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A B S T R A C T

A simple mathematical model IB proposed for the Salyut 6-
Soyuz orbital complex motion with reepect to tne center of
mass under the one-aria gravity-gradient orientation regime.
This model was used for processing the measurementa of the
orbital complex motion parameters when the above orientation
region was implemented .

Some actual satellite motions are simulated and the satel-
lite's aerodynamic parameters are determined. Estimates are
obtained for the accuracy of measurements as well as that of
the mathematical model.



I. BBejeaae. QpfiHTa/iBHHfl KotmneKC "CanioT 6" - "Coos" (ua-
jiee WR KPBTKOCTB worm aaaiiBaeMufi cnyTRHKbu) npeRcyawaeT co-
6ofl CHJIBBO BHTaByTyn HO Bcipy KO.nK> c fiojiBnwMH nonepenBHMH
MH HHeplWH. C yHCTOM 3TOrO OfiCTOHTeJlBCTBa KOCMOaaBTH r.

a D.B.PouaBeBFo npejtmoHii/w npoao.nHTB nacciiEHufi mwieT cnyTBBKa B
ojmoocBoS rpaBHTamioBBofl opneHTaana, HaopasHB ero npo-

OCB Bflo^i MecifioH BepTHKaatt [l]. HeoOxoniMae aaiaataie
flBimeHM no yr^osuu oTKnoHeHHHM nponojn>HO@ oca or mot-

BepTHKana « no yr^oBofl CKOPOCTH OHH no^ianH njTew pyworo
c HcnojiiSOBaHKeM BaoHKaTOpa yr^OBoro no^ozeiiBfl —

sisapa (none apeHflfl 190°, OCB BKaapa nepneBaa-
npoflo^taoa OCH cnjTHHKa) H flHHHKaiopa yr^oBax CHOpocrefi

c mujposofl 0HHHKamiefi. ynpaBJiaoume MOMSHTH cosj^Ea^HCb peaKTBB-
HUMB MMKpOflBHraTe^flMiJ CHCTPMH OpHSHTaUHH.

B aaiajze ifcno^t30BaH«fl pesuwa rpaBwramioHHoa opaes-ranaa
anrop0TM nocTpoeBHfi BaiaflLBtac ycnoBHiS .msame.BHH B,3Tow-pemBue
cocToan B cjienpimeM. CD^THHK opneHTMpOBan0 B aonoaeane "HB pas-
roa" (npoAOABHa^ OCB cnjTBHKa napan^e^BBa KacaTeflBHoft K

OTCSK HanpaBnea snepen no noaeTy) TBH, iTodu
Seunfi tfiuo B aearpe BBsepa. Saiew cnyiMK

~-B anocKOCTH opbHTH Ha 80° nepexo^nHHM OTCCKOU K Setaae, T.e.
*coBueoiaA0 npoHo^BHya OCB cnjTHHKa c uecxHoa sepTflKajiM). HecEM-
ueTpHHBaH cojmeiHafl darapea npa arou pacno^arajzacB B
op(50TH snepes no nojieTj. K KOHUJ pasBopota npo

"CKOPOCTH cnjTHHKa Ba aopuajiB K IUIOCKOCTH op6flTu CHHmajiacB OT
(0.3°/c) so opfiKTaaBBOfi (0.066°/c aa BucoTe340KM),

sraoBoa CKOPOCTB Ba IUIOCKOCTB opfiHra npflsonanacB B
3ra SHaieaHfl KOHTpoAflpOBa/iflCB no HBflHKaTopy yr^oBHX CKOpo-

, a rpeCyeMoe nonoseafla cnyTBHKa — no yrjiOBOMj paccroaaHD
' OT ueHTpa BHSupa RO npaa 0so(3paKeatm Senna (18.3° aa Bacore

340 KM). B pesy^BTaTe cnyrasiK 6es pacxona TonouiEa coxpaaan aa-
HaHHyto opfleaTamm BRO/IB Mecraoa BepTflKaAB B reieHHe aecHoaBKHx
cyioK. TOIHOCTB opaeaTaaaii cocTaBaana OT I°-3° B saiane pesfwa
HO IO°-I5° B Koaue.

Pesmi rpaBHtauHOBHofl opHeaTaoaa oRaaanca OIBBB ;AO()BHH
UflB. nposeneaHfl paaaoro pona aaynaux accjieAOBaflfifl. Bana
Korjja coyTBHK aaxoaanca B cocToaafiB rpaBaTaaaoHBofi
npauepao aeaejuo — OT OABOTO nBaaiiBqecRoro pesaua so npyroro.

3KcnepflneHTajiBBoe nccaeBOBaBHe Boaaytusa-



Boro HBameaafl cnyTaaica B peume rpaBBTaoaoBBofi opaefliaajja npa-
BWLO KOCMOB8BTOB K SatUHneBflB , HTO KpOMB BeasdeSBHX OfflHtiOB B 00-

ctpoeflBB aaiaaBBHx jcjioBHg opaeaTHpoBaHHoro HBaseHaa cymecTBea-
Boe flecTadajiasapyKJmee BJianaae aa STOT pexau oKasusaeT aapoflaaa-
MBieCKBfl MOU6BT. 3TOT UOU6BT OdyCJlOBJlCH aapOHBBaMHHeCKDfl 3C0M-

weTpaefl cnyTHffica B ae^ow H, B ocodeBBOcxn , acaMMerpaea naae^efl
OaTapefi. B ia or BOOTH , aa-sa Heycioa^flBocTH nepenHero

BecauMeTpaqBofl cojuaeHaofl Oarrapea HacSffionanocB spa-
cnyTHfljca BOKpyr npoflOJiBBOfl oca x .

BoauymeflHoro nsBseaafl noaBo^an r.M.IpeiKO
dojiee npocxofl a 3KoaoMH^HHfl a^ropaiM npaseseaaH

B pesHM rpasaTaoaoBBOfl opaeBTanaa, oOecne^aBaDmafl TaK-
TOHBOCTB nocTpoesaa HaiajiBeux ycnoBafi. HaiHBaa opaes-

KocuoBaBTH yie Be ^pasonBAa cnjTHHK as seROToporo anyqafl-
aoro nojioxeBflfl* ocTaBmeroca noane npenu^ctero naBaManecKoro pe-
suiua, B oponesyTOHHoe - "aa paaroa". C yr^oBuua CKOPOCTHMH
^0.3°/c OBB spanaflnuuiH pas Bopo tana npasoniuia asodpaseaae 3eu-
nii B Basape B ipeOyeuoe noflomeaae; aaxeu caasana yr^OBym CKO-

cnyTBasa, floOHsaflCB ociaaoBKa asodpaxeaaa B STOH
a oieftH, ito<5H BeKropaaa cyuua yraoBux CKOpociefl

BO nonepeHHHi ocefl pasBJUtacL opcJaiantBofl , a yr^oBaa CKOPOCTI OT-
HOCHTe^BHO npOBOfltHofl oca paBBanacB syjOD. Oma(5KH B nonOope yr-
nowx. CRopocTefi oTHOCHTejitao nonepeiHHx ocefl aeasdesBo BHSuBa-
or yxojw cnyTHHKa aa ycTaBOBneasoro nojioseBafl. DoaTowy aeoci-

yToqaenae opaeaiauaa ma ycTpaaeaaH THKHX

7KasaBBoe yToiaeHfle (OHO npoBOWMoci. a npa nepsou cnocoOe
nocTpoeaafl opaeBTaqaa a, oneflosaTejiBBO, ae -seao K
HOMJ pacxony TomiaBa) ocymecTBMJioct HByMH-rpeMfl
HHMH npadJiaseaaHMa no OTmioHeHaau yraos cnyiaaKa OT so. HouHHajn>-

3io Bpameaae MOXHO ycTpaaait, npaBOflfl cnyiBHK B peaaM ipaBB-
opaesTauaa Taicau ofipasou, iTodu BecauueTp0HBan GOZ-

(JaTapefl pacnojiarajiact B nnocicocTa op(5nTH aasan no no^e-
ry. yRasaHHyn Haqa^BHyi) opaeBTaaae cnyTHBKa acnoJiLSOBana sno-
cJtencTBaa JI.H.nonoB a B.B.PDMBH. JLnfl STOPO oaa npoassosajia paa-
BOpov cnyTHaKa B miocKocia opdaru as no^oseaafl "aa Topuoseaae"
(nepexosBOfi OTCSK BanpaBnea Hasan no noaety).



s
rax aaaqeaafl B pesHtse rpaBflTaoBoaflofi opaeBTaaaa a Bpeueaaii

a tax ottmoaeaafl. KaamnaKbouusi BMnyn&cauB OTraoae-
BHCapajiacB AO ajjw a BBOCIUBCB nonpasRB B yraoaue CROpo-

CTH cnjTBHKa, KOMneacHpyDnae cpeflHHe CROPOCTB aaueaeBBa OT-
MOBeBBfl.

