICTIO 3aKPUCTAITI30BAHOTO CILIABY.

Hpyruii eran (iHTepBan Temueparyp 3—4) BllacHE HE € KpHCTalli3alli€lo.
Hasmakwu, Tyt BinOyBaeThcs yacTkoBe TuiaBieHHs fB-dasu. Cxmam pimuHu,
IO YTBOPMIJIACS, 3MIHIOETHCS Y3JOBXK JIiHII JIKBiAycy Bill TOYKH 6 JI0
€BTEKTHYHOI TOUKH E y Mipy 3HIDKEHHS TEMIIEpaTypH.
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Tperiii eran BinOyBaeThcs NPH MOCTIHHIN TemrepaTypi (Touka 4) i
moJisiTae B yrBopeHHi eprektuku (o+f). Hapemrri, B inTepBaii Temmeparyp
4—5 BimOyBa€eTHCS 3aKIIOYHNHN, YETBEPTHI €Tall — pO3Ma]] HepPECHIEHUX O- i
B-TBepmux po3UMHIB 3 BUALJICHHAM BTOPHHHUX KPHCTANIB uX ke ¢a3. Sk
IOKa3aHO paHilie, Hi Oy, Hi ff;; HE YTBOPIOIOTH OKPEMHX CTPYKTYPHHX
CKJIQJIOBHX, & KPUCTAI3YIOThCS Ha JIUISHKAX THX caMHX (a3, ki Bke Oynu
JI0 TIOYaTKy BTOPUHHOI KpucTanizauii. OTxe, ocTaTo4Ha CTPYKTYpa CIUIABY
I cknanaerbcst 3 mepBHHHHMX KpucrtaniB [(-dasu, 10 yTBOPHIMCS Ha
HepLIOMY eTalli KpucTaisallii, Ta JUISHOK eBTeKTHKHU (ort+f).

5.6.3. [liarpama cTaHy cHCTeMH 3 CHHTEKTHYHHUM IepeTBOPeHHIM

CunmexmuyHum Ha3UBAETHCS TIEPETBOPEHHS, NPH SKOMY JABI pinki
(a3 pisHUX CKJIAMiB y B3aEMOJIl OHA 3 OIHOK YTBOPIOIOTH TBEepLy (asy
TIPOMI>KHOTO CKJIATy.

Otxe, B Takiii cucTteMi OOOB'SI3KOBO IOBHHHAa OyTH OOMEXeHa
PO3YMHHICTF KOMIIOHEHTIB Yy pIOKOMY CTaHi B IEBHOMY iHTepBaii
KOHIIEHTpAIIiii, a Ha 11 miarpami ctany (puc. 5.35) — 6iHomans DKF. Ha minii
DHF Bin0yBaeThCsI CHHTCKTHYIHE TIEPETBOPCHHS:

pD+pF%(AmBn)H~

t 1k P tioyp

PP,
PK + F’\‘9AI“ B n

2 2 F,e'A”IBII
p+A N/ P+AmB, P>(A+A,B,)
N —_— .
E, 3
A+ALB, AmB+B AmBrt(A+ALB:)
A 4 M Y B B 4 1
a 0

Puc. 5.35. [liarpama crany (a) CUCTEMH 3 CHHTEKTHYHUM [EPETBOPEHHIM
1 KpHBa OXOJIOMKEHHs (0) CruiaBy

Moro npoaykToM € HecTiiika npomixkHa paza AmBn, reoMeTpudHIM 00pa-
30M sKoi € BepTukanbHa mnpsima HILM. Jlinis nikBinycy cucTeMu
CEIDHFE2G MICTHTH SIK CBOIO YAaCTHHY JIIHIIO CHHTEKTHYHOIO IIE€PETBO-
pernss DHF. ConiycoM CHCTEMH € JIBI TOPU30HTAJIbHI JiHIT €BTeKTHYHHUX
neperBopeHb: NEII, e yTBOproeThes eBTeKTuKa E; (A+A4,,B,), Ta LE20, Ha
AKiH hopMyeThes iHIIA eBTekTHKA E 5 (4,,8,,1B).

Kpucramizaris THITIOBOTO CIUTaBY, HAPUKIIA] CIUIaBY /, BiTOyBaeThCS Y
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qoTHpu eranu. Ha meprmomy 3 HuX, B iHTepBami Temmeparyp [—2, iime
pO3LIapyBaHHs PIAKOTO PO3YMHY, BHACTIIOK YOT0O 3 PIAMHU PX, 30aradycHoi
KOMITOHEHTOM A, BUAUISETHCS piluHA py, 30araueHa KOMIIOHEHTOM B:
Px—Py-
Ha npyromy erami, B To411i 2, BinOyBaeThC CHHTEKTHYHE TIEPETBOPCHHS:
PDTPF— A mB1.
B inTepBanmi Temmeparyp 2—3, Ha TPETbOMY eTami KpHcCTaji3aimii, 3
PIIUHM, 110 3aJIMIINAIACS, KPHCTANlI3y€eThCs Taka xk (asza:
pp—E—A,B,.
3aKIIIOYHNM, YETBEPTUM €TaroM KpUCTali3auii ciuiaBy / € yTBOpEHH:
€BTEKTUKHU £, sike BinOyBaeThcs B TOULi 3:
PE—(A+A,B,).
Otmxe, OCTaTOYHA CTPYKTypa CIUIaBy [ CKJIQNAETHC 51 3 KPHCTANTIB
HECTIMKOI MPOMDKHOT (ha3u, M0 YTBOPWIIMCSA HA JIPYrOMYy Ta TPEThOMY
eTalax Kpucraiisallii, Ta IUITHOK eBTeKTUKU E;(4+A4,,B,).

5.7. liarpamu cTaHy cucTeM 3 MOJiMOP(PHUMHU
KOMIIOHEHTAMHU i mpoMikHUMHM dazamu

Sk Bimomo, sBUIIE TONIMOP(i3My, TOOTO HAsIBHOCTI y OMHOTO METaIry
JEKITBKOX KPUCTANIYHUX "PaTOK, CTIHKUX Y TICBHOMY 1HTEpBaJi TeMIeparyp
a00 THCKIB, 3YCTPIYa€ThCSA MTOCUTH YACTO: TEPMIUHHI MOIiMOpQizM
BIIacTHBU 36 MeTanam. Pi3Hi KpucTalliuHi CTPYKTYpH METally Ha3UBaIOTHCS
Horo nonimop@uumu moougikayismu 1 TO3HAYAOTHCS TOYATKOBUMH
JITEpaMH TPELBKOro ajudasiTy, paxyloun 3HU3Y JIOTOPH 33 TEMIIEPaTypHOIO
mkanoro (o, B, yi T.a.).

[epexin ogniei Momudikamii B iHITY — nonimopghHe nepemeopenHs — B
YUCTUX MeTajax BigOyBaeThcs NPH IOCTIHHIN 1 BU3HAYCHIH Temmeparypi,
AKa € OIHIEIO 3 XapaKTEePUCTHK JTaHOTO METay.

3HayHa KUTBbKICTh MPOMDKHHX (ha3 Takox € moaiMopdaumMu. [TomiMop-
(i3m 30epiraeTsCst 1 TOAl, KOMM YHACTI MeTaiau abo MpoMixkHi ¢a3u 6epyTh
y4acTh B YTBOPEHHI CIUIaBIB SIK iX KOMIIOHEHTH, OTXKeE, [iarpaMH CTaHy 3
MoJiMOp(GHUMH KOMIIOHEHTAaMH BEJIbMH YHUCIICHHI.

Ile MOSICHIOETHCS 1€ W TUM, IO KOHKPETHHH BUIIISAJ TakKoi JiarpaMu
BU3HAYAETHCA HE TUTBKU B3a€MOJIEI0 KOMIIOHEHTIB, a ¥ iX mosiMopdHHUX
momudikamid. OcobnarBe 3HAYEHHS TYT Mae i30MOP(MHICTh KPUCTATIIHHUX
"paTok KOMIIOHEHTIB Ta Pi3HUX iX moJiiMopdHux Moaudikariii. Sk i panimre,
BH3HAUaNbHy DPOJIb Bifirpae TakoX HAsBHICTH a00 BiICYTHICTH B3a€EMHOI
PO3YMHHOCTI KOMIIOHEHTIB Ta iX momiMophHUX Moxubikamiil y TBepaomy

cTai.
Po3misiHeMO JesiKi BapiaHTH TaKUX CUCTEM 1 1X Jiarpam CTaHy.
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5.7.1. Jiarpama cTaHy cucTeMH, OHH 3 KOMIOHEHTIB AKO0I Ma€ 2
noaimopdui moaudikauii, 1pyruii — monomopdHuii,
i po3uuHHOCTI y TBepaAOMY cTaHi HEMae

Hexaii nonimopduum Oyne komrnoneHT 4 (puc. 5.36).

A o B B

Puc. 5.36. [liarpama ctaHy cHCTEMH 3 MOTIMOPGHIM KOMIIOHEHTOM
1 BIICYTHICTIO PO3YMHHOCTI Y TBEpAOMY CTaHi

OCKUIBKM PO3YMHHICTH y TBEPAOMY CTaHi BiJICYTHS, BEPXHS 4acTHHA
JiarpaMy HiYUM CYTTEBO HE BIAPI3HSAETHCA BiJ y)Ke PO3MIAHYTOI JiarpaMu
takol cuctemu (puc. 5.11): mikBigycom cucremu € jdinis CED, comigycom —
ninis FEG.

EBTexTHKa, IO TYT YTBOPIOETHCS, € CYMIIIIIIO KPHCTAJiB BHCOKO-
TeMIepaTypHoi MoaudiKalii KOMIOHEHTa Az Ta KPUCTaliB KOMIIOHEHTa B:

Temneparyporo noniMopQHOTro NepeTBOPEHHS B KOMIOHEHTI 4 € TouKa
K miarpamu. OCKiTBKH PO3YMHHOCTI y TBEPAOMY CTaHI HeMae, HASBHICTP
KOMITOHEHTa B HiSIK HE BIUIMBA€ Ha HEi, OTXKe B YCiX CIUIaBax Ii€i CHCTeMHU
noJiMopQHe IIepeTBOPEHHSI B KOMIOHEHTI 4 BiIOyBaeThCs PH TaKiil xe ca-
Miii TeMneparypi, To0TO Ha miHii KL. Hrkde Bij Hel eBTEKTHKA CKIaa€ThCS
yXe 3 KPHCTaliB HH3bKOTEMIIepaTypHOi Moamdikamii KOMIOHEHTa A, i
KPUCTAaJIiB KOMIIOHEHTa B: (4 ,+B).

5.7.2. liarpama cTaHy cucTeMd, MOHOMOPGHHIT KOMIIOHEHT SKOI €
i3oMop¢dHMM HM3bKOTeMNepaTypHii Mogudikanii 1pyroro
KOMIIOHEHTa

SIkmo KomIioHeHT B i30MopdHUIl HU3BKOTEMIIEpaTypHii Moxudikamii
KOMIIOHEHTA A4 ,, TO 1IE CYTTEBO 3MIHUTH OyZ0BY Aiarpamu crasy (puc. 5.37)
MOPIBHSHHO 3 TIONEPEIHBOIO:

1.V cucremi 3'BISATHCS TBEP/I PO3YMHH, BHACIIJOK YOO MOJIiMOphHE
MIEPETBOPEHHHS Y KOMIIOHEHTI A4 BimOyBaTHMMEThCS HE NpU MOCTIHHIN

te b
FI
Au B
| D
Kl | «
A, |
L1
A LU'M % B B

Puc. 5.37. liarpama craHy cUCTEMH, 1€ MOHOMOP(HHUI KOMIIOHEHT B
€ i3omopdunM A
TEMIIepaTypi, a B IEBHOMY TEMIIEpaTypHOMY IHTEpBaji, 0OMEXEHOMY TaK
3BaHUMU JHIAMU MPAHCYCy — NHIIMU 1o4aTKy KL i KiHISI IepeTBOPEHHS
KM (tipu 0xono/pkeHHi, a00 HaBIaKW — NMPU HarpiBaHHi):
A BHA o

MuprHa mpOTO iHTEpBaTy 30UTBIIYETHCS 31 30UTBIICHHAM BMICTY KOMIIO-
HeHTa B y cIuraBax.

2. OckinbKu KOMIOHEHT B i3omopbuuit Mogudikauii 4,, BiH Oyne
PO3IIMPIOBATH TeMIepaTypHy o0lacTh icCHyBaHHs came 1iei Moandikaii 3a
paxyHOK HeizoMop(dHOT HoMy BUCOKOTEMIIepaTypHOi Moaudikarii A g 3 uiei
npuyuHHA JiHil Tpancycy KL i KM OyayTs cupsMOBaHi JOTOPH Bif TOUKH K
MOTiIMOP(HOTO TIEPETBOPEHHS y YMNCTOMY KOMIIOHEHTI, SIK II€ i TOKa3aHo Ha
puc. 5.37, a He TOHU3Y.

3. Tomy A, 1 B npu BukoHaHnHi iHmux npasui FOM-Posepi, BukmageHnx
y po3aimi 4.3.1, MOXYTb YTBOPUTH HENEPEPBHHUN PsJl TBEPAUX PO3UHHIB,
TOMi SIK B A MOXJIMBA JIMIIE OOMEXKeHa PO3UMHHICTH KOMIIOHEHTa B
(B-daza). Bapro migkpecautH, mo JiHis Tpancycy KL y 1bOMy BHITAIKy
BUKOHYE TaKOX poIb JIiHii combBycy mias [B-asu. [HmuMH JiHisME €]
niarpamu € ninii gikBigycy CPD i comigycy CLMD. Ha ninii LMP BinOyBa-
€THCS IEPUTEKTUYHE NTEPETBOPEHHS:

ppt B0

Sk BimOMO, OAMH i3 JBOX CHOCOOIB TEPMIYHOTO 3MIIIHEHHS CIUIABiB
0a3yeTbCsl Ha BUKOPHCTaHHI mosiMopgHOro neperBopents. OTke MOBHU
e(eKT TEepMIYHOTO 3MIIIHEHHs JOCSTAEThCs JIMIIE B THX CIUIaBax, Je
moJiMOpQHE TIEePEeTBOPEHHS BiMOyBa€eThCS IMOBHICTIO, TOOTO B iHTEpBaii
KOHIIeHTpauiid A—L'. B inrepBani L'-M', ne noniMopdHe nepeTBopeHHs e
JWIIEe YacTKOBO, OCKUIBKM 3HAaUYHa YacTWHA O-(a3d yTBOPIOETHCS TYT B
pe3yJbTari NePUTEKTUYHOTO MEPETBOPEHHS, €(EKT TEPMIYHOTO 3MIIIHEHHS
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Oyne meHmmM. [l croiaBiB B iHTepBalli KOHIEHTpaliin M'—B tepmiuHe
3MIIIHEHHS B3arajli HEMOXJHMBE, 00 HISKMX (a30BHX 1 CTPYKTYpHHX
MIePETBOPEHB Y TBEPAOMY CTaHi B IIUX CIUIaBaX HEMAE.

5.7.3. Jiarpama cTaHy cucTeMd, MOHOMOP¢HMIT KOMIIOHEHT AKOI €
i3omop¢HuM BHCOKOTeMmepaTypHiii Mogudikaunii 1pyroro
KOMIIOHEHTa

Y Takomy Bumanky (puc. 5.38) Aﬁ i KOMIIOHEHT B yTBOPIOIOTH

HEMIePEepBHUH psl g-TBEPAUX PO3UYHHIB, 8 HA OCHOBI HU3BKOTEMIIEPATYPHOI
Moaudikauii komroHeHTa Aa icHye oOMexeHui d-TBepIuil po3unH.

(e} P

R
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S
K D

Y

Al 3
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A M L % B B
Puc. 5.38. [liarpama craHy cucTemMH, A€ KOMIIOHEHT B € i3omopdpHUM 4 B

3posymino, mo Jninii TpaHcycy KL i KM TyT cupsiMOBaHI JOHH3Y Bif
ToukH K TOmiMOp¢hHOTO IEepEeTBOPEHHS Y KOMIIOHEHTI 4, TOMY B CIIaBax,
IO 3HAXOAATbCS B IHTEpBaJli KOHLEHTpauid A—M, BOHO BigOyBaeThCs
MOBHICTIO 1 3a0e3nedye MaKCHMaJbHUNH €(PEKT TEPMIYHOTO 3MII[HCHHS.
BonHowac B iHTepBaii KOHICHTpaniil M—L 1ie mepeTBOPEHHS MPOXOANTh HE
TIOBHICTIO 1 J]a€ JIUIIEe YaCTKOBUH e(eKT TepMivHoro 3MinHeHHs. CIIiaBy XK,
SIKi 3HAXOMATHCS B IHTEPBAJIi KOHIEHTpalliii L—B, He MalTh B3arajii HisKHX
NIEPETBOPEHD y TBEPIOMY CTaHi 1 He 3MILHIOIOTHCS MPH TEPMIidHIH 00poO1Li.
3MimHEHHS iX, SK 1 MONIOHWX A0 HUX Yy [bOMY PO3YMiHHI CIUIaBiB B
iHTepBam KoHIEeHTpauniii M'—B 3 momepenHboi cuctemu (puc. 5.37),
MOXUIMBE JIMIIE 3a paxyHOK HakJeNny Ipu XOJOAHIA IUIACTUYHIH
nedopmarii.

5.7.4. iarpama cTaHy cCMCTeMH, BUCOKOTeMNepaTypHi Moaudikamii
KOMIIOHEHTIB sikoi i3oMop¢Hi 01HA 0Hili, a HU3bKOTEeMNIePaTypHi —
HeizomopdHi

Y miii cucremi (pumc. 5.39) BucoxkoTemmeparypHi Momaudikarii
KOMITOHEHTIB 4 B iB 3 YTBOPIOKOT HETICPEPBHUIT PSII K-TBEPANX pO3YHMHIB, a
HU3BKOTEMIEPaTypHi A, i B, — 0OMexkeHi A- i U-TBepai po3duHu.
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A M % B P B
Puc. 5.39. Jliarpama ctany cuctemu, ae 4 B iB Be i30MOpGHIMH,
a Ay i By, — Heisomopprumu

JIinii pancycy KE, KL ta NE, NO, npupoaHo, CIIpsSMOBaHi JJOHU3Y BiJ
Toyok K i N moniMopdHHX TMepeTBOpeHbh KOMIOHEHTIB A i B. JIBi 3 HHX
MEPeTHHAIOTECSL B eBTeKTOInHiNA Toumi £. Ha minii LEN BinOyBaeThCs
€BTEKTOi/IHE EPETBOPEHHS:

kg—>(A+ o).

OG6nacTi TOMOTEHHOCTI A- i U-TBEpIAMX PO3UYHMHIB OOMEKEHI JIHIIMU

conmbBycy LM i OP.

5.7.5. liarpama cTtaHy cucTeMu 3 noJaiMop(gHoI0 npomMixkHoI0 ¢a3o10

Taki cucreMn TOCHUTH YHCIICHHI, a IX JiarpaMH CTaHy — Pi3HOMAaHITHI.
Sk mpukIIam po3mITHEMO CUCTEMY, B KOTpil CTilika mpoMikHa (aza mae Tpu
moniMopdHi Momudikarii, a PO3UMHHICTH y TBEpPAOMY CTaHI BiACYTHS
(puc. 5.40).

t D
FI
P+ |P+ F
L ¥-AnBy +Y'A|1|Bn
c K| P+B-ALB, \ /P+B
E, J
P+A I3+B'£"|||Br'
G H
E f-AnB.+B
A+pB-AmB, N
0 P
A+o-AmBn -4, B, +B
Q
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Puc. 5.40. Jliarpama ctaHy CHCTEMH 3 MOTIMOP(HHOI MPOMIXHOIO (a30r0
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Orxe, TyT BepTHKansHa JiHiE DKIHNQ 300paxye CTIHKY MPOMIKHY
¢a3sy, sxa B Toukax K Ta N 3a3Ha€ 1MoaiMOp(HHOTO NEepeTBOPEHHS:

BepxHe — y Touui K: ¥-4,,B,<>p-A,B,;

HKHE — y Touwi N: -4, B,<>0-A4,,B,;

OCKUIbKM PO3YMHHOCTI Y TBEPAOMY CTaHI B LIl CHCTeMi HeMae, I
MIEPETBOPEHHS B YCiX CIIaBaxX, ¢ BOHW MAalOTh MICIIe, TAKOX BiIOyBarOTHCS
TIpH OIHUX THUX )K€ TeMIeparypax, To0To Ha iiHisx LKM i ONP BignoBigHO.

Haranaemo, mio crilika npomikHa (asza € J01aTKOBUM KOMIIOHEHTOM
CHCTEMH, BHACIIJIOK 4OTO cucteMy A—B MOXHa MOJITUTH Ha JIBl CAMOCTIHHI
nigcucremu: A-A,, B, 1 A,, B,~B. OTxe, B 000X migcucreMax 3 piJJMHH
KpHCcTalizyeThes (y BIAMOBITHHUX iHTEpBaiax KOHIEHTpaIlii) BUCOKOTEMIIe-
parypHa Momudikauis y-A,,B,. IloTiM, me m0 3aKiHYEHHA NEPBUHHOI
KpucTtamizamnii, BiZOyBaeThCsS BEpPXHE TOIIMOpP(HE TIEpPEeTBOPEHHS B
MpoMiXkHIH (asi, 1 Ipu MOJAIBIIOMY OXOJIOKEHHI KPHCTANIZy€eThCs YKe
B-A4,B,, B ToMy umcii — i y ckiani esrektuk E;(4+B-A4,B,) Ta
E(B-A,,B,+B). Haperuri, Ha ninii ONP Bin0yBaeTbcst HIKHE 0NiMOphHe
TIEPETBOPEHHSI Y NMPOMDXKHIH (a3i, 1 B OCTaTOUHYy CTPYKTypy CIUIaBiB Yy
BUIJISI/II IEPBUHHUX KPUCTAJIIB Ta B CKJIaJll €BTEKTHK BXOJSTh YK€ KPUCTAIH
o-A,,B,,.

5.7.6. [liarpama cTaHy cMCTeMH 3 MOHOTEKTOITHUM MepPeTBOPEHHAM

Ile meperBopeHHs MOAIOHE MO MOHOTEKTHYHOIO, MPO IO CBITYHUTH
Horo Ha3Ba, ane Bci a3y, ki 0epyTh y HbOMY y4acTb, TBEpi. Monomekmo-
{OHUM Ha3UBAETHCS IIEPETBOPEHHS, NPH SKOMY TBEPAUH PO3YHUH IPOMIXK-
HOTO CKJIaJy PO3IMAJAEThcsl Ha TOH JKe PO3YMH 1HIIOTO CKJIALy Ta IIe OIHY
TBepay dazy.

VY rakiii cuctemi (puc. 5.41) y xommnoHeHTa B € nBi moxiMopoHi
mMoaudikanii: B, i B, npuyoMy KOMIIOHEHT 4 i3oMopdHuii ocranuii. Tomy
ITicIs 3aKiHYeHHs HepBUHHOI KpHUCTai3alii BC1 CIUIABH CHCTEMH MAlOTh OJTHO-
(ba3Hy CTPYKTypy HEOOMENKEHOTO S-TBEPIOTO PO3UMHY KOMIOHEHTa A i B 5

Ha Ginomani LKM &-asa posiapoByerscs Ha aBi: 6,, 30araueHy
KOMIIOHEHTOM A, Ta §, 30ara4eHy KOMIIOHEHTOM B, ckiamm sKux 3MiHIO-
I0ThCS IIPU OXOJIO/DKEHHI y3[10BX T'ilok KL i KM 6inonani. MoHOTEKTOiTHE
NepeTBOPEHHS BiIOyBaeThes Ha JiHIT LMN:

OOt exs
ne e-(asza € 00MeKeHIM TBEPAUM PO3UNHOM KOMITOHEHTa A Y HU3bKOTEMIIe-
parypHiit Mogudikauii B,

Cutig e pas miakpecnuty, mwo 6,1 67 € OmHier0 1 TiEr caMoro (asoro,
3 OJJHAKOBOKO KPHCTATIYHOI PATKOIO0, ajie Pi3HOro XiMmiyHOro ckmamdy. Jlo
CKJIaJly iarpamMu BXOJSITh TaKoX JiHii Tpancycy FM i FN ta conbBycy LG 1 NH.
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Puc. 5.41. Jliarpama cTaHy CHCTEMH 3 MOHOTEKTOITHHM II€PETBOPESHHIM

5.7.7. Jiarpama cTaHy 3 MeTaTeKTUYHHM IIepPeTBOPCHHAM

Memamexmuunum Ha3UBAETHCS IEPETBOPEHHS, IIPU SKOMY KPUCTAJIH,
IO paHille BUIUIMINCS 3 PiJMHH, OIUIABISIOTHCS 3 OJHOYACHUM YTBOPEH-
HAM HOBOI TBepnoi ¢as3u. [HmUMH Ha3BaMH IBOTO IIEPETBOPEHHS €
Kamamexmuyne abo excmexmuyte. Y BCIX LIMX TEPMIHIB € CIiJIbHA OCHOBa
"mexmuune" — Te, MO MIaBUTbcA. MeTaTeKTH4He — Ii€ Te, 10 IIaBUThCA
ITicyIsl, KAaTaTeKTUYHE — Te, IO IUIABUTHCS HIDKYE, EKCTCKTHYHE — HEBiIOMe
abo Oe3iMEHHE MepeTBOPEHHSI.

[Mpuknagom Takoi cUcTeMH MOXe OyTH Taka CHCTEMa, Jiarpama CTaHy
axoi monmaHa Ha puc. 5.42. Tyt y xoMmmoHeHTa A € ABi momiMop¢Hi MoaH-
bixamii 4, 1 4 g3 000Ma 3 HUX KOMIIOHEHT B yTBOPIOE OOMEKeHi TBepIi
po3umHm — U i A Bigmosinuo. Jlinii KM i KL € niHiAMA TPAHCYCY — IIOYATKY
1 KiHIISI TOTIMOP(YHOTO TIePETBOPEHHS B KOMIIOHEHTI 4, B pe3yJbTaTi SIKOTO
A-thasza 3amiHIOETBCS U-TBepAMM po3unHoM. Ha minii LMN BinOyBaeThbes
METaTeKTUYHE NEPETBOPEHHSI:

AMDHLTPN
a Ha niHii OEP — eBTeKTU4He:
pe—(HUot Vp).

JlikBimycom cucremu € niHist CNED, comsBycoM — 1iHii OR i PS. Illomo
CONIJYCY L€l CUCTEMHM, TO 3aBISKH METATCKTUYHOMY IEPETBOPEHHIO BiH
BUSIBIISIETBCST PO3IPBAaHMM 1 CKJIaJaeThesl 3 JIBOX Ookpemux vacTuH CM Ta
OEPD.
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Puc. 5.42. Jliarpama cTaHy CHCTEMH 3 METaTEKTUYHUM IEPETBOPEHHAM

5.8. 3aranbHi 3aK0HOMiIpHOCTI Oy10BM NMOABIHHUX CHCTEM
Ta iX Jiarpam crany

5.8.1. 300pa:xenHs ¢a3oBUX piBHOBar

[NongiitHi (IBOKOMIIOHEHTHI) CHCTEMH 3TiTHO 3 mpaBwuioM (a3 ['i66ca
MOXYTh CKJIaJaTHCS 3 OAHI€I, TBOX a00 TPhOX (a3, TOOTO B HUX MOKITUBI
IBO- 1 Tpr(azHi IEPETBOPECHHS Ta PiBHOBATH.

Pisnosaca 0eox ¢paz y nesnomy memnepamypHomy inmepeani ma
nepemeopeHHs. OOHIET 3 HUX HA THULY Y YbOMY IHMepP8aii 300padicyemovcs
080MA CNPANCEHUMU KPUBUMU TIHIAMU Oiaepamu (Hanpuxiao, 1ikeioycom i
conidycom) abo 0goma zinkamu oOHiei Kpusoi (binooaii).

[Ipn mocrifiHii TemmepaTypi ABoda3Ha piBHOBara 300paxKyeThes
KOHOJIOH0.

Tpudasna piBHOBara 4m mepeTBOpeHHA onHiei (asm Ha 1Bi abo,
HaBIAaK{, JJBOX HA OIHY 300pa’Ky€TbCs HOHBApiaHTHOIO TOPU30HTAJIHHOIO
niniero. Ha Oymp-sKiil 3 HUX € TpH TOUKH, 0 300paXKyrOTh CKIagu (as: 1Ba
KiHIII TOPU30HTAJIl Ta TIEBHA MIPOMIXKHA TOYKA.

TpudaszHe nmepeTBopeHHs (PEaAKIIisi) peaizyeThCs TBOMa CIIOco0aMu:

1. OmHa BuxigHa (haza MPOMIKHOTO CKIAAY PO3MAIAETHCS Ha CyMIlI
IBOX (a3, CKIIaAM SKUX BiANOBINAOTH KpalHIM To4dkam ropu3oHTaii. Jlo
HUX HaJeXaTh eBTEKTHYHE, €BTEKTOITHE, MOHOTEKTHYHE, MOHOTEKTOIIHE Ta
METaTEKTUYHE NTEPETBOPEHHS.

2. JIBi BuXigHi (a3u, CKIaIN SKAX 300paKYIOTECS KpaiHIMUA TOYKaMH
TOPU30HTAI, ¥ B3aEMOJIIT Mi’k COOOI0 YTBOPIOIOTH OfHY (ha3y MPOMIKHOTO
ckirany. lle xapakTepHe aisi NEPUTCKTHYHOTO, IMEPUTEKTOITHOTO Ta
CHHTEKTHYHOTO [IEPETBOPEHb.

5.8.2. 3arajbHi 3aK0OHOMipHOCTi, AIKUM MiANOPSIAKOBYIOThCSI
noaBiiiHi cucreMu

He Brarounch 10 iX AETaNBHOTO OIHCY, OOMEXUMOCS IPOCTUM IIepei-
KOM 3 BiAMOBITHUMH TOCWIaHHAME. OTXKe, MOJBIIHI CHCTEMH ITiIIOPSIIKO-
BYIOTb!

1) mpaBuny ¢a3 ['166ca (po3m. 2.2);

2) mpaBwiTy Bifpi3KiB (po3a. 5.2);

3) npaBuity Masinra (po3sa. 5.2);

4) npaswry Konosanosa (po3a. 5.2);

5) nmpaBmTy MeTacTablIbHUX IPOIOBKEHb JiHil miarpamu (po3n. 5.3.1);

6) IPUHLMITY CTPYKTYPHOI 1 po3MipHOi BiAmoBigHOCTI (po3x. 2.5).

5.9. 3B's130K Mik aiarpamMamMu CTaHy pPi3HHX THIIB

HesBaxaroun Ha YHCJICHHICTH 1 PI3HOMAHITHICTH JiarpaM CTaHy
HOJBITHUX CHCTEM, MK PI3HUMH iX THIIAMHU ICHYIOTH IeBHI 3B's13ku. O/nH 3
BapiaHTIB TAaKOTO 3B's3KY, 3arpornonoBanmii I. bokiem, moganmii Ha puc. 5.43.

Leii psin BigKpUBAa€eThCs JiarpaMol0 CTaHy CHUCTEMH, MK KOMIIOHEH-
TaMU sKOI (aKTHYHO He Mae Oyapb-skoi B3aeMofii (puc. 5.43, a). Born He
TUIBKM HE yTBOPIOIOTH NMPOMDKHHX (a3, ajie il He PO3UMHAIOTHCA OIHMH B
OZIHOMY Hi B TBEPJIOMY, Hi HaBiTh Y PiJIKOMY CTaHi.

SEEEmE

a 0 B r
Puc. 5.43. 3Ba’30Kk Mix IiarpamaMu cTaHy pisHHX TUmiB (3a [. Mokiem)

Hactymaa cuctema (puc. 5.43, 0) yxe XapaKTepHU3yeThCs HasBHICTIO
00MEeXEHOI PO3UMHHOCTI KOMIIOHEHTIB Y PiAKOMY CTaHI B yCbOMY iHTEpBaJi
KOHLICHTpALIi{ Bill YACTOr0 KOMIOHEHTa A 10 YHCTOTO KOMIIOHEHTa B.

Jani oOMexeHa pO3YHMHHICTh KOMIIOHEHTIB Y pIIKOMY CTaHi
CIIOCTEpIraeThes JIMIIE Y IEBHOMY iHTepBajii KoHeHTparii. Kpim Toro, B
miff cucTeMi 3'ABISAIOTHCS HOHBAapiaHTHI MEPETBOPEHHS — MOHOTEKTHYHE
eBTeKTH4He (puc. 5.43, B).
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B3aeMHa pO3YMHHICTH KOMIIOHEHTIB y PiIKOMY CTaHi cTae HeoOMe-
JKCHOI0, aJie Y TBEpIOMY CTaHi BOHA I1Ie TIOBHICTIO BiACyTHs (puc. 5.43,1). €
TYT i HOHBapiaHTHE €BTCKTHYHE IIEPETBOPCHHSI.

YeproBuM KpOKOM Y HANPSIMKY IIOCHJICHHS B3a€MOJil KOMIIOHEHTIB €
cHucTeMa, JiarpaMa cTaHy sIkoi 300paxkeHa Ha puc. 5.43, 1, e oOMexeHa ix
PO3YMHHICTB 3'SBISETHCSA y TBEPAOMY CTaHi. SIK 1 B TOIIepeqHiX BUITaIKaX, ¥
il cucremi BiiOyBa€eThCsl €BTEKTUYHE ITEPETBOPEHHS.

HactymHa cucrema XapakTepU3YeThCs THM, IO OOMEXeHa PO3YHH-
HICTh KOMIIOHEHTIB y TBEPJOMY CTaHi CIIOCTEpIra€ThCs JMIIE 32 NEBHUX,
JIOCUTH HEBHUCOKHX TeMmmeparyp — Hipkde OiHomaini. Ilpm Oinbin BHCOKHX
TEeMIIepaTypax KOMIIOHEHTH CHCTEMH YTBOPIOIOTH HETepPepBHUH psin
TBEpIUX po3unHiB (puc. 5.43, e).

3po3yMino, 10 HACTYITHOIO B IIbOMY pPsAy HOBHHHA OyTH CHCTEMa,
KOMIIOHEHTH SIKOI HEOOMEKEHO PO3YMHSIOTHCS OJUH B OJHOMY SK Yy
piaKoMy, Tak i B TBepioMy cTaHax (puc. 5.43, x).

Jloci Hi B OHIH 13 3ralaHKX CUCTEM HE OyJI0 IpOMDKHHX (a3. A OT y
CHCTeMI, JliarpamMy cTaHy sikoi 300pakeHo Ha pHc. 5.43, K, Taka ¢asa 3'sBis-
€TBCA TIPH OXOJIOMKCHHI HEOOMEKEHOTO TBEpAOTO PO3UYMHY HIKYE Bif
MIEBHUX TEMIIEPaTyp.

3akiHuyeThCs el psii cucteMoro (puc. 5.43, i), Ae crifika npoMikHa
(haza yTBOPIOETHC 11 NTPH NEPBUHHIN KpUCTaNi3aLii 3 piJuHU.

OTxe, y HaBeACHIN IOCHIIJIOBHOCTI MOABIMHMX CHCTEM KOXHA
HACTYIIHA XapaKTePH3YEThCs 30UIBIICHHSAM CHJI XIMIYHOI B3a€MOIIl Mik
PI3HONMEHHHMH aTOMaMH.

5.10. 3B's130K Mi’* THUIIOM JiarpamMu CTaHy i BJ1aCTHBOCTS-
MU ciuiaBiB (mpaBuia Kypuakosa)

BinbmricTh Tak 3BaHMX CTPYKTYPHO UYTIMBHUX BIIACTUBOCTEH CIUIAaBiB
3ajexarhb Bijl iX cTpykrypu. OCTaHHS K, y CBOIO 4epry, BU3HAYAETHCS THIIOM
niarpamu crtany. OT)Ke, MK BJIIACTUBOCTSAMH CIUIABiB 1 THUIIOM JiarpaMu
CTaHy MOBUHEH iCHYBaTH MEBHUHN 3B'SI30K.

VY3aranpHIOIOUM YUCIICHHI eKcrepuMeHTanbHi ¢aktu, M. Kyprakos
chopMymoBaB MpaBuia, sIKi BCTAHOBIIIOIOTH 1I€H 3B'S30K.

I'padiuno mpaBuna KypHakoBa MOXyTh OyTH MOJaHiI Tak, SK 1€
nmokazano Ha puc. 5.44. Tyt 3icraBieHi mapu giarpam: Bropi — miarpama
CTaHy IIOJBIMHOI CHUCTEMH; IiJl HEK, B TOMY CaMOMY MipHJIi 3a BiCCIO
KOHIICHTpAIlili — TaK 3BaHa JiarpaMa CcK1a0—61acmugicis.

Ha puc. 5.44, a moka3aHa Taka mapa JJisi CUCTEMH, J€ B3aEMHOI PO3-
YUHHICTI KOMIIOHEHTIB Y TBEPJOMY CTaHi HeMae. Y TaKMX CHCTEMaXx BIACTH-
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BOCTI CIUIABIB 3MIHIOIOTHECS aJUTHBHO, TOOTO 3a JIIHIHHUM 3aKOHOM. SIKIIIO
BioMi 3HadyeHHS Tiel a00 I1HIIOT BIACTMBOCTI YHCTHUX KOMIIOHEHTIB Ta
XIMIYHUH CKJIaJ MEBHUX CIUIABIB, UIS OYIb-IKOTO 3 HUX JIETKO OOYHCIHTH
a0COITIOTHI 3HAYCHHS I1i€1 BIACTUBOCTI.

VY cucreMi i3 HCOOMEKECHOIO PO3YHHHICTIO KOMIIOHEHTIB Y TBEPIAOMY
ctai (puc. 5.44, 0) BIaCTUBOCTI CIDIaBiB 3MIHIOIOTHCS 32 3aKOHOM JIaHITIO-
roBoi JiHII — KpPHBOi APYroro MOPSIKY 3 E€KCTPEMyMOM, LIO IPHUIIAJac
pUOIN3HO HA €KBIaTOMHHUHN CKIIA].

Cucremy 3 0OMEKEHOIO PO3YMHHICTIO KOMIIOHEHTIB (puc. 5.44, B)
MOXKHAa pO3TIIANAaTH SK MEBHY KOMOiHamio aBOX momepenHix. Tomy
BIIACTHBOCTI CIUIaBiB TaKoi CHCTEMH B iHTepBasiaX KOHIEHTpauiit A-K' Ta
LB, ne 3 piguHA KPUCTaTi3yIOThCA onHO(]A3HI CIUIABH 3i CTPYKTYPOIO O-
abo f-TBepaMX PO3UYMHIB, 3MIHIOIOTHCS 33 3aKOHOM JIaHIIFOTOBOI JIiHil. B
iHTepBaIi X KOHIEHTpamii K L', 1e yTBOPIOEThCS eBTEKTHKA, BIACTHBOCTI
CIUIaBiB 3MiHIOIOTECS 32 JIIHIHHIM 3aKOHOM.

Hapermri, y cucremax, Jie yTBOPIOIOTHCS CTiliKi TpoMixkHi (asm, iM Ha
JIiarpamax ckiao—eiacmugicms BIATIOBiTae ocoOnnBa, Tak 3BaHA CUH2Y-

asapHa mouka S (puc. 5.44, ).
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Puc. 5.44. 3B’5130K MiX TUIIOM JiarpaMy CTaHy i BIaCTHBOCTSAMH CILIABiB
(3a M. KypHaxoBum)

OTxe, npaBmina KypHakoa, sk 6aunMo, TyXe IPOCTi 1 HA0UHi, aie He
mocuthk TouHi. Tak, B cucteMi 0e3 pO34MHHOCTI KOMIIOHEHTIB Y TBEPAOMY
ctani (puc. 5.42, a) BIACTHBOCTI OKPEeMHX CIUIaBiB HE MOTPAIULIIOTH Ha
TIPSIMY JTiHIIO, KA 3'€THY€ BiAIOBITHI TOYKH JJISI YUCTHX KOMIIOHEHTIB. Ale
JUIS TIOTIEPEAHBOTO MIPOTHO3YBAHHS BIIACTHBOCTEH 111 HE ICHYIOUHX CIUIABiB
npaBwia KypHakoBa € KOpUCHUMH.
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Po3aia 6
JJIAT'PAMU CTAHY MOTPIMHUX CUCTEM

6.1. I'eoMeTpH4Hi OCHOBH AiarpaM CTaHy
NOTPiiHUX cHCTEM

Jiarpama crany JBOKOMITIOHEHTHOI CHCTEMH, ITOOYyI0BaHa B KOOp/AWHA-
Tax KOHYeHmpayis—memnepamypa, Ma€ BUDIAI IUIOCKoro rpadika. Y
MOTPIHUX CHUCTEMaX KiIbKICTh HE3aJIC)KHUX 3MIHHUX 3POCTAE IO TPHOX:
KOHIIGHTpAIlisl JABOX KOMIIOHEHTIB (KOHLEHTpPALil0 TPEThOT0 MOXKHA
BU3HAUUTH sIK pi3HHI0 100 % 1 cymu QBOX iHIMMX) 1 Temneparypa. Tomy
Jiarpama cTaHy Takoi CUCTEMH Ma€ BHIVISJ TPUI'PAHHOI MPU3MH, B OCHOBI
SIKOT JISKUTh PIBHOCTOPOHHIM TpUKyTHHK. KokHa Touka iforo 3o0paskae
CIUIaB 3 TIEBHOIO KOHIICHTPAII€I0 KOMIIOHEHTIB, TOMY TaKMH TPHUKYTHHK
Ha3UBAIOTh KOHYyenmpayitinum. OTKe, KOHIEHTPaliiHUKA TPUKYTHHUK Bifi-
rpae TaKy camy poib, SIK 1 Bick abCIMC y MOABIHHUX CHCTEMaXx.

TemnepaTypHUMH OCSMH JiarpaMd Ta BOJHOYAC JiarpaMamMH CTaHy
YUCTUX KOMITOHEHTIB € peOpa MpU3MH.

BepunHu KOHIEHTpaLiHHOTO TPUKYTHHKA BinnosinaoTs 100 % kox-
Horo 3 KoMmoHeHTiB A, B i C (puc. 6.1). KoxHa Touka Ha cTOpOHax
TPUKYTHHKA BiJIOBi1a€e moaBiiiHoMy crutaBy. OTxke, cTopoHa AB 300paxae
monBiliHI cruiaBu cucteMu A—B. Awnanoriuyno, 2 crtoponu BC i AC
300pakatorh noxaBiKHI crmiaBu B—C ta A—C. Hapemri, KoXXHa TOuYKa
BCEpe/IMHI TPUKYTHHUKA BiJIIOBIAE MOTPIHHOMY CIIJIaBYy.

o — — i e —

938 L X-1 8‘6385

A ) g -

Puc. 6.1. BusHaueHHs ckiaay croiaBy M 3a meprieHAnKYIIpaMu

ABTOopu BHCIOBIIOOTh noasky nonentam O. 1. Hdymmi ta JI. B. Tony6 3a
JIOTIOMOTY Y TiATOTOBIIl IIOTO PO3JILTY.
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BuxoprcTOByIOYM BiZOMI T€OMETPHYHI BIIACTHBOCTI PiBHOCTOPOH-
HBOTO TPUKYTHHWKA, CKJIaJ MOTPIHHOro CIUIaBy BH3HAYAIOTh JBOMA
crocobamu.

1. Bucora TpuKyTHUKA TOPIBHIOE CYMi IEPIICHANKYISAPIB, TPOBEIECHIX
3 OyIb-sKOi TOUKH BCepeNnHI TPUKYTHHKA (Hampukianm, T. M) Ha #ioro cro-
POHH.

SIKkmo BUCOTY TpUKyTHHKA pupiBHATH 10 100 % crmaBy, TO DOBKHHA
KOXXHOTO 3 TEepPIeHAUKYISIPiB Oyle MpOIopIliiiHa KOHIIEHTpAIlil OJHOTO 3
KOMIIOHEHTIB: Binpi3ok M, nponopuiituuil % A4, My, — % B, M, — % C'y
crutasi (du ¢asi) M.

[Ipu BU3HAYCHHI CKJIAMy CIUIABY TaKHUM CIOCOOOM 3'SCOBYETHCS, IO
yuM OiIbIIe y cruiaBi M KOMITOHEHTA, HAlPHUKIAA A, THM Onrokde Touka M
J0 BepmuHU A 1 TUM Oinblla HoBxuHA BUcOTH M, 1 HaBnaku. Tak, Ko
Touka M nexuth Ha cTopoHi BC, To M ,=0 i cI1aB € JBOKOMIIOHEHTHUM (M),
1 M, He IOPIBHIOIOTH HYIO). SKIIO Touka M 30ira€ThCs 3 BEPIIMHONO A, TO
M, Mae Hail0Olnbll MOXIHUBE 3HAu€HHsA, TOMY LIO JOPiBHIOE BHUCOTI
TpuKkyTHUKA. [Ipu npomy M =M =0, To0TO cruias € 100 % A.

2. Sxmo gepe3 Oyob-AKy TOUKY BCepelrHI TPUKYTHHKA, HAPHUKIag M
(puc. 6.2), mpoBecTH TpsMi, MapajenbHi CTOPOHaM, TO CyMa BifIpi3KiB «, b 1
¢, KOTpi BOHH Bi/ICIKalOTh Ha CTOPOHAX, MOPIBHIOBATUME CTOPOHI TPHUKYT-
HUKa:

a+b+c=AB=BC=AC=100 % cru1aBy. (6.1)

Puc. 6.2. BuznauenHss cknany ciuiaBy M 3a Bipi3kaMu Ha CTOPOHaX
KOHL[eHTpaL[iﬁHOFO TPUKYTHHKA
VY npomy BHIaAKy Tpeba BUOpaTH HANPSMOK, y SKOMY OOXOIATH KOH-
LEeHTpAIITHAN TPUKYTHHUK: 32 TOJMHHAKOBOIO CTPLUIKOIO YU MIPOTH HEd, SIK Ha
puc. 6.2 ta 6.3. Toxi Binpizok a=Mh=Ck BinmoBiae KOHIICHTPAIii KOMIIO-
HeHTa A, Biapizok b=Mk=Ag — xommoHeHTa B, a Bimpi3ok c=Mg=Bh —
xommoneHTa C.
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Jnst 3py4HOro W MIBUAKOTO BH3HAYEHHS CKIAIY CIUIaBY Ha KOHLCH-
TpamiiHUN TPUKYTHUK HAHOCATH CITKY M BiLIKY (pumc. 6.3). AGm He
TIPUITYCTUTHCS IOMIJIKH Y BUOOPI HA CTOPOHAX BiMPi3KiB, SIKi BiZCIKAIOTHCS
1 BATIOB1IaOTH KiTBKOCTI IIFOTO KOMIIOHEHTA Yy CIiaBi (4u ¢a3i), HeoOXiaHO
KepyBaTHUCS Ti€I0 XK JIOTIKOIO PO BiANAICHICTh TOYKH CIUIaBy (49U (as3u) Bif
BEPIIUHY TPUKYTHHKA, SIK 11 Oy0 3po0ieHo st criocoly 1.

Puc. 6.3. KoHueHTpariifHuii TpHKyTHIK

3 BHIICBU3HAYCHUX BIACTHBOCTEH KOHIEHTPALIiHOIO TPUKYTHHUKA
BHUIUIMBAE Psili 0COONMMBOCTEH XIMIYHOTO CKIIAAY Pi3HHX TPYH IOTPIHHHUX
cruaBiB (puc.6.4).

LITN,

Puc. 6.4. CnaBu 3 0cOOIMBOCTAMH XiMIYHOTO CKJIQAy B MOTPIiiHIN cucTeMi

1. CnnaBu, ymi ¢irypaTWBHI TOYKHM 3HAXONATHCS Ha JiHIl, IIO
MIPOXOAUTH TapaleIbHO ONHIN i3 CTOPiH KOHIEHTPAIHHOTO TPUKYTHHKA,
MICTUTh TOCTIHHY KUTBKICTP TOTO KOMIIOHEHTA, SIKUH 3HAXOOUTHCS Y
MIPOTHJICKHIN [i CTOPOHI BEepIIMHI TPUKYTHUKA. Hampukiazn, cruiaBu Ha
niHii ab MarOTh OHAKOBY KiTBKICTH KOMITOHEHTA B.

2. CnmaBu Ha CivHIH, IO TMPOXOTUTH Yepe3 OAHY 3 BEPIIUH TPHUKYT-
HUKa, MAlOTh IMOCTifHE CHiBBITHOIICHHS THX KOMIIOHEHTIB, SIKi 300paka-
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FOTHCSI BEPUIMHAMHU TPUKYTHUKA, 110 3HAXOAATHCS MO OOWIBI CTOPOHHU Bif
miei ciunoi. Hanmpukiran, y crnaBiB Ha ciuHiit BF:
%A/%C=const. (6.2)
3. CnutaBm, mo nexarh Ha BucoTi BK koHIEHTpaIiitHoro TpukyTHHKA
MAaIOTh OIHAKOBY KiJIbKICTh THX KOMIIOHEHTIB, SIKi 3HAXOSIThCA y BEPIINHAX
KOHIICHTPAIIIITHOTO TPUKYTHHKA 110 OOHIBI CTOPOHH BiJl Ii€] BUCOTH:
%A=%C. (6.3)

6.2. OcHOBHI 32aKOHOMIPHOCTI Oy10BH NOTPIHUX CHCTEM
Ta IX AiarpaMm crany
VY noTpiiHMX cucTeMax IIIOTh Ti K IpaBWIa Ta NPUHLIUIH, 1O H y

MOJBIHMX, aJie TOJaBaHHS TPETHOIO KOMIIOHEHTA MPU3BOJUTH JIO MEBHIX
BUJIO3MIH Y HUX.

6.2.1. IIpaBuno ¢a3 I'icdca

3a popmyrnoro ['i66ca
c=k—0¢+1, (6.4)
JIe ¢ — KUIBKICTh CTYICHIB CBOOOIN, TOOTO KUIBKICTh 30BHIIIHUX (TeMIIepa-
Typa) Ta BHYTpIIIHIX (KOHIEHTpauis) GakTopis, 0 MOXKYTh 3MiHIOBATHCh
0e3 3MIHM KITBKOCTI (a3 CHCTEMH; K — KUIBKICTh KOMIIOHEHTIB; ¢h —
KIJIBKICTB (a3, Ipu k=3 BUXOIATH NPUHANHMHI 2 Ba)KJIMB1 HACIIIIKH.

1. Slkimio y moaBiHKUX CHCTEMax MOXIIMBI JIBO- Ta TpudasHi piBHOBArY,
y NOTPIMHKX JI0 HUX JIONAETHCS 1Ie i yoTprda3Ha HOHBapiaHTHA PiBHOBAra.
[Ipn upomy reomerpuuHuil 00pa3 IBO(a3HOI pIBHOBArM 3ajMIIAETHCS Oe3
3MiH 1 SIBJISIE COO0I0 KOHOOY, KIHIII SIKOT IMOKA3yKOTh CKIIAMU (a3, 0 3HAX0-
JUIThCSl B PIBHOBA3I, a 1i 1y1e4i 00epHEeHO MPONOPLIiHHI KUTBKOCTI IUX (a3.

VY nozBiiiHUX cucteMax TpugasHa piBHOBAra 300pa’Ky€eThCsi TOPU3OH-
TaJBHOIO JIHIEK, KIHI[ SKOT Ta MPOMIXKHA TOYKA MOKA3yIOTh CKJIAIH TPHOX
(a3, mo 3HaXoAATbCS B HOHBapiaHTHIM piBHOBa3i. DakTW4HA CyTh wLi€l
TOPU30HTAJIl CTAa€ 3PO3yMIUIOI0 NpPH TEepexoii 0 TPHUKOMIIOHEHTHOI
cucremu. TyT TtpudasHa MOHOBapiaHTHa piBHOBara 300paXKyeThCs
KOMOIHAITIEI0 TPHOX KOHOJ, TOOTO KOHOOHUM mpukymuuxom. OTxe, HOH-
BapiaHTHY TOPH30HTAJb MOABIMHUX CHCTEM MO)KHA PO3IVISNATH SIK KOHOJI-
HUIl TPUKYTHUK, IO BHPOAMBCS BHACIIJOK OITyCKaHHS OJHI€l CBOET
BEPIIMHH Ha POTHJIEKHY CTOPOHY.

HomnpapianTHOI0 B moTpiiiHili cucteMi € wotnpudasHa pisHosara. i
TEOMETPUYHUM 00pa3oM € He SIKUHCh 3 YOTUPUKYTHHKIB, & YOTUPU KOHOA-
HUX TPUKYTHHKH 31 CHUIBHUMH HONAapHO cTopoHamu. JleranpHime 1e Oyae
MIOKa3aHO HHXKYE.
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2. 3aBASKH TPEThOMY KOMITOHEHTY BapiaHTHICTb CHCTEMH 30LIBIIY-
€THCS Ha OJMHUITIO, Y PE3YIIBTATI YOTO JIiHIT MOABIHHIX AiarpaM — JTiKBiAyCY,
COJITyCy, CONBBYCY TOIIO — MEPETBOPIOIOTHCA Ha BIATIOBiAHI MOBEPXHi, a
TOYKH — €BTEKTHYHA, €BTEKTOINHA Ta I1HIIl — Ha BIANOBIAHI JiHII. 3BiAcH,
30KpeMa, BWIUIMBA€, IO JUIA TIOBHOTO YSIBICHHS IIPO Jiarpamy CTaHy
MOTPiHOT CHCTEMH HE MOCHTH ii 3arajdbHOTO OMHCY W aHaNi3y MpoIecy
KpHCTali3alii TUMOBUX CIUIABiB, SIK JJIA JiarpaMH CTaHy IOABIHHOI
cucteMu. HeoOXiTHUM i BAYKIIMBHM €TarlOM BHBYCHHS IOTPIHHOI iarpamMu €
moOymoBa cepii ii po3pi3iB — i30TepMivHUX (TOPH30HTAIBHUX) 1 MOMITEpMid-
HUX (BEPTHUKAIHHUX).

6.2.2. TIpaBuio BinpiskiB (Baxkesis)

Le npaswmito 3amumaerbes 0e3 3MmiH. CIix BpaxoBYBaTH, IIO BOHO i€
TUTBKH Y ABO(a3HUX CHCTEMaX.

Hexait Toukn X i Y 300paxaroTh cKIaau OBOX (a3, Mo 3HAXOMATHCS Y
piBHOBa3i B moTpiffHOMY cruraBi M mpm sKiiick 3amaHiii Temmeparypi
(puc. 6.5). Sk 1 B momBiHHUX CIUIaBaX, I (a3u MOXKYTb OyTH PiIKHMH Ta
TpaHUYHUMH TBEPAVNMH pPO3YMHAMH, TPOMDKHHMH ha3zamu Tomo. [eo-
METPUYHUM 300pa)KCHHSM pIBHOBarM mux OBoX (a3 € koHoma XY, ska
MIPOXOAUTH Yepe3 PirypaTuBHY TOUKY cIutaBy M i moenaHye Touku X Ta Y.
Konony XY MoxHa po3miisgaTh SK BaXKib, a GIrypaTHBHY TOYKY CIUIaBy M —
SIK TOYKY Ormopy mporo Baxkens. Ckian cruiaBy M 3aleXdTh Bil BITHOCHOL
kimpkocti a3 X ta Y. Yum Oinmeine B croiaBi ¢a3u, HaNpUKIag Y, TUM
ommkae Touka M mo Touku Y 1 HaBmaku. OTKe, BITHOCHA KUTBKICTE (azu ¥V
BIMOBia€ CHIBBITHOMICHHIO BiApi3kiB XM/XY, a BigHOCHA KiJIBKICTh
npyroi ¢asu X — criBBiTHOIICHHIO Bifpi3kiB YM/XY.

B

A ¢
<
Puc. 6.5. 3acTtocyBaHHs paBuIiIa Bifpi3KiB (BakelNs) y MOTpiiiHIN crcTemi
Ui ABO(a3HUX CIUIaBiB

JiarpaMu cTany HOTpiHHUX CHCTEM 155

[pu posnaxi crutaBy M Ha aBi pa3u X Ta ¥ KOHIEHTpAIliitHI TOYKH IUX
(a3 OymyTh JexaTu Ha OfHiH npsamii XMY i kinbkicTsh ¢a3u X Oyme mporop-
nifiHa Biapisky MY, a dasu Y — Bigpisky MX. Ilpu mpomy mpsima XMY
ITOKa3y€ BCIO KUTBKICTh CIUIABY.

6.2.3. IIpaBusio Ma3sinra

Jns moTpiiHMX cucTeM, 3 YpaxyBaHHSAM BUKJIAJEHOTO BHIIE, II€
MIPaBWIIO Kpalie c(hOpMyITIOBATH TaK:

besnocepeonvo mescysamu o0Ha 3 00HOW0 NO NOGepxHAX diazpamu ma
JUHIAX pOo3pi3ie MOJCymb Juwe maxi odaacmi, KiibKicms ¢as y Kompux
BIOPI3HAEMbCA HA OOUHULIO.

Otxe, 3 1BO(A3HOIO 00IACTIO MOXKYTh MEXYBaTH OIHO- UM Tpuda3Hi
obacTi, ane He qBO(da3Hi.

6.2.4. IIpaBuio MeTacTadlIbHUX NPOJOBKEHb

3 Ti€l xk mpuuuHU (HOPMYIIFOBAaHHS [FOTO TPABHIIA TEX BapTO ACHIO
3MIiHUTH:

Memacmabinbhi npoO008IHCEHHS NOBEPXOHD I NIHI Olacpamu 3a JIHII0 YU
MOUKY iX nepemuHy NOBUHHI 3HAXOOUMUCA 8 001ACMAX 3 O0OHAKOBOIO
KinoKicmio ¢as.

6.2.5. Inwi 3axoHOMipHOCTI, 3araJjibHi A/ NoABiliHMX i MoTpiiHNX
cucTeM

[MpaBuio KonoBanoBa 100 XiMi9HOTO CKJIQJy PIAKOTO Ta TBEPIAOTO
PO3YHMHIB, SIK 1 IPUHIMIT CTPYKTYPHOI Ta po3MipHOI BiOBITHOCTI JlaHKOBa—
Konob6eeBchKoro, 3aIuIiaioThes 0€3 3Mil.

6.2.6. IIpaBu/10 LIEHTPY MacH KOHOAHOTO TPUKYTHHKA

3a JI0MOMOroI0 IOTO TpaBHia, SIKOMY ITiJIIOPSAKOBYIOTHCS JIHIIE
MOTPiiHI CHCTEMH, BH3HAYAIOTHCS XIMIYHI CKJIaTy Ta KUTBKICTh KOXKHOI 3
Tpbox (ha3, mo 3HaxomAThCS y piBHOBa3i. [Ipu mpoMy ciix mam’sitatu, oo
LEHTP MacH KOHOJHOTO TPHKYTHHKa 30iraeTbcsi 3 HOro IreOMETPUYHUM
HEHTPOM — TOYKOIO NIEPETUHY MeJiaH CTOPiH TPUKYTHHKA — TUIBKH Y TOMY,
JIOCUTB PIIKICHOMY BHITQJIKy, KOJIM Maca yCix TpboX (ha3 OfHaKoBa.

3aranpHONpHKHATE (QOPMYIIOBaHHS IIHOTO MPaBUIIA BiCYTHE. MOXKHA
3anpoINOHYBAaTH, HANPUKIIA, TaKe:

Tpu pazu piznoi macu modxcyms nepedysamu 8 pigHO8A3L auue mooi,
Konu ix picypamueni mouku € @epuluHamu KOHOOHO20 MPUKYMHUKA, 8
YeHmpi Macu Kompozo po3mauiosana QicypamusHa mouka cniasy, 6 AKomy
BOHU CNIBICHYIOMD.
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LJob susHauumu Kinvkicms KoxcHoi 3 yux ¢has, ii gpicypamueny mouxy
mpeba 3’ eonamu 3 YyeHmpom Macu KOHOOHO20 MPUKYMHUKA NPAMOIO JIIHIEI0
ma npoooe’CUMU ii 00 nepemuny 3 RPOMULEHCHOIO CIMOPOHOIO, BIOHOWEHHS

008CUHU YbO2O 000AMKOB020 BIOPI3KA 00 008XHCUHU YCIEl nposedeHOol

npamMoi 00OPIBHIOE 8IOHOCHII KinbKocmi OaHoi asu.

Hanpuknan, skmo B criai M (puc. 6.6) B piBHOBa3i 3HAXOAATHCS O,
[- Ta y-(hasm, ckiraam SKuX 300paKyIOThCS BepiMHaMu X, ¥ Ta Z KOHOITHOTO
TPUKYTHHKA, TO BUKOHABIIIH BKa3aHI BUIIIE OOYT0BH, MOJKHA 3HANTH:

%0=Mx /Xx,-100 %; (6.5)
%PB=My/Yy;-100 %; (6.6)
%y=Mz,/Zz,-100 %. (6.7)
z
X
X4
4Nz

A C

Puc. 6.6. 3actocyBaHHs NIpaBKiIa HEHTPY MAacud KOHOJHOI'O TPUKYTHUKA
y TOTpiiiHIN cucTeMi T Tpru(a3HUX CIIaBiB

6.3. [liarpama cTaHy CHCTEMH 3 HEOOMEKeHOK PO3YMH-
HICTI0O KOMIIOHEHTIB y PilkKOMYy Ta TBepAOMY CTaHaX

[MotpiitHi cucTeMu 3 HEOOMEKCHOIO B3a€EMHOI0 PO3UYMHHICTIO KOMITO-
HEHTIB y piKOMY Ta TBEpAOMY CTaHaX HAJIeKaTh IO HAUMPOCTIMIMX Ta
HEYHCIICHHHX. be3nepepBHi NOTpiiHI TBepi pO3YUHHA MOXKYTh YTBOPIOBATH
SIK TIPOCTi, TakK 1 MOMIMOp(HI KOMIOHEHTH, SKIIO BOHH i30MOp(hHI OIWH
OIHOMY.

6.3.1. 3araabHuii onmc giarpamu

[iarpama crany notpiitnoi cucremu A—B—C 3 Ge3nepepBHUMH piIaMu
PIAKKX Ta TBEPAMX PO34YMHIB (pHC. 6.7) CKIaTaeThcs 3 JBOX HOBEPXOHb —
JiKBizycy Ta comixycy. OOuaBI BOHM MarOTh KPHBOJIHIMHY OIyKITy (opMmy,
pO3TaIIoBaHi MOXWJIO 1 MEpeTHHAroThCs Jmme y toukax 4', B' 1 C') ski
BIJINIOBIAIOTH TeMIlepaTypaM KpucTaiisamii (IJ1aBjIeHHs) KOMIIOHEHTIB.
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Puc. 6.7. [liarpama cTaHy CHCTEMH 3 HCOOMEKEHOIO PO3UHNHHICTIO KOMITOHEHTIB
Y piAKOMY Ta TBEpAOMY CTaHaX

Bumie Bix moBepxHi JiKBiAyCy cruiaBu cucteMu A—B—C 3HaXOAATHCS Y
piakoMy craHi Ta ABISAIOTH cOOOI0 HEHACHUeHi piaki po3unHHu. Hikde Bifx
MOBEPXHI COJIAYCYy BCi CIUIaBH 3HAXOISITHCS Yy TBEPAOMY CTaHI Ta €
HEHACHMYCHUMH ILIO/I0 PiJIMHU O~TBEpAWMH po3urHamHu. JIBoda3Huii cran —
piIuHa Ta O-KpUCTaNy, HeHaCHYEHi OJJH LIOJIO0 1HIIIOTO, — XapaKTEePHU3ye TaK
3BaHUH IHTEpBaJ KpUCTANI3AII] MiXK TIOBEPXHIMH JIIKBIYCY Ta COJIIyCY.

3aJe’kKHO BiJ CBOTO XIMIYHOTO CKIAIY CAIABU—PO3YUHU MAIOTh PI3HUH
iHTepBan kKpucramizamii (roraBmeHHs). CraBu, SKi pO3TamIoBaHi OiIs
BEpIIMHN KOHIICHTPAI[IHHOTO TPUKYTHHKA, MalOTh BY3bKHH iHTEepBail
KpHCTaJi3allii, a CIulaBy 13 CepeAHbOI YACTHHU CUCTEMH — OLIBII INPOKHH.

[loBepxHsl JIIKBIIYyCy CBOEI OMYKIICTIO OOEpHyTa B OIK BHCOKHX
TEMITEpaTyp, a HOBEPXHS CONIAYCY — Y OIK HI)KYMX TEMIIeparyp.

6.3.2. Kpucranizanisa norpilinux cnJjasis

3a mpaBmioM (a3 MOTPIHUN CIUIaB, IO KPUCTANTI3YETHCSA, MA€ JBa
CTYIICHI cBOOOIH:
c=k—p+1=3-2+1=2, (6.8)
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Le o3Hauae, M0 CIUIABU KPHUCTANI3YIOThCA B IHTEpBAJi TeMIeparyp, a
Iporec iX KpHCTami3amii CympOBOIKYETHCS 3MIHOIO CKJIAAy PIAMHA Ta
O-KPHCTANIB, TOAI SK MOTPiKHI CIIABH KPUCTAI3YIOTECS Y TPUBUMIPHOMY
MIPOCTOPI, Y IKOMY CKJIAZIH PigKOi Ta TBepaol (a3 3MiHIOIOThCA 3a IIPOCTOPO-
BHMH KPHBHMH, III0 PO3TANIOBAHI BiAMOBITHO Ha MOBEPXHIX JIKBIAYCYy Ta
comimycy.

Sx mpukiIan po3mITHEMO Tporec Kpucramizamii crutaBy M. Hexait
KOMITOHEHT B € HalOimbIl Ba)XKOTONIKMM cepell ycix, a KommoHeHT C —
HAHOLIBII JTETKOTOIIKUM:

tg>ta>te (6.9)

Kpucranizauis craBy M MO4HETbCs IPH TEMIEPATypi ¢;, KOJIU Horo
¢irypatnBHa Touka /' ONWHUTHCA Ha IOBEPXHI JIKBiTyCy, TOOTO KOJH
piiuHa p; CTaHE HACUYEHOIO IIOAO O-KPHUCTAJIB.

Cxutaj mepimux KPUCTAJIB, 0 BUAUIAIOTHECS 3 PIIWHY, BH3HAYAETHCS
TOYKOIO 2', sIKa JI)KUTh HA MOBEPXHI COMimycy. Y IUIOMIMHI KOHIIEHTpa-
LiHHOTO TPUKYTHHUKA CKIIAIU PIIHHU Ta O-KPUCTAIIB y MMOYaTKOBUH MOMEHT
KpucTaiizarii OyayTh 300pakeHi BIIIOBiTHO ToukaMu M Ta 2.

[epma xonona /'2' (M2) moBuHHA OyTH CIIpsIMOBaHA y OiK HaHOUTBII
Ba)XKOTOIIKOTO KOMIIOHEHTa B, TOOTO MepIli O-KPUCTAIH 3TiTHO 3 IPABHIIOM
KonoBanoBa moBuwHHI OyTn 30aradeHi KOMIIOHEHTOM, MIO ITiJABUIIYE
Temneparypu kpucramizamii. [Towatok kpucramizamii crmaBy M MokHA
3aIIMCATH TaK:

t
P =0, (6.10)

31 3HIKECHHSAM TeMIepaTypy 3MIHIOIOTHCS CKIIAAH K O-KPHUCTATIB (32
MIPOCTOPOBOIO KPUBOIO 2'4'6' y3MOBXK TOBEpXHI COJMIAyCy), Tak i CKIaj
piAnHY, 10 KPUCTATI3YEThCS, — BIAIOBIAHO 3a MMPOCTOPOBOIO KprBoIO /3’5’
10 TOBEPXHI JIKBiXycy. Y IUIOMMHI KOHIIEHTPALIHOTO TPHKYTHHKA 1€
OyxyTh BiamoBimHO KpuBi 24M Ta M35.

Ipu Temneparypi ¢, B iHTepBaii KpucTajisallii piiuHa ckiaay Touku 3’
Oyre 3HaXOUTHCS Y PIBHOBA3I 3 O-KpHUCTaNaMu Ckiiaay Touku 4. Konoma 34,
o 3'€THY€E i TOYKHM, MOBHHHA MPOXOJHUTH uepes JiHito /'M diryparnuBHIX
TOYOK CITIaBY, IO KPHCTATI3YETHCS. Y IUIOMMHI KOHIIEHTPALIHHOTO TPUKYT-
HUKa KOHOZAA 34 MPOXOnuTh depe3 pirypaTuBHy TOUKy M.

3a mpaBWIOM BiApI3KiB KiTBKICTh PIOUHU Ta (-KpUCTaJiB Oyne
BU3HAYATHCS CITiBBITHOIICHHSM:

Y%p/%o0=m4'/3'm. (6.11)

Ilpu Temneparypi t3 mpolec Kpucraisauii cruiaBy M 3akiHUUTbCA. Y
1eif MOMEHT BCi KpHUCTau O-(a3u, 3MIHUBIIH CBill Ckiaz 3a KpuBoio 2'4'6’

JiarpaMu cTany HOTpiHHUX CHCTEM 159

y HanpsMKY BiJ TOUKH 2’ 10 TOYKH 6', HAOyAyTh CKJIAy BHUXiIHOTO CILIABY.

3rigHo 3 TMPABWIIOM BaXkels B MOMEHT 3aKiHYEHHS KpHCTali3amii y croiaBi
3HUKHYTb OCTaHHI 00'€eMU PIIUHU ps»:
i

T Yo (6.12)

ITpn nonmanbmoMy OXOJIOMXKEHHI CIUIaBy A0 KIMHATHOI TeMIepaTypH

HisKi (a30Bi IEpETBOPEHHS Y HHOMY HE BiI0yBarOTHCS.
Becr mpormec kpuctamizamii CIutaBy MOXHa 3alHCaTH y TakKOMY

BUTIISIL:
t-ts

Prs =0, . (6.13)

IIpocroposi kpusi /'3'5' ta 2'4'6' Ha MOBEPXHSIX JIIKBILyCy Ta CONIAYCY
HE 3HAXOIATHCA Y AKIMCh MEBHIN BepTUKAIBHIN IJIOMIMHI, HA IO BKAa3YIOTh
X TPOEKIIi] MJIOMMHY KOHIIEHTpaIliifHoro TpukyTHHKA. [Ipn kxpucTtamizamii
crutaBy M KOHOAM, IO 3'€THYIOTH TOYKH CKJIAZIB PIAWHU Ta TBEpHOi (a3,
3MIITYIOTECS Y OiK HU3BKHUX TeMIeparyp i, 30epirarods Bech 4ac TOPHU30H-
TaJbHE IMOJIOKEHHS, O0EPTAIOThCA HABKOJNO JIiHII (IrypaTHBHUX TOUOK
cruiaBy. [Ipy 1bOMy KOHOIM OAHMM CBOIM KiHIIEM KOB3alOTh IO ITOBEPXHIi
nikBigycy (kpusa /'3'5'), a npyrum — o moBepxHi coningycy (kpusa 2'4'6").

Kinni KoHOAM 00epTAIOTECA Y TOMY K HAIIPAMKY, Y IKOMY 3HIDKYIOTBCS
TEeMIIepaTypH IIaBIeHHS KOMIOHEHTIB 4, B ta C i, BinmoBixHO, TemIepa-
TypH Ha TIOBEpXHAX JKBiIycy Ta comigycy. IIpm mpoMmy o-Kpucranu,
30aradeHi CIepIry BaXKOTONIKUM KOMIIOHEHTOM B, OyIyTh MOBUIBHO
30araqyBaTucs OLIBII JIETKOTOKUMH KoMItoHeHTamu 4 ta C. Cxiaj piguHu
3MIHIOETBCSI aHANOTIYHO. 3MiHAa CKIaay PIAMHHA Ta O-KPHUCTATIB CYyNpoO-
BOJDKYETHCS 30UIBIIEHHSIM KiJIBKOCTI KPUCTAJIIB Ta 3MEHIICHHAM KiTBKOCTI
piauHu.

6.3.3. IsoTepmiuHi po3pizn

SIK110 MPOCTOPOBY Miarpamy CTaHy YMOBHO PO3CIKTH JEKUTBKOMA IIIO-
[IMHAMH, TTapaJeIbHUMHU TUIOIINHI KOHIIEHTPAI[IHHOTO TPUKYTHUKA, MOXHA
oJiepKaTH TOPH30HTAIEHI 200 130TepMidHI PO3pi3H.

Hexait xommonenT 4, B Ta C TIABIATHCS MPH TEMIIEpaTypax BiAIo-
BimHO 800, 1100 Ta 600 °C. Tomi po3pi3 npu Temneparypi 900 °C Oyne matu
BUIJISAL, SIK Ha puc. 6.8, 0.

TlopuzonTansHa omuHa P (puc. 6.8, a) mepepizae moBepxHi JTIKBiAyCy
1 COMIAYCY TIO JiHIAX, SIKi HA3UBAIOTBCS [30MmepmMamu AiKeioycy Ta conioycy.
KpuBu3zHa mux i30TepM BH3HAYAETHCS XapaKTepOM MTOBEPXOHB JIKBIAYCY Ta
comimycy. [30TepMa JKBiZyCy CBOEIO OIMYKITICTIO CIpsSIMOBaHa y Oik oOmacTi
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0

Puc. 6.8. I3oTepmiunmii po3pi3 aiarpamu (a) Ta HOro MPOEKLis y IUIOIIHY
KOHLIEHTPALIiHOTO TPUKYTHHKA (0)

PIAKMX PO3YMHIB, a 130TEpMa CONIAYCy — y 00JIacTi Q-TBEpANX PO3UUHIB.

[30Tepmu nikBigycy Ta CONiAYCY Y IUIOIIMHY KOHIEHTPALIHHOTO TpH-
KyTHHUKA TPOEKTYIOTHCS y BUIVIAI BiAMOBiqHUX KpuBuX. [Ipoekuii i3orepm
JIKBiZyCy Ta CoMigycy 300pa)kyroTh OKpEMO, KOXHI Ha CBOEMY KOHILIEHTpa-
LWifHOMY TPUKYTHHKY. TeMIepaTypHHUH iHTEpBaJ MiX i30TepMaMH MOXKeE
Oyt pizHuM (puc. 6.9).

VYei criaBy, 0 3HAXOIATHCS Ha OZHIH 130TepMi JIIKBiAYCY, HOYNHAIOTH
KPHCTATi3yBaTUCS NIPU OIHAKOBIH TeMIiepaTypi, a CIUIaBH, sKi 3HAXOIATHCS

Puc. 6.9. Ipoekiii i3oTepm mikBiaycy (a) Ta comiaycy (0) Ha TUTONIHHY
KOHIIEHTPAI[IHHOTO TPUKYTHUKA
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Ha OIHIi 130TepMi CONiAyCy, 3aKiHIYIOTh KPHCTATI3yBaTHCS MIPH OIXHAKOBIH
TeMIeparypi.

3 puc. 6.9 BUIHO, 1110 130TEPMH JIKBILyCY CBOEIO OIYKIICTIO TOBEPHYTI
y HanpsMKy 3HIDKCHHS TeMIlepaTypd Ha IOBEpXHI JIKBixycy, a i30TepMu
COJIYCY, HaBMAaKH, — Y HaNPsIMKY IiJBHUIIEHHS TEMIepaTypy Ha ITOBEPXHi
coimycy.

[3oTepMu mikBimycy Ta comigycy, moOyaoBaHi A OXHi€l 1 Tiel X
Temneparypu ( puc. 6.8, 6), 300paxyIOTh CKIQAN PIIUHHU Ta O-KPUCTAIIB,
1110 3HAXOMAThCS Y PIBHOBa3l OJMH 3 OIHUM Y cIUIaBax 1BodazHoi ob6iacTi
acdb. JInsg KO)KHOTO TOTPIHHOTO CIUIaBy y Lild o0jacTi MOXKHA BH3HAYUTH
CKJal piguHM Ta KpucTtamiB. Hampukman, y cmmaBi M ckimag pinuHU
BHU3HAYAETHCSA TOYKOIO 3, sIKa JIC)KHUTh HA 130TepMi JIKBIIyCy, a Todka 4
BU3HAUYAE CKIIAJ] O-KPUCTAIIB, IO 3HAXOAATHCA Y PIBHOBA3i 3 PIIMHOIO MPH
naHii Temriepatypi. Konona 34, sika 3'eqHye 11i TO9kH, 000B'I3KOBO TOBHHHA
MPOXOAMTH Yepe3 BirypaTuBHYy TOUKY CILIABY.

[3oTepMiyHMl pO3pi3 [103BOJSE BHU3HAUUTH HE JIMIIE CKJIAIH
PIBHOBa)XXHUX (ha3 y KO>KHOMY MOTPIHHOMY CIIIaBi, aJjie i OIIHNTH X BiTHOCHI
KUTBKOCTI, SIKIIO CIUIAB 3HAXOAWUTBCA y ABOodazHid obmacti p+a. Orxe,
130TepMIidHI PO3pi3H MOTPIHHOI CHCTEMHU XapaKTepU3YIOTh (a30Bi piBHOBATH
y IIOTPIHMX CIUIaBax SIK Yy SKICHOMY, TaK i y KiTbKICHOMY BiJHOIIICHHSX.

6.3.4. IlositepmivHi po3pizn

[omitepmiunuii po3pi3 (puc. 6.10) omepXyroTh mpu po3pi3zaHHi
MPOCTOPOBOI AiarpaMMH CTaHy BEPTUKAIBHOIO TUIOUIMHOKO.

Kpusi A'd’ ta e'f' — cninu nepepizy BepTUKaJILHUMHU IUTOMUHAMHU [1; 1
11, moBepXOHb JIKBiyCy — Ha3UBAIOTbCS KPUBUMM JIKBiAyCy IOJiTEp-
MIYHHX pO3pi3iB A, i e BOHM mOKa3yloTh TeMIieparypu mo4arky Kpucra-
Ji3amii cIutaBiB, sIKi 3HAXOAATHCS Yy IUIOMIMHAX LHX PO3Pi3iB 3aJ€XKHO Bij
IXHBOTO CKJIany.

Kpusi A'd; ta e;f; — xpuBi comimycy po3pi3iB — BimoOpakaioTh
TEeMIlepaTypy KiHISI KpHCTaimi3amii ciuiaBiB Iux pos3piziB. B iHTepBaii
TEMITEpaTyp MK KpUBUMH JIIKBIYCYy Ta CONIAYCY — iIHTEepBai KpucTaizanii
(nmnaBieHHst) — icHye qBo(a3Ha piBHOBara p+oL.

Kpusi nikBimycy Ta comimycy MONITEPMIYHUX PO3Pi3iB CBOEIO OMYK-
JCTIO, K TMpPaBHJIO, CIPSAMOBaHI BIiAMOBiAHO y OiK PiAKMX Ta TBEpIHX
PO3YHHIB.

[omiTepmiuHi po3pi3u 30BHI CXOXKI Ha JiarpaMH CTaHy MOABIHHUX
CHCTEM, ajie 3a BIaCTUBOCTSAMH IPHHIIUIIOBO BiIPi3HAIOTHCA Bif HUX. KpuBi
JIKBIAYCY Ta CONIAYCY MOMITEPMIYHUX PO3PI3iB Y 3aralbHOMY BHIIAIKY HE €
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Puc. 6.10. Tlonitepmiuni po3pisu giarpamu crany (a) miomunamu I1; (6) i I1, (8)

o
i
o o
u F‘ /E/-U
-

CIPSDKEHUMH Ta He 300paKylOTh CKJIaIy PIBHOBAXHHX (a3 y iHTepBai
kpucramizaiii. OTxke, TOTITEpMidHI PO3pi3W HE XapaKTepH3yloTh (a3oBUX
piBHOBAar y HOTPiHHUX CILTaBaX.

BoHu He nalOTh MOMIJIMBOCTI INPOCTEXHTH 32 3MIHOIO CKJaliB
PIBHOBKHHMX PIZIMH Ta OFKPHCTANIB B IHTEpBaJli KpHCTali3alii BiAMOBIN-
HOTO TOTPIHHOTO CIIaBy Ta BH3HAYUTH iX BiIHOCHI KUTBKOCTi, OCKIJIBKH
TOYKH, IO BHU3HAYAIOTh CKJIAAM PIBHOBWKHHUX (a3, HE 3HAXOIATHCA Y
TUTOIIMHI TOTO YH 1HIIIOTO MONITEPMIYHOTO PO3PI3y.

[omiTepmiuHi po3pi3u HO3BOJISAIOTH TOCIIAUTH TUTEKH 3MiHY (Pa30BOTO
CTaHy MOTPIHHUX CIUIABIB 3aJIeKHO BiJ IX CKJIamy Ta TeMIIEpaTypH, TOOTO
MaTH YSBJICHHS MPO (a30Bi HMEPETBOPEHHS, sKi BinOyBalOThCS y PIi3HUX
CIUIaBaX B YMOBaX, M0 HE3HAYHO BiIPi3HAIOTHCS BiA PIBHOBOXKHUX. TakuM
YUHOM, TIOJITePMidHi pO3pi3H BiIpPi3HAIOTECS BiJ diarpaM CTaHy IOIBIHHIX
CHCTEM, a TaKOX BiJl 130TEPMIYHHX pPO3pi3iB, SKi BHYEPITHO OIMUCYIOTH
(ha30Bi piBHOBArH BiATIOBIAHO Yy MOABIIHMUX Ta MOTPiifHKUX crutaBax. BomgHo-
Yac TakKi po3pi3u JO3BOIIIOTh BU3HAYUTH yCi KPUTHYIHI TOYKH BCiX CIUIABIB,
II0 3HAXOIATHCA Yy iX IUIOLINHAX.

