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Anekceeeur — dokmop
MexXHU4ecKux Hayx,

npogeccop, pekmop
MHUHUT, Mockea, Poccus.
Kyopsaeues Heopo
FEezenvesuu — kanoudam
IKOHOMUHECKUX HAYK,
nepeblil 3amecmument
2eHepanbHo20 dupekmopa
BBH, Mockea, Poccus.
Osuapos Hzopo
Baaenmunoeun —
Kanoudam mexnu4ecKux
HayK, HA4aNbHUK

Bopwuc JIEBUH WUropb OBYAPOB ynpagaenus BOU,
Boris A. LIEVIN Igor V. OVCHAROV Mockea, Poccus.
Infrared Navigation during the War JKYPHAJIbHBIX ITyOJIMKALMSIX HE pa3 oauep-
(TekcTt ctatbu Ha aHm. 3. — English text of KUBAJIOCh, YTO YCWIMSIMUA OTE€YECTBEHHBIX

the article - p. 262) VUEHBIX YCTICIITHO Pa3BUBaeTCs TeOMHPOp-

MarKKa TPaHCIOPTa, BO3HUKIIASI HA CThIKE Te0/Ie-
lMepBbie 06pa3Lbl OTEe4eCTBEHHbIX
ungpaxpacHbix (UK) Hasuraumonnsix 31, reoMHdopyariki i Hapyraiam [1]. besyenos-
npu6opos 6bin co3aaHbl B KOHUe 30-x  HO, UL TIONCKA IyTei TaTbHEHIIIero nporpecca [3]
rogos XX seka B HUN-9 (Jleumurpayg) 3Toro HampasiieHus Brog 70-netus [oGensl oueHb
v BOU (MockBa). C Ha4Yana 1941 roga 1one3HO 00paTUTHCS K IO HCTOPH.
opraHn3oBaH UX BbIMYCK AN

¢nota u asuaymum, 0 Yem 1oAPOGHO B BCEWN CBOEW UHOPA-KPACE
paccka3biBaeT CTaTbs. B nocneBoeHHOe PaCCMOTpI/IM 3apoKIeHIE OTeYeCTBEHHOI

BpeMsi 3TO HanpasJieHue nPoA[oJIKano ; .
pazsuBatbcsi. B peaynbrare cesiyac HOTHON BOCHHO-TPAHCTIOPTHOI HABUTALIMH B TO-
poccuiickue cuctemsl Busyannsauymu b1 Bemikoii OtedectsenHol BoiiHbl. Takas Ha-

CrocobOHbI OXBaTUThb BE€Chb Aanana3oH BUrauusia OblLIa OCHOBaHAa Ha KCIIOJb30BAaHUU
3neKTpoMarHuTHbix BosiH. WK-nydeit nquanasona ot 0,8 1o 1 Mxwm [4].

B noBoeHHbIe ronbl Bo Beecoro3HoM a1eKTpo-

TexHrmdeckoM nHctutyTe (BOM) cchopmuponaioch

HayyHOe HarpaBjieHre B 00JacTh (hOTORIEKTPO-

HUKH, BO IJIaBe KOTOPOTO CTOSI Ipodeccop

I1. B. Tumogees. PazpabarbiBannch OTeUeCTBEH-

Hble (DOTORJIEMEHTBI, TEIEBU3NOHHbBIE TPYOKH,

TEXHUKA, HaBuraums, cl)oTo:-,we/(rpomm(ai azzzfgﬁﬁgﬁﬁzgggzﬁiiﬁ (fé

BJ1IeKTPOHHO-O0MNTUYECKUI
npeobpasosaresp.  TCIEBU3HOHHbBIE TEpENaUN. OmHOBpEMEHHO

I, /1 HC MCHCC TLIOI0TBOPHO Pa3BUBANIACh U JICHNH-
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rpajckas 1KkoJia (hOTOJIEKTPOHUKHU, SIPKUM
MpeaCTaBUTEIEM KOTOPOW OBLI WHXKEHEp
HWW-9 B. 1. Kpacosckuii [5].

BaxkHbIM 3TarioM CTaIo co3naHue MOYTH CHH-
xpoHHo B BOW u HUM-9 (upHe OAO «<HUMU Te-
JIEBUJICHNST») OTEUECTBEHHOTO 3JIEKTPOHHO-OTTH-
yeckoro npeodpazosaresist (DOIT). Drot npudop,
U300peTeHHBI coTpyaHUKOM bupMmbl Philips
Xoncrom nie byprocom B 1934 romy, mo3Bosisii BU-
JIeTh B TIOJIHOM TeMHOTe ¢ rofacBeTKoi MK-myuamu.

Bckope 3Ta Temartyka umcuesna u3 OTKPhITON
TeyaT: Havajsoch MpeIBOCHHOEe COPEBHOBAHMUE
BEIyIIUX JIepKaB B 00JIaCTM HOYHOTO BUICHUSI.
I1. B. Tumodeer n B. M. ApxaHreabCKUil pu
yuactuu B. Y. KpacoBckoro npeajioxuim opuru-
HaJIbHYI0, KOMITAaKTHYIO ¥ TEXHOJIOTUYHYIO KOH-
ctpykuuto — DOIT L-1 (ocHoBHast Moaesb) 1 11-2
(manorabapuTtHas Mozenb). OHU TPUMEHSTUCH
BILIOTH 10 1945 rona (puc. 1).

B 1938 romy mon pykosoactBom I1. B. Trmo-
(beeBa ObLT co3MaH MaKeT MOPCKOTo Mpubopa
HOYHOTO BUJICHUSI, TyTh ITO33Ke KOMILIEKC ITproo-
PoB U1t MOpcKoii HaBuraiu. C ero TIOMOIIbIo
PpelIaynch CIenyoIIre 3a1aun;

— 3aMeHa BUIMMBIX HABUTAIIMOHHBIX ¥ CTBOP-
HBIX OTHE HEBUANMBIMU MH(PPAKPACHBIMM;

— obecrieueHre COBMECTHOTO TITaBaHUsI KOpa-
0J1eii TipY MOJTHOM CBETOMACKUPOBKE;

— BU3yaJIbHasI CEKPETHasl CBSI3b MEXIY KOpa-
OJ1IMU 11 GEPETOBBIMU TOUKAMHU.

JLst 5TUX 1esieit ObuIr pa3paboTaHbl U TPUHS -
ThI Ha BOOpY:XeHHe Ha (htoTe rejieHraTop «Omera-
BBW», ounoxib «lamma-K» v anmaparypa mis

Puc. 1. 30[MbI TNa
U-1.1942r.

Puc. 2. Mopckoii UK-
neneHratop «Omera-
B3W» na penntepe
rupokomnaca. 1942r.

