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Pazpaborana npubnkeHHass MeToauKa pacdera 3Qp(eKTUBHBIX K0d()(OUINCHTOB 00IYyYEHHOCTH KOCMHUYECKOr0 00BEKTa IH-
JUHAPUYECKOH (POPMBI, KOTOpAsi TUINYHA ISl HAPYKHBIX KOPIIYCOB KOCMHYECKHX TEJIECKOIIOB, a TAKXKe ()parMEHTOB KOCMH-
YecKHX anmaparoB. B Hacrosiiee BpeMsi OTCYTCTBYIOT aHAJIHTHYECKHE METOAWKH pacueTa MHTETPANIBLHBIX U 3()(EKTHBHEIX
k03 HULKEHTOB 00Ty4EHHOCTH AJIsl TaKoi KOHPUIypauuu KOCMHYECKUX 00beKkTOB. MHTerpasbHbie K0d3(GGUIHEHTH 00iy-
YEHHOCTHU ONPEAEIAIOT CPeIHUN TeTI0OBOM OanaHC Ha IUIMHAPUUECKOH MOBEPXHOCTH, a 3()(heKTHBHBIE — Ha BCE MOBEPXHO-
CTH IIWJIMHApPA C Y4ETOM ero TopuoB. Pacyersl 3¢ exTHBHBIX K03()PUINEHTOB 00IYUYCHHOCTH KOCMUYECKUX 0OBEKTOB MOJI-
CBETKOH 3eMJIM HEOOXOOMMBI IS ONpeieIeHHUs BaXKHEHIIEH KOMIIOHEHThI SJHEPIeTHUECKOro OanaHca — yneJbHOH MOLIHOCTH
COOCTBEHHOTO TEILUIOBOTO M3IydeHHUs 3eMiIH. Takue pacdeTsl UCIIONB3YIOTCS [UIS ONpEeNIeHNs CPEAHUX TEMIIepaTyp KOCMH-
Yecknx 00beKToB. MeToauka OCHOBaHA Ha 00OOIIEHNH U alNPOKCHMAIUH Pe3yJIbTaTOB YHCIEHHBIX PAcUeTOB B JIHAIIA30HE
HU3MeHeHust BEICOTHI opouThl oT 200 kM o 40000 kM, a Takke BO BCeM BO3MOXKHOM JHAITa30HE M3MEHEHUS yIvla HAKIOHA OCH
mutnHApa. [Toka3aHbl HEONpPEeIeIeHHOCTH B MaTeMaTHYecKoi MOJeIH MpH HEeOONIBIINX OTKIOHEHMSIX IOJOXKEHHs OCH IH-
JMHApPA OT JIMHUM 3eHUT—Haaup. MccrneoBaHbl MOrpenTHOCTH MPUOIIKEHHOTO PEHIEHHs TIPU ONPEAENeHNH HHTETPAIbHOTO
k03 GuLKeHTa 00Iy4eHHOCTH GOKOBOH LMIIMHAPUYECKOH ITOBEPXHOCTH. J[OIycTHMas MTOTOBas MOTrPELIHOCTD MOJIyYEHHOTO
MPHUOIKEHHOTO PENIEH s OLEHUBANACh MO OTKJIOHEHHUIO TEMIIEpaTyphl 00bEKTa B TEHH 3eMIM OT e TOUHOro 3HaueHus. [1pu
OOJIBIINX OTHOIICHHUSX BBICOTHI LIMJIMHAPA K AXAMETPY NOTPEIIHOCTH pacueTa HHTErPaIbHOro ko3 GuineHTa o0y4eHHOCTH
MaKCHUMAJIBHBI X MOTYT IIPHBOAUTH K MOTPELIHOCTH ONpesiesieHust TeMieparyp B Tenn 3emin 1o 1,5 K. IorpemnocTu pacue-
Ta TEMIIepaTyphl MIIMHAPA YMEHBIIAIOTCS C YMEHBIICHHEM OTHOIICHHUS €TO BBICOTHI K auameTpy. OHM MUHHMAIBHBI IJIS
MOZIeNN TOHKOTO aucka. IlorpemmHocTtr pacuera TemIeparyp 3HAUHTEIBHO CHIDKAIOTCS JUIS CIydas HaXOKACHHS LVUIHHIPH-
Yeckoro 00bekTa Ha nojacBedeHHOM COJHIIEM y4acTKe TPAaeKTOpHH, a emle Ooliee — IPH pacdeTax HeCTalMOHAPHOTO TEIUIo-
Boro pexunma. Ilpennoxennas MeToauKa pacyeTa JOCTaTOYHO TOYHA, IPOCTA U yIOOHA ISl PACUETOB.