OTRnoaeBflfl yraoB aanepftnacB c noMomto Baaapa, Be npeABaa-
aaieHBoro JWH TSKHX aaaepeaafl a ae Bueomero cooTBeTCTBynniax

noBtimaamaic TOIHOCTB otcqera. Uoatouy P.M.Ipe^BO open-
BBBCTB B nofle speBBfl BBaapa wacKj, ROTopaa

ynpocTHTB npoqecc npHBefleaflfl cnyTBHKa B pemaw
noBHCHTi TOHHOCTB otiecneveaaa tpe6yetea

no yraoBHM oTKnoHeaaKu. Macna <5wta aaroTOBjneaa a no-
CTasneaa aa "Carat 6". .Do ueTOflBKau r.U.IpeHKO a c noMomuo
ynoMflayTofl sane MBCKB pesau rpasHTaufloaaofi opaefiraoaa ysepeB-
HO HcnoaisoBancfl Bceua nocnenyEmaua SKHnasaMH opdaTaa&Horo
KOMnaeKoa "CajroT 6" -"CODS".

HeKOTopue BoupocH AaaaiiflKB pesaua rpaBBTaoaoBBofl opaeBia-
oaa optiaTaABBoro KomweKca (Staa HconeflOBaati B [2,3]. B ataz
pafioiax CDJTBHK cqaTajucH TsepAuu T&nou, fluesmau $opMy aanHflfl-
pa c ipeuH npHKpenjieaHHua R aeuy luacTaaaua — coABeqauiaa <5a?a-
peflMa (pac. I). OpdBTa qeHTpa taacc cnyTaaica npennoaaranaci
npyroBofl, H yiaTHBaaooB AeflCTBfle aa cnyiaaK rpaBaTaoaoaaoro fl
BOccTaaaBMBaamero aapoAHaaumecRoro HOMBBTOB. B [2,3]
paaturaaux cnocotSos BBeneaafl VBJLOTO napauetpa B BBAB

nocrpoeaH BarerpaaBBHe noBepxsocTH ypaBHeaafl
B6HEH cnyTBHKa, onacHBaomae ero ROJietiaaafl a Bpameaflfl Bonpyr

oca, BaapaaneBBOfi npacJanaaTejiBBo BAOAB Mecsaofl sep-
Taicae joezsaoR ope^naraaoob ciflTaTB HouaaanBatiMa Be-

HBHaeaaaua cnyiaaKa B pesaue rpaBaiauaoaanfl opa-
eHTaoaa. BHJIO nposeaeao lacaeaaoe accjienoBaaae yRaaaaHuz aare-
rpajoBHKX noBepxBocTefl a Boawymeaaux ffB0Heaafl B ax oKpeciaooTH.

B naaHOfl pacioie ypaBaeaaa ABaseeaA cnyTaaRa, BuseneBHue
B [2,3], acnojiBsyDTCfl ana ofipaOoTKa aauepeaufi aeKOTopux napa-
MerpOB HBHseaaH, BunoAaeaaus r.M.Ipevo BB 6opiy opdaTajiBBoro
RouoseRca. Bcero 6wio npoBeneao tpa pana aauepeaflfl. BBS aa aax
OTBocfiTCfl R KBaseaaib cnyTBBRa B pesaw rpaBBTauaoaaofl opaeata-
qaa a o«aa — R CBoOoaHowy (BeopaeaTapoBaaaoMy) ABaseaBo.
IlejiBB 9Tax BsuepeBBfl <3nao noKaaatB, iro B pesaue rpaBBtauBOB-
Bofi opaeBTaKBB MaKpoycKopeaaa, aBflciByBiaae aa Oopty cnyte



MHHHMajlBHH. BonpOCU, CBfl33HHUe C HCCJieflOBaHHeM MHKpOyCKOpeHflfl,

B flaHHofl paCore ae paccMaTpasaiTCH, a iiSMepeaaa
ma paaHoro pona oueaoK. B peayjiBiare odpadoTKH

pasHHMH cnocodauJi. BoccTaHOBaeHH aeKOTopue peanBaue
cnyTHflna a Haflfleaii ero aapojyiHaiureecKBe napaweTpn. Uo-

TaKme oueHKH TOHHOCTH peayatTaTOB Hswepetuifl B oueHKa
T01HOCTH DpHHHTHX E pa<50T6 ypaBH6HHfi SBHSeHflfl CnyTHHKa.

2. ypasaeHaa jBBseHaa. CnyiiujK (5ygeM ciKTari TBSPSHM ie-
aoM, uenip Mace Koroporo flBHseTcfl no KpyroBoB opfiaie BOKpjr
Seunn. JLofl samica jfpaBHeHHii ABKseHKA cnyTHHKa
uearpa wacc BBeflew ase npaBne seKaproBH cHcreMn

jX.3 — CHCTeMB KOOpRHHaT, aeCTKO CBHSaHHafl CO

. Toiica 0 - ueaip siacc cnyTHiwa; oca Ox1t0xi}0x3 -
ueHTpajiBHue oca naepmia cnyvHwa.

OXiXgXj — opfiaiajiBHafl cucieMa KoopnaaaT. OCB OX3 aa-
upaaneHa BQOAB paRHjca aeKTOpa TOTKB 0 OTHOCHTe^BHO ueuxpa

OCB OXi aanpaEneaa no Kacare^BHoil K opdnre B cTOpony

OTHOCHTC/IBHO CH-
<T ,yS , tf (pac. 2).CT6MH " DOMOIUBD yrjios

MaTpaua nepexowa aweei

X

X3

0-41 0.^1- cosSsin tf+sin$ sw

af3 = cosScosX - sinSsinp sin if,

dji = -cosS"cosp,
aa = cospcostf, a31i=-sin$sin

a 23 = - cosB sin #• a.33=-sin$ccsX-

KaK HeTpyaao BRACTB, yr^H 5 n p
cacTene KoopflHaat, yron

noAoseafle oca
aaaaei nosopoT
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na BOHpyr a*oS oca.
BBeneia oCosBaqeaBfi: (o)f , o)z , u)3 ) -

CKOPOCTB CDJTHHKa (3flBC]> H JSpJiee KOMHOH8HTH BSKTOpOB

ca B cHcreae KoopRHHaT (h^xz^j ) ; A , B , C - MOMSHTH eaep-
UHB cnyTHEEa OTHQCHTeatBO oceg OXj ,0xZf{}x3 ;
— BiraBCjaeflHHfi oTBocsrejiiHo ?OTKB 0 roaBHtiS
can, npanoseHHHX K CIISTHHKS; co0= const >0 - yraoBaa CKOPOCTB
opbHraatHoro ffBaxeaaH; t - EPCKH. JtoKeaae cnyiaHHa OTHOCB-
T6HBHO dCBTpa M3CC

H3 BfleffiflKX MDiffiBTOB,

B3TB TOllbEO rpaBHTamaOHHHfl fl BOCCTaBaBOHBaajSHfi

KOS8HTH. KOMnOHBHTH IpaBaTaOHOHBOrO tDMSHTa HMffiDT

Dp2 BiraBCJieBHH BoccTaHaBUBBaBniero aaponHsaiiS'iecEDro
«a 6jneH CTHiait, wo UQTTBHH BiieeT $op2^ uanaHjipa c Tpeias npa-
iqjeimeHHHMH E aeuy uaacTHHauB — cojiaeiBHua tiaiapejoiB (pac. I).
Pannyc oaaBflflpa — R . sacora — £ . OCL nanHajgja coBoanaer c
OCZD Oxf , a ero reojaerpH^ecKaa aeaip miser HoopABEam (^1,0,
0 ) . Use conHe^Bue tiasapefi aesai B IUIOOKOCTH Oa:f JCa (puc. .1) '
a ORHB-B anocKOCTB 03C/X2. Ilaoiqaja> Kasnoa confle^HoS CaiapeH
paBHa S . neoMeTpmecKHfl ueaip raomofl baTapea jnajifiB aa
paccroaBue € ox oca ^a:f , a ero npoeKuaa aa 975 OOL eaeer
KOOpflBHary c/2 . OTfiDczTejuso BaaaMOEBScTBaa cnjTflaia c aris>-
ogepofi Oyjssat CTBTBTB cneflyonjee: I) aruDc^epa BenoABBxBa. B

npocxpaBCTBe; 2) neficTBHe aiuoc^epu aa cnyrHBH CBO-
E cane conpOTHaneHflfl, npanoieHHoS B oeHTpe ^aaeajea B



BanpaaneHBOfl npoMB CKOpocia ueHipa Mace cnyiHHKa; 3) conpOTHB-
arwoc$epu ae aiaser aa asomujss) opdHTii. Upa czejiaaRux

ABB DOJip&eBBfl cnyxiuuta, B KOTOPKX OCB Ox1 npa-
napanneji&Ha oca 0X3 (.sLnSvO,sinp=zO) ,

uoneafa SHOOT HH« [2,3]

F =

f> - DJIOT-
HOCTB Haderaomero aa cnjTHHK Boanjmaoro notoKa, V - aOcofflDT-
aaa CKOpocTB ueaipa wacc cnjTBJJKa. noaaraeM, vso J> = const . 3
paiocax npaaHTofl Monana $opMyjm (2) TOHHH TOJBKO npn s>ln$ -
- stn.|8 = ̂  . BOM ae ara cooTHomeHHa He BHmwiHeflH, TO, B
(2) HueeTCfl norpemHOCTB, o<5jcuiOBfleaaafl aeTOHBHta BaHaaneaaeM

saTeaeaas co^aeHHUx fiatapeft a MOO^IRH »iacTa noBepxaociH
OHusaeuofl BOSnymBHM QOTOKOU. B pesuMe

opueaTamifl a<3coOTiTHaH Beaaqaaa yraos S H p , KBR
ae npesocxOflHT aecKO/iBRUx rpanycos, nosTotiy Tanafl norpemnocTB
ae npeBHrnaer norpeniHocTH cat/OS uon&zss. "Boxes TOHBSH MOfle^t saa-
HMOfleScTBan cnjTaaKa c aTMOC$epofl flOJaaa yHHTHBatB pasaoro po-
na BapaauHB IUIOTBOCTB aTMoc$epH y a HSMeBeaae opueaTaaJBH
co^Henfiux (SaiapelS OTHocaTe^Bao Kopn^ca cnyTHMca. OflaaKO, c OR-
HOfl CTOPOHH, JH6T 3THX $BKTOpOB TpeCSjCT BBenBHHfl B

wm aspojwaaMHHecKoro uoueBTa Ooju^nero qacjia tpynao
napauexpoB, c itpjrofl ciopoaH, yxe $op«5JiH (2) noaBOJoaBT BUHBBTB
ocaoBaae CBoflcrsa pestusa rpaBHTaoHoaaofl opaeBTaiyui [2,3].