COBMECTHOTO Iu1aBaHust «OroHb». EIIE 10 BOMHBI
OHU C UHTEPECOM U MOHUMAaHUEM BCTPEYEHBI
PYKOBOIUTENSIMA rocyapcTsa. K Havamy BOeHHBIX
nevicTBuil Ha YepHOMOPCKOM (hI1oTe ye UMeoch
15 UK-nenenraropo «Omera-HUM-9», Kk HOs-
opto 1941 roga k HUM gobdaBuoch etle 18. Kopa-
0e/IbHBII HOYHOM MeJIeHraTop ObLT ITpeTHa3HAYeH
IUISI OOHAPYXEHUST U TIeJICHTOBAHUSI, CKPBITBIX
OT MIPOTUBHUKA, HEBUIUMBIX MPOCTHIM IJ1a30M
HABUTALIMOHHBIX OTHEH.

Huke mpuBeneHbl KpaTKe XapaKTepUCTUKA
(Tab. 1) OCHOBHBIX TUTIOB MPUOOPOB HOYHOTO
uneHus (ITHB) mwis mopckoii v BO3myIIHOM Ha-
BUTALIMY (UICTOYHUK: TUYHbIN apxuB B. Y. Apxan-
TeJIbCKOTO).

«Omera HUM-9». KopabGebHblii riejieHTaTop
UTS TIeJIEHTOBaHM ST MH(paKpacHbIX orHeit. Paszpa-

Tabmma 1
Owmera Owmera Tamma Tamma-K [Jenvra Kyk
HUU-9 BOU BOU TepBast Bropas
TpybOa TpyoOa
TouHoCTb nejeHroBanus |+ 157 * 15
TTone 3peHust 10° 10° 20° 20° 7°20" 22° 10°
VYrioBas paspewmaomast | 4° 3,5 7 7 2,5 10 4’
CMOCOOHOCTh
YBenunueHue 2,4¢ 3,6¢ or 1,8 1,8 4,9¢ 1,1 E
1o 3,6*
Tun snexTpoHHO- 0-1-37 -1 -1 -1 -2 -1
OITUYECKOTO («cTakaH
npeoOpa3oBaTteJist Xosictay)
[IuraHue aBTOHOMHOE 2,5B 2,5B 2,5B 2,5B 27B 2 HKH-10
OT aKKyMYJISITOpa (ot cyxoi
OaTtapen)
Bec npubopa 1,25kr | 1,25kr 600 r
HaOJI01eHUS
Bec nipubopa ¢ 6;10kom 4,3 xr 4,3 xr 1,4 xr 2,23 xr
TMUTaHUST
JlnamMeTp BBIXOZHOTO 25 MM
3pavka
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6otan B HUM-9 B 1939-1940 rr. [TpuHAT Ha Boo-
pyxenue B 1940 roy, Ho Ha cepyitHOM MPOU3BOJI-
CTBE He ObLT M3-3a Havaja BOWHBL. [Tprbopbl
OTIBITHOM Cepuy MPUMEHSIITUCH TP 000POHE
Cesacronosnst. men npucrioco6ieHue a1s ycTa-
HOBKM Ha MArHUTHBIN KOMTIAC M PEMUTEPhI TUPO-
kommacoB «Kypc IT» u «['Y».

«Omera BOU». KopabebHBII ITeJIeHTaTop IS
TIeJICHTOBaHMSI 110 MH(MPaKpacHBIM OeperOBbIM
orHsiM. Pazpaboran B OKb npu BOU B 1941-
1942 rr. Bt ipuHAT Ha BoopyxeHre B BM®.
Wmen npucniocobeHue ist yCTAaHOBKU Ha Mar-
HUTHBI KOMITaC U PENUTEPhl THPOKOMIIACOB
Pa3IMYHBIX TUTIOB (pUC. 2).

«Tamma BOW». Pyaroii GMHOKITB JTST TTOMCKA
¥ HaOMOMeHUST 32 MH(PPAKPACHBIMUA OTHSIMM.
Pazpabdoran B OKb ipu BOW B 1941-1942 rT. Bein
TIPUHAT Ha BoopyxeHne B BM®. Kak ormbITHbIN
IprOOp TTPUMEHSIIICS B MHXKEHEPHBIX BOMCKaX
Y aBUAIIWH.

«[amma-K». PyyHoii KoMOMHVPOBAHHBII O1-
HOKJIb JUTS1 OTIpeie/IeHUs TT0 CTBOPY MH(bpaKkpac-
HbIx orHeit. Paspaboran B OKb npu BOU B 1944
romy. beut mpuHsT Ha Boopy:keHue B BM®. Mmen
nBe Tpyobl. OnHa cayXuiia sl TOMCKa OrHei
U yaepXaHMs UX B roJie 3peHus. Bropas Tpyba
CITy>KMJIa JUTSL OTTPEIENICHHST TTO CTBOPY.

«Jlensra». MH(MpakpacHbIit HATOJIOBHBINA PU-
00p-OMHOKIb 1T JETYUKA. BblT pazpaboTan
B OKDb npu BOU B 1944-1945 rr.

«XKyk». Paspaboran B OKb nipu BOU B 1942
roay. Llenb mpubopa: oOHapyxkXeHHe caMoJ€Ta
B BO3IyXe M0 MHGPAKPaCHOMY M3JTyYeHUIO T1a-
TPYOKOB MOTOpA U IpUIIeTMBaHKe 1o Hemy. [1pes-
Ha3HaJaJICs TSI CaMOJIETOB-UCTPEOUTEICIA.

«Oronb-K». Anmapatypa Ut obecriedeHIs
COBMECTHOTO TIIaBaHUST KaTepoB TIPU TIOJTHOM
cBeToMacKupoBKe. boit pa3padoran B OKb npu
BOU B 1945 rony. [IpuHAT Ha BOOpyXeHUe
B BM®. JlaBar BO3MOXHOCTb CJICIUTH 33 COCEI-
HIM KaTepoM U OTIPENeISATh IUCTAHITHIO IO HETO.
KomruiekT armaparyphbl, ycTaHaBIMBaeMbIii Ha Ka-
Tepe, COCTOSUT U3 IBYX (DOHAPEiH, pacTIONIOKEHHBIX
Ha BBICOTE 3 M, OJIMH HaJ IPYTHM.

«5OMLbI HEBUAUMOIO GPOHTA»

B nmexabpe 1941 roma psiji crieniMajincToB
HWU-9n3aBona «Ceetnana» Boriase ¢ B. M. Kpa-
COBCKUMM OBbLTM 3BaKyWpoBaHbI U3 JIeHWHTpana
1 HarpaBieHsl B BOW 1 Ha MockoBckuii ayek-
TPOJIAMITOBBII 3aBOI.

