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BIJIMIHHOCTI ¥ OCOBJIMBOCTI
NIPUCTPOIB HIYHOTO BAYEHHS TA TEILIOBI3OPIB!

Posensnymo npunyun pobomu npucmpoie Hiunozo Oauenns ma menyiosisopis,
BUCBIMIIEHO IX XAPAKMEPUCMUKU A TEXHIUHT MONCIUBOCTE, HABEOeHO SUOU IX KAACU-
Qixauiil 3a pisHuUMU KpUMEPIsMIL, a MAKONIC NPOAHANIZ08AH0 ACNEKMU IX PO30LIeHHS Ha
NOKOJIIHHSL, 30KPeMA 3ANEHCHO 610 PYHKUIOHATLHUX XAPAKMEPUCTIUK | MEXHIUHUX MOC-
JUBOCMEU 1X OCHOBHOZ0 €JleMEeHMmA.

Hasedeno ocnosni nepesazu i nedonixu, ocooausocmi ma 6iOMiHHOCMI Npucmpois
HIUH020 Oauenns ma menaogisopie, a MaKoxic OKPeCIeHO NPIOPUmemui Hanpsimu no-
0anvuozo ix po3eumxy.

Kmouosi caosa: npucmpiii niunozo bauenis, meniogisop, npunuun oOii, npuiimay
BUNPOMIHIOBANHSL, ELEKMPOHHO-00UUCTIOBANLHUTL NPUCTPILL, Mampuus, 60JoMemp.

Paccmompen npunyun pabomot npubéopos Hounozo UOCHUS U MENI0BU30POE, 0CEe-
Wenvl UX Xapakmepucmury i mexHuueckue 603MONCHOCMU, NPUBEOeHbL BUObL UX KILAC-
cupurayuil no pasIuuHbLIM Kpumepusim, a maxdice npoanarusuposanvl Acnekxmvl Ux
pasdenenust Ha NOKOIEHUS, 8 YACTHOCMIL 6 3ABUCUMOCTIUL OM PYHKUUOHATOHBIX XAPAK-
MepPUCMUK U MEeXHUYECKUX BO3MONCHOCEN UX OCHOBHOZ0 dJleMeHmA.

IIpusedenvl ocnosubie npeumywecmsa u HedoCmamxiL, 0COOEHHOCMU U OMAUUUS
npubopPo8 HOUHOZO BUOEHUSL U MENI0BU30PO8, A MAKICE 0003HAUCHBL NPUOPUMEMHbLE
Hanpasienus. 0aIbHeez0 Ux Pa3euUmusl.

Knioueswvte cnosa: npubop mounozo eudenus, meniosusop, NPUHuun 0elcmsus,
NPUEMHUK USTYUEHUS, INEKTNPOHHO-BLIMUCIUMENHOE YCPOUCMBO, MAMPULA, OOL0OMEMD.

The principle of operation of devices of night vision and thermal imagers is considered,
their characteristics and technical capabilities are stated, types of their classifications by
various criteria are given and also aspects of their division into generations, in particular
depending on functional characteristics and technical capabilities of their basic element
are analyzed.

Main advantages and shortcomings, features and differences of devices of night
vision and thermal imagers are given and also the priority directions of their further
development are designated.

Keywords: device of night vision, thermal imager, principle of action, radiation
receiver, electronic computer, matrix, bolometer.

[Tepen TuM SIK MU 3yITUHUMOCS Ha aKTyaJbHOMY NMUTAHHI — BiIMiHHOCTAX TeX-
HIYHUX MOKJIUBOCTEH TertoBisopis (gami — TIIB) i mpucTpoiB HiuHOro OaveHHs
(mani — ITHB), xoriziocss 6 akileHTYBaTH yBary Ha BaKJIMBUX HIOAHCAX: CUCTEMATHU-
3alliTHOMY i MOHATIHOMY.

! [TposioBKeHHST B HACTYITHOMY HOMEPI.
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Oxpemi HaykoBIli Ta (axiBili B OXOPOHHI, MPAaBOOXOPOHHIN, PATYBaTbHIl, T0-
myKOBil Ta iHmux Bujax aisabHocTi n0 [IHDB Binnocarts takox TIIB, nanpuxaan:
B.IO. Andepos, A.€. @emtonin, M.M. Ileperstbko [1]. IIpoTe momisbHO, Ha HamTy
nymky, posragaaru [IHD i TIIB gk okpeMi rpynu mpucTpoiB, i He TiJIbKK 4Yepes Bijl-
MiHHOCTI y npunnunax ix aii. [lle oxniero npuunnoio € te, mo TIIB MoxyTh BUKOpU-
CTOBYBATUCS He TiJIbKA B YMOBaX HEIOCTATHbOI OCBITJIEHOCTI Ta BHOYI, a i y/ieHb, OC-
KiJIBKM MalOTh IMIMPOKHI CIIEKTP (PYHKIIOHATBHIX MOKIMBOCTEN. BoHIM MOKYTH OyTH
Opi€HTOBaHi Ha BUKOHAHHS Pi3HUX 3aBjaHb, HANPUKJAMI, TOMYK “rapsunx’ (“Xomjo-
HUX) MiCllb, HASIBHICTb SIKMX CBi/TYUTDH IPO MOPYIIIEHHSI HOPMAJIbHOTO PEKUMY eKCILITya-
taiii 00’exra abo obJIaHAHHS, /I BUSIBJICHHS HeOe3meunux aedeKTiB, BTpaT eHeprii
Toto [2].

[Ilo crocyetnhest [THB — 11e xaTeropist onTUKO-eJeKTPOHHUX i TTUMPOBUX TIPU-
CTPOIB, IPU3HAYEHUX [IJIsI BEACHHS CIIOCTEPEKEHb YHOYI ab0 B yMOBaX HEJOCTaTHBOI
OCBITJIEHOCTI.

Koxen ITHB mpaioe 3a mpuHIMIOM 0araropasoBoro IOCHJIEHHSI SICKPaBOCTi
300paskeHHs B 00J1aCTi BUMMOTO Ta OJMKHBOTO iH(padepBonoro (gani — I9) crekrpa
BUIIPOMiHIOBaHb.

I[THB ckiagaetbess 3 00'€KTHBA, €JIEKTPOHHO-OITUYHOIO IepeTBopioBada (Ja-
ai — EOII) 3 610koM KUBJIEHHS, OKyJ/sipa Ta [U-BUmpoMiHioBaya.

Cxema ITHDB naBenena wa puc. 1 [3]. DyHKIioHATbHA OJIOK-CXEMa ONTHYHOTO
TpakTy cydacnoro IITHbB mpencrasiena na puc. 2 [4].

