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7. YCTATKYBAHHS JUISI HAHECEHHSA TOHKHUX IIJIIBOK

7.1. OcHoBHi BizoMocTi

BakyyMHI YCTaHOBKH JUIsi HAHECCHHS TOHKHX ILUTIBOK Pi3HOMAHITHI
3a KOHCTPYKIII€I0, OJIHAK MAIOTh PsiJl 3arajbHUX eneMeHTiB (puc. 7.1). [Ipo-
MUCJIOBICTIO BUITYCKAIOTHCSl BAaKYyMHI YCTaHOBKH PI3HUX MOJIEINei, 110 Bij-
PI3HSIIOTBCSI MpHUJIaJaMyd BHYTPIIIHBOKAMEPHOrO OOJaHaHHS, CTYIIEHEM
aBTOMATH3aLil i OCHAIICHICTIO alapaTypolo ISl BUMIPIOBAHHS MapaMeTpiB
TEXHOJIOTTYHOTO IIPOLECY.

OnHHMM 3 HAWBaKIIMBILIKX IapaMeTPiB BaKyyMHHX YCTaHOBOK € IPO-
IyKTHBHICTH (), MO TpH ixHIH Oe3mepebiiiHiii poOOTI BH3HAYAETHCA Ki-
JBKICTIO BHPOOIB (IMiaKIa0K), 00poOIeHNX 3a OJMHHMIIO Jacy (IIT/Tox.),

o=—1 | (7.1)
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Puc. 7.1. KOHCTpYKTHBHO-TEXHOJIOTIYHA CXEMa YCTAHOBOK IS
HaHECEHHS TOHKHX IUTIBOK




Po6oumnii 9ac T, CKJIamaeThCs 3 4acy MONEPETHBOT0 HarpiBaHHS Mifd-
KJIQJKH T,, 4aCy HAHECCHHs IUTIBKU T, 1 9acy OXOJOJPKEHHS T, MiJKIaIKN
nepe1 po3repMeTH3aIlIEI0 KaMepH:

T,=7,+7,+7,, (7.2)

XoocThil Yac T, CKIAAEThCs 3 Yacy HAITyCKy MOBITPs B pobody Ka-
Mepy i ii BIIKPUTTSA T,, Yacy 3aBaHTaKEHHS MiAKIAIOK T, 1 4acy BiIkady-
BaHHS po00Y0T KaMepH T,
T =T, +7T,+71,. (7.3)
PoGounii yac BHU3HAYAEThCS OCOOIMBOCTAMH TEXHOJOTIYHOTO IPO-
ecy i He Moxke OyTH 3MeHIIeHu. ToMy Ui MiIBUIEHHS PO TyKTHBHOCTI
YCTaHOBOK CKOPOYYIOTh, a B ACSKHX BHIIAJKaX 1 CIIOIY4YalOTh CKIAJOBI, 110
BXOJSITH B XOJIOCTHIH 4ac.
VY 3anexHOCTI Bl BUy BUADOOHMIITBA, @ TAKOXX BUMOT IIPOAYKTHBHO-
CT1 PO3PI3HSAIOTH TPU TUIH YCTaHOBOK:
» mnepiognuHOi Jii, BMKOPUCTOBYIOTHCSI B JpiOHOCEpIHHOMY BHpPOO-
HUIITBI, @ TAKOXK JJIs BIANPAIbOBYBaHHS TEXHOJIOTIYHUX MPOIIECIB;
»  HaniBOE3yNHMHHOT J1ii, BAKOPUCTOBYIOTHCSI B CEPIHHOMY BUPOOHHIITBI
3 BiTHOCHO YaCTOO 3MiHOK) TEXHOJIOTIYHOTO MPOIIECY;
»  0e3ynuHHOT [iii, BAKOPHUCTOBYIOTHCS Y BEJIMKOCEPIHHOMY 1 MACOBOMY
BHPOOHHUIITBI.

7.2. BakyyMHi yCTAaHOBKH Nepiogn4HoOl Ail

BakyyMHiI yCTaHOBKHM NepioaWYHOI Aii MarOTh TIIbKH OIHY pobOody
KaMepy, Y SAKiid IMepiogndHO MPOBOIATHCS BCi CTadii TEXHOIOTIYHOTO TPO-
Lecy: 3aBaHTaKEHHS OOpOOJIIOBAaHMX MiJKIAJ0K, BiJKauyBaHHS pPoOOYOi
KamepH, nomnepeaHs oOpoOka MigKiIaaoK (HarpiB, OYMIIEHHS), HAaHECEHHS
IUTIBKH, HAITyCK MOBITPSl 10 aTMOC(HEPHOr0 THCKY, BUBAHTAKEHHS MiJKIa-
JIOK.

L1i ycraHOBKM B JlaHMH yac HaiOLIBII MOMIMPEH] B MPOMMCIOBOCTI,
TOMY IO Y HHMX IIPOCTa KOHCTPYKIiSl, BOHU JIETKO IE€PEHAIaroKyoThes i
JIOCHTh JiemeBi. Jlo TOHKHX ILTIBOK, IO HAHOCSTHCS Ha LUX YCTaHOBKAX,
BHCYBAIOTh HEBHUCOKI BUMOTH 3a PiBHEM BiITBOPIOBAHOCTI TEXHIYHUX Mapa-
METpIB.

[TpOAYKTUBHICTE YCTAHOBKM NEPiOOWYHOI Iil HEBEJIHMKa, TOMY IIO
nepea KOXKHAM YeproBHM 3aBaHTaXKCHHAM MapTil MiIKnagok y pobody Ka-
Mepy HaITyCKaloTh aTMOC(EpHE MOBITPs, MCIA Yoro ii BiIKa4yIOTh IO BH-
COKOTO BakyyMy JMJisl TPOBEJCHHS HACTYITHOTO TEXHOJIOTIYHOTO LHKITY.
Kpim Toro, npu Hamycky MOBIiTpsl Ha CTiHKaX po0OO40i KamMepH KOHJIEHCY-
€TBCSl BOJIOTA, IO MPHU3BOAUTH A0 3a0pYyJHEHHS IUIIBOK IPH HACTYITHOMY
TEXHOJIOTIYHOMY TIPOIIECI.
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VY 3ajeXHOCTI BiJi KOMIIOHYBaHHS PO3PI3HSAIOTh YCTAHOBKH 3 BEPTH-
KaJIbHOI 4YM TOPU3OHTAJIBHOI LWIHIPUYHUMH ab0 3 KyOIYHMMH poO-
00YMMH KaMepamH.

BakyymHa

yCTaHOBKA 3 IMJIH[I-

0T srwane T PUYHOIO  BEpPTHKAJb-
9 1 HOIO PO0OYOI0 Kame-

\ l/’z poI0  TOKa3zaHa Ha
8 3 puc. 7.2. BukoHaHa y
BUIJIAAI KOBMaka 8

71 4 poboua kamepa BCTa-
HOBJIEHa Haja 0azo-

BOIO IUIMTOIO, JIO SIKOi
64 3HU3Y MOHTYETHCS
cucrema BiJKauy-
I BaHHs 6. Ilim KoBma-

KOM PO3TallOBYIOThCS
TEXHOJIOTIYHI  MpHU-
CTpOi — BUIAPHUK 7,
T eKkpaH 2, HarpiBay 9,
pyximBa 3aciiHKa 3,
migkmagkorpumad 1 3
MiAKIAAKaMHA 1 TIpH-
Bin 10 s iioro

Puc. 7.2. BakyymMHa ycTaHOBKa 3 LWJIIHAPHY-
HOIO BEPTUKAIBLHOIO pOOOYO0I0 KAMEPOIO:

1 — migknagkoTpumad, 2 — eKpaH, 3— 3aciiHka,
4 — nynpT KepyBaHHs, 5 — Kapkac, 6 — Hacoc, 7

. obepTaHHsL. Hnst
— BHIIApHHUK, 8 — pobova kamepa, 9 — Harpisad, .
. HITHATTS KOBIIaKa
10 — mpuBix obepTaHHs
CITY’KUThb

nigHiManbpHU npuctpiit. liamerp xoBnakis Bin 300 go 700 MM. YcraHoBKa
MOHTYETBCSI Ha Kapkaci 5, Ha SIKOMY pO3TAlLIOBYETHCS TaKOX IIaHENb
KepyBaHHS 4.

Ii ycraHOBKHM 3acTapisiy, OJHAK, HE3BKAlOUM HA HU3BKY HPOIYK-
TUBHICTb, JOTENEP BUKOPUCTOBYIOTECS B AEAKUX IEXax i 1ab0paTopisx.

BakyymHa ycTaHOBKa 3 TOPH3OHTAIBHOIO IMITIHAPHYHOIO POOOUOI0
kameporo miamerpom 600 MM mokaszaHa Ha puc. 7.3. Cnepexy poboua ka-
Mepa 8 3aKpUBAETHCS KPHUINKOIO 2, HA SKiM po3MimryeTscs O6apabaH 5, mo
LIBUKO 3HIMA€ETHCS, 1 BAKOPUCTOBYETHCS sl 3aBaHTakeHHs1 60-Tu Tpuma-
4iB, 7-MH MiIKIAI0K i Macok. [Ipu HaHeceHHI TIiBOK 0apabaH 00epTaeThes
€JICKTPOMEXaHIYHUM MPHUBOIOM 3 4acToTOr0 30 00/XB.

Ha 3anniii kpunii 6 po6odoi kaMepy BCTaHOBJICHI Ha KPOHIUTEHHI
JIBa BUIIAPHUKH 3, BUKOHAHI y BUTJISII €IMHOTO OJIOKY 3 MEXaHIYHOIO 3a-
ciiHkoo 4 1 HarpiBaueM | motyxHicTio 4 KBT. CucTeMu KUBJIECHHS 1 Kepy-
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BaHHSI BUKOHAHI y BHUTJISII OKpeMoT 1madu, 1110 po3MilLyeThCs IPaBopyd Bill
YCTaHOBKH 1 3’€IHY€ThCS 3 HEIO THYYKHMH KaOeIsIMU.

-

\rﬁ%@;‘{‘/

- 1
Puc. 7.3. BHyTpimiHbOKaMepHUI

NPUCTPI YCTAaHOBKM 3 TOPU30OH-
TAJIBHOK [WIIHIPUIHOI POo0O-
4010 KaMEPOIO:

1 — marpiBay, 2, 6 — mepeaHs i

BakyymHa ycTraHOBKa 3 Ky-
0iyHOI0 POOOYOI0 Kameporw 1 Tie-
penHIMHU JIBEPISITAMH Ma€ CUCTEMY
BiJIKaUyBaHHS, sKa 3HAXOJUTHCS
nmo3any. BumapHi 9m posmumrorodi
HPHUCTPOT PO3TAILOBYIOTHCS Ha JHI
pobouoi KamepH, a IiIKIaJKOTPH-
Mad — y ii BepXHiif YacTHHI.

Pozmipu KaMepH
600%600x700 mMm. Taki ycTaHOBKH
JIy’Ke 3py4Hi Juis BOYJOBYBaHHS B
«4HCTI» KIMHATH 1 IIUPOKO BHUKO-
PUCTOBYIOTBCSL Y  BHPOOHHUITBI
HariBnpoBiHuKoBUX IMC.

VYcranoska 01HD-7-004 3
KyOi4HOIO  PO0OY0I0  KaMeporo
(puc. 7.4) mpu3HavYeHa IS HaHe-
CCHHS IUTIBOK eNeKTPOHHOIIpOMe-
HEBUM BHIIAPOBYBAaHHSAM MaTepia-
JIIB 3 OXOJIODKEHNX BOILOIO MIJTHUX

3a/IHs KPUILIKH, 3 — BUNIAPHUKH, 4 THUTJIIB.
— 3aciiHka, 5 — 6apaban, 7 — Tpu- 3 30BHIIIHBOI CTOPOHH PO-
Mad IMiJKIaaKy, 8 — poboda kame- | Gouoi Kamepu 8, 3MOHTOBAHOI y
pa Kapkaci 4 YCTaHOBKHM, INpHBapeHi

TpYOKH, 1O SKUX NOAAETHCS XOJIOA-
Ha BOJa NpH ii poOOTi 4K rapsiya Mpu 3HEraXkyBaHHI, a TAKOXX HAIyCKY I10-
BITpst (17151 3HMIKEHHS KOHAEHcalil mapu BoJu 3 aTMocepu Ha BHYTPIIIHIX
CTiHKax KamepH). Y IBepIsATax, M0 BiIKPHBAIOTHCS Ha METIAX, € OTIIAJ0BE
BiKHO. Y BepXHIHl YacTHHI KaMepu PO3MIIICHNI KBAapIOBUHA NAaTIUK 7 IS
BHMIPIOBaHHS TOBIIMHHU 1 Kapycelb i3 TphOMa IUIAHETAPHUMH ITiIKIAIKOT-
pumadamu 9, a B HIDKHIHM — /IBa eeKTPOHHO-TIPOMEHEBUX BUHAapHUKH 11 i
nBi 3aciinky 10 3 enekTpoMarHiTHUM IPUBOJOM, a TAaKOX HarpiBadi i mat-
YUK TeMIepaTypH MiIKIaI0K.

VY SKOCTI BUCOKOBaKYyMHOI'O 3ac00y BiZikadyyBaHHs CIYTr'ye napomac-
JsiHUHM Hacoc 3, mo Mae mwBuakicTs i 9000 n/c, 3’eqHaHUIA U1 CTBOPEHHS
MOTIEpEeTHHOT0 BaKyyMy 3 MeXaHiyHMM QopBakyyMHUM HacocoMm 1. [lms
3MEHIIIEHHS Mirparii macia B poOody kamepy Ha (hOpBaKyyMHOMY TpY-
OOIPOBO/Ii, @ TAKOXK Ha BXiJHOMY MaTpyOKy MapoMacistHOro Hacoca BCTa-
HOBJICHI BiJIMIOBITHO a30THI MacTku 2 1 5.
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BucokoBakyymHue
BiJIKauyBaHHsi  poOOYOl
KaMepH BiIOyBa€eThcsl B
JIBa €TaIlu: CIOYaTKy 4e-
pe3 O0OBifHY MaricTpaib
12, a moTiM BiAKpHBa-
€TBCSI BUCOKOBaKYYMHHH
3atBop 6. Bin mpu3Haye-
HUHA I8 TepMETHYHOTO
HEPEeKPUTTSl MapoMaciIs-
HOTO Hacoca IpH Hay-
cKy armocepu B po-
O0ounii 00’e€M 1 MpAaIOE
3 BiJI ITHEBMONPHUBOAA, Ha
}__ KOpIYCi SIKOI'O pO3Talio-

y BaHi JBa MiKpOIIEPEMHU-
Puc. 7.4. Bakyymua ycranoska 01HD-7-004 | Kaui, 1O CHIHali3yloTh

3 KyOi4HOI0 pOOOYOI0 KAMEPOIO: 1po BiIKPUTTA YU 3a-
1, 3 — popBakyyMHUI 1 MapOMaClsHUIA Ha- | KPHUTTS 3aTBOpA.
cocH, 2, 5 — a30THi macTkH, 4 — Kapkac, 6 — V BakyyMHiii cuc-
BHCOKOBAKyyMHH 3aTBOp, 7 — KBApLUOBMH | TeMi € JBa BEHTHJA 3
JaT4yuK, 8 — poboya Kamepa, 9 — miaHerap- | €JIEKTPOMArHITHUM HpH-
HuM migknaakoTpumad, 10 — 3aciminka, 11 — | BOJIOM, OJMH i3 SKHX
EJIEKTPOHHO-POMEHEBHI BUITAPHUK, 12 — CIY)KUTh JUUISI HAMyCKY
00BiJTHa MaricTpaib atMocepu B pobouy

KaMepy ¥ y MexaHIdHHH
Hacoc Micis Woro BifkitodeHHs. [l BUMIpIOBaHHS HHM3BKOTO 1 BUCOKOTO
BaKyyMy BHUKOPHCTOBYIOTh TEPMOINApHHI BaKyyMMETp i BCTAHOBJICHUH Ha
¢anni poboY0i KaMepu MarHiTHUH eJIeKTPOPO3PsAHUIA epeTBOPIOBaY.

Tpu migxragkoTpuMadi 9, 3B’s3aHi 000HMOI0, MOXKYTh O0OEpTaTHCS
SIK HABKOJIO BJIACHOI OCi, Tak i BCEpeOUHI KamepH. TakuM YHHOM, KOXHIiH
MAKIAN HATAEThCA CKIATHUNA TUTAaHETApHHUHA PyX, IO 3abe3medye HeoO-
XiIHy PiBHOMIpPHICTh TOBIIMHHM IUTIBKH i TapHE ITOKPHUTTS CXOJMHOK CKIIAJ-
HOTO penbedy.

biiokH XKMBJICHHS 1 KepyBaHHs €IEKTPOHHO-TIPOMEHEBUMH BHIIApHU-
KaMH (JUIsl KOXKHOTO BHIIAPHUKA OKPEMO), a TAKOXK MEXaHi3MaMu BHYTpIlll-
HBOKaMEPHOT'O NPHUCTPOIO, CUCTEMOIO BaKyyMHOT'O BiJIKayyBaHHS i TEXHO-
JIOTIYHUM [UKJIOM HAHECCHHS IUTIBOK PO3TAIlIOBaHI B OKPEMUX madax.

Ipu po6oti ycranosku 01 HE-7-004 nominiarots y pobouy kamepy 8
TPH MiAKIAAKOTpUMAYi 9 3 MiJKIaJKaMu W BiJKa4yrOTh i JI0 BUCOKOTO Ba-
KyyMy, ICJIsS 4Oro TOYMHAE OOepTaTHCs IUIAaHETApHMH MeXaHi3M i3 Iij-
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KJIaJIKaMH{, BKJIFOYAIOTHCSl HArpiBadi MiJKJIaJOK i 0oOuaBI madu >KUBIEHHS
BunapHukiB. [licast HarpiBaHHS MIIKIAaJOK 10 33aJaHOi TeMIepaTypu i BH-
TPUMKH iX NpW LiH TeMIepaTypi BKJIIOYAETHCS PO3KAPEHHS KaToIa KOXK-
HOro BumapHuka. CTpyM eMicii MOCTyIoBO 3pOCTA€ 10 3aIaHOTO 3HAUYCHHS,
JIOCTaTHBOTO JUIS PO3IrpiBy 1 Jerasanii maTepialiB, IO BHIAPOBYIOTBCS.
Yac pmerasaiiii BCTAHOBJIIOETHCS 32 JONOMOTO0 perie yacy. Ilix yac merasa-
il TPOMiHb BHUIApHHUKA CKAaHY€e TI0 OCI THIJISA AJIST PO3TOHY IIIAKIB i3 30HU
BunapoByBaHHsA. CHOYaTKy rapa OcCija€ Ha 3acJiHKY, IO ICIs PO3TOHY
[IJTaKiB BiIKPHUBAETHCA, 1 IITIBKA HAHOCHTHCS Ha TT1IKIIaIKH.

VY mporeci HaHEeCeHHS ILTIBKM MOXe OyTH 30epekeHe CKaHyBaHHS
npomeHeM. J{iis 301IbIICHHS IOBEPXHI YH ISl BUIIAPOBYBAHHS MaTepiaiy 3
HaAMOLIPII YMCTOI 30HM BiH MOKe OyTH 3ynmuHEHHWH y IeHTpi Turis. [lpu
3aJ]aHOMY Yaci MpOoIeCy HAHECEHHsI TUTIBKKM OJTHOYACHO 3 BiJIKPUBAHHSM 3a-
CJIIHKY BHUIIAPHMKA 3aITyCKAEThCS pelie yacy poOOTH JIaHOTO BUIIAPHHUKA.

Jlyist HaHeCeHHS TUTIBKM Yy BUIJIAJI CIUIaBy 3 JIBOX BUIIAPHUKIB 3acii-
HKHM OJIHOYACHO BiJJKPHUBAIOTHCS 1 3aKPUBAIOTHCS 110 KOMaHJI pelie 4acy 4u
CUTHAJTy KBapI[OBOTO BUMIipHHKA TOBIIUHY [LTiBKH.

[Micns BigxiIrOUeHHsI 000X BUIAPHHUKIB HATPiBaHHS MiAKIAJ0K Bij-
KITIOYAEThCS 1 JIYMIBHUK MOYMHAE BiJpaXxOBYBaTH Yac IXHHOTO OCTHUTaHHSL.
[Motim BKITFOUaeThCs cBiTinoBUi curHan "Kinens nukiny" i Ha 10 ¢ — 3ByKO-
BUI CHTHAJ, IO TaKOX IOIEpeKae Mpo Te, MO LMK HAHECEHHS IUTIBKH
3akiHyeHHHd. TOBIIMHA IUTIBKK 3aJIeXKHUTH BiJ 4acy 1l HAaHECEHHs IpH 3aja-
HUX Hampyrax i CTpyMi BHIIapHUKA.

YcranoBka 01HE-7-004 mosxe mpaiioBaTy siKk y py4HOMY, TaK i B aB-
TOMaTHYHOMY PEKHMI.

Y py4HOMY pexHMi OIepaTop Kepye Iojadelo B KaMmepy rapsdoi i
XO0JIOJTHOT BOJIM, POOOTOI0 BaKyyMHOI CHCTEMH, OOEPTaHHSIM IUIaHETAPHOTO
MeXaHi3My, HarpiBaHHSM IiJKJIQJIOK, [0J]a4el0 Ha BUMAPHUKK BHCOKOI Ha-
NPYTH, CTPYMIB NPOrpiBy 1 BUIApOBYBaHHS, JI€I0 3aCIiHOK BHIIAPHUKIB,
BHOOPOM iXHIX PEKUMIB POOOTH, a TaKOX aBapiifHO BiKIIFOYA€E BUTIAPHUKH
1 HarpiB MiAKJIAJOK IPH HATUCKAaHHI HAa KHOMIKY «CTOI.

VYcraHoBKa Mae OJIOKyBaHHSA, L0 3a0e3nedye HACTYNHI BUIU 3a-
XUCTY:

»  IIepCOHAIy — BiJl ypa)keHHs eJISKTPUIHUM CTPYMOM;

»  BUIAPHHUKIB — BiJl TPOTOPSHHS THIJIS TPH BiJCYTHOCTI XOJIOJHOT
BOJIY;

»  eNEMEHTIB KaMepu — BiJ| MONaJaHHA Ha HHUX MPOMEHS INpH BIIXH-
JICHHI CTPYMY €JICKTPOMArHiTa Bifl 33JAHOTO 3HAYCHHS,

»  HarpiBadyiB MiJKJIaJI0K — BiJl 30UIBIICHHS TUCKY B po0OOUYiil Kamepi.

Jlist KepyBaHHSI eJIEeMEHTaMU BaKyyMHOI CUCTEMH i BUIIAPHUKAMH B
PYYHOMY PEXHMI CITy’)KaTh KHOIIKU, PO3MIILIeHI Ha MyJIbTaX KepyBaHHS.
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B aBTOMarn4yHOMY peXHMi IMOCITIJOBHICTh CHpalbOBYBaHHS BUKO-
HaBYMX MPUCTPOIB 1 MEXaHI3MiB BU3HAYAETHCS [IUKJIOIPAMOI0, 3aKJIaICHOI0
B OJIOK KepyBaHHSI YCTaHOBKHU.

Texniuna xapaktepuctuka yctanosku 01HD-7-004:
IIpoayKTUBHICTG, MiIKIaIOK/IUKII, TIPH IXHBOMY JiaMeTpi, MM:

Hiametp 0OpoOIIOBaHUX MiAKIATOK, MM. .
IIBuAKICTE OCITaHHS, MKM/C.........
I'paHnuHMii 3aUIIKOBUH TUCK, [a.........

Uac nocsirHeHHS 3aIUIIKOBOTO THCKY 1,3 10" Ila, XB...coovveeeeennnnen. 20
KinmbKicTh BHITApHUKIB

[oTyXHICTh KO)KHOTO BHITAPHUKA, KBT.. 12
[oTYXHICTD HATPIBAUA, KBT.....ceitieiiiiieieiiee e 7
MakcumasbHa TeMIeparypa HarpiBaHHs ImigKiaaok,°C................ 400
Yacrora obepTaHHs, 00/XB:

1 0 (o1 ST 20
THTKITATIKOTPHMAUA. ... .vevveneresrenseensenseessesseessesssessesssesseessesssessessenssenns 60
HepiBHOMIPHICTb TOBIIMHU ITIBKH, %0...cc.eerveierienieienienieeeinaene 1,52

7.3. BakyyMHi ycTaHOBKM HaniBOe3ynuHHOI Ail

BakyymHi ycTaHOBKM HamiBOe3ynuHHOI 1ii 3BUYaifHO MaloTh IILTIO-
30BY 1 po00O4y Kamepu, pO3/iieHi 3aTBOPOM. Y [bOMY BHUIAIKY 3/iHCHIO-
€ThCS BiIKAYYBaHHS TUTBKHU IUTIO30BHX KaAMEP HEBEIMKOTro 00’ €My, IO Mij-
BUIIly€ NPOAYKTHBHICTh YCTAHOBOK, TOMY IIO BHKJIIOYA€THCS HEIPOIYK-
TUBHMH 4ac IXHBOTO NMEPIOJUYHOTO BiJJKaUyBaHHS 0 BUCOKOTO BaKyyMy.

OCKiJTbKH JUTs CTBOPEHHS B pobouiii kamepi BakyyMmy mopsaky 10—
5-10” Ia HeobxiaHo 1,52 rox. (aBiTh npu posirpitomy mudysiiiHomy Ha-
coci), a yac HAaHECEHHS OJHOTO Iapy 3BUYaiiHO He mepeBumye 1-1,5 xB, y
BaKyyMHHUX YCTaHOBKaX 3aCTOCOBYIOTbH IITFO30Bi KaMepH, II0 J03BOJSOTS,
HE MOPYIIYIOYH BaKyyMy (32 OAWMH BaKyyMHHH LIMKIT), TOCITIJOBHO Y1 OHO-
4yacHO 00poOIsATH Kinbka mapTid miaknanok. [Ipu mpomy B NUTIO30BiH Ka-
Mepi pO3MILLYETbCS TUIBKY 3MIHHMH ITJKIAQAKOTPUMAd 3 MiJKIaJKaMH, a
TEXHOJIOTIYHE YCTaTKyBaHHsS (y TOMY YHMCII NMPUCTPOI BHIIAPOBYBAHHS YH
HOHHOTO PO3IHUJIEHHS) YBECh Yac 3HAXOIATHCS B yMOBax Bakyymy. Kpim
30UIBIIEHHST TPOJIYKTHUBHOCTI TaKuil MPHUHIMI POOOTH YCTAaHOBOK CIIPHSE
Ii/IBUILEHHIO BiJITBOPIOBAHOCTI MapaMeTpiB TOHKHUX IUIIBOK, TOMY IO pO-
6oua KaMepa He CIIoIydeHa 3 aTMOCc(heporo.
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L

Puc. 7.5. BakyymHa ycTaHOBKa HamiBOS3yIMMHHOT Mii:

1 — uuno3oBa kKamepa, 2 — BiJKMJHA KpPHWILIKA, 3 — IUIAHETApHUH ITij-
KJIaJIKOTpuMau, 4 — Kapycenb, 5 — MarpaTpoH, 6 — HallyCKHUI BEHTUJIb,
7 — MexaHIuHUH TpuBiI, 8§ — poboya kamepa, 9 — kamepa PO3IHICHHS,
10 — cucrema BigkauyBaHHs, 11 — BUCOKOBaKyyMHHUI 3aTBOp, 12 — a30T-
Ha ImacTka, 13 — mapomacisauit Hacoc, 14 — kapkac, 15 — matpybox

Haii6isbI1 TpoyKTHBHUMH yCTAaHOBKaMH HaIliBOE3yNnuHHOI 1ii € Oa-
raTONO3MIIMHI YCTaHOBKH KapycesbHOro tumy, Hampukian 01HII-7-006
(puc. 7.5), npu3HaueHi 1yl HAHECEHHS! JIBOLIAPOBHX IJIIBOK METOJOM Mar-
parpoHHOro po3nwieHHs. L{i kapycenbHi yCTaHOBKM CTBOpEHi Ha 0asi Iua-
HAPHOTO MarpaTrpoHa 3 KUIBIEBOK 30HOI0 €po3il, MaroTh podouy Kamepy,
CHCTEMY BiIKadyBaHHA i mady KepyBaHHS Ta IO3BOJSIIOTH ITOCIITOBHO 00-
poOmATH mapTil MAKIAIO0K Y €IMHOMY IUKII. YCi TEXHOJOTIYHI omepartii,
KpiM 3aBaHTa)XCHHs Ta BUBAHTAXEHHS ITIJKJIaJKOTPHMaya i BCTAHOBJICHHS
Ha HBOTO MiAKIaJI0K, aBTOMaTH30BaHi.

VYcranoska 01HII-7-006 mae posmimieHi B 3aranbHid poOodiil Ka-
Mepi 4oTHpH po0OYi MO3MUILIi: 3aBAHTAXEHHS — PO3BAHTAXXSHHS IUIaHeTap-
HUX MIJKIaJKOTPUMAaYiB; HATPIBAHHS MIiJKIAJ0K; MEPIIOrO i JPYroro pos-
nuieHHs. BinkuaHa kpurika pobouoi kamepu 8 3ade3nedye TOCTYII 10 BHY-
TPIIHPOKAMEPHHUX IPUCTPOIB Ul IXHHOTO OOCIYrOBYBaHHS, PEMOHTY M
ounmieHHs. OOpoOka MIIKIAZOK 3AIHCHIOETHCS Ha  IUIAHETAPHOMY
MIAKIAKOTpUMadi 3 i3 JBOMA OCSAMHU OOEpPTaHHS, 1[0 MOCIIIOBHO MEPEBO-
JUTHCS 3 TO3UINT HA MO3MINI0 MOKPOKOBHM MMOBOPOTOM Kapyceii 4 Ha 90°
ITHEBMOIIPHUBOJIOM.

Ha mepmriit mo3umii migKragkoTpruMadi 3aBaHTaXYIOTh depe3 BiIKH-
ITHY KPHIIKY 2 1 IUTF030BY KaMepy 1, a MOTiM BiAKadyroTh 1i (OpBaKyyMHHM
HacoCOM, IIPHETHAHUM JI0 maTpyoOka 15.



11

Ha ppyriii mo3uuii miakiankyd HarpiBaroTh 3a JOINOMOTOK KBaplo-
BUX Jiamil. Ha Tpetiii 1 ueTBepTiil Mo3uIisX, Mo € KaMepaMu po3numieHHs 9 i
MAalOTh OJIHAKOBY KOHCTPYKIIiI0, HA HATPITI MiJKIAKU 32 JOMOMOI0I0 Mar-
PATPOHIB 5 MOCHIIOBHO HAHOCSTH JIBA IIAPH [LTIBKH.

Mautuii nudy3iHO-IIIMHHIA 3a30p MK MO3HIIIMA HAHECCHHS TLTi-
BOK 1 3araJisHOX0 poOOUYOK0 KaMeporo 3ade3nedye HeOOXiTHUIN nepernas TUC-
KiB TIpM HaIyCKy depe3 BEeHTWIb 6 poOoyoro ra3y (aprony) OesmoceperHbo
B 30HY PO3psY.

Jns edexTHBHOTO HarpiBaHHS MiAKIAIOK, a TaKOX PIBHOMIPHOCTI
HaHECeHHS IUIIBOK Ha TPHOX POOOYMX MO3ULIAX YCTAHOBKH IlependavcHe
oOepTaHHs TUIAaHETAPHUX IiIKIAIKOTPUMAdiB MEXaHIYHHM IPHBOAOM 7.
[Ticxs 3akiHYEeHHS POOOYOro LUKITY KOXKEH MiAKIaIKOTPHMay OBEPTAETHCS
Ha IepIy MO3HUIII0 B IIIII030BY KaMepy, Jie HOro BUBaHTAXYHOTh.

IToBopoT Kapyceni Ha KpOK BiIOYBa€ThCS TUIBKH IICIIS TOTO, SIK 3a-
TBOp LLII030BOi Kamepu | 1 MeXaHi3M BaKyyMHOTro OJIOKYBaHHS Kamepu
posnuiieHHs1 9 ONMyCTAThCS BHU3, 3 €JHYIOUH 1XHI 00’€MH 3 3arajbHOI0 PO-
004010 Kameporo 8.

BingkauyBansHa cucrema 10 3 mapomacissHuM IUQyY3iHHEM HacOCOM
13 posramoBaHa 3 3aJHBOI CTOPOHH poOOoU0i Kamepw. s i3omamii po6o-
4goro 00’eMy Bif mapu Macia MiX audysiitHuM HacocoMm 13 i BUCOKOBaKy-
YMHUM 3aTBOpoM 11 3HaxoauTbes a30THa mactka 12.

ABTOMaTHYHE KEPYyBaHHsS YCTAHOBKOIO 3IIHCHIOETBCS HPOrpamaro-
poM i 3abe3medye cTabii3amito cTpyMy po3psay BiIMOBIIHO O THCKY po-
604oro rasy, HocCiiJIOBHICTh pOOOTH MEXaHi3MiB 1 HaITyCKaHHS ra3y B LILIIO-
30BY Kamepy.

ITpu poboTi ycTaHOBKM poboya Kamepa 3a JJONOMOrolo Andy3iiHOTro
Hacoca i 3aMOpOXKyI040T a30THOT NACTKH BiJJKAYYETHCS JI0 THCKY HE BHUILE
1,33-10% a (10™* mm pr. cr.). [Ticist bOro mpH HASBHOCTI B CHCTEMi 0XO-
JIO/DKEHHST KaMEPH XOJIOJHOT BOJIM BKIJIIOYAETHCS HArpiBay 1 MiJKIaJAKA IpH-
CKOPEHO PO3irpiBaloThCs 10 33JaH0i TeMIEpPaTypH.

[Tpu cTBOpeHHI HEOOXiZHOTO BakyyMy B poOodiil kamepi i mojaui
aproHy BKJIIOYAIOTHCS MarpaTpoHdM Ha IMo3uuii posmmwieHHs. st onep-
YKaHHS SKICHUX IUTIBOK 1 YCTaJleHOi poOOTH MarpaTrpoHiB BUKOPHUCTOBYIOThH
TIBKH XIMIYHO YUCTHH 1 ocymmeHuid aproH. [IIBUAKICTE OCinaHHS TUTIBKH Ha
MAKIAMMI 3aJIeKUTh BiJl TIOTY)KHOCTI MarpaTpoHiB, a IPH 3aJaHii cTabimi-
3yIOYil Hampysi IXHBOrO JKUBJICHHS TaKOX BiJ CTPyMY, IO, Y CBOIO Yepry,
BU3HAYAETHCSI TUCKOM aproHy Ha poOouYiil mo3uiIii.