Mo noctanoBneHMIO [OCYIAPCTBEHHOTO KOMHU-
TeTa 000poHsbI OT 15 Mast 1942 . Ne 1755¢c B cTo-
e co3naHo Ocoboe KOHCTPYKTOPCKOe 010po
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(OKB-1) Bo rnase ¢ B.T. buptokoBbiM. [71aBHBIM
uHxkeHepoM HazHauwu 1. B. Tumodeena. B 3a-
naun OKb-1 Bxoauau KOHCTpyrpoBaHUeE CIIEeLM-
AJTLHBIX 2JIEKTPOBAKYYMHBIX IIPUOOPOB U arrapa-
TYPBI, MCCIIEIOBAHMST U Pa3pabOTKM 11O CBETOTEX-
HUKE, 3JIEKTPOHHO-JIY4eBBIM TPYOKaM, MPOKeK-
TOPHOW TEXHUKE.

B 1943 romy, xorna mosiBuiach JOCTaTOYHO
TIPOYHAast HAYYHO-TEXHUYECKast M TPOM3BOICTBEH-
Hasl 6a3a, a MPUOOPHI MOJYYEHBI B HY>KHOM KOJIN -
yecTBe, KomaHnoBaHre BM® npuzHano MK -oramn
OCHOBHBIM CPEJICTBOM OrpaxneHust. [IpumeHeHe
WX TIO3BOJIWJIO CleNIaTh (hapBaTepbl HEBUANMBIMU
JUTS TIDPOTMBHUKA. BBIIO OTMEUEHO, YTO HUKTO
He obcTpeuBa hapsarep, koraa tam rope MK-
OTHH.

3HauUTETbHBIE Pe3YJIBTAThI ObLTA IOCTUTHYTHI
TIPY HOYHOM MUHUPOBAHWH U Pa3MUHUPOBAHUI
¢ ucnoabzoBanreM MK-npubopoBs, ombITHOE
MIPYMEHEHNE OHY HAIIUIA B aBUALIMU, TAHKOBBIX
BOWCKaX, JIISI CTPEJIKOBOTO opy:kus [6, 15].

Jlasee mpuBeIeHBI MaTePUAITBHI NCCIIENOBAHMI
u pazpabotok OKb-1 B 1944-1945 roap!, KoTOpbie
HaIJISITHO TTOKA3bIBAIOT, HA KAKOM BHICOKOM Hay4-
HO-TEXHMYECKOM YPOBHE OHU TIPOBOIIIVCE.

Benymumu aBTopamu pa3paboToOK ObLIU
B.T. buptokos, I1. B. Tumocees, B. Y. ApxaHreb-
ckuit, B. Y. Kpacosckuii, E.C. Patnep, M. M. Ye-
ckuc (aypearsl CTanuHCKOi peMun 1946 roga
3a cozaanue MK-npubopos), a takke B. B. Copo-
kuHa, M. M. byrcnos, M. C. FOpos, I1. P. Cmup-
HoB, K. A. FOmaros, C. B. FOnkesuu, I' M. Tormun-
e, E.I. KopmakoBa, M. H. 3aiinens u MHOrMe
npyrue [15].

Wrtak, hakThl 13 apXUBHBIX OTYETOB U CIIPABOK.

* «bvira pazpabomana, cobpana u ucnsimana
nabopamopuas cxema numanust JOI1 na nanpsice-
Hue 25k B. Pazpabomara u uzeomoenera goxycupy-
rowas cucmema ons D0Ilos, pabomarowux npu
8bICOKUX Hanpsxcerusx. Hauama paboma no ucno.-
manuro D0Iloe npu pazruunbix macumadax snex-
MpoHHOe0 u300paxcerus. Ilpucmynunu Kk uzeomoe-
AeHuo cmabunbHoeo 6a0ka 0 numarus S011os».

* «Pazpaboman, ckoHcmpyuposan u u32omoenex
obpaseu ycosepuieHcmeosarnHoeo MK-ounoxas muna
«lamma» ¢ 6cmpoenHbiM GAOKOM NUMAHUSL U YAYH-
wenHbiMU napamempamu. Pazpaboman u uzeomos-
AeH obpasely 1e2K0e0 UHOUBUAYAAbHO20 NPUOOPaA
HOYHO20 8UOCHUS, NPEOHAZHAMEHHO20 051 OAUMICHel
HOYHOU pazeedku u CHaAOXICEHHO20 COOCMBEHHbBIM
oceemumenem. Pazpaboman u uzeomosnen maiem
nepeHoCcH020 npubopa danbHe20 8UOCHUS ¢ COOCMBEH-
HblM oceemumenem. Pazpaboman, paccuuman
u ckoncmpyuposan UK-neaeneamop ons wmypman-
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cxoti cayacont BM®D, no nosio 3penus bonee wem 6 dsa
Paza npesocxodsuyuil cyuecmsyrouuil npuoop «Ome-
ea». Hoewiit npubop 3amenum na xopabnsx BM®D
00Ho8pemenHo npubopsr «Omeea» u «lamma».

* «[Iposodunoce cucmemamuueckoe HabaOeHUe
3a aKcnayamauyueil hpubopos «Omeea», «lamma»
u «Q20mb 44» Ha kopabasx u 6 uacmsax Yepromopcro-
20 gnoma. Ilpu smom 0dun npedcmasumens OKb
Obll Ha MOpe NOCMOSIHHO U 0OHOBPEMEHHO KOHCYAb-
MUPOBAN 8 HYICHBIX CAYHASX NUYHBII COCINAB KOpPa-
oOnell no 80NPOCAM UCNOAB308AHUS YKAZAHHBIX NPU-
oopos.

Ha ochose smux pabom 6vina paspabomana
2pynna UHCMpYKMUGHbIX MAMePUano8: CoCmaseHbl
BpeMeHHble UHCMPYKUUU NOAb30BAHUS ANNApamypoll
«Qeonb-44», «Oeonb-K» u «Oeonv-My», coemecmHo
¢ I'Y BM® nanucanv «Ilpasusa wmypmanckoi
caAyacObY> 04151 GRRAPamypbl COBMECHHO20 NAABAHUSL
«Q2onv». B baamuiickom rome nposedervl ycmHbie
3anamus ¢ Komanoupamu kopaoneii sckadpet. Oxa-
3aHo codeiicmeue Hayuno-uccredosamenvckomy
2UOPOPaAPUHECKOMY WMYPMAHCKOMY UHCIUMYIY
(HUTIIIH BM®) 6 o6opydosanuu UK-mexnukoii
YueOHO20 WMYPMAHCK020 KaOUHema».

MpbI BUIyM 4eTKUI CUCTEMHBII MOAXO/ K pe-
IIEHUIO TIPOOJIeMbI HOYHOM HABUT ALK HAyIHbIC
OCHOBBI — TEXHOJIOT S TIPOM3BOICTBA BAKHEHIITX
KOMIUTCKTYIOIINX — MACCOBBII BBITTYCK — TIO/ITO-
TOBKA MOJIb30BATEIIEN.

* «Paspabomanvr npubopsr das obecneverus
COBMECMHO020 NAABAHUS KAMEPOo8 U MAAbix Kopabiel,
nposedeHbl MOPCKUE UCHbIMAHUS SMUX NPUOOPO8
Ha 00seKxmax 08yX munos, 60 pems KOMopbix u3ye-
Hbl yeaosust ucnonvzosarus MK-mexnuxu ons smux
yeneil. Ha ocnosanuu nonyuenHvix mamepuanos
DPazpabomamsl KOHCMPYKYUU CePUiiHbIX 00pasuyos
npubopoe u TT3, coenacosanmvie ¢ pabomuuxamu
HUTIIU BM® u c TY BM®».