C nouotHBB tfespasuepeux BCJWIHH



ypaBBeaaa (I) npa M-L = Mji+ Mai /£-/,*, 3>««>KHo aanHcaii, cae-

Toifcofl o<3o3Haqeao nn$$epeH(uipoBafl0e no T . npaBue
(3) ae coflepsat T a 2 or -nepaofln^ecKfl aasacHT OT

aaeprHH KBHseaaH cnjTH£ica sonpyr ueatpa uaco,
, HMeer BBH [3]

arofl sejuranHH no r B CH^ ypasaeBflfl (3) onpejie-

a«)J. (4)

(3) conepsaT mrrt napaueTpos: A ,y- ,f-\
oaeaKH ax aaaHeaafl Cy^eii cvavan, iro oaacaaaaJJ

opdHTan&aoro KouoneKca "Ceumt 6 - CODS" aieeT
[2"] :

A = 51600 KM2, 6 m 967700 Km2, £ » 964100 KTM2,

S=20n 2 , g = 4 M , R e 2 u . I - 15 M, c/f« I M, a^=0

napanerpH opCara aoauieii OT 12 $eBpaju 1978 roga: BHCOTB —
340 KM, nepaos — 91.2 HBH. B »TOM cjtyiae &><,« O.OOII5 c~*
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coiuiacHo [4] y= I.I04-IO"11 KT/M3. UOAOXHU cx= 2. Torja B
cacTetae (3)

X= 0.0535, p= 0.0697, ^= 0.772, ^ 0.579, ^J=0.097. (5)

TOIHOCTB onpeflejieHHfl STHX napaweipoB HeoflHHaKOBa. SaaieHHfl /x.
H3B6CTHH flOBOJIBHO TOHHO, SHaieHHfl U.| , ̂  , p. 3 — BeCBMB

. ItorpemBocTB B onpefleaeHBH u ^ U j j . j U j
SHaBfleM 9 , ol1 , <JL I , C x .

3. OflHoocaafl rpaBgTaaHOHHafl opHeHTamm. PesflMow
rpaBHTauaoHHoB opaeHTaaaii cnjTHHKa Gynett HasHsaTt Taicoe ero KBK
senae, B KOTOPOM yroji 0 wesflj OCHMB ^?a;^ 0 r~^3)(pac. 2)
HS npeBOCxoam HeKOioporo SHaieHHH A . Hanpmuep, MOKHO BSHTB
A = 10°. B saBHCHMocTH OT 3Ha^eHHfl napaMeipoB cnyiaHKa BOSMOH-

HH pasflue noflxona K pea^aaauHfl pexHMa rpaBHTauaoH
a ero uccjie.nosaHKH). B paOoiax [2,3] TaKoe ncanejioBaHfle
flOCB Meio.naMn Maaoro napaMeipa. B [2] MantiMH napaMeipaMH
JUJCB |A. , p.^ , jXjt. H |bi3 , B [31 B KanecTBe wajioro napaweipa 6wo
BSHTO A . ftepBHB as yKasaHHKX cnococSoB BBeneHHi? tuajioro napaweT-
pa nosBOJiHeT nposecTH HccaeflosaHHe npome iew BTopofl cnocp(3, HO
OH nparoflea TO^iHO WLH BHCOKBX op6wT (B [2] paccMaTpasajaaci op-

c BucoTOfl ~ 400 KM). BTOpoiS cnocotf np^roflea jym anfiofi op-
— BOSUOSHOCTB ero npHMeHeHHfl onpenejiaeTCH TO^BKO pacnpeae-

aiacc cnjTHHKa. HJIH 3Haqeafli5 napaMeipos (5) 6on.ee noroco-
HBflHeTCfl BTOpOfl CHOCOfi, H03TOKJ H0K6 DpHBOflSTCH BeKOTOpHe

[3] , noflCHffioi40e aHHaMHKy pemnMa OKHOOCHOB rpas0Taua-
OHHOB opaeHTacuiH cnjTHHKa B cjiyqae A«1 .

BwecTO nepeMeHHHX SI^,S13 BBesew nepeueHHHe

coboij oTaeceHHtie K- co0
yraoBofi CKOpocia cnjTBHKa aa OCH nojiycBflsa

aofl CHCTCMH KoopflHHai, noayiaDmeficH Ks.cuciem Ox1xix3 npa
Jf = 0 . B BOBHX nepeMeHHHX ypaBHeaan (3) sanMHBaiDTCH B

B =
/
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nepes t
= 0, T.e. IVLH cnjTHHKa, fiecKoneiHO BUTHHjToro

oca Ox1 , cKCiewa (6) RonycKaeT ceweficTBO qaoiHHX pemeHafi, B
KOTOPOM '

$ = f> =ur3 =0 , urz = f , (7)

a y H Qj onpeneaBBTCH ypaBH6H0flMH

CacieMa (8) flonycKaei nepBufi.HHTerpan
K

fi(*,.a() a ̂ (a{ +psin*X) +f1
>jG(*W= const, M
o

c noMombo KOTOporo Qua. nocipoeH ee $a30BHfl nopipeT (pHC. 3). CH-
cTeua (8) HMeeT CTacmoHapHue pemeHHH

, «f =*;
(10)

AB8 H3 HHX yCTOSlBBH, 8 OCTSJlBBHe HejCTOfrMBH (CM. pHC.3).

JtoHseuHH BBfla (7), (8) MOSHO HcnoataoBaTB B HaieciBe HOMB-
aan&aoro BeBoaujmeHHoro aBaseaaH (JecKoaeiBO BUTHajToro
B pesaue oflaoocHOfl rpaBHTf.UBOHHofl opaeHTamia. B aTou
6-0 , T.e. oci> &xf aaupaBJieHa TOIHO B aeHTp Se&uui.
A #0 cacrewa (6) ee eueev pemeaafl (7). (8), onaaKo, ecan
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TO B Bane $opuan£HHX paws no CTeneEuoi A MOEHO DOCTPOHTB ee
HHierpajitHHe noBepxBOCM, OflflSKae ceweflcTBj TSKHX pemeaafl x'-

npHBannesantfie STEM HHTerpantHUM nosepxHocTHM,
BOUBHan&HHUa HeBpSUymeHHHMH HBHseHHflMH BHTHHJTOrO

B pesflue oHHOocaofl rpaBHTaiuioHHOfi opueHTai^a.
Ana nocipoefiaa yKaaaHHHX HBTerpaiBHHx nosepxuocTefi cnejiaeu

HeKOTOpue BcnouoraTeji£Hue npeofipaaoBaaHH. CymecTByer [3] saueua
nepeweHHHx , ' '"

^=/f(V,a) , Sl^fiCf.a), (ID
npaBOflnmaa cHcieMy (8) K

<j> -CO(a) , a,
a yBoaneTBOpflamaH ycflOBiunn
f i(V + ZK,a.')=ft(<i>t a) . 3ia saweHa OTPOHTCH no-pa3HOMy B Kam«ofl
03 odaacTefl 1-7 $agoBOfl MOCKOCTH (X(.moci2ffC), .Q,) (pjic. 4).
B oCaacia I f ,(¥>+&>:, a.) <*fi(V,a.) + 2x , B odsacTH II

)=^ftp,a;-<wr, B oOaaciax fll-7 fi(^+2^,a) = // CV,«;.
ORfly as ofiaacrefl 1-7 H cne^aew B nefi aaueuy nepeuea-

BUZ (II) B ypaBHeHHfflc (6). B pesyjiBTaie 310 ypaBfleHaa
Ban

o; (I2)

i,A).

nepuojyiiecKa aaBaosr OT (f c nepaonoH
Dpa A=o cfloreHa (12) aueer ceweflciBO peoeaBfl

«=« ^=s = u = <7, w =f .. (13)

x' JL7W nocTpoeBHH $opManBHHX pflflOB HeoflxoflBMo, ^Todu npaBHe na-
cra ypaBHeHafi (6) (5wiH (JecKOHenHo nH$$ep«aftapyeBiHMH. ORBBKO B

8TH JyHKOaa TOJU.HO KJCOIHO raaflRBe (cp. BHpa-
^ B F ). noatoii}, cipoa $opwajitHne pflflbi, 6y«en

HTO aan opaBiaui ^acrnu ypaBHeaafl (6) nposeneaa onepa-
Oflfl
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me a 0= const, if 0~ const . 3to ceueflcrBO cooraeTCTByeT ceneacTBy
pemeBBfi (7). (8) cacreim (6).

