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B nepBo#t yactu cobpaHel paGoThl ceMHHapa «Teopust moJera M yo-
paBJieHHs1 KOCMHYEeCKHX annaparoB», NOCBsILUEHHbIE 3agadaM ompeje-
JIeHHs] U KOpPDEeKUHH KOCMHYECKHX TPaeKTOpHil M 3ajauyaM HccienoBa-
HMsl ONMTHMaJbHBIX TpaeKropuit. Bo BTopo#t yacTH cobpansl paboThl
cemuHapa «MccnenoBanne Bepxneit armocdepbl 3eMau no TopMoOXe-
guio MC3». Pa6orbl NocBsilLieHBl aHAJU3Yy BJIMSIHMSI CONMpPOTHUBJEHHSA
atMocdepbl Ha 3BOJIOLMIO CMYTHHKOBBIX OPOMT, H3YYEHHIO BapHalui
MJIOTHOCTH aTMocdeprl, BONpocaM IIPOTHO3HPOBAHHA IJIOTHOCTH art-
mocdepnl npu pacuere op6ut MC3.

H3nanHe paccyMTaHO Ha CNEIHAJHCTOB B OOJIAaCTH PaKeTHO-KOC-
MHYECKOH TEXHHKH.

Penkoanerus:
I1. E. 3J/IbJCBEPT (oTB. penaxrop),
B. B. KYTAEHKO (3am. ors. pexa.),
I. A. MEPCOB, B. L. BAXIIIHSAH

0265—0633
m 425—73 © MHsnareanctBo «Hayka», 1973 r.



b. L. baxwusan, H. T. Xasencon, II. E. dabacGepr

AHAJIU3 TPAEKTOPHUHM NEPEJETA
C HUCHNOJIb3OBAHHEM TPABUTALLMOHHOIO MmNOJA
IONMUTEPA

B Hacrosieli pabore ucciaeayercs BO3MOMXKHOCTb HCIOJb30BaHHS
taroteHusl IOnurepa (maccHUBHBIH IpaBUTALMOHHBIH MaHEBp) C LEJbIO
npoJsieTa B HenocpeAcTBeHHOH 6.u3octd or CosiHIAa (Ha MHHUMaJb-
HOM pacCTOsIHUM Rjy) M BBIXOJA M3 IVIOCKOCTH SKJIHNTHKH. B 3ToM
cayuae HeoOXonuMO oGHapyXHThb KocMuueckuil anmapar (KA) moc-
Jie NoTepH paAnocBsa3H ¢ HUM npH obaere IOnurepa. B pabore ompe-
IeNsoTCS TOYHOCTH 3HaHus mnosoxenus KA mocsie mMaHeBpa, a Tak-
JKe paccMaTpuBaercs BO3MOXKHOCTb YTOUHeHHsl Macchl lOmnurepa mo
JaHHBIM u3MepeHui. Mccienyemble TpaeKTopuu BbIGHpAIOTCS 3HEp-
reTHYecKH ONTHMAJbHBIMH MNPH YCJOBHH, uTO mocje mposera lOmu-
Tepa resjuoueHTpuueckass op6ura KA uMeer paccTosiHWe B mepure-
JINH, paBHOe 3aJJaHHOMY 3HaueHHI0 Ry, U Hak/JoHeHue {=90° K mio-
CKOCTH 3KJHNTHKH.

1. BpiGop TpaeKTOpHM KOCMHYECKOro ammaparta

ITpu pewenuy 3ajaun paccMaTpHBaeTcs cJjelylollas MOJedb ABU-
xeHusi KA: Bcsi Tpaekropus pasbuBaercss Ha ueTbipe HemepeceKalo-
IUXCsA TOCJEeNOBaTebHbIX yu4acTKa, B Ipejesax KaxAoro u3 KOoTo-
PbIX IBHXKEHHE NMPOUCXOJAHUT B TIOJIe LEHTPaJbHON CHJIBI IO KellJiepOoB-
ckoit opbure (3emas, Conuue, IOnurep, Couanue). I'panuub yua-
CTKOB OmpeJesstoTcs paaMepaMu chep melictBus 3emad u IOmurepa.
Huxe nanaraercs MeToiuka pacyeTa HauyaJbHBIX YCJIOBUH ABHXKE-
nust KA Ha KaX10oM yyacTKe TPaeKTOpHH.

Hauaububie ycioBus7,V, 0,1 1Js1 re1MoneHTpHYecKOil TpaeKTo-
pun nepesera or 3emiu K IOnuTepy, a TakxKe reoleHTpUUECKas CKO-
poctb ©; Beixona KA u3 cdepbl melicTBus 3eMsHd U HOBHOLEHTpHUE-
CKasl CKOpocTb ¥, Bxoga KA B cepy neiicrus IOnurepa onpenens-
loTcsl U3 peuleHusi ypaBHeHus JlamGepra. Ilouck onTHMaJbHOH Tpa-
exTopuu nepesera ot 3emuau K lOnurepy Bepercs MeTomoM nepe6o-
pa no napamerpam 1, T (v — Aara crapra, I —BpeMs nojera M0
IOnurepa). B miockocTH 3THX MapaMeTpoOB CTPOSATCS U30JHHHH CKO-
pocTH vy M rpaHulla 06JacTH CYLleCTBOBaHHs pelneHus. M3oaunuy,
Kacawoulyecss rPaHHIB], COOTBETCTBYIOT MHHHMAJbHOMY 3HaueHHUIO
U1, a MOJIOXKeHHe TOUKH KacaHHs ompefesser AATy CTapTa ¥ MpoaoJ-
XKHTeJbHOCTL ToJsiera no lOnurepa mo ONTHMAaJNbHOH TpPaeKTOPHH.
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[Tpyu BHIGpAHHOM BEKTOpe CKOPOCTH ¥U; MOXHO ONpEeLeNUTb MOJO-
skenne KA B MOMEHT cTapTa ¢ KpyroBod opOHTH MO 3aJaHHBIM 3Ha-
YeHUSIM T'eOLEHTPHYECKOTO HAKJIOHEHHUs i@, paguyca rg M KOOp.IH-
HaT TOuKH crapTa Ha 3emie. [lns ompeneseHnss BOCXOAsIIero ysia
op6uTH Q@ B reoNEHTPHUECKON 3KBATOPHANbHOH cCHCTEMe KOOpAH-
Hart E, m, { “MeeM ypaBHeHHe

asinQg —bcosQe + ¢ =0,

a =10y sinig, b=10ysinig, C€=0,;C08ig,

(1.1)

KOTOpOE cJelyeT H3 MepneHAHKYJISPHOCTH BEKTOpa KHHETHUECKOro
MOMEHTA U BEKTOpa CKOPOCTH y. I1pu BBINOJHEHHH yCaQBHs a2+ b2—
— ¢2>0 ypaBHenue (1.1) umeer nBa peuenus:

—ac+bVarFo2—c?

sinQg, = s ,

(1.2)
o8 2oy = bc+a]::_2!___;@;
SinQg, = _ac——y:_‘i:__m__cf ,

(1.3)
05 Qgy = be —aVa®+ b2 —c? .

a? |- b2

Hec/0XXHBIM reoMeTpHYeCKHM TNOCTPOEHHEM MOXHO ONpelesuTb
JOJITOTY We mepures runep6osnyeckoll opOUTHI Ha TeOLEHTPHYCCKOM
yyacTKe TpaekTopuu. 3HaHue ig, Qg ®p H paguyca Kpyropoi reo-
LleHTPHYECKOH MpPOMEeKYTOYHOH OpOHTHI TO3BOJSET BLIYHCAHTbL Ha-
yanbHble ycaoBuss KA B mepuileHTpe ero rumepG6osiHYecKoil TpaeKTo-
puH.

HavanbHble ycsoBUSI Al TeIHOLEHTPHYECKOH TPAeKTOPHH ToJe-
ta ot lOnuTepa mosioXHUM paBHBIMH KOOPAMHATAM H KOMIIOHEHTaM
ckopoctd KA npu Boixozne ero u3 cdepnl peficteus IOnurepa.

IlepeiineM x ompeneseHHI0 HAYaJbHBIX YCJOBHH JJS HOBHOLEHT-
puueckoro yuacrka tpaekropun KA. B moment Bbixoza KA us coe-
pbl gerictBus IOnuTepa pacCMOTPUM BEKTODPHI I'eIHOLEHTPHUYECKOH H
HOBHOLEHTPHUECKON CKOpocTell 032 H U3 KA (v3=vs), BEKTOpHI IO-
noxenuss Ry u ckopoctu V, IOnurepa ornocurensuo Cosnua.
BBeleM TakKe HOBHOLEHTDHYECKHE CHCTEMbl KOODHHWHAT X, Y, 2

H x, Yy, 2. OPTH CUCTEMBI X, Y, 2 BHIPAXKAIOTCS Yepe3 OpPTHl TeJHOLECH-
TPUYECKOH 3KJUNTHYECKOH CHCTEMbl KOOPAMHAT X, Y, 2 N0 popmyJsiaM
~ 2°XR, ~ ~ ~
Ozo_’yl):z‘)xxo’ zl):zo. (1'4)

| 2°XR,|



Koopaunath cucteMm X, Y, 2 ¥ X, Y, 2 CBSI3aHBI MeXAY CO60H COOTHO-
HIEHUAMH

1 0 0
X 0 — _RJ_.;IN . RJ; X
7= R, R, g (1.5)
7ol 2= Ra);
R, R,

Ina pocthxenusi HawJoHeHusi 90° opbut.l KA K miockoctd skium-
THKY CKOPOCTb O3 JOJKHA JieaTb B IUIOCKOCTH yz(vf,:;= 0). dtomy
YCJIOBHIO COOTBETCTBYET COOTHOIIEHHE

2 2
( —V ~)2 (U:;—-VJ;)2=02—VJ;. (16)
Brinosdenye YCGIOBHSA TIpoJieTa KA Ha 3ananHOM pacCTosiHUH B IEpu«

renad Ry or Comuua (mocne Boixoga KA u3 coepnl aefictBust HOmurepa)
NPUBOJUT K YPaBHEHHIO

R;(Ry+R))
ZP'SRII

RaR;

B —
( “) 2ug (Ry — Ry)

(L) =1 (1.7)

(us — rpaBuTauoHHbI mapameTp CosHua), KOTOpoe CJeAyeT M3 MHTer-
paioB 3Hepruy ¥ ILIOMIAJieH KeIJIEPOBCKOrO TeHOLEHTPHYECKOrO JBHIKe-

Hus.
Peuenne cucrembl ypasuenuit (1.6), (1.7) ve ognosnauno. Orpanu-
4UMCs cydaeM vja >0, YTO COOTBETCTBYET MOJETYy C MHHUMATbHBIM

BpeMeHeM (yroa mepesieta menbmie 180°). 3HaK cocTaBJsiolel vy onpe-
AesisieT HanpasJeHHe JBHxenus K CoJsHiy: JHOO BBIXOA B CeBepHbie
IIAPOTH SKIMNTHKU (Ugs > 0), mbo B toxHupie (055 < 0).
ITo CKOpOCTﬂM Bxona KA B coepy neiicteusa lOnurtepa 0, 0 BbiXOKa
U3 Hee ¥y = 03 — V; MOryT GbITb pacCuuTaHbl HAyaTbHbE YCJIOBHS rd,
ol HOBHOLIEHTPUUECKOH OpOMTEl Ha MOMEHT BXOAa B cepy MAeACTBHS
IOnurepa. [lsist perenusi 3Toi 3ajaid BBeJeM HOBUOLEHTPAYECKYIO CHCTEMY
KoopauHaT x', y',2', OpTol KOTOpOH ompenesisloTcss no opMysam
(x')ozm, (y')ozﬁ, (') — _T2XT5 (1.8)
| 93 X 03X Ds | Dy | 22X 03]

B cucreme x', y’, 2’ monyuaem ciexyioune GopMysibl  pacuera Ha-
YaJbHbIX YCJIOBHI:
0
o = 0, = [ (1.9)
0



_l/t
2 B
@ Polws Mo, L 4.,,,«)
rogr = wyco8— | — —2—u,sin*~- + v, sin®* - ,
ox Wy 5 (rj r, 2 2+ 2 5

> 5 (2)
==V —rh, e =0, (1.10)

rae f — yros Mexny BeKTOPaMH U, U U3, ry — paxuyc cdepnl Oefcr-
Busa IOnurepa, uy — rpaBuraunoHHbi napamerp lOnurepa.