KiroueBble clioBa: KOCMUYECKUH O0BEKT HMIHHAPUIECKOH (HOpMbI, KOdIQDUINEHT 00IyIeHHOCTH KOCMUYECKOr0 00beKTa,
YAENBHBIH TEMIOBOM MOTOK M3Ty4eHHUs 3eMITH, TETI0BOH 6aTaHC KOCMHYECKOro 00beKTa.
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The paper deals with approximate calculation methods for effective irradiance coefficients of cylindrical form space object
typical for external cases of space telescopes and fragments of spacecrafts as well. There are no analytical calculation meth-
ods nowadays for integrated and effective irradiance coefficients for space objects of such configuration. Integrated irradi-
ance coefficients define the average thermal balance on a cylindrical surface and effective ones — all over the cylinder surface
taking into account its butt ends. Calculations of effective coefficients for space objects irradiance by the Earth radiation are
necessary for definition of the major component of power balance — the specific power of the Earth inherent thermal radia-
tion. Such calculations are used for determination of average temperatures of space objects. The technique is based on gener-
alization and approximation of results for numerical calculations in the range of orbit height change from 200 km to 40000
km and also in all possible range of a tilt angle change of a cylinder axis. Uncertainties in mathematical model at small loca-
tion deviations for cylinder axis from zenith-nadir line are shown. Errors of the approximate solution are analyzed during
determination of integrated irradiance coefficient for a lateral cylindrical surface. The admissible total error of the received
approximate solution was estimated at a temperature deviation of an object in the Earth shadow from its exact value. At the
large ratios of the cylinder height to its diameter calculation, errors of integrated irradiance coefficient are maximum and can
cause temperature error definitions in the Earth shadow up to 1,5 K. Errors of cylinder temperature calculation decrease with
reduction of its height-to-diameter ratio. They have minimum values for a thin disk model. Temperatures calculation errors
are considerably decreased for a case of cylindrical object location on the trajectory section illuminated by the Sun, and even
more — at calculations of a non-stationary thermal mode. The offered calculation technique is rather accurate, simple and
convenient for calculations.

Keywords: cylindrical form space object, irradiance coefficient of space object, specific thermal radiation flux of the Earth,
space object thermal balance.

BBenenue

ITpu pacyerax HeCTAIIMOHAPHBIX TETUIOBBIX PEKUMOB KocMuIecknx 00bekToB (KO) Heobxomumo ompene-
JICHUE BEJIMYMH MaAAI0IINX U MOTIOMAEMbIX TOBEpXHOCThI0O KO TEMIOBBIX MOTOKOB OT MPSIMOTO U OTPAYKEHHOTO
3emitell COITHETHOTO M3JIYUYeHHS, a TaKKe COOCTBEHHOTO TETUIOBOTO M3nmydeHus: 3emin [1—4]. [lepBole 1Be KOM-
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HOHEHTHI TerutoBoro 6ananca KO Beruucisirores cinenyromum oopasom. [Ipsmast comHedHast 3acBeTKa MOBEPXHO-
ctu KO onpepnesnsiercs: 4yepes COMHEUHYIO IMOCTOSHHYIO ¢ YYETOM IUIOLIAM €r0 MUAENIS U KO PHIMEeHTa MOIJI0-
MEHUS COTHEYHOTO M3mydeHus [1]. DTa KOMIIOHEHTa TEIJIOBOTO OallaHca BBIYHCIAETCS 03 0COOBIX 3aTpyaHe-
HUH. BTOpas KOMITOHEHTa BBEIYHCIISETCS Yepe3 TaK Ha3hIBaeMbIii KOMOMHHPOBAHHBINH KOA(PGUITUEHT 00TydeHHO-
CTH, pacueT KOTOPOTO CBS3aH C OOJNBIIMMU 3aTpyIHEHUSAMH [1] U, KaK MPaBUIIO, OCYIIESCTBISETCS YNCICHHBIMU
MeToxaMu. TpeThsi KOMIIOHEHTA TETIOBOTO OallaHca OMpeAessieTCs Yepe3 BETHINHY YISIbHOTO TETIOBOTO ITOTO-
Ka B MIOJTHOM CITEKTPe COOCTBEHHOTO TEIIIOBOTO M3IY4YEHHUS 3eMIIH, a TakkKe depe3 k03P PuItnerT o0rydeHHOCTH,
KOTOPBIH TIPEICTAaBISET COOOW OTHOIICHHE IMafaromiero Ha moBepxHoCcTh KO yIempHOTrO TEIIOBOTO MOTOKAa K
TEIJIOBOMY TOTOKY, H3JIydyaeMoMy 3eMJIei ¢ BepXHEH rpaHMIbl atMocdepsl. B 3ToM moToke yuuThIBaeTCS TEIl-
JIOBOE M3JIydeHHe arMocdepbl W M3IydeHHE MOACTHIIAIONIeH 3eMHOW IOBEPXHOCTH, IPOXOAAIIee yepe3 OKHa
MIPO3PaYyHOCTH aTMOC(EPHI B CIIEKTPe HHPPAKPACHOTO TEIIOBOTO M3MydeHus [1].