IH-eMnpomiHOBaY EnemeHTH HHBNE&HHA

EnekTpoHHO-0NTUYHUIA
O6'eKTHE nepetsopreead (EOM)
Okynap
I
|
o
—
_-. I
o —
Kopnye

Puc. 1. Cxema IIHb



ISSN 2411-3816 CyvacHa cneuianbHa TexHika. 2017. N2 3(50)

Puc. 2. DyukiionasbHa OJIOK-CXeMa ONTHYHOTO TpakTy cydacHoro ITHB:

1 — o0’ext crocrepexenss;; 2 — kopyc I[THB; 3 — o6’extus; 4 — EOII 3 BOyoBaHUMHU
MikpoKaHaabHOIO TiacTuHOoO (Mami — MKII), BOTOKOHHO-ONITUYHUM €JIEeMEHTOM Ta
BUCOKOBOJIBTHUM JIFKEPEJIOM JKUBJICHHS; 5 — OKYJAp; 6 — elleMeHTH KUBJIeHHs; 7 — BOYIOBaHUI
[Y-ocgiTmoBau

[Mpunuun aii ITHDB nyske cxoxkuii 3 NpuHIMIIOM [ii OKa JIIOJUHU — CIIPUKAHSATTI
BiZIOMTOrO CBiTJIA.

Orxe, npuniun gii I[THB Taxuit: Bimbure Bixg 06’€KTa CBITJIO HOTpAILIsSE Ha
BXiZHy JiH3y onTryHoi cucteMmu [THB — 06’extus, sikuii pokycye 300paxkents 06’ €Kra
Ha MOBEPXHi OCHOBHOTO ejieMeHTa Oyzb-sikoro ITHB — eneKTpoHHO-ONTUYHOMY Tie-
perBopioBaui (nani — EOII), axuit me wasuBaoth dorokatogom. EOII nocumoe B
KiJIbKa coTeHb ab0 THUCSY PasiB CBITJIOBMII IOTIK, KWl HaIiIIOB Ha HHOTO Uepes
00’exTuB, i nepenae 300pakeHHs 00’€KTa Ha JIOMIHECIIEHTHUI expaH. BuxinHowo or-
tuatoto cucremoio [THB € oxkyssp, sikuii ¢popmye KapTuHy (300paskeHHs) JIJIsT OKa.

EOII — 1e Bakyymuuii hoToeIeKTpOHHU TPUJIaJL I/ IEPeTBOPEHHS HEBUIMMOTO
okoM 300pakeHHs (B OmkaboMy 1Y, yabrpadioseropomy (mani — YD) abo penrre-
HiBCHKOMY CITEKTPi) Y BHIHMe a00 JJIsT TIOCUJICHHS SICKPABOCTI BUANMOTO 300pasKeHHSI

[5].

Omnucanuii BUIle aJrOpuT™M BimoOpakae macuBHUi peskum poborn [THB abo 1ie
11e MOJKHA OXapaKTePU3yBaTH sIK CiocTepeskerHst y Omkubomy [U-mianasoni (oBxnHa
xuii 0,7...1,5 Mmxm). ToOTO TIPUCTPiil BCHOTO JIMTIIE TTACUBHO THACUIIOE CBITJIOBUI 110-
TiK, 1O TOTPAIJISE Ha HBOTO.

SAkmo x cBiTza HeMae, abo ioro HacTibku Maso, mo EOII Texniuno ne moske
HOr0 TIOCUJIUTH 10 BEJTMYUH TIOMITHUX HEO30POEHNM OKOM — JIIOMIHECI[CHTHHIT eKpaH
3aJIMIIUTHCS TEMHUM, TOOTO Hidoro He Oyie BuaHO. [ljist TaKUX BUIAAKIB TPAKTHYHO
BCi icHytoui Ha cborozini [THDB 1uBinbHOrO nipusHayeHHs MalOTh y CBOiM KOHCTPYKILii
BOymoBaHMiA, a iHomi 3'emumii I9-ocsiTmoBau (iHoAi WOTO HA3MBAIOTh “IIiCBiUyBaH-
HaM”). [Y-ocBiTaoBay ciyrye M0MaTKOBUM [IKEPEJIOM CBIiT/Ia i BUKOPUCTOBYETHCH,
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KOJI TIPUPOIHOI OCBITIEHOCTI HABKOJIMIITHBOTO CEPEIOBHUINA JIsi KOM(POPTHOI poboTH
I[THDB nenocratubo. Ak mxepeno csitia B [H-ocsitimoBayax BUKOpUCTOBYIOThCA Y-
cBiT/IOMiONM, pijtie — OiibIn gopori gasepHi gioau 19-giamasony. HeoOxiaHo 3asHauntu,
1[0 JIa3epHe BUIPOMIHIOBAHHSI CTAHOBUTDH HEOE3IEKy /IS 30py i TOMY BUKOPHCTAHHS
naseprux gioaiB B [Y-ociTmoBayax 3a60pOHEHO 3aKOHOAABCTBOM IeSKMX KpaiH. Pe-
xuM podoru ITHDB i3 Brmouennm IT9-ocBiToBadeM Ha3MBa€ThCA aKTUBHUM. [laibHICTh
nii [Y-ocsiTaoBava 3a1eskuTh Bijl MOro MOTYKHOCTI [6].

Oxpemo 3ynuHUMOCS Ha TpUHIMII fii Takoro ocHoBHoro enementa ITHDB, sx
EOIL

EOII neperBopioe dotonu B enekTpoHu (HoTOKaTOM), MPUCKOPIOE (ITiZICUITIOE)
iX i mepeTBOPIOE Ha3ajl y CBITJIO, epefalndn 300paskeHHs 00’€KTa Ha JIFOMiHeCIIEHTHII
expad. TakuMm 4uHOM, 300paskeHHsI 00'€KTa, IO CIIOCTEPITaEThCs 4yepe3 00'€KTHB,
ITPOEKTYETHCA B TIepeBepPHYTOMY BUTJISAI Ha BXifHe ckiao EOIL, o ctanoButh “Brco-
KOBaKyyMHY JIaMITy” 3 /IBOMa IJIOCKUMU TOPISIMU, BXiTHUM i BUXiJIHUM BiKHaMu BiI-
noBiHo. Ha BHYTpinmHiil cTOpOHI BXiZHOTO BiKHA HaHECEHO TOHKWI HaIliBIIPO30PUI
nap CBITJI0UyTAMBOrOo Matepiany (HoTokaTo/), IO BUITYCKAE €JeKTPOHU IIijl Yac Io-
IJIMHAHHA KBaHTIB cBiT/a. Ha BHYTpilIHiINl ¢cTOPOHi BXiIHOTO BiKHA 3HAXOAUTHCS IIAP
giominodopa — marepiasy, IO BUIPOMIHIOE CBITJIO Tl Yac TMOMaJlaHHSA HAa HHOTO
enektpoHa (ekpaH). IlepeHeceHHsT eeKTPOHIB, eMiTOBaHUX (OTOKATOMOM, 3abe3Iie-
YYETHCS €JIEKTPOCTATUUHUM TIOJIEM, [IJIS 4Oro /10 (hOTOKATOAY Ta €KpaHy JOKJIaJeHO
Harpyry B Kigbka KB. OTpumane Ha ekpaHi 300pakeHHsI PO3TJISAMAETHCS Yepe3 OKY-
agp [4].

