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B xHu3i BucBiT/neHi ¢i3uuHi OCHOBM TexHOJIOTii HamiB-
NpoBilHUKIB, HaBeleHi NpPHKJIaAH, CXeMH, NpPAKTHYHi moO-
panH, peuentH, BMillleHi BiZOMOCTi mpo HalBaXJHBilLi
eJleMeHTapHi HaniBNPOBiAHHKH i CIIOJYKH.

Kuura e yu60oBUM mMOCIGHHKOM 1/ CTYAEHTiB crap-
KX KypciB cnenianisaui ¢isuku HaniBnpoBiAHHKIB i
HamiBNPOBiAHHKOBO1 €JIEKTPOHIKH, a TaKoX MOxe OYyTH
KODHCHOI0 HJfA ©0ci6, aKi HiKaBAATbCA TEOPETHUYHHMH 1}
NPAaKTHYHHUMH NHTAHHAMH BHTOTOBJIEHHS HaniBNpoBigHAU-
KOBHX MpHJaliB.



«Jlanbmi MepcneKTHBH  TeXHIYHOro
nporpecy BH3HaYalOThCA B Hauml Yac
nepir 3a BCe MOCATHEHHAMH OCHOBHHX
HanpaMKiB isHyHOl ~Hayku. 3ycuans
pansHCbKHX (i3uKiB 6yAyTb CKOHIEHT-
poBaHi Ha po3po6Li npoGieM KOCMiu-
HUX NpPOMEHiB, fANepHHX peaklii, Ha-
MiBNPOBiAHHKIB».

(3 pesomonii XXI 3’iagy KITPC
no monosixi ToB. M. C. Xpyutosa
«ITpo KOHTPOJIbHI LUHGIPH PO3BHTKY
HapoaHoro rocnogapcrBa CPCP na
1959—1965 pokH»).

MEPEOAMOBA

3 KOXHHM DOKOM HamiBNpPOBiJHHKH Bce Gisblie MNPOHH-
KaloTb B Pi3Hi rajy3i Hayku i TeXHikH, 3aMiHIOIOUH €JIEKTPO-
BaKyyMHi mnpusiagd, a6o 3HaXoASTb 30BCiM OpHriHaJbHE
creundiyHe 3acTocyBaHHs. 3 NpHUJIaliB, siKi BXe 3aBOIOBa/H
co6i MiuHe Miclle B XXHTTi, MOXHA Ha3BaTH TakKi.

Bunpamaadi 3minnoeo cTpymy Ha pi3Hi 4acToTH, Bix ca-
MHX MiHiaTIOpDHHX, IO IX JielBe MOXHa pDO3IVISHYTH He-
030pOEHHM OKOM, 10 MOTYXHHX, PO3PaXOBAaHUX Ha COTHi
i Tucaui kKinoBat, aje MaJjorabGapHTHHX, 3 BHCOKOIO poGo-
YOl TeMIlepaTypolo, HEeNOCSKHOI0 s iHIIHUX THIIB BH-
NpsIMJISYIB,

Hiodu, Tpiodu ta ckradhii KpucTasivni cucremu, 3a-
CTOCOBYBaHi B Npuaagax Ajasi panio3s’s3ky Ta TesneGaueHHs.
Bonu Ta ¢epuTH cTasu OCHOBOI NMOPTATHBHHUX NpuUiiMauiB,
TejenpuiiMayiB i pagioctaHuii, MiHiaTIOpHUX ClIyXOBHX ana-
paris, JiYH/IbHO-DO3B’A3YBAJIHHX MallHH, HayKOBHX IpH-
CTpPOIB [/l Pi3HMX AOCJiIXKeHb.

doroonopu, 470T00100u ¢ororpiodu, 6eHTusbHI poTO-
eAeMEeHTU, 3acCTOCOBYBaHI y (OTOEJEKTPOHHHX MPHCTPOSX
IJIs aBTOMAaTHYHOTO KepyBaHHS BHPOOHHUMMH MpPOLECaMH.
IX nmis tTa nmist miomiB i TpiodiB BHKOPHCTOBYEThCS B MiKpo-
cxeMax aBTOMATHKH i TesieMexaHiKd, B NPHCTPOSX, L0 Ke-
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pPYIOTb aTOMHO-€HepreTHYHHMH YCTAHOBKaMH, PYXOM CyMyT-
HUKiB 3eMJii, KocMiuHHX pakeT i kopaGaiB, BUBOAOM ix Ha
3ajgaHy TpaekTopilo, B amapatypi, fika mpufiMae i nepenae
inbopMmauito Ha 3emJo. '

Tepmoeeneparopu, ¢poroesementu, adepni abo aTOMHI
6arapei, siki Ge3nocepenHbO MEPeTBOPIOIOTL TEMJIOBY, CBIT-
JIOBY i slepHy eHeprilo B eJeKTpuuHy. BoHu € OCHOBOIO
Maii6yTHbO! HaniBNPOBiAHHKOBOI eHepreTHKH. Bxke B Hall
yac B MicueBOCTAX, BifjJa/jleHHX Bill HaceJeHHX MYHKTIB,
TepMOTreHepaToOpH XKHBJATb eHeprielo pamionmpuiimaui i me-
penaBaui, a cOHs4Hi 6atapeil yCmilIHO MpamioBaJj{ Ha IITYY-
HHX CYNYTHHKax 3eMJi.

Po3po6Kka HOBHX i YAOCKOHaJIEHHS BilOMHX HamNiBNpoOBin-
HHKOBHX MPHJAaAiB, a TaKOX BIPOBAIXKEHHA iX Yy TexXHiKy
ine nmopyy 3 TeOpPEeTHYHUMH OOCHiZXKEeHHAMH Gi3HYHUX Ta
xiMiuHHX BJacTHBocTed HamiBmpoBiaHukiB. [linroroska cmne-
uianicriB B Lili raaysi, mpoBaaxKyBaHa B 6araTbOX BHILHUX
yu60BHX 3aKjalax, € NOCHTb LIHPOKCIO i BKJIOUAe 3HAHHSA
OCHOB HamniBNPOBiAHUKOBOi TEXHOJOrii.

B KuiBcbKOMY yHiBepcHTeTi KOJIO MUTaHb, WO CTOCYETh-
csl i3HYHUX OCHOB, MeTONiB i cnoco6iB BHIOTOBJEHHS HaM-
BaXKJHUBIilINX HaNiBOPOBiNHWKIB, BHIiNEeHO B OKpeMy JMAHMC-
UMIVTIHY — TEXHOJIOTiI0 HamiBNpOBiZHHKOBHX MaTepiaJis.
IIanu#i noci6HUK MO TexHoJorii HamiBMpoBiAHHKIB Bino6pa-
Kae crneuH@iky Kypcy, SIKHH YHTA€TbCH 1JIS CTYAEHTIiB cIe-
uianisauii ¢isuku HaniBnpoBinHHKIB. [Jo HbOro He YBiHIIIH
NUTaHHA TeXHoJjoril JiomiHodopiB, cerHeroesneKTpukis, ¢e-
pHUTiB, TepMOreHepaTOPHUX MaTepianiB, KaTasi3aTopis.

IMepuwnuit po3nin mociGHHKA MiCTHTH TEOPETHYHHH Marte-
piaa, U0 moJsermye po3yMiHHA OCHOBHOTO 3MiCTy KHHTH,
apyruit — HeoGXiAHi 1OBiAKOBi BiAOMOCTI.

BinsuBu Ta moGaxKaHHS IIOAO [AAaHOI KHWUTH TIPOCHMO
sHaacunaty Ha anpecy: Kuis, Ilymkincbka, 28, Ilepxtex-
sunas YPCP.
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OTJIAX TEOPETHYHHX OCHOB TEXHOJOTIL
HANIBNPOBITHHERIB

§ 1. BA3HAYEHHSA IIPEIMETA I 3ATAY TEXHOJOII{
HANIBINPOBITHHKIB

1. Bu3HaYeHHA mpeaMeTa

TexHoJioris HaniBNpoOBiAHMKOBMX MaTepiaJjiB — 1e Cy-
KYNHiCTb 3HaHb Npo CHocoOH BHIOTOBJNEHHS i OOGpPOOKH
HaniBNpoBiZHHKOBHX MarepiajiB 3 pi3HOMaHITHMMH Ha-
nepei 3aZaHHMH eJIEKTPHUHMMH | iHIINMH XapaKTepPHCTH-
KaMHu.

BoHa rpyHtyeTbcs Ha 3HaHHi (pi3MuHHMX i XiMiuHMX BJa-
CTHBOCTEH 3aCTOCOBYBAHHMX MaTepiaJiB i NOBHOMY PO3yMiHHi
NpPOBaAXYBAaHHX TEXHOJIOTiUHHX INPOLECIB.

OCHOBHOI0 TeXHiYHO BaXKJHBOIO PHCOI0 HaMiBIPOBiAHH-
KiB, sika BHAiNf€ iX cepel iHIIMX TBepAHX TiJ, € BHCOKa
3a/IeXXHiCTh BEJTMYMHU iX eJIeKTPONPOBiJHOCTI BiJ Hii pi3HHX
¢isnuyHHX ¢dakTopiB: TemMnepaTypH, ONPOMiHIOBaHHS, eJieK-
TPHYHOTO i MAarHiTHOro mnoJs, THCKY, B3aeMOAii 3 pi3HHUMH
yacTKaMH BHMCOKHX eHepriid rtowo. Lla BaactuBicTe HamiB-
NPOBiHUKIB MOXe NMPOsABAATHCA y GiblIid yn MeHIi# Mipi,
110 3aJeXXUTb TOJOBHHM YHMHOM BiJl NPHCYTHOCTI B HHX
HEBEJNIMKHX KiJbKOCTell NMeBHHUX XiMiYHMX ANMILIOK i MpOCTO-
pPOBOi yNOpsAKOBAHOCTi aTOMiB.

BHpOGHUIITBO HamiBOPOBiAHMKOBUX MNpHJAAiB BHMAarae
MaTtepiaJiiB 3 Pi3HOMaHITHHUMH eJeKTPHYHMMM NapaMeTpaMu
i pisHUMH 3aJeXXHOCTAMH iX Bif Aii 3asHavyeHuXx ¢akTopis.
3a0BOJILHUTH LI BHMOTH MOXKJIMBO HIJISIXOM pauioHaJbHO
nobynoBaHoi TeXHOJOTil BHMrOTOBJIEHH i 0OpOoOKH Marte-
piaxis.



2. 3ajayui TexmoJorii HamiBHPOBiTHAKIB

HajironoBHiliMM 3aBoaHHSAM cydacHoi TexHoJsiorii Ha-
niBNpoBiAHHKOBHX MaTepiaJiB €:

1) po3po6ka BHCOKONPOAYKTHBHUX i HelieBUX cnocoGiB
OYHCTKH eJIeMeHTapHHX HamiBMPOBiAHUKIB, MaTepianiB Ajs
CHHTe3y HaniBOPOBiAHHKIB i JieryBaHHS;

2) po3po6Ka MeTONMK OLepKaHHs HamBnpomm{uKo-
BUX MarepianiB 3 Hanepen 3agaHuMu (isuuHuMH i XiMiu-
HHMH BJIACTUBOCTSIMH: B@JIMKHX [OCKOHAJHX MOHOKDHCTAaJIiB
a60 BHCOKOJUCIEPCHHX MaTepiasiB, NEeBHUX -eJeKTPUYHUX
napaMerpiB, XapoMillHHX, CTIHKUX NPOTH KOpo3il i cTapiH-
Hfl, ONTHYHO MPO3OPUX i HENpPO30pHUX [JS MeBHHX HOBXKHH
XBHJb i iH.;

3) po3po6Ka METOLMK KOHTPOJIO UHUCTOTH i CTPYKTYp-
HHX §KOCTed HaMiBNIPOBiAHMKOBUX MaTepiaJjiiB HaABHCOKOi
YHCTOTH;

4) BiflIyKaHHA MOXJMBOCTEH 3aMiHM AediLUTHHX piA-
KiCHHX eJleMeHTIB MaTepiajJlaMH CHHTe30BaHHMH 3 JellIeB-
IIHX i pO3MOBCIOANXKEHUX;

5) po3po6ka paunioHaJbHHX METOAMK BHAiNEHHS WiHHHUX
piAKicHUX ejeMeHTiB 3 BiAXoAiB BHPOGHHLTBA Yy MAaKCH-
MaJibHO MOXKJHBHX KiJbKOCTSX, 110 AaJio 6 36iJblUeHHS BH-
Xo4y i 3memleBJIeHHs BHUXiJHHX NPOAYKTIiB;

6) ymockoHaJleHHsi TexHoJorii 06po6kH MaTepiaJgiB i
BUTOTOBJIEHHS1 TNpHJaNiB.

Texnosioriune po3B’si3aHHA UMX TNpo6/eM HEMOXJHBE
6e3 TpYHTOBHUX 3HaHb (pi3UKH TBEpPAOro Tijsa, KBAaHTOBOI
MexaHikd i no6ynoBaHHX Ha Hifi 30HHiK Teopii HanmiBmpo-
BiIHHKIB i Teopil XximiuHoro 3B’a3ky. OcTaHHi BKJ/IOYAIOTh
B cefe LIMpPOKe KOJO CHiMbHUX NMHTaHb, NOB’SA3aHUX 3 YTBO-
PEHHSIM i BJIAaCTUBOCTSIMH HeMeTaJiuHUX KpucranaiB. B ne-
SIKHX BHUNaJKaxX BOHU N00pe NONMOBHIOIOTH OJHA OXHY. ToMmy
IOLIJbHO PO3rysigaTH SIBULA i 3 TOYUKH 30pYy 30HHOI Teopii
i 3 Touku 30py XxiMiyHuX 3B’a3kiB. Hampuknan, B mpakruu-
HMX TNHTAHHSAX eJIeKTPOMpPOBiAHOCTi, €HepPreTHYHOi CTPYKTY-
pu MoJIeKyJ i KpHCTaJiB, MardHiTHHX i ONTHYHHX BJaCTH-
BocTell caif BigmaTu nepeBary 3o0HHil Teopii. B nuranHsx
GyZOBH MOJIEKYyJ i TiJ, yTBODEHHS CIOJYK, CIJaBis, (a3
cucTeM, po3uuHHOCTi, AM(y3ii 3pydyHOIO i HaOUHOWO € Teopis
Ximiunoro sB’sizky. I'lpu Bukaazmi kypcy 6yaeMo KOpHCTyBa-
THCS ysBJEHHsiMH 000X Teopiil.
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[Ilo6 onHO3HAYyHO ONMepyBaTH BiANOBiAHMUMH MOHATTAMHU
i TepMmiHoJsorielo 3oHHOI Teopii i Teopii xiMiuHOro 3B’A3KYy,
noTpiGHO 3BepHYTHCS IO iX OCHOB. AJe mepelx THM BH3Ha-
YUMO Micle HaniBIpPOBiJHHKIB cepej iHIIMX TBEPAHX TiJ,
YMOBH BHHHKHEHHsl €JIeKTPONpPOBiAHOCTI i eneMeHTapHi 3a-
KOHOMipHOCTi NMpPOXOJKeHHs CTPYMY Y pi3HHMX rpymax TBep-
OUX TiJa. '
\

§ 2. EXEKTPONIPOBIIHICTH TBEPIAX TIX
1. Iuranna kJacH@iramii

¥Yci tBepai Tina B 6iablil yd MeHIUi# Mipi € MpoBigHM-
KaMH eJieKTpuuHoro crtpymy. OaHi fioro mpoBoasiTb moGpe
3a 6yIb-KUX (i3UYHHX YMOB, iHIIi JHIIe NPU NesKHX, Ha-
NpUKJaj, NpU NOCTaTHbO BHCOKii Temnepartypi, 3HauHill Ha-
[PYXKEHOCTi eJIeKTPUYHOro MOJs,, ONPOMiHEeHHi CBiT/IOM IeB-
HOro ckJany a6o yacTMHKaMH BHCOKHX eHeprii, migBuuieHo-
ro THCKY TOLIO.

Jas icHyBaHHs eJIeKTPONPOBiAHOCTI MOTPiOHi ABi yMo-
BU: 1) icHyBaHHS B TiJi NeBHOI KOHLEHTpauWii pyxJuBHX
3apsmiB, 2) MOXJHUBICTD pPYXJMBHM 3apsaaM HalyBaTH
eHeprii B NpUKJIAAEHOMYy eJeKTPUUHOMY MoJai i nmepemima-
TUCA MiJ Hi€l0 eJeKTPUYHHX CHJL

Jlo HenaBHboro yacy B (i3uui i enekrporexHiui Gysa
3arajJbHO BHM3HAHOI KJacu(ikamis Tin 3a BeJHUYHHOIO iX
enekTponpoBinHocti npu 0°C a6o KiMHaTHUX TeMmepa-
Typax.

TBepnai tina posnoxpinsau Ha Tpu rpynu: 1) npoBigHuKH
€JEKTPUKH (MeTanu), 2) HeNpOBiIHUKH eJIeKTPHKH, 130J11-
Topu (mienekTpHukH), 3) HaMiBNPOBiIHHKH.

Jlo MeraniB BiZHOCHJIH TiJa, 1O MaJu NHTOMY €JNEKTpPO-
nposixuicTs Bix 108 no 105 om—1!.cm—L.

o nienektpukiB — 10—19—10-15 om~1.cm—1,

Jo HaniBnpoBiAHHKIB BigHocuau yci iHmi Tina i3 3ua-
YeHHSIM eJIeKTPONpoBiJHOCTI MeHwHM Bix 10+% om~—1.cm~!
i 6inmpmuM Hixk 10710 om~1.cm~L

_ BuBueHHs1 eJleKTPONpOBiZHOCTI TBepAMX Til TMOKasaJo,
o TiNbKM KinbKicHa Mipa npoBimHocTi nis kaacudikauii
€ HelloCTaTHbOI. 3a W€l O03HAKOI B JesKHX BHMaiKax
TPYAHO BUPIiLIMTH, AO SIKOI MPYNH CJia BiHECTH Te UM iHIle
tino. Tak, repmaniii, Tenyp, 60p, cipe 0J0BO BifHOCHJIH [0
metadiB. CeJieH, 3a/1e2KHO BiJl YHCTOTH i KPUCTAJTi4HOI MOIH-
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¢ikauii, BiaHocHaM i B rpyny i3onsTopiB (uepBOHHIi),
rpyny MeTaniB (cipuil reKCaroHabHHi). IposinuicTs 11e-
AIKHX CNJIaBiB MeTaJiB TeX He BKJajfajiacs B Mexi nposin-
HocTi MeTaJiB.

CyuacHe BM3HAueHHsi HaJIeXXHOCTI Tijla 10 sKOiCh Tpynu
BKJIOYa€e B ce6e He TibKH ypaxXyBaHHS BeJHUHHH €JIEKTPO-
NPOBiHOCTi, ajle 1ONOBHIOETLCS cyxymucno IKICHHX O3HaK.
TakuMu o3HakaMu e€:

a) npupona HociiB cTpyMy (iOHH, eJeKTPOHH);

6) NpUUYMHH, LI0 CTBOPIOIOTH PYXJHBi 3apsaau (KOJek-
THBi3allif eJIeKTPOHiB, TenyioBi 30yIKEHHs,  Iisf CBiTaa,
noss) ;

B) YMOBH, IO CTBODIOIOTb MOXJIHBICTb IJT mepecyBaH-
Hfl 3apsiliB Npu Nil 30BHIIIHBOTO E€JIEKTPHUYHOrO MoJs (Ae-
(exkTH peliTKH, PyX y MiXKaTOMHOMY MPOMiXKy, He3amnoB-
HeHi eJIeKTPOHHi CTaHH).

[To onniit 3 MoxauBMX Kaacudikauiil, sika, KpiM Besu-
YHHH NPOBiAHOCTi, BPaXOBy€e MeXaHi3M eJIeKTPONpOBiIHOCT}
i AKol nomepxyBaTuMeMocs naJi, yci TBepai Tisia posnins-
I0TbCSl Ha TpH rpynu: 1) ejekTpoHHi NpoBinHHKH; 2) ioHHi
NpoBiAHHMKH; 3) eJIeKTPOHHI HaMiBNPOBiAHHKH.

Po3rasisHeMO yMOBH iCHYBaHHsI €JIEKTpPONMpPOBigHOCTI B
KOXHill rpyni okpeMo.

2. EJekTpoHHI NPOBiTHHEH

Ilo eNeKTPOHHUX NPOBiAHMKIB BifHOCATL MeTanu, Oijb-
wicTh iX cmuaBiB Ta gesiki XiMiuHi cmonyku. KoHueHTpauis
HociiB 3apsily — BifIbHHX €JIEKTPOHIB — Yy HHX He 3aJle-
XKHTb Bi TeMnepatypu i CTAaHOBHUTb NJs Pi3HHX MeTaJiB
1022—10% enekTpoHiB B | cm3, TO6TO MPHONU3HO HOPiBHIOE
ypcsy atoMmiB B | cmd.

BaaeMonis eseKTpPOHIB 3 iOHHOW pewiTkow i iX CTaHH
ONMUCYIOTbCS 3aKOHAMM KBAHTOBOI Teopil MerauiB.

EnexTponpoBinHicT ¢ MeTasy IOpiBHIOE NOGYTKOBI 3a-
psila eNeKTPOHA € Ha iX KOHUEeHTPAIilo 7 i Ha PYXJHBICTL U
B €JEeKTPUUHOMY MOJi

o= enu. (1)
OcCKi/IbKH KOHIIEHTpallisi BiJIbHUX €JeKTPOHIB B MeTajax
He 3aJeXuTb Bil TeMnepaTypH, TeMIepaTypHa 3aJjieXHiCTb

eJIeKTPONPOBIAHOCTI WiJKOM Hac/Jiaye 3alexHiCTb pyX-
ausocti Bim Temnepatypu. Ilpu kiMHaTHHX TemnepaTypax
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PYXJHBICTb €JEKTPOHIiB Yy MeTajaXx 30BCiM HeBeJlHKa —
1 100 cm?/8 - cex i 3MeHUIyeTbCS TPH MiABHILEHHI TeMIle-

. s s 1
patypu. Ilasi o6aacti cepeniHix i BACOKHX TeMnepaTyp o~

14

1 . .
ANl HH3bKHX — 0 ~ —=z. [IpH aGcoaoTHOMY HyJi eHepris

KOJIHBaHb iOHiB peliTKH MiHiManabHa i PO3CisHHA eJieK-
TPOHIB Ha HHUX 3HHKae. Tomy omnip MeraniB NpH 3HHXKEH-
Hi temnepatypu 10 0° K crae ayxe manum; pas 6inbliocTi
MeTaJiB, CNJaBiB i CMOJYK 3 MeTajiyHHM THIOM NpOBiA-
HOCTi HacTae CTaH HaanpoBigHocTi. BigcyTHicTh HaanpoBin-
HOCTi (OCTaTOUHMHl OMip) Yy MefKHX ,3 HHX [MOSICHIOETbCS
nedeKkTaMH pelliTKH Ta npncy'rmcno IOMilOK, fiKi npu
HU3bKUX TeMIepaTypax BHUCTYNAIOTb KK HAaWrOJIOBHIlII IleHT-
PH PO3CisIHHSI eJIeKTPOHiB.

TakuM 4MHOM, OCHOBHHMH O3HaKaMH €JIEKTPOHHHX Mpo-
BIIHHKIB €: He3aJexXHiCTb KOHLEHTpalii eJeKTPOHiB Bia
TeMnepaTypH, He3HayHa 3aJieXXHiCTb eHepril eJIeKTpOHiB
NpoBiAHOCTI Bix TemMnepaTypH, BUCOKAa 1X KOHUEeHTpauis, no-
3UTHBHUH TeMnepaTypHH# KoedillieHT omopy Ta, 4O HAesKOl
MipH, HaaNMpoBiAHiCTb.

3. Tonui upoBiguuEkH (TBepAi eJXeKTPO.IITH)

Jo ioHHMX NpOBiAHHKIB (eJeKTpoJiTiB) BilHOCATbL TBep-
ai coni (ioHHI KpucTaau), CTeKJa, CMOJH, NOJdiMepHi pedyo-
BHHH | iHIII JieseKTPHKH.

PeuoBrHa TBepIHX €JeKTPOJITiB MoOxe cKjaajgaTtucs a6o
3 ioniB 060X 3HaKiB, a60 3 HeliTpaJbHHUX MoJekya. Hocismu
cTpyMy y HMX € joHu — joHizoBaHi aromu. Ilpouec mepe-
HeCeHHsi 3aps/ly B eJeKTPUYHOMY IMOJi CYNpPOBOLKYEThCS
NepeHeceHHsIM DEeYOBHHH, WO CIPHYHHIOE XiMiuHi 3MiHH B
o6'eMi TBepaoro Tina. Ha BinMiHy Bif piIKHX esleKTpOJIiTiB
nepeHeceHHsl CTPYMy Yy HMX IepeBaXHO 3MiHCHIOETbCS iOHa-
MH TiabKH oaHoro 3Haka. IIlo6 yTBopuTH pyXoMuil ioH,
noTpi6HO BHBECTH HOTO 3 TNOJIOXKEHHs MiHiMaJIbHOI MOTeH-
uiaapHoOi eHeprii, B sikoMy BiH nepeGyBae npu Husbkii TeM-
nepatypi B pewiTui a6o MoJekyni. JIas 1mporo norpi6Ho
3aTPATHTH NEBHY €HePrilo, 1O 3BETbCS eHepeiero ducoyiayii.
[Tpn 3HauyHOMY MNiABMILEHHI TeMMepaTypH IIO €HEeprilo Mo-
XKyTb nocrauatd QUIIOKTyalii TemJoBoro pyxy. IJas mpoxo-
JUKeHHSt CTpyMy MNOTpi6HO, o6 AHCONiHOBAaHHH i0H Mir
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flepeMillyBaTUCs B TiJi BiAHOCHO iHIUUX iOHiB UM MOJIEKYy,
1110 TeX BHMarae MeBHMX YMMAJIHX 3aTpaT eHeprii.

3HayHO MeHUIe eHeprii NOTpiGHO .a/s nNepeMilleHHs
ioHiB, KOJMIM KpHCTaJiyHa pelliTKa Ma€ AedeKTH y BHIJISAL
He3anoBHEHHWX (BaKaHTHHX) BY3JaiB a60 MNOpYylIeHb pery-
JsapHOCTI peliiTkn. Tak vy iHaKie eJeKTPONpPOBiAHICTDb
TBEPAUX €JIeKTPOJIITIB MOXKe BHABHTHCS JHLIe NpPH MiABH-
1leHiH TeMmepatypi i HasBHOCTI MHTTBOBHMX YU CTalioHap-
HHUX NPOCTOPOBHX HedeKTiB Tina. [Ipu HU3bKUX TeMmepary-
pax i izeanbHiil KpucTaniuHiil peliTi NPOXOAXKEHHs iOHHO-
TO CTPyMYy HEMOXJIHBe — TiIo € i30J5TOP.

PyxauBicTh aTomiB a6o ioHiB y pewriTui 3B’si3aHa 3 TeM-
nepatyporo muaBjeHHsi 7y,. [lomiTHa pyx/uBicTb NOYH-
HaeTbCs NpH TeMnepatypi, sika npubausHo nopiBHioe 0,52
T., B rpanycax Keabsina.

EnekTponpoBigHicTh YHCTHX TBEPAUX €NEKTPOJITiB, KOH
PYXOMHMH € iOHM OJHOTrO 3HaKa, 3MiHIOETbCSl B 3aJI€XKHOCTI
BiJ TeMIepaTypu IO eKCINOHEHIiaJbHOMY 3aKOHY

' _B
6 = o8 kT » 2)

ne E, — eHepria nucouiauii ioHiB; 3HaueHHs 1i mJis pisHuUX

€JIEKTPOJIITiB JIEXKUTb B MeXaxX BiJl KiJIbKoX necs-
THX AO KiJIbKOX €JIeKTPOHOBOJIbTIB;

k — crana DBoabumana; k= 1,38.10-16 epe/epad =
= 0,86 . 10— es/epao;

Gy— rpaﬂngﬂe 3HayeHHsl MHTOMOI eJIeKTPOIpPOBiAHOCTI

0

npu —7 —> 0.

HaBenena dopMyna y sHaumiit Mipi Bito6paxae 3anex-
HicTb KOHIeHTpauii HociiB cTpymy Bia TeMmmepatypu. Pyx-
JIMBiCTh iOHIB TeX 36i/blIyeTbCs 3 MiJBHLIEHHSM TeMIepa-
Typu. ToMy TeMnepaTypHi 3aJieXHOCTi KOHIeHTpauil HoOciiB
i pyxsiuBoCTi HaloTh Bii’eMHHH TeMmepaTypHHUll KoedillieHT
-0Topy.

BniMB BeJHUHHM NPHKJIALEHOrO eJIeKTPUUHOro MOoJsl Ha
'KOHLleHTpallilo ioHiB He 3HauHUH. [JoKa3oM LBOro € Te, 11O
IIpH NPAKTHYHO 3aCTOCOBYBAaHHX MNOJAX BeJIMYHHA CTPyMY
nignsrae 3akony Oma.

Jomimkn aromiB iHmoOl XimiyHOi nmpupoan B iOHHHUX
KpHcTanax 36iiblIYyIOTb eJeKTponpoBiaHicTe. Poab ix vy
1IbOMY moABifiHA: BOHH, HO-Tieplie, € AXKEPeJOM JIErKOpyXo-
MHX iOHIB 3 MEHIUOI eHepri€l aucouiauii, a, mo-gpyre,
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OOMIIIKH PO3PHXJIIOIOTh KPHCTAMNIUHY pPeliTKy, NoJeruyoun
THM CaMuM IepecyBaHHs ii BJacCHHX iOHIB.

SIkmo enepris nucouiauii ioHiB AOpiBHIOE KiJbKOM ne-
CATHM Bil eJIeKTPOHOBOJIbTA, TO BXKe NPH KiMHATHiH TeMmIle-
patypi enekTponpoBimHicTh Takoro Tiza OyAe AOCHTb IO-
mitHowo. Ilpum kiMHaTHHX TeMmepaTypax BeauunHa kT =<
= 0,03 es. sIxkmo x Ey = 1,5—2 es, To Taka peuoBHHA NpPH
3BUYalHUX TeMneparypax A06puil izoasTop.

Inakuie MOXXHa CKas3aTH TakK: SIKLIO BeJHMYHHA eHepril
aucouianii Ey 3HauHa MOPiBHAHO 3 BeJuuuHow RI, TOGTO
nepeBHLIye il y Kiibka JecsATKiB pasiB, To peuoBuHa Gyne
isonsitropoM. Slkmo E, ogHoro mnopsaxky a6o Oinbiue RT Y
Kiabka pasiB, To peuoBuHa Gyne MaTu npu temnepatypi T
3HAQUHY eJIeKTPOIPOBiAHICTb.

Ilpu BuBUYeHHi HamiBNpOBiAHUKIB MOTPi6HO 3HATH 3aKoO-
HOMipHOCTi BHHHKHEHHS CTPyMYy B TBEDAHX EJEKTpOJiTax,
60 pesiki HamiBOPOBiAHUKH MalOTb peLIiTKY, CTBODEHY 3
ioHiB 060X 3HAKiB, a Lie 3HAYHUTh, 11O NPH MEBHUX TeMIepa-
Typax BOHM MOXYTb NAaBaTH NOMITHHH KOMIOHEHT iOHHOrO
CTPYMY.

BusHaueHHsa TeMnepaTypHHX MeX po6oOTH mnpuaanis,
36yNOBaHHX 3 HamiBNPOBiNHHUKIB, fIKi MawTb iOHHHH KOM:-
MIOHEHT CTPYMY, 3BOOHTbCA O BpaxyBaHHs HOro BiZHOCHOI
poJii B mpoBigHocTi npu HalBuLiil pobouiil TeMneparypi, 60
nepeHeceHHss moJieM i Audy3isa ioHiB cnpuYMHIOIOTH Heo6o-
pPOTHi 3MiHH B mpuJjazax i BUBOAATb anaparypy 3 Jany.

4, EjxexTpoHHi HANIBIPOBITHHEH

Ilo enekTpOHHHX HamNiBNPOBiAHUKIB HaJjexaTb Tina, y
AKHX HOCiSIMH eJeKTPHYHOTO CTPYMY € eJNeKTPOHH, a TeM-
nepaTypHuil KoegillieHT onopy, y NpPOTHJIEXHIiCTb IO MeTa-
aiB, Bin'emHuii. Be3nomimkoBi HaniBNpOBiAHHMKH IIpH TeM-
nepatypi, 6/1u3bKiii HO a6COJMIOTHOrO HyJst, i 6e3 onpoMiHio-
BaHHA 30BCiM He MalOTh €JEKTPOHIiB NPOBiAHOCTi i € i30as-
TopaMi. ToMy BBaXawTb, L0 NPUHLUMNOBOI pi3HMHI MixX
HaniBopoBigHUKaMu i i3onsiropamMu Hemae i mo HamiBHpo-
BiIHMKaMHM MOXXHa BBaXKaTd yci HeMmeTaJHu.

Jlo eNeKTPOHHHX HaNiBNPOBINHUKIB BigHOCATH: OBaAHA-
O0yaT6 XiMi4Hux enemenTié — GOp, BYTrJellb, KPeMHiil, rep-
MaHif, cipe ogoBo, ¢octop, Mull'iK, aMmophHy cypMmy, cip-
Ky, CeJieH, Tenyp, Hol, OefKki iHTepmeTaAiuHi CnoAyKuU, pi3-
HOMAHITHI XIMI4HI CROAYKU — OKCUAH, CyAbGinH, ceseHimu,
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TeJqypuiu, HOAUAH, KapOiau, 60puaH, deski cnaasu Ta opea-
HIYHI CnoAYKU.

Jns yTBOpeHHs B HaniBNpOBiAHUKax eJeKTPOHIB Mpo-
BiaHOCTi MOTPiGHO BHTPAaTHTH MEeBHY eHeprilo ioHi3auii (au-
couiauii) AE, aToMiB, sika Moxe GYTH 3alo3HueHa 3 TEIJIO-
BHX KOJIMBAaHb pewiTKH a6o BiJ eJeKTpOMarHiTHoro ompo-
MiHIOBaHHS. '

Po3ryiisiHeMO yMOBH BHHHKHEHHSI B84QCHOL NPOBIOHOCTI.
[Ipu Temneparypax, BiAMiHHHX BiA a6GCOJIOTHOTrO HyJd,
¢uaoKTyalil TensoBOi eHeprii BHKJIHMKAIOTb y HeAKHX Mic-
uAX pelliTKH BiAPUB €JIeKTPOHIB Bill aTOMiB — NOpYLIEHHS
3B’43KiB €JEeKTPOHa 3 «BJAaCHHM» aToMOM. EnekTpoH, sakuit
BifipBaBcs BiJ aToma, 3aBASKH XAOTHYHOCTI TEMJIOBUX KO-
JHBaHb PEUIiTKH ONHUHSETbCA cepel aTOMiB 3 HeMOpYIUeHH-
MH 3B’sa3kaMu. Cepel 3B'A3aHHX eJIeKTPOHiB BiH € «BiJib-
HuM». [lepeBaXkHHH HampsMOK pyXy eJleKTpOHa BH3Hauyae-
TbCA MiCHE€BUMH MHTTbOBHMH  €JIeKTPHYHHMH IOJISMH
pewliTku a6o, fAKLO A0 KPHCTana INpPHKJIALAEHO 30BHilIHE
noJsie, cyMoio 06ox nousiB. Micue, ne 6yB nopyuieHHii 3B’s130K,
3aBASIKM BiJCYyTHOCTi esleKTpOHA, HalyJO NO3HTHBHOro 3a-
psLy, PiBHOrO 3apsily eJIeKTPOHA, OAEePKaJo Ha3By «ipKa».
BHacaifok TenyioBUX KOJNHBaHb pelliTKU AipKH MaHApYIOTb
N0 KpHUCTaJy, MoAi6HO 10 3BiJIbHEHUX €JIeKTPOHiB,— InepeMi-
L1yeTbCSl i1OHI30BaHHH CTaH aTOMiIB IO KpHCTaJay.

Ilopyu 3 yTBOpeHHSIM BiJIbHHX €JIEKTPOHIB i Aipok icHye
obepHeHUll mpolec, NpH SKOMY AipKa JiKBiiyeTbcsad 3a pa-
XYHOK 3amoBHeHHs1 il BiibHUM esleKTpoHOM. Toai ojHouacHo
3HMKAalOThb ABa HOCil 3apsfy — AipKa i BiJIbHHH eJIEKTPOH.
Takuii npouec Ha3uBaeTbcs pexombinayiero.

SIKiio no HamiBIpPOBiAHMKA NMPHUKJACTH eJIeKTpHUHe MoJe,
3BiJIbHEHi esqleKTpOoHH GyAyThb ApeidyBaTH B HanpsiMi Ao mHo-
3UTHBHOIO €JIEKTpOZa, a AipKH, 3amoBHIOBaHi CycigHiMH
eJeKTPOHAMU 3B’sI3Ky, Aped(yBaTUMyTb A0 HEraTHBHOIO
eJleKTpoaa.

HanisnpoBigHHKH, y SKHX eJeKTPONpPOBiAHiCTb 3Aili-
CHIOETbCSl NipKaMH i eJeKTPOHAaMH, YTBOPEHHMH OJHOYaCHO
i icHyloUHMH B HUX B PiBHHX KiJIbKOCTSIX, Ha3WBalOThb Ha-
MiBNPOBiJHUKAMH 3 BJIACHOIO €JIEKTPONPOBiAHICTIO, a BJac-
Hy npoBigHicTe — npoBiadicTio i-Tumy (Bia intrinsic —
BJacHHi). A Kosnm 6a)KaHo HifKpPeCJMTH, L0 MNPOBiAHiCTbH
3060B’si3aHa B piBHifl Mipi enekTpoHam i AipkaM,— Hasu-
BaIOTh ii 3MilaHow0 npoBinHicTio. Bnacna nposianicTe, abo,
AK e ii iHoAi Ha3WBalOTb, BAACHA HANIBNPOBIOHICTb, UiTKO
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TIPOSIBJIAETHCA y 30BCiM YHCTHX | NOCKOHAJHX HaMiBIpPOBiA-
HMKOBHX KpucCTajsax a6o B KpHCTajax 3 JOMilIKaMH B 00-
JlacTi BHCOKHX TeMmepaTtyp. BHacaimok nii enekTpuyHoro’
noJisi MpH TeMIepaTypax, BHIIHX aGCOJIIOTHOrO HyJisd; B Ha-
MiBOPOBiHHKY YTBOPIOIOTbCS ABa MPOTHJIEXKHO CINPSIMOBa-
HUX TNOTOKH HOCiiB 3apsmy, IBa CTPyMH: CTPYM eJeKTpo-
HiB /, i cTpym nipok [/, 3aranbHuit ctpym / nopiBHIOE iX
cyMi

I=1,+1 » 3)
A eJIeKTPONpPOBiAHICTb Mae BUTJISAL
6= °n + Op = nqnun +pqpup’ (4)

A€ n, p — KOHUEeHTpallii BiAMOBiAHO eJIeKTPOHiB i HipoK;
s, G, — 3apsAM BiANOBINHO €JEKTPOHA i HMipKH;
U,, W, — PYXJHUBICTb BiANOBifHO €JEKTPOHA i MipKH.
Ins BusHaueHHs NUTOMOI €JEeKTPONMPOBiAHOCTI ¢ TpH
Temneparypi T norpi6HO 3HAaTH TeMMepaTypHYy 3aJexXHicTb
PYXJHBOCTI & eNeKTPOHiB i Aipok. MalixKe 3aBXKAH pyXau-
BiCTb eJIeKTPOHiB 6isibllla Bill PYXJHBOCTI AipoK y TiK camii
peuoBHHi. [IJd eJeKTpOHiR

u,=AT-?, %)

ne P Mae pi3Hi 3HaueHHs AJIs1 PEeLIiTOK pi3HOro Tumy (mJs
atoMHuX P = 3/;). PiBHOBaXXHa KOHLeEHTpauis n, HHCO-
uifioBaHUX eJIeKTPOHiB MpH TeMmnepatypi I Moxke 6yt 0G6-
4yHCJeHa 3a (popMyJIolo

AE,

3/2
ny =2 EXIY o~ %7 (6)

Jie m — Maca eJIeKTpoHa *;
h— crana Ilnanka, kBaHT Ail.
OTxe, QopMmysa eeKTPOHHOI CKJIAfOBOI eJIeKTPOInpo-
sifHOCTi Moxe OyTH 3anMcaHa y TakOMy BHTJIsAI:
_AE,
o, = BT®2-P) g T (7)
_LE
[pu AE,> kT MHOXHHK e 2T  3MiHI0€TbCA 3 TeMme-
paTypolo 3HauHo wBHAawe, Hix 7TG2-P), Yepes ue MHOXK-
HUK TGR2-P) B He nyXe IIMPOKHX TeMIEPaTYPHHX MexKax

* Tounime y ¢dopMynay 3aMicTb MacH eJIeKTPOHa BXOMAHTb CepelHE
reoMeTpHYHe 3 e(eKTHBHMX Mac eJIeKTpOHa i JipKH.
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MOXXHa BBaXKaTH MOCTiMHOIO BeJHYHHOIO ([JIsi aTOMHHX pe-
mitok TG2-P) = 1), B TakoMy pasi, sk i y BUnaaxy ion-
HHX MPOBiAHHKIB, GOpMYyJy eleKTPONPOBiAHOCTI MOXKHA 3a-

NMUCAaTH
2E,

o,=oee ¥, (8)

Ae o, — He3ajlexXHa Bill TeMIepaTypHu cTaja, sfika Mae pos-
MipHIiCTb €JIeKTPONPOBiAHOCTI.

HipkoBa ckJ1a10Ba eNeKTPONPOBIZHOCTI Te€X Mae Taky
caMy TeMmnepatypHy 3aJgexHicTb. Ilpupoma i 3akoHoMip-
HOCTi AOMilIKOBOI MPOBiAHOCTi B HaNiBNPOBiAHHKAxX O6yLyTb
posrasHyTi B § 5 maHOro posniny nicsas orisily OCHOB 30H-
Hol Teopil i Teopii XimMiuHMX 3B’A3KiB.

§8. JEAKI NHTAHHA 3 OCHOB KBAHTOBOI MEXAHIKH
I 30HHOI TEOPII

1. OcHOBHI MOJIOKEHHA KBAHTOBOI MeXaHiKH

Bimomo, mo nepeBaxHa GinbmicTs ¢i3HUHHX i XiMiyHHX
BJIACTHBOCTEH TiJl 3yMOBJieHa oco6auBoOCTAMU GyNOBH i B3ae-
MoJii eleKTpOHHHX OGOJIOHOK aToMiB, 0COGJIMBO iX 30BHill-
HbOI TPyNH, 3 S$KOi YTBODIOIOTbCS BaJIeHTHi e€JeKTPOHH.
IlepioguuHicTe y ¢i3MuHuX i XiMiYHMX BJacTHBOCTHAX eJie-
MeHTiB BinoOparkae nomiGHicTb y CTPYKTYpi 30BHilIHiX 060-
JoHoK. Okpemi eseKTpOHH — e $IKiCHO Hepo3pi3HMMi ua-
cTuHKH. Pi3HHIS MiXX HUMH MoXe MNOJAraTH JHlle B He-
OJHAKOBHX €HepreTHMYHUX CTaHaX: pi3HOMy 3amaci NOBHOL
eHeprii Ta ¢opmi pyxy.

EHepreTuuHi cTaHH eJNeKTPOHiB y aToMi XapakTepH3y-
I0TbCSI YOTHPMA KBAHTOBHUMH UHCJIAMH:

1) eonosrnum keawroB8uUM 4HuCAOM N, siKe Pa30OM 3 UHC-
noM | BU3Hauae eHeprilo ejeKTPOHA i Jae MOPSIAKOBHH HO-
Mep eJIeKTPOHHOI OOOJIOHKH, NMOYMHAIOYH Bin sapa;

2) nobiunum KeaHTOBUM 4UCAOM [, siKe XapaKTepusye
o6GepTaJbHHH MOMEHT eJleKTPOHa i BHM3HAuae miarpyny B
o6osonni. Ilimrpynu nosnauatoTbesi JaitepaMmu S, p, d, [,
BiamoBimHO no 3Hauenn [=0, 1, 2, 3;

3) MazHITHUM KBQHTOBUM 4UCAOM m, sIKe XapaKTepHusye
op6iTajbHUil MarHiTHMH MOMEHT eJleKTpoHa B atoMi. Jlas
Gyab-AKOi MiATPYNH YMCJIO MOMJIMBUX 3HaueHb m = 2/ + |
(! — uine mo6iuHe KBaHTOBE YHCJIO); '

4) cniHom — BJIaCHUM MeXaHIYHHM MOMEHTOM KiJbKOCTi
pyxy eaekrpoHa. CniH MoxXe MaTH TiIbKH 2 3HayeHHS
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+1/ i —/;, WO BiANOBiZa€E IBOM B33aEMHONPOTHJEKHHM.
opi€HTalisIM MOMEHTYy KiJbKOCTi pPyXy, a 3HauuTh, i BJac-
Horo MarsiTHoro MoMeHTa. CmiH eJleKTPOHIB O0GYMOBJIIOE
BHHHKHEHHsI OOMiHHHX cHJl (KOBaJIeHTHi 3B’SI3KH).

3rigHo 3 npuHuunoM Ilayai B atoMi He Moxe 6yTH Ha-
BiTb IBOX €JIEKTPOHiB 3 OJAHAKOBUMH 3HAaueHHSAMH yciX 4o-
THPbOX KBAHTOBHX uuces (NpUHIUN 3a60pOHHM).

OcHOBOW0 [J11 pO3pOGKH TaKOl JOCHTb CKJIAgHOI CTPYK-
TYPH €HepreTHYHOro CTaHy €JeKTPOHIB B aTOMax MOCJYKH-
JIH JeTalli aTOMHHX CIeKTPiB BMUIPOMiHIOBaHHS.

HaunexHicTb esleKTpoHa [0 DaHOTO eHepreTHYHOro CTaHy
Nno3HaualoTh CyKynHicTio nudp i 6ykB, fKi BigmoBimawTh-
HaJIeXXHHM KBAaHTOBHM 4YMCJaM, a caMe: MEpLIOID CTaBJIATh-
nudpy, fAka 3a3Hayae HoMep n 060JIOHKH, APYrolo — GYKBY,
siKa BiAnoBiflae NeBHOMY NOGiYHOMY KBaHTOBOMY YHCJY;
nic/si bOTO CTeMiHb, SIKa MOKAa3ye KiJbKiCTh eJIeKTPOHIB B’
Aawifi migrpyni, Hanpukaan 1s% Lle osnauae, mwo B mepuuiif
o6osioHui Big sapa B miarpymi s (to6to aas !/ = 0) 3Haxo-
IATbCS 2 eJeKTPOHU 3 NPOTHUJIEXKHHUMH chiHaMH. Take pos-
MillleHHs1 eJIeKTPOHIB BiANoOBifae aToMy rediio.

OGonouky i3 3HaueHHsM n = 1 Ha3uBaloThb iHakme K-06OIOHKOIO-

. » . n=2 » . L-06010HKOI0
. . . n=3 » . M-060/0HKOI0
it nxn

[lo3HaueHHs1 OGOJIOHOK JiTepaMH NOLIMPEHO B TeOpil
peHTreHiBCcbKUX crnekTpiB. HaBeseMmo npukmanm; sK MosHa-
YaeThbcst 3aNOBHEHHS] OGOJIOHOK y CKJIaJHHX aTOMiB:

Jlitiio (Li) 3 enexTponn 1s?, 2s*

Kpemnio (Si) 14 1s?, 2s2, 2p®, 3s?, 3p?
Xaopy (Cl) 17 » 1s?, 2s%, 2p%, 3s%, 3p°
Cpi6na (Ag) 47 1s?, 2s?, 2p®, 3s%, 3pt, 3d*°,

L M
4s?, 4p®, 4d*° 5s!
— N 0
Haii6inbme uynciao enekTpoHiB Z, mo MoxKe MicTutw
naHa oO6OJIOHKA, [OpiBHIOE MOJBOEHOMY KBaapaTy TrOJIOB-
HOTO KBaHTOBOTO HHCJa N _
Z = 2n2,
Ha s-piBHi (numéo.nonul) He Moxe OyTu G6ijabu sk
2 eJeKTpOHM, Ha p-piBHi — He Giablue Binx 6; Ha d — He
6inbwe 10; f<<14.
ITepemilienns enekTpoHa B NAHOMY aTOMi 3 HHIKYOIL
op6iTH Ha He3amnoBHeHY BHILY BHMAarae MHeBHOI BHUTPaTH
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eHeprii 30BHi i yTBoploe 36ymKeHu#, aGo ioHi3oBanuit, cran
.aroma.

Y 3roai 3 UMM NOBEpPHEHHS €JNIEKTPOHA 3 BHLIOrO eHep-
fETHYHOTO piBHSI Ha HUXKYii CYNPOBOMXKYETbCS BHIPOMI-
HIOBAaHHSIM BiANOBigHOro KBaHTa eHeprii Av

El_“E2=hv.

3riguo 3 npuHuunoM [layai enekTpoH po3Mmilryerbcs Ha
TOMYy i3 MOXKJIHBHX MicLb, IKOMY BiJANoBifae MiHiMyM MoB-
HOi eHeprii, To6TO Ha HalGiablu
rAu6OKi i3 MOXJIHBHX OpOiT.

Ha 3anoBHeHi piBHi, a Ta-
KOX Ha piBHi 3 OQHAKOBHUM IO-
6i4YHMM KBAHTOBHM UYHCJIOM eJieK-
TPOHU MEPEXONHUTH He MOXYTb.
Hanpuknan, 3 piBHs ls Ha 2§
a6o 3s, a6o 3 2p Ha 3p Ta Ha-
BIIaKH MNepeXoAd 3ab6OpOHeHi.
MoxauBi nepexoagu 3 PpiBHIB s
Ha piBHi p, d a6o 3 p Ha s, d,
fir n.

Bico
exepei

Puc. 1. Eneprernunuii EnepreTuyHuil crextp enek-
CIeKTp eJeKTpoHa B i30-  TPOHA B i30JbLOBAHOMY aToMi
JNbOBAHOMY aTOMi fiIK YHK-  cxemaTMyHO 3006pa)KeHHid Ha
Lis BUAT BIL AApA: puc. 1. CucreMa CyUibHUX Npsi-
| — eNeKTPOHHi  PpiBHIi; 2— e .

KpPHMBAa TOTEHIiaNbHOI  eHep- MHUX JIIHIH I, BCE€pEAHHI 06Me)xy-

o S pammunun pisens.  IOYHX KDHBHX 2, 306paae eJek-

TpoHHi piBHi (Tepmu). ObMe-

2Kyloui KpuBi rinep6osiyHoro Tuny 2 € JiHii moTeHHiaabHOI

eHeprii U enekTpoHa, sika € ¢yHKUi€0 Bixnaji r enekTpo-
Ha Bix fanpa

U=f(r).

3HaueHHs1 eHeprii MoxXyTb GyTH Biik/aaneHi a6o B esek-
‘TPOHOBOJIbTAX, a6o B cm~!. 3BHUaHHO eHeprisg eJieKTpoHa
BiZpaXxoOBYy€eTbCA BiJ IPAHULI HemepepBHOrO CNeKTpPa eHepril,
slKa BignmoBina€ eHeprii ioHi3oBaHoOro atoma. Takum UHHOM,
TIOBHA €Heprisi eJEKTPOHA Ha OJHOMY 3 MOXJHBHX AHCKpeT-
HHUX DiBHiB € BenuuuHa Bia'eMHa. KoXXHHH piBeHb BiAmoOBi-
@€ NMeBHOMY KBAaHTOBOMY CTaHy. XapaKTepHHM [Js JHC-
KpeTHOi CHCTeMH PiBHiB B aTOMi € 3aKOHOMipHe 3MeHIIEeHHs
€HepreTHYHUX iHTepBa/diB MiX Bce BHLIMMH DiBHSMH.
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[Tpy neBHoMy 3HaueHHi moreHuianbHOi eHeprii U 3ry-
{eHHs1 piBHiB mocsirae BUCOKOi wiinbHOCTi. Buiue piBHa 3
JeXUTb 06J1aCTh eHepriﬁ fKa HaJIeXHTb BiJIbHUM €JIeKTpO-
HaM, HUXKYe — 3B’3aHUM.

Kinetuuna eHeprisi eJeKTPOHA BCEPEeNWHi MOTEHIialbHO-
ro 6ap’epa € MO3UTHBHOIO.

Ilo6 onmucaTu AMHAMiYHY CHCTEMY OKPEMOro aroma i
atoMa B KpHeTaJli, KBAHTOBA MeXaHiKa, BBaXKalouu eJek-
TPOH YaCTHHKOW 3 XBHJIbOBHMH BJIaCTHBOCTSIMH, BBOJHMTb
XBUJIbOBY (PYHKILiIO CTaHY

—2.1itE—
$(x, 9,28 =9(x,y,2)e ", 9)
ne E — BnacHi 3HaueHHs eHeprii ejaeKkTpoHa.
3acToCcoBYIOUM 10 Hei BiANOBiAHI onepaTopy, oAepKylOTb
BeJIMYHHH, SKHM MOXHa 3iCTaBUTH peanbHi (i3uyHi BenH-
YHHHU: KOOPAHHATH, IMIyJbC, €Hepriio i iH,

OCHOBHUM piBHAHHAIM KBAHTOBOi MeXaHiKH € XBHJ/bOBe
piBusinnst  llpeninrepa, sike aJs MaTepiaJbHOI TOYKH
(esleKTpOHA), IO 3HAXOLUTbCA B MOTeHLiaJbHOMY MOJIi
U (x, y, z), mae Burasn:

hz azq) az‘P 24} ih 04,
_____ (0x‘+ +dz”) Up + o5 =0.

Po3Bp’s13koM 1bOro piBHSAHHS B 3arajbHOMY BHNAAKYy €
flOBHa KOMIIIEKCHA XBHJbOBa (pyHkuis ¢, 60 Hi HilicHa, Hi
ysiBHA yacTHHa ¢, 30KpeMa, He MOXYTb OyTH PO3B’I3KaMH
noBHoro piBHsHHA lllpeninrepa. KBaapat monyas ¢-yHk-
uii — (/ $?/) nae He3zanexHy Bia yacy iMOBipHiCTH TOro, ILO
€JIeKTPOH nepeOyBa€ B OAMHHYHOMY 006’e€Mi MOGJU3Y TOYKH
3 KoopauHataMu (X, y, 2).

SIkio 36JMKaTH OLHAKOBI AaTOMM, TO, MOYMHAIOUHM 3
neskoi Bimdani, XBuAbOBi (GyHKUil ix 30BHiLIHIX enekTpo-
HiB Oy4yTb NPOCTOPOBO HAaK/JaldaTHCs, LI0 MOXKHA MpeacTa-
BUTH co6i fIK mNepeKpHUBaHHs opOIT eJeKTPOHIB. 3 mBOX
O/IHAKOBHX €HePreTHYHHX DiBHIB OKPEMHX aTOMiB yTBOPATD-
Csl 1Ba Pi3HHUX eHepreTHYHMX PiBHIi — OAMH HUXKYE, NAPYruit
Bulle Bij piBHA B i30/ibOBaHOMY aToMi. UuMm Gisblle 36.1H-
XYBaTH aroMH, TUM Oijblie NepeKpHBAOTbCS  XBHIbOBI
$yHKuil enekTpOHiB, THM Oinblia iMOBipHICTE mnepexomy
€JIeKTPOHIB BiJ OXHOro aToMa A0 apyroro.

BesuunHa opaunatu BucaigHoi $-dbyHkuii B Mixkatom-
HOMY MpPOMiXKy fa€e iMOBipHiCTb TYHEJbHOrO edeKTy —
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nepexojy eJeKTPOHIB yepe3 aTOMHHH noTeHuiadbHuUil 6ap’ep;
imoBipHicTb nepexony J nopiBHioe

1

2nt

’

ne Tt -—vyac MNepexoly €JIeKTPOHAa 1O CYCiZHbOro BYy3Ja
pewitTku. [ns BHYTPIlIHIX GJHXKYHMX HO SiApa e€JEKTPOHIB
J =01 ©=oo0. 3BHuaiiHo HeoGXiAHOIO YMOBOIO TYHEJbHO-
ro eeKkTy € HasiBHICTb y CYyCilHBOMY aTOMi pe30HaHCHOro
eHepreTHYHOro piBHS — PiBHSI 3 TaKOI0 CaMOIO EHeprielo.
IOns pelwiTKH, sIKa CKJAaNaeTbCsl .3 ONHAKOBUX aTOMIB, Lst
yMoBa ULinKOM 3abe3mneueHa.

2. QcHOBHI MOJIOKeHHA 30HHOI Teopii

SIkiio HaGJAH3HTH OAMH A0 OAHOro N OJHAKOBMX aTOMiB,
TO KOXHHH eHepreTHUHUH piBeHb PO3LIENHTHCS, YTBOPHB-
mu B cucteMi 3 N aromiB N piBHiB. Ha koxHOMY 3 HHX,
srigHo 3 npuHuunom Ilaymai, MOXyTb 3HaXOZHTHCA He
6inblie ABOX eJIEKTPOHIB 3 NMPOTHJIEXXHHMMH CHiHaMH. SIKuo
KiJIbKiCTE aTOMiB, sIKi yTBODIOIOTb CHCTEMY, HOCHTb BeJIH-
Ka, TO Teopisi MOBOAWTH, LUO:

1) wupura enepeeTuunol 30HU, AKA BUHUKAQ 3 ATOMHO-
20 piBHA, He 3anexcuTo 8i0 4ucaa aromis y kpucrasi. BoHa
36iabIIYyETbCS €KCNOHeHUiaNbHO NpH 2MeHIIeHHi Bimaadi
MiXK aToMaMH, SIKIIO SIKHMCb YHHOM BIA€TbCS 3MiHHTHU .MO-
crifiHy pewiTku. Ilpu 36inblieHH] yucaa aToOMiB B KpHCTasi
eHepreTHYHi piBHi YILIJbHIOIOTLCS BCEPENMHi 30HM, aJe
rpaHullb ii He 3MiHIOIOTb. ['paHuLi 30HM BH3HAYalOTbCs
€HepreTHYHOIO BilaJuIl0 MiX pO3LIENJIEHAMH PiBHSIMH BXe
npu 36JHKEHH] KiJbKOX aTOMiB; .

2) 4uCA0 KBAHTOBUX CTAHIE 8 eHepzeTuuriil 30Hi dopis-
HIOE 4UCAY ATOMHUX KBQHTOSBUX CTAHIB, 3 SIKMX BHHHUKJA
30Ha.

slkiio piBeHb y aToOMi 3amoBHeHHH, TO i 30Ha, KA BH-
HUKa€ 3 HbOrO, T€X 3arloBHeHAa. KO X BiAnoBiaHMH pi-
BeHb BiJbHMI ab0 YacTKOBO 3amoBHeHHH, TO i 30Ha Oyne
BiibHa a60o YyacTKOBO 3aMOBHEHA; -

3) & i0eanbHOMYy KPpUCTani He ICHYE KBAHTOBUX CTAHIE
i3 eHepeiamu, AKL NEHKATb MIH eHep2eTUYHUMU 30HaAMU.
‘Yepes Lie TIOPOKHsI eHepreTHyHa 06.1acTb MiX ABOMA CYCia-
HiMH 30HaMM Ha3WBaeTbcA 3a60poHeHoro 30HO10. EHepre-
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THYHi 30HM, sIKi MICTATb MOXKJIMBi KBAHTOBi CTaH#, HasH-
BalOTbCsi 00380AEHUMU €HepPreTHYHHMH 30HaMH. '
EHepreTuqm marparvm isosnsTopiB i HamiBNpoBiZAHHKIB
BlllplSHmOTbCﬂ Mi €00010 LIMPHHOIO 3aGOPOHEHOI 30HH.
Y MeraniB 415 30BHiLIHIX €JEKTPOHIB 3aGOPOHEHOI 30HH
a60 30BciM He icHye, 60 BaJleHTHa 30Ha i 30Ha NMPOBiAHOCTI
MepeKpUBaIOThCsl, a60 BaJleHTHA

e .—..l7 30HAa 34alOBHEHAa HAaNOJIOBHHY.
Y | Ha puc. 2 nonati 145 NopiBHSH-
< Hsl eHepreTHuHi niarpamu Crek-
TpiB eJIEKTPOHIB y MeTaJi, Ha-
m====, [iBOPOBiAHHKY Ta i30JATOpI.
=7 . AE, AE;— eHepreTuuHi LHpH-
HYM 3a060pOHEHUX 30H BiANOBiIHO
Puc. 2. Enepretuuni nia- B HaniBNpPOBiAHHKY Ta i3oJasTOpi.
TpamMu cneK'!'pa €JIEKTPO- nopyq 3 MOXXJJUBUMHU nepe-
Hi8: XoflaMu i3 30HM B 30HY a6o B

a — y mertasi (30H4 Mnepekpu- .
BaioTbCA); 0 — B HaMiBNpOBiA- MeXXaX 30HH -Ha BHIIl eHepre-
Y i aoma o ais mpo.  TMUHI piBHI B TBepmomy Tixi
Bi AHOCTI. MOCTilHO Bi}lﬁyBalOTbCH nepe-

XQAH eJIeKTPOHIB Bim aroma 10
aTromMa TyHeJbHHM eq’)EKTOM Ha pe3oHaHCHi (omHakoBoOIi
eneprii) piBHi. B ioHHux kpucranax, Hanpukmaan NaCl, Taki
rmepexoad MOXJIHBI TilnbKu
MiX CyCiZHIMH iOHaMH XJIO-
py a6o Mix cyciaHimMu
i0HaMH HaTpilo, aje He MixX
ionamu Hatpilo i Xxaopy.
Ha puc. 3 nmokaszaHo MoOxX-
JUBI 1 HEMOXJHBiI nepewmi-
ILleHHS] €JIEKTPOHIB TYyHEJb-
HuM edexktoM. CTBOpIOBATH
BUCJHIiIHUH CTPYM Taki i30-
eHepzeTUuHi TIepEeXOdd He _
MOXyTb. CTPyM BHHHKAE  Puc. 3. [lepemiuieHHs enekTpo-
JMIIe TOMi, KOJM €JIeKTPOH  HiB TYHeJbHuM edeKToM y Kpu-

. crani tuny NaCl:
MOXKe Ha6paT" eagpmo B ninit I 1 I — mMoxauBi;
eJIeKTPUUYHOMY T1I0JIl, nepe- ninis 111 — HeMOXuBi.
XOJSiuM MOCTYNOBO Ha Bce BHUlLi, 6/1M3bKi Mik 006010, He3a-
NOBHEHi NO3BoJeHi piBHIi.
[TepemilleHHst €JIEKTPOHIB B KPHCTaJji B3NOBX CHJIOBHX
JAiHill' 30BHILIHBOr'O NOJsi 03HAYa€ NepeMillleHHS 1X Ha 30H-
Hill niarpaMmi B3#OBXK OcCi eHepriii, B MeXaX [103BOJIEHHX
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30H. OTXe, 3riiHO 30HHOI Teopii, BeJIHUHHA eJNIEKTPONpoOBia-
HOCTi y TBepPAOMY Tili WIiTKOM BH3HaYaeTbCsi 3aroOBHEHi-
CTIO i BiIHOCHMM pO3MillleHHSIM HO03BOJIEHHX €HepreTHYHHX
CTaHiB.

[is eneKTpuuyHOro mnoJsi Ha pyX 3apsaldiB y Kpucrasi
xouy i momi6Ha no Ail noss Ha BiJbHI €JEeKTPOHU Y BaKyyMi,
npote Mae icTOTHi BiAMiHHOCTI. Lle cnpuyYMHEHO CKJIaaHOIO
B3a€MOMi€l0 iICHYIOUMX Yy KpHCTaJi BHYTpilIHiX moJiB.

Tounuii po3B’sI30K 3amaui NMpPo pyX eJNeKTPOHIB y KpH-
cTaji HeMOXKJUBME, 60 lLle € 3amauelo B3aemonaii 6araThbox
tia. [lpoTe npu AesKuX 3acTepeXkeHHAX | NpPHIYLIEHHAX
piBHSIHHS PYXy BiIbHHX €JIEKTPOHIB Yy KpHCTasi MOXYTb
MaTH BUTJSM, NOAIGHMHE N0 BiIOMHX PiBHSIHb PyXy BiJbHUX
eJIeKTPOHIB y BakyyMmi. 3’acyeMo, NMpH SIKHX YMOBax HHMH
MOXXHa KOPHCTYBaTHCS.

PiBHSIHHS pyXy IJ5 BiIbHOTO €JIEKTPOHA y BaKyyMi

1 dE
’U=T’d—x, (10)

dKe 3B’3ye MixK c0600 MHUTTbOBiI 3HaueHHs WIBHAKOCTI 0,
edeprii E i XBUIbOBOro BeKTOpa K, He AiHCHe AJI1 BIJIbHOTO
eJIeKTPOHAa B KpucTaJi. Bu3HaueHHs HOro MHUTTbOBOI LIBHJ--
KocTi no36aBJieHe cMuCay, 60 3riflHO 3 NPHHUUIOM HEBH3-
HaueHOCTi MOrpillHiCTh MIBHIAKOCTI MepeBHLIye caMmy IUBHA-
KiCTb, B YOMY JIETKO NMepeKOHAaTHCS Ha NpHUKNali
A1
Av =05
e Ax — Binmanp nopsnKy CTajaol pelliTKH.
[TincraBasitoun y M0 GopMyJsy 3HAUYEHHS:

h =6-10-% epe-cex;
m=m,;=9,1-10-* ¢
Ax =3-10-% cu,
OIepKYEMO
Av=108 cm/cex.

[lpoTe, KO BiAMOBMTHCA Bil MOHATTS MHTTHOBOI
IUIBHAKOCTI i MPHHHSATH O/ BH3HAYEeHHA PYXY eJIeKTPOHa
B KDHCTa/i CepedHEé 3HaueHHs WIBHAKOCTI HA ILIAAXY HOro
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BiJIbHOTO NepeMillleHHs1 B IKOMyCb HampsiMKy Hexa# x, To,
noni6Ho nmo piBHsHHA (10), MoXxHa 3anucaTH AJs cepen-
HbOI LIBHAKOCTI

P = e (11)

CepeaHe NpPUCKOPEHHS €JEeKTPOHA BiAHOCHO KPHCTaJiuHOl
peuriTKH

dv 2= d [OE 2n 0 (dE
7=T'7(a—x,,) =T'5x—,(ﬁ) (12)
PiBHsHHA 30epekeHHs eHeprii 3amuileTbCcs fK
— dE
f’UxAt='d—lAt. (13)

3oBHilwHA cuaa [ Ha wasxy Ax (wiasx Ax popiBHioe
KiJIbKOM MiXXaTOMHMM BiAfa/nsiM) BHKOHye pobGoty fu,Af,
sika HOpiBHIOE 3MiHi eHeprii 3a Toll e yac Al

[lincTaBHBIIM 3HayeHHs 3 piBuanHa (13) i v 3

Tar
piBHsaHHsa (11) y piBuanHa (12), MaeMo
do, _ ,4nt O°E
@ =TT (14)
PipusinHs (14) noniGHe mo Apyroro 3akoHy HbloToHa
d 1
a =S (15)

. . . 4 PE
[NopiBHiorOuH piBHAHHA (14) i (15), MHOXHHK Rl
MOXHa TJIYyMauHTH K BeJMUHHY NMoAiOHy oGepHeHifl maci 711—

Beaununna

h? 1 .
W OE = M (16)

2
0K’
olepxKajsa Ha3BY e(exKTusHOi macu eJeKTPOHAa B IaHOMY
HanpsaMKy. EdekTuBHa Maca m* (4utaeTrbcs m 3 3ipoukoIO)
He BH3Hauae co6010 Hi iHepLifHMX B/AaCTHBOCTEH eJNeKTpOHA
(nipku), Hi 3amacy eHeprii, Hi TsaxiHHs. Boua e TiibKH -
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KoeilieHTOM NpPOMOPLIOHANBLHOCTI MiXK 30BHIILHBLOIO CHJIOIO

i cepeiHiM NMpPHUCKOPEHHSIM eJIeKTpPOHA B pelliTli,

MHOXHH-

KOM, IKMH BpaxoBy€ B3aeMOAil0 eJeKTPOHA 3 NepiofAHYHUM
nojeM pelriTKH MiA yac Horo pyxy uyepes KpHcraJ.
EdekTuBHa Maca BUSIB/IAETbCA TEH30POM, SIKILO PO3rJs-
naTH PYX eJleKTpOHa siKk TPpbOXMipHui. Lle o3Hauae, mwo B
3arajbHOMY BHNAJKy HaBiTb HaNpsAM NPHCKOPEHHS eJekK-

TpoHa He 36iraerbcs 3 Hanps-

£ £ MOM 1ii cepenHboi cusu. TeH-

. ¢ 0 30pHHH XapakTtep e(eKTHB-

A \i o HOl MacH i 3ajexnicTb ii Be-
f.} Vo v JIMYHHH Bill KpUcTajorpadiu-

T i . b HUX HanpsiMkiB o06yMOBJeHi

o N e HEOJHaKOBIiCTIO  MOTeHUia/b-
ZZ-!_L ! J HuX Gap'epiB B LuX Hanps-
ST 7o MaxX, SKIIO KPHCTald  aHi3o-
/72-;—:--: 1 TPONHHi. ) ) )
e 1, L Yum 6Ginbwi mnoreHuiasbHi
KeHy 0 K KK Gap’epu, Kpi3b fiKi 10OBOAHMTD-

Cg INPOXOAHMTH MPHCKOPIOBA-
HOMY eJIEKTPOHY, THM O6ijib-
LIOI0 BUSIBJSETbCS HOro edek-
THBHa Maca. 3 uiei ToOukH
30py BHYTPIillHi eJeKTPOHH
aToOMiB He BJAE€TbCA MPUCKODHTH 3O0BHIlUIHIM [MOJIEM, TOMY
L0 3aBASKH BHCOKHM MOTeHUiaJbHUM Oap’epaM edeKTHBHA
Maca BHSIBJSIEThCS AYXKe BEJHKOIO.

Ilng BaJleHTHUX eJIEKTPOHiB B He3amloBHeHil 30Hi edek-
THBHA Maca Mae€ MOPSAOK MacH BiJIbHOTO eJIeKTPOHA My

m*~mo

Puc. 4. T'padik 3anexnocri eHep-

rii eJeKTpoHiB Bin BeJUUHHH i

3HaKa XBHJIbOBOTO BeKTOpa K:
---y BaKyyMi; — B KpHCTaJi.

TToHsTTsi e(eKTHBHOI MacH CNpOLLye BHBUEHHs MpolLe-
ciB nmepeHocy 3apsaiB B TBepauX Tinax. [Ipore kopucrysa-
THUCS HUM Tpe6a 3 obepexHicTio, He 3a0yBalouH, WO edek-
THBHY Macy MOXHa BBaxKaTH IOCTifiHOIO BEJHYHHOIO TpH
3a3HaYeHHX NPUNYLIEHHAX JIMLIe B THX MeXaxX, B SKHX
eHeprisi eJeKTPOHA € KBAaAPATHYHOW (YHKII€I0 XBHJIbLOBOIO
BeKTOpa K, a came:

h?x?
8nim* (17)

Jns BibHOrO eNeKTPOHa Yy BaKyyMi 3a/leXXHiCTb MOX-
JUBHX 3HaueHb E Bin x Mae Burasg napabosH, fika Ha
puc. 4 306pakeHa NYHKTHPOM; /s €JEKTPOHIB y KpHCTa-

E =
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Jai — cyuinapHUMU BifpiskamMu napaboJin, sKi HakJgajaucs Ha
NyHKTHPHY KpuBY. Ha PHCYHKY BHIHO, LIO /Uil e/IeKTPOHA
8 Kpucranai napaGoaiuauii xix E = f(x) icHye Jume Ha
rpaHUUsAX HO3BOJIEHHX 30H. [0 TOro K iCTOTHO, WO KpH-
BH3HAa KpUBOI Ha BepPXHbOMY KPaio B KOXHii 30Hi NPOTH-
JIeXXHa KPHUBU3HI Ha HUXKHbOMY Kpalo. SIKINO Ha HHXKHbOMY
Kpalo KpPUBH3HA MOSHTMBHA, TO Ha BEPXHLOMY — Hera-
THUBHA, Bi/I'€MHA, a MOCEPeHHi 30HH NePeXONUTh Yepe3 HYJlb.
Kpususna napaGosiu xapakrepudye macy Hocis 3apsny.

Ha BepxHbOMYy i HHXKHBOMY KpasiX 30H CepelHi LIBHA-
KOCTi €JIEKTPOHIB B KpHCTaJi AOPiBHIOIOTH HYJEBi, a Bce-
peivHi 30HM IIBHIKICTb  BH3HAuyaloOTb i3 CHiBBiJHOLIEH-

AE

OoE
da (11), noknapawouu % =2 Re AE — mupuHa 30HH

. . L . .
npoB1OAHOCTL, a AK = z MeXl1, B SKHX 3MIHIOETbCS XBH-

JAbOBUi1 BeKTOp, a — craja pewitku. Ilinerasasioun Binno-
BifHI 3HaueHHs a i AE, omepxyeMo 1Js WIBUAKOCTi BeJH-
uuny == 107 cm/cex.

EcdektnBHa Maca, 1o BXoguTb A0 (opMyJsH, aHAJOriy-
Hiin (15), .

dv 1
@ =
Ma€ Ha HHXKHbOMY Kpalo [esike NMO3UTHBHe 3HauyeHHs +m,
a no6au3y BepXHbOro Kpaio MakHKe 3alOBHEHOI 30HH —m.

BaxauBo, 10 BJacCTUBOCTI yciel CyKymHOCTi e/JleKTpPOHiB
MaiXKe 3anoBHEHOI 30HH BH3HAuyalOTbCSl caMe $IKpa3 Iielo
He3HAuHOI0 KiJIbKICTIO He3anoBHEHHWX HaHBHILIUX piBHIB,
TOOTO BiACYTHIMH €JIeKTPOHaMH.

s enekTpoHa 3 HeraTUBHOIO e(eKTHBHOIO Macoio
(BincyTHbOro) 306i/blleHHs eHeprii BHKJIHWKAE 3MeHUIEHHS
wBHAKocTi. IlpHckopioBanbHe [Jis1 3BHYUAaHHHX e€JIEKTPOHIB
noJe Horo cnoBisbHIOe. Llg nuBHa He3BuuaiiHicTh y #Horo
NOBeAiHUi 3HHKA€, fKIIO NPUIHUCATH CTAHOBI 3 BiACYTHIM
eJIeKTPOHOM NO3UTHBHHUH 3apsi, PiBHHH 2apsily eNeKTPOHa,
i NO3HTHBHY e(eKTHBHY Macy.

_Hociii 3 TakuMu BiacTHBOCTAMU — L€ 3rajyBaHa BHILe
«JlipKa».

OckinbKH KOMHHI €JEKTPOH B CHCTeMi NparHe nepeum
3 piBHs BHLLOl eHeprii Ha HuUXKYMiH, AipKa Ha 30HHiH Aia-
rpaMi nepemillyBaTHMeTbCsi Bropy, «CIJMBaTHMEe» B 30Hi.

Ilpu nepemiiueHHi e/ieKTpoHA i3 3anoBHEHOI 30HH B
He3anoBHeHY B Hill yTBODIOETbCS BiJIbHUH €JIEKTPOH 3 edek-
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THBHOIO Macolo m,,, a B 3aNOBHeHili 30Hi — #ipka 3 Ma-

coo m,. Baarani, ui macu He piBHi MiX coGoio, 60 esex-
TPOH i HipKa nmepe6yBaloTh B Pi3HHX 30HaX, siki BipisHsio-
ThCS IIHPHHOWO i WliJbHicTIO piBHIB. B 30Hi, ne wuiiabhicTb
piBHIB Gijblua (HHXKYa 30HA), YMOBH PYXy AipOK, MOPiBHSIHO
1O eJIeKTPOHiB, OyAyTb cKJaanHiii, 66 B3aeMomis 3 pewit-
Kolo cuJabHima. Yepes ne i mMaca nipok 6yae Giabliow Bik
MacH eJIeKTPOHiB, a 3HA4uTb, Pi3Hi (pi3uuHi ymMOBH, K TeM-
nepaTtypa, TUCK [MOJIS, BINIMBATHMYTh Ha HHUX [MO-Pi3HOMY.

Enexrpuuni i marnitHi nmoss cnopsiMOBYIOTb pyX Hipok
i enexTpoHiB BimnoBiAHO Ao ix 3apsany i epeKTHBHOI Macu
Tak, Hibu Lle crnpaBii BiabHi Hocii. [Ipore BBaxKatu ix wij-
KOM BiJTbHUMH MOXHa 0yJso 6 TiJIbKH B HeCKiHYeHHO BeJH-
KOMYy KpHCTaJi 3 igeajbHO TNPaBUJBbHOIO PELIiTKOI TMpH
a6bcosmoTHOMY HyJi. B peanbHOMYy KpHCTaJsi 3aBXIH MNpH-
CyTHi CTOPOHHi NOMIlIKH, CTPYkTypa HeLOCKOHaJa, a Ten-
JIOBi XaOTHYHi KOJIMBaHHA aTOMiB MOPYMIYIOTb MPOCTOPOBY
nepionnyHicTb morteHuianbHux 6ap’epiB. Uepes ue cnpust-
JUBi YMOBH [IJIs BiJIbHOTO MNepeMillleHHs HOCIiB MOXYTb
yTBOpIOBaTHCS B KPHUCTaJi Ha HeBeJHUYKHX HiJNsIHKax — Bin-
pi3kax LIsXy, Ha3BaHUX OOBNHCUHOW BiAbHO20 npobiey i
nosnauyBauux [. Ilpu temneparypi 20°C B KpHcTasnax Ha-
nisnposianukis =107+ 10-5 cm.

[lpu TemnepaTypi pimkoro reniro i HuXYe B MOHOKpH-
cranax Ge, JnSb i Si noBxuHa [ nocsirae 3HaueHb KiJTbKOX
MiKpPOH.

CkiHyeHHHH yac iCHyBAaHHSI eJleKTPOHa B 30Hi MNpPOBiJ-
HOCTi, a AipKH — B BaJIEeHTHill 30Hi Ha3MBAETbCS YAaCOM XKHUT-
TA T, BignoBinHO esekTpoHa a6Go nipku. TpuBajicTe XKHTTS
OKPEMHX €JIEKTPOHIiB (IipOK) CTATHCTHYHO IPYNy€TbCs Ha-
BKOJIO iX cepellHbOrO uYacy XKHUTTH To.

3a ueii uac, npu BiAcyTHOCTi 30BHIlIHBOrO MHOJHA, HOCIi,
He3BaXKaloyH Ha X3aOTHUHICTb PYXY, BCTHTalOTh BilJaJUTHCS
BiJ Micusi CBOro BHHHKHEHHS B SKOMYCb HanpsMi (mo nps-
Miif) Ha BimnmaJab, fiKa Ha3uBaeTbCcsl NUOY3ifiHOIO NOBKHU-
Hoto [. Uum uacTtiumie Bin6yBaloTbCA «3iTKHEHHSI» €JIEKTPO-
HiB 3 pewiTkoio a6o 3 ngedekraMu ii, THM MeHIa AHPY-
3iifiHa NOBXXHHA.

Koegiyienr dugysii wociiB D BuMiploeThes KijabKicTio
3apsniB, fKi AUQYHAYIOTb 3a yac T = | CeK. yepe3 IMJO-
my S=1 c¢m? npu rpamiedti KoHueHTpauii Hociie
% =1 y BiACYTHOCTi 30BHILIHLOTO €JIEKTPHYHOIO MOJISI.

24



PyxauBicTio u 3apsiiB Ha3uBa€TbCs CepelHs WIBHAKICTEH
iX nepemilleHHs, BUKJIMKaHa noseM E =1 8/cm.

Bci nepeniveHi BennuuHM, sKi XapakTepu3ylOTb MOBe-
HiHKY HOCiIB B KpucCTaJi, B3aemMo3aJjiexHi. PyxauBictb 3B’si-
3aHa 3 KOHileHTpalielo i edexkTuBHOIO Macol. KoediuieHr
angysii 3B’a3aHuHil 3 pyxJauBicTio piBHsIHHAM EfiHmteiina

D _ T (18)

u e’

a 3 nuQy3iHHOIO NOBXHHOIO i YacoM XKHUTTS HOCiiB piBHAH-
HSM

T=V=D. (19

HaBeneni 3asexsocti, nopyu 3 iHIIMMH, BHKOPHCTOBY-
I0Tb TPH €eKcnepHMeHTaJbHUX [OCHiJKeHHAX HamniBnpoBin-
HUKiB. MeToaH BH3HAUYeHHSl LHX BeJHYHH € NMPEIMETOM OK-
peMHX aocCJilXKeHb, TOMY 3aliKaBJeHHM CJAill 3BepHYTHCS
no BixnoBigHux mxkepea [1], [18], [43], [50].

§4. JEARKI NHTAHHA TEOPIi XIMIYHOIO 3B’ﬂ3RY
1. OcHoBHi MOHATTA

Cuan, o 3B’A3YI0Tb PEYOBHHY B CYLiJbHE TBepae TiNo
i Bu3HauvawTb ¢isuuHi i XiMiuHi BaacTuBocTi Horo, 3aJe-
JaTb Bin cual B3aeMonii — 3B’A3Ky MiX aTromaMu i MoJe-
KyJJaMH B KpHCTaJax, fKi 3aJiexaTb Bio THOYy XiMiuHoOro
3B’5I3Ky MiX aToMamu.

XiMiunuit 3B'9130K — 11e 3B’SI30K, KM BHHHKAE€ B Pe3YJib-
TaTi MPOCTOPOBOro NeperpynyBaHHsl BaJIeHTHHX €JEKTPOHiB
MiX B3a€MOIilOYMMH aTOMaMH.

CJil YTOYHHTH NOHATTS BaJIEeHTHHX €JEKTPOHIB i BaJleHT-
HOro CTaHy aTOMiB. v

BaneHnTHuil cTaH aToMa He TOTOXKHHH «CTalliOHapHOMY»
cTaHy . i3oaboBaHoro atoma. CrauioHapHu#, a6o HOpMaJb-
HUH CTaH, XapaKTepHU3yeTbcsi Halbinbll HHU3BKUM 3HauyeH-
HAM eHeprii aToMa.

BaJseuTHuil cTaH — e INeBHUH eHepeeTuuHuil CTAaH, B
SIKMi nmepexoduTb aTOM i3 cTalioHapHoro a6o 36yAXKeHOro
CTaHy npu 3'edHaHHi B MOJIEKYJH abo arperaTH MOJIeKyJl.
Y BaseHTHHX cTaHaX aTOM MOXe MAaTH OAuH a6o KijgbKa
BaJIeHTHUX eJeKTpoHiB. Uepe3 le oauH i TOH Xe eleMeHT
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y pi3HHX CrmoslyKax Moxe MaTH Pi3Hi BaJeHTHi cTaHu i pis-
Hy BaJieHTHicTb. BasleHTHI esleKTPOHH, «36yAKeHi» y BaJeHT-
Hi CTaHH, XapaKTepH3yIOTbCsl 0CO6JHBOIO (HOPMOIO PYXY.

Tabauysa 1
CxeMa opiéHTanmii cminiB y cTamioHapHUX
i BAJGHTHUX CTAHAX
Craulonapul cranu Baseutni cranm

c 1s 2s 2p c s 2s 2p
OCHOBHUHl | T— T———7——— | ABOBa- —_—
cran | [Nv] [N]ATA] || aenmmmit| [y [RIIT]

C*

c* | 1s 2s 2p 4OTH- s 25 2p
6 S e — R -
sondt oan | [N [ATATATA] | ndwmmma | [N] [ TL 0T 0] 1]
CTaH B

KoxXHUll BaJIeHTHHH CTaH B aTOMi 3aBXAH 3aUHATHH
JMlle OfHUM eJleKTPOHOM. Po3risiHeMo §K mnpuK/aag Byr-
Jenpb. B Ta6a. 1 yMOBHO 300paxKeHi cTalioHapHi i BaJieHT-
Hi cranu Byruento. CTpikaMH B KOMipKax MO3HayeHi eJiek-
TPOHH 3 MEBHUMM HaNpsAMKaMK chiHiB. PuckaMu nosnaueni
€JIEKTPOHH y BaJIeHTHHX cTaHaX. KoMipku o3HayaloTh eHep-
reTUYHi CTAaHH — €JIeKTPOHHI OOOJIOHKH i MiZ0OGOJIOHKH aTo-
MiB.

Maiixke yci cnonyku Byraewo, kpiMm CO i we nesikux,
3aCHOBaHi Ha 30yMXKEHOMY UYOTHPbOXBAJEHTHOMY CTaHi
ATOMIB BYIJIELO.

Konu npu nepexomi 3 crauioHapHoro craHy y BaJleHT-
HMH aTOMHi §-, p- i d-elNeKTPOHH NeEPETBOPIOIOTbCA Y
BaJleHTHi, TroBOpSiTb, IO BiAGyBaeTbcsi ribpuausamis Ba-
JIeHTHOCTeH, Hanpukaaj, sp-ribpuausanis (3MilryBaHHA),
dsp-ribpuausauis. Y [IBOXBaJEHTHOro BYyrJeuio Tri6puau-
3anisn BiacytHs. ¥ cnoayui CO YTBOPIOETBCS 3B'AA30K Mix
IBOMa p-eJIeKTpPOHaMH BYIVIELIO i YOTHPMa p-GJIEKTPOHAMH
KHCHIO, IKi pa30M 3aMOBHIOIOThL P-Nif000/JOHKY. Y YOTHPbOX-
BaJIEHTHOr0 Byrjeuio BigGyBaerbcsi sp3-ribpuausauis.

B3arani ri6puaunsanis Moxe BiaOyBaTHCs MiX ns-, np- i
(n—1)d-piBHsiMu nepexigHux esnemeHTiB. Mailixe yci Bi-
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JloMi HamiBOPOBiAHHKHM 3JiHCHIOIOTL XiMiuHHH 3B’A30K 3a
JIOMIOMOTOI0  P-€JIEKTPOHIB a60 sp3-riGpuIM30BaHUX eJjek-
TPOHIB. '

IIpupoaHe neperpynyBaHHs eJleKTPOHIB BiZOyBa€eTbcsi B
TaKOMYy HamnpsiMi, 110 3amac NOBHOI eHeprii B HOBOYTBOpe-
Hil cHcTeMi 3MeHIIYETbCS NOPiBHSIHO N0 3anacy ii B Okpe-
MHX aTroMax; lie O3Hauae, 10 NpoLec leperpynyBaHHs CTa-
6inisye cucremy. IIlo6 - BH3HAUUTH HACHiOKH MOKJIHBOIO
neperpynyBaHHs eJeKTPOHiB MisK aToMaMH, NOTPiGHO 3HATH
e/1eKTPOHe2aTUBHICTb eJieMeHTIB (3aTHiCThL aTOMa B Mo.Je-
KyJi «IPUTAraTH A0 cefe eJeKTPOH»).

3a Mipy eneKTpOHeraTHBHOCTi X atoMa NpUHMAIOTh MiB-
cyMy a6o cyMy alCOJIIOTHHX 3HauyeHb eHeprii iowisauii £;
Ta eJeKTPOHHOI cnopiaHeHoCTi Ee '

X = _E,_g& es. -(20)

Enepein ionizayii — ue eHepris, siKy Tpe6a BUTPaTHTH,
1106 BiOKPEMHTH €JIEKTPOH BiJ atoMa.

Eaextporna cnopidnenicTs BUMIPIOETBCS  KiJBKiCTIO
eHeprii, siKa BUIiNfAE€TbCA NPH NPUEAHAHHI eJIeKTPOHA 10
HefiTpasbHOro aToma a6Go mnorpi6bHa Ha BiApuB fioro Bix
HeraTHBHO 3apsIXKeHOoro ioHa.

Pi3Huls e/leKTpOHEraTHBHOCTEH aTOMiB O3Haya€ 3araJb-
He 3MeHIUEeHHs MOTeHLiaNbHOI eHeprii cucTeMu B pe3yJbTa-
Ti Nepexoay eJsleKTpOHa BiJa OJHOro atoMa A0 ApPYroro.

2. Taun ximivnmx 3B’A3kiB Mix aromamm

lonnuit Tun 3B’A3KYy. [leperpynyBaHHs ejieKTpo-
HiB MiX B3aeMOIiIOYUHMH aTOMaMH MOKe MPHBECTH 10 NO8-
HOi nepedaui 00HO20 ab0 KiatKOX eAeKTPOHi8 8i0 00HO20
aroma 0o Opyeozo, W06 3aBEPLIMUTH NPHHAAMHI y omHOro
3 HUX N0o6ynoBy OGOJIOHKH OO 3aMKHEHOro okrtera (BiciM-
KU — KoHirypauii o6osoHKH iHepTHHX rasiB). [Ipu nsomy
00KiBa aTOMH MepPeTBOPIOIOTHCH Y iOHH MPOTHJIEKHHX 3HA-
kiB. Cuiu 3B’13Ky, 1O YTBOPIOIOTbCS MiXK HHMH,— NPOCTO-
pOBO HanpasJ/eHi TOJIOBHUM YHHOM €JIeKTPOCTATHYHi KyJIo-
HiBCbKi cMJIM mpUTAraHHsa. Taxkuil THN 3B’I3Ky Ha3UBAE€TbCH
iOHHUM.

IoHHuil Tun 3B’A3Ky HaWNOBHillle BUSABJEHHH Yy CHOJYKaXx,
YTBOPEHHX 3 HaHGi/bll eJeKTPOHEraTHBHHUX €JIeMEHTIB 7-0i
rpynu Ta HaHMEHIn eJeKTPOHeraTUBHUX eJeMeHTiB |-oi
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rpyny, sk, Hanpukaaa, LiF, NaCl, CsCl, AgBr i in. Bin
BJIACTHBUH CNOJYKaM IUX eJIeMeHTiB He3aJIeXXHO Big Toro,
B SIKOMy arperaTHOMY CTaHi BOHH 3HaXOASTbCS — TBEPLO-
My, piikoMy (po3mJaBjieHOMy a60 pO3UHHEHOMY), [a30-
BOMY.

B TBepauxX eseKkTposiTax BH3HAYAIOUHM € SKpa3 iOHHUH
Tun 3B’a3Ky. Cnosyku 3 Ta-
s KMM THIOM 3B’S3Ky iHakuie

I .
f § 5 2 2 B 3ByThCH 2eTeponoAspHUMU.
Ny My m BT Konn cnoayku yTBOplO-
nalsfrd\ L 10TbCSl eleMeHTaMHy, 110 HaJje-
EESANE XaTb N0 Tpyn, GJHXKYKX 10
' cepenHHH TabJ/uli, iIOHHHH Xa-

g fe 1 pakTep 3B’sI3Ky NOCJaG6JIOETh-

¢5 8a cA THM OiJblle, YUM MeHIUa

0 [ 2 3 "4 pi3HMUA  eJIeKTPOHEraTHBHO-
Puc. 5. Ilkana BigHOCHHX CTeH eJIeMEeHTIiB.

€JIEKTPOHRTaTHBHOCTEH Pi3HMX TMayniur no6ynyBaB LIKa-

€eJleMeHTiB NepioAHYHOI CH- R
cremn. ITo oci abeuuc Big- J1Y BIIHOCHHX eJIEKTpOHera-

KnafeHi BiQHOCHI 3HayeHHs THBHOCTEH MJIsl JeSKHX eJe-
eJIeKTPOHeraTHBHOCTEH MeHTiB (puc. 5).
(Li=1). B ocTaHHi poKH AaHi esek-
TpoHeraTuBHocTed (Tabua. 2)
IJ5 JesKHX eJleMeHTiB yTouHeHi Xarriacom.

Busassena IlayninroM emmipuuHa 3anexHicTh (puc. 6
MiX 4acTKOO i0HHOro 3B’sI3Ky B MOJIeKYJi i pi3HHllelo esek-

TPOHeraTHUBHOCTell aTOMiB ONMHCYETbCS PiBHAHHAM

L=1—e *%a=*s", (21)

le xa i Xp— eneKTpoHeraTHBHOCTI aTtoMiB A i B;
¢ —crana (piBHa !/s, KOoJun Iia eJeKTPOHeraTHB-
HocTeli GepyTb MiBCYMH eHeprii).

Jas pelmrtu eseMeHTIiB 3HaueHHs eJeKTPOHeraTHBHOCTEH
He BHM3HAayeHO TOMY, IO HeBHCTayae€ MNOTPiOHHX eKclepH-
MEHTaJbHUX HNaHUX a6o Meroj He MoOxe OyTH NOLIHPEHHH
Ha HHX.

Kosn BaxsHBO X04 HAGJMXKEHO OLIHMTH, sIKa 4acTKa
y 3B’SI3Ky NpuMajfae Ha [0JIO iOHHOro 3B'si3Ky MiXK aroMa-
MH, BHKODHCTOBYIOTh 3aJIeXKHOCTi, HaBejeHi Ha puc. 5 i 6
ta B Taba. 2 i 3.

SIKIO pi3HMLS eNeKTPOHEeraTHBHOCTeil AOPiBHIOE HYJIIO —
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tle O3Hauae NOBHY BiJACYTHiCTb iOHHOro 3B’sI3Ky MiXk aTo-
MaMH.

Tabauys 2
BinHocHi 3HaYeHHA eJeKTpoHeraTuBHocTeil eaementiB (Li=1)*
Enement x 1 Enement x Enement X
H 2,1 (2,2)* Si 1,8 (1,9)* Br 2,8 (2,9*
Li .1,0 P 2,1 Rb 0,8
Fe 1,5 S 2,5 (2,6)* Sr 1,0
B 2,0 Cl 3,0 (3,1)* Y 1,3
C 2,5 (2,6)* K 0,8 Zr 1,6
N 3,0 Ca 1,0 Sn 1,7 (1,9)*
O 3,5 Sc 1,3 Sb 1,8 (2,0)*
F 4,) (3,9)* Ti 1,6 Te 2,1 (2,3)*
Na 0 Ge 1,7 (1.9)* J 2,4 (2,6)*
Mg 1,2 As 2,0 (2,1)* Cs 0,7
Al 1,5 Se 2,4 (2,5)* Ba 0,9
Pb 1,6

flpumirtka. 3ipoukamn mo3HadeHi naHi 3a XarriHcom.

Tabauysa 3

Yactra (cTyminp) ioHHOCTI 3B’A3KYy AK QyHEOiA pisHmmi
€JeKTPOHEraTHBHOCTE i

16 | 1,8 | 20 ( 22 | 24| 3,0

Xp—Xpl02)04(06]|08)1,0|12]14

€% 114 |8]15]22]30 39‘47]55[63 70]76 88

HOns ckaAagHilIMX MOJIEKYJ, IO MaloTh KijJbka pi3HHX
THMIB 3B’A3KYy MiX aTOMaMH, BU3HAYeHHsl CTyNeHs iOHHOro
3B’A3Ky He Take MpOCTe.

KoBasmeHTHU! Tun 3Bs3Ky. [leperpynyBanus
@JIeKTPOHIB MOXe BHKJIHMKATH TaKe B3a€MHe 3MillleHHs eJieK-
TPOHIB, NPH SAKOMY YTBODIOIOTbCS €JEeKTPOHHi Napu, B Of-
gakoBiii Mipi cnminbni nas B3aemonirouux atoMmiB. Koxen
aTOM [Js 3B’SI3Ky 3 iHLIMM BigJa€e OAMH eJeKTPOH i OnHH
onepxkye Big Hboro. EJleKTpOHHA XMapkKa, yTBOpeHa TaKOlo
1apol eJeKTPOHiB, WiJIKOM CHMeTPHYHA BiZHOCHO 060X
aToMiB. 3B’SI30K MiXK aToOMaMH, 1O YTBODIOETLCS IPH TAKO-
My neperpynyBaHHi, Ha3UBAETbCSI OOUHAPHUM KOBAAEHTHUM
36’A3K0M; 1HaK1Ie HOTo Ille Ha3HBAIOTb ATOMHUM, HENIOJISIPHUM
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a6o ecomeonoanprHum. Koam 3B’30K Mixk [ABoMa arTo-
MaMHu 3[iHCHIOETbC [BOMAa NapaMH eJeKTPOHiB, 3B’SA30K
Ha3MBalOThb MOJABIHHUM, KOJIH TPbOMA NMapaMH — MNOTPiHHHUM.
EHepria mnoasifiHoro i nOTpiiHOTO KOBaJIEeHTHOTO 3B’SI3KY
6inbma, HiX OAMHApHOro, aje He B [ABa uM BiANOBiAHO
B TPH pasH, a MeHlle.

