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Annoranud. PaccMaTpuBaeTcsi TepMOBHIEOCHCTEMA C BO3MOXKHOCTBIO HCIO/Ib30BAHHS T€PMO3AILMUTEl U 3alMThl 00BEKTUBOB U MPHOO-
poB ¢ 3apsioBoit cBs3bio ([13C) oT Bo3nelicTBUS pagvalMOHHBIX (GakTopoB A5 Buaeokamep (BK), pacnosoxeHHBIX BOJIM3H TepMOHa-
IPY2KeHHBIX 3JeMeHTOB KocMudeckux anmapato (KA) u paxer-nocurteseit (PH) nist orciexuBaHusi TepMOOGCTAHOBKH MOCPELCTBOM
BuieoTeleMeTpur. [pencraB/ieHa Mojesnb TePMOKOXKYXa, €ro OCHOBHbIE NapaMeTpbl M XapaKTepUCTHKH. IlosydeHbl BeIpaXkeHUs MJIs
nof6opa TOJIIMHBI TePMOCJ/I0S B 3aBUCHMOCTH OT IMOAJeTHOro BpeMeHd PH, a Taxkxke TOJLIMHBI TEPMOCJOsS 1Ji1 3aJaHHOTO BPeMEHH
Bo3zlelicTBUS TeMnepaTypsl. [IpuBenen mpumep Tepmosaiutel BK ¢ 3anaHHEIM quamMeTpoM 3pauka o0beKTHBA U MOAJIETHBIM BpeMeHeM
PH na onopnyto op6uty. Ilpeanaraercss HMcroJb3oBaTh MepPUCKONUYECKOe YCTPOMCTBO AJIA 3allMThl OT BO3AeHCTBHS paJMallMOHHbBIX
thaxTopoB JuH3 006bexkTHBOB U [13C. IlpuBeneHbl BbIpaxKeHUs AJIs pa3Mepa 3epKaJl MePUCKOMa, a TakxKe HJIs1 yIja MOBOPOTa 3epKas
TePHUCKOIIOB TIPY OJHOBPEMEHHOM HCIIO/b30BAHUHU JBYX BHEOKaMep, HallpaBJeHHBIX Ha OHO ToJle H300paKeHUsl 0ObeKTa.

KuaroueBble cioBa: TepMOKOXYX, KaMeHHas Bara, noajetrHoe Bpems PH, TemsonpoBopHOCTB, yne/sbHasi TENJI0EMKOCTb, MEPHUCKOIM,
3epKasio, yroJ MoBopoTa, yroa o63opa
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Abstract. The termovideosystem with possibility of use of thermoprotection and protection of objectives and devices with charging
communication from influence of radiating factors for videocameras, the space vehicles located near to thermoloaded elements
and carrier rockets for tracing of thermoconditions by means of video telemetry is considered. The thermocasing model, its key
parametres and characteristics is presented. Expressions for selection of a thickness of a thermolayer depending on flying time
of carrier rockets, and also a thickness of a thermolayer for preset time of influence of temperature are received. The example
of thermoprotection videocameras with the set diameter of a eye of an objective and flying time of carrier rockets for a basic orbit
is resulted. It is offered to use the periscopic device for protection against influence of radiating factors of lenses of objectives and
devices with charging communication. Expressions for the size of mirrors of a periscope, and also for an angle of rotation of mirrors
of periscopes are resulted at simultaneous use of two videocameras directed on one image box of object.

Keywords: hermocasing, stone cotton wool, flying time of the rocket, heat conductivity, specific thermal capacity, periscope, mirror,
an angle of rotation, review angle
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OO0wue moHaTUd

Jlns HagexkHOro (PyHKLMOHHPOBAHUS BUAEOKaMe-
pbl TP HU3KHX U BBICOKHUX TeMIepaTypax HeoOXoAnMa
ee 3alllMTa B BHJE TEPMOKOXKYXa.