Haii6inpiry mIBUAKICTE PO3MUIICHHS! OAEPKYIOTh IIPHU THCKY aproHy
0,665-0,266 Ia (5:10°-2:107 mm pr. cr.). Jlns MiATPUMKM ONTHMAIBHOIL
LIBUAKOCTI PO3MMICHHS PEKOMEHIYEThCs IPALIOBaTH MPH Hampyrax Bill
370 no 460 B i crpymax Bin 7,5 no 12 A. Ilpu 3agaHiit Harpy3i *KUBJICHHS
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CTPYM MAarpaTpoHiB MiATPUMYETHCS 3a OMOMOrOI OJIOKIB crabimi3arii
CTPYMY pO3psily 3MIHOIO Ha IMO3MIISAX PO3NMICHHS THCKY aproHy, IO
MOJIAETBCSL 32 JIOIIOMOTOI0 EJIEKTPOMArHITHOTO HAIlyCKHOTO BEHTWIA ©.
ToBmMHAa IUTIBKM BU3HAYAETHCS YacOM ii HAHECCHHsS IIpHU 3ajaHii
MOTY>KHOCTI MarpaTpoHa.

Ha nosumii nepeBaHTa)xeHHs 110pa3y MicCJisl 3aKiHYEHHsI 4acy LUKy
B IDIIO30BY Kamepy, 00 YHUKHYTH OKUCHEHHS HAHECEHO! IUIIBKH, IoJa-
€TBCS 30T, 1 MICIISI LBOTO Yepe3 3aJaHuil Yac BKIFOYAIOTHCS 3BYKOBA 1 CBIT-
JIOBa CHTHAJI3AIi1, II0 TOMepeKaloTh olepaTopa Mpo HEOOXiTHICTE mepe-
BaHTaXXeHHA. [licis mepeBaHTaXKGHHs IoJada a30Ty NPUIMHAETHCS 1 IPH
3aKpUTIH KPUIIII 2 MUTI030BOi KamepH (popBaKyyMHHUIT Hacoc Bigkadye ii 1o
ticky He Bume 1,33 ITa (107 mm pr. cr.). ITotiM depe3 0OXixHuil Kianan
MaJIoro Iepepizy npH 3akpuToMy (GOopBaKyyMHOMY KIamaHi LIII030Ba Ka-
Mepa BIIKa4yeThesl JI0 THCKY, OJU3BKOTO 0 THUCKY B pobouiil xamepi. 1o
3aKiHYEHHI Yacy LUKy 3aTBOPH IIUTIO30BOI i PO3MMIIOBAILHUX Kamep OIly-
CKalOThCSl BHU3, 3’€HYIOYH 1X 3 poOOYOI0 KaMepolo, a MEXaHi3M IepeMi-
LIEHHS IIepecyBae Kapycelsb 3 mo3uuii Ha nosuiit. Ilicins nporo 3aTBopu
LITF03Y 1 PO3NMIIOBAIBHUX KaMep MiIHIMAlOThCs HAaropy, i 3HOBY Ha KOX-
Hill TO3UIIiT BUKOHYIOTHCS PO3TIISTHYTI Omepartii.

VYcranoska 01HI-7-006 mpu3HadeHa it poOOTH B aBTOMaTHIHOMY
pexumi. Y pydHOMY PeXHMI I IMiATOTOBKH aBTOMATHYHOTO PEKUMY BH-
npoOOBYIOTECA 11 MEXaHI3MHU: 3aIlyCKAIOTHCS HACOCH, BiIKa4yeThesi poboda
KaMepa, BKIIOYA€ThCS OOepTaHHA Kapycewdi 1 HarpiB MiAKIAJo0K, BUOHpa-
FOTHCS 1 MTOJTAIOTHCSI HATIPYTA 1 CTPYMH HA MAarpaTPOHU.

Texniuna xapakrtepuctuka yctanosku 01HI-7-006:

[IpOAYKTUBHICTD, M IKIATOK/TOM. . .cvvevrenrerererennnes 150 (a1 0,76 Mm)
PO3MIDP MIAKITATOK, MM.....cvteiereeererieenreseesenseesesseesesssensenseenes 76-100
36050 87 To n B0 (03700017 000 11 s SRR 4
KinbKiCTh mI1apiB, MO HAHOCATBCS, IIIT......eeveeneeeeeneeeneeneeeseeneesneeseeenees 2
I'pannaamil BaKyyM, T1a.....cooiiiiiiiiiiiiiiiiccec e 6,7 107
IBuAKICTE BigKauyBaHHSA HACOCIB, JI/C:

b112(00)463071: (0) o o SR

(dopBaKyyMHHX

[oTyxHICTP HarpiBayua MiIKIAT0K, KBT......cccoiivieiinieiieieecee 3
CTpyM HarpiBava MiJKIAIOK, A.......cceevvererrerrerrerreererieennens 17,5+1,5
Temneparypa miIKIAIOK, OC...ccueerrieierrieieeieieereerieeeeseseesreeneseees 400
TTOTYXHICTh MATPATPOHA, KBT......iecieiieeieiiiiececie e 3
Hampyra, B..ooooooeeee e 400-600

PiBHOMIPHICTD TOBIIMHU INTIBKH, Y0....cververeerieneenieienieeenienreenieenns +5
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7.4. BakyymHi ycTaHOBKH Oe3ynuHHOI Ail

YcraHOBKM 0e3ynmMHHOT Jil BiJPI3HSAIOTHCS THUM, IO 3BHYAHHO Ma-
I0Th KiJIbKa Kamep, a TaKOX BXITHHUN 1 BUXITHHNA ILTIO3HU, TO3BOJISIOTH BH-
KJIFOYUTH BIUIMB BiJKauyBaHHS CHUCTEMHM Ha LHUKIOBY NPOAYKTHBHICTB 1
3a0e3neuyroTh OJHOPIHI 1 CTabiIbHI YMOBH MPOLIECY HAHECEHHS IUTIBOK.

BakyyMmHi yCTaHOBKHM TIOTOKOBOTO THITy 3 O€3YNHMHHHM IE€peMillleH-
HSIM TIJIKJIAJ0K 1 MOIITYYHUM IXHIM 3aBaHTaKCHHSM INPALFOIOTh 32 IPHHIIN-
IIOM 3 KaceTH B KaceTy. THIIOBHM NpeACTaBHUKOM TaKUX YCTaHOBOK € yCTa-
HoBka YBHM3-100/125-003, cTBopeHa Ha 0a3i TphOX IJIAHAPHHUX Marpat-
POHIB 3 OBaJILHO-TIPOTSKHOIO 30HOIO €pOo3ii MillleHi.

OCHOBHMMH YaCTHHAMH YCTaHOBKH €: poOoya Kamepa, po3MillieHa
Ha KapKaci; arperaTl BUCOKOBaKyYyMHOTO BiJKauyBaHHS IIUTIO31B; HATpiBad i
NPUCTPIA TpaHCIOPTYBaHHS; Mady >KUBIEHHS MarpaTpoHiB, KepyBaHHS
OUMIIEHHSIM 1 YCTAaHOBKOIO B HAJaro/KyBJILHOMY 1 py4YHOMY peXUMaXx, a

L 1

Puc. 7.6. YcranoBka 0e3ynuHHOT il

1 — xacera, 2 — BxigHu#l nuto3, 3 — 3aTBop, 4 — podboua kamepa, 5 — BU-

JDKepeno, 0 — MarpaTpoH, 7 — MiKIaaKa, 8 — KaMepa B sKili HAHOCSThCS

IUTiBKH, 9 — kpuka, 10 — kpiorennuii Hacoc, 11 — kapkac, 12 — Harpi-
Bay, 13 — koHBeep

TaKOX 110 BOCBMH 3aIIpOrpaMOBaHHUX TEXHOJIOTIYHUX MPOLECaX B aBTOMATH-
YHOMY PEXHMI.
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VY madi kepyBaHHsI € qucIuiel 1 Mikpornporecop Ha ocHoBi EOM, mio
Kepye TPAHCHOPTYBAHHSM 1 HArpiBaHHSAM ITiJKIa/[0K, HAYCKAHHSM aprOHY
B 30HHM PO3NWJICHHS 1 TPaBJIEHHS], PeKUMaMH pPOOOTH TPhOX MarpaTpoHiB,
LIJIF030BUX MTPUCTPOIB, @ TAKOXK Beje U0y IUIacTHH, 3a0e3redye KOHTPOIIb
ycixX cucteM 1 OJIOKYBaHHS IPH BiJIMOBI SIKOI-HEOYIb 3 HUX.

YcranoBka (puc. 7.6) BUKOHaHa B JIiHIiHOMY BapiaHTi. Y poOouii
KaMepi 4 3 HepkaBirouoi cram po3mimennit koseep 13. Kpumka 9 yropi
Kamepu 3adesrnedye IOCTYyI 10 BHYTPIIIHbOKAMEPHHUX HPHCTPOIB Ui iX-
HBOTO OOCIIyrOBYBaHHS, PEMOHTY 1 MepioOJUYHOr0 O4MIeHHs. OIXHOYACHO
BOHA CIIY)KHUTH IS po3mimeHHs BU-mprucTporo 5 HOHHOTO OYHMIIEHHS -
KJIaJ0K 1 TPhOX MarparpoHiB 6, pO3TalIOBaHHX Yy Kamepi po3MwieHHS 8 3
BaKyyMHUM OJOKyBaHHSM. [IpucTpoi HOHHOrO OYMIIEHHS 1 MarpaTpoHH
OCHAIl[eHI BEHTWISIMHU JUUIs HamycKaHHS poOoumx ra3iB. OCKUIbKM THCK 1
ckian atMocdepu B pobouiil kamepi 4 1 kamepi po3nwiieHHs: 8 pi3Hi, BOHU
JUIsl IPOXOJKEHHS JIAHIIOTIB KOHBeEpa 3 €IHYIOThCSl OJJMH 3 OJHUM KaHa-
JlaMu, 110 MaloTh Mally TIPOIYCKHY 3JIaTHICTh JUIs ra30BUX MOTOKIB. Lle 3a-
Oesrneuye Tepenaj THCKIB y Kamepax Ha JiBa nopsaku. IIpu TUCKy aprony
1,3 Ila B xamepi po3muiieHHs B poOodiil kKamepi HIATPUMYETbCS THUCK
5:10” Ia.

[lnro30Ba cucTeMa BHKOHAHA Yy BUIVIAAI JBOX DPO3TAllOBaHUX Ha
TOPIEBUX CTOPOHAX poOOUO01 KaMepH BXigHOTO 2 i BUXigHOTO mumo3iB. Ko-
KEH IIUTI03 OCHALICHUH LIUIMHHEM BaKyyMHHM 3aTBOPOM 3, LIO BiJIOKpeM-
Jtoe Horo Bix poOodoi kamepu 4, i CTOIOM JJIsl PO3MIIIIEHHS IMOPOKHBOI Ta
3allOBHEHOI MiAKJIaJKaMH KaceT. 3aBaHTaXylOTh 1 BHBaHTAXYIOTb KaceTH
BpY4HY 4epe3 ABepLsiTa y LIII030BUX Kamepax. [Ipy 3aBaHTa)KeHHI MiiKia-
JIOK 7 JUIsl OAajbioi 0OpOOKKM BOHU BCTAHOBIIOIOTHCS Y KAaCeTi B IILIFO30-
BUIl 3aBaHTa)XyBaJbHUH MEXaHi3M KPOKOBOI Jii 1 MOIITYYHO MOJAIOThCS Ha
koHBeep 13 yepe3 nuto3oBuit 3aTtBop 3. [IpuBix KOHBeEpa, BUKOHAHOTO Y
BUTJISII JIAHILIIOTa 3 HEp)kKaBilodoi cTaj, po3TamioBaHMN 30BHI BHXIIHOTO
LITIO3Y.

PosmuneHHs MaTepiamiB, IO OCaIPKYIOTHCS, BiIOYBaeThCS 3BEPXY
BHU3 TIpH O€3YITUHHOMY pYyci miaknamok. [licias HaHeCeHHs TUTIBOK ITiAKIIA-
KU TIOTaJAI0Th y BUXIIHUH [IIFO3 1 IOCTIJOBHO YKIQJAIOTHCS B NPHIIMalIb-
HY TPaHCHOPTHY KaceTy.

[MTatpyOox y cepenHiii 4acTHHI KaMep¥ CIYXKHThb ISl NPUEIHAHHS
BHCOKOBaKyYMHOTO BiJJKauyBaJIbHOTO arperary, o CKJIQJA€EThCs 3 KPiOreH-
Horo Hacoca 10, 3arBopa JIY-400 i xnananis /IY-63 Ha marictpaii ¢gopsa-
KyYMHOTO BijIKauyBaHHs KpioreHHoro Hacoca. J{ist ¢opBakyyMHOTO Bijka-
YyBaHHS KPIOr€HHOTO Hacoca, poOouyoi KamMepH 1 IUII03iB BCTAHOBJICHHH
nBopoTopHUii arperat ABP-50, Haj sikuM po3TarioBaHa a30THA M1acTKa.
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ITpu po0OTi YyCTaHOBKK B aBTOMAaTHYHOMY PEXXHUMI BKJIIOYAIOTHCS ar-
perat gopBakyymHOTO0 BinkauyBanus ABP-50 i a30THa mactka Ha opBaKy-
yMHi#t Marictpani. [Ipn 3akpuToMy BHCOKOBaKyyMHOMY 3aTBOpI BKIJIIOYA-
€TBCS TAKOXK (POpBaKyyMHE BiJIKauyBaHHsI IIOPOKHUHH KPIOTEHHOTO Hacoca
(BimkpuTi (hopBaKyyMHI KiamaHu KpioHacoca i 3aranbHuid). [Ipu THCKY B
NOPOXKHUHI KpiorenHoro Hacoca 6,7 Ia (5-107 Mm pt. cT.) iforo dopsaky-
YMHI 1 3araJlbHUN KJIallaH! 3aKPUBAIOTHCS, 3aITyCKaeThCcs (POpBaKyyMHE Bifl-
KadyBaHHS po0040i KaMepH 1 BKJIIOYAETHCS caM KPIOTeHHHUH HacoC.

[icns 3amycky (opBakyyMHOTO BiiKadyBaHHS po0O0Y0i KaMepH MpH
3aKPUTOMY BHCOKOBaKYyMHOMY 3aTBOpPI BiJKPHUBAIOTHCS 3aTBOPH IILTIO3IB,
BIINOBiTHI (OpBaKyyMHI KJIallaHH, a TaKOX 3arajJbHUA (OPBAKyyMHHH
KJIamnaH, 1 BiAKadyBaHHS Hie depe3 3aTBOpH ILM03iB. [Ipu 3amaHOMY THCKY
(dopBaKkyyMHE BijKauyBaHHS PO0O0OYOi KaMepU aBTOMATHYHO MPHUITAHAETHCS,
3aTBOPH IIUIIO3IB 3aKPHBAIOThCS, BIATHHAIOUM IX BiJ poOOYOi KamepH.
O/IHOYAaCHO 3aKpPHUBAIOThCS KJANaHu (OPBAKyyMHOTO BiJKauyBaHHS IIUTIO-
3iB. KpiorenHuii Hacoc BHUXOIUTH Ha poOOYMi pexuMm mpotsrom 70 XB
micyis BBIMKHEHHS. [licisi 3aKiHYCHHS IbOTO YacCy BIJIKPUBAETHCS BHCOKO-
BaKyyMHHUI1 3aTBOp 1 poboYa Kamepa BiIKauyeThCsl KPIOTEHHUM HACOCOM JI0
BHCOKOT'O BaKyyMy.

Jlani mounHaEeTHCS pOOOUNI IMKIT YCTAHOBKH, NTPH SIKOMY TiIKIaIKN
3 KaceTH IIUTIO3Y 3aBaHTAXEHHS 110 4ep3i YKIaJatoThCs Ha KOHBEEp 0e3 po3-
PHBY IXHBOTO psiny. Pyxaroduck pa3oM 3 KOHBEEPOM, MiIKIAJKH TPOXOISAT
ouHIIeHHs B npucTpoi BYU-TpaBieHHs, HarpiBaloThCcs 3 TWIBHOI CTOPOHH,
3HAXOJSIYUCh HaJ HarpiBadeM 12, i 3a JOMOMOTO0 MarpaTpoHiB Ha HUX Ha-
HOCHUTBCS TuTiBKa. [TOTYXHICTh KOXXHOTO MarpaTrpoHa, a OT)Ke, 1 TOBIIMHY
HAHECEHUX IIApPiB MOXKHA PErYJIIOBaTH OKpeMmo. [licias HaHECEHHs IUTIBOK
IT/IKJIaJIK aBTOMAaTUYHO YKJIaJIAI0THCS B IPUMOMHY KaceTy B IILUTIO31 BUBaH-
Ta)KEHHS.

Konu octanHs mifkiaaka 3i MUTFO3Y 3aBaHTAXKCHHS MOMAIa€ HA KOH-
BEEp, KaceTa aBTOMATHYHO OITyCKA€ThCS BHU3, 3aTBOP IILUTIO3Y 3aBaHTa-
JKCHHS 3aKPHBAETHCS, BIATHHAIOUH HOTo Bix podouoi kamepw. [licist mporo
B IIUTIO3 3aBAHTAKCHHS HAITyCKAETHCS ra3 A0 aTMOC(EPHOTO THUCKY, HAaJIX0-
JIUTh KOMaH/a Mpo 3aMiHy MOPOXHBOI KaceTH KaceTOI0 3 HOBOIO MapTi€lo
MAKIAN0K, i omepaTop 3aKkpuBae aBepi nurosy. Lnro3 gepe3 qBa dopBaky-
YMHEX KJIallaHU TIOYMHAE BiAKadyBaTUCh 0 THCKY 1,3 Tla (107 mm pT. cT.),
MOTIM 3aKpHBaOThCs (POPBAKYYMHI KIIallaHH, BIAKPUBAETHCS 3aTBOP HIJIFO3Y
1 IOYMHAETHCS M0/]a4a MiIKJIaI0K Ha KOHBEED.

[Tix gac nepeBaHTa)KeHHS! KaceT (MPOTAroM 2—4 XB) 1 HACTYNHOTO
BiZIKaYyBaHHS LITIO3y KOHBEEP MPOJOBXKYE PyXaTHCs, ajie MiIKIaKH, IPH-
POJIHO, Ha HBOTO HE HAaIXOIATh. Y TaKWi Crocid Ha KOHBEEPI YTBOPUTHCS
PO3pHB psilly MiAKIAJOK, IO pyXatThes. Koau nei po3puB miaxoanTh 10
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LIJIF03Y BUBAHTAXKCHHS, aBTOMAaTUYHO T10/IA€THCSI KOMaH/Ia MPO 3aKiHYEHHS
BUBAHTA)KCHHS 1 3aKPUBAETHCS 3aTBOP LIUIIO3Y BUBAHTAXKEHHS. Y IIUIIO3 BH-
BaHTa)XEHHS HAITyCKAETHCS MOBITPS 0 aTMOC(EPHOTO THCKY 1 BKIIIOYAETHCS
CUrHaJIi3allis Ipo HEOOXIIHICTh MPOBECTH NepeBaHTaKkeHHs. Orneparop Bij-
KpHBa€ JBepIiTa UT03Yy, BUHMAE KaCeTH 3 IUIACTUHAMH, CTABUTH MOPOXKHIO
npuiloMHy KaceTty i 3akpuBae asepi. [Ipu nbomy nuto3 yepes 1Ba popsaxy-
YMHHX KIarasa Bigkadyetbest g0 tacky 1,3 Ia (1072 mu pr. cr.). [oTim 3a-
KpHBaKOThcs (OpBaKyyMHI KilallaHH, BiIKPUBAETHCS 3aTBOP LILTIO3Y BUBAH-
Ta)KCHHs, IO BUSABJIAETHCS MiATOTOBICHUM JO NPUHOMY YeproBoi mapTii
MiAKIAT0K, i poOOTa YCTAaHOBKH IIPOIOBKYETHCS.

IIpu BiIMOBI MIKPONPOIIECOPHOI CHCTEMH KEepyBaHHSA POOOTy Ha
YCTaHOBII MOXKHa JIOBECTH JI0 KiHISI B PYYHOMY PEXUMI.

[Tpu nmepeHanaro/keHHi YCTaHOBKM Ha poOOTY 3 MiJKJIaKaMu iH-
LIOTO JliaMeTpa 3aMiHIOIOTh JIAHIIOT Y KOHBEEP] 1 BUKOPUCTOBYIOTh Bi/IIIOBI-
IIH1 U1 HUX KACETH.

TexniuHa xapaktepucTika ycranopkun Y BHM3-100/125-003:

[IpOAYKTUBHICTD, i KIAMOK/TOM. . e veeveeerenreeerenseeseensensnensessnessennnes 100
JlIaMETP MITKITATIOK, MM....veevereerreeeeseessensenssesseessesseessenseessenses 76-125
HepiBHOMIpHICTb TOBITMHY IITIBKH, Y0...cc.eeverenienreienreinieennieeneennns +3
[otyxHicTh MarpaTpoHa, KBT.

Hampyra, B...oo.oooiice,

THCK y HUTH03aX, [ i

[MortyxHicTh NpUcTpoto BU-04HIIEHHS, KBT....cc.coeiieiiiiiicice 0,3
I IHOMHA OUHIIEHHST, HM.......ccovveieereeeeereeeeeeeeeenneeeenseseeeneeeeneeenneeens 10
TTOTYXHICT HATPIBAYUA, KBT . .eovtieiiiiieiiicieie e 1
Temneparypa miIKIAIOK, “C...ccuverrerieriieieeieieereesieeeeseseesreeeeneees 350

7.5. MikponpouecopHe KepyBaHHSl yCTAHOBKAMHU HAHECEHHS] TOHKUX
ILTIBOK

SIK BUIHO 3 ONHKCY YCTAHOBOK HAHECCHHS TOHKHX IUTIBOK, BOHH
CKIIaalOThCA 3 PI3HHX arperaTiB i (YHKIIOHANBHHUX IPHCTPOIB, TOMY €
CKIamMHUMH 00’ €KTaMH KepyBaHHA. KpiM TOro, TEXHOJOTiYHI omeparii
HAaHECeHHS] TOHKUX IUTIBOK Ha LHX YCTAHOBKAX XapaKTePU3YIOTHCS Ipelu-
31{HICTIO, [0 03HAYA€ BUKIIOYCHHS OYIb-IKHX HEKOHTPOJIHOBAHUX IOOIU-
HUX SIBHILL, sIKI MOXKYyTh BUHMKHYTH B Ipolieci 00poOku. Bigomo, 1o npu
PYYHOMY KepyBaHHI YCTAaHOBKaMH BeJIMKa YacTHHA BTPAT B yMOBaxX BHPOO-
HUIITBA 3 SIBISIETHCS Yepe3 MOMUIIKH OIleparopa.
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ABTOMaTH3alliss KepyBaHHS HOBMMH YCTAaHOBKaMHM, 3aCHOBaHa Ha
MIKpOIPOIECOPHIM TEeXHilli, BUKIIIOYAE CTOMIIIOIOYY MOHOTOHHY Ipaiio i
BiJINIOBITHO TIOMUJIKOBI HECAHKI[IOHOBAHI Jii orieparopa.

Mikpomnporecopni cucremu kepyanHs (MIICK) ycranoBkamu
HAHECEHHS TOHKUX IUTIBOK 3a0€3Meuy0Th!

»  NiATPUMKY HEOOXiJHMX TEXHOJIOTIYHMX PEKHUMIB, IO Oe3rocepes-
HBO BIUTMBAIOTh Ha €JCKTPO(]I3MUHI mapamMeTpH IUTIBOK i CHpPHUSIOTH
MiABUINEHHIO iXHBOI SKOCTi (IIBUIKOCTI OCITaHHS, BiATBOPIOBAHOCTI
TOBIIMHM 1 BJIaCTUBOCTEH ILTIBOK; ITONEPEIHBOI0 OYMIIEHHS ITiJKIIa-
IIOK; TI0J[adi ra3iB; cTadimizarmii po6ovoro THCKY i CKIIaay BaKyyMHOTO
CepeoBHUINa);

»  CTBOpPEHHS YMOB €()E€KTHBHOTO Mpolecy oOpoOku (HarpiBaHHS IMMiji-
KJIaJI0K, 3HEra)KyBaHHS BHYTPIIIHbOBAaKYyMHHX CTIHOK KaMepH, 0XO-
JIOJKEHHSI, BiZIKa4yBaHHs1, EHEPrONOCTaYaHHs);

»  BUKOHAaHHS JIONOMDKHHMX (YHKLIM (3aBaHTa)XEHHS, LUTIO3yBaHHS 1
MIDXKOTIEPAIiTHOTO TPAHCIIOPTYBAHHSI ITiIKI3]I0K).

MO>KJIMBICTh BUKOHAHHS IUX 33/1a4 BU3HAYAETHCSI CTPYKTYPOIO CHC-
TEM KEpYBaHH:], a TAKOXX TEXHIYHUMH (anapaTHUMHM) 3aco0aMu iXHbOI pea-
mizamii 1 3B’s3kamu Mk HEMH. CTpyKTypHa cxXema TeXHIYHHX 3aco0iB
MIICK Bkmrouae:

»  MIKpONpPOIECOpHi MPUCTPOI KepyBaHHs (IIPOrpaMoBaHi JIOTIUHi i pe-
T'YIIO0Y]l KOHTPOJIEPH, KOHTPOJICPH 3MIIIAHOTO THITY, MiKPOKOHTPO-
JIepH), a TaKOXK aHAJIOTOBI PETYIATOPH 1 "TBepi" JOTiYHI KOHTPOJIEPH;

»  JaT4MKU TapaMeTpiB (YHKIIOHAJIBHUX MPUCTPOIB 1 00pOOIIOBAaHUX
BUPOOIB 3 IIEPETBOPIOBaYaMH HOPMYBAJIbHUX CUTHAJIIB 1 BBEACHHS iX y
MPUCTPOT MIKPOIPOLIECOPHOTO KEPYBaHHS;

»  mepeTBOpIOBadvl 1 MiJICKMITIOBaYi MOTYXHOCTI AJIs TIepeadl Kepyrdnx
CHUHTHAJIIB BiJl IPUCTPOIO KEPYBaHHS HAa BUKOHABYI MEXaHI3MH;

»  npucTpol BBEJEHHS 1 BioOpakeHHs iH(popMallii, o BiJIOBIIHO 3a-
Oe3leuyroTh  3aBOaHHS [POrpaMHM KepyBaHHS 1 IapamerpiB
TEXHOJIOTTYHOTO IPOLECYy, a TAKOXK HOro KOHTPOJb i CTaH OKPEMHX
NPUCTPOIB YCTaTKyBaHHS.

Po3pi3HsIOTE Ba BUAM NMOOYNOBH CHUCTEM KEepyBaHHS: LEHTPai30-
BaHi 1 IETIEHTpaIi30BaHi (pPO3MOALICHI).

VY cucteMax LEHTPaNi3oBaHOTO YIpaBIiHHA iHpOpMaris oOpobiro-
erbesi Mikpo-EOM. Tlpu npoMy TeXHiYHI 3aCO0M CUCTEMH KepyBaHHS PO3-
TAIIOBYIOTHCSI B OJIOLI KEpyBaHHS, a JaTYMKH 1 BUKOHABYi €JIEMEHTH — Ha
ycraHoBIi (00°ekTi KepyBaHHs). [Ipy HaIXOMKCHHI CUTHATIB 3 JATYUKIB
0JI0K KepyBaHHs BIAMOBIIHO 10 Hporpamu (OpMye Kepyrodi CHUTHajiu Ha
BUKOHaBUi MexaHi3mu. I[lepeBara 1neHTpai30BaHHX CHCTEM — MOJKIIUBICTh
KEepyBaHHS PI3HMMH YCTaHOBKaMH 3a JOIIOMOI0I0 0OMEKEHOTO KOMIUIEKTY
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amapaTHHUX 3aco0iB, a OCHOBHUI HEIOJIIK — BIJICYTHICTh rapaHTii Oe3neuHol
pOOOTH YCTAHOBKH.

Y pO3NOJiNIEHUX CHCTEMaxX KOXXEH arperat YCTaHOBKU KepYEThCS
OKpEMHM KOHTPOJIEPOM, IIO IIJIKOM YK YacTKOBO pO3Aisie (QyHKIIT Kepy-
BaHHS TEXHOJIOTIYHUM MPOIECOM. 3B’S30K MK KOHTPOJIEpaMH, a TaKOK
KepyBaHHS YCTAHOBKOIO 3IIIHCHIOIOTHCS OJIOKOM KEpYBaHHS.

[TepeBara 1i€l cuCTEMHU MOJATAE B TOMY, IO KOHTPOJIEpH i OJIOK Ke-
PpYBaHHS 110 KOHCTPYKIIii IPOCTIIi, HiXK B IIEHTPATi30BaHiil CHCTEMI.

CyvacHuil eranm pO3BUTKY LEHTPANi30BaHHX 1 ACLEHTPATiI30BaHHX
CHCTEM KepyBaHHS YCTATKYBaHHAM XapaKTEPU3YEThCS IIMPOKOI HOMEHK-
JATYpOIO arapaTHUX 3aco0iB.

ITpu MiKpOIPOLIECOPHOMY KEepPyBaHHI yCTaTKYBaHHSM OIEpaToOp BH-
KOPUCTOBYE TUIBKM IPHUCTPiN BBEJCHHSI-BUBEIEHHs iHoOpMalii: MHeMo-
CXEMH 1 KJIaBlaTypy 3 JUCIIJICEM.

MHzeMocxeMH € HaWIpOCTIIIMMU PUCTPOSIMU BioOpaxeHHs iH(pO-
pMmallii, 3BU4aifHO PO3TAalIOBYIOTHCS Ha TIEpEHil IaHel yCTaHOBOK, i Ha
HUX 3a JIOTIOMOTOIO JIaMIT pa3)KaplOBaHHS YU CBITJIOIIOAIB BioOpakaeThes
cTaH QyHKIIOHAIBHUX IPUCTPOIB 1 MEXaHI3MiB.

Knagiarypa ciaykuTh 111 BB€ACHHS 1 BUBEJICHHA HEOOXimHOI iH(OP-
Mariii 3 BitoOpakeHHsM 11 Ha JHUCIUIE].

CumBoieHi (andaBiTHO-II(POBI) mucmie] 3a0e3nedyroTh IMIUPOKi
MOJKJIMBOCTI BiTOOpaskeHHs SK MOTOYHHX JAaHUX, TaK 1 Pe3yNbTaTiB BILIHBY
omeparopa Ha TEXHOJIOTiYHI mporecu. B ocTaHHiI pokH OULTBIOIOTO MOIIH-
peHHs ojiepkanyu rpadiuHi KOJILOPOBI AUCIUIe], Ha eKpaHi KOTpUX BinoOpa-
KAIOThCS MHEMOCXEMH YCTAaTKYBaHHS, a TaKOX BHAUISIOTHCS KOJIBOPOM
TEXHOJIOTI4HI ITapaMeTpH, 3HaYCHHsI IKUX BUHIIIH 38 JIOMYCTHMI MEXI.

MiKpOIPOLIECOPHUM TIPUCTPOEM, IIUPOKO 3aCTOCOBYBAHUM y TeX-
HOJIOTIYHOMY YCTaTKYBaHHI JJIsl BAPOOHUIITBA BUPOOIB MIKPOEIEKTPOHIKH 1
NPU3HAYSHUM JJIsl BUKOHAHHS Pi3HMX (QyHKILIH KepyBaHHS, € OJIOK cepiii-
HOTO BUPOOHUITBA — OJIOK IIEHTPaTi30BaHOTO KepyBaHHA BY-3 «OpioH-3».
Leit 670K BUIYCKAETbCS ¥ ACKUTBKOX MOAN(DIKALIAX, SIKi B OCHOBHOMY Bi-
PI3HSIOTHCS MOKITUBICTIO 0OPOOKH Pi3HOT KITBKOCTI IUCKPETHUX 1 aHAJIOTO-
BUX CHT'HAJIIB.

PosrnsiHeMo, HamnpuKiIax, CHUCTEMY KepyBaHHS YCTaHOBKH Oesrie-
pepBHOi xii YBHM3-100/125-003 (puc. 7.6), o cKIamaeTbes 3 MiKpOIpo-
LIECOPHOTO OJIOKY KepyBaHHS «OpioH-3», KOHTpoOJiepa «TBEpIOI» JIOTIKH
«JIorikon» 1 peneiHnX OJIOKIB KEpyBaHHI.

Kepye HarpiBauem minkinangok 610k «OpioH-3», 0 H03BOJISIE 3aIpO-
rpamyBaTH i cTabiIi3yBaTH CTPYM Harpiaya.

Jlyist 3aXuCTy eJIeMeHTIB KOHCTPYKIii po6o4oi kaMepu Bij meperpiBy
IIPH BIJICYTHOCTI XOJIOAHOT BOJU Ha BXiJ 00Ky «OpioH-3» HAJXOJUTh CHUT-




19

HaJl 3 JaT4YMKa HAsBHOCTI BOAM. 3HAUEHHS CTPYMY 1 BUHUKHEHHS HECIIpaB-
HOCTI PUCTPOIO HATrPiBaHH: BiOOpaXKaeThCsl HAa EKpaHi JUCILIES.

Kepye notyxHicTIO MarpaTpoHiB 1 peryJroe i 3a OKa3HUKaMHU JaT-
YHKIB CTpYMY 1 Hanpyru 610K «OpioH-3».

Cra0inizanist THCKY aproHy, II0 HallyCKaeThCcs B poOOUy Kamepy Ha-
MIUJICHHS IUTiIBOK, KOHTPOJIIOETHCS 0JIOKOM «OpioH-3».

Pecypc BUKOpHCTAaHHS MillleHI MarpaTpoHa BU3HAYAETHCS IO CyMap-
Hill eHeprii, 0 BUAUISETHCSA Ha KaTOAl B MPOIeci HAaHeCEHHS TUTIBKH 1 Mif-
paxoByeTbesi O10KoM «OpioH-3». Pecypc BUKOpHUCTaHHS, IO 3aMIIUBCH,
MIIIIeHI MarpaTpoHa BiqoOpaxaeThCs y BiICOTKAaX HA €KpaHi AUCTIIES.

KoHTponb 32 cTaHOM NMHEBMaTHYHOI CHCTEMH, IO 3a0e3redye Io-
Jlady CTHCHYTOTO TOBITpsI Ha ITHEBMONPHUBOAM KJAINlaHIB BaKyyMHOI CHC-
TEMHU, 3[IIHCHIOETHCS 32 CUTHATIAMH JIaTYUKA THCKY 0J0K0oM «OpioH-3».

KepyroTh nuitozamu 3aBaHTa)K€HHS-BUBAaHTaXXEHHs pesieiiHi OJIOKU
KepyBaHHS 1 KOHTpoJiep «JIorikoH», a JJis JIarHOCTHKH POOOTH NUTIO3IB 1
BU/Ia4i KOMaH/AM Ha 3aBaHTaXKeHHS po0OY0i KaMepH M0 MoKa3ax JaT4UKiB
ciy)uth 070K «OpioH-3». Po3paxyHOK KUTbKOCTI 3aBaHTaKEHHX IT1IKIAI0K
BUpOOIIsIETECS O10KOM «OpioH-3» MO CUrHajax, Mo HAaAXOIATh 3 JaT4HKa
3HaXO/PKEHHS MiJKIAT0K Y IpUHMaIbHIA YaCTHHI KOHBEEPA.