W3BecTHO, YTO CIEKTP COOCTBEHHOTO TEIUIOBOTO M3IYYEHHs 3€MJIM C Y4ETOM arMoc(epbl UMEET SpKO
BBIPA)XCHHBIN CEJNICKTUBHBIN XapakTep. OMHAKO HA MPAKTUKE MPUHATO MOJB30BATHCS JJISl PACUYECTOB TEIUIOBOIO
OanaHca WMHTErPANbHBIMU YICIBHBIMH TEIDIOBBIMH TOTOKamu [1]. Tlo 3TOi mpuyuHE 3HAYUTETBHBIC CPEICTBa
3aTPavnBaIOTCS Ha IKCTIEPUMEHTAIBHBIE ONIPeeNIeHH ITI00aIbHOH (YCpeAHEHHOH 110 BCeH MOBEPXHOCTH 3€MITH)
BEIIMYMHBI U3TydaeMoi 3eMyIeil B KOCMUYIECKOe TIPOCTPAHCTBO YACIBHON MOIIHOCTH [5, 6]. Takue skcriepuMeH-
TaJbHBIC WCCIICAOBAHMSA, IPOBOANMEIE ¢ KocMuUecknX ammaparoB (KA), mMO3BOIMIN YyTOUHUTH STy BEIUYHHY C
235 Br/m? [5] 10 239 Br/m” [6].

Jlyis pacdeToB TEMJIOBBIX IOTOKOB, mortomaeMbix KO, Heo0XonuMo ompeesieHre HHTErPaIbHOTO KOd(g-
¢unmenTa obmydennoctu (MKO) [7—12] KO 3emHOM TOJACBETKON B 3aBUCHMOCTH OT ero koHdurypanuu. KO
OIIpeAeisIeT YACIbHBIN TEIIOBOW MOTOK, KOTOPBIH ycpenHsercst mo Bced moBepxHocTd KO M BhIUMCIIsETCS MH-
TErpUPOBAHUEM JIOKIBHBIX KOI((PHUIMEHTOB 00ydYEeHHOCTH JUIS KaXXI0T0 3JieMeHTa rnosepxuoctu. s chepu-
Yyeckoro o0bekTa Ko QUIEeHT 00JIydeHHOCTH onuchkiBaeTcs npocto [1, 12], uro obneryaer pacyer HecTaluo-
HapHbIX Temrieparyp cepudeckoro KO nHa moboii opoure [12—15]. Bonbmoi npakTuueckuii MHTEpeC Hpen-
CTaBJIeT peuieHue Toi e 3anaun 11t KO unnmHnprdeckoid popmbl, KOTOPYIO HMEIOT MHOTHE peasibHble 00beK-
THI, B TOM YHCJIe KOPITyca TeIeCKOIoB, Oazupyembix Ha 6opty KA [16]. Camu KA Takxke comepkar GparMeHTHI
MUITHHAPIYECKOH POpPMBL. DTO ONpeesieT aKTyaTbHOCTh JTaHHOM 3aJadH.

Jlst 00BEKTOB ¢ KOH(GUTYpAIMel, COCTaBICHHOW M3 pa3HOTO pojia MOBEPXHOCTEH (TapajuieenuIe], 1y-
JUHJIP, KOHYC) UCTIONB3yeTcs 3¢ (heKTUBHbIN KoddduimeHT oomydeHHOCTH (DKO), KOTOPBIN OMHUCHIBACT YICIb-
HBIA TETJIOBOHM IMOTOK, MOTIOIIEHHBIH Beeil moBepxHOCThI0 KO. Hacthio pacyera DKO sBnsieTcst onpeaeneHue
WKO mwmnapudeckoir 60koBoi moBepxHocTH. Jis munuaapudeckoro KO (IIKO) B addexkTuBHbII K03 uim-
€HT OOJTYYEHHOCTH BXOIAT TaKKe KO3 PHUIUEHTH! 00TyYeHHOCTH 3eMield TopioB numHapa [14, 15].

Lenbto HacTosIel pabOTHI SBJISUIOCH MOJTYYEHHE TIPHOIKEHHOTO aHAIMTHYECKOTO OIMCAHUS 3aBUCUMO-
ctr 3 dexTuBHOro kod3p¢punnenta odmydenHoctr LIKO oT BBICOTHI OpOMTHI, yIIa HAaKJIOHA €0 OCH OTHOCH-
TEJILHO IUIOCKOCTH MECTHOTO TOPU30HTA M OTHOILECHHUS BHICOTHI LIMIIMHIPA K €0 AUAMETDY.

PaspabarriBacMasi METOAMKA JIOJDKHA OCHOBBIBATHCS HA aHATUTUYCCKHX (HOpMYNax, COCTABISIOIIUX all-
TOPHUTM PACYCTOB, HCKITIOUAIOIINN HEOOXOJUMOCTh MPOBEACHUS HHTCTPHUPOBAHUS TPOMO3IKUX BBIPAKECHUH IS
JIOKaJbHOTO K03 (HUIIeHTa 00IyICHHOCTH.

Pdusnyeckas 1 MaTeMaTHYecKasi MOJeJH nmpoiecca nmoaACBEeTKU NUWJIMH/IPa COOCTBEHHBIM
TENJIOBBIM HM3JIyY€eHHUEM 3eman

CrannonapHas temrieparypa 7 KO nmpou3BoIbHOM BHIMYKIOW ()OPMBI B TEHH 3€MIIM MOXKET OBITH OTHUCa-
Ha (opmymnoii [10-14]

T =3< , (1

e 7, = 255 K — s¢dexruBuas Temmeparypa 3emin [15, 16]; ¢, — DKO oGbekra; O = 239 Br/m> — ynenbHast
MOIIHOCTh COOCTBEHHOTO TEIIOBOro M3mydenns 3emm [15, 16]; ¢ = 5,67-10™ Br/(M*K*) — nocrosunas Creda-
Ha—bosnbMmana.