TepMoKOXyX — OCHOBHOE CpeICTBO 3alLUUTHl BU-
NIeOKaMephbl MpH ee 3KCILyaTallhd B YCJOBHSX KOCMH-
4ecKOro NpOCTPaHCTBA /151 OPraHU3alUKU BHUAEOHAO0JI0-
IeHHs] TepMOHArpyKeHHbIX 3jJeMeHToB KA mmum PH.
TepMOKOXKYXH MOXKHO pas[esquTb Ha JIBE OCHOBHBIE
TPYMIbL: TEPMOKOXKYXH H T'epPMOKOXKYXH. TepMOKOXYy-
XM OCHallleHbl CHCTeMaMU 000TpeBa (OXJaXKIeHHs), KO-
TOpble 00eCcneyuBarOT KOPPEKTHYIO paboTy Kamep Mpu
HH3KHX (BBICOKHX) TeMrepaTtypax. A repMOKOXKyXH 3a-
[IMIIAI0T BUAEOKAMEDBl OT MOMaAaHUs BJArd W MbLIH.
TepMoKOXKYXH CIIOCOOHBI TAKKe 3alUIIaTh KAMEpPbl BU-
IeOHAOJIONEHHST OT Pa3JWYHBIX MeXaHWUeCKHUX TOBpe-
KIECHUH.

OcHOBHOH 3ama4ell TEPMOKOXKYXOB §IBJISIETCS 3a-
IMTa BHUIEOKaMep OT MeXaHMYeCKUX MOBPeXIeHHH,
BJIMSIHUS BHELIHeH cpelbl U obOecreueHHe pabOTOCIO-
COOHOCTH KaMepbl MPHU Pa3JUUHBIX YCJIOBHUAX IKCILIY-
aTaluu.

OcHoOBHOH TapameTp TEPMOKOXKYXa, HMeILIHH
BaKHOE 3HayeHHe, — AManasoH pabGouux TeMIeparyp.
DTo mapameTp MOKa3bIBaeT, NMPU KaKOH BO3JeHCTBYIO-
el TemmepaType TEePMOKOXKYX CMOXKeT 00ecleduThb
HOpPMaJibHY10 paboTy BHUIEOKaMepbl.

3amura KaMep B YCJOBHSIX HHU3KHUX (BBICOKHX)
TeMIepaTyp MOXeT ObITb HOCTHUTHYTa HECKOJbKUMH
cocobamu [1]:

— HCcroJib3yeTcst 060rpeB (OXJaxAeHHe) MOHTaX-
HOMU MJIACTHHBI TEPMOKOXKYXa, HA KOTOPYIO YCTaHABJIH-
BaeTcs Kamepa;

— oborpeB (oxJaxKaeHWe) JHH3bl 0OBEKTHBA M0
epUMeTpYy;

— oborpeB (oxJa)KJeHHe) KOpryca BCel KaMephl.

B HekoTOpBIX TEpPMOKOXKYyXax CKOMOWHHPOBAHBI
pasHble CcrocoObl MOAAEpkKAHUS TeMIepaTypbl BHYT-
peHHero oobema.

[Tpn ucnosb30BaHHUM TEPMOKOKYyXa BO3HHKAeT
yrposa BBINANeHHs KOHIeHcaTa (3armoTeBaHHe) Ha
CMOTPOBOM CTeKJsie. DPPeKTUBHBIH crnocod 60opbObl
C 3aroTeBaHHEM — pacrpesie/ieHHe MOIIHOCTH Harpe-
BaTeJisl BOJIM3H JIMH3bl 00bEeKTHBA UJIM 000orpeB (oxJa-
JKIeHHe) caMoil JIMH3bl 1o ee mepumetpy. [lpu Hanu-
YUK aTMoc(epbl HHOT/A HCIOJMb3YIOTCS BEHTHUJSATOPSI,

obecrieyrBapollre NBUXKEHHe Boaayxa (rasa) BHYTpH
TepMOKOXKYyXa.

Bribop pasmepa TepMoOKoxkKyXa 0OYCJIOBJEH BHYT-
PEHHUM I0J1e3HBIM 00bEMOM, a TaKKe HeOOXOAUMOCTbIO
pa3MellleHHs] JOMOJHUTENbHBIX YCTPOHCTB, BXOASIIMX
B KOMILJIEKTALMIO BHAeOKaMep. BHyTpH TepMoKoxKyxa
MOKeT OBbITb YCTaHOBJIEH BCTPOEHHbIH HCTOYHUK MUTa-
HHSl, YCTPOHCTBO IMepefaud BUIEOCHTHa/a 0 KaHaly
CBSI3U C YCTPOHCTBOM Iepefiaud BHAeOH300pazkeHHsl.