6.4. /liarpama cTaHy CHCTeMH 3 HEOOMEKEHOI0 PO3YMH-
HICTI0O KOMIIOHEHTIB y PilKOMYy CTaHi Ta BiACYTHicTIO
PO3YMHHOCTI Y TBEPAOMY CTaHi

[cHYIOTh BUTIAJIKH, KOJIM PO3YMHHICTH KOMIIOHEHTIB CHCTEMH Y TBEPJO-
My CcTaHi ayxe Mana. Toai HasBHICTIO I1i€1 PO3UMHHOCTI MOXKHA 3HEXTYBATH
Ta HaJalli BBaXKaTH, 10 y MOTPIHHUX CIUIaBaxX MPHU PI3HUX TeMIeparypax y
PIBHOBA31 3HAXOAATHCS KPUCTAIM YUCTUX KOMIIOHEHTIB.

JlikBimyc Takoi cucremu (puc. 6.11) ckiamaeTscs 3 TPHOX MOBEPXOHB!
A'e;Ee;, B'e;Ee, Ta C'e;Ee; moyaTKy KpHCTali3allii KOMIOHEHTIB 4, B, C.
Lli moBepxHi MalOTh KPHUBOIiHIMHY (OpMy Ta pO3TalIOBaHi MOXWIO. Ix
OITYKJIOCTI CITPSIMOBaHI Bropy Ta ZI0 LIEHTPY AiarpaMu. Y IUIONIMHY KOHIICH-

AJ‘

:L-:é::i

= Y

Puc. 6.11. [liarpama cTaHy CHCTEMH 3 HEOOMEKEHOIO PO3UHHHICTIO
KOMIIOHEHTIB y piIkoMy Ta ii BiICYTHICTIO Y TBEpIOMY CTaHi
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TpalilfHOro TPUKYTHUKA BOHU IIPOEKTYIOThCs (puc. 6.12) B obnacti Ae;Ee;,
Be Ee; 1a CeyEe; BIINOBIIHO.

¢

Puc. 6.12. IIpoekuii HOBEpXOHB AiarpaMH Ha IDIOMWHY KOHIICHTPALiITHOTO
TPHUKYTHHKA

INoBepxHi JMIKBigyCy HEpPepi3aloTh IONApHO 10 JiHifAX e E, e,F Ta e3E.
Ha mux miHisSX pigkuil po3YrH BUSBISETHCS HACHUSHUM OPa3y IIONO JBOX
THUIIB KPUCTAJIB i, OTXKE, IIOYNHAETHCS KPHCTATi3allisi HOABIHHUX EBTEKTHK
€](A+B), 62(B+C) Ta 63(A+O.

Vi Tpu moBepxHi JKBigycy 30iraloThCsi B OJHOMY Michi — Toulli £
notpiitHoi eBTekTHkH (4+B+C). TyT pigkuil po34nH rpaHUIHO HACHICHUH
yciMa TpbOMa KOMIIOHEHTaMH 1, OTKe, BiTOyBAa€ThCS iX OHOYACHA Ta CyMic-
Ha KpHCTaIi3amis, TOOTO yTBOPIOEThCA MOTpiifHA eBTekTHKa. Crucrema mpu
OBOMY € HOHBapiaHTHOIO, i TMOTpiifHa EBTEKTHKAa y OyIOb-IKOMY CILIaBi
KpPHUCTaJIi3y€eThCs MPH TOCTIHHIN TeMIiepaTypi — Ha TOPH30HTANIBHIH IDIOMIH-
ui A/VBIVCIV. Bona i € miommHo0 comigycy BCiX MOTpifHMX crimaBis. [i
TIPOEKIIis 30iraeThCs 3 CAMUM KOHIICHTPAIIHHUM TPUKYTHUKOM.

Mix MOBEpXHSMH JIIKBIIyCy Ta CONiTYCy PO3TalIOBaHiI TPH IMOBEPXHI
IMOYaTKy KpHCTami3amii MOABIMHWUX eBTEeKTHK. OCKUIBKH TpPH YTBOPEHHI
MTOJBIITHOT €BTEKTUKH B PIBHOBA3i MepeOyBarOTh TpH (pa3u — pigkuil po3unH
1 KpUCTaNX IBOX KOMIIOHEHTIB — TaKi piBHOBAaru 300paKyrOTHCSI KOHOTHUMH
TPUKYTHHUKaMH. Y TpoLeci YTBOPSHHsS MOXBIHHOI €BTEKTHKH OIHA 3 iX
BEPILNH, sKa 300paxkye piAKuil po3unH, KOB3a€ 10 IiHiAX e, e,F abo e3F.
JBi iHII BEpIIMHY, IO 300paXkyIOTh TBepi (pa3w, CITyCKarOTbCS JTOHH3Y
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Y3IOBXK pedep mpu3Mu. Y pe3yasraTi Maji CTOPOHH KOHOAHUX TPUKYTHHKIB
YTBOPIOIOTH TTOBEPXHi crienuivaoi popmu — ainitivami (puc. 6.13). Y mio-
IIMHY KOHICHTPAI[IfHOTO TPUKYTHHKA BOHH MPOEKTYIOTHECA B 0OOIIAcTi
Ae;BE (noBepXHs 104aTKy KpHCTajli3alii eBTEKTHKHU e;), Be,CE (Te x s
€BTEKTUKHU e)) Ta Ce3AE (1115 eBTEKTUKU €3).

C

Puc. 6.13. IloBepxHs mOYaTKy KpUcTami3alii eBTeKTuku (4+B)

6.4.1. Kpucragaizauisa TunoBux crnjiasis

Tunosuit crnas X; (puc. 6.14) Mae Tpu xkputuuHi Touku (puc. 6.15),
TPU eTallu KpucTailizalii Ta TpU CTPYKTypHIi cKianoBi (B+e,+E) B cBoOiif
ocraro4Hiil cTpykTypi. Ha meprmomy erami Oyme mpoxXomuTn KpucTaizaris
koMmnoHeHTa B. Ckiaa piKoro po3duHy TpH I[bOMY Oyie 3MiHIOBaTHCS IO
MMOBEPXHI JIKBIAYCYy Bil TOYKA [ IO TOYKH @, a CKJaJ KOMIIOHCHTa B,
3BHYAITHO XK, 3 THIIAE€THCS OCTIHHUM. Y KIiHII TEePIIOT CTaii KpucTaizarii
KIUTBKICTh KPHUCTANIB B Oye ckiamaTu:
%B=aX/aB-100 %. (6.14)
Touka a 3HaXOAMThCA Ha JiHI e,F 1mo4yaTKy KpHcTamizauii noapiiHoi
€BTEKTUKM e,. PinluHa crac HacMueHOl0 sAK ILIOAO KpUCTaliB B, Tak i
kpuctaniB C, i TOYNHAETHCS KpUCTai3alis moaBiiHoi eBTekTuku (B+C).
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Puc. 6.14. 3MiHu ckiagy piAKoro po3uuHy B MPOLECi KpUCTaTi3allii THITOBUX
CILNABIB X, X5, X3 Ta E

S

< E

|_

8 P

4b]

C

=

4b]

|_

P+E

€
Yac

Puc. 6.15. KpuBi 0X0n0IKeHHS UX CIUIaBiB
[TouyarkoBuii CTaH CIUIaBy Ha 1bOMY eTami Oyle XapaKTepusyBaTHCs
KOHOIHUM TpUKyTHUKOM BaC. VY mnpoueci kpuctanizauii nmoaBidHOT
eBTeKTHKH CKJIaj pinkoi ¢a3u Oyae 3MiHIOBAaTHCS MO JiHII e,E BiJ TOUKH a
1o touku E. OTxe, B cepii KOHOAHUX TPUKYTHHKIB, sIKi 300pa)atoTh 1ed
eTar, OfIHa 3 IX BEpIUHH MEpeMIilllyeThCsl MO JIiHIT MOYaTKy KpHcTamizamil
nozaiitHoi eBrektuku (B+C) Big TOYKM a 10 TOYKH FE, a ABI iHMII
3HAXOMAThCS y Toukax C Ta B. Y KiHIIEBUI MOMEHT ITi€l cTa il KpucTaizarii
cknaa piakoi ¢asu onuHsieThest B Touli E, 1 TpudasHa piBHOBara Oyne
XapaKTepU3yBaTUCs KOHOMHUM TpUKyTHUKOM BEC. KinbKicTh wi€l pinuHy,
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fKa y TOJAJbIIOMY IIEPETBOPUTHCS Ha IOTPIHHY €BTEKTHKY 3a IIPAaBHIIOM
LIEHTPY MacH KOHOAHOTO TPUKYTHHKA, CTAHOBHUTh
% pg="%E=Xb4/Eb,-100 %. (6.15)
[Tpu nmoxanpIIOMy 0XOJOKEHHI (Pa30BHH 1 CTPYKTYPHHI CKJIa] CIUIaBy
He 3MIHIOIOThCS. Mloro MiKpocTpyKTypa cXeMaTu4Ho ToKa3aHa Ha puc. 6.16.
€BTEKTHUKH e,. HalinpocTime 11e 3po0uTH Tak:
% 62:[1-(3X1/aB+X1b4/Eb4)]' 100 %.

Puc. 6.16. MikpocTpyKTypH X e CIUIaBiB (cxema)

@irypatuBHa TOYKa CIUIaBy X, po3TallloBaHa Ha JIiHIi e3F moYaTky
KpucTaiizanii moasiitHoi eBTeKTHKH (A+C). Came 3 BOTO i PO3IIOYHETHCS
oro kpucranizamis (nepmmuii eram). pyruii ii eramn BigOyaeTbes TOMi, KOIH
CKJIaJl PiAUHU, 3MIHIOIOUHCH Y3[OBXK JiHII e3F, OMUHUTHCS B Touli £. Yes
piavHa, 10 I1e 3aJTUIINIACS, 3aKPUCTAII3Y€EThCS Y BUNIAAL HOTPIAHOT €BTEK-
tukH (A+B+C). O1xe, 1l crutaB Mae 2 KpUTHYHI TOuku (puc. 6.15) ta 2
CTPYKTYpHi cKJafoBi (puc. 6.16): IUITHKM TOABIHHOI €BTEKTUKH €3 Ta
MOTPiitHOT eBTeKTHKH E.

VY cmnaBy X3 Taka cama KiJbKICTb €TaliB KpUcTallizalii, KPUTUYHHX
TOYOK Ta CKJIQJIOBUX B OCTaTOYHil CTPyKTypi. Ase iioro QirypaTuBHa TOUKa
3HaxoauThesl Ha JiHii CE, 1Mo sKii MEeXYIOTh JIHIHYATI MOBEPXHI MOYATKY
KpHUCTami3anii MoABIHHUX EBTEKTHK €, Ta €3, 1 BIH HE MiCTUTb JKOIHOI 3 HUX.
Tomy Ha mepIoMy eTami KpUCTalli3allii I[bOT0 CIUIaBY yTBOPIOIOTHCS Mep-
BHHHI KpUCTanu KoMmroHeHTa C, a TOTIM KPHUCTANI3yeThCsA MOTpiiiHA
eBrekTHKa. Came Taxoro Oyze foro ocratouna cTpykrypa (puc. 6.16).

Hapemrri, crtaB £ Mae ycboro OJIvH eTan KpucTalizallii, aJpke B HbOMY
YBECh PIAKMH PO3YMH KPHUCTAN3YEThCS Yy BUINISAI MOTPIHHOI €BTEKTUKU
(muB. puc. 6.15, 6.16).

6.4.2. I3oTepmiuHi po3pizn

Hexait y cucremi A—B—C HalOUIbII BaKKOTONKUM € KOMIIOHCHT A, a
Hali61b11 JlerkoTonkuM — C. Cepesl MOABIHHUX EBTEKTHK Hexail e; MOounHAE
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KpUCTali3yBaTUCA paHillle iHMMX, a e3 Mmi3Hime. 3po3yMino, IO yci i
TEeMITEpaTypy BUII 3a TEeMIEpaTypy KpUCTami3alii moTpidiHOI €BTEKTHUKH.
YMOBHO 11€ MOKHA 3alUCaTH TakK:

Lt le P lep 3™ - (6.17)

I3oTepmiunHmii po3pis npu Temmepatypi ¢; ({->t;>t,;) NepeTHHae yci

TPH TIOBEPXHI JIKBIIyCy 1 CKIagaeThCs 3 TPhOX ABO(a3HUX obiacteit — y

TUX YacCTHHAX CHUCTEMHM, J¢ KpHCTalli3allisi BXe posrodajacs, — Ta

ogHO(a3HOi 00JACTi PIIKOTO PO3YMHY TaM, A€ BOHA IIE HE BiIOYyBAa€THCS
(puc. 6.17, a).

=]

a
(7]

Puc. 6.17. I3otepmivHi po3pi3u aiarpamu 3 BiZICyTHICTIO PO3UHHHOCTI
KOMITOHEHTIB y TBEp/IOMY CTaHi

IMicns Toro, SIK PO3MOYHEThCSA KPUCTaNi3allil €BTEKTHKH e, HalpUKias,
IpU TeMmIeparypi ¢, (t,;>t,>t,5), Ha pospisi (puc. 6.17, 0) 3’sBUTHCS 1LE #
tpudazna obnacts p+A4+B. Mexi wiei odnacti, Ha BiIMiHY Bijl KPUBOITIHIHHUX
MeX 1Bo(a3HUX O0NacTel, TMOBWHHI OyTH TPSAMHMH JIHISIMH, aJpKe BOHH €
CITIJIOM TIepepi3y rOPU30HTAILHOT IUTOIIMHK 31 CTOPOHAMH TIEBHOTO KOHOIHOTO
TPUKYTHHKA, YTBOPEHOTO MPSIMUMH JIHISIMU-KOHOJIAMH.
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Ha puc. 6.17, B moka3aHO CTaH CHCTEMH TOMi, KOIU KPHUCTATI3YIOThCA
yXe [IBi TIOABiifHI €BTEKTHKH — TpH TeMmeparypi t3 (¢,,>t3>t,3), 1 10
roriepeHix 5 obnacrteit momanacs me oaHa qBodasna obmacts p+B+C.

binbi cxiaagHuil BUIMIAL Ma€ po3pi3 Opu TeMueparypi ¢y (13>t >tg),
ne 3’sBuimacs me oxHa aogaszHa obmacte p+A+C (puc. 6.17, 1), a
onHOo(a3Ha 00NacTh PIAKOTO PO3UMHY CKOPOTHIIACS JIO 30BCIM HEBEIHMKUX
PO3MipiB HABKOJIO TTOTPIHHOI EBTEKTHYHOIT TOUKH.

Crmig maté Ha yBasi, IO y BCIX PO3IIIHYTHX Ta IHIIMX BHIAAKaxX
BUKOHYETBCS MPaBIIO MasiHra, 3a SKUM y CYCiIHiX 00NacTsX, 10 MEKYIOTh
OHA 3 OIHOK IO JHIAX pPO3pi3iB, KUTBKICTH (a3 BiIpi3HIETHCA Ha
OIMHULIIO.

6.4.3. IloaiTepmiuHi po3pizn

[Momitepmiuni po3pizu OymyroTh y MeBHiM nocmigoBHocTi. Crodarky
OyAyIOTh TEMIIEpaTypHI OCi PO3pi3y MEPIEHAUKYISIPHO IO HOTO OCHOBH.
[ToTiM BH3HAYAETHCS PO3TAIIYBAaHHS XapaKTEPHUX CIUIABIB, sSIKi MaroTh
ocobmmBocTi kpuctamizanii. Ha po3pisi mn (puc. 6.18) Takumu xapakrep-

i

m

Puc. 6.18. TlomitepMmiuHmiA po3pi3 AiarpaMu IIOLMIHHOO,
napaensHo rpani AB mpusmu
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HUMH CIUIaBaMy OyAyTh cIuiaBu /, 2 Ta 3. Y cmaBax / Ta 3 micIis epBUH-
HOI KpHcTami3amii KpucTaniiB 4 Ta B BiqnoBiqHo Oyae BigOyBaTucs KpUCTa-
mi3anis motpiitHoi eBrekTuku E (4+B+C), ToOTO y HUX HEMae MOABIHHIX
eBTEKTUK. Y CIUIaBi 2 KPHCTANi3alis MOYHHAETHCSA 3 YTBOPSHHS TOABIHHOT
eBTEKTUKH (A+B), nami Kpucraii3yeTbes NoTpiliHa eBrekTuka E (4+B+C), a
MIEPBUHHUX KPHUCTATIB Oyb-IKOTO KOMIIOHEHTa TyT HeMae. Y Toukax /, 2 Ta
3 IPOBOIATH JONOMIXKHI NEPHIEHIUKY/ISIPH JO OCHOBH CIIJIaBY.

V cmnaBax, ckiaj SKUX JIEKHUTb Yy I1HTepBajl KOHLEHTpauiil m,
CIIOYaTKy KPUCTAJI3yIOTHCS KPUCTAIN KOMIOHEHTA A4, 1 KpHBa JIKBiAyCy Ha
[iff QUISHII TDTaBHO 3HMKYETBCS Bi TeMIepaTryp JIKBiAyCy IOIBIHHOTO
cruaBy m (TO4ka m') IO TeMIeparypH IMOYaTKy KpHCTali3amii MoABIHHOI
€BTEKTUKHM y cIulaBi 2 (Touka 2'). Jlami, B iHTepBalli KOHLEHTpaLiil 2, JIiHisg
JIKBITyCy MOHOTOHHO TiBUIIYETHCS BiJ| Ii€1 TOYKHM IO TOYKH 1’ MIOYATKY
KpHUCTaJIi3aIii MoABIHHOTO CIIaBy #. TyT KPHCTaNi3yIOThCS IEPBUHHI KPHC-
TaJu KOMIIOHEHTa B.

Jliniero comimycy po3pisy Oyae ropH30HTaNbHA IIpsiMa, sSKa BiIMOBiIAE
TEMIEPAaTypi ¢y KpUCTaNi3alii HOTPiHHOI eBTEKTHKU.

[Tnomwmua po3pidy mepepizae yci TpH JiHIHYATI MOBEPXHI MOYATKY
KpUCTali3alii noaBifHuX eBTeKTuK. Tak, Ha AUISHLI m ; HbOTO PO3pisy micis
TIEPBUHHOI KPUCTaTi3aIlil KOMIIOHEHTa 4 YTBOPIOETHCS MOABIHA EBTEKTHKA
e3 (A+C), na ningukax /2 ta 23 — nonsiliHa eBTeKkTHKa e; (4+B), a Ha
AinsHOi 3, — noziBiiiHa eBTeKkTHKa e, (B+C).

BukopucraHHs poO3rOpTKM Jiarpamy, SIK Ha IbOMY Ta HACTYIHOMY
pHUCYHKaX, J03BOJSIE TOYHO BHU3HAYUTH MOJOKEHHS OLIBIIOCTI 3HAUYIIUX
TOYOK ITOJIITEPMIYHOTO PO3Pi3Yy.

Ha po3pisi Aa (puc. 6.19) MO)kKHa BHIUIATH JIMIIE JABa XapaKTEPHUX
cruaB 1 Ta 2, sSKi MalOTh MEBHI OCOOMUBOCTI KpUCTAali3alii. Y mepmoro 3
HUAX BiACYTHI NEepBUHHI KpHCTanmu Oyap-SKOTO KOMIIOHEHTa, i HOro
KpUCTali3allid IOYMHAETHCS OAPa3y 3 YTBOPEHHs MOABINHOI €BTEKTUKHU €.
JliHis mo4aTKy LbOTO MPOLECY CKIANAEThCA 3 ABOX AUIAHOK: IPAMOI ;']
TapaJieIbHOI OCHOBI pO3pi3y Tam, A€ HOro MIomKHA NOTpanuia Ha CTOPOHY
SIKOTOCH 3 KOHOJHUX TPUKYTHHKIB, Ta MTOXIIOI KPUBOJIHIHHOT HinsHKH 12",

VY cmnaBi 2 micis yTBOpeHHS NEPBHHHUX KPHUCTANiB KOMIOHEHTa B
BiIOyBa€THCS KPUCTANTi3aMis MOTpiitHo1 eBrekTuku E (4+B+C), a moxBiiiHa
€BTEKTHKA BiICYTHI.

Hapermri, B iHTepBai KOHIEHTpAIiH 2a Micisl yTBOPEHHS MTEPBHHHUX
KpHUCTAaJIiB KOMITOHEHTa B BiOyBaeThCs KpHCTai3allisl MOABIHHOT €BTEKTH-
KU e), a IOTIM 1 IOTPiliHOI €BTEKTUKHU.

JiarpaMu cTany HOTpiHHUX CUCTEM 171

Puc. 6.19. ITonitepmivHMi po3pi3 AiarpamMu IUIOMINHOO,
10 IPOXOAUTH uepe3 pedbpo A npuzmu
6.5. [liarpamu cTaHy cucTeM 3 NPOMiXKHUMHM (a3amMu

KoMmmoHeHTH cHuCTEMH MOXYTh YTBOPIOBATH DPI3HOMAHITHI XiMiuHI
CIOJIyKHM Ta NPOMDKHI (ha3u — sIK TOJBIiHI, TaK i MOTpiliHI. AJe ocTaHHI
YTBOPIOIOTHCS JIMILE TOJI, KOJM B Iiif K€ CUCTEMI iCHye NpUHANHMHI OJHa
MOZIBiifHA XiMiYHA CIIOJyKa abo mpoMiKHa (asa.

XiMiuHI CIIOJyKH Ta NMpOMiDKHI (a3u (nani Ha3UBaTUMEMO iX OHHM,
3arajibHAM TEPMIHOM — npomidicHi ¢pasu), sIK BiJIoMo, OyBalOTh CTIHKUMU (3
KOHTPYEHTHUM IUIABJICHHSIM) Ta HECTIHKUMU (3 IHKOHI'PYCHTHHM IIJIaBJICH-
HsM ). Jlai po3misiaoThest JIMIe mepii 3 HuX.

6.5.1. liarpama cTaHy cucTeMH 3 OJIHi€I0 MOABiiiHOI0
NMPOMi’kHOI0 (pa3oi0

6.5.1.1. 3aranapHuii ommc

Criliki mpoMixai (a3u, SKUM Ha JiarpamMax CTaHy BiAIIOBiZalOTh
BIZIKpUTI MakCUMyMH a0O TOYKM JUCTEKTHUKH, 1 B IOTPIHHUX CHUCTEMax €
JIOIATKOBUMH KOMITOHEHTaMHU CHUCTEMH, 1110, A0 pedi, 3HAYHO MOJIETIIYE IX
anamiz. OTxe, cucTeMy, IIpo SKy HAe MOBa, MOXHA pO3IIANATH SK
YOTUPUKOMIIOHEHTHY. Hexait monBiitHy mpomixkHy ¢a3ly M yTBOPIOIOTH
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KOMITOHEHTH A 1 B. JInd cupoIeHHs BBa)KaTEMEMO, IO PO3YMHHICTH Y
TBEpP/IOMY CTaHI BiZICyTHs, KO)KHa Iapa KOMIIOHEHTIB yTBOPIOE MOABIHHY
€BTEKTHUKY €;...e5, a 3 (3 YOTHPHOX) — NOTPiiiHy eBTeKTUKYy E£; abo E,.

3 ommany Ha 11e, ii miarpama crany (puc. 6.20) ckimamaerbes 3 12 mo-
BEPXOHB Ta | JiHii, 110 HEe HAJIKHUTH KOAHIHN 3 IIMX ITOBEPXOHb.

Jlo mikBimycy cucreMu BXOIATH 4 TMOBEpXHI MOYATKy KpUCTaiizauii
TPHOX KOMIIOHEHTIB 1 MPOMiKHOI (as3u:

noBepxHsa 4 'e,'E;'e;' mouarky Kpucraizauii KOMIOHEHTa A;

noBepxHs B'e;'E,'e,’, Ha sIKill PO3MOYMHAETHCA KPUCTAIIi3allis KOMIIO-
HEeHTa B;

nosepxHs C'e;'E;'es'E,'e,' nouaTky kpucraniszauii komrnonenrta C;

noBepxHs M'e,’E;'es'Ey'e;’, ne pPO3NOUMHAETBCA KpUCTali3alis
npomixkHoi dazu M.

VYei ni moBepxHI KpWBONiHIAHI 3a ()OPMOIO Ta TOXWII 32 CBOIM
posranryBaHHSIM. BoHH mepepi3aroTbes MiK 0000 MOMapHO MO JHISX

Puc. 6.20. [liarpaMa cTaHy CHCTEMH 3 OIHIEIO MOABIHHOIO MPOMIXXHOIO (a30i0
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e;/'E;) e)'E;, e3'Ey, e 'Ey, es'E; ' Ta es'E,'. OCKUIbKM Ha LUX JIHIAX piAMHA
IPaHUYHO HACHYYETHCS OZpa3y JIBOMa KOMIIOHEHTaMH, TYT PO3INOYNHAETHCS
OJHOYACHA Ta CyMiCHa KpHCTaNi3amis ABOX TBEpAUX (a3, TOOTO MOYHHAE
YTBOpIOBATHCS TO[BiiiHA eBTeKTHKAa. Tpu MOBEpXHi JIKBIIYyCy Iepepiza-
I0ThCSI MK 00010 y Toukax £;'Ta E,". 3 piIMHU TaKOro CKJIamy BOJHOYAC i
pa3oM KPHUCTANI3YIOThCsS TpU TBepAi (ha3u, TOOTO yTBOPIOEThCS MOTpiiiHA
€BTEKTHKA.

OTxe, B Il CHCTEMi YTBOPIOETHCS 5 MOABIHHUX CBTCKTHUK:

ey, Ka CKJIAaJa€eThCs 3 KPUCTaNiB KOMIOHEHTIB 4 1 C;

€5, 10 CKIaay SIKOi BXOJATh KPUCTAJIM KOMIIOHEHTa A Ta HMPOMDKHOL
¢baszu M;

€3, CKJIaJloBUMH sIKOi € kpuctanu M 1 B;

ey, [Ka CKJIaJaeThes 3 Kpuctanis B i C;

es, AKa € cymimo kpucranis C i M.

KoxHa 3 HUX Ma€ BIacHy IMOBEPXHIO TI0YaTKy KpUCTali3allii, a eBTEeKTH-
Ka e5 — HaBiTh 2 Taki MoBepXHi. OCTAHHE 3yMOBJIEHO THM, III0 115l €BTEKTHKA
yTBOpIOEThCSE B 000X migcuctemMax A—-M-C i B-M-C, Ha sKi IUIATBCS
cuctema A-B—C, i ToMy Mae 2 TOBEpXHI IOYaTKy KpHCTam3amii —
Mes'c'c,E'my 1a Mes'c'csEy'my.

INoBepxHero novaTKy Kpucrailizalii eBTEKTUKU e; € ae;’ ccoE'ay, nis
€BTEKTUKH e, — ae,'mm,E;'a,. EBTeKTUKA e3 MOUMHAE KPUCTAJIi3yBaTHCS Ha
noBepxHi m e3'bb,E,'m3, a eBTEeKTHKA e, — HA IOBEPXHi — bje,'c;c3E,'b,.

[epemiueHi MOBEPXHI MEPEPi3arOTHCSI MiXK COOOIO MOMAPHO 10 MPSIMHUX
niHiAX aE;’, E;'m; ta E;'c; (nincucrema A-M-C), byE,", Ey'c3 Ta Ey'm;y
(mipcucrema B—M-C).

Hapemri, conmigyc cHcCTeMHM CKIIQIAETHCS 3 JBOX TOPU30HTAIBHHUX
TUIOIMH @, C, Ta bymsc; KpucTamizaiii noTpiiHuMX eBrekTHK E; i E)
Bi/ITIOBIZHO Ta TOPH30HTANBHOI MpsMOi M;jes'c’ xpucTamizanii moxsiiHOT
eBTEKTUKH e y cybcuctemi C-M.

6.5.1.2. Kpucranizalis THIIOBUX CIUIaBiB

3a BiICYTHOCTI B3a€MHOI PO3YMHHOCTI KOMITOHEHTIB Y TBEpAOMY CTaHi,
SK 11e 0OyMOBIJICHO BHWIIE, KpUCTaji3allisl TUHNOBUX CILUIAaBIB Ii€i cHcTeMH
NPUHLMIIOBO HE BiAPI3HIETbCSA BiJ aHAJONIYHUX HPOLECIB Yy MOTPiHHIi
cucreMi 6e3 nmpoMixHuX (a3.

BunsaTKOM € crutaBH, QirypaTWBHI TOYKH SKHX 3HAXOAATHCS HA JIiHIL
MC (puc. 6.21), BoHU OyIyTh KpUCTaIi3yBaTHCS K moABiitHI. Tak, y crasi
/ Ha mepmioMy erami KpHCTai3yIOThCsl TEPBHHHI KPHCTATH IMPOMIXHOL
¢asum M. Bona Mae mocTiiHMH ckian, OTXKe, piguHa Oyae Npu IbOMY
3MIHIOBaTH CBilf cKIaf y310B:X HiHii MC Bi TOUKH / 10 TOUKH €5, OCKITbKH
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Puc. 6.21. Kpucranizanist THHOBUX CIUIaBiB i€l cCHCTEMH

yci KOHOIH, 110 XapaKTepHu3yloTh JBO(ha3Hy piBHOBAry piAMHH Ta NMEpBUH-
HUX KpHCTaliB NpoMiKHOI ¢azu M, mpoxoasrs uepe3 Touky M i
¢iryparuBHy TOUKY CILIaBy /.

TakuM 4YMHOM, NpU TEPBHHHIM KpucTamizauii ¢asu M TnocTiiHOrOo
CKJIaJly KOHO/IM He 00epTat0ThCsl HABKOJIO JIiHIT (DirypaTMBHHUX TOYOK CILIABY,
a BECh 4ac 3HAXOMAAThCS B OHINH BEPTHKAJbHIN IUIOLIMHI, IO HMPOXOAUTH
4yepe3 QirypaTHBHI TOYKH CIUIaBy Ta MpoMixHOI (asu.

Ha npyromy erami kpucramizaiii y IbOMY CIUIaBI MPH MOCTIHHIN
TEMITEpaTypi yTBOPIOEThCS TOIBINHA €BTeKTHKa e;. OTxke, HOro ocTarodHa
CTPYKTypa CKJIAJAEThCS 3 IEPBUHHUX KPUCTAITIB IPOMDKHOI (hasu M Ta TUITHOK
eBTEKTHKH e5. KilbKiCTh KOKHOT CKIIamoBOi MOXKHA MiAPaxyBaTH 3a JIOTIOMOTOFO
NpaBiUIa BIIPI3KIB Y MOMEHT 3aKiHUEHHS TIEpILOro eTay KpUCTalli3allii, Kolu y
piBHOBa3i mepeOyBarOTh KpUCTaInM M Ta pigpHa CKIagy TOYKH e, KA Ha
JPYTOMY €Tarli KPUCTaIi3allii IePeTBOPUTLCS Ha KPUCTAIH III€] eBTCKTHKH :

%M=1e5/Mes 100 %, (6.18)

%p.=%es=M1/Mes-100 %. (6.19)

Kpucramnizamis tpudasnoro crutaBy 2 BinOyBaeThcs y Tpu eranu. Ha

MepImioMy 3 HHX 3 DPIAMHHA CKIAAy TOYKHA 2 BHUAUIAIOTECS KPHUCTAIH

npomixkHoi (asm M; mpu 1BOMY CKIaJ PIAWHU 3MIHIOETHCS B HAIMPSIMKY

TIPOIOBKEHHS MPOMeHsT M2 BiJl TOUKH 2 IO TOYKH @, SKa JEKHUTH Ha JiHil
esE; mouarky Kpucraizauii oJBiliHOI eBTEKTUKH €.

Jpyruii eran sikpas i noysirae y Kpucraiizarii el eBrekTuku. OcKiib-

KM Ha IIbOMY €Talli y piBHOBa3i 3HAXOAATHCSA TpH (a3d, TEOMETPUIHUM

BiZIOOpakeHHSIM HOro € cepisi KOHOJHMX TPHUKYTHHKIB, MOYHMHAIOYH 3
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repmoro 3 HUX — AMaC. BaxnuBo minkpecnuTh, mo (iryparuBHa TOUKa
cruiaBy 2 y 1iei MOMEHT 3HaXOUThCS Ha Majliid CTOpoHI Ma AaHOTO TPUKYT-
Huka. [IpoTsarom Apyroro eramy CKIaa PiTuHH 3MIHIOEThCS Y3IOBXK IiHI1
esE; Bill TOYKM a JO INOTPiHOI €BTEKTMYHOI TOYKH FE;, KOHOJHMMH
TPUKYTHUK MaC BpelTi-pelmT 3aMiHIOETbCS TpUKyTHHKOM ME,;C, ane
(irypaTiBHA TOYKA CIDIABY 2 3aJMINAETHCS BCEPEANHI I[HOTO TPUKYTHHKA.

Ha tpetboMy eTami pinuHa ckiagy TOYKH E; IPpH MOCTIHHINA TeMiepa-
Typl TEpEeTBOPIOETHCSA HA BIAMOBIAHY NOTpiiiHY eBTeKTHKY. KimbKicTh
OCTaHHBOI MOXke OyTH BU3HAU€HA 3a JIOIIOMOTO0 [IPaBUIIa LIEHTPY MacH AJIst
KOHOJHOTO TpukyTHuka MEC:

Y%opg=%E;=2m/mE;-100 %. (6.20)

KinbkicTs nepBUHHUX KpUCTANiB (ha3u M BU3HAYAETHCS 3@ IOTIOMOTOFO

TpaBwJIa BiAPi3KiB:

%M=2a/Ma-100 %, (6.21)
Toni KifBKICTh TPETHOI CTPYKTYPHOI CKJIAI0BOT — KpUCTANIB NOABIHHOT
€BTEKTHKH — BU3HAYUTHCS TaK:
%es=1—(2a/Ma+2m/mE;)-100 %. (6.22)
Kpucramizamis cmaBiB, uni (irypaTHBHI TOYKH JIeXkKaTh Ha IHISAX
MOYaTKy KpHUCTami3allii MOABIHHUX €BTEKTHK, HANPUKIAJ CIUIaBy 3, SIKUH
3HAXOUThCA HA JiHii e,£;, BinOyBaeThCs y Ba €TaIu:
1) yTBOpeHHs MNOABIHHOI €BTEKTUKH e,; MOYaTKy HOro BiAloBiaae
KOHOZHMI TPUKYTHUK A4 3M, 3aKiHueHHI0 — A4E M,
2) KpuCTali3aIis HOTPiHHOI eBTEKTHKH.
KinbKicTh OCTaHHBOI 32 ITPABUIIOM IIEHTPY MAaCH:

%pg=%E=n3/nE;-100 %, (6.23)
a KUJIBKICTh ITOABIMHOT EBTEKTHKHU:
%e,=(1-n3/nE{)-100 %. (6.24)

6.5.1.3. I3oTepmiuHi (TOPH30HTANIBHI) po3pi3H

I3oTepmiuni po3pizu morpiiiHoi cuctemu A—B—C CKIATAlOThCA 3
po3pi3iB mpocTux eBTekTH4HuX migcucrteM A-M—-C i B—M—-C, Ha sKi BOoHa
MOALISETHCS.

SIkmio BBaXkaTH, 10 TEMIEpaTypy KpHcTalizalii KOMIIOHEeHTIB 4, B, C
i mpomixkHOi (hasu M nopiBHIOIOTH BimmoigHo 950, 1050, 850 1 1150 °C;
MOJBIIHKX EBTEKTHK €, €,, €3, ey, e5 — BianoiaHo 800, 850, 900, 750, 700 °C
Ta NoTpiiiHux eBTeKTUK E; 1 £, — 600 1 550 °C, TO i30T€pMiyHi pO3pi3H IpH
temmeparypax 850, 750 1 600 °C MarumyTh BUIIISLA, TOKa3aHUM Ha puc. 6.22.

VY meprmomy Bunanky (puc. 6.22, a) BiIMOBiITHA TOPH3OHTAIBHA ILIO-
[IMHa TIepepi3ae IOBEpPXHI MMOYaTKy KpHcTaii3amii KOMIOHEHTIB 4 1 B,
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Puc. 6.22. [3oTepMmiuHi po3pi3u giarpamu pu Temmeparypax: a — 850;
6 —750; B — 600 °C

npomixkHoi ¢asu M Ta NOABIMHOI €BTEKTHKU e3 1 MPOXOAUTh Yepe3 TOUKY
KpucTalizanii eBTeKTHKU e, y MOoABiiHIl cuctemi 4-M. OTxe, i30TepMid-
HUH po3pi3 CKIAJaeThes 3 TPhOX ABO(MA3HUX obmacTeid, omgHiei TprugazHoi, a
OCHOBHY HOTO YaCTHHY CTaHOBUTBH OfHO(]A3Ha 001aCTh PiIUHH.

ITpu Temneparypi 750 °C (puc. 6.22, 0) KpUCTaNi3ylOThCS YCi TpH
KOMITOHEHTH 1, 3BHYAifHO X, MpoMikHa (haza, OINBII BaXXKOTONKA, HiX
KOMIIOHEHTH CHCTEMM, Ta TPH INOABIIHI €BTEKTUKH — €, e, 1 e3. OTxe, y
IbOMY BHMAJKy 10 CKJIamy po3pidy BXomsaTh 4 aBodasHi Ta 3 TpudasHi
obnacri, a ongHO(a3zHa 00NacTh TOMOTEHHOCTI piuHM 30eperacs JHIIe B
LEHTPaJIbHIN YaCTHHI KOHIEHTPAI[IHHOTO TPUKYTHHUKA.

Haperuri, y TpersoMy Bunazky — npu temneparypi 600 °C (puc. 6.22, B) —
1Ie He po3oyaacs KpUucTali3alis JHUile IOTpiifHoi eBTeKTUKH £, i HaBKo-
70 BixmoBimHOI TOukW 30eperiacs HeBelnWdKa ofHO(a3zHa o0NacTh, Iie €
piaKUi pO3UYnH.

6.5.1.4. TTomiTepMivHi (BEpTHKAIBHI) po3pizn

Ockinpku cuctemMa A—-B—C € KOMOIHOBAHOIO 1 CKIIQHACTBCS 3 IBOX
npoctux cucreM A—M—C i B-M-C, T nonitepMiuHi po3pi3u Tex € KoMOiHa-
LIEO BiJMOBIIHUX PO3Pi3iB NPOCTUX CHCTEM.
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Ak mpukiIa;, po3MITHEMO THIOBHH po3pi3 Imiei cuctemMu mn
IDIOMIMHO0, TIApaNebHOI0 Ti TPaHi MPU3MH, 1€ PO3TAIIOBaHA MOABiHHA
npomixkHa ¢asa (puc. 6.23). Bin nmepeturae Tpu 061acTi KOHICHTPALIHHOTO
TpPUKYTHUKA — Ae;E;e,, Be3Eje, Ta MeyE esE e;, sKi BIIIOBINAIOTH
TIePBUHHIN KpUCTaJTi3aIlil YUCTUX KOMIIOHEHTIB 4 1 B Ta mpoMixHOI (a3u M.
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Puc. 6.23. TIpoekuii TOBepXOHb JAiarpamMy Ha INIOIIUHY
KOHIIEHTPALIIHOTO TPUKYTHUKA

OTxe, iHIS JIKBIAYCY PO3pi3y CKIATAETHCS 3 TPHOX AUITHOK: m'2', 2'6'1 6'n’
(puc. 6.24). 3amexxHo Bin mpupomu npoMikaoi dasu M minsgaka 2’6" Moxe
OyTH 3aMiHeHa KpUBOIO 2'4'6’, 300pakeHO0 ITYHKTHPOM.

Conigyc CKIaa€TbCs 3 [OBOX TIOPU3OHTANBHUX OpsAMuUx: m,l'3f i
d5'7'n, uvorupudazHUX €BTEKTHYHHMX HEpPETBOpPeHb: pp—>(A+M+C) T1a
pg—(B+M+C). Hixde Bix JiHiM conigycy Oynb-sikuil cIuiaB € TpUda3HUM.
BunsiTKOM € CcIUlaB 4, KpHUCTami3amis SKOTO 3aBEpIIyEThCS y Toumi 4"
YTBOPEHHsM MOABIMHOI eBTEKTHKU es 3a peakuiero p,—(M+C). Bin €
IBO(a3HUM i MICTHTB y cO01 KpHCTaM IpoMiKHOI ¢a3u M i kommornenTa C.

Jo ckimagy po3pizy BXOIOSATh TakoXK & JiHIM MOYATKy KpHCTami3amii
NoABIIHUX €BTEKTHK e; (JIiHiA m;I"), e, (ninii /2" Ta 2'3"), e5 (ninii 3'4" 1a
4"5"), ez (inii 5’6" ta 6'7") 1a e, (1iHiA 7'n;).

6.5.1.5. KBa3ibinapHi po3pi3u

[Momitepmiunuii po3piz MC (puc. 6.23), 3a TOMOMOT0I0 SIKOTO CHCTEMa
A-B-C nminuThcsl HA MPOCTI Ta HE3alleXkKHi olHA BiJ ogHO1 yactuau A—M—C
Ta B—M—C, Mae MPHUHIUIOBI BiIMIHHOCTI Bifl YCIX 1HINMX MOJTITEPMIUHIX
PO3pIi3iB IIi€i cUCTEMHU.
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Puc. 6.24. TloniTepMidHUHA po3pi3 AiarpaMy INIOMIMHOO,
napaneiabHOIo TpaHi AMB npusMu

[HiticHo, y cmiaBax miacuctemMu A—-M-C BincyTHI Kpuctanm B, a B
migcuctemi B—M—C — xpucranu 4. Y criaBax, IO 3HAXOAATHCS Y TUIOIMIHHI
MC, BincyTHi K mepimii, Tak i Apyri, TOOTO OO IX CKIaay BXOIATH JIHIIC
kpuctanu komrnoHeHta C Ta mpomixkHoi (asu M. Tlpu kpucramizamii mux
CIIaBiB KOHOIM BECh Yac 3HAXOIATHCS Yy MJIOIIMHI JaHOTO pO3pi3y i, OTXKE,
XapakTepu3yloTh (azoBi piBHOBark B HHUX. [y Oynb-sIKOTO CIIIaBy LBOTO
po3pizy mpu Oyme-sKiii TeMmepaTypi MOXKHA BKa3aTH PIBHOBaXKHI CKIIAQAH
(a3 Ta BU3HAYMUTH 32 MPABUIIOM BiJIPi3KiB KUTBKICTh KOXKHOI 3 HUX. 32 IUMH
o3HakaMu po3pi3z MC € momiOHIM 10 TOABIHHKX (6iHapHUX) TiaTpaM CTaHy.

Taki momiTepMiuHi po3pi3n Ha3MBAIOThECH K6azibinapuumu. Came 3a iX
JOTIOMOTO0 CKJIaHI CHCTEMH 31 CTIMKUMH TPOMDKHUMH (a3aMH TiTATHCS
Ha TPOCTi, HE3aJECKHI OHA Bif OJHOI YAaCTHHH, IO 3HAYHO MOJIETUIYE X
aHanmiz. 3a mpomosunielo M. KypHakoBa ms mpolenypa Ha3HBa€ThCS
CUHSYIIAPHOIO MPIAHSYIAYIEIO.

OxpeMo cllifi pO3IIAHYTH EBTEKTHUUHY TOuKy es’ (puc. 6.20), ne
BOJHOYAC 1 CYKYITHO YTBOPIOIOTBCS KPUCTaIH KOMIIOHeHTa C i IpOMIKHOI
¢a3u M. BoHa € MiHIMaIIbHOIO 1IOJ0 TOYOK KpHcTatizanii nux das (C;'i M)
1 TOMy Ha3MBA€THCSI CiIJIOBUHHOIO. 3 iHIIOTO OOKY, I TOYKA € MaKCHMallb-
HOIO ILIOZI0 MOTPilfHUX €BTEKTUYHUX TOUOK E;’ Ta E,’ 1 TOMy CiJIJIOBHHHA
Ha3UBAETHCS NEPEBANILHOIO MOUKOIO.
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6.5.2. liarpamu cTany 3 AeKiTbKoMa NPOMiXKHUMH (azamMu

6.5.2.1. MeTon BUKIIIOUCHHS PO3Pi3y
SIkmio y noTpiiHii cucreMi ABi mpomikHi dasu M; i M, yTBOPIOIOTH
OIHI ¥ Ti caMi KOMIOHEHTH, Hanpukiang 4 i B (puc. 6.25), ii cuaryIsIpHA
TPiaHTYIALIS HE CTAHOBUTH TPYAHOLIIB. BOHA 3/1IHICHIOETECS 3a JOTIOMOTOIO
JBOX KBa3ibiHapHuX po3piziB CM; i CM,, BHACIIIOK 4OTO yTBOPIOIOTHCS
Tpu npocrti cucremu: A-M;—C, M;—M,—-C i M,—B-C.

C

Puc. 6.25. CunrynsapHa TpiaHTYIJIAIIS CUCTEMH 3 ABOMA NOABIHHIMHU HPOMDKHUMH
(a3amu, yTBOPEHUMH OJHUMH 1 TUMH 5K CAMHMH KOMIIOHEHTaMU

Bimpmr ckmamHa cuTyarlisi BAHUKAE TOA1, KONH IBI IMOIBIHHI MPOMiKHI
(a3 yTBOPIOIOTH Pi3Hi KOMIIOHCHTH, HATIPUKIIaN, M; — KOMIOHCHTH A4 Ta B,
M, — xomnonent B i C.

VY mpoMy BHTIAIKy MOXIIHBI [Ba BapiaHTH CHHTYISIPHOI TpiaHTYJISIIIi:
3a JI0OOMOT 010 KBa3ibiHapHOTO po3pizy M,B (puc. 6.26, a) abo po3pizy M;C
(puc. 6.26, 0). B 060ox Bumagkax po3pi3s M;M, € kBa3iOiHapHUM i, OTXKe,
000B’ SI3KOBHM.

Puc. 6.26. CunrymnspHa TpiaHTYJISLis CHCTEMH 3 IBOMA MOABIHHUMH IPOMIKHAMH
(hazamu, yTBOPEHUMH PI3HIMHU NTapaMy KOMITOHEHTIB
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VY nepmomy Bunanky cucreMa A—B—C TiMHATBCS HA MPOCTI CHCTEMH
A-M;-M,, M-M>-B 1 M,-B—C. IlpomixHa (aza M; He Moxke OyTd y
piBHOBa31 3 koMnoneHToM C, 3are iHma ¢asa M, nepebypac y piBHOBa31 3
KOMIIOHEHTOM B. IX craBneHHs He CHPHYMHUTH HisKHX peakuiit. IIpu
CILIABIEHHI X NpoMbKHOI ¢asu M; 3 xomnoHeHtoM C BinOyaeTbCs
yTBOpeHHs iHmoi da3u M, i komnoHeHra B:

M;+C—>M,+B. (6.25)
V npyromy BUNaAKy yTBOPIOIOTBCA iHIII NMPOCTi cucteMu: A—-M;—M,,
M ;—C-M; ta M ;—B—-C. Tenep HeMOXJMBa piBHOBara npomixHoi dasu M,
Ta KOMIIOHEHTa B, 60 mpu iX cIUIaBleHHI YTBOpAThCA iHma Qaza M; Ta
KpucTanu KomroHeHnTta C:
M,+B—-M;+C. (6.26)
Otxe, 3 OBOX pospisiB M,B Ta M;C, sKi NepeTUHAIOThCS, OJIUH HE €
KBa3ibiHapHUM 1 MOBUHEH OyTH BuKIoueHWA. [l mporo tpeda mpuro-
TyBaTH CIUIaB, CKJaJ SKOTO BixmoBimae Toulli X mepeTwHy po3pisiB, i
MpoaHasizyBaTH Horo ¢a3oBuil ckiaf. SIKmo OyayTe BHSBICHI KpHUCTaH
KOMIIOHEHTa B 1 IpoMixkHOI (a3u M, To peabHuM € po3pis BM,, a pospi3
CM; noBuHeH OyTH BUKITIOUEHHUH. SIKI1O K y crIaBi X BUABIATBCSA KPUCTAIIH
xomnoHenTa C i mpoMibkHOI a3y M, BUIyduTH Tpeda po3piz BM,.
Omnwucannii MeTos, 3arpononoBanuii B. [toptiepom, mae Ha3BY Mmemoody
BUKTIIOUEHHS PO3DI3Y.

6.5.2.2. CuHrynsipHa TPiaHTYIALIS CUCTEM 3 JAEKIIbKOMa
MIPOMIXKHUMHE (a3amu

Sxmo B motpiiiHiil cuctemi A—-B—C yTBOPIOETHCS JAEKITbKa CTIHKHAX
npoMikHuX (a3, HampuKiIan, 1Bl noABiiHi M; i M, Ta ogHa NoTpiiiHa S,
oA 11 Ha TPOCTiI CHCTEMH YCKIIAJHIOETHCA 1 CTa€ HEOTHO3HAUYHUM. J[Ba
MOJKJIMBI BapiaHTH Horo monxaHi Ha puc. 6.27.

B A Ml 8 g

Puc. 6.27. CuHrynspHa TpiaHT'YJISIIisl CHCTEMH 3 JAeKUIbKOMa MPOMDKHIMH (azamu
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Y Oynp-sixoMy TOmIOHOMY BHIAIKy CIIiJ KEpyBaTHCS INPaBUIAMH
CHHTYJSIDHOI TpiaHTyssmii, 3anponoHoBannMu M. KypHakoBuM.

1. TTonBifiHi Ta MOTPiiHI CTIHKI TPOMIXHI (a3 000B’SI3KOBO MAaIOTh
3HAXOAUTHCS y BEPIIMHAX INPOCTHX CHUCTEM, Ha SKi JIUINTbCS CKIaJHA
cucrema.

Hacninok nporo npaswuia:

Ksaszibinapni pospisu nosunui euxooumu He Juuie 3 GePUIUH
KOHYEeHMpayiiuHo2o0 MpUKYMHUKA, WO 300pasxcyioms HYucmi KOMNOHEeHMU,
ane i 3 yCix mouok, sKi 6i0noeioaroms CmitikuM NPOMIJICHUM (azam.

2. Touxka nepemumny 060X K8a3iOIHAPHUX pO3pi3ie mae 8ionogioamu
CMIUKIN NOMPINHITL NPOMIXNCHIT ¢ha3i; 8 IHUWOMY 8URAOKY 0OUH 3 YUX PO3Pi3i8
He € K8Aa310iHApHUM | NOBUHEH OYMU BUKTIOYEHUI.

3. Kooicen keasibinapHuii po3pis, K npaguio, mMae cionoeuHwuy (nepe-
8AIbHY) MOUKY, A KOJICHA NPOCMA CUCMEMA MOYKY ROMPIIHOT e6MeKMUKU.

Mix eneMeHTaMH CHHTYJISIPHOI TPIaHTYIALii iCHYIOTh IICBHI CITiB-
BIJHOIIIEHHS:

R=e=M+38S. (6.27)
T=E=1+M+2S, (6.28)
Ie R — KimbKicTh KBa3iOiHApHUX pPO3pi3iB; e — KUIBKICTh CiAJIOBUHHIX
(mepeBapHIX) TOYOK HAa HUX; M — KUTBKICTh CTIHKHAX TMOABIHHUX TPOMIiXK-
HUX (ha3; S — KUIBKICTh CTIMKMX MOTpiifHMX nmpoMixHuX (az; T — KiJIbKICTh
MIPOCTUX CHCTEM, IO YTBOPHJIMCS TPH CUHTYISIPHIM TpiaHrymsanii; £ —
KUIBKICTh TOTPIfHUX €BTEKTHK Y HHX.
s cuctemu, 300paxeHol Ha puc. 6.27, M=2, S=1. Orxe, 3a popmy-
gamu (6.27) 1 (6.28), R=2+3-1=51 T=1+2+2-1=5.
3a BIICYTHOCTI y cHCTeMi CTIMKMX NOTPIHHUX HPOMDKHUX (a3
(hopMyInH eI CHPOILYIOTHCS:

R=e=M; (6.29)

T=E=1+M. (6.30)

6.6. /liarpamm cTaHy cHCTeM, KOMIIOHEHTH SIKHX 00MEeKeHO
PO3YMHSIIOTHCH OIMH B OIHOMY Y TBEpAOMY CTaHi

3 ychOro pPI3HOMAHITTS TAaKUX CHUCTEM MU OOMEXHMOCS THMH, Jie
TBEpAI Po3YMHU Ha Ga3i KOMIOHEHTIB ciuiaBy (O~, B- i pGba3u) monapHo
YTBOPIOIOTH HOABIiHI eBTeKTHKH €;(a+b), e,(f+7) Ta e3(y+ ), a yci pasom —
HoTpiliHy eBTeKTUKyY E(0+B+Y).
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6.6.1. [liarpama cTany cucTeMu 3 00MeKeHOI0 MOCTIifHOI0 B3a€EMHOI0
PO3YUHHICTIO KOMIIOHEHTIB y TBepAOMY CTaHi

Jo cxiamy miarpamu BXoaaTh 22 moBepxHi (puc. 6.28), y ToMy 4mci
TpH KPHBONiHiiHI ToBepxHi TikBixycy A'e;'E'e;’, B'e,'E'e;’ Ta Ce3'E'e,’
[OYaTky Kpucramisamii -, B- i yTBepAMX PpO3YMHIB BiAmoBimHO. Y
TUIOLMHY KOHIIEHTPAIiHHOTO TPUKYTHHKA BOHU MPOEKTYIOThCS (puc.6.29) B
obnacti Ae;Ee; (IOBEpXHS HOUYATKy KpUCTalizallii O-TBEpAOro pO3YUHY),
Be,Ee; (nouarok xpucramsauii S-¢azu) ta CesEe, (I0BepXHs JIKBIIYyCY 11t
Yazm).

N J N A L R [~
"'Ta - / .-"tf’ 53
| - .-“"//I
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L‘
Puc. 6.28. [liarpama ctaHy ccTEMH 3 0OMEKEHOIO TIOCTIHHOIO B3a€EMHOIO
PO3YMHHICTIO KOMIIOHEHTIB y TBEPJOMY CTaHi

INoBepxHi JiKBiAyCy MOHNApPHO IEpepi3atoThes Mo HiHiAX e;'E’, e)'E' i
e3'E". Pinka da3a, cxian sikoi 3HaXOAUTHCS Ha OIHIN 3 LUX JiHIM, FPaHUYHO
HAaCHYCHA JIBOMa KOMIIOHEHTaMH ofpa3y. [Ipy HEBEIUKOMY IMEPEOXOJIO-
JKCHHI TYT OYMHAETHCSA OJHOYACHA 1 CYKYITHA KPUCTAII3allisl JBOX TBEPIHX
pO3uMHiB, TOOTO YTBOPEHHs NOJBiHHOI eBTekTHKU. OTXe, niHii e;'E’, e,'E’
Ta e3'E’ € JIHISIMU TIOYaTKy KPUCTai3alii BiAMOBIAHUX MOABIHHUX
eBTeKTHK. IX npoekuismu (puc. 6.29) € niHii e E, e,E Ta e3E.
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Puc. 6.29. CtpyxrypHi 061acTi giarpamu

Comiyc 1i€i cHCTEMH JOCUTh CKIIAIHHMIA, 1O HHOTO BXOISTH 7 IOBEPXOHb.

A. Tpu xpuBoniHilHi noBepxHi 4'a;'a'ay’, B'b;'b'b,'1 C'c;'c'c,’ (puc. 6.28)
KiHIIA KpUCTai3aii o-, B- i y~TBepaux po3uuHiB. IX MpoekIisMu Ha MIomH-
HY KOHIIEHTpalifHOro TpuKyTHUKa (puc. 6.29) € obnacti Aaaa,, Bb;bb, i
Cccc,. CrnaBy, ydi GirypaTUBHI TOYKU NOTPAIUIAIOTE Y 11i 001aCTi, MalOTh
onHOo(a3Hy CTPYKTYpYy O~, 3- i Y~TBepaHX PO3UHHIB.

b. Tpu ninitiyati nosepxHi a'a;'b;'b’, b'b,'c;'c’ i c'c,'ay'a’ (puc. 6.28)
KiHIIA KpUCTai3allii NOABIMHUX €BTEKTHK e, €, 1 €3, yTBOPEHI BEIUKHMHU
CTOPOHAMH KOHOIHHUX TPHUKYTHHKIB. Y IUIONIMHY KOHLEHTPaLiiHOTO
TPUKYyTHHUKaA (puc. 6.29) BOHU NPOEKTYIOThCS y BUIIAAL obnacTeil aa;b;b,
bbycic 1 ccraza. CrnaBy, uni (irypaTuBHI TOYKM MOTPAIUIAIOTH OO LUX
obmacteii, € mBodasHMMHU, a iX ocTaroyHa (TpU KiIMHATHIM Temmeparypi)
CTPYKTYpa CKIAJa€ThCs 3 IEPBUHHUX KPUCTaNiB O-, - i )TBepamx
PO3UYMHIB Ta ITUISHOK Ti€i a00 iHIIOT OABIHHOT €BTEKTHKH.

B. TopuzonTanpHa miommuHa a'b'c' (puc. 6.28) kpucramizamii HoTpiiHOT
eBTEKTHKH, TPOCKII€I0 SKOI B TUIOIIMHI KOHLEHTPALUifHOTO TPUKYTHHKA €
obmacTb abc (puc. 6.29). Crnasy, GirypaTuBHI TOUKH SKUX MOTPAILISIFOTE 10
miei obmacti, € Tpuda3sHUMHU, a IX OCTaTOYHA CTPYKTypa CKIANAETBCSA 3
TIEPBUHHUX KPUCTAJB OJHOTO 3 TBEPIUX PO3UHHIB, TUITHOK Ti€i a00 iHIIO1
MO/BII{HOI €BTEKTHKH Ta KPHUCTAIIB IOTPIHHOT €BTEKTHKH.

BunsTkoM € crnaBu, 4di QIirypaTHBHI TOYKM 3HaXOAATHCS HA JIHISAX
e;E, e;E Ta e3F noyaTky Kpucranisariii moasiiHnx eBrekTk. Kpucranizairis
TaKHX CIUIaBIB PO3MOYMHAETHCS 3 YTBOPSHHS MOMBIiHOI €BTEKTHKH, 1, OTXKE,
MEPBUHHUX KPHCTAJIB TOro abo iHIIOTO TBEPAOTO PO3YMHY y CTPYKTYpi
TaKUX CIUIaBiB Hemae. JIpyruM BUHSATKOM € Ti CIUIaBW, 4l QirypaTuBHI
TOYKH TOTPAIUIAIOTh Ha JiHil aF, bE Ta cE — Maii CTOPOHW KOHOTHHX
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TPHUKYTHHKIB, SIKi yTBOPIOIOTH JIiHIIUATI MOBEPXHI MOYATKy KpUCTaJi3arii
NO/IBIHHHUX €BTEKTHK. Y iX CTPYKTYpi HEMae MOJBIIHUX €BTEKTHKH. BUHSAT-
KOM € TaKkoX 1 cmiaB E, CTPYKTypa SIKOTO CKJIaJae€ThCs JHIIE 3 MOTPIHHOT
eBTEKTUKH (0+S+7).

Kpim onmcanux 10 moBepXxoHb, 10 CKIaay JiarpaMH BXOISTH TaKOX 3
miHiiuati moBepxHi a'a;'e;'b;'b', b'by'ey'c;'c' 1 c'cy'es'ay’a’ (puc. 6.28)
IMOYaTKy KPHUCTANi3amii MOABIHHIX eBTEKTHUK, YTBOPEHI MAJIMMHU CTOPOHAMH
KOHOJHUX TPUKYTHHUKIB. Ix MPOEKITIAMH B IUIOIIMHI KOHICHTPAIIHHOTO
TPUKYTHUKA € o0nacTi aa;b;bE (eBTexTukxa e;), bb,c;cE (eBTeKTHKA e)) i
ccya,aE (€BTEKTHUKA e3).

Jo nmiarpaMu BXOAATH TakoX 9 MOBEPXOHb CONbBYCY. OCKIJIBKH
B3a€EMHA PO3YMHHICTH KOMIIOHEHTIB y TBEPAOMY CTaHI 3alUIIA€THCS
MOCTIHHOI TIpH Oymb-fAKill TeMIlepaTypi, yci TOBEpXHi CONBBYCY B Wii
CHCTEeMi, HE3aJIe)KHO Bij iX 3HaueHHs 1 Qopmu (IUIOCKA, KPUBOIMIHINHA,
JiHiMYaTa), po3TaloBaHi BEPTUKAIBHO 1 Ha IUIONIMHY KOHIIEHTPALifHOTO
TPHUKYTHHKA IIPOEKTYIOTHCS Y BUTTIAI JTiHIN — MpsIMHUX a00 KPUBUX.

6 TMOBEPXOHb COJIBBYCY BHM3HAYaIOTh I'PAHUYHY PO3YHMHHICTH OIHOTO
KOMIIOHEHTa B JpPYroMy MpHW JIOJaBaHHI TpeThoro, a came (puc. 6.28):
ajaa'a;’ — po3uuHHICT B B A npu nopasanHi C; a,aa'a,' — C B A — npu
nonasaHHi B; b;bb'b;' — A B B ipu nonasansi C; b,bb'b,' — C B B — nipn
JonaBaHHl A; cjec'c;" — B B C npu ponaBaHHI A; cyec'cy’ — A B C mpu
noxaBaHHl B.

Yci BOHM MaroTh KpUBOIMiHIIHY (OpMY 1 Ha TUIOLIMHY KOHIIEHTpallii-
HOTO TPUKYTHHUKA IPOEKTYIOThes (puc. 6.29) y BUIMIAAL HiHill a;a, aya, b;b,
byb, cc, cyc BinnoBigHo. B3zaeMHe posTallyBaHHS LUX JiHi ninmopsako-
BYETHCS MPABHIIy METACTaOIIbHUX MPOJOBKCHb IOBEPXOHb 1 JIiHIH
Jiarpamd, 3a SKUM BOHHM MalOTh 3HAXOIUTHCS B O0JNacTAX niarpamu 3
OJTHAKOBOIO KUTBKICTIO (a3.

OcranHi 3 TNOBEpXHI COJBBYCY IOKa3ylOTh TI'PaHUYHY PO3YHMHHICTD
OIHOTO KOMITOHEHTa y J1BOX iHImMX (puc. 6.28): aa'b’b — CB A1 B; bb'c'c —
ABBiC;cc'a'a— BB CiA. Bonu sSBisoTh co0010 BepTHKAIBHI IDIONIHHHY,
TOMY TXHI IPOEKLIT Y TUIONIMHI KOHIIEHTPALiHHOTO TPUKYTHHKA 30iratoThest
i3 CTOpOHAMH COJIIIYCHOTO TPUKYTHHKA abc (puc. 6.29).

[ToBepxHi compByCy mepepizaloThCsi Mik co00t0 1o gotupu. JIiHii iX
nepepizy aa', bb' i cc' (puc. 6.28) MoKa3yOTh TPAaHUYHY POIYUHHICTH JBOX
KOMIIOHEHTIB Y TPEThOMY i € BEpPTHKAJIBHAMHU NPAMUMH. [XHIMHU MpoeKITisMu
(puc. 6.29) € Touku a, b, ¢ — BEpIINHU CONITYCHOTO TPUKYTHHKA.
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6.6.1.1. Kpucranizaris THIIOBUX CIUIaBiB

V it cuctemi 3yCTpidaroThCs OHO-, JBO- Ta TpU(a3Hi CIIIaBH.
PosmsitHemMo mpouiec kpucranizamii qodaznoro crasy d (puc. 6.30).
Bin mae 2 eranu kpuctamizarii i 3 kputuuHi To4kH (puc. 6.31).

4 dy 24 B
f,-:ﬂ d
a
h
e
By 2
¢
Puc. 6.30. Ilepmuii etan kpucramizauii ciasy d
to

Puc. 6.31. Kpusa oxonomkenns cruiaBy d

Ha nepmiomy erami 3 piKOTO PO3YMHY, CKIIaJl SKOTO BHU3HAYAETHCS
ToYKOIO d, B iHTepBaNi Temreparyp /-2 BUAUISIIOTECS IEPBUHHI KPUCTAIH a-
TBEPAOTO pO34MHY. 3rimHO 3 mpaBuioM KoHoBamoBa BoHHM 30araucHi
KOMITOHCHTOM, SKA{ WiABHILYyE TEeMIEpaTypH KpHUCTami3amii, y IbOMYy
BUMIAIKy — KoMmmoHeHToM A. Hexail ckmajy mepmmx MOpPI KpHCTaTiB
0~(ha3y BHU3HAYAETBCA TOYKOIO f, IO PO3TAIIOBaHA MiX (IrypaTHBHOIO
TOYKOIO CIIAaBY d i BEPUIMHOIO A KOHIIEHTPAIIfHOTO TpUKyTHHKA (puc. 6.30).
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JBodaszna piBHOBara Ha WOYATKy IIEPUIOTO e€Taly KpHUCTai3amii
300paxyeTbes KoHOmO0 fd. Ckinami o0ox (a3 Ha IbOMY eTarli 3MIHIOIOThCS
Y3IOBXK TOBEPXOHb JIKBIAYCY 1 COMiAyCy TaK, IO KOHOMH, SIKi 300paKyIOTh
(a3oBi piBHOBarW, He IIIIE OITyCKAIOTBCS NOHW3Y, ale H o0epraroThes y
HAaMPSIMKY Bill HAFOUTHII BAYKKOTOIIKOTO 0 HAWOLITBIII JIETKOTOIIKOTO KOMITOHEHTA.
OTxe, CKJIaI PIAKOTO PO3YMHY Ha IIEPIIOMY eTalli KpHCTari3amii
3MIHIOETBCSL y HAMPSAMKY, BKa3aHOMY CTPLTKOIO, BiJl BUXIZHOI TOYKHA d IO
HEBHOI TOYKU /1, siKa 3HAXOOMTbCA Ha HiHIl e;E. BogHouac ckian o-dasu
3MIHIOETBCS Bijl TOYKH f 10 TOUKH i, 1110 3HAXOAUTHCA Ha JIHIT a;a, crpshkeHii
3 JiHi€l0 e;E. Y 1ell MOMEHT, SIKOMY BIiANOBiIa€ Touka 2 Ha KpUBIH
oxoomkeHHs (puc. 6.3 1), meprmmii eran KpucTatizallii CIuiaBy d 3aKiHIyeThCS.
OCKIIBKH PIAKWHA PO3YHMH CKJIAAy TOYKHA s TPAaHWYHO HACHYCHUH HE
TITBKH KOMIIOHEHTOM A, 5K 11e OyJ10 Ha TepIIoMy eTari KpucTaiizallii, aje i
KOMIIOHEHTOM B (Touka /, sK 1 Bcd JIiHIA e, E, HaleXuTh 10 2 NOBEPXOHb
JIKBIAyCy), TIOYMHAETRCS APYTHH eTarm Kpucrtamizamii (puc. 6.32) cmaBy
d — yTBOpEHHs NOJBIHHOI EBTEKTUKH €.
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Puc. 6.32. JIpyruit eran kpucramisaiii craBy d
Ha mpomy erami y piBHOBa31 Mixk c000r0 3HAXOAATECA 3 ¢a3u: pinuHa,
kpuctanu o i kpucranu fB. Cxiax octaHHIX Oyze 3HAXOAUTHCS Ha JiHii b b,
crpsbkeHiii 3 niHieto a;a. Hexail Ha moyarky apyroro eramy ckian fB-¢pasu
BH3HAYAETHCS TOUKOIO k. TpuaszHa piBHOBara y 1eii MOMEHT 300paky€eThCs
KOHOTHNM TPHUKYTHHKOM hik, a (irypaTuBHa TOYKa CIUIaBy d 3HAXOOHUTHCS
Ha HOT0 MEHIIIH CTOPOH.
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Ha ppyromy erami kpucramizamii ckimaam ycix 3 a3 Takox He
3aITUIIAIOTHCS TIOCTIHHAME, a 3MIHIOIOTBCS, PYXalOduCh Y3[OBXK BiAITOBi-
HUX JIHIA miarpamu:

CKJIaJ PIAMHU — Y3I0BXK JIiHIl e E;

cknaz o-Ghas3u — y310BxK JiHil a;a;

ckian f-dasu — y3nosx miuii b b.

Tak TpuBae HOTH, NOKU (irypaTuBHAa TOYKa CIUIaBY, PYXarO4HCh
BCEPEANHI KOHOAHUX TPUKYTHHKIB, HE BUI/IC Ha BEJIUKY CTOPOHY YepProBOro
TPUKYTHHUKA, TOOTO HE ONWHUTHCA HA IiHIMYATIH MOBEpXHI KIiHIA
KpHCTai3alii NoaBiHHOI eBTEKTUKH €;. Y el MOMEHT KpUCTai3allisd CILia-
By d 3akiHunThCS (prc. 6.31, Touka 3 Ha KpuBill oxonmomkeHHsd). OcTaHHS
TpudaszHa piBHOBara Oyze 300pakyBaTHCs KOHOTHUM TPUKYTHUKOM /mn.

3Mian ckianiB a3 i reoMeTpuYHUX 00pa3iB (pa3oBUX piBHOBAT MOXKHA
3aIMCaTH y BUNLII CXeMU:

epmmmit eTamn Jpyruii eran

=0 p—>e;

p: d—h p: h—l

o =i a: i—m

KoHoOa fd — Konooa ih b: k—n
Ahik—Almn

Jis BU3HaUeHHsI KiTBKOCTI KOXKHOI CKJIaI0BOI B OCTaTOYHINA CTPYKTYpi
cruiaBy d Tpeba CKOPHCTATHCS MIPABHIIOM BiJpi3KiB y TOH MOMEHT (puc. 6.31,
TOYKa 2 Ha KPHUBiH OXOJNOMKEHHS), KOJIH IMEPIINA eTan KpHcTami3amii yxe
3aKiHYMBCS, a APYTHH IIIe He TIoYaBcs. Y Il MOMEHT y CIUIaBi € MEPBUHHI
KpUCTamu O-(pa3u CKIAAy TOYKH I, KUIBKICTh SKHX Y IOJANBIIOMY HE
3MIHIOETBCSI, Ta pigWHA CKIIagy TOYKH A, KOTpa Ha JPYroMy eTami
3aKpUCTalI3y€ThCs y BUIIAI OABIHHOI €BTEKTUKH €.

OueBUIHO, 110

%oy =dh/ih-100 %=(26/52)-100 %=50 %; (6.31)

%pp="%e=1d/ih-100 %=(26/52)-100 %=50 %, (6.32)

TOOTO KITBKICTh 000X CTPYKTYPHHX CKIAJOBUX OJHAKOBA. Toxmi ocTarovHa

CTPYKTypa CIUIaBy d Moxke OyTr 300paskeHa Tak, K IMoKa3aHo Ha puc. 6.33:

CBITJI 3€pHA O, AKI TPABIIATHCS €100, Ta IULTHKU N0JBIHHOI €eBTEKTUKH €
(3amITpUXoBaHi), M0 YEPTYIOTHCS MK CO00F0.

6.6.1.2. BeprukanbHi (monitepMiuHi) po3pizu

TopusonTaneHi (i30TepMidHi) pO3pi3H HE AyKe MiKaBi MOPIBHIHO 3
BEPTUKAITEHUME (TIONITEPMIYHIMH), OCOOJIHBO 3 TOYKH 30py IX IpaKTHU-
HOTO BUKOPHCTAHHS, 1 TYT HE PO3IIISIAOTHCS.
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Puc. 6.33. Cxema CTPYKTypH CILIaBy d

Beprukansanuii po3pis df (puc. 6.34) € pesynsraroM nepepiszy miarpamu
IUIOMIMHOKO, TTApajiebHOI0 TpaHi AB mpu3mu. B Horo miomuHi € crasu g,
h Ta i 3 MEBHUMH OCOONMBOCTAMHU KpucTamizamii. [lepmmii i TpeTiit 3 HEX
3HAXOJAThCA BIJNOBIIHO HA JIHIAX a;a Ta b;b TpaHMYHOI PO3UMHHOCTI
OHOTO KOMIIOHEHTa B APYTOMY NpH IOJaBaHHI TPEThOTO 1 BiIAUISIOTH
omHo¢a3Hi obmacti Bix ABodasHux. [pyruil cruiaB /1 3HAXOAWTHCS HA JiHI1
e,E, 1 floro kpucTaji3alis NOYMHAETHCSA BiJpa3y 3 YTBOPEHH:S HOABiHHOI
€BTEKTUKHM e;. IIepBUHHHMX KpUCTaliB Oyab-IKMX TBEPAUX PO3UUHIB Y
CTPYKTYPI LIbOTO CILIABYy HEMAE.

Puc. 6.34. TlonitepmidHuii po3pi3 AiarpamMu IUIOLIMHOO,
napajenbHOIO TpaHi 4B npu3Mu
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[TnomumHa po3pizy He mepepizae MOBEPXHIO JIKBiAycy ans y~dasm, a
JMIIe JBi iHII Taki MOBEPXHI — MOYATKy KpHCTaisaiii o~ Ta B-TBepamx
pozunHiB. OTXKe, JiHis JTIKBIIyCy po3pi3y CKIATAETHCS 3 IBOX KPUBOIIHIH-
HMX 1 IOXWJIUX JUIAHOK d /) Ta f1h ), SIKi 3MUKAIOTBCS OZIHA 3 OHOIO Y TOYLI /1.

Jemo CKIATHINIO € JIiHIS CONiTyCy LBOTO pPO3pi3y, OCKiTbKH
IJIONIMHA #WOro mepepizae 3 3 7 IMOBEPXOHb COJNITYCY: KPHUBOJIIHINHI
TTOBEpXHI KiHIA KpucTamizamii o-hasu (B iHTepBaji KOHIEHTpamii dg) Ta
B-tBepmoro po3umHy (B iHTepBaii if), a TaKOXK JIHIHYATY TIOBEPXHIO KiHIIS
KpHCTai3alii noaBiiHOI eBTEKTHKHU e; (B IHTepBalli KOHLEHTpauiil gi). Yci
TPH IUISTHKH JIiHII CONITYCY € KPUBONiHIHHIMU.

3 TpBOX INiHIHYATHX TOBEPXOHb IOYATKy KpHCTAaJi3aIlil MOABIHHUX
€BTEKTHK IUIOIINHA JAHOTO PO3Pi3y NEPETHHAE JIMIIE OIHY — JJIS €BTCKTHKU
e;. JliHia iXx nepepidy IOYMHAETHCS B TOYLl g;, OCKUIBKU CIUIaB g
3HaXOQUThCA Ha JHiHIl a;a, Mo sKill koB3a€ oIHA 3 BEPLIMH KOHOIHMX
TPUKYTHHKIB [IPU YTBOPEHHI MO/BII{HOT €BTEKTUKH €;, 1 3aKiHUYEThCA 3 Ti€l
K IPUYMHM Y To4Li i;, a MAKCUMAJIbHOI BUCOTH JOCATra€ B To4li /1, alKe
KpHUCTaJIi3allisl CIUIaBy /4 MOYMHAETHCS OIPa3y 3 YTBOPEHHS Ii€i eBTEKTHUKH.

VY miif cucreMi BCi MOBEPXHI CONBBYCY PO3TAIIOBaHI BEPTHUKAIBHO,
TOMY CIiIM iX mepepizy Oyap-sIKOI0 BEPTHKAIHHOIO IUIOIIMHOIO PO3Pi3y
OyIyTh BepTUKATbHUMU NPIMUMH, Yy JAaHOMY BUIIAJKY — g ;g Ta I ;1.

s xoxxHOT Horo 067acTi, MOCIIOBHO PYXalOUuHCh 3TOPH JOHU3Y, Bij
o0nacTi pimKOTO pPO3YMHY OO KIMHATHOI TeMIIepaTypHd, 3a3HAYUMO
CTPYKTYpHUI cknaj ciuapiB. [Ipy 1poMy A CaMOKOHTPOJIO MOXKHA
BUKOPHCTOBYBATH TpaBWIO MasiHra mpo KUTBKICTE (a3 B o0macTsix, Imo
MPWISTAOTh OJJHA JI0 OIHOI.

Beprukansanuit po3piz AR (puc. 6.35) omepikaHo B pe3yabraTi mepepisy
JiarpaMy IDIOMIMHOKO, IO TPOXOAMTH Yepe3 omHe 3 pedep Mpu3MH Ta IBi
TTOBEPXHI JIKBIAYCy — MOYATKy KpHUCTalizalii koMnoHeHTiB A Ta B. JliHis
JIKBIZyCy LIbOTO PO3Pi3y, 3p03yMiso, IOYUHAETHCS B TOUL A ; KpUcTaizauii
YHUCTOTO KOMIIOHGHTAa A, OIYCKaeThCsl NOHHM3Y B TOUKy k;, Oe OZmpasy
PO3IOYMHAETHCS KPUCTai3allid IOABIHHOI eBTEKTUKH €, 1 3aKiH4y€eThCs B
Touli R;.

[TnomuHa po3pizy mepepizae 4 MOBEpXHI CONMAYCY — KiHI KPUCTa-
mi3amii MepBUHHUX KpPUCTANiB O-ha3u (B iHTEpBaNi KOHLEHTpAIii Ai),
NoABIHUX €BTEKTHK e; (B iHTepBalli [j) Ta e, (B iHTepBani mR) 1 norpiinoi
eBTCKTHKH (B IHTEpBalli jm), BHACIIZOK YOTO IIiHISA CONITyCy po3pizy
CKJIAJIA€ThCS 3 TPHOX KPUBOIIHIMHUX MOXUIUX OULHOK A ;i;, I;j; Ta mR,, a
TaKOX HPSAMOJIiHIIHOT AIIAHKY, IapaebHoi OCHOBL PO3pi3y, ¥;m ;.

Po3pi3 mepepizae Takoxk 2 MPOMiXKHI MTOBEPXHI MOYATKY KPHUCTATi3amMii
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Puc. 6.35. ITonitepmidHmMii po3pi3 AiarpamMu IUIOMKHOIO,
10 TIPOXOAUTH Uepe3 pedpo 4 mpu3Mu
NOABIHUX eBTeKTUK e; (miHiA Y;k;;) 1 e, (minia [;Ry) Ta 3 mHoBepxHI
conbBycCy (JIiHii ii, jj| Ta mmy).

6.6.2. liarpama cTany cucTeMH 3 00MeKeHOI0 3MiHHOI0 B3a€EMHOIO
PO3YHHHICTIO KOMIIOHEHTIB Y TBEPOMY CTaHi

Sx BimOMO, 3MiHHA PO3YHHHICTHP KOMIIOHCHTIB OJMH B OIHOMY Y
TBEPJOMY CTaHi 31 3HIDKCHHSIM TEMIIEpaTypd MOXKe 3MCHITYBaTHCS abo
30inbiryBatucs. [lepmuii BapianT OiNBII PO3MOBCIOMKEHUH, Horo i Oyme
PO3IIISIHYTO.

6.6.2.1. 3aranpHuii onuc xiarpamu

Lz niarpama (puc. 6.36), sIK 1 morepeHs, CKIaIaeThCs 3 22 MOBEPXOHB,
KOXKHA 3 SIKMX 30epirae cBoe 3Ha4eHHs, omnucaHe padime. HaBite Ginbine
TOTO — MTOBEPXHI JIKBIAYCY, COMITYCYy Ta MOYATKy KpUCTaji3amii moaBiiHIX
€BTEKTHK 30epiralotb Ty X (GopMy Ta B3a€MHE pPO3TAlLIyBaHHS, M0 U y
CHUCTEMI 3 MMOCTIHHOK PO3YUHHICTIO (puC. 6.28).
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Pric. 6.36. Jliarpama CTaHy CHCTEMH 3 0GMEXCHOIO 3MiHHOO B3a€MHOIO
PO3YMHHICTIO KOMIIOHEHTIB y TBEPJOMY CTaHi

30epiraeTbcs 3HAUCHHA W yCiX 9 TOBEPXOHb CONBBYCY, aie ix
po3TamryBaHHS B JiarpaMi CYTTEBO 3MIHIOETBCA. SIKIIO B miarpami 3
MOCTII{HOI0 PO3YMHHICTIO MOBEPXHI COJBBYCY PO3TallOBaHiI BEPTHKAIBHO,
TO B Jiarpami, o po3msiAaeThesl, yCi 1l TOBEpXHI pO3TalIOBaHi MOXMWIo. 3
i€l NPUYMHU TXHIMH TPOCKIISMU Yy IUIOUIMHI KOHLEHTPALiiHHOTO
TPUKyTHHKa OyayTh He JiHii, a 001acTi.

Tak, MOBepXHI T'PaHUYHOI PO3UMHHOCTI OJHOTO KOMIIOHEHTa B APY-
roMy IpU AOAABaHHI TPETbOIO a;ayar'a’, ajasas'a’, b;b,b,'b', b;bsb3'b’,
cjeqcy'c’ 1 cjese;'c’ IpOeKTyIOTheS BINOBIIHO B 00NAcCTi a;a a,a, a;asaszd,
bibybyb, bibsbsb, cijcychc i clcsczc TpukyTHHKA (pUC. 6.37).

e OGinpIIMX 3MiH 3a3HAIOTH OBEPXHI IPAaHMYHOI PO3UNHHOCTI OTHOTO
KOMITOHEHTa B JIBOX IHIIHMX. SIKIIO B CHUCTEMI 3 IOCTIHHOIO PO3YMHHICTIO
BOHU € BEPTUKAJIBHUMH IIIOIIMHAMH, TO TYT BOHH II€PETBOPIOIOTHCS Ha
niniituati noBepxHi a;b;b'a’, bjc;c’d' 1 cja;a’c’, yTBOpeHI CTOpOHaAMH
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Puc. 6.37. CTpykTypHi 0011acTi giarpamu

KOHOZIHUX TPHKYTHHUKIB, SIKI XapaKTEepU3YIOTh PIBHOBAry TPbOX TBEPIUX
pO3YMHIB B IHTEpBali TEMIIEpaTyp BiJ EBTCKTUYHOI (TeMmmeparypu
KpHUCTaJi3arii moTpiitHoi eBTEKTHKH) A0 KiMHATHOI. L{i moBepxHi coIBByCY
pO3TaIlIOBaHi MOXUIIO, TOMY IX MPOEKIISIMU B TUIOLIMHI KOHIEHTPALIHOTO
TPUKYTHUKA (JuB. puc. 6.37) € obnacrti a;b;ba, b;c;cb, c;a,ac.