TTpoBomMIIHCEH SKCIIEPUMEHTHI TI0 CO3IAHMIO
DO0IloB ¢ pannoakTUBHBIM NTUTaHKUEM. bbuTH CO-
3[aHbI CIIeAATbHBIC U3MEPUTEITbHEIC TIPUOOPHI.
Hcxonst 3 TeOpeTUUECKNX PAcUeTOB OTIPENeIEHO
MUHUMAJIBHOE KOJIMYECTBO PAIMOAKTUBHBIX Be-
IIECTB, HEOOXOMUMBIX JIJISI ITOCTPOCHYSI ICTOUHM -
ka rutanus 115t DOl 1o, K cuacTbio, nanbHelie-
TO Pa3BUTHSI 3TU PAOOTHI HE TIONYUVIIH.

B BM® 1 pabots ¢ ipudopamu «[ammar
1 «OMera» UCrob30BaIMCh UMEIoIIecs Ha (Jio-
Te ITaTHBIEC CPENICTBA HABUTAIIMOHHOTO 000PY/IO-
BaHMS. MasikK¥, alleTUJICHOBBIC M KEPOCHHOKA-
JuabHBIE hoHapU U Apyrue uctouHuku. MK-
bunbTphl BeIMONHSMCH U3 cTek1a KC-13, koto-
poe BbITyckagoch no pazpadoraHusiM OKb
TexycjoBusiM. CTEKJI0 MMeJTO TpH KJtacca I1o Mpo-
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mmyckaHuto, ot 0,22 10 0,39. JlaTbHOCTb BUAUMOCTH
3THX OTHEl B Iprbopsl «JaMma» n «Omera» co-
ctapysuia 4-10 KM JUIST alleTUIIEHOBBIX OrHel, 20-
25 KM 1S KJaccHbIX MasgkoB U 30-35 kM mpu
TpeOyeMOil TAKTUICCKUMU YCJIOBUSIMU CTEITCHU
MaCKMPOBKY BIIMMOTO CBETA.

* «bblau u3e0mosneHbl, OMslOCMUPOBAHDL U O~
epadyuposannl neperochvie MK-gpomomempor ons
gomomempuposanusi UK oceemumenvhuvix cpedcme
U U3Mepenust AQhpexmusHoeo NPonycKaHus MacKu-
POBoUHBIX c6emouabmpos. O0uH IK3eMnASp MaKo-
20 homomempa nepedan 3a600y Ne 686, Ha komopom
OvLau opeanuzosanvl uzmepenus. Pazpaboman,
CKOHCIMPYUPOBAH U U320MOB/AEH CReUUaIb bl (pomo-
memp Manvix ApKocmell, NPeOHa3HAUeHHbI 015
gomomempuposanus 3xparos I0Ilos paznuunvix
munos. Hanaxcenst uzmepenus KoHcmanm onmuve-
CK020 CMeKAad, NPUMEHSEMO20 8 ONMUKe IAeKMPOH-
HO-ONMU4ECKUX npudopoe».

* «Hccaedosanvl cnekmpanvhble XapaKkmepu-
cmuku U K-ceemoghunbmpoe écex umerouuxcs munoe
U IKCNEPUMEHMANBHO NOAYHEeHbL CPeOHUe 3HAYeHUs
cnekmpanvHoil yyecmeumenvnocmu I011oé omeve-
CMeeHH020 cepuiinoeo npoussodcmea. C nomouypbto
VKA3aHHbIX 6blilie OAHHbIX YCIMAHOBACHb! 3HAUEHUS
Mackupyrouieil cnocobHocmu u 3ghghexmueHo2o npo-
nyckanus UK-ceemoghunvmpog ons uzyuenus aamn
HAKAAUBAHUSL PAMUMHBIX MUNOE U PA3MUMHOL Yee-
MOB0LI Mmemnepamypbl, a maKice 0y208biX U Opyeux
ucmounuxos UK-nyueil. Pazpabomana memoouxa
onpeoeneHus: ONMUMALbHbIX NAPAMempo8 UCHOUHU-
ko6 UK-nyueii ons UK oceemumenvhbix u cueHanb-
HbIX NPUOOPO8 8 3a8UCUMOCIIU O MAKMUKO-MeX-
Huveckux mpebosanuil. Mccredosansl munsl ocee-
MUMENbHbIX U CUCHAALHBIX NPUOOPOB U MAMePUanbl
Ons ux nocmpoerust. Tlonyuenvt Heobxooumvie danHble
ona pacuema UK ceemomexnuueckux ycmpoicms
C ONMUMANBHBIM UCHONB308AHUEM 8eCA U 2A0APUNO8
nO 3A0aHHBIM 3HAYEHUAM OAAbHOCMU Oelcmaus
U MACKUPOBKU».

* «Ha ocnosanuu pesyrsmamos 60iick06bix
ucnvimanuti annapamypoi «O20Hb», IPOBOOUBUILXCS
Ha Yeprnomopckom aome no npukasy Hapkoma
BM®, 6 cés13u ¢ nocaedosaguium 3aKazom Ha Kpyn-
HYI0 Cepuio 3moti annapamypsl papadomarbl cepuii-
Hble pabouuie Hepmedcu annapamypbl, Co21aAco8aHHble
¢ Onvimuwvivm 3a600om BOH u 3a600amu-nocmasuyu-
Kamu, uzeomosasioumumu 6 nopsioke Koonepayuu
omadenvHble IneMermbl npubopos. B uepmedicu an-
napamypbl HeceHbvl 8ce U3MEHEHUsL, PEKOMEeHO0BAH-
Hble KoMuccuell no 80UCKO8bIM UCHbIMAHUSM.

Ha ochose pesynvmamos ucnsimanus makemos
pomomempos 6 Kacnuiickoii sxcneduyuu HUTIITH
1944 . paspabomarnbr mexunuuecKue ycao8us
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Ha obpasey. Pazpaboman, ckoncmpyuposan u pac-
cuuman pomomemp, no360ASIOUUL NPOU3BO0UMD
usMeperue CUubl ceema cpedcme HaBULAUUOHHO20
000pydosans u uMeperue npo3pavHOCM ammoc-
peput kak 6 UK-vacmu cnekmpa, max u 6 omdens-
HbIX 001acmsX UoUMOoe0 cnekmpa. Mzeomosnena oas
HHUTIITH napmus makux ghomomempog 6 Koauue-
cmee namu wmyk. Paspabomana memoduka uzme-
DEeHUS BPO3PAYHOCHIU AMMOCEEPbL C ROMOUIbIO IMUX
pomomempos u no02omMo6AeHO U320MOBACHUE IMA-
JIOHHBIX 02Hell 045 3moit ueau. Hawama opeanuzayus
gomomempuueckoi cmanyuu Ha Yeprnom mope
6 paiiote e. bamymu.