2. OnTuMaJbHas CTPAaTerusi NPOrHO3UPOBaHHUS
TPAeKTOPHH KOCMHMYECKOro anmapara

Huxe onenuBaetcsi TOYHOCTb NPOrHO3HPOBAHHS HEKOTODPHIX Mapa-
MeTpoB BbIOpaHHO! TpaekTopuu moJseta K IOnurepy. Ilpensapuresns-
HO H3JIOKHM MeTOJIHKY BBIUHCJIEHHs] YKA3aHHBIX OLEHOK.

[Tyctb Tpaekropust KA oxHO3HauHO ompefiesisieTCsi BEKTOPOM g =
=(q1, g2 .-, gr)T (3HaK T oO3HauaeT omepauuio TPaHCIOHUPOBAHHS;
BCe BBOAMMBIE B JaJbHeHllleM BEKTOPHl CUUTAIOTCS BEKTOPaMH-CTOJO-
amu), a oueHkKa [ HeKOToporo mapamerpa [ (g) BBHIUHC/IAETCS MO
dopmye

P r ~
I=1)+Z (D—D(q), 2-1)

rae q°— anpuopHOe 3HAueHHe BEKTOpa ¢ (WM ero 3HauyeHwue, MoJy-
yeHHoe myTeM 06paboTKH TpaeKTopHbIX HaMepeHnuii); D(q) = (D), Dy,

.., D) — BekTOp u3MepsieMblx GyHKuuii;D — n3mepeHHoe 3HaueHue
Bektopa D(q); Z = (2, 23, ..., 2y) T — BeKTOp, ONpeleNsIouuii crnocob
06paboTKH H3MEepeHHUH.

N3 (2.1) HeTpyIHO TIOJYYHTb, YTO C TOYUHOCTBIO 1O BEJHUYHUH IO-
panka |q°— q*|* (g* —ucTuHHOe 3HaueHue BekTopa ¢) oumHubKa

6l=f—l(q*) B onpejesieHuH napamerpa [/ Belpaxaercs no ¢opmyae
8 =2Tp+ (B—AZY (¢ —¢), 2.2)

rae p= D—D(g*) — Bektop omHGOK H3MepeHHi;

T ~
B = (M) A= lw —Marpdua pasMepHoctd B X N.
aq q=q° aq q=q°
BBoas o6o3Hnauenus
e=1(00y .-, PN+k)T = q°f-q* — COCTaBHOA BekTOp,  (2.3)

A=||[AE|| —cocraBHasi MaTpHIla pasMepHOCTH & X (N+k) (E—
eIMHHYHAas Marpuua), nepenuiuem (2.2) B Buze

8= XT"p, (2.4)
AX =B (2.5)
(toxaectBo (2.5) caenyer uz o6o3Hauenuit (2.3)).
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O6osnauas uepe3 o; (i=1, 2, .., N+k) MakcHMaJbHbE anpHop-
Hble OIIMOGKH TPAeKTOPHBIX U3MEPEHHH M alNpHOPHBIX NAHHBIX, HMeeM

il <o (=12, ..., Ntk (2.6)

PaccMoTpuM 3ajauy ONTHMaJbHOIO NPOTHO3HPOBAHHS MapaMer-
pa [ pas ciayyas HamOosiee HeOJarompUsiTHOW KOPPEJISALHH MEXIY
omIHGKaMH p; TpH ycJaoBuH (2.6):

N+k

L = minmax 8! = 3} o;|x;l, 2.7
X Pi i=1

AX =B. (2.8)

MoxHo mnokasartb, 4To peuleHde 3agaud (2.7) (2.8) Haxomutcs u3
pelleHHs 3afauy JTHHEHHOrO POrpaMMHPOBaHHS

N+k
L = min 2 0 (*1i + X20), (2.9
i=1
AX,—X,)=B8B, (2.10)
x1[>0y xz[>0, (2.11)
rae X, = (X, Xigy -+ xl(N+k))T’ Xy = (Xop Xg9 + -+ » xZ(N+k)T'

M3 cpoiicts 3agaun (2.9) —(2.11) ymuefinoro nporpamMmuposanus [1]
u ee cooTBeTcTBHA 3ajaue (2.7), (2.8) cmexyer, 4To BeKTOp X COZEPKHT
k (a mpu BeipoKIeHUH He GoJsiee k) HEHYJEBRIX KOMIIOHEHT, M3 KOTOPBIX,

BooGie roBopsi, KoMmoHeHTsl xy", x, ...  x%¥ (0 <m < k) cootser-

cTByIOT TpaekTopHbM uamepennam DY, DY, ... D%, a koMmmouentsl

P 2P, ..., #2, 0TBEYA'OT ANpPHOPHHIM JAHHBIM.

. - {
Tak xak BennuuHbl Xx{” = (B — AZ); we paBHb HyJiO; TO COOTBET-

CTBYIOUIHE KOMIIOHeHTsI g\ BEKTOpA ¢ TNPH BBIYHCICHHH OUEHKH TOY-

HOCTH MpPOrHo3a (2.2) NPHUHMMAIOTCS PABHBIMH HX ANPHODHBIM 3HAYEHHAM

(
(¢*)°. OcTaibHble m BeJHYHH g, COOTBETCTBYIOUIHX PaBHBIM HYJIIO KOM-

TOHeHTaM Xy = (B — AZ);, ompefensitoTcsi MO JaHHBIM TPAaGKTOPHBIX
usmepennit D, D&V, ..., D%

Takum ob6pasom, peumenue 3axauu (2.9) — (2.11) ompegenser on-
THMaJsibHOe (B CMBIC/IE MPOTrHO3UpPOBaHHusA mapamerpa [(g)) pasGue-
HHe BEKTOpA § Ha «YTOYHsSeMble» U «HEYTOUHsSeMble» B mpolecce 06-

pa6oTky u3MepeHuil BequuuHbl. M3 HHBIX cOOBpaKeHuil 3TOT pe3yJib-
TaT GblJI MOJYYeH B [2].

[TpuMeHssl U3JICKEHHYIO METOLUKY OLEHHUBAHHUS AJs TPaeKTOpHH
noJsera k lOnurepy, B KauecTBe KOMIOHEHT BEKTOPa § BO3bMEM COBO-
KYIHOCTb CJIeJYIOLIMX MOCTOSHHBIX: HayaJsbHble YCJIOBHA Xo, Yo, 20,
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ox, Voy, Uoz ABMKeHHs KA, 3ajaHHble B MOMEHT €ro crapra ¢ Kpyro-
BOji reoleHTpUUECKOH OpOHTHI; PAaBUTALMOHHBIA mnapaMerp 3emiu
W ¥ HauasbHble YCJIOBHUS Xg, YE, 25, VEx, UEy, Ur; €€ JABUXKeHHS, 3a-
naHHble B MOMeHT cTapta KA ¢ KpyroBo#i reoueHTpHueCcKoi opGOHUTHI;
rpaBUTalOHHBIA napaMerp lOnutepa pe U HayajJbHbIE YCIOBHS Xg,
Ys, Zs, Yoz, Usy, Ug: €O ABHIKEHMS, 3aJlaHHble B MOMeHT Bxoga KA B
chepy mefictBus lOnurepa; KOMNOHEHTH Ukx, Ury, Ur; BEKTOpA KOP-
pexuuu Tpaekropuu KA, Bk/aouaeMble B ¢, eClM KOPPEKILHsl NPOU3-
BOJHUTCA B 3aflaHHHII MOMEHT BpeMeHH fp. KoMmnoHneHram BexTOpa ¢
B COOTBETCTBUH C MOPAAKOM HX INepeyucJeHHs CONOCTaBUM HOMepa
i=1, 2, ..,23 1 MakcuMaJbHble 3HAYEeHHUS 0;* TOYHOCTEH aNpHOPHOTO
3HaHUS.

B xauecTBe TPaeKTOPHbIX H3MEPEHHH paccMaTPHBAIOTCS H3Mepe-
nus panbHoctTd D u paauanbHoi ckopoctd D KA oTHocuresnbHO H3-
MEepHUTeJbHOTO NYHKTa, Haxoasuerocs Ha 3emde. [lpeanonaraercs,
4TO HA IeOLEHTPUYECKOM, IeIHOLEHTPHYECKOM H HOBHOLLEHTPHUYECKOM
yuyacTkax TPaeKTOPHH H3MepeHHs MOTyT NPOHU3BOAMTLCS C HHTEpBa-
namu 1 wac, 2 cytok, | cYyTKu COOTBETCTBEHHO, @ TOUHOCTHBIE XapaK-
TEPUCTHKM O; U3MepeHHs NaJbHOCTH MJIM paauaibHON CKOpOCTH
OCTAIOTCSl B T€YEHHe M0JIeTa PAaBHBIMU NOCTOSHHEIM Op ¥ 0. [nd He-
KOTOpPOTrO MOMEHTa BPeMEHH !, Ha 3rane obsera lOmuTepa Hccaeny-
eTcsl TOYHOCTb NMPOTHO3UPOBaHUs mapaMerpa Dy M KOOPAUHAT Nn, {n
KA B cucteme 0, {, UMelolle# Hayaso B Touke 7 (9% #,") u ocH, Haml-
paBJIeHHe KOTOPbIX ONPeeJsIIOT OPThI

o O = XO@ ) EXI (@ b))
|r(q0, tn)_ rr(tn)‘v qov tn) ' l r(qoy tn)—— r,. (tn)| ’
2.12)

rae r-(fn) — BEKTOp KOOPAMHAT U3MEPHUTENbHOIO MYHKTA.

HocTaToyHo TOYHOe NMPOrHO3HpOBaHue nmapameTpoB D, 7, { naer
BO3MOXHOCTb 0OHapyxuBatb KA mpu ceancax cBsi3u Bo BpeMsi o6Jie-
ta IOnurepa.

Hns paccmatpuBaeMoii cxeMbl ABnkenuss KA mpoussoanbie 1o
HayalbHBIM ycaoBusiM KA u mianer (marpuua A u sexrop B) Bhl-
YHUCJSIOTCS 1O KOHEuHBIM dopmysam [3].

Hns cnyuas kemjeposckoro AhxkeHuss KA Ha nHtepBane BpeMe-
HH [fo, {] OKOJIO MPHUTATHBAIOUIErO Tesia ¢ I'PABUTALMOHHBIM Napa-
MeTpOM L MOXKeT GhiThb mosiyueHa ¢popMyJia

r
avmnzi(

r () r(,)
0 () 0 (t,)
(D (¢, fo) —nmepexomHasi MaTpuIa), HUCNOJL3YS KOTOPYIO HETPYAHO
paccyuTaTb H30XPOHHble NPOM3BOJHBIE OT MAapaMeTPOB TDPaeKTOPHH

KA no rpaBuTanHOHHBIM TOCTOSSHHEIM 3eMan u IOnurepa Ha j060oM
ydacTke opOUTHI.
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Ta6auna 1

oF | ounska mpormosa | wavos wowepa T | ponaniaon apoct o cemi
8D, 15=50 mjcex 37810 14 15 16 |0,7 17,4 57,4 108,0 178,0
17 18 19 20 252,0 318,0 348,6 359,6
410,6 412,6
415,6 | 0np="6,2-10% xkxu 3781014 1516 |0,7 17,4 57,4 108,0 178,0
17 18 19 20 252,0 318,0 348,6 350,6
i 382,6 410,6 412,6
8p=1,3-10% xn 67810 14 15 16 |0,7 17,4 57,4 108,0 178,0
17 18 19 20 252,0 318,0 348,6 350,6
382,6 410,6 412,6
8D, =147 m/cex 710 15 16 17 20 [0,7 1,4 21 4 59,4 112,0
178,0 2 6, 318,6 348,6
356,6 388,6 410,6 426,6
442,6 446,6 447,6 447,6%
447,6 | 61, =8980 xx 3781015 16 17]0,7 19,4 65,4 122,0 124,0
224,0 290,0 348,6 350,6
392,6 410,6 912,6 439,6
445,6 447,6 447,6%
80n,="7,4-104 xkn 710 15 16 17 20 |0,7 1,4 21,4 59,4 1054
180,0 254,0 318,0 348,6
350,6 390,6 410,6 427,6
441,6 446,6 447,6 447,6*
Ta6auma 2
Iy, Suy, HeyTounsiemble mapa- | Bpemena usMepeHufl, Ja/TbHOCTH H Dafvalib-
cymxu 0—“ MeTpHl, HOMepa HOM CKOpOCTH (*), cymKu
455,3 | 1,00 257810 14 15 |411,3 416,3 418,3 440,3 446,3 448,3
17 448, 3% 449,3 450,3 453,3 455,3
465,3 10,66 125781517 |411,3 419,3 433,3 446,3 447, 3447, 3*
4483 449,3 450,3 455,3 461,3 463,3
475,3 {0,55 125781516 |465,3 411,3 421,3 439,3 445,3 446,3*
448 3* 448,3 449,3 451,3 458,3
468,3 470,3 474,3
485,3 0,38 35715 411,3 416,3 429,3 440,3 446,3 447,3
448,3 449,3 451,3 460,3 464,3 468,3
472,3 480,3 482,3 485,3



Huxe npusoastcs pesysbTaThi BBIUHC/IEHHH LS TPAGKTOPHH, KO-
TOpas BBIXOAHT mocJie o6sera JOnuTepa B ceBepHble MIMPOTH 3KJIHII-
THKH H TIPOXOAHT Ha paccrosiiuu 0,1 a. e. ot Counua. [Ipu nosere
no sroii TpaeKTOpuH KA OTpe3ok BpeMeHH, B TeueHHe KOTOPOTO He-
BO3MOXHA PalHOCBA3b ¢ 3eMJeH, IPHHANJIEKHUT HHTepBaay oT 448,3
1o 449 cyrok. J1ns anpHOPHBIX TOYHOCTHBIX XapaKTepPHCTHK BO3bMeM
IJisl mpuMepa cjelyollue 3HayeHHs:

Op=1lkm oy =107 gn - cex™, of = of = 0% = 100 km,

0 =07 =05 =01 km-cex™, 0F=0,5xm - cex?