HHTerpaaBayo noBepxaocTB CHCTeim (12), coBnaflaongD npa
X « o c ceueflcTBon pemeaHfl (13), CJHBU HCKBTB B BBJP

(14)

_) <*•',*.3....)
SSBHCJIT or y ; nepeneHHHe y H a

OTCfl ypaBfleHHHMH

•$.P(8,Mm *>(&) +IP,(&)+fPi(&) + ~.

5 =Q(a.A) a XQ<(a) +A*Qi(a)•«-••- .

BuuioaHBiie paw OyneM paccuaipHBaTB BSK $opaaa&HHe, T.e. ae Oy-
S6H 3a60THTBOfl 00 HI OXOHHMOCTH. '

IIOffCTaBBB pflflH (14), (15) B GHOT6MJ (12) H npBpaBHSB BH-

npB oflaaaitoBux CTeneaax X B jnesofl B npaaofl lacrax no-
paBeactB, Baaneia'neno^Kj ypasHeHflfl nnfl oi5)enejieHHfl

8TBZ pfl00B. Qpfl BHIIOAHeHflB HepSBeBOTB

VT . kUJ(&) +Z (k = f, 2, 3.... ) (16)

yKaaaaaaa qenoqKa ameer [3] eflBBCTBeaaoe pemeaae, zn- nepaojiH-
no v B ynoBneTBOpHoaiee yoncfeaaB
X r

zjr

Ju.lt(f.*)d9'0. Jv^f.eD^-o (*.1.2,3....).
o a

UezaaneoRBfl CMHCA aepaseacTB (16) COOTOBT B cxenynqBH.
aapymeaHH nepsofl ipyona HepaBeacTB auen necro pesoaaao nex-

ny OBBzeaaeM onyraflKa Bpspyr oca Ox1 a BoaedaBBatu arofl OOH no
yray S (B OBOCBOCTB optiara), npa aapymeaaH nopofl ipynm ae-
paBeacts sosBBBaeT peaoaaao nexn; nBaseeaeH onytaHBa BOBPJT

KoaeOaaaaiB atofl OCB no yxa?^ (B MOCKOCTH, nepma-
B MOCKOOTH
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PaocMOTpau ypaBBeaHH (15). HaHCojLbmHS HHiepec as HHX npen-
sropoe ypasfleflBe, onflCHBaa>fljee BaueBeene aepeueaaoH 5. .

Ban acaneflOBaflafl atoro ypaBHeaaa Bocnoaiayeuca cooTHomeaaeM (4),
EOTOpoe npeflcrasHM B Bane

(17)

^ " F[(*ii-t0sp)cosS -tf3 sin/3 sin. Sj =-Fci1t ,
npoasBooHaa o-M Biraaaneaa B CBAJ CHCTewn (6).

«f,(^,a) — pesjjiiTaT noflciaBOBKH p^flos (14) B
£ H 4> . Torna BtuiencTBtie (17)

o<5e ISCTH aioro paseHCTBa no 7 . OnepauHD
o<3o3HaiaTi yrzosom CKofiKSMH < . > .

HM6CM

BHKnaRKa npaBOftHt K cooTHomeHHD '
e* (f,s) = «/xst + jiA»r«; ̂  06i*J,
^a) — peayjiBiaT noncraaoBKH B (9) BupaaeHHfl (II).

HBTerpaaa (9) noKaausaeT, HTO opa scex nonycrmcc a BU
HepaBeacTBo S

"*«'»•
$opnyfla nosBoafle? accuieaoBaTB

Ecaa fi^o, TO Q(a.A)=0. B OTOII cwjqae a=«wst, a
(14), (15) saflaai nepaoa^iecKfle pemeauH x' c nepaonow 7

(12) u
, ecjia cymeciBjeT Taicoe IBOJIO T-*O (nepflon),

scex r . y cooTBetcTByDajero nepHojywecKoro peT

ineaaa cacTeiu (6) A<(r*7")«J2yfr) B B aaBaoaiccTfl OT oCjiacra B .
MOCKOCTH ( # ,SI1), B Kotopofl cseaaaa aaueaa ntpesieHBHX (II),

oflflo as paBflHOTB X(r+T)-Vfi:)-f-2yr (oQsaart I), X(t+T)*
(ooaacK, U), y(r*r)« y<W (oCnaota 1,17,7).

MOZHO flOK*aan> [3] , <rro npHjXjsO H flocTaTomo MEJIOM |X|,
(14) • (IB) CXOflHTCfl.



IS

= 2-7T/P(a , A ) . Tanae nepaonBHecicae pemeHaa duna
B [3] . DpflMepu 3Tflx pemeBBfi npBBe.neHH Ha p0c. 5-7.

pemeHaa yicasaBH rpa$HKB $yHKUH3 2f(T)
npH oz tsT , yKasaaii HaiaaBBHe

B n^-paon 7* , a Taicxe npaBeaea uaKCHMan&HHa yroji 6m
OCHD 0X, 0 MeCTBOfl BepTBKaJliD. 3TOT yPOJB HaXOflHJCH DO

6m = »£*•£ anecos[cos£:Cr)eo5/i(r)'] . Bee yKaaaaHne pemeaafl
BH. Pflcyaiui 5-7 HAnocT^iipyDT odocHOBaHflys) B [31 BOSMOHHOCTB
EcnoflB30BaHafl flBaHteH02 cnyiHaHa (14), (15)
CTB6 HOMflHaHBHHX BeB03Uym6HHUX

Ecaa ^ 3 #o , TO B otfiqeM cayjae a ^<? H pemeHHfl (14), (15)
He HBnHDTCH nepHoiv^ecimMH. KBK nonasajiH HacxneHHue pacieTH [31^

BectMa Mana npa BHaoaaeHHa ycaoBafi (16) a uo-
npnH0MaTB saMeTHbie 3HaHeHHfl B cayHae aapymeHHH aiax ycjiosHfl.

B HanaflBHHfi MoweaT aBHseHHfl yMOB0H (16) BunoflHeHH (peao-
B cjjcreme Her), TO pemeHHe (14), (15) B Teiemie npoBoa-

npoMesyiKa BpeMeaB (ne Nieaee 7 CJT ) dynei OJIBSKO K
nepaowwecKOMj pemeflcro, noJiynaeuoMy as (14),

(15) np0 p - j = 0 . ECJIH xe opn aaqa^aoM SHa^eani] a ycaoBiia
(I6)HapymeHu (pesoaaHC SCTB), TO BOBMOZHO AOBOABHO ducTpoe BOS-
pacTaaae aumuiTyim KO^edaaafl cnyTBUKa no yrjiaM S H p , i.e.
paapymeaae ABaxeaan (14), (15) a aapymeaae pesaua rpaBHTamiOH-
Hofi opaeaTauaa. Do-BaflauoMy, npa ^-3*0 aHTerpajiBaan nosepx-
HOCTB.( I4 ) , (15) HeyCTOfl^IHBa. MexaHBSM HejCTOB^UIBOCTE COCTOHT

B anegyjocieM. JlBaseaae, npBHaffaesainee 0HTerpani>HOj} noBepxaocia
(14), (15), MeaneHHo asojiimBOHapyeT a c Te^eaaeii BpeMeaa uosex

aaTHHyxo B HeycTOfftKBtia pesoHaac. Eona aaia^BHue JCJOBHH
OT peaoaaaca, TO Bpeun TaRofl SBOJiEmaa dyneT

doJiBinau. DoaTouy HepeaoaaacHue nBaseaafl UOSBO BCUOABSO-
B8TB B KaieCTBB HOMBHa^BHHX HeBOSMymeHRHX ffBBXeBBfl CnyTHBKa B

pesaue rpaB0Tan0oHHofl opaeaTauaa Ha npaeiuieuHx MH npaKTaqe-
CKBX qeaeft aaTepsaJiax 'speueHB.

4. OnpegejeHae napaMeTpos gBBgeagfl cnvTaaKa B peMMe rpa-
BBTauBOHHOfl opgeBTauaa no peayjBTaTaM aaMepeaafl. B Hagaae npa-
Meaeaafl pezaua rpaBHTaonoHBOfl opaeaTaqfiB B ^eapane 1978 r.
P.M.IpeqKO Buno^aan ?pa pa#a aawepeaaa napaMeipofl nsHxeaHfl
cnyiHHKa. flsa pafla aajaepeaBfl dunB BHnojiaeau BO Bpenfl pex£MB rpe-

opBeHiauaa a owaa pan —BO speuH CBoConfloro (aeopa-
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eaiapoBaHHoro) flBHxeiuifl. HswepflflHCB a<5cojnoTHaa yraoBafl CKOPOCTB
cnyiHBKa (Wf ,b>2, ,<a,) a yrjtH <* a <f> , sa^aamae ncwioxeHae cnyi-
HBKa OTHOCBTejlBHO TOpHSOHTa. SflaieHHH (4)4 ,Ct)z ,(t)3

c oa$poBoro aHnaKaropa yrabBOfi CKOpocra, yrw a a f
c DOMOiqbH) nmpoKoyroflBHoro Baanpa. BHSHP CKOHCTpyapOBaH 0 ycia-
HOBJieH T8K0M 0(3pa30M, ^TO HanpaBMBIpe KOCBHyCH Ct3t,a-3i,a3),

sa.nammae no^oseHae OCH OX3 B cacTewe KoopwaaT Ox1xix3 , BH-
qepes QTK yrjiH c noMomto $opwyfl

Ct3,= a>iote0Sfy>-<fc,),«32 «,- ji/i^-v>0),an= sinat.cos(<f-<f0).

