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NEPEIMOBA

Mera HarcaHHsS KOHCIIEKTY JIEKLiH 3 JUCHUILTIHU “OmNTOoeNeKT-
pOHiKa” — I¢ HEOOXIAHICTh 30CEPEIUTH YBary CTYICHTIB Ha 3arallbHUX
MPUHIMNAX NOOYA0BH ONTOEIEKTPOHHUX MPUCTPOIB Ta CHCTEM JUIS BH-
KOPHCTaHHA iX MPH MiATOTOBIII 10 Tab0opaTOPHUX POOIT, BUKOHAHHI KOHT-
POJILHHX POOIT Ta MiATOTOBII A0 CKJIAJAHHS CK3aMCHY.

VY KOHCTEKTI NIeKIiii mofani Qpi3udHi OCHOBH pOOOTH ONTOEIEKT-
POHHUX TPUIAJIB, MPU3HAYCHUX IS Tiepenadi, 00poOku, mpuiiomy, 30e-
piranHs 1 BizoOpakeHHs iH(popMariii. HaBeaeHO rooBHI TapaMeTpH JIKe-
pen i npuiiMadiB BUNPOMIHIOBAaHHS, ONTPOHIB Ta ONTOEIEKTPOHHUX MiK-
pocxeM, eNeKTPOONITHYHMX, MAarHiTOONTHYHUX Ta IHIIMX METOJIB Iepe-
TBOpEHHsI iH(pOpMaIlil, OCHOBH IHTETPAIbHOI ONTHKH, BOJIOKOHHO-OIITHY-
HUX Mepex mepenayi iHpopmanii Ta moOynoBa MmpUCTpOiB 30epiraHus i
Bi3YyaJlIbHOTO BioOpaXeHHs iHpOpMAIIii.

Bunannas Moxxe OyTH KOPUCHUM TP BHBYCHHI JUCIUILTIHU “Bo-
JIOKOHHO-ONTHYHI CHCTEMH Tiepeadi iHpopmaii” CTyZJeHTaMH HallPSIMKY
“Amnapatypa 3B’sI3Ky, paJiOMOBICHHSI Ta TejeOaueHHs” CIEIiaIbHOCTI
“PamioTexnika”. BoHO BKIIIOYae HACTYIHI YaCTHHH CYy4acHO! ONTOEIEKT-
poHiku: (i3MYHI OCHOBH ONTOETEKTPOHIKH (JIeKLii 2—5), ONTPOHHU 1 ONTO-
eJIeKTPOHHI Mikpocxemu (J1ekmii 6, 7), ontuaHa 00poOka iHpopmartii (JIek-
wii 8—10), iHTerpanpHa i BOJIOKOHHA onTHKa (J1ekii 11-13), onroenexkTponHi
pUCTPOi BimoOpaxeHHs iHpopmarii (Jekmii 14—17).

ABTOpH 3a3HayaloTh, II0 Cy4yacHa ONTOENIEKTPOHIKa 00’ €IHyE
pizHi cnenndivai po3niny (Gi3uKH Ta TEXHIKH, TOMY 3alIpOIIOHOBaHA PO-
60Ta mozae JHIIE TOJOBHI BiIOMOCTI Npo (i3UYHI NPHUHIMITH, SIKi BUKO-
PHUCTOBYIOTECSL B ONTOCIEKTPOHIII 1 MOHATTS PO THIIOBI ONTOEIEKTPOH-
Hi npunaay. Binkin MOBHY ysBY MpO Pi3HI PO3IUTH ONTOENEKTPOHIKA MOXKHA
OTPUMATH 32 JOTIOMOTOIO JTITEPATYPH, TIEPEITiK K01 HaBeICHO HATIPHUKIHIII.

Onmoenekmponika — HayKOBO-TEXHIYHUI HAINpPsIMOK, SIKMH 3ac-
HOBaHWH Ha BUKOPHUCTAHHI OJJHOYACHO SK ONTHYHUX, TAK 1 €IEKTPUYIHUX
METOJIB mepesadi, 00poOKH, pHuitoMy, 30epiraHHs Ta BiOOpaKeHHs 1H-
¢opmamii. CygacHa ONTOEGNEKTPOHIKA — II€ PO3IIN CICKTPOHIKH, TIOB’s-
3aHUH, TOJIOBHUM YHMHOM, 3 BUBYCHHSIM €(DEKTiB B3aeMOIii MK EJICKTPO-
MarHiTHIMH XBHJISIMH ONTHYHOTO [Tialta30Hy 1 €JIeKTPOHAMH PEYOBHHH (TIe-
PEBaXKHO TBEPIMX TUI) Ta OXOILIIOE MPOOJIEMH CTBOPEHHS ONTOEIEKTPOH-
HUX TpHUIaniB (METOIaMH MiKpOEJICKTPOHHOI TEXHOIIOTI1), B IKUX IIi e()eK-
TH BUKOPUCTOBYIOTBCS JUTsl BUIILIEHHS 3aB/IaHb iHQOPMATHKH.

Buxonsun 3 0pOro BH3HAYEHHS, ONTOECIEKTPOHIKY SK HAyKOBO-
TEXHIYHUU HANPSMOK XapaKTepU3YIOTh TPU TOJIOBHI PHCH:

1. @i3uuHy OCHOBY ONTOEIEKTPOHIKM CKJIAJA0Th SIBUINA, 3ac00H,
Ta METOJIM, TSl SIKUX ICHYE ITOETHAHHS ONITHYHUX Ta €IEKTPOHHUX MPOIIECIB.
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2. TexHIYHy OCHOBY ONTOEIECKTPOHIKH BH3HAYAIOTh KOHCTPYK-
TUBHO-TEXHOJOT19HI KOHIENIii Cy4acHOI MiKpOEJEKTPOHIKH: T'OJOBHA 3
HUX — MIHIaTIOpU3allisl €JIEMEHTIB.

3. dyHKUIOHAIBHE MPU3HAYCHHS ONTOEJEKTPOHIKHM MOJISrae B
pO3B’si3aHHI 3a1a4y iHGOpPMATHKU, a came: reHeparii, nepepoOku, 30epi-
TaHHS Ta BifoOpaXeHHs iHPOpMAIIii.

Onmoenekmpounuii npucmpiii — 1e TIPUCTPi YyTIUBHH 10
€JICKTPOMArHiTHOro BHUIIpoMiHIOBaHHS y BuauMii (0,76...0,36 MxM), iH-
¢pauepBoniit (3...0,76 mxM) Ta ymerpadioneroii (0,36...0,2 MrM) 00-
JacTsx, abo MpIIIa], SKUH BUIIPOMIHIOE 1 TIEPETBOPIOE HEKOTEPEHTHE (KOTe-
PCHTHE) BUITPOMIHIOBAaHHS B IIMX CAMHX CIIEKTPATbHUX MEXax.

JUt BUpILIEHHS 3a/ia4 B ONTOEIEKTPOHHHUX HPUCTPOSX BUKOPHUC-
TOBYIOTh 1H(OPMAIIiiHI CUTHAIM B ONTHYHIHN 1 eNeKTpU4Hiil popmax, ane
BU3HAYAJILHUMH € CaMe ONTHYHI CUTHAIIM, 3aBJSIKH SIKUM JOCSTaOThCs
SIKICHO HOBI NepeBary, 10 BiJPI3HSIIOTH ONTOEIEKTPOHIKY MOMIX 1HIINX
HaIpsIMKIB Cy4acHOi enekTpoHiku. [1incyMoByroun, MOXKHa CKa3aTH: OIl-
TOEJIEKTPOHIKa — II€ ONITHKA, KEPOBaHa EJIEKTPOHIKOIO.

[puHIMIIOBI NepeBarn ONTOENEKTPOHIKM OOYMOBIIEHI crenmdid-
HUMH OCOOJIMBOCTSIMH €JIEKTPOMArHiTHUX XBHJIb ONTHYHOTO J[iarla3oHy,
OCOOJIMBIMHU BIIACTHBOCTSIMHU (POTOHIB SIK HOCIiB iH(OpMAIi i mposBis-
IOTBCS B HACTYITHOMY:

— eucokouacmomuocmi. Yactora ONTHYHUX KOJMBaHb Ha 3-5 rmo-
PAAKIB BUIIE HUK y pagiOTEeXHIYHOMY Mdiala3oHi, OTXKE 30UTBIIyETHCS
MPOMYCKHA 3aTHICTh ONTUYHOTO KaHATY Tepenadi iHpopmarii;

— 2ocmpomy pokycysanni. MakcuMaibHa OITBHICT 3aMKCY OI-
TUYHOT 1H(OpPMAIlT MOKE AOCSITaTH 10°...10" 6iT/CM2;

— cnpamosanocmi. BHACTIIOK MaJIol BEIMYMHA A TIPU MPAKTHY-
HO JIOCATHYTHX 3HAQUCHHSX alepTypy BHIPOMiHIOBaYa 4 BAAETHCS 3HU3HU-
TH KyTOBY PO30DKHICTh IPOMEHS oL = A/ A 110 piBHS IECATKIB 1 OJMHUIb
KyTOBUX CEKYHI;

— po36’a3uyi. IcHye ineanbHa eJIeKTpUYHA PO3B’s3Ka BXOAY 1 BHU-
X0y NPH BUKOPUCTaHHI OE3KOHTAKTHOTO ONTHYHOTO 3B’SI3KY;

— ¢i3yanizauii. ONTOCNEKTPOHIKA, OXOIUTIOIOYN BUAMMUH Hiama-
30H €JIEKTPOMAarHiTHOTO CIIEKTPa, I03BOJISIE TIEPETBOPIOBATH 1H(OpMAaIIito
3 @JIEKTPUYHOI JOPMH B 30pOBY;

— npocmopositi modyaayii. Ha BinMiHy BiJl €JIEKTPUIHOTO CTPY-
My, TIOTiK ()OTOHIB MOXKe OyTH MOIyITHOBaHWI HE TLTHKH B 4aci, ane i B
TIPOCTOpI, M0 Oe3MepeyHo BiKPHBAE HOBI MOXIIMBOCTI B TapalielibHIA 00-
po6ri iHdopMariii — ToIOBHOI YMOBH CTBOPSHHS HAMIIBUIKICHUX OOYHC-
JFOBAIBHUX CHCTEM.

OCHOBHIi ONITOCIEKTPOHHI MPHIIAIH:
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— iHOuKamopu — eNeKTPUIHO KePOBaHi MPHUIIaIU I CUCTEM Bi-
3yalbHOTO BimoOpakeHHs iH(opmarii. Di3NUHy OCHOBY NpWIAIIB iHAM-
KaTOPHOTO THITY CKJIAJal0Th Pi3HI BUH €JIEKTPOJIIOMIHECIICHIIIT Ta eeKT-
poonTryHi siBuina. CydacHa IPOMHUCIIOBICT BUPOOJISIE PIAKOKPUCTAIYHI,
HaIiBIPOBITHUKOBI (CBITJIOI0/IHI), BaKyyMHI JIFOMIHECIIEHTHI, Ta30p03-
psaHi (m1a3moBi) iHanKaTopu. Lli BHUpoOW BUTOTOBISIFOTE y BHIVISLL LU]-
pOBUX 06araTopo3psAHUX AICIUIEIB, YHIBEpCAIbHUX TUIOCKUX EKPaHiB;

— dhopmyeaui cucnanie eidooparcennn avo ghopmysaui gioeocues-
nanie. 11i npunaay npu3HaveHi ISl IEPETBOPEHHS 300paKeHb B aJICKBaTHY
1M ITOCHTIZIOBHICTh €NEKTPHUYHNUX CUTHAIIIB. ['0JI0BHE 3acTOCYBaHHS IpHiIa-
I 3HAWIIIM B TEJEBI3IMHUX IepeiaBadax, NpU 3YUTYBaHHI iH(opmarii
Ha BXOJIi eNeKTpOHHO-00uncmoBabHuX MamiH (EOM). TumoBum mipen-
CTaBHHUKOM € (hOTOUYTIMBHN TpWIIa] i3 3apsnoBuM 3B’ s3koM (DI133);

— 60110KOHHO-OnMUYHI mepedici nepedaui inghopmayii (BOMIII) —
MIPUCTPOi 1 CHCTEMH, OCHOBY SKHX CKJIaJa€ THYYKHH BOJIOKOHHO-ONTHY-
HHI XBUJIEBIJ, IKUH 3’€IHAHO 3 BUIPOMIHIOBAIEHUM IPHIAIOM Ha Iepe-
JlaBaJbHOMY KiHII 1 3 oTonpuiiMadyeM Ha iHIIOMY — MPUHMAaIbHOMY KiH-
1i. BoHn BUKOHYIOTH (YHKIIT Mepexk 3B 53Ky 1 CKJIQIal0Th OCHOBY MiX-
MAaIIMHHUX IHTETPAIbHUX MEPEX Mepeaadi JaHUX i pOo3rally’KCHUX BHYT-
piltHbOMICEKHX aBTOMaTn4HUX TenedonHux cranuii (ATC). dDizuuHoIO
ocHoBor0 BOMIII € mporiecy po3MOBCIOKEHHS ONTUYHUX CUTHAIB B3I0OBK
BOJIOKOHHOTO CBITJIOBOJY, @ TAKOX CBITJIOr€HepaliiiHi i (oToeneKTpuiHi
SIBUIA Y BUTIPOMIHIOBAYi Ta MpHiiMadi,

— onmonapu. EneMenTH enekTpudHoi po3B’A3KH € NpHIagaMHy, B
SKHAX CBITJIONIOJHUN BUIIPOMIHIOBAaY ONTHUYHO IIOB’s3aHHU 3 (hOTONPHIA-
MaueM i po3B’si3aHHUI 3 HUM €JIeKTPUYHO;

—onmuyna nam’ame. BoHa 0a3yeTbcs Ha 3araM’sITOBYIOUMX HPUCT-
posix (3I1), B sikux Ha HOCIH 3amucyeTbesi iHpOpMaIlis, MpeACTaBieHa B
onTryHiA Qopmi. Bucoka MINBHICTE 3amucy OOYyMOBIIOE EPCIIEKTHB-
HICTh 1UX NpHucTpoiB B apxiBHKUX 311 EOM Ta iH(opMariifHO-IOIIyKOBUX
cHCcTeMax, JI0 SIKUX TOCTIHO 3BEPTAETHCS OUIBIIICTh KOPHCTYBAUiB;

—onmuuna 004uUCTIV6ANbHA MexHiKa. KOMIIEKC ONTOeNeKT-
POHHHUX amapaTypHHUX 3ac00iB, SIKHI J03BOJIsAE €PEKTHUBHO 3MIHCHIOBATH
MaTeMaTH9HI 1 JIOTT4HI [ii 3 iHpopMaIli€to, peICTaBICHY B ONITHYHIHA PopMmi;

— onmoenexmponni damyuxu. Ilpunany, sSKi IEpeTBOPIOIOTH 30B-
HilHI (i3UYHI BILTUBH (TeMIlepaTypa, TUCK, BOJIOTICTh, IPUCKOPEHHS TO-
110) B eJISKTpHUYHI curHaid. [lepeBaroro Takux DaTYMKIB € Te, IO Yy TIH-
BUH eJIeMEHT (BOJIOKHO) OJTHOYACHO € 1 KaHaJIOM Iepeadi indopmaiiii 10
MicIist ii 00poOKH.

— inwi onmoenekmpouni npunadu. JIo HUX HaJIEXKaTh JHUC-
KPETHI CBITJIONIONN, POTO/I0I1, MOAYIISITOPH CBITJIA TOLIO.
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1. $IBNYHI OCHOBM OINTOEJIEKTPOHIKMU

Nekuist 1. ENEMEHTU 30HHOI TEOPII TBEPOUX TIN

= 3o0HHa Modenb meepdux mirn.

= BnacHa ma domiwkoea npoeidoHocmi HanienpoeioHukie
ma ix memnepamypHa 3ajiexHicmso.

= PomonposidHicmb HanienpoeioOHuUKie.

= JromiHecyeHuiss meepdux min.

1.1. 3oHHa MozeJb TBEPANX TLI

3 kypcy (i3WKH BiZIOMO, IIIO BCi PEYOBHHH 3a XapaKTEPOM Ta
3HAYEHHSIM EJIEKTPOIIPOBITHOCTI MOJUISIOTh HA TPH KIJIACH: MPOBIIHHUKH,
JIEJIeKTPUKY Ta HAMiBNPOBiAHUKK. [TuTOMUI Omip NMpPOBITHUKIB CKiIajae

10°..10° Om - m, HaITiBIIPOBITHHKIB ~107°..10°0Om- ™, a JIeNIeKTPHKIB —

10°...10"° Om - m. OkpiM 1pOTO, 3 MiABHUIIEHHSIM TEMIIEPATypH OITip Mpo-
BIJJHUKIB 3pOCTa€ y HaIiBIPOBITHHUKIB Ta 3MEHIIYETHCS Y JIETIEKTPHKIB.

Taka pi3HOMaHITHICTh Y BEIMYMHAX EJIEKTPOINPOBITHOCTI Ta Xa-
paxTepy ii 3MiHH 3 TEMIIEpaTypoOIO MOSCHIOETHCS 3a JOITOMOTOI0 30HHOI
Teopii TBEPAUX Til.

PosrnsHEMO Tiporiec YTBOpEHHsI TBEPIOTO Tila i3 130JbOBaHUX
OQHOTHUITHUX aTtoMiB. Koanm atomu 130J60BaHi, TOOTO 3HAXOMATHCS OIUH
BiJI OZIHOTO HA MaKpPOCKOIIYHUX BiJICTAHSX, TO BOHU MAalOTh OJIHAKOBI €Hep-
retuuHi piBHi (puc. 1.1).

E 4 E £

»
»

=0

1
— 1\A

Puc. 1.1 — EHepreruyHi piBHi 1BOX i301b0BaHUX OJJHOTUIIHHUX ATOMIB:
1 — noreHuiajabHi 6ap’epu; 2 — eHepreTuyHi piBui
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SIKI110 K BiZICTaHb MK aTOMaMH 3MeHIITyBaTy (MeHiie Hix 10 < M),
TO YHACTiJOK B3a€MOJii MK aTOMaMH 3MEHIIYETHCS BUCOTA ITOTEHIIi-
aIbHUX Oap’epiB, SKi PO3ALIAIOTH cycimaHi aroMu (amB. puc. 1.1). Lle mo-
SICHIOETBCSI TUM, IIO €JIEKTPOHH OJHOTO aTOMa INPHTATYIOTHCS SIpOM He
TUIBKH CBOTO aTOMa, a i sIIpoM CyciiHiX aToMiB. OCKIJIBKH €Heprist 3B’ s13-
KY EJIEKTPOHIB 3 SAPOM “CBOTO” aTOMa BEJMKA, M0 BI3HAYAETHCS BiJICTAHHIO
EIIEKTPOHA JI0 SIZIpa, TO Jis CyCimHBOTO aToMa Oyze OinbIna Ha BaJeHTHI
€JIEKTPOHU, HIK Ha eNIEKTPOHH BHYTPIIIHIX 000JOHOK. BincTanp mix cy-
CIIHIMM aTOMaMH B KPUCTaNi pi3Ha JJIsl PI3HUX HAMpSMKIB, aje B Oyab-
SKOMY HAlpsIMKy aTOMH PO3MIILIEHI TIEPiOIMYHO 1 €HEPreTHYHY CTPYKTY-
PY KpHCTaa MOXHa 300pa3uTH y BUIIISAI IEPIOJUIHO PO3TALIOBAHUX I10-
TEHINAJBHUX SIM, PO3JIICHUX MOTCHIIATBHUMU Oap’epamiu (puc. 1.2).

AE E=0

Puc. 1.2 — EHepreTu4Hi cxeMH B aTOMax KpHCTaJla y BUOpaHOMY HanmpsiMi

[Ipu yTBOpEHHI KpHcTaa pi3HUI MiXK IOBHOK) €HEPTi€l0 eIeKT-
pOHa B aTOMi 1 BHCOTOIO MOTEHIIAILHOTO 0ap’epa IOCUTh Malia, a MOTEH-
HiabHUN Gap’ep CTae My’e BY3bKHM 1 MOXIIMBHH TYHEJIBHHH Tepexil
€JIEKTPOHIB 3 O/IHOTO aTroMa B iHIIWHA. [IpudoMy JUTs BalleHTHUX €JIeKTpO-
HiB HMOBIPHICTh TYHEJBHOTO e(EeKTy ayKe BelMKa (4ac 3HaXOKEHHS
eNIeKTpOHa B OJTHOMY aToMi ckiamae 10" ¢).

JUist BHYTpIIIHIX €JIEKTPOHIB HMOBIPHICTh TYHENBHOTO €(eKTy
THM MEHIIIa, YUM OJIFKYE PO3TAIIOBAHMI €JIEKTPOH 0 siApa. 3TiIHO MpHH-
LUITy HEBU3HAYCHOCTI MOXKHA 3aITUCaTH:

AE-At>h, (L.1)
ne AE — mmpuHa eHepreTH4HOro piBHSA; Af — HeBU3HAUeE-
HicTh yacy; h — nocriitna ITmanka (h = 6,63-107* JIx - ¢).

B i301p0BaHOMY aTOMi €JIEKTPOH y HOPMAJIBHOMY CTaHI MOXe
3HAXOJUTHUCS SIK 3aBTOJHO JIOBTO, TOMY 1 IIMPHUHA €HEPreTUYHOTO PiBHS
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AE € nyxe manow. Y 36ymkenomy crani Ar~10"° ¢, AE~ 10" eB. V

kpucrani, 1e Af~10" ¢ ans Banentrux enexrponis, AE =~ 1 eB.

TakuM 4MHOM, €HEpreTHYHI PiBHI 130JIbOBAHUX aTOMIB Yy KpHC-
Taji PO3LICTUTIOIOTECS B SHEPreTHYHI 30HH, SIKI CXeMaTHYHO MOKa3aHi Ha
puc. 1.3. [IpugoMy, pO3MIEILTIOIOTECS B 30HM HE TUTBKH CHEPTreTHYHI PiB-
Hi, 3aII0BHEHI €JIEKTPOHAMM, ale i piBHI, HEe 3alIOBHEHI eJIeKTpOHAMH (Ha
puc. 1.3 He 3amoBHEHI eJEKTPOHAMH DiBHI MOKa3aHi CYKYIHICTIO Tapasieib-
HUX TOPH30HTAIBHUX JiHIi). 3 TOYKH 30py E€NEKTPONPOBIIHOCTI KpHC-
A E E—=( TaliB BaXIMBO sK 3alOBHCHA OCTAaHHs 30HA

— —  (Taxk 3BaHa 30HA BAJEHTHOCTI) 1 mepia He3a-
MOBHEHA 30Ha (TaK 3BaHa 30HA MPOBITHOCTI).
30HHA Teopisl MOSCHIOE TOMLT pevyo-
BHH Ha MPOBITHUKH, HAIIBIIPOBIIHUKA Ta Jlie-
JICKTPUKH. SIKIIO BaJICHTHA 30HA HE MOBHICTIO
3aroBHEHa a00 IMEPEeKPHBAETHCS 13 MEPILOIO
HE3all0BHEHOIO 30HOI0, TO KPUCTAJ Ma€ BUCO-
Ky EJeKTPOIPOBITHICTD, OCKLIBKH EICKTPOHH,
OTPUMYIOYH SHEPTi0 BiJl €NCKTPUYHOIO MOJIA,
MOXYTh 3MIHIOBAaTH 1ii, TOOTO mepeMilryBa-
THCh Ha BiJIbHI €HEPTeTUYHI PiBHI, MpHUAMaro-
Puc. 1.3 — Cxema YH, TAKIM YHHOM, Y9acCTh Y CTBOPEHHI €JIeKT-
CHEPTETHAHHX 30H PUYHOIO CTpyMy. Y TOMY BUIIQJKY, KOJHU Ba-
y Kpucram JICHTHA 30HA 3allOBHECHA IMOBHICTIO 1 HE Tepe-
KPHBAETHCS 3 MEPIIOI BIIBHOK 30HOIO, CICKTPOIPOBIIHICTh KpHUCTaia
BU3HAYAETHCS LIMPUHOIO CHEPTeTUYHOI IMUTHHA MiXK BAJCHTHON 30HOO
Ta 30HOIO MPOBITHOCTI (3a00POHEHOIO 30HOI0).

Sxuro mmpuHa 3abopoHenoi 30au AE Oinbmia 2 eB, To kpucTan
BIJJTHOCATH JI0 KJIACy JIENEKTPHUKIB, a SKIIO0 MeHIna Hix 2 eB — no kmacy
HaIiBIPOBITHUKIB. SICHO, 1110 TaKHUi MO/ JOCUTh YMOBHHH.

EnepreTnuHi 30HH HE € HEMEPEPBHUM DPSAAOM 3HAYEHb EHeprii
eNEKTPOHIB, & € CHCTEMOK IHUCKPETHHX EHEPreTHYHUX PIBHIB, YHCIIO
SIKUX BU3HAYAETHCS HOOYTKOM dYHCIa aTOMIB y KpHCTajli Ha KpaTHICTh
aTOMHOTO €HEPTeTHYHOTO PiBHS, 3 IKOr0 yTBOPUIIACh 30HA. Bincrans Mixk
piBHAMH cKiafae nopaaky 1022 eB, TOMy eIeKTpPOHH Il €0 30BHINIHIX
(akTopiB (y TOMy YHCIi 1 €IEKTPUIHOTO MOJS) MEPEXOMATh i3 OJHOTO
piBHSA Ha iHIWN. J{71s TIepexoiB eNeKTPOHIB MiXK 30HaAMH, HAIIPUKIIA, 30-
HOIO BAJICHTHOCTI 1 MPOBIAHOCTI, OTPIOHO €IEKTPOHAM HAJIATH CHEPTilo,
HEe MEHIIY HDK INUpuHa 3a00opoHeHol 30HH. Taky eHeprito MOXKHa Haja-
BaTH 3a JOMIOMOT'OK0 HArpiBaHHs, OCBITJICHHS HEOOXiJHOT 4acTOTH Ta iH.
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1.2. Bracna Tta noMilmikoBa npoBigHocTi
HANIBINPOBITHUKIB i IX TeMIepaTypHa 3a/1e:KHICTh

BriacHuii HamiBOpOBIJHMK € XIMIYHO YHUCTUM HAaNiBIIPOBIIHU-
KoM. EnexTpryHa mpoBiIHICTh TAKUX HAIBIPOBIAHUKIB 3yMOBIICHA Bijlb-
HUMH €JIEKTPOHAMH, SIKi ITiJ| JI€I0 TEIUIOBOI eHeprii mepeiunum i3 30HM
BaJICHTHOCTI B 30HY ITPOBIIHOCTI Ta JIpKaMH, sIKi yTBOPHINCS B pe3yJIb-
TaTi CTBOPEHHS BUIBHUX €JIEKTPOHIB. J[JIsl TAKMX HAIIBIPOBIIHUKIB 3aKOH
Owma npuiiMae BUTIIAL:

[ 1
j=en(b, +b)E, (1.2)
1
e j —TyCTHHA CTpyMy; € — eJIeMEeHTapHUH 3apsl, 1 — KOHIIEHT-
pallist BUIBHUX €NEKTPOHIB a00 MipOK, KUIBKICTh SKUX OJHAKOBa, b, i b_ —

PYXJIHBOCTI ipOK Ta €JIEKTPOHIB BiAIIOBIIHO, 5 — HaIPyKEHICTH EJIeKT-
PHYHOTO TIOJISL.

UnM BHIa TeMIepaTypa, THM BHIAa KOHIICHTPAIlsI €JIEKTPOHIB Ta
JIPOK 1 TUM BHIIIA MPOBIJHICTH BIACHOTO HamiBIPOBiMHKUKA. [Ipu Temre-
patypi O K BoHU € jiienieKTpuKaMH, sSIKILO 1HII 30BHIIIHI YAHHUKH BiZICYTHI.

[MepemireHHst TipOK Ta BUTBHUX €JEKTPOHIB 110 KPUCTAITY HAIIB-
NPOBITHUKA CYNPOBOJKYETHCS JIBOMA IIPOLIECAMH:

— HeMepepBHUM TIEPEX0/IOM EJIEKTPOHIB 13 30HM BaJICHTHOCTI B
30HY MPOBITHOCTI (TeHepallis BUIBHUX HOCITB) Ta CHONYYEHHSIM EJIEKTPO-
HIB 13 Jipkamu (peKoMOiHAL€I0 eNeKTPOHHO-IIpKOBUX map). IIpu He-
3MIHHIH TeMIepaTypi Ta iHIIUX 30BHILIHIX (aKTopax, Iii MPOIecH 3HaX0-
JAThCS B TUHAMIYHIA piBHOBA31. JJ0OYTOK KOHIICHTpAIlii CJICKTPOHIB 71 Ta
JIpOK p JUIsl TAHOTO HAMIBIPOBiAHKMKA TpH (ikcoBaHii Temmnepatypi (1) €
BEJIMYUHOIO TIOCTIIHOIO (3aKOH JiF0YNX Mac):

3 3 AE
n-p= 7 (mnmp)2 e M, (1.3)

ne k — nocriiina bonbumana, m, i m, — eheKTHBHI Macu eneKT-

POHIB Ta IIpOK, BiAMOBiHO. 3HAUCHHs! KOHLEHTpAIl HOCIiB y BIIACHUX
HANIBIPOBITHUKIB BUBHAYAETHCS CITIBBIHOIICHHSIM:

3
2 AE
2 /m,m, kT _AE

n=p=2 E e . (1.4)



I3 (1.4) BuaHO, M0 piBHOBa)XKHA KOHIIEHTPAIlisl HOCIIB CTPyMYy Y
BJIACHOMY HAIlIBIIPOBIHUKY BU3HAYAETHCS IIMPUHOIO 3a00POHEHOT 30HH 1
TEMIIEPaTypOrO MPOBITHHKA.

[Monoxenus piBusa Pepmi Ef y BJIaCHHMX HalliBIIPOBIHUKAX BH-

3HAYAECTHCA CITIBBIIHOMIEHHIM

m
E, =—%+§kT1n—P. (1.5)

4 m,

[Tpu abcomotrHOMY HyJli piBeHb PepMi 3HAXOIUTHCS TOYHO TI0-
cepeliHi 3a00pOHEHOT 30HH:

E, =——". (1.6)

3 MiJBHMIIECHHSIM TEMIIEPAaTypy BiH 3MILIYETHCS O 30HH IPOBIM-

HOCTI, SIKIO 771, OuIblie 71, , 1 10 BEPLIMHU 30HM BAJICHTHOCTI, SIKILO 11,

n>
MCHIIC m,, . OHHaK 1 (5] 3MiHI€HHH AYyXKe Majie i HHM, SK IPaBHUJI0, HEXTYIOTh.

HaniBnpoBinHUKH, SKi MAIOTh TOMIIIKOBI aTOMH, HA3UBAIOTh 00-
Mmimkosumu. 11i aTOMU CTBOPIOIOTH CBOI €HEPTeTUYHI PiBHI, SKi 3aI€XK-HO
BiJ| IOMIIIKK MOXKYTb 3HaXOJHUTHUChH SIK B JO3BOJICHUX E€HEPreTUYHHUX 30-
HaX, Tak i B 3a00pOHEHi# 30H1, HAa PI3HUX BIJCTAHAX BiJ| JIHA 30HU NPOBII-
HOCTI Ta BEpIIMHHU 30HM BAICHTHOCTI. SIKII0, HAaNpUKJIaI, B KPUCTAIi aTo-
MU KpeMHil0 (KpeMHiil € OJHUM 13 KIIaCHYHHMX HAIIBIIPOBIIHUKIB), SIKi €
YOTUPUBAIEHTHUMH, 3aMIHUTH aTOMaMH I1’TOI TPyIH MepiOANIHOI CHCTe-
mu (P, As, Sb), To yoTHpH iX BaJEHTHUX ENEKTPOHM 3AMOBHSITH BAJIEHTHI
3B’SI3KM YOTHPHOX CYCIOHIX aTOMIiB, a IT'STHH 3aMIINThCA BUTGHEM. [lo-
TEeHILaJl 10HI3alil TAKUX EJIEKTPOHIB Jy)Ke MaJIMi 1 BXKE IPH JIOCTATHHO
MaJIUX TeMIlepaTypax Li eJIEKTPOHH TEPMIYHO 30YyJUKYIOTHCS, TOOTO Ie-
PEXOMATH i3 CBOTO €HEPreTUYHOTO PiBHA B 30HY MpoBigHOCTI. Lle o3Ha-
Yae, 10 TaKH PIBEHb 3HAXOAUTHCS B 3a00POHCHIH 30HI 1 OJIM3BKO PO3-
MiIl[eHRH 10 JHA 30HH mpoBigHOCTi (prc. 1.4). Moro HasuBaioTs domop-
HUM, A CaMy JOMIIIKY BiIIOBITHO, 00HOPHO!. 30UTBIICHHS KUTBKOCTI J0-
MIIIOK MPUBOJHTH O PO3IICIUICHHS JOHOPHOTO piBHA /[, y 30HY eHepre-
TUYHUX PIBHIB, SKi IPHU JOCUTh BUCOKIH KOHIICHTPAI[Il JOMIIIOK MOXYTh
TIePEKPUBATHUCH 13 30HOO NPOBigHOCTI. KOHIIEHTpallis BUIBHUX €JIEKTPOHIB Y
30HI MPOBITHOCTI CTa€ JOCHUTH BHCOKOK. TakwWil HAIiBIIPOBITHUK HAa3U-
BAIOTh GUPOOHCEHUM.
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317 HaniBnpoBinHuka 3

=7 JOHOPHUMH JIOMIIIKaMH Ha3H-
3 I BAIOTHCS  HAIIBIPOBITHUKAMHU
n-tury. EnexrpornpoBimHicT Ha-

3 MiBIPOBITHHUKIB A-TUIY TpH

- 4 HU3BKUX TeMIIepaTypax o0yMOB-
E I v JIFOETHCS, B OCHOBHOMY, €JICKT-

pOHaMHU IOHOPHHX DIBHIB, SKi
3 MiJBHIICHHIM TEMIEPaTypH
Bce OUIBIIE 3BIIBHIOIOTHCS Bif
€JIEKTPOHIB 1 EJIEKTPOINPOBII-
HicTb 3pocrae. Temmneparypa, mpu

3B

Puc. 1.4 — Po3MinieHHst JOHOPHOT0
Ta aKIENTOPHOr0 PiBHIB Y 3200pOHEHI 30Hi:

3T - 30ua nposinHocri; 3B — 30na Kl BCi IOHOPHI PiBHi 3BiNBHE-

BaJIeHTHOCTi; /] — NoHOpHMii piBenb; A —  HO, HA3UBACTHCA memnepamy-

aKnenTopHuii pisenb; AE — mmpuna POI0 6UCHADICEHHSL, A HATIIBIPO-

3a0oponenoi 30un; AE;, AE ; — eHepreTnyHuii BIJIHUK Y TaKOMY CTaHi — @uc-
3230p BiATOBIIHO JOHOPHOI'O HAXCEHUM HANIGNPOGIOHUKOM.

Ta aKIeNTOPHOro piBHIB SIKIIO YOTUpHBAJIEHT-

HUH eNIeKTPOH KPEMHII0 3aMi-
HHUTH aTOMaMH TpeThoi rpymu nepioanunoi cucremu (B, Al, Ga, In), To
TPBOX iX BAJICHTHHUX €JIEKTPOHIB HE BUCTAYUTH JUISl 3aIIOBHEHHS BaJICHT-
HUX 3B’S3KIB 13 CyCiIHIMH aToMaMu, TOOTO YTBOPIOETHCS BAaKaHCIs B OJ1-
HOMY 13 3B’s13KiB — Jipku. [lepexia eleKTpoHa i3 3alI0BHEHOIO 3B 53Ky Ha
BaKaHCIIO 3 EHEPreTUYHOI TOYKH 30Dy, € EPEX0JIOM EIEKTPOHA i3 3aI0B-
HEHOI BAJICHTHOI 30HHM KpHUCTala Ha JIOKAIGHUHA E€HEpreTHYHHWH DPIBEHb
JIOMIIIIKH, SIKa 3HAXOAWUTHCS OJM3BKO 1O BEPLIMHH 30HH BaJICHTHOCTI
(muB. puc. 1.4). Takuii eHepreTHUHUN piBEeHb HA3UBAIOTh AKYENMOPHUM,
a JIOMILIKY BUIIOBIHO — akyenmophoro. EnekrponpoBiiHICT TaKuX KpHC-
TaJliB IPY HU3bKUX TeMIIepaTypax 3a0e3euy€eThcsl B OCHOBHOMY AipKaMu
1 Takuil HaIiBIIPOBITHUKY Ha3UBAIOTh HANIGNPOGIOHUKAMU P-MURY.
JloMimkoBi eHepreTHyHi piBHI CTBOPIOIOTHCS HE TUTBKU JOMIIII-
KOBUMH aTOMaMH, aJie 1 BJIACHUMH aTOMaMH, SIKIIO MOPYIIYEThCS MPaBUIIb-
Ha TIepiouuHa CTPYKTypa KpucTana. Tak, HanpuKiIaz, nepexia aroma Si
B IIPOCTIp MK BYy3JIaMH yTBOPIOE J1Ba JIOKIbHUX piBHI. CaM aTom crae
JIOHOPOM, a MOPOXKHIH By30JI — aKIIENTOPOM.
3akon OMa 715 TOMINTKOBHUX HAIIBIPOBIAHUKIB MA€ BUTIIS;

j=elnb, +nb )E=GE, (17)

e G — IUTOMa eNeKTPONPOBIIHICTh HAIMIBIIPOBITHUKA, TEMIIE-
paTypHa 3aJISKHICTb SIKOT BUpaXaeThest GopMyIIoro:
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_AE ()
— — 2kT 2kT
=0, +0,, =Ce +Cye , (1.8)

Je G,, — BJacHa NUTOMA EIeKTPOIPOBiIHICTb, G, , — JOMIIIKO-
Ba nutoMa enekrporposianicts; Cy, C, — koucranti; AE J1(4) — TIOTIOXKEHHS

SHEePreTUYHOT0 3a30pa JOHOPHOTO a00 aKIENTOPHOTO EHEPreTHYHOTO PiBHS.
[Monoxenns piHst Depmi TOMIIIKOBUX HaiBIPOBIIHHUKIB BU-
3HAYA€THCS (POPMYIIOI0:

AE m
E, i (L NMEYY N (1.9)

2 4 m,

3 (1.9) BuaHO, 110 NPHU HU3BKHUX TEMIIEPATYPax MOJI0XKEHHS PIBHI
@DepMi 3HAXOMUTHCS TOCEPEIMHI MDK IOHOPHHM DIBHEM Ta 30HOKO IIPO-
BIJTHOCTI JJTs1 HAITIBIIPOBITHUKIB /-THITY 1 MK aKIIEITOPHUMH PIBHSIMH Ta
BEpUIMHOIO 30HM BAJIEHTHOCTI JUIS HAMiBIPOBIIHHUKIB p-TUIY. 3 MiIBH-
HICHHSAM TEMIIEPaTypH, KOJH MPOSBISEThCS BJIACHA MPOBIIHICTH TAKUX Ha-
TBIPOBITHUKIB, piBeHb DepMi 3MIITYETHCS 10 CEPEANHN 3a00pOHEHOI 30HH.

1.3. ®oTonpoBigHicTh HANIBNPOBiAHUKIB

JlomaTkoBa eNeKTPOIPOBIAHICTh, Ky Ha0yBae HAIiBIIPOBITHHUK
miJ €0 CBITJA, HA3UBAETHCA ghomonposionicmro. lle sBUIE MHUPOKO
3aCTOCOBYETHCS B ONTOCNEKTPOHHHX MPUJIagax, OCKUIBKH caMe BOHO J103-
BOJISIE ONITUYHHI CUTHAJ IEPETBOPUTH B eleKTpudHuil. OCHOBHA MPOBi-
HICTh, OOYMOBIIEHA TEIIOBUM 30YIKEHHSM HOCIIB 3apsimy, HA3UBAE€THCS
menoeolo npoesioHicmio.

Ilig nmiero cBiTia MONATKOBI HOCIi y 30HI MPOBITHOCTI MOXYTh
BUHUKATH SK 13 30HM BaJCHTHOCTI (BiacHOi (OTOMPOBITHOCTI), Tak i3
JIOMIIIKOBHX PiBHIB (JJOMIIIKOBOI (pOTONPOBIAHOCTI).

Binomo, mo momimkosa ¢o-
TOIPOBI/IHICTh TPOSIBISAETHCS JIMIIE
IpU TeMIlepaTypax MEHIIMX 3a TeM-
nepatypy BUCH@)XEHHS. YHACIIIOK
Nepexo/Iy €JIeKTpoHa B 30HY NPOBij-
HOCTI, HOTO IMITyJIbC MO>KE 3MIiHIOBa-
THCS (HEMPsIMO30HHI mepexou) abo
He 3MiHIOBaTHCS (MPSIMO30HHI TIepe-
xomu). Y IesKuX HaIliBIPOBIIHUKAX,
(nanpuxsan Si, G€) BepiIMHA BAIEHT-
Puc. 1.5 — Enepreruuna crpyktypa  HOI 30HH HE 30iracThCsi 3 THOM 30HH

HANIBNPOBIIHNKA 32J1€KHO Bl MPOBITHOCTI NMPH XBWJILOBOMY YHMCII
XBIJILOBOTO YHCIa k k = 0 (puc. 1.5). ToMy eHepreTHYHO
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BUTIJTHO €JIEKTPOHY 3/IIHCHIOBATH TEpexix 2, ajie IpH [[bOMY Ma€ 3MiHIO-
BaTHCh IMITYJIbC €JIEKTPOHA. Y IBOMY IIPOIECi 3aBXKIM MPHUIMa€e ydacTh
TpeTs YaCTHHKA, SKa, SIK MPaBUio, € (oHOHOM. EHepreTuunumii nepexin,
300pakeHmil Ha puc. 1.5 cTpinkoo 1, € MEHII €HepreTHYHO BUTITHUM i

11 Horo 3fificHeHHs HeoOxinHa eHepris gortona M = AE, . Bennuuna

AE |, Ha3UBAETbCS ORMUYHOIO WIUPUHOIO 3a00pOHeHoT 30Hu. IMOBIDHICTD
TIPOTIKAHHSI POIIECIB 3 YYACTIO TPHOX YAaCTHHOK 3HAYHO MEHIIIa HiX 3 ydac-
TIO BOX YAaCTHHOK. 3 MOHIDKEHHSIM TEMIIEpaTypy IPOLECH 3 MOTJIMHAH-
HsM (OTOHA BiZOYBAIOTHCS Il piflIe i TOMY KOe(illieHT OTIHHAHHS IS
HETPSMUX TEPEXO0/iB 3MEHITYETHCS Ta (POTOMPOBIAHICT 3a0€3MeTy€EThCS
MPaKTUYIHO mepexonamu | (auB. puc. 1.5).

Bennmunan AE, i AE MoxXyTb 3MiHIOBATHCH IIijl AI€H0 THCKY,

KA TPUBOTUTH O 3MiHM IapameTrpa I'PaTKd, a OTXKE 1 eHepreTHYHOI
cTpykTypu. Taka 3MiHa MOke OyTH SIK y OUITBIINY, TaK 1 B MEHIITY CTOPOHY.

3menmenns BenmuunH AE;i AE Takox IPOXOAHTH I Ai€r0 30B-

HIIIHBOTO EJICKTPUYHOTO TOoyst. Ile siBuIle OTpUMano Ha3By eghexmy
Dpanya — Kenouwa.

30ubIIeHHs POTOETEKTPUYHOTO CTPYMY IIPH BBIMKHEHHI CBITJIa
HEOOXiTHOT YaCTOTH 1 CIaj HOro Mmiciisi BUMKHCHHS BiIOYBa€eThCS 3a IEB-
HUH [TPOMIXKOK 4acy, BiH Ma€ BEJIMKE 3HAYCHHS B ONTOCNEKTPHUYHHX TIPH-
mamax. YuM BiH MEHIIHMHA, THM Kpalle BHKOPHUCTOBYBATH IIEW MaTepial
IUTS CTBOPEHHS IIBHIKOMIOYNX NepemuKkadiB. Ha puc. 1.6 HaBeneHo xa-
paKTepHUI BUTISAA KPUBOi 30IMBIIEHHS Ta Crany (QOTOCIEKTPHUIHOTO
CTpyMy. AHAJITHYHO craj (OTOMPOBIAHOCTI YHACIIIOK MPOIECY PEKOM-

OiHalii BU3Ha4YaeThes 3a hopmyoro:
—t

Gy =Cpo€ > (1.10)

ac GcbO — MaKCHMaJIbHa BEC-

T4rHa (POTOCTPYMY; T — 4ac icHY-
BaHH! (POTOHOCIIB.

IIpu 30ymxenHi porompo-

¢ BITHOCTI €JIEKTPOHH i3 BaJEHTHOI

-, 30HH NEPeXOmsiTh Yy 30HY IpPOBiI-

i i > . .
Caitno Caitno HocTi. OfiHaK Ha TNPaKkTUI iCHye
BBiMKHEHO BUMKHEHO o .
Mpouec, KOJIU Mmia A1€T0 CBITJIAa CJICKT-
Puc. 1.6 — 3aesHicTs pPOH He 3aluIIae CBOTO Micld Y
oronposigHocTi Bix yacy ¢ 3B’SI3111, @ JTUIIAETHCS TTOOTU3Y HBO-
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ro. ToOTO yTBOPIOETHCS €IEKTPOHHO-IipKOBa mapa. Taka CTpyKTypa mo-
niOHa BOJHEBOMY aTOMY 1 HAa3WBA€ThCA eKkcumonom. Ilpu yTBOpeHHi ek-
CHTOHIB HEMa€ BUILHUX HOCIIB 3aps/iB 1 TOMy ()OTOIPOBIHICTh HE BHUHH-
kae. ExcuToHM, B3aeMOXifOYM 13 aTOMaMH KpuUCTajia, MOXYTb 30yIKy-
BaTHCh, peKOMOiIHYBaTH a00 pO3MajaTucs Ha BiJIbHI €IEKTPOHHU 1 JIpKY.
EnepreTudHuil CIeKTp SKCUTOHIB € JIHIHHAM 1 TIOJIOHAM IO SHEpPreTHd-
HOTO CIIEKTpa aTOMIB BOJHIO.

1.4. JliominecueH1iss TBepAUX TiJI

Jesxi TBepi Tina mix Mi€ro pi3sHUX 30BHIMIHIX Iiff MOXYTh BU-
MIPOMIHIOBATU CBITJIO, SIKE € HAJUIMIIKOBUM HaJ| TEIUIOBUM. Take BHUIPO-
MIHIOBaHHSI OTPUMAJIO Ha3BY JIIOMIHeCUeH Yl meepoux min. SIKIIo IroMi-
HECIICHIIISI BUHKMKAE IiJ] II€I0 CBITJIa, TO BOHA HA3UBAETHCS (homotiomine-
cuyenyicro, KO T JI€I0 EIEKTPUYHOTO MOJISI — e1eKmpOooMinecyen-
yiero, Tipu Tiepediry XiMIYHUX PEaAKIid — XeMiiloMiHecyeHyiew i T. 1.
[Tpu poMy Tiza MOXYTh BULIPOMIHIOBATH BHMME CBITJIO, X04a TEMIIEpa-
Typa iX Moke OyTH JOCTaTHhO HHU3BKOIO (KIMHATHOIO 1 HIK4ue). Tina, siki
TIPOSIBIISIFOTH JIFOMIHECIICHITIFO, HA3UBAIOTh IlOMiHOopamu abo ghocghopamu.

BaxnrBo0 XapaKTEPUCTUKOK JFOMIHECHEHII € 9ac BHCBIvY-
BaHHS IIICJIA TMPUIMHEHHS 30BHIMHBOI mii. Yac moMiHeCeHIT s pi3-
HUX TiT MOXe OyTH TOCHTH Pi3HUAM (BiX 107 ¢ 10 mekimpkoX MICSIIIB).

3anexHO BiJ Yacy CBITiHHS, (YOTONIOMIHECUEHINIO MPHAHATO
posnuraTu Ha pochopecneHiiio i gpmyopecrenuito. dayopecueHtiis mpo-
XOJIHUTh 32 KOPOTKHii uac Bix 10°° ¢ i MeHIe, a pocdopeciieHtlis — e cpi-
TiHHS 3a yac Gimpmmii Hix 1075 c.

[epiie KiNbKICHE AOCHTIHKEHHS (HOTOMOMIHECIICHINT OyI0 Tpo-
BesieHo CTokcoM. BiH BCTaHOBUB NpaBuIIo, sIKE 1 HA3UBAETHCS HPAGUIOM
Cmokca: ipu (HOTOIOMIHECIICHI[IT BUHUKAE CBITJIO 3 OUIBIIOI0 JTOBXH-
HOIO XBWJI, HIXK JIOBXKHHA XBHJII, 0 30y/pKye (oTonroMiHeceHLito. Bo-
Ha OTpUMaJia Ha3By cmoKkco6oi. OHaK y NPHUPOAL ICHYIOTh KPHCTAJH, B
SIKMX 1I€ TIPABUIIO OPYIIYETHCS, BOHH BHIIPOMIHIOIOTh CBITJIO 3 MEHIIIOO
JOBXKUHOIO XBHJI, HDK JOBKHHA XBWII, IO 30yIDKY€ JFOMIHECIEHIIO.
Taxa JIIOMiHECHEHIIisI OTPUMAaJIa HA3By AHMUCHOKCOBON.

BaxmmBoro XapaKTepHUCTHKOIO JIIOMIHECIICHIIT € enepzemuunuil
6uxio 1), IKUH € BITHOIICHHSIM €HEeprii, [0 BUMPOMIHIOETBCA, 10 SHEPTii,
IO MOTJIMHAETHCS MIPU 30Y/PKCHHI JTFOMIHECIICHITIT.

MoskHa noka3aTu 110:

VvV _Ay
n oo
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Jie V — 4acToTa JIFOMiHECIeHIIi{; V, — YacTOTa XBHJIi Maaroyoro

CBiTHA; 7‘0 — JIOB)KMHA XBWJI MAJarouoro CBiTIa, A — JOBYKMHA XBMII
JIFOMIHECIIEHIII].

3BijcH BUOHO, IO KBAHTOBHUH BHXiJ 3pOCTaE i3 3pOCTAHHIM JIOB-
KMHH XBWI Nafarodoro cBitia. Ko CBITIO 3 IOBXHHOIO A, HE 31aTHE

BIKe 30y/DKYBaTH JIOMIHECLICHITiO0, TO KBAHTOBUH BHXIJl 3MEHIILLYETBCS IO HYJISL.
JlromiHecueHIisE B KpUCTaldax OOyMOBJIEHA HAsBHICTIO NEBHHX
nedekTiB KpuCTaaiuyHOI CTPYKTYpH. B OnTOenekTpoHHUX Npuiiajiax Iu-
POKO BHKOPHCTOBYIOTh Tak 3BaHi KpucTajgodochopu, A0 CKIamy SKUX
BXOI4Th 0CHOBHa peuosuHa (ZnS, CdS, ZnSe ta in.), akruBatopu (10-
mimkn Ag, Cu, Bi, Mn Ta in.) i mnaski (ierkomnaski) comi. Criektpaib-
HUH CKJIaJ] Ta €HEPreTHYHUN BUXIJ 3aJeKaTh SIK BiJl IPUPOAN OCHOBHOI
peuoBHHH, TaK 1 Bij akTuBaTopa. Ha puc. 1.7 HaBeaeHa cxema eHepreTHy-
HUX PiBHIB JIOMiHO(Opa.
YV 3a00poHeHii 30HI pO3MILIYIOTHCS €HEp-

N 31 retu4Hi piBHi akTuBaropiB (4). [lpu mormuHaHHi

aTOMOM aKTHBaTopa (POTOHA EIEKTPOH 3 JOMIII-

AEj . Ja KOBOTO piBHSI A MOXKe mepeiiTi B 30Hy HPOBiIHOC-
L4 Ti, B sIKiif 3HAXOMUTHCS TeBHMiT yac (~10°..10°% ¢) i

3B 3HOBY MEPEXOAUTH Ha JOMIIIKOBUH piBeHb A, BU-

MPOMIHIOIOYHM KBAaHT CBITJIA.

Jnst 30ibIICHHS Yacy BHCBITJIIOBAHHS B
KPHCTaI JOJAlOTh JOMIlIKH, LIO CTBOPIOKOTH
SHepreTHYHi piBHi JI, SiKi HA3UBAIOTh HACMKAMU,
1 po3MmileHi BOHH MOOIN3y 30HU MPOBiTHOCTI. ENeKkTpoHn akTHBaTOpa i3
30HH MPOBIAHOCTI MOXYTh 3aXOIUTIOBATHUCH HA PiBHI MACTKH 1, TAKMM YH-
HOM, BTPAyaloTh MOXJIMBICTh pekoMOiHalii 3 aktuBaropom. J{ist 3Bijib-

Puc. 1.7 — Cxema
eHepreTHYHHUX piBHIB
awminogopa

HEHHsI eJIEKTPOHA i3 PIBHS IMAaCTKH TMOTPiOHO BHUTpaTUTH eHeprito AE

SIKY, SIK TIPaBHJIO, €JIEKTPOH OTPUMYE 3 TEIUIOBOI eHeprii kpucrama. Yac
3BUIbHEHHS CJICKTPOHA BU3HAYAETHCS CITIBBITHOIICHHSIM:

_AE)
T=T10e T, (1.12)

Ae¢ T, — NOYaTKOBE 3HAYCHHA Hacy.

IIpu moctatHeo Benukux AL, neif yac Moxxe OyTd JOCHTH Be-

JTUKAM. TakuM 9UHOM, MACTKH TPAIOTh POJb IIEHTPIB, A€ BinOyBaeThCS
3arac eHeprii 3 HaCTYIMHUM MPOIIECOM JIFOMIHECIICHIII.
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Nekuis 2. KOHTAKTHI ABULLA

= Po6oma euxody.

= KoHmakm memany 3 HanienpoeiOHUKoM.

= Konmakm deox HanienpoegiOHuKie 3 pi3HUMU munamu npoegiGHocmi.

*  @i3uyHi npuHyunu po6omu onmoesieKMPOHHUX npusadis,
3acHoeaHuUX Ha p—n-nepexodax.

2.1. Po6oTa Buxoay

[To3uTHBHI iOHM B By3Jax KPHCTAJTIYHOI IDATKH MeTajy CTBO-
PIOIOTH €JIEKTPUYHE II0JIe 3 TIO3UTUBHUM IIOTEHIIAIOM, SKHH € nepioany-
HUM y OyAb-SKOMY HampsAMKy aTOMHHX DPSIiB. Y IOCTaTHBO “Tpybomy”
HaOJIMKEHHI 111€10 3MIHOI0 MOKHA 3HEXTYBATH 1 BBa)YKAaTH IOTEHINaT BCIX
TOYOK MeTany OJHAKOBHUM i piBHUM Uj. BijbHUI eNeKTPOH, KU 3HAXO-
IUTHCS B TAKOMY II0Ji, Ma€ Bil eMHy IOTeHUiaNbHy eHeprito £, =—el,,

(me e — 3apsan emexrpona). 11lo6 enekTpoHYy BHUTH i3 METaly B BaKyyM,
floMy HEOOXiZIHO MaTH KiHETHYHY €HEprito, He MEHIIY HiX eHeprist E,,.

PoboTa, sxy moTpiOHO BUKOHATH, OO BHPBATH €NEKTPOH i3 Me-
Tajy, Ha3UBAETHCS PoGomoto euxody (Ag). SIKIO O SIEKTPOHH HE MaH
KIHETHYHOI eHeprii, To po6oTa Buxoy aopiBHOBata 6 Benuunni E,. On-
HaK, HaBITh NP a0COTIOTHOMY HYJIIO €JIEKTPOHH MalOTh KiHETHYHY €Hep-
rifo, sika mpuiiMae 3HA4YEHHs BiJ HYJIs 10 3Ha4YeHHs eHeprii @epmi. Tomy
poboTa BUXOIy eEKTPOHA i3 MeTaly MeHIIa Hik E,.

Haiimenmma po6oTta Buxomy Oyne Ui €NeKTPOHIB, SKi 3HAXO-
nsaThes Ha piBHI @epmi (puc. 2.1). Lo poboTy Ha3UBalOTh mepmoouna-
Mmiunorw. Benukuil BIUIMB Ha po0OTY BHXOJIY MAarOTh MOHOMOJICKYJLIPHI
[Iapy Ha MOBEPXHI MeTamy. SIKIIo el map CKIAIaeThes 3 AOJATHHUX 10HIB,
TO po0OOTa BUXOAY 3HAYHO 3MEHIIYETHCS, a SKIIO 3 BiI €MHUX — TO po0o-
Ta BUXOJY ITiABUIYETHCS.

MeTtan

A y E=0
AB E, :eU()

Puc. 2.1 — EHeprernyuHa cxema 1151 NOSICHEHHSI IOHATTS POGOTH BUXOTY 3 MeTAITy
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[Hma eneprermuHa KapThHa OyZe CIIOCTEpIraTHCh NPH BUXOII
eJIEKTpPOHA i3 HaIiBIpoBigHWKA. Hexall HamiBHpoBimHUK € n-TUmy. Tomi
€JICKTPOH 32 MEXI1 HaIiBIPOBITHUKA MOKE BUUTH 200 13 30HM IPOBIJHOC-
Ti 3 BUTPATOIO POOOTH A377, 3 IOMIIIKOBOTO (JOHOPHOTO) piBHA Ay, 3 Ba-
neHtHoi 308K A . Ha puc. 2.2 crpiikamu moKa3aHi 1{i BUXOJIH.

Y A A E,, =0
7,144? ‘,,A3177 ) ,,A3B_7,AB
3
o E=Ey
© Ey
3B

Puc. 2.2 — EnepreTuyna cxema J1Jisl NOSICHEHHS
MOHATTS PO0OTH BUXOIY 3 HAMIBNPOBiTHUKA

Haiimenma po6oTta BUX0y HEOOXiHa Ui BUOMBAHHS €IEKTPO-
HA 13 30HU MMPOBITHOCTI, aJ€¢ BUXIJ TUTBKH TaKUX CJICKTPOHIB MPHU3BEIE 10
BTpaTH PiBHOBArH, sIKa BITHOBUTHCS 32 PAXyHOK CJICKTPOHIB JIOMIIIIKOBO-
TO PiBHS Ta BaJICHTHOI 30HH.

Enepris, sika HeOOXiHA MM €JCKTPOHAM [T BiTHOBIICHHS PiB-
HOBary, 0yJie, B OCHOBHOMY, OTPAMYBATHUCS 13 BHYTPILITHBO1 €HEPTii KpHc-
Taja, TOMy BiH IOBUHEH OM OXOJIODKYBaTHCS. |, HABMaKy, SIKIIO O eJIeKT-
POHU BHPHBAIUCh TUIBKH 13 BAJICHTHOI 30HH, TO PiBHOBara OH BiIHOBIIO-
BaJIach 32 PaxXyHOK €JIEKTPOHIB 30HM MPOBIJHOCTI Ta JOMIIIKOBOTO PiBHS,
10 NPUBOIMIO O M0 HArpiBaHHS KpucTajga. TIIbKM OJXHOYACHHUN BHXII
€JICKTPOHIB 13 30HU MPOBITHOCTI, BAJICHTHOCTI Ta JOMIIIKOBOTO PIiBHS HE
MPU3BOJIUTE JI0 3MIiHH TEMIICPATypH.

Tomy 171 HamiBIPOBIJHUKA 32 POOOTY BUXO/AY HNPHHAMAIOTH €HEp-
Tifo, sIKa € pi3HUIICIO HyJILOBOTO piBHA Ta piBHA Depmi (auB. puc. 2.2).

2.2. KoHTaKT MeTay 3 HAaNiBNPOBiTHUKOM

Hexaii 1y 0IHO3HAYHOCTI € HAIIBOPOBIAHUK 7-THITY 1 BiH Mae
po6ory Buxoxy Ay, Meniny Hixk meraiy Ay (Ay < Ayp).

VY upomMy pasi eJeKTpoHH OyayTh HEPEXOAUTH 3 HAIIBIIPOBITHUKA
B MeTall JI0TH, MOKHU iX piBHI Depmi HE 3piBHIIOTHCSA. BHHIKae KOHTakTHA
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PI3HUIA TIOTEHIIIANIB, fKa cKiIagae ~ | B. 3a paxyHOK KOHTaKTHOI Pi3HHMI
MOTCHIIJIIB BUHUKA€ TPAaHMYHHUHN Iap, 3 OJHIE] CTOPOHM SKOTO 3HAXO-
IAThCA TOJIaTHI, a 3 IPYyroi CTOPOHH — BiJ’€MHi 3apsiau. Y mboMmy mrapi
CTBOPIOETHCS EIEKTPHIHE TIOJIE 3 HATPYKeHicTIo F, sike MomiOHe Ha eeKT-
pHUYHE T0JIe B IUNIOCKOMY KOHJIEHCATOpi. 3aBISIKH IIbOMY MOXXHA OL[IHUTH
TOBIMHY I'paHWYHOrO Imapy. Hexail 3apsiq Takoro “koHneHcaropa” JOpiB-
HIOE ¢, IUIOMIA 0OKIAOK 1 M’ i Bi[HOCHA [ie/IeKTpHYHA NPOHUKHICTh € = 1.
Topni enexTpryHa EMHICTh TAKOTO KOHJIEHCcaTropa Oyxe (y dhapanax):

_ 9 _8gES _&

Ao d d

e ¢ — 3apsAn KOHAEHcaTopa; AQ — 3MiHa MOTEHINay; & — Jie-
JIEKTPUYHA CTala; € — BIIHOCHA JIieJIEKTPUYHA MPOHHUKHICTh; S — IUI0Mma
00KJ1a/10K; d — HaliMeHIla BiJICTaHb MiJK aTOMaMu, TOOTO apaMeTp Kpuc-

TaJIiYHOT IPATKH.
3BijKH,

; 2.1

_gAp  8,85-1077 -1
d 3-107"

~3-107 K. (2.2)

KinbkicTh e1eKTpoHiB Ha 00KIIaaKax Oyze

3.107 -1 _
N=%=mz2-1o”w. 2.3)

1106 cTBOpUTH TaKuii 3apsja €NEKTPOHIB Ha OOKIAALl MeTaiy,
HEOOXIJHO 310paTh eJEKTPOHH 3 THUCSY ATOMHHUX IUIONIMH HAIIBIPOBI-

HUKa IPY KOHIICHTpAMil BUIbHUX CJICKTPOHIB M = 10%...10% M. To6To
TOBIIMHA TPUKOHTAKTHOTO IIapy B HAIBIPOBIAHUKY ckiaaae 0,5 MKM.

IoHi30BaHi aTOMM JJOMIIIOK y ITbOMY IIapi YTBOPIOIOTH 00’ €MHUM
MO3UTHBHUI 3apsi. OCKUIBKY IIap HE Ma€ BUIBHHUX €IEKTPUYHUX 3apsdiB,
BiH CTBOPIOE BEJIMKHUH €NEKTPUYHHHN OIIip 1 TOMy HOTO HAa3WMBaIOTh 3anip-
HUM Wapom.

KonTtakTHa pi3HHI MOTEHINaNiB (HOPMYETHCS TI0 BCil TOBIIHHI
mapy. Hanpy>keHicTs eIeKTpUYIHOTO TOJIS CKIIA/IaE:

E:%zz-loéB/M. 2.4)

L5 BerMumHa Maike Ha TPU TOPSIIKA MEHINA HIK HATPYKEHICTh
BHYTPILIHBOTO €JIEKTPUYHOIO I10JIs], SIKE BU3HAYA€ CHEPIeTUYHHUN CIICKTP
Marepialxy HamiBIPOBiAHUKA. TOMy KOHTAaKTHE IOJi€ HE MOXE 3MIHUTH
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CTPYKTYpPY LBOTO CIeKTpa (IMpuHy 3a00pOHEHOI 30HH, EHEPril0 aKTHBa-
1ii ZOMIIIOK Ta iH.), a JHMIIE BUKPUBIIOE €HEPreTHYHI PiBHI B oOmacTi
KOHTaKTy.

Konu KOHTaKTHOTrO TMOJIsi HEMA€, CHEPreTUYHI PiBHI y METalll Ta
HariBIPOBITHUKY 300paKYIOThCS MPSIMUMU TOPU3OHTAIBHUMHU JIIHISIMH,
LIe O3Hauae, 110 SHEpPTisl eNeKTPOHa, KNI 3HAXOAUTHCSl Ha LIbOMY PiBHI, ¥
BCIX TOYKax KpHCTaJla OJIHAKOBA, TOOTO HE 3aJIEXKHUThH BiJ] KOOPIUHAT
eJICKTPOHA.

[Ipr HasgBHOCTI KOHTAKTHOI PI3HHII IMOTCHIIANIB y Mmapi, I
YTBOPIOETHCSI KOHTAKTHE €JIEKTPUYHE TI0Jie, Ha SNEKTPOH Ji€ cuia, sKa
BHUIIITOBXY€E HOro 3a Mexi mapy. Ll cuma BukoHye po0OoTy, sika mepexo-
JIThH y TIOTEHIIaJbHY eHep-

E,=0 . e
- E.=0 rifo enexTpona. Haiibinmpma
Y4, " HOTEHIiabHA €HEPTIs ENEKT-
Ay 317 poHa Oyzne Ha caMOMy KOH-
N I .
| —— TakTi, BOHa OyJe 3MEHIIy-
— — FE BaTUCh JI0 HYJIA HA TPaHUILI
MOJIBIHHOTO  €JIEKTPHUYHOTO
= 3B A | SIerip
1apy 3 HaIiBIIPOBIIHUKOM,
MeTtan Hal'liBI'IpOBi,CI,HVIK TOOTO eHepFE’I'I/I‘IHI/Iﬁ PIBCHB

BUKPUBIIETHCS B TOBIIWHI
1apy THM OIbIle, YiM ONFDK-
Ye 10 TPaHMIIi 3 METAJIOM.
Ha pucynky 2.3 HaBeneHi eHepreTHdHi piBHI MeTalxy Ta HalliB-
NPOBIIHUKA N-THILy B TOMY BHIQJKy, KOIH poOoTa BHXOAy Metaimy Ay
Oliibina HiX pobOTa BUXO/Y HAIIBIPOBIAHUKA A .
MaxkcuManbHe BUKPUBIICHHS:

Puc. 2.3 — EneprernuHni piBHi metanay
Ta HanmiBNPOBiTHUKA

AE,  =e-Ap. 2.5)

Bemmunny AE,,. HasHBalOTh DIBHOB)XHHM IOTEHIiAIEHIM

6ap’€epoM JUTsl EJIEKTPOHIB, SIKI IIEPEXOJIATH i3 HAIBIPOBIIHUKA B METAIL.

SIkmio pobora Buxoay Ay HamiBIOPOBINHUKA M-THITY OLIbIIa 3a
poboTY BHXOLYy MeTainy Ay, TO SIEKTPOHHU IIEPETIKAIOTh i3 METaly B Ha-
HiBNPOBiAHUK; piBHI Pepmi B MeTalli Ta Ha KOHTAaKTi 3HHKYIOThCS B Ha-
IBIPOBIJHUKY, TOMY €HEPTreTH4HI 30HH BUKPHUBISIOTHCS B IPOTHIIEK-
HOMY HampsMKy (BHU3). KOHIIEHTpallis eleKTPOHIB y HaMiBIIPOBIAHUKY
(Ha KOHTaKTi) 30UIBIIYETHCS, HOTO ENEKTPUYHHH OMip MOHMXKYETHCS 1
KOHTAKT HE CTBOPIOE 3aIlipHOTO Iapy.
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Ba)ximBOI0 XapaKTEepHCTHKOIO 3aIliPHOTO IIapy € OJHOOIYHA eJIeKT-
POTIPOBIAHICTh, KOHTAKT Ma€ MalW{ OIMip B OJHOMY HAmpsSMKY i aye
BEJIUKHI — y IPOTUIJIC)KHOMY. BiH JIerko MPOBOJUTE CTPYM y Tak 3BAaHOMY
NPSMOMY HAlpsIMKY 1 3Ha4YHO Tipuie — y 3amipHoMy (a00 B 3BOPOTHOMY
HanpsIMKy). SIKIIO O KOHTaKTy IMpPHUKJIajJeHa 30BHIIIHS PI3HHULS TOTEHIa-
niB U, sika 36iraeTbcsi 3 KOHTAKTHOK, TOOTO HA HAMIBIPOBITHUKY /-TUILY
3HaK “IUTFOC”, @ Ha MeTaji — “MiHyc”, TO eHepreTHYHI piBHI B HAIIBIIPOBI/-
HUKY 3MIIIyIOThCsl BHU3 Ha BenuuuHy eU (y Tomy uucii i piBers Depmi).

Takum 49MHOM, BHCOTa TOTEHLIANBHOTO Oap’epa 30UTBIIYETHCS Ha Be-
eU

mauuny eU, a cuna ctpymy 3MeHmyeThes B e X pasis BigHoCHO 110 piB-
HOBaJKHOI CHJIM CTpyMy [, B OIHOMY i3 HamnpsAMKiB Oe3 HaKJIaJeHHS MO-
tertiany U, To610:

U
I =Ige T, (2.6)

ne Is — cTpyM, sIkuil poTiKae i3 MeTany B HaMmiBIIPOBIAHUK a0o 3

HamiBnposinauka B Metan npu U = 0. [Ipu 36inbiieHHi 3B0pOTHOI HAaNpy-
eU

ru U Bennunna e*” npsmye no uyns, a I —no I.

CtpyM I5 HA3UBAIOTb CHIPYMOM HACUYEHHSL.

SIKImo Hanpyra NpUKIaieHa B MPSIMOMY HalpsSMKY, TOOTO Ha Me-
Tanmi “IUToc”, a Ha HAMIBIPOBITHUKY — ‘“MiHYC”, eHepreTwdHi piBHI (Y
TOMY 4YHCi 1 piBeHb DepMi) y HANIBIPOBIAHUKY MIIBUIILYIOTHCS HA BEIH-
unny el, a oTxe, IOTeHIIAIbHIN 6ap’ep 3HIDKY€EThCs Ha Beanuuny eU.

BenuuuHa cTpyMmy, siKa BU3HAYAETHCS CIICKTPOHAMH, IO MEPEXOMAATH i3
elU

HAMIBIPOBIIHUKA B MeTall, 30ibIIyeThes B e X7 pasis, To6TO:

eU
I = IgeH @7

Taxum YMHOM, BEJIMYNHA CTPYMY B 3BOPOTHOMY HAIIPSIMKY 6yz[e:

eU eU
lop =1 —1g=1e " —Ig=1Ig(e T -1), (2.8)
a B IPAMOMY —
w w
Iy =1, I = 1" — I =I (e —1). 2.9)
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PipasiHs (2.7) Ta (2.9) € pIBHAHHIMH 60/1bM-AMNEPHOT XaAPaK-
mepucmuxkuy KOHmMAaKmy “meman — HaAnienpogioHuK” N-muny, B SKIX
Ay 6inbine Ay (puc. 2.4).

BigHOIIEHHSI CHIIM CTPYyMY
B IPSIMOMY HArpsIMKy JI0 CHJIH CTPY-
My B 3BOPOTHOMY IIpU OJHAKOBIii
PI3HUIN TOTEHIIATIB HA3UBAIOTh Koe-
diyiemom eunpamnenna, SIKUA IS
THIIOBHX KOHTaKTiB ~ 10° ...10°.

[oreHujaneauii 6ap’ep, sKuit
BUHUKAE€ HA KOHTAKTI HaIMiBIPOBIiJ-
Iog HUKa N-THIy 3 MeTajoMm, nae Ay
v Oinbrre Ay, HasHBAOTL Gap’cpom

Hlommki. Ha 0CHOBI Takoro KOHTaK-

Ty BUTOTOBJISIFOTH TaK 3BaHi gioau [ot-

Puc. 2.4 — BoabT-amMnepHa TKi, SIKi MAlOTb Jy’Ke BEIUKY ILBH-

XapaKTePHCTHKA KOHTAKTY KOJIiI0, TOOTO MaJInii 4Yac BCTAHOB-

“MeTas1 — HaniBMpoBiTHIK” JIEHHS CTPYMy TP 3MiHi MOJSPHOCTI
Hanpyru. Leit uac cknanae ~10 " c.

IHP A

Uos l > Unp

A

v

2.3. KoHTaKT 1BOX HANiBNPOBIAHMKIB 3 Pi3HUMH THIIAMM NPOBiTHOCTI

Oxpim koHTakTy 3 6ap’epom IIIOTTKI B ONTOENEKTPOHHUX TMPH-
Jajax MHUPOKO 3aCTOCOBYETHCS KOHTAKT JBOX JOMIIIKOBHUX HalliBIPOBia-
HUKIB 3 pI3HUMH THIIAaMH TPOBITHOCTI — #- Ta p-TUNAaMH. Takuii KOHTAKT
Ha3UBAIOTh €1eKMPOHHO-0IPKOGUM NEPEeXo0oM abo P-n-nepexooom.

Y HamiBIPOBIHHUKY /-TUITy OCHOBHHMH HOCISIMH € €JIEKTPOHH, B
HaAIIBOPOBIAHUKY p-THITy — Aipkd. OKpiM OCHOBHUX HOCIIB IIi HAIiBIIPO-
BiJTHMKH BMIIYIOTh i HCOCHOBHI: HAITiBIIPOBITHUK A-TUIY — JipKH, & Ha-
MIBIPOBITHUK P-THITY — eJeKTpoHH. OMHAK KOHIICHTpAILlisSi OCHOBHUX Ta
HEOCHOBHUX HOCIIB Pi3KO Bipi3HseTbcsa. KoHLEHTpawis AipoK y p-
HaIIBOPOBIAHUKY Ha I SITh—INICTh TOPAIKIB BHINA HIX EJEKTPOHIB, a
KOHIICHTPALlisl €JIEKTPOHIB Y 1-HAIIBIPOBITHUKY HA 1’ ATh—IIICTH MOPSI-
KiB BUIIA HX Iipok. ToMy Ha p—7n-miepexoli BCTAaHOBIIOETHCS AUQY3iii-
HHH TOTIK JIpPOK 3 HaMiBIPOBIAHMKA P-TUITY Ta €JIEKTPOHIB 3 HAIliBIPOBI/-
HUKa n-Tamy. [Ipu oMy TpaHMdYHa OONAcTh 71-HAIBIPOBIAHHMKA 3apsinKa-
€THCS TIO3UTUBHO, a 00JIACTh P-HAMIBIIPOBIIHMKA — HETATUBHO.

Topwmua mwapy 06’emuoro sapsany d =d, +d, BA3HAYa€THCS

BHCOTOIO MOTEHIIIaJIBHOTO Oap’epa Ta KOHIICHTPALI€I0 OCHOBHHUX HOCIIB y
HAITIBITPOBITHMKAX 1 TAKOXK CKJIAJIA€ OJIMH MIKpPOH.
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EnepreruyHi piBHI B HAMBIPOBIMHUKY #I-THITY TOHIKYIOTBCA, &
P-THITy — iJIBUIIYIOThCS JI0TH, TIOKK piBHI dDepMi He BUPIBHIOIOTHCS, Ha
puc. 2.5, a, 0, Hoka3aHi CTPYKTYpH €HEpreTHYHUX PIBHIB y HaIliBIPOBiJ-
HHUKaX J0 Ta MiCJs KOHTAKTY:

E=0
) 317 — A, 311
Y P — )
Eﬁ) . Efn
Ey K K
IO e
3B SRR SRS
XX S8 3B
6 L l =
, ‘ AE=eU E=0
- : : 311
E=0 )t
Ef———— ‘ Ey
%

d=d+d,

Puc. 2.5 — CTpykTypa eHepreTHYHUX PiBHIB Y HANIIBIPOBITHUKY:
@ — J10 KOHTAKTY; 0 — MiCJIsI KOHTAKTY

VY ToMy BUNajaKy, Koiu piBeHb Pepmi BUPIBHIOETHCS, MiX Ha-
MBIPOBIJHUKAMH 71- TA P-THIIIB BCTAHOBJIIOEThCS PIBHOBAra, IpH SIKid
TIOTIK EJIEKTPOHIB Ta JIpoK B 000X HampsMKax ofHakoBHi. Ha xoHTaKTi
BCTaHOBJIIOETHCS IOTCHIIaJIbHUI Oap’ep, BUCOTA SIKOTO JJOPIBHIOE Pi3HMIL
piBHiB Depmi:

AE=E,-E 2.9)

V/
ne £, — nomoxenHs piBHs ®depmi 1yl HANBIPOBITHUKA TOHOP-

HOro THIy; E p — TOJOXKEHHS PiBHS DepMmi JUIs HAMIBIPOBIIHAKA AKICTT-

TOPHOI'O THUITY.

SIKIIO MPHKIIACTH A0 p—H-TIepexo/y 30BHIIIHIO Pi3HHUIIO OTEH-
miamiB y mpsMoMy HampsaMKy (“Iuroc” — Ha p-HamiBIOPOBITHHKY, a
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“MiHyC” — Ha 1-HaIliBIPOBIIHUKY), TO BOHA BUKJINKA€E 3HIDKCHHS MMOTCH-
IiaJgbHOTO Oap’epa T OCHOBHUX HOCITB Ha Bennunny eU, T06T0:

AE, =AE-eU. (2.10)

ToMy TOTIK €IeKTPOHIB 13 /- y p-00J7acTh 1 MOTIK AIPOK i3 p- y
eU
n-o6macth 36i1byeThes y X7 pasis, 1m0 npuBesie 10 361MbIIEHHS CTPY-

MY HaJl pIBHOB&KHUM B CTUIBKH XK€ PasiB.
CTpyM HEOCHOBHHX HOCIiB HE 3aJIeXKUTh BiJ] TIOTEHIIIAJILHOTO Oap’e-

pa p-n-riepexojty i 3anuiaeTbest He3MiHHUM. Toai npsimuii ctpym Oyie

eU eU eU
1,=1.e" +1,e" —(I,,+1,)=,+1,)e" -1), (2.11)

ne I, — cTpyM HEOCHOBHHX HOCIiB i3 p- y n-001acTs;

1,s — CTpyM HEOCHOBHUX HOCIIB i3 #- y p-00IacTs.

SIKIIO MPUKIIACTH 10 p—H-TIePEX0y 30BHIIIHIO PI3HHIIIO TTOTEH-
wiaie U B 3BOPOTHOMY HampsiMKy (“MiHyc” — Ha p-obmacTi i “mmoc” — Ha n-
obacri), To oTeHIianpHui 6ap’ep 30inbmuTECs Ha eU, T06TO,

AE = AE +eU. (2.12)

Le mpuBene mo TOro, mo MOTIK OCHOBHHUX HOCIIB (a, BIAMIOBIIHO,
v
i cuna ctpymy) sMeHmmThes y e*’ pasiB MOpiBHAHO 3 PIBHOBAYKHUM.
Tobto
eU

[=(L,, +1,)e 7 -1). (2.13)

ns

®opmynu (2.17) Ta (2.19) omucyroTh BOJNBT-aMIEPHY XapakTe-
pUCTHKY p—n-niepexony, ne I, +1,s=I;— cTpym depe3 KOHTaKT, 3yMOBIIC-
HUM HeocHOBHUMHM Hocismu. Lli criBBigHOmIEHHS 30iratorbes 3 (2.7) Ta
(2.8). YHIKaNbHOIO BIACTUBICTIO p—H-TIEPEXOY € HOTO BUNPSIMIISIIOUA JIisl.
CriBBiHOIIIEHHS IPSIMOTO CTPyMY J10 3BopoTHoro (tipu U,y = 0,5 B) tipu
KiMHaTHil Temmepatypi ckiamae ~ 10°, ue CHiBBIIHOIICHHS HA3MBAIOTH
Koeghiyienmom sunpamienns. Take BenMKe 3HAYCHHS KOeQil[iEHTa BUIL.-
PSAMIICHHS CBIIYMTH IIPO Te, WO P—7I-TIepeXi]] Ma€ MPaKTUYHO OAHOOIYHY
TIPOBITHICTb.

[pwu 30iMbIIeHH] 3BOPOTHOI HATIPYTH HAPEIITI TOCITAETHCS TaKe
fioro 3naueHHs U,,, Ipy SKOMy OIIp 3aIlipHOrO WIapy Pi3KO 3MCHIIYETh-
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s, BHACIIZOK YOTO 3BOPOTHHUM CTyM pi3Ko 3pocTae (mmB. puc. 2.4). Lle
SIBUIIIEC HA3UBAETHCS NPOOOEM P—H-nepexody. Y 3aJIeXHOCTI BiJl IPUPOIH
(i3MYHKX TPOIIECIB, 0 MAIOTh MICIIE TIPH IIHOMY, BIIPI3HAIOTH TETUIOBHIA,
TYHEJBHUH Ta JJaBUHHUH 1Po0oi.

2.4. ®izuyni NpUHIMNT Po0OTH HANIIBIPOBITHUKOBHUX
NpuIagiB, OCHOBAHUX HA P—H-NepexoJax

1. /Tlioou. HeniniiHuii BUZ BOIBT-aMITEPHOI XapaKTEPHUCTHKH (pHC. 2.6)
P—N-TIepexolly JO3BOJISIE BUKOPHCTOBYBATH IX ISl BHIPSMIICHHS €JIEKT-
puuHOro crpymy. Ilpunan, sikuii BUNpsiMitsie 3MIHHUK €JIEKTPUYHUI CTpyM,
Ha3UBAETHCS Kpucmanivnum 0iodom. Jliony BUNYCKAIOTh JJIs BUIIPSIM-
JICHHS eIeKTPHYHUX CTPYMIB Bill MiKpOaMIIep A0 COTCHb aMIIep.

VY mepeanpo06iiiHiit 001acTi Aioga HeBENIHWKa 3MiHA 3BOPOTHOI Ha-
NPYrH MOXE BUKJIMKATH BEJHKI 3MIHH 3BOPOTHOro ctpyMmy. Lleit edexr
BUKOPHCTOBYIOTh JUIs CTablmi3auii Hampyru, a Iioju, SKi MpaiioTh B
TAKOMY PEXHMIi, HA3UBAIOTh CMAGiIimponamu.

[upokoro 00MacTIO 3aCTOCYBaHHS HAIiBIPOBIAHUKOBUX [IOJIIB
€ IMITyJIbCHI CXEMH pajiio- Ta OOYMCIIOBAIBHOI TEXHIKM, aBTOMAaTHKH, Hall-
BUcoKo4yacToTHOT TexHiku (HBY-TexHikn) Ta iH. ¥ nux cxemax aion Io-
BUHEH ONPalbOBYBATH SIKOMOTa OUIBII KOPOTKI IMITYJIbCH, SIKI 1IyTh OAMH
3a IpyruM. ToMy ONHI€I0 3 OCHOBHHMX BHUMOT JI0 JiOfAa € iX IIBHIKOZIS,
TOOTO 37ATHICTH IIBHIKO IEPEMHKATHCH 3 OJHOTO HANpsIMKy Ha IHIIWH.
PizHi 3aco0w, ki Oynu 3acTocoBaHi 11 30UTBIICHHS IIBUIKOIT p—1-Tie-
PexoliB, IPUBENHU 0 CTBOPESHHS MIBHIKOAIIOYNX TIOJIB 3 YaCOM II€PEMHU-
Kanus ~ 107 ¢, TOOTO 10 poOOYNX HACTOT ~ 10° '

Jyxke mikaBUMH Ta NMPaKTHYHO BaXJIMBUMH HAIliBIIPOBITHHUKO-
BUMHM IPUIIAJIAMH €, TaK 3BaHi, TyHENIbHI J10A1, po0OTa SKMX 3aCHOBaHA
Ha KBaHTOBOMY €()eKTi TYHEJIbHOT'O ITPOXOPKEHHS eJIEKTPOHIB Yepe3 TOH-
KAW TOTeHIIaNbHUN OGap’ep. [[iogu BUTOTOBISAIOTH 13 BHCOKOJICTOBAHUX
BHPOJ/UKEHNX HaIliBIPOBIJHMKIB, B IKHX piBeHb Pepmi, K 1 B MeTanax,
3HAXOIWUTHCSA HE B 3a00pOHEHIH 30Hi, a B 30HAX MPOBITHOCTI JJIS HAIIB-
MIPOBITHUKIB 7-TUIY Ta BAJIEHTHOCTI — JUIsl HAIIBIPOBIAHUKIB p-THITY. Y
TYHEJIBHOMY [0/l BaJICHTHA 30Ha P-00JIacTi 4aCTKOBO MEPEKPUBAETHCA 3
30HOIO MPOBITHOCTI 7-001aCTi, YHACTIZOK YOTO CTa€ MOMJINBUM TyHEJIbHE
MIPOXOJDKEHHSI ENIEKTPOHIB 13 71- B P-00JIacTh Ta IIPOK 3 p- B H-00JIACTb.

BaxmiBoro 0co0MHBICTIO TYHENBHUX MTIOMIB € OUITHKA BiJ €eMHOL
IudepeHmiagbHol MPOBITHOCTI HA BOJBT-aMIEpHiH xapaktepucturi. Lle
JIO3BOJISIE X BUKOPUCTOBYBaTH Uil TeHepartii HBY konmmBaHb B iMITyTBCHHX
cxeMax I(POBUX OOUMCITIOBAILHIX MAIIKH 1 PI3HUX MPUCTPOSX aBTOMATHKH.
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2. Tpanszucmopu. TpaH3UCTOP CKIANAETHCA 13 TPHOX oOIacTei
N—p—N-HaliBIPOBIHUKIB ab0 p—r—p-HamiBnpoBitHukiB. L{i obmacti Bino-
KpemlieHi p—n-riepexoamu. [lepia 06s1acTe Ha3UBAETHCS emimepom, Npy-
ra — 0aszoio, Tpeta — Koaekmopom. IIpu 1oadi Ha NepIIni p—n-nepexin
HAIpyTy B NPsMOMY HAlpsIMKy KOHLICHTpAIlisl HEOCHOBHUX HOCIiB — eJie-
KTPOHIB B p-0011acTi Ta IipOK B 7-00J1acTi — Pi3KO 3pOCTa€ B MOPIBHIHHI 3
PIBHOBa)XHOIO, TOOTO TPOXOINTH IHXKEKIIisT HCOCHOBHHX HOCI{B IIiJ| Ji€I0
HalpyTy MpsMOro HaNpsMKY. [HxkekToBaHi HOCIT AnpyHAYIOTE ¥ 6a3y 10
KoJieKkTopa. SIKio 0a3a JoCTaTHRO TOHKA, TO Maike BCI HOCI, 1HKEKTO-
BaHi B 0a3y, JocsAraloTh KojiekTopa. Ha KojekropHOMy p—n-miepexoi
MOAAHO HANpyry B 3BOPOTHOMY HANPSIMKY, TOOTO MpsIMY JUISi HEOCHOBHHUX
HOCIiB. [IKeKToBaHI HEOCHOBHI HOCI{, SIKi JOCATIIM KOJIEKTOPA, BTATYIOTh-
Csl eJIEKTPHYHUM I10JIEM KOJIEKTOPHOTO p—71-Tiepexoay B KosekTop. Ocki-
JIBKH €MITepHHUI p—A-Tiepexi] BBIMKHEHUI y IPIMOMY HalpsiMKy, TO HO-
TO OMip MaJIMH, a KOJIEKTOPHUI p—1-1iepexil, BBIMKHEHUH Y 3BOPOTHOMY
HaANPsAMKY, Ma€ BenuKui omip. CTpyMH, CTBOPEHI iH)KEKTOBaHUMH HOCIsI-
MH, Ha 000X p—n-mepexomax Mmaibke omHakoBi. Tomy cmaj Hampyru Ha
€MITEpHOMY TIepEeXO/i 3HAaUHO MEHILIHUH HIXK CIaJl Halmpyrd Ha KOJIEKTOP-
HOMY p—n-Tiepexofi. TakuM YMHOM JOCATAEThCS MiCHIICHHS HAPYTH Ta
MTOTY>KHOCTI.

VY cxemax, Ji¢ BUKOPHCTOBYEThCS BBIMKHEHHS TPaH3HUCTOpa 3i
CHUIEHUM €MITEPOM, JOCITAETHCS MMiICHICHHS 32 CTPYMOM.