Crymiab iHbopMaTHBHOCTI 300paskeHHsI (SICKPaBiCTh 300paskeHHs ), OAEPKYBAHOTO
Ha exkpani EOII, 3naunoio Mipoio 3a/iekaTh Bifi OCHOBHUX HOTO XapaKTEPUCTHUK, 30KpeMa:
Koegiyienma nepemeopenuss — BiIHOIIEHHS BEJWYMHU CBITJIOBOTO TOTOKY, BHUIIPOMI-
HIOBAHOTO €KpaHOM (B JIIOMEHaX), /10 BeJIMYUHU CBITJIOBOTO MOTOKY (B JIIOMEHaX), 110
najia€ Ha (POTOKATO/ Bifl JUKEpea; Koegiyienma nocuienns sackpasocmi — BiHOIIEHHS
cBiTuMocTi (BemmumaM sickpaBocTi) Ha Buxoni EOII (Ha expani) 10 ocBiTieHOCTI Ha
Bxo/i (1110 BiJINIOBi/la€ BeJMYMHI OCBITJIEHOCTI (HOTOKATO/A); PO3IIIbHOI 3/aTHOCTI;
IHTErpajbHOI Ta CIEKTPAJIbHOI Y4YTJIUBOCTI.

Xortisocst 6, TaKOK, aKIeHTyBaTh yBary Ha Tomy, 1mo [THDB matoTh HusbKy edex-
TUBHICTD ¥ CYTiHKaX, OCKiJIbKU HAJJIAIIOK CBiT/Ia OyjIie 3acBiUuyBaTH JaTYNKH, HAJIAIIITO-
BaHi Ha MOCWJIEHHS CJa0KUX JuKepest cBiTia. [Y-kamepa He3anmeXHO BiJl OCBIiTJIEHHS
3aBXK/IU A€ YiTKy KapTUHKY TEMJIOBOTO BUITPOMIHIOBAHHSI 00’€KTiB HE3BasKaloul Ha
Te, Y1 TO MOBHA TEMPsIBa, Ui 300pakeHHsT (DOPMYETHCS TTPU HATIPABJIEHOMY CBITJIi T10-
TYKHOTO TPOKEKTOPA.

Tinmpku mpumaan 3 EOII, gki MaioTh BUCOKI XapaKTepUCTUKH, Y TOEAHAHHI 3
HaJICBITJIOCUJIBHOIO ONTHKOIO (CBiToCcHIa — He Oinbiie 1,5) MOXyTh 3abe3nednTi
IPUNHSATHI MapaMeTpyu il Yac CIIOCTEPEKEeHHsI y BedipHiil i HiuHwil vac mobu, 3a
yMOB HasgBHOCTI 1/4 Micsiis Ha ne6i. [Tpu 6i1bIn HUSBKii OCBIT/IEHOCTI € HeOOXiAHICTD
[Y-nigcBivyBanus.

Otxe, Bci [IHDB, y Tomy uucnai 3 [Y-migcBiuyBaHHSM, MpaiooTh, (ikcyroun
BizbuTy eHepriio BuamMoro cBitia. IIpoTe KibKicTh BiOUTOTO CBiT/Ia, sSIKEé BOHU
CIIPUIIMAIOTh, HE € €AMHUM YMHHUKOM OTPUMAaHHsI KiHIleBOro 300pakeHHs. Tak camo
Ba/KJINBOIO € KOHTPACTHICTH caMoro 00’€KTa.

SIkuo auBUTHCS Ha O6'EKT, 10 KOHTPACTYE 3 HABKOJMUIIHIM CEPEIOBUIIEM, TO
MIAHCH 3HAUTH HOro OYyayTh JOCUTh BUCOKI. SIKIIO 00’'€KT He Ma€ J0CTaTHHOTO KOH-
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TPacTy, TO HOro Oye CKIaHO TOMITUTH He3aJesKHO Bil ocBiTieHocTi. TeMHUil 00’€KT,
Ha TEMHOMY TJIi Ma€ MOTaHWil KOHTpacT i foro Oyie HempocTo mobaunT. Broui K,
KOJIM HecTaya BUAMMOTO CBiTJIa TIPUPOIHO 3MEHIINYE KOHTPACT 300paskeHHsI, TIPOILYK-
TUBHICTh 3BUYAlHOI KaMepu 3MEHIIYEThCS Iie OiJibIire.

IcHytoTh 1Ba OCHOBHUX criocobu kiacudikarti [THDB:

1. 3a QynxyionarvHum NPUSHAUEHHIM:

* MoHoKyJisip HiuHOrO OauyeHHsI — TPU3HAYEHUN JIJIsI CIIOCTEPEKEHHS OIHUM
OKOM 3i 30iJIbIIIEHHSIM BiJl OJHOTO 10 KiJIbKOX pasiB.

* BiHOKJIb HiYHOTO GavyeHHs — MPU3HAYEHUIT JJIsT CIIOCTEPEKEHHS IBOMA OYMMa
3i 30iIBIIIEHHSAM BiJ{ OJHOTO JI0 KiJIbKOX pasiB.

* Okyzspu HiYHOrO GayeHHs — TPU3HAYEHI AJIST CIIOCTEPEKEHHS IBOMA OYKMMa
6e3 30ibIeHHs (30iTbIIEHHST OJMH KpPaT).

* Hiunwmii ipuriist — mpusiajz HiYHOTO OadeHHs, SIKHii 3aKPITJIFOEThCS Ha CTPLIEIbKY
30poI0, TIPU3HAYEHUT SIK JIJIST CIIOCTEPEKEHHS, TaK i VIS BEIeHHST TIPUILIBHOT CTPiIbOM.

o TlceBnOOIHOKYIAPY — TIPUJIAAN HIYHOTO OayeHHsT 3 OXHUM OO’ €EKTHBOM i BOMa
OKyJISIPaMU, IPU3HAYEHi JIJIsT CITOCTEPEKEHHST IBOMA OunMa 31 301IbIIIEHHSIM /10 KiTbKOX
pasiB. Kpim komdopty Taki mpuctpoi 3abe3rnedyioTh OLIbINY SICKPaBiCTh, CIOCTE-
pexyBanux B HIIB 00’€KTiB, TOJOBHUM YMHOM 3a PaXyHOK CIOCTEPEKEHHS IBOMA
ounma. Takuii eeKT OTPUMYETHCS 3aBSKU ITi/ICYMOBYBAHHIO €JIEKTPUYHUX CUTHAJIIB
BiJl KOKHOTO OKa B 30POBOMY IIEHTPIi JIIOJCBKOTO MO3KY.

2. 3a munom (noxoninnam) EOII, wo exodums do xoucmpyxuii ITHB.