3«ec£ y>
0=o««'ifR3/C«j*H)], /?j- pa«Hyc Senna, .// - BHC

cnyTHHKa, a npeflno^araeicfl, ITO oct Oacf HaripasneHa B CTopoay
nepexoRHoro oTcena ciaHUaa "CaaoT 6". SHa^eHaa R.J. = 340 KM co-

ff>0 = 18.3°.
nepsoro pana HSMepeflaa, oTHOCflmerocjj K

opaeHiaaaa, npHBefleaa B TaC^nue I.

Tadaaua I

N

I

2

3

4

5

6

7

8

x9

10

.**
I2kOOm

12 10

12 20

12 30

12 35

13 21

13 33

13 42

13 50

1.4 00

, . (N)CO1

(rpajV'o)

-0.135

-0.125

-0.120

-0.130

-0.145

-0.140

-0.135

-O.II5

-O.II5

-0.125

(M)
W2

(rpan/c)

-0.019

-0.085
-0.003

0.038

0.045

0.047

-0.022

-0.038

0.017

0.080

..(«)
^3

(rpafl/c)

0.075
-0.026

-0.075

-0.029

-0.007

0.026

0.031

-0.036

-0.085

-0.041

o((/v)

(rpafl)

196

178

183

188

182

184

187

186

182

185

tpW
(rpan)

15

8

30

13

15

8

8

2

7

12

3HaHeHHfl

B 9TO{! TataHue N — HOMep
(pW _ H3MepeHHHe B MOM6HT

OOpacSoTKa nepsoro pnna asMepeHafl npoBOWuaOB RsyMH-cnoco-
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OauH - ueTOflow HaaMeHBrnax KBa«paiOB a MBTOHOM uaKCBMJMa npas-
flonoflo6aa. PaccMOTpau nepSHfl cnocoO. DycTB £W, .S^fr), <SYr),
pfc),Wz(T). Wafr) - pemeaae cacreMH (6) c
8(0) =*<>, ai(o)~Sl1

me ^ i > o (i =*,..., 5)
10

JTf.

Zt/^VoCttf-trf, SI = to4, (/'= *, *, 3 ; H = f

B ueTone HaBMeatmax KsaRpaTOB onpenejieaHe napaMeipoB
(6) a Haqauaux yofioBH8 flBaseflHfl CBOABTCH K MaaflHflsamiH <^> no

BBfl MOM6HTOB HHepUBH CnjTHHKa H3B6CTHH HOBOflBHO T01HO, OpB On-

ttttfi$> napaMerpH A a yti Cyneu o^xaTi $HKCHPO-
A = 0.0535, ft - 0.0697 (CM. (5)). Kan

n.2, ^if^j.»0.n - IQpoue Toro, napatieipu
sasHsaau uesay codofi" £ uano Bnaaor fla

Ka — B ypaBfleaafl (6) OHH BXOHHT B icoutiBBaoHB A(/<2
OOSTOU; npn ofipaOoTKe peayjiBTaioB aauepeaHfl nojibsiua f jL±=o .
MTSK, onpeflejieflffio aoAnesar BoceHB napaweTpoB ^tf ,̂ .a ,.tfa,S2ro,
S0 ,^0,^0,1^30 . Beca p/,..., p5 B $opMyfle (IS) cjienyei BSOTB od-
paTBo nponopmiOHafliHHMflflHcnepCHHM omadoK HSMepeaafl
U)< , COj, , O>3 , ot ,y COOTBeTCTBCHHO X . OttHaKO.nOCKOfliKy OTHO-

HoAaraeH, iro omaOKa ESwepeHHfl BejoB^ua u^.o^.ft^ , oc B
BHCBUH B paonpeflezeHH no HopuanbHOM? aaKoay c ayjseBuu

flHcuepcaa OIMOOK BsuepeBBfi oARofi B tofl xe BeafliHHH B
Houeani apeueaB PSBBH.
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meaaa STHX flBcnepcafl aeasBecTBH, uonoxzu f>i = ••• =/>5 = yA-
ItoacK Maaauyua <£> nposoflajiofl B asa arana. Ha nepsow 3Ta-

ne onpeneJiaiacB <5aaaKae aKCTpeMajiBBHM 3Haieaaa napaueTpos-iTo ,
J2yo a /*< .Ha BiopoM aTane npoBOsanacB nojiaaa

UejiecoodpasaocTB TaKoro nonxofla oOycnoBJieaa Tew, ITO
cn^TBUKa B pejuuie rpaBHTaoaoHHOfl opaeHTaqnH npenciaBJiaeT co-
6ofl ffBaseflae B OKpecTHociH HHTerpantHoa noBepxHOCia, nocTpoeB-
aofl B n.3. Ha 9Tofl nosepxHOCTn B

Si.fjtQ.ifr), Siz = cosXir)
rne X (T) , 52^1?) - pemeHHe cHCTeuu (8). Taicoe pemeaae
napatteTpaufl yo ,^10^/^1 , (5oaee flpyrux napauexpoB,
aa ABBaeHfie cnjTHHKa B pesawe rpaBfuaoHOHHoa opBeHTau£0.
MJ naH rpydoro onpeneaeHiifl 3KCTpeMaJi!>HHX
suecTO $yHKU0oaajia (18) UOSHO HBBBMB3£poBaTB

'^-£llfotafa)-sffltfri(^&
rne ?(r), Jlyfr) - pemeflae onoieua (18) c aaHa^tHHMH yanoBflfflu
X(o)=X(>,Si1(o)<=Sl1o . flnfl BirancjieflHfl <^f Heoteonauo HHTerpa-

POBBTB cfldeMj BToporo nopfljata, Torna Kan BiwacjieHHe <#
HHTerpapoBaHflfl cacTeua mecioro nopaKKa. OaeHOBaTejiiHO,
paTe^BBoe rpydoe onpenaneHHe sKCTpetejitHHX 3HaHea0S ^0

c nouotuBD UBHOMHsamifl <^>f 9KOHOMHT uamaHHoe BpeMH.
UaHJUtEiaamui ^ npoBOWuaci> ueiOAOM cAjqafiHoro noucKa a

^V - 0.0274, yo= 4.392, -&*,« -2.267, /if- 0.930. (19)
npoBepKa npoBe«eHHHx pac^eiOB BiriatxiLfflioci, pemeaae OBCTSMH

(6) npa X0 ,Sln * f*i • onpeneAeHBHZ cooTHomeHBfliia (19), 0 ££,=

B 3TOM pemeaaa aaodpaseBH ciutomBuua JUHaaua aa pac. 8,
KSMH aa TOM >6 pacyBRe jKasaflH pesy^BTaia HswepeHHfl. KBE BHRHO
as pacyflsa, yxe pemeHanua cncTetau (8) MOSHO KanecTBeHBO sepao

aauepeaaji jr^osofl CKOPOCTH.
<t> no Been napaiaeTpau npoBoaanact ueTonou

Posea6poKa. B BananBaoa TOIKC noacKa
Cpaaaot B saw (19) a noaaraaoo* &0=

jguia
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4> = 0.006. yo* 4.4107, Sltf -2.2319, frc= -0.18365,

pc * -0.20897, W^ = I.I5688, Itfj,, = -0.13300, /«,= 0.6IS77,

^=0.70384. (20)

Him oaeaRB TOIHOCTH ODCTHseafui aRcrpeityie a ooeaicB Bnaaaaa
napaweipoB &, a «,,... ,^,t aa sej^^HHy «*> B oispecTHOCTa SR-
cTpeuyua B rovce (20) HraacjuuLBca. npofl3BO«HHe

HAH annpoKCHKauBH npoasBonma acnofltaoBanHCB CHtajerpiPjaue ,pasao-
CTH. EUAO aaflneao

if;-

IlepeKpecTHHe sropue npoasBOHHHe AOH aKOHOUBH uecra npHBOiwTb ae
7Kazen TOJU.KO, irp B CHJIJ noAOSBTeABHofl onpenejieaHocTH