3. @omoenexkmpuuni npunadu. Ilpu OCBITICHHI p—N-TIEpexony
B HbOMY BHHUKae enekTpopyuuiiina cuna (EPC). Le siBuiie BUKOPHCTOBY-
€TbCS B (DOTOGNIEMEHTAX i3 3amipHuM mapoM (puc. 2.6). Ha moBepxHi p-Ha-
MiBIPOBITHUKA METOJAOM AH(y3ii BUTOTOBISIOTh TOHKHA IIap, SIKMH Mae
M-TIPOBIHICTb. MiXK MM IIApOM Ta HAaIliBIPOBIJHUKOM P-THITYy YTBOPIO-
€TBCS p—N-TIepexi.

[Tpu BincyTHOCTI CBiTJIAa Hepexin 3HAXOAUTHCS B PIBHOBAKHOMY
CTaHi 1 B HbOMY, BCTAHOBIIIOETHCS PIBHOBKHUM MOTCHIIAIBHII Oap’ep. Y
pe3yJabTaTi ONpOMIHEHHSI B p—A-TIepexolii, K M- Ta p-o0iacTi, reHepy-
I0ThCSI €JICKTPOHM Ta AIpKH. EJEKTpOHM, SIKi BUHUKJIN BHACIIJIOK OCBIT-
JIEHHS B P-0011acTi Ta B p—N-NIePeXo/i 3a JOMOMOTOI0 eJICKTPUIHOTO TIOJIS,
Ha KOHTaKTi MEPeXOAsTh y 11-001acTh. J{ipKkH, SKi BUHUKIN B pP-00J1acTi, TaMm
3aIMINAIOTHCS, OCKUIBKM KOHTaKTHE MOJe iX BHIUTOBXYE i3 p—H-Tie-
pexony. Ha HpoMy 3’SBIS€THCS TONATKOBA PI3HUI TOTCHIIANIB, MPH-
KIaJieHa B MPAMOMY HANpAMKY. i Ha3uBalOTh homoenexkmpopywiinoro
cunoio (potoEPC) doToeneMeHTiB.
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Puc. 2.6 — OcBiTiieHHs1 p—n-nepexoxy

OxpiM (oToeseMeHTIB, HA OCHOBI p—H-TIEPEX0/1y MOXHA CTBO-
putH Tak 3BaHMH QoTomion. BiH, Ak i poTOETEMEHT i3 3allipHUM IIapOM,
IIpalLioe 3a paxyHoOK p—n-niepexony. Hampyra nHa ¢oronion (na p—n-ne-
pexin) mojnaeThcs B 3BOPOTHOMY HampsiMKy. [Ipu BincyTHOCTI cBiTia ue-
pe3 ¢oronion Tedye HE3HAYHUI CTPyM (Tak 3BaHHH TEMHOBHH CTpYM),
SIKAH CTBOPIOETHCS HAa p—A-TIepexo/li HEOCHOBHUMH HOCIsIMU 3apsiay. [Tpu
OCBITJICHHI p—7-TIepexoJy BHACIHIOK TeHepalii Ha/UIMIIKOBHX HOCIIB
3BOPOTHHII CTPYM 30UIBLIYETHCS MPONOPLIHHO CBITJIIOBOMY TOTOKY. 3011b-
LIEHHS] CTPYMY HPUBOAMTH [0 301UJIBbIICHHS Cla/ly HAaIpyrd Ha ONopi Ha-
BaHTaXeHHS Ry {10 3MiHy MOXKHa BHKOPHCTATH B Pi3HHX CXEMaX OIMTO-
CJICKTPOHIKH.

[TpoxopkeHHsS CTpyMy 4epe3 p—h-Tepexif y NpsiMOMY HampsiM-
Ky IH)KEKTy€ HEOCHOBHI HOCIi — €IEKTPOHHU B p-00J1acTh, a AIpKH B H-00-
nacTh. [HXKEeKTOBaHI HEOCHOBHI HOCIT PEKOMOIHYIOTH 3 OCHOBHHMH HOCISI-
MU HaIiBIPOBIHUKA Ta X KOHLEHTPALis IIBUIKO Majae. Y NesKHX Ha-
MIBIPOBIJHUKIB Taka PEKOMOIHAISl HE CYMPOBOKYETHCS BUIIPOMIHIO-
BaHHSM CBITJIa, SIKE€ BUIUISETHCS B Pe3yJIbTaTi peKoMOiHamii, MepexoauTh
y TEIUIOBY €HEprilo KOJMBAJIHHOTO PYXy aTOMiB Yy By3JlaX KpHCTaJidHOI
rpatku. V geskux HamiBoposimeukax (Hanpukiam, SiC, GaAs, InAs,
GaP, InSb ra in.), pexoMOiHallis CYNPOBOIKYETHCS BHIIPOMIHIOBAHHIM
cBiTia. ToMy B HUX IPOXO/KEHHS CTPYMY 4epe3 p—H-Tiepexij y npsiMoMy
HAaMpPSMKY CYIPOBODKYETHCS] BUIIPOMIHEHHSIM CBIT/Ia B 00JIACTI P—71-TIEPEXOTy.

Lle sBUIIE BUKOPUCTOBYETHCS ISl CTBOPSHHS JIFOMiHECIIEHTHHX
JUOMIB, SIKI HA3UBAIOTH CEiM.J100io0amu. BOHU MIUPOKO 3aCTOCOBYIOTHCS B
CBITJIOBUX Ta0JI0, MPH BUBEICHHI YK BBEACHHI 1H(pOpMAIIl B 0OYHCITIOBAIIb-
HUX MAaIlllMHAX, 1HAWKATOpaX YH IHMIHMX NPUCTPosx. CBITIOMiOnN € on-
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HUMH 13 OCHOBHHUX €JIEMEHTIB B ONTOENIEKTPOHII; iX poOoTa, MOKIUBOCTI
B MIEPCIIEKTHBI, CydyacHa TEXHOJIOTisl BAPOOHHUIITBA Ta MapKyBaHHA OYIyTh
PO3TJISIHYTI B HACTYIIHIN JICKIII.

4. Hanienpogionukoei nasepu. KBaHTH CBITIIa 3 CHEPTi€IO
E = hv = AE , piBHi mipuHi 3a60pOHEHOT 30HH, MOTJIHHAIOTHCS CHC-
TeMoro Jyxe ciabo. CrpaBa B TOMY, IO 32 PaXyHOK TepMiduHOro 30y-
JUKEHHS €JIEKTPOHU 13 BEpXHIX PIBHIB 30HM BaJIEHTHOCTI IEPEXO/AATh Ha
HIDKHI PiBHI 30HU MPOBIAHOCTI TaK, IO BEPXHi 30HH BATEHTHOCTI IIOPOXK-
Hi, a HIDKHI piBHI 30HH TPOBimHOCTI 3adHATI. ToMy (OTOH 3 eHepriero
E = hv = AE 3Mir 64 ilepeBecTH eJIEKTPOH 13 BEpXHBOIO PiBHS 30HU
BaJICHTHOCTI, aJie B IaHUI MOMEHT 4acy Horo TaMm HeMae. SIKIIo X eeKT-
POH Ha IFOMY DiBHI 1 €, TO HEOOXiTHO, OO 1 HIKHIA piBeHBb Y 30HI TPO-
BIHOCTI OYB MOPO’KHIM, III0 TAaKOXK HE yacTo OyBae. ToMy B cucTeMi BU-
HHUKAaIOTh BUITAJIKH, KOJIU (GOTOH 3 eHepricto £ = hv = AE He nepe-
BOAWTH CJEKTPOH i3 BAJIEHTHOI 30HU B 30HY NPOBITHOCTI, a HABIIAKU —
IHAYKY€ Mepexia 3 HIKHBOTO PiBHS 30HM MPOBITHOCTI Ha BEpXHIH PiBEHb
30HM BAJICHTHOCT1 3 BHIPOMIHIOBaHHSM TaKoro camoro (oToHa (BHMY-
LIIeHe BUIIPOMiHIOBaHH:). [H1yKkoBaHuil (OTOH Mae HE TIJIBKH TaKy camy
EHEprito, ajie 1 HAIPSAMOK PyXy, HoJspu3allito Tomo. OCKUTbKY TaKi KBaH-
TH c1a00 TOTJIMHAIOTECS CHCTEMOIO, TO PyXaroyKCh 0 KPUCTAITy, BOHH
NpUHMalOTh Y9acTh Y CTBOPEHHI BUMYIICHOTO BHIPOMIHIOBAaHHS, ITIOPO-
JOKYIOUH JIBAa HOBHX KBaHTH-OJIM3HIOKH 1 T. 1. Y pe3yJbTaTi bOTO IpOLIe-
Cy B KpHCTaJli BUHUKAE JJABUHHUH MPOIIEC HApOIIyBaHHSA (DOTOHIB 3 eHep-
riecto £ = hv = AE . Jlna toro, mo6 OpUMyCUTH OJUH 1 TOH camwuii
¢doToH mpuiiMaTH y4yacTh y 30y/’KEHHI BUMYIICHOTO BHIIPOMiHIOBaHHS
Oarato pa3ziB, Ha MPOTHISKHUX CTIHKaX KPHCTAallda PO3MIIIYIOTh CTPOTO
mapajenbHi n3epkana (y 6araTbOx BHITaIKaX HUMH € CaMi TpaHi KpUCTa-
7a), AKi BiZOWBAIOTh Mafal0vi HA HUX (POTOHH 1 MOBEPTAIOTH iX y poOOUHid
00’em nazepa. Bci iHmn ¢oToHr BUOYBarTh 13 pobo4oro 06’eMy Maibxe
MHTTEBO. Y pe3yJbTaTi bOr0 BHHHKAE TOCTPOHAIPABIEHE BHIPOMIHIO-
BaHHS TOJIIPU30BAHOI0, MOHOXPOMATHYHOTO CBiTia. [HBepcHUil cTaH y
LBOMY BHIAJKy JOCATAETHCS THM, IO HIKHI PIBHI 30HH IPOBLAHOCTI
3allOBHIOIOTHCSl 32 PaXxyHOK TEPMIYHOro 30YyJ/DKEHHS EJIEKTPOHIB 30HU
BaJICHTHOCTI.

IcHyr0TB pi3Hi crtocoOM CTBOpEHHS iHBEpCcHOTO cTaHy. Haitounbim
NIEPCIIEKTUBHUM € METO/I 1HXEKIlii HEOCHOBHUX HOCIIB uepe3 p—7i-nepexij
y BUPOJDKCHHX HaIliBIPOBiTHUKAX, TOOTO MPOXOJHKSHHS MIPSAMOTO CTPYyMY
yepe3 p—n-nepexin. HamminkoBa KOHIEHTpaLis eJIeKTPOHIB, HAIPUKIIA,
y HamiBIPOBITHHUKY p-THUITY MPHUBOAWUTH A0 OUTBIIOI HMOBIPHOCTI 3amOB-
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HEHHSI TP 3aJaHiil TeMIreparypi HIDKHIX PiBHIB 30HH MPOBITHOCTI, TIPH
HEe3MIHHIi HWMOBIPHOCTI CTBOpPEHHS IOPOXKHIX BEPXHIX EHEPreTHYHHX
PiBHIB — 30HH BajleHTHOCTI. HamiBIpoBiIHMKOBI J1a3epu MaloTh psizi 0cO0-
nuBUX BiactuBocteil. [lepimn 3a Bce, BOHM MalOTh BHCOKHI KOe(DIIliEHT
kopucHoi aii 6mu3eko 100 %. [lo-apyre, B HaNiBIPOBIAHUKOBUX Jlazepax
€ MOXJIMBICTh MPSIMOi MOJYJISINIi KOTEPEHTHOTO BUIIPOMIHIOBAHHS 3a pa-
XYHOK 3MiHH CTPyMYy 4epe3 p—-Tiepexill, M0 MINUPOKO BUKOPUCTOBYETHCS
B PI3HUX O0JIACTSIX OMTOCNEKTPOHIKH.
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Nexkuia 3. IXKEPENA CBITINA

= Budu dxepen eunpomiHroeaHHs1. [05108HI xapakmepucmuku.
= ImxekuyiliHi ceimnodiodu 3 p—n-nepexodamu i ceimmnodiodu
3 aHMUCMOKCO8UMU JIIOMiHOGghopamu.
= [xepena ceimna 3 nopowkosumu i niniekoeumu
esrekmpoJsiromiHoghopamu.
» Onmu4Hi keaHmosi 2eHepamopu (OKT) (nasepu).

3.1. Buam pxepen BUnpoMiHioBaHHS. I'010BHI XapaKkTepuCTUKH

Bci mxepena cBiTia MOXKHA PO3IUTHTH HA JBI OCHOBHI TPYITH —
TEIUIOBI Ta JIOMiHECIeHTHi. TerIoBe BUIIPOMIHIOBAaHHS CTBOPIOETHCS Ha-
TPITUMH TilaMH, a HOTO IHTEHCHBHICTh Ta CHEKTPAIBGHUHN PO3IIOMLT IS
aOCOJIIOTHO YOPHMX TiNl BU3Ha4aeThesa opmystoro [lnanka, 3 sKoi BUIIIHN-
Ba€, [0 NOBHA €HEPTis, SKa BUIPOMIHIOETHCS 332 OJHY CEKyHAY, Ha BCIX
JOBXWHAX XBWJIb 3POCTA€ MPOIOPLIHHO YETBEPTOMY CTEIEHIO aOCOMFOTHOT
Temmneparypu (3akoH Credana — BonbiiMaHa), a MAaKCUMyM CIIEKTPaIBHOI
BUIIPOMIHIOBAJIBHOT 371aTHOCTI 3 MiIBUILIEHHSIM TEMIIEpaTypH 3CyBa€ThCs B

CTOPOHY KOPOTKHX XBHJIb (3aKoH Bina). Ha intepsani Bix 0,5\, 10 3A ..

max
npunagae 10 90 % Bcroro BumpominioBanHs. [Ipn Temneparypi 2 898 K

A pax = 1 MKM OCHOBHA 4aCTHHA BHIPOMIHIOBAaHHS 3HAXOIUTECS B iH(ppa-

4epBOHiN obmacTi [2].

Jlammu pozxapyBaHHS MOXYTh BUIOTOBJIATHUCH JOCTATHBO MiHia-
TIOPHUMH, aJie BOHU MalOTh HU3bKHH KOe(illieHT KOPUCHOT il Ta BEIUKY
iHepuiiiHicTh. KpiM 11bOTO, JTAaMITM BUTOTOBJISIFOTHCSI B BAaKyyMHHUX Oaio-
Hax, [I0 TIOT'aHO y3rOJDKYETHCS 3 TEXHOJIOTIEI0 HAITIBIPOBITHUKOBHUX CXEM.

VY cy4acHiil ONTOENeKTPOHIll BUKOPHUCTOBYIOTh, B OCHOBHOMY, JIO-
MiHECIICHI[iI0 TBepAuX Tii. EHepris, sika HeoOXimHA IS BUIPOMIHIOBAaH-
HS, MOXKE€ ITJBOJUTHCH IO TBEPIOTO TiJla Pi3HUMH, ajie HE TEIUIOBHMU,
criocobamu. BinmoBigHo, po3pi3HAIOTH (DOTONMOMIHECIICHITII0, KaTOIOIIO0-
MIHECIIEHI[II0, CIEKTPOIOMIHECIICHIIII0, XEMUTIOMIHECIICHITII0 Ta iH. SIK
MIPABHJIO, JIFOMIHECIICHIIIF0 BUKOPUCTOBYIOTh IIPH KIMHATHIM Ta OLIBII HU3b-
KUX TeMIIepaTypax, TOMYy TEeIUIOBE BHUIIPOMIHIOBAaHHS IyXe cla0Ke i Bce
BUMMeE a00 iH(ppauepBOHE BUITPOMIHIOBAHHS € JIIOMiHECIICHTHHM.

Ha puc. 3.1 HaBenmeHa cxema eNeKTPOHHMX IEpPEXOiB, SKi Mo-
KyTb OyTH B HaIliBIPOBITHUKY. [IpakTHIHO BCi MEPEXoau, TPH SKUX €Hep-
Tisl eNeKTPOHIB HOHIKYETHCS, MOXKYTh CYIPOBO/KYBATUCH BUIIPOMIHIO-
BaHHSM Yy Till 4 iHIIIH cHeKTpasbHil o0nacti. BukopucTtoBytoun HariB-
MPOBITHUKH 3 PI3HOI IMIMPHHOIO 3a00POHEHOI 30HM Ta Pi3HI JOMIIIKH,
MOXXHa OTPHMAaTH BUIIPOMIHIOBAaHHS BCi€i BUANMOI Ta OMMKHBOI iH(ppa-
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4yepBOHOI 0bmacTi. Mix3oHHI mepexoau 1 (auB. puc. 3.1) Hal#OITBIT iMO-
BipHI B MaTepialax 3 IPSAMHMH 30HAMH. BUIIPOMIHIOBaHHIO Y BUAUMIN
o6macri crextpa (A = 0,38...0,78 HM ) Binnoigae mupuHa 3a00pOHEHHOT

30HM B Mexax 1,6..3,0 eB. Ilepexoqm 2, 3, 4, siki CynpOBODKYIOTECS BH-
MIPOMIHIOBaHHSAM MOXYTbh OyTH B MaTepiajiax 3 NPSIMHMHU Ta HENPSIMHUMHU
3onamu. Ilepexim 2 BigmoBimae pekomOiHaIlil eJeKTpoHa B 30HI IPO-
BITHOCTI Ta NIipKH B 30HI BaJICHTHOCTI Yepe3 MPOMIKHUI aKIeNTOPHUH
piBenb, mepexin 3 — uepe3 moHopHuit (/) Ta akuenropuuii (4) pisui. Bo-
HHM YTBOpPEHI OJIM3bKOPO3MIIIIEHUMH B KPHUCTaJl JOMILIKOBUMH aTOMaMH
JIOHOpa Ta akientopa. JIFOMIHECICHINif0, SIKa BUHUKAE BHACIIIOK TaKHX
MEPEXOIiB, HA3UBAIOTh PEKOMOIHAYIIHOIO.

X
|

;

PR
Sl
<

/
Puc. 3.1 — Cxema MOKIMBHUX €J1eKTPOHHUX MePeXoAiB y HANIBNPOBITHUKY

[Mepexin enexrpoHa 4 31 30yXKEHOI0 Ha OCHOBHUI PiBEHb, ITPO-
XOJUTh Yy MEXaX OJIHOTO JOMIIIIKOBOTO IICHTPA, a BIAIOBIAHY JIFOMi-
HECIICHIIII0 HA3UBAIOTh GHympiuiHboueHmposoro. 1li nBa BUIW JIFOMi-
HECIICHIIIT TBEPANX TiJI MAIOTh Pi3HI XapaKTCPUCTUKH.

ITpy HU3BKUX TeMIlepaTypax Ta BUCOKHX CTYIEHSX 30y DKEHHS
TIPOSIBISIETHCS JTFOMIHECICHINIA, sIKa TOB’s3aHa 3 PEeKOMOIHAIli€0 depe3
excuToHHI piBHI (mepexing 5). OkpiM AOMIIIOK, 5SKi CTBOPIOIOTH LEHTPH
moMiHecteHil (iX Ha3WBalOTh aKMuUeamopamu), € JOMILIKH, SKi YTBO-
PIOIOTH IIEHTPH TaciHHS JIOMiHECHEeHIIil, TOOTO peKoMOiHaIls uepe3 Taki
LEHTPHU HE CYNPOBOJPKYETHCS BUIPOMiHIOBaHHAM. Ha pucynky 3.1 takuit
MpoIeC MOKAa3aHO MyHKTHPHOW JiHiewo (mepexin 7). Ilepexin 8 mpoxo-
JIMTH pa3oM 3 IepexosoM 9, To0TO eNeKTPOH, TOHKYIOUH CBOIO €HEPTilo,
BiZae ii IpyroMy eJIeKTpoHy B 30HI NMPOBIJAHOCTI, TAKHH MpoIec Ha3uBa-
€TBCS 0JHce-npouecom. 3a TICBHUX YMOB TIEPEXif] €ICKTPOHA B 30HI MPO-
BIJHOCTI Ha OLIBII HU3BKI PIBHI CYNPOBOKYETHCS CIAaOKUM BHITPOMi-
HIOBaHH:M (Tiepexin 6).

CHiBBiTHOMICHHS MK YUCIIOM IIEpeXOiiB 0e3 BUIIPOMIHIOBaHHS
OIUCYETHCSI 3HAYCHHSIM BHYTPILIIHHOTO KBAHTOBOT'O BUXO/IY JIFOMIHECICH-
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uii My . Y BuNaaKy elaeKkTpontoMiHecLeHIil 1), IOpIBHIOE YUCIy CTBO-
peHux QOTOHIB HA KOXKHHM €IEKTPOH, KUl MPOXOAUTH Yepe3 KPHCTA.
JUts nesikux BUAIB eneKTpomoMinodopiB 1), Omusbkuil 10 oguxuni. OcKib-

K He BCl ()OTOHH BHUXOIATH i3 KpHCTaNa MpHU JFOMIHECHEHII, TO Horo
XapaKTepU3yIOTh 306HIHUM KEAHMOGUM GUXO0OM:

MNee =Ko 5 (3.1)

ne Ky — xoedirienr, skuit BpaxoBye BTpaTH, MOB’si3aHi 3 Bi-
OMBaHHSM Ta HOIJIMHAHHSIM CBITJIA.

30BHINIHIA €HEPreTUYHUHN BUXiJ €NEKTPOIOMIHECIICHIIII (TOOTO
KKJI) nopiBHIOE

hv
—n, 32
ne nke eU ( )

ne hv — enepris gorona; el — eHeprist eleKTpOHA B TOJI, SIKE
HaKJIaJJIeHO Ha KPHUCTAIL.

BumnpomiHioBaHHS pi3HUX HEHTPIB JIOMIHECHEHIIT MOXe POXO-
JHUTH CHOHTaHHO, TOOTO HE3aJISKHO OAMH Bill OOHOTO. Y LbOMY BHIAJIKY
4acTOTa, MOJISIPU3ALisl Ta HAIPSIMOK TIOIIUPEHHS CBITIIa MOXKYTh OyTH pi3-
HuMU. Lle Tak 3BaHe HeKozepenmHe eUNPOMIHIOBAHHA. Y NEIKUX BUINAJ-
KaX MOX€ MPOXOAMTH BHMYIIECHE BHUIPOMIHIOBaHHS OJHOTO IIEHTpa. Y
IbOMY BUIIAJKY YacCTOTa, MOJIApHU3alldd Ta HAPAMOK IMOIIHUPCHHSA CBiTJ'Ia
onnakoBi. lle Tak 3BaHe Kozepenmmue eunpominiosanns. Ilpunany, sxi
BUIPOMIHIOTH KOT€PEHTHE BMIIPOMIHIOBaHHS, Ha3WBAIOTb HANIGNPOGIO-
HUKOGUMU T1A3ePamu.

B onroeneKkTpoHili BUKOPHCTOBYIOTH SK JDKEpela HEKOrepeHT-
HOTO BUIIPOMIHIOBaHHS (CBITIOZIOAM, JKepesla Ha OCHOBI ITOPOITKOBHX
Ta TUTIBKOBUX JIOMIHO(OpIB), Tak i JKepena KOTepeHTHOTO BUIIPOMIHIO-
BaHHSA (J1a3epH).

3.2. In:kekuiiini cBiT/I0Mi00M 3 p—n-nIEpexoaaMu
i cBiTJIOAiOAM 3 AHTHCTOKCOBUMM JIIOMiHO(OpaMu

HaniBnpoBigHUKOBHIA Ii0J, KUK BHIPOMIHIOE CBITIO (CBITIIO-
Iiof), € OHUM 3 OCHOBHHX J[KEpel BUPOMIHIOBAaHHS B ONTOEJIEKTPOHI-
1i. BiH € BBIMKHEHHM y IpsIMOMY HarnpsMKy p—n-Tiepexigom (puc. 3.2), B
SKOMY BiJIOYBa€ThCS PEKOMOIHAISI CIICKTPOHIB Ta IIPOK sAK B 00macti
00’€MHOT0 3apsijly IHMPUHOI d, Tak i Mo 00uaBa OOKHU Bil EJIEKTPOHIB Y
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p-obnacti (I}) Ta mipox y n-o6uacti (/). 30BHILIHA Hanpyra MOHUKYE
MOTEHI[IaTbHUI Oap’ep Ha p—N-TIEPEeXoMdi, UMM CTBOPIOE YMOBH IS iH-
JKEKIIT eJIEKTPOHIB y p-00J1acTh Ta JIPOK y 11-00J1aCTh.

p-mun

N—

[1 ]2

Puc. 3.2 — Enepreruyna giarpamMa BBIMKHEHOT0
B IPSIMOMY HANIPAMKY p—n-Iepexoay

I3 36inbuIeHHsAM 30BHIIIHBOI Hanpyrd U cTpyM uepes mepexia
eKCIIOHEHIIaJIbHO 3pOCTae 3a (OpMyJIOHO:

eU
[=1,e (33)

ne I — TeMHOBWHIA CTPYM.
3aranbpHe YHCII0 peKOMOIHAIIN 332 CeKYHIy BU3HAYAETHCS CHIIO0
CTPYMIiB, YaCTHHA IIMX PEKOMOIHAIIN MPOXOIUTH 3 BUIMPOMIHIOBaHHIM, a
noTiKk @, BUPKEHHUH y KINBKOCTI (DOTOHIB, BUIIPOMIHCHHX 3a OJIHY CEKYH-
1y, CKJIaJla€:
o
— H kT
D =n,—e"". (3.9
e
Sk mpaBWIIO, BUIPOMIHIOBAJILHOIO € OJHA i3 CTOpPiH p—A-TIepe-
xony (Hampukiaa, p-obiacte), ToMy OaxaHo, MO0 YacTKa EIEeKTPOHIB,
SIKi TIONaIA0Th B IF0 00JIACTh, OyiTa MaKCUMAaJIHHOIO.
3oBHIlIHII BUXiA cBiTIOmiona M, =M,K, 3aBxan MeHIe BHYT-
PpimHBOTO, 10 00YMOBIIEHO, TIEPII 3a BCE, BTPAaTaMH CBITJa MPH BUXOI 13
cBiTIIOAI0/1a. BHACIIOK NOBHOTO BHYTPILIHBOTO BiJIOMBAHHS i3 CBITIIO-
niona Buiize cBiTio B Mexax kyrta 0, (puc. 3.3):
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Puc. 3.3 — Buxia cBitna i3 ciTiiogiona

[lpu Ginpumx Kyrax naminss, Hbk 6, CBITIO He BUXOAMTH i3
cBiTiioniona. Lleit KyT BU3HAYAETHCS 3 YMOBH:

.1
0, = arcsin—, (3.5)
ny

Jie Mo — MOKa3HUK 3aJIOMJICHHSI MaTepiana.

Hanpuikiaz, 1uist CBITJIONIO/AIB HA OCHOBI Tallilo 3 JIOMIMIKOI (oc-
dopy (Ga:P) 6,=17,7°. Ilpu TakoMy KpHTHYHOMY KyTi 4epe3 rPAHHLIO
“HaIiBIPOBIIHUK — MOBITPs” 3MOKE MPONTH JHiIe = 2 % CBITJIA, SIKE BH-
MIPOMIHIOE p—71-TIepeXi]] pABHOMIPHO Y BC1 HAIPSMKH.

[Tokpammry yMOBHM BHXOIY CBITJIa i3 HAIliBIPOBIJHHKA MOXKHA
3a JIOTIOMOTOI0 CTBOPEHHS cepudHOl moBepxHi BuxoAy. Ha pucynky 3.3
MOBEPXHsI BUXOJy IMOKa3aHa MYHKTUPHOIO JiHi€r0. SKIO BTpaTtu npu me-
pexofi cBiTia B JiH3y 3BeieHi 10 MiHiMyMmy, To BenuumHa K mocsrae
3navenHs 0,5.

Haii6inpImii KBaHTOBHI BHXiJ CIIOCTEPITaeThes B Aiozax i3 ap-
ceniny ramito (GaAs), sKi BUPOMIHIOIOTH iH(pauepBoHe CBiTIO. Y 3a-
JISKHOCTI BiJf KOHCTPYKIIIH Ji0/iB 30BHINIHIA BUXiJ MPH KIMHATHIH TEM-
neparypi cknanae 8..20 %, a nmpu Hu3bKiM Temmepatypi — 40 %. 30B-
HIIHIA KBaHTOBUH BuXix mpomucioBux mioniB GaAs 3 joMimkor aro-
miB Si (A = 0,94 MxM) npu KiMHATHIH Temmeparypi cknanae ~ 8 %, SKIIO
aKTHBHa 00JIaCTh BUKOHAaHA 3 C(hEepUYHOIO MMOBEPXHEI0, TO BUXIA ITiJBH-
mryetbest 10 20...30 %. [HepIiliHICT CBITIOMIONIB BU3HAYAETHCS, B OCHOB-
HOMY, 4acoM audy3ii HCOCHOBHUX HOCIIB y HamiBIPOBITHUKY 1 CKJIagae ~
10,10 % c. ix maca ne nepesuinye 0,5 r. TIoTy>KHICTh BUIIPOMiHIOBaHHS
npu ctpymi 100 MA cranosuts ~ 0,5 MBT, po6oua Hanpyra ~ 1,7 B.
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OCoOJIMBEMH BIaCTUBOCTSIMHU XaPaKTEPU3YIOTHCS P—H-NIEPEXOIH
B MaTepiajiaXx 3 Pi3HOI HIMPUHOI 3a00POHEHOT 30HU (TETEPOIICPEXOIH).
Bubip Takux MaTepiaiB OOMEXYEThCS HEOOXIIHICTIO TOYHOTO Y3ro-
JDKEHHSI TIOCTIHHMX KPHUCTAJTIYHMX IPATOK KOHTAKTYIOUMX MaTepiaiiB.
SIkmio 111 yMoBa He BUKOHYETHCS, TO Ha TPaHMI (Ha KOHTAKTI ) YTBODIO-
€TBCS BEJIMKA KUTBKICTh Je(eKTiB 1 BIAMOBIIHNX iM JIOKAIBHUX E€HepreTHd-
HUX pIBHIB y 3a00poHEeHii 30HI. Benmka iX KUTBKICTh 3HAYHO MOTIpIIyE
OIITOGNEKTPUYHI BJIACTUBOCTI p—h-mepexoxay. [Ipukiagom marepiainis 3
100pe Y3ro[KEHHMH NapameTpaMu KpuctanudHoi rparkd € GaAs Ta
AlAs, siki yTBOPIOIOTE HenepepBHuii psj TBepaux pozunnis Ga yAlyAs.
3MIHIOIOYH KITBKICTh aTOMIiB PEYOBHHH B MaTepiaii (X), MOXHa 3MiHIO-
BaTH IIHPUHY 3a00pOHEHOi 30HU Wi€l MOTPiHOI CIONyKH, HANPHUK-
nan, npu X=0,3, E=1,8¢eB (y GaAs - E= 1,4 ¢B).

Iereponepexin y Takux cnoiykax (Ta iHIIMX) NMPH BBIMKHEHHI
Horo B NMpsIMOMY HAIpsIMKY MPOITYCKAa€e JIMIIE €JIEKTPOHH 13 1- y p-00-
nacte. J{7s HipoOK MOTEHIianbHUA Oap’ep BUSBISIETHCS ITyKE BUCOKHM,
TOMY IHXKEKIisl AIPOK i3 p- y #-0011acTh IPAKTUYHO BiZICYTHSI.

TakuM 4YMHOM, MOYKHA OTPUMATH OJJHOCTOPOHHIO 1HXKEKILIO eJEeKT-
POHIB 3 IIMPOKO30HHOTO HAIIBIIPOBIJIHMKA Y BY3bKO30HHHUH, Jieé PEKOM-
OiHAallis € BUIPOMIHIOBAJILHOIO. YHACIIIOK IIbOTO MiZBUILYETHCS KBAHTO-
BHl BuXix cBiTinomiona. Ille oqHiero mepeBaror reTeponepexony € BUXif
BHUIIPOMiHIOBAaHHS 0€3 BTpAT NOTJIMHAHHS Yepe3 MIMPOKO30HHUI MaTtepial.

Ockinbky kBaHToBMi Buxig miomis GaAs:Si (3 momimkamu
KpeMHiI0) B iH(ppadepBoOHiii 00JacTi 3HAYHO BHIIMN HDXK Y MIOAIB, SIKi
BUIPOMIHIOTH y BHIUMIN 00NACTi, € MOXIIMBICTh BUKOPUCTAHHS 1H(pa-
YEepBOHUX AIOJIB IJISi OTPUMAHHS BUANMOTO BHUIIPOMIHIOBAaHHS 3a JIOMO-
MOTOIO TaK 3BaHUX @HMUCHOKCOBUX JIIOMIHOPOpIE.

3a npasuiom Crokca, yactora (poToMOMIHECHEHIIIT, SIK TPaBUIIO,
MEHIIIA YaCTOTH 30Y/DKYIOUOro CBITJIA. Y JEAKUX BHIQJKAX CIIOCTEPi-
raeThesl 3BOPOTHA CHUTYyaIlisl, yacToTa (oTosoMiHecueHii Oinbliie yacTo-
TH 30yKYI04oro CcBiTia. Taka JIIOMIHECHEHIis HAa3UBAEThCS AHMUCIOK-
€06010, 3 PEUOBHUHH, BIAIIOBITHO, AHMUCHOKCOSUMU JIIOMIHOpOpamu.

Hanpuxnan, gioau Ha ocHoBi GaAs:Si MaroTh JIOMiHECHIEHIIIO
B o0macti hv ~ 1,3 eB. SIK110 Ha NOBEPXHIO TAKOIO KPHCTaJa PO3MICTHTH
moMiHOQOp, SKWUH MiA Ji€I0 [BOrO BHUIPOMIHIOBaHHS Oyae BHIIPO-
MIHIOBAaTH y BUJIMMIH 00J1acTi 32 paXyHOK MOTJIMHAHHS JIBOX KBaHTIB, TO
MOXIJIUBHH BapiaHT, KoM Koe(illieHT KOPHUCHOI Iii Takux JroMiHO(OpiB
BUIIMI HDK “TIpsIMUX” TIOJIB y BUANMI 00acTi.

AHTHCTOKCOBUMH JIIOMiHO(OpPaMH BHKOPHCTOBYIOTH (TOpijH,
aKkcUCynb(]iau TaHTaHy Ta iHIII CIIOIYKH, aKTHBOBaHI iTepOieM Ta epoiem,
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nanpukian, mominodop La,0;S:Yb, Et, 3a nonomororo sikoro moxua
OTPUMATH 3eJIeHE CBITIIO 3 sicKpaBicTio 10 400 K1/M, pH IYCTHHI CTPyMy
uepes mion — 5 Alem’.

3araybHUI KBAaHTOBUI BHXIJ TAKOTO IMOJBIHHOTO MEPETBOPCHHS
SJICKTPUYHOI €Heprii y CBITJIOBY (eJeKTpOMarHitHy) He nepesuurye 1 %,
ajle TaKMii caMuii KBAaHTOBHI BHXil MarOTh CBiTiomionn Ha ocHoBi GaP y
BOMY CIIEKTPaJIbHOMY Jiara3oHi.

Takum 9rHOM, 3aCTOCYBaHHS TIOIIB 3 aHTHCTOKCOBUM II€PETBO-
PEHHSM eHeprii € KOPUCHUM, OCOOJIMBO B THX BHIIQJIKaX, KOJIM HEOOXIIHO
OTPUMATH BEJIMKiI 00JIACTI BUIPOMIHIOBAHHS (3€JICHOTO CBITJa BEJIUKOT
cBiTiocwin). LlIBuaKO IS qi0/IB 3 AHTUCTOKCOBUMH JIFOMIHO(OpaMH HE €
JTy’Ke BICOKOIO, 1, SIK TIPABIUIO, HIDKYE HIK 3BHYAHUX CBITIIOMIO/IB.

3.3. Ixepesia cBiT/1a 3 MOPOIIKOBUMU
i MIiBKOBUMU eJIeKTPoIIOMiHOpOopaMu

CBiTnomiogn € Maike TOYKOBHMH JDKEpelaMH CBiTia (IDIomia
TOBEpXHi, sika Bunpominioe ~ 1 Mm?). EnexTposoMinecenTHi mKepena
cBiTna (puc. 3.4) 3 BETHKOIO IIIOLICIO

1 2 345 BUIIPOMIHIOBAHHSI MOXHa OTPHUMAaTH 3a
I ! - JIOTIOMOT'OO I1apiB 13 TIOPOIIKOBHX JIFOMi-
HO(OPIB, TOBIIMHA SIKUX CKIAIaE ~ 50 MKM,
a00 IUTIBOK TOBIIMHOK ~ 1 MKM. Sk
TOMIHO(OpP BHUKOPHUCTOBYETHCS CYJIb-
¢ix muHKY (TIMpHHA 3a00pOHEHOI 30HU
3,7 eB), B sKOMYy NpOXOAWUTH JIFOMi-
HECIICHIIIS Y BUANMIN obracTi mpu Ha-
SIBHOCT1 NIESKUX TOMIIIOK, HATPUKIA[
Mizi (3e7eHe CBITIO0), cpibia (CHHE CBIT-
Puc. 3.4 — Cxema JI0), Maprasifo (’KOBTO-OPAH)KEBE CBIT-
e/IeKTPOTIOMIHICIIEHTHOTO J10). Y IEAKHMX BHIIQJKaX 3aCTOCOBYETHCS
JuKepeIa CBiTIa 3Mmiana ocHoBa ZnS—ZnSe. V Takux ma-

Tepiajiax He BIAEThCSl OTPUMATH p—H-Tie-
pexonn 3 IHXKEKIIHHOK IFOMIHECHEHITI€0, TOMY 30YIDKEHHS BHUIIPO-
MIHIOBaHHS TIPOBOJSATH 32 JOIIOMOIOI0 CHJIBHOTO EJIEKTPUYHOTO MOJIS B
noBepxHeBux Oap’epax 11I0TTKi, BBIMKHEHHX Y 3BOPOTHOMY HaIIpsIMKY.

Hmns toro, mo6 Oipkw, SKi YTBOPHINCH NMPH YAAPHIA i0HI3amii
aTOMIB KPUCTAINYHOI IPaTKH, HE BUXOJMIN B METAJICBUH EIEKTPO, 3ep-
Ha MOpouIKy (po3mipoM ~ 10 MKM) pO3MOPOLIYIOTh y IIapi TBEPIOTO
JIieJIeKTpHKa, a TUIIBKY JIOMiHO(Oopa 130/II0I0Th BiJl 000X eNeKTPOAiB Horo
TOHKHUMH Iapamu (JuB. puc. 3.4), Ha sIKOMy HOMepoM | TO3HaueHo Jie-

35



JIEKTPUK (K MPaBUJIO, 1€ CKJIO), 2 — mpo3opuil mposiguuii map (SnO,), 3 —
mIap MOPOIIKOBOTO JIFOMiHO(OpPA B TIENEKTPHUKY (CMOIa ad0 JETKOIIIaBKe
cki0), 4 — BinOuBaroumit mwap, 5 — Mertanesuii enexkrpon (map Al). V
TUTIBKOBHX EJIEKTPOIIOMIHO(OPaX 3aMiCTh IOPOLIKOBOrO JiroMiHOodopa
(nanpukian, ZnS:Mn) 0OCHOBHA PEUYOBHHA BIIOKPEMIIEHA Bijl IHIIMX €Jie-
MEHTIB TUTIBKaMH i3 JienekTpuka (Hanpukiam, Y,03).
[ToniOHI CTYKTYpH € eNIeKTPUYHUMHU KOHJEHCAaTOpaMH Ta iX 30y-
JUKEHHS TIPOBOIUTHCS 3MIHHAM CHHYCOIZadbHHM a0o0 IMIyIbCHUM
30BHILIHIM TOJIEM.
®iznyHi nporecy, SKi BigOyBalOThCs Y IIOMIHOQOPHIi pedoBHHI,
MOYKHa OIIMCATH 3a JIOTIOMOTOI0 PHCYHKA 3.5, Ha SKOMY HaBeJleHa CTPYK-
Typa 3 IBOX JiCIEKTPHUKIB
- \ Ta MOMIHO(OPHOI pedo-
BUHM Ha OCHOBI HaIiB-
n MPOBIHKUKA 332 HAsIBHOCTI
Hanpyru U. Enextponw,
SIK1 3BIJIBHSIIOTBCS 3 TTOBE-
PXHEBHX pIBHIB Ha JIBii
TpaHMIi TUIBKH, MPHCKO-
PIOIOTBCST TIOJIEM 1 3IiHc-

[~

fienekTprk HIOIOTH 10HI3alii LEHTPIB
HaniBNpoBIgHMK \ cBiTiHHA (mepexin 1), ato-
AienekTpuk MIB OCHOBHOI PEYOBUHH

(mepexipn 2) abo BUKIIHKaA-
I0Th BHYTPIIIHBOLIEHTPOBI
nepexom 3 T1a 4. CrBo-
peHi ToyeM MipKH BiJBO-
JSITBCS Ha JIiBHI OiK JIToMiHO(Opa, a eNeKTPOHN — 10 npaBoi rpanui. [Ticms
3MIHA HamNpsMKY IIOJI JipKH TIOBEPTAIOTHCS B IOMIHOGMOp 1 3aXOILTIO-
IOTBhCSl LICHTPaMH JIIOMIHECLICHIT, a eJCKTPOHH, SIKi IOBEPTAIOThCA, pe-
KOMOIHYIOTh Ha IIMX I[EHTPaxX 3 BHUIPOMIHIOBAaHHSIM. Y JIPYTHU HaIliB-
mepio MPOXOAUTH 10HI3aIis Ha mpaBoMy Ooti moMinodopa. Kommn mome
puiiMae HAMPSIMOK, TAKHUH, K Ha puc. 3.5, i0HI3aIlis IPOXOIUTH Ha JIiBO-
My, a eJISKTPOHU PEKOMOIHYIOTh Ha IpaBoMy 00111 3epHa (mepexiz 5).

TakuM YMHOM, CXEMa 30H “KOJMBAETHCS” 3 YACTOTO f 3MiHHOT
HaIpyTry, 10Hi3allis HONepeMiHHO TIPOXO/INTh Ha JIIBOMY 1 MpaBoMy OoKax
3€pHa Ta [UIiBKH, BAHUKAE MOTIK CBITJIA, SIKUH MyJILCYE 3 YaCTOTO 2f-

Sxmo B moMiHO(OpI MPOXOAATH IHUIIE BHYTPIIIHBOIIEHTPOBI
nepexou (3, 4), To mix Aiero mois BiOyBaeThes 30y HKEHHS TOMIITKOBIX
aTOMIB Ta OJHOYACHO BHHHMKAIOTH 3BOPOTHI mepexomu (4) 3 BHIIPOMI-
HIOBaHHAM.

Puc. 3.5 — lMosicuenns: pismuHux
npouecis y JioMiHO(OPHiii peyoBuHi
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SIckpaBicTh MOPOIIKOBUX JDKEpeN CBiTia (iX 9acTo Ha3UBAaIOThH
. 2
ellekmpoominecyenmuumu nanenamu) cknanae ~ 50 ku/m” npu U = 150 B,
_ . - . . N
f=1xIu ta kiMHatHill Temneparypi. Buxix 1, ~ 10 %, a cTpok excuty-
atanii (4ac, MPOTSTOM SIKOTO SICKPaBiCTh 3MEHIIYETHCS HAIOJIOBUHY)
fos ~2- 10’ ron.

SIcKpaBiCTh TaKWX JTFOMIHO(OPIB 3pOCTAE 3 MIIBHUIICHHSM YacTOTH
Ta aMILTITYIH HATIPYTH 1 IPUOIII3HO MOKE OYTH BUPa)KeHA CITIBBITHOIIICHHSM:

L=L(f)U". (3.6)

3Ha4YeHHS /1 y TMOPOIIKOBHUX JioMiHOGopax ~ 3...4, a y miiBKo-
Bux 10...15, L((f), six mpasuio, 3poctae i3 30inbiuenusm [ Maibke miHiii-
HO, a IIPY 4acToTax y JeKiJbKa KUIorepl BUXOAUTh Ha HACHYCHHSI.

[Ipy migBUINEHH] TeMIlepaTypy 3MEHBIIYEThCS MBHUIKICTH TeHepa-
1ii HepiBHOBaXHUX HOCIiB. TemmepaTypHuil iHTepBal PoOOTH JIFOMIHO-
¢dopiB ~—50... + 50 °C.

3.4. OnTuuni kBauToBi reHeparopu (OKI')

Jlesiki CBITIIONIONM BUIIPOMIHIOIOTH KOT€PEHTHE CBITJO. [t 1poro
HEOOXiTHO CTBOPUTH B aKTUBHOMY IIapi CTPYKTYPH iHBEPCHY 3aJIC)KHICTh
€HEepreTUYHUX PiBHIB, TOOTO CTBOPHUTH IIEPEBaKHE 3aTIOBHEHHS E€IIEKTPO-
HaM# 30yIKEHUX CTaHiB. Y I[bOMY BHITAIKy BUIIPOMIHIOBAHHS, SIKE€ BUHH-
Ka€ TpHU MEepIIMX PEeKOMOIHAISIX eNEKTPOHIB Ta AIPOK, BUKIUKAE BHUMY-
LIIEHI TIEPEXO/I 1HILKMX ENEKTPOHIB Ha HIKHI €HepreTHYHi PiBHI, IPU [EOMY
BUIIPOMIHIOBaHHSI Ma€ CTPOTO TaKy * YacTOTY Ta MOJSPH3ALIo, 110 1 Ha-
JIafoue CBITIO. SIKIO BOHO Mae MOJMIIMBICTH HEOJHOPA30BO MPOHUTH 00-
JaCTh {HBEPCHOI 3aJI€XKHOCTI, TO BUHUKAE IHTCHCHBHE BHMYIIICHE BUIIPO-
MiHtOBaHHsI. {71 bOrO BUKOPUCTOBYIOTHCS A3E€PKaNbHI MOBEPXHI Ha MPO-
TIJISKHUX TPaHsIX KPUCTAIA, MDK SIKUIMH CTBOPIOIOTHCS CTOSUI CBIT/IOBI XBHJII.

Jnsi BUTOTOBIICHHS HAIMIBIPOBIAHHUKOBHX JIa3epPiB BUKOPHCTOBY-
FOTh HAMINPOBiIHUKY 3 NpsiMuME 30Hamu, Hanpukian GaAs a6o GaAlAs, B
AKAX MDK30HHI MEPEeXOAM ENEKTPOHIB MPOXOIATh 0e3 ydacTi (OTOHIB.
CTBOpEHHsI 1HBEPCHOI 3aJIKHOCTI PIBHIB MPOXOMUTH MPU IHTEHCHBHIN
IHKeKIii HEOCHOBHUX HOCIiB, II0 HaW4acTille JOCATAETHCSA B p—H-TeTe-
porepexoax 3 BUCOKOK KOHIICHTpaIli€to JoMmimok. IliacuneHHs cBitia
MPOXOIUTH TUIBKU B3IOBXK HAMPIMKY, MEPICHANKYISIPHOTO 0 I3ePKajb-
HUX TOBEPXOHb KpHcTana. Ha pucyHky 3.6 npuBeneHa eHepreTuvHa cxe-
Ma Jia3epa 3a HasiBHICTIO 30BHIIIHBOTO ejeKTpruyHoro nojs U.
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Puc. 3.6 — EHepreTuyHa cxema HamiBIPOBiTHUKOBOIO Ja3epa

Enextponu i3 n-o6maacti 7-GaAs iHXKEKTYIOTbCS B aKTHBHY 30-
Hy p-GaAs, ToBumHa sKoi cknanae ~ 1 MkM. V akTHBHIiN 30HI IPOXOIHUTH
BUNpOMiHIOBaHHs (GOTOHIB 3 enepriero Av ~ 1,4 eB. Ilepexin p — p+
CTBOpIOE Oap’ep AJIS €JIEKTPOHIB, SIKI MOTPANMIM B P-001acTh 1 TaKUM
4UHOM y 30HI p-GaAS CTBOPIOETHCS iHBEPCHA 3aJI€XKHICTh PiBHIB. Jlasep-
HHUH e()eKT TOCATAEThCS MIPH NIEBHUX ITOPOrOBUX 3HAYEHHSIX CTPYMY Yepes
nepexin (~ 1 kA/cM’ ipu KiMHaTHII TemmepaTypi).

[TounHarouM 3 HUX 3HAYCHb CTPYMY, CIIEKTpalbHa CMyra BH-
MPOMIHIOBaHHS CYTTEBO 3BY)XYEThCs. J[1si 3MEHIICHHS POOOYUX CTPYMIB
Ta 3MEHIICHHS IHTEHCHBHOCTI HArpiBy, aKTHUBHUH IIap BUTOTOBIIIOTH ILH-
puHOIO ~ 5...20 MKM.

MarepianoMm, iHKEKTYIOUUM EIEeKTPOHH, MOYKE BUKOPHUCTOBYBATHCh
6inpmr mupoxosonuuit Ga,_, Al,As.V 1poMy Bunaaky akTHBHHIT map

GaAs p-tuiy po3MilyeThbesi MK IBOMA INMMPOKO3OHHMMHM HAIiBIIPO-
BiJJHUKaMH 3 MEHIIMM Koe(Dil[ieHTOM 3aomMieHHs. 1le npuBoauTh 10 mij-
CWJICHHS CBITJIa BiJl OOKOBHMX HIApiB IIMPOKO30HHKX HAMIBIPOBIIHUKIB 1,
TAaKUM YMHOM, IO 3MEHIIIEHHSI BTPAT B IHTEHCUBHOCTI cBiTia. [loTyXHIiCTh
BUIIPOMIHIOBaHHs Takux jasepiB ~ 0,1 Br. Slkmo nasep mpamioe B iM-
MYJIECHOMY PEXHMi, TO HOTO MOTYXHICTh 3HAYHO 3pPOCTAa€ 3aBASKH MO-
cabJieHHIO HarpiBy HamiBrpoBigHuka. KoedimieHT KOpUCHOT il iHXKEK-
LiHUX Ja3epiB pocsrae 50 %, X iHepHiHHICTD CKIafae ~ 107¢, Hampyra
xuBieHHS 3 B, a reomerpuuHi posmipu ~ 2..3 MM. Moaysiis cBiT-
JIOBOTO TIOTOKY MOK€ 341HCHIOBATHCh 32 PaXyHOK 3MIHU HalPyTH.

Ha BigmiHy Bix HamiBIOpPOBIZHWKOBHX JIa3epiB y HESKUX KPHUC-
TaJliYHUX 200 aMOP(QHUX JIIENEKTPUKAX JUIS OTPUMAaHHSI BUMYIIEHOTO BH-
MIPOMIHIOBaHHSI BHKOPHCTOBYIOTH BHYTPIIIHBOLICHTPOBY JIFOMIHECLICHITIIO, a
30yI0KeHHsT (HarpiBaHHs) HPOXO/AUTH, SIK TPABHJIO, HE EEKTPHYHUM, a Oll-
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TUYHMM LUISXOM. THIOBUM IIPEACTABHUKOM TaKHX JIa3epiB € Jlazep Ha
py6ini (kpucran Al,O; 3 nomimkoro xpomy Gr). Enepreruuni pisai xpo-
MY PO3MILIYIOThCS Yy Mexax mupokoi (~ 6 eB) 3aboponeHoi 30uu. [po-
[IECH TOTJIMHAHHSA Ta BHUIPOMIHIOBAHHS MPOXOMATH yCEpPEeIUHI HEHTPIB
mominecteHii (puc. 3.7). Ilix miero cBiTIIa BiJf KCCHOHOBOT JIAMITH €JICKT-
POHH aTOMIB XpOMy TepexoasiTh Ha 3 abo 4 30y/pKeH] eHepreTHYHi piBHi,
3BIJIKM BOHM 0€3 BUIPOMIHIOBaHHS NEPEXOISTh Ha ApYTHil (30yIKEeHHH)
GHEPreTHYHHI1 PiBEHb, iCHYBaHHs SKMX HAa HbOMY B 10° pasiB Gimpmmii
HiK Ha piBHAX 3 Ta 4. lle npuBOANTH O IHBEPCHOTO CTaHy Ha €HEPreTHd-
HoMy piBHi E,. CBitiio 3 yactorow Av = E, — E| BUKIMKAe BUMYLIEHE
BHITPOMIHIOBaHHSA 3 JOBXHHOIO XBIIi 0,69 MKM (4epBOHE CBITIIO).

i Ey
- E
4 ’
. r' v E,
e

i R F

Puc. 3.7 — Cxema piBHiB py6iHOBOro j1a3epa

Jlist MiHIATIOPHUX OMTOCICKTPOHHUX MPUCTPOIB KPAIIKM € Jia3ep
Ha kpucramax Y;AlL;O,, :Nd 3. Heomm 3amilgye y Iparmi rpasary ~ 1 %
aToMiB ITpHIO, i sik atomu xpomy B kpucranax Al,O, € nentpamu sromi-
HecleHii. BHyTpIIIHBOIIEHTPOBI MEPEeX0oIH al0Th MOXJIMBICTH CTBO-PHTH
nazep Ha NOBXUHI XBHi A = 1,06 MkM. J[JI1 HArHITaHHS MOXYTb BHUKO-
pucroByBatuch cpitnmomionn tany GaAlAs B o6macti A =0,81 MkM
(cMyra HOTrTMHAHHS HEOAUMY ).

Taxi TBepAOTUIbHI Ja3epu Tipmli IHXEKUIHHWX HamiBpOBiIHU-
KOBUX Ja3epiB. BoHM MaioTh BENHMKi pO3MipH, BUKOPHCTOBYIOTH BEJHKI
nanpyru (U ~ 10° B), BUMAararoth 10JaTKOBHX NPHCTPOIB IS 3MiHM
IHTCHCUBHOCTI CBITJIOBOTO ITyYKa.
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Nekuis 4. TPUAMAYI BUNTPOMIHIOBAHHA

= @omonpoeidHicmb HanienpoeioHuUKie.

= Budu ¢pomonpulimayie ma ix OCHO8Hi xapakmepucmuku.
= domope3ucmopu.

= @®omodiodu 3 p—n-nepexodamu.

= @®omodiodu 3 6ap’epamu LUommki.

= JlasuHHi pomodiodu.

= domompaH3ucmop ma ¢homomupucmop.

= BazamoenemeHmHi pomonpulimadyi.

4.1. ®oTOoNpoOBigHICTL HANIBIPOBITHUKIB

[IpoHuKkaroun BcepeIHy HAIiBIPOBITHIKA, CBITIIO IOCTYIIOBO TIOT-
JUHAETHCS 1 HOTO IHTEHCHUBHICTh 3MEHITYEThCA. Buaimumo Ha rmubuHi X
BiJl OBEpXHI HAMIBIOPOBiqHUKA GE3MEXHO TOHKHMIA LIap TOBIIMHOWIO dX.
Kinbkicts cBiT0BOI eHeprii d@(x), sika MOTIMHAETHCS MAPOM dX, po-
MopIIiiiHa Ma1al090My Ha HBOTO ITOTOKY CBITJIa Ta HOTO TOBIIHHI, TOOTO

—dD(x) = aD(x)dx . 4.1

[T

3Hak BKa3ye Ha 3MEHIICHHS €Heprii, KoedimieHT O Ha3uBa-
€TbCA Koegiuiecnmom noznunanna. larerpyroun (4.1), maemo

D =D ™, (4.2)

ne D, — nagaiounii Ha PEUOBHHY CBITIOBHIT HOTIK; k — KoediLieHT.
YacTrHa eHeprii BUIPOMIHIOBAHHS, SIKa MOTJIMHAETHCSI, e Ha 301Tb-

LICHHS CHEPTii eJICKTPOHIB a00 TEIIoOBOro pyxy aromis. Ha puc. 4.1 no-
Ka3aHO MOXIIMBI mepe-
R 2 6 T XOIM ENEKTPOHIB y KpHC-
* Ec  ranax nin mieto citna, E. —

|
T

EHepris, fKa BiAMOBixae
2 HIDKHBOMY KParo 30HH TIPO-
BimHocti, £, — eHepris,

(V)]

o sIKa BI/IIIOBi/Ta€ BEPXHBOMY
Kparo 30HH BAJICHTHOCTI.
Iepexin 1 npwm-
I o Ly poauts 1o nossu ernexr-
poHa B 30HI NPOBITHOCTI
Puc. 4.1 — T'o/10BHi eJIeKTPOHHI epexoau Ta JIpKd B 30HI BaJIEHTHOCTI.
NpH NOTIMHAHHI CBiT/IA B KpuCTANaX




Takuil mepexin MOXJIMBUH JIMINE TOMI, KOJMM €HEprisi Mmamarodoro (hoToHa
E=hv="~h % (me v —uyac-ToTa, ¢ — WBUIKICTH CBiTyIA) Oyae HE MEH-
mow Hix AE = E. — E,, Tobro:

hv2AE=E.-E,. 4.3)

BracHe mornmMHAHHS ITOYHHAETHCS MPH YacTOTi V), KA BilIo-
Bimae hv, = AE.

[Ipu menmiit eHeprii GOTOHIB MOXYyTh BiZOyBaTHCh MEPEXOAH
CJICKTPOHIB 3 JIOKAIbHUX PIBHIB JOMIIIOK ab0 iHIMMX Ae(EeKTIB I'PaTKU
KpHUCTaja B 30HY HpOBiAHOCTI (mepexin 2) abo i3 BaJCHTHOI 30HM Ha IIi
piBHi (nepexin 3). [lepexomu 1, 2, 3 3MIHIOIOT EJIEKTPONPOBIIHICTH TBEP-
X TiJ, OCKUIBKH BigOyBaeThCS 3MiHA KOHIIEHTpAIii HociiB 3apsmy. Ha
boMy e(ekTi 3acHOBaHa po0OOoTa OLIBIIOCTI (POTOTPHITMAYIB.

[pu BHYTPILIHBOLIEHTPOBHX Iepexoyiax 4 eIeKTPOH He 3BUIBHS-
€THCS 1 NPOLIEC TIOTJIMHAHHS CBITJIa HE MPUBOJHUTH JI0 3MIiHH €JIEKTPOIPO-
BimHOCTI KprcTana. [{e cTocyeThCcst eKCHTOHHOTO MOTIIMHAHHA (TIepexif 5)
Ta TOTJIMHAHHS CBITJIa €JICKTPOHAMU 30HH MPOBITHOCTI (Tiepexin 6).

VY mporeci NOIIMHAHHS €IEKTPOHOM (OTOHA BHKOHYKOTBCS 3a-
KOHH 30epekeHHsI eHeprii Ta IMITyJIbCy, TOMY OLJIbII MOBHO MPOLEC MOT-
JIUHAHHS CBITJIa OMHUCYETHCA 3a JIOTIOMOTOIO JliarpaMH, SIKa BPaXOBY€ 3Mi-
Hy eHeprii Ta iMmynscy puc. 1.5 (nekuis 1). Anamniz (HoTompoBiTHOCTI
HATIBIPOBITHUKIB TPUBOJUTH IO BUCHOBKY, IO iCHYIOTH KpPHCTaH, B
SIKMX €KCTPEMYMU €HEPTill eNEKTPOHIB Ta [ipoK Ha miarpami £(k) npuxo-
IATHCS Ha Pi3Hi 3HAYeHHs K. Y TaKuX KpHCTajax IEpeXOiH MpH HaiiMeH-
IINX CHEPrisiX MOXYTh OyTH TiMbKU “Hempsimi”. TIpu BeMHKHX €HEprisx
(OTOHIB MOKYTh OYTH SIK “IpsiMi”, Tak 1 “HENPAMI” MEPEXOIH.

Jlo xpucraiis 3 “npsmumu’” 30HamMu Haniexkats: GaAs (AE = 1,4 eB),
CdSe (AE =1,8 eB), CdS (AE =2,25¢B), ZnS (AE =3,7 eB) Ta in.

Jlo Martepianis 3 “Henpsamumu’” 30Hamu Hanexats: Ge (AE = 0,7 eB),
Si(AE =1,1¢B), AlAs (AE =2,2 eB), GaP (AE =2,3 eB) ta in.

« 1 D
Ipu x = x* = — y(42) maemo @ = —2 | e e = 2,72, 10610 Koe-
a e

.. . . *
OILi€HT NOTMMHAHHA O € BEJIMYMHOI0 OOEpHEHOIO N0 BiACTaHi X , Ha

AKWIl {HTEHCHBHICTh CBITJIa 3MEHIIYETHCS B € pasiB. Ilpu BmacHOMy mor-

. -1 * . -1
miHanni oL ~ 10° oM ,T0 X ~ 0,1 Mxm, ipy IoMIIKOBoMY oL = 10 cM
tomi X" ~ 1 MMm.
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Pi3HI TN TOTTIMHAHHS TPOSIBIAIOTHCS TPH PI3HUX €HEPrisx KBaH-
TiB AV . Y3arajibHeHa 3a7€KHICTh kK Bin AV BUrIsSgae NpUOIM3HO Tak,
SIK TIOKa3aHO Ha puc. 4.2.

k,em 1 Bilacue nornu-

4 1 HaHHS TTIOYUHAETHCS

1-10* — IOpH 4YacToTi V,

5 KOJIH

hv, = AE . Jo-

! 2 MIIKOBE  MOIJIH-

1-10* HaHHS CTBOPIOE

6 4 cmyru 2 i 4 (Home-

pu CMyr BiAIOBi-

1 —] ,  JlaloTh HOMEpaM Iie-

hvy hy pexomiB, MOKa3aHMX

Ha puc. 4.1.

Puc. 4.2 — CnieKTp NOrIMHAHHS CBiT/Ia TBEPIAUMH TiIaMU Y mmpokomy iH-

TepBaJIi YacTOT IpH-

CYTHE cJ1a0e MOIIM-HAHHS CBIT/Ia BUIBHUMH €JIEKTPOHAMH B 30HI IPOBiIHO-

CTi Ta aipKaMu B 30HI BaJieHTHOCTI (6), B iH(ppadepBOHHIA 00J1aCTi IPOSBIIS-

€ThCS TIK 7, SKWH TIOB’SI3aHWH 3 MOTJIMHAHHSIM BUIIPOMIHIOBaHHS 10HaMH

KpucTtaniynoi rparka (/v ~AE). Tlo6nusy Kpar BIACHOIO IHOTIMHAHHS

PO3MIIYIOTECSA BY3bKi JIiHII eKCUTOHHOTO mMormHaHHA (5). ExcuroH €

c1ab0 3B’sI3aHOIO MAPOI0 “CIEKTPOH — JipKa”, sika YTBOPIOE CUCTEMY, IO

Mae JIHIAHANA CIeKTp, MOAIOHUH NiHITHOMY CIleKTpy atoma BogHO. Ex-

CUTOH € €JIEKTPOHEHTpPaJbHUM, TOMY IX CTBOPEHHS HE IPHU3BOJIUTH IO

3MiHM TIPOBiAHOCTI KpucTana. [Ipn BHCOKMX TemmepaTypax eKCUTOHHE

TIOTJIMHAHHS 3JIMBAETHCS 3 BIACHUM. Y (QoTONpHiMaYax, sk MPaBUIIO, BUKO-

PHCTOBYIOTH BJIacHE INMOTJIMHAHHS. JIOMIIIKOBE MOTJIMHAHHS BHKOPUCTO-

BYIOTH TUIbKH B JESKUX BHIAAKaX — JUIs PO3LIMPEHHS CIEKTPaJbHOI Xa-
PaKTEpPUCTHKU B 00JIACTh JOBIMX XBUJIb.

4.2. Buau ¢oTonpuiiMadiB Ta iX 0CHOBHi XapaKTepHCTUKH

IIBAAKICTh 3MIHH €IEKTPONPOBITHOCTI KPUCTATIB (poTOmpHitmMa-
4iB IIPU OCBITJIEHH] TX CBITJIOM 3aJIeKUTh BiJ mBUAKOCTI G yTBOPIOBAaHHS
€JICKTPOHHO-IIPKOBHX Map, SIKi BAHUKAIOTh 3a OJMHUIII0 Yacy B OJUHHIII
00’emy. @oTonpuiiMadi OyBatOTh 3 p—7i- Ta 6€3 p—H-TIePEXOIiB.

st poronpuiiMadiB 3 p—1-nepexooM BakiuBa Bemmanna G sk
B 00JaCTi caMoro p—n-nepexoiy, Tak i B 00JacTsIX, skl Oe3nocepeHpo
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NPWIATaoTh 10 KOHTakTy. CTBOpEHi B IHMX HIapax ()OTOETIEKTPOHH Ta
Iipku micns mudysii o mepexony TaKOX 3aXOIUTIOOTHCS CNCKTPUIHUM
T10JIEM 1 CTBOPIOIOTH JO/IATKOBUH CTPYM Y KOJIi. AHAJIOTiYHA CUTYaIlis — Y
3allipHUX IIapax Ha KOHTAKTI MeTaly 3 HaIliBIPOBIIHHUKOM. Y Neskux ¢oto-
niomax 3 HampyxkeHictio E > 5% 10° B/cm B oGuacti KOHTAaKTy Ha
BENMYUHY CTpyMy BiumuBae sk (7, Tak i BennuuHa £ (TaBuHHI Aioan).

Jus orompuiimadiB 0e3 p—n-niepexoiB (0e3 3amipHHUX IIapiB)
30BHIMIHSA enekrpopytmiitHa cuna (EPC) ctBopioe cnabke enexTpudHe mo-
ne E ~ 10 B/em B3JIOBX BCHOTO OJTHOPIJTHOTO HAMIBIPOBIAHUKA. Y 1[HO-
My BHIAAKY (oTtocTpym 3anexuts Bin G ta E.

doTomnpuiiMadi XapaKTEPH3yIOThCSA CTPYMOBOKO S, Ta BOJBTO-

BOIO YyTJIMBOCTSME S}, 1 KBAaHTOBUM BHXOZOM (poToedekTy 1), .

UymmiBicTh (oTornpuiiMaya BU3HAYAETHCS TUM, HACKUTHKU 3MIHFO-
I0ThCS €JIEKTPUYHI XapaKTePUCTHKHU NPH HOTO OCBITIIeHHI. SIKIIO OCBiTIIEH-
Hsl IIPU3BOJIUTH JIO 3MiHU CTPYMY B ()OTONPHIAMAYI, TO CTPYMOBa Yy TJIMBICTh:

S, ==, 4.4)

ne Al — 3MiHa CTpyMy B KOJi MpH OCBiTJIeHHi; @ — MOTIK CBiTIa,
SIKU masiae Ha poronpuiiMad (MOXKE 3a/1aBaTHCS SIK y BaTaxX, TaK i B JJFOMEHAX).

Skuro npu ocBiTieHH] (oTonpuiiMada 3MIHIOETHCSI HAIlpyra Ha
uxoai AU , To #oro BoJbTOBa Yy TIHBICTE Oy ie

_av

SVgD

(4.5)
KBanToBuii BuXifi BHYTpIilIHEOro (hoTOE(EeKTy 1, BU3HAYAETHCS

YHCIIOM TTap “‘€leKTPOH — JipKa”, sSIKi CTBOPIOIOTHCS KOXKHUM TTOTIIMHY THM
¢oronom. UyrnusicTs oTonpuiiMaya 3a1eXHUTh BiJl IIBUIKOCTI TeHEpa-

uii G, sika, B CBOIO HUepry, 3aleKHTh BiX 1), . UHCIO HEBPiBHOBaOXKEHHX
HOCIiB (T1ap “eJeKTpoH — Jipka”), siKi BUHUKAIOTh B OJIMHHUII 00 €My Ha TJIH-
OWHI X 3a OMHHUIIIO Yacy Oyne:

D(x)
G(x) =, 0(x) = ; (4.6)
hv
Ie T, — KBaHTOBHH BHXim, Q(x) — 4mcno (OTOHIB B OmuHHMLI

00’eMy 32 OJIMHHIIIO Yacy Ha MIHOHHI X; oL — KoediieHT mormHanHs; D(X) —
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CBITJIOBHH MOTIK (I'YCTHHA TIOTOKY BHIPOMIHIOBAaHHS); AV — €HEPTist 01
HOTO (DOTOHA.
Od4eBHIHO, IO YHUCIO (POTOHIB, SKi MOTIMHAIOTHCS Ha TIHOMHI X
B OJTUHMIII 00’ €MY 32 OJIMHHUIIIO Yacy, Oyie:
D(x)

Q = (Xh—v (47)

B o6macti BracHOTO MOTIMHAHHS T); = 1, a MBUIKICTH reHeparii
3MEHIIY€ThCA 31 301IbIIeHHAM yacToTH. DOTOCTPYM 1 uyTnuBicTs S, sIKi

npornopuiiini G, MalTh TaKy K 3aJIEKHICTb, i3 30UIBIIEHHAM YacTOTH
BOHH 3MEHIIIYIOThCS.

VY ¢oronpuiimauax (Qoronmioqn 3 p—n-nepexonoM Ta AIOIU 3
MoBEepxHEeBUM Oap’epom, ToOTo aioau [1IoTTki) GOTOCTpYM BH3HAYAETHCS
JIMIIe MBHIKICTIO reHepaii HociiB G(X). Y doTompuiimadax (TaBUHHOMY
¢dotomioni, horope3nucTopi, GOoTOTPaH3UCTOPI) POTOCTPYM BH3HAYAETHCS
nobytkom G(X)Z(E), ne Z(E) — xoebillieHT miJICHIICHHS, AKHI 3aJIEXKUTh
BiZl Hanpy»xeHocTi moist £. [IpuuiHN BUHHKHEHHS IbOT'0 MHOXKHHKA Pi3Hi
1 OyIyTh PO3TIISIHYTI B KOXKHOMY BUTIaJIKy OKPEMO.

dotonpuitMadi XapakTepU3yIOTHCS TAKOX YaCOM HApOCTAHHS Ta
crmagy GpoTocTpyMy T, Ta T, . BoHH MaloTh, Ik IpaBHIIO, Pi3HI 3HAYEHH,
ane MopsJoK iX BenM4YMH ofHakoBHi. [loporoBa 4yTIHBICTH (HOTOMPHIA-

Mada XapaKTepH3y€EThCS PIBHEM CBITJIOBOro MOTOKy @, mpH sSIKOMY KO-

n?
PHICHUIA cUTHAN TOpiBHIOE BeinuuHi mrymy. Lllymu B hoTonpuiiMadax mos’si-
3aHi 3 TEIUIOBUM PYXOM €JIEKTPOHIB Ta (IYKTyali€r0 KOHIEHTpAii X mpu
bOMY (TEIIOBOMY IIYMi), @ TAKOXK KOJIMBAHHIMHU YHCIIA EJIEKTPOHIB NIPU
HE3MIHHOMY OCBITJICHHI Ta MOCTIHHOMY 30BHINIHBOMY TOJI (IpoOOBOMY
IyMmi).

4.3. ®oTope3ucropu

[Ipu ocBiTJIEHHI OZHOPITHOTO HAIMIBIPOBIAHUKA HOTO ENEKTPO-
MIPOBIIHICT 301NBINYETHCS, 11€ SBUILE HA3UBAETHCS ¢homonposionicmio.
KoHuenTpariss (poTOeneKTpOHIiB BH3HAYAETHCS MIBUIKICTIO TeHeparii G
Ta 4YacoM T iX iCHyBaHHS B 30Hi ITPOBITHOCTI.

Hns dboTtopesnuctopa BBOJATh MOHATTS K6AHMOE020 6UX00y 1),
SIKMH JOPIBHIOE YHCIY €JIEKTPOHIB, IO MPOHILTH Yepe3 (oTope3ncTop 3a
OJIVMHUIIIO Yacy B PO3paxyHKy Ha KOXKHWI ()OTOH, SKMI BHHIIOB Ha MOBEPX-
HIO (hoTonpuiiMava 3a OIWHHIIO Yacy:
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n, =mZ(E). 4.8)

Hdnst potopesucropa koedimient mincunenns Z(E) mokasye, y
CKIJIBKH pa3iB 3a yac iCHyBaHHS T €JICKTPOH MOXKE MpoiTh Yepe3 (oTope-

sucrop. Ipu gocrathix Bemuuunax E ancno Z ~ 10° .

IHepuiiiHicTh (GOTOPE3UCTOPIB BU3HAYAETHCS HE CTLILKHA YacOM
ICHyBaHHS €JIEKTPOHIB Y 30HI IIPOBIHOCTI, CKUIBKH JI€I0 JIOKaJbHUX Mac-
TOK, SIKI CTBOPIOIOTBCS JOMIIIKaMH a00 e()eKTaMHu KPUCTaJIIYHOI I'PATKH.
SIKIIO eNneKTPOH 30HU MPOBIIHOCTI 3aXOILTIOETHCS MACTKOI0, TO Yac HOro
ICHyBaHHS Ha piBHI ITaCTKM 3alIeXUTh BiJ 1i TemIepaTypu Ta TIMOMHHU
3asraHAs y 3a00pOoHEHiH 30Hi. TiMBKU MICTSI TEIUIOBOTO 3BUTLHEHHS €JICKT-
pOHa 3 piBHS IACTKH BiH MOKe peKOMOiHyBaTH 3 Aipkoro. IIporec 3axon-
JICHHA HOCIiB macTkamu (“TIpHIMIaHHSA” eJIEKTPOHIB Ta AiPOK IO ITaCTOK)
3aTATye 3pOCTaHHS (POTOCTPYMY MICII BMHKAHHS CBITJIAa Ta HOTO crajg
micis BUMKHEHHS. ToMmy (oTope3ncTopn MaroTh TOCTaTHBO BENHKY iHEp-
uitinicts (t ~107°...107 ¢). doTopesucTop MoXke MaTH SK YyTIHBHUIA ele-
MEHT MOHOKpHCTAJl HAIIBIPOBIJHUKA, TUIIBKY HAMIBIPOBIJIHUKA Ha Aie-
JIEKTPUKY ab0 TabJeTKy MPECOBAHOrO IMOPOIIKOBOro marepiany. Tomy i
XapaKTEPUCTUKH TX € I0CTaTHHO Pi3HUMHU.

4.4. ®oTtonionu 3 p—n-nepexogamMu

Taxi oTomionn MarOTh CBITJIOUYTIIHBI €IEMEHTH B MIPHUKOHTAKT-
Hilt obnacri. [Ipu ocBiTIIEHHI p—7i-TIepexo/Ty CBITIOM i3 eHepriero OuibIe
HiX mupuHa 3a60poHeHol 308U AE, 1o 06uaBa G0KH BiJl KOHTAKTY Ta Ha
caMOMy TIepeXO0/li BHHUKAIOTH TapH “‘eIeKTpoH — Hipka”. [lapw, sKi BHHIKIN
Ha CaMOMy IIepexOJi, 3pa3y PO3LUIAIOTECS eNeKTPUYHHUM I0JIeM, IPHYO-
My E€NEKTPOHH PYXAIOTHCSA B 00JIACTh 3 IEKTPOHHOIO MIPOBIAHICTIO (7-00-
JIACTh), @ NIPKK — B p-00i1acTb. [lapu, siki yTBOPHIMCH Ha BiACTaHI OPS/-
Ka audy3iifHOI TOBXHWHU, TaKOXK, MOMANA0YN B TEPEXill, PO3MUIAIOTHCS
TaKHM CaMUM YHHOM.

SIkmo Ha p—n-Tiepexij] He IOJaHO 30BHIIIHIO HATIPYTY 1 KOJIO po-
3IMKHYTE, TO OCBITJICHHSI PU3BOJUTH JI0 HAKOIUYEHHS (POTOCIEKTPOHIB
y M- Ta JIpOK B p-00macTi. Y pe3ybTaTi yTBOPIOETHCS PI3HUIISA HOTEHIIIa-
iU, 10610 3’s1Basierbest oTOEPC. SIKIO 30BHILIHE KOJIO 3aMKHYTE,
TO BHHUKAE (POTOCTPYM. Y TaKMX yMOBAX Hi0OJ MPAITIOE SIK (POTOSIEMEHT.

Hanpyra U, 3minye mepexix y mpsMOMy HampsiMKy, TOOTO

3MEHIIIYE BUCOTY MOTEHIIaJbHOTO Oap’epa Jyisi eIEKTPOHIB Ta AipoK. Sk-
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o0 (OTOETIEMEHT YBIMKHEHO B 30BHIIIHE KOJIO 3 MAJIUM OMOPOM, TO (ho-
TOEJIEKTPOHHU He 301patoThes B #1-06macti i Uy, = 0, npy 11boMy 30BHIIIHS
HaIpyra TakoxX BincyTHs, / = —I,, To6TO B IbOMY BUNAJKy CTPyM (SIKui
HA3UBAIOTh CHIPYMOM KOPOMK020 3amukanns) I, ~ D.

Skimo p—n-niepexizi BBIMKHEHHH y 3amipHOMY HanpsiMKy (Ha p-00-
nacti “MiHyc”), TO IPaKTHYHO BeCh CKJIaJ HANPYTW MpUaaae Ha 3011He-
Hy HOCISIMH 001acTh p—A-Tiepexony. Terep po3noaia eIeKTpoHIB Ta Mi-
POK, SIKi BUHUKJIM TIPH OCBITJICHHI, IPOBOAUTHCS OUTBII CHIIBHUM IIOJIEM,

a IMpHHA 00IaCTi BEIMKOro Onopy 36inpuryerses (d ~ \/E ). Yac npo-

S -10 . PV

XOJDKCHHS €JIEKTPOHIB 1€l 30HH ckiamae ~10 " c. Ane iHepuilHiCTh
(hoTomioNiB BU3HAYAETHCS TMapaMu “‘eNIEKTPOH — JTipKa”, IKi BHHUKIIH TIPO-
TATOM TUQY3iiiHOT TOBXKHHY BiJl p—H-TIEPEXOAY, IO TAKOXK PO3ALIIIOTHCS

TOJIEM P—N-TIepexo/1y, aje 4ac X MPOXOKEHHS ~ 107 c.

Jliist 3MeHIIeHH 1€l CKazoBoi (GOTOCTpyMy p—H-Tiepexia po3-
MIIIYIOTh Maike Ha camiil MOBEpXHI, sIKa OCBITIIIOETHCS (3MEHIIYIOUH,
HaIpuKJIa, TOBIMHY mapy p-Tumy). 1106 moBHICTIO BUKIIOYUTH IOTIIH-
HaHHsI CBITJIa Ha OJIHIN 13 U(Y3iHHUX JOBKHH, 30UIBIIYIOTh IUPHHY p—71-Tie-
pexony 10 2x°,3 x" = k! (o0 — xoedimienT morauHaHH:A). JloCsATarTh
[BOTO B CIICLIAIBHAX pP—H-TIepexoax, B SKHX MK IIapaMu p- Ta H-Te-
PEX0/IiB PO3MIILYIOTh IIap 3 BJIACHOIO MPOBIAHICTIO (I-111ap).

Y KkpemHieBOMYy p—i—#-

14 miogi, SIKKii € HAHOUIBII TTOLTH-

peHHM, TOBIIMHA I-00JAacTi

-U U ckmamae ~ 50 MM, a ToBmmHa

< >  p-mapy — BCbOro Ot 3 MKM.

@=0 I [Ipu ocBiTineHHI Takoro HiOmY

D, D, > CBITJIOM 3 JOBXHHOI XBHIIi
__—// —

P, uY L = 0,9 mkm, (x° =30 MkMm) i

oins 80 % cBITJIa MOTJIMHAETh-

Puc. 4.3 — BoabT-ammnepni csl B I-11api, TOOTO, MMPaKTUYHO,

XapaKTepHCTHKH BCi (DOTOENEKTPOHH i IPKH BH-

HUKAIOTh B I-1Iapi ¥ iHepLin-
HICTh J10/]a BU3HAYAETHCS YaCOM MPOXOKEHHS €JIEKTPOHAMU I-1Iapy
(t~107¢).
Bonbr-ammiepHi xapakrepuctuku (BAX) ¢doroaioniB HaBeneHi Ha
puc. 4.3.
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4.5. ®otonionu 3 6ap’epamu IloTTki

SIKIIO eNeKTpOHHMI HAIBIPOBITHIK KOHTAKTYeE 3 MeTalioM (puc. 4.4),
y SIKOrO poOoTa BHUXOAy OUIBIIa POOOTH BHXOJY €JICKTPOHA 13 HAITIBIIPOBIJI-
HHKA, TO Ha KOHTaKTi YTBOPIOETHCS Tak 3BaHui Oap’ep LllorTki. ®oTonpwmii-
Maui, sIKi TIpaIyoroTh Ha Gap’epax [oTTki, MaroTh mBHIKOAIK0 (T~ 107 C).
[Tpn BMukanHi gioga B 3amipHOMY HampsMKy (“MiHyc” Ha MeTa-
i) mmpuHa 6ap’epa 30UIBIIY€ETHCS 3TIHO CIIBBIIHOMICHHS:
1
— 2
J- 2eg,(U, —-U) ’ 9)
eN,

Zie € — IieNeKTpHYIHA IPOHUKHICTE; €, — eleKTpudHa crama; U, —

KOHTAKTHa pi3HUI noTeHujanis; U — 30BHilHs Hanpyra; N, — KOHIEHT-
parfist TOHOPIB.

Stkmo N, ~ 107 M~ , 1o npy Harpy3i B iekinmska Boms d ~ 107 om.

Touxwuii map merany (~ 107 CM) HaHOCUTHCS Ha HaIliBIPOBITHUK METO-
JIOM BaKyyMHOT'O HamwmitoBaHHs. CBITJIO HANPAaBJISIIOTh HA KOHTAKT uepe3
IF0 METAJIEBY IUTIBKY, a JJIs TOTO, MO0 3MEHIIUTH BiAOWBaHHS, BUKOPHC-
TOBYIOTh METOJM MPOCBIYYBaHHS ONTHUKU (TOOTO, HAHOCSATH TOHKHH Iap
IIPO30pOI PEUYOBHMHHU, TaK, 00 Y pe3ysIbTaTi BiIOMBaHHS CBITJIA Bil BepX-
HBOT Ta HIKHBOI IIOBEPXOHB NpH iHTEepdepeHLlii yTBOPIOBAaBCS MiHIMYM).
Sxmo d > x*, TO OCHOBHA YaCTHHA CBITJIA 3 eHeprielo Av > AE

HOTJIMHAETHCS B 00J1aCTI CHIIBHOTO KOHTAaKTHOTO MOJISA. Y TBOPEHI CBITIOM
mapu “elleKTPoH — JAipKa” MIBHUAKO PO3IUISIOTHCS TIOJIEM 1 4ac MPOIBOTY

10 111 *
Yepe3 KOHTAKT cktagae T~ 10 ...107 ", oco0nMBO B TOMY BHIIAIKY, KOJIH X

i ToBIIKMHA d MeHIIA 1 MKM Yac POXOLKEHHS (Yac IHEPTHOCTI) yKe MATUH.
[Ipu 306inbmieH-

[ . .
4 30Ha NpoBIAHOCTI Hi 4aCTOTH 3MEHIIYETh-

1 cs X i obmacTh mor-
Er. y E. MHaHHS 3CYBAeTbCA B

7 % CTOPOHY ~MeTajly, aiie

BHACJIIIOK  TOrO, INO
E Oap’ep IlorTki my*x)e
P v " 6nusbKO pO3TANIOBAHHIA
JIO TIOBEPXHI MeTaiy,
NOTJIMHAHHA  (DOTOHIB
cTBOprOE  (hoTOETIEKTPO-

meTan AE

30Ha BaneHTHOCTI
Puc. 4.4 — ®ortoedext y nopepxHeBomy
0ap’epi, yBiMKHEHOMY B 3anipHOMY HANIPAMKY
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HHM B METaJl y Mekax rmoiisi 0ap’epa i, TakuM urHOM, u(y3iiiHa CKIajoBa
¢doroctpymy BiacytHsa. Uyrnusictes miomiB Illortki, sk 1 p—i—n-ne-
pexofiB, € JOCTaTHBO BUCOKOIO Ta Jocsrae Bemumuuuu S, =0,5A/Br.
OcobuBicTio 6ap’epiB LLI0TTKI € MOXKIMBICTH peecTpariil OTOHIB 3 eHep-
ricro hv < AE . Eneprist GoToHiB AV, X04a i MeHIIa IMUPUHU 3a00POHEHOT
30Hu AE , ane Moxxe OyTH OULITBIIOI BHCOTH MOTEHI[AIBHOTO Oap’epa mis
€IIEKTPOHIB 3 00Ky Metany (puc. 4.4, mepexin 1).

ToMy eJeKTpoHHM MeTally BBOASATHCS B HAIIBIPOBITHHK, 3MiHIO-
I0YM KOHLICHTPAIIO €JICKTPOHIB HA KOHTAKTI Ta, BiMOBIAHO, HOro MpoBij-
HicTh. TakuM uuHOM, Aiogu HIOTTKI MarOTh MIMPOKUI CIEKTPANIbHUN 1H-
TepBaJl Y MOPIBHSIHHI 3 p—i—71-J110JJaMH Ta TaKy X HIBUAKOIIIO.

4.6. JlapunHi oTonionn

SAxmo B GoTOmiO i MPUKIACTH JOCTATHRO BHCOKY 3BOPOTHY Ha-
npyry, TO HANPYXKEHICTh Moyisi F y KOHTAKTI € HACTUIBKUA BHCOKOMO, IO
PO3BUBAIOTHCS MPOIIECH YIAPHOI 10HI3alii aTOMIB KPHCTAJIIYHOI IpaTKu
TIPUCKOPEHUMH eNeKTpoHamH. L{e mpu3BOANTH 10 3pOCTAaHHS 3BOPOTHOTO
CTPyMy IIpH JaHOMY CBiT/IOBOMY notowi @. EnexTpoHu B Me)Kax KOHTaK-
Ty HaOyBalOTh Y bOMY IIOJi €HEeprifo OUTBITY Hi’K BOHH BTPAavalOTh IpPH
3ITKHEHHSX i3 aTOMaMHu IpaTKH. SIKIIO OTpUMaHa eHeprist £ eIekTpoHOM
3HaXOMUThCS B Mexkax AE < E <1,5AF, TO €NeKTPOH MOXE CTBOPHUTH
HOBY Mapy “e’ekTpoH — nipka”. [Ipu nocrartHiii JOBXUHI MPOOIry B €JIEKT-
POHHOMY TIOJIi CTBOpPEHA Tapa “eNeKTPOH — AipKa’ TaKOXK MOXKE MPUCKO-
puTHCH 10 eHeprii £ Ta cTBOpUTH HOBI i0Hi3arlii, To6TO Oyzae crmocTepira-
THCh JIaBUHHE HApOCTAaHHS YMCIIa HOCIiB 3apsany. JIaBuHHE pO3MHOKEHHS
(oToHOCIiB MOXe OyTH cTBOpeHO sk B Oap’epax IlloTTki, Tak i B p—n-nie-
pexopax.

alp (MKA) Mpu zyxce Be-
nukux E Benmuki cTpy-

D> D, MH PO3IrpiBarOTh KOH-

10 TAaKT, 10 MPHU3BOIUTH JI0
1,0 30iIbIIeHHS HA HOTO
10" ¢omi porocTpymy. Koe-
107 (IIieHT PO3MHOMKEHHS
107 - HociiB M € xoedirien-
10 20 30 U(B)  TOM BHYTpimImLOrO mix

cuieHHs (poromiona Z

Puc. 4.5 — BorbT-amnepHa XapaKTepuCTHKA (Z=M). V naBumHEuX

JaBHHHOTO doToniona ’
¢doromionax Z mocsirae
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3 ..
3HaueHb ~ 107, TOMy JJaBUHHHI 10 MOXE 3aCTOCOBYBAaTHCH JUISl PEECT-
pauii ayxe c1adux CBITJIIOBHX CUTHAJIB. [HEPTHICTH JIaBUHHUX (OTOAIO-

. . -9
niB ckimagae Oinmg 107 c. BombT-aMiiepHa XapaKTepHCTHKA JIABUHHOTO
¢doromiona HaBeneHa Ha puc. 4.5.

