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AnsHoTanusa

VcciiejoBan pexkuM TPEXOCHOM I'DABUTALMOHHONR OPUEHTALMK MCKYCCTBEH-
HOT'O CIIyTHHKA 3eMJIM, IPeJHA3HAUYCHHOI'O JIJI IIPOBEJICHUsI SKCIEPUMEHTOB B
obJiact MUKporpasutaiuu. 1o MaccoBo-MHEPIMOHHBIM U I'€OMETPUIECCKUM Xa-
PAKTEPUCTUKAM CIIYTHHK OJM30K KocMmmuaeckuM Kopabssm "I[lporpece" u "®o-
ton". PaccMoTpenb! JiBa BapuaHTa peKuMa — MacCUBHbBI (HeyIpaB/sieMblii) u
AKTUBHBI (yIpaBJseMblii). YIpaBIeHe BPAIATEIbHBIM JIBUKEHIEM CITYyTHHKA,
B AKTHBHOM BapHraHTe 00ECIIeUNBAETCS JIEKTPOPAKETHBIMHU JBUTATEISIMIA MaJIOit
Tsiru. Jljist 00oux BapuaHTOB IIPOBEPEHO BBIIIOJHEHUE JIBYX YCJIOBHUIL: obeciiede-
HUST HU3KOTO YPOBHSI OCTATOYHBIX MUKPOYCKOPEHU{I 1 yCTORINBOCTH (COXpAHEHHE
OCHOBHBIX CBOMCTB JIBM2KEHHUsI Ha HPOJOJKUTEIHHOM MHTEPBaJE BPEMEHHU, CJia-
Oast 3aBUCHMOCTB OT OIMUOOK BBICTABKY HavYaJIbHBIX ycJioBwii). [IpoBepka mpo-
BOJIMJIACH TTOCPEJICTBOM MaTEeMaTHIECKOTO MOJIEJIMPOBAHKS BPAIATEIbHOIO JIBH-
>KEHUS CIyTHUKA MOJ, IEHCTBUEM YeThIPeX BHEITHUX MEXaHMICCKUX MOMEHTOB —
I'PABUTAIIMOHHOTO, Aa3POINHAMUIECKOTO, YIIPABJIAIONIEr0 U MOMEHTA € TTOCTOSTH-
HbIMM KOMIIOHEHTAMM B CBSI3aHHON CO CIIyTHUKOM cucreme koopjunar. [Tokaza-
HO, YTO IIaCCUBHBII BapuaHT obeciieurnBaeT MaJiblii YpPOBEHb MUKPOYCKOPEHUI, HO
HEYCTONYKMB OTHOCUTEJIbHO OIIMOOK B 3aJaHUM HAYaJIbHBIX YCJIOBUI OPUEHTHPO-
BAHHOI'O JIBUKEHHUsI. AKTUBHBIN BapUAHT YCTOWUNB U 0DECIIEUNBACT MAJIBIA yPO-
BeHb MUKpOyckopeHuii. Hanbosiee 5KOHOMUYIHBIM 0Ka3aJ10Ch YepejioBaHne 000nx
BApUAHTOB, B KOTOPOM JIBUTATEIN BKIIOUAIOTCA Ha HECKOJILKO 9aCOB Uepe3 KaxK-
Jble 3 — O CYT JIJIs ralledus BO3HUKAIOMETO BO3MYIIIEHHOTO JIBUYKEHUSI.

L.A. Latyshev, A.F. Shtyrlin, O.M. Nepejvoda, V.V. Sazonov. The
use of electric propulsions for realization of the motion of the satellite
with low microgravity environment. We investigate the gravity gradient sta-
bilization mode of the Earth artificial satellite designed for microgravity studies.
The satellite dimensions and inertia tensor are similar to the same characteristics
of the spacecraft Foton and Progress. We consider two variants of the mode —
the passive (uncontrollable) variant and the active (controllable) one. Electric
propulsions are used for control of satellite attitude motion in the active variant.
We check two conditions for both variants: the low level of residual accelerations
on board the satellite and the stability of the motion (preservation of its basic
properties over a long period of time, insensibility to errors in initial conditions).
Checking is caring out by mathematical modeling of the satellite attitude motion.
We demonstrate that the active variant provides the low level of accelerations
but is not stable relative to errors in initial conditions of the motion. The active
variant satisfies two conditions above. Interchange of these variants proves to be
more economical: the electric propulsions operate only a few hours every 3 — 5
days to damp arising disturbed motion.



1. BBegenme. annasi pabora 1OCBsIIIEHa paciery MUKPOYCKOPeHuit Ha Oop-
Ty UCKYCCTBEHHOT'O CIIYTHUKA 3EMJIH, CIIEIUATHLHO MTPEIHA3HAYEHHOTO JIJI UCCJIe-
JloBaHmii B obsractu Mukporpasutaiuu. OOJMK 3TOr0 CIlyTHUKA €Ile He Ompejie-
JIEH B TIOJTHON Mepe, HO NpeIbAB/IsgeMble K HeMY TpeOOBaHUs U ONBIT PabOTHI
C aHAJIOTMYHBIMM KOCMUYECKUMHU allllapaTaMyu MO3BOJISIOT IOBOPUTH O €ro KOH-
CTPYKITUU W PEXKUMaX BPAIIATEIHLHOTO JIBUXKEHUS JOCTATOYHO ONpejiesienHo. B
HACTOSIIIEe BPEMsI OCO3HAHO, YTO HanboJIee MOJIXOIAIINM PEXKUMOM JIJIsi BBITIOJI-
HEHUs Psijla KCIIEPUMEHTOB 110 (PU3KMKE KUJKOCTU U B 00JIACTU KOCMUYECKOI'O
MaTepHaJOBECHUS SABJISIETCS PEXKUM TPEXOCHON IPaBUTAIIMOHHOW OPUEHTAITIH.
DTOT PEXKUM TI03BOJISIET O00ECIEUNTh MaJiblii YPOBEHb MUKPOYCKOPEHWI M Ma-
JIYIO 00JIaCTh U3MEHEHUST BEKTOPA OCTATOYHOIO MUKPOYCKOPEHUS B CBI3aHHOMN CO
CIIlyTHUKOM CUCTEME KOOP/IMHAT.

HemoctaTkn pexkuMma rpaBUTAITMOHHON OPUEHTAIMM BO MHOTOM 3aBHUCAT OT
criocoba ero peasimsannu. Hepocrarok, npucyIiuit Bcem criocodaMm — MaJiblii 9Hep-
POCHEM € COJHEYHbIX Barapeil pu HeyjauHoM (1 1peodIiaiafoieM 110 BPeMeHH )
MOJIOKEHUU OPOUTHI clyTHUKa oTHOcuTe bHO Cosnna. [laccuBHas rpaBuTamon-
Hasl OpUEHTAllMs, KaK [PaBUJIO, OKa3biBAETCs CJiaD0 HEyCTOMYMBON U HE MOXKET
COXPaHATHC JUINTebHOE BpeMs. OJIHAKO MPEeuMyIecTBa pexKuMa, TAKOBbI, UTO
CTOUT 3aTPATUTh YCUJIUs JIJIs YCTPAHEHUs ero HejgocTaTkoB. Hanmpumep, ykaszaH-
HbIE BBIIIE HEJIOCTATKA MOXKHO KOMIIEHCHPOBATH TakK. Ha cryTHWKe HAJ0 UMETh
aKKyMyJIaTOpHYI0 Oartapero OoJibinoit emkocTu. Ilepes cepueil SKCIepUMEHTOR
CILyTHUK C IIOMOIIbIO CUCTEMbI YIIPABJIEHUS CJIEJlyeT HEKOTOPOE BPEeMs yJIeprKiu-
BaTh B IMOJIOXKEHUHU, B KOTOPOM IIJIOCKOCTH €r0 COJIHEYHBIX Oarapeiil Oyjer mnep-
HEHUKYJISIPHA COTHETHBIM JIydaM. DTO MO3BOJUT JIOCTATOUYHO OBICTPO 3aPsIIUTh
AKKyMYJIATOPBI. 3aTeM HaJI0 MEPEBECTU CIYTHUK B PEXKUM IPABUTAITMOHHOMN OpH-
CHTAIUYU U yJIEP>KUBATH €I'0 B HEM C MTOMOIIBIO CUCTEeMbI yiTpaBJjeHusi. [IockoyibKy
HEYCTONIUBOCTD ITOTO PEXKUMa — CJadasi, YIpaBIeHUEe MOYKHO CJIEJIATh MATKIM.

Msirkoe yripapiienre MOXKeT ObITh PeajiM30BaHO C MOMOIIBIO IJIEKTPOPAKET-
HBIX JBUTATENell Masoi Taru. Huke MpuBOAATCA ONEHKH, MOKA3bIBAIOIINE, UTO
UCIIOJIb30BaHUe TAaKWX JIBUTATeNedl MO3BOJIAET BeCbMa, IMOJHO peaju30BaTh BCe
HPEUMYIIECTBA I'PABUTAIMOHHON OPUEHTAIIUY.

2. NC3 ¢ Hu3KNM ypPOBHEM OCTATOYHBIX KBA3UCTATUIECKNX MUKPO-
yckopennii. Kpasucrarnieckue (HU3KOYACTOTHBIE) MHUKPOYCKODEHUsI Ha GOp-
Ty HU3KOJIETAIIETO MCKYCCTBEHHOTO CIYTHUKA 3EMJIM BBI3BIBAIOTCS YETHIPbMS
NpUUUHAMHA: JIEHCTBUEM CHUJIbI, CO3/IaBaeMOil OpraHaMu yIpaBJICHUs, JIBUXKEHUEM
CIIYTHUKA, OTHOCUTETHHO TIEHTPA MAcC KaK TBEPJIOTO TeJsa, PaJueHTOM I'DaBUTAa-
IUOHHOTO TIOJISI W a3pPOJINHAMUYIECKIM TOpMOXKenueM. Jjist pacdeTa KBa3ucTaTu-
YECKOI'0 MUKPOYCKOPEHUS B 3a/IlaHHON (DUKCUPOBAHHON TOUKE KOPILYCa, CIIy THUKA,
CYIIECTBYET npocTas gopmysia. Eé BbIBOJI OCHOBaH Ha CJI€IYIOIIEM OIpPEJICTICHIH.