[Tomumo Tepmosamntel BK oT meperpesa u oxna-
JKIOEHUS, [JS1 3alUThl OT BO3AEHCTBHS paguallMOH-
HbIX (DaKTOPOB JIMH3 OOBEKTHBOB M (DOTOPErHCTPH-
py[oLIUX MpUOOPOB MpenJsaraeTcss HCIONb30BaThb Ile-
pHUCKOMMYeCKOoe YCTPOHCTBO, BHIIOJHEHHOE U3 THTaHa
C OTpaKkawIIUM 3epKasoM (1ox yraom 45°) U3 HUKess
(T;,, = 1736 K), pacrnioso:keHHbIM Ha TJ1aBHOH ONTHYe-
CKOH 0cH 00BbEeKTHBA.

B csyuae paciunpeHust creKTpaJsbHOr0 JUarnasoHa
BU/IEOPETUCTPUPYIOLLEH CHUCTEMbl AJIS U3MEPEHUs TeM-
nepaTypHbIX NapaMeTpOB NOCPEACTBOM BHAEOTeeMeT-
puu BOIM3M TepMOHArpy:KeHHbIX sneMeHToB KA n PH
ucnosab3ytorcsd nBe BK, HampaB/ieHHble HAa ONHY U Ty
ke 00/1acTh 0630pa 00beKTa, O4HA U3 KOTODPBIX SBJISA-
ercs (POTOPETUCTPUPYIOLIUM TPUOOPOM C «BHUPTYaJib-
Hoil» (pasoit (BPII3C) n 06bEKTHBOM M3 KBapLEBOTO
CTeKJa, Apyras — ¢ UH(PpPaKpacHbIM (POTOPETUCTPUPY-
oM npubopom (MK TI3C) u o6bekTHBOM M3 OMTH-
4yecKoro Kpemuus [5,6].

Pa3paboTKa Moae/au TepMOKOKYyXa
IJi OTCJeXKMBAHUSA TEPMOOOCTaHOBKH
npu nomoumn BK, pacnonoxkeHHbix
BOJIM3U TePMOHATPYKEHHBIX
ajgemeHTOoB PH

B Hawmem ciyuyae BHAeOKaMepbl 3aKJIOYeHB
B TEPMOKOXKYX M KPENsiTCs »KeCTKO K obrekatenio PH
U3HYTPU NI HaOJIOfEeHUS TepMOOOCTaHOBKH B 00J1a-
CTH JBUTaTesedl M HacocoB. V3meHeHMe TemmepaTypbl
non o6TekaTeseM 3aBUCHT TOJIBKO OT TEMJIOBOTO U3JTy-
ueHUs ABUratesed. TepMOKOXKYX HerepMeTHUeH: Jera-
3alusl TPOUCXOIUT E€CTECTBEHHBIM 00pa3oM o Mepe
Habopa BeicoTel PH. Mudopmauus nepenaerca ot BK
Ha monynb cbopa uHpopmauun (MCH) no Tepmosa-
HIUIIEHHOMY Kabedio.
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B paccmatprBaemMo#l CHUTyallUd TEPMOKOXKYX Oy-
IeT COCTOSITb W3 TYTOMJABKOrO MeTaJja BBICOKOH
IJIOTHOCTH, He siBJsiiollerocs poporocrosiuum. Hau-
fosiee MOAXOASILIMN B 9TOM C/ydyae MeTasJ — THTaH.
B kauecTBe TepMOH30JAIMOHHOTO MaTepHana HeoOXo-
IUMO B35ITb HE I0XKapOOMacHbIH MaTepuas C BbICO-
KOW TeMIepaTypod MJaBJeHHs U MpPelesbHO HU3KUM
KO3((ULHEHTOM TeIJONPOBOAHOCTH. TakuM MaTepu-
ajoM fiBJsieTCsl KaMeHHasi BaTa — MHUHepaJbHasi Ba-
Ta, U3rOTOBJIEHHASl U3 PaCll/aBa U3BeP:KEHHBIX TOPHBIX
nopoxn [2].

Ha puc. | nmnpuBemeH BapuUaHT TEPMOKOXYyXa
¢ pacnosiokeHHo# B Hem BK u xaGesnem cBsisu u nu-
TaHWsl. 3alllUTHBIH TUTAHOBBIH KOPIYC, TEePMOCJON
u kopnyc BK mjoTHo mpuseraioT apyr K Ipyry, He
coazaBasi Mex1y co00i BO3YLIHOTO NPOCTPAHCTBA.