4.7. ®oToTpaH3uCcTOp Ta GOTOTHUPHCTOP

@DOTOTPaH3UCTOP € CTPYKTYPOIO p—N—p- abo n—p—n-1apis. 30B-
HIIIHE ENeKTPUYHE I10JIe BMUKAE EMITEpHUN p—n-Tiepexil] y HpsSIMOMY
HAINpsIMKY, a KOJIEKTOPHUH — y 3BOpOTHOMY. be3 OcCBiTIeHHs Bech cman
30BHIIIHBOI HANPYTH MPHNAJIA€ Ha KOJCKTOpPHHH mepexin. OCBiTICHHS
0a3u BeJeThCs uepe3 TOHKHU miap emirepa. DOTOENEKTPOHH, SKi BHHH-
KaroTh y 0a3i Ta p—n-mepexoax, BIATYIOTHCS B 00NACTh eMiTepa Ta KOJeK-
TOpa, a JAIPKH CTATYIOTbCS B 0a3y (CTpykTypa n—p—n). Y pe3yjbraTi B
eMITEpHOMY p—H-TIepexoii 3’ ABISIE€ThCA JOAATKOBA PI3HUIS MOTEHIIATIB
MIPSIMOTO HAIPAMKY, IO TMPHU3BOANTE JO HXKEKIIii eIeKTPOHIB depe3 Mmo-
HIDKeHUI Oap’ep y 0a3y Ta Jajii — B KOJIEKTOp. TakMM 4YWHOM, MOYaTKO-

BUIl (POTOCTPYM MOXKE MiJICHIIOBATUCH ~ 10° paziB 1 4yTnuBicTh (oTo-
TpaH3UCTOpa 3HAYHO BUIIA 3BHYaiiHOTO Qoronmiona. OnHak iHEpIIHHICTE
¢doToTpaH3ucTopa 3a paxyHoK Au(ys3ii HOCITB TOCHUTh BeJMKa 1 MOCTiHA
1~107...10¢.

3ByXeHHs 0a3u, sKe HEeOOXiTHe U1 3MEHIICHHS T, IPU3BOJUTH
JI0 3MEHIIEHHS YyTJIMBOCTI ()OTOTpaH3UCTOpPa BHACIIIOK 3MEHIICHHS
YHCa MOTJIMHEHUX (POTOHIB. 3BiJICH BUIUIMBAE, MO e)EeKTHUBHUI (OTOMI-
O]l Ta MaJOIHEpUiHNI TpaH3UCTOp VIS MiACHICHHS CTpyMy QoTomiona
JOLIIEHO BUTOTOBIISTH OKPEMO.

Tupucrop ckiagaeTbes i3 MOYEPrOBUX p—A-TIEPEXOiB 1, BijIO-
BiZJTHO, Ma€ TpH p—n-nepexoau (p—n—p—n). Cepenuiil p—n-nepexia Ha3u-
BAIOTh KOJIEKMOPHUM, a JIBa KpaiiHiX — emimepuumu. CTpyKTypa p—n-
Hepexo/liB BMUKA€EThCS TaK, U100 KOJEKTOPHUH Iepexis OyB BBIMKHEHHH
y 3BOPOTHOMY HAMpSIMKY, a O0HMIBa KpaiHiX (EMITEpPHUX) — y TPSIMOMY
HanpsMKy (“ruTioc” — Ha 30BHIIIHIA p-0071acTi CTPYKTypH, a “MiHyC” — Ha
n-o6mnacri). SIKIIO 3 JOMOMOrOK KEepyHUOoro eleKTpoaa Bii ojHiel 3 6a3
eMITepHHIA Mepexi/] BMUKAEThCS B MPIMOMY HAIPSIMKY Ta BHCOTA eMiTep-
HUX 0ap’epiB MOHIWKYETHCS, Yepe3 THPUCTOP NMPOXOIUTh 3HAUHUH CTPYM,
SKAI IPU3BOJHUTH 10 HAKONMYEHHS B p-0a3i HO3UTUBHOIO 3apsjy, a B N-
6a3i — HeratuBHorO. lle, B CBOIO uepry, 3HIWXKYE BUCOTY OiYHUX Oap’epiB
y p—h-mepexoaax (eMiTepHHX), IO BHKIMKAE€ HOBE 3POCTAHHS CTPyMY.
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[pu npoMy 3araipHUil CHaj HAPYTH Ha AUISHII 3HUKYETHCS, OCKUTBKH
CTPYMH CaMi HiATPUMYIOTh TOTPIOHMH CTYIiHb HaKONWYEHHS 3apsiliB.
TakuM YHHOM, THPUCTOP MOXKE 3HAXOJUTHUCH Y BOX CTaHAX 3 MaiuM abo
BEJIMKAM CTPYMOM, IO JI03BOJISIE HOTO BUKOPHCTOBYBATH SIK KITFOY B CICKT-
PUYHOMY KOJIi.

VY HoToTHPHUCTOPI HAKOMMWYEHHS MO3MTHBHOTO Ta HETaTHBHOT'O
3apsiB, HEOOXiTHHUX ISl TIEPEMHUKAHHS HOTO i3 OJHOTO CTaHy B iHIIHH,
MPOXOIUTH 32 paxXyHOK OCBiTIIeHHs. [loje cepeaHpOro mnepexomy Harpas-
nsie horonipku B p-06a3y, a GoroenekTpoHn — B 11-0a3y, 1110 3HUKYE BUCO-
Ty €MITepHHX IMEPEXOIB i CTBOPIOE CHIIBHI CTPYMH depe3 TUpucTtop. Ta-
KAM YHHOM, CBITJIO Kepy€e €JIeKTPHYHUM CHIHAJIOM y THPHUCTOPI, IO JO-
3BOJIsIE OE3KOHTAKTHUM CIIOCOOOM KEpyBaTH CTPyMaMH B Pi3HHX ENCKT-
PUYHHUX KOJIaX.

4.8. baratoenemeHTHi poTonpuiimaui

VY psini BunaakiB mOTPiOHO 3adikcyBaTH (POTOSIEKTPHIHIM CITO-
CcOOOM ONTHYHE 300pa’KeHHS, SIKE Mae€ MEBHUHA PO3MOILT iHTEHCHBHOCTI
CBITJIa IO TIOIIEPEYHOMY Tepepizy mydka. L[boro MoxHa TOCATHYTH, SKIIO
BUTOTOBHUTH €KpaH, SIKMH BMIIY€ BEJMKY KUIBKICTh MiHIaTIOpHUX (OTO-
npuiiMaviB. [HTEHCHBHICTh JaHOI TOYKH IOTIEPEYHOIr0 Iepepi3y IydKa,
TaKUM YHHOM, TIEPEBOIUTHCS Y BIAMIOBITHUN €NEKTPUYHUN CUTHAN. 3amu-
caHa TaKUM HUIAXOM iH(OpMaIlis ASIKHiA 9ac 30epiracTbes B POTOMPHIA-
Madax, a MOTIM YMTAETHCS THM YH 1HIIUM CIIOCOOOM.

VY JedKkux CHCTeMax 3allMCyBaHHS ONTHYHHX CHUTHANIB 3aCTOCO-
BYIOTh HAITiBIIPOBITHUKOBI MPUCTPOI, a IPX YUTaHHI iHPOpMAaIii BUKOPH-
CTOBYIOTH €JIEKTPOHHHUH ITy4OK, SKHH MOCTIJOBHO OOXOIUTH (DOTOENEKT-
pOoaM, OAHAK Iei croci® BUMarae BUKOPHCTaHHS! BUCOKOBOJBTHHX BaKy-
YMHHX TPYOOK, sIKi, KpIM I[bOTO, TIOTAHO CTHKYIOTHCS i3 MiHIaTIOpHUMH
HAITiBITPOBITHUKOBUMH €JIEMEHTAMH.

Binbm 3pyuHi y BUKOpHCTaHHI OaraToeneMeHTHi (oronpuitmayi,
B SKHX 3aIMC, 30epiranHsi Ta 34uTyBaHHs 1H(OpMaIlil BUKOHYEThCS OJI-
HUMHM 1 TUMH X TBEpAOTUIBHUMH €JIeMEHTaMH. TakuM elIeMEHTOM MOXKe
OyTH BHKOpHCTaHa CTPYKTypa ‘“MeTan — IIeNeKTPUK — HaIiBIIPOBiTHUK
(MJH-cTpyxTypa), cxema sikoi HaBeeHa Ha (puc. 4.6).

Slkio 110 Takoi cTpykTypHu npukiacti Hanpyry U (“MiHyc” Ha Me-
Tali), TO YacTHHA JOMIMIKOBHX EJEKTPOHIB BHBOAMTHCS i3 HAIIBIPOBIM-
HUKa AM-THITy, IO IPUBOJWTH JO BHHUKHEHHS IIapy IO3WTHBHOTO
00’eMHOr0 3apsay TOBUIMHOK d (Ha puc. 4.6 rpaHMIs TOBIIMHH LBOIO
Iapy IokazaHa MyHKTHUPHOM JliHi€0). ToBIMHA 1BOTO HIAPY 301IBIIY-
erbes i3 36impmenusM U. DoToENeKTpOHH, sIKi BUHHUKAIOTH BHACIIIOK
ocBiTiieHHs: MJIH-cTpykTypH, BiIBOISTHCS B 00’€M HaIiBIIPOBIIHKUKA, a
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Puc. 4.6 — Eneprernuna cxema crpykrypu M/IH y npucyTHocTi Hanpyru:
LITPHUXO0BA JIiHisl — rpPaHUIs 00/1aCTi IPOCTOPOBOIO 3apsLy

JIpKH HaKOMMYYIOTHCS Ha HOTO TPaHUII i3 JieNeKTpUKoM. UnCilo Takux
JUPOK 3aJICKUTh BiJl IHTCHCHBHOCTI CBITJIa Ta Yacy woro nii. Hakommue-
HUH 3aps] € iHpopMalli€lo, 3a1aHOI0 CBITJIIOM, 1 MOXeE JIOBI'O 30epiraTuch,
SIKIIIO TEIUIOBA FeHepallis nap Hepenuka. Ha puc. 4.6 HaBeeHa JidIie yac-
THHA GaratoeneMeHTHOro GortouyTiauBoro ekpana. Ha minsami 1 — U=01
ToBIWMHA Wapy ¢, 00’€MHOTO IO3MTUBHOIO 3apsily BHHUKAE 32 PAXYHOK
KOHTAKTHOI pi3HUII NoTeHMia iB. Ha niisHIl 2 IpuUCyTHE 30BHIIIHE MOJIE
U Ta eneMeHT OCBITIIOETHCS TIOTOKOM CBiTiia @ depe3 HamiBIPO30puit
MeTaneBuil enexTpo (3arBop). Hakormmuennit 3a gac OCBITICHHS 3apsin
JIpOK MOXe IepecyBaTHCh B3/IOBXK JIAHIIOXKKA, SKIIO HA CyCIIHIN ele-
MEHT IMOJaTH OUTBII BHUCOKY Hampyry (aiisHka 3). YV oMy BUNAIKY
rIIMOMHA NOTEHIIaIbHOT SIMU YIS AIPOK OiJibIlia 1 BOHU BHACIIAOK AUQy3ii
MepeHayTh BiJ APYroro eJIeMeHTa A0 TPEThOro. Y MPOMIKKY MK €IeMEH-
TaMH 2 Ta 3 € eNeKTpUYHe TOoJIe, IKe IPUCKOPIOE PYX AipOK, TOMY TaKHi
nepexiz Moxe 3 {CHIOBaTHCh JOCUTD IIBHIKO. TaKUM YHHOM, €JIeKTpHY-
HUU CHTHAJ BiJ eleMeHTa 2 (IKWi MpOTOpPUiiHIA iHTEHCHBHOCTI CBITJIA
@ Ta vacy xii) Moxke OyTH TIepelaHmnit 110 BCil MUISHIN B 30BHIIITHE KOJIO.
Taxi MikpockomiuHi (pOTOUYTINBI €IEMEHTH PO3MIIlIEH]I HACTIIBKU OJIU3b-
KO (I ~ 3 MKM), 1110 MOXYTb B3a€MOJiATH, EPEAAIOYN OJUH OJHOMY 3a-
psAau. 3BiJICK Ha3Ba TAKUX CTPYKTYDP — HPULAOU 3 3aPAOOGUM 38 SA3KOM.
M/IH-cTpyKTypH CIIOKHBAIOTh Mally €HEpril0, BUMararoTh HU3bKHUX Ha-
rpyr (10...20 B) 1 npu miiibHOCTI €IEMEHTIB 10° cm™ matoTh J00py po3-
IUTBHY 3MaTHICTE (40 iHii Ha 1 MM).

OCKINBKY B Yy TIHBUX €IEMEHTaX BUKOPHCTOBYIOTHCS MOBEPXHE-
Bl 0ap’epy, TO B TAKUX CTPYKTYpax JIETKO MEPEXOJUTH JO PI3HUX CIEKT-
paNBbHUX 00NacTel MUITXOM BHOOPY MaTepialy 3 BiJIOBITHOIO IIMPHUHOIO

3a00pOHEHOI 30HH (AE < hv). KpeMHieBi CTpyKTypH Takoro THmy Ma-
I0Th PSIJ TIepeBar y MOpiBHIHHI 3 BAKYYMHUMH TepellaBajlbHUMH TeJIeBi-
.o o 4
3IHHUME TIPUIaIaMu, BEMUKHI CTPOK ekcruryararii (~ 10" roxun) ta Mo-
KYTh PEECTPYBATH JIyxkKe CJIAOKi ONTHYHI CUTHAJIH.
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2 . ONTPOHM I ONTOEJEKTPOHHI MIKPOCXEMMA

Nekuin 5. BYAOBA TA OCHOBHI XAPAKTEPUCTUKU OMNTPOHIB

= OnmpoH i lio2o efeMeHmMu.
= [lapamempu onmpoHis.
» Tunu onmpoHis.

5.1. OnTpoH i iioro eaemenTH

Onmpon — 1ie Tpuiaj, SKUH BMIIIye B co0l JUKEpEIo Ta IpHid-
Mad BUIPOMIHIOBAaHHS, SIKI KOHCTPYKTHBHO 3B’s13aHi Mk c00O0I0 TaK, 1100
ONTHYHUH 3B’s130K OyB HaitOinbpm edexkTuBHUHA. J[Kepemamu cBiTIa MO-
KYTh OyTH JIAMIIA PO}KAPIOBAHHSA, TA30PO3PSIHI JIAMITH, SIIEKTPOIIOMi-
HECLICHTHI MaHesl Ta HaldacTille — CBITIIONioAu. SIk mpuiiMad enexTpo-
MAarHiTHOrO BHUIIPOMIHIOBaHHSI BUKOPHCTOBYIOTh (hOTOpE3UCcTOpH, (hoTo-
miomu, dororpan3ucTopud Ta (Gortorepuctopu. CepemaoBHINE ONTHIYHOIO
KaHally, sIKM{ 3B’sI3y€ JDKEpesio CBITJIa Ta npuiiMau, Moxke OyTH pi3He:
MOBITPSI, CKJIO, IJJaCTMAca Ta 1HIII MPO30pi PSYOBUHHU.

[Mpoctuii onTpoH, KW BMIIIye OIHE [DKEPENIO Ta OJHMH TPH-
iiMa4 BUMPOMiHIOBaHHS, HA3UBAKOTH ONTONAPOIO. IX 06 €IHAHHS B MiKpO-
CXeMy pa3oM 3 y3roDKYBaJbHUMH Ta MiJCHITIOIOYUMHU TIPUCTPOSIMU YTBO-
PIOIOTH OIITOENIEKTPOHHY iHTerpanbHy Mikpocxemy (OIC).

B onTpoHax mpoxXoAWTH MOIBiifHE IMEPETBOPEHHS EHepril
(puc. 5.1).

BXigHu#l  eneKTpUIHUN
4 curHan (cunma crpymy I Ta Ha-
npyra U}) IepeTBOPIOETCS HKe-
penoM BHUIPOMiHIOBaHHsI 1 y CBIT-

I, D — D, I noBuil noTik @, sKuMii mepenaa-
—> 1 I’ 2 |~ 3 —» €TBCS ONTHYHHUM KaHajoM 2 J0
U, U, @¢oronpuiimaya 3. ®oronpmuii-

Mad 3IIHCHIOE 3BOPOTHE Tepe-

Puc. 5.1 — CtpykTypHa cXemMa ONITPOHAa  TBOPEHHSI CBITJIOBOIO CHUTHAIY B

CNICKTPUYHMNA CUTHAT (Chiia CTpy-

my [, Ta Hanpyra U,). CepeoBuiile ONTUYHOTO KaHATY MOYKE 3MiHIOBATH

(hi3WYHI BIACTHBOCTI IiJ] Ai€I0 KEPYIOYOTO MPUCTPOro 4. JI7Is1 y3romKkeHHs

napameTpiB onTpoHiB 3 iHmmMu enementamu OIC abo eleKTpOHHHX

CXeM MOXYTh BHUKOPHCTOBYBAaTHCH i 1HINI JOAATKOBI BXiTHI Ta BUXiTHI
IIPUCTPOL.

doronpuiiMad Ta JHKEPEIO BUIPOMIHIOBAHHS CIICKTPUYHO HE

3B’s13aHi M)k 00010, TOMY BOHU MOXYTh BUKOPUCTOBYBATHUCH SIK CIICMEH-
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TH TalbBaHIYHOT PO3B’s3KH. SIKIO BBECTH ENEKTPUYHUIA Ta ONTHYHHNA
3BOPOTHHUH 3B’A30K MK KOMIIOHEHTaMH ONTPOHA, TO BiH MOXK€ BHKOPHC-
TOBYBATUCh 3HAYHO LIMPIIE, a CaMe: SIK TeHepaTop Ta MiICHIIIOBaY eJIeKT-
PUYHHX Ta ONTHYHUX CUTHANIB, K 3alaM’ITOBYIOUHI MPUCTPiil Ta iHIe.
Bin Mae n1oOpy 3axHIIeHICTh BiJ /ii 30BHIIIHBOTO CTOPOHHBOTO EJIEKTPO-
MAarHiTHOro MOJisi, HOMY IpPHTAMaHHA OJHOHAIPABJICHHICTh Mepeaay Orl-
TUYHOrO CHTHAIY Ta IIMPOKA YaCTOTHA cMyTra MpomyckanHsa. KpiM 1poro,
ONTPOHH MOXYTh MEPETBOPIOBATH Ta MPOIMYCKATH HE TINBKH IMITYJIBCHI
CUTHAIIM, a 1 MMOCTiHHI CKIIaJI0Bi, BOHH MAlOTh TaKOX OOPY CyMiCHICTb 3
IHIIMMU €JIeMEeHTaMH HaITiBIIPOBiTHUKOBOT TEXHOJIOTI].

Jo HemomnikiB onTpoHiB MokHa BimHectn Hu3bKuit KKJI (3a pa-
XYHOK BTpaT €Hepril IpH NepeTBOPEHH] eICKTPUYHOTO CUTHATY B ONTHY-
HUIi Ta HABMAaKW) Ta YyTJIUBICTh MAapaMeTPiB JI0 3MIHU TeMIIEpaTypH, sIK i
B IHIIMX €JEeMEeHTaX HaIiBIPOBIAHUKOBUX NpuianiB. ONTpoOHH MaroTh
BiTHOCHO BUCOKHUH piBeHb BIaCHUX IIyMiB. CKIQJHOK € TEXHOJIOTIS X
BUTOTOBJICHHSI. BOHM BUTOTOBISIOTHCS 3a TiOPWAHOIO TEXHOJIOTIEI0, B
SKIH B OZHOMY HPHUCTPOI HEOOXIZHO CyMiIIaTh pi3HOPIJHI €JIEMEHTH —
JDKEpeIIo Ta mpuiiMad.

[NepepaxoBaHi HeMOMIKM OOMEXYIOTH 00JIACTH 3aCTOCYBAaHHS OIT-
POHIB, aie Mo Mipi BIOCKOHAJIEHHS MaTepialliB Ta TEXHOJOTIi, B BUpPIlIeH-
Hi pAIy CXeMOTEXHIYHHX 3a/1a4 IIi HeIOJIKH TPOSIBIISIOTHCS BCE MEHIIIE Ta
MEHIIIE.

Hocsraenns Bucokoro KKJI ontpona 3B’s3aHO 3 €(pEKTHBHUM
MIEPETBOPEHHAM Ta Iepeadyero eHeprii y BCiX enemMeHTax ontpoHa. Bax-
JMBO, 00 IapaMeTpH CKIAZOBHX YaCTHH ONTPOHA OyNIH Y3TOKEHHUMH
3a CIEKTPaJIbHUMHU XapaKTEPUCTHKAaMH, MIBUAKOMAIEI0, TeMIlepaTypHHUMHU
BJIACTHBOCTSIMH, Ta0apuTaMH Ta BUTOTOBJIEHHS IX MOTJIO Ou OyTH 3a sIKO-
Mora OJIM3bKUMHU TeXHOJIOTISIMU. Takuii NIMPOKUI CHIEKTP BUMOT IIPUBO-
JTH JI0 TOTO, IO Jy’KE YacTO JOBOJMTHCS TOPYILYBATH OIHY Y JCKUIbKa
BUMOT ISl OTPUMAaHHS MAKCUMAJIBHUX IAPAMETPIB B IHIIMX BUMOT'aX.

CaiTitofiony, sIKi BUKOPHCTOBYIOTBCS SIK JUKEpena, IOBUHHI 3a-
0e3meuyBaTH BY3bKY HAIIPaBICHHICTH BUIIPOMIHIOBAHHS I 3MEHIIICHHS
SHePreTHYHNX BTPAT Ha LUIIXY BiA JKepena 10 ¢oTompuiiMayda Ta mpa-
LIOBATU MPU HEBEJIMKUX BXIJHUX CTPyMax IJisl Y3TOIPKEHHsS! pOOOTH CBIT-
J07io1a 3 MIKPOEJIEKTPOHHUMH CHCTeMaMH YIpaBiiHHsA. BaxiauBo Ta-
KO, I[00 KBAaHTOBHH BUXiJ TaKKX JUKEpe OyB MOCTIHHHUM 1 10 MOXKIIUBO-
CTi B IIMPOKOMY Jiana3oHi BXIAHUX CTPYMIB, IIO CYTTEBO I BUKOPHC-
TaHHS IX B @HAJOrOBHX CXeMax. B onTpoHax sk JpKepesao MOXKYTh BHUKO-
PHUCTOBYBATHCH 1 HAIIBIIPOBIIHUKOBI JIa3epH.

JInst CTBOpEHHSI JKepell CBIiTJa B ONTPOHAX HaidacTile BHKOPHC-
toBytoTh kpuctamu i3 GaAs, GaAlAs ta GaAsP. Ceitinogionu Ha ocHOBi
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LIMX MaTepiaiB BUIPOMIHIOWOTH Y uepBoHii (0,67...0,7 MkM) Ta B OMMKHIN
iH(pauepsoHiit (0,8...0,95 Mxm) obxacTsix criekrpa. Poboda Hanpyra Ta-
KuX cBiTnomionis ~ 1,2...1,7 B, a cnokuBana motyxHicTts — 1...50 MBrT.

CepenoBuIlie ONTHYHOTO KaHATY BHOMPAIOTh KEPYIOUHCh HACTYII-
HUMHU MipKyBaHHAMH. [lo-miepiie, BTpaTH iHTEHCHBHOCTI CBITJIa MalOTh
OyTn MiHiIMaIBHUMH. [ IIbOTO MaTepiaj ONTUYHOTO KaHATy Y3TOKY-
I0Th 3 JDKEPENoM Ta (oTompuiiMadeM 3a CIEeKTPaJbHUM MOTJIHMHAHHIM Ta
3a ONTHYHOIK T'yCTHHOK. [TOKa3HUK 3aJOMIICHHS [[bOTO CEPEeNOBHIIA Ma€e
OyTH ONMHM3BKHM IO MTOKAa3HHMKA 3aJIOMJIICHHS cepefoBUIa (oTompuiiMada
Ta JpKeperna citna. [lo-apyre, maTepiall ONTHYHOTO KaHaly ITOBHHEH
3a0e3meuyBaTi BHCOKY €NEKTPHYHY i30JIAIII0 MK BXOIOM Ta BHXOIOM
onrrpona (omip i3omsmii omromapu ~ 10'2 Owm). ITo-Tpere, cepenoBume
ONITHYHOTO KaHaly B 0araTboX BHUIMAJKaX € OCHOBOIO BCHOTO IPHIALY,
TOMY Marepiasl TIOBUHEH MaTu HEOOXiJHI BIACTUBOCTI ISl 3aXMCTY TPH-
Jay Bil MEXaHIYHUX, KIIIMAaTHYHHUX Ta paJialifHuX MOUIKOIKEHb.

Buxojsun i3 MpUBEJCHUX BHUIIE BUMOT BUKOPHUCTOBYIOTh B OC-
HOBHOMY TpPH BapiaHTH ONTHYHHUX CEPENOBHII. Y MEPIIOMY ONTHYHUM
CEepEZIOBHILIEM CIYTYIOTh TaKi MaTepialld: MOJIMEPHUHA ONTHYHUIl KIiiei,
ONTHYHI JIAKH, Ba3elliH, [0 HEe 3aCHXa€ 3 CHIIIKOHOBOIO OCHOBOIO, a TAKOX
XaIlbKOTEHITHE CKJI0. Y IPYyTroMy BapiaHTi ONTHYHUM CEPEIOBHILEM € I10-
BiTps. Ilpy mbOMy B KaHaJi MOXYTb BHKOPHUCTOBYBAaTHCh CHUCTEMH Ha
OCHOBI CKJITHUX JIiH3. Y TPEThOMY BapiaHTi ONTHYHUM KaHAJIOM € CBITJIO-
BOJIOKHO. BUOip BapiaHTiB JUKTY€TbCS yMOBaMH pOOOTH Ta (DYHKIISIMH,
SIKi BUKOHYIOTh ONITPOHH B TOMY YH 1HIIOMY IPHCTPOT.

Tak, HanpUKIIA, noJiMepH, ki MaroTh Ximiuni rpynu OH, CH;,
CH,, NH,, NH y 6mmxkHiii iHppadepBoHiii 061aCTi MAtOTh KK MOTIIH-
HaHHS 1 HE MOXXYTh BUKOPUCTOBYBATHCh y TAKUX PEXHUMax pOOOTH.

3 npyroro 60Ky Maiike BCi THITH CKJIa MAIOTh ITOTaHy aAre3ito 10
MaTepianiB GoTonpHiiMada Ta [HKepesia, BOHH MEHII CTilKi IO TepernaziB
TeMIEepaTyp.

OnTpoHH, B SAKMX ONTHYHHM KaHAJIOM € CKJIO a0 IOoJiMepHi Jia-
KH, MarOTh TIOPiBHSHO HEBHCOKY ENEKTPUUHY i30Jis11if0. Tak 3BaHa cTaTHYHA
Harmpyra i3omsiii Uj; (MakcuManbHO JIOTyCTHMa MOCTiHA HATpyTa Mixk
BXOJIOM Ta BuxozoM omnromapu) ckianae ~ 100...500 B. B omrrpoHni 3 moBiT-
pstemM kanasiom Uy, ~ 1...5 kB, B onrrponax 3 caitoBosioksa Uy, ~ 50...150 kB.

KK]I ontpoHiB, iX CTpOK eKCITyartallii, a TakoX psiJ IHIIUX I1a-
paMeTpiB B OCHOBHOMY BH3HAYA€ThCs JDKEPENIOM BUIIPOMIHIOBAaHHS. 3
Ipyroro OOKy ONTpPOH, SIK €IeMEHT eIeKTPOHHOI CXeMH, XapaKTepUu3yeThb-
Csl HE CTUIBKM JKEPENIoM, CKiTbKH mapamerpamu ¢oromnpuiiMaya. doto-
npuiiMay MOBUHEH MATH HE TUTbKH BUCOKY ¢(DEKTHBHICTH MEPETBOPCHHSI
ONTHUYHOT'O CHTHATYy B €JIEKTPUYHHWI, aje 1 HeoOXigHy MIBHAKOAi0. Y
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3B’S13Ky 13 M ONTPOHH MOXXYTb OYTH PE3UCTOPHOTO, [TiOIHOTO, TPAH3H-
CTOPHOrO Ta THPUCTOPHOTO THIIIB.

OcHoBHUM MartepiasioM (oTonpuiiMadiB IJisl ONTPOHIB € KpPeM-
Hiil. Tak kpeMHieBuit p- 1 n-POTOAION 32 CHEKTPOM Ta HMIBHIKOIIEI0 100-
pe Y3rOIUKYETHCS 3 MapaMeTpamu cBiTinomionis Ha ocHoBi GaAsZn,
GaAlAs, GaAsP, a kpemniesi ¢pororpanszucropu Ta GpoToTHPUCTOPHU — 3
ceiTnonionom GaAlAs ta GaAsSi. Sk matepian ¢ortopesrcTopa BUKO-
pucroByrots Haitwactime CdS ta CdSe, sxi moOpe y3romkyroTbes 3a
CIIEKTpOM 3 cBiTioiomamMu Ha ocHoBi GaP ta GaAsP.

5.2. IlTapameTpu onTpoOHIB

IpocTuit ONTPOH € YOTHPHUIIONIOCHUM HPHIAJIOM, BIACTHBOCTI
SIKOTO BH3HAUYAKOTHCS MEPII 38 BCE TPhOMA OCHOBHHMH XapaKTEPUCTHKA-
MH — BXiHOK, MIEPEJaTOYHOIO Ta BUXiTHOW. BXioHow € BOnbT-ammepHa
XapaKTepPUCTUKA JKEpeNa, a 6UXIiOHOK — BOJBT-aMIIepHa XapaKTePHCTHU-
Ka (hotonpuiiMaya (Tpu 3aJaHOMY CTPYMi Ha BXOJi OIITOTIAPH).

Ilepedamounor xapaxmepucmukory HA3UBAIOTh 3AIIKHICTD
crpymy I, Ha BEXO/i OIITpOHA Bix cTpyMy /] Ha #oro BXOi.

CyMapHa IIBHIKOAIS ONTOIAPH XapaKTEePU3YEThCS 4acoM Iepe-
MUKaHHS:

t=1t +t,, (5.1)

Je ) Ta f; — BIANOBIAHO Yac HAPOCTAHHS Ta CIIaJy CUTHAIIy Ha
BUXO/Ii ONITPOHA.

VY pi3HMX 32 KOHCTPYKIII€IO ONTPOHIB Yac NEPEeMUKAHHS PI3HHH,
Pi3HHI BiH TAKOX 1 3a PI3HUX PEXKHUMIB eKCILTyarallii 0HOTo 1 TOro camo-
ro ontpoHa. Yac mepeMuKaHHs ! 3MIHIOEThCS B LIMPOKOMY iHTEpBai i
cranoButs Bin 107 m0 107 ¢.

IMapamerp, KMl PIBHUI BiIHOIICHHIO BHUXiAHOTO CTpymy Ip 10
BXigHOrO /], TOOTO:

k, = —=, (5.2)

HA3WBAETHCS CIMAMUYHUM Koeiuicumom nepedaui 3a cmpymom. Jns
OLIBLIOCTI ONTPOHIB k; € MACIOPTHUM TIAPAMETPOM, BiH MOXKE 3MiHIOBA-
tHcs Big 0,5 (mioxui ontonapu) 1o 1000 % (TpaH3UCTOpHI ONITOMNAPH).
BaxmBoro XapaKTepHCTUKOIO ONTONAPH € MapaMeTpH ii 13071s-
1ii, a caMe: MakCUMaJIbHO JIONYCTHMa Harpyra Mik BXOZAOM Ta BUXOJIOM,
10 HOCHTH Ha3By CTATHYHOI HAMPYTH Ui MOCTiitHOI ckimamoBoi Uj; Ta
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ikoBOi Uy, TipH po6OTI i3 3MIHHHMH cHUTHaTaMu. TakoX BOHH XapakTe-
PHU3YIOThCSL OMOpoM i3omswii R;; Ta mpoxinHoto enektpoeMHicTio Cy,
(eMHICTH MK BXOJIOM Ta BHXOJIOM ONTONApH). Y OLIBIIOCTI THIIB ONTO-
nap R;; Moxe J0CsrTu 10" Owm, 110 BUKITIOYAE 3BOPOTHUH 3B’ SI30K (HOTO-
npuiiMaya 3 JpKepesioM BUIPOMIHIOBAHHS 32 MOCTIMHUM CTPyMOM. Y TOM
e 4ac, 3B’5130K 32 3MIHHHM CTPyMOM Moxke OyTH icrotHuM. JlificHO cka-
4ok Hanpyrd U, Ha BUXO/i ONTONApPH 3a 4ac f MpU3BeAe A0 TOro, IO Ye-
pe3 Jukepeno Oyzae MPOXOANTH EMHICHUH CTpyM
U
I~C, —*. (5.3)

[pu Manux 3HaYeHHSX ¢ (0 YOTro, SK MPABHJIO, i MParHyTh) Be-
muarHa [ Moke OyTH JOCTaTHBO IIOMITHOIO HAaBiTh IMPH MAJHX 3Ha-
ueHHAX Cyp.

VY 3B’S3KY 3 UM TSI ISSTKUX TUIIB ONTPOHIB 3a/1a4a 3MEHIICHHS
Cp. (s mpaBuio, BoHa ~ 1n®) € akTyansHO. JIOCATHYTH I1i€i METH MOX-
Ha, HaIlpUKJIAJ, 32 JOIOMOTOI0 301IbIIEHHS JOBXHHH ONITHYHOI'O KaHATY
MIDXK JDKepenioM Ta GOoTonpHiMaueM.

KOHCTpYKTHBHO ONTPOHH BiAPI3HSIOTHCS TE€OMETPIEI0 3aTIEKHO
Bl BUMOT JI0 1X mapameTpiB Ta yMOB QyHKuioHyBaHHs. Ha puc. 5.2 moka-
3aH1 MPHUKJIAIU KOHCTPYKTUBHOTO BUKOHAHHS OIITPOHA!

4

a o 8

Puc. 5.2 — [Ipukiaaan KOHCTPYKTHBHOI0 BUTOTOBJIEHHSI ONTPOHA:
1 — mkepesio BUNPOMiHIOBaHHS; 2 — poTonpuiiMay; 3 — ONTHYHHIA KaHAJ;
4 — BUBOAM; 5 — BinOMBa4a MOBePXHA

[Mpunaam XapakTepu3yrOThCsl MiZBUILICHHM 3HAauYeHHSM KoedillieH-
Ta mepeaadi 3a CTPyMOM, TOMY IO BTPATH IHTEHCHBHOCTI CBITJIA 3BE/ICHI
J0 MiHIMyMy (Ha pHc. 5.2, @ — 32 paxyHOK OPTOTOHAJILHOCTI HAMPSIMKY
NOIIMPEHHS CBIiTJIa Ta TPaHMIL PO3MOALTY CEpEIOBHII, Ha puc. 5.2, O — 3a
paxyHOK CBITJIOBOJIOKHA, a Ha pHC. 5.2, 6 — 32 paxXyHOK HasBHOCTI BiJjOH-
Bar040l MOBEPXHI 5).
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Buxopstun 3 Bemuund Uy, R;;, C,), @ TaKOXK BXiTHOT Ta BHXiJHOT
BOJIBT-AMIIEPHUX XAPaKTEPUCTHK JUTA KOXXHOTO THITY ONTPOHA 3aal0Th
ONTHUMABLHUNA PEKUM EKCIUTyaTallii Ta IPAaHUYHOOMYCTHMI YMOBH €KC-
IDTyaTallii, Tak 3BaHi MacIOpPTHI aHi.

3arajgpHO0 0COONIMBICTIO PO3MIISIHYTHX ONTPOHIB € T€, 10 BOHH
€ He MOHOIIITHI, a CKJaJIeHI 3 OKpEeMHUX EJIEMEHTIB, SIKi 3B’s3aHi MiX CO-
00I0 CIUTBHUM KOPITyCOM, ONITHYHHAM KJeeM Ta Take imme. [lomampma
MiHIaTIOpU3aIlisl TTOB’s13aHa 3 CTBOPCHHSAM MOHOJITHUX TPHJIAiB, B IKHX
Jokepeno Ta dororpuiiMad abo 3B’s3aHi B OHOMY KpucTalli, abo BHUpO-
LIEHI Ha CHUIbHIN MIAKIAAII 3 3aCTOCYBaHHSIM TOHKOILTIBKOBOT TEXHOJIO-
rii. CTBOpeHHs TaKMX MIHIATFOPHUX ONTPOHIB X0Ya 1 MEPCICKTHBHE, ajie
MAaIOTh 1 HeaOWSKI TPYIHOIIL, OB’ s13aHi B OCHOBHOMY 3 IapaMeTpaMH 30-
JISIIIT BXOJY Ta BUXOLY.

5.3. Tunu ontpoHis

1. Pe3ucmopni onmponu. Ilpu ocitnensi goronpuiimauis (¢o-
TOPE3UCTOPIB) IX ENEKTPUYHHIA OIip 3MEHIIYETHCS Bill TEMHOBOTO (0€3
ocBiTieHHs1) 3HaueHHs Ry 10 Rep (mpu ocBiTieHHi). OXHUM i3 OCHOBHHX
rapameTpiB PE3UCTOPHUX ONTPOHIB € BIJIHONICHHS [IUX OTOPIB, 3HAYCHHS
SIKAX CTAaHOBHTH:

L = 10*...10". (5.4)
RCB

doTopesucropaM MpUTaMaHHA BEJIHKa iHepuiﬁHiCTb Tomy B
q)OTOpeSI/ICTOpHI/IX ONTPOHAX 5K JpKepena BUIIPOMIHIOBAHHSI LIMPOKO 3~
CTOCOBYIOTH MlHlaT}Ole JAMIIH PO3/KAPIOBAHHS. Ix 3actocyBanus mae i
nepeBary i HeIOJNKY, B MOPIBHSHHI 3 IHIIUMHU JUKepeiaaMu. J{o mo3nuTus-
HUX MOMEHTIB 0COOJIMBO MOXKHA BiTHECTH IyXe HOOPY BiATBOPIOBAaHICTh
pesynpraris. HeBrcoka mBuakomis (4ac nepemukanns ~107 ¢) nami pos-
JKapIOBaHHS HE BiTHOCUTHCA IO HEMOIIKIB, TOMY IO 3aralbHUN Yac mepe-
MHKAHHS i3-33 BeJIHKOI iHepIiitHOCTi oTopesnctopis craHoBuTs ~107 C.
KpiM namMn po3aproBaHHS B PE3UCTOPHUX ONTPOHAX BUKOPUCTOBYIOTH
cBiTioionn Ha ocHoBi GaP, crexkTp BUIPOMIHIOBAHHS SIKHX Y3TOIKY-
€Thest 31 criektpom 30ymkenns doronposinaocti CdS- ta GdSe-doto-
TIPUIMAaYiB.

Ha puc. 5.3, a 30inbiieHHs ctpyMy /; Ha BXOJIi ONTPOHA CYIPO-
BOJDKY€EThCS 30UTBIIEHHSAM IHTEHCUBHOCTI CBITJIa JDKEpena BUIPOMIHIO-
BaHHs, B pe3yibTari Rep 3MeHmyetses. Ha puc. 5.3, 6 nmokasaHuit BILIMB
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TeMmIepatypu Ha BuxigHuit ctpym Ip. IlinBuineHHs: TeMmepaTypH Bee 10
3HW)KEHHSI PYXJIMBOCTI BUIBHUX HOCIIB 3apsay B (orope3ucTopi i THM
caMUM 110 30inblieHHs Rcp, a BIAMOBIAHO 1 A0 3HIKEHHS [, TIpH TOMY
camoMmy 3HauyeHHi U, Ha BUXOJi ONTpPOHA. 3i 3pOCTAHHAM TEMIIEpaTypH
[POXOAUTh TAKOXX 3MEHIICHHS BEIMYUHU R7, TpH 1bOMY BiIHOIICHHS
R#/R cp tyKe BiAIyTHO CIANAE, M0 1 BUBOIKTH OITOMAPY B HEPOOOUHIA PEXKIM.

]2, MA
Rcp, Om 25°C
8 6
10 /,40 o
4 4
10 70°C 05
102 2 1 Il 1
48 12 [, mA 8 16 241, B 10° £ Tu
a 9] 6

Puc. 5.3 — XapakTepucTHKH Pe3UCTOPHUX ONTONApP

[HepuiiiHiCTh PE3UCTOPHHUX ONTONAP MPHU3BOAUTH 10 OOMEXKEHHS
iX BUKOPUCTaHHS IPH BUCOKUX yacTtoTax. Ha puc. 5.3, 6 mokazana 3ayiex-
HICTB CcTaTMYHOTO KoedillieHTa repeaadi 3a cTpymMoM Bix 4yactotu. [Ipm
BUCOKHX YaCTOTax BiH Pi3KO CHajgae 10 HyJst, OTkKe i [, Takoxk cramae 10
TaKol BEJIMYHHU.

He3paxkaroun Ha psii HEAOMIKIB, pE3UCTOPHI ONTONAPH HAXOIATH
IIMPOKE 3aCTOCYBAHHS i3-3a JIHIHHOCTI Ta CHMETPHYHOCTI BHXITHOI Xapak-
TEPUCTHUKH, a TAKOX B 3B’S3KY 3 HE3AJIEXKHICTIO TTApaMeTPiB BiJl MOJSIPHOCTI
BBIMKHeHHs (poTtopesucropa, BiacyTHOCTi poToEPC, BHCOKOrO 3HaYCHHS
MOXITUBOT HanpyrH Ha Buxoi (~ 250 B) Ta BenMKOro 3Ha4€HHs TEMHOBO-
ro onopy Ry~ 10°...10"" Om.

2. liooni onmponu. ONTPOHH 1IHOTO THITY BUTOTOBJISIFOTH HA OCHO-
Bi KPEMHI€BHX p- 1 n-POTOMIOIB Ta apCEHIITaTi€BUX CBITIOJIOIIB.

VY cydacHHX Ii0JHUX ONTPOHIB 3HaYEHHs Koe(illieHTa mepeaadi
3a CTPYMOM CKJIaJia€ JIeKiTbKa BifcOTKiB. lle 03Hauae, M0 HA BUXOII Ta-
KUX OMNTOIIap MPaKTUYHO MOKHA OTPUMATH JIMILE CTPYMH, SIKI HE mepe-
BHIIYIOTH IEKIJIBKOX MiJliamIiep.

I'pannunmMii yac epeMUKaHHs / JI0OJHUX ONTOIAp 3MIHIOETHCS B
mpokoMy fianasoni: ~107...107° ¢. Ha mpaktuii msuakomis pisko 06-
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MeXeHa HU3bKAMH BUXiTHMMH CTPyMaMH. IX BMHKAIOTh Ha BEJMKE HABaH-
Ta)KeHHsI, KOJIU CyTTEBUM € 4ac Nepe3apaaKy, SKUil BUSHAYAETHCS OIIOPOM
HABAHTAKEHHS Ta BUXIIHOIO eMHicTIO. Tak, mpu omopi 2...20 kOm i C,= 50 nd,
rocTiifHa yacy nepesapsaku popisaioe 0,1...1 Mxc.

JionHi onTonmapyu MOXYTh MpAIfOBATH B BEHTWIEHOMY PEXHMI,
KOJIM BOHA BHCTYIIA€E 5K JUKEPEIIO JKHBJICHHS.

OnTpoHH, sKi BAKOPUCTOBYIOTHCS B TAKKX IIISIX, MAOTh k7 ~ 3...4 %,
ae KK/I 1x manwuii i cranoButh 0111 1 %.

Cepen Hi0OJHUX ONTOIAP MOXHA BHIUTUTH TPYyITy, ONTHYHUN Ka-
HaJI SIKHX € CBITJIOBOJIOM, JIOBXHUHOIO 30...100 mMm. LIi nprmaam MaroTh BUCOKY
enextpruny MitHicTs (U ~ 50 kB) Ta HusbKy npoximHy eMHicTb (G, ~ 0,01 nd).

3. Tpansucmopni onmonapu. J10 00 KI1aCy TPUIIaIiB BiTHOCITE-
Csl JTIOJTHO-TPAH3KCTOPHI Ta TPAH3UCTOPHI ONTOMAPH & TAKOXK ONTPOHH 3i
BCTaBHUM ()OTOTPAH3UCTOPOM.

Y 1i0HO-TPaH3UCTOPHOMY OITPOHI TpHUIiMadyeM BHIIPOMIHIO-
BaHHs € (OTOAI0/, OJJHUM i3 BUBOJIB SIKOTO 3’€JJHaHHI 3 0a3010 TpaH3MC-
TOpa, BBEJCHOTO B CKJIa] ONTPOHA. Y TPaH3UCTOPHOMY ONTPOHI MpHiiMa-
4YeM BHIPOMIHIOBaHHS € (oToTpaH3ucTop. B ontpoHi 3i BctaBHUM (OTO-
TPaH3UCTOPOM, (POTOMIO Ta MAIOIHEPIIIHUI TPaH3UCTOP, 3aCTOCOBAHMN
IS MiJICMIeH s cTpyMy (OTOMIioaa, BUTOTOBJIEHI OKpeMo. IX mapameTpu
CYTTEBO BiZIPi3HSIOTHCSA OAMH Bif 0HOTO. Tak, ONTPOHHU 31 BCTaBHUM (Do-
TOTPAH3MCTOPOM MAIOTh HAaWKpalll IepelaTouHi XapaKTEePHCTHKH 3a CTpY-
MOM (y pe3yJIBTaTi BHYTPIIIHBOTO MiACHIEHHS curHany, k; nocsrae 1000 %),
TIPOTE Ji0THO-TPAH3UCTOPHI MAOTh HAWOUIBITY IIBHAKOMIIO (f = 2...4 MKC).
[Tpn boMy BiHOIICHHS

- D, (5.5)

3aJIMIIAETHCS MTOCTIMHUM y HIMPOKOMY IHTEpBalli 3HaYE€Hb BXIIHHUX CTPY-
miB. [lapamerp D Ha3uBaTh 00OpomHicmio onmpoHa, oTo 3HAYCHHS
3aJIeXKHUTh BiJl MapaMeTpiB i3ousiii, 30kpema Big Uj,. Tak, Hanpukma,
s Tpan3ucTopHux ontponis Uy = 1.5 kB, D =0,1...1 % mkc™.

Tak camo 5K 1 B TIOAHUX ONTPOHAX, Y TPAH3UCTOPHHUX ONTOIIA-
pax € MOXIIMBICTh KEPYBaTH KOJIEKTOPHUM CTPYMOM SIK ONITHYHHUMH, TaK i
SJIEKTPUYHUMHU MeToaamHu. Lli mpuany 103BOIISIOTH OTPUMYBATH BHCOKI
3HaUeHHs KoedimieHTa mepegadi 3a cTpyMoM (i BiAMOBIAHO BEJNHKI 3HA-
yeHust [,). IluM BOHH BUTIJHO BiIpPi3HAIOTHCS BiJ JiOJHHX ONTOMApP MPU
3aI0BUIBHINA MIBUAKOMIII.

59



4. Tupucmopni onmponu. THPHCTOPHI ONTONMApHU BUKOPHCTO-
BYIOTb SIK KJIFOY, JUII KOMYyTalii BUCOKOBOJBTHUX Ta BHCOKOAMIEPHHX
Kix sk pagioenexrpornoro (U, = 50...600 B, I =0,1...10 A), Tak i enexr-
porexuiunoro npusnayenus (U, = 100...1300 B, [, = 6,3...320 A). Bax-
JIMBUM € Te, 0 TUPHCTOPHI ONTPOHU KEPYIOUH BEJIMKUMH IOTYKHOCTS-
MH B HAaBaHTAXXCHHI, TUM HE MCHIIIE 32 BXOIOM CYMICHI 3 iHTeTpalbHUMU
MiKpocxeMamu. Y 3aJIe)KHOCTI BiJl 3HAYEHb KOMYTYIOUMX HAMpyT Ta CTPY-
MiB, @ TAKOX 32 4aCOM ITEPEMHUKAHHsI, TAPHUCTOPHI ONTOMAPH MOILISIOTh-
Csl HA BENUKY KUIbKICTh rpyr. OCKUIBKM THPUCTOPHI ONTOINApH Ipallo-
I0Th y KJIIOYOBOMY PEXHMMi, TO mapamerp k; He mae 3micty. Tomy Taki
OMNTOMAPH XapaKTePH3YIOThCS HOMIHATBHUM 3HAUCHHSIM /], TIPH SKOMY
BIZIKPHBAETCS (POTOPESUCTOP, A TAKOXK MAKCHMAJIBHO IOIyCTHMHM 3Ha-
YEHHSIM []max, TIPH SIKOMY BiH IIIe HE BiIKPHBA€THCS. 3HAYCHHS CHUIH HO-
MIHaJIBHOTO BXIIHOTO CTPyMY JAJIsI Pi3HHX THIIB TPaH3UCTOPHHUX OITPO-
HIiB JIeXUTh y Mexkax 20...200 MA, a MaKCHMAaIbHO JOITYCTHMUN CTPYM 3a-
BaJH [ ,x 3HAXOUTRCS B paiioni 0,5 MA.

5. Ilapamempu onmponie piznozo muny. Y TO3HAUEHHSX HAIIUX
BITYM3HSHUX ONTPOHIB Iepiia Oyksa (abo mudpa) BU3HaUae Marepiall JpKe-
pena BunpominroBanns (A a6o 3 — GaAlAs a6o GaAs), apyra Gyksa (O)
BKa3ye, IO TPHIIAA BITHOCHTHCSA IO KIACy ONTOMap, a TpeTs OykBa Bi-
nobpaxae tun ¢potonpuitvada ([ — dotomion, T — dororpanzuctop, ¥V —
¢dororupucrop). PeauctuBHi onTpoHH (ICTOPUYHO TEPLIMH THIT OITOIAp)
30eperiu cBoe novyarkose nozHaueHHs1 OEIT (onToenekTpoHHUH TIpHiIan).
[To3HaueHHS Ta TOJIOBHI XapaKTEPUCTHKH ONTPOHIB HaBeseHO B Tabu. 5.1.

Jesiki 3 ONTPOHIB MOXKYTh MaTH iHIIE Mo3HaYeHHs. Hanpukman,
K249KII1 — onToeneKTPOHHUH KITFOY, SIKill CKIaa€ThCsS 3 CBITIOAIONA Ha
ocuoBi GaAlAs Ta kpeMHiI€BOr0o (HOTOTPAH3UCTOPA, B SKill BXOIATH JBi
TpaH3UCTOpHI onronapu. OKpiM PO3MIITHYTHX TUIIB ONTOIMAP € LIe 1 iHIIi
THUIN CIIELiaJIbHOTO MpHU3HaueHHs. JJo HUX MOXKHa BiHECTH MpPWIAAH, B
AKkuX Ak QoronpuiimMaui BukopuctoByloTh MJIH-doroBapikamu, noaboBi
(dbotoTpan3ucTOpH, MU EPEHINATbHI ONTPOHH (OJHE JHKEPENIO B SIKMX Mpa-
LIO€ Ha JIBa OJJHAKOBUX (hOTONpPHIIMAdi), a TAKOXK ONTOMNAPH, B IKUX JKe-
pesioM € HarmiBHpoBinHuKoBuii nasep Ha ocuoBi GaAlAs a6o GalnAsP.
Jlesiki XapakTepUCTUKH CIeliaIbHUX ONTPOHIB OYyAyTh PO3IIISIHYTI B I10-
JaJbLIOMY.

6. Onmoenexkmponni mikpocxemu. Ilpunaan Takoro THITy BMi-
IIYIOTH ONTHY 200 NEKiThKa OMTOIAap, a TAKOXK y3TOKYIOUi eleMeHTH abo
eJIEKTPOHHI IHTerpaNbHI MIKPOCXEeMH, sIKi 00’ €HaHI 3a OTIOMOTOIO0 Ti0-
PUAHOT TEXHOJOTI B oAnH Kopiryc. ONTOEIeKTPOHHI MIKPOCXEMH MOYKHA
PO3IUTUTH HA TPU TPYIIH.
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Ta0muug S.1 — Io3HayeHHs! Ta 3HAYCHHS OCHOBHUX NIApaMeTPiB Pi3HHX ONTPOHIB

Tun ontpoHa

Tpan3ucTopHUit
TlozHauennst -
Pesuc- | . ol . 31 BCTaBHMM| THpHC-

Ta . |Hiomuuii|tionoTpar-| TpaH- .

Hapaverp TOpHUI suctop | 3wctop ¢doroTpaH-| TOpHMI
3UCTOPOM

s |30 |20 | 0| Bl | G5
Byxsene AOL,
HOAHAYCHIS OEIl | AOJ KOJ AOT AOT | AOY,TO
Koedimient
nepenadi 3a

CTpPYMOM

ki, % 1.4 10,5..3,5 10...40 |30...100| 200...800 —
I'pannuna

4acToTa

f»MI'm  {0,005..0,01| 1...10 {0,01...0,50,01...0,50,001...0,01 -
Yac, Mkc
—pvmkanmsi 7, | 10°...10° | 0,1...1 1..2 4..10 | 10...100 | 10..30
—mavikarmsis| 10°...10° | 0,1...1 | 1.2 | 4..30 | 10..100 | 30...250
[Tapamerpu:
— BXIIHI:
I, MA 5..20 |10..40| 5..20 |10..40| 1..30 10...800
U, B 2.6 |L1.1,§] 1.2 1.2 1..5 1.3
— BUXIHI:
L, MA 02..7 [0,1..0,5| 5..30 | 5..30 | 100...200 |(0,1..320)10°
U,, B 5.250 | 1..100 | 5..30 | 5..30 | 100...200 | 50...1300
OmpR;,Om| 10° [10°..10°] 10" | 5-10° 10° 5-10°

Jo mepmioi rpynu BiZHOCSTBCS TIEPEMHUKAI0di MiKpocxeMu (Ha-
mpuknaa, Mikpocxema 259JII11). V npyry rpymy 06’ exHaHi JiHiiHI omTo-
€JIEKTPOHHI MIKPOCXEMH, SIKi IPOBOIATH aHAIOTOBI IEPETBOPEHHS CUTHA-
miB (Hanpukitan, mikpocxema 249KH1). Jlo TpeThoi rpynu BiIHOCSATHCS
OIITOCJIEKTPOHHI MIKPOCXEMH PENICHHOI0 THITy, SIKi BUKOPHUCTOBYIOTHCS
JUISL KOMYTalii CHJIOBUX MEPEeX y HIMPOKOMY Aiana3oHi HAmpyr Ta CTpy-
MiB. 3a BXiTHUMH MapaMeTpaMHu I1i IPUITaTH Y3TO/DKEHI 31 CTaHAapTHUMHU
IHTEerpaJIbHUMH MiKpocxemamu (Hanpukiaza, Mikpocxema K295KT1).
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OkpiM TpBOX TpYIl, MPUBEICHUX BHIIE MIKPOCXEM, ICHYIOTb 1
Oinbi cxinamHi. J1o HUX BiJHOCSATHCS, HANPHUKIA, (POTOUYTINBI PUIIAIN
3 3apsSJOBUM 3B’SI3KOM, CKaHICTOPH Ta iHIIII.

Tak camo, sk 1 MPOCTi ONTPOHH, ONTOENEKTPOHHI MIKPOCXEMHU
MaroTh TOW HEJIOJIK, IO iX MOTPIOHO BUTOTOBIISATH 32 T1OPUIHOIO TEXHO-
JIoTi€10, 00’ €AHYIOUH €NIEMEHTH 13 Pi3HUX MarepianiB. Y Mipy BJOCKOHa-
JIeHHS c1I0c00iB OTPUMAaHHS IMX €IEMEHTIB BiIKPHBAIOTHCS MEPCIIEKTHBH
CTBOPEHHSI ONTOEJIEKTPOHHNUX MIKPOCXEM Ha OJJHOMY KpHCTaJli abo ILTiB-
KoBuX MikpocxeM. Lle mpu3Bene 10 MoJaNbIIoi MiHiaTIOpU3allii mpuiIaiB
Ta PO3IMIUPEHHIO X (YHKIIOHATBHIX MOKITUBOCTEH.
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Nekuis 6. BACTOCYBAHHSA OMTPOHIB

= 3acmocyeaHHsi onmpoHie y yugposux ma niHitiHUxX cxemax.

» KepyeaHHs npouecamMu 8 6UCOKOBOJIbMHUX KOJlax.

=  OmpumaHHs iHghopmauyii onmuyHuM memodom 3a
JornomMo20r0 ONMPpPOHis.

» |Hwi 3acmocyeaHHs1 ONMpPOHis.

6.1. 3acTocyBaHHsI ONTPOHIB y HM(PPOBUX Ta JiHIiHUX cxemax

BukoprcTanHs ONTPOHIB (TIEpI 3a BCE — TIOTHUX Ta TPAH3UCTOP-
HUX) y TUPPOBHUX Ta IMITyTECHUX TPUCTPOSX TIOB’SI3aHO 3 MOXKIIUBICTIO 1X
LIBUJIKOTO MEPEMHUKAHHSI 13 CTaHY 3 HU3bKMM PIBHEM CHI'HAITy Ha BUXOJI B
CTaH 3 BUCOKHMM DiBHEM, 1 HaBIaKU. SIK NPHUKIag MOXKHA IIPUBECTH OINTO-
CJICKTPOHHI €JIEeMEHTH, SIKi J03BOJISIIOTH peasli3yBaTH OCHOBHI JIOTIUHI
¢byHkuil y npuctposix nudposux cucreM. Tak cxema mojana Ha puc. 6.1, a
i MoziemIoe orepariro Joriusoro Muoxkenns (1), a cxema Ha puc. 6.1, 6 — ome-
partito joriudoro gonasanus (A50).

1
E, ABO )
OE1
ok : oT QT1 O
o D' —»
D —> ) —> ; —>
e
,40 O
R Ux R Ux
a o

Puc. 6.1 — Cxema JIOriYHOro MHOKeHHs (@) Ta fogaBaHHs (0)

Ha puc. 6.1, a Bxigna Hanpyra U, miaTpuMyeThcs Ha BHCOKOMY
piBHi, 61M3BKOMY 110 piBHs E| nwmrre Toi, Konu o6uaBa (OTOTPaH3HUCTO-
pu @T1 ta @T2 yBiMKHEH] 1 Yepe3 HUX TPOXOIUTH CTPYM, OIIM3BKHI JI0
HacuueHHs. Y nporunexsomy Bunanky U, € manow. Ha puc. 6.2, 6 nan-
pyra U, miatpumyeTbcsi Ha BucokoMy piBHi (U, ~ E}), skmo xo4ya Ou
OIInH 13 POTOTPaH3UCTOPIB BUHIIIOB HA HACHUCHHSI.

63



Ille omHMM NPHUKIANOM BHKOPHCTAHHS ONTPOHIB Y LU(POBHX
TIPUCTPOSIX MOXe OyTH onToereKTpoHHa Mikpocxema cepii 249J1I11 (puc. 6.2).

IMpy mpoTikaHHI KOJIOM apCeHi-Tai€BOro CBITJIOJI0Ia HOMiHAb-
HOTO BXiZIHOTO CTpyMy B Koii (oTompuiiMada (KpeMHieBOro Qotozmiona)
BHHHKA€E HOTOCTPYM, KU OHOYACHO € 6a30BUM IS TpaH3ucTopa 1)1 €
JocTaTHIM Juist fioro BuMkHeHHs. CTpyM eMiTepa Tpansuctopa 1 Hajaxo-
Tk y 6a3y TpansucTopa 13 i MEpeBOOHUTH HOTO B PEXHM HACHUCHHSL.
[Ipu upoMy Harmpyra Ha BHXOJi MIKpOCXEMH piBHA Ma/IiHHIO HANpPyTH Ha
HacuyeHoMy TpaH3uctopi (~ 0,3 B). SIkmo BXimHWI cTpyM onrTpoHa
MEHIINH HOMIHAJIFHOTO, TO 4Yepe3 (QoTompuiiMau Tede JIMIIE TEMHOBHH
CTpyM i Tpau3ucTop 1) 3aKpUTHIA. Y bOMY BUIIAJIKY HApyra Ha BUXOJI €
pi3HHUIICI0 MK Hampyrow F; i 6a30BOK0 HANPYrow Ha TpaH3ucTopi 1, Ta
miomi /[, Jlnst MiKpoCXeMH 1IOTO THITY BOHA cKiaiae 2,5...3,5 B.

oF,
o— R,
Ui @z B
O O
R,

Puc. 6.2 — EleKTpM4HO-NIPHHLIUIIOBA cXeMa NepeMHKa04oi Mikpocxemu 2491111

OnmHUM i3 BaXXJIMBHX IApaMeTpiB, 32 SIKUMH ONTPOHH MOXYTb
TIPOrpaBaTy OJHOTHUITHUM HPHUCTPOSM ([iOAM, Tpioj|, MIKpocxeMmH) Oe3 orl-
THYHOTO 3B’S3KY, € IIBUKOIIS, SIKa BU3HAYAETHCS TOJIOBHUM YHHOM Oap’ep-
HUMH €MHOCTSIMU JDKepena BHIIPOMiHIOBaHHS Ta (oronpuitmMava. IIpor-
pam y mBHAKONIT MOKe OyTH Imie OUTBIIKMM, SKIIO HE MPUHAMATH CIie-
iaTbHIX 3aXO/iB [UTS 3HIKEHHS Jacy riepe3apsaaku 6ap’€pHOi eMHOCTI CBIT-
sogiona (Cy~ 20...300 n®). INepesapsiaxy Takoi €MHOCTI OPCYIOTh, HATIPHK-
JaJ], MOJa0YM Ha BXiJ CBITJIOI0/1a CTPYM 3HAYHOI aMILTITyIi. 3MEHILIeH-
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HsI Yacy repesapsiaku BuxigHol emuocti dorompuiimada (C, ~ 5-15 nd)
MOYKHA JIOCSATTH 130JIF0I0YH EMHICTh 200 IUIIXOM 3MCHIICHHS aMILTITYIH
HATIPYTH BXiMHOTO cUTHATY. ONTHMI3YIOUH KOHCTPYKINIO Ta PEXHUM PO-
00TH OmTOmAap, Yac MEePeMUKAaHHS BIAE€THCS 3HU3UTH, IS JIESIKOTO THITY
ONTOMAap, 10 HAHOCEKYHI.

Jlis obmacTeit 3acTo-

o—
CYBaHHSl aHAJIOTOBHX OITPO-
HIB MOJKHA BIJHECTH BHKO-

N—> -
U, "y 4 PHCTaHHS X y IIMPOKOCMY-
- [, TOBHMX TPAH3WCTOPHHX MPHCT-

o—— 1 posix, y MiACHIIOBaYax piz-
HUX curHaiiB (puc. 6.3) Ta
R Uy IHIIUX CHCTEMax aHaJloro-
BHX ITepeTBOpeHb. Cxema mpoc-
TOTO MiJICHIIOBAa4Ya Ha OC-
HOBI ONTpOHa, siKa 3abe3rie-
Yy€ EJIEKTPUUIHY pPO3B’SI3KYy
BiJ IHIIOI YaCTHMHU CXEMH,
MoKa3aHa Ha puc. 6.3.
BxigHuit cuTHANT ONTPOHA, MICIA MEPETBOPEHHS B BHIIPOMIHIO-
BaHHS momnajae Ha 0a3y QoToTpaH3UCTOpa, 3AIMCHIOIOUN TUM CAaMHM Ke-
PYBaHHS aMILTITYAOIO CTPYMY Ha BHXOJI ONTONApH Ta HAPYTOIO Ha OIIo-
pi HaBaHTaxeHHs R. KoediltieHT miIcHiIeHHsT BChOrO TPUCTPOI0 BU3HAYA-
€TBCS 3HAYEHHSIM K; JUTS [IbOTO TPAH3UCTOPHOTO ONTPOHA.
B ananoroBux mpuCTpOSX BHKOPHCTOBYIOTH AiOMHI, PE3HCTOPHI
Ta TPAH3UCTOPHI ONTONAapH. BHMOTH /0 aHANIOrOBHX ONTPOHIB BH3HAYa-
I0TBbCSl KOHKPETHHUMH YMOBAaMH IX BUKOPHCTAaHHS 1 TOMY 3araJIbHOTO KpH-
Tepito sikocTi Hemae. TuM He MeHile, i 30epekeHHs] (OPMHU CHTHAIY,
SIKMW TIOAA€ThCs, HEOOXiIHA JIiHIMHA 3aJIeKHICTh MepeJaTOuHOl XapakTe-
pucTuKy, T06TO Ay IOBHHEH OyTH MOCTIMHMM, NPUHANMHI B IKOMOTa Oijib-
oMy iHTepBaii ctpymiB /;. Lliii BuMo3i B Haitbinbmmii Mipi Biamosima-
I0Th JIO/IHI ONTPOHH, HE3BAXKAKOUM Ha Te, IO IHTEPBA 3Ha4YeHb /| TpH
AKUX k; NOCTiMHMM, He myxe Benukui. Tak, Hanpukian, B ONTomapi
AO/I101 HaBiTh IIpH MOCTIIHIN TeMIepaTypi nepeaada aHaJIOroBOrO CHT-
HaJly 3 HeNiHIHHICTIO ~ 2 % MOXe BUTPHMYBATHCH JIUIIE NpH 2—3-KpaT-
Hiii 3miHi /). Lle 03Hauae, 10 MPU MPOEKTYBaHHI aHAJIOTOBUX MPHUCTPOIB,
B SIKHX BHKOPHCTaHI ONTPOHH, HEOOXiTHO IMepeadadnTh TOMaTKOBI 3aX0-
I [T “CIpSIMIIEHHST TIepeIaTOuHOl XapaKTepUCTUKU.
VY oMy HampsMKYy IEPCIEKTHBHHM € 3aCTOCYBaHHS IudepeH-
LiTBHUX ONTPOHIB (3 OJHUM JDKEPEJIOM BHIPOMIHIOBAHHS Ta JIBoMa (ho-

Puc. 6.3 — [Ipuanunosa cxema
NiICHIIIOBAYA HA ONTPOHI
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tonpuiivadamu). KoedirienTn mepenadi 3a CTpyMOM MDK JDKEPEIOM Ta
nepmmM  GoronpuiiMadeM, a TakoX MK JDKepelaoM Ta ApyruMm (orto-
npuiiMaueM ofHakoBi. OKpiM LBOTO 3MiHA X MapaMeTpiB y 3aeKHOCTI
BiJl TeMIiepaTypy Ta BXiJHUX MapaMeTpiB ofHakoBi. PotonpuiiMadi BBIMK-
HCHI TaKUM YHMHOM, 1100 MY MOJadi CHTHAIY BXITHUH CTPyM OJHOTO i3
HUX 30UTBIMBCS HACTUIGKH, HACKUIBKM BIH 3MEHIIMBCS B APYroro. 30iib-
meHHs k; OHOro KaHaly KOMIIEHCYETHCS 3MEHIIEHHAM k; IPYroro KaHa-
Ty. AJle IpH [IbOMY IlepejaTOuHa XapaKTePUCTHKA ONTONAPH 3THIIAETh-
Csl HE3MIHHOIO.

6.2. KepyBanns npouecaMu B BUCOKOBOJIbTHHX KOJIaX

Jlnist GE3KOHTAKTHOTO KEPYBaHHS MPOIECAaMH B BUCOKOBOJIBTHHX
(mo 1300 B) ta Bucokoammepuux (mo 320 A) KoJiaX BHKOPHCTOBYIOTh
TIOTYXHI KIIFOYOBI ONTPOHM, THIIOBUMH TIPEICTaBHUKAMH SIKMX € THPHC-
TOpHI Ta TPaH3UCTOPHI ONTONApH. 32 CBOIMH TEXHIYHHMH ITOKa3HUKAMH
OTITOGNEKTPOHHI MepeMHKadl yCIIIIHO KOHKYPYIOTh 3 €JIeKTpOMAarHiTHH-
MH peJie Ta TepKaHalaMH (TepMETH30BaHUMH IIepeMHUKadamu). Born me-
pEeBaXKaIOTh iX 3a HAAIHHICTIO, TOBTOBIUHICTIO Ta 3aXWIIEHICTIO BiJ 30B-
HIIIHIX eJIeKTPOMAaTrHiTHUX BIUIHBIB.

ITpuknag BUCOKOBOJIBTHOTO ONTOENEKTPOHHOTO KIIOYa, B SIKOMY
TUPUCTOPHHUI OMNTPOH, SKUH € MepeMHKadeM CTPyMy B KOJI MOCTIHHOT
HAaIpyTH i KepyeThCs 3pa3y 10 ABOX KaHaJlaX — ONTUYHOMY Ta €JIEeKTpU4-
HOMY, NIpUBEJCHUN Ha puc. 6.4:

O O []2

El Rl

E,

Ui

1

Puc. 6.4 — IIpuanunosa cxeMa BUCOKOBOJILTHOI'0 ONITOEJIEKTPOHHOI0 K/1104Ya
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Skmio Bximuuit Tpansucrop 1) BBIMKHEHHI i TIpaIioe B pexumi
HACHYEHHS, TO Ha BUXOJi migcuiroBada [ € Bucokuii moteHian i ctpym
Tede JIMIIE Yepe3 PKEPesio THPUCTOPHOI omnTornapy — (JOTOpe3nucTop yBIMK-
HeHuid. [ Horo BUMHKaHHS TpaH3UCTOp 1 3aKpUBA€ETHCS, B PE3yNIbTATI
4Oro, MO-IIepIle, 3HIKYEThCS HANlpyTra Ha CBITJIOBOJI THPUCTOPHOI ONTO-
mapu 1 BiH miepectae BUIIPOMIHIOBATH CBITIO. [lo-mpyre, Ha MIMHY HYJIBO-
BOTO MOTEHIIaTy HAKOPOTKO 3aMUKA€EThCSl KEPYIOUMii eJIeKTpo OoToTpaH-
3UCTOpa. 3aMUKaHHS 00YMOBJICHO THM, LIO IICIISl 3HWKEHHsI HAIpyTy Ha
BUXOi TiacuiroBaya-inBepropa Il cBiTiogion TpaH3UCTOPHOI onTOMapH
BIZIKpHBA€EThCs, 1 Yepe3 (GoTompuiiMay OPOXOIUTh CTPYM, SIKHH TEepeBO-
IUTh TpaH3uCcTOp 1, y pexuM HacudyeHHs. [loniOHa cxeMa Moxe KepyBa-
TH CTPYMOM Yy Koui nocTiiinoi Hanpyru 50400 B, mBHAKICTH MepeMUKaHHSI
~5...10 mKc.

VY3araqpHEHUM TTAPaMETPOM, SIKHH XapaKTepH3YE SIKICTh KIIIOYO-
BUX OITPOHIB, € BIHOIIEHHS MAaKCHMAJbHOI MOTYHOCTI KOMYTAI[IiHOTO
KOJIa JI0 BX1JTHOT MOTY>KHOCTI, TaKk 3BaHOI KOMyTalii{HOT T0OPOTHOCTI, siKa
JUISL Cy4acHHX ONTPOHiB ckiagae ~107...10°.

Jnst xepyBaHHsI KOJaMH BHCOKOI HANPYTH MOXYTh BHKOPHUCTO-
BYBaTHCh ONTONAPH iHIIMX TUIIB. Tak, y cxeMax KepyBaHHs €JIEeKTPOJIIO-
MIHECIIEHTHIMH 1HAWKATOPaMH, SIKi 30y/DKYIOTBCS 3MiHHOIO HAIIPyTOIO 3
ammritygoto 115..300 B, BUKOPUCTOBYIOTH PE3UCTOPHI ONTPOHU. Y Me-
PEXy KUBJICHHS IHAUKATOpa BMHUKAIOTh (DOTOPE3UCTOP ONTOMNAPH: 3MIHY
HaNpyTy Ha iHAUKaTOpi (2 BIAMOBIIHO, 1 SICKPaBICTh CBITJIA) PETYIIOIOThH
HHU3bKUM CHT'HAJIOM Ha BXOJ1 ONITPOHA.

Y BHCOKOBOJIbTHHUX KOJIaX 3HAXOJSTh HIMPOKE 3aCTOCYBAaHHS OI-
TOI30JIITOPU-ONTONAPH 3 BHCOKOIO JIOIMYCTUMOKO HAmpyroro izomsuii (i,
30KpeMa, 3 BUCOKOONTUYHHM KaHajloM). BUKOpPHCTaHHS ONTPOHIB LLOTO
TUIy B PI3HUX CHCTEMax PO3IMOALTY CTPyMiB, BHCOKOBOJbTHHX, HBY-
MIPUCTPOSIX HE TUIBKU 3 YCIIXOM 3aMIHIOE TPaJHLiiiHI eIeMEHTH KepyBaH-
Hl, aJie i CTUMYITIOE TOJANbIINI PO3BUTOK Li€l TUIKK ONTOCNCKTPOHIKH.

6.3. Orpumanns ingopMmanii OTUYHUM METOIOM 32 JIONIOMOI 010 ONITPOHIB

CrietiaibHi ONTPOHU 3 BIJIKPUTHUM ONTHYHUM KAHAJIOM MOXYTh
3aCTOCOBYBATUCH y OC3KOHKTATHIN MUCTAHIIHIA TEXHIMl K IHAUKATOPH
TTOJIOKEHHA 00 €KTIB Ta CTaHy iX MOBEPXHi, JATYUKU 3aIIOBHEHHS IIOCY-
IUH piIuHAMH, TIPUCTPOI A yuTaHHS iH(opMalli Ha meppoHOCIIX Ha
Buxoai EOM Ta iHme. BUroToBIsAr0Th [Ba THIN TaKuX onTpoHiB. [Ipmia-
JIM TIEPUIOTO THUITy (ONTOINEpepUBayi) pearyloTh Ha MOMaJaHHs B ONTHY-
HHUI KaHaJI HEMPO30POro IpeaMeTa, SKHi epepUBae CBITIOBUM MOTIK a00
3MIHIO€ HOTO IHTCHCHBHICTD, KM momnamae Ha ¢oronpuitmad. O01acTh

67



3aCTOCYBaHHS ONTONEPEPUBAYIB — IHAMKAIIS TOJOKEHHST a00 paxyBaHHS
00’€KTIB, CHT'HANI3ALlS TPO 3MIHY YMOB Y HABKOJHIIHBOMY CEpPEIOBHIIII,
yuTtaHHs iHpopManii 3 nepdoctpivok Ta iHme. [Ipunagu apyroro tumy
PEECTPYIOThH CBITJIOBHUII TMOTIK, SIKUI BiNOWBA€ThCS BiJ MOBEPXOHb, 1 Ta-

KUM YHHOM, MOKHA KOHTPOJIFOBATH CTaH Ii€i IIOBEPXH.
L - Z Ipuknag .CXCMI/I, B HKiI;'I.BPIKO—
PHCTOBYEThCS TaKi ONTPOHH 3 BiJKpH-
3 THM ONTHYHHM KaHAJIOM IMpPUBEICHHI

] Ha puc. 6.5.
Tyt: 1 — TeHeparop iMITyIBC-
: HOTO CHTHAITY, SIKUIA MOJIA€ThCS Ha CBIT-
\ nofion 3 onronapu; 6 — IPUCTpiH, KUt
peecTpye curHai 3 (OTOTpaH3KCTOpa; 4,
2,15 — migcuroBadi BXiJHOTO Ta BHUXIi-
Horo curHaimiB. [1pu 3MiHi iHTEHCUBHOC-
Piic. 6.5 — OIToeIeKTPOHHHMIE 1 THHK: Ti BIIOMTOrO BiJT TIOBEPXHi CBITIA 3Mi.HIO-
3 BUIKPHTHM KaHATOM €TBCSI CTpyM (oTonpuiiMaya, mo Qikey-
€TBCSL PEECTPYIOUNM TIPHCTPOEM.
Cepen TpYJIHOIIIB CXEMHOI pealizallii moaiOHuX MPUCTPOIB CIiJ
BKa3aTH Ha HEOOXIIHICTH 130JAmil MOro BiJ 30BHIMIHBOIO CBITIIA Ta 3a-
Oe3meyueHHsT TOYHOI ITPOCTOPOBOI Opi€HTAIlIT IPOMEHIB, TOOTO JKepena Ta
¢doronpuitmaya. Curyaitisi HabaraTo MOKPAIIy€eTHCS, SKIIO 3aCTOCOBYBATH
OIITPOHH, B SIKMX SIK ONTHYHUH KaHAJl BUKOPHCTOBYIOTH BOJIOKOHHI CBiT-
noBony. OHUM KiHIIEM CBITJIOBOJIM BMOHTOBaHI B NMPUCTPIN JKepesa, a
JpYyruid KiHeup — a0 poTonpuiiMada. ONTOENEKTPOHHI 30HAU [[OTO TUILY
MOXYTh BHKOPHUCTOBYBATHCh, HAIPUKIAJ, VIS JOCIIJUKEHHS IPOQisto
MIOBEPXHI, IIPH OMY IPUCTPOI JO3BOJISIIOTH PEECTPYBATH JyKe MaJli 3Mi-
HU B pebeRI.

06’exT
[\

6.4. Inuii 3acTocyBaHHS ONTPOHIB

Sk yxe BKazyBaloCh, IIOAHI ONTPOHH MOXYThH IpAIIOBaTH B
pexnMi (oToeneMeHTiB, TOOTO sK i30mpoBaHi mxepena EPC Ta ctpymy.
[ToBHa BifICyTHICTb TajIbBaHIYHOTO 3B’S13KY 3 30BHIIIHIM JKEPEIIOM KHB-
JICHHSI J]a€ MOXITUBICTh CTBOPUTH TPHUCTPOI 3 BEIUKOIO 3aXUILEHICTIO Bijl
BIUIMBY PI3HUX HABEJCHb €JICKTPOMArHITHOI MPUPOIU. 3HAYCHHS PI3HUIL
noreHuianiB Ha Bxoai ontponiB 0,3...0,4 B, ane Garapeiine crioyydeHHs
TaKUX OITPOHIB JI03BOJISIE CTBOPUTH BHUCOKOIIOTY KHI JKEepesia KUBJICHHS
3 Hanpyrow ~ 5 B ta ctpymamu 0,5...50 MA. KKJI ontpoHiB y pexumi
(doToeneMeHTIB HU3bKHI 1 He mepeBuirye 1 %, Xo4a B JESKUX BUIAAKaX
BiH mocsrae 10...15 % 3acTocyBaHHS MO3UTHBHOTO 3BOPOTHOTO 3B’SI3KY

68



MiXK eJIeMEHTaMH ONTOIApPH JO3BOJISIE OTPHUMATH MPUCTPOI 3 S-MO0Mi6HO0
BOJIbT-aMIIEPHOIO XapaKTEPUCTUKOI. Taki MpHUCTPOi HA3UBAIOThH pezeHe-
pamuenumu onmponamu. BapiaHt o/iHI€T 13 MOKIMBHX CXEM TIOKa3aHUI
Ha puc. 6.6:

O
—
[1 L [l A
iR
U,
—>
GZ —» Rz > U21
O T
Puc. 6.6 — Cxema Puc.6.7 — S-nogiona BAX
pereHepaTUBHOIO ONTPOHA pereHepaTHBHOIO ONTPOHA

Ipu craiit Hapy3i HA BXOJIi ONITPOHA TpaH3KucTOp 77 i cama ori-
Tomapa 3akpuTi. [licisa MiBHIIEHHS BXiIHOI HANIPYTH A0 PiBHS, JOCTAT-
HBOTO JIJIsI BBIMKHEHHsI 1, HOTO KOJICKTOPHHUI CTPYM Pi3KO 301TBIITYETHCS
1 30ymKyeThest [pkepeno onronapu. ®otoctpyM dortonpuiimMaya, B CBOO
4epry, e Oinblle Crpusie BBIMKHEHHIO TpaH3uWCTOpa 17; Ieil mpoiiec
NPU3BOJUTH JI0 HACHYEHHS Ha BOJIbT-aMIIEPHI XapaKTepUCTHII AUTHHUII 3
BiJI’€MHOIO KpYTH3HOIO (pHC. 6.7).

3aBIsKHM 1IbOMY pEreHepaTUBHI ONTPOHU € OiCTaOUTBHUMU elle-
MeHTamu (1aHomy 3HaueHHi0 U BiAMOBiga€e JBa 3Ha4ueHHs [|) i TOMy MO-
KYTh BHKOPHCTOBYBATHCH SIK IEpEMHKadi, IMiJCHIIIOBAaYi, T€HEPATOPH
OIITHYHHX Ta eNEKTPUIHHUX KOJIHMBAHb.

[CHYIOTB TakOX TPHUJIAAHU, B SIKHX TIEPETBOPESHHS SHEPTii MpoXo-
JIUTH 33 CXEMOKO BUIIPOMIHIOBAHHS — €JIEKTPHYHUIA CUTHAI — BUTIPOMIHIO-
BaHHsL. [IpUKIIaJoM TaKoro MPUCTPOIO MOXKE OYTH NPHIIaj, CXeMa SIKOTO I10-
Ka3aHa Ha puc. 6.8.

IMoTik ButipomintoBauHs @1, Kuii Magae yepes3 CKISHY iK1 -
Ky 1 Ta mpo3opwuii enekrpox 2 Ha map (oTONpoBiAHMKA 3 (HANPUKIA,
CdS), Buknukae 3MiHy HOro €NEKTPOOINOPY, B PE3YJBTATI YOTO MPOXO-
JUTH TIEPEPO3IIOIIT HAIIPYTH, KA MOJAETHCS Ha MPO30pi eneKkTpoau 2 i 6,
MiXK OCBITJICHOIO ALTSHKOKO (hoTompoBiaHuKa Ta mapom ZnS (5), skuii €
esrekTpooMiHodopom. ITiBUIIEHHST HAaNpYrW Ha EJIEKTPOIIOMIHO(OP-
HOMY IIapi MiBUIIY€E SCKPaBiCTh CBITIa, 0 BUIIPOMIHIOETECS. T10Tik D,
IIFOTO CBITJIA BUXOIWTP Yepe3 CKIAHY IUIACTHHKY 7. it onmTidaHOi i305smil
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MiX HIapamu (GOTONPOBIAHUKA Ta EJIEKTPOIIOMiHO(Opa B IPUCTPOi BUKO-
PHCTOBY€ETHCS HETIPO30pHUi map 4. AMIDIITY/1a HATIPYTH, SICKPaBiCTh, KOH-
TpPacT Ta KOJip 300paKeHHs 3ajexaTh BiJl XIMIYHOTO CKJIaay JIFo-
MiHOQOpa Ta QOTOMPOBITHUKA Ta TOBIIMHU IHUX ImapiB. Taki CTpyKTypu
MOXYTh BHKOPHCTOBYBATHCH SIK MiJICHIIIOBadi Ta IEPETBOPIOBadl 300pa-
JKEHb, TIPETBOPIOBaUi iH(YPauYECPBOHOTO BHUIIPOMIHIOBAHHSA B BHANME, KO-
TePEeHTHOTO B HEKorepeHTHe Ta iHnie. OcoOnuBuUil iHTEpEC BUKIUKAIOTh
MIPUCTPOI Ha TOHKUX IDTIBKaX, SIKi MArOTh MiABHUIICHY SICKPaBICTh Ta T00PY

PO3MiIbHY 31aTHICTb.

|
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3. ONTMYHA OBPOEKA
IH®OPMAITI

Nexuia 7. NAPUHUXMNMKN POBOTU ONTUYHUX MOAYNATOPIB

= Modynssmopu onmu4YHO20 8UNPOMiHIO8aHHSI.

* Xapakmepucmuku onmu4HuUx ModyJsisimopise.

= OnmuyHi deghnnekmopu.

= AkycmoonmuyHuli egpekm y deghsiekmopax ma iHuux
nepemeoprogayax eUrnpoOMiHO8aHHS.

7.1. MoaynaTopy ONTHYHOT0 BUIIPOMiHIOBAHHS

BuxoprcTaHHs ONTHYHOTO Aiana3oHy Uil 30epiraHHs Ta mepe-
naui iHdopMallii 103BoJIsIE 3HAYHO TOKPAIIUTH SKICTh Ta iHpOpMamiiHy
€MHICTh KaHaIly Tiepefadi. Mana JOBXKHWHA CBITIOBOI XBUII J03BOJISIE BH-
KOPUCTOBYBAaTH MOJYJISLII0 CHUTHATY HE TUIBKH B 4aci, a i 3a MPOCTOpO-
BUMH KoopauHatamu. OnTudyHa oOpoOka iHpopMalii BUMarae MpHHIM-
MIOBO HOBUX €JIEMEHTIB Ta CIIOCOOIB MOIYJISLII CBIT/IA, IPUCTPOIB BiAXH-
JICHHS ONITHYHUX TPOMEHIB (edIeKTopiB), afeKBaTHUX 3a iH(opmariii-
HOIO €MHICTIO Ta IIBUIKOIIEIO 3allaM’ITOBYIOUMX MPHUCTPOIB, OaraToere-
MEHTHHX (oTonpuiimMauis, criocobiB BimoOpakeHHs iHpopMaii Ta iHIe.

OnTHyHI METON AAaf0Th MOKIJIMBICTE OTIPAIbOBYBATH Ta 3aIIHCY-
BaTH iH(pOpMAIiO SK B aHAJOTOBIiH, Tak i B mudposid opmi. Ludpposi
METOJIH XapaKTePU3YIOTHCS OLTBIIO TOYHICTIO, MEHIIIOI YYTIHBICTIO 0
30BHIIIHIX BIUIMBIB Ta CIIOTBOPEHb CUTHAIIIB, 3pYyYHICTIO 3aIMCy Ta Tepe-
TBOPEHHSI CHTHAJIB, BUMaratoTh OUIBII HIMPOKOI CMYTH 4YacToT. Bynb-
SIKMI aHAJIOTOBHMI CUTHAJ MOXKHA MMPEICTaBUTH B MUGPOBIil (hopMmi, BUKO-
PHUCTOBYIOUH IMITYJIECHO-KOZOBY MOJIYJISLIIO.

Sk 1 B pafioTexHilli, MOIYJISAIIS MOJATae B TOMY, IO NIEBHY iH-
(hopMarliro yBOAATH Y CBITJIOBY XBHIIIO 32 PaXyHOK 3MIiHH B 4aci OJHIET i3
i XapakTepUCTHK — aMIUTITyaH, (a3u, 4acToTH 4 nosspusauii. doro-
npuiiMadi B ONTOENEKTPOHIL, SIK MPaBWJIO, YyTIMBI TUIBKH 10 IHTEHCHB-
HOCTI CBiTJIa, TOMYy Ha MPaKTUIl MOAYJIALIIO (a3u, 4acToTH abo MOJIApH-
3alii CBIiTMIa 3BOJISATH B aMILTITYTHY.

Skmio onTHYHE BUIIPOMIHIOBAHHS IIEPETBOPIOETHCS B IPOIECi
1oro reHepartii, TO MOIYJIAIII0 HA3WBAOTH BHYTPIMIHBOIO 200 TPsMO0. Y
CBITJIOZI0/1aX 200 HAITIBIPOBIJHUKOBHX Jia3epax MOJIYJIALII0 MOXHA HPO-
BOJIUTH, 3MIHIOIOUH BEIMUUHY 30ymKyrodoro crpymy. Lle Haiinpocrimmit
cnoci6. OgHak qy)e 4acTo BUHUKAE HEOOXIIHICTh MOIYJIOBAaTH CBITIIO,
SIKE B)KE BHHIILIO 13 JpKEpera.
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OnTu4HI MOAYISITOPH MOXYTh TPAIIOBATH Ha OLIBII BUCOKUX
YacTOTax, HK MPH BHYTPILIHIA Moxysinii. MogynsaTOpy ONTUYHOTO BH-
TPOMIHIOBaHHS B CHCTeMaxX 0OpoOKH Ta mepeaaui iHdopmallii mparroTh
Ha OCHOBI pi3HUX (DiI3MYHHUX MPOLECIB, SKi BiAOYBAaIOTHCS Mif €0 30B-
HIIHIX (aKTopiB.

