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Po3ain 1. B3BAEMO3B'SI30K CTPYKTYPH TA BJIACTUBOCTEM
MATEPIAJIB EJTEKTPOHHOI TEXHIKH

Po3BuTOK cydacHOi TeXHIKM Ta 3MiHA CHTyarii 31 CBITOBHMH 3aracaMu
CHUPOBUHU CTaBUTH Mepej NOCIITHUKaMU MaTepiaiB AeAalli CKIaJHIIII 3aBJaHH.
CydJacHa elneKTpOHHA IPOMHCIIOBICTh, aBialliifHa Ta KOCMIYHA TeXHIKa, 3 OJHOTO
00Ky, BUMararoTh po3poOJICHHS 3HAYHOI KUIBKOCTI PI3HOMAaHITHHX MaTepialiB 3
HOBMMHM BJIACTUBOCTSIMM, a 3 IHIIOIO — OTPUMAaHHsI MaTepiajiB 3 HeAeiUTHOL Ta
HEJIOPOTOi CHPOBUHU 3aMICTh YK€ PO3pO0JICHOT TTPOJIYKITIl 3 JIOPOTHX MaTepialliB.
ToMy mpobiieMa 3amMiHM MaTepiajiiB — Ile, HacaMmepes, eKOHOMis OJaropoaHuX
METaJIiB, 30KpeMa 30J10Ta, cpidiia, Mmajuiaaito, MIATHHU, a TAaKOX Mili, KOOANbTy,
HIKEeJII0, MapTraHIfio, MOJII0IEHy, 0JI0BA Ta ICSIKUX IHIINX.

B icHyrouiii Ha TemnepiliHii Yac HOMEHKJIATypi MaTepiajiiB po3poOJIeHHS 1
BUPOOHHIITBO HOBHX BHIIB MPOAYKIIi MOJJIMBI TUILKHM 33 YMOBH BHCOKHX
MaTepiaTbHUX 3aTpaT Ta MOB'SI3aHI 31 3HAYHUMH TEXHIYHHUMH TpyaHomamu. Lle, B
CBOIO Uepry, BiOOpa)kacTbCs Ha CKIATHOCTI METOMAIB JOCHIIIKEHHS MaTepialis,
CTUMYJIIOE€ BIOCKOHAJIEHHS Ta IMPUCKOpPEHE Po3p0OJICHHS HOBUX CIIOCOOIB aHAII3Y,
0e3 AKUX HE MOXYTb OOXOJIMTUCS Cy4acHi aociipkeHHst marepianiB. Kpim Toro,
Cy4acHi BHCOKOSIKICHI Marepiajii MOXHa OTPUMYBATH TUIBKH 3a JOIOMOIOK
JOCTaTHHO CKJIQJHUX TEXHOJOTIYHMX TPOIIECIB, @ TOYHE NOTPUMAHHS TEXHOJIO-
FYHUX MapaMeTpiB rependayae BUCOKY YUCTOTY LUX MarepiaiiB. JlJiss BUSBIEHHS
IPUYUH BUHUKHEHHS Ae(eKTIiB y MaTepiajaX 4acTo HEOOXIJTHO BUKOPHCTOBYBATH
HA/J3BUYAHO YYyTJIMBI METOAM JIOCHIKEHHsS, 3HAHHS MOJIHMBOCTEH Ta BMIHHS
3aCTOCYBAaHHA SIKMX € IMPHUHIMIIOBOIO YMOBOIO BUI'OTOBJIEHHSI BHUCOKOSIKICHOI Ta
HamiiiHoi mpoaykmii. ToMy Ha MANPUEMCTBAX EICKTPOHHOI IPOMHUCIOBOCTI
00O0B'I3KOBO  3/IMCHIOETHCS BXIAHUM KOHTPOJIH MaTepialliB 1 KOMIUIEKTYIOUHX
BUPOOIB 3a JJOTIOMOr0K0 BHCOKOE()EKTUBHUX CYYaCHHX METOJIB €JIEeKTPOQI3UUHOT
METPOJIOTii Ta 3 MIMPOKUM 3aCTOCYBAaHHAM KOMII'FOTEPHOI TEXHIKH.

1.1. IIpo6sema cucremaTu3anii BJacTUBOCTEN MaTepiaJiiB

MeTtonu MOCTIIKEHHS, K1 BUKOPUCTOBYIOTh NIJI1 OTPUMAHHS XapaKTEPUCTHK
MatepianiB, 0a3yl0Thcsl Ha B3a€MOJIII BUMIPIOBAIBHOTO 30HAA Ta 00'ekta. SKio
PO3TISAATH A0 AOCTI/PKYBAHOTO B3IpIs SIK €IMHOTO IUIOTO HAa BUMIPIOBATBHUIMA
30H/, TO MOXXHA 3pOOMTHU BHCHOBKH IIOAO MAaKpPOCKOMIYHHX BJIACTUBOCTEH pedo-
BuHH. Tum OuIblIe, 111 BIACTUBOCTI BU3HAYAIOTHCA BHYTPILIIHIMHU OCOOJMBOCTSIMU
Marepianry, ToOTo HOro CTPYKTYpoIo Ta OyJ0BOI0. BiracHe MOHSTTS CTPYKTYpH Ta
OynoBu MaTepiajliB Ha TEMEpilllHii Yac HE Mae€ 4YIiTKOrOo BU3HAYEHHS, a B pAMdl
JITEpaTypHUX JDKEpea IM HaJaHO PI3HOTO TIIyMadeHHs. B 3B'I3Ky 3 UM MU HE
HABOJMMO KOHKPETHI BH3HAYCHHS IMX JBOX AYyKe MOMIOHMX TepMmiHiB. OnHaK 3
NPAKTHYHOI METOK CJIiJl BKA3aTH, IO MiJl CTPYKTYPOIO CIIiJ| pPO3YMITH aTOMapHy
Oy/ZI0BY pE€UOBHHH, B TOMY YHCJIi THII, KUTBKICTh 1 pO3MO/IUT 1€PEKTIB KPUCTATIUHOT
IpaTKU, TaKUX SK BaKaHCIi, JOMIIIKOBI aTOMHU, AUCIIOKAIll Ta MeXi 3epeH, a Mif
OynoBOI — KUIBKICTH (pa3 y maTepiaii, B3a€MHE PO3MIIICHHS 3epeH B 00'eMi Ta
iXHIO OpilEHTAITIIO.

Kpim Toro, ciia BiAPI3HATH CTPYKTYpY Ta OyI0BY Martepiaiy Bil CTPYKTypU
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HAIMIBIPOBITHUKOBOTO MpPHUJIANy YW IHTETPAIbHOI CXEMH, SKa O3HAdae Crociod
MOEJHAHHS  3HAYHOI KUIBKOCTI  PI3HOMAHITHMX  (DYHKI[IOHAJBHUX  INIapIB,
BUTOTOBJIGHUX 3 BHUKOPUCTaHHAM Jirorpadii Ta MiIa3MOXIMIYHOTO (XIMIYHOIO)
tpaBieHHs. OJHAK MU PO3YyMIEMO, IO HE 3aBXJIM MOXKHA YITKO PO3MEXKYBAaTH BCI
Ui TEpPMIHM, HAIMpPHKIAN, EMITAKCIWHY CTPYKTYypy HaIAIpaTKu, BUTOTOBIIEHY 3a
KPEMHIEBOIO UM apCEeHIATali€BOI0 TEXHOJOTIIMH, MOKHA PO3IJISAATH B SKOCTI SIK
HaIIBIPOBIIHUKOBOTO  IMPWJIAAy, TaK 1 30BCIM HOBOrO Marepiaily, 1o
XapaKTepU3yeTbess po3nofinoM (a3, ski HOro yTBOPIOIOTh, Ta BIACHUMHU
CJCKTPOGI3UIHUMU TTApAMETPAMH.

Jlocnikyoun CTpYKTypy Ta Oy/10By MaTepialy HacaMIlepe]l Ciiji po3riisaTH
YTBOPEHHS, $IKI TOYMHAIOTBCS B MICHAX JIOKAIbHOI 3MIHH CTPYKTYpH 1
3aKiHYYIOTHCS BUHUKHEHHSM HOBOi ¢a3zu. BiamoBimHO A0 IIHOTO PO3PI3HSIIOTH
MIKpPO- Ta MaKpOCKOMIUYHY CTPYKTypu. Po3risiHeMo 0COOJIMBOCTI KOXHOI 3 HHX,
BUXOJSYH 3 IXHIX TEPMOJUHAMIYHUX BIACTUBOCTEH.

MaxkpocKkoImiyHi ~ BJIaCTMBOCTI  PEYOBMHHM  XAPaKTEPU3YIOTh  MOBEHIHKY
MarepiaiiB MiJ A€ 30BHINIHIX BIUTUBIB. SIKIIO pO3IIIsIIaT KOHKPETHUI MaTepial
K TEpPMOJMHAMIYHY CHCTEMY B paMKax 3BOPOTHOI TEpMOIMHAMIKH, MOXKHA
OMMCATH CTAH LIbOTO MaTepiajly Ta BU3HAYUTH HOr0 BIACTUBOCTI B €JIMHIN CUCTEMI
MakpoCKOMmiuHuX rnapaMerpiB. OCKiIBKM TEpMOJMHAMIYHI 3aKOHHM YHIBEpCaJIbHi,
TO TaKa CUCTEMA € HE3aMIHHUM 3aCO00M, KUl BAKOPUCTOBYIOTh JUJIS TOCTIIKEHHS
Ta pO3pOOJICHHS HOBUX MaTepiayliB eNeKTPOHHOI TexHiku. [licis BU3HAUEHHS
BUIbHOI eHTanbmii (abo moTeHmiany [i0ca) MokHa mepeldTH o0 HapameTpiB
BHYTPIIIHHOI'O CTaHy CHCTEMH 1 BHUKOPUCTOBYBATH TMOXIAHI EHTaJbIIl 3a
30BHIIIHIMYU BIUTMBOBUMHM YMHHUKaMU. [lo HUX Hanexarb remneparypa T, tuck P,
aHI30TPOIIHI 30BHIIIHI MEXaHIYHI HaBaHTaXEHHsA o, KoHIeHTpamis C, a Takox
enexktpuyHe E ta marnitHe H mons. Taki BMIMBOBI YMHHUKHM MO3HAYAIOTHCS B
TEpMOAMHAMIII K BaplaTUBHI (3MiHHI) mapameTrpu crtany. [lapamerpu
BHYTPIIIHBOTO cTaHy — 00'emM V, eHTpoms S, emekTtpumyHa P 1 marHitHa M
noJisipu3alii BU3HAYAIOThCA Yepe3 CHTAJBIIII0 3T1IHO 3

a—G:—S; 6—GzV; a—G:—VP; a—G:—VM. (1.1)
oT oP oE cH

[ToxinHi Bif mapameTpiB BHYTPIIIHBOTO CTaHy AAalOTh HU3KY PIBHOI[IHHUX
XapaKTEePUCTHK MaTepiaity, A0 SKUX HaJeXKaTh:
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— MarHiTOCTPHUKILis Oy =——7;
V dH
. 1 dv
— €JIeKTPOCTPUKILis Op =———;
V dE
— TeMIIEpaTypHa 3aJI€KHICTh MarHiTHOI NOJspu3anii Mry'= T ;
. . , dpP
— TeMIIEpaTypHa 3aJI€KHICTh eNeKTPUYHOT OoJsIpr3artii Pr'= T

Taka cuctema XxapakTepUCTHK y BUIVIAII Apyroi moxigHoi nmoreHuiany ['ibca
OlTBII Baroma IOPIBHSHO 3 HAOOpOM MapaMeTpiB, SKi BU3HAYAIOTHCS MEPIIOIO
noxiaHo. Ii MO’KHa 3aCTOCOBYBATH JI0 ONHUCY TAKMX BJIACTHBOCTEH MaTepiaiy, sk
TEIUIOEMHICTb, TEpPMIUHE PO3IIMPEHHS, NMPYXKHICTh, NieJeKTpUYHA Ta MAarHiTHa
IIPOHUKHICTD, I'€30€(EKT, MAarHITOCTPUKIIIS, TEMIIEpATypHa 3aJI€XKHICTh €JIeKTPUY-
HOI Ta MArHiTHOI MOJISIPU3aIlii, B TOMY YHCII 3aJIeXKHICTh MarHiTHOI MOJSpU3aIii
BiJl CHJIM esleKTpuuHOro mnosid. KpiMm Toro, mociijioBHICTb OTPUMaHHSI JAPYrux

BinbHa enepris [Tapametpu XapakTepUCTUKH
['iGca BHYTPIIIHBOTO CTaHy marepiany
[pysxHicTh |

TepmiuHe PO3MIHMPEHH;|

3mina 06'emy Tennoemuicts |

abo gopmu

Temneparypna
NOX1AHA E€JIEKTPUYHOI
noJiApu3aLli

- [T'e3oenexkrpuununii
Entpomis edekT

IMorenmian ['ibca
a00 (yHKI1SA THUCKY, JlienekTpuuna
TEMIIEPATYPH, MMPOHUKHICTh
€JIEKTPUYHOTO 1
p Enexrpuuna TemnepaTtypHa

MarHiTHOTO OB ,
HOJIApH3aLA NOX1/IHA MarHITHOI
NOIApH3aLi

[Tox1iaHa MarHiTHOI
; MoJIApU3aLili 3a CUIIO0
MarniTHa EJIEKTPUYHOTO IO
TIOJApU3aLLA

MarHiTOCTPHKITIS

MarsitHa
MPOHUKHICTh

Puc. 1.1. Bzaemo3B's130k MK BiTbHOIO eHepriero [i6ca, mapamerpamu Ta
XapaKTepUCTHKaMH MaTepiary
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3MIIIAHUX TOXIAHKMX BiJI MapaMeTpiB cTaHy MOXe OyTH JOBUIbHA, 3aBASKH YOMY
3MCHIIYEThCS KUIBKICTh I[IMX MapaMmeTpiB, a ixHis 1HPOPMATUBHICTh CTae
3Ha4YHO BUIIOK. CXemy, sika BiJIoOpa)kae TakuWi B3a€EMO3B'S30K XapaKTCPUCTHK,
nemoHcTpye pwuc. 1.1. Inumri aHamoriyHi XapaKTepUCTHKH Marepially MOKHA
OTpUMaTH MOAIOHMM YHMHOM 3 BHKOPHUCTAHHAM BKa3aHUX BHUIIE MapaMeTpis,
HAaNpUKIaJ, UIBHIKICTh TIOMMPEHHS 3BYKY BH3HAYa€ThCS 3a IapamMeTpaMmu
MPY>KHOCTI Ta MIUTBHOCTI.

3a J0TOMOroO HE3BOPOTHOI TEPMOJMHAMIKM MO>KHA BH3HAYUTH J[OJATKOBI
BJIACTUBOCTI MaTepialliB, sIKi 00'€IHYIOTHCSA B KOMIUIEKC TaK 3BAHOrO TPAaHCIOPT-
HOro ()€HOMEHY 1 OJIal0ThCA Y (hOpMaJIbHO €IMHII TepMOAMHaMIuHIN cuctemi. J{o
HUX HaJle)aTh BHYTPINTHE TEPTS YU OMIp, eNEKTPUIHA TEIUIONPOBIAHICTD, a TAKOK
TEPMOECIIEKTPOpYIIiiftHa cuia, epekT Xoinaa (B T.4. KBAHTOBHI) Ta IHII ePeKTH
B3a€MO/II.

Enexktpodiznunuil mapaMeTp BKa3aHOTO THNY ONUCY€E TMEBHI BIACTHUBOCTI
MaTepially TUTbKH B 3arajlbHOMY BUTJISII Ta JajeKo HE MOBHICTIO, 10 TOTO X caM
napaMeTp MOXe 3aJIe)KaTu BiJl psily IHIIMX BIUIMBIB:

— ImapaMeTp 3aJCKHTh BIJ MICHs JOKadi3allli, SKII0 Marepial Mae IOMITHY
HEOJTHOPITHICTH (HasABHICTH 3B'I3YIOUMX PEUYOBHH);

—mapaMeTp 3aJeKHTh B HAOpsAMy BHUMIPIOBAaHHS B aHI30TPOMHOMY
MaTepiaji (HassBHICT> MOHOKPHUCTAIY YU TEKCTYPH ILTIBKH);

— [apaMeTp 3alIeKUTh BIJ JESIKOTO 30BHIIIHBOTO BIUIMBY, SKIIO ICHYE
HEJTIHIAHAN 3B'I30K MDK HHUM 1 ITapaMeTpPOM BHYTPIIIHBOIO CTaHy. Y IIbOMY pasi
CJIiJl BUKOPUCTOBYBAaTH TPETIO a00 BUINY MOXigHY moTeHmiamy ['ibca (Tak 3BaHi
napaMeTpu BUILUX MOPSAKIB);

— [apaMeTp 3aJIeXKUTh BiJl BUJly BUMIPIOBAHb, 1110 MMPOSBIIIETHCS B OTPUMAHHI
pi3HUX HOro 3HA4YeHb 3a YMOBH TMEpeOiry HE3BOPOTHHX MPOIECIB; TakKl SBHINA
HA3MBAIOTHCSA TICTEPE3MCOM. IX MOMKHA ONHCATH 3a JOMOMOTON J0AAaTKOBHX
napaMmeTpiB, TaKUX SK EHEpris BTpaT, LI0 NPUIAJAE HA IUKI TICTEPE3UCY,
KOCPIIMTHBHA CHJIA, 3AJIMIIIKOBA MArHITHA UM €JICKTPUYHA 1HJIYKIIIT;

—mapaMeTp 3aJeKHTh BiJ IIBHJIKOCTI BHMIDIOBaHHS 3a HAasSBHOCTI
BHYTPINIHHOI MEXaHIYHOI pellakcallii 41 pe3oHaHCy (3a BiICYTHOCTI MPYKHOCT1). Y
pasi CHHYCOIMHOT 3MIHM 30BHINIHKOTO BIUIMBY TaKHi MapamMeTp MOKHA OIMHUCYBATH
3a JIOITOMOT0I0 KOMIUICKCHOT aMILTITY/IH;

— mapaMeTp 3aJeKUTh BiJl YMOB BUTPUMYBaHHS B3ipls (4acy, TeMIepaTypu)
MICJS IeSIKOTO OOpOOIeHHSI BHACIIOK CTAPIHHS YW aKTUBAIlll JOMIIIKH, OCKUTbKU
Take OOpOOJICHHS TMPHU3BENIO JI0 HEPIBHOBAKHOTO CTaHy (HAmpUKIaj, CTapiHHS
MeTaJTy TIicIs XOJI0HOT fedopMariii MTaMIyBaHHIM YU 3BaPIOBAHHSM);

— IapaMeTp 3aJICKUTH B IHINUX YAHHUKIB BIUIUBY, CTAIHX JJIS 3a3HAYEHUX
BUILIEC MOXIIHUX (HAIPUKIAJ, BiJ] TEMIEPATYpHOI 3aJI€KHOCTI MAarHiTHOI MPOHHK-
HOCT1). 3aJeXKHICTh MOXKEe OyTH HEPIBHOMIPHOIO (HETIEPEPBHOIO) y BUTJIISAL 3/1aMy
4y CcTpUOKa 3a THUIMIOBUX JIJII MaTepialy 3HA4YCHb IUX 30BHINIHIX MOOIYHUX YMOB,
HaNpUKIIaJ, 3a Temrneparyp (a3oBux mepexojiB. Benuuwna cTpubka mapamerpy
BHYTPIIIHBOTO CTaHy € J0JaTKOBOK) XapaKTEPUCTHUKOK MaTepiany (Hampukia,
EHTPOIIiS IEPETBOPEHHS).

Hageneni Buie 30BHINTHI BIUTMBY a00 iXHI KOMOiIHAIi, HATPHUKIIAJ], XBUITHOBI
BIUIMBM BCIX THMIB (CBITJIOBI, JazepHi, enekTpomarHitHi, HBY) wMoxyTh
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BUKJIMKATH Ha MOBEPXHI Marepiay Taki SBHINA, SK BiAOMBaHHS, 3aJOMIICHHS Ta
nojspuszanito. Lli sBUIa HE 3yMOBJIEHI JKOJAHUMHU OCOOJMBUMU BIIACTUBOCTSIMU
MaTepiajiB, a € JUIIeHb HACILAKOM OCOOJMBHX YMOB, sIKI BUHUKAIOTh HA CTHKY
(Mexi1 po3JIiTy) IBOX CEPEeIOBHII.

Opanak OLIBLIICTh MaKpPOCKOMIYHUX BJIACTHBOCTEH, BITHECEHUX 10 MOBEPXHI
MmaTepially, He¢ MO)XKHAa MOSCHHUTH ONHCAHMMHU BuUIIe siBHImaMH. Lle crocyerbcs
3MOYYBaHHS ITOBEPXHI, CJICKTPOJIITUIHOTO TEPECHECCHHS MaTepiaily, 3BaprOBaHHS
MaTepiajiiB, HAHCCCHHS TaJIbBAHIUHUX I1apiB, KOPO3ii UM EJICKTPOKOPO3il MpoBiJ-
HUKIB y cTpykTypax BIC, macusarii Tomo. [[ns popmanbHOro BU3HAUYCHHS Bi/IIO-
BIJTHUX MapaMeTpiB HEOOXITHO 3HATH 1HIIII YMHHUKU BIUTMBY, a caMme: CUIIU ajre3ii
(3UeIUICHHS), PO3YMHHICT (CErperawuiio), XiMiuHI KOHLEHTpalii, akTHBHICTb 4H
aKTUBAIIIIO TOIIO. IX OMMCYIOTH 3a JOMOMOTOKO TAK 3BAHUX XiMiYHMX MOTEHIIANiB,
K1 (opMaNbHO PO3IJIAJIAI0Th B SIKOCTI 30BHINIHIX YMHHUKIB BIUIMBY. lllnsxom
BIJIITOBITHOTO PO3IIMPEHHsS MOTeHmiany ['i0ca MOXKHa BHU3HAYUTH IIapaMeTpH
MaTepiay 4yepe3 mapaMeTpu MOBEPXHi.

Takum 4yuHOM, TepMOIMHAMIYHHUI aHali3 Jla€ MOKJIUBICTh BCTAaHOBIIOBATU
3aJI€KHOCTI MK MaKpOCKOIIIYHUMH BJIACTUBOCTIAMHU MaTepiaay 1 YMHHHUKAMU, IO
BILJIMBAIOTh HA I[1 BIACTUBOCTI, Ta OI[IHIOBATH 1X KUJIbKICHO. TOMY BiH € Ba)KJIIMBUM
3ac000M PO3pOOKM HOBUX MartepiaiiB JUis Cy0- UM HAHOMIKPOHHOT TEXHOJOTii
dbopmyBanus ctpykTyp BIC.

1.2. CTpyKTypHi 4YHMHHHMKHM, $Ki BIUIMBalOTh HAa MAKPOCKOMNIYHI
BJIACTHUBOCTI MaTepialiB eJIeKTPOHHOI TeXHIKH

MakpockomniuyHi ~ BIACTUBOCTI ~MaTtepiajy 3ajleXaTh Bl  BHYTPILIHIX
0COOJIMBOCTEH PEUOBHHH, TOOTO BiJl HOT'O CTPYKTYPH Ta OYAOBH, OKPEMHI pO3TIISA
AKUX € HeToUUIbHUM. CTpYKTYpy 1 Oyn0BY HEOOXiTHO BUBYATH B3a€EMO3B'I3aHUMH,
OCKUIBKHU TUIBKH B IIbOMY BMIIAJIKy MOKHa BM3HA4aTH BIAMOBIAHI MaKpOCKOIIYHI
rapamMeTpH MaTepialy 3 ypaxyBaHHSM 30BHIIIHIX BIUIMBIB, SKI 3yMOBIICHI €O
PI3HOMaHITHUX TEXHOJOTYHUX YMHHHKIB Yy MPOIEC] BUTOTOBJICHHS CaMOI'0 MaTe-
piary uu popMyBaHHS Ha HOTO OCHOBI YHKITIOHATLHOTO 11apy cTpykTypHu BIC. V
MeTalyprii eIeKTPOHHUX MaTepialiB TAKUMU YMHHHUKAMH €, HalpHUKIaa, MacoBi
YaCTKU KOMIIOHEHTIB Ta iXHsSI YUCTOTa, TOOTO XIMIYHMII CKJIaJ pPEYOBUHH, TEMIIE-
paTypa IJIaBJICHHS, TeMIIepaTypa rapsaoro MpoKaTyBaHHA, 3yCHIUIS Jedopmairii,
MIBUJKICTh BUTSKKU, TEMIEpATypa Ta IIBUIAKICTL OXOJOUKEHHS Ha (IHILIHOMY
LUK 00pOOIeHHS, TPUBANICTH 1 aTMOCc(epa TepMidHOTO 00pOOIICHHS Yu BiIIamy.

3aramoM CTPyKTypa MaTepially BH3HA4ae€ThCcs HOro jaedekTHicTio. OCKUTBKU
HE ICHY€ 11€abHUX KPHUCTaliB, TO peaybHi (Si, GaAs) 3aBKIU MICTATH AePEKTH
CTpYKTypu. BoHM moxauisitoThesi Ha ACPEKTH HYJIBOBOrO pPO3Mipy (BakaHCIi,
JIOMIIITKOB1 aTOMHM), OAHOBUMIpHI (JIMciIoKaii), ABOBUMIpHI (JiepexT nakyBaHHs,
rpaHulli 3epeH i (a3) Ta TpuBUMIpHI JeeKTH (JUISTHKH TOUYKOBUX Je(EKTIB, MOPH,
KJIacTepu, mperumnitatv). B OaratodasHux wmarepianax, SKHMH €, HaNPHUKIAJ,
CIUIaBH, BEJIUKY pPOJb BIAI'pAa€ PO3MOAUT PI3HUX THIIB JAOMIIIKOBUX aTOMIB Y
rpatui (XIMIYHHE TOPSAIOK), IXHS PO3YUHHICTH, TeMIlepaTypHa CTaOUIbHICTh
po3noainy. SKHIO CTPYKTYpHI €JIEeMEHTH MAlOTh EJIEKTPUYHHI UM MAarHITHHMA
MOMEHTH, TO YaCTO BHUPIMIAIBLHOTO 3HAYECHHsI HAaO0yBae€ iXHS B3a€MHA Opi€HTAIlis,
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sIKa BU3HAYAE aHI30TPOMHICTh MaTepiary.

VY NoHATTS MakpocTpykTypu Kpuctany BIC um TBepmoro Ttiia B SIKOCTI
IeOMETPUYHOr0 acHeKTy BXOJUTh B3a€EMHE PO3MIIMICHHs (YHKIIOHAJIBHUX INAPIB,
3aXOBaHMX KOHTAKTIB, emiTakciiiHux mmrapiB (Si unm GaAs), a Takoxk 300pakeHHS
MOBEPXHI OKpeMHUX (YHKI[IOHAJBHUX IIapiB; MIKpOUUTI(QIB, SKI BU3HAYAIOTh
3epHHCTICTh CIUIABIB (HampHKIaa anmroMiHieBuX Ha Kmtaar AKIo-1-1); moBepxHi
KOHTaKTHUX IUIOMIQJIOK II1I PO3BApIOBaHHS BHYTPIINIHIX MEPEMHUUOK; CTPYKTYpH
TEPMOKOMIPECIHHUX 3'€IHaHB TOLIO.

HasBani Buam MakpocTpykTyp mojaHi Ha puc. 1.2 —1.6. Puc. 1.2 imocTtpye
nporec (opMyBaHHS 3aXOBAHOTO KOHTAKTy, C(POPMOBAHOTO YEpe3 MIKIIAPOBY
13051s111iF0 60p0ohoCchHOPOCHITIKATHOTO CKIIa 3 BUKOPUCTAHHAM Oap'epHoro mapy TiN
JI0 TIOBEPXHI1 KpEeMHIi0 Ipu OaraTopiBHEBOMY MOJIKPEMHIEBOMY (TIOTIIHIHOMY)
po3BelIeHHIO 3'eqHaHb cTpykTypu BIC.

Puc. 1.3 monmae TmOBepXHIO eIMITAKCIHHUX AapCEeHIATaJi€eBHX CTPYKTYP,
300pa)Ke€HHS AKX OTPUMAHE ONTHYHUM METOJIOM i3 KOHTpacToM 3a Homapchkum:
a) MaToBICTh 4 BiAH. 0A., 0) MaTOBICTH 7 BiAH. Oll., B) MaToBicTh 30 BiIH. Of.; Ta B
peKUM1 BTOPHHHHX €JEKTPOHIB Ha pacTpPOBOMY E€JIEKTPOHHOMY MIKPOCKOI1
JSM-840 (r) — maToBicTb 9 BiH. OA1.