* «[Iposedeno uccredosanue asmoaneKmpoHHol
(X04100H0I) dSMUCCUL IAEKMPOHOB ¢ KUCAOPOOHO-Ue-
3UeBbIX KamMOoA08 U NOCMPOeHbL 00Pa3Lbl KEHONMPOHOB
Ha 18-20KkB».

* «Pazpabomanvr DOIIvl ¢ 2nekmpocmamuue-
cKoll ghokycuposkoil. MaxcumanvHas pazpewiarouast
cnocobrocms ux 25-50 wmpuxoe Ha 1 Mmm, a nopoeo-
eas (npu oceewennocmu npudopa «Mupa» 1,5 k)
10-15 wmpuxoe na 1 mm. Pazpaboman mexnonoeu-
YecKuil npouecc cepuiiHoeo U3eomoeaeHus Imux
DOl los. Ckorcmpyuposana, uzeomoeaeHa u coopana
annapamypa s ONbINHO20 CEPULIHO20 NPOU3BO0CH-
6a JOIlos (cobpanbl namv OMKAYHbIX NOCHOB, 3a-
nasumvle mawiunsl u opyeoe obopydosanue). Hzeo-
moeaenvl u uccaedosarst nepevie oopasuysvt I0Iloe
C ANEKMPOCMamuteckoil YOKYCUpoBKoi».

* «Paspabomarst KoHcmpyKuus umemoo cepuii-
Hoeo uzeomosénenus 901106 ¢ macHumHoll oxycu-
poeKoii anekmporos. Tlocmpoervt makemv npudopos
camumu S0 amu». Pyxosodumenem pabom no smo-
MYy HanpagaeHuro 0via MoA000i moeda yueHblil
I M. Tonuues. Caedyem ommemums, umo maxue
npubopst ObIAU CAUWKOM 2POMO30KUMU 0451 0D0POH-
HO20 NpUMeHeHUS .

«[To doeosopam ¢ TBUY KA pazpabomanv u u3-
eomoenennvt 12 npubopos UK-sudenus ¢ 90Iamu
C NeKMPOCMAMU4EecKoll (OKYCUPOBKOLl Hemblpex
DANUMHBIX MUN0B:

npubop «Mupa» (ouku ons 60iiyos) — 3 wm.;

npubop «Mupa» (komanodupckuii OuHokAb) — 3
wm.;

npubop «Beea I» —3 wim.;

npubop «Beea 2» —3 wim.

Tlpubopoet «Beea 1» u «Beea 2» npednasnauarom-
51 045 3ameHbl npubopos muna <Avpas.

Tlpouseedero uccaedosaniue cypoMaHO-Ue3UeBbx
Kamodoé u nocmpoenvt nepsvie oopasuvt B0Ioe
¢ Humu. JlemanbHo uzyueHbl KUCA0POOHO-Ue3uesbie
Kamoosl, 6 pe3yavbmame 4eeo YyCMaHo8AeHA 3a8UCU-
MOCMb YYBCMBUMENbHOCMU, MEMH08020 MOKA
U dpyeux napamempos om moAuUHb! LIEHOK, COCIAag-
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ASHOUUX KAMOO, U Memooa ux HaneceHus. Yemanog-
NeHA MEMOOUKA MACCO8020 NPOU3BOOCIBA U KOHM -
DOASL KUCAOPOOHO-UE3UEBbIX KAMO0006».

* «Paspabomanvr u uzeomoenensi cyrbpuonvie
smomunogoput s DOIMos. SApkocme cyavghudrbix
JMOMUHOGOPO8 NPedoCXO0UM SPKOCHb BUALEMUMA,
a UHepyus ux 3HauumenvHo Hudice. JIlomunogopoi
obecneuusarom papeuiarouyo CnocoOOHOCMb He Me-
Hee 10 wimpuxoe Ha sKpane».

Bcero 3a Tombl BOiHBI, TI0 pa3HbIM OIIEHKaM,
OBLTO BBITYIIIEHO W ITOCTaBJIEHO Ha (JIOT U B ap-
MHUI0 OT 2 10 7 Thicsid pa3nuuHbix MK-nipu6opos.
VYyacTHMKM pabOT HarpaxkaeHbl OpAeHaMU U Me-
JasIMU, TIOYETHBIMU TpamMoTamu. Co3TaHHbIe
TIPUOOPHI TTOTYIMITA BHICOKYIO OLIEHKY aIMUPAJIOB
KysnenoBa u Tannepa, reHepaion IllteMeHKO
u Henenuna, akanemukon BaBuioBa (puc. 3)
n JleGenena [6].

B 1945 rony yuensimu OKb-1 66110 11poBeie-
HO 00cJIeIoBaH1E MECT pa3pabOTKU U TTPOU3BOJI-
ctBa npubopoB MK-texHuku B [epmanuu. Ycra-
HOBJICHA CHICTeMa OpraHM3aliK paboT, HOMEHKJIIA-
Typa arnmapaTypbl, TIOCTABIISIBILICHCS Pa3TUIHBIM
pojiaM BOMCK TePMAHCKUX BOOPYXEHHBIX CHIT,
BBISIBJICHBI XapaKTepPHbIE 0COOCHHOCTH HEMETIKOM
MK-texrnuku. CodpaH OOIbIIONH CEKPETHBIN ap-
XUB 10 CAMBIM Pa3HOOOpa3HbIM pa3zziesiaM U ce-
pam uccienoBanuii. [1o JoKyMeHTaM, a Takxe
TyTeM JIOTIPOca HEMEIIKUX CITEIMATCTOB TIOJy-
YeHBI CBeJIEHUSI 0 00EBOM TIPUMEHEHUH artapa-
TYPBI, a TAKXKE O HAMEYABIIIMXCSI HOBBIX pa3paboT-
Kax.