BTOPHX npOBSBOflHHX B TOTO6 UHHiUQPUa flBH HHX CDpaB8AIU)BB

oaeaxa

OpoH3BOjmue aaxoflajwcb npn paaaax 3Haieaaax OBTOB nB$$epeattfpo-
. ConocTaBJueafle no^^eHaux peayatraTOB noastwiKeT 3aioDCTHTB,

onHfiKa B ax Bmacjueaaa cocraBOHer ^10$.
Be/uraaaa 3 l4vxapaKrepfl3yer TOIHOCTB onpeKeaeaaa oapaneT>

pa p B npouecce uaaamaamui $> . ley doA&oe Sdp ten TOTHCC
aafineao aKCTpeMantaoo SHaieHHe p x . CpaBHeafle BBJUIHBB (21)
• OaeHxa IOIHOCTH onpeBejieHaa napaneTpoa V0 ..... ̂ < MOKBT (Sun np-
aa c nosciatB Roppeno^oaaofi MBTPBOH atax BBABVIB. B patuax neto-
na BaflMeafcrnox KBa^paros ;TaHaH Marpaua npBdiuiaareJiiiBO pa BBS
A*oK0 . 3A6CB <|j> = m*^4>> AC0-MaTpfloa, o<3paraafl «aip«ae
BTOPUX npoflSBonaux $yaKUHa 4> B KnRe HaBfliQte. 8 <auy ae-
soiaoro onpenaneaaH BTOPHX opoBSBonBia JyBKiuuj 4> B OoJttaoro
pasdpoca ax aaaieaHfl no nopiwty BejuraaBu aanexHoe BimcJKBiie K0
CBHSaflO 0 dOJIBBBMB TpyHHOCTHMH H n08*OH? B6 npOBOOUOCB.
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TOMHO HaBneao Siw , saiew a,nyT f^,'S"g ,
f>o , 1*30 , 33T6M — .w^, #,, , a, HaKOHeu, HaHMeHee ToiHo onpefle-

ju.2.
Ha pac. 9 cluiomHUMa JUHIUUIE asoCpaxemj rpa$flKH $yHKuaa
-7?0° •p(.t),e(-t),(Ui(t),w1Lct),u>3(t) »ifl pemeHHH ca'cTeMH (6) c

napaMeipaMB (20). SBesnoiKaMH Ha TOM se pacyaice yicasaHH
TBTH asMepeHHfi (sBesnoHKH PHROM c rpa$0Kow fyHKUBH 0Ct;
BaraT SHa^eHHfl yraa 6 , BHiiicjieHHHe no, asMepeHHHM JPJIOB o( a V )•
KaK BBUHO as pacymca, aaflneHHoe pemeHHe xopomo annpoKcaMapyei
peayjiBTaTH asMepeHafl. KoaHHecTBeHHyro oueHKy KanecTBa annpOKcawa-
'uaa MOSCHO noflynaTL, oueHasafl .nHcnepcaa d/, .. ., &* omadOK HS-
wepeHafi BeaaiBH o)^ , <WA , ^3 , of a V . JLna aiax sacnepcaa aweioT
MecTO oaeHKa: &* = si tt- -1, ..-,5) . B TOMKC (20)

S1= 0.095 (0.0063 rpaft/c) , • Sz= 0.09 (0.0060 rpafl/c) ,

Si= 0.069 (0.0046 rpaj/o),- S, = 0.05 (2.88°),

S5= 0.064 (3.64°) .

TOHHOCTB noKasaflaB aHflHKaropa yrjiOBoB CKOPOCTH
y. 0.002 rpan/c, TOMHOCTB onpeneaeHaa yraos c nowomBio nmpoKO-

yroflBHoro Bnaapa - ^ 2°. TaKHM oOpasoM, aofljieHHae oueHKa .iyic-
nepcafi B HecKo^BKO pas npeBbimaioT omadic;! HSMepare^Baux npn6opoB.
DTOT $BKT MOKHO ocJtHCHaTB norpeaiHOCTBK) ypaBHeHBg (6), a rarese
Ten, qio $aKTanecKafl TOIHOCTB asMepeuaa 6mia xyxe TOHHOCTB npn-
(5opOB. HpHBefleM r^anep. HsMepeaaa a SBDHCB inecia zenmKR — t- ,
u),, o>2 ,co3 , ot H <p B ycflOBaax HeBecoMocTa ipefiye? OKOJIO

I Man. BpeMena. B peoiemia c napaMeTpaM0 (20) MaKCH^BBBHHe asMe-
Be^aqan ui , cox ,co3 , o( • , <f> sa I MHH. cocTaB^fflOT
0.003 rpafl/c.Afa^aacO;,* 0.008 rpan/c, Aot «4 V~ 2.6°.

C^e 50BaTe^BHo", TO^BKO sa cqex omHCJKH B npaBHSKe asMepeflafl KO Bpe-
MeHK MOSHO no^yHBTB norpeniHOCTB, npeBumaraiuyiO norpeoiHocTB npac3o-
POB.

nocjie TOPO, vav. noayneHH OUCHKH flacnepcafi omacJoK asMepeHaa,
MOKHO nOflOKHTB B (18) pi=Si*/(SJ*+... + S~s*) (1 = 1,...̂ ) K DOBTOpHTB Ma-

HHMHsauHio 4> eiue pas a T.a. B pesy^BTaxe Tanoro HTepauaoHHoro
opouecca MOZHO ro^Hee oueHaiB napaMeTpn ya,...,y«-i ,. HBM STO 6n-
ao cfle^aHO Bijffle. IIpaBHflBHee oflHaKO B c^yiae HeasBecTHnx .nacne^-
CH{i d^,... , ^s" BOCIIOJlBSOBaTtCH ftnfl.OUeHKB ̂ o,...,^MeTOHOM

MaKcaMywa npaB5onoBOC3Hfl. CoiviacHO STOMJ Mexoro onpene^eHHe na-
paMexpOB Xo,..., f*-z " nncnepcafl 6>

1
2,...,«| CBORBTCH K Mt!Hi^MH3a^Ha
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*'«£(5* + &0-/) (22)

no otietuiBaeMHM BejureHHaw.
Caaiajia nposenew HacTH^ayto MHHHMJiaauHio no <*/, .... <$/. Pemafl

9c£/''a<5*=0 , HaxoflHM °/ " s/ (f ='».-.., $) . 81000-
flSBT HSBeCTHHe OUCHKH ftM flBCDepCflg. noflCTaBflHH HX B

(22) H OT(5paCHB3fl B nOJIJieHHOM BHpaseHBH HeCyifleCTBeHHJK)

HJB

TenepB onpenejieime y0,...,yu.2 CBeneHO K MHHHMBsauflu s^ . DOHCK
mln<t>< npoBOflaacH MeioaoM PoseHOpOKa us Haia;u>Hofl
(20). ftteHKMasaqfla p&na

^'s -26.64, X0= 4.3989, fim= -2.2326, ?0= -0.16769,

5C= -0.20092, ^ = I. II824, W30 = -0.18253, (23)

U1= 0.60442, yM-2, = 0.25724, 3-,= 0.096 (0.0064 rpaft/c),

5^= O.II3 (0.0075 rpa^/c), 53= O.IO?7 (0.0051 rpa«/c) ,

^= 0.035 (1.98°), Sj- = 0.057 (3.25°),

Snect TOHHOCTL BOTHCJieHfla npoBSBOfltmx ia ae, iro H B (21).
CpaBHeaHe pesyatTaTOB nepsoro E BTOporo caocoOoB ofipatfot-

KH HSMepeaafi noKasL'BaeT, ITO o6a cnocoda flacx npHuepno

B TPH pasa. CpaBHB-
TO^HOCTB onpeneneaaa napaMeipoB (oueHUBaewafl npo«3Bon-

raase npauepflo
Bo BTOpou cnocode aa cnei aeKOioporo yseJiBHeBBfl <menoK
oafl $*> si , s» CUAB jMeHtmeHH s* a s* . Pemeage
(6) c napaweTpaMH (23) npHBe^eHo Ha pec. 10. Aaajiaa



22

Ha PHC. 9,10 K cooTBeTCTByomax sejmaH sl7...,Sy noKaanBaer, HTO
pemeaafl ypaBHeaafi (6) nosBOflaoT AOBOJIBHO TOHHO annpoKcawapoBaTB
peay;u>TaTH aawepeHafl, yjcaaaHHHe B Tad/ume I. PemeHHfl, Hcno^t-
ayeMne ww annpOKcaMamm, (JJUJSKB pemeHHflM Ha HHTerpa^tHofi no-
EepXHOCTH (14), (15) B OtiJiaCTK II.

5. OneHKa TOHHocia MaTeMBTaqeoKofl Monana Ha
sajie EDeMeHH. B n.4 rpa$0iecKafl oaeaKa corflacaa npHHaiofl Maie-

OABJUI (ypaBHeHafi (6) ) c peayjiLTaTaMii aswepeHHH npo-
c noMomtto puc. 9,10. Bpyrofi dojiee npocTofl, BO rpydufl

rpa$H«recKaJ} Kpu-repnti corjiacax samnoiaeTca B cjiejayraiueM. Ha $aao-
BOM nopTpeie cacTeMH (8) aseagogKaMH HaaeceM TOHKH
nu KOTOPHX
a BeaireHHH J i ' f t , ^3

v npe«CTaBaflK)T coCofl peayjitTaTH aa-
,0)^, u}3

(1^ , OTHeceaHne K & J O . ECJIH 3Be3noHKH
pacno/taraTtcfl BRO^B rpaeicTopafl cHcreMH (8), TO cor^acae

xopomee; B DPOTHBHOM cjiyiae — naoxoe. TaKofi Kpaxepafl ocHOBaa Ha
nooHTKe annpOKcaiywpOBaTB Hsuepeflaa w/^w/"', W
MH Buna. (7), (8). PesyjiBTaT npHMeHenaa aToro KpHTepafl K
ia6n. I npHBeaeH m pac. II. KaK BHAHO as pacjHKa, cor^acae pac-
cuaTpBBaeuux uaaHnx c RBaxefl0HM0 (7) , (8) xopomee.