3a npuiiHaTolo y cBiTi kaacudikariero EOIL po3ainsaoTbess Ha TPU MOKOJIIHHS:
I (Genl); IT (Genll) Ta 3 neskumu npomizkaumu crynenssmu — [+, 11+, II++ (Genl+,
GenlI+, GenII++); IIT (GenllIl), xoua Ha cbOTO/HI BiKe 3’ IBUJINCSA HACTYITHI — YeTBEPTE
i M'aTe MOKOJiHHS.

Heobxiguo Bigmitutu, mo [THB posaingiorbes Ha mokominasa gk i TTIB. Txmmm
€ OCHOBHMI eJIeMeHT, 10 BXoauTh a0 koHcTpykilii [IHD, i 3a xapakrepuctukamu
AKOTO X PO3MINAI0Th Ha TTOKOJIIHHA.

I3 cepenram 30-X pp. MUHYJIOTO CTOJITTS iCHYBaJIO i TaKk 3BaHe “HYJIbOBe” MOKO-
miatst EOIL, mpote, EOII 1poro tumy B 90-i pp. Oyiu 3HATI 3 BAPOOHUIITBA B YCHOMY
cBiTi i 3amiHeHi GibIn e(eKTUBHUMMU, ajie I OiIbII JOPOrUMU IIepeTBOPIOBaYaMU Ha-
CTYITHUX TIOKOJIiHb.

g nacrynnux nokosinb [THDB xapaktepni Taki TexHiuyHi XapaKTepUCTUKU Ta
MOKA3HUKH.

I noxouinus

Mani EOII maiorh CKJIsSHY BaKyyMHY KoJ0y 3 4yTauBicTio ¢dorokatoza 120—
250 mxA/mm. Koedimient niacunenns csitina B uux cranosutb 120—1000, posxinbHa
3aTHicTh B 1eHTpi 25—35 mrpux./mMM, pecypce poboru 6iast 1000 rox. OcobmusicTio
iporo tumny EOII € Te, mo yitke 306pa>1<eHH51 CIIOCTEPITAETHCA TIIBKU B IIEHTPI, 3i
CITOTBOPEHHSIM i MEHIIIOIO PO3/ITBHOIO 3/IATHICTIO 110 KPasX. 3aB/IIK1 HU3bKOMY TIOCUJIEHHIO
[THDB 11p0r0 NOKOMiIHHS y’Ke KPUTUYHI 10 CBITJIOCUIM onTukM i mapamerpis EOIL

I + nokoJinnsa

Y npusaziax 1pboro MOKOJIiHHS 3alIPOBA/KEHO BUKOPUCTAHHS TJIOCKO-YBITHYTHUX
JIiH3, SIKi BUTOTOBJISIOTHCSI 3 BOJIOKOHHO-ONTUYHUX TwiacTuH (nani — BOII), mo cra-
HOBJIATH IMakeT i3 0e3Jiyyio CBIiTJIOBOIB, i BCTAHOBJIIOBAJINUCSA 3aMiCTb BXIZHOTO i
BUXi/THOTO BiKOH. 3aB/sku 3actocyBanuio BOII posaisibHa 31aTHICTH cTaa 0 BCbOMY
MIOJTI0 30pYy TaKOIO 3K, gK i B IIEHTPI.
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XapaKkTepHUM € BUKOPUCTAaHHS 4yTJUBOTO (poTokaromy Tuity: S-20. 3aBagku
I[bOMY CBITJIOUYTJIUBICTH cTaHoBUIa OM3bKO 230 MKA /7M.

Koedimient mocunenna csitna B takux EOII cranosuts 1000, a posminbha
3MaTHICTD y 1IeHTpi He ripire 45 mtpux./mMm. [THB nokosinms 1 + BigpisusioTbest Bif
npunaiiB I MOKOMiHHSA YiTKIllIOIO KAapPTUHKOIO i OiJIBIIOI0 JTAJIBHICTIO i B [IACUBHOMY
Ta aKTUBHOMY peKMMaX, a TaKoK pecypc poboru gpocsirae 2000 rox.

Kpim Toro, B ibomy nokoJiinai [THDB ctanu 3actocoByBaTH A3epKabHO-JTiH30Bi
00’€KTHBH, SIKi JaIi 3MOTY TOJIIIIATH MacorabapuTHI TapaMeTpH.

Ha meit vac EOII mokomiansg I + 1ie 3acTOCOBYIOThCSI B HIYHUX MPHUIILIAX IS
MUCJUBCHKUX PYIIHUIb i YCIIITHO BUKOPUCTOBYIOTHCS TaM, Je TOTPiOHE TilbKu
MEPEeTBOPEHHST OBKUH XBWIb OJvKHbOro IY-miamasony y BUARME CBITIIO.

Y IIHB I ta I+ nokouxinb 36iibiieHHss koedillieHTa MOCUIEHHS CBiT/Ia (sICKpa-
BOCTi) [JIOCATAETHCS, 30KPEMa, 32 PaXyHOK BUKOPUCTAHHS TaK 3BAHUX KAaCKaJHUX
EOII. Bouu cranossars 6araromipui EOTI, ne expan nonepeauboro EOII 3’ennannii
3 ¢orokarogom HactymHoro. Tak, tpukamepui EOII mpu Bukopucranui Oarartorti-
JILOBOTO BXifiHOTO (hOTOKATOMA JAIOTh MOCHJIEeHHsT sickpaBocTi 0 10° pasis.

Il nokosiHHA

3ampoBaKEHO BUKOPUCTAHHS BTOPUHHO-EMICITHOTO TifcWIioBaYa y BUTJISII
MikpokaHasibHOI mmactTunu (fani — MKII), sika cTaHOBUTH TOHKY TIJTACTUHKY 3 HaXU-
JleHnMU MikpokaHasamu giametrpoM 10—12 MKM, 4uc/IO SIKUX MOKe CATaTh TOHAT
1 muiH. Buxopucrtanus MKII mae 3mory orpuMatu KoedillieHT MOCUIEHHS CBITIA 710
50 000. IIpore yepe3 HasiBHICTh PO3TIHHOI KaMepH, 110 TepeadadeHa KOHCTPYKTUBHOIO
HeoOxignicTio ¢ynkiionyBanas MKII, EOII mporo HmOKOJiHHS MaiOTh 3HAYHY IOB-
KUHY.

O6epranns 300paxenns 8 EOII 3 MKII, mo Hanexars 10 II-nokosinms, gk i
paHiliie 3/1iliCHIOETHCS 32 PaXyHOK €JIEKTPOCTATUIHOTO (hOKycyBaHHS. CBITJIOUYTINBICTD
TaKUX NpuiaaiB cranoButh Big 230 MxA/nm 10 850 MxA /M B cyuacnux EOII, pos-
JliJIbHA 3/IaTHICTH y LEHTPi nosist — 32—38 MTPUX./MM.