I'muOuHa MOIYNAIIT UIS MOIYJSATOPIB IHTCHCUBHOCTI BH3HAYa-
I0Th HACTYITHUM YMHOM. SIKimio Ge3 1ii 30BHIIHBOTO (pakTOpa IHTEHCHB-
HIiCTh CBiTIa Ha ¢ortonpuiiMadi D,,;,, a D, — IHTCHCUBHICT MPH ITOB-
HOMY MPOCBIYyBaHHI, TO MAKCUMAJIBHOIO TIMOMHOI0 MOJYJISAIIT Oy/Ie:

@
M, =10lg| —me | (7.1)

min

Jlnist Moy nsitii CBiTIa IIMPOKO BUKOPUCTOBYIOTD €JIEKTPOOIITHY-
Hui edekt Keppa, skuii mossirac B CTBOpEHHI ONTHYHOI aHi30Tpomii B
I30TPONHUX PEUOBHMHAX I Ji€I0 eleKTpuuHoro mois. st crocrepe-
YKEHHSI IIbOTO e(DeKTy MPO30pHUil AICIEKTPUK PO3MINIYIOTh MK OOKJIaaKa-
MH KOH/IEHCATOPa, B SIKOMY CTBOPIOIOTH JIOCHThH CHJIbHE €JICKTPUYHE TI0JIe
3 HanpyxeHicTio E (e Tak 3BaHa komipka Keppa). Komipky Keppa pos-
MinnyoTs Mix mossipraropom 1 ta anamizaropom A (puc. 7.1). Tlpu E =0
IHTEHCUBHICTh Ha BHMXOJIi aHali3aTopa TakoX JOpiBHIOE HYmO. [Ipu yBiMK-
HEHHI €JIEKTPUYHOr'O IOJIs JIeNIEKTPUK B ONTHYHOMY BiJHOILICHHI CTae
NOAIOHMM 10 KpUCTana 3 MOJABIHHUM HpOMEHE3alOMJICHHSIM, ONTHYHA
BICh SIKOTO ITapaJieNIbHa HAIIPSIMKY €JIEKTPUIHOTO TTOJIS.

o +

A -
Puc. 7.1 — Cxema podotn komipku Keppa

Tomy, mpoxojsuu 4epe3 koMmipky Keppa, cBiTioBa XBHIJISL po3-
KJIaJIA€ThCS Ha JIB1 JHIHHO mojsipu30oBaHi XxBuiti. O/iHA 13 HUX MOJSIPU30-
BaHa TaK, IO 1i eNeKTPUYHUN BEKTOP OPIEHTOBAHWI MEPIEHANKYISIPHO
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30BHIITHBOMY TIOJIFO 3 HampyXeHicTio E (3BMuaiiHa XBWIIA), a Jpyra —
-

mapaiensHo E  (He3Bmuaiima xBwiist). J[s JOCSTHEHHS MaKCHMAIIBHOL

TIMOWHY MOJYJIAIT MOTPiOHO, 11106 roloBHA TUIOMHHA mossipu3atopa 11
-
ckmamana 3 Bekropom E Kyt 45°. 3Bnuaiina Ta He3BUYAHA XBHIII MalOTh

Pi3HI TOKa3HUKH 3aJIOMJICHHS (71 Ta H,) 1 TOMY TTOMIHUPIOIOTHCS B Hi€TICKT-
PUKY 3 pi3HUMH mBHAKOCTAME. [IpoiinioBmm yepe3 koMipky Keppa, cBiT-
JI0 CTa€ eNNTUYHO MOJSIPU30BAHMM 1y OinbIniii a00 MeHIIH Mipi mpoxo-
JIMTH Yepe3 aHami3zarop. Pi3HULA MiX 71, Ta 71, IpOTopLiiiHa KBaapaTy Hanpy-
HKEHOCTI eJIEKTPHYHOTO TTOJISL:

An=n,—n, =k E”, (7.2)

ne ki — xoedilienT, sKuii He 3a7IeXKUTh Bix E.
Pizanns a3z Mik 3BHUAiHIMU Ta HE3BHYAWHUMH XBHIJISIMH, SIKa
Ha0ira€ B MO/lyJIbOBAHOMY CEPEIOBMILII, TOBXKUHOIO [, CTAHOBHTH:

k E*l

2n(n, —n
NELOSINE
A

=2n =2nBIE?, (7.3)

k . . .
ne B= TK — nocTiitHa Keppa; A — I0BXHHA CBITIOBOT XBHUIII.

KBanparnunmii epext Keppa MOSCHIOETBCS ONTHYHOIO aHI30T-
POIIiE0 MOJIEKYJT MOJYJIIOIOUOTO CEepeJOBHIa, TOOTO iX 3IaTHICTIO I10-
Pi3HOMY HOJSIPU30BYBATHCH TIiJ] TI€FO €IEKTPUIHOTO HOJIS XBHIII B PI3HUX
HanpsMmkax. [Ipu BiICyTHOCTI 30BHIIIHBOIO €IEKTPUYHOTO IOJS aHi30T-
POTIHI MOJIEKYJI OPi€HTOBaHI XaOTHYHO i pEYOBHHA B LIOMY 130TPOIHA.
SIKIIO MOJIEKYJIM MalOTh BIACHUN €JIEKTPUYHUUN AUMNOIBHUM MOMEHT, TO
JOCUTH CHIIBHE TI0JIe B KOHICHCATOP1 BUKJIMKAE TIEPEBAYKHY OPi€HTAIIIO 1
PEYOBHHA CTa€ MAKPOCKOIIIYHO aHI30TPOITHOO.

VY pedoBHHAX, B IKUX MOJIEKYJIN HE MAIOTh JUIOJBHOTO MOMEH-
Ty, EJIEKTPUYHE M0JIe HOTo IHAYKYE 1 B pEUOBHHI CTBOPIOETHCS TAKOXK OI-
THUYHA aHI30TPOIIis 32 PaxyHOK Takoi mossipusauii pedoBuHu. Tomy po3-
PI3HSIOTH OpieHTALIHHUKA Ta mojisipu3aniiinuii epektn Keppa. Yac opien-
TaIiHOI penakcaii AUIOIBHUX MOJIEKYJ CKJIaaae ~ 107%. Ile 3Ha4YUTH,
mo mpu wacrorax momymsmii 10%..10° T, opienrauiitamii edexr Keppa
HE MPOSIBIISIETHCS 1 3AJIMINAECTHCS TUTBKH MOJISIPU3ALiHHUN eeKT, MIBUA-
KO/Iisl SIKOTO BHIIIA 1 TIOPIBHIOE ~ 107210 % ¢.
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EnexTpoonTHuHi sSBUIA CIIOCTEPIraloThesl HE TUTBKH B 130TPOI-
HUX PEYOBMHAX, aje 1 B KPUCTANaxX, SIKI MalOTh ONTHYHY aHi30TPOIMII0.
[Io6 moBiiiHe pOMeHe3aTOMIICHHST He BinOyBamocsk mpu E = 0, oxHOBic-
HHU{A KpPUCTall BUPi3al0Th TaK, MO0 CBITJIO MONIMPIOBAIOCH B3JOBX ONTHY-
HOI OCi, BXOASYM MEPHCHANKYISPHO TpaHi. EnexTpudHe mosie cTBOpO-
FOTh 200 TEPIICHANKYISIPHO HANPSMKY TOMIMPEHHS CBITIIA, a00 Y3IOBIK,
SK 1€ ToKa3aHo Ha puc. 7.2. [[nsg mporo Ha MPOTHIIEKHI rpaHi Tpeba
HaHOCHUTH MPO30Pi ENEKTPOIH.

U

M A

Puc. 7.2 — Cxema gocainkeHHs mo310BxKHbOro edekra [lokkeabca

3MiHa MOABIHHOTO MPOMEHE3aJIOMIICHHS aHI30TPOITHOTO KPHCTa-
Jla B eJIEKTPUYHOMY T10JIi HasuBaeThes edekroM [lokkenbca. Ha BigMiny
Big eexty Keppa pizHuis Mix 71, Ta 71, IPONOpILiiiHA IEPIIOMY CTEIIEHIO
HaTIPY>KEHOCTI:

An=nn, =k FE, (7.4)

ne ki — xoedinient ITokkensca.

Edexr [Tokkenbca Mae Many iHEpUIHHICT 1 1a€ MOXKITHUBICTH MO-
IyJIOBATH CBITIIO 110 9acToT ~ 10 B

PoGota MOmynsATOpiB ONTHYHOTO BHUIPOMIHIOBaHHA MOXe OyTH
o0Oy/JoBaHa Ha MarHiTOONTHYHUX e(eKTax, 30kpeMa, Ha edexti KorToHa —
Mytona. lleii edekr aHamoriunuii enekrpoontiuunoMy edekty Keppa, aie
npoxouTs y MarHiTHOMY moiti. Edext KorTona — Myrtona crnocrepira-
€TBCS B 130TPOITHOMY CEpENIOBHII, SIKE CKJIQJIAETHCS 13 MOJIEKYJI, sSIKi Ma-
I0Th MOCTiiHMIT MarHiTHUI MoMeHT. L{eit MoMeHT Oe3 1ot OpieHTOBAHM
Xa0THYHO, & B MarHITHOMY I10JIi TPUHMAE MEepPEeBAXHY OPIEHTALLIIO 1 TAKUM
YHMHOM PEYOBHHA CTA€ aHI30TPOMHOIO i HAOyBa€ BIACTHBOCTEH MOIBIHHO-
ro mpoMene3anoMiIeHHs. Sk i B epexti Keppa, mig ai€ero MarHiTHOTO mMoJist
CBITJIOBHI POMiHB JITUTHCS HA JIBA IPOMEHI — 3BHYAHNIN Ta HE3BUYAH-

74



HUI 1 TMPOMIIOBIIM MOJYJIOIOYE CEPEIOBHIIE, CBITJIO CTAa€ ETINTHYHO
MOJISIPU30BaHUM. PI3HUIS MK K, Ta 1y TAKOXK MPOTMOpIiiiHA KBaIpaTy
HaMpy»XeHOCTi MarHitHoro nouns H, To6To:
An=n,—n, =k, H”, (7.5)
ne kg — xoedinient Korrona — MyToHa.

B onTHYHHX MOJIyNATOpax MOXE BHKOPHCTOBYBATHUCH 1 €(heKT
dapayest, SKUil TONSArae B MOBOPOTI TUIOIIMHYU HOJISPU3ALIT IIOCKOIIOIS-
PH30BAHOTO CBITJIA, SIKE TOIIMPIOETHCS B3IOBXK MarHiTHOrO monsd. Edekr
TIOSICHIOETHCS THM, II0 B HAMArHiueHil pedoBHHI NOKA3HUKH 3aJIOMICHHS
IUTA TIIPKYISIPHO TIPABO- 1 JIIBONOJSIPU30BAHOTO CBiTNA pi3Hi. [lmockomo-
JISIPU30BaHE CBITJIO € CYMOIO JIBO- Ta MPaBONOJPH30BAHUX CKIAJ0BUX.
ITicyist POXOMKEHHs! CEPENOBMIA B MAHITHOMY TIOJIi JOBKHHOIO [, Mix
HUMH BHHHKA€E PI3HHILI XO/Y, B PE3YJIbTATI IUIOMIHHA MOJAPH3ALIil TOBEp-
TA€THCS HA KYT O, IKHH BU3HAYAETHCS 3 (POPMYITH:

¢ =plH, (7.6)

Jie p — nocriiina Bepze.
Jlist ONTHYHUX MOJYJATOPIB MOKE OCHOBYBATHCh 1 Ha iHIIUX (i-
3UYHUX SBUIIAX, Ki OyIyTh PO3IIISTHYTI B TIOIANIBIIOMY.

7.2. XapaKTepuCTHKH ONTHYHUX MOAYJIATOPIB

HesanexxHo BijJ MPUHIMITY Jii ONTUYHI MOIYJISITOPU XapaKTepH-
3YIOTBCSI PSIOM MApaMeTpiB: TITUOGHHOI MOAYIIILIi, ONTHYHUMHU BTpaTa-
MH, CMYT'aMH ITPO30POCTi Ta MOJIYJIOBAHUX YaCTOT, MUTOMOIO TTOTYKHIC-
TIO CIIOKUBAHHS T4 1HIIIE.

I'muOuna Momyaii Bu3HaYaeThes opmyiioro (7.1), ane MoxHa
po3paxyBaTH Takx:

M — max min , (77)

e D,,., D, — IHTEHCHUBHOCTI CBITJIa, MO TPOMIILIO KPi3h MOIY-
JATOP, TIPY HASIBHOCTI Ta BiJICYTHOCTI KEPOBAHOTO CUTHAIY.

Sxmo D,,;, ~ 0, TO MOAYIITOP MOKHA BUKOPHUCTATH SK ONTHY-
HUIA 3aTBOP, TOOTO MPUCTPIii, IKUIT BMUKAae a00 BUMUKAE CBITJIO.
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OnTu4HiI BTpaTd MOJYNATOpa a00 3aTBOPY XapaKTEePHU3YIOTh Bill-
HOIIIEHHSIM iHTEHCHUBHOCTI CBiTiIa @) (6€3 MPHUCTPOIO) 0 IHTEHCHBHOCTI
BUXIJTHOTO CBITJIa B PE&XKHMI IIOBHOTO MPOCBIYyBaHHS MoyJsiTopa. OnTHaHi
BTPaTH BUPAXKAIOTh y Aenubernax:

@
&=10lg (DO : (7.8)

max

Je @y — IHTEHCUBHICTh CBITJIA 3a BiZICYTHOCTI PUCTPOIO.

CMyra mpo30pocTi BU3HAYa€ CIEKTPAILHHUMN iana3oH BUIIPOMI-
HIOBAaHHS, SIKI0 BUIIPOMIHIOBAHHS IPOXOJUTH Yepe3 MOAYJIATop Oe3 cyT-
TeBoro mociabnenns. ITix cMyrow mpomyckands Af MomynaTopa posy-
MIIOTh Jiana30H 4acTOT MOAYJLIi, B sSIKOMYy BiH Tpaitoe. BoHa Bu3Ha-
YaE€TLCS K PI3HULA BEPXHBOI f, Ta HUKHBOI f, yacToT. SIK TpaBuUIO,
fe>>f., T0o Af =~ f,. OuTryHuMil 3aTBOP XapaKTEPU3YETHCS TAKOK YaCoOM
MIBAIKOIII.

J1s MOy STl ONTHYHOTO CUTHAITY 3aTPady€eThCs €Hepris 1 BOHa
M Ginbina, 9uM Ginbiua Benuunna Af. ToMy Sk XapakTepucTHKa MOIY-
JSITOPa BBOIUTBCS MApaMeTp, SKWi BH3HAYA€THCS MOTYXKHICTIO Ha OJIH-
HUITIO CMYTH YaCTOT MOAYJIALIT (A7 3pYYHOCTI I BETIMYUHA BAMipPIOETh-
cs1 B MBT/MI ).

Y ToMy BHIaJKy, KOJIM Ha BXOAI Ta BUXOAI MOIYJISTOPA BUKOPHUC-
TOBYIOTBCSI CXpEIIEH] MOJISIPU3aTOP Ta aHAII3aToOp, TO AMILTITY/a MpPOWi-
JIEHOI CBITJIOBOI XBHJII MPONOPLIiiHA SIN, Jie (P — KyT MOBOPOTY ILIOMIU-
HH TOJsIpH3aliii 00yMOBIICHOI MpUKIaaeHow Hampyrow U, a iHTCHCHB-
HICTP CBITJIa HA BUXOJ[I BUPAKAETHCS CITIBBIIHOIICHHSIM:

o -0 sn?|EY ] (7.9)

UMZ

ne U, ,, — Tak 3BaHa HaNiBXBUJIbOBA HANpyTa, KA IOPIBHIOE

Hanpy3i U, npu siKiii CBITIIO, 0 IPOXOIUTH YCTAHOBKY, Ma€ MaKCHMAJb-
Hy iHTEeHCHBHICTb. L{e mocsiraeTbest Tomi, Ko (aza cBiTiIa 3MIHIOETECS HA TT.

EnexTpuuHi MOZYNATOpPH OTpPHMAlIM MIMPOKE 3aCTOCYBaHHS.
EdextuBHrME MaTepiagaMu Ui TaKMX IPHUCTPOIB € HioOar JIiTio
LiNbO; (o6nacts mposzopocti — 0,4...4,5 mMxm), tantanar nitio LiTaOs;
(0,5...5mkm), Turanatu kamito KNbO;, KTaO; ta KTa, Nb; ,O;
(0,5... 4,5 Mxm).
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3aCcTOCOBYIOTECSI TaKOXK KJIACHYHI €JIEKTPOONITHYHI MaTepiaid:
murigpodocdar kamiro KH,PO,4 (ckopouena uazsa K/IP) ta iforo neiir-
pouna Momudikauis KIHPO, (AKIP) 3 obnactio mposopocti 0,3...1,2 MkMm,
murigpodocdar amonito NH4H,PO,4 (AIP) Ta Gararo iHmmx marepiais.

Y MarHiTOONTHYHHX MOZYJIATOPAaX BUKOPHCTOBYIOTH (hepomar-
HITHI MaTepiaiu, 30KkpeMa, epuTH, SIKi MOETHYIOTh (pepoMarHiTHI Ta Ha-
HIBIPOBIAHUKOBI (200 MieNeKTPUYHI) BIACTHBOCTI 1 € CKJIaIHUMH OKHCa-
MU 3ajli3a Ta JEeSIKHUX IHIIUX eJeMEHTIB. Y 0araTthbOX BHUIIaJKax BHKOpPHC-
TOBYIOTbCS Pi3HOBHAU (eputiB, Taki gk rpaHatd Y3FesOpn, Y3Als04,,
a6o BiyY | xFesO1,, ski € mpozopumu B 4epBoHiii Ta GimkHii iHppauep-
BOHIl 00acTsAX CreKkTpa. B ONTHYHUX MOMYJISATOPAX BUKOPHCTOBYHOTHCS
TaKOX 1 iHII e()eKTH, SIKi 3aCTOCOBYIOTHCS B IHIIMX IPUCTPOSIX ONTOENEKT-
poniku. Li edextr OyayTh PO3MIAHYTI B IHIIMX 3aCTOCYBAHHAX TPH PO3-
TSIl X BUKOPUCTAHHS B ONITHYHUX MOJYJISATOPAX.

7.3. OnTuusi gedaexropu

[MomwmpeHnMy eleMeHTaMu B CHCTEMax ONTHUYHOI OOpOOKH iH-
(dopmarii € mprCTpoi IS 3MIHU MTPOCTOPOBOTO TOJOKEHHS CBITIOBOTO
TIPOMEHS — TaK 3BaHi deghriekmopu (Bin natuHcbkoro deflectio — Binxu-
15110). PO3pi3HSIOTE AedieKTopy 3 JUCKPETHHM HaOOpOM MOJIOXKCHb Bif-
XHJICHOTO TIPOMEHS, 8 TAKOXX HOro HerepepBHOI PO3TOPTKH — CKaHEpH.
Taki onTWYHI MPHCTPOI MOXKYTH NPAIIOBATH Ha EJIEKTPO-, MArHITO- Ta
aKyCTOONTHYHUX e(eKTax.

Po3rnsiHeMo poOOTy eneKkTpOONTHYHHUX JedIieKTopiB. B enekT-
poonTHyHOMY e(deKTi 3BUYaliHUI Ta HE3BMYAWHHI MPOMEHI IpU BXOII 3
KpHCTaja JHIHHONONSPHU30BaHI B JBOX B3aEMHO MEPHEHANKYJISPHUX
IUTOLIMHAX. SIKIIO Ha IIOCKONapasesbHy IJIAaCTHHY 13 OJJHOBICHOIO KpHC-
Tayia BUpi3aHy MiJ KyTOM JI0 ONTHYHOI OCi, HAIPaBUTH CBITJIO, SIKE IJIOC-
KOIIOJIIPU30BaHe B IUIOIIMHI MOJISpU3amii 3BUYAaifHOTO NPOMEHS, TO HA
BUXOJIi KpUCTana He3BHYalHWN NPOMiHb Oynae BiICYTHIH, a 3BHYalHMI
TIpoiizie Yepe3 KpUCTajl He 3MIHIOI0YH CBOTO TIOJIOKEHHS B IPOCTOPI.

Sxmo miommHYy TONSpU3aIii Mamardoro Ha KPHCTal CBITIA
3MiHATH Ha 90°, TO Yepe3 KpUCTal MPOie TUTBKH He3BUIaWHUI IPOMIHB,
SIKUH Temep BXe He OyJe MPOJOBKEHHAM Malalovyoro, a 3MIiCTUTHCS Bif-
HOCHO HBOrO. [HmIIMMH clioBamMHM, 3a DOIOMOIOIO IOJNAPU3ATOPa MOXKHA
BUAUTUTH OJUH 3 IBOX MIPOCTOPOBO PO3IIICHUX MPOMEHIB B KpUCTai. Y
neduiekTopax OpIEHTAI0 TUIOMHHK MOJSPU3aIlil IEPBUHHOTO MPOMEHS
3MIHIOIOTh HE TOBOPOTOM MOJISIPH3aTOPa, & BUKOPHCTOBYIOTh €JIEKTPOOII-
TUYHUH e(eKT. SKIo Ha eJeKTPOONTHYHY KOMIPKY HE TOAAETHCS HAIpy-
ra — MOJISIpH3aLlisl CBIT/Ia HE 3MIHIOETHCST; TIPHU MO/1aui HaNpyTH (HaIlBXBUIIHO-
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BOI) TUTOIIMHA TOJIpH3alii 3MiHIOETECS Ha 90°, mo 1 moTpiOHO ISt po-
60TH nedirekropa.

3MilleHHs TPOMEHSI 3aJI€XKHUTh BiJl MaTepiaiy, 3 SKOT0 BUTOTOB-
JICHO KOMIpKYy, Ta Bif ii ToBimuuU. 1100 Ha Bux0i neduexkropa Oyno Oa-
rato MoJj0KeHb, CBITJIO MPOMYCKAIOTh Yepe3 CUCTEMY MapalieIbHUX KPHUC-
TaJiB 3 KEPYIOUUMH enekTpogamu (puc. 7.3):

/
~

U1g U, g U ©

Puc. 7.3 — Bynosa Tpukackagsoro aegiaexropa

J7ist oTpUMaHHS OTHAKOBOTO KPOKY B JIMCKPETHIH TOCIiJOBHOCTI
MTOJIO’KEHb CBITIIOBOTO MPOMEHS Ha BUXOJI AediekTopa HE0oO0XiqHO, mo0
TOBIIWHA KPUCTATIB PO3MIIIIEHUX KACKaJTHO OIMH 33 OJHUM, BiIpi3HsIACH
y JIBa pa3H.

Hexaii ronoBHuMiT epepi3 BCiX KpUCTaNiB (TUIONIIHA, SKa IIPOXO-
IUTH Yepe3 MPOMIHB Ta ONTHYHY BICh KpHCTala) 30ira€ThCs 3 IIOUIHHOIO
puc. 7.3. HampaBumo Ha nediekTop JiHIHHO TMOJISIPU30BaHE CBITIO TaK,
00 IUIOIIUHA ENEKTPUYHOTO BEKTOpa B CBITJIOBOT XBWIII Oyia mepreH-
JMKYJISIPHOIO JI0 TOJIOBHOT'O Iepepizy, TOOTO A0 IJIOMIMHKM pUCYHKA. SIK-
10 Ha BCI MOXYJISITOPH MOJSApH3alil HANpYry He IOJaHo, TO IUIONIMHA
MOJIIPU3AIlii IPOMEHS HE 3MIHIOEThCS 1 BiH BHi/IE B mo3uilii 1. SKimo yBiMK-
aytu Hanpyry Us = U, TO TUIONIHHA MOJSpU3alii CBiT/Ia Ha TPETHOMY
MOIyIISATOPi moBepHEThCs Ha 90°, 1m0 BiAMOBiAa€e MONApU3aIii He3BUYAN-
HOTO TIPOMEHSI, BiH BiIXHWIIUTHCS 1 yBidae B mo3utito 2. [l Toro, mob Ha
BHUXOJI MOIYJISATOpa MPOMiHb BHWIIOB B IMO3MII0 3, HEOOXiTHO TOAATH
Hanpyry U, = U, . Ajie Ha TpeTbOMy KPHCTali BiH € HE3BHYANHUM IIPO-
MEHEM 1 Buiijie B MO3uIlito 4, o0 BiH BUHIIOB B MO3MIIiIO 3, Tpeba moaa-
i Hanpyry Us= U ;.

VY Tabmumi 7.1 npuBeneHo cxeMy BBIMKHEHHS HAlpyTH, o0 mo-
CITITOBHO OTPHMATH BCi BiCIM TO3MIIN CBITIOBOTO IIPOMEHA. 3a JIOTIOMO-
TO0 771-KacKaHOTO Je(IeKTOpa MOKHA OTpUMATH 2" JTUCKPETHHUX MO3H-
it cBiTIIOBOro mpoMeHs Ha Buxoji. Hanpuxian, 8-kackamuuii neduek-
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Top Mae 256 mo3wuiiit. s Toro, mo6 oTpUMaTH BiIXUIEHHS TPOMEHS B
JBOX KOOpJHMHATAX, y AE(IIEKTOP BBOIATH KPHCTAIH 3 B3a€MHO IEpIICH-
JUKYJIIPHUM PO3MIIIEHHAM iX rojoBHHX IUIomuH. [Ipu poMy gocsraers-
cs 10%...10° nonoskeHs poMeHiB Ha BUXO, 3 4acoM nepemukans ~ 10 c.
Ta6auus 7.1 — KomyTanisi Kepylounx Hanpyr TpPMKacKagHoro aediexkropa

Hampyra [Tonoxenus
U, U, U, IPOMCHS
0 0 0 1
0 0 + 2
0 + + 3
0 + 0 4
+ + 0 5
+ + + 6
+ 0 + 7
+ 0 0 8

OpHUM 13 OCHOBHHUX TapaMeTpiB JiedieKkTopa € HOro po3iibHa
3JIATHICTD, KA BU3HAYAETHCS MaTepialioM 1 TOBIIMHOIO MOABIWHHX MPO-
MEHE3aJIOMJIIOIOUMX TUIACTUH Ta iX OpIEHTAII€I0 BiJIHOCHO ONTHYHOI OCi
KpHUcTana.

VY nedraexkropax MOXKyTh 3aCTOCOBYBATHCH Taki ) cami mMarepia-
7 s B enekrpoontuunux moxyisropax: KJP, AP, AKJIP, LiNbO;
BaTiO; Ta immi.

HenepepBHe BigxuieHHs MpoMeHs (CKaHyBaHHS) MOXKHA OTPH-
MaTH, BUKOPHUCTOBYIOUM MNPHU3MY 13 €IEeKTPOONTHYHOIO Marepiany (Ha-
npuxian, KTN, KDP, BaTiO;) 3 HaneceHnMu Ha HUX METAIEBUMH E€JIEKT-

pomamu, 0o sSKUX mpukiagaetses Hanpyra U. Kyt @, mig skuM npomiHb
BUXOJUTH i3 MPU3MH 3aleKUTh BiJ MOKa3HHWKA 3AIIOMIICHHS, SKUH He-
TIepEepBHO 3MIHIOEThC Bi Harpyru U.

7.4. AkycroonTH4HUii epexT y nedrekropax Ta
IHIINX MepeTBOPIOBAaYaX BUNIPOMiHIOBAHHS

PoGoTa akycTOONTHYHHUX MPUCTPOIB OCHOBAaHA HA B3a€EMOJII OI-
TUYHUX XBUIIb 31 3BYKOBHMH B Kpuctaii. [Tin giero MexaHIYHHX Hampyr,
SIKi BUHUKAIOTh Y KPHUCTANI MPH TOMKMPEHHI 3ByKOBHUX XBHJIb 3MiHIOETHCSI
MOKa3HUK 3aJOMJICHHS ONTHYHOTO CEPEAOBHINA, IO 1 MPUBOJMUTH IO
IITy4yHO! ONTHYHOI aHizoTpomii. Ilig nieto 3ByKOBOT XBMIIi B CepEIOBHILI
BUHHUKA€E TEPIOJUYHA CTPYKTYpa 3 PI3HUMH IOKa3HUKaMH 3aJOMIICHHS,
sIKa TOIIMPIOETHCS B KPUCTANTI 31 3BYKOBOIO IIBUIKICTIO. SIKIIO Ha Taky
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PEYOBHUHY HAIIPpaBUTU CBITJIO 3 NonepeuYHuMu pOSMipaMI/I Hy‘IKaI"?\.

38.
A, =V, /v, ,ne V. — LIBUIKICTB 3BYKY, Vs, — 94aCTOTA), TO XiJ CBIiT-
JIOBOTO MPOMEHS Oyze MepioMuHO BUKPHUBISTHCH. B 00macTi ynprpa3By-
Ky CBITJIO Ha TAKUX CMyraX BIIXWIISIETHCS MOAIOHO PO3CISIHHIO PEHTTCHIBCh-
KHX XBHJIb Ha aTOMHUX IUIOMIMHAX Y KPUCTAI.
/ Jns orpumanHs akyc-
TOONITHYHOTO edekTy (prc. 7.4)
3BYKOBY XBWITIO B KpHCTai 30y-
JDKYIOTh 32 JIOTIOMOTOIO IT°€30-
€JIEKTPUYHOI IVIACTUHU, TPUKIIE-
€HOI JI0 TOBEpXHI KpuCTaia,
a00 3a JI0IIOMOT0I0 TOHKOI IUTB-
xu (LINDO;, CdS, ZnO).
BBiMKHEHHST 3MiHHOI
T enekTpu4Hoi Hanpyru U BUK-
oo U=(0 1nuKae MeXaHiyHi KOJMBAaHHSA
e 1 IacTHHA (TUTIBKH) 1, TaKUM
4uHOM, 30yIKye B KpUCTali
2 3BYKOBI XBHWJI B IIMPOKOMY
U Jiarna3oHi 4acToT, BEpXHs rpa-
Huns axkux csrac ~ 10° T
Puc. 7.4 — BynoBa akyCTOONTHYHOTO 3ByKOBi XBUIi Ha JApyromy
negiexTopa KiHII KpHCTaa MOrIHHAITHCH
CTELiaIbHOI0 PEYOBHMHOIO (HANPHUKIIAA, CTIOKCHIAHOI0 CMOJIOI0 3 HAaIloB-
HIOBAauYeM, CIJIABOM BICMYTY 3 iHII€M Ta iHIII).
MosxmmBi 1B1 cxemn aupakiiii Ha 3BYKOBHX XBHIIsIX. KorepeHT-
HU{ ONTHYHMI POMIHb MOJKHA ITOCJIATH IEPHESHANKYIISIPHO 10 HAPSIMKY
TOIUpPEeHHs 3ByKoBO1 XxBuii (audpaxmis Pamana — Hara) i Toxi Ha BUXOII
CBITJIOBa XBWJII PO30MBAETHCS HA CEPII0 IYUKiB, SIKi CHMETPHYHO PO3XO-

JATHCA Hi[[ KyTaMu Gm J10 MaJJarovyoro Imyvka:

0 =—=, (7.10)

nem=0,£1,+2, ...; A — IOBXHHA CBITJIOBOI XBHJIi.

YmoBi m = () BiANOBiZae HYJILOBHI MOPSIOK Audpakii, m =+ 1 —
MepIINHA MOPSIOK i T. .

TakuM YWHOM, €Hepris Magaloyvoro Iy4yka PO3MOIIAEThCS IO-
MK OaraThoxX mydukiB. CHiBBiIHOIIECHHS IHTEHCHBHOCTI MU(paroBaHIX
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MyYKIB 3aJIe)KUTh B/l YACTOTH Ta IHTEHCHUBHOCTI 3BYKY, JOBXHHHU LUISAXY,
NpOMIEHOrO CBITIOM y 30Hi [ii 3ByKOBOI XBHJII (IOBKMHH B3aeMOii /).
Juis Toro, mo6 mudpaknis Pamana — Hara BinOyBanach, He0OXiTHO BH-
KOHYBaTH YMOBY:

MIN2, <<1. (7.11)

Sxmo ymoBa (7.11) He BUKOHYETBCS, TO MOXIUBUH 1HIIHIA THIT
mudpakiii, KoJM CBITJIO Majac HENepHeHANKYJSPHO HANPSMKY ITOLIH-
peHHs 3BYKy (nudpaxuis bperra).

SIKIIo KyT MK HaIpsIMKOM I1aJJal0uo0ro CBITJIOBOTO ITydKa Ta HOp-
MaJITIO JIO MOBEPXHi 05 Takuid, 110 BUKOHYETHCS YMOBA!

2\, -sinf; =4, (7.12)

TO BCSI €HEPTisl CBITIOBOTO ITy4YKa CKOHICHTPYETHCS MPAKTUYHO B IyYKY,
SIKUH BiIIOBiJa€ TIEPIIOMY TOPSIIKY THAPPAKIIIi.

CHiBBiTHOMICHHST M IHTEHCUBHOCTAMH IHU(PAroBaHOTO ITydKa
Ta My4Ka, KU IMOMIMPIOETHCS B HAINPSAMKY IaJal0dyoro IMpOMEH:, 3aje-
JKUTh BiJl IOBXXMHHU B3a€MOJIT Ta aMIUTITYAu 3ByKoBoi xBuii. J{is Toro,
mo6 ~ 50 % IHTEeHCHBHOCTI CBITJIOBOTO IIOTOKY OyJia B IH(paroBaHOMY
HANpAMKY TIPH iHTEHCHBHOCTI 3ByKy | BT/cM’, IOBXMHA B3aeMOii s
pi3HUX pedoBHH cTaHOBUTH ~ 0,1...10 cM. YacToTa 3ByKY V4, K IPABH-
710 > 10° T'ry (rimepsByk — 10°...10" T'm).

3rigso popmysu (7.12) npu sinBp = 1 (poscitoBaHHs HA3a) BUKO-
HYETBCS PIBHICTD 2A4.= A, SIKill BiINOBIIa€ TPAHUYHA YACTOTA 3BYKY Vs4.

Jlns BumuMOi 00J1acTi CIICKTpa B 3aJISKHOCTI BiJ MaTepiany (pis-
Hi Vi) Vi max 3HAXOOUTBCA B MEXKax BiJl JNEKUIBKOX Tirarepil o Jae-
KUIBKOX JIECATKIB rirarepi.

Jubpaxiis Bperra BUKOPUCTOBY€ETHCS B MIBUAKOMIFOUNX ONTHY-
HUX aeduiekTopax. besnepeuHoro mepeBaror Takux JAe(IIEKTOPIB Hal
EJIEKTPOONITHYHUMH € MOXKJIMBICTh 3MIHIOBATH KYT 33 PaXyHOK 3MiHH 4ac-
TOTH 3BYKY. 3rimHO (7.12) npu npoMy MOTpiOHO CHHXPOHHO 3MiHIOBAaTH i
KyT MagiHHS CBITJIOBOrO mpoMeHs. OHaK Ha MPAKTHLI 3aCTOCOBYETHCS
HE TUIOCKA 3BYKOBa XBUJIS, a XBUIIS, sSIKa Ma€ JIEsIKy KyTOBY pO30iKHICTH
(sIX Ie cxeMaTHYHO MOKa3aHO Ha pUC. 7.4 MyHKTUPHUMH JTiHisiMH). TaKy
XBIJTIO MOXKHA PO3IJIAIATH SIK CYKYITHICTh XBHJIb 3 IEBHOIO KYTOBOIO PO3-
oixkHicTo. s 3aganoi yactoTu 3BYKy audpakist bperra 6ynxe coctepi-
TaTHCh Ha Tii KOMIIOHEHTI 3BYKOBOI XBMII, AJIA SIKOT BUKOHYETHCS YMOBa
(7.12). OueBuaHO, O 4MM OijblIa PO30KHICTH 3BYKOBOI XBHJI, TUM Y
OinmbIIOMY 1HTEpBaJli KyTiB BUKOHY€EThCS yMoBa (7.12), ane s edexTus-

81



HOi poboTtu nediexkropa MOTPiOHO 301IBITYBATH IHTEHCUBHICTH 3BYKOBOI
XBWII. SIKIIO sIK poOoOYe TiNIO BUKOPUCTOBYBATH aHI30TPOITHHUN KPUCTAI,
TO KapTHHA PO3MITHYTOI AU(paKIii YCKIAJIHIOEThCS, yMOBa TUQpaKiii
CTa€ 3aJIeKHOIO Bijl B3aEMHOI Opi€HTAIlil HAMPSAMKY MOIIHPEHHS 3ByKY Ta
ONTHYHOI OCi KpUCTala, MOJ0KEHHS TUTONIMHHI MOJSIpH3allii citia. Y 1ux
3aJICKHOCTSX JIOCATAIOTh LIe OLBIIOr0 KyTOBOTO iHTEPBAy BUKOHAHHS
ymoBH (7.12).

3a J0MOMOTO aKyCTOONTHYHHX KPHCTATIB MOXHA 3IIHCHHTH
HE TUTBKH OJ[HO-, aJIe 1 TBOKOOPIMHATHE BiIXHJICHHS CBITIIOBOTO ITyYKa.

Po3ninbHa 3MaTHICTh aKYCTOONITHYHUX AUQPICKTOPIB TOCATAE
10°...10* (4mcio PO3PI3HEHMX TOTOKEHb CBITIOBOTO IMydKa), MPHUOMY
PO3ropTKa MOXe MPOBOJUTHCH K JUCKPETHO, TaK 1 HENEepepBHO, IO J0-
CSraeThCsl JUCKPETHOIO a0 IIaBHOIO 3MIHOKO 4acTOTH 3BYKY. IIIBHAKICTH
TIepeMMKaHHs CBITIIOBOTO TIpOMeHs ckiazae ~ 107 ¢.

B akycroonTHyHUX IedIeKTOpaX MOXYTh BUKOPHCTOBYBAaTHChH
pi3Hi Marepiany, sKi c1ab0 NOTJIMHAIOTH 3BYK, Ta IMPO30pi B BiAMOBIIHNX
obmactsax crektpa. Hanmpukian, rraBaeHUN KBapll, XalbKOTCHIIHE CKIIO
As,S3, miokeun tenypy TeO,, monioaar ceunmo PbMoQy, takox KJIP,
JOKOP, Li NbOj rta ixmri.

Jlednexkrop Ha OCHOBI aKyCTOONTHYHOTO €(eKTy MOKHA BHKO-
PHUCTOBYBATH SIK MOJYJSATOP, @ TAKOX ISl BUKOHAHHS IHIIMX IIEPETBO-
PEHB CBiTIIA.

SIKIIo Ha KpUCTal 3 BBEICHOK B HHOTO 3BYKOBOKO XBHJICKO Ha-
IPaBUTH HEMOHOXPOMATHYHE BUIPOMIHIOBAaHHs, TO Ha KyT 20, Bigxu-

JUTBCS CBITJIO TEPEBAXKHO 3 OTHIEI0 NOBKHUHOIO XBIIi. lle mae moxmm-
BiCTh BHBOJUTH i3 My4Ka BY3bKHI CIIEKTPAbHUN iHTEPBal BHIIPOMIHIO-
BaHHS. 3MIHIOIOUHM YacTOTY 3BYKY L€l CIIEKTpalbHH iHTepBal MOXKHA
3MIHIOBaTH B IIUPOKOMY JIialia3oHi, KU OXOIUIIOE yibTpadioneToBe Ta
iH(ppauepBoHe BUNpoMiHiOBaHHs. Ha 11boMy OCHOBaHa po0OTa aKycToOI-
THYHUX QUTBTPIB, CTIEKTpalIbHA MUPHHA SKUX cTaHOBUTH ~ 0,01...1 HM.
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Nexuisa 8. ONTUYHI TPAHCINAPAHTU

= 3ac2asibHi MNoJI0XeHHsI.
= Enekmpu4yHoO-KepoeaHi mpaHcnapaHmu.
* [IlpuHyunu po6omu onMu4YHO-KepoeaHUX mpaHcnapaHmie.

8.1. 3araabHi moJ10;KeHHs

Onmuunuii mpanucnapanm (OT) siBisie coOO0 TUTOCKUHA TIPUCT-
pifi, onTHYHI TapamMeTpu SKOro (IpO30piCTh, PO3CitOBaHHS, KOe(iIlieHT
3aJIOMJICHHS, TOJIPHU3AIlisl) MiA M€l KePYIUOTO CHTHATY 3MiHIOIOTHCS
BiJl TOYKHM JI0 TOYKH IO HOro IUIOLIMHI, TOOTO CBITJIOBHH MyYOK, SIKHH
HNPOXOINTH Yepe3 TaKHil MPUCTPii a00 BIAOUTHII Bil HBOTO, CTAE MPOCTO-
pPOBO MOAynbOBaHMM. Ha mpocTopoBy MOAmyJLilo CBiTJIA B ONTHYHHX
TpaHCMapaHTaXx MOXHA HAKJIACTH 1 YacOBY MOIYJIILIiI0 cHrHamB. TpaHc-
TIapaHT, KU J]a€ MOKIIMBICTH NPOBOJMTH MPOCTOPOBY Ta YacCOBY MOIY-
JISIII0 CUTHAIB, HA3UBAIOTh OUHAMIYHUM A00O MPOCMOPOBO-4ACOBUM
mooynamopom ceimaa (ITUIMC). 3a monomorotro meuakoAirounx [TUMC
MOXIIMBO 3IIMCHIOBATH TMapaJielibHy OOpOOKY BENMKHX MacHBiB iH(Op-
Marii (300pakeHb, KapTHH) y peasibHoMy MaciuTadi gacy. [TUMC mMoxyTh
3aCTOCOBYBATHCh HE TUIBKU UISl NIEPETBOPEHHS, alie 1 Ul Mapaje’IbHOro
BBEIICHHA MacwBiB iH(opMarlii, a TakoX Ui ii BHBEICHHA Ta BimoOpa-
JKCHHS, B TOMY YHCII 1 B Bi3yanbHi# ¢opmi. SIKIIo BIaCTUBOCTI MaTepiaiiB
Ta TPUHLMI [ii TpaHCIapaHTa M03BOJIIIOTH 30€PerTd “‘ONTHYHHN peibed’”
HpoTsIroM nesHoro yacy, To [TYMC mMoxHa BUKOPHUCTATH SIK PUCTPIN r1am’sITi
BEJIMKOI €MHOCTI.

Jnst monymsinii curnaniB B8 OT BHKOPHUCTOBYIOTH pi3Hi (i3uuHi
edextr. MOIyJAII0 MOXKHA 3IIHCHIOBATU MOJAI0YH HA OKPEMi MIISTHKH
TpaHcnapaHnTta enektpuyHi curnanu (EKT — enekTpu4HO-KepoBaHi TpaHc-
rapaHTH) abo MPOEKTYIo4Yr Ha Hbhoro onTnuHi 300pakeHHs: (OKT — onruy-
HO-KEepOBaHI TpaHCIapaHTH). ICHYIOTh TaKOXK MPUCTPOI, B SKHX B CICKT-
porHo-TipoMeneBiit TpyOmi OT € MilIeHHI0, a KepyBaHHS HOTO MapaMeT-
paMu BHKOHY€ETBCS CKaHyloUnM enekTpoHHIM mydkoM (Tityc, Eitmodop
Ta iHmi). Taki nmpucTpoi He MOOYyAOBaHI HAa KPHUCTalaX BUMAraloTh BHCO-
KUX HArpyr 1 MalOTh BEJIMKI 3aTPaTH €Heprii.

HaiiBaxxnuBiIMMHU TapaMeTpaMi TPAaHCIAPaHTIB € PO3JiIbHA
3ATHICTH (YUCIIO JIiHIIl HA OJUHUIIO JOBXHHH) Ta €HEPreTHYHA yTIIH-
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BICTh JI0 KEPYIOUOTO CHUTHAIY (JPKOYJIb Ha OJMUHUINO Tuiomti). BigHomen-
Hsl IHTEHCHUBHOCTI BHIIPOMIHIOBaHHS, SIK€ TIPOXO/UTh Yepe3 TpaHCHIapaHT
Opyd HOro MakCHMAlbHOMY MPOCBIUYBaHHI Ta 3aTEMHCHHI, HAa3WBAIOTh
ORMUYHUM KOHMPACHIOM.

8.2. EnekTpUYHO-KepOBaHi TPaHCHAPAHTH

Ipu cTBOpEHH] TpaHCIapaHTa TOOWBAIOTHCS HAHOUIBIIO PO3/IiiIb-

HOI 3/1aTHOCTI, i SKIIO BOHA CTAHOBUTH ~ 10 TiHIA/MM, TO TpU TUTOIII
TpaHCHapaHTa B JEKiJIbKa KBAJpPATHUX CAHTUMETPIB iHIMBiTyalIbHE YBIMK-
HEHHS KOXKHOTO €JIEMEHTa 3a JOIOMOTOI0 IPOBIAHMKA MPAKTHIHO He-
MoxxnuBo. Tomy B EKT BHKOpHCTOBY€ETBCS Tak 3BaHa X—Y-anpecaris (nBo-
KOOpJIMHATHA, MAaTPUYHA, MYJIbTHIUIEKCHA). Y [[bOMY BUIIJKy Ha TOHKUI
1ap MOJYJIOIOYOTO CEPEeIOBHINA 3 KOKHOTO OOKY HAaHOCSATH MapaieibHi
TPOBI/IHI MPO30pi cMyTH (LIMHK), MPHYOMY TaK, 1100 Ha MPOTUIISKHUX MO-
BEPXHSX BOHH OyJIH PO3-

v TaIIOBaHI B3aEMHO Iep-

? ? CE ? ? ? ? ? ? TIEHMKYJIIpHO (puc. 8.1).
F1-Edr1r Enexrpuune moine

U B noTpibHOMY Mici
TpaHCllapaHTa  CTBO-
PIOETBCS 33 JOMOMO-

TOI0 BiNIOBITHHUX IITUH

B X- ta Y-cucremax,
NOJal0YM Ha HUX Ha-

» F-H-F -] IPYTYy, KA BUKIUKAE B
Cg é & & é) TOYKaxX iX MepecikaHHs
JIOKaJIbHY 3MiHY ONTHY-

HUX BJIACTUBOCTEH MO-

Puc. 8.1 — Crpykrypa EKT IYJIFIOI0YOI'0 CEPENOBU-
€JIEKTPOONTHYHOI0 THILY ma. Jlnsa Ttoro, 1mo6
3MOJIYJIIOBATH BCIO I10-

BEPXHIO TPAHCIApaHTa, €JICKTPUYHUI CHTHaJl MOBUHEH “TpoOirtu” 1o
BCIX TOYKax nepecikaHHs mKH (TpH uucii paakiB Ta croemuis 100 i 100,
Takux To4ok — 10%). JIst 11bOr0 BHKOPHCTOBYIOTH Pi3HY MOCIIJOBHICTH
azapecanii kepyrouoro curHainy a0 enementiB EKT. I mocminoBHicTh MO-
e OyTH MOuYeproBoOIO JI0 BCIX €leMEHTIB (TI0eIeMeHTHA aJpecallis), OHO-
YacHO JI0 BCIX €JIEMEHTIB IIIOT0 psaka (MOPsIKOBa aapecarlis) Ta iHIie.
VY BciX BHUIaAKax Kepyrodya Hampyra HOAAETHCS HEOAHOYACHO JI0 BCIX
eJIEMEHTIB TpaHCIapaHTa, TOOTO NapaienbHa 00podOka indopmarii y pea-
JFHOMY MacmTadi yacy BUKIMIOUaeTbess. Tum He menmre, EKT e Baxim-
BAM EIIEMEHTOM CHCTeMH OO0poOkm iH(popmamii ToMy, mo 3ade3mnedye
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TIEPETBOPEHHS ENEKTPUIHUX CUTHAIIIB B ONTHYHI, 0€3 YOr0 HEMOXKIHBO
00’eTHATH EIEKTPOHHI Ta ONTHYHI IPHCTPO].

Xapakrepuctuku Ta napamerpu EKT y mepury uepry BusHaua-
IOTBCSL MaTepiaioM, SIKH BUKOPUCTOBYETHCS JUISl MOAYJIFOIOYOTO Cepelio-
Bumia. J{ist mBunkoxirounx EKT mpumatHi Maibke BCi €ICKTPOONTHYHI
KPHCTAJH, SIKi BUKOPHCTOBYIOTHCS B €JIEKTPOONTHYHUX MOIYJNSATOpax. Y
OLIBIIOCT] BUMAJIKIB K MOAYJIOIOYNN e()eKT BUKOPUCTOBYIOTh 0OepTaH-
HS IUIOUIMHY TIOJIIPU3ALii Mif Mi€0 MPHUKIAJCHOTO €IEKTPUYHOTO IO,
Hnst Toro, mod MoIyIsLis mojsipu3ailii nepeTBopuiachk B aMIUTITYAHY,
EKT Ttakoro Ty po3MilIyloTh MiX CXpPEIICHUM HOJIIPU3aTOPOM Ta aHa-
mizatopoM. Ilif Ni€ro eIeKTPUYHOTO MOJIS TPAHCIAPAHT y BiAIOBIIHOMY
Micmi mpocBidayeTbes. IIIupokoMy 3acTOCYBaHHIO TaKMX MaTepialliB B
EKT 3aBaxae BHCOKa Hampyra KepyBaHms (~ 10° B).

Enexrpuuno-kepoBani [TYMC MoxyTs OyTH CTBOpEHI Ha OCHOBI
CErHEeTOeJIEKTPUYHOT KepaMiKi — CIIPeCOBaHI NIPH BHCOKIW TeMmeparypi cy-
Millli [[UPKOHATY Ta THTAHATY CBHHI[IO 3 joMimkow nanrany (PbZrO; +
+ PbTiO; + La, ckopoueno — PLZT). V sanexHocTi Bif CHiBBiIHOIIEHHS
KOMITOHEHTIB y PEXHMI CITIKaHHSI MO’KHAa OTPHMATH Pi3Hi eIeKTPOONTHYHI
BJIACTUBOCTI Takoi kepamikd. [Ipo3opicTh miactu ToBIMHOKO ~ 0,1 MM y
BUAMMIN 00JacTi Oitbi Hik 90 %, JiHIAHI PO3MIPH CKIAAAI0Th ICKiIbKa
CaHTHMETpiB, poboui Hanpyru B Mexax 100...200 B.

3acrocyBanHa PLZT-kepamiku B ONTHYHUX TpaHCIapaHTax Oa-
3y€ThCS Ha OpieHTalil (TTlepeopieHTalil) i Ji€l0 30BHIIIHBOTO MO BEK-
TOpa MoJsIpU3alLlii JOMEHIB — 00acTell CIIOHTAHHOI MOJISIPU3allil, ONTHYHI
BJIACTHBOCTI SIKMX TO/AI0HI BIACTUBOCTSM OJHOBICHHX KpuCTamiB. Bekro-
pu nossipu3anii y nomenax y nodarkoBomy crani EKT opientoBaHo xao-
TraHO. [li Mi€l0 CeNEeKTPUYHOTrOo 30BHIMIHBOTO MO B einemeHTi EKT
CTBOPIOETHCS MEPEBa)KHA OPIEHTAIlIS JOMEHIB B3IOBX IMOJSA 1 B IbOMY
€IIEMEHTI CTBOPIOETHCS TMOJBiifHE NMPOMEHEe3aJIOMJICHHS. [CHYIOTh 1 iHIII
(i3UYHI IPUHIMIN CTBOPEHHS ONTHYHOI HEOTHOPIAHOCTI (200 oJHOpiA-
HOCTI) Y TaKMX KepamikaX MiJ Hi€l0 30BHIMIHBOTO EIEKTPUIHOTO ITOJIS.
Bci EKT na ocHoBi PLZT-kepamiku MaioTh BUCOKY mBHaKozio (~ 107 ¢)
Ta cami MaTepiayy € JOCUThH JCHIEBUMH.

Haii6inbI eKOHOMIYHUMH Ta YyTJIMBUMH JO €NEKTPHYHHUX CHUT-
HaniB € EKT Ha ocHoBi pigkux kpucraniB (PK) — ckmagaux opraHigHux
PEYOBHH, SIKi MaIOTh 1 BJIACTUBOCTI PiAMH (TEKYYiCTh), i OTHOYACHO BJIAC-
THUBOCTI KPUCTAJIB (aHI30TPOIist).

CraH pigkux KpucTamiB (Me3odas3a) B TaKUX PEUOBHHAX ICHYE
TUIBKM B HEBEIIMKOMY TeMIlepaTypHOMY iHTepBaii. 3a ioro mexxamu PK
MIEPETBOPIOETECS MIPU BHCOKUX TEMIIEpaTypax B i30TPOIHY PiIuHY, IPH
HU3BKHX — Y TBepay dazy.

Mornekynu piIKuX KpUCTaJiB MalOTh BHIOBXKEHY (HHUTKOIIOMiO-
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HY) GopMy i SBJISIOTH COOOI0 OJHOBICHUI “KpucTan”. BoHu € monspHuMu
1 3aBKIOM M €0 EJIEKTPUYHUX CHJI PO3MILIYIOThCS MapajiesbHO, YT-
BOPIOYM aHI30TPOITHI CMYyrd. Y 3aJIeKHOCTI BiJl XapaKkTepy pO3MILCHHS
MOJIEKYJI pO3pi3HsIOTH JeKinbka TriiB PK: HemaTtnuHi, cMEKTHYHI Ta X0-
JICCTEPUYHI.

B EKT piaki kpucragy po3MIIlyIOTh Yy BY3bKOMY HpPOCTOpi
(3...30 MKM) MDK JBOMa IPO30PHMH TiAKiIaakaMi. Ha BHYTpIinIHIX moBepx-
HSX MIAKJIAJ0K HAHOCSATH B3a€MHO NEPIEHANKYJSIPHI MpPO30pi HIMHU —
enexktponn. Li % moBepxHi MOMipyIOTh (HATHPAIOTH) TPU NOCTYMAITEHOMY
pyci miAKIaAKy Ta nutidyBarbHOro MaTepiamy abo Ha HUX HAHOCSTD i
KyToM ToHkuit map SiO,. Taka 06poOKa NOBEPXOHb MPUBOIMTD 10 TOTO,
mo Moiekyin PK opieHTyroThCA mapanensHO NMOBEpXHI B HANpsSMKY Ha-
THPaHHs, YTBOPIOIOYH aHI30TPOITHE CEPENOBHUIIE 3 IOJABIHHIM IIpOMEHe-
3ajoMiIeHHsIM. JIJ1s CBiTJIa, HANPaBJIEHOTO MEPHEHANKYIISIPHO MiAKIaIIi,
toukui map PK 3a0e3neuye MakcumasbHe MOJBIiHE TPOMEHE3aI0MIICH-
Hs. ko no komipku EKT nmpukiacTu enekTpudHe 1mosie meprieHIuKyIs-
pHE JI0 MiIKJIAJKH, TO MPH JSIKOMY MMOPOrOBOMY 3HadeHHi Hampyru U
mornekym PK 3opienTytoTscst B31ox nosst i map PK ve 6yne matn nozgiiiHo-
ro npomenesanomiends. [Ipu U = 0 uist TaKUX CEPeioBHIL AN = He— Ny =
=0,2...0,4, mo 3abe3rneduye MaKCHMalbHY TJMOWHY MOIYJSIII BKe TpH
toBmuHI mapy PK B Mexxax 1 MkM. BUKOpHCTOBYIOUH Opi€HTYIOUY Iit0
MIAKIAI0K, TIOBEPTAIOYHU X OJJHa BiIHOCHO Apyroi, Monekynn PK moxHa
3aKPYTHTH TaK, IO IX JOBTi OCi B IIapax OMU3bKHX J0 MOBEPXOHB IMiji-
KJIagoK OyIyTh B3a€MHO NEPIEHIUKYIIpHUMH. Taka CTpyKTypa cTae oIl-
TUYHO aKTHBHOIO 1 MOBepTae IUIOMMHY mojspusarii Ha 90 °. Ilix miero
MIPUKIIAZEHOI HAPYTH MOJIEKYJIH OPI€HTYIOTHCSI TEPIEHIUKYISIPHO MMijI-
KJIagKaM 1 CTaH ONTHUYHOI aKTUBHOCTI 3HMKae. Ile Tak 3BaHuii meicm-
egpexm (Bin aHII. twist — 3aKpydyBaTH). TBICT-e()eKT MIMPOKO BHUKOPHC-
TOBYETHCS B PI3HHX 1HAMKATOPaX (TOIMHHHUKAX, MIKPOKAJIBKYJIATOpaX TOLIO).

Hns otpumanns amrutity a0l MoayIwii y PK 3 BukopucranasIm
TTO/IBIHHOTO TIPOMEHE3aJIOMIICHHST a00 TBICT-€eKTy HEOOXITHO 3aCTOCY-
BaTH JBa IDTIBKOBHUX MOJPOinu. MOXJIMBa TaKOXK Oe3MOcCepeaHs aMILTi-
TyJHa MOAYJsLisl cBitiia 3a gonomoroto PK. Jlns mporo B PK motpibHO
BHECTH HEBEJIMKY JIOMIIIKY OapBHUKA, OpIEHTAILlisi MOJIEKYJ SIKOTO 3aje-
JKUTH BiJI opieHTalii HaBKOJIUIIHIX Moniekyn PK. OCKUIbKH TOTJIMHAHHS
CBiTJIa OApBHUKOM 3JISKUTH BiJl Opi€HTAIi] TOBroi oci HOro MOJIeKyJ, TO
3MiHIOIOUM opieHTalito Moekyl PK (TuM caMuM 3MIHIOETBCST OpieHTALis
MOJIEKYJI OapBHUKA), MOYKHA 3MIHIOBATH ONTHYHE MOTJIMHAHHS ITPUCTPOIO
(edexr “ricte-rocmomap”). MoxIIMBa TaKOX OE3MOCEPEAHS aMILTITYTHA
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MOAYJIALsL, Ko B PK BHECTH JMOMIIIKY, sIKi CIIPHYMHSIOTH 10HHY MPOBIJI-
HICTh pedoBHHH. [IpH YBIMKHEHI €JIEKTPUYHOTO TIOJIsl Yepe3 CepelOBHUIIIEe
TIPOXOJIUTD ENIEKTPHYHUN CTpyM, sikuid BukiMkae B PK BUxpoBi, TypOyeHT-
Hi pyxu Monekyd, map PK crae kanamyTHO-cipum (eeKT TUHAMIYHOTO
po3citoBaHHS ab0 eNeKTPOrigpoJHHAMIYHHN eeKT).

Po6oui manpyru B EKT, mirounx Ha pizHuX edekrax y PK, 3Ha-
xoIaThed B Mexax 1..10 B mpu nocuTh Manux cTpyMmax, TyCTHHA SKOTO
cTaHoBUTH 1...3 MKA/cM’. Taki IPUCTPOI € JOCHTH JCHMIEBHMH i MAiOTh
BHCOKY TEXHOJOMIUHICTh, ale HU3bKY WIBHAKO/II0, fka cknagae 107 ¢. 3a
JesIKuX yMOB (Tipy Manux ToBmuHax PK Ta minBumeHwMx HampyT) MIBUA-
KOJIi10 MOXKHa 30UIBIIMTH Ha TIOPSAOK, ajle bOTO HEJOCTATHBO ISl BUKO-
HaHHs 0aratbox 3ama4 oOpoOku iH(popMarlii, Xxoda i TOCTATHBO IS iHIH-
KaTOPHHUX IPHIIAIIB Ta ACIKUX IHITHNX TEXHIYHUX 3a7a4ax.

Jpyruii Henonik PK-npuctpoiB mos’s3annii 3 0OMeXeHUM TeM-
nepaTypHUM IHTEPBAJIOM iCHYBaHHS Me30(as3u, 110 00MeXye BHKOpPHC-
TaHHS TaKUX TPHCTPOIB B 00NAcTSX, A€ MPOXOJUTH 3MiHA TEMIIEpaTypH
1032 MEXKEI0 ICHyBaHHS Me30(ha3Hu.

Bucoky mBuakoaito, a TakoX NPaKTHYHO HEOOMEKEHHUH TepMiH
eKCILTyarTalii MokHa oTpuMarH, BukopuctoByroud B EKT marnitroonTny-
Hi edexTn B pepuTax Ta pi3HUX (EPUTOBHX IrpaHaTax Ha OCHOBI opTOode-
putis FeOs;. EmitakcianpHa miiBka rpaHata Mae BEJMKY aHi30TPOIIO
HaMarHidyBaHHSA, B Hill € BiCh JISTKOTO HAMarHIYyBaHHS, IEPICHINKYIIAP-
Ha TOBEpXHi, Ta BiCh BAXXKOT0 HaAMarHiuyBaHHs, siKa MapajeibHa IOBepX-

Hi. [Ipn Mamniii TOBIKHI IUTiBKHA (B

Y MeKax AEKIJIbKOX MIKpOH) MarHit-

Hi JOMEHU B IUTIBII MAlOTh BEKTO-

e pY HaMarHi4eHOCTi NepHeHIHKY-
I msapHi moBepxHi. [Ipu BiacyTHOCTI
— MAarHiTHOTO TOJISi JJOMEHH MaroTh
o o ¢dbopMy CMyr 3 NPOTHICKHUMHU
X HanpsMKamMu BEKTOpa Hamartide-
HOCTi, TaKk IO B IUJIOMy Hamar-
HIYEHICTh TUTIBKY JIOPIBHIOE HYJIIO.
SIKIIO0 TPUIKIIACTH 30BHIIIHE Mar-
Puc. 8.2 — CprKTypa EKT HiTHE oJie, NCPICHAUKYIIAPHE 110~
MATHITOONTHYHOT0 TUITY BEPXHi IUTiBKH, TO JJOMEHH, B TKAX
HaMarHi4eHicTh 30ira€ThCst 3 30B-

HIITHIM TIOJIEM, PO3IIUPIOIOTHCS, a SKIIIO 3 MPOTHIICKHO HAMarHIYeHICTIO —
3MEHIIYIOThCSA. [Ipy EAKOMY 3HAYEHH| 30BHIITHBOTO OIS iy, TUTIBKA CTAE
OJIHOJIOMEHHOI0, ToJ1e 3MitneHHst craHoBuTh 2000...3000 A/m. SIkiio Ha fge-
SIKI¥ TUTSHIT TaKOi TUTIBKM CTBOPUTH MPOTHJICIKHE TMOJIC, TO B IIBOMY MiCIIi
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YTBOPIOETHCS JIOMEH 3 MPOTUIIC)KHUM BEKTOPOM HaMarHiuyBaHHS i B TO-
JSIPU30BAHOMY CBITIII TUTSHKA Ma€ 1HIINH KoedimieHT mpormyckaHas. Jlo-
KaJbHE MarHiTHe MoJje, SKe€ BHUKJIMKA€ 3MiHY ONTHYHUX BJIACTUBOCTEH
(depuTy, MOXKHA CTBOPHUTH 32 JOIOMOTOI0 TeTii cTpyMmy (puc. 8.2). 3um-
TyBaHHsI iHpopMaii 6a3yerscs Ha edexti Dapajes (0OepTaHHS IIOIUHA
MOJISIpH3aLlii CBITJIA B MarHiTHOMY IIOJIi) Ta MarHITOONTHUYHOMY e(eKTi
Keppa. Yac nepemuxanns maraitoortuunnx EKT 3Haxomurses B Mexkax 10™ ¢,

8.3. lIpyHOMNU podOTH ONTHYHO-KEPOBAHNX TPAHCIAPAHTIB

Onrtuano-keposani TpancmapaTa (OKT) aBistroTs co00r0 TOHKY
IUTACTHHY 3 €JIEKTPOONTHYHOrO MaTepialy Ta HaHEeCeHUM Ha HbOro (oTo-
MIPOBIHMM IIApOM 3 HaiBIPOBITHUKA. 3 000X CTOpIH Taka IUJIACTHHKA
Mae J1Ba MPOo30puX eneKkTpoau (puc. 8.3).
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Puc. 8.3 — Crpykrypa OKT, sikuii npaimioe Ha npocBivyBaHHs

Tyt 1 — ipozopi exexTpony, 2 — GOTONPOBITHNMIA mIap, 3 — eNeKTpo-
ONTHYHA TUIACTHHKA, 4 — HAMIBIpO30pa TuiacTuika, 11 — momspusarop, A —
aHanizarop. Ha Taky CTpyKTypy CHpsIMOBYIOTH MapajiebHUH My4OK CBiT-
na @y, i AKoro (OTONPOBIAHKM MIap HE YYTIHUBHM 1 Tpo3opuit. Mix
OKT i anamizatopoM A BCTaHOBIIOIOTH HAIIBIIPO30peE I3epKaiio 4, 3a 10-
TIOMOTOI0 SIKOTO Ha (DOTONPOBiHMI map (Yepe3 eNeKTPOONTHYHE Ccepe-
JIOBHIIIE) TIPOEKTYIOTH CBITIIOBH Kepyrounii moTik @,. EnekrpoMarHitHi
XBHJII TIOTOKY @, MalOTh TaKy 4acTOTy, siKa BIAINOBIJAE YyTIUBOCTI (o-
TONPOBIAHOTO mIapy. Skino motoky @D, HeMae, TO eNeKTPHIHHIA omip (ho-
TOIPOBITHOTO 1Ay BENUKHUH, 1 MPAKTHYHO BECH CIIaj HANPYTH MpUIIagae
Ha Hboro. [lix giero D, omip (OTONPOBIAHOTO MIAPY 3MEHIIYETHCS 1 Ha-
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npyra Mepepo3noAUIsETbCS MiX (OTONPOBITHAM Ta €IEKTPOONTHYHUM
[Iapamy, JIOKQJIbHO 3MIHIOFOYHM HOTO ONTHYHUI Mapamerp, HampuKIIan,
BUKJIMKA€E IMOJBIHHE MpPOMEHe3aloMIIeHHs (mo370BxHii edekt [Tokens-
ca). SIkmro B mouatkoBoMy craHi mosspusarop I1 ta amamizatop A cxpe-
ieHi — 1o mpH BincyTHOCTI @Dy, CBITIIOBHI NOTIK @) HA BUXIiJ PUCTPOIO
HE Tomamae. Y MiCIsX, OCBITIICHHX MOTOKOM @, CBITIO 3 MOTOKY D
MOJyJIbOBaHe 32 (a3or0 ab0 MOJSAPHU3ALIEI0 1 MPUCTPI B MeHMIiH abo
OLIBIIIIH Mipi cTaHe MPO30PHUM UTS CBITIOBOTO myuka @,

Takwuii mprcTpiii MOXKE MPOBOANTH Psifl ONTHYHHUX MEPETBOPEHb.

1. dxmo @, ta @y MarOTh Pi3HHUIN CHEKTPATBHUM CKIIa, TO T
niero @, 3’ABIAETHCS TMOTIK CBITIIA 3 IHIIIUM CIIEKTPATbHIM CKITAZIOM.

2. HemonsipuzoBane cBiTio @, mMoxe OyTH TpaHcHOpMOBaHE B
NoJsIpr30BaHe KorepeHTHe @Dy, SKIIO B IKOCTI [Kepesia BUKOPUCTATH Jiazep.

3. InTeHCHBHICT MyYKa Ha BUXOAi @ MOXe TIEPEBHIINYBATH iH-
TeHCHUBHICTh D, TOOTO peali3y€eThCsl MiICUICHHS CBITIA.

4. SIkmio B IoYaTKOBOMY cTaHi mojstpusarop 11 Ta amamizatop A
PO3MICTHTH B MapaJleibHUX IUIOIIMHAX, TO 300pa)KeHHS, SKE CTBOPIOE
noTik @Dy, Oy/e mepeTBopeHe B HETaTUBHE.

5. Sk mpaBwio, GOTONPOBIAHMN MaTepian Mae yXe HHU3BKY
TIPOBIHICTE 1 3apsioBUil penbed, SIKUH CTBOPIOETHCS B pe3yJIbTaTi HOro
OCBITJICHHS, 30epiraeThest Jeskuii yac (Tomy @, 4acTO HA3MBAIOThH 3aMi-
LIyIouuM ToTokoM). [Ipu HeoOximHOCTI 3amucanHy iH(opMmaiio MoXHa
CTepPTH PIBHOMIPHUM 3aCBIYEHHSIM MEBHOTO CIIEKTPAILHOTO ckiany. Ta-
kuM uuHoM, OKT, siki MaroTh (OTONMPOBIIHHUN MIAp 3 BEIMKUM 4YacoM
3apsIo0BOi perakcallii, MoKHa BUKOPHCTATH SIK JBOMIPHHI ONepaTuBHHUNA
3aram’ITOBYIOUHH MTPUCTPIi.

3anuc Ha TaKUX MPUCTPOSX MOKHA MPOBOJHUTH HE TUTBKH IIIS-
XOM TMPOEKTYBaHHs 300pakeHHs, ale W CKaHyBaHHSIM (DOKYyCOBAHOrO Ta
MOJIYJIbOBaHOTO 3a iHTeHCHBHicTIO Iydka. Pobora OKT moxe Oytu He
TUIBKW Ha IIPOIYCKaHHS, ane 1 Ha BigOuBaHHs cBiTia (puc. 8.4):

125 31 4

0



12 5 31

e T 4 —
o — = @
v | e s

?,
Puc. 8.4 — Crpykrypa OKT, mo npauioe Ha Big0uBaHHi cBiT/1a

VY npoMy BapiaHTi (OTOMPOBITHUN Ta €NEKTPOONTHIHHUNA IIaApH
po3iieHi a3epkaioM 5. 3unTyrode cBiTI0 Dy, IPOXOISTUM Yepe3 MOISIPH-
satop I, Ta BimOMBIIKCE Bix HAMIBIPO30POTO J3epKaia 4, CIPSIMOBY€ETHCS
Ha OKT, nme BimOmBaeThCs Bix a3epkana 5, ABidi MPOXOISYH EIEKTPOOTII-
ranmni mwap. Kepyroue cBitio @, mogaeThes 3 IPOTHIISKHOTO OOKY A3ep-
kana. Takuii BapiaHT Mae nepeBary. OCKiJIbKH BHXIJ Ta BXiJl IIbOTO TPH-
CTPOIO ONTHYHO i30JIbOBaHi, TO € CBOOOIa B BUOOPI CIIEKTPAIILHOTO CKJIa-
Iy moToKy @y, TAKOXK 33 PaXxyHOK IOJBIHHOTO MPOXOMMKEHHs MOTOKY Dy
€JIEKTPOONITUIHOTO APy, 1OT0 MOMYIIALIS 30UTBITYETHCS TAKOXK BIIBIdi.

3HayHa KUTBKICTh 3a/ad, SKi MOXHa PO3B’S3aTH 3a JOTIOMOTOIO
OKT, mpuBenn 10 MOUIYKY Pi3HUX KOHCTPYKMIA Ta ONTHMi3amii pi3HUX
napaMeTpiB y KO)KHOMY KOHKPETHOMY BHIIQ/IKY, JI0 MOLTYKY HOBHX MaTe-
piamiB s GOTOUYTIMBUX Ta €NEKTPOONTHYHHX IIapiB, JO HOBHX MeEXa-
HI3MIB [UIsl MOJYJISILIT CBITJIA Ta iHIIE.

B ontrmuHOMy TpaHcmapaHTi tury Fototitus sk GpoTonmpoBiTHIK
BUKOPUCTOBYETHCSI aMOP(HUI CeJieH, a MOIYJIIOI0YMM LIapOM € KPHCTAal
KIAP abo JK/P. TpancmapaHT po3MillylOTh Yy BakyyMHIH Kamepi Ta
3HWXKYIOTH Horo temneparypy 1o — 50 °C (mpu 1bOMy BHKOPHCTOBYIOTh
TEPMOEJIEKTPUYHHI XOJNOJWIBHUK HA HaMiBIPOBIAHUKAX). OXOJOHKEHHS
3MeHInye poboui Harpyru no 100...200 B, a gac 36epiranns indopmarii
360ipmrye 10 1 rox (mopiBHsHO 3 0,2 ¢ Mpu KIMHAaTHHX TeMIeparypax).
3anuc iHdopmanii 3aiiCHIOIT B yiabTpadioneToBiii a0o B cuHiil 0bnacTi
CHEKTpa, 3YNTYBAaHHSA — y YEPBOHIH, CTUPAHHS MTPOBOSATH 32 JOMOMOTOI0
IMITYJIbCHOT KCEHOHOBOT JIaMITi. TpUBAIIICTh 3aliCy Ta CTUPAHHS HEBEJIH-
Ka i cranoBuTh 10 ¢, a po3zineHa 31atHicTs 20 MiHiA/MM. OHAK MHEPO-
KoMy 3acTocyBaHHIO Takux OKT 3aBakae motpeba BakyyMyBaHHS Ta OXO-
JIO/KEHHS KaMepH.

90



IepcnextnBauM € Bukopuctanus B OKT PLZT-kepamiku. Ctpyk-
Typy Ha mpomyckaHHs (puc. §.3) IPUKICIOIOTH 0 OPTCKIIA, SKE TPIIIKA
BUTHMHAIOTh. Y PE3yJIbTaTi BUTHMHAHHS B K€paMilli CTBOPIOETHCS HANPYTa,
YHACIIIOK SIKOi JIOMEHH, OpI€HTAIlisl SKMX B MOYaTKOBOMY CTaHi Oya
Xa0THYHOIO, OPIEHTYIOThCS B3AOBXK HANPSAMKY MEXaHIUYHOI Halpyrd ma-
pamu, mapajeibHO Ta HelapalieNbHO, TaK 10 3aTAIbHUI BEKTOD MOJISAPH-
3anii JOPiBHIOE HYJIHO. J[0 IPO30puX EINEKTPOIIB IPUKIAIAI0Th CICKTPUY-
Hy HAmnpyry Takoi BEJIMYHMHH, IO JOMCHHU LIe HE NepeOpi€HTOBYIOTHCS
Y3/IOBXK TIOJIsI, ajie Bxe ii 3HaueHHs Oym3bKe 110 Takoi Harpyru. Komm
CTPYKTYPY OCBITHTH, Omip (POTOMPOBITHUKA 3HWKYETHCS, YACTHHA CIIATy
HaIPYTU MPHUXOANUTHCS Ha KepaMiKy i JIOMEHH OPIEHTYIOTHCS B3JOBXK II0-
7. TakuM 9WHOM TNPH TIPOSKTYBAaHHI 300pa)KeHHS Ha TPAHCIIAPAHT y CBIT-
JIUX MICHSX 3HMKAE MOBiHE MPOMEHE3aJIOMJICHHS 1 CBITJIO NMPOXOIUThH
Yepes CXpelieHi NoIsIpU3aTop Ta aHali3aTop.

Oxpim mozgitiHOTO TipoMeHe3aoMiteHHsT B OKT Ha 0CHOBI KpyTiHO-
3epauctoi PLZT-kepaMiku BUKOPUCTOBYIOTh €(heKT PO3CitoBaHH:. Y 11bO-
My BUIAJKy MEXaHIuHI HalpyTu B IUIACTHHI HE CTBOPIOIOThCA. [1ix miero
30BHIIIHBOTO EJIEKTPUYHOTO TOJIsl Ta PIBHOMIPHOTO OCBITJICHHS TJIACTHHA
nonsapusyerses. [1oTiM none 3MiHIOIOTh Ha MPOTHIIEKHE, ajle TaKkoi BeJH-
YMHY, MO0 Tepernossipu3alis e He 37ilcHIoBajack. Temep, SKIIO Ha
OKT Hnampasuty moTik @,, TO B OCBITJIEHHX MICIISIX JOMEHH TIepeopieH-
TYIOTBCS, [0 HPHU3BOAUTH [0 JIOKAJIBHOTO po3ciroBanHs cBitia @Dy. s
CTHpaHHA 3alMCaHol iHPOpMAIlii TpaHCIIAPaHT PIBHOMIPHO 3aCBITIIOIOTH
MIpY BUMKHEHOMY TIOJIi, TIPH SIKOMY MPOXOAWTH TOJISIPHU3ALlisi, BCI TOMEHH
OPIEHTYIOTBCS MapaeNbHO OO 1 IITACTHHKA CTa€ PO30POIO.

B OKT na ocHoBi jpi0bHO3epHucTOi PLZT-Kkepamiku Takoxk MOKHA
BUKOPHUCTOBYBATH 3BOPOTHUH I1"€30€TIEKTPHYHNI edeKT — 3MiHy reomer-
PUYHHX DPO3MIpIB TiJia MiJ Ji€I0 30BHINIHBOIO €JIEKTPUYHOTO MOJs. Y
TpaHCIapaHTi TAKOTO THUITY OJIUH i3 eNIEKTPOJIIB SIBJIIE COOOI0 A3EPKATBHO-
BinOuBarouwmii 1mrap 4 (puc. 8.5).

123 4 1234 I[J'ISI.IIBOFO mac-

L 11| _ THHY OCBITJIIOIOTH PiB-

= — T,  HomipHO 3 GoKy (oTo-
— A *——3 nposigHoro mapy 2, 4e-

= o, || D, pe3 1posopuil enekT-
— L «—— pox | i Mix mpo3opum
= — ] «—— T HEMpO30pUM EJIEKT-
= pOJaMM TIPHMKIIAAIOTh

£ U l U HaIpyry AOCTATHIO [JIst

noJsipu3auii - Kepami-
Puc. 8.5 — Ctpykrypa OKT na PLZT-kepamini  kH. IToTiM monsipHicTh
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HAIpyTH 3MiHIOIOTh, a 10JI€ 3MEHINYIOTh TaK, 00 Mepenospu3alis He
npoxoauiaa B TeMHoTi. Skmo Ha Takuit OKT cnpsimyBatu 300paskeHHs
@y, TO OIip B OCBITIEHUX MICISX (OTOMPOBIAHOTO APy 3MEHIITYETHCS i
B OCBITJICHUX MiCIISIX KepaMikd 3, BiJOyBA€ThCS MEpenosipru3aliist JoMe-
HIB. YHACIiTIOK 00EPHEHOTO 11’ €30€TICKTPUIHOTO ¢PEKTY BUHUKAE TEOME-
TPUYHUHA penbed Ha BCIX €JIeMeHTaX, B TOMY YHCIi 1 Ha J3epKaIbHO-
BimOmBarouiit mnactudi 4. [ mubmHa HOTO cATae IECATHX YaCTOK MiKpOMe-
Tpa, IO JOCTATHBO JJIsl 3UMTyBaHHs 1€l iHdopmarii morokom @,. Onu-
cani [TYMC 3 BHKOpUCTaHHSIM KepaMiku Ha3uBaioTh ¢epnix (Ferpik —
Ferroelectric Picture), Ha OCHOBI KEpOBaHOTO PO3CIIOBAHHSI — KepAMMIK
(Cerampic — Ceramic Picture), Ha OCHOBI T€OMETPUYHOTO pebedy — ¢he-
pixon (Fericon — Ferroelectric Ieonoscope).

OKT moyxHa moOymyBaTH i Ha Marepiaiui, SIKHH OJHO3HAYHO €
(OTOUYTIMBEM Ta Ma€ eJNEKTpWU4YHI BiacTUBOCTI. Tak 3BaHI HpHUCTPOl
I[MTPOM (PROM - Pockels Readont Optical Modulator) moOynoBani Ha-
cTynmHUM YnHOM. Ha mmactuHKy cuiikaty BicmyTta Bij;SiO, (MoXkHa BU-
kopucroByBats i BjyGeO,, ZnS, ZnSe, CdS, CdSe, ZnO Ta inmi ma-
Tepiany, sSKi MOXYTh JIOBrO 30epiraTé CTaH MOJsipU3allii) TOBIIMHOIO B
mexkax 100 MkM, 3 IBOX OOKIB HAHOCSTH TOHKI Ji€JIEKTPUYHI IIApH TOB-
IIMHOIO 3 MKM, 3BEpXy Ha HHX — Ipo3opi enekrpoau. CrenianbHuid ¢o-
TornpoBinHui map y npuctpoi IIPOM BiacyTHIH. ¥ HbOMY BUKOPHUCTOBY-
€TbCsl (POTOTPOBIHICTD EJIEKTPOONTHYHOTO MaTepialy — CHIIIKAaTy BICMYTY.
CrpyKTypy BMHKAIOTh JI0 [uKepena noctiiHoi Hanpyru (U = 1000...2000 B) i
OCBITIIIOIOTH CBITIIOM iMITYJIbCHOI KCEHOHOBOI JIaMITH. Y CHIIKATi BiCMyTy
BUHHKAIOTh (POTOCNEKTPOHH, MEPEMINIYIOThCS IO TPAHHMIN 13 JIeIeKTpH-
KOM, JIOKaJIi3YIOThCS TaM Ha I'NIMOOKUX €HEPreTHYHMX IEHTpax Ta IOJI-
PHU3YIOTH IUIACTHHY (CTPYM uepe3 CTPYKTYpy HE NpoXoiuTh). Ilepemi-
IICHHS €JICKTPOHIB MPOIOBXKYETHCS JOTH, MIOKH MOJIAPU30BAHUI 3apsil HE
KOMIICHCY€ 30BHILIHE TI0JIe. [IpH 3aKOpOYEHUX eNeKTpoax y KpucTaii 3a
PaxyHOK MOJISApU3allil BUHUKAE SICKTPUYHE MOJIe, 32 HAMPSMKOM MPOTH-
JIe)KHE 30BHIITHBOMY.

Skuio [TPOM-CTpyKTypy OCBITHTH mydkoM @D, 3 JOBKUHOKO
xBuii 0,4...0,5MKkM (CHHBO-OJIaKUTHA OOJIACTh BUAMMOTO CIIEKTpa), TO B
CBITJIMX MICIISIX MOJISIpU3ALiHE M0 3HUKAE, a B HEOCBITICHUX MICIIIX
3aJIMIINTHCS HE3MIHHUM. 3UUTYBaHHS 300pa)KeHHS POBOAUTHCS JHIHHO
MOJSIPU30BAaHUM YEPBOHUM CBITJIOM (IOBXXKMHA XBHJII YEPBOHOTO Teiii-
HEeoHOBOTO J1azepa — 0,63 MKM), sIke HE BUKJIMKAE 3MiH y KpucTaii. Takum
quHOM CBiTI0 @) Oyae MomynboBaHe 3a (asoro. Pa3oBa MOAYIALIsS Tie-
PEBOIUTBCS B aMILTITYIHY 3a JOMOMOIOK CXPELICHHUX MOoJspH3aTopa Ta
aHamizatopa. CtupanHs iH(QOpMAIIii IPOBOIATH 32 JOIIOMOTOI0 PiBHOMIp-
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HOTO 3aCBidyBaHHs B CHHbO-OnmakuTHii oGmacti cnexrpa mpu U = 0.
[am’siTb B cTpykTypax ITPOM 306epiraerbest 1-2 ronuHy.

[ikaBuMHU € TpaHCIapaHTH Ha PIJKUX KPHUCTATAaX 3 ONTHYHUM
kepyBaHHsM. B OKT na PK MOXyTh BUKOPHCTOBYBATHCH HE TUJIBKH €JIEKT-
poonTHyHi edeKTH, aje 1 TePMOONTHYHHUH crocid 3ammcy iHpopmarii,
SIKUH 3acHOBaHWH Ha 3MiHiI BnactuBocterd PK mpu #oro ¢asoBomy mepe-
xoxi mix miero HarpiBy. B OKT Ttakoro Tuiy, ToHKY miiBky PK po3minry-
IOTh MIXK €NIEKTPOJaMH 3 IHIII0 Ta 0JIOBa, HEIIPO3OPUMH B iH(PpadepBOHIH
obmacti criekTpa. SIKIIO HAa TOHKY CTPYKTYpYy CIpPSMYBaTH Ja3epHHUMN
npoMinb @D,, eHEPTis BUIPOMIHIOBAHHS TMOTIWHAETHCS B EIEKTPOJHOMY
nrapi i BUKJIMKae JokanpHu HarpiBe PK. Skmio cTpykrypy HMIBHIKO 0XO-
JOJUTH, TO L€ MpHU3BelEe N0 ‘“3aMOpOKyBaHHS CTpykTypu PK, B sxux
MIPOXOJUTH IHTEHCHBHE PO3CIIOBaHHS CBITJIA. 3aIMC MOXKHA CTEPTH Harpi-
BOM 3 HACTYITHUM OXOJIO/PKEHHSIM CTPYKTYPH B €JIEKTPUIHOMY ITOJIi.

OKT Ttakox MoXyTh OyTH moOymoBaHI Ha MaTepianax, B SKUX
IPU TIEBHUX TEMIIEpaTypax IPOXOIHUTh MEepexil i3 MEeTaJeBOro CTaHy B
HAaIiBIPOBITHUKOBUI. TakKNMH TOPOTOBHMH BJIACTHBOCTAMH XapaKTepH-
3YIOThCSl, HAIPUKIIAJI, OKUCITH BaHa 0. HailOLIbI npuiaTHUM cepell HUX
€ miokcun Banaznito VO, 3 Temneparyporo daszosoro mepexomy 6ins 70 °C.
BuroToBieHHs TpaHcHapaHTa 3BOJUTHCS JI0 HAHECEHHS IIapy JIOKCHAY Ba-
Haairo ToBmwHOKW 0,1...0,2 MKM Ha HIiIKIAAKY i3 CKJa, KBapily, CHTAIY
abo inmmx marepianis. Ha map VO, cripsSMOBYIOTh CKaHyIOUHii J1a3ep-
HUH TIPOMiHb a00 TPOEKTYIOTh 300pa’keHHsI Takoi IHTEHCHBHOCTI, IO B
OCBITJICHHX MICIIIX Y Pe3yJIbTaTi IMOTIIMHAHHS CBITJa IIap OKCHIY BaHa-
JII0 HarpiBaeThCsl 1 MEPEXOANTH 13 HAIMIBIPOBIJHUKOBOTO CTaHy B METa-
neBuid. st 3unTyBaHHs iHQOpMalii MOXKHA BUKOPHCTATH 3MiHY ab0 KO-
edilfieHTa MOTJIMHAHHS, a00 TMOKa3HHKa 3ajomiieHHs. CKopodyeHa Ha3Ba
TaKuX TPAHCIAPaHTIB — ¢hmipoc (ha3zoBo-TpaHCchHoOpMAITiiiHUN PEBEPCHB-
HHI pO3CiloBay CBITIA).

)
—




Puc. 8.6 — Crpykrypa maTtpuunoro OKT:
1 — enexTpoau 3 BikHamMu, 2 — GOTOUYTIMBHIi 1Iap, 3 — eJIECKTPOONTHYHU
MarepiaJj, 4 — NOIIMHAIOYNI Pe3UCTUBHUI IIap, S — Mo3aiuHe 13epKajio

Icayrote OKT TtenmoBoi xii i Ha iHIIMX Marepianax, 30KpeMa 3
BUKOPUCTaHHAM IUIACTHYHUX Mac, 3MaTHUX PO3M’ATIIyBaTHCS IPH Harpi-
BaHHI Ta 30epiratu ¢opmy micist oxonomkeHHs. Ha ckisiHy TiacTiHy 3
MIPOBITHMM MPO30PUM LIAPOM JIIOKCHAY OJI0Ba a00 METally HAaHOCAThH Iap
(dotonpoBinHUKa (SK MPaBWIO, MOJIBIHUIKapOa3oi), a MOBEPX HBHOTO —
1Iap TEPMOILIACTHKA. VI0ro TOBEPXHIO 3apsIKAOTh 3a JIOHOMOTOI0 KOPO-
HApPHOTO PO3PSIIY, B PE3YNIBTATI HOTO MiXK MMOBEPXHEEO TEPMOIUIACTUKA Ta
MPOBITHAM MIApOM BUHHKAE pi3HHMIA NoTeHmiamiB. [Ipm mpoekmii Ha
CTPYKTYpPY ONTHYHOTO 300pa’keHHsI Omip (OTONpOBiAHMKA B OCBITICHUX
MICIIIX 3MEHIIYEThCA 1 €NEKTPUYHE TI0JI€ B PI3HUX MICISIX BHSBISETHCS
pi3HUM. SIKIO Yepe3 eNEKTPOA 13 MIOKCHIY OJ0Ba MPOIYCTHUTH IMITYJIbC
CTpYMY, TO LIap TEPMOILIACTHKA HATPIBAETHCS A0 PO3M SIKIICHHS 1 B Mic-
LSX OUIBIIOTrO €JIEKTPUYHOTO TOJISI NPOXOAUTH OUIbIE CKOPOYECHHS Tep-
MOIUTAaCTHYHOI IITIBKH, IIO HAJOBro 3a(iKCYEThCS MICIS OXOJOIKEHHS
CTPYKTYpH. Y pe3ylbTaTi yTBOPIOETHCS ITOBEPXHEBUI pesibed, a 3UUTYIO-
ye cBimio @, Oyme mMomynboBaHuM 3a (ha3oro. CTHpaHHS 300paKeHHS
TIPOBOIATH IIUIIXOM HArpiBy B TEMHOTI.

s 06po6xu nnpoBoi iHGopMariii y BUTIAL ABIHKOBHX 300pa-
KeHb BHKOpHUCTOBYIOTh MaTpudHi OKT, siki cKiamaroThes i3 piBHOMIPHO
PO3MIIIEHHX KOMIpOK “‘oTompuiiMad — eneKTpOONTHYHHUN Matepian”
(puc. 8.6). Takuii nmpucTpiit 3a0e3neuye He3aNeKHY POOOTY OKPEMHX KO-
MipoK “(hoTornpuiimay — eneKTpoMarHiTHUi Matepian’.
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Jekuin 9. ONTUYHA NAM’ATb

= [locmilina onmu4Ha nam’ssms 3 NOcsi608HUM
crnocobom 3anucy ma 3yumyeaHHsi iHghopmaui.
= OnepamueHa onmu4Ha namMm’simsb.
» [IpuHyun 2onoepaghiyHozo 3anucy iHghopmauii.
*» Ludghpoei ma aHanozoei nepemeoprosayi 8 oNMU4YHOMY mpakmi.