[TycThb criyTHUK TipejicTaBisieT coDoit TBepJloe TeJI0, U ToYKa P )KecTKO CBsi3a-
Ha ¢ ero KopiycoMm. Mukpoyckopenuem b B Touke P Ha3bIBaeTCAd pa3HOCTb MEXK Ty
HAITPSXKEHHOCTHIO I'PABUTAIIMOHHOIO TMOJIsi B 9TON TOYKE U abCOJIOTHBIM YCKOpe-
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HueM 1ocjejineit. Pojib Bekropa b B opOuTajibHbIX 9KCIIEPUMEHTAX aHAJIOIMYHa,
POJIM YCKOpEHUsI CBODOOTHOTO TIaJleHusl g B 9KCIIEpUMEHTaX Ha MMOBEPXHOCTU 3€M-
Jn. B gacrHocTu, eciin B Touke P 3aKpenuTh IPoOHOE TEJIO ¢ UCUE3AI0IEe MAJIO
MacCoit mp, TO CUJIa PEAKINH, JeHCTBYIOIIAs HA 3TO TEJIO CO CTOPOHBI CITyTHUKA,
Oysier pasaa —mpb. Jljist MUKPOyCKOpeHusi MOXKHO BbiBecTr (popmyity [1]

: 3(d - F
b:d><c3+(u7><d)><a_}+ME ( r)r—d + coglvlv——. (1)
o[> [ frf? m

Brmech d — pajauyc-BeKTOp TOUYKH P OTHOCHTEILHO TEHTPa MAacCC CIIyTHHKA —
roukn O, @ — abCOJIOTHAS YTJIOBasi CKOPOCTH CIIYTHUKA, TOUYKA HaJ OyKBOIi
ozHavaeT audepeHImpoBaHie M0 BpeMeHH t, (i — IPABATAIIMOHHBINA TapaMeTp
3eMJIH, T — TeOIeHTPUIECKUT paInyc-BeKTOp TOUKH (), V — CKOPOCTD 9TOI TOUKH
OTHOCHUTEJIbHO PPUHBUYCKON CUCTEMbI KOOPIAMHAT, 0, — ILJIOTHOCTHb aTMOChEPDI B
touke O, m u ¢ — Macca u dajincrudecknii koaddunuent cnyranka, F — cua,
co3jlaBaeMast OpraHaMu yIIPaBJICHUsI.

Dopwmyta (1) BbiBeeHa Jyist 0OITIEro CIydasi 6e3 KaKuxX-1n00 4aCTOTHBIX Orpa-
auuennii. OHAKO €C/iM CIYTHUK MMeeT OOJIbIINe MacCy M MOMEHTHI WHEPIUH
kak, sanpumMep, KA "®oron" uau "[Iporpecc" u ero Bpamareannoe aBuKeHne
PaCCYUTBIBAETCS KaK JIBUXKEHWE TBEPJOro Tesia (Takoe JIBHXKeHHe 00bIYHO OYeHb
mejienHoe), 1o dpopmyda (1) jaer MMEHHO KBa3UCTATUYECKOE MUKPOYCKOPEHUE,

Beenem opoutanbayio cucremy Koopauaar OX; X X3, 910 — npaBas jekap-
troBa cucrema, ocu OX3 n OXy KOTOPOit HAIIPABJIEHBI COOTBETCTBEHHO BJOJIb I' U
KHHETHIECKOI'O0 MOMEHTa OpOUTAIBLHOIO JIBMKEHN CIyTHHKA I X T. Himke B man-
HOM pa3sjiejie KOMIIOHEHTHI BEKTOPOB ¥ KOOPJMHATHI TOUYEK TOUYEK YKA3hIBAIOTCSI
B cucteme OX1.X5.X3.

Byrem cunrarh, aro opouTa ClyTHUKA KPYroBast 1 HEM3MeHHa, B aDCOJTIOTHOM
POCTPAHCTBE U UTO CIYTHUK HEMOJBUXKEH B OPOUTAILHOIM CHCTEMe KOOPIUHAT.
Torma

r=(0,0,7), v=(v1,19,0), & =(0,wp,0),

HE

v =r(w) —wpgCcosi), vy =rwgsinicosu, wy= —
r

3jiech T — pajmyc opouThl, wy — opbuTasbHas dacTora (CpejHee JBUKEHUE
CIIyTHWKA), W — YIJIOBas CKOPOCTD BpalleHusi 3eMJIH, i — HAKJIOHEHHE OPOUTHI,
u = wpt + const — aprymMeHT HUPOTHI CIyTHHUKA. st TaKOro CiyTHUKa, BBEIs
obosnauenns d = (dy,ds, d3), b = (by,be,b3) u F/m = (wy, wy, w3), dopmyiy
(1) B crassipHOii hopMe MOXKHO 3amucaTh Tax:

by = co,uvy — Wi, by = —widy + covVs — wy, by =3wids — w3,  (2)

— /2 2 _ )2 2 @in2s ana2
v = Ul+02—r\/(wo—chosz) + W% SIN“ 1 cos” u .
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st cnyTHUKa Ha KPYroBo#t opbure ¢ BbicOTOH 0KOJIO 400 KM ¥ HaKJOHEHHEM
i = 51.2° UMEIOT MECTO COOTHOIICHUA €, v° ~ 1070 M/C2, wy = 0.001138 ¢~ 1,
wi ~ 1.3-107° ¢™2, |vg|/v1 < 0.051. Ecim B3sith dy = do = 0, d3 = 3.5 m
uw, = wy = wy = 0, To noayunm by ~ 107% m/c?, | by < 0.05-107¢ m/c?
by = 13.7-107% m/c?. Kommonenra by mocTosinHa BO BpeMeHM, KOMIOHEeHTa, by
MEHSIeTCsI, HO COXPaHseT 3HaK, KOMIIOHEHTa, by MEHsIeT 3HaK.

st 3aa9 KOCMUYIECKOTO MaTepUaJIOBEIeHNsT MUKPOYCKOPEHUE C MOJLyJIeM
14 - 1075 m/¢? Brosme npueMieMo, eciii €ro KOMIIOHEHTbI B CUCTEMe KOOPLMHAT
TEXHOJIOIMIECKO# YCTAHOBKH MEHSIOTCS B JIOCTATOYHO Y3KUX Ipejiesax. T pedoBa-
HUSI K BPEMEHHBIM BapuaIisiM KOMIIOHEHT MUKPOYCKOpPEHUs yI00HO c¢hopmy/in-
pPOBATh B TEpMHUHAX CIIEKTPAJILHOIO aHaju3a. [IpejcraBuM 9Tu Bapualuu B BU/JIE
CYMMbBI HECKOJILKUX TapMOHUK. [IpeebHo JomycTuMbie 3HATEHNST aMILIUTY/ L Ta-
KUX TAPMOHHUK 3aBUCAT OT UX YacTOThI. BoobIe roBopst, KaxKIblit KOCMIIECKHit
KCIIEPUMEHT UMEET CBOIO CODCTBEHHYIO aMILIUTYIHO-TACTOTHYIO XapaKTePUCTH-
Ky HPEIeIbHO JIOMYCTUMbIX MUKPOYCKOPEHUH, OJIHAKO JIJIsi SKCIEPUMEHTOB 110
POCTY KPHCTAJJIOB TaKWe XapaKTEePUCTUKU OoJiee U MeHee OJMHAaKOBBLI. B Ha-
CTOsIIIIee BPeMsT K HUM BbIPabOTaHbI JOCTATOYHO KOHKPETHBIE U YHUBEPCAJIbHbBIE
TpeboBanua’. OHM CBOAATCA K TOMY, UTO B AuamasoHe dacToT Gosee 0.0001 I
peeIbHO JIONMYCTUMbIE 3HAYEHWST aMIJINTY], BO3PACTAIOT BMECTE C YaCTOTOM.
CaMoit HUBKOII ¥ B 9TOM CMBICJIE CaMOl OIlacHO U3 peajbHO HADJIIOJAEMbIX Ta-
CTOT sABJIAETC opbuTasihHasd udactota’. B paccMOTPEeHHOM TIpuMepe OHa APKO
BbIDA’KEHA B KOMIOHEHTE by, 110CKOJIbKY (Cp. (2)) ¥ ~ COSU, U LIPUCYTCTBY-
eT B by u3-3a M3MEHEHHS IJIOTHOCTH aTMOC(Epbl BJI0Jb OPOUTHI. ['apMOHUKK €
gacroramu Oosiee 0.01 I'n, kak npaBuiio, yxKe 6€301aCHbI.