I+ nmokosxiHHA

Ha Bigminy Bix 11 mokosinns, e mokosinasg EOIl mae BiaMiaHMIT TPUHITATT PO-
60TH 3aBASKU BiACyTHOCTI posriHHoi Kamepu. Tak, eJleKTpoH, BHOMTHII i3 Karoja
EOII, nomanae 6esnocepeanbo va MKII, a morim — Ha jominodopauii ekpan. Taka
KOHCTPYKIlisI Ma€ sIK CBOI IlepeBard — 3HAYHO MeHIN raGapuTHi po3Mipu Ta OiabI
yiTKi 300paskeHHs, Tak 1 Hemomiku — Hypkumii, y nopiBugaui 3 EOII II mokosinms,
KoeditienT mocusents cpitaa (6ins 35 000).

Ax npasusno, EOII 11p0r0 MOKOJIHHA TaKOX MalOTh aBTOMATUYHE PeTyJIOBaHHS
SICKPABOCTI; 3aXMCT Bijl 3aCBiYeHb TOYKOBUMU JIZKEPEJIaMU CBITJIa i rapHy sSKicTh 300pa-
JKEHHsI 110 BCbOMY IIOJII0 €KPaHy; BUCOKY UyTJUBICTb (poTokaTona — 10 600 MKA /M,
3i 3miteHHsM TTiKa gy TauBocTi B [HY-06macTh; po3miibHy 3natHicTsh 10 40—45 mrpux./Mm
Ta pecypc poboru 10 3000 o

[li mpusau HanexkaTh 0 Kjaacy IpodeciiiHoi TeXHiKU 1 HUHI 3HAXOASATHCS Ha
030po€eHHI apMiil GiJBIIOCTI 3aXiHUX KPaiH, OCKIIBKK MPAIIOIOTh TIPU Iy:Ke HU3BKUX
PIBHSIX OCBITJIEHOCTI, 1110 BiAIIOBiZa€ 30psiHOMY HeOy i 30pstHOMY HeOy B JIEFKUX XMapax.

IIT nokomninHga

EOII nporo moxkosiHHA BifI3BHAYAIOTHCS HACTYITHUM KPOKOM y PO3BUTKY — IIiJI-
BUIIEHHSIM Yy TJIMBOCTI HAMIBIIPOBIAHUKOBOTO (hOTOKATO/IA, 3i 11ie GiTbIITNM 3MiIIIEHHSIM,
y nopiBusiani 3 EOII T+ mokosminHs, miky aytauBocti B [Y-o6macts. Ile pocsiraerbest,
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B IIepIILy Yepry, 3aB/IKU BUKOpUCTaHHIO apceHiny ramuito (GaAs) /i1 BUTOTOBJIEHHS
dboToxraroza.

Bucoka wyrmusicts EOII 1II-ro mokominug mae smory IIHB ma ix ocHosi
IpaIfoBaTi B YMOBAaX TPAHWYHO HU3BKOI OCBITJIEHOCTI, IO Bi/IIOBifa€ 30psiHOMY HEOY
B XMapax. KapTuHka B TakoMmy mpuiaji HaCM4eHa, 4iTKa, 3 XOPOIIMM KOHTPACTOM i
OTIPAITIOBAHHAM JleTajiell. EMMHUM He3HAYHUM HEOTIKOM € BiZICYyTHICTh 3aXWCTY Bij
OGIYHUX JKepeJT CBiTJIa, OCKIJIBKY BiJICYTHST BOJIOKOHHO-OIITHYHA maiiba Ha Bxoai EOIL.

Bupobuunrso takux EOII BUSBMIOCS TEXHOJOTIYHO AysKe CKJIAIHUM i, SIK
HACJTIOK, — MaJl0 BHCOKY BapTiCTh, i OTKe, MOTPeOyBAJIO aJbTePHATUBHUX PIlllE€Hb.
Tomy Ha chorojni BUpoOHUITBO (B oOMeskeHiit kizbpkocti) EOIT II1 nokosiHHs icHye
TibkU B BOX Kpainax: Pociiicekiit MDexmepartii Ta Crnosyuenux Illtatax Amepukmn.

EOII TII mokosiHHS POCIiCbKOTO BUPOOHUIITBA MAIOTh: UyTJUBICTH OiJst
1200 mMxA/nM, po3aiibhy 3xatHicTs — 45 mTpux./mMMm. [llo crocyersess EOII I1I-ro
MOKOJTIHHSI aMePUKAHChKOTO BUPOOHUIITBA, TO iX 4yTauBicTh gocsrae 2700 MKA /1M,
a PO3JIIbHA 3[AATHICTH — 75 HITPUX./MM.

EOII TII nokoJsiiHHS € KJII0YOBOIO BiliCbKOBOIO TexHOJoTiero. HuHi ix akTUBHO
BUKOPHUCTOBYIOTH CJIy:KOU Oe31eKu, OXOPOHU TPABOMOPSIIKY, CIYKOU MOPSTYHKY
PO3BUHEHUX KpaiH.

Cxema Haitbinbimn gockorasoro EOII IIT okostivHs mpecraBieHa Ha puc. 3 [7].

o ok |

a 3 B

Puc. 3. Cxema EOII III noxosinns:
1 — dorokaroy i3 HEraTUBHOIO €JIEKTPOHHOIO criopixHenicTio (Ha ocHOBi GaAs), HaHeceHUN
Ha CKJISTHe BXimHe BiKHO; 2, 3 — MiKpOKaHAJbHA IUIACTHHA; 4 — eKpaH, HAaHeCeHN! Ha BUXiIHE
ckJsiHe BikHO 5 (puc. 3a) a6o Ha BOII 6 (puc. 36) 6e3 obepTaHHs 300paskeHHS Ui CTUKYBaHHSI
3 MaTPHIIEI0 MPUCTPOIO i3 3apsanoBuM 38’s13koM (mami — 1133) renesisiiiHoi kamepu, abo Ha BOII 7

(puc. 3B) 3 oGepranHsM 300paskerHst Ha 180°

Asprepratuoio EOIIL III mokosinast crano pospobserns EOIL 3 moBHiCTIO
AHAJIOTIYHOIO KOHCTPYKII€I0, ONTUYHUMH Ta €JEeKTPUYHUMU TlapaMeTpamu, TpoTe 3
106pe OCBOEHNM 1 JIETEBITUM MYJIbTUIYKHUM (S-25R) oTokaromoM HaaMiHiaTIOPHOT
KOHCTPYKIIii 3 0c00IMBO BHCOKOIO uyTauBicTio B IH-o6macti. Takuii dorokaron Bu-
SIBUBCST OUIBINT CTIKUM 10 /il MO3UTHBHUX iOHIB, M0 BUHMUKaIOTh y KaHasax MKIT i
6oMbapayoTh (OTOKATO/L.