9.1. IlocTiiina onTHYHA HaAM’ATh 3 MOCJTIIOBHUM
CIOCO00M 3amucy Ta 3YUTYBaHHA iH(opmaii

CTBOpeHHS ONTHYHHX 3armaM’ToByrounx mpuctpoi (3I1) mpo-
JUKTOBAHO THM, [0 MarHiTHA ITaM’SITh, SIKa ITHPOKO BUKOPUCTOBYETHCS B
Cy4JacHUX EJEKTPOHHUX CHCTEMaX, Ma€ Ps HEHONIKIB Ta TPyIHOLIIB B
3B’SI3Ky 3 MOCTIfHUM 3pOCTaHHSM BHMOT IIOJAO IIUTEHOCTI Ta MIBHIKOCTI
3aImicy, 3MEHIICHHsS Ta0apwTiB, BarW TOIMIO. BCi mi NMHUTaHHA MOXHA Kap-
JIMHAIBHO PO3B’s3aTH, BUKOPHCTOBYIOYM MPHUCTPOi onTH4HOI mam’siti. Orn-
tiuHi 3I1 MOXXyTh BUKOPUCTOBYBATH MapalielIbHUM 1 TIOCIIIOBHUHN CIIOCO-
6u 3anucy iHpopMallii sk B aHaJIOTOBIH, Tak 1 U(POBIH JBIHKOBIH (HopMi.

CrporieHa CTpyKTypHa cXeMa 3amucy iHdopMallii mociiToBHOTO
THITY 32 JIOTIOMOT'OI0 CKaHYFOUOTO IIPOMEHSI Jla3epa HaBeJieHa Ha puc. 9.1:

OKIr Mogynatop —  X-Y

5 2 3 4 5

Puc. 9.1 — CtpykrypHa cxema 3anucy ingopMauii mocaiioBHOro TUILY

Jlnist 3abe3nedeH s BUCOKOT IIUILHOCTI 3aMUCy BUIPOMIHIOBAHHS
nazepa 1 QokycyroTh 10 1 MKM, MOJIYJIbOBaHMI HEOOXITHUM YHMHOM 3a

95



JIOTIOMOTOI0 MOJTyJIsITopa 2 MpOMiHb, Yepe3 cucTeMy 00’€KTHBIB 4 moja-
I0Th Ha 3alHCyloue cepenoBuine 5. ['eomeTpuyuHe MOJOKEHHS MPOMEHS
3aJ1a€ThCsl IBOKOOPIUHATHUM JIEPIEKTOPOM 3.

Jlye yacTo sk 3aram’siTOBYIOUE CEpe/IOBHIIE BUKOPHCTOBYIOTh
CpiOHO-TOJIOIIHI eMyJIbcii, HaHeceHI Ha Mpo30py MiIKIaaKy. BoHu 3a-
0e31edyI0Th HepeBEpPCHBHY ITOCTIHHY ITaM’SITh, MAlOTh BICOKY PO3IUIbHY 311aT-
micts (1000 J1iHiiY/MM) Ta BHCOKY eHepreTuy uyTmmBicTs — 107...10°° Ihi/em”.
[Micns mposiBneHHs Ta (iKcyBaHHs, 300pa’KeHHS! MPOEKTYIOTh Ha JIETEK-
TOp BUIIPOMIHIOBAaHHS, HAIPUKJIAl, HA MATPHIO (poTonpuitMadis.

Tomryk cepemoBUI sl ONTUYHOT ITaM’SATi 3 ONTHMAaJIbHIMH T1a-
pameTpaMy 9yTJIMBOCTI, PO3AUIEHOI 3aTHOCTI Ta IHIIMX XapaKTEPHCTUK
MPU3BIB JI0 BUKOPUCTAHHS OKpPIM eMYJIbCiii OaraTo IHIIMX MaTepiaiB,
30KkpeMa, (otopesucropiB. Bei 1i MaTepianu BUMararTh J0CTATHBO TPH-
Bayioi 0OpOOKH 3 BUKOPHCTaHHSM DiIIMH, 4ac SKOI CKJaJgae B KPaliomMy
BUIAJKy — OJUHULI ceKyHII. L{e € IX BEeTMKUM HEI0JIIKOM.

3amuc iHdopmarii 3a 6iTaMu MOKHA 3/IHCHIOBATH LUISIXOM ITPO-
TUTABITIOBAaHHS 32 JIONIOMOTOI0 (DOKYCOBAHOTO JIA3€PHOTO IIPOMEHS, Ha-
CKpI3HHUX OTBOpIiB po3MipoM Oinst 1 MkM y ToHKHX (B Mexax 0,05 mxwm)
mapax Pt, Bi, Rh, As, Cr ta inmux pe4oBuH, HaHECEHHX HA MPO30PY,
Harnpukiaz, noniedipHy ocHoBy (puc. 9.2, a). [lepeBaroro Takoro 3amnucy
(3uMTYBaHHS SIKOTO MOYK€ BUKOHYBATHUCh THM K€ JIa3epOM, aJie 3 MEHILIOKO iH-
TEHCHBHICTIO TTPOMEHS], 1100 HE MOIIKOIUTH 3aIKC), € OLIbIIe 3HAYEeHHS BiJl-
HOIIICHHSI CHTHAJI/IITyM, BUCOKA Ha [INHICTh Ta BEJTMKUI TCPMIH CKCILTyaTarlil.

i T g T T T T
B ) AT T R T e
S OP OO ETOT OO 3
[HHHIIHHHI]H[4 INININININININENEEEEEN
7y J sy 7|5 vy j 7
v v 7 7 v 4" 47 7
o % % 7 7 Y 7 7 Va Va
6
a 0

Puc. 9.2 — OrpumanHs niTiB MeTOJaMH BHNIAJIOBAHHSA
MiKpooTBOPiB (a) i MikpoBHCTYHIB (0):
1 — npo3ope 3axuCHe MOKPUTTS; 2 — TOHKA MeTAJIeBA ILTIBKA; 3 — TieIeKTPUK;
4 — amominieBuii BinduBay; 5 — npomixknmii BinduBay; 6 — ninkiagka

[Ile ommH cmoci® 3ammcy B BUTISAAI KOJOBAHOI TOCIHIJOBHOCTI
IMIYJIbCIB CKIIAAAETHCSI B CTBOPEHHI MiKpO3arauOiIeHbp abo oisM (IiTiB)
Ha TOJIBIHUTXJIOPUIHNX a00 MONIMETHIKPHIATHAX IDIACTUHAX 3 TOHKAM
mapoM Ttenypy (20...40 mxm). Temyp — NerKOIUIaBKAN MaTepial, SKAH

96



CHJIBHO TOTJIMHAE 1H(paYepPBOHE BUIIPOMIHIOBAHHSI.

MokHa B METaJIeBOMY Iapi TaKokK (OPMYBaTH MIKPOBHUCTYIH
(puc. 9.2, 6). V 1boMy BUNAIKy BUKOPUCTOBYIOTEH TYrOILIABKI MaTtepianu
(Ti, Pt), a six mienexktpuunmii migmap — Matepia, sKuil JIETKO BUTIAPOBY-
etbes. [l miero Ja3epHOro MpOMEHsl MeTajleBa IUTiBKa He MPONATIOEThCS
Ta HEe MPOIUIABIAETECS, B Pe3yJIbTaTi BUIAPOBYBAHHS ITiAIIAPY B LOMY
Miclli yTBOPIOETHCS OMYyKJIa MOBepXHs1 Metany. [niBKy 3 3ammcaHoro iH-
(dopmariero MOKPUBAIOTH IIAPOM IIPO30POTO MaTepialy U 3aXUCTY Bif
MEXaHIYHUX MOUIKO/KeHb. llel map poOisTe JAOCTaTHRO TOBCTHM, B
FOMY BHUIIAOKy MOAPSIMHA Ta iHIN MikpomedeKkTH Ha HOro moBepxHi
OyayTh HE B ()OKYCI 3UUTYIOUOTO MPHUCTPOIO, 1 TAKAUM YHHOM, CJIa0O0 CIO-
TBOPIOIOTH KOPUCHUI CUTHAJ.

[Tpu BuKOpHCTaHHI JUIsl 3aIUCY Ta 3YMTYBaHHs ONTHYHOI CHCTeE-
MU “mazep — 00’€KTHUB”, pO3paxyHOK MaKCHMAJIbHOI ITOBEPXHEBOI ILIO-

IMWHU Ja€ HACTYIIHE CHiBBi}:[HOI_HeHHHI
2

A
N z1,zk—"5-, 9.1)

Smax

nie Ay, — dUCIoBa arepTypa 06’ €KTHBa, A — TOBKHHA XBHUJIi JIazepa.
[Tpu upoMy MIBUAKICTH 3amucy iHpopMaIlii:

A
V.oo=11V =% 9.2
i, 9.2)

3an.

ne V, — niniitHa BUAKICTH 00EpTaHHS TOPIKKH JTUCKA.

3anaM’ATOBYIOUE CepelIOBUIIE MOXKe OyTH HAaHECEHe Ha JMCK i3
CKJIa, KBapIly, MOJIMEpiB Pi3HOTO TUITy Ta iHMMX MaTepianiB. L{i muckm
MOXYTh OOepTaTHcsi, a iH(pOpMAIlis 3aUCYEThCSI B CIIPaNbHY TOPIKKY.
Kpoxk nopixkok craHoButs 1,5...2 MkM, 1m0 npu giamerpi 30 cM 1o3BoIIsIE
sammcatu 6insg 10" 6it indopmanii. Takoi eMHOCTI 1OCTAaTHEO, MO0 3aKO-
nyBati 30-XBHIIMHHY KOJBOPOBY TeJenporpamy abo 3ammcati JeKibKa ae-
CSTKIB THCSY CTOPIHOK MAIIIMHOMTHCHOT'O TEKCTY.

TpynHoIli BUKOPHCTaHHS ONTHYHUX AMCKIB TOB’si3aHi 3 HE00-
XiJIHICTIO TOYHOTO FOCTHPYBAHHS JIa3epHOI TOJIIBKY Ta HOCIs iH(popMarliil (uc-
Ky). st bOro KOHCTPYIOETHCS CIIEIialbHa CEpBOCHCTEMA, sSKa 3a0e3-
Meyye TOYHE CIIilyBaHHs CKAaHYIOUOIo My4Ka 110 iHOpMAIiiHIi JopixkKIIi.

OueBHIHO, U TOTrO, OO0 MpPU 3amKcy, MITKH Ha JUCKY He
“pO3MHBAINCH” 32 paXyHOK OOEpTaHHS, IMITyJIbCH BUIIPOMIHIOBAHHSI I10-
BUHHI 6yTH KOpoTKHMHE (~ 107 ¢). DoTonpHiiMay, KM BUKOPHCTOBYETh-
Cs1 TPV 3UNTYBAHHI, TOBHHEH MATH IIBHKO/IO He Hivkde Hix 10°...107 c.

VY TNOpiBHSAHHI 3 MarHiTHOIO, ONTHYHA T1aM’ATh Ma€ Oe3MepedHi
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nepearn. ONTHYHY TIaM’SITh BUPI3HsIE: BUCOKA SIKICTh 3aIMCy Ta BiATBO-
peHHs TIpu HabaraTo OLTEIIOMY TEpMiHI eKCIUTyartallii, TOMy IO BiJCyT-
Hilf MEXaHIYHNI KOHTAKT 34UTYIOUOTo MPUCTPOIO 3 HOCiIEM iH(opMarii; Ha-
Oarato OiybIIa MUTHHICTE 3aIHCY; TPUBAIUI TEPMiH 30epiraHHs (IECATKI
POKIB 3aMiCTh OJIHOTO POKY B MarHiTHOMY 3allMCy) Ta Habarato MeHmIa
BapTICTh.

Takox MOXKJIMBHI BUTOTOBJICHHS KOIiH ONTHYHUX HOCIIB iH(Op-
Marii. [y THpaKyBaHHS 3alHCy 3 MEPBUHHOTO ONTHYHOTO Aucka (0e3
3aXMCHOTO TIOKPUTTS) METOJaMH TalbBaHOTEXHIKH BUTOTOBIISIIOTH METa-
JIEBUI OPUTIiHAN, a BXKE 3 HOT'O B MOTPIOHIN KIUTBKOCTI MPECYIOTh IUIACT-
MacoBi komii. Ha BropuHHI qucku 3 OOKy 3alHMCy HaHOCSITH IUTIBKY 3 BH-
COKOIO 3/1aTHICTIO BiIOMBaHHS (JIOMiHiH), a MOBEPX HHOTO — MPO30PHH
3aXMCHHUH 1ap. 3ByKOBIATBOPIOBAJIbHI ONTHYHI JUCKUA PI3HUX JiaMeTpiB
(11,5...12 cM) Ha3uBaOTh Komnakm-ouckamu. I10TpiOHUM YHHOM MOX-
JIMBE TaKOX TUPAKYBAHHS TUCKIB IJIS BiJICOBIATBOPEHHS.

9.2. OnepaTuBHA ONTHYHA NaM’ITh

[Mpuctpoi onepaTHBHOI Mam’siTi TIOBMHHI MaTH BJIACTHBICTH pe-
BEPCUBHOCTI, TOOTO Ticisl CTHpaHHS OyTH 3HOBY T'OTOBHUMH JIO 3aIUCY
HOBoI iHdopmanii. BiaacTiBoCTI 3anucyodoro cepefoBHia HE TTOBHHHI
3aJIeKATH BiJl IUKIIIB “3aIKC — CTUPaHHS Ta OyTH IBUIKOIIFOYHMHU, TOO-
TO SIKOMOTa IIBWALIE 3alMCYBaTH, CTHPATH Ta BiJHOBIIOBATHCH ITiCIS
crupanns inpopmaii. Y 311 onepatnBHOI mam’sTi BUKOPUCTOBYIOTH Oa-
raro (i3n4yHUX eQeKTiB, 30KpeMa, i po3mIAHyTi mpuctpoi PotoTityce,
IMTPOM, a takox cTpykTypu “doronpoBinnuk — PK”, “doTonpoBignnk —
kepamika-PLZT” Ta 6araTo iHIIHNX.

Jeski mpucTpoi omepaTuBHOI ONTUYHOI ITaM’ SIT1 BUKOPHUCTOBYIOTh
3ammc Ha (POTOXPOMHHX MaTepiajiax-peuoBHHAX, TIOTIIMHAHHS 3BOPOTHO 3Mi-
HIOETHCS MiJ JII€I0 CaMOT0 BUIPOMIHIOBaHHS. BaXkiMBO, 110 B I[bOMY
e(eKTi He OTPIOHO Hi MPOSIBIISTH, Hi 3aKpiruoBaTu 300paxenHs. Cepen
BENUKOI KITBKOCTI (POTOXPOMHHX MaTepiaiiB OCUTh HIMPOKE 3acTOCy-
BaHHS OTPUMAJIM NOJIMEPH, CUIIIKaTHE CKJIO, JIY)KHO-TOJIOITHI KPUCTAIIN
(KCl, NaF, CaF, Tomo). IIpu (GoToXpoMHOMY IIpoLieci pedoBHHa, SKa
TIOTJIMHAE KBAHTH CBITJIA, TIEPEXOANTH 13 HOPMAJIBHOTO CTaHy B (OTOIH-
IOyKOBaHEe, [0 XapaKTepH3YEThCsS 3MIHOK ONTHYHOTO IPOITyCKAaHHS B
IHIIIH creKkTpanbHii obmacti. s 3amucy Ta 34nTyBaHHS TYT HEOOXiTHI
€JIEKTPOMArHITHI XBWII 3 PI3HOIO JOBXHWHOI. Hampwkian, mpu 3ammcy
A=0,2..0,4 Mxm (ynsTpadioneToBa YacTHHA CIEKTpa), & MPU YUTAHHI
A =0,4...0,7 MKM (BHIMMA YaCTHHA CIIEKTPA). 3BOPOTHUM MEpexin y HOp-
MaJIbHUH CTaH BifOYBaeThCsl a00 CaMOBUIBLHO, a0 MiJ Ji€l0 CBITMA, sIKE
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TTOTJIMHAETHCS B POTOIHAYKTUBHOMY CTaHi.

Yac 36epexennst iHdopmarii mpu GoTOXpOMHOMY 3alKCl Pi3HUI
JUISl PI3HUX MarepialiiB: Bij 107 ¢ o mekinbkox pokiB. Po3ninbHa 31at-
HICTh € TOCHUTh BUCOKOIO ~ 3000 miHiit/MM. 3amuc MOXHA TIPOBOJIUTH B
PI3HUX IUIONIMHAX (OTOXPOMHOrO MaTepiany, MPUUIOMY TepeXia Bif Of-
Hi€l IUIOIMHM 10 IpYroi 3/11HCHIOETHCS 32 paXyHOK 3MiHH (DOKYCHOT Bij-
CTaHi 3aIMCYI0Y0ro Ta 3UUTYIOUOTO MpUCTpOiB. Lle mpu3BoaANTH 10 BEnH-
KOi 00’€MHOI IITHHOCTI 3aITUCY.

VY mpucTposix mam’sTi, 3aCHOBaHMX Ha MarHITOONTUYHUX e(eK-
TaX, BUKOPHCTOBYIOThCS INapy ()EPOMArHITHUX MaTepialiB 3 BEIHMKOIO
KOEPLMTHUBHOIO CHIIOIO, SIKi 3/1aTHI JI0Bro 30epiraTv HaMarHiueHicTh ITicIs
BUMHKAHHSI 30BHIIIHBOI'O MAarHITHOTO TOJIS. Y TOHKOMY ILIapi Takoro ma-
Tepiay Iij Ai€l0 BHMPOMIHIOBAHHA Jla3epa MPOXOAUTH JIOKAIbHE Harpi-
BaHHS 1 AKIIO MPU [IbOMY TEMIIEpaTypa MepeBuIye Touky Kropi, To Bek-
TOp HaMarHIYeHHOCTI 3MIHIOETHCS CTPHOKOM. [1OBOPOT IUTOMUHY TOMS-
pu3allil Magaryvoro CBIiTia B PI3HUX MICIIX OyJe PI3HHUM Y MOMEPEIHBO
OCBITJICHHUX Ta HEOCBITJICHUX JUIAHKAX. 3UUTYBAHHS MOXKHA 31HCHIOBATH
i B BiIONTOMY CBIiTJIi, BUKOPHCTOBYIOUHM MarHiroontuuHuii edext Keppa.
Junst crupanss iHdopMmarii, 3armucaHoi pepoMarHiTHUM CIIOcOOOM, MaTe-
piaj HarpiBarOTh CBITJIOBUM IMITyJIbCOM Y MarHiTHOMY MOJi. X04a 3UHTy-
BaHHA iH(OpMaLl MPOXOIUTh 32 BUKOPHCTAHHAM MarHiTOONTHYHUX edek-
TiB, ajJi¢ TaKWil CIOci0 3amucy Ta 3YMTYBaHHS HAa3WBalOTh TEPMOMATHIT-
HuUM. Cepelnl MOXIIMBUX MaTepialliB Uil TEPMOMATHITHOTO 3alliCcy Hal-
kpamiM € MnBi, skuit mae Temneparypy Kropi 360 °C i po3ninsry 31at-
HicTs mopsiaka 10° mimiit/Mm, Manmii gac 3ammcy (10°° ¢), Benmkwmii TepMin
30epiranHs 3anucanoi iHdopmallii, a TakoXk BeIHKHNA pecypc pobdortu. Sk
3amaM’sITOBYIOUYMH MaTepial y MarHiTOONTHYHHX HCKaX BUKOPHCTOBY-
10Tb Takoxk cwiasn MnAlGe, MnCuBi, okcuay nanrtanigis (Hampukiam,
Eu0), amoponi misku Tby, Fe, ta cionyku Ha ix ocHOBI 3 mominikamu
KOOaNbTy, XpOMy, KaJIMil0, TaJI0JIiHII0 Ta 1HIMUX MaTepianiB. [lmiBku
Tb,., Fe, e dpepomarnitaumu, T06T0 MardiTHi MOMEHTH aTOMiB TepOito Ta

3aJi3a Opi€eHTOBaHI HETapaJieNIbHO 1 B JESKOMY IHTEpBaTi X y IUTIBII BH-
HHUKA€ aHi30TpOIIis 3 BiCClO, sIka MEPIEeHANKYJISIpHA 10 MOBEPXHI IUIIBKH.
3amuc, 34MTYBaHHS Ta CTUPaHHs iH(pOpMallii MPOBOAATE TaK caMo, SIK 1 Ha
matepiani MnBi. Iepesara mnisok Tby., Fe, nax MnBi nosnsrae B Tomy,
0 B IUTIBKAaX HEMAE TAKOTO PO3CIIOBaHHS HA TPAHUIIX 3€peH, SIK y IOJi-
kpucragax MnBi ta immmx noxibuux marepianax. Temmeparypa Kropi
mnisok Tby., Fe, y 3anexnocri Bix x 3Haxoautscsa B Mexkax 40...140 °C,
pO3IiIbHA 31aTHICTH 10* mimEii/vm. Iadopmariiina eMHICTH IUCKIB HiaMeT-
pom 30 cm mae 10°...10'° 6ir.

Ha nokanpHOMY HarpiBy J1la3epHAM IIPOMEHEM OCHOBAHHIA 3aITHC
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Yy XaJbKOT€HITHOMY CKJIi Ha OCHOBI CIpKH, TEIypy, MHUII Ky Ta IHIIHX
enemenriB (Hanpukinan As—Se, Sb—S, As—Sb-S, As—Bi-S, Ge-S,
Te—Ge—As Ta inmi). Mexanizm maM’ari B TaKOMy CKIIi BiIpi3HAETLCS Bif
MeXaHi3My HaM’sITi B TEpMOMarHiTHuUX Marepianax. Ilpm minBumenHi
TeMIIePaTypH, HI)KYE TeMIIepaTypy IUIABJICHHS, IPOXOAUTb (a3oBuii me-
pexin i3 aMOp(HOTo CTaHy B KPUCTANIYHHUNA 1 B pe3yJIbTaTi I[LOTO 3MIHIO-
€ThCA MOKAa3HUK 3aJIOMJICHHS CBITJA, [0 BUKOPHCTOBYIOTH IPH 34UTY-
BaHHI iH(opMaIIii.

[epexin miBkn B amopdHUil ctaH (cTpaHHs iH(bOpMAIIii) 3iiic-
HIOIOTh HarpiBOM 0 TEMIeEpaTypHd IUIaBICHHS 3 HACTYIHUM LIBHAKUAM
OXOJIOJDKEHHSIM. 3aliC Ha TaKUX IUIIBKaX, SIK 1 MPH TEPMOMArHITHHUX 3a-
THCax, 30epiraeThes JOBIHIA Yac, PO3iIbHA 3IATHICTh nepepuiye 107 TiHii/MmM,
aJle ONTHYHE MPOIycKaHHs ckia pocsirac 80 %, Toxi K, HAPHUKIA, IS
MnBi — 10~ %. JTnst peBepcHBHOTO 3ammcy 3acTocoBYI0TH Takox TeOy (pu
x =1,1...1,2), sKuit OTPHUMYIOT IIUIIXOM BaKyyMHOTO HarmmoBaHHS. [LmiBKu
TeO, takox amop¢mui. ITig miero ga3epHOro MPOMEHs MPOXOIUTH (o-
TOTEPMIYHHHA TIepeXif], y Pe3yNbTaTi Ha TUCKaX, SKi MPAIOIOTh 32 TAKUM
TPHHITATIOM, MOYKHa Garato pasi (10 10°) mpoBouTH nepesanmc iHpopMari.

Po6oTta mBuaKomifounx OaraTOKaHATBPHUX TpPAHCIIAPAHTIB, SAKi
MarOTh PEBEPCUBHY I1aM’sITh, MOXE OCHOBYBATHChH Ha €IEMEHTI, SIKUi Ha-
3UBAIOTh Mpancghazopom. Y 1bOMy OPUCTPOi BUKOPUCTOBYIOTH ONTHYHY
HENHIHHICTh MaTepiany, SIKa TIPOSABIIAETHCS B 3MiHI Koeq)iuieHTa 3aJI0M-
JIEHHS! TIpH 301NIBIIEHH] IHTEHCHUBHOCTI 1aal04yoro cpitia. ¥ TpaHC(ba30p1
CBITJIOBUI Iy4OK HaNpaBIIIOTh HA TUIOCKONApaNeNbHy IUIACTHHY i3 HEJi-
HilfHOTO KpHCTana, SIKHA YTBOpIOE 1HTep(bep0MeTp d>a6p1 — Ilepo, pors
JI3epKai B AKOMY MOKYTh BlmrpaBam anponm BlI[l'IOJ'IlpOBaHl rpaHi
KpucTaa abo HaHEeCeHI Ha HUX TOHKI HAITIBIPO30pi MeTaieBi MuIiBkH. Cxema
X0y npoMeHiB B iHTephepomerpi Pabdpi — [lepo nmokazana Ha puc. 9.3.

d

P

Puc. 9.3 — Cxema xoay npomeniB y Tpancgaszopi
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YMoBH MakcuMyMiB Jutsl iHTepdepeHtii 6aratbox xBuib (1, 2, 3, ...)
JUIsl TaKoTO iHTepdepomeTpa:

2d cosp=kA, 9.1)

ne k — i gncna.

ToBumHy macTHHKE d BHOUPAIOTH TAKO, MO0 TPU HU3BKHX
IHTEHCHBHOCTSIX CBITJIa, KOJIM KPUCTAI MOXKHA BBaXKATH JIIHIHUM, PI3HH-
15 (a3 MpOMeEHiB, sIKi 6araTopasoBo BiIOWIIHCS BiJl J3epKATBHUX TPaHEH,
Oyna piBHa HETIAPHOMY YHCIy T ¥ IHTEHCHBHICTB CBITJIa Ha BUXO[i Oyne
01m3pKOI0 10 HyJsL. Ll yMoBa mopylIyeTscs B 001acTi BENUKHX CBITIIO-
BUX TOTOKIB NPH BUKOPUCTaHHI Jla3epiB, KOJIM 3HAYEHHS MOKa3HUKA 3a-
JIOMJICHHS /1, @ 3HA4WTh, 1 ONTHYHA JOBXHHA LUIIXY 3pOCTaioTh. Lle BUK-
JMKae 30UTbIICHHST IHTEHCUBHOCTI CBITJIA yCepeluHi pe3oHaropa (Kpuc-
Tana), U0 B CBOIO 4epry, NPUBOJUTE 10 Iie O1JIBIIIOTO 3pOCTaHHS TOKa3-
HUKA 3aOMJICHHS i T. 1. IIpucTpiii cTpuOKOM NEepexouTh y CTaH 3 Mak-
CHMAITBHOFO MPOTTYCKHOIO 3/IaTHICTIO OJIM3BKOIO JIO OJIMHHUIIL.

Ha npakrtuni Ha TpaHc(ha3op HANPABISIOTE JBa Ja3ePHUX ITydKa
cBiTiia. OMH 13 HUX Ma€ TOCTIHHY IHTEHCUBHICTD CBITJIa, KA BIIMOBIIa€e
HHU3BKOMY IPOITYCKaHHIO, ajie OJM3bKa JI0 MOpOroBoro 3HadeHHs. Hepe-
JIMKa MiZCBITKA JAPYTUM Jla3epoM IepeMUKae TpaHcda3op y CTaH 3 Mak-
CHMaJIbHUM HPOMYCKaHHAM. 32 paxyHOK MOCTIHHOT CKJII0BOT TAKUii CTaH
MOJXKHA MIATPUMYBATH SK 3aBrOAHO JOBro. [Ipy BUMHKaHHI TOCTIHHOT
CKJIAZIOBOi KPUCTAJI CTPHOKOMOAIOHO IEpeXOJUTh Y IMOYaTKOBHH CTaH.
TakuMm yuHOM TpaHC(}a30p € ONTHYHO OICTAOITLHUM EJICMEHTOM, KUt
MOXHa PO3IJIAATH K ONTHYHUI aHAJIOT eJIEKTPOHHOTO TPaH3UCTOPA.

Tpanchazop nepemMukaeTsesl mBUALIE HiK TpaH3uctop. IBua-
Komist Tpanc(hazopa oOMeKeHa BCTAHOBJIICHHSIM CBITJIOBOTO TIOJSI B cepe-
JIMHI pe3oHaTopa, i BoHa 10piBHIOE dn/c (ne d — ToBIIMHA KpHCTana, 1l —
MOKa3HUK 3aJI0OMJIEHHS, c MIBUIKICTE CBITJIA). HpH toBuMHI d = 10 MKM
unakois ckmamae 107 c. TMomepeuni posmips o6MexkeHi po3mipom
JIa3epHOTO ITy4Ka, TOOTO TpaHc(azop Moxke OyTH TakUM CaMHMM MiHiaTIop-
HUM, SIK 1 TpaH3ucrop. [Ipu BukopucranHi sk Marepiaiay ais TpaHcdaszo-
pa, Hanpukian, InSb aGo MoHoceneHina ramito, eHepris IEpeMUKAHHS
cTaHoBUTH Behoro 107" JIk, MpH MOTYXHOCTI TIOCTIHHOT IepenoporoBoi
ckianoBoi — 10 MBT.

9.3. lIpunumn roJiorpagivnoro 3anucy ingopmanii

lonmorpadiuyHa maM’sITh OCHOBYETHCSI Ha 3alMCyBaHHI iHTepde-
PEHIIIHOT KapTHHH, YTBOPEHOI y pe3yNbTaTi CKIAJaHHs CBITIOBOI XBHUIII,
BInOUTOI BiA JeIKOro o0’ekTa abo sika MpoHmnia depe3 Led 00’€KT
(00’exTHA XBWIIS), Ta KOTEPEHTHOI XBWII, sIKa Oe3lOocepemHbO HWIe Bif
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JoKepena cBiTia (omopHOI XBriIi). SKmIo 3adikcyBaTi KapTuHy (TONIOTpa-
MY), a IOTIM 3aCBITUTH i OHOPHUM ITyYKOM CBITJIa, PO3MIIIEHUM BiJIHOC-
HO Hel Tak camo, AK 1 IPH 3amicy, TO B PE3yibTaTi B3a€MOJIii OIOPHOT
XBHJII 3 TOJIOTPaMOI0 B TIPOCTOPI YTBOPHUTHCS XBHJISL, SIKA BIIHOBIIIOE 30-
OpakeHHST 00’€KTa, M0 30iraeThcs 3 HUM 32 (POPMOIO Ta MPOCTOPOBUM
MoJIOKEHHsIM. B3aeMoiroui XxBuiti (omopHi Ta 00’ €kTHI) 000B’SI3KOBO Ma-
10Th OYTH KOT€pEeHTHUMH.

Baxxmso, 1o rojorpama, Ha BiMiHy Bix otorpadii, hikcye He
TUIBKU PO3TOALT aMILTITY/IU, ajle i po3noAia a3 00’ eKTHOI XBHIII BiTHOC-
HO oropHoi. [Hdopmaris npo criBBiaHOIIEHHS (a3 00’€KTHOT Ta OMOpPHOT
XBHWJIb 3aKJIaJieHa B PUCYHKY Ta 4acTOTi iHTepdepeHuiitanx cMmyr. 3a 10-
MIOMOT'OI0 TOJIOTPaMH, TAKMM YHHOM BCTAHOBJIIOETHCS aMILTITYIHO-(a30-
BHH PO3MOAIT XBHIJILOBOTO TOJIS,, TOOTO CTBOPIOETHCS KOs 00’ €KTHOI
XBWIII, a HE TUIBKH CBITIIOKOHTPACTHA XapaKTEPHUCTHKA 00’€KTa, K IpH
3BHUaitHoMy ¢oTorpadysanHi. [{uM MOSICHIOEThCA HAA3BUYAWHO BHCOKA
iH(opMamiiHa EMHICTH ToJorpadigHoro cnocoly 3amucy iHpopmartii.

OCKUIbKY TIpH 3alKMCyBaHHI CBITJIO BiJi KOXKHOI TOYKH 00’€KTa
Ma/Ia€ Ha BCl TOYKH ToJOrpaMu, TO KOXHa ii MaJia JisIHKa 3/1aTHA BiJHO-
BUTH 300payKeHHs 00’ €KTa, ajle YMM MEHIIa JUISTHKA, THM MEHIINA KOHT-
pact y 300pakeHHi 00’€KTa, IIe 3HAYHTh, 1[0 BTPAYAETHCS BiTHOBJICHHS
IpiOHUX neraneil y cTpykrypi 06’ekra. OnHak, nei ¢akT BKasye Ha Te,
o npu rosorpadiyHOMy 3anucyBaHHI iH(opMalii sSKiCTh 3amucy 3aje-
JKUTB BiJl PI3HUX Je(eKTiB — MmisiM, MLy, HOApSNUH Towo. ["onorpamu
XapaKTepHU3yIOThCA AUPPAKIIHHOI0 e()eKTUBHICTIO, SKa BU3HAYAETHCS Bif-
HOIIEHHSIM IHTEHCHBHOCTI BiTHOBJIEHOTO 00’ €KTHOTO ITy4Ka /10 IHTEHCHB-
HOCTI YHMTArO4YOro OIMOPHOTrO Iy4ka. ['ojorpamu, B OCHOBHOMY, 3aIHCY-
10ThCS Ha ()OTOILIACTHHAX.

OnTryHa cxeMa roorpadivHoro 3amucy mokaszaHa Ha puc. 9.4:

Puc. 9.4 — OnTuuna cxema rojorpadiunoro 3anucy indbopmanii:
1 — nazep; 2, 5 — onTuyHi 3aTBOPHU; 3 — AedieKTOP; 4 — HAMiBNIpo3ope
A3epKajio; 6, 8 — 00’ekTUBH; 7 — ONTHYHUN TPAHCIIAPAHT;
9 — 3anam’siToByI04e cepenoBuine; 10 — 13epkajo
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Ko 06’ €KTOM 3amucy € ONTHYHUHN TpaHCIapaHT, TO Ha JisH-
Kkax B 1...2 MM® 3amucyeThcst He OJMH 6iT iHdopMartii, a 1ine 306pakeHHs
(cropinka ingopmanii emuictio 10* ...10° 6it). OaHa i Ta *xe minsHKa
PEECTpYIOYOro Marepiaay MOKe BMIIlyBaTH JEKiIbKA HAKIAJCHUX OJHA
Ha OJHY ToJIOrpaM, siKi He BIUTMBAIOTHh OJHA HA OJHY, SKIIO NpPH 3aIH-
CYBaHHI KOXKEH pa3 3MIHIOBATH KyT MaJiHHS OINOPHOrO My4YKa. 34YMTY-
BaHHS MMPOBOJHUTHCS 32 TAKUX CAMHX YMOB.

Judpakuiiina Mexxa HMiIbHOCTI 3anucy ronorpadivHoi iHpopma-
1ii Ha QOTOMIACTHHI BHIA, HIX y PO3TISIHYTUX BHIIE ONTHYHUX JHUCKO-
BUX HOCissx. BoHa mepemyciM 0OMeKYETbCSI 3epHUCTICTIO (HOTOEMYIbCIT

N Sy (cM?) Ta 06’eMoM iHdopMarii B ogHOMY TpancmapanTi M (cM ).

Skmo Ha AUIAHLI (DOTOIUIACTMHKU 3alMCY€ThCS OJHOYACHO K KapTuH
OJTHA Ha iHIIY, TO 3ePHUCTICTH (POTOEMYIIBCII:

9.3)

—_, ©.4)

ne Pc — NOTyKHICTh curHaiy, Py — TOTYXKHICTh IIyMy.

OKpiM ABOMIpHHX TOJIOTPaM, MOXKHA CTBOPIOBATH ToyorpadigHy
KapTuHY B 00’ eMi. [Ipu BimHOBIICHHI 300pakeHHS 00’ €MHa rojiorpama Ji€e
TaKk caMo, SK TPUBHMIpHI IU(pakuiiiHi rpaTku. BinOuBaHHs CBITIa Bij
iHTepepeHLitHIX CMYT POXOIUTH TIMBKH TOi, KOJM BUKOHYETHCS YMOBA
Bynbda — bperra:

2d =sinB; =\, 9.5)

ne d — Bigcranp Mix cycigniMu mapamu; 0 5 — KyT Mix namaro-
YUM CBITJIOM Ta TUTONIIMHOIO MIAPiB.

TakuM YMHOM, TPUBHMIpHI TOJIOTPaMH MalOTh CIIEKTPaJbHY BH-
OIpKOBICTH 1 IS BiATBOPEHHS 300pa)KEHHsI MOXKHA 3aCTOCOBYBATH JIXKE-
pena 3 HenepepBHUM crieKTpoM. Lle 103Bolisie 3Ha4HO 30UIBIIUTHA EMHICTD
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rosnorpam. ['onorpadivynuii 3anmuc MoxxHa 3IIHCHIOBATH K Y HUDPOBIH,
Tak i B aHanorosiii gopmi. [Jyist ronorpam, B SIKUX HEOOXITHO BUKOPHUCTO-
ByBaTH 0araropasoBHI IMKJ 3aMHCy Ta CTUPAHHSI, MOXYTh OYTH BHKOpHC-
TaHi MaTepiany Ui PeecTpallii, IKi po3IIISTHYTI B IONEepeTHIN JIeKIIi.

9.4. lndposi Ta aHa/I0roBi NepeTBOPIOBAYi B ONTHYHOMY TPAKTi

1. Buxonanns nociunux onepauin. Onepariii, SKi MOXXHa BUKO-
HYBaTH 3a JIOTIOMOTOI0 ONTHYHUX €JIEMEHTIB, II0Ka3aHi Ha puc. 9.5:

VY BUNaaKy, KOIW ONTHYHUI ITy4OK MPOXOAWTH TOCTIJIOBHO He-
pe3 KepoBaHi eJIeMEHTH, pPealli3yeThCs OTepallist JIOTIYHOTO MHOKEHHS

X, X

Puc. 9.5 — BukoHaHH# JIOTiYHUX onepaniii ONTHYHUM METOJOM:
He3agapOoBaHMii NPIMOKYTHUK — ONTHYHUIA eJIeMeHT, SIKHii MPOIYCKAaE CBIT/I0
NpH HASIBHOCTI KepPOBaHOro curHaay X; 3adpap0oBaHmii NPIMOKYTHHK —
ONTUYHHUIl eJleMeHT, IKHii MPOMyCKAa€ CBIiT/I0 MPH BiACYTHOCTi KEPOBAHOTO
curaady X; y — ONTHYHMIA CHTHAJ HA BUXOII

Y = Xi"NX, (puc. 9.5, a). Csitio depe3 NpucTpiii HE HTPOXOAUTH Y
BificyTHOCTI Kepyrounx curHanie X; = 0 (puc. 9.5), X, = 0 abo mpu mogadvi
cUrHaty Ha ojuH i3 enemenTis (X; =1, X, =0 abo X, = 0, X, = 1). Csitio
MOTpAIuIse Ha BUXiq jwuire Tofi, komun X; = 1 ta X, = 1, T06TO BUKOHY-
eThcs omepanist /. JIns BUKOHAHHS omepalii JOTiYHOTO MiJCyMOBY-
Bauust (y = Xj v X;, ABO) KepoBaHi ONTHYHI IEMCHTH BMHKAIOTh Mapa-
nenbHO (puc. 9.5, 6). V 1poMy BUIAAKY s IONAIaHHA CBIT/Ia HAa BUXi
(y = 1) nocratHpo, 1100 KepyrOUHii CUTHAJ MOJIaBaBCs Xoua O Ha OJUH i3
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enemenTiB (X;= 1, X,= 0 abo X;= 0, X, = 1). Oneparist iuBepcii (y = X,
HI) BUKOHY€ETHCSI 32 IOIIOMOT'OI0 OJTHOTO €JIEMEHTA, SIKMI TPOIYCKa€E CBIT-
70 6e3 kepyrouoro curnany X (puc. 9.5, 8). Ko 1Ba TaKUX EIEMCHTH
BBIMKHYTH TOCTITIOBHO, TO peainizyerbes omepaiist (ABO — HI, crpinmka
Iipca y = X; 4 X5) (puc. 10.5, 2), a npu ix mapaneasHOMy YBIMKHEHHi

pearizyerses onepauis (I — HI, mrpux Ieddepa, y = X; T X5) (puc. 9.5, 0).
Ha pucynky 9.5, e mokasana omnepaitist 3a6opoun y = X « X,, npu Biz-
CyTHOCTI 3a00poHeHoro curHaiy (X; = 0) cBITJIO NPOXOIUTH Yepe3 ONTHY-
Hud npuctpiit mpu X; = 1 i He npoxoauts npu X; = 0. [Ipu monaui 3a60-
ponHoro curaainy (X, = 1) CBITJIO He OTpAIUIE HA BUXIi/ IPH OYAb-IKOMY
sHauenHi X;. Ha puc. 9.5, orc Ta 10.5, 3 mponeMOHCTPOBaHO, SIK ONTHYHHM
crmoco0oM MOXHA BHKOHYBATH oreparlii piBHO3HauHOCTI (Y = X| ~ X)) Ta
HepiBHO3HAYHOCTI (V = X| @ X5). Y upOMy BUMAAKy Kepyrodi CHrHAmH X|
ta X, OHOYACHO MOJAIOTHCS HA [BA PI3HUX ONTHYHHUX CIEMEHTH. Y cXeMi
PIBHO3HAYHOCTI CBITJIO OTpAIUIS€ Ha BUXIJ, SKIIO 30iratoThCsl CUTHAIN
X1=0,X;=0a60 X,;=1, X;=1). Y cxemi HepiBHO3HAYHOCTI, HABITAKH,
CBITJIO TIOTpAIUIAE Ha BUXIT jmvrire o, Kok X; = 1, X;=0 a6o X;=0, X,=1
1 He TOTpaIuIse MPH OJJHAKOBHX 3HaueHHsX. KOMOiIHyIouM Taki eJeMeHTH,
MO>KHA BUKOHYBATH 1 1HIII JIOT14Hi Onepariil.

2. Ilepemeopennsa nao yughposumu ma ananoz06uMu Kapmunamu.
Sk onTuyHI eneMeHTH MOXyTh BukopuctoByBatuch OKT a6o EKT. Bax-
JMBO, IIO 3a JIOTIOMOTOI0 TPAaHCIAPAaHTIB MOXKHA IPOBOIUTH OOPOOKY
iHpopManii ogHOYAacHO Mo OaraTboX KaHajlax HapajielIbHO, TOOTO BHKO-
HYBaTH IIEPETBOPEHHS HaJ KapTHaMH. OfHA 13 MOXKIIMBHX CXEM TaKOTO
OIITUYHOTO TIpoIiecopa MoKazaHa Ha puc. 9.6.

OKT

el — A
(DK * —> > (D
. >
T T U

105

v

A

A




KomimoBanuit mydok cBitina @, nampasistiors Ha OKT, skwii
MPAIIIOE 32 CXEMOKO BiOMBaHHS 1 (hiKCy€e pe3ysabTaT OOUMCIICHHS. Y cXe-
my 3untyBanHs OKT (3a momomororo mydka @j) BXOAATH CXpelieHi mo-
aspuzatop 11 ta anamizatop A, TOMy TIpH BiZICYTHOCTI KEPYOYOTO OITHY-
Horo curHany @, Ha BXOI, IHTEHCHBHICTD cBiTia Ha Buxomi @ = 0. Bu-
KOPUCTaHWH TpaHCNapaHT NOBHHEH MaTH 1aM’siTh Ta MOJIMBICTB 3a pa-
XYHOK 3MiHHU kuBJieHHS U MepeTBOpIOBATH MO3UTHBHE 300paKeHHS B
uHeratuBHe. Ha nuisixy myuka @, po3MIlIyEThCSI ONTHYHHIA TpaHCIApaHT

T a6o Ti T', axi garoTh MOKIUBICTE (hOPMYBaTH MOTPIOHI KapPTUHM Ta
npoektyBaTH ix Ha OKT. fkmo 3anucatu Ha OKT 3amane tpancnapas-
ToM T 300paskeHHsl, a IOTIM He 3MiHOI0uH Hanpyru U, mpyre 300paxkeH-
HS, TO TIPY 3YUTYBaHHI BUABIATECA cBiTIUME Ti Mici, OKT, Ha ski mo-
TpanuB Kepyr4nid CUTHAI abo B IepmoMy 300pakeHHi, abo B Apyromy,

Puc. 9.6 — Cxema onTHYHOI0 poLecopa

abo B 000x pazom. OueBHIHO, 0 TAKUM YHHOM BUKOHYETHCS OTEparlis
miacyMoByBaHHST 300pakeHb. Orepaliito MHOKEHHSI KapTHH MOXKHA 3JIic-
HIOBATH, SAKINO Ha NULIXY mydka D, 3a TpaHcmapaHToM T po3MiCTHTH 1ie

omun TpancnapanT T'. Skmo Tpancnapanramu T i T' 3amatu notpioui
KapTHHH, TO IpH iX ogHOYacHOMY 3amucyBaHHI Ha OKT cBimio nmotpan-
JIS€ TiNBKK B Ti MiCIIsl, HABIIPOTH AKUX Ipo3opi Tpancnapantu T 1 T, mo
1 TOTpiOHO /15 oTepariii MHOKEHHSI.

SIKIo Mmicis 3amucy OJHOTO 300paXkeHHs mpH Hamnpysi U 3amu-
catu Jpyre 300paxeHHs 1pu Harnpysi —U (BUKOPUCTOBYIOYH OJIMH TPaHC-
MapaHT), TO BiIOyAeThCs cTUpaHHs curHaiiB y Tux micisix OKT, Ha siki
TIOTIAJIO CBITJIO MTPU MPOEKTYBaHHI BiJl IBOX 300pakeHb. SIKIIO 3UNTyBaTH
indopwmartiro pu U = 0, To Ha BUXOIi CUTHAN Oy 1€ PHCYTHIM ¥ THX MicC-
151X, Ha SIKI CBITJIO MOTPAIWIIO JIMIIE B OJHOMY 300paxenHi. TakoMmy me-
PETBOPEHHIO BiJIIOBiIAE Omeparlist BiJHIMaHHS KapTHH.

3a JOMOMOTOK0 TaKoro IMpolecopa MOKHA BUKOHYBAaTH IIPOCTO-
pose mudepeHIitoBaHHS 300pakeHb. s mporo moTpiOHO 3amucaTé Ha
OKT BuxigHe 300pakeHHS, a TOTIM BIZHATH 3 HHOTO 300pakeHHS TOI
caMol KapTHHH, ajie JIello 3CyHyTol abo po3dokycoBanoi. [Ipu ipomy Ha
pe3yibTYIO4il KapTHHI Ha YOpPHOMY T OyIyTh 300pakeHi He cami
00’exTH, a IX KOHTypH. KOpUCTb Bill TAaKOrO MEpEeTBOPEHHS CTAE OYEBU/I-
HOIO, SIKIIO TPOBOJUTH HPOCTOPOBE TU(EPEHIIIOBAHHS HAIIBTOHOBOTO
300paxenHs. Y npoMy Bunaaky Ha Buxoni OKT dopHi Micus 3anuimarbes
YOPHUMH, OUTi TAKOXK CTaHyTh YOPHHMH, a TPOSIBIATHCS JIMIIE Ti MicLs,
SIKI BIATIOBIIAfOTh HAHOUIBIIOMY I'pa/liEHTy OCBITIICHOCTI, 3aBASKH IIHOTO
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MOYKHA BHJIUTUTH 13 KapTHH MicCIisl, sIKi cJ1a00 PO3pi3HSIOThCS, abo iHII
nerat.

4, IHTET'PAJIbHA TA BOJIOKOHHA OIITMKA

Nexuisa 10. IHTEMPAIbHI ONMTU4YHI XBUNEBOAU

= [Ipoyecu 8 NIOCKOMY onMu4YHOMY X8us1egodi.
= Tunu onmuYHUX NJI0CKUX xeusieeodie, ix
XapakmepucmuKu ma Memoou 8U20MOBJIEHHS.
= Cnocobu eegedeHHs1 ma eaueeOGeHHs1 UNPOMIHIO8aHHS
8 iHmezpanbHo-oNMuUYHUX xeuseeodax.
= EnemeHmu esedeHHsI ma eueeOeHHsI 8 UNPOMIHIO8aHHS
3a dornomMo20r0 npu3mu ma dugbpakyiliHoi rpamku.
=  OnmuyHuli 38 sI30K NJI0CKUX xeusneaodie 3 nidknackoro ma mMixk coboro.

10.1. IIpouecu B NJI0CKOMY ONTHYHOMY XBHJI€BOAL

Inmezpanvna onmuka — o6aCTh ONTOCISKTPOHIKH, SIKA BUHHK-
ma B 70-ti poku XX CT. Ha CTUKY ONTHKH, (DI3WKH 1 TEXHOJOTIH iHTer-
panbHOI MiKpoeieKkTpoHiku, TexHiku HBY, ¢i3nku MoBepXHEBHUX SIBUIL,
ONTHKHM TOHKUX IUTIBOK Ta IHIIMX PO3JIIB Haykd Ta TexHiku. L[s Hayka
3aCHOBaHAa Ha BHKOPUCTaHHI ONTHUYHHX SBHII B MIHIATIOPDHUX JIEJEKT-
PUYHHX CBITJIIOBOAX, @& TaKOX IHIIMX €JIEMEHTax, SIKi BUTOTOBJEHI Ha
CHUTbHIA MiAKIAALI, SKi YTBOPIOIOTh TaK 3BaHy ONTHYHY IHTETrpaibHY
cxemy (OIC). VY coiii cytHocti OIC € ananorom enexrponsoi IC. Y ca-
MoMy 3aranbHoMy BHmaaKy OIC CKIIafaeThCsi 3 TOHKOIUTIBKOBUX JIKEPET
ONTHYHOTO BHIIPOMIHIOBaHHS, (OTONPHUIMAUiB, ONTHYHUX MOJIYJSATOPIB,
NepeMHKadiB, ae(IeKTopiB, (GUIBTPIB Ta IHTErpaJbHO-ONTHYHHX eJle-
MEHTIB, CIIONyYeHHX MK COOOI0 TUIOCKMMH CBITJIIOBOJIAMH, SKi € aHaJo-
TaMH eNeKTPUYHUX TPOBITHHUKIB B IHTETpaJbHUX MiKpocxeMax. [HTerpaib-
HO-OTITHYHI €IEMEHTH MalOTh CIIEIM(iuHI 0COOINBOCTI SIK KOHCTPYKTHB-
HOTO, TaK i TEXHOJIOTIYHOTO XapaKTepy MOpPIBHAHO 3 X aHajoramu B
OKpeMOMY BHKOHaHHI. KepyBaHHS HUMH BUKOHYETHCS 3a JIOIIOMOTOIO
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eJIEKTPUYHHMX CHTHAMIB, IO MOJAIOTHCS HA KOHTAKTH EJIEKTPOHHUX IIPUCT-
poOiB, y TOMY 4YHMCIIi 1 OKpEMHUMH By3JIaMH MIKpOCXEM, SIKI BUKOHaHI Ha
CIIUIBHIN ITiAKIIa/III.

bazoBuM eleMeHTOM iHTerpajJbHOI ONTHUKY € IUIOCKHN ONTHYHHUA
XBHJICBIJI, SIKMH SIBJISIE COOOI0 TOHKHUH JIIeNIEKTPHYHMH 1Iap 3 TOKa3HUKOM
3aJIOMJICHHS My, Ha TIJKIaALI 3 MOKa3HUKOM 3aJIOMJICHHS 717 (IPUYOMY
ng < ny). 3BepXy XBWIECBIIHOTO IIapy Moke OyTH HOKPUBHHUH HIap 3 TO-
Ka3HUKOM 3JIOMIICHHS 7o (719 TaKOXK MEHIINI HiX My) 1 B HAlOLIBII TO-
LUIMPEHUX BUMAJKaX My > My > Hy. OOOB’SI3KOBOIO BUMOTOIO 10 Martepia-
JIy ONTUYHOTO XBUJICBOY (@ TAKOX 1 IO MiJKJIAJKH Ta MOKPUBHOTO MIAPY)
€ ONITHYHA TIPO30PICTh y TICBHOMY CIIEKTPaJIbHOMY iHTEpBalli Ta JOCKOHA-
JICTh IOBEPXOHb, AKi PO3AUIIIOTh XBUIICBOI, IKIAIKY 1 HOKPUBHUH mIap.

VY nienekTpuYHOMY XBHJIEBOJI, TOBIIMHA SIKOTO B MEXaX JIOBXKU-
HU enekTpoMarHiTHoi xBuii (0,1...10 MKM), criocTepiraeTbcsi psiji SIBHII,
SIKi HEe PO3MIISAAI0ThCS B KypCl 3BUYaiHOT ONTUKH, BOHH aHAJIOTIYHI SBHU-
IIaM y JieJISKTPUYHKUX paaioxBuieBoaax mianazony HBU. 3amexHo Bin
CHIBBIJHOIIICHHS TTOKa3HUKIB 3aJIOMJICHHS My, My, My, & TaKOX BiI KyTa
Ta/IiHAS CBITJIOBOT XBWJII HA MEXI PO3JIUTY XBHJISI MOKE KaHAII3yBaTUCS B
XBWJICBITHOMY IIapi (HampaplieHa XBHJICBiIHA MOJa) a00 BXOIUTH B IIiJI-
KIIaAKy a00 B MMOKPUBHUI map (BUIIPOMIHIOBAJIEHI a00 pajiariifHi MOJIH).

PosristHEMO TITaHapHY CTPYKTYpY, SKa mokasana Ha puc. 10.1.
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n
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Ha nutocky ToplieBy NMOBEPXHIO CBITJIOBOLY CIIPSIMOBaHO IIPO-
MiHB CBiTJa Tix KyroMm 6. UacTuHa CBITIOBOI €Heprii BimOWBa€ThCA iX
TaKUM CaMHM KyTOM (3aKOH BiZIOMBaHH:), a YaCTHHA YBiliZie B CEpe/IOBHU-
e XBHJIEBOMLY Mia KyToM 0, 1o Hopmaii. CHiBBIIHOIIEHHS MK KyTaMH
BU3HAUAEThCs 3akoHOM CHeniyca — Jlexkaprta (Juist 30BHIIIHBOTO CEPEIOBUIIA
n=1):
smb_, (10.1)
sin O,
Skuio 3minroBatu KyT 0, To 3MiHIOETBCA 1 KyT naxinds 0y Ha 1mo-
BEPXHIO PO3JUTY MK XBHJICBOJOM, MIJKJIAJKOI Ta MOKPUBHUM IIAPOM:

Puc. 10.1 — [InanapHa cTpyKTypa iHTerpajbLHOIr0 XBHJI€BOIY

T . . o . .
0, =——0,. Ockinbku ny OGinbmHil HIX A7 i Ny, TO TP JOCTATHBO Be-
2

JIMKUX 3HaueHHAX Oy Mae Micle SABHILE MO6HO20 GHYMPIWHBLOZO 6i0-
oueannsa, To0TO BCS SHEPTisl IMyYKa BiJOMBA€ETHCS 1 TIOBEPTAETHCS B cepe-
JIOBUIIE XBHJIEBOLY.

Kputranuid KyT HaiHHS, IPH SIKOMY HACTYIIa€ IIOBHE BHYTPILIHE
BiZIOMBAaHHS, 3aJIC)KUTh BiJ| CIIBBIJHOIICHHS ITOKA3HHKIB 3aJIOMJICHHS Mate-
pianiB MiKIIaAKK Ta TOKPUBHOTO mmapy. st BepXHBOI Ta HIKHBOI TPaHUIBb 1
Ny # N 1l KyTH PO3PI3HAIOTHCSA Ta CTAHOBUTH BiIIIOBITHO:

[ n,
¢, =arcsin| —- |;
n
X
(10.2)
. [n
¢, =arcsin| -
nx

Haii6inpin 4acTo (o9 MOMITHO MeHIIe HiX @y (pi3HULS Ny — Mg
CKJIAJIa€ JIECATI YacTKH, a Ny— N7 — NOPsIIKa 10’2...104).

SIKIO KyT TMagiHHs nmpoMeHst Oy MeHIIMi HiXK (y Ta (7, TO TIOB-
HOTO BHYTDIOTHBOTO BinOWBaHHS HE BiAOyBaeThCS Hi Ha OJHIN 3 mOBep-
XOHb XBHJIEBOY. CBITJIO YaCTKOBO BiJIOMBAETHCS BiJl BEPXHBOT IPaHMUIIi, a

YACTKOBO 3QJIOMITIOETLCS B IOKPUBHUH 11ap mmix KyToM 0g i Buxomuth Ha-
30BHI. BijOuTHii npoMiHb Jocsrae MOBepXHI MeXi “XBHJIEBIJ — MiAKIAI-
Ka”, 4aCTKOBO BiJOMBA€ETHCS, & YACTKOBO MPOXOAUTH Y MiAKIAIKY ITiJ
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kyToM Op. s cuTyanis BiAmoBigae BUMPOMiHIOBAIBHIN MOI Yepes To-
KpUBHMM 1Iap.

SIkio KyT Oy 36inbmnTH (2 KyT 0 3MEHIIUTH) Tak, 11100 BUKOHY-
Basach ymoBa 0y < 0y < O, To Ha rpaHuLi “XBUJIEBiN — IOKPUBHUM 1Iap”
OyzZe MpOXOAWTH TIOBHE BHYTpIITHE BiMOWBaHHS, TOOTO BCE BUIIPOMi-
HIOBaHHS ITOBEPHETHCS B XBIJICBITHUH ITap HA TPAHUI “XBHIJICBIN — ITiJI-
KJ1a/1ka”, SIKIIO Hi — IOBHE BHYTPILIHE BiIONBAHHS BiJICYTHE 1 CBITJIO TIPOHU-
Kae B MmiaKIaaky (Moaa miaKIaaKy).

JTumte Toxi, komu Oy OimbLIMIA HIX (P Ta (77, IPOMiHB, KU MO~
TPAINWB y XBUJIEBI] i TAKAM KyTOM, Oyie TIOBHICTIO BiTOWBATHCA SIK Bif
BEPXHBOI, TaK 1 BiJ| HWKHBOI MOBEPXHI (XBUIIEBITHA MOJIA).

OueBuIHO, 1O JUISl KaHaNi3allil BUIIPOMIHIOBaHHS, KYTOBI Bij-
XuyieHHs O MaroTh GyTH MEHIIUMU HiX 1€ BUILUIMBAE 3 PIBHOCTI:

sin@, = n,sin g—(p” =n,CoSQ;, (10.3)
abo
1
NA =sin6, =(n} —nj, )2 (10.4)

Bennuuny NA HAa3UBAIOTH YUC06010 ANEPMYPOI0 XBUIIEBOJLY.

PosrmsiHemMo OLTBIT eTadbHO YMOBH YTBOPEHHS XBHIICBITHOI
monu. KoedimieHT BinOWBaHHS BiJl TPaHMUIII IBYX TICIEKTPHUKIB 3aJCKUThH
BiJI KyTa MAIiHHA 1 TOJSIPH3allii CBITJIA 1 BUSHAYAETHCS 32 JJOTIOMOTOI0 (hOPMYIT
®penens. s TE-nonsipusariii (BEKTOpP HANpPY>KEHOCTI €IEKTPUIHOTO
OIS TIEPIIEHANKYJISIPHAHN TIIOIIMHI TaiHHS, B SKIH JIe)KaTh HOpMaJb JI0
XBHJILOBOI TIOBEPXHI Ta JI0 IOBEPXHI PO3/ILTY) MA MOKEMO 3aInCaTH:

[2_ 2.2
R n,cos0, —n,cos0,  m,cos0, —/ny —nysin”O, (10.5)
TE — - . .
080, +1,€080,  p cosB, +\n? —n’sin,

Biamosinuo st TM-tionsipusartii (MarHiTHI TOJIST TIEPIICHIUKY -
JSPHI TUTONIMHI TTATiHHS ), MAIOTh TaKAH BUTIISIII;

—_

2 2.:..2
R n,cos0, —n,cosh, 11,6088, —mn; —nisin"0
g =

2
=2 , (10.6)
1,080, +m,cosb, nicosel +m\n; —nsin’6,
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e 1, 1 Ny — MOKa3HUKH
3aJIOMJICHHSI CEPEIIOBHIII, 3BiIKU
Mmajia€ CBITIIO Ta KyOd IPOXO-

N\
IMTh, BignosigHo; 0, i 6, — kytu
MaJiHHS Ta 3aJ0MJICHHS.

Sk TiUTEKH KyT MaiHHS

ny 0, mepeBuilye KpHTHYHMI KyT
. n

A 0, | 0, B B.p. (¢o 200 @p7) T2 sING,, = n_2
1

(puc. 10.2), koediuieHT BinOM-

Puc. 10.2 — HanpsiMmok HOpMaJteii 10 BAHHS ’R ’ — 1 i macrac HoBHE

XBl/.lJ'lLOBl/IX HO.BerOHB Sa.l'l().lt’lﬂeHOFO :I‘a BiH6I/IBaHHH cBitna. V I{bOMY BH-
BiIOMTOrO CBiTJIa HA TJIOCKIi rpanmu

Mi3K IBOX CEpeIOBHIIL 3 IOKA3HUKAMH e e _R € KOMILICKC-
3a0MICHNHS 1y i 1yt A, B, C— HOIO 1 BiIOUTE CBITJIO Ma€ JESKUI

KOMIUIEKCHI aMILTITY/Ii CBiTJIOBHX XBWIH ~ 3CYB 34 (ba3010 110 BIAHOIICHHIO 10
najaro4doro cpimia. da3oBuil 3CyB

TaKOXX BU3HAYAETHCs 3a nonomoroio hopmyn Openens (10.7).

Ha puc. 10.3 mokasana 3anexHicTb (a30BOTO 3CYBY (rg Bif
KyTa 0, 1y pi3sHUX 3HaYeHb BiAHOINEHHS MOKA3HHUKIB 3aJIOMIEHHS 7o/H,.
3nauenns 0,3; 0,5; 0,7 nprOIU3HO BIAMOBIIAIOTH TPAHUISIM PO3IITY “HO-
Bitps — GeAs, LINbOs” ta SiO, BignosiaHo. BigMitumo, 1o ¢a3zosuii 3cys
3pocrae Big Hymst npu 0, = 0,, 10 /2 npu 0, = 90°. Xapakrep noBeaiHKH
(azoBoro 3cyBy st XBrIi 1M aHAIOTIYHMIA 1 pO3PaXOBYETHCS 3a (GOpMyTIaMH:

20,2 2
\mysin 0, —n;

t = :
S0 n,c0s0, 107
n? \/njsin*0, —n;
tgQpy =—————.
™ 2 e
n; n,c0s6,
QrE
n
2
T
4 "
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Puc. 10.3 — 3anexnicTs (pa3oBoro 3cyBy Qrg Big kyra 0; nus
Pi3HHX 3HAYeHb BiTHOIIEHHS MOKA3HUKIB 3210MJIEHHS

VY XBWJICBOMAI XBHJII TOIIMPIOIOTHCS 3UT3arONOIIOHUM IUISXOM,
BOHHU TIOBHICTIO BiZJOMBAIOTHCS HA TPAHHUIIX IUTIBKU 3 TIOKPUBHUAM IIAPOM
Ta migraakoro. 1 xBwti (BigOuTa BiJ MOKPUBHOTO MIapy Ta BiAOUTA Bij
MIAKIAIKN) € MOHOXPOMATHYHUMHE Ta KOTEPEHTHUMH, X KyTOBa 4acTOTa
JIOPIBHIOE (), OBKMHA XBIJII B BAKYYMi A, & XBHJIbOBHI BEKTOP Y HATIPSAMKY

HOpMalli 10 XBHJIBOBOI MOBEPXHi HOPIBHIOE K, , IPHUOMY abCONIOTHA
BEJIMYKMHA BEKTOPA k CTAHOBUTE:
2n
k=—. (10.8)

ITons X ABYX XBUJIb 3MIHIOIOTECS 3a eKCHOHEHL[iaJ'H)HI/IM 3aKo-
HOM, TUITY:

exp [—jan (£Xcosh, + Zsinb, )} , (10.9)

Iie My — MOKa3HUK 3aJIOMIICHHS PEYOBHHH XBHIICBOIY, X — KOOp-
JIMHATA Y HAMPSAMKY, IEPENeH/INKYIIPHOMY JI0 TUTIBKH, Z — KOOPIUHATA Y
MO3/I0BKHBOMY HanpsiMKy (muB. puc. 10.1, oci X Ta Z).

AHaNOTIYHUM YMHOM 3MIHIOIOTBCS # 1HIII MapamMeTpH [HUX KOJH-
BaHb. Tak 3BaHa MoCTiiiHA MONIMPEHHS [3 JUTS XBUIIEBIIHOI MOJIM B TLIOC-
KOMY XBHJIEBOZI (Ta 3B’s13aHAa 3 HElo (ha30Ba MIBHAKICT V,) BU3HAYAETHCSA
HaCTYITHUM BUPa3oM:

[} .
B=—=kn,sinb, (10.10)
VP
i € Z — cK1ag0BOIO XBUIBOBOTO BEKTOpa A7y .
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Kyt Oy He Moxe npuiimaTu Gyab-sKi 3HaueHHs B ymosax 0y > 0,
i 0. Bin Moxe mpuiiMaTH Jdile AUCKPETHHN HAGIp 3HAaYE€Hb JUIA TOTO,
mo0 yTBopmiacs XBuWieBigqHa Moaa. OCKUTBKH BiIOMTI XBHIII KOT€pPEHTHI,
TO BOHH Bech 4Yac iHTepepyroTh Mk coboro. s toro, mob iHTepde-
PEHIsI He TIoracuia XBHJIEBIHY MOJY, MOTPIOHO CTBOPUTH TaKi YMOBH,
00 pi3HUI (a3, sika Hadirae BiJi MOMEHTY BIZOUTTS BiJ OHIET rpaHUIli
(Hanpukniaja, MIKIaAKA) 10 MOMEHTY HACTYIHOTO BINOWMTTS Bim wie€i
rpaHui, Oyyia kpatHa Benu4uHi 27. Toi yTBOPIOETHCS Tak 3BaHE caMo-
y3roJKEHe 1oJe. 30KpeMa, Ui IUIBKU TOBIMHOK A 3CyB (asu 3a mep-
i poxix popiBHIoe kn, hcosO, 3cyB ¢asum B pesyibTari IOBHOTO
BHYTPIIIHFOTO BiMOMBAaHHSA Ha TPaHUI “TUIiBKA — TOKPUBHUHN Imap”
nopiBHIOE (—2()¢), 3CYB 3a HACTYIIHHIT IIPOXiJ IUTiBKH 3HOBY kn, hcosO i
3CyB 32 paXyHOK ITOBHOTO BHYTPIIITHROTO BiJIOWBAaHHS Ha TPAHMUIN “‘TDTiBKA —

migknanka” — (—2¢Qp). Tenmep MoXKHa 3amucaTH yMO8y Camoy3200dice-
Hocmi (sSKa BiloOMa TaKOX Il HA3BOIO )MOGU HONEPEUHO20 PE30OHAHCY)
HACTYITHUM YHHOM:

2kn, hcos® —2¢, —2¢, =2mmn, (10.10)

mem=0,1,2,..— i yucna, 1Ki BU3HAYAIOTh TIOPSIOK MOJIH.
Sk BuaHO i3 piBHsAHB (10.7), michs MiACTAaHOBKH B HHUX BIiAIO-

BiZIHUX 3Ha4€Hb MIOKA3HHUKIB 3aJIOMJICHHS (a30Bi 3CyBU (g Ta Qf7 € PyHK-
nisimu kyta namginesa (puc. 10.1). CmieigHomennst (10.10) € ducnep-

CUHUM PIGHAHNAM X6UIe600Y, SKE BU3HAYAE MOCTIHHY OMMUPEHHs [3 K
(bYHKIIi10 4aCTOTH () Ta TOBIIMHH IUIBKH /1. 3 {bOTO PiBHAHHS BHIHO, IO
TUILKK JIeSKi KyTH maminas © 3aJ0BONBHAIOTE YMOBY iCHYBaHHS XBHJIEBi/Il-
HOi Moy, JIjist JaHOT IOBXMHM XBHJIL A iCHY€ JesKa MiHiMaJbHa TOBIIMHA

th_ (KkpUTHYHA TOBIIWHA), SKa BIANOBIZa€ TOMIMPEHHIO TiTBKH OJHIET
XBHJIEBIIHOT MOJIH:

A A
By, :Z,/ni —n, zz‘/anAn, (10.11)

AKINO Ay Ta My BIAPI3HAIOTECA, TOMI 7y +H,; =20, >>n, —n; =An.
TakuM 4rHOM, CBITJIOBA €HEPrisi B XBUJIEBOII TIEPEHOCUTHCS MOJAMH, SIKi
BUHUKAIOTL 1pu Kytax 0, (m = 0, 1, 2, ...). Buibmomy 3Ha4YeHHIO M
BisnoBigae MeHmnit KyT 0,,,.
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3 TOUKH 30py NEepeHecy eHeprii y KaHajai30BaHOMY MPOMEHI Heo-
OximHO po3ymith Tak 3BaHMH edekT ['yca — XeHxeHa, SIKMH TOJSTaE B
TOMY, 10 CBITJIOBUH MPOMiHb YaCTKOBO 3MIIILY€THCSl B TOUI[I BiOUBAHHS
BiJl PO3IiTy JBOX CEPEIOBHIN, TOOTO BiH YAaCTKOBO IMPOHHWKAE B JIPYTe
CepelloBHUIle 1 MPHU LbOMY €(eKTHBHA TOBIIMHA IUTIBKH 30UIBLIYETHCS,
Toxi 2Zy — BENMYMHA TIONEPEYHOTO 3CYBY MPOMEHS, /I — BEIMYMHA TIPO-
HUKHCHHS CBITJIA Y Hinkiaaky (puc. 10.4).

niaknaaka
nﬂ
Zx g p A
v e
- ; S
4 nnieska | ny B

Puc. 10.4 — 3cyB I'yca — XeHnxena

EdexrtuBHa rinbuHa MPOHUKHEHHS CBITJIIOBOI XBHJII B HOKPHB-
Huit map /1y Ta MAKIAIKH A BiAOBIIHO CKIANAIOTh:

(10.12)

(10.13)

Toni cymapHe edeKTHBHE 30UIBIICHHS TOBIIMHU XBWJIEBIIHOTO
nrapy CKJaJae:
hy =h+hy+h. (10.14)

Edekr I'yca — XenxeHa npu3BOAUTH 110 30UIbIIEHHS €(eKTUBHOT
TOBLIMHH XBHJIEBIJHOrO LIapy B MOPIBHAHHI 3 IiMCHOK TOBIIMHOIO /1,
KpiM TOTO, KOe(II[iEHTH MOTJIMHAHHS CBITIa B IOKPUBHOMY IIapi i B mif-
KIaAni OyayTh MEHIII OAWHUIN, TOOTO IOBHOTO BiJOWBaHHS CBITIOBOI
eHeprii He Oyzne. ToMy Ay 3BeZieHHs IO MiHIMyMY BTpaT iHTEHCHUBHOCTI
XBUJICBIIHOT MOAM BAKIIMBO, I[00 MaTepial MigKIagKi OyB IPO30PHM.

10.2. Tunu OoNTHYHHX ILJIOCKHX XBHJIEBOAIB,
iX XapaKTepPUCTHKM TA METOAH BUTOTOBJIEHHS

XBuiesia, skuii 300paxeno Ha (puc. 10.1) BBaxaeTbcsi HeoOMe-

JKEHUM Ha OCl ), Take JIOMYIICHHS IIIKOM ce0e BHUIIPaBAY€E B JACSKUX BH-
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majgKax, a caMi XBHJICBOOHW Ha3WBalOThcs maamapnu. 11lupoxo BHKOpH-
CTOBYIOThCS B IHTETPAJIbHIN ONTHUII TAKOXK CMYHCKOGI (KaHAJIbHI) XBHIIE-
BOJIU, TIEpepi3 SKUX OOMEKEHHI HE TUTHKH IO TOBIIKHI, ajie 1 110 IUPHHI.
CMyXKOBI XBHJIEBOJY JTO3BOJISIIOTH (POPMYBATH BY3bKi (LIMPHHOIO B Jie-
KiJJbKa MIKpOH) CBITJIOBI IMy4YKH, SIKI MOXKYTh IHOIIMPIOBATHCS TI0 KPUBO-
JHIHHUX TPAEKTOPIsSX 0e3 BUKOPHUCTAHHS (POKYCYIOUMX JIiH3, I3epKall Ta
IHIIMX ONTHYHHX EJIEMEHTIB, 4 TAKOXK BUKOHYIOTh IEPETBOPEHHS HAJ HIMH.

Jlnst oOMexXeHHsI CBITJIOBOT XBWJII B TAKOMY XBHJIEBOJIi TIO MINPH-
Hi (K 1 O TOBIIWHI) BUKOPUCTOBYETHCS SIBUIIE TIOBHOTO BHYTPIITHHOTO
BiOMBaHHS BiJ OOKOBHX MOBEPXOHb. Lle MOKHA 3MIMCHUTH IEKiTbKOMa
cniocobamu (puc. 10.5):

— 1 B ]

a 6 6
_E X
|
2 0 =y

Puc. 10.5 — ITonepeyHi nepepi3n XBUj1eBOiB pi3HOro THIY:
@ — MiHATOro; 6 — rpeGiHYACTOro0; 6 — IPOHUKJIOTO; 2 — 3 HAKJIAIEHO0
CMYIKKOI0; O — 3arIH6J1eHOro

Haii6inpmm mpocTo 1 ifest peali3yeTbesi, SIKIIO MaTtepiai 3 I10-
Ka3HHKOM 3aJIOMJICHHS 7y HaKJIaJaroTh Ha IAKIAIKY 3 MOKa3HUKOM 3a-
momnerHs Ny < ny (10.5, a). Y takomy BapiaHTi 0OMeXEHHS CBITIOBOI
XBHJI 110 OIMPHHI MPOXOJAUTH 33 PaXyHOK BHYTPIIIHBOTO BiAOMBAaHHS Ha
TPaHUILIX PO3JUTY CMY)XKU 3 TOBITPSIM. AHAJIOTIYHHMH pe3yibTaT A0Cs-
TaeThCsl B BapiaHTI MPOHUKHEHHS CMYXKKH B miAkmanky (puc. 10.5, 8).
CMyXKy MOKHa OTOPHYTH MaTepialioM MiAKIaIKH 31 BCIX CTOPIH 3 MO-
Ka3HUKOM 3aJIOMJICHHS MEHIINM HiX y XxBmieBoxi (puc. 10.5, 2). Moxna
BUKODHCTATH ¥ iHITi BapiadTH, K MoKasaHo Ha puc. 10.5, 6, 0). Xsunesin
rpebGinyacroro tumy (puc. 10.5, 6) Mae TOBLIMHY IUHBKU /i OLibIny Hix
TOBIIMHA HaBKOJHWIIHBOTO IIapy. Y pe3yibTaTi e(eKTUBHUI NMOKa3HHK
3aJIOMJICHHS

Ny =Ny sindy (10.15)
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B Miciax rpebeHs OLThIMiA HiX e(eKTHBHUN IMOKAa3HUK 3aJIOMJICHHS 30B-
HIMIHBOI TUTIBKH, TOMY TIOIIMPEHHS CBITIIa B OCHOBHOMY OOMEXEHO 00-
nactio rpebers. MakcHMasbHe 3HaYCHHS Mg (ipu Op = 70/2) piBHe ny, a
MiHiMaJIbHE PiBHE 3HAYECHHIO, IIPU SKOMY KT HaJiHHS PiBHUH KPHTUYHO-
My KyTy. Ha puc.10.5, 0 mokasaHuii cMy>KOBUIM XBHIIEBI, B AKOIO CMY)KKa
3 OUTBPII HU3BKMM MOKa3HUKOM 3aJIOMJIEHHS HaHECeHa Ha IUTaHapHHH
XBHJIEBiJl. BUroTOBIEHHS XBMIIEBOIIB BHUKOHYETHCS METOAAMH MIKpO-
€JIEKTPOHHOI TeXHOJIOTII. [3 MpakTHKK BUIUTMBAE, IO IIPU BUTOTOBJIICHHI
XBUJICBOJTy TPEOIHYACTOTO THITYy i XBHJIEBOIY 3 HAKIAJCHOIO CMY>KKOIO
(puc. 10.5, 0) BUMOTH [0 TIAIKOCTI MOBEPXHI JEINO MEHIII.

Sk y miaHapHHMX, TaKk i B CMYXXKOBHUX ONTHYHHMX XBHJIEBOJAX
BTpaTH €HEepril CBITJIOBOT XBWIII 0OYMOBJIEHI CTaHOM HOTO TIOBEPXHi, a Ta-
KO’X BHITPOMIHIOBAaHHSIM Y MTOKPUBHHUH LIap Ta MiAKIAIKY.

BBakaeTbcs 3a7J0BUTBHIM JUTS TIPAKTHUKH, SIKIIO ONTHYHI BTPATH
B XBWJIEBOAI HE nepeBuilytoTh 1-3 nb/cwm, 1 1o ne BiAmoBijgae 3MeHIIEeH-
HIO iHTeHCHUBHOCTI cBitna B 10 — 1000 pasis.

HafironoBHImmM NIPHYUHOIO BTpAT €HEPrii € po3CifoBaHHA Ha
HEPIBHOCTAX MOBEPXHi po3aimy. [Ipn BCiX iHIMX piBHUX yMOBax BTpaTH
PO3CifOBaHHA Ha HEPiBHOCTSIX MOBEPXHI PO3ILTY TUM OUIBIII, MM OiTbIIa
PI3HULA TOKAa3HUKIB 3aJIOMJICHHS] KOHTAaKTYIOUMX pe4oBuH. Tomy XBHIIe-
Boau tumy (puc.10.5, 8, 0 — NPOHKKIIMH 1 3arIMOIEHHi) MarOTh IIEpeBaru
HaJl MiJHATAM CMYXKOBUM XBmjiieBojoM (puc. 10.5, a). Cnabke po3scito-
BaHHS Ha OOKOBHX TOBEPXHIX CIIOCTEPIraeThCsS 1 B TpebiHYaCTOMY XBH-
nepozi (puc. 10.5, 6) Ta B XBUIEBO/I i3 HAKIAAEHO CMy KoK (puc. 10.5, 2).
Y mepIoMy BUIAJAKY BIUTUB OOKOBUX CTIHOK XBHJICBOJIY OCJIA0JICHHIA, a B
JPyroMy — pi3Ki OOKOBI TpaHUIIi PO3/LTy B3araji BiJCyTHi.

[TornuHaHHA CBITIA B JIENEKTPHYHUX XBHJIEBOAAX 32 3aKOHOM
Byrepa — Jlambepra: @, =@, e(—al), ne [ — ToBmmHa wapy; o — mo-

Ka3HUK 3a]OMIICHHs, B3araii Maje i HOro MOXKHA He BpaxOBYBATH, alle
SIKIIIO XBHJICBIJ] BUTOTOBIICHHUH 13 HAIIBIPOBIHNKA, TO B O0JIACTi EHEPTiH,
sAKi BiAMOBiNAOTE QyHmamMeHTaTbHOMY noriuHanuw (F = AE33), o-

TIIMHAHHA JyXe BEJIHKe 1 m00 HOro yHWKHYTH, JOBKHHA XBHWIII CBITJIA
MOBUHHA OyTH O1IIBILIOI0 HIX 11€ BUIUIMBAE i3 CITiBBIJHOILICHHSI:

A [MKM] = ﬁ eB],

33

(10.16)

o crocyeTbcs BUITPOMIHIOBAIBHUX BTpPaT, TO IS TUIAHAPHUX
Ta TPSAMOJIHIHHUX CMY)XKOBHX XBHWJICBOAIB BOHM HE3Ha4yHi, OCOOJHMBO
JUIL MOJ| HE Jy)K€ HHM3BbKOTO TIOPSAKY, KOJMHM KYT MaJiHHA Ha TPaHHUI
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PO3iTy XBHJIEBOLY HE AyKe ONM3BKHI IO KPUTHYHOTO KyTa. Y MiCILIX
3THHIB Ta 3aKpy4YeHb XBHJICBOJIIB BUIIPOMIHIOBaHHS B MiIKIAAKy abo Io-
KPHMBHUI Iap MOXE NPOXOAUTH 1 TUM IHTEHCHBHIIIIE, YUM O1IbLI1 3THHU.

Merto/1 HaHECEHHS! TOHKHX JieJIeKTPUYHUX TUTIBOK Ha J3€pKallb-
HY MOBEPXHIO € HalleeKTUBHILIMM Ta HalaemeBmmM. Tak MOXKHa OTpH-
MaTH JIOCUTH BHCOKOI SIKOCTI XBWJIEBOIM i3 (pOTOpE3HCTY, €HOKCHIHOI
CMOJTH, TTOJIlypeTany, TOJIIMETHIIMETaKpHIIaTy Ta iHIINX MaTtepianiB. Haii-
OiNBII TOCKOHAJI MieNEeKTPUYHI TUTIBKU (3 JOCHTH NOOPHM KOHTPOJIEM
TOBIIMHH) MOXKHa CTBOPIOBAaTH IIUIIXOM HAaHECCHHsS Marepialy B Baky-
YMHIH KaMepi METOIOM TepMIYHOTO, KaTOAHOTO a00 10HHO-TIPOMEHEBOTO
po3nopoireHHst, 6oMOapIyBaHHSIM 10HAMH, 33 JOTIOMOTOI0 PEAKTUBHOTO
HANWJIEHHS Ta IHIIMMHU crioco0amu. Bel i MeToau 103BOIAIOTE HAHOCUTH
Ha MIIKIaAKy 31 ckiia, KBapiyy abo iHmoro marepiainy amopdHi cBiTIIO-
MPOBIJHI IIapu. YHIBEPCATbHUM METOJOM CTBOPCHHS MOHOKPHUCTAJIY-
HUX IIapiB € eMiTakcis, 0COOJMBO CIIOJIYKH A’B’, sxa BUKOPUCTOBY€Th-
Csl 1 B TEXHOJIOTISIX JIa3epiB Ta CBITIOBOIIB.

[Iap ceiTnoBomy (puc. 10.5, 8) MOXXHA CTBOPUTH IUITXOM BBE-
JICHHSI JIOMIIIOK, SIKI IPUBOASATH 1O 30UTBIICHHS MOKa3HUKA 3aJIOMIICHHSI,
TOOTO BUKOPHCTOBYIOUHM METO] MiKpPOEJIEKTPOHHOI TexHoorii. OaHuM i3
HaMOIIBII MONIMPEHUX METOJIIB JIeTyBaHHs € Audy3is 13 MOTOKY rasy abo
i3 PEYOBHHH, HAHECEHOI Ha IMOBEPXHIO, X04a U iHIII CIOCOOM B OKPEMHX
BUIIaJIKaX TaKOXK € €(pEeKTHBHUMH.

XBUJIEBIAHUH IIap MOXKHA OTPUMATH, SIKIIO HA IIOBEPXHIO HAIliB-
NpOBiTHUKAa HaHecTH Metan (koHTakT IIloTTKi), y HamiBIPOBIAHUKY B
NPUKOHTAKTHOMY IIapi 3MEHITYETHCS KUTbKICTh BUIBHUX HOCIIB, 11O MPH-
3BOIUTH 10 30UTBIICHHS MMOKAa3HWKA 3aJOMJICHHS. AHanoriyHui edekr
CIIOCTEPIraeThCsl, SKIIO B TPHUIIOBEPXHEBOMY Iapi HAMIBIPOBIIHUKA
CTBOPUTH p—H-TIEPEXIiI.

JIyist CTBOpEHHSI CMY>KKOBHX XBHJICBOJIB 3 MOTPIOHOIO KOH(i-
rypaiii€lo BUKOPHCTOBYIOTh J0Ope BHUIPOOYBaHI B MiKPOENEKTPOHHIM TeX-
HoJIOTii MeTo 1 tiTorpadii.

10.3. Cnoco0u BBeNeHHS Ta BUBEIEHHSA
BHNPOMiHIOBAHHSA B iHTErpajibHO-ONTHYHNX XBHJIEBOIAX

TpynHoIIi BBEJCHHS BUMIPOMIHIOBAHHS B IHTETPAIbHO-ONTUYHHIA
XBHJICBIJ] OOYMOBJIEHI MepII 3a BCE THM, IO My4YOK BHIIPOMIHIOBaHHS
BCIX JKepes, B TOMY YHCII 1 Jla3epiB, Ma€ 3HAUYHO OUTbIIY LIIMPHHY, HIX
ToBUIMHY (i B 0araTboX BHIAJKaxX i IIUPUHY) CBITJIONPOBIAHOTO IHApy.
[Ipobnema mie Oinble YCKIIQAHIOETBCS e(pEeKTaMHU BiIOWBAHHS, TUCKPET-
HICTIO MOA Ta iHmuMu edekramu. Buxomsdum i3 BCiX WX €QeKTiB, 3a-
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TIPOTIOHOBAHI METOIW BBEICHHS (BHBEICHHs) iH(opMarii, siki € JocTat-
HBO €(hDeKTUBHIMU.

[Mpuctpoi, siki npu3HaYeH] Al BBEICHHS Ta BUBEACHHS iH(OP-
Maii 3 CBITJIOBOZHOTO €IeMEHTa Ha3HBAIOTh eJIeMeHTaMH 3B s3Ky. [IpuH-
LUIIOBO HAWOUIBII MPOCTHM CHOCOOOM BBEJCHHS BUIIPOMIHIOBAHHS B
TUTOCKUI XBWJIEBiJ € Horo Ge3nocepenHe (OKycyBaHHS Ha TOPELb CBIT-
JIONPOBIJHOTO mIapy 3a jgornomoroto JiH3u (puc. 10.6, a). Ilpore Takwmii
crioci0 BBEIEHHS BUIPOMIHIOBAHHS BHUMAara€ CyOMIKpDOHHOTO IOCTHPY-
BaHHS, 1110 MOXKJIMBO MPAaKTHYHO JIMIIE B JIAOOPATOPHHUX YMOBaXx, i B Oc-
HOBHOMY, IIPH 3aCTOCYBaHHI JIa3ePHUX JDKEpe BUNPOMIHIOBaHHS. SIKIIO
K JDKEPEIIOM BUIIPOMIHIOBAHHS € HAIiBIPOBITHUKOBUI JIa3ep, TO MOXKHA
0€3 JIiH3M CTMKYBAaTH MOTo 3 XBUJIEBIIHOIO CTPYKTYyporo (puc. 10.6, 6).

MokpuBHUIA LWap
MNinknapka
a
P MokpmBHUIA Wap
n Migknagka
6

Puc. 10.6 — BeeeHHs1 BUNPOMiHIOBAHHSA B iHTErpajbHO-ONTHYHUN XBUJIEBi

SIk TIpaBHIIO, MICJISL TOYHOTO IOCTHPYBAHHS JIa3ep YKOPCTKO CKpill-
JIIOIOTh 3 XBHJICBIZHOKO CTPYKTYPOIO 32 OMNOMOIOK ONTHYHOTO KJICH,
ernokcuaHo1 cMonu tomio. [Ipore, Bci 3anmo0iXHI 3aX01 HE IatOTh edek-
Ty B pOOOTI TaKOi CXEMH 1 TOPLIEBE BBEJCHHS BUIPOMIHIOBAHHS BUKOPHUC-
TOBYIOTB YK€ PiJIKO.