Puc. 1.4 nemMoHCTpye CTpPYKTypy a/llOMiHIEBOrO CIUIaBy (aJIHOMiHIH-KpeMHiii-
roabMiii  AKTo-1-1), skuif BHUKOPUCTOBYIOTH [JIsl BUTOTOBJICHHSA MilleHel
MarHeTPOHHOT'O PO3MUJICHHS POMUCIOBUX yCTaTKyBaHb "Oparopis” ta "Maruna".

Puc. 1.5 utrocTpye CTpyKTYpy OCaIKEHOTO TAIail0 Ha KOHTAKTHI alOMiHI€B1
TUTOIIA/IKY ITiJ] pO3BapIOBaHHs 0€3KOPITYCHOTO eJIeKTPOHHOI0 Yina (MaByyvka).

Puc. 1.6 nemoHcTpye KOpo3iiiHE pyHHYBaHHS KOHTAKTYy 30J0TO-JIIOMIHIM B
TEPMOKOMIIPECIHHUX 3'€ THAHHAX BHYTPIIIHIX BUBOIIB 10 CTPYKTYyp BIC.

VY MOHATTS MIKPOCTPYKTYPH TAaKOXk BXOJSATH €HEPreTUYH1 B3a€MO3B'SI3KH (TUIT
3B'SI3Ky, CHJIM B3a€MOjil), SKi YTBOPIOIOTH EIEKTPOHHY CTpyKTypy. Came
€JICKTPOHHA CTPYKTypa MarepiaJy BH3HAaYa€ HOro eJIeKTpUYHI Ta MarHiTHI
BlIacTuBOCTI. JImst 11X BHUBYCHHS, aHali3y Ta BHUMIPIOBAaHHS MapaMeTpiB
BUKOPHUCTOBYIOTh TECTOBI CTPYKTYPH.

Puc. 1.2. DopMyBaHHS 3aXOBaHOTO KOHTakTy 10 KpemHiro: a) TiN + AKIo-1-1;
6) TiN + TiSi, (o)
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e iy A g A
Puc. 1.3. 300pakeHHs. TIOBEPXHI €MiTaKCiiHOro [Iﬂ]]],mlpmlﬂ]q””l"""mm
GaAs, oTpuMaHi ONTUIHUM MeEToAoM (a, O, B), Ta ’

Ha PacTPOBOMY €JIEKTPOHHOMY MIKpOCKOTi (T). Puc. 1.4. Crpykrypa  anromi-
MartosicTs (BigH. o1.): a) 4; 6) 7; 8) 30; 1) 9 niegoro crapy AKT'o-1-1

Puc. 1.5. [IniBka namanmiro Ha amomi- Pwuc. 1.6. YTBOpeHHST 1HTEpMETAIIYHO-
HieBOMy KOHTaKTi (36imbmenHs 10°) ro 3'egHanHs Au-Al micias  Tepmo-
Bimmany (36imbmrenms 10°)

1.3. CTpyKTypHi 4YHMHHHMKH, $fKI BIUIMBAalOTh HAa MAKPOCKOMNIYHI
BJIACTUBOCTI MaTepiaiis

Ha puc. 1.7 cxemaTn4Ho mojaHa 3aJ€XHICTh MAKPOCKOIIIYHUX BIACTHBOCTEH
MarepiajiB Bil YMOB iX BHTOTOBJICHHSI. METOMU MOCTIIKCHHS IMapaMeTpiB, IO
HajexaTh J0 000X TUIOK Ha puc. 1.7, MOXKHA PO3IIISLIATH CYMICHO, TOOTO BOHU
ABISAIOTH COOOI0 KOMIUIEKC METOMAIB, SAKHH MOYKHA OXapaKTepuU3yBaTH SAK
aHamiTHIHUN Komruiekc. KpiM Toro, cydacHmii aHani3 00OB'I3KOBO Tepembadae
aHaJli3 YMCTUX eJieMeHTiB. BiH He 0OMeKyeThCsl TIIbKM BU3HAUYCHHSIM BMICTY IIHX
€JIEMEHTIB, ajie i BpaXxoBYye iXHIH MIKpOPO3MO/ILT Ta MPOLECH B3aEMOIII.

[Ilomo MiIKpOBIACTUBOCTEH, TO OOWJIBA TIIXOMU BXKE HEPO3AUIBHI, — iX
HA3MBAIOTh CTPYKTYpHUM aHaiizoM. B TaOim. 1.1 Bka3aHO THIOBI JJIT OCHOBHHX
CTPYKTYPHUX BaplaHTIB METOAM IOCIIIKEHHsS. BUSBIA€THCS, 110 BKE BIJHOCHO

18



HEBEIMKUN HaOlp METOMIB 1 MPHWIAAiB aHATITHYHOTO JOCTIIKEHHS € JOCTAaTHIM
JUTSL TOCJIJKEHHS CTPYKTYP OUTBILIOCTI MaTepialiB.

I CxJtaj1, THII 1 BIACTUBOCTI OCHOBHUX €JIEMEHTIB

[ Mapamerpu texuomnorii —>] Crpyxrypa marepiany — Maxposnacrusocri|

Maca maTtepiaiy, THCK,
TeMIeparypa, 4ac i mBH-
KIiCTh TTABIICHHS, OCa/l-
KEHHSI, POKATy, TEpMidHE
00pOOJICHHS, aKTUBAITIS.

[TopsinoK CTpyKTYpHOTO
enemMeHTa (reoMeTpUYHMMA
MOPSJIOK).

Posmoain crpykrypHux ene-
MEHTIB (XIMIYHUN MOPSIAOK).

I'ycTuHa, IpyXHICTS,
TEPMIYHE PO3LIUPEH-
Hs, TEIDIOEMHICTD,
JeJIEKTPUYHA 1

MarHiTHa IIPpOHUK-

OpieHTallisi MOMEHTIB HICTb, '€30e(eKT,

CTPYKTYPHOTO €JIEMEHTA.

[lImapa Mk BaJIKaMu

MIPOKATKH JIIS TUTAKIPOBKH MarHiTOCTPHUKIIiS,
amoMinieM ctpiuku Fe-Ni. JledeKTn CTpyKTypH: €JIEKTPONPOBITHICTD,
JIOMIIIIKOBi aTOMH, BakaHcii, | TETUIONPOBIIHICTD,
[IBMAKICTH MPOKATKH YK JUCIOKAIii, TPaHUII 3epeH, TepMO-€.p.C.,

BOJIOUIHHS Ta HAIIPSIM BHYTPIIIHE TEPTH.

IMIPOKAaTKH.

rpaHuili ¢as, mopu,
KJIaCTepH, MPELUITITaTH.

Puc. 1.7. 3amexHIiCTh ~ MakpOCKOINIYHMX  BIACTUBOCTEH  Marepiasry  Bif

TEXHOJIOTYHUX YUHHHUKIB IX BUTOTOBJIEHHS

Po3riissHeMO Tenep OCHOBHI TMOJIOXKEHHSI Cy4YacHOi Teopil eJNeKTPOHHOT
CTPYKTYPH, SIKY BUKOPHCTOBYIOTh JJISl OTIUCY MIKPOCTPYKTYPH MaTepiaiiB.

EnexTpoH B aTOMi OTHO3HAYHO XapaKTEPU3YETHCS 3a TOTIOMOTOI0 KBAHTOBUX
qucen 1, e, m; Ta my. 3riiHo 3 npuHiunoM [layni B o1HOMYy aToMi He MOKe OyTH
JIBOX €JICKTPOHIB, K1 MajJud OM BCl YOTUPH OJHAKOBI KBAaHTOBI 4ucia. ['onoBHe
KBaHTOBE YHCJIO 7 MOKe HAOYBaTH JIOBUIBHUX HATYpaJIbHUX 3Ha4YeHsb 1, 2, 3, 4, ... .
Bono omnucye enextponni op6itu K, L, M, N, O, ... 060510HOK aTOMa BIAMOBIIHO.
KoxHa opbita MoXe BMIlyBaTd 2n° €IEKTPOHIB, TOGTO KOXHOMY TOJOBHOMY
KBAHTOBOMY WHCIY BiANOBimae 2n° eHEPreTHYHMX CTaHIiB enekTpoHa (n°
nigpiBuiB). BimmoBimHo 2n” eNEKTPOHIB PO3MILIYIOTbCS HA 7 PIBHAX, SIKi
MO3HAYalThCA 1HACKCAMU S, p, d, f, 1 T. 4. PiBHSAM BiANOBINaIOTH OpOiTaIbHI
kBaHTOBl uucna /=0, 1, 2, 3... (n-1). KoxHuil piBeHb MOXE MICTUTH TaKy
KUJIBKICTB €JIEKTPOHIB, SIKa BABIU1 OiIbIa OpOITAIBEHOTO KBAHTOBOTO yucia. Takum
YIHOM, MAaKCHUMAaJlbHO MOXIIMBA KUIBKICTh €JEeKTPOHIB Ha pPIBHAX S, p, d 1 f
craHoButh 12, 3-2, 52 ta 7-2 BignoBinHO. EnexTpoHu Ha piBHAX S, p, d 1 f
BIAPI3HAIOTHCS MAarHiTHUMH KBAaHTOBHUMH YHCIAMH /77; 1 CHIHOBHUMH KBaHTOBHMH
YUCJIAMU M, TIPU UboMy my; = -/, ..., 0, ..., +[, a my = £1/2. lle npu3BOAUTH 10 TOTO,
[0 KOKHUU PiBEHb po3mieruitoeTbes Ha 2:(/+ 1) migpiBuiB. [HImumMu cnoBamu,
Hanpukiaz, piBaio /=1 (piBeHs p) Bimmowimae Tpu minpisai m;=-1, 0, +1. Ha
KO)KHOMY 3 HUX MOXe TiepeOyBaTH JI0 JIBOX CJIEKTPOHIB 31 criHamMu my = -1/2 i
mg = +1/2. ToOTO piBEeHb p BMillly€ MAKCUMYM HLIICTh €JIICKTPOHIB.
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Taoauus. 1.1. OCHOBHI CTPYKTYpHI OCOOJIMBOCTI TBEPAUX TUI 1 TUIIOBI METOAHM iX

JOCIIIKEHHS
Po3mipHa/CTpyKTypHA| .
XapakTte-| 0co0JH- AHAIITHHA MeTton AoCTiIKEHHS
. npobieMa
pucTHKa| BICTh
1 2 3 4
Tpu- Maxkpo- | Hedextu ocigan- MarHiTHUI, MarHiTHO-IHyKTUBHUH Ta
BUMIipHa | nedekTn HS, TPIIMHY, |YJIBTPa3ByKOBUN KOHTPOJb; PEHTIEHO-
(3D) MAaKpOBKJIFOYEHHS, |Ta Y-Te(peKTOCKOMIIs
nedeKTy Hamapy-
BaHHS
[Topu, ra3oBi  |YabTpa3ByKOBHil KOHTPOJIb,
myXupi. ENINCOMETPIs
da3u Cxnan (dazosuii |EnexTpoHHO-TIPOMEHEBUI MIKpPOAHAITI3;
BKJTFOUEHHS aHai3) Mac-CIIEKTPOMETPisi BTOPUHHUX 10HIB;
Oxe-eleKTpOHHA CIIEKTPOCKOIIIS;
nudpakiisi peHTICHIBCbKMX MTPOMCHIB;
PEHTTCHOIIOMIHECIICHTHIH aHai3,
MeccOayepiBChbKa CIIEKTPOCKOITIS;
eJIICOMETPIs
Crpykrypa ta |[Iudpaxiiis peHTIeHIBCHKUX TPOMECHIB;
napaMeTpH IPaTKH | TPaHCMICiifHa eJIEeKTPOHHA MIKPOCKOITIs;
nudpakiiss HCHTPOHIB
O6'emH1 nomi ¢a3 |KinbkicHa MeTanmorpadis; KiUTbKICHHN
CTPYKTYpPHUH aHaJIi3 32 JTOOMOT OO
MIKpO30H/2; AU(PPAKIIS pEeHTICHIB-
CBKHX MTPOMEHIB 3 BUMIPIOBAHHSIM
THTEHCHUBHOCTI; MeccOayepiBchka
CHEKTPOCKOIsA; TU(paKiis HEHTPOHIB
Po3mip 3epna ta |[KinbkicHa MeTanorpadis; KUIbKICHHIMA
BKJIIOUEHB, 00'€M- |CTPYKTYPHHI aHalli3 3a JTOTIOMOTOI0
HUM pO3MOJIT  |€IeKTPOHHO-NIPOMEHEBOTO 30H/1a
Texkcrypu | Tum icreninb |[[Iudpakiiisi peHTICHIBCHKUX IIPOMEHIB 3
TEKCTYpYBaHHSl |TEKCTYP-TOHIOMETPOM; MeccOayepiBChbKa
CIIEKTPOCKOMIs; NUDpaKilis HEUTPOHIB
Posmonin JlikBarris EnexTpoHHO-TIpOMEHEeBUI MiKpOaHais3;
€JIEMEHTIB Osxe-eeKTpOHHA CIIEKTPOCKOIIs; Mac-
CIIEKTPOCKOITisSI BTOPUHHHUX 10HIB; 3BO-
poTHE pe3epopiBChKE PO3CIFOBAHHS
30aravueHHss  |Mac-CIeKTPOCKOITisi BTOPHHHHX 10HIB;
B3JIOBX IrpaHullb |Oe-eJeKTPOHHA CIIEKTPOCKOITs
3epeH
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[Tponossxenns Tabmumi 1.1.

1 2 3 4
Judysiitai 30au |EneKTpOHHO-TIPOMEHEBUI MIKpOAHAIIi3;
Mac-CIEKTPOCKOIisl BTOPUHHUX 10HIB;
OKe-eJeKTPOHHA CIIEKTPOCKOMIis
PosmapyBanusa |[ludpaxitist peHTIeHIBCHKUX TIPOMEHIB;
HAACTPYKTYpH |MeccOayepiBChKa CIIEKTPOCKOIIisl; i0HHE
BiIOMBaHHS; TPAHCMICI{HA €JIEKTPOHHA
MIKPOCKOIIA
Buninenns | Inentudikamis |EneKTpoHHO-NPOMEHEBUI MIKpOaHai3;
CKJIamy Mac-CIEKTPOCKOITisi BTOPUHHUX 10H1B;
TpaHCMICIi{Ha eJIeKTPOHHA MIKPOCKOITIS;
TuGpaKiis peHTIeHIBCbKUX ITPOMEHIB;
MeccOayepiBChKa CIIEKTPOCKOITIS
Crpykrypa rpatku|TpaHcMiciiiHa eJleKTpOHHA MIKPOCKOIT;
Ju(paKxiisi peHTICHIBCHKUX MTPOMEHIB
O6'emna nons, |BigOuBHA eneKTpOHHA MIKPOCKOMIS;
BEJIMUYNHA, TUQPaKIis peHTICHIBCHKIX IIPOMEHIB;
pO3MoALT PEHTTEHIBCHKE MAJIOKYTOBE PO3CISHHS;
KUIbKICHA MeTanorpadis;
MeccOayepiBChKa CIIEKTPOCKOITIS
MarnitHi | MarHitHi cTpyk- |Jlndpakitist HSHTpPOHIB;
CTPYKTYpH | TypH Ta SBHIIA |MeccOayepiBChbKa CIIEKTPOCKOITIS
JBo- I'panuni  (ITutoma noBepxhs KinbkicHa meTanorpadis
BUMIpHA | 3epeH 1 a3 | 3epeH i rpaHUIlb
(2D) ba3
Cxnan Mac-creKkTpocKoItisi BTOpPUHHUX 10H1B;
Oxe-eJeKTpOHHA CTIEKTPOCKOMIS;
(hOTOETEKTPOHHA CIEKTPOCKOMIis
Crpykrypa  |TpaHCMiciiiHa €JIEKTPOHHA MIKPOCKOITIs
30BHILIHSA ['mubuna InTepdepeniiitia cnekTpocKomis,
MIOBEPXHSI, HEPIBHOCTEH  |eJincoMeTpist
OKCUIHI | (KJIaC YUCTOTH)
IIapHu. Tonorpadis  |CkaHyroua eJIeKTPOHHA MIKPOCKOMIs
Ckian B ancop6o- | Mac-CrieKTpOoCKOITisi BTOPHHHHX 10HIB,;
BaHUX mapax |Oxe-eIeKTPOHHA CIIEKTPOCKOITIs
(hOTOETEKTPOHHA CIEKTPOCKOMIis
Crpykrypa  |[dudpakiis e1eKTpOHIB
Jedextn 300paxkenns |TpaHcMmiciiiHa eTEeKTPOHHA MIKPOCKOTIis
HaKyBaHHS
®epomar- | 3ob0paxenns ta |[lomspuzaiiiiHa MIKpOCKOIIiA; CKaHyIO4Ya
HITHI 30HM | TpaHuIli bioxa |eleKTpoHHA MIKPOCKOITIs
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[Iponorxxenns Tabmmi 1.1.

1 2 3 4
Opno- |ucnokamii| 3o0paxenns |TpaBiieHHA, TpaHCMICIHA €JICKTPOHHA
BUMIpHA MIKpPOCKOITisl; PEHTICHIBChKA ToTIorpadis
(1D) ['ycTtuna Judpaxuis peHTIeHIBCbKIX TPOMEHIB;

JTUCIIOKAIll  |[TpaHCMICiiiHA eIeKTPOHHA MIKPOCKOITIsI
HynboBa| Bakancii | Konnenrparis ta |[[udpakiis i0HiB; ITO3UTPOHHA

(0D) po3MoALT AHIT TSI
BaKaHCIH
HowmimkoBi | Konmentpamis, |dudpaxitis i0HIB 1 HEUTPOHIB,

aTOMH | pO3MOJLI JOMIIII- [aBTOEJICKTPOHHA Ta aBTOIOHHA

KOBUX aTOMIB  [MIKPOCKOITisl; MO3UTPOHHA aHIT SIS,
BIIPOBAJKEHHS T |[30HJOBHI MIKpOaHali3; aTOMHO-CHJIOBA

3aMilEeHHs, MIKPOCKOITIS

KIJIAaCTepH1 30HU

EnexTpoHHa OynoBa eIeMEHTa OMUCYETHCS TOJOBHUM KBAaHTOBHM YHCIIOM 71,
JOTIOM1KHUM KBaHTOBUM 4HUCIIOM / (s, p, d, /), @ TAaKOX KUTBKICTIO €JIEKTPOHIB, SIKi
nepe6yBaloTh Ha IUX piBHAX. JIIs KMCHIO, HATIPUKIIAL, [ie BUIIAAAE Tak: 15°2s°2p",
100TO OpbiTa K 3 n=1 1 /=0 (piBeHHb §) 3aMOBHIOETHCA JTBOMA EICKTPOHAMHU.
Opbita L (n =2) mae Bxe asa nigpisai 3 /=0 (piBess s) i /=1 (piBensb p). Ha
PiBHI § € 1Ba €1eKTPOHU. PiBEHB p MICTUTDH 4 €IEKTPOHU 1 MOXKE MPUIAMATH IIIe ABA
CJIEKTPOHU. SIKIIO piBEHb p [OMOBHUTH OJHHUM €JICKTPOHOM, TO OTPUMYEMO
HACTYIMHUU €JIEMEHT MepioIMYHOT CUCTEMH — TOP, a SKIIO ABOMA €JICKTPOHAMH —
HeoH. HeoH Mae TOBHICTIO 3amoBHEHY opOiTy L 3 eNeKTpoHHOW OYyI0BOIO
(cTpyKTYpO10) 1522522p6. B HactynHOMy (micisi HEOHY) €leMEeHTI MepioANYHOl
cucTeMu (HaTpiil) MOYMHAETHCS 3aMOBHEHHS HOBOT opbiTi M: 15°252p%3s'.

OpOitanpHuii / 1 CIIHOBHI S MOMEHTH — BEKTOPH, SIK1 OMHCYIOTHCS BIACHUMU
KOMIOHEHTaMHd [/ Ta § BIIHOCHO OCi KBaHTyBaHHS (HANPUKIAJ, HANPIMY
30BHIIIHBOTO MAar”iTHOro mojs). B pe3ynbraTi B3aemojii opOiTambHOro Ta
CIIHOBOTO MOMEHTIB OTPUMY€EMO BEKTOPHY CyMYy, SIKa Ja€ CyMapHHH MOMEHT J.
TyT MOXIHMBI Taxi ABa THIN 3B'SI3KY:

—3B'a3kn L-S (3B's3ku Paccesna-Caynaepca). Takuil 3B'130k Mk €JI€KTPO-
HaMM BCTAHOBJIKOETHCS Y OUIBIIOCTI aTOMIB. B3aemMotiss MOMEHTIB /; 1 §; MibK cO00O
€ 3HaYHOO, OJIHAK HE MEPEBMIIYE CHEPTit0 €JIEKTPOCTATUUHOTO BiIIITOBXYBaHHS
€JIEKTPOHIB B €NEKTPOHHIN 000710HI. TOMY KOMITIOHEHT /; T0JIal0Th O CyMapHOTO
CIIIHOBOI'O MOMEHTY L, a KOMIIOHEHT S; — JI0 CYMapHOIo CIIHOBOI'O MOMEHTY S.
BekTopHa cyma momeHTiB L 1.5 B pe3yibTati 1ae MoMmeHT J. TooTo,

L=>1; S=>s; J=L+S. (1.1)
1 1

—3B's130K j - j. B3aemois MOMEHTIB /; 1 5; € HACTUTLKH BEJIMKOIO, 110 CHEPTis
CIIH-0pOITaIbHOT B3a€EMO/I1i MEPEBUIILYE SHEPIi0 €EeKTPOCTATUYHOIO BiIIITOBXY-
BaHHS CJIEKTPOHIB B €JEKTPOHHIA OOOJIOHII, TOMY IIi KOMIIOHEHTH JIOJAl0Th 10
pe3yIbTyI04Ooro MOMEHTY j;. OTpuMaHi MOMEHTH j;, B CBOIO 4Yepry, TaKOX
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BEKTOPHO JIOAAIOTh, B PE3YJIBTATI YOT'O OTPUMYEMO PE3yIbTYIOUNH MOMEHT J:

i i

OcKUIbKY A1 3B'I3KY j - j B)K€ HE MOXHA BU3HAYUTH MOMEHTH L 1 S, To Binmanae
HEOOXi/IHICTh TIPOBOJIUTH PO3IUICHHS 32 eHepreTuuHnMH piBHsIME S, P, D 1 F, sixe
OTHCAaHO HIDKYE.

VY cmekTpockomii MPUHHITO OMUCYBATH CTaH aTOMa CIEIiaJbHOI CHMBO-
JKOI0 €HEepPreTUYHUX piBHIB. BoHa 0a3yeTbcs Ha rOJOBHOMY KBAaHTOBOMY YHCIII 71,
CyMapHOMY OpOITaJbHOMY MOMEHTI L, CyMapHOMY CIIIHOBOMY MOMEHTI S Ta
cymapHoMy MoMmeHTi J. EHepreTuuHuii cTaH 3 KBaHTOBUM YHCIOM CYMapHOTO
op6itamsHOTO MOMeHTy L =0, 1, 2 1 3 mo3HaygarTh sk okpemi cranm S, P, D 1 F.
[Ipy BHU3HAYEHI CHUMBOJIIKM €HEPreTUYHUX PIBHIB HEOOXITHO 3BEPHYTH yBary Ha
T, 1110 JJIs 3alI0BHCHUX PIBHIB BINOBIIHI IM CyMapHi opOiTayibHuii L Ta CriHOBUH
S MOMEHTH B)X€ BpaxoBaHI B CyMapHOMY MOMEHTI J aToMa, TOMY JUISl IIUX PIBHIB
L =S8=0. Y3aranpbHeHe MO3HAYCHHSI CHEPTETUYHOTO CTaHy Ma€ BUTJISA L [Tpn
IIOMY 3aMiCTh L BUKOPUCTOBYEThCS BimmoBimamii cumBon S, P, D, F. Bennunny
2s + 1 Ha3uBaIOTh MYJBTUILIETHICTIO, SIKa MOKa3y€ KPATHICTh BUPOJKEHHS PIBHIB
atoma. s CUCTeMH EHEpPreTHYHHX pIBHIB aTOMa BaKIMBa KOMOIHAIlsA BCiX
MOXIUBUX 3Ha4ueHb L 1.S. Toai cxema eHepreTHUHUX PIBHIB CKIIAJAETHCS 3 PI3HUX
CUCTEM, KOKHA 3 SIKMX HaJIeXKHUTh IO CTaHy OJHIET 1 Ti€T %K MYJIbTUIICTHOCTI.

OcHOBHI cTaHM atoMa Na XapaKTepH3yIOTb CHMBOJIOM 3%15. 3aranbHuii
CNEKTPOHHMIT cTaH atoma Na BusHawaiorh sk 1s°2s72p®3s'. Op6ite K i L
3all0BHEHl, TOMY HE€ [al0Th >KOAHOIO BHECKY 10 MomeHTIB L 1 S. Opbita M B
OCHOBHOMY CTaHi MICTHTH 1 €JICKTpOH Ha piBHI 5. PiBHIO 5 Binmosinae [ = 0, a crin
OJIHOTO €JICKTPOHA CTaHOBUTH § = 1/2. B pesynbrati orpumyemo J=L+S5=1/2, a
BIJINIOB1/IHA MYJIBTUILICTHICTh CTAHOBUTD 25 + 1 = 2-(1/2) + 1 = 2. SIkio npuidHsATH
€JIEKTPOHHMH CTaH [ aroMa F sk 1s22s22p5, TO WOMY BIANOBITAIOTH 3 MOYJIMBI
eHepreTHuHi craHu. PiBenp 1s° BMilIye 2 eIEKTPOHH 3 OPGITATbHHM MOMEHTOM
[=0 i crigoM s=+1/2, a piBeHp 2s° BMillye TaKoX 2 ©JICKTPOHHM, OJHAK 3
op6iTanbHUM MoMeHTOM /=1 1 cmiHoM s = +1/2. PiBeHb p Mae 5 eneKkTpoHiB i3
mecTu MakcuMmanbHuX. Lle o3Hadae, 1m0 4 eJIeKTPOHU KOMIIEHCYIOTH CBOI CITIHOBI
MOMEHTH, TOMY TYT CJIiJl BpaXOBYBaTH TUIBKU I'STHH eIeKTpoH 3 [=115s=1/2.
Tenmep BpaxyeMo BCi MOXJIMBI BeHYMHH L, S 1 J, AKi JO3BOJSAIOTH OIMHCATH
IMOBIpHI €HEePreTUYHI CTaHU:

=0, s=+172;  I=1, s =172,
L=>1; L=1;

i
§=25; S=0, S=1

i

J=L+S J=0, J=1, J=2 (1.3)

BekTopHy JiarpaMy 3a3Hau€HHX MOMEHTIB aToMa (Topy uIocTpye puc. 1.8.
[3 Takoi BEKTOPHOI CyMH JIETKO BH3HAYAIOTh JIBl MyJbTUILIETHOCTI 25+1: 2-:0+1=1
ta 2-1+1=3. lna L =1 orpumyemo ctran P 3 mynprurmetrictio 1 a6o 3. s
nepmoro BUnaaky J =1, craH no3Ha4alOTb CHMBOJIOM 2'Py, a s Jpyroro
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(MmynpTHIUIETHICTE 3) J =0, 1, 2 — BIATOBIIHI CTaHU 23P0, 2°P, ta 2°P,. Taki crauu
€JIEKTPOHHOI CTPYKTYPH BHKOPUCTOBYIOTH ISl TOSICHEHHS (I3MYHHX NPOIECIB
PEHTICHOENEKTPOHHOI Ta (oToeneKTpoHHOi emiciif. Takum unHOM, MIKpO-
CTPYKTypa 3HAYHOK MIpPOI0 BH3HAYAE IapaMeTpPH Ta XapaKTEPUCTHKH MaKpPO-

CTPYKTYpHU MaTepiais.