Jliist KepyBaHHS NepeBaHTaKyBaAIBHIMHU [ACHKaMU B IITIO30BIl Ka-
Mepi CIryKuTh KoHTposep «Jlorikon». Sxmo 3a 100 ¢ migknanka He 3aBaH-
Ta)kuiach Ha KoHBeep, 0ok «OpioH-3» hopMye i BUCBIUYe HA eKpaHi Juic-
TUTes TTOBIOMIICHHS TIPO HecpaBHICTh. [licis HaAXOMKEeHHS TiAKIAAKA Y
BUXIZIHY KaceTy CIIpalbOBYE JATUYMK ii HasIBHOCTI 1 KaceTa MmepeMilllacThbest
Ha KPOK Yropy IUlsi O4iKyBaHHsI Npuxoy 4eprosoi miakiaaku. [licns nporo
6110k «OpioH-3» NOYKMHA€E BU3HAYATH Yac J0 MPHUXOY YeProBoi MiAKIaIKH 1
MOPIBHIOE HOT0 3 pO3paxyHKOBHM. SIKIIO 3a 1€ Yac yeprosa IiKiIaaKa He
3’siBUThCS, 070K «OpioH-3» crpuiiMae Le sK 3aKiH4eHHs 0O0poOKM maprii
HiJIKJIa/I0K.

[TpuBonOM KOHBeepa Takox Kepye 010k «OpioH-3», 3abe3neuy-
I0YH 3aJlaHHS HEeOOXiTHOI IBHIKOCTI MepeMimeHHs i ii ctabimizamito. [Ipn
IIbOMY Ha €KpaHi AUCIIIEes BioOpaXkaeThesl 3HAYCHHS 3aJaHO] MIBUAKOCTI.
KepytoTs BakyyMHOO CHCTEMOIO, 3a0e3Meuyroun HeoOXiqHi 6110~

KyBaHHS, KOHTpolep «JIorikoH» i peneiiHuii O1oKk. Pesymprat KOHTpOIIO
THCKY B Pi3HMX YaCTHHAX YCTAaHOBKH BiI0OOpa)KalOThCsl HA €KpaHi ANUCILIES.

VY pexxumi nporpaMmyBaHHs poOOTH YCTAHOBKHM OIleparop i3 Kiasia-
TypH MOXe 3a/1aTH HACTYIIHI TapaMeTpH:

KpOoK JTaHIIOTA KOHBEEPA, MM.....cuuverereerrreereeerenreenieesneenenennnes 75-125
IIBUAKICTD KOHBEEPA, MM/XB.....ccuveveeerenreanrenseeneesseesesssesesses 120-240
Hanpyra HarpiBaua, B.........cccccooveriiriiiieiecccceee e 2-4

Tuck aprony B podouiit kamepi, [Ta.......ccoceevviecininncncnennnn 0,13-1,3
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TTOTYXHICTh MATPATPOHA, KBT.....eecieiieeieieieie e 0-6

Pecypc POOOTH MILIICHI, Y0...c.vveuveeerereeienieeieeeresiesreseseesseesnens 100-10

Kepyrodoro mporpamoro nepeadadacThcsi NPOBEICHHS JIarHOCTUKU
poboTH arperartiB i IpUCTPOiB ycTaHOBKH. [IpH IboMy Ha ekpaH auciuies (y
HOTrO HIDKHIM 4acTHHI) MOXYTh BUBOJHMTHUCS JIarHOCTUYHI MOBIJOMIICHHS:
«Hemae ctucHyToro mnoBitps», «3aTtBop 3akpuTHi»; «KpioHacoc Binmka-
yaHui», «Kacera 3aBaHTa)XeHHs MOPOXHs», «[lorannii Bakyym y Kamepi»,
«He BigkpuTHi NUTIO3 3aBaHTaKeHHs», «He BiIKpUTHIH NUTIO3 BHBaHTa-
KEHHs», «BucOKOBaKyyMHe BiJjKauyBaHHS KaMepw» H iH.

KoHTpoabHi nuTAHHS

1. SIki OCHOBHI THIIM BaKyyMHHUX yCTAaHOBOK HAHECEHHS TOHKHX ILITi-
BOK BH 3Ha€Te?

2. 3 SIKMX OCHOBHHX EJIEMEHTIB CKJIaJalOThCSl YCTAHOBKU BaKyyM-
HOT'O HaHECEHHS IUTIBOK?

3. SIxi po6oui KaMepH MaloTh BaKyyMHI YCTaHOBKHU TI€P10ANYHOT /1ii?

4. SIki 0ocoOMMBOCTI POOOTH BaKYyMHHX YCTAaHOBOK HaIliBOE3yNUHHOT
nii?

5. Slka mocniOBHICTH omneparii mpyu poOOTi BAKYyMHHX YCTaHOBOK
6e3yniHHOT ii?

6. SIke mpu3HAYCHHS MIKPOIIPOLIECOPHHUX CUCTEM KEpYBaHH:?

7. SIki BUAM CUCTEM KepyBaHHS B 3Ha€Te?

8. 3 AKUX NPUCTPOIB CKIAAETHCSA ABTOMATHYHA CHCTEMa KEePyBaHHS
ycranoBkoro YBHMD-100/125-003 i sixi GpyHKIIiT BOHH BUKOHYIOTH?
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8. EJIEKTPOHHO-BAKYYMHA I'IT'I€EHA 1 TEXHIKA BE3ITEKHA

8.1. EslekTpOHHO-BaKyyMHa ririena

YucroTa BUXIJHUX MaTepiajiB i BUCOKA YUCTOTA MOBEPXOHD MiAKIIa-
JIOK 3HaYHO BIUIMBAIOTH HA EJIEKTPUYHI MapaMeTpH, HaJIHHICTb 1 JOBroBiY-
HICTh HamiBOpoBiAHUKIB mpuiaaiB ta IMC. Hasite HaiinpiOHimm 3abpya-
HEHHS TIOBEPXOHb MiJIKJIaJ0K OpraHIYHMMHU 1 HEOPraHIYHHUMHU PEYOBHHAMU
(miT, ®upH, Macia, coi, MapH, ra3d, OKCUIN Ta iH.) Y CTOPOHHIMH MiKpO-
CKONIYHUMHM YaCTHHKaMH MOPOXY, BOJIOKOH, BOPCHHOK MOXXYTh BHUKJIHKATH
po3puBH, mopu ("mPokonn") i CTPYyMH BHTOKY B TOHKOILTIBKOBHX EIIEMEH-
Tax.

Jlns BUTOTOBIIEHHS SIKICHUX 1 HaAIMHUX HAIiBIPOBIIHUKOBUX IPH-
nmaniB Ta IMC HE0OXimHO CTpOTO AOTPUMYBATHUCS BHUPOOHHWYOI TiTi€HH,
TOOTO BHKOHYBAaTH 3aXOJH, IIO 3a0e3MeYyIOTh 3aXHCT IiAKIAIOK BiJ 3a-
OpynHenb. Ha migmpueMcTBaX KOHTPOJb IMOKIAJA€ThCS HA CHCHiaIbHY
ciryk0y BUPOOHHMYOT Tiri€HH, MPAIiBHUKU SKOI LIOJAHS MEPEBIPSIOTh CTaH
€JICKTPOHHO-BAKYYMHOT TTi€HU B [I€XaX 1 HA UTBHHUIIX.

YiTke 1OTpUMaHHSI BUMOT €JIEKTPOHHO-BaKYYMHOI TiTri€HH Ha Pi3HUX
CTalliAX TEXHOJOTTYHOI'O MPOIECY BHUIOTOBICHHS BHPOOIB MIKPOCICKTPO-
HIKM € HeTIOPYIIHUM 3aKOHOM 1 3a0e3redye HamiiHICTh OKPEMHUX IIpHiIaliB
ta IMC, a oTxe, i HAHIHHICTh CKJIAAHHUX IPUCTPOIB (PagioeIeKTPOHHOI amna-
patypu, OOYMCIFOBAIBHHX MAIMH, aBTOMAaTHYHUX CHCTEM KEPYyBaHHS Ta
iH.).

Iporiecy HaHECeHH IUTIBOK 3BMYAHHO MPOBOJATHCS B CIELiaJbHUX
FepPMETH30BaHUX IMPHUMIIICHHSAX, YACTHX KIMHATaX. 3 €JIHAHHS y BUIJISLII
TOHKHMX IUIIBOK, OTPMMaHi Ha HaIliBIPOBIJHUKOBIH IMJAKIAII MICIs JIITOT-
padii, mMaroTh mmpuHy 1-3MKM, TOOTO PO3MIpH HOPIBHSHI 3 PO3Mipamu
MOPOILIMH, SIKI 3HAXOMAThCA B MOBITPI Hexy. [lomajaHHs nmopoxonoioHOT
YaCTMHKM Ha HAMIBIPOBIAHUKOBY MiJKJIAIKy MOXE IMPHU3BECTH J0 IEpeK-
PHTTSI CyCiIHIX 3’ €THaHb 1 OpaKy.

B 3anmexxHOCTI Bif XapakTepy TEXHOJOTIUHHX OIepamiii BUpOOHUUI
NPUMILIEHHS], 3TiTHO 3alPOIIOHOBAHMX JI0 HUX BHMOTI €JIEKTPOHHO-BaKyyM-
HOI Tiri€HH, DUIAThCA Ha KibKa KaTteropiil. TOHKI IUTiBKM HAHOCSTH TLUTHKH B
MIPUMIIICHHAX TEepIIOl KaTeropii, 10 SKUX BITHOCATH TaK 3BaHi T€PMETHIHI
MpUMIIIeHHS (I[IIKOM 130JIbOBaHi Bil 30BHIITHROTO CEPEIOBHIIA), UM Tep-
MO30HH. Y IMX NPHMIIIEHHSIX OCOOJIMBO PETENBHO MiATPHUMYIOTHCS IOC-
TilHI PEXMMHU BOJIOTOCTI 1 TeMIIEpaTypy, MaKCUMalbHa YHCTOTA MOBITPS 1
creuosry o0CIyroBylOYOTo MepcoHany. ['epMeTndHl NpUMILIEHHS B OC-
HOBHOMY TpH3HA4€HI JUIs MPOBEIEHHS OCOOJMBO BiJNOBIIAIBHUX OlEpa-
1i¥i, 30KpeMa BUTOTOBJICHHS TOHKOILTIBKOBHX €JICMCHTIB.
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BaxuBUMHM yMOBaMH YHCTOTH FEpMETUYHHX NPHUMIIIEHb € 110/1a4a
B HHUX BHCOKOSIKICHOTO OYHMIIICHOTO TIOBITPsI 1 KOHTPOJIb cepenoBuia. Haii-
O1JIBLIIOIO MEPEIIKOJIO0 Ha HIJISIXY CTBOPEHHS cTabinbHuX 1 HaxiiHux IMC €
3alOPOIIEHICTh. Y TOBITP1 3aKPUTUX MPHUMIILEHD 3aBXKAH MICTHTBHCS MEBHA
KiJIbKicTh TTOpoxy. [Topox siBisie co000 CYKYIHICTD YK€ APIOHUX TBEPIUX
YAaCTHHOK, 3JIaTHUX 3aBASKH CBOIM MaJMM pO3MipaM 3HaXOJIUTHUCS OilbIiI-
MEHII TPUBAIINI Yac B MOBITPI.

VY moBiTpi 3BHYaHUX POOOYMX TNPHUMIMICHb MepeBakaloTh APiOHI
YACTHHKHU MOPOXY po3Mipom 1o 10 MM, npuaomy Bix 40 no 90 % mopommx
MAalOTh PO3MIpH MEHIII 32 2 MKM. 3[IaTHICTh 3aBHCIIHX Y IOBITPi YaCTHHOK
YTPUMYBATHCS B MOBITPi UM BHIMAJATH 3 HHOTO 3aJIKUTH BiJl IXHIX pO3MipiB
i ryctuan. Yactuaku po3mipom 10-0,1 MkM y criokiitHOMY TMOBiTpi ocima-
I0Th MOBIJIBHO, @ po3MipoM MeHIe 0,1 MKM IPaKTU4YHO 30BCIM HE OCI/Ial0Th.
YacTHHKY ITOPOXY PO3MIPOM 2 MKM, IO Y CIOKIHOMY MOBITp1 OCIal0Th, Y
PYXJIMBOMY IOBITpi Maii’e He OCiZIaloTh.

VY npuMiLIeHHX NepIIoi KaTeropii JI0MycKaeTbcs BMICT B 1 J1 MOBi-
Tps He OiJIbIIIE YOTUPHOX YACTUHOK PO3MIpoM He OibiuM 3a 0,5 MKM.

B armocdepHoMy moBITpi 3aBKAM NPUCYTHS BOJsSHA mapa. Makcu-
MaJbHa KUTBKICTH BOJSHOI MApH, IO MOXKE MICTHTHCS B 1 KT MOBITPS Tak,
mo0 BOHA Ioyajla KOH/AEHCYBAaTHCh, BU3HAYAETHCS MAKCHMAJIBHOIO BOJIO-
ricTio moBiTps. BoMoTicTh 3aJIe)XHUTh Bi TeMIIEpaTypH MOBITPSA: YAM BHUIIA
TeMmeparypa, THM Oijbllle B HbOMY MOYKE€ MICTHTHCS BOJSHOI IMapw i THM
BHUIIA HOTO MakCUMaJbHa BOJIOTICTb.

MikpokiiMar NnpuMillleHb HepIIoi KaTreropii xapakTepusyeTbcs Ha-
CTYIHUMH TapaMeTpamu: Temieparyporo B3uMmKky (21+1)°C, BuiTKy
(23£1)°C, BigHoCHOO BoJoricTio (45 + 5) %.

Ceplio3Hy HeOe3IeKy CTaHOBIATH 3a0pYAHEHHS OPTaHIYHOTO I10XO-
JOKEHHSI, 110 BUHMKAIOTh NPH 30epiraHHi Jerajieil Ha BIJKPUTOMY IMOBITpi
HaBITh MPOTArOM YK€ KOPOTKOro MpoMmixkKy uacy. Ilpm mpomy Ha mo-
BEpXHi JIeTalieil yTBOPIOIOTHCS OPTaHivHI TUTiBKH.

OunmiaroTe MOBITPS (PIIBTpAIli€ro 3 HACTYITHIM KOHAWIIOHYBaHHSIM
{foro 10 HEoOXiMHOT BiTHOCHOI BOJIOTOCTI Ta TEMIIEPATYPH.

3amopoImeHicTs MPUMIIIEHs BU3HAYAETHCA KIUTBKICTIO TOPOIIHH Yy
1 71 TIOBITPS M KiNBKICTIO IIOPOIIMH, sIKi OcizaroTh Ha 1 cM” mOBEpXHi mpo-
TsroM | rop. J[s 3MeHIIeHHS 3amopoeHoCTi HeoOXiTHO, 00 THUCK MOBIT-
Pl B IPUMILIEHHSIX HEPIIOi KaTeropii mepeBUIyBaB THCK Y CYMIKHHUX HPH-
MIIICHHAX OUTBIIT HU3BKOT KaTeropii Ha 24,549 Ila.

KoHBeKTHBHHI MOBITPOOOMIH MOBHHEH 3a0€3MeYyBaTH PO3MOJILT
OYUIIEHOTO TOBITPS, IO HAAINIILIO, 3 PIBHOMIPHOIO TEMIIEPATYPOIO 10 BCil
BUCOTI NPHUMIIIEHHS, BUKIIIOYATH HOr0 KOHBEKIIiIO, TPOTSTH 1 CIIpSIMOBaHi
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MOTOKH, SIKI MOXYTh TPH3BECTH JO MOCHJIEHOTO IEPEMIllIEHHsS] YacTHHOK
HIOPOXY.

s nepenaul geranedd 3 onHiel QUISHKM Ha 1HIIY HependavaroThbes
BXIiJiHI TaMOypH 31 IIUTI03aMU, BiJKauyBaHHs 3allOPOIIESHOTO TOBITPS 3 SKUX
MOBUHHO IEPeBaXKaTH HaJl NPUILIMBOM YHCTOTO MOBITPSI.

BaxnuBy poib NpuALISIOTH NPUOMPAHHIO NMpHUMilleHb. MHUTH M-
JIoTH TOTPiOHO MmIoxHS 3a 30 XB 10 MOYATKy 3MIiHH i, KPIM TOTO, Y KOXHY
00imHIO TIepepBY HEOOXimHO iX mpoTwpatd. MUTTA, BOJOTE€ NPOTHPAHHS
CTiH, KOJIOH, CTeJIb, CBITHJIbHUKIB IIPOBOJSTE /IBa Pa3d Ha MICSIIb.

BuknazeHi Bumie BUMOTH IO BUPOOHHYHNX MPUMILIICHb MOXKYTh OyTH
3a0e3IeueHi TIIbKH 32 YMOBH 3HAHHS 1 IOBHOTO JOTPUMAaHHS NPALFOIOYHMH
NPONOHOBAHUX A0 LMX NPHMIIIEHb NPaBWI, TOMY IO IXHE MOPYLICHHS
MPU3BONTS JI0 OpaKky BUPOOIB.

Jlronu, o npamnioTh Y BAPOOHUYMX MPUMIIIEHHSIX MEPIIO] KaTero-
pii, 3000B’s13aHi TOTPUMYBATHUCSI OCOOMCTOT Tiri€HH, PETENBHO CTEXUTH 32
YUCTOTOIO PYK, OJSTYy, B3YTTs, 3aJIMIIATH ITJPKAKH, >KWIETH, OcoOHCcTe
B3YTTSl B IOOYTOBHX NMPUMIILEHHSX, MPALIOBATH Y BiJIIOBIAHOMY TEXHOJIO-
TYHOMY PEKUMY OJIATY.

[lepen moyatkoM poOOTH B MPUMIMIEHHAX IEPIIOi KaTteropii HeoO-
XiTHO 000B’A3KOBO OYHCTUTH B 00IYBHOMY IILTIO31 pOOOUHi 01T (TEXOIsT)
1 TepeBipuTH cTaH poOOYOr0 MICISI, MPUCTOCYBAaHb, MPUIAIIB Ta HCTPY-
MeHTiB. [licnsa 3akiHUeHHI POOOTH BapTO HpUOpaTH pobode Micie, OYuc-
THUTH 1 CXOBATH NPHIAAI i IHCTPYMEHTH.

Oco0wu, 110 NpaIoTh Y IPUMIIIEHHIX HepIIol KaTeropii, MOBUHHI
TAKOX 3HATH | BUKOHYBAaTH BHMOTH, 3alpONOHOBaHI JI0 TEXHOJOTIYHOTO
olAITy, 10 HEOOXIiZHI ISl 3al00iraHHs MONajaHHs MOopoXy Ha poboue Mi-
cie. Bubip TeXHOJOTIYHOTO OJATY 3aJeXKHTh BiJ| KaTteropii BUpOOHHYOTO
npuMineHHs, npodecii i mocaau npaiorodoro. TexHONOriYHUE osr (xa-
JIATH, TATIOYKH, XYCTKH, IIAMOYKH, KOCTIOMHU, KOMOIHE30HU) 3aKPIILTIOETHCS
3a KOXXHMM TIPANiBHUKOM 1 MOBHHHI BiJIOBIiZaTH WOTO pO3Mipy, 3pocTy i
IHAMBiyaTbHAM O0COONMBOCTAM (irypw, HE CKOBYBAaTH PYXH i HE YTPYH-
HIOBaTH JOCTYILYy MOBITPs O IIKIpHOTO MOKPUBY. Boiyoccs wiakoM 3akpu-
BA€THCS MIANIOYKOIO YU XYCTKOIO.

VYeraTKkyBaHHS JUI YCYHEHHSI MICIb CKYITYEHHS HOPOXY IIOBHHHO
Oyt o0tiuHOi hopmu, Ge3 mornmOieHs, mimnH i KumeHb. OcobnmBi BH-
MOTH CTaBJISITH JI0 YHCTOTH BHYTPIIIHIX MOBEPXOHb BAKYyMHHX CHCTEM,
TEXHOJIOTIYHUX Kamep M iH. Ha BHYTpIIHIX NOBEpXHSAX pOOOYMX Kamep
MOXYTh HaKOIMYyBaTHCs MEXaHIYHi 3a0pyqHEHHs y BUIIIAI ApiOHHUX Jy-
COYOK, 1110 BiJIapyBaJIMCS BiJ| IUIIBOK 1 HOTPANWIN Ha CTIHKHM Kamepu. [Ipu
eKCIUTyaTallil Ha BHYTPIIIHIX MOBEPXHSIX YCTaTKyBaHHS MOXYTh TaKOX




24

3’SIBJISITHCS JKMPOBI 3a0pyTHEHHS y BUIVISA1 MOJIEKYJ Maciia, 10 MIirpyroTh
3 BiIKAYYBJILHUX CUCTEM.

IcHye BenMKHMH acOpPTMMEHT PO3YMHHHMKIB ISl BHIAJICHHS JKUPIB 1
MaceJ 3 MeTalleBUX MoBepXxoHb. OJHaK /Uil IPOMHUBAHHS BaKyyMHOI anapa-
TYpH MOXXYTh BUKOPHCTOBYBATHCS JIMIIE JIesiKi 3 HUX. BubuparoTs po3unH-
HUK 3 OISy Ha KOHKPETHI YMOBHU TEXHIKH O€3MEKH.

Jliist TpaHCTIOPTYBaHHS 1 30€peXeHHsI YHCTHX JIeTalel 3aCTOCOBYIOTh
cremiajgbHy Tapy, mo 3abesredye iXHiH 3aXHCT BiJ MEXaHIYHUX YIIKOA-
XKEHb, IOMaIaHHS TTOPOXY W 1HIINX 3a0pyTHEHb.

TakyuM 4MHOM, OCHOBHI BUMOTH €JIEKTPOHHO-BAKYyMHOI Tiri€HH Yy
BHPOOHHUIITBI HAIIBIPOBITHUKOBUX npmianiB Ta IMC 3BOIATECS A0 JOTPH-
MaHHS HalCyBOPIIIOi YMCTOTH Ha BCIiX ONEpamisx TEXHOJIOTIYHOTO MPOLECY
it ycyHeHHs HeOe3IeK, [0 MOXKYTh i MOPYIINUTH.

8.2. Texnika 0e3nmexkn

IMpu excrutyaraunii, peMOHTI il mepeBipii BaKyyMHOTO TEXHOJIOTi4-
HOTO YCTaTKyBaHHs OOCIyroBYIOUHMH IIEPCOHAN MTOBUHEH OyTH 3aXUILEHHUN
BiJl TAaKUX HEOE3MEYHUX 1 MIKIIJTUBUX BHPOOHHUYUX BIUIUBIB SIK YPaXKCHHS
EJIEKTPUYHUM CTPYMOM, PYXOMHUMHU W OOEPTOBMMHM YaCTHHAMH YCTaTKy-
BaHHS, a TaKOXX BHCOKO- 1 HU3BKOTEMIIEPaTypHi OIIKiB, aepo3oiieH, o
YTBOPIOIOTHCS TPH YUIICHHI BHYTPIITHROKaAMEPHUX MPUCTPOIB, IIYMiB, BiO-
pamiii i BU-punpominroBanHs. [)kepenaMu eIeKTPHUIHOI HEOE3IEeKH € eIeK-
TPUYHI MepeXi JKWUBJICHHS YCTaTKyBaHHsS, BHCOKOBOJBTHI JDKepena i
IyJIbTH, €JEKTPOHATrPIBHUKH JUIA 3HETA)XKyBAaHHS EJEMCHTIB BaKyyMHHX
CHCTEM.

Ilepen exkcrulyaramiero HEOOXiJIHO TEPEBIPUTH IPaBUIIBHICTH
II/IKJFOYEHHST YCTATKYBaHHS TOJIOI0 MiJJHOIO UM CTaJIEBOIO IIMHOIO Iepepi-
30M He MeHme 10 cM’ 0 HeXOBOro KOHTYpY 3a3emyieHHs. Bonrn s mia-
KJIFOUEHHSI 3aXMCHOTO 3a3€MJICHHSI 3HaXOJsAThCsS Ha 3aJHIX CTiHKax mad
KEpYBaHHS 1 )KHBJIEHHS, & TAKOX YCTaHOBOK.

Ornsaaté i peMOHTYBATH MEXaHI3MU MOYKHA TIJBKHU TICIS BiIKITIO-
YeHHSl YCTAaHOBOK BiJ Mepexi >KUBJICHHS BUMHKadeM "Mepexa" madpu ke-
pyBaHHs. 3a00pOHSETHCA TPH POOOTI YCTAaHOBOK BIIKIIOUATH KaOeli, mo
3’€IHYIOTh MK c00010 iXHiI OKpeMi YacTHHHM, a TaKOX TPAIIOBATH Ha yCTa-
HOBKaX IIPH BIAKPUTHX IBEpSAX 1 mIUTKax. J[Kepemamu mymy i BiOparii €
MIPUBOIM MEXaHIYHMX HacociB. BakyymHi Hacocwm ¥ arperaTu cepemHboi i
BEJINKOI MPOJYKTHUBHOCTI ISl 3MEHILIEHHs IIyMY 1 BiOpaliii, nepeanux Ha
po0oui MicIyl, TOBHMHHI BCTAHOBJIIOBAaTHCS Ha (QyHIaMEHTH 4u BiOpOi30JIt0-
104l onopu (BiOpoi30isaTOpH), MaTH 3BYKOI30JIOI0YI KOXKYXHM UM PO3TAIlO-
BYBAaTHCS Ha TEXHOJIOTTYHOMY ITOBEPCI.
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BunyckHi maTtpyOku BakyyMHHX HAcOCIB 1 arperariB IOBHHHI IpH-
€JIHYBaTHCSl 10 LIEHTPATi30BAaHOTO BUIIYCKHOTO TPYOOIPOBOJY, Ha SIKOMY
BCTaHOBJIIOIOTHCSI 3MiHHI (INBTPH, IO 3aro0iraroTh 3a0pyAHEHHIO IOBIT-
PSIHOTO cepenoBuINa NpuMilieHb. [Ipu nepriomy 3amycky nBuryHa ¢opsa-
KYYMHOI'0 Hacoca HEOOXiHO IOIepelHbO MEPEKOHATHCS B MPABHUILHOMY
HarnpsIMKy 0OepTaHHS €JeKTPOIBUTYHA.

JxepenaMu BHCOKOTEMIIEPATYPHHUX OINKIB MOKYTh OyTH IOBEpXHi
€JIEMEHTIB, IO MiANAarOThCs MPOrpiBy. ToMy KU STHIBHUKH I POOOYOi
pPIAMHU TTApOCTPYMUHHHX HACOCIB 1 arperariB IMOBHHHI OyTH 3aKpHUTi TeT-
JOBOIAMIHHAME KOXKYyXaMH, a eJIeKTPOHArpiBHUKH — HAIIHHO i30JIbOBaHI
BiJl KOPIYCiB i HEAOCTYIHI JJIsI BHIAJKOBOTO JAOTHKY. 3HIMATH i BCTaHOB-
JIFOBAaTH €JICKTPOHAIPIBHUK MOXKHA TIUIBKU IIICJIS BiJKIIIOUCHHS HANpPyTH
MEpEexXi )KUBJICHHS i OXOJIOKEHHS.

JlxepesioM HHU3BKOTEMIEPATYpHUX OIIKIB (OOMOPOIKEHHS) MOXYTh
OyTH CHCTEMH OXOJIO/KEHHS IMacTOK piakuM azoToM. IIpu poGoTi 3i cruc-
HYTHMH 1 3pJDKEHUMHM I'a3aMd BapTO 3HATH 1 JIOTPUMYBATHCS BUMOI TeX-
Hiku Oe3neku. [Ipu nonajnaHHi Ha MWIKIPY PiAKi rasy BUKIMKAIOTH OITIKH,
TOMy HeoOXiZiHO oOepiratu nocyauHu Jlroapa BiJ pi3KUX MOLITOBXIB 1 ya-
piB, II00 YHUKHYTH IXHBOTO PO3NHBY. 3a00pOHIAETHCS 30epiraTu MOCYIIMHA
[roapa 3 pigkumu ra3amu 01N pamiaTopiB i HarpiBadpbHUX mpuianiB. Cuc-
TeMa aBTOMAaTHYHOI IoJa4i piIkoro a30Ty 10 OXOJIOKYBAHOI'O 00 €My MO-
BUHHA OYTH OCHAIlleHa 3all00DKHMM KJIAlaHOM, IIO CIpanbOBYE IPH Haj-
JIMIIKOBOMY THCKY, Oibiromy 3a 1,17-10° Ia.

Bucoko4yacToTHI TeHepaTOpy MOBUHHI OYTH IIJIKOM 3aKPUTI MeTaie-
BUMH 3aXHCHUMH €KpaHaMH, IO MAlOTh TapHi JIEKTPUYHI KOHTAKTH B MiC-
X 3’€IHAHB 1 PO3’€MIB OKPEMHX YacTUH Ta 3a3emiicHi. JIiHii >KUBICHHS
BHUCOKOYAaCTOTHOIO €HEPri€i0 00OB’SI3KOBO BHKOHYIOTh KOAKCIaJIbHUM Ka-
OeneM.

BHyTpiniHpOKaMepHi MOBEPXHI BapTO OYMIIATH BiJ| HAHECEHHX ILTi-
BOK, BUKOPHCTOBYIOUYH MICII€BI TOPOXOBIJCMOKTYIOU1 PUCTPOi. OUnIEHHS
pobounx Kamep, PEMOHT 1 PEryNIOBaHHS BHYTPIIIHBOKaMEPHHUX IIPUCTPOIB
MOYXHA BUKOHYBATH TiJIbKH MICJISl BIAKIIIOYEHHS YCTAHOBOK BiJl MEPEXi KH-
BJICHHS 1 3HATTS PO3PSIHUMH IPUCTPOSIMH 3aJTUIIKOBUX 3apsIiB.

BakyyMHi YCTaHOBKHM JUIsi HAHECEHHS TOHKHX IUIIBOK IMOBHHHI MaTH
OnokyBaHH, 10 3a0e3meuye Oe3aBapiliHy i Oesmedny poboTy. 3abopoHs-
€THCS MPALFOBATH Ha HECIPaBHUX NPHCTPOSX, araparax, 3HIMaTH 3aropoJu
i mopyIyBaTH OJIOKYBaHHSI, BAKOHYBAaTH po0OTH, HerependayeHi BUpoOHH-
YO0 IHCTPYKIII€IO, 3AJIUINATH MPAIOI0YY YCTAaHOBKY 0€3 HAarJIsIy.

Jlo poboTH NONyCKaroThCsi 0COOH, IO BUBYMIIM IHCTPYKIIIO 3 TEX-
HIKM Oe3neKu Jyis KOXKHOI KOHKPETHOI BaKyyMHOI YCTAaHOBKH 1 MPOMIIUIN
MicleBU 1HCTpYKTax 3 Oe3neku mpawi. Taki ycTaHOBKHM MOe 00CIyroBy-
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BaTH OIEpaTop, 1110 Mae KBali(ikaliiHy rpymny 3 TEXHIKH O€3MeKH, He HUX-
4y TPEThOI.

VYci npanorodi i HOBONpHOYIIi Ha MiANPUEMCTBO POOITHUKH Ta 1H-
JKCHEPHO-TEXHIYHI MPAI[iIBHUKU HE3aJeKHO BiJ CTaxy 1 JOCBiAy poOOTH
MPOXOATH IHCTPYKTAXK 1 HABYAHHS MO0 OE3MEYHOMY BEIICHHIO POOIT Ha Mij-
CTaBi BUMOT BIJIOBIHUX IMPaBWJI Ta IHCTPYKILIN 3 TEXHIKH OE3NEeKH 1 BH-
poOHmuoi caHiTapii. Ha miampueMcTBax eleKTpoHHOI MPOMECIOBOCTI BBE-
JEHUH TPUCTYIIHIACTHH KOHTPOJIb IO OXOPOHI Tparli.

[Nepmwii CTyHiHP KOHTPOJIO 3MIHCHIOIOTh MaicTep Ta iIHCHEKTOpP MO
OXOpOHI TIpalli, sSKi IMIOAHS Ha CBOTH IUISHII Iepe] MoYaTKOM 3MiHHU TIepe-
BipSIIOTH, UM 3a0e31eueHi YMOBH Oe31meqHoi poOoTH.

Jpyruit cTymiHe KOHTPONIO 3AIHCHIOE KOMICisI, B SIKy BXOJSITHh Ha-
YaJbHUK 11Xy 1 TPOMaJICBKUI 1HCIIEKTOpP 3 OXOPOHHM IIpalli IEXOBOTO KOMi-
TeTy NPOQCIHiJIKK, MEXaHiK, EHePreTUK 1 KepIBHUKH IHIINX CIYKO LexXy.
OxuH pa3 y THXKAEHb 11 KOMICisl TepeBipse 3a0e3neueHHs yMOB Oe3nexu
npari Ha ycix BUPOOHMYHUX JIUISHKaX IeXy 1 poOoTy MaicTpiB 10 OXOpOHi
mpari.

Tpertiii cTyniHb KOHTPOJIO 3[IMCHIOE KOMICisi B CKJIaJli TOJIOBHOTO
IEKeHepa MiJIpUEMCTBA 1 TOJIOBH KOMICIT OXOPOHH Iparli MpoQCIiIKOBOTO
KOMITETy 3a y4acTio TpalliBHUKA BiJAiTy TeXHIKHA O€3MEeKH, TOJOBHOTO Me-
XaHiKa, TOJIOBHOTO CHEPreTHKa, TOJIOBHOTO TEXHOJIOTA | KEPIBHUKIB IHIINX
cyx0 mignmpuemctBa. L[ xoMicis oAWH pa3 Ha MicCSIb 32 BCTAaHOBJICHHM
rpadikoM TepeBipsie CTaH OXOPOHH Tpalli, BHKOHaHHS HEOOXiTHUX 3aX0[IiB
i Ha Micui BupilIye BCi NHTaHHS, NMOB’s3aHi 3 3a0e3nedyeHHsIM Oe3nexu
mparii.