B paccMOTpeHHOM BBIIIE IpUMepe TOYHOM CTAOMIN3AIUU CIyTHUKA B OpOu-
TAJILHOW CHUCTEME KOODPJMHAT JOCTUTHYTHI BECbMa OJIaronpusiTHbIE YCJIOBUST JIJIsI
IPOBEJIEHNsT KOCMUUYECKUX SKCIEPUMEHTOB 110 YPOBHIO MUKPOYCKOPEHUH. IDTH
YCJIOBHSI TOpa3/10 Jiyuiie yciaosuii, obecneunaeMbix na KA "IIporpece" B pexkn-
Me TTACCUBHON MPABUTAIMOHHO opueHTalnu |6,7] Wi B HeympaBsieMOM BpaIla-
TesbHOM JBmkennu Ha cnyrnukax "@oron" |8 — 12]. [laccuBnas rpasBuTaruon-
Hasl OPUEHTAINS — ITO CPABHUTEHLHO MaJible KOJeOaHWsT CITy THUKA, OTHOCUTETh-
HO €ro TIOJIOYKEHUS B PeYKUMe TOUHON cTabuin3anu. JacToThl TAKUX KoJiebaHuit
jgexkar B juanaszone (0.00018 — 0.0004 I'm. Xots aMmiinTyibl KoJjieOaHUil HeBe-
JIKW ¥ MO0 YPOBHIO aDCOJIIOTHBIX BEJTUIUH MUKPOYCKOPEHUs PEXKWUM MAaCCUBHOMN
IPABUTAIIMOHHON OPHUEHTAIIMK MOYTH HE YCTYMAeT PEKUMY TOYHOW CTabWIn3a-
IUY, HAJIMUKE ITepeMEeHHbIX MUKPOYCKOPEHHH ¢ YKa3aHHBIMU YaCTOTAMH JEIaeT
€ro MaJio MPUI'OJHBIM JIJIsI IIPOBEJICHUS SKCIIEPUMEHTOB C BbICOKON I'DAaBUTAIHOH-
HOW 1yBCTBUTEIBHOCTDHIO.

'HekoTophble JlaHHBIE O 9aCTOTHBIX CBOMCTBAX KOCMUYECKUX SKCIEPUMEHTORB 110
POCTY KPHUCTAJIJIOB cojiepxkarcs B [2 — 5.
2Bpauennio wy = 0.001138 ¢! orBeuaer nuknuveckas gacrora 0.000181 .



st ipoBejieHusi 00060 4yBCTBUTE/bHBIX SKCIIEPUMEHTOB B 00J1aCTH MUKPO-
I'PABUTAIUU CJIE/IYeT, BO-IIEPBBIX, CHAOIUTH CIIyTHUK CPEJCTBAMU TPEXOCHOMI Op-
OuTAIbHON cTAdMIN3AINK, ODECIIeUNBAIONIMMHU MaJIblii YPOBEHb MUKPOYCKOPEHU it
B quanaszone 0.0001 — 0.01 I't. Bo-Bropsix, caegyer n3yduTh BO3MOXKHOCTH KOM-
MEHCAIIMT adPOINHAMUIECKON COCTABJISIIONIEH MUKPOYCKOpeHusi. A MMEHHO, CHh-
cTeMa, YIIpaBJICHHUsI JIBHXKEHHEM CIIYTHHUKA J0JIKHA 00ECIeUUTh MOCTOSIHHO JIeii-
creytonyto cuity F = emg,|v|v. Torna B npasoii qacru (1) aBa nocieHux
cJlaraeMbIX CKOMIIEHCUPYIOT JIPYI Jipyra. B paMkax paccMOTPEHHOI'O BbII€ HPH-
Mepa, TaKas KOMIIEHCAIMS O3HAYAeT, YTO JOJKHDBI BBIIOJHATHCSI COOTHOIIEHUS
(eM. (2)) w1 = coqvvr &~ 107% m/c?) wy = coavvy &~ 0.05 - 107 m/c?, w3 = 0.
OmubKy BBIIOIHEHUs 3TUX cooTHoeHn B quanasone dactor 0.0001 — 0.01 I'g
JIOJI>KHBI ObITH JIOCTATOYHO MAJIbl.

Ilepeuncyiennbie TpeOOBAHUSI K CUCTEME YIIPABJICHHUS JIBUXKEHUEM CIIyTHUKA,
MOT'YyT OBITH OOecIiedeHbl UCII0JIb30BAHNEM JIEKTPOPAKETHBIX JIBUTATE e MaJIoit
Tsiru. Hurke OCHOBHOE BHUMaHUE YJIEJIeTCsd CTadU/IN3alK BPAIATEIbHOI'O JIBK-
>KEHHsI, IOCKOJIbKY KIMEHHO OHO BHOCUT HaMOOJIBbIIINE BO3MYIICHUS B YPOBEHb MU-
KPOYCKOPEHUIA.

3. MaTemaTudecKasi MOJ€eJIb BPAIlATEJIbHOTO JBUXKEHUS CIIY THUKA.
CnyTHHK canTaeMm TBepAbIM TejoM. [list onncanust ero JBU>KeHMs Oy1eM UCITO b
30BaTh TPU IpaBble JEKAPTOBbI CUCTEMbI KOOPJMHAT. DTO — BBEJIEHHAsT BBIIIIE
opbutaJsibHasi cucrema, cucrema Or1xor3, KOTOpast 0Opa3oBaHa TJIABHBIMHU I1E€H-
TPAJbHBIMEA OCIMH WHEPINU CIyTHUKA U B KoTopoit ocu Ox; u Oxy OTBEUAIOT
MUHUMAJILHOMY ¥ MaKCHMaJLHOMY MOMEHTAM WHEPIUH, & TaKyKe TPUHBUYUCKAsT
cucrema CY1Y5Y3. Touka C' — nenrp 3emitn, och C'Y] nepecekaeT rpuHBUUYCKUIT
mepunan, och C'Y3 Hanpasiena Kk CeBepHOMY TIOJTIOCY.

Marpuiyy nepexoja or cucrembl OX; X9 X3 k cucreme CY1Y5Y5 obosaaunm
lcijll %=1, the cij — xocumyc yraa mexy ocsivu CY; u OX)j. DieMenTsl 5T0i
MATPHUIIBI BBIPAXKAIOTCS depe3 KOMIIOHEHTHI BEKTOPOB I 1 I' B cucreme C'YY5Y3.
MaTpunsr nmepexona ot cucrembl Ox1xox3 K cucremam OX; X X3 n CY Y55
oboznaunm coorsercriento [agll i w [|bjl%_;. Snech a; — xocumyc yria
mex gy ocamu OX; u Oxj, b — kocunyc yria mexxiy ocamu Oy; u Ox;.

[Tonoxkenne cucremnr Oxqxox3 orHOCHTENLHO cucTeMbl O X7 X9 X3 Oynem 3a-
JIaBaTh TaK»Ke yryiaMu 7y, 0 U (3, KOTOpbIe BBejieM ciiejy oM oopazom. Crucrema,
0O X1 X3 X3 moxer ObITH 1epeBejieHa B cucteMy (Ox1xox3 TPeMsi IOCJIeI0BATE b
HbIMU nOBopoTaMu: 1) Ha yros 0 + /2 Bokpyr ocu OXs, 2) Ha yros [3 BOKpyr
roBoit ocu O X3, 3) Ha yroJ v BOKpyT HOBoit ocu O X1, coBnasaormeii ¢ ocbio O.
DJIeMEeHTbI MATPUIIBI ||a;;|| BbIpaxKaioTcs: 4epes 9Tu yriibl ¢ OMOIILIO (HOPMYIL

a1 = —sindcos 3, a1 = sinf,
19 = cososiny + sin d sin 3 cos 7, (99 = €Os 3 cos",
13 = C€OS0cosy — sindsin (sin 7, (93 = — COS3sin7y,



az1 = —cosdcosf3,
azy = —sindsin~y 4+ cosdsin (cosy,
az3 = —sindcos~y — cosdsin Fsin~y.

CHpaBe,D;JH/IBbI COOTHOIIIEHUA

3

bij = Z CikQfj (7/7.] = 17 27 3) : (3)
k=1

Huxe, eciin He oroBOpeHo 00060, KOMITOHEHTHI BEKTOPOB U KOOPJAUHATHI TOUYEK
yKa3bIBaloTCs B cucreme OriToTs.

YpaBHEHHS JBUXKEHUSA CIIyTHHUKA COCTOAT U3 JIBYX nojcucreM. OJiHa 0JICH-
CTEeMa, OIKCHIBACT JIBUXKEHUE I[EHTPA MacC CIyTHHKA, Jpyras — €ro JIBUXKEHUE
OTHOCHTEJBHO TeHTpa Macc (BpamatenbHoe japuxkenue). [lomcucrema ypashe-
HU JIBUYKEHUSI [EHTPa MAaCC 3allMChIBACTCS B 'PUHBUUCKON CHCTEME KOOD/IMHAT
C Y9eTOM HEIEeHTPaAJbHOCTU IPABUTAIMOHHOTO TI0JIsI 3eMJIH U COIPOTUBJICHUS aT-
mocdepnl. HereHTpaabHOCTD OIS yIUTHIBAETCS ¢ TOTHOCTHIO JI0 UJIEHOB TTOPSIJI-
Ka (8,8) BKJIOUMTEJIbHO B PA3JIOKEHUM I'PABUTAIIMOHHOIO HOTEHIUAIA 3EMJIU B
psj 1o mapoBbiM DyHKIHSIM. ATMocdepa cIuTaeTcst Bpallalolieiicss BMecTe ¢
Bemiieit, ee mJIOTHOCTH paccunThiBaercs corsiacHo mojgean 'OCT 25645.115-84
B pegaknuu 1990 r. ITapamerpnl armocdepbl U OaJIHCTUUECCKNANE KOIDDUIIUEHT
CIIyTHUK&, CIMTAIOTCS HEM3MEHHBIMU Ha BCEM MHTEPBAJIE MHTEIPUPOBAHUSI YPaB-
HEHUN JIBUXKEHU.

[Topcucrema ypaBHennii BpalaTeabHOrO JIBUYKEHUsT 00pa30BaHa JUHAMUIE-
CKUMH yPaBHEHUSAME Jiiepa JJis KOMIOHEHT YTJIOBO CKOPOCTH CIYTHUKA (0 U
KHHEMaTHIeCKUMHU ypaBHeHusiMu [lyaccoHa jijist 9JIeMeHTOB IIEPBbIX JIBYX CTPOK
Marputipt || b;; ||. B ypasnenusx Diisepa yuuTHIBAIOTCH YETBIPE BHELIHUX Me-
XaHUIECKUX MOMEHTA. DTO — I'PABUTAIMOHHBIA MOMEHT, a3POIUHAMUIECCKUN MO-
MEHT, MOMEHT, uMeroIuii B cucreme Or1X9x3 MOCTOSTHHBIE KOMITOHEHTHI, U YIIPaB-
JAIOMAA MOMEHT, CO3/IaBaeMblil PAKCTHLIMUA JIBUTATEJIAMUA MAJIOW TATH.