OT1xe, mpoekmii 000X BHIIB MOBEPXOHb COIBBYCY YaCTKOBO MEPEKPH-
BalOThCA (0Omacti aajag, aaja;, bb;bgbb;bs, ccicg, ccijc;). Crnnapu, uni
(birypaTuBHI TOYKH JI€XKATh y 3a3HaUYCHUX 00JIACTAX, 3a3HAOTh BTOPUHHOI Ta
TPETUHHOI KpHCTali3allii, a iX OocTaro4yHa CTPYKTypa MICTUTh y cCOOi
TICpBUHHI, BTOPWHHI Ta TPETHHHI KPUCTAJIHM YCiX TPhOX BUJIB TBEPIUX
PO3YHHIB, IO ICHYIOTh Y JaHii CHCTEMI.

Jlinii a;a’, b;b', ¢;c' nepepizy NOBEPXOHb COIBBYCY II0 YOTHPH, TOOTO
TiHI] TpaHUYHOI PO3YMHHOCTI JBOX KOMIIOHEHTIB Y TPEThOMY, MPOCKTY-
I0TBCSI Ha IUIOIIMHY KOHILCHTpPAUifHOro TPUKYTHHMKA Yy BUIVIAAL JiHiH a;a,
b;b, ce.

CripoekTyeMo yci MOBEPXHi JAiarpaMy B IUIOMIMHY KOHIICHTPAIIHHOTO
TPUKYTHHKA 1 3a3HAYMMO CTPYKTYPHHH CKJIaJ CIUIaBiB y KOXHiH 3 33 obnac-
Tel, mo mpu mpoMy yTBOprHcs (puc. 6.37). Ilpu mpoMy Cimif 3BEpHYTH
0coONUBY yBary Ha CMyru obmactel, Hanmpuknan, byb;b,c,cic cocschbbgh,,
KyId MPOCKTYIOThCS IOBEPXHI I'PaHHYHOI PO3YMHHOCTI KOMIIOHeHTa B y
JIBOX 1HIIMX KOMITOHEHTAX 1 JIe, OT)Ke, BUAUIAIOTHCS BTOPUHHI 200 TPEeTUHHI
KpUCTaIH -TBEPIOTrO PO3UHHY.
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6.6.2.2. Kpucraizamisi THIOBHX CIIIaBiB

Crunas f (puc. 6.38) ckimamaeTbes 3 MEPBUHHUX KPUCTATiB [B-TBEpaoro
PO3YMHY, BTOPHHHUX — Y~(ha3u Ta TPETUHHHUX O-KpuctaiiB. Kpucramizaris
fioro BimOyBaeThcst y TpH etanu (puc. 6.39), KiIbKICTh KPUTHIHUX TOUOK
JIOCSITAE YOTHPHOX.
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Puc. 6.38. Kpucramnizauis cruiaBy f

Ha nmepmromy erari kpucTaiizarii 3 piinHu, CKIa K01 3MiHIOETBCS BijT
TOuKH f 10 Touku h (puc. 6.38), BUAINAIOTHCA TepBUHHI [-KpucTamu. Ix
CKJIaJl TIPH IIbOMY TaKOX 3MIHIOETBCS Bil TOUKH g 110 Touku f. KoHonu, sKi
XapakTepu3yloTh ABOGA3HI piBHOBarm Ha IIbOMY e€Tami, 00epTaloThCs Y
HaNpsIMKYy BiZi HaiOiIbII Ba)KKOTONKOTO 1O HAWOULIBII JETKOTOMKOTO 3
KOMIIOHEHTIB TaK, IO iX KiHIi OMHUCYIOTh JiHii f/ 1 gf.

VY crporieHoMy BUIJISII TIEPIINA €Tl KpUCTai3amii MOXKHA ITOAATH TaK:

p—B
p: f—h
B: g—=f
KoHooa gf— konooda fh ,
a0o 1Ie KopoTIe:

te-ty

pr/h - ﬁf—n'
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Puc. 6.39. KpuBa oxonomkeHHs CIuiaBy f
[Micns 3akiHYeHHS NEPBUHHOI KPUCTANI3aIlil B iHTEpBaIl TEMIEpaTyp
2...3 BinOyBaeThcs nmpocTe Bi3UIHE OXOJMOIKEHHS CIUIaBY TOTH, IIOKU HOTO
(irypaTuBHa TOUKa He OIUHUTHCS Ha NMOBEPXHI conbBycy b;b'b,'bs. ¥V neit
MoMeHT [-(ha3a rpaHUYHO HACHUYETHCS KOMIOHEHTOM C, 1 IIPH MOAAbIIO-
My OXOJIOJKEHHI BifI0YBA€THCSA BTOPMHHA KPUCTANI3AIlis CIUIaBy — 3 -(hasu
BUJIUISIIOTHCS KPUCTANN Y~TBeporo po3unny. Ckianu 006ox (a3 npu upomy
3MIHIOIOTBCS Bifl TOUKH f 110 ToukH j([3) Ta Bim TOUKH i 10 ToUKH k(}). Touxu
j Ta k 3HaXonsAThCA BiANOBIAHO Ha JiHIAX bb; 1 cc;.
Bri—
B: -]
7. 1=k
KoHoOa fi — Konooa jk,
abo

ti-ty
Pei = Vi
B-tbasa cxiany TOUKH j T Y-TBEPAUIA PO3UMH CKIIALY TOUKH K TpPaHUYHO
HACHYCHI KOMIIOHEHTOM A, OT)Ke, NMPU MONAIBIIOMY OXOJIOKEHHI 3 000X
(a3 BUALISIOTHCS TPETUHHI O-KPUCTAIN — BiIOyBAa€ThCSl TPETHHHA KpUCTa-
Ji3ais CIiaBy f, KOTpa TPUBA€E 1O KIMHATHOI TeMIIepaTypH.
Ckiaan ycix Tphox (a3 mpu mbOMy HE 3aJIHUINAIOTHCS MOCTIHHUMH, a
3MIHIOIOTBCS Y3I0BXK JIiHil bb, cc;, aa; BiANOBiAHO:
B>y vir>ouy
B: j—b;
Y k—c;
a: l-a;
Ajkl%Ab]c[al.
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OcTtaHHIN PANOK CBiQUUTH, MO TpHdas3Hi pIBHOBATH Ha I[HOMY €Talli
KpHCTAaNi3alii CIUIaBy XapaKTepU3YIOThCS CEPIEr0 KOHOIHHX TPUKYTHHKIB,
HepuuM 3 skux € Ajk;, a octanHiM — Ab;c;a;.

KinbkicTs koxkHOT (ha30BOT Ta CTPYKTYpPHOT CKIaJOBUX (TYT Lii HOHSTTS
TOTOXHI) B OCTaTOYHIil CTPYKTypi cmjiaBy f MOXXHa BHM3HAYUTH 3a
JONIOMOTOI0 IIpaBWJIa IIGHTPY Mac TpuUKyTHUKa. Jlis mporo Tpeda
CKOPHCTATUCSI KOHOIHUM TPUKYTHUKOM b ;c;a;, KUl xapakrepusye (a3osi
piBHOBaru B CIDIaBi IpU KIMHATHIH Temreparypi. HeoOXimHi Ay mbOTO
oOyZ0BH MTOKa3aHi Ha puc. 6.38 MyHKTUPHUMH JiHISIMH.

Toni
% B=fm/b;m=70/91-100=77 %; (6.33)
%y =fn/cn=18/100-100=18 %; (6.34)
%o =fo/a;0=5/98-100= %. (6.35)

6.6.2.3. BeprukanbHi po3pizu

HasBHiCTh 3MiHHOT PO3YMHHOCTI Y TBEPJOMY CTaHi, 110 3MEHIIYETHCS
NpU 3HWKEHHI TEMIIepaTyp, 3HAYHO YCKJIAJHIOE BEPTHKAaJbHI pO3pi3u
Jiarpamu, 0COOIMBO TOAI, KOMH iX JIiHii COJIBBYCY IIEPETHHAIOTHCS MK COOOTO.

Sk i y momepenHiX BHIMAAKax, MOYHEMO 3 PO3Pi3iB, IUIONIMHU SKHUX
TapaJieNbHi OfIHIH 3 rpaHel IpU3MH.

OnHuM 13 HaMCKITAIHINIMX cepe]] HUX € po3pi3 gh (puc. 6.40), ocKiabkH
Horo IIoIIMHA mepepizae ciM (3 AEB'sSTH) OBEPXOHb COJbBYCY. Biache, Ta
YaCTHHA PO3Pi3y, SIKa CTOCYEThCS MPOIECIB MEPBUHHOI KpHUCTami3arii
CIUIaBiB, HE CTAHOBHUTH OCOOJIHMBHX TPYIHOIIIB MPH HOTO OOYHOBI.

JiiicHo, IIomuHa po3pisy nepepizae:

a) 1Bi (3 TPHOX) MOBEPXHI JIKBiAyCy — MOYATKy Kpucraiizamii -hasu
(J1iHif g;0; PO3pi3y) Ta J-TBEPIOrO PO3UMHY (JIiHIA 0;h;);

0) Tpu (3 ceMM) MOBEPXHI COMiMyCy — KiHI Kpucraiisarii S-tBepioro
po3unHy (JiHIA g,n;), MOABIHHOI €BTEKTHKH e, (JiHISA n;¢;), }~TBEPIOrO
posunHy (JIiHisf f5);

B) ofHy (3 TPBOX) MPOMDKHY ITOBEPXHIO — IIOYATKy KPHCTANi3amii
MOJBIHHOT €BTEKTUKH e, (JIiHif 1;0,1)).

Haii6inpmmi TpyaHomi npu nmoOyaoBi IIbOro po3pily MOB's3aHi 3 HOro
JIHISIMH COJIbBYCY, OCKUIbKH BiJIIOBIJHI TOBEpXHi, SIK BiJIOMO, Iepepiza-
I0TBCSL TI0 YOTUPH Biapasy mo xiHisx b'b; 1 ¢'c; (puc. 6.36). Kpim Toro,
CIUIaBH LIFOTO PO3pi3y B iHTEpBaJi KOHICHTPAIH is MOTPAIIISIOTH Y CMYTy
obnactelt, ne BimOyBaeThcs BTOpHHHA ab0 TpPETWHHA KpPHCTATi3alis
O-TBEPIOTO PO3UHHY.

HeBenukuii po3Mmip puUCyHKa HE J1Ta€ MOXKJIMBOCTI Oe3locepeHbo Ha
HbOMY BKa3aTH CTPYKTYPHHUI CKJiaj st obnacteil, no3HadyeHux 1udpamu.
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A
Puc. 6.40. [Tonitepmiunuii po3pi3 gh Aiarpamu IIOMIKHOIO,
napaenbHoro rpadi BC npusmu

Jlinia m;n; € cnigoM Iepepisy IUIOLIMHHM DO3pi3y 3 MOBEPXHEIO
bsb;b'b3" (puc. 6.36) rpaHUYHO] PO3UMHHOCTI KOMIIOHEHTa C' B KOMIIOHEHTI
B npu nonaBanHi koMrnoHeHTa 4. OTXe, CTPYKTYPHUM CKJIJIOM CIUIaBiB B
obnacti 3 pospisy gh Gyne B+7;. AHanoriuxo B obnacTi 4 mij niHiero ¢;q;
Gynys ¥y 12 7.

JIiHis im; TaKoX € CIiIOM Iepepisy IIOLMHY PO3pisy g/ 3 IOBEPXHEIO
b,b;b'b," TpannuHOi po3uuHHOCTI A B B npu nonasanHi C, 1 CTpyKTypa
CIUTaBiB B o6macti 5 Oy/e CKIagaTucs 3 MEPBUHHUAX KPHCTAIB [-TBEPIAOTO
pO34YMHY Ta BTOPMHHHX KpHCTamiB (-¢a3u. AHanoriyio B obmacti /0
OyayTs Yy Ta oy

CnimoM mepepidy IUIOMUHA pPO3pi3y 3 JNIHIHYATOI ITOBEPXHEIO
IpaHUYHO] PO3YMHHOCTI kKoMIoHeHTa C'y [BOX IHIIUX € niHig km ;. Tomy B
obmacti 6 IO MEPBUHHHUX KPHCTANIB TBEPAOrO po34nHY [3 Ta BTOPUHHHX
o-(a3u JONA0THCS TPETUHHI KPUCTAIH Y~TBEPIOTO PO3YMHY. AHAIOTIYHO B

obmacti 9 mo ¥ Ta 0y nomamytecs P, ToO6TO 00MABI ui obmacti €
TpUpa3HAMH.

Jlinis m;q; € cuizoM nepepidy IUIOMIMHMU PO3pi3y gh 3 TPETboro
JMHIHYATOI0 MOBEPXHEI0 TPAHWYHOI PO3YMHHOCTI KommoHeHTa A. Tomy
HIDKYE BiX Hel 3'ABIATHCS BTOPHWHHI (B iHTEpBali KOHIEHTpaIiil nf) abo
TpeTuHHI (B 06macTsax 7 i 8 po3pi3y) kpucranu o-dasu.

BeprukanbHi po3pi3y, INIOIIMHMA KOTPUX HPOXOIATH 4Yepe3 OxHe 3
pebep mpu3MH, MEHII Pi3HOMAHITHI i, 3araxoM, MPOCTIIIi.

Tak, pos3piz Ct (puc. 6.41), xoua Horo miommHa 1 mepepizae 11
MTOBEPXOHB JAiarpaMHu, JEemIo MPOCTIIIN Bij MMOMEePeTHBOTO i MiCTUTH ¥ 001
HACTYTIHI JIHII:

1) C;y; nmouyarky KpucTa-
Ji3awii ~TBEpIOro PO3YMHY;

2) y;t; — te x qus o-dasy;

3) C;w; KiHLA KpuCTai-
3amii p~dazm;

4) w;yz; IO4aTKy KpHUCTa-
Ji3anii noaBiHOT EBTEKTUKH €5

5) w;x; KiHug ii Kpucra-
Jizaui;

6) z;t; mo4arky KpHUCTa-
Ji3auii eBTEKTUKY e;;

7) djt, KiHIg KpuCTali-
3anii wiel HoABIHHOT eBTEKTUKH;

8) x;z;d; xpuctanizauii
MOTPIHHOT €BTEKTHKH E;

9) uw; rpaHUYHOI PO3UUH-
HOCcTi A B C 1ipu tofaBaHHi B;

10) vx; rpaHMYHOT PO3YUH-
HOCTi KOMIOHEHTa B y JABOX
1HIIHX;

11) d;h — Te x U1 KoMIIO-
HeHTa C.

Puc. 6.41. ITonitepmiunuii po3pi3 Ct niarpamu
IUIOLIMHOIO, 1110 IPOXOIHUTH Yepe3 pedpo C
TIPU3MH
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Po3ain 7
3AJII30 TA MOT'O CILIABH

7.1. OCHOBHI BJIACTHMBOCTI 3aJ1i3a

[[Iupoke BUKOPUCTAHHS CIUIABIB HA OCHOBI 3aJTi3a 00yMOBIICHO TAKIMH
HOro 0coONMMBOCTAMH, SIK HA3bKA BapTICTh, JIETKICTh BiIHOBJIECHHS 3 OKHC-
JiB, pO3MOBCIO[PKEHICTh Yy 3eMHiH kopi (5,1 %). HaiiBaxknusimoro
XapaKTepUCTUKOIO 3aji3a € Horo momiMop(isM, TOOTO HasBHICTH KiJTBKOX
KpUCTANIYHUX Moaudikamiid, MmO Jae MOXIHBICTH 3MIIHIOBATH CIUIABH
3aji3a Mpy rapTyBaHHi, OTPUMYIOYH MapTEHCHT.

Haifuncrime 3amizo (99,992 %) mMoxHa oTpuMard B J1a0OPaTOPHHUX
YMOBaX, OIHAK B YMOBaxX BHPOOHMITBA BJIA€THCS OTPUMATH 3aJli30 JIMIIE
TexHI9HOT uncToTH (99,8...99,9 %) 3 OUIBIION YaCTKOIO JOMIIIOK.

3aiizo 3HAXOAUTHCS Y IePiOANYHIl cucTeMi eeMeHTiB B [V mepioni, y
BOCBMIii rpymi mix Homepom 26. e — nepexigauii MeTa, y skoMy 3a0yJ0Ba
OUTBII BHCOKOTO EIIEKTPOHHOTO PIiBHA 4s MpH He3armoBHEHiH 3d 000IoHII
00yMOBJIIOE 3MiHHY BaJICHTHICTH Ta iHIII BIACTUBOCTI 3alli3a.

Temneparypa ruraBiaeHHs yrcToro 3aiiza (99,992 %) nopisnioe 1539 °C,
kuninag — 3200 °C. T'yctuna 3amisa — 7,874 r/cm3, atomna maca — 55,85.
Teepaicts TexHiuHOTO 3ani3a — Onusbko 80 HB, minnicts o — 250 Mlla,
BimHOCHe mofomxenHss 0=40 %, momnepeune 3ByXKyBantus ¥=70 %, T06TO
3aJ1i30 — IUIACTUYHUHA MeTall.

3amizo kpucranizyerscs npu 1539 °C i Mmae nmoniMopdHi IepeTBOPEHHS
mpu 1392 Ta 911 °C. Ilpn temneparypax Hmwxkue Big 911 °C icuye o-Fe 3
OLIK-"parxoro (puc. 7.1). B inrepaii remneparyp 911...1392 °C criiikum €

Feu

BineHa eHepris, F

Fea-OLK

|

[
Fey-rUK I Fed-OUK
910 Temneparypa, C

Puc. 7.1. 3mina BisibHOT eHeprii O, &- Ta Y-Momudikaiiii 3ai3a 3 TeMepaTyporo
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¥-Fe 3 TLIK-"parkoto. Bume 3a 1392 °C i o TeMmnepaTypu IIaBIeHHS 321130
3H0BYy Mae OL[K-"parky i Ha3uBaeThcs o-Fe (iHOMI, 00 Bigpi3HUTH HU3BKO-
TemIeparypHe o-Fe Bill BHCOKOTEMIIEPaTYpHOTO OCTaHHE II03HAYaIOTh
6-Fe). Hmkue 3a 768 °C 3ami3o (epomarHitHe, BHIIE — IapaMarHiTHE.
Kputnany temmneparypy 1392 °C mepersopenns o/ 0)-Fe«>y-Fe mosnaua-
I0Th TOUKOIO A4, Temueparypy 911 °C neperBopenns y-Fe<> o-Fe — Toukoro
A5. Touxa Kropi 3amniza 768 °C nosHadaeTbes K A,.

[omimMopdHI TepeTBOpPeHHS CYIMPOBOIKYIOTECS 3MIHOIO 00’€eMmy.
ITepexin y-Fe B o~Fe mpu3BomuTh 10 3MEHIICHHS KOOPIMHALIHHOTO YMCIIA
Ta KOMIAKTHOCT] 'PaTKH.

Ax BupHO 3 puc. 7.2, pi3Ki 3MiHH MapaMeTpiB PaTKH Ta MUTOMOTO
00’eMy MarOTh MiCIIe TIpH TeMIeparypax aJoTPOIIYHIX MePETBOPCHb.

\
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Puc. 7.2. 3anexHicTh muToMoro 06’emy (a) Ta mapamerpa KpucTaiaiuHoi ‘parku (0)
3ali3a Bil TeMIeparypu
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Koedimienru mniniiiHoro posmmpenns o-Fe i 6-Fe ommaxosi, mo
MiATBEP)KYE OMHOTUIHICTH IX KPUCTANIYHUX parTok (Bimpi3ok rpadixa (a)
st 6-Fe € npomosxkennsM Binpiska misn o-Fe ). Tlepexin o-Fe—y-Fe
CYIIPOBOIKY€ETHCS 3MEHIICHHIM 00’ eMy. MarHiTHe riepetBopeHHs (768 °C)
HE TPU3BOIUTH 10 3MiHHA 00'eMy Ta mapaMmeTpiB parku. Lle migTBepmxye
TOH (hakT, 110 TPH NaHill TeMmeparypi mepedynoBa 'paTku He BiAOyBaeThCS.

3amizo 3 O6ararbMa eJeMEeHTaMH YTBOPIOE TBEPIi pO3UMHH. 3 BOIHEM,
a30TOM, BYyTJICLIEM 3ajli30 YTBOPIOE TBEpIi PO3YMHH IMPOHUKHEHHA. 3
IHIIAMHU eJIEMEHTAMH MOXXE YTBOPIOBATH TBEpPAl PO3UYMHH 3aMilllEHHS Ta
ximiuHi crionmyku (mpoMixHi ¢a3n). Hanpukiaz, 3 a30Tom, ByreneM, 60pomM
3alli30 YTBOPIOE BIATOBITHO HITpHOW, KapOimu Ta Oopuam, IO IyKe
3MIIHIOIOTh CIUTaBM Ha OCHOBI 3ai3a.

7.2. liarpama cTany 3aJ1i30—ByIjenb

Hiarpama crany 3azizo—8yeneys Mana 6 OXOIDTIOBATH BCi crutaBu Bif 0
1o 100 % Byrrerro. @akTHYHO, BUBYAETHCS TINBKHM HEBEIHWKA YaCTHHA BCi€l
CHCTEMHM — BiJ 3aji3a 10 Haibnmkdoi ximiunoi cnonyku FesC (puc. 7.3).
[NosicHIOETBCA TI€ THM, IO Ha MPAKTHIII BUKOPHUCTOBYIOTH CIUIaBH (CTaji Ta
YaByHH), Y SKHX Bymienio He Oimpme 5 %. CnmaBu 3 OUIbIINM BMicTOM
BYIJICLIO € Jy’>KE TYTOIUIABKUMH Ta KPUXKHUMH.

Fe Fe;C C

0 6.67 % C >

Puc. 7.3. Micue craBiB 3aii3a, 1110 BUKOPHUCTOBYIOTBCS Ha MPaKTHIII,
y 3arajibHiil CHCTEeMI 3ani30—6yeneynb

Ha puc. 7.4 HaBeneHo miarpaMmy CTaHy 3aiizo—gyeielyb. XapaKTepHOIO
OCOONMBICTIO IIi€1 miarpaMu € Te, MO Ha HIH HAHECEHO MBI CHCTEMH
OIHOYacHO: cucteMy sanizo—yemenmum (Fe;C) — cyLinbHi JiHil Ta cUCTEMY
3ani30—epaghim — MyHKTUPHI JiHIT TiarpamH.

1600
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Puc. 7.4. [liarpamu cTaHy 3a1i30ByIJICLIEBUX CIUIABIB

Take criBicHyBaHHS JBOX JiarpaM B OTHIHM TeMIepaTypHO-KOHIICHTpa-
HilHIA cuCTeMi MOXJIMBE JIMIIE TOMY, IO BYIJICIb Y CIUIaBaxX i3 3aji3oM
MOXKE€ BHIUIATHCS TIPH KpPUCTAaJi3allii, 3aJIe)KHO BiJ MIBHIKOCTI OXOJOJ-
JKeHHS, Y CTPYKTYypHO-BUIEHOMY BHIVIAI (€IEMEHTApHUH ByTIIEIh — Tpadir)
YM y 3B’ 3aHOMY CTaHi y BUIIIAAL kapOiny 3aniza Fe;C (uemeHTUT).

Hiarpama 3anizo—epaghim € cTabUIFHOIO, a Jiarpama 3a1i30—yemMeHmum —
MeractabinpHo. [losicHUTH TO# (akT, M0 B OOHIN cHcTeMi IpU KpUCTa-
Ji3amii MOXXYTb yTBOPIOBAaTHCH 1 MeracTabinpHa (IEMEHTHT), i cTabinbHA
(rpadir) das3u, MoxxkHa TakuM YHHOM. Bimomo, mo npu maHii Temrmeparypi
Ol cTiliKOIO € Taka (pa3a, sika Mae HAMEHIIIHIA 3arac BUTBHOI eHepril.

MinimMansHOMY 3Ha9CHHIO BITFHOI €HEprii BiIMOBIa€ piBHOBAra piakoi
¢dasu (P), aycrenity (4) uu ¢epury (D) 3 rpaditom () — crabimpHa
piBHOBara. PiBHOBara mux xe (a3 3 neMeHTuToM (L]) BiaIOBigae BUIIOMY
3HAYEHHIO BUTBHOI €Heprii — MeTacTabiibHa piBHOBAra. 3 mbOTO IOIIY, a
came, 3 IONISIAY TEPMOAMHAMIKH, O1IBII BUTITHAM € YTBOPEHHS Tpadiry.

[pote, mpu Oinpmomy (Hmxde 3a 1147 °C) mepeoxoomkeHH] yTBO-
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PEeHHSI KpUCTAJIiB IEMEHTUTY, MEHIN CTalinbHOI, HiX Tpadit, dasm, crae
KIHETUYHO BWTITHIIIAM 3 TAKUX IPUYMH:

— Uil YTBOpPEHHS LEMEHTHTY i3 pimkoi ¢(asu moTpiOHI (azosi
¢mykTyanii 3 KOHIEHTpali€o Bynemoo Oommsbko 6,67 %. BomHouac, mis
YTBOpEHHs 3apozka rpadity ¢urykryanis Byniemnto mosuHHa gocsrara 100 %.
BiporigHicTh OCTaHHBOTO 3HAaYHO HMXKYE 32 BIPOTiIHICTH yTBOPEHHS
00’ eMiB i3 KOHIIEHTpaLi€ Bymiemnto 6,67 %;

— 3a CKJIAZIOM ayCTeHIT Ommkanid 1o remMeHTury (2,14 1 6,67 % C), Hixk
1o rpadity (2.14 1 100 % C);

— KpHUcTajJiyHa OyloBa ayCTEHITY Ta IIEMEHTHUTY OiIbII MOiOHI, OHAK
ayCTeHITy Ta TpadiTy 3HaAYHO BiAPI3HAIOTHCS,

— yTBOpeHH: rpadiTy i3 pinkoi ¢a3u BuMarae 3HauHOi Anu(y3ii aTOMiB
BYIJICIIO 10 TpadiTHUX yTBOPEHH 1 BiABEACHHS aTOMIB 3ami3a Bix (GpoHTY
KpucTaizarii rpadiry.

OTtxe, rpadiT € 6inmpm cTiiikoI0 (a30r0, HiXK IeMEHTHUT. TepMonnHa-
MigHI (aKTOpHU CHPHUAIOTH yTBOPEHHIO 3 pimkoi ¢a3m aycTeHiTo-
rpadiTHOi cyMmimmi, TOMy IO 3amac il BiTBHOI eHeprii € HIDKYUM, HiXK
CyMiIIi ayCTeHITy 3 MEMEHTUTOM, IO BIUTMBA€ HA YMOBHU (OPMYBaHHS,
IIPU OXOJIOKEHHI 13 piAMHY, BUCOKOBYTIICICBUX CIIJIaBiB TAKUM YHHOM:

— y By3bKOMYy iHTepBami temmeparyp 1147...1153 °C yTtBOpeHHS Ie-
MEHTHTY HEMOIABE, OCKLIBKH ay CTEHITO-IIEMEHTUTHA CYMIIll YTBOPIOETHCS
Hwk4e 1147 °C. YV oMy BHIAIKy YTBOPIOETHCS TUTBKH ayCTeHITO-TpadiTHA
CyMiI;

— V piIKOMY HeTeperpiToMy 9aByHi € MiKPOCKOIIIYHI YaCTHHKH Tpadity
Ta IHIIUX JOMIIIOK i BKJIIOYCHH, IO HE PO3UYMHIINCH i MOXYTh CTaTH
TOTOBUMH 3apOIKaMH 3epeH rpadity;

— 3HAYHO IOJETLIYIOTBCS YMOBH YTBOPEHHs rpadity 3a paxyHOK
MPHUCAIKN y YaBYH EJEMEHTIB, IO CHPHUAIOTH Tpaditms3amii (KpeMHilo,
AJTIOMIHIIO Ta 1HIINX);

— rpadiT MOXKE YTBOPIOBATHCS BHACIHIZOK JOBTOTPHBAJIOTO Bigmairy
Oisoro 4aByHYy, IPH [HOMY BiIOYBa€ThCS PO3MAX MEHII CTAOIIBHOTO
LIEMEHTHUTY 3 YTBOPEHHSAM OUTBII cTabiIbHOTO TpadiTy.

Buninenns rpagity 3 aycTeHITY y TBEpAOMY CTaHi BinOyBaeThCs 5K Y
pe3yibTari 3MiHH PO3YMHHOCTI BYIJICHIO B ayCTEHITI BIAMOBIOHO MO JIiHIi
pisHoBarn E’S’, Tak i BHACHiOK €BTEKTOIMHOTO MEPETBOPEHHS IPH
temneparypi 738 °C: A<>D+I". Y upomy BUIAAKY TpadiT BigKIagaeThCs HA
MIepBUHHOMY T'padiTi, 10 YTBOPHUBCS PaHIIIe.

[Tpu eBTeKTOiqHOMY NEPETBOPEHHI Y CILIaBaX, Y SIKMX BYIVICIIO MEHIIE
HiX 2,14 %, KIHETUYHO O1JIBII BUT1THIM € YTBOPCHHS 3apOAKIB LIEMECHTHTY,
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HiX Tpadity. O0’eMHI 3MIHH TPHU YTBOPEHHI IIEMEHTUTY B Killbka pa3iB
MEHIII, HDK IIpU yTBOpeHHI rpadity. ['ycTuHAa HEeMEeHTHTY Maslo BiIpi3Hs-
€TBCS BiI TYCTHHU aycCTeHITy (Ha 2...3 %), Toxi sk rycTiuHa rpadity € Maibxe
B 2 pa3u MEHIOIO0, HIX T'YCTHHA ayCTEHITY.

VY cmiiaBax CUCTEMH 3ai30—8y2ieysb 3yCTPIYaloThes Taki pa3u: piukuit
pO3UYMH, TBEpAi PO3YMHU Ha OCHOBI PI3HUX KPUCTAIIYHUX MOIUQiKaIii
3ani3a, XiMiuHa cromyka Fe;C — 1ieMeHTHT, CTPYyKTYpHO BillbHHI gyeneys-
epagim.

Pinka ¢asza sBisge co00l0 HEOOMEKEHWI PIIKMII pO3uMH 3aji3a Ta
BYTJIELO, 110 TIOIIIMPIOETHCA BUIIE Bix JiHii JikBixycy ABCD Bin 0 mo 6,67 % C,
y pinkiit ¢a3i Mae MicIie METaJICBUH THII 3B 53Ky, Y SKOMY OEpyTh y4acTh
BQJICHTHI €JIEKTPOHHM 3aj1i3a Ta BYIJIEIIO.

Teepamit po3umH Byrremioo y 3ami3i 3 OLK-'parkoro Ha3uBawTh
@epumom (D). BucokoremneparypHuii (epuT iHOJI HA3WUBAIOTH JEIbTa-
dbepurom (6-@). MakcumanpHa pozuntHicTs Byrrenio B 6@ — 0,1 % C
(r. H), a B au3pkotemneparypaomy — 0,025 % C (1. P), npu ximHarHii
temneparypi — 0,006 % C (1. Q).

Teepnuit po3uuH Bymeno y 3amisi }-Fe HazuBatote aycmenimom (A4).
AyCTeHIT Ma€ rpaHelleHTpUYHYy KyOiuHy “paTKy. MakcuMalibHa pO3YHHHICTh
Bynremto npu 1147 °C pocsrae 2,14 % C (1. E). butema po34nHHICTH
Byrieio B J-Fe, Hix B 0-Fe mosicHIoeTbCsl TUM, 110 PO3MIp OKTaeApUIHHUX
op, /e PO3MIIIYIOTHCSI aTOMH BYIJICHIO TPU CTBOPEHHI TBEPAMX PO3YUHIB
nponnkHeHHs, y ['TIK-"parni aycrenity 3HauHo Oinbmi, Hixk B OLIK-"parmi
(bepury.

Ax y deputi, Tak i B aycTeHiTi, Mae Micle METaJeBUU THI
MiKaroMHoro 3B'si3Ky. ®Depur 1 aycrteHiT — (a3u M sKi Ta IUIACTHYHI,
OCKiNbKH, SIK TBEPHi PO3YMHH, 30epiraloTh OCHOBHI BIACTHBOCTI METaly-
PO34YMHHHUKA — 3ai3d.

L]evenmumom Ha3UBaIOTh XiIMiUHY CIIONYKy, Kap0ix 3amiza Fe;C, mo
MicTuth B 6,67 % C, KpucrtaniyHa ‘paTka IEMEHTUTY — OPTOpOMOidYHAa,
eJIEeMEHTapHa KOMipKa sSIKOi MICTUTh 12 aromiB 3ami3a Ta 4 aToMH ByIJIELIO.
Y meMeHTHTI peasi3yeThes K METaleBUH, TaK 1 KOBaJICHTHUH THUIIH 3B S3KY,
o 00yMoBIIO€ BUCOKY TBepaicTh (Oinpmie 800 HB) i1 kpuxkicTs miel dasn.
BoaHouac, IeMEHTUT BUSBISIE €IEKTPUYHY MPOBITHICTH Ta (epoMarHiTHI
BiacTuBocTi (Touka Kiopi — 210 °C). Temneparypa miaBieHHs LEMEHTUTY
=1600 °C (Touka D miarpamu).

I'padit, KMt MOXKE YTBOPIOBAaTHCH y 3aJIi30BYINICIIEBUX CIIaBaX, Mae
mapyBaTy TeKcaroHaNbHY paTtky (puc. 7.5). Bemmka Bimctanp i ciaOki
3B S3KM MDK IIapaMu Takoi PaTKH MOSCHIOIOTH, YOMY IpadiT € HaMEeHII
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Puc. 7.5. Kpucraniuna ctpykrypa rpagity

MIiIHOIO (ha3010 y 3aJi30BYIVICLEBUX CIUIaBaX (JIycOukd rpadiry Jierko
BIAIAPOBYIOTECS — HA IIHOMY Oa3ye€Tbcs BUKOPUCTaHHS TpadiTy mms
oniBmiB). Temmeparypa miasneHHsa rpadity — maibke 3500 °C, ryctuna —
2,5 r/em3.

KoxHa miHis Ha Jiarpami CTaHy 3ai1i30—yeMmeHmum BIANOBiIae
(i3UYIHOMY 3MICTY IEPETBOPEHB, 1110 BiI0YBAIOTHCS Y CILIaBaX 1i€l CHCTEMH.
Tpu ropuzonransHi niHii giarpamu (HJB, ECF, PSK) BiANOBIiJal0OTh TPHOM
HOHBapiaHTHUM TpH(]a3HUM MEPETBOPEHHSIM CUCTEMH.

IMpu 1499 °C (ninis HJB) NpoXxoanuTh peakiis:

Pp+@yeA4y.

VY pesynbrari Takoro MEpeTBOPEHHS YTBOPIOETHCS ayCTEHIT CKIIAay
touku J (0,16 % C). Lla peakuis cnocrepiraerbCsi TUIBKM y CIUIaBax i3
Bmictom Byrerio Bix 0,1 (t. H) mo 0,5 % (1. B).

IMpu 1147 °C (ninig ECF) Bi10yBa€eTbCsl €BTEKTUYHE TIEPETBOPEHHSL:

Pr>Ap+L.

EBTekTHYHY CyMilll ayCTEHITy Ta IIEMEHTHUTY, 110 YTBOPIOETHCS B pe-
3yAbTaTI 1€l peakiii, Ha3uBaroTh 1ededypumom (JI). JleneOypuT 3'aBas€ThCS
TIJIBKH B THX CIUIABaX, MO MIicTATh OubIe 2,14 % C. EBTekTH4HA KpUCTaTi-
3amisl BiIOYBAETHCS 32 PaxXyHOK OJHOYACHOTO B3a€EMHOTO MPOPOCTAHHS Y
PiAMHI JEHAPUTIB ayCTEHITY Ta IEMEHTHUTY, TOOTO YTBOPIOETHCS 1BO(azHUiA
¢poHT KpucTamizamii. JleHIPUTHI TiJKKW ayCTEHITY IPOHU3YIOThH
LHEMEHTUTHY Marpuiio (OCHOBY). 3aJleXKHO BiJl TOro, y SIKOMY Tepepisi y
IomMHI 1wtida 3HaXOMUThCS JeneOypuTHAa KOJIOHIS, ayCTEHIT, a IpH
Temreparypax Hikue 3a 727 °C — mepiiT, CHOCTEpIiraroThCs y BHIVISLII
OKpYIIIHX BKJIIIOUCHb a00 y BUNIAII IJIACTUH, CMYKOK (puc. 7.6).
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Puc. 7.6. Cxemu pocty neneOypuTHUX KOJIOHIH

[pu 727 °C (ropuzonTtans PSK) NpPOXOAWTH E€BTEKTOINHE IIEPETBO-
peHHS:

Ag>Dptl].

EBTexroinHy cymim Qeputy Ta HeMEHTUTY Ha3uBatoTh neprimom (I1).
CrpykTypy mepiiTy mokazaHo Ha puc. 7.7. Ilepmit, sk i BCi eBTEKTOiqHI
CyMiIlli, Ma€ TUIACTUHYACTHN XapakTep, 3 UepryBaHHSIM IUTACTHHOK (Qepury
Ta HeMeHTHTY. [IppuoMy TOBIIMHA IUIACTUHOK [IEMEHTHTY 3HAYHO MEHIIa,
HiX ¢eputy. CepeqHs KOHIICHTPALiA BYTJICIIO y TIEPIIiTi, MICIS MOBLTEHOTO
OXOJIOIDKEHHS, OPIBHIOE HOTO BMICTOBI Y BHXITHOMY ayCTEHiTi, TOOTO

0
Puc. 7.7. Mikpoctpykrypa eBrekroinnoi crami (0,8 % C): a — nepumit;
0 — cxeMa pO3MIIEeHHS IUTACTUHOK (pepuTy Ta MEMEHTUTY B MEpIIiTi
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3...5 %-M pO3UMHOM CipuaHOi KHCJIOTH B ETHJIOBOMY CHHpTI, (epur i
LEMEHTHT He MPOTPABIIOOTHCS, 1 TOMY 3alIUIIAOThCs CBiTIMMU. [IpoTpas-
JIOIOThCA 1 MAalOTh YOPHUH KOMip TUTBKH Mexi miactuH. OT domy, mpu
HeBenukux (100...150 pa3ziB) 30iMBIIEHHAX TEMHI MPOTPABICHI MeEXi
IacTUH (eputry i IEeMEHTHTY 3JMBAIOTHCS, HANAIOUH 3EpHAM TEPIiTy
TEMHOTO KOJIbOpY (Ha pHc. 7.7 300paKeHHSI HETaTHBHE).

Jlinis ABCD e mniHi€ro NIKBiXYyCy, i MO Wil JiHI{ 3MIHIOETBCS CKIIAL
piaxoi ¢a3u npu kpucramnizamii. Jliniss AHJEF — miHig coimycy, BiIIOBiTHO
0 AKOi 3MIHIOETBCS CKIIaZ (a3, M0 KPUCTATI3yEThCA.

Jlimii HN i JN moka3yroTh TEMIIepaTypH IOYaTKy i KiHIA moiiMopd-
HOTO TIEPETBOPEHHS (EpUTy Ha ayCTeHIT mpu oxonomkeHHi. JliHis GS
XapakTepu3ye TeMIlepaTypu MO4YaTKy, a JiHis GP — KiHIM HepeTBOPEHHS
ayCTeHITy Ha (epHuT. 3TiIHO 3 UMM JIiHIIMH 3MIHIOETBCS CKIIAJ ayCTEHITY
Ta (epuTy MpH 3MiHI TEMIIEPATYPH CILIABY.

7.3. @opMyBaHHS CTPYKTYP 3aJ1i30BYIVICHIeBUX CILIABIB

3amizoByryenesi cruraBu, mo BmimyioTs mo 0,025 % C (1. P),
Ha3WBAIOTh MeXHIYHUM 3aai30om. 3aTi30BYTIICIEBl CIIaBU i3 BMICTOM
Bymyenio 110 2,14 % HasuBaroTecs cmanamu. [Iprdomy crami i3 CK1agoM 1o
0,8 % C (T0o0TO M0 €BTEKTOITHOI TOUKH S) HA3MBAIOTh 00€6MeKmoiOHUMUL,
ctans 3 0,8 % C — esmexmoionoro, a CIIIaBH 13 BMICTOM BYTJICIIO OinbIie
HiXx 0,8 % C (3a Toukoro S) — 3ae8mexkmoioHuMU CTAISIMU.

Omuc QopMyBaHHA CTPYKTYp THIIOBHX 3ali30BYIJICIICBUX CIUIABiB
MIPOBOJNTHCSA 3 BUKOPHCTAaHHSIM TpaBmwia (a3 i mpaBmia Bigpiskis. Ilpu
ObOMY BXKIWBO pO3YMITH BIAMIHHICTE MK (Pa30BHM CKJIQJOM i
CTPYKTYPOIO CILIaBYy.

CrpykTypa TEXHIYHOTO 3aji3a MpH KiMHATHIN TemIeparypi Ckiraia-
€TbCA 3 PEPUTY Ta TPETUHHOTO LIEMEHTUTY L[}, sikuit BUAinsAeThCA 3 heputy
TIPH OXOJIOJKEHHI BiATIOBiAHO TiHII conbBycy PQ 3a paxyHOK 3MEHIICHHS
po3dnHHOCTI y HhOMY BymvIelo 3 0,025 no 0,006 % C. O6'eM nux BuAiICHb
HE3HAYHU i BOHH PO3TAIIOBaHI OKPEMUMH CBITIIMMH OCTPIBIISIMH TI0 MEXax
CBITIUX (DEPUTOBHX 3EpEH.

IIpu oxonomkeHHi THIIOBOro noeBTekToinnoro cmiasy / (0,4 % C) no
Temrieparypu Touku / (puc. 7.8) BinOyBaeThCs mpocTe Gi3uyHe OXOIOKEeH-
HA piakoi ¢a3u (Ipu 1pOMY 30UTBIIYETHCS KUTBKICTH 1 po3Mip (ha30oBHX
¢aykTyauii — noTeHIiHHNX 3apoakis). [Ipu Temmeparypi, mo BignoBinae
touni 1 Ha niHil JiKBixycy 4B, mounHaeThCS KpHUCTalizamis pigkoi ¢asu 3
YTBOPEHHSAM KpHCTaliB (3epeH) ¢epury. BaxumBo mam'statd, 1mo B
peanbHUX YMOBaxX KpHUCTali3allis MOYMHAETHCS TMPH IMEPEOXOIOMKCHHI,
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Puc. 7.8. [liarpama cTaHy cUCTeMU 3a/1i30—yeMenmum 1 KpUBi OXOJOMKEHH cTaieil (a) 1 yaByHiB (0)
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TOOTO TpH TeMIleparypax, HIDKYHX Big Temreparyp JikBigycy. Ilpu
temneparypi 1499 °C (Touka 2) mpOXOAUTh MEPUTEKTUYHE ICPETBOPCHHS:
Ppté®@py—Ay.

BpaxoByroun, 110 TIpy OXOJIOMKEHHI IO TEMIIepaTypH TOYKH 2 PiIKoi
(asu Oinbine, (Bigpizok H2>HJ), a pepuTy MeHIIe, HixK OTPiOHO (Biapi3ok
2B<JB) nns iX MOBHOTO B3a€MHOTO pearyBaHHS, TO YacTHHA piakoi ¢asm
3annmaeTbest. PimWHa KpUCTANi3yeThes B IHTEpBANl TEMIIEpaTtyp Mik
toukamu 2 Ta 3. [Ipu 1IbOMy NEpUTEKTHYHE MEPETBOPEHHS BiJ0yBa€THCS
pu HocTiiHii Temneparypi (C=K-®+1=2-3+1=0). [Ipn Temneparypi T.
3, IO JIeXWTH HA IiHII COMAYCY, KpUCTami3allis cruiaBy | 3akiHdayeTbes i
nam, g0 T. 4, BinOyBaeTbcs mpocTe (i3MYHE OXOJIOKCHHS ayCTEHITY.
[Mounnaroun 3 Temmeparypu, 1o BiamoBimae T. 5 Ha minHii GS 1 mo
temneparypu 727 °C (1. 6), BinOyBaeTbesi momiMopdHE INEepeTBOPEHHS
ayCTeHITy Ha (epuT, noB s3aHe 3 nepedynoBoro kpuctaniuHoi parku 'K —
Ha OLIK. IIpn npoMy BMICT BYIVICIIO B ayCTEHITI 3MiHIOEThCS 1O JiHIT GS
BinT. 5 moT. S (mo 0,8 % C mpu 727 °C). [Ipu gocsarHeHH] Liel TeMueparypu
AyCTEHIT CKIaxy T. S pO3MaJaeThcsi Ha MEPIiT, TOOTO YTBOPIOE (hepumo-
yemenmumuy (@+L]) cymim. Ile eBTekTOiqHE NEPETBOPEHHS, K 1 BCi
Tpuda3Hi IePETBOPEHHS B JBOKOMIIOHEHTHHUX CHCTEMaX, BiIOYBaEThCS MPH
noctiitnii Temneparypi (C=2-3+1=0). Ilicns 3akiH4e€HHS €BTEKTOIAHOTO
TIEPETBOPEHHS Y CTPYKTYPi CIIIaBy | 3ayMmaroThest CBITII 3epHa (epuTy, Mo
YTBOPHWJIUCH Y MDKKPUTHYHOMY iHTepBaili Temmeparyp A;...A;, Ta TeMHI
3epHa nepnity. Takowo Oyne CTpyKTypa BCiX JIOCBTEKTOITHHMX CTajel
(puc. 7.9, a, m).

EBTexroinHa crame mpH KiMHATHIM Temmeparypi Oyme MaTth CyToO
MepIiTHY CTpyKTYypy (puc. 7.9, 0, e).

Kpucranizarmis tumoBoi 3aeBTekroinnoi crami I/ (puc. 7.8) BimOysa-
€TBCS B IHTEpBaJI Temneparyp Bix T. 6 1o T. 7 (C=2-2+1=1), xonu i3 pigkoi
(dasu 3 ABISIIOTBCS 3epHA aycTeHiTy. [licas 3akiHYeHHs KpucTaiisalli, Bif
TeMIlepaTypH T. 7 B ofHO(ha3HiH , ayCTeHITHII o0nacTi BiIOyBaeThCS MpoCTe
¢izuaHe oxosnomKeHHs opHo(dazHoro crutaBy. Ockinbku JiHIA ES — niHisA
COJIBBYCY, TOOTO JIiHisl 0OMeKeHOT pO3UMHHOCTI Byrielio B J-Fe, To Hikue
BiJl T. § ayCTEHIT cTa€ epecnueHnM ByienieM. Ha/ummikoBi aToMu ByIvierio
BHUXOIATH 13 'PaTKH ayCTEHITY, 3B’S3YIOTHCS i3 aTOMaMH 3aii3a y XiMidHy
CIIOJIyKY, YTBODIOIOYHM II€MEHTHT. Takuii LEMEHTHUT BU3HAYAIOTh SK
BTOPUHHUH — [{;;. BiH BUnUIA€ThCA IO MEXKaX ayCTEHITHUX 3€PEH Y BUIVIAAL
TOHKOTO Tpormapky. [lpu oxomomkenHi mo 727 °C KiIbKICTh BYIJICIIO B
aycTeHiTi 3MeHmyeTsest 1o 0,8 % (Big T. 8 mo T. S mo miHil ES) i Takuit
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Puc. 7.9. MikpocTtpyktypu craneii: a, a1 — noeprekroinHoi 3 0,4 % C;
0, ¢ — eBrekToinuoi 3 0,8 % C; B, 1, %, K — 3aeBTekTOIMHOI 3 1,2 % C
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ayCTEHIT IIPH TeMIepaTypi T. 9 mepeTBOPIOETHCS Ha mepiiT. CTpyKTypa BCix
3a€BTEKTOIAHMX CTajJeii — TEMHI 3epHa IMepJliTy, OTOYCHI CBITIIMMHU
MPOIIAPKaMH BTOPHHHOTO IIEMEHTUTY (puc. 7.9, B).

VY n0eBTEeKTHMYHHMX uYaByHax (cruiaB //l) mepBHHHa KpHcTai3alis
BinOyBaeThcs B iHTEpBami Temmeparyp Mix Toukamu /0 i 11 (1147 °C) 3
BUJUICHHSAM aycTeHiTy. Ilpm nmboMy KOHIEHTpamis BYIJIELIO B pianHi
migsuiyetsest Bix T. /0 no 4,3 % (1. C), micias 4oro mpu MOCTiHHIN
temreparypi (C=2-3+/=0) npoXxoanTbh €BTCKTUYHE NTEPETBOPEHHSI:

Pc—=JI(Ag+L).

ITicns 3akiHYeHHS i€l peakiii CTPyKTypa CIulaBy Oyae CKIamaTucs 3
TIEPBUHHOTO ayCTeHITy Ta neaeOypurty. I1pu 3sHmkenni remmneparypu 3 1147 °C
(r. 11) no 727 °C (1. 12) i3 aycreHiTy, B sikomy Oyno 2,14 % C (1. E), 3a
paxyHOK 3MEHIIEHHs po34nHHOCTI Byriero 10 0,8 % C (T. S), Bugpinserscs
BTOPUHHUI LEMEHTUT L[, IO PO3MIILYETHCS HABKOJO 3€PEH ayCTEHITY.
[licna npoxomKeHHS EeBTEKTOiMHOTO TMepeTBOpeHHs A—I] KiHIeBa
CTPYKTypa JIO€BTEKTHYHHMX 4YaByHIB Oyle CKiIajgaThcs 3 TEMHUX 3€peH
HepIITY, IUIIMUCTOI CTPYKTYpH JieieOypuTy (TEMHI IUIIMU MepiiTy Ha QoHi
CBITJIOTO LEMEHTHUTY) Ta CBITIOro [{;, SKUH y BUIVIALL CBITJIOrO OpEoIy
OTOUYE 3epHa NEPJIITy, IO YTBOPHUBCS 3 IEPBUHHOTO aycTeHiTy (puc. 7.10, a).
Tpeba Bim3HAYNTH, IO IIeH BTOPUHHUN IEMEHTUT BaXKKO BiJPi3HHUTH, TOMY
mo MikdazHoi Mexi MK HHM 1 IIeMeHTHUTOM mnenedypury Hemae. [Ipum
OXOJIOMKEHHI 13 aycmenimy nedeGypuma BUAITAETHCS TAKOXK BTOPHUHHHN
Uy, a 13 pepumy nepnima — TPETUHHUH LeMeHTHT (L) 3a paxyHOK
3MEHIICHHS PO3YMHHOCTI ByIJIewIo Y (epuTi, BIAMOBIIHO 110 JIiHIi CONBBYCY
PQ. Ane Taki BUAUICHHS il MIKPOCKOIIOM OKPEMO HE PO3PI3HSIOTH: BOHHU
3IIMBAIOTHCS, BIANOBIIHO, 3 IIEMEHTHTOM JieAeOyputy i mepmity (To0TO
00’ €M TaKoro IeMeHTHTY Jemro 30ibiryeTses). Ti ¢asm, mo cTpyKkTypHO He
MOKHA BIJIPI3HUTH, 10 CTPYKTYPHOTO CKJIaJy He 3amucyroTh. HeoOximHo
3a3HAYMTH, 10 3€pHA MEPJIITY B CTPYKTYpi JOEBTEKTHUYHUX 4YaByHIB

. -%-\ WAL

Puc. 7.10. MikpoCcTpyKTYypH YaByHIB: a — JOEBTEKTUYHOTO; O — €BTEKTUYHOTO;
B — 3aCBTCKTUYHOT'O
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Haifyacrime 3a Bce PO3MILIYIOTHCS OJHH 3a OOHUM. Lle TOSCHIOETBCS THM,
1110, SIK IPaBUJIO, IUIOIMHA IUTi(a Tepepisae MonepeKk po3TarioBaHi T'JIKH
JICHIPUTIB MIEPIITY, HAa KU MEePEeTBOPUBCS NEPBUHHHUNA ayCTEHIT.

Crpykrypa eBrekTHYHHMX uaByHiB 3 4,3 % C — cyro neneOypuToBa
(puc. 7.10, 6).

Kpucramnizaris 3aeBTeKTHYHIX YaBYHiB (cruiaB /) mounHaeThes (T. 13)
3 YTBOPEHHS KPUCTaNiB HNEPBUHHOIO LIEMEHTUTY (L[;) y BUIIAII IJIACTHH.
BunineHHs 1ieMeHTHTY TPU3BOIUTE 10 30iqHIHHA pinkoi ¢as3u Byrrenem. Y
T. 14, mo nexuth Ha niHii ECF, cknan pinuau Biamosimae T. C (4,3 % C) i
MOYMHAETHCS MPOLIEC SBTEKTUYHOI KpUCTai3allil. Y pe3yinbrari mepBHHHOT
KpHCTai3alil CTPYKTypa cIiaBy Oyne cKiagaTtics 3 KpUCTaJIB IEPBUHHOTO
neMeHTuTy L{; 1 nepebyputy. Taka cTpykTypa 3anumaerses 1 Hukuae 727 °C
(1. 15) ax 10 KIMHATHOI TeMIlepaTypH 3 Ti€l0 PI3HUIEIO, M0 Y JieneOypuTi
3aMicTh aycTeHiTy Oyne nepmit (puc. 7.10, B).

7.4. Byrieunesi crasi

OCHOBHOIO TIPOAYKIi€I0 4OpHOi MeTamyprii € cramb. Cranp € Haii-
KOPHCHIIINM MarepiaioM Cy4acHOCTI 1 B IbOMY PO3YMIHHI Halll 4ac MOXHa
BBakatH "3ami3HuM BikoM". Ha 0a3i cuctemu 3anizo—eyeieyv CTBOPEHO
PI3HOMaHITHI CIUIaBH i3 BIACTHBOCTAMH, IO 3MIHIOIOTBCS B IMUPOKUX
MeKax 3aJICXKHO Bifl MOTpeOd.

Byrienesa cTaib MPOMUCIOBOTO BUPOOHHUIITBA — 1€ CKJIQJHUIA CILIaB
3aliza, B SKOMY KpiM BYIVICHIO, 1[0 BBOJHUTHCS CIICIIAIBHO, € ICKibKa
IHIIAX €JEMEHTIB — MOCTIHHUX AOMINIOK. BOHHM MOTpamisioTh y CTajdb
BHACTIIOK OCOOJNIMBOCTEH TEXHOIOTIYHUX MPOIECIB OMCpKaHHS CTalli.
TakuMy MOCTIHUMU TOMINIIKAMY Y CTAJISIX € MapraHellb, KpeMHii, Gocdop,
CcipKa, a TAaKOX a30T, KHCEHb, BOJICHb.

Po3ristHeMO rofoBHi eTany TpaaMIiitHOro BUpoOHUITBA CTajil. 3aizHa
pyZa € CyMIIIIIo CIoNyK (OKCHIIB, KapOOHAaTiB, Cynb(iiB) 3 Tak 3BAHOIO
MTOPOXKHBOIO TIOPOZI0I0. 3aili3o Mae OyTH BiIOKPEMJIEHO Bill MOPOXXHBOI
MOpPOJAM, BIHOBJICHO 0 METAJICBOrO CTaHy 1, HApemTi, 3 €IHAHO 3
MIPaBHIFHO OOpaHOI0 KIJBKICTIO Byriemro. [ peaizamii Takol mMociigoB-
HOCTI 3aCTOCOBYIOTh CKJIaJiHi IPOLECH, IO IPOXOIATH MPHU JIy’Ke BHCOKHX
temneparypax (maibke 1500 °C), kiHIIeBHil TPOAYKT 3aBKIN BMIILY€E ACIKY
KIUTBKICTh TOMINIOK Y BUNIAI iHIIMX €JIEMEHTIB, [0 PO3YUHEHI y 3ai3i, a
TaKOK y BHUIVISIAI HEMETaleBHX BKJIIOYCHBb. Y JOMEHHIM medi pyma
BiJTHOBJIFOETHCSL KOKCOM 1 3aJTi30 BiJJOKPEMITIOETHCS BiJl IIOPOXKHBOI TIOPOIH
3a paxyHOK @utociB (BamHsiKy). [Ipy LbOMY YTBOPIOETbCS IepepOOHHI
yaByH. llei#i waByH mepepoONsiOTh Ha JIMBApHWI YaBYH UM Ha CTallb.



212 Pozmin 7

JluBapHH YaBYH BUTOTOBJISIOTH y Barpaili, ¢ IepepoOHU YaByH TPOXHU
OYMIIYIOTh TMEPEPOOKOI0 HOro pa3oM i3 KOKCOM, BAaIHSIKOM 1 3aji3HUM
JIOMOM: BMICT ByTJICIIIO 3HAXOAUTHCS B MexkKax 10 5 %. OKpiM Toro, y TakomMy
YaByHI HasBHI MapraHelb, KpeMHil, cipka Ta ¢pocdop.

Crans BHpOONSAIOTH JAeKiIbKOMa cnocobamu. Bcei mi cmocodu
BKJIIOYAIOTh INPOIIECH OKHMCIICHHS BYIVICLIO Ta IHIIMX JOMIIIOK y YaByHI,
HaCTyITHE PO3KHCIICHHS Ta JOBEAEHHS BMICTY BYIIELIO 1O HOTpPiOHOTO
piBHSL. Y mpolieci OKMCIICHHS BYIVIELIO Ta JOMIIIOK PO3IUIaB 3aji3a IOTIH-
Ha€ KUCEHB, [TPU IIbOMY yTBOPIOETHCS TaKOX 3akuc 3aii3a. [Ipu TBepainHi y
BUJIMBHUILI 3akuc 3aniza FeO pearye 3 Bymienem 1 YTBOPIOETHCS
CO (FeO+C=Fe+CO). Bupninenns my3upiB razy CO 3 pigkoro merairy
CTBOPIOE BPA)KEHHS, 10 BiH KUMNTh. Takuii edekT Mae Micue, SKIIO CTajb
HE PO3KUCIIOBATH Y1 PO3KUCIIIOBATH TUILKK MapraHueM. Tomy ii HaznBaroTh
Kunaayoro. IIpu po3KHCIEHH] CTajl MapraHiueM, KpeMHIEM Ta aJioMiHieEM
e(heKT KHUIIHHS TOBHICTIO YCYBAETHCS 1 TaKy CTalb Ha3UBAIOTh CHOKIUHOIO.
[IpoMixkHUIT BapiaHT — PO3KHCIIEHHS MapraHieM Ta aJTIOMiHIEM — pOOHUTh
CTallb Hani6cnokiunow. Y 37MMBKaX KUIUITYOI CTalli 3aJIMINAETHCS BEJIMKa
KIUJIBKICTB Ta30BUX Iy3HPIB, SIKi, IPOTE, MOXKYTh 3aBapIOBaTHCS IIPH TapsTIui
npokarmi. ToMmy, Ha BiAMIHY Bif CHOKIMHOI cTaii, y KUIUIA4id craii y
BEPXHI YacCTHHI 3/IMBKA NPAaKTHYHO BIJICYTHS ycCaJlO4HA PAaKOBHHA, SIKY
HEeoOXiJJHO BiJpi3aTu yepe3 HU3bKI SIKOCTI MeTany B Ll 30HI. Ock YoMy
3HAYHOIO €KOHOMIYHOIO IIEPEBaro0 KUIUIYMX CTajeld € OUIbIIMiI, HIX JUIs
CHOKIMHUX CcTayied, Buxin mpupgarHoro Mmerany (ma 5...10 %). Ipote
CIOKIiifHI cTaji OUIBII OZXHOPIJIHI, MalOTh BUINI MEXaHIYHI BIACTHBOCTI (3a
BUHSTKOM ITACTHYHOCTI), HE CXWMJIbHI 710 CTapiHHS.

7.5. BniuB ByrJienio Ha BJACTUBOCTI cTaJIi

[3 30iBIIEHHSIM BMICTY BYIJICITIO Y CTaJli 3MIHFOETHCA 11 CTPYKTYpa, 0
¢dopmyeThes aBoMa (asamu — (eputoM i nemMeHTHTOM. OCh YoMy CITiB-
BITHOIICHHSAM KINBKOCTI mHX (a3, a TaKOXK XapakTepoM iX B3aEMHOTO
po3tamryBaHHS (TOOTO CTPYKTYPOIO) 1 BH3HAYAIOTHCS BIACTHBOCTI CTalli
(puc. 7.11).

UuM OinbIne ByTIICIIO Y CTaNi, THM MEHIIE Y Hilf M SKOTO Ta TUIACTHY-
HOro (epury i OiibIIE TBEPAOTO Ta KPUXKOTO IEMEHTHUTY, IO TOSICHIOE
3pocrants TBeprocti (HB) ta sumkenns miactuaHocti (4, W) 1 B's3KocTi
(KCV).

VY I0EBTEKTOINHMX CTalAX 3POCTaHHSI MILHOCTI (Op) HOSACHIOETHCS
THM, 10 YaCTUHKH LEMEHTHTY MEPELIKOKAIOTh HEePEMILICHHIO JHCIIOKA-
1if, TOOTO MiABHIIYIOTH omip Aedopmarltii. BomHowac, MIITHICTE 3a€BTEKTO-
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Puc. 7.11. BonuB Byriento Ha MeXaHiuHI BIACTUBOCTI cTaien

imHUX cTaylell 3MEHIIYEThCS, HE3BaKAlO4M Ha 301JbIIEHHS KUTBKOCTI
HEMEHTUTY. Y IIbOMY BHUIIaAKY JOMIHYIOUY POJIb I'pa€ HE KUIBKICTh IIEMEH-
TUTHUX YaCTHUHOK, a XapakTep iX po3TallyBaHHS y CTPYKTYpi cTaji. 3MeH-
HICHHS MIIHOCTI TMOSICHIOEThCS BHIUICHHSM Y TaKuMX CTalX MO MeXax
HepliTHUX 3epeH (mo Oymu 3epHAMHM ayCTEHITY) CYLJIBHOI CITKH IyXe
KPHUXKOTO BTOPMHHOTO [IEMEHTUTY, SIKMI MOCIa0IIoe 3B 130K MK 3€pHAMH.
I[Ipn npedopmanii dYepe3 HasABHICTH MLi€i CITKM BUHHUKAaIOTh BUCOKI
HaIpy>KeHHs. 1 Mae Miclie nepeqyacHe pyHHyBaHHS CTasli NPU BiJHOCHO
HEBEJIMKOMY 30BHIIIHBOMY HaBaHTa)KEHHI.

[3 30inbpIIeHHSM BMICTY BYIVIEHIO Yy CTalli MHiABUINYIOThCS 11
€JIEKTPOOIIIP Ta KOSPIUTUBHA CHJIA, SMEHIIYETHCSI MATHITHA IIPOHUKHICTb.

7.6. BniiuB mocTiiHUX JOMIIIIOK HA BJACTHBOCTI cTaJi

Mapeaneys. BMicT Mapraimio y craji SK JOMIIIKH HE NEPEBHIIYE
0,8 % (sxkmo Oinmblle — TOAI MapraHelb PO3DIANAETbCS K JIETYIOUMi
eJIeMEHT). MapraHenp BBOJISTh Y CTaJlb Ul PO3KUCIICHHS:
FeO+Mn—MnO+Fe,
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TOOTO BiH yCyBa€ IIKiJUIMBUHN 3aKHC 3alli3a 1 Y BUIVISAI OKCHITY TEPEXOAUTh
y miak. MapraHenp yCcyBa€e TaKOXK IIKIIUTMBI CipyaHi CIIONYKH 3aii3a (IUB.
HIK4e). BiH Takok MOXe PO3YHHIOBATHCH Y (PEpUTI Ta IEMEHTHUTI.

Kpemniti. Woro BMict y crani sk nomimku He mepesumtye 0,4 %.
Kpewmniif morparuisie y cTame i3 pyad, a TakoX, SK IpPaBWIO, TpH il
PO3KHCIICHHI, JIe BiH Biirpa€e TaKky caMmy poib, sIK i Mapranens. KpemHiid,
[0 3AHMIAETHCS MICIS PO3KUCICHHS, PO3YHHSAETHCA Y (EpUTi, CYTTEBO
301IBIITY€e OTO TPAHUITIO TEKYHIOCTI (TOOTO MiABHIIYE MPYKHI BIACTUBOCTI)
1 3MEHIITy€e y CcTaji 31aTHICTh A0 XOJIOMHOTO Ae(OpPMyBaHHS.

Docgop. 3anizHa pyna, MaauBO Ta (QIIFOCH MICTATH JIEAKY KUTBKICTh
¢docoopy. 3BinTH BiH i mepexoauts y cTanb. Dochop € MKiATABOIO
JOMIIIIKOFO, 1 TOMY OakaHO, MI00 HOTO KINBKICTh y CTalli He MepeBUIIyBaa
0,045 %. ®ocdop pozunHseTbes y Gepurti i gyxe aedopMmye KpUCTATIIHY
"patKy, 30LIBIIYIOYM TPAHMIIO MIIHOCTI Ta TEKYYOCTi, ajieé 3MEHIIYIOur
IUTACTUYHICTh Ta B'sA3KicTh. Pocdop pi3Ko MigBHUINY€E HMOPIT XONIOTHOIAM-
KOCTi — TEMIIepaTypy Iepexoay y KpUXKHH CTaH, 3MEHIIYE POOOTY PO3BUTKY
TpiluHA, TOOTO CIPHYUHIOE TaK 3BaHY XOJOAHOJAMKICTH crami. KokHa
cora P minBumye mopir xonoxHonamkocti Ha 20...25 °C.

Cipxa. IloTparuise y MeTan i3 pyas, a TAaKOX 3 MYHIX ra3iB K IPOAYKT
sropsaas nanuea (SO). Cipka € MIKiIIHBOIO JOMIIIKO0 1 TOMY ii KiTBKiCTh
y CTaJi He MOBHHHA, K paBuio, nepesuirysaru 0,05 %. Cipka He po3unHs-
€TBCS Y 3aIi3i, a YTBOPIOE 3 HUM XIMIYHY CIIONYKY — Cynbgin 3amiza FeS, mo
pazoMm i3 (QepuTOoM BXOIUTH OO CKIAAy JETKOIUIABKOI EBTEKTHKH 3
Temrieparypoto masiaeHHS 988 °C. L5 eBTeKTHKa pO3TaIIOBYETHCS IO MEXKax
3eper. [Ipm HarpiBaHHI cTami OO TeMIIeparyp rapsdoro aedopMyBaHHS
(mpubmmzHO 1200 °C), eBTEKTHKA PO3IDIABIIETHCS, 3B'I30K MK 3€pHAMH IIOPY-
IIYETHCS, TOMY IIpH AeQopMaIlil y TaKUX MICISX YTBOPIOIOTHCS TPILIMHHA 1
MeTal pyiHyeThcs. Take sBHIIE HA3UBAIOTh Y€PBOHONAMKICIIO.

BBenenHs y craigp Mapraiio, oo Mae OUTBITY XiMiYHY CHOPiIHEHICTh
i3 CIpKOIO, HIX 3aJi30, IPU3BOIUTH 10 YTBOPEHHS CyIb(ilTy MapraHiro 3a
peaxii€ero:

FeS+Mn—MnS+Fe.

Cynpdin maprasirro MnS miaButses npu temneparypi 1620 °C, tobto
TIPH TEMIIEPaTypi, 3HAYHO BHUIIIIH, HIJK TEMIIEpaTypa rapsIoro aeGopMyBaH-
Hi. TakuM YWHOM, YEPBOHONAMKICTH NMPAKTHYHO MOXHA YCYHYTH SKIIO
JOAaBaTH MapraHenp y cranb. [Ipm nmedopmanii wactuakn MnS BUTS-
T'YIOTBCSl Y HaIIPSMKY ITPOKATKH.

CrIoNmyKH CipKH 3HWKYIOTh MEXaHIUHI BIACTHBOCTI, OCOOIHMBO yOapHY
B si3kicth (KCV) i mmactuunicts (6, W), a TakoK TPAHMITIO BUTPUBAIOCTI,
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PI3KO 3HUAKYIOTb POOOTY PO3BUTKY B sI3KOI TPIILIMHY 1 B'SI3KICTb pyiHYBaHHS K.
KpiMm mporo, mi BKIIIOUEHHS MOTIPITYIOTH 3BapIOBAHICTE Ta KOPO3iiHY
CTIHKICTB.

Ta3u. A30T, KHCEHb 1 BOJEHb MOTPAILIAIOTH Yy CTajlb, MEPEBAXKHO i3
MOBITPsL Ta 3 MiYHMX rasiB. BoHum MoxyTe OyTHM HasBHI y cram y
ra3ornofiOHOMY CTaHi, 3aIIOBHIOIOUYM MaKpO- Ta MiKPOITIOPOKHUHH, & TaKOX
MOXKYTh PO3UMHSATHCS y 3aJ1i31 Ta yTBOPIOBATH XIMiYHI CIIOJIyKH — TaK 3BaHi
Hememanesi gkaoyents (HITPUIU, OKHCH).

JyXe IKiJUIMBUM € BOICHb. XiIMIYHHX CIOJYK (TLAPHIIB) BOICHH 13
3aJ1i30M HE YTBOPIOE, ajie Y 3Ha4Hil KUIBKOCTI PO3YMHSIETHCS y CTall MpU
BUCOKHX TemIieparypax. [Ipu 0XonomkeHHI PO3YHHHICTh 3MEHIIY€ETHCS 1 BiH
BUIUIAETHCS 13 KPHUCTANIYHOI paTKM 3alliza, 3HAXOAWTH CO0i Micme B
MIiKPOIIOPOXKHUHAX, CTBOPIOE TaM TaKHUI BEIUKUH THCK, IO LI¢ IIPH3BOAUTH
JI0 PO3PHUBY MIKpOIOp. YTBOPIOIOTECS TaK 3BaHi ¢hioxkenu. 1100 yHUKHYTH
BOIHEBOI KPHUXKOCTi, I BHUIUICHHS BOIHIO 3 METaly 3JUBKH CTami
TPUBAJIMHI Yac BUTPUMYIOTh IIPU MiABUIICHUX TEMIIEpaTypax.

Kpuxki HeMeTajiuHi CHOJYKH TOTIpIIYIOTh BJIACTUBOCTI CTalii,
3MEHIIYIOTh IPaHHUII0 BUTPHUBAIOCTI Ta YAAPHY B A3KICTh.

J11s CyTTEBOTO 3MEHIIEHHS BMICTY a30TY, KUCHIO Ta BOJIHIO y CTAJIAX 1X
Tpeba nepenyaBisITh y BaKyyMi 4d Y 3aXUCHIN arMocdepi.

7.7. Knacugikauisa ByriieneBux craJjiei

3ajekKHo BiJ BMICTY IIKIUIMBHUX JOMIILIOK CipkH Ta hochopy Byrienesi
crai IMOoAUISAIOTh Ha:

— ctaii 3Bu4aifHo1 sAKocTi (S<0.05 %, P<0,04 %);

— sxicHi ctam (S<0.04 %, P<0,035...0,04 %);

— BucokosikicHi ctaii (S<0.02 %, P<0,03 %).

Crami 3Bu9aifHOi siKocTi (OymiBeNmbHI) — HaWOLIBII AemieBi i ToMy ix
BUKOPHUCTOBYIOTh y MOCTO- Ta CYIHOOYAYyBaHHI Yy BUIJISAJI 3BapHHX,
KJICTIaHUX YU OOJNTOBUX KOHCTPYKUiH (Oasiku, IIBEJepH, JIMCTH, TPYOH,
KOPITyCH CYIEH, COCY/IB, anapariB, KapKkacu MapoOBUX KOTJIIB, KOHCTPYKIIT
HiIHOMHUX KpaHiB, JIpar Ta iH.). MapKyBaHHs TaKUX CTajled MOYMHAETHCS 3
aitep Cr (cramp), a mami — nudpu Bix 0 no 6. i mudpu mo3HavawTh
YMOBHHUI HOMEP MapKH CTalli, 3aJISKHO BiJl XIMIYHOTO CKIIaay 1 MEXaHIYHUX
BiactuBoctedl. Yum Oinbina nudpa, TuM Olnble y cTalli BYIVIEHIO 1 THM
BUILA MilTHICTh. {715l TO3HAUSHHS CTYIICHS PO3KUCIICHHS CTall Hicist Ludpu
CTaBIIATh 1HJEKCH: KII — KHIUISYA; CII — CIOKIiMHA; HC — HAMiBCIIOKiiiHA,
Hanpukian: Crlen, Cr3km, Ct6HC. 3BapHI KOHCTPYKINI BHTOTOBIISTIOTH
TePEeBaKHO 31 CIMOKIMHMWX YW HAIMiBCIOKIHUX HHU3BKOBYIVICHIEBUX CTaleH
tuniB Crl, Cr2, C13. IligBummTH MIiOHICTh CTaJell MOXXKHA 3a paxyHOK
TepMidHOT 0OPOOKH.
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SKkicHi cTai 3aMeXHO BiJ MPU3HAYCHHS MMOIUIIIOTH Ha KOHCTPYKILiIHI
Ta IHCTPYMEHTAJIBHI.

Koncmpykyivini ¢cmani BUKOPUCTOBYIOTh NIl BUTOTOBJICHHSI AETalleH,
By3JiB MAaIllMH Ta MeEXaHIi3MIiB y MamnHOOyAyBaHHI. MapKyrOThCS BOHHU
muppamu 08, 10, 15, 20...80, 85. Lludpu BKa3ywoTs cepenHiii BMiCT
BYIVIEIIO Y COTHX YacTKax BiJICOTKa.

Jlns KOHCTPYKIIMHMX cTaned, Ha BIAMIHY BiI MapKyBaHHS CTaJlei
3BUYAHHOI AKOCTi, mepex IuppamMd BMICTY BYIICHIO NHUIICTHCS YU
BHUMOBIISIETHCS CJIOBO "CTalb" MOBHICTIO.

HuzpkoByrneneBi crami 08, 08km, 10 xapakTepu3yIOThCS HHU3BKOIO
MIIHICTIO, ajieé BHUCOKOK IUTACTHYHiCcTIO. ToMy 0e3 TepMmiuHOi 0OpoOKH
BHUKOPUCTOBYIOTBCS 1Tl MaJIOHABAHTAXXEHHX AeTaneil (IIpOKIaaKy, manou,
KY30BH JIETKOBUX aBTOMOOLTIB TOIIO), €IEMEHTIB 3BapHUX KOHCTPYKIIH.
TOHKOMMCTOBY XOJIOAHOKATaHy HHU3BKOBYIVIECIEBY CTalb BHKOPHCTOBYIOThH
s xomomHoro mramiyBaHHA. Crami 15, 20, 25 BUKOPHCTOBYIOTH s
LIEMEHTOBAaHUX JETalieii, MOBEPXHS SKUX HACHYCHA BYIJICIEM IS
T IBUIIEHHS TOBEPXHEBOI TBEPJOCTI Ta 3HOCOCTIHKOCTI. TakuMu neTaimsiMu
MOXYTh OyTH MaJOHaBaHTA)KEHI MIECTipHI, MIMUHACTI, BTYIKH, KyJadKOBi
BaJIKM, TOBKaui KiamaHiB Ta iH. Lli cTami BHKOPHUCTOBYIOTh y BUIIIAII
MPOKATy, IMOKOBOK, TpPyO, JHCTIB, APOTY, CTPIUYKH U BiAIIOBiTaTBHIX
3BapHUX KOHCTPYKIIiH.

CepennpoByrenesi ctaii 30, 35, 40, 45, 50 micis TepmigHOi 00poOKH,
TIOBEPXHEBOTO TapTyBaHHS BUKOPHCTOBYIOTH ISl Pi3HOMAHITHHX JeTanei B
yCIX Tady3sx MamnHOOyXyBaHHS (pO3MOAINBHI Baiy, (PUKMIHHI JHCKH,
IIeCTipHi, MaTyHu, mnuHeNi ). CTali MaroTh TOCTaTHHO BUCOKUI KOMILIEKC
MEXaHIYHUX BIACTHBOCTEH.

Crani 60...85 MaroTh, 3aBOSKH 3HAYHOMY BMICTY BYIJICHIO, BHCOKY
MIIHICTh, TBEPAICTh, MPYKHICTh. 3 HUX BHTOTOBILIIOTH IETali, SKi MiCISA
BIIIOBITHOI TepMiYHOI OOpOOKH TPAmIOIOTh B YMOBaX TEpTS WA Ji€r0
BHCOKHX BIOpaIliifHIX HaBaHTaXXCHb (NPYKUHH, PECOpPH, IMPOKATHI BaJIKU
TOIIIO).

Incmpymenmansni cmani iyTh Ha BATOTOBJICHHS Pi3aJIbHOTO, IITAMITY-
BaJIbHOTO Ta BUMIPIOBAJIFHOTO iHCTpyMeHTY. sl BUKOHAHHA Wi€l (YHKITT
CTaJIb JJI1 TAaKOTO iIHCTPYMEHTY MOBHHHA OYTH TBEPAOIO Ta 3HOCOCTIHKOIO
(a Takox, O6axxaHO, MIITHOIO Ta B'SI3K0I0). BaxkimBo, m00 TBEpiCTh iHCTPY-
MeHTy Oyna BWIOIO Bij oOpoOmoBaHOrO Marepiamy. Byriemesi iHCTpy-
MEHTAJIBHI CTalli MapKyIOThCA JiTeporo V i nmu¢poro, mo BKa3zye Ha BMICT
BYTJICIIO Y IECATUX YacTKax BimcoTka: Y7, Y8, V10, V11, V12, V13, tob6To
iHCTpYMeHTAIbHI CTalli — BUCOKOBYIJIELIEBI. [X BUKOPHCTOBYIOTH ISl iHCTPY-
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MEHTY HEBEIMKOTo po3Mipy (miamerpom no 15...30 mm) gepe3 mairy mpo-
rapTOBYBaHICTb, 10 MPALIOE Y HEBAKKHX YMOBaX, IIPH MaJIMX LIBUAKOCTSX
00poOKH.

Cranp Y7 — ans nepeBooOpoOHOTO IHCTPYMEHTY, 3yOmi, KepHiB, KO-
BaJIbCHKUX IITAMITIB, KJIEHM, IO MPAIIOIOTh B YMOBaX yAapiB Ta MOIITOBXIB
1 TOMy TOBHHHI MaTH IIJIBHUIIECHY B S3KiCTh, TBEPIICTH IOITyCKAETHCS
HeBucoka (50...52 HRC).

Cranp Y8 — st IHCTpYMEHTY, SIKHiA 3a3Ha€ yAapiB i moTpedye BHCOKOI
TBEPIOCTi: MaTpHIli, MyaHCOHHW, HOXHII MO MeTaly, IMHEeBMATHYHUH
IHCTpYMEHT.

Crami Y9, Y10 — mis MeTanopizaapbHOTO iHCTPYMEHTY, KUl HE 3a3Ha€
CIIIFHUX TUHAMIYHHUX yAapiB i moTpedye MaKCHMajIbHOI TBEPIOCTi: Pi3ii,
(pesu, cBepUIa, MiTYUKH, TUTAIIKH, MEINIHUN iHCTPYMEHT, HOXI, HOXKIBKH;

Crami V11, Y12 ta V13 — ans iHCTpyMEHTY 3 HAUBHUIIIOIO TBEPIICTIO T
3HOCOCTIHKICTIO: HANWIKW, 3yOWia IUIs HAaciKaHHS HAIWIKIB, TPaBEpHUN
IHCTPYMEHT, BOJIOYIIBHI JTOIIKH.

SKmmIo B KiHII MapKH CTalli CTOITH JiTepa A, TO e O3HaJdae, M0 CTab —
BUCOKOsIKicHa (Hampukiazm, Y8A, Y10A, V12A).

[HCTpyMEHT mnsi OTpUMaHHS HEOOXiNHWX BIACTHBOCTEH Wimssrae
TepMIiYHIi 00pOOIi — TapTyBaHHIO 3 HACTYIHHUM BiJITyCKOM.

7.8. YaByHn

bini yagynu. BinuMu Ha3WBalOTh YaBYHH, B SKHX INPAKTHYHO BECh
BYIJICHIb 3HAXOOUTHCS y 3B'I3aHOMY CTaHI — y BHUDISAI HEMEHTHTY. Taky
Ha3By 4YaByH OTPHMaB 3a MAaTOBO-OiMHMI Konip 3maMy (depe3 BENHKY
KUTBKICTh IIeMEHTHTY ). CTPYKTYpHOIO 03HAKOIO OLIMX YaBYHIB € €BTEKTHUKA —
nenebyput. Onmc cTpykTyp Oinoro yaByHY Oyno 3poOieHO TpH pO3TIAIi
(bOpMyBaHHA CTPYKTYp IOCBTEKTHYHHX, CBTEKTHYHHX Ta 3aCBTCKTHYHUX
YaBYHIB BIATIOBiAHO 0 METACTaOLIBHOI AiarpaMu 3a1i30—yeMeHmum.

Bini vaByHH MarOTh dy)ke BUCOKY TBEPIICTh Ta KPUXKICTh 1 IPAKTHIHO
HE 00poOIISIIOTECS Hi Pi3aHHAM, Hi, THM Oinbime, TUCKOM. llpore, 3Ha4Ha
KUTBKICTh TBEPAOTO LIEMEHTUTY OOYMOBIIOE BHCOKY 3HOCOCTIHKICTBH OiTTHX
YaByHiB, 0COOJIMBO B yMOBaxX a0pa3WBHOTO 3HOCY.

bBinuii yaByH BUKOPUCTOBYIOTh Yy BHIVISIZI BHIJIMBKIB SIK MEpEAUIbHUI
YaByH JJIsl BUTOTOBJIEHHS CTasli. METOIOM JIMTTS BHUIOTOBISIIOTH TaKOX
BUpOOM 3 Tak 3BaHOTO BHOUIEHOTO YaBYHY, IIO B OCHOBI Ma€ CTPYKTYpy
ciporo 4aByHy (IMB. Jajii), a Ha NOBEpXHi — Oioro. BubimoBaHHs € pe-
3yJIBTaTOM IIBUIKOTO OXOJIODKEHHS IIOBEPXHI BUPOOY i1 4ac OXOJIOKEHHS
4yaByHy y MetaleBiii popmi (kokinmi). Taka CTpyKTypa IMOBEPXHEBOTO MIapy
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(roBmmHOW0O 10...30 MM) 3a0e3nedye BUCOKY CTiHKICTh IPOTH CIIPAIIbOBY-
BaHHA. BupoOu i3 BHOIJICHOI MOBEPXHEI BHKOPUCTOBYIOTH IS
BUTOTOBJICHHS TPOKAaTHUX BaJIKIB JINCTOBHMX CTaHIB, KyJIb JUI KYJIbOBHX
MIIMHIB, KOJIIC BarOHETOK TOIIIO.