Jost KO DKO ompenensiercst Ha ocHOBaHWM JaHHBIX [12, 13] B BUIE

_ (pb + 2n(pint . _ L

- - b n i 2 (2)
1+2n d

T7Ie ¢p — KOIPPHUIMESHT 0OTYISHHOCTH TOPIIEBOM MOBEPXHOCTH IMWIMHIIPA (B PACUETHBIX GOPMYIIax YUUTHIBAETCS

HaJIM4He JIBYX TOPIOB); ¢;,; — MHTETPAIBHBIA KO HUIIHEHT 00TydeHHOCTH OOKOBOM TTOBEPXHOCTH IMIMHpPa; L

— BBICOTA LIMIIUHJPA; d — IUaMeTp €ro OCHOBaHUS; ¢, — d(h(eKTUBHbINH k0D PUIMEHT 00Ty eHHOCTH.

c

Ha puc. 1 npencraBneHsl BapHaHThl OPUEHTALUN OCU UIMHAPA OTHOCUTEIBHO JIMHUYU 3€HUT—HAJIUP; O —
yron HakioHa ocu LIKO oTHOCHTENBEHO 3TOI BEPTHKAIBHOM JTHHHM.
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ITpu BepTHKATBHOW OPUEHTAIIMK IUIUHIPA, T.e. Tpu o = 0 (puc. 1, a), BepXHU# TOpeI IMINHIpPA HE MO~
cBeueH 3emiicid, k03 UIUCHT 0OMYYCHHOCTH HIIKHETO TOpIA BBIYUCISACTCS KaK JUIs TUIOINAAKH, JISKAIICH B
MJIOCKOCTH MECTHOTO ropu3onTa [1, 10]

¢, =(1+a)”; a:%, 3)

e /7 — BBICOTA IUIONIAIKU HaJl IOBEPXHOCTHIO 3emMiin; R = 6371 kM — paanyc 3eMitH.

Z i
"/ v

90| 1

a 9] B

Pwuc. 1. BapnaHTbl opmeHTaumn ocv LunuHapa OTHOCUTENBHO NINHUK 3eHUT—Haaup (ZN) 1 NNOCKOCTM MECTHOTO
ropusoHTa (IMMI): a — BepTuKanbHas opMeHTaums ocu LunuHapa; 6 — opyeHTaumst ocy LMnuHApa nog yriom o,
paBHbIM yriy 0o; B — OpMEHTaLMs OCY LMNMHAPA NoA YrioMm o, 6onbwmnm yrna 6o v MeHblwnm 90°. Yrnbl
COOTBETCTBYIOT: Y. — YINoBas koopguHarta no LMnmMHAPUYECcKOr NOBEPXHOCTU; O — YroN HaKIMoHa OCy UunvHapa,
oTcunTbiBaeMon ot ocu ZNj; 8 — NONMOBUHHbIN Yror, nog KOTOpbiM 13 fobor ToYkM LuMnuHapa BugHa 3emnsi.
JInHua AB Ha obpasytoLler LMnuHOpUYecKo NoBEPXHOCTM — Hanbornee yaaneHHas ot 3emnum

Jnst G0KOBOM MOBEPXHOCTH IMJIMHAPA B 9TOM ClIydae pacdyer MPOBOAUTCS Kak Uil BEPTUKAIBHO OpUCH-
THPOBAHHOM Iomaaku o ¢popmyne [1, 10]

Q. =%(arcsin\/(p_0—\/a-‘/1—(po ), 4

Tae Op. — KO3QPHUINEHT 0OTYISHHOCTH BEPTUKAIFHON TUIOMIAIKH, OJHOBPEMCHHO JIOKATFHBIA U UHTETPATBHBIN;
WHAEKCHI b 1 ¢ OTHOCATCS K OOKOBOIT MOBEPXHOCTH IIFITHHIIPA.

JIJ1s TOpU30HTAIFHO OPHUEHTHPOBAHHOTO IIJIMHAPA TaKKe UMEIOTCS pacyeTHbIe GOPMYIIBI IS OIpeerie-
uus DKO [15, 16]. dns npomexxyTounbix opueHTanuid ocu 0 < o <7ww/2 (puc. 1, 0, B) pacyeThl CYIIECTBEHHO YC-
noxHstoTes. [Ipy HaKJIOHE OCH IWITHHIPA OTHOCUTEIHHO ocu ZN Ha yroi o (puc. 1) yron HakiioHa \ 3JIeMeHTa
TTOBEPXHOCTH IIMIIMHAPA, 331aBACMOTO YIIIOBOM KOOPAWHATOW HAa NIIMHAPUYIECKOW IMOBEPXHOCTH ., OTCIUTHI-
BaeMoit OT oOpa3yromieid, Hanbonee OIM3KoN K 3eMile, MOXKeT OBITh ONpEAETIeH ¢ UCTIOb30BaHNEM JTaHHBIX [ 1, 2]
C TIOMOIIBI0 COOTHOIICHHS

Y =arccosx; Xx =sina-cosy, . 5)

BaxHpIM mapaMeTpoM, OIpEeNeNIOnIiM XapaKTePUCTUKNA OONydeHHOCTH 3yieMeHTa moBepxHoctH KO
70001 (OPMBI, SBISAETCS TMOJIOBHUHHEIN yrou 0, Mo KOTOPBIM C ATOTO 3JIEMEHTa ITOBEPXHOCTH BHIHA 3eMII,
OTHChIBaeMBIN (hopmyroi [1, 12]

0, = arcsin(\/a) .