0y =05 =07, =500 km, of =0 =0%=10"2Kkmu - cex,

o = 104 km® - cok™, 05y = 0% = oy = 103k m,

O = Oty = 0 = 1072 km - cek™, 05 =05 = 05 = 107 km - cex™!

B sToM ciyyae moctaTouyHas TOUHOCTb 3HaHHSI KoopauHat KA B Kap-
THHHOI IUIOCKOCTH IJIaHeThl leJH (MopsilzKa ero paauyca) MOXKeT
ObIiTh MOsyueHa npu oOpaborKe u3MmepeHui mocse tx=330 cyrok mo-
Jera.

B Ta6n. 1 mpencraBieHbl pe3ysbTaThl pacueTroB npH fp=348,57
cyToK, t,=449,27 cyrox.

B ra6.1. 2 npuBoAATCS pe3y/bTaThl pacyeToB IJIS CJyuas MmoJeTa
KA Ge3 KoppeKkLuH ero op6HTH ¢ ILesblo yrouHeHus: maccol IOnutepa
O NAHHBIM TPAEeKTOPHBbIX H3MepeHHiH Ha HOBHOLEHTPHUYECKOM yyacT-
ke npu op=10 #, 6 p=0,1 cm/cex.
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3. P. Barrun. HaBenenue B KocMoce. M., «Mauiunoctpoenue», 1966.
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H. A. diicmont

KOPHAOPbI BXOJA B ATMOC®EPY MJIAHET
NMNPH NMPOBEJAEHWHU MAHEBPA 3AXBATA
KOCMHUYECKOIO AIMAPATA
A3POAUHAMHYECKHM TOPMO)XEHUEM

Kak nokasano B paborax [1—4], mepexos KocMuuecknx ammapa-
TOB, ABHXYIIHUXCS OTHOCHTE/IbHO INIAHETHl M0 THNep6OoIHYecKUM Tpa-
€KTOPHSIM, Ha OPOMTHI CIIYTHUKOB IIAHETHl C MIOMOIUBIO a3POJHHAMH-
YEeCKOro TOpMOXKEeHUsI B aTMocdepe MOXKeT JaTb 3aMETHbIH BHIUTPHILI
B II0JIE3HOM T'py3e 10 CPABHEHHIO C PAKeTOJHHAMUUYECKHM TOPMOXKe-
uueM. OXHAKO 3TOT cnocol TexHuYeckH GoJiee CJIOKEH, TaK KaK Tpe-
OyeT NpHMEHEHHS TeIVIO3aIUUTHBIX 3KPAHOB M MOBBLILEHHBIX TOYHO-
CTeil OmpeleJieHdss ¥ KOPPeKUHH TPaeKTopHu. B ymoMmsHyThIX paGo-
Tax JAlTCS OLEHKH BO3MOXHOCTEH Pa3/MYHbIX HaBUI'AllMOHHBIX CH-
CTeM B CMBbICJIe JGCTHXHMOH TOYHOCTH ONpeJesieHHss TpaeKTOpHi.
OTH OEHKH CONOCTABJSIOTCS C pacloiaraeMbIMH KOPHAOPAMH BXO-
Jla anmnapaTtoB C Pas3JHYHbBIMH 3HAUYCHHUSIMH a3POJUHAMHYECKOTO Ka-
uecTBa. [lluprHa Kopuaopa BXoJa 3aBHCHT TaK¥XKe OT CKOPOCTH BXOJa
¥ OT NPUHATHIX OrpaHHYeHHH. B Hacrosumeli pabote MpOBOAUTCS CH-
CTeMaTHYeCKHH aHaJ/u3 KOPHAOpOB BXOJa aNNaparoB, TOPMO3SANIIHXCS
B aTMoctepax Benepol 1 Mapca ¢ Lesblo nepexofa Ha OpOUTHI CIyT-
HHKOB, B 3aBHCHMOCTH OT clocofa ynpaBJieHHs, a9pOAUHAMUYECKOTO
KauecTBa U CKOPOCTH ammnapara Ha OGeCKOHEYHOCTH OTHOCHTEJbHO
IVIaHETHI.

1. O6sacTH M3MeHeHHsl TapaMeTpoB
NOAJETHbIX TPaeKTOpUi

B kauecTBe XapakTepHUCTHKH MOJJETHOH TpPAeKTOPHH TIPHMEM
3HayeHHe CKOPOCTH Ha OECKOHEYHOCTH OTHOCHUTENBHO TJaHeThl V.
Jluanma3oH BO3MOXHBIX 3HaueHHH Vo ompenenssicsi cjaedylomuM 06-
pasoM. M3 cemeficTBa TpaekTopuil mepeJsera Mo MHHHMAaJbHOH ayre
BbIOHpaJiach TPaeKTOpya C MUHUMAJIbHON CKOPOCTBIO OT/IeTa ¢ op6H-
Thl cIyTHHKA 3emJd. Jlasee paccMaTpUBadUCch TPAEKTOPUH C TaTaMHU
NycKa B OKPecTHOCTH ONTHMAJbHOH M BpeMeHaMH MepeJieTa, Haio-
[LMMH MHHHMYM CKOPOCTH OTJIETA.

3a OKpecTHOCTb ONTHMAJbHON NaThl IycKa IPUHHUMAJICA AHANa30H
IaT, IpU NMyCcKe B KOTOpble CKOPOCTb OTJIeTa Ha OeCKOHeYHOCTH He
IpeBbIIIaeT CKOPOCTH, COOTBETCTBYIOIIEH ONTHMAJbHOH naTe, GoJsee
yeM Ha 0,5 xm/cex. O6nacTb MOJyyalOUIUXCSl IPH 3TOM CKOpoOCTed
Ha 6ECKOHEYHOCTH OTHOCHTE/NbHO IIJIaHeT Ha3HayeHUss u Oblia IIpH-
HATA B KayecTBe BO3MOXKHOro avamasona. CoryacHo pacueram, npo-
BegeHnsiMm B UKW AH CCCP TI'. A. Mepcoseim u B. A. ®duiunmno-
PBIM, 5TOT [MANa30H ONpefessieTcss 3HaueHUAMH Ve, PABHBIMH 2,5—
6,5 u 3—7 km/cex nnss Mapca u BeHepbl COOTBETCTBEHHO.
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2. AspopHaMHyYeCKHe XaPaAKTEPUCTHKH
KOCMHYECKHX annaparos, BXOAAIIHUX B aTMocdepy,
M MOJENH MJaHEeTHbIX aTMochep

CkopocT# moJieTa KOCMHYECKHX annaparoB B aTMocdepe NpH Bhl-
NOJIHEHUH MaHeBpa mepexojia ¢ rumepOONHYECcKOH TpPAeKTOpPUH Ha
OpOUTY CNyTHHKA COOTBETCTBYIOT yuciaM Maxa, 3HauuTeJbHO mpe-
BBILIAIONIMM BEJHYHHE M =3--4, HaunHasi C KOTOPHIX PeXXUMBI 00Te-
KaHHsl CUMTAIOTCS TMNIEP3BYKOBBIMH, M a3pPOAUHAMHUECKHE XapaKTe-
PHUCTHKH anmapara He 3aBHcAT oT yucna Maxa [5]. Ilpu uucnax
Re>1000 atn xo3duunents He 3aBucAT Takke u ot Re [6]. B 06-
JTaCTH BBICOT, I'Ié CKa3blBaeTCsl 3aBUCHMOCTb a3pOJHMHAMHYECKHUX KO-
5¢¢uuuenToB ot Re, caMu aspoluHaMuuecKHe CHJB J0CTaTOYHO
MaJibl, YTOObI C YIOBJIETBOPHTENbHOH TOYHOCTbIO CUHTATh a3pOAUHA-
MHUyeckHe K03 (HULHEHTBI TOCTOSHHBIMH.
~ CoBpeMeHHOH KOCMHUYECKOH TeXHHKOH OCBOEHbl CIyCKaeMble ar-
nmaparel tuna kamncyn («Coo3s», «ANOJVIOH»), UMeloLIMe MaKCHMaJlb-
HOe adpOJMHAMHYECKOe KaueCcTBO Rmax=0,5. B craguu skcnepumeH-
TaJIbHBIX HCCJIEOBAHUH HAXOASTCS aNmaparbl C HECYIUM KOPIyCOM,
WMeIoIYe NPU FHNep3BYKOBBIX CKOPOCTAX ARmax=~ 1. VYBeauuenue
a3pOAUHAMHYECKOr0 KayeCcTBA NPHBOJAHMT K CEPbe3HOMY YXYAIUEHHIO
BECOBBIX XapaKTepHUCTHK B CBSI3H C POCTOM Beca TeIIOBOH 3alLIUTHI
[5]. D10 BBI3BAHO TeM, YTO BeC TEMJIO3AIUTHl M KOHCTPYKUHU anmna-
paTa npomopLHOHAJEH MOBEpXHOCTH anmapara, a Tak HasbiBaeMasi
o6beMHasi a¢dekTHBHOCTE ¢GopMbl anmapara (OTHOIeHHe 0GbeMma
B CTeNeHH 2/3 K IJIOLIAaJ¥ MOBEPXHOCTH) C POCTOM KauecTBa Tajna-
er, ymeHbluasicb ot 0,2 nas cdepnl (B=0) 10 ~0,1 npu k=1,5 n
~0,05 npu k=3 [7].

Hpyroii npHyuHO#A pocTa Beca KOHCTPYKIHH anmaparoB C KayecT-
BOM SIBJISIETCS YMeHblleHHe Ko3(d(HIHeHTa a3pOAHHAMHYECKOro co-
nporuBsienust Cp, BHI3BAaHHOE YBeJHYEHHEM KauyecTBa R, Tak Kak CHHU-
kenue Cp MPUBOAMT K POCTY TEIVIOBBIX MOTOKOB K ammaparty [5].

B cBSI3W ¢ H3JIOXKEHHBIM B HacToslleHd paboTe pacueThl NPOBOAH-
JACh [J1s anmapaToB C KauecTBOM R<(2.

Ins pacuetoB NBHKeHHS B aTMocdepe Benepbl Oblia NpHHATA
3aBHCHMOCTDb IUIOTHOCTH aTMOc@epbl OT BBICOTH, COOTBETCTBYIOLLast
MoJenH, pa3paboranHoil B [8].

I Buxenue B aTMocdepe Mapca paccMaTpuBaioch AJIs ABYX MO-
neseit armocgepsl [9], COOTBETCTBYIOIUX MAKCHMaJbHOH M MHHH-
MaJIbHOM MJIOTHOCTH Ha BBICOTax, rle MpOUCXORHUT moseT (A>10 km).