ISI L
st T
S=0 S=1 L=1 J
S1 =+1/2 S1 =+1/2 Z] =0 L
Sy = -1/2 52:+1/2 12:1 S

S
L L L ‘ S L S
=1 J=2 J=0 J=1
=1 L=1 L=1 L=1
=0 S=1 S=-1 S=1

Puc. 1.8. BekTopHa niarpama MOMEHTIB JJIs aTOMa PTOpy

Ha 3akiHu€HHS IILOTO PO3ALTY PO3TIITHEMO TIEPEeXi/l BiJ] EIEKTPOHHUX CTaHIB B
130JIbOBAHOMY aTOMI JI0 €JEKTPOHHUX CTAaHIB y TBEPAOMY T — 10 30HHOT MoJeN1

(puc. 1.9). EnextpoHu B 130JbOBAaHOM
CHCPIrcTUYHUMU CTaHAMU, AK1 IIOJar0Th

y (r=o00) aromi BIIPI3HAIOTHCS TOYHUMU
y BUIJISII1 CXEMH €HepreTHYHUX PiBHIB 200

CXeMH TepMiB. Y Mipy 30JMDKEHHS aTOMIB XBHWJIBbOBI (PYHKINI IXHIX 30BHIIIHIX

RO
7

KKK
09000 0 0.0 0.0 ¢"

X i
y///

$9.0.0.0.0.0.9.0.
X5

Enepris

35
5

G050
RREE5%

00
20885
s
5
5

Puc. 1.9. Cxema posmiernsieHHs: euep-
TEeTUYHUX PIBHIB 130JbOBAaHUX aTOMIB
B MpoIeci iXHHOro 30JMXKEHHS Ta
yTBOpeHHS TBepAoro Tina. Tyt r= o0
BITIOBia€ 130JIbOBAHMM aTOMaM, Iy —
ICHYIOTh JB1 €HEpPreTH4YHI 30HU, PO3-
nineHi 3a00pOHEHOI0 30HOIO, I — IIi
30HH TIEPEKPUBAIOTHCS, YTBOPIOIOYH
OJIHY CHEPIeTUYHY 30HY
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€JIEKTPOHHUX OOOJIOHOK MOYUHAIOTH IIe-
peKpUBATHCS, TOOTO aTOMHU B3a€EMOJIIOTH.
Tenmep koxeH 3 aroMiB Bke HE MOXHa
pO3MIISLIATH SIK OKPEMUW — BOHU YTBO-
PIOIOTh CUCTEMY, JIO0 SIKOI TAKOXK 3aCTO-
coBHuit mpuHuun I[layni. e o3navae, mo
CJIEKTPOHM, SIKI TepeOyBaJii Ha OJHA-
KOBHUX €HEPreTUYHUX CTaHAX 130JbOBaHUX
aTOMIB, B)X€ HE MOXYTb MaTH OIHAKOBY
SHEPTII0 B CHCTEM1 B3aEMOJIIFOYMX ATOMIB.
SIkmo cuctema MicTUTh N aToMiB, TO B
pe3yabTaTi IXHBO1 B3a€EMOJIII €HEPreTHYH1
piBHI aroma N-KpaTHO pPO3IIEIUTIOIOTHCS.
B pe3ynbraTi 1IBOTO YTBOPIOIOTBCSA TakK
3BaHI EHEPreTHYHI 30HW, KOXKHA 3 SKHX
CKJIQJIAEThCS 3 KBa31HENEPEPBHOTO psiy N
CHEPreTHYHUX CTaHIB.

UuM BUIIIE O0O0OJOHII HAJIEKUTH
€JIEKTPOH, TUM CHIIBHIIIE PO3IICTLTIOETHCS
BIATIOBIMHUN OMY €HEPreTHUHUN PiBCHb.
BHyTpimHi piBHI MEHIIE NiANAI0THCA
pO3IICIUICHHIO a00 K Take SBUIIE TMpak-



TUYHO BIJICYTHE, OCKUIBKH BIATIOBINHI iM €JIEKTPOHM aTOMa €KPAHYIOThCS Bil il
IHIIUX aTOMIB €JIEKTPOHHUMU OO0OJIOHKaMH, po3TaiioBanuMu Buule. [lupuna 30H
IpONopIiiHa CHII1 3B'SI3KY Ta 3pOCTAE 31 3MEHLIECHHIM BIICTaH1 MIK aTOMaMU.

PosmienyienHst eHepreTMYHUX pPIBHIB MOKe OyTH HACTUIBKH CHIIBHHUM, IO
CyCiIHI €HepreTHUYHI 30HM HaKIaJaTUMYyThCs OJHA HAa OJAHY. Y 3B'I3KYy 3 LUM Y
TBEPAOMY TUI1 ICHYE PSIT IO3BOJCHUX CHEPTETHYHUX 30H. BOHU BiTiyIeH] OHA Bif
OJIHOI CHEPreTHYHUMH IHTEpBaJIaMH, B SIKMX HE MOXYTh IepeOyBaTH €JICKTPOHHU.
Taki iHTepBaIM Ha3MBaKOTh 3a00pOHEHUMH 30HaMU. KiIbKiCTh CHEPreTUYHHUX
CTaHiB, KA MPHIAJIa€ HA OJJMHUYHUN CHEPTCTUYHHUH 1HTEPBAI Y BU3HAUCHIN 30HI
HA3MBAEThCS TYCTHHOW (IIUIBHICTIO) €HEepreTMYHUX cTaHiB TBepjoro Tina g(E)
(puc. 1.10).

['ycTHHY €HepreTHYHUX CTaHIB MOXXHA BH3HAYHUTH 32 JOMOMOTOKO CIIEKTPO-
rpadiyHUX METOJIB AOCHIIKEHHS, 30KpeMa (OTOENEKTPOHHOI CHEKTPOCKOIi,
peHTIreHocnekTpockonii Ta (OKe-eJeKTPOHHOI CHEKTPOCKOmii, sKiI OyIyThb
JIETATBHO PO3TIIIHYTI B HACTYITHUX PO3JIaX.

3arnoBHEHHsI €HEPreTUYHUX 30H €JIEKTPOHAMU IOYMHAETHCA 3 HAWHMKYOTO
€HepreTUYHoro piBHA. ToMy B TBEpJAOMY TUIl ICHYIOTh €HEPIETUYHI 30HH, IIUTKOM
3aMOBHEHI €JICKTPOHAMH, Ta 30HH, sKI 3aMOBHEHI 4acTKOBO. EHeprito piBH, /10
SIKOI'O0 4aCTKOBO 3allOBHEHa eHepreruyHa 3oHa (3a Ttemneparypu T =0 K),
Ha3uBalOTh eHepriero Depmi (puc. 1.10) abo piBHeM Pepmi. 3a OyAb-IKHX THIIHX
TEMIEpPaTyp 3alOBHEHHS PIBHIB N0OiM3y piBHA Pepmi BHACHIAOK TEPMIYHHUX
KOJIMBaHb CHEPrii EJIEeKTPOHIB Ma€ IMOBIPHICHUH XapakTep Ta ONHCYETHCS
posnoauiom depwmi-/lipaka.

k1o BUIBHHMIT aTOM PEUOBHHM Ma€ MapHY KUIBKICTH €JIEKTPOHIB, TOOTO Ha
BCIX HOro 3amOBHECHHUX EHEPreTHYHHMX PIBHAX MICTUTBCS II0 JBa CIAPEHUX
€JIeKTPOHH, TO MiJl Yac YTBOpeHHs TBepAoro Tia 3 N TakUX aTOMiB KOKEH i3
piBHIB N-KpaTHO pO3LICIUIIOETBCA B 30HY 3 N-MIAPIBHAMH, sKa MICTUTh 2N
enekTpoHiB. Ile o3Hayae, 1m0 BCl MIPIBHI B 30HI 3aHATI €JICKTPOHAMH, TOOTO 30HA

1 2(E) 3d

4s

5

Er

Puc. 1.10. Cxema po3monisly TyCTUHU eIeKTpoHHUX cTaHiB g(E) nns Hikemo (a)
ta Miai (0). Just Ni 30uu 3d 1 4s, sIKi IEpEKPUBAIOTHCS, HE IILJIKOM 3allOBHEHI
eJIeKTPOHAMH 1 MatoTh 3aranbHuid piBeHb @epmi Eg. s Cu 30Ha 3d € minkom
3aroBHEHA eJIeKTpoHaMH, a piBeHb Depmi Ep po3ramoByeTbes B 45-30H1
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MOBHICTIO 3amoBHEHA. EJEKTpOHW Takoi 30HH, SKy HA3WBAIOTh BAJICHTHOIO, HE
MOKYTh MPUHMATH y4acTl y MPOBIAHOCTI, OCKUIBKH BIACYTHI MIAPiBHI, Ha SIKI BOHU
MOIM OW NEepexXOJUTH BHACIIJIOK HPUCKOPIOOYOI Jii E€JIeKTPUYHOrO IOt
30BHIITHBOTO JpKEpesia Hamlpyryu. Buiie BajgeHTHOI 30HM po3TamioBaHa TaK 3BaHa
30Ha IPOBITHOCTI — MOBHICTIO BUIbHA B1Jl €JIEKTPOHIB €HEpreTUYHa 30Ha, YTBOPEHA
BHACJIIOK PO3UICTUICHHS €HEPTeTHYHOTO PiBHS, IO BIIIOBIZIa€ CTaHy 30YIKEHOTO
BUIBHOTO aTtoma. SIKIo B 30HY MPOBIJHOCTI T€HEPYBaTH EJIICKTPOHH 3 OAHIET i3
3alIOBHCHMX 30H 3a JIONOMOTOK0 KBAHTIB BUIPOMiHIOBaHHS, BUCOKOCHEPTETUUHUX
4acTMHOK a0o0 (OHOHIB (HArpiBaHHs), TO TakKi CJICKTPOHH BXKE MOXYTh ITiJl
BIUTMBOM 30BHIIITHBOT'O €IEKTPUYHOTO TOJISi CTBOPIOBATH €IEKTPUUHUN CTPYM.

30Ha MPOBIMHOCTI Ta BaJEHTHA 30HAa MOXYTh OyTH pO3IUICHI 30HOIO
3a00pOHEHNX €Heprii — Taki pPEYOBMHM HAJIEKATh JIO [ICJEKTPHKIB abo
HAIIBMPOBITHUKIB. Mexa MK OCTaHHIMH JOBOJII YMOBHA 1 3aJIe)KUTh TUIBKU BiJ
BEJTUYMHU 3a00pOHEHOI 30HU. 3a3BHYail HAIIBIPOBIIHUKU IPOSBIAIOTH IMTOMITHY
BJIACHY, TOOTO TEpPMIYHO AaKTMBOBaHy (HE JOMIIIKOBY), MPOBIIHICTH me 3a
TEMIEpaTyp, HIKYUX BiJ] TeMIIEpaTypu IXHbOTO IUIaBJICHHA. [l NieJIeKTpHKiB
MTOMITHA BJIacHa MPOBIIHICTh HETOCSKHA.

SIKmo BajieHTHA 30HA Ta 30HA IPOBIIHOCTI MEPEKPUBAIOTHCS, TO B TAKOMY
BUTIQJIKY TBEPJIC TIJIO € METAJIOM, OCKIJIbKA YTBOPEHA CYKYITHA 30Ha 3allOBHCHA HE
MOBHICTIO 1 B HIi € IOCTATHbO BUILHUX €HEPreTUYHUX MIAPiBHIB, HA AKI MOXYTh
JIETKO TEePEeXOAUTH eJNEeKTPOHM (BIACTaHb MDK HIAPIBHSAMHU CTAHOBUTH IPUOIU3HO
107% = 10 eB).

OkpeMUM BHIIaJKOM CJiJ BBa)KaTH pPEUYOBHMHU, 3a00pOHEHa 30HA SKHUX
HACTUIbKM BYy3bKa, III0 BaJeHTHa 30HAa Ta 30HA IPOBIAHOCTI MPAKTHUYHO
TOTHKAIOTHCS OJHA 0 oAHOI. Taki peYOBHHM MPHHHATO Ha3WBATH HAIlIBMETAJIaMHU.
Ha BimMiHy Bin HamiBOPOBIIHHUKIB HAMiBMETadd BOJIOAIIOTH EIEKTPUYHOIO
IPOBIJHICTIO 3a TeMIepaTypy abCOJIFOTHOTO HYJIA, OJJHAK, HA MIPOTUBAry MeTajam,
1151 IIPOBLIHICTB 3pOCTAE 3 MIABUIICHHAM TEMIICPATYPH.

HapemTi Ti pe4oBHHHM, sIKI MalTh HEMApHY KUIBKICTb EJIEKTPOHIB, TEX
HaJIeXKaTh JI0 KJIacy METallB, OCKUIbKM BEPXHIN €HEepPreTWYHUH piBeHb BUTBHOTO
aToOMa, II0 MICTUTh HECHApEHUN EeNEKTPOH, TaKOX PO3ILEIUIIOETHCS B 30HY 3 N
NiAPIBHSMM, OJIHA TMOJIOBHUHA 3 SIKUX Oy/e 3alOBHEHA eNeKTpOHaMH, a Jpyra —
BUTbHA. Taky 30HY TaK0X MPUIHATO HA3UBATH BAJICHTHOIO.

JleTanbHuil omMc 30HHOT CTPYKTYpU TBEPAMX TUT HE € MPEAMETOM Il€l
MoHorpadii. ¥ 1bOMY Ta HACTYNMHHUX PO3JILIaX TEOPETUYHI BIAOMOCTI MOJaHi B
00cs131, HEOOXITHOMY ISl PO3YMIHHS (DI3UYHHX BIACTUBOCTEH, SIBHII 1 TIPOIIECIB,
AKI BUKOPUCTOBYIOTh JJIi BUMIPIOBaHHA Ta KOHTPOJIO MapaMeTpiB i
xapaktepuctuk cTpyktyp BIC min wac enexkrpodizuvnoro miarHoctyBanHs. s
HOBHIIIOTO PO3TJISY TCOPECTHUYHUX OCHOB METO/IIB JOCITIPKEHHS CITiJ] 3BEPHYTHUCS
JI0 MIPYYHUKIB, HABYAJIBHUX MOCIOHHMKIB 1 HAYKOBUX Mallb, Pl 3 SIKUX MOJIaHUN
B CITUCKY BUKOPHCTAHOI Ta PEKOMEH IOBAHOT JIITEPATYPH.

3aKkiHUylOud ILed po3aul, Cail Le pa3 BIAMITHTH, L0 caMe MIKpo- 1
MaKpOCTPYKTYPH B CBOIll CYKYIHOCTI BU3HAYaIOTh MAPAaMETPH Ta XapaKTEPUCTUKU
MaTepiaiiB, fKi, 31 cBOro OOKy, BIAIOBiNAIOTH 3a €NEKTPO(DI3WYHI mapameTpu
cybmikponuux ctpykryp BIC.
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Po3nin 3. BUBHAYEHHS ITAPAMETPIB CTPYKTYPU METAJIIB 1
CIVIABIB METOJAMMU KIJIBKICHOI METAJIOTI'PA®II

Metanorpadis € BaXKJIUBAM METOJOM SIKICHOTO Ta KUTBKICHOTO JIOCITIPKCHHS
CTPYKTYpU MeTaliB 1 cIutaBiB. Hes3Baxaiounm Ha CBOIO NIPOCTOTY, LEi METOH €
JIOCUTh IOTY)KHHUM 3aCO00M JOCIIJKECHHS MaTepianiB, SKHA JO3BOJSE OTPUMATH
BAXIIMBY EMIIIPUYHY 1HQOpPMAIlII0 MO0 IXHIX BIIACTUBOCTCH, SIKY HEMOXIIMBO
OTpUMATH IHIIMMH MeTojaMu. J[nsi mpoBescHHS MeTanorpadiqyHuX JOCHTIIKCHb
HEOOXITHI TIJTOTOBJICHI 3a CIEIIaJbHOIO0 TEXHOJOTIE B3ipIli — MeTaorpadivsi
nutiu. JlocmijizkeHHsS B3IpIiB 3/1MCHIOETHCS 3a JIOMIOMOTOK MIKPOCKOIA, SKHI
NIPALIOE Y peXXUMIi BiIOWBaHHS CBITJIA.

Bci meronmm pociimpkeHHs MeTanorpadiuHuX CTPYKTYp MOAUISIOTBCS Ha
SIKICHI Ta KUIBKICHI. SIKICHI METOJIU Iaf0Th MOKJIMBICTH OMKMCATH HACAMIIEpE]] THUTI,
dbopMy, po3Mip Ta B3aEMHE PO3MIIIECHHS BHABICHHX (a3 1 CTPYKTYpHHUX
cknamoBux. KinbKicHI METOIM MOXHA PO3AUTATH HA JIB1 TPYIH:

— JTOCIIKCHHST TIEBHUX MEXaHIYHUX a00 (DI3UYHUX BIIACTUBOCTEH, a TaKOX
KUIbKICHE BHM3HAYEeHHS XIMIYHOTO CKJIaay OKpeMux (a3 abo CTPYKTypHHX
ckiamoBux. I MbOTo 3aCTOCOBYIOTH, HAIIPUKIIA, TaKi METOMH, SIK BUMIPIOBAaHHS
MIKpOTBEPJ0CTi a00 eIeKTPOHHO-TPOMEHEBUN MiKpoaHali3;

— BUBYCHHS KUIBKICHUX XapaKTEPUCTHK MPOCTOPOBOI OYIOBU CTPYKTYpHU
[UIIXOM BUMIPIOBAHHS YUCJIOBUX MapaMeTPiB MIKPOCKOMIYHUX 300paKeHb.

Brnacue mro rpymy METOZIB 1 Ha3UMBAaIOTh KUIBKICHOIO MeTanorpadiero, came
BOHA € TMpeAMETOM Mboro po3aury. OCHOBHUMH OMNepamisiMd  KUIbKICHOT
Metajorpadii € MOiApaxyHOK, BUMIPIOBaHHS Ta Kiacugikalis eJEeMEHTIB, SKi
3HAXOATHCS B MOJI 30py MiKpockoma. Pe3ynbraToM BUMIpIOBaHHS MOXYTh OyTH
KUTBKICHI IMapaMeTpu 3epeH abo o0'eMHI momi pisHUX (a3 MeTany uu cruiaBy. Lle
O3Ha4ae, M0 KUIbKICHA MeTanorpadis omucye NpocTopoBy OyIOBY CTPYKTypH 0e3
BpaxyBaHHS 11 PI3MYHUX YU XIMIYHUX BIACTUBOCTEH.

3.1. CucremaTH3alifi CTPYKTYPH 3 TeOMETPUYHOI TOUKH 30py

CTpyKTypa MeTaliB 1 CIUIaBIB IMPOSBISIETHCS B pI3HOMAHITHOCTI i1 hopm. s
KUTBKICHOTO MeTanorpapiyHoro AOCHIIKEHHS NOUUIBHO 3BECTU LEed IIHPOKH
CrieKTp (opM JI0 HEBEIMKOI KUTBKOCTI OCHOBHHUX I'€OMETPHYHHUX THITIB, OCKUTBKU
JUISL KOJKHOTO THUITY, HE3QJIEXHO Bl CHEHU(pIYHMX O3HAK CTPYKTYpH Ta BHUIY il
CTPYKTYPHHUX CKJIQJOBUX, 3aBKIM MOXKHA BH3HAUUTH XapaKTEPHI ImapameTpH Ii€i
CTPYKTYpH, a Ui iXHBOTO (CTPYKTYp) aHAJI3y 3aBXJAH BUKOPUCTOBYIOTH OJHI 1 Ti
K IPUHLUIIM BUMIPIOBaHHS Ta OINpalloBaHHA JaHuX. Bunusores (3a CanTUKOBUM)
TaKi FTEOMETPHYHI TUIIU CTPYKTYpH (puc. 3.1):

OnnodaszHo-noaienpuuna crpykrypa (puc. 3.1, a). 3a BHHATKOM HeMeTa-
JICBUX BKJIIOYCHb, MOP TOIMIO, ISl CTPYKTypa CKIANAETHCA 3 MaiKe PIBHOBICHUX
KpUCTaJliB oAHiel 1 Tiel ik (a3u. (PiBHOBICHUMM Ha3UBAIOTHCSA TaKi KPUCTAIH, 1110
MalOTh NPUONM3HO OJIHAKOBI TE€OMETPHYHI PO3MIPHM  B3JOBX OCHOBHHX
Kpuctamorpadgiyaux oceil). lle o3Hadae, mo crocTepiraloTbCs TUIBKU MOBEPXHI
pPO3AlTy pIBHO3HAYHUX CTPYKTYPHUX CKJIAMoBHX. Jl0 TaKMX CTPYKTyp HajeXaTb
YUCTI MeTalM Ta ogHoda3Hi criasu (puc. 3.2, a).
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Bararoda3zno-nonienpuuna
cTpykrypa (puc. 3.1, 6) 31e0i1b-
IIOr0 CKJIAJA€ThCS 3 NPUOIU3HO
PIBHOBICHUX KpHCTaliB JIBOX abo
Outblie (a3 YU CTPYKTYpHUX
ckiranoux. [Ipu nmpomy moBepxHi
pO3iTy MPOXOAATh MK KpHUCTa-
JlaMU OJIHI€T UM pi3HUX TUMIB (a3.
Jlo TakuX CTPYKTYp HaJeXKaTh, Ha-
MPUKIIAJ, JIaTyHb 31 CTPYKTYPOIO
a- 1 [-TBepAOro po3YUHY HH
bepuro-nepiiTHa CTPyKTypa cTai
(puc. 3.2, 0). Puc. 3.1. 'eomeTpruuni  TUOU  CTPYKTYP:

Y MepeikeBUX CTPYKTYPaX ga) omgnodasHo-noieapuyna; 6) 6ararodasHo-
(puc. 3.1, B) ogHa ¢aza yTBOpIOE MOJIIeIPUYHA; B) MEPEKeBa; TI') MATPUUHA,
AesIKy CTPYKTYPHY MEPEKY JAOB- 1) opicHTOBaHA
KoJla KpHUCTajdiB IHIIOI (a3u ado
HIIOT  CTPYKTYpPHOT  CKJIaJIOBOI.

[Mpukiasom Takoi CTPYKTYpPH € MEpeKa BTOPUHHOTO IIEMEHTUTY B CTaJli JIOBKOJIA
KPHUCTAJIIB MEPJIITY, SIKUH Y CBOIO YEPTY € CTPYKTYPOIO, IO CKIAJAEThCS 3 JBOX
(a3 — macTUH4aTOro Geputy Ta HeMeHTUTy (puc. 3.2, B).

Y wmarpuyHux cTpyktypax (puc.3.1,T) omHa (aza yTBOpIOE OCHOBY
(MaTpHII0) CTPYKTYpH, B SIKIH YacTUHU OAHIEi abo NeKUIbKOX iHmHUX ¢az, 110
Ha3WBaIOTHCS JUCIIEPCHUMH, PO3IMOJIICH] B OUIBIIIM YM MEHIIK Mipi pIBHOMIpPHO.
[TpukaagoM TakuX CTPYKTYp € aTIOMIHIEBI CIUIaBH, JeroBaHi KpemHieM (Al-Si) abo
kpemHieM 1 ronbmieMm (Al-Si-Ho), crumaBu amominiii-mins (Al-Cu), 3omoTto-
repmadiii (Au-Ge) uu miab-xpom (Cu-Cr) (puc. 3.2, 1), IKI BUKOPUCTOBYIOTH B
SKOCTI MaTepialy KOHTAaKTIB JO KPEMHIEBHUX a00 apCeHIATall€BHX HAITIBIIPO-
BIJTHUKOBHUX CTPYKTYD.

B opientoBanux crpykrypax (puc. 3.1, 1) crmocTepira€Tbcs Opi€HOBaHE
MIPOCTOPOBE BUIOBXEHHSA KPUCTAJIB OJHIET 4M JAeKUIbKOX ¢a3z. Lle MoxyTh OyTn
BUTSATHYTI 3€pHA MeTaliB (CIUIaBIB) MICIS MPOKATy Y BOJIOYIHHA (puc. 3.2, 1, €),

Puc. 3.2. [Ipukiagm  OCHOB-
HUX TUIIB CTPYKTYp (30115111
400x): a) tutaH; 0) pepuro-
HepiiTHA CTPYKTypa CTaji 3
0,2% C;  B) mepaiTo-1IeMEH-
TUTHa cTpyKTypa 3 1,2% C;
T') BUAUICHHS XpOMY B CIUIaBi
Cu-Cr 3 0,76% C; n) nemera-
J€Bl BKJIIOYEHHS B CTall;
e ) ¢pepuTo-nepiiTHa CTPYK-
Typa CTalli MICJIsI BOJIOYIHHS
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HANpUKIa, CTpiuku craBy Fe-Ni, siki BUKOPHUCTOBYIOTH IS BHUTOTOBIICHHS
BUBIJHUX PaMOK, IJIAKOBAaHUX IJIATHHOIO, 30JI0TOM YU QJIFOMIHIEM.

Puc. 3.2 neMoHCTpy€e NpUKIAIU pealbHUX CTPYKTYP, K1 HAJIEKATh 10 Pi3HUX
TeOMETPpUYHUX THUIMIB. LI OCHOBHI THUIH SBISIOTH COOOIO TPAaHWUYHI BUIAJKU; — B
peanbHUX CTPYKTYpaxX THUIIM YacTO MOENHYIOThCA oAuH 3 onHuM. lllnsaxom Bubopy
BIIITOBITHOI ~ IPUTOTYBaHHA  B3IpId  (JOCHIUKEHHS  IPOTPABICHOro  abo
HENPOTpaBiieHOro nuiia) 3a yMOBH HAJCKHOTO 30UIBIICHHS ITiJ MIKPOCKOIIOM
MOYKHa OTPUMATH 300pakKCHHS CTPYKTYPHHUX CKJIaI0OBHUX, AKi HAJICKATh 10 OJHOTO
3 OCHOBHUX CTPYKTYpPHHUX THIIIB.

3.2. OcHOBHI MeTOaM MeTaT0rpadivyHuX JOCTiTKEeHb

OCHOBHMMH METOJIaMHU JIOCIIDKEHHS TMapaMeTpiB CTPYKTYP € KUIBKICHI Ta
HAMIBKUIBKICHI MeTomu. Cepell KUIBKICHMX METOJIB B CBOIO Yepry BUJIUIAIOTH
aHaj i3 3a IUIOIIEI0, TOYKOBHHA METOJ Ta METOJ JiHiiiHoro anamizy. Posrisnemo
0COOJIMBOCTI MHMX METOAIB Ta OCHOBHI (OPMYJH, SKi BUKOPHCTOBYIOTH ISt
OTPUMAaHHS TapaMeTpiB AOCTIIKYBAHUX CTPYKTYP.

3.2.1. HaniBkiabkicHi MmeToau

HaniBkiJIbKiCHI METOM MeTaorpadpiqyHoOro JIOCHIPKEHHS XapaKTepU3yThCs
po0OTOI0 31 CTaHJApPTHUMHU IIKaJaMu. B 1iboMy BHUMaAKy BUOpaHI JOBUILHUM
YMHOM ©0€3 JKOJHOI 3aKOHOMIPHOCTI IOJII 30py JIOCHIKYBAaHMX B3IpIIiB
MOPIBHIOIOTHCS 13 300paskeHHsAM mikanu. Cama mkaia 34e0UTbIIoro CKIaaaeThes 13
cepii CXeMaTHUYHUX 300pa)keHb CTPYKTYpH; NpPH LbOMY BiJ 300pa>keHHS 10
300paKe€HHsI CTYMHEBO 3MIHIOETbCS I[I€BHA  XapaKTEpHUCTUKA CTPYKTYpH,
HAIIPUKJIA], PO3MIP 3€PEH YH KUIBKICTh KapOimiB, a TAKOXK iXHIHA PO3IOALT y CTai.
OI1iHIOBaHHS CTPYKTYpPH MPOBOIUTHCS B Oanax.

o cyTTeBUX HEAOMIKIB TOPIBHAIBHOT OLIIHKY CIIi/I BIAHECTH:

— BUCOKMI1 CTYIIIHBb CY0'€KTUBHOCTI OTPUMAHUX PE3YJIbTaTIB;

— HU3bKY TOYHICTb 1 HEJJOCTATHIO BiITBOPIOBAHICTh PE3YJbTATIB;

— CTYNIHYAaCTUHA XapakTep OLIHIOBaHHA CTPYKTYpH, TOAl SIK peajbHa

CTPYKTYpPa 3MIHIOE€THCSI MOHOTOHHO.