Cipi uagynu. Taky Ha3By YaByHH OTpPHUMAIIM 4€pe3 CipHid KOJIp 37amy,
10 TOSICHIOETHCSI HAsBHICTIO B CTPYKTYpi BYIVIEIIO Y BIJIBHOMY CTaHi — y
BUDIAL Tpadity mactuHYacTtoi popmu. Cipi 4aByHH KpPHCTAIi3yIOTHCS
BIITIOBIZTHO JI0 CTa01IBHOT AiarpaMu 3a1i30—epaghim, TOOTO PHU MOBLIEHOMY
OXOJIOJDKEHHI. BMICT BymIIenfo y cipoMy 4aByHi cTaHOBHTSH 2,4...3,8 %. Unm
OiNTpIIIe BYIJICIIIO, THM OLIIBIIE y CipOMY YaByHI YTBOPIOETHCS rpadiTy i THM
HIDKYI MeXaHiuHI BiacTHUBOCTI. ToMy KUIBKICTh BYIVICLI0 HE IOBHHHA
nepeBunyoBat 3,8 %. BomHouac, i 3a0e3nedeHHsT BUCOKMX JMBAapHUX
SIKOCTEH (BHCOKOI PIAKOIIIMHHOCTI) BYIVIEIIO TIOBUHHO OyTH He MeHmIe 2,4 %.
Jis migcuieHHs rpadiTh3aiii i rapaHTOBAHOTO OICPYKAHHS BYIVICHIO Y
BHUIVISIIIL TPaQiTy HABITH y MICIX, J€ OXOJIO/PKEHHS TOCHUTH IBUAKE (0L
CTIHOK BWJIMBHHII), V YaBYH BBOIATH IOAATKOBO KPEMHIH Yy KITBKOCTI
1,2...3,5 %. Y uvaByHi MOXXyTh OyTH HasiBHI Mapraseilp, cipka ta ¢ocdop.
Mapraneups Ta cipka NepemKko/KaoTh rpadiruzamii, To0TO, SIK KaxXyTb,
CHpUSIOTh BHOUTIOBaHHIO 4aByHY. Pocop MpaKTHIHO HE BIUIUBAE Ha
rpadituzanito. [Ipore BiH — KOpHCHa JAOMIIKA, OCKIJIbKH 301IbILIyE
piaKOTeKyUicTh 4yaByHY. [IOSCHIOETBCS 1€ YTBOPEHHSM JIETKOIUIABKOT
eBTEKTHKHU, IO Npu Temreparypi miaBineHHs 950 °C ckimagaerbes 3
aycTeHiTy, 30araueHoro ¢docdopom, Ta docdimy 3amiza FesP. Ilicas
TBepAiHHS (ocdiny eBTEKTHKa MiIBHUILYE 3araJbHy TBEPIICTh 1 3HOCO-
CTiHKicTh aByHY. CTpyKTypa MeTaleBOi OCHOBH CipHX YaBYHIB MOxe OyTH
(eputHOIO, (HEepUTO-TIEPIIITHOIO Ta TMEPIITHOW. TakuM YMHOM, CTPYKTYpH
METaJeBOi OCHOBM BIANOBIJAIOTH CTPYKTypaM TEXHIYHOTO 3aiisa,
JOCBTEKTOINHUX Ta EBTEKTOIMHUX CTajei, a crmenu]iuHi BIACTUBOCTI
YaByHIB BHM3HAUalOTh KUIBKICTh 1 MOPQOIJIOTi0 TpadiTOBUX BKIIOYEHBb
(puc. 7.12, 7.13).

UaByH TOpPIBHAHO 31 CTaUTI0O Ma€ HHU3bKI MEXaHI4HI BIIACTHBOCTI,
OCKUIbKH rpadiToBl BKIIOUYEHHS MOXKHA BBAXKATH, Y TEPIIOMY HaOJIVIKeHHI,
MTOPO>KHUHAMH, TPIIIMHAMH. Y 1IbOMY PO3YMiHHI YaBYH MOXKHA pO3IVISIATH
SIK CTallb 3 BEIMKOI0 KUIBKICTIO TOPOXKHUH Ta TpimuH. [ocTpi KiHIi
rpadiTOBUX BKIIIOUCHb ITiJ] II€F0 HABAHTAXKCHD BITIrPAOTh POJIb KOHIICHTPA-
TOPIB HaNpy>KeHb (aHAJIOTIYHO 30BHIIIHIM HaJ[pi3aM Ha MOBEpXHi cTami). ¥
TaKHX MICIX MOXIIMBE BHHHUKHEHHS TPILIMH Ta PYHHYBaHHS METaly.

OTtxe, yuM Oinplie y yaByHi rpadiTy, yuM OUIbIII i BKIFOYCHHS 3a

]

Puc. 7.12. ®opmu rpaditoBux BKmoueHs Puc. 7.13. MeraneBa ocHOBa 4aBYHiB:

y YaByHax: a — IJIACTHHYACTA; a — eputHa; 6 — PepuTo-nepIiTHA;
6 — mTacriByacTa; B — Kyisicra B — IepiiTHA

po3MipamMH i YMM BOHH rpyO0inti, THM Oisbllle BOHH OCIAa0IOIOTh METAJICBY
MAaTPHIIIO, TUM TipIIi BIACTHBOCTI YaByHY. Haiiripmurivu OyayTs BIaCTHBOCTI
IPU YTBOPEHHI Ipa)iTOBUMHU BKIIOUEHHSIMH 3aMKHEHOTO KapKacy.

I'panuns MiIHOCTI TMPH CTHCKaHHI 1 TBEPHICTh 4YaBYHY 3aleXaTh
MEPEBAXKHO BiJ CTPYKTYPH METAIECBOI OCHOBH 1 HEHa0araro BiIPIi3HSIOTHCS
BiJI BJIACTUBOCTEH! CTaJIl 3 TAKOIO XK CTPYKTYpOIO. [ ImacTu4HICTh CipUX YaByHIB
nyxe mana, 0 ne nepesuinye 0,5 %.
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HesBakaroun Ha HU3BKI MEXaHIUHI BIaCTHBOCTI, Cipi YaByHi MalOTh Pl
MTO3UTHUBHUX SIKOCTEH, 110 i 00YMOBIIOE iX IMIMPOKE BUKOPUCTAHHS, a came:

— HHU3bKA I[1HA;

— BHCOKI JIUBAPHI SKOCTI, [0 BU3HAYAIOTHCS BUCOKOIO PiIKOTEKYUiCTIO
1, BIATIOBITHO, MOXKJIMBICTIO OTPAMATH BHJIBKH CKJIATHOI (DOPMH;

— rpadit mojermrye oOpoOKy pi3aHHAM, OCKLTBKH POOHUTH CTPYKKY
JIAMKOIO 1, TOTPAIUISFOYN MiXK Pi3alIbHOI0 KPOMKOIO 1 MarepiajoM, 3HIKYE
KOC(IIi€HT TePTS i JO3BOJISIE MiABHIINTH MIBHIKICTH OOpOOKH, YHUKAIOUH
TeperpiBy iHCTPYMEHTY;

— nmoOpi aHTH(PUKIIIHI BIACTUBOCTI 3a paxyHOK .ii rpadity sk
TBEP/IOTO MACTHIIA;

— rpadiTHI YACTUHKH TacATh BiOpaii;

— BHCOKa KOpO3ilfHa CTIHKICTh, Y TOMY YHCII )KapOCTIHKICTB;

— no0pe BUTPUMYIOTh CTHCKAIbHI HAaBaHTAXKCHHS;

— MaJIOYYTIINBI JI0 30BHIMIHMUX KOHIIEHTPATOPIB HANpy>XeHb (HAIpi3,
BUTOUYKH TOIIO), OCKITILKA BOHH MAJIO IO JIOMAIOTh JIO BEIHKOI KiJIBKOCTI
rpadiTHIX YaCTHHOK, IO BiAIrPaOTh TAKy K POJb.

I3 cipux "aBYHIB BUTOTOBIISIIOTh CTAHUHH BEPCTATiB, OJIOKU IHUJIIHIIPIB,
TIOPIITHEBI KUTBIA, pajiaTopy OMaJeHH:, CAHTEXHIYHI Ta MoOyTOBi BUpOOH,
€JIEMEHTH IIYHOI apMaTypH TOIIO.

Cipi yaByHH 3 IUTACTHHYACTUM TrpadiToM MapKyroThcs mitepamu CY
(cipuii 4aByH), 3a IKHMH CTOITh I()pa TPAHUIII MIITHOCTI IPH PO3TATYBAHHI.
Hampuxnan, CU25 — cipuii 4aByH 3 TPAaHHIICIO MIIHOCTI P PO3TATYBaHHI —
250 MITa.

Koexuii uagyn. KoBkuif 4aByH OTPUMYIOTH 3 OJIOT0 YaByHY TPHBAIUM
BIAMIAJIIOBAaHHAM IIpU BHCOKMX Temreparypax. [Ipu mpomy yTBOPIOIOTHCS
rpadiToBi BKIIIOUEHHS y (POpMI IUTACTIBIIB. MeTalieBa OCHOBA KOBKHX YaBYHIB
Moxe OyTH QepuTHOIO, (pepuTo-repriTHOI abo mepIiTHoo (puc. 7.12, 6).

I'padik TEXHONOTIYHOTO pEXUMY BiAmamy OiMOro dYaByHY IS
OTpPHMaHHS KOBKOTO YaBYHY 300pakeHO Ha puc. 7.14.

Crioyatky METOJOM JHTTS OTPUMYIOTH BUpPiIO moTpiOHOI (opmu i3
CTPYKTYpOIO OiJIOTO JOEBTEKTUYHOTO 4YaByHY. [l mporo moTpiOHO
3a0€3MeYnTH IIBUAKE OXOJOIKEHHS BCHOTO O0'€eMy BHIMBKAa. A I
MOJKJIMBO, SKII[O TOBIMHA CTiHKHU BIINBKA He mepesumtye 40...50 mm. [Ipu
OUTBIIIOMY PO3Mipi IIBHIKICTH OXOJOMKEHHS Y CepIeBHHI Oyae HeBelnKa i
MOXKE YTBOPHUTHCS CipHil 4aByH i3 IUIaCTHHYACTHM rpadiToM 1 BiAmoinm-
HUMH{ HHU3BKMMH XapaKTEePUCTUKaMH, IO 3p0ONTH BUPIO HENPUIATHUM 10
BiZmaiy.

[Micns omepkaHHS SKICHOTO BHJIMBKA, MOTO HATPIBaIOTH y T€Yi 1O
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950...1000°

Temnepatypa, "C

|
I
|
i —
Hac
Puc. 7.14. T'padix TeXHOIOTIYHOrO PpeKUMY Bifnaay OilI0ro yaByHy
JJIA OA€PKaHHA KOBKOI'O YaBYHY
temneparypu 950...1000 °C, B pe3ynbTari 4oro CTpyKTypa 4aByHYy Oyme
CKIamanucs 3 ABOX (a3 — aycTeHiTy Ta meMmeHTHTy. llim wac TpuBamoi
BUTpUMKH (o 15 rom) mpw it Temmeparypi HeCTiHKHN 1eMeHTHUT (i BTO-
PUHHUH, 1 TOH, OI0 BXOAWTH y JeAeOypHuT) po3magaeThCs Ha ayCTEHIT Ta
BYIVICb, IO Ma€e (OPMY ILIACTIBIIIB
Fe;C—y-Fe(C)+C.

A00, y3arajapHIOIOYH,

A+

[To 3akiHYeHHI IILOTO TEPiOAY BiAMANy, SKUH HA3UBAIOTH NEPULOIO
cmadiero epagpimuzayii, Oymemo Maru aycteHit i rpadir. IIpuckopene
OXOJIOJDKEHHS 3 LUX TEMIIeparyp OO KIMHATHHX NPU3BOAUTEH IO IEPETBO-
PEHHS ayCTeHITy Ha MEpIiT, 1 OTPUMYyeMO HepiiT i rpadit, ToOTO KOBKHIA
YaByH Ha MEPIITHIA OCHOBI.

Jns oTpuMaHHS YaBYHY Ha ()epUTO-TIEPIITHIM 9u (epuUTHIH OCHOBI
Tpeba mpoBecTH ApYTy cTamiio rpaditusanii Tpusamictio 1o 30 roaun. Ii
MOYKHA pealri3yBaTé ABOMa CIIOCOOaMHu.

3a mepmmM CcrmocoOOM OXOJNOMKEHHS TPOBOASATH IO TEMIIEparyp
740...760 °C. Y mpoMy iHTepBasi TeMIEpaTyp OXOJOMKEHHS CKIaL
ayCTEHITy 3MIHIOETHCS BiAmoBimHO a0 JiHII E'S’ 1 3 HBOTO BHIUIAETHCS
BTOPUHHHUI TpadiT, SKUHA HAMApOBYETHCA HA TpadiT, MO YTBOPHBCA Ha
mepmriit cranii rpadiruzarnii. IloTiM #oro Iy’e MOBITBHO OXONOMKYIOTH B
inTepBam Temmeparyp 738...727 °C. EBrekroimumii posmajn aycTeHiTy
BiOyBa€eThCA 3 YTBOPEHHSM TpadiTy:

A—>D+T.
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3a ApyruM crioco00oM MOXKHA 3HU3UTH TEMIIEpaTypy TPOXH HIDKYE Bil
esrekroinHoi (700...720 °C) i mpu Takiii TeMmmeparypi 3pOOMTH TpUBAIY
130TepMiuHy BUTPUMKY. LleMEHTHUT IEpIIiTY, a TaKOXK, MOXKIIMBO, BTOPUHHUI
LEMEHTHUT (SKIIO BiH YTBOPHUBCA) PO3MAAETHCS 32 PEaKII€To:

Fe;C—3aFe(C)+C,
a00, y3araJbHIOIOUH:
H—>d+I.

Skmo gpyra cramis rpadithsainii MPOXOAUTH MOBHICTIO, TO MiCHs
OXOJIOJDKEHHSI OTPUMY€EMO KOBKHMI 4aBYH Ha (DEpUTHIN OCHOBI. A SIKIIO He
MTOBHICTIO — Ha (pepHUTO-TIEPITITHIH OCHOBI.

MapkytoTh KOBKI 4aByHH JiiTepaMud K'Y (KOBKHI 4YaByH), 32 SKUMH
BKa3yloTh ABI rpynu mudp. Ilepuia mokasye 3Hau€HHS T'paHMII MIIHOCTI,
Ipyra — BiJHOCHE TONOBXKEHHs y Bimcorkax. Hampmxman, KU 35-10 —
KOBKHi 4aByH 3 0g=350 MIla, 6=10 %. BigHocHO BHCOKa IIaCTHYHICTB
KOBKHX YaBYHIB, ITOPIBHSHO i3 CIpUMHM 3 TUIACTUHYACTUM TpadiToM i jgaina,
MOXJIBO, TPHBIJl Ha3BaTH 1[I YaByHM KOBKHMMH, XOua, 3BHYAiHO, iX HE
HiAAI0Th KYBaHHIO.

3 KOBKHMX YaBYHIB BUTOTOBJISIIOTh KApTEPU PEOYKTOPIB, KPIOKH, CKOOH,
(utaHIl, CIEMEHTH KapIaHHKUX BaJIiB, JIAHIFOTU Ta POJIMKH KOHBEHEPIB TOIIIO.

Bucoxomiyni uagynu. BHCOKOMIIIHI YaByHH OTPUMYIOTh MOIU(IKY-
BaHHJIM, TOOTO mepel PpO3JMBAaHHAM Y pPIAKUI 4YaBYH NOAAIOTh Yy
HeBenuKii (1o 1 %) KiTbKOCTI MOBEPXHEBO-aKTHBHI JOMIMIKH MAarHio
abo 1epiro, II0 BIiOIrparTh pojb MoaudikaropiB. Maruiii OiIbII
JelIeBUI MaTepiai, ToMy BiH BUKOPHCTOBYEThCS dactiie. [Ipore marHii
y piAKOMy YaByHi, uepe3 HH3bKy Temmeparypy kuminHs (1100 °C),
BUIIAPOBYETHCS 1 TOPUTH SCKPABUM IMOJYM'sIM, BHUIIJISIOYU 3HAYHY
KiJgbKiCTh Oimoro ammy. Tomy #HOro 3a JOMOMOIOI CIHEIiadbHUX
NPUCTPOIB BBOJSATH Y PO3JIMB Y BUIISAL JIiraTyp MarHito 3 gepocuiimiem,
3 MiJr0 a00 HiKeJIeM.

IMig niero Mmarhio rpaditT y mnpoueci Kpucramizaiii HaOyBae He
IUIACTUHYACTOI, a CepUuHOi, KysicToi (opMu. Taki BKIFOYSHHS KYJSCTOTO
rpadity € 3HaYHO MEHII aKTMBHUMH KOHIIGHTPaTOpaMH HalpyXeHb, HIXK
IIacTiBuacTuii rpadit y KOBKMX YaByHaX 1 TUM Oinmblue, HiK rpadit
rtactTuH4YacToi GopMH y cipux yaByHax. ToMy Takdil 4aBYH BHUTPHMYE
OLnbII 30BHINIHI HABAHTAXKECHHS O3 pyHHYBaHHS 1 Ha3MBAETHCS BLUCOKO-
MIYHUM.

CrpyKTypa MeTaJIeBOi OCHOBH, SIK 1 B IHIINX YaByHaX 3 rpaditom, MOXxe
O0ytu hepuTHOO, (HPEPUTO-TICPITITHOO Ta MEPIITHO (pHc. 7.15).

BucokominHi 4aByHH y Oararb0Xx BUpOOax Ta KOHCTPYKILIAX €PEeKTHBHO
3aMIHIOIOTh CTajb. 3 HUX BHUTOTOBIISIIOTH KOJIIHYACTI BaJld JIBUTYHIB,
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Puc. 7.15. MikpocTpyKTypH BHCOKOMIITHAX YaBYHiB; a — Ha (hDepHUTHIH;
0 — Ha epHUTO—TIEPIITHII; B — HAa MEPIITHIH OCHOBAaX

MOPIIHEBI KUTBIIS, BTYJIKH, 3y04acTi KoJieca, IPOKaTHI BaJIKH, SIKi IPAIIOIOTh
y BaXKHX yMOBax — MiJ /JAi€l0 3MIHHUX HalpyXeHb Ta YIapHHX
HaBaHTAXKEHb.

3a JACTY 3925-98 BHCOKOMIIHI YaBYHH MapKyrOThCs Jitepamu BY
(BHCOKOMIIIHMII YaBYyH) i ABOMA rpynamu [udp: nepiia — rpaHuils MilHOCTI
IIPY pO3TATYBaHHI, Apyra — BiiHOCHE nopoBxkeHHs. Hampuxnaza, BU 800-2 —
BHCOKOMIinHui1 yaByH 3 Og=800 MIIa, 6=2 %.

Yaeyn 3 sepmuxynspruum epagpimom (4BI). e "naiimononmmii" 3 ycix
BuIiB uaByHy (ctBopenuit 1970 p.). [loeanye y co0i BUCOKiI JHBapHi,
MeXaHiuHi Ta TeIUI0(i3uYHI BIACTUBOCTI, OTHKE, IPUAATHHH /IS BiTHBAHHSI
JeTaneil ckimaaHol KoH(piryparii, TOHKOCTIHHHX, [0 BUTPUMYIOTh 3HAUHI
TEIJIOBI Ta CUJIOBI HABAHTAYKCHHSI.

KokHa yacTHHKa BEPMUKYISIPHOTO rpadiTy, sIK 1 YaCTHHKA KYJSCTOTO
rpadity, pocte 3 oOkpeMoro LeHTpy Kpuctanizauii. [Ipu poMmy BoHa Takox
OTOYCHA ayCTEHITOM, ajic HE CYIIIBHO: KIHYMKH 3aJUIIAIOTHCS Y KOHTAKTI 3
PIIMHOIO, POCTYTh LIBMJIIE 33 ayCTEHIT i MEpEeTBOPIOIOTHCS Ha OKPYIUI,
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4epBOMONiOHI (BiX JaT. vermicula — 9epB sK) BIIPOCTKU. 3aBISKU IIBOMY
e(exT Hampizy 3MEHIIYEThCS IMOPIBHSHO 3 IUIACTHHYACTHUM TpaditoM i,
OTXe, 3a0e3MmeuyeTbesl BUIA MimHICTh. [IpoTe, OinmbIma po3ralyXeHICTh i
MEHIII BiJICTaHi, HIX Yy KymsicToro Trpadity, 3a0e3medyroTs MEHIIY
CXWJIBHICTH 10 BUOLTIOBaHHS 1 ycaouHUX Ae(eKTiB, OiIbIITy T'YCTHHY, BUIII
TEIUIO- § eJIEKTPOIPOBIIHICTD.

MexaHiyai BrmacTUBOCTI YBI' MeHIIe 3alexarb Bill BYIJICIIEBOTO
€KBIBaJICHTY, OT)KE, MOXKHAa OULIBII BUTPHO BapilOBaTH XiIMIYHHHA CKIa] i
IIBUAKICTE OXOJOMKEHHS, IO OCOONMBO BAXKIMBO JUIS PI3HOCTIHHHX
BHJIMIBKIB.

[lepeBaru YBI Haj 9aByHAMH 3 IUIACTHHYACTUM TpadiToM:

— BHUILA CTaTHMYHA MILHICTb Oy, IPaHUI BUTPUBAJIOCTI O], BIAHOCHI
MONOBXKEHHsI O Ta 3BY)XeHHs W, yaapHa B s3kicte KCV — 6e3 BUKOpHCTaHHS
JOPOTHX JIETyIOUUX €JIEMEHTIB;

— Kpalia OIipHiCTh BUCOKOTEMIIEPATyPHOMY OKHCIICHHIO Ta POCTY;

— MEHIIIA Yy TIUBICTh MIITHOCTI 10 TOBIIWHU CTiHOK.

[lepeBaru Hax yaByHAMH 3 KYISICTHM TpadiToM:

— MEHIINHA TepMidYHHN Koe]ilieHT po3IUpeHHs O

— BHIIA TEIUIONPOBIIHICTD A,

— Kpamii aeMn@yBaibHi BIaCTUBOCTI;

— OlTBIIa JOBrOBIYHICTH IIOJI0 TEPMIYHOT YTOMHU;

— Kpalli JIUBapHi BIACTHBOCTI, III0 JO3BOJISIE BUTOTOBIIATH BUPOOH CKIIa]I-
HOI opMmmu.

Bimnosigao o JACTY 3926-99 mMapku 4aByHiB 3 BEpMUKYIIAPHUM Tpa-
(GiTOM MO3HAYAIOTHCS TaK: CIIOYATKy iqyTh JiTepu YBI  (daByH, BEpMU-
KyJsipHUH TpadiT), a mam — nudpoBe MO3HAYCHHS MiHIMAIBHOTO 3HAYEHHS
THMYACOBOTO OIIOPY PO3PHBY IiJ 4Yac PO3TATHEHHS y Meramackajisix Ta
yepes Jedic — MiHIMaIbHE 3HAYCHHS BiTHOCHOTO ITOJOBXEHHS Y BiJJCOTKAX.
Hanpuxnan, UYBI' 400-4: 6,=400 MIla, d=4 %. Lleii crangapT nomupio-
€THCS HA YaBYH IJIS1 BIJIMBKIB, IO MAa€ Y CTPYKTYpi rpadiT BepMHUKYIIPHOT
(uepBomonibHOT) popmu 3 BKmoueHHAM 10 40 % Kymacroro Ta 10 % mac-
THHYACTOTO TpadiTy.

7.9. OcHOBHI NPUHIMIIK TePMIYHOI 00pO0KH cIIABIB

Tepmiuna obpobka — 1ie TEXHOJOTIUHUH IpoIiec 0OpOOKHM CIIIaBiB 3
METOIO0 OJIepXKaHHS 3adaHoi CTPYKTYpH 1 BIIaCTHBOCTEH MeTamy. 3a
MOMIMPEHOI0 KIacu(iKami€ero OCHOBHUX BHIIB TepMidHOI 00poOKH
A. BouBapa Ta po3BHTKOM IIi€i Kiacu(ikaIii B OCTaHHI POKH PO3PI3HSIIOTH
TaKi OCHOBHI BUAM TEPMIYHOT 0OpOOKH.
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Bracne mepmiuna 06pobdxa, no sAxoi BimHOCSTH Bigman l-ro poxy,
BiAman 2-ro poy, TapTyBaHHSA i3 MOTIMOp(QHHM TEpETBOPCHHAM Ta
HAaCTYIHHUH BiIIyCK, TapTyBaHHI 0e3 MOIIMOp(HOTo IMepeTBOpeHHs i3
HACTYITHUM CTapiHHAM.

Ximixo-mepmiuna obpobka — 1ie Taka 00poOKa, IO CIIONyYaEe TePMid-
HUH 1 XIMIYHMH BIUIMB Ha METalIM Ta CIUIABH 3 METOI 3MIHH XiMIYHOTO
CKJIaZly, CTPYKTYPH 1 BIIAaCTHBOCTEH HOBEPXHEBOI'O IIapy.

Tosepxnesa mepmiuna 06podKa, MO BKIOYAE METOAU ITOBEPXHEBOIO
HarpiBaHHA BHPOOIB CTpyMaMH BHCOKOI 4acToTH (1HIYKIliifHe HarpiBaHHST),
ra3onoiyMeHeBe HarpiBaHHS, JIa3epHE HarpiBaHHs, CJICKTPOKOHTAKTHE
HarpiBaHHS TOIIIO.

Tepmomexaniuna (medopmariiiHo-TepMiuyHa) 0OpoOKa, IO TOEIHYE
IIacTU4HE Ae(POopMyBaHHS CTall i3 TapTyBaHHSIM.

Bynp-sika TepMmidHa oreparis 3BOAUTHCS O HarpiBaHHS BHPOOIB 1O
NIEBHOI TEMIIepaTypH, BHTPUMYBAaHHS NpPH LI TeMieparypi IpOTArom
JeSKOTO 4acy Ta OXOJIOIDKEHHS 13 331aHOK0 MIBUAKICTIO. Buxomsuu 3 mporo,
OCHOBHHMH IapaMeTpaMH, IO XapaKTePH3YIOTh KOHKPETHHH pPEXHM
TepMIYHOI 0OpOOKH, €: TeMIlepaTypa HarpiBaHHsS MeTany (f); TPHUBANiCTh
BUTPUMYBAHHsI [IpU II€BHIH TeMneparypi (7); MBUAKICTh HarpiBaHHA (V) 1
LIBUAKICTH oxosomxkeHHs (V).

TemmepaTypy HarpiBaHHS CIUIaBiB JaHOTO CKJIaxy OOHMPArOTh, BHUXO-
JIST9H 3 JiarpaM CTaHy CIDIaBiB, IMBUAKICTh HATPIBAHHS TaKOXK 3aJ€KUThH BiJl
XIMIYHOTO CKJagy CIUIaBiB, iXHOTO cTaHy (JInToro abo nedopMOBaHOTO),
CKJIaHOCTI popMu BUPOOIB TOm0. TPUBAICTh HATPiBAHHS (BUTPUMYBAHHS)
TIpH TIEBHIM TeMITepaTypi MOBHHHA 3a0€3MEYUTH HACKPI3HE YU ITOBEPXHEBE
MPOTpiBaHHA JAeTaleld W TPOXOMHKEHHS BCiX NependadyBaHHX IIPOIECIB
(da3oBi mepeTBopeHHs, Koarymsmis (a3, po3YMHEHHS KapOimiB TOIIO).
[IIBuAKiCTh OXONMOMKEHHS BU3HAa4Ya€ BHUA TepMmiuyHOi 00poOkm. Ilim gac
rapTyBaHHSA, y OUIBIIOCTI BHITAIKiB, BUPOOU OXOJIODKYIOTH IPHUCKOPEHO,
mo0 dasa, ska yTBOPIIACh 3a BHCOKHX TeMIeparyp, 30eperiacs i micis
OXOJIOIDKEHHsI (BUIIAOK TapTyBaHHA 0e€3 IOIiMOP(HOTO IMEePEeTBOPEHHS).
[IBuAKICTh OXOJOMKEHHS MIPH rapTyBaHHI 3a0e3medye BUOIp BiAIOBITHOTO
cepenoBuIa (Boaa, Macio, PO3UYMHH JIYTiB, COIi).

7.9.1. Bignaa 1-ro pony

Bionan 1-20 pody — TepmidHa omepailisi, 0 3BOIUTHCS IO HArpiBaHHS
MeTaly, SIKHA 3HAXOAUTHCS y HECTIHKOMY CTaHi BHACHTIZOK IONEPEIHBOI
00poOKH, 1 IepeBeAeHHsI HOro y OiIbII CTIMKMK cTaH. 3MiiCHEHHS TaKoro
Biflally He MOB's3aHe i3 (ha30BHMH IEPETBOPCHHIMH y TBEPAOMY CTaHi.
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TonoBHMMY mTapameTpamH, 110 BU3HAYAIOTH HIBHIKICTH MPOLIECIB IEPEXOIY
METally 10 PiBHOB&KHOTO CTaHY, € TEMIIepaTypa HarpiBaHHS 1 TPHUBANiCTh
BUTPHUMKH TIPH TaKild TeMIIeparypi.

Jlo OCHOBHHX pi3HOBHIIB Biamanxy 1-ro poay HaleXaTh: TOMOTEHi-
3ytounii (maudy3iHMN) Biman, peKpUCTaNi3allifHU{ BiAmam, BiAmam mms
3HATTSA 3aJIMIIKOBUX HAIlPy>KCHb.

Tomozenizyrouuti (Ougpysitinuti) 6ionan 3aCTOCOBYIOTH IS yCYHEHHS
OEHIPUTHOI JIKBaIlii, TOOTO A BHPIBHIOBAHHS XIMIYHOTO CKJIagy Ta
M IBUIIEHHS OJHOPITHOCTI CTPYKTYPH JIUTOL JIETOBAHOI CTai, KOIbOPOBHX
cruiaBiB. /i1 yCyHEHHsI BHYTPIIIHBOKPUCTAIIYHOT JTIKBAMii Ta PO3YHHEHHS
HEe3piBHOBaXEHOI HATHIITKOBOI KapOigHOT (ha3y eBTEKTHYHOTO ITOXOKEHHS
JeroBaHi crami HarpiBaroTh 10 Temmeparyp 1050 ...1250 °C, BuTpumyroTh
10...15 rox i MOBLTBHO OXOJNOMKYIOTh. Y TBOPIOETHCS OJHOPITHA CTPYKTYpa
i3 BENMKAM 3€pHOM, fKe TOAPIOHIOIOTH IIiJ] Yac HACTYIHOI TepMi4HOI
00poOKH a0 TpH MPOKATyBaHHI.

3nuBKH AeQOPMIBHUX aOMIHIEBHX CIIaBiB TOMOTEHI3YIOTh 3aJI€KHO
BiJl MApKH CILIABiB 1 BUIy HamiB(haObpukaTiB npu temmeparypax 450...550 °C,
MarHieBux — mpu 390...405 °C i3 MeTOl MONIIMIeHHs iXHBOI 0OpOOKH
THCKOM Ta MiIBUINEHHS MEXaHIYHUX BIACTUBOCTEH HamiB(paOpuKaTiB.

Pexpucmanizayiinuti ionan y TpOMHUCIOBOCTI BUKOPHUCTOBYIOTH SIK
TIOTIEPETHIO OIIEPALIif0 MIEPEe] XOIOTHOK OOPOOKOI0 TUCKOM (I HAJZaHHS
MaTepiaxy HaHOUIBmIOl MIACTUYHOCTI), SK MPOMIXHHUN Mpolec Mix
OTepaIisiMi XOJOAHOTO AeQOopMyBaHHS (IS 3HATTA HAKIENy) Ta SK
KIiHIIEBY TEepMidHy OOpOOKY UII OTPHMAaHHS IEBHOTO PO3Mipy 3epHa (mis
HaJaHHSA HamiBaObpukaraM 4r BUpoOaM HeoOXimHuX BiactuBocteil). [licms
MPOKATyBaHHA, INTAMITyBaHHS BHPOOIB 13 HU3BKOBYIICICBHX CTaled i3
0,08...0,2 % C Temneparypy Bianamry obuparots y Mexax 680...700 °C i3
BUTPHUMKOIO 3...6 rox. PexpucramizamiifHuil BiAmman IPYyTKiB IicsA XOJOM-
HOTO TPOTATYBaHHS, BUTOTOBJICHUX i3 BUCOKOBYIJICIIEBOI JIETOBAHOI cTalIi,
mpoBoIATh mpu Temneparypi 680...740 °C mpotsrom 0,5...1,5 rox. Hdus
TTOHOBJICHHS TUTIACTUYHOCTI Milli PEKOMEHJOBAaHWN TOOUHHMN BiIIlIain Ipu
temneparypi 500...700 °C, ans nedopMiBHHX aNIOMIHIEBHX CIDIABIB IS
Temneparypa craHoBuUTh 350...500 °C i3 TpuUBaNicTIO BUTPUMKH IIiIl Yac
Binmamy 0,5...2,0 rog. BHacmizok mp0ro 3aMicTe CTpyKTypu aedopmona-
HOTO METally YTBOPIOETHCS PIBHOBaXKHA APIOHO3EPHUCTA CTPYKTYpa, BiIbHA
BiJl 3AJIMIIKOBUX HANPYXKEHb.

Bionan ona 3uammsa 3anumKoeux Hanpyscenb 3aCTOCOBYIOTh IS
BUJIMIBKiB, 3BAPHUX 3 €THAHB, TICIISl 0OPOOKH JeTaei pi3aHHAM, KOJIH 4epe3
HEpiBHOMIpHE OXOJIO/KEHHS, TUIACTUYHE Je(OpMyBaHHS TOIIO Y BUpoOax

BUHHUKAIOTh 3aJMIIKOBI HANpYyXeHHS. MeTow Bigmany JUis 3HATTA
3aJIMIIKOBHX HaNpyXeHb € 3MEHIIEHHS IIKITIMBUX HANPYXEHb PO3TATHEH-
HS, 0COONMBO HeOe3NMeYHuX NpH 00'eMHOMY HampykeHoMy craHi. Lleit
BiAman J03BOJISE WiJBHUIIUTH JOMYCTHMi 30BHINIHI HaBaHTaXXCHHS,
MI/IBUILY€E OIIp yTOMi Ta yJAapHUM HABaHTAKEHHSM, 3HUXKYE CXHIIbHICTbH
BHPOOIB O KPUXKOTO pPyHHYBaHHS, MIKKPHUCTAIITHOI KOpO3il Ta 10
KOpO3iiHOI yTOMH, CTaOLIi3y€e po3Mipu BHpPOOIB Ta 3amobira€ iXHBOMY
BUKPHBJICHHIO Ta KOJIOOJICHHIO.

Jns crabinizanii po3MipiB YaByHHHX BHJIMBKIB 3aCTOCOBYIOTH BiJIaj
npu Temneparypi 500 ... 600 °C tpusBamictio 2...4 ron. Ctayiesi aetaji nperm-
3IHAX BEPCTATiB IS 3HATTS HANpPYXKCHb IICIsI MEXaHIYHOI 0OpOOKH
BifmaroroTh mpu 570...600 °C mpotsarom 2...3 rox micist KiHIEBOT MEXaHid-
HOI 00poOkm Ta mpu Temmeparypi 160...180 °C 2...2,5 rox mis 3HATTS
HuTiQyBaIbHUX HANPYXeHb. Biman 1yist 3HATTS HAalPY>KeHb, 0 BUHUKAIOTh
MICJIS 3BapIOBaHHA, NMPOBOAATH Ipu Temmeparypi 650...700 °C. JluBapHi
Halpy)XeHHS MOXKYTh 3MEHIIYBaTHCS IIPH TOMOTEHI3aliifHOMY Biamai.
XoJoHOKAaTaH] JIMCTH Ta IITaMIOBaHi BUPOOU 13 Miji, HIKEIO, TUTaHy 1
ne(OpMIBHUX CIUIaBIB Ha IXHI OCHOBI s 3MCHIICHHS 3aJUIIKOBHX
Halpy>KeHb BiJNANIOIOTh IIPU TeMIepaTypax, L0 HE MepPEeBUILYIOThH
TeMIepaTypy IIOYaTKy pekpucramizamii, mo0 30epertm BHCOKi
XapaKTEepUCTUKU MIIHOCTI HAKJIENaHOro MeTaiy. Biamam juis 3MeHIIeHHs
HanpyXeHb IUPOKO 3aCTOCOBYIOTH JI0 JATyHEH, mo MicTaTh Oinbire 20 %
Zn, TOMy OIO0 OCTaHHI XapaKTePH3YIOThCS CXWJIBHICTIO O KOpPO3ii ImiJ
HaIpy»KeHHIM, TeMIeparypa BiAnany npu pbomMy craHoButh 250...270 °C.

7.9.2. Binnaj 2-ro poxy

Bionan 2—20 pody 6a3yeThcsi Ha BUKOPHCTaHHI (pa30BHX TIEPETBOPCHB,
110 BiZIOYBarOThCS MPU HArpiBaHHI Ta OXOJIOPKEHHI cruiaBiB. [Ipu (dasosiit
TIepeKpUCTaTIi3aIil MOAPIOHIOETHCS 3€PHO CTali, YCYBAEThCSA BiIMAHIITET-
TOBA CTPYKTypa, 3MEHLIYEThCSI CTPYKTYpHa HeOoJHOpiaHicTh. Llel Bixman
CIIpUSIE TiABUIICHHIO TUIACTUYHOCTI Ta B'SI3KOCTI TMOPIBHAHO 13
BJIACTHUBOCTSIMH, OTPUMAHUMM IICIISL JIMTTS, KyBaHHS 1 IPOKAaTyBaHHS.
Bianan 2-ro pony moxxe OyTH SIK MONEPETHBOIO, TaK 1 KIHIIEBOIO TEPMIYHOIO
00poOKOTO IJIsT BIJIMBKIB, TOKOBOK, COPTOBOTO 1 (PACOHHOTO MPOKATy, TPyoO,
rapsiueKaTaHuX JHCTIB.

Jlo 0CHOBHHMX TapaMeTpiB Bigmaiy 2-TO poAy BiIHOCATH TeMIEpaTypy
HarpiBaHHs, Yac BUTPUMKH IPH Liif TeMIeparypi Ta IBUIKICTh OXOIOKEH-
Hs. Temmeparypa HarpiBaHHS 1 TPUBAIICTh BUTPUMKH MOBUHHI 3a0e3meuy-
BaTH HeoOXimHI (Pa30Bi IEPETBOPEHHS, MOBUTHHE OXOIOHKEHHS YMOKITHUBITIOE
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(da3oBi mepeTBOpeHHs, MO BiAOYBAarOTHCA AUQPY3IHHUM MUIIXOM Yy
3BOPOTHOMY HamlpsIMKY 1 3a0e31e4yroTh HeoOXiHI 3MIHH CTPYKTYpH.

OCHOBHHMHM Pi3HOBHJAMH BiJIajy 2-TO POy € NMOBHHUH Ta HEIOBHUI
BiMajgy CTalli, 130TEPMIYHMH BiANaJl CTajl Ta YaByHY, HOpMai3aiis,
rpaditu3yrounii Ta cepoinnuzyounii Binanm.

[Tpu3HavyeHHsT pexXUMIB TepMiuHOI 0OpOOKH 1, 30Kpema, Bigman 2-ro
pomy IUisi cTalli Ta YaByHY, IIOB s3aHE i3 MOJIOKEHHSIM KPUTHYHUX TOYOK
JiarpamMH CTaHy 3anizo—eyeneys. KpUTHYHI TOUKH MO3HAYAIOTh JITEpoo A
(mouarkoBa sitepa Bij (paHi. arreter — 3ynuHsTUCS). HWKHSA KpUTHYHA
Touka A4; 3HaxoauThes Ha diHil PSK (727 °C) miarpamu sanizo—eyeneys 1
BIJINIOBIIa€ NP OXOJIOMKEHHI IEPETBOPEHHIO ayCTEHITY Ha mepiit. Touka
A3, o 3HaXoAUTkCA Ha NiHii GS Jniarpamu, BiANOBiJa€ MOYaTKy BUAINEHHS
a0o0 3aBepLICHHIO PO3YMHEHHS ()EPUTY B JOEBTEKTOIAHUX CTaJsIX, TOOTO
noniMoppHoMy <>y meperBopeHHIo. Touka A, Bimnosimae minii NJ
niarpamu 3anizo—eyeneys. Temueparypu KpUTHYHHX TOUOK IPH HarpiBaHHI
BUIIIE, HDK INIPH OXOJNOMKeHHI. L[ pi3HMLS BHM3HAYaeTbCs TaK 3BAHUM
cicmepesucom. BiH TUM OLNbIIMH, YMM BUILNA IIBUJKICTH HarpiBaHHS 4H
oxono/pkeHHs. st Toro, mo0 BiAPI3HUTH KPUTHUYHI TOYKH IiJ] Yac
HATpiBaHHS 1 OXOJIOMKCHHS, X MO3HAYAIOTh: JIITEPOro ¢ (Bix paHil. chaufer —
Harpieath) — Ac;, Acy; niteporo r (Bin dpaHI. refroidir — 0X0nomXKyBaTH) —
Ary, Ar;. 3a nyxe MaluX HIBUJIKOCTEH HArpiBaHHs 1 OXONOMKEHHS Pi3HMIIA
TEMIIEpPATyp 3HUKAE i TOUKH A, i A,. 3TMBAIOTHCS B OJHY PiBHOBaXKHY TOUKY.

TakuM 4YMHOM, KPUTHYHY TOYKY IEPETBOPEHHS ayCTEHITYy Ha HepIIiT
[IO3HA4aloTh Ar;, a MEpIiTy Ha ayCTeHIT — Ac;; IouaToK BUIUICHHS (epury
3 ayCTEHITy MO3HAYal0Th A73, a 3aKiHIEHHS PO3YMHEHHS (EepHUTY B ayCTEHITI —
Acj. IloyaTok BUJIiIIEHHS BTOPUHHOTO [IEMEHTHTY 3 ayCTEHITYy Ta 3aKiHUEHHs
PO3YMHEHHS! BTOPMHHOTO LEMEHTHUTY B ayCTEHITiI ITI03HAYalOTh ONHIEI0 1
TI€I0 5K TOYKOI0 — AC,,.

BigkpuTTss KpUTHYHHX TOYOK Yy 3aii3i Ta craii /[. UepHoBuM OyIo
MIOKJIaJICHO B OCHOBY TEOPii HAYKOBO OOIPYHTOBAHOI TEXHOJIOTIi TepMIUHOT
00pOOKH 3aJ1i30BYIVICIICBUX CIUIABIB.

[ToBHMIT Bianan ckjagaeTbcs 3 HArpiBaHHs JOEBTEKTOIJHOI CTajl Ha
30...50 °C Bumie BiJ TOYKM Ac; BUTPUMKHU MpH Liil TemmepaTypi s
MIOBHOTO TIPOTPiBaHHS Ta 3aBepLICHHS (a30BHX NEPETBOPEHb B 00 eMi
MeTally 1 HaCTYITHOTO ITOBLUILHOTO (pa3oM i3 MiY4I0) 0X0JI0pKeHHs (puc. 7.16),
3 METOI0 OTPHUMaHHS PIBHOBaXXHOI CTPYKTYPH.

AyYCTEHITHUI CTaH € BHXIJTHMM IpHU 371HCHEHHI OLIBLIOCTI onepanii
TepMiuHOT 00pOOKH cTaii. XapakTep NepeTBOPEHb CTajl IPH OXOJIOIKEHHI
3aJIeKUTh BiJ] LIBHJIKOCTI OXOJOJKEHHS (CTYIEHS IePEOXOJIOKEHHS).
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CrymiHp MepeoxooMKEeHHS 3yMOBIIIOE MEXaHi3M 1 KIHETHKY IIepeTBOPEHHS
i, SK HACIiIOK, CTPYKTYpy 1 BIACTHBOCTi cTaii. Bu3HauWTH BIIHB
NIEPEOXOJIOKEHHS B IIpolieci Oe3mepepBHOTO OXOJIOMKEHHS CKIaaHo. ToMmy
MIEPETBOPEHHS AYCTEHITY B 3B 53Ky 3 PI3HUM CTYIIEHEM II€PEOXOIOKEHHS
AQHANI3YIOTh B 130TePMIYHUX yMOBaX, BHUKOPHUCTOBYIOUH Oidepamiu i30-
mepmiuHo020 po3nady aycmerimy naHoi crami (abo 7-T-T-niarpamu, Ha3Ba 3a
ITOYaTKOBUMH JIiTepaMH aHIIichkux ciiB: Temperature, Time, Transforma-
tion). I3oTepmiuHi yMOBH JO3BONAIOTH 3POOHTH MIBHIKAM IIEPEOXOIIO-
IDKEHHAM ayCTEHITY [0 pI3HUX TeMIepaTyp HIXK4€ BiJl TOYKH A;.
BurpumMytoun ayCTeHIT 3a TAKUX TeMIeparyp, BU3HAYAIOTh IOYATOK i KiHEIh
Horo posmangy, IS IBOTO y OINBIIOCTI BHITAJKIiB BUKOPHCTOBYIOTH
MaTrHITOMETPUYHUAN a00 NWIATOMETPUYHUI MeTomu. 3 €IHABIIH JTiHIIMH
TOYKH, III0 BiNOBIJAIOTh TIOYATKY i 3aBEPIICHHIO IEPETBOPECHHS IPH Pi3HUX
TEeMIepaTypax, OAEpKYIOTh OCHOBHI JiHII Ha giarpaMi i30TepMidHOTO
po3many ayctenity (puc. 7.17).

3a CcBOIM MeXaHi3MOM poO3MaJ TIEPEOXONIO[KEHHOTO ayCTEHITY
MOIUIAIOTH HA TaKi THIIH:
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Puc. 7.17. [liarpaMa i30TepMi4HOTO NEPETBOPEHHS MEPEOXOIOPKEHOTO
aycrenity craiui 3 0,8 % C: a — xiHeTn4H1 kpuBi; 6 — C-noxiOHI KpuBi;
1, 2 — mouarok i kiHemp qu¢y3iiHOrO po3nary ayCTeHITy

— nudysiitHe nepiniTHe nepeTBopeHHs B inTepBai / (4; — 550 °C);

— mpoMmikHe OeifHiTHe mepeTBopeHHs B iHTepBaii I/ (Bix 550 °C mo
250...300 °C);

— 6e3gudy3iitHe MapTeHCUTHE TIepeTBOpeHHs, o0macTs /17 ( B iHTepBai
temueparyp My—My., My — TeMueparypa no4arky, My — TeMIeparypa KiHIs
MapTEHCUTHOTO IIEPETBOPCHHS).

Binpisku no oci abeuuc Oa;, Oa,, Oaz (puc. 7.17, a) 03Ha4aroTh yac 10
IOYaTKy MEPEeTBOPEHHS IPH MEBHIH TeMIeparypi i30TepMi4YHOTO BUTPUMY-
BaHHsi (iHKyOauilinuii nepion); Touku B;, B,, B3 BianosinaroTe yacy
TTOBHOTO 3aBepIIeHHs Au(y3iifHOTO po3maay ayCTeHITYy.

O06pani Temneparypu i30TepmigHOro BUTpUMyBanHs (650, 5501350 °C)
1 BIIMOBiTHI iM TPH CTYyIIEHI MEPEOXONOIKEHHS CBiMYaTh, IO TP MAaJIHX
(650 °C) 1 3pagnanx (350 °C) MepeoXONOMKEHHAX ayCTEHITY IIePETBOPEHHS
Y—>oa+Fe3X BinOyBaeTbcs NOBUIBHO, a 3a 550 °C mepeTBOpeHHS Mae
MaKCHMaJbHy MBHUAKICTh. [lpm moOymoBi miarpamu 3'€THYIOTH TOYKH
nouarky (a;, ay, az) 1 Kinus (6, 6,, 63) AudysiiiHOro po3nany ayCTeHITy Ta
OTPUMYIOTH Tak 3BaHI C—tomiOHI KpuBi. OO0JIACTh MEPEOXOIOMKECHOTO
ayCTeHiTy, mo 30epiraeTeCs MEBHUN dYac TpH NaHii Temmeparypi 6e3
TIepPeTBOPEHHS, Ha JiarpaMi 3amTpuxoBaHo. [IpoTe iHTepBaa Temmeparyp
Horo icHyBaHHs oOMexeHuil Temneparyporo My, TOOTO NepeoXo0LKEHUH
ayCTeHiT, 3maTHAN 10 audy3iifHOTO po3mamy, MOXKHA 30epiraT JHIIe 10
MeBHOI TeMIlepaTypH, XapaKTepHOI s JaHOi MapK cTaii. 3HadHe
[IEPEOXOIOPKEHHS ayCTEHITY N0 TeMIepaTypu My CTBOPIOE MOMKIIUBICTbH
Horo 6e31n(y3iiHHOTO MepPEeTBOPEHHS HA MapTCHCHUT.

[IpomykTamMu TEPIIITHOTO MEPETBOPEHHS € MEPIIT, COpOIT, TPOOCTHUT-
IJJACTHHYACTI (EPHUTO-IEMEHTUTHI cyMimri. BoHH Bipi3HAIOTBCS MiX
cO0O0 BIJICTAaHHIO MK IUIACTHHAMH IEMEHTHUTY: Y MepiiTi NpHOIN3HO
0,5...1,0 MmxMm; y copbiTi — 0,3 Mxm; y Tpooctuti — 0,03 MKM.

VY BymreneBux craisix Hk4e BuruHy C—monibHoi kpuBoi (puc. 7.17, 0)
B IHTEpBai TeMIepaTyp po3mamy IepeoxXoIoKeHoro aycTeHiTy Big 550 °C
1o Mn BinOyBaeTbest OeHHITHE IEPETBOPEHHS, IO € 32 CBOIM MEXaHi3MOM
MPOMIKHUM MDK TEpIiTHAM 1 MapTEHCHUTHHM, BHACIIJOK SIKOTO YTBO-
pIOETBCs cyMim (GepuTy i KapOimy 3amiza, mo Mae Ha3By oOeurnim. Kapbin
3amiza y OCiHiTI IyKe IWCIEPCHUN 1 HE Mae IDIaCTUHYACTOI OyIOBH.
Po3pi3HAIOTE BepxHill 1 HIKHIA OCHHIT, SIKi yTBOPIOIOTHCS BIATIOBIAHO B
iHTepBaNax Temreparyp po3naxry aycreHity 550...350 °C Tta 350 °C — Mn.
Kap0ign BepXxHBOTO OCHHITY BUIOUIAIOTHCS 3 ayCTEHITY MpX HOTO po3mai, a
KapOimu HIKHBOTO OEHHITY 3HAXOAATHCS BCEPEAWHI IUTACTHH O-(asu.
Kap6inna ¢a3a BepxHbOTO OCHHITY — EMEHTHT, @ HIDKHBOTO — E-KapOis.
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OcTtaHHI{ MOXXe 3MIHIOBATHCS Ha IIEMEHTHUT y pa3i 3MEHIICHHS i30TepMid-
HOTO BHUTPHMYBaHHA. BepxHiif OCHHIT MICTHTh KpYIHIMI KapOimum i mae
MeHmy TBepnicte. Y cram i3 0,8 % C TBepmicTe mepiity, copoity,
TPOOCTUTY Ta OelHiTy mpubdimm3Ho nopisHioe: 170...230 HB, 230...330 HB,
330...400 HB Ta 430...580 HB.

B ymoBax 0e3nepepBHOTO MOBUTHHOTO OXOJNIOKEHHS Iepexif cTami 3
AyCTEHITHOTO CTaHy BiZOyBa€ThCS 3a BIMHOCHO HEBHCOKHX CTYIICHIB
MIepPeoXoNIoKeHHs. BOHO Mae Micie mpH TepMIYHHX OIepamisix ITOBHOTO
Bimnmamy i HopMmamizamii. [Ipy HOpMmamizamii TOEBTEKTOIqHY CTalh TaKOXK
HarpiBatoTe Ha 30...50 °C Buie BiJ TOUkd Acj 1 MiCIs BUTPUMYBaHH:,
OXOIIOIDKYIOTh Ha TOBITpi (muB. puc. 7.17, 0, xpuBa 2). IIpuckopere,
MOPIBHSHO 3 TMOBHHUM BIJITaJIOM, OXOJOKCHHS BUKIHMKAE JEMo OiibIie
MIEPEOXONIO/PKEHHS ayCTeHITy. ToMy IpH HOpMalli3amii OTpUMYIOTh OLIbII
TOHKY OyZOBY €BTEKTOImy, IpiOHIIIEe eBTEKTOiIHE 3EpHO, YaCTKOBO
MIPUTHIYY€ETHCS BUIIICHHS HAIUTHIIKOBOI (a3u (pepuTy y IJOeBTEKTOINHIH
CTaJIi Y BTOPUHHOTO IIEMEHTHTY y 3a€BTEKTOINHIN cTani). OTXe, TBepIiCTh
1 MIIHICTE MicTI HOpMaTizamii OyayTh Jemro OLTBIIMMU, IOPIBHSHO i3 IUMH
XapaKTepUCTUKAMH, IICIsI TIOBHOTO BiAmany. AJle BiIMiHHICTh BIaCTHBOC-
Tell cTaji B IMX JBOX BUIAIKaX 3alIe)KUTh BiA ckimaay craii. Hanpukian,
TBepHicTh ctaneH, mo wmictare 0,20...0,45 ta 0,80 % C, micns moBHOTO
Binnairy mopisHIoe BinmoinHo 120, 160 Ta 180 HB, a micist HopMadmizarmii —
130, 190 i 240 HB. Tomy HOpMaJi3aIlifo OIMPOKO 3aCTOCOBYIOTH 3aMiCTh
MIOBHOTO BiJlIaTy 10 HU3bKOBYIJICLIEBUX CTaJICH JUISl IX ITOM SIKIICHHS Hepe
00pobKoro pizaHHsIM. HopMmairizamito 3acTOCOBYIOTh TaKOX 3aMICTh Bimairy
JUTA YCYHEHHS Ae(EeKTiB CTaii, M0 BUHUKAIOTH MPH Tapsdid gedopmarii i
TepMiuHIA 00poOILi: KPyITHO3EpHUCTICTh, BiAMAHIITETTOBAa CTPYKTYpa,
CTPOKATICTh. Y 3aeBTEKTOINHINA CTaji HOpMalizalis ycyBae rpyOy cCiTKy
BTOpHHHOTO IIeMeHTHTY. [Ipn HarpiBanHi 3aeBTekToinHOI ctam Ha 30...50 °C
BUIE BiX TOYKH Ac,, BTOPHHHHH IEMEHTHUT DO3UHHSETHCS, 1 MpH
HACTYITHOMY MPHCKOPEHOMY OXOJIOJDKEHHI Ha TOBITpI BIH HE BCTHUTAE
YTBOPHTH TpyOy CiTKy, fKa 3HIDKY€ MEXaHIYHI BJIACTHUBOCTI CTali.
Hopwmarizariss Takox MOJIMIIY€E CTPYKTYpy CTaji mepen ii rapTyBaHHIM —
TIPH MTOJANTBIIIOMY HAarpiBaHHI CTalli i TapTyBaHHS MTOJIETITYETHCS IIIBHIIKE
YTBOPEHHS TOMOTEHHOTO ayCTEHITY.

HenoBHuii Biaman BiApi3HAETbCA BiX IMOBHOTO HArpiBaHHS CTalli 1O
HIDKYOI TeMIepaTypu (Lo BUILE BiJl TOUKU Ac;), HOro 3aCTOCOBYIOTb AJIs
TIOJINIIEHHST 00pOOKH pi3aHHAM NOeBTeKTOinHOI cTaii. [Ipu X HemoBHOMY
BiAmani BimOyBaeThCsS MEpEeKPHUCTANi3allisd JHUIIEe MEepliTHOI CKIaJ0BOI
CTPYKTYpH, TOHI SK HETIOBHUH BiAIan 3aeBTEKTOIMHOI CTali CIPUYUHIOE

MPAKTUYHO TOBHY ii MEPEeKPHCTANI3AMII0 1 JO3BOJISE OTPUMATH 3EPHUCTY
(cdepoimanbHy) hopMy HEMEHTUTY y MEPIITi 3aMiCTh TUIACTHHYACTO].

Cdepoimusyrounii Bigman eBTEKTOINHOI Ta 3aE€BTEKTOITHOI CTayei
CKJIAJIA€ThCs 3 HArpiBaHHA 10 TeMIIepaTypu, IEL0 BUIIOI BiJ Touku Acj,
TPHUBAJIOTO BUTPUMYBaHH:, MOBLIEHOTO oxonomkeHHs (30...40 °C/rox) mo
600 °C i gani Ha TOBITPI, a00 IUKJIIYHOTO HaraTopa3oBOTO HATPIBAHHS BHIIE
BiJl TOYKM Ac; 1 OXONOMKeHHA HHXK4Ye Bin Touku Ar;. Ilpu npomy
BiOyBa€ThCA YCYHEHHS IUTACTHHYACTOTO TIEPIIITY Ta CITKH HEMEHTHUTY,
YTBOPIOETHCS KiHIIEBa CTPYKTypa GepuTy Ta 3epHHUCTOro HeMeHTHTy. Cdepoi-
Iu3amiro KapOimiB 3miHCHIOIOTH IS MiABHINEHHS OOpPOOKHM pi3aHHSAM
BHCOKOBYTJICIEBUX 1HCTPYMEHTAJIBHHUX CTaJeH, MiABHUIIEHHS IIACTUYHOCTI
MaJIo- 1 CepeAHBOBYIVICHIEBUX CTaJeH Iepe] XOMOAHUM IITAMITyBaHHIM 1
BOJIOYiHHSIM.

[3oTepmiuHMit BiAmam 3acTOCOBYIOTH IS CKOPOYEHHS TPHUBAJOCTI
BiJIairy Ipokatry abo 3aroTOBOK JIETOBAHUX CTaJel MicIsl KyBaHHS. Pexxum
130TEpMIYHOTO BiINaNy CKIAAa€Tbcs 3 HArpiBaHHSA HpPH TeMIleparypi
30... 50 °C Buuie BiJ ToukH Acy (U1 1OEBTEKTOIAHUX cTajieill) 1 BUILE Bil
TouoK Ac; abo Ac,, (111 3aeBTEKTOINHUX) BUTPUMYBaHH:, IIPUCKOPEHOIO
oxoJomKkeHHs 1o Temmieparypu 650...680 °C, BuTpuMyBaHH 32 Li€i TemIepa-
TYpH [0 MOBHOTO PO3Maay IEPEOXOJIOMKEHOTI0 ayCTEHITy Ha (hepuTo-Kap-
0iTHY CyMIIII Ta MOAAIBIIOTO OXOJIOMKEHHS Ha ToBiTpi. KiHIeBa cTpykrypa —
mIacTHHYAcTHH mepiit i ¢epur (y 3aeBTEKTOINHIA CTami — MepiT i
IIEMCHTHT).

CxeMu pexuMiB Bimnairy (TTOBHOTO, CHEpOinu3yI0Uu0ro, i30TepMIdHOTO)
HaBeJeHO Ha puc.7.18.
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Puc. 7.18. Cxemu pexxHMiB BiJmaiy: a — HOBHOTO; 6 — chepoimu3youoro;
B — 130TEpMIYHOTO
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7.9.3. l'apTyBaHH i3 moJiMop(pHIM mepeTBOPeHHM i Bignmyck craJi

lapryBanHs 13 TOTIMOPGHUM TEPETBOPEHHSIM 3BOJUTHCS 10
HarpiBaHHs BHIIE BiJ TOUKU Acz (UL JOEBTEKTOINHOI cTali), abo Bim Ac;
(1 3a€BTEKTOINHOT CTasll), BATPUMYBAHHS 1 OXOJO/PKEHHS 31 MIBUAKICTIO,
IO MepeBepIIye KPUTHUHY 1 3a0e3neuye OfepKaHHS MEPEeBaKHO MapTCH-
cuTHOI (200 TPOCTOMAPTEHCUTHOI) CTPYKTYpU. Kpumuunorw weuokicmio
2apmyeantsi HA3UBAIOTh MIHIMAlbHY MIBHJIKICTH OXOJIOUKEHHS, HEOOXiIHY
JUTS PO3Majy ayCTEHITY B IHTEpBaJi MAPTEHCUTHOTO MIEPETBOPCHHS.

MapTeHcHuTHEe TIepeTBOPEHHS BimOyBaeThes Oe3audy3iitHMM mUIsIXOoM,
OCKIUJIBKHM ayCTEHIT 0 MOMEHTY Y— (¢ TIEPETBOPEHHS MEPEOXONIOMKYIOTh 3
TAaKOI0 IIBHUJKICTIO, IO AUQY3is BYIVICHIO INPAKTUYHO BHUKIIOUEHA.
BHacniiok MIBUAKICHOTO OXOJIOJDKEHHS BiJ| TeMIepaTryp aycTeHisamii,
BYIVIEIb, 3AJIUIIAIOYNCH y TBEPAOMY PO3UMHI, CIIPUYMHIOE BUKPHUBICHHS
HOTO KPHCTATIUYHOI "paTKu. YTBOPIOETHCS MEPECHUCHUN TBEpAWN pPO3UNH
BYIVIEIIO B (-—3aJ1i31 — MapmeHcum.

IlepeTBOpeHHS ayCTEHITY Ha MapTCHCUT TMPH  OXOJIOMKEHHI
MTOYMHAETHCS 3 TIEBHOI, YITKO BH3HAYECHOI JIs1 KOXKHOI CTaJIi TeMIiepaTypH —
TEMIIEpaTypd IOY4aTKy MAapTeHCUTHOIo IepeTBopeHHs (My). Bona
3aJIOKUTh HE BiJ| MIBHJIKOCTI OXOJIO/KEHHS, a 3HAYHOIO MIpOO BiJl BMICTY
BYIVICIO 1 JIETYIOUMX eJieMeHTiB y crami. Tak, mig craied 3 0,4 % C
teMmneparypa My nopissioe 380 °C, 3 0,6 % C —300 °C, 0,8 % C — 230 °C,
31% C-190°C.

3akiHuy€ThCA MApTECHCUTHE IIEPETBOPEHHS IpHU TeMmeparypi My, 1o
MaJIO 3aJIe)KUTh BiJ BMICTY BYIJICIHIO 1 y OUIBIIOCTI BUMAAKIB 3HAXOMUTHCS
HIOKYe 32 KiMHATHY. [lJ11 TOEBTEKTOiMHOI 1 3a€BTEKTOIAHOI cTajei BOHA
nopiBHIOE Onm3bko Minyc 100 °C.

IIpu Ttemneparypi My, KOIM YTBOPIOIOTbCS MEpHIl KPHCTaIH
MapTeHCHUTY (31 IBHUIKICTIO OIM3bKO 1 KM/C), IEPETBOPEHHS JINILIE TIOYHHA-
eTbes. s mponoBKeHHS Iporecy HeoOXinHe Oe3nepepBHE OXONOIKEHHS
cTaii B iHTepBani Temneparyp My — M. SIKIo 0X0I0MKeHHs IPUNUHUTH,
TO MapTEHCHUTHE NEPETBOPEHHS TAKOXK 3YMHUHSETHCS. Y CTPYKTYpI cTalli, /e
OCHOBOIO € MAapTEHCHT, 3HAXOIUTHCS HEBEIMKA KUIBKICTh 3aJIUIIKOBOTO
aycTeHiTy. UuM HMKYOI0 € Touka My, TUM Oliblla KilbKICTh ayCTEHITY
3aJIMIIAETBCS MicHs rapTyBaHHA. 3araproBana ctanb 3 0,7 % C micTuTh
6:113bK0 5...7 % 3aJMIIKOBOTO aycTeHiTy, a ctanb 3 1 % C — 10...15 %.

3aJe’KHO BijJ TEMIIEpaTypy HarpiBaHHS PO3PI3HSIOTH IIOBHE i HEMOBHE
rapryBaHHs. [Ipyn noBHOMY rapTyBaHHI, IKOMY IiJIIaI0Th JIMIIE JTOEBTEKTO-
inni crami, crans HarpiBaroTe Ha 30...50 °C Buue 3a Ac; (Buie Bif JIiHIT

3aj1130 Ta HOro CIIaBU 235

GS Ha puc. 7.19) mansg oTpuMaHHSA BUXIOHOI CTPYKTYpH aycTeHity. Jms
HEMOBHOTO TapTyBaHHsS [OCBTEKTOIJHY CTallb HArpiBalOTh B iHTEpBali
temneparyp Ac; — Acz (mo 760...780 °C). HenoBHoMy rapTyBaHHIO, sK
TIPaBHJIO, MiANAIOTh 3a€BTEKTOINHI cTami. BuxigHa cTpyKTypa mpH oMy —
aycTeHIT 3 meMmeHTHTOM. OcTaHHIN 30epirae€TeCs B CTPYKTYpi Micis
rapTyBaHHSA, CIIpUS€ TMiJBHIIEHHIO TBEPAOCTI Ta 3HOCOCTIHKOCTI
3arapToBaHOi BHCOKOByIieneBoi crami. ms 3abe3nmedeHHS MOTPiOHOI
IIBUIKOCTI OXOJIOJPKEHHSI BHKOPHUCTOBYIOTH Pi3HI TapTiBHI CepeoBHUINA
(BOmy, Macio, po34HH OPTaHIYHMX CHOIYK TOMIO). 3aJeKHO Bif CIIOCOOy
OXOJIOMKEHHSI PO3PI3HSIOTh TapTyBaHHS 3 OE3MEPEpPBHUM OXOJIOKEHHSM,
CTyIICHEBE, 130TepMiUHE, IEPEPUBIACTE TOIIIO.

t,'c
1200 ¢ AYCTEHIT
F
1100
IHTEpBan TemnepaTyp
1000 rapTyBaHHA A+
900
800 ]
A 727°C v
700 S
/ @+ i mn+ Ll
@ C,%
0.2 0.6 1 1.4 1.8 2.2 2.6

Puc. 7.19. TemneparypHuii iHTepBaj HarpiBaHHS ByIJICLIEBUX CTasei
17 TapTyBaHHs

3araproBaHa CTallb MIiCISI OXOJOMKEHHS 3HAXOAUTHCA y CTPYKTYPHO
HaIpy>XCHOMY CTaHi, € TBEPAOIO, (TIPH IBOMY ii TBEPIICTh 3aJICKHUTH BiJ
BMICTY BYIJICITIO Y MAPTEHCHTI) Ta KPUXKOF0. J[JIs1 3MEHIIICHHST KPIXKOCTI Ta
HalpyXeHb, CIPUYMHEHUX TapTyBaHHSIM, IEPEBEACHHS HE3PiBHOBa)KHOI
CTPYKTYpH 3arapToBaHO{ CTali y PiBHOBa)XHUH CTaH 1 HAJaHHS MOTPIOHUX
BIIACTMBOCTEH (MiIBHINCHHS B SA3KOCTI, IUIACTUYHOCTI, 3MCHIICHHS
TBEPIOCTI), CTaJb MiCIs TapTyBaHHSI 000B S3KOBO MiIIAIOTh BiAIYCKY.

Bionyck — HarpiBaHHS 3arapTOBaHOI CTali 0 MEBHOI TeMIeparypu
(umwkue Bin Ac;), BUTpUMYyBaHHs ii Ipu Lil TeMIiepaTypi i3 HaCTyIHUM
OXOJIOIDKEHHSIM 110 KiMHATHOI TeMIeparypu. 3alle)XHO BiJ TeMIeparypu
HarpiBaHHS PO3PI3HAIOTh HU3BKUH, CEPEHil i BHCOKHH BiIITyCK.

Husbxuii gionyck 3piicHIOOTh pu Temneparypax 120...250 °C mis
3MEHIIIEHHS BHYTPIIIHIX HAaNpyXeHb y cTaii. [Ipu 1ipoMy TeTparoHaIbHAN
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MapTeHCUT TapTyBaHHS IEPETBOPIOETHCS HA MAapTEHCUT BIIIYCKY
(xyOiunwmit), nemo 3umxyersest TBepaicth (HRC=58...62 nporu 62...64
TiCII TapTyBaHHS) 1 KpUXKicTh. HU3pKOMY BiAITyCKY MiANAIOTh pi3aiibHI Ta
BHUMIpIOBAIbHI IHCTPYMEHTH 3 BYIJIEHEBUX 1 JIETOBAaHMX CTaled TMicis
rapTyBaHHs, a TakoK BUPOOHM MiCis UEeMEHTYBaHHS (IIOBEPXHEBOIO
HACWYCHHS CTalli ByIJIEIIEM MpPH XIMIKO-TepMiuHili 00pobii). CepeodHiti
sionyck mpoBoaaTh mpu Temmeparypax 300...450 °C, B upoMy iHTepBai
TEeMIEpaTyp 3aJIMIIKOBHH ayCTEHIT PO3MAJAEThCsl, MAPTCHCHT 3HAYHOIO
Mipoto  30iIHIOETBCS BYIVIELIEM, YTBOPIOIOTHCS IyXe JpiOHI KapOimHi
YaCTHHKH LIeMEeHTHTY chepuunoi ¢opmu. JucnepcHy 3epHUCTY (hepHTO-
KapOiJHy CyMilll, II0 YTBOPIOETBCA MpPH TEMIIEpaTypax CEpeaHbOTO
BIJIIIYCKY, HA3UBAIOTh mpoocmumom eionycky. CepenHii Biamyck 3a0e3re-
4gye BUCOKY B SI3KICTP Ta MPYKHICTB CTall, 3HIKY€E TBepaicTh 1o 40...45 HRC.
3acTOCOBYETBCS BiH JUIsl TAKUX JETAJICH, K IIPYKUHHU, PECOPH, IITAMITH TOILO.

Bucoxuii sionyck (mpu 450...680 °C) 3Ha4HO 3HWXKYE TBEPIICTH CTaJi
(mo 20...30 HRC), 3HmXKye TrpaHMII0 MIIHOCTI CTajl NPH PO3TATaHHI,
TPaHHUIIO TEKYYOCTI, MiIBUILYE IJIACTHYHICTh Ta YIapHy B s3kicTh. [Tix yac
BUTPUMYBAaHHsS CTaji B iHTepBaJl TEMIIepaTyp BHCOKOTO BiIITyCKY
30UIBIIYETHCS PO3MIP 1 NIPOXOAUTH chepoinu3alis AUCIEePCHUX KapOiIHUX
YaCTHUHOK, 3pOCTae (hepuTHE 3epHO. 3ePHUCTY (HEPUTO-IIEMEHTHTHY CYMIII,
CTPYKTYpY, IO TIPH IbOMY YTBOPIOETHCS, HA3UBAIOTh COPOIMom GiOnycKy.
Bucokwuii BilycK 3aCTOCOBYIOTH JJIsi OOpOOKH JeTaneil 3 ByIIENeBUX 1
JIETOBAHUX CTaJled, SKi MOBHHHI 33I0BOJBHITH BUCOKI BUMOTH JI0 TPaHUII
BUTPHUBAJIOCTI, yAapHOi B S3KOCTi, MaTH HAMJIIIIIEe CITiBBIIHOIICHHS
MIITHOCTI Ta B'SA3KOCTi CTali (Bajd, OCi, €MEMEHTH KPIIUIEHHS TOIIO).
Tepmiuny 00poOKy, 110 CKIIANAETHCSI 3 TApPTYBaHHS Ta BUCOKOTO BiJIITYCKY
Ha3HUBAIOTh NONINUIEHHAM.

7.9.4. TapryBanHs 6e3 M10JiMOP(HOrO NMepeTBOPEHHS Ta CTAPiHHA
cIJIaBiB

lapryBanHs 6e3 MoTiMOP(HHOTO ITEPETBOPEHHS CKIIAIAE€THCS 13 HAarpiBaHHS
CIUIABIB JI0 TEMIEPaTypH PO3YMHEHHSI Ha/UTMIIKOBUX (a3 (omHO(a3HOT obmacTi
ICHYBaHHS TBEpJIOTO PO3YMHY Ha Jliarpami CTaHy), BATPUMYBAHHS 1 LIBUJIKOTO
OXOJIOIDKCHHS, sike (PiKCye TepecHueHWi TBEpAWMA PO3YMH TPH KiMHATHIM
TEeMIIepaTypi Ta Mornepe/pKae BUIUICHHS TIPY OXOJIOIKEHH] HaUTHIIIKOBHX (ha3.
Takxy 00poOKy BUKOPHCTOBYIOT IS OZICpKaHH:I HiCIIs TapTyBaHHS TOMOTEHHOT
CTPYKTYpH — IIEPECUUECHOTO TBEPJOTO PO3UHHY, KpUCTATIYHA "PaTKa SKOTO MpH
OXOJIOJDKEHHI HE 3MIHIOETHCSL.

TapryBanHs 0e3 MOJIMOP(HOIo MepeTBOPEHHs OYJI0 3aIIPOBAIKEHO HA
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modatky XX CT., HOr0 MPOMHCIOBE BHUKOPHUCTAaHHS OyJIO pPO3MOYaTo
OJTHOYACHO 13 3aCTOCYBaHHSIM OypallfoMiHy B aBiaOymysanHi. 3 20 — 30-x
pokiB XX cT. rapTyBaHHA 0€3 MOIIMOP(HOTO MepeTBOPEHHS i3 HACTYITHUM
CTapiHHSAM CTaJ0 OCHOBHHM CIIOCOOOM 3MIIIHEHHS CIDIaBiB Ha OCHOBI
KOIBOpOBUX MeTauiB. Llei croci® "pyHTyeThCsa Ha 3MiHI pOSYMHHOCTI a3 y
TBEpIOMY pO3YMHI TpPH HArpiBaHHI (OXOJOMKCHHI) aHOTO CILIABY.
3MinHIOBaTbHA TepMidyHa 00poOKa KONBOPOBHX CIUIABIB rapTyBaHHIM 0e3
TTOJIIMOP(HOTO MEPETBOPECHHS CKIIAAETHCS 13 HATPiBaHHS O TeMIepaTypu
rapryBafs 7,,,, (puc. 7.20), po3unHeHHs B-tasu y marpuuniit o~ ¢asi,
BUTPUMYBaHHS 1pH T,,,, 1 HACTYIHOrO UIBUIKOIO OXONOKCHHS.
Braciiiok mporo y TBEpAOMY pO3UHHI (BiKCYETBCS eIeMeHT B y KilbKocTi,
mo Bignosinae temmneparypi Iy (Touka n). Takuil TBepaui po3uuH €
MepecHICHNM TpU KiMHATHIH TeMIlepaTypi, OCKUIBKH HOTO piBHOBa)kKHA
KOHIIEHTpAIlis Biamosimae Toumi . V pe3ynsrari HACTYITHOTO MPHUPOIHOTO
(pu KiMHATHIH TemriepaTypi) a00 MTY9IHOTO (TIPH HEBUCOKOMY HarpiBaHHI)
CTapiHHSA 3 MAaTPUYHOI O—(pa3u BUAUISIOTHCS OUCIEPCHI BKIIOYCHHS
XiMiYHOT CHONYKH, IO MICTHUTh €IEeMEHT B, 3aBOJKH YOMY CIUIaB
3MIOHIOEThCA. [Ipu rapTyBaHHI 0e3 mMoIiMOpPGHOTO MEePEeTBOPEHHS CIUIABIB,
o 1e(hOpMYIOTHCS, HANTUIIOBIIIIAM € BUIAOK IiABUICHHS MIIIHOCTI TIpH
30epeXeHHI TOCUTh BENUKOI IIACTUYHOCTI, SK II€ CIIOCTEPIraeThcs HpH
TepMidHIA 00poOIIi mypamoMiny. [Ipu rapTyBaHHI JIUBapHUX KOIBOPOBHX
CIUIaBiB iX MIIHICTH 1 IDIACTUYHICTh 3BUYAWHO 3POCTAIOTH MOPIBHSIHO i3
JUTUM CTaHOM, IO CHPUYMHEHO PO3YMHEHHSAM 1 MEpexXoioM y TBEpAMH
PO3YMH TpW HArpiBaHHI MiJ TapTyBaHHSA BITHOCHO KPYITHUX YACTHHOK
HATUIIKOBHX (a3.

OTxe, OCHOBHE TIpWU3HAYEHHsS TapTyBaHHA 0e3 moxiMopdHOro
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Puc. 7.20. Cxema rapryBanHs 6e3 1oiniMop(HOro NepeTBOPEHHS
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MEPETBOPEHHS] — MIArOTOBKA CIUIaBY A0 cTapiHHA. ['apTyBaHHS NEsIKHX
cruiaBiB (OepririeBa OpoH3a, HEpKaBitoua CTaIh) BUKOPUCTOBYIOTh TAKOXK K
MIPOMIXKHY TTOM'SIKITyBaJIbHY OOpOOKY (3aMICTh BiAmay) mepes XOJOTHUM
IUTACTUYHUM JepopMmyBaHHAM. OqHO(DA3HIUNA CIIIAB MiCHsI TAPTYBAHHSI MOXKE
MaTH 3HaYHO OiBINY IUTACTHYHICTH Ta OLIBII BHCOKY KOpPO3iiHY CTIHKiCTh
TIOPIBHSHO 13 CTAHOM IIICIIS CTapiHHS.

7.9.5. OcobsmBocTi TepMivHOI 00pP0OOKH YaBYHIB

TepmiuHa 00poOKa YaBYHIB CHpuse 3MEHIICHHIO BHYTPIIIHIX HAmpy-
JKCHb Y BHIJIMBKaX, OTPUMAaHHIO CTaOLTBHOI CTPYKTYpH 1 PO3MIpiB, MiABH-
IICHHIO TBEPAOCTI Ta CTIHKOCTI MPOTH CHpAaIlbOBYBaHHS criocobamu
rapTyBaHHA W BiIIyCKy, HajJiae 4aByHY (OiTOMY) MiZBHINEHOI MIITHOCTI i
IUTACTUYHOCTI BiJIAJIOM.

Crienn¢ivyHUMH TIpoLecaMH TEPMidHOT 00pOOKH YaByHIB € rpadiTnza-
1is, TOOTO PO3KIAAAHHS EMEHTUTY JUIS 3MEHIIEHHS KiUTBKOCTI 3B'sI3aHOTO
BYIJICIIO; PO3YMHEHHS rpadity i 30aradeHHS BYIVICIEM ayCTEHITY, IO
3YMOBIIIO€ 30UTBIICHHS KUTBKOCTI TIEPITITY B CTPYKTYPi YaBYHY.

OpHiero 13 ocobnuBoCTe TepMiuHOI 0OPOOKH YaByHY, Ha BiIMIHY Bif
CTalli, € HEOOXiTHICTh OUTBII CYBOPO BPaXOBYBAaTH CTPYKTYPHHH CTaH i
BJIACTUBOCTI BHXI/IHOTO YaBYyHY.

HarpiBatu 1 oxomomxyBaTH BHPOOM i3 YaBYHY CIIJT 3 TaKolO
IIBUIKICTIO, sika O 3amobiraiia YTBOPEHHIO TPIMUH i Aedopmariit. s
BHPOOIB BETUKOTO Iepepi3y i CKIagHOI (POPMH PEKOMEHAYIOTh 3MEHIITYBaTH
IIBUJIKICTh HATPiBaHHS 1 OXOJIOJKEHHS, OCOOIHMBO B IHTEPBAJ TeMIeparyp
npy>Horo crady (Bin kimHarHoi no 500 °C). TpuBanicts HarpiBaHHS Ta
BHUTPUMYBAaHHS BHPOOIB CIiJl BH3HAYATH 3 ypaxyBaHHIM TUQPY3IHHHX
mporeciB i (a30BHX MEPETBOPEHh B 00JACTI BHCOKHX TEMIIEpaTyp.
HanMmipna TpuBamicTh HarpiBaHHS HPU3BOAWTH 1O PO3MAAy METaJeBOI
OCHOBH 1 HOTIPIIEHHS MEXaHIYHHUX BJIACTHBOCTEH YaBYHY.

OcHOBHMMH BuaaMu oOpoOKHW €: BiAman, HOpMaii3amis, rapTyBaHHS
(o0'eMHe 1 MOBEpXHEBE), BIAITYCK.

Bionan nusvxomemnepamypnui (500...600 °C), abo mTyuHe cTapiHHA
TpuBaiicTio 1...8 rom, 3ailicHror0TE IoBUTEHIM HarpiBaHesM (70 ...100 °C/rom)
1 MOBUILHUM OXONOmKeHHsAM 13 mivdto (20...50 °C/rom) mo 250 °C i3
MOJANBIINM OXOJIO[UKEHHSIM BHIJIMBKIB Ha moOBiTpi. Takuil pexum
BHUKOPUCTOBYIOTh JUIS 3MEHIIEHHS a00 3HATTA Halpy>KEeHb, 3aro0iraHHs
nedopmarisaM i TPIIPHOYTBOPSHHIO ITiJT Yac MEXaHiYHOT 00POOKH BUIIHBKIB
Ta iX eKCIuTyararii.

Bionan cepeonvomemnepamypruii (680...750 °C) epagimuzyrouuii Ta
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sionan sucokomemnepamypruti (850...950 °C) 3aCTOCOBYIOTH ISl 3MEHIIICHHS
TBEPIOCTi, TIOMIIMIIEHHS 00pOOIIFOBaHOCTI; TpUBaNicTh BuTpuMKH 0,5...5 Toxm,
TIOBiJTFHE HAarpiBaHHS i oxonomkeHHs 10 250 °C 3 mivuro, 1aji — Ha TOBITpi.

Hopmanizayis Bim temmeparyp 850-950 °C 3acTocoByeThcs mis
ITiIBUIICHHS TBEPAOCTI, MIITHOCTI, CTIHKOCTI BUPOOIB IIPOTH CIIPAI[bOBYBaHHI.