JflOfiCTBO noeflflOKeHHoro KpHiepJjfl coraaciw COCTOHT B TOM, ITO
WIH ero npHMeHeHHH He aa^o nposowTB rpoHoafliuix pacneTos, CBH-

c MHHHMflsauHefi (JiyaKUiioaa^oB no aeasBecTBHM napaueTpau
C nOUOIUBD 3TOFO KpHTepHfl HOXHO OflHBaKOBO npOCTO OUeaHTL

BSMepeaiifi, Buno^aeHUux KBK Ha KOPOTKHX, TSK a Ha .zyinn-
HHX HBTepsajiax Bpetaeaa.

PaccuoTpHM npHMeaeaae ynpooteaaoro rpa$nqecKoro Kp0Tepaa KO
BTOpoMy pHay BSMepeaafl, npoBeaeaHioc P.M.PpeHKO B pexmie rpasHTa-

opaeHTauHi!. PeayjitiaTH aioro pana HswepeaHfi CBenem B
2. Ecaa B nepsow pflfly HaMepeaas npoBOflfl^aci. npawepHD ie-

pea 10 MBH. (aa HCKJoraeHHeu BpeMeaa, Korna cnyraHK HaxoflHACfl B
Teen Setwa) a oxsaTHBaim AByx^acoBofi uHTepsan Bpeweaa, TO BO
BTOPOU pa.ny H3MepeaaH npOBona^acB aecKoatKO pas B C?TKH a oxsa-

HHTepsafl flnnHOfl 3.5 cyi. CooTBeTCTByBipe BiopoMy pHAy aa-
ToiKfl (K(H\ Ji/"0) Ha $aaoBOM nopipere cacreMH (8)

aa pao. 12. Ha atou pacyaxe pflflow c K
sa H ee nopHAKOBufi aouep N . KaK BHRBO as pac. 12, TOHKH

Si,̂ ") B nnocKoctH (jfCwoda^.^pacnoaaraDTCH xaotHiecKH , xo-
Tfl TO^HOCTB rpaBarauHOBaofl opfleHTBuaa B Teieaae
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Tafijuaoa 2

N

I

2

3

4

5

6

7

8

9

10

II

12

13

14

15

16

17

18

19

20

tlN>

CJTKH

15.02.78

16.02.78
_ If

— n _

- " _

— n -.
n

17.02.78

« n —

— M ™

— ** •

• — n .

18.02.78

— ** —

_. M —

— W -.

— n fc

18.02.78

19.02.78
_ n ^

TJ8CH,
MHH.

2IKOOm

09 33

II II

12 33

13 54

16 53

22 00

00 22

14 12

16 II

17 29

19 03

01 16

10 II

10 19

10 26

10 32

23 59

09 10

10 39

. , (V)CO,
(-iywtd/c)

-0.002

0.075

-0.016

-0.032

-0.047

-0.051

-0.145

-0.165

-0.175

-0.170

-0.165

-0.165

-0.145

-0.135

-0.135

-0.145

-0.165

-0.070

0.053

0.060

, W0>l
(•z/zad/c)

0.004

0.034

0.053

-0.013

-0.059

0.047

0.009

0.048

-0.038

0.016

0.060

-0.055

-0.008

-0.035

0.015

0.060

0.052

-0.051

-0.048

-0.032

x ,0H
^3
(-z/iaa/c)

-0.065

0.044

-0.028

-0.060

-0.005

0.032

-0.070

-0.038

0.038

-0.065

0.021

-0.025

-0.055

-0.050

-0.070

-0.030

0.034

0.024

-0.046

-0.053

*W
(tfia*)

ISO

179

182

179.5

177

180

170

178

183

187

183

181

167

185

190

180

186

188

180

191

yW

(ytad)

15

15

18

15

15-

18

10

15

8

13

30

3

IS

23

12

17

23

3

18

21

ew
tytad)

3.3

3.4

2.0

3.3

4.5

0.3

13.0

3.9

10.7

8.8

12. 1

15.3

14.0

6.8

II. 8

1.3

7.6

,17.2

0.3

II. 3

ro npouesyTKS spelaean 6uJia KOBOJLBHO BUCOKOB. noaaeRHee
HHe onen^eT KS aaa^Haa BeawnHH 9 , Butane HHHX no
Tau 03nepeHHfl J/MOB ot n <p n npaseneHHux B nouienaeH

2. (V)
HecoraaooBaHHOOTB TOICK (X

pasaut ciaciem (8) UOZBO oCtacHari.
) Ha pao. 12 c TpaeRro

TOIHOCTEB
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H6H0H (6) HUH onacaauH HB0xeH0fl cnyTHflKa Ha HHTepBaaax
HecKOJiBKHx cyioK a, no-B0H0MOMy, B nepByjo oiepe«B TSM,

B 3T0x ypaBaeHflflx He yH0THBaeTCH-BpameH0e cojiaeqaax daiapefi
sa Co.nBa.eM. Kpowe TOPO Tonna (%W,Sljn) secBwa 6;ia3Ka K

aeycTOjfaaBOMy no^oseHHO paBBOBecaa CHCTSMH (8) (cp. (10) ) Jf =
= JT/2,Si1=0. Ho 03. otiiuHx coo6paseH0fl H pac^eiOB [2 ,4^HCHO, HTO
03 Bcex pemeaafi ypaBHeHHi! (6) c HaHaatHHUa ycjioBiiHMa X(o) = X0j

tfli(o)-1=W3(o)=:0 0M6HHO peffleHHfl, flOH KOTO-

B OKpeCTHOCTfl TO^Kfl Jf = 3T/Z , Sl< = 0 ,

K B03MymeH0HM ^TKX ypaBHSHag. Ta-
KBM obpasoM, cflTyaqaH, BOSHBKmaH npa oaeHKe TOHHOCTH ypaBHeaafi
(6) c noMomiio Bioporo pana asMepeHM HBjmeTCH Ha0xyflraeS.

B n. 4 no pesymbiaTaia ESMepetuifi onpeHeaanocB BpamarejiBHoe
..HBHKeflae cnyiHBKa, fijiasKoe .5B0seflHra aa HHTeipajiBHofl nosepxaocTa
(14), (15) B ofijiaciH II. Ilpk flocTaioHHo (3o^£max
TOHHOCTB onacaHaa ypaBaeaaHMa (6) Tawix HBHseH0S a
flBHseHHt! B odnacTH I HOBOJBHO caiacSo saBHcai OT BoswymeHHfi 3T0x .
ypaBH6H0fl, Hanpowep, OT TOPO, yiamBaeTCH m B aax Bpameaae GOJI-

(SaTapefi aaa HBT. STO CBHsaHO c ycpeRHenaeM BOSMymeaaa no
cnyTH0Ka BOKpyr oc00*f. Kpowe roro asMepeaaa, paccMOT-

peaHHe B n.4, oxBaraBaBT KopoTKBfl 0aiepBan BpeM6H0.
ofiCTOHTe^BCTBa o<5ycjioB0jiJi xopomee cor;iac0e
jia c pesy^iBTaTaMa B3MepeH0J5. B HaciaocTfl win yu.< (5HJ10

, CaasKae K pacieiHOMy 3aaieH0io (CM. (5) ).
6. OnpenejeBae napaMeTpos cBoOonHQ1''" ^T^yea^H cn.7TH0Ka.

B n.4 paeana napaweTpoB HB0xea0fl cnyiaaKa no pesyjiB-
T3T3M 03MepeHUfi H03BOfl0/ia 0^ea0TB 0 T01BOCTB 3T0X 03MepeH0fi. Ofl-

HaKo TSKan oueHKa noayqeaa B paMKax MaTeMaT0iecKofi wonejia, KOTO-
pan, -K3K BHHcaaaocB B n.5, ae Bcerna Tonaa. IIoaTOMy XOTB^OCB 6a

oueaity TPHBOCTH E3MepeH0fl sewraaa ^1,^2,^3, < £ , f
cnocodow. BOSMOSBOCTB cnejiaTB 310 BEST Tperafi pan 03Me-

peaafi napaueTpos RBHsceHHH cnyTH0Ka, Buno^aeHBia P.M.IpeHKO B
pexaue CBodonaoro (aeopneHTHpoBaaaoro) flBuseaan cnyiaaKa.

PesynBTaTH TpeTBero pHaa 03Mepea08 CBefleaa B TadajHuy 3. Hs-
aacTo^BKo IUIOTHO pacno^oaeau BO speueaa, HTO

cmeuytouyiS MeTon ax odpa<5oTK0. no
c notaoiufcfo ounafiaoB 3aflafl0M
QpaueH "KHBeiffiTtmecKytD MOfle^t" sB0seB0H cnyTH0Ra,

TpeHH ypaBaeHHHMii (I). PaccuaTpaBan STB ypaBHeaan npa



23

A/

I
2
3
4
5
6
7
8
9

10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

ton

I4hI4M

16
18
20

.22
24
26
28
30
32

.,: 34
36
38
40
46
50
55

IS^OO111

05
10
15
20
25
30
3b
40
"̂so*

50
55

16 ^OO*1-
05

' 10
12

(rpaj^c)

0.003
O.Q06
0.008 .
0.010
0.013
0.015
0.017
0.022
0.027
0.031
0.036
0.040
0.044
0.047
0.048
0.044
0.041
0.038
0.037
0.037
0.037
0.037
0.035
0.033
0.030
0.027
0.025
0.029
0.029
0.024
0.016
0.007
0.003

(rpafl/c)

-0.003
-0.012
-0.022
-0.033
-0.044
-0.055
-0.070
-0.090
-0.100
-0.120
-0.130
-0.130
-0.140
-0.145
-O.II5
-rO.085

-0.038
-O.OII
0.005
0.010
0.006
0.005
0.016
0.037
0.075
0.115
0.135
0.135
O.II5
0.085
0.042
0.015
0.006

(rpafl/c) .