KoHTpoabHi nuTaHHA

1. SIki 3a1a4i eNEKTPOHHO-BAKyyMHOT Tiri€HH Y BUPOOHHIITBI HaliB-
MPOBITHUKOBUX IpwitaziB Ta IMC?

2. SlkuMu mapameTpaMu XapaKTepU3yHOThCsSI NPUMILIEHHS, NpU3HA-
YeHi JUIS IPOBEICHHS IPOLECIB HAHECEHHS TOHKUX ITiBOK?

3. SIki BUMOTH €JeKTPOHHO-BaKyyYMHOI TiTi€HH CTaBIATH IO 00CITY-
TOBYIOYOTO MEPCOHAIY?

4. SIxi OCHOBHI BIMOTHY TEXHIKH O€3MeKH IPH PoOOTI Ha BaKYyMHHUX
ycTaHoBKax?

5. Slkuit MOPAIOK MPOXOKEHHS IHCTPYKTAXKY 3 TEXHIKH Oe3MeKu?
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9. ®I3UKA TOHKHUX IIVIIBOK

9.1. YTBOpeHHd i picT muiBok

KpucraniuyHa cTpyKTypa IJIIBOK BH3HAYAETHCS MEXaHI3MOM iX 3apo-
JUKCHHS Ta POCTY. 3apOJIKOM HA3WUBAETHCS MiHIMallbHA KUIBKICTH HOBOL
(a3u, 31aTHOT 10 CaMOCTIHHOrO iCHYBaHHs, sika nepedyBae B piBHOBa3i 3
NepeHaCHYCHOI0 BUXiZHOI (a30t0. BulblIicTh (a3oBUX MEepeTBOPEHb I0-
YHHAIOTBCS B JIOKAIBHHUX O0JACTAX BHXiTHOI (asH 1 PO3MOBCIOMKYIOTHCS
BiJl HUX. BUHMKHEHHS NUISHOK, B SKHUX IIOYMHAETHCS NEPETBOPEHHS, Ha3U-
BAIOTh YTBOPEHHSM 3apOJIKIB, @ PO3NOBCIO/DKCHHS IEPETBOPCHOI YaCTHHH
Bix 1i IeHTpa — pocToM. PicT miiBKkM BimOyBaeThCs Micis BUHUKHEHHS 3a-
POJKIB 3a paXyHOK X 301/IbIIEHHS Ta HACTYITHOI'O 3JIUTTA.

3apookoymeopenna. KonneHcalis pedoBHHH, IO IepeOyBae B Ia-
POTOIIOHOMY CTaHi, BH3HAYAETHCS i B3aEMOJIEI0 3 MOBEPXHEIO. ATOM,
SIKM{ HaJlITa€ Ha MOBEPXHIO, MIPUTITYETHCS IO HEl 3aBISIKM B3aEMOJIIT 3 TO-
BEPXHEBUMHU aToMaMu. SIKIIO HOro KiHETHYHA €HEprisl He Jy)Ke BEeJUKa, TO
NPOTSArOM KOPOTKOTO Yacy aTroOM BTpavyae KOMIIOHEHTY IIBHJKOCTI, HOp-
MallbHy JO TOBEpXHI, TOOTO momazae y ¢i3uuHO ajncopOOBaHMi cTaH i
YTPUMYETHCSI TBEPJOI0 IOBEPXHEI0 MiAMAapKy (Takuil cTaH Ha3MBAETHCS
amaromoM). DizndHa aacopOLis BH3HAYAETHCS BaH-IEP-BaalbCOBHMH CH-
JaMH.

OnHak Ha [OBOMY eTami e HeMae TEePMOAMHAMIYHOI PiBHOBAaru 3
MAKIAIKOR0. 3aBASKH BIACHIM KiHETHUHIN eHeprii Ta BHACIIIOK TEPMidHOT
aKTHBALil TOBEPXHEIO aJaTOM Mae€ OOMEKSHHH Yac >KHTTA Ha IMOBEpXHi,
NPOTATOM SKOTO BiH B3a€EMOJII€ 3 HIIMMHU aJlaTOMaMH, YTBOPIOIOYN CTiHKi
YTBOPEHHS, Ha3BaHi 3apojIKaMH, a00 BCTUrae NeperTH B XIMIYHO alcop-
OoBaHMii cTaH. Y bOMY BUIAJKY BiH CTa€ CKJIAJOBOIO YACTHHOK MOBEPXHI
HiIIapKy B pe3ysbTaTi XiMIYHOI peakiii, 10 BijOyBaeThCsi B MOHOMOJIE-
KyJISIPHOMY IIapi Ha MOBepXHi po3ainy ¢a3. XeMocopOlisi BUKIMKaHA Ie-
PEKPUTTSIM EJICKTPOHHUX OOOJIOHOK ajcopOoBaHOro atoma (amcopbary) Ta
MOBEPXHI MiAmapky (agcopOeHTy) Ta BUHHKHEHHSM CHJI B3a€EMOZI 3 BH-
IUTEHHSM TeIUla KOHAEHcali. SKmo %k azaToM XiMi9HO He ajgcopOyeThes i
He Oepe ydJacTi B YTBOPEHHI 3apofKa, TO BiH 3aHOBO BHIIAPOBYETHCS — Jie-
copOyeTbes.

3apooK, IO CKIANAETHCS 3 71 aTOMIB, IepeOyBa€e B HECTIHKIil piBHO-
Ba3i 3 HABKOJIMIIIHBOIO ITEPEHACHYCHOIO Mapoto. [IpreiHaHHs 4n BTpaTa mie
OJIHOTO aTOMa 3YMOBJIFOE BiIMOBIIHO 3HIIKCHHS YH II1IBUIICHHS HOTO Bijb-
HOi eHeprii, NpuuOMy B HEPIIOMY BHUMAIKYy BiH Oyae pocTH, HaOyBarouu
CTIMKOCTI CTOCOBHO cepenoBuIla. Takuil 3apofoK Ha3MBAIOTh YEHMPOM
KonOencayii. BiH oBUHEH MaTH pajiyc, OUTbIINK BiJi KpUTHYHOTO. SIK IM0-
Kazye po3paxyHOK, IIBUJIKICTh YTBOPEHHS 3apo/iKa:
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4nr]

— KIIBKICTB

BAApseThCA 00 MOBEPXHIO, OyJe 3aXOIUIEHUI Helo); 1, =
a

aTOMIB y 3apoAKy V, — aToMHuii 06’em); P, 1 P, — THCK HACHYEHHX IapiB

BIJIMOBITHO 3a TEMIIEPATYPU BUMAPOBYBAHHS 1 KOH/AEHCALT; m — Maca eJeK-

2
_ lo6mr,

TpoHa; AE, =———— — MaKCHMallbHe 3HAY€HHS BUIbHOT eHeprii.
3(AF)

SIKIo mMacu aToMiB, IO BAAPSIFOTHCS 00 MiAKIAAKY, Ta aTOMIB ITiJ-
KJIaJK{ NPUOJIM3HO PiBHI, a KIHETUYHA €HEeprisl MepIux He Habarato mepe-
BUIIly€e €Heprito Jecopouii £y, To koedilieHT KoHIeHcalii OJIM3bKU 10
onuHALI. SIKIIO X Taki aTOMH Habararo JIErmri Bi aTOMIB MIAKJIAAKH abo
SIKIO 1X KiHETWYHA €HEepris MyXe BeNrKa, KoeQillieHT KOHAeHcalii 3MeH-
HIYETHCA.

OnucaHuii MexaHi3M YTBOPEHHS 3apOJIKIB XapaKTEepHUH Ul Tak
3BaHOTO TOMOTEHHOT'O 3apOJIKOYTBOPEHHS, TOOTO JIUIs YTBOPEHHS 3apOJIKiB
YHCTUX PEYOBHH Ha Imigmapkax 3 Tiei xx peaosuHu. ([lopsa 3 muM MexaHi3-
MOM ICHYE TeTepOreHHE 3apOJKOYTBOPCHHS — YTBOPEHHS MEXaHI3MIiB Ha
CTOPOHHBOMY MiIIAPKY. B mepiioMy BHMAIKy CIIOCTEPIra€ThCs OJUH Me-
XaHI3M pocTy — B pe3yJbTaTi peakiii NOBEpXHi MiANIapKy 3 MapoBoio ¢a-
3010, @ B JIpyroMy — IIepEeBaXkae PicT 3apOJIKiB 32 PaXyHOK MOBEPXHEBOI JH-
¢y3iil. [Ipu reTeporeHHOMY YTBOPEHHI 3apOJIKiB BiIbHA CHEPTis 3aBXKIU
MEHIIIa, HIXK [P FOMOT€HHOMY). Y 1bOMY BHUIMAJIKY CEPEAHIN 4ac >KUTTS
aToMa Ha IOBEPXHi 10 JecopOil

E
T, =—exp—%, (9.2)

JIe V — 4acToTa Horo nepeMilieHb Mo HOBEPXHi.
Leii yac Bu3Hayae cepeiHiil yac penakcauii T,, HEOOXimHMH st
BCTAHOBJIGHHSI ~ TEpMIYHOi  pIBHOBarm  ajgaromMa 3  MiJIIAPKOM:

dec

Ty = 2T, €XP| — HaBeneHi CHIBBIJHOLIEHHA JIEIKO I1HTEpPIpPETy-
1oTecs (ismuano. [Ipu BemuKiil eHeprii 3B’3Ky, KON BUKOHYETHCS CITIBBiA-
HouleHnst £, >>kT, yac T, JyXKe BENUKHH, a 4ac T, Mamui. Y upomy

dec 1

BUIIaJKy TEpMiYHA pIBHOBara BCTAHOBJIIOETHCS IIBHJIKO, 1 aJaTOM MOXHA
BBa)XKaTH JIOKATI30BaHUM Ta JU(YHIYIOUNM 110 IOBEPXHI OKPEMUMH CTPUO-
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kamu. Sxmo E, =~ kT, To piBHOBara agaToOMiB 3 MOBEPXHEI0 BCTAHOBIIIO-

€ThCA HE BiJpa3y, aJaTOMH 3INIIAIOTECS «TapSIuMN», i KOSQIIieHT KOH-
neHcarii BUSBIISIETHCA MEHIINM BiJ OQWHMII.

[TpoTsirom 4yacy >UTTS B acOpOOBaHOMY CTaHi aJaTOM, SKUHA JOCAT
pIBHOBAard 3 MiJMIapKOM, ITEPEMILIy€eThCS TOBEPXHEIO HA BiJCTaHb, IO BH-

o 1
3HAYAEThCS CEPeNHBO  audysiiiHOW noBkuHOW0 L~ (2D, 71, )A. Tyt
D, =a’v exp(—A%T) — KoeilieHT TOBepXHEeBOi MUPY3ii; a — TOBXKHUHA

cTpuOKa MiXK ancopOOBaHMMHU BY3JIaMH TOBepXHi; AE — eHepris akTuBarlii
cTpuOKa TpH TOBepxHeBi mudysil. JudpyHmyrodi migmapkoM aToMu
00’eIHYIOTBCSI B CTIKI YTBOPEHHS — IIEHTPH KOHJEHcallii, IO YTBOPIO-
I0ThCS TIEPEBAKHO B MICLSX BUXOJY Ha MOBEPXHIO JIHIHHUX NedekTiB mia-
LIapKy, X04a POJIb TOUYKOBHX JIe(eKTIB IPH YTBOPEHHI EHTPIB KOHAEHC ALl
TaKoX BeJMKa. BiacHe, came 3 IbOr0 MOMEHTY 1 HOYHHAETHCS PICT IUTIBKH.
Pict muiBok. Ileit nporiec ckIafaeThes 3 KiTbKOX XapaKTePHHUX CTa-
niid. Crioyatky, B Mipy 30i7bLIEHHsI pO3MIpiB, IIEHTPH KOHAEHCAIIl MOYH-
HaIOTh 00’€IHYBAaTHCS BHACTINOK IuQy3il MoBepxHE IUTiBKH. Ha mpomy

o)
LY Y. LN

Puc. 9.1. MikpodoTorpadii TOHKUX IITIBOK: 30JI0Ta TOBIIUHOKW 1,5 HM
(a), 4,5 am (6), 7,5 HM (8), Ta 30710Ta TOBIIMHOIO 10 HM TIPH Pi3HAUX TEM-
nepatypax HaneceHHs 100°C (e). 200°C (0), 300°C (e)
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eTari yTBOPIOIOTHCS PI3HOMAaHITHI OCTpiBLi, opMa SIKMX 3aJI€KHUTh BiJ| Be-
JIMYMHU TIOBEPXHEBOI €Heprii Ta yMOB HaHeceHHs IuliBku. HeoOXxinHo Bin-
3HAYUTH, IO KUIBKICTh LIEHTPIB KOHJEHcalii oOMexxeHa. Uepes neskuil yac
ITiCIIs TOYaTKy X yTBOPEHHS HACTAE CTalliOHAPHUII CTaH: KiJIbKICTh IIEHTPIB
KOHJICHCAIlIi HE 3pOCTaE, aje MOYMHAETHCS HOBUM SIKICHHA MPOIIEC — yTBO-
PEHHS OCTPIBIIIB, 110 po3pocTatThes (puc. 9.1).

Po3pocTaHHS TakMX OCTpIBIIB i 3MEHIICHHS BifICTaHEH MK HIMH
MPHU3BOANTE O TOTO, IO BOHM MOYHHAIOTH 3JIMBATHCS B OUIBII OCTPIBIIi.
I'yctuHa (Ha OAMHUINO TUTOIN) TAKUX OCTPIBIiB MOHOTOHHO 3HIDKYETHCS 32
3aKOHOM, SKHH BH3HAYa€ThCS YMOBaMM HaHECCHHs ILTiBKHM. Ha mii cranii
3HaYHAa YacTHHA MAacOIIepEHECEHHs Ine 3ade3mneuyeTbcs ANQY3i€l0 pedo-
BHHH B MIPOMDKKaX MK OCTPIBIISIMH. 3JHTTSI MaJIUX OCTPIBIIB BiIOYBa€ThCS
JIOCUTH IIBUJIKO (32 YaCTKU CEKYHH).

[Ticnst Toro, SIK PO3MOJII OCTPIBLIB JOCSITHE AESIKOr0 KPUTHYHOI'O
CTaHy, BilOyBa€eThCs 1X IIBHJKE MAcOBE 3JUTTS, 301IBIIYETHCS CTYIIHB I10-
KpuBaHHs ToBepxHi. Ha i crazii mponec BinOyBaeThCsl CIIOYATKy AyXKe
HIBUJIKO, a TMOTIM ICTOTHO CHOBLIBHIOETHCS. Ha mifmapky yTBOPIOETHCS
HEHaye «CiTKa» Marepiajly 3 BEJIHMKOIO KUIbKICTIO TOPOXKHIX KaHaliB, L0
MalOTh OIHOPIOHY IIHPHHY Ta PIBHOMIPHO PO3IOAUICHI MigmapKoM
(puc. 9.1).

Ha ocranni#i cragii yTBO-

p, Ost-cu PEHHSI TTIBKH MOPOXKHHHU TOBUIBHO
250¢ 1200°C 300°C 3aMOBHIOKOTLCA, JIsS HOTO ‘H606Xi,I[Ha

10¢ H | \ 3Ha4yHa KiubKicTe Matepiany. [lpu
OTOJIEHHI JIOCHTh BEJHMKOI IUISHKA

108 \ \ \ HiAmapKy Bi}l6yBa.€TbCH BTOPHHHE
\ YTBOPEHHSl LIEHTPIB  KOHJEHCcallii,

102 OpUYOMy HOBI IIGHTPH PO3pOCTa-
\ \ I0ThCS 1 37TMBAIOTHCS YK€ MOBIIBHO,

10 P 0CcOOMBO, KOJH AiNITHKA 3 yciX 0o-
" \‘\_\_ KiB OTOYEHAa CYIJIFHOIO TUTiBKOIO

- (puc. 9.1).
5 10 15 20 25 o, M .
Ha ommcanux cramisx 3poc-
Puc. 9.2. 3anexHicTh MATOMOTO | TaHHSA IDTIBKH ii MATOMUH OIIip CHJIb-

OIopY IUTIBKHU cpibisia Bijx i TOB- | HO 3amexuTh Bijg ToBumMHU. Ha-
HIMHY 1 TEMIIEPATYPH CKIISTHOT NPUKIIAJ, MeTaueBa IUIiBKa 3aBTOBIII-
i IKIIa KU Ki | HM, HE3aJeXKHO B TPUPOIH

MeTally, Ma€ [yK€ BEJIMKUM IUTO-
MHUii orip, KU SKCIOHEHINIHO 3MEHIYEThCS 3 11 moToBIIeHHAM. Citij Bij-
3HAUUTH, LIO CaMme IOHATTA «IUIIBKa» B LbOMY BHIIQJIKy AYX€ YMOBHE,
OCKIJIbKM Iap MaTepiajly Ha MiJmiapky He € cyuiubHuMm. [Ipm ToBmIMHI
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wiiBkd ~ 0,01 MKM OCTpIBI[l MOYMHAIOTH 3JIUBATHCS B CyHiabHHUN mmrap. Ls
BEJIMYMHA, Ha3BaHa MEPLIOI KPUTHYHOIO TOBIIUHOIO, 3HAUYHOIO MIpOI0 3a-
JIOKUTH BiJI CTaHy MOBEPXHI, TEMIEPATYpH 1 Marepialy IiAKIaIK1, MIBHI-
KOCTI BUIIapOBYBaHHsI Marepiany tomo. [TniBky 3aBToBiku ~ 0,1 MKM Bxe
MOXKHa BBa)kaTW cyuLinbHOW. lle npyra kpuruuHa ToBmmHa. [Ipu Takii
TOBLIMHI IUIIBKMA 3aJI€KHICTh IHTOMOIO OINOPY BiJ| BHUIIAJKOBUX MIKpO-
HEepiBHOCTEl Ta MIKPOBKIIOUCHb Ha IMOBEPXHI MiAKIAJKH 3MEHIIYETHCS,
IUTIBKA CTA€ eNEKTPUIHO HENepepBHOIO. PiCT IITBOK ICTOTHO 3alIeKUTH Bif
IIBUJIKOCTI TIOBEPXHEBOI Mirpamii amaTtomiB. UuM BHIOIO € ITOBEpXHEBA
PYXJIUBICTh aIaTOMiB, THM OiIBIIUMH YTBOPIOIOTHCS KPUCTANITH B TOJNi-
KpPHUCTANYHKX IUTiBKaX. [loBepXHEBa pyX/IMBICTh BU3HAYAE€THCS TEMIIEPATY-
pOXO TIIKIAaNKW, MIBHIAKICTIO OCAPKEHHsS, KyTOM TIIJiHHS aTOMiB Ha
MiIKIaaKy Ta O0araTbMa iHIIUMHM YMHHHKaMH. PO3MIpH KpUCTAIIITIB TaKOX
TUM OLIIbIII, YMM BHIIA TEMIEpaTypa MiIKIaJK1 Ta HIBUIKICTh OCaPKEHHSI.

Bennka mBHAKICTH 3apOJKOYTBOPEHHS Ta Majli pO3MIpH 3apoJKiB
COPUSIOTh POCTY JPiOHO3EPHUCTUX IUIIBOK, a Maja MIBUAKICTh YTBOPCHHS
3apOoJIKiB Ta X BEJIMKI pO3MipH — pOCTY rpy0O3EpHUCTUX CTPYKTYD.

YMOBH pOCTy iCTOTHO BIUIMBAIOTh Ha XapakTep IMOBEPXHI BUPOILEHOT
IUTIBKM. 332 HU3BKUX TEMIEpPAaTyp OCAKEHHS IUIBKH IIOPCTKYBATICTh IO-
BepxHi mimsirae posnoxainy Ilyaccona. 3i 30impIIeHHSIM TeMIepaTypH Mif-
mIapKy 301BIIYETBCS PYXJIMBICTH aIaTOMIB, KOHICHCAIlis TTOYHWHAE BinOy-
BaTHCS TIEPEBAXKHO Ha TOBEPXHI 3arimONH, 3aBJsIKH YOMY MOBEPXHS IUIIBKU
3rMapKyeThes. KiapKiCHOI0 MipO0 IMOPCTKYBATOCTI € BiTHOIICHHS peatb-
HOT IJIOINII TUTIBKK J0 1 TeOMETPUYHOI IUIolli. ExcriepuMeHTanbHi J0CHia-
JKEHHsI CBIYaTh, 10 JUIS eMiTaKCIHHUX IUTIBOK Ta IUIIBOK, BUPOIIEHUX NPHU
BUCOKMX TeMIlepaTypax MiJAKJIAJKU, [e BiTHOIIEHHS OJIM3bKE 10 OJMHHUIII.
IMpyn HU3BKMX TeMIlepaTypax MiJKJIAJAKK BOHO pi3ko 3pocrae. Llopcrky-
BaTICTh IOBEPXHI 3HAYHO 3pPOCTA€, KOJM IUTIBKA YTBOPIOETHCS B HPHUCYT-
HOCTI SIKHXOCH Ta3iB.

9.2. ®iznyHi BJIACTHBOCTI TOHKHUX IIiIBOK

@i3uuHi mporecH B TOHKUX IUTIBKAaX BiOYBAIOThCS iHAKIIE, HIX Y
MacHBHHX 3pa3kax a00 B TOBCTHX IUTiBKax. TOHKHMM IUIIBKaM BJIAacTHBI, Ha-
MIPUKIIAJI, IMOPCTKYBATICTh MOBEPXHi, MPOTSDKHICTh CTPYKTYPHUX Ae(eKTiB,
X rycTHHA TOLIO, IO YCKIAIHIOE PO3poOKy TEXHOJIOT1, sika 3a0e3neuyBaia
0 BHCOKY BiITBOPIOBAHICTH i CTabiIBbHICTH iX mapaMmeTpiB. MexaHiyHi Xa-
PAKTEPUCTUKH TOHKUX IUTIBOK 1CTOTHO BIIPI3HSIOTHCS BiJl aHAJIOTIYHHUX Xa-
PaKTEepPUCTUK MAacCHBHUX MaTepialiB, IPUYOMY LS BIIMIHHICTb TUM Oijbla,
YMM TOHIIIA TUTIBKA.

I'ycTMHa TOHKMX IUTIBOK, OJIEp)KaHMX METOJIOM BaKyyMHOTO HaIH-
JICHHSI, 3HaYHO MEHIIA BiJl T'yCTHHM MacHBHOIO Matepiaiy. 3 puc. 9.3 Bua-



32

HO, 1[0 3i 301JBIICHHSAM TOBIIMHH T'YCTHHA IUTIBOK HAOJIMKAETHCS JI0 TYC-
TUHM MacHBHOTO Marepiaiy (IITPUXOBa JiHIS), a XapakTep ii 3aJeXHOCTI
BiJI TOBLIMHU BHM3HAYA€ThCS YMOBAMHU POCTY IUIBKM. Ha rycTHHy mMIiiBok
ICTOTHO BIUIMBA€ MIBUAKICTh OCA/PKEHHS: NPH BEJINKUX IIBUIKOCTSIX yTBO-
PIOIOTHCS OLIbIII Ta PIBHOMIpHIIIE BIOPSIKOBaHI KpUCTamiTH. ToMy mBHI-
KO OCaJPKeHi IUIIBKM MalOTh I'YCTUHY, OJIVDKYY JJO TYCTHHH MAacHUBHOTO Ma-
Tepiaiy. ['yCTHHA 3aJIeKUTh TaKOXK BiJ TEMIEPATypH IiJMapKy: NpH HaHe-
CeHHI IUTIBKM Ha MIAICPITHH MiAMIApOK CIIOCTEPIraeTbes 30UTBIIEHHS TyC-
THHH.

MinHicTh OeSKUX IUTIBOK MPHONM3HO Ha JBa TOPSIKH MOXE Tepe-
BHIIIYBaTH MIIHICTh M0Ope BigmaleHHX 00 €MHHX 3pa3KiB 1 B KibKa pa3iB
MIIHICTD MartepialiB, micias X0JomHOI oOpoOku. lle mosicHIOETBCS, TMMo-
nepie, THM, IO B TOHKHX IUIIBKax

JTUCITOKAIlIT, TPOHHM3YIYH iX, OJIOKO-
Y, efeat’ BaHi Ha MOBEPXHI; MO-Jpyre, TUM, LIO0
,,,,,,,,,, R g IUIIBKM MaloTh OiJIbII BHOPSIIKOBaHY
10 //Cu CTPYKTYpY.

o s VY 1uliBKaX MOXYTh BHHHKATH
---------- P~ -=1-===t---=1----1 | 3HAYHI HaIpY)XECHHS BHACIIZOK Pi3HUX
g // — Az | TeMIepaTypHUX KOe]ImieHTIB IIiHIH-
%/ HOT'O PO3LIMPEHHS MiJapKy Ta IUTiB-
e KU (BUT'OTOBIICHUX, SIK IIPABHJIO, 3 Pi3-
& HUX MaTepiajiB), IO MPHU3BOIWTEH IO

20 60 100 o, 1 PO3TATYBAHHS YU CTHCKAHHS TUTIBOK.
Puc. 9.3. 3anexHicTh TYCTHHU 3anexHo Bij crajii pocty mii-
¥ ITIBOK Miti i cpi6ia iz Top- | BK@ MOXe OyTH TrpaHyJIbOBaHOIO, 200
[MHE © OCTpiBKOBOIO (TOOTO cCKIagaTtucs 3
JUCKPETHUX YaCTHHOK), IOPUCTOIO

(ciTyacToro) i, HapemITi, CYIUIHHOK, a OTXKE, MOXKE XapaKTepHU3yBaTHUCS
OCOONMBHMH ENEKTPUYHUMH BIACTUBOCTAMH. Pi3HOMaHITHI edexTH, mo
CIIOCTEPITalOThECSA B YMOBAX, KOJH PO3MIPH JOCHTIHKYBaHUX 3Pa3KiB CIIiB-
BHMIpHI 3 OJHI€IO 3 XapaKTepPHUX JOBXHH — JIOBXXWHOIO BIJIBHOTO MPOOIry,
JOBXHUHOIO XBHJI €NEKTpOHa, MU(y3iHHOI TOBKHHOI TOLIO, Ha3UBAIOTh
po3MipHUMHE edeKTaMu. PO3pi3HAIOTE KITACHYHI Ta KBAHTOBI po3MipHi edek-
TH.

Kiacuuni po3MipHi edexTH 1oB’si3aHi 31 3MiHOIO CTATUYHOI EJIEKTPO-
MPOBIHOCTI TOHKHX IUTIBOK, TOBIIMHA SIKUX CIIBBUMIpHA 3 JOBXKUHOIKO Bi-
JIBHOTO TPOOITYy eJIEKTPOHIB. 3MEHIICHHS MUTOMOI MPOBITHOCTI & TOHKOL
IUTIBKH [PY 3MEHINCHHI TOBIIAHU IUIIBKU TOB’sI3aHE 3 JIOJJATKOBUM PO3Ci-
FOBAaHHSIM HOCITB 3aps/y Ha MOBEPXHI 3pa3Kka. 3HAUCHHS O CYTTEBO 3AJICKUThH
BiJl XapaKTepy po3CitoBaHHS HOCIIB 3apsi1y Ha MOBEPXHI.
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Kiacuuni po3mipHi eekTd MOXyTh BUHUKATH y 30BHIIIHBOMY Mar-
HITHOMY TIOJIi SIKIIO TOBIIMHA IUIIBKM CIIIBBUMIpHa 3 po3Mipamu opOiTh
€JIEKTPOHIB TPOBIJHOCTI B MarHiTHoMy noJii. KBaHTOBI po3mipHi edektn
CIOCTEPIraloThes, SKIIO TOBIIMHA ILTIBKH CIIBBUMIpHA 3 €()EKTHBHOIO JIOB-
KMHOI XBHJI HOCIiB 3apsny. Lli edexTu moB’s3aHi 3 AUCKPETHICTIO CKia-
JIOBUX €HEPreTHYHOTO CHEKTPa €JIEKTPOHIB y IUTIBII B HAIPSIMKY TOBIIMHH.
Pe3oHaHCHE TyHENIOBaHHS €JICKTPOHIB Yepe3 TOHKY JieJIeKTPHYHY IITiBKY
B CHCTEMI HalliBIIPOBiTHHUK-/1i€IeKTPHK-HAIIBIPOBITHUK € OJJHUM 3 IIPOSBIB
KBaHTOBHX PO3MIpHUX €(EKTiB.

[poBigHicTs OyXe TOHKHX IUTIBOK Ha 0araTo MOPSIKIB MEHIIA Bij
MIPOBIAHOCTI MacMBHOTO Marepiamy. Taki MIiBKHA HE € CymiIbHIMHU. Mexa-
Hi3M MIPOBIAHOCTI B IEOMY BHIIAJIKy HE 3aJIC)KHUTH BiJ THITy MaTepiaiy IUTiB-
KH 1 BU3HAYAETLCS OJHUMHU M THMH CAMUMHM SIBUIAMU SIK JIJISL METAJIB, TaK 1
JUIsl HAIIBIIPOBIAHUKIB Ta JIiEJIEKTPHKIB.

VY TOHKHX IUTIBKaX MpOSIBISIOTHCS M iHIII po3mipHi edexT. B mera-
JICBUX IUTIBKaX BOHU MOB’s3aHi 3 THM, 110 JIOBXKHHA BUILHOTO MPOOIry ejek-
TPOHIB MOK€ 0OMEXyBaTHCsl po3MipaMu (TOBILUHOIO) IUIIBKH, Y HAIiBIIPO-
BIZTHUKOBHX — 31 3MEHIIEHHSM PYXJIMBOCTI HOCIIB, HApELITi, B Ji€IEKTPUY-
HUX ICTOTHY pOIb Bifirpae o0’eMHHI 3apsii HOCI{B, IHKEKTOBaHUX 3 KOH-
TaKTIB.

9.3. EjileKTpMYHMIi CTPYM B TOHKHUX ILIIBKax

Apeiighosi cmpymu. 3akon Oma. EnexTpuuHUN CTPyM BU3HAYAETHCA
MEeXaHI3MOM TIepeHEeCEeHHs HOCIiB 3apsny (MeXaHIi3MOM CTPyMOIIPO-
XOJKEeHHs) — apeiidom Ta nudysiero HOCIIB 3apsy, €NEeKTPOHHOIO eMiCi€lo,
npouecaMu iHxkekii Ta Judy3HOro cTpyMOINPOXOKEHHs HOCIIB 3apsay B
HamiBIpoBiHUKaX. ToMy BaXXJIMBHM € BUBYEHHS Pi3HUX MEXaHI3MIB CTpy-
MOITPOXO/PKEHHS Ta MOXKJIMBOCTEN 1X MPAKTUYHOI'O BUKOPUCTAHHSI.

JpeiidoBi cTpymu B MeTanax, HamiBIPOBIIHMKAX Ta iJiealbHUX Jiie-
JIEKTPUKAaX ONHUCYIOThCA 3akoHOM OMma 3a ymoBu E>E,, Binbui Hocii 3a-
psAny (eNMEeKTPOHU B 30HI MPOBITHOCTI, MIPKH Yy BaJICHTHIH 30HI, a TaKOX
€JIEKTPOHH MPOBITHOCTI B METaJli) HE 3B’A3aHi 3 OKPEMHMH aTOMaMH KpHC-
TaJIIYHOI TPATKU Ta 3[aTHI 0 3ITKHEHb NPOXOANUTH IUIAX, SKAH 3HAYHO Iie-
peBUIye MDXATOMHI BincTadi. ToMy po3risa Ipei(oBHX CTPYMiB MOXK-
JUBHUHA Ha OCHOBI HAHNPOCTINIO! MOJENI BUTBHUX HOCIIB 3apsAy, OI0 3HAXO-
IAThCA B IOTSHIIHHIHN sMi (puc. 9.4, a).

3a BIZICYTHOCTI €JIEKTPUYHOTO IOJISI PyX €JEKTPOHIB BiJOyBa€THCS
BUIIAJIKOBUM YHHOM, PO3IMOJLT IIBUAKOCTEH BiIMOBIIAE TEIUIOBIH piBHOBA31

3a Temneparypu 7, cepenHs abo apelidoBa MBUIKICTD €IEKTPOHA L 3a IUX
YMOB JIOPiBHIOE HYJIFO.
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Puc. 9.4. Mogeni OCHOBHMX MeXaHI3MiB CTPYMOIIPOXOJKEHHS: IIpeii-
(hoBHIT CTPYM €JIEKTPOHIB B MeTall (@); CTPYM TEPMOEIIEKTPOHHOI eMi-
cii B cucTeMi MeTal — BakyyM (6); cTpyMu Hanbap’epHOi eMmicii B cuc-
TeMax MeTal-BaKyyM (8); MeTaj-ITielleKTPUK-MeTal (2); MeTall-HalliB-
NPOBIJHHUK (0); CTPYMH TYHEIIOBaHHS B CHCTEMaxX METal-BaKyyM (e);
MeTal-/lieIeKTPUK-MeTal (€); MeTaJl-HalliBIIPOBITHUK (J/c)

Yac MK IBOMAa 3iTKHEHHSIMU CTAaHOBUTH At :i , Ie A — cepeaHs
v
JOBXXMHA BIJTFHOTO MPOOIry enekTpoHa. B 1moii Ha KOXKHHUI eJIeKTPOH Tpo-
BigHOCTI misituMe cuia eE. B pe3ynbrati mpoTsrom Af KOXKHHH €IeKTpOH
HaOyBaTHMe JIpei(oBOi MBHUAKOCTI L, = Av, MOB’SI3aHOI 3 IIIOYOI0 CH-
JIOIO IpyruM 3akoHOM HrproToHa:

*

V) . ec
m — =eg 3BiACcH Av = At.
At

n *

n

[Migcrapmisiroun 3HaUCHHS Af, OJICPKHUMO:

At (9.3)
m

n

v, =Av=
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JpetidoBa mBUAKICTE Av y BCIX €JICKTPOHIB CKEPOBaHA OJIHAKOBO,
TOMY BUHUKAE PE3YJIbTYHOUHN CTPYM, TYCTUHA SIKOTO

J = envu, (9.4)
J€ L,p — CepeaHs MBUAKICTb Ipeidy, 10 JOPIBHIOE IOJIOBUHI MIBUAKOCTI
V,E » OCKUIBKH PyX MK 3ITKHEHHSIMU HPUHMA€ETHCS PIBHOIPHCKOPEHHM.

[MigcraBnsroun B (9.4) moj0BUHY Apeii(oBOT MIBUIAKOCTI 3 BHPA3y
(9.3), onepxxumo:

jmen| 1 e 9.5)

*

2m,v

Jie BelIM4uHa en lefx_ € =eny, =G ABILE COOOI0 MUTOMY IIPOBIHICTD.
2 m,v
VY pe3ynbTati Bupas (9.5) Habupae BUTIIAIY:
J =0Cg,
TOOTO TycTHHa IpPeH(pOBOTO CTPyMy IPOMOPIIiifHA HAMPY)KEHOCTI €JIEeKT-
puaHoro nos. [pefidoBuii cTpyM y MOJelNi BUTBHUX €JIeKTPOHiB (puc. 9.4,
a) BU3HAYAETHCS 3aKOHOM OMa.

Cmpymu mynentoeanns. SIKIoO BiJicTaHb MIX 3epHaMH ILUIIBKH Jie-
KHUTh B MeXax -5 HM, TO Ui THIIOBOTO 3HAu€HHs POOOTH BHXOAY Bill
2...6 eB 3a Temmepatyp, He Bunux Big 300 K, nepeBakalouum MexaHi3MOM
nepeHeceHHs! Oy/ie TYHEIFOBaHHS.