3aBHCHUMOCTD JIOKAJILHOTO KO3 dHIIMEHTa 00MYyYCHHOCTH IUIOCKOTO AJIEMEHTa MOBEPXHOCTH COOCTBEH-
HBIM TCIUTOBBIM H3JIYUYCHUEM 3EMITH OT YIVIa HAKJIOHA KacaTebHON K ATOMY 3JICMEHTY, a TAKXKE OT BBICOTBI 3TOTO
JJIEeMEHTa HaJl IOBEPXHOCTHIO 3eMJIM OIMCHIBACTCS M3BECTHBIMU COOTHOIIECHHUsMH [1, 12], koTopble B Hauboee
KOMITaKTHOHM (popmMe MOTYT OBITH BEIpaKEeHBI depe3 x B dopmyre (5). [Ipu 3ToM B 3aBHCHMOCTH OT BEIWYHHBI
yIiIa HakJIoOHA y K09 (PHUIIMEHT 00IyIEeHHOCTH OMUCHIBAETCS OMHOM U3 TpeX (HOopMyI:

(Plz(Po'prHOSWSg_eo;(P3:OHpH§+eoSWSTC; (6)

2 . 1 .
¢, = % 1+—arcsin +—arcsin

1 1 X
T (Po \jl—xz T

®opmyna (7) ucronb3yercs Npu %— 6, <y< §+ 0, .

(1—@0)-(q00—x2). (7)
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WKO nmnuuzapa onpenensiercs myrteM uHTerpupoBanus (6) u (7) B yKa3aHHBIX IIPH 3THX (OpMylax Ipe-
Jernax. 3aTeM MOMy4YeHHbIE HHTETPaJIbl CyMMHUPYIOTCS M ACTIATCS Ha T.

s pacueroB DKO LIKO no dopmyste (2) HEOOXOIUMO ONPEAETUTE @p M iy

[Ipu onpenenennn xkoaddurmentos obrydenHoct Topuos [{IKO BBeneHb! 0003HaYeHNS: BEPXHUIT TOpeEL,
HanOoJiee yAaJeHHbBIH OT IOBEPXHOCTH 3eMIIH, XapaKTepu3yeTcs: KodQPHIHeHTOM OOIydeHHOCTH (p,, HIKHHN
TOpel, OIVKHHUIA K MIOBEPXHOCTH 3eMITH, — Kod(hpHUImeHTOM 00IydeHHOCTH @)y Torma B (2) BMECTO (), TIOACTAB-
JsIeTCst

?, :O’S(q)bu +(Pb/)~ (3)
Jnst pacuera ko3 dummento obmydenHocTr TopitoB 1IKO B dhopmynst (6) u (7) moacraBuseTcs: 3Haue-
HHUE X = COS\/ . 3aBUCUMOCTh YIJIOBOW KOOPJIUHATHI ¥ OT yria HakioHa ocH [[KO OTHOCHTENBHO IITOCKOCTH Me-

CTHOTO TOPHU30HTA UIA HMIKHCTO M BEPXHETO TOPLOB OIPEACIAOTCA COOTHOIICHUAMU Y, =0 ; Y =T—A . HUc-

nojb3oBanue hopmyssl (8) obecnieunBaeT npeesibHbIe epexoasl U HenpepblBHOCTH DKO Bo BceM jmana3zoHe
M3MEHEHHS yIla HaKJIOHA OCH IUIMHAPA OL.

Metoauka pacueTa HHTErpaJibHOro Ko3¢duunenTa 06,1y4eHHOCTH G0KOBOI MOBEPXHOCTH HUJIHHIPA

IIpu pacuere MKO IIKO B mpenmemax u3MeHeHHUs yriia HakjioHa ocu mwmmHApa 0 < o <0, BO3HUKAET
MIPUHIAIIAATRHAS HEONPEISICHHOCTh B MaTeMarndeckoi monenu. Ilpu o =0 (puc. 1, a) pacuet ¢;,; B hpopmymne
(2) 3amensiercst pacueroM Ko3(punnenta odmydeHHocTH 1o Gopmysne (4) — Bapuant mMozaenu 1 (BM 1). Ora mo-
JIeTb TIPe/INoaracT UCIOIb30BaHNE JIOKAIBHBIX KOI((GHUINEHTOB OOIyUYEeHHOCTH ¢ U @, U3 (7) NpH MaibIx Be-
nrmauHax x. OJHAKO TPaHWUIEI JOMYCTHUMBIX 3HAYCHHH Ol 1 COOTBETCTBEHHO X HEONpeaeneHHbl. [Ipu 3HauuTeNh-
HBIX BEJIMIYMHAX YIJIa HAKJIOHA OCH, BILIOTH 10 o = 0y, BM 1 Henpumenuma. B 1o e Bpems o o < 0, Hempaso-
MepHO Hcnonb3oBanue ypasHeHuit (6) u (7) mis onpenenennss KO Ha ocHOBe MHTErpupoBaHus @y U ¢p. s
o> 0y (puc. 1, B) UKO ompenensieTcsi HHTETpUPOBAHUEM TI0 yIacTKaM KOOPAHMHAT () U (P, — BApUAHT MOJCIH 2
(BM 2).