10.4. EsleMeHTH BBe/IcHHSI TA BHBe/CHHS BUNPOMIHIOBAHHSA
3a 10MOMOT 010 MPU3MHU Ta AudpakuiiiHoi rpaTku

[TpoGnema BBefeHHS MyYKa B XBHJIEBIJ MaIUX JIIHIHHAX PO3Mi-
piB TIOTIEpEeYHOTO Tepepi3y BHPIIIYETHCH, SKIIO BUIPOMIHIOBAaHHS BBO-
JIMTH HE 4Yepe3 TOpellb, a Yepe3 30BHIIIHI0 MOBEPXHIO XBUieBoay. OnHaK,
y IbOMY BHIJKy € IHII TNPHUHIMIOBI TpyIHOIIi. B ocHOBHOMY BCi
TPYIOHOLII JOJAIOTHCS, SKIIO BHKOPHUCTATH JUISL BBEICHHS BHUIIPOMi-
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HIOBaHHS B CBITJIOBOHUII 1Iap €JIEMEHTH 3B’ 3Ky Y BUIISAAI npu3Mu. Jist
TOTO, 100 TapaneNbHUI MyYOK CBITIA, SKIA BBOIUTHCS B CBITIIOBOIHUMN
miap uepe3 OOKOBY TMOBEPXHIO, HE FACHB XBUJIEBIIHY MOIY (32 PaxyHOK
inTepdepenii), HeoOXiHO, MI00 BUKOHYBaJIach YMOBa PIBHOCTI edek-
THBHMX MOKA3HUKIB 3AJIOMIICHHS:

ky,nysin®, =k, n,sind ,, . (10.17)

3 ymosu (10.16) BunuBae, wo 7,8inO; =n,, nosuHeH GyTH

MEHIIIIM HiX 71y (sin@o < 1), IO CYNEPEeuUTh YMOBI, Moy > Nz 11106
pO3B’sI3aTH II€ MPOTUPIYYsA, MOKHA 3aCTOCYBATH BB Uepe3 NpU3MY 3
OUTBIIMM TIOKa3HUKOM 3aJIOMJICHHS HDK B XBHJICBITHOMY CEpEIOBHIII,
OCKIJIbKM B IOKPHBHOMY IIapi MOKa3HUK 3aJOMJIEHHS Ma€ OyTH MEHIINM
HIX y XBHJIEBiTHOMY cepemoBuii. [Ipu mpoMy Mae OyTH HEBeNHKa IIi-
JIMHA MDK TIPU3MOIO Ta XBWJIEBITHOIO CMYXKOIO. [Ipu3My BHTOTOBIISIIOTH,
HanpuKIaj, 3 repManito (1 = 4,0), dpochiny ramito (n = 3,4), pyruany (1 = 2,5).
Ha npusmy nasepHuil my4ok CIpsIMOBYIOTH Tak, 00 KyT MaJiHHS Ha Oc-
HOBY IepeOibIIyBaB KyT BHYTPIIIHEOTO BimouBaHH: (puc. 10.7).

[Ipn oMy NPOMiHBb IPOHHKAE 32 IOBEPXHIO (TIOPYILIEHHS 3aKO0-
HY TOBHOTO BHYTPILIHBOTO BiJIOMBAHHSI, IOPIiBHSITE NMPOHUKHEHHS CBIT-
JIOBOI eHeprii B Apyre cepemoBuiie B epekri ['yca — XeHxeHa), a Mpu TOB-
muHi AX IUTHHA MiX TIPU3MOIO Ta XBHUJICBOJIOM, MEHIIIOK HiX TOBXKHHA
XBHJI CBITJIa, JOCTaTHHO 3HAYHA YaCTHUHA CBITJIA MPOHUKAE B XBUIIEBI.
e tak 3BaHMl onmuunuii myHenvhuil eghekm. 3MiHIOIOUN KyT TaIiHHSI
Ha MMPU3MY MO’KHA B XBHJIEBIJ] BBOJUTH MOJIM TTOTPIOHOTO MOPSIIIKY.

npvsmMa
N3

NMOKPMBHWIA LLap

AX
‘ Ny W\/‘vv CBIT iaknanka BV/1EBOAHNIA) Wwap
T

| ninnoxka
Puc. 10.7 — IIpu3moBwuii eJieMeHT 3B’SI3KY CBIiTJIOBOJJHOI0 IPOMEHS 3 XBUJIEBOJOM

Puc. 10.7 — Ilpu3moBHii eJieMeHT 3B’513Ky CBiTJIOBOIHOI0 MPOMEHs 3 XBUJIEBOIOM

106 3B’30K NMPU3MHU 3 XBHJIEBOJIOM OyB €(DeKTHBHUM, TOBIINHA
LIUIMHA Ma€ CKJIaJaTd JeCATi YaCTKH Bill JOBXKHHHM XBHI A, a IIMPHHA
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ONTHYHOTO Iy4Ka, a 3HAYMTH 1 JJOBXKWHA OCHOBH NPH3MH TaKOIO, 00 XBH-
JIeBiTHa MOJIa 3pO0MIIa Y3[0BXK OCHOBH NPH3MH COTHIO 3UT3ariB. Baxiu-
BO, 1100 BEpXHii Kpail Imy4ka nomnanas y kyT npusmu (puc. 10.6). Skmio
My40K 3CYHYTHH BIPaBO, TO YaCTHHA €HEPrii He MOMajae B XBHJIEBI, a
SIKIIO BJTiBO — TO YaCTHHA CHEPTil MOBEPTAETHCS HA3a/l Y IPU3MY.

OcTraHHIH MOMEHT IiIKPECTIOE MOXKJIMBICTH 32 JIOTIOMOTOIO
NPU3MH BHUBOJHUTH BUIIPOMIHIOBaHHS i3 XBUIIeBOLY. [IpHCTpili eneMeHTa
3B’SI3KY Y BUIVISAAI MPU3MH CYIIEPEYUTh KOHLEMII] iIHTerpanbHOl ONTHKH,
3TiOHO SIKOi BCi eJeMEHTa MaloTh OYTH IUTIBKOBUMH Ta BUTOTOBIISITHCH
METOJJaMH MiKpoeJeKTpoHiku. [I1aHapHUM Ta OUTBII TEXHOJIOTIYHAM €
€JIIEMEHT 3B’S3Ky y BHUII OU(paKIiitHOi IpaTku. BiH sBise coboro cepiro
ONMM3bKO PO3MILICHUX INTPUXIB HA MOBEPXHI XBWIJIEBIAHOIO Inapy. Bia-
CTaHb MDK IUTPUXaMH Ma€ OyTH MOPSAKa JOBKUHHU XBHJIL, SIKa BBOIUTHCS
B XBWJIEBIHUH 1ap. SIKII0 mMpH KyTi MaiHHS CBIiTIOBOTrO My4ka 0) (KyT
MK HOPMAJUTIO JI0 TIOBEPXHI Ta MPOMEHeM) pi3HHI (a3 MK CyciTHIMU
TPUXaMH piBHa 27, TO B XBHJIEBOAI 30y/UKyeThcs Mona. ToOTO HEoO-
X1JTHO, 1100 BUKOHYBAJIaCh yMOBA!

%dsin@o =2mm (10.17)

abo
dsin®, =Am, (10.18)

nem=0,+1,-1,+2, 2.

JloBXrHa AUTSIHKK 3 IITPUXaMH MOBMHHA OYTH HE MEHIa HiX
muprHa mydka. EQeKTUBHICTH BBEIEHHS BHIIPOMIHIOBaHHS TaKOro elie-
MeHTa 3B’s13Ky ckianae outst 30 %, Xxoua TeOPETHIHO BOHA Ma€e OyTH ONM3b-
koto 10 100 %. Taki rpaTKoBi eleMEHTH 3B 513Ky € CKJIaJI0BOI0 YACTHHOIO
XBHJIEBIJHOI CTPYKTYpH 1 3HIMAIOTh NPOOJEMH OINTHYHOTO Ta Me-
XaHIYHOTO KOHTAaKTiB. /{711 CTBOpeHHS ONHM3BKO PO3MIMICHHUX IITPUXIB 1X
ab0 HAaHOCATH HA IOBEPXHIO XBHJIECBOIY, a00 BUTPABIIOIOTH y CaMOMY
XBUJIEBO/Ii, KOPHCTYIOUNCH MeToaamMu (otoitorpadii.

OueBHIHO, IO IPATKOBUH €JIEMEHT 3B’S3Ky MOXKHa BUKOPHCTO-
BYBATH JJIsl BUBEJICHHS CBITJIAa 3 XBUJIEBIIHOTO 1Py, IPU [[bOMY Pi3HUM
MO/JIaM Bi/IMOBIZIAI0Th Pi3HI KyTH BUXOY.

10.5. OnTHYHHU 3B’A30K MII0CKHX
XBHJIEBOJIB 3 MiKJIAIKO0I0 Ta MizK c00010
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BuBenieHHs1 BUIPOMIHIOBAHHS 13 XBHJICBO/Y B MIIKIAKy MOXKHA
MIPOBOAUTH BUKOPHUCTOBYIOUH KIIMHOTIO/AIOHMI KiHEIlb XBUIIEBIHOTO II1a-

py (puc. 10.8).
“ \ N

Puc. 10.8 — BuBegeHHsI BUIIPOMiHIOBAHHS B
NiAKIAIKY Kpi3b 3BY:KeHMii Kpaii XBHJIeBOLY

SIK TiJIBKM KYT Ma/IiHHSI CTaHe MeHIe KyTa 0 (KpUTHYHOTO KyTa
MOBHOTO BHYTPILIHBOTO BiOWBAHHS) MOYHETHCS 3aJIOMJICHHS XBUJIEBIJI-
HOT MOJIH B MiAKIAAKY (Y TOKPHBHOMY IHIapi 1€ 3aIOMIICHHS TOYUHAETHCS
Mi3HIIlIe, OCKUIBKH 7177 3HAYHO Ounbile 7). EbeKTHBHICTD BUBENICHHS eHepril
y miaknanky ckmamae 50 — 70 %.

Js mepenadi CBITIIOBOi €HEprii i3 OAHOTO CBITJIOBOJA B iHIIHHA,
TOpLEBe 3’€IHAHHS], HEe AMBIITYMCH Ha HOTO MPOCTOTY, B iHTErpajbHO-
ONITUYHUX TPHUCTPOSX 3aCTOCOBYIOTH BimHOCHO pimko. Cmoci® mepenmadi
CBITJIOBOi eHeprii 3 OJJHOTO IJIAHAPHOTO CBITJIOBOJY B IHIIMH MOKa3aHO
Ha puc. 10.9.

Mix XBUJIEBOJ]AMHU B 00JIACTI IIEPEKPHUTTSI HAHOCSTH TOHKHH IIap
MaTepially 3 MOKa3HUKOM 3aJIOMIICHHS 7, IPUIOMY 1y < M. 3a paxyHOK
HaKJIaJaHHs XBUJICBO/IIB OIMH Ha OJTHOTO Yepe3 IIap 3 MEHIINM MOKa3HH-
KOM 3aJIOMJICHHS 7( CBITJIO MPOXOAUTD 3aBASKH ONTHYHOMY TYHEIBHOMY
eexTy.

nX
Ny

N,

Puc. 10.9 — OnTuuHuii 3B’130K MiK
HAKJIAJIEHHUMH OIMH HA OHUI1 XBHJIEBOIAMHU

Jnsa edextuBHOI mepemadi eHeprii MPOMDKHUKA map Mae OyTH
TOHKMM Ta OJHOPIIHHM 32 TOBLIMHOIO, 2 KOHCTAQHTH IOLIMPEHHS IHX
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XBUJICBOJIIB 3 MatOTh OyTH 0JHaKOBUMHU. KpiM TOTO, K B IPU3MOBHX TaK
1 B IPaTKOBHX €JIEMEHTaX 3B’s3Ky, HOBXKHMHA B3a€MOii BUOMPAETHCS I0-
CHUTb PETEeJbHO.

Nexuia 11. IHTEFTPAJNIbHO-ONTUYHI MOAYNIATOPMU,
OEDJIEKTOPU TA PO3rANY>KYBAUI

= |HmezpasbHO-ONMUYHi MOOynIsTmopu ceimna.
* IHmezpanbHO-OoNMU4HI NepemMukadYi, ckaHepu ma d3epkana.
» KaHanbHi po32asnyxyeadi ma modynsmopu.

11.1. InTerpajbsHO-ONTHYHI MOTYJIATOPH CBiTIA

PoGora iHTErpaJbHO-ONTHYHHX MOJIYJSATOPIB, Ie(IEKTOpIB i
CKaHYIOUYHMX IPUCTPOIB MMOOYZOBaHA 32 TUMH CaMHMH (i3WYHUMH IIPUH-
UramMu 1a eeKTamu, mo i MOAYJIATOPH, AS(IIEKTOPH Ta CKaHYIOUi TPUCT-
poi 3aradpHOTO TpHU3HA4YeHHS. ['0JIOBHA 1X BIAMIHHICTH, SIK HPAaKTHYIHO

122



BCIX JPYTHX IHTErpaIbHO-ONTHYHHUX EJIEMEHTIB, MOB’s3aHa 3 KaHami3alli-
€10 CBITJIa B TOHKUX ONTHYHHX XBHJIEBOJAX.

B iHTerpasbHii ONTHUIN YaCTO BUKOPUCTOBYIOTh €IEKTPOONTHYHI
edexru. /s KepyBaHHS MapaMeTpaMy ONTHYHOTO Iy4YKa B MOJIYJISATOPI,
sl IKOTO OCHOBaHa Ha JiiHIiHOMY edekTi [lokkenbca, Ha MiKIaAKy Ha-
HOCHTbCSI TOHKHI XBUJICBIZHUI 1Iap, a MOBEPX HHOT'O — METANICBUI CJICKT-
pox (depes3 MpOMDKHHHN IIap 3 HU3BKUM A JUIS TOTO, 100 YHUKHYTH 3aTy-
XaHHA). MDK 1AM €IIeKTPOIOM Ta OMIYHMM KOHTaKTOM Ha ITiAKIAMII TIPHK-
Jala€ThCst MOy TIooua Hanpyra U. XBuneBifuuii map 000B’13KOBO Mae
OyTH OLIBII BUCOKOOMHHUM, 100 BCS NPHKIIaJeHa Halpyra Cliajaja came
Ha HpoMY. [Ipy MaJtiii HOro TOBLIMHI HAIPYKEHICTh €JISKTPHYHOrO Mo £
BUSBIISIETHCS] TOCUTH BHCOKOIO MPH MOMIpHUX Hampyrax. Hampuknan,
E = 10° B/cm, ipu TOBIIMHI XBHJIEBiaHOrO mapy 1 MkM Ta Hampysi 10 B.
BuKIIMKaHy eIeKTPHYHUM IMOJIEM 3MiHa (a3u abo MOBOPOT IUIOMIMHH I10-
TSApU3alii CBiTIa MOKHA BUSBHUTH BiIIIOBITHUMH JETEKTOpaMu. BUTOTOB-
JICHHSA TaKUX JETEKTOPIB B iHTETPATFHO-ONITHYHUX IPUCTPOSIX OB’ SI3aHO
3 MIEBHUMH TpyIHOIaMH. TOMy 3Ha4HO 3py4HiIlIle BUKOPUCTOBYBATH MO-
IyJIsilito Oe3nocepeHbO IHTEHCHBHOCTI CBITJIA, JUISl YOTO TOBIMHY XBH-
JIEBITHOTO MIapy Ta PI3HMII0 MOKA3HWKIB 3aJIOMJICHHS XBHJIEBOMY 7y 1
MKITAAKA 717 MAOUParoTh TakuMu, o6 npu U = 0 (abo mpu meBHOMY
Buxigaomy Ul,,) XBHUJIEBiI 3HAXOAWBCS B MPHUIIOPOTOBOMY CTaHi Ui
OPOMYCKAHHS MOJIU HAWHIKYOTO mopsaKy. [lpu Hakmananui Hanpyru U
(abo 3miHi ii 3HayeHHs MO BigHOMmIEHHIO 10 Ul,,) MOKAa3HUK 3aJIOMIICHHS
Ny 3MIHUBCSI 1 XBWJIEBi/T TT0YaB MPOITYCKATH CBITJIOBY XBWIIIO. Y 3B’SI3KY 3
TUM, 10 POOOUMt 00’ €M MOIYJISITOpa MaJIMi, 3HAYSHHS! EJIEKTPUYHOI I10-
TY>KHOCTI 3MEHILYEThCSl IPUHAWMHI Ha MOPSIIOK TOPIBHAHO 3 00’ €EMHUMU
MOAYJSITOPaMH, 8 B KaHATFHOMY MOJAYJISATOPI BOHA IIE HA MOPSIOK MEH-
ma. Y 3B’A3Ky 3 IIMM BHMOTH IO MaTepialliB Ul iHTErpalbHO-ONTHIHUX
MOJYJIATOPIB Pi3KO 3HMXKYIOTHCS, @ IX BUTOTOBJIEHHS CTalO OUIBII IpOC-
TUM Ta JemeBuM. MoXyTh BUKOPUCTOBYBATHCH TaKi TpaaWIiiiHI MaTepia-
JH, SK HIO0AT Ta TaHTAaNAT JITil0, 0araTo iHITUX MaTepiajiB, MPO30PUX Y
nmoTpiOHii 00MacTi crieKkTpa, HAPHUKIAA, KBapIl, HAIIiBIPOBIAHUKOBI CITO-
Jyku Ta iH. TeXHONOrish BUTOTOBJICHHS IHTEIPAIbHO-ONTUYHUX MOMYJIsi-
TOpIB, OKPIM CTBOPEHHS METAICBUX KOHTAKTIB, IPAKTUYHO HIYUM HE BiJ-
PI3HSETHCS BiJl TEXHOJIOTIi OTPUMaHHSI CMYXXKOBUX XBHJIEBOMIB. Y HaIliB-
MIPOBITHUKOBUX 1HTETrPaJbHO-ONTHYHUX MTPUCTPOSX 1T MOIYJISLIT CBITIA
BUKOPHCTOBYIOTh Takok edekt Ppanua — Kennuma. Y npomy BUnagky
MIPUNIOPOTOBI YMOBH TIOIIMPEHHS XBWJICBIIHOI MOAW HE BHKOPUCTOBY-
IOTBCSI, OIHAK JIOBKMHA XBWJII MOJYJILOBAHOTO CBITJIa MA€ CTPOTO BiAIO-
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BIJIATH TIOPOTY BJIACHOTO TIOTJIMHAHHS HAITIBIPOBIAHHKA, SIKAH T JHEI0 CHITb-
HOTO €JIEKTPUYHOIO MOJS 3MIILy€eThCs, TOOTO CTa€ MOXJIMBUM IOTJIH-
HaHHS ()OTOHIB 3 €HEPri€l0, MEHIIOK HDXK IMpUHA 3a00pOHHOI 30HU (B
upoMy 1 3akirouaerbes eekt Ppanna — Kennuina). EnepreTnynuii 3cys
MOPOTY BJIACHOTO MOTJIMHAHHS B JOBTOXBUIILOBY 00J1aCTh CIIEKTPA OIUCY-
€TBCSI BUPA30M:

1
2.2,2)\3
AE=| EWET N\ (1L.1)

m

n

ne AE — mmpunHa 3a60pOHEHOI 30HW, € — 3apsi eJIEKTPOHa,
o %
h=h/2n — nocriiina [nanka, m, — epexkTUBHA Maca eneKTpoHa, £ —

HaIpy>KeHICTh €JIEKTPUIHOTO TTOJISI.

B 06’emuux mMonymstopax epexr ®panmna — Kennuma npaktud-
HO HE BUKOPUCTOBYETHCS, OCKIIbKH 3rimHO (12.1) mmst Toro, mob Bemmyn-
Ha AE Gyma momiTHOIO, HEOOXimHI My’Ke BHCOKI eNeKTpudHi Hampyru. B
IHTErpaJbHO-ONTUYHUX MOJYJITOpPaX Iap, 0 SKOTro MPUKIAJIA0Th HaIpy-
Ty, TOHKHH, CBITJIO TTOIINPIOETHCS Y30BXK XBUJIEBITHOTO IMIAPY i MPOXO-
JIMTh 3HAYHMI IIUISIX Y HAMBIPOBITHUKY 3 CHIIBHEM TOJIEM 1 3HaueHHs AE
Oyne cyrreBuM. [Ipy IbOMy He3Ha4YHi 3MIHM HANPYTH BUKIMKAIOTh CHIIb-
Hi 3MiHM B TIOTJIMHAHHI CBITJIOBOTO myuka. Hampuknax, ais Momynstopa
Ha ocHoBi GaAS Koe]illieHT NOMIMHAHHS CBITyIa 3MiHIOETHCA Bixt 10 110 10* oM™
IIpY yBIMKHEHHI Hampyru 3mimieHHs Ourt 10 B, ma nosxwuni 1mMkm. I3
[BOTO BUIDIMBAE, IO MPU JOBXHHI XBHJIEBOAA | MM, NPOITyCKaHHS XBH-
nesona 3minuThes B €' = 10* pasis. Enexrpiuna MOTYKHICTb, SKa He-
00XiZiHa T TaKoT MTMOOKOT MOLYJIsIIIii, HE IEPEBUIIYE 10 Br/MI'w.

11.2. InTerpaJibHO-ONTHYHI NepeMHUKaYi, CKAHePH Ta A3epKaJia

J11st 3MIHM IPOCTOPOBOTO TMOJIOKEHHS CBITJIOBOTO Iy4YKa B 1HTET-
paIbHIl ONTHUIl BUKOPUCTOBYIOTH 0arato croco0iB Ta MPHCTPOIB, OJHUM
i3 SIKUX € IPUCTPIN IHTErPaJIBHO-ONTHYHOTO aKyCTOOIITHYHOTO Ae(IeKTo-
pa, noka3anuii Ha puc. 11.1.

- Ha migxmami 13 m€30€eKT-
U | 1 pudHOro KpHcrama 1 yTBOpeHi Me-
t 2 | TajJeBl KOHTAKTH B BUIVIALI B3ae-
f MOTIPOHUKAIOYHX PEIIiTOK 2, 3a I0-

—===: MIOMOTOI0 SIKMX 30y/DKYIOTh aKyCTH-

i YHI XBWJI. AKYCTHYHI XBHJI Iepe-
\\< 20, JIAIOThCS B HAHCCCHUI HA TiIKJIAIKY
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xBuieBigHuil map 3. [ToBepxuesa akyctuyna xBuis (ITAX) yTrBoproe B
XBUJIEBIJIHOMY I1IAPi TEPIOIMYHI CMy-TH 3 MEHIIMMH Ta OLTBIIMMH MOKa3-
HUKamu 3ajomiieHHs1. [Tonmanatoun B 30-Hy nommwmpenHs [TAX, cBiTiioBuit
my4ok audparye Ha HUX. SIKII0 KyT naJiiHHS 3a/10BOJIbHsIE YMOBI Bynbga —
Bperra, cBiTiI0Ba eHepris MPaKTHYHO MOBHICTIO MEPEKavyeThC B TU(paro-
BaHWH ITy4OK, TOOTO MOYATKOBHI HAIPSIMOK ITOIIMPEHHS IMy4Ka 3MiHIO-
erbest Ha KyT 20, . Ipu 3mini gactotu ITAX, KyT BiIXHICHHS MOXHa

3MIHIOBAaTH B JEAKAX Mexax. YMoBa Bymnbda — Bperra me mopyuryerscs
3a paxyHOK PO30DKHOCTI CBITJIOBOTO MydYKa 1 akycTHYHOI XBwii. JlocBin
MOKAa3ye, 1110 YKCJIO PI3HUX MOJI0KEHb CBITJIOBOrO MyYKa Ha BUXOJI MOXKE
nocsirati 1000, ToOTO Takuil MpUCT-pii MOXKHA BHKOPUCTOBYBATH HE
TUIBKU SIK ONITUYHMHN TIepeMHKaY, ajie 1 IK CKaHep 3 JOCHTh HENOTaHHMMH
XapaKTepUCTUKAMH.

Ha mugpaxmifianx sBUmax Moxe 0a3yBaTHCS sl CKTPOOIITHY-
HUX JeJIeKTOpiB B IHTErpalbHO-ONTHYHOMY BHKOHaHHI. Ha moBepxHio
IUTaHapHOro XBHJeBoay (puc. 11.2) Ha-
.1 HocaTh TOHKI enexTpoau rpebGiHdacTol

2 ¢dopmu, ane Temep BXKE 10 HUX NMPHKIA-
/ AIOTh HE 3MIHHY HAIpyTy, a MOCTiHHY.
205 ITpy ubOMy B €JIEKTPOONTHYHOMY MaTe-

| 13 piani XBHIEBiTHOTO WIapy BMHHKAe MO-
IIyJISIIS] TIOKa3HUKA 3aJIOMJICHHS 3 Iepio-

JTOM, SIKH JIOPIiBHIOE MMOJIBIMHIN BiJICTaHI

MDK CYCIZIHIMHM €JEKTPOJHHMH CMY>KKa-

Puc. 11.2 — Bynora Mu. [lns CBITIOBOTO MydYka Il 00JIacTh
€JIeKTPOONTHYHOTO JeduiekTopa  SIBISIE COOOI0 TPATKH, MOAIOHI THM, SKi
CTBOPIOIOTBCS aKyCTHYHOIO XBHJICIO, aie

B IIbOMY BHIIQJIKy BOHH Hepyxowmi. [IpoMiHB CBiTIIa, HampaBICHUH ITiJ

kyToM Bperra, Bigxunsersca Ha kyr 20 5 TIO BiJHOIIEHHIO IO BXiJHOTO

npomerst. ko U = 0, HanpsAMOK IydKa He 3MiHIO€ThCsl. Takuil mpoCTuii

y BUTOTOBIIEHHI JepJIeKTOp HE JO3BOJISIE 3MIHIOBATH HAIPSIMOK MPOMEHS
HeTIepepBHO, a TUIbKU AUCKPETHO.

PoGora iHTErpajgpbHO-ONITHYHOTO ITIEpeMHKada MOXKE OCHOBYBa-

THCS Ha CTBOPEHHI YMOB JUIS ITOBHOTO BHYTPIIIHBOTO BiJIOMBaHHS B ca-

MoMy XBuueBiqHOMY m1api (prc. 11.3). (ma puc. 11.1 Ta 11.2: 1 — minkmanka,

2 — MeTaneBi eNeKTPOaH, 3 — XBUJICBITHHA

+ mrap; Ha puc. 11.3: 1 — migxmaaka, 2 — XBU-

JICBIAHUH map, 3 — MeTajIeBl CICKTPOIH).
h Ha moBepxHi MmIaHapHOTO XBHUIIE-

\l{ / . BOJly CTBOPIOIOTH Mapy MapajelbHUX Me-
\ 125
U

Puc. 11.3 — InTerpanpHo-
ONTUYHMIA IepeMHUKay



TaJEBHX ENICKTPOIB, IO SKHX BMUKAIOTH Kepytouy Hanpyry U. Marepian
XBHJICBIJTHOTO IIapy Ma€e OyTH TakuM, 00 Mif €0 eJIEKTPUUIHOTO MO,
JIIOYOTO MapajebHO TUIONIMHI XBUIIEBOY, HOTO OKA3HUK 3aJJOMIICHHS B
MPOMIXKKY MIX €JeKTpoJaMy 3MeHIIyBaBcs. e Moxke OyTH, HanpuKIia,
CTPYKTYpa, CTBOpPEHa Iudy3ici0 THTaHy B MIIKIAAKY 13 HioOary JiTito.
[pu BixcTani mixk enekrpogamMu 10 MKM i Hampy3i B JEKUTBKA JIECATKIB
BOJIBT TIOKa3HMK 3aJOMJICHHS CBITJIa 3MEHINY€THhCS HACTLIBKH, IO JUIS
CBITJIOBOTO Ty4YKa BHUKOHYETHCS YMOBA MOBHOTO BHYT-PIITHBOTO BimOH-
BaHHS BiJl ONTHYHO MEHII IMITPHOTO CEPEeNOBHINA MK EIeKTPOIaMHU.
Sxmo U = 0, my4ok NpoXoauTh 00JIaCTh MiXk €JIEKTPOAAaMH, OCKITBKH He
BUKOHY€EThCS yMOBa IIOBHOTO BHYTPIIIHBOTO BifOWBaHHsA. SIKi-HEOynab
oOMmerxeHHs1, moiOHI yMoBi Bynbda — bperra, B 11boMy BHIaJKy HE Ha-
KJIagatoThes. SIKIo (OTONETEeKTOp PO3MILIEHHH TaK, IO Ha HHOTO TaJae
BIIXWJICHHH a00 HEBIIXWICHUI TPOMiHb, TO TaKi 1e(ICK-TOPU MOXKYTh 3a-
CTOCOBYBAaTHCH 1 IK MOJLYJISITOPH.

HanpsiMox mommpeHHs! CBITIIOBOTO ITyYKa B ONTHYHOMY XBHIIC-
BOJIi MOKHA 3MIHATH Ha TPOTWICKHHMN, SKIIO HA JIEIKiH AUISHIN CTBOPH-
TH Au(pakuiifHi IpaTKH 3 MepioZoM, PIBHUM IOJIOBHHI JOBXKHUHH XBHIII,

. o -
IO MOIIMPIOETHCS B XBIICBOMl. Y mpoMy BHmaaky 0y =90 i ymoBoro

TQpaxIii €:

2d =\, (11.3)
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V upoMy BHNaaky kyt madpakmii ckmagae 180°. Takum gmmOM,
IUIHKA XBHJIEBOY 3 TU(PPAKLIIHHIMHU I'PaTKaMH 110 CYTi € YaCTOTHO-CEJIEK-
THBHHM J3€PKAJIOM Ul BUIIPOMIHIOBAHHA 3 JOBXUHOI XBWII A =2d (a
TaKOX 3 JOBXHHOIO XBHJIi B 1B, TPH 1 T. . pa3iB MEHIIOIO, 110 BiAIOBigae
ORI BUCOKHMM TIOpsIKaM nudpakmii). s BUIpoMiHIOBaHHS, SKE TPOXO-
JMTh Yepe3 AULIHKY 3 TU(QPaKIiiHIMU IpaTKaMH, IO TUITHKY MOXKHA pO3-
IIsIaTH K GUIBTP I BKa3aHUX JOBXUH XBHIb. CHeKTpajbHa INUPUHA
BiZIOMTOr0 BUNPOMIiHIOBAaHHA d 10 JOBXUHU AUQPPAKIIHHOT AUIAHKA MOXKE
CKJIQJIaTH JEKLTbKa aHTCTPEM, a TO 1 IECATI YaCTKH aHTCTpeMa (IAIIO’IO M).

Jnst GopMyBaHHSI ONTUYHKUX MYYKIB 3 TOTPIOHUM (ha3oBuUM (pOH-
TOM B IHTETPAJIbHO-ONITUYHHUX CXEMax 3aCTOCOBYIOTHCS CIelialibHI (OKY-
cyrodi eneMeHTH (n1iH3M). IX Jisi GasyeThCs HA 3aNEKHOCTI €PEKTHBHOTO
MOKAa3HMKa 3aJIOMJIEHHS IUIAaHApPHOTO XBWJIEBOXY BiJl HOrO TOBIIMHH Ta
BJIACTHBOCTEH HABKOJIMIIHIX MarepiamiB. /liNsgHKa XBUIEBOAY 3 HAHECEHOIO
Ha HBOTO ITIBKOIO 3 chepUIHIM KOHTYpOM aHaJIoOTiyHa 00’€MHii 30ipHMIA

Iy e — =5 0
W)

N

Puc. 11.4 — ®dokycyioui iHTerpaabHO-ONTHYHI JiH3U: ¢ — 3 HAKJIATEHUM ILIAPOM
i3 chepuunnM KOHTYpOM; O — JIIoHGepra; 6 — reoe3nyuHa; 2 — MudpakuiiHa
naaHapHa Jin3a ®@peneis; 0, € — GPerriBCbKOro THIY
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JIiH31 3 BIACTUBMMHU i abeparisiMmu pizHoro tumy (puc. 11.4, a). AGepauii
3MEHIIYIOThCS, SKIIO TOBIIMHA HAKIaAeHOl IUTBKM HE IOCTiHA 3a IUIo-
IIEI0, @ 3MEHIIYETHCS Bl LIEHTPA IO Kparo 3a NEBHUM 3akoHOoM (niH3a Jlto-
Hbepra) (puc. 11.4, 6), npuuoMy Taky JiiH3y MOXHa cpopMyBaTH 3a pa-
XYHOK 301TBIIIEHHS TOBIIMHU CaMOTO XBHJIEBITHOTO Imapy. Tak 3BaHa Teo-
Je3udHa JiH3a (0 Ha3By, K 1 jiH3a JlroHOepra, mepeHeceHo i3 TeXHIKU
HBY) yTBOpIO€THCH, SKIIO Tepesl HaHECEHHSIM XBIJICBITHOTO IIApY B IIif-
KJIaJli METOJOM UUTI(yBaHHS Ta MOJIPYBaHHS CTBOPUTH 3amajuHy cde-
puanoi dopmu (puc. 11.4, 6). ['eome3nyHi JIIH3M HE NAIOTh XPOMATHIHUX
abepariiif, ToMy iX MOXHa 3aCTOCOBYBAaTH B 0araTOMOJOBHMX XBHJIEBOJAX.
[MonibHo doxycyrouiit miH31 Ai€ AiNsHKA TUQPPaKIiiHOT I'PaTKH 3 KPOKOM,
SIKUA 3MEHIITY€ThCS BiJl OCBOBOI JIiHIT O KpaiB 3a MEBHUM 3aKOHOM (TUIa-
HapHa Jin3a @penens) (puc. 11.4, 2). [lng GpokycyBaHHS ITyuka MOXKHA BH-
KOPHCTOBYBAaTH TaKOX AW(PPAaKIiio, SIKIIO IITPUXU IPATKH BHKOHATH 13
3MiHHUM HaxuioM (puc. 11.4, 0) abo 3 napajejbHUMH NITPUXAaMHU 31 3MiH-
HUM KPOKOM, SIKIIIO My4YOK CBiTJIa HAalpaBHUTH Mix KyTtoM (puc. 11.4, e). Ilepc-
NEeKTUBHICTh 1HTErpajbHO-ONTHYHUX JiH3 MU(pakmifHOro THUIy BH3HaYa-
€TBCS MOXJIMBICTIO 3aCTOCYBaHHS JJIsl IX BHTOTOBJIEHHS METOMIB MiKpO-
eJIEKTPOHHOI TexHoJorii. HeoOXinHi 3MiHN e()eKTUBHOTO ITOKa3HUKa 3aJI0M-
JICHHSI MO>KHA JIOCSATATH SIK 32 PaXyHOK CTBOPEHHS MPO]III0 XBHIEBIIHOTO
nrapy, Tak i 3MiHIOIOYH IOKa3HUK 3aJIOMJICHHS Martepiaily XBHJICBOIY, Ha-
HECCHHSI METaNeBUX a00 IieNeKTPUIHMX IUIOMAA0K abo mTpuxiB. OueBua-
HO, IO BCi PO3TJISHYTI IHTETPalbHO-ONTHYHI JIIH3M MOXYTH 3aCTOCOBY-
BaTUCh HE TUTBKU U1 (OKYCYBaHHS IydUKiB, ane i ans komimarii, @yp’e-
NepeTBOPEHbD Ta IHIIIE.

11.3. KanaabHi po3rajy:KyBaui Ta MOLYyJISITOPH

[MapanensHO PO3MIIICHI KaHAIBbHI XBHJIEBOIN TAKOXK MOXYTh B3a€-
MOZISATH 32 paXyHOK ITPOHUKHEHHS CBIT/Ia 3 OJHOTO XBHJICBOIY B IpYruil 3a
pPaxyHOK ONTHYHOTO TYHENIOBaHHSA. 3a UM MNPUHIMIIOM HPaLIOIOTh TaK
3BaHI HampasjeHl po3ranykysadi (puc. 11.5), siki IIUPOKO 3aCTOCOBYIOTHCS
B IHTErpajJIbHO-ONTUYHHUX IPHCTPOSIX.

Jnst edexTHBHOrO 3B’SI3Ky KaHaJbHI XBWIJIEBOIH PO3MILIYIOThH
JOCTaTHBO OJM3BKO ONMH 10 oxHOoro (Ha Bimcrani AX mopsaka 1 Mrm),
KOHCTAHTH MOIIMPEHHs [3 y HUX IOBUHHI OyTH OJMHAKOBI, a JOBXKHUHA [, Ha

SIKil TIPOXOJUTD 1X B3aEMO/Iisl, Ma€ OyTH LIIKOM BU3HAYEHOIO.

TouHe BU3HAUYEGHHS! JOBXHWHH € JyK€ BaXKJIHBE, OCKIIBKH IPH
BEJMKiH JIOBKHHI €HEPrisl HONEePEMiHHO TIEPEXOANTH 3 OHOTO XBUIIEBOIY B
iHmmiA. Tomy A OZHOCTOPOHHBOI mepenadi eHeprii XBUIIEBOAW 301H-
XKYIOTh, TIOTIM HA JOBXHUHI [ BOHHM HIyTh MApajeibHO, a HOTIM 3HOBY I1X
PO3BOMIATh. Po3raiy)kyBadi Takoro TUIy BUMararoTb BUCOKOI TOUHOCTI iX
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BXif |« l > Buxig 1 nx

L d ’—\_fy

/A

N BUXia 2
a 0

Puc. 11.5 — /IpoxaHabHUI HANPaBJIeHUil po3raiy:xyBau (a);
nepepi3 po3rajy:kyBaya 3 JieJeKTPpUIHHM MicTKOM (0)

BurotoBneHHs (nopsiaka 0,1 MKM Ha BiJCcTaHi JekiTbkox Mitimerpis). [Ipu
Takiii TOYHOCTI HEOOXIHO BXKE BUKOPHCTOBYBaTH He (oromiTorpadito, a
eJIEKTPOHHY JiiTorpadito, 0OpoOKYy IOHHMM ITyYKOM 3aMiCTh XIMIYHOTO
TpaBieHHs Ta iHme. J[pyruil crmoci0 miJCHICHHS B3a€MOAIl MK XBHIIe-
BOJIAMH TIOJISITA€ B TOMY, LIO MiXK XBHJICBOJIAMHU 3aJIUINAETHCS TOHKHH IIap
Toro x Marepiany (puc. 11.5, 6). IIpu 1bOMY CTYIIiHb 3B’SI3Ky XBHJIEBOJIB
PETYIIFOETHCS TOBITUHOIO IIHOTO “‘MicTKa” Mi>K HAMH.

Po3rnsiHyTHIF HATpaBICHHUH PO3Taly)KyBad MOXKHA TIEPETBOPHUTH B
AKTUBHUI IHTErPaJbHO-ONTHYHUH €IEMEHT, SKIIO HOMY CTBOPUTH KepyrOUi
enexTpoau (puc. 11.6).

BUXig 2
1
2
BXig .
- Tl — _t»Buxig 1
3

Puc. 11.6 — InTerpansHo-ontuyHuii mogyasarop tuny COBRA

Ha puc. 11.6, 1, 2, 3 — kepyroui enekTpoau. SIKIO 10 eNeKTPOAIiB
HE TO/IA€ThCS HAIpyra, TO BCSI CBITJIOBA €HEPris, SKa MOJAEThCS Ha BXil,
Haaxomuth Ha Buxif 2. [Ipu mopaui Hampyru Ha enexrpoau 1, 2, abo 2, 3
ISl eJIEKTPOONTHYHOTO e(eKTy NPU3BOJUTH JIO IIOPYLICHHS YMOBHU
CHHXPOHI3MY, HEOOXiIHOro Iyisi Iiepeniadi CBITJIIOBOI eHeprii i3 0XHOro
XBHJIEBOJY B IPYTHIi, 1 3B’A30K Mixk HUIMH “BUMHUKaEThCs . [IpucTpii, Takum
YHHOM, € EJIEKTPUYHO-KEePOBAaHUM MOMAYJISITOPOM (TIepeMHUKadeM), SKUH Y
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3aKOPJIOHHIHN JIiTepaTypi Mo3Ha4arTh ckopoueHo — COBRA (Commutateur
Optique Binaire Rapide). Kepytoua Harpyra Takoro THITy MOIYJISITOPiB, BH-
FOTOBJIIEHUX Ha OCHOBI retepoctpykrypu Ga,., ALA;, cranosuts 5...10 B, a
na ocnosi Li Nb;_, Ta, O, — Bcroro 1...2 B.

3a iHIIUM TPUHIXATIOM OCHOBAHA i MOIYJISATOPIB, SIKi € 1HTEr-
PATBHO-ONITHYHMAM aHAJIOTOM BiZJOMOTO B ONTHII iHTepdepomerpa Maxa —
Hernepa. Y mpoMy IpHCTPOi BUKOPUCTOBYETHCS HE TIEPEXi/T CBITIIOBOI eHeprii
13 OHOTO KaHAJbHOTO XBWJEBOIY B IHIIMH 3a paxyHOK OINTHYHOTO TY-
HEJIIOBAaHHS, a iHTepdepeHiis BoX (a30KOrepeHTHUX XBHUIIb, SIKi MPOXO-
JTh pi3Hi nusixu. Pobora mpuany nosicHIoeTsest cxemoro (puc. 11.7).

i—w
_ssSe
i—m

Puc. 11.7 — InTerpanbHo-onTuyHuii Moayasitop Maxa — Llenaepa

BximHuii mydok 3a JOTOMOTOI0 KaHAIBHUX XBHJIEBOMIB JIJTMTHCS
Ha JIBa My4YKH, SIKi Ha BUXOJ1 3HOBY CXOISTHCS. |[HTEHCHBHICTH CHUTHALy Ha
BHUXOJ[i OYCBHUIHO 3AJICXKUTH BiJl CIIBBITHOMICHHS (ha3 IUX XBHIb. SIKIIO Ha
SIIEKTPOAN TIOAATH HANpPYTy, KOe(IiIlieHTH 3aJIOMJICHHS B PI3HHUX IDIEYax
iHTep(bepOMeTpa 3MIHATBCS, TOOTO 3MIHUTHCS JOBXHHA ONTHYHOTO MUISXY
BimmosinHoi xBumi. [lpu p13HI/II_Il ¢da3 Ha BUXOXI, fKa ,Z[OplBH}OC HelapHOMY
YHUCIy T, PEe3yJbTyIoue CBITJIOBE IIOJIC JOPIBHIOE HYJIO 1 HaBHNAKU HE
JIOPIBHIOE HYITIO, SIKIIIO TaKa yMOBa HE BUKOHYETHCSI.

V777777770 ¥ MonyisTopax
U Maxa — Lennepa, Buro-
\ TOBJIEHMX Ha OCHOBI HiO-

)

_ V777 7777} 0ary niTito a60 LIMPOKO-
T @ 30HHOTO HATTBIPOBIIHH-
— ~___, Ka, mpuOIM3HO CTOKpart-
Ha 3MiHa BEJIMYMHU BU-
XiJIHOTO CHTHATY JOCSTa-
€TBCS TMPU KEPYHOUUX
Hanpyrax nopszaka 10 B. Jlemo apyra xoHdiryparist XBUieBoiB, ajne 1o
CYTI 11e# e IpHUHIMI Jii y Moy sTopiB (nepemukadi) Leprike (puc. 11.8). Bin
CKIIAIA€THCS 3 JIBOX €JIEMEHTIB 3B’ 3Ky, a HOTO JIBa CTAHU 3aJal0ThCs TBOMA
piBHsIMU KepyrounX CUrHATIB — Uy, Ta Uy,
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Nekuis 12. BOJIOKOHHO-OMNTUYHI MEPEXI
NEPEOAYI IHOOPMALII

= BOJIOKOHHO-OMMUYHI Xxeuseeodu.

» Cmpykmypa ma knacugikayisi 80/10KOHHO-ONMMUYHUX
mepex nepedayi iHghopmauyii (BOMITI).

*  Onmu4He 3’€¢OHaHHs1 esleMeHmie.

= Ocobnueocmi dxepen ma npulimayie
8UNPOMIHIO8aHHST 8 80JIOKOHHIU onmuui.

= BOJ/IOKOHHO-OMMUYHi GamyYuKu.

12.1. Bo/10KOHHO-ONITHYHI XBHJIEBOIH

CTBOpEHHsI CKISIHUX CBITJIOBOJIB 3 MaJIMMH BTpaTaMH, MIBUAKO-
JUIOYMX JpKepesl KOTEepeHTHOTO BHIIPOMIHIOBAHHS 1 (oTOmpuiiMadiB 1ajo
MOXIJIUBICT TPAKTHYHOTO 3aCTOCYBAHHS BOJIOKOHHO-ONTHYHHUX MEpExX
mepenadi iHpopmamnii (BOMIII), mpuBa®iamBUX 3a IIIAM PSIOM TMPHYUH.
e, nacammepen, IIMPOKOCMYTOBICTH 1 3HAayHa iH(pOpMaIiifHA €MHICTb,
BIIACTHMBA ONTHYHHAM METOJaM Tiepefadi i oOpoOKHM CHTHAMIB, MPaKTHIHO
MOBHA 3aXMIICHICTh BiJ 30BHIIIHIX EJEKTPOMArHITHUX BIUIMBIB 1 MiK-
KaHAJIPHUX B3a€MOHABENEHb, eKCIUTyaTaniiiHa Oesrexa. s qocTymy 1o cur-
Hajly, IO HOIIMPIOETHCS CBITIOBOJOKHOM, ONTHYHMI Kabenb MOTpiOHO
3pyiiHyBatu (po3ipsatu), T06T0 BOMIII 3a6e3neuye KOH)IIESHIIHHICTh TIe-
penadi iHdopMmarrii. 3aMiHa KOJTBOPOBUX METAJIB JCIICBUMHU MaTepialaMH,
MOTEHIIIHO ITPOCTa TEXHOJIOTiS BUPOOHUIITBA BOJIOKOHHO-ONITHYHHUX Kade-
JIB iCTOTHO 3MEHIIYIOThH IIiHY JiHii 3B’s3Ky. CKIISIHI CBITJIIOBOJM MOXYTh Ipa-
IIOBaTH TIPH BUCOKMX TEMITEpaTypax, MaloTh XIMIYHY CTIHKIiCTh, MaJly Bary,
MaJiii rorepedHuit mepepis i . . Takum unHom, BOMIII 3a HaiiBaximBi-
MY TTOKA3HUKAMH TIepeBepIIye Bei iHMm cuctemu 3B s13Ky. Cydacai BOMIII
SBIISTIOTH COO0I0 €MMHY TPUAMAaFHO-TIEpeIaBaIbHy JIHIIO 3B 53Ky 3 BUKO-
PHCTaHHSIM ONITHYHHUX BOJIOKOH Pi3HOT 1oBXHHU. [IprHINIIOBA KOHCTPYKIis
TaKHUX CHCTEM IOKa3aHa Ha puc. 12.1.

€rneKTPOONTUYHUI MOAYATOP .
€neKkTPooNTUYHMIA NepeMukan

nasep u %

e -

kabenb

OfJHOMO[J0BE BOMOKHO
GaAs -nigknagka

XBUNEBIA

Puc. 12.1 — [lepeaaTuuk B iHTerpajbHOMY BUKOHAHHI
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[MpuHuun pobotu iX monsArae B ToMy, 10 HEOOXIAHI IS mepeaadi
€JIEKTPUYHI CUTHAIM (HANpHKIAJ, MOCIIOBHICTh IMITYJIBCIB 3 Buxogxy EOM)
yepe3 eNCKTPOHHY CXeMy 30YKCHHS HaIXOAATh HA HAIiBIPOBIIHUKOBHMA
BUIPOMIHIOBaY 1 MEPETBOPIOIOTHCS B HHOMY B ONTHYHI CHTHAIH; BHIIPO-
MIHIOBaHHSI 3aKOJIOBaHE MMM CHUTHAJIAaMH BBOJAUTHCS B BOJIOKOHHHMH XBH-
JeBi 1 PO3MOBCIOKYETHCS B HHOMY Ha IOTPiOHY BiACTaHb; Ha TpUii-
MaJIbHOMY KiHII 3IiHCHIOETBCS (POTOCNEKTPUYHE MEPETBOPEHHSI ONTHYHUX
CUTHAJIB B €NIEKTPHYHI, & TAKOXX IIJICHJICHHS B €JIEKTPOHHIN cXeMi IpHii-
Mada. BomokonHwmii cBiTioBon (ocHOoBa BOMIII) — TOHKA THydYKa HHUTKAa,
SIKY BUTOTOBJICHO 3 TIPO30POTO MaTepialy TAKUM YHHOM, 00 ii IIeHTpaapHa
yacThHA Oyja ONTHYHO OUTBII IMUTbHA HiIX TepudepiiiHa yacTWHA, BHA-
CNIZIOK YOT0 KOJIMOBAaHHUI MPOMIiHb CBITJIA, CHPSMOBaHUN Ha TOpEIb BO-
JIOKHA, PO3MOBCIO/IKYETHCS B3/IOBXK HOTro OCl 1 MOXKe MPOWTH 3 MaJluM 3a-
TyXaHHsIM Ha 3HAYHI BiJicTaHi. TakuM YHHOM, KaHAaJi3aIlisl CBITJa B BOJIOKHI
0a3yeThCst Ha SIBUIL TIOBHOTO BHYTPIIIHBOTO BiJOUTTSI.

Tl'onosuwmii enement BOMIII — xBapiioBe mpuuiapose 6010kHO —
TOHKa HHUTKa KPYIJIOTO Tepepisy 3 Mpo30poro B MEBHOMY CIIEKTPAILHOMY
niarna3oHi marepiany. IcCHye Tpu OCHOBHHMX THIIHM BOJIOKOH: 0acamomooosi
CX00uHK06i (MOOa — TUNI ENEKTPOMATHITHOI XBWJII 3 J[OTIOMOTOIO SIKOi
TIEPEHOCUTRCS iH(OpMAIIisS B3IOBXK BOJOKHA), 2PAOi€HMHI a TaKOX O0OHO-
Mo0006i. 'eomeTpist i mpodib BOIOKOH MPEACTABIECHO Ha puc. 12.2.

d.=50...100 MM d.=50..60 MkM d.=3...7 MKM
: d,=2,5d, ; ’

ni—n,=0,02 Pimax— M2 = 0,02 n1— ny= 0,005 |
a o 6
Puc. 12.2 — I'eomerpis i npodine nokazHNKa 3a710MJICHHS] ONITHYHUX BOJIOKOH:
a — xBapuoBe GaraTomapoBe 6araToMo/0Be CXOIMHKOBE; 0 — rpajlicHTHE;

6 — oHOMoOI0Be; d,. — MiamMeTp cepueBHHH ONTHYHOIO BOJOKHA;
dy— niameTp 060JOHKH ONITHYHOTO BOJOKHA
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Ha mpakTuiii CBITIIOBOA MOKPHBAIOTH IlI€ OJHOK 3aXHCHOK 000-
JIOHKOIO, YTBOPIOIOTh apMYIOdYi €JIEMEHTH, SKi 3a0e3NeduyloTh HEeoOXiIHY
MeXaHIYHYy MIIHICTb 1 CTIMKICTh /0 BIUIMBY HaBKOJHIIHBOTO CEpPENOBHUINA,
TOOTO BOJIOKOHHHH CBITJIOBOJ| IEPETBOPIOIOTH B ONTUYHUIA Kabenb. OnTud-
HUN Kabenb MOXKE BKJIIOYATH B ceOe K ONMH, TaK 1 JEKIIbKa CBITJIOBOIIB
(puc. 12.1).

Teopist pO3MOBCIOKEHHS CBITIIOBOT XBHJII B3/IOBXK ONTHYHOTO BO-
JIOKHa OCHOBaHa Ha PO3B’SI3KY PIBHSAHb Teopil eJIeKTpoauHaMiku Maxc-
BeJUIA i BUXOAUTH 32 MEXi KypCy JEKIIii 3 ONTOSNEKTPOHIKH (OCHOBH TeOopii
BuknaaeHo B [3]). OmHak psa KOPHUCHUX CITIBBITHOIICHD JJISI OMHCY PO3-
TTOBCIOJDKCHHS CBITJIIOBOI XBWJII Y3IIOBK ONTHYHOTO BOJIOKHa MOXKe OyTH
OTPUMaHO 3 JONOMOTOI0 MAaTeMaTHYHOTO amapaTy NMPOMEHEBOi Teopii, sKa
HEXTY€E KIHIEBICTIO JOBXHHH XBHJI1 1 HEIHIHHUME e(eKTaMHu.

CHOTBOPEHHSI CUTHAITY, 10 NEPEeNaeThCs y3J0BXK XBHJICBOLY, BHHH-
KaloTh 33 paXyHOK TaK 3BaHOI MiHcM00060i oucnepcii, CyTh SKOi MOJATAE B
TOMY, III0O BHACII/IOK BEJIHMKOI JIOBKMHHU CBITJIIOBOZA IMITYJILCH, SIKI Tepe-
HOCSITH Pi3HI MOIH, OyIyTh po3aiieHi B yaci. Jpyruii Bun qucnepcii, sikuid
BHUHHKAE B ONITHYHOMY BOJIOKHI, — i€ Mamepianvha oucnepcis, sxa BUHU-
Ka€ BHACIIJIOK 3aJISKHOCTI IMOKa3HWKa 3aJOMJICHHS XBHJIEBOJY BiJl IIBHI-
KOCTi a00 TOBKMHH XBHIII CBITIIOBOTO TpoMeHs. KpiM TOro, B ONTHYHOMY
BOJIOKHI BUHHKAIOTh TaKi THITH JUCHEPCIH, K 6HYymMpiutHbomM0008a, nos-
pusayitina Tomo (aHANI3 AUCHEpCii B ONTUYHOMY BOJIOKHI JETAbHO TIPO-
BeneHuit B [1 — 3]).

HeoOxinHO BKa3aTH, 10 HAa MPAKTHII BUKOPHCTOBYIOTH CBITJIOBO-
IM, B SKHX IIOKa3HUK 3aJOMJIEHHS CEpLEBHHM IUIABHO 3MIHIOETHCS Bij
MaKCHMaJIFHOTO 3Ha4YeHHs Ha Horo oci /10 MiHIMAJILHOTO Ha HOTO TIOBEpXHi —
TaK 3BaHi spadicnmni ¢onokna (12.2, 6). BUKOPHCTAHHS TAaKUX BOJOKOH Y
crcreMax nepenadi iHopmarlii 103BoIISIE 3BECTH MIKMOJIOBY ANCIIEPCIIO 10
MiHIMyMY.

Posrnsaemo ocuoBu Teopii BOMIIL. fxmo Ha Topemp CXOIWH-
KOBOTO BOJIOKHA (prc. 12.3) 3 cepenoBHUIIa 3 MOKAa3HUKOM 3aJIOMJICHHS
najae MoTiK BUMPOMIHIOBAaHHS, TO 3TiJTHO 3aKOHY BiJOMBAaHHS — 3aJIOMJICH-
Hsl pa30oM JTsl TIOBEPXHi TOPII 1 TPaHHII “‘CeplicBUHA — 00O0JIOHKA™ OyIeMO MaTH:

| W —n
NA=sin0, = ——, (12.1)
gy

ne NA — anepTypa ONTHYHOTO BOJOKHA.

[IpomeneBa Teopist J03BOJSIE TPOBECTH HAIIBKUIBKICHY OILHKY
MbKMOo10Bo1 aucriepcii. 3 puc. 12.3 BuiHO, 110 /TS IBOIIAPOBOTO CBITIOBOIY
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ny

/n\.

1

0, =—

Puc. 12.3 — Xia ciT/10BMX NpOMEHIB Y BOJIOKHI:
Ny, Ny — NOKA3HUKH 3AJIOMJICHHSI CepLEeBUHH i 000 I0HKH CBIT.10BOAY

pI3HHMIT B Yaci PO3MOBCIO/KEHHS ILEHTPAJIHHOTO OCHOBOTO MPOMEHS i
npomeHsi 3 6 = 0,, Ha OMHNYHIN TOBXNHI MOXe OyTH po3paxoBaHa TaK:

2
p, o An_ NA

— =" =~ NA*, (12.2)
“ ¢ (2no)

e Atea — pi3HHUIA B 9aci (MKC/KM); ¢ — IIBUAKICTH CBITIA.

PiBusinns (12.2) otpumaHo juist 717 = 1,5; TaKUM YMHOM, AJIsSI TH-
TIOBOTO CBITIOBOAY 3 aneprypoto NA ~ 0,2 maemo Afy =~ 40 He/km.

Bupas (12.2) Bu3Ha9a€e BepXHIO MEXKY IOCTIiI{HOT Yacy XBHJIEBiTHOT
aucrepcii Ty (3aBKau Ty < Atea ), KOHKpETHE 3Ha4eHHS SIKOI 3aJISKHUTh Bif

3aKOHY KYTOBOTO PO3MOLTY IHTEHCHBHOCTI cBiTJIa (TOOTO Bij BiJHOCHOTO
BKJIAZy OKPEMHX IIPOMEHIB).

Binemr moBHY iH(pOpPMAITiTO PO 3aKOHOMIPHOCTI PO3ITOBCIOIKECHHS
BHUITPOMIHIOBaHHS Y BOJIOKHI JIa€ XBIJIbOBA (MOJIOBA) TEOPis, sika 6a3yeThes
Ha CTPOrOMYy pO3B’s3Ky piBHAHb MaxcBemna. IIpu 11boMy BOJIOKHO poO3-
TIISIAETHCS SIK IUTIHAPUYHUNA JTieneKTpruaHuid XBriieBi. s Teopis nae Ha-
CTYITHI CIIBBITHOIICHHS — KUTBKICTh KaHAJi30BaHHUX (HAMPAMIICHHX) MO,
SKi MATPUMYIOTBCS B JIBOIIAPOBOMY XBWJIEBOI i3 CXOJIMHKOBHM ITOKa3-
HHUKOM 3aJIOMJICHHSI, MOYKE OYTH pO3paxoBaHO TaK:

M =(0,4..0,5)V2, (12.3)

ne V — mpuBeneHa rpymnoBa MIBHAKICTH BHUIIPOMIHFOBAHHS, IO
PO3MOBCIOKYETHCS 3 TIOBXKUHOO XBIJI A

d,\[2mA
V:nicmzn . xnl n:nd;LNA, (12.4)
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e An — abcooTHA PI3HUIA MTOKA3HHUKIB 3aJIOMIICHHS CEPIICBIHH 1
000JIOHKH, ANl = 1y — N,.

AHai3 po3B’s3Ky piBHSIHb MakcBeuia JTO3BOJSIE 3pOOUTH BHCHO-
BOK Mo Te, o Juiie oxHa Mojaa (TE) ) Moxe MiATpUMYBaTHCh Y CBITIO-
BOJIi 3a Oymb-IKHMX 3HaueHs V (y mpomeHeBilt Teopii miit Momi BimmoBinae
npomins 3 0 = 0); penrra Moa MOXYTh iCHyBaTH Juiie skiuio V = 2,4, Ta-
KHAM YHHOM, yMOBa V < 2.4 — 11e yMOBa iCHyBaHHsI OJIHOMOJIOBOT'O PEXUMY,
sIKa JUTS CTYIIIHYATOTO CBITIIOBOAY Oy/Ie MaTy BUTIIA:

d, so,%i. (12.5)
NA

OIHOMOJOBHI PEXUM JIETHIC peasli3yBaTH, SKIIO A Ma€ BENHKE
3HauenHs, a NA — mane.

IIpuynHamMu BTpaT ONTHYHOI MOTYXKHOCTI IPU PO3HOBCIODKCHHI
CHTHAITY Y3/IOBXK BOJIOKHA € Pi3HI BUJIW MOTTIMHAHB, & TAKOXK MOTJIMHAHHS,
00yMOBIIEHI PO3CIsIHHAM JeopMallii KyTOBOr0 pO3MOJIUTY MPOMEHEBOTO TI0-
TOKY, 1 BUTIK BUHHKAIOUHX MM033aePTYPHUX MPOMEHIB 3 CEPLICBUHH.

Jnst KimBbKiCHOT OIIHKM BTpaT MPOMYCKaHHS BHKOPHCTOBYETHCS
MUTOME 3aTyXaHHS ONTHUYHOTO CUTHANY, SKE BHPaXXa€Tbcs B NB/KM i po3-
PaxoBYEThCS TaK:

1 P
B=—10lg| =& |, 12.6
7 g P (12.6)

BUX
ne P, i Py, — TOTY)XHOCTI KaHAJIi30BAHOT'O BUIPOMIHIOBAHHS Ha
BXO/Ii Ta BUXOJIi CBITJIOBOJLY TOBKHHOO L (KM).

12.2. CtpykTypa Ta ki1acudikanis
BOJIOKOHHO-ONITHYHMX Mepex nepenadi ingopmanii

Kiro4oBUM €71eMEHTOM BOJIOKOHHO-ONTHYHHX MEPEX 3B’S3KY, €
CBITJIOBOJ] 3 MAaJIUMH ONTUYHUMH BTpaTtamu. TWIOBI 3HAYEHHS 3racaHHs
CHTHAJY B CKJIIHOMY 0araToMo/I0OBOMY CBITJIOBOJIOKHI CKJIAJIatoTh 3...4 nb/kM y
cnekTpanbHii obmacti 0,8...0,9 MKM (110 y3rOMKY€EThCS 3 apCeHUA-Taie-
BUMH JDKepenamu BunpomiHtoBanHs) i 0,5...1 ab/km B obnacti 1,3...1,6 MKM.
MinHimManpHi BTpaTH A YHCTOTO KBAapIIOBOTO BOJIOKHA MPUXOAATHCS Ha
JoBKuHY xBWiI 1,55 MM 1 ckinanarots 0,14...0,16 n1b/km, a B ommpeHomy
BUIAJIKY JIETYBaHHS CepLEBUHHU AiokcuoMm repmasito — 0,2...0,3 nb/kwm, mo
BinmoBigae mocnabneHHio curHany 1...2 % Ha 1 kM 1 103BOJIsA€ 3MIHCHIOBATH
0e3peTpaHCIANIHU 3B’ 130K HA BEJIMKHX BiJICTaHIX IO CTa KiJTOMETPIB
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(y 3emHili atMocdepi ocaabieHHs] BUIPOMIHIOBAHHST 3 JIOBKMHOIO XBUJI 1 MKM
ckiramae ~ 100 gb/km, ToOTO Ha BinmcTtaHi | kM OimbIN HIX y 10° pasiB).
[MpuBabnuBicTe niamaszony 1,2..1,5 MkM oOyMmoBieHa Iie i THM, IO B
KBapIIEBOMY CKJI B MiH CHEKTpalbHIM 00xacTi HaiiMeHIIa MarepialibHa
muctiepcis (mmst A = 1,3 MxkM BoHa “HynboBa”) i, KpiM TOTO, pasmiariifHa
CTIMKICTB ITOMITHO BHIIa, Hix m1g A = 0,8...0,9 MxM.

BimnocHo xopotka BOMIII ckmanaeTsess 3 CBITIOMIONY, ONTHY-
HOro kabemo i ¢oromiomy. IIpore, HaBiTH y IIBOMY IPOCTOMY BHITAAKY
BUHHKAE LMW paJ mpoOsieM: ONTHYHE 3’€JHAHHS CBITIIOBOJIOKHA 3 JKeE-
pesoM BUIPOMiHIOBaHHS 1 GoTomnpHiiMaueM, TX y3roJDKEHHs 110 CHEKTpax i
IIBUJIKOAI, IO ZO3BOJISIOTH peasli3yBaTH MepeBard ONTHYHOTO 3B’S3KYy TO-
mo. JIist miBUIIEHHST HAJIHHOCTI 1 3py4HOCTI poOOTH CBITJIIOAIOA YU Ha-
HIBIPOBIHUKOBUH J1a3ep, eJEKTPOHHY MIKpOCXeMy, TMCKPETHI eJeMEHTH,
BY30Jl ONITHYHOI'O CTHKYBAaHHSA Pa3oM 3 PO3HIMOM JUIS 3’€IHAHHS 3 CBIT-
JIOBOJIOKHOM CKJIQIAOTh Y BHIJIAII €JHMHOTO TPHCTPOIO, HA3BAHOTO K6aH-
moeo-enexkmponnum modynem — KEM, (puc. 12.1). [lnst minTpuMKe BUXiz-
HOT NOTY»KHOCTI BUITPOMIHIOBaHHSI HE3MIHHOT MPH 3MiHI TeMIepaTypu, a Ta-
KOX y pesynbraTi nerpanmamiiamx mporeciB 'y KEM BHKOPHCTOBYIOTH
3BOpPOTHHH 3B’s30K. g 1mporo y mepenaBansHuii KEM BCTaHOBIIOIOTH
(doToion, Ha SIKKl TIOTpAIUISE BUIPOMIHIOBAHHS JPKEpelia 1 CUTHAI, SIKUH T10-
JIAfOTh Ha €JIEKTPOHHY cXeMy. 3MiHa BUXIIHOI HOTY)KHOCTI KOMIICHCY€THCS
ABTOMATHYHOIO 3MIHOIO CHJIM CTPyMY dYepe3 CBITJIO-BHIPOMIHIOIOUMH YU
nazepuuit pion. Ilonibno nepenaBambnomy KEM Ha 0a3i ¢oronpuiimaua
(poromiona) kommonytoTs npuitManbai KEM (puc. 12.4):

Indopmaniiiny emuicte BOMIII MokHa 30UTBIIMTH 32 PaxyHOK
CTEKTPaJIBbHOTO YIIUIBHEHHS! KaHally, TOOTO mepeaadi Mo OZHOMY CBITJIO-
BOJIOKHY BHITPOMIHIOBAHHS 3 Pi3HOIO JTOBXHMHOK XBHJII. J[1s boro morpio-
Hi JUKepena, IO NPaliooTh Ha PI3HHX, ale JOCUTHh OJM3BKHUX JIOBXKHHAX
XBUJIb, @ TAKOX MPHUCTPOI 00’€IHAHHS ONTHUYHUX KaHAJIIB Ha BXOMII Ta iX
MOJTy HA BHXO/I BOJIOKOHHOI JIHIT — Myasmuniekcopu i O0emyibmu-
naekcopu. Yce 1e JI03BOJSIE CTBOPEHHS IS BOJIOKOHHHX MEPEeX 3B S3KY
IHTErpajJbHO-ONTHYHUX CXEM, IO BKIIOYAIOTH y cebe IpKepenia BHUIPO-
MIHIOBaHHSI, HAaIIPSMIICH] PO3raiyKyBadi, MOJIYJISITOPH, TiepeMukadi, Goro-
mpuiiMadi i eeKTPOHHI iHTerpaNbHi IMiICIIIOBATBHI cxeMr. ToJi Ipu Be-
yukii gosxuHi BOMIII BumararoTbcs IpOMDKHI YHM IICHITIOBAJIBHI PET-
paHCIATOPH (aHAJIOTIYHO paJliopesIeHHUM JIiHISIM 3B’ SI3KY ).

Ob6nacrti mpaktunaaOTO 3actocyBanas BOMIII mag3sudaitHo mmpo-
Ki. Y 3aJIe)KHOCTI BiJl TOBXXKWHH BOHH YMOBHO ITOJIUISFOTECS Ha 00 €KTHI,
MICBKIi (MI>KMICBKi, 30HOBI) 1 MaricTpanbHi, 2 J0 MiKKOHTUHEHTAIbHUX.
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Puc. 12.4 — CrpykrypHi cxemun KEM:

a — nepegaBajbHMl Moay.Ib (1 — BXiHMIl esleKTpUYHUI 3’ €qHYBaY; 2 — cXeMa
36yIKeHHsT; 3 — cXeMa 3BOPOTHOIO 3B°513Ky; 4 — ONTHYHMI npucTpiii (4 —
cBiTonoiibuuk; 4" — yaromxyroui enementn; 4" — onTuunmii 3’eanysay);
5 — TepMOeIeKTPHYHMI 0X0JIOMKYBa4 (5/ — akTHBHUII eJeMenT; 57 — cxema
KepyBanHst; 5"/ — naTunk TemMnepaTypm); 6 — kopmyc;

0 — npuitMaabLHAE MOXYb (1 — ONTHYHMI 3°€AHYBaY; 2 — MACHIIOBAY
(2’ - nonepeniii mizcHII0BaY); 3 — cXeMa ONTHMAIBLHOI 06po6KH ((iTbTP);
4 — cxeMa NpUAHATTS pillleHb; 5 — eJeKTPHYHUIL 3’ €qHYBaY; 6 —Kopmyc)
= % — ejexTpu4Hi indopmaniiini Koa; __ - — KoJIa KUBJIEHHS;

— ONTHUYHI CHTHAJN

Buympiwunvo06’exkmni BOMIII — nie BimHOCHO KOpoTKi (1 — 100 M)
OopToBi JiHIT Ha KOpaOisiX, JiTakax, pakeTax 1 KOCMIYHMX araparax,
yCepeayHi yCTaHOB 1 MiPHUEMCTB, B amaparypi KOHTPOJIO 1 KepyBaHHSA
(0 mpamroe B yMOBaX CHJBHHX 3aBajl, 3 BHCOKOBOJBTHHMH 1 IOTYX-
HOCTPYMOBHMH JIAHIIOTAMH), JUIS Tepe/iadi CBITIOBHX IMITYJIBCIB BEIHKOI
TOTY>KHOCTI B JIa3€pHIA TEXHOJIOTii, MeAuIHI 1 T. m. i1 BHYTpIMIHBO-
00’ €exTHOT JiHii 3B’513Ky ONTHYHI BTPaTH, MOJIOBA 1 XpOMaTHYHA TUCTIEPCIsT —
HE JyXe€ KPUTHUYHI XapaKTepUCTUKH. BHIIIAIOTH TakoXK Tak 3BaHI MOH-
maoicni 8010KoHHO-onmuuni xabeni (nowxuHow a0 10...30 M), mpusHa-
YeHi JI BHYTPIITHHOOIOKOBUX 1 MIXKOJIOKOBHX 3’€THAHB B amaparypi.

Micbki BOMIII matoth cepennto noBxuny 10 50...100 kM, Mix-
Mmicbki (30HOBI) — 1o 200...300 kM i mpu3HaueHi s 3B’s:3ky EOM 3 Bin-
JIAJICHUMU TepMiHaJIaMH, IPUCTPOSIMU 300py JIaHHX, TeneOHHOTO, Tenerpad-
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HOTO i BineotenedonrHoro 3B s13Ky. Ciig Bkasary, 1mo BuUkopuctanHs BOMIII
JUTsL 6araToIpOrpaMHOTO TeIeOaueHHS BaKIIMBO 3 TIOTIIITY IMiABUIICHHS SKOC-
Ti 1 HaAIHOCTI mepeaadyi B yMOBaX CHJIBHHUX 3aBaJl, €KpaHyBaHHS BHCOT-
HUMHU OyIMHKaMH, peibe)OM MICIIEBOCTI, Tak 1 paJuKaNbHOI nepedynoBu
iHQopMaIiiHOT citykOu, 3’€HAHHS a0OHEHTIB 3 BENUKHMHU 0i0JlioTeKaMHu,
0aHKaMU JaHuX, iHGOPMAIITHO-00UUCITIOBATBHUMH IIEHTPAMH Ta iH.

[Tpuznauenns marictpansaux BOMIII — ne nepenava ingopmarrii
Ha BeNWKi BijcTaHi (COTHI 1 THcsaYl KiomerpiB). [Ipu MiHIManbHUX ONTHY-
HUX BTpaTax BOHM NMOBMHHI OyTH CTIHKMMH 1O 0araTopiuyHMX BILIMBIB He-
CTIPHUSTIMBUX 30BHIMIHIX (aKTOpiB (HAMpHKIaA, NMPH yKIaJaHHI I 3eM-
nero, mij Bogoo). Y marictpansHux BOMIII BUKOPHCTOBYIOTH OpPOTi ON-
THYHI KaOeJTi, 110 MICTSITh TiAPOI30JIF009y 000JIOHKY, apMYIOUi €JTEeMEHTH 1 T. T1.

[epenauy curaanis y BOMIII 31iiicHIOIOTH SIK B aHAJIOTOBIMH, TaK i
B mudposiit ¢popmax [3, 8]. LLIHpoKOCMYTOBICTH CBITIIOBOJIOKOH POOHTH
Kpaury nepenady iHdopmaii y mudposiii Gopmi, sk OUIbII TOYHY 1 Ha-
JIifHYy, MEHIIl Yy TJIMBY JO0 LIyMIB i 3aBal.

3a koHIrypaiiero Mepexi 3B’sI3Ky MOAUISIOTHCS Ha MEPEeXi TUIY:
IIMHA, KiJTbIE, 3ipKa (puc. 12.5):

PYPYY

2
. a
1/
Q@/@A O
O
6 8

Puc. 12.5 — Tonosoris BOMIII:
a — wuHa; 0 — Kinbue; 6 — 3ipka (1 — onTHYHUH TPAKT;
2 — komyTaTop (po3noaiiioBay iHdopmauii); 3 — aboHeHTH
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12.3. OnTnyHe 3’€AHAHHSA €JIEMEHTIB

Y BOJIOKHO-ONITHYHUX Mepexkax 3B’sI3Ky 3’€IHAHHS ONTHYHUX eJie-
MEHTIB, CBITJIOBOJIOKOH MK c000f0, i3 JpKepenamu 1 HpuiiMadyamMu BH-
npoMiHOBaHHs (puc. 12.6) Mae mepuiopsiiHe 3HAYEHHS, OCKUIBKH MOXe
OyTH 3B’s3aHE 31 3HAYHUMH MEPEXiJHUMH BTpaTaMHu (BUPaXKalOThCS 3BH-
4yaiiHO B Jienmbenax). EGekTuBHICTh BBEJCHHS BUMIPOMIHIOBAHHS JDKEpena y
CBITJIOBOJ| 3QJISKUTh y MEpIIy 4Yepry BiJ CTYINEHS CIPSDKEHOCTI iX Xa-
PaKTEPUCTHK: MEPETHHY 1 pO301XKHOCTI CBITIOBOTO MyYKa 3 TEOMETPHYHUMU
pO3MipaMHu CEpLEBHHM 1 amnepTypHOro KyTa CBITJIIOBOJIOKHA, HIMPUHH
CIEKTPAIBbHOI CMYTH BUIIPOMIHIOBAaHHS, KITbKOCTI XBHJICBITHIX MOJ 1 T. II.

Puc. 12.6 — MeToau cTUKyBaHHs cBiT/104i01a 260
HANiBOPOBITHMKOBOIO Jia3epa i3 CBITJIOBOIOKHOM: 1 — CBITJIOBOJIOKHO;
2 — cBiT/10-BHIIPOMiHIOIOYHIT 200 J1a3epHuii giox; 3 — imepciiina pinuna

[TpuHIMNIOBO TPOCTO 3AIMCHIOETHCS BBEIEHHS TOCTPOCHPSMOBA-
HOTO TIPOMEHS TBEpPAOTUIHLHOrO Jlazepa B 0araToOMOJOBE CBITJIIOBOJIOKHO
(~ 100 %). HamiBnpoBiqHUKOBI Jiazepu i 0COOIHMBO CBITIIO-BUIPOMIHIOIOU1
JOTH 3’ €AHYIOThCS 13 CBITJIOBOJIaMH 3 HAa0araTo OLTBIIMMU BTpaTaMU.

ITpoctuii croci6 3’exHaHHS CBITJIONIONA 3 ONTHYHAM KaOeleM —
TIPUKJICIOBAHHS IUIOCKOTO CBITJIO/IO/IA JIO TOPIIS CBITIIOBOJIOKHA (pHc. 12.6, a).
Y 1pOMY BHNAJKY JOIIIBHO BHKOPHCTOBYBATH 0araTOXHJIbHUI KaOeib,
100 30UIBIIMTY TUIOILY HOTO TOPI 1 HAOMM3UTH il 10 TUIOIII CBITJIONIO/A,
po3Mipu sikoro cknanatoTh 0,3...0,5 mm. Uepes maiy aneprypy, HaBiTh pH
HIIJTBHOMY YNaKyBaHHI 0araTOMOJIOBHUX BOJIOKOH i BUKOPHCTaHHI iMepcCiii-
HOTO KJICI0, ONTHYHI BTPaTW INPH TaKOMYy CIOCOO1 CTHKYBaHHS MOXYTh
nocsiratu 10...20 1B, T00TO B Kabeiah BBOAUTHCS MOPSIKA OJHOTO BiJICOTKA
BUTIPOMIHIOBAHHS CBITJIOAiONA. 3aMiHA CBITJIONIONA HAIiBIIPOBiTHUKOBHM
Jla3epoM MPHUBOJUTE 32 IHIIMX PIBHUX YMOB JI0 3HIDKEHHS BTPAT MPHOIN3HO
B 3—4 pa3m.

SKm10 X BUIIPOMIHIOBaHHS BBOJIUTHCS B ONMHOYHHMN, a TUM OLIbIIIE
OJIHOMOJIOBHMII CBITJIOBOJ, ONMCAHHM CIIOCIO OITHYHOrO 3’ €IHAHHSI HE 3a-
CTOCOBY€ETBCS. Y L[LOMY BHIIQAKY KiHELb CBITJIOBOJIOKHA BCTAHOBIIOIOTBH Y
norubnenii migknaaui crpykrypu (puc. 12.6, 6) Tak, o0 Horo Topels
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BUSIBUBCSL B Oe3nocepenuiii 6mu3bkocTi (~ 10..20 MKM) BiJ BHIIPOMIHIO-
10401 TIOBEPXHi, JliaMeTp K0T BUKOHYETBCS SIK MOKHA MeHIIHM (~ 50 MKM).
Kpaiiie BUKOPHUCTOBYBATH TOPIIEBE BUMPOMIHIOBAHHS HATIBIPOBITHHKOBOTO
Jokepena (puc. 12.6, 6, 2). Jlnis 30ibieHHs e(DeKTHBHOCTI BBEJCHHS BUITPO-
MIHIOBaHHS y CBITIOBOJ (y Kimbka 1 HaBiTh 1-2 necarku pasiB) 3a-
CTOCOBYIOTh OINTHYHI KJI€i, MIKpOIiH3H, HAaHECEHI Ha TOpIli BolokHa. Haii-
Oimpmmii BIDIMB Ha €()EeKTUBHICTH BBEACHHS BUIIPOMIHIOBAHHS JDKEpeNa y
CBITJIOBOJIOKHO YMHUTH IOIIEPEYHa HEY3TOPKEHICTh, MEHIIIE — TIO30BXHS 1
kytoBa. IlepexinHi BTpaTH NpH BBEICHHI Y CBITJIOBOJ BHUIPOMIHIOBaHHS
HAIliBIPOBITHUKOBOIO Jla3epa B KpallOMy BHIAAKYy CKIAAaroTh ~ 11b,
CBITIOAI01a — EKiIbKa AennOell.

3’eHAaHHS BiAPI3KiB ONTHYHHUX BOJIOKOH MK COOOO 3IiHCHIOIOTH
3BapIOBAHHSIM, CIUIABJICHHSAM, CKJICIOBAHHSAM Y FOCTHPYBAILHOMY MPUCTPOI
a0o0 3a JOMOMOTOI0 CaMOro IOCTHPYBAILHOTO €JIEMEHTa — KepaMiuHoi, IiacT-
MacoBoi, MeTaneBoi TpyOku (kamirsipa) i T. m. Ha BigMmiHy Bij Takux He-
PO3HIMHHX 3’€IHaHb ONTHYHI PO3HIMH — KOHEKTOpH (3’€IHyBadi) ITOBHHHI
JIOITycKaT 0aratopa3oBi 3’€HAHHSI — PO3’€THAHHS BOJIOKOH. Y OUIBIIOCTI
BHIIAKIB Ha ONTHYHI PO3HIMH KpiM Mammx BTpat (~ 0,5 nb) HakiamawoTs
IHII BaKITMBI BAMOTHU: MaJli pO3MIpH 1 Bara, MpOCTOTa Y BUKOPHCTAHHI 1
JIeTIeBU3HA. 3alpOTIOHOBAHO 0arato METOMdiB IOCTHpYBaHHS 1 (pikcarii Bix
HAWMPOCTINX — 3’€JHYBaJIbHUX MATPOHIB 3 KOHIYHUMH BHYTPIILIHIMH IO-
BEPXHSMH — JI0 TPOMI3JIKUX 1 pO30ipHHUX 3’€IHYBadiB 0araTOBOJOKOHHHX
kabemiB. KiHui ogHoro Binpizka kaOemo (iKCYIOTh CTPOro NMPOTH KiHIB
BIAMOBITHUX BOJIOKOH IHIIOTO Bijpi3ka kaOemnro. [Ipu mMamomy 3a3opi Mik
TOPISIMH BOJIOKOH, SIKI PETEIBbHO TOJIIPYIOTH 13 3aCTOCYBAaHHSM CIIeIiallb-
HHX MIPUCTPOIB, CBITIOBUI CHTHAI IIPOXOJIUTH OE3MOCEPEIHBO 3 OJHOTO BO-
nokHa B iHme. IlepeximHi onTHYHI BTpaTH 3MEHIIYIOTHCS, SKIIO B MicIs
3’eHaHHS KaOeo BBECTH IMepCiiiHy piauHy. Y TOmIOHMX pO3HIMax Ie-
pexinHi BTpatn He mepeBunlytots 0,5..1 nb mpm raphiit onTuuHil “po3-
B’SI3111” MIXK CYCiTHIMU BOJIOKHAMH (KiJIbKa IECATKIB IEIHOEITiB).

3acTocyBaHHS IHTETPaIbHO-ONTHYHUX CXEM Y BOJOKOHHO-ONTHY-
HHUX Mepexax 3B’s3Ky JO03BOJISIE ONTHYHE 3’€[HAHHSA CBITJIOBOJIOKHA 3 Ka-
HAJIbHAM XBHJIEBOJOM. SIKIIO MOMepeyHi mepepi3u CBITIOBOJIIOKHA 1 Ka-
HAJBHOTO XBHJIEBOAY ONM3BKI 3a pO3MipaMH, MOXKHA MOCATTH iX 3amo-
BUTBHOTO ONTHYHOTO CTHKYBaHHS, PO3TAIyBaBIIH KiHEIlb CBIiTJIOBOJOKHA
NPOTH TOPI IJIOCKOTO XBUJIEBOIY. J[)Isl 3MEHIIEHHS! BTPaT 3aCTOCOBYIOTh
MIKpOJIIH3H, IMEPCIiHI PIIUHM 1 T. 1.

[Ipoctuii cnocid ONTUYHOTO CTHUKYBaHHS CBITJIOBOJIOKHA 3 ILIOC-
KAM XBHJIEBOJOM IIOJIATAE B MPUKIJICIOBAHHI KiHIS CBITJIIOBOJIOKHA 1O 30B-
HIIIHBOT MOBEPXHI IIAHAPHOTO XBWIIEBOJY 3a JOMOMOIOI0 KpaIlli pedo-
BHHHU 3 BEJIUKUM MOKa3HUKOM 3aJOMJICHHs. [Ipu HalOimbll CpUSTIMBIH
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KYTOBIi# Opi€HTalii CBITIOBOJIOKHa MOYKHA JIOCSTTH €()EeKTHBHOCTI 3B’SI3KY
6m3pko 50 %. Bimbim TexHOMOTiYHMKA 3B’S30K CBITJIOBOJIOKHA 3 iHTET-
PaJbHO-ONTHYHOIO CXEMOIO — I BHKOPHCTAHHS 3BY)KEHOTO Kparo ILTIB-
KOBOTO XBWJICBOAY. Y MIAKIAAMNI MiI KIWHOMOMIOHWM KpPaeM XBIIICBOIY
CTBOPIOETHCS MITIHIPAIHUN OTBIp, Ky BCTAHOBIIOETHCS CBITIOBOJIOKHO.
CBiTJIOBa eHeprisi MOXKe IepeNaBaTHCs SK 13 KaHAJIBHOTO XBHJIEBOAY Y
CBITJIOBOJIOKHO, Tak 1 Ha3zaj. [locsrHyTa Takum crnocoOoM e(peKTUBHICTh
3B’s13Ky Moxke nepesuiryBatu 50 %.

12.4. OcobMBOCTI TKepen Ta npuiiMaviB
BUINPOMiHIOBAHHS B BOJIOKOHHIH onTHLi

OCHOBHHMMH JDKEpeJlaMd BUIIPOMIHIOBAHHS, SIKi BUKOPHCTOBYIOTh-
Csl B IHTETpaNBHIH 1 BOJOKOHHIN ONTHIII, € HATIBIPOBITHAKOBI CBITIIONIONN
i mazepu. CBITJIONiOAN — AEMIEB] i IPOCTi B KEPyBaHHI MPUIIATH 1 3aCTOCO-
BYIOTBCSI y TUX BHUIAJKaX, KON HE MOTPiOHI BEIHKI IMOTY>KHOCTI BUIIPOMi-
HIOBaHHS, IIPOCTOPOBA CIPSIMOBAHICTB 1 By3bKa CIIEKTpaJbHA CMYTa BUIIPO-
MIHIOBaHHSI, HANPUKIIAJA, ¥ KOPOTKHX (JOBXKHHOIO JI0 JEKUILKOX METPIB)
6araromonoBux BOM3. Binbli yHiBepcalibHi HaIMiBIPOBITHUKOBI JiazepH 3
p—N-TIepexofamMH, 10 MaloTh Malli pO3MIpH, MTPOCTY KOHCTPYKIIIIO, BUCOKY
HAIHHICTh 1 JO3BOJIAIOTH 3MIHCHIOBATH OE3MOCEPETHI0 BHUCOKOYACTOTHY
MOS0 BUTIPOMIHIOBAHHS.

[IparHeHHs MiOBUIIUTH €(PEKTUBHICTH BBEJACHHS BHIIPOMIHIOBAaHHS
Yy CBITJIOBOJ MIKPOMETPHYHHX PO3MIpiB TpHBENa IO PO3POOKH HiOHHOL
CTPYKTYPH, B sIKiii aKTHBHA BHIIPOMIHIOIOYA 00JIACTh SIBJISIE COOOO BY3bKY
CMYXKY (LIMPHHOIO 5...25 MKM) 13 I3epKaJbHUMU TOPLIEBUMHU TPAHAMH, IO
HEOOXiTHO U CTBOPEHHS ONTHYHOTO 3BOPOTHOTO 3B’s3KY (puc. 12.6, a).
KananpHi azepu NmepeBaxaroTh SK 3 MOMISAY ONTHYHOrO CTUKYBaHHS 3i
CBITJIOBOJIOM (OCKITBKM BHIIPOMIHIOBAaHHS BHXOIHTH Yepe3 Mally TOPIEBY
TpaHb), TaK 1 U1 3MEHIICHHSA TPAaHUYHOTO CTPyMy (dUepe3 Mally IUIOLY
IIOTHOI CTPYKTYPH).

N
=)
oY

Puc. 12.6 — CxemaTn4He 300paKeHHS] HHTETPAJILHO-ONTUYHHX Jla3epiB:
a — KaHAJILHOTO TUIY; 0 — 3 OperriBCbKUMH BitGUBaYaAMU;
6 — 3 PO3MO/iJIeHNM 3BOPOTHUM 3B’ SI3KOM
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3acTocoByBaHi B IHTErpayibHIl 1 BOJIOKOHHIH OMNTHIII Ja3epH 3BH-
YaiiHO SBJIAIOTH COOOI0 0araToIiapoBi TeTEPOCTPYKTYpPH. Y TeTEpOCTPYK-
Typax MOXKHa 3pOOMTH Tak, IO KpiM e(pEeKTUBHOI iHXKEKIil HEOCHOBHHUX
HOCITB aKTHBHA 00JaCTh MaJIMX PO3MIpIB BUSBISIETHCS PO3TAIIOBAHOIO MiXK
mapaMH 3 MCHIIUM TIOKa3HHKOM 3aJIOMIICHHS i Oy/Je TaKUM YHHOM XBH-
JeBOJIOM, LIO OOMeXye onTuyHe moje. Lle mpu3BoAUTh O TOTO, WO, Ha-
npuknan, y rerepoctpykrypax Ha GaAlAs ryctuHa rpaHUYHOTO CTpymy
cranoButh 10%...10° A/em?, a me 10%...10° A/em?, K y rOMOIEPEXOHHX JIa-
3epHUX A10JIiB.