Haranaemo, 1110 TyHenroBaHHs (TYHEJIbHUI €(EeKT) — 0JI0JaHHS MiK-
POYACTHHKOI IMOTEHINANBHOrO Oap’epa, SKIO0 MOBHA EHEPris MiKpoyac-
TUHKHM MEHIIa 3a Horo BHCOTYy Oap’epa. [Ipu TyHemoBaHHI NMOBHA E€HEpris
€JIEKTPOHIB HE 3MIHIOETHCS, a HOCIT 3apsay MpOXOJATh Yepe3 IMOTEHIiab-
HUl Oap’ep, a HE HAJ HUM, IO € IPUHIXIIOBOIO BiIMIHHICTIO TYHEIEHOTO
cTpyMmy Bin Hagbap’epHOi emicii (puc. 9.4, 6, ¢). Komu emektpoH nepexo-
JITH 3 OJTHOTO 3€pHA Ha iHIIIE, HOTO €HEpPTis 3aJINIIAETHCS HE3MIHHOIO (ere-
KTPOH MEPEXOJUTh 3 EHEPreTHYHOTO PIiBHS MEpIIOro 3€pHA Ha CHEpre-
TUYHUH PiBEHb JPYroro, po3MilleHUH Ha Til caMiil BUcoTi). Takuii nepexin
MOXIIMBHH, SIKIIO B 3€pHAX € BUJIbHI €HEPreTH4Hi piBHI 3 BiANOBIIHOIO
€HEepri€ro i, KpiM TOro, B OJHOMY i3 3€peH Ha IMX PIBHIX € EJIEKTPOHU
(puc. 9.5, a). 3a BiACYTHOCTI €JIEKTPUYHOTO IOJISI KUIBKICTb €JIEKTPOHIB,
SIKI TIePeXO0JIATh 3 OJHOIO 3€pHA B iHIIE, OJJHAKOBA, I HANPSIMIIEHOTO HIOTOKY
eJIeKTpOHIB Hemae. [Ipy 1ii Ha cuCTeMy EJIEKTPUYHOTO IOJIsl CHePreTHUYHI
piBHI 3epeH 3cyBatoThecs (puc. 9.5, 6). PiBenp ®@epmi nepmioro 3epHa 3Mi-
mIyeTbess BigHOCHO piBHsA Depwmi apyroro Ha BenmmuuHy E = qU, ne U —
npuKiIaaeHa Hampyra. OTxe, HaBIPOTH 3alIOBHEHHUX PIBHIB MEPIIOro 3epHA
BUSIBJIITECSL TIOPO’KHI PiBHI APYroro 3epHa. EneKTpoHW MOYHYTH mepexo-



36

JUTH 3 NEPIIOrO 3epHa B Apyre. 3 MBUThCA EJNEKTPUYHHU CTPYM, T'yCTHHA
SIKOTO OyJie MpOIOopLiiHA 10 KUIBKOCTI €JIEKTPOHIB, IO MepexoasTh. s
MaJIUX TOJIIB TyHEJIbHUN CTPYM JIIHIIHO 3aJIeKUTh BiJ| HANPY>KEHOCTI MOJIS.
Jns cunbrux nonis E =qU >>E,, +€E, cTpyM eKCIOHEHIIHHO 3aJIeXXNTh

BiJl BEJIMYUHH, 00EpHEHOI A0 Aitodoro mois. Ciix BiA3HAYHUTH, IO TyHEIb-
HUI CTPYM KBaJPaTUYHO 3aJIC)KUTH Bifl TEMIIEpaTypH.

VY nayke TOHKHX METaleBUX IUTIBKaX JUCKPETHOI CTPYKTYPH MOXKE
ICHyBaTH 1lle OAMH TYHEJBbHUI MeXaHi3M IepeHeCeHHs] HOCIIB — TaKk 3BaHE
aKTUBOBAHE TYHEJIOBAHHS: HOCIT 3apsy, TEpMIYHO 30y/KEHI HAJl SICKTPO-
CTaTHYHHUM IMOTEHLIAILHUM 0ap’€poM, TYHENIOIOTh Bijl OJHIET HEWTPAILHOT
YACTUHKH JI0 IHIIOI. Y MalluX MOJISX MPOBIJHICTH, 1[0 BU3HAYAETHCS IIUM
MEXaHI3MOM, ONMHUCYEThCS 3aKOHOM OMa Ta EKCIOHEHINWHO 3aJIeKUTh BiJ
0o0epHEeHOT TemMIiepaTypu, po3MipiB 3epeH Ta BijgcTaHi Mixk HUMU. B obnacti
CHIIPHUX TIOJIB BiIOYBa€ThCS BIIXWIICHHS BiX 3akoHYy OMa, sIKe 3HAYHO 3a-

JISKUTH BiJl TEMITEpaTypH i Iponopiiiae COnSst \/E .

i) o

Puc. 9.5. TyHentoBaHHs 3a BiICyTHOCTI (@) 1 HasiBHOCTI (0)
30BHILIHBOTO MOJIS

Po3rnsHyTI MexaHI3MH CTOCYBAJIMCH NEPEHECEHHS HOCIiB depe3 Bi-
JbHUI npocTip Mk 3epHamu. OJHaK BUCOTa IOTEHIIAIBHOTO Oap’epa npu
TYHEJIIOBaHHI Yepe3 BakyyM OJIM3bKa J0 poOOTH BUXOIY METaly, a IpH Ty-
HEJIIOBaHHI 4yepe3 JieJeKTpUK BOHA Ha0araTo MEHIIA i JIOPIBHIOE Pi3HMII
pOOIT BHUXOIy METally Ta €JICKTPOHHOI CHOPIMHEHOCTI AieJICKTpUKA. 3HH-
JKEHHsI BUCOTH Oap’epy Mi/iBHUILYye HMOBIpHICTH TyHentoBaHHs. Kpim Toro.
BHACJIJIOK BEJIMKOI JIeJeKTPUYHOI IPOHUKHOCTI MiAIIAPKY, €HEpris aKTH-
Ballii MEHIIa, HDK Yy BaKyyMi, i TyHeNbHa TPOBITHICTh Yepe3 IIiJmapoK
3IIMCHIOETBCS 200 MPSIMHUM TYHEIIIOBAaHHAM, a00 TYHEIIOBaHHSIM 4Yepe3 CTa-
OUThHI €HEepreTHYHI JOMIIIKOBI CTAHM Ta MACTKH. TyHENIOBAHHS ENEKTPOHIB
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3 METaly y BaKyyM Ha3HMBa€ThCsS ABTOCJICKTPOHHOI eMiCi€ro. 3alexHiCTh
TYCTHHU CTPYMY BiJl HANPY»KEHOCTI MOJIS B 00JIACTI MaJIMX TOJIB 1 332 HU-
3bKHX TEMIIEPATyp MOKHA OIUCATH CITiBBiTHOILICHHSM:

j~€ exp| ——|.
€

[MopiBHiotoun Bupaszu (9.5) 1 1e CHiBBiJHOIIEHHS, MOXHa 3pOOUTH
BHCHOBOK, III0 CTPYM aBTOENIEKTPOHHOI eMiCil 3aJIe)kKUTh BiJl HAIIPYKEHOCTI
HOJIL TaK CaMo, SIK CTPYM TEPMOCJICKTPOHHOI eMicii Bix TemmepaTypu. 3a
BHCOKHX TEMIIEpaTyp CTPYMOM TEpMOEIEKTPOHHOI eMicil HeXTyBaTH He
MOXKHa.

BaxxmBuM (akTopoM, 10 BU3HAYAE HMOBIPHICTD MPOXOKEHHS Ye-
pe3 noTenmianbHuit Gap’ep, € KoedilieHT nposopocti 6ap’epa. Moro MoxHa
MOJATH TaKOX SK BIJHOIIEHHS IOTOKY YAacTHHOK, L0 NPOHIUIM yepe3
0ap’ep, 10 MOTOKY YAaCTUHOK, 1[0 MIONAJal0Th Ha HOTO.

Ha puc. 9.4, e HaBeleHO MO/IeIIb TYHEJFOBAHHS 3 €JIEKTPOHIB METATY
y BaKyyM Kpi3b TOCTPOKYTHHH NOTEHIIaIbHUI 0ap’ep, 110 YTBOPIOETHCS 32
HasIBHOCTI HaJl MOBEPXHEIO TiJla JIOCUTh BEJIMKOT'O €JIEKTPUYHOIrO Mojsl. Y
LbOMY BHIJIKy TOBILIMHA Oap’epa Oyne 3MEHIITyBaTHCS 31 3pOCTaHHIM Ha-
MIPYTH TIOJIS, @ HOTO MPO30PICTh — 30UIBIIYBATHCS, B PE3yNIbTaTi BUHUKHE
CTPYM TyHeJNbHOI eMicii. TyHeIoBaHHS €JNIEKTPOHIB 3 MeTally 10 BaKyyMy
Ha3MBA€ETHCSl ABTOCJEKTPOHHOK eMiciero. IIpo30picTh MOTEHLiaIEHOTO
Oap’epa Ta TYCTHHY CTPyMYy aBTOEJEKTPOHHOI emicii MOXXHa BH3HAYHTH,
3pOOUBIIN TaKi MPHUITYIICHHS:

1) craH cUCTEMH OIUCYETHCS MOJECIUII0 BUIBHUX EJEKTPOHIB y MO-
TEHI[aNbHIN SMi;

2) Temneparypa emitepa 7= 0 K.

VY upoMy BHUNJIKY 3aJ€XHICTh KoedilieHTa npo3opocti 6ap’epa Bil
eHeprii enekTpoHa F, 1 HaIPYXE€HOCTI MO & Ma€ BUTTIAL:

3
B(E)"

D(Ee,8)~exp —, 9.6.)
eg

Jie B — KOHCTaHTa, 1110 3aJIeXKUTh BiJ] €PEeKTUBHOI MacH.

3aJIeXHICTh TYCTHHH CTPYMY Bijl HAIIPY>KEHOCTI MOJIsl y BUIAAKY HE
JIy’K€ CWJIBHHMX IIOJIB Ta HEBHCOKHX TEMIIEpaTyp, KOJIH CTPYMOM TEepMO-
€JIEKTPOHHOT eMiCil MO)KHA 3HEXTYBATH, OIUCYETHCS CIIBBIIHONICHHSM:!

Jopn~ € €XP _b 9.7)
€

[opisatoroun Bupasu (9.5) i (9.6), BUIHO, IO CTPYM aBTOEIIEKTPOH-
HOi eMicii 3aJIeXHTh Bil HANPYXEHOCTI IOJIS TaK CaMo, SIK CTPYM TEpPMO-
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€JIEKTPOHHOI eMiCii BiJl TeMIIEPaTypH.

Ha puc. 9.4, € 300pakeHO MOJIeJIb TYHEJIFOBAHHS €JICKTPOHIB y CHC-
TeMi METaJ-TOHKUH AienekTpuk-meTan. [loTeHuianbuuii 6ap’ep, CTBOpEHHA
JICIEKTPUKOM, Y MEPIIOMY HAOJMMKEHHI Mae Tpaneienoaiony gpopmy (a-
MaHa KpuBa 1). 3 ypaxyBaHHAM CHJI €JIEKTPUYHOTO 300pakeHHs hopma Io-
TEHIlaIbHOTO Oap’epa ampoKCUMYeThCs mapabosioro (kpusa 2). Ilpukia-
JTaHHS 30BHINIHBOI HANIpyTH 3Mimrye piBeHs @epmi Ha BenmmunHy eU i B CHC-
TeMi BUHHKAE Pe3yNbTYIOUNHA TyHENBbHUH cTpyM (puc. 9.4, €). 3anexHicTh
TYHEJBHOTO CTPYMY BiJ NPHKIAACHOI HANPYTU 3 ypaxyBaHHSM CHII €JIeK-
TPUYHOTO 300pa)KEHHSI Ma€ BUIJISL

Ju = exp(BU =B,U* [ 1-exp(-B,U) ], (9.8)

ne B,,B,,B; — cTam, mo He 3aMekaTh BiJ HaNPYTW i BU3HAYAIOTHCS Iapa-

MeTpamu cuctemu A, Ad,, d.

B oOnacti Manmux Hampyr eKCIOHEHTH y Bupasi (9.7) MoxHa po3-
KiacTy B psia. OOMEXHMBUINCH NMEPIIMMH YWICHAMH PO3KIIaay, OJIepKUMO:

T~ U

TOOTO B 00J7acTi MaluX HAMpPYT 3aJCKHICTh TyHEIBHOTO CTPYMY BiI Ha-
TIPYTH JTiHiHA.

Ha puc. 9.4, o«c HaBeZIeHO MOAENb TYHENIOBAHHS EIEKTPOHIB Kpi3b
TOCTPOKYTHH IIOTEHIIaNbHUI Oap'ep y cuCTeMi MeTaj-HariBIpPOBiJHHUK.
Jiist Takoi MOJIeN TYHEJIbHUN CTPYM OIHCY€EThCS BUPA3OM:

Ly, =1 eXP(—éj, (9.9)

€
ne I' — cTpyM, 10 3aIeXKHUTh BiJl € — €HEPril, 0 3aJIKHOI BiJl IPUKIIAICHOT
Harnpyru, Ta Ey — eHeprii, 1110 3aJIe)KUTh BiJl PIBHS JIETYBaHHS HAIiBIIPOBiJI-
HUKa Ta ePeKTHBHOI MaCH €JICKTPOHIB Y HAIliBIIPOBITHHKY.

TyHenbHUIE cTpyM, M0 BU3HA4YaeThCs BHpa3zoM (9.9), mepeBaxae B
o0macTi HU3BKUX TEMIMEpaTyp. 3 MiJBHIICHHSIM TEeMIEpaTypH 10 HBOTO
Oyze momaBaTHCS CTPYM Haabap’epHOI eMicii.

Cmpymu, oomedxceni 06’emnum 3apsadom. B imeamsHOMY mie-
JIEKTPUKY MPAaKTUYHO BIJICYTHI BUIBHI HOCIT 3apsity, 1 MM BiH Harajaye Ba-
KyyMHHH NpoMikok. ToMy NpOBIZHICTIO TUTIBKOBOTO JieJIEKTpHKa a0 BH-
COKOOMHOTO HAITiBIIPOBIIHMKA MOYKHA KEPYBaTH 1HXKEKTYIOYH B HOTO HOCIT
3apsity. XapakTepHUMH OCOOIUBOCTSME TOHKOIUTIBKOBUX JICICKTPUYHUX 1
BHUCOKOOMHHUX HAIBIPOBITHUKOBUX CTPYKTYP €:

1) BenMyesHa KIUIbKICTh Je(eKTiB, Ha SIKHUX PO3CIIOIOTHCS
IH)KeKTOBaHI HOCIT 3apAy;

2) MOJMJIMBICTH 3axOIUICHHS HOCIiB 3apsiiy NEBHUMH IIEHTpaMHu
3axOIUIEHHS (TACTKaMM), CHEPTeTHYHI PiBHI AKUX po3MillIeHi B 3a00poHeH i
30Hi.
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BrumB 1mx ABoX (akTopiB BU3HAYAE XapaKTep CTPYMONPOXOKEHHS
B PEAILHOMY JIIEJIEKTPHKY.

BaxnuBo mifgKpecnuTy, 1Mo po3CiloBaHHS Ta 3aXOIUICHHsI HOCIIB 3a-
psilly B NPUHIHUII HE € MEPEIIKOO0I0 sl IPOXOPKEHHS Yepe3 JieJIeKTPUK
CTPYMIB BEJIMKOI 'YCTHHHU.

Po3rissHeMO CrHoYaTKy CTPYMOINIPOXOJUKEHHS B JI€JIEKTPHKY, B
SIKOMY He Mae macTok. Pizaums BAX y BakyyMi Ta JieneKTpHKY, IO HE Mi-
CTHTH TACTOK, NMPH OIHAKOBIH TOBIIMHI MIKEIEKTPOAHHOTO MPOMIKKY d
BU3HAYAETHCS PI3HULEIO BigHOIEHb A/d , i A — IOBXHHA BUIBHOTO MPO-

Oiry HociiB 3apsny  (A/d >>1 y Bakyymi ,A/d <<1 y HienekTpuKy).
[MopiBHIOIOUM cepenHi Apei(oBi MIBUAKOCTI y BaKyyMi Ta JeJeKT-
PHKY, OJIEpXKUMO:

— 2 —
Vs = \| U ~U% 00 =p,U =,
m

Uu u
—~=. 9.10
i (9.10)

Toni

cUS Uo US%Z—()/Z}Z 8aKyymy npu GBNU%;

2 —
d d U%3 —0na  Oienlekmpuka npu Vg ~ U%.

3aleXHICTh € 3aKOHOM CTEICHS «TPH JAPYTHX», SIKMH BHU3HAYaE
CTPYM y BakyyMi, oOMexeHHH 00’€MHHUM 3apsioM. 3aleXHICTh BHUpaxae
3akoH Yaiinpaa, 110 XapaKTepU3ye CTPyM iHXKEKTOBaHHMX HOCIiB 3apsny B
JICJIEKTPUKY, SIKUI HE Ma€e MacTok (mpsma Ha puc. 9.6).
BAX y mienexkTpuky 3
MAaCTKaMU CXEMAaTHYHO 300paXKeHO
2/<H Ha puc. 9.6 (xpusa II). Xapaxtep

inl

BAX MOXHa SKICHO HOSCHHTH
-~ tak. Ha xpusiit 11 manpysi U,

j BiJINIOBiZla€ CTaH MdieJCKTPUKA TPH
[MOBHICTIO 3AaIIOBHEHMX 1HXEKTO-

1 BaHMMHU HOCIIMM macTkax. Ilpu
/< I HU3BLKUX HAIpyrax, IO 3a10BOJIb-

gT / wsal0Th  ymoBy U <U, . (06-
g

inG,

niz

Unir U macTh 1 .I.-'Ia kpuBiit II), imxexTo-
BaHi HOCIT 3apsily CHIIBHO 3aXOIl-
JIFOIOTHCS TACTKaMK. B 1[bOMy BH-
naaKy CTpYyM 0OMEKYETHCS
00’€eMHHM 3apsI0M Ha MacTKax i 3
TOYHICTIO JIO CTaJOr0 MHOKHHKA

Puc. 9.6. BAX cTpymiB, oOMexe-
HUX 00’€MHUM 3apsiioM
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30iraeTeses i3 3akoHoM Yaiibaa:

U2
I ~G, 7 (9.11)
3a BUCOKHX HAmpyr, 1o 3a10BoibHs0TE yMmoBy U >>U, =~ (06-

JIaCTh 2 Ha KpuBii 1), MACTKU MOBHICTIO 3aIIOBHEHI 1 BCI 1HXKEKTOBaHI HOCIT
OepyThb ydacTb y GopmyBaHHi cTpymy. [Ipu npomy 00’eMHUIA 3apsi HOCITB
Ha [acTKaX MOXKHA BBa)XKaTH Mi3€pPHO MajHM IOPIBHSHO 3 00’€MHUM 3apsi-
JIOM 1H)KEKTOBaHUX HOCIiB. ToMy CTpyM oOMeXyeThcsi 00’€MHUM 3apsiioM
IH)KEKTOBaHMX HOCIIB 1 TAKOXK 3 TOUHICTIO JI0 CTaJIOT0 MHOXHHUKA 30iraeThest
13 3akoHoM Yaitunpna:
2
I ~G, % 9.12)

VY mepexinHiit o6macTi 3 crioctepiraeTbes pizka 3anexHicTs I(U):

1~U", (9.13)

ne n=3+10 i3anexuTh Bix TTHOWHN 3aJsATaHHS Ta KOHIEHTPAIIii MACTOK.
Pizka 3MiHa cTpyMy B TepexiJHii 00JiacTi MOSICHIOETBCS THUM, LIO
3allOBHEHHS TTaCTOK BiI0YBa€ThCS BiNOBINHO 10 po3nonity Pepmi-Lipaka,
0 Ma€ pi3KO BUPaXCHUH CTyMiHYacCTHH XapakTep. ToMmy mepexin Bim oA-
HAX yMOB  CTPYMOIIPOXO-
JokeHHS (kpuBa 1) mo iHImIMX
(xpuBa 2) TaKOoX
BinOyBaeThcs pisko. [ilicHo, 3
puc. 9.7 BugHO, WO 3a
HEBEJIMKOT 3MIHHM HANpyrd Ha
BenimunHy AU kBasipiBeHb
Depmi 'ry  TIEPEXOOUTH 3
MOJIO’KEHHSI, IO BiJIOBimae
YaCTKOBOMY 3aIIOBHEHHIO
[IaCTOK, B MOJOXeHHS E'f,
npu  SKOMY  HWMOBIPHICTB
3aMOBHEHHS MACTOK EJICKTPO-
HAMH JIOPIBHIOBATUME OJIH-
HMIII, OCKUIBKH KpHBa PO3Mi-
HIYETCSA TIPU I[BOMY BHIIE

Puc. 9.7. DImocTpamist mepexomy mie-

JICKTPHKA 31 CTaHy 3 YacTKOBO 3aIlOB-

HEHUMH MACTKaMH y CTaH 3 TOBHICTIO
3aIIOBHEHUMH TACTKAMH

piBHA MacTok £, .

IIpoxom:keHHs1 rapsiyux eJeKTPOHIB Kpi3b TOHKI MeTaJesi
IiBKA. [l «rapsuuMm» po3yMilOTh €JIEKTPOHH, EHEPTisl IKUX 3HA4YHO IIe-
PEBUIIYE CEPEHIO CHEPril0 PIBHOBAXHUX HOCIIB 3apsay. ExBiBasieHTHa
TeMIlepaTypa TaKMX EJIEKTPOHIB 3HAYHO Olnblla BiJ| TeMIeparypu KpHcC-
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Tasia. [H)KEeKTOBaHI B KpUCTAJ Tapsdi €IEKTPOHU aKTUBHO PO3CIIOIOTHCS Ha
KOJIMBaHHIX IpaTKu, Ne(eKTaXx peaibHOl CTPYKTYpH Tomo. Y pe3yibTaTi
PO3CilOBaHHS rapsyi eleK-

I TPOHH BTPAYAIOTH  CBOIO
160 ") ; CHEprilo i NepexoiiTs y
\ | piBHOBaXKHHUII CTaH.

ko TOBII[HA

19 IUTIBKH, B SKYy IH)KEKTY-
b o IOTBCSI Tapsdi €JIeKTPOHH,

F 3HAYHO MEHIIA BiJ JIOB-

3 JKUHH iX BUIBHOTO TIPO-

20 7 T 4 5 & E eB| Oiry, IpakTHYHO BCi ra-

Puc. 9.8. 3BaleKHICTh [OBKHHM TOTNIH- | PAYl EIEKTPOHU MPOUIYTH
HaHHS HAJUMIIKOBOI €Heprii TrapsdImx Kpisb wniBKy. JloBxkuHa
€JIEKTPOHIB y IIBIIi 30JI0TA BiJl IX MMOBHOT BUILHOTO ppo6ir y rapaaux
eHepri'l' C€JICKTPOHIB 3aJICKUTh B1]]

ix eneprii. Ha puc. 9.8 sik
NPUKIIa] HaBeIEHO EKCIIEPUMEHTANIbHY 3aJIe)KHICTh JOBXKHMHH IOTJIMHAHHS
HAQITUIITKOBOI €HEepTil TrapsunX eNeKTPOHIB y IUTIBI 30JI0Ta BiA iX MOBHOI
eHeprii. JIOBXMHA NOTJIMHAHHA € IUIIXOM, Ha SKOMY CJISKTPOH BTpayae
CBOIO CHEPTilo i cTae piBHOBaXHUM. 3 puc. 9.8 BUIHO, 1110 TOBXUHA IIOTIIHU-
HaHHS 3MEHIIYEThCS 31 3pOCTAHHAM SHEepTil eJIeKTPOHIB.

[HXKeKIi}0 raps4ux eJEeKTPOHIB y TOHKY MeTaleBy IUIBKY MOXHa
3IIMCHUTH Ha OCHOBI TyHeJbHOTO edekty abo edexry IlloTTki, a Takox 3
JUENIEKTPUKA B PEKUMI CTPYMIB, 0OMEXEHUX 00’ €MHUX 3apsiiiB.

Po3mipni epexTr B TOHKHX MiaiBkax. Po3MipHi edexTr — 1ie sBuIIa
B TBEPJAMX TUIaX, IO CIIOCTEPIraloThCsl 32 YMOB, KOJIH PO3MIPH JIOCHIIKY-
BaHOTO 3pa3Ka / MOpIBHSHI 3 OAHIEIO 3 XapaKTEPHUX JOBXKUH — JOBXHUHOIO
BIJIBHOT'O NPOOIry A, JIOBXXHHOIO XBWIII €JIEKTPOHA, NTU(Y3iHHOI TOBXKH-
HOIO L, L, Tomo. Po3pi3HAIOTE KIacHyHi Ta KBAHTOBI pO3MipHi edexTu.

Krnacuuni po3mipHi e()eKTH CIOCTEPIraloThCsl B MOBEIIHIN CTATHY-
HOT eJIEKTPOIIPOBITHOCTI TOHKUX IUTIBOK Ta JIPOTiB, TOBIIMHA d SKUX HOPIiB-
HSHA 3 JIOBKMHOIO BUIBHOTO NpoOiry enekrpodiB. [Ipu 3MeHIIeHHI TOB-
IIMHY IDTIBKM IIMTOMa MpPOBIJHICTE G MOHOTOHHO 3MEHLIYETHCS, 10
3YMOBJIIOETBCS JOJATKOBUM PO3CIFOBAHHSM 3apsjly Ha IIOBEPXHI 3pa3Ka.

BinHOIICHHS MUTOMOI MPOBIMTHOCTI G TOHKOI IUTIBKH 10 MUTOMOIL
MIPOBITHOCTI Gy MACHBHOTO 3pa3Ka OIUCYETHCS 3aJI€KHICTIO:

1
izid(ln—+o,424j. (9.14)
c, 4 d
BennunHa G iCTOTHO 3aJI€XKMTh BiJl XapaKTepy PO3CIIOBaHHS HOCIB
3apsiy Ha TIOBEPXHI.
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Po3pisusitoTe q3epkaibHe Ta Audy3HE PO3CIIOBAHHS HOCITB 3apsay
(puc.9.9,a, 6).

VY 30BHINIHBOMY MarHiTHOMY TOJIi KJIACHYHI PO3MipHi e(eKTH Mo-
KYTh BUHHKATH, KOJIM TOBIIMHA TUIIBKY d TIOpiBHSHA 3 po3Mipamu opOitu D
€JIEKTPOHIB MPOBIJHOCTI y MarHITHOMY M0JIi H, OCKIUJIbKU 3aJIS)KHO Bij 3HA-
YeHHsI HamnpyXeHocTi moyst H niamerp opOiTH MOXe BKiIagaTHcs abo He

&
E =
ARTA

s
\ / \lv.» o
) B
El

i wp vi

HanismpaiE mom

ﬁ"q El i
N o
I'.-ll Elg - - |
H"T F, et=0 K, ebi=Er By T F,
i E, = — &
Tenesryom x 2 )

Puc. 9.9. Mogeni n3epkanshoro (a) i ;mq)yworo (6) po3citoBaHHS €JCK-
TPOHIB Y TOHKHUX IUTIBKaX; CTPHOKONO/IOHE MepeMIllieHHs eIEKTPOHIB Y
MarHiTHOMY TIOJIi TIPH J3€PKaJbHOMY BiJIOMBaHHI IX BiJ| MOBEpxHi (6);
rpadik 3anexHocti 6(H) (2); TUIIBKOBa CTPYKTypa HaIiBIPOBIJHUK-i-
€JIEKTPUK-HAIIBIIPOBIAHUK (0); LTIOCTpaLlisi KBAHTOBUX PO3MIpHHX e(ek-
TiB Y BUIAJKy: PO3MILIEHHS JAUCKPETHUX CHEPreTHYHHUX PIBHIB Y 30HaX
MIPOBIAHOCTI HAMIBIPOBITHUKOBHX IUIiBOK 1pu e U =0 (e), eU < E;-
Ey (x), eU=E>-E; (3)

BKJIaJaTuCs Ha 3pa3Ky. B ocTraHHbOMY BUNaAKy po3MipHi epeKkTH nposBiIs-
FOTHCSl Y BUIJISAII OCHMJIALIN MPOBIAHOCTI B MarHiTHOMY moJi (puc. 9.9, g,
2). Ilpu npoMy elleKTpOHU OyIyThb pyXaTHCs B3JOBX HOBEPXHI 3pa3ka
CTpUOKaMH, TIEPIOTUYHO 3a3HAIOYH J3EPKATHLHOTO BiJIOMBAHHS.

[Tpu cniBBUMIpHOCTI TOBIIMHM IUTIBKH 3 €(EKTUBHOIO JOBXHUHOIO
XBHJII HOCIIB 3apsi/ly CIIOCTEPIraloThCsi KBAaHTOBI po3MipHi edekru. Lli edek-
TH IIOB’s[3aHi 3 TUCKPETHICTIO CKJIAIOBUX EHEPTETUYHOTO CIEKTpa eIeKTPO-
HiB y IUTIBIII B HAOpsAMKY i TOBIIMHU. Y TEPIIOMY HAaONMXKEHHI CHEKTP
€Heprii eJIeKTPOHA BUPAKAETHCS (HOPMYIIOH0:

I12 TEn2

E= ?+k§+k22 ) (9.15)

*

2m

Jie 1 — HaTypalbHUH psjl unceln; m*— eeKTUBHA Maca eleKTpoHa; k,, k. —
3HAYEHHs XBUJILOBOT'O BEKTOPA.
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OyHUM 3 TIPOSIBIB KBAaHTOBHX PO3MIpPHUX €(DEKTIB € pEe30HAHCHE TY-
HEJIIOBAaHHS €JIeKTPOHIB KPi3b TOHKY JI€JIEKTPHYHY ILUTIBKY B CUCTEMI HalliB-
MIPOBIIHUK-J[ICICKTPUK-HAMBIPOBIMHUK (pHC. 9.9, 0).

Cyuinbni Meranesi miaiBku. [TpoBigHicTh MaCMBHOTO MeTally IpoO-
MOPIIiifHA JOBXKHHI BUIBHOTO MPOOIry:

2
enl,
o=

. 9.16
2mu ( )

SIKIIO TOBIIMHA METAJIEBOI IUTIBKU CTAE MOPIBHSHOIO 32 BEIMYMHOIO
3 JIOBXHWHOIO BiIEHOTO TPOOIry, MeXi IUIBKH MMOYHWHAIOTH T'€OMETPHYHO
00MeXyBaTH pPyX €JIEKTPOHIB i, 0TKe, €(pEeKTUBHY JOBXHUHY BITFHOTO TIPO-
oiry.

—_—a——

L]
S =

i

i o

{ i) =1

Puc. 9.10. Po3citoBaHHS! B TOHKMX METaJIEBUX IUTIBKAaX EJIEKTPOHIB, SIKi
pyxaroThes 3 moBepxHi (a) i3 00’ emy (6)

Po3srisineMo miiBKy, ToBmuHa koi d </, (puc. 9.10, a). Y Touui 0

€JIEKTPOHH MMOYMHAIOTH CBIM LIISX, 1 HAPSMKH IX PyXy piBHOMIpHO po3mo-
gineni B miBcdepi. EnexkTpoHH, mo JIETATH Mg KYTOM @ 2 @,

PO3HOBCIOMXKYIOTbCSA Ha BiACTaHb X >/,, a €JEKTPOHH, IO JETATh HiJ Ky-

TOM @< @,, — Ha BiJCTaHb X </, , OCKUIbKHM TOBIIMHA ILUIIBKY MEHIIA Bij

c8
JIOBKMHH BUTFHOTO MPo0iry. MoskHa TOKa3aTH, 10 PyX eIEKTPOHIB y TaKii
wriBLi OyJe XapaKTepU3yBaTHCs IEIKOK CEpPeIHbOI0 e(EKTHBHOIO JOBXH-
HOIO BUJILHOTO TIPOOITY, SIKa JOPiBHIOE:

/
L,=d|1+In=|. 9.17
e d ( )
[MigcraBnsrouu 1eit Bupas y (9.16), onepxyemo:
2
] (l+lnl—“). (9.18)
2 mo d

3BHYal{HO IMPOBIIHICTH TOHKOI IUTIBKM IOPIBHIOIOTH 3 MPOBIIHICTIO
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MaCHBHOI'O METaJy BUKOPUCTOBYIOUH BiTHOIICHHSI:

%:i[uznl—ﬂj. (9.19)
I d

(e

3

Heo0xigHO Bi3HAYXTH, IO MPH BUBEICHHI (9.5) MpHUITyCKaIoCh, 1Mo
€JIEKTPOHU PO3CIIOIOTHCS JIMIIE Ha MOBEpXHi IIiBKU. Hacnpasai pyx enek-
TPOHIB Y TOHKUX ILTIBKax 3HA4YHO CKJaJHImMHA. Po3citoBaHHS BinOyBaeThCs
BHACJIJIOK CHIBYAapiB HE TUIBKU 3 TIOBEPXHEIO IUTIBKH, ajie 1 3 IHIIMMU Yac-
tuakamu. Ha puc. 9.10, 6 11e moka3aHO TUM, IO €JIEKTPOH MTOYUHAE CBil
PYyX HE BiJ MMOBEpPXHI IUTIBKH, a Bi Aeskol Touku 0, po3MilIeHOT BCepearHi
IUTIBKH. SIKIIO BpaxyBaTH B3a€MOJIIO €IEKTPOHA 3 IHIIUMHU YaCTHHKaMH, TO
cepeIHs AOBXKHMHA BUTFHOTO MPOOITY I1Ie Oibllle 3MEHIITYEThCA. Take yTod-
HEHHS KapTUHH NPU3BOIUTH 1 MO yTO4HEHHS BHpasy (9.19). JIns ToBCTHX

IUTIBOK:
1

G, 3d)
x| 1+=— .
c 81

6

(9.20)
Ie#t Bupa3 iHomi Ha3uBaTh Qopmynor Hopareiima. Jlns TOHKUX

. d
IUTBOK | — <1

6

S AL 49351t ). 9.21)
c 3d d

. d .
JIst ny>xe TOHKUX IJIIBOK 7 << 1| ueit BUpa3 crpoIyeTses:
8

c 4
w6 9.22
3 ( )

l@
c /
dlin ( % )

Haseneni Bupasu ojiepikati 6e3 ypaxyBaHHS TOTO, 10 YaCTHHA €JIeK-
TPOHIB MOXeE I3epKalibHO BimOuBaTucs moBepxHet. OMHAK ypaxyBaHHS
JI3EPKANBLHOCTI BHOCHUTD JIMIIIE HE3HAYHY MOMPABKY B HABEJCHI BUpasu, i
ToMy cmiBBigHOMmEHHS (9.19)—(9.22) npunatHi AN MPaKTHYHUX PO3pPaxyH-
KiB.