3. OnTtumanbHOe mpoBejeHHe MaHeBpa
KOCMHYECKOro anmnapara AJf ero nepesoja
¢ runepGoanyYecKo TPaeKTOPUM HA OPOMTY CHyTHMKaA

O6uuM 1715 MoObIX coco60B OCYIeCTB/ICHHS MaHeBpa SBJsSETCs
TpeGoBaHHe BBIXOAA amnapara u3 armocdepnl. Kpome Toro, aas mpe-
IOTBpAllleHHs] HOBOI'O BXOJAa B aTrMocdepy HeoOXOAMMO BKJIOYEHHE
IBUraTesNs AJis MoJbeMa NepHIeHTpa.
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[Tyctp TpeGyercsi mepeBecTH CHYTHHK -Ha OPOHTY ¢ 3aJaHHBIMH
BBICOTAMH amNOLEHTPa M MEepPHLUEHTPA M YHCJO NMOTPYKEHHH B arMo-
cdepy MoMKHO ObiTh He Gosiee ofHOro. B 3TOoM ciyuae Bo3HHKaeT
3ajaya ONTHMAJILHOTO YIpaBJeHHs, COCTOsAMas B BEIGOpe ympasie-
HHS TNPH IBHXKEHHH B aTMoc(epe, IPH KOTOPOM MOTPEGHBIH HMIYJibC
cKopocTH B anoleHTpe AV, Ansl moabeMa NepUUEHTPA MHHHMAaJeH.
[Tyctb ynpaBienHe NMPOHCXOAHT H3MEHeHHEM yIjia KpeHa, Tak uTo
IIPOEKIIHS NOJbEMHOH CHJIbI HA BEPTHKAJbHYIO IJIOCKOCTh L, H3MeHs -
ercsl OT Lmin 10 Lmax H, COOTBETCTBEHHO, 3 (DeKTHBHOE a3pOAHHAMH-
yeckoe KauecTBO Ke=Le/D B mpegenax oT kmmn 10 Rmax (D — a3po-
IHHAMHYECKOe CONPOTHBJIEHHE, OCTalleecss NPH H3MEHEHHH YrJia
KpeHa IOCTOSIHHBIM) .

Ecau BeIcoTa amomentpa opOuTHI, mosyyarolleficsi mocJe BbIX0OAa
H3 armocdepsl, QHKCHpOBaHA, TO, KaK AokaszaHo B [10] mas armo-
cdepbl ¢ MOCTOSIHHO! BeJIMYHHON IIKaJBl BbIcOT H B [11] — muis mpo-
H3BOJIbHON aTMoc(ephl, ONTHMaJbHOE yNpaBJeHHe JOJKHO ObITh pe-
JIEHHOro THHa ¢ OJAHHM nepek/iouenueM. IIpu stom B [10, 11] cra-
BHTCSl Tpe6OBaHHe NOCTATOYHOH MaJIOCTH yIVia HAK/JOHA TPaeKTOPHH
K MECTHOMY TOpH30HTY 0, uTOObl moMOXKUTh sin 00, a cos O 1.
Kpowme Toro, B [11] npeamosaraercs, 4ro0 CKOpPOCTb NpPH BLIXOAE H3
aTMoc(epHl He MeHblle KPYroBoi. PacyeTsl, npoBeJeHHEIe IIyTeM YHC-
JIEHHOTO HHTEeTPHPOBAHHUS ypaBHEHH ! IBUXKEHHUS 1151 MJIAHETHl C LeHT-
pajibHBIM NOJIeM TSATOTEHHS M HeBpamiaiolleiicsi aTMocepol, nmoka-
3a/iH, 4TO M AJs CJydYaeB, Korga yroJ 6 ZOCTaTOYHO BeJNHK, a CKO-
pOCTb Ha BHIXOZE MeHbllle KPYroBOH, yIpaBJieHHe C ONHHM IepeKJio-
YeHHEM OCTaeTCsl ONTHMAJIbHbIM.

OueBuaHO, 4TO NpH HePUKCHPOBAHHON BHICOTE aNMOLEHTpa OpOUTHI
nocJe BbIX04a H3 aTMOc(ephl CTPYKTypa ONTHMAJbHOIO YIpaBJIeHHS
ocTaercs ToH xKe.

Kak moka3bIBalOT pacyerbl, C YMeHbIIEHHeM paluyca YCJOBHOTO
NepHUeHTPa NOAJETHOH TPAGKTOPHH BeJHYHHA uMmyJabca AV, A1s
TPAGKTOPHH [BHXKEHHS C ONTHMAJbHbLIM yNpaBJeHHEM YBeJHYHBaeT-
cs. [TosTomy MakcHMaJbHO JonycTHMast BeJdHunHa AV, COOTBETCTBY-
lollasi paclosiaraeMoMy 3amacy TOmJiMBa Ha GOpTy ammapara, ompe-
lleisieT HHXKHIOI0 T'paHHIy Kopuaopa Bxoja. MHHHUMaJbHBIA panuyc
YCJIOBHOI'O NMEPHLUEHTPA ’npx, IPH KOTOPOM HMIyabC AVy nasi monb-
eMa mnepHIeHTpa A0 (PHKCHPOBAHHOH BHICOTH paBeH 3alaHHOMY, 10-
CTHraeTcsi Ha yNpaBJeHHH C OJHHM IepeKaioyeHHeM. DTO caepyeT
M3 CTPYKTYpbl ONTHMAaJIbHOTO YyhpasJeHus, fawomero minAVy,
¢dakra pocta AV, ¢ YMEHbIIEHHEM 7npx.

4. MeToauKa mpoBeleHHUsl PacyeTOB
Mo onpeje/icHHI0 KOPUIopa BXOoAa

TpeGoBaHue BbIXOA ammapaTa U3 aTMoc(epbl CBOAHMTCH K YCJO-
BHIO JOCTHXKeHHSl 3aJlaHHOH BEJIMYHHBI pajHyca anoueHTPa rq OCKY-
JHpyloulell opGHTOH Ha BHICOTe, PHHATOH 3a TpaHHIly aTMOCQephl.
OueBHaHO, YTO /51 NOJY4YEHHS (PHKCUDOBAHHOIO Iy MHHHMAJIbHafA

13



BeNIUUMHA Fapx MJIS alllapara ¢ 3a/laHHbIMH a3POJMHAMHYECKHM Ka-
4ecTBOM £ M GaJUIUCTHYECKUM KO3(Q(HIHEHTOM I[OCTHUraeTcsi TMpH
ke=kemax, @ MakcuMaabHas NMpU Re=~Remm. [l03TOMY Ans onpenesne-
HUSl KOPHIOpa BXOJa MpH MepeBoje annapara Ha OpOUTY ¢ PUKCHPO-
BaHHBIM rq NPH PA3JHYHBIX R, JOCTATOYHO HMETb KPHUBYIO 3aBUCHMO-
CTH Iapx="nsx (), MONyuaeMylo N5l KaX1I0ro k£ U3 pelieHHs ypas-
HeHH

Ta (r:ruax) = laa, (1)

TAe 7q3 — 3aJlaHHBIA pagHyC anoleHTpa.

B npenenbHOM ciyuae, KOrza HeO6XOZHMO OCYIIECTBHTb 3aXBaT
KOCMHYeCKOro anmapara TOpMOxeHueM armocdepoii Ajs nepexoia
Ha OpGHUTY C HEOrpAHHYEHHBIM CBEpXY PaAUyCOM amoleHTpa, BesH-
YHHA MAKCHMAaJbHO JOMYCTHMOTO fapx HAXOAHUTCS M3 pellieHHs ypas-
HeHHS

E (rmax) =0, (2)

rie E — sHeprusi opOuTHl, nosyvawoileficss moc/ae BbIXOJa H3 aTMO-
cdephl.

Bo mHorux cayuasix u3 cooOpaxkeHuil yno6cTBa pelleHHs 3anad,
BBINOMHSIEMBIX CIYTHHKOM, a TaKXe yIpaB/eHUs ero nojeroM BbICO-
Ta amnolleHTpa OrpaHUyHMBaercss cBepXy. B Hacrosmleilt pa6ore B Ka-
yecTBe MAKCHMAa/lbHO HOMYCTHMBIX PaJHYCOB amoleHTpa CIyTHHKOB
Benepnl 1 Mapca COOTBETCTBEHHO NMPUHATHI rq=72500 u 37 580 km;
Takue 3HAUyeHHs r, U YKa3aHHble HHXKe 3HAYEHHS] PaAMYCOB TIepH-
LIeHTPa OnpefesiloT OpGUTHI ¢ nepuodoM ~ 1 cyrku. B xayecTBe MH-
HUMAJbHO [IOMYyCTHMBIX TMPHHATBHI rq=6650 n 3988 xm. Ilocnennue
B& BeMUYMHbl ObLIM NMPUHATH TaKXKe KaK noTpeGHble pajuyChl NepHu-
IeHTPOB, MOJyyaeMble 3a CYeT UMIMYJbCa JBHrare]ss B aloOLEHTpe
AV, 0pOUTHI, HA KOTOPYIO amnnapar BBIXOZHUT IOCJHEe TOPMOXEHHS B
arMocdepe.

Paxuyc yc/J0OBHOrO IepHLEHTPA, YAOBJETBOPSIOILEr0 YCJIOBHIO
(1), BBlUMCAIANICS MYyTeM peliieHHst TPAHCLEHJIeHTHOIO YpaBHeHHs

E (rmax) = Es» (3)

rge BeJIMUUHA E3 onpenessasiacb U3 COOTHOILEHHUS
Fiem ——® 4
2 Tas T 7x 4)

(u — rpaBUTaLHOHHAsA NOCTOSIHHAS NIJIAHETHI).

3amena ypaBHeHus (1) Ha (3) npousBojuaach NOCTOJbKY, IO-
CKOJMIbKY B MpoOlLlecce UTepalluii NpH pellleHWH ypabHeHHsd (1) BoO3-
MOXKHO TMOMNAajfaHue rxgx B 06/1aCTh, Ile QYHKUHUSA ro(inpx) HE CYlle-
CTBYeT. .

JleBasi yacTb ypaBHEHHI BBIYHUCAAIACH O HOPMYyNaM KOHHYECKHX
ceyeHUH B QYHKLIUHM 3/1€MEHTOB OpOHUTHl HA BbIXOJAe M3 aTtMocdepsl.
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[Tocaennne onpenensiyiuch YHCJIEHHBIM pelieHHeM KU(depeHnHal b-
HbIX YpaBHEeHHH NABHXXeHHs amnmapaTa Kak MaTepHasibHOH TOYKH, 3a-
NHCAHHBIX [JI IJIAHETHl C IEHTPAJbHbIM IOJIEM TSFOTEHHsl ¥ HeBpa-
uamoefics armocdepoii. A3poIHHaMHUYeCKOe KayecTBO U GaJlJIHCTH-
yecKHH KO3 (HUIHEHT BIOJb TPAEKTOPHH MNPHHUMAJUCH IOCTOSH-
HBIMH.

[Tpu muOTHpyeMOM ToOJIeTe HUXKHIOI T'DaHHIy KOpPHIOpa BXOAA
MOTYT ONpeAeJsiTb MakCHMaJbHO [JONYyCTHMble Teperpy3kd max.
MuHHMaNbHO AOMYCTHMBIA pafiuyc YCJOBHOTO IepHIEHTPa B 3TOM
cJyuae HaXOXUTCS U3 YCJIOBUS

Mmax (Fspx) = Ha, (5)

rie n; — MaKCHMaJIbHO JONYCTHMasi MakCHMaJjbHasi TNOJHAs mepe-
rpyska.

B Hacrosimeit pa6ore OblTH NPUHATH TPU BO3MOXKHBIX 3HAUEHHUS
MAaKCHMaJbHO IONYCTHMOH MAaKCHMa/JbHOH MOJNHOH meperpysku: b5;
7,5 u 10.

JleBass uactb ypaBHeHus (D) ompenenssachb YHUCAEHHBIM HH-
TerpUpoBaHUeM YpaBHEHHUH IBHIKEHHs OT HayaJbHbIX YCJIOBHH Ha
BXOZe B aTMocdepy KO MOMEHTa NOCTHKEHHsi MaKCHMaJbHOH mepe-
TPY3KH, KOTOPbIE (PHKCHPOBAJCA MO OOpAIleHHI0 B HYJb NPOU3BOJ-
nou dn/dt.