Jlj1st TpaBUTAIMOHHOIO MOMEHTa, CYIIECTBYET MPOCTOE aHAJIUTUIECKOE BhIPa-
xkenne [13]. Aspopunamudeckuii MomeHT M, BBIUHCIAICS B TPEJINOTOKEHUH,
YTO CIYTHUK BMeeT (POpPMY IPsMOr0 KPYroBOI'O NUJIMHJPA C JIBYMs IIPUKpPEII-
JICHHBIMHM K HEMY OJIMHAKOBBIMU IIPSIMOYTI'OJIbHBIMK IJIACTUHAMK — COJIHETHBIMU
barapesamu. ununap umeer pajuyc R u BbICOTYy L, €ero oCb COBJIAJIAET C OCHIO
Oxy. [lnacruabl pacioyioXKenbl B MI0CKOCTH OX1X3 CAMMETPUUHO OTHOCUTE b
Ho ocu Oz1. Croponbl miactu napasuieabibl ocsiMm Oxp u Oxg. CymmapHas
ILJIOIIA/ (b TLJIACTUH cocTaBisieT Sy,. KoopanHaThl reoMeTpruIecKuX IeHTPOB Mace
MUJIUHIPA W TIACTHH CYTh (20, 0,0) u (25,0,0). [lomarass, 9T0 MOJEKYJIBI ATMO-
cdepbl TP CTOJKHOBEHUH CO CITYTHUKOM MCIBITHIBAIOT abCOTIOTHO HEYIPYTHii
yiap, GopmMyJty Jijisi a9pOJIMHAMUYECKOI0 MOMEHTa LpejcraBum B Bujie [13]

M, = o.|v|(v x P). (4)
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31ech 0, — WA0THOCTH aTMocdepbl B Touke (O, V.— CKOPOCTH 3TOH TOUYKH OT-
HOCHTEJIBHO TPUHBUUCKO# cucreMbl Koopauuatr (eMm. 1. 2), P = P(v) — nepssrit
MOMEHT INeOMeTpUIEecKOit (purypsbl, siBjsttolIeiics npoekiueil BHellHel 000J109KY
CIyTHUKa Ha IJIOCKOCTh Il,, mepnenaukynapuyio BekTopy v. Bektop P jexwut
B 1utockoctu II, n Beraucasiercst ornocurebuo npoeknnn wa I, Touku O. Ilo-
cKOJIbKY hopMmysa (4) nHBapmaHTHA OTHOCHTEIBHO 3aMeHbl P — P + Av, e
A — npousBoJIbHBI cKajsip, dhyHKIMIO P (V) MOXKHO 33/1aBaTh, HE CBA3BIBAST CE-
0s1 ycaosuem P € 11,. [lis paccmarpuBaeMoro CiiyTHUKa 9Ty (PYHKIMIO YI00HO
3aJ1aTh COOTHOIIICHIEM

V|IP(v) = zc<7rR2|vl| + 2RL/v3 + v3 ) + 2p5|v2|, 0, 0

3/1eCh v; — KOMIIOHEHThI BEKTOPA, V.

Honytmenusi, cieJaHAble TTPU BBIBOJIE (DOPMYJIIBI adPOMHAMUIECKOTO MOMEH-
Ta, MO3BOJISIIOT BBIMKCATH $IBHOE BbIpaxkeHue Jijisi Bxojsiiero B Qopmyny (1)
OaITCTHIECKOr0 KoM DUIMEeHTa CIYTHUKA. IJTOT KOIMDMUIIUEHT HUMeeT BU]
c = Sv/m, rae S, — TJIOMA b TEOMETPUIECKO (DUTYPHI, SIBJISIOMIENHCS MPO-
ekIlueil BHellHell 000JI0UKK ClIyTHUKA, Ha 1J10cKocTh 11,. B jlannom ciyuae

Iv|S, = mR*|vy| + Splva| + 2RLy/v3 + v2

v aspojuHaMuyueckuit dien dhopmysibl (1) upuHumaer Bu/

7TR2 Sb 2RL

coa|VIV =04 | —|v1| + =|vo] + ——1/v3 + 03 | v. (5)
m m m

Bce npuBojuMble HUXKE pacdeTbl MUKPOYCKOPEHMI BBIIIOJHEHbI 110 (hOpMYJIaM

1), (5).

[Ipu BBIBOJIE BBIpaXKeHMit JIsi adPOJIMHAMUIECKOTO MOMEHTa U OaJIJIMCTUUIe-
CKOTO KO3 PUIMEHTa HE YINTHIBAJIOCH BO3MOKHOE B3aMMHOE 3aTEHEHNE KOPITyCa,
CIIlyTHHUKA U COJHEUHBIX OaTapeil oT Haberaolero a’poIuHAMUYIECKOrO MOTOKA.
Takoe ympoiieHue olpaB/aHo, MOCKOJIbKY JJisi OOJIbIIMHCTBA JBUXKEHUH CIIYy THHU-
K&, OTHOCUTEJIbHAS ITPOJIOJIKUTEIbHOCTD OTPE3KOB BPEMEHU, Ha, KOTOPHIX yKa3aH-
HOE 3aTEHEHUE CYIIEeCTBEHHO, HEBEIUKA.

3amMeTnM, 9TO TP pacdere MUKPOYCKOPEHU DAITNCTHIeCKUil KOIDDUImeHT
C CUMTAJICS IEePEeMEHHBIM, a B IOJCHUCTEME ypPaBHEHUI JIBUXKEHUs IEHTPA Macc
CIIYTHUKA, TOT >Ke KODPUIMeHT npuHuMaJics nocrosgaabiM. Creantoe yimpo-
IIeHUe OIPaB/IAHO TeM, UTO BJUSHUE COIPOTHUBJICHHUS aTMOCephl Ha JIBUXKEHUE
IEHTPa MacC BEChMa MAJIO M JIOCTATOUHO TOYHO OIMUCHIBAETCS C MCIOJIH30BAHN-
€M IOCTOSIHHOI'O 3Ha4YeHMsI OaJIIMCTUYECKOro KOoddpuimenra, KOTOPoe Olpejie-
JisileTcsi B pe3ysbrare o0paboOTKKM TPAeKTOPHBLIX u3MepeHuil. [IpuHsThI criocod
ONMCAHWS JIBUKEHUS IEHTPA MACC SIBJISIETCST OOMIENPUHSITHIM U MTO3BOJISIET WC-
[0JIb30BATh IIPU MaTeMaTUIECKOM MOJIEJIMPOBAHUN BPAIIATEJbHOTO JIBUXKCHUSI
CIYTHUKA, PEAJIbHYIO DATUCTHIECKY IO NH(MOPMAIIHIO.
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HO,ZLCI/ICTeMa ypaBHeHI/Iﬁ BpalllaTE€JIbHOI'O JABU2KEHUA CIIYTHHUKA MMECT BU/JL

wi = p(waws — vaoxs) + €1 + U,

B 1—)\(ww ) + Aeg +ug) + pus
BTVt 173 DY

w3 = —(1 = XA+ A\u)(wiwe — vaixs) + MNes + uz) — p oo,

Wa

bi1 = biaws — bizws + wpbor ,
bis = biswi — biiws + wpbas ,
bis = briws — biawi + wrbos (6)
521 = byows — bagwo — wpbiy,
bos = bagwi — boyws — wibia,

bz3 = bowy — bagwy — wEbl3 ;

Il ]2—13 SME
)‘:I_?); :u:[—la VZFu T:\/x%+x%+x§7
p:EQa(gl\Ungz\Uz\ + 931/ v3 +v3 >7
B TR?z, _ Spzp _ 2RLz.
g1 = I, go = I g3 = I,

3tech TouKa, Ha | OyKBOW o3HauaeT jauddepeHnnpoBaHre M0 BPEMEHU, W; U T;
(1 =1,2,3) — KOMIOHEHTbI BEKTOPOB W ¥ I, I; — MOMEHTBI HHEDITUU CITyTHUKA
orHOCUTENIbHO oceit Ox;, €; W u; — OTHECEHHBIE K [{ KOMIIOHEHTHI MOCTOSTHHO-
r'o W YIPaBJIONEro MOMEHTOB, F — MacmTadupyoomuii MEOKUTE b, [Ipn unc-
JIEHHOM MHTErpUpoBaHuM ypaBHeHuil (6) e uHUIeil n3MepeHrst BDEMEHU CJIy KT
1000 ¢, exunnneit nameperust piiuHbl — 1000 KM, CKOPOCTb BBIPAYKAETCST B KM/ C,
eJIMHUIA n3Mepenus yriooil ckopoct — 0.001 ¢!, miorHoCcTh aTMocdepb! pac-
cunrbiBaercs B Kr/M?, E = 10'2. Tperbs crpoka marpuist ||b;;]| Boraucisiach
KaK BEKTOPHOE ITPOU3BE/IEHUE TTEPBBIX JBYX €€ CTPOK.

[Tepementnbie by; u by; 3aBUCUMbBI, OHU CBSA3aHbI YCJOBUSMU OPTOIOHAJBHOCTH
marpunsl ||b;;||. Tlo sroit nputmme, a Takxke u3 coobpaxkennii y00cTBa HATATb-
HbIE yCIIOBUS JIJist by; ¥ by; BhIUuCIIstOTCst 10 popMysiam (3), B KOTOPBIX 3JIeMEeHThI
@;j BBIPAYKAIOTCS Uepe3 3HAUeHNs BBEJEHHBIX BBIIIE yTIIOB Y, 0 U 3 B HAYAJIbHBIN
MOMEHT BPEMEHH, a 3JIEMEHThBI ¢;; BhIPayKaloTCsl Yepe3 HavaJjbHoe 3Havdenue da-
30BOI'0 BEKTOPA [EHTPA MACC CIIYyTHUKA.