HocrtaBneHHble B MOCKBY MHOTOUYHCIICHHbBIE
TpodeliHbie 00pa3ilbl ObLIM CKOMIUIEKTOBAHBI,
CMOHTHPOBAHBI, OTHIOCTUPOBAHBI Y1 OTIPOOOBAHBI
Ha jjabopaTopHoii 6aze BOW. [poseneHs! npe-
BapUTeJTbHBIC TA0OPATOPHBIE UCTIBITAHMS HEMETI-
KuX cBeTopuisTpoB, ontuku, DOIloB, 6;10K0B
TUTAHUSI U WX OTAENBHBIX 3JIEMEHTOB, a TaKXKe
psina npudopos. [Tpor3BeneHbI MOBEPOUHBIE pac-
YeThl HEMETIKOI ONTUKY 1 YCTaHOBJIEHA BO3MOXK-
HOCTb BOCIIPOM3BENIEHNsI HanboJee MHTEPECHBIX
00BEKTOB Ha OTEYECTBEHHOM ONTHYECKOM CTEKIIE.
[TapameTpbl HEKOTOPBIX U3 TPO(EHHBIX TPUOOPOB
TTPOBEPEHBI B ITOJIEBBIX YCIIOBHUSIX.

boin cnenan oduLmManbHbIN BeiBog, uto MK-
TexHuKa, pazpadotanHas OKb-1 BOU, He ycTy-
raeT HeMmeLKoi [6, 15]. D10 moaTBepKIaeTCst
U OpyrumMu uctroyHukami [7,8]. B To xe Bpems
C HayYHO! 00BEKTUBHOCTHIO TTOMIEPKUBATIOCH, UTO
«Ka4yeCcTBO HEMEIIKMX MaTepuajioB M KyJbTypa
TIPOM3BOJICTBA OTIEBHBIX JETaNIell W MPUOOPOB
B LIEJIOM 3HAUUTEJTHHO MTPEBBIIIAET TAKOBBIE Y CO-
BETCKUX ITPUOOPOB. OCOOEHHO ClieayeT 00paTUTh
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BHUMaHKME HA BBICOKOE KAYeCTBO HEMELIKOTO
CTEKJIa, U3OJISLIMOHHBIX MATEPUATIOB U CEIEHOBBIX
BBITIPSIMUATEICT».

* %%k

B nocnesoennoe Bpemsi B. M. Kpacosckuii
OCHOBAJI HOBOE HAYYHOE HalpaBJeHUe — pUMe-
nenue DOIloB B actpoHomuu. 1. B. Tumodees
u B. V. ApxaHrenbCKuii 10 KOHLIA CBOMX THEM
pabotanu B BOU, pa3BuBas Kak BOEHHYIO, TaKk
u rpaxaaHckyto MK-texnuky [9]. MUx mocnenoBa-
tenu, yueHole BOUW B. U. [lepeBonunKkoB,
B. U. Epémun, I.T. Kapicen, O. U. Abpamos,
. B. OBuapoB BHeC/IM CBOI BKJIa B Pa3BUTHE
3JIEKTPOHHO-TYYeBbIX, JIA3€PHBIX TEXHOJIOTUI,
TUIPOOTITUKH, TETUIO-, PAIro-, (hIyOPOBUICHMUST
[10].

B xoHTeKCTE HOBBIX HATIPABJIEHUI TTPEICTAB-
JIieT MHTepec 000011ato1Iee UCCIeJOBAaHKUE UCTO-
VY Pa3BUTHS CUCTEM BU3YaTM3alIMH IEKTPOMAr-
HuTHBIX ojieit (CBAIT) B muanasoHe oT raMma-
nydeit [11] no paguoaunanaszona. IToctpoeHue
CBOIT pa3HbIX CMIEKTPATBEHBIX ANANA30HOB 3a4a-
CTYI0O UMEET MHOTO OOIIETO U MEePCIIEKTUBHOTO
[12]. Tema mepcriekKTUBHA, B YACTHOCTHU, JJIs
TPUMEHEHHUST Ha OECITVJTIOTHBIX JIETaTeTbHBIX arl-
mapatax [13, 14]. C yueTom 3T0TO yueHbie BOU
BelIyT pa3paboTKu MpuOOPOB, MO3BOJSIOUINX
00€eCreunTb HAIEXKHYIO 3a1UTY OT HECAHKIIMOHMU -
POBaHHOTO TMPOHUKHOBEHUSI HA 0CO00 BaXXHBIE
OOBEKTBHI.
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INFRARED NAVIGATION DURING THE WAR
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ABSTRACT

The first samples of domestic infrared (here-
inafter-IR) navigation devices were created in the
late 30-ies of XX century in NII-9 (Leningrad) and
VEI (Moscow). Since the beginning of 1941 their

production for the Navy and Air Force was orga-
nized, as the article describes in detail. After the
war, the development of IR devices continued
resulting in full coverage of the range of electro-
magnetic waves.

Keywords: infrared technology, navigation, photoelectronics, electron-optical converter.

Background. The journal publications, due to efforts
of domestic scientists successfully develop issues of
transport geoinformatics, emerged at the intersection
of geodesy, geoinformatics and navigation [1]. Of
course, to find ways to further progress [3] of this re-
search field is very useful to refer to its history in the year
celebrating the 70" anniversary of the Victory over the
Nazism.

Objective. The objective of the authors is to inves-
tigate issues concerning application of IR devices during
the Great Patriotic War of 1941-1945 for the Navy and
the Army.

Methods. The authors use general scientific meth-
ods, statistical method, historical retrospective method,
comparative analysis.

Results.

In all its «infra-glory»

Let’s consider the emergence of Russian night
military transport navigation in the Great Patriotic War.
Such navigation was based on using infrared rays range
from 0,8to 1 um [4].

In the prewar years, at the All-Union Electrotechnical
Institute (VEI) a scientific direction formed in the field of
photonics, which was headed by professor P. V. Timofeev.
Domestic solar cells, television tubes, photomultiplier
tubes, and other devices were developed. From VEI the
country’s first television broadcasts were transmitted.
At the same time and no less fruitful Leningrad photonics
school evolved and, a brilliant representative of which
was the engineer of NII-9 V. I. Krasovsky [5].

An important step was the creation, almost simulta-
neously in VEl and NII-9 (now JSC «Research Institute of
Television»), of domestic electro-optical converter
(hereinafter — EOC). This device, invented by an em-
ployee of the company PHILIPS Kholst in 1934, allowed
seeing in total darkness with backlight of IR rays.

Soon this theme disappeared from the open litera-
ture: pre-war competition of leading powers began in
the field of night vision. P. V. Timofeev, and V. I. Arkhan-
gelsky with the participation of V. I. Krasovsky offered an
original, compact and technological design - EOC C-1
(basic model) and EOC C-2 (small-sized model). They
were used until 1945 (Pic. 1).

In 1938, under the guidance of P. V. Timofeev was
created a layout of a marine night vision device, later a
setof instruments for marine navigation. With its help the
following tasks were solved:

— Replacement of visible navigational and range
lights with invisible infrared;

- Ensuring joint sailing of ships with full obscure-
ment;

- Visual secret communication between ships and
shore points.

For these purposes were developed and adopted
for service in the Navy finder <Omega-VEl», binoculars
«Gamma-K» and instruments for joint sailing «Fire».
Even before the war they were met with great interest
and understanding by the heads of the state. By the
beginning of military operations the Black Sea Fleet
had had 15 IR-finders «Omega-NII-9», in November
1941 another 18 were added. Ship night finder was
designed for the detection and direction finding of
hidden from the enemy, invisible to the naked eye
navigation lights.

Below there is a brief description (Table 1) of the
main types of night vision devices (hereinafter-NVD) for
maritime and aeronautical navigation (Source: personal
archive of V. I. Arkhangelsky).