JomoMixkHMMH 3aco0aMu ISl TTOJICTIICHHS TOPIBHIOBaHHS 3a IIKajaMU €
BUKOPUCTAaHHS y CBITJIOBUX MIKPOCKONAX HACaJKU 31 IIKalow, sika (Qikcye
TEOMETPUYHI PO3MIPH EIEMEHTIB CTPYKTYPH.

3.2.2. AHaJIi3 32 miioniero
[leii aHami3 103BOJISIE BU3HAYUTH

—ol'emuy nomo daz V,, Vg, ... 3 posnoaitom oxkpemnx ¢as o, f, ... B
CTPYKTYpI;
— CEPEHIO IUIOLLY Iepepisy A, Ag, ... YaCTHHOK PI3HHX (as;

— PO3MOLT MIKPOYACTHHOK Pi3HUX (a3 a, B, ... 32 po3MipaMH.
[Ipouieaypa aHamizy mossirae y BUMIPIOBAHHI Ta MIJIPaxXyHKY IUIOII Iepepi3zy
MIKpOYACTHHOK JIOCIIPKYBaHUX (a3 y Mexax 3aaanoi miomi A. Jljis 1poro
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BUMIPIOIOTh BEJIMYMHU TepepisiB (A, )i, (Ag);, ... MIKPOYaCTHHOK pi3HMX (a3,

BUMMUX y MEXKax 3a[aHOI IUIONII Ta IXHI KUIBKOCTI m,, mg, ... . Ob'eMHa 1o
¢a3u, nanpukian, gasu P (y %) oduncmoetses 3a Gopmynoro:
1
Vg =— ) (Ap); x100, 3.1

i=1
Mp
ne Z(AB ); — cyMma nepepisiB (MKM®) B-(pasu B Mexkax 3amaHoi mwiomt, A — mepepis
i=1

(kM) 3aan0i roromi. st ABodasHOi CIPYKTYpH:
V, =100-Vp. (3.2)

Cepenus mioia nepepisy, (MKMz)I

1™
Vg =—2.(Ap)i, (3.3)
mg j—;
Jle Mg — KiIbKICTh YACTMHOK Y MEXkaX 3a/1aHOi IUIOILLI.

Posmip 3epHa omHO(DA3HO-TIONIEAPUYHOI CTPYKTYypH (CepeaHs ILIOIIA)
BU3HAYAETHCA 32 (HOPMYJIIOH0:
N S—
k+0,5v+0,25w
ne k — KUTbKICTh 3€peH, sKi MOBHICTIO TOMAJal0Th Y MEXI1 3aaHoi IJIONIi, v —
KUIBKICTh 3€peH, MO SIKUX MPOXOJUTH MEXOBA JIiHIs IJIOIII; W — KUIBKICTh 3€PEH,
PO3TaIIOBAaHUX y KyTaxX 3a/1aHOT IJIOMII.
3a TakOK METOIMKOK PO3PAaXOBYIOTh 3EPHUCTICTh IUTIBOK aJIFOMIHIEBOTO
crutay  AK-1  d9m  71IeroBaHOTO  MONIKPEMHIIO, $KI BHKOPUCTOBYIOTH IS
OaraTopiBHEBOr0 pO3BeICHHS 3'¢qHAHb MDXK cTpykTypamu BIC.

(3.4)

3.2.3. ToukoBuUii MeTOI

Lle#t MeTO BUKOPHUCTOBYIOTH JUIsl BU3HAYCHHS 00'€MHUX JI0JIEH CTPYKTYPHHUX
ckiaaoBux abo ¢a3. BiH monsirae B TOMy, IO HAa AOCTIKYBaHY CTPYKTYpPY
HAK/IaJal0Th CITKY, SIKA CKJIAJA€ThCS 3 TOUOK, Ta MIAPAXOBYIOTh KUIBKICTh TOYOK,
K1 JIeXaTh y mepepi3i MIKpOUYaCTHHOK JochipKyBaHoi (pasu. O6'emua nomust (y %)
(da3u Oyae BU3HAYATUCS, SIK

Ps

Vg =—x100, (3.5
P

ne Pg — KUIBKICTB TOYOK, SIKi JIGXKaTh y Mexax mepepisy f-¢asu, P — saranbHa

KUIBKICTb TOYOK.

TakyM 9uHOM, BiTHOIICHHS KUIBKOCTI TOYOK, SKi TIOTAJIA Ha miepepis (asu, 10
3arajbHOi KUIBKOCTI TOYOK 1IEHTUYHE CTEXIOMETPHYHOMY MapameTpy 00'eMHOi
Jom jgochimkyBaHoi ¢asm (3a I'maromeBmm). Xoua Ieid MeTox Habarato
MPOCTINIMK, aHDK aHaji3 3a TUIOUICI, OJIHAK 32 TOYHICTIO BU3HAUCHHS 00'€éMHOT
JI0JIl BIH 30BCIM HE MOCTYNAEThCS MOMEPEIHLOMY croco0y. ToYHICTH MeTOomy
3aJICKUTh TUIBKH BiJ 3arajlbHOI KUTBKOCTI TOYOK P, TOOTO MOBHICTIO BU3HAYAETHCS
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napameTpamMu 4apyHOK CIiTKH. [l JOCSTHEHHS HEoOXiJHOI TOYHOCTI 3arajbHa
KUIBKICTh TOUOK P moBMHHA OyTH HE MEHIIIE
2
t"Vg'(100 — Vg')
P —
= 5 ,
€
e t — CTaHJIapTHE BIAXHIICHHS, € — abcoiroTHa 1oxuOka. Beinmunna VB' ABILSIE

(3.6)

co0or0 TonepenHe, HaOMMKeHe 3HaYeHHS 00'€eMHOi JoJi VB 1 OOYHCITIOETHCA 3a

JOTIOMOT'OI0 PO3PaxyHKOBO1 opmynn (3.5) misd HEKUTPKOX IOBUIBHUX IOJIB 30pY
Ta 33/laHUX [I04aTKOBUX 3HaYeHb napamerpis P i Pg.

3 (3.6) oTpuMyeMO aOCOIIOTHY OXUOKY BHMIPIOBAHHS:
Vp'(100- V')

b .
BenuunHa cTaHmapTHOrO BIAXWICHHS t BHU3HAYAETHCA 32 HEOOXITHOIO IS
Pe3yabTATIB IHOTO JOCTKEHHS JOBIPINBOIO IMOBIPHICTIO 1), HAIIPUKIIAA:

n=0,50: t=0,6745; n=0,60: t=0,8416;
n=20,90: t=1,6449; n=099: t=2,5758.

g=t- (3.7)

3.2.4. Jliniilinnii anami3
Lle#i MeTOm MmodsATae B TOMY, IO Ha 300pa)K€HHS IOCIIIKYBaHOI CTPYKTYpPH
HAKJIAJAl0Th CIMEHCTBO TPSAMHUX JiHIA, IICAS YOro XOpJH, SKI BIITHHAIOTHCS
nepepizaMu 3€peH Ha JIiHIAX, BUMIPIOIOTh Ta TPYNYHOTh BIJINOBIIHO A0 3a/JaHOl
CUCTeMH pPO3psiB. Jlami mipaXxoBYHOTh KiUTBKICTh TOYOK y IEpepizax BUMIPIO-
BaHUX JIIHIN Ta TPaHMIIb 3epEH, a TAKOXK 3arajibHy JTOBXUHY BUMIPIOBAHUX JITHIH.
3a IOMOMOro0 IHOr0 METOAY A OAHO(AZHO-MONiePUYHOI CTPYKTYpH
BU3HAYAIOTH TaKi il mapameTpu:
— CepeIHIN TIHIMHUN po3Mip 3epHA, MKM:
— L
Pa=y M
oo
ne L — 3aranpHa moBXuHAa BuMiptoBaHOi miHIl, MKM; N,, — KUIBKICTb TOYOK

(3.8)

nepepizy rpaHullb 3epHa 3 BUMIPIOBAaHUMU JiHIIMU; M — 30UTbIIIEHHS. MIKPOCKOIIA;

2 3
— I[IMTOMA IOBCPXHA I'PAaHULIb 3CPCH, MKM /MKM:

N, M
Syq =4—2—, (3.9)
L
siKa SBISIE COOOKO IUIOILY HOBEpXHi 3epeH, BinHeceHy 10 1 MkM® 06'eMy B3iplis.
Mix nuMH JiBOMa llapaMeTpaMu icHye 3B'130k: S, =4/D, .

VY BUNAJKy JiHIHHOrO aHa/li3y MATPU4YHOI a00 6araTtodazHoi noaieApuIHOI
CTPYKTYPU BUMIPIOIOTH TaKi BEIMIHHH:
— JOBXKHUHU XOPA [y, [g, ..., SIKI BUITHHAIOTH HA BUMIPIOBAHUX JIHISLX Tepepisu

YaCTUHOK Pi3HUX (a3;
— KupKicTh Ngg, N

daz o/B, aly, ...;
— 3arajibHa JOBXKMHA L BC1X BUMIPIOBAHUX JIIHIM.

ay»> --+» TOUOK Tepepisy BUMIPIOBAHHX JIHIH 3 Mexamu
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3 OTpPUMaHUX BEJIIMYUH PO3PAXOBYIOTh IAPAMETPU CTPYKTYPH:
— o0'emMHa J10J1s1 po3noieHoi B MaTpuiti B-dasu, (y %)

VoS00, 1y= 3 3.10
=—" % 5 = iy .
B=T B E Bi (3.10)
ne Lg — cepenHst BCIX ZOBXKHUH XOpA B B-(hasi, MKM; mp — KUIBKICTb XOpA B -(hasi;
— cepeaHiil NiHiIMHII po3Mip YaCTUHOK B-(a3u, MKM
— 2Lg
DB = .
NM
Sxuwo 3amicts Lg y popmymi (3.11) nixcrasuty Bupas (3.10), To otpumaemo
—  2(V3/100)-L
b= u; (3.11,)
Ny M

— cepedHs BIICTaHb MDK YaCTHHKAMH, SKa BIIINOBIJA€ CEepeaHINA TOBKHUHI
BUTBHOI BIJICTaHI B MATPUIIli, MKM:

3.11)

2L

Lyo= ¢ 3.12
v TN M (3.12)
abo
Ly = 2(V,/100)-L . (.12.0)
N,M
Hust xBodaznoi crpykrypn V, =100 - Vg, Toni
2[(1-Vg)/100]-L
v = L1~ Vp)100] : (3.12,6)
NgM
— MHTOMA TTOBEPXHS MEXi (a3, MKM?/MKM® CTAHOBHTHME
2N M
Sap = L ; (3.13)
— BIJTHOCHA ITUTOMA TIOBEPXHS MeXi (a3:
S 2N M - 100
Moo o (3.14)
(Vp/100) VgL
abo
2N M -100
el = “BL— : (3.15)
B

Binnocna mutoma moBepxHs Mik(a3HOI MeXi BITHOCUTHCA HE 10 OJUHUIl
00'eMy B3ipIda, a g0 00'eMHOI momi aucmepcHoi (a3 i THM CaMHM CTa€ MipOO
JUCIIEPCHOCTI, TOOTO BU3HAYAE CTYITHB JIpiOHOAMCIIEPCHOT a3u B camiil MaTpuIli:
YMM BOHA OUIbIIIA, THM BHIIIA JIUCIIEPCHICT CTPYKTYPH.

MeToa niHIHHOTO aHami3y MOKHAa BUKOPHCTATH TAaKOXK 1 Juis 6aratoda3zHoi
noJtiePpUYHOI CTPYKTYpH. B 11bOMY BHTIAJIKY, SIK 1 JUTSI OTHO(A3HO-TIONICAPHIHOT
9y MaTPUYHOI CTPYKTYP, HEOOX1THO MPOBECTH BUMIPIOBAHHS B)KE€ 3Ta/IaHUX BHIIE
BenuanH (ly, g, ..., Ngg, Ngy, ..., L), 32 nonomoroio skux MoxyTts OyTH
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pO3paxoBaHi Taki CTPYKTYpHi MapaMeTpu:

— 00’ eMHa o1 B-das3u 3a marpuieto (3.10);

— cepelHii THINHUKA po3Mip 3epHa o-(pa3u, MKM:

D, - (Va/iOO) ‘L : (3.16)
(Ngg + *NaB) ‘M
2

— cepeaHii po3mip yacTUHOK B-dasm 3riguo 3 (3.12.a);

— IIMTOMAa MOBEPXHsI MEX1 a-(a3u:

_ (4Nyg +2Ngg)-M
¢ L

— IIUTOMa TOBEPXHS MK 0~ 1 B-dazamu 3rigno 3 (3.13);

— BITHOCHA TUTOMAa Mikda3Ha MoBepXHs 3TinHO 3 (3.14).

Jns  mpoBeneHHs MetanorpadiuHUX BHUMIPIOBaHb Ha  JIOCHIIKYBaHY
CTPYKTYpy, 3a3BHYai, HAKIAJAIOTh IapajeiabHl JIHIT OJHAKOBOI JIOBXHWHHU.
Benuuuny 30u1pIeHHs cilif BUOMpaTH TakUM YHMHOM, IIOOM Mg oAHO(da3HO-
MOJTICAPUYHOT CTPYKTYPH B3IOBXK OJHIET JIIHIT po3MinTyBaigock 01u3bpko 20 3epeH,
a B MaTpUYHIN CTPYKTYpi MOKHA OYJI0 BU3HAYATH MPOCBITH MK BUMIPIOBAIEHOIO
JIHIEIO 1 YaCTUHKOIO JUISI TOYHOTO BUMIPIOBAHHS XOP/I.

AOCOIIOTHY MOXUOKY € BU3HAYCHHS 00'€MHOI JI0JI1 pO3Pax0BYIOTh 3TiTHO 3:

Vg (100 -Vp)

g=k-t- |—— P2 (3.18)
mg

; (3.17)

31 3BUYHHUX JOMOMDKHUX IMPUCTPOIB MIKPOCKOMIB JJIsI BAMIPIOBAHHS JOBXUH
XOpI BUKOPHCTOBYIOThH TaK 3BaHi OK}IJ]SIp-MleOMCTpI/I Ta OKYJISAPHI CITKH JIJIst
TOYKOBOTO aHaJli3y, a 3a ICBHUX YMOB — TAKOX 1 /ISl BAMIPIOBAHHSI TUIOIII.

Takum uYWMHOM, JIHIWHMIA aHaAI3 € palliOHAJIBHUM METOJIOM JIOCIIPKECHHS
CTPYKTYpU METANlIB 1 CIUIABIB MIKPOEJIEKTPOHIKH, 3a JIOIIOMOTOI SKOTO MOXHA
OIIIHIOBATH Ta MOPIBHIOBATH 0araTo mapaMeTpiB CTPYKTYp, 30KpeMa alFOMiHI€BHX
criaBiB AK-1 1 AKTo-1-1.

3.3. TunoBe ycTaTKyBaHHsI AJ151 MeTajJorpagiuHoro anasmizy

ToukoBuii Ta JIHIHHUN aHaNi3W 3HAYHO CIPOIIYIOTHCS 3 BUKOPHCTAHHAM
€JIEKTPOHHHMX, BMOHTOBAaHHUX B MIKPOCKOIIH, JOMOMDKHUX NpUCTpoiB. Lle no3Bomse
CTBOPIOBATH TaKi aHAII3aTOpH, chpepa BUKOPUCTAHHS SKHX He 00OMEXYEThCS TUTHKU
KUIbKICHOIO MeTanorpagiero i siki MOXYTb 3aCTOCOBYBATHUCh TakoXK y Olodizuiii,
eJICKTPOHII, Kpuctasorpadii, reosorii. Po3pobiieHo psii cucTeM NpUIIafiB, sKi
BIZIPI3HSIOTHCA THUIIOM BHUMIDIOBAHMX MapaMeTpiB UM pIiBHEM BHKOPHUCTaHHS
€JIEKTPOHHOI 00YHUCIIIOBAIIBHOT TEXHIKHM T4 aBTOMATH3aIlli.

OaauM 3 Tepmux MOPWIANIB TAaKOro TUIy OyB nUnMiabHUK EjpTHHODA,
OPUHLHUI i1 SKOTO 3 HEBEJIMKUMH 3MiHAMHU BHKOPUCTOBYIOTH B aBTOMAaTHUYHOMY
niHitHOMY aHanizaropi "EnikBant", BupoOnuursa "Carl Zeiss Jena" (Himeuunna).
[punmun xii ananizaropa "EnikBaHT" moJsArae B peecTpyBaHHI CYMAapHUX JOBKUH
XOpJ, K1 BIATHHAIOTHCS 3€pHAMU BIIIOBIAHUX (a3 y3/I0BK BUMIPIOBAJILHOI JiHii.
3aBIAKU AUCKPUMIHATOPY, 110 MICTUTh TAaKy K KUIBKICTh KaHAIIB, SIK 1 KUIbKICTh
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ba3  CTPYKTypH, pEeCTpyBaHHS
3IICHIOETHCS OJHOYACHO AJISL BCIiX

THHiB (a3, sK [OKa3aHoO Ha
puc. 3.3.

Peectpyroua miadparma mpu-
many (puc. 3.3) mepeminryeTscs I B L e R R “““"“t """ 3
B3JOBXK JOCIIKYBAHOI CTPYKTYpH A [ Huiia i
(rinia 1-2), fka, AT NPEKIALY, 0000000000000 4

: W ¢UrHall t
CKIIQJIAE€ThCSI 3 3EPCH TPHOX THIIIB AN S
(¢a3). 3epna pizaMx a3 BiapI3-
HSIOTBCA MK COOOK0 KOe(illiEHTOM
BIIOWTTSI, 3aBJISIKK YOMY OJIHI 3 HUX
BUIJIAIAIOTh CBITIIIIAMH, a 1HII —
temHimuMH. Ha mogatky excnepu- 1} mﬂm
MeHTy peecTpyloua giapparma 0 QUL 5
nepeOyBae Ha CBITJIOMY 3€pHi, sKe
Ja€  aHAJOTOBHMH  CNCKTPOHHHH  Puc. 3.3. Tlpunrmn fii npunany "Emiksant":
CUIHAJl 3 BMCOKOI aMIUNTYJ00. 1-2)j1iHis BHMIipIoBaHHSA; 3) piBHi JHCKpH-
Hacrynue 3epHO Mae jyxe TEMHY minatopa; 4) KpOKH IIepeMillleHHs CTOJa;
CKIAJOBy, 1 #OMY BIINOBIIA€ 5) gakoNUUyBaHi IMITYIbCH
CUTHAJl 3 HHU3BKOIO aMIUTITY/0I0.
CurHan 3 CepeHBOI0 aMILTITYAO0
BiANOBiza€ ¢asi, ska Mae MPOMDKHY BiIOMBHY 31aTHICTh. L1icyia BU3HAUYEGHHS BUCOT
IMITYJIBCIB (AaMIUTITY/I) CUTHATIB BiA pi3HUX (a3 3a JOMOMOIO0 MOTEHIIIOMETPIB
33Ial0TBCS  IOPOTOBI BEIWYMHH, 3TIMHO 3 SKUMH JHUCKPUMIHATOP 3IIMCHIOE
PO3/LIbHE 3aMaM'ITOBYBaHHs IMITYJBCIB, 1110 BIAMOBIIAIOTH PI3HUMU (azaMU.

Jlnst BunaaKy, mpoJAeMOHCTPOBAHOIO Ha puc. 3.3, HacaMIiepea BIAKPUBAETHCS
kagan C, 110 BiANoBizmae CBITIINA (as3l, Ta MIPaXOBYIOTHCSA IMITYJIIBCH TaKTOBOTO
reHepaTopa, sSIkuil 3abe3reuye KpOoKOBE MepeMillleHHs cToja 3 B3ipueMm. CymapHa
HAKOMMYEHA KUTHKICTh IMITYIIhCiB KaHamy C BIAMOBIJAE JIOBKWHAM XOPJ CBITIHX
3epeH, K1 IepPeTUHAE BUMIPIOBAJIbHA JiHig 1-2.

Sxkmo B niadparMy momajae TeMHE 3€pHO, TO BUMIpIOBalbHA JIOTIiKa
BIAKpHBa€e KaHal A, SKOMY BIATIOBIZIa€ IOPOTOBE 3HAUEHHS CHTHATY A, 1
MiAPAXOBY€ KUIBKICTh IMITYJIBCIB TMEPEMILICHHS CTOMa. AHANOTIYHUNA mpouec
3MIMCHIOETHCSA 1 71 a3u 3 MPOMILKHUM 3HAYEHHSAM KOoe(DIieHTy BIIOUTTS (KaHam
C), B pe3yabTaTi 4Oro OTPUMYEMO HAKOMHYEHI N(POBI CUTHAIH, K1 TIPOMOPITIHHI
CYMapHHUM JIOBKMHAM XOPJ yCIX 3epeH KOKHOI1 3 (a3 y370Bx JiHil 1-2.

[TpunnMioBy cxemy OJIOKIB aBTOMATHYHOTO TEJEBI3IMHOTO aHai3aropa
"EnikBaHT" Ta aBTOMaTHYHOT CUCTEMHU KEPyBaHHS IEPEMINICHHIM 1 0OUUCICHHSIM
"KBantimer" 1emMoHcTpye puc. 3.4.

Cy4acHi aBTOMaTHYHI CTPYKTYpPHI aHaIi3aToOpH 3a0€31MeuyrOTh:

— BU3HAYCHHS 00'€MHHX JIOJIEH CTPYKTYPHUX CKJIAJIOBUX CILIABIB;

— BU3HAYCHHS BCIX PO3MIpIB, fKI MOXYTh OYTH BHUMIpsHI 3a JOMOMOTOIO
KJIACUYHOT O JIIHIMHOTO aHaIi3y, B TOMY YHCII TAKOX NpH (Pa3oBHX NEpexo1ax;

— BU3HAYEHHS 00'eMY OKPEMHX CTPYKTYPHHX €JIEMEHTIB Y CILIaBI;

[Tudporwuii CHTHAT A
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Puc. 3.4. [Ipuniunosa cxema aBToO-
MaTHUYHOTO aHalIi3aTopa CTPYKTYpPH.
1) KOHTPONBHHIA MOHITOD; 2) CUCTE-
Ma obuwucieHb; 3) cucrema "Kpan-
timeT"; 4) nepeTBOprOBaY CUI'HAIIIB;
5) AMCKpUMIHATOD; 6) aprPMETHKO-
JIOTIYHUN TPUCTPIid; 7) €TeKTPOHHE
3UMTyBaHHsI; &) GOpMyBaHHSI Ta
onpaioBanHa curhaiis; 9) "Emi-
kBaHT"; 10) B3ipens; 11) ckanyio-
YU  eNIEKTPOHHHM  MIKPOCKOIT,
12) BuBenennst  iHdopmalii  Ha
ekpaH (aucruie); 13) MaHIimyIsITOp
nepemimieHb; 14) MmexanigHaui 610K

— BU3HAQYECHHS MAaKCUMalIbHUX 1 MIHIMAIBHUX PO3MIPIB  BUMIPIOBAHHUX
BEJIMYMH MapajIeIbHO Ta MEePIEHINKYIISPHO HAIPSIMY 3YUTYBaHHS,

— BU3HAYCHHSI KUTBKOCTI MIKPOYACTHHOK OJTHOTO THITY Ha OJIMHHUII ITOBEPXHI;

— BiIOOpaKEHHS PO3IMOJLIIB PO3MIpIB 3a IUIOLICI), JIOBXKHUHOI XOp/I,
00'eMoM;

— PO3AUTBHHUI MiIPaXyHOK MIKPOYaCTHHOK OJIHOTO THIy Ha OCHOBI TaKOTO
YUHHUKA (POPMHU, K BIJHOIICHHS IUIONII A0 KBaApaTy o0'eMy;

— BU3HAYCHHS pajilyca 3a0KPYTISHHSI KOHTYPY MIKpPOYACTHHOK.

Metonu kinbkicHOI MeTanorpadii B Texnomorii BIC BUKOPUCTOBYIOTBCS IS
JOCII/DKEHHSI TEXHOJIOTTYHUX TpolieciB (GopMyBaHHA MeTatizallii 3 alloMiHIEBUX
criaBiB AK-1, AK-T'o-1-1, cuminuaiB, J1eroBaHOTO MOJIKPEMHIIO, KOHTaKTHHUX
CIUIaBIB 3aJIC)KHO Bill YMOB ()OpPMYyBaHHS Ta JICTYIOUMX KOMIIOHCHTIB, I'€TEpO-
IIEPEXO/IIB FETEPHUX LIAPIB, KAIICYIIOI0YUX TOKPUTTIB TOLIO.

CyOmikponHna Tta HanorexHosiorii BIC Ha cywacHoMy erami BuMMararTh
YIIOCKOHAJICHHST METOJMK MeTanorpadiyHOro aHallizy Mpelru3ifHuX CIUIaBiB, SKi
BUKOPHUCTOBYIOTh JUIsl MeTali3alii KOHTakTiB cTpykTyp BIC Ha apcenini ranito.
Taki crimaBu HaJ3BUYAWHO BAXKJIMBI, OCKUTBKU Bi/l BEIMUMHU IXHBOTO Koe(imieHTa
TEPMIUYHOTO JIHIMHOTO PO3IIUPEHHA 3aJIeKUTh PIBEHb MEXaHIYHMX HAampyr,
MNPUKIAJEHUX A0 MOHOKpucTany 31 cTpykrypoto BIC (muB. m. 10.5), a, oTxe,
HAJIHICTh BUTOTOBJIICHUX MIKPOCXEM.

Jetanpauii MetanorpadiyHui aHali3 TaKOXK HEOOXIMHUN IJIA ONMTHUMI3aIlii
TEXHOJIOT1l BHIOTOBJICHHS paMOK BHBIAHMX i3 cmiaBy Fe-Ni, sKi IIakywoTh

aoMiHiEM a00 30JI0TOM Ta BHKOPUCTOBYIOTH IS IIACTMACOBOTO KOPITYCHOTO
BukonanHs BIC/HBIC.
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'naBa 1
JJIEKTPOHHBIE NMPUBOPHI

B mupoxoM cMbicsie 2JIeKTPOHHBIMY MpUbGOpaMu MPUHATO HA3BIBAThH
yCHJIUTEJIbHbIe YCTPOUCTBA, OCHOBaHHbIE Ha 3J1eKTPOHHBIX 9deKTax, n1po-
MCXOASIMX B BaKyyMe, Pa3peskeHHbIX ras3aX, TBEPABIX TeJax, KHUAKOCTAX
WY Ha TPaHUIIAX UX Pa3/ie/loB IPU BO3/eHCTBUN HAa HUX 3JIEKTPUUECKUX,
MaTrHUTHBIX, CBETOBBIX, TEILIOBBIX, aKyCTUYECKUX U APYTUX MOJIEH.

[To cBoeit cyTH 371eKTPOHHBIE MTPUOOPHI SBASTIOTCS AOCTATOUHO apdek-
TUBHO YIPaBIsIeMBIMHI (C TTOMONIBIO HEKOTOPOTO YIIPABIAIOMIETO CUTHAJA)
npecbpa3oBaTeIsiMU SHEPTUH, OTOMPAEMOIT OT UCTOUHMKA NHUTAHUS U Tie-
pelaBaeMoi OTPebUTEN O IHEPIUH,

Ucrounuk (puc. 1.1) BeipabaroiBaer anepriio W, a ycTpoiicTBo ympas-
JIeHUsI; PETYIUpyIoniee nepenayy 3Toii SHepruy ioTpeduTenio, nMeet (DyHK-
1110 Nepefayn

f@=kC @,

T7le k — KOHCTPYKTUBHAs NocTosiHHas; C (¢) — curHan ynpasiaenus (B 06-
1eM caIyyae — HeKoTopas (pu3ydeckas nepeMeHHasl BeTMYMHa, U3MEeHEeHU st
KOTOPOH BO BpEMEHH HECYT HEKOTOPYIO Ioje3Hyr uHdopmauum). IIpu
3TOM Tojiyyaemas notpedureneM seprus W(t) = W kC (t) B uneambHom
cJIydae CTPOTo MPOIOPHMOHATbHA U3MEHEeHMSIM fTapaMeTpOB ylipaBisiolle-
IO CUI'HaJIa BO BPEMEHH.