[IpuBeneM wmcnosb30BaHHble B pacdeTax YHCJIOBbIe 3HAYEHUS ITapaMeTpPOB
onmcannoit Mogesun. [lapamerpol crnytanka: m = 7800 kr, [; = 4500 krm?,

I, = 32000 xrM?, Is = 30000 krm?, R = 1.05 M, L = 7.3 M, S, = 65 M2,
9



2y =2.=03m e, =0.05-10"%m/c? g9 = 3 =0.04-107° m/c?. B nekoropbix
caydagx MPUHUMAJOCh TakxkKe €7 = €9 = €3 = (. Crocob 3ajanus ynpaBieHuit
w; (1 = 1,2,3) oupejyesien nuxke. [IpuBejientbie 3Ha4eHUsI N€OMETPUUECKUX U
MHEPITUOHHBIX ITapaMeTpPoOB MPUMEPHO COOTBETCTBYIOT pa3padaTbiBAEMOMY B Ha-
crositiiee BpeMsi criyTHUKY "OKA-T" 3nauenust mapamMerpoB €; XapaKTepHbI JJIsI
onm3skoro o Kiacey crnytauka "@oron" [12].

HauaipHble yeIoBWsST JIBWXKEHUsT TIEHTPA MacC CIYyTHUKA OTBEYAIOT PeasbHOI
opoure MKC. Onu 3a/jaBajiich B BOCXOJSIIEM y3Ji€, IPOJIEHHOM CTaHIuel B
momenT 04:49:26 JIMB 15.02.2004, u coBunajiator ¢ (pa30BbIM BEKTOPOM €€ IeHTPa,
macc B 3roMm yaJie. [Tapamerpbl Mojiesin armocdepbl BO Becex pacuerax: ' = Fg =
150, A, = 12. Havaspuble ycioBust yparenuit (6) 3a1aBajinch B TOT XKe MOMEHT
BPEMEHH, UTO W HadaJbHbBIE YCJIOBUS MPUHSITONH OPOUTHI. DTOT MOMEHT CJIy KU
HAYaJIOM OTCYeTa BpeMeHn — To4Koil ¢ = (0. MUKpOoycKopeHusi BO BCEX TpUMepax
paccauThiBasmCch B Touke P ¢ koopauHatamu (2.5m, 0.7wm, 0.7 m).

4. PexxuM naccUBHOI rpaBUTAITMOHHONA OPUEHTAIIMY CITy THUKA. ITo-
Obl MOSICHUTL PEKUM TPABUTAIIMOHHON OpUEHTAINU, oOpaTuMcs K Oojee mpo-
cTbiM, 4eM cucreMa (6), ypaBHEHUSIM BPAILIATEJILHOIO JIBUKEHUs ClIyTHUKA. Pac-
CMOTPHM YPaBHEHHUS, B KOTOPLIX HE YUUTBLIBAIOTCS HEKOTOPBLIC BTOPOCTEHCHHLIC
BbakTOpbl. A UMEHHO, IIPEJIIOIOXKUM, YTO OPOUTA, CIlyTHUKA — KPYroBas U HEU3-
MEHHa B aOCOJIOTHOM IPOCTPAHCTBE M UTO HA CIYTHUK ACHCTBYeT OJIWH JIUIIL
rpaBUTAIIMOHHBIH MOMeHT. B sroMm citydae cucremy (6) MOXKHO mpeobpasoBaTh K

BUY
. 2
w1 = u(wag - 3woa32a33) )

1—A
wy = m(wlw?, - 3003@31@33) 3
d)g = —(1 — A + )\M) (w1L¢J2 - 300(2)@310,32) , (7)

Y= wy — tgf (wacosy — w3siny),

. W9 COS7Y — WwsSIN 7y
= — Wy,
cos (3

B = W9 SIN 7y 4 w3 COS Y.

3ech wy — opbuTasibHas 9acToTa (CM. M. 2), BEJUIUHBI 43; BHIPAXKAIOTCA depe3
yrJibl 7y, 0 u 3 110 yKa3aHHBIM BbIIIEe (hOpPMyJIaMm.

PexxuM rpaBUTAMOHHON OPHEHTAINH CIIYTHUKA OMMCHIBACTCS YCTOWINBBIMU
CTalMOHAPHBIME perieHusiMu ypasrennii (7). PaccMarpuBaemblii CliyTHUK Xapak-
Tepusyercs napamerpamu A = 0.15, u = 0.44. B atom ciydae ycroituuBbie cTa-
IMOHApHBIE perenus nmeior Bug (cp. [13])

siny=sind =0=0, w =w3=0, wy=wycosvy.
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Takue pelieHust ONUCHIBAIOT IIOJIOXKEHUSI PABHOBECUs! CIIyTHUKA B OpOUTAJILHOI
CHCTEMEe KOOPJMHAT, B KOTOPBIX COJIHEeUHbIE OaTapen JeXKaT B IJIOCKOCTHA OPOUTHI,
a oc Oxy u Oxy coBrnagaor ¢ ocsimu =0 X3 n £0O X5 coorBercrBenno. Buibop
3HAKOB 3/1€Ch TPOU3BOJIeH. JIjs onpeeeHHoCTH Cy3uM HaOOp BO3MOXKHBIX J[BU-
JKeHUi, 1 HUKe OyeM pacCMaTpUBAThL TOJILKO CTAllMOHAPHOE PEIleHre

fy:é:ﬁzo, wlzw:),:(), Wy = Wy . (8)

B srom pemenun ocu Ox; u Oxy coBuajaor ¢ ocsimu —0OX3 u OXy coorBer-
CTBEHHO.

Y1o0bl pexKuM I'paBUTAIIMOHHON OPUEHTAIMK MOYXKHO ObLJIO UCIIOJIb30BATH JIJIs
HCCIeIOBAaHUi B 00JIaCTH MUKDPOTPABUTAIMN, OH JIOJI?KEH YIOBJIETBOPSATH JIBYM
yeiioBusiM: 1) obecrieanBaTh MaJiblii yPOBEHb MUKPOYCKOPEHUiT Ha GOPTY CIlyTHH-
Ka 1 2) CyIeCTBOBATD JJINTEJIbHOE BpeMsi. [IpoBepKa BBITOJHEHUST STUX YCIOBHIA
MPOBOJIMJIACH YHCJIeHHO. YpaBHeHus (6) MHTErpUpOBAINCH COBMECTHO C ypaB-
HEHUSIME OpOMTAJLHOTO JIBUXKEHHUsI. B 9TOM pasjiesie paccMaTPUBAETCS TOJHKO
HeyIpaBJIsieMoe JIBUKEHNE CIIYTHHKA, IIO9TOMY BCe IIPUBOJIUMbIE HUXKE IIPUMEPbI
Borauciens npu u; = 0 (i = 1,2, 3).

Pesynprarsr unterpuposanus ypaBaenuii (6) ¢ HaIaJbHBIMA yCiaoBuAMA (8)
B caydae €; = 0 npencraniensl Ha puc. 1, 2. 3ech npusejieHbl rpadukn GyHK-
it y(t), 0(t), B(t) m w;(t), omuchIBAOIIX BpamaTeIbHOE IBIKEHAE CITy THUKA, a
TakKe rpadgukn KomronenT b;(t) mukpoyckopenwsi b(t) u ero momyans |b(t)|. Puc.
1 MTIOCTPUPYET TEePBLIE JIBOE CYTOK JABUXKEHUS, PUC. 2 — MOCIEIYIOIINE MSITh CY-
ToK. Kak BuJIHO U3 pUCYHKOB, BpeMsI CyIEeCTBOBAHMS PEXKUMa [TACCHBHON TpaBH-
TAIMOHHOI OpUeHTalKU B 9TOM 1puMepe npesbiinaer 7 cyr (1cyr = 86.4-10%¢).
Pacuernl mokasaJm, 910 3TOT pexXuM coxpamsercs ne meree 20 cyT. MUKpOyCcKo-
peHUsi B peXKUMe IPaBUTAIMOHHON OpUEHTallu BechMa MaJibl. [Ipu 9moM MaJibl
1 pa3Mepsl 00JacTh Bapuanuu BekTopa b(t) mo cpasaennio ¢ max |b(t)].

Puc. 1, 2 BoinisiigT BecbMa 00HaI€2KMBAIOIIE, HO OHU WJLIIOCTPUPYIOT CJIyvail
JIOCTATOYHO TOYHON BLICTABKYM HAYAJBHBIX YCIOBHI OPHEHTHPOBAHHOIO JBUKE-
HES CIIyTHUKA U OTCYTCTBUsI MOMEHTA, IIOCTOSHHOIO B CBSI3AHHO CO CILy THHKOM
cucremMe KoopjuHar. Bimsinue ommboK B 3aJlaHui HAYabHBIX YCJAOBUI WO
CTPHUPYETCsI JIBUXKEHHEM Ha, PUC. 3. DTO JBHKEHHE HOJYIeHO P HAYAJbLHBIX
yeaioBusix (8), B koropbie BHecenbl ommbku 0.01° /¢ & 0.153wy 110 Kax 10 KOMITO-
HEeHTE YIJI0BOM CKOpoCTH. Puc. 3 MOKa3bIBaeT, ITO OIMMMOKY B 3, JaHINH HAYAILHBIX
YCJIOBHIi CYIIIECTBEHHO COKPAIIAIOT BPEMsl CYIIECTBOBAHUS PEXKUMa I'DaBUTAIN-
oHHOi opuentanuu. [Ipm Takmx ommbOKax B HAYATLHBIX YCJIOBUSIX DPEXKKIM CO-
xpansiercst npumepro 0.5 cyT. PaccMorperntbie onmmuiOKN sIBISIOTCS THITAYHBIMU,
103TOMY 0€3 HPUHSITHUS CHENUASbHBIX MED PEXKUM I'PABUTAIMOHHON OpUEHTAIIY
MOXKHO HCIIOJIb30BATh TOJIBKO JIJIsI IMPOBEJICHUsT HEIIPOIOJKUTETbHBIX IKCIIEPH-
MEHTOB.