«Omega NII-9». Ship finder for direction finding of
infrared lights. Developed in NII-9 in 1939-1940. Adop-
ted in 1940, but there was no mass production due to
the outbreak of war. Devices of experimental series were

Table 1
«Omega NII-9» «Omega «Gamma «Gamma-K» «Delta» «Bug»
VEI» VEI» The first pipe The second
pipe
Bearing accuracy +15 + 15
The field of view 10° 10° 20° 20° 7°20° 22° 10°
Angular resolution 4 3,5 7 7 2,5 10 4’
Zoom 2.4¢ 3.6* from 1,8 1.8% 4.9+ 1.1x 2
to 3,6
EOC type C-1-37 («Kholst | C-1 C-1 C-1 C-2 C-1
glass»)
Autonomous power from 25V 25V 25V 2,5V 27V (from the | 2 NKN-10
the battery voltage dry battery)
Weight of observation device 1.25kg 1.25kg 0.6 kg
Weight of the device with a 4.3 kg 4.3 kg 1.4 kg 2.23kg
power supply
Exit pupil diameter 25 mm
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used in the defense of Sevastopol. It had a device to be
mounted on a magnetic compass and gyrocompass
repeaters «Course P» and «GU».

«Omega VEI». Ship finder for direction finding on
the shore infrared lights. Developed in SDB in VEI in
1941-1942. It was adopted in the Navy. It had a device
to be mounted on a magnetic compass and gyrocompass
repeaters of different types (Pic. 2).

«Gamma VEI». Hand binoculars to search for and
monitor infrared lights. Developed in SDB in VEIin 1941-
1942. It was adopted in the Navy. As an experimental
instrument used in engineering and air forces.

«Gamma-K». Hand combined binoculars to deter-
mine the alignment of infrared lights. Developed in SDB
in VElin 1944. It was adopted in the Navy. It had two pipes.
One was used for the search for lights and keeping them
in sight. The second pipe was used to determine on
alignment.

«Delta». Head-mounted infrared binoculars device
for a pilot. Developed in SDB in VEI in 1944-1945.

«Bug». The purpose of the device: detection of an
aircraftin the air by the infrared radiation of motor branch
tubes and aiming according to it. Intended for fighter
aircratft.

«Fire-K». The equipment for the joint sailing of boats
under full obscurement. Developed in SDB in VEI in 1945.
Adopted in the Navy. It made it possible to monitor the
neighboring boat and determine the distance to it. Set
of equipment installed on the boat consisted of two lights
located at a height of 3 m, one above the other.

«Soldiers of invisible front»

In December 1941, a number of specialists from
NII-9 and the factory «Svetlana», headed by V. . Kraso-
vsky were evacuated from Leningrad and sent to VEI and
Moscow Electric-bulb Plant.

By order of the State Defense Committee on May 15,
1942 N2 1755cc in the capital was established Special
Design Bureau (SDB-1), headed by V. G. Biryukov.
P. Timofeev was appointed a chief engineer. The objec-
tives of SDB-1 included the construction of specialized
electrovacuum devices and equipment, research and
development on lighting technology, cathode ray tubes,
searchlight equipment.

In 1943, when a quite solid scientific, technologi-
cal and industrial base appeared, and devices were
obtained in the required quantity, the command of the
Navy recognized IR lights as primary means of enclo-
sure. Their application allowed making fairways invis-
ible to the enemy. It was noted that no one fired at the
channel when there were infrared lights.

Significant results were achieved in night mining and
demining using infrared devices, they found the experi-
mental use in aviation, armored troops, small arms [6,
15].

Here are materials of research and development of
SDB-1in 1944-1945, which demonstrate, at what high
scientific and technical level, they were conducted.

The leading authors of the research were V. G. Biryu-
kov, P.V. Timofeev, V.I. Arkhangelsky, V.I. Krasovsky,
E.S. Ratner, M. M. Cheskis (winners of the Stalin Prize
in 1946 for the creation of infrared devices), and V. V. So-
rokina, M. M. Butslov, M. S. Yurov, P.R. Smirnov, K. A. Yu-
matov, S. V. Yudkevich, G. M. Topchiev, E. G. Kormakova,
1. N. Zaidel and many others [15].

+ «A laboratory power supply circuit for EOC with
voltage of 25 kV was developed, assembled and tested.
A focusing system for EOC, operating at high voltages,
was designed and manufactured. Work has begun on
the test of EOC with different scales of an electronic
image. Manufacturing a stable power supply for EOC
was started».

Pic. 1. EOC of type C-1.
1942 year.

Pic. 2. Marine IR
finder «Omega-VEI» on
gyrocompass repeater.
1942 year.

+ «A sample of advanced infrared binoculars type
«Gamma» with built-in power supply and improved pa-
rameters was developed, designed and manufactured.
A sample of an individual light night vision device de-
signed for short-range night reconnaissance and
equipped with its own lighter was designed and manu-
factured. Amodel of a portable long-range vision device
with its own illuminator was designed and manufactured.
An infrared finder for navigation service of the Navy was
developed, designed and built, the field of view of more
than twice surpassing an existing device «Omega». A
new device will replace at the same time devices «Ome-
ga» and «Gamma» at the ships of the Navy».

+ «A systematic monitoring of the operation of de-
vices «Omega», «Gamma» and «Fire 44» was carried out
on ships and in units of the Black Sea Fleet. At the same
time one representative of SDB was at sea constantly
and at the same time consulted when necessary person-
nel of ships on the use of these devices.

On the basis of these studies a group of instruc-
tional materials has been developed: temporary regula-
tions to use the equipment «Fire-44», «Fire-K» and
«Fire-M» were made up, together with the Directorate
General of the Navy «Rules of navigation service» were
written for equipment of joint sailing «Fire». In the Baltic
Fleet classes were held for commanders of the ships of
the squadron. Assistance was provided to the Research
Hydrographic Navigator Institute in equipment of training
navigator office with IR technique».

We see a clear systematic approach to the problem
of night navigation: scientific bases — production technol-
ogy of the most important components — mass produc-
tion — user training.

« «Devices for joint sailing of boats and small ships
were developed, sea tests of these devices at the fa-
cilities of two types were conducted, during which the
conditions of use of IR technology for this purpose were
studied. Based on obtained materials designs of serial
samples of devices and requests for proposals were
developed, agreed with workers of Research Hydro-
graphic Navigator Institute (hereinafter — NIGSHI) and
Directorate General of the Navy».

Experiments have been conducted to EOC with ra-
dioactive power. Special instrumentation was created.
Based on theoretical calculations a minimum amount of
radioactive substances was determined, required to
build a power supply for EOC. Fortunately, there was no
further development of these works.
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In the Navy to work with the instruments «Gamma»
and «Omega» were used the existing at the fleet in-built
tools of navigation equipment: lighthouses, acetylene
and kerosene-incandescent lights and other sources.
IR filters were made of glass KC- 13, which was produced
according to technical conditions developed by SDB.
Glass had three classes on the transmission, from 0,22
to 0,39. The visibility range of these lights in devices
«Gamma» and «Omega» was 4-10 km for acetylene
lamps, 20-25 km for class lighthouses and 30-35 km at
the desired tactical conditions for degree of masking of
visible light.