0.007
0.004
0.001

-0.002
-0.005
-0.008
-0.010
-0.010
-0.009.
-0.007
0.000
0.007
0.018
0.030
0.070 '
0.075
0.065
0.042
0.017-

-0.007
-0.013
0.003
0.028
0.049
0.065
0.075
0.049
0.032
0.007

-0.008
-O.OII
-0.006
-0.001

(rpafl)

-_
_

-
-

226
-

222
218
216
208
202
192
182
-
-
-
-
-
-
-

174
156
146
146
159
182
198
215
224
224
212
210

• tn (#)
(rpafl)

_
_
_

-
-
2_

5
6

10,
12
15
18
18
-
-
-
-
-
-
-

55
60
55
45
25
8
5

10
20
25.
30
35
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cJi=io*(t)(i°ij..3)aooirraeucii annpoKCHuapoBaTt fix pemeaasMa pe-

Hsuepemifl yrjioB oC. a <p . OfipadoTKa flaaauc Tafijumy 3 c
"KHBeuaTtreecKoB uonuifl" laosei OHTB npoBeaeaa a titxnee co

ueTooaua, onaaico npejyioseHHHfl ueron aajweTCfl, DO-BH-
CaitHU npOCTUM.

>t- =u>*(t) aajt/BWSM napauerpHnecKa B

onpeflejuaorcH onaoTHnflmia BupaseaiuQui

r«e /V=fttJ+f,ir=a-tttj ( f uj -
(ft* 0,1,... 34r) - aeKOTOpue Koa$$aimeHTH. Bupaxeafle (24) aa-
3HBaetcfl KjOiraeoKflM B-canafluou [5] . Koa$$Ha0eHra XWJ B
(24) MOSHO BHdHpaTt pasBHHB CDooocSaMH. Gaiufi npocioa 03 BUX co-
CTOHT B TOM, ITOOll HOJIOKHTI, aCW«2XW-«ft), x'^z 2*ta>- X****

a B KaweciBe x f>ft
((*° '»..., 33) Hcno^woBari, BanfmiHH rr*°a
f ^coW/coo t oi^HejiaeMHe no JPHHHU Ta6-

3. DaajHeHBue TSKHU oOpaaow $JHKUHH u>i*=u}*(t) (1*1.2.3)
aa pec. 13 (canooHHe KPHBHO). SBesflOiKawa aa STOM pa-

cymce yraaaHH TOHKE (t^cu/**) (/v = /,.... 33). KBK BHAHO as pa-
cjHKa H oaeflyer as (24), KpaBtre tt>i"fo*(t)Be npoxonar icpea TO?-
KH (t^CO™) 38 ECKHHeHBeU KOHUBBitt TO«K (*W, «i£°) ,
(ttn),<i}f(ig)) . 3ro — csoflcTBO fl-cmiaflaa. 3a CTBT atoro csofl-

CTBB saflBBaeHue c noMoojbB 6-cuiaflBOB annpoKCHMHpyDtaae KPHBHO
no^iaDTCfl onaBHHMfl, B flocTeraeTOH aeitOTopoe crjaasaBaaae
TBTOB Hsuepeaflfi. TaKoe crnawBawe, ojspaso, XOTA a flBJweTca
Bec&ua noneaaHM, DPHBOHHT K saueTBuii omaOKaM annpoKcauamui B

TOHSR 3RCTpeuyua $yHKUHfl to*(t) (cu. pac. 13).
jKaaaaHax omadOK HeKOTOpae K03$$nuBeBTH x<lf)

noniSopou. BaeceHane ecnpaBneaafl aKBHsaneHTHH
ojeMy asueaeaaD jqaaaux TaCjoaqii 3:

>?*-* 0.030, Ulf^

B peayjittaie onacaaaoro jTOTaeaaa annpoKCHMnpyomHe
t- -(o*(t) npHBeaeaa aa pec. 14. SBeaaOTKaiffi aa aroii pa-

yKaaam, pasyweercK. flcraaaHe, a ae "BcnpaBJieaHHe^ pe-
astnepeaafi. PaccuaTp0Bae«up Kp0Bae acmuiBSjDTca B no-
aaaaflse. QpeABeKBaApaTiraaue oamfini npHHHtoro cnocotia
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flfl JIVIOBHX CKOpociefl w1 , o>3 , w3 cociaB-
flflDT COOTBeTCTBCBBO.

S,= 0.0057 (0.0004 rpaft/c), 52~Sj* 0.032 (0.002

7paBBeBflfl (I) oTBOCineflBBO sraoB X , $ , p B
cot- = coj*(t) MOSBO

(25)

, S(u.) , f>(u.) . pemeHHe ypaBHeaafl (25) c HaiaflBHHM0
=X 0 \ 5(0) =S0

(cp. n.4)

in.[- sin&fu) sinlf(u) +

cyuMHpoBaane opoBonaTca DO Been HawepeHHaM JPJIOB oc
B TadJiaae 3. JDw onpeaejieflaH aaiajiLHux

annpoKCHM2pjDmero asuepeaiui JFJIOB ot H V" • aafljeM 5
HaHMeatinHx KBa^aTOB). MaaaMHsaiym 0 npOBonajiacb' caa-

c nouoiqbE) caiynafiHoro noncRa, a saTeu weronou PoseadpoKa. B
dunn nojiy^eHu onenyioiuHe saaneaaH fyHKiwoHana a aa-

= O.I, 0= 2.7159, S0c -0.36271, 0= 0.12360. (26)

Ipa$HKH
(25) c aaqajiBHHMa jcjioBflaMa (26) aaoOpaxeHH aa pac. 15

aa STOH pacyaKe yKaaaau peay^iTaTu aauepeHHfl yr^oB ^ H.
onuitfKH annpOKCHMatuui reneK ( . ,

a (t(l°,«fttn) HaaneHHHMH (JSHKOHHHH ot(t) H
Si, = 0.044 (2.5°). S5 = 0.056 (3.2°).

cpaBH6H£fl jKazeM, ITO npa ncno^BSOBaBBB B
$yHKna8 6ot=to;(t) , npeflCTaBJieHBHx aa pac. 13, B TOHRS

4> = 0.16, J0= 2.7147, S0 = -0.35608, B0 «
- 0.14346, S4= 0.045 (2.6°), S5= 0.68 (3.9°).
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HcnoJiBayeMaa B JPHHOM nyHKie MaTeMaftraecKaa uojysju, cnjTfla-
Ka ocaoBaaa aa npocTux KaaewaTflieciuix cooTaomeaamc 0
aecBiia TOHBOfi. 'B paMKax aiofi MOfl&na win nacnepcafl omaOoK
aaa yraoBol. H f c noMoniBK) mapoKoyrojiBBoro sasapa finaa
HH oueHKJa, npaKiiiHecKK coBnaflaouiiie c oueHKawa n.4. STO c
ciopOHH noHTBepxflaeT npasiuiBBocTB no^Heaaux OUBHOK
B ofs , c APJrofi cTOpOHH roBopai o npiieuaeuofl ToqaocTH ypas-
aeHHfi (6) ww odpadoTKn nepsoro pana Hsuepeaafi.

AHSJIHS JyHKOHfl JC(t) , 8"(t) a p(t) na pac. 15 noKaaiisaeT,
HTO KBflseaiie cnyiaHKa, napaMexpu KOToporo npaseAeau B ra6jime. 3,
npeflCTaB^fleT ctxSofl cynepnosHiWD KOJietiaaHfi OCH Oas/ oTaocKTeaBap
uecTHofl BepTHKana a spameaHH cnyTMKa BOKpyr arofi oca. Ko^eOa-
HHH OCB &Cj npOaCXOOOT D01TH B EflOCKOCTH OpfiHTH B OOyCJOB^eHH

ueflcTBJieM na cnyTHHK BoccTaaaBJiKBaEiinero rpaBUTauuoHaoro uouea-
ta. noaneflflee yiBepsHeHae 0AmocTp0pyeTCH cjieflyDm0M pacneTOM.
flBflseBae OCB C*iC| . B DJIOCKOCTH opfiara c y^eiOM nefiCTBHH Ha cnyT-
a0K rpaBHTauHoaaoro MOMeata MOSHO npaOaaKenHo onacaTB jpaBReaa-
6H .. ' . "

5* + 3(1-\)Sin&cos$ =0.
Elepaofl T a awmuBTyaa S"m KonedaTe^Baoro 'pemeaafl aioro ypas-

CBHSaaH weKfly codoa cooTHomeaaew

<K(stnSm) . (27)

aAnanTanecKaj) aaTerpan nepsoro pona, k -
^BKUBQ. Ha rpa$BKa $yaKoaa S(t) (pac.15)

Tw 4.58 (67 MBB.), 6"«ai0.82 (47°). Coraaoao se
(27) nnfl T7 = 4.58 aueeu &m = 50°. Hamiqo xopomee

coBnaneaae. Taicau ofipasow, ppa-newe, npaseneHHOe aa pac. 15,
MOSHO creaTaTB CBABBO BoawymeaHHM ABaseBaew cnyiflflKa B peaaue

opaeBTauaa. '
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