Paspyienne pexxnma 00yCIOBIEHO HEMOTEHITHAJBLHOCTHIO JIeiCTBYIOIIEro Ha,
CIIyTHUK a3pOJMHAMUYECKOr0 MOMeHTa, (CM. 06Cy XK IeHIe ITOro BOmpoca B 0030-
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pe [15] u ykazauHoii Tam Jiureparype). B MojesbHbIX 3ajadax, Korjga opouTa
CIIyTHHKa — KPYroBasl U ILJIOTHOCTH aTMOChEPLI BAOIL OPOUTDHI IOCTOSIHHA, Ta-
Kasl HeIOTEHIINAJIHHOCTD MPOSIBJISIETCS B BUJIE SKCIIOHEHIIMAJIbHON HEeyCTORInBO-
CTHU ONKCKHIBAIONIETO PEXKUM I'PABUTAIIMOHHON OPUEHTAIINN CTAIIMOHAPHOIO Perle-
HUST aBTOHOMHBIX YPaBHEHUi JIBM>KeHWs. B ciiydae paccMaTpiBaeMoro CIry THUKA,
HEIOTEHITNAIBLHAS COCTABJISAION[AS a9POIUHAMUIECKONO MOMEHTa CO3IAeTCsI COJI-
HeaHbiMu OarapesiMu. B ypaBrenusix (6) sma cocraBisiionias OMuChIBAETCsT dJie-
HAMU, COJIEPXKAIIUMU [TAPAMETD Jo.

Anajiornunasi HEyCTOHIMBOCTD PEXKKUMa IPABUTAIIMOHHON OPUEHTAIINK HMeeT
MECTO M [IPU UCIIOJIb30BaHUK 3TOr0 pexkuma Ha kopabue "IIporpecc"|6,7], dop-
Ma, KOTOPOro MOX0XKa Ha (pOpMY CIIyTHHKA, PACCMATPUBAEMOro B JIAHHOI paboTe.
[Tockostbky g9 ~ Sp ¥ TIOIIA b OaTapeil paccMaTpUBaeMOro CIyTHUKA TOPa3/1o
bosbIre mwiomaan barapeit "IIporpecca, BpeMs cyIecTBOBaHNS peXKUMa IPaBU-
TAIMOHHOM OPWEHTAIIMN ITOTO CIYyTHUKA OKa3aJ0Ch MEHbBIEe aHAJOTHIHOTO Bpe-
MeHu B ciiydae kopabuist "TIporpecce”.

B mpumepe Ha puc. 3 paspylleHue pexkpuMa IPaBUTAIMOHHON OpHEHTAIINN
He NPUBEJIO K 3HAYNTEJbHOMY BO3PACTAHUIO YPOBHS MUKpoyckopeHuit. OgHako,
HOCJIEeIYIONIee ABUXKEHNE CIYTHUKA CTAJIO TPYIHO IPOrHOZUPYEMBIM, U POCT M-
KPOYCKOpEeHWii B JaJibHERIIeM MOT Obl OKa3aThCsl 3HAUUTENbHBIM. VIMeHHO n3-3a
OIIACHOCTH TAKOI'O BO3MOXKHOT'O IOBBLIIIEHUsI YPOBHSI MUKPOYCKODEHHUH U OBLLIO
BBeJIEHO TpebOBaHNe COXPAHEHWsT PEXKNMa MPaBUTAIIMOHHON OPUEHTAINN B TeJe-
HUE [POJIOJIKUTEIbHOIO BPEMEHHU.

Biiusiiye mocTosSTHHOrO MOMEHTa Ha PEXKUM IPABUTAIMOHHONR OPUEHTAIIAN UJIT-
JIIOCTPUPYETCS JBUYKEHUEM, MPEJCTABJICHHOM Ha, puc. 4, 5. DTO JBUKEHKE TTOJIY-
9EHO MPU HAYAJBHBIX yeaoBusx (8), HO npu €; # 0. Puc. 4 ummoctpupyer mep-
Bble, a pUC. b — MOCJEJHIe CyTKU HEIeILHOr0 WHTEpBaJja BpeMenn. Kak BUIHO
13 PUCYHKOB, BPEMsI CYIIECTBOBAHUS PEXKUMa IIACCUBHOI IpaBUTAIMOHHON OpU-
eHTallMi B 9TOM TIpUMepe cocTapjsier npumMepho 6.5 cyT. Takoe Bpemsi MoKeT
0Ka3aThCs MpueMaeMbiM. MUKpPOYCKOPEeHUs B ABUMKEHUU Ha pHC. 4, 5 MaJbl 110
MOJIYJTIO, HO 06JIaCTh Bapualuu BeKTopa b(t) B 9TOM mpuMepe HECKOJIBKO 00JTb-
e, 4eM B npumepe Ha puc. 1, 2. Paspyimmenue pexxuma 00yCI0BIEHO HEITOTEHIIN-
AJILHOCTBHIO MOMEHTa C IOCTOSIHHBIMY KOMIIOHEHTAMHU B CBSI3AHHON CO CIIy THHKOM
crcTeMe KOOpJMHAT. XapakTep HeyCTONIMBOCTH — TaKOi XKe, KaK B CJydae Hero-
TEHIIHAJIBLHOTO a3POJINHAMEUTIECKOTO MOMEHTa, [15)].

Puc. 6 naaiocTpupyeT CoBMECTHOE BIUSHIE 000UX PACCMOTPEHHBIX BBITIE BO3-
Mymaonmx pakTopos. IBrKeHne Ha 3TOM PUCYHKE MOJYYEHO NP HAYAJILHBIX
ycioBusx (8), B Koropbie Biecenn! omuOku £0.01° /¢ mo Kaxk10it KOMIOHEHTE yT-
JIOBOI CKOPOCTH. DTO JABUKEHNE OYEHDb [TOX0XKE Ha JIBUXKEHKE, IIPEJICTABICHHOE Ha,
puc. 3. Takum 06pa30oM, IJIaBHLIM MPEISATCTBAEM [IPU PEAJTU3AIUN TPUEMIEMOrO
pexKrMa TPaBUTAIIMOHHOM OPUEHTAIMN SIBJISIIOTCST OTNNOKY B 3aIaHUN HAYAJIbHBIX
YCJOBUI.
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5. Pexxum akTuBHOII rpaBUTAIMOHHON OpWMEHTANWMW CoyTHUKA. [Ipe-
0JI0JIETH HEJIOCTATOK PEXKUMa [TacCUBHON I'DaBUTAIIMOHHON OpHEHTAINH, CBsI3aH-
HBIfl C MaJIbIM BPEMEHEM €ro CyIIeCTBOBAaHWS, a TaK»Ke MOBBICUTH KAaIeCTBO MU-
KPOTI'PABUTAIIMOHHON OOCTAHOBKM HA CIIYyTHUKE B 3TOM PEXKUME MOXKHO C IIOMO-
B0 JIBUTATEEH MAJION TITH, HAPUMED, KOJJIOWIHBIX SJEKTPOPAKETHBIX BU-
raresneit. IIpeamosoxkuM, 9To Ha CIyTHUKE YCTAHOBJEHBI 16 Takux JBUTATENEH
(em. pue. 7). Bee jgpuraresin oJHAKOBBI M CIPYHIUPOBAHbI B 4 OJMHAKOBBIX
yeTBepku. BHyTpu KaxKji0#f derBepKu JiBUraresin pasOuTbl Ha 1apbl. BekTophbl
TSCW JIBUTaTeJell IMapbl B3AaUMHO IPOTHUBOIIOJIOXKHBI M JieXKAT Ha OJHON JIMHUU
jeiictBust. JImHUM efCTBUS Tap 9eTBEPKU MEPECEeKaI0TCsl U B3aUMHO TIEPIICH JI1-
KyasgpHbl. OyHa U3 9TuX JUHU napajienbHa ocu Oxy, JApyras napasieabHa,
npsaMont x1 = r9 + xr3 = 0 nam npsamoit r1 = xo — xg3 = 0.

Toukm mepecevdeHusl JUHUN JEHCTBUS UYETBEPOK KMEIOT KOODIUHATHI
(a,+b, £b). Byech jomyckaercs: jobasi KOMOMHAIMST 3HAKOB. deTBepKa JIBU-
raresieil, JIMHUK JIeHCTBIsE Tl KOTOPBIX Liepecekatorcst B rouke (a, b, b), cozuaer
cymmaphyio tary F = (Fy, Fy, —Fb). AnanorudnbiMm 00pa3oM 9eTBEPKH, OTBE-
gatorue roukam (a, —b,b), (a,—b,—b) u (a,b,—b), cozpaor cymmapHbie Tsiru
G = (G1,G9,Gy), P = (P, — P, P») u Q = (Q1, —Q2, —Q2). ['maBubIii MOMeHT

TAT, CO3JIaBaCMbIX BCEl COBOKYITHOCTBIO JIBUTATEJICH, nMeeT BUuJ,

M = (M, Ma, M3),
My = —2b(Fy + Go + Py + Q5)
My =b(F1 +Gy— P, — Q1) +a(Fy — Gy — P+ Q)
Ms=bF -G —Pi+Q1)+a(Fa +Gy— P, — Q).