Ha 6asi takux ¢orokarogis 6ysm sumyiiedi EOII SUPER II + i SUPER II ++
MOKOJIiHb. Y TaKWX MPUJIAAIB, SIK MMPAaBUJIO, iHTETpaJbHA YyTJIUBICTh CTaHOBUTH 600—
700 MKA / aim, po3aisiibHa 3xatHicTh — 10 90—55 mrpux./mMm (st SUPER 1T +) Ta
110 60—75 mrpux./mm (st SUPER 1T ++), a X yacTOTHO-KOHTpPACTHA XapaKTePUCTUKA
He noctynaetbcss EOIT 11 mokosinms.
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Haii6inbimoro yemixy B pospobii EOII noxoninas SUPER II ++ mocsiria
kommaniss DEP-photonis (Hizepmanan), sika Hikoau He BuUpoOJsiia i He BUPOOIISIE
EOII III nokosinng [8; 4].

Jlii GibIIol HAOYHOCTI HaBELeMO B MOPiBHSIbHIN Tabsmii 1 pAl BAKIUBUX
XapaKTepUuCTuK, onurcannx Buile mokomiab EOIIL [4].

Tabnuys 1
Cepenni xapakrepuctuku EOII, icHylounx Ha cbOTO/IHi OKOJIiHb
Joctyma
. JAJIbLHICT b
YyriuBicTs Ha - .
InTerpaibna Koedinient P O3 1 3HAHHSA
Tun YyTUIMBICT /IO BIKIHAX MO CUJIEHHS dirypu
Hox oninus EOIL doToka- mA/mwb’ XBHJIb CBIT n ?;fn B
Tona 830-850 nm, . 0;" ﬁmm
MA\BT HHO*, m
0 «Crakan outs 1, I4-
Xoucra» §-1 20-40 I1i JICBITJIFOB aH HA B B
0 o100 40
S-20 150-200 TiJIBK U TIPU CBITJI
SUPER 0 nynu a6o Y- 100200 40
e OCBITIIIOBAY 1
1 S-20 150-200 250-500 60
I+ S-25 150-200 1o 10 500-1000 90
Super I+ S-25R 250-350 25-35 110
1 1 $-25 220-300 1825 150
- H+11+ - (2,5-3,0)x10* 200
uper B ano S-25R 350-500 30-40 250
11++
I 1 Ga-As 1000-1350 70-120 (3,0-4,0)x10* 250
Mil-SpecIll Ga-As 1550-1800 80-190 (3,0-5,5)x10" 300
*HOpMOBaHa “IPUpOjHA HiuHa OcBiTseHicTs” — 5x10% K (cBiTiO 3ipok Oe3 cBiTIa Micsis i

xmap); miasg EOIT IIT nokominug — npu 5x107 1k, (“noxmype” cBiT/IO 3ipoK, He60 B XMapax).
** ne BpaxoByoThest Gararoxamepui EOIL i EOII 3i 36imbmienum giamerpoM (hoTokarosa
(25 MM mipotu 18 MM), BOHM NPUITYCKaIOTh creniaibhi xounctpykimii [THDB.

Hositrsa Texuosnorist Bupobuuirsa EOII III nokomninng — e Pinnacle abo Thin-
filmed (3i ckopouernm ionanM Gap’epom) EOIT, y sikux Tparcemicist ckamae 6mmsbko 80 %.

III+ mokoxainaa ta IV nokosiHHA

Mu 1izecnpsaMoBaHO 00’€HANN 11 TMOKOJIHHS, OCKIJIBKM MiK HUMH iCHYIOTH
TOHKI rpaHi — okpemi mapamerpu EOII, siki MOKyTh OyTH SIK KpaluMH, Tak i JeIo
ripmuMu, i TpU 1IbOMY MOKYTh KOMIIEHCYBATHCS 3HAYHO TEepPeBa)KalounMH TIOKa3-
HUKaMU HIIUX IIapaMeTpis.

Ocrannim yacom pospobka EOII (i signmosizno ITHDB) HOBUX MOKOJiHD
inrencuBho Besacst dipmamu ITT Defense i Litton Systems (CIITA) 3a mporpamoio
OMNIBUS 3 metoi0 30i/bIeHHsT iHTErpaabHOI Yy TAMBOCTI (POTOKATO/A, BiHOIIEHHS
curHaj/myM i podainbHoi 3aaTHOCTI EOIIL 11T nokoninusa [9].
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PesysibratoMm 11poro pocrijzkenHst crano orpuManns 3paskiB EOII i3 mokpaiie-
HUMH TOKa3HUKAMU: PO3/IIJIBHOIO 3[aTHICTIO 84 IMTPUX./MM, BiHOIIEHHSIM CUTHAT/
IIyM TIOHaJ 23, iHTerpaabHO Yy TnBicTio hoTtokatoza Oimbime 2000 MKA /M, pecypcom
po6oru 3000 rox i Gisbire. BigmosigHo, i1 gajabHicTh 6aueHHs 30imbumaacsa B 1,5 pa-
3u B nopiBugauHi 3 Tpagunitnumu [THB 111 nmokoainng. Hosi EOII orpumanm nas-
By — “Bucokoindopmatusni EOII 111 noxominns”.

Takum YMHOM, HUHI HEMA€ OJJHO3HAUYHOTO PO3YMiHHS TOTO, IO K CJIijl BBa)KATH
EOII i Biznosizno ITHB IV nokoninust. OKpeMi aBTOpU TIPOMOHYIOTH 3pOOUTH BUOIp
Ha KOPUCTDh HAWBAKJIMBINIOTO KPUTEPIIo, 110 AacTh 3Mory kiaacudikysaru [THD noBux
TUIB 3 TOUYKK 30Py MOKJIMBOCTI iX BifiHeceHHsi 10 IV mokomiHHg, i TPONOHYIOTDH Ta-
KUM KPHUTEPIEM BBa)kaTW 3MillleHHsT 4y TIMBOCTI (horokaroga B [Y-obmactpb criekrpa.

Jesxi asropu pos3aiistiorh moko iaasg EOII takum 4nHOM, SIK HaBeIeHO Yy TabJiu-
i 2 [7].

Tabnuysa 2
HopiBusiibai mapamerpu EOII pisuux nokosinb ¢pipmu ITT (CIIHA)
MopeJi Ta nokoJinnsa EOII
TexHiuHi Xap aKT epuc THKH OMNI OMNI OMNI IV.
Li I 11 iy | Toromm
(Gen 1V)

InTerpanbHa 4yrauBicTs poToKaTona, MKA/IM 1000 1350 1800 1800
BigH O HHST CUTH aj1/ITyM 16,2 19,0 21,0 26,0
Po3ninpHa 31aTHICTD, IITPUX. / MM 36 45 64 64
BigcoTok mMoKpalleHHs Yy MOPIBHAHHI 31 CTaH- 0 40 70 188
nqaptaum EOIT 1l moxoninus, %
JlanbsHiCTh il OKYJISIpiB HIYHOTO OadveHHs Ha Oa- 170 — 300 350 500
31 EOI, m 240
ITouar ok BUpOOHHUIITBA, PIK 1986 1988 1996 2000

Oxpemi aBTopH, 30kpema Bosikos B. T, 3aznauaiors, mo g0 EOII IV nokosinnas
mMoskHa BimHectu octanHi 3pazku EOII dipmu Litton (CIIIA): ixne BimHomeHHS
CUTHaJI/TIIyM TiepeBepiiye 33, a iHTerpasibHa 4yT/mBicTh oTokatona — 2200 MKA/mim, a
TakoX OKyJisipu HigHoro Gauerns AN/AVS-9 ¢ipmu ITT (CIIIA) [7; 10].