B cayuae, korga pacnosaraeMbii uMnyJibc AV, orpaHuueH, HUX-
Bsisfl TpaHHLla KOpPUIOpa BXOAA ONpelessieTcsli PagHycOM YCJOBHOTO
NEPULIEHTPA 7qpx, TPH KOTOPOM

AVu (rﬂ;Bx) - AVS, (6)

rie AV, — 3ajmaHHoe 3HaueHHe pacnosaraeMoro HMIyJbca. Be-
JIMYUHA rgpx, YAOBJETBOpSIONU[Asi ypaBHeHHIO (6), 3aBHUCHT OT YiI-
paBJieHHs] © MHHUMaJbHOe 3HAaueHHEe rypx JOCTHIAETCS, KAK OTMeua-
JoCb B TIpeAblAylleM mnaparpade, INpH ONTHMAaJbHOM yIpas-
JIEHUH,

YpaBnenue (6) pewasjoch O/ OBYX BapHaHTOB YIPABJEHHUS: C
NOCTOSIHHBIM 3 (MEeKTHBHBIM KauyecTBOM BJOJb BCEH TPaeKTOPHU H C
ONTHUMAaJIbHBIM Iepek/loueHHeM KadyectBa. Ilpu 3tom moJsarajoch
Remax =k =— Remin. JIeBass uacTp ypaBHeHus (6) BbluMCJISIaCh aHa-
JIOTHYHO TOMY, KaK 3TO HeJNasocbh ISl ypaBHeHu# (2) u (3).

Hnsa cnyuasi mosiera ¢ ONTHMAaJbHBIM yIpaBjeHHeM Bbl6HpaJiach
TaKxe U ONTHMaJsbHasl BeJMYHHA PAJUyca aNOLEHTPa rq, T. €. ypaB-
HeHue (6) 3aMeHSJIOCh COOTHOLIEHHEM

min AVa, (rnsx) = AV:«N (7)

rg3<rq
rje ro; — MHHUMaJIbHO JNONYCTUMBIE paguyc aloLeHTpa.

[TockonbKy onmTHMaJsbHOE yIpaBjieHHe ecTb yNpaBjeHHe C OJHUM
nepex/0ueHdeM, TO 4151 PUKCHPOBAHHOTO Fnpx BPEMS INepeKJII0UeHHs
B3aMMHO OJHO3HAYHO CBSI3aHO C rq OPOHTHI, MoJyudamollefics mnociae
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BBIXOZA U3 aTMocdephl. [TosTomy It pacueros BMecto (7) mpuMe-
HAJOCb COOTHOIIEHHE
mil’l AVq, (r;r(Bx) = AV3 (8)
'n

C YCJIOBHEM g >Tqs, THE {n— BpPeMs mepekJIoyeHHs.

5. PesyabTaThl pacueroB KOpHIOPOB BXOja

PesynbraThl pacyeroB KOpUAOPOB BXoJa NpHBeJeHH Ha puc. 1—4
A/ nepexojia Ha op6uTy cnyTHHKa Beneps u 5—7 — Mapca.

Ha puc. 1, a noxasanbl 3aBUCUMOCTH Fapx="rapx (R) M5l Vo=
=3, 5, 7 km/cex, nojyyeHHble U3 YCJIOBHUS, YTO MOCJIE BHIXONA M3 ar-
MocdepH anmnapar HepexoiuT Ha OpOHTH C rq=6650 xxu. KauectBo
NpU ABHXKEHHH anmapara cyuTaercss NOCTOsHHBIM. Besnnuuna m/SCp
TakXKe NpeRnoJaraeTcs NMOCTOHHONH M JUIS BCeX CJyuaeB TOpMOxKe-
HHs B aTMocdepe BeHnepnl paBHoit 200 ke/m? (m — macca amnnapara,
S —miomanb mMuneneBa ceyenusi, Cp— Ko3pduLHeHT aspogHHaMHU-
YeCKOro COMPOTHBJEHUA). YKazaHHBE 3aBHCHMOCTH OTpenesioT
HHUKHIOIO rpaHully Kopuzopa Bxoxa. Ha puc. 1, 6 nsobpaxeHnsl rpa-
GuKY, IOJTyYeHHbIe U3 YCJIOBHS, UTO rq=72500 K# B Tex xe mnpexmno-
JIOXKEHHSX, YTO M B 3aBHCHUMOCTH, NpeACTaBJeHHOH Ha puc. 1, a.
31echb e ITPHXOBBIMH JHHUAMH NOKasdaHbl (QYHKUHH Fapx (B) musi
cayyaeB, KOrfla Ha BbIXofe M3 aTmocdepr Tpebyercs, urobe E=0.
Kpowme Toro, Ha puc. | nanbl rpadyky 3aBHCHMOCTH MaKCHMaJbHOH
neperpysku ng oT KayecrBa /s NOJNYYalOUIUXCS MNpPH ONMHCAHHHIX
yCJIOBHSIX TPaeKTOpHH.

Ha puc. 2 npuBeneHa 3aBUCHMOCTb IIMPHHBI KOPUAOpPA BXOAA OT
KayecTBa, OnpejessieMoii KaKk OTPe30K 3HaueHHH pajauyCcoB YCJOBHHIX
NEePULEHTPOB 7npx, KOTOPHIE NPH MOCTOSTHHOM KayecTBe ofecrneynBa-
I0T Ha BHIXOJe M3 arMocdephl nonajgaHue BeJHYHHBI pajHyca amno-
LeHTpa B oTpe3ok [6650; 72 500] xm. 3pech ke IITPUXOBBIMH JIHHU-
MU M300paxkeHa LIMPUHA KODUAOpPA /s CJydyasi, KOTIA BepXHAA
rpaHulla onpeflessieTcsi H3 YCJIOBHS, YTO HAa BBIXOJe M3 aTMoctepbl

.

W3 paccmorpenust puc. 2 BHAHO, YTO Nepexoj OT OTpaHHYEHHs
Ha BbIXOZe rq=72500 x» k orpannueHuto E=0 He maer 3aMeTHOro
pacluupeHusi KOpUAOPa BXOLA, eCJH HUXKHSS TpaHHla Onpenensercs
ycioBueM rq=6650 km. Tak, npu Veo=3 km/cex u xauectBe k=0,5
IUMpPHHA KOpHJAOpa yBeJauuWBaercs Ha 6,5 kM, T. e. MeHee yeM Ha
10%. dnsa annaparoB ¢ 6OJIbIUMM KayecTBOM OTHOCHTEJbHOE pacIid-
peHue KOpHuaopa elle HUxKe: NpH Vo=3 Kkm/cex n k=1 xopunop Bxo-
na pacmupsiercsa Ha 13 xu npu mwupuHe 415 xm.

U3 puc. 2 BUIHO TaKXKe, YTO KOPHAOP BXOAa TeM LIHpe, yeM 60Jb-
mwe Vo u k. Tlpu k=1 u Vo>5 Km/cex mupnHa KOpHZOpa BXOAA
npesbimaer 570 ¥m, yto, cornacHo [4], ZOCTAaTOYHO, YTOOB! TIOKPHITH
BO3MOXHble OLIMOKH B BHIBEJEHHH ammnapaTta Ha TPAeKTOPHUIO TOPMO-
XeHUs B aTMoCdepe faxe NPH NPOrHo3e TPAeKTOPHHU € NOMOILBIO Ha-
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6000 14000

5200 1400

5000 12000

Voo=TKM/ceK
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Puc. 1. 3aBucHMOCTb MaKCHMAaJbHOH mepe- b am
LDY3KH ng H pajHyca yCJIOBHOTO MepHIEeHT- a0

P ’xsx TPAeKTOPHH Bxoja B atMoctepy
Hepbl OT a3DOJMHAMHYECKOrO0 KauecTBa
mnapaTa npH re=6650 xx (a), ra=72500

1 E=0 (6) 500

400

200

Puc. 2. Illupuna xopupopa Bxona b B at-
Mochepy BeHephl B 3aBHCHMOCTH OT a3po-
IMHaMHYeCcKoro Kadyectsa

3eMHBIX paJHOTeXHHUeCKHX cpeacTB. OfHAKO ypOBeHb MaKCHMaJb-
HBIX [eperpy3oK INpH ABHXKEHHM Y HHXKHeH TpaHHIB KOpHAopa
NpeBHIIAET NPe/lesibl IePEHOCHMOCTH SKHIaXeM, eC/IH a3pOoAuHaMH-
YeCKoe KauecTBO GOJibllle BEJHUHHBI, JIETKO ONpexRessieMol u3 puc. l.
IIpu k=1 n V=3 xm/cex neperpyska mocruraer 80, a mpu Ve=
=7 km/cex yBennuuBaercs no 210.

a5 omeHKH MIMPUHBL KOPHAOpAa BXORa NpH OTPAHHUYEHHAX MO
MaKCHMaibHo#~-Heperpy3Ke Ha PHC. 3 TPeNCTaBJEHBl 3aBHCHMOCTH

17



T bz T@ego MM

6150 a
Voo =7Kt1/cen

6150 . , , I
ol 03 10 15 k
5 6140

T

T

6740

6150

T =6650KM
6130

6740 i
Yoo = Th1/zen
6120
6137
B Fo=06650km
6720 | ! ] 1 e L L ~J
g g5 g 75 A 7 a5 7 10k

Puc. 3. 3aBHCHMOCTb I'zex TPAGKTOPHH BXORA B aTMoctepy Beneprl ot aspomuna-
MHYECKOTO KayecTBa anmapata NPH MaKCHMaJbHOH meperpyske

a—n max=5 6 —nmax=75 6 —fmax=10

T bz,
A H
=23
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As
~
s

§ 3
5800 +10°% > Iy

x i a

N N %4,
:ﬁ o &ﬁ %éf
—
5600 + oF
05 o:’
<2
PAC
AVe, Ia=6650Kr1 -\
5400 1 . A\ N ’
{
7 a5 10 5 20K

Puc. 4. 3aBUCHMOCTD r'npx TPAeKTOPHH BXOAa B arvMochepy BeHepbl ot a’ponuna-
MHYeCKOro KauecTBa anmapara NpH GUKCHPOBAHHOH BeJHYMHE HMIYJBbCA CKOPOCTH
B amoueHTtpe AV,



a g

Tk 7, mfeen?

Tiabe, AM g, M/cen? £ Veo=2,5 k11 cers
30012000 oy

Veo=2,5 4m/cex

3000 +7500 J300

2500 +7000 3200

W=65nn/ee
2000 +500

Puc. 5. 3aBHCHMOCTb MaKCHMaJbHOH IlePenpy3KH H Ixpx TPAeKTOPUHM BXOfa B aT:
mocdepy Mapca oT aspoJHHAaMHUECKOro KayecTBa anmaparta npd r=3988 «ux (a),
re=37580 km (6)

Iex="zzx (R), TONyUeHHbIE U3 YCIOBHS Nmax="3 LI N3=25; 7,5; 10.
[Tpu 3HauYeHUSIX KauecTBa, ONpele/sIOUUX 3alaHHBIH YPOBeHb Mepe-
TPY3KH Ha TPAEKTOPHAX C rq< 6650 xm, u3obpaxeHa 3aBHCHMOCTb
raex(R), MoONyueHHast U3 yCJaOBUsI rq=106650 xm. M3 paccMmorpenus
puC. 3 BHIHO, YTO OrpaHHYeHHe TIO MeperpysKe pe3KO COKpaliaeT
IIUPUHY KOpPHAOpa BXONa, NMPHUYEM POCT KaueCcTBa MOHHKAET HHUXK-
HIOIO IPAaHHLY KOPHIOpA JHIIb /s 3HaueHu# k<1,6-+-1,8.

OrpaHuueHHe TO pacrnoJjaraeMomy umnynabcy AV, takxke cokpa-
maer IWMPUHY Kopupopa. Ha puc. 4 usobpakeHbl 3aBHCHMOCTH
rzex (R) npu ycnoBun AVe=AV, 115 psna sHauenuit AV, Ias cpas-
HeHHS] Ha 3TOM 3Ke PHCYHKe IIPECTaBJEeHbl 3aBUCHMOCTH Fupx (R) NpH
YCJIOBHH, YTO Ha BBIXOZE H3 aTMocepsl ro=6650 kM, H cooTBercT-
Bytomie 3Hauenust AVq (k). I'paduku pas AVe=AV; nocrpoenn s
3HaueHHH k, TIpU KOTOPHIX re=6650 xm. AspomuHaMuuyeckoe Kaue-
CTBO NpH pacyerax 3THX 3aBUCHMOCTeH MpeANOJarajocb MOCTOSIH-
HBIM. .

IIpu pacuerax TpaeKTOpUH mepexoia Ha opOUTH cnyTHHKa Map-
ca mpuHHUManoch, uro m/SCp=>50 xe/m2.