I'ereporazepu 1ikaBi TaKOXK MOXKIIMBICTIO KEPYBaHHS CIEKTPalb-
HUM CKJIaJIOM BUIIPOMIHIOBAaHHsI B TIpOlleCi IX BHIOTOBJEHHs. Bumpomi-
uroBanas GaAs masepa (0,92 MKM) NOPHXOOUTHCS HA CMYTY MOTJIMHAHHS
CKIISTHOTO CBITJIOBOJIOKHA. SIKIIIO BHKOPUCTOBYBAaTH TETEPOCTPYKTYpYy Ha
ocuoBi GaAlAs, cMyra BUTIPOMIHIOBaHHS 3CYBA€ETHCS B KOPOTKOXBHIIBOBY
o0macte. YacTo BHKOPHCTOBYETHCS MarTepiaj, IO BiIMOBIiZa€ BHUIIPOMi-
HIOBaHHIO B o0nacTi 0,85 MKM, Jie B CHIEKTpi MOTJIMHAHHS OOPOCHIIIKATHOTO
CKJIa € BIJHOCHHI MiHiMyM. Binbir npuBabnusa obmacts 1,2...1,3 MkM, ne
HE TUIBKM MEHI BTPaTH B CKIIOBOJIOKHI, ajie¢ 1 HPaKTHYHO BiJCYTHS
xpoMaTtidHa (Marepiansha) mucrepcis. [etepoctpykrypu Ha ocuosi GaAlAs
MOXYTh BUIIPOMIHFOBATH TUTBKH B OOJIACTI JIOBKHH XBHIIb, MeHIIMX 0,92 MKM,
ToOTO A1 obmacti 1,2...1,3 MKM BOHHM HE 3aCTOCOBYIOTHCS. IIpHHITMIIOBO
st 1eoro miaxoaaTh criodyku GalnAs, omHak HeBiAMOBiAHICTE KpHCTa-
niynux rpatok GaAs i InAs npus3BoauTh 10 BUHUKHEHHS NeDEKTIB CTPYK-
Typu 1 10 HU3BKOi €(EeKTHBHOCTI BHIPOMIHIOBAaJIbHOI pekoMOiHamii i
3HAYHOTO ONTHYHOTO TMOTJHHAHHS. 3 TOMIOHUMH TPYAHOIIAMH 3B’si3aHE
TAKO CTBOPEHHS reTepocTpykTypu Ha ocHosi Galn, GaAsSb i in. V 38’s13ky
3 UM OiTBIN MEepPCIEeKTUBHI U1 BHIpOMiHIOBaHHA 1,2...1,3 MKM crnomyk
GalnAsP, GaAlAsSb Ta in. Xoua TexHOOris 1X BHTOTOBIEHHS OiTbII
CKJI3JIHA, BBEJCHHS UYETBEPTOrO €JIEMEHTa J03BOJISIE CTBOPIOBATH T€TEpO-
CTPYKTYPH 3 MiHIMQJbHOIO HEBIIMOBIIHICTIO KpPHCTAJIIYHHMX Iparok. Ha-
npukian, ehexkruBHe BumpowminioBanHs rerepoctpykryp GalnAs orpu-
MaHe He TiUIbKH U1 oOmacti 1,2...1,3 MM, ane 1 ansg 1,55 MxM, TOOTO Tam,
Jie BTPaTH B CKJIOBOJIOKHI MiHIMaJIbHi.

OmnmcaHa TEXHOJIOTISA i MaTepiali MOXYTh 3aCTOCOBYBATHCH TaKOXK
JUTA KaHAJIbHUX XBUJIEBOIIB, (POTOMpHItMAUiB, MOXYIATOPIB, 1HIINX iHTET-
palTbHO-ONTUYHHX EJIIEMEHTIB, a TAKOXK €JIeKTPOHHUX KOMIIOHEHTIB (IIi0IiB,
TpaH3uCcTOPiB i T. n.). OfHaK 00’ €HAHHS X B MOHOJITHY iHTErpajibHO-OII-
TUYHY CXEMY BHKIIHMKA€ TPYAHOII, 3B’513aHi 31 CTBOPEHHSM Y IJIAHAPHOMY
reteposiasepi A3epKajJbHUX TOPIEBHX MOBEPXOHbB, IO YTBOPATH OMTHUYHHUI
pe3oHaTop. BukopHcTaHHS yabTPa3ByKOBOI TEXHIKM ISl CTBOPEHHS MiKpO-
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CKOJIiB, OJIEp>KaHHS ME3aCTPYKTYpP 3 BEPTUKATEHUME OIYHIMH ITOBEPXHIMU
METOJJAMH EMITaKCii, XIMIYHOTO TPaBIEHHS i T. 1., K MPaBHJIO, HE TPH-
BOJUTH JI0 OakaHuX pe3yibraTiB. [Ipobiema 3HaXOJUTh CBOE BUPIIICHHS B
3aCTOCYBAHHI JJIsl ONITHYHOTO 3BOPOTHOT'O 3B’SI3Ky HE J3epKaJIbHUX IpaHel
KpHCTana, a AMppaKIiifHUX IPATOK, IO BiIOWBAIOTH CBITJIO, i CTBOPEHUX Y
caMoMy XBuWiIeBigHOMY wiapi (puc. 12.6, 6, 6). IlomupeHo aBa THIH Jase-
piB, 3aCHOBaHMX Ha LbOMY IIPHHIWII: 3 PO3NOOiNeHUMU Ope2Zi6CoKuMu
sioousauamu (PbB-nazep) i 3 po3nodinenum 36opomuum 36’a3xom (P33-nazep).

B PBB-na3zepi OperriBCchbKi A3epKana po3TalioBaHi Mo oOWABi cTO-
POHH aKTHBHOI OOJIACTi, B SIKi CTBOPIOETHCS IHBEPCHE 3aceNeHHS 3a pa-
XYHOK iHJKeKLii HEOCHOBHHMX HociiB (puc. 12.6, 6). Mudpakuiiini rpatku
CTBOPIOIOTHCS IUIAXOM TO(PYBaHHS MOBEPXHI PO3MALTYy MDK IIapaM rere-
pocTpykTypu. Xoua mudpakmiiiHi IpaTKu BiZOMBalOTh Oarato MoJ, Hpax-
THYHO TUTBKH OJIHA TaKa MOJIA BHSBIISIETHCS B CIEKTPi BHIPOMIHIOBaHHS
HAaIiBIPOBITHUKOBOrO Jiazepa. [IpyW 1LbOMY 4YacTo BHKOPHCTOBYIOTH Bil-
OWTTS MOIM HE TEPIIOro, a TPEThOTro MopsAAKy mudpakuii. [opposani mi-
JSTHKY MO>KHa 3pOOHMTH HEOTHAKOBOI JOBXKHHHM, 3a0€3MeUyI0ul THM CaMUM
BUBEICHHS BHIIPOMIHIOBAHHS TUTBKH B OJHOMY HAampsMKY (y XBHJIEBiI, IO
npumukae 10 PbB-nazepa). CTBOPIOIOYH MOCIIIOBHICTD ACKIJIBKOX IPATOK 3
PI3HUM IIepioJoM (KPOKOM), MOXKHA OZEpP’KaTH Ja3ep 3 YaCTOTHUM MYJIb-
THILUIEKCYBaHHSM.

VY P33-na3zepi rodpoBaHi AUITHKE XBHJICBOIY CIIOJNYYCHI 3 aKTHB-
HOI 00JIacTIO, TOOTO B caMili 00JIacTi, JI¢ CTBOPIOETHCS IHBEPCHE 3ace-
JICHHSI, i€ ONTUYHUI 3BOPOTHHH 3B’ 130K (puc. 12.6, 8).

SAx PBEB-, tak i P33-nmazepu, xpiM ruraHapHOi KOHCTPYKIIii, MarOTh
psn IepeBar Imepej JiasepaM, [0 BiJOMBAIOTH TOPLEBUMHU ITOBEPXHSIMH.
Bonu 3a0e3neuytoTh OUTBII TOYHE HACTPOIOBAHHS HA MOTPIOHY JOBXKHUHY
XBHJII 1 OUIbII BY3bKy cmyTy BurnpomintoBanHs (0,05...0,01 um). Ocranne
0COOJIMBO BaXTMBO, OCKLIBKM YAaCTOTHHW Jiarna3oH MOIYJIALIT ONTHYHOTO
CHTHAIY, IO TOIIHPIOETHCS B XBHJICBOI, HaiuacTime oOMexeHHil came
CTIEKTPAIBHOIO MIUPUHOKO CMYTH JXKEPeia BUIIPOMiHIOBAHHS.

Ha BigMiHy Bix /pkepen cBitia, (OTOJAETEKTOPH, SIKi BUKOPHCTO-
BYIOTh Y BOJIOKOHHI Ta iIHTETpalibHil ONTHIII, MAIOTh MEHII 0COOIMBOCTI B
MOPIBHSAHHI 3 BIIOMMMH HalliBIIPOBITHUKOBUMH TIpHiagaMu. B ocHOBHOMY
1€ 3MillleH] B 3BOPOTHOMY HAINPSIMKY HIBHIKOAIIOYI CTPYKTYPHU: p—H-TOMO-
gy rereponepexonn, miogu IlloTTki, p—i—n- i maBuHHI doromioan, ¢oro-
TPaH3HCTOPH, POOOTa SKUX posrisiaiacs padim. [Ipum iX onTuuHOMY
3’€JIHaHHI 3 CBITJIOBOJIOKHOM BHMOTH JI0 T€OMETPUYHUX PO3MIPIB HEBUCOKI;
BaXIMBO TUIBKH, MO0 IUIOma (GOToJeTeKTOpa He Oyja MOMITHO MEHIIIO0
mepepizy CBITIIOBOJIOKHA. AJjie B OUIBIIOCTI BHIIAAKaX IMPArHyTh 10
MiHIMaJIBHOI IO (OTOMI0a, TOMY IO HOTO €MHICTE 0OMEXY€E BEPXHIO
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pobouy yactoty npuctporo. POoTouyTNHBI HAIIBIPOBIJHUKOBI CTPYKTYpH
BIJTHOCHO TIPOCTO 3’€IHYIOTHCS 3 IHTETPalbHO-ONTHYHUMH XBHJIEBOJAMH,
SKIIO Ti W 1HII CTBOpEHO Ha (a3l HAMIBIPOBIAHUKOBUX 3’€THAHB A’B’.
@DoToIETEKTOP MOXKHA CTBOPIOBATH, 30KpeMa, Y CaMOMY KaHAJIbHOMY
XBHJIEBOJII, /IS YOTO Ha BIANOBIJHY HOTO IUISHKY HAHOCATH METal, IO
YTBOPUTH 3 MaTepiaioM XBHJIEBOAY 3amipHuii Oap’ep. CiTio, 1m0
NIOIIMPIOETHCS. B XBUJIEBOJI, MaJa€e Ha AIOJHY CTPYKTYpPY B IHOINEPEYHOMY
HanpsMKY, a He HOPMaJbHO JO IUIOIIMHHU NEPeXony, i SKIIO0, KPiM TOro,
TOBIIMHA 301MHEHOTrO Iapy OJM3bKa 10 TOBIIMHHU XBUIIEBOAY, AOCATA€THCS
BHCOKa KBaHTOBA e()eKTHBHICTH (oTonepeTBopeHHs (6mm3bka mo 100 %).
[Nommpennst cBitina 6e3 BTpar y XBHJICBOJI 1 HOro MOTJIMHAHHS B TaKOMY
“XBHUJICBITHOMY” JeTEeKTOpi BiAOyBaeThCS 3a pPaxXyHOK 3CYBY Kparo
NOTIMHAHHS CBiTA y OiK BEJIUMKHX A MiJl Ji€K0 CUIBHOrO MO, SKE JIO-
KaJi30BaHO B 3BOPOTHO-3MIIIEHIH CTPYKTypi (BXKe 3rajlyBaHUil eQeKT
@panna — Kengumia).

[HIIM# MeTO1 MOHOJITHOT IHTErpallii KaHaJIBHOTO XBUJIEBOY 3 (o-
TOJICTEKTOPOM IPYHTYETHCS TAKOXK Ha TeTEPOTEXHOJIOTIi: KOJM Ha JUISHII
XBHJICBOAY BHUTPABIIOIOTH IOTJHOJECHHS, Y $SKOMY IIOTIM BHPOIIYIOTH
Marepiai 3 MEHIIO IHPHHOI0 3a00pOHEHOT 30HH 1 JIETYIOTh HOTO0 Tak, 100
YTBOPHJIACS CTPYKTYpa, IO BHIPSAMILLE, (Hampukian, y xsuwiesoqi 3 GaAs
ctBoproeThest poromion Ha ocHoBi GalnAs). Bucoky mBuakonioo (Kiibka
JIECATKIB MIKOCEKYH/I) MaroTh ()OTOPE3MCTOPH Ha OCHOBI emiTaKcialbHUX
mmisok GaAlAs, GalnAs, AllnAs. Ina o6nacti 0,8...1,1 MKM oCHOBHUMHM
€ KpeMmHieBi (oTonmeTekTopH, sKi 3’€IHYIOThCS 3 IHTErpajJbHO-ONTHYHOIO
CXEMOIO METOIaMH T10pHIHOT TEXHOJIOTI].

[Ipu3HaueHHS Na3epHUX AiOMIB, Y TOMY YHCH i B iHTETpaIbHO-OII-
TUYHOMY BUKOHAHHI, HE OOMEKYETHCS TUTBKH T€HEPYBaHHSIM ONTHYHOTO
BHUIIPOMiHIOBaHHA. PiBeHp IM)KeKmii MOXKHAa 3pOOHTH JOCTATHIM ISt
CTBOPCHHS IHBEPCHOTO 3aCEJICHHs, aje HEJOCTAaTHIM I TeHepallii, 1 ToIi
MIPOMiHb, IO MPOUIIOB Yepe3 aKTUBHE CEPENOBHIIE, ITICHIUTHCA (pere-
HepaTuBHHH migcuioBad). O4eBUIHO, TIOCHICHHS CBiTIa Oyzae BinOyBaTucs
1 mpu HOro TPOXO/KEHHI Yepe3 aKTUBHE CEpeloBHINE Oe3 pe3oHaTopa
(migcnmoBay OiKy4oi XBHIIl). | B IbOMy, 1 B IHIIOMY BHIIQJIKy OJJHOYACHO 3
MTOCHJICHHSAM CBITJIa BiIOYyZEThCS 3MEHIICHHS KOHIICHTPAIlil €JIeKTPOHHO-
JIIPKOBHX TMap, TOOTO CTpyM depe3 MAioJ 3MeHIHThCs. [Iponec Takoro
“HeraTHBHOTO” (HOTOE(PEKTy CIIOCTEPIracThCs MPH HYIHOBOMY YH 3BOPOT-
HOMY 3cyBi. JlazepHHUii 110/, TAKUM YHHOM, MOXKE€ BUKOPUCTOBYBATHCS TIPH-
HallMHI B TPBOX SKOCTAX: TEHepaTopa ONTHYHOIO BHIPOMIHIOBAHHA 3
MOXIJTUBICTIO BHYTPIIIHBOI MOJYJISIIII, MiZICHIIIOBa4Ya MO ONTHYHOMY KaHa-
Jqy, a TakoX MIBUIKOAi04oro dorompuiiMada. Ha 1mpoMy IpyHTYETHCS
poboTa JiHIi ABOCTOPOHHBOI MepeAadi 3 iIEHTHYHUMH KiHIEBUMH ITIPHCT-
POSIMH 1 peTpaHCIATOPAMH.
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12.5. BoJIOKOHHO-ONITHYHI TaTYHKH

Po3poOka BOJOKOHHHMX CBITJIOBO/IB BiJKpWBA€ MIMPOKI MOXKIIH-
BOCTI PO3BUTKY HOBHMX METOJIB BUMIpy pi3HUX ()i3udHNX BeNUuuH. CBITIIO-
BOJIOKHO MOJKE BUKOPHMCTOBYBATHCS HacaMIlepesa Uil Iepeaadi ONTHIHOTO
CUTHAITy, TII0 Hece iHPOPMAIIit0 TIPO BUMIPIOBaHY BEIMYHHY. X0Ya MPH IHO-
My CBITIIOBOJ BiJlirpa€ MacUBHY POJIb, HOTO BHKOPHUCTAHHS Ja€ LUTAN PsiI
ICTOTHHX TIepeBar: BUKIIOYAETHCS BIUIMB 30BHIIIHIX €IEKTPOMAarHiTHHX
BILIMBIB, 320€3MEe4YyIOThCSI BUCOKI BOJIOTO- 1 TEIJIOCTIHKICTD, XIMIYHA 1HEPT-
HICTh, MOXJIMBICTh POOOTH y Ba)KKOJOCTYIHHUX MICIISIX, BUOYXOHeOe3neu-
HHUX CEepeOBHINAX, POCTOTA i THYYKICTh BUMIPIOBATBHUX METOAMK Ta iH.
Haiinpocrimmii npukiag moaiOHOr0 BUKOPUCTaHHS — ONTHYHHUNA BOJIOKOH-
HUH JTIYUIBHUK SKUX-HEOY/Ib IPEIMETIB, 3aCHOBaHHUI Ha MepepuBaHHI CBIT-
noBoro npomenst (puc. 12.7, a). Takuii npucTpii, 1o siBisie cOO00, BIaCHE
Ka)XKy4H, OBIUI ONTPOH 3 BIAKPHTHM ONTHYHUM KaHAJIOM, MOXE 3acTO-
COBYBATHCA TIpH BiAMOBimHIN Momwmdikamii BUMIpIOBATBHOI CXEMH SIK
JATYUK HAsBHOCTI PiAWHU, CTaHy TOBEPXHI INpenMeTa, MIBHAKOCTI HOTro
00epTaHHs, YaCTOTH KOJMBaHb, MPOCTOPOBOTO TOJIOKEHHS! 00’€KTa (HaIpHK-
Jaj, BACOKOBOJITHOTO BHMHKA4a, IPH aBTOMaTUYHOMY 3BaXKyBaHHI) 1 T. II.
SIKIo 3a30p y pO3pHBI CBITJIOBOJOKHA 3pPOOUTH MallM, OJWH KiHEIlb
JKOPCTKO 3aKpiNUTH, a IHIMMHA BCTAHOBUTH HAa MOTPIOHY JeTanb, TO iHTEH-
CHBHICTh CBITJIa, II0 TIEPEXOANUTH 3 OJHOTO BOJIOKHA B IHIIWH, BUSBUTHCS
YYTJIMBOIO IO OIYHOTO 3CYBY JCTai.

N AN
NINSENNNN
NN
FT
a 0 8

Puc. 12.7 — [Ipukaaan HAHNPOCTIMIHX BOJOKOHHO-ONTHYHUX IATYHKIB:
HA OCHOBI BiIKpUTOro onTpoHa (@), AJast BAMIpY rycTHHH pimunu (0) i THCKY (6)

HaHocsiun Ha Topens BOJIOKHA JIFOMIHECLICHTHY PEUOBHHY 1 BUKO-
PHUCTOBYIOUM TEMIIEpAaTypHY 3aJIe)KHICTh IHTEHCHBHOCTI (WM CIEKTpa)
CBITIHHSI, MOYKHA BUMIPIOBATH TEMIIEPaTypy B 3aJaHiii 00iacTi (Hanpukia,
y BaXKOJOCTYIHHX MICIsX 1 T. 1.). BUnpoMiHIOBaHHS, 10 30YMXKY€E JFO-
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MIHECIEHIIiI0, TOJ]AI0Th TUM CaMHM BOJIOKHOM, aJi¢ B iHIIIN CHIEKTpaIbHIN
obunacri. /{iara3oH BUMIPIOBAaHUX TEMIIEPATyp BU3HAYAETHCS THIIOM JIFOMi-
Hodopa (manpukiaz, 220..470 K gis Gd,O,S:Eu). Jlns BuMipy BHCOKHX
TEeMIEPaTyp Ha TOPELb CBITIOBOJY HAHOCSATH SIK MEPBUHHHUN JAaTYMK TOH-
KOIUTIBKOBE MOKPHTTS (ipHIii, OKCHA aJIOMIHIIO), 10 BUKOHYE POJb YOp-
HOTO TiJla, a HOrO BHITPOMIHIOBaHHS, SIK 1 (DOTOJFOMIHECILEHIIII0, PEeecT-
PYIOTB (hOTOICTEKTOPOM.

Y BOJIOKOHHO-ONITHYHUX JaTIAKaX aOCOpOMIHHOTO THUITY BUKOPHUC-
TOBY€ETHCS TEMIIEPaTypHa 3AJISKHICTh ONTUYHOTO IPOITYCKaHHS HAHECEHOTO
Ha TOpelb BOJOKHA IApy PIAKOro KpUCTaja, TEPMOXPOMHOIO Marepiaiy.
Bucoxy ToO4HICTh BU3HAUYEHHS TEMIEPATYpH 3a0e3MedyioTh AU(epeHIiaib-
Hi METOIM, IJIsl YOTO BHMIPIOBAaHHS NMPONYCKaHHS POOJISATH HA IBOX JOB-
JKHHaX XBUJIb.

PoboTa BOJIOKOHHO-ONTHYHOTO JIaTYMKAa MOXKE I'PYHTYBaTHCS Ha
SBHIAX, IO BiIOYBAaIOTHCA HA TPAHHUINl PO3IUTY CEpPICBHHU BOJIOKHA 3
000JIOHKOIO 1 30BHIIITHIM CepeOBHIIEM. SIKIO, HAPUKIA[, KiHSIb CBITIIO-
BOJIOKHA 3 J3€pKAILHUM TOPILIEM IOMICTHTH B PiIMHY, TO TIPH 3MiHI TeM-
MepaTypy 3MIHUTHCS PI3HUII TTOKA3HUKIB 3aJIOMJICHHS CEPIICBUHU 1 PiIIHH,
a 3HAYMTH 1 KoeimieHT BiAOMBaHHA CBiTJIa Bix TopId cBitimoBoxmy. [lopi-
HIOIOYH IHTCHCHUBHICTh BIiIOMTOTO CBiTJa 3 THUM, IO HAAXOJUTH Ha (OTO-
JIleTeKTop Oe3rmocepeHbO BiJ jpKepena (CBITIOI0/1a), MOXHA JIOMOITHCS
BUCOKOI TOYHOCTI BuUMiptoBaHHs temneparypu (He ripie 0,1 K). 3po3ymi-
JI0, 32 3HAUCHHSAM KoeilieHTa BIIOWUTTSA BiJ TOPLS CBITJIOBOAY MOXKHA
BU3HAYATH 1 a0COIIIOTHE 3HAYCHHS TIOKa3HHUKa 3JIOMJICHHSI PEYOBUHH, B SIKY
3aHYPEHUI KiHEIb CBITJI0BOAY (BOJIOKOHHO-ONITUYHUI pepaKkToMeTp).

[ToMiTHO BIIMBAIOTH Ha MPOXOKEHHS CBITJIa YMOBHM Ha OiuHii
TTOBEPXHI CBITIIOBOJIOKHA, OCOOJIMBO SIKIIO 3 HBOTO 3HATH O0OJOHKY. Bin-
PI30K CBITJIOBOJIOKHA YCIIIIIHO 3aCTOCOBYIOTH JJIsI BUMIPIOBaHHS PiBHA
pianHM: 1O Mipi 3aHypeHHS CBITJIOBOAY B DIMHY 3MIHIOETHCS JOBKHHA
BOJIOKHA, 1[0 KOHTAKTYE 3 PIMIUHOIO, a 1l TOKa3HHUK 3AIIOMIICHHS 3BHYANHO
TOMITHO OLTBIINI HiXK TOBIiTpA. [[UISHKA CBITIOBOJIOKHA, MOKpUTA IIaja-
JIEM, € JaTYUKOM HASIBHOCTI BOJHIO, 1[0 MICTHTBCS B Ta3oBiid cymimii. [Ipu
B3a€EMOJIIi 3 BOJHEM MIap Majajil0 PO3IIUPIOETHCS, Y Pe3ysbTaTri 4oro
BUHUKA€ JOJATKOBUH 3CYB (ha3u IEpelaHOro BOJOKHOM ONTHYHOI'O CHI-
Haiy. 3cyB (pasy BU3HAYAIOTH METOJIOM IOPIBHSIHHS 3 ONMOPHUM CHTHAJIOM,
110 ITPOMIIOB TaKe CaMe CBITJIOBOJIOKHO, ajle He TIOKPUTE MaJlalieM.

Biapi3ok CBITIIOBONIOKHA, BUTHYTOIO, SIK TIOKA3aHO Ha PUCYHKY 12.7, O,
MIPUYOMY HEO0OOB SI3KOBO 3BUILHEHOTO Bil 0O0OJOHKH, MOKE CIyTyBaTH JIaT-
yuKoM TUCKy. Popma BUTHHY IeTJ (IKa MoXe OyTH MiHIaTIOpHOIO) 3a-
JIEKATh Bill THCKY B HABKOJIHWIIHBOMY CEPEIOBHINi, TOOTO, 3MiHA THCKY
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000B’SI3KOBO BIUIMHE HAa IHTEHCHBHICTDH CBITJIA, 1[0 MPOXOAUTH METJe0. 3a
JOTIOMOT'0I0 TAKOTO JaT4MKa MOYKHA BH3HAUUTH TaKOX TYCTHHY PiIMHH,
HaIpUKJIIa]], eEeKTPONIITY B KHCIOTHOMY aKyMyJISITOpi, a 1ie, Y CBOIO 4epry,
Hazae iHpOpMaIliio PO CTYIiHb Horo 3apspkeHocti. JlocBin nmokasye, mo
IHTCHCUBHICTD CBITJIa, IO MPOWILIO Yepe3 METI0, B poOOYOMy iHTEpBaIi
3MIHM TYCTHHH €JIEKTPOJIITY 3MIHIOETHCS B KUJIbKa pa3iB, TOOTO JOCHUTH IT0-
MITHO JJIsl TOYHUX BUMIPIB.

Juis peecTparlii HU3PKUX THUCKIB CBITIIOBOJIOKHO BCTAHOBIIOIOTH Y
TIPHCTPIHA, 1110 JI03BOJISIE CTBOPIOBATH MIKPOBHTMHH, 110 YepryIoThes (prc. 12.7, 6).
OnrtuuHi BTpaTd Ha BUTMHAX BOJIOKHA 3POCTAIOTh MPH 30UIBIICHHI THUCKY,
0 JI03BOJISIE PEECTPYBATH JIOCUTHh Malli Horo 3miHu (710 10%4..107 I1a).
[NoxiOHMiA MPUCTPili MOXE CITYyTyBaTH TAKOXK BHUCOKOUYTIHBHUM JaTUMKOM
AKyCTHYHHX KOJHBAHb.

Jlisi BOJIOKOHHOTO JIATYMKA MOXKE IPYHTYBATHCS Ha Mpoliecax, 1o
BiOyBalOThCS B caMOMy Marepiaii BosiokHa. ONTHYHI BTPaTH y BOJIOKHI
3pOCTAIOTh, 30KpeMa, Y Pe3yJIbTaTi Mil 10HI3yI0UNX BUIIPOMIHIOBAaHb, III0 BH-
KOPHCTOBYEThCS JUII BHMIPY HAaKOMMYEHOI (TOIJIMHEHOI) JO3M pEeHTre-
HIBCBKOTO YW Y-BHIIpOMiHIOBaHHA. J[o3a B | pam 3MeHIIye MpoITyCKaHHS
CKJIOBOJIOKHA Ha COTHI JEIHOENiB, MO J03BOJISE BHUMIPIOBATH Malli J03U
onpoMiHeHHs. Bifnan BiJHOBIIIOE BIACTUBOCTI BOJIOKHA 1 HOTO 3HOBY MOX-
Ha BUKOPHCTOBYBATH JIJIsl BUMIpIOBaHb. [lojliMepHe CBITIIOBOJIOKHO, JIETO-
BaHE apOMATUYHHMH CIIONYKAMH, CAME € CUUHMUTIAMOPOM, TOMY, PEECTPY-
104d 30y/KeHI Y BOJIOKHI CIanaxd, MOXXHA BH3HAYATH XapaKTEPUCTHKH
1OHI3yIOYOTO BHUIIPOMIiHIOBaHHS (IHTEHCHUBHICTh, €HEPrilo Ta iH.). B ocHOBI
poOOTH BOJIOKOHHO-ONTHYHOTO JIaTYMKa MOXKe OyTH Takox seuuye Yepen-
Koéa — Baeunoga — pensTUBICTCHKUN €(EKT, IO IIOJISTa€E y BUHUKHEHHI
CBITIHHSI B pe4oBHHI (Y JaHOMY CBITOBOJIOKHI) IPH MPOXOPKEHH] Kpi3b HHOTO
3apsKEHUX YacTOK 3 MIBHIKICTIO, IO MEPEBHIIY€ MIBUAKICTH CBIT/IA B Ll
PEYOBHHI.

KgapiioBe BOJIOKHO, JI€TOBaHE PiITKO3EMENFHIMH elleMeHTaMH (Heo-
IIMOM, €BpOITiEM Ta iH.), JIIOMIHECIy€ TPH OCBITICHHI HOTO KOPOTKO-
XBHJILOBUM YJIbTPagiojeTOBUM BUIIPOMIHIOBaHHIM. SIBHIe Temmeparyp-
HOTO TaciHHs TaKoi JIIOMIHECIEHIIIi J03BOJISIE JIOCUTh TOYHO BUMIPIOBATH
TEeMITepaTypy HaBKOJIHUIIHBOro cepenoBuiia B intepsai 300...500 K. Mox-
Ha, HapelTi, BAKOPUCTOBYBATH TEIUIOBE BUIPOMIHIOBAHHS CBITJIOBOJIOKHA.
Hns BucokoTemneparypHoi obmacti ax mo 2000...2200 K cBiTiioBos BUro-
TOBJISIFOTH Y BUTJISIIII TOHKOTO BOJIOKHA 13 candipy. Yci BOJOKOHHO-ONTHYHI
JATYUKH TEMIIEPATYPH OCOOIUBI TUM, LIO MAIOTh HE3HAYHY TEIUIOEMHICTB i
TEIUIONPOBIIHICTh, MaJi MOCTIHHI Yacy, BUCOKY UyTJIHMBICTh, XIMIYHO iHEpT-
Hi, y 0aratboX BUNAJIKaX HE3aMiHHI MPH BUMIpax yCepeAWHI OPOXHHH, Y
TKaHWHAX 1 T.II.
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Jliis peectparii peakiiii BOJTOKOHHO-ONITHYHOTO JATYMKA HA TOW YM
IHIIMI BIUIMB y 0araTbOX BHIIQJIKAX BHKOPUCTOBYIOTH iHTepdepeHIiliHi
CXeMH, IO Haiyacriie 3a0e3neuyloTh BUCOKY YYTJIMBICTH 1 CTaOIIBHICTH
poboTH BUMIpIOBabHOI cucTeMu. [10sSICHUMO poOOTY aTyMKa MEXaHIYHUX
HaBaHTaXeHb. OIMH 13 JBOX OJJHAKOBHX BiJIPi3KiB BOJIOKHA 3 N3epKAIILHUMHU
TOPUSMH TPUKIICIOIOTH JIO0 TOTPIOHOTO eneMeHTa KOHCTpYKMii, a iHImmH
3aIMIIAI0Th HeHaBaHTaXeHHM. OOn/IBa CBITJIOBOJIOKHA JKHBJISATBHCS BiJl TOTO
CaMoro JpKepesna KOrepeHTHOTO CBITa. 3MiHA JOBXHHH “‘BHMipIOBAIBHOTO”
BOJIOKHA BUKJIMKA€ JOIATKOBHUI 3CYB (a3 BIAHOCHO MPOMEHS, KN TPOW-
OB “‘TaJIOHHUM™ BOJIOKHOM, IIO BiIOMBAETHCS Ha PEe3yNbTaTi JONaBaHHS
000X TIpOMEHIB, i HAa CHUTHAINI, KU peecTpye (ortomeTekTop. PosrmaHyTy
ONTHYHY CXEMy MOXKHA IPHUCTOCYBATH JUIsi BUMIPY HAINPYKEHOCTI MarHit-
HOTO TOJIsI, TMPHKPIMUBIIMA BHUMIPIOBAILHUN BiJPI30K CBITJIOBOJOKHA 0
TUIACTUHH 3 MarHiTOCTPUKIIHHOTO Marepiany. [1ix mi€ro MarHiTHOro mois
PO3MIpH TUTACTHHU Pa30M 3 JOBKUHOK BOJIOKHA 3MIiHIOIOTHCS, IO 1 3a-
peecTpyeTbest POTOIETEKTOPOM.

Jnst BUMIpY €NEeKTPUYHUX HATPYT CBITIOBOJIOKHO MPUKPIILTFOIOTH
JI0 TUTACTUHH 3 T’ €30€JIEKTPUYHOTO MaTepiaiy, o J1eGOpMyeEThCS TIPH PO3-
MillleHH 11 B eJIEKTPUYHOMY TOJI. SIKIIO 10 I €30€JeKTPUYHOTO eJIeMEHTa
NPUKPIMATH KOHTaKTH, TO BENMYHMHY NPUKJIAICHOI IO HUX EJIEKTPHYHOI
HaIpyTH MOXHA BU3HAYUTH, BUXOMISIYH 31 3MiHU (pa3w CBITIIOBOTO IydKa,
IO POXOJIUTE Yepe3 BOJIOKHO.

CamocCTiHHI 1HTEpeC MPECTaBISIOTh 80,10KOHHO-ORMUYHI 2ipo-
CKORu, IPU3HAYEH] JUIl BUMIPY KYTOBUX IIBHJIIKOCTEH 1 KyTIB MOBOPOTY.
Taxi npuctpoi, Ha BiAMIHY BiJi MeXaHIYHHX TIPOCKOMIB, SIKi BHKOPHCTO-
BYFOTBCS IS HaBiramii i crabinmizanii pyXxoMux 00’ €KTIiB, HE MICTATh HIBUA-
KOOOEPTOBHX MacHBHHX MaxOBHKIB. J{isi BOJIOKOHHO-ONITUYHOTO TipOCKOIIa
IPYHTY€EThCS Ha SIBUIAX, AHAIOTIYHUX THM, III0 BiJ0YBAOThCS B ONTHYHHX
(kBaHTOBHX) ripockomnax. YyTIMBEM €JIEMEHTOM ONTHYHOIO TipOCKoma €
Kinbyeguil 1azep, BiTKPUTHI PE30HATOpP SIKOTO YTBOPEHO HE JIBOMA J3€p-
KaJaMH, CIPSIMOBaHMMH HA3yCTpid OJWH OJHOMY, a TphbOMa 4M Oiiblile,
3MOHTOBAaHNMH Ha TBEPAiIH OCHOBi, TaK IO CBITIOBI MPOMEHI MOMINPIO-
FOTBCS 0 3aMKHYTOMY KOHTYpy. llpm obepraHHi mpmiamy HaBKOJIO OCi,
MEPHEeHMKYISIPHIN [0 IJIOIMHNA KOHTYPY, MK ODKYyYHMMH Ha3ycTpid OJHa
OJTHIM XBUJIIMH BHHUKA€E Pi3HUIS (a3 MpOnopiiifHa IMBUIKOCTI 00epTaHHS
(e¢pexm Canvaka).

VY BOJIOKOHHO-ONTHYHOMY TipOCKOII 3aMKHYTHH KOHTYP CTBOPIO-
€TBCSl 3a JIOTIOMOTOI0 CBITJIIOBOJIOKHA. Ha oOuimBa #Horo KiHII BHIIPOMi-
HIOBAHHS JIa3€PHOTO Y{ CYIEPIIOMIHECIIEHTHOrO J1ioJla MOCHIIAIOTh 3a JI0-
TIOMOTOI0 CBITJIONOAIIbHNKA. [licis MpoXo/pKeHHS CBITJIOBOJIOKHA O0HM/Ba
MIPOMEHI MOTPAIUISIOTh Ha (OTONETEKTOp 1 HAa cXeMy peecTpamii. 3 BUMI-
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psiHOT pizHULi (a3 3HAXOATh MUTTEBY IIBHIKICTH 00epTaHHS 00’€KTa, Ha
SKOMY 3aKpiIUICHHH KOHTYD; IHTETPYIOUM CHI'HAJI, OJEPXKYIOTh KyT IOBO-
poty i T. 1. BUkopucTOBYyIOUH, HaNpUKIAA, 1000Be oOepTaHHS 3eMili, BU-
3HAYalOTh IUPOTY MicleBocTi. CUTHAN, 3HATUH 3 IETEKTOPa, MOXKHA BUKO-
PHUCTOBYBATH JUIsl KEPYBaHHS 00 €KTOM, III0 PYXa€ETHCSL.

Bos10OKOHHO-ONITHYHI TipOCKONM MAaroTh SIBHI IIEpEeBaru B IOpIiB-
HSIHHI 3 MEXaHIYHUMHM: Maii rabapuTy i Bary (0COOJIMBO IIpH CHOJYYCHHI
CBITJIOBOJIOKHA 3 IHTETPalbHO-ONTHYHOIO CXEMOI0), BUCOKY HaIiHHICTB,
Mpale31aTHICTh B yMOBaX BHCOKHX MEXaHIYHUX HaBaHTAXKEHb, NPAKTHYHO
MHUTTEBY TOTOBHICTH JI0O POOOTH, MPOCTOTY TEXHOJOTII i HU3BKY BapTICTh,
HE3HAUHE CIIOKMBAHHS €HEPrii, HapemITi, BUCOKY UyTJIUBICTh 32 PaxXyHOK
BUKOPHCTAaHHS 0araTOBUTKOBHX KOTYIIOK CBITIIOBOJIOKHA (IECATI 4YM COTI
YaCTKH Ipajyca B TOAMHY 1 MEHIIE).

Mu 6a4nMo, [0 BUKOPUCTAHHS IHTETPaIbHOI 1 BOJIOKOHHOI ONTH-
KU JIO3BOJISIE TIEPEBECTH 0OpOOKY 1 nepenady iHdopmarii Ha SKICHO 1HIIMI
PpiBeHB, BUpillyBaTH 0araTo HayKOBO-TEXHIYHUX 33/1a4 3 HOBUX MO3HIIIH.

[HIi mutaHES TOOYMOBM 1 3aCTOCYBaHHS ONTOENEKTPOHHHX Jat-
YUKIB OITKCAHO B [6].

HanpukiHIii ekiii XoTijIoCh 3a3HAYUTH, IO Cy4YacHa BOJOKOHHA
OIITMKA JOCATIIA JOCHTH BHCOKOTO PO3BHUTKY 1 BiIOKPEMHIIACH Bifl OITO-
€IIEKTPOHIKH B OKpEMY Tally3b, TOMY BUBYAETHCS HA 1HIINX CHEIiaTbHOCTSIX
SIK OKpeMHid TipeaMeT “BoIOKOHHO-ONTHYHI CHCTEMH Iepenadi iHdopma-
uii”. Tyt Oinbliue yBaru NPUALICHO THUTAaHHSAM PO3MOBCIOKEHHS CBIT-
JIOBOTO NPOMEHS Y3IIOBX XBHIIEBOAY Ha OCHOBI Teopil MaxcBesna, pos-
MIOBCIOJDKEHHS XBHJIb Y3OBXK XBHJIEBOAIB PI3HOI CTPYKTYpH, IpoOieMam
NoOYZ0BH aHAJIOTOBHX 1 IIM(POBUX CUCTEM Iepeiadi TOIIO, SIKi He OXOILIIOE
KypC ONTOENEKTPOHIKH.
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5 OIITOJIEKTPOHHI MPUCTPOI BIJOBPAXEHHS
IH®OPMAIII I

Nekuia 13. IHAUKATOPHI NPUNAON

= Xapakmepucmuku 30py.
= BakyyMHi nromiHecyeHmHi npunadu.
= [a30po3psAdHi iHOukamopu.

13.1. XapakTepucTuku 30py

OpHiero i3 JaHOK aBTOMATUYHUX CHCTEM KEpyBaHHI € onmo-
eﬂexmpoum npucmpoi idodparxcennn ingpopmauii. PizHoro pony npHCT-
poi, sKi MalTh TabI0, MHEMOCXEMH, €KpPaHH SIK KOJEKTHBHOIO, Tak i iH-
JIMBiyanbHOTO KOPUCTYBAaHHS, IIOJJAI0Th OTPUMaHy iH(opMalilo y Bizyans-
Hiil ¢opmi. OCHOBHUM €JIEMEHTOM MOAIOHUX TPHUCTPOIB € IHOuUKamopHi
npunadu, sKi IEPETBOPIOIOTH CICKTPHYHI CHTHATM B ONTHYHI. BCi Taki mpuct-
poi BimoOpaxkeHHs iH(popMaIlii MalOTh OyTH Y3TOJKEHI 3 JIFOACHKHM OKOM,
sKe SIK QOoTOoNpHiiMay Mae psiJi OCOOIMBOCTEA.

Jlnist oka XapakTepHHUH BiIHOCHO BY3bKHH Jialla30H JJOBXHWH XBWJIb,
SIKM BOHO CHpHIMae, MpUYOMY B IIbOMY Jiana3oHi YyTJIHMBICTH OKa JI0
PI3HUX JIOBXXHMH XBWJIb HEOJIHaKoBa. JIJIsl ONMHMCY IIi€i BIACTHBOCTI OKa BBO-
IUThCs (DYHKIS BiJHOCHOI CIEKTpalbHOI CBITIOBOI edextuBHOCTI f{A)
MOHOXPOMATHYHOTO BHIIPOMiHIOBaHHA. L[ (yHKIIS BH3HAYAETBCS AK Bij-
HOIIEHHS TOTOKIB CBITJIA

’)
FO) 1) 3 JIOBKMHAMHU XBHJIb A 1 Ay,
1 SKI BUKIMKAlOTh HOPMaJb-
0,8 HE CHPHUHHATTS OIHAKO-
06 f ) f’(}b) BOi cui (A, BUOUpAETh-
04 Csi TaKUM YHHOM, II100
0,2 MaKCHMaJlbHe 3HAYEeHHS
0 I[bOTO BiTHOIIECHHS JIOPiB-

350 400 450 500 550 600 650 700 A(HM) HioBano oaumuui). Ha
puc. 13.1 mpuseneni rpa-
i byt f(2) 1 1'(R)
JUIsl IGHHOTO Ta HIYHOTO
30pY BiJIIOBIIHO.

Jlns sickpaBocti L > 10 xa/m® makcumyM ¢ynkmii f{L) croc-
TepiraeThes Ha JOBXKHUHI XBWII A = 555 M (Ha widl gomxubi xBwii 1 Bt
MMOTOKY BiAmoBimae 680 mM CBITIOBOTO MOTOKY). B yMOBax sICKpaBOCTI
(L <0,01 kn /M) gyrxuis /(L) mae makenmym mpu A ~ 508 Hu.
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Taka BIAaCTHBICTh OKa IOSCHIOETHCS HASBHICTIO B HBOMY peLell-
TOpIB JIBOX TUIIB (TAJIOYKU Ta KOJOOYKH), SIKI BMILIYIOTh CBITJIOYYTJIHBI
MITMEHTH JBOX TUMIB (POJOICHH i HOMOKCHH). binbln 4yTimBi (Maso4ku)
MIPaIOIOTh MTPU HU3BKHUX PIBHIX OCBITIIEHHOCTI (SICKPaBOCTI) 1 pearyoTh Ha
CBITJIO B iHTepBali AOBXWH XBUIb 380...640 HM. Konbouky MeHI 4y TimBi.
TonoxeHHs MakcuMyMy KpuBoi B inTepBam 0,01...10 k1/mM> BH3HAua€eThCs
Pe3yIIbTaToOM PeakKiii CBITIOPEHEeNnTOPiB K OJJHOTO, TaK 1 IPyroro TUILY.

Oxo € yHIKaJbHUM (OTONpHUIMaUEM, SIKMH CHPUIMaE CBITIIO B -
JKe MIMPOKOMY Jiara3oHi 3Ha4eHb SCKPaBOCTi. HIDKHIN mOpir 4yTiamBOCTI
oKka (MiHIMabHA SICKPABICTH CBITJIOBOI IUISIMH, SIKa IIe MOXKe OyTH BHSB-
neHa Ha TeMHOMY (oHi) ckmagae 6inst 107 ka/m’, BepxHiit mopir (3a KM
BHHHUKAIOTH 0OJI1 B OIll) CTAHOBUTH 10°...10° kn/M%. B IHIMKATOPHIH TeXHilli
BUKOPHCTOBYIOTh JUKepena, sickpasicth sxux 10..1000 km/m’. Tak, Ha-
NPUKIIaJ, SICKpaBiCTh YOPHO-OLIOrO TEJIeBI3iHHOrO KiHecKora B MeKax
100...200 K1/M°, a sickpaBicTh cHrHaTbHOI Tabmiaku “BUXIJI” B kiHoTeaT-
pax — 6imst 10 ka/m>.

BaxnnBoro XapakTepHCTHKOIO (OTOIpHiiMada € HOro po3dinsHa
30amuicms. BOHa OIIHIOETbCS MIHIMIBHHUM KYTOM Olyin, TPH SIKOMY
BIAETHCS 1€ PO3PI3HUTH IBi cycimui Toukn 06’ekra. Tak, skmo Ly — Bix-
CTaHb JI0 00’€KTa (HANPUKIIA, eIeMEHTa CUMBOJY, SKAH BHUCBIUy€ThCS 1H-
nikatopoM), a Hy — ioro BHCOTa, TO /ISl BIICBHEHOTO YHUTAHHSI MAa€ BHKO-
HYBaTHCh YMOBA!

Hy >0 L, (13.1)

min

JI€ Ol BUPAKAETHCS B PaJIiaHaX.

OOxBaT 30HM MaKCHMaJIbHOT PO3JIBHOT 3IaTHOCTI OKa Xapakre-
pusyerbest Kyramu 16...20° no ropusonTani Ta 12...15° nmo Beprukami. Y
BIJIMOBITHOCTI 710 THOTO (hopMaT eKpaHa JUIi BimOOpaskeHHS iH(popMarii
BHOMPAIOTH TAaKMM YMHOM, 100 BiJJHOIICHHSI HOTO IIMPHWHHM JI0 BHCOTH CKJIa-
maino Big 4/3 mo 5/3.

Jlns BIIEBHEHOTO YMTAHHS MOTPiOHO, 00 SICKPaBiCTh DKepena Ha
JesKy BenmnunHy AL, MepeBHIyBana CepeHIO sSCKpaBicTh L, BCHOrO HaB-
KOJIMIIHBOTO iH(OpMaLiifHOTO TOJs, Pa3oM 3 MOKIMBUMH 1HIIMMU JKepe-
JIaMH, SIKi HOTPAIUISIFOTh Y TI0Jie 30py. MiHiMajIbHEe 3HaYEeHHsI BiJHOIICHHS:

ky =—=, (13.2)

npu skoMy AL, po3pi3HSIETHCS OKOM IpH JaHOMY piBHI L, Ha3WBarOTh
nopozosum konmpacmom. Y pobodomy miarasomi sickpasocti (10...1 000 ki),
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ne k= 0,02...0,05, HeoOXinHO, 106 KOHTpACT 300paxeHHs k (BiAHOIIEHHS
ACKpaBOCTi 00°€KTa 1 hOHY) IepeBuIIyBaB k7 He MeHIe Hix B 10 pasis.

ITpn mobynoBi cucrem BimoOpaxkeHHs iH(opMmarii, B KX 300pa-
JKCHHS BUHHUKAIOTHh IMiJ II€I0 TEPIONWYHAX CHUTHAIIB, TOTPIOHO Bpaxo-
BYBaTH Te, IO 3ip Ma€ iHEpIiHHICTh. [CHye rpaHWYHA YacTOTa, TIPH TIEPEBH-
IIEHHI SIKO1 3HUKAE e()eKT MUraHHs iHaukaropa. s inaukaropa 3 L > 100 Kiy/M>
KPUTUYHA 4YacToTa MuraHHsA craHoBUTh 50 I'l. BaxnuBe 3HaueHHs mnpu
CTBOPIOBaHHI CHCTeM BifoOpaxkeHHs iH(opMalii € TpaBHIBHUEI BHOIp
KOJIbOPY Tepeadi. 3AaTHICTh OKa CIIpUIMAaTH KOJIip 6a3yeThcs Ha TOMY, IO
OJVH 13 THIIB peuentopiB (KOJOOYKH) Ma€ TPH PI3HOBHIM, SIKi Biipi3-
HSIIOTBCS CKIIJI0OM CBITJIOUYTJIMBOI PEYOBMHH, IO PearyroTh Ha CBITIIO IEB-
HUX oOacTell CIeKTpa — YepBOHMWH, 3eJleHni Ta cuHild. baraTtokonpoposa
KapTHHA HAaBKOJHIITHBOTO CBITYy € pe3yJbTaTOM KOMOiHAmii peakmiid mmx
pelenTopiB Ha Mif0 JAOBXHH XBWJIb TPhOX OCHOBHUX KOJIBOpiB. MaTema-
THYHO TaKy KOMOIHAIIF0 MO>KHA TPEACTABUTH B BHUTILAII BEKTOpa B TPH-
BUMIPHOMY IIPOCTOpi, OCI KOOpPAMHAT SIKOTO 33/Jal0ThCs BEKTOPaMH, SIKi

BiIIOBI1at0Th YepBoHOMY (A, = 700 HM), 3ereHOMYy (A, = 564,1 HM) Ta CHHBOMY
(A = 435,8 HM) KOIBLOPaM.

13.2. Bakyy™mHi JiloMiHeCUeHTHI NPUJIaau

B ocHOBI po0oTH TNpmiIamiB mbOTO THUITy € SBUIIE KaAmMoOoio-
MiHecyenyii, s’ke BUHUKAE TpH 30yKEHHI JIOMiHOQOpa TPUCKOPESHUMHU
eJIeKTpOHAMH. SIKIIO €Hepris eIeKTPOHIB HeBeNHKa (10 IEKITbKOX JECATKIB
€NIEKTPOHBOJIBT), TO KaTOJOIOMIHECIICHIIiS HA3UBAETHCS HU3LKOBOILIH OO
1 BUKOPHCTOBYETBCSl Y BAKYYMHHX JIFOMIHECIIGHTHUX iHAMKaTopax. Katomo-
JIIOMIHECIIEHIIisl, sIKa BUHUKAE B EJIEKTPOHHO-NIPOMEHEBHX TPyOKax, Xapakx-
TEPU3Y€EThCS 3HAYHO OIIBILIOI CHEPri€l0 EeNeKTPOHHHMX IYYKIB (IECATKH
KiJIOEJIEKTPOHBOJIBT).

[Tpu ompomiHeHHi JoMiHO(Opa YacTHHA NIEPBHHHUX EJIEKTPOHIB,
SKi TIOTPAIUIAIOTh Ha TOBEPXHIO KPHUCTANB, MPOHUKAE B JIOMiHOGOP Ha
JIesKy TIIMOWHY, THUM OLIbIIy, YMM OijbIlla €HEprisl eJIeKTPOHIB, a YacTHHA
MIpy’KHO ab0 HENpYXXHO BiNOWBAEeThCS BixM MoOBepxHi. Llg eHepris iine Ha
CTBOPEHHSI €IIeMEHTapHHUX 30ypeHb KPUCTANIYHOI IpaTKH — EKCHUTOHIB, €JIeKT-
POHHO-IIPKOBUX Iap, IJIa3MOHIB (KOJIEKTUBHUX KOJIHMBAHb BUTPHHUX EJEKT-
POHIB) TOMIO, AKi MITPYIOYM KPHUCTAIOM, MOXYTh 30yIKYBaTH LEHTPH
nroMiHecteHmii. OKpiM 1BOTO, €IEKTPOHH BEJIHMKHUX SHEprii MOXXYTh 10Hi-
3yBaTH aTOMHM, BHOHMBAIOYM Ha CBOEMY IUIAXY BTOPHHHI €JIEKTPOHH, SKi
TaKOXX 34aTHI NPHHAMATH Yy4acThb Yy CTBOPEHHI eJNeMEHTapHUX 30ypeHb
KPHCTAJIIYHOT I'paTKH. Y pe3ynbTari 001acTh, B SIKii BUHUKAE JIIOMIHECIICH-
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1151, BUSIBIISIETHCS 3HAYHO IIUPIIOI0 00JIACTi, B SIKY MPOHHUKAIOThH EIEKTPOHH
3 MaJanydoro My4yka. 3aleKHICTh SICKPaBOCTI KaTOJOIOMIHECIICHTHUX
HPHUCTPOIB BiJ yMOB 30yHKeHHs (TYCTHHHU CTPYMY j €IEKTPOHHOTO IIy4YKa Ta
npHCcKopror0Uol Harpyru U) OMUCYETHCs CIiBBIHOIMICHHSIM:

L~j(U-U,Y, (13.3)

ne U — moporoea Hampyra, NpH SKiil TOYHHAETHCS TFOMiHECIICH-
i, & — Koe(illieHT, KM 3aI€KUTh K BiJ BJIACTHBOCTEH CaAMOro IIFOMi-
HOodopa, Tak i Bix 3HaueHus U.

Sk npaButo, O 3MeHmIyeThes i3 36umbiennam U (Bin ~ 1,5 no ~ 0,8),
NIPUYOMY y BHIIAJIKy HU3BKOBOJIBTHOI KaTOMOJIIOMIHECIEHLT JOCUTh TOYHO
MOYHa BBaXkatH, 1o O = 1. Hassuicts moporosoi anpyru Uy BUKIMKaHa
BUHHKHEHHSM TIOTEHIlIaJbHOTO Oap’epa Oinsi MOBEpPXHI 3epeH JIIoMiHO(O-
pY, 3B’S3aHOTO 3 IOBEPXHEBUM 3apsioM, SKHI BiIITOBXYE IEPBHUHHI
estlekTpoHu. CTaOUTbHY KaTOMOIOMIHECIIEHIIF0 OTPUMYIOTh TUTBKH TP Ta-
Kill IPUCKOPIOIOYi HaNpy3i, KOJIM YUCIIO BTOPHHHUX €JIEKTPOHIB, SIKi BUOH-
BAIOTBCS 13 KpUCTaNa JOPIBHIOE YHCITY NEPBUHHUX EJIEKTPOHIB, IO IPO-
HUKAIOTh Y KpUCTall. Y MarepiaiiB, sKi CKJIaJal0Th IPYIY BHCOKOBOJIBTHHX
katomostominodopie, Uy ckilagae coTHI BOJIBT, TOMY MPHUCKOPIOIOYA HArl-
pyra Bucoka (5...50 kB), mo € ogHUM i3 OCHOBHHX HEJOJIKIB MpPWIALIiB, B
SKAX BHKOPUCTOBYIOTH Taki JtomiHodopu. JltomiHodopu, siki Bukopwuc-
TOBYIOTh B HM3bKOBOJIBTHHX KaTOJOJIIOMIHECHICHTHUX 1HAMKATOPaX, MalOTh
MiIBUIIEHY eJIeKTPOIPOBIIHICTh, TOMY 3apsijl Ha MMOBEPXHI 3HAYHO MEHIIIHH,
1110 TIPUBOIHUTH 0 3HIKEeHHST U7 10 OJIMHUIB BOJIBTIB.

3aneKHICTh SICKPABOCTI KATOIOFOMIHECIICHIIT BiJl TYCTHHHU CTPY-
MY €JIEKTPOHHOTO Iy4Ka JiHifiHa, B IIMPOKOMY Aiana3oHi 3HayeHs j. [Ipu
BEJIUKHX TYCTHHAX CTPyMy LS 3aJISKHICTh BHUXOAUTH HA HACHYCHHS, IO
00yMOBJIEHO HACHUYEHHSIM IIEHTPIB JIFOMIHECIIEHIIii, 301IbIICHHIM T'aJbMiB-
HOTO IIOJISI, @ TAaKOX TEMIIEpaTypHUM TaciHHAM (TeMIepaTrypa KpHCTaia,
KN 0OMOapIy€eThCsl eNEKTpOHAMH, 3pocTae). OHOYACHO MOYMHAE 3HUKY-
BaTHCh CHEPreTHMYHHWH BHXIN — Bce OuNblIa YacTWHA EHeprii Majarouux
€JIEKTPOHIB Hae B TemIoTy. [IpakTWYHO SCKPaBICTh KaTOJOIIOMiHEC-
HeHTHUX npuctpoiB He nepesutrye 200...700 Ka/M%, IpH 1IbOMY pOOOUMit
Jiana3’oH 3MiHM I'YCTHHH CTpyMy cTaHOBHTS 0,5...20000 MKA/cM”. OCHOBHI
BTpaTU SHEPrii MPH KaTOAONIOMIHECIICHIIIT 3B’3aHi 3 THM, IO CTBOPEHI B
mrominodopi “rapsdi” eneKkTpoHu i Jipku xyxe mBuako (ropsiaka 10...12 ¢)
BTpadarlOTh YACTHHY €HEprii 1 NepeTBOPIOIOThCS B 3BUYANHI TEIUIOBI
eJIEKTPOHM 1 Aipku. YacTka eHeprii, sKa MepeXOoAuTh B TEIUIOBI KOJIMBAHHS
KPHUCTAJIYHOI TPaTKH, TOCHTH BeNHKa i ckimamgae 65...70 % Big Bciel eHeprii.
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TakuMm 4MHOM, peabHi 3HAUCHHS €HEePreTHYHOTO0 BHXOAY KaTOIOJIOMiHec-
tenwii nopsaka 20...25 % (mominogop ZnS:Cu).

TUNOBY 3aeXHICTh SHEPreTHYHOTO BHUXOAY KaTOJONIOMiHECICH-

wii 1, Bix npuckoproro4oi Hanpyru U HaBeneno Ha puc. 13.2. Joku 3pocrae

Ne nanpyra, ¢yskiis M.(U) 3pocrae (i3

0,04 30inbeHasM U HHCITO CJICKTPOHiB, K1

JOCATalOTh JIFOMiHO(Opa, 30UTBIIYETh-

0,03 .
0.02 cs1). [MounHaroum i3 JEsIKOTO 3HAYCHHS
0’01 oyukuis M (U) mnounmnae cnamatn —
’ CHEprisl eJCKTPOHIB, SKi MaNaloTh Ha
5 10 15 U(xB) JOMIHO(Op, BUTPAYAETHCS HA CTBOPCH-
Puc. 13.2 — 3anexnicTs uxoqy ~ A BOJIMKOrO HHCIA TapsumX  eJIeKT-
KaToJ0JIOMiHecHeHIii Bix pOHiB i ,I[ipOK, TOOTO 36iHBH.IyIOTLCH

NPHCKOPIOIYO0i HANPYTH BTPATH Ha TEIUIOTY.

SlckpaBicTb, €HEpreTHYHUH BUXiJ, KOJIIp CBITJIA 3ayeXaTh B Xi-
MIYHOTO CKJIaay JroMiHodopa. SIk IpUKIiIag MOXKHA NPHUBECTH JIEsKi 3 THX,
[0 3aCTOCOBYIOTBCSI JJIsI KOJBOPOBHX TEJNEBI3IMHMX KIHECKOIIB: JIIOMi-
Hodopu Ha ocHOBi ZnS:Ag (komnip cuniit), ZnCd:Cu, Al (xonip 3enenuii),
Y,0;:Eu (ueponnit). SckpasicTs Takux mpuctpois ckaamae 50...300 kym’. Y
BaKYYMHHUX ITFOMIHECIICHTHHX iHJUKATOPaX BHKOPHCTOBYIOTH KPHCTAJIO-
docthopu Ha ocHOBI okcumy Ta cymbdiny mmHKy (ZnO:Zn, ZnS:Ag,
ZnS:Cu + ZnO), niokcuny omosa (SnO,:Eu), cymimm SnO; ta Y,0;:Eu Ta
. Li mominodopu xapakTepru3yrOThCsl HU3bKHUM MOTEHIIaJIOM MOYaTKy
nrominecuennii (mig ZnS Bin popismioe 6...7 B, nna ZnCdS - 4...5 B),
TOMY 3arajbHa Hampyra, ska MPUKIAJA€TbCs IO TAaKUX IMPUCTPOIB, HE
niepesrtye S0. ..70 B, Tofi sickpaBicTs nocsrae BeMMKHX 3Ha4eHb (0 1 000 K;I/M2).

Bin cknamy nmomiHO(Opa 3a1eXHUTh 1 Yac BUCBIUYBaHHS: BIH MOXe
sMiHroBaTHCh Bim Bing 107°¢C 10 MEKiNMBKOX XBHIIMH (B €NeKTpOHHO-TPO-
MEHEBUX TpyOKaX 3 JIOBI'MM YaCOM BHCBITIIFOBaHHS, SIKi BUKOPHCTOBYIOThCS
B 3alaM’sITOBYIOUHX OcIriiorpadax).

[puHIMIIOBa CXeMa BaKyyMHOTO JIFOMIHECIICHTHOIO iHAMKAaTopa
nokasaHa Ha puc. 13.3.

Takuii iHAUKATOp, MO CYTi, € BaKYyMHHM Ji0JIOM a00 TPiojoM,
NpUYOMy (YHKIIT aHO/IA BUKOHYIOTH ACKUIbKA EICKTPOJIB, MOKPUTUX JIFO-
MiHoopoMm. EnexTpoHm BumiTaroTh i3 karomy 1, sSiKuil Mae Temieparypy
900...1000 K, mpHCKOPIOIOTECS €JICKTPUYHUM IOJIEM CITKH 2, CETMEHTIB
a”Hozma 6. Jlocsraroun X aHOMIB (CETMEHTIB), €JICKTPOHU 30YIKYIOTh JIFO-
MiHO(OD 5, BUKIMKAIOYH JTFOMIHECTICHIIITO.

Jnst xepyBaHHS iHIMKAaTOPOM HaIlpyra IOJA€ThCS JIMIIE Ha Ti cer-
MEHTH aHO/Ia, sIKi (GOpMYIOTh HeoOXiJHe 300pakeHHs1. Bei iHII cermMenTH

153



ﬁ A-A
AT

VH _TA A Z‘ﬁﬁ/ 2
3 U s
=14 R A

5
6 5

Puc. 13.3 — [IpuHuMnoBa cxema JIOMiHeCHEHTHOI0 iHAMKaTOpa

3HAXOJATHCS /I TIEI0 HANPYTOIO, IO 1 KaToX; eNeKTPOHH, BiOWBAIOYNCH
BiJl HUX, MOTPAIUIAIOTh HA €KpaH 3, AKui 3’enHaHui i3 ciTkoro. Ha meit xe
€KpaH TIOMajIa€ Ta YaCTHHA EJIEKTPOHIB, sIKa HE JIOCsTae TO3UTUBHO 3apspKe-
HHUX CETMEHTIB aHO/A.

Citka 2 HeoOximHa Juis TOro, mO0 TMOTIK €JIeKTPOHIB B 00JAacCTi
aHosia OyB OULTBII PIBHOMIPHUIL, ii MOTEHIiaN, SIK MPAaBUIO, PIBHUI MOTEH-
iy aHoxa. Y BHXIJHOMY CTaHi, KOJIM Kepyroda Halpyra Iie He IMoJaHa,
Juisl 3armoliraHHs HeOa)KaHOTO BUCBITJIIOBaHHS JIIOMIHO(GOPOM CiTKa Mae
BiJI’€MHHIA TIOTEHIIIAN, HA JCKIIbKa BOJIBT HUXKYUI HiXK y Karona. Bero cuc-
TEMY eJIEKTPOJIIB Pa3oM 3 IMiJKJIAAKOI0 4, pO3MINIYIOTh Y BaKyyMHHUH CKJISI-
HUH OaoH.

3acTocyBaHHS B BaKyyMHHX JIFOMIHECHCHTHUX IHIHKaTOpax Karto-
JIOTMIOMIHOGMOPIB PI3HUX THMIB HO3BOJSAE OTPHUMATH CBITJIO Bifl CHHBOI
(ZnS:Ag+Iny0;) no gepronoi (ZnCdS:Ag+In,0;) obnacreit criekrpa. Y
JIeSIKUX JIIOMIHOGOPIB CIEKTP BHUIIPOMIHIOBaHHS 3aJIeKHTh BiJl HPHUCKO-
PIOIOYOi HANPYTH — IPH OUTBIINX €HEPrisX MEePBUHHUX EIEKTPOHIB 30Y1XKYy-
FOTBCS OUTBII TYIMOOKI IEHTPH JtoMiHecteHIil. [Ipu 30iIbIIeHHI aHOTHOT
Hanpyru Bix 20 no 60 B koumip cBiTia ingukaropis 3 SnO,:Eu i ZnS:CLAg
JOMiHOOpaMH 3MIHIOETBCS BiJl TIOMapaHYEBOTO JI0 JKOBTO-3e1eHoro. Ha
MIPAKTHIII HAWOLIBII IMOIINPEHOTO 3aCTOCYBaHHS HAOYB BiTHOCHO JCTIICBHMA
mominopop ZnO:Zn, sikuit nae iHTEHCHBHE BUIIPOMIHIOBAHHS B CHHBO-
3eJieHiil obnacTi criekTpa (MakCMMyM CIEKTpa BiINOBIAa€ JOBXHHI XBHII
510 uM). 3MiHIOBAaTH KOJIp CBITJIa TaKHX JIFOMIHO(OPIB MOXXHA 3a JIOTO-
MOTOFO CBITIO(IBTPIB.

[cHyIOTh pi3HI THUNHM BaKyyMHHX IJIFOMIHECIIGHTHUX I1HIUKATOPIB:
OJTHO- 1 OaraTo3apsiJiHi, CErMEHTHI, MaTpUy4Hi, aHanorosi Ta iHmi. [upoke
3aCTOCYBaHHSl BaKyyMHHUX JIFOMIHECIIEHTHUX I1HAMKAaTOPiB OOYMOBIIEHO iX
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BEITUKUM (70 10* TOJMH) TEPMIHOM EKCIDIyaTalii Ta JOCTATHbO BHCOKOIO
MIBAIKOIIEIO (10’3 c). O0’enHyI0UM BENWKY KITBKICTH 0araTopo3psaHUX
IHIMKATOPIB MOXKHA OTPUMATH €KpaHH sl BioOpaxkeHHs iHdopmarii. o
HEJIOJIKIB BaKYyMHHX JIFOMIHECIICHTHHX 1HIUKATOPIB BIHOCSATH HEBUCOKY
KOHTPACTHICTh (10 OCOOJMBO MOMITHO HPH BEJIMKOMY DiBHI 30BHIIIHBOT
OCBITJIEHOCT1), 0OMEXEHUH KyT OTJIsLy Ta AEsKi 1HIII.

IMpucTpoi, ki BUKOPHCTOBYIOTH SIBUIIA KATOMOTIOMIHECIICHIIIT, STKa
30yIKYEThCS €IEKTPOHAMH 3 BHCOKOIO €HEpri€lo (AEKiTbKa KiJOeICKTPOH-
BOJIBT) HaJeXKaTh JO KJIACy EIEKTPOBAKYYMHHUX MpPUIAAiB, PoOOTa SKHX
moOymoBaHa Ha (QOpPMYBaHHI 300pa’keHHS OJTHUM a00 NEKLTbKOMa EIIeKT-
POHHUMH ITy4KaMH. |HTCHCHBHICTH Ta MPOCTOPOBE MOJOKCHHS MPOMEHIB
3aJ]al0ThCsI 3a JOTOMOTOI0 CIElianbHUX cucTeM KepyBanHs. Cepen 3a-
rajgbHOT MacH MPUIIALIB [LOTO THITY OCHOBHE MICIE 3aliMAlOTh EIEKTPOHHO-
MPOMEHEBI TPyOKH, sIKi BUAUISIOTHCS BEIMKOIO CBITIOBOIO BiAIadeto
(10...25 nm/Br) (BIIHOIIEHHSM CBITJIOBOTO MOTOKY 0 CHOXKHBAHOI MOTYX-
HOCTI), IIPOCTOTOIO ajipecallii, 3a0BUILHOIO sickpaBicTio (300 KII/MZ) 1 KOHT-
pactHicTio 300paxkeHHsl. OCHOBHUMH HEOJIIKaAMH TPUCTPOIB I[LOTO THUITY €
HEOOXiIHICTh BUKOPHCTAaHHS BHCOKOI HAIpyrd, a TaKOX 3HA4HI rabapuTH.
Po3po6iieHo HOBI MJIOCKI €NEKTPOHHO-TIPOMEHEBI MTPUCTPOT, SIKi BXKE CKIIAIIH
3BHYAIHIM €JIEKTPOHHO-IIPOMEHEBUM TPYOKaM Cepiio3HY KOHKYPEHIIO.

13.3. I'a3opo3psaaHi iHAMKaTOPH

Hist mprnaniB 1poro Ty 0O0yMOBJI€HA BUHHUKHEHHSM CBIiTIIA TIPH
SNEKTPUYIHOMY PO3pSIl B ra30BOMY CepelOBHLI. SIK IpaBmiiOo, BHKOPHC-
TOBYIOTh PEXHM TIIIOUOTO po3psay (3 xonoaHuMm karomom). CkisiHui Oa-
JIOH 1HIMKATOpa 3allOBHEHUH THEPTHUM ra30M IPH HEBEJIMKUX THCKaxX (OL1s
40 mMm pt. ct.). [Toku eHeprist eJIeKTPOHIB, sIKi BUIITAIOTh i3 KATOLy Mala, B
IHAMKATOPI MPOXOATh NPY’KHI 3ITKHEHHS IUX €JIEKTPOHIB 3 aTOMaMH Ta3y.
[Tpn minBUIEHH] aHOMHOI HANPYTW €HEprisl eNeKTPOHIB ITOCTYNOBO 301Ib-
HIYEThCS 1 JIOCSATAE 3HAYCHb, HEOOXIAHMX JUIs iOHi3alii aroMiB rasy. 3Tik-
HEHHS €JIEKTPOHIB 3 aTOMaMH CTalOTh HENPYKHUMH: y pe3yibTaTi 3TiK-
HEHHS YTBOPIOIOTBCS JOJATKOBI €JIEKTPOHH, SIKi TAKOX HANpPaBIISIOTHCS IO
aHo/a, a TIO3UTHUBHO 3aps/DKEHI 10HHM OCATAIOTh KaToly Ta BUPUBAIOTH i3
HBOTO JOAATKOBI (BTOPWHHI) EIIEKTPOHH.

CtpyM dyepe3 JaMIly IIpH LBOMY 3pOCTa€, OJHAK, OCKUTBKH PYXJIH-
BiCTh MO3WTHBHUX I1OHIB 3HAYHO MEHINA HIX PYXJIHUBICTH €JIEKTPOHIB, TO
HaBKOJIO KaToJla CTBOPIOETHCS 00J1aCTh MO3UTUBHOTO IIPOCTOPOBOTO 3apsLy.
Ilpm 1pOoMy HaBiTH 3MEHIIEHHS HANpyrd HA aHOIl CYNPOBOJIUKYETHCH
3POCTaHHAM CTPYMY 3a paxyHOK 301IbLIEHHS NPUKaTOJHOrO mojis. Y pe-
3yJbTaTi Ha BOJBT-aMIEpHIH XapaKTEPUCTHL 3 SBISETHCS AUISHKA, IO
BIJINIOBIIA€ BiJi’EMHOMY OTIOPY.
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Iazopo3psinHi mpuiiaan MarTh 3HAYHY iHEpIiHHICTE. BoHa 3B’s13a-
Ha 3 THM, IO Yac 3aMi3HIOBAaHHS IMIyJIbCY CTPyMy B Ta30pO3psAIHOMY
MIPOMIXKKY BiZTHOCHO IMITyJIbCY KE€PYIOUOi HAlpyryu BU3HAYAETHCS SIK CTATHC-
TUYHUMH 3aKOHOMIPHOCTSIMH “‘HapOJKEHHS €JIeKTPOHIB XOJOIHUM KaTo-
JIOM, TaK 1 yacoM (hOpMyBaHHS €JIEKTPOHHOI JIaBUHHU. Y TOW caMuii yac mic-
T 3yNAHEHHA il aHOAHOI HamNpyTH CNEKTPOHH Ta 10HI peKOM6iHYIOTb
MIPOTATOM IIEBHOTO Yacy. Y pe3ynLTaT1 MIBUAKOMIS MOAIOHNX 1HAMKATOPIB,
K IIPaBHIIO, He mepesutye 107 c.

OCHOBHa T'a30Ba CyMilll, SIKa BUKOPUCTOBYETHCSI B Ta30PO3PSITHUX
IHAWKATOpaX, € CYMII TeNif0 3 HEOHOM. Buanme BUNPOMIHIOBAHHS €JICKT-
PUYHOTO PO3pAy B LIl CyMmillll 3HAXOIUTHCS B IMOMapaHYeBO-YEPBOHiit
obmacti crektpa. JlobaBka HEBENMMKOi KiJIBKOCTI aproHy NPU3BOIUTH 10
3CYBY CIICKTPY B OLIBIII KOPOTKOXBHIILOBY 00s1acTh. CBITJIOBa BiAmaya iHIu-
karopiB 1poro Ty ckiuagae 0,2...0,3 1v/BT; B uepBoHiit 00macTi crekTpa,
me 1 Br }IOpiBH}OE npn6m/13Ho 100 M, CHEPreTHYHHIT BUXiJ] JOPIBHIOE
0,2...0,3 %. Y TOH caMu# dYac ;{CKpaBlcTL 1HIII/IKaTOp1B MOXKE JocsraTu
10 000 k/M>. JIIs HifBHINEHHS CBITIOBiqa4i Ta 3a0e3medeHHs Oarato-
KOIIbOPOBOCTI B Ta30pO3PSIHUX IHIMKATOpax 4YacTO BHKOPHUCTOBYHOThH
(dorosroMiHO(OpH, SKi IEPETBOPIOIOTH YIbTPadhioJeTOBE BUIIPOMIHIOBAHHS
B BHIUME. AHAIOTIYHAN MEXaHi3M (JOPMYBaHHS CBITIIOBOTO TIOTOKY BHKOpPHC-
TOBY€THCSl B JIaMIIaxX JCHHOTO CBIiTJa, CBITJIOBAa Bifggada SKUX MOXE JO-
csaratn 100 ym/Bt. CiTioBa Bifjgada ra30po3psiIHUX 1HIUKAaTOPHHUX HpH-
naniB 3 BUKOpUCTaHHIM (oroiaroMiHopopi 3HauHO Hk4a (0,5...1 mm/Br),
TIPY IIbOMY €HEPreTUYHUH BUXij He nepeBuuiye 1 %.

Cepen iCHy}O‘II/IX Ta30pO3PSIIHAX iHL[I/IKaTopiB MOXHa BHIUIUTH
TpHIIaJH TPhOX THIIIB: 3HAKOBI iHIMKATOPH, IHIMKATOPHI THPATPOHM Ta I'a-
3opo3psu:[H1 IHIlI/IKaTOle naneni, iasmosi naneni (IIIT). ¥V cBoto uepry T'IIT
JUISTBCS HA TPH rnarpyrm I'TIl nocmiiinozo cmpymy 3 306HIUIHBOIO A0-
pecayiero, I'TIl nocmiiinozo cmpymy 3 camockanyeannuam ma I'IIl 3min-
HO20 cmpymy.

VY 3HaKOBHX IHIUKATOpax BHKOPUCTOBYIOTH clla0Ke CBITIIO TIIIO-
4Ooro po3psmy moOim3y Karoja (CBITIO HMOKPHBAE BECh KaToll, SIKMH Mae
¢dbopmy morpibHOro cumpoiy). CrucreMa He3alIeKHUX CHMBOJIB JIO3BOJISIE
OTpUMaTH pi3HI 300pakeHHs1. BUIIPOMIHIOBaHHSI BUXOIHTH Yepe3 aHOJ, SIKU
BHUTOTOBIISIIOTH ¥ BUIIIAI ciTku (puc. 13.4).

Ha BigMiHy Bij 3HaKOBUX IHIMKATOPIB IHAMKATOPHI THPAaTPOHU
MalOTh JIeKiTbKa KEPYIOYHX EJEeKTPOJiB — CITOK 1 aHOJIB, IO JIO3BOJSE
OunbII e()eKTUBHO KepyBaTH EJIEKTPHUYHUM PO3PSIOM. Y TpHiiazax bOro
TUITYy yIbTpadiolieToBe BUIIPOMIHIOBAHHS ra3y IEPETBOPIOETHCS B BUIUME
3a mornoMororo dotomominodopa. B ogHOMY CKIIsTHOMY OajoHi iHAMKaTopa
MOXYTh PO3MIIITyBaTHCS AEKIIbKA CBITIIOBUX KOMIpPOK JIIOMiHO(OPY, B IKHUX
KO’KHa Ma€ CBiil KOJIip.

Cxema kxoHcTpykmii ['IIT mocTiiHOTO CTpyMy 3 30BHIIIHBOIO aj-
pecailiero okaszaHa Ha puc. 13.5.
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Puc. 13.4 — BynoBa 3HaK0BOro Puc. 13.5 — Cxema KOHCTPYKUIT INIA3MOBOY
ingukaropa: 1 —mpo3opa yacTiHa  masedti: 1 — cKJIsIHI IUIacTHHM; 2 — /TieJIeKTPHYHA
aHoAa; 2 — KkaToau; 3 — Hempo3opa MaTpuus; 3 — Mpo3opi e1eKTPoau

YacTHHA aHO/IA

Taka maHenb € CyKYITHICTIO BEJWKOI KUIBKOCTI JABOXEJIEKTPOJHUX
ra3opo3psAHUX KOMIPOK; CBITJIO BHHMKA€E JIMIIE B KOMIpKax, sIKi 3HaXo-
JSThCSA Ha IEPeTHHI THX KaHAIBHHX EJIEKTPOXIB, Ha SKi II0JaHa HAIpyrTa.
Jnst mifgBUIEHHs CTaOlIBHOCTI POOOTH MaHe i MK BEPXHIMH Ta HIDKHIMU
€JIEKTPOJaMH PO3MIIIY€EThCS AiCNEKTPUYHA IUIACTHHA 3 OTBOpaMHU. Y ras3o-
PO3PSITHUX TMaHENIIX MOKE BHKOPHCTOBYBATHCH SIK CBITJIO T'a30BOTO PO3-
psny, TaK i CBiTIIO mIapy JiroMiHOdoOpa.

Ocob6musictio I'lI1 mocriifHOrO CTpyMy 3 CaMOCKaHyBaHHIM € Ha-
SIBHICTh BHYTPIIIHBOI PO3TOPTKH. Y3JIOBXK KOXKHOI CTPIUKM Takol MaHeni
NepioAMYHO MPodirae po3psii, KU MPOBOJUTH MONEPEIHIO 10HI3aLI0 Ta-
30BOr0 MPOMDKKY KOMIPOK; CBITJIO CamoOro po3psiay Iyxe ciabe i He-
noMiTHe. SIKIO Ternep Ha sKy-HeOyAb KOMIPKY MOJaTH Kepylody Hampyry,
TO BUHHMKAE PO3PS[. y TAKHX MAHEIAX PO3PS € OTHOPIIHIM i CTaOLITEHIM.

YV I'lII 3MiHHOTO CTPYMY €NEKTPOIN HMOKPUBAIOTH TOHKHM IIapOM
z[ienexrpmca B 3B’SI3Ky 3 UMM 4epe3 IaHelb MOXKE IPOTIKaTh JINIIEe 3MiH-
HUi cTpyM. Ha moBepxHi Jie/IeKTpyKa HAKOIMYYEThCS 3apsil, HampyskKe-
HICTb 33 PaxXyHOK 3apsly MOe OyTH sK IapajielibHa, Tak 1 HermapalenbHa
HaINpy>XEHOCTi 30BHIIIHBOTO €JIEKTPUYHOrO Mmojsl. SIkiio 30ypKyroya Ham-
pyra U 36iraetscst 3 pisauiero norermianis Uy (cTBopeHa 3apsaoMm), TO B
KOMIpIll BUHHMKAE ENEKTPUYHUH PO3psM, SKHH NPUBOAWTH JO JIOKAJIBHOL
Tiepe3apsIKK JIeNeKTPUKIB. 3arajbHa HANpyra 3MEHIIUTHCS IPU BOMY JI0
sHaueHHs U — Uy (npu BiAnoBigHOMY BHOOpI Harnpyru Takoro, mo U < Uy, <
U+Uy, ne Uy — Hanpyra 3amaiioBaHHS TIIIOYOTO PO3psiay) 1 po3psn
moracue. Ilicias 3minu mosnspHocTi Hanpyru U mpoliec MOBTOPHUTHCS, B
pe3ynmpTaTi 4oro KoMipka Oyne BHIIPOMIHIOBATH TEPIOAWYHI IMITYIIECH
cBiTIIa. Y TOW caMuii Yac Ti KOMIpKH, Ha AKi He OyIlo IomepeIHbO HalaHO
Hanpyry Uy, He OyayTh 3amamoBaTtuch B3arami. Takum uuHOM, Taki ['1I1
MAIOTh BJIACTHBICTE 3allaM’sITOBYBATH iH(OPMALLIO, IO BAKIHBO MPH KOHCT-
PYIOBaHHI MAaTPUYHUX €KpaHiB. ['a30po3psiaHi IHAMKATOPH MAaIOTh JOCHUTH
Bemmkuid TepMiH (6ist 10000 rox) excruryaTartii.
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Nekuin 14. TBEPOOTINbBHI
CBITNOBUNPOMIHIOKOUI MPUNAON

* |HOukamopu Ha ocHoei ceimnodiodis.
* IHOukamopu Ha ocHoei nopowkonodi6bHux enekmposiroMiHogopis.
* |HOukamopu Ha ocHoei niiekoeux esiekmpositoMiHoghopis.

14.1. IngukaTopu Ha OCHOBI cBiTJIOAI0NIB

[MpuHIMT pOo6OTH HATIIBIPOBIAHUKOBHX IHANKATOPIB, B IKUX BHKO-
PUCTOBYETBCS SIBULIE iHMHCEKUIUHOT eneKmpontomMinecyenyii, po3riisiHy T
paHill, TOMy TYyT MH 3YNHHHMOCS JIMIIE HA JCAKHX XapaKTePUCTHKAX
NPUIAIIB, IO BUITYCKAIOTHCS.

VYcnixu B po3poOiii TEXHOJOTIT oAep kaHHS CBITIOIIOIB TPUBEIN
JI0O CTBOPEHHS iHAWKATOPIB, IO BUIPOMIHIOIOTH Y YEpPBOHIMN, KOBTIH 1 3e-
JeHill vacThHax crnektpa. OCHOBHUMH MaTepiajaMu JUisi MOAIOHUX TpH-
nanis € GaAs; xPx (Bapiroroun X Bin 0,4 10 1, BOaeThes 3MiHIOBATH KOJIp
BUIIPOMIHIOBaHHsI iHAMKATOpA BiJ 4epBOHOro 10 3eneHoro), GaP (mpu e-
T'YBaHHI HOro a30TOM BHHUKA€E BHUIIPOMIHIOBAHHS 3€JICHOTO KOJIbOPY, a IPH
JIEryBaHHI IAHKOM 1 KHCHEM — 4epBOHOI0), a Takoxk SiC (k0BTe CBITIHHA).
JloHenaBHa HaWOUIBIIMX TPYIHOL[IB BHUKIMKAO BHUTOTOBJICHHS CBIT-
JIOMIONIB, IO MAalOTh OUIBII KOPOTKOXBHIbOBE BHUIpOMiHIOBaHHS. [Ipote
innukaropu Ha ocuori SiC, 10 BUIPOMIHIOIOTH CBITIO B GIAKATHIN 06-
JIACTi CHEKTpA, BUIYCKAIOTHCS CEPiitHO, IPHYOMY MO Mipi YAOCKOHAJICHHS
TEXHOJIOTiT BHPOOHHITBA iX BapTICTh BCE OLIBIIE 3HMXKYETHCS, HAOIM-
YKAIOYHCh JI0 BAPTOCTI CBITIIOAI0/IB iHIIIMX KOJILOPIB CBITIHHS.

3aranbHOI0 TIEPEeBarol0 HAMIBIPOBIIHUKOBHUX I1HIMKATOPIB TEpern
IHAWKAaTOpaMH IHIIUX TUIIIB € HU3bKa poOoyva HampyTa, M0 T03BOJISIE Oe310-
CepelHbO CTHKYBATH CBITIOJIONN 3 IHTErpaIbHUMH HAIliBIPOBITHUKOBUMH
CXeMaM¥ KepyBaHHsL. Y CBITIONIONIB BeMKHit TepMin excrutyarartii (0 10° rox),
rcoka mmuakozist (10°°...107%¢), umpoknit xianazon poGoumx Temmeparyp
(Big — 60 °C mo +125 °C).

Po3po0iieHo HamiBIPOBIAHUKOBI IHANKATOPH 3 KEPOBAHHM KOJIbO-
pom caitinnst. Tak, Ha ocHoBi GaP BuroToBmseThCs pUIIA i3 IBOMA p—7i-Tie-
pEXOamMH, JICTOBAHUMH Pi3HHMH aKIETOPHUMHU JoMilikamu. KoxeH p—n-mie-
pexia Mae OKpeMi BHUBOJHM, IO JIO3BOJISIE PEryJIOBATH KOJIP CBITIHHS Bif
3€JICHOTO JI0 YepBOHOrO. ICHYIOTH 1 1HIII cocoOu Bapiallil KOJIbOPY CBITIHHS
HAITIBIIPOBITHUKOBHUX 1HIMKATOPIB: 3yCTPIYHO-TIapajielibHe BBIMKHEHHS JIBOX
CBITJIOAIO/IB, IO BUIIPOMIHIOIOTh Yy PI3HMX OOJACTIX CIIEKTpa, BUKOPHC-
TaHHS AHTHUCTOKCOBHX JIIOMIHOQOpPIB (TIepeTBOpIOOYHX iH(padepBoHE
BHUIIPOMIHIOBAHHS OJIHOTO 31 CBITJIOAIOAIB Y BHAWME), BUTOTOBJICHHS p—Hi-Tie-
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PEXOAiB CIIEKTp BUIIPOMIHIOBAHHS SKHX Ma€ HE OJMH, a J[BA MAaKCHMYMH,
NPHYOMY, BIIHOIIEHHS IHTEHCHBHOCTEH IIMX CMYT BHU3HAYAETHCSA CTPYMOM,
110 MPOTIKAE yepe3 mepexi.

VY 3anexHOCTI Bii HEOOXIHMX PO3MIpiB HAMiBIPOBIAHUKOBI 1H-
JIMKaTOPH BUTOTOBIISIIOTH Y MOHOJIITHOMY UM B TiOpHIHOMY BHUKOHaHHi. Y
TIEpIIOMY BHIIAJIKy 3HAKOBI IHAWKATOPH 3 PO3MipaMH CHMBOJIIB JI0 3 MM sIB-
JITIOTH  COOOI0 OJIOK CBITJIOMIOMNIB, BUKOHAHWN Ha OJIHOMY HAIIIBIIPO-
BiJHUKOBOMY KpHcTaisi. J[Js1 CTBOpeHHs INaHenel BEIMKHUX pPO3MIpiB BH-
KOPHCTOBYIOTh TiOpHUAHY TEXHOJO-
Tifo, TIpHU SKiA 3MIHCHIOIOTH CKJIa-
JAaHHSA OKPEMHX CBITIIO-BHUIIPOMi-
HIOIOYMX JIOJB Y MJIaCTMAacOBOMY
(momimMepHOMY) Koprtyci (puc. 14.1).

OCKIUTBKH pO3MIpH BHITPO-
MIHIOFOYOT 00J1acTi CBITJIO/IOAIB Ma-
i (6mmseko 0,3 MM X 0,3 MM), y Ha-
MIBIIPOBITHUKOBUAX  IHJAHWKAaTOpax
[IMPOKO BHKOPHCTOBYIOTH CBITJIOPO3-
CIFOBAJIBHI IIJJACTMACOBI CEPEIOBU-
Ia, a TaKOX JIH3M i pedIeKTOpH.

Puc. 14.1 — Koncrpykuist ininkaropa

HA OCHOBI CBITI0Ti0NIB: Lle mo3Bossie HE TUTBKH 301TBIINTH

1 — cermeHTH, 110 Bi0OpakaOTHCA; 2 — po3Mmipu 3HaKa (1o 10 Mm), ane ox-

cBiTyIOpO3ciloBanbHUIT MaTepian; 3 — HOYACHO PI3KO 3HHU3UTU BTPATH Ha

CcBiTJIOZiONN; 4 — IUIACTMACOBA MAKJIAAKA;  BHYTPIIIHE BiJOUBAHHS MPH BUXOII
5 — estekTpH4Hi BHBOAH BUIIPOMIHIOBAaHHSI 3 IHIMKATOpA.

BonbT-amniepHa xapakTepUCTHKa CBITJIONIONA aHAJIOTIYHA BOJIBT-
aMIIepHiil XapaKTEepUCTHII HaIIBIPOBIAHUKOBOro mioxa. JlomycTuma 3BO-
pOTHA Harpyra, sika IOAa€ThCs Ha CBITIIONI0, HeBenuKa (He Ouibw 3...7 B).
[ocriiiHa npsiMa HanpyTa, 10 TPHUKIAIAETHCS IO CBiTIOAIoNa, piBHa 1...2 B.