YTBOpIOBaTH KOBaJIEeHTHi 3B’A3KH MiX aroMaMH 3AaTHi
TiIbKM HecnapoBaHi eqeKTPoHU. MexaHisM LbOro 3B’A3KY
noJsirae B TOMY, IO

& KOXXHHH eJIeKTPOH, SIKHi
508 P BXOAHTb ¥ SB’FIUSOK, ne-
2 pebyBae nesaKHi uac y
Q06 < npocropi MiX sapamu
Sp4 / B32aE€MOJiIOUHX  aTOMIB,
g / HUMH o6oMa npHTATae-
£0.2 TbCA i caM npuTArae ix
é 0 060x 10 ce6e. Cepea Ha-

10 20 30 TiBINPOBiAHUKIB OQWHAp-
(Xa-Xg) Hi KOBaJIeHTHi 3B’I3KH €
Puc. 6. Tpadik, mwo nokasye wactky HaHOIJbII  MNOLIHPEHHUM

(cTyninp) ioHHOro 3B’#3Ky Yy 3arajlb- THIOM 3B’3Ky. 30KpeMa,

HOMY 3B’i3Ky Mik atomamu A i B B & :

3aJIeXKHOCTi BiJl Pi3HHLI eJeKTpOoHera- noro 'yTBOP}O}OTb . MIXK
THBHOCTEH LHX aTOMIB. coGoio: a) ONHAKOBi aTo-

_ MH, HanpukJaax, C—C,
Si—Si, J—J, 6) atomu, saKi XiMiYHHUMH BJIACTHBOCTSMH
He JyXe BiIpi3HAIOTbCA MiX c06OI0, HanpUKAaA, aTOMH
oaHiel i tiei x miarpynu — Si—C, B) aToMu He nyxe Bia-
lajieHux cyciiB mo nepiony, Hanpukiag, B—C, Ga—As
TOLLLO. )

Atomu B MoJekyJax 3 KOBaJeHTHHMH 3B’I3KaMH MaloThb
MeHWIi po3MipH: X KOBaJIeHTHi paniycu MeHuwi Big crauio-
HapHHUX.

Y YOTHPbLOXBAJIEeHTHHX €JeMeHTiB INpH KOBaJEHTHHX
3B’13KaX YTBOPIOETbCS PiBHOMipHHUIl pO3MOAiN ycix BaJjieHT-
HHX 3B’SI3KiB y NpOCTOpPi, BHACJiJOK B32aEMHOr0 Bi[IUTOBXY-
BaHHA BaJIeHTHHX eJeKTPoHiB.. YoTHpH OAMHApHi 3B’A3KH
po3MilllyloTbCSl B HamMpsIMKy BiJ LEHTpa NpPaBHJbLHOIO TeT-
paenpa no HOro KyTiB.

Ha puc. 7 i 8 nokasano TeTpaeapuuHe po3MillleHHS aTo-
MiB B asnMasi, Ha puc. 8 — iioro yoTHpuBaseHTHi (mapHo-
€JIeKTPOHHi) 3B’S13KH.

BanentHi cuiu, 3B’si3aHi 3 opieHTauielo cniHiB, MaiOTh
BJlacTUBiCTh HacuuyBaTucsa. Jis LHX cHa NOpPOSABISETbCH
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JIMlIe Ha KOPOTKMX BifjajsX, a BeJHUMHA BH3HAuaEThCS
CTyMeHeM NePeKpHBAHHsi i B3aEMHOr0 MPOHHKHEHHS eJeK-
TPOHHUX XMapoK (llllJ]bHOCTePl) B33aEMOilOUKX aTOMiB.
IToaspuu# Tun 3B’a3KYy. [leperpynyBanus MmMoxe
NPUBECTH [0 TAKOrO 3MillleHHS BaJIeHTHHX €JIeKTPOHIB, NMpu
SIKOMy MpPOCTOPOBHH 3apsii yTBOPEHOi €eJEeKTPOHHOI mapu
3Mmimenuit y 6iapwiii yn MeHwik mipi B 6ik omHOro aroma.
EnexTpoHHa XMapka napH eJeKTPOHiB He CHMeTpHYHA IO
BinHOLIEHHI0O N0 060X aTOMiB, fIK MPHU CYyTO KOBaJEHTHOMY

Puc. 7. TerpaeapnuHe pos- Puc. 8. ¥moBHe 306pa-
TallyBaHHA aTOMiB y pe- XEHHA MapHOeJeKTPOHHHX
witii THNY ajaMasa 3B’A3KiB MiX aToMamu y

pewliTUi THMY aJMasa.

3B'd3Ky, a 3MilleHa i Mae Giablly WiJabHiCTD 6ins1 OgHOTO
3 HuX. AToMm, 6ins AKOro LIJBHICTb €JeKTPOHHOI XMapKH
Gisnbiia, HaGyBae HeraTUBHOTro 3apsay, 6isnis SKOTO LliJib-
HiCTb MeHIlIa — MO3UTUBHOro. Taka pi3HOBHIHICTb KOBaJIeHT-
HOTO 3B’SI3KYy Ha3WBAE€TbCA MOAAPHUM 3B’SI3KOM i € mepexin-
HOIO (OPMOIO MiX YUCTO iOHHMUM 3B’A3KOM i YHCTO KOBa-
JIEHTHHUM,
Honsipuicts 3B’SI3KYy TUM cuJ/ibHillle BHSIBJeHA, YUM GiJb-
we BiApi3HSIOTbCS B3aEMONiIOYi aTOMH CBOEIO eJIeKTPOHe-
ratuHicTio. CTyniHb NOJAPHOCTI 3B’SI3Ky MiXK aToMaMu
B MOJIEKYJIi 3aJIeXKHTb Bill NIPHPOAH iHLIKX aTOMiB, 3B’SI3aHUX
3 JTaHHUM.

TMonsipHuii TN 3B’3KYy BJAacTHBHH OiabwocTi XimiuHMX
CHOJYK, cepel SIKUX 3HauHe Miclle Ha/leXHTb HaniBOpOBin-
HukaM. Yacro 3amicTb TepMiHy «MOJsIpHUH 3B’SI30K» KODH-
CTYIOThCSi TEDMiHOM «uacTKa iOHHOro 3B’I3Ky Y KOBAJIEHT-
HOMY 3B’$I3Ky» a60 TOBOPSITb NPO CTYMiHb JOMiHyBaHHS KO-
BaJIEHTHUX 3B’SI3KiB Hal, iHIIMMH.

TepMiH «KOBaJIeHTHHH 3B’SI30K» Te€X 3acCTOCOBYIOTb He
TiIbBKH [0 KOBaJIEHTHHUX 3B’A3KiB, KOJIM 3B’I30K 30BCiM
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HenoJIsipHUH, ajie MOLIKUPIOIOTh HOro i Ha MOJISPHI 3a BHHAT-
KOM 4YHCTO iOHHOTO.

Jo HaniBNpOBiAHHUKIB 3 MOJSIPHUM THNOM 3B’SI3KY HaJle-
XKaTb iHTepMeTaJliyHi CNOJyKH eJleMeHTiB, CHMETPHYHHUX Bil-
HocHo 1V rpynu: AMBY — InSb, AlSb, GaSb, AlAs, GaAs,
InAs, AlP, GaP, InP, A'BY— BeS, ZnS, CdS, HgS, BeSe,
ZnSe, CdSe, HgSe, BeTe, ZnTe, CdTe, HgTe Ta cnoayku
HecuMeTpHuHi BigHocHo IV rpynu: AMBY!'— Ga,S;, Ga,Ses,
Ga,Tes, InyTes. '

“PosMmillleHHs1 aToMiB a60 MOJIeKyJ B KpHCTaJi Mae MeB-
HY 3aKOHOMIpHiCTb, iIKa CIpUYHHEHAa HAUBHUTiAHIlIMUM eHep-
TeTHYHHUM II0JIOKEHHSM YaCTHHOK — HaHOiablUOI0 exepeieto
36’A3ky — i BUsIBJeHa y (opMi MPaBUIBbHOI MPOCTOPOBOI
peliTKy,

Eneprielo 3B’3ky TBepaoro Tisia Ha3WBalOTb €Hepriio,
MoTpiOHy AJs po3’€elHAaHHs TBEPIOro Tija Ha oKpeMi MoJe-
KyJau (ioHH, aTOMH) NPH KiMHaTHi#i Temneparypi, a aasa Mo-
JIeKyJAsSIPHHX KPHUCTaJiB — NPH TeMIepaTypi MJaBJieHHs.

IleBHuit THN 3B’3Ky 3yMOBJ/IO€ c06010 BiAMOBiAHO HaM-
BUTiJHIIly B €HePreTHYHOMY BiAHOWIeHHi pewriTky. Iasa ¢i-
3UKH i1 TeXHoJIOrii HamiBOPOBiAHUKIB MOTPiGHO 3HATH i KpH-
crasorpacgiyni i ¢isuko-xiMiudi dani mMarepiauay.

B posmiwenni atomiB y TBepaomy Tiji Tpe6a po3pis-
HATH O0au3exuil i dasrekuii NOPsLOK.

Bauszokum nopsadkom Ha3HUBaeTbCsi MEBHE (IPOCTOPOBE
po3MilleHHs HaWOJHIKYMX CYyCiliB, 3 fAKHMH Ge3nocepeaHbo
B3aemonie aroM. KiabkicTh iX Ha3HBaeTbCs KOOPOUHAyili-
HUM yucaom. Bau3bKuil NOpsiIOK BU3HAUYa€e co60l0 HaHUTr0/0B-
Himwi ¢i3uyHi BJaacTHBOCTI TijMia, ¥ TOMY YHCJi i THO eJek-
TponpoBiaHoCcTi. BiH 3yMoBJeHHH MiXKaTOMHHMH CHJIaMH
3B’A3KY. ,

Hanexuii nopadok BUSABJISETbCSH B TOMY, (O NeBHi CTPYK-
TYpHi eJIeMEeHTH pelliTKH MOBTOPIOIOTHCA Yy HPOCTOPi uepe3
neBHi, MOCTi#HI AJis NaHOI PeYOBHHH, iHTEpBAaJH, SKi MalOTh
Ha3By craaoi pewirku. [lopylleHHsi NaJdbHbOrO MOPSIAKY
BIJIHBAIOTh Ha BEJIMYHHY €JEeKTPONPOBiAHOCTI, iCTOTHO 3MeH-
wyloud ii, 3MiHIOIOTb T'YCTHHY i AesiKi iHIIi BJacTHBOCTI.

Hasa Ginbuiocti TBEpAUX TiJl MOXKHaA BCTAaHOBHUTH IlepeBa-
JKalouy 4acTKy SIKOrocb THMY 3B'A3KY Y MNOBHiil eHeprii
3B’SI3KY i Ha miAcTaBi LbOro BillHECTH Aalc TiJO 10 NMEeBHOro
THNy. PO3pi3HAOTb YOTHPH TOJIOBHHX THUNH 3B’A3KY B KPH-
cranax: iOHHMI, KOBaJIeHTHHH, MeTajiullMd i MiXMoJeky-
JISIpHUH.
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3. THnm 3B’43Ky y EpHCTaJax

IoHHu# TuHD 3BA3KY B Kpucrasax 06yMoBJeHHH
ioHHUMH 3B’A3KaMHM MiX aroMaMH, $iKi BXOLSTb 1O i0ro
cKiany.

IoHHuUiI KpucCTal MOXHa BBaXKaTH BEJETEHCbKOW MoJie-
KYyJIOlo, fiKa MOXKe HeoGMexXeHO A00GynoBYBAaTHCS.

Jlas ioHHHX CHoayk Haibinbi BJacTHBa KyOiuHa pe-
witka tuny NaCl (puc. 9). PemiTky uporo THmy MamorTb
MaiiKe yci raJjoreHigu JyXHHX MeTaJiB i mepeBaxHa O6iJb-
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Puc. 9. KyG6iyna pemitka Puc. 10. O6’eMHOLEeHTpO-
tuny NaCl. BaHa Ky6iyHa pewriTka TH-

ny CsCl.

WiCTb OKCHAIB, cyabdinis, cesieHiaiB i TeaypHaiB .nyxmo-
3eMeJbHUX MeTaJliB.

Tpoxn CKJaAHili BiJ Hei — 06’ €MHOLIEHTPOBAaHa Ky61q-
Ha pewitka CsCl (puc. 10) i rpaHeuenTpoBaHa Ky6iuHa pe-
witka (puc. 11).

Ons 4ucTHX i NOCKOHaNHX iOHHMX KDHCTaJliB eJieKTpo-
POBiNHICTb NMpPH BHCOKHX TeMIepaTypax iOHHa, a MPH HH-
3bKUX — 30BCiM BiACYTHS.

KoBasnednTHui#t Tun 3B’ A3KY yxpucmnax 3nif-
CHIOETbCA TaK CaMo, K KOBAJIEHTHi 3B’I3KH MiX aTOMaMH.

Bin Hagae KpucranaMm BHCOKOI TBepAOCTi, MiuHOCTI
i BiZcyTHOCTI mMIacTHYHOCTI NpH TeMIEpaTypax, 3HAYHO
HIJKUUX TeMnepaTypu IJiaBjeHHs. Ha#binbm xapakTepHUM
npeACTaBHUKOM PEYOBHHH 3 TaKUM THIIOM 3B’SI3KYy € ajMas.
[lpocTropoBa pewitka y Hboro KyGiuna. KoopauHamiiine
YHCJO AOpPiBHIOE YOTHPbOM. Po3sraimiyBaHHs 3B’sI3KiB Ha-
npasJneHe, TeTpaeipuuHe (puc. 12). Pemitky Takoi x Oy-
OOBH MAlOTb KpeMHill, repmMaHiii, cipe 0J10BO.
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Taxky x pewitky, Aewo noasipHy, Mae kKapGopyun SiC
i uMHKOBa o6MaHKa — ctasiepuT — ZnS. Y HUX KOXKEeH aToM
KpeMHil0 a60 LHMHKY OTOYEHHH YOTHpMa aTOMaMH BYTJIEIO
a60 CipkH i Tak caMO KOXeH aToM ByrJento a6o Cipku 0ToO-
yeHUH YOTHPMa aTOMaMH KpeMHilo a6o UHMHKY. B uucTux
KpHUCTaJaX 3 KOBAJEHTHHM THIOM 3B’A3Ky MNpPH HH3bKUX
TeMnepaTtypax NpoBigHicTb BificyTHA. IIpu BHCOKHX TeMIe-
patypax a6o NpH ONpOMiHEeHHi BHHHUKAa€E eJeKTPOHHA Mpo-
BigHicTh. Kpucranu 3 KOBaJIeHTHHM THUNOM 3B’SI3KYy € Hai-
BaXXJIMBILIHMH HaMiBNpOBiAHUKOBUMH MaTepiajiaMH.

Puc. 11. TpaneuentrpoBana Puc. 12, Peuiitka tuny asnmasa.
Ky6iuHa pewritTka.

MeTtaniunuit Tun 3B’ 93KkYy. B Meranax kpucra-
JiyHa pellliTKa CKJafaeTbCcsl 2 TO3UTHBHO 3apsiIXKeHHX
ioHiB — aToMmiB, fiKi nmpu arperauii no36Gyaucs «BJACHOCTI»
Ha cBoOi 30BHilUHi, ca1a6o 3B’dA3aHi enekTpoHH. Bcepenuni
MeTaJy Li €JeKTPOHH INepeOyBalOTh B OCOGJHBOMY Tra3o-
noni6Homy ctaHi. Bonn Jerkopyxomi i mix BNJIHBOM eseKT-
pHYHOro noJss ApeldyloTh yepe3 KpHCTaJ [0 MO3UTHBHOTO
ejqekTpona. MerasiuHuii 3B’130K BUHHKae 3aBASIKH iCHYBaH-
HI0 piBHOAIHHOI CHJM DPUTATaHHS MiX iOHaMM peLliTKH
i ycielo CyKymHiCTIO yCycniJIbHEHUX eJIeKTPOHiB, 110 iCHYIOTb
B MeTaji fiKk €inHa cucreMma. Lli cuian npuTAraHHs HOCUTH
3HauHi. BoHM HajmawTh MerTajsy MiIHOCTi i MJIACTHUHOCTI.
IX XapakTepHOO 03HAKOIO € HeHaNpaBJieHicTb 3B’A3KiB, i A0-
Ka30M LbLOro € BHCOKa MJIACTHYHicTh MeTaniB. Maiixke yci
MeTaJli KPHCTaJi3yloThcsd B HaHGijbll WiIBHHX CTPYKTypax
KyGiuHOT Ta rekcaroHajabHoi (puc. 13) pewirtox. Koopauna-
WifiHi yucJa MeTaJiB [NOCHTb BeJHKi, i UMM BOHHM Oijbwii,
TAM eHeprisi 3B’a3Ky Oinbma. Hanpuknajn, cepex Merasnis
€ JlyXe MOIIMpeHol0 06’eMHOlleHTpoBaHa KyOiuHa pelriTKa,
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AJist SIKOT KOOpAMHAaUiliHe YHC/I0 MOXHa BBaxatu 8. B pe-
WiTWi LbOTO THIY Kpucmmsylo'rbcn Bonb(ppaM Momﬁneu
BaHaAil, a-XxpoMm, a- i B-3anaizo, JiTii, HanlH iin.

MixMONEeKYyJASAPHHUNH THUN 3B A3KY BHHHKAE
MiX €JIeKTPUYHO HeHTpPaJbHHMH MOJIEKYJaMH 1 aToOMaMH,
y SIKUX 30BHillHA eJeKTPOHHa 000JIOHKa 3aMKHeHa, siK, Ha-
npuKaajn, y iHepTHuX rasiB. Llefi Tum 3B’3Ky BHHHMKAE
3aBJsIKM iCHYBaHHIO MiXK HUMH Ban-nep-BaanbcoBux (Mix-
MOJIEKYJIIPHUX) CHJ — cJjab-
KHX cua npursirads. [lo-
PONXKYIOTb Li CHJH, TOJIOBHAM
YHHOM, CHJIH TPHUTSIFaHHSI MO-
JIEKyJSIPHUX eJeKTPUUHHX [OHU-
nomB, fiKi BHHHUKAlOTb 4epe3
noJsipu3allilo 3aMKHeHHX 000-
JOHOK 1  MOXYTb OyTH:
1) «TBepAHMH»  (KODPCTKH-
MH), NocTiiHMMH, 2) iHAY-
KOBaHHMH B33aEMHHMH Miclie- _
BHMH €JIEKTDHUHHMH INOJSAMH Puc. 13. eKcaronasbHa peliiTKa
MOJIEKYJI, 3) MHTTbOBHMH, Ty rpadiry.
3MiHHHMH 33 BeJIHYHHOIO i
HanpsaMoM. MHUTTbOBiI AumoJii CTBOPIOIOTbCA NpH oOepTaHHi
30BHILUHIX €JeKTPOHIB HAaBKOJIO siAep, KOJIH €JeKTPOHH 3MYy-
uleHi cailyBaTH 3a fApaMH B TaKT iX TENJOBHM KOJIH-
BaHHSM.

MiXXMoJIeKyasipHi CuJIM 3B’A3KY 3aBXAH caabiwi Bix cua
XiMiyHOro 3B’sI3Ky, TOMY MOJIEKYJsipHi KpUCTaJu BiAg3Ha-
4alOTHCA HHU3bKOIO TEeMNepaTypolo MJaBJieHHS, MaJgoi Mill-
HiCTIO Ta BHCOKOIO JeTKicTio. Cepel HamiBNPOBiAHMKIB 1ed
THN 3B’SI3Ky MPHCYTHIH B KpHCTaZax rpadiry Mix mio-
IUMHAMH, YTBOPEHHMMH TeKCaroHaJbHUMH (LIECTHKYTHHMH)
KiJIbLUSIMH MOJIEKYJ, B CipOMy TreKCaroHajJbHOMY ceJleHi
i Teaypi MiX cnipaJbHHMH J1aHIIOXXKOBUMH MOJIEKYJIaMH Ta
B iHWIMX WIapyBaTHX CTPYKTypax, fk PbJ,, CdJ, i iH.

Bsarani tpe6a niaxkpecanTtH, o GiabLIicTh KpHCTaJiB
NoeAHYIOTh y co0i Kilbka THMIB 3B’SA3Ky, HaNpuKaand, y rpa-
¢iTi — KoBaJIeHTHHH Ta MeTaJiyHH#A MiXX aToMaMH B KiJb-
UAX i MOJIeKYJspHHH MiX NJOLIMHAMH Kijellb; KOBaJEHT-
HHll i MeraJiuHuMH y cipoMy o0J/iOBi, KOBaJIeHTHHH i iOHHMI
y cnoaykax enementis AYMBV i in.
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4. 3axonomipmocti y 3B’43Eax i eTpyETYpi

IlepiognuHi BiacTHBOCTI ejleMEHTIB [alOTb MOXJHBICTb
CHCTEMAaTH3yBaTH iX 3arajbHi TeHIOeHLil 1040 THUMNIB 3B’s3-
Ky i CTPyKTypH i, Ko Aesikoli MipH, mepen6avaTtu ix B mpo-
ctux GiHapHux crmoaykax. Lle myxe 6axaHo B po3BigKoBii
po6orti, 60 xapakTep 3B’3KiB i CTPYKTypa, Mopyy 3 AesiKH-
MH iHIIMMH HaHUMH, AO3BOJAIOTb NepenlbayuTH HamiBHIpo-
BiIHMKOBi BJIaCTHBOCTi CHOJYK i cBimoMo min6upaTu Bin-
NOBigHi KOMIIOHEHTH.

Maroun nepen co6oio mnepiofuuyHy TaGJHIIO €JIEMEHTIB
y TakoMy BapiaHTi, K B TabJ. 4, jeruie npocaigkyBaTu Li
3aKOHOMipHOCTI, 3B'fi3aHi 3 mepiogHuYHiCTIO.

BykBoio A mo3HaueHi eleMeHTH nepmux miarpyn tabJiu-
i MenneneeBa, 6ykBolo b — eneMeHTH Ipyrux (OCHOBHHX)
niarpym.

OcHOBHHII iHTepec AJs1 Hac NpPeACTaBJAIOTb €JeMeHTH
npaBoi NMOJOBHHU Tabaulli, 32 BUHATKOM iHEPTHHX rasis.

Enementu rpyn VIIB, VIb, VB, IVD 3 mManumu arom-
HUMH HoMepamu Ta 3 rpynu IIIB — Gop yTBOpioioTH HeMe-
TaJiuyHi KpucTaau. B 30BHilIHiX 0OOJIOHKax LHX eJieMeHTiB
HeBHCTauae BignomigHo 1, 2, 3, 4, 5 eJeKTPOHiB.

IM BJIaCTHBI IBa THIH PeLIiTOK: aTOMHA i MOJIEKYJsipHa,
BiANOBiAHO 10 cuJa 3B’I3Ky B DeYOBHHAX — KOBaJIEeHTHHX
i mixxMosekynsapHux (Ban-mep-BaanbcoBux).

IOM-Posepi chopmynoBaB npaBuJoO unucJaa cyci-
0 iB, KOPDHCTYIOYHCb SIKHM MOXHa BH3HAQuUTH OyHoBy i
CKJ1aJ MOJIEKYJl B 3aJIeXXHOCTi Bill MOJIOXKEHHS eJeMEeHTiB-
HeMeTaniB y nepioauuHiit cucremi. IlpaBusio chopmynboBa-
He TaK: «y aToMa B MOJIeKyJi HeMeTasa YHCJIO cyciniB no-
piBHio€ pisHuui (8 — N), ne N — HoMep rpynu nepioguyHoi
CHCTEMH, B SIKill 3HaXOAUThCS HaHUU eneMeHT». Hucno cyci-
IiB — 1le YHCJIO CYCigHiX aTOMiB y MoJiekyJi, 3 IKHMH 3B’si-
3aHHH NAaHHH aTOM OAMHAPHUMH KOBAJEHTHUMH 3B’SI3KaMH.

Posrasivemo ue NpaBHJIO HA NpPHUKJIAOax.

HOnsa eanementiB rpynu VIIB—ranoresis uucyao cycizgis
y atoMa 8 —7 = 1. MoJseKyna ABoxaToMHa. Mix aroMaMu B MOJeKyJi
IilOTb OZMHApHi KOBaJ/IeHTHi 3B’A3KH, a MiX MOJIeKyJaMH B KpHCTasdi —
Ban-nep-BaanbcoBi cuamn. Tak camo, fiK i 18 eJEeMEHTIB iHLWHX rpym,
MiXKMOJIEKYJISPHI CHJIM 3pOCTalOTh NPH 36iJbIICHHI MONEKY/APHOI Baru
i yHcna eNeKTPOHHMX OGOJIOHOK y aTomax. Biamosmijuto 36inburyrorsbes
BHH3 TO TPymi TeMmepaTypH NJaBJeHHs i KHIlilHsl.

Ons enemeuntiB rpynu VIB (S, Se, Te) uncmo cyciniB

y atoma 8—6=2. MoJsiekys1 TpPbOXaTOMHi a60 3aMKHEHi JIaHLIOXKOBi
3 GinbLIOK KiJBKICTIO aTOMiB, Hanpukaan, S, Ss, Sy, LIC He MOpyIIye
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«mpaBuia cycinip». Cusiu 3B’A3KYy MiX CYCiIHIMM aTOMaMH — OAMHapHi
KOBaJIeHTHi, a MiX MoJieKyJaMH-JaHUI0XKKaMn — Bau-nep-Baanbcosi.
B aBoxaToMHuHX MoJseKynax Sz, Se; y craHi mapu 38’3KH KOBaJIeHTHi
nonBifiHi. I3 36inblIeHHAM uHC]a €NeKTPOHHHX WapiB y aTroMax Mix-
MOJIEKYJIAPHI CHJH 3DOCTAIOTh, MO BHKJHKAE 36i/bLIEHHS TeMnepaTyp
MiaBJieHHd 1 KHMIHHSA.

Hdas enementiB rpynu VB (P, As, Sb, Bi) uucao cycinis
y atoma B MOJIeKyJi 8 — 5 = 3; MoJlekysna yorHpboxatomHa (P4 — Ginuit
docdop, As, — uepBosuii MuI'SK). Mosekyan Mawoth ¢opmy Terpa-
elpiB, y KyTax sIKHX pO3MillleHi aTOMH, 3B's3aHi NMOMiX c060l0 KOBa-
JIeHTHHMH OIMHApHHUMH 3B’sa3KaMmu. Ilpu 36i/mblieHHi MoseKyaspHOi Baru
3pOCTalOTh TeMNepaTypu nJaBJeHHs | KuUMiHHA. Y CcypMH peliTka
YCK/IaJHIOETbCA — Y KOXKHOTO aTOMa € TPH cyciau 6JyMKui i TpH maabuii.
Monekyan Mix co6oio Hi6H nepenJitalothes. Lle yTBOpIOE cJaoicTicTb
PEYOBHHH.

Mix oKpeMHMM LIapaMH Ail0Tb ca1a6Ki 3B'A3KH THNY METaJiyHOro.
s o6ctaBHHA 3HHXYE TeMnepaTypy MJaBJeHHS Yy CypMH i BicMyTy,
MOPiBHAHO 3 MHLI SIKOM.

Ons eanementiB rpynu 1VB [C (anma3), Si, Ge, Sn (cipe)]
YHCI0 CYCifliB y KoxHoro atoMa 8 —4 = 4. Koxen 3 aromiB Mae vo-
THPBOX CYCiAiB, pO3MillleHHX Yy KyTax NPaBHJbLHOrO TeTpaeapa, i 3’eA-
HaHHM 3 HHUMH OAMHADHUMH CHMETPHYHUMM KOBAJIECHTHHUMH 3B’i3KaMH.
Taky pewiTky Ha3HBaloTb aTOMHOIO, 60 MOJIEKY/NH B Hifl cKopiule ysiBHi.
KoxHHii aTOM MOXKHa pO3rIsiAaTH SK HaJEXHHH ONHOYAaCHO A0 KiJIbKOX
MOJIEKYJl, OflHa MOJIeKyJla NnepexoauTh B iHWY. 3B’A3KH MiXK aTOMaMH
i MosleKyllaMH KOBaJIeHTHi.

Enement rpynu IIIb—6op yrBopioe ckiasHy KpHCTagiuHy
CTPYKTYpPY 3 KOBaJIeHTHHMH 3B’si3KaMH. BiH Mae TeTparoHajibHy Ko-
Mipky 3 50 aromiB: 48 3 HHX po3MillleHi y BeplHHaX YOTHPbOX [ABal-
UATHTPaHHUKIB 3 TPHKYTHHMH TpaHAMH i 12 BepIIMHAMH; KOXHHA aTOM
yTBOpIOE 6 3B’513KiB, CNPSMOBaHHX NO BEePUIHHH N’SATHrPaHHOT MNipaMi-
IH, a 2 aTOMH YTBOPIOIOTb NO 4 TeTpaefpHuHi 3B’A3KH.

B koxHii rpymi npu 36iJbllieHHI aTOMHOro HoMepa
3MiHCHIOEThCS TEHIEHLis A0 CTBOPEHMsl 1 3pOCTaHHSA YaCTKH
MeTaJiyHUX 3B’3KiB.

s TenpeHuis cnpuuyMHeHa 3MEHIIEHHsM eHeprii ioHi3a-
uii BaJIEeHTHMX €JIEKTPOHIB i BiANMOBIAHMM 3MeHIUEHHAM
eHeprii KOBaJIeHTHHX 3B’sI3KiB.

IIpu yreoperHi cnoaryx 3 esemenTis, CAMETPHYHO PO3Mi-
uieHuX BifHocHO rpynu IVD, nmepioguuHicTe BHKJHKA€E Taki
3aKOHOMipHOCTI:

Enemenru rpyn IA, IIA, IIIA 3 Hali6iabw
€JIeKTPOHETaTHBHUMHU €JIeMeHTaMH CTBOPIOIOTh iOHHi CMoJIy-
ku 3 pewitkoto Tumy NaCl i CsCl.

Enementwn rpyn IB, IIB, Il1Ib (kpim Gopy), cno-
JIy4alouHCh 3 eJieKTPOHeraTHBHHMH esaeMentamu rpyn VIIB,
VIB, VB, yTBOp10I0Tb NepeBa*{HO KOBAJICHTHI CMOJYKH i3
CTPYKTYypaMHu BYpPUHTY a6o chaneputy (LUHHKOBOI OGMaHKR).
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TMoni6Hi CTPYKTYpH yTBOPIOIOTHCS TOAI, KOJIH CEPeAHE YHCIIO
BaJICHTHUX €JIEKTPOHIB Ha aToOM [OpiBHIOE YOTHPbOM, Ha-
npukaag, GaAs, InSb, CdSe, CuBr.

EnemenTu rpynu IVB Mixk co6oio yTBOPIOIOTb
ajamasononibui cTpykTypu; SiC MoxXe KpHcTa/ni3yBaTHCh B
060X CTPYKTypax — Bypuuty i cdanepury. Sn i Pb ta ene-
meHT rpynu IIIB Tl MaloTb He ofHY BaJIeHTHICTb i NOBOASITHL
cebe Tak, K eJleMeHTH Ipynd A B CIOJYyKax, e BOHH Ma-
I0Tb HaliMeHly BaJIeHTHIiCTb; TaJiil 3 rajoreHaMu yTBOPIO€
ionni cnonyku 3 crpykrypoto CsCl, a cBuHeub 3 cipkolo, ce-
JIeHOM i TeJypOM YTBOPIOIOTb iOHHI CMOJYKH 3 peLliTKOolO
tuny NaCl.

Oco6auBO LiKaBO, 1U0 AesiKi eJeMeHTH i CIOJNyKH yTBO-
PIOIOTH" KiJIbKa KpHCTasMiuHuX Moaudikauiii: Byryeub icHye
y ¢opMi anmasa i rpadiry, ¢pochop, MULI'K, celeH MAIOTb
no Tpu Moaudikauii, on1oBo, cypMa — IBi i T. m.

B KOXHii 3 HHX BOHHM NpOSABJSAIOTb BiAMiHHI (i3nuHI
{esleKTpHUHi, ONTHUYHI, CTPYKTYPHi, Ten/oBi, MexaHiuHi) Baa-
cruBocti. Lle cBiguuTh npo Te, 1O BJACTHBOCTI TaKHX eJe-
MEHTiB BH3HAualOTbCS He TiJIbKH MOJIOKEHHSM B Iepioauu-
Hill cucteMi a6o XiMiYHMM CKJIaJIOM CNOJYK, a OCOOJIHBIiCTIO
XiMiYHHX 3B’§I3KiB. MiXX aTOMaMHM i CNiBBiAHOIIIEHHSM Pi3HHX
THMIB 3B’SI3Ky MiX MoJjieKyJaaMu. [Ipu pi3HHX MiKaTOMHHX
Bignansax i piaHoMy npocTOpoBOMY pO3MillleHHi aTOMiB no-
pi3HOMY nepeKpUBAIOTbCSA i NPOHUKAIOTH OfHA B OIHY XMap-
KW eJIEKTPOHHHX ILiJIbHOCTEH B3a€MOIiIOUUX aTOMIiB.

5. 3axomomipHOCcTi YTBODEHHs TBEPAHX PO3UHHIB

PosrasinemMo Temep Oesiki 3aKOHOMipDHOCTI B3a€MHOro
pPO3UHHEHHS eJeMeHTIB, 3B’3aHi 3 BaJIEHTHICTIO, TUIIOM KpH-
cTajiyHoi peuwiTku i po3Mmipamu aromiB. Haramaemo, mo
po34uHamu Ha3UBAIOTb OAHOPiAHI CHCTEMH 3 ABOX a60o Kijb-
KOX PDEYOBHH Yy TBepaOMYy, pilKoMy a6o rasyBaToOMy CTaHi.
PosunnHicTh MOXe GyTH oOMexeHolo i HeoOMexeHow. [pa-
HUYeK PO34UHHOCTI HA3HBA:OTb MAKCHMAaJbHY KOHLEHTpa-
1il0 PO3YHHEHOI PEYOBHHH Y PO3YMHHHKY (HaCHYEHHH pO3-
yuH) Ge3 MopyuleHHs OAHOpiAHOCTI ckaany. I'paHuusi pos-
YMHHOCTi 3MIHIOETbCA 3 TeMMepaTypolo, 36ibLIYIOUHCH MpPH
nigsuuenHi ii. B nuTaHHAX TexHoJOril HamiBNpoBiZHUKIB
HaHO6iNbIl BaXXJWBUMH € TBepAi po3unHH 3amiuieHHsa. [Ipo
HUX naJi HTMMe MoOBa.
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Po3ynHHICTL OZHOTrO €NeMeHTa y OPYroMy 3ajIeXKHTh:

1) Bim o06’eémnozo ¢hakTopa — nepiioi XapaKTEPHUCTHKH,
fdKa BH3HAua€, Y4 MOXKYTb OABa €JeMEHTH YTBODUTH TBep-
Ui pO3YMH 3aMillleHHA. SIKINO aTOMHi niaMeTpH ABOX eJie-
MeHTIB Bifpi3HsioThcsl Ha 159 abo Giablue, 06’eMHuit dak-
TOP € HECNPHATIHBHUM i PO3UHHHICTL 0O6MEKeHOI0;

2) Bim nodibHOCTI KpucTaridHux CTPYKTYp, TOGTO KOJIH
KpHCTaJliuHi CTPYKTYpH 060X eJjieMeHTiB oJHakoBi a6o mo-
ni6Hi. Lle#i ¢dakTop crnpusie YyTBOPEHHIO TBePAHX PO3UHHIB
3aMillleHHsI;

3) Bin esexrTpoximiunozo ¢hakropa; GesnepepBHHI PAX
TBEepAUX PO3UHHIB 3aMillleHHs1 yTBOPIOIOTb NepeBaXKHO ele-
MEHTH OOHAKO080i BQ/EeHTHOCTi, OOHAKOBOTO CTPYKTYPHOIO
TUNY pelliTKu i cnpusaTauBoro o6’eMHoro ¢akropa, HampH-
KJ1ajJ, KpeMHill i repMaHii.

MakcumanbHe 3HauyeHHsl TPaHUIi PO3YMHHOCTI BiamoBi-
llae meBHill eJIeKTPOHHill KOHIeHTpauii Ha aTtoM i 3B’s3aHe
3 CTPYKTYpOIo.

Enementu rpyn IVB, VB, VIB, nigasraioun npaBuiay
(8 — N), He MOXYTb PO3UHHATH MOMITHI KiJIbKOCTi eseMeH-
tiB rpynu 1B — Mini, cpi6na a6o 3oJ0ta. fIKimo y kpemHiio
(repmanilo) omuH aToM 3aMilllyeTbcs OJHHM aTOMOM Mii
(sxuit Mae TiIbKH OAMH BaJIeHTHUH eJIEeKTPOH), OJs YTBO-
pPeHHsI KOBAJIEHTHUX 3B’'S3KiB HEBHCTAua€ eJIEKTPOHIB i TOMY
Yyepe3 HeCTNPUSATAUBHH eNleKTPOoXiMiuHui HaKTOp po3UMHHICTH
Miai € nyxe o6MexkKeHOI0, He3HaYHOI0. AHAJIOTiuHe MOJIOXKEeH-
He ICHY€ 3 eJleMeHTaMH NepexigHuX Trpym.

YTBOpeHHIO TBEpPAHMX PO3YMHIiB MOXKe 3aBa)KaTH 37arT-
HiCTh ejleMeHTiB yTBOPIOBATH cTaGiJibHI NMPOMiXKHi CIOJYKH.
UuM Gisblll eIeKTPOHEraTHBHUH PO3UHHEHHH eleMeHT i yuMm
6inbll eJeKTPONO3UTHBHUA PO3YMHHHK, ab0 HaBMakKH, THM
6iJiblly TEHOEHLil0 N0 YTBOPEHHS NPOMIXKHHX CHONYK Ma-
I0Tb. TaKi eJeMeHTH.

SIckpaBUM TNpPHKJIAAOM LLOTO MOXYTb OYyTH CIOJYKH
enementiB rpynu VIB i meraniB rpynu IIB, nampuknan,
CdTe, HgSe, HgTe, ZnS, ZnTe i in.

EaexTponpogionicte y TBepAuX po3uHHax oOMexKeHOI
.PO3YHHHOCTI JJIsi LAHOTO CKJANy 3MEHUYET6CA THM GiJblue,
yuM G6inpma pi3HHUS MiXX aTOMHUMH JliamMeTpaMu, BaJeHT-
HOCTSIMM 1 TOJIOXKEHHSM PO3YHHHHKA i PO3UHHEHOI peyoBH-
HM B mepioAnuniit TabauIli eJeMeHTiB.
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§ 5. JIOMIIIKH I TE®EKTH B KPHCTAJAX
HANIBIPOBITHHKIB

1. Tann gedexris B EpHCTaJAX

B imeasbHHX — NOCKOHAJMHX KpuCTajax OJs BCix aTo-
MiB icHye O/MM3bKHI i AajeKuii MOPSINOK; KOXeH aToM abo
ioH 3HaxomuTbCs B CTaHi 3 MiHiMaJ/JbHOIO NOTeHLiaJbHOI
eHepriero. .

Peanbni kpucranu, y Tifi uu iHwWi# Mipi, € HemocKOHa-
JIHUMH, 3 nedeKkTaMu CTPYKTYpH i ckaany. IledhekTH € OCHOB-
HOIO NMepeayMOBOIO JJIsl POTiKaHHS TaKHX NpoleciB B TBep-
IMX Tinax, sk camonu(ysis i B3aemomudysisi, eJieKTpOHHa
i ionHa mpoBigHicTb, OTONPOBiAHICTb, €MEKTPOHHA eMicis,
JIIOMiHeClleHLlisl, XiMiyHa aKTHBHiCTb, Me€XaHiyHe pyHHYyBaH-
Hf, 3MilHIOBaHHS Toll0. BUroToB/NeHHs KpucTandiB 3 gedek-
TaMu NEBHOTO COPTY i MeBHO1 KOHUeHTpauii i BUBYUEHHs ix
CTAaHOBHTb He TiNIbKH HAyKOBHi#l iHTepec, aje € AyXKe Bax-
JIUBOIO, BEJIHKOTO NPaKTHUYHOTO 3HAUEHHS1 CHPaBOIO.

B peanbHUX KpuCTasax poO3pi3HAOTb MIKpO- i maxpole-
¢exTu. J1o meplInX HaseXaTb MOPYILIEHHS YNOPSAKOBAHOCTI
OKpPEMHX aTOMiB — NOPOXKHi Micus B pelliTui, 3MillleHHS ne-
SIKHX aTOMiB 3 CBOro Miclsi, HeBNIOPSAAKOBAHO PO3TAalIOBaHi
BJIaCHi aTOMM pelliTKH, BKJIOUEHHS Yy PpeliTKy XiMiuHo-
CTOPOHHIX — «YyKHX» aToMiB. 10 APYTrHX — BKJIOUEHHS Y
KpHucTas apyroi ¢asu (po3uuHiB, aMopdHuUX abo uyxKopin-
HHX BKJIIOYeHb), TPillMHH i 3CyBH, fKi BHHHKAIOTb BHACJi-
JOK YIUKOJXKeHHsl i miacTHyHOi AedopManii, 30BHiwIHI mO-
BepXHi, TpaHHlli KpHCTaJiB, 3epeH, KPHUCTaNiuHHX OGJOKiB,
0o6pHB PelliTKH Ha AYIUIMHAX TOIIO.

ITopymeHHss MOXYTb BHHHKATH Mif Yac yTBOPEHHS KpH-
craniB (BpoixKeHi), Bin TemaoBoro pyxy artomis, nedopma-
uii, ocBiTyienHs1, 6oM6apAyBaHHsl YaCTKaMH BHCOKHX eHep-
rii. dedekTH Ha3MBalOTb YHOPSIAKOBAHHMH, KOJH BOHH
peryJyisipHO TIOBTOPIOIOTHCS Y INPOCTOPi peliTKu, i Heymo-
PSAKOBAHHMH, KOJH BOHH pO3MillleHi XaOTHYHO, Hepe-
TyJsipHO. YNOpsANKOBaHi [edeKTH MOXKYTb YTBOpIOBaTHCS
y KpucTajax mif uyac nedopmainii postary aGo 3cyBy.

3MilleHHs WiHX NJOLIMH B3JIOBX KpPHCTana, BBENEHHS B KDHCTan
3afiBoi aTOMHOI NJIOIMHH a60 TNOCJiZOBHMiI 3CYB BCiX TMJIOLIMH Ha
JeaKHii KyT onniel mo BinHOIIEHHIO A0 APYroi YTBOPIOWOTH JiHifiHI Ta
rBUHTOBi aucnokauii. IToBepxni NHC/IOKaNifi MOXKYTb POCTH B KpHCTaJji

pasom 3 fioro pocToM afo YTBOPIOBaTHCA B HbOMY mif dac metdopmauil
Ta TeMnepaTypHoi OGpOGKH.
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B nmpoueci kpucranisaunii cnsiaBiB TakoX MOXYTb yTBOPIOBATHCA
yNOPsIKOBaHi Ts HeYNOPAAKOBaHI CTPYKTYpHi AedektH. Hedektu i
AOMILIKH MOXYTb HNH(QYHAYBAaTH B TBEPAMX TislaX NpH HAsIBHOCTI rpa-
nieHTa iX KOHUEHTpauii Ta B3aEMOAiIATH MiX cobolo.

Ilpn nepeMimieHHi uepe3 KpHUCTaJ YacTKH BHCOKOI eHeprii (mo-
PANKY MinbHOHIB €N1eKTPOHOBOJBLT) Ha 11 IIAXY YTBOpIOOThCHS 6arato
NipOK, €eJIeKTPOHiB, €KCHTOHIB, (OHOHIB, (OTOHIB i CTPYKTYPHHX Ie-
¢ekriB. PanioaktusHi isotonu, BBeAeHi B pEWiTKy NpH BUPOLLYBaHHI
KDHCTaJliB, B mpoueci posmady MOXYTb 3GifbuIyBaTH KiJbKiCTb Aedek-
TiB PeLIiTKH.

Mikposnedektd BigHOCATb A0 nPOCTUX MOPYUIEHb MOPAL-
Ky B KpucraJi. Ilix xomnaexchumu nopylieHHSIMH PO3YMi-
1I0Tb CKYMYEHHSI NMPOCTHX NOpYLIeHb B OKPEeMHX MicCLsiX KPH-
cTaJa, ix acouiauii, o6pHB peLIiTKH TOLLO.

Bin nmpoctHx i KOMIUIEKCHHX MOpYUIEHb Biipi3HSAIOTh
BTOPUHHI TIOpYLIEHHs, HANPHKJIAaa MNOJSPOHH, SIKi BHHHKA-
10Th BiJ MOJsApH3alilHOro BIJIMBY HOCiiB 3apsijy Ha po3ra-
IIYBaHHS OTOYYIOYHX aTOMiB.

PeanbHi kpucranu 3 MikpomedeKTaMuH MOXKHa MOMIJNHTH
Ha [Bi BeJHKi Ipymnu:

1) crexioMeTpuuHi, siKi MawTb TibKH Ne(EeKTH CTPYK-
TypH;

2) HecrexioMeTpHuHi, 3 AedeKTaMH CTPYKTYPH i ckjaany.

B cTtexioMeTpHUYHHX KpPHCTaJdax po3pi3us-
10Tb [1BA OCHOBHi THIIM NPOCTHX HEYNOPSAKOBAaHHX Hedek-
TiB: degpextu no LIOTTKi — NMOpPOXKHi BY3/H pewliTku i Oe-
gpexkTu no ¢pemce/tfo——nopo>xm By3/Ju 1 MOpy4Y 3 HHMHU
y MiXBY3JIOBHHAaX Ti aTOMH, siKi MOBHHHi Oysau 6 3aliMaru
Micue y Bysnax, O6unBa Tunu aedekTiB MaioTb TemJoBe MO-
xomxeHHs. [edpektu no PpeHkeso BHHHKAIOTb ML vac
IHTEHCHBHUX TeNJVIOBUX KOJHMBaHb aTOMiB y MeHUI LIiJbHUX
CTPYKTypax, KOJHM yepe3 3HAauHy aMIJIiTyAy [AesiKa KiJb-
KiCTb aTOMiB MOTpamisie y CycCilHi MiXXBY3J/IOBHHHU. :

[To IlorTki nMOpoXHi Micus y peliTUi YTBOPIOIOTHCA
fiepeBaXKHO y HaW6ijbll HIIIbBHUX CTPYKTypax CHOUYaTKY Ha
[I0OBEpXHi, a MOTiM HIIXOM MNepeMillleHb aTOMiB AUDYHAY-
10Tb BCEPeANHY Tina. SIKIO KpUCTaJ iOHHHH, TO BHACJiLOK
3aJIMLIEeHHs CBOIX Micllb i0OHaMH 060X 3HAKiB YTBOPIOIOTbCS
fIOpyY [Ba NMOPOKHi BY3JH pelwliTKH — napHi gedektu. Lium
36epiraeTbcs eJeKTPOHEATpaNbHICTh KpHCTaNa.

UuM BHIIAa TeMmneparypa Tija, THM Giiblle Yy HbOMY
CTPYKTYPHUX JedeKTiB, KiJbKiCTb SIKHX MOXXHa 3aKpiluTH,
«3aMOpPO3HUTU», SIKIIO TiNo 3arapryBaTH. [ledekTH, siKi npu
1bOMY 3aKpilJIOIOTbCS, € B OCHOBHOMY jedekTamMu no Ppen-
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keqio. KinbKicTb nedekTiB MOXKHA iCTOTHO 3MEHUIMTH, SIKLIO
Harpire TiJIo NOBIALHO OXOJIOMXKYBAaTH.

KoHnuenrpauis TensoBux JgedeKTiB B yMOBaX CHpaBX-
HbOi TepMOAMHAMIiYyHOi piBHOBAaru nparHe A0 HyJs NPH 3HH-
JKeHHi TeMIepaTypH N0 a6cosoTHOro HyJs. ledeKTH iHIO-
ro MOXOMKEHHs 3aJIMILAIOThCS B KPUCTaJdax i NpH Temre-
patypi 0° K.

Ag* cl- Ag*- CU” 0%

le‘ O?' le‘
o | ca’™ | e Ag N2t o2 [ ue | 0"
Ag*  CI - 0 | N 0¥ N

c-  Ag* ¢ agf | nNi%* 0¥ wi¥ o

Ag* cU  Ag* CU 0 wNi?7 o¥ Wi

a Iod

Puc. 14. Cxema pedekTiB y iOHHHX KpHCTanax, YTBOPEHHX
NOMilIKaMH pi3HOI BaJeHTHOCTI:

2+ .
a — kpucraa AgCls ionom nomiwmku Cd™ ° Buumoi BastentHocTi i KOMneH-
cylounM HROro 3apsii BaKaHTHMM KaTIOHHHM By3jsoM; 6 — kpucraa NIO
. . . +
3 ionom momiwku MeHnwoi Banentrocti L1~ 1 komnencyiounm foro
. + .
3apsan ionom NI ' 3 GinbwiuM 3apsaoM.

HecTexioMeTpHUYHiI KPHUCTAJMMU BiAPI3HAIOTb-
Csl Bil CcTeXiOMeTPpUYHHMX MPHUCYTHICTIO AOMilIOK. B moHsATTA
JIOMIlIOK BKJIIOYAIOTh:

1) cTOpoHHi aTOMH y AesiKMUX By3Jax pelliTKH, siKi 3aMi-
HUJIH cOo60I0 aTOMH OCHOBHOI PeUYOBHHHU ([IOMIiLIKH 3aMillleH-
Hsl, IO YTBOPIOIOTH PO3YMHU 3aMillleHHS);

2) CTOPOHHI aTOMH y MiXBY3JIOBHHAX pelIiTKH (ZOMill-
KM BIPOBAJKEHHs, IO YTBODPIOIOTb PO3YHH BIPOBAJKEH-
HSl — NPOHUKHEHHS) ;

3) HagnHoK (3aiiBuHy) a6o HeAOCTayy aTOMiB OJHOrO
3 KOMIIOHEHTiB OCHOBHOI CIIOJIYKH, $IKi CTBOPIOIOTH HemapHi
nedektu no LoTTki.

B Kpucrasax 3 goMilIKaMd iCHYIOTb pi3Hi crnoco6u, sKu-
MH peasli3yeTbCs YyMOBa eJIeKTPOHEeHTPaJIbHOCTI MpH BiIXH-
JIeHHi Bif cTeXxiOMeTpHYHOro CKJany.
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B ioHHMX KpucCTaZax aTOMH HaAJIMIIKOBOIO KOMIIOHEH-
Ta BNPOBAAXKYIOTbCA Y PElliTKy fIK iOHM 3 HOpMAaJbHOIO Ba-
JIEHTHICTIO. B KOXXHOMY BHNaJKy ONHOYAaCHO BHHHKA€ €EKBi-
BajieHTHA KOHUEHTpalis KOMIeHCylouHX AipoK a6o eJsek-
TPOHIB. )

B kpucranax 3 gedekramun DPpeHKeas HaLJIHIIKOBHI
KOMIIOHEHT BNIPOBAMKYETbCS Yy BHUIVISIAI MiXKBY3JIOBHUX iOHiB,
3 nedekramu no llorTki — momimkoBi ioHu 3afiMaioTh Ba-
KaHTHI BY3JH peLIiTKH.

KonuenTpauis negekTiB pemliTku B iOHHHX KpHCTajax
3aJIeXKUTh Bifl IpUPOAHU i BMICTy CTOPOHHIX NOMILIOK Ta Bif
CcTeXiOMeTPHYHHX BifXuJeHb. BnpoBaaKeHHs i0OHiB HOMIILKH
3 iOHHHM 3apsAoM, BiAMiHHMM BiAd 3apsAy OCHOBHOI peuo-
BUHH, CYNPOBOJKYETbCS YTBOPEHHSM €KBiBaJIleHTHOIO YHC-
Jla TIOPOXKHiX BYy3JiB a60 iOHIB y MiXBY3JIOBUHAX, 5IKi KOM-
NeHCyloTh 3apsii, a6o 0JHOYAaCHUM BIPOBAJKEHHAM Jpyroi
JOMIlIKH iHLIOI BaJIeHTHOCTI.

Ha puc. 14,4, 6 nokasana cxema paedeKTiB y iOHHHMX
KpUCTaJaaX, YTBOPEHHX AOMilIKaMH BiIAMiHHOI BaJIEHTHOCTI.

KomneHncanis 3apsaay npu BigXHwJeHHi Bix crexiomerpii
Bifpi3HsieTbcsl BiA iHIIMX npoueciB KoMneHcauii TuM, IO
BOHAa BHOCHTbL €KBiBaJIeHTHY KiJIbKiCTh BiJIbHHX €JIEKTPOHIB
a60 BiIbHHUX AipOK.

2. EJeETpHYHI BJAACTHBOCTI TOMiIIKOBHX
i ZeexTHEX IEHTPIB

JloMiliKy i gedeKTH yTBOPIOIOTH B 3a00pOHEHil 30Hi Jio-
Kani30BaHi eHepreTHuHi piBHi i € JKepeJaMH JONATKOBHX
HociiB 3apsimy npu TepMiuHili i onTHuHil ionisauii. Bouwu
TAKOX MOXYTb 3aXONJIIOBAaTH BiJbHi HOCiI 3 BHIYCKaHHSIM
¢oTtoHiB (6yTH BHIPOMiHIOBAJbHHMH LEHTPAMH 3aXOIJIEH-
Ha) i Ge3 BHNpPCMiHIOBaHHf (HEBHNPOMiHIOBaJIbHI LEHTDHU
3aXOINJIeHHS ).

EnexTpuuHi BJacTHBOCTI [JOMIlIKOBHX Ta Ae(deKTHHX
IEHTPiB NOBHICTIO BH3HAUYalOTbC TAKHMH XapaKTepPHCTH-
KaMH; ’

1) po3raumryBaHHSM iX eHepreTHYHHX piBHiB B 3a6opo-
HeHi# 30Hi;

2) imoBipHicTio ioHi3auii meHtpa (AOHOpHOro i akuemn-
OpHOT0);

L 3) momepeyHUM Nepepi3OM 3axolJieHHs eJeKTPoHa abo
LipKH LIEHTPOM.
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[Ipouecu 3axomJieHHs1 € oGepHEHUMH A0 MpouLeciB ioHi-
3auii, i craH piBHOBaru BCTAHOBJIIOETHCS B pe3yJibTaTi piB-
HOCTi IIBHAKOCTeH mpoleciB, sKi BinGyBaloThCsi B MNPOTH-
JIeXXKHUX HampsMKax.

TlonepeuHi nepepi3u LEHTPiB 3aXOMJIEHHS], @ TAKOXK IEHT-
piB ioHizauii MakcuMasbHi, KON iOHi30BaHW# HEHTpP i HO-
ciii mpoTH/exHi Nno 3HaKy, i MiHiMaJbHi, KOJu LeHTp i Ho-
Cifi OIHaKOBOrO 3HAKa. _

3anexHo Big Toro, siIK LEHTPH JOMIIIOK MOCTAyaloTh
BinbHI Hocii, 0 HHX 3acTOCOBYIOTb TEepMiHH «JXOHOPH» i
«akuentopu». JJloHopaMu Has3HBaIOTh MO3HUTHBHO 3apsXKeHi
LEeHTPH, SIKi BiAJaau cBOI €JIeKTPOHH B 30HY NPOBiIHOCTI;
aKLeNnTopaMu — LEeHTPH 3 HEraTHBHUMH 3apsiaMH, KOJH
BOHH MNpUJIYYHJIH A0 cebe eNeKTPOHH 3 BaJIEHTHOI 30HH i
YTBOPHUJH B Hill AipKH.

Kosn noHopHuit LEeHTp 3amNOBHeHHHl eNeKTPOHOM, a akK-
LLleNTOPHUH He NPHUEAHAB HOro, CTaH TAKHX LIEHTPIB € esek-
TPUYHO HeUTpasvbHum, He ioHi3oBaHUM. BiH 3ailicHIOETbCS
npu TeMmnepatrypax, 6/HM3bKHX 10 aGCOJMIOTHOTO HyJd, i NpH
BiAcyTHoCTi iHIIMX ioHi3yrouux ¢akropiB. Emepris, sky
noTpi6HO BUTPATHTH, W00 3BiIILHUTH €JIEKTPOH 3 HOHOPHO-
ro piBHs i mepeBecTH B 30HY NpoBigHocTi, a6o eHepris, no-
Tpi6Ha, 106 BHJIYYHTH e€JeKTPOH 3 BaJIeHTHOI 30HH Ha
aKLeNTOpPHHH piBeHb, Ha3MBA€TbCsl eHeprielo iowisamii E;
1IeHTpa.

SIKIO LeHTP MOKe 3aXONMUTH # eJNIEKTPOHIB, BiH Mae n
piBHiB. JloMillKu, BaJIeHTHICTb SIKUX Binpi3HSETbCS Ha OIH-
HHUILIO Bii BaJ€HTHOCTi aTOMiB OCHOBHOI pEYOBHHH KpHCTaJa
3 KOBaJEHTHUM THIOM 3B'S3KY, NalOThb IO OJHOMY piBHIO
Bin atoMa B 3a60pOHEHy 30HY.

Eneprito ionisauii nomimkosux atomis rpyn IIIB i Vb
IJIsT TPOCTiMIMX BHMAAKIB Yy TOMEONOJNSAPHUX KpHCTaJdax
MOXHa OOYHCJIUTH HaOJIHXKEHO 3 TAaKHX MipKyBaHb: B pe-
witui enementa rpynu IVB atom pomimku rpynu IIIB aGo
VB 3amimye aroM ocHOBHOI peuoBHHHM. SIkmo ue 6yne
eneMeHT rpynu VDB, Hanpukaax, muw’'sik abo cypMa, 4o-
THPU HOTrO BaJIEHTHUX eJNIeKTPOHH OydyTb 3MiHCHIOBAaTH KO-
BaJIeHTHi 3B’#3KHM, a II'SITHH MYCHTh 3HAHTH CBOE Miclie B
eHepreTuuHid cucteMi piBHIB pewiTkH. OCKiNIbKH BaJIeHTHA
30Ha B KpHCTaJi MOBHICTIO 3anoBHeHa, pPiBeHb 5-T0 elekK-
TPOHa NMOBHHEH BiJiliTH B 3a60pOHEHYy 30HY a60 B He3amoB-
HeHy 30Hy mnpoBigHocTti. Ilepexonsiuu B 30HY MpOBigHOCTI,
€JIEKTPOH MOXKe BiJbHO IepeMilllyBaTHCA MO KpHUCTaMy.
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Arom rpynu VB B peuwitui enemenra rpynu IVB, Hanpuknaz
repMmanilo, nposBjisie cebe K CHCTEMa, IO CKJIagaEThCs 3
OIHOrO €JIEKTPOHA i MNO3UTHBHOIO OJWHMYHOI'O 3apsay.
MixX HUM i eJIeKTPOHOM BcepelHHi KpHCTaJa iCHYIOTb KYJO-
HiBCbKi CHJIM NPUTAraHHS, ajle 3HaYHO MeHIi Bif THX, fKi
Lisan 6 MixX HHUMH y BakyyMi. [locnaGJieHHSI CHJl TIPUTH-
FraHHsl 3yMOBJIIOETbCS Hi€l0 MieJeKTPUYHOTO CepeloBHUIIa,
siKe TpOCTOPOBO pO31iJsie eNleKTPoH i ioH momiwku. Ilepe-
6yBalouu Ha 3HayHi# BigaaJi Bix cBoro ioHa, eJeKTpOH 3Ha-
XOOHTbCSA B MOJI NMPUTATaHHS, NOTEHLiaJd SIKOTro
2
V=%, (22)

r

Ze € — JieJeKTpUUHA NOCTiiHa;

e — 3apsll eJIeKTPOHaA;

r — BinjgaJnp Big UeHTpa ioHa.

3HaK «MiHyc» BiANOBiflaé JOHODHUM [OMilllKaM, 3HAaK
«IJIIOC» — aKUeNnTOpPHUM. TakuM UHHOM, €JEeKTPOH B pe-
wiTHi pyxaeTbcsi HAaBKOJO AOMIlIKOBOrOo ioHa, MOAiIGHO A0
pyXy eJseKTpoHa B GopiBCbKiil ModeJi aToMa BOMIHIO.

BnauB pewliTku Ha eHeprilo piBHiB JOMiIlIKOBOTO eJeK-
TPOHA MOJISITAa€ B TOMY, IO eHepris 3B’A3Ky 3 iOHOM 3MeH-
wyerbcs B €2 pas. [lo aHajorii 3 Mojeio aroMa BOAHIO
eHepris ioHi3auii gomimkoBoro atoma

2 % %
E=T& ™ L™ F, (23)

Da, m, &8 T gt

B ubomy Bupasi E, — eHepris ioHisauii atoma BOMHIO,
m* — epekTHBHAa Maca eJieKTpoHa (abo Hipku AJs akuen-
TOPHOI'O aTroMa) B KPHCTaJi, Mpy— Maca BiJbHOrO eJek-
TPOHa.

IOas rpasuuHoro pajaiyca a 6opiBcbKoi OpOGiTH eJsek-
TPOHA B KPUCTaJi, KOJH BiH NepeXOAUTb B 30HY MPOBIAHO-
cTi, MaemMo

m
= a, (m) (24)
0
ne a n = 0,53 A.

Haseneni ¢dopmyau aas E; i a, ne3BaxKawyd Ha CNpo-

lleHy BHXiZHY MOJeJb, AaI0Th JOCHTL XOpolue HaGJIHKeHH:

IJIs 3HayeHb eHeprii iowisauii esemenrtis rpyn IIIB i VB
Yy KpeMHilo i repMadiio.
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ExcnepuMeHTanbHi BH3HAaueHHs eHeprift ioHisauii mo-
MilIOK y repMadilo i KpeMHiio mo ¢oronpoBifHOCTi mpu re-
NiHOBHX TeMIlepaTypax NoKasaJgH, U0 eHeprii ioHizaumii mas
aomimok rpyn IIIB i VB xou i mani, ane momitHO Bimpis-
HAIOTbCSl Mix co6o0 (auB. TabJ. 5), 0cOGJHUBO NJisi KpeM-
Hito. lle, 3BuuaiiHO, He Moxe OYyTH MOSICHEHO BOIHEBOIIO-
ni6HOI MoAeNIIo i € MpeiMeTOM IOCJilXKeHb.

SIKIO CTPYKTypa 30H Yy HamiBNPOBiNHHKY 'HeBilOMa, ajs iHTep-
nperanii #oro BJacTHBOCTEH KOPHCTY-
I0TbC NPOCTON0 OB6OX30HHONO MOOeNAAtD
€HepreTuYHix 30H, 306Da)KeHOIO Ha
puc. 15. )

B uifi moneni 3oH mpuiiMaloTh:

1) eneprin E BinbHHX eJIEKTPOHiB
i mipok B Kpucraji € KBaJpaTHYHOIO
¢yHKuielo iMnmyabca

Jona
npobid-
Hocm

pZ hZKZ
L=5r=7—35-7 (25) =
om — 4n22m S =~ Enpos
¥
. b= .
TOGTO XBHU/ILOBOTO BeKTOpa K, i He 3a- “J Egan

JIeXHTb Bia ioro Hanpamky. Bepxhs
KpHBa Ha pHc. 15 € 3anexHictio anas
€JIeKTPOHIB y 30Hi IHPOBIAHOCTI, HHXK-
Hfl — QJA JipOK y BaJIeHTHiH 30Hi, mo-
BepXHi- mocTiiiHoi eHeprii mawoTb cde- 0
pHYHY opMY; ) Mnynec

2) Bepx BaJIeHTHOI 30HH i IHO Pyc, 15. [Ipocta UBOX30HHa
30HH HQOBlﬂHOCTl BIANOB1AAIOTh 3HAa- MoJeNb eHepreTHYHHX 30H Ha-
YeHHIO iMmyjhca K =0 ejeKkTpoHa B niBNpOBiANKKA.
KpHCTaJi;

3) edekTuBHi Macu HociiB € cka-
NAPHHMH BEJHYHHAMH, sKi BH3HAYaIOTbCA Yepe3 KPHBH3HY Kpaw 30HH
3 piBHaHHA (16) a6o (17)

Banenmna 301a

1  4=?0°E
m*~ h* Ok®’

PiBenb Eppos € HMXKHIM KpPaem 30HM mpoBiaHOCT, a Epay — Bepxnim
KpaeM BaJIEHTHOi 30HH.

Iupuna enepreruynoro npomixxky AE Mix piBHAMH Enpos i Epax
NOpIBHIOE «TepMi4Hily wupuHi 3a60pOHEeHOL 30HU AE.,ePM, SIKILIO eHep-
reTHuHi piBHi He 3aseXaTb Bil TeMmepaTypH (IO B peaJbHHX KpH-
CTajaXx He BHKOHYETHCH).

OnTvyHi BJAACTHBOCTI HaANiBNpoOBiAHHKAa B MNpOCTii 1BOX30HHiil MoO-
neji BM3HAyalOTbC NpaBHJOM BiAGOpy, 3rilHO 3 SKHM ONTHYHHA mne-
pexii 3 Ba/leHTHOT 30HH B 30HY NPOBiNHOCTI BiN6YBaeTbCs MO BePTH-
Kaji 3 36epexkeHHsIM HamNpsIMKY i BeJHuuHU iMnyancy. «OnTuunas wu-
puna 3aboporenoi 30Hu AE,;y, fiKa BinnoBinae MiHiMaJbHii eHeprii’
¢doToHa, noTpi6HOI ANA NepeBelleHHA €JEKTPOHAa 3 BaJIEeHTHOI 30HH Yy
30HY NpOBiAHOCTi, MOBHHHA MOPiBHIOBATH IUHPHHi 3a60POHEHOT 30HH.
B romeononsipuux Kpuctanax AEony 1 AEgepy 36iraiorbes; pisHHus:
MiX HHMR HeBesIHKa. B iowHMX KpHcTanax, ne cTaTHYHa JieJeKTPHUHA
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CTajna &g 3HayHO G6ifblla ONTHYHOT €onr B pesysbTati edekris
QoNIsApyU3allii, fiKi 3a/1eXaThb Bifl BIlHOIIEHHA &5— Eonr/€s+€onry ONTHYHA
IIHpHHA 30HH MOXe GyTH 3HauyHO Gi/NbLIOIO, HIX TepMiuHa.

Hns repManilo i KpeMHilo CTPYKTypa 30H BHBYeHa HaiiGinbm ae-
TaabHO. BoHa BHsBUNacs AOCHTH CK/IagHOK (muB. puc. 28 i 31), npore
1 ANs LUKX PeYoBHH iHKOJH 3acTOCOBYIOTb NpPOCTY MOJedb 30H, Ha-
TIpuKJa[, Koju TpeGa mnoKas3aTH pO3TALIyBaHHA DiBHiB HOMIlIOK B 3a-
GopoHeHili 30Hi a60 AyXe CNPOLIEHO CXEMY (epPexoiiB TOLIO.

3vna npobidrHocmi
7,
a2 014 1
V6 Li 004
z A wf
' 7,26 026 A

gl 8 032 Co
§ N Cu A 026 A Ni
g 925 Au 022
= 009, ot ,
§ no Z,‘/I P 105
£ 405 004 , Q04| 0

ul, = 1A A A ]

Banenmna sona

Puc. 16. Eneprernuna piarpama AOMIlIKOBHX PpiBHiB Y
repMasdiio.

‘Ha puc. 16 nonana eHepreTnyHa giarpama AOMillIKOBHX
PiBHiB y repmaniio, Ha puc. 17 —y kpeMHitoo. UucsoBi 3Ha-
YeHHs eHepriii ioHi3awlill KOXXHOro ejseMeHTa 3a3HaueHi Ha
AiarpaMax 6inis KoXHoro piBHs Ta B TabJ. 5.

JloMillKu ejieMeHTiB, BaJIEHTHICTb SAKHX Biapi3HseTbCs
Bil BaJleHTHOCTi repMasiio a6o KpeMHilo Gijblie HixK Ha
ofuHMINO, 30KpeMma ejeMeHTH rpyn 1, II i mepeximui (Fe,
Co, Ni, Pt..), BHOocaTh y 3a6opoHeHy 30Hy GiJblue Hix
oauH piBenb. Lli piBHi ram6Goko po3rawoBaHi B 3a6opoHe-
Hill 30Hi i ToMy AJjsa ix OOuYHC/IEHHs1 He MOXHa KOpHCTyBa-
THUCH TPOCTOI0 BOAHEBONOAIGHOW MOAe/NNI0 [AOMillIKOBOTO
IeHTpa. BUHATKOM € JiTili — BiH Mae auule OAHH NOHOPHUH
piBeHb 3 MaJo0 eHeprielo ioHi3alii, 6JM3bKOIO N0 3HaAYeHb
eHepriii ionisanii esementiB rpynu VB, BsaxalioTh, w0
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aToM JIiTiI0 BXOAUTb y MiXKBY3/OBMHY pPeLIiTKH sSIK OXHO3a-
psinHuil ioH, TOMYy HOro eJIeKTPOH MOXe iCHyBaTH B KpH-
cranai y BogHeBONOAiOHHX CTaHaXx.

Tabauyn 6
Eueprii iomisamii feArux xomimox y repmManiio i xKpemMuino- (8 e6)
Cepmanlit . Kpemnii
Bianaab a0KaabHOro Biananb n0KanbHOrO
Enement pisHsa Bla: piBHsa BIA:
Be 1 }Kn DXHBOTO ;;I;::u
HHUXHbOTO PXHBOTO plens HHXXHbOTO Be
Kpalo 30HH Ba‘-l(lg:l:‘)ﬂoi Kpaio 30HH aaze:lfuoi
nposiaHoctl| - 3ouy nposianocTti 30HH
B — 0,0104 A — 0,045 A
Al - 0,0102 A — 0,057 A
Ga — 0,0108 A — 0,065 A
In - 0,0112 A — 0,16 A
Tl — - — 0,26 A
P 0,0120 — I 0,044 — I
As 0,0127 — pi| 0,049 — b
Sb 0,0096 — yi| 0,039 — i
Li 0,0093 — i 0,033 — bl
Bi —_ — 0,067 it
Zn (1) — 0,029 A — 0,09 A
Zn-(2) — 0,09 A — 0,3 A
Cu (1) — 0,25 AP — — :
Cu (2) — 0,04 A — —
Cu (3) 0,26 — A — —
Au (1) — 0,15 AP — 0,39 a
Au (2) 0,20 — A, Y| 0,3 —
Au (3) 0,04 — A — —
Au (4) — 0,05 I — —
Ni (1) — 0,22 AP — —
Ni (2) 0,30 — A — —
Fe (1) — 0,32 AP — 0,45 A
Fe (2) 0,26 — A, Y| 0,55 — n,y
Co (1) — 0,26 |AP| — —
Co (2) 0,32 — |AYy| — —
Pt — 0,040 A — —
Mn (1) —  |0,16+0,01/ A, P | 0,53 — |Y,A
Mn (2) 0,37 40,02 — AY — —
Jdedektn no | 0.20 A
Ppenkenio | ’ - - -
Eaextpununi
yJIOBJIOBayYi
HEBiIOMOro
MOXOMKEHHS — — 0,79 — O, A

_ NpnMmitka A—akuentopuuii, [—nouopuni pisen, P--pexom-
Ginauiftuuit, ¥ —yi10B110BaY HEOCHOBHHX HOCITB.
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LluHk y repmanilo i KpeMHil0 Mae Mo ABa aKNEeNTOPHUX
piBHi; Milb — TpH, HiKeJb, 3a]1i30, KOGaJbT i MaHraH y rep-
MaHil0 — [0 J1Ba aKUeNTOPHHX piBHi. 30/10TO Mae 4OTHpH
piBHi: IOHODHMH, fKHH JexHTb Ha 0,05 es Ham BaJIeHTHOIO
30HOI0, i TPH akKuenTopHHUX — ofuH Ha 0,20 es, mpyruii Ha
0,04 es HuxKue 30HH MPOBigHOCTI, TpeTiit — Ha 0,15 es Bulle
BaJIEHTHOI 30HH.

30Ha npobLdHocmt

e

__Lﬂ _]_ﬂ
0033 G044" 003d 0451
Li P ) ’AS \
03
Au
S 055 0.53
T z 939 aige "
n J, —
93 , 4]

Ga
B Al 0,16
A 0,09
a0ss 0057 0%, <A 004

B8anesmHo  30HQ

Enepais enexmpona ,eb

Puc. 17. Enepretauna AxiarpamMa IOMIIIKOBHX piBHiB y KpeMHito.

30/10TO B KpeMHil0 yTBOpIOE nBa TIJauGOKi PpiBHi, OnuH
3 HMX JAOHODHHH, APDYrHH Iue AOCTAaTHbO He BHBUEHHH.

Enementn Ni, Cu, Fe, Co, Au, Mn He TiJIbKU BIUIUBAIOTb
Ha eJIeKTPONPOBifHiCTL AK MOCTayaJbHHKH HociiB, aJe
IilIOTb TaKOXK $IK YJIOBJIIOBaui HEOCHOBHHX HOCIiB i ueHTpH
pekombinanii (muB. Taba. 5).

HeocHoBHHMH HociaMH € JHipkn B Matepiani n-tuny (npo-
BiIHICTL 3MiHCHIOETBCA eJIeKTPOHaMH) i €JIeKTPOHH,B Marepiajai p-Tuny
(mipkoBa MpOBiLHICTB).

Yaosar08auamu eneKTpoxie Ha3uBalOTh TMIMOOKI (BHCO-
Ki), po3TalloBaHi Ha KiJibKa JeCSATHX eJeKTPOHOBOJBT BHIIE
BEPXYy BaJIEHTHOI 30HH, PiBHi, sIKi MalOThb 3AaTHiCTb NpHHMa-
TH €JIEKTPOHH, aJle He MOXYTb 3aXOMJIOBATH HipKH NMpsSMO 3
30HH. lle piBHO3HAYHO TOMY, 1O BOHH MOXYThL OYyTH NMO3H-
THBHO 3aps[KE€HHMH H4BiTb TOHi, KOJIM 3aHHATI eJeKTpo-
HOM, TOGTO IO BOHM € moABiWHMMH noHopamu. [as p-Si
3HaiifieHi THGOKi esneKTpoHHi yJoB/awoBaui (Ha 0,79 es
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HHXKUe [JHAa 30HM NpOBiAHOCTI) 3 mNomepeyHuM mnepepizoMm
3:10~13 cm?, mo BigmoBinae epeKTHBHOMY paiiycy YJOB-
JoBaya 5eay , i ryctuHolo 1013 cm—3, CepenHiit yac XutTs
HEOCHOBHHX HOCiiB mpH iCHYBaHHi NMOPOXHiX YJIOBJ/IOBAauiB
CTaHOBHTb ~ 2+ 10~8 cexk.

[Toni6HO mO yJOB/IOBauiB €JEeKTPOHIB iCHYIOTb YJOBJIO-
Bayi pmipok — moaBifiHi akuentopu. Benukuii nomepeuHui
nepekpil 3axomyieHHsl AJIS HEOCHOBHOI'O HOCifi 3yMOBJIEHHH
3HaYHHUM KYJIOHIBCbKMM IOJIeM INpPHTATaHHA LeHTpa, aJje
MaJui [Js OCHOBHHX HOCIIB 3aBASKH KYJOHIBCbKOMY
BiALITOBXYBAHHIO.

Pexombinayitini yewTpu — JOKaJi3oBaHi aTOMHiI cTa-
HU — MOXYTb OYTH aKUENTODHHMH i HOHOPHHUMH. [X piBHI
po3TawoBaHi no6au3y cepeiuHH 3a6opoHeHOi 30HH. Mox-
Ha NpPUOYCTHTH, WO aKT pekoMmObiHauii BimOyBaeTbcsi Tak:
AKUENTOPHUH LEeHTpP, 3aXONUBIUH €JNIEKTPOH, CTAa€ HEraTHB-
HO 3apsiJKeHUM i 3axomaloe NipKy; NOHODHHH LEHTp, Bil-
JaBLIM €JIeKTPOH, CTa€ MO3UTUBHO 3apsAKEHHM i Moxe
3HOBY 3aXONMTH eJNleKTPoH. PisHuums Mix yJoBaioBauamy i
pekoMOiHAiAHUMH LEHTPAMH MOJArae B TOMY, LIO PEKOM-
6iHauifini ueHTpH MaloTb 3HauHi MomepeyHi mnepekpoi 3a-
XOIJIEHHS] K [JIsi OCHOBHHMX, TaK i HEOCHOBHHMX HOCIiB, a
yJIOB/IOBaui — JiMIle [AJS1 HEOCHOBHHX HOCIIB.

Yacu aurTa BiNMBHUX HOCITB y HamiBNIPOBiAHMKOBHX Ma-
Tepianax MoOXyTb GyTH OXapaKTepu3oBaHi: «Ouysitnum
4acom HurTA» abo 4acoM KHUTTS HEOCHOBHOrO Hocisl 3apsny
YH BiJIbHOI Mapu i «4acom HUTTA no npPoBIiOHOCTI».

Jndy3iiiauit yac XXUTTA BH3HAYa€ThCA K CepefHil mpo-.
MiKOK yacy, NpOTSiIroM SIKOrO eJIeKTPOH i Aipka BiJbHi i Mo-
XYTb NMpPHAMAaTH yyacTb y Audy3iliHuX sBHlAX. Bin Bu3Ha-
yae BJIACTHBOCTI AioniB, TPaH3UCTOPIiB 1 IHIMKMX MNpHJIaNiB,
B SKHX OCHOBHY poJb Bifirpae nudysis HEOCHOBHHMX HOCIiB.

Hac XKHUTTS [0 NPOBiJHOCTi — € yac, MPOTArOM SKOro
NpPHHANMHI OOMH THI HOCIiB 3aJMLIAETHCH BiJILHUM i 3Ail-
CHIOe eJsieKTponpoBiaHicTb. CiofHM BKJIOUYAETbCA i TOH vac,
NpOTSArOM SIKOTO ONMH i3 uJ/IeHiB eJeKTPOHHO-AipKOBOI mapu
(HeoCHOBHHH HOCiIH) Moxe OyTH JIOKaJi30BaHUM Ha YJIOB-
JgioBaui. [IuM yacoM XKUTTH BHU3HayaeTbcss po6OTa THX INpPH-
JapniB, siKi- 3acHoBaHi Ha 3MiHi mNpoBimHOCTi, HamnpHkJan,
¢otoonopiB. Hac KUTTA «I0 NPOBiJHOCTi» MoXe 6yTH GiJb-
wuM a6o nOpiBHIOBATH «AUGYy3iHHOMY>».

[TopymeHusi — nedekTH CTPYKTYypH — TaKOX MOXYThb
6ytH ueHTpaMu pekomGinauii. LlenTpn, 3adikcoBani B
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repMaHilo rapTyBaHHfIM, CTBOpPeHi GoMGapoyBaHHAM eJieK-
TPOHAaMH BHCOKHX eHepriii abo sapaMu, mJIacTHYHOW0 nedop-
Malielo, MaloTh BeJHKi eHeprii ioHizauwil i #iloTb K IeH-
Tpu pekomb6inanii moai6no mo Cu i Ni. Taxki x noxmi6Hi
piBHi icHyIOTb i B KpeMHilo.

Unum Ginblie nedekTiB y KpucTanax, THM Ginblla IIBHA-
KicTb pekoMOGiHalii, MeHUIMH yac XUTTSA i MeHWIa PYyXJH-
BicTb HOCIiB. :

Poscissuua pyXy HociiB € ckJlalHHM TNpollecoM, siKUH 3a-
JeXHuTh Big 6araTtbox (GakTopiB — TeMmepaTypH, eHeprii i
epekTHBHOI MacH HOCiiB, KOHLeHTpauii i craHy nedexris,
HieJeKTpUYHOI cTaJsioi cepegoBulla Tollo. BoHno Big6yBae-
TbCS1 B MOPSIAKY 3HAYYLIOCTi: .

1) Ha Tensosux kosusanuax pewirku (Bix B3aeMomii 3
¢oHoHamu). BoHo mponopuioHanbie ~7-"h pas repMmaxiio
n-tuny i ~E-*% pas repmasiio p-Tumy;

2) Ha ioni3osanux Odomiwkax i € obGepHeHO mponopuio-

. - |
HaJbHHM KBaJpaTy NieJIeKTPHUHOI CTaJOoi ~ -

3) Ha nedrpasbrux domiwkax i 6yBae nBox tunis. Ilep-
Lle — nponopuioHanbHe AieJeKTpUuHill cTaniii € — crae
3HAYHHM B KDHCTaJaX 3 BeJHKOI [ieJIeKTPUUHOIO CTaJIol0
NpH HHU3BKUX TeMIlepaTypax, KOJH KOHLEHTpalis BiJbHHX
eJIeKTPOHIB 1 /N jom KOHLIEHTPALil aTOMiB AOMillKH, TOOTO
Koau yci momiliku He ioHi3oBani. lle po3cisuHa He 3aJe-
KuTb Bin TeMmnepartypu. HefiTpanbHi moHOpH BHaCJiLOK
BeJHKOi op6iTH 3B’S1I3aHOTO e/leKTPOHA MaloTh BEJHKHiH NO-
nepeuHuil nepepi3 po3cisiHHS, MpH SKOMY 3B’i3aHHi i BiJb-
HUil eJJeKTPOHH OOMiHIOIOTbCS MiCUSIMH.

Po3scisiHHSL [pyroro THNY «CIVIaBHe» 3ycTpiuaeTbes
B cmnaBax Si—Ge, cnpuurHeHe CTaTHCTHYHHUMH (JIIOKTya-
WiAMM CKJaAy CIJaBy, siKi BUKJIHKAIOTb BHKPHBJIEHHs KpaiB
30H, moAi6He no nmedopmauiiiHux. Tam, ne BoHO 3HauHe,
pyxauBicTb Gyne 3MiHIOBaTucs 3 TeMmmepaTtypoio sfiK T~ hy

4) Ha noasx Hanpyxceno OucAokayid, € He3HAYHHM i
HeicrotuuM B Kpucrasax Ge i Si xopowoi sikocti. Moro ne
c/lif mAyTaTH 3 PO3CiSHHSAM Ha JiHifIX AMCJIOKalil, fKi B
repMaHilo n-THIMY MOXYTb YTBOPHTH TPOCTOPOBO 3apsiixKe-
Hi UMAIHAPDHM aKUENTOPHHX, CHJIBHO pO3CilOIOYHX UEHTPiB;

5) Ha Hociax 3aps0y NMpH 3iTKHEHHi HOCIIB 04HOro i TOrO
3 a60 NPOTHJIEKHOrO THUNY (PO3CiHHA NpH 3iTKHEHH] «eJsek-
TPOH — €JIEKTPOH», <«JipKa — AipKa» i «eJeKTPOH — 1ip-
Ka»), BOHO € QYHKUielo wBHAKOCcTe#d HOciiB. IIpu koxHOMY
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3iTKHEHHi NMOBMHEH 3a/l0BOJIbHSITHCS 33aKOH 30epexeHHs iM-
NyJbCiB i TOMY 3arajbHHi iMOyJbCc He 3MiHIOETBCH.

SIkicTb HaniBNIpOBiAHMKOBOrO MaTepiajy, NPUAATHOrO
s BUPOOHHITBA MNPHUJANiB, OLIHIOETbCA MO BEJIHUYHHI MH-
TOMOro onopy (enektponpoBifHocti) i aAudy3ilHill HOBXKUHI,
a6o yacy XHUTTS HOCIiB.

Hesiki MeToan BHMipIOBaHHSI“TIHTOMOrO ONOPY BMillleHi
B po3a. IV, § 3.

3. JomimkoBa mpoBixHicTH

BniuB neskHx JOMIlIOK Ha e/IeKTPONPOBiAHICTb Ha-
NiBNpPOBiAHHKIB Haja3BHualiHO Besnukuil. Hanpuknanm, ngo-
Mmimka c¢ocdopy no kpemHito B kiabkocti 0,001 atomu.%
36inblIye ioro mnpoBigHicTb npuH KiMHaTHi# TeMmeparypi
y .CTO THCAY pas.

B pewlitui esnementiB rpynu IVB 3 moMilikamu enemeH-
TiB 6isbLIOI BaJIEHTHOCTi OCHOBHHMH HOCisIMH 31e6i/IbIIOro
€ eJeKTPOHH, a 3 AOMillkaMH aTOMiB MeEHIIOI BaJeHTHO-
cTi — AipKu.

Hns o6anacri TeMmnepartyp, B sIKiii AXKepesoM HOCIiB €
JAOMILIKK OJHOTrO THNY i OCHOBHi aTOMH peIliTKH, 3arajibHy
KOHLEHTpAalil0o HociiB MOXHa MPEeIACTaBUTH [ABOUJEHHOIO
¢dopmy.ioro.

Jnsi HamiBOpOBiIHMKA 3 AaKILENTOPHOIO [OMillIKOl 3a-
JIeXKHiCTb KOHIleHTpaluii HociiB cTpyMy Bil TeMIepaTypu BH-
3HayaeTbCsl PiBHAHHAM

—AE,

Q+N
= Loquewm - ()
Q, + pe*’
ae N, — KOHLeHTpalisi aKuenTOPHUX HOMilUOK;
2
Q+ = E (2ﬂmik7‘)3l2;

Q-= hl“ (2~m* kT)%2;

m’ Ta m’> — ebeKTHBHI MacH NipKH Ta eJeKTPOHa, Bilmo-
BilHO;
AE,— eHeprisa ionisauii momimku.
B o6Gnacti HH3bKHX TeMIlepaTyp JMAXepejoM HOCIiB €
JHlle AOMIlIKOBi aToMu (BJacHa MNpPOBiAHICTb He3HauHa),
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ToMy B piBHsiHHI (26) mepmuM nomaHkoM i BedauunHow Q4
A E,
8 NOPIBHAHHI 3 p+ 4T B 3HaMeHHMKY APYroro HOJaHKy He-
XTYIOTb.
KoHueHTpauis Xipok B 1bOMY BHMAIKY

AE
p=VQqi N, e ¥ @)

Kosnn pyxnuBicte cnabo 3ajieXHTb BiJ TeMIepaTypH,

JNoMillIKOBa MNpOBiAHICTb Mae eKCMNOHEeHUiaJbHHH XxapakTep
AE,
Spou = 01& HT° (28)

[lpu 3pocTaHHi TeMmepaTypH NOCTYNOBO YCi aTOMH AO-
MilUKH ioHi3yioTbCs (p ~ N,) i NpH nanblioMmy MigBHLIEHH]
TeMnepaTypd [OMilIKOBA TMNPOBiAHICTb 3MEHUIYETbCA BHa-
CJiIOK 3MEHLIeHHs] PYXJHBOCTi HOCIiB.

Y HeBHpPOAKEHOMY HAMIBMNPOBIZHUKY 3 OOMIlIKOIO J0O-
6yTOK KOHUEHTpPAllil BiJIbHUX €JeKTPOHIiB 7 i HipoK p no-
piBHIOE KBaapaTy KOHLeHTpalii BilbHHX HOCIiB y uYuCTOMY
(6e3nomilikoBOMY) HaniBMPOBiAHHKY Npu Till ke TeMmepa-
Typi T

n-p=n:, (29)
ae
AE, AE,
n,=VQsQ_e = Ce - (30)

BaxJauBo, 10 AOGYTOK KOHLEHTpallifi He 3aJexHTb Bil KilbKocTi
aToMiB AOMilIKM i Bin eHeprii eJeKTpOHiB (mosoxeHHs piBHa Pepwmi).
IlomimKa 3MiHIOE KOHLEHTpalii eNeKTPOHiB i AipOK TakKHM YHMHOM, LU0
3aBIfKH pekoMGiHauii Ho6yTok (29) 3ajHIIAaETbC MOCTIHHHM.

3 piBHsaHHA (29) Ta ymosu HeliTpaarsbrocTi [HeTalbHille
auB. nadai, piBasuusa (34)]

p=n+ N, (31)
KOHIIEHTpallisl AipOK y BUMAIKy aKIeNTOPHOI AOMilIKH
p="2 5V N+ an; (32)

a KOHLEHTpallist eJeKTPOHiB
N T
n=—"20 4 LV N2t an; (33)
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[Npu Manux KOHLEHTpPaUifix AOMILIKH APYTHM IOIaHKOM
8 piBHsHHI (26) MoxHa 3HexTyBaTH. Toli KOHUEHTpauis
nipok i enekTtpoHiB nopiBHioe m (30), a enekTponposia-
HiCTb — BJIACHiM+
_AE,
6 = gye 2kT ,

YMoBa HeliTpaabHOcCTi. fKuo .y HaniBnpoBin-
HUKY BiACyTHi 006’eMHi 3apsau, TOOTO AOMIlKOBi LEHTPH
posnoisiedi B 06’eMi piBHOMipHO, TO KOHIEHTpalis Bil'eM-
HO 3apsiI’KEHHX YAaCTHHOK (eJIeKTPOHiB B 30Hi NpOBiAHOCTI
i ionizoBaHHX aKuenTopiB) [OpiBHIOE KOHLEHTpauUil Mo3u-
TUBHO 3apsi[XKeHHUX (LipoK y BaJieHTHiH 30Hi i ioHi30BaHHX
JIOHOPiB)

n+Z(Nah'—pah) =p'+’2(Nnk—”’nk): (34)
h k

Jl€ pa — KOHLEHTpaLlisi AipoK Ha aKLENTOPHHUX PiBHAX, cm~3,;

n, — » €JIeKTPOHIiB Ha JOHOPHHX piBHSX,
cm—3;
N, — » aToOMiB JOHOPHOI JOMilIKH, CM~3.

Innekcu A i k B piBHsiHHAX (34) i (35) € iHmeKcaMu miA-
CyMyBaHHsl MO Pi3HHX AOMillKaX, KiJIbKiCTb SKHX Yy HaliB-
NpOBiIHHKY MOXe 3MiHIOBaTHcs Big 0 mo h AJs aKuenTop-
#ux i Bigx 0 po & nns HOHOpHHX.

B o6aacti BiacHOi mpoBiAHOCTI LS yMOBAa 3alHCYETbCA
Yy TakKOMY BHIJIsAMi:

%(Nah_’pah) Ln=mn

SNy, —m) <p=p, [T %)
Rk

BoHa 3nificHI0eTbCS A/l AyXKe YHCTHX KpPUCTAJiB IpH
BCiX TeMmepaTypax, a AJIs HamiBNPOBiAHHKIB 3 AOMilIKaMH
B 00J1aCTi, IOCTaTHbO BHCOKHX TeMmepaTyp.

SIkino HaniBnpoBiJHUK Mae B co6i OXHOYACHO aTOMH [0-
HOpHOI i akKLenToOpHOi NOMilIOK B PiBHHX KiJBKOCTSIX, Bijb-
HUX AOMIIIKOBHX HOCiiB 3apsaay Oyae AyxKe MaJso i efek-
TPOMPOBifHICTb MaTHMe BeJHYHHY, OJNH3bKYy 10O BJIACHOI.
ITosicHl0€TBCA Lle THM, IO €JEeKTPOHH, YTBOPeHi JOHOPHUMHU
nomillKaMu, OyAyTh 3aXOIJIIOBAaTHCS AaKLENTOPHHMH [0-
Mimkamy. Takuét HaniBOpOBiAHHK € HaMiBINPOBiAHHKOM 3
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kKomnencosanumu poMmimkamu. Komnu ) kijgbkocti moHopis
i akuenTopiB He piBHiI Mixk co60l0, eJTeKTPONpPOBiAHICTh Bil-
NOBilae TOMY THUNY IOMilUKH, SIKHil nepeBa)Kae, a BeJHUHHA
BH3HAQYaE€TbCH KiNMbKiCTIO HECKOMMNEHCOBAHUX BiJIbHUX HOCIiB:
SIkio KoHLeHTpalis HoHOpiB N, G6isblia KOHueEHTpauil
akuentopiB V, , To 3a YMOB, KoJIM yci HOMillKu iOHi30BaHi,
KOHIIeHTPallisl NOMIlIKOBHX eJIeKTPOHIB

n=N;,—N,.
KoHuenrtpauis aipok, koan N, >N,
p=N,—N,.

EnexkTponpoBinHicTe HaniBNpoBiZHHKa 3 KOMIEHCOBaHH-
MH AOMiIlIKaMHu 1O BeJIMYHMHI MaJio BiApi3Hs€Tbcs Bill esek-
TPONPOBiAHOCTI YHCTOro HamiBNPOBiIHHKa, ajie XxapakTepu-
3yETHCS] MEHLIOK PYXJHUBICTIO i MEHIUMM YacoM XHUTTS
HOCiiB, B 3B’SI3Ky 3 PO3CifIHHSM iX Ha KOMIIEHCOBaHHX [O-
MiluKax.

PyxJauBicCTb eJeKTpPOHiB Maiixke 3aBXau Oiablua, Hix
noipoK, i TOMy HamiBNpPOBiHUK 3 BJIACHOIO MPOBiAHICTIO Mpo-
fBasie cebe K HaMiBIPOBIAHMK A-THUNY. KO B HbOMY
NPUCYTHI MAOMIlIKM J[JOHOPHOrO THMY, HaMiBNpOBigHWK Y
BCbOMY iHTepBaJii TeMmnepaTyp MNOKasye A-THI MNPOBiIHOCTI.
SIKIO X NPUCYTHiI aKIenTopHi AOMillKH, HaNiBNPOBiIHUK
npy TiABHIIEHHi TeMIepaTypy MoxKe 3MiHUTH NpPOBiAHICTBL
3 p-TMOY Ha N-THIL

UacTo nOCHTL 30BCiM He3HAUHOT pi3HML KOHNeHTpauift
IOMilIOK B Pi3HUX MicusxX KpucTaJa, 106 nopydy yTBOPHJIH-
cs obsacTti 3 pi3HUM THNOM NPOBiAHOCTI.

Micnsa 3pomenux oGJacteii 3 pi3HUM THIOM MPOBiAHO-
cTi € nJg TexHiKM 0cOGJMBO BaxKJIMUBHUMH. I'paHuus posniny
p- i n-obmnacreli KpucTaJja BHIPAMJSAE CTPYM — B OIHOMY
HanpsiMi eJIeKTPUUHOTO MOJIS ONip rpaHHLi MaJui, a B Npo-
THJIEXKHOMY Y COTHi i TucAui pa3 6inblui, HiX omip ychoro
ocTaHHbOro 06’eMy HamiBmpoBigHuka. CxemMa momi6HOi CH-
CTeMH TpeiacTaBjeHa Ha puc. 18, a, 6.

BenuuuHa omopy rpaHuui 3ajeXuTb He TIJIBKHM Bil Ha-
npsAMy noJsi, ane i Big iioro BesnuHHH. BosabramnepHa
XapaKTePUCTHKA TaKol CHCTeMH HeJiHifHa i HecHMMeTpuuHa
(puc. 19). )

I'panuns posnpiny obsacreii p- i n-Tuny BcepepuHi cy-
niJbHOro HamiBNPOBIAHHKOBOTO KPHCTasa [icTana HasBy
p — n-nepexopy. Ha BukopucTanHWi OCOGIHBHX BJIAaCTHBO-
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creil p — n-nepexoniB no6yn0BaHi pisHoMaHiTHi npunanu. Ha
p—n-nepexoli iCHye NyXe BaxJuse y po6oTi HamiBmpoBia-
HUKOBHX mnpuianiB saBumie in'ekuii (iHxKekuii) HociiB 3
onHiei o6sacTi HaniBNIpoOBiAHHKA Yy ApYTY.