3alUTHBIH MeTaJJIudyeCcKUi
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Ka6esb (kameHHast Bara)

Puc. 1. Monenb TepMOKO)KYyXa ¢ BHIEeOKaMepon

CaMbIM He3allUIIEeHHBIM 3JIEMEHTOM B paccMaTpH-
BaeMO# cucTeMe sBJsieTcs JuH3a oObekTtuBa BK, us-
roTaB/rBaeMasl M3 KBaplLEBOTNO CTeKJa HJM ONTHYe-
CKOrO KpPeMHHSI, TaK KaK OHa He 3alllHleHa TepMOKO-
)KyxoM. Temneparypsl neopMaLyy 3/7eMEHTOB COCTaB-
asiior: 1300 K nas kBapueBoro crekna u 1100 K
IJIS1 ONTHYECKOrO KpeMHHsl. DTH TeMmepartypsl U Oy-
LYT SBJASTbCS MaKCHMaJ/bHO BO3MOXKHBIMH 3HAUeHHUSIMH
(Tihax) A5 TIOJYUEHHUS BUAEOUH(OPMALIHH.

Eciu 3a ncxomHoe cocTosiHMEe TepMOOOCTaHOB-
kn PH Opare Hopmanbhbie yenosust, To T, = 300 K,

a MakcuMmaJspHas paboyasi Temneparypa BK He nosxHa

npesbimath 1 p = 350 K. Ilpu sToM Temmepatypsi

nepopmauuu o6bektusos 1}, = 1300 K s xBapue-
Boro crekna u 1, ... = 1100 K nns ontuyeckoro kpem-
HHSl JIONYCKAIOT MX NPUMEHEHHe B YCJOBHAX C OoJee
HHU3KOH TemmepaTypoit (~ Ha 10%).

B Tabsnuue mpuBeneHbl 3HAUEHHS TEPMOAMHAMHU-

YEeCKUX BeJIMYWUH [J4d NepeyrC/JIeHHbIX BbILIE MaTepua-

noB [3].

Ta6aunua. TepmonuHaMuyeckre XxapakKTepUCTUKH MaTepH-
aJI0B, TPUMEHSIEMbIX /ISl U3TOTOBJIEHUS] TEPMOKOXKYXa

Koadpou-
Temmena- UMEeHT | YnesbHast
TM;pf TeIJIO- | TemJoeM- [10-
Marepuan nnapne- | MPOPOAT |KOCTE, ¢y, TH(ZC;‘—IL;’
uns, K HOCTH, X, (K,I‘HQKK) P 3z
(%)
MXxK
Turaun 1933 21,9 540 4540
KamenHas | 975 0,04 800 | 30-220
BaTa
Tax kax Cm,Ti < Cmn_gatsl U X > XBpatb»

TO TepMO3allUTa THUTAaHOM [0 CpPaBHEHHIO C TepMo-
3alIUTOH KaMeHHOH BaTOH MpeHeOpexKUMO Masa, Oy-
IeM YUMUTbIBaTb TOJIBKO TEPMO3aLLUTy KaMeHHOH Ba-
TOW, MeHsis TOJILIMHY CJOS BaThbl. [WTaH BBIMOJHSET
(DyHKLHIO KEeCTKOro Koprnyca U KpemeHus. TosiinHa
€ro B CpeqHeM 3aBHUCHUT OT MeXaHHUYeCKHX Harpysok
U JI0J’KHA COCTaBMATh ~ [-3 MM.

Omnpenenum 3aBUCHMOCTb BpeMeHH HarpeBa BK
OT TOJIIIMHBI CJIOS KaMeHHOH BaTbl (B JAHanazoHe —
OT HOpPMaJIbHBIX YCJOBUH 10 MaKCHMaJbHOH paboueid
temnepatypsl anas BK).