Ha puc. 5 mokasaHbl 3aBUCHUMOCTH 7xpx (R) 1J151 TPAEKTOPHI Mepe-
X0la Ha OpOUTH cyTHHKAa Mapca ¢ pajuycaMH amnoLeHTpa g, COOT-
BeTcTBeHHO paBHbIMH 3988 u 37 580 kM. DTH 3aBHCHMOCTH NOJYUeHb
IJS Tpex 3HauyeHH® CKOpPOCTH Ha OGeckoHeuHocTH Ve=25; 4,5;
6,5 KM/cex W MOIENH MHHHMAJbHOH IJIOTHOCTH aTMoc(ephl Ha BHICO-
tax 6omnee 10 xx [9]. Ha atux Xe puCyHKax TpelcTaB/leHbl H3MeHe-
HHUSI MaKCHMAaJbHOH IleperpysKH.
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Puc. 6. 3aBHCHMOCTb rxax TPaEKTODHHM BXORa B aTMmocdepy Mapca or aspolusa-
MHYECKOr0 KayecTBa Npu (PHKCHPOBAHHBIX 3HAUEHUSIX MAKCHMAJbHOA IleperpysKkH
npu Ve=25 smfcex (a), npn Ve=4,5 km/cex (6) npn V=65 rm/cex (8)

Ha puc. 6 u3o6paxKeHbl 3aBHCHMOCTH Inpx(R), MOJYYeHHble AJA
MOJleJTH MaKCHMaJibHO! MJIOTHOCTH atMocdepsl Mapca [9] npu ycao-
BHM, YTO MaKCHMaJbHas MOJIHAas Neperpyska fmax=>5; 7,5; 10. [Tpu-
ueM 3TH rpaUKM NOCTPOEHHl /Il 3HAYEHUH K, IIPH KOTOPHIX YCJIOBHE
MO Nmax YAOBJETBOPSETCS HA TPAeKTOPHAX CO 3HAYeHHEM 7, Ha BHI-
xolle u3 atMocteps!, He MeHbiieM 3988 ka. [Ipn MeHbIINX 3HAUEHHSAX
k Ha 3THUX e PHCYHKaxX NMOCTPOeHBl 3aBUCUMOCTH 'zsx(k) NpH yciso0-
BUH, YTO Ha BBIXOJe U3 aTMocdephl rq=3988 xn.

Ha puc. 7, a nokasaHa 3aBHCHMOCTb Fapx (R) AJIT MOXENH atMoc-
depbl MaKCHMaJIbHOHA MJOTHOCTH MPH YCAOBHH, 4T0 AVy=0,2 xm/cex.

Ttz M g, M/cex 2

3407 1 1

J200 w

3000 + 200
45 N
ZJﬂl” 1 —g,i—l_/,-l,/ 1 1 !
J 75 i 75 7 75 7 75

Puc. 7. 3aBHCHMOCTDb rxax TDAEKTOPHit BXOoga B aTMochepy Mapca oT aspoauna-
MHYECKOro KayecTBa MpPH MMINYyJbce CKopoctTH B anouentpe AVe.=02 km/cex (a),
AVe=0,6 Knfcex (6)
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Cn/IOImHBIME JIMHUSIMH H300paKeHbl 3aBUCUMOCTH AJsI TPaeKTOpUH
C TIOCTOSIHHBIM KayecTBOM, IWITPHXOBBIMH — JJIl ONTHMAJbHOTO
ynpassnenusi. 3 pucyHka BUIHO, YTO NMPU a3pOAMHAMHUYECKOM Kaye-
ctBe k=0,5, DOCTUTHYTOM KOCMHYECKON TEXHHKOH CEroJHsIIHEero
ausl, orpanuuenue AV, Beanunnoit 0,2 Km/cex He MO3BOJsSET HCIIOJb-
30BaTh BCIO IIMPHHY KODHAOpA BXOJA, HUXKHSAS T'paHHIA KOTOPOTO
onpesnensieTcss MHHUMAJbHBIM 7zpx, OOECIEUHBAIOMIUM TMONAJaHHE
nocse BbIX0Ja M3 aTMOc(epH Ha OpOUTY C ro=3988 xn.

[TpuMeHeHHe ONTHMAJbHOTO. YIpaBJEHHS TIO3BOJSET MOHH3UTD
HUXKHIOIO TPaHHIY H TeM CaMblM pAacHIUpUTb KOPHAOP BXOja.
Tlpu Vo=6,5 xm/cex u k, paBaom 0,5; 1; 1,4, pacuinpeHue paBHO
8; 64; 157 Km COOTBETCTBEHHO, UTO NPH YCJOBUAX rq<<37580 xn,
AVe<<0,2 kmfcex nna k=0,5; 1; 1,4 cocrasaser 18; 78; 150% or
UIMPUHBl KOPHAOpA, MOJNyYaeMOH NPH TMOJNETe C MOCTOSHHBIM Ka-
YeCTBOM.

Ha puc. 7, 6 nso6paxeHbl Te e 3aBUCUMOCTH NpH AVe=0,6 xkn/
Icex nns moJsiera ¢ MOCTOSTHHBIM KauectBoM. Ha puc. 7 mokasaHo rak-
xe U3MeHeHHe MaKCHMaJbHOH meperpy3KH ¢ KauecTBOM.

BuiBoaH

[Tpencrasnennble rpadukaMy pe3dy/bTaThl pacueTOB I10Ka3blBa-
I0T, YTO MaHeBp Nepexofia ¢ runepHoNUYeCKOH TPaeKTOpPUH Ha OpPOHTY
CNyTHHKA MJIAHETHl C NMOMOLIbI0O a3POAHHAMHYECKOrO TOPMOXKEHHUS
B aTMocdepe npefbsBIseT JOCTATOUYHO KeCTKHe TpeGOBAaHHA K TOU-
HOCTH OmpeleseHus] U KOppeKUuH nmojasieTHOH Tpaekropud. Hauboub-
IUMHA KOPULODP BXOZA JOCTUTAETCs, eCU CTABUTCS OrpaHUYeHHEe TOJb-
KO Ha BeJHYUHY pajiuyca anoleHTpa OpOHTH, INosyyaeMOH mocJje
BbIXOla U3 aTmocdepbl. B aroM ciyyae Kopumop BXxoAa GydeT TeM
mupe, ueM GoJibliie CKOPOCTh Ha OeckoHeuHocrH. Tak, B cayyae mepe-
Xola Ha opbuTy cnyTHUKa BeHepnl anmapara ¢ £=0,5, HeH3MeHHBIM
BIOJIb TPAeKTOPHH, MPH YCAOBHH, YTO IOCJe BHIXOJZA M3 aTMoc(hephl
6650<<r,<<72500 kM, nns noiseTHblx TpaekropHii ¢ Veu=3, 5,
7 Km[cex mHpHHA KOPHAOPA BXOJAa COOTBETCTBEHHO COCTaBJseT 44,
46 u 54 km. C pocToM KauecTBa KOPHAOP BXOJAA paclUUpsiercs, B TeX
Xe ycjaoBuAX npu k=1 gocruras BenauuuH 415, 573 u 800 xm.

OrpaHuueHue Mo Teperpy3ke 3HAUUTEJIbHO COKpAIAeT IIHPHHY
KopHaopa BXOZa 3a CueT NOBbILIEHUA HUXKHed rpanunbl. [Ipuuem
HUXKHSAS TpaHHMLA IOHHXKAeTCd C. POCTOM K JMIIb A0 3HAYeHUH
k= 1,6=1,8. [Ipx HaAMuMK OrpaHHUEHHS 10 MeperpysKe yBeJHueHHe
Vo yMmenblnaer mupuny xopuaopa. OIHAKO 3TO MPOHCXOAHUT JHIIb
171 k, 60JbLIKX a9POAHHAMHYECKOrO KauecTBa, Ha KOTOPOM OTpaHHu-
YEHHSI IO MUHHMAaJbHOMY rq H MaKCHMaJbHOH Ieperpyske ompene-
JSIOT OAKH M TOT Xe pajuyc yCJOBHOro nepuneHrpa. Tak, ajs nepe-
Xona Ha op6uty cnytHuka Mapca, ecin aTMocdepa COOTBETCTBYeET
MOJe/1d MaKCHMaJbHOH IJIOTHOCTH, TpeGOBaHHe, 4TOObB MaKCHMaJb-
Has meperpyska He NpeBbICHJIA b, cOKpallaeT KOPHIOp AJs amnmapa-
TOB ¢ £>0,6, a TpeGoBanNE Nmax<< 10 — i annaparoB ¢ k> 1.
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CokpalleHHe IKUPHHBI KOPHAOpa NMpPH BBeJeHHH OTPAHHUYEHHS IO
BeJIMYHHE MMIyJbca B anoueHTpe AV, Takke NposBasercs JHIIb
JUIS. annapaToB C KayecTBOM, OONbLIMM HEKOTOPOro R, NpHueM &
teM Goablue, yem Gosblie AVy u MmeHbule V. Tak, mpu AVe=
=0,6 xum/cex ky=0,65; 0,8; 1,1 nna V.,=6,5; 4,5; 2,5 ku/cex.

[TpumeHeHHe ONTHMAa/JbHOIO YNpaBJeHHs INO3BOJISET PacClLIMPUTh
KOpPUZOP BXoJa B cayuae orpaHuueHusi no AVe. Ilpuuem sddexrrus-
HOCTb ONTHMAaJIbHOTO yNpaBJieHHs pacTeT ¢ KauvectBoM. OXHaKo BO
BCEX cJyyasix OrpaHHuYeHHH, OT KOTOPBIX 3aBHCSAT KOPHIOPHI BXOIa,
nnsa annaparoB ¢ £<<0,5 Tpe6yercs npuMeHeHHe MeTOIOB aBTOHOM-
HOH HaBHTAUHH NpPHU ONpefeJeHHH U KOPPEKUHH NONJETHOH TpaeKTo-
puu. IIpyu orpannueHusix no neperpyske anmaparbl ¢ 60/bIIMM Kaye-
cTBoM (k>1) Takxe Tpe6yIOT aBTOHOMHBIX METOJOB HaBHI'ALHMH, IO-
CKOJIbKY HaseMHble paJlHOM3MepHTeJbHble KOMILIEKCH He ofecleud-
BaloT Tpe6yeMOH TOUHOCTH ONpejesNeHHs] TPaeKTOPHI.

Asrop 6aaromapur I1. E. DubscGepra 3a mosesnbie cOBETHI.
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B. H. Benenko, 3. C. luakuna

Ob YYETE NAPAJIJIAKCA
JAJIEKOTO HMCKYCCTBEHHOTIO
KOCMHYECKOTO OB bEKTA

[TapannakTHyecKoe CMellleHHe KocMHueckoro o0bekra Ha Hebec-
HOM ctepe NMpH Nepexoje OT OLHOTO MyHKTa HaGJMI0JeHH# Ha NOBepX-
HoctH 3emad («HayaJbHOTO») K IDPYroMy («KOHEUHOMY») JeTKo
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Onpe/iesIuTh NMPSIMbIM TEPecyeToM TOMOLEHTPHYECKHX cdeprueckux
KOOpAHHAT o, 81, r; 00beKTa I/ HAYaJbHOTO MYyHKTAa B aHAaJIOTHY-
Hble BeJHYHHBl tg, 02, ry N/ KOHEUHOTO. DTOT mepecyer MOKeT GhlTh
BLITIONHEH MYTEM TIPOMEXKYTOYHOrO npeo6pasoBaHus K COOTBETCTBY-
Iolled NPsSMOYTO/NbHON cHCTeMe KoopauHat XYZ mo omnoit us mpo-
CTEAIIYX CXeM:

X, =rycos(a; —S)cosd,, Y, =rsin(a;—S)cosd;,, Z,=r,sind,
Xo=X,—AX, Y,=Y, —AY, Z,=2 —AZ ()

az=S+arctg)yTz, 8, = arctg =V X+VitZ,
2

VX2 +Y2
HJIH
X, = r, 008 @, cos Oy, Y, = r,sin a,; cos &, Z, = rysin &y,
X.=X;—(AX cosS —AYsinS), Y,=Y,—(AXsinS + AY cos S),
Z,=7,—AZ, (1)
. .

Y S
a, = arctg—, &, =arct :
2 gX 2 g

. VX + )
=V (X + (Y +(Zp’

rie AX, AY, AZ — KoopauHaThl KOHEYHOTO MYHKTa B MPSIMOYTOJIbHOH
cucreme koopauHat XYZ ¢ HayasoM B HauaJbHOM NMYHKTE; S — IpUH-
BHUCKOE 3Be3JHOe BpeMs HaOJIOXeHHS.