SIckpaBicTh CBITIIOZI0/1a 3aJIEKUTH BiJl HOTO KOHCTPYKIIii, CTPYyMY,
0 MPOXOIWTH Yepe3 MpHiIaj. 3BUIaliHO SICKPaBiCTh 3MiHIOETRCS Bif 10 1m0
50 KM, X04a € BiTOMOCTi PO PO3POOKY BHIIPOMIHIOBAUIB 3 SICKPABICTIO
250 ku/M* i Bumme. Y 3aIEKHOCTI Bin KOJIBOPY CBITIHHS CBITIIOBa Bimjgada
CepiifHMX HamiBIPOBITHUKOBHX iHaMKaTopiB ckianae 0,1...1 mm/Br, enepre-
TUYHHUN BUXiA nipu 1ibomy nopiBHioe 0,1...0,5 %. [lepcriekTiBY MiABUIIEHHS
KK/ cBiTiioniofiB BU3HAYAIOTHCS HIISIXOM BHPIIICHHS 3a/1a4i 301IbIICHHS
YaCTKM BUIPOMIHIOBAIBHUX PEKOMOIHAIIIN y CBITJIOAIOAHINA CTPYKTYpi. Pe-
QITBHO JOCSDKHHM 30BHINIHIM CHEPreTHYHHHA BHXiJ CKJIaga€ IECSATKH Bii-
COTKIB, II¢ Bignosigae csitiosii Biggaudi 300...500 nm/Bt, 1s cBiTiIoqionis
i3 3esieanM 1 100 1M/BT — 3 4epBOHMM KOJIbOpaMH CBITIHHS.
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HaOip HamiBNpoOBiIHUKOBUX 1HAWKATOPIB, 1[0 BUMYCKAIOTHCS, HAJl-
3BUYaiiHO Benukuit. Cepesl BUPOOIB IHOTO THITY — OJMHOYHI CBITJIOMNIOJH,
CerMEHTHI 1 MaTpH4Hi 1HIMKAaTOPH, MHEMOCXEMHU Ta iH. Bemukoro momm-
PEeHHSI OJiepXKaJIn CBITIOAIONHI IM(POBI IHAMKATOPU ISl MIKPOKAaJIbKY-
JISITOPIB 1 €EKTPOHHUX T'OJJMHHHKIB.

Ha ocHOBI cBiTIIO10/1iB BUITyCKaIOTh MOJYJI JJIsI €KPaHIB CHCTEM
BijoOpakeHHsT iH(opMarii. UKcIio eneMeHTIiB, 0 CBITATHCS y TaKUX BHIIPO-
MiHIOBauax, Moxke mocsratd 100x100 i Oimpmie. Y To#t camwuii yac BHacC-
JI/IOK JIOCHTh BUCOKOi KPYTH3HH BOJIHT-aMIIEPHOI XapaKTEPUCTHUKH CBIT-
JOioNIa, a TAKOXK Yepe3 CHIBHY 3aJIeKHICTh SICKPABOCTI Bl TeMIEpaTypH
0co0mMBOi TOCTpOoTH HaOyBae 3amada 3abe3ledeHHS iNEHTHYHOCTI Mmapa-
METpIB YCiX BHIIPOMiHIOBa4iB MOIyJs. TpyaHOmI 3abe3rmedeHHsT OXHOPiA-
HOCTI MapaMeTpiB OKPEMHX CBITJIOIOAIB MOJIYJISI ICTOTHO MO3HAYAIOTHCS Ha
HOro BapTOCTi, y pe3y/bTaTi BOHA BHUSBIISETHCS TOMITHO BUILE BapTOCTI
eKpaHiB, po0oTa SIKMX 3aCHOBaHa Ha IHIMMX (i3UYHUX NpuHIHNaX. Kpim
TOTO, CBITJIOBA Bi/iJlaya iCHYIOYHMX CBITJIOJIOJJHUX €KpaHiB HEBEJHMKa (MEHIII
1 am/BT), TOMY po3citoBabHa TaKMMH €KpaHaMH HOTY)KHICTb, (HaBiTh 0e3
o0miky BHUTpaT Ha (YHKLIOHYBaHHS CHCTEMH KEpyBaHHS) BHSBISETHCS
BUIIIE, HDK B €KPaHiB MPaKTUYHO BCIX HIIMX THUIIB (KPIM ra30po3psIHuX).

14.2. InIMKAaTOPU HA OCHOBI MOPOLIKONOAIOHUX eJIEKTPOJIIOMiHO(pOpiB

B impmkaTropax Ha OCHOBI IOPOIIKOMOMIOHUX ENEKTPOIOMIHO-
(opiB BUKOPHCTOBYETHCS SIBUIIE REPEORPOBIIHOL e1eKmPOoIoMiHeCUeHUil,
IPU AKiH eNeKTPOHH, LIO0 MOTPAIUIAIOTE B O0JIACTh CHJIBHOTO IOJA, NPHU-
CKOPIOIOTBCS JI0 CHEePriil TOCTaTHIX /I MOYaTKy YJapHOI i0oHi3alil aToMiB
KPHCTaJIIuHOI rpaTky 1 nomimok (Jlexwis 3).

Po3pi3HSIIOTh MOPOIIKONOAIOHI €IeKTPOTIOMIHOGOPH, IO TPaIfto-
I0Th Ha 3MIHHIH 1 TOCTIHHIN Hanpyrax. 3aralbHUM JUIsl [IUX JIIOMIHO(OPIB €
HasIBHICTh B IX CKJIQJi MiJli, POJIb SIKOi TO/BIHHA: TO-TIepIIe, BOHA MOXKE
BXOAWTH JIO CKJaJy LEHTPIB CBITIHHS 1, TO-ApyTe, CHPUSATH YTBOPEHHIO
SHepreTHYHNX 0ap’€piB, B SIKUX BiJI0OYBA€ThCS KOHIIEHTPALliS SIIEKTPUYHOTO
TIOJIS 1 TIPUCKOPEHHS eNEKTPOHIB. Y OULTBIIOCTI BUMAIKIB 1i Oap’epu ¢op-
MYIOThCSL Ha rpanuii posairy ¢as: Zn i Cu,S, xe Cu,S — dasza, mo yrBoO-
PUTBCS Ha TIOBEPXHI 3epeH JIroMiHO(Opa B MpoIieci HOro CHHTE3y (3HAYCHHS X
KonuBaeThest Bim 1,75 mo 1,96). Iposigmicts ¢asu Cu,S sume mposia-
HOCTI Z1, TOMY €JIEKTPHYHE TOJIe B 3¢PHi JIFOMIHO(pOpa KOHIIEHTPYETHCS B
Oap’epHiit 001acTi cynbdiy HUHKY, IO MPUIISTAE 10 OBEPXHI po3aity ¢as.

[puHIMIIOBa KOHCTPYKIIS €NEKTPOIFOMIHECIIEHTHOTO KOHJIEHCa-
Topa 300paxkeHa Ha puc. 3.4. Tumosi mapameTpu ITOMiHO(DOPHO-IIETEKT-
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puaHOTO mapy: ToBmmHA 50...80 MKM, Marepian — MiENeKTPUYHE JIETKO-
IIIaBKe MMHKOOOPOCHITIKATHE CKIIO, OpTaHivuHi Jaku (Hampukian, BP-530 Ha
OCHOBI IIMaHETHJIOBOTO e]ipy, MOJIBIHIJIOBOrO CIHUPTY), SMOKCHUAHI JIaKu
(nanpuknaz, EI1-96); Barose criBBiAHOIIEHHS “TIOMIHOGOp — CYXHUil 3aIUIIOK
nienexkrpuka” Bin 1:1 mo 2:1.

[lap, 10 OAHOYACHO 3aXHIA€ Ta BiOMBAa€E, MPU3HAYAETHCS IS
3aXUCTy KOHJCHCATOpa BiJ MpoOOr0 i BiOMBAaE YaCTUHY BHUIPOMIHIOBAHHS
nromiHodopa Ut TOro, 1100 BOHO BHUXOAWIIO Kpi3b MPO30PUH €NeKTpos, i
ckiamaetbess 3 mopomky 110, JUCIEpProBaHOro B JHENEKTPHK, 1 Mae
MIPUOJIM3HO TaKy K TOBIIUHY, IO 1 JFOMIHO(OPHO-AUEISKTPHIHIH II1ap.

SIKIIO CHIOMyYHHM MaTepiaioM € CKJIoeMallb, TO HEHpO30pHM EeJIeKT-
POJZIOM 3BHYAHHO € MeTajieBa (CTajeBa, HiKelleBa) MiJKiIaiKa, Ha skii ¢op-
MYETBCS BCSL CTPYKTypa. BonbT-gcKkpaBicHa XapaKkTepuCTHKa KOHAEHCATOPa
Ha OCHOBI TIOPOIIKOIOIIOHOTO eNICKTPOIIOMiHO(Opa 300pakeHa Ha puc. 14.2, a,
kpuBa 2. Bimmosinno no supasy L=L ()U", ne L(f)=f". Tyr L —
sckpaBicTh inpukaropa, U i f —BinmosigHo ammiiTyna i uactora Hanpyru
30ymkeHEs; 1 1 m — koedimientn, mpuaomy n = 3.4, m = 0,7..08.
JTromiHodopu ZnS neroBaHi Miyi0, MalTh 3€leHU uu Toayomi (y
3aJIe)KHOCTI BiJl YMOB BHUTOTOBJICHHS) KOJip cBiTiHHA. [lopomkwn, jgeroBaHi

MapraHiieM, MarTh MMOMapaHUYeBO-)KOBTUI KOJIp CBITIHHSA, IO BH3HaYa-
€ThCSI IIepex01aMH Bcepe/IiHi 0HiB Mn'~.

gL (xn/m%) lgL (K,I[/MZ)
1 1
3+ 3
2

2+ 2

1+ 1
oL | | » 0L~ -
100 200 U®B) 150 170 19 U(B)

a o

Puc. 14.2 — BoabT-sicKpaBicHI XapaKTEPUCTHKH €JIEKTPOJIIOMiHECIHEHTHUX
KOH/IEHCATOPIB, AIKi He MAaKOTH (@) i MaIOTh (0) BJACTHBICTL MaM’ATi:
1 — TOHKOIIIBKOBHI1 BUIIPOMiHIOBAY; 2 — IHAMKATOP HA OCHOBI
NMOPOLIKOBOI0 eJICKTPOIIOMiHOpOpa

161



L (Bign. oqun) YepBoHUil KOJIip CBi-
1 1 2 3 4 TiHHS BUXOAUTB IIPU BUKOPHC-
TaHHi SIK OCHOBU Matepiay 3wmi-
madoro ckiany tury (Zn, Cd)
(S, Se), mo mae GBI By3b-
Ky, 9aM Zn, 3a00pOHHY 30HY.
Jleryrouoro JTOMIIIIKOIO 1 B IHO-
MY BHIAJKY € MiIb.

CIeKTpr  eIeKTpOITIo-
; ‘ ; »  MiHEeCUeHIii psay TPOMHCIIO-
400 500 600 700 )(um) Bux momiHoGopiB moxaHi Ha
puc. 14.3. TumnoBi 3HauYeHHs
SICKPaBOCTI 1HJMKATOPIB Y CTaH-
JapTHOMY (220 B, 400 T'm) pe-
KHIMI 36y)1)KeHHH CKJIaJIal0Th
10...50 xm/™’. Menury sckpa-
BICTh MAaIOTh BHUIIPOMIHIOBaYI 3
YEpBOHHUM 1 OJTAKUTHUM, 3 JKOBTUM 1 3€JICHIM KOJIFOPAMH CBITIHHSA.
Makcumym 3anexxsocti L(7) B mpOMUCIOBUX JTHOMIHO(OpPIB 3Ha-
XOJUTBCS B 00J1aCTi KIMHATHUX TEMIIEPATYp; MPH TOJANBIIOMY 30inbIueHH] 1’
SCKpaBICTh 1HAMKATOPiB crafae. OIHOYACHO 3HMKYETHCS 1 €HEepreTHYHHN
BHXiJ, O 3BHYaiHO Mae 1...3 %. Y BHIaAKy HMOPOIIKOBHX JIFOMIHO(OPIB
nocriiiHoro crpymy ¢asza Cu,S, 10 3HaXOIWTHCS HA MOBEPXHI 3epeH y
OLIBILIIA KUTBKOCTI YUM Yy JFOMiHO(OPIB, 30yHDKEHHX 3MIHHOIO Hampyrolo,
3a0e3medye TPOTIKAHHA MO TMIApy JIOMiHOQOpa TMOCTIIHOTO CTpyMmy.
CBITIHHH BUHHMKA€E OJIHOYACHO 3 IIPOLECOM YAAPHOTrO 30YKCHHs 1OHIB
Mn". ExepreTnunuii BUXi IPH 1bOMY HEBEIMKHH — COTi, JECATI YaCTKHU
npoueHTa. THIOBI 3HAa4YeHHS TYCTHHH CTPYMY 4epe3 TaKi OCepeIKH
cKazaoTs 5 MA/cM?, Hanpyru — nopsiaka 100 B. Kosip cBiTinus — noma-
paHYEBO-KOBTHI, X04a JeTyBaHHS IFOMiHO(Opa HE MaprafieMm, a pPiIKo-
3eMEJIbHUMHU 10HAMH JIO3BOJISIE OJICPXKYBATH M IHII KOJILOPH (HANPHUKIA,
Zn: Cu, Er mae 3enennii koip cBitinus). [Ipy 1bOMy, OIHAK, 3HUKYIOTHCS
stk KKJI. mroMiHeCTIeHIIi1, Tak 1 ICKPaBiCTh CBITIHHS 1HIUKATOPIB.
[NopiBHSHO MpOCTa TEXHOJIOTISI BUTOTOBIIEHHS JIO3BOJISIE OICP)KyBaTH
MaHeNt, Mo MaloTh 3HauHI (o 1M x 1 M) po3Mipu mpu TapHiil piBHO-
MIpPHOCTI CBITIHHS; MOJIOHAM YMHOM MOXKHA OJEPXKYBaTH, 30KpeMa, Oarato-
KOJIBOPOBI MHEMOCXEMH. ENeKTpOIOMiHECIIEHTHI 3HAKOBi IHAWKATOPH 1
MHEMOCXEMH BHITYCKAIOTHCSl MPOMUCIIOBICTIO; HAa OCHOBI ITOPOIIKOBUX
SJIIEKTPOIIOMIHOPOPIB MOCTIHHOTO CTPyMy pPO3pOOJICHWA IDIOCKUH eKpaH,
110 MOYe OYTH BUKOPHUCTaHHH ISt OJIeprKaHHs TeJIEeBI31IHHOT0 300paKeHHSI.
IcToTHUM HEmONIKOM PO3TISHYTHX IHAWKATOPIB € IX CTapiHHI —
TIOCTYIIOBE 3HM)KEHHS SICKPaBOCTI B mporieci podoTu. TepMmiH excruryaTarii

Puc. 14.3 — CniekTpy BUIIPOMiHIOBAHHS
NPOMHCJIOBUX €JIEKTPOIIOMiHOOPIB (YacToTa
Hanpyru 30ymxenns 1 kI'n): 1 - EJI-455;

2 — EJI-510M; 3 — EJI-580M; 4 — EJI-670
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(gac, 3a SIKMI SICKpaBiCTh 3MEHIIYEThCS BABIYi) HE MEPEBHIIYE 3 THUC. TON,
NPUYOMY BiH 3HAUHO 3HMKYEThCs npu 30imbmienni f, U i ocobmuso T.
[IpuunHOIO CTapiHHS € eJeKTpoMirpallis iOHIB Mimi B Cyiabdigl LUHKY, a
OCKIUIBKH MiJIb BXOJHTH JIO CKJIQJy BCiX JIIOMIHO(OPIB I[bOTO THITY, TO B
pe3ynbTati 1eil HeoJiK MOPOIIKOMOMIOHMX ENeKTPOIOMIHO(OPIB yCyHY-
TH HE BIAETHCA.

14.3. IniMKaTOPH HA OCHOBI IUTIBKOBHUX €JIEKTPOJIOMiHO(OPiB

TOHKOIUTIBKOBI  €JIEKTPOJIFOMIHECIIEHTHI BHITPOMIHIOBAYl OJHI 3
CaMUX MEPCIEKTUBHUX JUIsl LIICH CTBOPEHHS IUIOCKHX EKPaHIB CHUCTEM
BifoOpakeHHs iH(popmallii. KoHCTpyKIist BUIpoMiHIOBaYa 1O/1I0HOTO THITY
nmogaHa Ha puc. 3.4. Ha ckisiHy miAKIagky 3 NMpO30pHM €IEKTPOAOM Y
BaKyyMi TIOCJIOBHO HamwistoThes: tmap mienexkrpuka (ALOs, Y,0;, BaTiOs
uu iHmi), map momidodopa (ZnS, neroBanuii MaprasieMm abo pigkose-
MENIFHUMH €JIEMEHTaMH), IIe OJWH IIap IieJeKTpUKa 1 HEeIpOo30puid IUIiB-
xoBwit enektpon (Al). ToBimwmHa KOKHOTO i3 THapis mienekTprka — 200...500 HM,
ToBuMHa mrapy JroMiHodopa — 300...1 000 M. Jlexonu Mix miapom Jie-
JIEKTPUKA 1 HEMPO30pHM €JEKTPOJIOM BBOIUTHCS JOJATKOBHM IIap, IO
MOTJIMHAE CBITIIO i CIIPHSE TiIBUIICHHIO KOHTPACTY KapTUHH, SIKY BUCBIUy€
IHUKATOP.

JIromiHO(Op y BHIIPOMIHIOBadaX IbOrO THUIy HE MICTHTh MiJi,
BHUIIPOMIHIOBaHHS € BHYTPIIIHHOIICHTPOBHIM 1 BUHHKA€ BHACHIJOK TIEPEX0-
iB y 30y/UKEHHX eIeKTpOHaMH ioHax Mn'” Ul piIKo3eMeNbHUX eleMeHTax
(Tb", Er”, Pr” u 1. ). B o61acts cuibHOTO momst (IKe IpH AOCHTH
BEJIMKHMX HANpyrax MOXe IOIIMPIOBATHUCS Ha BCIO TOBIIMHY IUTIBKH JIOMi-
HO()Opa) €IEKTPOHH MEPEXOIATD 3 YIIOBIIOBAUIB HA TPAHUIIX PO3IIOIUTY ““IIFO-
MiHodop — miemekTpuk”. I CTpyKTypa IUTIBOK, 1 mMapaMeTpH YIOBJIIOBAadiB
6e3rocepeIHBO BILIMBAIOTH HA HCKE)aBiCTL CBITIHHS IHANKATOPIB, 110 MOXeE
6ytu mocuts 3Hauda (no 10°..10* kn/m?). Tak camo, sk iHIMKATOpH Ha
OCHOBI ITOPOUIKONOAIOHNX JIIOMIHO(OPIB, sIKI 30YyKYIOThCS 3MIHHOIO Ha-
NPYTOI0, TOHKOILUTIBKOBI BHIIPOMIHIOBaYi € EJIEKTPOIIOMIHECLIEHTHUMH KOH-
JieHcaTopaMu, poOoYl HANpyrd i 4acToTa SIKMX 3BHYAWHO CKIAJAI0Th Bijl-
noigHo 100...200 B i 1...5 kI'. BonbT-sickpaBicHa XapaKTEPUCTHKA TOHKO-
TUTIBKOBOT'O €JIEKTPOIIOMIHECLIEHTHOTO KOHJIEHCaTopa TojaHa Ha (puc. 14.2, a,
KpuBa 1, 3 sIKOi BUAHO, IO BOHA Ma€ JUISHKY HabaraTo OUIbIIOI KPYTH3HH,
YUM aHAJIOTIYHA XapaKTepUCTHKa MOpOIKOoNnoaioHux oMiHogpopiB. Ha

Takiii st sanexnicrs L(U) ommcyersest popmyoro sarsyny L =L (f)U",

y skit n = 10..30. HasBHicTh sICKpaBO BUpaXKEHOI T'PaHUYHOI HANpyru
3anagoBaHHs (MIPU SIKUHM TTOYMHAETHCS €(DEKTHBHE TPHCKOPEHHS EIIEKT-
POHIB 1 yIapHe pyiHYBaHHS iOHIB aKTHBAaTOpa) 1 3HaYHA KPYTH3HA BOJIBT-
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SCKPaBICHOT XapaKTEPUCTHKU MalOTh BaXKJIMBE 3HAYEHHS NPH CTBOPEHHI
CHCTEM KepyBaHHsI OJIOHUMH 1HAMKATOPAMH.

HaiiGinbiie 3Ha4eHHsI ICKPAaBOCTI 1 EHEPTETUYHOTO BUXOY (peab-
HO 1o 0,5 % mpu cBiTiOBIH Bimmawi Onmu3bko 2 1M/BT) BUXOIUTH B iH-
IUKATOPiB, JOMIHOGOpHUIA map sSKUHA aKTUBOBaHWN MaprasiieMm. Kodiip
CBITIHHSA TaKuX IHAMKATOPIB — ITOMapaHYeBO-)KOBTHHA. J{JIs1 ofep>KaHHS BH-
MIPOMIHIOBAUIB IHIIMX KOJBOPIB Cynb(ia UUHKY aKTUBYIOTh TepOieM (3e-
JIeHe CBITIHHA), epbieM (4epBoHe), mpaseoaumoM (6ine). Ilpu mpomy, on-
HakK, 3HIDKYIOTBCS SICKPaBICTh 1 CBITJIOBA Bi/uia4ya, 3MEHIIYETHCSI TEPMIH €KCII-
myararii (10 cOTeHb TOJMH 3aMiCTh 10* roaun s ZnS: Mn). Hait6inbiry
TOCTpPOTY ISt TpoOJieMa Ma€ st 3pa3KiB i3 OJakuTHUM cBiTiHHAM (Zn:Tm);
OJIMH 3 CHOCO0IB i BUpIIIEHHS — Nepexij J0 JIIOMIHO(OPIB Ha iHIIIH OCHOBI
(nanpuxian, SrS:Ce). BakinuBow 0COGIMBICTIO TOHKOIUIBKOBUX ZnS:
Mn-koHIEHCATOPIB € MOMKIIMBICTH OJICPYKAHHS METJIi TICTEPE3UCy Ha BOJBT-
sCKpaBicHill xapaktepuctuii (puc. 14.2, 6). HasBHicTh Ta BiACYTHICTH
METJI BU3HAYAETHCS MaTepiajioM JIieJIEKTPUKA 1 TEXHOJIOTIEF0 BUTOTOBIICHHS
imgukaropa. [letns mMae Micrie Ha iMAHIN HAHOIIBIIOT KPYTH3HH BOJIBT-SIC-
KpaBiCHOI XapaKTePUCTHUKH, ii mmpuHa cTaHoBUTH 10...20 B.

HasBHicTh TicTepe3ncy o3Ha4ae, m0 TOAiOHA CTPYKTypa Mae
3/IATHICTH 3amaM’ SITOBYBaTH iH(OpMailo, 10 iCTOTHO CIPOIIYE CHCTEMY
KEpyBaHHS MOMIOHUMHU €KpaHaMH, J03BOJISIE MiJBUIIUTH CEPEIHIO SCKpa-
BICTb IIPH MOPSIKOBOMY PEXHMi 30y/pKeHHs (TI0UeproBOMY BHCBiUyBaHHI
psnkiB). Y TOHKOIUTIBKOBOMY €KpaHi 3 HaM’sITI0O Harpyra 3 amIuliTyJIoH,
OJM3BKOI0 10 TPAaHUYHOI HANPYTH 3alaJIlOBaHHA, OJHOYACHO MOJAETHCS Ha
BCi pAOKH Bifpaszy, a HOPSIKOBE KepyBaHHS 30YIDKYETHCS IMITYyIbCAMU
Hanpyror 20 B (Tpoxu Oinplie mupHHA NeTi ricrepesucy). Hapite micms
Mepexoy A0 YEeproBOro psiika 30y/UKEHI €JIeMEHTH INPOAOBXKYIOTH CBi-
TUTUCS (3HAXOIATHCS B “BEPXHBHOMY’ CTaHI Ha METJI TICTEPE3NCY), TOMY
cepenHs SICKpaBiCTh €KpaHa BHSBIAETHCS Habarato Ounbinoro. 3amam’s-
TOBYBaHHS BiZIOYBa€ThCSl B THX BHUIIAJKaX, KOJH KEPyIOYi iIMIYJIbCH CKJIa-
JIatoThesl 3 Oe3nepepBHO MOIAHOI0 HAIPYTOro. IIpakTiHyHe BUKOPUCTAaHHS TOH-
KOIUTIBKOBUX MPUCTPOIB 3 TICTEPE3UCOM BOJIBT-ICKPABICHOT XapaKTepHc-
THUKHM YCKJIQJIHEHO TUM, IIO BiH 3HHMKAaE yepe3 KiTbKa JECcsATKIB abo COTeHb
roaivH Oe3rnepepBHOT ekcIuTyaTallii. Y Toi caMuii 4ac BiIOMi €KpaHH, B TKUX
ricTepe3uc BOJIbT-SICKPABICHOT XapakTepucTHKH 30epiraBcs Oinbiie 1000 rox.

VY naHuii 4ac TOJIOBHOIO 00JIACTIO 3aCTOCYBAHHS TOHKOILTIBKOBHX
€JIEKTPOJIOMIHECIICHTHUX BHUITPOMiHIOBauiB € ekpanu auciuieiB EOM. Ile-
pendadaeTbcss BUKOPHCTAHHS IOMIOHMX IHAWKATOpPIiB 1 y BHIVISAI CHI-
HaJIbHUX 1HJMKATOPIB, CBITJIIOBHUX KAl Ta iH. CIOIy4YeHHs B OJHOMY IpH-
naji BUNPOMIHIOIOUMX i (OTONPOBIAHMX (HANpHKIAL, CdS) mriBox mo-
3BOJIATH CTBOPHTH IEPETBOPIOBAYI BHIPOMIHIOBAHHS 1 300paKeHHS, IO
MaroTh BHCOKY PO3IiIbHY 37aTHICTB 1 BEIMKY KPYTH3HY NEpeAaTOYHOl Xa-
PaKTEpPUCTHKH.
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Nekuis 15. IHOAUKATOPU HA PIOKUX KPUCTANAX
TA IHWI TUNX IHOAUKATOPIB

= [Ipunadu Ha pidKux Kpucmarnax.
= EnekmpoxpomHi iHOukamopu.
* |HOukamopu iHwux munie.

15.1. llpuiaagu Ha pigKHX KPpHCTATIAX

Piokuii kpucman (PK) — e arperaTHuii cTaH pedoBHHH, B SKOMY
BOHA MPOSIBIISIE BIIACTHBOCTI SIK PIMHU (TEKy4iCTbh, B’SI3KICTh, TOBEPXHEBUH
HATAT), TaK 1 TBEPAOTO Tila (aHI30TPOIiS ONTHYHUX Ta EIEKTPHIHHIX
BrnactuBocteit). Hezpnuaiini BiactuBocti PK Briepmie ommcas B 1888 porti
@. Peitnitiep. Taki BracTHBOCTI 0OyMOBIIEHI, 3 OHOI CTOPOHH, THUM, IIO
oci (abo miomuHKM cuMerpii) cycimHix Momekyn PK e mpakrtuuno ma-
pajeNbHUMH, 3 APYTOi CTOPOHM — EHTPH Mac X MOJIEKYJ HE YTBOPIOIOTh
MepiOMYHOT CTPYKTYpH, @ PO3MILIYIOTBCS XAaOTHYHO B IPOCTOpi 1 mMpwu
[[bOMY MOKYTh BUIbHO MEPEMIlIlyBaTHCS.

BriopsiikoBaHiCTh po3MIIIEHHS CYCITHIX MOJIEKYJI 00yMOBIIEHa ic-
HYBaHHSM CJaOKUX CHJI €JIEKTPUYHOI (AWMOJIBHOI) B3a€MOAIi, BIUIMB SIKOi
CTa€ IIOMITHHM, SIKIIIO MOJIEKYJIM PiIAMHU MAIOTh BUTATHYTY GopMy. Y Oiib-
mocti PK monexynn matots curaponoaiony ¢opmy. IlinBunieHHs Temme-
paTypu 30UTBIIye XaOTHIHHN PYX MOJEKYJ, Y pe3ynbTaTi 4oro ix opi€H-
Taris mopymyethes i PK mepeTBoproeTses y 3BU9aiiHy pinuHy.

Po3pizastrore Tpu ocHOBHHX (a3u PK: cMmekTnuHy, HeMaTHyHy,
xonectepuuHy. CmeKmuuna XapaKkTepHU3yeTbCsl HAHOUIBLIOI BIOPSIKO-
BaHICTIO PO3MIIIEHHS MOJIEKYJI — X OCi He TUIBbKU MapajesbHi, ajie i HeHTPH
Mac MOJIEKYJ JieKaTh B OJHINM rutommHi. Y pesynbrari B Takomy PK yr1-
BOPIOIOTBCSl [IApH OJHAKOBO 30PIEHTOBAHUX MOJIEKYJI, PO3MILICHUX Ha
OJIHAKOBHX BIJICTaHSAX OJAHA Bix oaHOI. Y Hemamuunux PK crnimpHa opieH-
TaIfisl ocel MOJICKYJ 30epiraeTbesi, aje IICHTPH IX Bard BXKE HE JICKATh B
OJTHI TUTOIIMHI, @ PO3MIILIeH] B MPOCTOPi XaoTH4HO. Y xonecmepuunux PK
OCi MOJIEKYJI JIeXaTh B OJHIH IUIONIMHI, HAIlpaBJIeHI B OJHY CTOPOHY, aje
0Ci MOJIEKYN y CyCimHil, mapaenbHill IDIOMIMHI MTOBEPHYTI BiIHOCHO HHX
Ha JesIKUM KyT.

Takum gmHOM, Xonmectepuunmii PK cxiamaeTscs i3 OkpeMux mia-
piB, B3a€EMHa OpIEHTAIliT MOJIEKYJI B SKHX MOHOTOHHO 3MIHIOETHCS TPH
nepexo/Ii BiJ apy JIo mapy.

PK e mienekTpukaMu. IX mUTOMa MPOBiAHICTH 3aJ1€XKHUThH Bil MpH-
CYTHOCTI JTOMIIIIOK i 3HAXOIUTHCA B MEXKaxX 10°...10° Om™! M. Bonwm ma-
I0Th aHI30TPOMII0 BiJHOCHOI Ii€JEKTPUYHOI NMPOHHWKHOCTI Ta TOKa3HHWKa
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3aJOMIIeHHS. SIKIIO BpaxyBaTH, IO OPIEHTAIlisl MOJIEKYJ MOXE 3MiHIO-
BaTHUCH ITiJT AI€0 30BHIITHFOTO €JICKTPUIHOTO IIOJIs, TO SICHO, mo PK moxHa
BUKOPHCTATH B TPUCTPOSIX 3 SICKTPUYHUM KEPYBaHHSIM MapaMeTpaMu CBIT-
JIOBOTO TTy4Ka.

BukopuctaHHS €IEKTPOONTHYHUX €(EeKTiB JEKUTh B OCHOBI

poboTu iHnMKaTopiB Ta expaniB Ha PK.
HeoOxigHo BKa3aTu, IO Taki iH-
345 JIUKATOPH € TAaCHBHUMH, OCKIIbKH BOHHU
- JUIOTh Ha 30BHIIIHIA TOTIK. Y 3B’s3Ky 3
> » IUM IX [EPEBArol0 € JIyXe Maii MOTYX-
HOCTI crokuBaHHst. OYeBUAHUIA TX HEI0-
JK: TPH HEJAOCTATHIH OCBITJICHOCTI 1 B
> TEMHOTI BOHM HE MOXYTh IPAIIOBATH.
, KoHcTpykmis enemMeHTapHOI KOMIpKH, sKa
Npalioe Ha TMPOCBIYYBAaHHS, TMOAaHA Ha
puc. 15.1, ne 1 — pinkuii kpucran, 2 —
> > CKJISHI TUIACTHHHW, 3 — TPO30OPHH ENeKT-
, pond, 4 — i3onsliliHAa MPOKIaaKa, 5 — mpo-

% 30puii abo BiIOWBAIOUWI ENEKTPOJ Y
BUTAJIKy KOMIpKH, siKa MpaIoe Ha BiJ-
2 OuBaHHS.
Puc. 15.1 — Bynosa Po6ota ingukaropis Ha PK mo0y-
PK-inaukaropa, skuii npamoe JTOBaHA HAa HACTYITHUX e(eKTax.
HA NMPOCBiYyBaHHS IIpm monadi Ha eJEKTPOOM Ha-

NPYTH, JOCTaTHhOI ISl TOPYIICHHS [H-
MMONTEHOI B3aeMofii Mixk Mojekyinamu PK, iX opieHTaris mopymryeTscs Ta
HaOyBa€e XaOTHYHOTO XapakTepy. BHaCHiZoOK IIbOTO PI3KO 3pOCTa€e Po3Cito-
BanHs cBiTiia PK. Llei edexr oTprmMaB Ha3By eghekmy Ounamiunozo pos-
Cit06anHA.

[lepeBaxHy opieHTarito mMonekyn PK MoxxHa 3amatd, SKIIO BU-
KOPUCTOBYBATH MiJKIaIKH 3 BUOPaHUMU HampsMKaM{ IIOJIipyBaHHS MO-
BEpXHi. 30KpeMa, SKIIO B TOTOBIH KOMIpII MiAKIAAKA PO3BEPHYTI TaKUM
YHHOM, IO IIi HAMPSIMKH CKJIAAAFOTh KYT 90°, TO KiHIII BEKTOPIiB AUPEKTOpa
(mepeBakHOTO HAmpsMKYy opieHTauii Monekyn PK), siki omucyrors Harm-
psaMok oceit Montekyn PK y mpocTopi Mixk enekTponamu, po3MiLLyloThCs 110
cripani, a opieHraris monekyn PK Bin mapy mo mapy 3MiHIOETBCA, SK 1€
IMoKa3aHo Ha puc. 15.2.

[Tomaroun Hampyry Ha eNeKTPOAN MOXKHA 3pyHHYBATH L0 CIIipallb,
3aCTAaBUBIIN MOJIEKYJH 30DI€HTYBATHCS B3JIOBX CWJIOBHX JIHINA €IeKT-
puuHoro mnoss. Onucanuii eeKT HOCHTh Ha3By TBICT-eeKTy, came BiH
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mukatopie Ha PK. Ilpaktnune Bu-

/H anpsIMoK nompyaaHHﬂ ¢M°”9Ky"” JIEKUTH B OCHOBI1 OLJIBIIIOCTI 1H-
i KOPHUCTaHHS IIbOr0 e(eKTy Mo0y-I0BaHO
/©\<§ ‘:\C’\\(’\C’ /7; HanpsMok Ha TOMy, IO PK, sxuii 3amoBHIOE

0\0%\5()\0\00&00 nonipyBaHHsa ~ MDKEIEKTPO/HMHA MPOC-TIp, 3aTHUH TI0-

BEpTaTy IUIOLIMHY MOJsIpU3amii CBiTIa,
IO TMPOXO-IAMTh Yepe3 HHOrO0 Ha KYT
PO3BO-POTY MOJIEKYJ y IIbOMY HPOCTOPI
(ma puc. 152 meit kyr 90°). ¥V roroBiii komipui 0OHMABI MiAKIAIKH TaKOX
PO3MIIlIeHI NEepIEeHANKYISPHO (TOOTO HANPSMKH IIOJIIPOBKM B HHUX B3a€EMHO
neprieHANKYIsApHi). [Ipu BiACYTHOCTI €JIEKTPUYHOTO TONS CBITJIO TMPO-XOIUTH
yepe3 KOMIpPKY, $Ka 3HAaXOOHWTBhCS MDK CXPELICHHMH IIOJIIPH3aTOpOM Ta
anamizatopoM, Tomy PK moBeprae miommay nosspuzarnii Ha 90°. Skmo x Ha
TaKW{ IHAMKATOp MOJATH HANPYTY, JOCTATHIO [l BUHUKHEHHS TBiCT-e(eKTy, TO
oci monekyn PK moBepHyThCS B3JOBXK MO 1 TOBOPOT IUIOC-KOCTI MOJISpH3aLii
MPOXOANUTH BXKe HE OyIe, TOMY CBITJIO Kpi3b TaKy KOMIPKY BXKE IMpOHTH HE
3MOXe.

/

Puc. 15.2 — 3mina opienranii monexya PK

B ingukatopax Ha TBicT-eeKTi i3-3a BHKOPHCTaHHS MNOJISIpH3aTOpa i
aHaiizaropa BTpadaeTbcs Outbmie 50 % mamatodoro cimma. OkpiM 1BOTO,
MEHIIMM (HDK B IHOUKATOpax Ha e(eKTi OuHAMIUHO20 DPO3Cil06aAHHA) B HUX
BHUABISIETBCA 1 KYT ODJISITy. Y TOW caMuii 4ac Taki iHOWKATOpPH MAaloTh 1 Ire-
peBaru — BOHU XapaKTePU3YIOThCA MEHIIOK T'YCTHHOIO CTPYMY, LIO MPO-XOIUTh
depe3 KoMipKy (mpubim3Ho 3 MKA/cM’ 3amicts 10 MKA/cM?), IO MPH3BOIHTE 10
30UIBIICHHSA TEPMIiHY IX eKCIDTyaTalii Ta 3HMKeHHIo 10 5...10 B (3amicTs 15...40
B) ix po6ouoi Hampyru.

[epcrieKTUBHUM € TaKOXK 1HIUKATOpH Ha eeKTi “ricTh — roc-nojap”. Y
TaKMX iHAMKaTopax y ckiaa pedyoBuHu PK (“rocronaps’) BBO-ASTHCS MOJIEKYIIH
OapBauka (“rocts”). Monexkyaun PK Ta OapBHUKa Opi€H-TYIOTbCS B OJHOMY
HanpsMKy (T1apayielIbHO MOBEpXHI MigKkianok). CBiTIO, TONIpHU30BaHE Y3I0BXK
OBOTO HAMPSIMKY, TOTIUHAETHCS OapBHUKOM 1 HE BUXOIUTH 13 KOMIpKH (pHC.
15.3, a).

CBITJIO MOJIEKYJIOI0 OapBHHKA MOTJIMHAETHCS B TOMY BHIIAJKY, KOJH ii
JIOBra BiCh MapajieflbHa IUIOIIMHI MOJISpH3allii MaJarouoro CBIiTIA (EIEKTpUYHE
0JIe BUKJIMKAE PyX €IEKTPOHIB BiJ OJHOTO KiHI MOJEKYJIH O JPYroro, Ha IO
BUTPAYAETHCS CHEPrisl). 3OBHIIIHE ENEKTPUYHE [I0Jie, SKE IOJAEThCA Ha
iHnuKarop, noeprac Mojekyny PK, Bciin 3a HUMH MOBEPTAarOTHCS MOJIEKYJIH
OapBHUKA i B pe3yJIbTaTi LILOTO CBITJIO NPOXOAUTEL Yepe3 KoMipKy (puc. 15.3, 0).
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Puc. 15.3 — llosicHenns eekTy “ricTh — rocnogap”:
@, — BxigHuii cBiT/10BUIT NOTiK; @, — BUXiTHMIT CBIT/IOBMI MOTiK
@ — HATIPYTH Ha iHAMKATOPi HeMae€; § — HApyra Ha iHAUKATOPi €

OpHUM 3 OCHOBHHX mapameTpiB iHaukatopiB Ha PK € sickpaBicHui
KOHTpAcT kg (BimHOIIEHHs ACKpaBocTi 00’exTa Ta (houy). BiH, sk mpasuo,
mocuTh 3HauHWKA 1 ckmamae 0,85...0,9. KonTpact 3amexuTh Bim KyTta
CIIOCTepEeKEHHS Ta TPHUKIAACHOI Hampyru. ToMy, SK 1 Ha iHIN THOHN iH-
JIMKATOPIB, y MACMOPTI Ha Taki MPHIaIH BKa3yEThCS JOMYCTUMHUI KyT 00-
30py 1 MPHUBOJATHCS BOJBT-KOHTPACTHI XapaKTePHCTHKH, MOAIOHI THUM, SIKi
nokasasi Ha puc. 15.4.

VAN

1 2

Puc. 15.4 — BoabT-KOHTpPACTHI

UB)

XapakTepucTHKHU inaukaTopa Ha PK, sxumii

NMpAauoe Ha TBicT-eeKTi:
1 — kyT crioctepeskenns 0°;
2 — KyT cnocTrepe:xeHHs 45°

MOXIMBOCTI OTPUMAaHHS
KOJILOPOBOTO 300pa)KeHHS Ha
PK nor’s3ani 3 psaaom edex-
TiB, cepell SIKMX MOXKHa BiJ-
MITHTH 1 edekr “zicmp —
2ocnooap”, Ta edext eubip-
K08020 8i00U6AHHA CBITIA XO-
necrepuunnmu PK. Tak, sxuo
B KOMIPII], 5IKa TIPAIIOE Ha eeK-
Ti “ricTh — rocrnoaap”, po3uu-
HUTH CKJIagHUNA OapBHHUK abo
KiJbKa Pi3HUX OapBHHKIB, TO
MO>KHa JIOOUTHCS TOTO, IO TIPH
YBIMKHEHHI HAarpyru 3MiHIO-
BaJIach SIK IHTEHCHBHICTD MPOM-
JIEHOT'O CBIiTJa, TaK i HOro Ko-
mip. Hlo cTocyeThes xonec-

TEPUYHOTO KPHCTalla, TO MpH BiAOWBaHHI CBiTJIA BiJ TUX IUIOMIWH, MO-
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JIEKYJIH, B IKHX OPIEHTOBAHO OJIHAKOBUM YMHOM, BUHHKAE iHTEp(epeHIlis, B

pe3ysbTati SIKOi MiJICHITIOETBCS BiJOWTE CBITIIO 3 JIOBKMHOKO XBHII, SKa

JIOpiBHIOE KpoKy cripaiti xonecrepuuHoro PK. IIpu npomy Takmii kpucran

3/aeThes 3adapBieHnM. Kepyroui 3a JONOMOTOI0 €1eKTPUYHOIO TOJIsT KPo-
koM cmipani PK, MoxxHa HerlepepBHO 3MiHIOBAaTH 3a0apBIIeHHS 1HUKATOPA.

Jnsg  imgukarii

30 dp BUKOPHCTOBYIOTh-

Cs1 €eJIEMEHTH, SIKI CKJIaia-

10 IOTBCS 13 BICBMOX Cer-

v

5 . MeHTiB (puc. 15.5) (kox-
— = HUM CErMEHT — IIE elle-
o — . \/Dﬁ —— MeHTapHa Komipka PK).
= 14 = 1 CiM i3 HUX BUKOPHCTO-
i X — BYIOTBCS JUIsl 300pakeH-
8 HsI JICCSITH 1UQP, a BOCh-
~ " MUH CErMeHT MpHU3Ha-
Puc. 15.5 — InaukaTop aas inaukanii YeHHH JIsl {H/MKALLT KO-
uudp na PK MH, SIKa BIIUISE TECST-
KOBI JIpOOH BiJT IIUTHX YK~
1 9 19 cer. Jlst oTpriMaHHs 300-
| E— [—] [ . . .
ZH 7 He 10H 15 H14 ZOH H24 paxkeHHs Toi abo iHIIOof
= — mudpu HEOOXITHO MAisSTH
o3, Il 2T

ENIEKTPUYHIM CHUTHAJIOM

e==ll[g ==l [4g == [026 . ..
12 Ha Ti abo iHIII CerMeHTH

4
[TLTITITTT | | [ (ecwenrapi xomipin
12345678910 1214 16 18 20 22 24 26 PK). Ha puc. 15.6 no-
11 13 15 17 19 21 23 25 Ka3aHUH OaraTopo3psii-
Puc. 15.6 — BaraTtopo3psiiauii inaukaTop HMI1 1HIMKATOp Ha TPHOX
Ha TPHOX eJleMEeHTaxX €JIEMEHTax.

ITo cyrti Takwmii iHgWKaTOop € HadmpocTimmM mucruieeM Ha PK
KOMITaKTHOI IIIOCKOi KOHCTpyKHii. Ha Takomy nucriei MoxyTs OyTu 300-
pakeHi i OLTBIII 32 PO3MIPOM 3HAKH T4 CHMBOJIH.

Jxepena cBitia, siki HeoOXimHI mIa podoTn iHAMKaTOpiB Ha PK,
MO’KHa PO3MILIYBaTH AK Ilepe]] HUMH, Tak 1 Mo3amgy HuX. Y IepLIoMy BHU-
MajgKy 1mo3any IU(POBHX CEIrMEHTIB BCTAHOBIIOIOTh A3E€PKANbHY IUIACTHHY
(puc. 16.7, ne 1 — map PK, 2 — cknsna migknaaka, 3 — Ipo30pHid elneKkTpo/,
5 — I3epKaJbHUM eNneKTpol, 4 — repMeTH3ylo4a MpoKiIajKa), CBITIO BiOU-
BA€THCS BiJ HEl 1 MPOXOAMTH Yepe3 CETMEHTH, MPO30PICTh SKUX 3aJEKHUTh
BiZ BenuuuHU cTpyMy. IIpm poOoTi iHAMKaTOpa B BiJOUTHX MPOMEHSX SIK
JDKEPEIIO CBIiTIa MOXKHA BUKOPHUCTOBYBATH HABKOJIMIITHE OCBITIIIOBAHHS.
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JATAVAY

o
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Puc. 15.7 — BynoBa PK-ingukaropa, sskuii mpauoe Ha BitdOnBaHHs

B iHmomMy BuUmajKy jpKkepeso cBitia (MiHIaTIOpHI JIaMITH pO3Kapro-
BaHHA a00 JIIOMIHECIEHTHI JDKepena) PO3MILIYIOTh Tak, 1100 CTBOPUTH
ITiICBITyBaHHs 300payKeHb CUMBOJIIB 200 KapTHH Ha €KpaHi JUcIuIes.

IHoni 3amicTh I3epKaNbHOI IUIACTUHM BHKOPHUCTOBYETHCS HOpHA
MaroBa MOBEpXHs. [HIMKATOpP Mpalloe Ha MponycKaHHs. [Ipu BUKOpUCTaHHI
BIAMOBITHUX (UIBTPIB MOXKHA OTPUMATH KOJIBOPOBE 300pakeHHsI THUX abo
IHIINX 3HAKIB.

s xepyBarnsa pobortoro iHnamkaropa Ha PK HeoOXimHmit mpucrt-
piif, SIKMI BMHUKa€e HaNpyTy JI0 TOro abo 1HIIOTO CerMeHTa 3a 3aJaHok0 TPOor-
pamoro. [l Iiboro Moxxe OyTH BIKOPHCTaHA CXEMa, sIka TpHBeicHa Ha puc. 15.8.

U
100 D0l
T _
| { D
. o cxeMu kepyBaHHs
U

Puc. 15.8 — Cxema komyTanii cermentis PK-ingunkaropa

TyT 10 KO)KHOTO CerMeHTa IiABOIUTHLCS KUBJICHHS JIMIIE B TOMY
BUIMAJIKY, SIKIIO BIIMOBITHUN TPAH3MCTOP BIAKPUTHI (HA PHCYHKY IMOKa3a-
HUH TIIBKM OAWH TPaH3MCTOp). MK CHUTBHUM EJEKTPOJIOM 1 TOJIFOCOM
JUKepera BBIMKHEHO oOMekyBanbHuUi omip R,g, = 10...100 kOm. 3a moro-
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MOTOI0 BUCOKOOMHHUX PE3HMCTOPIB BCTAHOBIIOETHCSI HEOOXiJHA HAIpyra Ha
cermenTax (mopsaka S B). Ilpu BimkpuTOoMy TpaH3HCTOpI BiAMOBIIHUI
udpoBuii cermeHT € 3a3emiiennM, Ha PK OyJe mpukiajeHa nmoBHa Harpyra
JKMBJICHHSI 1 BIH CTaHe MPO30pHUM, 1[0 TPHU3BEJE 10 3aCBIUyBaHHS TOro abo
IHIIIOTO CUMBOJTY.

o wenomikiB inmukatopie Ha PK ciin BigHECTH Te, IO BOHU TO-
TaHO TIPALOIOTh MPH TOHWKEHUX TEeMIIepaTypax. SHIDKCHHS TeMIepaTypH
TIPU3BOJUTE J0 PI3KOTO 3HIDKEHHS MIBHIIKOJII MPWIIAIB (sKa 1 Tak HEBe-
nuKa i ckiagae npubmmsao 0,1 ¢) i Bu3HavaeTbes BoHa B si3kicTio PK. Tep-
MiH eKcInryaTamnii iHmukaTopie Ha PK — 6ims 10* TOOMH, JUIS HMOro 301/Ib-
MICHHS KOMIPKH PEKOMEHAYETHCS 30y/HKYBaTH 3MiHHUM EIEKTPUIHUM I10-
JieM (TP 1IbOMY IHTEHCHBHICTb €JIEKTPOXIMIYHUX TPOLIECIB PI3KO 3MEHIITYETHCS ).

OpnHoto i3 ocHOBHUX TepeBar iHmukaropiB Ha PK € Hu3bka cro-
JKMBaHa TOTYXXHICTb, IO 3yMOBIIIOE X INUPOKE BUKOPHCTAHHS B TOJUH-
HUKaxX, MIKPOKaJIBKYJISITOpax Ta 0araTbox iHIMX npuctposix. Ha ocHoBi PK
po3pobieHi OaraToeneMeHTHI eKpaHu Julsl BinoOpaxkeHHs iH(opmarii (30k-
peMa eKkpaHH /I TeleBi3opiB, KoMm toTepiB). IIpu 1IbOMy B €KpaHH 4acTo
NPUXOAUTHCS BBOJUTH KOMIIAKTHI JDKepelia MiJICBiuyBaHHs (HANPHKIaA Ha
OCHOBI THYYKHX €JIEKTPOJIIOMIHECIEHTHUX KaHaJiB), AKi 301IBLIYIOTH 3at-
patu eHeprii Ha poOOTy eKpaHiB.

15.2. EnexTpoxpomHi ingukaTopu

Jo 1mporo xiiacy BITHOCATbCS IHAWKATOPH, B SIKMX HAaKJIaJaHHS
30BHIIIHBOTO EJIEKTPUYHOTO OJISt IPUBOAUTH JI0 3MiHH KOJIBOPY aKTHBHOTO
cepenoBuia. J[o peyoBuH, siKi 3MIHIOIOTh CBIfl KOJIp, MOXYTh BIJIHOCUTHCH
tprokcuy Bossdpamy (WO3), ipuaieBo-okcuaHi IIIBKH, psij iHIIUX HEOp-
TaHIYHUX OKCHJIIB, JIEsIKi OPraHiyHi pEUOBHHH — BIOJIOTEHH, OIMEPHIIOBI CO-
7, mesiki piaki kpuctamm. CxemaTndHe 300paKeHHsI eNEeKTPOXPOMHOTO iHIW-
KaTropa Moka3zaHo Ha puc. 15.9, ne 1 — cxisHa mnactuHa, 2 — NpoO30pUid
enekrpon, 3 — map amopduoro WOs, 4 — miap JienekTpuka, 5 — eneKTpoI.

1 Mlap WO; rtosmuuowo 0,1...1 MkM HaHO-
CHTBCSl Ha CKIISIHY MIJKIAIKY (BiH HAHOCUTBCS Ha MPO-
30pwii enexrpox, wiiBka Iny,O; Toprmmor0 0,1...0,2 MKM),
[UISIXOM TE€PMIYHOTO HamwiIoBaHHS. [loBepx akTHB-
HOTO TIapy HAIWIIOIOTP IIap JieNeKTpruKa (HalpuK-
naz, Si0, toBimuHO0 0,05 MKM) a MOTIM IUTIBKOBHI
enexkTpo (30510to, ToBIHOIO 0,01 MKM).

Puc. 15.9 — Bynosa . SIkmo Ha npc::sopm?lu €eKTPONL (2) Taxoi
€1eKTPOXPOMHOI0 KOMIPKH TTOJIA€ThCS BiJI’€MHUI MOTEHIIIAl, TO 3 HbO-

inuKaTopa ro 8 WO; OyayTh iHXKEKTyBaTHCS €NeKTpOHU. Y
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pe3yibTaTi Ha Karoll BiAOYAEThCS peakilis YTBOPEHHS BOJIbL(GPaMOBOI
OpOH3U 1 B aKTUBHOMY IIapi BUHMKAIOTh ICHTPU 3a0apBIICHHS: KOJIp
TUTIBKM CTa€e CHHIM. Peakiiisi yTBOpeHHs BOJIb(pamMoBOi OpOH3HM 3BOPOTHA!
IPY 3MiHI TOJISIPHOCTI HBJIEHHSI 1HIMKATOP BiJHOBIIOE MIOYATKOBHHA KOJIp
(IFDKeKIIiT eJICKTPOHIB 13 TUTIBKH 30JI0Ta TIEPEIIKOKAE IIap JieleKTpuKa 4.
PoGoua Hanpyra Takux iHIMKaTOPIB CKJIaJa€ YaCTKH BOJIBT, @ KOHTpacT 2:1
JOCATAETHCS PUOIH3HO 32 1 CeKyHy.

BaxnnBoro 0COONMHMBICTIO €NEKTPOXPOMHOTO iHIMKAaTopa € HasB-
HICTh TIaM ’ATi: 3a0apBICHAS aKTHBHOTO IIapy MOXKE 30epiraTucs mpoTsaroM
0araTbOX TOIOWH, IO THX Iip, AOKK HEe Oy/e MOJaHWHA IMITyIIEC CTHPAIOYOl
HAIPyTH TPOTHIICKHOI MONAPHOCTI. 3apsy, SKUM HEOOXiMHWH I 3MiHA
KONBOpY iHMKaTopa He € BemukuM (10 5 MKi/cm®). TakuM 9HHOM, TIpH-
JIaJTY ILOTO TUITY € Ille €KOHOMHIIII, HiX npuiaan Ha PK.

OCHOBHI HEJIONIIKH €JIEKTPOXPOMHHUX 1HAMKATOPIB: I1HEPIIHHICTH
(uac mepeMHKaHHS MOXKe TOCSTTH | ¢) Ta HEJOCTATHS TOBrOBIYHICTh. BoHM
BUTPHMYIOTh He Oinbme sk 107 mepeMHKaHb, a Ile 3HAUMTH, WO AKIIO iX
BUKOPUCTOBYBaTH B TOIMHHHMKAX JUI CEKYHIHOI CTPUIKH, TO X TEepMiH
ekcriyaranii Oyne 6inst 3 000 roxun (6inst 120 xi6). IBunkonito MoxHa
301BIIMTH, BUKOPUCTOBYIOUH SIK aKTHBHHUI Marepiai He TBepIy PEUOBUHY,
a piawHy, ane TepMiH eKCIDIyaTalii Ipy IbOMY e OiNbIne 3HIKYEThCS (Y
KOMIpIIi MOXXYTh TPOXOAWTH HEKOHTPOJBOBAHI XiMIUHI peakiii), Tipmuii i
KOHTpAcT IIPY BUKOPUCTaHHI PIJHHH SK aKTHBHE CEPEIOBHILIE.

VY wijgoMy eneKTpOXpOMHI IHAWKATOPU LIJIKOM MpHIATHI Ui Bi-
noOpakeHHs! iHpopMallii, ika MOBIIBHO 3MIHIOETHCS, JIe 1 MPOSIBISIFOTHCS 1X
nepeBark — eKOHOMIYHICTh Ta BUCOKHUI (HE TipIIUiA, HDK B iHAMKATOpax Ha
PK) xontpact. TemneparypHuii aiana3zoH poOOTH €JIEKTPOXPOMHHUX 1HIH-
KaTopiB HaBiTh OUIbII mMpokuit (Bix — 29 no 70 °C), Hixk B iHaukaropax Ha PK.

15.3. IngukaTopu iHIIMX THIIB

BukopucranHsl TeXHONOTII, po3po0ieHoi Uil BHpOOHHUITBA eJle-
MEHTIB MIKpOEJIEKTPOHIKH, BIAKPHJIO HOBI MOXIMBOCTI ISl CTBOPEHHS
BaKyyMHHUX pPOKAPIOBATGHUX IHIUKATOPIB, HATPIBAHHSI OKPEMHUX EIIEMEH-
TiB SKUX (BOJB(PaMOBHX HHTOK) JO3BOJISIE BiMOOPaXyBaTH HEOOXiMHMIA CHM-
Bou. 3a 3akoHoM Ctedana — BonpMaHa A7l TEIUIOBOTO BHIIPOMIHIOBAHHS,
SICKPaBICTh TAKUX 1HMKATOPIB BU3HAYAETHCs Temreparyporo (7= 1 200...1 300 °C)
BOIb(PaMOBOi HUTKM i Moxke gocaratu 10 000 ka/m’, MO CyTTEBO BHIIE
HDK y IHAWKATOpiB iHIMX TumiB. [ligKnanka, Ha SKifl po3MimieHi BONb)-
paMHi HUTKH, BUTOTOBJSIETHCS YOPHOTO KOJIBOPY, IO JIO3BOJISIE OTPHUMATH
Jy’K€ BHCOKY KOHTPACTHICTh 300pakeHb. TepMiH eKcInTyartalii BaKkyyMHHUX
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poKapyBanbHHX iHaMKaTopiB ckmagae 10%..10° romum, xomip BHIpOMi-
HIOBaHHSI — OLnuil (3aCTOCYBaHHS KOJILOPOBHUX CBITIO(QUIBTPIB 3abe3neuye
0araToKOJILOPOBICTh TIPU JOCHUTH BHCOKIH SICKPAaBOCTI). 3aJICXKHICTh SICKpa-
BOCTI BiJl Hanpyru 106pe omucyethes BupasoM Buny L ~ U’ [2].

[TpUHIMIIOBUM HENOJIKOM BaKyyMHHX PO3KAPIOBATBHHUX iHIHUKA-
TOpIB € TX HU3BbKHH KOe(iIliEHT KOPUCHOT Aii (JeKiTbKa MPOLEHTIB), OCKUIb-
KU TIPH Till TEMIIepaTypi, Ky Ma€ Boib(pamMoBa HITKA, OCHOBHA YacTKa BHU-
TIPOMIHIOBaHHS 3HAXOMUTHCA B iH(padepBoHiil obmacTi cnekrpa. LIIBumkomis
iX TaKOX He JIy’Ke BICOKA 1 CKIIaiae 1072¢.

SBuine enexkmpoghope3y (HalpaBICHOTO PyXy 3apsKEHUX YaCTH-
HOK OJIHOTO KOJIbOPY B JIICJIEKTPUYHIA PIKHI 1HIIIOTO KOJBOPY) BHUKOPHUC-
TOBYETbCS B POOOTI eNeKTpOGOPEeHTHUX IHIUKATOPIB. Y 3alIeKHOCTI BiX
MOJISIPHOCTI MPUKJIAJICHOT HAIIPYTH EJIEKTPUYHE TIOJIe MEPeMIly€e YaCTHHKU
nirmenty (Haiiyacrimie nopomky Ti0,) no ogHoro a6o iHIIOro eneKTpoaa
KOMipKH. THWIIOBI XapaKTepHCTHKH eNeKTpO(QOpeHTHHX IHAMKATOpPiB: B
eseMenTi ToBmMHOIO 50 MkM Hampyra B 30 B mepeminrye 4acTHHKH Tpu
ryctuni crpymy 1 MkA/cM” npu6mimsso 3a 100 Mc. Pecype poGotn cknamae
107...10° mukniB, poGouwnii niamazon Temmeparyp —15 — +50°C. Inaukaropu
“MaroTh mam’ATe” (300pakeHHs 30epiracThCcs Mmicias BUMKHEHHS HAIPYTH.
[lig®ip mirMeHTiB Ta MiENEKTPHYHOI PIMMHE MOXKE 3a0€3MEeUYNTH BEIUKHUN
Habip KompopiB. Jlo HEMOMIKIB e1eKTPOGOPEHTHUX IHIUKATOPIB BiTHOCATH
MOPIBHSHO BENHKi (HECATKH BOJIBT) HAIPYTH U KEPyBaHHS Ta HU3BKY
muakomiro (0,1...1 ¢).

B ocHOBI poOOTH €1EeKTPONIITHYHUX IHAUKATOPIB JIEKATh MPOLIECH
3BOPOTHOTO OCAJPKEHHSI Ha IOBEPXHIO EJIEKTPoJa IUIBKA MeTay (IUTiBKa
YTBOPIOETHCS B PE3YJIBTATI €IEKTPOJIi3y PO3UMHY, SIKMH 3HAXOIUTHCS MiXK
JIBOMa €JICKTPOJaMH, OJUH 3 SIKUX mpo3opuii). [Ipu ocapkyBaHHI METaIy
(cpibma) ruriBka Ha TPO30POMY EJIEKTPOJl TOIJIMHAE CBITJIO, sIKE Ha Hel
Majia€, B PE3yJbTaTi IBOTO EJIEMEHT BiJJOOpa)KeHHS 3MA€THCS TEMHHM Ha
6inomy ¢oni. IlpuxiiaszeHa Hanpyra 3BOPOTHOI ITOJISIPHOCTI MPUBOJHUTE 10
MPOCBIYyBaHHA eJeKkTpona. Poboda Hampyra TakuxX KOMIpOK — OJMHHII
BOJIBT, pecypc poGoTH — 6ins 107 mukiiB, poGoumii jianazoH TemnepaTyp —
Bizm —40 °C o +60 °C. 300paxkeHHsT MOXe 30epiraTucs IpOTAroM AEKUTBKOX
ni6. HemomikoMm ix € Bennka iHEpIiHICTh (Yac 3ammcy Ta CTUPAaHHS CKIIAAae
0,2...1¢).

Sk macuBHI IHAMKATOPH MOXKYTh BUKOPHUCTOBYBATHCH €JIEKTPHYHO-
KEepOBaHI ONTHYHI TPaHCIAPaHTH, SKi PO3MIISTHYTI paHiml (HANpUKIaa Ha
ocHoBi kpucrtanis KDP, DKDP, ADP, PLZT-kepamikwu).

VY rtabnmui 15.1 HaBegeHO OCHOBHI NapaMeTpu NEsIKMX iHJWKa-
TOPIB, SIKi BUTOTOBJISAIOTHCS B IIPOMHCIIOBOCTI.
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Ta0auusg 15.1 — OcHoBHI NapaMeTpH IHIUKATOPIB, sIKi BUKOPHCTOBYIOThCS
B CHCTeMax Bio0paskeHHs iHgopmanii

. Yac
Tun . Konip Kepyroua
. SckpaBicTh . [ePEMUKAHHSL, Kyt ornsimy
IHMKATOpa CBITIA c Hanpyra, B
Axmueni
Bakyymsi [500..20 000 Xopruit |10 %..10" 5 +60°
Ppo3xKaApIO-
BaJTbHI
Bakyywmni | 30...1 000 | 3enenwuit, 107 50...70 +45°
JIIOMiHEeC- JKostuii,
LIEHTHI YepBoHuit
Csitno- | 10..400 | Yeponmii [ 10 *..10 °| 1,5..10 +50°
IOJHI
Tazopos- | 50..900 | 3ememmit, | 10 *..107° | 70...300 +45°
pAmHI Kostuii,
UepBoHuit
Enextponro{ 10..70 | Tomy0Owi, 10 115..220 + 80°
IMIHECLIEHTH]| 3eneHui,
(TTIOpOIIIKOBI) YKopTwit,
YepBoHuid
Ilacueni
Ha PK - - 10 3..30 +30°
Enextpo- | - 1021 | 011 | +60°
XpOMHI
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Nekuis 16. EKPAHU B CUCTEMAX
BIAOBPAXXEHHA IHI®OPMALIII

= 3azanbHi eumMoau Ao eKpaHie.

= EnekmpoHHo-npomeHesi mpy6kKu.
= EnekmposiroMiHecyeHmHi ekpaHu.
= PidkokpucmaniyHi ekpaHu.

= JlazepHi npoekyiliHi cucmemu.

16.1. 3aranbHi BUMOIH 10 eKpaHiB

IanukaropHi mpmmaan, sSKi BiMoOpa)karOTh IMOPIBHSHO HEBEIUKE
YHCIIO 3HAKIB, HA MPAKTHII NIMPOKO 3aMIHIOIOTH €KPaHH, 10 JI03BOJSIOThH
OJIep>KyBaTH OaraToeleMeHTHE KOJIbOPOBE 300paeHHsI, 0 pyxaeThbes. Di-
3WYHI MPUHIIUIH JTii TAKKX €KPaHIB aHAJIOTIYHI MPUHITUIIAM Jii BiIMOBITHIX
IHIUKATOPHHUX MpuiaaiB. Hukde KOPOTKO PO3IIISAHYTI XapaKTEePUCTUKH THX
3 HHUX, 10 HAWOIIBII YaCTO BUKOPHUCTOBYIOThCS B IHUCIUICSX — MPUIAIax,
LI0 TOEIHYIOTh SIK CaMi €KpaHW, TaK i CHCTEMH KepyBaHHs, IO 3abe3re-
YyIOTb iX po0oTy.

Ilpu CcTBOpEHHI KOMILIEKCIB, HIO BKIFOYAIOTh MPUCTPOI Bi3yaib-
HOTO BimoOpakeHHs iH(OpMaIlii, BHHUKAE psa cnenuiqHuX mpodieM, o
CTOCYIOTBCS Y3TOXKEHHSI XapaKTePUCTUK MAIIMHH — CHCTEMH BiOoOpa)eH-
HA iH(popMarii 1 moauHn — omnepatopa. KpiM 3araJpbHUX BHMOT, SKHM II0-
BUHHO 33JI0BOJIBHATH po0OOYe Miclle oleparopa, BaXIIUBY POJIb BilirparoTh
€ProHOMIYHI BUMOTH JI0 SIKOCTI 300pa)KeHHsI Ha €KpaHi TUCIUIes: SICKPaBicTh
300pa’keHHs TOBMHHA MiIaBaTHCS IUIABHOMY PEryJIIOBaHHIO B MeKax Bif 0
(cBiTinus Hemae) 10 150...200 ka/m* (3BHUAITHO SCKPABICTh eKpaHa GIIM3BKO
100 k/M?); KoHTpacT 300paskeHHs npH ocsiTienocti 300...500 K MOBHH-
HUM ckiaamate Big 1:8 mo 1:15; mus peamizariii MOKIHMBOCTEH OKa po3-
pi3HATH fAeTali 3 KyTOBUMH pO3MipaMH HE MEHIIE XBWJIMHH PO3MipH
OKpeMHX CBITHHX KpaloK eKpaHa He MOBHHHI Oyt Oumbme 0,3 MM, npu
bOMY Ha BiTOOpa)KyBaHWI CHMBOJI IO BHCOTI HMOBHHHO TNPHXOMUTHCS HE
meHm 10...12 Todok, mo0 He Oyina BHAHA 3epHUCTA CTPYKTypa CHMBOIY;
UIA ofiepKaHHS 3MUTHX (a3 pyxy, 3adiKcoOBaHOTO Ha CYCiHIX Kaapax
300pakeHHsI, 110 PyXa€eThCs, HEOOX1THO 3a0e3meunTH moka3 Bij 16 1o 24 kai-
piB y cekyHIQy (BUMOTH OOYMOBJICHI 1HEPI[IIHICTIO CIIPUHHSTTS CBITJIOBOTO
CHTHAJy OKOM IIIOAMHH); 0a)KaHO BHKOPUCTOBYBATH 0araToKOIbOPOBI
eKpaHH, MPUYOMY PEKOMEHJYEThCS HaJaBaTH CaMOMY OIEepaTopy BHOIp
3pYYHOTO ISl HBOTO CIIOIYYEHHS KOJIBOPIiB (KOJH 11 MOXJIIHUBO). [IpH BUKO-
PHCTaHHI K MOHOXPOMHHX €KPaHiB BapTO IMaM’sSTaTH, 1[0 BTOMIIIOBAHICTh
orepaTopa MEHIIA MPH BiI0OpakeHHi iH(popMaIlii TEeMHIMH CUMBOJIaMH Ha
cBiTIIOMY (DOHI, 2 HE HAaBIAKH.
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OO0JIiK BUMOT €ProHOMIKH, CIPSIMOBAHUX Ha 3HMIKCHHS YTOMH OIle-
paropa i 30unblIeHHS e(EeKTHBHOCTI HOro poOOTH, HAKIIANA€ 10JaTKOBI
oOMexeHHsI Ha BHOIp enleMeHTHOI 0a3m aus expaHa juciuiesi. Tak, He3Ba-
JKArOYM Ha BEJNMKHUI (JECATKH THUCSY TOAMH) TEPMiH eKcIulyaralii 1 rapHy
sckpaBicTs (10 200 k/M’ mpu KOHTpacTHOCTI 1:25) razopo3psiHi iHmu-
KaTOPHI aHei K eKpaHH JJIs AUCIUICTB MPAaKTUYHO HE BUKOPUCTOBYIOTHCS,
OCKIJIBKM BOHH OJTHOKOJIpHI, MatOTh HU3BKY PO3AIIbHY 3/1aTHICTH (pO3Mip
CBITHOI TOYKHM 3BHYaWHO ckiamae Omm3pko 0,5 MM 1 MOXYTh €KCIUTya-
TYBATHUCS JIUIIE TIPH BiTHOCHO HEeBeMMKUX (mpuOmu3HOo mo 100 1K) piBHIX
30BHIIIHBOTO 3aCBIUYEHHS, i KPIM TOTO, y TAKWX MPHUCTPOIB BiICYTHI MOX-
JUBICTH TIepenadvi rpamaliii sCKpaBoCTi, 0 HE JO3BOJISIE BUKOPUCTOBYBATH
X JuIs1 mepeaadi HarmiBTOHOBUX KapTHH.

16.2. EnekTpoHHO-IpOMeHEBi TPyOKH

Haii6inpir mMpoKo 3aCTOCOBYBaHMM €JIEMEHTOM CHCTEM Bif00-
pakeHHs iH(GOpMAIll y Hall Yac 3alWMIAIOTHCS eleKMmpPOHHO-RPOMeEHesi
mpyoku (EIIT), He3Ba)karouu Ha Te, 10 BOHM BUMaraloTh BHCOKHX Kepyro-
YHUX HAIpyT, MalOTh BEUKHA 00’€M MpPHU MOPIBHIHO 0OMEKEHOMY pO3Mipi
ekpana i T. 1. IIpote, moku came EIIT € 0ocHOBOIO 6araTOKOILOPOBUX JTUCTI-
neiB, 0 MAalOTh HEOOXiIHY SICKPABICTb.

Ha 6a3i icHyrounx KiHeCKOMiB (PO3MipH KPOKY KOJBOPOBHX Tpiakg
Ha eKpaHi SKHX MOXJIHMBO 3HH3UTH 110 0,3 MM) MOXyTh OyTH peanizoBaHi
BIITBOPIOIOYI TIPUCTPOI 3 Mi/BHIIIEHOO HiTKicTIO BHe 1 000 miniil Ha ekpaH i
HaBiTh Oinbire. KapTuHka, oiep)KyBaHa Ha TakOMy €KpaHi, 3a SIKICTIO He
yCTyIa€e KOJIbOPOBOMY 300pakKeHHIO Ha KiHOEKpaHi, MOJi0OHI CHCTEMH BXKE
3HalIIUIM IIUPOKE 3aCTOCYBaHHS B TenebaueHHi. Bapro BkazaTw, 110 He-
3Ba)KAlOYM Ha BEJNWKI Hajii, 3B’s3aHi 3 BUKOPUCTAHHAM KiHECKOMIB i3
[IJIMHHIMA MacKaMH, SK 1 paHimie mupoko BHKopuctoByloThess EIIT 3i
3BHYAHUM JEJBTONOMIOHMM PO3TAIyBaHHSAM JDKEpPEN eNEKTPOHIB (KOX-
HUH 3 SIKUX BIIMOBIZA€E 3a 30y/DKEHHS JTFOMIHO(pOpa OJHOTO 3 TPHOX OCHOB-
HUX KOJIbOPIB CBITiHH!).

EnekTpoHHO-TIpOMEHEBI TPYyOKH IO3BOJISIOTH BHBECTH Ha EKpaH
3Ha4HUI 00csar iHdopmarii. [cHyroul aucIUie] 3 KOJIbOPOBUM 300paKeHHIM
3BHYaHO BUCBIYYIOTH 25 PSJIKIB CUMBOJIIB, MOHOXpOMaTH4HI — 32 psiiky, a
TeNeBi3iitHi MOHITOpU mixBuINeHoT diTkocTi 10 80 psaki. Kpamy aucriei
poro tumy mMawoTth 1 280 x 1 024 eneMeHTIB BiJOOpaXKeHHS! — KOJILOPOBUX
Tpiaj, BiICTaHb Mixk sikumu ckiaziae 0,15 mm.

HeoOximHO BKa3aTH, IO CTBOPEHHS CHUCTEM 3 IIJBHIICHOIO YiT-
KICTIO 300payKeHHS BUMArae IMiJIBUIIIEHHS YaCTOTH PSIKOBOTO PO3TOPTaHHS,
0, Y CBOI 4Yepry, MPHUBOAMWTH JO 30UIBIICHHS MOTY)XHOCTI, SKa BH-
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TpavyaeThCsl HA HArpiBaHHS €KpaHa, 1 B KIHIIEBOMY PaxyHKY A0 3HMKCHHS
TEpMiHy eKCIUTyaTallii KiIHeCKora.

KonkypeHuiss 3 00Ky pi3HUX BHPOOHHMKIB €KpaHiB IHIIUX THIIB
3Mycuiia BXXHUTH 3aXOJIY, CIPSIMOBaHI J0 3MIiHM TPaAMIiHHOI KOHCTPYKIIii
€JIEKTPOHHO-TIPOMEHEBUX TPYOOK i, 30KpeMa, /10 3MEHIIECHHS IX TOBIIMHH.
CrBOpeHMii 3pa30K KiHECKOIa, TOPJIOBHHA SIKOTO € €JIEKTPOHHO-IIPOMEHEBA
rapmara, po3TallloBaHa HE SIK 3BHYaiHO (HEPIIEHAMKYJSIPHO MOBEPXHI €K-
pana), a mapaiensHo WoMmy. /It MOBOPOTY €1eKTPOHHOTO ITPOMEHS B MicCIIi
BUI'MHY KiHECKOIIA BUKOPHCTOBYETBCS CIICHIATBHUN €IeKTPOCTATHYHHUHN TIPHUCT-
pii. B iamomy 3pa3ky “BHUTHYTHII  MOMIOHWM YHHOM EJIEKTPOHHHH IpPO-
MiHb TepiOJIYHO 000irae IIacTHHY MIKpPOKAHAJIBHOTO MiNCHITIOBAYA, €JIEKT-
POHH 3 BUXOAY SIKOTO Y CBOIO 4epry 30y KyIOTh TIOMIHOQOPHHUIT eKpaH.

HesBaxaroun Ha Baromi pe3ysbTaTd, OJiepKaHi B X0 pO3poOKU
“mnockux” EIIT, exkpaHu nporo TUMy BCe-TaKM HE MOXYThb MaTH IIO-
CIPaBKHbOMY IUIOCKOT ITOBEPXHi, a 3HAYMTH 1 3a0e3MeuyBaTH BETUKHHA KYT
OTJISIY, OJJHAKOBI PI3KICTh 1 Mepeiavy KoJIbopy SIK y LIEHTpi Tak i Ha Horo
niepudepii. OcoOIMBO MOMITHUMH CTAlOTh IIi HEJOJIKH B 3B’SI3KY 3 CIIPO-
0aMu CTBOpEHHSI €KpaHiB BeJIMKHUX po3MipiB (1,5...2 M o miaronani) i manoi
(xinpka caHTHMETpiB) TOBIIMHA. CaMe TOMY IIUPOKHM (POHTOM e po3-
poOKa expaHiB, IO MPAIFOIOTE 32 IHIMNMHA (i3HIHIMH TPUHIIATIAMH.

16.3. EnexTpoJiroMiHecleHTHI eKpaHu

CBITJIONIOAHI 1HIUKATOPU € MAacOBMM BHPOOOM Cy4YacHOI €JeKT-
poHHOT mpomucioBocTi. CripoOu 00’€HAHHS TaKUX 1HIUKATOPIB Y CBIT-
JIOMIOZHY MATPHIIK0, BUMATarOTh JOCHTh CKIIAMHUX TEXHOJOTIYHHX 1 cXe-
MOTEXHIYHHX BHpilieHb. TOMY, KOIH TOBOPATH MPO EIECKTPOTFOMiHECIICHTHI
eKpaHH, TO, SIK MPABHJIO, MAIOTh HA YBa3i EKPaHM TUX JBOX THIIIB, 1[0 OCBO-
€HI TIPOMUCJIOBICTIO: TOHKOILIIBKOBI, 5IKi 30y/DKYIOTBCSI 3MIHHOIO Hampy-
TOI0, 1 TOPOIIKOBI, SKi MPAIOIOTh Ha TIOCTIHHOMY CTPYyMi.

Jucmiei Ha OCHOBI TOHKOILTIBKOBHX —EIEKTPOJIFOMiHECIICHTHHX
BHUITPOMIHIOBaUiB BHITyCKAIOTHCSA B psili KpaiH. OCHOBHA mepeBara eKpaHiB
OBOTO THIy — Majla TOBIIMHA, HEBEJHMKA CIOKUBAaHA TMOTYXKHICTb, IiJBHU-
ieHa MeXaHiYHa MilHiCTh. THUNOBI IUTIBKOBI €IEKTPOJIIOMIHECIIEHTHI eKpa-
HE MaroTh Ommsbko 10° emementis, sickpasicts 100 ka/M* i MaioTh pos-
JUTBHY 37aTHICTH 26 JiHINH/cM. BJoCKOHa IOBaHHS MapamMeTpiB TOHKO-
TUTIBKOBUX EJICKTPOJIFOMIHECIICHTHHX CKPaHIB MPOJOBKYEThCS. CTBOPEHO
MMOBHOKOJILOPOBUI eKkpaH po3MipoMm 12,2 x 9,1 cM (BiacTaHb MiX eJeMeH-
TaMH-TpiagaMu JroMiHodopa pizHOro xojipopy cBitiHHg 0,38 Mm). Po3poo-
neHo expanu po3mipoMm 40 x 40 cm, mo mictars 2 000 x 2 000 erxemeHTiB
BiZToOpa)keHHsI 1 CIIOKUBaIOTh Bchoro 50 Bt tomo.
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TpynHoui, MoB’s3aHi i3 3aCTOCYBaHHSIM TOHKOILTIBKOBOT TEXHOJIO-
rif, BHAeThcs 0araro B 4YOMY IOJIOJIATH, BUKOPHCTOBYIOUM B EJIEKTPO-
JIIOMIHECIIEHTHUX €KpaHax IOpPOLIKOBI JIIOMIHO(GOpPH, M0 NpalfolOTh Ha
nocTiiiHoMy cTpymi. Taki ekpaHu BUSABJISIOTHCS JCHICBINI TOHKOILTIBKOBUX
i, KpIM TOrO, BUMararmTh MEHIIUX Hampyr s poOoTH ((akrt, mo Mae
HEMaJOBa)KHE 3HAUCHHS IIPH CTBOPEHHI CHCTEM KepyBaHHS). BuroTtosineni B
JAaHUH 9ac MPHUCTPOT I[bOTO THITY MIicTATh 10 640 x 480 eneMeHTIB, 3AaTHUX
BimoOpasutu 16 rpamamiii sickpaBocti. Koiip CBITIHHS eNEKTpOIIOMiHe-
CIIEHTHHX €KpPaHiB MOCTIHHOTO CTPyMY — KOBTO-TIOMapaHUEBHH.

16.4. Pinkoxpucrajiuni ekpanu

[pucTpoi 1poro TUIy OMHI 3 TEpIIKX, KOTPi “cripoOyBayn’ cKiac-
TH KOHKYDPEHIIIO EJIEKTPOHHO-TIPOMEHEBHM TPYOKaM y cucTeMax BioO-
paxenHs iHdopmarii. IIpuHIMIIOBa cXeMa CyYaCHOTO MAaTPUYHOTO PiIKo-
KPUCTAJIIYHOTO €KpaHa BUTIISA€ B TAKWH CHOCIO: IMIap piIKoro KpucTama,
PO3TAIIOBaHUI MK JBOMa CKISHHMH IUIACTHHAMH 3 B3a€MHO IEpIICHIU-
KyJSIPHUMH CMYXKKaMH €JIEKTPOJIB IMiJICBIYYETHCSI PO3TAIOBAHUMH 0331y
(y mesikux 300Ky, 3 TOpISI €KpaHa) JIIOMIHECIIEHTHUMH JDKepeliaMu O11oro
cBina. CKJIO OJHOYACHO € TOJSIPH3aTOPOM, 3MIHIOIOYH HAaIlpyry Ha OK-
pPEMOMY €JIEMEHTI, MOKHA PETYITIOBATH SICKPaBiCTh POWAEHOTO KPi3b HHOTO
cBiTia. Ha nuipoBii CKIsIHIN TUIaCTHHI PO3TAIIOBYIOTH TPiaJH KOJILOPOBUX
CBITIO(IIBTPIB, pO3MIpH SKUX OJHM3BKI 10 PO3MIpIB JIIOMIHOQOPHUX Tpiaj
Ha eKpaHi KiHeckora. B ogHOMY 3 piIKOKpUCTAIIYHUX €KpaHiB 300pasKeHHS
cTBOprOeThCs 640 x 450 x 3 enmemeHTaMu BimoOpakeHHs (Tpiaaud 4epBoO-
HOTO, 3€JIEHOT0 1 CHHBOro KombopiB). LllupuHa cMyXOK €JIeKTpOIiB IT0-
ni0OHOTO ekpaHa BCcbOro 5 MKM. Taknii ekpaH NPaKTHYHO BXKE 3aMiHHB
€JIEKTPOHHO-TIPOMEHEBUH MOHITOP IS IEPCOHATFHUX KOMIT FOTEPIB.

BaxxnmBoro npo6i1eMoro Ha IUIAXY CTBOPSHHS MATPHYHUX SKpaHiB
yCiX TUMIB € epeKTHBHE KEPyBaHHS KOXXKHOIO KOMIPKOIO €KpaHa, 3arajibHe
YHCIIO SIKUX MOXE JOCSraTd ACKUIbKOX MUTbHOHIB. Jms mux 1ineit pos-
poOJIeHa TEXHOJIOTIsl OJICpIKaHHS MATPUIlb TUIIBKOBUX TPAaH3UCTOPIB Ha OC-
HOBIi aMopdHOro KpeMHiro. TOHKOIUIIBKOBA TEXHOJIOTIS J03BOJISIE HAHOCUTH
TUTIBKM aMOP(QHOTO KPEMHII0 Ha CKISHI MiAKIaJKH, 110 € OJHOYACHO OC-
HOBOIO JIUISl PIAKOKPHUCTAIIYHOTO ab0 €IeKTPOIIOMIHECIIEHTHOrO mapy. Tu-
TIOBUH PiIKOKPHCTANIIYHUHA €KpaH, 1[0 BUKOPUCTOBYE TBIiCT-e()EKT, MiCTHTh
710 | MITH eeMeHTIB BiIOOpakeHHS 1 KITIOYOBHMX TPAH3UCTOPIB, Ma€ PO3MipH
15,8 x 15,8 cm, koediuieHT KoHTpacTHOCTI moHax 50:1, mpu KyTi orisiay
6imb 50°.

TeMnu ynockoHaFOBaHHS 1 3pOCTaHHS BUPOOHMITBA PiAKOKPHC-
TANIYHAX EKPaHiB HACTUIBKM BEJHKi, 0 HAa CYYaCHOMY eTalli pPO3BUTKY
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TEXHIKM BOHH IMOBHICTIO BUTICHSIIOTH €JIEKTPOIPOMEHEBI TpyOku. MalyTh,
JIMIIE TUIBKU EJEKTPONIOMIHECIICHTHI €KpaHH, TEMITH PO3BHUTKY SIKUX IIIE
BUILli, 3MOXKYTh B3STH Y4acTh B “‘CyIepedlli” IWX TiraHTiB ONTOENEKTPOH-
HOI TEXHIKH.

16.5. Jla3epHi npoekuiiini cucreMu

OCHOBHHUII TpUIfOM, IO JIEKUTh B OCHOBI CTBOPEHHS JIa3epPHUX
CHUCTEM BimoOpakeHHs iH(popMaii — mpsaMa MpoeKIis 300paKeHHs Ha 3BH-
YaifHU# eKpaH. Y Hall Yac Ui OJIepKaHHS 0araTOKOJIBOPOBUX 300pakeHb
BHKOPHCTOBYIOTh apTOHOBI (CHHBOTO i 3€JICHOTO KOJBOPIB CBITIHB) 1 KpHUII-
TOHOBI (YEPBOHOTO KOJIBOPY CBITIHHS) Ja3epr. MoayJisiiisi IHTEHCUBHOCTI,
a TaKOX BIIXWUIICHHS MPOMEHIB Ha 3aJjaHi KyTH 3/1iHCHIOIOThCS TPHIIaIaMHU,
1110 BUKOPHCTOBYIOTB aKyCTO- 1 €IEKTPOONITUYHUN epeKTH, 1110 PO3IIISTHYTI BHIIIE.

IlepeBaroro cydacHHMX JIa3epHHX MPOCKIIIMHUX CHCTEM € BiITBO-
peHHs 300pa)KeHb Ha €KpaHi BEJNUKOi (KibKa KBaJpaTHUX METPIB) IUIOMI
npu 3HauHiit (100 ka/M”) sickpaBocTi, rapamii kKouTpact (1o 1:100) i Bucoka
pO3MiTbHA 3/TaTHICTb.

Jlo HeyoMiKIB CHCTEM IIbOTO THITY BapTO BIJHECTH B HEPILY UEpry
mm3pknit KKJI ra3oBuX ma3epiB, SKwWii HE TEPEBHUINYE ACCATHX UYACTOK
MPOIEHTa, M0 MPHU3BOJUTH J0 3HAYHOTO CIOXXHMBAHHA EHEpril (AeKimpka
KIJIOBAT IS BUCBIUYBAaHHS KBAJIPATHOTO METPa 300pakeHHs). Y CYKyITHOC-
Ti 3 TIPUCTPOSIMU MOJYJISALIT 1 BIIXUIICHHSI BapTICTh JIA3epHUX MPOESKI[IHHUX
CHCTEM BHSABIIIETHCS TOCUTH BUCOKOIO. CydacHi IiraHTH ONTOEIEKTPOHHOT
npomuciioBocti Panasonic, Sony, LG, Samsung Tomio, mpoBoAsTs po3poOKy
Ja3epHUX CHCTEM Juisi TMOOYTOBUX YMOB BHMKOPHCTAHHS: TPOEKIIHHUNA
TPUCTPIH, 3aKpilUICHUH IMiJ] CTENIE0 1 SKUH CTBOPIOE SICKpaBe KOJIHOPOBE
300pa)XCHHSI Ha CTiHi-€KpaHi, OT)KE€ MOXXE CTaTH MOBCSKACHHOIO peajlb-
HICTIO, BUTICHVBIITY 3BUYANHAN TEIEBI30P.

VY Tabmumi 16.1 HaBeneHi Nesiki XapaKTEpHCTHKH Ta MapameTpu
eKpaHiB JuIsl BioOpakeHHs iH(opmarii.

Taoauus 16.1 — [IapameTpu AesikuX eKpaHiB 1715 BinoOpa:keHHs iHpopmanii

Pipma- Mapka, it | Posmipu,|KinbkicTs, Posmip Kouip HAckpa-
BUPOOHUK, .| TOuKH, . BICTb,
i eKpaHa CM  [eJIeMEHTIH CBITIiHHS 5
KpaiHa MM KI/M
1 2 3 4 5 6 7
Sanv’o LCD-558-01A| YopHi
HngHi;; (pimrko-  B1,0x16,00640x200| 0,38 |cumBonmMHA| —
KpUCTAITIIHITI cipomy ¢oHi
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IIpoaos:kenHs Tadauui 16.1

1

2

6

Sharp,
SnoHis

DSP14CHO1

CIEKTPOHHO

IpPOMEHEBA
TpyOKa)

24x18,0

640480

0,3

Bararo-
KOJIbOPOBHI1

400

Lj-512401
(TOHKO-
TUTIBKOBHIA
CIICKTPOJTFOMi-
HECILIEHTHHH)

17,9x4,5

512x123

0,38

Kosto-
[IOMapaH4YeBUl

103

LT1400
(cBiTIOMMIOT-
HUHA MOJTYJIb)

5,7x5,7

16x16

0,5

JKosToO-
3eJICHUH

50

IBM, CILIA

IBM-581
(razo-
pO3psAaHUN)

34,1x27,3

960x768

0,5

[ lomapanueBHif

100

Noritake,
Snownis

DM256x2560
(BakyyMHHIHA
JFOMIHEC-
[ICHTHHI)

15,0x15,0)

256%256

0,6

CuHBO-
3eJICHUMN

70

LG,
ITiBgenna
Kopes

FLL1511S,
Flatron
(piaxo-

KpHCTAIIMHUN

08,5x21.2)

800x600

0,28

Bararo-
KOJIbOPOBHI1

FLL1511S,
Ivory (pinko-
KpHCTATIYHUNA

35,6x23,2

1024x768

0,24

T710BHK,
Alrue —
Flatron

€JIEKTPOHHO-

MIpOMECHEBA

35,6x23,2

TpyOKa)

1024768

0,28

1000
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