Kpim toro, mo npeacraBauku [V mokoninus EOII matots ¢hoToKaTO1, BAKOHAHMI
Ha ocHoBi GaAs (sk i y 111 nokosinHS), BiAMIiHHOIO iX PUCOIO € Te, 110 BOHU MOXKYTb
[IpAIlOBATU HAaBITH IIPU JIEHHOMY CBITJII.

Taxi 3HauyHi MOCATHEHHS, 30KpeMa, CTAJIM MOKJIMBUMU 3aBJAGKU BUJAJIEHHIO B
EOII IV mnokoninus ionno-6ap’eproi miaiBku, sika HaHocuiaacsas Ha MKII 3 meroro
3axucty ¢orokarona EOII Bix BriuBy ioHIB, 1110 BUHUKAIOTH B 11iil TimacTuHi. OpHak
HAsIBHICTD i€l IJIIBKM MPU3BOAWIA /10 BIIOUTTS MOTOKY €JEKTPOHIB, IO TepeMi-
maiotbes Bif dotokaroga EOII no mikpokananbhoi mimactuau. lle Bukankamzo pos-
CilOBaHHS €JIeKTPOHIB, 3HUKYBAJIO BiJIHOIIEHHSI CUTHAJI/TILYM, HOTipIIYyBaJIO PO3IiJIbHY
sparnicts EOII i o6MexkyBaio AnHaAMiYHMI Aialia3oH ioro pobotu (To6TO CKOPOUYBAJIO
Mexi pobouoi ocsiTieHocTi porokaToga). TakuM YMHOM, BUIAJIEHHST I0HHOTO Oap’epy
3po6MI0 MOKJINBUM e(EeKTUBHE BUKOPUCTAHHS CBITJIOYYTJAMBOCTI — Oijibile Hix
2500 mMxA/mm. TIpu nbomy rao® smenmieno npubausto Ha 40 % [11].

2 Tan6 (Bim ap. — rpenpkoi. GAmS — KOJIO, AUCK; TAKOXK Aypa, HIMO, opedii) — ONTHYHE SIBUIIE
(denomen) — KiJiblle, 1110 CBITUTHCS HABKOJIO JIXKEPeJsia CBIiTJA.
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Kpim toro, 8 EOII IV nokosinHss BUKOpUCTOBYIOThCsI TOHKOILTIBKOBI MKII 3
pi3ko 3MeHIIeHUM giameTpoMm (6 MKM) MiKpOKaHaIy, 3aMicTh TpaauiiifHux 12 MKM,
[0 3HAYHO 30iJBIINYE PO3IINbHY 3[aTHICTH — 10 84 mTpux./MM. TakokK BiIMiHHOIO
pucoto EOII IV mokostiHHs € HasiBHICTD y HUX cTpoboBaHoro® [12] BUCOKOBOIBTHOTO
JUKepesia JKUBJIEHHs, 1[0 aBTOMATHUYHO BILIMBAE€ Ha POOOTY B IMITYyJIbCHOMY PEKIMI
BiZIMOBiZIHO 30BHINMHBOI OcBiTIeHOCTI [9]. IMITybCHMIT pekuM He TiJTbKU PO3ITUPIOE
muHaMivHui giamason pooboru EOII, i BigmosigHo, ITHB B mmpokoMy /iamasoHi 3MiHm
30BHIITHBOI OCBITJIEHOCTI, a i ipurHivye myMu. CTymiHb iX oc/a0IeHHsS BU3HAYAETHCS
iMITyJIbCHUM PEKMMOM BHCOKOBOJIbTHOTO JIJKepeJsia KUBJEHHS. 3aBISIKH IHOMY
BifiHOIIEHHsT cuTHaM/TiiyM Moske pocsirat 100 i Gisibiire.

Y EOII 1V noxkosinas Hampyra Katofia CUHXPOHI3YEThCS T€HEPaTOPOM aBTO-
MaTHYHOTO OJIOKA JKMBJIEHHS, TIPU I[bOMY €MiCisi iOHIB 3HMIKYETHCS HACTIJIBKH, IO
TepMiH BUKOpUcTaHHs Katoza 3poctae 0 10 000 roxaun. Ile HOBOBBesieHHS JJa€ 3MOTY
BukopucroByBatun EOII npu nennomy csitai. Tpancmicia 8 EOIL IV nokosinnas —
100 %.

Bxinre i Buxigne Bikna EOII BUKOHYIOTBCS, SIK TIPABUJIO, HA IIJIOCKOMY CKJI abo
Ha BOIIL. [l;is moBepuennst 300paskennst Ha 180° sk Buxigroi BOIT BUKOPUCTOBY€ETHCS
BOJIOKOHHO-ONITUYHMIT esieMeHT (TBicTep). Y OGiibin ckiagHux KoHCTpyKIiisix EOIT
1Ist 000POTY 300paskeHHsST BUKOPUCTOBYETHCS OIHOKYJISIPHUI OKYJISIP a00 10aTKOBHIA
JIH30BUII esleMeHT, 1o obepraerbest [7; 13].

V nokosiHH:A

Ile MOKOJIHHS 3HAXOAMTHCS MOKH IO B cTajil po3podku. Cepen XapaKTepHUX
0COGJMBOCTEN Ta BiMiHHOCTEH 1HOTO MOKOJIHHS, SIKIO TOPIBHIOBATH 3 MOMEPETHIM,
€ Te, MO 3aMicTh (orokatoma Ha ocHOBI GaAs BUKOPUCTOBYETHCA (HOTOKATON Ha
OCHOBI MoeaHaHHsI apceHiny ramifo-ingio (InGaAs) i Gap’epis IllorTki* [14], sxuii
mpaigioe B obsacti criexkrpa 0,8—1,7 MKkM (2 IpU TEPMOETEKTPUYHOMY OXOJIOIKEHHI —
i 10 2,2 MKMm). VY 11iii o6acTi criekTpa BUIIKAN PiBeHb TPUPOIHUX KOHTPACTIB, a TAKOK
3pocTa€ MpoIycKaHHst atMocdepH, sika gonyckae podory ITHDB 3a ymoB ii 3HMKeHOT
MIPO30pocCTi (AMMKA, TyMaH, JOI, CHiromaj, HaBiTh TakTuuHuii n1uM). MokHa Bidya-
JIi3yBaTU BUIIPOMIHIOBAHHSA JIA3€PHUX I[iJIeBKa3yBaviB-aJIeKOMIPiB i3 JOBKUHOIO XBUJII
1,54 kM.