B ripaBiIbHO CKOHCTPYHPOBAHHOM U paboTAIOTIEM B COOTBETCTBYOMIEM
peXuMe yCcTpoiicTBe Ha yNpaBJjeHWe TPaTUTCA DHEePTUs CYIIeCTBEHHO

VCTOuHVIK aHeprum YcTpoincTeo MoTpebutens
W ynpasnexnus aHeprum
K WC(t)
F
/'&'t)\

Curxan ynpasneHnus

Puc. 1.1. CtpykTypHas cxemMa ycunmTenbHOro YCTpomcTea



MEHbI11asI, YeM FHEPTHUS, IOCTYAIOLIA IIOTPEOUTEINIO OT HCTOUHMKA, BCIIE]I-
CTBHE Yero B KOHEYHOM HTOTe IPOUCXOAUT YCUIIeH e MOIITHOCTH YIIPaBJisi-
IolIero cUrHajaa.

l1puBeneHHas cTpyKTypHas cxeMa IIpUMEHVMa MOYTH KO BCeM YCTPOit-
CTBaM, UCIOJIb3yEMbIM B IIOBCEJHEBHOU KM3HH, KOTOPbIe HYKHBI /i yBe-
JUYEHUS OTHOCUTENbHO CIabbIX YCUIUH, HAIPUMeP TOPMO3HAs CHCTEMa
noesza (MUCTOYHMUK 3HEPriU — CKATHIM a3 WA XUAKOCTb, YCTPOUCTBO
yIpaBJeHus — TOPMO3HOH KpaH, 110TpebuTe/Ib SHEPIUU — TOPMO3HbIE KO-
JIOJKH, IPUIKUMaeMble K KOJiecaM ¢ MHOTOKPaTHBIM yCUJIeHUEM, TIPOIIOP-
IMOHAJBHBIM CTelleHU OTKPBbIBAHUSI TOPMO3HOTO KPaHa, YIIPaBJISIeEMOro ue-
JIOBEKOM).

PaBHBIM 00pa3oM, MpUK/IaAbiBasg BecbMa cjabble YCHIMA K BBIKJIIOYA-
TeNI0 B 3JAEKTPUYECKON 11enn, MOXKHO, BKJIOYad /BhIKIIOUast ero, Jerko
VIPaBJIsATh OOJNBIINMH MIOTOKAMU 3JIeKTpudeckoil aHeprun. [lo Takomy
HPUHIMIY pad0oTal0T ¥ MHOrUE 3JEeKTPOHHbIe TPUOOPBI B MMIIYJIbCHBIX
peXuMax, MOAKIIOYasa/OTKA0Yasd HEKOTOPOe YCTPOHCTRO (Hampumep,
3JIeKTPOABHTraTeb) OT UCTOUHHKA NHTAHUS.

[Ipy cozpanun 60JBUIMHCTBA 3JIEKTPOHHBIX TPUOOPOB OOBIYHO TPUXO-
JVTCS PeliaTh MHOJKECTBO PasHBIX 3a/1a4 M MpobiieM, OMHOIT M3 KOTOPHIX,
BechMa HETIPOCTOM, SABseTCs NTpobaeMa Co3aHusi MOTOKA OTHOCUTETHhHO
CBOOOIHBIX 3JIEKTPOHOB TIPOBOAMMOCTH M VIIpaBJieHNEe ero MHTEeHCHBHO-
CTBIO, [IOJIO’KEHHEM B HPOCTPAHCTBE UM CKOPOCTBIO IBUXKEHUS OTAEJbHBIX
3JIEKTPOHOB B 3TOM ITOTOKE.

B npyrux BUAax 9J1€KTPOHHBIX TPHOOPOB HUCIIONB3YIOTCS MPAKTUIECKU
HeToBUKHBIE DJIEKTPOHBI, BXO/SILIME B COCTAB BHEWTHHUX BAJIEHTHBIX 000~
JIOYEK aTOMOB U JIOCTATOUYHO IIPOYHO CBA3aHHbIE C aTOMHBIMH dIpaMu H
TI03TOMY He UMEFOIie BOSMOXHOCTH B OOBYHBIX YCTOBUSX TIEpeMeIlaTh-
cs. OnHAaKo oA 1eiCTBUEM BHEIHUX 3JIeKTPUYECKUX, MATHUTHHIX, CBETO-
BbIX, TEIJIOBBIX WM PaAUALMOHHLIX 10Jieil BaJleHTHbIE 3J1€KTPOHBI MOTYT
TepexoanTh Ha 60Jiee BHICOKHE 3HEPTETHYECKHE YPOBHH (TIPH 3TOM TIPOKC-
XOIMT NOTJICUIeHUE dHEPIUH BHEIUIHEro I10JIs) ¢ NMOCJAeAYIOUNIMM BO3Bpa-
lieHHeM Ha HayaJbHble YPOBHM U U3JIyYEHHUEM IIOIJIOLIEHHOH paHee dHep-
TMM B BMJIe 3JIEKTPOMArHUTHBIX KBAaHTOB. JTO sBJEHUE HCIOJIb3YyeTcH
B pa3HOOOPa3HbIX KBaHTOBHIX MPHOOPaAxX, HaNpUMep 1d3epax, mazepax,
upasepax.

OJIEKTPOHEI ABJSIOTCA 3apsIKeHHBIMU YaCTUIlaMH, [I03TOMY UX JIBUXKe-
HUeM B IPHHLMIE MOKHO YIIPaBJISATh C TOMOIILIO 3JIEKTPHYECKUX U Mar-
HUTHBIX MOJIeil.

Ha asmskyumniics B 9/1eKTPUYECKOM ¥ MAarHUTHOM TIONSX CBOOOAHBIH
2JIeKTPOH AeHCTBYET CHJIA:



F:—qE+q[VxB],

Tlle g — 3apsi/ 2JIEKTPOHA; E — BeKTOp HAIPAXEHHOCTH 2JIEKTPUYECKOTo
noJjsi; B — BeKTOp MarHUuTHOM WHIYKIMA IOJIA; 0 — BEKTOP CKOPOCTY J[BH-
KEeHUsI.

MarsuTHoOe 11oJie 1eiicTByeT TOJIbKO Ha [[BUKYILUECS 3/IeKTPOHBI U U3Me-
HAeT TPaeKTOPUIO UX ABUIKEHUS, €CJIV OHU B CBOEM ABVIKEHUU [TlepecekaioT
MarHuTHbBIE cuI0Bble MMHUU. [Tonepeunbie MarHUTHBIE IT0JISI B 9JIEKTPOH-
HBIX NIPHOOPAX UCTIONB3YIOTCS AJ1s1 OTKJIOHEHUS 3JIEKTPOHHBIX T10TOKOB B
3a/laHHOM HallpaBJleHUH, a IIPO/0JIbHbIe MarHUTHbIE 110714 — A1 PopMuU-
POBAHUS U3 2JEKTPOHHBIX TTOTOKOB «dJEKTPOHHBIX JTydyel» U «oKycupo-
BaHUSI» UX — HANpPaBJIeHUs B 33/IaHHYI0 06J1aCTh TIPOCTPAHCTBA.

DJIeKTPHUUECKOe NoJie JeHCTBYeT KaK Ha IOKOsIIIMecs, TaKk U Ha IBUXY -
1ecs CBOOOMIHbIE 3IEKTPOHDI, H3MCHSA CKOPOCTh M HATIPaBJIeHUE UX IBU-
xenus. Il pofonbHbie aekTpruyecKue o U3MEeHSIOT CKOPOCTh ABUKEHU S
3JIEKTPOHOB U NPUMEHHAIOTCS /11 POPMUPOBAHHS 3J1€KTPOHHBIX MOTOKOB
1 yrpaBienust uMu. [lonepeunpie sIeKTpUUeCKye MO OOBIYHO UCITOMb-
3yI0TCS 7181 U3MEHEHUA HapaBJIeHUA IBUKEHUS ( «OTKIOHEHUS» ) 3IEKT-
POHHBIX IIOTOKOB.

[punnmnn geficTeust 60NBIIMHCTBA IEKTPOHHBIX TIPUOOPOB 0CTATOY-
HO IIPOCT U CBOJUTCA K YIIPaBJIEHUIO INIOTHOCTBIO, CKOPOCTHIO MJIN HaTlpaB-
JIeHWeM [IBHKeHHUs 3JIeKTPOHHOTO (MJIM 3JeKTPOHHO-UOHHOIO B cjyyae
T71a3MeHHbIX NTPUOOPOB, UJIK MOHHOTO B XeMOTPOHHBIX IIpubopax) MoToKa,
JBUIKYLLETOCH B BaKYyME, Pa3PE’KEHHOM rase, [10JYNPOBOAHUKE, JTUDJNEKT-
pUKe WM 971eKTpoJiuTe. IIpu 9TOM ycTpOHCTBO yNpaBaeiinsd CKOHCTPYHUPO-
BaHO TakK, YTO Ha yIIpaBjeHHe IOTOKOM TPAaTUTCS JHepPrus 3Ha4MTeNbHO
MEHDIIIast, YeM [TOTOK MEPEHOCUT OT UCTOUHUKA K TIOTPEOUTEITIO.

Takum o6pazom, Ipu CO3aHUHU JT10OOTO YCUTUTETHHOTO 3JIEKTPOHHOTO
nprbOpa BO3ZHUKAIOT, TI0 MeHbIIeil Mepe, Be 3aMa4Yu: MoJdyYeHe HallpaB-
JIEHHOTO 3JIEKTPOHHOTO NOTOKAa W CO3/laHue YCTpoHcTBa, 3¢ deKTUBHO
Yl 9HEPreTUYECKH 3KOHOMHO YIIPaBJIA01er0 9TUM HOTOKOM,

TexHHYecKHX pellleHUi 3TUX 3a7a4 K HAaCcTOSNIEMY BPCMEHH WMeeTCs
MHO€eCTBO, U [I03TOMY CYILIECTBYeT HECKOJIBKO COTEH BUZOB 3JIEKTPOHHDIX
YCHJIUTEIHHBIX TPUOOPOB, OCHOBAHHBIX HA pa3iuyHbBIX a¢pekrax, Ipouc-
XO[AIIMX B BAKyyMe, pa3peKeHHBIX ra3ax, TBepAblX TeJiaX, )KUAKOCTAX UIN
Ha TpaHuLlax UuX pas/iesioB.

OcobeHHOCTHIO COBPEMEHHOI PAIMO3IEKTPOHUKHY SIBISETCS TO, YTO OHA
Ha 95 % ocHOBbBIBaeTCS Ha NOJYNPOBOJHUKOBBIX mpubopax. Ho aro He
03HAYaeT, YTO BCe JPyTve BUABI 3JEKTPOHHBIX TPUOOPOB, B TOM UHCIe U
3IEKTPOBaKyyMHBIe IPHOOPEL, pa3paboTaHHBIE MOUTH CTOJIETHE TOMY Hasal,
B HacToslllee BpeMs He NpuMeHsioTcs. CylecTByeT MHOro obacreil Ha-
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YKH U TeXHUKHM, IJle IpUMeHeHre HOJIYITPOBOLHHKOBbBIX YCUJIUTEIbHbIX
npubopoB oUeHb 3aTPYAHEHO WUAM Ke BooOIle HeBO3MOXHO. Hanpumep,
paboTa anmmapaTypbl B MHTEHCUBHBIX paJHAIlHOHHBIX TOJISAX (aniapaTtypa
KOHTPOJIst pabOTHI SI/IEPHBIX PEAKTOPOB WM allaparypa A HpuMeHeHuUsl
B XpaHWJIH11IaX OTPAbOTAHHOTO SIePHOTO TONJMBA, AllllapaTypa AJst ycTpa-
HeHUs NOCJHeJCTBMHU aBapuil siAepHLIX peakToOpoB), paboTa B yCAOBUSIX
BBICOKMX TeMITlepaTyp (ammaparypa cucTeM KOHTPOJist paboThl coren pa-
KeTHBIX JIBUTATeseii), MOII[Hble YCHUJINTENN U reHepaTopbl CBEPXBBICOKUX
yacToT (paZHuo- ¥ TeJleBU3UOHHbBIE Tepe/laTYUuKH, PajuojoKaTOPhl, Mpo-
MbliLIeHHble 1 ObiToBble CBU-neun). B 3Tux ciaydasix oueHb 4acTo NpHU-
MEHSIOTCS 3JIEKTPOBAKYYMHbIE YCHIUTETbHBIE U TeHepaTopHbIe IIPUOOpHI.

IToMumo atux obuacrteil BecbMa 60JIblOe HPUMEHEHNE JIEKTPOBAKY -
yMHBIe IPHOOPDI (<«3JIEKTPOHHDIE JIAMTTBI» ) HAXOAAT ¥ B OBITOBOW 3JIEKT-
POHMKe, HallpUMep A/ CO3ZAaHUS MOUIHBIX CBEPXBBICOKOKAYECTBEHHBIX
ay/HOYyCUIUTeNeH.

1.1. INEKTPOHHbIE NamMbl

B anexTpoHHBIX JlaMnax JJIsl IMOJYUEHUs MOTOKA CBOOONHBIX 3JEKTPO-
HOB MCNOJNBL3YeTCs SIBJEHHE 3JEKTPOHHOH dMUCCUM — UBJIYUYCHUE DJIEKT-
POHOB C MOBEPXHOCTH TBEPABIX WU KUAKUX Ted. OJHAKO YXOI XOTA Obl
HeGOBIIOTO YK CJIA 3JIEKTPOHOB € IIOBEPXHOCTHU TeJIa HapyIIaeT ero aJeKT-
PHYECKYI0 HeHTpajbHOCTh, BCACACTBHE YeTro TeJIO 3apsiKaeTcd MOJI0XKU-
TeJIbHO W BOZHUKAIOT TOPMO3SUIHE CHIIBI, CTpeMSIecs BePHYTh 3JIeKTPO-
HBL M, TAKUM 0Opa30M, TPEMITCTBYOLME TPOTOJKEHUIO dSMUCCHH. [ st
HPEOJOIEHUS] TOPMO3SIIIIUX CUJI JIEKTPOHBI JI0JIKHBI UMETh IOCTATOYHO
60JbINYI0 DHEPrHio, Ha3biBaeMyio paboToll BBIXO/Ia, — N0 HECKOJbKUX
2JIeKTPOH-BOJIBT. PabGoTa BBIX0O/Ia 3aBUCUT OT MHOTUX (HaKTOPOB, pela-
IOLIHMI M3 KOTOPBIX — PAaCCTOSHUE MEKY aTOMaMU B KPUCTAJIMYECKOH pe-
meTke (4eM paccTosiHue 60bliie, TeM paboTa BRIX0/a MEHBIIE).

[l npuaHus a/eKTPOHaM IONOJTHUTENbHOU 3HEPTUH, TTO3BOJIAIONIEH
UM SMUTHPOBATH C IOBEPXHOCTH TeJ, B 3JIEKTPOHHOM TeXHUKe MCIOJb3Y-
0T CJIelyIoNIMe CITOCOOBI: HaTpeBaHMe 0 BHICOKUX TeMIIEparyp, Bo3aeii-
CTBUE CHIBHBIM 3JIEKTPUYECKUM TI0JIeM, 6oMOApAMPOBKA MTOBEPXHOCTH Ya-
CTHI[aMH BbICOKHMX 3HEPTUH, 06IyYeHIe CBETOM.

[Ipu HarpeBanum Tesa, UCTIONB3YEMOTO KAaK M3Jy4yaTe/b 2J€KTPOHOB
1 Ha3bIBAEMOT0 B 9JIEKTPOHHON TEXHUKE KAMOOoM, HIIU IMUMMEPOM, YBE-
JIMYUBAETCA CKOPOCTD ABMKEHHS 3JIEKTPOHOB MTPOBOIMMOCTH, BO3PACTaEeT
X KMHeTUYecKas 3Heprus, U Bce OoJblilee UX YHCIAO TOKUIAET KaTo/.
B6nusu 1moBepXHOCTH KaTo/la BOSHUKAET CBoeoOpasHoe 3/eKTpoHHOE 06-
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JIAKO BBLIETAIINMX U3 KaTofa (M BO3BPALIAIOIIMXCS B HErO) 3JIeKTPOHOB,
TJIOTHOCTb KOTOPOTO NPSMO IIPONoplioHalbHa TeMIlepaType KaToa U 10Y-
TH 06paTHO MPONMOPIMOHANBHA PAbOTe BBIXO/A:

w
I, =AT?exp | —— |,
PLTRr

r7ie I, — IJIOTHOCTh TOKA TEPMO3JIEKTPOHHOU amuccuu, A /cm?; A, — ocTo-
STHHAsI, 3aBUCSIIasi OT MAaTepuaia KaTola U COCTOSIHUS €TI0 NMOBEPXHOCTH;
T — abcomoTnas temneparypa; W — pabora Bbixona; k — mocTogHIas
Bonpumana.

Jljisg yBesTMueHUsT MIOTHOCTH TOKA TEPMOIJIEKTPOHHOM SMUCCUM Heob-
XOIMMO YBEeJMYUBATh TEMIIEPATYPY KaTo/a U UCIOJIb30BATh MaTEPUAJBI C
Maso# paboToit Berxosa. OMHAKO 3TO C/AENATH He BCET/Ia BO3MOXKHO, TIOCKOJTh-
Ky IIPH YBEJIMYEHUY TEMIEPATYPhl KATOIa Pe3KO BO3pacTaeT CKOPOCTh HC-
NapeHus ero Marepyasid B OKpysKalolUi BaKyyM WM paspesKeHHbIH Ias.
[TooTOMY /I M3TOTOBJEHUA TEPMOIIEKTPOHHBIX KAaTOIOB MCIOJAL3YIOT
CTOMKUE K UCIapeHUI0 METAJIBL: BOJIb(paM, TaHTal, MOJUOAeH U HUOOUIL.

IMUCCUOHHBIE CBOWCTBA TEPMOIJIEKTPOHHOIO KaToZa MOTyT ObITh CY-
1eCTBEHHO ITOBBIIIEHB], €CJIU HAa €er0 HOBEPXHOCTh HAHECEH TOHKUH CJOMH
AKTHBHPYIOIETO METaLIa, UMEIOIEero MeHbIIYIo paGoTy BLIX0/A.

[Ipy aTOM aTOMBI aKTMBATOPA OTAAIOT CBOY BajIeHTHDIE 3JIeKTPOHBI aTo-
MaM OCHOBHOTO MeTaJLjIa KaTO/Ia, CTAHOBSITCS IOJIOKUTENbHO 3apsSiKeHHbBI-
MH HOHAMH ¥ CO3/AI0T YCKOpSIoliiee ToJe, ClocoOCTBYIOIEe BEIXONY Tep-
MoaIeKTpoHOR. Eile 60bIero moBKIIIeHNsS SMUCCHOHHOHR CTOcobHOCTH
TEPMO3JIEKTPOHHOTO KaTO/la MOXKHO JOCTUTHYTD, €CJIU MTOBEPXHOCTH KaTo-
JIa MOKPBITh TOHKMM CJI0€M OKHCJIOB IIEJOYHBIX MeTaJLIOB. ¥ obOpaboTaH-
HOTO TaKuM 06pa3oM OKCHAHOTO Karoaa paboTa BRIXOAa MOKeT OBITH
Hike 1 9B, 4To MO3BOJISIET YMEHBIINTD pabouyio TEMIEPATYPY KaTOAA 10
500—-600 °C 1 Tem caMbIM pe3KO COKPATUTh PACXOJ 3HEPTUM U YBETUYUTE
CPOK CJIY>KOBI 10 HECKOJIBKUX THICAY — AECATKOB Thicsid yacos. OcobeHHo-
CTHIO OKCUIHOTO TEPMO3JIEKTPOHHOTO KATO/A SABISIETCS €70 CIOCOOHOCTD
KPaTKOBPEMEHHO OTAaBaTh B UMITYJILCHBIX peKMMaX TOKHU OTPOMHOI TJIOT-
HoctHu (10 10° A/cm?). KOHCTPYKTUBHO TEPMOIIEKTPOHHBIE KATOIB BbI-
MOJIHSIOT B BUJIE KATOAOB IMPSMOTr0 U KOCBeHHOTO ToforpeBa. Katozni
IPSAMOTO OJIOTPeBa OUeHb SKOHOMUYHBI, TTOCKOJIbKY TOK HaKaJla, HarpeBa-
IOIIMIA KaToZ A0 3aJaHHON paboyeil TeMIepaTyphl, TPOXOAUT HEMOCPE]-
CTBEHHO Yepe3 KaTo/i. KaToabl IpsiMoro noforpesa BhIMOIHSIOT B BU/IE TOH-
KUX TIPOBOJIOYEK, JICHT, CTep:KHEN U T. I. 1 0OBIYHO UMEIOT ReChMa MaJjTbii
MOMEHT TeIJIOBOI MHEePIUH. JTO YaCTO BHIHYXK/AAeT HUTATh KATOJbL MIPsi-
MOTO TIOZIOTPeBa OT UCTOUHUKOB ITOCTOSTHHOTO TOKa.
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Kartozap! kocBeHHOTO noAorpeBa 0OBIYHO BEITIOMHSIOT B BU/le KPYTOBBIX
WM 3JTUNTUYECKMX TOHKOCTeHHBIX IIWJIWHAPOB, BHEIIHSISI IOBEPXHOCTD
KOTOPBIX TIOKPBITA OKCUAHEIM CJIOEM, a BHYTPb IMOMellleHa HUTh HakKaja,
3JIeKTPUUECKH M30JMPOBaHHag OT Katoja. TeiioBasi MHepUUsl KAaTOJ0B
KOCBEHHOTO MOJOT'PEBA CPABHUTENLHO BeNUKa (€AUHUIILI-IECITKU Ce-
KYH/), TIO3TOMY HUTb HaKaJjla MOXKeT MUTaThCsl TOKOM NIPOMBITILIEHHOMH Ya-
CTOTBIL

Bo MHOrux Busiax coBpeMeHHBbIX 3JIeKTPOHHBIX TIPHGOPOB TPUMEHSIOT-
sl X0JIO/IHbIe KaTO/bl, 3JIeKTPOHHAsI 3MUCCHS C IOBEPXHOCTU KOTOPBIX /10-
CTHUTAeTCS 3a CYET BO3JIEWCTBUSI CUABHBIX 3JeKTpUYeckux mosieil. ITrxor-
HOCTB TOKa [OJyYaeMOl TakKiM CITOCOBOM dIMUCCHU:

AO “73/2
I, = 202 _B
U e E |

rne W — paborta Bbixona; E, — HaNPSKEHHOCTh 3JMEKTPUUECKOTO OIS
y IOBEPXHOCTH KaTo/a; Ay ¥ B, — KOHCTPYKTHBHBIE [TOCTOSTHHBIE,
Pa3sHOBHIHOCTBIO XOJOIHOTO KAaTOAQ SIBJSIETCA MYyHHEAbHBLU KAMOO.
KOHCTPYKTHBHO TYHHEeJbHBIE KATOABI BBHITIOJHSIOT B BU€ OCHOBAHUS —
METaINYeCKO IACTUHKY (OOBIYHO U3 TAHTAIA), TOKPHITON TOHKHUM CJIO-
eM B HecKOJbKO necATKoB aHrcTpeM (30-40 E) usoasitopa (00bI4HO 3TO
CJIOW OKCHJla MeTalJia KaTo/1a, B JIAaHHOM ciy4ae — TaHTana). [loBepx cios
U30J9TOpa HAHOCUTCSE SMUTTEp — ToHuakmuii ciaoit metasna (10-20 E),
Ha KOTOPBIH 1TOJaeTcA NMOJOXKUTETbHOE OTHOCUTEAbHO HUXKHENH MeTal-
JIMYecKou nmiaacTuHku Hanpsikenue 10-20 B. M3-3a ManocTu Mexalex-
TPOAHBIX PACCTOSHUN MEXKTY 9MUTTEPOM M OCHOBaHUEM JeHCTBYeET dJ1eKT-
puyeckoe moje HanpspkeHHocThio 10 10% B/cM, koTopoe 3axBaThiBaer
9J1€KTPOHBI IPOBOJAUMOCTH, HAXO/sI1IUecs B HUXKHEN MeTalinyeckon mJia-
CTHHKE, YCKOPSIET UX W HPHIAET SHEPTHIO, HEOOXOAUMYIO JUIsl TIpeosoie-
HUS CJI0S U30JIATOPA U «IIPOCTpesias TOHKOTO cJlosi aMUuTTepa. BeaeacTue
9TOro HaZl NOBEPXHOCTBIO AMUTTEPa 00pa3yeTcs IIOTHOE 3JIeKTPOHHOE 06-
JIAKO, U3 KOTOPOro MoeT ObITh ChOPMHUPOBAH 3JIEKTPOHHBIH MOTOK.
DJIeKTPOHHAsI IMUCCHS MOXKET OBITH ITOJMyUeHa TakKe BO3/IeHCTBHEM Ha
IIOBEPXHOCTh KATOJa IIOTOKOM YaCTHII, 00JIa/IAI0UIUX JOCTATOYHO BHICOKOM
sHepruell. B kauecTBe TakuxX yacTUIl OOBIYHO MCIIONb3YIOTCS 3JEKTPOHBI
HOHBI, yCKOpsieMble CUJIbHBIM 2JIeKTpHYecKUM nojeM. [IpH coynapenuu ¢
KaTOJOM YACTHUIIBI OTAAIOT CBOIO SHEPTUIO 3JIEKTPOHAM U BBI3bIBAIOT MX 3MHC-
cut0. B 3aBUCUMOCTH OT HEPIrUu IIEPBUYHBIX YACTUIL MaTepHUaia KaToAa u
COCTOSHUS €70 MOBEPXHOCTH KONUYECTBO 3MUTHPOBAHHBIX (BTOPUYHBIX)
571€KTPOHOB MOXKeT BO MHOTO pa3 IPEeBBIIIAaTh YUCJI0 IePBUYHBIX YACTHI].
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IJIeKTPOHHbIE BAKYYMHBIE JIAaMITbl IPOJOJIKUTETBHOE BpeMst OBLIH ITpaK-
THYECKHU €IMHCTBEHHBIMU 3JIeKTPOHHBIMU NPUGOPaMU, HO3BONSIIOMUMH
YCUIMBATH 971€eKTpHYECKHE CUTHAJIBI, TPeoOPA3OBBIBATH X 3 OJTHOTO BUIA
B IPYTOIL.

3aTeM MoJIoXKeH e H3MEHHIOCH: B 50-€ To/bl TPOIIJIOTOo Beka MOSBIIHCH
1 B 60-e To(bl 6BICTPO 32HSIN BEYLTYIO POJIb B 3JIEKTPOHUKE pazHooOpas-
HBIE ITOJIYIIPOBOAHUKOBbBIE HPUOOPSI, ipuBe/iKe B 70-e ro/ibl K CO34aHUI0
MOJTYNTPOBOAHUKOBOI MHTETpaNbHON MUKPOAIEKTPOHHKH.

MukpoasnexTpoHnbie HPyHKIIMOHATbHbBIE 3JIEMEHTH! U Y3Jbl, BbITycKae-
Mble B IIMPOKOM aCCOPTHMEHTE, cejIaii HellelecoodpasHbiM U3rOTOBIe-
HIE annaparyphbl U3 OTAeJbHBIX 3JEKTPOHHBIX MPUOOPOB U MPaAKTHUECKU
BbITECHUJIN UX U3 BCceX cdep puMeHeHus, 32 HeOOJIbIINM UCKAIOYeHHEM
armapartypy, paboraronulyio npu 60JbIIHX MOUTHOCTSX (COTHU KMJIOBATT),
Ha BBICOKMX M CBEPXBBICOKMX HallpSXKeHUSIX, U CBEPXBBICOKHUX YaCTOTaX,
Goapmux remieparypax (Boitire 300 °C), B yc/IOBUAX NOBHIIEHHOM pajna-
UM, — ee TOKAa MOYKHO BBITIOJTHATD TOJIBKO Ha 3JIeKTPOHHBIX JIAMIIaX.

[IpuHIKUN n1eiicTBUSA 3JIeKTPOHHOM JIAaMIIbl CBOAMTCS K YIPAaBJIEHUIO
TIJIOTHOCTBIO, CKOPOCTHIO HJIM HAMPaBJIeHUEM /IBIKEHHS TIOTOKA 3JIEKTPO-
HOB, IBWKYIIUXCS B K0JiOe, U3 KOTOPON OTKayaH BO3JYX.