SIKi10 KOHUeHTpauii OCHOBHHX HOCiiB B 060X o6sacTsx
piBHi Mix co6o0lo, TO NIPH OJHAKOBHX PYXJHBOCTAX i uacax
JKUTTS MOTOKH eJIeKTPOHIB i AipoK 6yAyTb oaHakoBi. SIKio
XK KOHLIeHTpauisl eJeKTPOHiB B n-06J1acTi mepeBHILy€e KOH-
HeHTpauilo Aipok B p-ob6aacrti, Hanpukaang, y 100 pas, 1o

0onacme Iparuus po3diny
prmuny 06nacmb
— -1~ n-muny
p|on o | e b—
+ - - +
a 6

Puc. 18. CxeMa p—n-nepexony:

a — CTPyM NMPOXOAHTb; 6 — CTPYM HEe NMPOXOAMUTb.
e.neKTpOHHnn CTPYyM uepe3 nepex111 G6yne y 100 pa3 6inb-
mui Bin AipkoBoro, To6To Maiixke BeChb CTPYyM yepe3 rpa-
Hulo Gylde ejekTpoHHHH. Kosan npu nboMy WIBHAKICTBL pe-
KoMGiHalii esekTpPOHIB 3 HAipkaMu B p-o6JacTi He3HayHa,
€JIeKTPOHH MPOBiHOCTi MOXYTb, 3araubutucss B p-06/acTh
Ha 3HAuyHYy BiACTaHb i THM CaMHM iCTOTHO 30iJLIIUTH KOH-
LeHTpalilo HEOCHOBHHMX HJs1 p-o6nacTi HociiB 3apsanpy. lle
siBulle 36i/bllIeHHS KOHIEHT-

paumii  HEOCHOBHMX  HOCIiB tmall
CTPYMY — €JIEKTPOHiB B p-00- 2
Jgacti a6o nipok B n-o6aacrti ,

npu BianoBigHi# Aii 3o0BHiLI-
HBOT'O eJIeKTPUUHOro noast a6o 490 40 ! 7

. . . U
CBiTJIa HA3MBAETLCA (H'EKYIEIO 7 » ub
eneKTpoHi8 abo iH'exyiero Oi-
POK BigmosinHo. Imeal40
o : so ’
Ias nefitpanisauii 06’€M- py. 19 Bossramnepra xapak-

HOro 3apany eJIEKTPOHiB, AKi TEPUCTHKA pP—N-TIePEXOLY.
pyxarTbcsl Bill p — n-rpaHuli

B p-06JacTb, MHTTLOBO BHHHMKAa€ [ONATKOBHH 3yCTpiuHHit
NMOTiK OCHOBHHMX HociiB — mipok. UuMm G6inbllie BBeneHO He-
OCHOBHHX €JIeKTPOHIB, THM GiJblIHM Oyde NPHIVIUB B WO
IIJMSIHKY OCHOBHHX [ipOK, TOMY mNpoBiAHicTb uiel ninsHku
CHJbHO 3pocTae. 3MeHIIEHHs KiJbKOCTi HOCiiB BHac/igok

57



pekoM6iHalii KOMMEHCYETbCS NPUIVIMBOM 3apsilliB- 3 eJeK-
TpodiB. OTKe, BHacJaifoK iH'eklii eJeKTPOHIB mnOGJAU3Y
p — n-nepexoay B p-4aCTHHi KpHUCTaja YTBODIOETbCSl eJiekK-
TPHYHO HefTpasbHa 06JacTb NiABUIIEHHX KOHIEHTpauii
AipoK i esekTPOHiB, sIKa MOXe MOHMIMPIOBATHCA i 3BYXyBa-
THCS 3aJIeXKHO BiJ piBH# in’exkuii. HuM MoxHa 3aificHioBaTH
Moay/sililo mnpoBigHOCTi i migcuieHHs crTpyMmiB. $IBume
in’ekuii € ocHOBOI0 po6OTH HaNiBNPOBiXHUKOBHX TPioOHiB
i TerponiB. 3amipHi mapu i p — n-nepexoqu € HalBaXJH-
BiluMMH pPOGOYMMH YacTHHAMH B KpDUCTaJNiyHHX Tpioaax,
BHIpAMJIAYAX, ¢oTonionax, ¢oroenemeHTax e.p.c. i iHHIHX
noAai6HUX npusagax. BiamoBigHO 4O 1bOro 3HaYHOI yBaru
HaJaeTbcsl NaJli MUTAHHSM TEXHOJIOril CTBOPEHHs p — n-Ie-
pexonis.

IIpote npu BH3HAueHHi eJIeKTPHYHHX NapaMeTpiB MaTe-
piany sBuue iH'ekuii moxe GyTH 30BciM He6GaxkanuM. [Ipo
1le y BignoBigHux Micusax (posz. IV) Oynme 3ayBaxeHo.



Po3din I1

OCHOBHI BITOMOCTI IIPO BIACTHBOCTI
HANIBIIPOBITHHEIB

§ 1. BATAJBHI BILOMOCTI

HaiiBaxXnuBiluuMu MaTtepiajJaMud AJ5 HaniBNpoOBiXHHUKO-
BUX MpUJIafiB € repMaHifi, KpeMHi#, Kap6ix KpeMHilo, ceJieH,
3aKHC Miai, cyabdinun KaaMiio i CBHHLIO Ta nesiKi iHTepMe-
TaJiuni cnoayku. 'epMaHniii, ceneH, Tenyp, Hox — eneMeHTH
pinkicHi i poscisni. Ias cuHTe3y Ta JeryBaHHsl HamiBIpo-
BilHHKiB MmOTpiOHi piakicHi Meranu: nesif, immift, Taxif,
ranaii i inwi.

Cnoco6u onep:XaHHs [elIeBUX DiAKiCHHX eJeMeHTiB y
KiJIbKOCTAX, NOCTaTHiX AJs1 J1a60paTOPHOrO Ta MPOMHCIIO-
BOro BHPOOGHMUIITBA, PO3BHBAIOTbCS Y HANPSIMKY HaHMOBHi-
1101 KOMIIJIEKCHOI nepepo6KH MepBUHHOI CHPOBHHH.

Texnosoriynuift mpouec oxep:KaHHA i mepepoOKU CHPO-
BHHHM PiAKICHHX esieMeHTiB pPO3MNOAiNseTbCcs HA onepalii:

1) omep:KaHHs PyIHOro KOHLUEHTpATy 3 BifxXxoAiB BHPOO-
HUUTBA Ta HOro pO3KJanaHH{, '

2) onepkaHHs YHCTHX XiMiuHMX cmoayk (oKcuais, co-
Jeil) Ta eleMeHTIB 3 HHX.

IlepepoGky nepBHHHOI CHPOBHHM AJISi OJEPIKaHHS pyn-
HOr0 KOHLEHTpPaTy MpoBansTh TaK, W06 piIKicHi eseMeHTH
He BTpauaJjiucsi, He PO3NOPOLIYBAJHUCSA, 8 KOHLEHTpYBajHcs
B MEBHUX NPHUCTPOSX.

Ilpu poskynani pyAHOro KOHIEHTPAaTy 3aCTOCOBYIOTb a6o
nipoMeraJsyprifini (BuUNaJOBaHHA, CMiKaHHA, CIJaBJEHHS),
a6o rizpomeranyprifini mpouecu (o6pobka KuUCJIOTaMH, Jy-
ramu), a6o o6unBa pasoM. [Ipouecu nepepoGKH CHpsSIMOBY-
OTb Tak, W06 6axkKaHWi eJeMEHT BilOKPeMHWBCSl Bij iHIIHX
CyNyTHiX eJeMeHTiB y po3udH ab0 OCauoK.
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XiMiyHi CONyKH O#epXKYylOTb LIISIXOM XiMiuHOi 06poG6-
KH ocajgka a6o po3unHy. OUHCTKY iX NpOBaiasiTb TaKUMH
disMuHMMM MeTomaMH, K NepeKpHcTaJisauis, cybJaimauis,
poO3AisbHA KOHAEHCAIlisi CMOJYK TOLLO.

Insi omepxaHHA eJeMeHTa i3 CIOJNYKH 3aCTOCOBYIOThb
pi3HOMAaHIiTHi (MepeBa)KHO BUCOKOTeMIlepaTypHi) mnpoluecu:
BifHOBJIeHHS BoAHeM a6Go ByrJeueM, TepMiuHy AucoUiauiro,
B JesIKMX BUIAfKax eJeKTpoJii3 abo leMeHTalilo.

Bu6ip i edekruBHicTb .cnoco6iB 06po6KH MaTepiany 3a-
JIeXUTb BiJ BJACTUBOCTEH KOXKHOi PEYOBHHHU.

§2. ENIEMEHTAPHI HANIBHPOBITHHKH
1. I'epmanii

3araabHi BigmomocrTi. Iepmaniit (Ge) — ene-
MeHT rpynu IVD nepioguuHoi cucreMu MeHaeneeBa, BJja-
CTHBOCTI fIKOTO reHiasbHo nepen6auuB MeHpeneeB y 1871 p.
i HasBaB ekacuJsinieM. Yepe3 15 pokis, y 1886 p., Binkiaep
BiIKpHUB HOro i omepxaB Yy YHCTOMY BHIJISAi 3 MiHepaay
apripoAMTy, Ha3BaBILUK repMaHieM. B Haw yac BiH € Haiigo-
KJaJHille BUBYEHHUM e€JeMEHTOM.

Iepmaniit HaseXuTh [0 piAKiCHUX, HAlUGiIbII PO3CISTHUX
ejneMeHTiB. Minepasu, 6arati Ha repMmadiil, 3ycTpiuamoTbcs
pinko. Haii6iabiu Bigomi 3 Hux: eepmanit (Micturb -no 10%
Ge i 1,5% Ga), 3HaiineHuii Ha MigHHX pyAHMKax 3amelu
B Adpuui, apeipodur (mictutb po 5—7% Ge), peniepur
(Mmictutb oo 7,8% Ge i raniit), 3naiinesnit B Kouro y uuma-
aifi kiapkocti. [1pore ui mMiHepaau He MOXKYyTb OYTH OCHOB-
HUM J2KepeJiOM CHPOBHHH I'epMaHilo.

KinekicTs repManilo, npupaTHoro mjsi NPOMHCJIOBOro
OJlepXKaHHSA, CKyNMuyeHa y cyJbigHHX MiHepaJiaX, 0COGJHBO
B NPOMHCJOBHX LHHKOBHX i CBHHLEBHX pylax Ta B MaJjo-
30JIbHOMY KOKCiBHOMY ByrisJai, Haii6inpw BuCOKHEI BMicT
repMaHilo i raJiio BHSIBJeHO B LMHKOBill o6MaHui — cdaJe-
puti — Big 0,0005 mo 0,1%, a y Bypuuti — no 0,3%. Exo-
HOMiYHO BUT'iJJHOIO € KOMILJEeKCHa Nepepo6Ka UUX pYyA; rep-
MaHi# i raJjiii ogepxyloTh 3 BiIXOAiB K MOGiyHHI NPOAYKT.

BMicT repManiio y aHrJilficbkoMy KOKCiBHOMY BYyrisui
kosuBaerbea Bix 0,001 mo 0,01%. ¥ nsmacrax Byrijis rep-
MaHiii 3i6paBcsi y BepXHbOMY i HaliHMXyoMy wapax. Baa-
JXKaloTbh, 1o BiH O6yB aacop6oOBaHMil BYrifvisiM 3 BOIH, fAKa
MicTHJIa DPO3YHHEHi coJli repMaHilo.

INpu cnamoBaHHi KoKcy a6o mepepo6ui fioro Ha rese-
paTopHHil ra3 repMaHifi KOHUEHTPYETbcsi B 3041 abo cepel
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nuny i caxi (a0 1%) npu oxosomKeHHi rasyBaTux mpo-
NYKTiB 3ropsiHHA. IIpoLleHTHHII po3mOAil TrepMaHilo Mix
30J1010 i MHJIOM 3a/IeXXHUTb BiJl YMOB CHAaJ/IOBAaHHS BYTiJb-
HHX TIPOAYKTIB (TemnepaTypH, AOCTymy KucHio). Iligpaxo-
BaHo, WO i3 mopiyHoro BUAOOYTKY Byriajas B AHraii —
100 MJH. T — MOXHa BHAIIMTH 0O 2 THC. T repMaHiio. JIxke-
peJ CHPOBHHHM TepMaHilo Yy

Pansucbkomy Colo3i HijgkoM
JOCTaTHbO, 106 MOBHICTIO 3a- S0~ — (B
Ge3neuyuTH 3pOCTAIOUi MOTPe- por—ry S — 7
64 Hawoi HaniBNpoBiIHHKO- Cib
BOi TPOMHCJIOBOCTI. e s

OnepXaHHs repMa- B0} == *
Hilo. Po3srisHemo amepukas- (P5250.)
CbKYy CXeMY OJepXaHHSI rep- (EwEmauT) ~ L0
MaHil0 Npu mNipoMeTaJypriii-

. Qi1bmpauis

HOMY crnocobi nmepepoSKH IMH- Hy S0,
koBoi pynu (puc. 20). Ilep- T
BHHHY L)mHKOBy pyay (xon- md—poau/F}-—pmam'gaum]
UEHTPAT) BHMAJIOTb CHO- (CERamTp)

YaTKy IJsi BUAAJIEHHS CipKH,
a TMoTiM, NOMAauH BYTiIA
i . ¢mocu, BuUMaNIOOTL NpH BZED -
Temneparypi 1200—1300° uansi.

ollepKaHHs azaomepary.

Aeaomepayia —  yTBOpEHHsH
GiabW-MEHIN Be/IMKHX KYCKiB Pymu Puc. 20. CxeMa OfepxKaHHs rep-
CNiKaHHAM. MaHil0 3 LHHKOBOI pYIH.

Aznromepar — 3neyeHa B KYCKH
Api6bHa a6o nuayBaTa pyna.

Bunasatosanna — npouec npomikaHHa (MPOXKaplOBaHHA) pPYOH HHUXK-
Ye TOUKH MJIaBJIeHHs B MEBHHX Fa30BHX CepeNOBHLIAX A/S 3MiHH 11 Xi-
MmiyHoro cksnany i (isHUHMX BJIaCTMBOCTell Mepea [AaJblIO0 Tepe-
poOKolo.

Ilpu uboMy BHAansIIOTbCS MHLI'SIK, CBHHELb i KaaMiil, a
TaKOX 3HAYHA YacTHHA repMaHilo, sika CKyNM4yeTbCsl Y Kal-
MilloBoMy mnuay. [lua BJIOBJIOETbCS  eeKTPOdiJbTpamMu
(puc. 21) a6o iHIWIMMH NPHUCTPOSIMH.

Jns ouuMcTKM rasy Big 3aBHCAMX B HbBOMY Ppiakux a6o TBep-
IHX YaCTO4YOK (AMMY) 3aCTOCOBYEThCA TNOCTifiHe HeOAHOpilHe eJek-
TPHYHE mHoJNe BHCOKOi Hampyru. EnekTpuuhe mnose B eneKTpodisibT-
pax Hanpyxenictio 4000--5000 8/cx yTBOpDIO!OTH MiX JBOMa eJeKTpo-
JaMH: TMO3HTHBHHM J (OCaZXKylOuHM) i HeraTHBHHM 4 (KOPOHYIOYHM)
i mpomyckaloTh MiX HHMH 3a6pynHeHuii ras. BrHacaigok iomnisaumii rasy
+i€TaTHBHO 3apAfXeHi YaCTHHKH CNpPSMOBYIOTbCS MOJeM A0 MO3HTUBHOTO

61



eneKkTpoia i ocixaioTb Ha HboMy. [1OTiM HaKONWuUeHHH MU/ BHAAJSAIOTH 3
dinbrpa.

lInHkoBHH Hemorapok (arsomepar) 3MillylOTb 3 BYriJ-
JsaMm i HarpiBaloTe npu Temneparypi 1100—1300°. Tlpu
UbOMY LHHK BilHOBJIIOETbCHA i AMCTHJIOEThCA. PewiTKu rep-
MaHilo 306upaloTbcsl B PETOPTHHUX 3aJnuiuikax (iHoai mo
0,5%), fiki inyTb Ha nepepoGKy; cxeMa onepauiil 3aJexuThb
Bil CKJajly 3aJIHLIKiB,

3i6panuii nun o6pobasioTh cipuaHol Kucaorowo. Cyiib-
(aT CBHHLIO 3a/IMIIAETHCA B HEPO3-
YHHHOMY OCajkKy, a Miiab, Kaamii,
repMaHiil i iHmWi nepexoasTs B po3s-
YHH.

B po3uuH goaaioTb LHUHKOBHIt
nua B Takili KilbKocTi, ika 6 3le-
MeHTyBaJsla TiJIbKH Milb, repMaHik
i yacTuHy MHWI'SIKY, a KaaMiit 3a-
JUIUKMBCA 6 y PO3uHHi (cppaxumﬂa
ueMeHTalis).

Opnep:kaHuit 0cajJoOK 3HOBY pO3-
YUHAIOTb Yy CipuyaHill KUCJAOTI i 3HO-
By (pakuLifiHO LUEeMEeHTYIOTb IHHKO-
BUM mnuJaoM. B pesyabraTti ogmep-
XKYIOTh KOHUEHTPAaT, IKHA MiCTHTb
Bix 4 no 7% repmadHiio.

Cyxuil Buma/jeHHH KOHLEHTpar
Puc. 21. CxeMma enekTpo- TIepMaHilo oOpo6JislOTb NpU Harpi-

GinvTpa: BaHHi MIiLHOIO COJISIHOIO KHCJIOTOIO.
i;u“?:;a3fae"npeyxr$§n-:§: [Ipu ubOMY YTBOPIOIOTHCS XJIOpHAL
SHTHDHME; 4 — enexTpos wera-  TePMaHil0 GeCly i xn0pun Muwr’sky

Gpyanennft nusoM ras. AsCl;, siki pasom 3 mnapoio HCI

BiAraHs10Tb i KOHAeHCYyloTb. He-
OyHllleHa CyMill XJIOPHAIB MOCTYNA€ Ha OYHCTKY.

BinokpemsneHHss KOMNOHEHTIB cyMilli i oxepXaHHS uYH-
croro GeCly 3giificHloeTbcsl B pekTH(iKaUifHUX KOJIOHKAX
¢dpakuiiiHolo apgiaGaTH4HOIO AMCTHJsALIEI0 (AHB. puc. 59).

OuniieHuil TeTpaxJOpUA TepMaHil0o 3 MeTOI0 OfepXKaH-
Hs nBookcuny GeO, migmaooThb riapoaisy, 3/1HBalO4YH B AyXe
XOJIOAHY BOAY 3 MOApPiOGHEHHM JbOAOM, iHaKlle MABOOKCHJ
repMaHilo BHIIJNSETbCS y HeNpUAATHiA Anas AaJjbluoi nepe-
poOku dopwmi.

EsneMeHTapHH#l repMaHifi nepeBaxuo OJepXYHOTb 3
JBOOKCHAY BiHOBJIEHHAM, MNpPOMNYCKalO4H HajJ HHM TMIpH

62



temnepatypi 650—700°C  ouMiLeHHH  CyXHH  BOMeHb
(puc. 22).

Cninkylotb, mo6 mix uyac BiJHOBJIEHHS TeMnepaTypa
GeO, He nepesumyBana 700°C, 60 iHakIue YTBOPIOETHCS

!

/

c/////%//// e
f%/,»///%// T,

Puc. 22. Cxema amapatypH A/ BiIHOBJIEHHS JBOOKCHAY rep-
manilo GeO, BonxHeM:

1 — uiy; 2 — xBapuoBz Tpy6a; 3 — kBapuoBHE a60 ¢(apdopOoBHH UHOBHHK
8 repMmaHiem.

aertounit okeun GeO i Buxim repmasilo 3MeHmyerbcsi. Ha-
rpiBauHa GeO, BenyTs y papdopoBux a6o KBapuOBHX YOB-

2

3 .

2 g
:/‘ii tf j; ©)
£

g \\ ‘?ﬁ

7 g %

Puc. 23. Cxema KaMepu A/ BiZHOBJIEHHS TeTPaxXJIOPHAiB
repMaHilo abo KpeMHil0 Nmapolo LHHKY:

1 — no nepena mnapu UHMHKY; 2 — a36ecToBi mNpokAagxku; 3 —
KOJIeKTOp; 4 — nanbHUK; &§ — nladparmu, npHu3HadeHi po36u-
BaTH CTPyMeHi mnapH; 6 — Tpy6ka (3MillOBHK) mnomepeaHbLoro
NigorpiBy TeTPaxJOpPHAY; 7 — A0 AXKepeja TeTPaxJOpPHAY.

HuKax. KoJsn BHIiJeHHS BOASIHOI Napu MNPUIHHSEThCS, Ue
3HAYHTb, L0 BeCh IBOOKCHJ BiHOBUBCS IO €JIeMEHTapHOro
repmanito. [loTik BOAHIO 3aMiHIOIOTH Ha MNOTIK YHCTOrO
a3oty a6o BaKyyM, TeMIepaTtypy mnigsuinyioth no 1000°C
i mopowKyBaTMH repMaHiii CIJIaBJAAIOTh Ha CyUiJgbHUR
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31MBOK. SIKIIO XX NJIaBHTH BiHOBJEHUH repMmaHiii B aTMmo-
cepi BOAHIO, TO 3JTMBOK BHUXOAUTb NMOPHCTHM, 60 repmadii
y po3mnsaBi no6pe aacopbye BOLeHb i BHAIJNAE HOro npu
“TBepLiHHi.

YMoBH nepepo6KH NPHOJH3HO TaKi: 3akJafaeTbCcsi MOp-
uiss GeOp; — 50 ¢; mporsaroM 3,5 roa. npomyckamTb BOAEHb
3 wBHAKicTIO 5 4/cex. Buxin repmanilo craHoBuTh 95% Bin
TEOPEeTHYHOTrO.

MoxanuBe GesnocepeiHE BiJHOBJEHH TeTPaXJOPULY
repMasilo napoio LMHKY. 1O eJleMeHTapHOro repmaHiio Ha
YCTaHOBLi, cxeMa siKOoi HaBeJeHa Ha puc. 23.

PeakuiiiHa Kamepa BHUIOTOBJIeHa 3 IJIaBJI€HOTO KBapuy
y Burasgi Tpyb6bu npiamerpom 110—120 mm i goBXKHHOIO A0
100 mm. B 3anasiHuii KiHeub TpyGu BBefeHi OBi KBapIloOBi
Tpy6kH 8 ¢opcyHKamu: I — ans nopaui B peakuifiHuit
NpOCTip mapu UHWHKY, 7 — Napd TeTPaxJopHAY repMaHiio
a6o kpemuilo. TeMnepaTypu HarpiBHHKIB mnimibpaHi TaK,
1106 MPYXKHOCTI Mapu UMHKY i TeTpaxJopuly repMasiio 3a-
IIOBOJIbHSIJIM YMOBaM peakuii

GeCl, + 2Zn = Ge + 2ZnCl,.

Peakuilo npoBagare npu Ttemneparypi 930°C, sika €
JIPOMiKHOI0O MiX TOUYKOIO IJIaBJIEHHSI IepMaHil0 i TOYKOIO
kuniHHA nuHKy (907° C). Unctuii repMaHiil 4acTKOBO CIJIaB-
JisieTbcsl 3 HUHKOM. Ilicas 3akiHueHHs peakuii 6inbuia ya-
.CTUHa HHHKY Moxe OyTu BimirHana HarpiBaHHsAM. Ouniie-
HUHA Bil UMHKY repMmasiii nmoapiGHI0eTbcsi i 06pobasieTbest
COJISTHOIO KHCJIOTOIO [Js1 BHAAJIeHHs pewIToK UMHKY. [Ticas
06po6KH COJITHOIO KHCJIOTOIO repMaHiii o6poO6JisieTbcs Npo-
TATOM 4 TOA. KHIJIAUYOW (TOPHUCTOIO KHCJIOTOIO AJs BHIA-
JeHHs caigiB kBapuy. OcTaToyHo no36aBHTHCS AOMilKU
UMHKY MOXKHa HarpiBaHHAM repmasino y Bakyymi. Kopu-
.CTYIOUHCb YCTaHOBKOO, 300paXeHow Ha puc. 23, MOXKHa 3a
ABa MOBHHX ILHKJa TPUBaJicTIO MO 26 roi. ofep:KaTH 3 Ke
TepMaHilo i3 BMicToM, SK MOKas3aB CHEKTpPaJbHHH aHam’di3,
0,05% momiwok. ' _

Takuit repmanili npunaTHUN [J8 TOYKOBHX [€TEKTOPiB
NeBHUX THUNIB (He OyXKe sKiCHUX). [lepepobka nuay raso-
‘BUX 3aBOJIB Ha TepMaHiil npoBaanTbcst B AHIMiT NpHMipHO
3a CXeMol0, MOKa3aHowo Ha puc. 24,

[Tun 3 ¢inbTpiB Ta AUMOXOAIB 3MiulyeThbCs (LIUXTYEThb-
.cd) 3 OKCUJAOM MiAi, mickoM, BAamHOM, KaJbLHHOBAIIOIO CO-
OO0 Ta BYTiJIbHUM MHJOM i NJIaBUTbCsi Yy BigOMBHiH meui
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{puc. 25). YTBoproerbcsa MinHuit cmsaB i mnak. Illnak
cIJiiBa€e i Horo BHAAJSAIOTb 'eTh, a MIiAHHH clmiaB, KU
BOupae B cebe Malixe Becb repMmaHiil i Ginblie MOJOBHHH
NPHCYTHBOTO Trajilo, PO3JIMBalOTb Ha KOPOJbKH. B cepen-
HbOMY cmiaB Mictuth 3—4Y% Ge i 1,5—29% Ga.
Koposnbku MifHOro cmiaBy pO3UMHSIIOTH Yy TrapsiuoMy
BOJHOMY pO3YHHi XJOPHOro 3aJjisa (karanaizaTop) mpu
NPONMYyCKaHHi CTpyMeHs XJopy. B po3unH nepexoasiTb yTBO-
ploBaHi XxJOpUAM MiAi, repManiloo, ragiio i Mumr’sky. Omgep-

XKaHy CyMilll XJIOpUAIB AUCTH-
JIIOIOTh, A0JAl0uH cipuaHy KHC-
Jorty, wo6 migATpUMyBaTH [0-
Tpi6HY KHCJOTHiCTb cepelo-
sumia. JlucTuasaTt poswapo-
BYeTbcsl. Y BepXHbOMY Luapi
36upaerncs AsCl; i HC), y
auxuboMy — GeCl, i HCI. 3a-
JIHUIOK Yy MeperoHHoMy Kyobi,
SIKMH mepefaeTbcs Ha a00y-
BaHHs WiHHOIO raJiio, MiCTHTb
po3unrn CuCly, CuSOy, GaCls.

OuuinyeTbcst TETPaxJOPHL
repMaHilo Bil NOMIlIOK MH-
'Ky B afiaGaTHyHil peKkTH-

Byalnshud nun
G A
Tinatwa }2206Cu0,
8an+o,coda
Posvar Ga{fucmunauin |-1220-
CupudGeCl,

Puc. 24. Cxema pno6GyBaHHs
repMaHilo 3 BYTiJIbHOrO MHJY.

Po34uHFe Cls

dikauiiiniii KoJsoHui i Aaai mepepoGAAETbCA HA eNeMeHTap-
HMji repMaHifi oAHHMM i3 3a3HaueHHX BHLIE cnocobiB.

l 4
ot izrzisizrs raziviis the. ons oo
A A A

Puc. 25. IMoanosxkHiii, po3pis Bin-
6GuBHO1 meui:

1 — Tpy6u ana BuUXOAy rasis; 2 —

TP¥6H IOAA nopadi ra3oBoro naJjusa.

XiMiuni

3JUBOK repMaHilo Mae B po3

JioMi cBiTsiO-cipuii MeraJiu-

HUH  BUIISIL,  KPHXKHH,
TBepauil. Ha Bosoromy mo-
BiTpi uepe3 Jnesku# uac
BTpauae OJIHCK, Y Bodi He
PO34YHHSETbCS.

Jlais mpoBeieHHSI TE€XHO-
JIOTiYHHX omepauii o6po6-
KM repMmaHiio cJaig 3HaTH
ximiuHi BJacTuBOCTi - #Oro
Ta AesKHX CIOJYK.

BaacTuBocTi. ['epmanili He yTBOpIOE

Kap6iniB i ToMy #oro MoxHa myaBuTH B rpaiTOBUX THIJISX.
[epmanili 100pe po3unHsiEeTbCS B a30THill KHUCJIOTI i me-
pekucy BoaHIO HyOj o0co6suBO B KumisyoMy. PosunHeHHs
3aCHOBAHO Ha YTBODEHHi OKCHIiIB repMmaHiio i maJjbmoMy ix
PO3uMHeHHi — YTBODeHHi HaarepMaHiloBOI KHCJOTH,

5 115
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OpvH 3 HaHKpallUX PO3YMHHUKIB repMaHilo — LapChbKa
Boika [cyMiml KOHIeHTpoBaHuX kuchaor: coasiHoi (HCI) —
2—3 uactunu i asotHoi (HNO;) — 1 uwacrtunal. Posuunse
Horo Takox cyMim nJjaBuKOBOi i a3oTHoi KucjaoT. CoJisiHa
KHCJIOTa i po36aBJieHa cipuaHa Ha HbOro He HiloTh. B Mmin-
Hilt rapsyii cipuaHifi KucaoTi repmaHili po3uHHSETHCA 3 BH-
ninenHsiM SO, i yrBopeHHsIM cosell: GeSy; — 6iJIOr0 KOJIbO-
py i GeS — Gypo-uepBoHoro.

PosuuHn ayris Ha repMaHiii Maiixe He AiOTb, ane npu
opHouacHilt nii 3 HyO, BiH Jilerko pO3unHsIETHCS.

Ipu cnaaBnenHi Ge 3 jyramMu yTBOpIOIOTbCS repMaHa-
TH, Hanpukaan, Na,GeOs;. Ha noBiTpi npu Temnepartypi
Buule 700° C repMaHiit okucHIOeTbcst io ABookcuny GeOa.

YQucruti GeOg, — nopowok 6isoro Kosabopy. Temneparty-
pa nJaaBgaeHHs #oro 1115° Buime 1250°C BiH moMiTHO BH-
napoByeTtbcs. Po3nsaB ayxe mnposopuit i mpu 3aTBephin-
Hi YTBOpIOE NpO30pe, CHIbHO 3aJIOMJIIOIOYE CKJIO 3 BEJHKOIO
ILHUcCIepcielo.

Binomi nBi ¢dopmu GeO,, siKi cuIBHO BiJpPi3HSOTHCS
ryctHHolo: 1) crabinbHa TeTparoHaJbHOI KpHCTaJiuHOT
CTPYKTYpH THNY pyTuna, d = 6,24 2/cm?; 2) meracrabinbHa
(po3unHHa y BOAi) Mae TreKcaroHajJbHy PpeliTKy THIY
a-kBapuy, d = 4,70 2/cmd.

JIBOOKCHA pPO3UMHSIETbCA B PO3UYMHAX JYriB 3 yTBOpeH-
HAM coJeil — repMaHariB, Hanpukaan, Na,GeO;, Ba,GeO,.

Okcud eepmanito GeO — TeMHO-Cipuil MOpPOIIOK, HepoO3-
YHHHUH Y BOAi, aJjie JIerko Po3uHHHUH B Kucjaorax. [1pu pos-
YHHEHHi y JIyrax YTBODIOE COJli — repMaHiTH, CUJIbHi Bin-
HoBHHKH, Hanpukaan, NaHGeO,.

Xsop i ¢Top akTHBHO HilOTH HAa MOPOLIKYBaTHi repMa-
Hili BXe mnpu KiMHaTHili Temnepartypi, 3anaJiol4u HOro
i yrBopiotoun xjopuau i ¢propuau. OcHOBHI naHi mpo raJo-
reHigu repmasiio nonaso B tabJ. 6.

3 BoaHeM repMadiil yrBopoe rinpua GeH i repmaHoBo-
nenb GeHa.

Ilpu ximiuHOMYy Ta esleKTPOJNITHYHOMY TpaBJ/eHHi BHKO-
PHUCTOBYIOTb Ail0 Pi3HHX KHUCJOT Ta JYTiB, a8 TaKOX BXKHBa-
I0Th creniajibHi Ckaagui TpaBHUKH (muB. po3f. VI).

Pisuunl BractuBoCTi repmaniio:

ATOMHMII HOMep . . . . . .32

AtomHa Bara . ... . . 72 6

AToMHuit 06’eM . .

Isotonu: 70 (21,2%); 72 (27 3%), 73 (71.9%); 74 (37,1%); 76 (6,5%).
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Tabauys 6

BiacTmBocTi rajJoremiziB repmManiio

Temnepatypa | Temnepatypa
TCanorenin naaBJAeHHs KUNiHRA - - Baactusoct!
’ (8 °C) (8 °C)
GeF, — —37 Bes6apBHuit ras
GeCl, — 49,5 +84 IMposopa, sk Boxa, Jnerko-
+86 pyxoma pinuHa. Mae cBoepia-
Huif 3amax. [lMMHTb Ha mo-
BiTpi (rizpoaisyerncs)-
GeBr, + 26 +185,9 B pinkomy craHi 6e36apBHa
) pinmHa. B TBepaomy — 6ixi
6auckyui kpucraau. Bona
riapoxnisye
Gel, 4145 +375 2KoBTOraps4o-uepBoHa Kpu-
+146 cTaniyHa Maca, rigpoaisye-
: TbCAd y BOXi

Pewitka repmanilo — KyGiuHa, Tuny aJjaMasa, Bimaanab

0
MiX HaHGAMXKuMMH cycigHiMu aToMamn 2,446 A, ctana pe-
y MA 2

witkn npu 20° C — 5,648 A, TemmepaTypHa 3ajexHicTp 1i
nonaHa B tTaba. 7.

Tabauya 7
TeMmepaTypHa 8ajdexHicTh CTad0l pemiTEH repMaHiio

Temnepatypa lg:m:gp Temnepatypa n;epua,r::,?
pewiTku o pewiTkH °
(8 °C) (8 A) (8 °C) (8 A)
—253 5,63+0,02 - 230 5,655
—153 5,64 +0,02 450 5,664
20 5,648 840 5,681

3BeleHHA HaUroJIOBHIMIMX (i3WYHHX BJIACTHBOCTEN rep-
MaHiio mogaHo B TabJa. 8. R

. Tabauysa 8
HaliroxoBrimi ¢ismumi Baacrusocti repua}{ixo
Baactuslern ();:::;g;m ;,‘,';f,z?,:; Mpumitka
Yucao atomiB . . 13 4,42.10%
CM
Fyctusa . . . . . ... i 5,3234+ | Mpnm 25° C
oM +0,0025
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ITpodosarcenns maba. 8

Baacthelers iy asdennn | . Tpwwirea
Temnepatypa miaBJEHHS °C 936 +1
" KHMiHHSA °C 2700
Cx0BaHe Teno NAaBAeHHs Kar 8300; 7300 +
2-MON +300
” »  KHNiHHA xanr 1650
2
fIuToMa TeRAOEMHICTH . . Kanr 0,074
2e2pad
TennonpoBiauicts . . . . PYTRTIeTTT, cl:‘;ﬂzpa 5 0,146 | TIlpu 5°C
Enexrpoximiunnit exsiBa- :
JEHT .« .« v v o o o 0 o o :”Ef'_ 0,1881 Gett
Teepaicte mo Minepano-
rigni#t mkami . . . . . . .| Bigd. oaun.| 6,0-6,5
MikporBepaictb . . . . . .__;j; s 950-+1050
Koediuient ainifHOTO 1 6 Bix 0 no
TEIIOBOTO PO3IMHPEHHSA pad 6,1.107 300°C
Koedinienr 06’eMHOrO
CTHCKYBaHHA . + + + . . . % 1,3-10~ 12
KoediniedT moBepxHeBOro [Mo6ausy
HATATY . . v « « v o « & « dun 600130 TOYKH 3a-
M TBEpAIHHA
JlienexTpuuHa crana . . . 15,8+0,2
MarnitHa  cnpuiiHaTan-
BICTB . . . - v......| on.CGS |—0,12-107¢
Jle6aeBcbka TemmepaTtypa °K 290
Baacuu#t nutomuii omip . oM-CHM 47 [Mpu 300° K
[lInpuna 3a60pOHEHOT 0,785—

B0HH . « « v o v « v . . ea3 —3,5-107*7| Mpu O°K
PyxauBicTe nipok . . . . o 1900 4100 » 300°K
8:Ccex

2
PyxauBicTe enexTpoHIB BCZZK 39004100 . 300°K
I'yctuna HociiB B MaTepia- 1
Al 3 BJaCHOIO MPOBiAHICTIO i 2,5-10 . 300°K
Koediuient Bin6uBaHHs % 35 B obaactl 2 mx
KoediunieHT 3anomiaeHHs 4,07 Ipu 2,6 ux

JloBroxBuiboBa rpaHuls BOMDAHHS MpH TeMMepartypi
300° K 3HaxoauTbca npu 1,8 mx. [1pu HarpiBaHHi rpaHuus
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OCHOBHOTrO BOHPAaHHsl 3CyBaeTbcsl B GiK AOBIUHX XBHJb. TeM-
nepaTypHHi KoedillieHT 3CyBY NOpiBHIOE
O — —3,0-10~ eg/°C.

Makcumym ¢ortonpoBigHocTi B o6sacTi BJacHOro BOH-
paHHsl JexuTb B iHTepBadi 1,4—1,5 Mk, a DOBroxBuJbLOBa
rpanuus  M,= 1,72 mx (muB. crop. 131),

- EnekTpuuHa npoBiAHiCTb repMaHilo Npu mjaBJeHHi 3po-
crae crpubkoMm y 13 pas. AGconoTHe 3HAYEHHS €JEKTpo-
NpoBifHOCTI nJs piakoro repmadilo NpHGAH3HO Take, sK
7151 iHIIHX pO3TOIVIEHHX Me- 20
TaJjiB, aje Gijblile, HiX y pTy- %
Ti ¥ BicMyTY. r

[TnaBieHHs BUKJIHKae 3Mi- 25 v -
HY OGJMXHBOTO MOPAAKY — 3 /
3aMiHy KoopamHauifiHoro uu- 3.,
=3

cna 3 4 no 8. 'omeonoaspuuit

S |
|
(11 Fa5—t
20 2 !
- AV=006cm? S |
2 S
8 -40 !
é’g : w'
S
16 2 -45
900 920 940 960 980 08 0 12 4
Temnepamypa, °C ]
Puc. 26. I'padix 3miHn 06’e- Puc. 27. I'padik sMmiuu Jo-
My repMaHilo NpH NJaBJeHHi. rapudmMa NHTOMOro ONOPY

repMaHilo Mpu MJIaBJIeHH.

(xoBasieHTHuH) THUN 3B’A3Ky MiXX aTOMaMH y TBepAOMY rep-
MaHil0 3aMiHIOETbCS Ha MeTaJliYHUil TUN 3B’A3Ky y piako-
My. PeHTtreHorpadiuni nocJ/igxeHHS ninTBepmxy}orb 3MiHYy

3B’A3KiB i BlL[J.'laJll MiX atomamu Bix 2,45 A B TBepAOMY

cradi po 2,70 A y piakomy. Hpu naaBJeHHi 06’eM repMmadiio
3MeHmyerbcas Ha 5,5*+0,5%, He3Baxawud Ha 36iJblLIeH-
Hs Bigmanai Mix aToMaMu.

I'yctuHa poanniaBneHoro repmadiio (tak camo, sk Ga,
Bi) 36inblryeTbcs BHACMiLOK ‘MiABHILEHHS CHMETPil GJIMK-
HbOTO MOPSAKY — IepeBaKalouoro BMJIKBY 306iJblIeHHS KO-
OpAMHALIMHOrO yHcJaa MOPiBHAHO [0 3MiHH MiXKaTOMHOI
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Bignani. Puc. 26 i 27 noka3yioTb TeMmnepaTypHi 3a/eXHOCTi
3MiHM 06’eMy i 3MiHM JorapupmMa NHUTOMOroO OMNOpy repma-
Hil0 TPH MJaBJIeHH].

CTpyKTypa eHepreTHUYHHX 30H Yy TrepMaHil0 CKJIanHa.
Bona niaTBepaxKeHa pe3yJabTaTaMH [JOCHiIKEHb MO LHKJO-
TPOHHOMY pe30HaHCY i 3aJIeXKHICTIO Omopy Big MarHiTHOro
noasd. EdekTuBHa Maca B
repMaHilo € TeH3op, Bu3Ha-
YyBaHUH i3 3a/IeXKHOCTI.

1 __ 4= OE
m* | ij — h* 0K,0k; "
- 3a00poHeHa 30Ha
|

T~ IIpu Bu3HaAueHHi TakHX
! BEJIUYHH, SK PYXJHUBICTb,
| ILiJILHICTh CTaHiB, BHCOKO-
KWz y2 2] Kk=looo) K=[fop)] 4YacToTHa lxieneKTpana
L l ' crana # iHppauepBoHe mno-

Bico [111] Bicw [100] TJIMHAHHSA, CJiJ BpaxoByBa-
Puc. 28. 3onHa cxeMa repMmanilo. TH Pi3Hi 3HaueHHsI eeKTHB-

HOT MacH.

Ha puc. 28 306paxeni rpanuuni piBHi eHepril fk ¢yHK-

Ge

EHepain

uil XBHJIBOBOrO uMcaa K AJAS KpuUcTajorpadiyHux Hanpsam-
kiB [111] — niBopyuy i [100] — nmpaBopyu (30HHa cxeMma

repmanio). Ilpn umpoMy npuilHATO, 1O B K-NPOCTOPi mo-
BepxHi piBHOT eHeprii e eqincoinu o6epTaHHs 3 Biccio oGep-
TaHHA 36ixHolo 3 HanpamoM [l111]. Oasa n-tuny repmasiio

BesinyuHa E (k) Mae Burasig

E(r) = 5o ["‘ +m2]

o€ K,— CKJaIoBa BeKTopa Kk B3JOBX HanpsMky [111];

K, —[cx.n]anosa K B HanpsiMKy, OepneHIHKYJIsPHOMY
111]; ' -

m,— NO3[I0BXXHS Maca eJleKTPOHiB y repmadiio n-Tumy,

saKka popiBHioe 1,3 mo;

m,— nonepeuHa Maca, sika AgopisHioe 0,08 my;

m,— Maca BiJIbHOTO eJleKTpOHa.

ExcniepuMeHTanbHi [OCHiIXKEHHS LHKJIOTPOHHOrO pes3o-
HaHCy y p-repMaHilo BCTAHOBHJ/IM iCHYBaHHsl BOX €(hEeKTHB-
HHUX Mac aasa aipok: m; = 0,04 my i mg = 0,3 mo.
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IcHyBaHHs NBOX LHK/MOTPOHHHX Mac BHSBJSETbCA TOHLi, KOJH BHa-
CHiJOK il mosis 3HMKae BHPOJIKEHHsT Ha BepXHbOMY Kpal BasieHTHOL
30HH npu K = 0. BanenTHa 30Ha y repMaHilo o6MexKeHa ABOMa KDHBH-
MH — 1BOMa NOBEpPXHsIMH eHeprii, fiki 3MHKalOTbC Ha Kpalo 30HH. Bepx-
Hs1 MoBepxHs Mae edekTHBHY Macy my = 0,04 m, (nerky), HHXKHA —
m,=0,3 my (Baxky). Iipku B 060X 30Hax MOBOAATb cebe K LIJTKOM
HesanexHi Hocii. KpiM Toro, BufBJeHa Ile TpPeTs NOBEPXHS HHKYOT
eHeprii.

CTpyKTypa 30HH MOpOBilHOCTI e cKiaamHima. Mauai
epeKTUBHI MacH € HacJilKOM MaJiol LIMPUHH 3a60pOHEHO]
30HH. MaKCHMyM BaJIeHTHOi 30HHM i MiHiMyM BiJIbHOi 30HH

npunajfalTb Ha pi3Hi 3HaueHHs XBWUJILOBOrO BeKTOpa K.
Tomy MiHiMaibHA BepTHKaJbHA Bigdajb MiX BaJIeHTHOIO
30HOIO i 30HOIO NpOBiAHOCTI GisbIla BiA WHPHUHH 3a60poHe-
Hol 30HH AE,. O6sacTh cTaHiB, 3BHUAaHHO 3aHATHX €JIEKTPO-
HaMH i JipkaMu npy KiMHaTHiH TeMmnepatypi, Ha DHUCYHKY
3ayopHeHa. CkJylagHa CHCTeEMa eHepreTHYHHX piBHIB y rep-
MaHilo . CTBOPIOE MOXKJIUBiCTb MOsICHEHHs HaHpi3HOMaHiTHi-
LIHX NepeXOoAiB eJeKTPOHIB i AipOK 3 OAHOro CTaHy B iHIIMH.

o HemaBHbOro uyacy B Jaitepartypi OyJsa mnoumupeHa
LyMKa, IO repMaHill uyepe3 CBOIO KPHUXKIiCTb He MiJAaeTbCs
O6ynb-g9Kifi XxoJonmHilh um rapsiuiii o6pobui TuckoM. Ilpote
B JesKuX po6OTax € MOBiAOMJeHHsI Npo Ao6pe BHSBJEHY
miacTHyHy nedopmaniio B npyTkax repmasiio mpu 600—
700° C Big nii Ha ynap, 3ruH i po3Tar.

3acTtocyBaHHS repMmaHil. B Ham uac repma-
Hifl 3aBoroBaB co6i 3HauHe Miclle B NMpuJafax, cepel SKHX
HaHBaXXJIUBILli:

1) nerekTopu ANsl HaABHUCOKHX i papiouyacrtor;

2) TpaH3ucropu;

3) c¢otorpaH3ucropH, doromionu, ¢oroonopw;

4) JiYHJIbHHKH @-4aCTHHOK;

5) MOTYXXHi BHUNPSAMJAYI 3 BHCOKHM K. K. A, HAa BeJHKi
CTPYMH;

6) nmaTtuuku ranbBaHOMAarHiTHUX edekTiB [0Js BHMiplo-
BaJbHUX NOTpeO;

7) TepMOMETPH OHOPY MJsi HaHHMXKUKX (resliloBHX)
TeMIlepaTyp;

8) onTuuHi JiH3W 1Jsa iHPpauepBOHUX NPOMEHiB;

9) onrtuuHi QiNbTPH 3 rpaHuLlel0 NponyckaHHd ~ 1,6 Mk,

10) MonynsiTopu cBiTyia 1 KOPOTKHX PaliOXBHJIb.

B Mertaayprii repmasifi 3acTOCOBYETbCS K NpHCaAKa
A0 LiHHMX cIJaBiB, sKa 3HayHO NoJinuye iX MexaHiuwi,
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NJACTHYHI Ta AHTHKOPO3iHHi BNACTHBOCTi; CIJIaB repMaHiio
3 aJjioMiHieM peKOMeHNOBaHO [J5 BHTOTOBJIEHHS KaTOAiB
eJeKTPOHHUX JIaMI '3 BHCOKOIO BTOPHHHOIO eMicielo. Ik 6a-
YKHMO, 3HaYeHHs HOro AJs HOBOI TeXHiKH KoJsocasbHe! B Toi
e yac uikaBo mpurajnaTi, o B JiTeparypi, BuAaHiii nBa-
IUATb POKiB TOMY, 3a3HayaJjoch: «B TeXHiYHOMY BigHOLIeH-
Hi repMaHili Higkoro iHTepecy AOCi He CTaHOBHTbY.

2. Kpemnii

3araabHi BinomocTi. Kpemuift, cuaiuiin (Si),—
eaemeHT rpynu IVDB mnepioguuHoi cucreMu MeHaeneeBa,
onepxaHuii y uucromy Burasni B 1811 p. Teii-Jlroccakom
i Tenapom. HaiironoBHiwi BaacTuBOCTi Horo Gyam nocai-
nxeni i onucani Bepueaiycom y 1823 p. 3a ocranni 10 po-
KiB BiH BHBYA€ETbCS MaiiKe TaK CaMo JIOKJaaHO, K i rep-
MaHi. :

Kpucran kpemHiio TBepauil i Kpuxkuil; y BinnmosaipoBa-
HOMY BHIJISIAi Bin3HauaeTbCs BHCOKHM J3€pKaJibHUM Bil-
6uBaHHsIM i cuHIOBaTHM OJauckoM. Ilicis kucHio i BomHiO
KpeMHi#l -‘Ha#6inbl nolIMpeHUid y NPUPOAi eleMeHT — CKJia-
nae 16,79 Big uucna aToMiB 3eMHOi KOpH.

OnepxaHHs KpeMHilo. BuXiIHHM mnpoaykTOM
LJIs oflepXKaHHSA eJleMeHTapHOro KpemHilo i ycix #oro cmno-
ayk cayxkutb SiOp y Burasgi 3BuuaiiHoro KBapuoBOro mic-
Ky. Kpemuiit MoxxHa onepxkatu BigHoBaeHHsM SiO, npu Bu-
COKili TeMmepaTrypi ByrJjeunem a6o MerajsaMi, SK Hampu-
Knajn, MarHiem a6o aJjomiHieM. JlyXe TOHKO noapiGHeHi
Mmardift i micok 3mimyioTh i migmamonoTb. Peakuis ex3o-
TepMiuHa, ige 3a pPiBHAHHAM

Si0, + 2Mg = 2MgO + Si + Q.

a5 ounleHHs1 ofepkKaHOro KpeMHilo Big gomimok SiO,
i MgO nponykr peakuii o6po6GJsIOTh COJNSIHOIO Ta IJIaBH-
KOBOIO KHCJIOTAMH; KPeMHill 3a/uIaeTbCcs y BUraAsai aMmopd-
Horo 6yporo mnopoLIKY.

KpeMmHili no6pe po3unHsieTbCS B NESKUX PO3MJaBJIEHHX
meranax — Zn, Al, Sn, Pb, Au, Ag Tta iHmuXx, XiMiuHO
3 HUMH He B3aemofitoun. Ilio fioro BinacTHBicTL MOXHa BHU-
KODHCTaTH [JIs NepekpucTanisauii, Hanpukaag, 3 UHHKY
a6o 3osora. Kpucranu, onepkaHi nepekpucradnisaiieto, 106-
pe orpaueHi, ciporo, rpacdironoani6Horo KoJbopy, KpPHXKi.

3 IHIIMMH MeTaJaMH, 9K HanpukJaaj, 3a1i30, Miab, Kajb-

72



ui#t, MarHiii, KkpeMHilt yTBopioe cuainuau. TexHiuHU# KpeM-
Hill ofepKyIOTb NepeBaKHO Y BHIVISIAI CIVIaBy 3 3aJ/lH30M —
¢depocuninio, HarpiBaiouun B NOMEHHHX a00 eJeKTPHUHHX
nevax Mmicok, 3ami3Hy pyay i Byrijis. Bmict xpeMHilo y pis-
HUX coprax ¢epocuiinito — Bix 10 no 90%; 3acTocoByeThb-
cs ¢epocuainiit B Meraayprii fik npucagka npd BHPOGHH-
UTBi cheniaJbHUX CTajded i YaByHy, $IK AHTHKOPO3iHHHH
MaTepian OJs amapaTypd B KHCJOTHOMY BHPOOGHHUTBI T&
SIK CHPOBHHA [Jis1 BUPOOGHHIITBA iHUIMX CHOJYK. 3 ByrJjeuem
B €JEeKTPUYHHX [eyax NPH BHCOKil TeMmnepaTypi KpeMHil
yTBOpIoe Kap6in.

3 raJjoreHiniB Ajs BUPOGHHLTBA YHCTOrO KpPeMHilo Hal-
BaxauBimum € SiCl,. Moro omepxkyoTh 31e6iab1oro 3 BH-
COKOINPOLIEHTHOTO ¢epocuJilio.

B TpyOGKy 3 TYromiaBKOro CKJa BMillylOTb YOBHHK i3
KPYNHO3EPHUCTUM NOPOLIKOM .(depocuaililo, HarpisawTb A0
400° C i npomyckalTh TOK CYXOro XJOpy (OCYyLIEHOro npo-
MyCKaHHSIM yepe3 CipuaHy KHCJOTY). YTBODIOBAHHI XJIODHL
KOHJIEHCYEThCS B XOJIOAUJBHUKY i cTikae B mpuiimau. Cupuh
XJIOpPUA OUYMILYIOTh (paKUifHOIO HHCTHAALIEI0 B aniaba-
THYHi# KosoHui. IIlo6 mo36aBuTHCA Big XJ0OpYy, XJOpUA Llie
pa3 neperasHsiioTb Haj MiIHHMMH CTPYKKaMH.

KpimM umboro cnocoGy, MOXKHa KOPHCTYBAaTHCS peakllieir
XJopy Ha cyMmim micky i Byrinas. Ha po3skapeny cymiur
micky i Byrisjs AilOTb XJOPOM

SiO, + 2C + 2Cl, + 5 kraax/e - moa=2CO + SiCl,.

Cxema opepKaHHsi yucToro KpemHiio 3 SiCly BuTicHeH-
HIM KpeMHilo LMHKOM OyJia 3anpomnoHoBaHa B 1949 p. ame-
pukaHcbkoo ¢ipmoio «[llonon» [69] i 3apa3 3a kopaoHOM
HOCHTb Ha3By «Merozna [llonoHas.

HacnpaBai ¢ipma BuKoOpucTana i Tpoxu MOZEpHi3yBajsa MeTOn,
BiIKpHTHH i BHNpOGYyBaHHH BiIOMHM pOCiHiCbKMM @¢i3nko-XiMiKoM i Me-
TaayproM, akagemikoMm M. M. BekeToBuM, sKHii omucaB HOro y cBOiif
ROKTOpPChKilt Aucepranii B 1865 p. Lls muceprauis Gyaa onyGJaikoBaHa
B TOMY X pONi Yy TaKHX BilOMHX 3aKODJOHHHX XYypHanax, fiK «®dijo-
cotdikan Meresin» ta «Lleittiipudt drop Xemi», a TakoX BHiiluna oKpe-
MHMH BHIAHHSIMH POCIfiCbKOIO MOBOIO.

Peakuifina xamepa /s BiJHOBJIEHHS TeTPaXJOPUAY
IUHKOM CKJafa€TbCsi 3 KBapuoBOi TPYGKH HTOBKHHOIO
180 cm i miamerpom 20 cm, BMillleHOi B TpyGuacTy eJek-
TPUYHY Niu 3 HaAiliHOO TemaoBolO i3oasuieto. (Cxema ycra-
HOBKH LiJKOM moai6Ha g0 306pakeHoi Ha puc. 23.) Micus
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CNOJIyK YlliJibHeHi a36ecToBuM TicToM. CroYyaTKy YCTaHOB-
Ka nporpiBaeTbcs no Temnepatypu 950° C nmportsroMm 5 roa.
Yepes TpyOKy I mnponyckamTbh napy HaH4YMCTILIOrO UHHKY,
a uepe3 TpyOKy 7 i 3MilioBUK 6 — minirpity napy terpaxJio-
puny kpemuilo. Peakuis Bin6yBaeTbcs npu TeMmnepartypi
950° C, HMXYe TOUYKH ILIaBJEHHsS KpPEMHilo, aje Bulle TO-
yox kumiHHs uuHKy (907°C) i xsmopuny umeHky (732°C).
Bcepenuni peakuifiHoi KaMepu po3MillleHi nBi aiadparmu
KBapuoBi NHCKH 5 3 KpPYIJIHMH OTBOPAaMH JAiaMeTpoM [0
5 cm, 3MilleHUMH BiTHOCHO oci TPYOKH B MPOTHJIEXHiI GOKH.
[IpusnauenHs npiadparm — po3GuBaTH i 3MilIyBaTH AOCHTb
CHJIbHI CTpPyMeHi mapiB pearyloynX KOMIOHEHTiB. Yci mo-
6iuni nponykTH peakuii 36upawTbcst B KOJEKTOpi 3, a KpeM-
Hili ocalKyeTbCsl B KaMepi y BHUIVISIAI rOYacTHX KPHUCTaJiB.
3a 24 roa. onepxKyloTb 3—4 Ke KpeMHilo, siKuil micas BiA-
MHBaHHSl COJITHOIO KHCJIOTOIO i CIVIaBJIeHHS] MPUOATHHH IJis
BHTOTOBJIEHHSI JleTeKTOpiB. [lepenyiaBiieHHs] BeLyTb y BakKy-
yMi, B THUIVIi 3 YHCTOTO KBapLy.

B ocraHHi poku HaGyB HesiKOro MOLIMPEHHS METOX OAEep-
JKaHHA KpeMHilo 3 Tterpaifionuny SiJy, npu fioro TepmiuHii
nucounianii 3a BUCOKOI TeMNepaTypH — Tak 3BaHOMY #00uo-
Homy mpoueci.

Monuauuit npouec ckaafaeTbcss 3 CHHTE3y TeTpaionuny
KpeMHilo, HOoro O4YHCTKH i TepMiyHOro po3kJaagy (Aucolnia-
uii).

3BHYalHO IJI CHHTE3y TeTPaHOJMAYy KDPEMHil0 BHKODH-
CTOBYIOTb NOAPiOHEHHH i OUHINEHHH KHCJIOTHOIO BiJMHB-
KOIO TeXHiYHHH KpeMHiH a60 HalMeHII YUCTy YaCTHHY KpeM-
Hilo, ogepxaHy 3a merogoM bekeroBa ([iomnona). VMog mo-
BHHeH OYTH CHEeKTPaJbHO-YHCTUM. TaKoi uYHCTOTH HORY
AocsirailoTb 6aratopasoBoo cybJiMalieto Horo y BakyyMi.

CuHTe3 Terpalioguny. caig npoBaguTH aGo y BHCOKOMY
BakyyMi a60 B MOTOLi YHCTOrO iHEPTHOrO rasy.

[lpunuunoBa cxeMa amnapaTypH AJasi CHHTe3y TeTpa-
douny KpeMHil0 v BakyyMi HaBeleHa Ha puc. 29.

Anapartypa posjijleHa Ha TPH 30HH ABOMAa MOPHUCTHMH
KBapHOBMMH MeperopofkamMu 3, 1ol YTBOPUTH B peaxiiii-
Hill kaMepi HanJuIIKOBUH THCK mnapu Honay. KoxkHa 30Ha
fpaunioe B CBOEMY TeMIepaTypHoMy pexumi. KpemHiii cno-
YaTKy 3HeraxKyeThbCsi Pa3oM 3 peakLiiiHOIO KBaplOBOIO Kame-
poto npu TeMnepatypi 850° C y BHCOKOMY BaKyyMi.

[Ticas 3HeraxkyBaHHs anapaTypa BiK/IIOYaeTbCs BiA
BaKYyMHO1 YCTaHOBKH i mounHaerbcs cybJiMalis fony npu
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Temnepartypi 250°C. Vloa, HagXoAsiun uepe3 MeperopoaKy
y peakuifiHu# npocTip, BCTynae B peakiiio 3 HarpiTuM Mo
850° C kpemHieM i yTBOpIOE TeTpaiioAHA, KMl MPOXOMMTH
Kpi3b ApYry NeperopoAky i KOHIEHCYETbCS B KOJIEKTOPi MpH
kiMHaTHiE Temmnepatypi. Lia
anapartypa [03BOJISIE ONEpPXKY-
BaTH TeTpaloauAd KpeMHilo 6e3
AOMillOK Hoay y Burasai 6es-
6apBHuX KpucraaiB. Cnekr-
pajbHU# aHaJi3 BHABJSIE B
HbOMY cCJigH Mardilo, iHomi
amominito i Mini. Onepxanuii
TeTpaioaul ouuilaTb Gpax-
UifHOIO JIHCTHJAILIEIO.

Anapatypa ansi poskaany
TeTpanoAHAy KPeMHilo CckJa-
JaeTbCsl i3 BHMApHHKA TeTpa-
Homupy, peakropa, me Bin6y-
BAETbCS PO3KJah TeTpaionu-
oy i BigksamaHHsI yYHCTOrO
KpPeMHilo, Ta KOHJIeHcaTopa,
B IKOMY 30HpaeTbcsi HoQ i 3a-
JUIIKH HEpPO3KJaJeHOro Te-
TpalomuLy.

e

[o Barxyymeoi
cucmemu

~N

[Ilo6 omepxkaTh YHCTHH Puc. 29. Cxema anapary-
KpPeMHill y BHIVIANI CYLiJIbHUX pu  nmas ﬁCHHT%Y TeTpa-
fI0JIKPUCTAIIUHAX CTPHIKHIB, OAHRY:

I — neui; 2 — xgonextop; 3 —
IIpUAATHUX 663nocepe11Hbo NOpPHCTl MeperopomKH.

nnasi 6e3THUreJbHOI  30HHOI

nnaBku (auB. po3x. 1V), MoxkHa BHKOpHCTATH amaparypy,
moniGHy mo 3o6paxeHoi Ha puc. 30. Amnyna 3 TeTpaitonu-
OOM CIOJYYyaeTbCsl 3 BHYTPIlIHbOIO KBapLOBOK TPYOKOIO,
BCepeANHY $IKO1 IUiMIbHO OO CTiHOK BMIillly€TbCsl 3ropHeHa
B TpyOGKy TaHTasoBa coasra 2. IlpusHaueHHs1 30BHiLIHBLOI
KOakcialbHO pO3TAalIOBaHOi KBapuUoBOi TPyOKH —- i3oJtoBa-
TH CHCTEMY Bim 30BHilIHBOrO mpocropy (MOBiTPd).

Yea cucteMa CHouaTKy eBAaKYHOETbCA OO BaKyyMy
~ -10=6 mm pT.cT., a moTiM KBapuoBi TpyGKHU HarpiBaoThcs
i sHeraxyloTbess npu Temnepatypi 1000° C. ITicas uporo
chcTeMy Bim'enHYIOTh Bin BakyyMHol JiHii, TemmepaTypy
Kamepu 3 ¢osbrowo niasumyots go 1100° C, a terpaiionun
nigirpiBaloTb TPOXH Bullle TeMMepaTypHu NJaBjieHHs. Mode-
KyJu TeTpaio[uay, MOCTYNalouW B Harpituii mpoctip i ao0-
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THKAIOUYUCh A0 po3neyeHoi (oJsbru, po3KaanaloTbCs Ha ion
i KpeMHiil; KpeMHi#l Bigk/ajaeTbcss Ha BHYTPIiLIHIX CTiHKaX
¢dosbru, a HON KOHNEHCYETbCS B KOJEKTOPi 3, OXOJOLXKY-
BaHOMY 3pimKeHHM a3otoM. [To Mipi BinksnanaHHs KpeMHilO0
Ha cTiHKax ¢OJbrH BHYTPIilIHIH KaHaJ TPYOKHU 3BYKYETbCH
i, HapeluTi, B fesKHX Micusfx 3oBCiM 3HHKae. Ilpu 3akyno-
pIOBaHHiI KaHaJy nucouiauis pi3Ko 3MeHIUIYETbCH, L0 MOXK-
Ha crnocrepiratTi Bi3yaJbHO (NPUNHHSETbCA OOCTYnD HOLY
B KosekTop). HarpiBanus upunussiors. KpemuifioBuit crep-

f [lo BuryymHos
cucmemu

o)

Puc. 30. Cxema KBapuoBoi anapatypd [/ OLEpKaHHA KpPeMHilO
Yy BHIVISIli CTPHXKHIB 3 TeTpaioauAy:
1 — nevi; 2 — TaHTanoBa ¢oJsbra; 3 — KoJeKTop Hony.

JXeHb iCTaloTh, po3ropTaioyu ¢ouabry. CrnekTpasbHUH aHami3
N0Ka3sye, 1O 30BHIllHS NMOBEPXHS CTepXHs 3abpyLHeHa Jo-
MillKaMH TaHTaay i Moai6ieHy, a TakoX Marsiem, 3ajisom
i migmio. o6 BuganuTH NoBepxHeBe 3a0pynHEHHs, 3aCTo-
COBYIOTb TpaBJIeHHSI cTepxKHs Ha raubuny 0,1 mm cnemi:
aJlbHUM TPaBHUKOM i3 cyMilli MJIaBHKOBOi i a30THOi KHC-
JIOT 3 106aBKOI0 a30THOKHUCJOI pTyTi [62].

MoxxHa npoBaiuTH TepMiuHy aucouiauilo TeTpaiHoauLy
KpeMHilI0 i ocalKeHHS YHCTOrO KpeMHil0 Ha po3XKapeHHX
cnipaiasx a6o crpiukax 3 TaHTady. B uux ymMoBax 3HATHH
HomguAHMHA KpeMHill Mae BHIVISI IMOJIKPHCTAJNIYHHUX i CKJO-
BUIHHX YyJIaMKiB Ta LIMaTOUKiB HEBEeAHKOTO po3Mipy.

LlinkoM MOXJIHBO OJepXKyBaTH HeBeJHKi MOHOKDHCTa-
J¥ KpeMHilo TepMiyHolo aucouiauieio SiJ, 3 rasosoi dasu
B peakropi Ge3 mpucyTHOCTi TaHTanoBoi ¢osabru. Opepxa-
Hi MOHOKpPHUCTaJH AOCHTb Ao6Gpe OrpaHeHi, aJMasHoi CTPYK-
Typu 3 OJHCKYYOlO A3€pKajbHOI0 moBepxHew. IIpoaykTus-
HiCTb YCTAaHOBKH 3HAYyHO MeHIIa, HiX Yy [MONepeaHbOMy
Bunanky. Lleét cnoci6 BHpOLLyBaHHSI MOHOKpPHCTaJiB KpeM-
Hil0 MOXKe CTAaHOBUTH NMPAKTHYHHH iHTepec MpH BHPOOHHUTBI
nioniB i Tpiogis.
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HaiiuncTimi MOHOKPHCTAAH 3 MUTOMHM OMOPOM O KiJb-
KOX THCSY OM + CM BHUTOTOBJISIIOTb 30HHOIO IJIaBKOIO 3 CHJa-
HOBOT'O MOJIIKPHCTaJiYHOTO KPEMHil0, $SIKHHi OHepXKyloTh
TepMiuHOlo nucouianielo cunany SiHs Ha TaHTanMOBiK cTpiu-
ui npu temneparypax Buuux 800°C. SiH, nnaButbhecs mpu
temneparypi —185, a kunutb npu — 112° C; mae, gk i inuni
BULIi CHJAHM, XapaKTepHUH 3amax, € nyxKe OTPYHHHH i BH-
OyxoHe6Ge3neunuii. Binomi cunann: SioHe, SisHs, SisHjo; npu
HarpiBaHHi Bulli cunanu posnapnatotbest Ha SiHy + Si + Ha.

XiMiuHi BmacTuBOCTiI KpeMHil0o Ta Horo cmo-
JIiyK B 3HayHil Mmipi momi6Hi mO BJacTHBOCTell repMaHiio
i Horo cmosyk.

KucsaotTn Ha kpeMHill He HiloThb, HABiTb IJIaBHKOBa, 3a
suHaTkoM cymimi HF 4+ HNOs.

Po3uunu ayriB, HaBiTh AyXe cJjabki, nepeTBOPHOIOThH
#ioro B cosli KpeMHiHOBO1 KHCJOTH 3 BUiJNIEHHAM BOAHIO, Ha-
fIpHKJaan, '

Hocutb y Boai He3HauHoOi KOHUeHTpauii ioniB OH’, ska
O/lepXKYeTbC BHMHMBAHHSIM i3 ckJa, 1mo6 KpeMHil mnouas
pearyBaT i poskJjanatd Boay (rpyma OH’ rpae poab ka-
TaaiszaTopa). '

I3 cnoayk ‘KpeMHil0 HaWBaXKJAWBILIMMH AJSI OJePXKaHHS
€JleMeHTapHOr0 KPeMHil0 BHCOKOI YHCTOTH € TaJIoifHi cmo-
ayku Sily (I’ —ranoia) Ta BoAHeBi CHONYKH — CHJaHH,
oco6auBo SiH4 Tanoigdi crnojgykH KpeMHil0 MOXKYTb GYTH
OfiepKaHi MPSIMHM CHHTE30M 3a CXEeMOIo

Si + 2I, = SiT,.
Yci ranoreHinu KpeMHilo Ge3koJipHi i go6pe rigpodi-

3yloTbesl, Buainsitoud SiO,. PTOp pearye 3 KpeMHieM BiKe
1py 3BHYafiHUX TeMmepaTypax.

SiF, —ras, Han3BuHuaiiHO OTPYHHMIl; ONEPXKYETbC B 3HAYHHX KiJb-
KOCTAX MNpH BHPOGHUUTBiI cymnepdocdary
SiCl, — piauna, TemnepaTypa nnaBjieHHS — 68; TeMmepaTypa KuMiHHS

+57,56°C, rycruHa 1,52
SiBr, — pianuna, Temnepatypa nnaBjieHHs — 5,2; TeMnepaTypa KHNiHHs
+152,8°C, rycruna 2,789 )
SiJ, —TBepai Kpucraam, TeMnepatypa IJIaBNeHHs +120,5° C; Temme-
parypa Kuminia -+287,5°C; HarpiTa mapa Jierko cmajaxye Ha
NOBiTPi.
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Pi3anuHi BAACTHBOCT]I KpeMHilo

AtomHuit HoMep . . . . . 14

AToMHa Bara . . .. . . 8,087

Isotonu: 28 (896%) 29 (62%), 30 (4.2%)

Pewitka Ky6iuHa, CTPyKTYypa aamasy

KoopauHauifine uucio 4. ana.nb MiX HallGamxunMu cyci-

Xamu y Terpaenpi — 2,35 A

3BeeHHs HafiroMoBHiIKNX (Gi3HYHHX BJIACTHBOCTEH KpeM-
Hilo monaHo B Taba. 9.

Tabauys 9
Haliroxosrimi ¢izmani BJAACTHBOCTI EpeMHiI0
B Oannnus Yucaose
AacTuBicTh BUMIpY “3HAYEHHS [pumirtka
Crana pemitkn . . . . . A 5,43086 Mpu 20°C
Uucao artomiB y enemeH-
TapHifi xomipui . . . . . 8
TeTpaenpHyHHil KOBaJeHT- o
nu#t pamiyc . . . . . . A 1,17
Uncio atoMis . . . . . L 4,96.10%
cM
2 2,32831 + o
Fyctmra . . . . . . v +£0,00031 Mpu 20°C
Temnepatypa mIaBJEHHA °C 1414
» KNNiHHA °C 2360
CxoBaHe TemIo MniaBjleHHs kraa 11,1+0,4
2-MO0n
Mutoma Temnoemuicts . .| 4% 0,171 Mpu 25°C
2-2paod
TemnonpoBinnicts . + . . |— %32 0,36 . 20°C
CM-CeK-2paod
TsepmicTb mo MiHepano-
riusifi mkam . . . .. .. BilH. OJMH. 6,5
MikpoTBepaictb . . . . . LI 1020-:-1300
Koediuient trennosoro ai M
o ) 1 -6 Mix 10
HiiHOTO pO3IIMPEHHS ~pad 4,15-10 1 50°C
Koedinient 06’eMHOTO 2 )
CTHCKYBAaHHA . . . . . . . Ll 0,98.10" 12
oun
Koedinient noaepxueaoro
HATATY o v o v o vov e - "T"; 720435 1420°C
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ITpodosscenns ma6a. 9

BaacTusictb o;:mgl;ﬂ ::;22%:3 Mpumitka
JienexTpuuHa craxa. . 11,7+0,2 |77°K; Bix 500
1o 30 Mzy
MaruniTHa  cipulHATIH- ‘
BICTB . o v v v v v o . ox. CGS |—0,13.107*
Jle6aeBcbka TEéMmepaTypa °K 658+ 6
Bnacuuit mutomuii omip o,u-fu 63 600 IMpu 300°K
PyxauBicTh €XEKTDOHIB ac:: ; 13504100 | Tpu 300°K
2
N mipox . cH 480+15 .
8-cex
Koe¢iuient BinGuBaHHS % 30 B o6aacri
2 ux
” ” % 55 Makcumanb
HUH npu
0,7 mx
KoedinienT 3anoMaeHHs . 3,443 MMpu 1,5 x#x
JloBroxBuab0Ba rpaHULS
BJIaCHOro BOGHpaHHA . . . . MK 1,2 IMpu 300° K
Maxkcumym  ¢otonposin-
HOCTL « . ¢ v o 0 v v v o . MK 0,9 Cnaba ¢oro-
. Yy TAHUBICTD
C'yctuna HociiB y MaTepia- 1 :
Al 3 BIACHOIO NPOBiAHICTIO — 6,8.10% 300°K
oM

MMpumirtka. [MigBUINEHHA TeMIepaTypH 3CyBa€ IPaHHII0 OCHOB-
Hol mosocn BOMpaHHA y 6GiK NOBIIMX XBHIb.

0AE
Temneparyphuii koediuient acyBy 57 =(—4,0+—4,5)- 10~* es/°C.

IIupuna 3a60poHeHO] 30HH KPEMHil0 3MEHIIYETbCS MNPH
niABUILEHHI TeMIepaTypu 3rifHO Qopmyau

AE = (1,21 —3,6-10-4 T) es

npu NpunylleHHi, 1o

m,, =mp = mo.

[pu nnaBnenHi KpeMHiio foro rycTuna 3pocrae. [Ipu nbo-

My IyXe pi3Ko, gK i y repmanito (auB. puc. 27), cTpuGKOM
3pOCTa€ €JEKTPONpPOBiAHICTb, [OCATalOUHd MO alCOJIOTHIN
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BeJIMUHHI 3HaueHb e.nex'rponpoaiuﬂoc'ri 6araTbox po3-
niaBsJjeHux MetaJiB. Lle 3B’s13aH0 3 mepeGynyBaHHAM _CTPYK-
TypH, 3MiHOMWO Koopnuﬂaumnoro yucaa 3 4 Ha 8 i 3awmi-
HOIO KOBaJIEHTHOTO THNY 3B’SI3Ky MiX aToMaMH Ha MeTa-
JiuHUH.

Koediuient Tepmo-e. p. c. nopsaky 100—150 mxs/zpad
(BesMuMHa i 3HAK #oro pi3Hi nasi MarepianiB pi3sHHX THMiB
NpOBiAHOCTI i KOHUEHTpauiii AoMilIOK).

CTpyKTypa eHepreTHYHHX 30H y KPEMHil0 TaK caMo, fiK
- P i y repmanilo He Moxe 6y-

TH ONHCaHa MNPOCTOI0 30H-
HO10 cxeMolo (puc. 15). Ha
nigcraBi gocJaigiB Mo HHK-

KJIOTPOHHOMY pe3OHaHcy i
TEOPeTHYHHX pO3paxyHKiB
6ysa nobynoBaHa cxeMma
€HepreTUYHUX 30H KPeMHilo
- (puc. 31). JliBu#i 6ik pu-
l—i/;lcf‘ﬁzfz]]———l‘[)@twal100] ’ [,UQ] CyHKa BIANMOBIA3€ KpHCTa-
JorpaidyHOMy HampsIMKY
Puc. 31. 3onna cxema kpemuio.  (oci) [111], a npaBuit —
HanpsaMKy [100]. Cranu, ski
3BHYaiiHO 3aNOBHEHi eJIeKTPOHAMH i JipKaMH NpPH KiMHaTHii
TeMIepaTypi, Ha PHCYHKY 3auopHeHi. 30Ha MPOBiIHOCTI Mae
JLyKe CKJaAHy CHCTeMY piBHiB; HHXHiH KpaH 30HM NpOBiA-
"Hocti Mae MiHiMyM B3moBxk oci [100] B kpucradi.
BaneHTHa 30Ha oOMexXeHa ABOMa KPHBMMH, siKi BiAmo-
Bi1al0Tb ABOM 3HAYeHHSM eq)exmaﬂoi Macu fipok. [las Ha-
npsAMKY MarHiTHOro moJis B3/I0BXK oci [100] no3moBxkHs1 Maca
m; = 0,16 mo, a nonepeusa m;= 0,52 mo, cepenHe 3HaueH-

Hsl edeKTHBHOi MacH HipokK mp= 0,39 mo.

a6oporena 3oma - _[

Enepain

[lpu £ = 0 o6unaBa piBHi y BaseHTHiH 30Hi 3/1HMBalOThCH,
CTBOPIOIOYH [Biui BUPOAKEHHH CTaH.

Jlas MarHiTHoro nosasi H, CIpsMOBaHOro B3JO0BX Ha-
npsamMky Kpucrasaorpadiunoi oci [001], no3goBxHsa edekTus-
Ha Maca enekTpoHiB m;, = 0,98.my, a nomepeuHa mgp =
= mz = 0,19 m,. CepenHe 3HaueHHs e)eKTHBHOI MacH eJek-
TpoHiB m *, oGuuciieHe 3a $HopMyJioI0

— 3m; - m2
m* = .
2ml-|-m2
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nopiBHioe 0,26 my. BigHolieHHs %= 5,2 y3romxyerbcs 3
2

NaHHAMH, OJepXXaHUMU 3 BUMipiB onopy B MarHiTHoMy nouJi.
->
Minimym 30HH mpoBigHocTi BianmoBimae k== 0, ane Mak-

cUMyM (Bepx) BaJIeHTHOi 30HH 3HaxoAuTbcs mnpu k = 0.
OTtxe, TepmiuHa WHpPUHA 3a60pOHEHOI 30HM BidlOBigae He-
npsiMoMy nepexony. lle. o3Hauae, 110 ONTHYHI MNepexoau
3 MaKCHMYMY BaJIGHTHOI 30HH Ha MiHiMyM 30HHM NpPOBiZHOCTi
€ 3a60pOHeHi, OCKiJIbKM TaKi mnepexolM BHMAramTb 3MiHH

XBUJIbOBOro BekTOpa K. IIpore, nopiBHIOIOUH eKclepHMeH-
TaJIbHi 3HayeHHs WIHPUHU 3a00pPOHEHUX 30H JJISi KpEMHilo
i repMadilo: Tepmiunux — 1,09 (Si) i 0,65 (Ge) i ontuu-
aux — 1,05 (Si) i 0,62 (Ge) npu Temnepatypi 300° K, mox-
Ha TNepecBiIYHTHCS, IO BOHU Ao6pe MixK co6010 y3romxy-
soTbcst. 1106 une nmosicuutH, Bapain i inwi [55] npunyctuim,
110 no6/iu3y AOBrOXBHJIBOBOrO Kpalo CYIiJBHOrO MOIVIMHAH-
HS1 MOXYTb iCHyBaTH HeBepTHKaJbHI NepexoAH, CYNpPOBO-
JUKyBaHi MNOraMHaHHAM a60 BHNYCKaHHAM (DOHOHIB, aJje
iMOBipHicTb 1X Ha NMOPSAOK MeHLIA, HiX AJ5 BepTUKAaJbHHX.
Ananiz 3HayeHb ONTHYHHX KOHCTAHT repMaHilo i KpeMmHilo
niATBepAUB TAKYy TOYKY 30DY.

Has nnacrtuyHoi npedopmanii MOHOKpHCTaNIB KpeMHilo
qnoTpi6ua Temneparypa Buite 900° C.

Jedopmanisa KpucraniB KpeMHil0 MO-pi3HOMY BIJIHBAE
Ha €JIeKTPONPOBiAHICTb 3pa3KiB 7- i p-TUMY MPOBiAHOCTI.
Hanpuknan, BceGiune ctuckyBaHHss B 3000 «//cm? Bukau-
kKae 306iJblIeHHsA NPOBiAHOCTI B ABa pasu B obJacTi BJaac-
HOl NpOBiJHOCTIi Yy 3pasKiB n-THUIY, a NpPOBiAHICTb 3pa3kiB
KpeMHil0 p-TUIy B THX e YMOBaX 3MeHUIYETbCS Ha KijlbKa
AEeCSTKIB MPOLEHTIB.

[is npy:XHOro po3Tsry B BeJHUKifl Mipi 3ajeXuTb BiX
THUNYy OpoBigHocTi 1 opieHTauwii Kpucrana, CIPHYHHIOIOUH
a6o 36isnblieHHss, a00 3MeHUIeHHs1 NPOBiJHOCTI.

PyxnuBicTb HociiB B 3pa3kax KpeMHilo 060X THUNiB mpo-
BiAHOCTi 3MEHIUYETbCA MPHU PO3TATY.

‘3actocyBaHHsa KpeMHilo. Ilopyy i3 repmaniem
KPeMHill BUKODHCTOBYETbCS AJis1 BUPOGHHLTBA GaraThbOX Ha-
niBNpoOBiAHHKOBHX npusanis. HafironoBuiwi 3 Hux:

1) kpeMHiHOBi AioAM [JIA- CAHTUMETPOBHX XBWJb (aJ1A
4acToT MOpAAKYy THcAY Mey);
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2) noryxHi cusioBi BunpsiMasui 3 K. K. A. Bume 95%,
3 kKoedinieHToM BUNpsiMIeHHs 6 - 108;

3) cra6inizaTopu Hanmpyru,

4) ToukoBi (KOHTaKTHi) i NNOWMHHI TpaH3UCTOpPH; "

5) ¢oroeneMeHTH 3 p — n-nepexonoM Aas Geanocepea-
HbOT'O NMepeTBOPEHHS COHSIYHOI eHeprii B eJeKTPHUHY, 3 NpakK-
THUHO ONEPKAHUM K. K. A.= 11%;

6) enemMeHTH, U0 NEPETBOPIOIOTH €Heprilo pamioakTus-
Horo posnany Ge3mocepelHbO B eJIEKTPHYHY €HEprii,— Tak
3BaHi aToMHi 6arapei.

[lepeBaroio npusaniB 3 KpeMHilo Haj npuJaafaMu 3 rep-
MaHilo € 3HaUHO LIHPLIKK iHTepBaJ po6OYHX TeMmepaTyp —
maitxke no 200° C. I[1pore TexHoJsOriuHi TpynHOuli omepKaH-
HSl JOCTATHBO YHCTOrO KpeMHilo i #oro o6po6KU CTPUMYIOTH
MOKH 110 BUPOOHHUTBO KpeMHiHOBHX MpHJaniB.

3. Ceaen

3araapHi BinomocTi. Cenen (Se)—enement VI rpynn.

ATtoMHui HomMep . . . . . . 34
AtoMHa Bara . . . .. . .7896
ATtomuuit o6’em . . . . . . 16,4 (ana meraniuHoro); 18 (mas

YEPBOHOTO KPHCTalliYHOro)
Isotonn . . ... ... .74 (087%); 76 (9,02%); 77 (7,58%);
78 (23,529%); 80 (49,82%); 82 (9,19%).

PemiTka cesneny MoJsekyasipHa, MoJsekysna celeHy 3a-
JIEXKHO Bil yMOB JIeTKO 3MiHIO€ CBCIO 6ynoBYy. 3aBASKH LbO-
My ceJieH iCHye B KiJIbKOX aJIOTpomiuHuX Monudikauisnx:

1) amopdruii, ckaronodibrus, po3uunnui. 11i dopmu e,
10 cyTi, PilKHM, epeoX0JOIXKEHUM cejleHOM, 60 He MawTb
MeBHOi TeMIepaTypH MJaBJjeHHs,

2) uepsornuil KpucTaridHuill Ceaex  KpPUCTanNi3yeTbcst
B JBOX GJIU3bKHX MOHOKJIHHHX a- i B -Moaugikauisx;

3) cipud kpucraaiynuild (eexcaconaabHull) «MeTajiy-
HMil» cesJeH — Haibinbil BaXJauBa Moxudikauis 3 TexHiu-
HUMH HamiBOPOBiJHMKOBHUMH BJI1aCTHBOCTSMH,

l'lpomucnose 3HaYEHHs MaloTh JiMlie ABi (opmu ceje-
Hy — cipuii rekcaroHaJbHHH Ta CKJONOAiGHMH, AKHA omep-
XKYETbCA NPH LIBHIKOMY OXOJIOAXKEHHi pPO3MJaBJIEHOro ce-
Jeny.

3a kiMHaTHHX TemnepaTyp.MomyTb icHyBaTH yci 3a3Ha-
YeHl Pi3HOBHAHOCTI cesieHy, ajle TEPMONHHAMIiYHO CTiHKHM
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NpH UbOMY € TiJIbKH CipUH KpHUCTaMiuHHH. Y ceJeHi, K Yy
eqeMeHTa VI rpyns, KoHdirypauis umecTd 30BHilLIHiX eJsek-
TpoHiB s2p4. XiMmiuHuil 3B’A30K MiX aTOMaMu cejieHy 3Aili-
CHIOETbCSA ABOMAa HecnapoBaHHUMH 5p-eJIeKTPOHAMH KOXKHOIO

atroma. HuMu BOHH [AOMNOBHIOIOTEH
cBoi p-op6itu a0 pé.

3a ponoMoroio p-3B’A3KiB aTOMH
ce/leHy MOXYTb CHOJY4YaTHCA B
IBOXaTOMHi a6o B KijbueBi MoJe-
Kynu. BHacainok toro, 110 BaJsieHT-
HUHl KYT MiX 3B’3KaMH [OpiBHIO€
105,5° C, aToMH MOXYTb 3’€HYBa-
THCA Yy BOCbMHATOMHi ro¢poBaHi
KiabueBi mosekyau. Lli Mosekyau
npH A0CTaTHHO BHCOKIill Temmepary-
pi po3ropTaloThcsl B JIaHLIOXKKOBO-
noni6Hi cerMeHTH, fKi MOXYTb [0-
JiMepu3yBaTHCSi B HOBFi JaHIIOX-
KOBi MOJIEKyJIH, 3TOpPHeHi B cmipaJb
abo Kijgbue i TICHO TepenJeTeHi.
Cusu 3B’SI3Ky MiXK aTOMaMH B JIaH-
L}0KKaX KOBaJIeHTHi, MiX JaHI10XK-
KaMu abo KiJbUsIMH — B OCHOBHO-
my Ban-pep-Baasbcosi.

UepBoHUH KpHCTaJiYHUM ceJieH
CKNaJlaeTbCcsl Ha OJHY TPETHHY 3
MoJieKyJa Ses, a pelura aToMiB 3’€n-
‘HaHa B 6araTousieHHi KiJabLs-Mo-
JIeKyJiH, fiIKi 06’€lHYI0Tb OO THCsUi
aromiB. Ilpn neperBopeHHi ubOro
ceJeHy B cipuil. rekcaroHaJjbHHH
Kiabus 060X TUMIB CNoYaTKy po3na-
NalOTbCsl Ha KOPOTKi JIAHIIOXKKH, a
noTiM NO0JiMepu3ylTbCs B JMAOBTi
3yuraaronofi6Hi IBHHTOBi JlaHILIOTH
(puc. 32,a).

EneMeHnTapHa KoMipKa ckiaanae-
ThCA 3 TpbOX aToMiB. KoopanHaniii-

Puc. 32. CtpykTypa rekca-
rOHa/JLHOTO CeaeHy i Te-

aypy.

He yucao 2,4. TpuroHanbHa Bicb C € TBUHTOBOIO BiccClo, Ha-
BKOJIO SIKOI aTOMH ceJ/leHY, pO3TalloBaHi JIaHIIO}KKOM, yTBO-
ploloTb npaBy a6o JaiBy cmipaJsb, JIaHIIOXKKH pO3TallOBaHi
napaJieJibHO OJHH OAHOMY B'LleHTpi i Ha BeplIHHAX NPaBUJb-

HOr0 IEeCTHKYTHHKA (puc. 32,6).

6*
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- HanpsMok oceit naHuoxkiB 36iraerbcs 3 Biccio C Kpu-
crana. KoxXHuil yerBepTHil, CbOMMH, OecATHH i T. 4. aToM
po3TalmoBaHWi HaA MepUIHM AaTOMOM B JAaHIOXKKY, Tak
0 MPOeKIlisfi JIaHLIOXKKA Ha TIUIOLLMHY, NMepHeHAHKYJASIPHY
oci JIaHLIOXKKA, € piBHOGIYHUM TPHKYTHHKOM (puc. 32,a).
Penrtrenorpadiyti nocaifKeHHs mokasajdu, WO Cipuii «Me-
TaJliYyHHA» CeJleH Mae€ TiIbKH ONHY TIeKCaroHaJbHY CTPYK-
TYPY.

JoMimKy CTOPOHHIX aToMiB MO-pi3HOMY BNJMBAIOTL Ha
LWIBHAKICTb KpHCTaJi3auii ceseHy.

1. Nomimku Tanilo, JyXKHHX MeTaJtiB, aMiHiB (aHijiH)
ta rajoinis Cly, Brg, J; KaTaniTHYHO NMPUCKOPIOIOTh KpHCTA-
Jizaniio i 36iJblIyIOTh NMPOBiJHICTb, BMJIMBAIOYH Ha PyXoO-
MicTh HoCiiB.

IlosicHuTH Le MOXHAa THM, IO JAOMILIKH BCTYNAalOTh
B peaklilo 3 ceJeHOM, PYHHYIOTb KiJbLileBYy CTPYKTYpY, CKO-
pPOUYIOTb MAOBXKHHY JIQHIIOKKIiB i IIHM CHJIBHO 3MEHIIYIOTb
B’SI3KiCTb, MOJIETLIYIOYH THM CAMHUM NepeGydOBY CTPYKTYPH.
CesieH 3 noMilIKoIO TaJgilo abo JyXKHHUX MeTaJliB KpPHCTaJi-
3yeTbcs 3 po3maaBy B cipuit Se 3pa3y B mpoueci o0xoJo-
IUKeHHs, 6e3 creniaJjJbHOI TpHBaJoi TepMOOOPOGKH.

2. Nomiwkn ¢ochopy i MHULUI'SIKY Pi3KO CHOBiJNbHIOOTh
KpucTraJgisaililo, 36iabLIyI0Th B’A3KiCTh pO3MJaBJEHOrO ce-
geny. Ilpu 5% doctopy cenen Maiike HEMOXKJIMBO 3aKpH-
crani3yBaTH, NOBOJUTBHCS 3aCTOCOBYBATH 6araToKpaTHy 3a-
KaJKy B piikoMy moBitpi. JoMilmka tenypy 36inbluye omip
~10° pa3 npu koHuentpauii (1--5)10-¢,

Homimka pryti 36inbuiye omip, a pgomimika BicMyTy
aMenwye ioro. JlonaBanHs cipkn (mo 5%) 36inbliye enek-
TPONPOBiAHICTbL CeJieHy.

MeTonoM peHTreHiBCbKOro aHajsidy O6yJsa pocaigxeHa
LIBHAKICTL TIepeTBOpPEHHS - ceqleHy 3 oaHiei Moaumdikauii
B iHIIY NpH pi3HUX TeMmepaTypax.

By/so BCTaHOBJIEHO, 11O MepeTBOPEHHS YEPBOHOIO KpH-~
cTajiyHoro (MOHOKJIIHHOTO) ceJieHy B CipuHf rekcaroHaJib-
Huil npu TeMmnepatypi 120° C noBHicTIO 3aBepuIyeTbCs MpO-
»1fom onHiei roamHu, npu 80° — tpuBae 15 ni6, a mpu
65° — Giapute Hix 17 ni6. CkaonoAi6HuH cejieH MOBIJBLHO
KpHCTaJi3yeTbcsl Npu 28° B MOHOKJiHHHH, npu 43° — B rek-
caroHaJbHHH, a MpH MPOMIXKHHX TeMmepaTypax — B cyMill
ABOX KPHCTaJIiYHHX (opM.

Jlis HaniBnpoBiAHMKOBHX MPHJaliB Cipy MeTasiuHy Mo-
mubikauilo o4epKyoTb HarpiBaHHAM iHWHX ¢opM, nepe-
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BaXHO CKJonoai6Horo cenaeHy, ao 180—210°C i sutpumy-
10Tb NpH 1ilt TeMnepaTtypi BiX OxHi€l 4O TPLOX TrOAHH.

OpnepxaunHa ceneHy. CeneH — pigkicHuit esne-
meHT. CepenHiit BMicT cenieHy y 3eMHill Kopi CKJlagae Kijb-
Ka CTOMiJIbHOHHUX YacTHH mnpoueHTa. KoHueHTpauia cene-
HY B cyabQigHMX pyAax KOJHBA€ETbCS B CepeJHbOMY Bil
0,001 no 0,01%.

OCHOBHOI0 CHPOBHHOIO s NOOGYBaHHs ceseHy (i Teay-
py) € aHomHi myamu (rpssi), aKi BUNajgamoTb Ha OHO eJeK-
TPOJMITHYHHX BaHH nig uyac padinyBauus migi (0,2—0,8%
Bim Baru aHomiB). [IpyruM BaxKJHMBHUM [KepeJIOM € IJaMH,
AKi 0CafKylOTbCSl B ra3oXoAax i MHJIOBJOBJIOBayax cipua-
HOKHCJIOTHHUX 3aBOJiB NP BUNAJIOBAHHI MipHUTiB, L0 MiCTATH
cesedH. BnacHi MiHepaau ceseHy BifOMi y BHUIJIsiLi ceJjieHi-
OiB CBHHIUIO, Mini, pTyTi, BicMyTy, cpi6sa. ¥ eneMeHTapHo-
My BHUIVISIi cejeH 3yCTpPiyaeTbCsl cepel CipKH BYJKaHiuHO-
ro NOXOJKEeHHS.

AHoaHi wmyamMu MicTATb cnoaykd Mini, cpibaa, cipkw,
ceJieHy, TeJaypy, CBHHLIO, MHLI'SIKY, CYpMH, 3aJi3a, HikeJio,
a TaKoX 30J10TO, MiCOK i iHIIi peyoBHHH.

Haii6inbm nockoHanuM crnoco6oM nepepo6GKH aHOMHHX
iwaamiB € cyabdaTtusauia mJaaMy CipyaHOI0 KHCJAOTOIO MpPH
temneparypi 200—230° C. B mpoueci cyantdartusauii cenaen
okucawerbesi 10 SeO,, a anion SO~ BigHOBMOETBCS 1O
SOZ-. 3 onmepxaHoro cy/b(aTHOro NMPOAYKTYy MNPH TeMme-
parypi 400—500° C Biaransitoth cybaimauieto SeO,. Buay-
YeHHs TeJypy 3 LIaMiB NPOBAaAHTbCS MOMYTHO 3 CeEJIEHOM,
TIIbKM NpPOLIECH OKHCJEHHA i1 BiATOHKHM Bin6yBalOTbCA MpPH
BHIIMX TeMIepaTtypax (cejsekTHBHa cybaimanuis). Llum cno-
co6oM i3 muamiB MoxHa Bumo6ytu o 93Y% HasiBHOTO ce-
aeny i 70% reaypy.

SeO, 3 Bomow yTBOploe cejeHucry kKuciaory HySeOs;
eJleMEeHTapHHH cesleH 3 Hei BHJIy4aloTb, OCAaAXKYIOUH CipuH-
ctuM razoM SO, OcamXkeHHH cejieH NpPOrpiBapTb BOAAHOIO
napow, mo6 BiH 3ciBcda. [aJni ceqieH NPOMHBAIOTh, BHCY-
WIYIOTb, APiGHO PO3MEJIOITb i pP03(acoByIOTh. ..

CeneH, omep:xKaHuil 6e3nocepeAHbO OCAIKEHHAM 3 PO3-
YHMHIB, Ha3UBAETbCS TEXHIYHUM i 3aJ1eKHO BiJ NPOLEHTHOrO
BMiCTy Mae TpU MapkH:

Cen. 1 micTuTh ceneny e Menwe 98,5%
Cen. 2 » . ” . 97,5,
Cer. 3 . . . = 95,0,
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Has nanbliol OYHCTKH cesieH padiHyOTh AHCTHISILIEI
a6o xiMiyHUMH 3acobaMu.

Cenen, 10 BHKODHCTOBYETbCS /i1 BHUPOOHHLTBA BH-
npamasyiB i ¢oroeneMeHTiB, Mae MapKy «CesleH AJs BH-
NpsAMJSAYIB», SAKHH 3riaHo 3 AilOYHMH [0 UbOro yacy
TY MXIT 1511-50 Mycutb G6yTH B NJHTKAX CKJOBHIHOI

Lo barnyymro-

20 Hacoca

B i
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X
N
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1 [
T [ L1},
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Puc. 33. Po3pi3 ycraHOBKM OAs HHCTHJAALIT TeXHi4HOrO
cesieny.