YkasaHHBI crioco6, OLHAKO, He Bcerfa yAobeH, TaK Kak Tpebyer
BbI[IOJIHEHHs] BCeX BBIYMCJ/EHHH C IOJHBIM YUCJAOM 3Hadalmux uudp.
B cayuae ri >R, rae R — paauyc 3emay, npolle BHIYUCISATh HE CAMH
KOODIUHATHI O, O OObEKTa /151 KOHEYHOTo NYHKTa, a NMONpaBKHU 34
napananakc Ao, A§ K COOTBETCTBYIOIUUM KOOPAHHATaM 3TOTO OObeK-
Ta JJs Haya/JbHOro nyHkTa. /s BbIBOZA HEOGXOAHUMBIX (hopMyJ
IOCTAaTOYHO CHeJNaTh MOC/eL0BaTe/lbHbIe NIOBOPOTHl CHCTEMBI NPSIMO-
yronbHbiX KoopauHat XYZ ¢ HauajoM B HayaJbHOM TYHKTe BOKPYT
ocu Z Ha yron o — S, OTCUMTHIBAEMBIi B HATIpaBJIE€HUH BO3paCTaHUS
NPSMBIX BOCXOXIEHHH, H BOKPYTI NPOMEXKYTOYHOI'O TMOJOMXKEHHS OCH
Y| na yroa §;, KOTOpBIH OTCUHTEIBAETCS] B HalpaBJIeHHUH BO3pacTaHUS
CKJIOHEHHIl B moJymjiockoctd X’Z’, comepxalleil o6beKT HabJoze-
Huii. Tloc/e BHIMOJMHEHHUS] 3TUX omepauuidl HoBasi ock X” coBmajer ¢
NpsIMOH «HauaJbHBIA TYHKT — HabJofaeMblil 06beKT», a IBe ApYTrHe
(Y” u Z"”) okaxyrcs napaJj/efbHBIMH OCSIM HJEaNbHOM CHCTEMBI
KOOpAMHAT & M 1 ¢ HayaJoM B TOUKe HeGeCHOH cdepbl ¢ KOOpAMHA-
TaMH o), §;. Ocraercs TOJbKO 4epe3 TOUKY, COBMNAJAIOLLYI0 C MOJO-
XKeHueM Hab/0faeMoro 00beKTa, BHIIIOTHUTD LEHTPAJbHOE TIPOEKTH-
poBaHHE KOHEUHOTO NMYHKTa Ha HJAEaJbHYIO MJIOCKOCTb. [IpsMOyrob-
Hple KoopAHHaThl AX, AY, AZ KoHeyHOro nyHKTa mnpeoGpasyioTcs
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fIpH 3TOM CJeAYyIIIUM 06pa3oM:
AX' = AX cos (&, — S) + AY sin(¢, — S),

AY’' = — AX sin(a, — S) + AY cos (o, — S),
AZ' = AZ,
AX" = AX' cos 8, + AZ'sind,,
AY" =AY, (2)
AZ" = — AX'sin§, + AZ' cosd,,
) A A
ry— AX” ri— AX”

BbluncsieHHbIe IO 3TOHA cxeMe 3HaueHHsl HAeaJbHBIX KOOpAHHAT §
¥ 1) COBNAMAIOT C IIPOEKUUAMH Ha HAEAJbHYI0 IJIOCKOCTb HCKOMBIX
MONpaBOK 3a NapaJyjakc Ao 1 A8 K H3BeCTHBIM BeJMYUHAM o, §.
B HekoTophIX cayyasix MOMPaBKH 3a MapaJjiakc B popMme HAeasJbHBIX
KOOpPAMHAT MOTYT ObITb HCNOJIb30BaHbl HEOCPEACTBEHHO (HalpHuMep,
IJIs1 HaBeleH!sl Ha OO'beKT 0 JAHHBIM ay, Oy, E, M NpH HaOJNIOJEHHSIX
Ha MHCTpYMeHTe, CHa0XEeHHOM NpHcrnocob/ieHdeM AJs NepeMelleHns
NpHeMHHUKa U3/Jy4eHHs] B HeOOXOAMMBIX mpejenax B (oKa/JbHOH MJI0-
CKOCTH OO'BEKTHBA).

ITepexon kK cdepuueckum nompaskam Aa, A8 mpousBomurcs Io
¢dopmysam, mpuMeHsiemMbiM B Qororpaduyeckoit acrpomerpuu [1],

E cos Ad

Ao = arctg m ,

Ad = arctgn —e, (3)

rae
sin 2 (8, + Ad) tg? _A_;_‘
Ad = arctgm, &= arctg A
1+ cos 2 (6; + Ad) tg? ry

[TompaBka Ao Moxer ObiTb omnpesfeseHa ¥ 6Ge3 HpeaBAPUTEIbHOI'O
BLIYMCJ/IEHUS] HIeabHbIX KOOpPJAHHAT:

AY’

Aa =——arct _—
g rycos 6; — AX’

3
B TIPOEKI MM Ha miaockocth X'Y’.

Onucanunii cnoco6 yuera napaJiakca (dpopmyast (2), (3), (3))
MOXeT OHITb HCIOJb30BaH, HANPUMED, IJIs Nepefayd (mepeBHIUUCIe-
HHs1) KOODAHMHAT JAaJIeKOrO0 HCKYCCTBEHHOI'0 KOCMHUYECKOr'o 00'beKTa
(MpH OTKJIOHEHHH ero JeHCTBUTEJbHOH TPaeKTOPHH OT pPacueTHoH)
U3 OJHOTrO NMyHKTa Hab/MmoAeHu#l B apyrue. CpaBHUTETbHO HEBBICOKAS
TOYHOCTb, TpeOyemass B stoM cayuae (0,5—1’), mosBossier npume-
HHUTb rpaduyecKuil MeTOM, 3HAUUTEbHO COKpAILAIOIUH BpeMs pelle-
HHS 3ajaud. B KayecrBe moco6uil nnis rpaduueckoro peueHus yaoo-
HO HCIOJIb30BATh KaPTy B3aUMHOTO PaclOJIOKEHHS MYHKTOB HabJIO-
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JeHHH (B MPOEKUHUsIX HA KOOPAHHATHYIO mjaockoctb XY uu Ha ocb Z),
BBITIOJIHEHHYIO B JIOCTATOYHO KPYNMHOM Macuitabe; OKpYXKHOCTb, pas-
JeJIeHHYI0 Ha rpajaychl AJs OTCYeTa YIJIOB MOBOPOTA CHCTEMBI KOOD-
JIUHAT, a TaKXe CETKY JyueH paBHbIX 3HAUeHUH TAHTEHCOB YIJVIOB
(B npemenax pabouyero nuamasoHa H3MeHeHHsl BeJHUHH Aa, Ad) co
LIKaJOH Ja/JbHOCTEH ry, HAaHECEHHOH BJAO0Jb LEHTPAJbHOTO Jyya 3TOH
cerkd. [lnis onpefesieHHsl BeJUYUHBl € (CTPeJKH IpoTHGa CYTOYHOM
napasiend) no gaHHbIM Aa H d=08;+Ad CTpoHTCA OTHENbHBI
rpaduxk.

Ecan Ha Bcex myHkrax HaGmoJeHHH H3BeCTHbl dpemepHIb 00Db-
eKTa H, KpOMe TOro, Ha OJIHOM H3 NYHKTOB (C HHIeKcOM l) mosyueHa
n3 HaOmoJeHu# NonpaBKa K 3(emepuie, COOTBETCTBYIOLIHE TONpaB-
KH K 3QeMepHuie /s OCTaJbHBIX MYHKTOB HabmofeHu# [2] Jerko
HalTH H3 COOTHOLIEHHH

’ ’ Ary o, ' ’ A'ry
Na;=ANa, — —r—Aal—-Aﬁitgé‘)lAal»—AaitgélA(Sl—k-Aa‘- ’
1

N
(4)
’ ’ Ari ’ f ’ A'ry :
ANd; =A 61——(—rl—A 8, + Aa;sind, cosd, A'a, + Aéi——) , (6=2,3...)),

r
n
nonyyaemblx nuddepenuupoanuem gopmyn (1) uau (1°) ¢ mocne-
AYIOMUMH yNpolleHUsAMH M 3aMmeHOH nuddepeHLHaNoB KOOpAHHAT
HX KOHEYHBIMH mpHpameHusimu (A’).
3nech A’ary, A8y, A’'r, — nonpasku K 3demMepuie Ha MEPBOM MYyHK-
Te; A'a;, A’8; — nonpasku K apemepuae Ha IPYTHX NyHKTaX; Ao, AS;,
Ar; — pasHoctd 3(eMepHIHBIX 3HAYeHHH BeJHYHH a, §, 7 B MOMEHT
Habmonenus (Aoi=o;— o U T. L.).
®opmyabl (4) yaOOHBI AJsl OLUEHKH BJIHSHHS OLIHOOK B KaXIOH
H3 nepeMeHHBX (o1, 81, 71) Ha MepBOM NMyHKTE Ha BeJHYHHY OLIHOKH
B KOOpPAMHATaX o, 0; LM IPYTHX NMyHKTOB. BuiaHo, Hanpumep, 4to
TNIPH PACCTOSIHUH N0 KOCMHuecKoro oObekra cBoime 105 ku u mpu or-
KJIOHEHHH ero KOGPAMHAT OT 3(eMepHIHBIX Ha BeJUYHHY N0 1° nus
nepefayy TONPaBOK K dpemMepuie ¢ TOYHOCTHIO 2’ HEOOXOAHUMO YYH-
ThIBaTh Bce wieHbl ¢dopmya (4), a IpH 3aJaHHOH TOYHOCTH 5’ B GOJk-
IIHHCTBE CJyyaeB JOCTATOYHO HCNOJb30BaTh yIpoOlUleHHBIEe (HOPMYJIbI

Noy=Aa, A&=AS3,. 4")

[IpunsiB B popmysax (4) Bce useHbl, KpoMme MOCJefHEro, paBHbHIMH
HYJI0, H 3aJaBasl pa3/uyHble 3HauyeHHUs JEeBOH 4yacTH, MOXKHO OIpe-
IeJHUTh COOTBETCTBYIOIME 3HAUEHUs JOMYyCTHMOH OmHGKH A’ry naMe-
PeHHsS pacCTOsAHUsl (OT MEePBOro NyHKTa) A0 KOCMHYeCKOro o0beKTa
B 3aBUCHMOCTH OT BeJHYHHBl r; 3TOTO DAacCTOSIHHS H BeJHUYHHBI
Ao = VAXE L AY? + AZ? paccTOsiHHS MeXJAy NMyHKTaMH HabJo-
nenuit. Huxe npuBeldeHa Ta6iHuna 3HaYeHHH BeJTHYHHBI A’ry pH pas-
JHYHBIX HCXOJHBIX NAHHBIX (B KM).
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Paccro- Toy- |Paccro- P
anue o |nnue acCTOSIBHE 10 KOCMH-
T Mexny | Paccrosmue [0 KocMHuecKoro ::c:na- Mexgy | UecKoro obnekra
ng;:§§:: nynkta.| O00BeKTa (ry-10°), xu e nynkra.| (r110%), Km
KOOpAHHAT (MH Ha- opau- |V Ha-
(A'q, Ard) |Omone- HaT 6utone -
HHH ) (Ara, |HPi
(Be, 0,3 0,5 1,0 15 [larg)’  [ae, 03105 10| 1,5
KM) KM)
4’ 2000 | 520 | 1450 [ 5820 (13000 41~ | 2000 [2,2]6,0| 24 [ 55
5000 | 210 580 [ 2300 | 5200 5000 (0,9(2,5{9,7] 22
1’ 2000 | 130 360 | 1450 | 3 300
5000 | 52 145 | 580 | 1300

MMpumeuanue. [pu cocraBnennn Tabmuy, npunsto Ao = Ad = Ap/ry
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I'. A. Mepcos

ANNIOCTEPHOPHbBIN AJITOPHTM
®UIbTPALUH MELIAKOUWHKX MAPAMETPOB
NMPH ABTOHOMHOHW KOCMHYECKOHW HABHUTALHUHU

ITpu o6paboTke TpaeKTOPHBIX H3MepeHUH BO3HHKAIOT Pas3JIHUHbIE
3afa4yd HHTEplIpeTallid H3MepUTeJbHOH HHPopMaunuH. O6GbIYHO Ta-
KHe 3a/layd peIlalTCss 3BPUCTHYECKHMH MeTOLaMH, OCHOBAHHBIMH
Ha ONBbITe H HHTYHIHH PacyeTyHKoB. AJITOPUTMHU3ALHUS 3THX METOJ0B
no3BOJMJa Obl HCNOJb30BaTh HX [/ aBTOHOMHOH HaBHI'ALUH C
LeJbl0 TOBBLILIEHHS] ee HaNeXHOCTH U 3ddexruBHoctH. OxHON H3
3aJiay UHTEpIIpeTaluH SIBJSETCS Paclo3HaBaHHe H yCTpaHeHHe CMe-
IleHHs], BbI3bIBAEMOI'0 NapaMeTpaMi, BeJHUYHHbl KOTOPbIX HeH3Be-
CTHBI. DTH mapaMeTpbl MOTYT ObITb Ha3BaHbl MeIIAIOUHUMHU lapaMer-
pamu [1]. B KayecTBe MelIalOUIMX NapaMeTPOB MOXKHO pacCcMaTpH-
BAaTb HEH3BECTHble HJIM HETOYHO H3BECTHble YHCJOBbIE XapaKTepPHCTH-
KH TIPUHSATON MOJEJH ABHKeHHs [2]. YcTpaHeHHe CMelleHHs LOCTH-
raeTcsl OneHHBAHHWEM MeEWIAOUUX TNapameTpoB. B ofmeM ciayuae
MOXKeT CyLIeCTBOBATb ONTHMaJbHOe pa3bHeHHe MelallUX napamer-
pOB Ha OleHHBaeMble ¥ HeOleHHBaeMble BeIMUuHbL. [Ipu ompeneJe-
HHUH ONTHMAaJbHOIO pa36HeHHs] MOXKHO HCXOLUThb TOJIbKO H3 anpHOp-
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Ho#l uHpopMauuu [3, 4], a MOXKHO HCIOJIb30BATh TaKKe U anocre-
pHOPHYI0 HHGODMALHIO, T. €. CaMH H3MepeHHs.