[losHast MOLHOCTb TeMJOBBIX IOTepb, HAYLIAs
OT OIHOW TPaHH MapaJJjesenunena K Ipyroi mpu ToJ-
IMHe mnpobera x, MJOLIAAU CeueHHUs S, H3MeHEHUU
tremnepatypbl AT u Ko3(Dp(UIHEHTE TenJIonpoBOAHO-
CTH X, MOXKHO ONpenenuTh Kak [4]:

SAT

P=—x a

(1)

Tak Kak 1o ornpeneseHru0 MOUIHOCTb €CTb KOJIK-
4YeCTBO 9HEPrvu B €AUHHUILY BPEMEHHU t, a C TOUKHU 3pe-
HHWs TerJionepenadynd sHEpPrusa sABJAdeTCA KOJHUYECTBOM
TEIIJIOThI Q B €AWHHULY BpeMeHH, TO

i

=7

(2)
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y,U,eJIbHaH TEIJIOEMKOCTb MaTepHuaJia BblpaxKaeTcCs
COOTHOILIEHHUEM Q
c. =

me mTyy’

(3)

rae m — Macca HUCIoJb3yeMOro MaTepHraJa. I/I3B€CTHO,
4To

(4)

[ToncraBasist (4) B (3), a nanee (3) u (1) B (2), nony-
YHUM:

m = pV = pSz.

CmPSJCTHy _ XS(Tmax - maxP) (5)

t T

N3 (5) onpenenum 3HaueHus t U x:

c T
Hp)=""__ "B xQ, 6
( ) X Tmax_TmaxPp ( )
1 Tm X _Tmax
x(t) = \/_la—Pt‘ (7)
P Cm THy

Ecau nopnernoe Bpemsi PH Ha omopHyto op6uty
HEU3BECTHO (pHUC. 2), TO TEPMOKOXKYX MOAOHPAIOT HC-
XOZsl U3 MaKCHMaJbHO BO3MOXHbBIX raGapuTOB BHUIEO-
PErHCTPUPYIOLEH CUCTEMbI, YUUTHIBAS TPU 3TOM MakK-
CUMaJIbHYIO0 TOJILIMHY CJIOSi KAMEHHOH BaThl U3 3aBH-
CHMOCTH t(x), onucaHHOH BeipaxkeHueM (6). B cayuae
3a/laHHOTO MOJJIETHOrO BPEMEHU U3 3aBUCHMOCTH (1),
OMHUCaHHOM BbIpa)keHHeM (7), BHIOUPAIOT MUHUMAJbHO
BO3MOXKHYIO TOJILIMHY CJIOS KAMEHHOH BaThl.

[Toctpoum rpaduku no cooTHoueHHsM (6)
(puc. 2) u (7) (puc. 3) mnsg ABYX 3HAUeHHH Mak-
CUMaJ/bHO JonycTuMod temmnepatypsl 1,..: 1300 K
u 1100 K, yuutsiBasi, 4To MJIOTHOCTb KaMEHHOH BaThl
cocrasasier 200 kr/mS.
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Puc. 3. 3aBUCHMOCTb TOJILIMHBEI T€PMOCJOS OT MOAJETHOTO
Bpemenn PH

W3 rpadukoB BUAHO, YTO YeM TOJILE TEPMOCJOH,
TeM OoJibliiee BpeMsi OyneT paboTaTb BUAEOPETHUCTpPHU-
pyiollas cucTema.

N3BectHo, uto BBIBOL PH Ha omopHywo opbuty
nnutes npumepHo 10-12 mun. [das Bugeokamepsl,
Haxofsllleficsi B TePMOHATrPy>KEHHOU 30He, C Y4eToM
MaKCHUMaJIbHO AOMYCTUMOH TeMIepaTypsl AehopMalnn
nasi 00beKTHBa U3 onTtudeckoro kpemuus (1., T.e.
1100 K), TosumHa 3alIMTHOTO TEPMOCJIOS, BBITIOJHEH-
HOTO M3 KAMEHHOH BaThl MIOTHOCTBIO 200 Kr/M2, Oyner
coctaBsaTbh ~ 0,021 m (21 mMm) (cMm. puc. 3).