CTPYKTYDH, OJIUCKYYOrO YOPHOTO KOJbOPY 6e3 O6ynb-sKuUX
KPUCTaJiYHHUX BKJIOUeHb. BMicT ceslleHy B HbOMY He MeHIle
99,9929%, cipku — He Ginbuie 0,001%, Tenypy — He Giablie
0,003%, HeneTkoro 3anauiiky — He OGinbme 0,0089%.

Oco6auBO 1IKiAJMMBHUMH € [OMIlUKH BaXKKHX MeTaJiB
Zn, Pb, Sn, Bi, Ag i in.

Onsi onepkaHHs cejeHy O/ BHOPSAMJISUIB 3aCTOCOBY-
I0Th MOABIfHY AHMCTWJSALII0 TexHiuyHoro cesneHy. CxeMaTuu-
HUH pO3pi3 YCTAHOBKH A/ AMCTHASLIT MogaHo Ha puc. 33.

B mnpoueci auctuasuii ceseH no36aBisieTbCs AOMILIOK,
iKi MmepeBaX{HO MPHCYTHI B HbOMY Yy BHIVIfIAI CeJsieHidiB.
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Peropra, TpyO6H i KOHAEHCATOp BHMIOTOBJISIIOTbCS 3 He-
pxasitoyoi crasi. HarpiBanHs anapatypu Moxe 3jificHio-
BAaTUCh TapSUYUMU razaMu abo eJeKTPHYHHM CTPYMOM, SIKHH
NPOXOAMTH MO HArpiBHUX eJeMeHTax Onopy B TemyaoBii i3o-
asuii. Hafikpaue BectH aucTuasuilo mijg Bakyymom (dop-
BakyyM). Ilpn uux ymoBax TemnepaTypa AHCTHAALIl 3HH-
xKyerbca no 400° C. Buxia 4uCTOro NpPOAYKTY CTaHOBHTHb
npu6ausuo 30—35%.

B anirepatypi onuca- Ta6auus 10
Ho 6araTo crnoco6iB ouH- 3P°'~"l'aﬂrﬂ; f?ﬂg’!ﬂuﬁ 3BOPOTHOI
crin ceneny (. xiiu BT | renant crevar y
HUMH 3acobaMu, TakK 1 B OUHCTII CeJeHY
¢i3yuHUMH) 3 BHKOPH-
CTaHHSM  aacopGeHTiB Pix WDonycruua ryeon Ty
IoJis  BHJAYYEHHA  AQMI- (B ma/cmd)
oK, ¢pakuiithol ania- -
6aTUYHOI AMCTHASALIT ce- 1933 18 —
JeHy a6o SeQO, Tol0. igﬁg lg 21‘_‘24
Cepen HUX YyHMaJIO 3ana- 1948 2% 40
TeHTOoBaHuX. biGaiorpa- 1950 33 —
¢is 3 UbLOro MUTaHHS 10 1951 40 70
1954 p. 3i6paHa B KHH3Ii }ggg 98 110
. M. IOxranoBa [52]. 1957 130 -
BupobGsieni B ocran-

Hilt yac HOBi HOPMH UYHCTOTH ceJieHy, SKUH ozaep-
XKylotb B Pansaucbkomy Coro3i nas HaykoBux nortpe6,
ayxe Bucoki. Hanpuknan, cenen mapkn B3 mycuTh Maru
HopMoBaHi nomimku 18 enemenris: Al, Bi, Ga, Fe, In, Cd,
Co, Mn, As, Ni, Sn, S, Te ue 6iabiue 1-10- ‘% a Mg, Cu,
Hg, Ag, Cl me Ginpue 1 - 10- 59, koxkuoro (muB. Tabu. 26).

Ilns ceneny noci He iCHye A0OCTaTHbO YYyTJHBHX METOHIB
aHanisy na Ga, In, Mg, ClI ra Sn, TOMY Ha uep3i QHA
cToith iX po3pobka.

BesnocepenHbo 3B'i3aHi 3 YHCTOTOIO cesieHy i HOPMOBa-
HOI0 KiJIbKiCTIO AOMIIIOK TaKi XapaKTEPUCTHKH CeJIeHOBHX
BUNPAMJAYIB, AK AONYCTHMAa Hamnpyra Ha ONHY MJIACTHHY
Ta rycrtuHa ctpymy. Ta6a. 10 BinoGpaxae 3pocTaHHS OOmMmy-
CTUMOI 3BOPOTHOI HANpPYr# i FyCTHHH CTPyMY y BHIPSIMJISA-
yax B 3B’A3Ky 3 NPOrpecoM B OUHCTI CeJieHy 3a. OCTaHHi
25 pokiB.

Bsaxalotb, mo B Hall6auxKuuil yac Gyne NOBEdEHO HO-
flyCTHMY 3BOpPOTHIO HanpyTy no 150 8 Ha MJacTHHY NpH
'36epexeHHi N0CATHeHOI JOCHTb 3HAUHOI T'YCTHHH CTPyMY.
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Ilo 1954 p. nepeBaXkHa KiJbKicTb po6iT mo ceseHy GyJa
BHKOHAaHa Ha HeJOCTaTHbO YHCTOMY MarepiaJi, i ToMy naHi
HuX poGiT He Bino6paKaloTb BJACTHBOCTEH YHCTOTO CeJIeHY.
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Puc. 34. CxeMa YCTaHOBKH BaKyyMHOI
¢pakuifiHoi AMCTHAALIL CceaeHy:
1 — TepMOeJIeMEeHT; 2 — npufiMau  ceJieHy;
3 — BoAsiHe OXOJOMXeHHs; 4 — comno; §—
TepMoOMeTD; 6 — pucTHAAUI#HA  Haca;ka;
7 — orasjgoBe BiKHO; 8 — mocpi6ieni BHYT-
pimni cTinkH; 9 — KonoHa; /0 — AMCTHAAUIA-
Ha xon6a; /I — HarpiBHHK.

Enexmponpabidricms, oM™ cm™

Bin uux poGit BH-
riaHo BiApi3HAIOTBCA poO-
6otn Exapra [60], skuit
3aCTOCYBAB IJI51 OUHUCTKU
ceJieHy BakKyyMHy (pakx-
uifiny 6aratTopa3oBy au-
CTHJ/IALIIO i oepxaB ce-
JleH HaA3BHUYaHHO BHCO-

‘ Tral

v‘f

A\
\

S 3
A
L~

3

,U-l f \
i s \
Uﬂ

15 20 25 307

Puc. 35. I'padik remnepatyp-
HO1 3aJIeXKHOCTi eJIeKTpPOomnpo-
BiZHOCTI ceneny (y BakKyymi),
oyHLleHoro  6araTopa3oBONY
¢pakuifiHolo nHCTHAALIED (32
Exaprom).

Koi uncTOTH. PIOro yCTaHOBKA JJIfl OUHCTKU ceJieHy 306paxe-
Ha Ha puc. 34. BoHa cksnanaeTbcs 3 TPbOX YaCTHH: JHCTH-
asuifiol kon6u 10, Kononu 9, aucTuasuifiHOI Hacaaku 6.
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¥Y'ci ui yacTuHM, KOXHA 30KpeMa, NiATPUMYBAJIHCb NpU MeB-
Hilf TeMmepaTypi aBTOMATHYHHM DperyJIiOBaHHAM CTPYMY
B meuyax. YCTaHOBKa 3po6JjieHa 3 i€HCbKOro CKJa, 3’€IHaHHS
rapsyux uiigiB cyxe.

PexuMm AHCTHAALII BCTAHOBJIIOBABCS MO LIBHAKOCTI mNa-
HiHHS Kpanejab cesleHy 4yepe3 comyo 4 i Mir perysaioBatucst
TEeMIepaTypolo BepXHbOi KaMepH. [IpOAYKTHBHICTb yCTaHOB-
KH 0pH WBHAKOCTI 60 Kpamesab Ha XBWJIHHY, TeMIeparypi
6au3bko 450° C i Tucky ~ 10 mm pT. cT. gocsirana 200 cm®
celleHy 3a miBropu roauHu. Ilicns m'aTukpaTHOl AMCTHAAUI]
CNeKTpaJbHUM aHajli3oM MOxHa OyJ0 BHSBHUTH JHIIE CJigH
6opy. ¥ TakoMy ceJeHi micas 36epiraHHs B anapartypi AOB-
THi yac 3’BJASJNCSA AOMilUKH.

BuMipn TeMnepaTypHOl 3aJIeKHOCTi eJeKTPONpPOBiAHOCTI
(puc. 35) umcTOro reKCaroHaJIbHOro cejleHy y BakyyMi mo-
KasaJi{, 0 WHPHHA 3a60pOHEHOI 30HH B CepefHbOMY [0-
piBHIoe 2,58 €8 i € Takolw kK, K i O/ pO3MJaBJEHOro ce-
aeny. IIluToMa mnpoBifHICTb Ciporo KpPHUCTaNiUHOTO CeJeHY
y BHCOKOMY BaKyyMi npu KiMHaTHili TeMnepaTypi HOpsuKy
101 om~1.cm~'. Ha nositpi npoBigHicTh 1bOrO X cejeHy
060poTHO 3MiHIOBaJacb, 3pOCTAalOYH Ha 5—6 mNOPSAKIB.
ABTOp BBaxae, 110 Lle 3pOCTAaHHS CIPHYHHEHe KHCHEM, IKHH
3aXOMJIIOETLCH CEJNEHOM.

MoxHa crnoniBaTHCs, 110 MOHOKPHCTAJ/H CeJIeHY, OuM-
IIeHi IO TAKOro X CTYyNeHs YUCTOTH, SIK HampHKJal, repma-
Hill, BUAABJIATb HOBi LiHHi HamiBnpoBigHHKOBi sikocTi. IToku
110 MOHOKPHCTaJIM, BHPOILEHi 3 PO3IJIaBy i 3 mapu cejieny
pi3HOro CTyNeHs YHCTOTH, HiIKUMH, OCOGJHMBO MO3HTHBHUMH,
BJACTHBOCTSIMH TIOPiBHIHO [0 NOALKPUCTAAIYHO20 CeJIeHY
He Bill3HAYalOTbCA.

Jdeaki xiMiuni BaactTuBocTi. 3a XiMiuHUMH
BJIACTHBOCTSIMH ceJieH MOAiOHMI N0 CipKH, ajle MEHIIl aKTHB-
‘Hui. Kucenb npu kiMHaTHili TeMnepaTypi Ha HbOro He nie;
npH HarpiBaHHi cesieH yTBoploe cnoaykun SeQO, SeO, Ta
SeOs;. Haii6inbi cTifiKoio cnosyko, sika yTBOPIOETbCS IpH
CnaJiloBaHHI cesieHY B KHCHI a6o Ha mnoBiTpi, € SeO, — 6ina
KpHCTaJliyHa peyoBHHA 3 TeMMepaTypoio miaasJjeHHs 340° C,
sika cy6aimye npu 315° C. SeO, no6pe po3uuHsSIETLCS Y BOAI,
yTBOpIOIoYH cesieHHCTy Kucaoty HpSeOj; Hactinbku akTtus-
HY, 110 BOHA 3[aTHA PO3YUHATH HaBiTb 30JI0TO.

Consina i po36aBjieHa cipyaHa KHCJIOTH Ha CejeH He
IilOTb; a30THA KHCJIOTA OKHCJIO€e Horo no SeO,, a ayru pos-
YHHSIOTb 3 YTBOPEHHSIM coJIed. 3 MeTajaMH celleH yTBOPIOE
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-ceJieHian, 3 BoAHeM Npu Temneparypax suie 200° C yTBoO-
proe HySe. CeneHoBOEHb — Lie rOPIOYUi ra3 3 HENPUEMHUM
3anaxoM THUJIOl pelbKH, AYXKe OTPYHHHH AJd Jdiwonei.

EnemenTapHuii cejleH He OTpYiHHMi, npore BinOMi BH-
naaku, KOJH, MONAajfaloud Ha NMopaHeHy LIKipy, BiH CpHUM-
HIOBaB BHUPa3KH, fKi MOBiJbHO 3aroiooBanucs. Yci CHOJYKH
ceseHy wWIKiaauBi i HeGe3neuHi AJas Jioneid, TomMy 6ylnb-iKa
po6oTa 3 HUM Ta HOro CnoJlykaMH MYCHTb [POBaIHTHUCS B
NPHUMillleHHsX 3 100pOI0 BEHTHJALIEIO i Y BUTAXKHHUX Liadax.
I3 cipkoio cesen yTBOploe cnonyku Se;S Ta SeS.,.

®i3uyHi BAAaCTUBOCTI CeJeHY pi3HUX MOAH-
¢ikauii nonaemo B Taba. 11.

Cipa i uepBoHa kpucraniudi -Monudikauii ceseHy BusBs-
JA10Tb (HOTOENEKTPUUHY uyTauBicTb. Onip ix nia aielo csit-
Ja icTOTHO 3MeHUIyeThcsi. EHepris akTuBalii HociiB, Bu3Ha-
YeHa mO (POTONPOBIAHOCTI y uepPBOHOMY ceJieHi, AOpiBHIOE
1,6 es, M,= 0,85 mk.

Mo Moccy [73] onTtnusa eneprin _akTuBamil HOCITB (poTOCTPYMY
BH3HAYa€ThCA BEJHYHHOIO KB2HTA €HEpril, sKOMY BIAMOBIAA€E€ Ta AOBXM-
Ha XBHJI My, » TPH AKifi BesIHYHHa ¢QoTonpoBiAHOCTI cmajlae O NoJo-

BHHH CBOTO 3HAauyeHHS B MAKCHMYMi (3 6OKy NOBLIHX XBHMJb) a60 ocTaH-
HBOTO TMJ1aTO Ha KpHBifi uytauBocti (auB. crtop. 131).

doro-e. p. . B CipoMy ceJieHi NPH CUJIbHOMY OCBiTJEHHi
Moxe jgocsiraTd 1 8, aJje K. K. 1. CeJIeHOBUX (hOTOesieMeHTiB
se nepesuiye 0,1%.

XapaKTepHOIO 0COGJIMBICTIO CesleHy € IMOBilbHe BiIHOB-
JIeHHsi TNOPYLIEHOTO CTaHy piBHOBAru micjasi OCBITJIEHHS,
THCKY, TNPHKJIAAeHOTO CHJbLHOIO eJeKTPHYHOTO TOoJsi —
iHepuifiHicTp BJacTHBOCTEH, IO € HEraTHBHOIO PHCOIO ce-
JaeHy. lle 3B’s3aHO 3 MaJOl0 PYXJHBICTIO HOCiIB CTPyMYy.
Tepmo-e. p. ¢. cejleHy J[OCHTb BeJuKa, AopiBHIoe 600
mKe/epad mpu KiMHaTHi# Temnepatypi i 3pocrae mpm mia-
BUllIeHH] il.

TexHOJOriYHO BaXXJ/IHBOIO XapPaKTePUCTHKOIO CesieHy, siKa
BUKOPHCTOBYETbCS [JIfi OYHUCTKH i NpPH BHIOTOBJIEHHI MpH-
JnaniB, € TeMnepaTypHa 3aJieXkHiCTb NpPYXKHOCTi mapu ceJe-
Hy, nogaHa B TabJa. 12.

3acrtrocyBaHHsa ceaeny. [lonur Ha ceneH B Ha-
poAHOMY rocmoaapcTBi GiJIbIIOCTI KpaiH BeJMKHH, a BHIO-
6yTOK iioro o6Mexenuii, BBaxaloTb, 0 piyHa ceiToBa mpo-
nykuis ceaeny pocsirae 1060 7. 3 uieil KisbkocTi npuGaH3HO
459% BuTpauyaeTbcsi Ha BHPOGHHLUTBO CEJEHOBHX BHIPAMJIA-
4iB Ta ¢QoroeneMenTiB. KpiM HaniBnpoBiAHHKOBOI MpOMHC-
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JIOBOCTi, 3HayHa KiJbKiCTb CceJeHy BHKODHCTOBYETbCS B
CKJsHil, rymoBiii, HadTOBiH, MeranyprifiHiii Ta XimiuHiii
OPOMHCJIOBOCTi, @ TAKOX B MeIUUHHi, y BUpOOHULTBi ap6-
HHKIiB Ta ¢Jroopecuitoouux ¢apob.
Tabauys 12
TeMumepaTypHa 38JEKEHICTH NPYMHKHOCTI mHApH ceIeHy

Temnepartypa (B °C) , 217,4 390 440 500

620 I 660 680 ‘ 710

IMpyxuierr napu
(BMM PT. CT.)

.10,0055{ 3,0 |11,0 42,0'313,0\ 550 | 760 } 970

B 3B’3Ky 3 THM, 10 Malxe KOXHa OKpeMa rajysp Ha-
POIHOrO rocrnoaapcTsa MorJja 6 LiNKoOM NOTVIMHYTH YCIO piu-
Hy NMPOAYKIilo ceJleHy, KOXKHa KpaiHa BCTaHOBJIIOE Ha CeJieH
CYBODHH pEXHM eKOHOMil i wykae wmasxiB poslwMpeHHs
Horo BHIOGYTKY Ta YAOCKOHAJIeHHs TEeXHOJIOriYHHX Mpolle-
CiB 3 MeTO10 3a0IlafKeHHs CeJleHy.

4. Immi exemenrapni mamiBmposizmmkm [73], [13]

CrpykTypu ix onucasi B § 4, posn. I.

1. bop (B) enement rpynu IIIB, mae amoppuy i Kpu-
craniuny mMoaudikanii. Ilpu 3BuuaiiHux TeMnepaTtypax Bojaa
i moBiTps Ha HLOro He MilOThb.

Jpi6Hi mockoHaJsi KpucTaau 60py OnepXKyloTb abo po3-
knapaHusam aubopany (BeHe) Ha posneueniii no Temmepa-
Typn ~1500° C BosibdpamoBiii apoTuHi, a60 BiAHOBJEHHAM
BBr; BogHeM y KoHTakTi 3 Harpitolo go ~ 1500° TaHTano-
BOIO ApoTHHOI0. Koaip KpucraniB cipuii 3 MerajiyHuM OJin-
ckoM. 'yctuHa kpucraniuHoro Gopy 2,34 e/cm3; TBepicTh
KpHCTaJiB [Ny¥Ke BHCOKa, GjiM3bKa [0 TBEPUOCTi ajMasa.
Temneparypa nuiaB/ieHHsi TOYHO He BU3HAYeHa: 3a JaHUMH
pisHHX aBTOpiB 3Haxoautbcsi B Mexax 2075—2300° C. Tem,,
nepaTypa KHMNHHA TeX< BH3HAaueHa HemeBHo: Bim 2550 10
2800° C. EnekTpuuHi BJIACTUBOCTi KPHCTaJMiB CHJBHO 3aJe-
JKaTh Bill TeMIepaTypH, NMpH SIKifi MpOBamHTbCS MipoJIi3.

BaacHuit nuToMuil omip MOHOKPHCTaJiB, OAepKaHHX
npu TeMmnepatypi miposidy 1500° C, nopiBHioe npu6JH3HO

7-10% om - cm npu 25°C.

IMupuna 3a6opoHeHOi 3CHH, BU3HAUYeHa NoO TeMIepaTyp-
Hill 3a/eXXHOCTi eJeKTPONMpOBiAHOCTi, NpH NPHUMYIIEHHI,
10 pYyXJauBicTb HociiB 3ajexuTh Bil TeMIepaTypx
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no 3sakoHy creneHi —3/, (#~T—h), pnopiBHoe 1,58 es;.
ONTHYHA IHpPHHA 3a60pOHEHOi 30HH, BH3HAueHa MO CHeKT-
pasbHOMYy posnoniay ¢dotonposiaHOCTi, AQopiBHIoE 1,12—
1,27 es npu KiMHaTHiii Temnepartypi.

"IlIupuna 3a6opoHeHOi 30HM NpH MiABHILEHHi TeMmmepa-
TYpH 3MeHLIYEThCH

%ATE =—(3,5+0,5) 10~-* es/zpad.

PyxauBicTb AipoK 6isbiia Big pyXJIHBOCTI €JIEKTPOHiB:
u,=0,2—50 cn?/s-cex;
u,=0,3—0,7 cu®/6-cex.

Enepris ioni3auil axnenTopHux AOMILIOK HOpiBHIOE
0,25 es.

3acTocoByI0Tb 6Op 1Ji8 BHIOTOBJIEHHs CcTabinbHUX omo-
piB 3 MaJuM TeMIepaTypHUM Koe(illieHTOM omopy y BH-
rasfi TOHKMX Wapis, oxepKaHuX cy6Jjimalielo Horo y Ba-
KyyMi a60 mipoJii3oM CHOJYK.

2. Aama3 — kpucrajiuia moaudikauis yraeuo (C) —
enemenra rpynu IVB. Crpykrypa iioro 3o06paxeHa Ha
puc. 12. I'yctuia — 3,51 e/cm3. [locaigxkeHO TpH THNH NpH-
pooHUX anaMasiB, ki BiApi3HAOTbCA MiX cO6010 ONTHYHHMHU
i eJIeKTPUUYHHMHU BJIACTUBOCTSIMH, P- i n-TUIIOM MPOBiAHOCTI.
[lnpuna 3a60poHeHOi 30HH, BH3HAUEeHa MO CNEKTPaJbHOMY
pO3MOAiNy BJIaCHOrO ONTHYHOrO MOIJIMHAHHSA, [dOPiBHIOE
5,6 es. EHepreTnuHi piBHI AOMIlIKOBHX LEeHTPiB i AedeKTiB
Jexatb B 3a6opoHeHil 30Hi Ha Bimpaasax 0,4—0,7 es. Ilpu
KiMHaTHill Temnepatypi Hai6ijabll NeBHiI AaHi OJ8 pyXJu-
BOCTi eNeKTpOHiB #, = 1800 cm?/8 - cex, pyxsauBocTi HipoK
up = 1200 cm?/e-cex. UYac KuUTTH eJeKTpPoHIB i aipok
~10-8 cex. Cepeans n0BXHHAa MpOGIry eJeKTPOHIB
6,5+ 1076 cm.

3acToCOBYIOTb a/lMasH SIK KPHCTaJIi4Hi JiYHJIbHUKH Q- i
f-4acTHHOK Ta Y-KBaHTIiB.

Jlo no3uTHBHMX sIKOCTeHl JiYMJIBHUKIB 3 ajMmasa HaJe-
XaTb: MaJli pO3MipH, BeJHKa 3aTpuMyioua 3[aTHiCTb, LyxKe
BeJIMKA MIBUAKICTb JiubH, Kpallle BiLHOLIEHHs PiBHS CHIrHa-
Jy AO piBHA WiyMYy. )

Jlo HeraTMBHHX $IKOCTeH BiZHOCSATbCA: HEOOHOPiAHiCTb
Jiu6u B Pi3HMX LiNTHKAX KpUCTaJsa, MoAsipH3auifiHi sBHLa
Ta sBuula crapiHHsa. [lpanmioloTe anMa3ud npu KiMHaTHiil
TeMMnepaTtypi.
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3. Cipe on080 (Sn) — eanement rpynu IVD, kpucraxai-
3yeThCsl B pelriTui Tuny aJnaMasa. Lls monudikauis osaosa
crifika npu temneparypax Big +13,2° C i Huxue. IleperBo-
peHHs 6izoro osoBa B cipe Bin6yBaeTbcsl 3 MAKCHMaJbHOIO
weuakictio npu temneparypi —30° C. I'yctuna ciporo oJio-
Ba 5,846 2/cm® 3HauHO MeHWa 3a rycTtuHy O6ivoro B-Sn
(7,298 2/cm3), ToMy nepexin BinGyBaeTbcsi 3 BEJHKOIO 3Mi-
HOI0 06’€eMy — yTBOPIOETbCS CipuH puXauH mnopomokK. [lo-
6aBka B 01080 0,75% Ge nepecyBae TeMnepaTypHy rpaHHIIO
nepetBopeHHs Gisoro ojoBa y cipe no +60°C. Tepmiuna
lMpHHa 3a60pPOHEHOi 30HH Ay¥XKe BY3bKa

AE, = 0,064 0,1 e.

OnTyyHa MIHMPHHA 30HH, BU3HAUeHA NPH HU3bKiA TeMmne-
paTypi no yepBOHili rpaHuui BJacHoi (oronpoBigHOCTi, KO-
piBHloe 0,075 es. Ilpu KiMHaTHHX TeMmmepaTypax PpYyXJH-
BiCTb €JIEKTPOHIB &, = 2300 cm?/6 - cex, PYyXJHUBIiCTb HipoK
u p=~ 1780 cm?/s - cex. Ilpu temnepatypi 0°C mpoBigHicTb
ciporo osoBa jgopiBHloe ~ 2-10% om~!-cm~L.

EdektuBHi Macu eneKTpoHiB i Hipok piBHi Mixk co6Goio
mp =m, = 0,68 m,.

ITpu temnepatypi 100° K pyx/auBicTb eJeKTPOHiB B MO-
HOKPHCTaJMiYHHX HHTKax pocsrae 30000 cm?/s-cex. Cipe
0JIOBO K HamiBNPOBiZHHK MNpPAaKTHYHOIO 3aCTOCYBaHHSA He
Mae. .
4. docgop (P) — enement rpynu Vb. Hanisnposinuu-
KOBi BJIaCTHMBOCTi Ma€ 4YOpHAa KpHCTaaiyHa Moaudikauis,
MOHOKDHCTaJMH 3 siIKoi He BupomyloThess. OnmepxyeTbest Ha-
rpiBaHHsM uepBOHOro ¢octopy o temneparypu 350° C min
THCKOM 150—250 atm. ITpu nnaBnaenuHi ( ~ 590° C) ytBopio-
I0TbCSI MOJIeKynu P, i po3nsaB 3akpucTani3oByeTbcsi B Gi-
Jauil a6o yepBoHHu# Qocop. HopHuit pochop mMae opropoM-

6iuHy kKoMipKy 3 napamerpamu a = 3,31 A, & =10,50,
c =438 .OA, CTPYKTypa iioro mapyBara, rycTHHa 2,70 2/cm3.

IIlupuna 3a6opoHeHOi 30HM 306ibLIYETbCA NPH MiABH-
1weHHi Temneparypu B o6aacti 100—400 ° C.

AE=(0,33+2,3-10-* T) es.
Bce6iyHuii THCK 3MeHLIye WHPUHY 3a00POHEHOI 30HH
yopHoro ¢ocdopy, sikuit npu THcky 20 THc. k[/cm? cTae

MeraJsioM, G0 BaJieHTHa 30HA i 30HAa HPOBiAHOCTI NepeKpH-
BaIOThCA.
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[Tpn Hu3bKUX TeMneparypax c¢octop € HamBnpOBuum-
KOM p-Tumy. JIsi Ha#GinbIl YMCTHX 3Pa3KiB NMPH KiMHATHI#
TeMIepaTypi B/IacHU NHTOMHI omip p =15 om:cm, pyx-
JuBicTh HipoK #p, = 350 cm?/8 - cex, PyXaMBiCTb eJIeKTPOHIB
un, = 220 cm?/6 - cex. Yci Mmomudikanii gocdopy BUABAAIOTH
¢oTonpoBigHicTb. B eneMeHTapHOMY BHIVIAAI fIK HamiBmpo-
BigHHK ¢ocop He 3aCTOCOBYETHCS, ajie BUKOPHUCTOBYEThCS
fIK KOMIIOHEHT HpPH BUI'OTOBJIEHHI HaMiBNPOBiJAHHKOBHX CMO-
JayK i Ak powmimka B iHIII HamiBNOPOBiAHUKH.

5. Muw’sx (As) — enement rpynu VDB, anamor ¢ocdo-
py. HanisnpoBigHukoBi BaacTuBOCTi Mae cipuii KpucTramdiu-
HUE Mumr'sk. BiH He po3uuHseTbca Hi y Boli, Hi y oprasiu-
HUX PO3UHHHMKAX; CTPYKTypa Horo mapysarta. Temneparypa
nnaBaenHs 814° C npu THCKYy 36 arm. Temneparypa KulliH-
Hs 610° C, ryctuna 5,72 e/cms.

Bumipu eJeKTpHUYHHX.BJIACTHBOCTEH TOHKHX MJiBOK MH-
ur'siKy, YTBOPEHHX KOHJeHcallielo napu Horo y BaKyyMi, mo-
Ka3aJsu, 10 IIHpHHA 3a60POHEHOi 30HH

AEy = (1,2—05-10%T) es.

BoacHuii nuTtomuii omip npu KiMHaTHi# Temneparypi
p=4-108 om - cm, JLOBroxBUJILOBA TrpaHHIsl BaacHOi (oTO-
npoBigHocTi mopiBHIoe 1,04 mxk, wo BianmoBinae Ay,. Pyx-
JuBicTh HoOCiiB &, =~ 60 cm2/8 - cek.

TIpakTnuHoro 3acrocyBaHHS $IK HaNiBOPOBiIAHHK Yy eJe-
MEHTapHOMY BHIJIsSii He Mae, aje BHUKOPHCTOBYETHCS SK
KOMIIOHEHT Yy BaXXJ/IUBHX HaNiBIPOBiZHMKOBHUX CIIONYKaxX 3
KPHCTaJIiYHOIO 1 CKJIOMOAi6HOI0 CTPYKTYPaMH.

6. Cypma (Sb) — enement rpynu VbB. HaniBnposinuu-
KOBi BJ1aCTMBOCTI Mae yopHa amopdHa Moaudikauis cypMmH,
SIKY OJepKYIOTb y BaKyyMi KOHJeHCAlli€l0 Mapu MeTaJiyHoi-
CypMH Ha oxoJiojJ2KeHy no Temrnepatypu —80° C noBepxHio.
[Ipu He3HauHOMY HarpiBaHHi y BakyyMi BOHa NepexOIUTb
Vv 3BUYaliHy cipy MeraJiuHy cypmy. Ha mnoBiTpi amopdHa
CypMa CHJIbHO OKHCJIOETHCS i MOXe HaBiTb 3aropirtucs.

AmMopdHa cypMa HaseXuThb A0 MaJoO BHBUYEHHX HariB-
NPOBiAHUKIB, MPAKTHYHOIO 3aCTOCYBAHHS MOKH LIO He 3HA-
Wmsia. MeraniyHa cypMa 3acCTOCOBYETbCA K KOMIOHEHT Y
BaXJIHBUX HaANiBMPOBiAHHKOBHUX CIOJYKaX.

7. Cipka (S) — enement rpynu VIB. Kpucraniuna cip-
Ka nepeBaxHO icHye B poMOiuHilt i MOHOKJiHHINI cHCTeMi.
Temneparypa niasnenss 119° C, kuninua 444,6° C, rycruna
1,96 e/cm3. B TeMHOTI cipka € OZHMM 3 HaHKpauux i3oss-
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TOpiB 3 nuTOMHUM omnopoM p = 10'® om-cm, ane npu ocBit-
JieHHi TMpOBiAHICTb CipKH MOXe 3pPOCTH Yy MiNbHOHH pasiB.
MaxkcumMyM $HOTONpPOBIHOCTI JIEXKUTb Y CHHill YaCTHHI CMeKT-
pa. lllupuna 3a6opoHeHO] 30HH, BH3HAYeHa 3 YEPBOHOI rpa-
Huui ¢oronpoBinHocTi, nopiBHIOE 2,4 es. TepmiuHa wWHpHHA
3a60pOHEH0l 30HM CTaHOBHTH 2,6 es.

B HamiBnpoBiIHHKOBOMY BHDOOGHMLTBiI cipka Biairpae
BaXK/IUBY pOJb SIK KOMIIOHEHT Yy HamiBNpPOBiAHMKOBHX CIIO-
JyKax.

8. Teayp (Te) — enement rpynu VIDB, anajor ceseny,
Mae cpibaucto-6inuii MeraniuHuii Burasn. IJob6yBaeTbcsa 3
msamiB pasom 3 cenenHoM (auB. Cenen). Temmepartypa
naassends 445° C, kuninua 1390° C, ryctuHa 6,2 2/cm3. Mo-
HOKDHCTaJH TeJaypy BHABJAIOTL CWIbHY aHi3oTpomniio BJja-
cruBocreil. Illupuna 3a6GopoHeHoi 30HM AE 36iabliyeThcs
NpH HarpiBaHHi:

AE=(0,33+1,9-10-%T) es.

EdexTtuBHa Maca enekTpoHiB m, = 0,68 m,, nipok
mp = 0,91 m,. TemnepatypHa 3aJieKHiCTb PYXJIUBOCTi eJleK-
TPOHIB %, = 6,1 - 10T —°h cm?/6.cex; npu 20°C u,=
= 1700 cm?/s - cex.

Pyxausicte mipok #, = 2,910 T~"%; npu 20°C u, =
= 1200 cm?/e - cex. 30HHA CTPYKTypa CKJajHa i lle HeHo-
CTaTHbO 3’sicoBaHa. BceGiyHuii THCK 3MeHUIye LIHPUHY 3a-
6opoHenoi 30HH. IlIpu THCKY 30 THC. KI'/cm2 Tenyp cTae Me-
TajoM. J[OBroXBHJbOBA TPaHHUIA BjacHoro BGHpaHHs 3Ha-
XOMHUThCSl NMPH 3,5 MK.

Teayp B eleMeHTapHOMY BUIVISIi K HaNiBOPOBiJHUK He
3aCTOCOBYETbCS, aJjie HOro BXKHUBAIOTb K KOMIIOHEHT y Ha-
niBIPOBiAHMKOBHX CIOJyKaX i3 CBHHLIEM, BicMyTOM i cyp-
Moto. Ili cnonykn BHUKODPHCTOBYIOTb [Jisi BHIOTOBJIEHHA
OCHOBHHX ,pO6OYHX eJleMeHTiB TepMOeJIeKTPUYHHX TeHepaTo-
piB i HaMiBNpPOBiAHHKOBHX XOJOAHJbHHUKIB.

9. Hod (J) — enement rpynu VIIB, ranoia, oTpyiiHui,
arpecuBHHi, JerkoJeTkuii Marepian., Kpucraniunuit fion
YTBOpIOE Cipo-yOpHi KpHUCTaaH (JyCOUKH) 3 MeTaJiyHUM
6auckoM. Pewitka pomGiuHa, rpaHeleHTpOBaHa, MOJIEKY-
asipia. Temnepatypa naaeneHHs +113,4°C, «kuniHns
+184,35° C. Mlon mo6pe cy6aimye; mapa #Horo ¢iosnerosoro
Konbopy. Po3man Mojiekysl Ha aTOMH CTa€ MOMITHHM TpH
temnepatypi 600° C. Ilutoma Bara KpucraniyHoro iiony
4,93 e/cm3. [Jo6yBaeThcs ol TFOJIOBHHM YHHOM 3 MAaTOUHHX
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po3cosiiB  (pO3uMHiB) UidificbKOi CeJiTPpH Ta MOpPCBKHX
BOJOPOCTeH.

HaniBnpoBigHukoBi BiaacTuBOCTi HOAy AocaigxKeHi caa-
60. IlutroMuit omip #oay npu KiMHaTHHX TeMmepartypax
~108 om - cm. OnTHuHa mMpuUHA 3a60POHEHO1 30HH, BH3Ha-
yeHa no ¢oronpoBigHocTi, nopiBHIOE 1,30 es, a TepMmiuHa,
BH3HaueHa MO TeMINepaTypHOMY XOAYy MNPOBigHOCTi, AOPiB-
Hioe 1,24 es.

3HayHO Kpalle AOCJiAXKeHi HamiBOPOBiAHHKOBI CIOJyKH
fiony, aJje oco6JMBOr0 NPAaKTHYHOTO 3HAUEHHS BOHH He Ma-
10Tb. EneMeHTapHuit fo BXHBaeTbcA SIK MiKpOAOMillKa Yy
BHPOOHUUTBi CeJEHOBUX BHNPAMJAUIB.

§ 8. HANIBOIPOBITHHKOBI CIIOJYRH
1. CuraBe EpeMHilo 3 repmamiem

3araabHi BigaomocTi i cmoco6u onep-
XK aHHsA KpeMHili 3 repMaHi€EM B3a€MHO pPO3YHHSAIOTbCH
ONMH B OJHOMY, YyTBOpIOlouH Oe3nepepBHHH psL TBepAHX
po3unHiB, 60 MaloTb OJHAKOBOIO THMY pelliTKy, O/u3bKi
KOBaJIeHTHi paniycu i nofi6Hy XiMiuHy mpupony.

Bussuiocs, mo cmiaBd SiGe cmosyuaioTb y co6i nosu-
THBHi HamiBNpoBiJHHUKOBi BJIaCTUBOCTI C©60X KOMIIOHEHTIB.
3anexHo Bil ckjaapy JaiHidHO MiHsOTbCA: cTana pewit-
KH, TyCTHHA, WIMpHHA 3a00pPOHEHOi 30HH, PYXJHUBICTb HO-
ciiB i iHwe. Ili 3aKOHOMipHOCTIi MOXHa BHKODUCTATH AJfA
CTBODEHHsl MaTepiajiB 3 MeBHMMH MOTPiOHHMH napamer-
pamu.

[iarpama crany cucremn Ge—Si 6yaa Bmepiue aocJi-
mxeHa Illtopom i Knemmowm [80]; Bona mokasana Ha puc. 36.

CnnaBam SiGe, BHacsnigok MaJsol B3aeMHoOi audysii Si
i Ge y TBepioMy cTaHi, BiacTUBe SICKPAaBO BHsIBJIEHe SIBH-
lle BHYTPilIHbOKPHCTAJIYHOI Aik6ayii, sike TMNPOSBIASETbCA
B HEOJHOPiAHii KpHCTanisauil mix yac TBepAiHHs CIIaBy.

Kpucraan, ski Bulinuaucs Ha noyatky i B KiHLi npo-
Lecy TBepAiHHS PO3MJaBy, BiAPi3HSIOTbCS BMICTOM KOMIIO-
HEHTiB, TI'yCTHHOIO, XiMiYHOI AaKTHUBHICTIO TOIIO. BusiBuTH
HGOL[HOpiD,HiCTb CKJIaZly MOXXHa XiMiYHHUM aHaJji3oM, mpocdi-
JI)KeHHAM TpaBJeHHX (TpaBHHK — cyMim HyOp i NHy) wai-
¢iB nig MiKpOCKONOM a0 PEHTreHOCTPYKTYPHHM aHaltii3oM.
SiBuile JaikBalii NMOCHJIOETHCSA, AKLUIO CIJIAB OXOJOAXKYBaTH
- IOBiJIBHO.

7 9



3ano6irTH BHYTpPilIHbOKpHCTANiYHiM JikBauii i ogepxka-
TH LiNKOM romoreHHui#l (omuopizuuit) cmunas SiGe MoxHa,
SIKIO MPOBaAHTH KpHcTaJdisauiio (aus. po3a. III) B piBHo-
Ba)XHHX yMOBax NpH MNOCTiH-

,4%' nifi Temnepatypi. Hafikpame
ue 3A4ificHI0ETbCs 6araTopaso-

1300 ] BUM NPOXOJKEHHSIM PO3IIaB-
Ve // JIEHOI 30HH B3[10BXK 3JIMBKa B

1200 A— OPOTH/IEKHUX HANpPSIMKaX 3
100 ,/ / MaJIol0 WBHAKICTIO MpH Mo
/ % criifHili KoHuewTpauii KoMmmo-
1000 HeHTiB posmaiasy y soHi. Bu-
XiIHUA CIVIaB  ONEepPXKYIOTb

Ge 20 40 60 80 s CT/aBJeHHAM cyMmiwi nopom-
Amom.J. Si KiB KOMIIOHEHTiB B eBaKyfo-
BAaHHX KBapLOBHX aMmyJax.
Puc. 36. Hiarpama crany  KpewmHuiii y repmanilo noGpe
cucremn Ge—Si. i NOBHiCTIO PO3YMHSAETHCA, Ha-
BiTb TOHi, KOMIM TeMmnepartypa
HarpiBy MeHule HOro TOUKHM IJIaBJIEHHS; NOCHTb, 11106 BOHA
Gyna rpaayciB Ha 50 Buule Big TeMmmepaTypu MJaBJEHHS
CIJiaBy JaHOrO CKJaay 3rifiHo 13
3 miarpamoio crany (puc. 36). ’
Cnnas SiGe ue pearye 3
rpaditom, ToMy B poboti 3
HHM MOXXHa KODUCTYBAaTHCS
rpagiToBUMH TUIVISIMH i 4OB-
HUKaMy, 110 Habarato moJer-
mye 6aratopasoBe MpoOXo-
IUKEeHHsl 30HOI0 MO SJIMBKY g/
(cnnaB SiGe npusunae no ’
KBaply i NPH OXOJOMLKEHHI /
pyliHye€ UYOBHHKH, a CaM 3JH-
BOK po3tpickyerbcs). Llo6 g nggﬂ 5/60 0 10
onepxaTu He3abpyAHeHYy ro- "
MOreHHOro CckJaay 3aroTos- Puc. %7. 3anexuicTe WHPH-
cy-sampox 3 GeSi, raiore g sadeporcucl o b ot
Csl 10 WIBHAKOTO BUTATYBAHHA 1o cpippinHomenns komno-
fioro 3 posmiaBy. MOHOKpH- HeHTiB (aToMapHOro).
cranu GeSi omepxKyloTb, Xod
i 3 BeJMKMMM YTPYIHEHHAMH, B pe3ynbTaTi 6araTopasoBo-
rO TMPOXOMKEHHS 30HOI0 MO 3JHMBKY 0pU OE3THrEeJbHOMY
nJaBJeHHi.
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BanacrtruBocTi i 3acTocyBaHHA., 3ajlexHicTb
IIHPHHH 3a60pOHEHO] 30HH BiJl NPOLEHTHOro CKJIady CIjiaBy
SiGe 306paxeHa Ha puc. 37.

Has cnaasis, ski Mmicrate Bin 0 po 15 monspaux (aro:
MapHHUX) MpPOLEHTIB KPeMHil0 B repMaHilo, mupuHa 3abopo-
HeHOl 30HH JiHiliHO 3pocTtae Bia 0,72 no 0,94 es; micas ubo-
ro 36iJblieHHsl BMICTy KPeMHil0 BHKJHKae Ginbll NOBiJbHe,
aJie TexX JiiHifiHe 3POCTaHHS IIHPUHU 30HM axk 0 3HAUEHHA
1,20, uro BignoBinae uucToMy KpeMHilo. TeopeTuyHO ue mno-
fICHIOETbCSI THM, IO B 3aJeXHOCTi Bid CkJaAy cnaaBy
3MiHIOETbCSl BiOHOCHe pO3TallyBaHHA MiHiMyMiB 30H mpo-
BigHocTi — Bia HanpsiMky [100] ans Si mo Hanpsamky [111]
aasa Ge.

CnaaBu repMaHilo 3 KpeMHieM B Meplly Yepry MOXKYTb
6yTH BHKOpUCTAHi AK MmaTtepian AaJas AioliB i TpaH3HCTOPIB,
30aTHUX NpPaLIOBaTH NpPH BULIUX TeMIepaTypax, Hixk rep-
MaHiloBi.

2. KRap6ix rpemmuiio

3araabui Bianomocrti. Kap6in kpemuito SiC cre-
xioMeTrpuyHoro ckJjany Mictute no Basi 70,0459% Si i
29,955% C (Byraeuio). Monekyasipaa Bara ioro 40,1.

Kap6in kpeMmHilo B NpUPOAHHX YyMOBax Ha 3emJai He
3ycTpiuaeThcs, npote GyB 3HaiaeHuii MyacaHoM B Mereo-
purax. BuroroBasiors SiC IITYYyHUM LISXOM, CHHTE3YIOUM
fioro npu BUCOKiH TemmepaTypi 3 ByIJiell0O Ta KpeMHilo a6o
MaTtepiaJiB, 110 CKJaAaloTbCsl 3 HHUX.

Texniunnii kap6in kpeMHilo (xap6opyHA) Bhepiie
onepxaB AuecoH y 1891 p., a HamiBNpoOBiZHUKOBI BJacTH-
BocTi BUABHUB ['eBeke y 1914 p.

Binomi amopdna Ta a- i B-kpucranaiuni momudika-
uii. «-SiC yTBOpioeTbcs mpu Temnepatypax 1950—2200°C
i Mmae 6ins 15 pisHux KpucransiuHux ¢opM, ski Bigpis-
HAIOTbCA MiX €006010 YMNOPSAKOBAHICTIO LIapiB aTOMiB B
CTPYKTYpi, mpoMixHifi Bin KyO6iuyHOI CTPYKTYpH LHHKOBOI
o6MaHKH — chaneputy (puc. 12) — L0 rekcaroHajbHOi —
Bypuuty (auB. puc. 48); KpucTanisyeTbcsi y BHIIsAAI npa-
BHJIBHHX IJIACTHHOK rekcaroHaJjbHoi ¢opmu. B-SiC yrtBo-
ploeTbesl mpu TeMmnepaTtypax Huxue 1950°C i Mae cTpykTy-
py UMHKOBOi OOMaHKH, B fAKiil KOXKHHA aToOM KpeMHil0 OTO-
YeHHH TeTpaeipoM 3 YOTHPbOX aTOMiB ByrJeuwo. Tak camo
KOXHHH aTOM BYIJIelI0 OTOYEHHH YOTHPMa aTOMaMH KpeM-

101



Hito. Crana pewitkun a = 4,358 A. XiMmiuduil 38’30k Mix
aToMaMH KOBaJIeHTHHH 3 AoMimkow 129% ioHHoro 3B’a3Ky.

3araJbHuil BMiCT JOMillIOK B TeXHiYHOMY Kap6ixi Kpem-
Hilo pocsirae 1%.

CnekTpasnbHuit aHasmi3 nokasye, LIO 4YOPHi KpHCTaau
mictate 10 0,2% Al i Ca ra 0,19 Mg, 3eneni — no 0,05%
Fe i Mg, xoBti — no 0,01% Fe i Mg. 3oBciM umcTHii cTe-
xiomerpuunuit SiC — nposopuii, Ge36apBHuil. 3aGapBsJieH-
HA KpDHUCTaJiB CTBOPIOE TaKOX HANJUIIOK Hal CTeXioMerT-
PHUHHM CKJaJOM OJHOTO 3 KOMIIOHEHTIB.

SiC € amdorepHuii HaniBnpoBigHMK, TOGTO TakHi, Y
SIKOTO THN AOMIlIKOBOI NMPOBiZHOCTI MOXe GYyTH fIK eJieK-
TPOHHHUH, TaK i AipKOBHH.

Bumipu edexkry Xoauaa, npoBeneni Bymem i JlaGrap-
ToM [57], Ta Bumipu Jlaini [68] Ha MmoHOokpucramax SiC
noKasaJju, 1o AoMilKky eneMeHtiB V rpynu (P, As, Sb, Bi)
i 3anisa cTBOpIOIOTL 3eseHe 3abapBJieHHs i HpPOBigHiCTH
n-tuny. Homimku enementiB II (Ca, Mg) ta III rpyn
(B, Al, Ga, In) cTBopIOIOTH GJaKHTHe 3a0apBJieHHS i Mpo-
BigHicTh p-tuny. Hapaumoxk Si nae rn-SiC, Hagaumok C —
p-SiC. B nocninax Jlaiji KOHIeHTpalilo AOMIlIOK B KpH-
cTajax BHaBaJjocsi 3MmiHiooBaTH Big 10-5 mo 10-! aTomHux
NPOLEHTIB.

Cnoco6u oxnepxaHHs Kap6opyHa BHIOTOBJSIE-
TbCS 3 cyMili KBapuoBoro micky i Byriaas. Ilpoumec yrBo-
peHHsi BiiOyBaeTbCAd 3a CXEMOIO

SiO, + 3C + 122 kas = SiC + 2CO.

[liu Mae ¢opMy NpSMOKYTHOro sILHKa PO3MipOM IpH-
mipHO 13 # X 3m X 2 m. CxemaTHuHu# pos3pi3 medi no-
naHo Ha puc. 38. CriHu i AHO Meui BHKJaJeHi 3 BOrHETPHUB-
KO1 JMHAcoBOi IlerVd, sika BHUTPHMYye Temmepatypy 1760°C.
Kpisb aBi mpoTusiexHi cTiHu nedi MpoxoAsTh ABa CTPyMOBIi
ejekTpoau B, sxi 3’emHyloTbcs Mik co6Goio crepxkHeM N
(kepHOM), BUKJaLeHUM 3 rpacditoBaHoro HadTOBOro KOKCY.

Becb 06’eM mneui 3amOBHIOETHCA IIHUXTOIO 3 KBaplOBOTO
nicky, monpiGHeHOro aHTPALHUTy, THPCH i KYXOHHOI coJi
(NaCl). MakcumaabHa TeMnepatypa B meui 2000--2400° C.

Tupca mopmaerbcsi /st CTBOPEHHS MOPYBaTOCTi MacH, a
KYXOHHA Ciab — MU BHJAJeHHA NOMIlOK, fIKi Yy BHIVIsAAi
XJIOPHAIB BHMApOBYIOTbCS NMPH BHCOKiHt TeMmnepaTypi peak-
uii. Ilpu mnpomyckaHHi eJIeKTPHYHOTO CTPYMY CTepXKeHb
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i mpujersa [0 HbOro UIMXTA pO32KapIOIOThCS, YTBOPIOIOYH
30Hy peakuii. HaBkosio kepHa yTBOpIO€TbCs wap Kpncra-
.mlmoro Kap6opyHay ToBLuMHOW0 A0 30 cA.

Bupoéna’m Kapéopyun IOLiJBHO TaM, Je € mxepe.na
JlelieBoi eJIeKTPHUYHOI eHeprii.

Pospiz /757/7/1 Poapla no 83

Po3013 1o bb

p- o

|
’ . - !

Mypybanns 13 Bucomoboernempubroi . ]
weenu 3 domiuonw amop@roeo SIC &8 3eprenud wa@mobud xoxc

Cyze mypyBarrs 13 wamomor yeeny,
€2 nownadene 8 srimm saniswi pamu 2 bemornud @yHoamenm

y 3buvaare wamomme mypylanrns == Jepebwa bama ado ampymcna
axm JgpreHud aumhud Kbopy
o= Byemmsrud nui

Byainvr enexmpodu

Puc. 38. CxemaTHuHHH po3pi3 meui ;js BHMrOTOBJEHHs Kap6o-
pyHLy.

3asexHo Big TuUNy AOMIlIOK i KiJbKOCTI iX KpHCTaJH
kap6ily KpeMHil0 MaloTb pi3HHH 30BHILIHiA BUIJIAA: Bifg
YOPHHX HeNpo30pUX — A0 INpPO30pHX O6/aKUTHHX, 3e/eHHX,
KOBTHUX i 30BCiM 6e3KOJIipHHX KpHCTaJiB.

HobyTti 3 meui apy3u KpucraniB Kap6opyHay (Apy3a —
YyecbKOI0 MOBOIO INiTKAa) OYMILYIOTb Bif 3a6pyAHeHb, MO-
Api6GHIOTL A0 3epeH NMOTPiGHOrO po3Mipy i BHKODHCTOBY-
IOTb SIK OCHOBHHMH MaTepiaJl A8 BHTOTOBJIEHHSI Pi3HHUX NpH-
JAajiB i NpUCTPOIB.

Hucti, aje HeBENMKOro po3Mipy KPHCTaJIH Kapﬁmy
KpeMHil0o MOXXHa BHI'OTOBHTH KillbKOMa crnoco6aMu B Ja-
6opaTtopHux yMmMoBax (6i6aiorpadis B [84]):

1) posknananusam etusneny CoH, B kBapuosiii Tpy6i,
po3:xapeHiii no Temnepatypu 1200—1300° C;
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2) posKapeHHSIM MOPOUIKYBATOTO KPEMHil0 y 3aKpH-
THX YOBHHMKaX ab0 THIMSX 3 rpadiTy npu BHCOKOMY Baky-
yMi i Temnmepartypax Mix 1600—2000° C;

3) cybaimauiero SiC B 3axucHoMmy rasi;

4) peakuiero SiCly; 3 BYIrJeBOAHAMH;

5) TepmiyHOl aMconiamiero ramoimy KpeMHil0 Ha po3-
XKapeHil ApOTHHI 3 NMpKOHKap6iny, TaHTankap6imy a6o
Byrjeun B arMechepi BOLHIO Npu TemnepaTtypi Buiue
2200° C.

UncroTa ojgep:KaHUX KPUCTaJiB 3aJieKHTh BiJ YHCTOTH
BUXiJHUX MartepiaJis..

BupomyBatu Monokpuctaimu SiC 3 3amaHO0 KOHIEH-
Tpauielo AOMIlIOK € CKJIaAHOI CIpaBolo.

[To ananorii 3 repmaniem, kpemnleM Ta iHmIMMM Mare-
pianamn 6yau 3po6aeni cnpo6u ounctuTi SiC 30HHOIO NJ1aB-
koto [61], [68]. IIpoTe ue TpeGa POGHTH IpH BHCOKOMY THC-
Ky, 60 npu 3BHYaiHOMy THCKy a6o y Bakyymi SiC mpu
2200° C posknanaerbcst Ha rpadit ta kpeMuii. Posmnaasie-
Ha 30Ha MOXe yTBOPHTHCA Julle npu Temnepatypi 2700° C,
TOMY Taki yMOBH 3LiHCHHTH Iy¥e BaxKKoO.

Ximiuni BmacTuBocTi. ¥ xiMiuHoMy BimHOLIeHH]
Kap6il KpeMHil0 XapaKTepU3YETbCSl MOBHOK0 iHAU(EpeHT-
HiCTIO MO BiJHOUIEHHIO A0 KHCJOT, 32 BHHATKOM cCyMimii
koruenrpoBanux HF i HNOs,

HaBnaxku, npu cnJas/ieHHi 3 Jyramu B IPHCYTHOCTi no-
BiTps SiC serko pyiliHyeTbCcst 3 YTBOpPEHHSIM coJleil Kpem-
HifloBoi Ta ByrinbHOI KucaoT. XJop pyiiHye Horo 3 noBepxHi
npu temnepatypi 600° C.

flxkmo posxkaputn SiC Ha mnoBiTpi, Ha #oro noBepxHi
yTBOp1oeTbest maiBKa 3 SiO,, TOBIIMHA $KOi 3 uyacoM 3po-
cTae wWBHAIIe a0o NOBiJbHilIe 3a/jeXHO Big TeMmepaTypH
HarpiBy.

Hapssuuaitna tBepaicte SiC (Maiixke sk anmasa abo
Kap6iny 6opy), xiMiuHa iHAM(EpeHTHICTb NPOTH KHCJOT
i BUCOKa TeMIlepaTypa NJaBJEeHHs CTaBJSATb HOro Ha 0C06-
JHBe Micue I1OA0 TPYAHOLLIB AOCJHiJKeHHS i 06pOOKH,

®isnuni BmacrtruBocTi. Bigomocti npo ¢isnuni
BJlacTHBOCTI Kap6iny KpeMHiio BMiuieHi B Tabua. 13.

MiniMasnbHa mMpHHa 3a60pOHEHOl 30HH B reKCaroHalb-
Homy SiC npu 0° K, BH3HaueHa No TeMmepaTypHii 3aJjex-
HOCTi © AJs 3paskKiB n-THNYy, NOPiBHIOE

AE= (3,1 +0,2) es.

'
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Tabauys 13

®izugHi BracTHBOCTI Kap6ixy kpemmiro

Quman | gmeaeme | g
Uucno aToMiB B eneMeH-
TapHiii komipui . . . . . . 4 B-SiC (xy6)

" " 4,6,15, ... | a-SiC(rekc)

Koopaunauiiine uncao . . { gj%; } 8-SiC
TeTpaenp a-SiC
Crana pemitku . . . . . A 4,37 (xy6)

" "o A a=3,095 |rekcaroHanb-
¢=10,09 Ha
¢=15,07
¢=37,95
¢=—37,70
c=52,78
c=—82,94

r e e 2 3,2
yCTHHa o
Temneparypa naaBireHHS °C 2700 Ipu migsu-
. IEHOMY
THCKY
[utomMa TennoeMHiCTb . . _Kar 0,15—0,18 Ipu 20°C
2-2pao
Tenaonposinnicts . . . . |— 2% 0,02
cM-cex-2pad
Koediuient ainifinoro 1
TEIJIOBOTO PO3IIHPEHHS —_— (4—T7)-107% | (100—700)°C:
: 2pad
TeepaicTh mo MiHepasoriy- )
Hift mkam . . . ... .. 9,5—9,75
MixkpotBepaictb . . . . . LN s 3000—3200
MM
EaexTponpoBignicts . . . [ox teem™t| ~10713 llas Geako-
’ JdipHOTrO
" on teen? ~5 Jlns TeMHo-
3elIeHOro
2 :
PyxauBicTb eneKTpOHiB aid <100 300°K
8-cex
" NpOK . . . cu? <10 300°K
8-cex )
JllienexTpuuHa cTana . . . 7
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[To onTuuHux BuMipax npu Temneparypi 300°K 6yaa
BH3HaueHa AJs rekcaroHajpHoro SiC mupuHa 3a6opoHEHOl
30Hu AE = 2,86 es8; 3 uux xe JaHUX TepMiuHuil KoediuieHT

O0(AE) _
) =—33.10-4T

aas temneparyp Buine 300° K.

Orasip BUOPSIMJSIOUMX BJACTHBOCTEH Ta TeMmepaTyp-
HUX 3aJIeXXHOCTeH eJeKTPUUHHX XapaKTepUCTHK KapOixy
KPeMHil0 pi3HOrOo THIy MNPOBiAHOCTI MOKJaJHO MOJAHO B
orasani Lliokaepa [84]. TIpo 3milicHeHHsI KOHTaKTiB Ha Kap-
6ini kpemuilo guB. po3a. VII, § 2.

Ctpykrypa eHepreTHyHux 30H B SiC p0 uboro wuyacy
MaJio JAOCJiJKeHa.

3actocyBaHHs kKapb6iny kpeMmHilo. I3 3a-
crocyBaHb SiC Hai6inbll BaxKJHUBi:

1) HesiHifiHi omopu — Bapucropy;

2) BiniTOBi PO3PSIAHMKH [JiS1 3aXHCTy €JEKTPHYHOI BH-
COKOBOJIbTHOI MepexXi Bil mnepeHamnpyr;

3) cuaitoBi HarpiBHi eseMeHTH AJs1 nNeueil omopy.

Cuait — MartepiaJ, BHroTOBJeHHH i3 cymimi KapGopyH-
Ay, KpeMHilo i rJinepuHy, BHNaJEeHHH 0pH TeMmneparypi
1500° C B atmocgepi Np a6o CO;

4) TepMOKOMIIEHCAaTOpU (BHKODHCTOBYETbCS HeraTUBHHUH
TeMnepatypHuil Koediuient omopy SiC);

5) nianaJaioBayi B irHiTpoHax (irHiTPOH — PTYTHHI BH-
NpsAMJSY eJeKTPUYHOTO CTPYMY 3 aBTOMATHYHHM 3amaJio-
BaHHSIM, siKe 3JiHCHIOETbCA O6e3nepepBHHUM MPONYyCKaHHSAM
yJbCYIOYOr0 CTPYMY MiK KaTOOOM i mijgmanioBauem);

6) XBHJIEBOIHI NMOTJIMHAIOYi HaBaHTaXEHHS,

7) abpa3uBHU{ MaTepiaJ, SKMH 1O TBEPAOCTI NMOCTyMNAE-
TbCSA JIMIle Nepel ajMa3oM (MOPOLUKH, NMOJOTHA, TOYMJbHI
Kpyru i in.);

8) BorHeTpuUBKHE MaTepian [Js BHUTOTOBJIEHHSI AEHKHX
TUMiB peTopT, My(eJsiB, TUIJIIB TOLLO.

€ Binomocti, mio B CHIA crtBopeHi Ha ocHoBi SiC mo-
TYXXHi NJVIOLUMHHI BHUOPAMJAYI 3 p—n-nepexogoM, y SKHX
npsiMuil ctpyM gocsrae 140 a, a po6oua Temneparypa — 10
650° C [13]. Tomy 3nauenns SiC B Hall6au:KYuil yac siK Ha-
niBMIpPOBiAHMKOBOro MaTtepiany Lie Gijbll 3pocTe.
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3. 3akme migi

BarasbHi BinoMocTi. 3akuc mini Cu,O — kpu-
CTajliyHa TBeplAa pPEYOBHHA TEMHO-YEPBOHOTO KOJbOPY.
B ronkux (0,2—0,3 M) naartiBkax — mpo3opa, CKIONONi6Ha,
KDHUXKd. Y BOJi Ta OpraHiyHMUX PO3UHHHHKAX He DPO3UHHSE-
TbCSl, ajle PO3UMHSETbCA A0Ope y as30THiA Kucaoti, y ami-
aKy — caabuwe. HafirosnoBHiwi ¢isuuni BaactuBocti 3akucy
mini 3i6pani B Tabua. 14.

. X\
. € § "'J'g’: B
g 194 1
=0 = & A
SR 3 H \ Cug
~Z g’“ " \
§ CU;U T i
8 S 1 : \
S - H
Cu Cu,0 - v
5 ;@Aw% 5007 L1
0708 0 12 150 1100 1050 1000 950 900°C
Q 100 07 08 T;_./o-‘
T % 0 K

Puc. 39. I'padik TemnepaTypHOi 3a/1e2KHOCTi PiBHOBa:KHOTO THCKY
kucHio anas cucreMd CupO — CuO i Cu— CuO (3a maHuMH pis-
HHUX aBTOPiB):

a — A8 WHPOKMX MeX 3MiHH TeMnepaTypH | THCKY; 6 — AJf THCKiB
KHCHIO GiJIbIIHX, HiXK 3a3HayeHO Ha pHC. a.

3akuc Miai wikaBuTh i3uKiB fK Marepian Ass Hamis-
fpOBiAHMKOBUX NMPHJAMIB i K KJIaCHUYHHH 06’€KT HAayKOBHX
nocainxenb. Ha Tonkux mapax CugO, HapoumeHux Ha Miai
a6o Ha OKpPeMHUX BiNbHHX NJaTiBKax, Oy/Ju BHBUeHi Mafiixke
yci HanmiBOpOBiAHMKOBI fBHILA: BUIPSAMJIEHHS CTPYMY, KOH-
TaKTHi SIBHIIA Ha IpaHHlLli MeTaJ — HamiBNPOBidHHK, e/ekK-
TponpoBiaHicTh, GOTONPOBiAHICTL, (HPOHTANBHUH i THIOBHH
BeHTU/bHI ¢oroedexkTH, iHdpauepBoHa JIIOMiHecHeHIi,
BOJHEBONOAI6GHHI CNEeKTpP MOIJIMHAHHSA CBiTJI2 i eKCHTOHHHH
MexaHiam doTtoedekTy, moBepxHeBa MPOBiAHICTb i iH.

KynpokcHi Bunpsimasui i 3apas nicas BuHailleHHA rep-
MaHiHOBMX 1 KpeMHiHOBMX 3aJIMUIAIOTBCS BAaXKJIHUBHMHU i
€KOHOMi4HO BHTiAHMMH NpHJIaZaMH.

3akuc Mimi € 3pyyHHM MartepiajJoM AJs AOCJiIKeHb,
JIerKO BHTOTOBJSsIETbCS, AoGpe wuTidyeTbess i moJipyeThes.
I ONTHYHHX [OOCJiJKeHb 3BHYAaHHUMH MeTOJaMH MOXKHA
BUTOTOBJSITH BiJbHi, Bequkoi miouii (xo 8 cm?) TOHeceHbKi
[1aTiBKH TOBLIMHOIO A0 20 MK.

107



®izngni BIACTHBOCTI 3aKucy Mixi

Tabauya 14

BaacTusicTh %’:::ﬁg;,m ;f;ﬁ’é%‘;& INpumiTka
Yucao atomiB B enemeH-
TapHii komipui . . R 2
KoopauHauiiine uucao:
o Cu. . .. ... 20
I(JlﬁKPlCHlOO.... 4 Cu
MouaekyasipHa Bara 143,08
Crana pemitkn . A a=4,26 Ky6iuna
peuriTka
HalikopoTma mMixaTtomHa o
BiImaAb . . . o v « 4 . . A d=1,84
FyctnHa . . v v o« . . 2 5,75—6,09
oM
Temnepatypa naaBiieHHs °C 1232
EBTexkTnuyHa TOUKaA CHJlaBy
Cu,0+Cu . . .. .. .- » 1065
EprexTnuna Touka crnaaBy
Cuy,04+CuO ... .. .. " 1075
Koedinient 'remlonponm- * Tlpu
HOCTi . « o v v+ & . xar 0,0146 25—30°C
cM-cer-2pad
JlienexkTpuuHa craja . 8,75
Iutoma enemponpom,u,—
HICTD + 4 o & o« « . . Nose=tecnm=1[102—10"1° [pn 25°C
Koediuient Tepmo-e.p.c. _8 7.1074 Bix —55
® P P 2pao 10 +350°C
[IInpuna 3a6oponenoi 30-
HH . . . . .. es 1,56; 2,08
PiBni nommox Bin Bepx-
HbOI 'paHHIli 3alIOBHEHOI 30-
HA . . . o v v v v o u . ” 0,3—0,6 Axuentopn
2
PyxauBicTe NipoK . . . . cH 60—80
8-Cex
Maxcumym (bOTO'lyTJlH-
BOCTi . . . . . . .. MK 0,63
IndppavepBoni Maxcnmymu
¢doTonpoBiaHoOCTi (,uoa)xnﬂa
XBHI) . . . .. .. " 0,8;2
IloBxxHHa XBHXi Maxcumy
My mq)paqepaox-xm JOMiHec-
meHmii . . . .. ..., . » 0,96 IMpu 20°C
TlokasHHK 3aTOMAEHHS . 2,849 Ias kynpury
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Cnoco6u omepxKaHHH. 3akuc Miai MoxkHa BH-
TOTOBJSITH Pi3HUMH cnoco6aMH. Y BHUIVIALI TOHKOro MopoLi-
Ky HOro MOXHa OJep:KaTW XiMiuHuMH 3acoGaMH, BiZHOB-
JIIOIOUH 3 CHJBHO JIYXKHOTO PO3YHHY SIKOiChb coJsli Miai LyK-
POM, TIVIIOKO3010, IMIillepHHOM, TiapasiH-rizipaToM TOILLO.

Y Burasai nnariBok, a6o TOHKHX WIapiB Ha Miai, 3akuc
yTBOPIOIOTb OKHCJIEHHSIM MiJHHX MJAaTiBOK Ha noBiTpi a6o
8 aTMocdepi KucHIO. B 3ajexHocti Bix Temneparypu i tuc-
KY KHCHIO TiJl 4ac OKHCJIEHHSI MOXe YTBOPUTHCSl 3aKHC Mini,
okcun a6o ixHa cymiul. PisHuMu BueHuMmMu Gysa nocaimxke-
Ha TeMnepaTypHa 3aJieXHiCTb PiBHOBA*KHOIO THCKY KHCHIO
ans cucteMn Cus0—CuO i Cu—Cuy0. Ha ocHoBi 6aratbox
nocainiB HUMH 1oOynOBaHi jniarpaMu craHiB TeMmmnepary-
pa — THCK KHCHIO — ckaan (puc. 39). Iliarpamu xapakre-
pU3yIOTh YMOBHM crabinbHOro icHyBaHHs Miadi, 3akucy Miai
i OKCHAY MiAi 3aJieXHO Bil THCKY KHCHIO i TeMnepaTypu
nig yac okucaenus. Ha puc. 39,6 BuaHO, 10 YHCTHH 3aKHC
Mili Npu THCKY KHCHIO 155 mm pT. cT. (mapuiajbHOMy THC-
Ky KHCHIO B aTMocdepi) Moxe yTBODHTHCS NMpPH TeMIleparTy-
pi He Huxkue 1020—1040° C (Bimmasb Mix OBOMa MYyHKTHP-
HUMH BepTUKaasMu). [1pu HUXKUNX TeMnepaTypax NpH LbOMY
THCKY KHCHIO € CTa6iJIbHUM OKCHA Milli; MpH THCKaX KHUCHIO
<10~3um pt1. cr. (puc. 39,a) i Temneparypi 1000° C cra-
6i/IbHOI0 € Millb.

Bepxus TemnepatypHa Mexa crabiasHocti Cuy,O nin
gac okucsedus Mmini € 1065° C; ne TeMneparypa mjiaBJieH-
#s1 eBrekTukn CuO+Cu. BxXe npu cepenHiét Temneparypi
3pa3Ka mig yac OKHCJeHHs, Tpoxu Buwii 1060°C, yrBope-
HUN Wap 3aKHCy CIVIABJSETHCH 3 MAaTepPHHCHKOIO Miadlo,
nyaatiBKa AeOPMYEThCs, OMNJIABJISETLCS i eBTEKTHKA CHIAMH
fIOBEPXHEBOT0 HATArY CTACYETbCA y Beauky kpanaw. Ta-
KUM YHHOM, TeMmepaTypHi Mexi yTBopeHHs1 uuctoro CugO
8 MOBiTpi Ayxke BY3bKi — Bif TOUkH B A0 Toukn C Ha NyHK-
TUpHil ropusoHrani (puc. 39,6). OcKinbKH B nedi OKHUCIO-
BaHHSl 3aBXIAM ICHYIOTb TeMmepaTypHi rpagieHTd, cJil
TPUMaTHCA MOXKJAHBO nafai Bia ToukH C. [lpakTuuno Haii-
Kpallle OKHCJIOBAaTH MiAb nmpu temneparypi 1040—1045°C.

Kopuctyiounch HaBedeHOIO AiarpaMoio, MOXHAa 3aBXKIH
nigiébpati 0aa OKHCJeHHs MOTPiGHMH THCK KHCHIO a6o TeM-
nepaTtypy, SKUIO 3aAaHWll OJMH 3 LMX MapaMeTpis.

BuroroBaeHuii 3pa3ok 3akucy Mili cJid LIBHAKO OXOJO-
IuTH, U106 BiH He MepeTBOPUBCSH Y MOBITPi NPH HIXKYHX TEM-
nmepatypax Ha okcud. Ilasa 36epiranHs uyucroi nNoBepxHi
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3pa30K IIBHAKO KHAAIOTb Y KHIVISYY BOLY, ~aje TaKHM
YMHOM, WOG npu nepemiuleHHi 3 nevi BiH yBech yac nepeGy-
BaB y Mnapi KHUMJIs4ol BOAH.

Kosn X motpi6HO, 1106 BUrOTOBJIEHHH 3aKHC MaB Gisb-
11y NpPOBiAHiCTb, OXOJOMXKEHHsl NMPOBaAATb 6e3 rapTyBaHHs,
HanpHKJajA, OpPU BHUTOTOBJEHHI KYNPOKCHHX BHIPSIMJAUIB;

IVIiBKY OKCHAY, L1O YTBO-
PIOETbCA Ha NOBepXHi, BH-’
NaJIsIIoTh TPaBJIEHHSIM Y CY-
miwi BogHux po3uuHis HCI,

-- NaCl i FeCls.
O'O ®isunuHi BaAacTH-
+ BocTi. Pewitrka 3akucy
"Cu mini kyGiuna (puc. 40).
Enemenrapuu#i o06’eM Mi-
CTHTb JBa iOHH KHCHIO
Puc. 40. Pewitka 3akucy Mili 1 yorupu ioHu Mmini. loun
Cu,0. KucHIo O%~ yTBOPIOIOTh NpO-
CTOpPOBO LEHTPOBAHHH KYO,
a ionm Mmimi Cu* posrauioBaHi y BeplIHHAX BKJAaAeHOTO

B lei ky6 TeTpaexpa. Posmipn iomie 02— — 1,32 2\,

Cut—0,96 A.

YrBopenns CuyO Big6yBaeTbcsi Ha INOBepXHi 3paska
LIAXOM OKHCJIeHHs iOHIB Mili, sKi npoaudyHayBaau Kpisb
WIap 3aKHCY: MOJIEKYJIH KHCHIO, aAcopOyIO4YHCh Ha MOBEPXHi
Cup0, npHeaHYIOTb €JEeKTPOHH 3 MiAi i yTBOpoOOTH wWap
KucHeBuXx ioHiB O2%~; Kpi3p map Cu,0O audyHAyOTh iOHH
migi Cut i 3aliMaloTb BiANOBiAHI Micus MiX ioHaMu KHCHIO.
Tak yTBOpioeTbcst KoxXHuH HoBuit map CuO.

3rigHo 3 Teopieto mipkoBoi audysii A. 1. ®penkens
pyx ioniB Mini y CuyO Bin6GyBaeThbcsl 1WASIXOM OOMiHY Mic-
LUsIMH 3 NOpOXKHiMH MeTajeBUMH By3namu. OmHOuacHo 3
NOPOXKHIM BY3JIOM B HanpsMKy [0 MiAi nepeMiliyerbcs
eJIeKTPOHHA «JipKa».

3a lioHBanbioM i BarsepoMm mnpouec okHCIeHHs Miai
3aNMUCY€ETbCS PiBHSHHAM

O,(ras) 4- 4e (p) + 4Cu (p) = 2Cu,0 + 4 (e) +
+40(Cu¥), (36)
Ae p— 03HAuae HaJleXHicTb ioHa abo MOJIeKyJH [0 pe-
LIiTKH;

e(p) — eNIeKTPOH, AKHA HaJEXUTb pewliTui;
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[]— MOpPOXKHE Miclle B periTui.

Ha puc. 41 npuBeneHo rpacdik 3a/exKHOCTI MiX KiJb-
KicTio rpamiB Am 3akKucy Mijdi, sika yTBOploeTbcsi 3a uac f
Ha oauHuui noBepxHi Miai nmpu 1000°C i THCKY KHCHIO
0,23 mm pr. c1. Ilpn Temneparypi 1000° C icHye ioHHa mpo-
Bignicte CugO, fika cknagpae 4-10-29% Bix yciei nposia-
HOCTi 3aKHCy Mili, o MiATBepAXye pyX iOHiB Migi Kpisb
pewitky CugO.

Myp i Cenikcon [72] mocnimxyBamum pudysio mini
B 3aKHCy MiAi B 3ajexHoCTi s
Bin Temneparypu. Boun Buko- 710

pucTasu pafioakTHBHMH i30- g3 yd
ton Cu®. Ha uuncry noBepx- 4 //
Hio 3paska Cu;O 3 posuuny ¢ IU

aKTHBHOI a30THOKMCJIOI Mili & 449
BilkJagaau Wap pamioakTuB- &
Hoi Mixi. [IBa noni6Hux 3pas- 53"03
KH CKJIafan¥ akKTHBHHMH CTO- o9
poHaMH AOKYNH i NMpoBaguu y
okucnenns, Yac mepeGysanns /70
3pasKiB B OKHCJIOBaJbLHIH aT-
Mocdepi KonuBaBcs Bix 10 XB. 0 1000 2000 3000 4000 5000
npu 1000°C no 8 rom. mpu L. cex.

800° C. ITicnist WIBUAKOTO OXO-  Puc. 41. OkncsenHs Miai mpu
JIONKEHHs BH3HAuaJi po3mo-  Temneparypi 1000°C i THcKy

3 s Mini kucHio 0,23 mm pr. cT.:
A8 SIETHEHON NI B SPasky Am — kinpkicTb 3a1?ucy Miai,
HJIIXOM 3TpaBJOBAaHHSA TOH- sIKa YTBOPIOETHCH 3a 4ac f Ha

kux wapiB CuO 50%-Hol0 ONMHMIi MOBEPXHi.
a30THOI0 KHCJO0TOW. Po3unHe-
HY Mifb Bigk/ianasnu eneKTpoJiTHHHO Ha MOJNipOBaHy MoBepX-
HIO TMoNepefHbO - 3BaxeHoro MigHoro aucka. ITo 3MmiHi y
Ba3i QMCKa BH3HAYaJu KiJabKicTb po3unHeHoro Cu,O, a mi-
YHJIBbHHKOM — aKTHBHICTb PO3UHHEHOI Mii.

I'pacdik 3anexnocti Koedinienra aucdysii miai Bin TeM-
nepaTypH, OlepxaHHH aBTOpaMH, 300paxKeHo Ha puc. 42.
[IpoBenena cyuisnbHa JiHisi BiAnoBigae piBHSHHIO

36 100
D = Dgyexp (— T
ne Dy = 0,0436.

B intepBani Ttemnepatyp 800—1000° C cepeane BigHo-
IIEHHS

)cm-cerc“ , (37)

D,

S=18+02=2,

11}



‘BEJIMYHHA SIKOrO BiANOBifae OGUUC/EHIH TEOPETHUHO, AKILO
NpHAHATH, WO AuPy3is Miai B CuyO BigOyBaeThes LIISXOM
o0OMiHy 3 BaKaHTHHUMH BYy3JaMu pemliTkd. OTXe, MOXHA
BBAXaTH €KCNEePHUMEHTA/JbHO MiATBEPIXKEHUM Te, 11O NpPH
‘BHCOKHX TeMmIepaTtypax Midb AUPYHAYe Kpi3b 3aKHC LIJA-
XOoM 0OMiHy 3 BaKaHTHHMH MICUSIMH, @ He B3/10BX I'DaHHULb

'3epeH.
Ilpu HarpiBaHHi 3akucy B aTMoc(epi KHCHIO B peuritiui
CuyO yTBOpIOETBCS  HAMJIHILOK

" T KHCHIO NMPOTH CTEeXiOMeTPHUYHOro
~ 24— ckaany. [Ipu ubomy BinGysae-
R .
2,0 \ Tbecsl nepebynosa pewitku Cu,O
S -\\ i B Hiil yTBOpIOIOTbCS BaKaHTHI,
6 He 3amoBHeHi Mig Bysjau Ta
1 \\ BilNOBiHA Ki/MBKICTb MO3UTHB-
‘a0 85 w95 HHX Nipok. PiBHOBaxHMH cTaH
0° 3aKucy Mili 3 atmocdeporw Kuc-
K HIO  BCTAHOBJIIOETbCA  JOCHUTH

Puc. 42. Tpadik sanex- UBHIKO JIMIE TPH TeMIepaTy-
HocTi koedimiesta amdy-  pax Buinux 800° C. Ilpu 3Buuaii-
sil Mini B sakucy Mimi Bin ~ HuX TeMmneparypax i mo 300°C

TEMMEpaTypu. 3akMc Miai icHye B 3arapro-
BaHOMy craHi. TemmepatypHa

3aj1eXHIiCTh eJeKTPONpOBiAHOCTI 3pas3kiB 3akucy Mini,
0o0po6/IeHUX Y KUCHi i HacHUeHHX HHUM Y Di3HOMY cTymeHi,
6yaa nocaigxeHa B iHTepBasi Temmnepatyp Bim — 180 mo
+900°C B. Il. )Xyse i b. B. Kypuartosum [14]. Kpusa [

(puc. 43) BianmoBifae 3pasky MaiKe cTeXiOMETPHUHOTO CKJa-

ny; KpuBi 2—7 BiAmoBigamTh 3pa3KaM 3 MOCJTiZOBHO 3poO-

CTalOYHM BMicTOM KHCHIO. [IpH BHCOKHX TeMIlepaTypax Ipo-

BIAHICTb ycix 3pa3kiB Malike 0OJHAKOBA — KPHUBIi 3/JIHBAIOThCS

B OJHYy, npu Hu3bKUX (Huxkue 600° C) npoBinHicTh 3paskis

‘TAM Buuia, yuM Giabmuil B CupO HAMJHIIOK KHCHIO MPOTH

CTeXiOMeTPHYHOr0 CKJady, aje HaxuJ iXx Maiike oIHa-

KOBUHL. '

Icropuuna posab poGoru [l4] BukJIIOYHO BaxJuBa.

B nifi Bnepie BkaszaHo Ha icHyBaHHs ABOX o6GJacTell mpo-

BigHOCTI A/ HaNiBIPOBiIHHUKIB — BJAacHOi i AoOMilIKOBOI.

B po6ori 6yn0 BcraHOB/IEHO, WO LWIKHPHHA 3a60poHeHOl
3ouu ans CupO nopiBHioe 1,5 es i w0 akuentopHi piBHi

JOMIIIOK 3HaxonasiTbcsl Ha Bigaaai 0,3—0,6 es Bim BepXxHbOI

rpanuni 3amnoBHeHol 3oHu. IlisHiwi nocnimkenus DBerrepa

[56] nann 6inbw Touni pesysnbraTu. Berrep poGuB BuMipH
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y Tilt ke meui HerafHo micJs 3akiHYEHHS MpolleCy OKHCJIeH-
us. [lIaTHHOBI eJIeKTPOAH Hamepea 3anpecoBYBaNHCH Y KiH-
iii MigHOl NUIaTiBKM i MicAs OKHUCJIEHHs BHUSIBJASJIMCA Bnas-
HUMH Yy 3akuc. OKuc/IeHHsi MPOBaAuWJOCS NPH TeMmepary-
pi 960°C i Tucky nosiTps 40—50 mm pt. cT. (8—10 mm
pT. ct. O2). Bumipu esekTponpoBigHOCTI BHKOHYBaJHCA
8 oGaacri BaacHOI npoBiaHoCTi Npu TeMnepatypi Bix 600 xo
1000° C npu pi3HMX THCKaX

8
- | ﬁ, (puc. 44). 51k BuaHO 3 rpa-
»\ * ¢ika, B o6JsiacTi BHCOKHX
b + THCKiB KucHiO (Bix 103
- Il __AK_{ ——f o 10 mm pT. CT.) Haxun
3 4H x ; -
TS 3 }\; _‘\ 7 \ P,
S 5 \\
S N X5 \\:
° 0;'\?'\'._8, 5
% 0 aN \ - LR
=01 \ 75 RNz
.’ r 7 s \ ‘\710'2 2
\ A s X NIS 107
-5 \ 3| § Wi ,
“ \\Q \N 9 -,
-4 \\ !\\ § 2 s;\:\j ’0
5 \\ 2 N
o1 1T \-———J el \y3 0
| wss ol -’” >{5|
- ———t—A—— _J““'/Iulll 2107
&l \/ 3l_1000°c_800c o‘ao‘Jp N\,
-9 07 08 09 1,03 1t 12 13
AO-— 7/
1/Tx100 Tk
Puc. 43. Tpadik 3sanexuocri Puc. 44. T'padik sanexsocri
€NeKTPONpOBiAHOCTI 3aKucy Miai €JIEKTPONPOBiAHOCTI  3aKHCY
Bil TemnepaTypu (3a HAHUMH Miai Bild TeMmnepaTypH npH
B. I1. )Xyse i b. B. Kypuarosa). pi3HHX THCKax KucHiO (3a
Berrepom).

npsAAMHX OQHaKoBHi i Binmosinae 1,24 es. [lpu HHXKuMX TH-
ckax Oy (Bin 3:10~* go 2-10~% mm pr. ct1.) BinGyBaeTbCs
pi3ke 306inblleHHs HaxuJly MNPsIMHX i eHepris aktuBamii
36inbiyetbess 10 1,84 es. Berrep BBaxaB, WO CKJAanHHUE
Xill 3a/71€KHOCTi MPOBiAHOCTi BiA THCKY KHCHIO CBilUHTb MpO

113



Te, IO JIHIIE MPH HU3BKUX KOHIEHTPAUifiX KHCHIO Y 3aKHu-
Cy TroJIoOBHa POJIb Y MPOBiXHCCTi HaJ/IeXHTb BJACHif Mpo-
BinHocti CugO. Ilo nanum bBerrepa mupuHa 3aGopoHeHOl
sonn B Cu,O nopiBHioe npu6ausuo 1,9 es.

JocninxkeHHs OCTaHHIX POKiB [QalOTh e BHINi 3HaueH-
HA — 6iJis ABOX €JIeKTPOHOBOJbLTIB.

3anexuicts nposianocti CuzQ Bin mapuianbHoro Tuc-
Ky P KHCHIO MOXHa OLIHMTH i3 3aKOHy AilOYHX Mac: NpH
nocriiHii TemMnepatypi WBHIAKiCT, peakuii npomopuioHasb-
Ha NOOYTKOBi KOHLEHTpalid pearyrouyux DeyoBHH Yy BidImoO-
BinHUX cTeneHaX. KoxHa cTenmiHb HOpiBHIOE cTexioMeTrpuy-
HOMY KoedillieHTy mepel (OpMYJIOIO NaHOi PeuOBUHU Yy PiB-
HfIHHI peakuil.

Tomy 3 piBHaHHa (36) BuniKBae, mo NOOGYTOK 4eTBep-
THX CTeneHiB KOHLEHTpalifi Aipok i MOpoxKHiX By3JiB y pe-
witui noBuHeH OyTH NPONOPUiIOHAJbHMUM THCKOBi KHCHIO,
TOOTO KOHUEeHTpalis AipOK 3a/exHTb Bill THCKY KHCHIO, SIK
P'ls | k10 KOHLEHTpauis AipoK i MOpoXHiX By3JiB oaHaKoO-
Ba. EkcrnepumeHTanbHi naHi noGpe MOroXKYylOTbCS 3 UM
3aKOHOM, Jaluu [AJs1 eJeKTPONpPOBiZHOCTI 3aJeXHicThb

o'o-\'.‘PI/s.

Pyxausicts nipok B Cug0O 3pocTae npH 3HHXKEHHi TeM-

nepaTypu 10 3aKOHY |

B,

a MpuU BUCOKHX TeMIepaTypax MOKa3HUK cTeneHi uie Gijb-
mui. Ll 3anexHicTb He MOrOMXKYETHCS '3 TEOPETHYHOIO JI%
iOHHMX HaniBNPOBiNHHMKIB, 3rillHO fKOI PYyXJMBiCTb MOBHH-
Ha Gyna 6 3anexartu Big TeMnepaTtypu y creneHi (—!/z).
3Hak 3apany HociiB MOXHa BU3HAYaTH K MO eQexTy Xoa-
Jla, Tak i Mo TepMo-e. p. C.

Mosep i Hlnanidr [74] BHMlp}OBaJlu TepMo-e. p. C. Mz
yac MOBITLHOrO OKHMCJEHHs Mimi npu “Témmneparypi 900—
1000°C. B neui OKHCJAIOBaHHSI BCTaHOBJIOBaJAM TNOTiK Ny
aGo CO, 3 He3HauHOW AOMilIKOI KHCHI0O (29 B asori i

0,5% B CO;); NMPOTATOM KiJIbKOX XBHJIHH TepMoO-e. p.C.
3pocraJia Bin 20 no 700 mxe/epad, noKasyloun Bech yac TO-
3UTHBHHMI 3HAaK HOCIIB cTpy™my. Kosim X ras nomepeanbo
OYMIIAJH Bill KHCHIO XiMiuHHM cnoco6oM (3anuuianacs
HyXe He3HauHa uvactuHa O,), mpolec OKHCIEHHsS TPHBaB
noHaz ABi roaMHH. 3aKHC Mili, 110 yTBOPIOBaBCA Ha moyar-
KY OKMCJEHHs, TMOKa3yBaB eJEeKTPOHHMA THM MPOBiAHOCTI,
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sKuil MOTiM mepexoauB B AipkoBuH (puc. 45). Crnocrepexe-
Ha Bil’eMHa TepMmo-e. p. C. He nepeBulnysana 150 mks/epad.

Ha niacraBi uux mgocaifiB aBTOPH fIPHHILIN 10 BHCHOB-
Ky, 110 eJeKTPOHHA MpOBiAHICTL B 3aKHCYy Mili Moxke BH-
HUKaTH i icHyBaTH TOAi, Koau opHouacHo B pemwitui CuO
icHye HagAMUIOK aTOMiB MiAi i KHCHIO MpH MaJjomy napui-
aJIbHOMY THCKY KHCHIO. :

B. €. Jlamkapoo i K. M. Koconorosa [27] nepiwi 3a-
nponodyBaiau cxeMy BeHTHabHOro CuyO-doroesnemenTa,
B fAKiii OyJsi0o OOrpYHTOBAHO O/~ A0

HOUYaCHe iCHYBaHH# aKuUenTop- 0 at
HHUX i JJOHODHHX piBHiB.
3araJbHi MiAcyMKH WOA0 € »p I
esektponpoBianocti CugO Ta- > }
Ki. lllupuna 3abopoHeHoOl 30- 0 \\.J
Hd B CupO, O6au3bkOMy IO om0 A
crexioMerpii, He MeHle 1,84— n - 7 tew
2,08 es. Puc. 45. Tpadik aminu Be-
BaKaHTHi Micuﬂ Ml}ll B JIHYHHH 1 3HaKa TepMo-

e.p.c. B mpoueci YTBOpEH-

pewitui CuO € nepuionxe- HA 3aKucy Mii.

pesioM akKLeNnTOpHHUX piBHiB.

Baacua nposignicte B CuyO crocrepiraerbcsi mpu TeM-
neparypax Ginbmux 550—650° C.

Ilpu 36inblieHHi TemMnepaTypu OAHOYACHO 3 3POCTAHHAM
BJIACHOT NPOBiJHOCTi MPONOBXKYE POCTH AOMilKOBa NMpOBil-
HicTb uepe3 36iJblUeHHS KOHIlEHTpauii BakaHciii Miai.

LinkomM iMOBipHO, 110 NpU BHCOKUX KOHLEHTpauisix Ba-
kaHcii Cu MOXYTb BHMHMKATH acouiauii KBasiMoJiekya
CuO(Cu?+i 02-), 3’enHaHHsl HEBEJMKOro uucjga KBasiMo-
gekysa CuQ Jerko posnaaaloTbcs 6e3 3HauyHOI eHeprii akTu-
Banii. Kosu uucio KBasiMoJsieKyd, siki 06G'€qHauCAd B OLMH
LIeHTp, AYXKe 3pOCTa€, BOHH NEPeTBOPIOIOTHCS HA YACTHHKY
okcuny Mmiai. Acouianii kBasimosaekyn CuQO e 1eHTpamu
NpUJHNAHHA AiPOK — BOHM 3MEHLIYIOTh KOHLEeHTpauiio mi-
POK NPOBigHOCTI. _

MoxauBo, 10 NpH NOMVIMHAHHI KHCHIO 4acTHHa iOHIB
Mini icHye y BurasiAi ABOXBasJeHTHHX ioHiB Cu2*. Tensiosi
nepexonM eJeKTPOHiB i3 3anoBHeHoi 3o0HM Ha piBHi Cu?t
TaK caMo 3a0e3neuyloTh AipKOBY npoBiaHicTb. 30HHA cxeMma
eHepreTHYHHX mepexofiB i cTpykTrypa 3oH y Cu,O me He
po3pob.JieHi.

Onruuni i ¢doroenektpuuni BaactuBocti CupO npomos-
XYIOTb JOCJAifXKYBaTHCA AOCHTb PeTeJbHO.
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I'pyHTOBHi HOCTiAXKEHHS ONTHYHHX BJacTHBOCTeH i ¢o-
tonpoBigHocti Cuy,O O6yau mnposemeri A. B. Iodde
i A, @. Iodpde [19], B. Ilepsanbaom [77], B. IT. >Kyse
i C. M. Puskinum [15], E. ®. I'poccom i Kappuesum [11]
Ta 6araTbMa iHUIMMH.

TunoBuil cnexkTpaJbHHil po3nodin ¢oronpoBigHoCTi 3a-
kucy Mini 3a lllenBanbaoM mpencraBieHuit Ha puc. 46.

5 _ Makcumym npu 0,6 #« Binno-
=3 Bifla€ Mepexopy eJEeKTPOHiB 3
S BaJIEHTHOI 30HH Ha PiBHI HOMill-
é:;,/ kH. Makcumym npu 0,8 #K 3yMOB-
S5 N JieHHH HeBiIOMHMH AOMillKaMH,

S | MOKJIHBO HaJCTeXiOMETPHYHHMH

T 08t 2 4 aromamu Migi. MakcUMyM mnpH

Aobwurar xBuni A, m 2 MK 3060B’s13aHK# 1OMiLIKOBOMY

Puc. 46. TunosuiA cnekrt- KHCHEeBI.

2:’;:;‘::0;;’3223’; v q’m; doronposinHicTb 3akucy Miai
(3a Illensanbaom). 3aJIeXHThb Bil nonepeaHoi o6po6-

KH 3pa3ka, ckianaae manay no6as-

Ky [0 TeMHOBOTO CTPyMy, Mae AOMILIKOBHE Xapakrep.
HocisaMn ¢dortocTpyMy € AipKH. .

Hocnigxenusa B. I1. )Kyse i C. M. Puskina [15] noka-
3aJM, WO BHYTpilHifi ¢doToedeKT B 3aKHCYy Mili € ABOCTY-
NiHYacCTUM MPOLLECOM.

IlepwiuM aKTOM npu NOTJIMHAHHI CBiTJIa € YTBOpEHHA
€KCHTOHA — 36Yy/KEHOro CTaHy, KOJiM eJIeKTPOH lle 3B’si3a-
Huil 3 nmipkoio i pyx Horo He Jgae BHeCKy y NpOBigHiCTb.
Tinbku TOMi, KOJMM E€KCHTOH Yy CBOEMY nu¢ysiliHoMy pyci
HAIUTOBXHETbCSA- Ha iOHi30BaHMH akUeNTOPHHUH LeEeHTP, BiH
Bingae HOMy CBOIO eHeprilo, i eJeKTPOH 3 aKIeNnTopHoi 10-
MilIKH MoTpamnJjse B. 30HY MpoBigHocTi. 3 Hei eJeKTPOH
HIBHAKO BHMAanae i 3akpilJsieTbCs Ha PpiBHi NpHIHNAHHA,
a 3BiIbHEHHUH aKUENTOPHHH piBeHb 3HOBY 3aMOBHIOEThCS
eJeKTPOHOM 3 BaJsieHTHoi 3o0HH. [lipKH, siKi Bixg uboro 3aju-
1Ial0ThCsl Y BaJIeHTHi#l 30Hi, € HocisiMH ¢oTocTpyMy.

_ BenrtusbHi QoroeneMeHTH i3 3aKuCy Mili MamTb 30B-
CIM  He3HayHuUH KoedillieHT KOpHcHOI Aii.. IX 4yyTsHBicTBb
~ 100 mka/rrom. .

doToeneMeHTH 3 (PPOHTAJLHMM 3aMipHUM UIAPOM YYT-
JMBi 0 CHHbOTO, 3€JIEHOrO i JKOBTOro CBiTJs1a, (OoTOE/NEMEH-
TH 3 THJIOBMM 3amipHMM IIapoM — [0 uYepBOHOro i iH¢pa-

YepBOHOro MpoMiHHA, 6o nie edekr ¢iapTpauii ceitma wa-
poM Cu0. fkuio ¢oToeneMeHT BHIOTOBJEHUH 3 o6oMa 3a-
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NipHAMM LIapaMH, BiH Npalloe®y BCbOMY CHEKTPaJbHOMY
inteppasi uytsauBocti CupO, ane y GijioMy cBiTai Takui
doToenemenT Maiixke 30BciM He gae cTpymy, 6o doro-
CTPYMH BiJl KOXXHOro 3amipHOro Wapy TeuyTb y NPOTHJIEXK-
HHX HanpsiMKax.

[Tepmi nocnimxkenHsa iHdpauepBoHOI JOMiHecueHuii
6yau mpoBeneHi B. €. JlamkaproBuM Ta K. M. KocoHo-
roBolo [28], a meranbHi —

10. 1. Kapxaninum [20]. Ha L f‘\/’
puc. 47 npencrasJeHi rpadiku 2000|— ,;’ §
CHeKTpaibHOro posnonainy i
indpayepBOHOi JIOMiHeCleH- f \

uii CusO B 3ajexHOCTi Bia i
TeMneparypu 3paskis. Hux- i

HA KpHBa BiAmNoOBifgae TeMIie- | s
parypi +100, cepennss +20, 1000 £

p :
BepxHsg —183° C. §k BuaHO 3 L \\
rpagika, MakCHMyM J.I_I’OMiHe- i F 3 \‘
cueHuii npu KiMHaTHil TeM- / N
nepatypi 3HAaXOAMTbCA TMpH i Ry
0,96 mx i npu 3HHXKeHHi Ti
3MimyeTbcsi B GiK KOPOTIIMX 08 R 4
xBuJb. JlioMiHecueHLis 30ce- o
peaXeHa B [JOCHTb BY3bKO- Puc. 47. 'padik Bnausy Tem-
MY CHEeKTpa/JbHOMY iHTepBaJji.  0epaTypH l}’a BeJHUHHY i
H R CIIEKTPaJIbHH posnoAain  1H-
Hanlel:I“pHHa [1oJ10CH  JIIOM1 ¢pauepBoHOi  JIOMiHeCLeHLLil
HeclleHUil ckaanae 0,24 es 3akucy Mimi:
(B]lI 0,9 A0 1,1 M/C). Makcu- 1 — npu — 184°C; 2—npu + 20°C;
3 — npu + 100° C.