B asexTpoHHOIT yCUINUTeNbHON JlaMIle C YIPaBJIeHHeM NJIOTHOCTHIO
3JIEKTPOHHOTO NO0TOKA (pHc. 1.2, @) 371eKTPOHbI, SMUTHPOBAaHHbIE C IOBEPX-
HOCTH Kamooda, Ol [eCTBUEM YCKOPSIOIIETO NoJs, CO3/1aBaeMOT0 BHeLl-
HUM UCTOYHUKOM HUTAHHUS, YCTPEMISIOTCA K axody. Ha Oyt siekTpoH-
HOTO IMOTOKa YCTAHABJMBAETCS YCTPOUCTBO yIIpaBJleHHs, KOTOPOe MOJ
AelicTBHEM HATIPSKEeHUS! UCTOUHHMKA CUTHAJIA CO3/1aeT aJIeKTpUIeCcKHe UIH
MarHHUTHBIE (MJIU Te ¥ APYTHE) MOJisl, KOTOPHIE CIIOCOOCTBYIOT HJIM HPETIST-
CTBYIOT ITPOXOXKAEHUIO 3JIEKTPOHOB OT KaTOJa K aHOAY.

DEKTPOHHBIE JTAMIIBI TPUHATO KJIacCUDUIHUPOBATD MO YUCTY OCHOBHBIX
3JIeKTpoIoB. Eciu B 1aMIie 1Ba 3JIeKTpOAa — aHOJ U KaToJl, TO OHA Ha3bIBa-
eTca duodom. TpexameKTpoaHAS JTaMITa IMeeT aHO/, KaTOM, YIIPABJISIOMIM
3JIEKTPOJ ¥ Ha3bIBaeTCsT mpuodom. UeTvipexaieKTPoiHAS JTaMMa Ha3biBa-
eTCs mempoodom, NATUIIEKTPOHAS — NEHMOOOM U T. ]I,

Juoxanl. B nuojie oTCyTCTBYeT YCTPOMCTBO YTIPABAEHUS U eTO OCHOBHOE
CBOMCTBO — OJTHOCTOPOHHSIS BJIEKTPUYECKas] IPOBOIUMOCTD, T. €. 3JIEKTPU-
YecKUi TOK MOKET MMPOTEKATh B OIHOM HallpaBJeHUH — OT KaTOAa K aHOAY.
ITO MPOUCXOIUT TOT/A, KOT/la INOJA BKJIIOYEH B BJIEKTPUYECKYIO HeTb C
HCTOYHUKOM TOKa Tak, YTO HA aHOJi€ OKa3bIBaeTCs III0C, a Ha KaToue —
MHHYC. TOJIbKO B 3TOM CJIy4ae 3JIeKTPOHBI, SMUTHPOBAaHHLIE KATOOM, MO-
I'yT JOCTUTHYTH aHOJA.
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AHanuTUYeCKU BOJbT-aMIlepHas XapaKTepUCTHKa JHoJa — 3aBUCH-
MOCTb aHOHOTO TOKa [, OT aHoAHOTO HanpsikeHUus U, — annpokcuMupyer-
ca rmapa6oJoii Buaa: I, = AU,»?, tie A — KOHCTPYKTUBHAS IIOCTOSHHAS.

B coBpeMeHHOH paiioa/leKTPOHNKE BaKyyMHBIE JUO/bI HaXOAST orpa-
HUYeHHoe npuMeHenne. [Ipy aTOM HCHOIB3YyeTCA CBOMCTBO OAHOCTOPOH-
Hell TPOBOAMMOCTH (B BBICOKOBOJIBTHBIX BBINPSIMHUTENSAX, IPU padouux
HATIPSXKEHUSIX B IECATKU—COTHH THICAY BOJILT) ¥ BO3MOKHOCTD CO3/IaBaTh
OYeHb PAaBHOMEPHBIH «Oebli MIYM», ¢ He3aBUCSIUIMM OT YaCTOTHI CITeKT-
POM, r€eHEPUPYEMbIM HPH paboTe B peXKMMeE HACBIIIEHHST aHOJAHOrO TOKA.,

Tpuozasl. B Tpuose ynpaBjeHde NJAOTHOCTHIO 3JEKTPOHHOTO TMOTOKA
OCYIIECTBJISIETCS C MOMOUIBIO YNPaBisSONIero 3JeKTpoja, U3MEHIOUIETO
HaOpsKeHHOCTH 3JIeKTPUYECKOTO TI0JIS1 B OKOJIOKAaTOHOM ITPOCTPAHCTRE.

B Tpuozaax ¢ TepM037eKTPOHHBIM KaTOAOM YIIPABIAIOINM 3J€KTPOJOM
CIVKUT TOHKasl MeTaindeckas ynpasasiowas cemxa (puc. 1.2, 6).

O6bI4HO ceTKa pacosoKeHa BOJIM3HU OT TOBEPXHOCTH KaTo/1a, Ha PACCTO-
SHUH B HECKOJBKO AECSITKOB MUKPOMETPOB, B TO BpeMs KaK pacCcTOsHUe
KaTo/I—aHO/l MOKET OBITH BechMa OOMLIIUM (OT eIMHUIL MHJLTUMETPOB /10
HECKONbKUX JE€CITKOB CAHTUMETPOB M 60Jiee B MOIIHBIX I'€HEePATOPHHBIX
¥ MOJYJISTOPHBIX JIAMITax).

[TosToMy H3MeHeHUs MMOTeHIMaIa YHpaB/siolell ceTKH CKa3bIBAIOTCS
Ha HalPsPKEeHHOCTH TI0JS B OKOJOKATOMHOM IPOCTPAHCTBE CHJIbHee, 4eM
u3MeHeHHe MoTeHNala aHoja. Ecin noTeHnas ynpasasioniel ceTKH OT-
pHIIaTesieH, TO MmoJjie BOIN3M KaToAa SIBJISIeTCS TOPMO3SIIUM U IJIOTHOCTh
AJIEKTPOHHOTO IIOTOKA MO Mepe YReJHYEHUs 3TOTO NoTeHIIHAIa YMEHbIa-
eTCS — BILJIOTH /10 TIOJHOTO NpeKpalleHUus IPOXOXKIEeHUS 3TeKTPOHOB
K anozy. llpu sTom npoucxoaur sanupatue JiaMIibl.

[Ipu mosoxuTeIbHOM IOTEHIMaLe CETKY ee ToJie SABASEeTCS yCKOps-
IOHIMM, He TIPeNSITCTBYET IPOXOXKAeHUIO 371eKTPOHOB K AaHOAY, U MO3TOMY
IJIOTHOCTE 9JIEKTPOHHOTO MOTOKA BO3PacTaerT.

Taxum o6pazoM, TPUHIUIT AeHCTBUS YCUITUTENS Ha 97eKTPOHHOM JIaM-
1ie CBOJJUTCS K TOMY, YTO MO/ lefiCTBMEM HaNpsKeHUs BXOAHOTO CUTHAIa
U,, n3MeHsgeTCs TVIOTHOCTDb 3JIeKTPOHHOTO MOTOKA, UAYIIEro OT KaTtoaa K
anozy. IIpu aToM uaMeHseTcA Kaxyllleecs BHyTpPeHHee COIPOTUBJIEHHE
3JIEKTPOHHOMN JIaMITBI, YTO BeleT K N3MeHEeHNI0 aHOJIHOTO TOKa, obecreun-
BAEMOTO 32 CUeT UCTOYHUKA MUTauus E,. ITO MPUBOAUT K M3MEHEHHUIO Ma-
neHus Hanpsbxkenus U, Ha conpotuBsieBun Harpy3ku R,. Tak kak ympas-
JAATONAs ceTKa PaclosiokeHa BO MHOTO pa3 OJIike K KaTO/y, YeM aHO/,
To HanpspkeHue U, >> U, T. e. BXOAHOH yIPAaBJSIIONINI CHTHAA YCUJIH-
BaeTcs.
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Ha puc. 1.2, 6 mpuBeieHa aHOHAs XapaKTepUCTUKA TPUOJA — 3aBUCH-
MOCTb aHOJIHOI'O TOKA OT HallpsiKeHHs Ha aHOZAe U YIIpaBJsIOLeN CceTke,
AaHAIMTHYECKH BbipaXkaeMad Kak

L=(U.+ U/,

re A — KOHCTPYKTHUBHAS TMOCTOSTHHASI, yUUTBIBalOlasl TeOMeTpUI0 TPHO-
na; U, — HanpshkeHMe Ha ynpasisionleii cetke; U, — HallpsXeHye Ha aHO-
ze; i — Koo PULMEHT yeuaeHus, oToOpakaoIuii yCHAUTEeNbHYIO BO3-
MOKHOCTb TPHO/Ia M MOKa3bIBAIOII{HIA, BO CKOJbKO Pa3 2JeKTpU4YecKoe HoJie
arHoja geiictsyer ciabee, 4eM IOJi€ CETKH B OKOJOKATOAHOH 061acTH.

[Tox aHOIHO-CETOUHOI BOJNBT-aMITEPHOI XapakTepucTukol (puc. 1.2, 2)
NOHMMAETCS 3aBUCUMOCTh aHOJHOTO TOKa OT HAIPSKeHMS Ha yHpaBisd-
I0Ieif CeTKe IPYU NOCTOAHHOM HAIIPAXKEeHHHU Ha aHo/e.

OcHOBHBIE TapaMeTpPBbl TPHOAOB, UCTOJb3yeMble N9 WX CPaBUeHHs
Y BBITTOJTHEHUS Pa3/IMYHbBIX PAacyeToB, — 3TO KPYTU3HA aHOJHO-CETOUYHON
X4PaKTEePUCTHKY 1 BHYTpeHHee COMPOTUBJICHUE 110 IEPEMEHHOMY TOKY:

S =Al,/AU_upu U, =const; R,=AU,/Al, npu U, = const,

riae Al,, AU, AU, — npupainieHusi, COOTBETCTBEHHO, aHOJHOTO TOKA, CETOY-
HOTO ¥ aHOJHOTO HANpsKeHUH, Moka3anHbie Ha puc. 1.2,6 1 1.2, 2.

Kpyrusna aHogHO-ceTOUHOH XapakTepucTuku oTobpaskaer s ek THR-
HOCTH YIIPaBeHUs! aHOJAHBIM TOKOM NP1 U3MEHEeHUH HaNpsKeHNUs Ha yI-
paBisiomieli ceTke. KpyTu3Ha XapakTepUCTUKM BO3pacTaeT ¢ yMeHblIeHUeM
paccTosTHUsI ceTKa—KaTo/l ¥ YBeJM4eHHeM MII0Ia/ 1 KaTo/1a ¥ €70 SMUCCH-
OHHOM criocobHoCcTH. OOBIYHO KPYTH3HA XapakTEePUCTHKUA TPUOJ2 C Tep-
MO3JIEKTPOHHBIM KaToioM He mpesblitaer 10-30 MA/B. BryTpennee co-
NPOTUBJIEHHUE TeM MeHbllle, YeM MeHbIIe PAcCTOSHNe KaTOA-aHOA U YeM
MeHee TIJIOTHO IPUJIeTaloT APYT K APYrY BUTKU YIPaBASIOMEH CeTKU.

Baxkneiimnii mapaMeTp Tpuoja — cratudeckuit koadpduiueHT ycusie-
HUS W TTOKa3bIBAET, BO CKOJBKO pa3 U3MeHeHHe HallpSyKeHUs Ha yIIpaBis-
onell cetke addexTuBHEe BO3AEICTBYeT HA aHOAHBIM TOK, 4eM HU3MeHe-
HMe aHOMHOTO HampsikeHus. BennunHa p onpeaensercs kak AU,/AU, npu
I, = const. Ctatuueckuil koadulleHT yCUIeHNs MTOKa3biBaeT TaKkke, BO
CKOJIbKO pa3 (B mpezese!) MOXKeT OBITh YCHIECHO HAINPsKeHWe CUTHAA,
JENICTBYIOIIETO HA YIIPaBJSIOEN ceTke TPUOAA, U paboTre B ONITUMATb-
HOM pexkuMe. BesimuuHa | onpeziesisieTcsl KOHCTPYKIINEH TPUOZA U PeXKu-
MOM ero paboTsl 1 TeM GoJiblile, 4eM OOJIble PacCTOSHHIE aHOA—CeTKa 10
CPaBHEHUIO C PACCTOSTHUEM CETKa—KaTO/] M YeM Tyille ceTKa (T. e. ueM OJiu-
Ke IPYT K ApYTY PacioJsioKeHbl BUTKHM CeTKH). JHaYeHue [ JIEXKUT B Ipe-
Jlesiax OT HeCKOJIbKHX €AMHUL /10 HECKOJbKUX A€CATKOB.
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IIpu paboTe B JIMHEHHOM peXXUMe CBA3b MeX/y ITapaMeTpaMy TPHOAA
BbIpakaetrcs GpopMmyJioit: U = SR,

Takxum o6pasoM:

1) U3MeHeHHe HATPSKEHMs Ha YIPABJSIOIIEH ceTKe BbI3bIBAeT 3HAUM-

TeJIbHO DOJIbIllee H3MeEIIeH e arloaHoro Toka, 4eM TaKoe JXKe H3MeHe-
HHE€ HanpAXEHUA Ha aHO/AE]

2) npu u3MeHeHUHU HaNps KeHUs Ha ynpasJsionield cetke Ha 1 B anoj-
HBII TOK U3MeHsieTcd Ha S MA;

3) ecnn HampsKeHWe Ha yHpaBJsiolileil ceTKe OTpUIlATeIbHO, TO TOK
B 1IEIIM CETKU He TPOTeKaerT.

HemoctaTok TpHOAa, OrpaHUYMBAIOLINI ero IpUMeHeHue, — 0OpaTHas
¢Bs13b (T. €. HeXeJlaTe/bHas lTepejaya SHepriy ¢ BLIX0/a YCUIUTe I Ha ero

' Harpyska

> )
—_—
Katog ———> %g ———-—-——-P\ AHOZ I
(amutTep) —‘——’l g)g ———>_/(KonneKTop)
- ?ég_
g5
|
>
a

Puc. 1.2. MNpuHunn aeicraus aNeKTpoHHOM NaMnbl {a), BKNIoYeH e e€ B Ka4ecTBe
ycunutens curqanos (6), aHogHas (B) n aHOOHO-CETOMHASA () XapakTepncTukn
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Puc. 1.2. llpogonxerHne
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BXO/{) Ha BBICOKHX YaCTOTaX MEXY aHOAHON U CETOYHOM LeMsIMHU, BO3HU-
Kalol[asi Yepe3 eMKOCTb aHO/I-yIIpaBJsioniasa ceTKa.

Terpoasl. B TeTpoie aHOA M yNpaBsiollas ceTKa pasliesieHbl aJ1eKTPOo-
CTaTHYECKHM 3KPAHOM, BBIITOJTHEHHBIM B BUJIE DKPAHHOU CeTKH.

JKpaHHas ceTKa He [OJKHA NpPensiTCTBOBATh MPOXOXKIEHUIO 3JIeKTpo-
HOB OT KaTojia K aHoy. C 5TOM 11eJ/1bI0 CeTKa BBIIOIHAETCSI U3 TOHKOTO I1PO-
BOJIa, ¥ HA Hee TT0/IAETCA MOJO0KUTeIbHOe HallpsAKeHre.

OcobeHHOCTD TeTPO/a — HEOBXOANMOCTh PabOThl B TAKOM peskrMe, KOr/a
Hallpsi>KeH1e Ha aKpaHHOU ceTke HUXKe HapskeHns Ha aHojte. Ecim aTo Tpe-
Gopaiie HapylIaeTcs, TO HabMIOAAeTCs Qunamponili 3 hexm: BTOpHIHbBIE
3JIEKTPOHDBI, MOSIBASIONINECS B pe3yybTaTe II0NTaIaHMsT Ha aHO/ 3JIeKTPOH-
HOTO MOTOKA, BMKYLIETOCS C BecbMa OOMbBIIOH CKOPOCThIO, SMUTUPYIOTCS
C €T0 MOBEPXHOCTU U 3aXBaThIBAIOTCI KPaHHOH CETKOH. JTO BbI3bIBAET
YMeHBIICHHE AHOAHOTO TOKa — BIJOThH [0 TOTO, YTO OH MOKET CTaTh PaB-
HBIM HYJTIO, & ecJifi Koa(hhUIIMEeHT BTOPUYHON aMuccHy HOblIe e IMHUIIBL,
TO AHOJIHBII TOK MOXKET CTaTh OTpUIaTebHbIM. MHaTpOHHBIN 3 dexT
MO3KeT OBITh yCTpaHeH HpH (GOPMUPOBAHHH 3JIEKTPOHHOTO MIOTOKA B 9JIEK-
TPOHHBIE IYYH 3HAYUTEJIbHOH MIOTHOCTH, BCJIEJICTBHE YETO B 0OJIACTH TPO-
CTpaHCTBA aHOJ-9KpaHHas CeTKa CO3/laeTcsl OTpUIlaTeNbHbI 00 heMHBIIM
3apsA. DTO IPUBOAUT K NOSBJIEHUIO BONU3HM aHOAa 00JacTH C HyJI€BBIM
MOTEHIHAJIOM, IPEOI0JIETh KOTOPYIO MOTYT JIUIID 3JIEKTPOHBL, UAYIIHE OT
KaToZla K aHOLY U UMeoIre 60JbIIYI0 CKOPOCTh. BTOpUUHbIE 3JI€KTPOHKI,
3MUTUPOBAHHBIE AHOJOM, UMEIOT BECbMa MaJlyIO CKOPOCTD, IIPe0]0JI€eTh
00J1aCTb HYJIEBOTO MOTEHIIMAJIA OHU He MOTYT U BO3BPAIAIOTCA Ha aHO/I.

IlenToabi. B MaJOMOIIHBIX AJIEKTPOHHBIX JaMAax TAHATPOHHDBIA ad-
(bekT ycTpaHgeTcs TpeTbell, 3alUTHOY, UIU AaHTHAMHATPOHHOM, CETKOMH,
HOMelTaeMO# MeXAY aHOAOM U 9KPaHHOW CETKOI H UMeIollel IIoTeHIHal,
paBHBIH moTennany karozaa. Tpexceroutible (IMATUIIEKTPOAHbIE) 3JIEKT-
POHHBIE JIaMIThl HA3bIBAIOT IEHTOAaMHU. _

DJIEKTPUYECKOE TI0JIE, CO3/[aBaeMoe aHTUIUHATPOHHOM CeTKOH B IIeHTO-
e, SIBJIeTCd TOPMO3AIIMM BHE 3aBUCUMOCTH OT 3HaUE€HUH aHOJHOTO TOKa
U aHoAHOTO HanpsbkeHust. Hasinvue B meHTO/1e MeX/y aHOIOM M YIIpaBJIA-
foleil ceTKoi enle IBYX CETOK IPaKTHUeCKY NOJHOCTBIO yCTPaHsaeT MesKAy
HUMH EMKOCTHYIO 06pAaTHYIO CBSI3b Ia’kKe Ha 04YeHb BbICOKUX yacToTax. Oco-
GEeHHOCTD MEHTO/I0B — BO3MOKHOCTD 1TOJIa4l HAaHPSKeHHUs yIIpaBJ/sgionie-
ro CMrHAa He TOJbKO HA YOPaBJSIOUIYIO, HO U Ha 3allIUTHYIO U 3KPaHHYIO
CETKH, ITOCKOMbKY BCe TPH CETKH (XOTS U C HEOAWHAKOBOM 3(ppeKTUBHO-
CTbI0) 06ecHeunBaloOT yIIpaBieHye MJIOTHOCThIO 3J1IeKTPOHHOIO MOTOKaA.

MHOr03J1eKTpoHble H KOMOHHHPOBaHHbIE 9JIEKTPOHHDIE JaMITbl. Y Be-
JMYeHUe YMCia CETOK B 2JIEKTPOHHON JIaMIle CBBIIIE TpeX-yeThIpex Ipak-
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TUUYECKH He Yy4YlilaeT ee YCUJIUTebHble CBOMCTBA HACTOJIBKO, UYTOOKI 3TO
OBLIO ONPAB/IAHO CYIIECTBEHHBIM YCIOKHEHHeM MPOM3BOICTRA U CHIIKE-
HUEeM Ha/le’KHOCTH KCILIyaTal(iH.

DIeKTPOHHBIE JIAMITBI ¢ yIIpaBJieHeM TJIOTHOCTBIO 31eKTPOHHOTO MOTO-
Ka MoryT paboTaTh TOJIbKO Ha yactoTax a0 2—-5 ['TI, mockosnbKy Hammuue
HEYCTPAaHUMBIX MEXK3JEKTPOAHBIX EMKOCTEH, HHAYKTUBHOCTEH BBOJHBIX
3JIEKTPOJIOB ¥ COM3MEPUMOCTb BpEMEHH ITpoJjieTa 31eKTPOHOB B IPOCTpaH-
CTBE KaTO-aHOJ C TIEPUOJOM YIIPaBJSIONero CUTHANA He NO3BOJSIOT HC-
I10JIb30BATh TIPUHIIUAIBI YIIPaBjeHNs IJIOTHOCTBIO 3JIEKTPOHHOTO NOTOKA
IS yCUJIeHUsl HAMPSKeHUM CUTHaIOB cBepXBbIcOKUX yacTtoT (CBY).

[Mostomy mas ycunenuss CBU-curnanoB npuMeHsiioTesl npubopsl co
CKOPOCTHBIM VIIPABJI€HNEM: KAUCTIPOHDL, amnbL bezyusetl 80NHbL, MazZHem -
ponbt v T. 1. [IpuHUMN AeHACTBUS 9TUX NPUOOPOB OCHOBAH HA B3aMMoOJleM-
CTBUH 3JIEKTPOMATHUTHOTO T10JIA 3JIEKTPOHIIBIX IOTOKOB, HAYIIIHAX OT KaTO-
Jla K aHOIY, C 3JIEKTPOMArHUTHBIM TI0JIeM yIPaBJSIOlero CUrHajia, 4to B
OIIpe/leJIEHHBIX YCIOBUAX MOXKET [IPUBOANTD K Mepejadye IHEPIUM 3J1eKT-
POHHOTO MOTOKA 3JIeKTPOMAarHUTHOMY IOJIIO YIIPaBJSIOIIero CUrHaia u,
TakuM 06pa3oM, K ero YCHICHHUIO.

Kmuctpowusl. /[y ycuaeHus U TeHepaluyl Hallpsi>KeHU CBEpXBBICO-
KHX 4acTOT 60JIbLIOH MONIHOCTH MTPUMEHSIOTCS MPUOOPDI CO CKOPOCTHBIM
yIpaBJjlieHreM, MPOCTEHIINUM U3 KOTOPBIX ABJIAETCH KAUCTNPOH.

Cxemaruveckoe yCTpPOMCTBO KJAMCTPOHA jfaercd Ha puc. 1.3 a. Inexr-
POHHBI MOTOK, TOJY4aeMbIH ¢ IOBEPXHOCTH KaTO/a, YCKOPSETCs MoJieM
aHO/1a-KOJIJIEKTOPA U € TOMOIIIbI0 HOKycUpyIolieil cucTeMbl (popMuUpyeTcs
B 9JIEKTPOHHBIN JTyu. Ha myTH a71eKTPOHHOTO Jyya YCTaHOBJIEHO YTIPaBs-
0lllee YCTPOWCTBO, HasbiBaeMoe TPYIIINpoBaTesieM, a Ha HEKOTOPOM pac-
CTOSTHMY OT HEro — IPUEeMHOe YCTPOICTBO, Ha3biBaeMoe yIaBAUBATEIEM.

Ynpasadionlee U IpUeMHOe YCTPOICTBA B IIpocTefilleM ciydae Ipel-
CTaBIAIOT coOOM [BEe CeTKY, pasjejeHHble HeboabmuM 3a30poM. Korzpa
MeXX/1y CeTKaMU IPYNIHpoBaTeis efiCTBYeT yipaBJsdolllee HalpsKeHue,
TO Ha ABMXKYIMeCS K aHOAY dJEeKTPOHBI B MEKCETOUHOM IIPOCTPaHCTBE
HyneT JelicTBOBAThH NOTMOJHUTEAbHAS CHJA, 3aMe/UIAI0NAsd UM YCKOpSi-
1011asl UX ABWKeHue, Eciiu ypasisionlee HapsKeHye H3MeHseTcst 1o CH-
HYCOMIAJIbHOMY 3aKOHY, TO B 3aBUCHMOCTH OT €T0 (pasbl 3JIeKTPOHbI Oy YT
3aMelIAThCA WIN YCKOPAThCA. BeaencTue Toro, 9J1eKTpOHbL, UMEBLIHE 0
BXOZa B [PYNIINPOBATEIb CKOPOCTb V(, HAa BBIXO/e OyAYT ABUTATHCS C pa3-
JIMYHBIMH CKOPOCTSIMU — OT V) — AV 10 V, + AV, ITO puBeAeT K TOMY, 4YTO
CTIIyCTSI HEKOTOPOE BpeMs NOCJIe IPOXOK/IeHU 3/1IeKTPOHOB uepes rpyll-
MUPOBATEJbL TIJIOTHOCTD 3JIEKTPOHHOTO JyYya HauHeT U3MEHATLCA: dJICK-
TPOHBI, UMeIoIKe CKOPOCTh V, — AV, HAUHYT OTCTaBaTh, a 3JEKTPOHBL CO
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CKOPOCTHIO V + AV HAUHYT OOTOHATH 2JIEKTPOHBI, COXpaHUBIINE HEU3MEH -
HYIO CKOPOCTb V, B 3JIeKTPOHHOM JIyue, MMeBIIIEM /10 BX0/a B TPYIIIIHPOBa-
TeJib PABHOMEPHYIO IIJIOTHOCTD, MOABATCS [TepUoiUUecKie YIIIOTHEHUS —
CTYCTKH U pa3pe’keHMs], YacToTa CAeJOBaHUA KOTOPHIX Oy/IeT paBHa 4acTo-
Te ynpaBJisioliero curana. CrelieHb KOHLEHTPAIINH 3JIEKTPOHOB B CTYCT-
Kax MpOINOpLHUOHAJbHA aMIIJIUTYyle cuTHaia. CrpynImupOBaHHBIH 2JI€KT-
POHHBIN JyY 3aTeM HoNazaeT B yJaBaUBaTelb, B3AUMOEHCTBYET C IoJeM
ero CeTOK, OT/aeT MM CBOIO SHEPTUIO M YXOAUT HA KOJJIEKTOP. Y TpaBid-
IolIe€e BO3eCTBHE MOKET OBITh BechbMa c/IabbIM, HO BCE PaBHO Yepes KaKoe-
TO BpeMs NPOU30Ii/ieT rpynnupoBanue jgyda. Ilpu atom saneprug crpymn-
ITUPOBAHHOTO Jy4ya ollpefenseTcs He 3Hepruell ynpapJisionero CUrHaa,
a IOJIHOH 3Heprueil 3IeKTPOHHOTO0 J1y4a, T. €. 3Hepruei, 0TOMpaeMoii OT uc-
TOUHHMKA aHOJHOTO NUTaHMUSL.

Jlyumvie o6pasiibl COBpeMEHHBIX KJIMUCTPOHOB obecrieyrBaioT Ko3dhu-
IIUEHT YCUJIEHHS 110 MOITHOCTH A0 MUJLIMOHA Pa3 NMPU BBIXOJHOH MOIIHO-
ctu o 1000 kB u KII/L 1o 50 %.

Jlamnibl Gerymieii Bosnbl. HeocTaTkoM KIHCTpOHA ABISETCI TO, YTO
B3aMMOIEHCTRIE 3JIEKTPOHHOTO Jy4a ¢ YIPAaRISIOUINM CUTHAJIOM U OTAA-
9ya 9HEPTHH CTPYIITUPOBAHHBIM JyYOM BBIXOJHOMY YCTPOUCTBY MPOHCXO0-
IAT OTPaHMYEHHOE BPEMS B Y3KOM 3a30pe MeX/ly ceTKaMH. DPDeKTUB-
HOCTB paboTsl MPUOOPa MOXKET OBITH YBeJUUYeHa, ecid B3aUMOAeHCTBHe
6yAeT OCYLIECTBIATHCS GoJjlee I TETbHOE BpeMsl. ITO peau3yeTcs B JIaM-
nax 6eryureit Bostabl (JIBB), B koTOpHIX B3aumMo/ielicTBIE YIIPaBALIONIETO
CHUTHAJIA € JIy4OM IIPOUCXO/IUT IIPaKTUYECKHU Ha BCEM €ro NMPOTSIKEHHH.

Tax xe kak u B kIUcTpoHe, B JIBB anexTponHslii notok poxycupyercs
B 3JIEKTPOHHBIHN JIyY, /151 YJIy4YlIeHUsl eTo GOKYCHPOBKH TPUMEHSIETCS MIPO-
[10JIbHOE MarHMTHOE IoJIe.