T'apmyeanus Bixg temneparyp 850 — 930 °C i3 OXONOMKEHHSAM Yy BOII
ab6o macmi Ta BuTpuMKowo 0,5...3 TOA 3aCTOCOBYIOTH JUIA ITiJBUIIECHHSI
TBEPIOCTI, MIITHOCTI, CTIHKOCTI BUPOOIB MIPOTH 3HOIITYBAHHSI.

I3omepmiune eapmysanna BUPOOIB 3 4YaByHY IepeBakae TpaIWIidHI
BHIM TEPMI4HOI OOpOOKHM y MiABHINEHHI TBEPAOCTI, CTIHKOCTI TMPOTH
3HONIYBAaHHS, OHAK YCKIaIHIOE 00pOOKY pizaHHAM. [30TepMidHe rapTyBaH-
HA YaBYHY 3BOAHUTHCA IO AayCTEHi3allil Ta HACTYIHOTO i30TEPMIiYHOTO
po3many aycTeHiTy B MpoMixkHiH obmacti C—oniOHO1 JiarpaMu 3 yTBOpPEH-
HSM TIEPEBAXHO CTPYKTypU OCiHITY. Y HeNeroBaHHX YaByHaX OCHHITHY
CTPYKTypy MOXHA OTPHMATH IPH TOBIIWHI CTiHKK BimmmBka 20...25 MM.
YapyH s OinbIn TOBCTHX Iepepi3iB (Oimpm Hix 30 MM) HOBHHEH OyTH
JIETOBaHUM, MIO0 MIIBUIMUTH CTIHKICTh MEPEOXOJIOKEHOTO ayCTeHITY 1 He
JIOITyCKATH MEePITiTHOTO IIePETBOPEHHS. [30TepMidHe TapTyBaHHS BHCOKOMIII-
HOTO 4YaBYyHY 3IiHCHIOIOTH 3a pexxuMoM: HarpiBaHHs m0 850...880 °C,
purpuMyBaHHs 30...45 XB, NEpeHECEHHA IO BaHHU 3 TEMIIEPATypOIO
300...350 °C, ButpumyBaHHS 60 XB, OXONOMKEHHA Ha moBiTpi. Takwit
peXuM 00pOOKH JIETOBAHOTO BICOKOMIITHOTO YaByHY JO3BOJISIE ONEPKYBATH
0,=1500 MIIa, 6=5,6 %, HV=460.

Ilosepxnese eapmyeannsi BUKOHYIOTh IIpH IIBHJIKOMY HarpiBaHHI
MMOBEpXHI YaBYHHOTO BmimBKa 1m0 Temmeparypu 840...950 °C rasoBum
MOJTyM'sIM, CTPYMaMH BHCOKOI YacTOTH TOILIO 1 OXOJODKEHHSM y BOAL 4n
macii. Taka oOpoOka 3abe3medye MiABHINEHHS TBEPAOCTI YaBYHY IO 55
HRC Ta crifikocTi IpoTH 3HOITYBaHHS.

Bionyck micns rapTyBaHHS 3aCTOCOBYIOTH JJISI YCYHEHHS TEPMidHIX
HaTIPYy>XCHb, IiJBUIIECHHS B'S3KOCTI 1 ITTacTUIHOCTI. Temreparypu BiIITycKy,
3aNIe)KHO Bif MOTPiOHOI TBepmocTi, ctaHOBIATE 250...600 °C, TpuBamicTs
BUTPHUMKH TIPH Bigmycky 1...3 rom.

A3omyeanns 4aBYHHHX BWJIMBOK 3 BHOUIECHOIO IOBEPXHEIO TO3BOJISIE
M IBUIIUTH TTOBEPXHEBY TBepAicTs BupobiB 1o 600...1000 HB, mpu upomy
TaKOXX 3POCTAaE CTIMKICTh MPOTH 3HOITYBAaHHS Ta KOpO3iifHA CTiHKicTh. s
IBOTO BHKOPUCTOBYIOTH cCipi waByHwm, seroBaHi Cr, Ni, Mo, a Takox
BHUCOKOMIITHHUH 9aByH. A30TyBaHHS 3[iHCHIOIOTH IpH Temreparypi 560 °Cy
ToTOMi amiaky, TpuBamicTs mpouecy 50...70 rox. s HamaHHI MeTaleBii
OCHOBI YaBYHY BHCOKHX MEXaHIYHHX BJIACTUBOCTEH, BUPOOH TOMEPETHBO
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MiIAAI0Th Biamany ans po3naxy neMeHTuTy npu 950...1000 °C mpotsirom
4...12 rom, micma mporo rapryioTs Bim 800...850 °C y wmacmi 3
KOpOTKOYacHUM BiamyckoM mpu 600 °C.

3aCTOCOBYIOTH TaKOX U 1HII BHIH XiMiKO-TEpMIiYHOI OOpOOKH YaBYHIB —
aNiTYyBaHHA (HACHYEHHS aJIFOMIHIEM) Ta XpPOMYBaHHS 3 METOO IIiIBHIICHHSI
JKAPOCTIHKOCTI 1 AHTHUKOPO3IMHMX BIACTHUBOCTEH dYaByHiB. CHITimitOBaHHS
BHpPOOIB 3 YaByHY MiIBHUIIYE TXHIO KUCTIOTOCTIHKICTD 1 TBEPIICTb.

Po3aia 8

MIIb TA CINIABHU HA 11 OCHOBI

8.1. Minap, ii BI1acTuBOCTI

Mine HalneXHUTh JO BaXKUX MeETaliB i3 TyctuHOKO §,94 r/cm3,
temnieparypoto miasieHHs 1083 °C i remneparyporo kuminas 2360 °C. 3a
SJIEKTPOIPOBIAHICTIO Minb 3aiiMae Apyre Micie micis cpibma i Tomy €
OCHOBHHM MarepiajoM i1 mpoBigHUKIB. Jdomimku ¢ocdopy, KpeMmHiro,
3ali3a, CypMH 1 K0OalbTy 3HIKYIOTh €NEKTPOIPOBINHICTD Mimi. Minb, sk i
iami meranu 3 [LK-cTpykTyporo, Mae HEBEIHWKY MIIHICTh 1 BHCOKY
mnactuaHicts (0, — 200 Mlla, 0y, — 50 MIla, 6 — 35 %.). Ximiuna
AKTUBHICTB MiJli TOPIBHAHO HEBeJMKa. PO3BeCHI COJsHA 1 cipdaHa KHCIOTH
Ha MiJb IPAaKTUYHO HE BIUIMBAIOTH. Y BOJOTOMY IOBITpPi pOXKEBO-4E€PBOHA
Miib ThMsHIE uepe3 yTBOpeHHs Ha ii moBepxHi 3akucy mini Cu,O. 3a
XapaKTepOM B3a€MOIT 13 MiIII0 JOMIIIKA MOMIISIOTh Ha TPH TPYIIH.

Jlo nepwioi TpyTIu HaJIe)KaTh METANN, PO3YMHHI y TBepiit miai (Al, Zn,
Fe, Ni, Ag, Cd, Sb), 1o icTOTHO He BIUTUBAIOTH Ha BIACTHBOCTI TEXHIYHOI
Mizi.

Jlo Opyeoi’ — mOMIIIKH, MPaKTUYHO HEpo3uMHHI y TBepaiit mimi (Bi, Pb).
BoHu HeraTwBHO BIUIMBAIOTH HA MEXaHIYHI i TEXHOJIOTIYHI BIACTHBOCTI
Mmigi. ¥ cucremi Cu—Bi yTBOpro€eThes JIerkoriaBka eBTekTuka (¢,,=270 °C),
10 CKJIaJIA€ThCS 3 TIPAKTUYHO YHCTOTO BICMYTY, BUIUJICHHS SIKOTO 110 MEKax
3epeH MPHU3BOAATH IO YEPBOHOJIAMKOCTI MiJli Ta CIIIaBiB Ha i OCHOBI.

CBuHenb 3 MIAMI0 Jae MOHOTEKTHYHE mepeTBopeHHs npu 953 °C i
eBrekTHyHE — IpH 326 °C. EBrexTnka 3a ckianom (99,94 % Pb) npakrudno
30iraeThCs i3 YUCTUM CBHHIIEM 1 BUALTSAETHCS 110 TPAHUIIX 3epeH. CBUHEID
HE CIpUSIE XOIOJHOIAMKOCTI Mii 1 ii CIUIaBiB, OCKIIBKY BiH IUIACTHYHHMA,
ajie yepe3 HU3bKY TOYKY IUIABJICHHS CBTEKTHKH, CHPHUYMHIOE YE€PBOHOIAM-
Kicte. Pazom i3 TuUM, cBHHeUp Moyermye oOpoOKy MITHUX CILIABiB
pizaHHAIM.

Jlo mpemwboi TPyTIN €IEMEHTIB BITHOCATH TOMIIIKH, IO YTBOPIOKOTH 13
Minmro ximiuni cnonyku (P, O,, S, Te Ta in.).

Po3unHHICTS KHUCHIO Y Mifi He3HauHa 1 craHOBUTH Jume 0,011 % npu
temrieparypi 1065 °C, ToMy npu HU3BKiM KOHLIEHTpamii KHCHIO y MeTali
3'sBisAeThes eBTekTuka Cu+Cu,O 3 TeMneparyporo miasneHHa 1065 °C, mo
BHIIIE Bil TEMIIEPATypH rapsdoi MpoKaTKH MeTally, i KHCEHb HE CHPUYUHIOE
yepBoHonaMkocTi Mini. 3akuc migi Cu,O HecnpusATIMBO BIUIMBAaE Ha
IDTACTUYHI BITACTUBOCTI, TEXHOJIOTIYHICTh 1 KOPO3iHHY CTIHKICTh Mii.
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IIpu Bigmam B atMocdepi, sKa MICTHTh BOACHb, aTOMH BOIHIO
TUQYHIYIOTh Y MiIb 1 pearyroTh i3 ii 3aKHCOM, YTBOPIOIOYH BCEpEeIrHI
METajy Mapu BOIM BUCOKOTO THCKY, L0 CHPHUYMHIOE pyHHYBaHHS Mini. Lle
SIBUILE HA3MBAIOTh 600He8010 X60poboio midi. Cipka, celleH 1 Teiyp
yTBOPIOIOTH 13 Migmo cnonyku Cu,S, Cu,Se, Cu,Te, sxi dopmyroTs y
METalli KpPHUXKi eBTCKTHKH, M0 PI3KO 3HIKYIOTh IUIACTUYHICTS,
3BapIOBaHICTh, @ TAKOXK MPHU3BOJATH JIO XOJIOJHOIAMKOCTI.

[3 migBHIIEHHSIM TeMIlepaTypH BIACTUBOCTI MIIHOCTI Mifi 3MEHIIy-
I0ThCS1, @ BIJIHOCHE MOJJOBXEHHS 1 MOTNIEpeYHe 3BY)KESHHS IPH HarpiBaHHI J10
200 °C 3aymmaroThcsl He3MiHHUMH. [Ipy BUIIKUX TeMIieparypax MiIacTH4IHI
BIIACTUBOCTI MiZi pPi3KO 3MEHIIYIOTHCS 1 IMOYMHAIOTH 3POCTAaTH IPH
temneparypax Oimpm Hixk 600 °C. Ile#i mpoBas MIaACTUYHOCTI 3yMOBJIICHO
JOMIIIKaMH{, TOMY IO y MiJli BUCOKOI 9acTOTH MPOBANY IUIACTHIHOCTI HE
BHSIBIICHO.

VY pesynbTaTi XONOAHOI TMTacTHYHOI Aedopmamii MIIHICTH Mifi
migBuIyetbest g0 450 MIla nmpu 3MeHIIeHHI BiJHOCHOTO MOAOBKEHHS JI0
3...4 %.

XonoaHOKaTaHi JIMCTU Mifl 1 Ti crulaBu 4epe3 TeKcTypy aedopmarii
MaroTh aHi30TPOIII0 BIACTUBOCTEH.

Y mporeci Bigmany aedhopMOBaHOI Mili Ta CIUTaBiB Ha 1i OCHOBI
BiIOYBAIOThCS MPOIECH IOBEPHEHHs 1 pekpucranizamii. Temmeparypa
nouarky pexpucranizauii — 200...230 °C (0,35 T,;).

OnTtuManpHa Temneparypa pekpuctanizaiii 500...600 °C. IIpu 6inpmm
BHCOKHX TEMIIepaTypax PEeKpHUCTalli3amii BiTHOCHE IOMOBKCHHS 3HHIKY-
€TBCS Yepe3 PICT 3epHa W YTBOPEHHS TEKCTYPH PEKPHUCTATI3aLlii.

8.2. Kinacudikaunis cruiaBiB Ha 0CHOBI Miji

Hai6inem po3MOBCIOKEHI €IeMEHTH Yy CIUIaBax Mifdi — ITUHK,
AIFOMIHIH, OJOBO, 3alli30, KPEeMHiH, MapraHenb, Ocpwiiid, Hikemb. Yci mi
CJIEMEHTH ITiABHUIYIOTH BIACTHBOCTI MIITHOCTI MiJIi.

CriaBu Ha OCHOBI MiJli TIOAUISIOTh Ha JNeOpMOBaHI Ta JIMBapHI, SKi
3MIIHIOIOTh 1 HE 3MIIHIOIOTH TEPMIYHOI0 00poOKoio. OmHaK IIMPOKO
BHUKOPUCTOBY€EThCS PO3IMOJIN MIJHUX CIIaBIB Ha JIaTyHi, OpoH3i 1 MiaHO-
HIKEJIeBI CILIABH.

Jlamyusmu Ha3UBAIOThCS CIUIABU Mili, Y SKUX OCHOBHHMM JIETYIOUUM
€JIEMEHTOM € HWHK. [IpocTi naryHi MapKyloTh JiiTeporo J/ 1 M03Ha4aloTh
YHCIIOM, IO Xapakrepusye cepemHid BmicT mimi. Tak, Hanmpukiax, JI68
mictuth 68 % Cui 32 % Zn.
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Sxmo natyHb, KpiM OHUHKY, JIETYIOTh IHIINMH €JIEMEHTaMH, TO ITiCIsI
JiTepu JI cTaBISATH YMOBHY MO3HAUKy X eeMeHTiB: @ — P; O — Sn; XK — Fe;
A — Al; K — Si; M — Mn; H — Ni. Yucno micns miTep mokasye cepenHii
BMICT IIMIX €JIEMEHTIB y JIaTyHi, Kpiv yuHKy. BMICT INHKY BH3HAYalOThH 32
pizaureto Bix 100%. Tak, Hanpukian, JIJAHS59-3-2 mictuts 59 % Cu; 3 % Al
2 % Ni; 36 % Zn.

bponsamu wHa3zuBaroTh BCi cIutaBH Minmi (KpiM JaryHed 1 MimHO-
HIKEJIEeBUX CIUIaBiB). BpoH3W MapkyroTbes mitepamu bp, a micms HEX
BKa3yIOTh OCHOBHI JIETYIOUi €JIEMEHTH Ta iXHIi BMICT y cIniaBi. Emementn
mo3HavyarTh Jitepamu: L] — Zn; @ — P; b — Be; XX — Fe, A — Al Tomo.
Hanpuknan, BpAXMu 10-3-1,5 nerosana 10 % Al, 3 % — Fe, 1,5 % — Mn,
iamre — Cu.

8.3. JIatyni

3aBASKH BHCOKMM MEXaHIYHHM 1 TEXHOJOTIYHHM BIACTHBOCTSIM
JaTyHi, Cepel MiTHUX CIUIABiB, 3aCTOCOBYIOThCS HAHOUIBINI MIHPOKO. Y
MIPOMHUCIJIOBOCTI 3aCTOCOBYIOTh JIaTyHI i3 BMicTOM HUHKY 10 45 %.
CrpyKTypa i BIaCTUBOCTI JIaTyHElH BU3HAYAIOTHCSA Aiarpamoro crany Cu—Zn
(puc. 8.1).
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VY cucremi Cu—Zn BinOyBaroTbcs 5 TMEPUTEKTUYHUX TMEPETBOPEHb, Y
pesynbTaTi AKMX yTBOpIOIOThCA 5 das: B, ¥, 6, € 1. PosuuHHICT IUHKY B
Mizi Jy)Xe BeNHMKa 1 BUSBIE HE3BHYANHHY TEMIEPATYpHY 3aJEXKHICTh: 31
3HIDKEHHSIM TEMIIEpaTypH PO3UMHHICTB 3pocTac 1 ckianae 32,5 % mpu 905 °C,
36 % —pu 600 °C i 39 % — npu kimMHaTHi# Temneparypi. Tomy naryns JI160
Oyzne Bxe qBo(a3HOIO.

Crifikicts mpoMiKHEX (a3 fB, ¥, € BU3HAYAETHCS IXHIMU SICKTPOHHIMHE
KoHIeHTpamismu. Tak [B-TBepauii pozunn Ha 6a3i conmyku CuZn xapakre-
PU3YEThCA ENEKTPOHHOIO KoHIeHTpariero 3/2. Ilpm 1mpoMy eIeKTpOHHY
KOHIICHTPAIIIF0 BU3HAYAIOTH SIK BiHOMICHHS KUIBKOCTI BAJICHTHHUX €JIEKTPO-
HIB Yy CIIONyIi A0 KiNBKOCTiI aTOMiB CHONYKH, TOOTO y cmonymi CuZn me
BITHOIIIEHHS CTAHOBUTE 3/2.

ViopsiikoBaHe po3TalllyBaHHS aToMiB [-po3unHy 30epiraeTbcs JIdIIe
MIpH TeMIleparypax, He BUMHuX 3a 454...468 °C. YnopsankoBaHU# TBepIuit
PO3YHH TO3HaYaoTh .

B ocHOBY Y- 1 &-(a3 noknazneHo exekTpoHHi cnonyku CusZng i CuZng
3 eNEKTPOHHUMH KOoHIeHTpanismMu 21/13 1 7/4 BinmoBinHO.

BB npHKY Ha MeXaHIUHI BIACTHBOCTI MOKa3ye, 1o y cruraBax Cu-
Zn 3 MiIBUIMICHHSM BMICTy IHWHKY 3pOCTAlOTh i MIIHICTB, 1 TNIACTHYHICTS.
Taka 3akOHOMIpPHICTh He3BHYaliHA, SK TIPABIJIO, 30UIBIIEHHS MIIHOCTI
CYIIPOBOIKYETHCSI 3MEHIICHHSM IUIACTUYHOCTI. BimHOCHE NOMOBXKEHHS
nocsirae Makcumymy npu 30...32 % Zn, a moTiM pi3ko 3MEHIIy€eThCS,
0c00IHMBO KO 3’ ABISIETHCS ' -(haza.

TumyacoBuil omip po3puBy 3poctae mo 45...47 % Zn, ane pi3ko
SHIKYETBCS, SIK TUTBKH f3'-(hasa [iTkoM 3aMiHIoe Q-(a3y.

Jlatyni 31 cTpykrypoio o-¢pasu (puc. 8.2) € mIacTUYHUMH, BHCOKO-
TEXHOJIOTIYHUMH, JIETKO MiAMAIOThCS rapsdiidi i xomomHid medopmarrii.

a 0
Puc. 8.2. MikpocTpykTypu: a — O-natyHi; 6 — (oe+f') — naryni
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VY temneparypaomy iaTepBaii 300...700 °C a-natyHi, K i MiTb, BUSBIISTIOTh
MPOBaJ IJIACTHYHOCTI, TOMY IPH 0OpOOIl TUCKOM IIOTO TEMIEpaTypHOTO
iHTepBaJly BapTO YHUKATH.

CrabinpHa MpU BHCOKUX Temieparypax f(-¢asa IuiacTH4YHa, TOMI SK
B'-tba3a 3 ynopsakoBaHOIO CTPYKTYPOIO AyXe KpHXKa. TOMy IIaCTHYHICTH
(ot P)-naryneii 3 ' -cTpyKTYpOrO U KiIMHATHIN TeMIIeparypi ayxe Hu3bKa
i, mpu BMicTi IUHKY 45...50 % 1 BHIEe, BOHH HE MiIJAIOThCS XOJIOIHIH
00po61i TuckoMm. OTxe, AepopMyBaTH Taki JIaTyHi Tpeba mpu Temiepa-
Typax BUIIUX 3a 454...468 °C. Xonogna nedopmartist mpu3BOIUTH 10 iCTOT-
HOTO TI/IBUILEHHS MIIJHOCTI JIaTYHEH IIpHU OAHOYACHOMY Pi3KOMY 3HIDKCHHI
IIacTUYHOCTI. Bifnan nmpu temneparypax, Bunux 3a 400 °C, 3HiMae HaKJIer.

Henomik naryHe#t — iXHS CXWIIBHICTD 10 KOPO3iHHOTO PO3TPICKYBaHHS,
mo BinOyBaeThcs y BOJIOTIH arMocdepi mpu 30epeKeHHI B MeTali Micis
nedopmallii 3aJMIIKOBHX HanpyXeHb. Po3TpickyBaHHS BinOyBaeThes yepes
KOPO3il0 JIATYHEeH IO MeXaxX 3epeH y 30HaX HEPiBHOMIPHOTO PO3MOILTY
3aJIMIIKOBHUX HAIPyKEHb.

Jiisi yCyHEeHHSI CXWIJIBHOCTI O KOPO3IMHOTO PO3TPICKYBaHHS TOCHTH
Bignanutu nedopmoBaHuil HamiBhaOpuKar pyu TeMneparypax, HIKIHX 3a
TeMIIepaTypy peKpucraiizailii. 3BHuaiiHi TeMIeparypy Biamanry JaTyHeH —
270...300 °C. Ilicna Bimmajdy BOHHM CTalOTh HEYYTIWBAMH JO BIUIMBY
BOJIOTO1 aTMOC(epu.

TumyacoBuii omip po3puBy jnaTyHed e(EeKTUBHO MiJBUILYIOTH aJliO-
MiHi#l Ta 0JIOBO 1, MEHIIIO MipO0, MapraHels. JJOMIIIKH CBHHIIIO [TPU3BO-
JIITh 10 3HIDKEHHS MIITHOCTI JIaTyHel. BimHOCHE TTOOBXKEHHS 301IbITyEThCS
TIpH BBEZICHHI 3aiTiza i Maprasito. Bci iHMII ereMeHTH 3MEeHITYIOTh BiTHOCHE
TIOZIOBKEHHS JIaTyHeH. AJIIOMiHIN, MapraHelb, OJI0BO 1 HIKeNb ITiABUIIYIOTh
X KOpO3iiHY CTIHKICTb.

3aJIe)KHO BiJT JIETYBaHHS JIATYHI TOAUISIFOTH HA MTPOCTI, JIETOBaHI TIJIbKU
LUHKOM, 1 CTIeHiaNbHi, KOTPi KPiM IUHKY MICTSTh OAWH Y1 JEKiTbKa SIIEMEHTIB.

CreunianbHi JaTyHI Ha3MBalOTh 33 OCHOBHHMM JIOAATKOBHUM JIETYIOUHM
€JIEMEHTOM: aJIFOMiHI€BI, MapraHIIEBi, OJIOB'sHI, HIKEJICB1, CBUHIICBI TOIIIO.

VYci mpocti maryni, kpiMm JIS9, MaioTh CTPYKTYypy, NPEACTABICHY
0-~(hazoro, Ta BHCOKI TEXHOJIOTIYHI BIACTUBOCTI. 3 HHUX BHTOTOBJISIFOTH
BHpOOH, 110 BUMAararoTh BEIMKUX CTYIIEHIB AedopManii: riib3u, MNarpoHH,
JPIT, CTPIYKY.

CrerianibHi JTaTyHI BiIpPi3HSIOTBCSA BiJ MPOCTHX OUIBII BHUCOKHMH
nokazHukamu TactuaHocti (JIA85-0,5), minnocti (JDKMno 59-1-1),
MiIBUIIEHO B's3KicTi0. ONOB'SHI JaTyHI XapaKTepH3YIOThCS BHCOKOIO
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Kopo3iitHoto crifikicTio (JI090-1, JIO70-1, JI062-1) y MOpchKiii Bomi, TOMY ix
Ha3uBaroTh "mopcokumu ramyusamu. Jlaryas JIC59-1 (i3 40 % Zni 1 % Pb)
no6pe 00poOISIETHCS Pi3aHHAM 1 TOMY 3BETBCS d8MOMAMHOIO.

Jlaryae JIAHKM1 75-2-2,5-0,5-0,5 — nie equHmid CIuiaB, Ha OCHOBI
cucremMd Cu—Zn, 110 3MIIHIOETBCSA TUCIICPCIHHUM TBEepAiHHAM. Jlucmep-
ciiiHe 3MiIHEHHs 3a0€3MeYyI0Th CIONYKH Ha OCHOBI KPEMHIIO, HIKENO i
Maprasio, ski MawThb y Mill 3MiHHY i3 TEeMIEparypor pPO3YMHHICTB.
Temneparypa moBHOro po3zunHeHHS (a3 — 8§00 °C. Y 3araproBaHOMy CTaHi
Ul JIaTyHb Mae BHCOKY IUIACTHYHICTH (O, — 550 Mlla, 0y, — 220 Mlla,
0 — 48 %), a micxs crapinHsa HaOyBae i BUCOKOI MinHoOCTI (0, — 700 MIa,
O — 450 MIla, 625 %).

MinHicTh JaTyHell MOKHA MiABUITUTH HakjaenoM. OCHOBHUE BUI Tep-
MigHOT 00pOoOKH NedOpPMOBAaHHUX JATyHEH — PEKpUCTANI3alifHUHA Bigma,
10 npoBoAsiTs mpu 600...700 °C.

[ITnpoke 3acToCyBaHHS y IPOMHUCIIOBOCTI JIMBAPHUX JIATYHEH MOB'A3aHE
i3 TaKMMU TIPUYHHAMH:

— JIaTyHi HE MAOTh CXMJIBHOCTI JI0 TA30HACHYCHOCTI, 3aBIAKN 3aXUCHIH
Iii mapiB IIUHKY;

— MarOTh HEBEJIMKY CXIJIBHICTD JI0 JIKBAIIi;

— XapakTepHU3yIOTbCSl JOCUTh BHCOKOI PIAKOTEKYYICTIO 3aBASKU
BY3bKOMY IHTEpBaly KpUCTai3alil;

— BiI3HAYAIOTHCS BHUCOKOIO MIIHICTIO, TApHUMH aHTH(PPUKIIHHIMH
BJIACTUBOCTSIMU (OCOOIIMBO CIIEIiallbHi JIATYHI).

OpHak JaTyHi MalOTh 1 HEAOIKH:

— TIpH TUTABJICHHI BTPAvYalOThCs BEHKI KUTBKOCTI IMHKY Yepe3 JIETKICTh;

— IIpH KpUCTaIi3amii y BUIMBKaX YTBOPIOIOTHCS BEJIMKI yCcaIouHi paKo-
BUHM, AJIs1 BUBEICHHS SIKUX 3aCTOCOBYIOTH BEJIMKI PHOYTKOBI HAJACTaBKH.

8.4. OuoB'siHi OpOH3M

Cucrema Cu—Sn (puc. 8.3) Mae AeKinabpKa NEpUTEKTUIHUX ITEPETBOPEHb
1 IBa TIEpETBOPEHHs eBTekToinHOro THIy. Pa3a « sBisie coOOI0 TBEpAMii
po3uuH onosa y mimi 3 I'LIK-"paTkoro, y cucTeMi € eleKTpOHHI CHONYKH:
B- daza (CusSn); 6-dasa (Cus;Sng); daza.

[Ipu oxonmomxkenHi Hkde 3a 588 °C BimOyBaeThCS €BTEKTOINHE TEpe-
TBOpEHHs i3 -(a3u 3 yTBOpeHHsM O~ 1 Y~¢a3, a mpu 520 °C kpucranu y-
TBEPIOTO PO3YHHY PO3MANAOThCSA HA O~ 1 O-¢pas3u. brussko 350 °C J-¢aza
PO3MAIa€ThCsl Ha O~TBEpAWH po3unH 1 &-¢pa3y. OnHaK, OCTAHHE IEPETBO-
PEHHSI IPOXOJMThH NPH AYKE MOBUILHOMY OXOJIOMKEHHI 1 Ha IpaKTUIll He
peaizyeTscsl.
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Puc. 8.3. [liarpama cTany cUCTEMH Mi0b—01060

CrpykTypa JUTHX OpOH3, IO MICTATH MeHme HiX 6...8 % oinoBa,
mpencraBiueHa -po3unHoM (puc. 8.4) 3minHOI KoHmeHTpamii (Bp05).
CrpyKTypa cIUTaBiB, i3 BMicToM Outbm sk 6...8 % Sn (puc. 8.5), npencras-
JeHa TEePBUHHUMH KpHUCTajJaMH O-pO3YMHY 3MIHHOI KOHIIEHTpamil i
esrekroinom (o+0) (Bp010). EBTexTOin CKIamaeThest 3i CBITIAMX, 37€rKa
OmakuTHyBaTHX KpucTamiB O cmomyka Cuz;Sng, BcepemuHi sKHX
3HAXOMATHCS TEMHI BKIIIOUCHHS O-PO3UYMHY. 3aBISKH IIHMPOKOMY iHTEPBAIY
KpHCcTaizallii, oJI0B'stHi OPOH3HM BiJIPiI3HSAIOTHCS HEBUCOKOIO PiJJKOTEKYUiCTIO
1 CXWJIBHI 10 pO3CisiHOT MOpHUCTOCTi. ICTOTHHI TX HEMOMiK — CXWIIBHICTD 10
mixBatii. OtHaK BOHM MalOTh JIOCUTh HU3bKY JIMBAapHY ycasky (mopsaky 1 %),
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Puc. 8.4. Mikpoctpykrypa 6poH3u 3 6 % onoBa: a — micis BiAmamy;
0 — micns TUTTA
TOMY X 3aCTOCOBYIOTH JUIsi BUTOTOBJICHHS XyJOXHiX BUpoOiB. Boanouac,
TepMETUYHICTh BIUIMBKIB 3 OJIOB'SHUX OpOH3 HEBEJIHKA.

BpoH3M 13 JUTOI0 CTPYKTYypOIO MaroTh HEBHUCOKY IUIACTHYHICTD, IO
00yMOBIICHO BKITIOYCHHAMH TBepAoi O-(pasu. OmHAK BKIIOYEHHS TBEPLOTO
eBTEKTOIly 3a0e3MeuyloTh BHCOKY CTIMKICTh OpOH3 IMPOTH 3HOIIYBAHHS.
Tomy OpoH3M 3 BHCOKHM BMICTOM €BTEKTOINy — BIAMIHHHWHA aHTH(PHUK-
LifHWA MaTepia.

Jlns migBWINEHHS IUTACTHYHOCTI OAHO(Aa3HI OpOH3M 3 IEHIPHUTHOIO
JIKBAIli€0 TOMOTeHi3yoTh npu Temreparypi 700...750 °C. V pesymsrari
YTBOPIOETHCS OMHOPIAHA O-CTPYKTYpA.

Puc. 8.5. Mikpocrpykrypa nurtoi 6ponsu 3 10 % onosa

Mizgs Ta citaBu Ha ii OCHOBI 249

[TmactudaHicTs OPOH3 MOYMHAE PI3KO 3HIKYBATHCH TIPHU BMICTI OUTBII
HiX 6...8 % Sn, Koiu y CTPYKTYpi 3'SIBISETHCS KpUxKa O-(aza. TumuacoBuit
omip po3puBy OpPOH3 TMiABHIIYETHCS i3 30UIBIICHHSAM BMICTYy OJIOBA Yy
craBax Cu—Sn g0 20...24 %.

3a KOpO3iliHOI0 CTIMKICTIO y MOPCBHKIii BOJI OJIOB'AHI OpOH3M mepe-
BEPIIYIOTh CTIMKICTh Mifli Ta JaTyHeH.

B onoB'sui 6poH3u yacto pomaroTth pocdop y HeBenukux (1o 1,0 %)
KIUTBKOCTSIX, 1[0 TTO3UTHUBHO BIUIMBAE Ha iX BIACTUBOCTI, OCKIIBKHU (ocdop
PO3KHCIIIOE Miib, MiABUINYE Oy, 0025 MOJIIMIIYE PiTKOTEKY4iCTh, IO
JIO3BOJISIE OJIEPXKATH CKJIQJHI 3a KOH(]Irypamieo BWIMBKA 3 TOHKHMH
nepepizamu, Ta MiZIBUILY€E OIip 3HOIIEHHIO 3aBJSKN HAssBHOCTI y CTPYKTYpi
TBEpAUX BKItoueHb CusP.

OpHak Qochop 3HIWKYE TUIACTHYHICTE MeTalry, ToMy y aAedopMiBHI
CINIaBU MOTo BBOIATH He OLtbII 5K 0,4 %.

OmnoB'ssHI OpOH3M JIETYIOTH IIMHKOM Y MEXaxX HOro pO3YMHHOCTI B
o-~pasi (mo 12...14 %), 1m0 TMO3UTHUBHO BIUIMBAE HA BIACTUBOCTI OPOH3:
[UHK TOJIIIIYE MIIHICTh OpOH3, 3HIKYE IX CXHJIBHICTH IO JIiKBAIlil,
MiJABHUINYE PIAKOTEKYYiCTh (3aBASKH 3MEHIICHHIO TEMIIEPaTypHOTO
IHTepBaly KpHCTaNi3amii), CIpHsIe€ ONCPKAHHIO OUIBIN MIUTBHOTO JIHTTS,
PO3KHUCITIOE Mijb.

3acTocyBaHHs IIMHKY JOILIEHO, OCKLUTBKH BiH JCTIICBIINHA BiJ] OJTOBA 1 MiJi.

Hikenb mifBMINYy€E IJIaCTUYHICTH OpOH3, iX KOpO3iiiHY CTIHKICTB,
UITBHICTh, 3MEHIIYE JIIKBAII0, CIPHUSE MiJABUINCHHIO MIIHOCTI MpH
KIMHaTHIHA 1 migBUmeHi Temmeparypax. bpoHsu i3 HikeneM i amromiHieM
TEPMIYHO 3MIITHIOIOTHCS TAPTYBAHHSM 1 CTapiHHIM.

3 nuBapHHUX OPOH3 BUTOTOBIIAIOTH Pi3HI ETall MAIIMH, aHTUPPHUKIIHHI
(miaUinHUKK KOB3aHHST) Ta XyI0XHI BUpoOu. bponsw, mo nedopmyrorscs, 3a
BTOMHUMH XapaKTEPUCTUKAMHU ITOCTYMAIOThCS JIMIIE OEpUIlieBUM OpOH3aM.
OCHOBHI JIETYI0U] €JIEMEHTH B TaKHX OJIOB'SHUX OpoH3ax — (ocop, LKHK,
cBuHeNb. /[0 OCHOBHUX BHAIB TEPMi4HOI 00pOOKM OpOH3 BIAHOCATH TOMO-
TEeHI3aMio i MPOMIKHUH BiATIAN IS TIOJIETTIICHHST 0OPOOKH THCKOM.

T'omorenizarito npoBoasaTh npu Temneparypi 700...750 °C 3i mBuIKUM
OXOJIOJDKCHHAM. JIIs 3HATTS 3QIMIIKOBMX HANpyXXeHb Y BHIIMBKax
nocrarHbo Binnany npu 550 °C tpusaiictio 1 ron. [TpoMixkHuii Binan npu
XOJIOHIH 00po6IIi mpoBomsaTh pu 550...750 °C.

8.5. AmominieBi OpoH3H

OcTaHHIM YacoM aIIOMiHIEBI OpPOH3U BUTICHSIIOTH OJIOB'STHI, OCKIJIBKH
HE MOCTYMAITHCS iM BIACTHBOCTSAMH, JCIICBIN, a TOMY HaiyacTillie BH-
KOPHCTOBYIOTH y TPOMHUCIIOBOCTI.
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AsroMiHieBi OpoH3H He MicTATh Oibme 11 % Al. V Mini po3unHAeTbHCS
7,4 % Al mpu 1035 °C i 6mm3pko 9 % — mpu KiMHaTHIN Temneparypi. Y
cuctemi Cu—Al (puc. 8.6) yTBOPIOIOTBCS O-TBepaWii po3unH Ta fS-(asa
(CusAl).

0
A e K] 10470
1083" [7.4 1035 10568
900 B Y
o B+
wilzs
700 785
o B+,
] b Y,
§ oy, E‘g
=) un
0 4 8 12 16
Cu AlL%

Puc. 8.6. [liarpama cTaHy CHCTEMH MiIb—aJIIOMiHii

IIpn oxonmomxeHHi HIk4Ye 3a 565 °C BigOyBaeTbcs €BTEKTOINHE
TIePETBOPEHHS:

B—a+y5(CuzpAlyg).

3i 36inpIeHHsAM BMicTy anmoMmiHito 10 10 % (BpA10) minaicTs criasis
HiIBUIIYEThCS, a 3 IOABOIO Y CTPYKTYPI Y5-(ha3u (puc. 8.7), 110 Ma€ BUCOKY
TBEPIICTh 1 MyXe HU3BKY IUIACTHYHICTH, 30UIBIIYETHCS 3HOCOCTIHKICTH 1
BUSABJISIOTHCS aHTH(DPHUKITIITHI BIACTUBOCTI.

[TmacTuaHicTh anmroMiHieBUX OpoH3, i3 miaBHIIeHHM 10 4,5...5 % Al,
3pOCTae, a MOTIM — TPOXH 3HIKYEThcA. ONTUMANIbHI MEXaHi9HI BIIaCTHBOCTI
MaroTh OpoH3H, M0 MicTATh 5...8 % Al (BpAS, BpA7).

CraBH i3 CTPYKTYPOIO (--pO3UHHY J00pe 00pOOISIOTECS THCKOM.

AmromiHi€Bi OpOH3H, TOPIBHSIHO i3 OJIOB'STHIMH, MalOTh TaKi IepeBaru:

— MEHIIY CXWIBHICT A0 ACHIPUTHOI JiKBAIIii;

— BEJIUKY IIUTBHICTh BIIUBKIB;

— KpaIry piIKOTeKyYiCTb;

— OUTBIII BUCOKY MIITHICTB 1 YKapOMIITHICTB;

a gl Ly

Puc. 8.7. MikpocTpykTypa crnasy 3 10 % amomiHio
MiCTIsI MOBLUIFHOTO OXOJIOMKEHHS

— OLIBII BUCOKY KOPO3iHHY CTIHKICTB;

— MEHIITY CXWJIBHICTB 0 XOJOIHOJIAMKOCTI;

— HE JIaI0Th iICKOp IpH yaapi.

Jlo He#omiKiB aMfOMiHIEBUX OpPOH3 CIiJ BiIHECTH: 3HAYHY YCAJAKY IMpH
KpHCTasTi3alii, CXWJIbHICTh 0 YTBOPEHHS CTOBITYACTHX KPUCTAJIB Ta CHJIb-
HE OKHCIIIOBAHHS Y PO3IUIABICHOMY CTaHi, IIPH SIKOMY YTBOPIOIOTHCSI OKCHIN
amoMinito. ITniBku Al,O3 € mpuunHolo mKdepHOro 3710My y HamiBhadbpu-
Karax, o 1eGpopMyIOThCs.

Jnis ycyHeHHsI UX HEJONIKIB alOMiHi€BI OpOH3H JIETYIOTh MapraH-
LEM, 3aJ1i30M, HIKEJIEM, CBUHIIEM.

3aiizo MiABHIIYE BIACTHBOCTI MIITHOCTI ATFOMIiHIEBUX OpOH3 TP Jesi-
KOMY 3HIDKEHHI IXHBO1 IIACTUIHOCTI.

CriaBu MiJii, JIETOBaHI aIFOMIHIEM 1 3aJ1i30M, € TUTACTUYHIIIAMU TTiCTIs
HopMautizatii 3 600...700 °C, mo 3MeHIIye KiTbKiCTh €BTEKTOILy Y CTPYKTY-
pi. Ilicas rapryBanns 3 950 °C, cruiaBu MaroTh BHCOKI IUIACTUYHI BIAaCTH-
Bocti. Hactymre crapians mpu 250...300 °C npu3BOOuTh 10 MiIBUIICHHS
TBEPAOCTI 1 MIIIHOCTI, IPH [[bOMY TIACTUYHICTh 3MEHIIIY€EThCS.

MapraHeus po34YHMHSIETHCS B amoMiHieBUX Oponszax mo 10 %. Bin
MiIBHUIY€ MIITHICTD, TUIACTHYHICTD, KOPO3iHHY CTIHKICTh 1 aHTUPUKIIHHI
BJIACTHUBOCTI.

Hikens mominmrye MexaHidHI BIACTHUBOCTI 1 KOpPO3idHY CTIHKIiCTB
ANIOMIHIEBUX CIUIABIB, MIJBUILYE TeMIleparypy iXHbOI pekpucraiizarii.
Hesennki gomimkn TuTaHy 301UTBIIYIOTh TYCTHHY 1 MIITHICTD aJIFOMiHIEBHIX
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OpoH3 3aBIsIKM MOAM(DIKYIOUill [ii TUTaHy, a TAaKOK 3HIDKYIOTH Ta30HACH-
YCHHS CIUIABIB.

[IMHK TOMITHO 3HMXYE aHTHU(PHUKLIHHI i TEXHOJIOTIYHI BIACTHBOCTI,
TOMY € HeOa)XaHOIO JOMIIIKOIO.

AJroMiHi€BI OpOH3M 3aCTOCOBYIOTH SIK Y JINTOMY, TaK i B Je(opMo-
BaHOMY BHIIsAAi. HaiOimpm muracTwyHi 1 HaliMeHII MimHI OpOH3HW 3
onHO(ba3zHOW O~CTpyKTYpoto BpA5 (o, — 380 MITa, 6 — 65 %), BpA7 (o, —
420 MlIa, 6 — 70 %), 1110 BUKOPHCTOBYIOTHCSI VISl BUTOTOBIICHHS MIPYTKIB,
CTPIYOK, MOHET. 3 yCiX MiZHO-aJIOMiHI€BUX CIUIaBiB HAHOLIBIINM OTIOPOM
po3puBy xapaktepusyerbcs Oponza bpAXKH10-4-4. Bona 3pmatHa nmo
nucnepciinoro tBepaHeHHs. Ilicas rapryBanns 3 980 °C i crapiHHA npu
temmeparypi 400 °C Tpusaiictio 2 rog o, nocsrae 650 MITa, 6 — 35 %.

binpuricte anroMiHieBUX OpOH3 HajeXarh 10 TEPMIYHO HE3MIIHIO-
BaHUX cIUiaBiB (3a BuHATKOM BpAXKH-10-4-4).

8.6. bepuuiesi OpoH3u

CrutaBu Mifii 3 OepritieM XapaKTepU3YIOThCs BHCOKMMH BIaCTHBOCTSI-
MH MIIJHOCTI Ta NPYXHOCTI, €JIeKTPO- 1 TEIIONPOBiJHICTIO, OITIOPOM yTOMi
Ta Kopo3ii. bepmiiit y Migi Mae 3MiHHY PO3YHHHICTB, IO 3MEHIIYETHCS 31
3HIDKCHHSM TEMIIEPATypH, TOMY OepITi€Bi OPOH3M TEPMIYHO 3MIITHIOIOTHCS
rapryBa"asaMm 3 800 °C i HacTynHEM cTapinHsaM npu 325 °C.

[licns rapTyBaHHS 3 TeMIlepaTyp, IIO BiONOBIZAIOTh (-00JACTI
niarpamu crany Cu—Be (puc. 8.8), O6epmitieBi OpoH3M XapaKTepu3yIOTHCS
BHCOKOIO IJIACTHYHICTIO, TOCTATHHOIO IS XOJIOIHOT 0OpOOKH THCKOM, TOMY
o (iKCyeThCsi Xoua 1 NMEpEHACHYCHHH, aje O-pO3YdH 0e3 TBepauXx i
KPHUXKHX BKIIOUeHb J~(ha3u (CuBe), sika 3" IBISETHCS MICIHsT CTAPiHHS.

MiuHicT OepuitieBUX OPOH3 Y TEPMIYHO 3MIITHEHOMY CTaHi TIOYMHAE
Jy>Ke 3pocTaTH npH BMicTi Outemr Hixk 1,5 % Be. OntumanbsHi BnacTuBocTi
MaroTh CIUIaBH, 110 MicTATH Onm3bKo 2 % Be. [Ipu nonanemomy 36i1bmeHH1
BMicTy OEpHIIiIO MIIHICTH CIUIABIB MiJBUIIYETHCSI HE3HAYHO, @ TUIACTUYHICTh
CTa€ JIyXe MaJlolo.

OckinbpKH TiepecndeHnit TBepamii po3unH Be y Cu npu temmeparypax
380...500 °C poszmamaeTbcs AyKe OIBUIKO, TOMY IIBHIKICTH OXOJIOKEHHS
IpU TapTyBaHHI OepuiieBUX OpOH3 NOBHHHA OYTH JOCHTH BHCOKOIO
(rapTyBaHHS Y BOLY).

BepuieBi OpoH3HM J0AAaTKOBO JIETYIOTH HikeldeMm i TUTaHoM. Hikenb
YTBOPIOE MaJopo3YrMHHUNA Oepuiin Hikenmo NiBe 1 3MeHIIye po34MHHICTH
Be y Mizni. Bin ynoBineHIOE (a30Bi mepeTBOPEHHS 1 MOJETIIYE TEPMIuHY
00poOKy OepuiieBUX OpPOH3, TOMY HE MOTPIOHI BUCOKI IIBHIKOCTI OXO-
JIO/KeHHs npu rapTyBaHHi. KpiM Toro, BiH 3arpuMmye peKpHUcTamizaiiiini
TIPOLIECH 1 CTIPHSIE OJIep KaHHIO O1IbII JPIOHOTO PEKPUCTATI30BAHOTO 3EPHA.
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Puc. 8.8. [liarpama crany cucteMu Minb—0Oepritiit

Tutan y cmnaBax Cu-Be yrBoproe cnomyku TiBe, i Cu,Ti, mo
3a0e3MeuyoTh J01aTKOBE 3MIIIHCHHS CILJIaBIB.

Haii6insm nommpena 6ponsa bpb2, BmacTHBOCTI SIKOT micist TapTyBaH-
HsL: 0, 10 500 MITa, & — no 40 %, a micis rapTyBaHHS 1 CTapiHHS: O —
1100...1200 MIla, 6 — 4...6 %.

Ls Opon3za Mae TpyXHI BIACTHBOCTi, BIIMiHHY 3HOCOCTIHKiCTB,
30epirae BUCOKI TEIUIO- 1 EIEKTPONPOBITHOCTI, MIPALIOE y TEMIIEPATYPHOMY
inTepBaii Big Minyc 250 no mwioc 250 °C, He nae ickpy.

Jlo HemomikiB BiTHOCATH BHCOKY BapTiCTh, Ae(piIUTHICTH OeprutieBUX
OpOH3, a TAKOXK TOKCHYHICTH OEpHUITIIO.

8.7. KpemHieBi OpoH3u

KpeMmHiit po3uuHseThCS y Mijli y BEMKHX KUTBKOCTSIX — 5,3 % npu 842 °C
1 3,5 % — npum ximHaTHIN Temneparypi. [losBa npyroi ¢asu gyxe 3HIKYE
IUTaCTHYHICTP CIIaBiB cucteMu Cu—Si, TOMy y KpeMHi€BI OpOH3M BBOISTH
1o 3 % Si.

[ongiitai crmaBu cuctemu Cu—Si HE 3aCTOCOBYIOTH, 3 METOIO ITiIBH-
[IEHHS] MEXaHIYHUX Ta aHTHUKOPO3IHHHUX BIACTHBOCTEH iX JOJAaTKOBO JIETy-
IOTh HIKEJIEM 1 MapraHIleM.

Hixens y cucremi Cu—Si—Ni yTBOproe cnoiyky NiySi, po3uHHHICTB
SIKOT PI3KO 3MEHIIYETHCS 31 3HIDKEHHSIM TEMITEpaTypH.
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Bponsu BpKH-1-3, BpKH-0,5-2 Tepmiuno 3mimHiotorbes. [licms
rapryBanHs 3 850 °C o, cknanae 6iusbko 350 MIla, 6 — 30 %, a micns
crapinus npu 450 °C npotsrom 1 rox o, — 700 MITa, - 8 %.

KpeMHieBi OpoH3HM BiIPI3HAIOTHCS BUCOKUMH MIPYKHUMH W aHTU(DPUK-
wiltHIMK BiIacTHBOCTAMH. JloOpe 0oOpoONSIOTECS THCKOM Yy Tapsdomy i
XOJIOJHOMY cTaHaX. JIo HeHOMiKiB BITHOCATB X CXHJIBHICTh O MOIIMHAHHS
rasis.

8.8. Mapranuesi 0poH3n

Mapranmesi 6pon3u i3 BmictoM 10 22 % Mn MaioTe omgHOGa3HY
CTPYKTYpY Y BCbOMY IHTEpBaJli TeMIeparyp 1o JiHii comixycy. Mapraniesi
O6ponsn cuctemun Cu—Mn 3aBasku ofHO(A3HIH CTPYKTYpi O~TBEPIOro
po3uuHy 100pe 0OPOOISIOTHECS THCKOM.

Maprasrers Ha 150...200 °C migBuirye TemMreparypy peKpHUCTaTi3amii
MiIi i TOJiNmIye >XapoMilHi BIacTUBOCTI. Taki OpOH3W [emIeBINi, HiX
OJIOB'sHHI.

Haii0ip110ro mpoMHCIOBOTO MOIKUpPEHHs HaOyina 6pon3a bpMiS, mo
Ma€ BIIMIHHY KOpPO3ifHY CTIMKICTh 1 IO BHCOKHX TeMIlepaTyp 30epirae
BIacTHBOCTI O — 300 MIla, & — 40 %.

Ha ocHoBi cuctemu Cu—Mn po3po0JIeHO CIUTaBH 3 BEJIMKAM BHYTPIII-
HIM TEpTAM, IO HAJIEXaTh /0 CIDIaBiB BHCOKOTO nemiipysaHHsI. Bupobu 3
TaKHX CIUIaBiB MalOTh BUCOKY 3[aTHICTh FACUTH KOJIMBAHHS, 110 BUHUKAIOTh
mijx yac poOOTH MallIKH.

CrutaBu BUCOKOTO JemridyBaHHS MicTiaTh Big 60 mo 85 % Mn.
Haiixpanux BnacTuBocTeil BOHM HaOyBaIOTh MICIIsl rapTyBaHHA 3 Y-00JacTi
i crapinns npu 450 °C (o, — mo 770 MITa, 6 — 20...25 %).

8.9. CBuHueBi OpoH3H

CuHIIEBI OPOH3U MaIOTh BUCOKI aHTU()PHUKIIiHHI BIACTUBOCTI, 3aBISKH
YoMy 1X BUKOPHCTOBYIOTH V¥ HABAaHTA)KEHUX ITiAUITHIKaX KOB3aHHS (OMOpHIi
Ta IIATyHHI MiJYiMTHAKK TOTY)KHUX TypOiH, aBia/JIBUTYHIB, AU3ENIB TOIIO),
AKi TIPaIOrOTh MPM BEJIMKHMX NHTOMUX THckax (250...300 krc/cm?) Ta
MiJBUIIEHUX KOJTOBUX MBUAKOCTAX (8...10 m/c). TTosICHIOETCS TIe THM, IO
X TEIUIOPOBIHICTE Y 4 pa3u OuTbIIa, HIX y OJIOB'STHUX OpOH3, Ta B 6 pasiB
BHWIIA, HiX y 0a0iTiB, TOMY BOHH BHTPHUMYIOTh 3HAYHO OiNIbIIe HArpiBaHHS
(mo 300...320 °C), mo BaxJIMBO IS MIBUIKOXITHAX MAIIWH.

IcHyroTh ABI rpynu cBuHOEBUX OpoH3: nodsitni 3 30...50 % cBuH-
L0 Ta J7e206aHi OIIOBOM 1 HiKeleM. AJie OCTaHHI BXOASTH Yy TBEpIUi
PO3YMH Ha OCHOBI MiJli, MIABUINYIOUH HOTO MeXaHIYHI i aHTHKOPO3iiiHi
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BJIACTHBOCTI, TOMY U JIJISl HUX MOKHA KOPHCTYBATHCSI AiarpaMoio CTaHy
cucteMu miob—cseureys (puc. 8.9). Jlume npu BMicTi onoBa 6inbure 7 %
y CTPYKTYpi cCIuTaBy MOXe 3'sBUTHCS eBTekToin (a+d), i Tpeba
KOPUCTYBATHCS TOTPIHHOIO JiarpamMor0 CTaHy CUCTEMH MiOb—C8UHEeyb—
071060.
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Puc. 8.9. [liarpama ctaHy CHCTEMHU MiOb—CEUHEYD
Jo nozagiitaux Hanexars 6porsu bpC30 (27...33 % Pb) ta BpOC5-25
(4...6 % Sni23...27 % Pb), no neropanux — bpCH60-2,5 (57...63 % Pb ta
2,25...2,75 % Ni) i bpOHC11-4-3 (10...12 % Sn i 4 % Ni, 3 % Pb).
Kpucramnizamis 6ponsu bpC30 BinOyBaetbes y 4 etanm.
Ha neprmomy erari:
P30 9% py>CutPyy o pp-
Ha npyromy erari, mpu 953 °C, BinOyBaeTbcsi MOHOTEKTHYHE IIEPETBO-
peHHsL:

. P41 94 pb=>CutPos 6 4 po-
Z[am IPOAOBKYETHCA KpUCTA3alllsd M111:

‘ P92.6 % pb—>CutPog o3 9 pp-
Hapemrri, mpu Temneparypi 326 °C yTBOPHUTHCS €BTEKTHKA!

P99,98 % pb—)(CU+Pb)
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Orxe, ocraroyHa cTpykTypa cmaBy (puc. 8.10) ckimamaerscs i3
CBITJIUX 3€peH Mifi Ta TEMHUX AUITHOK €BTEKTHKH, SKa € MPAKTUIHO YHCTUM
ceuHIEeM (99,98 % Pb). Tak camo kpucramizyerbes it crias bp0CS-25.

Puc. 8.10. Mikpoctpykrypa cBuHneBoi 6ponsu bpC30

CyTT€BUM HENONIKOM € IXHS CXWJIBHICTH IO JIKBamii 3a T'yCTHHOIO
(ryctuna mini — 8,96; cunio — 11,34 r/CM3): Ha IEepIIUX JBOX eTarax
KpHCcTalTizallii, Kojau Kpucramizyerbes omuspko 90 % mifi, 30arauena cBUH-
ueM piauHa (92,6 %) BIATICHAETBCS 3€pPHAMH MiJi, III0 POCTYTh, i KOHIICH-
TPYETbCS BIAOKPEMJICHHMH IUISHKAMH Y BHUIJISAL KPYHMHHX CKYMYEHb
cBuHIO. [Ipy IbOMY OTipIIyIOTHCS AaHTH(PHKITIHHI BIACTUBOCTI CILIABY.

Bopotp6a i3 JMiKBaLi€lo MOISATae y MPHCKOPECHOMY OXOJOIKEHHI (BO-
JIOI0) CTaJICBOI BKJIAJKHU ITYIITHUKA B IHTEPBaIi TeMmreparyp (GpopMyBaHHS
TICPBUHHOI CTPYKTYPH CILIaBy.

INongiiiHa cBUHIICBa OpOH3a Ma€ HEBHCOKI MEXaHIYHI BJIACTHUBOCTI 1
BUKOPUCTOBYETHCS JIMILIE JJIsI 3aJIMBaHHS CTAJICBMX BKJIAIOK IiI4ilTHHUKA.
JleroBaHi OpOH3M MalOTh MIITHINITY OCHOBY (O-TBEpAWH PO3YHMH) i MOXYTh
BUKOPHCTOBYBAaTHUCs O€3 CTAJICBUX BKIIAIOK.

8.10. MinHo-HikejeBi criaBu

CraBu Mifi 3 HiKeJIeM MaroTh TapHi MEXaHi9Hi BIIACTHBOCTI, BHCOKY
KOPO3iliHy CTIHKICTB, 100pe 00pOOIISIOTECS THCKOM y TapsiuoMy 1 XOJIOAHO-
My cTaHaXx. MiZb yTBOpIOE i3 HiKeJeM HEOOMEKeHI TBepIi pPO3YMHHU Y
BChOMY Jlialla3oHi TeMIepaTyp Hibkue Bia JiHii comimycy. Hikenb icToTHO
3MIIHIOE MiJlb.
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MingHo-HiKeJIeBI CIUIaBH HA3WBAaIOTh: MeENbXiop, HeWsmmpbep (3
HIMEIBK. — HO8e Cpibll0), KyHialb.

Menvxiopu MHXMu 30-1-1; MH19 matots omHOGba3Hy CTPYKTYpY.
JUts migBUICHHS KOPO3iMHOI CTIMKOCTI iX IOJATKOBO JIETYIOTH 3ali30M i
MapranneM. OCHOBHHI HEHONIK — BEIHKHHA BMICT Ae(PIIUTHOTO HIKEIIOo.
BHKOPUCTOBYIOTh B IOBENIpPHIH MPOMHUCIOBOCTI, BUTOTOBIISIFOTh BUJICIKH,
HOXI TOILO.

Heiizunvbepu nanexars 10 notpiiiHoi cuctemu Cu—Ni—Zn i MiCTATh 10
35 % Nii go 45 % Zn. Heitsuns0epu, NOpiBHSAHO i3 MENbXiopaMHu, XapakTe-
PH3YIOTHCSI BUCOKOIO MILIHICTIO 3aBASKH JIOAIATKOBOMY JIETYBaHHIO IIMHKOM.
I3 HelzunpOepiB HaiiOLnb mupoko 3actocoBytorb MHIL 15-20. Cnnas
JIETKO MiJIAa€ThC OOpPOOI[l THCKOM 1 Ma€e KpacHBUHU CpIONMSCTHH KOJIp.
[Ipu3HavYeHHs: AeTani TOYHOI MEXaHIKH, IPYXKHI JeTalli B eleKTPOTEXHilll,
TeneBi3ikHIA TexHii, EOM, MemnuiiuHi, TEXHIYHUHA Ta MOOYTOBHH MOCY.
TOIIO.

Kynianamu nazuBatorbcst nmorpiiiHi cucremn Cu-Ni—Al, Ni i Al npu
BHCOKHX TeMIIepaTypax PO3YMHSIOTHECS y Mili, aje 3i 3HIKCHHSAM TeMIIe-
parypH ix PO3YMHHICTH Pi3KO 3MEHINYEThCS. ToMmy Iii criaBu e€()EKTHBHO
3MILHIOIOTCSL TapTyBaHHIM 1 CTApiHHIM: g, — 900...1000 °C, 7.,,, —
500...600 °C. 3mMiHEHHS IOCATAETHCS 32 PaXyHOK YTBOPEHHSI TUCTIEPCHUX
¢a3 NizAl ta NiAL

Y npomucioBocTi 3actocoByroTh kyHiami MHA13-3 i MHAG6-1,5.
Kyniami He CXWIbHI O XOJIOMHONAMKOCTI. Tak, HampuKiIaa, y KyHiaii
MHAG6-1,5 y 3icTapeHoMy cTaHi O, ckianae 640 MIla, a v — 50 %, a npu
temneparypi — 180 °C o, — 700 MIla i ¥ — 67 %. Bonu MaroTh BHCOKI
MeXaHI4Hl BIIACTUBOCTI MPH 3BUYAHHHUX Ta HU3BbKUX TeMIlepaTrypax, rapHy
KOpO3iiiHy CTIHKICTh y BOJi. BUKOPHCTOBYIOTH Taki CIUIaBU y MallWHO-
OyayBaHHI, Ul BHUIOTOBJICHHS NpPYXWH Ta IHIIMX CHenJeTaled B
€JIeKTPOTEXHIIII.

8.11. CneniaabHi MigHi cIIaBH

3aBAsKM BHCOKIH eEeKTPONPOBIJHOCTI MiJlb € HE3aMIHHUM MaTepiaioMm
B enekTpoTexHini. OcHoBHUI ii Hemonik — Mana MinHicTs. Tomy, y psai
BHIIAJIKIB, MiJlb JETYIOTh IEMEHTAMH, 1[0 3HAYHO IiABHIIYIOTH 11 MIIHICTh
0e3 iICTOTHOTO 3HIKCHHS €NIEKTPONpPOBinTHOCTI. [0 TakuX eleMeHTiB Hale-
JKaTh HE3HAYHI JOMIIIKHU CPibiia, KaaMito, XpOMY, [IUPKOHIFO.

Tax, bpLlp 0,4 ( 0,4 % Zr ) 3a0e3neuye miABUILEHHS O, Miai 3 220 MIla
1o 430 MITa mpu 6 — 17 %, a p-mini 3pocrae 3 1,72 no 2,08 MxOwm-cm. 1lle
OBl BHCOKI MOKAa3HWKH 3a0€3IeUyIOTh CIUIABH, JIETOBAaHI HHPKOHIEM 1
xpomom: BpXIlp ( 0,7 % Cr, 0,05 % Zr ) i3 0, — 500 MIla, 6 — 24 %.
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JIns minBUIIEHHS KApOMIITHOCTI 1 MIIHOCTI CIUIaBiB OakaHO MaTH y
CTPYKTYpi iHTepMeTalliny, mo He micTats Miai: NiBe, NizTi, Co,Si, CoBe.
CruraBamu 3 iHTepMeTaIifHUM 3MiltHeHHAM € Taki Oponsu: bpHBT; BpKb;
BpHXK. V nux O6poH3 HalBHII MTOKa3HUKH MIITHOCTI.

Yci 6poH3H BUCOKOI €IIEKTPOTIPOBITHOCTI, IO TUCTIEPCIIHO TBEPIHYTh,
3aCTOCOBYIOTh Y TEPMIYHO 3MIIIHEHOMY CTaHi.

Ix raprytots 3 Temneparyp 900...1000 °C, a mOTiM 1iIal0Th CTAPiHHIO
mpu 440...450 °C mpotsrom 2...6 Tog.

259

Po3ain 9
AJTIOMIHIN TA AJIIOMIHIEBI CILIABA

9.1. Asmrominiii. OCHOBHI BJIACTHUBOCTI

Adrominii Haexuts 10 111 rpymu nepiognyHOI CUCTEMU, TOPSIKOBUI
HOMep — 13, Temmeparypa miaBieHas — 660 °C. AmoMmiHiA — M KUl MeTa —
rycruna 2,7 r/em® (Fe — 7,8, Cu — 8,94). Bin kpucraisyeTbcs y TpaHe-
LeHTpHU4HiN KyOiuHil "parui. Ilepion “parku npu 20 °C nopisuioe 0,404 1M,
aromHui# paniyc 0,143 aM. AmoMiHIA He Mae aJIOTPOIIYHUX MoAWQiKamii,
Ma€e BHCOKY TEIUIO- Ta €JICKTpOmpoBimHICTE (65% Bix Cu). lle — ximiuHO
AKTUBHHUH €JIEMEHT, OJHAK BiH JICTKO ITOKPHBAETHCS OKCHIHOKO ILIIBKOIO
Al,Os3, mo 3axumiae HOro HOBEPXHIO BiJ NOJaNbLIOi B3aeMofil i3
cepenosumieM. Iluromuil 06'eM amominito Ta Al,O3 6nu3EKi, ToMy ITiBKa
mrineHa. BoHa Mae rapHe 3YEIUICHHS 3 METallOM Ta MaJIONPOHUKHA [T YCiX
ra3iB. AMOMIHIN CTIMKHHA y 6araTbox OpPraHiYHHX KHCIIOTaX, ajie IIBHIKO
PO3YMHSETHCS Y PO3YMHAX TAKHX JIYTiB.

[Ipu 3BuuaiiHUX TeMIepaTypax alIOMiHIH HE B3a€MOJI€ i3 BOIOIO,
napamu Bojoru, CO, CO,, ajne 3 HiIBUIIEHHAM TEMIIEpaTypu pearye 3
urMH. EHepriitHo B3aeMoyiie 3 mapamu BOJIOTH Mpu TeMneparypi outbiire 500 °C.
Boznens, mo yrBoproeThes 3a peakuiero 2A1+3H,0=3H,+Al,03 yacTkoBo
PO3YMHSAETHCS Y METalli.

AJIOMIHIH Ma€ BHCOKY KOpO3iiiHy CTIHKICTh Y MOpPCHKiH Bomi. BiH
CTIMKHUIA y THX CEepeOBHIIAX, 0 HE PYHHYIOTH 3aXWCHY OKCHIHY ILTiBKY.
Crnenudiuna BIACTHBICTh aTIOMiHII0O — 3[aTHICTh TOMIMHATH HEHTPOHU
JI03BOJISIE 3aCTOCOBYBAaTH HOro B aTOMHUX peaktopax. [lepepiz mormmHeHHs
TennoBux HeifTponiB y Al—0,2-10-28 m2; Fe —2,43-10-28 M2; Ni—4,5-10-28 m2;
Cu —3,59-10-28 M2.

MexaHiuHI BJIACTUBOCTI BiJIAJICHOTO AJIFOMIHII0 BHCOKOI YHUCTOTH
0,=50 MIla; 0'0’2=15 MIla, 6=50 %. XonoqHa miacTuuHa JepopMariis
migeuiye sB 10 150 MIla, ane 3umkye 6 10 6 %. AromiHii jgerko 06po6iis-
€TBCSl TUCKOM, 3BAapIOEThCS yCiMa BUJIaMH 3BaplOBaHHs, aje Horo oOpoOka
pi3aHHSAM YCKJIaTHCHA .

TexHiuHMI aIMIOMiHIH 3aCTOCOBYIOTH [l BUTOTOBJICHHS HEHABAHTAYKCHUX
CJICMEHTIB KOHCTPYKIIIA Ta JeTalici, KON MOTPiOHI BHCOKI IIACTUYHICTS,
rapHa 3BapIOBaHICTB, OITip KOPO3ii, BUCOKI TEIUIO- Ta eJICKTPOIPOBITHICTb.

3 aJIOMiHiI0 BUTOTOBJISIOTH KaOeli, eJIeKTPONPOBOIY, KOHIEHCATOPH,
(onbry, nocya, HUCTEPHH TOLIO.
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MeranypriiiHi koMOiHATH BUTOTOBIIIOTH ANIOMIHIM TEPBHUHHOI IUTABKA
st nepopmyBanns Bucokoi (AD04, AD4) ta texniunoi uncroru (AD000-AD).

[MocTifiHuMu AOMIlIKAaMH y TEPBUHHOMY aJIOMIHII € 3ami3o Ta
kpemHiit. Hanpuknan, amrominiit mapku AD1 Mictuts He 6insme 0,3 % Sita
0,3 % Fe mpu cymapHOMy BMicTi nomimok He Oimbmie 0,7 %. 3amizo He
po3umHseTbes B amoMiHii (puc. 1.9, a). Po3umHHICTE KpeMmHi0 IpH
KIMHaTHI# TemrepaTypi OJu3bka J10 HyIs, a IPU eBTEKTHYHIN Temreparypi
ckmagae 1,65 % (puc. 9.1, 6). EBrextuka, mo yrBoproeTses npu Tm — 577 °C
y IaHid monBiffHiN cucteMi Mictuth 12,5 % Si i ckiagaeThes 3 MWIaCTUH
PO34YHMHY KPEMHIIO B aJIFOMiHIl Ta 3 KPEMHIIO.

THE
800
T'c
K+FeAl
700 e 650
6600 655°
600
600
o+FeAly 550
500 | 500 ] ] ] ]
Al 2 4 6 Al 4 8 12 16 20
Fe,% Si, %
a 0

Puc. 9.1. [liarpamu cTaHy CHCTEM: a — AIIOMIHII—3a1i30; © — antominiil—Kpemuill

S0 B arOMiHIT OHOYACHO HAsBHI JOMIIIKH 3aJli3a Ta KPEMHI0, TO
YTBOPIOIOTBCA TOTPiliHI mpomixkHI (pa3u 3MiHHOTO CKIamgy, IO
no3nayaroteest O-(Al-Fe—Si) Ta B-(Al-Fe-Si). ®a3i o npunmcywors hop-
myiy Fe,SiAlg , a dasi f— FeSiAls.

Ili ¢a3u marots Gopmy romok uu (opmy "kuradicekoro mpudry",
PO3TAIIOBYIOTECS MIEPEBAKHO 10 MeXkax 3epeH (puc. 9.2, a, 0), icToTHO
3HIDKYIOYH ITUIACTHYHICTH AJFOMIHIIO, Ta JOMAIOTh METaly 3AaTHICTH IO
YTBOPEHHS TapsYMX TPILIHMH Micisl HalliBOE3epPEPBHOTO JIUTTS 3JIMBKIB.

9.2. B3aemozisi aJ110MiHiI0 3 JIerylOYUMHU eJIeMeHTAMHU i
JaoMilKkaMu
Xoua y JKOZHIM CHCTEMi Ha OCHOBI J1e2yioyuill enemenm — auoMinil
HeMma Oe3mepepBHOI PO3YMHHOCTI y TBEPIOMY CTaHi, TCHICHINIO 10 OLIBII
BHCOKOI PO3YMHHOCTI BHSBIISIFOTH €JIEMEHTH, IO OJIM3BKO PO3TALIOBaHI y
nepionuyHiii cucreMi J[..Menzneneesa (ta6m.9.1).

h s A o4 s
Puc. 9.2. MikpocTpykTypH ciuiaBiB amomiHito 3 2 % Fe ta 2 (a) 1 4 (6) % Si
Tabnuys 9.1. T'os0BHi Jieryiodi e1eMeHTH B aJIOMiHIl Ta iX po3YHHHICTH
IpH TeMIepaTypi HOHBapiaHTHOI peakuii

Temneparypa | Tun giarpamu | Po3umHHICTB Ipu TemIieparypi
Meran IUIaBJICHHS, CTaHy i3 CTOpOHU HOHBapiaHTHOI peakuii,
°C AIIOMIHI0 % (3a Macoro)

JliTii 179 EBT. X.C. 6,77
Marmii 651 EBT. X.C. 17,4
Maprasenp 1248 EBT. X.C. 1,4

Minp 1083 EBT. X.C. 5,65
3aiizo 1539 EBT. X.C. 0,052
KpemHiit 1440 EBT. 0e3 x.c. 1,65
TluHk 419.5 EBT. 0e3 X.cC. 70

bepuniit 1284 EBT. 0e3 x.c. 0,05
Turan 1665 Ilepur. x.c. 0,28
Xpom 1875 Ilepur. x.c. 0,72
IlupKoHii 1852 Ilepur. x.c. 0,28

Tpumimxa. EBT. — €BTEKTHYHHIL; IEPUT. — MIEPUTEKTUYHHIA; X.C. — XIMIYHA CIIOTyKa.

EneMenTn, mo yTBOPIOIOTH 3 aTIOMiHIEM MOABIHHI CHCTEMU €BTCKTHY-
HoTO THITY (pHc. 9.3), € TOJOBHUMH KOMIIOHEHTAMH TIPOMHUCIIOBUX aJTFOMiHi-
€BUX CIUIaBiB. 3 OararbMa eJeMEHTaMH aJIOMiHIH YTBOPIOE IIONBiiHI,
MOTPIiHHI Ta OLIBII CKITATHI IHTEpMETAIIAN, SKi KPUCTAJI3yIOTHCS 3 pO3IUIa-
BY UM BUJUISIOTHCS 3 TBEPAOTO PO3YMHY AJIOMIHIIO MICNIsl rapTyBaHHs TPU
BiJaJIi Ta CTapiHHI.

st noppiGHEHHsI 3epHa Y 37TMBKax 1 BUIMBKaX, a B PsiJii BUMAJKIB — 1
NIPY 3BapIOBaHHI AJIIOMIHIEBHX CIUIABIB, SIK JIETYIOYl JIOMIIIKHA BHKOPHCTO-
BYIOTh TUTaH, IMPKOHi# Ta 60p y kinbkoctsx 0,1 %...0,3 %.

MIiKpOJIOMINIKM IIMX JIETYIOYMX €JIEMEHTIB CIIPHUSIOTh YTBOPEHHIO B
pO3IIJIaBI YHMCIEHHHX METacTadOUIPHMX KIACTEPHUX YIPYIIOBaHb, IIO €
AKTUBHMMHU IIEHTPaMHU KPHUCTAJi3aIlil, 3aBISKH YOMY iCTOTHO ITONIpiOHIO-
I0TBCSI 3epHA METAIy.
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Puc. 9.3. [liarpama cTtaHy CHCTEMU anrOMIHIt—MiOb

JIOMIIIIKH Ta JIETYIOUi €JIEMCHTH TI€I0 YH 1HIIOK MipOK 3MEHIIYIOTh
€JICKTPOIIPOBIIHICTh AIFOMIHIIO.

Jly’ke TiIBUIIYIOTH EJEKTPOONIp aJIIOMIHII0 — MapraHelb, XpOM,
TUTaH. Malio BIUTUBAIOTH — KPEMHIH, IWHK, 3aJ1i30, MiJIb.

Po3unHHICTE BOAHIO B JIFOMIHIT 3 T IBUIIICHHSAM TEMIICPATypH 3pOCTAE
1 cKitazae:

0,036 cM3/100 1 ipu 660 °C y TBEpIOMY CTaHi;

0,6 — y pinxoMy cTaHi;

2,9 —npu 1000 °C y pigxoMy cTaHi.

9.3. BynoBa aIlOMiHi€BMX CILIABIiB y JINTOMY CTaHI

CrpykTypa 1 BIacTUBOCTI JIe(hOpMOBaHMX BHPOOIB 3 ATFOMiHIEBUX
CIUIaBiB 0aratro B YOMY 3aJISKUTh Bifl SKOCTI 3JIMBKA.

BynoBa 3nuBKa BH3HadaeThest OPMOIO 1 po3MipaMH 3e€pHA Ta HOTO
BHYTPIIIHBOIO OyJJ0BOIO. 3€pHO AJTIOMIHIEBOTO TBEPAOTO PO3UMHY SIBIISE
co0010 JICH/PHT, IO BUpIC i3 OJHOTO LEHTPY KpucTaiizamii. 3epHa 3a
po3MipaM# MOXYTh OyTH BEIMKHMHM 4YM JpiOHUMH, a 3a (opMoI0 —
PIBHOBICHMMH, CTOBITYACTUMH 1 BiSJIOBHMH.

BayTpinmas OymoBa 3epHa JUTOTO MeETaly BHU3HAYAETHCS (OPMOIO i
po3MipaMH TIEpBHHHO YTBOPEHHX TUIOK ICHAPHTIB, a TakoX (OpMOIo,
po3MipaMH Ta pPO3TAlIyBaHHSIM IHTEPMETAJiNiB. 3a 30BHIIIHIM BUIVISIAOM
3epHa HE MOXKHA CYJUTH IIpO Horo BHyTpimHIO OymoBy. [Ipu Oyab-sikomy
PO3Mipi 3epHa TUIKK ACHAPHUTIB MOXKYTh OYTH SIK TOHKUMH, TaK 1 TOBCTUMH,
a IHTepMeTaNiu — IPIOHNMH YU KPYITHUMH.

UYwumM ToHIII TUIKK (9UM ApiOHIIIEe po3Mip IEHIPUTHOI KOMIPKH) Ta YUM
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IpiOHINII iHTepMeTaNia, MO 3HAXOOIThCA Y MUDKICHIPUTHOMY IPOCTOPI,
THM TOHIIIA BHYTpIlIHs OymoBa.

PiBeHp MeXaHIYHUX BIIACTHBOCTEH CIUIABIB y CTaHaX IMICISA JIUTTA Ta
MCIsT TePMOOOPOOKH BU3HAYAETHCS ITEPEBAKHO BHYTPIIIHBOK OYyIOBOIO
3epHa 1, MEHIIIOI0 MipOor0, HOTO po3MipaMu i (HopMOto.

UuM TOHIIOIO € BHYTPIIIHA OyIoBa 3€pHA, THM BHIIUMH € 1 MIIIHICTb 1
macTUaHiCTh. OCHOBHUH (hakTOp, IO BIUIMBAaE HAa BHYTPIIIHIO OyTOBY
3epHa — Li¢ NIBUAKICTD OXOJIOMKEHHS. UMM BUIIE MIBUIKICTH OXOJIOKSHHS,
THM TOHIIIE BHYTPIIIHS Oy10Ba 3€pHA i TUM BHUIIE MIIHICTh Ta IUIACTUIHICTH
CILIaBY.

BB BHYTpIimHBO1 Oy0BH 3€pHA Ha BIACTUBOCTI HamiB()aOpUKaTiB,
OTPUMAHUX NPH BHUCOKHX CTYIEHSX Je(opMallii, MOSCHIOETBCS THM, IO
XiMigHI CIONYKH, SKi BUAUISIOTHCS IpPH KpHUCTANi3allii aTroMiHi€BHX
CIUIaBiB, min 4dac nedopmamnii moppiOHIOOTECA. KiHmeBuit po3mip micis
MOAPiOHCHHS 3aJISKUTh Bill PO3MIpIB IUX CIONYK Y JIUTIH CTPyKTypi. Y
IOMY 1 BUSBIIIETHCS CITaKOBA 3aJISKHICTh BIACTUBOCTEH HamiBpaOpukaTiB
BiJl BIIACTHBOCTEW 37HMBKa. UMM MEHIIE CTyHiHb nedopmarii, TEM I
CIaJIKOBICTH SICKpaBillle BUpaKEeHA.

Po3mip 3epHa 3aneXuTh Bif pALy GakTopiB. 3epHO MOAPIOHIOETHCS TIPH:

— HU3BKIH TeMIlepaTypi JUTTS;

— HasBHOCTI y MeTaJli HEMETaJIeBUX BKJIIOUCHb;

— BBEJICHHI Y CIUIaB JIOMIMIOK TYTOIUTABKMX METAJIiB, IO BilirparoTh
POJb MITYYHUX 3apOAKIB MPU KPUCTaJi3allil;

— 3acTOCyBaHHI BiOpartii.

3epHO YKPYITHIOETHCS:

— 33 YMOB II€perpiBaHHs MeTaiy;

— IIPY BUCOKUX TEMIIEPaTypax JIUTTS;

— TIpY TiABHUIICHHI YHCTOTH PO3ILIABY.

3pocTaHHs OIBUAKOCTI KPUCTAII3ALlii CIIOYaTKy CIIpHs€E MONpiOHEHHIO,
a 3roJioM — oro ykpymHeHHIO. Leif edekT BUABIAETECS THM OiNTbIe, UM
MEHIII JICTOBAaHUM € CILIaB.

VY pes3ynbTari mporecis, MO BiIOYBAIOTHECS MPH KPHCTai3allil 3THBKIB
Ta BIJIMBKIB i3 aNOMIHIEBHX CIUIaBiB y pealbHUX BHPOOHHYMX YMOBaX,
CTPYKTypa BHPOOIB BHUSBISETHCS HE3PIBHOBAKEHOI, XapaKTEPH3YETHCS
JIEHIIPUTHOIO JIKBAIII€IO.

Jlo ocHOBHHX 0cOONMBOCTEH HE3PIBHOBAKEHOI JINTOI CTPYKTYPH CIiJ
BIIHECTH:

1. HepiBHOMipHHI pO3MOALT JETYIOUHX EJIEMEHTIB Ta IOMIIIOK II0
00'eMy nmeHOpwTiB TBepmoro po3uuHy. [lepudepiiiHi 30HH OEHIPUTIB
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30aradeHi eleMeHTaMu, 0 3HIDKYIOTh TeMIIepaTypy IUIaBICHHS alFOMiHII0
(Minmp, TMHK, KPEeMHIiH, MapraHelb, MarHiif) Ta 30iqHEHI eleMEHTaMH, IO
M IBUINYIOTH TOYKY IUIABJICHHS aFOMiHIIO (XpOM, IUPKOHIN, THTAH).

2. HasBHicTp "3aifBux" (a3, mo He MOBHHHI yTBOPIOBATHCH IPH PiBHO-
Ba)XKHIH KpHUCTali3alii, 30kpema, (a3, Mo BXOAITH JO CKJIaxy He3piBHOBa-
KEHUX EBTEKTHK, a TAKOXK NEPBHHHUX IHTEPMETAJiAiB, IO HE BCTHUININ
npopearyBaTd 3 alOMIHIEBUM TBEpAUM PO3YMHOM 3a HEPUTCKTHYHOKO
peaxiero.

3. PosramyBaHHA 10 MeXax IEHIPUTHUX KOMIpoK a3y, 1o B3aeMo-
IIIOTH 13 AMFOMIHIEM 32 €BTEKTUYHOIO PEaKIli€ro, a Y IEHTpPi 3epHa KOMipOK,
10 B3a€MOIIOTH 3 aIIOMIHIEM 32 MEPUTEKTHIHOO PEAKIIEI0.

Jlns oTpuMaHHS TOHKOI BHYTPIITHBOI OyIOBH HEOOXiTHO ONEPKyBaTH
TaKOX JAPIOHO3EPHUCTY CTPYKTYpy. Taka CTPYyKTypa 3MEHIIy€ CXWIbHICTh
CIUIABIB 10 YTBOPEHHS MIPH JINTTI TAPSIUX TPILIHH, 0COOINBO TOBEPXHEBHX,
MiIBHUINY€ TUTACTHYHICTD TIPH Tapsdii aedopmartii.

9.4. Bynosa anOMiHI€EBHX CILUIAaBIB Mic/Isl rapsvoi i
X0JI0AHOI 00POOKH THCKOM

AJTIOMIHIH € TUITAaCTHYHUM MeTaneBuM MmarepiasioM. I1pu BUpoOHHUIITBI
BHUpPOOIB BUKOPHCTOBYIOTBCS Pi3HI CIIOCOOM Tapsyoi i xonomHoi oOpoOku
TUCcKOM. Tak, mpyTKH, podisi, IMaHesi, TOBCTOCTIHHI TPyOH BHUIOTOBIISIIOTH
npecyBaHHsAM Harpitoro 110 350...450 °C 3muBka uepe3 Qinpepu (MaTpHIIEO)
Ha TiZpaBivyHKUX Hpecax. ['apsyuM mramIiryBaHHIM, KyBaHHSIM Ha MOJIOTax
1 mpecax OAep KyIOTh pi3HI 3arOTOBKH JUI JeTalell CKJIaJHOi KoH(iryparii.
[Ipn BUpOOHMLTBI JMCTIB TOHKOCTIHHUX TPYO, APOTY, MiCJs MONEPEIHbOT
rapsiuoi pedopmartii, 3aroToBKy MiJIal0Th 3Ha4YHIA XOJOAHIN nedopmarii
(mpokarka abo BOJIOUiHHSA).