MYM BHIIPOMiHIOBaHHsl BiAmo-
Bilae ONTHYHOMY NEepPeXony B .
1,29 es. I1pu oxosomxkeHHi moJsioca JiOMiHeclleHLii 3ByXye-
ThCs, {HTEHCHBHICTb 3HAUHO 3pOCTaAE.

IndpauepBoHa JilOMiHecleHLisi BUHHKae BHaCJAifOK Mo-
rapHaHHst cBiTia B pemwitui CuyO. 3MiHa KoHUeHTpauii
BakaHciii Cut He BIJIMBae Ha MNOJIOXKEHHS MaKCHMYMY JIO-
minecuennii. AGco/soTHHE KBaHTOBHil Buxig npu ¢ = 20°C
cknanae =~ 25% i 3ajexuTb Bill CTaHy MOBepXHi 3paskKiB.
[pu HaGauKeHHI A0 cTexiomeTpii KBaHTOBHHl BHXiA JIOMi-
HecueHUil i ¢oronpoBiaHOCTi 3MeHIIyeTbcs B 6araTo pasis.

B. €. Jlamkapbos, B. I. JIsimeHko Ta ix cniBpoGiTHHKH
cBoimu po6oramu [29], [31] nokasanu, o axcop6buisi BOAH,
€THJIOBOIO CHHPTY, aleTOHy 3MeHIIye npoBigHicTs Cu.0,
3MiHI0€ (oTONpPOBiNHICTE i 3MeHIIye poGOTY BHXOAY.
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CrniocTepexkeHi SIBHIIA «10SICHIOIOTbCSI THM, LI0 NpH af-
cop6uii 3MiHIOETBCSA 3aMOBHEHHsI NOBEPXHEBHX pPiBHiB, 31aT-
HHX 3aXOIJIIOBAaTH €JIEKTPOHH.

4. Marepiaam rpymm CdS

Ho marepianiBp uiei rpynu BigHocumo CdS, CdSe
i CdTe. Haii6iabwm nocaigKeHuM i Hai6inb MWHPOKO 3aCTO-
COBaHHUM 3 HHUX € cyabdin kan-

Mifo.

) Mounekynspua sara CdS —
144,47, CdSe — 191,37;
CdTe — 240,02.

TensioTa yTBOpEHHsI CYJib-
¢iny  kaamilo  nopiBHIOE
34,7 kkanrle-moa.

Unenn rpynu CdS kpucra-
Ji3YI0TbCS Y NBOX CHCTEMaXx:
Ky6iunilt — Tuny ccdanepury,
noni6bHii mo anmasa (muB.

Puc. 48. TekcaronanbHa pe- puc. 12), i rekcaroHanbHil —
witka THmy Bypuuty: M—  Tuny Bypuury (puc. 48).
meran (Zn, Cd, Al), X — me- Cyabdin Kaamio Bimomu#

tanoin (S, Se, O, P, As). X
y TPbOX  Pi3HOBHIHOCTSIX:

)KoBTifi amopdHill i 1BOX Kpu-
cralliuHuXx MonudikaUisx — 30/10THCTO-2KOBTOTO i KOBTOra-
pAYOro Koabopy. 3a AaHHMH OJHHX aBTOPiB »KOBTO-UepBOHA
i )xoBTa KpucTadiuHi MoaudikaLil HanexaTb A0 Pi3HUX KpPH-
crajorpadiyHux CTPYKTYp; 3a LaHUMH APYTHX — TeMHilUUH
KOJ1ip 3aJIeXKUTb Bill KiJIbKOCTI HaAJHILUKOBOrG KanMilo; iHumi
BBaXXaloTh, [0 KOJip 3aJ€XUTb Bill BJAaCTHBOCTEH MOBepXHi
KPHUCTaJHKIB. _

Cenenin Kaamilo BiZOMHH y KpucTajax i NMOPOIUKY TeM-
HO-4epBOHOr'0, HaBiTb YOPHOro KoJabOpy. Tenmypua KaaMiio
y NOpOLIKY YOPHHH, KPHCTaJH 4ODPHi, CKJIOBHIHI.

VYeci unenn rpynu CdS y Bomi posunHsilOTbCS AyxKe cJa-
60; CdS (nanpuknan, 13 me Ha 100 ma Bomu) nmobpe pos-
UHHSETbCS Yy KOHLEHTPOBAaHUX abo mimirpitTux MiHepajbHUX
KHCJOTax i caablue — y po3BedeHHX KHCJIOTaX, aMmiaky.

Uuctnit cyabdin kaaMiio npu KiMHaThiil TeMmnepartypi
y TEeMHOTi € XOpolUWM i30J4TOpCM, a NPH ONPOMiHIOBAHHI
no6pe MpoBOAUTb eJjeKTpuuHHH cTpyM. CdS Bukopucto-
BYETbCS Y (poToonopax, oroejseMeHTax, NO3UMETPax pPCHT-
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TeHiBCbKOro i raMMa:BUNPOMiHIOBAHHS,  JIYHJAbHHKAX aJib-
¢a-uacTok, HEATPOHIB Ta iHIUKUX AJAEPHHUX YACTOK, a TAKOXK
K pocdop. o

B nHaniBnpoBiaHMKOBHX BHPOGax 3aCTOCOBYETbCS fAK MO-
JikpuctaniuHuii Martepian (TOHKi IUIiIBKM), TaK i MOHOKpH-
craniyauit. Jnsa docddépis CdS ime y Burasai nopouiky.

Ons kyGiunol CTPYKTypu Tuny cdajepuTy 4YucI0 aTo-
MiB B eneMmeHTApHilt Komipui nopiBHioe 4. Koopaunauiiine
queao aasi kaamiio — 4S (Se, Te); KoopauHalifiHe uuc/0
aasa cipgku S (Se, Te) —4Cd.

Ins rekcaroHanbHOT CTPYKTYPH THIY BYPUHTY UYHCJO
aToMiB B eJleMeHTapHill KoMipui — 2; KoopauHalUifiHe YHCJI0
1 Cd —4S (Se, Te); aaa S (Se, Te) — 4Cd.

B Ta6sa. 15 i 16 HaBonosTbcA naHi Npo mapaMmeTpu pe-
witok i ¢i3uunHi BaactuBocti usenis rpynn CdS.

Tabauys 15
I[lapamMeTpn pemiTok mMaTepiaxis rpymu CdS

Ky6iuna ctpykrypa lekcaronaibHa CTPyKTypa

PeyoBuHa °
. a; (B :c\) d, (B ;\) a, (B R) ¢, (B A)
y ' I
CdS | 5,8l 2,52 4,131 | 6,601
CdSe : 6,04 — 4,30 i 7,01
CdTe | 6,46 2,79 — i —
_ Tabauya 16
Jeari ¢izmuni BracruBocti Marepiaxis rpymu CdS
Temnepaty-| UlesekT- Pyxausictb u
Peuosuna I"ycrul-ga pa naas- pHuHa (B cat’/s cex)
(B 2/cH%) AeHus cTaja
(8 °C) font “, l “,
CdS xoBruil . . [3,9—4,15 1750 3,9 210 20
(100am ) (300°K) (3 no-
1500 MiLIKOIO
. (90°K) Mial)
CdSe remuo-uep-
BOoHMA . . ., . .| 5,767 1350 — 600 —_
CdTe wopHmit . . — 1045 — 300 100

Cenenictuii i TenypucTuii kaamiii AOMilWIYIOTh A0 CyJb-
¢$iny Kaumli0 NpH BUrOTOBAECHHI (OTOONOPIB, W06 3MiCTUTH
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cnekTpanbHy xapakrepucTHKyY CdS B 6ik NOBHIMX XBHJb.
3 CdSe npu neBHili 06po6Ui BHrOTOBJASIOTb (POTOONOPH,
YYTJHBI 10 CBiT/1Ia 3 JOBXHHOIO XBHJi N0 2 MK i nO edek-
THBHOCTi He ripui 3a PbS.

3 CdS, CdS i CdTe serko BHPOLLYIOTbCS MOHOKPHCTA-
au. Cnoco6u OYMCTKH MaTepiany i BUpOLyBaHHsSI MOHOKpHU-
craniB noai6Hi, ToMy o6MexuMocs Bimomoctamu mpo CdS.

®dotouyTauBuii MaTepias MoBHHEH GYTH BMCOKOI UHCTO-
TH 3 HEBEJHMKOIO KiJbKiCTIO BilOMHX aoMilok a6o Haacre-
xioMerpuuyHoro Kaamiio. Ounctka CdS 30HHOIO MJIABKOIO He
lajla MO3MTHBHUX pe3yJbratiB. ToOMy nepen cuHTe30M CHO-
JYK CTapaHHO OUHILYIOTb BHXilHIi MaTepianu — KaaMiH,
cipky, cesen, teayp. l1lo6 omep:xkatu uuctHii cyabdin kKan-
Milo, BAKOPHCTOBYIOTb XiMiuHy peakuilo Mix napoio kaaMmiio
i cipkoBoaHeM y mpucyTHocti BomHio H, ik BiiHOBHHKA.

MetonoM Kkpucramizauii 3 posniaBy [54] BpaeTbcs
ogepxyBaTu MoHOoKpuctaau CdS noBxuHolo 5 cm i mia-
metpoMm 1,3 cm.

3a meronoM K. ®pepikca [63] MoxHa omgHOYacHoO mpo-
BanuTu cuHte3 CdS 3 mapu kKaamilo i cipkoBomHio i oxmep-
XYBAaTH NPOAYKT CHHTe3y Yy BUIVIfiAi MOHOKDUCTaJiB 30J]0-
THCTO-2KOBTOTO  KOJIbOPY,  OJIHCKYYHX  leKCaroHaJibHHX
CTOBMYHKiB a6o naaTtiBoK po3mipoM 2 X 1 X 0,1 mm.

Kanwmiii, BMillleHH#i y 4OBHHMK, HarpiBaioTb y KBaplOBii
Tpy6i no 800—1000° C. Yepe3 Tpy6y NpoXOAHTb MOTIK UH-
croro cyxoro cipkoBoaHio H,S. Ilapu kanmilo BiaBoaaTs
BiJl YOBHHKAa B peaKLiliHUH# NMpOCTip NOBiNIbHOIO CTPYMHHOI>
CyXoro BOJHIO, ¢ BOHH BCTYNalOTb B peakllilo 3 MOTOKOM
cipkoBonH10. LluM cnoco6omM MOXHa BHPOCTHTH TaKOX MO-
HOKpPHCTAJIH CTEXiOMETPHYHOro CKJady, TiJbKH HeoOXigHO
yBAaXKHO CJiAKyBaTH 3a IWIBHAKICTIO Mojaaui rasis i rtemme-
paTypolo.

MoxHa BupomyBatd MoHokpucranu CdS 3 rasosoi
¢asu cyabdiny kaamiro B cepenoBumli HyS 3a Mertoaom
C. Yusaka i [. Peiinoabaca [58]. B ueHTpi kBapuoBoi Tpy-
6u — aMnyau BMmimyloTh y uoBHHKY uuctuii CdS. Tpy6y
BCTaBJIAIOTb Y Ni4, BigKauyloTb NOBiTPA i MpocTtip Bcepe-
OuHi TpyOn 3aNOBHIOIOTb CipKOBOAHEM MPH THCKY 6 arm.
Temnepatypy mneui mniarpumytots 1000°C. Kpucranau po-
CTYTb Ha CTiHKax TpPYOM Yy BHIVISli FeKCArOHaJbHHX MPH3M.

3a cnoco6om, po3po6aerum I. B. Miseunkoro i cmiBpo-
6iTnukamn [33], B lucturyti ¢isuku AH YPCP npoBagate
cunte3 CdS i3 kanMilo i cipkn B aTMocdepi aprouy i oaHo-
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4aCHO BHPOILYIOTb BeJHKi (OO0 3 ¢m 3aBOOBXKKH, 5 MM
uupuHy i 0,1 MM TOBIUWHH) MOHOKPHCTAJH.

Cxemy ycraHoBku anas cuHtedy CdS nokasaHo Ha
puc. 49. BaxauBow pnerajaio il € miu, fKa CKIagaeTbCst
3 TPbOX OKpeMO KepoBaHHX ceKLiil. B miy BcTaBJsAIOTh KBap-
LOBY peakuiiiHy KaMepy, TepMeTHYHO 3aKpHTY 3 060X GOKiB:
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Puc. 49. CxeMma ycraHoBku Aas cuHredy CdS i oxmHo-
YaCHOTO BHPOLIYBAHHS MOHOKDHCTaJiB 3 Tra30BOi
¢asn CdS (3a I. B. Miseunkoio):

1 — tpy69acra ni4 onopy, sika CTBOPIOE NOTPiGHY TeMmeparty-
Py B peaxnifiHoMy npocropi; 2 — peakuifiHHft npocrtip;
3 — Tpy6uacrta niu (MydTa) ansA HArpiBy KaaMiio; 4 — YOBHHK
3 KaaMieMm; 5 — KBapuoBa TpPY6Ka; 6 — KOpOK, a6o MiaHHM:
repMeTH3YIOYHA KoBnmak;, 7 — miaBinHa Tpy6Ka aprouy;
8 — KBapuoBa peakuifiHa Kamepa; 9 — po3Tpy6 TPyOkn 5;

10 — TpyGuacra miu (MydTa) AJsi HArpiBY CipkH; I/ — YOBHHK
3 cipkolo; 12 — BOASIHMIT 3aTBOpP [OJIA BHNYCKAaHHA aproHy.

KopkamMu abo cneniaJibHUHMH MiHHMH KoBnaxkamH. Yepes:
KOPKH IPOXOAfATb KBapLOBi TPyOKH MeHLIOro aiamerpa..
AKi BcepelMHi peakNiiHOrO NpPOCTOPY 3aKiHYYIOTbCA pO3-
Tpy6aMH, po3TalIOBAaHHMH OAMH NPOTH OJHOTO Ha HESKOMY
BigmaJseHHi. B oaHy kBapuoBy TpyOGKYy BMillyIOTb y YOBHH-
Ky KanaMmili, y npyry — cipky. Temnepatypy KaaMmitoo i cipku:
nigbupaloTb TaK, Wo6 y peakuiiiHOMYy npocTtopi 6yJja on-
HAaKOBa KiJAbKiCTb aTOMiB OZHOro i APYroro KOMIIOHEHTIB.

Bepyun no yBaru, mo Temnepatrypa MJaBjeHHs KaaMilo
321, a kuniHHa 767°C, TeMnepaTypa nJjaBjieHHs cipku 119,
a KuninHs 444,6° C, 6ysnn nigi6paHi onTuMaJbHi TemMnepa-
TYpHi pexuMu: ans Kaamilo 620, ansa cipku 360, nas
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peakuiitnoro mpoctopy 1000—1070° C. [lepen HarpiBaHHAM
YCTaHOBKH 3 YyCbOro MPOCTOpPY peaklifiHOi kaMepu uyepe3
rasoBUBiIHi TpyOKH NOTOKaMM CreLiaJbHO OUYHMIIEHOTO CY-
XOro aproHy BHMTiCHSAIOTb NOBITPA i TiJbKH MOTiM nedi Ha-
rpiBalotb. 1llo6 3a6e3neuutd nOTPi6HY LWBUIAKICTD pPOCTY
KpucTaJiB, niabupaiTb MeBHY WIBHAKICTb MNOTOKY aprouy,
SIKHH KOHTPOJIIOIOTb MO KijnbkocTi OyJb6alloK B CeKyHAY,
10 Npox0anTb Yepe3 BoAsSHUH 3aTBOp. THCK aproHy B ycra-
HOBLi € TpoxH OinbIIUM Bif aTMOC(hepHOro.

'

’2W////ﬂ 7

Puc. 50. CxemMa YCTaHOBKH AJA BHPOILYBAHHA MOHOKDH-
cramps CdS nepekpucranisauiclo 3 mapoBoi dasu:

1 — GaJOH 3 aproHom; 2 — mMaHoMmeTp; 3§ — 'rpybxa 3 MiZlHHMH CTPY¥K-~

kaMu; 4—6 — ckanuky Tuuedko 8 CaCl, (4), aurizponom (5),

P,0, (6); 7 — xBapuoBa Tpy6a; B—Tepmonapa 9 — kBapuosi

8aC/IOHKH, 10 — enekTpuuHa niy; // — KBApnosu#i YOBHHK S TmOpowW-
koM CdS ; 72 — sona sunaposypanus 980—1100° C.

3a 5—6 roa. po6OTH YCTAaHOBKH BHPOLILYIOTb GJH3bKO
150 wTyK (OTOUYTIHBHX MOHOKPHCTAJiB, pelliTa X He Of-
HAKOBOI'0 KOJIbOPY i He OLHAKOBHX €JeKTPHUHHX BJIACTHBO-
crefi. BeauunHa nuTOMOro onopy y KpHcCTaJsiB LyxKe pi3HO-
MaHiTHa (Big 10 mo 100 om - cm) i 3anexuThb Bia BiaXxuJeHb
y ctexiomerpuuHomy ckaani CdS Ta mockoHaJOCTi CTPYKTY-
pu. PoTOuyTAMBICTL iX TeX HeoaHaKoBa. | xou ueli Merton
LyXe HiKaBHH i NPOAYKTUBHHH, BCEe X YNPABJATH CKJIaA0OM
Bciei kisnbkocTi BuUpowlyBaHHX KpucTaaiB Baxko. Uloao
ynpaBJiHHA CKJAaNOM KpHCTAJdiB, Kpalle 3apeKOMeHAyBaB
«cebe cnoci6 BUpOLLYBaHHA MOHOKPHCTaJiB cybaiMauieio —
nepekpucranisauieio 3 naporoi ¢asu CdS [9]. Cxema ycra-
HOBKH AJa NepekpucTaJdisauii so6paxkeHa Ha puc. 50. flk
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BHXiZIHMH MaTepiaJl BHKOPHCTOBYIOTb JHOMiHO(OpPHHI MOpO-
mrok CdS. Taka ycraHoBKa WiJIKOM NpPHAATHA AJisi BHPOLLY-
BaHHs unucTHX CdSe i CdTe MoHOKpHcTaJsiB, a TakoX Ti6-
PHIHUX MOHOKDHCTAJIB NMEBHOTO 3afaHOro CKJamy, aje Ma-
JIONDOAYKTHBHA.

Kpucranu Bupocramore B atMochepi aprony Ha moBepxHi
3ac/IoHOK i B npoctopi Mix HuMu. Temneparypa 3oHM Buna-
posyBanHss CdS 980—1100°C,
30HHU Kpucranisanii — 830—
860° C. OOmanHaHHS YCTaHOBKH
i 1i po6ora 3po3ymina 3 mignu-
¢y mnig pHcyHKOM. 3a [IaHUMH
IessKuX aBTopiB no6GaBka no CdS
ooMilok cypmu, cpibaa i ne-
SKHX IHIIMX MeTaJliB MOKpallye '
(hoToeseKTPHYHi BAACTHBOCTi MO- \
HOKpucTanaiB. KpuBa cnektpasb- 0
Hoi uwytauBocti CdS wHaBenena 4600 5030 5400
Ha puc. 51; pas. CdSe i CdTe A
kpuBi noniGui dopmolo, ane 3mi-  Puc. 51. Tpadix cnekr-
meni B Gik JOBIMX XBuJb, B~ PaibHOi sanexuocri go-

. ? . touytauBocti CdS.
tabJ. 17 BMilleHi AaHi npo cnek-
TpanbHi MakcuMmyMu doronpoBigHocti CdS, CdSe, CdTe
i wupuHU 3a60POHEHHX 30H.

8 3

(S

lp @oBinsruyx ofuHvLYp

Tabauya 17

Magcamymn ¢orompoBixnocTi i mumpuAn 3a60poHEHHX
80H y MaTepiajax rpymu CdS

A E E
Peuosuna Ap B (A) (502:) (:e£;
y Maxkcumyml
CdS 5200 2,24 1,9
CdSe 7740 1,48 0,76
CdTe 10 000 0,94, 1,5 0,13

Bucoka uytauBictb CdS 10 cBiTna 3ymoB/ieHa BeJHKHM
KBaHTOBUM BHxonoM. [Ipu ocBiTieHHi omip 3pa3ka Moxke
smenmyBatucs y 10 Tuc. abo HaBith 100 Tuc. pas. Ilpu
KimMuaruiii temnepatypi CdS e isonsitopom 3 poeuth LIMpO-
Koo 3a6opoHeHolo 30HOl. HarpiBanusa npuranis 3 CdS no
temnepatypu 80° C He WIKOAUTH iM i He 3MeHINYE 1X YYTJIH-
BocTi, 60 TeMHOBi CTpyMH 3ajiHIIAIOTLCA Habarato MeHUIH-
MH Bia doTocTpyMiB.
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Y ri6puanux MoHokpucranax CdS,CdSe;4r NosoXeHHs:
MaKCHMyMiB CHEKTpaJbHUX XapaKTePHCTHK 3MilllyeThCS
B 6iK AOBIIMX XBHJb MO JIiHIHHOMY 3aKOHY B 3aJI€XKHOCTi
Bill BiIHOCHOTO NpolLEeHTHOro ckaany aoMmimku CdSe y cydb-
¢ini kaamiro [9). Lo 3a/nexHiCTb MOXKHA BMKOPHCTATH IJIf
Ha6JIMKeHOro BU3HaYeHHsI BMiCTy KOMIIOHEHTIiB B MOHOKpH-
cTaJjax.

B po6ori [9] ri6puaHi MOHOKpHCTaNH OAEPKYBAJH NpH
cyMicHoMy BunapoByBaHHi cyMiwi nopowkiB CdS i CdSe
noTpi6HOro ckJany.

BigoMi Mertoau onep:xkaHHsi riOpHAHMX MOHOKPHCTaJiB
CdS - CdSe, nmpu skux: a) nig uyac pocry kpucraxaiB CdS
BBOMATL cesieH; 6) mporpiBaioTh kpucran CdS pasom 3 jo-
MillIKOIO CeJieHy B iHepTHOMY cepelloBHIlli; B) HAHOCATb HAO-
MilIKy Ha @OBEpPXHIO KpHCTaJka, a MOTiM MNpOrpiBalTh
B iHepTHOMY rasoBoMy cepepoBuili. JJo CdS 3actocoByioTb
HarpiBaHHs mif THckoM, 60 y BakKyyMi mnpu TeMmepartypi
Buule 600° C BiH MOMiTHO AHCOLIIOE.

B neskux saGopaTopifix KOPHCTYIOTbCH TaKHM CIIOCO-
60M 17151 BUrOTOBJIEHHs TiGpHAHMX MOHOKpHucTagdiB. Kpu-
craa CdS pasom 3 gomiikoio ceseHy a6o TeJqypy BMilllylOTb
B CKJsiHy a60 KBapLOBY aMmyJy, HaloBHeHy aproHoM, Bil-
Kauytotb ii go 1+ 1073 mm pT. cT. (3a/NMIIKOBHH THCK apro-
Hy) i 3anawiwoTtb. [lotiM amnyay BMiwyoTh y niy i nporpi-
BaloTh noHax 12 rox. [ns amnyn 3 cejeHOM Temnepatypa
nporpiBy 380—500°C, pasi amnya 3 Teaypom — 400—
600° C. ITicis uporo aJsi BUpiBHIOBAHHsI PO3MOAiay AOMi-
WIOK B 3pa3Kax YHUCTi 3amasiHi amMmyJad 3 3pa3kaMu NpOrpi-
Baloth npu Temneparypi 400° C 6auspko 30 roa. 3anexHo
Bix BMicty aomiwmku ceneny B CdS kpucranun MaioTh Koaip:
Bill CBiTJIO-UEPBOHOrO 10 TEMHO-UePBOHOTO i YOpHOrO.
3 1OMilIKOIO TeJqypy KOJip KpHCTaJdiB 3MiHIOETbCS Bil TeM-
HO-YepPBOHOTO A0 YopHoro. Jlomilrka raJjoify A0 TaKHX KpH-
CTagdiB MiABMILY€E X YYTJIHBICTb.

Eneprernyna sonna cxema aas CdS we sK caig He pos-
poGJjena. BBaxalotb, o no6Gau3y cepeialHH 3abGopoHeHOI
30HHM, Ha piBHi 0,7 es Bin Bepxy 3amoBHEHOI 30HH, 3HAXO-
OATbcs piBHi nmpuaunaHHsa aas aipox. Ilpu yTBopenHi mapu
eJIeKTPOH — JipKa [ipKH 3aXOMJIIOIOTbCS PiBHAMH NpPHJHIAH-
HSl — YJIOBJIIOBayaMH AJs AipOK, a eJIeKTPOHH, He MalouH
3 uMM pPeKOMGiHyBaTH, AOCHTb JOBrHii uyac mnepeGyBaioTk
B 30Hi npoBiaHocTi. [TonepeuHuit nepepi3 LeHTPiB 3aXOMJeH-
HA 175 DipoK Beaukuii: 10-15%—10-13 cu2
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Jns eneKTPOHiB TexX iCHYIOTb piBHi nmpuiunaHHs. Bouu
po3ramoBaHi GJHXKYe A0 30HH NpoBigHocTi, Ha 0,7 eé Bil
HMXKHBOI IpaHuui ii.

IMpunanu 3 cyapdiny KaaMilo MawTb 3HayHY iHepuiii-
nwictb. Yac. pemakcauii ¢otoctpymiB mopsigky 10-2—
103 cexk.

ITpo 3BuuaiiHi moMiiikoBi piBHi BifoMo He6Gararto. Has
nedekTiB peliTkd, o6yMoBaeHux JuimikoMm Cd, Gad3+ i Cl-
B CdS (mns nopoxHix ByaniB S2-), eHepris ioHizauii mo-
miwok popiBHwoe 0,02 es [66] BinHOCHO 30HH NpPOBigHOCTI.

Ha ocHoOBi TemmepaTypHHX [daHHX eJIEKTPONPOBiAHOCTI
i ebexkty Xossa BHCJOBJIOEThCA npunyuieHHs, mwo B CdS
icHye nBi 30HM NpPOBiAHOCTi: OJHA — 3BHYaiiHa, a Apyra —
30Ha NOHOPHMX piBHiB. Ilpu 3MiHi KoHueHTpauii NOHOPHHX
pieniB Bim 107 no koHueHTpauiét Giabmwux 10'® eHepris
ionizauii amenwyeThcst Big 0,02 es 0o HyJs.

Jnsi ManauxX KOHUEHTpalill. HaAJUUIKOBOro KajaMmilo, Mo
po6oti Tpodimenko i denopyca [44], enepria ionizauii po-
pisHIoe 0, 12—0,15 és. [lns ueHTpiB, AKi SBJASAIOTBCS NMOPOXK-
nimu Bysnamu Cd?* (auwok S’~), mpumyckamTh HasBHICTb
PiBHS Ha Bimmadni 1,1 es Bin Bepxy BajeHTHOi 30HH.

Kpucranu CdS 3 pomimkamu Ag* i Cu* MawTb aipko-
By npoeigHicte. Ag* i Cut noBoasTh cebe K aKLENTOPH
i CNpPUYMHSAIOTH JIOMiHecleHUil0 i ¢oTompoBigHicTL 3a Me-
sKaMu o6JjacTti BJacHoi JioMiHecueHlii i ¢oronpoBigHOCTI.
PiBenp Agt Jexutb Ha 0,4 e8 HUXKYe 30HH NPOBiAHOCTI,
a piBenb Miai Cut — Ha 0,7 es BHllle BajJleHTHOI 30HH.

B rpyni CdS eneprii ionizauii noHOpHHX LEeHTpiB 3HAu-
#0 MeHIU, Hi>kK eHeprii ioHi3auii akuentopHux. Lle cBiguuth
TIP0O  MOXKJIMBiCTb 3aCTOCyBaHHfi BOJHEBONMOAiGHOI Mojesi
1J1s1 IOHOPHUX LeHTpiB 1, Ma6yTb PO BEJHKY e(heKTHBHY
Macy nipok. Eneprii ionisauii nomimoxk i nedexris B CdTe,
BusHaueHi Jlxkenni i B’ro6om [64] NOpiBHIOIOTh: Aasa J—
0,003 es (noHop), a nJs akuenrtopiB Li+, Ag+, Sb®-, P3- —
Big 0,3 1o 0,5 e8 BiIHOCHO BaJIGHTHOI 30HH.

Po6GoTu pi3HHX aBTOpiB MOKa3aJjy, 110 06po6Ka moBepx-
Hi KpucTaJdiB y BakKyyMi, B KHCHi, B aTmocdepi Boau, eTH-
JIOBOTO cripTy, 60MOapAyBaHHs eJeKTPOHAMH, iOHaMH, Hell-
TPOHaMH Ta axcopOilis KpacuTeniB CHJIbHO BIVIMBAIOTh HA
yytausicte CdS. ¥ po6Goti PuBkina i XaHceBapoBa [39] mo-
Ka3aHo, LIO iHTEHCHBHE eJIeKTpOHHe GoMGapayBaHHsS KpH-
cTaliB Ta KOpOTKOYaCHe BHTPHMYBaHHS iX Yy Tra3oBOMY
PO3psili AaBaso Beauke 36i/lbllIeHHS YYTJAHBOCTi, 0COGJHBO
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B KODOTKOXBHJbOBiH 4acCTHHi cnekTpa. IHTerpanbHa YyTJH-
BicTb 36iabiuyBanack B 108 pa3. OxHouacHo 3pocraJna i TeM-
HOBa NpPOBiJHICTb.

Y po6oti Bynaca [83] mocaimkeHo, 1o npoBifHicTh i ¢o-
‘TONPOBiJHICTb CBiXKOBUTOTOBJIEHHX KPHUCTAJiB He 3MiHIOEThb-
cd, AKIWoO ix nomicrutu y Bakyym 10-¢ mm pt. cr. Ilporpi-
BaHHA y BakyyMi no temnepatypu 100° C Bukinkae 36ijb-
IIeHHs © Ha KiJbka nopsakiB i 3HauHe 36inblieHHs ¢oTo-
npoBigHocTi B o6sacti 490 mmk. Slkmio nporpiTuit y Baky-
yMi KpHUCTaJ BMicTHTH B aTMOC(hepy KHCHIO PH THCKY KiJb-
Ka MiJiMeTpiB PTYyTHOroO CTOBNA, TO 6 3MEHIUYETbCsA Ha ABa
NOpsIAKHU, a (POTONPOBiAHiCTbL -3MeHIUyeTbCs Yy 2—3 pasu;
YyTJAUBICTb [0 GJAKUTHHX NpPOMeHiB 3HUKAe. TiJbKH caMma
BilKayKa KHCHIO He MOHOBJIOE YYTJIMBOCTi 3paskiB, aJje Ha-
CTyNHe HarpiBaHHs B BaKyyMi BiIHOBJIO€ momnepeaHi BHCOKI
eJeKTpuuHi i (oToesekTpuuni sKoCTi.

OntumanbHoi doTouyTiuBocti CdS JOCSTaOTh nporpi-
BaHHSIM 3pa3kiB npu Temnepatypi 500° C; npu 1bOMYy 3HOBY
3’ABJAETbCS BHUCOKA YyTaAHMBicTh B o6aacti 490 mmk. Poto-
NpPOBiJHICTb TaKUX 3pasKiB csrae A0 2 MK i Mae KOpOTKi
I OBri yacu KHUTTHA HOCiiB. B eqeKTpUUHUX MOJsX GiNbLIHX
3a 5-10% 8/cm HacTae enekTpuuHHi MpoGill, SKUH CynpoBo-
AxyeTbcs po3knanaHHsM CdS i niaBuleHHsM #oro ¢oTo-
YyTJAUBOCTi i mpoBigHOCTI,

Ilpu nigBuieHuXx TeMnepaTypax BinOyBaeTbCsi eJIeKTPO-
ai3 CdS i BinknanaHHs cipku Ha aHOAi a60 BUNapoBYBaH-
HA 11 3 MoBepxHi KpucraJa.

Ilpn apcop6buii kpacureniB — necencubinizatopiB (de-
Hoca(paHiHy, MaJaxiToBOro 3ejeHoOro, NiHaKPUNTOJY KOB-
Toro i iH.) ¢ororpoBignicte CdS 3meHwyerbcsi, 60 ancop-
60BaHi MoJieky/aHu HeceHcHOisni3aToOpiB MOXYThb AiATH fIK MO-
BepXHEBi eJIeKTPOHHi YJIOBJIIOBAYi,

B po6Goti Maprino [71] noBinomnsieTbesi, O HOTOUYTIIH-
BicTb cyabdiny KanMiio MoxHa niasumutin y 20—800 pas
npu GomGapayBaHHi 3pa3kiB NOTOKOM HeiiTponis (10'8
HeliTponig/cm?) Bim aToMHoro Korja. OnpoMiHIOBaJu KpH-
CTaJIi ABOX COPTiB: 1) BHCOKOUYTJNUBi KOPHUYHBOBOTO KOJIbO-
PY KpHCTaJH 3 HaACTeXiOMeTPUUYHUM KaAMieM Ta 2) JycKo-
noni6Hi, MajnouyrtauBi Kpuctaaud uuctroro CdS sckpasoro
}KOBTOr0 KoJbopy. 3G6isbllleHHs YYTJIHBOCTI Micas onpomi-
HIOBaHHA OyJO 3HAYHIlUMM Yy MaJIOUyTJIHBHX KpHCTAJID.
TemHoBH#I omip y 4yTJIMBHX KpPHCTaJiB He 3MiHIOBaBcs, a y
c1a6ouyTAMBHX 3MeHINyBaBcsl NMpu6JAN3HO Ha nopsaaok. Ilia-
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BHIUEHHS1 YYTJHUBOCTi, BHKJUKAaHe ONpPOMiHIOBAHHSM, 3aJH-
maJiocst cTabiJbHUM B uaci.

B CdS cnocrepiraioTbcs siBHULA BHNPSIMJIEHHS CTPYMY
Ha KOHTakKkTi 3 MeTaJjiaMH, iHppauepBoHe raciHHs ¢oTonpo-
BifHOCTi Ta JlOMiHecueHlis.

AxtuBoBaHi Minaoo Kpucraam CdS a6o KoHaeHCOBaHi
noJjikpucraJjiudi nJaiBKH MalwTb p-Tun npoBigHocti. Ha
p—n-nepexoaax y cyabdiai kKaamilo MoxHa noGynyBaTh
BUNPSIMJISIUI, NeTeKTopHu, (oToesemeHTH. Bike mnepui mnosi-
noMaeHHs npo ¢oroeneMedTH 3 CdS momaam Hamiwo, mo 3
HbOrO MOXHa Gyne onepxaTH BUCOKOe(eKTHBHI COHSIUHi re-
Hepartopu [76]. Oas mepumx ¢doToeseMeHTIB Gy/aH BHKOPH-
CTaHi MOHOKpHCTaJH, BHPOILEHi 3 ra3oBoi ¢da3u. Enementn
ckalaganucs 3 maatiBok ToBwMHOW 3 mm. Ha nmpoTunexuux
CTOPOHAX TaKMX MJaTiBOK OyJH HaHeceHi eJeKTponu: 3
onHiei croponn — iHniiioBuii, omiunuit (muB. posm. VII), 3
npyroi — i3 cpi6na a6o 3oJs0ta, Miai, naatuHu. OcBiTaIOBa-
Jacsi 60KOoBa, He BKpPHTa MeTaJIOM, 4aCTHHa Kpucrana. Ha
COHAYHOMY CBiTJli (pOoTOeJeMEeHTH AaBaJyi Hanpyry XoJocToro
xony Vyx=0,4 6 i cTpyM KOpOTKOro 3aMuKaHHfl [¢s=
= 15 ma/cm?. Tlpn ¢okycyBaHHi cBitia Vyix=10,6 8 i
Ics = 300 ma/cm?. Ocob6aKMBO BaxXJUBHM TNPH LbOMY € Te,
IO NpH OCBiTJeHHX, HaBiTh Yy 10 pa3 Ginbmux Bia 3BHYail-
HOTO COHSIYHOrO, (OTOCTPYM i NOTYXKHICTb He BHABJAIOTH
O03HAaK HacCHYeHHs.

5. Marepiaam rpyus PbS

Ho rpynu PbS BigHocsTs: PbS, PbSe i PbTe. Lli mare-
piasnn BaxJsuBi CBOIMH BHCOKMMH (DOTCENEKTPHUYHHMH BJa-
CTHUBOCTSIMH B O/M3bKifl i cepenniit obsacti iHpayepBOHO-
ro cnektpa. Poroonopu 3 PbS B ob6nacti 6113bKO ABOX
MiKpOH, 0COGJIMBO MPH OXOJOAXKeHHi y coTHio pas, a PbTe
npu 3 MK i TeMnepaTtypi pilkoro noBiTps y KijibKa coTt pas
yyrauBiwi Big tepmonap. o Toro Xk iHepuiltHicTh (oTo-
onopiB 3HaYHO MeHIUA, HiX y Tepmonap.

¥Yci npencraBHuKM L€l rpynu MaloTb MeTasliuHHH BH-
rasifi; KpUXKi, Hempo3opi HaBiTb B TOHKHMX MJaTiBKax.

Ilo crpyktypi Mmartepianu rpynu PbS MaioTe KyGiuny
pewitky Tuny NaCl (zuB. puc. 9). MousekyasspHa Bara
PbS — 239,276, PbSe — 286,17, PbTe — 334,82. YucJao ato-
MiB B eneMeHTapHiil kKowmipui — 4. KoopaunauiiiHe uucJo:
6Pb, 6S (Se, Te). 'yctuna PbS — 7,48 e/cm®. ¥ Boai He
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PO3UHHSAIOTBCS, ajJle PO3YHHSIOTHCS Y PO3BeJEeHMX MiHepaJib-
#ux Kuchaorax. Ilpu HarpiBanHi B aTMocdepi KucHio aGo Ha
TIOBiTPi NpH HHM3BKHX THCKax B YMOBaXx ra3oBOTO PO3psAY
Marepianu rpynu PbS okucaoworbes. OcHoBHi ¢isnuni gai
MarepianiB uiei rpynu BMmimeHni B ta6s. 18.

Ta6auysa 18
lMapaMeTpH pemiTEH i TemaoBi BaacTuBocTi MarepiakaiB rpymu PbS
TennoTa T T 1
PevoBnua a (s A) d (s A) yTBOpSHHA p:}:llz::s::l);: enHJ;gr_:go(aBA-
kxaaj2-mon)| W% (R °C) | Kar/cu-cex-2pad)
PbS  [5,91;5,97| 2,955 22,5 1114 7-1073
‘PbSe 6,14 | 3,07 18 1065 | ~6.1073
PbTe  [6,45;6,34| 3,17 17,5 904 5.-1073

Jas BHUrOTOBJIEHHS BHCOKOUYTJIMBHX OMNOpiB NOTPiGHI
ayxKe YHCTi BHXimHi MaTepiaau. IX omepxyioTb abo XiMiu-
HUMH croco6aMH, abo CIJIaBJEeHHSM CTeXiOMETPHYHHX KiJb-
KocTell CBMHLIO i CipkH, cejeHy, Teqypy y BakKyyMi, B 3a-
masHux amnynaax. Ilepekpucraniszanilo MoxHa NpPOBAaAUTH
‘8 motolli a3oTy. MoXHa BHpOLLYBAaTH MOHOKpucTaau [67]
i NMPOBAafMTH 30HHY OUYHCTKY IX 3a METOAOM, OMHCAHHUM B
po3n. IV. Ilpu BuCOKHX TeMnepaTypax yci Marepianu rpynu
PbS nomitHO cy6miMyIOTh i IHCOLIIOIOTH.

B Ta6Js. 19 HaBedeHi maHi MpPO NPYXHICTb Nnapu Cyab@i-
AY CBHHIIO 3aJIe3KHO BiJl TeMnepaTypH.

Tabauya 19

TeMuepaTypHa 33Je:EHICTH IPYEHOCTI HAPH cyabpdixy
CBHHII0O B PiBHOBAXKHHX YMOBAX

Temnepatypa (8 °C) \ 850

917 i 940 l 975 980 995

MpyxHicts mapn (B MM ' ,
PT.CT) . « v = o = =+« .| 2,0 | 40| 6,0 |11,9]13,0] 17,0

Hait6inbw uyTauBi i Majoinepuiiidi € ¢oroonops, 3poo-
JeHi 3 cyO/MiMOBaHHX i nepecy6GJliMOBAHUX TOHKHX MOJIiKpH-
crajiudux mapiB. Bucoky uytauBicTb A0 iH(ppauepBOHOro
CBiTJIa MaIOTb TiIbKH 06pOGJeHi B KUCHi WapH p-THIY Npo-
BiJHOCTi.

[Mpu 3HHMXKeHHI TeMmepaTypH 4yTJHBiCTb (OTOOMOPIB
rpynd PbS nigBuuiyerbcs i Mexa ii mepecyBaerbcs B Gik
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AOBIIMX XBUJAb. ToMy iHOAI uyT/MBi 1Iapy HaHOCATbL Ha
BHYTDIlIHIO MOBEPXHIO HEBeJMKOro BakKyyMHoro 6aJioHa
Tuny nocyay JHbloapa. Bcepenuny 6ajioHa npuH KOpHCTY-
BaHHi (oTOONOPOM BKJALalOTb TBEPAY BYIJIEKHCJOTY YH
MiHepaJbHy BaTy, NMPOCOYEHY PiAKHUM MNOBiTpsM (a3oToM),
a6o HaauBaloTb BoAeHb. [IpoTu cBiTJOYyTAMBOro IIapy, y
30BHilIHil CTiHII BakyyMHoro 6ajioHa, po6JsiTb BiKOHEUKO
3 Martepiany, Npo30oporo AJs NaHOi AiNAHKH iHdpauepBOHO-
fO CIeKTpa, fK-To: candipy, nepukaady (MgO) towo. Tex-
HoJsioriss BUPOGHHIITBA BHCOKOYYTJNHBUX OMNOPIB 3aceKpeyeHa,
TOMY TeXHOJIOTiuHi MHTaHHS B JliTepaTypi BHCBITJIOIOTHCS
JLly)Ke MaJio i MOBepPXOBO. v

BucokouyTnuBi, ajne 3HayHO iHepuifiHiwi ¢doToomnopu BH-
FOTOBJSIIOTH XiMiYHUM ocamxeHHsM PbS a6o PbSe 3 pos-
4YHY Ha naaTiBKM 3 KBapuy a6o ckJja.

OpieHToBHHU#l peuent A/si ocamXeHHs PbS npu kimHaTt-
Hi#i Temnepatypi naB [enuenb i Mioccep [65]. ToTyl0Th TpH
BHXiHi pEUOBHHHU:

a) Pb(COOCHg3)23H0 — 0,35 e-mox/a;

6). (NH;)2CS — 0,20 e-moa/a;

B) NaOH — 4 e-moz/a.

B nepepaxyBaHHi y 2/4 we ckJjapae:

a) 132,7 aueraTy CBHHLIO;

6) 15,22 TioceuoBHHH;

B) 160,2 inkoro HaTpy.

Po3unnn a) i 6) 3mimyioTh B piBHHX KiJbKOCTAX i mo
Kpanasx A0AaloTb JYT, MOKH He nepecTaHe BHNajaaTH Ginuid
ocan. Llielo cyMimmio 3ajauBaloTh NPHUTOTOBaHI YMCTI nJa-
TiBKH i CTaBJSITb B 3aTeMHeHe NPHMillleHHSt Ha KiJbKa FOJHH
a6o noOy. Ilicasa 3akiHueHHs mnpoilecy ocaJKeHHS PO3UHH
CTae NMPO30OPHM, a8 Ha MOBEPXHi M/ATiBOK Mill YOPDHHUM MNyX-
KUM L1apoM ocaly 3HaXOAHMTbCsl OJHCKYUHH A3epKaJbHHF
Mmiunnii wap PbS. OnruManbHa TOBLMHA WIAapy MOPSAKY
10-% cm. [Mnactunn 3 wapom PbS npomuBaioTh, mpocyuy-
I0Tb, @ NOTiM Ha HbOTO HAHOCSTb BHIIAPDOBYBAHHSAM Yy BaKy-
yMi 30J10Ti eJeKTPOAH.

®otoonopu 3 PbSe MeTronom ocamKeHHs BHFOTOBJSAIOTH
aHaJoriyHuM croco6oM, 3aMiHSIOYH TiOCEYOBHHY ceJeHi-
CTOIO CEYOBHHOIO.

[linBuIleHHs 4YYTAHMBOCTI AOCAraloOTb OGPOGKOI Yy KHC-
ni. PeakTuBU 1 poO3uMHHW NOBUHHI OYyTH HaHUMCTILUMMHU i
CBi)KOBMrOTOBJIEHHMH. IHONI Ha CcKAAHY MiAKAagKy Ha-
HOCSATb AyXe TOHKMA map cy6aiMoBaHoro cynaboigy
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CBHHIIO, IKHH NpPaBHTb 3a 3aTPaBKy NPH OCAJKeHHi lIapy
3 PO3UHHY. .

Marepianu rpynu PbS € aMCl)OTele HaMiBIPOBIAHHKMN:
HaJUIHIIOK MeTasly CTBOPIOE €JEKTPOHHHH THII MPOBifHOCTI,
HaJJIMIIOK MeTanoily — mipkoBud. Ha p—n-nepexonax y
MOHOKpHCTa/nax PbS icHye Tpionnnii edekr, TOMY 3 HBOTO
MOXHa no6yayBaTH MiJACHJNIOBAayi; NPUIATHUH BiH TaKoOX
075 panioTeXHiYHHUX NETEeKTOpiB i BHNPAMJSAUIB.

PbS mae Ty oco6auBicTh, IO y HBOTO PYXJHBICTH HO-
MilIKOBHX HipOK GiJbllIa PYyXJIMBOCTi eJ€KTPOHiB (3BHYaHHO
y pisHux MoHokpucranax). Ilpu kimHaTHifi Temmneparypi
MaKCcHMaJbHa pyXJauBicTh Aipok nocsrae 800 cm?/s - cek,
a enektpoHiB — 640. [Ins PbSe pyxJuBOCTi eJeKTpOHIB
i mipok omnakoBi (~1400 cm?/e-cex), a pas PbTe Bxke
CIoCTepiraeTbcsi 3BHYAlHe CNiBBiJHOLIEHHS: pPYXJHUBiCTb
eJeKTpoHiB pocsirae 2100 cm?/s - cex, a nipok — 840. B 06-
JilacTi BJacHoOl npoBigHocTi moctiftHa XoJia 3aBXKaM Bil'eM-
Ha. lle o3Hauae, WO PYXJHUBICTL €JEKTPOHiB NMPHHAHMHI ¥y
IBa pa3u NepeBHILyE PYXJIHBiCTb AipoK. [IpH HHU3BKHX TeM-
nepatypax crnocrepiraetbcsi 3HauHe 306iJbLIEHHS] PYXJHUBOCTI:
npu 77°K BoHa popiBHIOE ~10% cm2/g-cex, a nupu 20
~10° cm?/g - cex. B intepBani 700—1000° K pyxsuBicTb u
3aJIeXXHTb BiJ TemMneparypu, ik 7 °h, Jlna wapis, ogepxa-
HHX BHNApOBYBAaHHAM y BaKyyMi, PYXJHBiCTb AyXe MaJa
(0,5—50 cm?/6 - cex) i 3MeHUIYETbCS NMPH 3HHUIKEHHI TeMIe-
parypu.

Ilo TemneparypHiii 3anexHocti edekry XoJaa — no Ha-
xuay KpuBoi 1g (RT ), mo e ¢yukuiewo Bix (1/T) — B 06-
Jgacti temnepatyp, Buiux 500° C, Ha MoHOKpucTanax Gyau
olepxaHi Taki 3HaueHHs TepPMiYHOI IIMPUHH 3a6OPOHEHHX
30H AE: : paa PbS — 1,17 es, nas PbSe — 0,5 es, mas
PdTe — 0,63 es. Bennunna AE nnsa PdSe e HnaiimeHwiolo.
Tlpote BuMipu edekty Xoana i npoBiAHOCTI NMpU HHIKYMX
TeMnepartypax gaioTbh aas AE ycix MartepiaJsiB rpynu 3Hau-
HO MeHIIi BeauuuHHd, a came: 0,30, 0,22 i 0,30 es nas PbS,
PbSe i PbTe Binnosiaxo.

Bumipu crasnoi Xosnaa mnokasywoTb, 10, MOYHHAIOUH -3
500° C, uncio HociiB CTpyMy IIBHAKO 3pPOCTa€ 3 MiABHILEH-
HAM TeMIepaTypH, a HHXKue KiMHaTHOI — Mafixke He 3Mi-
HIOETbCSl. Bcepeauni iHTepBasy MiX KiMHaTHOIO TeMmmepa-
typoto i 500° C B 3pa3kax p-tuny Bin6GyBaeTbcsi 3MiHa 3Ha-
Ka noctifinol Xoana, OTXe, € mijJicTaBa BBaXKaTH BEJHUHHH
AE BipHumu aasa temnepatyp, Buumux 500° C, To6Ta eHepris-

130



MH NPSAMHX NepexojiB MiX BaJIeHTHOIO 30HOIO i 30HOIO Mpo-
BifHOCTi, a60, IO Li BEeJHYHHW AAIOTb HAHMeHUy LIHPHHY
3a60pOHEHOi 30HH MO BepPTHKAaJI.

OnTuyHi BUMipH AOBroXBMJIbOBOI rpaHHli BOHpAaHHSA pe-
WiTKH NpH eKcTpanoJssuli A0 HyJas KPyTOro cnaiay KpHBOi
BOHpaHHA AalO0Tb TeX GJH3bKi 10 ULOro BeJHuuHH. I1pu BH-
3HayeHHi WIMPUHH 3a60pPOHEHOl 30HH MO ONTHYHHUM [AaHUM
(onTHyHOI MIMPHHU 3a60pOHEHOI 30HH) BeJHuHHA ii Mae 10
nesikoi Mipu HeneBHe 3HaueHHs, 60 Pi3Hi AOCJiAHHKH 3acTo-
COBYIOTb pi3Hi KpHuTepil mpu eKcTpamoasLil KPUBHX aacop6-
uii a6o ¢oronpoBigHOCTi K0 HYJAbOBUX 3HaueHb. [IpoTe He-
3BaXKaloun Ha Le, [1Jis PEYOBHH, Yy SAKHUX LIMpHHA 3a60poHe-
HOi 30HM Oisblle 2 e8, ONTHYHI BUMipd Aal0Tb HaAdiiHi pe-
syabTaTH. [lepeBara ONTHYHHX MeETOLIB MOJISAra€ B TOMY,
10, KOPDHCTYIOYHCh HHMMH, MOXKHa OJepXXyBaTH MPaBHJIbHi
BeJMYHHH Ha MOJIKPUCTAMIUHHX | He NOCHTb YHUCTHX 3pas-
Kax, He NPUAATHHX [J15 BHMipioBaHHS edekty Xoana i npo-
BigHocTi. Jlo TOro X ONTHYHI BUMipH BiJ3HayawTbCs MO-
piBHsiHO Ginbiol npocroror. OnTHuHa wHpuHa AE, 3a6o-
POHEHOi1 30HH BiANOBiZae JOBroXBHJbLOBiH rpaHHlli BAaCHOTO
B6upaHHs a6o ¢oTonpoBigHOCTi. 3rilHO 3 BH3HAYEHHSIM
Mocca [73] n0BroxBuJbOBOIO TIpaHHLEI0 (HOTOMPOBiAHOCTE
Ha3UBAETbCA [OBXKHHA XBHJI, SKid BiANMOBinae 4YyTJHBiCTb,
piBHa mosioBHHi i1 3HaueHHs B MAaKCHMYMi, 110 nepenye
KpyTOoMy (cTpiMKOMYy) cnanoBi KpuBoi. Bona mosHauaeTbcs

y,» leMnepaTypHe 3MillleHHsI [JOBrOXBHJIbLOBOI TIpaHHLi
BianoBinae 3MiHi WIHPHHH 3a6OPOHEHO! 30HH BiJX TeMmepa-
TYpH. :

Ta6a. 20 micTuTb naHi npo WHPHHY 3a60pPOHEHOI 30HH,
MOKa3HHK 3aJIOMJIEHHs 7, JieJIeKTPHUHY CTady Eonr, BU3H-
yeHy 3 ONTHYHHX BHMipiB, masi Marepianis rpynu PbS.

, Tabauya 20
Ilupunaa 3a60poHEHOI 30HH i 32J0MJI00Ui BIRCTHBOCTI
Marepiaxis rpymm PbS

Ulupuna 3aboponenol

[Mokasuuk NienexT- 30HHM
3aJ0MJeH- - O0(AE,) o
Peuosuna i_n npu p";:iocr: AE muxve | aE ~or col°k
500°C
|
PbS 4,014+0,06 | 22,5 0,30 1,17 +4.10~4
PbSe 4,594+0,06 [ 18 0,22 0,5. +4.10~*
PbTe 5,3540,10 17,5 0,30 0,65 +4.1074
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BinburicTh HanmiBNpoBiAHUKIB 3MEHIIYIOTh IIHPHHY 3a60-

poHeHol 30HH AE npu nigBHILEHHi TeMmepaTtypH, aje rpy-
. 0 (AE)

na PbS mae no3utuBHHii TeMnepaTypHHii KoedilieHT —5F
O 3MiHH LIMPUHH 3a60pOHEHOI 30HH.

B Ta6a. 21 HaBexeHi AaHi Mpo AOBroXBHJLOBY (4epBo-
Hy) rpaHuuio ¢orouyTauBocTi Matepianis rpynu PbS B 3a-
JIEXKHOCTi Bifl TeMneparypH.

Tabauysa 21

3uimenHA rpamuni uyTamBocTi MaTepiaxis rpymu PbS
B 32JEXHOCTI Bi TeMmepaTypu

Ipaunus uytausoctl (B MK)
Peuo- 300° K 90° K 20° K %(eea/%‘()
BHHA oT
)‘1/2 )‘I'P h/ﬂ )‘rp )‘l/s )‘l‘p
PbS |2,9—3| 3,35 | 4 - 4,5 — 4,7-1074
PbSe | 4,7 7 7,1 9,3 8,2 | 10,2 | 4-107*
PbTe | 4,5 — | 4,75 | 5,75 7 — 5.10~*

[lpn. kiMHaTHiI# TeMmepaTypi Tenypua CcBHHLIO MakHxke
He .BHABJAsie (orouyrauBocti; PbSe dorouyrtausuii, xou i
3Ha4YyHO MeHlue, Hixk PDbS.

Cepen iHIIMX 3aCTOCYBaHb TeJYPHAY CBHHLIO 3acJyro-
Bye Ha yBary BHKODHCTaHHS HOro sk Marepiaay Aajas Tep-
MOeJIeKTPHUYHHX npucTpoiB. LlboMy crpusie fioro Mana Tten-
JIONPOBiHICTb i TENJIOEMHICTD.

Jns Bu3HAueHHs1 30HHOI CTpPYKTYypu PbS 6yau oGuuc-
JieHi eHepreTHuHi piBHi eNleKTPOHiB, popMa SKUX AIK (DYHK-
i XBHJIBLOBOro BeKTOopa K ans HanpsiMKy [110] nonana Ha
puc. 52. Ha HboMy mnpuBeneHi ABi KpuBi: BepxHs BinMe-
’KOBY€ 30HY NPOBiAHOCTi, HUXKHS — 3aNOBHEHY 30HY.

3 npuBefeHOro pHCYHKa BHAHO, L0 CTPYKTypa 30H
CKJaJHa: 3amMoBHeHa 30Ha i 30Ha MpoBigHOCTI po3naiseHi
BY3bKHM €HepreTHuHHM 3a30poM, siKHi JopiBHoe 0,3 es.
MinimManbHa Binfadb Mix 30HaMH IO BepTHKaJi NOpiBHIOE
1,3 es. 1li BeJMUHHH HENMOTaHO NOTOAXKYIOTbCS 3 EeKCIepH-
MeHTaJbHHMH NaHUMH ONTHYHMX KOoHcTaHT PbS, siki BuaB-
J10Th WBHAKe 36inblieHHs BOupanHa npu 1,3 es. BaacHe
BOMpaHHA MOXKHa MOB’S3aTH 3 BEPTHKAJbHHUMH MEpexolaMH,
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a [OBrOXBHJbOBHI «XBicT» BOWpaHHA Ta [0BlOXBUJbOBY
rpanuulo uytauBocti (4,5 mk), ski TarHytees po 0,3 es,
NOB’3yI0Tb 3 HEBEPTHKAJbHUMH MepexolaMH.

Bucoka uytauBictb ¢otoonopiB B iHdpauepBoHiH 06.s1a-
CTi 3yMOBJIeHa MOTVIMHYTHM KHcHeM. [I/A noscHeHHs ii Me-
XaHi3My OyJl0 3anmponoHOBaHO KinbKa Teopili. OmHa 3 HUX
MOSICHIOE BeJIUKY (OTOUYT/IMBICTb 3MEHIIEHHSAM ONOpPYy Mix
OKPeMHMH KpHCTaJWKaMH B uiapi, Ha rpaHuli SIKUX icHY-
I0Tb 3anipHi wapu — 6ap’epu. [[pyra Teopis BBaxae, LIO
KHCeHb npu o6pobui aacopOye-

TbCA Y MiXKKpHCTadiuHuXx mpo- 53 S oot
Wwapkax y BHMVISIAi HEraTMBHHUX (I q

ioniB. IoHHm cBOiM HeraTHBHMUM _ ‘[ BN
3apAAOM yTBOPIOIOTb B  eJleK- E; S 2
TPOHHOMY  KpPHCTa/l 3amipHUH s /‘i&df
wap i nigBuILylOTH #Horo omip. g/ — -
[lia vac ocBiT/eHHa iOHH KHC- & 0=~

HIO BTpaualoTh cBi#i 3apsa, omip 3”f05”f”" 31‘7””
3amipHHX 1IapiB 3MeHUIyeThbCs, 20 R R
OTXKe, 3MEHIIYETbCsd 3daraJibHHH XBunvobuu ﬂe/(mgpl(

onip 3paska. Lla Teopis He Mo-
we_ moscuntnucowol sytaw. £, 82 oma, o S
BOCTI 3pa3KiB p-THNY. apsamky [110) B kpucraai PbS.

JloMilIKOBi UeHTpH He Mo-

XKyTb OYTH MPHUHHOIO BHUCOKOI 4yT/IHBOCTi (oroonopis, 60
iX Ana uporo 3amaJno. Byau cnpobu NOSICHUTH GOTOUYTJIH-
BiCTb YTBOPEHHSIM €KCHUTOHIB y NepBUHHOMY aKTi MOMVIMHAHHSA
cBiTna, OGuuc/ieHa eHepria AJg YTBOPEeHHS €KCHTOHa HOpiB-
Hioe 0,3 es. 3a uielo rinote3oo He 3po3yMijo, 3BiAKH Gepe-
Tbhcsl pewita eHeprii — 0,9 es8 119 yTBOpPEeHHS 3 €KCHTOHY
€JIeKTpOHHO-AipKoBUXx nap. OTxke, MUTaHHA NpPO MeXaHi3M
BHHHKHEHHsI NepBUHHHUX. eNeKTPoHiB B PbS ocrarouyno He
po3B’si3aHe.

Byau noBinomuenss, mwo PbS npu HU3bKHX TeMmepaty-
pax crae HaaAnpoBiNHHKOM. B misHilux AocaigkeHHsAX Ha
YHCTHX 3pa3kax OyJo MOKa3aHo, L0 MPHHAKMHI A0 TeMme-
patypu 1,3° K yci unenn rpynu PbS He e HaanmpoBigHuka-
mu. B THX 3paskax, Ae OyJja BHfIBJeHAa HAANPOBiAHICTb,
JdaHi peHTreHOCTPYKTYPHOrO aHaJsi3y Nokas3aau HHTKH CBHH-
uio Ha Mexax 3epeH. Enepria ionisauii pomimwrkoBux aro-
MiB 6Jiu3bKa HYJ10, MeHlIe OAHiel THCAYHOI eJeKTPOHO-
BosbTa. Besuuuna BOUpaHHA CBiTMa A48 LITYYHHX MOHO-
KPHUCTaJiB 3a/eXXUThb BiA BMIiCTy AOMILIOK i TemmepaTypw.
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Hedexktn Kpucraaiuvoi pewitkn y PbS nposiBasiioTh
cebe sk piBHi 3axomyeHHs a6o pekoMGiHauiliHi UeHTpH.
Yac xuTTsi HOCiiB B Matepiani 3 mgomimkaMu aopiBHIOE
300 mxrcek, y «BiaacHOMy» — 160 mKcek.

Tabauys 22
YyrausicTh pisHUX HANIBHPOBiAHHRIB X0 iH@pauepBOHOro caiTiIa
‘Ja 'fa
PeuopuHa )‘300(3 |J(u *) App (B #K) || Peuosuna )‘300(3 ﬂ”) App (B k)
Sb — >16 ZnTe 1,4 3,5
St 1,1 1,5; 14 | HgTe 3,1 3,9
Ge 1,72 2 T, Te 1,6 2,6
Te >2,3,7 4,3 Sb,Te, 1,6 2,6
(90°K) (90°K) [ MoTe, 1,6 2,6
Sn(cipe) |He BusiBneHa —_ UTe, 1,35 2,5
CdSe 0,735 2 (Bucokall MoS, 2 >2
uyytau- | Bi,Te, 2,8 4
BiCTb) (90° K)
Cu,Te 1,3 2,2 Mg,Sb, — <2,8
Ag,Te 1,3 3,0 InSb - 7,5
InTe — 2,2 (20°C)

Hapeiuri, cnig Biamitute, mwo Tinbky uienn rpynu PbS
edeKTHBHO MpauioloTh B o6aacti xBuab Big 3,5 mo 8 mk.
Cepen BeJHKOl KiJbKOCTi HamiBNpOBiAHHKIB, YYTJIHBHX B
iHppauepBoHi#i o6aacrti cnekrpa (ta6a, 22), xou i € Taki,
y SAKHX YYTJUBiCTb TATHeTbCS N0 3,5—4 MK, NMPOTe BOHH Y
nopiBHAHHI 3 Marepianamu rpynu PbS Masouyrtausi.

6. ImTepmeraniuni HAMiBHPOBITHAKOBI CHMOMYyEH

[HTepmeraniuyHi cnonyku (cmonykd ABoX abo KijJbKOX
MeTaJsiB) XapaKTepHi THM, W10 iCHYIOTb y TBepaoMy i pia-
KOMYy CTaHax, MaloTb KpHCTaJdiuyHy pewIiTKy, BiAMiHHY Bin
pelliTOK KOMIIOHeHTIB, i 3a/1MIIAlOThCA OJHOPiAHMMH B Me-
’)Kax TMeBHOI KOHLEHTpauii HaAJHUIKOBHX KOMIIOHEHTIB,
yTBOPIOIOYUM 3 HUMM TBepAi po3uvHHU. IHTepMeraaimam, K
iX lle iHakKlle Ha3WBalOTb, MOXKHA NDUMHCATH NMEBHY XiMiu-
gy dopmyay; ix ¢isuuni i ximiuni BnactuBocTi MaiiKe 3aB-
KOM JyXKe CHJIbHO BiJApi3HsIOTbCA Bia BjaacTuBOCTEH
BHXiJHHX KOMIIOHEHTiB. IHTepMeTaJsiiu i3 CKJIAAHOWO pelliT-
KOI) TBepAi, KPHUXKi, MaiTb HH3bKY eJNeKTPONPOBiAHICTb.

Itesixi iHTepMeTansigm MalOTb KOpPHUCHI HaniBNpOBilHH-
®KOoBi BjacTHBOCTi. [J0 HHX HaJexXaTb CIOJYKH eJeMEHTiB
cpyn IIIB i VB: amowminilo, ingilo i raxilo 3 cypmoio,
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¢ochopom i muur'skoM; cnoayku rpyn IIB i VIB: HgSe,
HgTe; cnoayku rpyn VB i VIB: cypmu a6o BicMyTy 3
TeaypoM Ta cejieHoM; rpyn IA i VB: Cs3Sb; rpyn IIIB i VIB:
InoTes i neski iHwi. 3HauHa KiabKicTe iHTepMeTasiu-
HHX HaniBMPOBiAHUKOBHX CHOJYK KpDHCTaJi3yeTbcsl B KY-
GiuHifi pewitui Tuny cdanepury ZnS, noni6Hii g0 pemiTKHu
anma3da (mouB. puc. 12). IlpukaagoM MOxXyTb OyTu CIO-
ayku rpyn IIIB i VB: In.Te;, HgSe, HgTe, B-HgS.

3pyYHHM i NOLIMPEHHM CIOCOGOM BHIOTOBJIEHHSI iHTEp-
MeTaniniB € crnoci6 crnyiaBJeHHS! KOMIIOHEHTiB, SIKHH BHKO-
HYIOTb TaK:

1) roryloTb MOXKJHBO YHCTi BHUXiHi Marepiaju — KOM-
MOHEHTH CIIOJYKH;

2) BimBaXxyloTb 4MCTi.Marepianu y KiJbKOCTsX, AKi Bil-
fI0Bifal0Tb CTEXiOMETPHYHOMY CHiBBiJHOLIEHHIO, BPaxoBY-
f0YH MOXKJIHBe BUNAPOBYBAHHSI KOMMOHeHTiB abo iHLIi BTpa-
TH MiA yac cnJiaBJIeHHS;

3) Gepyuu HO yBaru TemnepaTtypy NJaBJeHHS CIOJYKH,
MOKJIHBiCTb XiMiyHOI B3aeMopii 3 MartepiajoM Turas i Ha-
BKOJIMIIHBOIO aTMOC(EPOIO, MPOBAAATh CIUIABJIEHHS KOM-
TIOHEeHTIB.

Hnsa 6iapliocTi peyoBHH HaWKpamluMu YMOBaMH AJf
CIJIaBJIeHHS] € CIVIaBJIeHHs B 3amasHifi i monepenHbo BiA-
KayaHifi 10 BHCOKOro BakyyMy KBapuoBi ammyai. Taki
peuoBnHy, sk InSb, InP, InGa, HgSe, HgTe, moxHa Ge3-
nocepefHbO CIIABJATH B KBapuoBiit amnyni, AISb —B
KODYHAHM30BOMY THIJIi, BCTaBJeHOMy B ammyay, MgsSbe,
MgoSn — B THrIIX 3 ayxKe uucroro rpadiry i B atMocdepi
aproy a6o reqito. OcTaHHi peYOBHHH MOXHA CIJIABJSATH
B aTMocdepi inepTHuX rasiB nin mapoM d¢urocy, Hampu-
kaan, kapaajaity (MgClp - KC1- 6H0), SboSes, BisSes moxk-
Ha CIJIABJASATH B CKJSHUX 3amnasiHHX BaKyyMHHX TpyOKax.

Cnonykn enementiB rpyn IIIB i VB 3a cBoimMu Bia-
cruBocTsiMi Gau3bki 1o enementiB rpynu IVB. [eski
3 HUX MOXXHa BHKODHUCTOBYBATH y BUIpPSIMJsYAX, MiACHJIO-
Bauax, (poToesJleKTPHYHHX reHepaTopax i iHIIMX Npuaagax
B THX YMOBaX, B IKMX repMaHiil i KpeMHi#i Maso e(eKTHBHI
abo 3oBciM HenpupatHi. ToMy iHTepMerTasiuHi CHOJYKH €
NpeIMeTOM iHTEHCHBHHX AOCJiJXKeHb yYeHHX BCbOI'O CBITY.
HaiiGinbw cepito3HHMU MepelIKOAaMH MpPU JOCHiAKEHHAX
i 3acTocyBaHHSIX iHTepMeETaJiYHHX CHOJYK € BiACYTHiCTb
JIOCTaTHbO YHCTHX BHXiAHHX MeTastiB Ta HaBiThb po3polie-
HHX METOIAMK iX ouucTKH. He MeHW CKJIafHOIO CNpaBoIo €
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OUMCTKA ONEepXKAaHHX CMNOJNYK i BHPOILYBAHHS 3 HHX LOCKO-
HaJuX CTeXiOMeTPUYHUX MOHOKpHCTaJiB. MeTOOHKH BHPO-
ILyBAHHSI MOHOKPHCTaJiB 3 eJleMeHTiB YacTo MaJonpHiaaTHi
IJ1s1 CIIOJIYK. :

TexHoJsoriuni geTasi BHUTOTOBJIEHHSI HARUHUCTHX i Jero-
BaHUX iHTepMeTa/iuHHX MaTepiaJiB, yTBODEHHS 3 HUX p—Ii-
nepexofiB i OMiYHMX KOHTAaKTiB B JIiTepaTypi BHCBIiT/IIOIOTb-
cs MaJgo. B Ham yac oco6JuBY yBary AOCJiIHHKIB NpHBep-
tatotb InSb, InAs, GaAs, AlSb, HgSe, HgTe.

AnTumonio aarominiro (AISb) sik marepian B paniorex-
HiYHHX NpHJazax MoOXHa BHKODHCTOBYBAaTH MNpH TeMrepa-
Typax e BHIIUX, HiXX KpeMHil. Kpim TOFoO, coHsiuni Gara-
pel 3 AlSb mMoxyTb MaTu KoediunieHT kopucHoi nii Bumui,
Hi)X aHaJIOriyHOro THINy KpeMHilioBi ¢doroeneMeHTH.

Apcenid eaxito (GaAs) Mae HaniBNpoBiZHHKOBI xapak-
TepucTHKH, 6au3bki no AlSb. Ha p—n-nepexonax B GaAs
no6ynoBaHi edeKTHBHI ()OTOeJEMEHTH, Y SIKHX MaKCHMaJlb-
HUH K.K.O. MoXe OyTH GinbliuM, Hixk y KpeMmHilo, CdS i
iHWnX BinoMux MmaTtepianax. PoroesieMEHT, BUTOTOBJEHUH 3
nojikpucraiaiudoro n-GaAs, ofepKaHOro 30HHOK I1aB-
KOIo, MaB Taki faHi: KK.I. = 4%, lcs = 4,8 ma/cm?, Uxx=
= 0,73 6 npu coHsiuHiil pagmiauii 60 mar/cm2.

3a nanumu JxenHi i in. [12] p—n-nepexin BuroroBssiB-
cs y MOHOKpHcTaJgiuHili myatiBui GaAs n-Tuny masixom au-
¢y3ii B Hporo kaamito. 1o 6a3u i 10 MoBepxHi 3 AipKOBHUM
THIIOM NpPOBiAHOCTI MNPHKpim/IOBanAuCs OMiYHi KOHTAaKTH.
P — n-nepexin ocBitiioBaBcst COHsAUHHM cBiTaoM. Makcu-
MaJbHUH K.K.J, BUTOTOBJEHHX (oToeseMeHTiB NOpiBHIOBaB
6,5% n0pu MOTYXHOCTI Nagaouyoro COHSYHOrO CBiTJa
5,7 mst/cm?, nnowi p—n-nepexony 7-10~3 cm? i Buxinuii
NOTYXKHOCTi 2,6 MKBT.

AnTtumonio indiro (InSb) uiHHME He3BHUaAHHO BHCOKOIO,
no 80 THC. cm?/8: cex, PYXJUBICTIO eJIeKTPOHiB, He3piBHSH-
HO BHIIOIO, HiXX y repmadiio. Lle 3B’s3aH0 3 Manoio edek-
THBHOI0O Macoi enekTpoHiB — 0,036 my, MOXKJIHBOWIO JHIe
B CTPYKTYpPax 3 TaKHM THIIOM 3B’A3KYy.

B InSb cnocrepiraerscs ¢oro-e.p.c. i ¢dhoTonpoBigHiCTbL
B obJsacTi BiJ BUAHMOro cBiT/a n0 7,5 MK NpHu Temnepartypi
20° C, uwo i po6uth Horo yHikaJbHUM cepel pPellTH BiAOMHX
HaniBnpoBixHuKiB. Kpaiui ¢oroeneKTpuuHi BJIACTHBOCTI BHU-
SIBJSAIOTh JIEFrOBaHi MOHOKDHCTaJNH i MOJiKpHCTaJiuyHHH Ma-
tepias. BuHCOKY pyXJuBiCTb eNeKTPOHIB BHKOPHCTOBYIOTH
B naTtuukax epekty Xosanaa. [lpunan 448 BHMipIOBaHH®
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Hanpy>XeHOCTi MAarHiTHOro mnoJif, 3acHOBaHHWil Ha edeKTi
Xonna B InSb, y 300 pa3 uyrauBiluuii, HiXX moxiGHH# mpu-
Jaj 3 repmanilo. 3 miAcuiaioBayeM BiH Moxe GYTH BHKODH-
CTaHUH 9K KoMmnac, sKUH pearye Ha 3MiHy MarHiTHOro mnoJss
~10-% epc. BUKOpUCTOBYIOYH
edekr Xosasa B InSb, MoxHa
no6yayBaTh Uiani psAd iHIIKX
TeXHiYHUX MpuJaanis, npore
MaJH#l TUTOMHH oOmip UbOro
MaTepiany cTae Ha mMepelko-
i mpu poO3B’sI3aHHi CXEeMHHX
MHTaHb.

B apcenioi indiro (InAs),
noxi6uo no InSb, Takox cno-

(&=

CTepiraeTbcsi AyxKe BHCOKA =
PYXJHBIiCTb €JEKTPOHIiB — A0 \§\ f
23 THC. cMm?[8 - cek; WHPHUHA 3 %
3a60pOHeHO1 30HH i e eKTHBHI %
MacH ejieKTpoHiB y InAs npu- N
6JiM3HO BABiui Gisblui, HiX Y %
InSb, Tomy npu Temneparypi N

[

S
) 2

Huxue 700° K BupodKeHHS Y
Hboro BiacyTHe. Lle mo3sBouase 2
BHKOpHCTOBYBaTH InAs B

3HaYHOMY  TeMIlepaTypHOMY 1

intepBani, 60 KoediuieHT

XoJssa i pyXJaHBiCTh MaloTh

MaJgl  TeMIepaTypkl koedi- py. 53 Anapatypa Aas BUTS-

HIEHTH. . ryBaHHsi MOHOKPHCTaJiB i3 po3-
MoHokpucranu InSb i naaBy cmomyk, ski posknana-

InAs BupoOLLYIOTb CNOCOGOM

I0TbCA INPH -TeMrnepaTypax, OJH-

. '3bKHUX OO0 TOYKH NJIaBJI€HHA:

BHTSATaHH KPHCT?LHa 8 p03; I — Turenp; 2 — posnuiaB; 3 — Miy;
NnaaBy Yy BAaKyyMHIM 3anasiHId 4 — marniT; 5—Kaz;puoaa Tpgﬁxa:

H © 6 — 3ajii3He ocepAsA; 7 — NPUCTPiH mas
ammy.Jii. Ha puc. 53 nokasanuii § - oot oee A arpaska; 9 — Bn-
po3pi3 anapatypu OJs BHUTHA- COKOYAaCTOTHHH HarpiBHHK.
raHHsi MOHOKpHCTaJiB i3 po3- \
nJaBy CHOJNYK, sKi PpO3KJanaloThCs INpU TeMmmepatypax
6MM3bKHUX A0 TOUKH nJuaBieHHs. Lleit cnmoci6 roguTbecs AN
BHDOLLYBAHHS MOHOKpPHCTaJiB 3 ycix crnoayk tamy A''® —
BVb,

Cenenid i teaypuo pryri (HgSe i HgTe) € enunumu
npelcTaBHUKaMM HaniBMNpOBiAHMKIB, fIKi y TOHKHX Hamna-
pPOBaHUX MOJiKpuCTaNiyHHUX MJiBKax Malxe 30epiraloTb Ti
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JK eJIeKTPHUYHi napaMeTpH, IKUMH BOJIOAIIOTb MOHOKDHCTAJIH.
[To-nepure, e CTOCYEThCS BHCOKOi pPYXJHBOCTI eJieK-
TPOHIB, fika B NJiBKax 3aBTOBLWIKH 5—10 MKk mocsirae 3Ha-
yeHb 3—6 THC. cm2-81.cex~!, mo GJU3BbKO [0 3HayeHb
B MOHOKpHcTanax — 10 tuc. cm?.6-1.cex~1.

IlpoBignicTs nJiBOK eJdekTpoHHa mnopsaky 102—103
om~1.cau~!, MoxHa BHFOTOBHTH ILNIIBKH 3 HYJbOBHM TeM-
riepaTypHHM Koe(ili€HTOM -Onopy.

IMnibku 3 HgSe i HgTe 3acTocoByloTh K JaTuMKH
epexry Xoisia, fKi . XapaKTepH3YyIOTbCSl IPOCTOTOI BHIO-
TOBJIEHHSI; BHTOTOBJIATM IX MOXHa MacOBHM IOPSIAKOM 3a
‘€HHOI0O TeXHOJIOTI€l0.

Oco6aiiBo LiHHOIO PHCOK iX € caaba 3alexHicTb Mix
nocrifinolo XoJa R i HanpyxeHicTio MarHiTHoro moas f.
Tomy npu BHMipIOBaHHSIX MAarHiTHHX IOJiB MOXHa BHXO-
ouTH 3 JiHilHOI 3anexHocti Mixk H i nanpyroio Xoaaa U,
Ha eJIeKTpoJax.

Cenenio cypmu (SbeSes) i anrumonio sicmyry (BiSby)
JOCJiAXKYBaJUCh K MOXJMBI MaTepianu /i BHIOTOBJIEH-
Hs TepMoreHeparopis.

Antumonio yesiro (SbCsz) € MarepiasoM Jsi BiZOMHX
cypM’siHO-1ie3ifioBUX (oOTOKaTOAIB y BaKyyMHHX i rasoHa-
NOBHEHHUX ¢oToeseMeHTaX, GOTOAMHATPOHAX, (POTONOMHOXKY-
Bauax i iH. [Iponec yrBopeHHs ¢orouytauBoro mapy SbCss
CKNaflaeTbCs i3 HaHeceHHsl Y BakKyyMi Ha cTiHKy OaJioHa
mapy cypMu i o6po6ui uboro mapy naporw Lesiro npubJaus-
Ho npu 180—200° C. B pe3syabraTi 06po6GKH IIAD CIOJYKH
pobuThCS MPO30PHM, TEMHO-YEPBOHMM, MUTOMHUH omip uiapy
36isblLIyeTbest TpU6an3HO B 10° pas.

Iupuna 3a6opoHenoi 3ouu AE nopiBHioe 0,8 es. Enep-
ris TepmiuHOi ioHi3auii esekTpoHiB AE, NOMILIKOBUX LEHT-
piB y pemitui SbCs; mopissioe 0,28 i 0,215 es. Tun npo-
BigHocti nipkoBuil. 3a manumu I1. T'. Bopaska [5] doro-
npoBigHicTy mapy SbCs; npu TeMnepatypi piakoro mosiTps
36iabmyerscss y 10° pa3 mopiBHSHO A0 KiMHAaTHOI.

ExoHoMHMM i MJIONOTBOPHMM METOLOM YTBODEHHSI He-
nepepBHOro psAny iHTepMeTaJJiyHUX OiHApHHUX CHOJYK i
‘CIJIaBiB, 3pYUYHHM [Jisi NPOBENEHHs PO3BiAyBaJibHHX HayKO-
BUX gocaimxkenp, € Meron C. A, Bekmuncbkoro [8]. Bin
noJsirae B TOMY, 110 Ha HigKJIaAKy 3 i3osasiTopa Hamapo-
BYIOTb Y BakyyMi ABa pi3Hi MeTaJiu 3 [JBOX DO3HECEHHX HaA
JlesKy Bignanab mxkepes. [IpH OfNHOYAaCHOMY BHNIAPOBYBaHHI
-060X MeTaJiB aTOMH iX OcigaloTh BIepeMiXKy Ha IOBepXHi
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OiAKJIaAKH B KiJIbKOCTi, iIKa 3aJIeXXHTh Bill BiZHOCHOro pos3-
TallyBaHHSA J2KepeJs, Bigmanai no niowuHW, Ha sKiit BigOy-
BaeThCsi KOHAEHCAallis, TeMmepaTyp MeTaJiB i MNpPy>XKHOCTi
napu KOXHOro 3 Hux. [Ipu HaJexXHO BHCOKiH TeMneparypi
NiAKJaAKH BiAOyBaeTbcs LIBHAKE NPOTiKAHHA peakuii cro-
Jy4eHHS] KOMMOHeHTiB. Jloc/aifHHUKIB 3BHYafiHO WiKaBJAATb
NUTAHHA CNiBBifHOLIEHHA MiX KOMIIOHEHTaMH y pi3HHX Mic-
ufAX noBepxHi KoHIeHcamii, ¢isuyHi BaacTuBOCTi cniaBiB
Ha OKpPeMHX HiJNITHKax, TOBILUMHA luapy TOLIO.

v S
hﬁ‘< 5/73 "
+y ’/,/XQ N

w3 )

-X g +

X ———pe | = X—=r

-y
L

Puc. 54. lo pospaxyHKy posnonmy KOHJeHcaTa Ha MJio-
wHHi Bix nBox mxepen (3a C. A. BeKIIHHCBHKUM).

[[lo6 BHUSCHHTH, K PO3B’I3YIOTbCS Wi MHTAHHS, PO3ras-
HeMO puc. 54.

Hexaii nnomnna MN e noBepxHelo KoHAeHcauii. B Tou-
kax A i B po3ramoBaHi HeHTpH Kpamesab MeTaJiB, L0 BH-
napoByloTbCs. Bignane Mix Kpamasmu L, Bin Kpamnesb 10
noBepXHi Biflati oAHaKOBi i HOpiBHIOWTL ha i hp a6o h.

BunapoByBanus aTomiB aGo MoJeKy.a 3 nosepxm Ma-
JIeHbKOI KpanesJbKH YTBOPIOE Y BHCOKOMY BaKyyMi MoOJeKy-
JsipHUH NOTiK, aHaJOriYHWA NOTOKY CBiTJa Bil TOYKOBOIO
IiKepesia cBiTJaa.

Hnsi posmoninly noBepxHeBOlI T'yCTHHH KOHMAEHCATiB
ga_i gs (e/cm®) Ha moBepxHi MN B310BX oCi X Bin KOX-
HOi Kpansi OKpeMo, siKIO 3AiHCHIOETbCs chepHuHHil po3mo-
Lis mapu B NpoCTOpi, MaeMO TakKi BHpa3H:

_Qa 1
qA - 4nh? (1 + a?q)3/2 ’
Qp 1

B= g T a3
q TR (1 1 o)
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ne Qa i Qs — Macu MeraJiB, ski Gy/au BTpayeHi KOXHOIO
KpanJjeio 3a yac IOcCainy;
X X
A B .
aA:h_A ) aB= 73—,
Xa i Xp BilpaxoBYIOTbCS Bil CBOrO HYyJf, SIKHH JIEXKHThb
NpH OCHOBi NeprneHAMKyadpa, ONyLIEeHOro 3 LeHTpa Bil-
noBigHOI Kpamsi Ha MJOILMHY KOHAeHcaulii.
SIkmo npuiiHATH 32 HyJb NpOeKUilo UeHTpa kpamai A
Ha naowuHy MN, MaeMo

x . L—x
Ap= — L ap = h

[Jis TOYOK, fIKi JiexkaTb Ha oci Ox.
s 6yab-aKoi TOYKM Ha MJIOLIMHI 3 KOOPAHHATaMH Xy

Pa V x*+ y?
. PB L — x)* 4 y?
ap - __V( h) y.

Ckaan 6iHapHOl cyMmiuli, fika CKOHIeHCyBaJiacs B ToOulli
(%, y), OIHO3HAYHO BHU3HAUAETbCS BiNHOUIEHHSAM 7 MOBepX-
HeBHX TYCTHH KOHIeHCaTiB 060X KOMIIOHEHTIB,

9a

T 4

[le BigHOWIEHHs nOpiBHIOE
n= Qa [1 + “2BJ3/2.

Q 2
8 1 +ay
SIkio Mae Miclle BigHOLIEHHS
9a _ Qa
dB QZ; ’

TO MOBMHHA 3JilicHIOBaTHCA DiBHIiCTH
140} =1+4a%,
3BiIKK )
L
X = 5
ans 6ylb-AKHX 3HAuYeHb Y.
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Ortxe, npu 3a3HayeHUX YMOBaX YCi TOUKHM MOPsAMOI, sKa
npoxoauTh Ha noBepxHi MN mnocepennHi Mix mnpoekuismu
UeHTPiB Kpamneab, MaloTb MOCTiHHH{ CcKJajA; BiH TOYHO HoO-
PiBHIOE BiNHOLIEHHIO TMOBHHUX KiabKoctedi Qa i Qp, BHuma-
POBaHHX KpamJsMHu.

[TpuiiHATi BuIUe, Npu po3rasni MeToay, oOMeXeHHA B
yMoBax He o6GoB’si3KoBi. JlocJiHHK MoOxKe Ha cBifi po3scyn

Qs . . P
subpaTu BeJHUHHH L, h,—(—?— i mpoBecTH BiAMOBiAHI 3MiHM
y dopmysax. ; B

Tak, axkwmo Bigganb MiX [QXepejJaMy Napu BejJHKa Mo-
PiBHSIHO 3 BiAAandl A0 MNOBepPXHi KOHAeHcalii, B TOYKax
NoBepXHi MifAl KpamjisiMH KOHAEHCAaT NPaKTHYHO CKJIanaTH-
MeTbCsl 3 OJHOTO YHCTOTO KOMIMOHEHTa: Mmia Kpamiaeiwo A — 3
KoMmnoHeHTa A, mig Kpamaeiww B — 3 kommnoHeHTa B.

B3noBxk npsamoi, mo 3’eaHye npoekuii Touok A i B,
OyAyTb MOCJiLOBHO PO3TallOBaHi 3MillaHi KOHOEHCATH YycCix
MOXJMBHX TNpOMNOpPUifi BiA yucToro merany A Q0 YHCTOTO
MeTtasay B BkiiouHo. ToBLIHHA LIapy KOHAeHcaTa Moxe OYTH
BH3HaueHa uepe3 Macy CKOHJEHCOBAaHHX pEYOBHH, SKILO
BigOMa rycTHHa NpPONYKTy KOHAeHcauii. Maca Ha omuHuLi
noBepxHi ¢ (x, y) a6o nuTOMa MOBepXHeBa I'YCTHHA KOH-
NleHcaTa BH3HAYAEThCA CYMOIO TMOBHHX KiJbKocTel 060X
KOMIIOHEHTIB, AIKi OCiJii Ha naHiil nJaowaaui

g(x, y)=gqa(x, ¥)+4gs(x, ),
abo

'(x y=-! Q 1 9 1
POV = | vy Ty G+ |
AKIIO0 BHNAPOBYBAaHHSA MPOBAAHJOCS i3 CHEPHUHHX IKepel.
ToBwMHA a wapy KoHOeHcaTa Ha miaowanui S (x, y) mo-
PiBHIOE
(x, ;/)e‘m"? q
a=q—————d =T
2:CM

HocaimxeHHs: ¢i3HYHHX BJIACTUBOCTEH ycboro Habopy
yTBOpIOBaHUX GiHapHHX cyMiulelf i cnsaBiB Moxe NpoBa-
AUTHCS Y BHCOKOMY BaKyyMi, HaBiTb Mifl yac npouecy KOH-
neHcauil, micas a6o mig uyac tepMiuHOi 06poOKH, B 3ama-
SIHUX Tpujaajfax 6e3 KOHTAKTY 3 HaBKOJIHLIHBOIO aTMocde-
poto. OnTuuHi HOCHiIXKEHHS TMpoOBaisATb 3a [A0MNOMOrOIo
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BY3bKHX CBIiTJIOBHX 30HAiB. [Insi mpoBeleHHs! eNeKTPUUHUX
NOCHiJ)KeHb Ha TIOBepXHi KOHJAeHcalii cJaia 3asgaserinb
BHIOTOBUTH eJIEKTPHUHi .KOHTakKTH. [Ilo6° okpemi ninsiHKn
KOHJIEHCOBAHOrO LIapy He 3aKOpOuyBaJd OJHA OXHY, MeTa-
JU HamapoBYyIOTb uepe3 TpadapeT, nocTaBjeHHH Ha LIIAXY
MOJIEKYJIIPHHX TYyuKiB. B Micusx. TiHi Bix TpacdapeTy KOH-
neHcaTa Ha moBepxHi He Gyle.

Tabauya 23
Iupuaa 3a60poHeHOi 30HU i iHINi BIACTHBOCTI CHOXYE -THMY
AIB pVB '
Seora® |Eveorin pi. | B
Cnony- | Tna [AEgepmu| AEorn 285 senrnoro ;:5:;?&0 CNEKT- | yyk
ka |[(B°C)| (B es) (B e8) : OTQ 3B’asky | g PHYHA |35,0m-
(8 e8/°K) E lon | ctana | jeupg
KOB | (B es) € n
(8 e8)
AP [>1000] — ~3 — — — — —
AlAs |>1200] — ~2,2 - — — —
AlSb 1060 1,6 1,5 |—35.10~%{ 0,25 | 1,2 | 10,1 | 3,0
GaP [~1350| — |2,4,2,3 [—55-107%| 1,1 | 1,2 | 8,1 (~2,9
GaAs | 1240, — ,1=1, — 0,8 0,6 | 11,11 3,2
GaSb 720| 0,80 7 —3.10* | 0,29 | 0,41| 14,0 3,7
InP 1070 — 1,25 — 0,46 | 0,7 | 10,8 3,0
inAs 942| 0,47 | 0,35 —4.107%{ 0,32 | 0,03| 11,7 3,2
InSb 5250 0,27 | 0,18 | —3-10=*| 0,08 | 0,1 | 15,9 4,1
Tabauys 24

PyxausicTh, eeETHBHI MacH HocCiiB, Audy3ifiHa TOBEKHHA
i mimaromui Bigxaxi y emoaysax A5 BVEB

PyxausicTb Hoclis Edektusil mack E&?{Z_ MiskaToma
Croayxa |4 (B c#*ja-cex)|up(s cu’ja-cex) uoclis oB3iu-| BlAAAAL d
- Ha (A)
(300° K) Mmplmg | MpiMg |1 (B mx)
AlSb 1200 200 — — ~20 2,62
GaAs 4 000 >200 0,03 — — 2,44
GaSb 4000 850 ~0,2 ~0,3| — 2,64
InP 3400 650 — — 400 2,54
InAs 30 000 ~200 0.07 0,3 — 2,62
InSb 77 000 ~1250 0,03;0,014{ 0,2 50 2,79

Ha Tux npinsiHkax nmoBepxHi, Jle CKJaA KOHAeHcaTa TOu-
HO BiAmOBifZae crexioMeTpHuHOMY CKJaAy iHTepMeTasiyHOl
HamiBNPOBiAHHKOBOI CNOJYKH, (pi3HyHi XapaKTepHCTHKH 11a-
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py eKCTpeMaJibHO BiJpi3HAIOTbCA Bifl THX Ke XapakTepH-
CTHK Ha cycigHix ninsiHkax. IIpoBimHicTh Mae HaiiMeHLle
3HauyeHHsl, TepMO-e.p.C.— MaKCHMaJbHa, 3MiHIOETbCSA KOJIip,
npo3opicTb Ha rPaHHUSAX NiJSHKH CTeXiOMeTPHYHOro CKJa-
oy i T o

ITo reoMeTpHYHOMY pO3TalIYBaHHIO AiJMISTHKH HA MJIOLLKHI
MOXHa BH3HAUUTH MPOLEHTHUH BMICT KOXXHOTO KOMIIOHEH-
Ta i XiMiuHy (opMyJay HamiBIpPOBiZHHKOBOI cmoJyku. He-
HOJiKOM IbOro MeTOAYy € ONePXKaHHs CHNOJYK i CIJaBiB
Yy sueanldi nOAIKPUCTAAIYHUX NAIBOK i3 3HAUHOK KiJBbKIiCTIO
CTPYKTYpHHX necekTiB. IIpoTe Ieii MeTOA 3acTOCOBYIOTH 3
yCHnixoM NpH BHBYEHHI iHTepMeTaliyHHX CHOJYK.

3a ocTaHHi POKM Pi3HMUMH MeTonaMu OYyJH NOCHifxKeHi
i BUBUEHi COTHi iHTepMeTaJliyHHX cmoayk. Jlesiki BimomocTi
npo HalBaXJUBilIi 3 HUX NOAAaeMo HUXKue B TabJ. 23 ta 24.

Tonna uacTka 3B’3Ky y 3arajJiJbHOMy 3B’SI3Ky, OlepKaHa
Y. I'yameHoM, € pi3HHIEI0 MiX IIHPHHOIO 3a6OpOHEHOoI 30-
HH i eHepri€lo KOBaJIEHTHOro 3B’fI3KY.



Po3dia IIT

SATAJNBHA XAPARTEPHCTHRA MATEPIAJIB
I METOJAIB OYHCTKH

§ 1. XAPAKTEPHCTHKA MATEPIAJIB HANIIBIIPOBITHHKOBOIO
BHPOBHHITBA

1. IIpo 4ncTOTY HAHMIBIPOBITHAKOBHX MaTepiaJtain

Po3BuTOK HaniBNpoBIAHHKOBOI €JeKTPOHiKM BHMarae
Bil XiMiyHOI MPOMHCJOBOCTI i HamiBNpOBiAHHMKOBOI Mera-
Jayprii MarepiasiB BHCOKOGI YHCTOTH 3 Pi3HMM, aJjie KOHTpO-
JIbOBAHUM BMiCTOM AOMIlLIOK.

Cepen MartepiaJyiiB 3HauuTbCs GaraTo piAKiCHHX esieMeH-
TiB, Y4MUMaJio KOJIbOPOBHX MeTaJiB, iHEPTHi Ta aKTHBHIi rasu,
pi3Hi crmosykH, XiMiuHi peakTHBH, MOCYI TOWILO.

Haiua BiTyn3HaAHA XiMiyHa NPOMHCJ/IOBICTb BUIIYyCKA€ BH-
COKOSIKiCHI peaKTHBH pi3HOro CTyNeHs XiMiuHOI YHCTOTH.
3rinio 3 [epxkaBHuM 3arajabHocolo3HuM CraHaaproM
(FOCT) i Texniunumu ymoBamu (TY) martepiaiu neBHOro
3pOCTalOYoro CTyMNeHsi YACTOTH MalOTh BiANOBifHI MO3HayeH-
HA: «udcTHil» (4.), «UHCTHEH OJs aHadisy» (4. 4. a.), «Xi-
MiYHO yHCTHH» (X. 4Y.), <«CHEKTPaJbHO-YHUCTHH» (CH, 4.).
HafimeHma KiJgbKicTh AOMIIIOK MiCTHTbCA B CMeKTpaJibHO-
YHCTOMY MaTtepiaJi.