OCHOBHBIM 3JIEMEHTOM JIaMITbl ABJIAETCA CTIUpalibliad JUHNA Tlepe/auH,
10 KOTOPO# pacnpocTpaHseTcs 3JeKTPOMarHHTHASI BOJIHA CUTHANA, 4 BHYT-
P €€ [IBUKETCS 3IEKTPOHHBIN NOTOK. OCO6EHHOCTHIO CTUPATbHBIX THHUI
SIBJIAETCS TO, YTO B HUX TPYIMIIOBad CKOPOCTb PACHPOCTPAHEHUS DJIEKTPO-
MArHMTHBIX BOJIH BJIOJIb OCH 3HAYMTEIbHO MEHBIIIE, YeM B CBOGOJHOM IpO-
CTPaHCTBe, EC/IU CKOPOCTH IBUXKEHUS 2JIEKTPOHOB JIy4a MEHbIIE CKOPOCTH
pacnpoCTpPaHEeHU JIeKTPOMAarHUTHOM BOJIHbBI, TO 3JIEKTPOHBI HAUMHAIOT €10
YCKOPSThCS, BCIAEICTBUE UeTO BOJHA OTAAET SHEPTHUIO 3JeKTpoHaM. Eciiu
CKOPOCTD JIBIKEHUH 2JIEKTPOHOB O0JIbILE CKOPOCTH PACIPOCTPAHEHHS BOJI-
Hbl, TO 2JEKTPOHBI TOPMO3STCS M OTJAIOT IHEPIUIO BOJHe. TopMokeHne
NPUBOAUT K TPYINTUPOBAHHUIO JIyuya B 9JIEKTPOHHBIE CTYCTKH, YTO COIPO-
BOK/IaeTcsl MHTEHCUBHOM Mepesayeil 9HEPTUH BoJiHe. UeM AMMHHee CIu-
panb, TeM OoJibliiee ycHaeHMe MOXeT ObITh gocturiyro. B JIBB moxHo
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oboiiTHch 1 6e3 3aMelJISIoNIEl CUCTeMBI; UMEIOTCS 3JIEKTPOHHO-JIyYeBble
JIBB, B KOTOpPHIX MCII0/Ib3yeTCsl BTOPOIl 27IeKTPOHHBIN J1y4, ABHAKYIIMICS
TapannelbHo OCHOBHOMY, HO HECKOJIBKO MeJlIeHHee ero. BxoaHol curnan
BO3/IeficTBYET Ha 00a Jiyua BONU3U WX BbIX0Ja U3 PoKycupyloinelt cucte-
Mbl, ¥ YUepe3 HEKOTOPOE BpeMsi OHU OKa3bIBalOTCs CrpynnupoBanubimi. [lo-
CKOJIbKY CKOPOCTH NBUKEHUS CTYCTKOB B JIy4aX pa3jiMuyHbl, MeXIAy HUMH
MPOUCXOAUT OOMEH 3HepTHel, B pe3yJbTaTe Yero B «MeJlIeHHOM» Jy4e
MMeET MeCTO YCUJIeHIe CUTHAJIA.

Jlamriet Geryiie#l BOAHBL SIBISIOTCS CPABHUTENbHO MaJIOMOLL{HBIMU YCH-
JIUTEIbHBIMY MPHUOOPAMHU U HMEIOT BBIXOTHYIO MOIITHOCTD, OOBLIYHO He TIpe-
BBILIAIONIYIO HECKOJIBKO COTEH BATT. JTO OOBACHIETCS TeM, UTO BeJIUYHHA
TOKA 3JIEKTPOHHOIO JIy4a OTPAaHMYMBAETCSI HECKOJIbKUMU COTHSIMHA MHUJLITHA-
amriep. IIpu GoJBIIMX TOKAX CYIIECTBEHHO YCJAOKHAETCS (GOKYCHPOBKa
Jy4a BCAeICTBIe B3AUMHOTO OTTAJTKHUBAHUS 3JIeKTPOHOB. J{J15 monyvyeHust
GOJIBIINX MOUTHOCTEH B HACTOSIIIIee BPEMS UCIOIb3YIOTCS MATHETPOHBL.

B maznempone (puc. 1.3, 6) nmeeTcs TUIMHAPUYIECKUI KaTol 2, oMe-
IIEHHBIN TOYHO B 1leHTpe HUJMHAPHYecKoro aHoAa 1. AHO/ MarHeTpoHa
BBITIOIHSIETCS ZIOCTATOYHO TOJCTOCTEHHBIM. DTO [TO3BOJISET CAENATh B ero
TeJle HECKOJIBKO 00pemHbLx pesonamopos 5. ObbeMHble Pe30HATOPBI Npe-
CTaBAAIOT co6O0ii IMIMHAPUYECKHE OTBEPCTHS CO METAMHU, OTKPBIBAIOIIHU-
MHCS] BHYTPD MEXKAY3JIEKTPOTHOTO IPOCTpaHCTBa MarHeTpoHa. OHU sBIA-
JOTCSl PE30HAHCHBIMK (KOJIehaTebHbIMU) CHCTEMAMU [IJISI CBEPXBBICOKUX
PaZNOYaACTOT U B KAKOH-TO Mepe aHaJIOTHYHB! [apajilebHbiM LC-KOHTY-
paM. O6beMHDBIE PE30HATOPBI MarHETPOHA 00PA3YIOT 3aMEAIONIYI0 CH-
CTEMY, BAOJb KOTOPOII MOXKeT PACIIPOCTPaHSITHCS 3JIEKTPOMAarHUTHAS BOJI-
Ha curdaia, OcobGeHHOCThIO KOHCTPYKIIT MarHeTPOHA IBASETCS HATUYHE
CHJIBHOIO TI0TIepeYHOT0 MarHMTHOTO MOJid, IEHCTBYIONIETO BAOJb OCH Ka-
TOJIa BO BCEM MeXKAy37IeKTPOJHOM NPOCTpPaHcTBe. B pe3ysbrarte 3TOTO Ha
SMUTHPOBAHHbIE KATOAOM 3JIEKTPOHBI AeNICTBYeT KaK 31eKTPUYECKoe pa-
AVaJIbHOE YCKOop4Iolllee I10Jle aHOZa, TaK U IONEPeYHOe MarHUTHOE MoJe.
BenencrBue atoro TpaeKTOPUM 2/1eKTPOHOB MCKPUBJSIOTCS U CO3[aeTcs
3JeKTPOHHOE 06J1aK0, Bpauaoieecst BOKpyr kartoza. [Ipu atoMm ckopocTh
BpalleHHUsl OTIpeleJIsIeTCs HAIIPSPKEHHOCTHIO 3JIeKTPUYECKOTO M MATHUTHO-
ro rosieit. Eciin B MarHeTpoH Yepes 6x0010i pe30inamop 4 BBOIUTCS IACKT-
POMarHMTHasl BOJIHA CHTHAJA, TO Bpallaiolieecs 3JIeKTPOHHOe 06J1aKo
BCTyIIaeT C Hell BO B3aUMO/eCTBHE U NepeJaeT e 3HaUMTeIbHYIO 4acTh
cBoell aHepTUM. Y cUJIeHHad 3JeKTPOMarHuTHasl BOJIHA BBIBOAMTCS depe3
ebix00HOt pesonamop 3.

Ecnu nenoyka oO0beMHBIX PE30HATOPOB 3aMKHYTA, TO CHTHAJ C BBHIXOJ-
HOTI'0 PE30HATOPA CHOBA ¥ CHOBA ITO/IAETCS Ha BXOJ[, U MATHETPOH HAUMHAET

22



> "Bxon lJ
®okycupyowas
Kéiééa cuctema

Bbixon,

v

5
o]

Puc. 1.3. YcTpoKcTao KnncTpoHa (a), MarHetTpoHa (6) 1 aneKTPOHHO-Y4eBoro
KOMMyTaTopa (B)



L \A”r——-——-» Usiixt

> (Jauxz

~

=4
O
T

BbIX3

| SN e
£

En

{
I 1T
B

Puc. 1.3. lTpogomxenune

paboTaTh Kak reHepaToOp He3aTyXaUINX KoaebaHuii, Tpeobpasyst SHEPIHIO
UCTOYHHUKA aHoAHOro muTanus B aHepruo CBY-konebanuit. CoBpemenHast
ANIeKTPOHUKA UCTI0JIb3YyEeT OTPOMHOE YMCJIO PA3TUUHBIX BUJIOB MAarHETPOHOB,
MMEeIONINX HOMHUHa/IBHYIO MOIIHOCTE OT COTEH BaTT [0 COTeH MerasatTT. Ko-
a3 UIHEeHT 0Te3HOTO NeHCTBUS. MAarHETPOHOB BeJIUK M gocTturaetr 95 %
1pu koapdullHerTe yCuaeHus 10 MOHIHOCTH B HECKOJIBKO [IECSATKOB paa.

IJIeKTPOHHO-JIyueBble KOMMYTATOpbl. OTHOCUTENbHAS TTpocToTa Pop-
MMPOBAHUS 3J1eKTPOHHOTO [TOTOKA B 3/IeKTPOHHBIY Jy4, Majlasi UHePIHOH-
HOCTb 3JIEKTPOHHOT0 JIyya ¥ BO3MOXKHOCTb CPaBHUTEJIBbHO MPOCTOrO VIIPaB-
JIeHWsl ero TOJIOKeHHeM B NIPOCTPAHCTBE C MMOMOIIBIO 3JeKTPUUYECKUX U
MarHUTHBIX TIOJIell TIPHRBENH K pa3paboTKe PA3THYHBIX BUJIOB 3JEKTPOH-
HBIX JIaMTI C OTKJIOHEHHEM JIyYa, U3 KOTOPBIX BaskHellline — 9JIeKTPOHHO-
JyyeBble KOMMYTaTOPBHI.

[TprHIMn AefcTBUS 2/1IeKTPOHHO-JIYy4eBOI0 KOMMYTaTopa Ha TPH I10JI0-
xenus (puc. 1.3, 8) cnenyouiuit. INeKTPOHHBIN Jy4, MOJTYYEHHBIN OT Ka-
toga K u chopmMupoBanHblil ¢ noMoulbio ¢pokycupyouieit cuctemsl @C,
MPOXOAUT MeXAY ABYMA TJIaCTUHaMU oTkJoHgwInel cuctemul OC. [Ipu
OTCYTCTBUM MeXY NJaCTUHAMHU HaNPSKeHUs Jyd He OTKJIOHSAeTCS U 1o-
najziaeT Ha IEeHTpPaJbHBINA aHoA A, Korma Mexay miacTuHaMu JelCTBYeT
ynpasJsioliee Harpsixkenue U,,,, 1y4 OTKJIOHSIETCS] B BEPTUKAJIBHOM 11J10C-
kocTu. Ecny Ha BepxHell mjacTHHe ILTIOC, a HA HUXKHeH MUHYC, TO Ty4
OTKJIOHSIETCS BBEPX U NMOMANAET Ha aHOA A;; Npu 0OpaTHOI NMOAAPHOCTH
YIIPaBJISIONIETO HATIPSKEHUSI IYY OTKJIOHSIETCS BHU3, M 3aMbIKAeTC Lellb
aHojza A,.

KpoMe ynpapnenus noioxeHueM Jyua, BOSMOXHO yIIpaBJjeHUe TOKOM
JIy4ya, YTO JAOCTUTaeTcsl MpUMeHeHNeM OOBIYHON yrpasisiouiei cetku C,
Ha KOTOPYIO NofiaeTcs yupasJsionlee HanpsixkeHue U, . [Tomernas B nammny
JOTIOJIHUTENbHBIE NJIACTUHBI TOPU30HTAIBHOTO OTKJIOHEHHU ST, MOKHO Nepe-
MelaTh 3JIeKTPOHHBIN JIyY ¥ B TOPU30OHTANbHOM HalpaBJIeHUH.
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ITO NTO3BOJISIET CO3/aBATh JJIEKTPOHHO-/Ty4Y€BbI€ KOMMYTAaTOPBI CO MHO-
THMH TbICAYAMH aHOJIOB U IIEPEKIIOYATD C OI’pOMHOfI CKOPOCTBKO MHOI'HME
TBICAYH dJIEeKTPOHHBIX uenei.

KOHTPOAbHbIE BONPOCHI

1. MoxxHo 111 (M KaK) BBIIOJIHUTD 3JIEKTPOHHYIO JIAMITY C yTIpaBiIeHHEM
TIJIOTHOCTH 3J€KTPOHHOTO TTOTOKA MATHUTHBIM TTOJIEM ?

2. Ilpennoxkure KOHCTPYKIMIO 3JIeKTPOHHOM JIaMITBI C XOJIOJHBIM KaTO-
JIOM U yIIPaBJIeHHeM TIJIOTHOCTHIO 3JIeKTPOHHOTO MTOTOKA.

3. Kak, no BaiieMy MHEHHIO, MOXKET ObITh BBHIIIOJIHEHA 3/IEKTPOHHAS
JlaMIa Jiist paboThl Ha HU3KHUX YACTOTaX ¢ YIIPaBJIeHHeM CKOPOCTHIO
3J1IeKTPOHOB?

1.2. Fa3o0pa3papHbie (nnasmeHHbie) npubopbI

B 2/1eKTpOHHBIX BaKyyMHBIX JIaMIIaX flepeHOC 3JeKTPUYECKOro ToKa
OCYIIECTBIAETCS 2NeKTPOHAMU. B MIa3MeHHbIX JaMnaX (BHYTPH KO0 KO-
TOPBIX HAXOAUTCA MHEPTHBII Ta3) B Ipollecce paboThl TPOUCXOANT MOHU-
3al(1sd MOJIEKYJI Ta3a, U BO3HUKAIOT MOJOKUTENbHO 3apsiKeHHble NOHBI, B
pe3yJbTaTe Yero NMpoMeXyTOK MPOCTPAHCTBA MeXAY KAaTOXOM U aHOIOM
OKa3bIBAETCS 3aMOJHEH NAA3MOU: IPUMEPHO PABHBIM YUCJIOM 3JE€KTPOHOB
U1 TIOJTOKUTEJIbHO 3apsi>)KeHHbIX MOHOB rasa.

B o6mem ciyuae npoxoxkeHue 3JeKTPUUeCKOro TOKa yepes JiioOoi ras
MpaKTHYECKH BCETNA COTIPOBOXKIAETCS TIPOIIECCOM HOHU3AINN — 00paso-
BaHHEM ITOJIOKUTEJNbHBIX U OTPUIATEJbHBIX HOHOB, BOZHUKAIOIIUX MPH
CTOJIKHOBEHUH 3JEKTPOHOB, ABKYLIUXCS K aHOAY, C MOJIEKYJIaMH Ta3a.
Vonusanug — moporoBbiii mpoiiecc: A7 06pa3oBaHKsd HOHA SHEPTHA JBHU-
KYLIerocs 3/JeKTpoHa A0JKHA OBITh BbIlIe dHEPTHU CBSI3HM BAJEHTHBIX
2JIEKTPOHOB C aTOMHBIM SI/IpoM. Ecitu ajieKTpoH o6J1a1aeT MeHbIIEN aHep-
rieil, To MOHM3aIUK He TpoucxonuT. OHAKO MPH 3TOM aTOM BO30YKIaeT-
cA ¥ IONIyYeHHAsA DHEPTHUS TEPEBOJIUT OINH U3 €70 BAJIEHTHBIX 3/IeKTPOHOB
Ha 6oJiee BHICOKMIT 3HEPreTHYeCKHI ypOBEHb, C KOTOPOTO OH Uepe3 HEeKO-
TOpO€e BPEMS BO3BPAIlAeTCsd B HOPMAJIbHOE COCTOSAHUE, H3/Tydasi U30BITOK
3HEpPTUH B BU/IE AJIEKTPOMATHUTHOTO KBaHTA. ITOT KBAHT MOKCT OBITh 3a-
TeM MOTJIONIeH GIMKANIINM aTOMOM, UTO MIPUBOAUT K €0 BO30YXIEHWIO,
IIOCJie 3TOr0 KBAHT IIOBTOPHO U3JIy4aeTcsl U MOXKeT ObITh 3aXBaueH HOBBIM
aTOMOM H T. A. TakuM 06pa3oM, U30bITOK HEPrHH 337IePIKUBAETCS B 00be-
Me Tasa Ha HEKOTOpOe BpPeMsl, YTO YBEIMYUBACT BEPOSTHOCTh MOHU3AIL[HUH.
[Tpouecc noHM3aIMK Hen36€KHO COTTPOBOXKAAETCS IENOHU3AIINE (PEKOM-
OuHalMel): NOJIOKUTEIbHbIE HOHBI 3aXBaThIBAIOT «MeJ/IEeHHbIe> 2JIEKTPO-
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Hbl, B PE3YJIHTATE YEro MOSIBAAITCS BO30YK/I€HHbIE aTOMbl, U3J1y4alolUe
U3OBITOK 9HEPTUH B BUe (hOTOHOB HHGPaKpacHOTo, yAbTpadHoIeTOBOTO
WY BUAMMOTrO cBeTa. B mpollecce MOHU3AIMU TaKKe IPUHIMAIOT yyacTHe
HOHBL: IBUTASICh K KAaTONY, OHU COYJApSIOTCS ¢ aTOMaMU Tasa ¥, eclu
CKOPOCTb IOCTATOUHO BeJIUNKA, IPOU3BOASIT HOHM3aIMI0. [locTHras kaTosa,
WOHBI BBI3BIBAIOT MOSBJACHNE BTOPUYHBIX 371€KTPOHOB, IIOCJIE 3TOTO PEKOM-
OMHUPYIOT € YACThIO SMUTUPOBAHHBIX C TOBEPXHOCTH KATOJA 3JIEKTPOHOB
U CTAHOBATCHA HEUTPATbHBIMH.

Hanuune B rase TAXKeNBIX U MaJONOABH)KHBIX TIOJOKUTENBHBIX HOHOB
HPUBOAUT K KOMIIEHCALINY OTPHIATENbHOTO O6BEMHOTO 3apsifia, Co3/laBae-
MOTO 3J1eKTPOHHBIM IMTOTOKOM, MAYIIUM OT KaTo/a K aHoAly, — obpa3yercs B
1eJIOM 3JeKTPUUYECKH HEeHTpalbHas, HO JOCTATOYHO XOPOIIO ITPOBOJSILAS
3MEKTPUUECKMI TOK TIaszMa. B pesynbraTte aToro coctosinve obbhema rasa
MEK/y KaTOJIOM 1 aHOJIOM B KaKOH-To Mepe HalTOMUHAeT COCTOSIHUE B MeTa-
JNYECKOM MPOBOHUKE, B KOTOPOM HMMEIOTCST CIOCOOTbIE MepeMelaThCs
9JIEKTPOHBI IIPOBOIUMOCTH W HEeITOIBU>KHBIe HOHU3UPOBAaHHbIE ATOMBI METa-
na. [Ipu aToM majieHye HaNIpsSKeHNs Ha y9acTKe KaTol—aHo JIaMIsI (a ciie-
JIOBaTe/IbHO, M BHYTPeHHee CONMPOTURIeHNe) CTAHOBUTCS OUeHb MaJIBIM.

B npuHiimIie miasMeHHble JaMiibl MOTYT paboTaTh Kak ¢ HArPeThiM, TAK
¥ C XOJIOAIBIM KaTOIOM, IO TOJIbKO KaKUM-THO0 06pa3oM TTepBoHavalb-
HO TIPONYCTUTh UMIYABC TOKA MEXAY KaTOoJOM U aHOZOM, [1OCJIe YeTO TOK
yepe3 TPUOOP CaMOCTOSITENTBHO MOJIEPXKUBAETCS 32 CUET ABTOIIEKTPOH-
HOW 9MUCCHUM ¥ BTOPUYHON ABMHUCCUU 371€KTPOHOR, BBIOMBAEMBIX C TOBEPX-
HOCTH OTPUTIATETbHO 3apSXKEHHOT0 KaTo/la y/apAaIoniuMUCca 0 Hero T0JI0-
’KUTeJbHbIMU MOHaMU. B pexxnMe xosonHOro Katoga paboraer 60Jiblias
YacTh IVIa3MEHHBIX JaMIl. B Tex cayyasx, korja BHyTpeHHee CONpOoTHBIIe-
HUE IOJBKHO OBITh MUHUMAJIbHBIM, TPUMEHSIOT TEPMO3JIEKTPOHHBIH KaTo.

[1n1asMeHHbIe JaMIIBl YIIPABJSIOTCA dAEKTPHYECKUMEI, MAarHUTHBIMH,
TeNJIOBbBIMYU WJIM PAUALMOHHBIMH TTOJSIMH, C TOMOIIBbIO KOTOPBIX MOKHO
YIPaBJATh MOMEHTOM BKJIIOUEHHS U BBIKJIIOYEHHUS, MOKHO U3MEHSTDH Be-
AUYUHY pabouyero Toka MM MPOCTPAHCTBEHHOE TMOJIOXKEHWEe dJIeKTpuye-
CKOrO paspsja.

[Ipu pabore B 111a3MeHHOM J1aMIle BOSHUKAET CBEYEHHUE: PEKOMOUHUPY-
IoIINe C 3JTeKTPOHAMU HOHBI OT/IAI0T U3JUIEeK 3Hepruy B Buje ceeta. [To-
3TOMY ILIa3MeHHBIe JIaMIIbl UCIIOIb3YIOTCS B KauecTBe MCTOYHHUKOB CBeTa.

B pexnMe HecaMOCTOSITEILHOTO Fa30BOT0 pa3psijia, IIPU aHOAHBIX TOKax
B €[INHUIBI—JeCSITKU MUKpoaMIlep, paboTaT UOHH3AITHOHHBIE KaMephl,
NpPONOPUHOHANbHBIEC CYETYUKH U IETEKTOPLI palHOaKTHUBHBIX U KOCMHYe-
ckux uanydyenuit. [Ipu pabote B 3TOM pexxuMe aHOAHBII TOK MPSIMO TIPO-
NOPLUHMOHATEeH UHTEHCUBHOCTU MOHU3UPYIOLET0 U3JIy4eHus.
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B pexumMe camocTosiTeIbHOTO (T/IEIOLIEr0) paspsia, IpU aHOJHBIX TO-
KaX B €IMHULIBI—IeCATKM MUJLTMaMITep, paboTaeT GOJBINUHCTBO ILJ1a3MeH-
HBIX JIaMII, [IPUMEHSIEMBIX B DJEKTPOHHKe. ITO OODBACHSETCA TEM, 4YTO:
1) slam1ibl T/ieonIero paspsifia Jerko yapaBisaioTcss (MOMEHTOM BKJIOUe-
HUA); 2) B HUX HCIIOJb3YeTCs XOJIOJHbII KaToA; 3) MoTepH 3JIeKTPUIeCKOi
SHepruy Ha BHYTPEHHEM COINPOTUBJIEHHHU MAJIbl; 4) IIPH NMPOXOKIAECHHU
ToKa HabNolaeTcsl IPKOe CBeYeHHe, MO3BOJSIONIee HaX0AUTh HerCIpaB-
HbIe JIAMITbl, a TakKe NPUMeHsTh UX B KauecTBe Pa3JIMUHBIX HHANKATOPOB;
) JIaMIIbI TJ1eI0NIero pa3psifia AellieBbl, UMEIOT HPOCTOe YCTPOHCTBO U IpaK-
THYECKN HeOTPaHHUEHHBIH CPOK CIYIKOBI.

Bakneitine npubopsl Tielero paspsiia — cTabuIuTPOHBL B UHAUKA-
TOPHBIE JaMIlbl. PaboTa cTabUINTPOHOB OCHOBaHa Ha CBOMCTBE TJIEIOLIero
paspsana HoAiep:KHBaTh HeU3MeHHBIM HANPSIKeHHe FOPEeHUs MPH GOJIbIINX
U3MEHEeHUSIX aHOIHOTO TOKA.

Apkoe cBeuenue TJEUIETO pa3psijia NPUBEIO K MIMPOKOMY UCIOJB30-
BaHHUIO JIMOJIOB B KAYeCTBE IIBETHLIX CRETOBBIX MHAMKATOPOB U yKa3aTeJieii.
Ecsiv 6annoH ¢cBeTOBOro MHANKATOPA 3aIl0JIHEH HEOHOM, TO CBEeYCHHE OY-
JleT OpaHKeBO-KPACHBIM; aPTOH JlaeT CUpeHeBoe cBeueHue, KpUITOH — TO-
nyboe, renuit — cuHee.

Ecnu x aHOAy NIa3MeHHON JaMIIbl TTIPUJIOKEHO JOCTATOUHO BBICOKOE
HallpsKeHUe, TO B JlaMIle MOXXeT BOSHUKHYTH yTOBOR pas3psll: MpakThye-
CKU BCe MOJIEKYJIbI Ta3a OKa3bIBAIOTCSI MIOHM3HUPOBAHHBIMU U BHYTPEHHEE
COIIPOTUBJIEHHE CTAHOBUTCH OUYEHb MaJibiM. BblCOKas 3JieKTPOIPOBO/-
HOCTB TIJIa3MBbI B pesKMMe AYTOBOTO Pa3ps/ia O3BoJIAeT CO3/1aBaTh 1yTOBLIE
BBIIPSIMUTETbHBIE JTaMITbl OOJbINOR MOIHOCTH, HCIIOIb3yEMbIE IS BbI-
MPAMJIEHUS TOKOB B IECATKH THICSY aMItep MPOMBIIIIEHHON YaCTOTRI U TTpe-
ob6pa3oBaHus TOCTOSHHBIX HAINpPSKeHUH B NMepeMeHHble. Kpome ToroO,
IpKoe cBeyeHUe T1J1a3MBbl IYTOBOTO Pa3psaja HCIONb3yeTCsl B MOIIHBIX UC-
TOYHHKAX CBETa MPAaKTUUYECKHU JIOOOTO CIIeKTPabHOTO COCTAaBA.

BrinipsiMuTesibHble AUOABI AYTOBOTO paspsiiia — 2a30mpoHb — AMEIOT
TEPMOAJIEKTPOHHBIE KATO/bl, BCJIEJCTBIE 3TOI0 UX BKJIIOYEHHC (3aKUTaHNe
JIYTH) MPOUCXOAUT IPU HU3KOM aHOJHOM HAIpPSIKEeHHN.

Baxkneiinime yipasJjigeMele mpubopbl AyrOBOTO paspsiia — mupamponbt.
THpatTpoHbI BLIMOJHSAIOTCSA B BUjIe TPHOAOB (TEPMO3JIeKTPOIHBIA KaTo,
ylpaBJsionias ceTka, aHO[ ), TeTPOJOB U MEeHTO/[0B. 1 epMO3JIeKTPOHHBIH
KaTo/J TUPAaTPOHa MOXKeT OBITh IPAMOTO OAOTPEBA U KOCBEHHOTO.

Korza xatoy Harper, a Ha aHOA MOAAHO NMOJIOKUTEIbHOE HATPsKeHue,
B TUpPaTPOHE MOKET BO3HHKHYTH yra JIMITb B TOM CJIy4ae, eCc/4 Ha YIIpaB-
el ceTke HeT 3allupaloliero oTpUIlaTeJbHOTO HanpsikeHud. /as
BKJIIOYEHHUS] TUPATPOHA HA YIIPABJSIONIVIO CETKY IOAAETCs MOJOXKUTENb-
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HbI MMITYJIBC 3aMyCKa, MPU 3TOM OTpHUIlaTeNbHOE HaNIpsKEHNE HA YIIPaB-
Jngioliel ceTke YMeHbIIAeTCd, 9MEKTPOHBI YCTPEMIILIOTCS K aHOLY, HOHU-
3UPYyS M0 OYTH MOJIEKYJIbl Ta3a, TI0cjie 3TOTO CeTKa NMPaKTHUecKu Tepsaer
CBOE YTIPaBJIAIOIlee AEHCTBYE U C €€ MOMOIIbIO HEBO3MOXKHO HH MOTACHTh
TUPATPOH, HU CKOJIbKO-HUOYb CYIIECTBEHHO U3MEHUTh 3HAUEHHE aHO/-
Horo Toka. OTPHUIIATEIbHO 3apPSIKCHHYIO CETKY «00BOJAKUBAIOT» MOJIOKH-
TeJIbHBIe HOHBI Ta3a U MOJHOCTbIO HeHTpalu3yloT ee rone. s BeIKITIoue-
HHUS THPATPOHA HEOOXONMMO WJIM Pa3opBaTh LElMb MCTOYHMKA aHOAHOIO
TTUTaHKA, UIN 3HAYUTEJIbHO YMEHbBIIUTh aHOAHBIN TOK, WX ITOAATh Ha aHOJ
OTpHIATENbHBIN UMITYIbc HanpsizkeHus. I1py aToM miiasma pexkoMbuHupy-
€T, CeTKa BOCCTAHABJIMBAET CBOM VITPaBJSAIOIINe CBOMCTBA U 3alIMPaET TH-
paTpoH. TUpaTpOHBI B HacTosIlIee BpeMs UCIIOIB3YIOT B 9HEpreTHKe H0JIb-
MUX MONTHOCTeH, P TOKaxX B IeCITKH THICAY aMIlep W OYEHh BRICOKUX
pabouynx HANpPSKEHUSIX B HECATKU—COTHH THICSIY BOJBT, UMIYJIbCHBIX
MO/TYJISTOPaX U Pa3pSTHAKaX, B YCKOPUTEISX 3apPs>KeHHBIX YaCTHIL, MOLTHBIX
paznoJoKaTopax, IKCIepUMeHTaAbHbIX TEPMOAIepHbIX peakTopax u T. II.