Pa3pabotka monenu
MEePUCKONMUUYECKOTO YCTPOMUCTBA

IJI4 3alllMThl OT BO3AEHCTBUA
paavalUMOHHBIX (PAKTOPOB JUH3
00BbEKTUBOB U (POTOPETUCTPUPYIOMHUX
npudoOpoB BUIEOKamMep

[Tomumo Tepmozamutel BK ot neperpesa u oxJa-
XKIEHUs, [Jsi 3alluThl JHH3 00BEKTHBOB U (hoTO-
PETHCTPUPYIOLIUX TPUOOPOB OT BO3AEHCTBUS paiu-
AllMOHHBIX (DAaKTOPOB MOXKHO HCIOJIb30BaTh IepHU-
CKOTHYEeCKOe YCTPOHUCTBO, BHIIOJIHEHHOE H3 THTaHa
C OTpaxkamluM 3epKajsoMm (mox yraom 45°) W3 Hu-
kens (T,, = 1736 K), pacrno/io)keHHBIM Ha TJIaBHOH
ONTHYECKOH OCH 00beKTHBA (pHc. 4).

OmnpenesiuM BbipaXKeHHe 1Ji5 MHHUMAJbHOTO 3Ha-

ueHUs pasMepa NsATHA Ha 3epkase nepuckona D . ,
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Puc. 4. 3amura BK TepmokoxyxoMm U mepucKonom

npoenupyeMoro Ha (hOTOPETUCTPUPYIOLIUEN TPUOOP ue-
pe3 00BEKTHB M 3epKaJjo I[epucKona IMpH 3aLaHHOM
3HaueHMH yrzia o63opa Q = 28° u f , (puc. 5),
a TakxkKe MHUHMMaJbHble rabapuThl camMoro 3epkana D.
Tak kKak 3epkaso MepucKona MOXHO pacloyoKHUThb
CKOJIb yrogHo 061M3K0 K 00bekTuBy BK, HO Tak, urto-
Obl OHO He KacaJioChb CaMOro 0OBbEKTHBA, a 0OBEKTUB
u npubop ¢ 3apsnoBoi cBasbio ([13C) nosmKHBI OBITH
3allUlIeHbl OT NPSIMOro MOMNaJaHHus CBETOBOTO I[0TO-
Ka U PaJHaLUOHHBIX BO3IEHCTBHUH, TO PACCTOSIHUE OT
LeHTpa 00bEeKTHBA 10 3epKasna (Ha IVIaBHOH ONTHYe-
CKOW OCH) BbIOepeM paBHBIM MOJOBHHE PACCTOSTHUS OT
LleHTpa 00beKTHBa A0 LEeHTpa AuaroHalu (POTOUYYB-
crButesbHoi 30Hbl [13C [7], T.e. f,, = f+ f'. Ilpu
3TOM AJHMHa pacTpyba nepuckona OyneT paBHa (QOKycC-
HOMY PacCTOSIHHIO JIMH3bl 00bEeKTHBA, a OCTaBLLEecs
paccTosiHMe 10 3epKaJjia NepPUCKONa Ha IJIaBHOH OINTH-
wecko#t ocH, fo.. —f=f+f —f=Ff = gl, rae
| — nuaroHasbHBIA pasmep (hOTOYYBCTBHUTEJBHOH 30-
uel [13C. Ha puc. 5 yroa 5 = Q/2.
Cravana BblpasuM )| U3 CHCTeMbl ypaBHEHHH

fmin = L] COSQ/2+D1 COS7T/4,

8
L,sinQ)/2 = D, sinn/4, ®)
oTcroaa
. fmin
Dy = cosT/4 +sinm/4 x ctgQ /2 ©
Beipasum D,:

Taxkum ob6pasowm,

Dmin:Dl +D2’

(11)
(12)

[TopcraBass (9) u (10) B (11) u (12), noayyum

Bblpaxkenus ana D, v D:
2\/§fmin
D, _. = , 13
min = (T tg(@/2) (1 + g (22) O
2v2 fmin (1 + tg(2/2))
D = . 14
T te(Q/2) (1 +ag@) Y
[TocTpoum rpaduyeckue 3aBUCHUMOCTH

Dmin(fmin’Q) H D(fmin’Q) (pHC 6_9)

C yBesuuenueM yraa o63opa BK u paccrosuus
oT oOBEKTHBA /10 3epKaja Mepuckona pasMmepbl 3ep-
Kaja yBeJMUYUBAIOTCS, TpUUeM OoJiee CyIeCTBEHHOE
yBeJMueHHe MPOUCXOAUT TPU yBeJHUYEeHHH yTria 00-
3opa Bbille 40° U UCMOIb30BAHHH KOPOTKO(OKYCHBIX
00BEKTHBOB.