XiMiyHO yMcCTi MaTepiajii 3a CBO€O YHCTOTOIO MPHAATHI
aasa Ginblmocti AOCAiAHMUbKUX pOGIT, AJsl CHHTe3y mpena-
paTiB B 1a60paTOPHUX YMOBax Ta /s NpoBedeHHS GisbLio-
.CTi BiAMOBiAHHMX aHaai3iB. BHroToB/JeHHs peaKkTHBIB BHLIO-
ro CTyneHsi YHCTOTH € CKJAJHOIO i JOpOroi CnpaBoio, TOMY
ix Tpe6a 3acTOCOBYBAaTH TiMIbKH TOAl, KOJH BOHH Ge3mepeu-
HO MOTPiOHi.
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YuctoTy Martepiany npuHHATO OLIHIOBAaTH MO alCOJIOT-
HOMY BMiCTy CTOPOHHiX aToMiB a60 MoOJIeKyJ/ MO BiJHOLIEH-
HIO 1O OCHOBHOI pEeYOBHHH, BU3HAYAIOUM ii SIK KOHIIEHTpa-
gilo B 6ylb-AKNX OAMHHUUAX. 3a ineaJbHO YHUCTY PEYOBHHY
8BaXKaloTb TAKY, IO CKJI4dAaeTbCs 3 OJHAKOBHX aTOMiB a6o
MoJsieKyJs. AJie siKpas ile NpPaKTHYHO BCTAHOBHTH HEMOKJIH-
B8o. YHucTtoTy Marepiandy [JOBOAHTbCS BH3HAyaTH 3 TaKoIo
TOYHICTIO;, IKa BUXOAHUTb 3 NMPAKTHYHHX MOTpeb i 3a/IeKHUThb
Bil cTynmeHs pPO3BHTKYy METOAHK aHanli3y. YMOBMIHCS BBa-
>)KaTH PeYOBHHY NOCTATHbO YHCTOIO, SKLUIO BOHA HE MICTHTb
JOMILIOK TaKoro COPTy i B TaKill KiJbKOCTi, sIKi mepelIKko-
IUKaloThb BHKOPHUCTaHHIO il [0Jis mpu3HayeHoi MmeTH. AHaui-
3yBaTH [penapaTtd Ha BMicT 6araTbOX OKpemux ejeMeHTIiB
Iy)Ke BaxXKKO i MpakTHUHO He3lificHeHHO. ToMy yMoBuJHCSA
Yy BHMOrax Ha NpenapaTH 3a3HauaTH, cyma AKux came 0o-
Mmiwkosux enementie abo epyn esemexTis He INOBHHHA Iie-
PEBHILYBATH AONYCTHMOi HOPMH.

Ins HaniBIpOBiAHMKOBOI NPOMHCJIOBOCTI Ta IOCJiAHH-
ubKHuX Jsabopartopifi yacto norpibHi mMaTepiasu pisHoro cTy-
TIeHs YKHCTOTH, aJjie BHILOro, HiXX CNEeKTPaJbHO YMCTi, SKi
06G’€eAHYIOTbCA Mill OAHi€I0 HA3BOI0 — «(i3HYHO UHUCTI».

@i3uKH, sKi MpauioTh B rajdysi HaniBNpoBiAHHKIB, BBa-
JKaTb MaTtepiajg (i3MYHO YHCTHM, SIKILO NPH TeMIeparty-
pax, OJH3bKHX HO KiMHaTHOI, NpOBiIHICTH 3AiHCHIOETHCS
BJIaCHUMH HOCiSIMM CTPYMY; KOHLIEHTPallisi X HOCiiB CTpy-
My, sIKi BUHUKJIH BHACJAiOK iOHi3auil AOMIlIKOBHX aTOMiB,
noBuHHa OyTH NpHHAKMHI Ha NOPAAOK MeHIIa KOHIEHTpa-
(il BJACHHX HOCIiB NMpuH YMOBi, 110 B3a€MHa KOMIIEHCYloua
Iis aKUenTOpHUX i JOHOPHUX AOMILIOK BiACYTHSI.

®i3uyHo uMcTi peyoBHHM MOTPiOHI Ak oOcHoBa nAnAA
BHUIOTOBJIEHHSI 3 HHX JIETOBAHUX MaTepiaJiB [/ KpHCTaJiy-
HUX palioTeXHiYHUX NpHIaAiB, BHNOPSAMJAUIB, oTOeNeMeH-
TiB Ta iH. [li3HaloTbcsi Npo HaABHCOKY YHCTOTY HamiBmpo-
BiIHMKOBUX MaTepiasiB MO eJeKTPHUYHHUX XapaKTepUCTHUKAX:
fIMTOMOMY ONOPOBi, KOHLEHTpaLii, PyXJHUBOCTi, Yyacy XHT-
TS HOCiiB CTPyMy TOLLO.

[ns pi3HUX OAHAKOBO (Di3MUHO YMUCTHX HAMiBNPOBinHH-
KiB HOPMH OZHHX i THX XKe JAOMilIOK pi3Hi. UuM 6Ginbuia
mypuHa 3a60pOHEHOl 30HH, THM CYBOpimli BUMOTH [0 BMi-
CTYy OOMIlIOK, SIKi CTalOTb MXepesoM [OMilIKOBHX HOCiiB
cTpyMy a6o BIJWBaOTh Ha nepe6ir pekombGiHaUilftHUX mpo-
ueciB. Hanpuknan, repMaHiii MoxXHa BBaxaTH ¢i3uuHo
YUCTUM, SKIIO HOro MUTOMHH oOmip Npu KiMHATHil TeMme-
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patypi nopiBHioe npu6ausno 50 om - cm. s BemnuuHa omo-
py BilNoOBilae KoHUeHTpauil BaacHuX HociiB 3103 cm—3,
sKi iCHYIOTb 3aBIfIKM TeMIepaTypHUM 30yIKEHHSIM aTOMiB
repMmadilo. B TakoMy repMmanilo KiJbKiCTb eJeKTpHYHO ak-
THBHHX aTOMiB [OMIlIKH He NepeBHIIYE OXHOI'O aToMa Ha
niBropa Mijiapna aTomiB repmadilo, a6o B NpOLEHTax Ie
CKJIaJlae

3-10'2-100

AT 1-10-7 9%.

Oas kpemuilo norpi6Ho, mo6 npu Temneparypi 300°K
KOHIIEHTpallisl eJeKTPHYHO aKTHBHUX aTOMiB NOMilIoK GyJa
Ha TpH NMOPAAKHM MeHIIa, HiX AJs repMadiio, npubIH3HO
10—100/0'

BanacHult nUTOMHH Onmip Takoro KpeMHilo MOBHHEH HOpiB-
wioBaTu 2 - 10° om - cm.

Cnig HaragaT, IO OPSAMHM aHagdizoM (XiMiyHHM 4u
CIeKTpaJbHUM) He MOXHa BCTAaHOBHTH, 110 MaTepian Mi-
CTHTb, Hamnpukjaajn, «ciM [eB’siTok», To6TOo 99,99999Y%,
OCHOBHO1 peyoBHHH. MOXHa Jullle TapaHTYBaTH, IO CyMa
BH3HAUYYBaHUX HOMimoOK He nepeBuurye 1-10-5%. Moxe
TpPamuTHCS, 110 CyMa HeaHaNi30BaHMX [AOMIlIOK CTaHOBH-
THUMe 3HAayHy 4YacTKy i BMICT OCHOBHOro KOMIOHeHTa Oyne
MEHLIMM, aJje, THMYacoM, Hiyoro Kpauloro 3anpomnoHYBaTH
He MOXHa.

2. TexHiyni BUMOrH HA OCHOBHI MaTepiaJnm s
HANIBIPOBiIHAKOBOI TeXHIKH

3rigno Texniynux Bumor yci marepianu pnas HaniBmpo-
BiZHMKOBOI TexHiKH momiasitotbesi Ha 3 Kaacu: A, B i C,

Kiac 4HMCTOTH BCTaHOBJIIOETHCS IO CyMi BH3HAUyBaHHX
nomimok. Kiac A oxomioe Mmatepian i3 BMICTOM OCHOBHO-
ro xommnoHeHTa 0 99,99%, To6TO 3 Ki/NbKiCTIO HOMilIOK
6inpie 0,01%.

Marepianu mporo Kjaacy aHaji3yloTb 3BHYAHHHUMH Me-
TOAAMH aHaJiTHYHOI XiMmii.

Knac B oxomnisioe Marepianu i3 BMicTOM AOMIIIOK Bif
0,01 g0 1-10-%%, xmac C —Bin 1+10-¢ go 1-10-109,

Ananis matepianiB knacy B nmocuTbh ckJaanHuil i BuUMa-
rae 3aCTOCyBaHHsl CYKYNHOCTi pi3HHX ©Gi3HYHHX MeToxiB
aHasi3y, Hanpukiad, eMiCifiHOro CHeKTpaJbHOro aHasisy,
MeToia MiueHHX aTOMiB, MacclmeKTpoMeTpii, palioakTuBa-
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uifinoro anaaisy, moasiporpadiunoi ocumsaorpacii Ta enex-
Tpodi3HUHHX MROCTifAKeHb HaMiBIPOBiIZHMKOBHX BJIACTHBO-
cref.

AHnanis pewoBuH kaacy C we Maao po3poGaeHuit. Bin
BMMarae cneuiajbHUX MeTOAMK aHaJi3y, FOJIOBHHM YHHOM
eJIeKTpO(Pi3nyHuX.

B Mexax KOXHOro Kjaacy Marepiasu pO3NOZiiAlOTbCS
Ha migkJaacH, siKi Mo YHCTOTI BiAPi3HAIOTbCS OMHH Bill OJAHO-
ro Ha oouH nopsigok, a came: Al, A2, B3, B4, B5, B6, C7,
C8, C9, C10. Uudpa micas 6yKBH NMOKa3ye KiJbKicTb HYJIB
y UHCJi, IKe BU3HAYa€ CyMy aHa/i30BaHHUX AOMIIIOK y mpo-
IleHTax.

Cknan peuoBuH i MapkipoBKa mpemapaTa 3ajeXHO Bif
KJlacy YHMCTOTH HaBeleHi B TabJ. 25.

Tabauya 25

Ckaajx peuoBuMHM i MapKipOBKa mpemapaTa BiZmOBixHO
X0 KJIACY 9YHCTOTH

Kaac 2:::‘%1- K%:{i:l%?- BMICT BHSHAYyBaHUX | Konip o6aamiBKM Ta CMYMXKH
nizkaac HenTa (y npo- | AoMlmok (y mpoues- Ha eTukerul
LeHTax) Tax)
Al 99.0—99.9 1,0—0,1 KopuunboBwuii
A2 99 .9—99,99 0,1—0,01 Cipuit
B3 — 10~2—10—3 Cuniit
B4 — 10-3—10—* BaakutHui
B5 — 10~%—10"° TemHo-3eneHn#
B6 — 10—5—10-6 CBiTa0-3e1eHui
C7 — 10—6—10—7 YepBoHuit
c8 — 10~7—10—8 Poxesnii
C9 — 108—10—° Kosrorapsunii
C10 — 10—9—10—10 CBiTlI10-)XOBTHH

Marepianu kaacy B4 i Bulle 060B’I3KOBO IepeBips-
I0TbCSI METOOM CIIEKTPaJIbHOTO aHaJgi3y, He3asexHo BiX cy-
KYNMHOCTi iHIUMX 3aCTOCOBAHMX MeTOMAIB aHaJi3y i Mmo3Ha-
YyeHb Ha eTHKeTIi.

Ta6a. 26 MicTUTL HOPMH JOMilIOK Y HaHroJIOBHILIKMX Ha-
NiBNpPOBiAHHKOBHX MaTepiasax BiAnoBiAHUX kJaciB. Tex-
HiYHi BHMOTI'H Ha repMaHiil i KpeMHiH CTOCYIOTbCSl MOJiKpH-
cTaJiyHoro marepiany, siKHH ife fK CHpDOBMHaA Ha BHIOTOB-
JIEHHs MOHOKPHCTaJiB BilMOBiAHMX Mapok.

Ta6a, 27 micTuTb HOPMH [OOMIIIOK B JAeSKHX MeTaJiax.
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HopMn aoMimok B mafiroJxoBHimux
Kax BixmoBizmo a0

Hassa BH-
SHaYyBAHUX Kpemnuli BS Fepmaniin B4 Teayp B4 Cipka B4
JAOMILWIOK
HasBHicTr NOMimOK y NpomeHTax

Asot 1108 1-1073 — -
Anowminiii [1.1007—1.10~8 1.1077 ° 1-10~° 1-10—°
Aprox — 1.10~3 — —
Bop 1.1077 1.10—¢ — -
Bananii _ 5.10—6 - —
Bicmyr — — 1.1075—1.107 -
Bonens 1.10~4 1.10~4 — —_
Byraeus 1.1075 - — -
Taxi# - 1.1076—1.1077 - 1-107°
Tentii — 1-103 — -
Innii —_ - — —
3oa0T0 — - 1-10~°—1.10"6 —
Kanmisi | — — — _
Kaabuii 1-10°6 1-1076 - -
Kuceunp 1-10-3 1-10—3 — —
Kpemniii — 4.107° 1-107* —
Masran 1.10~7 1-10~7 — 5.10~%
Maruni# 1.10~7 5.10~% 1-107% -
Harpiit — 1-1077 1.10~* —
Ou0B0 1-1007 — — —
Cpibno 1.10~7 1.10~7 — —
Prytp — — — —
Mims 1-10-8 1.10~8 1.1075—1.10-6] 1.10-5
3auxiso 1-1077 1.10~7 1.10~5 —
Ko6aabt — - — 1-10—°
Hikeas 1-10~7 —_ —_ 1.10—%
Mouni6aen — 1-10~5 - —
Boabdpam — — _ —
Tauran |1-107%—1.10~7 - — —
Cenen — — 1-10—* —
Cipka _ — 1.1077 1-10—4 —
Teayp — — - —
Mum'six 1.10~7 - 1-107°—1.10—% —
Cypma 1-10~7 — 1-1075—1.107¢  —
®ocpop [1-10~6—1.10~7 5.10~% — —
ChuHenp 1.1077 1-10~7 1-.107%—1.10"% —
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€JeMEHTAPHUX HANIBOPOBIZHM-
383HAYEHOr0 RJIacy

Tabauys 26

Haasa BH-
3HaYyBaHHX Ceaen B3 Bop B3 Muwr’ak B3 - Fpadit B3
aomiwok
HasaBHicTh NOMIWOK y mpomeHTax
Asot — — — —
AnoMiniit 1.10~* 1-10—* Enemenris _
1l rp. 1.107° | 1.107°
AproH — — - -
Bop — - - 1.10~6
Bananiit — — — —
Bicmyt 1.10~* — — —
Bonenn — — _ _
Byraeus — — —
TCauniii 1-10~* - — —
FCeaiii
Innii 1.10-* — — —
3oa0T0 — —_ — —
Kanmii 1-10~4 — — —
Kaabuiit — - - -
Kucenn — 104 - -
Kpemniii - 1-10—4 — —
Manran 1-107* — - 5.10—°
Maruiii 1.107° } 1.10—3 - 1.107°
Harpiii — — -
OnoBo 1.10~* — — -
Cpi6ao 1.1075 — - -
PryTp 11075 — — -
Mins 1-10—° — 5.10~%
3anizo 1-10-4 1.10~* 1-107% | 5.10~%
Ko6aabT 1.10—4 —
Hikeas 1-10~* — -
Moni6aen — — - —
Boabdpam — } 1-107* — -
TaHTaa - -
Cenen — - - —
Cipka 1.10~* — - -
Teayp 1-10™* — - —
Muwr’ sx 1.10-* — -
Cypma — } 1.10—° } EnemenriB —
Pocdop — Vrp 1074
CBuHenb — — — -
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HasBa Bu-

SHauYyBaHHUX Kpemuin B5 Cepmanlh B4 Teayp B4 Cipka B4
nomiuox

HasBHicThr AoMimoxk

Tutan 1.10~7 1-10~6 - -
Xpom — 3.107¢ - -
LlunK 1.10~7—1.10-8 1.1077 — -
Xaop (ra-

x0inH) - 1.10—6 1-10~* 1-107°
30abHICTD — — —_ N
Bitymu — - - 4-107°

Marepiany, 3a3naueHi B TabaulsiX, B 3aJ€XHOCTi BiA
KJ1aCy YHCTOTH MOXYTb OYTH BHKODHCTaHi JJfi pi3HOI MeTH:
CHHTE3y CIOJIYK, JIeryBaHHSl Npenaparis, sk BHXiqHa CHPO-
BHHA OJs OJepXaHHA HaJyHCTOro Marepiany abo sK Ma-
TepiaJ, Ge3rnocepeAHbO MNPHUAATHHH 1Ja BHPOOGHHITBA Ha-
NiBNPOBiAHHKOBUX NPHJAiB.

3. IlpasnJja NDOBOJXKEHHA 3 MaTrepiaJaMH BHCOKOI YHCTOTH

[Tepen6Gauaerses, mo oco6aM, sKi MalTb cnpaBy 3 Ha-
niBnpoBiAHMKaMH, BilOMi NpaBuJa MOBOAXKEHHS i3 3BHYai-
HUMH XiMiUHUMH peaKTHBaMH.

IIlono mnpemapariB BHCOKOI i YJbTPaBHCOKOI YHCTOTH
npasuJyia 36epiraHHs i KOPUCTYBaHHSI 3HAUHO CyBOpilli.

HaiironoBHimi 3 Hux Taki. Yci npenapatu uyuctoToro A2
i Buule nMoBHHHi 36epiraTHcs B cneuianabHux cefidax. 36e-
pirata i BinGupaTu npenapaTu MawoTh NpPaBO Julle KBaJi-
¢ikoBaHi npauiBHuku. Ha uncri npenapatu mae 6ytu 3aBe-
JeHa KHHra nacnopris, Ae 3a3HaualoTkcsi yci Bimomocti 3
nmacnopra mnpenapartiB: MapKa YCTaHOBKH, $ika BHUTOTOBHJIA
npenapat, Ne cepii maHoi naprii mpoaykLil, Kara BHIYCKY,
KOHIleHTpalil AoMimlok, Homep i gaTa BHAaui macmnopra.
Y cnenianbHilt rpacdi pobaaTb BigMiTKu mpo Bin6Gip mpena-
pata. KoxeH npenapar noBuHeH 36epiraTicsi B LIiJIbHO 3a-
KyrnopeHoMy nocyni (tapi), skuii 3axuiiae foro Big 3a6pya-
HeHb. [0 TOro X Tapy 3 npenapaToM BMillylOTb y moJieTa-
JIeHOBHH Milok i B TakoMmy Burisfi 36epiraiotb y cefidi,
mo6 3axXUCTHTH celid Binm MOXK/IUBHX 3a6pylHeHb mpenapa-
ToM. Ilpn KoxHOMy Big6opi mnpemnapara moJieTHJIeHOBA
060JIOHKa 3aMiHIOETbCA Ha HOBY.
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IMpooosocennss mabar. 26

HasBa Bu-
3HAYYBAHUX

Cenen B3 ‘ Bop B3 Muw’'sk B3 Fpadir B3
AoMilok

Yy npoueHTax

THran — — — —
Xpom — — —

Linak — — — —
Xnop (ra-

Jnoian) 1-10—5 — — —
3oabHicTb — — — 3-10~3
Bitymn - — — —

Po3Mip Tapu n#aa yJabTPAUHUCTHX MpenapariB IOBHHEH
6yTH pO3paxOBaHHH Ha OJHOPAa30Be BHKOPUCTAHHSI YChOrO
BMmicty. OnHopasoBi 103 Big6opy mpemapara NOBHHHI 3Ha-
XOAHUTHCA B 3almasiHUX aMnyJiax, siKi BMillleHi B cneniajbHy
CKIsIHKY. B pa3i BHKOpHCTOBYBaHHsSI Ipenapara IO 4acTH-
HaM, 00 KHHUTH NacnopTiB B 060B’SI3KOBOMY MNOPSAKY 3aHO-
TOBYIOTbCSl yCci BHNAZKH BinGopy 4YacTHHM npenapara i3
3a3HayeHHsIM HAaTH, KilbKoCTi Bigi6paHoro maTepianay, mpis-
BuIlla oco6u, BiANOBiZaJbHOI 3a BiAOHpaHHS npob.

Bin6upatn mnpenapar i3 Tapu [H03BOJSETHCS Tidb-
KM B ChelliaJbHO MiAroTOBaHHMil mocyn i creniaibHO miA-
TOTOBAHOIO TOJieTHJEHOBOIO JIoXeukolo a6o miHIeToM
(B HmesKHX BHUMAafKaxXx NO3BOJISETbCS KOPHCTYBAaTHChb KBap-
ILOBHMH).

Bin6upaHHs nmpemnapara B HemiAroToBaHH#d mocyn a6o B
nanip no36aBJisie Horo nmacrnopTa, 3HeINiHIOE 3aJHUIOK Mmpe-
naparta B Tapi i cyBopo 3a60pOHSIETbLCS.

Ilepen BinGupaHHamM npo6u onepatop 3060B’si3aHUl
MHTH PYKH MHJOM i NpPOCYIIyBaTH iX eJeKTPOPYLIHHKOM.
Kpauu i MusibHuli noBuHHi 6yTH papdopoBuMu abo njacr-
MacoBMMH i Hi B sSIKOMY pasi He MeraJjeBuMU. KpaHu mo-
BHHHI BiZKpHBAaTHCS i 3aKpUBATUCA 3a JONOMOrOIO Nefalb-
Hux abo iHIMX MeXaHi3MiB, W06 He QOMYCTHTH 3alpya-
HEHHSl PYK.

36epiraTu B NpuUMillleHHi 3 yJbTPAUNCTHMH MNpenapara-
My iHmi Karteropil mpemapartiB, oco6sauBO Taki, L0 Jierko
BUIIaPOBYIOTbCS, KaTETOPHYHO 3a60POHAETHCS.

BaxaHo, 1106 Bin6Gip yacTHHH YJAbTPayHCTOrc npemnapa-
Ta NPOBAajMBCs B cheliajbHill KiMHaTi, BilokpeMJeHiii Bia
npuMilleHHs, Je 30epiraioTbes iHWI Mpenaparu.
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4. Yncrora XOHOMiKHAX MaTepiaais

T'a3u. B TexHosoriysmx mnpouecax BHUTOTOBJIEHHS Ha-
niBNpOBiAHHKOBHX MaTepiasiB 4acTO KOPHCTYIOTbCS ra3sa-
MH, 34e6iJblIoro BOAHEM, aproHoM, rejiem, asoroM. Ilpu-
3HaueHHs 1X pi3HOMAaHiTHe: TPAHCIOPTYBAaHHS peareHTiB B
peakTHBHHMH IpoCTip, KaTaliTHyHa Mis, 3axXucHa Ais, CTBO-
PeHHs1 THCKY, TemJionepenaua, BilHOBJEHHs Ta iH.

KinbkicTh noMimoOK y BignmoBigHuX rasax, nmpu3HaueHHX
i 6e3nocepefHbOTO KOHTAaKTy 3 HaHlBHPOBllIHPlKaMH He
NOBHHHA NepeBHILYyBAaTH TAaKHX HODM:

0,, H,0, CO, ue Glasme 1-1078 9 koxmoro
N, , . 1.10%¢
OpraHiyHHX pEeuoBHH , . 1.1078 o

BasonHi rasm, ski mocTaB/isIOTbCS CIIOXKHBauaM, MOBHH-
Hi 6yTH OuMllleHi N0 BKa3aHHX HOPM 3a BilOMHMH METOAH-
kamu [38], [4].

Inoni B sabopatopissx BHHHKae norpe6a B HEBEJHKHX
KiJTbKOCTSIX Ay2Ke YHUCTHX rasiB (KHCHIO, XJOpY, BYIJIEKHC-
JIOTH, CipKOBOJAHIO, aMiaKy TOLIO), 3aCTOCOBYBaHHX [Jif
ceHcubinmisanii martepianiB, yTBopeHHs XiMiuHHX mnepexia-
HUX mapiB a60 HaBiTb K KOMIIOHEHTIB [Jl CHHTe3y CKJai-
Hoi crnoaykH. IIpo cnoco6u ix ogepxkaHHa MOXHa JoBida-
THCSI 3 THX Xe JKepell.

PeakrtuBu. Jas o6po6KM YHCTHX HamiBOPOBiAHHKO-
BMX KpHCTaJiB NOBHHHiI 3aCTOCOBYBATHCSl peaKTHBH, YHCTO-
Ta fIKMX BHUINA, HIX y THX, IKUMH KODHCTYIOTbCS IpH aHa-
JiTHYHUX poGorax. B Ta6m. 28 HaBejneHi TexHiuHi BHMOTH
Ha HalnoTpiOHimi XiMiyHi peakTHBH.

KB apu. B Trexniunux BuMorax 3a¢ikCoBaHO HOPMH H0-
MillIOK y [ABOOKcHIAI KpeMHilo SiOj SKHH NpH3HAUYaETbCH
IJis BHI'OTOBJIEHHsSI KBaploBoi anapaTtypu i mocyay. Bwmict
NOMIIIOK B HbOMY He NOBHHeH mnepeBuiiyBatd 1-10-39%,
npu uboMy G6op MycuTh OYyTH BincyTHili (MeHWIe HiX
1-10-8%).

Bona. Boga Bimirpae BHK/IIOYHO BaXJHBY pOJb Ha
ycix eramax po6oTH 3 HanmiBNPOBiAHMKOBHMH MaTepiajaMH.
[ToTpe6Gn B umcrift BoAi Ay:Ke BesMKi, a 3BHUAHHHUH AUCTH-
J9T HenpupaTHuii. B sa6oparopifix i Ha BUpDOOGHULTBI BXKH-
BAlOTb MOABIHHHKHA AUCTHAAT (GiAUCTHIAT), Y SIKOTO MUTOMHH
onip He MeHue 3+ 10+6 om - cm.
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Hafiyucrima Boga, fiky MOXHa ofiepXaTu ABOXPa30BOIO
a6o KinbKapa3oBOIO MEPEroHKOI0 MHUCTHJISATY Y BaKyyMi B
KBapuoBoMy a60 MJIaTHHOBOMY NOCYy[i, Ma€ NMUTOMH# omip
2. 108 om « cm. Tlpu mepwiit meperoHui y Boay noAaOTh TPoO-
xu NaOH i nepmaHranaty KaJgiimo, npu Apyriii — Tpoxu 6i-
cyabparty kamioo. I[lpoayKTHBHiCTh NONIGHUX YCTAHOBOK
He3HauHa i BapTicTb OHUCTHJASTY AYXe BHCOKA. 36epiratu
BOJY YHCTOIO JIOBTUii yac HEMOKJHBO, 60 BOHA MIBUAKO PO3-
YHHSIE CTOPOHHI PEYOBHHH 3 MOCYALY i MOBIiTpS.

Tabauys 28

TexuiuHi BHMOIH Ha JedKi PEaKTHBH, 3aCTOCOBYBaHI
B HamiBOPOBiTHMKOBifi Texmimi

g g (2%' cﬁ 2 ‘"E
.. | 3. .| Eez8| &5 | & | E3:%
xomtio (s nponenran) 25% | EE~%| 28%5 | L. | 559 | £5%%
oz gszm E;l—-?_o'n. §U “E,ég %Egg
2§ | 2352 | Sempz| SL | SR8 | R8BS
KinbkicTh B OMimOK
y npoueHTax
Anominift 1-107%|1.1077|1.107%| 1.107%| 1.10~7] —
Bop. . ....[1:1077|1.1077| 1.1077| 11077 | 1.10"7| —
3amso. . . . . 1-1077(1-1077{1.10~%| 1-10~¢| 1.10-7| 1.10~5
Kaabuwist . . . .| — — — — {11007 1.107%
Ko6aabr . « . .| — |1.1077] — — — —
Marnit . .. .| — [5.1078 — — 11077 —
Mamrae . . . .| — (11077 — |1.107%] — —
Mum’'sk . . . . — — — 1.10~% — —_
Mizp . . . .. 1.10°7(1-1077|1.1077| — |[1.1077] —
Hatpit . . . .(1-1077| — — — 11077 —
Hikeap . . . .| — |1-1007]1.1077| — — —
OmoB0 . . .. .| — — J1.107%[1.107%] — |1.10°%
Cpunenp . . .| — [1.1077f1.1077|1.10"¢| — -
Cipka « « « . .| — — — | — (11077 —
Cpi6ro . .. .|1-107%(1-1077{1.107 7| 1.10"7| — —
CypMa . .. .|1.107%[1.1077| — [1.107%| — [1.10°%
docpop . . . .| — [|1.107%) — [1.107%] — —
ZkBOOKCHI KpeM- .
Hi10 + .+ . . ... 1-10~7 — — — — —
Baxki Metaan
cipkoBONHEBOT '
TPpymu . & « « . . - — — 5107 — —
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OcranniM yacoM HaGyBa€ NPOMHCJIOBOrO MOLIWPEHHS
OUHCTKA BOAM BiJ coJlefl 3a AONOMOrow JIesKHX i0H006-
MiHHHX cMOa — ioHiTiB. Llefl cnoci6 OYHCTKH HAa3HBa€eThCR
Ieionisaniero Boau. Ilpouec ouncTku noasirae y ¢inbrpauit
BOAM uyepe3 KOJIOHKH, 3amnoBHeHi 3epHaMH BinmoBigHHUX
cMmoJ. loHiTH sBASIOTH COGOI0 CHHTETHYHI BHCOKOMOJIiMEpHi
nNpoAyKTH. [l OuHCTKH BOAM Bif aHiOHiB i KaTioHiB 3acTo-
COBYIOTb pi3Hi CMoJiH, fIKi Ha3UBAIOTbCA BiANMOBiAHO aHioOHi-
TaMH i KaTioHitaMu. ¥ MexaHi3Mmi iX po6GOTH 3HauHy poOJb
Bijirpae aacop6uis. KartioHiTu MaloTh B/JaCTHBOCTI KHCJOT
i agaTHi o6MiHIOBaTH npuBJaacHeHUH a6Go BiacHuil H-ioH Ha
KaTioH, 110 3HAaXOOWUTbCS y BOHi. AHiOHITM MawTb BJacTH-
BOCTi OCHOB i 3naTHi A0 o6Miny ioHy OH Ha iHmIi aHioHH.
IlosicauMo ne Ha TakoMmy npukJjani. Hexa#i Boga MicTHTb
xaopuctuii Mmarniih MgCle. ¥V Bomi usa cinp aucouiroe Ha
ioHn

MgCl, - Mg?*+ 4 2CI-.

SIKuio BoAy NpHBeCTH B KOHTAaKT 3 KaTioHiToM, Bin6y-
Jferbcsi iOHOOOMiHHUH mpouec: cMoJia 3abepe iOHM MarHiio
i Bigmacte y Boay ioHu BoaHio. Ilicas ¢inbTpauii yepes Ka-
TiOHIT y BOAi 3aJuLIalOTbC iOHM XJOpy i BoAHIO. SKuio
Hani U0 BoAy npodiJbTpyBaTH uepe3 aHioOHIT, BiH 3abepe
3 BoAM ioHM XxJOpy, a Bigdacth rigpokcuabHi iomn OH-.
Y Boai ionn OH~ cnoayuaipTbest 3 ionamn H* i yTBoplooTh:
BOLY.

Haijikpamumu aas ran6okoro o6e3coJloBaHHS BOLH BH-
ABHJIMCS TaKi CMOJIH:

anionitu—EJE-10, IIE-9, ripwe AH-2¢
katioHiTtTu—KY-1, KY-2, CBC, CV.

BOHH LiJIKOM 3a[0BOJNIbLHAIOTb YCiM HaHWroJIOBHilIUM BH-
Moram:

1) maoTh Beauky o06’€MHY MicTKicTh U040 OO6MiHy
ioHiB;

2) ourcTKa BOAM BiAGyBaeTbcsl 3 BEJNHKOI LIBHIAKICTIO;

3) He pO3YHHAIOTbCA y BOMI i PO3uHMHAX, AKi pereHepy-
10Tb iX. .

KoHeTpykTHBHO HalO6iJbll 3PDYYHMMH BHABHJIMCS KOJIOH-
KM 3 MJIeKCHrJjacy, BiHimaacty a6o KBapuy BHCOTOIO Bim 1
B0 2 m i niamerpoM 35—40 cm. Ha nHO KOJIOHOK HakJjaja-
10Tb MiATPHUMYIOUMI HpeHax i3 OurToro ApiGHOro i KpymHoro
KBapily, a NoBepPX HbOTrO OYHMILEHi, TPOMHUTi i HaOpsKJi 3ep-
Ha cMosu apoM 3aBBHIIKH m0 700 mm. OuncTrka Boau
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Bifi6GyBa€TbCsl MOCJAILOBHO [ABOMAa CTYNEHAMH: CHOOYATKY'
¢inbTPYIOTh Yepe3 KOJOHKY 3 KaTioHiTOM, a moTiM 3 aHio--
HiToM. [Ipn rapanTii ran6okoro o6e3cosioBaHHSI BOOH MPO-
OYKTUBHICTb TIOAiIGHOI yCTaHOBKM cKiaanae 5—10 2/e00. IMu-
TOMMH omip Boau mpH 3acrocyBaHHi ioHitiB ENE-10 i KY-1
nocsirae 5+ 106 — 6+ 10% om - cm.

5. Martepiaa amaparypm

BakyymMHa a6o3anoBHIOBaHaras3om afma-
paTypa BHUrOTOBJSIETbCS NepeBaxKHO 3 CKaa aGo KBapLy,.
YacTKOBO 3 MeTady.

Cka0 — ra3oHenpoOHHKHHH MaTepiasn, no6pe 36epirae
BaKyyM, Jerko o6po06JsieTbCs, 3’€IHYETbCS 3 MeTaJleBUMH
neransaMy, 3abesneuye YHCTOTY i Bi3yaJbHHuil KOHTpoJsb. He-
JOJIiKH CKJa — BeJHKHH Koe(illieHT TemJoBOro posuHpeH-
Hfl, HU3bKa poGoua TeMnepatypa — go 450—500° C, ueBe-
JIMKa MillHiCTh, MaJja TeIJIONPOBIIHICTh.

Ksapyose cxao HenoraHo 36epirae BakyyM, 3aGe3meuye
YHCTOTY, Mae€ MaJuii Koe(illieHT TemIoBOro pO3IMIHPEHHS
(6—7) +- 10-7 1/epad, nerko BUTPUMYE TemJoOBi ynapu. Buiua
Mexa fioro po6ouoi Temmneparypu 1300—1500° C.

Henmonikn kBaplly: KpHXKiCTh, NpU HarpiBaHHi BuILe
1300° C npomyckae asoT, NpH TpUBAJOMYy HarpiBaHhi npu
temneparypi 400° C — Boaenb. KBapu Baxko 06po6asiTd —
TeMnepaTtypa mnuaBJeHHs Horo 1710°C, motpi6He KHCHeBe
NoJyM 1.

Martepiaaun pgas BUFOTOBJMEHHS THTJIB,
YOBHHUKIiB, aMNyJ MNOBHHHi 3aJ0BOJBHATH TAaKHM BH-
Moram:

1) peuoBHHa, siKa miansrae nJaaejeHHIO a6o KpuCTaJi-
3alii, He MOBHHHA BCTYMaTH B XiMiyHy peakllilo.- 3 mocyau-
HOIO;

2) peuyoBHHA NMOCYAMHH Ta AOMiIIKH, IO B Hifi MPHCYTHI,
He TOBHHHI SBJIATHCS MIXKEPEJIOM eJeKTPUUHO AaKTHBHHX
IleHTPiB B HaMiBNPOBiIHHKOBOMY MaTtepiaJi;

3) peuoBHHA He MOBMHHA MPUJIKMNATH OO CTiHOK MOCYAY,;

4) TenJIONPOBIAHICTP MOCYAMHH Ma€ OYTH MOXKJHBO
6inbuIolo, ajie He MepeBHUIYBATH TEMJIONPOBiAHOCTi peyoOBH-
HH, sfIKa TUVIaBUTbCA a60 KpHUCTaMli3yeTbCsl.

Haiikpale 3af0BOJIbHSIOTh IIi BUMOTH TakKi MarepiaJu:

1) ksapyose ckao0, siKe MOXKHa HarpiBaTH A0 TeMIepa-
typu 1500° C. Xopomnit Matepian a/si miaBJeHHS repma-
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#ilo, ‘KpeMHil0, MHLI'SIKY, BicMyTy, iHAilo, Kaamiio, TaJilo,
CYpMH, ceJieHy, Teaypy, CipkH Ta ix cmnaaBiB. HenpupartHe
oasa amoMiHilo i foro cnuasiB, 30kpema AlSb, rasiro, Mmini,
cpi6aa, 3oJi0Ta, 3ani3a i iX cnoJyk i cnaasiB;

2) epait, skuil XapaKTepH3yEThCS XOPOLUOK TEMJONpo-
BifHiCTIO, JIerkKo MeXaHIYHO 06po6JsieTbesi. 3 rpadity MoxK-
Ha poO6uTH pO3’€MHi THIi, BiH JIerko pO30HBAa€ThCs, He
nepopMyioun 3auBOK. ['padir Jerko 3Heraxkyerbcsi, He pyH-
HY€ETbCA MPH BHCOKHX TeMIepaTypax, B pPoGOTi BHTPHMYE
Temnepatypu Ao 3000° i € xopouuM MaTtepiasioM aJs nJjaa-
BOK repMaHilo 3 pi3HOMAHiTHHMH AOMilIKaMH, TaKOX IJ
AlSb. HenpupmaTtHuit 11 peuoBHH, $IKi NpH BHCOKHX TEM-
nepatypax yTBOPIOIOTb KapGiiu, 30KpeMa 1Js KpeMHilo.
Fa3onponukHuii, Mae BigHoBM0OW0OUi BaacTuBocTi. [as po6o-
TH 3 HaniBNPOBiIIHHKAMH [03BOJISETbCS BHKOPHCTOBYBATH
Jume uYucTHE rpagir (enekTporpadir, abo <«ayecoHiB-
CbKHH»), 6e3 KPeMEeHHCTHX IOMilIOK.

Ilepen BuxkopucTaHHsIM amapatypy 3 rpadiry norpi6Ho
O6pOo6HTH KHCJIOTaMH, Jo6pe NPOMHTH, BiAnajuTH i 3He-
rasuTH y BakKyyMi npu TeMmnepatypi 0GOB’S3KOBO BHILiH
Bif TemnepaTypu I[JIaBJeHHs pEYOBHHH, aJjie He HHUXKYe
1200°;

3) KkopyunOu3 — ue uuCTHii, crneyeHUH i peKpHCTaJi3oBa-
Hu#l okcua anioMiHilo AlyO3 6e3 KpeMeHHCTHX OOMillIOK.
Iyxe TBepauii i TyronaaBkuil MatepiaJ, TeMnepaTypa mnjaaB-
JeHHs 2050°, Bogy He MOrJIHHAe. 3aCTOCOBYEThCS IO TEM-
nepatypu 1900°C nansi THX peuyOBHH, sIKi He pearyioTb 3
OKCHIOM ajIloMiHito i He BiZ6GHpAIOTh 3 HbOTO KHCEHb (31e-
GiJIbLIOTO TaKHX, AJS1 SKUX HenpHAAaTHHH KBapil i rpadir),
Hanpukaan, Al, Mg, AlSb, Mn, Fe, FeS, PbS, CuS, SbO;,
MoO;, Co, Co—Sb, NiCu, Ag, Au, Zn, Cd, Pd, Pt, Sb, Bi
Ta iX Hesiki cnaaBH. J[0 HeraTHBHHUX BJIACTHBOCTEH KOpPYH-
IU3y HaJjieXaTb: TPYAHICTb MeXaHiyHOI 0OpOOKH Ta HeMOXK-
JUBICTP BHUTATLTH 3aKPHCTAJi30BaHUH 3pa3oK 3 THIAS a6o
JYOBHHKA. Uepes 1ie TUTeib JOBOAUTHCH PO3GHBATH, IO CHJIb-
Ho nedopMye Kpucrada

4) aaynd (92—999% AlysOz, pewra SiO;), BKHBaIOTh
3aMicTb KOpPYHAM3y NPH MeHill BiANMOBiJaJbHHX POGOTAX.
Temnepartypa naaBaenss 1750—2000° C;

5) ¢apdop neerasyposarnuti (20—309% Al,O;, pewra
Si0,) Ta myair (62—729 AlyO;, pewra SiO;) BuTpuMYe
HarpiBaHHs o Temneparypu 1300° C. Temnepatypa mnaas-
neHds 1680° C. Moxe 3acTocoByBaTHCsl IJsl MJaBoK Gara-
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Thox enaementiB: In, Tl, Cd, Sn, Pb, Sb, Fe, Bi, Ge, Si,
Zn, S, Se, J i ix cnoayk. Oasa nigBuineHHa XiMmiuHoi criii-
KocTi mocyny foro BcepenuHi ¢yrepyloTh Tictom 3 MgO a6o
CaO; :

6) sanno CaO, maenesis MgO (ximiuHo uucTi mopouu-
KH) pa3oM 3 BOJOIO i KpoXxMmaJeM BHKOPHCTOBYIOTbCS [Jisl
¢opmyBaHHs umcTHX TUraiB. O6CyllyBaTH Ta BHMAJIOBATH
TUrAi caif cnouatky npu temnepatypi 1000° a motiM npu
2000° C. Kpoxmaap uinKOM BHIAJIOETbC. TeMmmnepatypa
nnasjaeHHa MgO ~ 2500, a CaO ~ 2750° C. 3acTocoByiOTb
IJisl TVIaBJIeHHs PEYOBHH 3 JIyXXe BHCOKOIO TeMIepaTypolo
nnaBjeHHss po 2200°. Marepian mocuth TBepauil, aje HoO-
BUHeH 30epiratucs B CyXoMy eKcukatopi, 60 xani6Ho mo-
rJIMHae BoAy 3 MoBiTpa i po3cunaerscd; MgO JeTkuit npu
BUCOKHX TeMnepatypax. [lJisi MeHIl YHCTHX PO6GiT MOXKHA BH-
TOUYBATH THUIJIi i YOBHHKM 3 MapMYypy i MOTiM BHMAJIOBAaTH.

Inoni B saGoparopisix BXKHBaIOTh wie GiJbLl BOTHETPUB-
Kull Matepian — oxcud ropito ThO.. Ploro Ttemmeparypa
naasaeHHss 3000, a MakcumaJjabHa po6Goua Temieparypa
2700° C. Tlpore ue nyxe noporuit MaTtepian, i mua #oro
AyXe WKiAJUBHH IJsT 3I0POB’Sl.

¥Yci okcuan HenpuioaTtHi 1Jis po6oTH B aTMocdepi rasis
3 BiIHOBJAIOIOUHMH BJIACTHBOCTSMH, HanpHukaan, soaHio, CO
iin;

7) ckao Tyeonaaske BUTpUMYeE TeMmnepatypy no 600° C.
Bupo6u i3 ckJsa npuaaTHi AJas nJaBJeHHs MeTaJiB, MeTa-
JoimiB i 1X CHOOJAYK 3 HHU3bKOK TeMIepaTypolo IJaBJjieH-
Hfl; CKJIO HenpuiaTHe NIJ]5% THX PEYOBHH, SIKi YTBOPIOIOTH
3 HUM cuJaikatd. HenoJsikoM ckiaa e: noraHa TemJsomnposif-
HiCTb, 3HAUHHUH TeMmmepaTypHUH KoedillieHT po3MIHpPEHHS
(3—5) - 10~¢ I/epad, 6araTo peyoBHH OO HBOT'O NPHJIHIAE,
IOMIIIKH i3 CKJa AH(YHOYIOTb B PO3MJiaB.

Meraaru pns THTJIB BHKODHCTOBYBaTH Heb6axaHo, 60
BOHHM MalXe 3aBXKAH BHOCSITb €JEKTPHYHO AKTHUBHI AoMill-
ku. [1poTe mOCHTB 4acTO AOBOAMTLCSA BXKHBATH Ha YOBHHKH
doabry 3 TaHtaay, MonibaeHy ta Boabdpamy. Ias aucrtu-
Jsuii TeXHiYHOro ceJieHy BXKHBAalOTb PETOPTH 3 HepiKasiio-
yoi ctani a6o crewianbHOro 4aBYHY.

MatepiasoM fass TpPHMauiB MOXYTb CIyXH-
TH TaKi peyoBHHH, sIKi He BCTYMalOTb B peakililo 3 cepeno-
BUILUEM Ta NpemaparToM, Ho6pe 3HEraxyloTbCs Yy BaKyyMi,
MalOTb BHCOKY TeMINepaTypy MJaBJjieHHsi, XOPOIlY TelJIoNnpo-
BimHicTh i moGpe MexaHiuHO 06pobJswoTecs. Haliuacrime —
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ue rpagir, cranab, MoaiGaeH, iHoai Migb, MOXJAHUBI HesKi
iHmi maTepianu. SIK npaBuJo, TpUMayi 3aTpaBOK MpPH BHPO-
LIyBaHHI MOHOKDHCTaJiB OXOJIOAXKYIOTb NMPOTOYHOIO BOIOIO,
TOMY AM(QY3is peYOBHHH TpUMaya B 3aTPaBKy i KpuCTal
Ioyxe He3HauyHa.

§ 2. METOJH OYHCTKH HANIBNPOBITHHNKOBAX MATEPIAJIB
1. ITomepexni 3ayBa:keHHA I0OX0 METOXIB OTHCTEH

MeTtoau O4HCTKH, 3aCTOCOBYBaHi 1J11 OflepKaHHsI HaluHu-
CTiIMX HamiBIPOBiAHMKOBHX MaTepianiB, He MawTb B coO6i
Hiyoro NMpHHIHMNOBO HOBOro i no6pe BimoMi ximikam, ¢i3n-
kKaM Ta MeranypraM. He icHye i sikorochb enmHoro yHiBep-
CaJbHOTO MeTOJy OYMCTKH. Bucoka uucrora Moxe OyTH H0-
CATHYTAa LLJISIXOM 3aCTOCYBaHHS KiJIbKOX MeTOAiB, HalGisbll
epexTHBHUX Oas o6paHoro Marepianay. Ilporte nmesiki meTto-
on Habyau o0co6aMBOrO 3HAUEHHS i PO3BHHYJAHCS CcaMe
B 3B’s13Ky 3 mnorpe6aMu HamiBNpoBiZHHKOBOI TexHiku. o
HUX HaJexaTb (pakliiiHa mNepekpuctaJnisauis, ¢QpakuiiiHa
apia6aTHuHa AHCTHJALIA Ta TepMiuHa aucouiauis.

Metonam mnepekpucranisauii BiamoBiZHO H0 iX BaxJu-
BOTO 3HauyeHHs B TeXHOJIOril HamiBNpoBiZHHKIB Oyae mpuui-
JeHa ocobauBa yBara (muB. po3n. 1V).

Yci MeTonM OUHMCTKH MOXKHA PO3NOLIMUTH HA OB BeJsH-
Ki rpynu: ximiuni ta ¢i3uuni. XiMiuHi MeTOAM OYHCTKH IO-
KJagHO po3rasiaaTu He OyAeMO, XO4Y BOHHM [LYXKe BaxXJuBi
i HeoOXinHi Ha MeplIOMY CTyMeHi OYHCTKH MaTeplamB Bil
OOMillIOK.

XimiuHi MeToOM OUYHCTKH T'DYHTYIOTbCA Ha BUKODHCTaH-
Hi BigMiHHOCTeHl y XiMiYHHX BJIACTHBOCTSX OCHOBHOTI'O KOM-
noHeHta i nomimok.. CyTb XiMiuHMX MeTOmIB mMmoJssirae
B TOMY, LII0 peYOBUHY, 3a6pyNHEHY NOMilllKaMH, IlepeBOAATh
y Taky XiMiuHy cnoayky, y fkifi 6M gomimku a6o ouulLy-
BaHa peyoBHHa (y BuUIJAAI crmonyk a6o y eneMeHTapHOMY
Burasai) BigpisHaauca cBoiMu ¢isuyHUMH Ta XiMiYHHMKH
BJIaCTHBOCTSIMH Gisblile, HiX e 6yJ0 y BHXiAHiI peuoBH-
Hi, HanpHKJaj, OcafXKyBaJUCsl Y BUIJSAAI TPYAHOPO3UHHHHX
cnoayk. HeposnikaMu GisbliocTi XiMiYHHX METOHiIB OYMCTKH
€ JIOCHTb BeJHKi BTpPaTH BHXigHOI peyoBHHH, norpeba 3Hau-
HO1 KiJIbKOCTi YHCTHX AONOMIXKHHMX MaTepiaJsiB, yTBOpeHHS
noGiYHHX NPOAYKTIB, SIKi He 3aBXAM BAAETbCA YyTHAiI3yBaTH,
Ta NPHUCYTHICTb B KiHLEBHX MPOAYKTAaX AOMIllOK NOGiYHHX
NpOAYKTiB.
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®i3nyHi MeTOAM 3aCHOBAaHi Ha BpaxyBaHHi BiaMiHHOcCTell
y ¢i3MYHHX BJIACTHBOCTSIX OCHOBHOI PEUOBHHH i JOMilIOK.

IM, KOoJIH Lle MOXJIMBO, CJijJ BilJaaBaTH nepeBary nepen
xiMiyuHuMH. BoHM mno36aBJsieHi HenoJiKiB, BJACTUBUX XiMiy-
HUM MeTomaM, aje 31e06iJbLIOrO0 BHMAararlwTb CKJagHilIOro
o6JialHaHHS.

Posrasinemo Taki (pi3uyHi MeTOOH OYMCTKH HaMiBNpPOBil-
HUKOBHUX MarepiaaiB: cy6aiMalilo, ppakuifiny AucTHAsLIlO,
eKCcTpaklilo, copbLiio, TepMiuHy paucouiauilo Ta nOepekpH-
crafnisauito. 1106 mnosermiuTh YUTaHHA NajblIoro Marepia-
Jy, KOPOTKO HarafiaeMo BU3HauyeHHSl NesKUX MOHAATb (i3u-
KO-XiMiYHHX cHcTeM, siIKi BXKHBATUMYTbCSl NPH PO3rasiii Me-
TOAIB OUHCTKH.

Pa30r0 Pi3uko-xiMiuHOI cucTeMu 3BeTbCsl OKpeMma, Bi-
MeXXOBaHa [MOBepXHelo po3ainy, ¢i3MYHO OAHOpiAHA CKJa-
J0Ba YacTHHAa CHCTEMH.

Cucrema nepe6GyBae B cTaHi ¢pa3080i pisHosaeu (piBHO-
BaXXHOMY CTaHi), fIKIIO 4YHCJO aToMiB abo MoJekyJa, sKi
nepexoAsTb 4Yepe3 rpaHHLIO po3diny ¢a3 3 oaHoro O6oky,
IOPiBHIOE 4MCJAY aTOMiB (MoJeKyJ), siKi nepexoisiTb yepe3
rpaHuulo 3 gpyroro 6oky. PiBHOBaXKHi cuCTeMH MOXKYTb
yTBopioBaTHcs B GiHapHHX, MOTPifiHHX Ta iHIIMX CHCTEMaX,
HanpukJaajn, Mnapa — piiuHa, napa — KpuUcTaJ, piauHa —
TBepJe TiJo, piiMHa — piauHa (sKi He 3MilIYIOTbCSA MiXK CO-
6010), napa — piaMHa — TBepJe TiJO Ta iH.

Tomozennowo (00HOPiIOHOIO) TepmoOunamiuHow cucrte-
MO0 Ha3WBaIOTb TaKy, B SAKil BigcyTHi MoOBepxHi po3niny,
fKi BifokpeMJioBanu 6 yaCTHHHU CUCTEMH, BiAMiHHi 32 CBOE€IO
¢disuyHol0 6yn0BOIO Ta XiMiUHHMH BJIACTHBOCTSIMH.

[omoreHHa cucTeMa, sika 3HAaXOAUTbCS B TEPMOAMHA-
MiuHi piBHOBa3i, oAHO(A3HA; 2eTepoceHHa CucTema CKJa-
llaeTbcsl 3 KiabKox (pas.

2. Cy6aimamia

Cy6nimanielo Ha3HBAa€TbCS sIBHLle iHTEHCHBHOTO BHIIA-
pPOBYBaHHSI TBEpAOl pEUOBHHH IMPH TeMmepaTypax HHxKue
TeMIepaTypHu MJaBJeHHs 3 HACTYNHOIO KOHAeHCAalielo napH.

B TexHiui noHaTTs cy6aiManii MmoIMPIOIOTb TAKOX Ha
siBHllle BUNApOBYBaHHs PeyoBHHHM 3 pidKoi ¢dasu npu TeM-
neparypax, GJHM3bKHX A0 TeMnepaTypu mjaaBjaeHHs. Ouuct-
Ka masxoM cy6aiMauii 3acHoBaHa Ha 3HauHid pi3HuUi Y
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napuiaJbHUX THCKaX OCHOBHOI PeuQBHHH i AOMIIIOK i mpu-
JaTHa JJig PeUOBHH 3 BEJHKOIO JIETKICTIO NPHU NOPiBHSHO
HeBHCOKHX TeMIepaTypax.

Ouuctka cyGuaiManielo edeKTHBHO 3aCTOCOBYETbCA [0
TaKuX MartepiaJsiB, K Hom, cypMa, ¢ocdop, ceneH, cipka,
pPTYTh, KaaMill, LUMHK, Mardif, JyxHi Mmeranu, AesKi CyJb-

3 Ozoﬂadﬁa
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Puc. 55. Cy6aimalis ejeMeHTiB a60 CNoayk Ha naJblle-
noniGHUI XOJIOAHJIbHHK.

dinu, cenenimu ta Homuau (Hglo, PbJ,, PbS, PbSe, CdS,
SiJ4 Tomo), KapGoHiNbHI CIONYKH Ta iH.

Il OYHMCTKH esIeMeHTIB i CHOJIYK, sIKi IpH TeMmepary-
pax, HUXKYHMX TeMIepaTypd IJaBJeHHs, He PO3KJanaloThbCs,
3acTOCOBYIOTh cyGJiMallilo y BakyyMi. [IOBilKy PO TeXHiKy
3ailicHeHHs1 cy6aimanii B pisHHX yMoBax (BakyyM, mo-
BiTpsl, 3aXHUCHHH ra3) Ta amapaTypy MOXKHa OJepKaTH
3 mxkepen [38], [4].

Po3srnsiHeMo KifbKa npukJaafiB 3actocyBaHHs cyGJiMa-
uii gJs oyHCTKHM MaTtepiadis.

Cy6animMmanisa enemMmeHTiB a6o cCnoJNyK Ha
nanbuenofAi6HUN XOJMOAHUJABHUK (puc. b55).
B kBapuoBy Tpy6y 4 BMilllylOThb YOBHHK | 3 PEUOBHHOIO, sIKa
nignsrae cy6aimauii, i yce pasoM HarpiBamoTb y meui 3.
[Tapa cy6miMOBaHOI peYOBHHHU KOHAEHCYETbCS Ha O0XO0JIO-
JKYBaHOMY BOJOI0 MaJjbllenofiOHOMY XOJOAHJBHHKY 2.
[licra 3akiHyeHHs1 cy6aiManlii ycTaHOBKAa HeMOHTYEThbCH,
i KOH/leHCOBaHa peyoBHHA BHJAJSETHCS.

Ouncrtka iHgilo gasa cuHte3dy InSd [41]
CxeMa OYHMCTKHM IOKa3aHa Ha puc. 56.

Cy6aiManisi 3AiHCHIOETbC B TOPU3OHTAJbHIH KBapuo-
Bill TpyOui, fiKa ckJamaeTbcst 3 Tpbox cekuifi /, I/, IIl. 3a
JonoMorolo wJida Tpybka 3’€AHYETbCS 3 BaKyyMHHM Ha-
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cocoM, sKHH cTBOpIoe B cucreMi THCK 10~4—10-5 mm pT. cT.
Tpy6ka BMmillyeTbcs B miu, fika MoXe mepecyBaTHCs Ha
pesbcax B3HOBXK TPYOKH, 3aliMaiouu moJsioxeHHs I i 2.

Buxinnuit ingift yucrororo 99,9% BMmimyeThes B cekuiwo /
i BUTPUMYyeTbCS YOTHPH TOAMHH npH TeMmnepatypi 1100—
1200° K, miu BCTaHOBJIIOETbCS B IOJIOKEHHs ] Tak, 1106
MorJu HarpiBaTtHcs cekuii / Ta /1 (ans inniwo £, = 156,4° C,
tknn= 21090 C).

B pesyabrati B cekuilo /// neperaHsioTbcsi AOMiLIKH
3°'6iMbLIOI0 NPYXKHICTIO Napy, HiXK iHAIA (LHHK, KagMill, CBU-
Hellb, anwoMiHiit). Ilicas nporo miu mepecyBaeTbcss B IOJIO-
KeHHs 2, mo6 HarpiBasacs Tijqbku cekuis /.

Temnepatypy neui nigsuuyiotb o 1300° K, i neperans-
10Tb iHAi#l B cekuino [1.- .

Komu B cexuil / samu- [ A 1.1
waeThes /s yacTHHaA Me- éﬁiﬁga
tajny, cy6aimauiioo npu- / i —
nuHAITb, B octatky 3a- | IV
JHUIIAIOTbCH JIOMIIUKH 3 14 2 1 Tepmonapa
MEHIIOI0 JIeTKICTIo, HiX

i e . Puc. 56. Cxema anapatypu nas
IH[1H,— M11b Ta 30J10TO. OYHCTKH iHJiI0 MeToOM CYG6Ji-
Ik mokasye chnekTpaJb- Maii.

Huii aHaJji3, KiJabkKicTb

IOMIlIOK B iHA{l0 3HaYHO 3MeHIuyeTbcsl. Ilicas momaTkoBoi
OUHCTKHM CHHTe30BaHoro 3 uporo inziio InCl; opmepxkaumii 3
HbOI'O LIJISIXOM eJIeKTPOJIi3y ejleMeHTapHuii iHAId MicTHTb
MeTaJwiyHuX AOMillOK MeHue Hixk 1-107%9%.

OuncTkKa cypMu nas norpeb6 HamiBmpo-
BiIHHKOBOI TeXHIiKH: JeryBaHHs TepMaHilo, CTBO-
peHHs mepexofiB, CeliaJbHUX CIIABiB Ta CHOJYK.

- CxeMa OUMCTKH MNoAaHa Ha puc. 57.

Cy6nimauisi cypMH 34i#CHIOETbCS y BePTHKAJbHOMY Ba-
KyyMHOMYy anapaTi [32].

KBapuoBy amnyay 2 3 cypMolo 5 i BcTaBleHOl B Hei
KBaplloBOl TpyOKol 3 HarpiBaioTb y KBapuLoBoMy uuii¢i I,
BMiieHOMYy B miu 6 3 Temmepatyporo 820° C (teMneparypa
nnasnends cypmu 630, kuninag — 1440°C). 3a uux ymos
y BakyyMi cypma JeTuTb Ha 150—175 mu Bin noBepxHi pos-
nnaBy i ocizae Ha crinkn TpyOku 8. Cy6aimaniio npunu-
Hs10Tb, KOJH B OCTaTKY 3aJulunaerbcs Gias 5% wmerany.
B ocTaTKy KOHUEHTPYIOTbCS MeHUI JieTKi HOMilliku: 3a’i3o,
aJIloMiHi#i, Miib, 0JIOBO.

[licasa oxononxkeHHa TpPYyOKy 3 BHAAJAAOTb 3 aMIyJH,
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HHXKHIO 11 yacTHHY, AC Micus, Oe BiakJaBcs KoHjeHcat 4,
NpPOTPABJIOIOTh LAPCHKOIO BOAKOIO NpH TeMmnepatypi 40°,
no6Gpe NMPOMHBAIOTb Ta BHCYWIYIOTb. HUXKHIO yacTuHy ammy-
Jau, e OyB 3aJMIIOK, 3aMiHIOIOTb Ha YHCTY i 3HOBY 36upa-
I0Tb aMnyJy i ycTaHOBKY, ik Gyso crnouatky. [IpomuBaioTh
YCTAHOBKY aproHoM abo rejiieM i 3HOBY CTBOPIOIOTb Ba-
KyyM 103 mm pT. cT. [lepecyBaloTb niu B BEpXHE NOJIOXKEH-
Hfl, HarpiBaOTb, i KOHAEHCAT CYpMH CTiKae BHH3 Ha [HO

4
Puc. 57. TexHosoriuna cxema OUYMCTKH CYpMH cy6JaiMmaiieio -
y KBaploOBili anapatypi:
a — nepen cy6aimauieio; 6 — sakiHueHHa cyG6aimauii; & — nepea

po3nyiaB/leHHAM KOHAEHCAaTa CYPMH; & = PO3MJaBJIeHHH KOHIEH-
caTt si6paBcAd Ha AHI aMnyJH.

amnyJau. [licas unboro, onycTHBWIY Ni4, MOBTOPIOIOTH MpoOIEC
cy6aimauii, ase Bxke npm Temnepatrypi 780° C; koHmeHcaT
BilkJanaeTbcs Ha BHCOTi 50—75 mm Big noBepxHi posmJa-
By. [lic1a oxoJsiogKeHHs yucTa cypMa BuGHpaeTbcsi a6o
UMKJ OUMCTKH NOBTOPIOETHCS BTPETE NMPHU L€ HUNKYIH TeM-
neparypi.

EdekTUBHICTL OUYHCTKH CYPMH KOHTPOJIIOETBCSI CIEKT-
panbHo. SIKLIO BUXifHa cypMa MicTuTE Aomiwku As, Pb, Si,
Bi, Al, Te, Cu, Sn, Ag, Mg, To nicas Apyroro WMKJIy 3aJju-
WalThCsl TiMbKH MHULI'SK (MaiXKe LiJKOM), KpeMHill Ta
BicMyT. Ilicaia TpeTboro UHUKJY KOAHA 3 AOMIlIOK He BHSIB-
JSIETHCS.

3aMicTb TpeTbOro LHKAY cybJaimauii aBTopu BHIPOOY-
BaJi OUYHMCTKY 30HHOIO MiaBkoio (auB. po3n. 1V). Bussuio-
cs, 110 30HHA MJ1aBKa, Mic/sl nonepelHboi OYUCTKH cy6Jima-
nielo, € gocuTh e(ekTHUBHOWO IJs BuaaseHHs As, Pb i Bi.
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3. ®pakuifina xucTHIAnig (meperomka)

®pakuifina AUCTHAALIA 3aCTOCOBYETbCS AJISl BiLOKpPEM-
JIEHHS1 KOMIOHEHTIB CyMilli TakKuX peuoBHH, siKi Binpi3Hs-
IOTbCSl JIETKOCTSIMH i TOYKaMH KHIIiHHSl, He PO3KJ/ajaloThCs
npy TeMmnepaTypax KHIiHHS, He YTBODIOIOTb a3€0TPOIHHX
cyMimel Ta MaloTb MOXKJUBO OiJblly pi3HHLIO MiXK TOuKa-
MH NJ/1aBJI€HHS] i TOYKAMH KHIiHHS,

" A3eoTpomHOI0 CyMILIINI0 HA3UBAETbCS TaKa, sika Mae€
CcTaJy TOYKY KHUMNiHHS, i BiAHOCHMH ck/aaj nmapu Hapg pinu-
HOI0 TOYHICIHbKO Takuil, sk y piauHu. [lpukaamom aseo-
TPOMNHOI CyMillli € €THIOBUH CIUPT-peKTH(OIKaT, IKUH CKJa-
naetbes 3 96% cnuprty i 4% Bomu.

KoedinienT BigHOCHOI JeTKocTi o nas ixeadbHux G6i-
HapHUX cyMilleli Moxe 6yTu oO6uuc/jeHuil 3a Takow ¢op-
MYJIOIO;

lge = 5+ (3,99 — 0,001937),

ne AT — pi3HuLS TeMnepaTypH KUIiHHS KOMIIOHEHTIB cy-
Minmi;
T — aGcosoTHAa TeMnepaTypa KUMiHHS cyMiuii;
a6o

A€ p, i p,— THCK NapH YHCTHX KOMIOHEHTIB NpU TeMile-
patypi KuniHHA cyMiuii.

flkmo npu noctifiHoMy THCKY (i30o6apHa AHCTHAALIs)
KunuTh GiHapHa cyMilll, napa Haj Helo 30arauyeHa G6iJabll
JIETKHM KOMIIOHEHTOM, y SIKOro TeMlepaTypa KHIiHHSl HHX-
ya. 3ajlexKHiCTb TeMmepaTypu KHUNiHHS Bin cknapy GiHap-
HMX cyMimeli omucyeTbcsi HiarpaMoio (as3oBoi piBHOBaru
B cucteMi pinuHa — mapa (puc. 58). Ha pmiarpami ckaap
napu MOLAaeTbCsl BEPXHbOI KPHUBOIO, CKJAA piakoi ¢asu —
HHUXKHbOIO. '

[lo3HauMMO MOYATKOBHH CKJaajx cymilni, fka B YMOBax
¢a30Boi piBHOBaru KumuTb NpH Temnepatypi #, Ny, cknan
napu Haa kunasuoio cymimmo — Cp. fIkimo 3abpatu rerb
i CKOHJEHCYBaTH OKpeMO L0 Mapy, TeMmnepaTypa KHIiHHA
3a/uuieHo] cyMiui migBUILUTBCS 1O £y, CKJAAA 1i 3MiHHTbCA
no N, Go BunapoByBaJjiacsi BiANOBiJHA YaCTHHA JIETKOro
KoMrnoHeHta B. [Ins ckaany cymiui Ny ckaaa napu B yMmo-
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Bax piBHoBaru Oyae BiJHOCHO MeHlIe 30arayeHH{i Ha KOM-
nodeHt B i nopiBHioBaTtuMe C.. [Ipu nocninoBuili KoHaeHca-
uii mapu i 3a6upaHHi KOHJAeHcaTa piAHHA, siIKa 3aJIHIIAETb-
csl B MeperoHHiil KoJsb6i, mocTifiHO 36arauyeTbcsi Ha BHCOKO-
KUIJISTYHA KOMMOHEeHT A, a KOMMOHEHT B BupaasieThCst
3 KOHJEHCOBaHOW mapolo. TakuM YHHOM MOXKHA OJepKaTu
YHCTUH BHCOKOKUIISTUUN KOMIIOHEHT.

SIkmo omepxaHuii 3 napu KoHaeHcar C; miAaaTu BTO-
PUHHIR AMCTMAALI], BiH 3aKMIOHTb NPH TeMneparypi £, < f;;
napa, yTBopeHa Haj KHIJISTYUM AHCTHJAATOM, Oyae e Gisbir
36araueHa JIeTKHM KOMIIOHeHTOM B i Matume ckaan C,.

36upaiouu okpeMmi
nopuii KoHgeHcara i
NiAfawoyn  KOXHY 3
HUX QHCTUAALIT, ogep-
)KHMO YHCTY KOHJIEH-
COBaHy (pakuilo HH-
3bKOKHIVISIYOT'O  KOM-
noHeHra. Takum cno-
ts co60M MOXKJIHMBO ILiJI-
KOM BiIOKpPEMHUTH
KoMnoHeHTH. [Ipak-
THYHO BiOKpeMJIeHHs
KOMIIOHEHTIiB MOXHa

-

tof--=——t--

Temnepamypa. *C

[}
|
]
L}
]
|
1

[}
|
]
[}
[}
[}
: !
A00% N, N, C, & GBunX

. 30iACHATH IBOMa
Cinad, 7
2% HJjagaxXxaMu: .
Puc. 58. Jliarpama 3aJeXHOCTi TeMmme- 1) mocaigoBHo 6a-

patypu Kuminhs OiHapHoi cymiwi BiZ raTopasoBo nepera-
cKJady piAHHH i mapnm B PiBHOBAaXHHX HATH OKpeMi dpaKuii,

yMOBax: ’
A, B — xoMnoHeHTH cyMii; t4, t g — Temnepa- K 1€ Ol'I?IoCaHO BHILE;
Typa KHMiHHA YHCTHX KOMMOHeHTiB A i B. 2) 3I1MCHUTH IOB-

He BiJlOKpeMJIEHHS 3a
olHY omnepauiio — pekTudikauio, o6’€eqHABIIH B OXHOMY
npunani — pexruppikayiiiniti adiabaTuuniti KOAOHYL — CTiJb-
KM NpolleciB AMCTUAALIT, CKiIbKY Iie MOTPiGHO OJ1s1 IOBHOrO
po3ninieHHsl cyMimi.

Pektndikauiclo HasupaioTb Taky ¢opMy ¢pakuifinol auctHasuil,
KOJIM BiJIOKpeMJIeHHsi KOMIIOHEHTIB € HenepepeHum npoyecom, B sIKOMY
KOHIEHCallifn i AMCTHJALIA okpeMHX ¢pakuiff 3nificHioeTbcs B amnapari
aBTOMaTHYHO.

HOpyruit cnoci6 TexHiyHo 3pyuHilmil, edeKTHUBHiNHA
i nomyckae po3diJieHHs HeBEJHKHX KiJabKocTell cyMillei.
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BinokpeMaioBasibHa 3[aTHICTb LLOrO CNOCOGY 3ajeXHUTh Bij
TpbOX ¢akTopiB: |

1) Bin koediuienta posnopiay k

1— Ng

NB
T 1—Ng

Np
ne Np— MoJsipHa 4yacTKa KOMIOHeHTa B B pimuHi;

Np— MmonsipHa yacTka B B mapi;

2) Bim unca TEOpeTHYHHX
TapiJoK KOJIOHH (IHMB. HHXKYeE);

3) Bin edexTuBHOCTI po-
60TH KOXKHOI Tapi/ikH, fkKa
3aJ1eXHTb BiJ HMIBHAKOCTI Mpo-
necy AMCTHAALII i KOHCTPYK-
THUBHUX 0COOJUBOCTEMH.

3BuualiHa OUCTHAALIA Cy-
Mimi i3 Ky6a B XOJOAHJIbHHK
BigmoBizae po6GoTi Makcu-
ManbHO OfHi€l TeopeTHuHOl
tapinku. TepMiH «rapinka»
BUHHK NPH BHBUeHHi poGOTH
TapislOyHO1 KOJIOHH.

CxemMa BigOKpeMJIOBaJb-
Hoi pekTtuoikaniiinoi agia6a-
THYHOI KOJIOHH 300pakeHa Ha
puc. 59. ’w

B kononi 3ailicHI0€TBCS
NpoTHTeYis (pJerMu (KOHAeH-  p.. 59 Bynosa BinoKpeM-
cata) i mapu. QnerMa MOBHH-  jopanpoi  pextudikautiitHol
Ha HAaHWTOHIIOI  IJIIBOYKOIO ania6aTHyHOi  KOJIOHH:
3MOYYBaTH Tijla HacalkH, 106 1 — HarpiBHuK; 2 — neperinnut

- ,OY) 6; 3— isonsmi :
3a6e3MeunTr HAUMOBHIMIMH 4 xomona s macankow; 5 — xu-

k

i i- IeHss AJs TepMoMeTpa; 6 — Tep-

K?,HTaKT MIX napoxq, HK.a m MoMeTp; 7 — naTpy6GoK AJjia mopa-
IOIMMa€ETbCAd Bropy, 1 CTiKalo- 4i ¢dyiermu (KOHAeHcaTa) B KOJIO-
HY; 8 — KOHIeHCaTop; 9 — crnoayu-

4oro QJJICFMO}O. Ha Tpy6Ka aas snpiaﬂmsanyun

B KOXHOMY MOMNEPEUHOMY  THCKY; 0 —kpan nas  BinGopy
. . nucTuanaTta; Il — npuiiMay oaa gu-
flepepizi KOJIOHH MYCHTb GyTH cTunsTa.
OIHaKoBa TeMmmeparypa 6ins .
30BHIiLIHiX CTiHOK i Bcepenuni, o6 3aificHioBanucs afgiaba-

THYHI YMOBH [Ji1 KO2KHOro piBHOBa}KHOFO CTaHy. BsanoBx
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KOJIOHH, 1O BepTHKaJi, aBTOMATHYHO BCTAHOBJIOETHCS
‘TeMnepaTypHHil rpaji€HT, 3yMOBJIEeHUH pi3HHLEI0 MiX TeM-
TiepaTypaMu KHMiHHSA cyMilie# 3 pi3HUM BMiCTOM KOMIIOHEH-
TiB. Ha KOXHOMY 3 ropu3oHTa/JIbHHX PiBHIB B KOJIOHI 3miil-
«CHIOIOTbCSl MOCJifAOBHI (a3oBi piBHOBarm Mix ¢Jermoto
i mapoto.

OsHakoio Toro, U0 piBHOBara BCTaHOBHJAcs, € cTabijb-
‘HiCTb NOKa3iB TepMoMeTpa y BepXHill 4acTHHi KOJIOHH, SIKHH
TIOKa3ye TeMnepatypy KHUMIHHS YHCTOTO HHU3bKOKHIJISYOIO
KOMIMOHeHTa. BigokpeMJsioBanbHa 3HaTHICTb KOJIOHH Mak-
‘CHMaJIbHa MpH MOBHifi KOHOeHcauii mapu 6Ge3 Bin6Gopy nau-
CTUJISITA, TOMY, UMM YHCTilIMH KOMIOHEHT HeoOGXilHO onep-
JKaTH, THM MOBiJIbHilIe Mae OYyTH OUCTHJALIS, TOOTO MeHLIa
NPOAYKTHBHICTb KOJOHH, Ilicasa KOXKHOroBifA6OPY AUCTHIAATA
norpi6eH 3HauHu# yac, OO BCTAHOBUBCS HOBHiHl piBHOBaX-
HUH cTaH i HOBHH mnepepo3nofisl TemMnepaTypud MO BHCOTI.

Juctunsilis 'y BakKyyMi 3acTOCOBYETbCSi 314€6iJibLIOro
‘TOAI, KOIU KHIJIAYa NpU aTMOC(epHOMY THUCKY pifiHAa 4acT-
‘KOBO PpO3KJafaeTbCsd i XiMiyHO pYHHYETbCHA. 3HHXKYIOUH
THCK, 3MEHIIYIOTb TeMIepaTypy KHNiHHSI i YHHKawTb pO3-
TIafy MOJIeKYJ Mmif yac oyncTKH. [1pubiau3He 3HUXKEHHS TeM-
nepaTypH KUMiHHS B 3aJIeXKHOCTi BiJ THUCKY AJSA piAuH, aKi
KUMIATh 6au3bko 350° C, nopaHo B Tabu. 29.

Tabauyn 29
NIpn6ansae 3HHKEHHA TEMIEPATYPHM EHHIiHHA B 3aJ€EHOCTI
Bif THCRY
Tuck (B Mm pT. CT.) 760 10 1 ‘ 0,1 0,01 0,001
Temnepatypa  KHMiH- }
Ha (B°C) . . . ... . |~350|~250|~200|~150 | ~100| ~50

SIKLII0O KOMMOHEHTH cyMilli MaJjo BiJpi3HAIOTbCA MiX
06010 TeMmepaTypaMu KHIiHHS, aJje HaJjexaTb OO pi3HHX
ximiyHuX rpyn, Tpe6a TakoX BUNPOOYBATH AHCTHJSILIIO MPH
3HHXKEHOMY THCKY. MoxXe TpamuTucs, U0 y BaKyyMi iX TeM-
nepaTypu KUMiHHA BiApi3HATUMYTbCS CHJbHillle, HiX IpH
.aTMocepHOMY THCKY. LIs BjacTuBicTh 3yMOBJIeHA, TOJIOB-
HHM YHHOM, CTyHeHeM acouianii MosiekyJ B piluHi i 3MiHOIO
Joro 3ajexHo Bifl THCKY.

Hns BinoKpeMJieHHS KOMIIOHEHTiB a3€0TPOMHOI CyMilli
‘Tpe6a BUKOPHCTATH iHIIi crnocoGH PO3JiJeHHs: eKCTpakKiilo,
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KpucTaJjisalilo, nepeBefleHHs! B iHLIY XiMiuHYy CMONYKY ORHO-
TO 3 KOMIIOHEHTiB Toul0 a60 BeCTH AUCTHUJALII0 NpH Bidmo-
BiIHO 3HMXKEHOMY THCKY, 1106 3MiHUTH cHiBBigHOIIEHHSA
KOMINOHeHTiB y napi. Hanpuknan, erunoBuit cnupt i Boma
MPH THCKAaX MEHMMX 75 MM PT. CT. 30BCiM He YTBOPIOIOTb
a3e0TPONHUX cyMiliedn.

Meron ¢paxkuiiiHoi gUCTHIALIT LIKHPOKO 3aCTOCOBYETHCS
IJIsl OYMCTKHM BJIaCHe HaMiBNIPOBiAHMKOBHX MarepiaJis.

OcHOBHA OYHCTKA repMaHilo Bifl NOMilIOK 3AiACHIOETbCS
aniaGatuunoio pektudikauiero GeCly i3 consiHokHcaOrO PO3-
yyHy. Kosonka pas pektudikauii GeCly BupoOG/asieTbCs
3 xiMiuHO cTifikoro a6o kBapuoBoro ckjaa. Tina Hacagku My-
cAtb 6yTH Tak caMo XiMiyHO CTiiKMMM | He JaBaTH OOMi-
oK y ¢aermy. '

Heouuninenunit GeCly mictuts mo 20% AsCl;. Temnepa-
Typa kuninas GeCly +84°C, AsCl; +122°C.

HesBaxaloun Ha BeJUKY pi3HHIIO B TeMIepaTypax KH-
niHus, npyxHicte napu AsCl; npu 84°C mocHTh BHCOKA,
ToMy omepxkaTtu uuctuit GeCl, Henerko. OuuniieHu#t ¢pak-
UWifiHOI0O [OHCTUNISILIEI0 TeTPaxJoOpUL TrepMaHilo MiCTUTh
8 co6i 20 yactuH AsCl; Ha Minbiion GeCl,.

Jas ocraToyHoi OYHMCTKH TeTpPaxJopuay repMmasiio Bin
MHUUI'SKY NpPOBAaisTh 3POLIYBAHHS HUM Y KOJIOHi, MOAiGHik
oo pektudikauifiHoi, HaWuMCTILIMX MIiJHHX CTPYMKOK, MpoO-
Tarom 12—15 rox. Mumr'sik ximMiuHo 3B’sI3ye€ThbCsl 3 Midio.
OcTtaToyHuii BMiCT MULII'IKYy B TaKOMY TeTPaxJoOpuAi CKaa-
nae 0,1 yacTHHH Ha MiJbHOH.

JlJ1s1 OUHCTKM CTIOJIYK KpPeMHilo — TeTpaxJopuay a6o ter-
pafiofuny — Tek e(PeKTHBHO 3aCTOCOBYIOTb AMCTHJALIIO.

Kpim cnongﬁ( repMadilo i KpeMHilo, METOLOM AHCTHJSALIT
MOJKHA ouminaTu eseMentH: radiit y surasni GaCl, i GaCls,
60p — BBr; i BJ;, onoBo — SnJs, mum’sk-— AsJs i AsCls,
cypmy — SbJs, SbClz i SbCls (npu Tucky 100—150 mm
pT. cT.). I cypMH BHCOKHH CTyNiHb OYHCTKM MOXHa J0-
CArTH UIISIXOM MNOABiHHOI pekTHdikauii xJopuniB i3 3Mi-
HOI0 BaJjieHTHOCTi — mepma pekTtudikauis y surasni SbCls,
aani o6po6ka xJgopoM po yrBopenHst SbCls i npyra pekru-
¢dixkauin SbCls. Anasoriunuii nNpuAOM MOXKHAa 3aCTOCYBaTH
nas ranito 3 nepexogom Bixg GaCly no QaCls [35].

Metonom ¢pakuifinoi aucTuAAUii MOXHA OOCATLTH BH-
cokoi uucrotu ceneHy (po3a. II, § 2, «Cenen») i renypy
B ejleMeHTapHOMy Burasii a6o y Burasadi cnoryk SeOCl,,
TEClz i TeCl4. '
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Cain 3ayBaKuTH, IO HaCafOUYHi KOJMOHH (3 HACamKow0)
He NyXe NPUAATHI AJs OYHCTKH eJeMEeHTapHHUX HamiBmpo-
BilHUKIB i po3naiasserux rajoifHUX CHOJAYK, 60 Wi peyo-
BHHH TOraHo 3MOYYIOTb HacaAKy 3 CKJa, KBaplly, HikeJlo,
3anisa, rpadiry Ttomo. ToMy noOUiNbHO 3acTOCOBYBaTH Ta-
pinbuacTi KosoHH, po6OTa SIKUX He 3aJeXHTb Bia 3Mmouy-
BaHHs1 (JIerMoOl0 MaTtepiajy Hacaikw.

Ouctuasuis e Ha#Gigbll NPOAYKTHBHUM MPOLECOM Bii-
OKpeMJIeHHs1 KOMIOHEHTiB rOMOTeHHOi cyMiuii,

4. Excrpaknmia

EkcTpakuis — ue mnpouec, npu SKOMy 3a AONOMOroOI0
PO3UNHHUKA MOXKHA BiJIOKPEMHTH KOMMOHEHTH TOMOTEHHOI
cyMmili ABOX a0 KiJIbKOX PEYOBHH LIJISAXOM YTBOPEHHSl CH-
cTeMH 3 ABOX piAMHHHX ¢a3. Ilpu ekcrTpakuii peyoBHHH
BiLOKpeMJIIOIOTbCSl BiAMOBIAHO O iX PO3YHHHOCTI B LaHOMY
PO3UMHHHUKY, TOHi fK MNPH AUCTHAALII BiLOKpeMJieHHS 3a-
CHOBAHO Ha Di3Hill JIeTKOCTi KOMIOHEHTIB.

B ekctpakuiiHoMy npoueci 6epyTb yyacTb LIOHalMeHIle
TpU PEeuYoBHHU: ABi, AKi MawTb 6yTH po3liseHi, i onHa po3-
yuHHuK. CymMmil, siKa niagasirae posAijieHHo, MOxe OyTH ra-
3yBaToOW0, piAKoi0 a6o TBepPAOl0, PO3UMHHUK — OGOB’SI3KOBO
pinuna. [1poTe Ha mpakTHUi BinnawoTh nepeBary eKCTpakuii
3 pigum.

Posransinemo npouec mnpoctoi ¢i3HuyHOI ekcTpakuii Ha
NpUKJIaAi eKCTPakKLii 3 mepexpecHOo Tedi€lo, siKa NMPHUHLH-
NOBO MPOBAJHTbCS TaK: AC cyMiuli KoMmoHeHTiB A i B no-
1aloTb PO3UHHHHK, SKHH He MOBHicTIO 3MimyeTbcs i3 cy-
MILIIIo, ajie 30aTHUH CEeJICKTHBHO i HeOOMeXeHO PO3UHHATH
OlHH i3 KOMIOHEHTIB, HaNpukaan, B.

Po3uyHHMK moAaloTh B Takill KiJbKOCTi, 1106 npu NaHik
TeMIepaTypi MorJa yTBOPUTHCS reTeporeHsa cucrema. Pos-
UUHHMK 1 CyMim eHeprifiHo mnepeMillyioTb, po3apiGHIOIOUK
onHy ¢asy B npyrifi. llum 3mificHioeTbess X HalnoBHiMIMI
KOHTAKT i CTBOPIOIOTHCA HaWJiMmi yMOBH I/l Maconepenaui
i mepepo3noniny KOMIOHEHTIB MiX (asaMu.

glkmo cymiml He nepemilmyBaTH, MacoobMiH Mix ¢dasamu Moxe
3iliCHIOBAaTHCA JIMINE 3a paxyHOK AMGY3il uepes rpaHuuio po3finy das.
3a uux yMOB cTaliOHapHHi cTaH (CcTaH PiBHOBard) YTBOPIOETHCH 4yepe3
TpuBaauii yac. [licas 3millyBakHs cHCTeMa MYCHTb [eAKHH yac BiACTOs-
THCS, - 106G CyMill po3wapyBasacs Ha (asu.
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®a3a 3 BUCOKUM BMiCTOM PO3YHHHHKA Ofiep:KaJja Ha3By
¢asu ekcrpakry E, a6o ¢a3m po3uuHHHKA, a ¢a3a 3 HH-
3bKHM BMiCTOM PO3UHHHHKA — (pa3u padiHara R, a6o ¢dasu
3anuuwKy. Bugansioun po3uMHHHK 3 (Da3H eKCTPakKTy Lis-
XOM JHUCTHJ/SLIT, ONepXYIOTb 3BiJIbHEHHH BiJ PpO3UHHHHKA
eKCTPaKT, SKMH MicTUTb OOHMJABa KOMIOHEHTH, aJjie BXKe
B iHWii npomopuii.

Takum e yHHOM MOXKHa OJeprKaTH 3a/ulIoK 3 dasu 3a-
JUIIKY (das3u padinara). Y 3anuuky (pacdiHarti) MicTHTbCS
3HayHo Oijblue KoMnoHeHTa A, HiX y BuxigHifi cymiwi C.

Hlo6 omepxkaTH NPoAyKT A O6isbll BHCOKOI YHCTOTH,
CJi 3HOBY [0 3aJHIUKy JNOAAaTH PO3YHHHUK i MOBTOPHUTH
eKcTparyBaHHs. [1oBTopIloouH eKCTpaKiilo 3aJHIIKy KijlbKa
pasiB, MOXXHa OfepKYyBaTH KOMIOHEHT A Bce BHUIOMO CTY-
meHsl 4HCTOTH. YUHCTOTa KOMIOHeHTa B, sikuii mepeBaxae
B eKCTpakTi, o6MexeHa, 60, MOYHHAIOUH 3 NMEBHHX KOHIIEH-
Tpauiii A, po3uMHHHK Horo He Biamaposye. Baxauso, 10
6araTopa3oBa eKCTpaklif MaJHMH KiJIbKOCTAMH PO3UHHHH-
Ka 3HAayHO e(eKTHUBHillla, Hi)K eKCTPAaKIilis BeJHKUMH KiJib-
KOCTSIMH NpPH MEHIIOMY YHCJi CTyneHiB ekcrpakuii. Yucso
fIOBTOPIOBaHb HOPIiBHIOE UHCJY CTYyNEHIiB eKCTpakiiii.

Ha BupOOGHULTBI ekcTparyBaHHsl 3IiHCHIOETbCS B eKC-
TPaKUiHHUX KOJIOHaX HaHpi3HOMAaHIiTHIIMX KOHCTPYKUii
{37], ane koxHa 3 HHX MYCHTb 3abe3neuyBaTH BEJHKY I0-
BEPXHIO NOTHKY (a3 Ta I1IBHAKe OHOBJIEHHS iX IMOBEPXOHb
KOHTAaKTY.

Teopisi ekcrpakuii 6a3yerbcss Ha Teopii ¢a3oBoi piBHO-
Baru Ta 3akoHi posmoainy Hepucra. 3rigHo 3 muM 3akoHOM
ycsika peuoByHa, sKa 34aTHA PO3YHHATHCA Yy ABOX pimu-
Hax, IO JOTHKAaIOYHCbh He 3MillyTbCs, Y cTaHi ¢a3oBoi pis-
HOBaru pO3MOMINAETbCA TakK, LIO BiAHOLIEHHS KOHIIEHTPa-
uiit i C; i C, B 060X ¢a3ax € NOCTiIHHOK BEJUYHHOIO i Ha-
3UBAETbLCAA KoeiyieHTOom po3noldiry

C, . ,

[leit koediunieHT winkoM aHaJoriuHui KoediuieHTy po3-
flofiny (BiLOKpeMJIeHHs1) MpHU PO3IVISHYTHX YyXKe Mpolecax
JHUCTUIALIT.

KoHneHTpauiss Moxe 6yTH BUpaKeHa B 06’€eMHHX, Baro-
BuUX abo MOJIIpHMX ONMHMLSAX, iHOAI HaBiTb B pi3HUX (Ba-
roBux i o6’eMHHX — 2/4). Biga Uboro 3ajexuTb 4YHCJIOBE
3HayeHHs1 KoedillieHTa po3MOAiny, A/ BH3HAUEHHS SIKOTO
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norpi6bHO BHMIipATH KiJbKicTb KOMMOHeHTa B B cmiBicHylo-
yux (asax i kiapkocTi peuoBHHH y Pasax E i R
__klabkict By ¢asi E/kinbkicte ¢asu E
" kiabkictb B y ¢asi R/kiapkictb ¢asu R °

SIkmo koediuieHT po3noainy NOpiBHIOE OAMHHLI, e He
O3Hauae, IO BilOKpeMJIEHHSI KOMIIOHEHTiB HeMOXJuBe, 60
BiJlHOLIIEHHA KOHLleHTpalifl Iie He BinoOpaxkae CnpaBXKHbOI
ceJleKTHBHOCTi po3uMHHHKA. KoeodilieHT po3noniny BHKOpH-
CTOBYIOTb npu o6uuc/aeHHi koediuieHTa Macomnepenaui a6o
KiJIBKOCTi OAMHHIb NepeHOoCY, OCKiJAbKH CHaH Nu]Y3ii 3aJe-
)KaTb BiA pisHHLI poOOUHMX KOHIeHTpalili peyoBHH B 060X
¢dasax.

Hna ananisy npoueciB ekcTpakuii i BuU3HaueHHst cTynme-
HiB BiIOKpeMJIeHHSl 3 JaHHM PO3YHHHHKOM BBEIEHO BeJHUYH-
HY, sIKa Ha3UBAETbCSl KOCPIYiEHTOM DIBHOBANCHOL CeAEKTUB-
HOCTi P i AOpiBHIOE

)

ne xaixp— uacTku KomnoHeHTiB A i B B ¢asax, a innek-
- cu 11 2 signoBinaiote oKkpeMuM asam.
Koediuient p ananoriuHuii KoedilieHTy BimHOCHOI JeT-
KOCTi KOMIIOHEHTIiB MPH JUCTUJSALIT. ’
Ilpn po3paxyHKax eKCTpPaKWiMHMX MNpoOLeciB KOPHCTY-
I0TbCSl BEJIMUHHOI — KOeQpiyieHTOM eKCTpakyii e, IKHH Xa-
pakTepu3ye pO3MNOAiJ KOMIOHEHTiB Mixk o6oMma ¢dasaMu.
3B’5130K Horo 3 Koe(illieHTOM PO3NOAiNY TaKHit:
Ve
Vi '
ne Vg — o6’eM ¢asu ekcTpakry;
VR — o6’eM da3u padinara,
Konn e = 0, ne o3Hauae, 0 JaHHH KOMIIOHEHT LiJIKOM
BiICyTHIll y (a3i eKcTpakry.
Ilpu e = 1 KOMNOHEHT poO3NOAiJeHHH MopiBHY Mix ¢a-
3aMH; SIKIIO € = oo — KOMIIOHEHT BHTArCSl MOBHiCTIO.
I3 cKka3aHOro BHIlle BHXOAWTb, L0 NMpPH OJHOMY CTyNeHi
eKcTpakllii uacTka @ JaHOro KOMIOHeHTa BHXiAHOi cyMili,
fKa 3aJHlIaeTbecs y dasi pa(piﬂla'Ta, nopiBHIOE

D=

e =

e+ 1
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a yacTKa TOro X KOMIIOHEHTa, fKa €KCTParyeTbcs, [lOpiBH}O€

_
e+1°

[Ipn n ctynensx ekcrpakuii 3a ymoB e-= const,

=Gz 7 100%,

(€+ l)ll—l
=-——100%.
e+ D" &

Meton ekcTpakuii IIHPOKO 3aCTOCOBYETbCS B THX BH-
najkax, KoJu MeTOA HMCTH/AALI] He nae GaKaHHUX pe3yJb-
TatiB a60 € HeBUTiAHUM, HaNpUKJIaA, NPH mepepobui Had-
TH, OYUCTLi MPOAYKTIB CyXOi MeperoHKu BYyrijJjs i nepesa,
TBAapUHHUX i DOCJHMHHHUX Maces, BUPOOHHUTBI GioXiMiuHHX
Ta (apMalleBTHUHHX TNpenaparis, BiOKpeMJeHHi i3oMepiB
TOLLO.

EkcTpakilis HeopraHiyHux crnoJyk 3HaHujia 3acTOCyBaH-
H B XiMii pigKicHMX MeTasiB Ta sAepHiIH NPOMHCJOBOCTI.
Hanpukaan, BilokpeMJieHHsl raJjilo i repMasiio Bil rasoso-
ro nuay, ekcTpakuia egdipoMm i3 CONSHOKHCIOTO PpO3YHHY
rajilo pa3oMm 3 TaJgieM, iHHi€M, CypMOlO, MHLI'SIKOM, rep-
MaHi€M, OJIOBOM, BiJlOKpeMJIEHHSl PiAKiCHHX 3eMeJb i LHp-
KOHilo Bim ra¢Hiro i cynyTHiX eJeMeHTiB TOLIO..

Ilnsi OuMCTKH TeTPAaX/IOpHAY TepMaHilo 3aCTOCOBYIOTh
eKCTPaKLilo IOMIlIOK MilHOIO COJISTHOIO KHCJIOTOIO, sIKa 1ae
He TIpINi PE3YJbTATH, HIX NHCTHIALIL. |

Bepytb omnakoBi 06'emu GeCly ta 12-n. HCI1 i amimy-
10Tb iX (uac 3MimyBaHHa — Zo | roa.). B, consiHy Kucjaory
CeJIeKTUBHO TMEepPexoAsiTb CHOJYKH .MHII'AKY, CcypMH, Gopy
i mini. B Ta6a. 30 naBeneHo Bwmict momimok y GeCly mo
i micas ekcrpakuii.

Excrpakuis muur'sky 3 GeCl, BinGyBaeTbcsi mHoBHille,
aKIo HacuuyBatu xjaopoM Ailoui po3unHu HCl i GeCls.

EkcTpakuielo po3nsaBoM MOXKHa BHJIYYHTH 3 KpHCTaJiu-
HHUX MJ1aTiBOK repMaHilo i KpeMHil0 AOMilIKH 3 MaJol po3-
YHHHICTIO i BesquKuM Koediuientom nudysii (posn. V, § 1),
HampHKJaA, Miib i 30J10TO (3 KpeMHilo).

,JIoBepXHIO KpHCTaJa repMaHilo 3MOUYIOTh PO3IIABOM Me-
Taay, y skoMy BiacytHs Miapb (Cu<10-2 ar.%). Po3nnas
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€ HacHYeHHMM pO3YHHOM repMaHilo y cBHHIIO a6o iHuilw,
osioBi, 3os0Ti. Uepes mesikHii yac Migb KOHIEHTpPYETbCA
B poO3MJaBi.

Tabauys 30

BuMicT foMimoE y TeTpaxiopuai repMaHio xo i micas
ercrpakmii y 12-n. coaamiii EHcaOTI

Koediuient Konuenrpauis
Buxinna koHueH- posnoaiay nomimok nicas
. llomiwka Tpaula Romimok nomimku 8 HCI excrpakuil
(v %-109 nomlmku B GeCl, (y %-10%)
Cypma. . . .. 39,3 8.10° 0,003
Muwr’'sk . . . .| Beeneno panio- 2-10° He Busasaeno
aKTHBHHUII i30TON
BPop. .. ... 6 — " "
Migp . .. .. 474 2-10° 0,26

K .. . C nomiwku B Ge
oediuient posnoairy C nomimku B MeTani
anst Pb~4-:10-% In~3-10-7, Sn~6-10-7, Au~7-10-7.
Ilpn Temnmepatypi 700°C posumHHicT Miai y repmadiio
~1-10-7 aTt. yacTuH.

MoxsuBocTi MeToAy eKCTpakilii 100 OYMCTKM HamiB-
fIpOBiAHMKOBHX MaTepiajiB He BHuUepnaHi i cam MeTOA
€ JOCHTb NepCNeKTHBHUM.

IopiBHIOE:

5. CopOmisa

Copb6uis — 1e npouec ceJeKTHBHOr0 BOMpaHHs (TOTJIH-
HAaHHA) OIHi€l PEYOBHHM iHIIOKW TBEPAOIO PEUOBHHOIO — COp-
6EHTOM.

Kosnn B6Hpae cuJbHO PO3BHHEHA IOBEPXHS, MAEMO SBH-
me apacop6buii, skimo copbye yBecb 06’eM — MaeMo aGcop6-
wito. fIkmo copOuisi He CYNpPOBOMXKYETbCS XiMiYHOIO peak-
nuielo Mix cop6entoMm i yBiGpaHow (cop6OBaHOI) peyOBH-
‘HOl0, BinGyBaeTbca ¢i3uyHa copOlliss, y TNPOTHIEKHOMY
'BHNAIKy BOHA Ha3UBAETbCsl XiMiuHOIO.