KOHTPOAbHbIC BONPOCHI

1. IIpeuioknTe KOHCTPYKIMIO Ta30pa3paAHOTO Tprbopa, yiipasiseMo-
'O 2JIEKTPOMATHUTHBIM T10./1eM; IOTOKOM YacTHI[ BLICOKUX dilepruii.

2. [Touemy B pexxuMe TJelON1eT0 pa3psjia NajeHue HapSKeHUsT MeKIY
KaTO/IOM M aHOZIOM MPAKTUYECKH He 3aBHUCHUT OT BEJTMUHHBI TOKA?

3. Kak MoskeT ObITh YCTPOEH TUPATPOH € XOJOAHBIM KaTOJ0M?

1.3. ®u3nyeckue 0CHOBbI PaboTbl NONYNPOBOAHUKOBBIX
3/IEKTPOHHBIX npubopos

B mosynpoBoAHUKOBBIX 3IEKTPOHHBIX TpUbOopax Hanbosiee LIHPOKO He-
MOJB3YIOTCS] KOHTAKTHBIE SIBJIE€HMS, BO3HUKAIOIINE HA TPAaHUIIaX Pa3/lesoB:
MEeTAJLI-NIOJTYIIPOBOAHUK, MOJYIPOBOJHUK C 3JeKTPOHHOH MPOBOIUMO-
CTBIO — MOJYTIPOBOAHUK C ABIPOYHO TPOBOAUMOCThIO. KOHTAKT IBYX pas-
HOPOIHBIX MOy POBOTHUKOB (3€KTPOHHOTO M IBIPOYHOTO) IPUHSTO Ha-
3BIBATh JNIEKMPOHHO-ObLPOUHBIM TL-P-TIEPEXOIOM.

[Ton AeKTPOHHBIMU (72-TIOAYTIPOBOIHNKAMH ) MOHUMAIOT TIOJTYyTIPOBOI-
HUKH THIIA TepMaHMs, KpeEMHUS, celeHa, KapOua KpeMHUsT, apCceHu 1a ra-
JIUSI U T. /1., B KOTOpbIe UICKYCCTBEHHO BBeIEHBI aTOMBI ITPUMeceit, UMEIOIINX
BaJIEHTHOCTH OOJIBIIYIO, YEM BaJIEHTHOCTD MOAYIpOoBoAHKKa. [Ipu sTOM
KaKIpli aTOM TIpPUMECH-<«IOHOpa» OTAAeT ONIWH W3 BaJIEHTHBIX 3JIEKTPO-
HOB, KOTOPBII CTAHOBUTCS 2JIeKTPOHOM MPOBOIUMOCTH U CIIOCODEH Iepe-
HOCHTbH 2JIeKTPUIeCKHH TOK. [{J19 YeThIipeXBaJIEHTHBIX KPEMHUA Y TepMa-
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4. BucHoskn

3a pesyJbraTaMu M0CJi/PKeHb 3alPONOHOBAHO BUKOPHU-
CTaTH B SIKOCTI JPKepeJsia MoJIIPU30BAHOTO CBiTJIA M CILICH -
HUIl eKpaH NepCOHaJbHOro Komi'iorepa abo cmapTdoHiB,
wiannieris. Ile jano MOKAMBICTD HAGJMBUTH KOHTPOJIb
HASIBHOCT] MEXaHIYHUX HANPYIKEHb Y OMNTHYHO MPO30PHUX
Marepiazsax 20 ymoB BUpoOHuITBA. TakoK 3ampononoBa-
HO 1 ZOCTIZKEHO MOJKJIMBICTD IIOKPALICHHS 4yT/JIUBOCTI
Ta TOYHOCTI KOHTPOJIIO IIPU BUKOPUCTAHHI MOAYJAIIIHO-
TMOJAPUBALIITHOTO METOLY.

NiTepaTypa

1. Kumwoes, B. B. Hepaspymatlomuii xoHTpoab [Texcr]: cmpa-
Bounnk / B. B. Kmoes. — M.: Mammmnocrpoenne, 2004. —
B7r, T 3. - 864 c

2. T'OCT P 53696-2009. Kourpous mepaspyaoumii. Merogst
onrtudeckne. Tepmutnt n onpegenenus |Teker]. — M.: Cran-
napruncdopm, 2010. — 12 c.

3. Janjac6epr, I. C. Onrtuka [Teker] / T. C. Jlanjcbepr. — M.:
DOU3MATJINT, 2003. — 848 c.

4. 3actocyBamms miaockoro abo TeneBisifinoro ekpawa B cTami
BKJIIOUCHHS B CICKTPUIHY MEPEKY JKHBICHHS MEPCOHATBHO-
ro komm'orepa abo TeieBizopa sk JuKepeaa indpauepBouo-
ro suupominiosanns | Teker|: narvenr Ykpainm na xopucny
mojenb Ne 78910 Bix 10.04.2013 / Benrep €. @., Macios
B. II., Kauyp H. B., Jlabysos O. €., Adonin A. B., Kyuosuit
C. M. — 2013. — Brosr. Ne 7.

5. Capnera, B. K. Moxynanifina moaapumerpia |Texer| /
b. K. Capgera. — K.: HaykoBa xmmra, 2011. — 260 c.

6. Ilpucrpiil 2751 KOHTPOIIO SIKOCTI onTruHuX Marepiaiuis [ Texer]:
naTeHT YKpaidil Ha kopucHy Mozesnp Ne 39789 Bix 10.03.2009 /
Benrep €. @., Cepuera B. K., Macaios B. II., Kauyp I. B. —
2009. — Bioa. Ne 5.

7. Cepnera, b. K. Kommuexcni jgociipkenns sikocti candipo-
BHX BIKOH CyYacHUMHU HepyilHiBHUMH MeToxamu [Tekcr]/

Hosocagnuit C. 11,
Kingpar T. I

B. K. Cepauera, 1. €. Matsimr, II. M. Jlursun, B. I1. Macuios,
C. M. Kymosuit // Bichuk HTYY «KIII». Cepis npunano-
OynyBantst. — 2012, — Ne43. — C. 54-60.

8. Kapmoma, M. Moaynasuwonnas crnexkrpockonusa |Texcer| /
M. Kapgoma. — M: Mmp, 1972, — 416 c.

9. Crocib KOHTPO/II0 MaTepiaiiB, PO30PHUX B ONTUYHOMY Ijarra-
soni Bunpominosanns [Texer]: narent Yxpainn Ha Kopuchy
momesinb Ne 49479 iz 26.04.2010 / Benrep €. @., Kauyp II. B.,
Kingpacs O. IL., Jlokmuu M. M., Jlanina A. b., Mapivyesa
1. JI., Macsios B. II., Poxiues IO. M. — 2010. — Bios. Ne 8.

10. Crioci6 1a3epHoro KOHTPOJIO SKOCTI KPUCTATIUHIX MaTepiais,
TPO30PUX B OTITHIHOMY Jliamasoni sumpomimmonarmsa [ Texer]:
naTeHT YKpainu Ha KopuchHy Mozenb Ne 57495 Bix 25.02.2011 /
Benrep €. @., Kauyp H. B., Macaos B. II. — 2011. — Bioar. Ne 4

PA3BUTHE NMONAPHIALHOHHLIX CIOCOB0B HEPA3PYLWIAKLIErD
KOHTPONA ONTHYECKK NMPO3PAYHLIX MATEPHANOB

PaCCMOTpeHIﬂ MEeTO/IbI ONITUYECKOTO HEPA3PYIAIOIETO KOHTPO-
JIs. I/ICCJIC].I,OBHHQ BO3MOJKHOCTb MCIIOJIb30BaHMA OIITHUYCCKOrO I10-
JIAPU3aLMOHHOrO C[[()C06a KOHTPOJIA /15 BbISAABJICHUSA MEXaHUYECKUX
IIFJIIPH?KP,IIVIVI B CTEK.JIe. ]/1(’(‘,3I9}l0l§ﬂllhl BO3MOIKITOCTU TTOBbBITIETTNA
TOYHOCTH ONTHYECKOTO KOHTPOJIA. Pt‘(}lehT'd'l‘hl nceeseioBainsAg MOryT
6})ITB TIPUMEHEHbI B ONTUYECKOM MPOMU3BO/CTBE A KOHTPOJSI
KayeCTBa MaTepHaoB M IOTOBBIX OLNTHYCCKHUX ﬂCTaJ[Cﬁ

Knwueswe cnoBa: TexHuyecKast JiMarHocTuka, OIITUYCCKUIT
METO/l KOHTPOJIA, 110JaAPU3anus.

Kauwyp Hamaunis Bonodumupiena, moiodwuil nayxosuii cniepo-
Gimnui, Incmumym @isuxu nanienposionurie in. B. €. Jawrxapvosa
HAH Ykpainu, Yikpaina, e-mail: natalykachur@gmail.com
Kauyp Hamanus Bradumuposna, miadwui nayunoii cCompyonur,
Uncmumym pusuru noaynposoonuxos um. B. E. Jlawxapésa HAH
Yipaunvi, Yxpauna, e-mail: natalykachur@gmail.com
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YOk 537.5

BAPI3OHHI HAMIBNPOBIAHUKK TA IXHE
3ACTOCYBAHHA

IIpedcmasneno anaiis 6apizonnux Hanienposionukis, ki 6UKOPUCTIOBYIOMbCL 0Ll CINBOPEHIS CO-
HauHUX enemenmis. Bemanosaeno moxciusocmi niosuuenis ixuvozo KK/[. Bapizouni nanienpogionuxu -
Ue Kpucman, 8 SKUX enepzemuyii napamempu 3010l CmMpyKxmypu - wupuna 3a6oponenoi 301,
CRin-opOimanvie PoSUUHEHHS 6 v-30Hi, A MAKON ehexmusHi macu Hociig 3apsdy i dierekmpuuna
NPOHUKAUGICIND, NIAGHO 3MIHIOIOMBCSL 63006MC 001020 AO0 DEKLILKOX HANPAMIG.

KmouoBi cnosa: 6apizonmuil, Hanienposionux, KPUCMa, COHSUHUL eAeMEHM.

1. Betyn. 3ouna giarpamMa xpucrany

Inrepee 10 Bapi30HHUX HAliBIPOBIAHUKIB BUKJIUKAHO
0COOMMBOCTSIME, LPOSIBJCHUX B HUX Oaratbox (pismuHux
SBUII, & TaKOK BUHUKHEHHIM HOBUX e(eKTiB, He BJIACTH-
BUX HaNiBIPOBIANNKAM 3 OZHOPIAHOIO 30HHOIO CTPYKTY-
poIo, SKi IIa3BeMO TOMO3OIIIMMU. [IpocTopoBa 3a/eKIICTh
mUpuHE 3a60pOHEHOI 30HU TPUBOAUTL [0 TOSIBU BMOI-
TOBAHMX KBa3ieJCKTPUUHUX IMapiB, Pi3HUX 3a BeIUYN-
HOIO /IS JiPOK i eJeKTPOHiB, IO BiATOBIIHO 3MIHIOIOTDH
ix pyxsmsicts. lle symosmioe andysinno-apeiidonnii
MeXaHi3M TIepeHocy HepiBHOBaKHUX HOCIIB 3apsly, 3Mimy
KOOP/IMHATHOIO PO3HOJIiJY TX KOHIEHTpalliid, 3MiHY YyMOB

oBepXHEeBOT pekoMOiHallii B IOPIBHAHHI 3 TOMO3OHHUMMU
HAIiBIPOBIJIHNKAMI. A Tie BiIKPUBAEC HOBI MOXKJIHBOCTI JJIs1
(opmyBaHHS HOBUX BU/IB HAMIBIPOBIAHUKOBUX MPUJIA/IB
s crpykryp BIC. Bei ui 0co6amuBoCTi npuBoists 10
CYTTCBUX BiAMIHIIOCTEH B {IDKEKIHINNX, (OTOEIEKTPUYNNX
i moMminicientnux gpumiax |[1]. Buraax sommoi cTpyk-
TYpH Bapi3ollIOro IIaliBOPOBIAIIMKA BHU3IIAYAE€TLCA IIPO-
CTOPOBUM DPO3IIO/IIOM BMOHTOBAHOIO MIKDOKPUCTAIy, a
TAaKOXX HASIBHICTIO BHYTPINIHIX Ta 30BHIMIHIX MiKPOIOTIB:
TI0JIs1 MATHITHUX HANpy’KeHb, eJeKTPHIHOIO, TeMIepaTyp-
Horo. HeojtnopiginicTs Takux 1oJiiB B 1POCTOPI MPUBOJINTH
JIO Bi/UMOBI/IHOI 11€0IHOPIAHOCTI 30HHOI CTPYKTYPH, 1O €
HACJIT/IKOM JUiT JIBOX MEXaHi3MiB. 3a O/IHUM 13 HUX 30BHIIIHI

2
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MiKPOTIOJIST CIIOTBOPIOIOTH MiKPOMOTEHIaJN B KOKHiH
€JIEKTPUYHIN KOMITli, Bi/ITTOBIZIHO 3MIHIOIOTH OOYMOBJIEHY TINM
MIKPOIIOTEHI1iaJIOM 30HHY CTPYKTYPY, 3a I[PYT'HM MeXaHi3MOM
TIOTEHIlia/IbHA EHEeprisl eJIeKTPOHIB B MOHOKPHCTAJI JI0/Ia€ThCs
JI0 eHeprii eJleKTPOHIB B sto3BoJieHiit 3oni €(R,r), e r -
pagiyc Bektop, R - XBUIbOBUIl BEKTOP JJIs AAHOIO CTAHY
B 30HI. B pesyusibrarTi 11bOro 1OBHA €Hepris eJeKTPOHIB B
30Hi BU3HAYAETLCSA BHPA3OM:
E=¢(R,1)—qo(r), M
fe @(r) - TOTEHT[al eIeRTPOCTATIHIHOTO MiKPOTOJIS.
PosriistHeMo GiabIIl JeTaJbHO 3B’SI30K MiK €HEpricio
sonu nposianocti E i @ s Kpucrasy 3MiHHOrO CKaamy,
BPAaXOBYIOUHM TIPAMIENT ejeKTpudnoi cropiguenocti. [lo-
3naunMo vepes E; enepriio enexTpona B cTami CHOKOIO y
BaKyyMi MpH BiZICYTHOCTI 30BHINTIHOTO Makpotmoist (pruc. 1).
Koopaunarna 3aexxHicTb MaKPOTIOJisi OIMCYETHCST PIBHICTIO
E'(2)~E, =-q9(2). )
Estektponta criopisnenicrs susnadactbes sk @ =E —E_ .
[pu E =E, i seiuyuHa ejekTPOHHOI CHOPifHEHOCTI Ha
MesKI KpUCTaly 3 BakyyMoM piBHa O, Toxi

E.(2)=E;-0(2)-q9(2) =&.(2) —q¢(2), 3)

E,(2)=E;-0(2)-E\(2)=¢,(2) - q0(2).

Taxnum 4nuHOM, IOBHA MTOTEHIIATBHA CHEPrisl CICKTPOHA
B C-30Hi CKJIQ/IA€TLCS i3 30HHOI €HepTii , 110 BU3HAYAETLCST
MiKPOTIOJIeM KPUCTATY Ta eJIeKTPOCTATUYHOI TOTEeHIiATbHO1
eneprii q@(z), 1Mo BU3HAYAETHCS BKe Makporoyem. Lli aBi
BEJMYNHU € KOODJIMHATHO 3aJekHuMu [2].

OTke NPUIHATHI JIJIE TOMO30OHHUX HalliBIIPOBI/IHUKIB
IIPUIIOM OIMCY [OTEHIialy MakpoIIOJs @ 3a J0IOMOIOI0
€HEePreTUIHOTO PIiBHS, 1O TPOXOIUTH Yepe3 cepenmHy
3a00POHEHOT 30HM € B)Ke HEMOJKJIUBUM ISl Bapi30HHOIO
Hanisuposignuka. Ile nos’sazano i3 tum, mwo Ve 3rigHo
(3) i puc. 1 e He upouopuiiinunii VE, 1a VE, .

\E

Ay :

~ B
Z

Puc. 1. Opxomipsa Mofenb BapisOHHOrO HaMiBIpOBigHUEE

2. BucoxoetheXTHBHI COHAYHI EMEMEHTH Ha
Bapi3OHHKX CTpPyKypax

BapizonHuM HamiBIPOBIIHUKAM BJIACTHBI TPUHIUIIOBI
0COOIMBOCTI B CHEKTPATIBHUX 3AJMEKHOCTIX 1 BEJMYNHAX
BAACHOT (DOTONPOBIIHOCTI B 1MOPIBHSIHHI 3 TOMO30HHUMUN
MarepiajaMu, 110 OCBITJIEHi 3 MUPOKO30HHOI CTOPOHH 00-
YMOBJIEHO HACTYIHUM:

1. BunpomiHiOBaHHS TOTJIMHAETHCS B Jiama3oni
AEq:Eg‘“—Eg‘i“, a 1e JOCUTh CHUJIBHO POIIIMPIOE
00J1aCTH CIEKTPAJILHOI YyTINBOCTI.

2. @oronu 3 eHepriero hv JIoKaJIbHO NMOrJIMHAIOTHCS
B o0'emi B ToOumi Z, 1€ Eq(ZO):hv, TOOTO MOKe
ijiBuIyBaTUCh (OTOUYTMBICTD 32 PAXYHOK 3HUKEHHS
pekoMGiHaliiiHnX BTPAaT Ha OCBITJIEHIH 1OBEPXHI, 10
axoi HH3 paxyiorsesa B ranbmisnomy nosi |3].

3. Ilpm mBuzaxocti apeiiby HH3, cuis posmipuoio i3
mWBHAKiCTIO pexkomOGinanii [, BIJIMB IOBepXHEBOI
pexombitanii 3mauio mocaabaioeTbes i B obsacti
hv> EY™. Tle sigmosimmo migsuiyc GpoTodyTanBicTh
i B KOPOTKOXBHUJIBOBIN YaCTHHI CHEKTPY, IPUUOMY TIPH
pocTathbo Beauknx  VE  KOpoTKoXBaboBuii kpait
Moke 6yTH 3Mimenuii B ob1actb exeprii poTomuis, AKi
CYTTEBO TIJIBUIILYIOTH E:““‘. ‘

4. Hocii ctpoperti dotonavm 3 emepriero hv=E!™ , mpu-
YeITIOI0THCSI BMOHTOBAHUMU TIOJISIMU /10 BY3bKO30HHOT
nosepxHi. IIpm BHCOKMX 3HAYEHHSX MOBEPXHEBOI
pekombinanii I, dorouyTimBicTs B JOBrOXBIJIBOBII
obJiacTi crekTpy Moke i HoHuKyBartuch [4].

OpHi€lo i3 MepCrneKTUBHUX 3aCTOCYBAHDb HPUJIANIB
i3 (QoroBosbTalYHUMK e(heKTaMi Ha OCHOBI Bapi3OHHMX

HAIiBIIPOBIHHUKIB € COHsIUHA eHepreTuka. Turosa cTpyKkTypa

i cHpolmeHa €KBiBaJCHTHA CXeMa Bapi30HHOTO COHSAYHOTO

@EII 3 p-n-mepexogoM mpusefena mHa puc. 2.

EC
———f—— Er
— [E@ E.
—
.]0(11")
a
RS
1
Rih G b I@
6

Puc. 2. Jouna aiarpama sapisonsoro ®EII (a) Ta exsiBanexTHa cxema (6)

OCHOBHOIO BEMIUYUHOIO, MO TMPEI SIBIASIETHCS 10
CE — 1e Bucoka edeKTHBHICTb TIEPETBOPENHS COHSIYHOT
eHeprii B eJleKTpUYHY, 1O xapakTepusyerbcs KK/I
n=P/P,=N/P,, ne LV - Buxiguuii crpym i Hanpyra
CE, a B, - noryxuicrp najarouoro surpominioBasHs [5].
Jlaa 3abesnedenns makcumaibioro KK/ neobGxigHo 3a-
GesIeynTi MAaKCUMaJbHy BUXiHY oTysxkHicts P, =1 -V |
10 BU3HAYAETHCHA MATCPiaJoM, KOHCTPYKUI€O Lpuiany i
BianoBigHuMn BuGopom pobOUOi TOUKU Ha BAX. B na-
noMmy peskumi ¢axrop samosuennsa FF= IV"‘J ,ae L,V -
CTPYM KOPOTKOTO 3aMUKAHHS Ta HAIIPYTa XOMOCTOTO XOAV
ODEII |6].

Bemanna Ry cabo BIJIMBA€E HA BUXIAHY HOTYKHICTD i
Helo MOKHA B TOBHIN Mipi 3HeXTyBaTu. B Toil yac e omip
Ry Besmunnoio B gexizpka OM IPUBOAUTL 10 3HIKEHHS
BUXIJIHOT TTOTYKHOCTI HA JIECATKW TTPOIEHTIB.

Jlnsg oTpuManis MaKCHMMaJbHOI BUXIIHOT MOTYKHOCTI
HOTPIOHO BA/IOBLILHUTH Psijl TPOTUPIYHUX BEJIMUUH, SIKi
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HeoOXinHo Tpex’stBUTH 110 Matepiany i koucrpykiii MEIL
Ty Takox 1eoOXiaHo 3a6e3MeUnTH ONMTUMAIBHE Y3TO/KEH ST
OT0 CIEeKTPAIbHOT XapaKTePUCTUKK 13 CHIEKTPOM BUIIPOMi-
HIOBaHHSI COHILSI. By3bK0o30HHI HAIiBIIPOBIZIHMKY [TOTJIMHAIOTD
3HAUHY JIOJTI0 COHSAYHUX (OTOHIB i, K HACJIJOK, JAaf0Th
BesinKi 3HaueHHsi horocTpymy. IIpo te npu 1pomy reHepy-
erbest Husdbka (Goto e.p.c [7]. Kpim 1poro, Bes Hammmnmkosa
ua E, enepria poronis rybutbest Ha posirpis rparku. Ilpu
pesuuHax E | I0CATAlOThCsT BUCOKI 3HAYeHHs e.p.c i Ma-
Ji 3HAYeHHS CTPYMy HacmdeHHA [, aje Oliblra yacTHHA
dotomnis 3 hv<E(1 B3arajii He MOTVIMHAIOTHCS. Po3paxyHku
MOKA3yI0Th, 10 /T ieanbimx romozonnux MEIL B seminx
YMOBax ONTUMaJIbHEC 3HAYCHIIST Eq =1,35¢B, mo 3abesneuye
K.K/l n=31%. B xocMmiuHOMY 1POCTOPI MaKCUMAIbHOIO
edexrusuictio nopunni matn CE 3 E >1,6eB [8].

IlpuunnaMu BTpaT reHepoBaHMX CBITJIOM HOCIiB 3apsijy,
axi obmexyiors KK/ € mosepxuesa i 06‘eMHa pexombina-
iist. st 3HMOKEHHs1 0O‘€MHUX BTPAT HEOOXiJIHO pO3MiliLy-
BaTH p-n-niepexijx Gumskye 1o nosepxHi. [Ipore mpu mbomy
3MEHIIYEThCS] BKJIA/L (DOTO €.p.C IOBFOXBUJIBLOBUX (DOTOHIB i
36i1blry€eTbest OCTi0OBHUIT omip Ry , 1m0 € HebaxaHUM.
Binnosigno ais 3menmenHs Rg HEeOOXIZIHO miABUILyBATH
[IPOBIZIHICTh IIOBEPXHEBOIO IIApy, aje IIPU BUCOKUX KOH-
LCHTPALSAX JICrYIOuoi JOMILIKK 3MCHUIyETbCcs audysiiiHa
JOBIKITHA 1 CKOPOUy€EThes 00aacTh 30upanta Hoto Hociis [9].

Ha romosonnux DEII i3 GaAs 3 p-n-nepexoioM mpu
ONTUMAJBHIH KOHCTPYKIiI 3 NMPOCBITIIOIOUNM IIOKPUTTSIM
nocaruytuit KK/[ 19,3 % B ymoBax ocBitmenmss AMI1.

3uaynuil KpoK BIICPCA B mokparicii mapamerpiB CE
3B’s13aHMil i3 3acTocyBanmsaM rereporepexoaiB. Hassiictn
IMUPOKO30HHNX BIKOH JI03BOJIMIIA 3HATHO POSIIUPUTH CIEK-
Tpampni xapakrepuctukn CE y Bucokoenepretndmy 00-
J1aCTh, 36IABIIMTH TOBIMHY (GPOHTATBLHOTO 1Ay i TaKUM
YUHOM TIOHH3NTH Ry, BpaxoByloun mapameTpu KOHTaKTHOT
rpebinku. B pesysbrati B rerepoerniTakciiiniii cucremi
p—Al Ga As—n-GaAs jpocsruyra edexrushicts =25 %
npu AM1 [10].

1. Y Bapi3oHHNX HaMiBHPOBIJHMUKAX IIPOCTOPOBA
3QJICKHICTD MUPUHE 3a00POHEHOI 30HI 3YMOBJIIOE
nudysiino-apeidoBuit MexaHidaM TIepeHocy
HEepiBHOBAXKHUX HOCI{iB 3apspy, 3MiHy KOOPAU-
HATHOrO PO3MOMIAY iX KOHIICHTpPAIiil, 3Milly yMOB
MOBEPXHEBOI pekoMOiHalii B MOPIBHSIHHI 3 TOMO3OH-
HUMW HaMiBIIPOBITHUKAMM.

2. HagBmicTb MMMPOKO30HHNUX BIiKOM JIO3BOJIMJIA 3HAYHO
pO3MINPUTH crieKTpaibhi Xapaktepuctukn CE y Buco-
KOEHepreTH4Hy 00J1acTh, 301IbIIUTH TOBIIMHY (HPOH-
TaJIbHOIO 1IApy 1 TAaKUM YMHOM HoHu3uTH Ry, Bpaxo-
BYIOUYM [TapaMeTpu KOHTaKTHOT rpebinku. B pesysbrari
B rerepoertirakciiiniii cucremi p— Al Ga As—n—GaAs
nocsarayra chekrusHicts 225 % upu AMI1.
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BAPH30HHBLIE MONYNPOBOAHHKK U UX MPHMEHEHHE

ﬂpe[[c’rz\mren anajan3d Bapu30HHDLIX MOJYITPOBOATMKOB, KOTOPLIC
HCII0JIb3YI0TCSL JIJIs1 CO3/IaHMS1 COTHEUHDIX 3JIEMEHTOB. YCTaHOBJIEHO
Bo3MoskHOCTH TIoBbIenys ux KI1/I. Bapusonbix nomryipoBogHuKy -
9TO KPHUCTAJIbl, B KOTOPBIX YHEPreTHYECKUE IIapaMeTpbl 30HHON
CTPYKTYDbI - HIMpUHA 3anpen[ennoﬁ 30HbI, CﬂVTTI-Op6VTTaJﬂ)HOB
pacTBOpeHNe B V-30He, a Takxke 2(hdeKTUBHbIE Macchl HocuTemeit
3apsifia W MAIEKTPUYecKast TPOHUIIAEMOCTD, TTaBHO MEHSITOTCS
B/IOJIb OHOIO WJM HECKOJIbKMX HallpaBJeHuil.

Kmovesnte cnoBa: Bapu3OHHLIN, [OJIYNPOBOAHUK, KPUCTAJLT,
COJINEYHBIN DJIEMEHT.
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