Hanisnpoinankosi mriBku. Ha npoBiiHICTh HATIBIPOBITHUKOBUX
IUTIBOK ICTOTHO BIUIMBAIOTH SBUINA NEPEHECEHHS MOOIU3Y MOBEPXHI ILTIBOK.
Oco0JIMBO CHJILHO BOHH BIUIMBAIOTh HA MPOBIMHICTH IUTIBOK 3aBTOBIIKH 10

1 MKM TIpu KOHIIEHTpamii 10 10" cM - . lle mosicHIOETbCS TUM, 1110 TIPU IIPO-
XOJ/DKEHHI CTpyMy 4Yepe3 TOHKHMH 3pa30K HOCIT PO3CIIOIOTBCS HE JIMIIE B
00’emi, ane i Ha NMOBEpPXHI, 3aBIsSKH YOMY e(EeKTHBHA PYXJIUBICTH IX CTa€E
MeHIIo Bix 00’emHoi. Lle nposBisieTbess K po3MipHHH e(eKT MpoBija-
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HOCTI, QHAJIOTIYHUI PO3IISIHYTUM PO3MIPHUM e(eKTaM y METaJeBHX ILTiB-
Kax. AHaji3 po3MipHUX €(EeKTiB Y HaMiBIPOBIIHMKAX MPOBOAUTHCS JELIO
iHaKIIe, HDK Yy MeTajax, BHACIIJOK BHHUKHEHHS HOBOI OCOOJIMBOCTI, 3y-
MOBJICHOI HAasIBHICTIO IIPUITIOBEPXHEBOTO POCTOPOBOTO 3apsiy.

3au1s1 NPOCTOTH Oy/IEeMO PO3TJIsIIATH JIMIIEe HEBUPODKEHI HaIliBIpO-
BimHMKH. Hexail icHye TOHKa IUTIBKA, TOBIMHA SKOT CIIIBBUMIpHA 3 JIOBXKH-
HOIO BUTBHOTO TPOOiry HociiB. bymemo BBaxkaTu, mi0 eHepreTHYHI 30HU HE
MAarOTh BUKPHBIICHb JI0 CaMoOi ITOBEPXHi, a KOHLIEHTpALis eJISKTPOHIB OJIHO-
piaHa y BChOMY 3pa3Ky i JOPIBHIOE KOHIIEHTPAIIii eIEKTPOHIB Y MACHBHOMY
3pasky. s BpaxyBaHHSI NOBEPXHEBOI PYXJIMBOCTI BBEIEMO CepelHiil yac
MIX 3ITKHEHHSIMHU T,, 32 QHAJIOTI€IO 3 YAaCOM pellaKcallii, SIKUH XapaKkTepu3ye
po3ciroBanHs B 00’eMi 7,. I[lpumycTumo, mo mpollecH Ha TOBEpXHI i B
00’eMi BiOyBarOThCs HezanexkHo (amutuBHi). Tomi cepeHiil yac penakca-
i1 B TOHKIN IUIIBII:

1 1 1
—=—d4— (9.23)
T T, T,

BennuuHy T, MOXXHA OLIHUTH SK BIJHOIICHHS CEPEIHBOI BiJICTaHI
HOCITB BiJl HOBEPXHI X JI0 CEpeHbOI MIBUAKOCTI v, B3JOBX HOpMaJi 10 I0-
BEpPXHI:

X x
T, =—=—1,=E&1,. (9.24)
v !
ge [=t,0, — cepenHsa JIOBXUHA BIIbHOrO Ipodiry B 00’emi. CepenHs
PYXJIUBICTh HOCIiB y ILTIBIIl 3a aHAJOTI€0 3 BIOIOBITHHM BHPA3OM IS
00’€MHOT PYXJIMBOCTI BU3HAYAETHCS CITIBBIIHOIICHHSM:!

po= (9.25)
m

[MigcraBusmm (9.23) i (9.24) B (9.25), onepxkumo:
Hy (9.26)

Mm =T 4/
1+y
g

3BiIKM BHIHO, IO PYXJIMBICTH Y IUTIBI 30UTBITY€ETHCS 31 301TBIICHHSM TOB-
IIMHY TUTiBKH, HAOIMKAIOYUCh ITpH & >> 1 110 00°€eMHOT pyXIIHBOCTI LL,.

Crtporo Kaxy4w, cimiBBimHOMmEHHS (9.26) cnpaBeaiiBe JINIIE, KOJIH
TOBIIMHA TUTIBKM MEHIIA B HOBXUHH J[ebast. Y TOBCTHX IUIIBKAaX MPOIECH
NEPEHECEHHs] BU3HAYAIOTHCS e(eKTaMH, 3yMOBICHUMH HAsBHICTIO MPHIIO-
BEPXHEBOI'O IIPOCTOPOBOTO 3apsiAy.

HienexTpuyHi miiBKu. 3a HOPMAILHUX TEMIICPATYP KOHICHTPAILIis
BIJIBHUX HOCITB B JlieJISKTPUKaxX HE3HAUHA, 1 MPOBIAHICTD, 110 BU3HAYAETHCS
HUMH, Mi3epHO Maiyia. [IpOBIIHICTE TOHKHX JIENEKTPUYHHMX ILTIBOK MOXE
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OyTn 3HauHO 30LNbIIEHAa 3a paxyHOK IHXKEKLii B HUX HOCIiB 3apsingy 3
KOHTAaKTiB. SIKIIO TUIIBKA JOCUTh TOHKA, TO OCHOBHY pOJIb Y IpoIecax, Mo
BU3HAYAIOTh CJICKTPOIPOBIIHICTh, BIAIrPAIOTh SBUIIIA HA MEXKIi 3 METAJICBUM
eNeKTPOoAoM (TyHenbHUH edekT 1 Hajgbap’epHa eMicisl). Y 1IbOMY BHIIAJIKY
TOBOPSATh MPO CTPYMH, OOMEKEHI IHXKCKIi€r0. Y IMX IUIIBKAX CUJIbHUN
BIUIMB Ha TPOXO/DKEHHsI HOCIIB 3apsay MaloTh HpolecH B 00’eMi camoi
TUTiBKH, IO MICTUTh 3HAYHY KUTBKICTh Ne(EKTiB Ta JOMIIIOK, Ha SKUX Bif-
OyBa€eTbCsl PO3CIIOBaHHS IH)KEKTOBAaHUX HOCIIB. [H)KeKTOBaHI HOCIT MOXYTh
3aXOIUTIOBATUCS TACTKAMHM, PO3MIIIEHNMH B 3a00pOHEHill 30HiI, a BixTak
YTBOPIOBATH HEPYXOMHU MPOCTOPOBUIL 3aps i He OpaTH ydacTi y cTpyMi.
[poBinHICTH BU3HAYAETHCA JIMIIE IH)KEKTOBAaHHMH HOCISIMH, IO HE 3aXOI-
neHi nactkamu. Li HociT Tak0Xk CTBOPIOIOTH IIPOCTOPOBHIA 3apsi.

3aKOHOMIPHOCTI MPOXOJKEHHS CTPYMY 4epe3 Taki IUTIBKM BH3HAYa-
I0ThCSI HEPYXOMHUM MPOCTOPOBHM 3apsiiOM 1 MPOCTOPOBUM 3apsiJiOM BiJlb-
HUX HOCIiB, TOMY TOBOPSITh IIPO CTPYMHU, OOMEKEHI IPOCTOPOBHUM 3apsi/IOM.

Po3risiHeMO 3 SIKICHOTO OOKY BOJBT-aMIIEPHY XapaKTEPUCTHUKY ie-
JIEKTPUYHOI IUTIBKHM, PO3TAIIOBaHOI MiX JIBOMa METAJIEBUMHU €JEKTPOJaMHU
(puc. 9.11). IlpunycTumMo crovaTky, IO JIENEKTPHK iJeajbHUI, TOOTO B
HBOMY HeMae Hi IedeKTiB, Hi BUIBHUX HOCIIB 3apanqy. Bcei imxexToBaHi Ka-
TOJIOM EJIEKTPOHHU 3aJUIIAIOTHCS BUTBHUMHE, MICTATBHCS B 30HI IPOBITHOCTI 1
OepyTh y4acTb y MpoOBinHOCTI. ['YCTHHY CTpyMy MOXKHa HAIlMCaTH y BHI-
TSI

| L |

- 9.27)

+| me p — cepenHs T'YCTHHA iH-
JKEKTOBAHOTO 3apsay; U — ce-
pemHst npeiidoBa MIBHUAKICTH

A enexkTpoHa, O — TIOBHHH iH-
Puc. 9.11. Po3noain iHXXEKTOBaHUX JKCKTOBAHHUM 3apsAJl MUK KaToO-
€JIEKTPOHIB Y HIEIEKTPUIHIN IIIiBII A0M 1 aHOAOM, 11O MpuIanae

Ha oJuHHIIO oyl Q =pL, ¢
— yac npo0iry BUILHOTO €JIeKTPOHa BiJ Karoja /10 aHoJa:

t==, (9.28)

ne L — BimcTaHb MIX KaTOZOM 1 aHOIOM.

Jlyist BU3HaYeHHS BOJBT-aMIIEPHOI XapaKTEPUCTHKN HEOOXiIHO BcTa-
HOBHTH 3B’s30K BenmunH () abo ¢ 3 mpuKiIaneHoto Hampyroto U. Po3ris-
HEMO CIIOYATKy BENUUUHY Q.

CrpykTypa, HaBeZieHa Ha puc. 9.11, Haraaye MIOCKUA KOHAEHCATOP.
€MHICTh Takoro KOHJAEHCATOpa TNpPH OJUHWYHIN IUION  IUIACTHH
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C, =¢g,/L, azapsn O=C,U. Po3risiHyTHI BUIIAJIOK BiJPI3HSETHCS THM,

0 KaToJ iHKEKTYe 3apsi, HEPIBHOMIPHO PO3MOMIICHHH B Mi€IEKTPHKY.
Binmpia gacTiHA eJIEKTPOHIB MICTHTHCA MOONM3y katoma puc. 9.11). Tomy
CepelIHs BiJCTaHb 1H)KEKTOBAHOTO 3apsLy Bijl aHOJA NEPEBULIUTD BEITMYHHY
L/2, onmHak 3aNHIIMTHCS MEHIIO BiJ L-TpaHWYHOI BiAcTaHi, o0 BiIMOBI-
JTa€ TIOBHIH BIJICYTHOCTI IHXKEKIii. BiAMOBIIHO 1O IBOTO €MHICTH PO3TJIS-
HyTol cTpykTypu C He Oyne HOpIBHIOBATH €MHOCTI INIOCKOTO KOHJCHCA-
Topa, a Oyzne nexatu B Mexkax C, < C < 2C,. OCKinbKH iaeTbes Ipo AKICHY
OLIIHKY, MO>KHa 3aIUCaTH:
€,€
0=CU=">U.
L
Bpaxosyrouu (9.27) i (9.28), onepxumo:
. C,oU  ge0U?
L r
Bzaemonis npeiihyrounx y NpUKIagCHOMY €JIEKTPHYHOMY IO
CJICKTPOHIB 3 TEIUIOBUMH KOJIMBAaHHSAM IDATKH NMPU3BOAWUTH O TOTO, IO
nIpetidoBa IMBUAKICTE 1 4ac MPoOIry OyAyTh MPOIOPIiHI HANPYKEHOCTI
TIOJIS:

(9.29)

u., _r
v=pE=p—t=—:. 9.30
ME =p— U (9.30)
[MigcraBnsroun ne B (9.29), ogepkUMO BOIBT-aMIIEPHY XapaKTepHC-
THKY:
2

j :808”,7. (931)

HeoOxinHO BiA3HA4YMTH, L0 OJEpP)KAaHWN BUpa3 BU3HAYAE MAaKCH-
MaJIbHUH CTpPYM, SIKHH MOXXE€ TPOXOJAWUTH 4epe3 IeNIeKTPUK NpH 3aJaHii
BiJICTaHI Mi>K KaTOJIOM i aHOJIOM. 3aJIe)KHICTh BUpaXkae 3akoH Yaitnpaa, mo
XapakTepu3ye CTPYM iH)KEKTOBAHUX HOCIIB 3apsaay B IIiEIEKTPUKY Oe3 mac-
TOK.

SKmo B AieNeKTpUKY iCHYe JIeska KOHIICHTpALis BUTPHHUX E€JIEKTPO-
HIB 7, Ki BUHUKJIM B Pe3yJbTaTi TepMOreHepallii, To Ipy MajauxX Hanpyrax

en,uU

Oyne BUKOHyBaTHCs 3aKk0oH OMa j = , BIIXWIJIEHD BIJ IKOIO HE BUHH-

Kae, TIOKHA CepelHs KOHICHTpAIis IHKEKTOBAaHHX BITHHHAX CIEKTPOHIB HE
3pIBHAETBCS 3 KOHIIEHTpALIEIO 715, TOOTO TMOKH 3apsi)] HEPiBHOBAXHUX 1H-
xekroBaHUX HOciiB Q0 = CU He nopiBHIOBaTUME 3apsjy HEWTpasli30BaHUX

en
BJIaCHHUX HOCIiB :TO. 3a UX yMOB MOXKHa BM3HAUWUTH Hampyry U,
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IpY SIKi IOYMHAETHCS Mepexif BiJ 3akoHy OMa 10 KBaJpaTHYHOTO 3aKOHY:
€€

qnoL = Q = CU}(]} ~ T Kkp*® (9'32)
. en, [’ . .
3Bixcn maemo U, = IlincraBnstoun 1eit Bupaz y (9.29),
€€

OJICP)KYEMO 4Yac MPOJITAHHS EJICKTPOHIB MK KaTOJOM 1 aHOJOM IMpH il
2

. €€ L
Hampysi ¢ = U :%UW. OTxe, KOHLEHTpAllisi IH)XXEKTOBaHMX He-

Kp

PIBHOB2XXHHX EJICKTPOHIB MOYHHAE MEPEBAXAaTHU HAJ] KOHICHTPALIEID Tep-
MI4HO 30y/PKEHUX, KOJIM Yac NPOJITAHHS MEPIINX CTAE, TAKUM, IKUH JOPiB-
HIOE 4acy JieJIeKTPHIHOI
penakcartii.

OTxe, BOJBT-aM-
MepHa  XapaKTepHCTHKA
Oyne miHIHHOIO OO Ha-
npyru U,,, a npu Hampy-
rax, oumpmux U, Oyne
OIUCYBATHUCS KBaJI-
paTHYHUM 3aKOHOM (pHcC.
9.12, ninii i 2).

VY peansHOMY Tie-
JIEKTPUKY ICHY€ BeJIHKa
& KOHIICHTpAIisl TePeKTiB i
JIOMIIIOK, SIK MOXYTh
Puc. 9.12. BAX CprMiB, 00MEXKEHUX BHUKOHYBATH POJIb ITACTOK

NPOCTOPOBUM 3apA0M 3axXOIUICHHS. 3axOIUIeHi
MacTKaMH E€JIEKTPOHU He
OepyTh yuacTi B NEpEHECEHHI CTpyMy, TOMY CTPYM, IO NPOXOIUTH Yepes3
IUTiBKY, OyJle MEHIINM, HiK BU3HaueHHH 31 cniBBigHoweHHs (9.31). Onqnak
BiH TakoX OyAe OINUCYBaTHCS KBaJApaTHYHUM 3aKOHOM j, =aj,,a <1

J

(xpuBa 3 Ha puc. 9.12). [Ipu Hanpy3i U; macTku 3alIOBHIOIOTHCS TTOBHICTIO,
CTPYM pI3KO 3pOCTa€e Ta 3MiHIOEThCA 3a 3akoHOM (9.31). Bombpr-ammepHa
XapakTepUCTHKa HaOHpae BUTIAAY, 300pakeHOTo TpyOOrO IiHI€I0 Ha
puc. 9.12.

Pi3ke 3pocTaHHs CTPYMy MOKHA OIUCATH 3ajexHicTio J~U" | ne n =
3-10 i 3aneKUTH BiJ MIIMOWHY 3aJIATaHHS Ta KOHIEHTPALiT TacTOK.

Taxe 3pocTaHHs MOXKHA ITOSICHUTH THM, 1110 3aIIOBHEHHS MACTOK Bij-
OyBaeThes 3rijHo 3 po3noainom Depmi-Jlipaka, 0 Mae Pi3KO BUPAKCHUH
CTYIIHYACTHI XapaKkTep.
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Ciiy BiJ3HAYMTH, 10 B PO3MJSIHYTOMY BUIIAJKy BPaxOBYBaJHCh
JIMIIE eNIeKTPOHH, 1HXKeKToBaHI 3 katoja. CTpyMH, 3yMOBIIEHI 1HXXEKII€IO
HOCIIB JIMIIE OJHOTO 3HaKa, HA3UBAIOTHCS CTPyMaMH MOHOMNOJISPHOI iH-
JKEKLiT.

Y psai BUNAIKIB y HAMIBIPOBIAHMKAX 1 Ji€NEKTPHUKAX 1HXKEKIis
MOJKe BiIOYBAaTHCS OJJHOYACHO 3 JIBOX CJICKTPOJIIB — CJICKTPOHIB 3 KaTo/a Ta
JUpOK 3 aHoza. Y TakmX BHUMAAKAX WAEThCS MPO CTPYMH MOIBIHHOI iHXKEK-
mii. [Ipy meBHUX CHiBBIZHOIICHHSIX MiXK 9acOM JKUTTS €JIEKTPOHIB 1 MipoK,
OJTHOYACHO 1H)KEKTOBAaHMX Y IUTIBKY, Ha BOJIbT-aMIIEpHIH XapaKTEPUCTHII
MOJKJIMBE BUHUKHECHHS JUISTHKH 3 Bil’€MHUAM ITU(PEPEHIIIHHIM OITOPOM.

IlniBkoBi akTHBHI eleMeHTH. Ha choro/HI HE CTBOpEHI IUTIBKOBI
aKTHBHI €JEeMEHTH, TapaMeTpH SKAX MOXXHA TOPIBHATH 3 OINOJSIPHUMH,
M/III- Ta moNbOBMMH TpaH3UCTOPaMH, BUTOTOBJICHUMH Ha OCHOBI MOHO-
KPHUCTAJIIYHUX MaTepiajiiB KpEeMHilo, repMmaHito Tomo. ToMy IUIBKOBI ak-
TUBHI €JIEMEHTH HE 3HAMIIIN 3aCTOCYBaHHSI.

PosrisHeMo, sIK MpHKIIa, TPUHLUI POOOTH NESKHX IUIIBKOBHUX aK-
THBHUX CJICMCHTIB,

Mioou 3 pezonancnum mynenrogauuam (puc. 9.9, 0). Y TOHKUX Ha-
MIBIPOBIHUKOBUX IUTIBKAX MPH MaJIMX KOHIICHTPALIAX HOCIIB 3apsty 3ace-
JISFOTHCS JIAIIE HIDKHI PiBHI 30HH MPOBITHOCTI. 3a BIICYTHOCTI 30BHIIIHBOL
HaTpyTH IOUCKPETHI PiBHI B 30HaX MPOBITHOCTI HAMiBIPOBITHUKOBHX IDTi-
BOK 30iratotecst (puc. 9.9, e). SIkmo mpukiazeHa Hampyra Taka, mo el
BHSBIISIETHCS. MEHIIIUM BiJl PI3HHUII €Heprii apy-
roro Ta Tpersoro piBHiB E, — E; (puc. 9.9, ¢), T

1 CTPyM Uepe3 CHCTeMy IpPOXOAUTU He Oyne,
e — ’{ i OCKUTBKH TIPH TaKOMY pPO3MIIlIEHHI piBHIB TyHe-
AR 3 JIIOBAHHS HEMOXJIMBE. TYyHENbHUH CTpyM BUHH-

Ka€ B MOMEHT, KOJM NPHKJIaJeHa Harpyra 3a1o0-
BonbHAE yMOBY eU =E, —E, (puc. 9.9, ac). B

pe3ynbTaTi MpM MOHOTOHHIN 3MiHI Hampyru
CTPYM Y IUTIBKOBIi# cucTeMi Oyie 3MiHHUM.
IIniexosi  eunpocmosysanvhi  Odioou.
SKxmo B IUTIBKOBIH CHCTeMi MeTaj-JieleKpHK-
o o 1 A MeTal OJIH 3 METaJleBuX eHG.KTPOﬂiB BUKOHATH
00101 1.0 10 100 IHXKEKTYIOUHUM, 1HIIMM — HEIHXKEKTYIOUMM, TO
Puc. 9.13. Cratnu- | cucremMa mnpamoBaTHME SK BHIPOCTOBYBAJIBHA.
Ha BAX nioma Ha Ha puc. 9.13 HaBeneHO mpsiMy Ta 3BOPOTHY TiIKY
ocHoBi In-Cd-Te | BAX pmioga Ha ocHoBi In-CdS-Te. 3 pucynka
(mpsMe  3MillEHHS; BUJIHO, 1[0 KOCQIIi€EHT BUIPOCTOBYBAHHS 1074,
3BOPOTHE 3MillleH- [0 BU3HAYAETHCS SK BIIHOIICHHS MPSMOTO
H31) CTPYMy /10 3BOPOTHOTO, MO3Ke gocsrati 107,

10
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CyTTEBMMH HEIOJIIKAMHM BHUIPOCTOBYBAJIBHUX MIONIB € 3HA4YHE Ia-
JUHHS HAlPYyTH [IPY MPSIMOMY 3MIllleHH], Maja HOTY)XHICTb TOIIO.

IIniexoei mpanzucmopu na 2apauux erexkmponax. Ha puc. 9.14, a
HABEJICHO MOJIEJb IUTIBKOBOIO TPAH3UCTOPA, a Ha puc. 9.14, 6 — iioro eHep-
TeTHUYHY JiarpaMmy B PiBHOBa)XHOMY cTaHi. [IpuHIMIIN pOoOOTH IUTIBKOBOTO
Ta OINOJAPHOrO TPAaH3MCTOPIB aHAJOTi4YHi. BiIMiHHICTH IOJISITAaE B TOMY,
IO B IUIIBKOBHX TPAH3HCTOPAaX y MeTaneBy 0a3y iHXEKTYIOThCS OCHOBHI
HOCIi 3apsiay — rapsdi eneKTpoHH. 30yIKSHHS TapsIux eEeKTPOHIB Ta iH-
KEKIis iX y 0a3y TPyHTYIOTBCS Ha Tpoliecax TYHETIOBAHHS EJICKTPOHIB
Kpi3b TOHKHI mieeKTpuK emitepa (puc. 9.14, B), Ha emicii LoTTki (puc.
9.14, 2) Tomo. Y IUIBKOBUX TPaH3UCTOpaX IS 3MCHIICHHS IOTIMHAHHS
IHKEKTOBaHUX EJIEeKTPOHIB ToBmMHA 0a3zu He mepesumye 0,01-0,02 MxwM.
IMpu takiéi Maniii ToBIIMHI 0a3u IUTIBKOBHH TPaH3MCTOP Ma€ IMOTEHLIHHO
kpaui HBY-xapakTepucTHKM MNOPIBHSHO 3 OINMOJSIPHUM TPaH3HCTOPOM,
OJTHaK TEXHOJIOTISI BUTOTOBJICHHS Or0 3HAYHO CKJIA(HIIIA.
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Puc. 9.14. Mozenp IUIIBKOBOIO TPaH3MCTOPA Ha TapsyMX eJIeKTPOHax

(a); eHepreTH4Hi JiarpaMH TpaH3UCTOpa: B PIBHOBaXHOMY cTaHi (60);

IIPY TYHENIOBaHHI eJIEKTPOHIB (6); P Ha0ap epHiii emicii enekTpo-
HiB (2)
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9.4. BHyTpiliHe HANpyKeHHs B IUIIBKaX i NOKPUTTAX

[Iporiec BUTOTOBJICHHS ILTIBOK 1 TIOKPHUTTIB HA TBEPJMX ITiKIaIKAX,
a TaKOXK IMPOIECH MOETHAHHS TBEPIUX TiJ 33 JJOMMOMOI'OI0 PI3HHUX a/Jre3UBiB
(ckieloBaHHS, Naiika, IUIABJICHHS 3 BUKOPHCTaHHSIM €BTEKTHK 1 T. J1.) Cy-
MPOBO/KYETHCS SIK TPABHUJIO, BUHUKHEHHSIM Y TUIIBKaX 1 MiJIKJIagKax a Ta-
KOX B aJre3iiHuUX 11apax BHYTPILIHIX HAPYXEHb SIKI MOXKYTh Pi3KO Iocia-
ONTH MILHICT CHCTEMHM, IIO YTBOPIOETHCS, 3MIHHTH BIACTHBOCTI CaMHX
IUTIBOK, a B P/l BUITAJKIB MPU3BOIUTH IO IX PO3TPICKYBaHHS i po3mapy-
BaHHA. [HKOMM 1€ BiIOyBa€eThCA B IPOLIECI BUTOTOBIICHHS TUIIBKOBUX CTPYK-
Typ, 1 TOAi HEOOXiHA 3MiHA TEXHOJIOTIYHOTO TIPOLECY iX OTPHMaHHS, ajie y
OUTBIIOCTI BHMAJAKIB MPOOJIEMH, TOB'I3aHi 3 iCHYBaHHAM BHYTPIIIHIX Ha-
IPY’KeHb B IUIIBKOBHX Ta IHIIUX CTPYKTypax, MPOSBISIOTECS B OCHOBHOMY
mijg vac excruryararii. OCHOBHUMH IPUYMHAMU BUHUKHEHHS BHYTPILIHIX
HanpyXeHb € 3MiHa 00’€My IUIIBOK NpH iX (opMyBaHHI, BiAMiHHI Koedi-
uient TepmivHoro poswupenHs (KTP) matepiany rumiBku Ta migKiaaky, a
TaKOX PI3HI NapaMeTPU THITY IPATOK IUIIBKHU 1 MAKIAAKUA. Y 3B 3Ky 3 UM
PO3pI3HSIOTH yCa/J0uHI 1 TepMiuHI BHYTPIIIHI HANpPYXEHHs 1 HANpPyXEHHS
HEBI/IIIOBIIHOCTI.

Ycanouni BHyTpimHi Hanmpy:keHHsl. [Ipy BUTOTOBJNEHHI 3 HEMOB-
HICTIO 3aTBEPJLIOro MoJiMepa BiIbHY IUTIBKY 3aBJOBXKU [, 3aBIIMPIIKH
b, 1 3aBTOBIIKHU /. Ilicis MOBHOrO 3aTBEPIiHHA PO3MIPH ILIIBKH 3MiHIO-
FOThCS 1 JOPIBHIOIOTH BiNOBINHO [, b , i . [IniBKa JiHIHHO ycaKy€EThCS:

e = Al Ab Ah
* lo b 0 ho
ne Al=1,—1;Ab=b,—b;Ah=h,—h.

[MpuunHa ycanku IUTIBKM MOXKe OYTH Pi3HOIO: BOHA MOXKE BHHUKATH
BHACJIIZIOK BHUITAPOBYBAaHHS PO3UMHHMKA 3 IUTIBKH, mepediry B Hill peakiil
noJiMepu3alii, yTBOPEHHs HAAMOJICKYIAPHUX CTPyKTyp Tomo. Ilix wac
eKCIUTyaTallii TUTiIBKH yca/Jika MOXKe 3 SBUTHCS BHACTIIOK JECTPYKIII MOJTi-
Mepa, BHUMAPOBYBaHHA IUIACTH(IKATOpa, MOTJIMHAHHS BOJIOTH Ta IHIINX
¢axTopis.

Tenep ysiBEMO co0i, IO TiIBKA-HO BHTOTOBJICHA HE TMOBHICTIO 3a-
TBepJiia IIiBKa 3 po3Mmipamu [, b,, h, HaHeCeHa Ha >KOPCTKY IiIKIaAKy

(9.33)

i MK HUMH BHHHUK MIITHHHA anre3idHuil 3B’sa30k. [Ipm 3aTBepziHHI Takol
IUTIBKU JIMIIE OAWH ii pOo3Mip — TOBIIMHA / MOXE 3MIHIOBATHCS BIUILHO;
JIOBXXMHA 1 INMpPUHA 3MIHIOBATHCS HE MOXYTh, OCKUIBKH IIbOMY Iiepe-
IIKOJDKAE aJre3ilHuil 3B’ 30K 3 MiIKiIaakor. ToMy mig yac ycaaku (3MeH-
LIeHHS 00’€My NpHW 3aTBEPJiHHI) IUTIBKA BHUSBUTHCS PO3TSATHYTOIO B Ha-
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IPSIMKY CBOEI 10BXUHU i IUMPUHA B [,

pasiB. Taky miiBKy MOXHa IPHUPIB-

HSATH J0 TYMOBOI CMYXKH 3 po3Mipamu /, b, po3TArHyTOi 10 po3MipiB

Puc. 9.15. BHyTpilHe HanpyXeHHs B

IUTIBKaX, HAHECCHUX Ha IKOPCTKI Mij-

KIaIKH: a) — cwia F, mo i€ B PO3TsT-

HYTIH TUTIBI, 1 peaKiist makIaaka P; 6) —

elropa BHYTPIIIHIX HANPYXeHb y TUTIBII;

6) — INTOCKUI HATIPY>KEHUH CTaH y IDTiBIIi;
2) — IOTUYHI HaIlpYXEeHHS

Ta by 1 HakieeHoi B

pO3TSTHYTOMY CTaHi Ha
OiIKIAAKy, fAKa  mepe-
HIKO/DKAE 11 CKOPOYEHHIO.
Postsiruyra rmiBka
HAMAraeThCsl CKOPOTHCS 3
CHJIOKO F, sika BPIBHOBaXY-
€TBHCS PEAKINIEI0 TMiIKIaIKN
P (puc. 9.15, a). Cuna F,
I0 MOJICHA HAa IUIONLY
MOMEPEYHOTO nepepizy
mnisku S, =bh, € Hop-

MaJbHUM BHYTPIIOIHIM Ha-
NPYXXEHHSM G, IO Ji€ B
TUTIBIII:

F F

o, =—=—.9.34
"= b 9-34)
Ha puc. 9.15, 6 30-
OpakeHO emopu IHMX Ha-
NpYXKXEeHb Ul HaWIpoCTi-
IOT0 BHUMAJIKY, KOJIU BEJH-
YHHA O, IO TOBIIMHI
IUIIBKM  3QJIMIIAEThCS  He-
3MiHHOIO.
Cdopmorana
TUTiBKA € PO3TATHYTOIO K B
HATIPSIMKY CBO€i IOBXHHU,
Tak 1 mmpuan (puc. 9.15,
6). Take HampyXeHHS Ha-
3UBA€TBCS  IIOCKUM. Y
NPOCTIIIOMY BHIAJAKY JUIs
130TPOMHUX TUTiIBOK
o = O = Oy
Hopwmanbhi  Hampy-
JKEHHS O, SAKI JIFOTh B IIe-
pepizi  IUTIBKH, CTBOPIO-
I0TbCSl JJOTHYHUMH HaIpy-
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KECHHSMHU T, HA 11 Kpasix, 10 MPArHyTh BiIOKPEMHUTH IUTIBKY BiJI ITiKITAKA
(puc. 9.15, 2). Posmonin nux HampyXeHb JOCHTh HEPIBHOMIPHMI: BOHU
JIOCSITAIOTh MAaKCHMMaJIbHOTO 3HAUEHHs 0€3M0CEPEAHBO OIS Kparo MOKPUTTS
i IIBUJIKO CIaJaloTh IMOOJIM3Y IIOTO Kparo, MPOHUKAIOYM Ha TIIMOWHY
MOPSIAKY TOBLIMHU TOKPUTTS. Take HanpyXeHHS BHHUKAE Ha Kpasx
TPILMH, TOAPSIMH Ta IHIIUX IOPYIIEHb IOKPUTTIB, 1 HPHUYUHOIO iX
BiIIapyBaHb BiJl ITiIKIIaIKH.

Sxmo BBaXkaTH, IO ycaaka IUTIBKH, TOOTO ii BiHOCHA medopmariis
€, TIPU3BOUTE TIIBKK 10 il MPY/KHOTO PO3TATYBAHHSA, TO BEIUYHHY BHYT-
PIIIHIX HANPyXeHb Y ILTiBIII MOJKHA pO3paxyBaTH 3a 3aKOHOM ['yka:

l-p’
ne Ey — MOIynb IPYy>KHOCTI; |1 — KoedinieHT [TyaccoHa TuriBKu; 3HAMEHHUK
(1- p ) BpaxoBye To# (hakT, IO IUTIBKA IPH PO3TATYBAHHI CKOPOUYETHCS 110
TOBILUHI.

HacrnipaBai B psiai BUHaiKiB mijg yac (OPMYBaHHS ILTIBOK MOXYTh
nepediraTi peakcaiiiti mpoIecH, Mo TI€ YK HIIOK MipOI 3MEHIIYIOTh
BHYTpIIIHE HampyxXeHHs. ToMmy iX BeJIMYHMHA MOXE BMSBUTHCH MEHIIOIO,
HiXK BU3Ha4eHa 3a Gopmyiio (9.35).

Tepmiuni BHyTpilmHi Hanpy:keHHsi. TepMidyHi HarpyXeHHs BUHH-
KalOTh 3B 53Ky 3 PI3HHUICIO KOSQIIIEHTIB TEPMIYHOTO PO3IIMPEHHS MaTepi-
amiB ToTiBKY 1 migkmaaku. L{i HanmpyXeHHS BHHUKAIOTh y BCIX BHITaIKax,
KOJIM TeMIepaTypa eKCIUTyaTallii IUTIBKOBUX CTPYKTYp BiIpi3HSAETBCS Bif
TeMIepaTypH, Npu SKid BigOyBamocs (GopMyBaHHS IUTIBKM HA ITiIKITAIII.
Jnst KiBKICHOTO OIMCY TEpMIYHHMX HAlpyXXeHb MOXXKHAa BHKOPHCTATH
dopmyny (9.35), BupasuBIIM B Hiil ycaaky uepe3 KoedillieHTH TEpMi4HO
PO3LIMPEHHS TUTIBKH 0,1 TIKIAAKA O,
€, = (ocm —ocn)AT, (9.36)

ye

(&)

6H

(9.35)

ne AT — 3MiHa TeMIiepaTypy CHUCTEMH IUTIBKa-ITiIKJIa/IKa, 110 BUKJIMKAE T10-
ABy BiflHOCHOI Jedopmanii miBku &,.. Ilincrasupimu g,. 3 (9.36) B (9.35),
OTPUMAEMO:
o, —o, AT
c, = % (9.37)
ITpy upoMy HEOOXiJHO HPHUITYCTHTH, IO BCSA ycalaka IPH3BOIHUTH
TIABKH 10 MPYXKHOI nedopmarii IIiBKY, a i MOIyns MpyKHOCTI £y HEe 3Mi-
HIOETBCS 3 TeMIleparyporo. Hacnpapni 3a BUCOKHMX TemIiepatyp y IUTiBKax
MOKE€ PO3BHBATHCS INIACTHYHUN MOTIK IIO NPHU3BOJMTH N0 penakcauii Ha-
npyxeHs. Kpim Toro, 31 3pocTaHHSM TeMIepaTyp MOIYJIb MPY>KHOCTI TUTiB-
K1 (0coOJIMBO TONIMEPHOT) MOXKE CYTTEBO 3MEHIYBaTHCh. ToMy (akTuuHi
HaNpy)XeHHS B IUTIBKaX MOXYTb CYTTEBO BiJIPI3HSATHCS BiJ] IPAaHUYHO MOX-
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JIUBHUX, 00uucieHux 3a popmyioro (9.37).