[Tnactnyna nedopmartis MeTaly He JIMIIE J03BOJISIE OlePKAaTH BUPOOH
BH3Ha4YeHOi ()OpMH, a i ICTOTHO BIUIMBAE Ha XapakTep 3MiHH CTPYKTYpHU Y
mporeci 00poOKH, a OTKe, 1 BIIACTHBOCTI CILIABIB.

AIOMiHIF 1 amOMiHIEBI CIUTaBW, MiIJaHI Taps4id 4M XOJOMHIHN
nedopmartii, MalOTh Taki BIAMIHHI PUCH TOPIBHAHO 3 Hene(OpMOBAHUM
METaJIoM:

— Kpallly TeOMETPHYHY OpI€HTALIi0 3ePeH Ta IHTepMETaliTHIX YaCTHHOK;

— KpUCTaJH y Ipoleci aedopmarii 3MiHIOIOTH CBOIO (popMy, BUTSTYIO-
YHUCh B3JOBX TOJIOBHOI oci nedopmanii. 3aJeXHO BiJ CTyNeHs 1 cXeMu
nedopmaltii KprCcTany TBEPAOTo po3YHHY HaOyBalOTh Pi3HOT OpMHU, a came:
BOJIOKOH Yy ITPECOBAaHMX NPYTKax Ta y JPOTI MiCis BOIOYiHHS, a00 IIacTHH
YM IUIACTIBLIB Y MPOKaTHUX JIMCTAaX Ta OUIBII CKIagHOi (QOpMH IpU
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raps4oMy IITaMIyBaHHi, TOOTO ¢opMa 3epeH 3aleXUTh BiJ CXeMHU
nedopmyBanHs (puc. 9.4);.
- ' e — BKJIFOYCHHS iHTEpMETaJiJHUX YacTH-
HOK (€BTEKTHMYHUX YM IEPBHHHHX) pPO3Ta-
LIOBYIOTBHCSL 3TiIHO i3 T'E€OMETPHUYHOIO
opieHTali€r0 3epeH. BoHM, sSK mpaBmIIo,
PO3TALIOBYIOTECSL Y HAIPSIMKY TOJOBHOI
oci nedopmarii po3TAraHHs y BUIVILII
psankiB. Kpucranu inTepmeranifiB, o
Puc. 9.4. Crpyxrypa MAaIOTh BUCOKY (TIOPIBHSHO i3 aTFOMiHIEBUM
ne(pOpMOBAaHOIO TypaliOMiHy — PO3YMHOM) TBEPHAICTh 1 HU3BKY IUIACTHY-
HICTb, HE 3a3HAIOTh MOMITHOI IUTACTHYHOI nedopmanii Hi IpU rapsvii, Hi
py XononHii pedopmanii. B ocraHHEOMY BUIIAZKy MOXKIINBE MTOAPIOHEHHS
Ta pyHHYBaHHSA IHTEPMETANIIHUX YaCTHHOK, II€BHE KpHUCTaJidHE
Opi€HTYBaHHS 3epeH (Tekcrypa nedopmaririi). KoB3aHHS HpH IUTaCTHYHIN
nedopmallii Mo BU3HAUYCHUX KpUCTAIOTrpadivHUX IUIOIIMHAX 1 HarpsMKax
BH3Ha4ae Onu3bke Kpuctanorpagdiune opieHTyBaHHA OUTbIIOCTI 3epeH. Tak,
HaIpUKJIal, Ui JIMCTIB AOMIHIIO W aTIOMiHIEBHUX CIUIABIB XapaKTepHa
tekcTypa mpokarku (110) [112]. Ile o3naudae, mo kpuctanorpadidHi
rwioumHy (110) O11pIIOCTI 3epeH napaenbHi UIOUIMHI JIMCTA, 8 HAIPSIMOK
[112] napanensHUl HAMPSIMKY IPOKATKU.

CrymiHb JOCKOHAJOCTI TEKCTYPU MPOKATKH 3pOCTa€ 31 301NBIICHHAM
CTyIIeHs 1 Temnepatypu aedopmaiii (BU3HAYAETHCSA JOCKOHATICTh TEKCTYpH
PEHT CHOCTPYKTYPHHUM aHAJIi30M); IiIBUIIICHHSIM T'yCTUHU JUCIIOKAIIIi.

VY KpuCTaJliYHUX paTkax Oy/b-SKOTO MONIKPHCTAIIYHOTO METAIy Yy
cTabinmpHOMY (BiAMANEHOMY) CTaHI MICTUTBCA BEJNHKA KUTBKICTh
nucnokanid. Tak, y BiamaseHOMy amiOMiHIi TYCTHHA AMCIOKAIN CKiaaae
nopsaky 107 ecm2. V mpoueci miacTHuHOro jepopMyBaHHsS TEHEPYIOThCS
HOBi Juciokamii B MeTami. ['yCTHHa JHCIOKANii TMiclsi XOJIOXHOTO
nehopMyBaHHA i3 BHCOKHMH CTYICHSAMH CTHCHEHHS I AFOMIHIEBHX
cruagiB gocsrae 1011...1012 cm2,

[Tix yac rapsiaoro nedopmyBaHHs (IPECyBaHHs, KyBaHHs) B aJlIOMiHiT i
AIIOMIHIEBUX CIUIaBaX (QOPMYEThCS CyO3epHHCTa CTPYKTypa i3 cepeaHim
po3mipom cyb3eper 1...3 mxwm. [Ipu rapsuiit gedopmarii BizOyBaeTbcs
MOBEpHEHHs (IOJIITOHI3aIliA) 1 CIOCTEPIraeThCsl BU3HAYCHA YIIOPSIKOBA-
HICTh y pO3TalllyBaHHI IUCIIOKaliid. BOHM po3TaimoByrOThCs y aehopmo-
BaHMX 3€pHAX Yy BUIVISLI CTIHOK Ta CITOK, 110 YTBOPIOIOTH MEXi Cy03epeH.

[Ipomec TmoBepHEeHHsS TpH TapsAdid IIacTUYHIA Kedopmarrii
MPU3BOANTL JO AaHITIIAMIl YaCTHHM JHUCIIOKAIlii, aje TycThHa ix
samuaethes Bucokoro (109...1010 cm-2);
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— 3HIDKEHY KUTBKICTB MIKpO- 1 MaKkpoae(eKTiB, 10 BHHUKAIOTH TIPH JIUTTI.

VY 31MBKax, M0 € BUXIJTHOIO 3aroTiBKOIO Ui BUPOOHUITBA AedopmMo-
BaHWX HamiB()aOpWKaTiB 3 AITIOMIHIEBHX CIUIABiB, 3yCTPIidalOTHCS TaKi
nedexTH; a came:

— Pi3HO3EPHHUCTICTH (32 IEPETHHOM);

— JNiKBamifHa HEOIHOPITHICTH;

— ycazodHa i Tra3oBa (BOIHEBA) OPHCTICTH;

— OKCH/IHI Ta IIUTAKOBI BKITIOYEHHS.

JedopmoBaHmii MeTan 3aBKIU OUTHIN IMITBPHUN 1 OFHOPITHHUN, HiX
mutuit. [Ipy mnactuyHii, ocobnmBO Tapsdid, nedopmamii 3MEHIIYETHCS
JIEHIIPUTHA JIKBAIlisl, 3aBapIOIOTHCS YCaJO4HI MOpH i mopucTicTh. OnmHaK,
yacTrHa nAe(eKTiB 3MUBKAa (OKCHAHI 1 IIIAaKOBI BKIFOUEHHS, 30HAIBHA
JIKBAIIis) YCIIagKOBYEThCS BUPOOOM Ticis gepopMyBaHHS.

[Micast xomomuoro i rapsgoro neOpMyBaHHS ANIOMIiHI€BI CIUTaBH
TEPMOJMHAMIYHO HECTaOUThHI. Y HUX IOBUIBHO BiIOYyBAarOTHCS IPOLIECH
3MiHH CTPYKTYPH, IO MIPU3BOMSITE 10 3MEHIIICHHS BUTbHOI eHeprii. J{o Takmx
MPOIECIiB y TMepIIy Yepry HaJeKHUTh pekpucTamizamis. [loxazHukoM
CTIMKOCTI Ie)opMOBaHOTO MeTally MPOTH PEKPUCTAII3aLii € TeMIeparypa
MoJaTky pekpucranizamii. YuM BoOHa BHINA, THM CTIHKIIIHA CTaH
neOopMOBaHOTO MeTaly. BibIn CTiHKy 1 cTabiIbHY CTPYKTYpy MOPIBHSIHO i3
X0NOZHOAS(HOPMOBAHHM CTaHOM 1, SAK HACHiOK, OULTBII BHCOKY
TeMIIepaTypy IMOYaTKy peKpucTaizallii MaloTh rapsaenedopMoBaHi MeTanu,
TOMY IIIO B HUX YK€ TpHu AedopMariii BiZOyBaeThCs MOMITOHI3aIis.

Jlns mopiBHSHHS, TeMIepaTypl IOYaTKy pPeKpHCTali3amii airoMiHi-
eBoro cruraBy naypamominy 16 (Cu — 3.8...49 %; Mg 1,2...1,8 %;
Mn 0,3...0,9 % Tomro), Al, mignasoro nedopmariii 3 OMHAKOBHM cTyTieHeM (85 %),
TaKi:

XoJiomHOKaTaHui auct — 340 °C;

rapsiaekataauit et — 390 °C;

rapsiaeripecoBanuii mpyTok — 500 °C.

Bucoka Temmeparypa pekpucTamizamii rapsdenpecoBaHUX HaIliB-
(abpukaTiB € OCOONUBICTIO pSIAYy AaTIOMIHIEBHUX CIUIABiB, JETOBAaHUX
MepexXiTHUMHA MeTaJlaMH. Y HHX TeMIlepaTypa IMOYaTKy peKpHCTaizarii
Moxe pocsrarta 0,95...1 Bixm Temmeparypu comimycy. Taki BUCOKI Temrie-
parypu pekpucTaiizamii JO3BOILIIOTh 30epiraTi micis TepMidHOI 00poOKH
CIUTaBiB HEPEKPHCTAIi30BaHI CTPYKTypH TapsdeaepOpMOBAHHUX HAIIiB-
(abpuxaris.

OpHak OLTBOIICTD CIUIABIB, OCOOIMBO TOMOTEHHI, HABITH ITiCIIS TapII0i
MIPOKATKH MArOTh IUJIKOM PEeKpUCTaNi3alliitHy cTpyKTypy. Pekpucramizarris
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BCTHTA€E TIPOUTH IPH OXOJIOMKEHHI 1e(hOpMOBAHIX BUPOOIB 3 TEMIIEpaTypHl
raps9oi gedopmarrii.

BaxxnuBuii BIUIMB TIACTUYHOI AedopMariii Ha BIACTHBOCTI MeETAlliB
BUSBIIETHCS Y ehopManifHOMY 3MIITHEHHI YH HAKJIETI, P SKOMY 3HAYHO
I IBUIIY€THCS MIIHICTH 1 3HIKYETHCS TUIACTHYHICTB.

Tak, mia crutay AMr6 (Mg — 5,8...6,8 %; Mn — 0,5...0,8 %), THM-
YaCOBUI OIip pO3pPHUBY 1 TPaHUII TEKYUYOCTi 3aJI€KHO Bix CTymeHs aedop-
Marii migumtytoteest Ha 30...45 %, a BIZTHOCHE TIOMOBKEHHS 3MEHIIIYETHCS
Oimpm HIX y 2...2,5 pasu (3 25 1o 8...9 %).

OCHOBHOIO TIPUYMHOIO JePOPMAIifHOTO 3MIITHEHHS € IIiIBUIICHHS
TYCTHHH JHCIIOKAITiii.

lapsiua 00poOka amrOMiHIEBHX CIIIaBiB THCKOM, 32 YMOBH, IO
pekpucramizamis He BinOyBaeTbcs y mpoueci aedopMmyBaHHS i
OXOJIOJDKCHHSI, TOOTO 30epiraerhcs MiABUIOICHA TYCTHHA UCIOKAIii,
3YMOBJIOE TIABHINEHHS MIITHOCTI rapsdeneopMoBaHOTO MeTaiy,
TIOPIBHSHO 13 MIIHICTIO JIATOTO METAIYy.

Opnak, 3MIITHEHHS aJTIOMiHIIO ¥ IHIIMX CIJIABiB TpPH XOJOIHIH
IJIACTUYHIN aedopMarnii yckimagHioe 0OpOoOKy THCKOM, TOMY B psmi
BHUIMANKIB HeoOXimHO 3MeHmHTH edekT "Hakiemy', Imo Moxe OyTH
JIOCATHYTO HIISXOM IMPOMIXKHOI TepMi4HOI 00pOOKH, a caMe BiImmaiy.

3MiOHEHHS aNIOMiHIF0 W aJIOMiHIEBHX CIUIABIB TPH XOJOIHIN
nedopmarii BUKOPUCTOBYEThCA Ha NpakTulli. HeoOximHi MexaHidUHI
BIIACTHUBOCTI JOCATAIOTHCS CTBOPEHHSM HEOOXITHOTO CTyIeHs aedopmariii
CIUIaBiB, IIO IMTHPOKO 3aCTOCOBYETHCSA NPH BUPOOHUIITBI EIEKTPUIHUX
IpoTiB 1 muctiB. Taki JUCTH 1 APOTH HA3WUBAIOTH HAKAIENAHUMU YU
HanigHakienanumu i MO3HAYAIOTECS BiAmoBimHO Hitepamu (H) i (I1), mo
JI0JAaI0Th A0 Mapku crutasy: AMull, AJIIH.

[Ipo BB XOJOmHOTO AEPOpPMYBaHHS Ha KOPO3iMHY CTIHKICTH HE
MOXXHa 3pOOWTH OJHO3HAYHHX BHCHOBKIB. 3 OZHOTO OOKY, XOJOIHA
nedopmallis MABUINY€E XiMIYHY aKTHBHICTH QIFOMIHIIO i TIPHCKOPIOE HOTO
PO3YMHEHHS B KHCJIOTaxX i JyraX, TOOI SK, i3 IHIIOTO OOKY, IIBHIKiCTh
MDKKPHCTATITHOL KOPO3il Ta KOpO3il Mi HAIPYTOI0 METANy 3HIKYETHCS.

Mertanu micis XOJIOMHOTO 1 raps4oro AeGopMyBaHHS BiIPi3HAIOTHCA
aHI30TPOMIE0 BIACTUBOCTEH. MexaHiuHa 1 Kopo3iiiHa CTiliKiCTh nedopmo-
BaHUX HamiBpaOpHUKATIiB y pI3HUX HANpsSMKaxX ICTOTHO BiIpi3HAIOTHCS.
AHI30TpOMII0 BIIACTHBOCTEH 3yMOBIEHO TEOMETPHYHOIO 1 KPHCTAIO-
rpadigyHO0 TEKCTYPOI, PSAOKOBHM pO3TAITyBaHHSAM iHTEPMETANITHUX
BKJIFOYCHb.

HaitgacTime MimHICT, IIACTHYHICTB, CTIHKICTh MPOTH KOPO3ii Mix
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HalpY)XEHHSM Yy TOJIOBHOMY HampsMKy JAe()OpMyBaHHS pPO3TATaHHIM
BHPOOY MaKCHMAIIbHI, a B MIEPICHANKYIIPHOMY — MiHIMAaIBHI.

9.5. IlpyHuMnyu BUOOPY peKUMIB TepMi4HOI 00po0KH
AJIIOMiHI€BHX CILIABIB

Ha nymky 1. ®pimnsaaepa, b. Konauosa, P. I'aGigymina, 0. Jlaxtina
pPO3MAITICTh CTPYKTYp, IIO MOXYTh OyTH OTpHUMaHi y BHpobax 3
AIFOMIHIEBUX CIUIABIB IICIA TEPMIYHOI OOpOOKH, € pe3ynbTaToM pPi3HOTO
BIJIXWJICHHS CTaHy CIUIaBiB BiJl pIBHOBR)XHOTO 338 KIMHAaTHUX TEMIIEPaTyp.

PiBHOBa)kHa CTPYKTypa NMPOMHCIOBUX CIUIABIB, Y CKJali SKUX BMICT
JIETYIOUMX €JIEMEHTIB 3BHUaiiHo He nepeBuiye 10 %, siBisie co0oro TBepauii
PO34YWH, 10 MICTHTh HE3HAYHY KIJIbKICTh (IECATI YAaCTKH BiJCOTKA)
JErylouMX €JIEMEHTIB 13 BKIIOYEHHAMH iHTepMeTamigHux ¢as: Al,Cu,
Al,CuMg, Mg,Si Ta Oinbiu ckiaanHi cronyku. IIpy Takii cTpyKTypi cilaBH
MaroTh HU3bKY MIIHICTb 1 BUCOKY IIJIACTHYHICTb.

Hecrilikoto mpu KIMHaTHIi Temreparypi CTPyKTypoOlO € IIepeHacu-
YCHUU TBEPIHi PO3YUH JICTYIOUUX KOMIIOHCHTIB B aOMIiHil, KOHIICHTPAIis
SKUX MOXK€ B JIECSITKH pa3iB IMEpEeBUINYBaTH piBHOBaxHY. [lpm Ttaxii
CTPYKTYpi CIUIaBH € IUIACTHYHWUMH, ajie el MIHIOIUMH, HIK Yy
PIBHOB2XHOMY CTaHi.

Jlns  mOCSTHEHHS MaKCMMalbHOI MINHOCTI MpU  3aJO0BUIBHIHN
IUTACTUYHOCTI HEOOXIHO OJCPIKaTH MPOMIXKHY CTPYKTYpY, IO BiAMOBiAaE
MIOYaTKOBUM CTaJlisIM pO3Majy NMEpeHaCHUEHOTO JICTYIOYHMH eJIeMEHTaMH
TBEPIOTO PO3YHHY.

Jlmst amioMiHIEBHUX CIIaBiB HaMYacTillle 3aCTOCOBYIOTH TpPU BUIH
TEepMIYHOT OOpOOKH: Binal, TapTyBaHHS 1 CTapiHHA.

9.5.1. Bigman

ANIOMiHI€BI CIUIABH BiJIAJIOIOTh TOMi, KOJM HEOOXiTHO JIKBiTyBaTH
HeOakaHi HAaCJIiKH, TTOB'SA3aH] i3 He3pIBHOBAKEHUM CTaHOM CTPYKTYPH, TIPH
SKOMY CIIOCTEePIraloThCsl 3HIDKEHA IUIACTUYHICTh, HHU3bKa KOpO3ilHa
CTIMKICTP 1 HemocTaTH AedopMariiifHa 30aTHICTb.

Haii6inpm momupeHi Taki Pi3HOBHIAM HE3PiBHOBAXCHUX CTaHIB
QIIOMIHIEBUX CIIIABIB:

— HEe3pIBHOB@KEHWI CTaH, W0 XapakKTepHUH JUIS JIMTHX CIUIABiB,
3yMOBJICHU1 BUIIIMMH LIBHKOCTSIMH OXOJIOMPKCHHS METaTy NPU BCIX BHJAX
(acoHHOTO JINTTA IOPIBHAHO 13 HIBUIKOCTSAMH OXOJOKEHHS IpHU
piBHOBaXkHIH Kpucramizamii. [Ipn mpoMy Jeryrodi elxeMeHTH i JOMIIIKH
pO3MOiJcHI HEPIBHOMIPHO 1O 00'€eMy JHMTHUX 3€peH, a Ha iXHIX Mekax
PO3TaIIOBYIOTHCS HE3PIBHOBAXKEHI IHTEpMeTalliiHI (as3u;
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— HEe3piBHOBAKEHHUH CTaH, CIPUYAHEHHUH TUIACTHYHOK JehOopMAaIli€ro,
pu sIKid BigOyBalOThCSA ICTOTHI CTPYKTypHI 3MiHH. YacThHa eHeprii
neopMyBaHHS TOTIMHAETHCS METAIOM 1 BUIBHA EHEPTisl CUCTEMHU
T IBUIILY €THCS;

— HE3pIBHOBAXXCHHUHU CTaH, IO € PE3yNIBTaTOM IONepeaHbOl TePMITHOT
00poOku. OCHOBHOIO OCOONHBICTIO TAKOTO CTaHy € HasBHICTH Y CIDIaBi
MIEPEeCHICHOTO TBEPJOTO PO3UNHY HAa OCHOBI AIIFOMIHIIO.

BiamoBimHO [0 OCHOBHHX pIi3HOBHIIB HE3PIBHOBAXCHHX CTaHIB,
XapaKTepHUX [UIs allIOMIHIIO 1 CIUIaBiB, PO3PI3HAIOTH TaKi Pi3HOBHIU
BiJIalTy: TOMOTEHI3aIlifHAN BiAMaN 3MUBKIB, PeKpUCTATI3aAIifHAN Biaman
nedopMoBaHHX BUPOOIB, BiAIAT TEPMiITHO 3MIIIHEHHUX CIUIABiB i3 METOIO X
3HEMIIJHEHHS, BNl JUIS 3HATTA 3QJIMIIKOBUX HAIPY>KECHb.

9.5.2. 'omorenizamist

3acTOCOBYETBCS IS JIMCTIB, MPOQIIIB TOIO 3 METOI OfEPXKaHHSI
TOMOTCHHOI CTPYKTYpH, IO JO3BOJSE MiABUIMUTH IUTACTHYHICTH Ta
TTOJITIIUTH IMOJANBITY 00pOOKY THCKOM (TIpecyBaHHS, MPOKATKY TOIIO).

Po3rissHeMO 0COONMBOCTI TOMOTEHI3allil HAa MPHKIAL IOIBIHHOTO
craBy Al +4 % Cu (puc. 9.3).

VY pIBHOBR)XHOMY CTaHI CTPYKTypa CIUIaBy SBIsiE cOOOI0 TBepAWil
PO34uH a 1 BTopuHHI BuaineHHs ¢aszu Al,Cu.

VY pesynbTari He3piBHOBRKEHOI KpHCTalli3alii yTBOpUiacs He3piBHO-
Ba)XKCHA eBTCKTHKA. BHIiNEHHS MO Mexax ACHIPUTHHX KOMIipOK
CKJIJIAl0ThCS 3 IPpyOux BiItoueHs dasu Al,Cu.

Ilpu HarpiBaHHI 1O f/), (AuB. puc. 9.3) i BUTpUMyBaHHI IpH LiH
TeMneparypi eBTekTH4Hi BKIOueHHS Al,Cu po34UHSAIOTBCS Y TBEPIAOMY
pO34YWHI 1 KOHIEHTpalis Migi Mo 00'eMy 3epeH TBEPAOr0 PO3IUMHY
BUpiBHIOEThCA. [IpH 1IbOMY CIUIaB Mae OgHO(a3Hy TOMOTEHHY CTPYKTYpY
3epeH O-po3unHy. Temmneparypa roMoreHizalii MoBHHHA OyTH HIDKYOIO 3a
TeMIIepaTypy pIBHOBaXXHOro couigycy (fcp;), ajle BHUILOK0, HIX
TeMIepaTypa [IOBHOIO PO3YMHEHHS B aJIOMIHII JIETyIOUUX €IEMEHTIB (f).
Kpim ToOrOo, TemmepaTypa TOMOTeHi3allii OOMpAaeTbCS HIDKYOK Bif
TEMIEePaTypu €BTEKTUKU (fgp), TOMY 1O IPU HArpiBaHHI BHIIE Bij JaHOI
TEeMIEPaTypH MOXXJIMBE PO3IUIABICHHS HE3PiBHOBAXKCHHX €BTEKTHK, a Ie
CYNPOBOIDKYETHCS. MIXK36PEHHUM OKHCIIFOBAaHHSM 1 YTBOPEHHSM ITIOPHCTOC-
Ti, [0 TPHU3BOAUTH IO PI3KOTO 3HIKCHHS MIITHOCTI 1, 0COOIHMBO, IIIACTHY-
HOCTI BHPOOIB.

ButpumyBaHHS mpu TeMIiepaTypi roMoTreHi3almii Mae 3a0e3leqnTH
MOBHE PO3YMHCHHS HE3PIBHOBa)XCHUX EBTCKTUYHUX BKIIOYEHb (azu
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Al,Cu. Bona noBuHHa OyTH TUM OLbLIOI0, YUM IpyOilli i BKIIOYEHHS,
OT)XK€ TPUBANICTh TOMOTEHi3allil BENIWKHX 3JIMUBKIB MOBHHHA OYTH
OLBIIOTO, HIXK IUIA ApiOHUX BHPOOIB. 3 OIALY Ha Te, IO PeallbHi CIIaBH,
KpiM Mifi, MICTATh ¥ 1HIII JIETYIOUi €IEMEHTH: MarHild, IUHK, KPEeMHiH,
yac BUTPUMYBaHHA IPU TOMOTEHi3allii 3aiexxaTuMme Bif IXHBOI OHQYy-
3iftHOi pyxmmBOCTi B amromiHii. Temmeparypa roMmorerisamii mpoMHuCIO-
BHX CIUIaBiB KoMuBaeThes Bix 450 mo 540 °C, a wac BUTpUMYBaHHS — Bif
4 1o 40 roguH.

[IBUIKICTh OXOJOKEHHS MPH TOMOTEHi3amil He periaMeHTYEThCS.
3a3BUYail 3MUBKHU OXOJIOMKYIOTh a00 y Imedi, abo Ha moBiTpi. HaBite mpu
TaKOMYy TOPIBHSHO IOBITFHOMY OXOJIOIKEHHI JIETYIOUi €JIEMEHTH 3HOBY
BHIIISIOTHCS 13 TBEPIOTO PO3YMHY Y BHUINISAAI BTOPUHHUX IHTEpMETaNilI-
HUX KpucTamiB. OfHAaK Ii BUAUIEHHS HabaraTo ApiOHIINI, HI)K €BTEKTHYHI
BKJIIOYCHHS 10 ToMmoreHizamii. KpiM Toro, BoHW OiipIn piBHOMipHO
PO3MOiIeHI, TOMY IUIACTUYHICTh CIUIABY 3AJHIIAETHCS JOCUTH BHCOKOIO.

CyTHicTh mTporecy TromoreHizamii mis cmiaBiB cuctemMu Al-Cu
MIPUHHATHA 1 U1 OLTBIN CKIIATHUX CIDIABIB JIETOBAaHUX KPIM Mifi, MarHieM,
LOMHKOM 1 KpEMHIEM Yy pi3HUX CIiBBiIHOIICHHAX. BiIMIHHICTh X CILIABIiB
BiJl MONBIMHUX TIONATAaE B TOMY, IO B PE3yNbTaTi ACHAPUTHOI JIKBaIil y
CKJIAJHAX CIUIaBaX y JIATOMY CTaHi TBEpAWH pPO3YHMH HEOTHOPiIHHMIT 3a
BMICTOM HE TITBKM MiJi, alleé i MarHito, OUHKY Ta KPEMHII0, a TI0 MeXax
JIEHIPUTHUX KOMIPOK BHAUISAETHCS HE MOABIMHA (UM HE TUIBKU MOIBiiTHA)
eBrekTuka 0+A1,Cu, a OLIbII CKIIAHI HE3PIBHOBA)KEHI EBTEKTHKH.

Y IpoMHCIOBUX aJIOMiHIEBUX CIDIABAX MICTATHCS TAKOXK MapraHellb,
TUTaH, MUPKOHIN, XPOM, IO YCKIIAJHIOE TIPOIIeC TOMOTeHi3allil.

Teepnuit po34mH, MO YTBOPUTHCS MPH KPHCTANi3alii, MICTUTh Maiike
Bech Maprasens (a00 IUPKOHIN, TUTaH), HAABHUN y cruiaBi. [Ipu mpomy
TBEPOUH PO3YMH NEPEHACHYCHUH NMEPEXiqHUMH METAJaM{ He TUTBKU IpH
KiMHATHI{ TeMIeparypi, aje i npu temMmneparypax romoreHisarii (450...500 °C),
OCKINbKH, HaBITh NPU [UX TEMIeparypax PpO3UMHHICTH iX y TBepIOMY
pO3UuHi IyXe mana.

Iomanmi y Tabm. 9.1 BimoMocCTi cBim4arh, MmO TpPH TeMIIEpaTrypax
450...500 °C po34ymHHICTH Miji, MarHifo i Maprauio € pizHor. ToMy mif
yac BUTPUMYBaHHS IIPH TEMIIEpaTypi TOMOTEHi3amii, 3 OXHOro OOKy, y
TBEPIOMY PO3YHHI PO3UHMHSIOTHCS MIiIHI MarHi€Bi iHTEPMETANITH, a TAKOK
IHTepMeTaTigu, IO MICTATh IUHK 1 KpeMmHid. 3 iHmoro OOKy, i3
NePEeCHYCHOr0 TBEPAOrO PO3YHMHY, L0 YTBOPUBCA IPH KpHCTali3amii,
BHIUIAIOTHCS TUCTIEPCHI MapraHIeBi (IUPKOHIEB], XpPOMOBI) IHTEpMETaiIH.

OTxe, BUTpUMYBaHHA Tpu Temmeparypax 450...500 °C 3mmBkiB, 10
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CKJIany SKUX KpIM Mifi, MarHito, IUHKY, KPEMHIiI0, BXOIATh MapraHellb,
IMUPKOHIH, XpOM, THUTaH Ta IHII TEpPexigHi METajH, HE € y IOBHOMY
PO3yMiHHI TOMOTreHi3ali€o, TOMy IO NpW JaHid oOpoOui BigOyBaeThcs i
Jiesika TeTeporeHisaisi CTpyKTypH.

Tak, mampukian, y cmiaei 16 (3,8...4,9 % Cu, 1,2...1,8 % Mg,
0,3...0,9 % Mn) nopsiz 3 po3uMHEHHIM €BTEKTHYHUX BKJIIoueHb (a3 Al,Cu
1 Al,CuMg i3 TBepOro pO34MHY BUIUIAETbCSA AUCIEPCHUI MapraHueBUH
iHTepMeTania, oueBuaHO, pa3za Al-Cu-Mg (puc. 9.5).

Puc. 9.5. MikpoctpykTypa 31uBKiB cruiasy J[16 3 0,4 % Mn: a — y nutoMy crasi;
6 — micnis romoreHizauii npu 480 °C npotsarom 24 rox

[IpaBuiabHO OOpaHHMI PEKUM TOMOTEHI3allii MOBUHEH 3a0e3MCYUTH
TIOBHE PO3YMHEHHSI HE3PIBHOBAKEHMUX E€BTEKTHUHHMX BKIIIOUCHb IHTEpPMETa-
JAiB Mifi, MarHifo, KPEMHIf0, IUHKY Ta ONTHMAJbHHAN CTYIIHb PO3MALy
JIETOBaHOTO TBEPAOTO PO3YMHY Ha OCHOBI aIIOMIHIFO.

loMoreni3zamiss mpu 3aHanTO BHUCOKIH Temmeparypi abo 3aHangTo
TpUBaJie BUTPUMYBAHHS MeETajly INpPU TOMOTEHi3alii NpHU3BOJUTH M0
KOaryJysiiii NMpoayKTiB po3Majay TBEPAUX PO3UMHIB MapraHIO, LHPKOHIIO,
XpOMY B aIOMIiHIi, IO 3HIDKYE€ MCXaHiIYHI BIACTUBOCTI Ta BHUKIIIOYAE
KOPUCHUI BIUIMB [IUX €JIEMEHTIB Ha BIIACTHBOCTI CIUIABIB.

BincyrHicTs romoreHisaiii, abo HegoCTaTHIN ii CTYIiHB, TPU3BOJUTH
0 TOTO, IO OINBIIICTh MEPEeXiTHUX METaNiB 30epiraloThCsl y TBEPAOMY
PO3YHHI, 10 TAKOXK 3HWKYE 1X KOPUCHUI BIUIUB Ha BIACTUBOCTI CILIaBiB.

9.5.3. Pexpucrasizaniiinuii Bignan

Taxwii Bifgman Haif9acTilre 3aCTOCOBYIOTH SIK IPOMDKHY 0OpPOOKY MiX
omepanisiMi xonmonHoi aedopmarii abo MK TrapsS4o0 Ta XOJIOTHOIO
nedopmarisMi. Y pAai BUIMAOKIB peKpUCTai3allifHUNA Bigmall 3acTOCO-
BYETBCS 1 SIK OCTaTOYHA Omepallisi TepMooOpoOKkn BUpOOiB 1 HamiBhadbpu-



272 Po3nin 9

KaTiB, 30KpeMa, KOJIM BHPOOM TOBHHHI MaTH TOMIpPHY MIIHICTh IIpH
MTOPIBHSHO BUCOKHX XapaKTEPUCTUKAX TUIACTHYHOCTI.

J1J1st MpOMUCIIOBUX aJTIOMIHIEBUX CILIABIB ITICIIsl iXHBOTO Ae(OpMyBaHHS
TeMIreparypa Bianany 3HaxoauTbes B Mexax Big 300 mo 500 °C, a uac
BUTPHUMKH 3a TaHOI Temrieparypu — Big 0,5 10 2 roxuH.

Jlns  amoMiHIEBHX CIUIaBiB, IO HE 3MIIHIOIOTHECS TEPMIYHOO
00pOOKOI0, MIBUAKICTH OXOJIOMKEHHSI [TPU PEKPUCTaTi3alliiHOMY BiJaii He
BIUIMBA€E Ha KIHLEBY CTPYKTYpYy, TOMy MeTall IiCJisi BUTPUMKH 3BHYAHO
OXOJIOJDKYIOTh Ha MOBITPI.

Jns  TepMmiuHO 3MILHIOBaHHUX CIUIaBIB 3 METOH OTPHUMaHHS
PIBHOBaXXHOT CTPYKTYpH LIBHIKICTH OXOJIOJDKECHHS JO TeMIIepaTypH
200...250 °C ue moxe nepeuinysatu 30 °C/roa. Hukde Bin 1ux Temiepa-
TYp BOHa MOXe OyTH JOBUILHOIO.

9.5.4. Binnaa TepmMiuHO 3MillTHEHUX CILUIABIB 3 MeTOI0 iX 3HeMillHEHHSA

Moro 3acTOCOBYIOTh TiIbKHM y THX BHIAIKAX, KOJIH BHPOOH 3Mil[HEHi
rapTyBaHHSM 1 CTapiHHAM, JUIS MOJAJIBIIOT 0OpOOKH MOTPIOHO 3HEMIITHUTH,
HaTIPUKIIA], 3aTapTOBaHi JINCTH Mepe]] XOJIOAHUM IITaMITyBaHHSM.

Temmepatypa BiAmanxy mpu OsOMy OOHUpPAEThCS TaKUM YHHOM, 10O
nudysiiiHi mporecu po3naay nepeHacuueHoro TBEPAOTr0 PO3UNHY PO
MIOBHICTIO 3a HETPHBAJHHA, 3py4HHN ans mpaktuku dac (1...24 rom). Sx
MIPaBUIIO, BiATIAJI MPOBOIATH Npy Temneparypax 350...450 °C.

Jns Toro, mo0 He BiAOyBamHMcs TPOIECH BHUIIJICHHS BTOPHHHUX
iHTepMeTaTigHUX a3 y TpoIeci OXONOMKEHHS, HEOOXiIHO BHPOOH
OXOJIOJDKYBATH NOBLIEHO 10 Temreparyp 200...250 °C (ockuIbKH pO34YHH-
HICTh KOMITOHEHTIB X0ua 1 He3HauHo, aie Biapiszuserses npu 200 i 20 °C). Y
BUPOOHUYMX YMOBaxX 3aCTOCOBYIOTh IIBHAKOCTI OXOJOIKEHHS, IO HE
mepeBumnyioTs 30 °C/ron.

9.5.5. BinmaJ nJist 3HATTS 3aJMIIKOBUX HANPY:KeHb (HU3bKUI Binmau)

Lleii Biaman mpoBOAATH MpPU MOPIBHSIHO HU3bKHX TeMIIEpaTypax: Bif
200 mo 350 °C, Tomy y Metani BinOyBaeThCs TONITOHI3AIlA, a peKpUCTa-
Jmi3alis HE BCTUTAE MPOWTH TMOBHICTIO; BPaXOBYIOUH, IO IIPOIEC
peKpucTanizalii MPoXoAUTh Y Yaci, MOXHa, 3MIHIOIOUH 4ac BUTPUMYBaHHS,
peTyIIoBaTH CTYIHB 3HATTS HAKJeINy BiA morepenHpoi aedopmarii, mpu
3aJaHiil Temreparypi Biananry. 3BU4aifHUN 4ac BUTPUMYBaHHS KOJUBAETHCS
B Meax Bia 1 1o 5 roguH.

[lpr HU3BKOMY BiAMAJi CIIOCTEPITA€THCS YACTKOBE 3HEMIHEHHS 1
lesike MiJBHINEHHS IUIACTHYHOCTI. MOTo 3aCTOCOBYIOTH SIK KiHIEBY
TEpMOOOPOOKY il 3a0e3MEUYCHHST BHMOI CIOKHMBaua IMOJ0 MEXaHIYHHX
BIIACTUBOCTEN.
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9.5.6. I'apryBanHus

Merta rapTyBaHHA — OTPHMMAaTd B CIUIaBi TPAaHWUYHO HE3PiBHOBAKEHY
CTPYKTYpy (TIepecHueHHii TBEpAUil PO3YMH 3 MAKCHMAJIbHHM BMiCTOM
JeTyIouux eneMeHTiB). Taka cTpykTypa 3abe3medye MOXKIHUBICTH
MOJIAJTBIIIOTO 3MIITHEHHS CTAPiHHSIM.

lapTyBaHHA amIOMiHIEBHX CIUIaBiB MOJIATA€ y HArpiBaHHi iX 0
TeMIepaTypy, HpW SKiH XiMidHI CIIONYKH pPO3YHMHSIOTHCS B aNlfOMIiHii,
BUTPUMII NPH Iili TeMmeparypi i MBHAKOMY OXOJOMKEHHI 10 KiMHATHOI
TeMrepaTtypu. B pesymprari — CTPYKTypa O-~pO3YWHY, IO BJIacTHUBA
TeMIeparypi HarpiBaHHs, 30epiraeTbcsl IpU KiMHATHIN TeMmeparypi, TOMy
IO TPH IIBUAKOMY OXOJOKCHHI PO3IMaj TBEPAOTO PO3UYMHY HE MOXKE
BinOyTHCs.

BMmicT neryrounx eneMeHTIB Yy TBEPAOMY PO3YHMHI B JECATKH pa3iB
MepEeBUIIY€e TXHIO TPAHUYHY PO3UYMHHICTD MPH KIMHATHINA TeMIIeparypi.

[lepecnyeHnit BHACHIIOK rapTyBaHHS TBEPAWH PO3YMH €JIEMEHTIB B
aIFOMIiHIT BU3HAYA€E MIABUIEHHS HOT0 MIITHOCTI 1 MOXKJIMBICTE MTOAAJIBIIOTO
3MIiIHEHHS CIUIaBY MPH CTapiHHI.

Temmeparypa HarpiBaHHA IIiJ TapTyBaHHS IIOBHHHA 3a0€3MEUHTH
SIKHAWTIOBHIIIIE PO3YMHEHHS iHTepMETaNTHUX (a3 B asltoMiHii. Ko BMicT
JIETYIOYHNX €JIEMEHTIB y CIUIaBi HE MEpPEeBHUINYy€E iX TPaHUYHOI PO3UMHHOCTI
MY eBTEKTHYHIN TemrepaTypi (auB. Tabm. 9.1), To BOHH MPAKTUYIHO MIJIKOM
MOXYTh OyTH PO3YMHEHI IPU HATPiBaHHI IiJ rapTyBaHHs (IIPU BiAMOBIIHUX
TeMIIepaTypax IpaHHYHOI POSYMHHOCTI). SIKIIIO BMICT JIETYIOUMX €JIEMEHTIB
MEPEeBUIY€E€ TPaHUYHY PO3UMHHICTB, TOOTO y CTPYKTypi CIUIaBiB y
PIBHOBaXHHUX YMOBAX 3HAXOATHCS BKITFOUCHHS €BTEKTHYHIX UM IEPBUHHIX
KpHCTaJiB iHTepMeTanigaux ¢a3 (Hampukaaz, cutasu 3 10 % Cu, 20 % Mg),
TO TIOBHE PO3YMHEHHS IHTEpMETaNIAHUX (ha3 HEMOXKIHBE. Y IbOMY BHIAIKY
TeMIeparypa MiJ TapTyBaHHS BHOMpaeTbes Tpoxu Hiokue (5...15 °C) Bix
TeMIIepaTypH IUIaBICHHS HAWOIIBIII JIETKOTTABKOI €BTEKTHKH.

Kpim Toro, BapTo BpaxoByBaTH, II0 B CTPYKTYpi JTUTHX CIUIaBiB MOXeE
OyTH He3piBHOBa)keHa EBTEKTHKAa — TOMY TEMIIEpaTypa HarpiBaHHS IIif
rapTyBaHHSI HE NOBHHHA IIEPEBHIIYBATH TEMIEpaTypy IUIaBICHHS i€l
eBTEKTHKH.

BurpuMmyBaHHA Npu TeMmmeparypi HarpiBaHHS IIiJ] TapTyBaHHS Mae
3a0e3medyBaTH PO3UNHEHHS iHTepMEeTaliTHIX (a3, TOMY BOHO 3aJI€KUTh BiJl
PO3Mipy YaCTHHOK Ta IXHBOTO PO3IMOILITY.

VY nedopmoBaHMX BHpOOax iHTepMeTanmigHiI (a3 3HAXOUATHCS Yy
BUIIIS/IL IPIOHUX BTOPHHHHMX KPHCTAIIB TOMY, IO CIUIaB Y)K€ MijiaBaBcs
TOMOTEHI3allii 1 psAAy TEXHOJOTIYHUX HArpiBiB, a Y BWJIMBKAX — Yy BHUIIIAI
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rpyOMX EBTEKTHYHUX BKIIIOYCHb. BpaxoByrouWm Iie, 3aCTOCOBYIOTH Di3HY
TPUBAJTICTh BUTPUMKH MPU TEMIIEPATYpi HATPIBAHHA MiJ rapTyBaHHS: s
CIUIaBiB, 0 fedopMytoThes, — Bix 1 1o 10 XB, a A1 TMBAPHUX — BiJ TONUHH
IO IECSITKIB TOIMH.

OX0JI0/KSHHS [TPH FAPTyBaHHI BAPTO MIPOBOAMTH 3 TAKOIO IIBUIKICTIO,
mo0 3a0e3MeYnTH BiICYTHICTH pO3Magy TBEPAOTO pPO3YHHY IPH
OXOJIOJDKEHHI. Y TIPOMHCIIOBIH HMPaKTUI MPAKTHYHO BCI JIFOMIHIEB] CIUIABH
IIpH TapTyBaHHI OXOJIO[KYIOTh Y BOMi, B SAKIM MOCSTalOTh MIBHAKOCTEH
oxonomkenHas Bix 500 go 800 °C/c, mo 3HAYHO NEPEBHIILYE KPHUTHYHI
MIBUIKOCTI OXOJOMKeHHs. Jly)Ke BHCOKAa IIBUIKICTh MPH OXOJIOMKCHHI Y
BOIi TIPU3BOAMTH IO YTBOPCHHSA BEIMKUX BHYTPIIIHIX HAMpPYKCHb, SKi
3YMOBJTIOIOTH JKOJI00JICHHS BUPOOIB (0COOIHBO Pi3HOCTOPOHHIX). [l Takmx
BHPOOIB PETYIIOIOTh IIBUIKOCTI OXOJNOIKEHHS, 3aCTOCOBYIOUM TapTiBHI
CepelIoBHUINA 13 PI3HOIO OXOJIOKYBAJILHOIO 3/IaTHICTIO.

[Ipu BHOOPiI OXONOMKYIOUOTO CEepefoBHUINA HEOOXiTHO BPaxOBYBaTH
TOBIIMHY BUPOOiB, OCKUIBKH TIOBEPXHEBI IIapy BUPOOIB OXOJIOKYIOTECS 13
OLIBIIOK MIBUAKICTIO, HDK NepudepiiiHi, HeOOXIIHO TaKoX BpPaxXOBYBaTH
MIPOTapTOBYBaHICTh BUPOOIB.

9.5.7. Crapinns

[Tpu crapiHHi BUTPUMYIOTh 3arapTOBaHHM CIUIAaB IPH KiMHATHIH abo
IIpH BiAHOCHO HM3BKUX TEMIIEpPAaTypax, KOJIW MOYMHAETHCA pPO3IaL
MEPECUYEHOr0 TBEPAOT0 pO34MHYy, abo KOJIM y TBEPAOMY pPO3UMHI
BiIOyBArOTHCS CTPYKTYPHI 3MiHH, IO TEPEIyIOTh PO3IIAMIY.

Po3nax TBepmoro po3unmHy HaONMXKae CTPYKTYpy CIUIaBy [0
PIBHOBa)XHOTO, BE/IE 10 3MCHIIICHHS BIJIBHOT €HEPril CHCTEMH, TOOTO pO3Ia
TBEP/IOTO PO3UMHY Y 3arapTOBaHOMY CIUIaBi € JOBUIBHUM IPOLIECOM.

VY 0OarathbOX 3arapToBaHHX AJTIOMIHIEBHX CIUIABaX MiJrOTOBYI CTaaii
po3many, a iHOAi 1 BIAacHe po3mal, 3MIMCHIOIOTBHCA 0e3 HarpiBaHHA i
BiIOyBarOTHCs Npu Temreparypax Big 0 go 30 °C.

VY nesxux crmnaBax (A1-Cu—Mn) miaroToBka i po3mnaja 3arapToBaHOTO
cruIaBy BinOyBaroThes jumie npu temneparypax 100...200 °C. HarpiBanas
aKTHBi3ye AuQy3iiiHi mporecu.

ButpuMmyBaHHS 3arapToBaHHX CIUIaBIiB Yy TNPHPOIHUX YMOBAaxX, IO
MIPU3BOJNTH IO 3MiHHM CTPYKTYpPH 1 CIIpUsi€ IMiABUIIEHHIO iXHBOI MIIIHOCTI,
HA3WUBAETHCS NPUPOOHUM (HAMYPATLHUM) CIAPIHHAM.

HarpiBanns 3araproBanux amroMiHieBux cruasiB 0 100...200 °C Ta
BUTPUMYBAHHS X 3a JAHUX TEMIIEpaTyp Bill AEKUIBKOX J0 AECATKIB TOIUH
Ha3UBAETHCS WUMYUHUM CIMADIHHAM.

[IpupogHe i HU3BKOTEMIIEpaTypHE CTapiHHA IOB's3aHi i3 IyXke
TOHKHMH 3MiHAMH CTPYKTYPH, L0 HE BUSBJIAIOTHCS Y CBITIIOBOMY, a Y PsAi
BUMAJIKIB — 1 B €NEKTPOHHOMY MIKpOCKOMi. | TiINBKH cremiadbHUNA METOx
PEHT eHOCTPYKTYPHOTO aHaNi3y I03BONMIN ['iHBE i, HE3aleXKHO BiJ] HBOTO,
[IpecToHy BUBUMTH 1 OMHCATH MIATOTOBYI CTamii po3maay HepecHIEeHOTO
TBEPIOIO PO3YHHY.

[Ipouec po3magy HEepecHUEHOTO TBEPAOTO PO3YMHY y HaWOIIBII
BUBUEHUX cruiaBax cuctemMd Al-Cu mpw MiIBHINEHHI TeMIlepaTrypu
HarpiBaHHA a00 30UTBIICHHI Yacy BHTPHMKH IpHW MOCTIHHINA TeMmmeparypi
MPOXOANTh Yy [HeKinmpka crafid. Crmo4arky y TBEpAOMY pO3YHHI
YTBOPIOIOTBCS CYOMIKPOCKOIYHI 00NacTi, 30HH 3 MiJBHIICHUM BMiCTOM
Mimi. Skmo, Hampuknan, y TBepAoMmy posumHi mictutbes 4 % Cu, a B
XimiuHi# cnonyni Al,Cu, 1110 B KiHIIeBOMY IiICYMKY IIOBUHHA BUAIIUTHCS 3
TBEpAOTO po3unHy, 52 % Cu, TO KOHIIEHTpALiA Mili y 30HaX € IPOMDKHOIO 1
3pocTaEe y Mipy po3BUTKy mpouecy. Lli 30HH oxepxanu Ha3By 30w [ iHbe—
Ilpecmona (I'TI). 3ouu I'T] y crutaBax Al-Cu MaroTh IIacTHHYACTy OyZIOBY
a6o (opMy IUCKIB Ta YTBOPIOIOTHECS HA KPHUCTAJIOrpadivHUX IUTOMIIMHAX
{100}. 3ouu /7] — 11e YaCTHHA TBEPIOTO PO3UMHY, IXHS KpHUCTaIIYHA OyIoBa
€ TaKOK X, K 1 y TBEPHOTO PO3YHHY, aje MOCTIHHI KpUCTANiYHi "paTKu
TPOXH MEHIIII Yepe3 MiABUIICHY KOHIIEHTPAIIIIO MiJli, aTOMHHU paiyc sKoOi €
MeHIINM, HiX B amoMmiHii. L1i 3oau I77-1 niametpoM 1...10 HM i TOBIOIHHOIO
0,5...1 HM OiNBPmI-MEHII PIBHOMIPHO PO3IMONITICHI Y MeXax KOXKHOTO
Kkpuctana. TpuBasia BUTpuMKa ciiaBiB mpu temmeparypi 100 °C abo kinbka
romuH ripu 150 °C npuBoanTs 10 yTBOpeHH: 30H [ 771-2 niamerpom 20...30 HM,
13 BMicToM Miai Bigmosiguum ii Bmicrom B Al,Cu. Posmap ime He
BiOyBa€eThCA, 1 MPOLEC MPOIOBKYETHCS B OOHIN (a3i — mepeHacCHIeHOMY
TBEPIOMY PO3UHHI.

ButpumyBaHHS CILIaBY MPOTATOM JSKUIBKOX TOAWH NPH TEMIIEpaTypax
150...200 °C npu3BOOUTH A0 YTBOPEHHS y MICIIX, A€ PO3TAIIOBYBAJUCS
30HU [7]-2, nucnepcHUX (TOHKOIUTACTUHYACTHX) YAaCTHHOK IPOMINKHOI
0-¢azm, wo 3a ckiagom Bianoinae crabinbHil 6 (Al,Cu)-dasi, ane sxa
Ma€ CBOIO KPUCTANIYHY paTKy, BIIMiHHY BiJl "PaTOK aJIOMiHifO i Bif “patku 6.
[pomixkHOO O-(aza HA3UBAETHCS TOMY, 1[0 BOHA JIETIIE CIIONYYAETHCS i3
"paTKoi0 aloMiHiIo, HiXK ‘parka O-¢asu. Buminenus ¢asu 6 xorepeHTHO
TOB's13aHi i3 anmroMiHieM 1o TwromuHax {100}.

MMigsumennst remneparypu a0 200...250 °C cnpu4nHIOE YTBOPEHHS
crabinpHOI dasu 6-(Al,Cu). Korepenrnicts "parox marpuui i 6-¢asu, 1o
BUJLIAETBCA, IOBHICTIO MHOpyHIyeTbes, BuaineHHsa ¢asu 6 (Al,Cu)
KOAryJIOITh.
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[oxin mporecy po3maay TBEPAOTO PO3YMHY Ha CTafil € YMOBHUM. Y
CIUIaBi MOXyYTh OyTH omHo4acHo 30uu [ 11-1 1 I'T1-2, I'TI-2 i 6’ Towio.

Cxema po3majy IEpecHYeHOro TBEPAOT0 PO3YHMHY, PO3INISHYTa Ha
npuknani criaBiB cuctemu Al—Cu, copaBemanuBa i Il TEPMIYHO
3MIIHIOBAHNX CIUIABIB I1HINMX ITOABIMHMX 1 OUIBII CKJIAIHUX CHCTEM.
BigmiHHICT MONIATaE B TOMY, IO B KOXXHOMY CIUIaBi € BJAcHI (0gHA 4YH
JICK1JIbKA) 3MIITHIOBAJIBHUX (ha3.

XoomHa macTUYHa fedopMallis 3arapTOBaHUX aTFOMIHIEBHX CILIABIB,
siKa 30UIBIIy€e TYCTHHAa BaKaHCIH 1 AWCIOKAaIiil y ’paTkax, HpPUCKOPIOE
pO3Maz TBEPIOTO PO3UHHY.

3HayHe 3MIlHEHHs CIUIaBiB IPU MPHPOAHOMY 1 IITYYHOMY CTapiHHI
3YMOBJICHE TUM, 110 30HU /1] i MeTacTaOlIbHI YaCTHHKH 1HTEPMETAi THIX
(a3 € mepemKo0r0 I PyXy JUCIOKAIIiiA.

Pyxomi mpu mnactuuHid aedopmaltii TUCIOKalii MpOXOAsTh depes
soun [71. Opnak mnpyxHi aedopmariii, MO iCHYIOTh HAaBKOJO 30H,
MOPYIICHHS YIIOPSAKOBAHOCTI B PO3TAIlyBaHHI aTOMIB MPU MPOXOIKECHHI
TUCIIOKamil depe3 30HH [7] 3yMOBIIOIOTH MIiABUIICHHS HANPYXCHHS,
HEOOX1THOTO I pyXy AMCIOKAIil, TOOTO MiABHINEHHS TPAHUI TEKYYOCTi.
[CTOTHOIO TMEpeIKoAO JJisi PyXy [UCIOKAIlii € 4YacTHHKH, SKi
BIJIPI3HAIOTECS BiJl Marpuili KPUCTAJIIYHUMHU paTkKaMH 1 yIOPSAKOBAaHUM
po3TamryBaHHSAM aroMiB. BpaxoByroum, IO BifCTaHbP MK YaCTHHKAMH
IHTEpMeTaNiAiB MpU CTapiHHI 3MEHIIYEThCS, HANPYXESHHs, HEOOXiTHI s
BUTHHY JIMCIIOKallii MK IHTEpMEeTalliIaMy, 3pOCTAI0Th, 1110 i IPU3BOIUT JI0
MiJIBUINEHHS TPAaHUI TEKydocTi. ToMy MakCUManbHHN e(eKT 3MIITHeHHS
CIIOCTEPITa€TbCA MPHU THX PEXKUMAX CTapiHHA, 33 SKAX YTBOPIOIOTHCS
JIUCTIEPCHI, PIBHOMIPHO PO3IOiJCHI Y MaTPHIll Ha HEBEIUKHX BiJICTAHIX
OJIHA BiJl OJIHOT IHTEpMETAaJIiIHI YACTUHKH.

301IbIICHAS PO3MIPiB YACTUHOK 1 BiICTaHI Mi’K HUMH IPU3BOIUTH JI0
3HIDKCHHS MIITHOCTi. 3MiHH CTPYKTYPH AJTIOMiHI€BUX CIUIaBiB IPH PO3IMALIi
MePECUICHNUX TBEPIUX PO3YHHIB BIUIMBAIOTh HA 1X BIACTHBOCTI (puc. 9.6).

[ligBuIIeHHS MIITHOCTI TOB'A3aHE 13 MEPIIUMH CTaliIMH TPOIECY
PO3MaIy MEePEeCHYSHOr0 TBEPIOrO PO3UKHY, a caMe: i3 yTBOpeHHsM 30H [ 11-1,
I'T]-2, BunineHHsSM TpOMiKHHX MeracTabinpHHX (pa3. Hactymmi cramii
CTapiHHA, IO TOB'A3aHi i3 MOPYIMIEHHSAM KOT€PEHTHOCTI, BHUIiJICHHSIM
MeTracTabiibHuX (a3, yTBOpEHHsSM 1 Koaryisuielo crTabinbHHUX Qa3
3YMOBJIIOFOTh 3HUKECHHS MIITHOCTI.

MexaHi3mMu po3najy 3ajuexarh BiJl TEMIIEpaTypH 1 yacy crapinss. [lpu
HU3BbKHX TeMIepaTypax 3MIlHEHHs MOB'sA3aHe i3 yTBopeHHsM 30H [ 11. 1leit
BHJI CTapiHHS € OCHOBHUM JUISl CIUIABIB THITY MYpPalIOMiHYy 1 Ha3MBAa€THCS
30ouHUM cmapinuam (puc. 9.6, 30Ha 1).
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Puc. 9.6. Cxema 3MiHM MeXaHIYHHX BJIACTHBOCTEH aJIFOMiHI€BHX CIUIaBiB 3aJ€XKHO
BiJl TPUBAJIOCTI CTAPiHHSA OPU Pi3HUX TeMneparypax (t3>t)>t)): 1 — 30HHe;
2 — (azose; 3 — KoaryAIiifHEe CTapiHHIL

I3 30inpIICeHHSIM TeMmmeparyp CTapiHHA YH 4Yacy BHTPUMYBaHHSA
3MII[HEHHSI IOCSTA€ThCS BHACTIAOK BHUAUICHHS i3 TBEPAOTO PO3YHHY
MeTacTaOlIbHUX (a3, 0 MaloTh 3 MaTPUIICI0 KOTEPEeHTHI Y HariBKOTe-
penTHI Mexi. Take cTapiHHS HA3UBAETHCS pazosum cmapintam (puc. 9.6, 30Ha 2).

[Nopanpuie migBUIEHHS TEMIIEPATYPU UM BUTPUMYBaHHS CIUIaBiB IpH
OB HU3BKHX TEMIlepaTypax NPUBOIHMTH IO TOTO, LIO YTBOPIOKOTHCS
BUIJICHHS CTaOLIbHUX (a3, SKi MAIOTh i3 MaTPUICI0 HEKOTEPEHTHI MEXi.
Koarymsimis mux (a3 cipu4nHIOE 3HEMIIIHEHHS CIUIABIB 1 BIINOBIAHUI B
CTapiHHS Ha3UBAETHCS Koa2yaayitinum cmapinusam (puc.9.6, 3oHa 3).

[Tpu 30HHOMY CTapiHHI CIIOCTEPIraeThcsi MAKCUMallbHA IJIaCTHYHICTh
MIPY JOCTATHIA MIIHOCTI 1 CepeAHIX 3HAUCHHSIX I'PaHMII TEKydOCTi, aje 3
BHCOKOI0 UYTIMBICTIO IO CTPYKTYPHUX 3MiH HPH MOXXJIMBHUX HACTYITHHX
HarpiBaHHSIX.

daszoBe crapiHHA 3a0e3nedye MaKCHMalbHy MILHICTh 1 TPaHHUIIO
TEKY4OCTi, aje 3Ha4€HHs BIJIHOCHOTO MOIOBXEHHS IPH [[bOMY 3aHIKEHO 1
BUHUKA€E HeOE3MmeKka KOPO3iMHOTO PO3TPICKYBaHHS.

KoarynsiniliHe crapiHHA 3a0e3nedye BHCOKY KOpO3iMHY CTIMKICTB,
TOPIBHSHO BHCOKY TPAHUINI0 TEKYYOCTi, CIa0Ky YYTIMBICTH IO 3MiHH
BJIACTHBOCTEH IPU JOJATKOBUX HarpiBaHHAX. [IpoTe, BITHOCHE TOTOBKEHHS
3aJIMINAETHCS HU3BKUM, a YYTIMBICTH 10 KOHLIEHTPATOPiB HANpPyXEHb —
BHCOKOIO.

Jnst BUOOpyY peKMMiB CTapiHHS Y BUPOOHUUIH NPAKTHIII KOPUCTYIOTHCS
eKCHEPUMEHTAIbHUMH KPUBHMH, IO XapaKTepU3YIOTh 3aJIeXKHICTh
BUMIPIOBAaHOI BJIACTHBOCTI Bim pexXuMiB crapiaad. OguH Tpadik
XapaKTepu3ye 3aJeKHICTh BHUMIPIOBAaHOI BIACTHBOCTI BiJl TPHUBaJOCTI
CTapiHHS IPHU NOCTIHHUX 3HAYEHHSX Temreparyp (i3orepmiuni kpusi). Ha
IHIIOMY HaBEJEHO 3aJIeKHICTh BUMIPIOBAaHOI BIIACTUBOCTI Bijl TEMIIEpaTypH
CTapiHHS MPH MOCTIHHIA BUTPUMII (130XOpH CTapiHHSA).
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VY BHpPOOHHYHMX yMOBaX JJIs Pi3HUX BHPOOIB 3aJICKHO BiJl HEOOXiITHUX
BJIACTUBOCTEH 3aCTOCOBYIOTHCSI PEXKUMH CTapiHHS NPU TeMIleparypax Bil
100 mo 250 °C 3 BUTpUMKAaMH BiJ] KUTBKOX TOAHMH JIO KUTBKOX Ii0.

9.5.8. IloBepHeHHs P CcTapiHHI

Tosepnenns — TepM0o0OOpOOKa 3arapTOBAHUX 1 MPUPOTHO 3iCTAPEHHX
CILIaBiB 3 METOIO iX "TOBepHEHHs" y CBiXKO3arapToBaHuii cTaH. Ls 06pobka
3aCTOCOBYETHCS, KOJM 3arapTOBaHUM i 3iCTapeHUH CIUIaB Mae HEIOCTAaTHIO
IUIACTUYHICTh IS TPOBEJICHHsS oOIepaliid, NOB'S3aHUX 13 XOJIOJHOIO
nedopmartiero (BUTSKKA, BUTUHAHHS Ta iH.). Y NBOMY BHIAIKy BHpiO
MOXXHa TIepe3arapTyBaTH 1 IICJIs TapTyBaHHS NPOBECTH HEOOXiIHY
nedopmartito. OMHAK TaKHWA Ke Pe3yJabTaT MOXKHA OJlepKaTu # 00pOOKOI0
MMOBEPHEHHSAM NPH CTapiHHI, MO TOJATrae y UIBHAKOMY HarpiBaHHiI i
KopoTkouacHoMy BuTprMYyBaHHi (30...120 ¢) npu remneparypax 230...270 °C
(3aMeXHO BiA CIUIaBY) i3 HACTYIHUM IIBUAKAM OXOJOKCHHSIM Yy BOI.
[Ticnst Takoi 06poOKHM CTPYKTypa (IPAKTHYHO TOMOTEHHHUM TBEPAUN PO3UHH)
1 BIIACTUBOCTI CIIaBiB BiJIIOBIAIOTH CBiXKO3arapToBaHoMy ctany. 3ouu ['T],
IO 3HAXOAATHCS Yy NPUPOSHO 3iCTAPEHOMY CIUIABI, NPH LIBHUAKOMY
HarpiBanHi 70 230...270 °C BHABISIOTBCS HECTAOLIBHUMH 1 PO3CMOKTY-
I0TBCSl HA JIy’)Ke KOPOTKHUil yac. CTpyKTypa CIUIaBy CTa€ TOMOTEHHOIO, ajie
NpU [OJAJBIIOMY BUTPHMYBaHHI MMOYMHAETHCS PO3MaJ IEPEHACHYECHOTO
TBEP/IOTO PO3UYMHY 3 YTBOPEHHSM CTaOUIbHUX BUAiiAeHb. [licisa mpaBuisHO
MpoBeIeHOT 00POOKH Ha nogepHeHHs CIIIaB MIPUPOTHO CTAPi€E, TaK CaMo, K
i mmicis rapryBanss. [TiyatoTs Takiii 06poO1i TOHKOCTIHHI BUpoOH (6. ..8 MM),
[0 HATPIBAIOTh y CEIITPSHUX BaHHAX, & OXOJOMKYIOTh Y BOII.

Jlo ICTOTHMX HEIONIKIB I[bOIO METOAY BapTO BIIHECTH dac
BUTPHMYBAHHS IIpH 3aJaHill Temriepatypi (y cexyHnax). L{poro gacy cimif
JIoIep)KyBaTUC Ayke TodHo: £10 ¢, mo ayke BaxKo 3AIHCHUTH 1
KOHTPOJIIOBaTH.

9.5.9. CTpyKTypHe 3MillHEHHS AJIIOMiHi€BUX CIJIaBiB

Temmeparypa pekpucramizamii AeSKHX CIUIaBiB alOMIiHIIO 3
MaprasiieM, XpOMOM, IHPKOHIEM, THTAHOM, MiJAaHUX Taps4id o0poOi
THCKOM 32 BU3HAUCHUMH PEKUMaMH, ITEPEBUIYE TEMIepaTypy HarpiBaHHS
MiJ rapTyBaHHA. Y I[bOMY BHIIQJAKY TapsaenedopmMoBaHuil HamiBpaOpukar
30epirac HEpEeKPUCTAJI30BaHOIO (IIOJNITOHI30BAHOI0) CTPYKTYPY 3 BUCOKOIO
TYCTHHOIO TUCIIOKAIlil TiCNs TapTyBaHHSA 1 CTapiHHS, IO OOYMOBIIOE
MIABUIICHHS HOTO MIITHOCTI MOPIBHAHO 13 aHAJIOTIYHUM PEKPHUCTATI30BaHIUM
HaniBabpukatom. Lle sBume 3a pexkomenaamniero B. JlobarkiHa y mMerano-
3HABYI TEPMIHOJOTII OICPXKaI0 HA3BY CMPYKMYPHO2O 3MmiyHenHs. Benu-

yiHa e(eKTy BU3HAYAETHCS PI3HUICIO 3HAUYEHb XapaKTEPHCTHK MIITHOCTI
TEpMIYHO 00pOOIEHOTO HamiBPaOpUKaTy 3 HEPEKPUCTATI30BAHOKO CTPYKTY-
poro i aHamoriyHOTO (3a cTymeHeM aedopMarii i TepMOOOpPOOKH) HarriB-
(habpuKary 3 peKpHCTaIi30BaHOIO CTPYKTYPOIO.

Edexr Big MIBHIICHHS THMYAacOBOIO OIOPY PO3PHBY 1 TpaHHMIl
TEKy4JOCTi NPH CTPYKTYpHOMY 3MilHeHHI Moxke pocsrata 40 %. Tak, mus
ctaBy /116 (3,8...4,9 Cu, 1,2...18 % — Mg, 0,3...0,9 % — Mn) npu pe-
KPUCTATI30BaHIi CTPYKTYpl IPYTKU MaJId HACTYIHI MEXaHiuHi BIIaCTUBOCTI:
0, — 420 Mlla; 0y, — 300 MIla; & — 16 %, a w1 HEpeKpUCTANli30BaHOT
BiNOBiAHO: Oy — 500 MIla; 6, — 430 MIla; 6 11 %.

Haiibinbme cTpykTypHE 3MIIIHEHHS BUSBISIETBCS Y TMPECOBAHHUX
HamiBabpukarax: npyTky, npodim, Tpyou. ToMy 1e sSBHUILE, CTOCOBHO 110
HUX, HA3UBAIOTh Npec-eheKmom.

CyTh CTPYKTYPHOTO 3MIIIHCHHS TOJIATAE Y TOMY, IO B PE3yibTaTi
po3maay mepecudeHnX TBEPAUX PO3UMHIB MEPEXiAHNX METATIB B allOMiHIl
BHUJIUISIIOTHCS TUCTIEPCHI YaCTUHKY IHTEPMETAII/TIB TIEpEXiTHUX METaiB, IO
3aKPITUIIOIOTH JUCIIOKAIll, a Il MPUBOAUTH A0 MiJABUINEHHS TeMIIepaTypu
pekpucTamizanii i 3abe3mnedye miaBHIIEHHS MIITHICHUX BJIACTUBOCTEH. YnM
OiybIlIe YaCTUHOK 1HTEPMETAII B TIEPEXiJHUX METATIB Y CIUIaBi i YMM BOHHU
JIUCTIEPCHIIT, TUM BUIIMNA ePEeKT 3MiITHEHHS.

9.6. Knacudikauisi anomiHieBUX cniiaBiB

Jnst onmep)kaHHs aTIOMIHIEBUX CIUIaBIB i3 PI3HHUMH BJIACTHBOCTSMH
ANIOMIHIN JIETYIOTh IHIIMMH METaJaMH, HaiOUIBII IIUPOKO SIK JIEryro4i ere-
MEHTH 3aCTOCOBYIOTh KPEMHIH, MiJlb, MarHii, UHK, MapraHellb, a 0CTaHHIM
4acoM — JIiTiH. SIK JeryBanbHi TOMIIIKA: THTaH, OSpUITii, IMPKOHI Ta iH.

Haii6inp1oro nommpeHHs HaOyix CIUIaBH TaKHX CHCTEM:

Al1-Cu, Al-Si, Al-Mg, Al-Cu-Mg, Al-Cu-Mg-Si, Al-Mg-Si,
Al-Zn—Mg—Cu.

Y pIBHOBa)XKHOMY CTaHi Iii CIIABH SIBJISIFOTH COOOI0 HU3bKOJICTOBAHHMA
TBepAUH po3umH Ta iHTepMmeTanmigHi ¢asu: Al,Cu (6-dasa); Mg,Si;
Al,CuMg (S) AlgCuMg, (T); AlL,MgsZns; Al;Mg,; MgZn (1) Ta iH.

CruiaBu aJrOMiHIIO MOXKHA MOAUIMTH Ha 3 TPyIH:

— TIpU3HAYCHI JUIs OJEepKaHHs HamiBpaOpuKaTiB (JUCTIB, IUIUT,
NPYTKIiB), @ TAKOXK KyBaHb 1 IITaMIyBaHb LUIIXOM IPOKATKH, MPECYBaHHS,
KyBaHHS, IITaMITyBaHHs (1e(OpMIBHI CILIaBH);

— JIMBapHi, IpU3HadeHi Jyisi (PaCOHHOTO JIUTTS;

— OIIepXKyBaHI METOIOM IMOPOIIKOBOI METaTyprii CICUCHI alOMIHIEBI
nopoiuku (CAII) i crieyeni antominiei crutasu (CAC).
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JedopMiBHI CIIIaBM 3a 3[aTHICTIO 3MIIHIOBATHCH TEPMOOOPOOKOIO
TIOAIIISIFOTECST Ha CIUIABH:

— He 3MIIHIOBaHI TepMO0OPOOKOIO;

— 3MIIHIOBaHI TEPMOOOPOOKOIO.

Jlisi mo3HaYeHHs NMPOMUCIOBUX JedopMiBHUX cruiaBiB (Tabm. 9.2)
BUKOPHCTOBYIOTh 1CTOPHYHO c(OpPMOBaHE IJiTepHO-I(poBe 1 IiTepHE
MapKyBaHHs, NpuYoMy LUGpH y Mapui HaiyacTilie HE I03Ha4aloTh
KOHILIEHTpAIil0 JIerylounx eneMeHTiB. [li3Himme Oyno BBeIeHO ennHE
MapKyBaHHS i3 4oTHpboX 1n¢p. Ilepma nndpa y Bcix Mapkax (1) nmoznayae
OCHOBY CIIIaBYy — aroMiHii. JIpyra nudpa y Mapiii Mae roloBHE 3HaYCHHEBE
HABaHTA)XCHHS, YKa3ylOUd CHUCTEMY, LIO0 € OCHOBOK JaHOrO CIUIABY:
0 — TexHiyHmi amoMiHii, / — cuctema Al-Cu-Mg, 2 — cucremnu
Al-Cu-Mn i Al-Li; 3 — cuctemn A1-Mg-Si i AI-Mg—-Si—Cu, 4 — cuctema
Al-Mn , 5 — cucrema Al-Mg, 9 — cucremun Al-Zn-Mg i A1-Zn—-Mg—Cu.
Hudpu 6, 7 1 § — pe3epBHi [Id MOXIUBUX HOBUX cucteM. OcTaHHI IBi
unpy y Mapii BKa3yroTh mopsakoBuii Homep ciutaBy. Y JICTY 4784-74
NO/IaHO TpajulliiHe JITEepHE 1, napajiesbHO, HU(PPOBE NO3HAYCHHS MApPKH.
HoBuM crutaBaM HalalOTh TUTBKHU ITH(PPOBOTO MO3HAYCHHS.

J1Jist i ABUIIEHHS MIITHOCTI QJIIOMIHIEBHX CIUIABIB, IO 1e(OPMYIOTHCS,
KpiM JIETyBaHHSI, IMPOKO BUKOPUCTOBYIOTh HAKJIEH, TapTyBaHHs 1 CTapiHH,
a Takoxx TMO.

Binnanennit cran aedgopmoBaHOro HamiBpaOpHKaTy I03HAYalOTh
miteporo M (M'sikwit), HaKJIeTTaHUHA (3MIITHEHHUH TP XOIOAHIH nedopmartii) — H,
micas TapTyBaHHS 1 MPUPOXHOTO CcTapiHHS — 7, Mmicis TapTyBaHHA 1
LITY4YHOIO CTAapiHHA HAa MaKCHMajbHY MilHIiCTh — T, Hicis rapTyBaHHSA 1
nepebynoByBaHHs — 1.

VY 1abn. 9.3 s mopiBHAHHS HaBeICHI TUIOBI MEXaHIYHI BIaCTUBOCTI
MIPEACTaBHUKIB PI3HUX TPYI PO3TITHYTHX HUXKYE CIUIABIB.

9.6.1. TepMiuHO He3MIlLIHIOBaHi CIJIABHU, 110 Ae(POPMYIOTHCS

CrumaBu cuctemu Al-Mn (pomuciioBe MapKyBaHHS AMn) (auB. Tabm. 9.2)
MicTath Bif 1 1o 1,6 % Mn. JlocuTs MIMPOKO 3aCTOCOBYIOTHCSI Y TPOMHUCIIO-
BOCTI, OCKIJIbKM MalOTh OUIBII BUCOKY MOPIBHSHO 3 QJIFOMIHIEM MIlIHICTB,
BUCOKY IUIACTHYHICTh, KOPO3iiiHY CTIHKICTb, 10OpE 3BAPIOIOTHCS. 3 TaKHX
CIUIaBIiB MEPEBAKHO POOJIATH JIUCTOBY MPOMYKIIIO 1 pi3HI TPyOH.

Mapranens yTBOPIOE i3 antoMiHieM psiz crionyk. Haiibinbin 36arauenia
anmoMiHieM cnonyka AlgMn 1a€ 3 HUM €BTEKTHKY, 10 MicTuTh 1,93 % Mn,
SIKMI KpUCTaTi3yeThest pu Temreparypi 658 °C. g anoMiHi€BOi YacTHHH
niarpamu ctany Al-Mn xapakrepHi:

— HEBEJIMKUH 1HTepBaJ KpHCTali3alii MepBUHHOTO TBEPJOr0 PO3UHUHY
Ha OCHOBI aimoMiHito (a-¢pasun) — Bcsoro 0,5...1 °C;
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Tabnuya 9.3. TunoBi MexaHiyHi BIacTUBOCTI AedopMiBHUX
aJIOMiHieBHX cn1aBiB

Cruias Tun nanisdabpukary | Cran | og,MIla | 6y,,MIla | &, %
AJ1O Jlucr M 70 30 32
AMn M 130 50 25
AMr2 M 190 100 23
AMr6 M 340 170 19
AMr6 H 450 350 11
A1 IpecoBanuii npodias T 480 320 14
J16 T 520 380 13
AJl31 T1 240 190 12
AB T1 380 300 12
AK6 ITokoBka T1 400 290 12
AK8 T1 480 380 9
AK4-1 T1 420 320 8
B95 [IpecoBanmii npodise Tl 600 560 8

— JIOCHTb BHUCOKA PO3YMHHICTH Maprafilfo B alIOMiHii IpH E€BTEKTHYHIN
Temneparypi 658 °C, mo nopisHioe 1,4 % Mn, i pizke ii CKOpOUEHHS B iHTEpBai
550...450 °C. Y gucromy amominii npu temmeparypi 500 °C po3unHseThCS
0,4 % Mn, a B amominii 3 0,1 % Fe 1 0,65 % Si — Bcroro 0,05 % Mn .

Cnonyka AlgMn Moxke po3uuHATH y coOi 3amizo, ofHak ¢asa, IO
yTrBOpUThCs, Alg(MnFe) kpucramizyerscs y (popMi BEIUKHX IIaCTUHYAC-
THUX KPUCTAJIB, IO MOTIPIITYIOTh JUBAPHI 1 MEXaHI4HI BIACTHBOCTI.

VY cnnaBax A1-Mn 3 gominikamu Si yTBOpUThCs motpiiiHa daza — T —
Al,¢Mn,8Si, 1m0 yTBOPUTH KUCTAKOMIOAIOHI KPUCTAIIH.

Cmna AMi, He3Baxaro4W HA 3MIiHHY PO3YMHHICTH Mapraiuio B
amoMiHii, TepMOOOpOOKOI0 He 3MImHIOEThCA. I[lpw HarpiBaHHI 10
temneparypu 640...650 °C i MBUAKOMY OXOJOMKCHHI MOXHA OIlCpKaTh
MepecHYeHNi TBEpANI PO3YMH MapraHIfo B AJIOMIiHIi, IO PO3MaTaeThCs
IIPY HACTYIIHUX HarpiBaHHSX.

OnHak po3maj LBOTO PO3YMHY HE CYNPOBOIKYETHCS INOMITHHUM
MIABUINCHHSM MIITHOCTI 4epes:

1) BiTHOCHO HEBHCOKY KOHIIEHTPAIlil0 MapraHIio Y TBEPJAOMY PO3UHHI;

2) HefoCTaTHIO AUCIEPCHICTD BUALIEHb (Pazu AlgMn.

Jyxe BHCOKa IUIACTHYHICTH CIUIaBY MO3BOJSE 3MILHUTH HOro
xonoaHor nedopmainiero. Hamipdadbpukatu i3 crutaBy AMIl BUITyCKalOTh Y
M'sskoMy AMiM i AMull — HamiBHaKJICTAHOMY CTaHaX.

Kinnesa tepmiuaa 00poOka crutaBy AMIT — pekpucTaiizamiitaii Biaman,
SKHUHA MPOBOAATH Ipu Temneparypi 450...470 °C.

[Tpu BUpOOHUIITBI THCTIB 13 crIaBy AMI| MOXIIMBUI aHOMAaJIBHUH PicT
3epHa Wil Yac BiAmaiy, IO IMOB'S3aHO i3 HEOZHOYACHUM IPOXOKCHHIM
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MPOIEeCiB peKpucTanmizamii y pi3HHX o0’e€Max MeTaly, CHPHYNHEHHX
HEOJTHOPIHICTIO CTPYKTYPH 3JIMBKA.

JleryBannust craBy AMi turanoMm y kimbkocti mo 0,1...0,15 %
TIPU3BOAUTE J0 TOAPIOHIOBaHHS PEKPHCTAIi30BaHOTO 3EpHA.

Mapratelp B3aeMOJI€ i3 aNOMIHIEM 32 €BTEKTHYHOIO PEaKIi€ro, a
TUTaH — 32 NEPUTEKTHYHOIO, BHACIIIZOK YOTO IIi €JIEMEHTH CerperaryloTb y
pi3HHX HampsMKax: MapraHenp 30aradye nepudepiiiHy 30HY NEHIPHTHUX
o0JiacTei, a TUTaH — iX IEHTP.

VY pesynmbraTi LBOTO JIETYBaHHS TBEPAOTO PO3UYMHY IO IEPETHHY
OEHIPUTY BHUPIBHIOETHCS, O[O0 NPUBOAUTH JO OUIBII piBHOMIipHOI
nedopmartii 1 pekpuctaimizaiiii. PexprcraaizoBaHi 3epHa 3apOMKYHOTHCS
BiJjpa3y y 3HaYHii KUIBKOCTI IIEHTPIB 1 BUHKKAE APiIOHO3EPHICTA CTPYKTYpA.

CrumaBu cuctemu A 1-Mg Mapkyrotecs sk AMrl — AMr6 (muB. Ta6m. 9.2),
Mictars Bix 0,4...1,6 % Mn — crmas AMrl, no 5,8...6,8 % Mn — cruias
AMr6.

CmnaBu Ha OCHOBI cucteMu Al-Mg Ha3uBaKwOTh MmacHaniamu. Yum
BHUIIIUN BMICT MarHito y CIUIaBi, TUM MIIHIIIHH MarHaiii.

VY cucremi A1-Mg yTBOPIOIOThCS KiTbKa XIMIYHUX CIIONyK. Hait0inpm
Omsbka o anmomiHiio [B(A13Mg,) yTBOpIOE i3 TBEpAMM PO3YHHOM Ha
OCHOBI aJIFOMIHIIO0 €BTEKTHYHY cyMill. EBTekTuuHa Touka Biamorigae 17,4 %
Mg npu 450 °C i 6nmusbko 1,4 % npu kimMHaTHIN Temneparypi. CrutaBu AMr
y PIBHOBa)KHOMY IIiCIIsl OXOJIOJDKEHHs cTaHi € aBodasHuMu: ot(Mg,Alg).
AJle BHACIIIOK BHUCOKOI CTIMKOCTI TBEPAOTo PO3YMHY 1 Mayioi IIBUAKOCTI
MUQy3ii MarHif0 B alFOMiHIl, HABITH MICIS MOBUIFHOTO OXOJIOJKCHHS, BOHU
HE MICTSTh HAUIHITKOBUX (a3 i CKIaJaroThCs TUTBKH 3 O-TBEPIOTO PO3UUHY.

MarHiii icToTHO 3MinHIO€E anmtoMiHiit. Koxen Bincorok o 11...12 % Mg
MiJBHUINY€E MIIHICTh antoMiHit0 mpuOmu3Ho Ha 30 MIla. [TnactudnicTh y
3a3HaYE€HMX MEKax ITiCIIsl IOMIIIOK MarHiro 3MIHIOETHCS HE3HAYHO, a ITOTIM —
pi3ko 3HWXKYEThCs. [Ipy MiABHMINCHHI KOHIIEHTpAIi MarHiro Oimbine 6 %
PI3KO TIOTipUIYETHCS KOPO3iHA CTIHKICTh MiA HANpyror, BHACTINIOK
YTBOPEHHS 110 MEKax 3epeH 000KiB BuaieHHs [B-(asu.