[Ipy HabaoneHUU OOHOTO TMOJs H300paKeHUs
oobekta ¢ nByx BK (ogna BK ¢ B®PII3C u 06b-
eKTUBOM M3 KBapueBoro crteksaa, apyras BK c¢ MK
[13C ¥ 00BEKTHBOM M3 ONTHYECKOTO KPEMHHS) Tpe-
OyeTcst, 4TOObl TJIaBHblE ONTHUECKHE OCH OOBEKTUBOB
BK depes 3epkasia meprcKomoB MPOXOAUNN Uepe3 Ofl-
HY TOUKy Ha KOHTpoJupyeMoM oObekTe. [ng 3ToO-
ro HeoOXOAHMMO MOBEPHYTb 3€pKasa MEepPUCKOINOB Ha
yroa 7/2 HaBctpeuy apyr apyry (puc. 10) [8], mpu
3TOM TOpPIbl MEPUCKONOB C 3epKajaMH JOJKHBI pac-
rnoJiaratbcs Ha ofHOH miockocTH. [as obeux BK f
JNOJIXKHO ObITb OJUHAKOBBIM. TakxKe OJUHAKOBBIM OY-
IeT MHUHHMAaJbHOe pacCTOsIHUe OT IJIaBHOW OMNTHYe-
CKOF ocH 10 ueHTpa 0ObekTa fo . H yrom 0030-
pa €.

Tak Kak BHeIIHHe pa3Mepbl TEPMOKOKYXOB J0JIXK-
Hbl OBITh OAMHAKOBBIMH, TO BBUAY PAa3HbIX NUAMETPOB
00BEKTUBOB OYAYT pasjuyaThbCsl U pa3Mepbl BUIEOKa-
Mep, a CJIeI0OBATENbHO, U TOJLIHMHA TEPMOCIIOS.

Paccunraem yroda 7.

Zmin:2D2+2Al +A2+A3’ (15)
rae A, — TOJIILIMHA THTAHOBOH 000JI0YKH TEPMOKOXKY-
xa, Ay 1 A; — TONIKHBI TEPMOC/IOEB.
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d — nuamerp 3payka 0ObEKTHBA,;
| — nuaroHanbHbI# pasmep [13C;
) — 30Ha 0630pa;

mein -

f — dokyc o6beKkTHBa

MHUHHMaJIbHOE PACCTOSIHHE Ha TJIaBHOH ONITHYECKOH OCH OT 0OBEKTHBA 10 00BEKTA,
npu kotopoM Ha [13C npoeuupyercs 4eTkod H30OpakeHHUE;

Puc. 5. Pacuetr MMHMMaJBHOrO 3HAYEHUS pasMepa MndATHa Ha 3epKaJe IMepuckKora u Fa6apI/ITOB 3epKadJia nmepruckorna
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Puc. 6. 3aBucumocts D, . (finin) TPH Pas3IHUHBIX
yriax o63opa

_r
Tax xak fy . (f,d) = $(l+d), o yron nosopo-
Ta 3epKaJjl MEePUCKOIOB PacCMaTpPHBAeMON BHIEOPErH-
CTPUPYIOLILEH CHCTeMbl OMpeNessieTcs KakK

. -
arcsin | e
z . <2f2min> (16)
2 2 '
[lTocTpouMm rpauk H3MeHEHHUs yrya [O0BOpPOTa
3epKas B 3aBMCHUMOCTH OT MHHHMAaJbHBIX (POKYCHBIX
paccTosHHH 00beKTHBOB Y(fy . )/2 nna ¢uxcupo-
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Puc. 7. 3aBucumocts D(f,;,) TOPH PasiuuHBIX
yraax o63opa

BaHHbIX 3HAYEHHH PACCTOSHUS MEXKAY ONTHYECKHUMH
ocsIMH 00BeKTHBOB 2, M yr/ia o63opa 2 (puc. 11).
C ynanenueM o06beKkTa OT BHUAEOPETUCTPUPYIOILIEH
CHCTEMBbl YroJl MOBOPOTa 3€pKaJj IMEePUCKOINOB Cylie-
CTBEHHO yMeHbllIaeTcsi. Tak, NMpH PacCTOSHUU BUAEO-
perucTpupymouieil cucteMbl 10 00bekTa cBbillle 1 M,
yToJl MMOBOPOTA 3epKaJs MepUcKonoB OyneT MeHee 1°,
a Ipd OTHAJEeHHH BHUAEOCHCTEMbl OT oObekTa 00-
Jee yeM Ha 10 M, yros moBopoTa 3epKaJs MNepUCKO-
noB Oyner yxke MeHee 0,1° u mosaTomy nJsi ciaydaeB
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Puc. 8. 3asucumocts D, ;, (£2) mpu pasiuuHEIX paccTosi-
HUSIX OT 00bEKTHBA [0 3epKaJjia MepucKora