[IpoBeneHHbIE pacueTHBIE UCCIEJOBAHUS TOATBEPIMIN YKa3aHHYIO HEONpeJeJIeHHOCTh B BHIOOpE Mate-
Marndeckoit Mmozxenn Ha ydactke 0 < o < 0. [Ipu ucrons3oBanun BM 1 u BM 2 BeraucineHHable 3Ha4eHNSA KO3(]-
¢unrenToB obayueHHOCTH O0KOBOI mMoBepxHOCTH LIKO Ha OmHUX M TEX ke AWama3oHaX M3MEHEHHS O HeIOCTa-
TOYHO TOYHO CTBIKYIOTCSI APYT C APYroM. DT0 0OOCHOBBIBAET HEOOXOANMOCTD TTOJIyYESHHUS XOTS OBl PHOIIKEH-
Horo exuHoro ommcanust KO Bo Bcem nuamazoHe m3MeHeHHs yria HakioHa 0 < o < T Ha OCHOBE IONy4YCHHS
anIMpoOKCUMALMOHHBIX (PYHKIHI C ONpeiesIeHneM OTPEUIHOCTH MTOy4aeMOT0 KOHEYHOT'O PEIICHUS.

3aBucuMOCTh K03 duIeHTa 00ITyYeHHOCTH ¢, OOKOBOI OBEPXHOCTH ILIMJIMHAPA OT BBICOTHI M yIVIa Ha-
KIJIOHA OCH aIpOKCUMHPOBaiach (GopMyIaMu

0, =0, [1-f ()] +0, f(a); ¢, =¢(a=0); ¢, =0(a=m1/2), )
rae ¢p 1 ¢, — QYHKIINH TOIBKO BBICOTHI; f (o) — pyHKIMA TONbKO yria HakioHa ocu L[KO.

3aBucuMOCTS f (o) ObLIa armmpoKCUMUPOBaHa (YHKITHEH BHIA

f(o)=a,-sin(b-o+c )+a,-sin(b,-a-c,), (10)

KOTOpAast U3MEHSIETCS OT HyJs rpu o, = 0 10 eIUHUIBI IPU oL = 71/2.
3aBucuMoCTH @,(/) anmpokcHMUpoOBaHa (HOpMyIon

¢,, = a;exp(=b;H) +a,exp(-b,H); H =L. (11)
1000
Benmuuna H COOTBETCTBYET BBICOTE TPASKTOPHH, HCUNCIIEMON B THICSYAX KHIIOMETPOB.

st obecrieueHrss MUHUMAJIBHBIX TIOTPEITHOCTEH almpOKCUMAITMOHHBIX 3aBrucumocTter (9)—(11) otHOCH-
TEJIHHO MCXOMHBIX pacueTHBIX 3aBucuMocteit KO, onpenenseMbix mo dpopmyinam (4), (6) u (7), koadhpummeHTs
B alIPOKCHMAIIMOHHBIX (PopMyrax ONMpelesuIich A ISATH MHTEPBAIOB BHICOT H. 3Ha4eHUs K03 (UINEHTOB
aNMPOKCUMAIINH TIPE/ICTABIICHBI B TaOIHUIIE.

[TorpemHOCTh anImpoOKCHIMAaIliH B MaKCHMyMe 3aBHCHMOCTH, IpH o = 1/2, He mpeBbimaeT 1%. B To xe
BpeMs MaKCHMaJIbHasl IOTPEITHOCTb, peanu3yemas B obmactu 20° < o < 60°, mocturaet 2,3%, 4%, 4,5%, —5,7%,
— 4,7% npu H paBaom 0,2-2, 2-5, 5-10, 10-20, 2040 cootBeTcTBEHHO. [[JIsl BBITIHYTOTO UJIMHIPHYECKOTO
crepxHs (n > 10) u3 (2) cnenyer: ¢.~ @;,, NOITOMY JUIS pacueToB TeMmneparyp 1o dpopmyse (1) mrocrarouno uc-
nonb3oBanus MKO. IMorpemuocTtu onpenenenus cranuoHapHeix TeMnepatyp LIKO B TeHu 3emnu cocTaBistoT
Jutst ykazaHHbix auanasonoB 1,2 K, 1,5 K, 1,4 K, —1,2 K u —0,8 K, uTo BnosjHe ynoBi1eTBOPUTEIBHO AJS MPAKTH-
yeckux pacuetoB. Ha moncBeueHHOM COJHIIEM YYACTKE TPACKTOPHUHU MOTPEIIHOCTH PACUETOB TEMIIEparyp OymayT
eIlle MCHbINIE, a PU pacuyeTax HEeCTAMOHAPHBIX Temriepatyp npu apwkernn [IKO mo Tpackropuu ¢ momepe-
MEHHON CMEHOM COJIHCYHBIX M TEHEBBIX YYACTKOB MOTPEIIHOCTH PACYCTOB TEMIIEPATyp OYAyT JOMOIHUTEIHHO
CIJTAKUBATHCS 3a cueT TepMudeckoit maepiuu [TKO mpu ero 1ocTatogHo OOIBIION TOTHON TEIIOEMKOCTH.