Jlyist TOMNiNIIeHHsT BIACTUBOCTEW CIUIABM JIETYIOTh Mn y KiIBKOCTSIX
0,2...0,8 %. Y cruiaBi Mapranenp HassBHUH Y BUIVISLL AUCTIEPCHUX YaCTHHOK
da3u AlgMn, sKi yCKIaTHIOIOTh OPOLECH, IO MPOXOAATh IIPU PEKPHUCTaA-
mizarii. OCHOBHE NPU3HAYCHHS HE3HAYHUX JoMimok Tutany 1o 0,1 % Ti—
MoApiOHIOBaHHS 3€pHA, 110 IPUBOIUTD IO 3MEHIIECHHS CXMJIBHOCTI CIUIaBiB
IO YTBOPEHHS TPIIIMH TPH 3BapIOBaHHI 1 MiABUIIEHHS MEXaHIYHHX
BJIACTUBOCTEH.
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HerarnsHO BIUIMBAOTH HA BIIACTMBOCTI CIUIABIB JOMIIIKH 3aj1i3a 1 Mii.
Minp 3HHKYE KOPO3iiHY CTIMKICTh i 3BaplOBaHICTh, TOMY BMICT MiIi Y
cruiaBi He oBuHEH nepepuntyBaru 0,05...0,1 %.

Edexr Bix rapryBaHHs 1 CTapiHHs CIUIaBiB HEBENUKUH 1 ix
3aCTOCOBYIOTh y BiamnaneHoMmy crtani npu temmeparypi 350...410 °C s
crutaBy AMr2 i mpu 310...315 °C — mis crutaBy AMrS.

[linBumeHHS MIMHOCTI TpPH JAESKOMY 3MEHIIEHHI IUTACTHYHOCTI
nocsirae HamiBHakiuerry (mpu 20..30 % OOTHCHEHHS), OCKUIBKH OiIbII
BUCOKI CTyNEHI XOJomHOI Jedopmariii 3yMOBIIOIOTh ICTOTHE 3HIIKCHHS
KOpPO3iiHOT CTIMKOCTI 1 INIACTUYHOCTI.

CrulaBu JIeTKO OOpOOJISAIOThCS THCKOM, I00pe 3BaprOIOThCS, MalOTh
BHUCOKY KOpO3iliHy CTiliKicTh. BOHM 3aCTOCOBYIOTBCS TSI BHTOTOBIICHHS
0akiB s OEH3WMHY, TPYOOIIPOBO/IB, BUTSHKOK, IIEPETOPOAOK, BIKOHHUX paM
TOLLIO.

Jis cepeqHbOHABaHTAXEHUX JIeTaled KOHCTPYKIH IepeBakHO
BUKOPHCTOBYIOThCSl cIuilaBu AMrS i AMr6 (pamu i Ky30BH Barois,
MeperopoaKH, it TowIo).

9.7. JedopmiBHi aaromiHieBi cniiaBu, 10 3MiIHIOIOTHCS
TepM000pOOKOI0

Jypaniominamu HazuBaroTh craBu cuctemu Al-Cu-Mg, B ki
JIO/IaTKOBO BBOJIUTHCS MapraHels. 3anpornonoBanuii y 1906 p. A. Binsmom
cruiaB ckinany Cu— 4,0 %, Mg — 0,5 %; Mn — 0,5 % cTaB 3aCHOBHHKOM ITi€1
IpyIH cIuiaBiB. 3apa3 ciuiaB no3Hadaerbes sik {1 (aus. Tadm. 9.2).

Po3miisim 0oCHOBHUX AiarpaM CTaHy alIOMIHIIO 3 PI3HUMH METalaMu, 10
BXOSTh Yy CIUIABU THUILy IypallfOMiH, ITOKa3ye, M0 CTPYKTypa IUX CIUIABiB
MMOBHHHA OYTH OCUTH CKJIa[HOI0. KpiM amoMiHi€BOTO TBEpAOTO PO3UYHHY, Y
CTPYKTYpi MOXYyTb OyTH HasBHI TNOJBIHHI, MOTpidHI Ta OUIBII CKIaIHI
ckianoBi. OMHAK Ha TPaKTUI BUSBISETHCS, IO TiJl MIKPOCKOIIOM HpH
HEBEJIMKHX 301IbIICHHAX MOJKHA 3HAWTH TibKU Taki ¢asu, sk CuAl, (6),
pigme — daszy S cucremu Al-Cu-Mg, dasu Mg,Si ta ofFe-Si). Inmn
CKJIaJJOBI BHACTIZOK Majoi IX KUIBKOCTi, TIpH
HEBEIIMKUX 30UIBIIEHHAX MIKPOCTPYKTYPHO HE
BHUSBIISIIOTHCS, XO4a BOHM 1 HasBHI y CTPYKTypi
CILJIaBiB.

CrpyKTypa JHMTOrO IypajiOMiHy SBISE COOOIO

P " KpHCTaJIH TBEpIOTO PO3UHMHY HA OCHOBi aNFOMIHiI0, TI0
Puc. 9.7. Mikpo- ~ MEXaXx 3epeH sIKOIr0 PO3TAIIOBAHI KPHCTAIIH, TOIOBHIM
crpykrypa 3immska  9MHOM CuAly, Ta inmi cnomykw. (puc. 9.7)
nypamominy J[16 VY nutoMy cTaHi XypalioMiH HEJOCTaTHbO Mill-
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Huil. Ilepmoro omepami€ero, MO MIABUITYE HOTO BIACTHBOCTI, € 00poOKa
TUCKOM. OOpOOIATH THCKOM JIMTHH JypaJllOMiH Y XOJIOAHOMY CTaHI He
MOXKHa 4epe3 Mally Horo miuactuyHicte. Tomy, mepen oOpoOKoI THCKOM,
3IIMBKHA MiANAalOTh AUQy3ifiHOMY (TOMOTeHi3allifHOMY) Biamaimy TIpH
temreparypi 450...520 °C i3 Burpumkoro Bix 8 1o 24 roamu. Ilig wac
rOMOTreHI3allii YaCTHHA CKJIaI0BHX MMEPEXOJUTh Y TBEPIUil PO3YMH, 1 CILIaB
crae mmactTuuHimuM. OpHAK TOBHOI TOMOTEHi3amii HpH LOHOMY HE
JIOCSTAETHCSI.

VY pesyabrari raps4oi 0OpoOKH THCKOM BJIACTHBOCTI JIUTOTO CIUIABY
3HAYHO TTOJIIIIYIOTHCS.

lapssiua 00poOka THCKOM y OUIBIIOCTI BHIAAKIB € MPOMIXKHOIO
oriepari€ro, micis ii BUKOHaHHS BUPOOW HAAXOIATH Ha XOJOXHY 00pOOKY, B
pe3yibTari sKoi BOHM HAaOyBaroTh HEOOXiTHHX po3MmipiB i opmu. Ilix gac
XONIOJHOT JiehopMalrtii 30LTBITY€ETHCS MIIHICTh CIUIABY, IO CYIPOBOIKY-
€THCS 3MEHILIEHHSIM TJIACTUYHOCTI.

Jlist 3HATTA HakJeny 1 OTpUMaHHs IpiOHOro 3epHa jaehopMoBaHi
CIUTAaBM MiANAIOTh PEKPUCTANI3aIlifHOMY BiAmasy MpH TeMIeparypi
350...500 °C.

3MinHEHHsT IOypajIOMiHYy INIpH TepM0ooOpoOmi micis TapTyBaHHS 1
CTapiHHS JIOCATAETHCS B Pe3yJbTari yTBOpeHHs 30k [ inve—[Ipecmona (30H
I'TI), abo meracrabinbuuxX a3z S'i 6, abo a3z Al,Cu (0) i Al,CuMg (S).
Kpim Cu ta Mg y aypantoMmiHax 3aBkId MICTHThCS MapraHellb, JTOMIIIKA
3aiiza Ta KpemHiro. HasBHICTh IIUX TOMIIIOK BIUIMBA€ HA KOHCTPYKIIHHY
MIIHICTP aJIFOMiHi€BHX cIUTaBiB. Fe Ta Si yTBOPIOIOTH y CIIaBax HEPO3UHHHI
y TBepaomy posumti dasu: FeAls, a(Al, Fe, Si), B(Al, Fe, Si), Alg(Mn, Fe)
Ta iHmi. Taki CIOMyKH MaloTh IUIACTHHYACTY, Toadacty Gopmy, 3HWKYIOTh
IUTACTUYHICTb, B'3KICTh PYyWHYBaHHS, ONIp PO3BUTKY TpiliuH. JleryBanHs
CIUIaBIiB MapraHileM 3MEHIIY€ IIKi[UIMBUI BIUIMB JOMIIIOK, OCKIJIbKH
moB's3ye ix y ¢asm tumy (Al Fe, Si, Mn), mo kpucramisyoTscs y
KoMmakTHiH (opmi. OmHak OB €()EKTUBHIM CIIOCOOOM IIiIBUIIECHHS
KOHCTPYKIIITHOT MIITHOCTI € 3HM)KEHHS BMICTY JOMIIIIOK 3aJTi3a Ta KPEMHII0
30,5...0,7 % no 0,1...0,3 %, mo nepeadavaroTh CTAaHAAPTHI CIUIABH.

Bupo0Ou i3 nypantominy y OUIBIIOCTI BUIIAJIKIB FapTYIOTh 13 HACTYITHUM
NPUPOIHUM CTapiHHAM. BiIMIHHOIO PHCOIO TEPMOOOPOOKU NypaIOMIHIB €
TOYHE JOTPUMaHHA PEKOMEHIOBAaHOI TeMIlepaTypH HarpiBaHHSI Mix
rapTyBaHHSL.

Jlo3BouIsieThCsl HE3HAYHE +5 © BiIXWIICHHS BiJl TeMIIepaTypy rapTyBaH-
HS CIUIaBy, 00 YHUKHYTH OIUIABIICHHS TI0 MeXax 3epeH. Lle mos's3aHo i3
TUM, 1[0 TEMIeparypy IijJ rapTyBaHHS JUIS MaKCUMajbHOTO PO3YMHEHHS
3MIIHIOBIBHUX (Da3 0OMpaIOTh IyXke ONM3bKOI0, aje TPOXH HIKYOI, J0
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TeMIIepaTypH IUIaBJICHHS eBTeKTHK. Tak, y crurasi J{16 moxke OyTH moTpiiiHa
eBTeKTHKa O+6+S i3 Temneparyporo miasneHHs 506 °C, a y cmmasi [l —
noTpiiiHa eBTeKTUKa ot G+Mg,Si 13 Temneparyporo miasiaeHus 514 °C.

HarpiBaHHs mij rapTyBaHHS JI0 TEMIIEparyp, BUIIUX Bij JOMYCTUMHX
MEX, NPHU3BEAE JI0 OIUIABJICHHS JICTKOIUIABKUX CTPYKTYPHHX CKJIaJOBUX
(eBTEKTHK) 1O MeKaX 3€PeH, 10 CYNPOBOKYETHCSI OKHCIIOBAHHIM METAITy
W YTBOpPEHHSIM NpH HACTYNHIH Kpucramizamii piakoi ¢asum, ycamodHOi
MIOPUCTOCTI — sBHIIAa mHepenany. [Ipy IbOMy 3HIKYIOThCS MILHICTH BiJl
YTOMJIEHOCTI, KOpO3iiiHa CTIHKICTh, INTACTUYHICTH Ta MIIJHICTh MaTepiaiy.

[Ipu rapryBaHHI JIypajIOMiHIB BaXXJIMBO 3a0€3MEYUTH BHCOKY
LIBHJKICTH OXOJIO/KEHHSI, TOMY 1110 HE3HAYHWH po3MaJl TBEPAOTO PO3UYHHY,
MIpU  SIKOMY BUJIUISIOTBCS APiIOHOIMCIIEPCHI IHTEpMeTaJiau, [0 He
BIUIMBAIOTh Ha MEXaHI4HI BIACTUBOCTI, 0OYMOBIIIOE ITiIBUIIEHY CXMIIbHICTD
HariB(habpHKaTiB 0 MKKPUCTAIITHOI KOPO3ii.

JypaiaioMiHH 1HTEHCHBHO 3MIIHIOIOThCS (TCHS TapTyBaHHSA) IIpH
MIPUPOJHOMY cTapiHHi. Yac TOCATHEHHS MaKCUMAaJIbHOI MIITHOCTI 3aJIeKHUTh
Binl croiBBimHOmEHHs Mg/Cu. UuMm Oinmblne e CHiBBiIHOIICHHS, THM
MOBUIBHITIIE Hae crapinHs. Tak, s crutaBiB JI1 MakcHManbHa MIIHICT
JocsraeThes uepe3 4 mobu, a s crutasiB [116, 118 — yepes 6...7 nil.

[Tpuponne crapiHHS AypaniOMiHIB 3a0e3ledye IMO€AHAHHS BHCOKHX
3HaYeHb THMYACOBOT'O OIOPY Ha PO3PUB Ta BiJHOCHOTO IOJOBXCHHS (IMB.
Tabn. 9.4).

Tabnuys. 9.4. Mexauniuni BiacruBocti ciiiasis [1i /{16
micJisl rapTyBaHHA i IITYYHOI0 CTAPiHHSA

Cmunas Hanisdabpukaru o MIla Goy MIla S5, %
pigt Jluctu 400 240 20
[pecoBani npyru 480 320 14
a6 Jluctu 440 330 18
IIpecoBani npyru 530 400 11

[Tpn mTyyHOMy CTapiHHI THMYAcOBHH OIIp Ha pPO3PHB MPAKTHYHO HE
3MIHIOETBCS TTOPIBHSHO 13 MPUPOJHO 3ICTAPEHUM CTAHOM, OJHAK T'PaHHIS
TEKY4OCTi 3HAYHO ITiJBUIIYETHCS, a BiJIHOCHE MOJJOBKEHHS 3HIKYETHCSI.

TyyHoMy cTapiHHIO, 110 HPUBOIUTDH J0 OUTBII CTAOLIBHOIO CTaHy
CIIaBiB, 3BUYAHHO IiUIATaloTh BUpoOu 3i crutasiB /{16, /118, npusHaveHi
uis poboTtu mpu migBumeHnx n0 150...200 °C temmeparypax. 3acToco-
BYIOTH PEXHM CTapiHHs npH Temreparypi 190 °C i3 BurpumyBaHHsIM 10 12
TOJIVH.

Lli pexuMyu, MiIBHIIYIOYM TPAaHUIIO TEKY4OCTi, HE MOTIPUIYIOTHh
KOPO3iHHOT CTIHKOCTI MOPIBHSHO i3 MPUPOIHO 3iCTapEHUM CTaHOM.
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Cepen mypanroMiHiB HaiOunpm momupeHi croiasu 1 ta 116, 3 sxux
BHUTOTOBIIIIOTH JIUCTH, JPIT, IITAMIIOBKH, IPOQ1LIIi.

AHOnyBaHHIO (SIK IIPaBUIIO, Y CipuaHiil KHUCIIOTI) MiaIatoTECI OyIb-sIKi
HamiBpaOpukaTu. Y pe3yasrari Ha IOBEpXHI BUPOOIB YTBOPIOETHCS OLIBII
LIiJIbHA 1 TOBCTIIA, HIK Y IPUPOJHUX YMOBaX, IuliBKa Al,Os, sika 3axuIuae
IypaIFOMiH Bi KOpo3ii.

Cnnasu cucmemu Al-Mg—Si (agiani) TOCTYNAIOThCA IypaTIOMiHAM
MIIHICTIO, ajie MaloTh Kpamly IDIACTUYHICTh y XOJOXHOMY 1 TapsaoMy
cranax. CruraBu mapkytotecs AB, AZ131, AJI35 (auB. Tabn. 9.2) i MicTATH
MEHIIE JETYIOUMX KOMITOHEHTIB (110 2 %), MOPIBHAHO 3 JypaloMiHaMH.

Asianms AB rapryroth mpu temneparypi 515...525 °C i3 oxomomkeH-
HSM Y BOJI Ta HACTYITHUM MPHUPOAHUM 4H ITYyIHUM 1ipu 160 °C mpoTsirom
12 rox crapiHHAM.

OcHoBHOIO 3MillHIOBaJIbHOIO (azor0 y aBiani € cnomyka Mg,Si.
Kopoz3iifHa CTilKiCTh aBialliB IMicys MITYYHOTO CTAPIHHS 3MEHIITYETHCS, TOMY
10 3pOCTA€ CXUIBHICTD IO MIKKPHUCTATITHOI KOPO3ii.

MexaHigHi BIACTUBOCTI MICII TapTyBaHHS 1 IITYYHOTO CTapiHHA B
CEpeNHbOMY CKIIANIaloTh: Oy — 250...350 MIla; 6y, — 200...300 MIla; 6 —
11...14 %.

[epcrieKTHBHICTS BUKOPUCTAHHS aBialliB MOB'S3aHA 13 MOETHAHHAM X
JIOCTAaTHBOI MIITHOCTI 13 BUCOKOIO TEXHOJIOTIUHICTIO Ta TApHOI0 KOPO3iHHOIO
CTIMKICTIO; CIDIaBH BiIpi3HsE 3a/I0BiIbHA 3BapIOBaHICTh, TapHA SKICTH II0-
BEPXHi MICIsl aHOAYBAaHHS TOWIO. I3 aBialliB BUTOTOBISIOTH HalliBhaOpUKaTH
(yucth, TpyOW), IO BHUKOPUCTOBYIOTH MJS KOHCTPYKINH, SKi ITOBHHHI
BUTPUMYBAaTH TIIOMipHI HaBaHTa)XCHHS, a TaKOX JIONaTi TBHUHTIB
TeIIKONTePiB, KOBaHi IeTalli JBUTYHIB TOIIO.

CrutaBu ansg KyBaHHS 1 mrTammyBaHHA cuctemn Al-Mg-Si—Cu
BHUKOPUCTOBYIOTh IJI1 BUTOTOBJICHHS 3JIMBKiB 1 MAalOTh BHCOKY IUIACTH4-
HICTh, CEpeNHI0 MIIHICTh, 3aJ0BUIbHI JIMBApHI BIIACTHBOCTI. 3a CBOEIO
MIPUPOAOI0 BOHHU OJHAKOBI 3 mypamominamMu (Al-Cu-Mg) Ta 3 aBiamsMu
(Al-Mg—Si) i 3aiimMaloTh TpPOMIKHE CTaHOBHIIE 3a CKJIaIOM Ta
BJIACTUBOCTSAMU. [ 0JIOBHE, YUM BiAPI3HAIOTHCA MpoMucioBi ciutaBu AK6 i
AKS Bix aBianiB — me BMmicT Mini. CrurtaBu AK6 i AK8 (muB. Tab6m. 9.2)
MOYKHA PO3MIIAIATH SIK aBiali i3 ImiIBUIIEHUM BMicTOM Mizi. BogHOUac crias
AKS8 myxe OnMm3pKuii 3a ckiagoM 10 AypaioMminy Jl1, omHak BiH MICTHTH
kpeMmHiit — 0,9 %...1,2 %, Tomy crutaB AKS iHOZI Ha3UBaIOTH cynepoypanio-
minom. 3minaoBanbHEMA (pazamu € W(A1-Mg-Si—Cu) i 6, a iHKOMH —
Mg,Si. MakcumanbHuii edekT 3MiLHEHHS CIUIAaBiB 3 HUMH (a3zaMu
JOCSITAEThCS MicHs INTy9HOro cTapiHHsA. OOWaBa CIUIaBH TapTyiOTh 3
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temneparypu 520+5 °C mus crutaBy AK6 1 50545 °C mis cnmaBy AKS,
IMTy9HE CTapiHHA NHpoBomATh B pexkumi 120...170 °C — 12...15 rom.
3MilHIOBaIbHUMHY (a3aMu IpU cTapiHHi € cronyku Mg,Si, CuAl, i W-da3a
(Al,Mg5CusSiy).

Jo HenmomikiB MOKOBOK 1 ImTamMmoBOK i3 cruraBy AKS8 BigHOCATH
HEpIBHOMIPHICTh CTPYKTYpH 3a 00'eMOM ¥ aHi30TpOIII0 BIACTHBOCTEH
mopiBEsHO 13 AK6. OOmzmBa cmutaBum XapaKTEepU3YIOTHCA HHU3BKOIO
KOpO3ifHOIO CTiHKICTIO, TOMY BHpPOOM 3 HHX IIOTPIOHO 3aXHWIIAaTH BiJ
KOpO3il.

CmraB AK6 (auB. Tabm. 9.2) BUKOPHUCTOBYIOTH [UIA A€Taleld CKIaTHOI
¢opmMu 1 cepemHBOi MIIIHOCTi, BHTOTOBJICHHS SKHUX IMOTpeOye BHUCOKOI
IJJACTUYHOCTI B TapsdoMy cTaHi (MIMOTOpHI pamu, (IiTHHTH, AeTaii
KPITUIEHHS, KPWJIBYATKH TOIIO).

CmraB AK8 pekoMeHIyIOTh IS BaKKOHABAHTAKCHUX IITAMIIOBAHIX
neranedl (CTUKYyBallbHI BY3JIHM, IOSCH JIOHXEPOHIB, JIOMAaTi TBHUHTIB
renikonTepa Tomo). CrutaB AK8 menm texaomoriuanii, Hixk AK6.

Bucoxomiyni cnnasu cucmem Al-Zn-Mg, Al-Zn-Mg—Cu (muB. Tabm. 9.2)
Mimnicts mux crmagis (B95, 1915, 1925) nocsrae 550...650 Mlla, ane npu
MEHIIIN TUTACTHYHOCTI, HIK y AypalroMiHiB (auB. Tabm. 9.3).

Haii0inpIn mupoKko y MPOMECIOBOCTI 3aCTOCOBYEThCS cIutaB B95 ta
outeII MimauA B96.

3MinHIoBanbHUMHU (azamu B ciuiaBax €: N(MgZn,); T(Al,MgsZns);
S(AL,CuMg).

JoMilIku MapraHmio i XpoMy MONINIITYIOTh KOPO3iiHY CTIMKICTB i
BIUIMBAIOTh HA CTPYKTYypy IMONIOHO A0 paHille PO3MISIHYTHX CIUIABiB.
MexaHi3M BIUIMBY HHUPKOHIIO Ma€ 0araTo CIUIBHOTO i3 BIUTMBOM MapTaHII0
1 XpoMy, OmHaK BiH OULTBII iHTEHCHBHO, HDK IHINI TepexifHi MeTalu,
MIBUILY€E TEMIIEpaTypy PEKpHCTalizalii CIUlaBiB, MPUBOOUTH A0 30epe-
JKEHHSI HEPEeKPHUCTAJI30BaHOI CTPYKTYPH Yy MpPEecoBaHUX 1 rapsaenedopmo-
BaHMX BHUPOOAx IMmicisd TEpPMiYHOI OOpPOOKH i UM OOYyMOBIIOE 3HAYHE
CTPYKTypHE 3MIITHEHHSI.

[Mo3uTHBHHUK BIUIMB JOMIIIOK MEpPEXiTHUX METalliB Ha KOpPO3iHHY
CTIMKICTP CIUTABiB MOSICHIOETHCSI HACTYITHIIM:

reTeporeHi3amnis CTPyKTypH, SIKy 3yMOBIIOIOTh BKJIFOUEHHS MapraHIe-
BUX, XPOMOBUX, ITUPKOHIEBUX (Pa3, MPHUBOAUTH A0 OLIBII piBHOMIPHOTO (IO
3epHY) po3maxy TBEPIOTO PO3YHHY OCHOBHHX KOMITOHEHTIB (Zn, Mg, Cu) B
aJIIOMIHIT;

IHTepMeTaNigN TepexXiTHUX MEeTajiB CIPHYHHIOITH 3MiHy (opMu
3epeH 1 BIDIMBAIOTH HA XapakTep iXHiX MeX. 3epHa CTAIOTh BUTATHYTHMHA Y
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HaTpsSMKy TOJIOBHOI Jedopmariii, 0 MOJOBXKYE HUIIXH KOpO3ii, crpuse
KOpO3ii 0 Mekax 3epeH.

CraBu rapTyioTh mpu Temreparypax 460...470 °C u migmaoTs mTyd-
HOMY cTapinHio mpu 135...145 °C mpotsarom 16 rox. [Ipu Takiit o6poOmi st
cnaBy B95 nmocsraioTe Takux BaacTuBocted: og — 540 Mlla; op, — 470
MIla; 6 — 10 %.

IcToTHMIT HemONiK HUX CIUIaBiB — CXWJIBHICTh IO KOPO3il Mmix
Hallpy>XeHHSAM, BOHU Oimpm 9yTiauBi, HiK J[16, 10 KOHIIEHTpaTOpiB
HaTIPY>XCHb 1 MAIOTh HIDKYIY KAPOMIIHICTb.

Taki craBu HAWOUTBI ITUPOKO 3aCTOCOBYIOTHCS B aBialliifHIN TeXHIIi
JUTS BUTOTOBIICHHSI JIUCTIB, IUTHT, IPOQiiB, TpyO TOIIO.

Jluctu i3 crmaBy B95 nnst migBUIeHHS KOPO3iHHOI CTIHKOCTI TUTAKyIOTh
criaBoM amroMiHio 3 0,9...1,3 % muaky. CrutaB B95 no6pe 06pobmoeTsest
pi3aHHAM i 3BapIOEThCA TOUKOBHM 3BApIOBAHHAM. MOro 3acTOCOBYIOTH y
niTakoOyIyBaHHI JUII HaBAaHTAKCHUX KOHCTPYKIIiH, IO MPAILIOIOTh TPHBa-
nmif gac ripu Temneparypax 10 150 °C (oOmmiBKa, MIadrayTH, JIOHKEPOHH,
CHIIOBI KapKacH TOIIIO).

Kapomiyni cnrasu Ha ocHOBI cuctemu Al-Cu—Mn i3 momimkamu
TUTaHy, 3alli3a, Hikemo (amB. Tadn. 9.2) po3pobieHO HEmoJaBHO i
3aCTOCOBYIOTBCSI BOHH JUISI BHTOTOBIICHHS JAETaJCH, IO INpalfolOTh IPH
temneparypax 1o 300 °C (mopIuHi, TOJOBKH IMIIHAPIB, KPHIBYATKA, 00-
IIMBKA HAJ3BYKOBHX JIITAKiB TOIIO).

Y cTpykTypi cmiaBiB micns TapTyBaHHS, KpiM MEepeHACHYCHOTO
TBEPIOTO PO3YMHY 1 JesAKol KUTBKOCTI (a3, M0 HEe POSYHHWIHCA IpPH
HATpiBaHHI TiJX TapTyBaHHSI, 3HAXOMATHCSA TUCIEPCHI BUAUICHHA ¢a3um T
(Al1,Mn,Cu) Ta BuzineHHa TuTaHOBOi (asu. JKapoMiuHICTH cIuIaBiB
BH3HAYAIOTHCSI, IEPEBAKHO, KUTHKICTIO, BEIMIUHOKO 1 PO3MOAIIOM YaCTHHOK
MaprasIeBoi i THTaHOBOI ¢a3.

Kopo3iiiHa CTifKiCTP IMX CIUIaBiB HEBHCOKA, TOMY IUIS iXHBOTO
3aXUCTY 3aCTOCOBYIOTh IUIAKYBAaHHS Ta aHOIYBaHHS.

MexaHiqHi BIaCTHBOCTI CILIABIB MICIIs TAPTYBAHHS [IPH TEMIIepaTypax
505 °C i mrryunoro crapiaas — 180 °C nporsrom 12...18 rox B cepenHroMy
cknazaoTs og — 420 MIla; oy, — 300 MIla, 56— 12 %.

YKapominuuii crutaB Ha ocHOBiI cuctemu Al-Cu-Mg 3 momimkamu
3amiza i Hikemro — AK4-1, cepenniit cknan sixoro: Cu — 2,2 %, Mg — 1,6 %,
Fe — 0,8...1.4 %; Ni — 0,8...1.4 %, mo 0,06 % Ti 3acTocoBYIOTH A
BHUTOTOBIICHHSI BHPOOiB OOIIMBKY i JeTalieil CHIIOBHX arperariB JITaKiB,
TOOTO JeTaneil, mo mpaIooTh mpu TeMmeparypax 130...450 °C Ta 3HaKo-
3MIHHUX HABaHTA)KCHHSX.
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[IpakTHYHO HEPO3UMHHI B AFOMiHIl HOMIIIKK HIKENIO 1 3aii3a TPOXH
3HW)KYIOTh TUIACTUYHICTH CIUIABIB IPH KIMHATHINA TeMmeparypi, ajne npu
TiIBUIIEHUX TEMITEpaTypax reTeporeHHICTh CTPYKTYPH, 3yMOBIICHA 3aJ1130M
1 HiKeIIeM, TOJIIIIYe MEeXaH{9HI BIaCTUBOCTI.

3MinHIoBanbHO (asoro y cmiasi € S(Al,CuMg). 3amizo i Hikenb
BXOJIATH JI0 CKNaly BKMoueHb Ga3 AlgFeNi ta AlgCu;Ni, 36i1b1yr0Th Omip
CIUIaBy IUTACTHYHOMY JHedopmyBanHio. Turtan y cmmaBi AK4-1 e
MOAN(IKYIOUOO JIOMILIKOKO.

CrutaB miggaroTe raptyBaHHIO TIipu Temneparypi 530 °C i crapiHHIO —
mpu 190...200 °C nporsrom 12...24 rox. Ilicns crapiHHS CIUTaB Mae
PEKpUCTAITI30BaHy CTPYKTYPy. MexaHiuHi BiaacTuBocTi cruiaBy AK4-1 micis
rapTyBaHHS 1 IITYYHOTO CTapiHHS B CepelHbOMY ckianaroTs mpu 20 °C og —
400 MITa, o, , — 350 MIla, 6 — 12; npu 250 °C — o — 300 MIla, o, , — 180
MIla 6 - 18 %.

CrutaBu AK4 i AK4-1 xapakrepH3yroTbCsi HH3BKOIO KOPO3iHHOIO
CTIHKICTIO 1 CXVJTBHI 1O MDKKPUCTATITHOI KOPO3ii, TOMY ITii 9aC BUTOTOBJICHHS
HaniB(haOpHKaTiB MOTPIOHO BXKUTH BCIX 3aXOJIB 3aXUCTY BiJl KOPO3ii.

VY crpykrypi ciiapy AK4-1 3Haunmii 00'eM HAJNEKHUTH HEPOIUUHHIN
inTepMeTaniaHiit gasi AlgFeNi (zo 12 %). g da3a no3uTUBHO BILIMBAE HA
XapaKTEePUCTUKH KAPOMILHOCTI, Pi3KO 3HMKYE B'SI3KICTh pyiHYyBaHHs. Tomy
crmaB AK4-1 nnst Bupo6iB, 110 NMpaIiooTh MpH HOPMaJbHIM TeMmneparypi i
MIpU3HAYEHI Ha TPUBAINI pecypc poOOTH, HE 3aCTOCOBYIOTHCS.

9.8. JIuBapHi anoMiHi€eBi cruIaBn

JluBapHi crutaBu, KpiM TrapHUX (i3UKO-XIMIYHHX 1 MEXaHITYHUX
BJIAaCTHBOCTEH (HEBEJIHMKa NMUTOMA Bara, 3Ha4yHa TEIJIONPOBIIHICTh, MU
KOC(III€EHT TEPMIYHOTO PO3IIUPEHHS, BHCOKA CTIHKICTH MPOTH KOPO3ii,
3IaTHICTh 10 0OpOOKH pi3aHHSM, TIOPIBHSHO BHCOKA TBEPIICTh, B'SI3KICTH 1
OIlip yTOMi), IIOBHHHI TaKO)X MaTu J00py 3AaTHICTH 3allOBHIOBaTH (hOpPMHU
MIPH JIATTi, TOOTO TOBHHHI MaTH JOCTATHIO PIAKOTEKYYiCTh, JAAaBaTH, IIO
MOXIIMBOCTI, HEBENUKY YCaAKy 1 JikBarmiro. [ mux crmaBiB JuBapHi
BJIACTHBOCTI € BHUpilIadbHUMH. YacTo y BUPOOHHMUTBI JOIYyCKAalOTh
3HU)KSHHS HIUX BIACTUBOCTEH JJIsl MiABUIICHHS JTMBAPHUX SKOCTEH.

VY poborax A. Bousapa i I. HoBikoBa BcTaHOBIICHI 3B'SI3KH MiXK JTUBap-
HMMH BJIaCTHBOCTSIMH CIUIABIB Ta XapaKTepOM B3a€MOJIi1 KOMITIOHEHTIB y HUX
(Tummom miarpam crany). Ha puc. 9.8 HaBeneHO y BUDIIAII AiarpaM cKiaao-
eracmueocmi OCHOBHI 3aJIEKHOCTI MK JMBapPHUMHU BJIACTHBOCTAMH 1
CKJIaJIOM CILIaBiB.
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[MomaHi XapaKTepUCTHKH TIOKAa3ylOTh, IO ONTHMAalbHI JHUBapHI
BJIACTHBOCTI, a caMe: TapHe 3allOBHEHHS (OPMH, BEIHKY T'€PMETHYHICTH i
BiZICYTHICTh '"rapsuux" yCaJIoYHUX TPIlIMH, MAlOTh CIUIaBH, OJIU3bKI 3a
CKJIaZIOM JI0 EBTEKTHYHOIrO, i TaKi, 110 KPHUCTANI3yIOThCS Y BY3bKOMY
iHTepBaii Temmeparyp. OmHak BiZOMO, IO BCi ICHYIOWi JIETKi JIMBapHi
CIUIaBH, KPiM CHITYMiHIB, JOCHUTH JaJeKi 3a CKJIAJOM BiJl YUCTUX CBTCKTHK.

UmcTi eBTEKTHKH Ha AMIOMiHI€Bil OCHOBI MalOTh, SIK IIPaBUIIO, SIK IPYTY
(da3sy Kpuxki IHTEpMETalifHiI CIOJAYKH, IO HAJIAI0Th BUCOKY KPHUXKICTh
crutaBaM. AJIOMiHIEBO-KPEMHI€BI CIUTAaBH  €BTEKTHYHOTO THIY Y
HOpPMAaJIbHOMY CTaHi TaKOX KPHXKi, 1 TUTbKH MOIU(IKyBaHHIM KX CIIJIaBiB
BIA€THCSl 3HU3UTH iXHIO KPUXKICTH 1 OJEp)KaTH AOCTaTHI MeXaHidHi
BJIACTHUBOCTI.

OTXe, eBTEKTHYHI CITABH MAIOTh ONTHUMAaJbHI JTMBApHI BIACTHUBOCTI 1
MiHIMaJbHY CXWJIBHICTH J10 BHYTpILIHIX Je]eKTiB, ajie, uyepe3 KpPHUXKICTh
€BTEKTHK, HEIOCTAaTHI MEXaHiYHI BIACTUBOCTI eBTEKTHK. Cy4acHi X JIMBapHi
CIUIaBH 3 MAJIOO KiJIBKICTIO €BTEKTHK IIPH JIUTTI 13 HUX HECKIaTHUX JeTalei
1 3pa3KiB MarTh HEOOXiJHI MEXaHIYHI BJACTHUBOCTI, aji¢ BOHH JOCTaTHHO
mopucti. [lpu BimMBaHHI CKIAJAHUX 3a (OPMOIO BEIHKHX JeTaieH i3
PI3KMMH TIepeX0oaMH BiJl TOHKUX 10 TOBCTHX II€pepi3iB, BIACYTHICTh TapHUX
JIMBapHUX BIACTHBOCTEH NPU3BOIUTH JI0 HEBUKOHAHHS BUMOT IIOJI0
MEXaHIYHUX BIACTHBOCTEH TOTOBHUX BHUPOOIB.

MOo>ITHBI pi3HI NUISXHU UTS YCYHEHHS [TUX CYTIIePEYHOCTEH 1 olepKaHHS
CIUIaBiB 13 TapHUMHM JIMBADHUMHU BIIACTUBOCTSIMH Ta BHUCOKUMHU
MEXaHIYHHMH TIOKa3HUKaMH Yy TOTOBHX BHPO0aX, IO MiCTATh, OJHAK,
3HAYHY KiTBbKiCTh Hene(ilUTHUX METaNTiB.

[Mo-nepiie, MOXKHa 3aCTOCOBYBAaTH, SIK 11€ 3pOOJEHO JUIsi CHIIYMiHIB,
BiZIMIOBiTHI MOAM(IKATOPH 1 UM JOCATTH MOAPIOHCHHS KPUXKOI CKIaI0BOT
B €BTEKTHKAX Ta 30UIBIICHHS IX INIACTUYHOCTI.

JlpyruM LUIsSIXOM CIliji BBaXKaTd 3MiHY TEXHOJIOTIYHHMX HPOLECIB MpH
JIUTTI 1, OTKe, 3a0e31eueHHs] HeoOXiJHUX BIIACTHBOCTEH CILIaBiB.

Sk nuBapHi MIMPOKO PO3IOBCIOPKEHI CTIIIaBH HAa OCHOBI cucteM A1-Si
(momBiitHi 1 Oinbln ckiafHi), JUIsl SIKKX XapakTepHI He3HaYyHWii
TeMIIepaTypHUIA iHTepBaJl KPUCTANi3allii i BUCOKI JINBApHI BIACTHBOCTI. st
(hacOHHOTO JMTTS 3aCTOCOBYIOTH CIUIaBH Ha OCHOBI cucteM Al-Si-Mg,
Al-Si—Cu, Al-Cu, Al-Mg Ta ixrni koMnoneHTH (tabim. 9.5).

[MopiBHAHO i3 AehOPMOBAHMMH, CKIIAIHI 3a CKIAJOM JUBapHI
QIFOMIHI€B] CIUTAaBH MAlOTh OITBII BHCOKHI BMICT JIETYIOUHX EJIEMEHTIB,
TYTOILIABKHX JIOMIILIOK.
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9.8.1. BniiuB yMOB IJIaBKH i 00p0o0KH aJI0MiHi€BUX JIMBapHHUX
CILIABiB Ha IXHIO CTPYKTYPY i BIaCTHBOCTI

A
1,5
0,5
0,2
1,2
1,5

MPKOHIO
0,2

0,9

[Ipu nnaBIi anOMiHIEBUX CIUTaBiB BiAOyBa€eThCs HACHUCHHS PO3ILIABY
ra3amMy, BUHUKHEHHS HEMETaJIeBUX BKIIOUYEHb, OKCHIHUX IUTIBOK, IIJIAKiB.
HemeraneBi BKIIOYEHHS, HE TiIBKH 3HIKYIOTH MEXaHI4HI BIIACTHBOCTI
BIJIMBKIB, aJleé ¥ MOTipIIyIOTh IXHIO T€PMETHYHICTh, KOPO3iHHY CTIHKICTB,
00pOOITIOBAHICTh Pi3aHHSIM Ta 1HIII XapaKTEPUCTHKH.

3a0pyqHeHHA aNIOMIiHI€BUX CIUIABIB HEMETAJCBHMHU BKIIOUYCHHSIMH
3YMOBJICHE BHCOKOIO XIMIYHOIO AaKTHUBHICTIO CaMOTO aJOMIHIIO 1 JESKHIX
JETYIOYNX EJIEMEHTIB, [0 BXOOITh 1O CKJIagy CIUIaBiB, a JDKEperaMu
3a0pyaHEeHHS € aTMoc(depa MYHOTO MPOCTOPY, TapH BOIU, MaTepialn THIIISA
1 TUTAaBMJIBHOTO iHCTPYMEHTY, OKCHAHM, IO BXOIATH N0 CKIamy (yTepiBKH
neven.

IIpu B3aemonmii po3miaBy i3 razamMu i mapaMu BOIM OJHOYACHO
MPOXOASTH IPOIECH OKHUCICHHS IOBEPXHI pO3IJIaBy 3 YTBOPECHHIM
OKCHIIHOI IUTIBKH Ta HACHYCHHS PO3IIIABY Ta3aMH (TIEPEBaKHO — BOTHEM).

[inpHA OKCHIHA TUTIBKA HA MTOBEPXHI PO3IIIABY AFOMIHIEBHX CIUIABIB
(3a BUHATKOM CIUJIaBiB THIy MarHamii) CKJIAaNA€Thes, SAK IPaBHIO, i3
6e3BosHOrO Ookcuny y — Al,Os, crifikoro npu Temneparypax jgo 950 °C.
OpHak 1 CHONMyKa Ma€ BUCOKY TIrPOCKOIIYHICTH 1 HE MOXKE ITOBHICTIO
3aXUCTUTH CIUIAB Bil HACHUEHHS HOTO BOIHEM.

OCHOBHHM JKEPESIOM HACHUEHHS CIUTaBiB BOIHEM € IMapH BOIH, BMICT
AKHMX Y TIOBIiTpi KonmBaeThes Bif 3...5 r/m3 B3umky i g0 18 r/m3 Bruitky.
Benmka KigpKiCTh BOASHOI Mapé yTBOPIOETHCS y TPOLECi IUIABKH MPH
BUKOPHCTaHHI BOJOTHX, HE MPOCYIICHUX IIUXTOBUX MaTepiamiB i (IOCiB.
ATOMapHHI BOJIECHb, IO BHHUKAE TPH B3aEMOJil AITIOMIHIIO W IHIIMX
€JIEMEHTIB 3 BOJSMHOIO Iapol0, JIETKO AU(YHIY€E y PO3IJIaB, YTBOPIOE B
HBOMY CTIiMKi KOMIDIEKCH 3 OKCHIOM AJIOMiHif0. PO3YMHHICTH BOJHIO B
ATFOMiHIi 301TBIIY€EThCS 3 MiABUINEHHSIM TEMIEpaTypu i MOXE HOCATaTH
2,5 ¢cm3/100 r. HacuueHHI0 po3IiaBy BOJAHEM CIPHSE TAKOXK 3aCTOCYBAHHS
JraTyp, Mo MiCTATh TiApuA0yTBOpIoodi MeTanu Ti, Zn Ta iHmIi.

[lepeBaxkxae Hacu4eHHS po3miaBy BogHeM (10 90 %) mosCHIOETHCA
TAM, IO BiH Ma€ HAaWMEHINWH, MOPIBHAHO 3 IHIIUMH Tra3aMd, aTOMHHN
aiameTp, o monermye audys3ilo aToMiB BOAHIO Yy TOBIIY pPO3IIJIABY.
Po3unHHICTE iHIKX Ta3iB y alOMiHil He3HAYHA.

[Ipu mmaBmi aTOMiHIEBUX CIDIABIB, IO MICTATH mMOHAN 1 % Marsiro,
BiOyBa€eThCA CHIIbHE OKHCIIOBAHHS MOBEPXHI po3IutaBy. Lle moscHIoeThCs
THM, IO OKCHJHA TUTiIBKa Ha MOBEPXHI PO3ILIABY MIiCTUTHh 0araro OKCHIY
MmarHifo MgO, OCKiIbKM MarHii Mae OiIbIly CHOPIJHEHICTh i3 KUCHEM, HiX
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amroMiHif. [Topucra myxka TTliBKa OKCHIY MAarHil0 HE 37aTHa yOeperTu
pO3IJIaB BiJ KOHTAaKTy 3 arMoc(eporo 6 OKHCIIOBaHHSA. 3aXUCT Bij
OKHCIIIOBAHHSI 3/IHCHIOETHCS BBEACHHSM Y CIUIaB HEBEJIHMKOI KUIBKOCTI
oepwriro (0,01...0,07 %), mo0 yTBOpPUTH HA HOro MOBEPXHI HIIbHY
OepuITieBO-MarHi€By OKCHIHY ILTIBKY. [HIIMM CIOCOOOM 3aXHCTy PO3ILIaBiB
BiJl OKHCITIOBaHHS € 3aCTOCYBaHHS padiHy09nx (aKTopiB, sIKi CKIATAIOTHCS
i3 cymimi TamoifHWUX COJIEH JY)KHHX 1 Iy)KHO3EMEIbHHX METAJiB Ta
¢ropuctux comedt. Ili ¢urocm He TIMBKU 3aXUIIAIOTh CIUIAB Bif
OKHCIIIOBAHHS, ajie ¥ CIPHSIOTH HOTO Jerasarii i OYMIIEHHIO BiJl OKCHIHUX
BKJIFOYEHb.

9.8.2. PajinyBaHHs TUBApPHUX ATIOMiHi€BHX CIIaBiB

PadinyBanHs € HeOOXiTHOIO TEXHOIOTIYHOIO OTIEPaIli€l0 BUPOOHHUIITBA
JMUBApHUX ANIOMIHIEBHX CIUIaBIB 1 Mae Ha MeTi 3amolirtu 3a0pyIHEHHIO
CIUIaBiB HEMETAJICBUMHU BKIIIOYCHHSIMH.

Ancopbuiiiai Metonu padiHyBaHHS NOOYJOBaHO 32 HACTYIHOIO
MIPUHIMIIOBOIO CXEMOIO: BBEAEHHS Y PO3IUIAB YM YTBOPEHHS Y HBOMY
padinyrodoro rasy, aacopOiis padiHyYMM BOIHEM HEMETaJCBHX
BKJIIOYEHB 1 BHIAJIICHHS IX 13 PO3IUIaBY NpH CILIMBaHHI Ha MoBepxHIO. Jlo
afcopOIiHHUX METONIB HallekaTh: padiHyBaHHS IHEPTHHMH Ta3aMH,
XIIOPUCTHMH COJISIMH 1 (DIIFOCaMHu.

Paghinysannsa inepmuumu easamu. SIx padinyBanpHi iHEpTHI ra3u
BHUKOPUCTOBYIOThH a30T, aproH i reiniii. [Ipu 1ipoMy ra3 mporyckaroTh 3HU3Y
Yyepe3 BCIO TOBILY pO3IJIaBy; y Iy3upi rasy AMQYHAYE BOJEHb, WLIO
3HAaXOMUThCA B po3miaBi. CIDmMBamoodi, My3Wpi 3yCTpPidalOTh HAa CBOEMY
UKy 3BaKEHI HEMETalleBi BKIIOUEHHS 1 BHHOCSTH 1X Ha MOBEPXHIO. Y
TaKWi crociO BiOyBa€eTHCS OMHOYACHE OYMIIICHHS CILIABY B PO3ZYHHEHOTO
BOJIHIO Ta BiJl HEMETAJICBUX BKJIIOUCHb.

Paginysanns xnopucmumu conamu. PadinyBansaumu € comi ZnCly,
MnCl,, C,Clg, AIC}3 To1IO, SIKi JIETKO PO3KIANAOTECS YN BUIIAPOBYIOTHCSL.

Padinysanbha nia coneit ZnCj, i MnCj, 6a3yeTbcs Ha ix peaxuii 3
ATIOMiHIEM

3MeC15;+2A1=2A1C15+3Me,
B pE3yNbTaTi SKOi yYTBOPIOETHCS TA30MOMIOHUN XJOPHCTUH aOMIiHINA, a
BiJJTHOBJICHUH IMHK YW MapraHelb ePeXoIUTh y PO3ILIaB.

I'excaxnoperan (C,Clg) 3acTOCOBYIOTH K padiHyBallbHY Cillb, SIKa Ma€
JesKi IepeBard MOPIBHAHO i3 XJIOPHCTHM LIMHKOM 1 Maprafiem; BiH
HETirpOCKOMIYHUH, IPX B3aEMOIIT i3 pO3IUIABICHUM ATIOMiHIEM Ma€ OLITbITy
ra30TBipHY 3/aTHICTh, B3AEMOII€ i3 ATFOMiHIEM 32 PEaKIi€lo:

3C,Clgt2A1=3C,Cl4+2A1C1;.

Ogpnak, rasononi6uuil terpaxnoperunen C,Cly, 0 yTBOpPIOETbCA Y
BUTIIAl BETHKUX, IIBUAKO CIUTUBAIOYHX ITy3UPIB, YTPYAHIOE HUQY3i0 y
HBOTO BOINHIO B PO3IIaBi 1 3HWKyE e(ekT padiHyBaHHS IOPIBHIHO i3
xsopoMm. Tomy rexcaxioperan (0,5...1,0 % Bix Macu IIMXTH) BBOAATH Y
po3miaB y IeKinbka mpuiiomiB. Temreparypa padiHyBaHHS TeKCaXJo-
peranom crtaHoBuTh 730...750 °C.

Paginysanna ¢hnrocamu. PadinyBanbHi (IFOCH 3aXUIIAIOTH CIDIABH BiJl
BIUIMBY aTMOC(epH Iedi, CIIPHUAIOTh OYUIIEHHIO BiJl OKCHIHIX BKJIIOYCHB 1
nerasyroTh ix. Jis padinyBaabHUX (IIOCIB IOJISATAaE B TOMY, IO BOHH 3JaTHI
ancopOyBaru 1o 10 BaroBux % OKCHIY JIFOMIHIIO 1 pO3UMHSIOTH Horo 1o 1 %,
IIPY IIbOMY BBOAUTHCS TAKOXK 1 BOJACHB, 1[0 YTBOPIOE KOMIUIEKCH 3 OKCHIOM
AITIOMIHIIO.

PadinyBanpHi (urrocn MOBHHHI OyTH JIETKOIUIABKHMH, MaTH TapHY
PiAKOTEKydiCTh 1 BHCOKHIA MOBepXHEBHH HaTAT. Lli BUMOTH 3a0BONBHS-
FOTHCSl TIPAaBWIBHAM MiIOUPaHHSIM KOMIIOHEHTIB, IO BXOISTH IO CKIIALY
(rocoBux cymimei. XJIOpHCTHH HaTpid 1 Kamiil y cmiBBimHOmIEeHHI 1:1
YTBOPIOIOTH JIETKOIUIABKY ©BTEKTHKY, (TOpHCTHI HaTpiii 30imbmrye
noBepxHeBuil Harar. Kpionit NajAlFeq cnpuse aacop6buii i po3dMHEHHIO
OKCHIy aNIOMiHif0. Y CIUTaBaxX 3 IMiJBUINEHNM BMICTOM MarHif0 OKCHIIHA
IDTiBKa CKJIAJAETHCS, TIEPEBAXKHO, 13 OKCHY MarHil0, Ha Ky KpPIOJIT HE Ma€e
agcopOyrodoro BIUMBY. J{si padiHyBaHHS IUX CIUIaBiB BHKOPHUCTOBYIOTH
¢moc, mo mictute kapHamt (MgCl,KCl), ockinbku XaopucTHil Marsin
nmo0pe angcopOye OKCHIT MarHiro.

Omrocu (Tabm. 9.6) y kinbkocrti 2...3 % BiJ Baru MINXTH 3aCHUMAIOTH HA
MMOBEPXHIO JIyCOYOK BiApasy micis 3aBaHTaXeHHS ix y mid. @iroc
MIEPIONUYHO TOJAIOTh ¥ Mipy HOTO BHIIAPOBYBaHHS.

Tabauya 9.6. MoandikaTopu 1,151 aMI0MiHi€BO-KPeMHI€BHX CILUIABiB

Momudikarop Ximiunui cknan, % TemnepaTypa
MOIH/I(I)(i)KyBaJ-H-m,
NaF_| NaCl | KCI [Na,AlF, c
IoxagiitHuit 67 33 - - 800...820
Iotpifixuii 25 62,5 | 12,5 - 725...740
VYuiBepcanphuii dutroc Ne 1 60 25 - 15 800...820
VYuiBepcanbauii gutroc Ne 2 40 45 - 15 750...780
VYuiBepcanbHuii Guroc Ne 3 30 50 10 10 720...740

Oco0nuBy Tpymy CKJIamaloTh yHiBepcalbHI (UIFOCH, IO OJHOYACHO
3IHCHIOIOTH 3aXHCHUH, padiHyBaIbHUHA i MOAM(IKYIOUNi BIUTUB Ha CIUIABU.
AncopOmiiftHi Metonu padiHyBaHHS XapaKTepHU3YIOTHCS OIHHUM
3araJbHUM HEIONIKOM, a came: padiHyroui rasu i (UIFocH TpaKTHYHO HE
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MOXYTh OXOITUTH BECh OOCST PO3MJIABY ¥ OYMINYIOTH TiTBKH Ti IiJISHKH,
Yepes AKi MPOXOIATh Ta3u, YU AUITHKH, e PO3IUIAB KOHTAKTYE 13 (IIFOCOM.

Binpm akTUBHUMH, TOPIBHAHO i3 afcopOIiifHIMH, € HeaacopOmiiHi
Metonu padinyBaHHSI. BoHH 0a3yroTecsi Ha (I3UUHUX TMporecax, KOIH
JIOCSITAETHCS TIOPYLICHHS PIBHOBAaru CUCTEMU Memai—uLiaKk—2a3 10 BCbOMY
00csTy pO3IIaBy.

Jlo yMOB, IO MOJErHIyIOTh 3apO/DKEHHS 1 CIUNIMBAHHS ITy3HpPsI BOAHIO,
BIJHOCSTBH: 3MEHIIEHHS 3O0BHIIIHBOTO THCKYy Ha PO3IUIAB, ITOBEPXHEBOTO
HaTATy 1 B'A3KOCTI po3IuiaBy. ToMy BaKyyMyBaHHS AOLIJIBHO IPOBOJUTH PU
temneparypax 730...760 °C i3 3acrocyBaHHAM padinyrodoro ¢irocy. dmroc
azicopOye 1 pO3YHHIOE OKCHT AITFOMIHIIO 13 OJJHOYACHUM BHIAJICHHSIM BOJHIO,
a TaKoX 3HIKYE IIOBEPXHEBMH HATAT pPO3IJIABY. 3 IIiABHIICHHIM
TEeMITepaTypH B'A3KiCTh 3MEHIIYETHCS, IO TMOJETIIY€e CIUIMBAHHS ITy3HpiB
BOJIHIO.

BakyyMmyBaHHA CIUlaBy mepeA 3alUBaHHAM BigOyBaeThCs B CIie-
miadbHIA Kamepi, y sKiif, 3a JOIOMOTOI BaKyyMHAcOCa HiATPHMYETHCS
pospimkerHs 1...10 mm pr. ct. Yac BakyymyBaHHS, 3aJ€XKHO BiJ
3a0pyOHEHHS CIuiaBy, cTaHOBHTH 10...15 xB.

[NopiBHSHO i3 IHIIMMHU METOJAMH, METOJl BAKYYMYBaHHS JTFOMiHI€BUX
CIUTaBiB Mae Taki mepeBaru: 3abesredye HAaWOLTBII TTOBHE OYHICHHS
CIUTIaBiB, NTa€ MOXJIMBICTh padiHyBaTH CIDIaBH Iicias MOAHW(DIKyBaHHS;
CIIpHsi€ TIOKPAIIEHHIO YMOB IIpalli Y JIMBapHUX [IEXax.

Obpobxa cniagig yiempasgykom ma iHui memoou paginysanus. Ipu
MIPOXO/KEHH] YIBTPa3BYKOBHX XBHJIb Y PpO3IUIaBI BHHUKAIOTH IPYKHI
KOJIMBaHHS YacTHHOK cruiaBy. IIIBHAKICTH 3BOPOTHO-TIOCTYNAIBHOTO PYXY
OKpEeMHUX YaCTHHOK, BHACIIIOK iHepmii, Oyae pi3HOI0, M0 MPHU3BOIAWTH 10
THMYacOBOTO PO3PHUBY CYIUIBHOCTI 1 YTBOpPEHHS MIKPOMOPOXKHHUH i3
DIHOOKIM BaKyyMOM. Y IIi IIOPOKHIHH CTIPSIMOBYIOTBCS PO3YHHEH] y CIIIaBi
rasy, i3 YTBOPEHHSIM MOJEKYJ Ta Ta30BUX ITy3upiB. IIpu 3BopoTHOMY pyci
YaCTHHOK BilOyBA€THCSI CTUCHEHHS Ta3iB, OJHAK MOJEKYISIPHUN BOAEHD Y
po34mH He mepexoanTb. IIpy HacTYymHHMX po3pHBaxX CYLUIBHOCTI pO3ILIABY
BimOyBaeThCSA 3pOCTaHHS YK€ YTBOPEHUX IWYy3UPiB, IO JOCATAIOTHh
KPUTHYHOTO PO3Mipy, CIUTUBAIOTH i BiIAJISIOThCA B aTMOchepy.

[Ipu ymerpa3BykoBili 00poOIi po3IUIaBy, OAHOYACHO 3 padiHyBaHHIM
BimOyBaeThCss MOAPIOHEHHS MOAHQIKYIOUMX JOMIIOIOK, IO CIPHUSE
MIBUIICHHIO MEXaHIYHUX BIACTHBOCTEH CIUIABIB 32 PaXyHOK 301NBIICHHS
LEHTPIB KPUCTATTi3aIlil.

[IpakTka OKpeMHX 3aBOMIB MOKa3ye, IO TapHUU e(eKT aerasamii
JIOCSATAETHCSA 3aCTOCYBAaHHSIM KOMOIHOBaHMX MeETOHIB padiHyBaHHS,
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HaTIpUKJIa]] TO€THAHHIM BaKyyMyBaHHS i3 aIcOPOIifHIM METOIOM Jlerasa-
ii (pmrocom abo comsIMI), OTHOYACHUM BaKyyMYyBaHHSM 1 YIBTPa3BYKOBOIO
00pobKoI0.

9.8.3. MomudikyBaHHs aJIOMiHI€BHX CILIABIB

Mertoro Moau(iKyBaHHS € 3MiHA CTPYKTypHUX CKJIAQIOBHX CIUIABIB
(ixHBOI hOopMH YU PO3MIPIB) LIS MIABUINCHHS iXHIX MEXaHIYHUX W IHIIAX
BJIACTHUBOCTEH. 3alie)kKHO BiJl MPUPOTN MOTU(IKATOPIB, IO BBOIATHCS Yy
PO3IUIaB, MOKHA JOCSTTH 3HAYHOTO MOAPIOHEHHS 3EPeH TBEPIOTO PO3UHHY
OCHOBH CILIaBY, ICPBUHHHUX KPUCTANIIB iHIINX (a3 UM SBTCKTUKH.

VYei MomudikaTtopy MOAUISIOTE HA ABI OCHOBHI rpynu. Moaudikaropu
MePIIoi TPYIH YTBOPIOIOTH Y PO3IUIABI BUCOKOAMCIIEPCHI, 1HOMI KOJIOIMHI
cycrnensii. YacTuHKH Li€l cycreH3il € TOTOBUMHU 3apOAKaMH, HABKOJIO SKUX
TIPH BiJIOBITHIX YMOBAaX IOYHMHAETHCS KpHUCTaizamis (a3, i30MopQHOI
Momudikaropy. Moaudikaropu 1mi€i Tpymu 301IBIIYIOTh KUTBKICTh IICHTPIB
KpHUCTaJi3aIii i CIPUSIIOTH MOAPIOHEHHIO CTPYKTYPHUX CKIIAJIOBHX.

Mozudikatopu Apyroi rpylu, CTOCOBHO 3pOCTAHOUUX KPHUCTAIIB, €
MOBEPXHEBO-aKTHBHIMH PEYOBHHAMH. AJICOPOPYIOYHCH HA TIOBEPXHI 3pOC-
TAFOYUX TPaHel, BOHU 30BCIM YHOBUIBHIOIOTh YW NPHIHHIIOTH 3pPOCTaHHS
KPHCTAJNiB Yy JESKUX HampsMKax. [Ipu LbOMy 3MIiHIOIOTBCS HE TUIBKH
po3mipw, ane i Gpopma ¢a3, o KPUCTATIZYIOTHCS.

MoaudikyBaHHSI € HEOOXiJHOI TEXHOJIOTIYHOI OIEpAIli€l0 s
cruiaBiB 3 BHCOKMM (Oimpmie 6 %) BMICTOM KpEMHIIO, SKIIO BiH
KpHCTANI3y€eThCsl y CKIIaAl MoaBiitHOT eBrekTnkn O+Si. I'py0i, muiactuHyac-
TOi (POPMHU YACTHHKH KPEMHIIO 3HIDKYIOTh MEXaHIYHI BIIACTHBOCTI CIUIABIB,
0COONHBO iXHIO IAcTHYHICTE (puc. 9.9). Insa MoaudikyBaHHS €BTSKTHKH
3aCTOCOBYETHCS HATPIl, IO BBOMUTHCA y CIUIAB i3 cymimi comed. [Ipum
onTuMaibHOMY BMicTi Harpito y cruasi (0,01...0,03 %) xpewmnuiit

T N R ]
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Puc. 9.9. MikpocTpykTypn HeMoaH(iKOBaHHX CHIIYMIHIB: @ — JOCBTEKTUYHOTO;
0 — eBTEKTHYHOI'0; B — 3a€BTCKTUIHOTO
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KPUCTANI3YEThCA Y BUDISANI APIOHUX OKPYDIMX YACTHHOK, IO CIIPHSE
M IBUIIEHHIO MEXaHIYHUX BIACTUBOCTEH crutaBy (puc 9.10).
_.‘+ -.-‘ oty i A B

ey ol Y i

Puc. 9.10. MikpocTpyKTypH 10eBTeKTHYHOTO crimyMiny AK94, moangikoBanoro
HATpIEM: a — pacTpoBa eJICKTPOHHA; O — CBiTIIOBa

[Tix BIUIMBOM HATpir0 KPeMHiil KpHCTaII3y€eThCsl B €BTEKTHUI Yy BUIISAI
Iy’K€e Pa3Taxy’kKeHOTO CKEJIeTy 3 TOHKUMH TiIKaMHU BOJIOKHUCTOI popMHu, sIKi
HANOLIBII YITKO BHSBISIOTHCS 33 JOIMOMOTOI0 PAcTPOBOTO EIEKTPOHHOIO
MIKpOCKOIIA TICIIsI BHUOIPKOBOTO BHUTPABIIOBaHHs MuTipa aTroMiHIEBOTO
TBEpOro po3unHy (puc. 9.10, a). [lepepi3u nux TiIOK Ha IUIOIIMHI 1LTI(a
i CBITIOBHIM MIiKPOCKOIIOM Y CEepeIrHI €BTEeKTHKH MArOTh TIIOOYISpHUN
a6o ToukoBuil BUDIAL (puc. 9.10, 0).

Benuki Temni (puc. 9.10, a) Ta cBitii (puc. 9.10, 0) AiITHKH OKPYyTIOL
(dbopMu — 11e TIepepi3u TiIOK JCHIPUTIB MEPBUHHOIO O~TBEPIOTO PO3YHHY
KpEMHIIO B aJIOMiHIii y JOEBTEKTHYHOMY CHiIyMiHi. Hatpiit He BIuMBae Ha
(dbopMy Ta po3Mipu NEPBUHHUX KPUCTAIIB.

Jlo ocTaHHBOTO Yacy npupoaa Moau(iKyBaHHS TOYHO HE BCTAHOBJICHA.
OnHa 3 OCTaHHIX TiOTE3 3BOAUTHLCS 10 HACTYMHOIO: aTOMHM HaTpiro
ancopOyIOTbCsl Ha TMOBEPXHI 3pOCTAIOYOr0 KPEMHIID Ta CIPHUSIIOTH
YTBOPEHHIO Ha Hill BEJNWKOI KUIBKOCTI JBIMHHUKIB, KOTpi 1 BIUIMBAIOTh HA
po3TanxyXKeHHS KPEMHII0 B eBTCKTHIHHUX KOJIOHISX.

Crxian Monudikyrounx (QIIFOCIB ISl aTFOMIHIEBO-KPEMHIEBHX CIUIABIB
HaBeaeHo B Tadm. 9.6.

3acmocysanns (noosgitinozo U yHieepcarvbnoco No 1) myeoniaexux
@niocie BUMarae 3HAYHOTO IIEPErpiBy CIUIABY, IO MHPHU3BOAUTH [0
MiJIBUILECHHS Ta30HACUYCHOCTI CILIABIB, TOMY IX JIOIIJIbHO BUKOPHUCTOBYBATH
TUTBKH Yy ABOX BUMIAJNKAaX: MPH JUTTI JeTajei 3i CIUiaBy i3 IiJIBHIICHUM
BMmicToM KkpemHilo (AK12), xomu morpiOHa Haiibinbima moaudikyroya
AKTHBHICTH (IIOCY, @ TAKOK IPHU JHUTTI BEITHMKOTA0APUTHUX TOHKOCTIHHHUX
JieTaiel, sIKi BUINBAIOTh TIPH BUCOKUX TEMIIEpaTypax.

AIIOMiHIH Ta aaOMIiHIEBI CIUTABH 303

VY BCiX IHIIUX BHIIAAKAX PEKOMEHIYIOTHCS BUKOPUCTOBYBATH (DIIFOCH 3i
3HIDKCHOIO TEMIIEPaTypoIO IUIaBICHHS.

Ax momudikarop 3amicTe HaTpit0 OBl BHUTITHO BUKOPHCTOBYBATH
Jgomimiky S,. Ilig BmauBoM wLi€l NOMIIIKM KpeMHIH KpHUCTali3yeTbCs Y
eBTCKTHII y BHUINSAAI TOHKOPO3TATy)KeHHX ACHIPUTIB. Momudikyrouuit
BIUIMB JOMIIIKA CTPOHIIIO, MOPIBHAHO i3 HATpieM, HE 3HUKAE TPH
neperuiaBli, TOMy S, MOXHO BBOAMUTH y CHJIyMiH IpH Horo BUILIaBLi Ha
METaIyprifHOMY 3aBOJIi.

OCKIJIBKH TIABUIICHHS MEXaHIYHHX BJIACTHUBOCTEH mpu momudi-
KyBaHHI ITOB'SI3aHO 31 3MiHOIO (OPMHU KPEMHIIO B €BTEKTHIII, TO YAM OLIbIIE
eBTEKTUKA B CHIJIyMiHi, TUM OUTBIIMH BIDIMB MOAH(DIKYBaHHA Ha HOTO
BiacTHBOCTI. IIpH BMICTI KpeMHiI0 B CHIIyMiHI MeHIIe 5 % MoxngikyBaHHS
3BHYAIHO HE BUKOPHCTOBYIOTb.

Iepexix Bim TuracTUHYACTOI O BOJIOKHUCTOI (OPMH KpPEMHIIO B
eBTCKTHIII CHIIyMiHYy BiZOyBa€TbCcs TaKOXK MpH 30UIBIICHHI MIBHAKOCTI
KpucTaizarii.

VY CTpyKTypi 3ae€BTEKTHUHHMX CHIYMiHIB, IO MicTiTh Olmbme 13 %
KpEMHII0, CIOCTEpIraroThcsl BENUKi, TBEPIi 1 TEHIITHI YaCTHHKHU IEPBHH-
HOTO KPEMHIl0, SIKi BUAUISIOTBCA A0 ITOYATKy KPHCTaNi3amii eBTeKTHUKU.
HasBHICTD y CTPYKTypi MEPBHHHOTO KPEMHII0 HETaTUBHO ITO3HAYAETHCS Ha
MEXaHIYHHUX BIIACTHUBOCTSX CIUIABiB, OCKITBKH BEJIHKI YAaCTHHKU KPEMHIIO
HenpaBWIbHOT (GOPMH € KOHLEHTpaTopaMH HalpyXeHb. Kpim ToOTO,
YCKJIATHIOETECS. 00poOKa pi3aHHAM 1 MOTIPIIYETHCS SKICTH OOpPOOIICHIX
TTOBEPXOHB, 0COOIHMBO Pi3bOOBHX.

Hns MonnikyBaHHS BHCOKOKPEMHIEBHX CIUIAaBIB 3aCTOCOBYETHCA
thocdop, Axkuii BBOIATH Y PO3IUIAaB 332 JOMOMOTOIO JIrarypu miob—gpocgop
(8...10 % P) um 3acrocoBytots ¢umroc (20 % geponoro docdopy, 70 %
xJyiopucToro Kamito i 10% ¢ropuupkoHary Kaio).

CmnaB mepen moamdikyBaHHAM meperpiBarote g0 780...820 °C.
®ocdopucty Minp mornepeqHpO MOAPIOHIOIOTH 1 3aBaHTAXYIOTh Pa3oM i3
OCHOBHOI muxTok0. Dmroc, mo MictuTh (ocop, BBOAATH Y PO3ILIAB
OKPEMHUMH TIOPIIiSIMH 32 JOTIOMOTOI0 "3BiHOUYKA".

Bimzraunmo, mo 06podka pochopom criprsie moApiOHIOBaHHIO TUTEKH
TIEPBUHHOTO KPEMHiI0, TOl sSIK (hopMa i po3Mipn YaCTHHOK KPEMHI0, L0
BXOJATH JIO CKJIaJly €BTEKTHK, 3aJIMIIAI0ThCs 0e3 3MiH. OnHouacHa 00poOka
¢dochopom 1 Hatpiem (i1t MOaMDIKyBaHHS €BTEKTHYHOTO KPEMHIIO) HE Ja€
TO3UTHBHHUX PE3YyNIbTaTiB, OCKUIBKH TPH IIbOMY YTBOPIOETHCS CTiiika
cnoinyka NazP i1 edexkr MonudikyBaHHs IEPBUHHOIO KPEMHIIO 3HA4YHO
3HIWKYeThca. HaiOinpmmit edexT MomudikyBaHHS HOCSATAETHCS TPH
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onHovacHoMy BBezeHHi (0,05...0,08 %) cipku ta dpocdopy. Ha puc. 9.11, a, 6
MMOKa3aHa MIKPOCTPYKTYpa 3aCBTEKTHYHOTO CIUTYMIHY IO i MiciIst 0OpoOKH
po3mnaBy MmonudikaTopamu. CriocTepiraeTbcs NOAPiIOHIOBAHHS IEPBHHHOTO
KpeMHIiI0 (BeJIMKi 4acTUHKH Ha puc. 9.11, a) 1 rom4acTux 4acTHHOK KpeM-
HIO, 110 BXOISITH JIO CKJIJy €BTEKTUKH.

o

gia

Puc. 9.11. MikpoCTpyKTypH 3aeBTEKTHYHOTO CHIIyMiHY: a — 0 00po0Ku; 6 — micis
06podku cipkoro Ta pochopom (0,05...0,08 %)

[ToBTOpHE mepennaBieHHS cruiaBy, MoaudikoBaHoro ¢ocdopo-
MICTKUMH PEUOBHHAMH HE 3HIMae ePeKTy MOAn(iKyBaHHS.

ITpoBeneni ocranHiMm wacom B HTYY "KIII" dynnamenTanpHi i
TIPUKJIAHI JOCIHIKSHHS [I0JI0 BUBYCHHS BIUIMBY MIKpOJIETYBaHHS THUTa-
HOM, ByIJIeLieM, 00OpoM, 00OpOOKO0 pO3ILIaBy a30TOMICTKUMH TUCIIEPCHUMHU
TYTOIUIABKMMHM YaCTUHKAaMHM MEPEeKOHJIMBO II0Ka3ajH, IO 3a paxyHOK
aKTUBHOIO BIUIMBY Ha ()OPMYBaHHS CTPYKTYpH $K NEPBHUHHUX, TaK i
BTOPHHHUX aJIOMiHI€BUX JMBAPHUX CILIABIB y MPOIECi KpUCTaTi3amii, TaK i
3a paXyHOK ONTHMI3allii Ta BHOOPY paIliOHATBHAX METOMIB IXHBOI TEPMIYHOT
00pOOKM MOKHA JOCATaTH ICTOTHOTO IJBHIICHHS MEXaHIYHHMX, TEXHO-
JIOT1YHHMX 1 eKCIUTyaTalliiHUX BIACTUBOCTEH CILIABIB.

9.9. Oco6JMBOCTI NJIABKHU CIIABIB Pi3HUX cCHCTEM

TexHONOTIYHMIT HpoLEC TOTyBaHHS CIUIABIB CKJIAA€TbCS 3 PNy
oreparliii, a came: MiIrOTOBKY IUIABWIIBHOTO YCTaTKyBaHHS W iHCTPYMEHTY,
3aBaHT@XCHHS MIMXTH, PO3IUIaBIeHHs, padiHyBaHHS Ta iH. OneprkaHHS
SKICHOTO CIUIaBy 3ajJIe)KUTh BiJ TPaBHJIBHOTO MPOBEAEHHS BCiX
TEXHOJIOTTYHUX ONEepalliif, 0COONMBO BiJl BU3HAYEHHS HAHOLIbII e)eKTHBHUX
napameTpiB (TeMIIepaTypy Ta TPUBAIOCTI) IUIABKH 1 padiHyBaHHI.

3aBaHTa)XEHHS 1 PO3IUIABICHHS IIMXTOBHX MarepiajliB MPOBOIATH Y
BH3Ha4eHil mocinigoBHOCTI. CroYaTKy 3aBaHTaXXYIOTh aJTIOMIHIH, BEMKUX
PO3MIpIB BiJIXO/IM YH YyLIKH HOIEPEHBO BUILIABICHUX CIUIABIB, IPU LOMY
3a0e3medyroTs iX miinpHe yxiamaHHsA. [licis po3mimaBiiOBaHHS TEPIIHX
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TOPIiii MIUXTH BBOIATH JIraTypH i, B OCTAHHIO YEpPry, TaKi €JIEeMEHTH, 5K
MarHii 1 nuHK. [IpM BHKOpHCTaHHI y IIMXTI BEJIMKOi KUIBKOCTI JHiratyp
HaWOUIBII TYTrOIUIABKI 3 HUX BapTO BBOJHUTH IOPLISIMH B OCTaHHIO 4Yepry,
mo0 po3ymHUTH B posmiaBi. [lpm 1poMy HEOOXiIHE peTelabHe
TepeMillyBaHHS JI0 TOBHOTO PO3YMHEHHS KOKHOI MOPIIi.

Inaska cunyminie. IlpoMHCIIOBI CIUIaBM Ha OCHOBI CHCTEMH
anioMiniti—KpemHiil TOAUIAIOThCS Ha ABI rpynu. Jlo mepiioi Hanexarsb
CITaBH, IO MICTATH Olnbine 6 % KpeMHilo; 10 APYroi — CIIaBH, M0 MICTATh
MeHIe 6 % KpeMHilo, 1 K JeryBaJlbHy AOMIIIKY — Migb (IuB. Ta0m. 9.5).

Crutau niepmoi rpynu (AK-2 AK-9 AKS8m) maroTs BiIMiHHI JIUBapHi
BJIACTHBOCTI, IO JIO3BOJSIE OJEP)KYyBaTH 3 HUX yciMa BHJIAMH JIMTTS
TOHKOCTIHHI BUJIMBKH CKJIaJHOI KOH(Irypartii. OcoONUBICTIO IUX CILJIaBiB €
MiJBUINCHA CXWIBHICTh 0 BHAIJICHHS BOIHIO, PO3YMHEHOTO B PO3ILIABI y
MpoIIeci KpUCTaizallii, o MPUBOIUTH 10 YTBOPEHHS Ta30BOi MOPHCTOCTI y
BWIMBKAaX. ToMy OnHi€0 i3 HAWBaKIHMBIIINX OMEpaIiii TEeXHOIOTIYHOTO
IpolLecy IUIaBKU 3a3HAYCHUX CIUIABIB € iX perenbHe padinyBanHs. CIuiaBu
TIepIIO] IPYITN MICTSThH BEJUKY KUIBKICTh €BTEKTHKH a + Si, y sIKif KpeMHil
OpU JUTTI 3 HEBEJIUKUMH IIBHIKOCTAMU OXOJO/PKCHHs (y MiliaHi,
00O0JIOHKOBI, TiNCOBI (POPMHU) KpHCTaII3y€eThCsl y IpyOiid romuactiid dpopmi,
II0 NPU3BOIUTH JO B3HIKEHHS MEXaHIYHHX BJIACTUBOCTEH CIUIABiB,
ocobimBo mactTuyHOCTI. ToMy HEOOXiZHO 3aCTOCOBYBATH CIUIABH Yy
MOIU(IKOBAHOMY CTaHi.

BakyymyBaHHS Ja€ MOXJIMBICTH BUKOHYBaTH padiHyBaHHS ITiCIs
MOJM(iKyBaHHS, 110 3HAYHO WIiABHUILYE CTYMiHb OYMIIEHHS CIUIaBiB.
BpaxoBy1oTh, 1110 BaKyyMyBaHHS IIPU3BOIUTH 0 JIESKOTO yrapy Mariko.

Omnepamii padinyBanas 1 MoaudikyBaHHS MOXKHA TIO€JHATH,
3aCTOCOBYIOUM i 0OpoOKHM cIuiaBiB yHiBepcanbHI (mrocu: Ne 2
(remmeparypa 00poOku 750...780 °C) unm Ne 3 (Temmeparypa 0OpoOKH
720...740 °C). [Jns momubikyBaHHS 3aCTOCOBYIOTh TaKOX IOTPIHHUI
monudikarop (auB. Tabdn. 9.6). BukopucraHss nonsiiiHoro Moaudikaropa
abo yHiBepcanbpHOro (uirocy Ne 1 JOMIIBHO TUTBKK B THX BHIAAKAX, KOJIH
CIUTaBM IPH3HAYCHI JUI1 BHTOTOBJICHHS TOHKOCTIHHHX, BEJTMKOrabapHTHUX
JeTajei, I ONepXKaHHs KX MOTPiOHA IMiABHUIICHA TEMIIeparypa JIUTTS.

VY cunymiHax 3aBKOM HasBHI JOMINIKM 3aii3a. [lepBuHHI KpucTamu
FeSiAls yTBOpIOIOTBCA y CHIyMiHaX €BTEKTHYHOIO CKJIamy IIPU BMICTi
3amiza Oinpme Hik 0,8 %, a mpu 30UIbLIEHHI HOro BMICTY — 1 B
TOEBTEKTHYHUX cuimyMiHax. IlepunHi kpucramu FeSiAls marots dopmy
JIOBTUX TOHKHX TiacTuH (puc. 9.12). [Ipn MeHmoMy BMICTi 3aitiza cIoiayka
FeSiAls yTBOpIO€ThCA TUIBKM y CKJIafl OABIIHOT Ta MOTPilHOI €BTEKTUK Y
BUIVIA KOPOTKUX IUIACTHH.



306 Po3nin 9

: oo L o
Puc. 9.12. MikpocTpykTypu MoaH(iKoBaHOTO HAaTPIEM JOEBTEKTHYHOTO CHIIYMIHY:
a — 3 (asoro FeSiAls; 6 — 3 asoro (Fe, Mn), Sij Al 5

JloBri muacTMHU HepBUHHUX KpucTaniB FeSiAls nyxke 3HMXKYHOTH
IJIACTUYHICTh CHUIYMiHIB. g i WiABUINCHHS y CHIYMIHH BBOISTH
maprarenp (0,2...0,6 %), xorpuil yrBoproe dasy (Fe, Mn)3Si,Al;s, sika
KPHCTAI3y€eThCS B CKEIETONOMIOH I opMi y ckimani eBTekTHkH (puc. 9.12, 6).
Inoni s daza cxoxa Ha ieponitiu — TaKy CTPYKTYPHY CKJIaJ0BY HAa3UBAIOTh
"kutaicbkuit mpudt". [Ipn 30iNbIIEHH] BMICTY MapraHiio CIHOJyKa
(Fe, Mn)3SiyAl;5 HepBHHHO KpHUCTaNi3ye€TbCS 3 PO3MIABY Yy BHUIVIAIL
KOMITAaKTHHX KPHCTANIB, L0 TEX CIpPUSE MiJBHIICHHIO IUIACTUYHOCTI, 3a
YMOBH, IO IIi KPUCTAIH TOCTaTHBO APiOHi.

Jna anamizy TepmiuHoi 0OpoOKM yci MPOMUCIOBI CHIyMiHH MOXKHA
posmsigatu sk cruiaBu cucteM Al-Si, Al-Si-Mg, Al-Si-Mg—Cu. Ilin vac
HarpiBaHHs IiJl TapTyBaHHS y TEPMIYHO 3MIIHIOBAHHUX CHIIyMiHax
BiZIOyBaroThCsl HACTYIHI mpouecH. [lo-nepie, 301IbIIYETHCS KOHIIEHTPALlist
KpEMHII0, MarHifo Ta MiJi y TBEpJOMY pO3YMHI Ha OCHOBI AaIFOMIiHiIO
BHACJIJOK YaCTKOBOTO PO3YMHEHHS Y HBOMY EBTEKTHYHOIO KPEMHIIO,
4acTKOBOro abo MoBHOro po3uuHeHHs Mg,Si, CuAl, Ta W-dasu. Ilo-apyre,
KpEMHIill, KOTpUH B EBTEKTUYHUX KOJIOHISIX YTBOpIOE Oe3nepepBHUIL
MIPOCTOPOBUI KapKac, ()parMeHTye Ta KOAryJlIO€ThCsl, YTBOPIOWOUN (Ba3u y
MaTpHULi aJIOMIHIEBOTO TBEPAOTO PO3YHMHY, IO MAIOTh YaCTKOBO OKPYIITY
¢dopmy (puc. 9.13).

Cmnas AK12 — enuHMi TPOMHUCIOBHHA CHIYMIH 0e3 CIIeIlialbHuX
JoMimok (muB. Tabm. 9.5). [HTepmBanm KoOHIEHTpalii KPEMHIIO0 Yy IbOMY
cunymii (10...13 %) Binnosigae eBrekTHYHOMY ckiany. [Ipu Moxudiky-
BaHHI HATpi€EM CIUIaB CTA€ JIOCBTEKTUYHHM; BIiH MICTHTh E€BTEKTHKY Ta
TIEpPBUHHI KPHCTAJIN AJIOMiHIEBOTO po3umHy. Lleil cnmymin mae Haikpamri
JTUBapHi BIACTUBOCTI 1 HOTO BUKOPHUCTOBYIOTH y OaratocepiiiHOMy
BUPOOHUIITBI MaJIOHaBaHTAXCHUX AeTajell, 30KpeMa OTPHUMaHUX JIUTTAM
TIiT THCKOM.
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a — micns uTTs; 6 — HarpiBaHHS i raptyBaaHs 10 550 °C, 10 rox

[Tpn KOKUTBPHOMY JIMTTI Ta JIMTTI IMiJ THCKOM BMICT JOMIIIOK 3ajli3a y
BOMY Ta IHIIMX CHIyMiHaX € OUIbII BHCOKHM, HIXK NpPW JMUTTI y TiIIaHi
¢opmu Ta BuimBaHI Moxeini. lle 0OymMOBIE€HO THM, IO KpHCTaji3amis 3
BEJIMKOIO MIBHUAKICTIO MPH JIUTTI Yy KOKIJIb Ta I THUCKOM IOAPiOHIOE
3aITi30MiCTKi (pa3u i 1M Hocaallitoe 1X MIKIITUBUE BIUIMB Ha MeXaHIUHI
BiacTUBOCTI. [Ipw JIUTTI MiZi THCKOM MiJBUIICHUI BMICT 3ajli3a y CHIyMiHi
CHpHS€E MONEPEHKEHHIO IPWIMNAHHSA (IpHUBaplOBaHHS) BIJIMBKA [0
CTaseBoi npec-popMu.