. “//2\ /2 -

Puc. 10. PacrnionoxeHue BUIeOperucTprupyolled CUCTEMb
BHYTPH MPSIMOYTOJIBHOTO TapaJijie/ieluIena ¢ HCroib30Ba-
HHUEM paJHalHOHHON 3aIIUThI

ucnosb3oBanus [13C ¢ HU3KUM paspelieHHeM WU/ BH-
JI€OCHCTEM C MOBBILIEHHBIM KO3()(PULHEHTOM CXKaTHs
BHIEOMH(OPMALIUK YIJIOM MOBOPOTa 3€pPKaj MOMKHO
npeHe6peyb.

3akKJroyeHve

B crarbe paccmoTpeHa BupeocHcTeMa, MpenHa-
3HaueHHasl 1Jis OTCJIEeXHWBaHUS TePMOOOCTAHOBKH IMO-
CPEICTBOM BHIEOTEJEMETPHUH C HCIOJNb30BAHUEM Tep-

Q

Puc. 9. 3aBucumoctb D(€)) npu pasiuyHbIX PaCCTOSTHUSIX
0T 00BEKTHBA [0 3epKaJia MeprcKona

5 1150
45—
4l \
35| \
NI
™ 25
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N
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| —
0.5 T
% 400 800 1.2x1031.6x 10% 2x 103

f2min’ MM

Puc. 11. 3aBucumocTb yrja noBopoTa 3epKaJj MepHCKO-
MOB OT PACCTOSIHUSI MeXKIy LIEHTPaMH 3epKaJl TIeprhCKOIoB
U LIEHTPOM TI0JIs1 H300pakKeHHst

MO3aIIMTHl U 3alIUTE 00BEKTHBOB BUIEOKAMEP U MPH-
6OpOB C 3apsilOBOM CBSI3bI0 OT BO3JAEHCTBUS paaHa-
LUOHHBIX (pakTOpoB. PaspadoraHa Momesnb TEPMOKO-
JKyxa, TpUMeHUMasi AJis TepPMO3allUThl BHIEOKaMep,
pacroyioXKeHHBIX BOJM3U TEPMOHATPYKEHHBIX dJeMeH-
toB PH. [losy4yeHbl BbipakeHWsi MOAJETHOTO BpeMe-
Hu PH nna non6opa TosiuHbl Tepmocsosi, a Tak-
YK€ TOJIILMHBl TEPMOCJOs AJsl 3aJaHHOTO TOIJEeTHOr0
Bpemenn PH Ha onopuyto opbuty. [IpuBeneH npumep
TEPMO3alIUThl BUAEOKAMep C 3aJaHHBIM JAHAMETPOM
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3pauka 0OBeKTHBa, MaTepuasoM JIHH3b 00bEKTHBA
U noaJseTHelM BpeMmeHeM PH Ha omopHyio op6uTy.

Paspaborana mopenb MEPUCKOMUYECKOTO YCTPOH-
CTBa [/ 3aILUTHI OT BO3EHCTBUS palHallHOHHBIX (DaK-
TOPOB JIMH3 OObEKTHBOB U (POTOPErUCTPUPYIOIIHUX MPH-
6opos kak st onHou BK, tak u nss nyx BK, Hampas-
JIEHHBIX HAa OHY W Ty ke 30HY o00630pa. OmnpeneseHbl
BBIpAXKEHHS [/ pacyeta pa3MepoB 3epKaJa MepucKorna
U yTJIOB TIOBOPOTA 3€pPKaJl MePUCKONMMYECKUX YCTPOHCTB
MpU OJIHOBPEMEHHOM HCIosb30BaHuu NByX BK, Hampas-
JIEHHBIX Ha OJHO I0Jie N300paKeHUsI 00beKTa.
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