Ha puc. 2 npencraBieHbl TUIIOBBIC 3aBUCUMOCTH (;,; U (. OT YIVIa HAKJIOHA OCH IMJIMHAPA O, JUIS Pa3HBIX
BbicoT [IKO Haja moBepXHOCThIO 3eMiIH B HauOoJiee BAKHOM JHara3oHe u3MeHeHus h. Ha puc. 2 mpencraBieHb
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BBIYKCJICHHBIC [0 pa3paboTaHHBIM (HOpPMyIaM 3aBUCHMOCTH OT yIVia HAKJIOHA OCH LIWIMHIIPA JJst BEICOT 0T 200 KM
110 2000 kM. CIUIOUIHBIMY JIMHUSIMH YKa3aHbl 3aBUCUMOCTH DKO /i1 OTHOIIEHUS BBICOTHI LIMJIMHAPA K AUAMETPY
ero ocHoBaHus #n = 3, mTpuxoBbIMH — KO 060k0oBOW IIMIMHIAPUYECKON TMOBEPXHOCTH. Tam ke TPUBEICHBI JIIS
cpaBHenuns 3HadeHuss KO cdepruaeckoro KO.

Ne Koaddurnmertor Jnana3oH BbICOT H B ThICSYaX KUIOMETPOB
/T aNIpOKCUMAaIUH 0,22 2-5 5-10 10-20 2040
1 a, 0,7753 0,4995 0,4944 0,4063 0,3164
2 b, 0,01652 0,0001099 0,0003042 0,0001966 0,0009266
3 1 0,08263 1,591 1,863 1,491 1,879
4 a 0,2248 0,5114 0,5458 0,6072 0,7152
5 b, 0,04872 0,03407 0,03065 0,0269 0,02303
6 1) 2,822 1,502 1,201 0,8528 0,5199
7 as 0,09587 0,1882 0,2149 0,1875 0,1162
8 b 0,002238 0,0006294 0,1171 0,0002392 0,0001389
9 a 0,3555 0,2039 0,1171 0,05989 0,02373
10 b, 0,0002796 0,0001494 0,0001 0,0001 0

Tabnuua. 3HadyeHus KoachdULMeHTOB annpokcumauum B popmynax (10) u (11)

60 80 100 120 140 «°

20 40

Puc. 2. 3aBncMMOCTb MHTErpanbHOro (LUTPUXMYHKTUPHBIE NIMHUK) U 3D(EKTUBHOTO (CMMOLLHBIE NINHWN)
KoahdULMEHTOB 0BNyYEHHOCTM OT yrna HakioHa ocu LumnuHapa npu Beicotax h, kM, pasHbix: 200 (1), 600 (2),
1000 (3), 1500 (4), 2000 (5). Mopn3oHTanNbHLIMK CMOLHbLIMU NIMHUSAMU YKa3aHbl MHTerpanbHble Ko3hULNEHTHI
obny4yeHHOCTU cdhepunyeckoro obbekTa

Kak u oxunanocs, norpemnoctu pacuera KO meHnsble, yeM BbruucieHHbIx 3HaueHut MKO. [{ns Bbie-
YKa3aHHBIX JUana3zoHoOB U3MeHeHUs BbIcoThl LIKO MakcumanbHble TOTPEIIHOCTH cOCTaBstoT 2%, —2,7%, 3,8%,
-3,9% un 3,8%. COOTBETCTBEHHO Il LMIMHApPA C YMEPEHHBIM OTHOILIEHUEM # IOTPELIHOCTH OINpeNeICHUs
CpPE/IHETIOBEPXHOCTHOW TeMIeparyphbl HMWIIMHApPA OyIyT MEHbILE, YeM B Cydae BBITSHYTOrO LMJIMHIpPA C OOJIb-
LINM 7.