Hanpy:kenns HeBiamosignocri. [Ipunyctumo, 1o Ha rpanuni Kyoa
KpHCTaJia IUIATHHHU, aTOMU SIKOT 300pakeHi Ha puc. 9.16 OiIMMU Kpy>KKaMH,
3 maponoAiOHOT (ha3u 0CaIKYETHCS ATFOMIHIN.

AToMH aNOMiHIIO (YOpHI KpyX-

@ Kd), SK TPaBWIO, PO3MILIYIOTHCS B 3a-
IIHOJICHHAX MK YOTHpPMa aTOMaMH IUIa-
e tuHU. [Tapamerp HeneopMOBaHOI IpaTKu
3370 amominiio a, = 0,404 ©HM, mapamerp
Tl
=
= & IpaTku miaTuHu dp, = 0,392 am. Posra-
L]
_____ P v . .
LIOBYIOYHCH Ha MOBEPXHI IUIATHHU, TUIiB-
Ka aJIIOMIHII0 «IIPUCTOCOBYETHC» JIO IIIET
G, & A MOBEPXHi, 3MIHIOIOYM TapaMeTpH CBOET

I'paTKM Ha napaMmeTpu marnHu. Ha
puc.9.16  koHTYp  HenepOpMOBaHOI
IPaTKHd aIOMIHII0 ITOKa3aHO INTPUXOM.
Kontyp «mpucrocoBaHoi» IpaTku —
HETIePEPBHOIO JIHI€IO.

OTxe, Tepmii Immapu aloMIHIIO,
BUCAPKCHI Ha TOBEPXHIO IIJIACTHHH, OYy-
JIyTh TPYXHO CTHCHYTI JO CTYIEHS Je-
popmanii gy = (0,404 — 0,392)/0,404 = 0,03. BHacmigok HbOro y HHX

Puc. 9.16. BunukHeHHs
HarnpyXeHOCTeil HeBinmno-
BIIHOCTI B ILIIBI[ ajfo-
MiHII0O (YOPHI KpYXKEUKH),
10 pocTe Ha IraTuHi (01l
KPYKEUKH)

3’SIBJIIIOTBCS. TIPYXKHI HaNPYXXEHHS CTHCKY G, = Zabop 3-10°H/M%, mo
I-p
MaroTh, K 0a4MMO, BIIUyTHI 3HAYCHHSI.

SIkOu mapameTp IpaTku OcaJpKyBaHOTO MaTepiainy OyB MEHIIHWH 3a
rapameTp IpaTky MiJKJIAJAKH, TO TUIiBKa BUSBUIIACS OM PO3TATHYTORO.

VY TakoMy CHJIHO PO3IrHYTOMY CTaHi MOKYTh OYTH TiJIBKH IUTiBKH 3
JTy’Ke Majoro TOBIIMHOIO. [lounHatoun 3 AESKNX TOBIIWH /i, PI3HUX IUIA
PI3HUX IUTIBOK 1 MiIKJIaJ0K, €HEPTeTUYHO BUTIIHIITNM CTa€ BUHUKHEHHS B
HUX IUIACTUYHOTO TOTOKY, 1[0 MPU3BOUTH A0 3HUKHEHHS MPYKHUX HAMpPY-
XKEHb. SIKi JUIA TUTIBOK 3HAYHOI TOBIIMHM HE MOXKYTh NMEPEBHIIYBaTH MEXi
TEKY4OCTi G, MaTepiany ILTiBKH.

3 HaIpy>KEHOCTSMH HEBIJIIOBIIHOCTI JIOBOANUTHCS 3yCTpiUaTHCS MPU
OTpMMaHHI OKCH/IHUX IUIIBOK Ha MeTanax i HaliBIIPOBIIHUKAX, ITPU BUPO-
I[YBaHHI €MITaKCIHHMX ImapiB TOmO. Tak. JUis OpPI€HTOBAHOTO BHUPOIILY-
BaHHS IUIIBOK Ha MOHOKPHMCTAJIYHMX MiJKJIaJKaX HeoOXijHO, o0 mapa-
METp I'PaTKH MOHOKpHCTAJIA IiIKJIaJKH He BiPi3HABCS BiJl mapamerpa Ipat-
KU MaTepiaiy IUIiBKY Okl Hixk Ha 15%.

OpmHak B IUTIBKax 1 MOKPHUTTSAX, HAHECCHWX HA >KOPCTKI IiIKIAIKH
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NPaKTHYHO 3aBXIM BHHUKAIOTH BHYTPIIIHI HampyxeHHs. SIK mpukiaj B
Tabn. 9.1 HaBeJEHO OPIEHTOBHHI PIBEHb HAIpyXeHb, SIKUH MOXe (opmy-
BaTHCSl B PI3HOTO THUITy TOHKUX IIapax i MOKPUTTAX. 3 AaHUX Li€l Tabiauii
BUJIHO, L0 B Psi/ii BUNAJKIB PiBEHb BHYTPILIHIX HaNpyXeHb B IUTIBKOBUX
CTPYKTYpax i HOBEPXHEBHX LIIapax MOXKe OYTH Jy>Ke BUCOKHUIL.

Taomums 9.1
OpieHTOBHUI PiBEHb HANPYKEHb

. 2
Jxepeno HanpyXeHb PiBens Hampyxens, H/m

HanpyxeHHs, 1110 BUHUKAIOTh
Y TMIOBEpXHEBHX Iapax KPEMHIFO ITic-

o ; ; ~10°
JIS1 MEXaHIgYHOI 00poOKH (pi3KH, MUTi-
(dyBaHHS, TIOJIPYBaHHS ITACTAMH)
HamnpyxeHHs y miiBKax HaHe-
CEeHHX TEPMIYHHM Ta BaKyyMHHM =10

HaIlWJIECHHIM
HampyxeHHs B MeTaleBHX
TUTiBKaX, HAHECEHNUX Ha YKOPCTKI M-

OOMEKYETBCST MEXKEIO TEKY-
4OCTI IUIIBKU

KJIaJIKH

HanpyxeHHs B IUIiBKax Hi-
KEJIO Ta IHIINX MeTajax, OTPUMaHHX =10
BiJIaIoM

HasiBHICTD B IUTIBKaX 1 MOKPUTTSAX BHYTPIIIHIX HAIPy>KeHb MPU3BO-
JIUTh, B TIEpIIy Yepry, A0 HaKONWYEHHs HaJUIMIIKOBOI BUILHOI €Heprii.
ToMmy B TakMX HOKPHUTTSIX MOXYTh MPUCKOPEHO Iepedirat npouecu audy-
311, CTapiHHS, PEKPUCTAII3aIlil TOMIO, SKi MOXKYTh CYTTEBO 3MIHUTH BHXIi/IHI
BJIACTHBOCTI IUTIBOK, IO pOOUTH 1X HECTaOiTbHUMHU.
KpiM Toro, SIKI0 BHYTPIIIHI HANPY>KEHHS G, BUSBIATHCS BUIUMHU
BiJl MEKi MILIHOCTI IJIiBOK G, TO ITIBKM OydyTh PO3TpicKyBaTHCA ab0 mij
gac ¢popMyBaHHs, a00 miJ yac BUIPoOyBaHHS Y eKcIuryartarii. Tomy ymo-
BOIO JKUTTE3ATHOCTI TUTIBOK NPHU Jii HOPMaJTbHUX BHYTPIITHIX HAIPYXKEHb
€ Taka BUMOra:
6,>0,, (9.38)
BHyTpilIHi Hanpy>XeHHs B IUTIBLI NEPEAAl0ThCs MiIKIa Il yepes J10-
TUYHI HalpyXEHHS, IO Oif0Th MOONHM3Y KpaiB IUTIBKH, B MICISX BUHHK-
HEHHS TPIIIWH, Ha TPAHUILIX BIKOH i CXOAMHOK Ta B iHmHUX aedekrax. Lli
Hanpy>XeHHS BU3HAYAETHCSI CHIIOIO MpYXHOCTI F =0, bh, mo BUHHKaE B
PO3TATHYTI#H IUTIBLI, 1 JUIsl TUTIBKK OJUHUYHOI mmpuHu (b = 1) 3pocTae mnpo-
MOPLIHHO TOBIIYHI IUTIBKY /. JIOTHYHI Hanpy)XeHHS HaMararoThcsi 00ipBaTh
aare3ifiHuid 3B 530K G, 1 BiAIIApYBaTH IUIBKY Bif migknaaku. Jns 3ano6i-
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TaHHsI TAaKOMY BiJIIIApYBaHHIO 1 ISl YTPUMaHHS IUIIBKM Ha MIAKIaL, He-
00X1IHO BUKOHATH YMOBY:

c,>G,, (9.39)

[Mpn minHOMY ajre3iiHOMY 3B’SI3Ky IUIIBKM 3 TiJKIAAKOK 1 JI0-
CTaTHbO BHCOKOMY PpIBHI HaIllpy>KeHb MOXJIMBE pyHHYBaHHS IIPHIIO-
BEPXHEBOI'O MIAPY ITiAKIAJKH.

Toxi miiBKa BiOKPEMIIFOETHCS
pasom i3 mmMm mapom. Taka
1.0 KAPTUHA CIOCTEPIraeThcs yac-
TO TIpH HaHECeHHI 1 Biama-
JIOBaHHI METalleBUX ILTIBOK 3
BHCOKOIO MEXEI0 TeKY4OCTi Ha
MIIKIAJKA  TaKUX  KPUXKHX
MarepiaiiB, SK KpeMHii rep-
MaHiii, CKJI0, Kepamika.
3riiHO 3 TEOpi€0 THUM-
4acoBOI MIIIHOCTI NpU BUTPH-
MYBaHHI Tija IiJ| Hampy)eH-
Enacmurane nokpummsa HAM y HbOMY HAKOIHMYYIOThCS
nepexTH, SKi MPHU3BOLATH B

ar /cp

0,8

20 090

)K()[)Chl?{(.’ ROKpumma

0,6 1

04

0,2 l

~0.3-02) 5, )
! OCTATOYHOMY pE3yJbTaTi [0
YTBOPEHHS TPIILMH KPUTHIHHAX
0 ; . — po3MipiB 1 TOYaTKy cTamii
0 50 100 150 200 %200 MIBUIKOTO pyliHyBaHHs. Take

HakonM4eHHs nedekTiB BinOy-
BA€ThCS, HANpHKIAJ, Migdac
TepMoLMKIItoBaHHs. Kpim Toro,
MOXYTh BHHHUKAaTH JOJaTKOBI

Puc. 9.17. 3anexHicTs MIIIHOCTI ITOJIi-
MEpHUX IUTIBOK Bif 9acy [ii mpukia-
JICHOT HaNIPY>KeHOCTI

BHYTPIIIHI HaNpYy>XEeHHsI 4epe3 HasBHICTh IpaJlicHTa TeMIepaTypy HOOIU3Y
oHOpiHUX o0yacTedt cTpykTypu. HapemnTi, B Takux Marepianax, K MOJi-
MepH, B 001aCTi HU3BKUX TEMIIEPATyp 3pOCTA€ MOMIYJIb MPYXKHOCTI 1 3MEH-
IIYIOTHCS JeOopMamiiiHi BIACTHBOCTI aX J0 1X MEPEeXoay B KPUXKHHA CTaH.
TpuBaxa MiIHICTh MONIIMEPIB G, MOXKE CYTTEBO BiAPI3HATHCA BiJ KO-
POTKOYACHOT MILHOCTI G, BiKe IPU MOPIBHAHO HEBEIHMKiH TpuBanocTi Ail
HampykeHHs. SIK mpukian Ha puc. 9.17 moKa3aHO YacoBY 3MiHY elacTH4-
HOTO 1 )KOPCTKOTO TMOJIIMEPHUX MOKPHUTTIB. 3 puc. 9.17 BumHO, MmO mpu il
HanpyxkeHHs npotsirom 200 roj TpuBana MilHiCTh CTaHOBUTH ~ 0,5, s

JKOPCTKHUX IUNBOK 1 ~(0,1-0,2)c s enacTHYHUX IIiBOK. TOMY BHKO-
0,1-0,2)c, Tomy

HaHHA yMOB (9.38) i (9.39) He MOXe TapaHTyBaTH BEJIHKOI KUTTE3TATHOCTI
TiBOK. Taka KHUTTE3XATHICTh MOXKe OyTH 3a0e3MeueHa JHIle y pa3i BUKO-
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Puc. 9.18. 3anexHicTh MIIIHOCTI

MOJIIMEPHUX IIIIBOK BiJ| IX TOBIIUHHU /1

6, Hfea?
16000 -
12000 1
Enacmuune nokpumms
L]
8000 1
Kopcmxe nokpumma
4000 1
0 T . .
0 0,1 0,2 03 hMm

HAHHS TAKUX BUMOT:
6, >o,,0, >0,.(9.40)
Iie G, — TPUBaJIa MilHICTh
anre3ifHOrO 3B’SI3KY TOK-
PHUTTS 3 TiAKIAAKOIO.

MinHIiCTE  CYTTEBO
3aJIeKUTh BiJl PO3MIpYy BH-
npoOyBaHHUX 3paskiB, 30i-
JIBIIYFOYMCh 31 3MEHIIICH-
HsAM po3mipiB. Ha puc.
9.18 300pakeHO 3aJIeK-
HICTB PO3PHBHOI MIIIHOCTI
Gp ILIBOK i3 KOPCTKOTO Ta
€IACTHYHOTO  TOJIMepiB
BiJ TX TOBIIMHU.

[pu 3MEHIIIeHH]
TOBIIMHHU >KOPCTKUX TLITi-
BOK Bix 150 mo 25 MKM ix
MIIHICTE 3pOcTae MpUOIH-

6’

3HO B 4 pasu. Ha puc. 9.19 HaBeneHO cxeMy, 10 300pakye 3aJeKHICTh PO3-
puBHOi (G ,) i TpuBanoi (G;) MiLHOCTI BiJl TOBIIMHY ILTiBOK /1.

ITpunycrumo,

Cor O T

anr v Pp
Mummesa
N MiyHICTL G
\
\
A

\ Tpusara
N MIYHICHRG ~ G,

~ Buympiume
. HATPYHCERIIAS,,,

0 B TaKUX IUTIBKAxX
CTBOpEHI
HaNpYXXEeHHI O, SKi
HE 3aJIe’KaTh BiJ[ TOB-
IIUHUA  IUIiBOK. Pe-
3ynbTaT Amii  TaKux
Hampy>XeHb Ha IUTi-
BKHA PIi3HOi TOBIIMHH
CYTTEBO BiApI3HA-
eTtbca. [nsa  ToHKHX
IUTIBOK 3aBTOBIIKU /1
< h; (obmacte I)
6, <0,Ta0,, <o,

TOMY Takxi IUTIBKH OY-

MeXaHiuHy CTabiIbHICTD

Puc. 9.19. BriiuB TOBIIMHY IUTIBOK Ha 1X

OyTh HE TUIBKH KO-
pOTKOYAcHO, ane i
TPUBAIIO KHUTTE3/AT-
Humu. Jis  1UTiBOK,

TOBIIWMHA AKHX JIC-
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KHUTh B iHTepBai
Son Fen h, < h < h, (obnacts 1II),
- . Gy MEHIIE G, aje Oiiblle
A il A4 6, Taki TIUIBKH He
Miokaadra OynyTh pyiiHyBaTHCA

a) pu KOPOTKOYaCHUX

Ty T BIUIMBAaX HAMNPYXEHb G,
V aje TOBMHHI pYyHHYyBa-
TUCS TIpH TpUBAIIH il

nux Hanpyxens. Hacam-
KiHellb, IUIIBKA 3aBTOB-
&) mku h>h, (obmacte III)

He OyAyTb BUTPHMYBAaTH

Fo A T4 | HaBITh KOPOTKOYACHOTO

HanpyXeHHA G, 3BiacH

BUILIHBAE BaYKJIUBHI

BUCHOBOK: Y BCIX BHIAJ-

@/ KaX, KOJH L€ MOXIHUBO,

Puc. 9.20. Burmn migkmamok min gi€o | cmifg KOPHCTYBaTHUCS
BHYTPIIIHIX HANpPYXEHb: @ — BHYTPIIIHI | IUIIBKAMHU SKOMOTa MEH-

Hanpy)XeHHA TPHUKIaJCHI HECUMETPUYHO | mmMxX ToBumMH. lle Tum
BIZTHOCHO CEpPEIHBOTO Tepepi3y MIJKIAAKH | Oulbllle BaXIMBO, OC-

AA; 6 — BUTMH MiIKJIAJKK i €0 HANPY- | KiJIbKH PiBEHb JOTHYHHX
KEHb pO3TATY Yy IUIBLI; 6 — BHUIMH | HamNpYXeHb O, SIKi JIOTh
ITIKIIaJIKH M1 €10 Halpy>KEHHS CTHCKY B Ha Kpasx IUTiBKH, B MicC-

ILTIBL IIX TOAPANUH, TPIIAH

Ta iHOWMX Je]eKTiB, BH-
3Ha4yaeThCs cwiow F =g, S, ~ o, /h, NpONOPUiHOI 1O TOBIIMHH IUTIBKH
h. ToMy HaBiTh IIpU G,, = const BeIUMYMHA JOTUYHUX HAIPYXKEHb Gy, , AKi

HaMararoThCs pO3ipBaTH anre3iffHWi 3B'S30K 1 BIAMIIMTH IUTIBKY Bif
MAKIAIKH, OyIe 3pocTaTh 3i 301IBIICHHM /1.

3HaYHU{ BIUIMB HAa HAAIHHICTH IUTIBOK 1 IOKPUTTIB MOXXYTH NaBaTH
NPOLIECH CTapiHHS, SIKi CYNPOBOKYIOThCS, SIK MPABUIIO, IOMITHOIO 3MIHOIO
BIACTHUBOCTEH IIIBOK — 3MEHIIEHHSM IUIACTUYHOCTI, MIIIHOCTI, 301IbIICH-
HSIM BHYTPIIIHIX HanpyxeHpb Tomo. OcoOnnMBo CHIIbHIN 3MiHI, 1e TPU3BO-
JIUTh YacTO JI0 PO3TPICKYBaHHS, MOXYTh IiJIaBaTHCh IOJIMEpHI Ta iHII
IUTIBKH TP TPUBAJIOMY X 30epiraHHi B aTMOC(EpHUX YMOBaX.

[Tpn HaHeceHHI IUIIBKM, HA OJWH OIK MiJKJIAJAKH OCTaHHS BHSBIIS-
€THCSI HABAHTA)XCHA BHYTPILIHIMU HANPY)KEHHSIMH G, HECHMETPUYHO BiJIHO-
cHO cepenHboro mepepizsy A4 (puc. 9.20, a). Sxmo miakmaaka He Ayxe
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TOBCTA, a PiBeHb HANPYKCHb B IUTIBIl JOCTATHHO BEJIHKHIL i caMa IUTiBKa HE
Iyke TOHKa, TO MijJ Aiero cuwm F =o,S, MHIKIagka MoXe 3a3HaBaTH

MIOMITHOTO, a 1HKOJIM HaJ3BHYAHO BUCOKOTO KOPOOJICHHS, BUTHHAIOUHUCEH B
OiK TUTIBKH, KOJIH B Hilf Ait0Th HampykeHHS po3Tary (puc 9.20, 6), i B mpo-
THJIeXKHHAN OiK, KOJNH BIUTIBII IifOTh HANIPYKEHHS CTUCKY (puc. 9.20, 6).

3 TakUMU BHIaJKaMH JOBOJHUTHCS YaCTO 3yCTpivaTUCS MPH OAHOOI-
YHIi MeTami3amil KepaMivHuX, CKISHAX Ta 1HIIUX IUIAT, IPH OJHOOIYHOMY
HAHECEHHI CHJIbHO HAIlpy)KeHHX 3aXHUCHUX IUTIBOK (ABOOKCHIy KPEMHIIO Ha
KpPEMHIl, 3aXMCHHUX MOJIMEPHUX MOKPUTTIB TOILIO), IPU HECUMETPHUYHOMY
00pOOJICHHIO HAMIBIPOBITHUKOBUX Ta KEPaMIYHUX IUIACTUH, KOJH OJHH OiK
00po0IIsETHCS TPY0O, a 1HIIHMH MiAAETHCS MOJIPYBaHHIO, IPH SKOMY IOLI-
KOJDKEHHMH IIap 3HIMAEThCS IOBHICTIO, NPU BUPOLIYBAaHHI eMiTaKCiHHUX
miapiB i T. 1. KopoOieHHs miar i HamiBIPOBIJHUKOBUX IUIACTUH BEIHKHX
po3MipiB Moxe OyTH HACTIJIBKH CHJIBHHUM, IO HE JIO3BOJISE MPOBOAUTH IIpe-
nu3iiiHi nponecu dotomitorpadii.

KoHTpoabHi nUTAHHS

—_—

OnwuiriTe MeXaHi3MH YTBOPEHHS 3apOIKIB.

2. (ki cragii mpOXOANTH IITiBKA IPU CBOEMY POCTi?

3. Yomy rycTrHa i MIIHICTH IDTIBOK BiIPi3HSAIOTHCA BiJ BiAIIOBITHUX
rapameTpiB KpUcTaiB?

4. Sk BinOYBa€THCS TYHENIOBAHHS €JIEKTPOHIB y TOHKHX IJTiBKax?

5. Slk  mposBiIAOTBCS  pO3MipHI  edekTM B METalliyHHX,
HariBIPOBIHUKOBUX 1 JIIeJIEKTPUYHUX TUTIBKaX?

6. Slxwit mpuHIMI poOOTH MJIIBKOBUX A10/IiB 3 PE30HAHCHUM TYHEIIO-
BaHHSIM, BHIIPOCTOBYBAJILHUX MiOJIIB, TUTIBKOBUX TPAH3UCTOPIB Ha
raps4ux eJeKTpoHax?

7. Sk BHHUKAIOTh TEPMiUHI BHYTPILIHI HATIPY>KEHHS
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10. BIACTUBOCTI ILTIBOK CIIOJIVK A"VBY' OJIEPZKAHUX
METO/IOM I'APSTYOI CTIHKH

10.1. BniinB TeXHOIOTiYHUX (pAKTOPIB BUPOIYBAHHS HA BJIACTHUBOCTI
TUIBOK

BaxuBUMM TEXHOJOTIYHUMH (aKTOpaMH, IO CYTTEBO BILUIMBAIOTH
Ha BJACTHBOCTI TOHKHMX IUIIBOK IPHM BHPOIIYBaHHI iX METOJOM Traps4oi
CTIHKH €: TeMIlepaTypu BHIIApOBYBaHHS Tp, oca/pkeHHS (MiAKIamok) T,
CTiHOK Kamepu ¢ Ta napuiaibHUi THCK Mapy XanbKoreHy Py y 30Hi oca-

JDKeHHsI. PO3IJITHEMO BJIaCTHBOCTI IUIIBOK BHPOLICHHX Ha CBIKHX CKOJaxX
no mwromuHi (111) kpucranie BaF),, 3a mBunkocti pocty ~3,0 um/c. Tos-
LIMHA TUTIBOK 5—12 MKM.

10.1.1. ITniBKkM ceJieHiny CBUHIIO

Ilpun temmneparypax migxnagox 7= 420-560 K, He3amexHO Bij

CKJIa/ly BUXIJHOI IIMXTH, KOHACHCYIOTHCS TUIIBKU TUIBKH SIEKTPOHHOT MPO-
BigHOCTI (pmc. 10.1, a). [ligBumieHHs TemIiepaTypu OCADKCHHA y HBOMY
iHTepBaJIi Belle 0 3MEHIICHHS KOHIIEHTpAIlil eJIeKTPOHIB i 30UTBIICHHS X
pyxmuBocri (puc. 10.1, a). B obonacti 7= 540-580 K BoHHM siBIIsIIOTE 0000
MO3aiyHi KpHUCTaJM 3 BEJIMYMHOI MOHOKPUCTaIIYHHUX (parMeHTiB
(0,7...1,0) cm Ta mamoxyroBumu rpanuisamu 0,8'-1,2'. B obmacti Tj;= 560—
570 K crioctepiraerscs iHBEpCisi TUILY NPOBIJHOCTI 3 €JIEKTPOHHOI Ha Jp-
koBy (puc. 10.1, a). Tlomanpiie miIBUINECHHS TEMIIEPAaTypH KOHJCHCAIIT
MPU3BOINUTH J0 POCTY KOHIEHTpamii MipoK. [Ipu 1boMy MaKCUMaabHUMU
3HAUEHHSIMHM PYXJIMBOCTI HOCIIB XapaKTEepHU3YIOTHCS IUIIBKH, OCA/KEHI B
obmacri inBepcii Ty mposinHOcTi (puc. 10.1, a). Taki 3pa3kud BONOAIIOTH
HE TUTBKHW MiHIMaJbHUMH 3HAYCHHSMH KOHIICHTpAIii HOCIIB 3apsmy, ane i
JIOCUTh BUCOKOIO CTPYKTYPHOIO JIOCKOHAICTIO.

EdexTuBHICTS MHKUBICHHAS M 9ac OCAKEHHS IUTIBOK BiIIIOBiA-
HUMU KOMIIOHCHTAMH BHM3HAYAETHCS TeMmIiepaTypamu (THCKOM) OIaTKO-
Boro jokepena xaibkoreny ( 7y, ) (metany (Tpy)) i ninknanku Ty Tak, wis
ceneniny csuHIo pu 7;=420-560 K, 110 Bianoigae yMoBi Kpucraiizamii
CJICKTPOHHOrO MaTepiaily, Hu3bKi 3HaueHHs Ty, NPAKTHYHO HE BIUIMBAKOTH
Ha 3MiHy KoHIeHTpamii eixexTpoHniB (puc. 10.1,6 — kpusi 1, 2). 3 migsu-
IEeHHSIM 7, s, » IPH MOCTiHHIN TemMIepaTypi KoHAeHcamii 7;; CIOCTepiracThCst
3MEHIICHHS KOHLEHTpALi] eJIEeKTPOHIB, iIHBEpCis 3HaKy MPOBIIHOCTI 3 1- Ha

P-THII 1 TOANIBIINI picT KOHIEHTpauii Aipok. THIl MPOBIIHOCTI 3MIHIOETHCS
IIPY BHCOKUX THCKaX Iapy CeJeHy, JOCTATHIX JUIs KOMIIEHCallil HaTHIIKY
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BIJIBHOI'O CBMHIIIO, SIKUH 3aBX/M € B IUIBKaX. XapaKTEpHUM € Te, [0 YUM
BUILlA TEMIIepaTypa miakiagku 7 B iHTepBaJi OTpUMaHHs IUTiBOK n-PbSe,
TUM MEHIIMH THUCK Tapy CeJeHy NOTPIOHWI JUIsi KOMIEHcalii Ha UKy
Metaiy 1 iuBepcii Tuny nposigHocTi (puc. 10.1, 6). Ilpu Tp=570...620 K,

n, (p) em” w, M/(Brc) n, oM”
2 a 2
1
10" :
. 10
6 P 8 §
4 n P 1 6
2 4
423 473 523 573 623 303 338 373 408 43Ty, K
T, K :
p, e’ b, M'/(B-c) U, M/(Brc)

2'/./_,,./—’—-—.4
- 2,5

]ON\
8 213
6 -

0,5

303 403 503 603 ‘303 338 373 408 443 T, K
Tl’bﬂl];< 6

Puc. 10.1. 3anexHicte koHuUeHTpauii (n, p) i pyxiauBocTi (L) HOCIiB
3apsLy B IUTIBKAX CEJICHILY CBHHLIIO BiJI TeMIlepaTypu:
a—migknanok T (Tz= 823 K, Tc= 863 K);
6 — nopatkoBoro mxepena ceneny T, (Temneparypa migknaaku Tp, K
523 (1), 543 (2), 578 (3); ® — p-tum, ° — n-THN);
B — jojatkoBoro mkepena cBuHlio Tp, (Tp=593 K, Tz=823K,
Tc= 863 K).

SIKi BIATIOBINAIOTH BUPOIIYBAHHIO TUTIBOK p-PbSe, 301MbIICHAS TUCKY MapH
XaJIbKOTeHY OOYMOBITIOE piCT KOHIeHTpaii Aipok (puc. 10.1, 6 — xpusa 3).
Jlnist yMOB BUPOIIYBaHHS IUTiBOK p-PbSe, BHKOPHCTOBYBAIN KOMIICH-
Cyloue JUKEpeJIo i3 eJIeMEHTApPHOTO CBUHIID. 3POCTAHHS HapLiabHOTO THC-
Ky mapu Pb mig yac KOHIEHcallii TUTIBOK YaCTKOBO 3MEHIITY€e KOHIICHTPAIII0
IpOK, a pyximBicTh 3poctae (puc. 10.1, B). Oqnak, npu 77> 590 K 3miHO0O
NapIiajJbHOTO THCKY Iapy CBUHLIO HE BJA€THCS JAOCSITHYTH YMOB iHBepCii
THUITY NPOBIJHOCTI (3 p- Ha n-THI) B IuTiBKax. OnepikaHi pe3ynbTaTu BKazy-
I0Th Ha Te, 10 IPY BUOPAHUX YMOBAX HPOBEACHHS IPOLECY BUPOLIYBAHHS
e(heKTUBHICTH [IiT MApX CBUHI[IO HA CJIEKTPUYHI BIACTUBOCTI IUTIBOK 3HAYHO
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MEHIIIA, HIX MapH CeJICHY.

10.1.2. IIniBKkM Teaypuay CBUHIIO

3arajyibHOK 3aKOHOMIPHICTIO JIJIsI TUTIBOK TEIYPHUY CBHHIIIO € T, 10
opu T, =370-620 K ocamxyeTbcs MaTepian TUIBKH 3 €JIEKTPOHHOIO

npoBigaicTio (puc. 10.2). Lle MoxHa MOsICHUTH 0coOMuBOCTSIMU P-T-x-/iar-
pamu ccucteMu Pb—Te. XapaKTepHOIO OCOOIMBICTIO ISl OCAHKEHUX TLTiBOK
5 € TIOYaTKOBHH picCT
n, cM BM/Be | pyxmmsocri  emekt-
POHIB 3 MiJBUIICH-
13 Ham Tp; (puc. 10.2).

Ile 3ymoBNIEHO OJHO-
YaCHOIO JMi€I0 JBOX
(akTOpiB: 3MCEHIICH-
HIM  KOHIIGHTpAIil
HOCIiB 3apsay 1 mij-
BUILEHHSM  CTPYK-
T TYPHOI JIOCKOHAJIOCTI
KoHJeHcaTty. B me-
kax I;=520-570 K
eMiTaKCifHI  IUIIBKU
SBISIFOTH COO0I0 MO-
3aiYHUM  KpHcTanm 3
BEJIMYNHOI0  MOHO-
KpUCTaTiYHUX (par-
meHTiB (0,5-1,0) c™ i
MaJIOKYyTOBHMHU TIpa-
HULISIMA 0,9-1,5".
IIpu nmx TtexHoIO-
rYHUX YMOBaX KOH-
JEHCAaT Ma€ BHUCOKI
3HAUEHHS  ENEKTPUYHMX mHapametpiB  (kommemtpamis n= 10" cm”,
pyxyuBicTh =34 m°B¢! npu 7=77K). 3MeHIIeHHA CTPYKTYpHOI
JIOCKOHAJIOCT] ILTIBOK Teixypuay cBuHLO npu 77> 570 K npusBoauts 10
XapaKTepHOTO 3MEHIICHHS 3HaYeHb PYXJIMBOCTI (puc. 10.2).

Bimpimr eekTHBHO HiXK iHII TEXHOJOTiIYHI ()aKTOPH Ha TpoIecC Je-
(eKTOYTBOPEHHS B IUTIBKAaX XaJbKOTEHI/IB CBHUHIIO BIUIMBA€ THUCK Iapu
CKJIaJIOBMX KOMMOHEHTIB. Tak, MIiBKH TEJypHIy CBHHIIO n-THITy KOHJCH-
CYIOTBCS NP HU3BKUX THUCKAX TEMypy (JiBi BITKM KPUBHUX), a p-THITY — TIpH
BUIMX TUCKax (1paBi BiTkK kpuBHX) (puc. 10.3). Tuck, npu sikomy mnpoxo-

4 | | | | |
420 470 520 570 620
T, K
Puc. 10.2. 3anexnicte xoHmentpamii n (1) i
pyximBocTi W (2) HOCIIB 3apsity IUTIBOK
TeIypuny  CBHHIIIO Bil  TeMIlEpaTypH
ocamkeHHs T (TeMmepaTypa BHIIapOBYBAaHHS
T = 820 K, Temmniepatypa ctinok T¢ = 850 K,
migkIaaku—ckonu mo (111) BaFs)
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JIUTH 1HBEPCis MPOBITHOCTI, 3aJICKUTH BiJl TEMIIEPATYPH 1 POIY IiIKIa0K.
Ilpu pocuth BUCOKMX THCKaX Fj, KOHLEHTpALis HOCIB 3apsjy 36inbuiy-

. . .. l .
€TbCd BLAIOBLAHO A0 CIIBBLAHOOICHA p ~ PT(/‘; . O,I[HaK 3MlHa THUIIY

NPOBITHOCTI 3 7 Ha p TIPOXOJAUTh NPU TUCKaX F,, , BUIIE po3paxoBaHux. Lle

Te,

MOSICHIOETBCSA THM, IO i3 3POCTaHHSAM TEeMIIEpaTypH, BiAMOBiAHO 10 P-T-x-

n, cM

10

16
104L;/|||| Lo Lo Lo Lo

10 10" 10 10" 10 Pre, - 1333112
Puc. 10.3. 3anexHicTh KOHIIEHTpaIii HOCIIB 3apsy IUTIBOK TEIy-
PHIY CBUHIIIO Bijl MApIiajbHOTO TUCKY TAPH TEIYpY:
1-4 — remneparypa migknanox 7y, K: 673; 573; 633; 613 Bixnosi
JHO (migKiagku: — — — BaF), NaCl)

JiarpaMu, 3MEHIIYEThCS PO3YMHHICTh CBHHITIO B OCHOBHIM MaTpHIli KOH-
neHcaty. [licis mocarHeHs piBHOBard JKepeno Mae ckian Oinst Pb-Hacude-
HOTO Kparo oaH0(a3HO1 001acTi crioiayku. OCKIUIBKH TeMIiepaTypa JKepela
3aBXKAM BUINA BiJl TeMIepaTypd MiIKIaJ0K, OyJe HAJIUIIOK BiILHOTO
CBUHIIO. TOMYy KOHIEHTpalisi eNeKTPOHIB Yy IUIIBKaX Oyae 3aluIIaTHCh
NOCTIMHOK JI0 TUX Mip, IOKKM THCK P, HE CTaHEe HACTLILKM BUCOKHMM, 100

KOMIICHCYBAaTHU HAJJIMIIIOK MCTAJy.