[Ipemionoxkum Juuisi IIPOCTOTHI, UTO TSI JBUraTEIei, OPUEHTUPOBAHHBIX
Bosib ocu Oxq, npunuMaior 3uadenuss 0 u N > 0. Taru jaBurareneii, opuen-
TUPOBAHHBIX BJIOJb NIPAMON X1 = o+ 23 = 0 wim 1 = x9 —x3 = 0, npuaRMAIOT
sHadenndg 0 uanm N/\/§ Torna Benuunnnl Fy, Gi, P, 1 ()1 MOTYyT IpUHUMATH
suadenunss 0 u + N, sequaunnl Fy, G, Py u Qo — 3navennsi 0 u +N/2. Boibop
9TUX 3HadeHuil npousBosed. Ecin B3sith [ = G = P = Q1 = Gy = Qo = 0,
FQIPQZN/QI/IJH/IFlzGl:Pl:leFQZPQIO,GQZQQZN/Q,
10 nosiyaum M = (=2bN,0,0). Ilpu F; = —Q1 = N, Gy = P = F, = Gy =
Py, = @y = 0 6ynem umers M = (0,20N,0). [lpu P, = —Q; = —N, F} =G, =
F, =Gy = P, = Qs = 0 noayaum M = (0,0,2bN). [lpu F; = —P, = N,
Gi=0Q1 =F =Gy =P, =@y = 0 nonyanm M = (0,20N, 20N). Hako-
Hell, Ipunu G1 = _Ql = N, F1 = P1 = F2 = G2 = P2 = QQ =0 MMOJIy49InM
M = (0,2bN, —2bN).

Bo Bcex yKazaHHBIX CJIydasixX IJIABHBI BEKTOp TAI' JIBUTaTejeil paBeH Hy-
JII0. DTO TpebOBaHME Jlajiee BCIOLy YINTBIBACTCA 0€3 JOIMOJHUTEIbHBIX OIOBOPOK.
IIporuBomnoioxKHbIe 3HaUeHns IV OJydaloTCs, €CJIU B BBIIMCAHHBIX COOTHOIIE-
Husix caenarsb 3amedbl N — — N, —N — N. CienoBarebHo, paccMaTpuBaeMast
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cucTeMa, JiBuraTesieil 1o3BoJsieT BbipadaTbiBATh yIPABJIAIONIUA MOMEHT, JiF0bast
KOMIIOHEHTa, M; KOTOPOro MOXKET HEe3aBHCHMO OT OCTAJIbHBIX KOMIIOHEHT IIpHU-
HuMaTh Tpu 3uadenus 0 u +20/N. Huxke orpanuumnmcs: ucciejjoBaHueM TOJIHLKO
9TOI'0 YaCTHOI'O CJIydasl, XOTs OH He MCUEPIBbIBACT BCEX BO3MOXKHOCTEH CHCTEMBI.

B pacuerax npunumasioch b = 2 m u N = 0.001 H. Takoe 3nauenue N mo-
JKeT 00eCIeInTh KOJIJIOU THBII 9JIEKTPOPAKeTHBIN JIBUTATEh. B HacTodIIee BpeMs
YK€ CyIIEeCTBYeT TPOEKT JIBUTATesis ¢ OJIM3KUMU Xapakrepucrukamu [16 — 18].
JBuraresib BKJIIOYAET JIBUKUTENb ¢ 6 9MUCCUOHHBIMU sideiikamu, 0ak ¢ pabouum
tesiom (20% pacrBop Nal B rumuriepune), GJIOK 9JIEKTPONUTAHUS, SJIEKTPOHHBII
Heiirpasinzarop. [lapamerpb! JiBUraresisi: CKOpoOCTh UCTEUEHUS 1TOTOKA MOHOB D
KM /¢, MakcumasbHast Tsra 0.016 H, rmybuna perynuposanus tsiru 0.0016 — 0.016
H, nocrosinnast Bpemenn uzmenenusi siru 0.001 ¢, momnocts 100 BT, npoekTHOE
BpeMst padborsl 100 1, macca pabodero Tena 1.2 Kr.

3aKOoH yrpaB/eHus JBUTATEIsIMA TIPU TTOAAEP>KAHUY TPABUTAIMOHHON OpH-
enrain (8) chopmupyem cieyionM obpasom. Beejem Besaunmbl

ag=v+Tw, a=0+7T(wy—wy), az3=pF+Tws,

rie 7 = 1000 c. IIpomecc ympaBiieHns paccMaTpUBaeTCs KakK ITOCIEI0BATEb-
HOCThH MIAroB BO BpeMenu. [ljuHa kaxkjoro mara cocrapjiser 5 c. Illar pas-
OuBaeTcs Ha JiBa IOJIIara: IMepBblil uMeeT JMHY 1 ¢, BTOopoit — 4 c. Eciu B
HavYaJIbHON TOuke mmara |a;| > 1, rae n = 0.01(~ 0.6°), To Ha nepBoM mHO/IIA-
re M; = —2bNsgna;; wa sropom mommare M; = 0 (i = 1,2,3). Eciu xe B
HavdaJ bHON TOUKe mara |a;| < n, To Ha Bcem mmare M; = 0. Kommonentsr M,
dbopmupyroTCest He3aBrCUMO JIpyT OT Jpyra. B ypashenust (6) nojcrapistiorcst Be-
muaudbl u; = M; /1. Homyausimiics Takum 0Opa3oM pexkuM OyJieM Ha3bIBATH
PEKUMOM aKTUBHOU I'DABUTAIMOHHON OpUEHTAINN.

Pesynprarnr nurerpuposanus ypasHenuii (6) mpu HaUAIbHBIX YCJIOBHAX (8)
¢ nobapsennbivu omrOKamu 0.01° /¢ 110 KaxK 107 KOMIIOHEHTE YTJIOBON CKOPOCTH
IpeJICTaBIeHbl Ha prc. 8 — 11. 9TU pUCYHKH aHAJOTHYHBI puc. 1 — 6. Puc. 8 ni-
JIIOCTPUPYET HAYaJIO JIBUKEHUS, B YaCTHOCTH, IIEPEXOTHOM IPOTECce, 0 OKOHYa-
HUU KOTOPOI'O BO3MYIIEHHOE JIBUYKEHUE CIIYTHUKA CMEHSETCs YyCTaHOBUBIITUMUCS
KoJiebanuaMu. [1pogo/KuTe/IbHOCTh MEePEXOHOT0 Ipoliecca — O0KoJIo 4 1. Ycra-
HOBUBIIINECsT KOJieOaHUsi 1TOKa3aHbl Ha puc. 9. YroJienus Ha rpadukax MUKPO-
YCKOPEHU COOTBETCTBYIOT CAUCTEMATUYCCKUM BKJIIOYCHUAM JIBUTATEJICH MaJiol
TP, D10 caenyer u3 puc. 10, 11, KoTopble WLIIOCTPUPYIOT KOPOTKHE OTPE3KH
JIBUPKEHUSI U Ha KOTOPBIX XOPOIIO BUJIHO IOIIAroBOe (PYHKIIMOHUPOBAHUE DJIEK-
TpopakeTHbIX jBurareseil. Kak BUIHO M3 PUCYHKOB, MUKPOYCKOPEHUsI B yCTa-
HOBUBIIIEMCs PEXKUME [IPUMEPHO TaKue 2Ke, KaK B JIBUKEHUSX, [1PEJICTaBJIECHHbIX
Ha puc. 1 m 4, T. e. KaK B pexKHMe IaCCUBHON I'PaBUTAITMOHHON OpUEHTAITUN, BbI-
CTaBJIEHHOM 0€3 BO3MYIIEHNsT HAYaJbHbBIX YCJIOBHI. DTOT PE3ysIbTaT MOKA3bIBAET,
YTO JABUTATEN MaJION TATU MPAKTUIECKN HE BHOCAT JOTMOJHUTEIbHBIX BO3MYIIIE-
HUIl B YPOBEHb MUKPOYCKOPEHUIA, JIOCTUTAaeMbIil B HarbOJIee yauHbIX peaJn3alli-
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sIX PEXKUMa, IIACCUBHOM I'DaBUTALMOHHON opueHTaluu. Hebosibiie Beiiecku Mu-
KPOYCKOpPEHMi1, BbI3BaHHbIE cpabaTblBaHUEM JBHUraTeseil, UMEIOT XapaKTepHYIO
gacrory 0.2 I'ty u, 1M0-BHMMOMY, HE ONACHBI JIJIsi dKCIIEPUMEHTOB 110 (DU3NKE
SKUJKOCTH U KOCMUYIECKOMY MaTePHUaJJIOBEJICHUTO.

Pacuernl nnoka3meiBalor, 4To Bapbupys napamerpaMu N, 1 U YBEJIUUUB JIJTUHY
nepBoro mojmara (B ymepb BropoMy) BHYTPU [UKJIA, YIPABICHUS JIBUTATEJSIMHA
OPHUEHTAIINH, MOYKHO YMEHBIITUTH aMILIUTY/Ibl YCTAaHOBUBIINXCS KOJIEOAHMI CITyT-
HUKA, HO 9TO MaJIO CKaKeTcs Ha MOJIydaeMblX MUKPOYCKOPEHUSIX.

Onenum Bpems pyHKIMOHUpOBaHus JBurareseii. Ha orpeske Bpemenn 0 <
t < 25103 66110 1426 BKIIOUEHUI JBUrATEICH, CO3A0IMX MOMenT M, 4346
BKJIIOUEHHI ABHUTaTEsel, co3aamux MoMeHT My, n 2082 BKIIOUEHHS JIBHUTaTE-
seit, coznatommx Moment Ms. Ha orpeske Bpemenn 0 < t < 55 - 10%¢ 6bu10
2961 BkIOUEeHMe aBuUraTesieit, cozparomux momeHT My, 8989 BKITOUEHUIT JTBU-
raresieit, cozmaonmx MoMeHT Mo, w 2190 BKIIOUEHMI aBUTATEsEH, CO3TAIOMIITX
momenT M3. Kak Bujium, jiBuraresu, cozjamomnme momentol My u Mo paborajin
CHCTEeMaTUYCeCKH, [IPUUEeM JBHUraTe/d, co3patoriue MoMeHT My Ha oTpeske Bpe-
MeHu JyinHoit 15.3 1 dpynkiuonupoBasu 2.5 4. Takum oOpa3om, UCIHOJIL30BAHUE
9JIEKTPOPAKETHDLIX JIBUrATEsell ¢ IPOeKTHLIM BpeMereM paborwl 100 1 1mo3BOJIAT
00€eCIeunTh PEXKUM aKTHUBHOW I'DABUTAIMOHHON OPUEHTAIMK B TedeHHue 25 CyT.
st yBemueHust BpeMeHn paboThl JBUTaTe el HeoOX0MMMa MOAU(UKAIUS TTPO-
eKTa, C yBeJUUeHneM 3amaca pabovero reja.