HafiBaxauBimum Bugom cop6uii € aacop6buis. Kpawwu-
MH agcop6eHTaMHu € MaTepianu, sKi MawTb A06pe po3BHHe-
‘Hy noBepxHIo: rybuacri, nopyBati a6o cu/ibHO noapiGHeHi,
3 BHCOKOIHCIIEPCHOIO CTpYKTypolo. [lommpeHumu ancop-
DEHTAMHU €: aKTHBOBaHe BYTiJJs (HemoJsipHuH aacopGeHT),
.AKTHBOBAaHI OKCHJAM aJIOMiHil0, MarHiioo, Kanabiilo (OCHOBHi),
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cujikaresib Ta aJlOMOCHJ/IKaTH (KHCJAOTHI) Byrsekucdai i cip-
YAHOKHCJI COJi JIyXKHO3eMeJIbHUX i JYXKHHUX MeTaJtiB, a Ta-
KOX MeTaji y BHIVIsAI MOPOMIKY, TOHKHX CYyOJiMOBaHUX
maiBok, ¢oasrun a6o apotuH. Ocob6JHBO BaxKJuBe Micle
cepel MeTaJliB K aacopO6eHTOBi HaJeXXHTb THTaHY.
3ni6HicTe MoJeKyan anpcopbGyBaTHcs
HeoqHakoBa. BoHa 36iablyeThes i3 3po-
CTaHHSAM KiJIbKOCTi MOABiHHHX i MOTpiH- {
HHX 3B’SI3KiB Y MoJieKyJi, MOJIsIPHOCTI
MOJIEKYJIH, MOJIeKYJsIpHOI Baru Ta 3a-
¢ap6nenHss peuoBuHH. Cepen rasiB Kpa-
e anacopGylOTbCs Ti, fKi Jeruie KOHIeH-
CYIOTbCA B piauHy, TO6TO MaloTb G6iJibll
BHUCOKY TeMIepaTypy KHNiHHA B 3pidxe-
HOMYy cTaHi. I3 po3umHy ancop6yerbes
B Mepuly uYepry Ta pe4yoBHHA, fiKa ripuie
po3uunserbes. [lpu aacop6uii i3 po3um-
HY PO3UMHHHK He MOBHHeH B OCHOBHOMY
aacopbGyBaTucsi Ha ancopOeHTi.

[Tpouec BimokpeMmjeHHSt MeTOLOM an-
copbuii mpoBaAsAiTb TaK: CyMilll, Ky MoO-
Tpi6HO pPO34iNHUTH, NPUBOAATb B KOHTAKT
3 ancop6eHTOM, HanpuKIan, PO3uyHH 3Mi-
uyioT a6o 300BTYIOTb 3 aacopOeHTOM.
B neskux Bunagkax cuctemy nigirpiBa-
fotb. [licns uboro cyMiml @iabTPyIOTh.
Has no6yBanHsi aacop6oBaHOI peuOBHHH
BindinbTpoBaHui ajgcop6eHT 006pobas-
I0Tb BiJNOBiAHUMH pPO3YMHHHKAMH, BH-
TicHsilouUM 3 WX aacopGoBaHy peuoBuHy Puc. 60. Binokpew-
(amcop6art). JICBA/IbHA azxcop6-

. . H1IHHA KOJIOHKaA.

Ancop6buis, IK MeTOL OYHMCTKH abo ’
BillOKpeMJIeHHs] KOMIOHEHTIB i3 CKJIaiHHX cyMillel, 3acHo-
BaHU# Ha 3JaTHOCTi 6araTbOX TBepJHX MaTepiaJjiB BHOipHO
i mocnigoBHO B6HpaTH (MOIVIMHATH), OCOGJHBO i3 AyXKe pO3-
0aBJeHHX DO3uMHiB, NeBHi pedoBuHH. lleli Meron paHiule
BXXHBABCSi IJI BiAOKpeMJIeHHs 3abapBJieHHX MPOLYKTIB,
TOMy OflepxaB Ha3By xpomarorpacdivynoi amcop6uii. Tenep
BiH 3aCTOCOBY€TbCSi i A/ He3a6apBJIEHHX PEYOBHH.

. [NpuHuunoBo BigoKpeMJ/eHHsI 3MifICHIOETbCS TaK: uepe3
KOJIOHKY 2, HanoBHEHY aJAcop6eHTOM, MPONYyCKaloTh PO3UMH
cymiwi / peyoBHH, fKi MiAJAAraloTb posaijneHHio (puc. 60).
3BHualiHO OJHH 3 PO3YHHEHHX KOMIIOHEHTIB CyMilli BHTiKae
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3 KOJIOHKM i 30upaeTrbcsi y npuiimaui 3, a pewra 3aau-
maerbcss Ha ancopGenri. CniBBinHOIIEHHS MiX niaMeTpom
KoJloHku i Bucorolo 1 :20.

B 3ajexHocTi Bix ancopOUiHHHX BJacTHBOCTEH KOXKeH
3 KOMIIOHEHTIiB CyMillli NMOTJIMHAETbCA B NEBHiH MOCHinOB-
HOCTi Ha OKpeMHX HiJITHKaX B3IOBXK KoJIOHKH. [licas 3akin-
YeHHs mnpoluecy aacop6uii KOXHHH aacop6OBaHUH KOMIIO-
HEHT BUMHUBAIOTb 3 KOJIOHKH Bi[NOBiIHUM PO3YUHHUKOM a6o
cyMmimmio iX. MoKHa TaKOX PpO3IIJUTH CTOBMNYHK amcop-
6eHTa y KOJIOHLi Ha AiMITHKYM i BULITOBXHYTH KOXHY B OKpe-
MHH NOCYZ, a MOTiM OKpeMO OGpOGUTH PO3UYMHHHKOM. Mexi
HiNAHOK (30H) y KOJIOHWI BHSBJSIOTH 32 JOMOMOTrOIO NMEBHHX
iHgukKaTopis.

Pociiicbkum GioxiMmikom M. C. LlBeToM BusiBiieHa 3aKo-
HOMipHa nocaiaoBHicTh agcop6uii kKaTioHiB Ha okcuni asmio-
MiHilo, a came:

As?+, Sb3+, B3+, (Cr3+, Ted+, Hg+), UOZ+, Pb2+, Cu?*
, Ag*, Zn?+ (Co?*, Ni?+, Cd?+, Fe?+), Ti>+, Mn?+,

EnemenTy, 3a3naueHi B 1yXkax, He posliasiorsbesi. [lo-
PAOOK B UbOMY psiIy He NOPYWYETbCS Bid MNPHCYTHOCTI

aHioHiB, 30KpeMa Bin SO%~, ClI-, NO;, PO} i nesxux
iHIWAKX.

Hecop6uiio rasis 3 agcop6eHTiB mpoBaAsATh LIJAAXOM iX
nigirpiBaHHs y BakyyMi a6o NpoayBaHHSIM iHIUIOrO rasy.

Henoaspui anmcopb6eHTH Kpaule ancopGyloTb peyOBHHH
i3 NOJMpHUX PO3UYHMHHHKIB, HANpHKJIal, 3 BOAH, a MONAPHI —
NpH 3aCTOCYBaHHi MaJOMOJNSIPHUX a60 HernoJsipHUX PO3UHH-
HHUKiB, HanpukJal, GeH30Jy.

IxepenoM aacopOUiHHHUX CHJ € MiXKMOJIEKYJSPHi CUJH
NpUTATaHHSA Ta BiAWITOBXYBAaHHs, 3yMOBJIeHi sK mielo Ban-
nep-BaanbcoBux, Tak i eNeKTPHYHHX CHJI: eJIeKTPOCTaTHY-
HHX, iHOYKUiAHHX, aucnepcifinux i opieHrtauiiinux [17].

Ilpu anpcop6buii Ha iOHHHX KpHCTajJax OCHOBHY pOJIb
BinirpaloTb opieHTanifiva i iHaykuifiHa, a npu aacop6uii
Ha HemoJsipHuX ajcopGeHTax — AucnepciiHa B3aeMoail.
Mox/uBO, 10 HAa MOYATKOBHX CTadisfix ¢isuuHy amcopbuiio
CYynpOBOAMUTL XiMiuHa.

Hama npoMucaoBicte BHPOOJsie aas noTpe6 TeXHiKu
pi3Hi copGentn. Ilpo iXHi XapakTepHCTHKH i 3aCTOCYyBaHHA
MOXHa JoBimaTucs okpemo [48].

Oco6auBO NOWIMPEHHM aiAcOpOEeHTOM € aKTHBOBaHe BY-
rinas.
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OnauH i3 cnoco6iB riau60Kol OYHCTKHM OJ0oBa mepeabauae
OUYHCTKY XJIOPHOTO OJIOBA LIIAXOM aacopOuii HOMilIoOK Ha
BYTi/li Ta AUCTHJALIEIO.

LikaBy ¢opmy agcopGuii siBAsie €060 MepeMilleHHs
aToMiB Milli 3 06'eMy repMaHilo Ha30BHi i KOHUeHTpauUis X
Ha TMOBEPXHi KpHUCTaJa, BiAmaJeHoro MpH TeMmepaTypi
650° C B atmocdepi iHepTHOro rasy. Bona moxe GyTH BHKO-
PHCTaHa U1l OYMCTKH 3pasKiB repMaHiio Bin Miai.

[ToBepxHi0 repMmaHilioBoro 3paska wJidyTh Haxaau-
HHM ManepoM, MPOMHBAIOTb CIHPTOM i BOAOIO, TPaBJAATH
B a30THifi KHCJIOTI, IPOMHBAIOTh 3HOBY i mpocyyioTb. 3pa-
30K BiANaJiolThb TPOTArOM MiBTOpDM TFOAHHHM B aproHi i no-
TiM TpaBaaTb y TpaBHuKy CP-4 (nuB. po3a. VI). AacopGo-
BaHa Ha MOBEPXHi.Mib 3TPABJIOETbCS Pa30M 3 NOBEPXHEBHM
mapom repmadito. Ilicas ongHOpasoBoi onepauii BuaaaseTb-
ca i3 3paska no 45% Mini, npu ABOpPas3oBilt — MpakTHY-
HO Bcsl.

Besauke 3HaueHHs MawTb TnpouecH cop6uii miag uac
OYMCTKH PeYOBHH crmocoGaMu i0HOOGMiHY (Hanpm{.nan, oyu-
CTKa BOJIH, PO3A. I, § 1).

6. Tepmiuna aHcomiamia

fIBuie TepMmiuHOl Aucomiauii Tex LIMPOKO BHKOPHCTO-
BYETbCS AJI5 OYUCTKH JIETKHX PEUOBHH Bifl N1OMIlIKOBHX KOM-
noHentiB. KoxHa MO®eKyna, siKa CKJajaeTbcsa 3 ABOX abo
KiJIbKOX aTOMiB, Npu TNOMJMHAHHI eHeprii, 3okpeMa TemJo-
BOI, MOXe pO3MacTHCH. EHeprm sIKa MiABQAHTbCS 30BHi,
BMTPA4Ya€TbCsl Ha PO3PHB 3B’A3KIB y MOJIEKYJi Ta HalaHHA
KiHeTHYHOi eHeprii yTBOpIOBaHHM uaQTKaM. MoJleKyJH Mo-
XKYTb AMCOLIIOBATH Ha HeHTpaJbHi aToMH, Ha ioHW abo Ha
ionn Ta esexkTpoHH. PesyabrarT aucouiauil 3anaexutb Bil
CTyNeHsl MOJsipHOCTI 3B’I3Ky y MoJieKysax. Exeprisi Tepmiu-
HOi aucouianii MOJIeKyJiH Ha aTOMH MeHLIa BiJl eHeprii, no-
Tpi6HOi Ha ioHi3alilo, i HOPiBHIOE KiJILKOM €/IeKTPOHOBOJIb-
TaM, TOLi sIK YTBODEHHs iOHiB BHUMarae [AeCSiTKiB eJeKTpo-
HOBOJIbT.

KoXHOMY cOpTy MoJeKyJa BiANOBinae neBHa eHeprin
3B'I3Ky, a 3HAUYUTb i MeBHa XapaKTepHa eHepria aucolia-
uii. PeryJqioBaHHAM TeMnepaTypd MOXHa KepyBaTH MOJIO-
JKEHHSIM TepMOJAMHAaMiuHOI piBHOBar4, ToGTO iMOBipHicTIO
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posnany MoJiekysa paHoro copry. Mipy aucouiauii peuoBu-
HHM OLIHIOIOTHL CTyNeHeM Aucouianii a, sKa AOPiBHIOE

n
a4 = T s
Iie 1 — YUCJO0 MOJIeKyJ, siki posmanucs;
N — NOBHe YHCJIO MOJIEKYJI.
OckKinbKH NiABHILEHHS TeMIepaTypu 36i/ibliye BiHOCHY
poab eHtponifiHoro ¢akropa TAS y piBHIHHI AJs 3MiHH
BiJIbHOI eHeprii

AF =AU — TAS

(AU — 3miHa BEyTpiluHbOi eHeprii), Aucouiauisi 3aBXIH
3poctae npu 306iJbllIeHHI TeMIepaTypH.

Cryninp po3kaagy 36iJdblIYEThCS, SKIO NPOAYKTH IH-
couiauii 3B’13yt0ThCa XiMiuHO 260 (i3HyHO (KOHIEHCali€o)
i noJoxXeHHs piBHOBar¥ 3MilllyeTbcsi B 6iK HHXKYHX TeMIle-
paryp. Hanpukaan, crynigp aucouiauii mnas mosexkya HJ
npu temneparypi 500° C mopipHioe sume 0,3%, ane, Koau
aTOMH BOJHIO MOXYTb cHoJyyaTucss y MoJgekyan H,, a
atromMu Hopy B J,, piBHOBara HacTi/IbKH 3MillyeThCs, L0
nopiBHioe 75% npu Ttux xe 500° C.

IIpn TepmiuHOMY po3KJafaHHi TeTpaHomuAy KpeMHii0
SiJ4 peakuis Bin6GyBaeTbcs 3rifHO 3 PiBHSHHAM

SiJ, = Si + 2J,.

IIpu temneparypax 1100—1200° C Bin6yBaeThcsi 3HaUHA
nucouiauis i piBHoBara 3cyHyta mnpaBopyu. Ilpu Temme-
patypax 750—850° C piBHOBara 3cyHyTa JiiBopy4, BinGy-
BaeTbCA CHHTe3 Oe3 MoMiTHOI Aucouiamii.

Peakuisi po3kiany SiJs Bin6yBaeTbcsi NOCHTb e(EKTHB-
HO, SIKIO PEAKTHBHUH NMpOCTip oOMeXXeHHH! CTiHKaMH 3 TaH-
Tajy, HarpituMu pno Ttemneparypu 1200°C. Mon, skuit
YTBOPIOETbCS MifA 4Yac peakuii, KOHAEHCYIOTb B OKPEMOMY
36ipHUKY 3piJJKeHHUM a30TOM, a KpPeMHiH BiJK/JalaeTbCs Ha
po3MeyeHOMY TaHTaJi y BUIJISAI KOMIOAKTHOI CTPYKTYpH.

CnexkTpanbHUll aHaJi3 I1bOTO KpPEMHil0 MOKa3ye MiABHU-
LIeHHsI YHCTOTH MOPiBHSHO 3 BHUXiJHHM MartepiaJjioMm.

" MoxHa #ocsirTH noMmiTHOro poskJaany SiJs i yTBopeHHs
MOHOKpUCTaJiB KpeMHil0 B KBapuoOBiii amapaTypi 6e3 npu-
cyTHocTi TaHTasn0Boi moBepxHi. Ase peakuis ige 3HauHO
NoBiJbHilLIE, )
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JlirtoHoM i AHpepceHoM [70] onucanHuii MeTox TepMiu-
doro poskmaagy SiCly Ha TaHTaJOBili APOTHHI B NPHCYTHOCTI
BoaHio. Llelt Meron sBasie co60I0 NOEAHAHHS ABOX METO-
niB — TepMiuHOro po3knany i BigHoB/OIOUOi Ail BOAHIO.
Opep:xaHuit HUMH KpeMHill MaB onip Bix 100 no 300 om.cm,
a micast 1oaaTKoBoi ouucTKU gocar 3000 om - cu.

UncTtuit KpeMHili MOXKHa oOJepXKaTH TaKOX TepMiuHUM
po3ksaznom cunany SiHy a6o Tpuxnopcunany SiHCl; y npu-
CYTHOCTi BeJHKOi KiJIbKOCTi BOJHIO, ajle po60oTa 3 HUMU He-
6e3neuna.

Jns onepkaHHf Halfuuctimoro 60py BAAOTbCS AO Tep-
MiuHoro poskiaany BBr; Ha TaHTanosilt gpoTuHi mpu TeM-
nepatypi 1500° C.

[lo6 omep:kaTu uucti THTaH, radHiil, UMPKOHii, TOpiH,
BaHanil, XxpoM, Hi0G6iH, IHPOKO KOPUCTYIOTbCS METOLOM Tep-
MiuHOi aucouniauii iXx HOAMAHHUX CIOJYK.

Llirnepom omnucaHuii crnoci6 oAepXKaHHS UYHUCTOrO aJio-
MiH{l0 IJSXOM TEepPMiYHOrO pO3KJIany MeTaJoOpraHiuHux
CHOJIYK.

Yucrti Metanu rpynu 3anisa, BaHadilo, XpoMy OIepxKy-
I0Tb TaKOX TepMiUHHM pO3K/JAaAaHHAM KapOOHIJNbHUX cHo-
JIYK, HanpukJaan,

Ni (CO), 2 Ni + 4CO.

XapakTepHOI0 pPHCOI0 LHX peakllii € NOopiBHAHO HH3b-
Ki TemmepaTypu poskjaany, ~ 200°, ajse [0CHTb BHCOKi
THCKH.

OcranHe cTBOploe HeGa)kaHi yTpPYAHEHHs B amaparypi,
norpe6y B aBTOKJaBax. .

[lepcneKTUBHUMU A/ HaMmiBIPOBiAHUKOBOI MeTanayprii €
METOAH OLEPKAaHHS YMCTHX PEUOBUH i3 cyOraJioreHinis, sKi
CHHTE3YIOTbCS B peakKLisax TUIy

SiCl, + Si 2 2SiCl,

i MOTiM NPH HHUXKYMX TeMIepaTypax AHUCOLIIOIOTb i3 YTBO-
peHHsIM yucToro Si.

[Ilo6 MmeTox TepMiuHOro po3KJany 0aB UYMCTIILHEA NpPO-
OYKT, CJid NMPH CHHTEe3] BUXiJHHX CNOJYK BXHBAaTH Halyu-
cTimi Martepianau, a mepex pPO3KJaJaHHAM CHHTE30BaHy pe-
YOBUHY A0JaTKOBO pacdiHyBaTH (¢pakiliiHO AMCTHJSALIEIO,
nepekpucTadi3alielo 4u I[e SAKMUMCb IHUIHMM e(peKTHBHUM
crnocoGom.
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7. Ilepexpucraaizania

OuncTka peyoBHHH MNepeKpucTaJfdisallielo 3acHOBaHa Ha
BiATHCHEHHI AOMIlIOK B PO3MJaB MOBiJILHO 3POCTAIOUHM KPH-
CTaJjIoM, 10 NPOABJSETHCS B HEONHAKOBiH PO3YMHHOCTI KOM-
NMOHEHTIB CIVaBy y piakiil i TBepmift mpunsiraiounx d¢asax
B piBHOBaXHHX yMOBaXx.

INepekpucranisauilo, K MeTOX OYHCTKH, 3aCTOCOBYIOTb
B THX BHNaAKaX, KOJH XiMiuHi i ¢i3uuHi BJAaCTHBOCTI KOM-
MOHEHTIB HACTiIbKH OGJH3bKi, 110 iHUIMMH, MPOCTilIUMH, CNO-
co6aMi iX BiOKpeMHTH HEMOXXJHBO.

MexaHi3M 3apojJKeHHs,, pOCTY i PO3UHMHEHHS KpHCTaJiB
BUBUaBcsl 6araTbMa JOCJiJHHKAaMH, aje 00 LbOTo yacy Ao-
CKOHa/NbHO He BigoMui. PicT KpucraniB 3 po3naaBy i pos-
yiHHy Mae 6arato cniJbHOro, aJje BiAMiHHOCTI y npouecax
KpHucTanisauii noci moBHicTIO He 3’scOBaHi.

B Ham uyac icHye 1OBi OCHOBHi Teopii imeasibHOro pocTy
i po3uMHeHHs KpPHCTaJiB: MOJICKYJSPHO-KiHETHUHA Teopia
ideanbHoeo dockonanoeo pocty — Teopisi Koccenss — CtpaH-
CbKOI0 i Teopin ideanbHo20 HEOOCKOHAA020 POCTY — Teopis
OUCJIOKalLiH,

Ilepwa e Teopielo AOCKOHANAMX KpHcTagdiB, 6e3 ypaxy-
BaHHs HENOCKOHAJOCTeH, Jpyra — Teopi€io HeJOCKOHAaJHX
KpHCTaNiB, y fIKMX Heski aTOMH MaloTb HeNpaBHJIbHe, He-
OJHAKOBe TOJIOXKEHHs 3 CyCiaMH.

O6uaBi Teopii HONOBHIOIOTH OAHA OJAHY, 60 MpolEecH KpH-
cranisauil HacTiIbKH CKJIadHi, WO MOSCHHTH CYKYNHIiCTb
BCiX SIBHII 3 TOYKH 30pYy OAHi€l Teopil HEMOXJIUBO.

Teopiss A0OCKOHaAAOro pocCTYy, BUXOAAUH i3 Xa-
paKTepy CHJI 3B’sI3Ky MiXK aTOMaMH, BCTAHOBJIIOE, L0 piBHO-
BaXXHOI0 (OPMOIO0 KPHCTaJiB, 110 BHPOCIH i3 AYXKe YHCTHUX
MartepianiB i B yMoBax BifCyTHOCTi BHYTpillIHiX HaNpyr, €
Haiinpoctimi ¢opMu, SKi XapaKTepHU3YIOTbCS MIHIMAALHONO
i3 Ycix MONCAUBUX NOBEPXHEBOID EHepP2iclo.

Y kpucranax 3a naHoro o6’eMy CHJIM B3aEMHOrO MPHUTS-
CaHHS YaCTHMHOK B pPi3HUX HamnpsiMKaXx HEOJHaKOBi, TOMY i
TOBepXHEeBUH HATAT Pi3HMX rpaHed Moxe OyTH HeOJHAaKoO-
BuM. HaliMeHlle cymapHe 3HaueHHsi NOBEPXHEBOL eHepril
NOCSAIMAE€ThbCS JIKIIEe NMPH NMEBHOMY CHiBBiIHONIEHHi B po3Mi-
pax rpaHeii i TOMy KpHCTajaM BJlaCTHBa NeBHA reoMeTpUU-
Ha ¢opma. dopma KpucTaja, siKa BiANoOBiAae HalMeHIIOMY
3HAUEHHIO 110BEpXHEeBOi eHeprii, Mae HaHGiabwly cTilKicTb
(npunuun Ti66ca — Kiopi).
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106 nosicHuTH MpaBHJbHY MOC/IINOBHY 3aGynoBy rpa-
Hell 3pOCTaIOUOro Kpucrana TeOpi€l0 JOCKOHAJIOro pOCTY,
GyB BBENEHUH npuUHyun Minimymy 6iAbHOL eHepeii: aTOMH
a6o ioHy, siKi B pinkiii ¢a3i oTouyloTh MOBepXHi 3pocTapyo-
r0 KpHCTaja, HaMarailoTbCs 3aXONUTH Ha HOro MNOBepxHi
Take MOJOXEHHs, 106 3aJHIINTHCH 3 MiHiMaJbHO MOXKJIH-
BOIO BiJIbHOIO eHeprie€lo.

3acrocyBaBlun NPHHUKI MiHIMyMy BisIbHOI eHeprii s
ocinaHHsi aToMiB, iOHiB Ta MOJIeKyJ] Ha KpHCTadiuHHX 3a-
pOIKax, Teopisi HOCKOHAJIOrO POCTy AaJjia MOSICHEHHs Mexa-
Hi3My ifeaJlbHOTO POCTY MOJSIPHHX Ta HEMOJSIPHUX -KPHUCTa-
JAiB, [oBesa eHepreTHYHe CTHUMYJIOBaHHSl MPaBUJbHOTO
IOCKOHAJIOTO POCTy, BBeJa MOHATTS [OBTOPHOrO Xo4y i
Kpa€BUX XOAiB POCTy KpucTaJja, norjubuja po3yMiHHA Ki-
HeTHKH PiBHOBAXKHOTI'O CTAaHy MiX KpHCTaJOM i piakoio ¢a-
3010. 3a wmi€lo Teopieo pict KpHUcTasa BigOyBa€TbCs ILJSA-
XOM BigKJnajaHHs Ha KPHCTaJi OKpeMHX iOHiB, aToMiB a6o
MOJIEKYJl Ta JBOXMipHHX KDHCTaJiuHUX 3apOIKiB.

Cyuacua Teopis Kocceasa-Ctpancbkoro, AHuedeca,
®Ppenkens,, ['i66ca Ta iHmMX Bigmae mepeBary TakoMmy IoO-
MJIsiAy, WO BillKN1aJaHHS PEYOBHHH Ha rpaHsX BiAOyBaeTbcH,
TOJIOBHUM YHMHOM, CYLiJIbHHMH MOJIEKYJSIPHHMH IIapaMu,
TOBLUHHA SIKMX B JEeSIKHX YMOBax JOCArae HecsATKiB THCSY
MoJiekyJs, a6o acouiauisfiMi, fIKi B HacuuyeHili mapi MOXyTb
cKJagaTHcss 3 THcSY MoJsiekysa. OCHOBOIO JJsi Takux IHoO-
rasaiB GyJqu criocTepexkeHHsl Hal peajlbHUM KPHCTaJOyTBO-
PEHHSIM. 4

‘B peasbHOMY KpHCTaJi HOCKOHAaJa pelliTKa YTBOPIOETb-
€51 3HAyHO Jerile, SIKIIO BOHA GyAYyeTbCS 3 KOMILIEKCiB MO-
JieKyJ1, GJIOKIB Ta OKpeMHX aToMiB ab6o iOHiB, sIKi 3amoBHIO-
10Tb NPOrajuHU MiX 6JioKaMH, N06YyIOBYIOUH pelliTKy TaM,
ne € nedekty. [lyxke MoKasHUMH B LIbOMY BiJHOLIEHHi € J0-
caigu [49] mo KoHpmeHcauii i Kpucranizauii TOHKHX IuapiB
TepMaHilo Ta KpeMHil0 Ha IX MOHOKpDHCTalax B yMOBaX BH-
COKOrO BaKyyMy NpH BHNApOBYBaHHi repMmanioo (KpeMHiio)
3 po3mnJaBy Ta AOCJiAH MO KpHucTradisauii 3 nmapu. ITapa rep-
MaHilo (KpeMHil0) BHHMKaJa NPH BHCOKiH TeMnepatypi B
MOTOLI BOAHIO NMPH pPO3KJajaHHi HUM BiANOBiAHHX TeTpa-
XJopuaiB. B unux yMoBax aTtoMu nepea BigKIagaHHAM
Ha KPHUCTaJi MaJH MOXJHBICTE XaOTHYHO PyXaTHCs, CIO-
JIy4aTHCsl MiX COGOI0 y KOMIVIEKCH, HaBiTb Yy KPHCTaJHKH,
SIKi MOTpPamsJd Ha KpHCTAaJ pPa3oM 3 OKPEeMHMH aTo-
MaMH,
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BunapoByiounch 3 posniaBy y BakyyMmi, repmasiii a6o
KpeMHii npsiMOJIiHIHHHM NyYKOM OKpeMHX aToMiB ocinas
Ha KpHCTaJ.

3a KOpOTKHH 4ac NMpoJibOTy Bifl po3myaBy OO0 MiAKJIaLKH
cepel aToMiB He Morsa BifOyTHCs arperaniss B KOMIJIEKCH.
[lo6ynyBaHHA pelIiTKH MYCHJO BigOGyBaTHCA 3 OKpeMHX
aToOMiB Ha XOJIOOHiIH KpucTaJdiuHifi migkaaaui B yMmoBax,
KOJIM DYXJHBICTb YAaCTHMHOK YTpyAHeHa. B pesyabrati miiB-
KM, OJepxKaHi KpucraJjisauielo y BakyyMi, 6yJH 30BciM He
NpuaaTHi I/ IPaKTHYHOTO BUKOPHCTAaHHs, 60 MaJju Morasi
€JIeKTPUYHi XapaKTePHUCTHKH, 3yMOBJIEHi CTPYKTYPHHUMH Je-
ekramu.

IlniBky, omepxaHi KpucTaJgi3ali€lo 3 mapu, Majau ejek-
TPHYHi BJIACTHBOCTI, 6/M3bKi 10 BJIACTMBOCTEH Yy CYLiJbHHX
MOHOKpHCTaaax. :

Jaa po3yMiHHA npoueciB KpucTanizauii ioHHHX KpHcTa-
JiB Bapta.oco6auBoi yBaru teopia Koccens, 3a sKoio kpu-
CTaJ pPO3rsiLa€ETbCS AK CYKYNHiCTh NOAATHUX i Bil’€éMHHX
ioHiB, 3B’SI3aHMX €JEKTPHYHHMH (KYJOHIBCbKMMH) CHJIAMH
NPUTATAHHS Ta BiAITOBXyBaHHA. BHacaigok Toro, 1o Kox-
HHH iOH CTBOpIOE HaBKoJIO ceGe ejeKTpHuHe MoJe, y piakii
(asi eneKTpUUHi CHJIM TIPUTATAHHS BHUKOHYIOTb pOO6OTY
CKJIalaHHs pelliTKY 32 paxyHOK 3MeHLUeHH§l NOTeHLiaJbHOl
eHeprii iOHiB NpH 36J/IHXKEHHI.

B HacuueHOMY pO34UHi pi3HOIMEHHi iOHU, NPUTATAIOUUCH
OIMH IO OIHOro, YTBOPIOIOTH JIaHLIOXKKH. EHepris, ska Bu-
OiNSIETbCA NpPH TNPUEAHAHHI iOHA [0 KiHUA JIAHLUIOXKKA, €
Hai6iab1o0 3 yciXx MOXauBHX. [leplinM eramom Kpucradgi-
3auii € yTBOpeHHs iOHHUX JAHLIOXKKIB, IPYrHM — YTBOpEH-
HSl 1OHHMX TNJIOUIMH 3 iOHHHUX JIQHIIOXKKiB, KOJHM BOHH IIO-
najaroTb y B3aeMHO NapaJjiejbHi mojoxeHHs. Tperim era-
NMOM € HaKJaJaHHf iOHHUX NJIOLIMH ONHA Ha OIHY.

Enepris, aka Buninsgerbcs npu ocigaHHi ioHa Ha TOMYy
yy iHIIOMY Miclli KpucTaJa, Moxe OyTU BHpa)KeHa NEBHUM
yycJaoM abCoONOTHHX ab0 BiIHOCHMX OAMHUIL eHeprii. Uum
Gisblle 4YHCJIO (BOHO HAa3UBAETbCA (DAKTOPOM MOJIOKEHHH
i xapakrepusye naHe Miclle), TUM cKopiule e Micue Gyne
3aroBHeHe.

®akTOop NOJMOXeEHH 4. JIKU0 NPUAHATH 3a OAHHH-
110 eHeprilo, NOTPi6HY /s BilOKPeMJIeHHs OBOX Pi3HOiMeH-
HUX iOHIB, fIKi 3HAXOAATbCA B MOJIeKyJli Ha HOpMaJbHi# BiA-
naji ro, TO eHepris, sika BHAiNAETbCA NpHU OcidaHHi ioHa
Ha KPHUCTaJ, JODPiBHIOE:
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IMpn ocinanHi ioHa Ha kiHml JaHLIOXKA, AKHH
MPOJOBKY€ HOBE HallapyBaHHS iOHHOI MJOIIMHY .

Koau ion nmouunae HOBHit pan Ha miaomuHui . . 0,4941

Konu ion cimae Ha rpani 6ins Bepmmm TpH- .

TPaHHOrO KyTa 0,2490
Kouwn ioH cinae J.Ier 360xy mlommm aKa pocxe 0,1806
, ” , Ha maowuHi 6ing pebpa Ky6a 0,0903
» » » Ha rpaib ky6a . . . .. . 0,0662

ToMy npu omHakoBiii Bignani ioHa Bia pi3HHX Miclb.
KpucTaja ioHM Haffuacrillle oCigamTb Ha Micus 3 eHeprielo:
0,8738 i naiipinue HA NJIOLIH-
Hy rpaHi ky6a 3 eHepriewo
0,0662. Ha puc. 61 crpinka-
MH MOKa3aHi micus 3 pisHUMH
eHepriaMu OcifaHHs.

3riiHo 3 MPUHLHKIIOM eHep-
reTHYHOTO 3a0XOYeHHs B Ha-
CHYEHOMY PO3YHHi rpaHi KpH-
crana o60B’s13KoBO 6yAyTh 3a-

0494/
0!806

00903
00062 |
|

02490

08738
Puc. 61.

BigHocHi

3HAYEHHH

poctaTtH i SIKIIO AKacb 3 HUX
Mae nedekTH, TO BOHA CTaHe
JIIOCKOHaJI010, Oe3nedeKTHOIO.
[as KoxHOI rpaHi KpucraJaa
icHye cBosi MeBHa KOHIEHTpa-

ocizmaHHA
Kpucrtanizauii 3 posunny NaCl;

eHeprii ioHiB  npu

3a OAMHHMUIO MpHHHATA eHep-

ris BifOKpeMJ/IeHHs (3’€AHaHHA)

BOX pPi3HOHMEHHHX iOHiB y MO-

JIeKyJli-NpH HOPMaJibHii Binaani
MiX HHMH.

uis posuuHy, 0OpH AKiH 04
rpaHb 3HAXOAUTbCA B PiBHO-
Ba3i 3 po3unHOM, TOOGTO He pocTe i He PO3YHHSETbCS — MAJIA
KOXHOi rpaHi KpHCTaja icHye CBOsl NeBHa KOHIEHTpalis
HacHueHHsl. SIKIO BUTOYUTH 3 MOHOKpMCTaJa KaM'siHOI coJi
npaBu/IbHY KyJio i BMicTuTH ii B Hacuuenuit posunn NaCl,
BOHA, He 3MIHIOIOUH CBOEI Baru, HaGHpae MOCTYNoBO (popmy
6aratorpanHuka. Lle Mox/IuBO sMIIe TOAI, KoM OAHI rpaHi
POCTYTb, OPYri PO3YMHAIOTHCH, a iHIII 3anuualTbes 6es
3MiH. JIKIIO PO3YHH HeZOCHYEHHH, yCi rpaHi PO3UHUHATHMY-
ThCA.

MexaHi3M po3uliHeHHs Ta MJIaBJIEHHS BUMAarae 3anam
eHeprii Ha BiApuB iOHiB Big Kpucrana. B mepuy uepry 6y-
OyTb BinpuBaTHCA Ti 10HHM, sIKi-HaHcaalblie 3B’si3aHi 3 KpH-
cTaJjoM.

Ha puc. 62 mnokasaHi 3HaueHHs1 eHeprii BiapuBYy ioHa
Bin kpucraina NaCl B THX Ke YMOBHHUX ONHMHHUSAX, 11O i Ha
puc. 61. Ilepur 3a Bce npu po3uHHEHHi Ha BiAMiHy Big pocty
BHUIAJSIOTbCS iOHM 3 HalfiMeHLIOw eHeprieio BiapuBy 0,8738
i nopywena rpanb (100) crae mockoHadqoto. Jlani.Haib6iabim
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iHTEeHCHBHO BiJOyBa€TbCsi PO3UHHEHHS 3 TPHUTPAHHHMX KYTiB
i peGep, TOMy KpHCTaJ 3aKpPYIJIIOETHCS. Haii6inbmoi enep-
rii norpeGye BuAaJeHHsl iOHA 3 CepellMHH 3aNOBHEHOI MJIO-

LLIHHA.
Pisunus MiX POCTOM i PO3YHHEHHSM NOJSTaE B TOMY,
WO TPH DO3UMHEHHi KPHUCTaJ BKDHBAETbCS TIPaHAMY, sKi
MaloTh HaiMeHUy WBHAKICTh

wgis g2 PO3UMHEeHHS, a NpH POCTi —
‘ /15670 _.~13459 HaHGiNbII DO3UHHHHMH Tpa-

‘ HSMH.
--~=15910 Kpucraanizaunitaui
)75738 THCK. Jkuo nig yac pocry
Puc. 62. BimHocHi 3HaueHHs KpucCTaja KpHCTaliuHa rpanb
enepriii BigpuBy ioHIB BiI 3yCTpluae Ha CBOEMY. LIAXY
KPHCTaJa MNPH PO3YHHEHHI. SIKyCb CTODOHHIO YacCTHHKY,

BOHA BiAIUTOBXYeE ii 3 MEBHOIO
CHJI0I0. L_Iﬂ cusia, BifHeceHa o0 | cM? moBepXHi, HA3HBAETHCA
KpHCcTaJi3alifiHUM THCKOM.

KpucranisauiiHuii THCK BHHMKae TOMY, LIO MOJIEKYyJaM
a60 ioHaM OCHOBHOI DEYOBHMHH €HepreTHYHO Gi/bll BHUTiAHO
OCiCTH Ha 4YeproBHX BAaKaHTHHUX MiCLSIX, YaCTKOBO 3arTyJie-
'HUX CTOPOHHBOIO [OMillIKOIO, HiX TIIOYMHATH MO3ayeproBe
BilKJafaHHs Ha MeHLI BUTiTHHX MNO3HUILifX.

Ha6au3uBuincs 10 4acTKOBO BiJILHOrO MiClls, YacTHHKM
‘OCHOBHOI DEYOBMHHM HaMaraioTbCsi 3iNXHYTH i BHUTICHHTH 3
noTpi6HOro Micusi CTOPOHHIO YACTHHKY B pimky ¢asy. fkuio
KpHUCTaJsi3alisi ige moBiJibHO, GJIIOKTyalii TemjaoBOro pyxy
3a6e3neuyyloTb BUTiCHeHHSl. TaKUM 4YHMHOM, NOCJiJOBHO Ha-
‘pocTaroui 1apH KPHCTaJdy BiATHCKYIOTb NOMIlIKH B PO3YHH
a6o B po3mnJas.

Slkuo mepeMimyBaHHsa pinkoi ¢asu BifcyTHe, HOMilliKu
HaKONHUYYIOTbCSl nepel (POHTOM KpHCTanisaumii i nporunis
INPOHHKHEHHIO iX B KpucTaja mnocnabuioerscs. Kpucranisa-
WiHHHH THCK MoxXe OyTH He3HAauyHHM, SIKUIO JOMIIIKH 3a
reoMeTPUYHUMH po3MipaMu i eHepreTHYHUMH AaHUMH OGJiu-
3bKi 10 YacTMHOK OCHOBHOrO KpHCTaJiuyHOro Marepiasay;
TOAi KpHucTaJi3allisi He CyNpPOBOIXKYEThCS OUHUILEHHSIM Mare-
piaay.

Kosu xx po3mipu NOMilIKOBHX aTOMiB MeHLI Bif po3Mi-
piB OCHOBHHX, pelliTKa KpucTajla 3a6py,umoe1'bca aomim-
KaMH, a po3IJaB OYHIIAETHCS.

Hepexpncmmsau 10 MOXHa NPOBAJAUTH 3 PO3UYHHY i PO3-
muaBy. Ilpu nepekpucranisauii 3 po3unHy HeoOXiiHO, 1106
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pO3uMH yBechb yac 6yB nepecuueHUM. [1ONOBHIOETLCSI KOH-
ueHTpauis po3uuHy 6ins GpPOHTY KpHcTaJdisauii 3a paxy-
HOK au¢ysii 3 oTtouyrouoi pigkoi ¢asu. KoHueHTpauino Ha-
CHYEHHSI MOXHAa MiATPUMYBaTH ABOMa uIsixamu: 1) 3HH-
JKEHHSIM TeMnepaTypd pO3UHHY 3a [eBHOIO MPOrpaMolo,
2) BHNMapOBYBaHHAM po3uMHHHKA. OYHCTKAa HaMmiBOPOBiIHH-
KOBHX MarepiaJiiB nepekpucraJnizauielo i3 po3unHiB He nae
xopouux pesvabTartis. TBepaa ¢asa npu yTBOpeHHi 3axom-
JIIo€ i 3aMHKae B CBOEMY 006’eMi uMMaJjio MaTOYHOI'O PO3UH-
HY, a lLle IICy€ eJIeKTPHUYHi i ONTHYHi BJACTHBOCTI KPHCTAJIB.

[Mepekpucranisauiss HanmiBNpoBiOHUKIB 3 pO3MIaBy Aae
Habarato Kpauwi pe3yJbTaTdH, TOMY PO3IsigaTHMETbCS
AeTanbHO,

[lpu nepekpucranisauii 3 posmaaBy noTpi6HO cnpsiMo-
BaHO OXOJIOAXKYBaTH Horo a6o BUTAraTH 3 HbOTO KpHUCTa-
JiyHy ¢a3y, BiABOASYH TeNJIO Bifl (pouTYy Kpucrarizayii —
nosepxui 00TUKY Kpucraia i po3naasy.

BHacaigok HeonHaKOBOi B3a€EMHOI PO3YMHHOCTI KOMIO-
HEHTiB B TBEPAOMY i PiAKOMYy CTaHax TBepAHYyuYHi MaTepian
Mae iHlIe cniBBiAHOILIEHHS KOMIIOHEHTiB, HiXK pO3TMJaB.

Jlns #noMillloOK, MPUCYTHICTh SIKUX MiABHINYE TeMIeparty-
Py 3aTBepAiBaHHA pO3NJaBy, KOHUEHTpalis y TBepaii ¢asi
6inbura; ans NOMILIOK, SIKi 3HHIXKYIOTb TeMIepaTypy IJiaB-
JIeHHd, KOHLeHTpalis y TBepAid ¢asi MeHwa, HiX y po3s-
nJasi.

Koedinient posnoniany (cerperaunii), Be-
JHYHHA, sIKa 3 KiJbKiCHOro 60Ky XapaKTepu3ye CTymiHb a6o
Mipy BUTHCHEHHS| HOMilUIKH 3 TBEPAHYYO! YaCTHHH PO3IJIaBY
abo BTATHeHHs 11 B KPHCTaJ, Ha3HBaeTbCsl KoedillieHTOM
posmoniny a6o OouHCTKM (cerperalii, BUTHCHEHHS]) i NMO3Ha-
yaeTbes iTeporo k. Koedinient posmoniny k2 Bu3HauaeTbCs
sK BigHoweHHs KoHuentpauii C; moMmiwku, siKa yBiiiuia
B TBepay (asy, no koHuentpauii C; nomiliku B piauHi, sfiKa
3Haxogusacsi 3 TBepAolo ¢a3oi B piBHOBa3i Ha To#f yac,
KOJIM Ta YTBOpIOBaJiacs,

—_ CS

=<,
s — Big caoBa coaigyc (solidus) — TBepae TiJo;
I — » » aiksigyc (liquidus) — piauHa.

Kouan kpucrasisaiis BinGyBa€eTbCsl B PiBHOBAXKHUX YMO-
Bax, KoediunieHT cerperanii Ha3uBaeMo pPiBHOBaXXHHM i IO-
3HauaeMo ky. s moMIlIOK, sIKi 3HHKYIOTb TeMIepaTypy
finaBjeHHs criaBy, R < 1, aki miaBuulyoTh,— £ > 1.
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B3aeMHa 3ajexHicTb MiX TemmepaTypoiw cmJjaBy, Horo
CKJaJOM i CTaHOM 1/ PiBHOBaXXHUX YMOB OMHCYETbCH Hia-
rpaMaMu CTaHiB, MOAaHMMH Ha puc. 63,0 i 6, aas k> 1

i k < 1 BinnmosingHo.

Jlinis. [II' Ha3uBaeTbes JiHi€l0 .mKBmyca ainis JE —
JiHieto coaigyca. Han JiHiero sikBigyca yBech po3nJsas 3Ha-
XOOUTbCS B PiKOMY CTaHi, HUXKYe Bij JiHil cosigyca yBechb

t') Pigura
D
|
i
| |
I I
AR N
|
! I Do
: } L
A10% Gofy G G C; #GL, 8 A00% «GL GG G Cofy 8
80 a B=0 6

Puc. 63. 3anexHicTb Mk TeMnmepaTyporo GiHapHOro cmnsaBy, ioro
CKJIaIOM i CTaHOM 3a pPiBHOBaXXHHX YMOB:
a — aiarpaMa craHiB ajas k> 1; 6 — piarpama cranis aaa k< 1.

CrJjiaB 3HaXOAMTbCA B TBEPAOMY cTaHi. Mix UHUMH JiHiAMB
cucteMa MicTuTh o6uABi ¢asu. Ckaan BuUMajzarouux KpUCTa-
JIiB MOXHa BH3HAUUTH 3a HaBeJeHWMM OiarpaMaMH CTaHiB.

PosrasineMo nBa po3nJjaBu KOMMOHEHTa A 3 MaJjiol KOH-
ueHrtpauieio Co NOMILIKOBHX KOMMOHeHTIB B i B’ i mouar-
KOBOIO TeMIepaTypoio posmuasiB f. Ilpu 3HHMKeHHI TeMmme-
parypu 1o f; i f; 3 po3MJaBiB MOYMHAIOTb BHAIMATHCA KPH-
cramu ckaany Cp (puc. 63,a) i C: (puc. 63,6). Ipu nasub-
LIOMY TMOBiJIbHOMY OXOJIOAXKEHHi, Hampukaan, no fg i t,,
CKJaJ BHMMAjalouuX KPHCTaliB Oyle HemepepBHO 3MiHIOBa-
tucs Bin Cy no C, i Bif G Ao Cs BixnoBigHO, a ckyan po3-
naasis Bin C, n0 C, i C,,. $Ikiio TemMnepatypa 3HH3UTb-
cst 1o t3 i 5, ckaan Bpmanaxoqon ¢a3u crane C, a posnJaa-

C
By —-- Ilpu JHajblioMy B3HHMKEHHi TemnepaTypu yBech

po3MyiaB CKIany —> C Gyae KpUCTani3yBaTucs y TBepay ¢asy
ckaany Co.
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[ns1 KoHIeHTpalill AOMiLIKOBOrO ejleMeHTa B KijbKa cO-
THX NpOLEHTa MOXHa MNPUHAMATH JiHIHHY 3aJIeKHICThb Mix
C; 1 C, B npuasraioyux ¢asax. B uboMy pasi KoHCTaHTy
cerperaiii MOXHa BH3HAQUUTH K BiJHOUIEHHS HaXWJiB JiHii
cogqinyca no JiHii JikBinyca. Be3 Benukoi moxu6ku kKoedi-
UieHT cerperauii Mo)KHa TpakKTyBaTu sK KoedillieHT pos-
ugHHOCTI. BiH 3anexuTb Bifx po3MipiB aToMiB nOMilKuH Ta
Bin koediuienra audysii. das atomiB noMiumikH, po3mipu
SIKHX Oisblli, Hi2K aTOMH OCHOBHOi DEUYOBHHH, KoedilieHT
posmoniny MeHwHi Big oauHuLi. s peyoBHH 3 MaJjiuM
KoediuienToM audysii nomimok koediuieHT posnoxiay 6ijnb-
wMi, HiXK [/ PEYOBHH 3 BeJMKHUM KoedilieHTOM KHOY3ii
(muB. po3n. V, § 3).

Ins Takux BaX/JUBHX HaNiBNPOBiAHUKIB, K repMaHii
i KpeMHil, KoedillieHTH pO3MOMiNY eJEeKTPUYHO AKTHBHHX
IOMilllOK BHBUYEHi HOCUTh NOKJaxHO. BOHH TakoxX BH3HaueHi
IJIS THX eJleMeHTiB, siki HeMHHyYe CynyTHi iM NpH BHpOO-
HUUTBI.

B Tta6a. 31 3i6paHi 3HaueHHs KoediuieHTiB po3noainy
NOMIlIOK [Jif TepMaH1lo, KpeMHilo, TeTpaHoAHUAY KpeMHilo,
CYpM’SIHUCTOTO iHJil0, CYpPM’SHHCTOrO aJIOMiHil0 Ta #oro
KOMIIOHEHTIB.

s iHmWMX peyoBHH KoediliieHTH PO3MOAiNTY MOKH L0 He
nocaimgxkeni. Haf6inpw nomupeHuMH crnoco6aMH BH3HAYEH-
Hsl Koe(ilieHTiB po3noniny € MeTOAH BBeJEeHHS paldioaKTHB-
HUX i30TOMIB, HOCHiIXXEHHS eJIeKTPUYHMX BJIACTHBOCTEH Ma-
Tepiasy (IMUTOMOro Omopy, PYXJHBOCTi, Yyacy XKHTTH TOLIO)
Ta CHNEKTPaJbHUH aHaJi3.

BanexHicTp Koediunuienra posnopiay k
Big WIBMAKOCTIi pocTy KpucTaaa (npocyBaHHS
¢$poHTYy Kpucrajaisauii). Ilin uyac kpucranisauii posmsnaBy
aToMu [OMiluKH, fKi MaloTbh k < |, BiATiCHSIIOTbCHA Bif
(poHTY KpHcTadi3auii B piAuHY CHiJbHUM AissHHAM AHPY3ii
i pyxy B pinuni. Ane Ge3snocepenHbo 6ijisi KpHcraJgaa, BHacJi-
IOK BHYTpPiLIHBOTO TepTs pidMHH, iCHye LIap, B AKOMY Bil-
CYTHili pyX, BHUKJIWKaHHH nepeMillyBaHHAM. B upomy mapi
nepeMillleHHs1 aTOMiB JAOMIlIKH BifOyBae€Tbcs JiMlIe 3a pa-
XyHOK nudyasii.

flkumo Kpucranisauis NPOXOAMTb WIBHAKO, AMDY3ia He-
CTIPOMOXKHA . MEePEIIKOAUTH HAKOMHYEHHIO aTOMiB AOMIiLIKH
B po3mJiaBi nepex Kpucrasom. Tomy B TBepay ¢asy Gyae
BXOAuTH Gisbllia KiJbKiCTh OOMIIIKH, HiXX B piBHOBaXKHHUX
YyMOBax.
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Il1o0 3aneXHiCTb MOXHA TPAKTYBaTH siK 36i/blleHHS] Koe-
tinienTra posnofiny i, BBiBLIK NOHATTS e(heKTHBHOrO Koedi-
uienta k, Bu3HauuTH foro sik BigHomenus C,/C;, B nauuit
MoMeHT. Take BH3HaueHHs Koe(illieHTa nae MOXKJHUBICTb
ONMCYBaTH CyYMapHHUH Npolec BXOMKEHHS MOMIlIKH B KpH-
cTaJl NIpH CKiHYeHHiH MBHAKOCTI POCTY.

Ilo cyri BnauB WWIBHAKOCTI pPOCTYy Ha cerperauiio aomi-
LIOK MOXXe MAaTH OJHOYACHO [ABi NMpPUYWHHU: 1) migBHILEHHS
KOHueHTpauii NOMIlIKH i YTBOpEHH$ rpanieHTa KOHUleHTpa-
uii GesnocepeaHbo MoG/u3y (POHTY KpHCTanisalii, cnpu-
YHHIOBaHe HENOCTaTHIM NepeMillyBaHHSIM; 2) 3MiHa y me-
pebiry npoueciB o6MiHy, siki Big6yBalOTbCs Ha MOBEpPXHi
‘moainy TBepaoi i piakoi ¢as.

YacTHHa NOCHAIAHHKIB cXWjbHa GAuUTH B IIbOMY TiJIbKH
‘Tieplly NpHYHHY, a iHwWi BigAawTbL nmepesary Apyrid. Ik mo-
'’Ka3 CNpaBelJIMBOCTi CBOIX MOrJsAAiIB, KOXHA rpyna aocaia-
HHKiB HABOJUTb Pe3yJbTaTH BJACHHUX HOCJiIXKeHb.

Koa6 i Caixtep [21] BBaXawTp, 1110 A/ BCTaHOBJEHOrO
CTaHy, fIKLIO He 3BaXaTH Ha [ilo Apyroi NpHYHHH, edekK-
THBHHH Koe(illieHT Mae Taky 3aJieXXHiCTb Bil WIBHIKOCTI
pocry:
kO

ky + (1 — k,) exp (——v%)

e k, — piBHOBaxKHUH KoedillieHT posmouiny;

U — WBHUAKICTD POCTY KPHCTaJja;

D — xoediuienT audysii nLOMilIKH B poO3MJaBbi;

3 — xapakTepHCTHYHA [OBXKHHA, BiaMipsHa Bix mno-
BepXHi nojiny, BcepelHHi $KOI NepeHOC aToMiB
JNOMilIKY 3000B’si3aHME Julle JUQY3ii.

Teopisi, po3BrHeHa HHUMH, Nepenbayae, 110 3 3MiHIOeTbCS
.06epHEHO MPONOPLiOHAJbHO KBAJAPATHOMY KOPEHIO 3 KYTO-
'BOi IIBHAKOCTI  o6GepTaHHA KpucTana. B 3a3HayeHux po-
6otax [21] BU3HaueHO 3asiexKHicTb O Bif KiHeMaTHYHOI B’s3-
KOCTi v po3mJiaBy, Koediuienra audysii D i KyToBoi WBHA-
KOCTi ® MNpH MaJMX 3HAuYeHHsAX U, a came:

1

b= 1,6D18. 6.0 T

(38)

B 6iabll 3arajbHOMYy BHIVIsAI edeKTUBHHH KoedilieHT
PO3MOJAINY 3aNHCYETbCH $K

Cs o0v
k= C_ = k*('o, af ,...).
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Y BCTaHOBJIEHOMY CTaHi
ko
B4+ (1 —k*¥)ed

ae
d
A—_v.ﬁ’

a Aas BUMaAKy, KOMH Ha NOBepxHi noniny icHye piBHoOBara,
ky

ko +(1—k)e ™™ ° (39)

3MmiHa k B 3asexHocTi Bin wBuHAKOCTI pocTy, 3a o6Gumc-

JeHHSIMH LUX aBTOpiB, MoLaHa Ha puc. 64 15 .LIBHAKOCTEH

o6epranns Kpucrasna 100 i 1000 o6/x8 npu D =5-10-°
cm?cek='i v=2,5-10-3 CGS.

EkcnepuMeHTaib-

Ha nepeBipka nasa ,60 7]
pesysibTartd, siki Bia- 4 - A ] 1]
NMOBifal0Th ~ BHLIE3ra- 5 //
HaHl¥ CIpOUIeHIN Teo- = e -1 /1|
pii (moxu6ka craHo- ='p
Butb ~ 10%). Hani § . yARDYi
Aasi repMaHio 3 40-  § oox ,/
Miwkolo cypmu 30- S 2T _//00006/‘15/
Opaxeni na puc. 65, § 0= =17
a 3 nomimkoio rami 3 8 ~ -
— Ha puc. 66. § 4 g 7
ABTtopHu npuxo- <= 2 A
ISITb 10 BUCHOBKY, IO 10°! 00001 |+~ /OQIUI
BUpiaJbHUM  (akK- 072 46 0°2 4610°2 4610°
TOPOM B 3aJIeKHOCTI Whudkicms pocmy  cm/cex

k Bill WBMAKOCTI POC-  pyc 64, O6unciena sanexuicTs Koe-
Ty € IHTeHCHBHICTb ¢iuieHTa po3nodiny k£ BiA MBHIKOCTI
nepeMimygaHHg_ Lle pocrty i oﬁepragﬂﬂ Kpucraaa repMmadiio
o3Hayae, WO AUDY- 445t JOMilIOK 3 Pi3HMM &.

3ist B piauHi BU3Hauae

KiHeTHKY mpoleciB Ha rpaHulli moaiay.

B npotuaexHicte uboMy XoJsa [22] BBaxae, 10 OAHO-
YaCHO 3 IIBHIKICTIO POCTY 3MiHIOETbCS MeXaHi3M MpoleciB
o6MiHy Ha rpaHuui moxiny. Xoas HaBOAMTh rpadik 3anex-
HOCTi Koe(illieHTIB po3noOAiJy AOHODHOI AOMiliKH (puc. 67)
IJs TPbOX MOHOKPHCTAJiB, BUPOILEHHX OJHOYACHO 3 TPbOX
pi3HOOpi€HTOBaHMX 3aTpaBOK, 3 OAHOro posmnaBy. PisHy
3aJIeXKHICTb KOHCTAHT cerperauii Bifl IIBHAKOCTI poCcTy anisi
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JOHOPHMX 1 aKLUeNnTOPHHX MAOMIINOK i 3aJieXXHiCThb iX BiR
opieHTanil Kpucrana He MOXKHA IOSICHHTH JIHIIe HeIO0CKO-
HaJiCcTIO MmepeMillyBaHHs po3myaBy. 3 1iel TOYKH 30py Bax-

) ‘.

10~

N

$ e
g
E L]
c 22
gl =
3 /
3 8
= A 3,
S - e
L)
2
0 20 40 60 80

Whudricme pocmy Mk/cex

Puc. 65. EkcnepuMeHTanbHO OlepiKaHa

3aJieXHicTh  KoedinieHra  posnominy

CypMH (IOHOpa) y repMasilo Bif IIBHI-
KocTi pocty i obepTaHHS:

1 — 57 06/xB; 2 — 144 06/xB; 3 — 1440 o6/xB.

JIMBUMH € Taki JocJi-
IU: KDHCTANH BHPO-
myBaJjucs 3 PpiBHO-
MipHOIO WIBHIKICTIO 3
po3nnaBy, SKHH Mi-
CTHB OHOPHY i aKuen-
TOpHY NOMILIKH B Ta-
KMX CNiBBiAHOLIEHHSAX,
IO NpPU BXOMXKEHHi y
KpHCTaJ BOHH Ma#xke
MOBHICTIO KOMIIEHCY-
BaJH OAWH  OJHO-
ro. 3miHa MWBHAKOCTI
o6epTaHHsl KpHCTaJsa
Bin 1 mo 6 o6/cex
(60—360 06G/xB) mno-
MITHO He NOpyLIyBa-
Jga 6ajaHCy AOMilIOK,
B TOH yac sIK 3MiHa
IIBHAKOCTi POCTY BH-
KJIHKana Beduki 3Mi-
HY BiIHOCHOro BMiCTy

nOMilllOK, TopymyBaja 6anadc. 3aCTOCOBYIOUM MOPOrpaMHi
3MiHH WIBHAKOCTI POCTY, BAAJOCS BUPOCTHTH MOHOKPHCTAJH

020 -
)
x

ED // .c

.= 7 B
‘5%072 oo 'u f/?’
%‘5 /'/x-/.._—-—-‘f_‘
%004

“o 20 40 60 80

W6udkicmb pocmy, mx/cex

Puc. 66. EkciepuMeHTaJbHa 3aJIeXKHICTh
Koediliedta posmoniny rajiro (axuen-
TOp) y repmanilo Bill LIBHAKOCTi pocTy

i o6epraHHsA:
1--57 o6/xB; 2 — 144 06/xB; 3 — 575 06/xB;
4 — 1440 o6 /xB.

3 n— p — n-nepexojna-
MH B3J0BX KpHCTaJa,
NPUAATHUMH JJsl BHUIO-
TOBJIEHHS] TpioxiB.

XoJs1 mpomnoHy€e Take
NOSCHEHHst A 3aJjex-
HOCTi e(eKTHBHOro Koe-
¢inienta posnominy Binm
IIBHAKOCTi POCTY: KiJb-
KiCTb 3aXONJIeHHX KpH-
CTalOM 4YYyXHX aToMiB
BH3HAuaeThcsl  aacopo-

niero X Ha MOBepXHi po3mJyaBy i KpHCTaJa, a TAaKOX IMildBH-
LIeHOI0 KOHIleHTpalielo ix no6au3y ¢poHTy KpucTasdisauii,
fika CTBOPIOETbCS yepe3 HelOCKOHaJse nepemimyBaHHs. Bin
BBOJHUTb BeJMUHHY Rs — KoedinieHT posmoniny ancop6oBa-
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HHUX aTOMiB $IK BiJHOIIEHHS KOHLeHTpauii amcopGoBaHUX
aToMiB- B NMOBEPXHEBOMY Iapi KpHCTaja A0 KOHUeHTpalii
B poO3mJaaBi, npuuoMy £KR;>k,. 3anexHicTb e(eKTHBHOro
Koedinienra cerperanii £ Bix LWIBHAKOCTI pOCTy MOJa€ .Ta-
Koo (opMmyJiolo:

k= kot (ko— ko) exp (= 1),

ne k,— piBHOBaxHHH KoedilieHT po3noainy;

U — WBHAKICTb pocTy abo npocyBaHHs QPOHTY KpH-
craJniszauii;

v, — WBHAKICTb peJakcallii, KOHCTaHTa JJs JaHOro
COpPTY OOMIlIKKH B pO3MJaBi, sKa HOPiBHIOE BimHO-
HeHHI0 nu@y3iiHOro nmepeMillieHHs1 aTOMiB AoMilu-
KM 3 OJHOro Llapy KpHcTaja B CYyCifHii (sKuii
MeXye 3 po3laBOM) [0 4yacy pesakcauii.

‘YacoM pesakcanii

HAa3WBAIOTL 4Yac, MO-  pon A
TpiOGHUH, mO6 aacop- ¥ : Pt i
6oBani Ha poHTI g e e
L ne S0
KpucTasisanii aTomm ‘8 i, 4+
IOMilIKK MpH  Hapo- S(ns )ﬁ_\ ’ Openmauis
CTaHHi  HACTymHOro _ / [”5]00] Kpucmana
urapy npoaudysnysa- & 0004 i
JI1 1O TPaHULi MOMiNy =
i cknap wapy Habau- §'0.002 5 /“W Ga, x1/100
3HBC N0 piBHOBaX- = S R Jels St it St ~p-*
HOTO 3HAueHHs IJs : -
- 0 50 100 150 200
TBepAOi (asH. Skwo (W6udkicmy pocmy. mm/200

X HOBi aTOMH OCHOB-
HOro Marepiajgy H0- Puc. 67. 3anexuicts Koedinientis pos-
[aloThCsl AyXKe IIBHA-  noainy JNIOHOPHOT JOMIlKH MAJs TPbOX
; ; MOHOKDHCTaJiB repMaHilo, BHPOIIEHHX
KO, NOMIUKOBI aTOMR ) uacko 3 oxHoro po3nJaBy, 3 TPbOX -
MaloTb  HEAOCTATHIH  pizyoopieHTOBaHHX 3aTPaBOK. ITyHKTHp-
yac Jisi OOMIHHOIO wa jinmis — 3anexuictb  Koedilienta
npolecy 3 MoBepXHEl0. posmodiny Ans rajilo (aKuentop).
Tomy  HapocTatume:
MaTepianl 3 HepiBHOBaXKHOW KOHUeHTpauiewo. flk npukaan
o6GuuncseHo yac pesnakcauii s CypMH B repMadiio (uac, 1o-
Tpi6HUH nas Audys3ii Ha BiAgalp B OOMH ATOMHHH Luap)
2 -8 2
a 6-107° cu
t_f\_f_ﬁ-z_(___w_zﬁ)=7.10-6 CeK,
5:10~%x%/cex
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e a — Biinanb, sIKa NOPiBHIOE TOBILHHI OXHOTO ATOMHOrO
mapy B repMmasiio;

D — koeodiuient audysii cypMu B repmasiioo npu teMmume-

patypi nuaBsieHHs Horo.

3BiJcu WBHAKICTL pocTy v Mae GyTH He Gijblue sK

a 1078 cu

7 =%CZ—K <9-10-3 cmjcex,
a6o 5 mm/xe, WO BiANMOBiZae THM LIBMAKOCTAM, NMPH SAKHX
croctepiraloTbcsi 3MiHM B KoediuieHti posmominy. Ilpote
Xos1 He MOXKe MNOSICHHTH, YOMY He CIOCTepiraloThCcsi 3MiHH
B cerperauii AJs aKuUeNTOPHHX AOMIlIOK MPH MajuX UIBHA-
KOCTAX POCTy, X04 Le i moBuHHO Oysno 6 6yTtH, 60 Koedi-
wieHTn Audysii nas Hux npumipHo B 100 pa3 Ginblii, Hix
o5 JoHOpHUX. BiH 3B’si3ye ue 3 BimcyTHicTio mepeBar AJs
OJHOrO, TO Apyroro ¢akxropa.

Haii6inbm imMoBipHO, mo o6uasa dakropu — audysis B
po3nnaBi 6ins ¢poHTy Kpucraaizanii i nudysis cop6opa-
HHUX OOMIlIOK 3 TBepAoi (asun B poO3NJIaB — € OAHAKOBO
BaXJIMBUMH, aJje B 3aJeXHOCTi Bi yMOB i iHAHBiAyaJbHHX
BJIACTHBOCTEHl KOMIOHEHTIB BHSBJSETHCS NepeBaxKHa Hifd TO
OHOro, TO Apyroro ¢akropa.

Busnauyenns xoediunienTiB posanoaiay
METOAOM BBEeJE€HHS B PO3NJaB palioakTHB-
HUX i3o0ToniB AmoMimok. Merong MiyeHunx artoMmiB
Moxe OGyTH 32CTOCOBAaHHMH OJs BCiX eJleMeHTiB, siki MaloTb
panioakTHUBHHMH i30TON 3 BHCOKOIO MHTOMOIO aKTHBHICTIO Ta
He AyXe MaJuM a60o 3aHaATO BeJMKHM fepiofoM MiBpo3-
nany. Tax, njs BH3HAUeHHs KOHCTAaHT cerperauii AoMilIoK
y repMaHilo i KpeMHil0 BHKOPHCTOBYBaJIUCSi Taki pamio-
aKTHBHi i3oTonu:

Sb!2¢ — 3 nepiogoM niBpo3nany 60 nuis, Sb'?2 — 2.8 nHs,
As™ — 26,8 ron., Ga — 14,3 roa., P32 — 14,3 o6y,

In!* — 50 auiB, Cu® — 12,9 roa., Ni% — 85 poxis,
Au'® — 2.7 no6u, Ag!® — 270 ni6, T1%0* — 2,7 poky,
Zn% — 250 ni6, Co® — 5,3 poxy.

Koediuientn posnoniny aJiominiio, 60py Ta iHIIHX ene-
MeHTiB, fIKi He MalTb pafiOaKTHBHHX i30TOMNIB 3 NOCTAaTHbO
BeJHKMM mepionom mniBposmany, He MOXYTb OyTH AocCJi-
JUKeHI UM MeTOdOoM.

TexHika 3acToCyBaHHsS1 METOAY MiueHHX aTOMiB HecKJal-
Ha. B po3miaB MakCHMaJIbHO YHCTOI PEUOBHHH BBOASTH
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HesiKy KiJbKicTb paaioakTHBHOrO ejeMeHTa y BUIJIAI JO-
MIilIKH 10 HeaKTHBHOro izotoma a6o y BHUIVIAAI cnjaBy 3
OCHOBHMM MarepiajioM. PoaniaB no6pe nepeMimyioTb i Bu-
POLIYIOTH 3 HBOTO MOHOKpHCTaJ. BupolleHH# 3JHBOK. po3-
pi3yloThb cnoyaTKy MO [NOBXHHi HaABOE, a MOTIiM KOXHY
MOJIOBHHY — HAa  IJIATiBKH
neprneHIUKYJAApHO 00 Ha-
npsiMy pOCTy KpHCTaJa.
[lonocki cTropoHu po3spi-
3aHUX NOJIOBUHOK MpHKJa-
NaloTb [0 PEHTreHiBCbKO1

NAiBKH i €KCMOHYIOTb KiJlb- 7, Y

Ka TONMH y BJIaCHOMY BH-
npoMiHioBanHi. OpnepxkaHna
aBTopajiorpama nae mome- : 4
PelHI10 SKiCHY KapTHHY BiA- Y, 4
HOCHOTO po3Mmofiny IoMi-
IIOK B 3JIMBKY. 32 I0MOMO-

row ¢otomerpa BH3Haua- 7777777 5
I0Tb BEJUYUHY iHTEHCHBHO-

CTi TNOYOPHiHHA  MJiBKH. - 6
[1Ipu npaBunibHill ekcrosu-

wii (BHTPHUMILI) BeJHUHHA 7 7 7
MOYOPHiHHSA nponopuio-

Ha/JbHA iHTEHCHBHOCTiI BH- 8
npoMiHIOBaHHs, TOGTO Kilb- 7777 )

KocTi OOMIIIOK B OaHOMY 9
Micui.

HonatkoBi  Bimomocri Puc. 68. Cxema pospisyBaH-
uloao0 posmnoalny paploak- Hsl 3/IMBKa repM_aHilo Ha 3pas-
THBHO‘l‘ ﬂOMiHlKH oﬂepmy- KH 1IJs llOCJ]lﬂ)Kel.'lb ;.nel(-
ot _mican _pospisysania RN mapakerpis [
OZIHi€l MOJIOBUHKH Ha MJOC- 10K,

Ki  TOHeHbKi  MIaTiBKH

(puc. 68) i BuMipiOBaHb KiNbKOCTi iMNY/bCiB BiX KOXHOI
CTOPOHH MJIATiBKU Ha JiunabHUKY. OnepxaHi faHi HaHOCATD
Ha rpadik i omepxKyloTb 3HOBY BiJHOCHHH po3mnonin no-
MIillIKM B3[OBX KpHCTaJa.

SIkio 6aKaHO 3HATH KiJMbKiCTb AOMILUKH B OYyIb-SIKOMY
Micui Kpucrajaa, caii npu BBeAeHHi il B po3nJaB 3ajullu-
TH YacTHHY [Jis NMOpPiBHAHHA. 3HAlOuM Bary 3aJidllieHoi mMmo-
pOLIKOBOi HaBa>XKH AOMIIKH, KOHLEHTPAaLilo paxioakTHB-
HOro Marepiajy B Hill Ta KiJIbKICTb iMIYJ/bCiB 32 OOHUHHIIO
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4acy, MOpiBHIOIOTb IX YHCJO 3 KiJIbKiCTIO iMmyJabciB Bip Ta-
KOl 3 Baru NMOpOIIKY, 3p0o6GJEeHOro 3 MJIaTiBKH.

Takuit cnoci6 nopiBHSIHHS aBTOMAaTHYHO KOPEKTYE 3MeH-
LIeHHs1 paAioaKTUBHOCTI npenapara i JOMilKH 3 6iroM uacy.

BinnoBigHuMH o0GYHMC/IEHHSIMH BH3HA4yalTbh KoeQillieHT
posnoginy.

Jlpyry moJIOBHHY KpHCTasa 3BHYaiHO BHKOPUCTOBYIOTb
U AOCJiJKeHb eJIeKTPHYHHX XapaKTepUCTHK MaTtepiaJay.
Ii Tak caMo po3pi3zaloTb Ha HaAHTOHLII MJATIBKH i A/ KOX-
HO1 3 HHX JAOCJHiJKYIOTb NHTOMHH ONip, BeJHYHHY TepMoO-
e. p. C.,, KOHUEHTpalilo HOciiB cTpyMy, iX pyXJuBicTb, uac
XKHUTTA Ta AOBXKHHY AuQy3iiiHoro 3miileHHsi. TakuM cmoco-
60M CTBODIOETbCS MOBHA XapaKTepHCTHKa Marepiaay 3a-
JIeKHO BiJ NPHPOAHM i KiJIBKOCTi BBeJEHHX HOMiIUOK.

BusnaueHHss koedinmieHntiB pos3nmopniay
MeTONLOM BUMipIOBaHHS eJeKTPONPOBiAHO-
ctTi Ta epekty Xouaaa. Leit meron ocob6auBo Bax-
JUBUH [J1f TaKHX eJIeMeHTiB, fKi He MaloTb [AOBro iCHyo-
YHUX pafioaKTHBHHX i30TOMiB.

3acrocyBaHHs HOro 3acHOBAHO Ha BiJJOMOMY JJif Ha-
NiBNpOBiAHHKIB CMiBBiJAHOLIEHHI

c=ne_u_+ pe,u,, (40)

Je ¢ — MUTOMa eJIeKTPONpPOBiAHICTb;

' e — 3apsi eJeKTPOHa;

4_,u, — PpyXJUBICTb €JEKTPOHIB i AipoOK;

n i p — KOHIeHTpallii. '

JJ19 OTOTOXKHEHHSI KiJbKOCTi HOCIiB 3apsily 3 KijbKicTio
aToMiB QOMilKH notpi6HO, 1106: '

1) B kpucraji ik fAoMimka GyB NMPUCYTHil TiJIbKM OAMH
NOHOpPHUH a60 aKUeNTOPHUIl eJeMEeHT;

2) yci aromn gomiwkd OyJau iOHi30BaHi 3a naHoOi TeM-
neparypH, a BJlacHa NpPOBiJHiCTb He3HauHa,

3) KOXeH aTOM AOMillKYU [aB JIMIIE OJHUH eHepreTUYHHH
piBeéHb (IOHOpHHH a60 aKuUeNnTOPHHMIT).

- SIkmo ui yMOBH 3a40BOJIbHAIOTHCSA, TO piBHAHHA (40)
CIIpoLIyeTbCS 1 Mae B MpaBiH yacTHHi Jnille ONMH 10JaHOK.
BumipsBuin edekr XoJsja, BU3HAYAIOTh KOHIEHTpaIlilo HO-
ciiB. IIpn oGunciaeHHsXx KoedilieHTa cerperauii BUKOPHCTO-
BYIOTb 3HaUeHHsl BHUMIpsIHOI NUTOMOi eJIleKTPONpPOBiXHOCTI
A5l KOXKHOI 3 BMPi3aHMX MJIAaTiBOK Ta BEJMYHHY BUMIipSIHO)
pyxJiuBOCTi HOCIiB.



Po3din IV

METOIH HEPEKPHCTAJII3AIIL I KOHTPOJIb
BIACTHBOCTEN NMEPEKPHCTAJI30BAHHX
MATEPIAJIB

§1. METOXH NEPEKPHCTAJI3AIIL
1. CopamoBana kpHcraJizamia

SIkio y yoBHHMKY a60 aMmmyJli 3HaXOOHTbCsS pO3MJiaBJe-
HuH 3pa3ok i3 ABOXKOMIOHeHTHoro (6iHapHOro) cnaaBy
i KoHLleHTpallis ogHoro Ha6araTo MeHIIA Bi KOHLEHTpalii
IpYyroro, To NMepuii 3 HHX MOXHa pPO3rVSZATH SK AOMill-
Ky. ByneMo noBifibHO 0X0JIOJKYBaTH pO3IIaBJeHHH 3pa3ok
3 OIHOr0 KiHLS, BUKJIMKAlOYH LUM CHPSMOBAHYy KpHCTaJli-
3aiiro.

3aKOH po3Mofiny JAOMIIIKH B3J0BX 3paska BH3HayMMO
K QYHKLiI0O AOBXHHHU INONepeJHbO 3aKPHCTaJAi30BaHOi Horo
yactuHu. [loctynoBe 3pocTraHHs Iiei HOBXHHH 36arauye
peliTy poO3MJaBy BHTiCHIOBAHOI AOMIilIKOIO.

3po6HMO npuMNyILEeHHs, LIO:

1) k € BeMMUHHOIO CTAJIOK0 i He3aseXHOI BiJl KOHIEHT-
pauii IoMilIKKH B pO3MJaBi;

2) nudy3is B TBepAill ¢a3i HacTiNbKH He3HauHa, LIO
HifKOI 3MiHM KOHIUEHTpallil NOMIlIKH B OKPeMHX 4YacTHHaX
KpUcTaja nicas Kpucranaisauii He BigbOyBaeTbcd;

3) nudysia mnomimiku B piakii ¢asi 3HayHa, TOMy npu
MOBiIbLHOMY NpOCYBaHHI ®POHTY KpucTanisauii KoHLeHTpa-
gis i1 BcTurae BUPiBHATHCS y BCiX YacTHHAX pO3MJaBy;

4) poMillIKa NMPHCYTHS y MaJgiil KiJabKOCTi;

5) rycTuHa [OMILlIKH MaJjo BiAPi3HAE€TbCA BiA T'yCTHHH
OCHOBHOT'O KOMITOHEHTa;

6) B po3mJiaBi BiICYTHi KOHBeKILiHHi TENJOBi MOTOKH.
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Hexaii 3a neBHHH yac Big mouaTKy KpHcTaJisauii 3a-
KpHCTani3yBajacsl yacTHHA 3pa3Ka NOBXHHOIO x (puc. 69).

B naHuii MOMEHT KpHCTaJi3yeTbCs WIap TOBILHHOWO dx.

CknaneMo piBHsIHHSI 36epeXeHHsi KiJIbKOCTi MOMIllIOK B
o6’eMax 3pas3ka, fki 6epyTb yyacTb y KpHcTasisauii,

Cy(L—x)s=C,dxs+(Cy+dC)) (L —x— dx)s,

ne C, — KOHUEHTpaUis NOMIlIK¥ B PO3MJIAaBi, KOJH LIOHHO
3aKpucTaJidyBajacs YacTHHA 3pasKa JOBXKH-

HOIO X;
L — noBxxMHa 3pas3ska;
5 X x §  — momepeuHui
= —T E=—===—==—= INepeKpiii, OIHAKOBU} Ha
———————— BCifi nOBXHMHI 3paska;
)| E—C——— C, — KOHLeHTpauis
—Pi0uHa ~—_ |  OOMIlIKM B 3aKpHcTaJi-
— — — 30BaHOMY TOHKOMY Miapi
—_——

dx, 110 3HAXOAHTbCS Ha
L Bignani x Bim mouaTky

Puc. 69. o o6uucieHb po3nofiny Ao-  3JUBKaA.

MilUKM MNpH HOPMaJbHill cnpsiMOBaHil YHopﬂ}leeMo piB-
KpHCTaJi3allil: X — 3aKpHCTali3oBaHa

uacThHa; L — noBxuna 3paska; s— HAHHS, HEXTYIOuH 1006yT-
nonepeuHHii nepexpii. koM dCdx,
dCy(L—x)=—(C,—C,)dx;
dcy _ dx _ d(L—x)
C,—Cy, — L—x~ L—x °

Ockinvkun C, = kCy, MOXKHa 3amucaTH
dCy _ d(L—x)
*k—nc,~ "L—x °

IHTErpyemMo ue piBHsIHHS B OOpaHHX MeXKax
Y Fd(L—x)
oy (p— el —Xx)
J o=t =2,
< 0

Co — mouaTKOBa KOHLEHTpalis AOMillKH B po3mnJjasi;

C L —
Ingt=(k—1)n = =(k—-1)ln(1—%),

Cy=C0(l—%)k—1. (41}




L C .
[lincTaBasiloun 3HaYeHHS Cy=——k‘~B piBHsAHHS (41), onep-
XKHMO

C,= kCO(l—%)k_ h (42)

Ha puc. 70 nonani KpuBi posmoniny nOMilIOK B 3pasky
NpH CnpsiMOBaHill Kpu-

6

cranisauii B 3a/1€XKHO- f -— -t
cri Bim x/L (3akpu- ;II(\J\ f:_"c"(”/l)
CTaNi30BaHOl YacTHHH NN | (o e wpudux
3paska), oGuucJeHi 27
3a dopmysoio (42), 2 09 \\\ ]
ISl [OMILIOK 3 Pi3HH- 0k X; :7
MH 3HAuEHHSIMH Koe- . (6 2] N
¢iuientiB cerperatuii. 3 04 : AN ’

Exkcnepumenranb- 303 X
Ha rnepeBipka piBHAH- § ), 7] NN
HA (42) mokasana,mo « 01— \ \
JHLIe NMPH AYKe Ma- 8 0fl—t" : \ \
JIMX WIBHAKOCTAX Kpu- §008— \\ \Y
cranisauii, npu6aus- 328 RVA
HO coTa noas mm 3a L0M—t ~
XBHUJ/IHHY, €eKcnepH- 003 ' // \
MeHTanbHi KpuBi Ha- 002 T
6/1MXKaloTbCd A0 TEO- a
pernunux. Ile 3ymoB- 0'0’0 07 04 76 28 09
JIEHO HEBEJINKMMH 3HaA- Sawpucmanizobara vacmura XL

UeHHSAMH KoedillieH-

: i1 . Puc. 70. Posnoain nomimok B 3pasky
TIB nmbysu D y pos npH COpPsSMOBaHill KpucraJsisauii B 3a-

naaBax, 5“097‘111(}’ nexxuocti Bim x/L (3akpHcTanizoBaHOi
~10~4—10-5 cm2/cex. uactunn 3paska), oGuucieHuii 3rigHO 3
Came uepes mue n0- piBHAHHAM (42) ana R>1 i k< 1.
MlﬂlKH BUTHCHEHi

GpoHTOM KpHcTaJi3alii B po3nJiaB, HAKOMHYYIOTbCS y Iapi
posnuaBy, sikuil NpUasirae 10 rpanuli noainy ¢as. Tomy mis
MIOBHOTO BUPiBHIOBAHHS KOHueHTpaun AOMillIKH HIJIIXOM IH-
¢y3ii noTpi6bHo 6ararto uacy.

A. 1. Jlanpay [26] o6uuc/aHB pO3NOAia OOMIlIOK B3HI0BXK
po3nniaB/jeHOi 4YacTHHM 3pa3Ka, MOYHHAIOUH Bix QpoHTY
Kpucranizauii. Bin npuiiHas, mo0 AOMILIKKH B po3mJaBi me-
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peMillyloTbCsl TiIbKH LVIAXOM AHQY3il, ypaxyBaB peaJibHi
BEJIMUMHHM IIBUAKOCTeH ii mpM MaJuX LUBHAKOCTAX U MpOCY-
BaHHs rpaHuui kpucranisauii. O64yuc/ieHa HAM KpHBa po3-
noniJsy AOMilIOK B po3msaBi, HaBeieHa Ha puc. 71, Bimo-
6paxae CTaH, sSKHil YTBODHBCH uepe3 [esKMH yac micus
noyaTKy KpHCTadisaiil, KOJH CTBOPHJIOCS KOHILEHTpalliiiHe
YIliJbHeHHS *JOMIIIOK Mo6anu3y (GPOHTY KpHcTadisauii. 3a-
3HayeHa Ha puc. 71 noBxkHHA A (TaK 3BaHa XapaKTepHCTHY-
Ha J0BXHHA) — lle Biaganb Big GPOHTY KpHcTaJgisalii, Ha
AKii KOHIEHTpalis Hako-

2(67'\ NHYEeHHX [OMIIIOK 3MeH-
% ‘ myeThbest B € pa3. 3a yMOB
< 20 v crabiNlisoBaHOro  KOHLIeH-

. | ks | TpauiiiHoro yumiJbHeHHs B
A— - - -] KPHCTAaJ BXOHHTb Taka KOH-

0 t+ 2 3 4 §V 6 penTpauia AOMIlOK, fKa
ycm icHyBasia B po3miaBi crmo-
Puc. 71. Posnogin fomiumks B po3- YaTKy. XapakTepHCTHY-

nJaBi, sKHA YCTaHOBHBCA uYepe3 Jile- g fOBXKHHA A J.IopiBHIOG
AKHI yac BiX MOYaTKy KpHCTaJgi3a-

il npy peasbHHX IWIBHIKOCTAX AH- A= D
¢}ysii momimok: - "o °

7 nommanma mosnnasnenos vacrona apas.  [lass D = 10~* cm¥lcex i
Ka, TOYHHAalo4YH :lanuiic.bponry KPHCTaJal- V= 3,6 MM/ZO@, A: — 1 cM.

Ipu 3MenweHdi D Biamno-
BinHO 3MeHuyeTbcs A. Po3momin mgoMimok B3JOBXK 3aKpH-
CTaJli30BAHOTO 3paska 3a YMOB HeMOBHOI'O BHPiBHIOBaHHS
IOMilIOK B po3maaBi 306paxeHo Ha puc. 72. fIk 6aunmo,
BiH iCTOTHO BiJpi3Hsi€TbCs BiA PO3MOJiNy NPH HECKiHYEHHO
BeJIMKiH mBUAKOCTI auy3ii i € ayxe moxiGHUM OO PO3MO-
LNy, s§KHH BHMHHKae IPH 30HHOMY mJaBreHHi (puc. 88,
KpuBa a). Tomy mnpu NPakTHYHOMY INpPOBeNEeHHi OYHCTKH
MarepiaJiB Tpe6a Ha e 3BaxaTH i BXKHMBATH LITYYHHX 3a-
XoA4iB, fAKi 3abe3meyyBasu 6 MNOBHe BHPIBHIOBAHHSI KOH-
HeHTpauii AoMimok B po3naasi. JocsraloTe Lboro 3ue-
6iblIOr0 iHTEHCHMBHMM HepeMillyBaHHAM po3miaaBy a6o
HaJ3BHYaHHO MOBiJbHOIO KpHCTaJgdi3auiero.

PosrasHemMo cxeMu Hai6inblu BiJOMHX i NOLIMPEHUX Me-
‘TOIB OUHCTKH MaTepiagiB, sKi TPYHTYIOTbCS Ha NPHHIIHII
.CnpsIMOBaHOl KpucTasisaulii i naoTb MOXauBicTb 3abesne-
YWTH MOHOKPHMCTaJIiYHy CTPYKTYPy BHPOILYBaHOTO 3paska.

Meton Bpuax MeHa CxeMa ycTaHOBKH 306paxe-
Ha Ha puc. 73. OuuulyBaHu#i Marepias BMIillylOTb Yy KBap-
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uoBy abo ckasfHy 3amasHy ammyay [. HuxHilt KiHeup am-
TyJIH 3aKiHYYETbCS 3BYXKEHHSIM — KamiJIsAPHUM KiHYHKOM 5.
AMnyny mipBilwyioTh Ha APOTHHI 3a rayoK, APOTHHY nepe-
KHAAI0Th yepe3 HEPYXOMHH OJIOK 2 i 3’€AHYIOTb 3 TATOBHM
»gwexaﬂiamom, SIKHH TNOBYHeH 3a6e3meuyBaTH piBHOMipHe
1 1yxe MOBiJibHe Ge3 CTPyCiB BepTHKaJbHE MepeMillleHHS
amnysnu. Amnysy BMimyioTe y TpyGuacty mniu 3 onopy.
B3noBxk nmeui, Gauxue
A0 OJHOro 3 KiHIiB, NOBH-
HeH iCHyBaTH MNeBHHH, 3a-
IaHWi TpafieHT TeMnepa-
Typ, AKHH yTBOPIOIOTHL pi3-
HUMH cnoco6amu. MoxHa
30yayBaTH niu 3 HepiBHO-
MipHOIO YKJaAKOI0 BHTKIB )
LpOTY MO AOBXKHHi; TaM, A€  Puc. 72. Po3nogin IOMilIOK B3N0BXK
T e T, oaroro. aupiamosamin - KoRLent.
Temnepatypa Gyne Buila. pauii nomimoxf B posnjasi mix yac
Mo?xaa _BUKODHCTaTH iy KpHCTai3awii:
3 PIBHOMIDHHM DPO3MNOAIIOM A — pinsinka Kpucrana, sika BHpocaa B
BUTKIB, /e BJALITYBaTH Hossx wapocramsol xomespaul tout
ﬂO6JIPl3y OOHOTO0 3 KIHIIB JnAHKa KpHCTa/la, IO 3aKpPHCTajisyBana-

. . cs-B yMoBax cTa6ini3oBaHOro KOHUEHTpa-
Bcepeﬂﬂﬂl neuit U-IquHo nifiHoro ymisbHeHHs; C — finsHKa, sKa

OXOMOKYBaHI  Aiagpar- upcTiiesict xim ootacn poanaa;
mu 4. 1o 0.
Tak uu iHakiue, B meui

aoTpi6HO 3a6e3neunTH B 3HAYHOMY 006’eMi MOCTiHHY TeMne-
paTypy, TPOXH BHILY BiA TeMnepaTypu I[UVIaBJIeHHS peyo-
suHU. [lo6sau3y nepmoi fniadparMy TeMmnepaTypa MOBHHHA
nopiBHIOBaTH TeMnepatypi kpucrahaisauii. 3a giadbparmMamu
BOHA MYCHUTb LIBHIAKO 3HHXKYBaTHCS, 1106 3MEHIIHTH AUQY-
3i10 AOMIlIOK B 3aKpHCTai30BaHy YacTHHY.

- Kpucranisauilo npoBaasiTh Tak: BMIillyIOTb aMIyJay B
fliy i caigKyloTh, 106 yca pedyoBHHA B Hii moOpe npomJa-
susach. [loTiM MOYHHAIOTH MOBIIBHO ONyCKaTH aMmyJay.
PeuoBuHa, fIKa 3alOBHIOE KaniJspHU# KiHYHK, MepLIOI0
fIpOXOAUTL 00/acTh, 1€ TeMNepaTypa [IOpiBHIOE TeMIepa-
Typi KpucTaaisauii — noynHaeTbcs KpHCTaJi3allis.

Ockinbki 06’€M KamiJfipHOro KiHYUMKa HEBEJHKHH, B
HbOMY 3apoJXyeTbcsi HebGaraTto KpUCTaJiYHHX 3apOIKiB.
O[HuH 3 HUX ONMHHUTbCS B HAWCNPUATAMBIIIMX yMOBax opi-
€HTalii i pocTy i mepeTBOpPUTbCS HAa LEHTP KpHCTadilaiii,
OpUAYIIMBIUM DIiCT pelITH 3apOAKiB.
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[1pn nyxe NoOBiNbHOMY OMYyCKaHHi aMMyJu KpHCTaJi3a-
nis BinGyBaTHMeTbcsl B yMOBax G/HM3bKHX OO PiBHOBaXKHHX.
IMpn k<1 noMmimkM BHTHCKYBaTUMYThCSl B pO3MJaB, a 3a-
KpHCTaJi3oBaHa vYacCTHHA, SKIIO He BHHHUKATHUMYTb iHII]
LEeHTPH KpUCTanizalii, MaTHMe MOHOKPHCTaJIiYHy CTPYKTYPY.-
Konu tpe6a nmocsartu BHCOKO-
rO CTyNeHs OUHCTKH, onepallito
Kpucranisauii  NOBTOpPIOIOTH
KiJibKa pasiB, lopa3y BUAAS-
I04M 3 aMMyJau Hai6ijabu. 3a-

OpyAHeHi HiJISTHKU KpHUCTaJa.
Jns nomimoxk 3 & < 1 Haiiuk-
CTillla 4YacTHHA Kpucrajia —
e piisgHKa nobJau3dy Kaniaap-
HOro KiHYMKa; OJis OOMillloK
3 k>1 — Ta ninsiHka, sika 3a-
KPHCTAJi3y€eTbCcsl OCTaHHbOM.
SIkmo B posmsaBi oaHOYacHo
NPUCYTHI [OOMIilIKH 000X TH-
niB, TO HaHYHUCTILUOIO € cepen-
HSl 4aCTHHA KpHCTaJja.

"[lpu BHpoOLLyBaHHi MOHO-
KpHCTaJsia OyXe BaXJIHBO 3a-
6Ge3neudTH MoBijMibHE i piBHO-
MipHe nepeMillleHHsl neui abo
! posnnaBy. OAHHM 3 MPOCTHX

~Boda Boda 1 3pyuHHx cnocoGiB mepemi-

LIeHHs] aMNyJH 3 POo3MJaBOM

Puc. 73. Tlpumumnosa cxema €, CNOCI6, snilicnenudt y Ca-
YCTaHOBKH JJIsi BHPOILYBaHHS MO- 61pCbKOMy q)lBPlKO'TeXHl‘lHOMy
HOKpucTauniB cnpaMoBanoio kpu- iHCTHTYTI AH CPCP [24]. Ha
CTaJi3all€er 3a MeTOJ.lOM Bp"ﬂ)K' puc. 74 HOKasaHI/Iﬁ BaplaHT
mena. CXeMH TaKOi YCTaHOBKH. AM-

nyaa /0 BUrOTOBJISIETbCS 3 BiANOBiAHOrO MaTepialy — cKJa,
KBapuy, rpagiry rowo. Jkuo marepian amnyad B po6OYHX
yMOBax pearye 3 MoBiTpsiM, ii BMiLylOTb B 3aXHCHy KBap-
uoBy abo mwamoTHy Tpy6y /I, 3anoBHeHy iHepTHHUM rasowm,
i BXKe 3axucHy Tpy6Gy BMimywooTh y niu 9. Amnyay, 3anos-
HeHYy DEeYOBHHOIO, siKa NiJJisirae KpucraJjizauii, niasimyioTb
Ha APOTHUHI 7, SKYy CKpPIiNJOIOTb 3 HHTKO, NEPEKUHYTOIO
yepe3 ABa HepyXxoMi GJoKH 4; NPYruil KiHelUb HUTKU CIOJY-
yaloTb 3 nomsaBueM I3, MoxHa KopkoBHMM. [lomiaBeupb
MOXe BiJbHO NepeMmillyBaTHcs B BaHHi /2 3 Bopoto. JloB-
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JKMHA HUTKHU i MOYaTKOBHH piBeHb BOJAH B BaHHI BCTAHOBJIO-
10Tbcsl Tak, WOG6 3abGe3neuyBaJjocsi MOBHe PpO3MJaBJEHHS
3paska. Konu 3pa3ok mo6pe NpomiaBHTbCH, IO KOHTPO-

(Y

TN

AN

LN

ANLAAS

AAAANNNNAN

3 - 1
7. 7

Puc. 74. JlaGopaTopHa yCTaHOBKAa MJisi BHMPOILYBaHHS MOHOKDH-
cTaJjiB CNpsSMOBaHOI KpHCTaJgisaluielo, podpobseHa y CuGipcbko-
My (i3HKO-TeXHiYHOMY iHCTHTYTI.

JIIOEThCS 3a JIOMOMOrol0. repMonapd 8, abo, sKIIO MOMKJIUBO
Bi3yaJibHO, BiJKpPHBAaOThb 3aTHcKau 2 TpYyO6KH cHboHa [
i HAM peryJIlolTh HaJAXOMXKeHHs Boayu 3 Gauka 3 y BaHHY.
HIBuakicTs nepemimeHHs ¢GpoHTY KpHcTadisauii mopiBHIOE
WBHAKOCTI migfiomy piBHS Boaum y BaHHi. Bumiploerbcs
BOHA 3a JOMOMOIOI0 MNPHUCTPOIO, SKHUH CKJIAJLa€ThCs 3 IO-
Ka)XXyuka O, NMPUEIHAHOTO N0 HUTKH i JiHilikn 6. Ilepemi-
LIeHHs aMNyJH BHKJIHKae piBHe NepeMillleHHS MOKa*KuHKa
mo JiHifmi.

.Metoan HoxpanbcbKoro (MeTOX BHTHATIY-
BaHHd 3 po3nJgaBy) Ta HOro cyvyacHi Bu-
AO03MiHU. B posnnaBieHy peyOBHHY 3aHYPIOETbCH 3a-
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TpaBKa i3 IIMaTOYKa KpHCTaJa 3 TOro caMoro marepiaay,
110 i po3myiaB, TPOXH OMNJIABJAETLCA i MOTIM, 3a NONOMOrol>
6yab-IKOr0 MeXaHi3My, MOBi/IbHO i PiBHOMipHO BHTATAETbCH
3 po3maaBy.- Ha 3aTpaBui, onnaBJjieHilt i 3MoueHiit posnJa-
BOM, NpPH BHTSITaHHI HapocTae KpuctajiydHa ¢asa. [lix yac
KpucTaaisauii Buminse-
ThCSl TEMJIO KpHCTaJi3a-
uii, Tomy notpibHo #oro
L BeCb Yac BiJBOIUTH reThb.

r3 B ycranoBui Yoxpab-
-4 ceKoro (puc. 75,@) mas 0xo-
JIOAKEHHA  Micus  JOTHKY
3aTpaBK¥ 3 PO3MJIaBOM 3aCTO-
coByBaJacs CTPyMHHa iHepT-
HOTO rasy, sika CIpSIMOBYBa-
Jacs Ha [MOBepXHI0 MNoAiny
KpHCTa/na i po3mniaBy.