Ha cpvoroani npioputeramu B nozasbiiomy po3Butky I[THD e:

— MIJABUIIEHHA PO3AIJILHOI 3/1aTHOCTI;

— IIJABUIIEHHA YYTJIUBOCTI;

— 3MeHIIeHHs rabapuTHUX PO3MIpiB;

— 3HUKEHHS €HEeProCHOKUBAaHHS;

— TiABUINEHHST iHOOPMATUBHOCTI 3a paxyHOK HasBHOCTI TiHi B 300pakeHHi
00’€KTiB;

— 30LJIbIIEHHsT MOKJINBOCTEH BUSIBJICHHST 00'€KTIB, sIKi €1ab0 KOHTPACTYIOTH 3
(onowm;

3 Crpobysanns (aurii. Strobing, Big strobe — mocuatu Bubopyi iMiysiben, Big rpeil. Strobos —
KPY/KJIAHHA, 6e3maHui pPyX) — MeTOJl BUJiJIEHHS JIeSTKOTO iHTepBaJly Ha 4acoBill Bici, mrkasi yacToT
i T. iH. ass 36iabIIeHHS UMOBIPHOCTI BUSIBJIEHHS KOPUCHUX CUTHAJIIB HA TJIi IEPENIKOI.

4 Bap’ep Hlortki (anri. Schottky barrier) — morentuiiiauit 6ap’ep, M0 YTBOPIOETHCS B MPUKOH-
TAKTHOMY IIAapi HAIIBIIPOBIAHUKA, 0 MEKYE 3 METAJOM, PiBHUI pisHuLi podiT Buxoxy (eHepriii, mo
BUTPAYAIOThCs HA BUIAJEHHS eJeKTPOHA 3 TBEPAOTO Tija abo PIAMHU B BaKyyM) MeTaLy i HalliBIIPO-
BlITHUKAa.

Hassanuit 3a imenem nimerpkoro suernoro B. Iottki (W. Schottky), mo mocmimkysas takmit
Gap’ep B 1939 p.
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— 301JIBIIEHHST pecypcy poOOTH.

Kpim tpapumiiinnx anasoroBux IIHDB pisnux moxoninp icHye mie takuii ix
pisHoBuz, sk 1udposuii [THB. Tpuniun po6oTH TakuxX MpHUJIAAiB iCTOTHO Biapis-
HSIETHCST Bijl 3BUYAlHUX. Y HUX [T T0OYI0BU 300paskeHHsI 3a/isiHuii Tpoitecop. Y
npuiaai cToith MudpoBa MaTpuilsl sika mpaioe B [YU-cmextpi BumpomiHioBaHHS i3
3HAYHUM TIOCHJIEHHsIM cBiT/Ia. Yepes 06’€KTHB MPHUJIALY CBITJIO TIOTPAILISE HA MATPHITIO,
sIKa TIEPETBOPIOE CBITJIO, 110 HAZXOMUTD, Y 300paskeHHsT Ha (P POBOMY eKpaHi PUIALy.
3asagku 1pomy nudposi [IHDB weuyTamsi 10 3aiiBOi MOTYKHOCTI CBIiT/Ia i MOXYTbH
BUKOPHCTOBYBATHUCS HaBiTh y/ICHb, He OOSITHCS ClIaIaxiB CBIiT/Ia i IHTEHCHBHUX JIKEPET
ocBiTeHHs, siki MoKy Th omkoauTu ITHB Ha EOIL. 11 ocobmBicTs pobuTh pobounii
pecypce nudposux I[THB mpaktiuuro nHeobmeskennum. Ilpu 1ibomy, Taki Tpuiaad Bi-
PIBHSIIOTBCS ICTOTHUM MiHYCOM — HE3JIaTHICTIO MpaIioBaTH B CWJIbHIN TeMpsiBi 6e3
3oBHimHBOrO [Y-mifcBiuyBaHHs1, iM HeoOXiHAa OCBITJIEHICTh MPUOJIM3HO TaKa K, SK
MOPAJIbHO 3aCTapiInM puJagaM HigHoro Gadentst [+ mokosints. [Tpu oMy, 1udposi
IPUJIAN 10CI BITYYTHO IOCTYHAIOTHCA PO3AIIBHOIO 31aTHICTIO Ta Iepegadyero BiJTIHKIB.
[Toku rosioBHOIO iX IepeBarol € HeBUCOKA IliHA.

Y nepcriektuBi 1udpoBi MeToar TOOYMOBU 1 0OpPOOKU 300pasKeHHST MOKYTb
IepeBeplInTA 3a TEXHIYHUMU IMOKa3HUKaMu i 3aminuTu anajnorosi [IHDb, ane nna
I[bOr0 HEOOXIIHO BUPIIINTHU KiJbKa CKIQJHUX 3aBJaHb. TaK, /s CIIOCTEPEKEHHS 1Up-
posum ITHDB Ha mocuTh BEJMKMX AWCTAHINSAX Yy 3BUYANHWI HiYHWIT yac HeOOXiZHO
BUKOPHUCTOBYBATH CIeliagbHi BUCOKOUyT/IMBI B [U-00sacti mMaTpui, siki MaioTh
HA/IBUCOKY BapTiCTh. SIKIIO K BUKOPUCTOBYBATU Oi/TBIII JIeTIeBi BapiaHTH, TO HEeOOXiTHU
HoTY KHUI BOyoBaHuii [Y-ocBiT/II0BaY, 3HAYHO TOTYKHINNH, HixK y 3Bnyaitaunx [THB.
ITpu npomy, ajist 3abesnedenHss aBTOHOMHOI poboru 1mdposux ITHB neobxigte
MOTY’KHE JIKEPeJIo JKUBJIEHHS, sSIke 3Ha4HO 30isbInye ix Bary i raGaputu [15].

Mu BUCBITJINIM OCHOBHI XapakTepucTuku Ta ocobsmmBocti [THB, mo pano yss-
JieHHs 11po ocHOBHi BiMiHHOCTI ix Bif TIIB. IIpore 1751 cTBopeHHsI MOBHOI KapTUHU Bifl-
MiHHOCTEH 1IUX TTPUJIAJIiB HeO0OXiTHO OLIBII IeTaTbHO PO3IJIAHYTH SK KJIIOYOBI TEXHIYHI,
tak i ¢yskmionanbui acrextu TIIB, mo Oyze peanizoBano y ApyTiii yacTHHI CTATTI.

CIINCOK BUKOPUCTAHUX JKEPEJI

1. Angepos B. 0., @edwonun A.E., Ilepemamvko H.M. CrelnajibHas TeXHUKA OPraHoB
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