10.1.3. [lniBkM Tes1ypuay oj10Ba

[Ipu mocmimkeHH] emiTaKCifHUX IDIIBOK TENYpUAY OJOBa BCTAHOB-
JICHO NipKOBY IPOBIIHICTh MaTepialy U BCiX BUKOPHUCTOBYBAHHUX TEMIIC-
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3
p, c™m I, MZ/(B'C)
4r 40.12
2
2+ +40.08
e
1010 |1 10.04
420 520 620

T, K
Puc. 10.4. 3anexHicTh KOHICHTpAIi p
(1) 1 pyxsmBocTi p (2) HOciiB 3apsiy Iuti-
BOK TEIypHAy OJIOBa Bil TeMIepaTypu
ocajkeHHst T (TeMmeparypa BHIIApOBY-
BaHHiI Tp= 810 K, temmeparypa criHOK
Tc= 840 K, migxmamku — ckomu (111)
BaF 2)

patypHux PeXKUMIB
BHUPOILLYBaHHSL. Le
MOB’S3aHO i3  TOBHUM
3MIIIEHHIM Ha T-x-

miarpami  Sn-Te  oOmacrti
TOMOTEHHOCTI B CTOPOHY
Tenypy. I3 30imbIIeHHSM
TEMIIEpaTypyd  OCa/HKCHHS
3MEHIIYETHCS  KOHICHTpa-
mist pipok (puc. 10.4). Emi-
TaKCifiHI ITUTIBKH, OAeprkaHi
Py ONTUMAJBHUX TEMIIe-
patypax OCaKEHHS
(Tz=570K) matoth MiHi-
MajbHE 3HAY€HHS KOHIIEH-
Tpamii gipox (~7- 10" CM'3) 1
XapaKTePU3YIOThCS ~ 3HAY-
HUMH PYXJIUBOCTSIMH HOCITB
sapany (0,1 M*B'c”! mpm
300 K). ITigBuimeHHS TeM-

HepaTypu OCaPKEHHS NMPHU3BOJNUTH JI0 IOYATKOBOTO 3POCTAHHS XOJUTIBCHKOT
pyxmmBocti (puc. 10.4 — kpuBa 2). Cinig BiAMITHTH, OI0 Take 3POCTaHHS

PYXJIMBOCTI MOXe OyTH 3B’A3aHHM i3

p, 10" %en” w10, M/(B-c)
40 1 14
30 13
2 A 12
720 820 920
Ty K

Puc. 10.5. 3amexHicTe KOHIEHTpaLii p

(1) i pyximBocti p (2) HOCIiB 3apsny

TUTIBOK TEITyPHIY OJIOBA BiJI TEMIIEPATypH

BUTIAPOBYBaHHS T (Temmepatypa

ocamkenss T; = 610 K, migxmaaku —
ckonu (111) BaF3)

MOKpAIIEHHSIM  CTPYKTYPHOT
JIOCKOHAJIOCTI 3pasKiB.
Hesxe 3MEHIIIEeHS
XOJUTIBCBKOT ~ PYXJIMBOCTI
HociiB  mnpu  Tp>570K

(puc. 104 — xpuBa 2)
BaXXKO ITIOSACHUTH KOHIICHT-
pariitHoro 3aJICHKHICTIO.
Haiibinbm IMOBIPHOO

NPUYUHOIO CIIOCTEPEXYyBa-
HOTO 3MEHIIIEHHs 3HAYEHHS
PYXJIMBOCTI € TOTipIIeHHS
CTPYKTYPHOI JIOCKOHAJIOCTI
TOHKHMX IUTIBOK BHACIIIJIOK
nepeBakaHHs NpoLEeCiB
PEBUMAPOBYBAHHSI.
IlinBuiieHHa  TeM-
nepaTypu BUIIAPOBYBaHHS
HaBakku 1= 710-898 K
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npu mocTiiiHid Temneparypi ocajpkenHst 1= 610 K npuzBoanTs 10 30116-
1IeHst KoHneHTpauii xipok (puc. 10.5 — xpusa 1). Ile 38’s13aH0 13 301bIIEH-
HSIM [apLiaJIbHOTO THCKY MapH TylIypy £, IpH MiIBUINEHHI TeMIepaTypu

€

3rigHO P-T-mpoekuii miarpamMu ctaHy cucTeMu Sn-Te MOONH3Y TEIypUmy
onoBa. ToMy 3 MiIBUIIEHHSM TeMIIEpaTypu BUIApoBYBaHHS 1p BinOyBa-
€Thcs 30aradeHHs apH JIETKOJIETIOYOI0 CKIIaIOBOIO (TETypoM) 1 BiIOBITHO
3MIIEHHS CKJIAAY ILTIBOK TENypHay OJIOBa B CTOPOHY XaJbKOoreHy. Jleske
3MEHILICHHS XOJUTIBCHKOI PYXJIMBOCTI IIPOK 3 HiJBHIICHHSAM TEMIICpaTypH
BHIIAPOBYBaHHS OOYMOBJICHE, B OCHOBHOMY, 30LUIBIICHHSIM KOHIICHTpAIIil
Hoci1B 3apsny (puc. 10.5 — kpusa 2).

10.2. KBaziximis nedekriB y miiBkax xajJbKOreHiliB CBUHIIO

st onucy (i3MKO-XIMIYHUX HPOLECIB, IO MPOXOJSTH IPH BUPO-
LIyBaHHI IUIIBOK BHKOPUCTAaEMO KBa3ixiMiuyHui mertoj. [lpumyctimo, mio
KOHLIEHTpALlisl HOCITB 3apsily IUTIBOK BU3HA4Ya€eThes Jedekramu 3a DpeHke-
nem. [lpu OmHOKpaTHO MHOHI30BaHMX JAe(eKTax B KaTIOHHIM miarparii

(Pb! -Vp,) y BuOpaHiii HAMM MOJIE MPOLEC BUPOLLYBAHHS [LUTIBOK ONHCY-
€ThCS CUCTEMOIO KBa3iXiMigHHX peakiit (Tab. 10.1).
Peaxuis (I) onmcye BUnapoByBaHHsI CIIONYKH NpH Temrepatypi 7, i

BpaxoBye ii po3kian npu nepexoi 3 TBepAoi (S) dasu B mapy (V); peakii
(II) 1 (III) onucyrOTH piBHOBAry BIacHUX aTOMHHX Ae(EKTIB NPU TeMIiepa-

Typi KoHeHcaii 7;: aTOMIB CBHHIO B MiKBY31i Pb;” i BakaHCiil CBHHIIO

Vpp, . PiBastHES (IV) 1 (V) BianoBiganbHi 3a MPOSABICHHS BIACHOI IPOBIiJ-

HOCTI 1 eJeKTPOHEHTpambHOCTI BiAmoBigHO. KOHIEHTpalis eIeKTpOoHiB de-
pe3 KOHCTAaHTH KBa3iXiMIYHHX peakIiil i MapIiialbHHA THUCK XaJIbKOTEHY
BUPAXKAETHCSI K

KPb,V (Tn)'KPbX (TB).P/\;i/Z_'_Ki(Tn)
KXZ'V (Tn)~P)§f -K, (Tn) + ]

(T, Py, T, )= (10.1)

Jlnst ABOKpaTHO HOHI30BaHOI BaKaHCII CBHHIIIO Vﬁb_ 1 OZIHOKPaTHO

HOHI30BaHOrO MiXBY370BOr0 aroma cuHIo Pb; piBusuus (I11) i (V) B

CHCTEMi KPUCTAIIOXIMIYHUX PEaKIii MAaTUMYTh BUTII:

1 + ’ - - !
E)(j:V,fherfﬂuzh Ky =V ]-p’ R, i)

2V |=p+[Ph]]. V)
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KoHueHTpalist eJeKTpOHIB 7 TPU LBOMY BH3HAYAETHCS 3 KyOiduHOTO
PIBHSHHS

Z.KXZ,V(TH)'Kij(TH).P)éf ' +n’ _Ki(Tﬂ)_
~Kpy (T ) Ky (T, )- P = 0. (10.2)

Jlnst IBOKpAaTHO HMOHI30BaHUX BAaKaHCIH CBUHINIO Vﬁb_ 1 MIXBY3JIO-

BOTO CBHUHIIIO Pbinr B cHCTeMi KpucTanoxiMiyHuX piBHsHb (I-V) peaxuis
(IT) 6yne maTu BUTTISAA:
Pb” = Pb¥* +2¢ Kpo (T,) = PO |-n* By (D)
Pigusuns (I11), six i B nonepeansoMy Bumaaxy 6yae (I11), a piBHAHHs
(V) Oyne BurisimaTa
n+2[ V5 |=p+2[ Ph ] V")
KoHIeHTpalilo eJIeKTPOHIB MOXKHa BH3HAYHMTH 3 PIBHSAHHS 4YeTBEp-
TOTO CTEHEHS

2-Ky ,(T,)-K7(T,)- P -n* +n’ =K (T, )-n—

2Ky (T ) K (T3 )- P77 =0. (10.3)

I3 piBHSIHB €JIEKTPOHEHTPaIbHOCTI MOXKHA 3HAWTH BUPA3U JUIS TEM-

mepaTypy MiAKIanok (ocamkeHas) T, ,; , IO BIATIOBia€ yMOBaM BHUPOIIY-
BaHHSI IUTIBOK B 00J1aCTi TEPMOMHAMIYHOTO 71-p-TIEPEXOY.

Tax, syt ookpatHo ( Ph; -V}, ) i nBokpatHO itonizoBanux ( Ph7" -

Vﬁb_ ) nedeKTIB yMOBU €NEKTPOHEHTPANBHOCTI 3amuuryThest Ph =Vp, i

Pb,-2+=V13b_ , a TeMIieparypa TepMOAMHAMIYHOIO n-p-TIEPEeXojly BU3HAYa-

€TBCS SIK
-1
T = AHPb,V _AHXZ,V I KI(-')’b,V 'Kng AHPhX 10.4
o= n=> - : (10.4)
k KXJ,V.PXZ k-Tg
' ' 4 § -l
T* _ AHPh,V _AHXZ,V l Kgb,V 'Kng AHPbX
= n—=2 - . (10.5)
k KXZ,V'PXZ kT,
[pu yrBOpeHHi nedextis Tuny Pb;" - Vﬁb_ , Oynemo maru:
. 05AH, +AH,,, - AH;(Z,V
o= k X
-1
K’)”?.K! , -Kb. AH
X(ln( ’)KO, ”b'; P _ p ;’X . (10.6)
x, v 1x, ]
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Jeski pe3ynpTaTé 3alIe)KHOCTI KOHIEHTpauii AeeKTiB Ta HOCIiB
3apsily B TOHKHUX IUTIBKaX CEJICHIy i TeJlypHy CBHHIIIO Bijl TEXHOJIOTIYHUX
(dakTopiB, oxepxkani i3 po3paxyHkis 3rigHo (10.1)—(10.6) npencrasneHi Ha
puc. 10.6-10.15. 3rigno orpumanux aanux (puc. 10.6; 10.11) 3 nigBuiueH-
HSIM TeMIepaTypu KoHjaeHcalil 7y, Ui BCiX pO3IIdyBaHUX 3HAYEHb 3aps-
JIOBHX CTaHIB ME(PEKTIB, CIOCTEPIraeThCs MOYATKOBE 3MCHIIICHHS KOHIICHT-

see . . * . . .
pauii enextponis. IIpu nesixomy 3HaueHHi 1); BinOyBa€eTbCs iHBEpCid TUILY

MIPOBIAHOCTI (TEPMOIMHAMIYHUHN 1-p-TIepeXif) 1 Halami pocTe KOHICHTPALis
nipok. Lle BiamoBimae Tomy, mo 3 poctoM 7j; 30UTBIIYETBCSA KUTBKICTH Ba-
KaHCIfl CBHHIIIO i 3MEHIIYETHCS KUTBKICTh MIKBY3JIOBHX aTOMIB CBHHIIO.
Henorani KinbKicHI CIiBIaaHHSA eKCIIEPUMEHTAJIBHUX  Pe3yJIbTaTiB
(puc. 10.6; 10.15) 3 po3paxyHKOBUMH CHOCTEPIra€ThCsi TUIBKH JUIS JIBO-

oo iy 2— 1 :
KpaTHO HMOHI30BAaHMWX BaKaHC1M CBHUHIIO (VPb ) 1 OOHOKPATHO 3apsAHKCHUX

MiKBY3JI0BHX aToMiB cBuHINO ( Pb; ) (puc. 10.6, kpusa 1; puc. 10.6, kpua

2). B mpunymieHHi peamizanii nux aTOMHUX Ae(EKTIB NMPH BUPOLIYBaHHI
IUTIBOK XaJIBKOTEHIIB CBUHITIO MAa€ MiCIle XOpOIIe CIiBIIaJaHHS EKCIIePH-

. . * .
MEHTAJIbHUX 1 PO3PAXYHKOBUX TEMIIEPATYp MAKIANOK T, IPU AKUX Bij-

OyBaeTbCcsl TepMOANHAMIUHUH n-p-niepexin. [Ipu mpomy 301mbIIeHHS Tapii-
aIBHOTO TUCKY Napu Tenypy Fr, NPU3BOAMTH 10 3HMKCHHS TEMIEPATypH

T, ,; (puc. 10.6; 10.12, 6), a miABHIIEHHS TEMIEpaTypH BUIAPOBYBaHHA 1
cnonyku odymonitoe ii pict (puc. 10.7, 10.12, a). Lle noB's3aHo 3 THM, 110

. . 2—
B IIEPIIOMY BUINAJAKY Oi1blI €(EeKTHUBHO iHIYKYETbCA yTBOPEHHS Vp, , a B

apyromy — Pb;" . TliABHIIEHHS NAPIIAIbHOTO THCKY [ApH TEIYPY MPHU MOC-
TIfHUX TeMmIepaTypax BUIapoByBaHHS [, 1 oca/pkeHHs 1j; IPU3BOIHUTH J0O

NOJIOHKUX /10 TIePIIOro BUMAAKY 3MiH KOHIEHTpAii eJIeKTPOHIB — MOYaTKO-
BOrO 3MEHIICHHs, iHBEepCii THITy MPOBIIHOCTI 3 #- HA p-THII 1 MOJAIBILIOTO
pocty koHueHTpauii aipok (puc. 10.7, 10.13, 10.14). Ile Bixnosinzae Tomy,
[0 3 POCTOM MapIiaJIbHOTO TUCKY XaJbKOI'eHY 301IBIIYETHCS KIIBKICTh Ba-
KaHCiIi CBUHIIO 1 3MEHIIYEThCS KUIBKICTh MDKBY3JIOBHUX aTOMIB CBHHIIIO

(puc. 10.7, 10.14). Sxmo mnst 3apsmoBux cranis nedexris  Pb;' - Vﬁb_
TeMIIepaTypa TEPMOAWHAMIYHOTO H-p-TIEPEXOJy 3HAaXOAWTHCS B Mexax
580 K < Tj; <620 K npu 3mini 3,3 10°Tla< P, <107 Ia, T, = 820K
(puc. 10.13), mo mocTaTHRO T0OpE Y3rOMKY€ETHCS 3 EKCIIEPUMEHTOM, TO IS
nedexris ( Ph; -Vp, i PbF* -Vp, ) intepsan Tj; nesxuts B Giibin BUCOKiit
obmacrti Temmepatyp (puc. 10.11).
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3
lg (ny, cm )

18

17

500 00 T,K
Puc. 10.6. 3anexHiCTh KOHLIEHTpALIl HOCIiB 3apsay n, B IUIiBKax PbSe Bin
TeMIepaTypu ocafkeHHA [;; IpU PI3HOMY 3aps/IOBOMY CTaHi Ae(EeKTiB:
Pb} -V, (1); PbF -Vpy (2); Pb-Vpy (3); 0 — excriepuMenTaibhi pe-
3ynpTaty. Temneparypa sunapoByBanHs 7 = 820 K; mapriansHuii THCK

napu ceneny P, =10 Ila

1 (n,,cm)

22 =

16 —

| | | \ |
-10 -8 -6 -4 -2 0 1 (P

Se, I1a)
Puc. 10.7. 3amexHicTh po3paXyHKOBHX 3Ha4eHb KOHIICHTpamii HOCIIB 3a-
pany ny (1) 1 koHHeHTpanii nedekTis [Pb:} (2) Ta [V,fb'] (3) y muiBkax
PbSe Bix napuiabHOIO TUCKY TapH CeneHy P, IpH TeMIepaTypax it

knangku 7; =650 K i sunmapoByBanns T = 820 K
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lg(ny, CM_3)

| | |
500 600 700 T, K

Puc. 10.8. 3anexxHicTh KOHIEHTPALil HOCIIB 3apsily ny B IiBKax PbSe Bin
TEMIIEpaTypu OCaPKEHHsS IPH YTBOPEHHI BaKaHCIH CBHMHIIO (Vﬁb_ ) i cBu-
HIIO B MDKBY3JsIX ( Ph;” ) 1ist MapiiallbHOrO THCKY CENEHy Py, sxuii Bin-
nosigae 107 (1), P, (~7 10° Ia) (2) i 10 [a (3). Temmeparypa Bumapo

ByBaHHA T =820 K
3
1g(nH9 cM )

19

17

500 600 700 LK

Puc. 10.9. 3anexHicTh KOHIEHTpaLlii HOCIIB 3apsiny 1y B IIiBKax PbSe Bin
TEMIIEpaTypy OCaJPKEHHs NPU YTBOPEHHI BaKaHCIil CBUHIIIO (Vﬁb_ ) 1 CBHH-

1o B MixkBy3isix ( Pb; ) juist pisHux Temneparyp BunapoBysanss Ty, K:
780 K (1); 820 K (2); 860 K (3). Tuck napu ceneny Py, = 107 Ia
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1750

Ty KT SR
Puc. 10.10. 3anexHIiCTh TeMmmepaTypud TEPMOJAUHAMIYHOTO p-n-TIEPEXOIY
* . co . . .
T,; B emitakciiiHux IuiiBkax PbSe Bij TemiepaTypu BUIapoByBaHHS 1 i

napuialbHOrO TUCKY Mapy ceneHy Py, Ipu pi3HOMY 3aps0BOMY CTaHi

nebexrin: 1 — Pb'-Vp; Pb™ -V ,2— PH -V
3
1g(nH> ™M )7

18

17

s
500 600 700 Th. K
Puc. 10.11. Po3paxyHKOBi 3al€XHOCTI KOHLEHTpalil HOCI{B 3apsgy 7, B

TOHKHUX IUTIBKax PbTe BijJ TemMmeparypu ocamkeHHs j; NpH pi3HOMY 3apsi-
noBomy crami gedextis: 1 — Pb -Vp s 2 — Pb-Vpy 3 3 — Pb™ -V,

Temmneparypa BumapoByBanHs 820 K, mapuianbHuii THCK TelIypy
3,3 107 IMa)



72

3
lg(ny, cm )

Ig(ny,, oM )

! ! !
500 600 700 T.K

0
Puc. 10.12. Po3paxyHKOBI 3aJIS)KHOCTI KOHIIEHTpAIii HOCIiB 3apsny n, B

TOHKMX IUTiBKaX PbTe Bin TemmepaTypu ocajkeHHS Ij; IpuU YTBOpPCHHI
nedexrin Pb} -V,

a— Ty, K: 780 (1), 820 (2), 860 (3); Pr, =33 10° Ia;

6- P, ,Ta: 33107 (1), 10°(2), 107 (3); Ty=820K
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-3
1g(nH’ ™M )

18+
17+
3 3 2 1
| | | | |
-6 -4 -2 lg(PTez, ITa)
a
-3
lg(n, cm ) |
18+
17+
- 1 2 3
6w e
6

Puc. 10.13. Po3paxyHKOBI 3aJIS)KHOCTI KOHIIEHTpAIii HOCIiB 3apsny ny B
TOHKHX IUIBKax PbTe Bil MapuialbHOrO THCKY IapH Tenypy Pr, mHpH yT-
BopenHi nedexris Ph; -V %, :

a-Ty,K: 550 (1), 600 (2), 650 (3); Ty =820 K;

o— Ty, K: 780 (1), 820 (2), 840 (3); T; =600 K
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1 (n,,cm)

16 +—

\ | | | | !
-10 -8 -6 -4 -2 0 1

Te,’ I1a)

Puc. 10.14. 3anexHicTh KOHIEHTpaLill HOCIiB 3apany ny (1) 1 KOHLIEHTpa-

uii pedexTis [Pb:} (2) Ta [Vp'b] (3) y miBkax PbhTe Bij mapuianbHOTO

THCKY [apu Tenypy Fr,, 1pu Temneparypax migkmaaku 7; = 650 K i una
poByBanHs 1 =820 K

T, . K

700~

- 7

1N QAR ——— AR =

Puc. 10.15. Po3paxyHKoBi 3anexHOCTi Temreparypu 7, ; TEepPMO/IMHAMIY-

HOTO n-p-Tiepexolly B TOHKHMX IutiBkax PbTe Bin Temmeparypu BHIapoBY-
BaHHs T 1 MApLiabHOTO THCKY NAapH Tenypy P, NP yTBOPEHHI Jedek-

TiB: 1- Pb} -V, 2~ Pb} -V, ,3— Pb’*-V5, (AA - ninis ans P,

1

SIKU# BiAmoBigae P,,;,)
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10.3 KBasiximiunuii onuc negeKToyTBOpeHHs y IIiBKaX TeJIypuay
0J10Ba NIPH BHPOILYBaHHi 3 NapoBoi ¢a3u

YTBOpEHHs BIaCHUX aTOMHHX JIE(EKTIB y IUTIBKAX TEIYPHIY OJIOBA
IpH 1X BUPOIYBaHHI 3 MapoBoi (ha3u METOZOM rapsioi CTIHKM MOXKHA OIH-
caTu CHCTEMOIO KBa3iXimMiuHi peakuii HaBejeHuX y Tabiuui 10.2.

Peaxkiiis (I) onucye yTBOpeHHs HeWTpanbHHX Bakancidi 3a ILloTTki,
(IT) — mpoHUKHEHHS aTOMIB TEIypy 3 MapoBoi (a3 y IUTIBKY 3 YTBOPCHHSIM
ueiitpansuoi ¥, wmetamiunoi Bakaucii, (II1)-(IV) — Houisarito yTBopenux
nedextiB. Peakmis (V) ommcye 30ymKeHHS BIacHOI HpoBimHOCTI. Peakiis
(VI) ommcye cybmimaniro TBEpIOTO TETYPHIY OJO0Ba i3 PO3KIAIOM Ha KOM-
moreHTH. (VII) — piBHAHHS NOBHOI enekTpoHeHTpanbHOCTI. Clif BiAMITHTH,
mwo peakuii (I)-(V) npoxonsaTs Ha migkmazui i iX KOHCTaHTH PIBHOBAaru €
¢byHKIisIMA Temniepatypu migkiaaku Iy, a peakuis (VI) BinOyBaerbes y
BUIIAPHUKY 1 ii KOHCTaHTa PIBHOBAru € (hYHKII€I0 TeMIIEpaTypy BUIIAPOBY-
BaHHSA 1.

Cuctema piBasiab (I)-(VII) (tabn. 10.2) mo3Bosie po3paxyBaTH KOH-
LEHTPAIIF0 HOCITB CTpyMy i JIe(eKTiB, SKIIO BiJOMi 3HAYCHHS KOHCTAHT

piBHOBaru peakiiii K, K, K;, K, KTeZ,V, K1 -
[Mpunycrumo, 1m0 TPH BUPOILIYBaHHI IUIBOK TENYpHUIy OJIOBA
YTBOPIOIOThCA OAHO3apaAnHi medextu 3a LlorTki (VS;—VTZ ). 3Haiimemo

KOHLEHTpALIO TipoK po3B’si3yroun cucremy piBHsHb (I)-(VII). st uporo B
piBHsHHS enektponeiitpamsHocTi (VII) mimcraBmsemo Bupasm Ui
KOHIICHTpaIlii 1e()eKTiB 4epe3 KOHCTaHTH piBHOBaru. OmepkuMo:

1/2
K,K K, KiKg P
p+0—5p1/2:_1+M. (10.7)
K; Ky, v Pre, P P
CHpoCTHBIIY, OCTATOYHO OyIEeMO MaTH:
KbKTyz,VKSnTy + Ki

)_1 1

Piusians (I)-(VI) Ta (10.8) naroTe MOXIJIMBICTH TakoX BU3HAYMTH

2

= (10.8)
KaKS (KiKTez,VKS

nTe

XOJUTIBCHKY KOHIICHTPALIO JiPOK py, €IEKTPOHIB 1, BAKaHCiH 0J0Ba [Vs;] i
TEIypy [Vrj :
pr=p=K/p: [V =K KoK, - P (10.9)

n=K;/p; I:VTZ:I =K, K (KTeZ,VKSnTeKi )_] P (10.10)
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Y Bunmaaky mnepeBakaHHs Yy IUIiBKax Snle JBOKpPaTHO HOHI30BaHUX

nedexTiB 3a loTTki (BakaHCii 0J0Ba Vsz,; 1 TeIypy VTZe+.) KOHIICHTPALII0
JIIpOK 3HaiileMO pO3B’s3yl04M PIBHSHHA eJlekTpoHelTpansHocTi (VIla).
[Tpu 1bOMy 0JIEp)KUMO PiBHSIHHS YETBEPTOTO CTETICHS:

Ap*+Bp’ -Cp-D =0. (10.11)
, -1
A = 2Ku KS (KT(/Z,VKI'ZKSVITL‘) ; B = 1"
C=K,, D=2K, Ky, v Ks

nTe*

Tyt (10.12)
Bupasu ans BakaHcii oioBa [V;j] i Temypy [ij} OynyTh MaTu

BUTJIAA:

[Vsﬂ =K, Ky, Koo P> (10.13)

-1

[V |=K. Ky (K7 Ky K ) 1 (10.14)

VY BHUIAIKy OJHOYACHOTO iCHYBaHHS y IUIiBKax SnTe ongHO- i IBO-

KpaTHO HOHi30BaHMX BakaHciii omoBa Vs, Vi i temypy Vi, Vi©

KOHIICHTPALIIO AiPOK 3HAHIEMO PO3B’S3YIOUH PIBHSIHHS €JICKTPOHEHTpaIIb-

Hocti (VII6). Ilpn mpoMy TakoX OTPHIMAEMO PiBHSAHHS YETBEPTOTO CTETICHS
(10.11) xoeoirieHTH SIKOTO OYAYTh MaTH BHTIISA;

’ -l -
A= 2Ka KS (KizKTez,VKSnTe) ; B= 2KaKS (Kl KTe:,V SnTe) +1’. (1015)
C= KbKTeZ,VKS

nTe

+K,; D= 2K}: KTeZ,VKSnTe'

XommiBcbka KOHIEHTPALis MIPOK py, KOHIIEHTPAIlS €IEKTPOHIB 7,
BakaHcilt ooBa [VSZJ, [V;’J i Tenypy [VTZ], [Vﬁ;} npu 1pomy Oyne
TakoX BusHauatucs pisasaasMu (10.9)-(10.10), (10.13)-(10.14).

SIKIIo MPUIYCTHTH, IO TPH BUPOIIYBAHHI IDTIBOK TEIYPHIY OJIOBA
YTBOPIOIOTHCS J1BO3apsiaHi nedekru 3a IlloTTki (VSZ,,_ - VTff) i JoTHpH3a-
PAIHI BakaHCIl 0JioBa [VS‘L'], TO PIBHSHHS CJIIEKTPOHEHPAILHOCTI Habepe
Burisiny VIIB. Moro po3B's30k Jae piBHAHHS IIOCTOTO CTETICHS:

Ap°® +Bp’ —Cp* —Dp*> + Fp =0. (10.16)
A=2K; K (Ki2KTeZ,VKSnTy)_] ;
Ko Ky (10.17)

F=4K] K;, K,

nTe*

Tyr  B=1, C=K +K
D=2K| K, K

nTe”

Te,,

Bupas uist BakaHciii o10Ba [VS‘L'] Oyie MaTh BUTIIAL
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(Ve |=K! Koy y Koo 1™ (10.18)

VY BHUIIaAKy OIHOYACHOTO iCHYBaHHH y miiBkax SnTe omHO- 1 IBO-

o . (X — 2— - 2

KpaTHO 1OHI30BaHMX BakaHciil onosa V,, Vi 1 tenypy Vi, Vi, Ta
4 . . o

YOTUPHU3APAIHUX BAKaHCIi 0J0Ba [VSH J KOHLEHTPALIIO0 JIPOK 3HAWAEMO

pO3B’s3yroun piBHAHHSA enexTpoHelTpanpHocTi (VILT). Ilpn oMy otpu-
MaeMo piBHsHHS mocToro crenens (10.16) koediieHTH sikoro OyayTh MaTn
BUTJISAN;
’ .
A=2K| K (KK, Km) ;
1

B=1+K,K, (K Ky Ko ) - (10.19)

C=K +Ky, KoK,
D =2K] KT(,ZVVK F=4K] K, K

Jlesiki pe3ynbTaTé PO3PaxyHKY 3aleKHOCTCH KOHIICHTpAIll HOCIiB
cTpyMy 1 nedekTiB BiJ TeMIepaTypy Miakaanku Iy, TeMIepaTypu BHIIApo-

SnTe ; SnTe*

ByBaHHsI T 1 MapLiaJIbHOTO TUCKY AU TEIypy PTeZ Yy BUIIAAKY JBOKPATHO

HonizoBanux nedekris 3a LllorTki HaBeneno Ha puc. 10.16-10.18.

3 rpadikiB BUIIHO, 110 3 MiJBUILEHHSIM TeMIlepaTypH MiakiIaaku 7,
IIpY NOCTIiHHIM Temneparypi BUNapoByBaHHs 1z KOHIEHTpAllis IpOK 3MEH-
LIYETHCS, MO SIKICHO Y3rODKY€EThes 3 ekcrepumentoM (puc. 10.16). Ipore,
PO3paxyHOK KOHIIEHTpAIlil Je(eKTiB MmoKas3as, 10 y IiiBkax SnTe BakaHcii

Tenypy V,.' yTBOPIOIOTHCS Y HE3HAYHHMX KiNbKOCTAX (Ha rpadikax He moka-
3aHO) 1 KOHLEHTpaLis HOCIiB CTPYMY BH3HAYa€ThCsl B OCHOBHOMY KOHILICHT-
patiieto BakaHciit ooBa [V;’J :

[TinBuIIeHHS TeMIlepaTypy BHIIAPOBYBaHHs 7 NPH HE3MiHHIM TeM-
nepaTypi makiIankd 7; TPU3BOAWMTE O 3POCTaHHS KOHIEHTpamii Iipox

(puc. 10.17). KoHueHrparist BakaHciii Tenypy [VTZ;J 1 €JEeKTPOHIB /1 NpH
[LOMY CIa/Ia€, a KOHIIEHTPAIIisl BAKAHCIH 0JI0Ba [V;f] 3pOCTae.
3MiHa mapuiadbHOrO THUCKY MapH TEIypy PTeZ JIOAATKOBOTO JIKEpena
TeNlypy TpH TOCTiMHIA Temmeparypi migknaaku 71 1 TemmepaTypi
3
BUIIAPOBYBaHHA 1 MPU MaluX 3HAYEHHSIX TUCKY Tenypy ( P, Te, <10~ I1a) He

BIUIMBA€ Ha KOHIIGHTPAI[Il0 HOCIiB cTpymy 1 jgedekriB (puc. 10.13).
JlanbHile x 301IbIICHHS MapialbHOTO TUCKY MAPH TEIypy MPHU3BOIUTH JI0

v - .o 92— .
3pOCTaHHA KOHIICHTpAIlll OIPOK p Ta BakKaHCIA OJIOBa |:VS)7 :| 1 ClIaaHHA
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KOHILIGHTpALil eJEeKTPOHIB 7 Ta BaKaHCIH Telypy [Vrzj]. [puuomy,
0o0nacTh, e KOHIIGHTpAlii HOCIiB cTpyMy i NedeKTiB He 3aiexarb Bif

HapHiaHLHOFO TUCKY Iapu TCIYypy PT€2 JAO0JATKOBOI'O JUKEPEJIa TCIYypPy

r lg(p, 0, [Vg,], em™)

21 L
1
2
19 |
3
17 1 1 1 1 1 1 1
300 400 500 600  ImK

Puc. 10.16. 3anexHocTi KoHIEHTpaii Aipok p (1), exekrpoHiB n (3), Ta Ba-
KaHCii oJ10Ba [VSZ,,_] (2) Big Temmneparypu miaknanku 7y npu remneparypi
BunapoByBaHHs 73 =800 K

21 ¢ i
lg(p7 n, [VSn]’ (2 3)

20-///
///
19\

18 1 1 1 1 1
700 800 900 Tg, K

Puc. 10.17. 3anexHocTi KoHIEHTpaIlii aipok p (1), exekrpoHis n (3), Ta Ba-
KaHCiH ooBa [Vsz,; 1 (2) Bix TemriepaTypu BUIIapoByBaHHS 1 TIpU TeMIepa
Typi migknanku Ty =600 K
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2l r lg(pa n, [VSn]a CM-3)

1’7 L L L 1 L L L 1 L L L 1 L L ]
5 3 1 lg ( Prep, [Ta)

Puc. 10.18. 3anexnocti koHIeHTpamii nipok p (1), enexrpowniB n (3), Ta

BakaHciit onosa | Ve (2) Bim mapmiadbHOTO THCKY IMapu Tel P
Sn A mapi y nap Py fre,

JIOJTATKOBOTO JKEpelia TeAypy MPHU TeMIepaTypi BUIApOBYBaHHS
T = 800 K i remnepatypi miaxnanku 7; =600 K

PO3ILIMPIOEThCS 13 30INBLICHHSAM TeMIepaTypu BumapoByBaHHS Tp. lle
TOSICHIOETBCSL THM, W10 NPU HU3BKUX THCKAx Tenypy F, —JIOJaTKOBOTO
2

JUKepena THUCK Telypy B CHCTEMi BH3HAYa€ThCS TEMIIEPaTypolo
BunapoByBaHHs T (piBHAHHS VI, Tabmn. 10.2)

KoHTpoabHi nuTAaHHSA

1.  OnuuiTe 3a JIOTIOMOT OO KBa31XiMIYHHAX peaxiiii
e(peKTOyTBOPEHHS y IUTIBKAaX XaJbKOTEHIJIB CBUHIO 1 TEIypUAY OJIOBa
IpH X BUPOIIYBaHHI 3 TApOBOi (a3u.

2. Sk 3anexuTh XOJUTIBChKa KOHIIEHTpamis HOCI{B 3apsny #ny B
TOHKHX IUTIBKAX XaJbKOTCHIIIB CBHHIO 1 TEIypuay OJOBa Bij
MapIiaTbHOTO TUCKY Mapu XaIbKOTEHY, BiJl TEMIepaTypH MiIKIAIKH 77, Bif
TeMIIepaTypy BUNApoBYBaHHs 1?

3. Sk 3amexurh TeMmrepaTypa TEPMOJMHAMIYHOTO #-p-TIEPEXOay

* . o . .
T B TOHKHX IUTIBKAaX XaJbKOT'€HIIIB CBHUHIIO BlJ TEMIIEPATypu BUIAPO-

ByBaHHs T} 1 NapLiaibHOro THCKY Napu Tenypy FPr, ?
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