Conocrapienue puc. 4, 5 ¢ puc. 8, 9 M0JICKA3BIBACT CJIEAYIONMI CI10c00 yBe-
JINYeHnsl BpeMeH! I0JIeTa CIYTHUKA B peXKUMe I'PaBUTAITMOHHON OPUEHTAINH C
MaJIbIM yPOBHEM BO3MYIIEHHOI'O JIBUXKEHUSI U, CJIEJOBATEIHHO, C MaJIbIM YPOB-
HeM MUKpoyckKoperuit. Hamgo ncmonp3oBaTh 3/1eKTpOpaKeTHBIE IBATATEH TOJIHKO
JUUIST TallleHust n30bITOYHOIO BO3MYIIIEHHOI'O JIBUXKEHUsI, BKJIIOUash UX Ha, HECKOJIb-
KO YJacoB uepe3 KaxkKjable 3 — 5 cyT. B kauecTBe mpuMmepa Ha puc. 12 moKazaHo
JIBVXKEHNEe, KOTOPOE MOJIYIAeTCsl, €CJIM B IBUXKEHNUW, TIPEICTaABJICHHOM Ha pucC. 8,
B MOMeHT t = 15 - 103c orkmrounts asurarenn. [losydeHnoe IBUMKEHIE BeChbMa,
IIOXOXKe Ha JBWXKEHHe, IpeJICTaBJICHHOe Ha puc. 4.

Paccmorpum Terepb, 9To MOXKET JIaTh KOMIICHCAIMS CUJIbl a9PO/IMHAMUYECKO-
ro TopMmoxkenus ciyTHuka. CHadaJia oneHuM 3Ty cuiay. Ha puc. 13a npubejieHbl
rpagpuKu KOMIIOHEHT W MOJIYJIsl adPOJMHAMUIECKON COCTABJISIONIEH MUKPOYCKO-
perust b, = co4|v|v = (ba1, ba2, be3) B JIBUKEHUU, MPEJCTABICHHOM Ha puc. 9.
[TockobKy Macca ciyTHuKa cocTaBisier 7800 Kr, cuja adpojaruHAMUYECKOTI0 TOP-
Mmoxkenns: He npeBocxoauT 0.012 H. DyekTpopakeTHble JBUTATENN, PacCMaTPHU-
BaeMble B JIaHHOI pabore, uMetoT ryiyouny perynupoanus taru 0.1 — 1 maxcu-
MaJIbHOI'O 3HAYEHU S, TIOITOMY OJIHY M TY K€ CUCTEMY JIBUraTeseil MOXKHO UCIIOJIb-
30BaTh JJId MOJEPKaHI OPUEHTAIUN CIIyTHUKA 1 KOMIIEHCAIIUH JIeHCTBYIONME
Ha HEro CUJIbl adpOJNHAMUIECKOTO TOPMOYKEHMSI.

OnucanHas BBIIIE CUCTEMa JIBUTaTesell He 0DeclednBaeT MOJHYI0 KOMIIEHCA-
A0 CUJIBI adPOAMHAMUYIECKOIO TOPMOXKEHUsI, TTIOCKOJbKY OHa HE MOXKET CO3/1a-
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BaTh TArY BJ0Jb 0cu Oy, JTOIOJIHUM 3Ty CUCTEMY YeTbIPbMsl JIBUMATEJISIMU, J10-
O6aBUB 110 OJHOMY B KaKJIyi0 4eTBepKY. JIMHUM JIeficTBUs TSI HOBBIX JIBUrATeei
POXOJiAT Yepe3 Touku (a, +b, £b) u napasuiesnbhbr ocu Oxo. Tsru HOBBIX JIBUTA-
Tejieil B Toukax (a, b, £b) manpasienbl BIob oct —(OTy, TATH HOBBIX JBUTATE-
Jeit B roukax (a, —b, +b), nanpasyensl Bj1oib ocu Oxs. [lo-nipeskuemy pauraresiu
CYUTaEM OJMHAKOBLIMU, TSIy OJIHOrO JBHUTaTe st 0b603HauuM N. ZlcHO, UTO 1pH
N > 0.06 H pacmupennasi cucrema MoKeT 00€CIednTh IMOJHYI0 KOMITIEHCAIIIIO
CUJTbI a9POIMHAMUIECKOTO TOPMOXKEHUS.

He BraBasich B nojapobHOoCTH (POPMUPOBAHKS 3aKOHOB YIIPaBJICHUS STOH CH-
CTEMO, TPEJIOJIOKIM, ITO OHa, MOJHOCTHIO KOMIEHCHUPYET CHJIY a3POJIMHAMU-
YeCKOI'0 TOPMOXKEHMsI, T. €., obecrieunBaeT paBeHcTBO b, = 0. OnucaHHblii BbIIe
criocod popMuUpoOBaHus yIIpaBJsifoniero Mmomenta M 1pu 3ToM He HapyIIaeTcs.
PesynbraThl paciera MUKPOYCKOPEHHUil ¢ HYJIeBbIM 3HaueHneMm b, IpuBeIeHbl Ha,
puc. 13B. 31ech mpegcTaBieHbl TpadUKi KOMITOHEHT U MOJLYJIsT TIOJTHOTO MUKPO-
yckopenusi b. I'paduku mosydenbr jijist JBUXKEHUS CIIyTHUKA, IIPEICTABICHHOIO
Ha puc. 9. /i cpaBHenus Ha puc.130 npusejieHbl I'padUKd MUKDPOYCKOPEHHUSI,
B3siThie ¢ prc. 9. KoMrencanust cuiibl aspoiMHAMITIECKOTO TOPMOXKEHNsT HECKOJTh-
KO YMEHBIIIUJIA II0JIHOE MUKPOYCKOPEHHe, HO He HAaCTOJbKO, YTOOBI OIpaB/aTh
ee MCToJb30Banne. HamoMHuM, 9TO celaHHbIe ONEHKN OTHOCSTCS K WJeaJn3u-
POBAHHOI CUTyallu. TakuM 0Opa3oM, COBEPIIEHCTBOBAHUE IIPUHSITOIO CIIOCODA,
YMEHBITIEHUST MUKPOYCKOPEHHUH CJIeyeT HaduHaTh C yJIydIeHusT 3aKOHa yITpaB-
JIEHUST BPAIATEIbHBIM JIBUXKEHUEM.

6. 3akJjroueHme. B janHoil paboTe MoKa3aHa BO3MOXKHOCTb MSI'KOW CTa-
OMJIM3aIM PEeKUMa, TPEXOCHOW TI'DABUTAIMOHHON OPUEHTAINKM HCKYCCTBEHHOI'O
CIIlyTHHKA, 3eMJIH, IIPeJHAa3HaAYeHHOIO JIJI MHKPOTPABUTAIIMOHHBIX HCCJIEI0Ba-
Huii. [Ipu srom OyjiyT obecriedeHbl Kak MaJiblii yPOBEHb MUKPOYCKOPEHMUI, Tak
1 MaJiasg 00JacThb U3MEHEHHUsI BEKTOPa OCTATOUHOIO MUKPOYCKOPEHHSI B CBSI3aH-
HOWi CO CITYTHUKOM CHCTEME KOOPANHAT. PaccMOTpeH bl BAPUAHT NCIOJIH30BAHUS
JBUTATENICIl MAJION TSTH TPUHITUIHAIBLHO OTJMYaeTCst OT BapuanTa [19], B KoTo-
POM TakKue JIBUIATeJId IIPEJJIaraeTcsa HCIOJb30BaTh JIJId IIOJHONR KOMIICHCAIHH
OCTATOYHOI'O MUKPOYCKOPEHUs. BO-11epBbhiX, MOJIHAs KOMIIECHCAIUS MOXKET ObITh
JIOCTUTHYTa JIKIIIL B OJIHOM TOYKE CIIyTHHUKA, TOI/Ia KaK B PACCMOTPEHHOM BBIIIE
BapuaHTe PUEMJIEMbIH YPOBEHb MUKPOYCKOPEHH T 00eCIIeTnBaCTCS TPAKTHICCKH
B J11000i1 Touke 6opTa. s criyTHUKA ¢ OOIMKUPHON MPOrpaMMOiil SKCIEPUMEHTOB
1 OOJIBIITUM 9HCJIOM SKCITEPUMEHTAJIbHBIX YCTAHOBOK yKa3aHHOE OTINYINE CyIIe-
cTBeHHO. Bo-BTOpPBIX, peann3aliust MsCKOi aKTHBHON I'DABUTAIIMOHHON CTAOUIN-
3aIMH [103BOJIIET 0O0ATHCH TPAIUIIMOHHBIMY JIATUNKAMU OPUEHTAIUN CIIYTHUKA,
KOTOpBIe ucnosb3yiores Ha kopabusisix "Coros", "Ilporpecc'n cnyrnukax "®o-
tor". Bapuant mosiHoil KoMIeHcaruun TpedyeT HCIOJb30BaHus 0OJiee TOUHONW u
JIOPOTOCTOSIIEN M3MEPUTETHLHON armapaTyphl.

Jannas pabora BbIoJHEHa B paMkax npoekta PODOU 05-01-00451.
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