« «Portable infrared photometers for photometry of
IR lighting means and measuring the transmission ef-
fectiveness of blackout filters were produced, adjusted
and calibrated. A copy of this photometer was trans-
ferred to the plant N° 686, where measurements were
organized. A special photometer of low brightness,
designed for photometry of screens of EOC of different
types, was developed, designed and manufactured.
Measurements of constants of the optical glass used in
optics of optoelectronic devices were established».

+ «The spectral characteristics of the infrared fil-
ters of all types were studied and average values of
the spectral sensitivity of EOC of domestic mass pro-
duction were experimentally obtained. Using the above
data masking abilities and effective transmission of IR
filters were set for studying incandescent lamps of
different types and different color temperatures as
well as arc and other sources of infrared rays. A
method for determining optimal parameters of the
sources of infrared rays for infrared lighting and alarm
devices was developed, depending on tactical and
technical requirements. Types of lighting and alarm
devices and materials for their construction were
studied. The necessary data to calculate IR lighting
devices with optimal use of weights and dimensions
for given values of range and masking were obtained».

+ «On the basis of the military trials of equipment
«Fire», held on the Black Sea Fleet on the orders of the
People’s Commissar of the Navy, in connection with the
subsequent request for a large series of this equipment
serial devices working drawings of equipment were
designed, agreed with the Pilot plant of VEI and supplier
plants, manufacturing separate elements of devices in
cooperation. All changes recommended by the commis-
sion of military trials were made in drawings of equip-
ment.

On the basis of the results of the test of models of
photometers in the Caspian expedition of NIGSHI in 1944
specifications for the sample were developed. A pho-
tometer was developed, designed and calculated able
to measure light intensity of navigation equipment and
measurement of atmospheric transmittance as in the
infrared part of the spectrum, and in some areas of the
visible spectrum. A part of these photometers in quanti-
ties of five pieces was manufactured for NIGSHI. A
method for measuring the transparency of the atmo-
sphere with the help of these photometers was devel-
oped and prepared the production of standard lights for
this purpose. Organization of the photometric station on
the Black Sea was launched near the city of Batumi».

+ «The study of field (cold) emission of electrons
from the oxygen-cesium cathode was conducted and
constructed samples of electronic rectifiers were built
on 18-20 kV».

+ «EOC was developed with electrostatic focusing.
Maximum resolution is 25-50 strokes per 1 mm, and the
threshold(for light device «Mira» 1,5 lux) 10-15 strokes per
1 mm. The technological process of serial production of
these EOC was developed. equipment for experimental
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mass production of EOC experienced was designed, con-
structed and assembled (collected five exhausts posts,
sealing-in machines and other equipment). The first
samples of EOC with electrostatic focusing were manufac-
tured and studied».

+ «The design and method of serial production of
EOC with magnetically focused electrons were deve-
loped. Models of devices with these EOC were built.
Leader of works in this area was then a young scientist
G. M. Topchiev. It should be noted that such devices were
too bulky for military applications».

«According to agreements with Main Engineer De-
partment of Red Army were designed and manufactured
12 infrared vision devices with EOC with electrostatic
focusing of four different types:

device «Mira» (glasses for soldiers) — 3 pcs;

device «Mira» (commander binoculars) — 3 pcs;

device «Vega 1» -3 pcs;

device «Vega 2» -3 pcs.

Devices «Vega 1» and «Vega 2»were intended to
replace the devices of the «Alpha» type.

The research on antimony-cesium cathode was
conducted and built the first samples of EOC with them
were built. A detailed study of oxygen-cesium cathodes
was conducted, whereby the dependence was obtained
of sensitivity, dark current and other parameters of the
thickness of the films constituting the cathode, and a
method for their application. Established A technique of
mass production and control over oxygen-cesium ca-
thode was set».

+ «Sulfide phosphors for EOC were designed and
manufactured. Brightness of sulfide phosphors exceeds
the brightness of willemite, and their inertia is much
lower. Phosphors provide a resolution of at least 10
strokes per screen».

During the war, according to various estimates, it was
produced and delivered to the Navy and the Army from 2
to 7 thousand different infrared devices. Participants of
works were awarded orders and medals, diplomas. Crea-
ted instruments have been praised by admirals Kuznetsov
and Haller, generals Shtemenko and Nedelin, academics
Vavilov (Pic. 3) and Lebedev [6].

In 1945, scientists from SDB-1 examined places of
development and manufacture of IR technology devices
in Germany. They studied system of work organization,
equipment nomenclature, supplied to various combat
arms of the German armed forces, revealed the charac-
teristic features of the German infrared technology. A
big confidential archive was collected on a variety of
topics and areas of research. According to the docu-
ments, as well as through the interrogation of German
experts was obtained information about the combat use
of the equipment, as well as on the planned new deve-
lopments.

Transferred to Moscow, captured numerous sam-
ples were assembled, mounted, adjusted and tested on
laboratory base of VEI. Preliminary laboratory tests of
German filters, optics, EOC, power supply units and their
individual components, as well as a number of devices
were conducted. Check calculations of the German
optics were performed and the ability to reproduce the
most interesting objects on the domestic optical glass
was set. The parameters of some of the captured equip-
ment were tested in the field.

Itwas the official conclusion that infrared technology,
developed by SDB-1, VEI, is not inferior to the German
[6, 15]. This is confirmed by other sources [7, 8]. At the
same time with scientific objectivity it was stressed that
«the quality of German materials and the culture of pro-
duction of individual parts and devices are in general
significantly higher than those of the Soviet equipment.
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Pic. 3. Discussion of the scientific issues of night
vision.
Pictured (left to right): N. G. Tager, S. I. Vavilov,
P. V. Timofeev, Ya.M. Goldovsky.

Special attention should be paid to the high quality of the
German glass, insulation materials and selenium recti-
fiers».

Conclusion. /n the postwar period, V. I. Krasovsky
founded a new scientific direction — the use of EOC in
astronomy. P.V. Timofeev, and V. I. Arkhangelsky until
death worked in VEI, developing both military and civil
infrared technique [9]. Their followers, scientists of VEI
V. l. Perevodchikov, V.I. Eremin, G. G. Carlsen,
O. 1. Abramov, I. V. Ovcharov contributed to the develop-
ment of electron beam, laser technology, hydrooptics,
heating, radio, fluorovision [10].

In the context of new areas of interest is a general
study of the history of imaging systems of electromag-
netic fields (ISEF) in the range of gamma rays [11] to
radio spectrum. Building ISEF of different spectral
ranges often has a lot in common and long-term [12].
Subject is promising, in particular for use in unmanned
aerial vehicles [13, 14]. With this in mind, researchers
of VEl are developing devices, providing reliable protec-
tion against unauthorized access to critical facilities.
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