3aBasgKy cuJaM 34er-

d GCI”DyMIHD

IHEDMHOR0
easy
Po3nnabd

! 7

[4] 1]
Puc. 75. YcraHnoBka YoxpasabcbKoro
151 BUTATYBaHHS MOHOKDHCTaJIB 3 pO3-
nsaBjeHoro meranay (a):

1 — wmratuB; 2 — HepyxoMuft 6naok; 3 — ji-
HiflKa; 4 — HOKaX4HK; 5 — NPOTHHKA; 6 — MO-
HOKPHCTaJIbHa SaTpaBKa a6o CKJsiHe BicTps;
7 — niy; 6 — cxeMaTHUHHA pO3pi3 KpucTakaa
i po3nsaBy Ria 9ac BuUTATaHHA: | — KpHUCTaJ;
2 — PpoHT KpHCTaJisauii; 3 — poamnJas;
h — BHCOTa CTOBNMYHKAa pO3NJIaBy, SIKHA TAr-
HeTbCS 83 KPHCTAJIOM.

JIeHH$1, NiloYUM MiX po3-
NJ1aBOM i 3aTpaBKoOlo, 33
Helo MiJHiMaeTbCs CTOBI-
yuK po3nJaary (pwuc. 75,6),
BHCOTA SIKOTO A WiJKOM
3aJIeXXUTb Bill CTyneHs
neperpiBy po3nJasy,
YMOB OXOJIOMXKEHHS] Ha
¢ponTi KpucraJizanii
Ta iHIIMX NPUYHUH i BH-
3Hauyae co6oio Iniamerp
MOHO-

BHPOLILYBaHOTO
KpucraJa.

B cyyacHuX ycTaHOBKax TpuMau 3aTpaBkH a6Go 0xoJo-
IUKYIOTb 3CEepeIMHH IPOTOYHOI0 BOAOI, abo BiANOBiAHOWO
'KOHCTPYKIUi€l0 HOro, i yCTaHOBKM 3ale3rneuyloTb NOCTATHE
BiBe€HHS TemJja.

Ilpu nyxe Masifi MBHAKOCTI BHUTATaHHS i MOXJHBO
HUXUill TeMmepaTypi po3mJaBy KpucraJjgisauis BinbyBae-
ThCSl B YMOBaxX, OGJU3bKHX [0 PiBHOBaXXHHX. Bupouysanuii
KpPHCTaJ Ma€ MeHUY KiJbKicTh AOMIlIOK, HiX po3naas
(npu k<1). Otxke, npu mnoBinbHOMY i piBHOMipHOMY BH-
TATaHHi NOCATaeTbCsl OYMCTKa Marepiany. Ias omepxaHHs
MOHOKDHCTAJIi4YHOT CTPYKTYPH 3aTPaBKOIO MYCHTb CJYXKHTH
6pyCcOUOK, BUpi3aHHH 3 MOHOKpHCTaJa i MOTPiOHMM YHHOM
OpieHTOBaHUA.
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[Ilo6 3a6e3nmeynTH OYMCTKY PEYOBHHH i OMEPKATH MOHO-
KpHCTaJ, CJif AOAepXYBaTH TAaKHX YMOB:

1) migTpuMyBaTH TeMnepaTypy poO3ILIaBy MOCTiHHOI;

2) migTpumyBaTH NOCTiHHOIO IIBHAKICTL BHTSITaHHA a6o
3MeHIIyBaTH il BiANOBiAHO 3 POCTOM KpHCTaJa;

3) migTpumyBaTH . NOCTiIHHUM
OXOJIO[XKEeHHS;

4) rapaHTyBaTH YyCTaHOBKY
Bil MeXaHi4HHX CTPYCiB;

5) KopHuCTyBaTHCb MOHOKDH-
CTaJbHOIO 3aTPaBKOIO.

Ilpn BupomyBaHHi KpHCTasiB 3 3a-
NaHUM pO3NOIiJOM HOMIIIOK MO HOB-
XKHHi BHAIOTbCSH A0 BHUTATYBAaHHS KpH-
CTaliB 3a NMEBHOIO NpPOTrPaMHOI0 IUBHA-
kietio. Tomi BuMoru, 3a3HaueHi B
1. 1—3, He BHKOHYIOTbCS.

OnuH i3 cyyacHHX BapiaHTiB
YCTAaHOBKH [AJs1 BUTSII'YBaHHS MO-
HOKpHcTaliB 3a MertogoMm Yox-
paabcbkoro — Kiponysmoca mo-
naHo Ha puc. 76.

Posnsas repmaniioo y Turai 3
rpacdity 7 HarpiBaerbcs i minm-
TPUMYETbCS NpPH NEBHiH TeMme-
patypi 3a [ONOMOrol BHCOKO-
YacTOTHOTO
KOHTDOJIIOETLCS TepMonapow /.
Tpumau 3aTpaBku 5 cHoyaTky
OllyCKa€eThCH, 3aTpaBka 4 3araub-
JIOETbCS B po3miaB 2 i TpPoxH
onJaBasietbest. e nmoTpi6HO nns
TOro, o6 BHAAJHUTH 3 NOBEPXHi
3aTpaBKH OKCHIHi MJIiBOUYKH i KO-
CArTH TNOBHOTO 3MOUYYBaHHS ii
posnnaBoM. [Ipm unifi omepamii

imnykTopa 8, mo-

10 niGuomro2o
METGHI3MY

Bnycx Hy06eomarHa

BunyckHy

Puc. 76. Omuu i3 cyuac-
HUX JabopaTOpHHX i Ha-
NiBIPOMHCJIOBUX BapiaHTiB
YCTAHOBKM JJsi BHTSATY-
BaHHS MOHOKDHCTaJIiB rep-
MaHdilo 3a MeromoM Yox-
panbcekoro — Kiponyaoca:

! — TepMonapa AJs TeMmepa-
TYPHOTO KOHTPOJIIO; 2 — DO3-
naas; 3 — BHPOULYBAaHHA MOHO-
KpHCTaJ; 4 — MOHOKDHCTAJIbHA
3aTpaBka; 5 — TpHMad 3aTpas-
KH; 6 — KBapuoBa TpyOKa;
7 — rpadiToBuit THrenb; 8 —
iHOYKTOp IJIsi HarpiBy THIJAS
3 pO3MJIaBOM.

TeMnepatypa po3IJaBy MiATPUMYETbCS TPOXH BHILOK, Hix
Ta, Npu fAKi# BinGyBaerbcs BHpoulyBaHHsA. [licasi cTBopeH-
HSl XOpouIoro i MOBHOTO KOHTAKTy MiX 3aTpaBKOIO i po3mia-
BOM NPUBOAATH B Jil0 MexaHi3M migiioMy Kpucrana 3. Ksap-
noa Tpy6ka 6 n03BOJIsiE BeCTH Bi3yasbHi CHOCTEPEXKEHHSH
3a POCTOM KpHCTaJa.

[Ilo6 yHHKHYTH MNOSIBM NapasuTHHX LEHTPiB KpHcTaJi-

207



sanii mig yac BUTArYBaHHSA, caig 3a6e3neyuTd MeBHUH poO3-
Mojis TeMmepaTypu B po3maaBi, a caMe: ciid, o6 Temie-
paTypa mifBHluyBaJacs B HanpsMKy Bifl GPOHTY KpucTasi-
3auii no crinok i mHa turia. Ha puc. 77 nomaHa cxema
t noTpiGHOro  po3noAiay

TeMIlepaTypu B THIVI.
BinBeneHHsi nominiok
BiA ¢poHTY Kpucrajisa-
kD 1ii B po3nJas 31ifiCHIOE-
0 r ThCA  MepeMillyBaHHAM
: po3njary obGepTaHHAM
{;p' TTTE= THIJSA | KpHuCTasna 3 nes-
i S—— HOIO IIBHAKICTIO B MPO-
THJIEXXHHX HanpsiMKax.
Bim nmii BiaueHTpoBHX
a 6 CHJI LIapH  PpO3IJIaBy,
36arayeHi JOMilIKaMH,
Puc. 77. Cxema notpi6Horo posmo-  OyAyTb BiAKHAATHCS IO
nny TeMﬂepaTypH B THUIJI HPH BH- CTiHOK TUIVI,, a Ha ix
. pO[U,yBaHH.I MOHOKPHCTAJIB: MiCU.e,HaJlXO[[PITHMe CBi'
— TeMnepaTypa; {xp — temneparypa KpH- o o
cranisanii; A — BHCOTAa po3nyiaBy B THIJI; KHH pO3IJiaB (HKHH HE

7 — Bigmaab Bix BepTHKaJabHOI oci, O CTHKAaBCH 3 TBep}lo}o ¢)a_-
NPOXOAHTh Yepe3 LEHTP THIJA; @ — po3-

I

i!

noné.'l TeMrnepaTypu B PO3RJABi MO BHCO- 30}0)-
Ti; 6 — PO3AOAIN TeMllepaTypd B po3njasi 1
BSIOBX pajliyca THIVIS;, &8 — THresb 3qup1qu 06epTaHHﬂ
3 pO3MJaBoM. THUIVIA 1 KpDUCTaJla CIIpHUsE
CHMETPHYHOMY pocty

KpucTaJa, noJinilye nepeMillyBaHHSl PO3NJaBy i BUPiBHIOE
MOXKJIMBI MNODYIIEHHS TeMIiepaTypHOro MoJs B pO3ILIaBi.
IBunkocTi oGepTaHHsi TUrJIA | KpUCTaja He MOBHHHI OYyTH
By¥Xe BHCOKHMH, 60 DO3MJ/JaB MoOXKe BHKHAATHCS 3 THIVIA,
a HaJaMipHO 1WBuAKe o6GepTaHHsi KpucraJja, ~ 350 o6/xB, BH-
KJIHKae TBHHTOBe 3aKpyuyBaHHs KpHcTajJa B G6ikK, MpOTH-
JexHu#l fioro oGepraHHio, a faJi, Buite 1400 o6/xB,— Biz-
puB BiX posnuiasy.

Ina BupollyBaHHA MOHOKPHCTaJiB repMaHilo Hafibisibii
NpUAATHHUM BHSBHUBCS CNOCi6 BUTATYBaHHS 3 pO3MJaBy 3a
MeToaoM Yoxpasabcbkoro.

BupoiyBaHHsI MOHOKpDHCTaJiB TepMaHil0 0O METOLY
bpuaxmena (CrokGapaxepa) noripirye sikicTb Marepiadgy,
60 repMaHiii, 3aTBepAiBalOUn B THUIJIi UM aMmyJi, MOLIHPIOE-
Thea i feopMyeTbCs; B KPHCTaJi YTBOPIOIOThCH HAMpYXKeH-
Hfl, fIKi MOPYIIYIOTb KPHCTaJMiYHy CTPYKTYpY i HEKOHTDPOJbLO-
BAHO 3MiHIOIOTh €JeKTPUYHi BJIACTHBOCTI.
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JlocuTb MOLIMPEHHMMH B NMPAaKTHII € BapiaHTH YCTaHOBOK
YoxpanbcbKkoro Ajisi BUTATYBaHHSI KPUCTadiB B aTMocdepi
BOAHIO, iHepTHMX ra3iB Ta B YMOBax BaKyyMmy
~10-4—10-5 mm pT. CT.

HarpiBanHs peuoBHHH B THIVII MOXe 3JiHCHIOBATHCS
HarpiBHUKaMu oOIopy, iHAYKUWiHHHMH CTpyMaMH BHCOKOI
4acTOTH, AIKi HarpiBaloTb THreJb ab0 PEYOBHHY, €J1eKTPOH-
#uM OoMOapAyBaHHSAM 3JUBKa Ta pO3MJaBy.

. 2. 3oHHA mepekpHcTAJgIZAMiL

3pa3oKk y ¢Gopmi mpyTKa 4YH CTepKHs PO3IJIABJSIETHCA
NOC/AiOBHO HeBEJIMKHMH dacTHHaMu a6o 3oHamu. I[lpouec
30HHOI nepekpucTanisauii BigOyBaeTbCs MNPH MNOBiJBHOMY
fnepeMillleHHi po3nJiaBJeHOl 30HH B3[0BX 3pa3Ka 3 NEeBHOIO
LWIBHAKICTIO.

ABTopaMu 1bOro MeTOAY MepekpHcTasdisauii € Hawi pa-
nsdcbki Buedi B. I. Jlixtmanm i B. M. MacJaeHHiKoB, siKi
Brnepule B 1949 p. 3acTocyBasu HOro AJisi BUPOILLYBAHHS MO-
HokpucTaJiB osoBa [30]. Buenuit Ildan B CILIA po3poGuB
i po3Bunys neiét mMeron B 1952—1953 pp. 4/ OUMCTKH Bil
IOMillOK HamiBNPOBiZHUKOBHUX MaTepiaJiB, 30KpeMa rep-
MaHiio. .

OuncTtka MaTtepiajliB METONOM 30HHOI MepeKpucTaji3a-
uil 3acHOBaHa Ha TOMY X CaMOMY MPUHUHUMI Nepepo3noainy
KOMIIOHEHTIB CIJlaBy Mix TBepaoio i pinkowo ¢asamwu, 1o
i npn cnpsiMoBaHi#i KpucraJniszanii. Boua 6a3yerbcs Ha pis-
Hilf B3aeMHifi PO3YMHHOCTi KOMIOHEHTIB CcMJaBy B pi3HUX
CTaHax.

IIpy nepemimienHi 30HM BHpOCTalOYUH KPHCTAJ BHTIC-
HSi€ OOMILUKKM B po3nyaBiieHy 30HY i 36arauye il HuUMH
(nmpu k<1). Ockinbku 06’eM 30HU MOPIBHAHO HEBEJHKHH,
notpi6He ayXe iHTeHCHBHe [MepeMillyBaHHS pO3MJaBy B
Hili. SIkmo He 3a6e3nMeyUTH IITYYHOTO NepeMillyBaHHS poO3-
nJiaBy, TO MepeHeceHHs YHCTiIOro Marepiany Bia wIOHHO
po3nnaBieHoi AigbHUII A0 (QPOHTY KpHCTaJdisauii uyepes
yCI0O 30HY MOXKe 3AifiCHUTHCH Julle wWaaXoM augysii a6o
KOHBeKUiiHUMH noTokaMHu. [lpu iHAyKLiHOMY HarpiBaHHi
NOCKOHAaJle mMepeMillyBaHHA 3a0e3neyyeThCsl aBTOMAaTHYHO
BMUXpPOBMMH cTpyMamu. [lpu Bcix iHmmx cnoco6ax Harpisy
fiepeHeceHHs pEuYOBHHH LIIsiXoM Au(ysil BigbGyBaeTbes
MOBiIbHO, TOMY peaJnbHO 6inisi QPOHTY KpHCTaki3aulii icHye
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niaBHILEHA KOHUEHTpalLisi AOMILIOK, sIKa i€ Tak, HiGu edek-
THBHA NOBXHMHA 30HH 3HAYHO MeHWIAa AiHCHOI.

3akoH po3noxiny nNOMIiIIOK B 3paskKy

nicJas oJHOPAa30BOrN MPOXOAXKEHHSA 30HOIO

MOXXHa BH3HAYUTH, $K-

x—aft e U0 BBaxXaTH Inpoliec

/// :—~ = Kpucraaisauii piBHO-

St BawtHpM i ycTaJleHHM i
T8epda 3azpy3ka - / .
N ,'?pg,gi 3po6uTH cJaiaylooui npu-

_._.‘g_._.

SRR NyLIEeHHS:
Poggggﬁneua a) audysia B TBep-
t niii ¢asi He3aHauHa;
Puc. 78. CxeMa 30HHOI NJaBKH. 6) Auy3is B po3niia-

Bi NPOXOAMTBH MNOBHICTIO,
'r06'ro BHPiBHIOBaHHSl KOHLEHTpauii moMimok uinkoMm 3o060-
B'si3aHe AuQy3ii;

B) k € BeJHYHHA CTaJna;

r) nomnepeuHuil nepekpid 3pas3ka He 3MiHIOETbCS BHA-
cainox nmaaBku. Ha puc. 78 nogaHo cxeMy 30HHOI MJIaBKH.

B MOMEHT po3risiiaHHsi KiJbKiCTb JOMIlUKH M; B pO3-
nyaBJeHii 30HI AOpiBHIOE

=C/ls, (43)

ne C,— KoHLeHTpauis NOMIlIKH, siKa CTBOpPHJAacsi B pO3-
naasi micas KpHcTaJisauii- 4yacTHHH KpucTaga
IOBXHHOIO X;
! — noBxuHa pO3MJaB/eHO] 30HH;
§ — monepeyHuil mepepi3 3paska.

B pesyabTaTi manabmoro nepeMilieHHss 30HH Ha [OBXKH-
Hy dx JiBOpYY Ille 3aKpHUCTaJi3yeTbcs wIap dx, a NpaBoOpyy
pPO3NJaBHTbCS MIMIbHULS [NOBXHHOIO dX.

IIpu xpucranisauii wmapy dx niBopyy BHUTpPAuyaETbCH 3
30HM KiabKicTb nomimku £C; sdx, a npu6GyBae npu po3nJas-
JenHi mapy dx 3 npaBoro 6oky Cosdx (Co— nouaTkoBa
piBHOMipHa KOHIIeHTpaIllisl AOMillKH B 3pasKy).

3mina KiabkocTi pomiiukm dm; 1o cTajgacs B 30Hi
npu nepemiilenHi ii Ha Bimmanb dx, mopiBHIOE - .

dm, = Cysdx — kC sdx. (44)

C,— Bu3HauaeMo 3 piBHAHHA (43) i rImCTaBJmeMO B piB-
HsaHHA (44)

dm;=Cy,sdx —Fk "—;‘ dx.
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fAkwo s = 1, T0
o L B g, (45)

PiBusinHs (45) iHTerpyemo. 3arajbHUM pillleHHAM piB-
HAAHHs1 6e3 mpaBoi yacTHHH Gyne

kx

= {
m; = mye ’
d TOBHHM

m;=ée

3

kx kx
[

(m, + SCoe T dx),

X — yacTHHa 3paska, L0 3aKpHCTaJi3yBaJjacs Bil MOYaTKy
3JMBKa [0 luapy dx, BHUMiploBaHa OAHHMUAMH [OBXWHH
30HH
.1 ! 21 kx o, ok
i = — [ el —
SCOe dx=|Cee'| =
0

[lincrtaB/isieMo o6uHc/eHe 3HAaueHHs iHTerpana ta moy=
=Col (npu s=1)

m;=e kx[Cl—{—Co k(e’ 1)]=‘

! -
_Co—k—[l-i—(k—l)e ’]- (46)
B 3akpucranizoBaHomy wapi dx
C,=k%,
3BilcH
m, =t (47)

ITpupiBHsieMo npaBi yacTHHH piBHsAHb (46) i (47) ans
m; i BU3HAUHUMO 3 HHX
kx

C,=Co—Cy(1 —k)e T, (48)
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TakuM 4MHOM, KOPHCTYIOUHCb OJEpPKaHOI (HOPMYJIOK
(48), 3a yMmoB, fki OyJju Bullle 3a3HauyeHi, MOXHa 3HAUTH
pO3MOAiJ KOHLEHTpauil AOMIlIKM B 3pasky micas mpose-
HeHHs1 30HHOI mepekpucraJfisauii. 3posymino, wo us ¢dop-
MyJia Mae€ cuJy JHlle Ha AOBXHHI 3pa3ka (L—I) Bim #oro
nouatky. Ha ninsHui, ne posmnJjaBjieHa 30HA OOCSATae KiHIs

3pas3Ka, 3aKOH po3Noniny

I : ' Takuil, K Mix yac cnpsi-
= o H1-0) " MOBaHO] xpncmnisagii.
Z\I{=5 Co=10n8 Bcix xpubux ue Binﬁygae'”?sg 'TOMy:
10 Ha OcTaHHi# minsHUi
1 4 mpouec  KpucraJaizauii
08— == ine 6e3 momoBHeHHs 30-
‘st = i HH CBIXKHMM Marepiajom,
o 04— 0 =] a o6’eM posmaaBy Mo-
3 03 A 7| CTYmoBO  3MEHIIYETbCH
30— [0 HyJAS.
S _ B 3asexkHocTi Bil unc-
Sams — JIOBOrO 3HayeHHsi R po3-
2006 — NOZiN IOMIWIOK B Tepe-
§004 R=007 KpHCTaJi30BaHOMY 3pas-
§003 Ky MaTHMe BUIJIsII Ta-
002 KMi, K Ha puc. 79.
Ons manux k i Bin-
001 HOCHO HeBEeJIHKOI JOBXKH-

01 2 3 4 5 6 7 8 9 Ha-
[obwura saxpucmanisofaroi vacmuny  BH 3Paska OUHCTKa, Ha
G dobmurax 30Hu X/ BITb NIpH OLHOMY npoxo-

ai 30HOI0, HOCHTb edex-

Pnc. 79. Posnonin nomimok y 3pa3ky THBHA.
nicas OlHOPa3oBOro TIPOXOAY PO3MJIaB- Inas k, 6AU3BKHX 10
JIEHOI0 30HOI0 (AnA pisHuX &). OAMHHLI (MOUMHAIOUH Bil
0,5), icHye ummanaa ni-
JAsIHKa KPHCTana, B siKifi e(eKT OuMCTKH 30BCiM BiLCYTHIH.
Howmimka B wiit ainsHui posmnoxminserbcs nyxe piBHOMipHO,
IO TeX CTa€ y Mpurodi A/s NeBHHX BHNAIKIB.

Hns k>1 30HHa ouMcTKa 30BCciM Hee(eKTHBHA.

IIlo6 nocArTH MOXKJIHBO BHCOKOTO CTYMEHsI OYHCTKH,
onepanilo NpOXOAXKeHHs 30HOI0 B OJHOMY HamnpsMKy MOBTO-
pIOIOTH HecsiTh, ABaiUATb abo Kinbka necsiTkiB pasiB. Ha
puc. 80 nokasaHi kpuBi posmominy momiwiku 3 k-koedimieH-
TOM, 10 popiBHioe 0,1, micast mocaigOBHMX MPOXOAIB 30HOIO
1, 2, 3,..., 14 pas. [lyHKTHDHA KpUBa NOKa3ye€ KiHleBHii pO3-
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NMOAINM NOMIlIOK micasi GaraTopasoBOrO MPOXOMXKEHHS 30
HOIO — e()eKT OUUCTKU Ay¥XKe BeJHKHH. :

ITepeBaru 30HHOI OYHCTKH Nepel OYHCTKOIO METOAOM BH-
TAraHHSl 3 pO3MJIaBy MOJATalOTb Mepll 3a Bce B TOMY, LIO
npouec 30HHOI MepeKpHCTadi3allili MOXHa MOBTOPIOBATH
CKiJIbKH 3aBroflHO pasiB 6e3 MOpyLIeHHsi pOOOYOro pexu-
My amaparypH, ii po3bu-
paHHs, 6e3 BHHUMAaHHSA i

7
08 TToyamroBa KOHUeHmpauif

Bipi3yBaHHs  YaCTHHH gz
Kpucrana, sika 36aratu- 04
Jlacsa JOOMillKaMH, BH- 03 —
1 : [ —

MYIIEHOro TpaBJ/IeHHS 71 1

. . 02
Towo. Beci 3a3Haueni / /
onepauii  36iabLIYIOTH or | —A !
iMoBipHicTb 3a6pynHeH- ggg‘z'"/ e

4

o
=
HSl OUHMINEHOTO KpuCTana S
. &3 = Ul
i norpe6yotb Besukoi 3 ppol / uebul
x
E
=]
Qo
S

BuTpartu uacy. Has npu- 002 po3nadin
CKOpEeHHsI mnpoliecy 30H-
HOI OYMCTKH  3paska |
MOXHa OJIHOYaCHO Mmpo- 7 |
. X 0006 —

XOMUTH MO 3pasKy Kilb- £, I
KOMa 30HaMH, fiK lie no-  ggsl/ T
! T

|

]

!

1

KaszaHo Ha puc. 8l,a ana s
npsMoro 3paska i Ha

puc. 81,6 nas Kinbueno- 0.00/0 5
mé.,Horo‘ . SBHYaiiHO e Lobwura aairpucmgmaoﬁafmi uagmUHumX
Hai3pyuHille pobutH,

SaCTOCOBle‘!Pl 3BOPOTHO-  Puc. 80. Kpusi posnoginy nomiumku 3

NOCTYNaJbHUH  pYX iH- k=01 mnicia nocaiZoBHUX mNpoxoxis

_ 30HOIO B OAHOMY HampsamKky 1, 2, 3.,
LYKTOpa Tak, IO KOX pas.

HHA  HarpiBHHK  Bele
30HY TiJIbKM Ha uacTuHi 3paska. Ilpu TpbOX HarpiBHu-
Kax KOXHHH 3 HHX ﬂpOXOIlHTb TibKK !/3 LOBXKHHH 3paska,
a noriM cneuiaJbHHH MeXaHiSM MIBUAKO NepeBOAHMTH iX
B NoYaTKoOBe MnoJioXkKeHHA. [Ipy LbOMYy ApyrHil HarpiBHHK
NiIXOMJIOE PO3MJaB/eHy 30HY, 3aJIMllleHy NeplIuM, TpeTii
HarpiBHMK NiAXOMJIOE 30HY [PYyroro, a mNepHIHH MNOYHHAE
BECTH 30HY BiA mouatky. IIpoayKTHBHiCTb 30HHOI OUMCTKH
3HAuyHO MiJBHILYETHCA.

30HHA IVIaBKa (nmepekpucranisauisi) Moxe 6yTu 3 ycmi-
XOM 3aCTOCOBaHa He TiJIbKM 10 MeTaJgiB Ta HamiBNPOBiZHH-
KiB, a TaKOX 10 coJiell i iHIIMX HeOpraHiyHUX Ta OpraHiy-
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HUX PEeYOBHH, JJIS SAKHX iCHye MOMiTHa pi3HHUS B PO3UHH-
HOCTi HOMIILIOK B TBEPAOMY Ta PO3MJaBJE€HOMY CTaHax.
PosrasineMo, fik BIVINBAa€ AOBXXHHA 30HH [ Ha po3noain
AOMIlIKM B 3pasKy NpPH fIKOMYCb NeBHOMY 3HaueHHi k. I3
Bupa3y (48) BHAHO, 110 KOJIH [OBXXHHA 30HH MparHe 10
HyJs, TOOTO mpu AyXe
KOPOTKift  30Hi, ujeH

Kinbuebi naepibruny My MUG
00 matL €0y TOMUG kx

3pa30x -——
(1--k) ' tex wua6an-
JKaeTbcsl A0 HyJas, a
sgauedds C, Haban-
)kaetbes o Co BXKe no-

. 3
Puc. 81. OnHouacHe nNpoXonXKeHHS KiJb- 66‘HH y fo4aTky = 3JuBKa,
KOX PO3MJI4BJEHHX 30H B3LHOBX 3pasKa: O KOHOEHTpauisi B 30HI

4 — apaMoainifinoro; 6 — kinbuenoniGHoro. [OCSITa€ 3HAUYEHHS . ° i

ouncTka npunuHsieTbcsi. Ha puc. 82 mnokasana 3anex-
HiCTb MiX BiJIHOCHOIO [JOBXKHHOI0O 30HH i pO3moxijJoM m0-
MilIKH B3AOBXK KpHcTajna jnas k=0,5. I3 mnopiBHsAHHA
KPUBHX BHAHO, IO OYHCTKA CTa€ MeHII e(peKTHBHOW MpH
KopotKi#t 30Hi. IIpn nyxe By3bkiit 30Hi posnonin nomiuok
y KpHCTa.ni Oyne BignoBimatu cxeMi, 300paxeHii Ha
puc. 83, i OUHCTKa CTae NMPAKTHYHO HeMOXaHBOW. Merton
30HHOI TNepeKpHcTaJi3a- : -
uii sacrocoByerbcs 3a- | (o L, [=100J|
pa3  JOCHTb  LIHPOKO 1/ = ] 1
L8 OYMCTKHM repMadiio, 409 / / ”

KPEMHil0 Ta IHIIMX Ha- (08 A Z
NiBNPOBiIHHKOBUX  Ma- & 007/

TepianiB, a TaKoX Ma- .

——

Po3nnabnewi 30my
a

~

B
\

AR
\g:_

B

TepianiB, §Ki BHUKODH- 0'05 T 1
H = 1

CTOBYIOTbCS 5K LOMILI- 0 20 40 60 80 100

KM 10 HaniBnpoBinHu- X M

KiB. '

: Puc. 82. 3anexHicTb MiX NOBXHHOIO
Ha puc. 84 306paxe- souu, s ma, i posnomiom KoMimox mo
Ha OJHA 3 KOHCTPYKIIH nosxuni xpucrana ans k=05, x—

anapa-ra an3Haqua Bignanas Bix no4yaTKy 3pas3kKa, B MM.

_ TlyHkTHpHa KpuBa BiAmoBigae posmominy no-
JlJIH l'IpOBelIeHHﬂ I‘OPH MillOK NpH cnpsAMOBaHi#i KpHcTanisauii, KoaH

30HTa,ﬂbH01 BOHHO] nJIaB- yca Henepexpﬂc‘ranisoaaﬂa YacTHHA 3pa3ka
KM B KBapuOBili amapa- € posnaanienoio.
Typi 2. Po3nsaBjiena 30Ha YTBOPIOETHCS CTPYMaMM BHCOKOI
qactotd. KapeTka 4 3 iHAyKTOpOM 3 mepecyBa€Thcst MO peii-
Kax /, CIpAMOBaHUX B3[0BX HEPYXOMOrO 3pasKa.
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30HHAa mJaBKa MOXe [POBAJAMTHCH K [J5i TOPH3OH-
TaJIbHO, TaK i A/ BepPTHKaJbHO PO3TAILIOBAHHX 3pasKiB.

l'opusoHTanbHe 30HHe MJaBJeHHs HabGaraTo mnpocTiiue
i uepe3 Te 3acTOCOBYeTbCSl 3HAauyHO wWHplIe. BepTukanbHe
Ge3TureJqbHe NJaBJeHHS CKJajHillle, TOMY 3aCTOCOBYBAaTH
HOro NOWiJbHO JHlle B THX BHMNAAKaX, KOJH HEMOXJHBO
MiAmWyKaTd NOTPiOHHMH MaTepiaja [oJisi THTIS, SKHH 6H He
B3a€EMOJIifIB 3 PEYOBHHOIO, 5IKa
kpucranizyerbcs. o Toro x
BOHA MOXJIMBA JHLIe AJS THX
pPEUOBHH, Yy SKHX KoedilieHT

g

TIOBEPXHEBOI'0 HATATY po3MnJja- by
By JOCHTb BHCOKHH, Hanpu- |
KJaJ KpeMHilo. =

N

OpuuMm i3 dakropiB, sKi
YCKJIaJHIOIOTb 30HHY NepeKpH-
cTaJisalilo, € sBHILe NepeHe-
CEeHHsl DPO3MJIaBJIEHOI0 30HOI0
Martepiaay 3 onHoro KiHOA 5
3pa3ka B NPOTHJIEXKHUH, B Ha-
npsiMi pyxy 3oHH. [lepeHeceH-  Puc. 83. Cxema posmoxiny
Hs BHHHKAa€ TOMY, IO NpH  LOMIIOK 'y KPHC_Tagi npe"
nnaBncHi, wampicrax, rep- AN B soni Coce
MaHilo YA KPEeMHil0 3MIHIOE- i nomimok y spasky; L —
Thcst 006’€M; po3myiaB B 30Hi IOBXHHA 3pas3sKa.
3afiMae MeHIHH O06’eM, HiX
TBepAa (as3a Ha Takii camiii noBxuHi (mas Ge ~Ha 5%).
Kpucran, skuit pocte 3 po3nJaBJeHOi 30HH, MAa€ TaKui XKe
TionepeyHuil mepepis, K i po3mJas.

3aiiBuHa MarepiaJy, sKa He yBifilia B KpucraJ, mia-
8Hillye PiBeHb pO3IVaBy, IKMH NpH MepecyBaHHiI 30HH YyBeChb
yac MiJBUULYETbCS, a L& CIPUYHHSIE NOCAiZoBHE 30i/blueH-
Hs nepepi3y KpucTaJjia, yepes 1[0 3pa30K CTAa€ KOHYCOMOni6-
HUM NO JOBXKHUHi. IIpy omHOMY npoxoli KOHYCHiCTb MoOXe
6yTH i He3HayHOIO, a MpH KiJbKOX MPOX0JaX B OJHOMY Ha-
OPAMKY 3pa3oK 3 OJHOTO KiHIS HAacCTiJbKH MOTOBLIYETHCH,
u[0 po3mJjaB B 30HP Moxe MepenquBaTHCA uyepe3 Kpad YOB-
HHKA.

3ano6irtTu LbOMY MOXXHA HaXHJ/SI0YH YOBHHK i3 3pa3koM
Ha JesKU{l KDHUTHYHMH KYT, BeJHYHMHA SIKOTO ‘3HAXOJUThCH
KCIIeDHMEHTaIbHO, HaNpHKJaan, [Js repMaHioo npubaus-
Ho 2°. [Insi BepTHKAJbHOI MJIAaBKH Lie SIBUILE YCYBAEThbCS MPH
TIDOXOLi 30HOIO 3HHU3Y Bropy.

L.mm
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BesTnrenbHa BepTHKaJdbHa 30HHA mepe-
KpucTanisauisa MOKH IO 3aCTOCOBYETHCS BHKJIOUHO
s KpeMmHilo. Po3po6ka i ynockoHaslleHHSi LbOTO Crocoby
CIPHUYHHIOBAJHChL Tepll 3a Bce XiMiUHOIO aKTHBHIiCTIO poO3-

Puc. 84. AnapaTt ans ropH3OHTaJIbHOI 30HHOI NJaBKH.

naaBJeHoOro KpeMuito. fk Binomo, rpacitoBi Turai a6o yoB-
HUKM He MOXYTb OyTH BHKOpHcTaHi, 60 kpeMHiHd 3 rpadi-
TOM YTBODIOE NpPH BHCOKHX TeMmnepaTtypax Kap6imu. Ksap-
1OBi THIJIi TeX He 3alO0BOJIBHAIOTL yciM mnepesiueHHM pa-
Hillle BUMOraM.

B nesikux pobGorax OyJio MOKasaHO, IO PO3MJaBJEHHH
B KBapLOBOMY THIJIi KPeMHilt 3a6pyAHIOETbCA AOMillIKaMH,
MPUCYTHIMU B KBapui (3a/1i30M, Martiem, ajioMiHieM i iH-
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IIHMH), SIKILO KBapl, BUKODHCTAHHH -AJs1 THrJIs, GyB Helo-
cTaTHbO uncTHi. BimoMo, w0 posniaBiaeHHii KpeMHiil, pea-
ryloud 3 BHYTPilIHbOIO TOBEPXHEI0 KBapLOBOrO THUIJISA, Bil-
HOBJIIOE KBapu A0 MoHookcuay SiO srigHo 3 peaxkui€io

Si0, + Si 2 2Si0.

Monookcun SiO Jerko BUMapoOBYEThCS 3 MOBEPXHi po3-
nsaBy, a goMilky, ki 6yau B SOg, pO3UHHSIOTHCS B KpeM-
Hil0 i po3moainsAOTbCA B PO3MJaBi.

[linTBepaxeHo ue Gyno Tak. KBapuoBuii THrejab ompo-
MiHIOBaBCsi HeHTPOHaMH, micaAs yoro B HboMy G6yJ0 po3-
NJ1aBJeHO KPeMHii i BUTPMMaHO poO3MJjaB MNPOTArOM [IBOX
TOIMH,

AHani3z KpucTa/na, BHpOILEHOTO 3 poO3MJaBy, M0Ka3as,
110 JesiKi AKTHBHi i30TONMH NepeHIlIK 3 THIJS B KpeMHii.
Otxe, w006 YHUKHYTH [OOAATKOBHX 3abpyaHeHb, cJaig 3a-
CTOCOBYBAaTH Oe3THreslbHY I[JIaBKy abo THIJi, BHUIOTOBJEH|
i3 cneuiasbHO CHHTE30BAHOTO HAAYHCTOTO KBaplly.

HesBaxkaioun Ha BHMHBaHHs KBaply MNpH [JaBJeHHi
KpeMHil0 B KBapLOBOMY THUIJIi, 3arajJJbHOBU3HAHOIO € NYyMKa,
110 CHHTEe30BAHHMI’UHUCTUH KBaplLl MOKH IO € €IHHUM MaTe-
pianoM, npuaaTHUM [JS IJIaBJeHHS B HbOMY KpeMHilo.
[Ipore BHPOGHHITBO HAaAYHUCTOrO KBapIly 3aJIHILAETbCA AOCI
CKJanHOK i Manao po3po6JIeHOI0 CIpaBolo.

[na 3pificHeHHs BepTHKaJbHOro O6e3THreJIbHOI'0 30HHO-
ro mnJaBJjieHHs1 po3pol6JieHi pi3Hi KOHCTPYKTHBHi BapiaHTH
YCT@HOBOK i MeTOAMKH MJIaBJIEHHS.

Ha puc. 85 nomaHa TumoBa cxema YCTaHOBKH AJs1 Bep-
THKaJIbHOrOo OGe3THre/IbHOIO 30HHOro IJIaBJIE€HHsI KpeMHilo.

OCHOBHHMH YacCTHHaMH YCTAQHOBKH €: BaKyyMHa KaMe-
pa 11, Hepyxomuli HarpiBHUK-iHAyKTOp [0, MexaHi3m nin-
fioMy i meHTpyBaHHs 3pa3ka [—5 Ta 7—9 Ta MexaHi3M
obepTaHHsl 3pa3ka 6.

IMnaBiaeHHsi 30HH 3[AiHCHIOETbCS CTPyMaMH BHCOKOi ua-
crotu. TIoTyXXHe BHCOKOYaCTOTHE eJIeKTPOMarHiTHe mnoJe Bin
crneniajJbHOrO reHepaTopa MiJBOAMTLCA 10 3pa3Ka 3a J0IMo-
MOrol iHAYKTOpa, SAKHH CKJIadaeTbCs 3 ABOX BHUTKIB Min-
HOI. Tpy6KH, OXOJIOMXYBaHHUX MPOTOUHOK BOJOK. BHyrpiu-
Hilt miaMeTp iHAyKTOpa nOCTaTHiM, 1106 OXOMHTH KBapLUOBY
Tpy6y, fKa NpaBHTb 3a BaKyyMHy Kamepy NJs 3paska.
3pa3ok BHUTOTOBJSIOTH Y BHIVIALI CTepXKHs JOBXKHHOIO
20—30 cm i niamerpom 10—13 mm. 1le Moxe GyTH 3JIHBOK,
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BUTATHEHUH 3 po3nuaaBy, a6o TpyOka KpeMHilo, ojep:xKaHa
npu HoauaHoOMy mnpoueci, xiamerpomM 8—16 MM i TOBIIUHOIO
cTiHOK 6ins 1 mm, 3amoBHeHa lUMaToykaMu KpeMHilo. Ilo-
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Puc. 85. CxemMa yCTaHOBKH JJIsi
BEPTUKAJILHOTO 6e3THre/IbHOro
30HHOTO TUIaBJIEHHS KPEMHilo:

! i 4 — yminbHioroul roJyioBkH; 2 —
HUXKHIA IITOK; 3 — BepxHi#f WITOK;
5 — HanpsAMHaA BepPXHbOro WITOKa; 6 —
MOTOp AJA oOGepTaHHsd WITOKiB, 7 —
HepyxoMi HamnpsiMHi; 8 — pyxoma pa-
Ma; 9 — BenyydH BaJ 3 TBHHTOBOIO
Hapiskow; /0 — iHayKTOp; Il — Baky-
YMHa KBapuoBa Kamepa.

nepeaHifi migirpiB crepikHA
no temneparypu 700° C 3niii-
CHIOETbCSI €JIEKTPHUHHM CTpY-
MOM, SIKHH MpPONYCKaloTb Ye-
pe3 Hboro Ha mnouaTky a6o
NPOTSArOM YCbOro mpolecy re-
pekpucradaisauii. [lnasky npo-
BaasiTb NPH THUCKY MOBiTpA
1.10-5 mm pT. c1. SIkwo 3pa-
30K BHTOTOBJIEHHH BHTATAH-
HSIM 3 pO3IJaBy, TO PO3IJaB-
JieHa 30Ha BCTAHOBJIIOETbCS B
HHXKHiA yacTuHi iioro i mepe-
cyBaeTbcs Bropy. Pyxartu 3o-
Hy 3ropH AOHH3Y He MOXHA,
60 mnpu LbOMY meperpiTuit
KpeMHiil BHTiKa€ 3 30HH i cTi-
Ka€ BHM3, MOTOBIIYIOYH HHXK-
Hifl KiHeub 3pa3ka abo HaBiTb
YTBOPIOIOUH #oro po3pus. K-
IO X KpeMHili B 30HI He me-
perpiBaTH, TO HisIK He BJIa€-
TbCsl BAPOCTHTH MOHOKPHUCTAJI,
HaBiTb NpPH HAasIBHOCTI MOHO-
KpucTaJiyHOl 3aTpPaBKH i Be-
aukoro umcsaa mpoxoxis. Ilpo
Te, 110 30Ha MNeperpira, cBia-

yuTh Bi6pamis posmiasy i
MOTOBIIEHHA 1ii B HHXHIi#
YacTHHI.

SIKIO0 3acTocoByBaTH 3a-
FOTOBKY 3 TPYGKH HOAHMIHOIO

KpeMHilo, NoTpi6HO cmoYaTKy MepeTBOPUTH MOPOXKHHUCTHH
3pa3ok B cyuinbHuil. [as nporo 3oHy nepuioro pasy rtpefa
pyXxaTu 3ropu AOHH3Y. PosniaBieHuil KpeMHii MO BHYT-
pillHbOMY KaHaJy CTiKae BHH3 i 3aNOBHIOE MOPOXKHMHHU.
Ilpore 3/1HMBOK OfEepXYETbCs HEPiBHOMiDHHM MO TOBIIHHI.
Yeci panbwii npoxogud po6JasTb 3HU3Y Bropy.

BcraHoBsieHHs1 1 mepeBipka peXuMy MJaBKH Ta CHOCTe-
pPeXXeHHA 3a Helo 3AiHCHIOITbCS Bi3yasbHO MPH MepLIOMY
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MPOXOAi, OCKiMbKM B Aa/bHIIIOMY KBapuoBa Tpyba cTae He-
f1PO30pOI0 — BKPHBAETHCS 3CePeNMHH MJIiBKOIO KpeMHilo Ta
Ioro MOHOOKCHAY.

[ligTpUMy€TbCS BCTAHOBJIEHHH pEXHM 32 [OMNOMOroio
fipUaanis. '

OntuMmanbHo mneperpita 30Ha MOBHHHA MaTH JNOBXKHHY,
‘piBHy npubansHo 1,2 niamerpa

: )
3paska. lIBuakicTb mnepecyBaHHSA / \
30HH, NpPHU SKif MOXKHa 3abe3neuH- .

TH MOHOKDHCTAJbHY  CTPYKTYDY,
Moxe. 3MiHoBatucs - Bin 3 mo
6 cmf200. Ipn npaBuIbLHOMY TeMmo-
BOMY peXHMi MOHOKpHUCTaJ ojep-
JXKYIOTb nicjas 4—7 NpoOXoAiB 30HH.
[ToyaTKoBa CTpPyKTypa NOMIiTHO He
BIVIMBAa€ HA Xino kpucraJaisauii. 3a-
CTOCYBaHHSi MOHOKpHCTaJiuHOl 3a-
TpaBKH i o6epTaHHs 3pa3ka noJser-
UIye Onep:KaHHd MOHOKPHCTaJa,
AKHH MOXe YTBODHTHCSH BXe [pH =
flepIIoMy MpoXodi. 3

HIBuakictb oGepTaHHs 3pa3ka
20—30 o6/xB BiTHOCHO pO3MJaBJe- _
HOI 30HHM € WLiJKOM JOCTaTHbLOI. 2 |‘

[ocnifKeHHs OUULIEHOrO Mare-
piany nokasanau, wo O6e3THresabHa
30HHA NJIaBKa MNOMITHO 3MeHUIye
BMicT 64raTbCX NOMiLIOK, B TOMY
yhpcali  3aJiza, TaHTady, KaJgablilo,
aqaioMinito, Mini.

MoxanBuM € cnoci6 BepTHKaJab- Puc. 86. Cxema ycranopku
HOI 39HH0‘1’ MJIaBKH, KNIl TOENHYE gg:MH?g“"g;‘; :;‘;::;:H:
B coGi ONHOYACHO Ail0 PEAKTOPA MO (o6 posknapamns Tetpa-
p93K.na11aHmo "reTpaHonuny KPEeM-  jiomuny, OUHCTKY i BHpO-
Hil0, OUHCTKH | BHUPOILYBAHHsS MO- UIyBaHHs MOHOKDHCTana.
HOKpHUCTaMa.

CxeMa Takoi yCTAaHOBKM MOAaHa Ha puc. 86.

Y BakyyMHiH KBaploBiil kamepi 2 Mix wmiTokamMu I 3a-
KpiN/aIoeTbcsl MOHOKPHCTaMiuHHH CTepXeHb KpeMHilo J.
PosnsnaBneHa 30Ha 5 YTBOPIOETbCS 3a JONOMOTOI0 30BHIill-
HbOro iHAyKTOpa 4, sIKHH KHUBHUTHCA Bill BHCOKOUYACTOTHOI'O
renepartopa.  [lapa ounuleHoro .tetpaioauily KpeMHilo mo-
JaeTbcs y BakyyMHy Kamepy. PosknananHa Terpaiiomuny

’9/74

045)—"
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BinOyBaeTbcsi Ge3nocepedHbO Ha pO3MJaBJeHill 30HI i no-
6au3y Hei. VMloxn BupajsieTbcsi 3 KaMepH i KOHNEHCYETbCSE
B 36ipHHKY. B Mipy 36araueHHsi 30HH KPeMHi€M HHIXKHS ua-
CTHMHA KpHCTaJa TIOTPOXY BiACyBaeTbcs MOHH3Y — OTXKe,
BUXOIHUTb, 10 MOHOKDHCTaJ KpeMHil0 BHTAralOTb 3 30HH.
Bin BupocTae 3 KpeMHilo, yTBOpeHoro 3pasy 3 mnapu Sils,
6e3 3acTocyBaHHSl pO3KJaly Ha TaHTaJOBii ¢oJab3i (AHB.
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Puc. 87. Cxema ycTaHOBKH A/ 30HHO1 MepeKpHCTa-
ai3anii cmosyk, fKi PO3K/nanaloTbCs NpH TeMmepa-
Typax, GMHM3bKHX JO TOYKH IJIaBJIEHHS:

a — po3noain  TeMnepaTtypH B ycTaHoBL{; 6 — cxeMa
YCTaHOBKH.

po3a. 2, § 2) i o6po6KH BiANOBiAHMMH DEAKTHBAMH, IO BH-
KJouae Winui psAjx onepauiil, eKOHOMHTb Yac Ta PEaKTHUBH,
o6JafHaHHA i MOJIMIIYE YHCTOTY.

[MpununuBmu nogauy SiJs i cTBOPUBIUK BaKyyM, MOXKHa
B LIbOMY X amapaTti npoBecTH NOTPiOHY 30HHY OYHCTKY.

Ocob6auBoCcTi 30HHOI nepekpucTaaisa-
nii cnoayk, fiKi po3kaanalwTbCss NPHU TeM-
nepaTtypi mnJaaBJdeHHd, Ta eJeMEHTapHHUX
HaniBNpoBiAHUKIB 3 JETKHMH AOMilIKaMH.
1Ko nMOoTpiGHO OYMCTHTH XiMiuHi CNOJIYKH, MOJIEKYJIH SIKHX
NOMITHO QUCOLIIOIOTH NpPH TeMIepaTypi MJaBJeHHS, BBECTH
B HUX NeBHi AoMiliKy B 6axKaHHX KiJIbKOCTAX ab0 BBECTH
B ejeMeHTapHi HamiBIPOBiAHHKH MOTPiOHY KiJbKiCTb JeT-
KHX NpH TeMmMnepatypi MJaBJeHHs HamNiBNpoBiJHHKaA J0-
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MIlIOK, MOXHa 3aCTOCYBaTH YCTaHOBKY, 300paKeHy Ha
puc. 87,6 [7].

OcHoOBHi yacTuHH ii — 1e Tpu okpeMi HarpiBHukH I, 2, 3
Ta KBaploBa 3anasiHa aMIyJa 5 3 peuoBHHOIO 6, sKa nig-
Jisirae Kpucradaisanii, i smeTtkum KoMnoHeHToM 8. KepyBatu
KOXHHMM HarpiBHHKOM MOXHa OKpeMO, He3aJIeXKHO Bilx
iHLIUX. :

[Ipu3HaueHHsi iX — cTBOpPUTH MOTPiOGHUI poO3MOAiN TeM-
nepatyp NpH 30HHIH myaBui 3 peryJaiOBaHHSIM THCKY Bcepe-
JIMHI 3anasiHOl aMIyJIH.

AMnyna 5 3 peyoBHHOIO 6 Y YOBHHKY BMillleHa B KBap-
uoBy Tpy6y 4. IlpocTip Haja pevyoBHHOIO BCEpeAHHI aMmIyJu
CNOJIyYaEThbCA BY3eHbKUM KaHaJoOM 3 KYJbKOIO, B sIKiil BMi-
leHo JeTKy peuoBuHy 8. HaBkoso amnysau poawmilieHo
Tpy6uactnii rpacdiToBuii HarpiBHMK omnopy J; NmpH3HauyeHHd
HOro — CTBOPIOBATH OCHOBHY TeMIepaTypy B YCTaHOBIL.
B rpacdiroBomy Tisi HarpiBHHKa 3po06JieHi NMOAOBXKHI po3pi-
3U-LIMIHHY, 106 YHHKHYTH €KpPaHYBaHHsS BHCOKOYACTOTHOTO
nons inaykropa 2. Ha Ty uactuny Tpy6u 4, ne posmileHi
KaHaJ aMNyJM i KyJbKa, oasiraloTb Tpybuacty niu onopy I.
3a ponoMorolo ii CTBOPIOIOTHL MEBHY TeMmepaTypy B Uil ua-
CTHHi, @ 3HAUHTh, NeBHY NPYXKHiCTb NMapH JeTKOI PeYOBHUHH.
T'paditoBuii -HarpiBHuK 8 i rpacdiroBe kijiblle 7 HE MOXYTb
npanoBatTH B atrMocdepi mnosiTps, ToMy uepe3 TpyGy no-
NlAa€ETbCS CTPYM iHepTHOro rasy, siKMi 3axuuiae rpadirt Bin
pylinyBaHHs | 3alesneuye TemJonepenauy. KoHTposab TeMm-
fiepaTypH OKPeMHX NiJSHOK B mneui 3AifiCHIOETbCS TpuJaana-
MH. B KyJbKy 3 J1€TKOIO PeyYOBHHOIO BBeleHa cleliaJibHa
Tepmonapa 9.

I'pacdiTtoBe Kijablle 7 XOPCTKO CKpinsieHe 3 iHAYKTOPOM
i mepecyBaeTbCsi B3[OBX aMIyJH CIIJIbHUM 3 HUM TArO-
BUM MexaHidmoM 0. Ilpu3HaueHHs Kijgbls 7 — KOHLEHTPY-
BaTH Ha co6i cuJIOBi JiHii BHCOKOYACTOTHOrO moJjs i, HArpi-
BalOYKChb, TNepefaBaTH TeMIO AJS PO3MNJAaBJeHHS 30HH
B aMmy.Ji. '

Posnonin TemnepatypH, CTBOpIOBaHHH  3a3HaueHHMH
TpbOMa HArpiBHUKaMH, NOKa3aHuUH Ha puc. 87,a.

Temnepatypy focxsTpe6a BUGHPATH SIKOMOra BHILOIO, aJje
O/U3bKY [0 ¢ 2K, SKOIO 3a4aloTh NMPYXKHICTh NMapH JETKOro
K'OMIIOHEHTa.

36inbmyoyn a60 3MEeHIIYIOUH MPYXKHICTb MapH, MOXKHA
peryJoBaTiH BMiCT KOMIIOHEHTa B 30Hi, a 3HauHuTh, i B me-
pekpucTalizoBaHiii peyoBHUHI.
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Konu yacTHHa MoJeKys CHOJYKH [AHCOLIIOE, MEBHOIO
NPYXKHICTIO Mapu MiATPUMYIOTh AMHAMiyHy piBHOBary Mix
IUCOLiHOBAHOIO 1 CHHTE30BAHOIO KiJIbKICTIO MOJIEKY.JI.

SIkmo Temnepatypy neui omopy I/ 3MiHIOBaTH B uaci 3a
NeBHOIO NMPOrpaMolo, TO BMiCT AOMIILOK B NMEBHUX HiJsHKaX
MOXHAa PeryJioBaTH TdK, 106 3MiHIOBABCS THUN NMPOBiXHOCTH
i yrBOpIOBaJIUCH p—n-TIePEXO/IH.

Hanu#l cnoci6 nepexkpucranizauii 3acTocoByBaBCsi /i
OYHCTKHM i JIeryBaHHS CKJaJHUX HamiBnpoBigHukiB: PbS,
CdTe, GaAs, InAs Ta iH.

Takum unHOM, e(eKTHBHICTb OUHCTKH 30HHUM MJIaBJIEH-
HSM 3aJIeXXUTh Bil:

1) KinbKOCTi mpoxondiB 30HOIO;

2) BuXiAHOrO BMicCTy AOMIillOK;

3) koeodiuieHTiB po3mnoainy AOMIlLIOK;

4) NOBXHHHM DPO3NJIaBJIeHOI 30HH;

5) WWBHAKOCTI NepecyBaHHs 30HH.

§2. OTEPSEAHHA MOHOKPHCTAJIB 3 PIBHOMIPHMM
PO3NOTIIIOM JTOMINIOK

1. MonoxpucTa m 3 PiBHOMIDHEM PO3NMOJIIOM AOMIiHIOK
33 yYMOB 30HHOI IepeKpHCTAJdi3amil

Cnoci6 npaMux i o6bepHeHHX NPOXOAiB.
SIkio moyaTkoBa cepefiHsi KOHLEHTPalis AOMILUIKH B 3pas-
Ky nopiBHIoe Cp, TO BiANOBiAHO N0 BeJWYHHH k mniabu-
pPaEeMO IOBXHHY 30HH TaKUM YHHOM, 1100 cepelHs KOHIEH-
Tpauis AOMilIKM B 30Hi, MOXJHBO OJHXue OO TNOYaTKy
3paska, gocsraja sHaueHHsi Co/k. [lounHaloun 3 uboro Mic-
I, KOHLeHTpauis OOMIlUKH B TBepAid ¢as3i CTaHOBUTH-
Me Co.

[Npoiinemo 30HOI0 B3140BXK 3pas3ka 3J]iBa HamnpaBo [0
KiHisa omuH pa3. HasuBaTumeMo Takuil NpoXix npsiMUM.
KpuBa a (puc. 88) BimoGpaxkae po3noAin NOMIlIKH micJs
OJIHOrO MpsSIMOro NpoxoAdy. B KiHLIi 3pa3ka Ha MOBXKHHI,
piBHill WHpPHHI 30HH, AOMILIKA PO3NOAINSETLCA 32 3aKOHOM
cnpsiMoBaHoi Kpucradisauii (posa. IV, § 1). 3po6umo tenep
3BOPOTHHI NpOXiX 30HOI B HaNpsIMKy Bil KiHLA 3pa3ka
no nouatky. CepeiHsi KOHIEHTpalliss po3N/aaBy B 30Hi Ha
KiHLli 3pa3ka (NOYaTKOBHH CKJaj 30HH [/ 3BOPOTHOrO
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npoxony) € Co/k. ToMy CKJai KpHCTaJa, AKHH 3ajullaTHMeE
3a co6ol0 30Ha npHu 3BOPOTHOMY pyci, € Co. Takwmii ckian
KpucTana Oylde MNiATPUMYBaTHCS aBTOMAaTHYHO OO TOTO
MicuA, Ae NOYHeTbCs 3MEHIUEHHsS KOHUeHTpauii, yTBopeHoOl
nepea THM NpsIMUM npoxonoM. Bix uworo Mmicus KoHueHTpa-
His AoMilmKu B 30Hi moTpoxy yOyBa€, 60 yacTHHa ii BHTpa-
YaeTbcsl Ha  TOIOB-

HEHHsl ~KOHUeHTpauii <

ueproBux 3arBepiiBa- J

1ouux nainsaHok. Pos- 3

nomin poMiwkH, ctBo- &4

peHuit 3BOPOTHUM Npo- 8

X0loM, BimoGpaxeHo g

KpuBOIO 6 Ha puc. 88. §/(c,,

gliql;bao !\g cgzll;:(:)a’p gl;: JoBwuxa 3axpucmanizobaroi vacmuru X
K32, 3a BHHATKOM IIO- Puc. 88. 3oHHe BHDiBHIOBaHHA KOH-
anKy, Mae piBHOMip' LHEeHTpaull AOMIWKH B 3pa3Ky Cnoco-

g s e _ 60M NpsSIMUX i 3BOPOTHHX MPOXOXiB 30-
HY 1 IDNOCTIHHY KOH oo (mns k< 1):

ueHTpauixo J.IOMilHKH a — po3noAin AOMIIIKKH micas onpHOro mnps-
CP‘ ;IKIHO .HOBTOpH’I:l:I MOTO TNPOXOAY; i;‘gizzs;pnxp&xony B 3BOPOT-
KisbKa pasiB onepartii

NpsIMOro i 3BOPOTHOTO NMPOXOLiB, TO MeTa Oyje AOCATHYyTa —
3a BUHSITKOM MOYaTKOBOI AiJISHKH, BeCb 3pa30K MaTHMe Y Be-
JMKilt Mipi piBHOMipHY (MikpoBHpiBHeHY) KoHUeHTpaliio Co.
Lleit crioci6 BupiBHIOBAHHS OOMilIOK HaiOOLiJbHiUIE 3aCTO-
CYBaTH IJisl THX pPEYOBHH, Y SIKHX k He3HauyHO MeHIle BiJ
OIWHUIL.

Kosn npoxoauTu 30HOIO MOBIJIBHO 3 NOAEPKAHHAM IMO-
cTiliHOro B yaci MpaBHJIBHOTO TEMJVIOBOTO PeXHMY i MiATpH-
MYBaTH NMOBEPXHIO PO3MJaBY UYHCTOIO, 6e3 OKCHIHHX MJiBOK
i msakiB, TO OZHOYACHO 3 NpOLIECOM BHPiBHIOBaHHS OOMi-
IIOK ,Bin6yBaeTbcsl KpHUCTaJi3alis, po3miaBy y BHUIVISAI Mo-
HokpucraJsa. Ilpore, sk NpaBujo, AJs1 ONEPXKAHHS MOHO-
KpHCTa/sa TeBHOI opieHTallii MOYaTKOBY pO3MJaBJeHY 30HY
CTBOPIOIOTb 3 HEBEJHKOI MOHOKDHCTaJbHOI 3aTPaBKH, SKY
NPUTYJSIOTb [0 ToYaTKy 3pa3ka MNepel KpHcTajisa-
ni€lo.

Cnoci6 onHOpa3oOBOro NpssMOro NpoXo-
A y. BuxiiHuM 3pasKoM MOXKe CJYXHTH MOJiKpHETaMiqHHM
3n1uBok. CepenHsi KoHuUeHTpauis aoMimku Co y HbOMY Mae
6yt Taka, ik y roroBoMmy MoHOKpHcTtaJji. Ilepen nepekpu-
cranisailielo y nepuy 30HY 3akJaJaETbcsi AOMillKa B Ta-
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Kill KinbkocTi, w06 cTBOpUTH KOHUeHTpauiio Co/k posmnaa-
BY B 30Hi. 3a TaKuX yMOB MNpH MepecyBaHHi 30HH NPaBOPYY
BXKe 3 caMoro mnoyatky kpucran Mae ckaan Co. Ocranus
30Ha KPUCTaJi3ye€TbCsl 3a 3aKOHOM CNPAMOBAHOI KpuCTaJi-
sanii. Ha puc. 89

oI NYHKTHPHA JiHis no-
L Kasye po3MoAia 10-
s M MIlIKH [0 mNepeKpH-
ol i cramisauii,  cyuinb-
] Ha — micas O/IHOTO
§ Le|  npamoro 30HHOrO npo-
£ xony. TakuM uuHOM i

{Jobxuno sawaucmanisobanor <acmuy X micas  0XHOPa30Boi
Puc. 89. BupiBHiOBaHHS1 KOHUeEHTpaUil 30HHOI NepeKpHCTAali-
IOOMIIIOK y KpHCTaJl OOHOPA3OBHM MpsA- 3aui']' MOXKHa OJIep)Ka-

MEM TIPOXQJIOM 30HOl0: . TH 3pa30K 3 MiKpPOBH-
- - - posnoAin NOMIMIKK 4O MepeKpHCTaJi- .
3aull; — nicas  oAHOTO NPAMOro MPOXOAY. P1BHEHOIO KOHIIEHTpa-

iiero Co Ha Bcili OOB-
¥HHi, 3a BHHATKOM OCTaHHbOI [diJIAHKH, piBHili NOBXKHHI
3onHu. Takuit cnoci6 BupiBHIOBaHHsT n06Gpe BHMIPaBIOBYE
cebe NpH pi3HHX 3HAYEHHNX K.

[Tpore icHye mpocrimuii i 6inbwl epeKTHBHHIA BapiaHT
LbOro x cnoco0y BHpiBHIOBaHHs HOMilIOK. Bimmina fioro
Bi4 nonepegHLOro B TOMY, LIO 3aroTOBKa 3pa3Ka CKJajiae-
TbCA 3 YHUCTOrO pPO3YHHHHKA — OCHOBHOI peyoBHHH. [l
TOro o6 CTBOPHUTH B3JIOBX 3pa3ka PiBHOMipHHH po3smoain
noMilKK 3 KoHUeHTpauielo C, OoMmiuiKy 8miWyroTs TirbKu

6 neputy no4atkoey 30wy B Kinbkocti C;= —-. KoHueHt-

pauis C B yTBOpPIOBAHOMY MOHOKpDHCTaJi MicJasi OZHOrO
NpsIMOTO NMPOXOAY 30HH (3BHUANHO, 32 BHHSITKOM OCTaHHbOI
NiJISIHKM) BH3HAYa€TbCsl PiBHSIHHSAM

kx

C = kcie—T.

Slkuio k2 3HauHO MeHlle ONMHHUII, TO Ha MpoTs3i Malxke
yciei NOBXHHM 3pa3Ka KOHUeHTpallis 11 MaJjo Bigpi3HseTbcs
Bix kC; 60 BHTpPaTH HOMIlIKM Ha BXONXKEHHS B TBepay
(¢a3y He3HauHi.

Hanpuknan, ans k& = 0,01 3miHa koHUeHTpauii AOMilIKH
B nepekpucranizoBaHoMy Marepiani He mnepeBuurye 10%
Ha 80% nosxunu. 1106 3anoGirtu HaBiTb TaKOMY He3Hau-
HOMY 3MEHIUEHHIO KOHIeHTpalii, BAalOTbCs JO NpOrpamMHo-
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ro amenulennsn 06’emy (0o8iCUHL) 30HM B Mipy MPOCYBaHHA
il B3goBx 3pa3ka. [lpu nboMy noBxHHA 30HH [ Mae BKO-
pouyBaTHCS 3TiflHO 3 DiBHAHHAM

l=1l—kx, (49)
ne lop — mouaTKoBa MOBXKHHA 30HH.

Ilpu yMmoBi, mo nonepeyHuit nepepi3 s 3paska JUIIAETb-
csl OIHAKOBHM, KOHILEHTpalia B 30Hi 30epiraTuMe cBO€ 3Ha-
yerHs C,, a B Kpucraai — kC,.

3BHuaiiHO, MOXHa 3aJHIIATH HOBXKHHY 30HH OIHAKO-
BOIO, aJjie BUPCOUTM 3aroToBKYy 2pa3Ka Takolo, mob il no-
nepevnull nepepisz 3mMeHWYBascs 3rifHO 3 PiBHAHHAM

§= spe— *IB, (50)
ne so — momnepeuHui nepepis npu x = 0;
l
B= iged—k)

PiBusaus (50) MOXHa 3aCTOCOBYBAaTH 1O 3pa3Ka O6yIb-fiKO1 HOB-
AHHH X, Todi K piBHAHHA (49) nilicHe JMIe 048 3pa3ka KiHeuHOl
NOBXHHH x = lo/k, GO mpu UbOMY 3Haueuui x AOBxKHHA 30H4 | = 0.

3aMicTb 3MeHIUEHHsl JOBXHHH 30HH YH MONEPeYHOro
nepepisy 3pa3ka MOXHa BIANGBiHO 36inbwiysatu weud-
KicTo npocysanHa 30KuU, 1006 3pocTaB edeKTUBHUH Koedi-
[Li€EHT PO3NOAidy.

BonHa mepexpucTaaisanis 3 nporpam-
HEM 3MEHWEHHAM WBHAKOCTI MpoCyBaHHH
posnfaBaenoi 3onu Ha MoYaTKy MepeKpucTalisa-
uii 3p3ka 3 cepelHbOW KOHILeHTpauielo AoMiwku Co 30HY
cJil mepecyBaTH MOPiBHAHO LIBHAKO, OO BiAHOCHO Ginblua
yacTuHa [JOMillKH, NPHUCYTHbLOI B 30Hi, BXOAUJA B TBepLy
¢asy. B Mmipy nepecyBaHHsi 30HH AOMilIKH HarpoMaaxy-
I0TbCSl B PpO3MJaBi, TOMYy IIBHAKICTb nepeMiliedHs il mo-
BHHHA BIANOBiAHO 3MeHwyBaTucsa. Ilpu uboMy notpiGHo,
o6 WHpHHa Ta 06’eéM 30HH 3aJHIIANHCH ONHAKOBHMH.

Ileit crmoci6 BupiBHIOBaHHA TeXHiUHO He AyXKe 3pYuYHHi
i Tomy He AyxXKe MOLIMpEHHH.

2. Momokpucraam 3 pisHOMipHEM po3moxigoM moMimoOE
33 yYMOB BMTATaHHA EDHCTAJA 3 PO3MJIABY

Cnoci6 KuBJeHHA po3nJaby. Buxinuuéi mo-
HOKPHCTaJiuyHUH MaTepias Aas BUPOOHHUTBA HaNiBNpoBin-
HHKOBUX [puJaaliB o0aepKyloTb 3aebiabiioro cnocoGom
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BUTAraHHs KpHCTaJdiB 3 po3miaaBy 3a MeroaoMm Yoxpasb-
cekoro. [IpoTe neil MeTOR y Takux BapiaHTax, sk GyJio BH-
KJaleHo BHlUe, He 3abe3neuye NMOCTiIHHICTL CKJIaLy B3IOBXK
3/1MBKa.

[Ilo6 xpucran MmaB mnocritHuii ckaan, Hanpukiaap C,
po3MmJaaB MiA yac KpUcTaji3alii MycHTb Becb Yac MaTH KOH-
uentpauio C/k.

SIxuio omHOYacHO 3 BHUTATAHHSIM KpuUcTaja B pO3MJaB
6Ge3nepepBHO N0JAaBAaTH MaTepiaJ TOro X CKJaay i B Till ke
KiJIbKOCTi, siKa BHTPayaE€ThCs

« NpH BUTATaHHI KpHCTaja, a
I . po3nuiaB 106Gpe mepeMilyBaTH,
S _,.1.-. Sé TO CKJ1aJi HOro 5K 110 KiJbKOCTi,
52| | CISS TaK i mo BMiCTy AOMilIOK He
S l l r&’:‘f aMmiHloBaTHMeTbCcsl. OTxe, i
,.g‘ ! : §% CKJaJ BHPOLLYBAHOTO KpHC-
, l D3 Taja 3ajHlIaTHMeTbCs ONHa-
KOBHM.
i) | INpunuunoBa cxema 3aii-
% 7 CHEHHsl IbOrO CHoco6y MoKa-
Po3nna 3aHa Ha puc. 90. Burarysa-
HUH KpHCTaJN i 3JIMBOK 3KMB-
JIeHHs OJHAaKOBHX JiaMeTpiB
l l l pO3TalIOBaHi CUMETPUYHO Bil-
HOCHO oci 06epTaHHS THIJIS.
Puc. 90. [IpunuuniansHa Kpuc*ran NMPHU BUTSAATAHHI MOBHU-
CXeMa BHPOILYBaHHA MO- HEH OXO0JIONXKYBAaTHCA, a 3JIU-
Eﬁﬁp”cgfrféﬁmﬁm P;z;‘;x}g’}; BOK migirpiBaTHcs Malixke [0
METOROM  KHBICHHS  pO3- TeMnepaTypu IJIaBJeHHs, 06
nnaBy. YHHKHYTH OXOJIOJIKEHHS pO3-
IJ1aBYy.

BupoutyBaHHs BelyTb B aTMocdepi aprosy.

B 3araJbHOMY BHNaJKy MONepeuHi nepepi3ay MOHOKpH-
cTaja i 3JIUBKa XHBJIEHHA 3aJjieXaTb Bil CHiBBiIHOLIEHHS
NOMILIOK Y 3JHBKY 2XMBJIEHHSl i BUTATYBaHOMY KpHCTaJi,
MiX IIBMAKICTIO BHUTSITAHHA i INBHAKICTIO pO3MJaBJIeHHS
3/IMBKa. 3JIMBOK XKUBJIEHHSI MOXXe He MiCTHTH AOMIlllOK, aJje
TOAi mTJowmla Horo monepevyHoro nepepisy mae OyTH MeHIIa
nJoili BUTSryBaHoro kpucrana B (1 — k) pasiB npu onaHa-
KOBHX IIBHIKOCTSIX BHUTSAMAHHS i OMYyCKaHHs.

Onucanuil crnoci6 6yB BHBUeHHH i mepeBipeHH#, 30Kpe-
Ma Ha repMmadilo, JeroBaHoMy paliOakTHBHUM i30TOIOM
ingito In''4, Ha puc. 91 HaBeneni ¢oromeTpuuHi KpuBi aBTO-
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paniorpaM 3 BUPOILEHMX MOHOKpHCTaJiB. Bumipu nuromoro
omopy MmiATBepAW/H, IO 3 TOYHicTIO 10 5% nutoMuii omip
B3JOBX KpPHCTaJla, BHPOLIEHOrO0 3 XKHBJEHHSM pO3IJIaBy,
€ oaHakoBuil. CJail MiAKPecaAHTH, L0 OCOGJIMBO BaXKJAHBHM
npu uboMy cnocobi €
cTapaHHe, peTesibHe Ie-
peMillyBaHHS pO3IJaBy.

Meton nporpaw-
HOTO BHTSITAaHHS
3aCHOBAHUH HAa BHKOpH-
CTaHHi 3aJIeXXHOCTi, L0
icHye MiX  KiabkicTio
NOMILIOK, fKi 3aXOmMJIo-
I0TbCS KPHCTAJOM B Mpo-
ueci pocry, i WIBHAKICTIO
ButaraHisa. Ilpunyctu-
MO, LIO poO3MJiaB Mae
NeBHY TMOYaTKOBY KOH-
UeHTpauilo NOMIlIOK i B
nepunx cralisgx Kpucra-
JAisanii 34CTOCOBYIOTb
JOCHTb BHUCOKi ILIBUIKO-
cTi, TaKk W0 KiJabKicTh
JAOMIIIOK, 3aXOMIOBAHUX Holxura 3paska L

gpuc*ra.nom_, BIIHOCHO Puc. 91. doromeTpHyHi KpHBi aBTOpa-
Ouvlblla, HIK TMPU 3MEH- jiorpam 3 BHpNUIEHHX MOHOKPHCTAJIB:
HHIeHHUX WBUIKOCTAX. Hpn a — 3 XHBJEHHAM po3naaBy; 6 — Ge3 XHB-

BUTATAHHi KpHCTaJa KOH- JIEHHA po3nJiasy.

IHeHTpauia JIOMillKH B

po3niaBi mocaigaBHO 36inbluyeTbcs i KpHcTas 36araTuThb-
cA AOMIlIKaMH, SIKIIO BifNOBiZHO He 3MEHUIMTH MIBHIKiCTb
pocTy.

Km0 XK HaJeXXHUM UYHHOM 3AiHCHIOBATH MOporpamy
UbOTO 3MEHIIeHHs, MOXHa OJepXaTH pPiBHOMipHY KOHIeH-
Tpauilo JOMILIKH Ha AOCHTb 3HAuHill MiNAHLI KpHcTaJa.

Kousu mig yac BupolLyBaHHs KpHCTaJja Ha MOBEPXHi Mo-
Aiay icHyIOTb piBHOBaXKHi YMOBH, TOOTO k = ko, TO piBHSH-
Hs1, sIKe 3B’I3y€ IIBHAKICTb POCTY U i KOHLUeHTpauilo gomim-
KM B TBepuifi ¢a3i Ha Biamaai x Bin nouaTky KpHcTaJa,
Mae BUTJAA

et

Koryenmpayis domiwku C

é
- 0= 1——X°
D =

€ 1—x
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ne D — koediunient nudysii noMimku B posmniasi;
8 — xapakTepucTHuHa NOBXuHA [nuB. piBHsnHA (38)];
X,— MakcHMMaJbHa NOBXKHHA AiNSHKM KpHcTaaa 3 pis-
HOMiPHHM DO3MOAIIOM AOMIlIKH (IOBXHHY yChOTo
KpHCTaja npuiiMaeMo pis-

12 HOIO ONMHHIL).
5’1,0 X Ty 3BiAcH WBHIKICTb B 3a-
3 pocmy JIE2)KHOCT! Bl JIOBXHHHU 3a-
S0 KPHCTaJi30BaHOi  YaCTHHYU
'§ N ° Mae€ 3MiHIOBaTHChb 32 TaKUM
S 3aKOHOM:
8% N D, 1

o -_— x
2 3 v=-—In .

[ 1 —x,

0\

508 1524 2540 355% 4578
Biddanw 6id novamky pocmy 3paska, My Ha puc. 92 HaBexneno

Puc. 92. 3MiHa eneKTpHYHOrO Onopy AK MpUKNan rpadik 3Mi-

B3IOBX KpHCTala repManiio, Bupo- HH  EJIEKTPHUHOrO  OMNOpY

{1eHoro 3 mnporpaMHoo IuBHAKicTIo 'B3NOBXK KpHCTaJa, BHPO-

BUTATaHHA. _LIEHOro 3 MIpOrpaMHOIo

IIIBHILKiCT}O BUTSTaHHA.

3. BApomyBaHHA MOHOEDHCTAJIB
PeEpHCcTaJdi3anicIo

[lin pekpucrasnisanielo 3BHYAaHHO PO3YMilOTb METOA
yTBOpEHHS] MOHOKDHCTaJiyHoi a60 KPYyNMHOKPHUCTaNiuyHOI
CTPYKTYPH 3 TBepnoi (asu ApiGHOKPHCTANiIYHOrO 3paskKa,
nepeBaXkKHO MeTaJy.

fIBuie pekpucTanisauii BUHMKae B miacTuyHo nedop-
MOBaHOMY Marepiaji mig Ji€lo nigBHIIEHOI TeMmIepaTypH.
3rigHo 3 mocaigxkeHusamu A. A. BouBapa m/s KOXHOro Mme-
Tany icHye cBOsl MiHiMaJpHa TeMIepaTypa, HHXKUYe S$KOi,
npu Oynb-aKiil nedopmalii, pekpucraJnisanis He Moxe Bin-
6yBatucsi. Llsa MiniManbHa TemmepaTypa pekpucTaJidauii
Tpevp HOpiBHIOE Npu6au3Ho 0,4 Big aGCoJIOTHOI TeMmeparty-
pH NJaBJeHHs Tija.

[Ilo6 mneperBopuTH [ApiGHOKpHCTaNiyHMH 3pasok Ha
KPYMHOKPHCTaJNiYHuHA, HEOOXiHO CIOYaTKY CTBOPHTH Y HOMY
pieHomipHO OpibHO3epHUCTY CTPYKTYpy, MOTIiM 3pa3oK piB-
HoMipHO necdopMyBaTH, a NOTIM BiANaJaoOBaTH TPHBAJHHU yac.

I pi6HO3epHUCTY CTPYKTYPY CTBODIOIOTH 3BHYaHHO XO-
J0HOI0 006po6Kolo, Hanpukiaal, Hak/aenoM abo po3TAras-
HAM i AaJbIIMM KOPOTKOYAaCHHUM HarpiBaHHAM [0 HEBHCOKOI1
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TeMmnepatypu. [licas nporo 3pasock piBHOMipHO Aedopmy-
10Thb, 3ae6iapinoro postsratoun ioro Ha 0,6—69Y%, i Biama-
JIOIOTb.,

BignamioBaHHA NpoBafsiThb OyxXKe OGEpPeKHO, CIIOYATKY
HHXKYe Tpexp, MOTIM TeMNepaTypy MNOBibHO MiABHILYIOTH i,
HapeluTi, NPUCKOPIOIOYH TeMIN (peXHM) HarpiBaHHS, HOBO-
AATb Maixke 10 TeMnepatypH miasJjeHHdA. [1o uboMy 3pa3ok
MOBIJILHO OXOJIOJKYIOTb.

Jlas KOXKHOro copty Meranay Hamepen norpiGHo mimmry-
KaTH WJIsSXoM cnpo6 Haikpawud cryniib negopmaunii.
3 uielo MeToI0 KijJibka OJHAKOBHX 3PasKiB pO3TAraioTh A0
pi3HOro cTymneHs, BiAnaJjaolOTb pa3oM i, NOPiBHIOLUH iX,
BCTaHOBJIIOIOTh HaMkpally BeauuuHy Aedopmauii. Ilig yac
BiANaJIloBaHHSl, MOYMHAIOYH 3 TeMnepaTtyp, HHUXKUYHUX 7 pexp
B nedhopMOBaHOMY MeTaJi BiGyBaeTbcsi iHTEHCHBHA mepe-
6ynmoBa CTPYKTypH ULLISIXOM MepeMillleHHs aToMiB a6o Mo-
JieKyJ B Micusix Ha#Ginbwiux HanpyxeHb. [To6au3y Micup
Haii6inbuwol gedopMalii yTBOPIOOTbCS HOBi 3apOAKH KpH-
craniB. Ilpu panbmioMy niABHLIeHHiI TeMmepatypu crapi
rpaHulli MiXK KpHCTaJiYHHMH 3epHaMH, MOIUKOMXKEHi mif
yac pedopmauii, pyiiHyloTbcsl AaJi i Api6Hi KpucTaau 3iu-
BaloTbcsl Mixk co6olo (36upanbHa pekpucTaJgizauis) a6o mno-
IMMHA0Thed GiIbIIMMH KpUcTajaMy, fiKi poCTyTb Big HOBO-
YTBOpPEeHHX HeHTpiB KpucraJgisaiii.

Jaa ycnixy cnpaBd BaxJuBO, OO KiJbKiCTb HOBOYTBO-
PEeHUX KpHUCTaJiuHUX 3apoAKiB OyJjla MiHiMaJbHOlO, a We
Moxe OyTH 3abe3neueHO BHCOKOIO pPiBHOMipHicTIO po3-
TATY.

YcniuHe nepeTBOpeHHs CTPYKTYPH MOXJHBE JHINE AJs
AOCTAaTHLO YHCTHX MetaJiB. IlpucyTHicTh HOMIIWOK, 0c06-
JIHBO Ha TPaHULAX 3epeH, YaCTO YHEMOXKJIUBJIIOE peKpHCTa-
Jisaniro.

JJas pesskux MeTaJjliB peKpucTaJi3auis € €IHMHUM CcIo-
coGoM onepKaHHs MOHOKpHcTaJiB. Lle crocyeTbcs, rosos-
HHUM YHHOM, MOJiMOppHHX MeTaJiB, fiKi iCHYIOTb B KiJbKOX
KpHuCTaNiyHuX Moaudikaunisx. MoHokpucTanu 3aniza Ta
pi3Hoi cTani iHIIUM cnmoco6OM OLepXKaTH He MOXKHA.

Meron pekpucranizauii 3sHaiIIOB 3aCTOCYBaHHs i cepel
HamiBNPOBiAHMKIB, Hanpukaaj, AJA ONEPXKAHHA UITYYHHX
MoHOKpHcTaniB 3akucy Mini CupO, fKi BHIOTOBJSIOTHCS
BHCOKOTEMIIEPATYPHHM OKHCJIEHHSIM KPYNHOKPHCTaJiYHUX
NJ1aTiBOK Mili.

IO. I. I'puuenko [10] po3apobuB MeTOAHKY peKpuCTaJi3a-
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uii, sika BHTiHO BiJpi3HSETbCA Bil ONMHCAHOI iHIUMMH aBTO-
pamH.

3a i€ MEeTONHKOIO MOXKHA, MOPiBHIOIOUH IIBHIKO i Ha-
nifiHO, BUpOLLYBAaTH BeJuKi, 10 120 mm?, MIOCKi MOHOKpH-
craqun Cug0.

Horo pekomenpauii Taxi:

1) cain kopuctyBaTtHcs MinalQ) i3 BMicTOM AOMILIOK He
Giapume sk 0,05%;

2) KpHCTaNiuHy CTPYKTYpPy BHXiIHHX MiIHHX TJIaTiBOK
Tpe6a YKPYINHHTH peKpucTajisalielo: cnoyaTtky MimgHi nuaa-
TIBKH CJin Binnaautu y BakyyMi npu temnepatypi 1000° C
MPOTArOM NBOX TOJAWH, 106 3HSITH HATHAr, NMOTIM Ha cneii-
ajJbHOMY npuctpoi ix postaraytu Ha 1—39. Ilicis uboro
nedopMOBaHi NJaTiBKu CJi BianaJjaioBaTH y BakyyMmi mpo-
TAroM 36—40 rol. npu- NOBiIbHOMY NiABHILEHHi TeMnepa-
typu Bin 500 mo 1000° C. B pe3yabTaTi yTBOPIOETbCS KpyI-
HOKpHCTaJliyHa CTPYKTYpa 3 MJIOLIEI0 OKPEeMHX MOHOKPH-
craJis, 6inbwown 1 cu?;

3) y noBiTpi npu 3BHUafHHX TeMIepaTypax MOBEpXHS
Mifi NOBiMbHO OKHCJ/IOETHCA i HA Hii YyTBODIOETbCS MJiBKA
Cu0. Hapocraioui kpucramu 3akucy Mimi HacainyoTs
CTPYKTYPY i KOHTYypH KpucranaiB Mini. lLle cnocrepexeHHs
JIATJIO B OCHOBY 3a3HaueHOI METOLMKH.

[louaTkoBa cTanis OKuCJIeHHs Midi npoBamuTbCA MpH
MaJifi WBHAKOCTI OKHCJEHHS — npu TeMmmepatypi 800—
850° C i Ticky KucHio 1o 10 mm pT. cT. B uux ymoBax ToO-
norpacdis yrBoptoBaHux kpucraniB Cu,O He Biapi3HseTbcs
Bin tomorpadii kpucranis mimi.

Yepe3 oaHy FOAHHY Bil MMOYATKY OKHCJIEHHS TeMIepary-
py meui cain migBumuta go 1050°C, a THCK KHCHIO — JO
mapuiaJbHOrO THCKY KHCHIO B atMocdepi.

Jlsis MOBHOrO OKHCJEHHS IJATiBOK Mimi TOBIMHOIO 1—
1,5 mm norpi6bHo 6—14 roa. Ous ctumyasuii pocty kpym-
HilIKX KpHCTaJiB 3a paxyHOK 36HpanbHOI pekpucTaJjidanii
nnaTiBKu BUTPHUMYIOTh B nedi 10 20 ros.

SIKI10 0X0/I0AXKYBAaTH NJATiBKH MOBiJbHO, BOHM BHSIBJS-
I0TbCS AOCHTb MilHUMH. [licasi nporpaB/ioBaHHS 3 METOIO
BU3HAUEHHS KOHTYPiB OKpPEMHX KpHCTaJiB 3 HHX MOXHA
BUMWJIATH MOHOKpHCTAJiuHi 3pa3sku mNoTpi6HOro posmipy i
dopmu.

Ha puc. 93, nokasana yacTWHa MJIaTiBKH 3aKucy Mimi
KPYTNHOKpPHCTaJNiuyHOl CTPYKTYpH; HuxKue (puc. 93,6) 3Haxo-
ISATbCSl MOHOKpucTaniuHi 3pasku CuyO, Bupi3aHi 3 okpeMux
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MOHOKpUCTaJiB nuaTiBku. Po3mip 36iablieHHs aas maa-
TiBKH i 3paskiB onHakosuil. [Ipo po3Mip 3paskiB nae ysaBy
MaciutabHa pHcKa, BMillleHa Hin 3paskaMi.

) MoHOKpHCTaliYyHa CTPYKTYpa OJepPKAaHHX KPHCTaJiB
niATBepAXKeHa peHTreHorpa-
¢iuHMMH HOCHiIXKEeHHSIMH.

Onucana Meroauka 3a-
Ge3rneuye oOJep>KaHHSI ONTHY-
HO OJHODilHHUX, BEJUKHX, NPHU-
HAaTHHX 1A Ppi3HOMaHiTHHX
NOCHiIXXeHb  MOHOKPHCTAJIiB
Cu0. Bona Moxe Oyta 3a-
cTOocOoBaHa i MO iHIIMX MaTe-
piaais.

Monokpucrann a6o kpyn-
HOKDHUCTaJiyHi 3pa3k#H MOXKHa
ollepXKyBaTH TaKOX i3 chpe-
COBAHOro mnopouky 6e3 mnJaa-
ctuuHol pedopmauii  TibKM
H#arpiBaHHsIM [0 TeMIepaTypH,
HamMoJIOBUHY HMXKYOi Bing TeM-
TiepaTypHy NJaBJeHHs.

[1pu Bucokili remneparypi
ATOMH Ta MOJIEKYJH CTalTh
6iabl PyXOMHUMH i Jeriue ne-

pexoasTb Bil MaJuX KpHCTa- G gem

JaiB 00 GinblIKX, 60 NPH LbOMY

3MEHIIYETbCA 1X 3anac BlUIb- Puc. 93. MoHokpucranu Cuz0,

HOi eHeprii. olepxkaHi  peKpucTaJisalicio

Lleii croci6 pekpucranisa- (3a 10. I. Tpuuenkom):

. w a — naatiska CugO xpynsokpucra-

1ii Mae Ha3BYy 36UPAAbLHOL P€-  pjiunoi cTPYKTYH: 6 — MOHOKDH-

lcpucmﬁisaqi'i. CTaJliyHi 3pa3kH, BUpi3aHi 3 okpe-

MHX MOHOKPHCTaJiB NJATiBKH.

Bin 3acrocoByeTbcs mepe- .
BaXHO [0 MarepianiB, sIKi MamoTb BHCOKY TeMOepaTypy
IJ1aBJIeHHsl, TBEPAiCTb, KPHXKiCTh i MaJi po3Mipu 3epeH
NOPOLIKYBATOrO BHXiJIHOro MaTepiajy, HamnpHKJaA, BOJbG-
pawmy, TaHTaJsy, MoJiGaeHYy.

Besnunna 3epHa BHXiZHOTO BOJIb()PAMOBOrO MOPOLIKY
npubJau3Ho 6i15 MiKpoHa, TeMnepaTypa pexpucramsaun IpH-
6au3Ho 1500° C.

SlBuile pekpucTanisauii Ayxxe yyTJIHBe 10 BMiCTy AesKHX
LOMilIOK B MaTepiaJji i BiAGyBaeTbcd YCMIlUHO JIHIIE B YHU-
CTHX MaTepiasax.
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§ 3. METOAM KOHTPOJI0 CTPYKTYPHOI JO0CKOHAIOCTI
I YHCTOTH HAUIBNPOBITHAKOBHX
KPHCTAJIB

1. KonTpoas cTpyETypHOI XockoHAJoCTi i opieHTAmIl

EneKTpuuHi mapaMeTpHu BJacHe HaMiBNPOBiAHHKOBUX Ma-
TepiasiB 3ajexaTb Bil NOCKOHa/MOCTI iX KpuCTaJiuHOY
CTPYKTYPH, TOMY ii KOHTPOJIb € BaXXJ/IUBOIO i MepLIOPALHOIO
CnpaBol0 KOXKHOI HayKoBOi i TexHoJoriyHoi Ja6opaTopii
Yy MiaAnpUEMCTBA.

3arajqbHOBiZOMUM MPSAMHM METONOM BH3HAUEHHS CTPYK-
Typu i Kpuctaaorpadiunoi opienrauil kpucranis € peHtre-
Horpadis. [IpoTe peHTreHiBcbKi mOC/inXkKeHHS € TPYLOMiCT-
KHUMH i 1X 3aBXKIH, TaM Je lie MOXJHBO, HaMaramTbCs
3aMiHIOBaTH iHIUWMH, NPOCTILIUMH, HaMpHKJIal, MeTaJo-
rpa¢iuHMMH, ONTHYHMMH TOIlO. MeTanorpadiyHuii MeTOR
NOC/iAXKeHb € HeCKJaJAHUM, 3DYUYHHM i TOMY LIMPOKO BXKH-
BaHHM.

[IpoBagaTh HOCHiAXKEHHS TaK: 3 NEeBHOI YaCTHHH KpH-
cTajia TOTYIOTh «iujid» — BHpi3aloTh 3pa3oK Tak, o6 B
JOCJiIKYBaHOMY Miclli BiH MaB MJOCKY NOBEpXHIO, MOTiM
ii waicdyroTb, NoaipyoTh i NinnalTh TpPaBJeHHIO B Cheli-
aNbHUX PO3UMHHUKAX a6o TpaBHHKax (ouB. po3n. VI).

Penbed, axkuil 3'ABJAsE€TbCA HAa MOBEPXHi BHACJINOK TpaB-
JIEHHSI, HOCJiAXKYIOTb Mif MiKPOCKONOM NPH BEPTHKaJbHOMY
a6o CKiCHOMY OCBiT/eHHi i, KoqH NOTpi6HO, HOTOrpadyoTh.

B npouecax po3uvHeHHs Ta TPaBJeHHS KPHCTaJiB BHSB-
JISIIOTbCA MeBHi 3aKOHOMipHOCTi.

[Ipu posunHeHHi Kpucrtana, oco6JHBO Ha mNepLIHX CTa-
nisix, Ha #oro rpaHsiXx YTBOPKOWOThLCS Qieypu TPABAEHHS
y Burasani MikpockomiuHux OGaraTorpaHHux 3aryiubJjeHb —
SIMOK Ta rop6OuYKiB poCTYy.

Qirypu TpaBJieHHs $BJAAIOTH c06010 Hi6HM Bim'eMHi Kpu-
CTaJi, OTpaHeHi MJOWMHAMH, NapaJjenbHUMH AifCHO iCHYIO-
yuM. BoHu okpecJsieHi 4iTKO TibKH TORi, KOJM TpaBHHUK ni€
LyXe noBinibHO. BuHuKHeHHs ¢iryp TpaBieHHs Ha rpasi
3HHMXKYE 11 pO3YHHHiCTb, 60 BOHH CKJaNalOThCsl 3 MJIOLIMH,
sKi HasjexaTb HalMeHWl PO3YWHHHUM rpanaMm. ITo oirypax
TpaBJeHHA MOXHAa BHM3HAauaTH WBHUIKICTb PO3UHHEHHS
rpaHeii, HaOJuXeHy Opi€HTallil0 KpPUCTaJa Ta, NpPHU MeBHUX
yMmoBax, chimerpito. Ilo HMX BH3HAualOTb, UM € NaHe TiJIO
MOHOKPHCTAJIOM, MOJIiKPHCTaJOM abo IBiiiHUKOM.
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Tpanuui noaiay Mix OKpeMUMH KPUCTalaMH Ha MJIOUIHH]
myida MaTb Girypu TpaBieHHs pi3HOi ¢opmu i pisHoF
opieHTauii.

Ha puc. 94 3o6paxeHo ¢irypu TpaB/ieHHS Ha TpaHAX
(100), (110) Ta (111) ky6iuHoro KpucTanua, KoJu MAOLHMHE
maidga a6o 3pisy mapajenbHa BiINOBiIHHM TrpaHsaM: Ky0a
(a), pom6iunoro nonekaenpa (6), okraenpa (8).

(100)

S
bocd

N
a

Puc. 94. Burasa o¢iryp TpaBneHHsi Ha rpauax Ky6iuHoro
KpHCTana:

a— rpanb Kky6a (100); 6 — rpanb pomGiuHoro nonexaeapa (110);
8 — rpaHb oxraeapa (111).

\ TN

®irypu TpaBJeHHs 3a 30BHIlIHiM BHIVIALOM MOXYTb BiApi3HATHCE
MiX co6Ol0 He TiIbKH Ha pi3HHX, aJje i Ha olHaKoBMX rpanax. Lle
BHHHKae TOMY, IO HaBiTe OAHi i Ti X Mikpockoniudi rpani oiryp
B Pi3HHX NpOeKlifX BHIVIAAAIOTH NO-Pi3HOMY.

Inoni ¢irypu TpaBneHHs HacTinbku Api6GHI, WO 1X Bax-
KO JocaimyBaTu mig MikpockonoM. Toxmi mnsi Bu3HaueHH$
cuMeTpil nux ¢iryp BHKODHCTOBYIOTb METOO C8iTA08UX Ghi-
eyp, AKi ONepXKyIOTb Ha 3aTeMHEHOMY eKpaHi npu Binbu-
BaHHi cBiT/a BiA rpani maida a6o mpu NPoOXOAXKEHHI CBiT-
Jia Bifi TOYKOBOro AXepeJja yepe3 IJOCKO-NapaJiejbHy TIia-
TiBKy, BHpi3aHy NeBHHM YMHOM 3 KpHCTaJja.

Ha puc. 95 mokasauni cBitioBi ¢irypu mnas rpanei
Ky6a (a), okraeapa (6) i nmowunu (110) pomGiuxoro mo-
Iekaenpa kpuctasna mini. Ha nepopmoBanux kpucranax obi-
rypHu TPaBJjieHHs COTBOpeHi. SIKuio nyouuHa muida He 36i-
raeTtbcs Hi 3 9K0I0 rpaHHIoO, ¢irypu 6yAyTh HeBHpa3Hi, 3JIHTI.

KpiM 1uboro, Bax/aMBUM € MeTO0 MaAKCUMAAbHO20 6GAU-
cky. TlporpaBnenudi maid Kpuctaia BMillyloTb nig Mikpo-
CKOM, OCBITJIIOIOTHb CKiCHUM cBiTJOM i, oGepraioun, Biami-
YalTb NOJOXEHHSs MaKCHMaJbHUX OJuckiB cBiTyia. Bunck.
6yne BUHHKAaTH B Ti MOMEHTH, KOJH CBIiTJIO BiiGUBAaTHUMETH-
cA Bifl ONHAKOBHX rpaHeil Qiryp TpaBJieHHs.
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Ilo umcny «GauckiB» MOXKHa BH3HAUHTH Opi€eHTaUilo
KpucraJsa. fKuo rpaHb Ky6a napaJesbHa MJowuHi miida,
TO npu obepTaHHi Kpucrajaa Ha 360° cBiTyIO sickpaBo Bimi-
6’eTbcst 4 pasu i 4 pasu npactb 3ateMHeHHs. KyT moBopoty
MixX JBOMa cycigHimMu 6auckaMu nopiBHIoe 90°.

a 6 [/

Puc. 95. CsitsoBi ¢irypn,

MO BHHHKAIOTb MNpH Bil-

6uBaHHi CBiT/Ia BiA OnHa-

KOBHX rpaueii ¢iryp tpas-

JIeHH  KyGIYHOrOo  KpH-
cTana:

HOns rpani oxraempa (111)
Heit kyT popiBHioe 120° i mas
rpani (110) — 180°.

XiMiuHe TpaBJAEeHHS.
Ha mincrasi 6aratbox mocJainis
BCTAHOBHJIH, IO pi3Hi XimiuHi
TPaBHUKM MO CBOif Hil MOXHa
NOAINMTH HA ABi rpynu: AJas Of-
Hi€l — IIBUAKICTb  PO3YMHEHHS
ycix rpaHed onHaKoBa, A4S ApY-
roi — iCHy€ pi3HHLS B IUBUAK