OO0cyxaeHue pe3yJbTaTOB

[IpennoxkeHHass METOOMKA pacueTa OCHOBBIBAETCA Ha cieayromieM anroputMme ompenencHus OKO mms
IKO. Ha nepBom stare ornpeaenstorcs 3HaueHuss GyHkuuid f (o) u ¢,,(H) U1 3aJaHHBIX yIVa HAaKJIOHA OCH LU~
muHapa 1 BeIcoTH LIKO Hax mosepxHoCThI0 3eMin 1o ¢popmynam (10) u (11). [Ipu 3ToM ncnonp3yercst 3HaYCHAS
K02 GuImeHToB B hopmynax u3 Tadbmauibl. 3atem onpeaensercs 3Hauenne NKO 60KkoBO MOBEPXHOCTH IMITHH/I-
pa ¢, o popmyne (9), B KOTOPYIO MONICTABISAIOTCS Takoke HOPMYIBI AT Q) = Qp U3 (4) U ¢, = ¢o U3 (3). 3aTem
nonygerHoe 3Hauenue KO ¢, moacrasisercs B (2) BMECTO 3HaYeHUSA ¢y, B Ty ke popmyiy (2) moacrasisercs
3HaueHue ¢, u3 (8), a Taxke KOHKpeTHas BenuuyuHa 7. B pesynbrate nomydaercst 3Hadenne DKO, kotopoe s
omnpezaenenus remneparypsl LIKO B Tenu 3emnn noacrasisiercs: B popmyiy (1). IIpu mo6oit Beicote LIKO Han
MOBEPXHOCTHIO 3emun morpermHocTh pacdera KO mo dopmymnam (9)—(11) mpu ropu3oHTaIBHOM IOJIOKEHUH
OCH LWJIMHAPA, COOTBETCTBYIOLIEM MakcuManbHoMy 3HaueHHto KO, He npesimaet 1%. MakcumanbHble mo-
TPENTHOCTH PeaM3YIOTC B JHana3oHe n3MeHeHus: yrioB 20°< o < 60°, B KOTOPOM OCYIIECTBIIOCH «CIIUBA-
HUE» 3aBUCHMOCTEH, BBIYMCICHHBIX 110 JIByM MozeisiM — BM 1 u BM 2. B ykazanHO#H 001acTn M3MEHEHHs YIIOB
TIOTPEIIHOCTH OTIPE/IeNICHHsI CTallMOHAPHBIX TeMneparyp mo ¢opmyse (1) He npessimatot 1,5 K mst ciaygast umms-
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Horo crepxHs (mpu # > 10). C ymeHblieHneM n orpernHocty onpeneneHus KO mo dopmyre (2) cHuxaroTes, a
npu n<0,1 (Mozmenb TOHKOTO AMCKA) PACcUeThl CTAHOBSITCA TOUHBIMH. IIOTpEIIHOCTH 3HAYUTEIBHO CHIDKAKOTCS
TaKXKe Ha COJHEUHON CTOPOHE TPAeKTOPUH U MPU pacyeTax HEeCTAlMOHAPHOIO TerioBoro pexxuma. [Ipu o, paBHOM
60° u 120°, 3nauennss KO u DKO munmmaapa npu 7 = 3, a Takke MKO cdepbr npumepro passel, npudem MKO
cepbl 3aHUMAET POMEXYTOUHOE HOJIOKeHNE Mex 1y 3HadeHmssMu KO nunmaapa mpu o= 0 u oo = /2.

3akjoueHue

IIpennoxennas MpuOMMKEHHAS aHATTUTHYECKAs MEeTouKa pacdera 3GpGEeKTUBHOTO KOdPdHIeHTa o0my-
YEHHOCTH U1 KOCMHYECKOTO OOBEKTa MIIMHAPUIECKOW (POpPMBI peannsyeT eIWHCTBEHHBIH crocol mpeomone-
HUS HEONPEAETICHHOCTE! B (PM3NUECKON W MAaTeMaTHIECKOM MOAETIX B 00JaCTH M3MEHEHHS YTJIOB HAKJIOHA OCH
muIHApa 10 o < 0, MeTomuka o0ecriednBacT BEICOKYIO IS MPAKTUYECKIX PacdeToB TOYHOCTh. OHA MpocTa B
WCIIOJIE30BaHUN U CYIIECTBEHHO O0JIeTYaeT pacueThl HECTAIIMOHAPHBIX TEMITEPaTyp HWIHHAPUIECKOTO KOCMHUYe-
CKOTO 00BEKTa. AJIBTEPHATUBOM MOXKET OBITh YHCICHHBIN pacdeT, 00eCTIeYnBAIONINI OTpeelIeHHue pactpeserie-
HUI MOTIOMIAEMBIX JTYYHUCTHIX IIOTOKOB, a TAKXKE TEMIICPATYP IO MOBEPXHOCTH HMIMHAPUICCKOTO KOCMUYECKOTO
oObekra. Takoii pacyeT ompaBIaH JUIs OMPEACICHUS TEMIICPATYPHBIX TOJNEH B 00beMe IIMIMHAPHYCCKUX 000II0-
YEYHBIX KOHCTPYKITHIA C YYETOM MPSIMOM COTHEYHOH ITOJCBETKH M OTPAKECHHOTO 3eMIICH COTHEYHOTO H3ITyYCHHUS.
OjHaKO Ha HAYAJIBHOW CTAJIMU TEIUIOBOTO MPOCKTUPOBAHMS TEICCKOIIOB KOCMHYECKOTO Oa3UpOBAHUS aHAUTH-
YECKUE METOIBI pacueTa He3aMECHHMBI, ITOCKOJIBKY TO3BOIISIOT OBICTPO W HAJEKHO OMPENeNiTh TPeOOBAHUSA K
OCHOBHBIM IIapaMeTpaM KOHCTPYKIIMH Ha OCHOBE PAacdeTOB MHTETPAIBHOTO TEIIOBOTO OanaHca HWIHHApPUYIC-
CKOTO KOCMHYECKOTO 00OBEKTA.
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