Tepmiuno 3minHoBaHi cumyminn AK9, AK94, AK9mu, AK7, AK74 ta
AK7my (nuB. Tabi. 9.5), mio Hanexars 10 cucremu Al-Si—-Mg, MaloTb rapHi
JIMBApHi BIACTUBOCTI Ta MILHICTH, 10 JO3BOJISIIOTH BUKOPUCTOBYBATH X JUISI
JUTTS CEepeJHbOHABAHTAXXEHUX JAeTajeil pi3HuMH crnocobamu. bararto
JeTtaiedl 3 IMX CIWIyMIHIB 3aBASKM TapHii TepMETHYHOCTI NPaLIOIOTh Y
ITHEBMO- Ta rifpocucreMax. Bucoka repMeTHdHicT 0OyMOBIIEHa BY3bKHM
IHTEpBAJIOM KpHCTalli3allii Ta BEMKOIO KUIBKICTIO EBTEKTHKH.

Tepmivno 3minHroBaHi crmymian AKSM ta AKSM2 (muB. Ta6um. 9.5 ta 9.7)
Hajexarb 10 cucreMu Al-Si-Cu-Mg. J[lomimka wmigi migBHIlye
TEIUIOMINHICTE Ta HOKpaulye OOpOOIOBAaHICTh pi3aHHIM, ajie MOripIIye
TUTACTHYHICTD Ta KOPO3iHY CTIHKICTB.

CrutaB AK8M34 — HaiiOLIbII MiHUI cepen yCiX CHTyMiHiB (1uB. Ta0I1.
9.5 12 9.7). BiH 101aTKOBO JICTOBAHUH IIMHKOM Ta HE3HAYHUMH JOMIITKAMHU
TUTaHy, Oopy 1 Oepwiiro. LIMHK pO3UMHSETBCS Yy TBEPAOMY pPO3YMHI 1
3MIIIHIOE CIUIAB, a TUTAH Pa3oM i3 0opoM monpiOHIoe 3epHO. bepuiiii 38's13ye
JOMILIKM 3ajli3a B KOMHNAaKTHi kpuctanu Fe,BesAl,, momepemxyoun
yTBOpeHHs mnactul FeSiAls, 3aBasku YoMy IiJBUINYIOTHCS IUIACTUYHICTD
Ta BSIBKICTh pyHHyBaHHS. Llel criaB BUKOPHUCTOBYIOTH JUIsSl BUTOTOBIICHHS
HaMOUIBII HABaHTAXEHHX JIeTalel (30KpeMa repMEeTHYHUX AeTallei JIUTTAM
Y KOK1JIb, ITil THCKOM TOIIO).
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TexHoNmoriYHAN Tpomec OTPUMaHHS CIuiaBiB apyroi rpymun AKSM,
AK5M6, AK8 (muB. Tabm. 9.5) mpocTimmii, OCKUIBKH BHKIIIOYAIOTHCS
orepanii Moau(iKyBaHHA 1 KpUCTali3amii ImiJl HaJUINIIKOBAM THCKOM (B
aBTOKJIaBax). Y CIUIaBax Ii€l IpymH BMICT KPEeMHilo He mepeBuinye 6 %,
€BTEKTHKA CcKIamaeTbed 13 cymimi otSi+CuAly,. Edexr mMomudixysaHHs
3a3HA4€HOi €BTEKTHKM HE3HayHWi. Takli CIUIaBM MEHII CXHWIBHI 10
YTBOPEHHS ra30BOI MOPHCTOCTI Y BHJIMBKAX MOPIBHSIHO i3 CHIIyMiHaMH, IO
MICTATH OubIIe 6 % KpeMHifo.

CmtaBu Ha OCHOBI CHCTEMH aANIOMIHI—KpeMHili € HaWKpalluMu
JWBAapHUMHM CIUIaBaMH 1 IIHPOKO 3aCTOCOBYIOTHCS B ITPOMHCIIOBOCTI JUIS
JWTTS JeTaneil pi3HOTO MPHU3HAYCHHS.

Inaska maenaniig. Yci MarHamii MOXXHa TIONUINTH Ha JBi TPYIH:
CIUIaBM Ha OCHOBI TOABIMHOI CUCTeMU amiominiti—maeniti (AMrS1Mi,
AMr6i, AMrl10) i criaBu Ha OCHOBI CHCTEMU AIOMIHIlI—MACHItI—KpeMHill
(AMr7, AMrl1) (muB. Tabmd. 9.5).

TexHomoriss TOTyBaHHS CINIaBiB 000X TpPyH pPO3pOOIIETBCS 3
ypaxyBaHHSIM OCHOBHOI OCOOJHMBOCTI BCIX MarHajiiB — IXHBOi CXHJIBHOCTI
JI0 OKHCIIIOBaHHA y PiAKOMY CTaHi. 3Ha4YHy yBary IpH IbOMY MPUIITIOTh
3axXHUCTy PO3IUIABY BiJl KOHTAKTY i3 aTMocdeporo. Lle mocsraeTbes BHACTIIOK
JIETYBaHHS CIUIAaBiB OEpuIieM, IO CHpHSIE YTBOPCHHIO HA IOBEPXHIi
po3miaBy miabHOI okcuaHOI IiBKH BeO-MgO, ska 3axuinae po3IuiaB Bix
okucmioBaHHA. IKiIMUBUI BIDIMB OEpHIIifO, IO CIPHUSE POCTY 3EpHA,
KOMIICHCY€THCSI BBEACHHSM THTaHy. KOMIIJIEKCHE JETyBaHHS CIUIaBiB
CUCTEMHU aIIOMiHili—MaeHiil HE3HAYHUMH IOMIIIKaMu Oepuiiio, THUTaHY,
OUPKOHIIO [O3BOJNIIIO HE TUIBKHM ITABUINATH MEXaHidHI BIACTHBOCTI
CIUIaBiB, alleé TaKOX 1 3HAYHO TONINIINTH IXHI JINBapHI BIIACTHBOCTI 3a
PaxXyHOK 3MEHIICHHS e(DeKTUBHOTO iHTEepBally KpUCTAai3allil.

BrnactuBoCTI CIUIaBiB BU3HAYAIOTHCS TOJOBHHUM JIETYIOUMM €IEMEHTOM
— Mar"ieM, KOTpHUH 3MIITHIOE CIIaB, POYMHAIOYHNCH y TBEPIOMY PO3YUHI Ha
OCHOBI amroMiHito. 1li craBu migmaroTe TITBKKA TapTyBaHHIO (pexum T4),
OCKINBKH CTapiHHS HE3HAYHO IIiABHINY€E MIIHICTh, MPOTE IYyXe 3HIKYE
IUTACTUYHICTH Ta KOPO3iHHY CTIHKICTB.

VY nuTOMY CTaHi CIUTaBH MICTATh HE3pIBHOBaXKEHY €BTEKTHKY ((aza 3
(MgsAlg)), sika posTamioBaHa 110 MeXaX JIEHAPUTHUX KOoMipok (puc. 9.14).
Yepes KpuXKicTh B-(hasu JWUTI CIUIABH 3 TAKOKO CTPYKTYPOIO MAOTh HU3LKY
IacTHYHiCTh. I1ix yac HarpiBy mix raptyBanHs [-(asa MOBHICTIO pO3YH-
HSETBCA Y TBEPIOMY PO3UHHI, TOMY 3arapTOBaHi CIUIaBH BigpPi3HAIOTHCS
BHCOKHUMH 3HAYEHHSIMH TUIACTUYHOCTI.

HesnawHi TOMIIIKK TUTaHY Ta UPKOHIIO MOAU(DIKYIOTh JTUTY CTPYKTYPY.
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Puc. 9.14. Mikpoctpykrypa cruiaBy AMr10

Kpim TOro, 11i €JeMEeHTH 4aCTKOBO BXOJSYH Y TBEPAHUN PO3YMH, CHPUSIOTH
JIOIATKOBOMY 3MIIIHEHHIO cIuiaBy. JloMinika Oepuilito, yTBOPIOOYH LIUIbHY
Ta MIIHY OKCHIHY ILTiBKY, 3aXHUIIAE CIUIABH 13 BUCOKMM BMICTOM MarHiro Bi[
OKHCJICHHS [TPH IJIaBJICHHI, JIUTTI Ta TEPMOOOPOOII.

3a CTIHKICTIO MPOTH 3arajibHOI KOpO3ii, 30KpeMa y MOpPCHKil BOIi,
CIJIaBH Ha OCHOBI cucteMu Al-Mg 3Ha4yHO MepeBUILYIOTh YCi IHIII JIUBapHi
ANIOMIHI€B] CIUIaBH, IO 1 BU3Ha4ae cdepy iX BUKopucTaHHS. OmHAK Ciif
BpaxoByBarTH, 1110 Harpie cmiaBy AMr10 sumie 3a 80 °C npu3ssene 10 BH/Ii-
JICHHS MO MEKaX 3epeH TOHKMX IUIiBOK [-dazu, mo 0OGyMOBIOIOTH
CXUJIBHICTD [0 MDKKPHUCTAIITHOI KOPO3il Ta KOPO3iHHOr0 pO3TPiCKyBaHH.
Henmoniku cmiaBiB cucremun Al-Mg — morasi JuBapHi BIACTHBOCTI, IO
00yMOBJICHO IUPOKUM iHTepBasioM kpucTaiizaiii — 100...200 °C, ta mxyxe
HH3bKa TETJIOMILIHICTb.

BBezieHHsI KpeMHIIO y CIUIaBM TUITy MarHajiil miiBHIIy€ IXHI JIMBapHi
BJIACTHBOCTI. TOMY CIUTaBU CHCTEMH aOMIHI-MacHii—KpemHuil (TuB. Taom. 9.5)
HIMPOKO 3aCTOCOBYIOTHCSI Y IPOMHUCIIOBOCTI, 30KpeMa, MpU BUPOOHMIITBI
KOPO31€CTIMKUX BUJIMBKIB METOJOM JIUTTS ITi]] THCKOM.

IThasxa cnnasie antominito 3 yunkom. Y IPOMHUCIOBOCTI 3aCTOCOBYIOTh
crutaBu cucteM A1-Zn—Si (AK7 119) i A1-Zn — Mg (Au4Mr) (auB. Taomn. 9.5).
i cnaBu cXWibHI O Ta30MONTHHAHHS 1 OKUCIEHHS, TOMY IXHIO IUIABKY
CJIiJl TPOBOJIUTH B €JIEKTPOIIeYax.

Hus npuroryBanHs cruiay AK71]9 BUKOPHCTOBYIOTH airOMiHiif
TEXHIYHOT YUCTOTH 200 cuiayMiH-liratypy A1-Si, 4ymKoBi MarHiif i HUHK.

Hns npuroryBanHsi criaBy ALI4Mr BHKOPUCTOBYIOTH aJIOMiHii
TEXHIYHOT YUCTOTH, IUHK, MarHii i jgirarypu A1-Mn i A1-Ti.

CrulaBy alIOMiHIIO 3 IIMHKOM € camorapriBHuMu. Jlerami i3 HuX
MOXYTh 3MIIHIOBaTUCS IUISXOM MPHPOJHOTO CTapiHHA Oe3MocepeHbOo
MICJISL JIUTTS, 1O B Ps/Ii BUMAAKIB BUKJIIOUAE TXHIO TEPMIUHY OOPOOKY.
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Inasexa nopwrnesux cnnasig. JKapomillHI JNHBapHI CHIyMiHU
AKI2M25H2,5, AK12MMrH25, AK12M2 MrH npusHaveHi i TUTTA Y
KOKUIb TIOPIIHIB NBUTYHIB BHYTPIMIHBOTO 3TOPSHHA. OCOONUBICTIO ITMX
CIUIABIB € MiJBUIICHA CXWIbHICTH J0 T'a30NOITHHAHHS 1 YTBOPEHHS IIOp y
BHJIMBKAX y TPOIECi KPUCTATi3aIlil, [0 0OyMOBIICHO IiJBUIIEHIM BMiCTOM
KpPEeMHiI0 y cIUlaBax, TOMY B TEXHOJOTil IIIaBKH MepeadavdaroTh
padiHyBaHHS CILIaBiB.

PadinyBaHHS cIUtaBiB 3mIMCHIOIOTH IMiJ] BAaKyyMOM 3 YpaxXyBaHHIM
JeSIKOTO yrapy MarHilo 3a paxyHOK HOro BHIIApOBYBaHHsS. Pexnmu
BaKyyMYBaHHS 3aCTOCOBYIOTH TaKi X, 5K 1 JJIs1 3BHUAitHUX cruryMiHiB. CiiaB
HE TiamaeTbcst MOmU(iKyBaHHIO, OCKUIBKH CTPYKTypa MOAHU(DIKOBAHHMX
CWIYMiHIB He 3abe3lmedye XapoMIIHOCTi, e OOYMOBJIEHO THM, IO
MomuQiKyBaHHS MPU3BOIUTH JO 3MEHIICHHS PO3MIpy 3€peH i, OTXe, J0
30UIBIICHAS CyMapHOi MOBEPXHI IXHIX MeX, a OuQy3iiiHi MporecH, Mo
3HIKYIOTB J)KapOMIIHICTh CIUIaBiB, aKTHBHO IPOXOIATH IT0 MEXaX 3epeH.

TexHOMOTIYHOI OCOONUBICTIO IIABKH 3a€BTCKTUYHOTO CHITYMiHY
AK21M2,5H2,5, B skoMy wMictuTbcs 22 % KpeMmHIO, € omeparis
MomuQiKyBaHHS, METOIO KO € TIOAPIOHIOBAHHS BEIUKHX i TPyOMX YaCTHHOK
MepBUHHOTO KpeMHito. s mommgikyBaHHS 3aCTOCOBYIOTH (ochopucty
Mizgb (8...10 % docdopy) un dochopomictkuii dmroc. Pocdop yTBOpIOE 3
anmfoMiHieM Qocdi, JYaCTHHKHA SKOTO CTalOTh IIEHTPAMH KpHCTami3arii
MIEpBUHHOTO KPEMHII0 1 MOAPiOHIOITH #HOro BuAUIEHHS. KimbKicTh
MomudikaTropa BCTAHOBIIOIOTh, BHXONSYH 3 TOTO, IO y CIDIaBi BMICT
¢dochopy mosunen cxmamaru 0,05...0,1 %, ockinpku HaiOinpIMN edexT
MoauQiKyBaHHSI BUHHKAE caMe IIPH TaKiid KUTBKOCTI ocdopy.

[ToBTOpHE meperaBiIeHHs CcIuiaBy, MoxaudikoBaHoro ¢ocdopo-
MICTKUMH pEUYOBHHAMHU, HE 3HIMa€E epeKkTy MomudiKyBaHH.

Bararo BmIMBKIB i3 aTIOMiHI€EBHX CIUIABiB MiAJAaIOTh TEPMIidHIN
00pobmi 3a omHUM i3 HacTymHUX pexkumiB: T1 — mTydHe cTapiHHS mpH
temneparypi 175 °C (5...20 rom) 6e3 momepeaHbOro rapryBaHHS; 12 —
Bignai rpu 300 °C (5...10 rom) amns 3HATTA 3aUIMIKOBHX Hampyr; 13 1 T4 —
3arapTyBaHHS i IPUPOIHE CTApiHHS; TeMIeparypa rapryBanas 510...530 °C;
T5 — 3arapryBaHH: 1 KopoTkodacHe pu Temmeparypi 150...175 °C mryuyne
crapiaasa; T6 — rapryBamssa i moHe mpu 200 °C (3...5 rom) mryuyHe
crapiaas; T7 — rapryBanHsA 1 crabumizyrounid npu 230 °C (3...10 rom)
BIJIITYCK.

MexaHiuHI BIaCTUBOCTI CIUIABIB, OTPUMAHUX IUTTAM Yy KOKIilNb,

HaBesleHo y Tabim. 9.7.
CrnaBu cuctemu Al-Si-Mg—Cu MaloTh TpPOXH 3HHKEHY KOPO3idHY

Tabruys 9.7. MexaHiuHi BJACTHBOCTI aIIOMiHieBMX cILIaBiB,
OTPHMAHHUX JUTTAM Y KOKiJIb

Bun TumuacoBuii | BigHocHe .
T'pyna Mapka crjiaBy  |[TepMIYHOIL| OMip pPO3PHBY, |TIOMOBKEHHS, Teepaicrs 32
crnasy 00pobk |MIIa (kre/mm?) % bpurerew, HB

AK12 (AJ12) - 157 (16) 21 50
AKIBAKBAKAK) | T6 245 (25) 1 90

AK9c¢ (AK9c) T6 235 (24) 3,5 70

AK94 (AJ14) T6 235 (24) 3 70
AK9m(ATHA-1) T6 265 (27) 4 70

AKS8 (AJ134) T5 333 (34) 4 90

AK7 (AK7) T5 196 (20) 0,5 75

AK74 (AJ19) T4 186 (19) 4 50

I AKSVAAKSVH) T6 196 (20) 0,5 90
AK5SM7(AKSM7)| TI1 167 (17) 0,5 90
AK8M3(JIK8M3) T6 216 (22) 0,5 90
AK8M3(BAJIS) T7 295 (30) 2,5 85
AK9IM2 (AKIM2)| T6 274 (28) 1,5 85
AKI2M2(AKI2M2) - 186 (19) 1 70
AKI2MMHAII30) T6 216 (22) 0,7 100
AKI2VDMH(ATDS) Tl 186 (19) - 90
AK12M2, 5H2, 5 T2 157 (16) - 90

1 AMS (ATI19) T5 333 (34) 4 90
AM4,5Kn(BAJIL0)|  T5 431 (44 8 100
AMrK1,5 T2 211 (21,5) 2 81
(AMr4K1, 5M1) T6 265 (27) 2,3 104
AMr5K (AJ113) - 147 (15) 1 55

I |AMr5Mi (AJ128) - 206 (21) 5 55
AMTr6J1 (AJ123) T4 225 (23) 6 60
AMr6my (AJ123-1)| T4 245 (25) 10 60
AMr10 (AJ127) T4 31532 12 75

CTIHKICTb, Yepe3 HASIBHICTh Y HUX Mii. Pa3oM i3 TUM, MiJlb CIPHYHHIOE YTBOPEHHSI
cwianHoi iHTepMeTanintoi dazu W(A1yxMgsSi,Cuy), mo i3 azoro Al,Cu cipusie
TTTBAIIICHHIO MEXaHIYHNX BIACTUBOCTEH TP TTiIBUIICHIX TEMITIEPaTypax.

CrutaBu A 1-Cu, Hanpukaj ciutaB AMS, y sskomy Mictuthes 10 0,35 %
Ti mae ¢aszoBuii Takmit cknan: o+6+T(Al,Mn,Cu), a TakoX THTaHOBY
¢asy Al;Ti. CrnaBu A1-Cu Hajexarb 10 TEpMiYHO 3MII[HIOBAHUX CILIABIB,
MalTh BHCOKI MeEXaHiYHI BJIACTMBOCTI SIK NPH KIMHATHIH, Tak i TpH
MiBUIIEHUX TeMreparypax. JIuBapHi BIacTHBOCTI CIUIaBiB HU3bKI (BelIHMKa
ycazka, CXHIIBHICTh IO YTBOPEHHS TapsduX TPIIIUH TOIIO).

Bracnifgox BUIiNEHHA IO MexaxX 3epHa rpyoux uyactuHok Al,Cu i
A17,CuyFe crimaBu cXunpHi 0 KPUXKOTO PyHHYyBaHHs, TOMy iX 3acToco-
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BYIOTH y 3arapTOBaHOMY CTaHi, KOJH Ii CHOJYKH IEpeBeleHl Y TBEpAUi
pO34MH. I3 IIMX CIIJIaBiB BUTOTOBJISIOTH HEBENMKI BUJIMBKU IIPOCTOi popMH,
1 SIKIIO BiJl BUJIMBKIB MOTPiOHA MiIBUIIIEHA MII[HICTh, TOI IX MiCJIs rapTyBaH-
HA MiAJAI0Th MmMTydyHOMY cTapinHio mpu 150 °C mporsrom 2...4 rog.
OCHOBHUI HEOJIK CIIaBiB — 3HIKEHA KOPO3iifHA CTIHKICTh, TOMY BUJIMBKH
(BUpOOM) aHOAYIOTH.

CmnaB A1-Mg (sanpuxian, cruiaB AMr10): Mg o 10,5 % 3 momimmka-
mu 0,15 % Zn i 0,15 % Be — Mae miaBHICHY KOpO3iiHY CTIHKICTB, aiie
HU3bKI JMBAapHI BIACTHBOCTi, TOMY IO HE MiCTUTHh €BTeKTHKH. Da30Buit
cknag ciiaBy ortfB(A1;Mg,).

CrnaB AMrl0 3MinHIOETBCS NIPH TEpMidHiM 00poOIi, MpuIOMy
MEePEeBKHO TICJIA TapTyBaHHsS, TOOTO BHACIHIOK PO3YMHEHHS MarHiro B
amoMinii. [aprytors y macnmo Big 430 °C (i3 BUTpUMYBaHHSIM IIpH
Temneparypi rapryBaras 12...20 rox). ITicns rapTyBaHHS CIIaB CXWIBHUH
JI0 TIPUPOTHOTO CTApPiHHS, MPUYOMY MPOLEC 1/Ie TPUBAIHHA Yac 1 MeXaHIuHI
BIIACTHBOCTI 3MIHIOIOTBCSA TMPOTATOM OaratboX pokiB. [Ipu mboMy
HEBEJNIMKUIA MPHUPICT MIIHOCTI CYMPOBOUKYETHCS PI3KHUM 3HIKESHHIM
IDTACTUYHOCTI. JIOMIIIIKY IUPKOHIO Y CIUTAB BBOIATH 13 METOIO ITiIBUIICHHS
HOTO TUTACTHYHOCTI, cTalimi3amii TBEpAOTO pPO3YHMHY, YIOBIIHHEHHS
nuy3iiHUX TPOLECIB 1 y KIHIIEBOMY PaxyHKY — 3MEHILEHHS HPUPOIAHOTO
ctapiaHia. OCHOBHE IPU3HAYCHHS OCSPHIIII0 — SMCHIITUTH OKHCIICHHS CILIABY,
0CcOo0MMBO y pimkoMy craHi. Hiski iHIN JMBapHi adlOMIHIEBI CIUIaBH HE
MAalTh TaKOTO MOEJHAHHS BHCOKOI MII[HOCTI 1 IUIACTHYHOCTI, K CIUIABH
cuctemu A1-Mg. Tak, Hanpuknan, ans ciuiapy AMrl0 micnst rapTyBaHHS
0, — 375 MIla; 6, — 200 MIIa, 68 ... 20 %.

OcTaHHIM 9acoM 3aCTOCOBYIOTH ciutaB AT4Mr cuctemu Al-Zn—-Mg.
BaxuBoro 0COOJIMBICTIO HOTO € 3MaTHICTh JO0 CaMOrapTyBaHHS, IO €
MPUYUHOI0 BHUCOKOI CTIMKOCTI TBEPJOTO PO3YMHY IUHKY i MAarfiro B
AJTFOMIHII.

[[IBUIKICTE OXOJNIOMKCHHS IPH KpUCTATi3alii BWIMBKIB 13 JaHUX
CIUIaBiB € JOCTaTHBOIO A ¢ikcamii Zn i Mn y TBepaoMy po34mHi, IO €
MIepelyMOBOI0 HACTYITHOTO 3MILHEHHS IIPH IMPUPOJHOMY YU IUTYYHOMY
CTapiHHI.

Crae Mae 10CHTb BUCOKY MilHICTS (O — 110 350 Mlla, 6y 5 — 10 280
MIla) i 3amoBiNBHI JIMBapHI BIACTUBOCTi, BUCOKY KOPO3iHHY CTIHKICTH 1
rapHy 3BapIOBaHICTb.

9.10. CneniaabHi ajdioMiHieBi cnyiaBu

CrieniasibHi alFOMIHIEBI CIIaBH 3aCTOCOBYIOTH Y THUX BHIJKaX, KOJH
BHpOOM HE MOXYTh OYTH BHTOTOBICHI TPAaIWLIHHUMH TEXHOJIOTIIMHU
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(JuTTAM, OOpOOKOIO THUCKOM), @ BHMArarOTh CHEMiabHUX TEXHOJIOTIYHHUX
MPOLIECIB — HOPOIIKOBOT YM TPaHYIILHOT METaIyprii.

CrieriaJibHi aFOMIHI€BI CIUIABU MICTSTh 5K JICTYIOUI KOMIIOHEHTH a00
Al,O3, a60 y 3HaYHMX KiIBKOCTAX TNMPaKTHYHO HEPO3UMHHI y TBEPAOMY
ANIOMIHIT: XpOM, LIUPKOHI, 3211130, HIKEJb Ta HIII €JIEMEHTH.

IniBku Al,O3, SIKi HOTPAMIAIOTH Y 3JIMBOK IPH IUIABJIEHHI, a TaKOX
rpy0i iHTepMeTaniaHi a3y, HEraTHBHO BILTMBAIOTH Ha BIACTHBOCTI TOTOBUX
BHpoOiB. OfHak OimbmIicTs HeposunHHUX (a3: Al,Os, AlsFe, Al;Zr, Al;Cr,
SKIIO BOHHM JIOCHTH JHCIIEPCHI 1 PIBHOMIPHO PO3MOALICHI Yy MaTpHIIi,
TIO3UTHBHO BIUTMBAIOTh Ha BIIACTUBOCTI CIUIaBiB. binblie Toro, otpumani y
Ps/Ii BUIMAJKIB YHIKaJIbHI BIACTUBOCTI, OB’ A3aHi 13 HAsSBHICTIO KX (a3, He
MOXKHa OZIepKaTH NPH TPAAUIIHHOMY MeXaHi3Mi 3MIil[HEHHS, a caMme — 3a
JIOTIOMOTOI0  TUcTiepcHUX (a3, 10 BUIUIIOTECA y PE3ylbTaTi po3mnany
TBEP/IOTO PO3UUHY.

Cnnasu na ocnogi cucmemu A1-Al,03. CAIl (crieueHnit amroMiHieBUH
MOPOIIOK abo cIieueHa aJrOMiHIEBA MMyapa) SABJISE COOOI Marepian, IO
OJICPKYIOTh IPECYBAHHAM 1 HACTYITHUM CITIKAaHHSM aJTFOMIHIEBOTO TIOPOIIIKY,
KU CKJIAAaeThCsl 13 JIyco4ok ToBINMHOK 1 MkM. Takuil mopoimok
HA3MBAETHCS 11)YOPOIO.

Mexaniuni BiaactuBocti CAIliB mpu KiMHaTHiIH Temmeparypi
focsraoth: og — 10 500 MIla, 6y, — a0 300 MITa, § — no 8 %. Ili
BJIACTMBOCTI TpH KIMHATHIN TemmepaTypi NOCTyNarThcs Oararbom
cruiaBaM, ki nedopmyrore. BinminHa puca crmiaBiB — iXHS BHCOKa
JKApOMIIIHICTh. BOHU 30epiratoTh BUCOKY MIIHICTh ITPH TEMIIEPATypax BHUIIE
3a 350 °C. Taxk, HaBith npu 500 °C tumyacosuii omip po3puy CAIl nocsrae
100 MlIla, Toxi s JuIs >kapOCTIHKUX IypalloMiHiB O cknagae 1o 5 Mlla.

CAII siBisie coO00 CyMilll aTIOMiHIIO 3 APIOHMMH JTyCOYKAaMH OKCHILY
amominito. MinHicts CAIl moB's3aHa MiHIHHOIO 3aJISKHICTIO 13 BiACTaHAMU
MK YaCTHHKAMH OKCHJY aJfOMiHif0. UM MeHIII I1i BiACTaHi, THM OLIBII
HaIpy>KCHHsI BUMAraroThCsl JIIsl KOB3aHHs nuciokaiii. KpiM Toro, ycouku
Al,O5 mepemkomkarTh Mepepo3nofiny aucnokamnii. IIpomnecu pekpucra-
mizanii y craBax, mo Mictate 7,8 % Al,Os, He BinOyBaroTbes. Hakuer,
CIPUYHMHCHUI XOJIOAHOI0 aedopMariieto, He 3HIMAETHCS BiINAIOM HaBITh
npu temneparypi 450 °C.

CAII i3 10...12 % Al,O; Mae Taky >k KOpo3iifHy cTiiiKicTh, fK i
TEXHIYHUN aTFOMIHIH.

Ha BigMiny Big nesikux anroMinieBux cruiaBiB, CAIl He cXuibHUE 10
KOpO3i1 TiJ HANpyXCHHSM. 3a TEXHOJOTIYHUMH BJIACTUBOCTAMHU BiH
BIJIPI3HAETHCSI BiJl QJFOMIHIEBHX CIUIABIB HU3BKOI 3[aTHICTIO 1O IUIACTHY-
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HOTO nedOopMyBaHHS depe3 HU3bKY ImacTH4dHicTh. OOpoOKy Tuckom CAII
(BUrMHAHHSA, BUTATYBaHH:) poBOIATh IpH 420...470 °C, Tomi sk 3BHUaiiHI
AIFOMiHI€BI CTIIaBU AepopMyroTh O€3 HarpiBaHHS.

I'panynvosani anominiesi cnaasu i3 BUCOKUM GMICMOM J1€2YIOYUX
KOMNOHEHMIB, HEPO3UUHHUX YU MANOPO3HUHHUX 6 amominii. Ipanynamu
Ha3WBAIOTHCS JIUTI YACTUHKH JiaMEeTPOM Bil JECSATKIB YacTOK 10
MiTimMeTpiB. 3 TpaHy1T MOXXHAa BHUTOTOBHTH IIpPecOBaHi HamiBhaOpukaru i
TUCTH OyIb-SIKUX ATIOMIHIEBHX CIUIABiB, IO 32 CBOIMH BIACTHBOCTSIMH HE
MIOCTYMAIOTHCSI TPOKATaHUM 31 3JIMBKA.

[Ipu mUTTI TpaHYT BIALIEHTPOBHM METOINOM KpaIlli PigKOTO METay
OXOITOIKYIOTECS Y BOJI 31 MIBUAKOCTAME oxonomkeHHst 103...106 °C/c. IIpu
TaKUX LIBHIKOCTSAX OXOJIO[PKCHHS y CIUIaBaX AlIOMIHIIO 3 HEepexiXHUMU
MeTaJlaMH YTBOPIOIOTHCS MEPECUICHI TBEPAl POSUMHH, IO MiCTATH JIETYIOUi
€JIEMEHTH, BMICT SKHX Yy JECSATKH Da3iB IEPEeBUINYE IiXHIO TPaHWUHY
PO3YHMHHICTH BIONOBIAHO 1O [iarpaMu cTaHy. Hampukiajn, rpaHUYHA
po3uMHHICT, Mapranmio B amoMmiHii — 1,4 %, a mpm OXOJNOMKEHHI
AFOMIiHIEBO-MapTaHIeBUX CIUIABiB 3 piakoro crany 3i meuakictio 10 °C/c
YTBOPIOETHCSI TBEPAWH PO34YMH, M0 MicTuTh A0 5 % Mn. Taki TBepmi
PO3YHMHY HA3UBAIOTHCS AHOMANLHO NEPECUUEHUMU.

[Ipu BUCOKHX MIBUAKOCTSIX KPUCTAJII3aIlil 3HAYHOIO MipOIO 3MIHIOETHCS
1 CTPYKTypa TeTepOTeHHNX CILIABIB.

I'py06i mepBuHHI W eBTEKTWYHI BHIIJICHHSA IHTEPMETATiIiB, IO
BHUHHKAIOTH y 37MBKaX 3a 3BUYalHUX METOJIIB JIUTTS, HETATHBHO BIUINBAIOTh
Ha MEXaHIYHI BIACTHUBOCTI. I3 30LIBIICHHAM IIBHIKOCTI KpHCTami3amii ITi
BKITFOYCHHS CTAIOTh TOHKAMH 13 PIBHOMIPHHM iX pO3TalIyBaHHSIM Yy METall,
10 TiABHIIY€ MEXaHIYHI BIACTHBOCTI.

Jlo HafiOibII IEPCIEKTHBHAX TPAHYIHOBAHHUX CIUIABIB BiTHOCSTH:

— CIUTaBH allfOMiHito, ieroBani Mn, Cr, Zr, Ti. Y mporeci BUTOTOBICHHS
i3 TpaHyn nedopMoBaHHMX HamiBpaOpHUKATIiB TOpYyYd 13 aHOMAJIBHO
MIEPECHYCHUMH TBEPAUMH PO3YNHAMH 3HAXOATHCS BUIUICHHS AUCIIEPCHUX
YaCTUHOK iHTepMeTaniniB. Taki cIuraBu MOAiOHI JO TEPMIiYHO 3MIIHIOBAHUX.
lapTyBaHHSAM A7 HUX € KpPUCTami3alis MpH BHCOKHX IIBHJIKOCTIX
OXOJIOIDKEHHS, a CTapiHHSAM — HarpiBaHHS OpPWKETIB IMepel MpecyBaHHSM.
3aBISKH CTIMKOCTI TBEPAMX PO3YMHIB NEpPEXiTHUX METANiB B aOMiHil
HarpiBarHsa mpu 400...450 °C Binmirpae poib 3MIIHIOBaJIHHOTO CTapiHHS.
Tak, HanpuKIIa, BIACTUBOCTI CIUIaBy, mo mictats 1,5 % Cr, 1,5 % Zr npu
oJlepKaHHI TIPYTKiB 13 TpaHYN, BHACNIJOK BUAUICHHA AWUCHEpCHUX (a3
AlsZr, Al;Cr, nocsrarots: og — 350 MIla; 0y 5 — 300 MIla; 6 - 10...15 %.
Le#t crmaB xapakrepusyerses minsumeHowo 10 300 °C xapoMilHICTIo;

— CIUIaBH, JIETOBaHI MPaKTUYHO HeposunHHUMHE B amoMiHil Ni, Fe, Co.
I'panynu [uX CIUIABIB XapaKTEPHU3YHOTHCS TETEPOTEHHOK CTPYKTYPOIO,
OMHAK TEPBUHHI BUAUICHHS IHTEPMETANiiB IUCIEpPCHI 1 PiBHOMIipHO
pO3TIONiIeHI BHACTIAOK BHCOKOI MIBHOKOCTI Kpucramizamii. Taki cruiaBu
BiJJPI3HAIOTHCS] BUCOKOKO MIIIHICTIO;

— BHCOKOJICTOBaHI CIUIAaBH 3 JIETKOIUIABKUMH, HEPO3YMHHUMHU B
AIFOMIHIi, 0 PI3KO BiAPI3HIIOTHCSA IIUIBHICTIO, emeMeHTtamu: Pb, Sn, C.
Merton rpaHymIOBaHHS HO3BOJIAE OAEPXKATH PIBHOMIPHO PO3MOIiICHI
BKITIOUEHHSI CBUHITIO, OJIOBA Ta iH., IO Jy>K€ BAYJIMBO IUIS ITiTIIITHUKOBUX
Martepiais;

— TepMIYHO 3MIIHIOBaHI CIUTaBHA Ha OCHOBI cucreMu Al-Mg—Cu (tairy
N95) i3 miaBumenum BMictoM Mn, Cr, Zr, Ni.

3MiOHEHHS BiJ AWCHEPCHUX BKJIIOYCHb ANIOMIHIZIB TEepexigHuX
METaliB, M0 € MPOAYKTAMHU PO3Maay aHOMAIbHO MEPECUYCHHX TBEPIUX
PO3YMHIB, TO3BOJISIE ONlepKaTh HaiOimpm Bucoki, 1o 800 Mlla, 3Ha4eHHS
MIIIHOCTI TIPH 33JOBUTBHIN KOpO3iiiHii CTIHKOCTI.
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Po3niin 10
MATHIM I CIIJIABHU HA MOT'O OCHOBI

10.1. MarHiii, iioro BJ1acTUBOCTI

MarHiit — myxHO3eMenbHHIA MeTad Il rpynum mepiogwmyHOi cHCTeMH
enementiB [I. MenneneeBa. Atomna Bara — 24,31, Kolip — CBITJIO-CipH.
XapaKTepHOIO BJACTHBICTIO MarHito € mana rycrtuna (1,74 r/cm3).
Temneparypa miasnenns — 650 °C. 0

Kpucraniuna ‘parka rekcaronanbHa (a=3,203; C=5,20024). Temo-
TIPOBIJIHICTH MarHit0 3HAYHO MEHIIIa MOpiBHSHO 13 anmominieM (0,37 kai/(cm-c-°C)),
a Koe(ilieHTH NiHiiiHOrO po3mmpeHHs Maibke oxHakosi (26,1-10-0C-1 npu
20...100 °C). Monyns npyxHocti E=44 I'Tla.

VY pesynbTari B3a€MOII i3 KHCHEM YTBOPIOETHCS OKeua MarHio MgO,
KA Ma€ CyTTEBO MEHIIMH 00'eM, MOPIBHSHO i3 YUCTUM METAJIOM, TOMY
MarHii MOBHHEH BiIHOCHO MIBHUIKO OKHCIIOBATHCH.

Hespaxaroun Ha 1e, 1o Temneparypu 450 °C okcuaHa IUTIBKA Ha I10-
BEpXHI MAarHil0 Ma€ 3aXHCHI BIIACTHBOCTI, a TpPH OITBII BUCOKUX
TEMIIepaTypax BOHA IIyXKa Ta JIETKO IIPOITYCKa€ KHUCEHb N0 IOBEpPXHI
meraiy. [Ipu HarpiBaHHI Ha HOBiTpi 10 623 °C MarHiil 3amanoeTbes, 9uUM 1
MOSICHIOETECSL HIOr0 BHKOPUCTAHHS Y TIPOTEXHIII Ta XiMiYHIA MPOMHCIO-
BoCTi. Bomora marnieBa myznpa 3anamoetbes npu 360 °C. Tomy 3 MeTorO
VHUKHEHHS 3allaTFOBaHHS BHJIMBKIB IIPH TEPMOOOPOOIi iX OYHIIYIOTH BiJ
MarHi€BOTO MNITY, CTPYKKH Ta 3ayCEHIIiB.

Haii6inpire mpuCKOPIOIOTh OKUCICHHS MarHilo JOMIIIKU HIiKeTIo Ta
MiJIi, MEHIIIOO MipO¥O — Talliii, IMHK, OJIOBO Ta aioMiHil. bepuiii 3MeHITye
IIBUJIKICTh OKHCJICHHS MarHifo. BiH BiZIHOCHO MarHiro € IOBEPXHEBO-
AKTHBHUM €JIEMEHTOM 1 TOMY KOHIIGHTPYETHCS y MOBEPXHEBHX IIapax
OKCUHOI IITiBKH. OKCHJT OEPHIIII0 yTBOPIOETHCA 31 30UIBIIEHHAM 00 €My, Ha
BiIMIHY BiJl OKCHAY MAarHil0, i TOMY CIpHUS€ ITiIBUIICHHIO 3aXHCHUX
BIIACTHBOCTEH IITIBKH.

Baenenns omusbko 0,02 % Be pi3ko 3MeHIye OKHCIIOBAHICTh MarHiro
Ta HOTO CIIABiB MPY HArpiBaHHI Ha TOBITPi IO caMOi TOYKH TUIABICHHS.

[Ipu temmeparypi TepmiuHOi OOpPOOKM MarHii Ta CIUIaBH Ha HOTO
OCHOBI HE pearyioTh 3 a30TOM.

MarHiii iHTEHCHBHO B3a€MOi€ i3 BOmHEM. Y pIiIKOMYy MarHii mpu
TeMIIepaTypi KpucTaiszauii posuunseTbes 6mu3bko 50 ¢cm3/100 r BoaHo, a'y
TBepaoMy — 6mu3bko 20 cm3/100 T.

MarHiif JIerKO PO3UMHSETHCS y BCIX PO3BENCHHX MiHEpPaJIbHHUX
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KHCTIOTaX, alleé CTiHKWHA y raci, OCH3WHI, MiHEepaJbHUX Macjax, CIHpTI,
(peowi.

MarHiit i #ioro criaBM IyKe €NeKTPOHETaTUBHI 1 TOMY iHTEHCHBHO
KOPOIYIOTh B EIIEKTPOIIITaX Y KOHTAKTI i3 IHITMMHA METaIaMH.

I3 X0101HOYO BOZIOO MarHii MPaKTUYHO HE B3aEMOi€, Y MOPCHKiH BOi
MITAETHCS KOPO3ii.

3aiizo, Mizlb, KOOANBT, KPEMHIH Ta HIKEIh Pi3KO MOTiPIIYIOTH KOPO3iii-
Hy CTIMKICTb MarHiro, a MUPKOHIN i MapraHeIb MiABUITYIOTh HOTO KOPO3iiHy
CTIHKICTB.

Crocobm 3aXHCTy MarHito i Horo cIuraBiB Bif KOpo3ii 0a3yroTbcs Ha
HAaHECCHHI Ha MOBEPXHIO BHPOOIB TOHKHX IIUIBHUX OKCHAHUX IUTIBOK YH
TTOKPUTTI OBEPXHi BUPOOiB ako(hapOOBUMH UM CTIOKCHIHIMH 3aXUCHUMH
LIapamMH.

TexHiuyHMA TEepBUHHUNA MarHiii BUIYCKAETHCS TPHOX Mapok — Mr96,
Mr95 i Mr90 (emict marsiro BiamoBigHo 99,96; 99,95 1 99,90 %).

Mexaniuni Bractusocti uroro martito: og=110 Mlla; 0; ;=25 Mlla,
0=8 %, omHak BUpOOHW i3 MarHir0 HE BUTOTOBILIOTH, & BUKOPUCTOBYIOTH
HOTO JUII BUPOOHHMIITBA CILIABIB.

10.2. B3aeMonisi MarHiio 3 JIErylOUMMH €J1eMEeHTAMH i
AOMIlIKAMU

Marsiii y Tabnumi [I. MenieneeBa 3HaXOAUTHCS MK JTY)KHUMH 1 Tiepe-
XITHAMH MeTajJlaMH, OJIHaK BiH HE YTBOPIOE PIIKMX PO3UMHIB i3 Oararbma
ayxxanmu (Na, Rb, Cs) i tyromnaskumu meranamu (V, Nb, Fe, Mo, W).
3a3HaueHi MeTaJIM TaKOX IPAKTHYHO HE PO3UMHSIOTHCS y TBEPAOMY MarHii.

Heski nepexingni meranm (Mn, Ti, Zr) He3HaYHO PO3UYMHSIOTHCS Yy
MarHii K y piZIkoMy, TaK i B TBepioMy cTaHi. MarHiii yTBoploe 6e3nepepBHi
TBEP/i PO3YMHU TUIBKHU 13 KaJMi€M, 3 SIKUM y HHOI'O OJHAKOBI KpHCTaJIi4HI
"paTku, OIM3BKI TeMIIepaTypH IUIaBICHHS.

PozumnuHicTh miTito y MarHii nocsrae 5,7 %, Toai SIK MarHii y JiTii
PO3YMHSETHCS Y 3HAYHO OUIBIINX KUTBKOCTAX (puc. 10.1).

OCHOBHI JIeTy104i €JIEeMEHTH y MarHi€Bux cruiaBax (aJIloMiHiH, Mapra-
Hellb, IUHK) MOXYTh y 3Ha4HHX KUIBKOCTSX PO3YMHATHCS y Marsii,
3yMOBJIIOIOUH, Y PSJIi BUIIA/IKIB, 3MIIIHEHHS TBEPJOTro po3unHy (puc. 10.2).

AJIOMIHIA 1 OWHK Y KUTBKOCTAX 10 6...7 % YTBOPIOIOTH i3 MarHieM
TBepJi po34uHH 1 crionyku MgyuAl; Ta MgZn,, sKi NiABUILYIOTh MEXaHIUHI
BiacTUBOCTI MarHito (puc. 10.2, 6, B).

3MiNHIOBaNbHA i QNIOMIHIFO 1 HHHKY 30epira€rbcs IuIIe 10
temnieparypu 150...200 °C. [TinBuIIyroTs *apoMillHi BIaCTHBOCTI MarHie-
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Puc. 10.1. liarpama cTaHy CUCTEMU MacHiti—1imiil
BUIX CIUIaBiB HEOJUM, LIEPii, CKaHil, HaliCTOTHIIIe BITMBAE Topii. Bucoka
JKAPOMIIIHICTh MAarHi€BUX CILIABIB OCATAETHCS 3a PaxyHOK (hopMyBaHHS
auctiepcHuX iHTepMeramigaux $a3 MgoNd; MgoGe; Mg, Th.

Mapranerp i3 MarHieM y CIUTaBax yTBOPIOE TBEpIUH o-po3duH. [Ipu
3HIDKEHHI TeMITepaTypy PO3YMHHICTh MAPTaHII0 B MarHii 3HWKYETHCS 1 3
O-TBEpIOTO PO34MHY BUAUIIEThCS P-asza (puc. 10,2, a). Mapranens, He
MOJIMIIYIOYM MEXaHIYHI BIACTHBOCTi, IMIABUIIYE OMip Kopo3ii i
3BapIOBAHICTh CIUIABIB MArHito.
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Puc. 10.2. JliarpaMu cTaHy Ta MEXaHi4HI BIACTHBOCTI CIUIABIB: a — MarHii-
Maprasellb; 0 — MarHif—amoMiHil; B — MarHii—IIMHK

HupxoHiii, BBEIEHNH y CIUIABH MArHIi0 3 IIMHKOM, TOAPIOHIOE 3epHO,
MiJBUIIY€E MEXaHIYHI BIACTUBOCTI, MOJIIIIY€E OMip KOpo3ii 1 3BaplOBaHiCTh
CIIaBiB MarHito.

Tepmiuna 00poOka MarHi€BUX 1 aJIOMIHIEBHX CIUIaBIB Mae Oarato
CIIBHOTO, IIO TTOB ' S3aHO 13 BiICYTHICTIO NOMIMOP(HUX EPETBOPEHB Y X
MeTajax i OMM3bKICTIO TeMIIeparyp IUIABJICHHS aTFOMiHIIO 1 MarHio. OgHak
Ha PEXUMH TEpMIuHOI OOpOOKM MarHi€BUX CIUIABIB iCTOTHO BIUIUBAIOThH
HU3bKI KoedinieHTH Andy3ii OUIBIIOCTI KOMIIOHEHTIB Y TBEPIUX PO3YMHAX
MarHio. Hu3bki mBHAKOCTI Mudy3iHHUX MpPOIECiB MPHUBOIATH, B yMOBAaX
HE3pIBHOBAKEHO1 KpUCTali3allii, 10 pO3BUTKY AEHAPUTHOI JIiKBallii (HaBiTh
HPY MJIUX LIBUKOCTSIX OXOJIOJPKEHHS [TPY TBEPAiHHI), MOJIETrIyIoTh (ikca-
Lil0 TEepecHYCHUX TBEPAMX PO3UMHIB IPH TapTyBaHHI, YCKJIQJIHIOIOTh
po3man mepecuIeHNX PO3YHHIB MIPH CTapPiHHI.

JlenapuTHa JiKBallis COPUYUHIOE 3HIDKEHHS MEXaHIYHUX BIACTHBOC-
Tel 1 TEeXHOJOTIYHOI IUIACTHYHOCTI 3JIMBKIB, TOMY mepel aehopMalliero
BOHH ITiJUIATAF0Th TOMOTCHI3aIlifHOMY BiJIay.

MarHi€Bi CIIaBH MiAOAOTh TAaKOK 1 PEKPUCTANI3alifHOMY BiJmaiy,
pu BUOOPI PEKHUMIB SKOTO HEOOXiTHO BpaxOBYBaTH CXWJIBHICTH O POCTY
3epHa NpH migBHIIeHUX Temneparypax (puc. 10.3). Pexpucranizauiitnuii
BiJIlIAJT 3HWKYE MILHICTb, aJI€ MiABHIY€ TUNIACTHYHICTh MarHi€BUX CILIABIB 1
3HAYHOIO MIpOI0 YCyBa€ aHI3OTPOIII0 BIACTUBOCTEH HamiBpaOpHKaTiB y
MOB3IOBKHBOMY 1 TOIEpeuHOMY HampsiMkax. HamiBhaOpukaru, mo mimis-
raloTh pEeKpUCTaNi3aliiiHOMy BiJmany, y MapKyBaHHI HICJs [TO3HAuYSHHs
MapKH CIIIaBy MIcTATb Jitepy M (Hanpuknax, MASM).

HedopmoBani HamiBpaOpuKaTH 3 MarHi€BHX CIDIaBiB BiANATIOIOTH
TaKOX IJISL 3HATTS 3aIMIIKOBHX HarpyxkeHb. 1[0 06poOKy mpoBOxsATh IpH
TeMIleparypax, OUIbII HU3bKUX, MOPIBHSHO 13 TEMIEpaTypaMH PEKpHUCTa-
Jmi3anidHOTO BiAmay, BiApa3zy > Micias TEXHOJIOTIYHOi OOpoOKH, mI0
CTBOPIOE 3aJIMIIKOBI HAPYKCHHS.

I'apTyBaHHS 103BOJISIE iICTOTHO TiIBUIIUTH MIIHICTb, a 1HOMI, 1 TUTACTUYHI
BJIACTHBOCTI CIUIaBiB, OCOOJMBO Li€ CTOCYEThCS JIMBapHHUX cruiaBiB. [Ipu
HarpiBaHHi JIMBApHUX CIUIABIB IIiJ] TapTyBaHHS IPH JIOCHTb BHCOKHX
TeMIlepaTypax CiTka BUIUICHB M0 MEKaX 3epeH PO3CMOKTYETHCS 1 BiIOyBaeThCs
xo4a 0 YaCTKOBAa FOMOTEHI3aIlisl, BHACTIIOK YOTO 3POCTAE IIACTHYHICTb.

Jas miABUINEHHS MIMHOCTI MarHi€BI CIUTABH MIAAIOTh TaKOX
rapTyBaHHIO 1 cTapiHHIO. KpUTHYHI DIBHIKOCTI OXOJIOMXKEHHS HEBUCOKI, 1
(hikcaris mpy rapTyBaHHI TOMOTEHHOTO CTaHY, IO BiAIIOBilae Temreparypi
HarpiBaHHS Tl TapTyBaHHS, BiJOyBAa€TbCS BXKE IMPH OXOJIOMKEHHI Ha
noBiTpi. Jlumre i 1esKUX CIUIaBiB HEOOXiHE OXOJIOJPKEHHS! CTPYMEHSIMU
noBitps uu miairpitoro 1o 80...95 °C Bonoto.
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Puc. 10.3. diarpama pexpucranizanii crurasy MA15

[IpupomHOTO CTapiHHA OLTFIIOCTI MATHIEBUX CIDIABIB MICIIS TapTyBaH-
HS He BinOyBa€ThCs i BUTPHMYBAHHS 3arapTOBaHUX HammiBpaOpuKaTiB mpu
KIMHaTHIA TeMIlepaTypi IPOTATOM TPHUBAJIOTO Yacy HE 3MIiHIOE CTPYKTYpH i
BIACTUBOCTEH. TPHUBAJICTh MITYYHOTO CTapiHHA MATHIEBHX CIUIABIB 3HAYHO
Oinmpma, HiX amrfoMminieBuX. llITydHe cTapiHHS MarHi€BUX CIUIABIB ITiIBUIIIYE
X MIITHICTD MTOPIBHSAHO i3 CTAHOM IIiCJISI TapTyBaHHS, ajie IPH IIbOMY €(eKT
3MIIHEHHS TOPIBHAHO HEBENHWKHHA. Po3man mepecHdeHuX PO3YMHIB IPH
OITY9HOMY CTapiHHI TPOMHCIOBHX MAarHi€BHX CIUIABiB, MIO HE MICTATh

pinkozemensauX enemeHTiB (P3M), BinOyBaeThcst 6€3 MpOMiKHUX cTafiil. I3
MePEeCHICHOT0 PO3YHMHY Bilpa3y BUAIMAETBbCA cTabinpHA (pasza, mo mae 3
MaTpHIel0 HeKorepeHTHI Mexi. CaMe M 3HaYHOI0 MipOI0 TOSICHIOETHCS
HEBUCOKHUH MPUPICT MIITHOCTI IIPH CTapiHHI CIUTABIB i€l TPYIIH.

OCKUTBKY TIABHUIICHHS MIIIHICHUX XapaKTEPUCTHK MAarHi€BUX CIUIABIB
NpH TapTyBaHHI TOPIBHAHO i3 BIACTUBOCTAMH BiIIAJIEHOTO YH JIUTOTO
MeTay JOCTaTHbO BEJIMKE, a CTAPIHHA HE MPUBOAMUTH JJO 3HAYHOTO JO/IaTKO-
BOTO 3MIIHCHHS, MarHi€Bi CIUIAaBM YacTO MiANAIOTh TUTBKK TapTyBaHHIO, a
(hacoHHI BIUIMBKH — TOMOTEHI3allii 3 OXOJIOMKESHHSIM Ha MOBITPI.

JluBapHi MarHi€Bi CIUIaBH MiIJATAIOTH TEPMIYHIA 0O0poOIi It
HiBUINEHHS MEXaHIYHUX BJIACTUBOCTEH 1 3MCHIICHHS 3aJMIIKOBHX
HarpyXeHb. 3MIIHIOBAJbHA TepMidHa 00poOKa CKIIATa€eThCs i3 TapTyBaHHSI
Ta HACTYNHOTO LITYYHOTO CTapiHHs. JI1 3MEHIIEHHS 3a/IMIIKOBUX HAIpy-
JKeHb BUKOPUCTOBYIOTH Bimman (pexum T2).

VY CcTpyKTypi BHJIMBKIB i3 MAarHi€BHX CIUIaBiB 3aBXKIU ICHYIOTH He-
3piBHOBaXkeHI ()a3m, MmO YCKIAgHIOE BUOIp €(PEKTUBHHUX TEMIIEpaTyp
rapTyBaHHS Yepe3 MOXIIUBICTh PO3IUIABICHHS NUX (a3 mpu HarpiBaHHi. s
3amobiraHHs IbOMY SIBHINY IS PSAy CIDIABIB PO3pOONEHI CTyIMeHeBi
PEXXUMH HarpiBaHHS ITiJl TAPTyBAHHS.

Ha mepuiomy HHM3BKOTEMIIEpaTypHOMY CTYIEHI y MaTpHIli TBEPIOTO
PO3YNHY PO3UMHSIOTHECS HE3pPiBHOBaXKeHi (haszu i Temmeparypa He3piBHOBa-
JKEHOTO COJIIAYCY CIUIaBy MiABHIIYeThCs. Lle mo3Boisie mimHATH TeMiepa-
Typy Ha JPyroMy CTYICHiI Ta OTPUMATH TBEPIWH PO3UYMH i3 HEOOXiTHOIO
KOHIICHTPAIII€I0 JICTYIOUHX €JIEMEHTIB.

ITpu TemMneparypi HarpiBaHHs il TapTyBaHHS Yac BUTPUMYBaHHS AJIs
MarHi€BUX CIUIaBiB KOJMBAETHCS B MIMPOKUX MEXaX 1 3aJIeKUTh BiJ CKIIAmy
CIUIaBiB Ta CTPYKTYpPH BHJIMBKiB. Po3Mmip 3epHa y BHIIMBKax i3 MarHi€BHX
CIUIaBiB 3HAYHOIO MIpOI0 BH3HAYAETHCS TOBIIMHOIO CTIHKH Iepepizy
BHUPOOIB Ta 3aCTOCOBYBaHHM CHOCOOOM IUTTA. UnM OiNBINI BHIMBKH 3a
po3MipaMH 1 MEHIOII IIBHAKOCTI OXOJIOMKEHHS IIPU TBEPHiHHI, TUM
rpyOimmmMu  GopMyroThcsi 3epHa. ToMy dYac BUTPHUMKH IIpH HarpiBaHHI
CIUIABIB MiJ TapTyBaHHA 3aJISKHO BiJ NUX (pakTOpiB MOXke 3MIHIOBATHUCS B
MINPOKHX MEXaX.

lapTyBaHHS MarHi€BHMX CIUIaBiB Ja€ 3MOTY iCTOTHO IiABUIIUATH
MeXaHi4Hi BJIACTHBOCTI, 0CO0IMBO y ciiaBax cucteMu Mg—Al-Zn . Tomy ix
4acTO BUKOPHUCTOBYIOTh Y CTaHi micis rapryBaHHs (pexum T4). Kputnuna
MIBUIKICTh OXOJIOMKEHHS IIPH TapTyBaHHI MarHi€BHX CIUIaBiB HEBeNWKa, i
TOMY OXOJIOJDKCHHsI ICJIS HArpiBaHHS IIiJ TapTyBaHHS MPOBOIATH Ha
crioKiiiHoMy moBiTpi. JInst iHTEeHCU]IKaLil OXONOPKEHHSI TIPH rapTyBaHHI
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JeSIKUX CIUIaBiB 3aCTOCOBYIOTH TaKOX OOIYBaHHS CTPYMEHSMH IOBITPS YU
OXOJIOMKEHHS y minirpitiid 1o 80...95 °C Boi.

37MMBKM MarHi€BUX CIUIABIB i3 METOIO MiJBHIIEHHS TEXHOJOTTYHOT
TUTAaCTUYHOCTI IIPH 00pOOILi THCKOM ITiAIaI0Th TOMOTEHI3alifHOMY Bifnainy.

Ockinbkn edekT 3MIIHEeHHS MAarHi€BUX CIUIaBiB TPH CTapiHHI
HEBENMKWN, HAWOIIBII PO3MOBCIOMKEHUMH BHJIaMH TEPMI4HOI OOpOOKH
nehopMOBaHHUX HamiBpaOpHUKATIB 13 MarHi€BUX CIUIABIB € BHUCOKOTEMIIC-
parypHuil (peKpHcTami3aliiHui) 1 HU3BKOTEMIIEPATYPHHUI (M1 3HATTA
HaTIPY>XCHB) BiAIaJIM, a TAKOXK TAPTyBaHHS.

TemmepaTypy i 9ac BUTPUMKM TpU HArpiBaHHI MiJ TapTyBaHHS
BCTAHOBJIIOIOTH 3aJIC)KHO BiJ] PO3MipiB mepepisy HamiBdaOpukaris. s
3MEHIIECHHS KOPO3ii{HOTO BILIMBY TapTiBHOTO CEpPEAOBHIIA Yac epeOyBaHHs
HamiBaOpukaTiB y Bolli 00MEXyIOTh (He OinbIie 5 XB).

10.3. Knacugikanisa MartieBux cnjiasiB

MarHi€Bi CIUIaBH TaK CaMo, K 1 allOMIHIEB], 3a CIIOCOOOM BHPOO-
HUITBA i3 HUX HamiB)aOpUKaTiB i BUPOOIB MOIUIAIOTHCS HA JIBI OCHOBHI
TpyTIH:

nedopMiBHI — A1t BUPOOHUITBA HamiBpaOprUKaTiB MeTogamMu 00poOKH
THCKOM;

JIMBApHI — JUIsl OTPUMAaHHS JieTanell MeTofoM (hacOHHOTO JIUTTSL.

JledopmiBHi criaBy mo3HadaroThes Jirepamu MA, muBapHi — MJT, 3a
SIKUMH 3HAXOIUTHCS YMOBHHUI HOMED CILIaBY.

JedopmiBHi crtaBu po3poOiieHo Ha 6a3i cucreM Mg—Mn, Mg—Al-Zn,
Mg—Zn—Zr, Mg-P3M (pinkozemenbuuii Metan) i Mg—Li (Tabsm. 10.1).

Tabnuya 10.1. Cxyiaa Ta THIOBI MeXaHUYHI BJIAaCTHBOCTI™
nedopMiBHUX MarHieBHX CIUIaBiB

Mapxka . Bun OB, G0,2,
CIUIaBY Buicr, % TepMOOOPOOKH MIla MIla , %
MAS Mg 1,3...2,2 - 250 150 16
Ce 0,15...0,35
MA2-1 A13,8...5 - 280 180 12
Zn0,8...1,5
Mg0,3...0,7
MA14 Zn 5,6...6 CrapiHHs 340 300 10
7z0,3...0,9
MAI12 Nd23...3,5 lapryBanHs 280 140 14
7z03...0,8 Ta CTapiHHS
MA21 Li7...10 - 240 200 16
Cd3...5
P3M 0,05...0,15

* Bracmugocmi npecosanux Hanigghabpuxamis.

Tepmiuno smiyniosanuil cruiaB MA8 MicTUTB, KPIM MapraHIlo, TaKOXK
HE3Ha4yHy MAOMILIKY LEpilo, 3aBAAKM 4OMY YTBOPIO€Tbca MggCe, 1o
moapiOHIOE 3€pHO 1 MONaTKOBO 3MinHIOE cruaB. CTpyKTypa CIUIaBy
CKIIQIa€ThCS 13 3epeH TBEpPAOTO pO3UMHY Ha 0a3l MarHito, 9acTHHOK
Mapraiuo Ta cnonyku MggCe. CruaB Bifpi3HAE€TbCS HOCTaTHBOIO
KOpO3iHOIO CTIMKICTIO i 3BapIOBAHICTIO.

Hemo winHimmit cmmaB MA2-1, kKpiM OCHOBHHX KOMIIOHEHTIB
aJIOMiHIIO 1 [HHKY, JONAaTKOBO JIETOBAHO MapraHIeM, IO IOJIMIIye
Kopo3iiiHy crilikicts. CrutaB MA2—-1m4 (migBHIICHOT YHUCTOTH) BiIpi3HA-
€Tbcsa Bim Oa3oBoro cmiaBy MA2—-1 3Ha4HO MEHIIMM BMICTOM JOMIIIIOK
3aiiza, Mifi i HiKenro, mo poOUTh Horo OULTBIN KOpo3iecTiHkuM (y CIUIaBi
MA2-1 moxe 0ytu 0,04 % Fe, a 'y crutaBi MA2—1m4 — tineku 0,005 % Fe).
Cmrau MA2-1 i MA2-1m9 TepMidHOI0 0OpPOOKOIO HE 3MIIHIOIOTHCS, iX
BUKOPHCTOBYIOTb y Tapsue/ie)OpMOBAHOMY UM BiJMaleHOMY CTaHaX. IXHs
CTPYKTypa CKJIAIA€THCS i3 3epeH TBEPIOr0 PO3YMHY HAa OCHOBI MarHiro i
3aJIMILIKIB YaCTUHOK Mg 7Al Ta aJfoMiHiiB MapraHLo, 1[0 HE PO3YUHMIIUCS
pu Temneparypi rapsaoro nepopmysanss (puc. 10.4).

i

s

Puc. 10.4. MikpocTpykTypa BinnaneHoro cruiay MAS

CmuraB MA 14 rapTyeTbest TIpu OXOJOMKEHH] Ha TIOBITPi 3 TeMIeparypu
rapsgoi gedopmartii, micns dgoro ioro migmarote crapiaato mpu 170 °C
10...24 ron. 3MinHEHHS TIPH CTApiHHI BiAOYBA€THCSA 3aBISKH BUIUICHHIO
MmeractabineHoi [-pasu (MgZn). IlupkoHiii y cruiaB BBOIATE [UIS TTOAPi0-
HeHHs 3epHa. KpiM Toro, mUpKOHiH MOB'A3y€e TOMIIIKH 3aji3a y TYTOIDIaBKi
IHTepMeTaliIn, [0 OCiAal0Th MPH IUIABIICHHI Ha JHO, 1 PO3IIIaB OYHIIAETHCS
BiJ i€l MKiJJIMBOI JTOMIIIKH, SKa 3HIKYE KOPO3iiHYy CTiiKicTh. [0oBHA



324 Po3zmin 10

Marsiii 1 CIjIaBu Ha 0r0 OCHOBI

325

mepeBara cmiaBy MA14 — BHCOKI TIOKa3HWKH MIITHOCTI Ta TEKy4OCTi, a
OCHOBHHI HEIOJIIK — TIOTaHa 3BapPIOBAHICTb.

Cmnas MA12, po3poOnenmii Ha 06a3i cuctemun Mg—Nd, BHKOpHCTO-
BYIOTh SIK >KapOMIIHHK aiisi pobotu mpu Temmeparypax mo 200 °C.
Po3unHHICTF HEeOmMMy B MarHii mpu eBTeKTHYHiH Temmeparypi (552 °C)
cTaHOBUTH 3,6 % 1 3HAUHO 3MEHIIYETbCS NPH 3HIKEHHI TEMIIEpaTypH.
CrutaB MA 12 raprytots Big 535 °C y Bony i mignatots crapirato mnpu 200 °C
mpoTsiroM 16 rom, mpH SAKOMY BHIUIAETHCSA MeTacTaOinpHa (hasza, o
3MIIHIOE CIIIaB.

Cnnasu Ha 6asi cuctemu Mg—Li, sxi Marots ryctuny 1,3...1,6 r/cm3,
Ha3WBaloTh Hamerkumu. CrmaB MA21 cxiragaeTses i3 o-po34nHy Ha OCHO-
Bi MarHifo i B-po3unHy Ha ocHOBI JyiTito 3 OLIK-"parkamu. [Turoma xopcT-
KICTh IBOTO CIUTaBY (BiTHOIIEHHS MOIYISA MpPYKHOCTI MO TYCTHHH) Ha
20..30 % € BHUIOIO, HDK IHIIMX MAar"Hi€BUX 1 aJIOMIHIEBHX CIUIaBIB.
JKopcTkicTh KOHCTPYKITii 3 IIFOTO CIIABY O1NBIIA TOPIBHSHO i3 XKOPCTKICTIO
KOHCTPYKIIiil OTHAKOBOI MacH 3 OUIBIIOCTI 1HITNX METalIeBUX CIUIABIB.

Jlusapui cnnasu po3pobneHo Ha 6a3i cuctem Mg—Al-Zn, Mg—Zn—Zr,
Mg-Nd, BoHM 3a ckIamoM OMHM3bKi 10 Je(OPMIBHHUX CIUIABIB BiJIOBITHIX
cucreM (tadm. 10.2). [Ipu3HadueHHS JIETYIOUNX €IEMEHTIB TaKe caMe, K i B
neOpPMIBHHX CIIIaBaX.

Hait6inem mupoko BUKOPUCTOBYIOTH crutaB MJIS i fioro Moauikamiro —
crutaB MJISmy, y sikoMy, Ui 3a0e3medeHHsT OUThII BHCOKOiI KOPO3iHHOI
CTIMKOCTi, KOHIIEHTpAIIis IIKI[UIMBHX JOMIIIOK 3ai3a, Mifi 1 HIKeIo € Ha
nopsiok MeHmoro. Tak, y crutai MJIS nomyckarors 0,06 % Fe, a B crutasi
MJISma — tineku 0,007 % Fe (puc. 10.

IMIYHUH CKJIA)] JIMBAPHUX MAarHI€EBUX CILIaBIB

Tabnuys 10.2. X

XiMiyHHUi CKIag
OCHOBHHMX KOMIIOHEHTIB, %

Mapka crnaBy

JlanTan

iy Cyma
J 05916074 P3M

Kanmiit

TupkoHiit

AmomiHii  Maprasenp Hunk

Marsiit

1,5
35
35

MJI3 OcHoBa 2,5...3,5 0,15...0,5 0,5..

MJ14
MJT4ma

0,15...0,5  2...

7
7

S..

OcHoBa

5.. 0,15...0,5  2...

OcHoBa

0,2...0,8

0,15...0,5

9
9
9

..10,2

7,5..

OcHoBa

MIJIS
MJISmu

7,5.. 0,15...0,5 0,2...0,8

OcHoBa

0,2...0,8
0,6..

0,15...0,5

7,5..
0,1..

9.

OcHoBa

MJI5on

1,2

.0,5

OcHoBa

MJI6

MIJI8

MJI9
MJI10
MJI11

1,1 0,2...0,8

0,7..

5,5...6,6

OcHoBa

Heonum

0,2...0,8

04..

OcHoBa

(1,9...2,6)
Heonum

.1

04..

.0,7

0,1..

OcHoBa

.4

2,5.

04..
0,6..

0,2...0,7

OcHoBa

(22..2,8)
0,6..

1,1
1,1

5
5
.0,6

4,0..

OcHoBa

MJI12

1,2

0,7..

4,0..
0,1..

OcHoBa

MJI1S

Heonum

04..

OcHoBa

MJI19

(1,6..3,2)
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OcobnuBicTIo cmmaBiB Ha 06a3i cuctemu Mg—Al-Zn € Ttpoxu
HE3BHYAWHUHN CrociO MoApiOHEeHHS 3epHAa, a caMme MNUIIXOM 30UIbIIeHHS
TeperpiBy po3IuiaBy (IIPH JIUTTi OUIBIIOCTI CIUIABIB 301IBIICHHS TIEpETPiBY
PO3IUIaBY NPU3BOANTD JI0 POCTY 3€PHA y BUIIMBKY SIK HACIIZOK PO3UYMHEHHS
a00 Je3aKTHBAIlil YaCTHHOK, III0 € EHTPaMH KPUCTAai3allil).

Binpmr mommpeHnM € iHmMUH croci® moapiOHEHHS 3epHa B CIUIaBaX
cucteMu Mg—Al-Zn — BBEIEHHA y PO3IUIAB BYIIICIIEBOMICTKUX PEYOBHH,
HAaIIPUKJIAJ] TeKcaxjopeTaHy ud MarHesuty. Yactunku Al,Cs, mo yTBOpio-
FOTHCS TIPH I[LOMY, € IIEHTPaMHU KPHUCTaNi3amii MarHi€BOTO CILIABY.

CrutaB MJIS mae Benmkuid iHTepBan kpuctanizanii (oimseko 160 °C),
MICTUTh MaJI0 €BTEKTHUKH (I[LIKOM HE3piBHOBAXXEHOT) 1 TOMY Ma€ CXMIIBHICTh
JI0 YTBOPEHHSI yCaJ04HOI HOPUCTOCTI. Y JMTOMY CTaHI CTPYKTypa CIUIaBY
CKJIQIA€ThCS 3 O-TBEPJOT0 PO3YMHY BCIX KOMIIOHEHTIB y MarHii, BKJIIOUYEHb
Mg 7Al},, 3anMIIKIB €BTEKTMKHM 1 HEBEJIMKOi KiJBKOCTI allOMiHiliB
mapranio (puc. 10.6). Bximrouenns Mg;;Alj, 3yMOBIIOIOTH KPHUXKICTb
mutoro craBy. CIDiaB MiAMAlOTh TepMidHIM 00poOLi Hadvacrime 3a
pexxumoM 74. Ilpu nHarpiBaHHi mig rapryBaHHs g0 415 °C i3 BUTPHMKOIO
12...24 rox yTBOPIOETHCSA TOMOT€HHUM TBEpAUN PO3UMH JIETYIOUUX €JIEMEH-
TiB y MarHii. Ilix 9ac oxonomxenHs Ha moBiTpi dasa Mg ;Al,, He BcTHTaE
BHUIUTATHCS 3 TBEPJOTO PO3UUHY 1 IPH rapTyBaHHI MiIBUIITYIOTHCS MIIHICTh
1 mIacTHUHICTh cruiaBy (auB. Tabm. 10.3). IIpu BMICTI amrOMiHIIO i IHHKY
moOnM3y BEpXHBOI Mexi ckimaxy y cmiaBi MJIS moxmBe yTBOpeHHS
JUISTHOK JIETKOTUIABKOT €BTEKTHKH 1 IpH HarpiBanHi 10 415 °C — nmepenain. Y
LOMY BHIIQJKy BapTO 3aCTOCOBYBATH JIBOCTYIICHEBE HAarpiBaHHS IIiJ|

Puc. 10.6. Mikpocrpykrypa crutaBy MJIS micns crapinas

Tabnuya 10.3. MexaHiuHi B1aCTHBOCTI JUBAPHUX MATHI€BUX CILIABIiB
(oKkpeMO BHJIMTI 3pa3KH, JUTTS y TPYHT)

Bitx TI/.IM‘laCOBI/II‘/'I T'panms Texysocti BiL[HogHa
Mapka —— omip Og, l\élﬂa G0, MITa (krc /MMQ), pr)IiHICT(I;
CIUIaBy (xre/mMm), : npu L=5d, %,
00poOKH HE MEHIIIe

HE MeHIIe HE MeHIIIe
MJI3 — 157 (16) — 6
T6 226 (23) — 2
MJT4m4 T4 216 (22) — 5
MIJI5 T4 226 (23) 83,3 (8.5) 5
T6 226 (23) — 2
MJISma T4 226 (23) 83,3 (8.5) 5
T6 226 (23) — 2
MJI5on T4 216 (22) — 5
MJI6 T6 216 (22) 137 (14) 1
MIJI8 T6 264 (23) 166,5 (17) 4
MJI9 T6 226 (23) 108 (11) 4
MJI10 T6 226 (23) 137 (14) 3
Tol 235 (24) 137 (14) 3
MJI11 T4 137 (14) 83,3 (8.5) 3
MJI12 T1 226 (23) 127,5 (13) 5
MJILS T1 206 (21) 127,5 (13) 3
Mnl19 T6 216 (22) 118 (12) 3

rapTryBaHHS: crodatrky a0 360 °C i3 BATPUMKOIO 3 TOAWHHM, MPOTITOM SIKHX
JICTKOTDTaBKa CBTCKTHKA 3HUKAE, a TOTiM — 110 420 °C i3 Butpumkoro 20...28 rox
JUTS. HAalO1IbII IOBHOTO PO3YMHEHHS HAUIMIIKOBHX (has3.

Jlyis 3aXMCTy BWJIMBKIB 13 MarHi€BUX CIUIABIB BiJl OKHCIIFOBaHHS
HarpiBaHHS T TapTyBaHHS BHUKOHYIOTh y MOBITPSAHIM aTmocdepi, 1o
mictuts 0,5...1 % SO, (Ha MOBEPXHI BUIMBKA YTBOPUTHCS 3aXUCHA ILIiBKA
cynbdary mMaraito). CipdaHuii ra3 MogaeTbes y mid abo yTBOPIOEThCS y medi
IIPY PO3KIIaAaHHI 3aJi3HOTO KOITYeIaHy.

CrutaB MJIS mignatots miciist rapryBanHs crapinsio npu 200 °C, 16 rox
(puc. 10.6). Yepes mOpiBHIHO HEBHCOKY AUCHEPCHICTH BUALNEHb Mg(;Al |,
3MIIHEHHS TIPH CTapiHHI qyXe HeBenuke. Tomy o0pobOky 3a pexxumom T6
3aCTOCOBYIOTh PiAKO, Y TUX BUIAJKAX, KOJH HEOOXiTHO TPOXU IiJBHUIIUTH
TPaHUII0 TEKYJOCTi, a TAKOXK CTaOLII3yBaTH PO3MIpH JIETaICH.

CrraB MJI12 micnst JIMTTS BHACHIZOK HPHUCKOPEHOTO OXOJIO/KCHHS Ha
THOBITPI BUSIBJISIETHCS 3arapTOBaHUM, 1 HOTO MiAatoTh TIbKK crapinHio (300 °C,
6 roxm), T00TO 00POOIISIOTE 3a peskuMoM T'1. CrutaB MJI12 Binpi3HAETHCS Bif
cruiasy MJIS Ginbl BUCOKOKO TPAHMLEIO TEKy40CTi (0) »2130 1 85 MIla
BIATIOBIHO) 1 MEHIIOI0 YYTJIHBICTIO MEXaHIYHHX BIIACTHBOCTEH [0
TOBIIUHM CTiHOK BriHBKa. Hemomik croraBy MJI12 — moraHa 3BaproBaHiCTh.
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CrmaB MJT10 — sapominauii. Floro BHKOPUCTOBYIOTH IS POGOTH JI0
250 °C. CrutaB 00poOIISIIOTh 32 peskuMoM T6: TapTyBaHHS Y BOJI IIPH TEMIIE-
parypi Oinpie a6o piHe 80 °C i crapinns mpu 205 °C, 12...18 ron Ipu
crapinni Buginserscs f(-daza (MgoNd). CruiaB BigpisHs€TbCsS rapHUMH
JMBAapHUMH BIACTUBOCTAMH. [HTepBanm KpHcTami3amii y HBOTO 3HAYHO
MeHIWH, HiX y cruraBiB MJIS 1 MJT12.

Cmnas MJI15 mopiBHsHO 31 crmmaBom MJI12 nmomaTtkoBO JIeTOBaHO
JIAHTAHOM, IIO ITiBUIIY€ KapPOMIIIHI BIIACTHBOCTI, OMIIIIIYE 3BapIOBAHICTb,
3MEHIIIy€ CXWIBHICTh O YTBOPEHHSI MIKPOITYXKOTi Ta TapsyuX TPIIIHH.
CrmiaB TepMiuHO 3MinmHIOEThCS cTapiHHaM mpu 300°C mpotsrom 6 rom.
OpHak 3a MINHICTIO 1 IuTacTH4HICTIO ciutaB MJILS mocTtymaerscs cruiaBy
MUI12 (muB. Tabm. 10.3).

Crmtan MJ19, MJI10, MJI11, MJI19, mo HajexaTb 0 CHCTEMH
Mg-P3M—Zr, xapakTepu3ylOThCsI BUCOKOIO apoMilHicTio. [Ipu TpuBatiit
eKCILTyaTanii BOHM MOXYTh IpamtoBaTa 10 250...350 °C, a mpu kopoTKodac-
Hilt — no 400 °C.

OcHOBHUH Neryrounii emeMeHT y cruraBax MJI9, MJI10, M/19 —
HeonuM, a y MJI11 — nepiesnit mimmmeran (75 % Ce, penrra — P3M). CrimaBu
Ha oCHOBi cuctemMu Mg—Nd He BiIpi3HAIOTHCS BHCOKHIMH MEXaHIYHUMH
BIIACTUBOCTAMH TIpH KIMHATHIH TeMIeparypi, ajleé MamTh BHCOKY
YKApOMIITHICTh, TapHi JUBapHi 1 TexHOoNoTiuHi BmactuBocTi. CrurtaB MJI11,
JETOBAaHWH IIEPIEBUM MIIMIMETAIOM, XapaKTEPU3YETbCS 3HUKCHUMU
BIIACTHBOCTSAIMHU TIpW KIMHATHIM TeMmmeparypi. Yci CIUIaBH IIi€l Tpymu
JIETOBaHI TaKOXX IUPKOHIEM, 0 e(heKTUBHO MOAPiOHIOE 3epHO Ta padiHye,
HEUTpaTi3yI0un MIKiIJIMBI TOMIIIKH.

CmnaBu cuctemu Mg—P3M—Zr xapakTepu3ylTbCs 3MIiHHOKO, IO
3MEHIIYETHCS 31 3HMKECHHAM TEMIIEPAaTypH, PO3YMHHICTIO JIETYIOUHX
€JIEMEHTIB Ta TOCHUTH OTHOPITHUM PO3MOAIICHHSIM AUCIEPCHUX YaCTHHOK,
SIKi BUAUISIOTHCS TIPU PO3Mai MEpeCHIeHNX PO3UHHIB y MPOIEC CTapiHHA i
3a0e3MmeuyroTh 3MIIHIOBaNBHIN edekT (quB. Tadm. 10.3). V 3B'a3Ky i3 num
KapoMirHi craBu cuctemu Mg-P3M—Zr, sk mpaBmiio, 3aCTOCOBYIOTH Y
TEPMIYHO 3MIITHCHOMY CTaHi. 3MIIHIOBaJbHI (pa3d y IHX CIUIaBaX Mayo
CXWJIBHI JIO KOATYIAIil, [0 0OYMOBITIOE IXHIO BUCOKY JKapOMIITHICTb.

HesBakaroun Ha Te, 10 MIITHICTh MarHi€BUX CIUIaBiB HIDKYA, TOPIBHIHO
i3 aJFOMIHIEBUMHM, ale 3aBASKA MEHIINH TYCTHHI MHTOMa MIIHICTh IX y
OinpIocTi BUMaAKiB BUma. L{lnM BU3HAYAETHCSI OCHOBHA TAITy3b 3aCTOCYBaHHS
MAarHi€BHX CIUIABiB — a€POKOCMiYHA TIPOMHUCIIOBICTb. [3 TMBapHUX MarHi€BHX
CITaBiB BUTOTOBJIAIOTH KOJIECA, IMIACi JTiTaKiB, KOPITYCH HACOCIB 1 IPUIAIIB.

I3 MarHi€BUX CIDIABIB, SIKi JE(OPMYIOTHCS, BUTOTOBISIOTH ABEPi KabiH
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1 KOpITyCcH pakeT, OKpeMi neTali miaHepa Jjitaka. [lesKki MardieBi CIUIaBH
MalOTh BHCOKY 3IaTHICTH IO IeMI(YBaHHS, 3aBIIKH SKiii MOXXHa 3HAYHO
3HHM3HUTH PiBeHB BiOpaIlii i IryMy, TOMy BOHH 3aCTOCOBYIOTECS JIJIsI BATOTOB-
JEeHHS KOPIYCiB, y SIKi MOHTYETHCS €JIEKTPOHHA araparypa KepoBaHHX
CHapsiB.

OcCKiBbKY BKa3aHi CIUTaBHA MalOTh HU3bKY 3[aTHICTh OTIMHATH TEIUIOBI
HEWTPOHH, BOHU BUKOPHCTOBYIOTHCS JJIsl BATOTOBIICHHS 000JIOHOK TpyO4ac-
THX TEIUIOBHIUIBHUX €JIEMEHTIB y aTOMHUX PEaKkTopax.

BaxmBa mepeBara MarHi€BHX CIUIaBiB — rapHa OOpOOTIOBaHICTH
pizaHHIM.