B craTtbe paccMaTpHBaeTcsi aJrOpPHUTM allOCTEpPHOPHOro pasbue-
HHSl MEIAIOUIMX TapaMeTpoB /IS caydyas, KOrjga He paBHa HYyJIO Be-
POSITHOCTDb, YTO NPHHSATbIE BEJHYHHBI MEIUAIOIIHX TapaMeTpOB paB-
Hbl MX HCTHHHBIM BeJHYHHAM.

1. 3apaya GuALTPAUMH MEWAOLWIHX NMAPaMeTPOB

Ilyctb XecTb m-MepHbH (Pas3oBHI BEKTOp, OMHO3HAYHO ONpene-
JSIOLUA TpaekTopuio ABHKeHHS. [Ipy ynpaBjeHHH TpaeKTopHuel
MyCTb HCIOJb3yeTcsl P-MEpHbH HaBUralLlMOHHBLIH BEKTOp ¢, 3aBHCH-
Ui OT X JIMHEeHAHO:

q= va (1)

rae Q — martpuna pasmepHocTH pXm, PaccMoTpuM 3ajgauy OLEHH-
BaHHUS § TIO U3MEPEHHIO N-MEpPHOro BEKTOPa, 3aBHCALIEro JHHEHHO
HE TOJIBKO OT X,HO U OT HEH3BeCTHOro /-MepHOro BEKTOPa MeIlalolHX
napametpos d:

rie cocrasasiioiine § — usmepuresbHble omn6ku, a A 1 B — marpu-
ubl pa3mepHocTH nXm U nXl coorBercTBeHHo. Bee cronbust A mo-
JIOXKHM B3aHMHO JIMHEHHO HE3aBUCHMBIMH, a cTONOUbL B+ MaTpuub B
JUHEeHHO He3aBHCHMBIMH OT cTOJ0LOB A:

paur(A) =m,  padr(|AB|) = m + paur(B), 1 <paur(B)<!I, (3)

rae ||AB|| — 6aounasi maTpuua, cocrasiennas u3 A u B. B coorser-
ctBHU ¢ (3) cToabubl B MOryT ObITb NUHEHHO 3aBUCUMBIMH. B masb-
HelllleM A/s KpaTKocTH OyfeM HasblBaThb Mellalollde NapaMeTrphl
dy, dp,, .., dn, THHEHHO He32BHCUMBIMH (JIMHEHHO 3aBHCHMBIMH),
€CJIH COOTBETCTBYIOUIHE UM CTONGUM bg,, ba,, ..., by, MaTpuillel B siBsisi-

I0TCS JIUHEHHO He3aBHCUMBIMH (JHHEHHO 3aBHCHMbIMH). 3AKOH pac-
npefenenuss & 6yneM CUHUTaThb M3BECTHBIM, NPHUEM

ME) =0, M(EE)=En *)

rae E, — exuHUuyHas MaTpHlla Nopsjka n.

[TosoxuM, uto d, He3aBUCHMble CJAy4YalHble BEJHUYHHBI, PaBHBIE
HYJIIO, C BEPOSITHOCTSIMH Py, @ C BEPOSITHOCTAMH §,=1 — p, uMelole
u3BecTHOe pacmnpenenende Fp(dr).

Tlpu BBIYHC/IEHHH OLeHKH X Bekrop Bd B (2) MOXHO OTHeCTH K
H3MepHTebHBIM omHOKaM. Torma ¢ TIOMOIIBIO MeTOAAa HaHMEHbIIHX
KBaZipaToB JJIsl OLEHKH §, BEKTOpa X MOXHO Hamucarth

§0=Fx» (5)

rae
F = (A*A)7'A", (6)
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M COOTBETCTBYIOILAs OlleHKa ¢ OyAer paBHa

%, = q + QFB4 + QF&. (7
Taxum oGpasom, ecau croabubst A u B B3aMMHO HEOPTOrOHaJbHbI
A'B=0, 8)

TO OlleHKa %, GyJeT 3aBHCETb OT MeLIAIOINX TapaMeTpoB.

3aBHCHUMOCTb OlleHKH § OT d MOXHO YCTPaHHTb, €C/IH BMecTe CX
OLIEHUBATb BCe JHHeHHO He3daBHcHMble dir. Tak Kak NpH yBeJHYEHHH
yycJa OLeHHBAeMbIX NapaMeTpoB B oOlleM cjydyae yBeJHYHBAIOTCH
H IHCNIEPCHH OLEHOK, TO XKeJlaTeJbHO OLleHHBATb TOJbKO He paBHbIe
Hymo dp. IIna BbIABAEHHUS TaKHX dr MOXHO MONBITATbCS BOCHOJb-
30BaThCsl ANIOCTEPHOPHON HHpopManuel, T. e. uamepenueM 1. Oienka
X TOr'Za MOJXKHA BBIYHC/IATBCS COBMECTHO ¢ BceMH dp7=0. DTOT BHI-
YHCJAUTENbHBIA TpollecC, 3aKAHYNBAIOIHKHACS BBIYHC/JIEHHEM OLEHKH ¢
¢ momoiubio (1), Ha30BeM anocTepHOPHBIM aJrOPHTMOM (DHUIbTPALUH
MelIaoUI¥X MmapaMeTpoB.

MHoxecTBo dp, onpefleNleHHBIX NpH 06paGoTke KakK HeparHbie
HyJii0, 0603HaunM . [last mocTpoeHust Q paccMOTPHM BCEBO3MOXKHBIE
pas6uenus d Ha d; ¥ dj, UCKIIOUUB Te pa3GHeHHs, IPU KOTOPbIX B d;
BXOIAT JNHHeHHO 3aBUcUMble dp. B cooTBercTBUH ¢ pasGuchuem d

npousBeleM pasbuenue B Ha B; u Ej:
Bi=Bj1, + Bjd;. (9)
Tak kak No NocTpoeHu0 U BeaeAcTBHe (3) ctonbusl A u Bj nuHeiHo

He3aBHCHMble, TO MOXHO BBIYHCJIHTb COBMeCTHBle oOueHku 0; H §;
BekTopoB d; U X. O603HaUUM ®; MHOXKECTBO, CocTosillee H3 [; aJje-
MEHTOB dk,, r=1, 2, .., l;, OT KOTOpbIX 3aBUCHUT OleHKa O;. MHOxe-

CTBO ®; 00pPa30BaHO BCEMH COCTABJSAOIKMA @; H HEKOTOPbIMH CO-

craBasomumMu d j, 1 X o6belHeHHe BKiAOuaeT Bce dy. U3 snemen-
TOB ®; 00pa3yeM MOAMHOXECTBAa ®;!, SBJASAONINECS BCEBO3MOXHBIMH
coyeTaHHSMH U3 [; 110 [;i 371eMeHTOB @j, B TOM 4HCJe H MyCTOe coye-
TaHue.

PaccMoTpuM rumotessl A; 0 To, 4TO eud dy € ®j, TO
dk=/=0, ecau dkem;l,
dp =0, ect1 dksém;._
Torga GesycJOBHYIO TUIOTHOCTb pachpefiesieHHst ¢ (8;) omeHku &; MOXKHO
HpejCTaBUTb B BHAE

¢ (8) = 21 p (1) @ (8;/7), (10)

rae p(h}) — anpuopHad BEPOATHOCTb hj-, a (p(b;/hf) — yCJI0BHAs ILIOTHOCTb
pacripetenenist §; mpa runotese A BeposTHocta p(h;) ¥ MIOTHOCTA
@ (8;/h]) MOryT GbiTb OmpefesieHbi MO anpuopH0d MHbopMauwH. Omnpene-
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JIUM Tellepb aNoCTEPHOPHYIO BEpOSTHOCThb p(hf/&,-) ranotess hj mo dop-
myJe DBaiieca
. . ;
p (Rild;) = p (hj) @ (8;/hi)@(8)- (1)
Anocrepropnyio BepositHocTb (11) 6yseM HCmob3oBaTh KaK KPUTEPHit
{ i
MCTHHHOCTH hj, cuuTasl, 4To §; ompeneJser Kak MCTHHHYIO Ty hj, KOTO-
POl COOTBETCTBYeT HauGosibllas aNoCTepHOPHAsA EEFOATHOCTb. STOT KpH
TEpUil MOXKHO paccMaTpHBaTh KaK YaCTHBIA Clyya#l KpUTEpHSl OTHOLIEHUS
npasponono6uit [5]. M3 (10) u (11) crenyer, uto yciosueM, 3KBHBa-
JMeHTHHIM MakcuMymy p(hi/8)), sBasiercs yciosHe
To>T:i=1,2 ...,i, (12)
Ijie ij — YHCIO0 BCeBOSMOMHHIX THIOTE3 Ky, 2
. . ;
T} = p () @ (8i/h). (13)
Tumotesa hj® ompenenser Kak He paBHble HyaO dj, NpEXCTABIAONIHE
o601 37IeMeHTsl ), M KaK paBHBIE HYJO dj, SIBASIOLEECS SEMEHTAMH

of, LONONHAIEro o X0 «;. I'HNOTesbl A MOryT OKasaThcs NPOTH-
BODEUMBbIMH, KOTJa KaKWe-Iu60 dp OLHUMH THIOTE3aMH BKJI 04a:0TCs
B ©f, a ApyrumH — B ;. HauGosee mpocto moctpoenne Q MOXHO ocy-

UIECTBHTH MPH HEMPOTHBOPEUMBLIX AF, KOrja e dy BXOEMT XOTA 6o
B OIHO ®F, TO He BXOJAAT HA B OXHO O, u HaobopoT. B atom ciydae
Q, OYEBHMIHO, PaBHO OOBEXHHEHHIO BCEX m}"‘
Q= ob, (14)
I

a obbeguHeHde BeeX o) Oyner 'HOMOMHATH Q A0 MHOMeCTBA BCeX d.
Takoill cayuyaii Moxer OblThb peann3oBaH MpH HEKOTOPOM HajaraeMoM Ha
MelaolMe MapaMeTpbl YCJIOBHH, KOTOpOe Jalee H pPacCMOTPHM.

2. Yacruwpii cayyah

Ilycrb Temepb § — HOpMasbHBIA CaIy4afiHBI BEKTOp C COXpaHe-
HHeM yCJoBHH (4), BEPOATHOCTH pr OLMHAKOBH 151 BCeX dp, a TJIOT-
HOCTH pacnpepeseHusi dp npu dp70 SBJISIOTCH HOPMAJbHEIMU C HY-
JIeBbIM NepBBIM MOMEHTOM H JHCHepcHel o4’

(P(;) = N(g» En)» Pr = D,
(15)
q)k(dk)=N(dk, 0';), k=12, ..., L )

YToOnl cHOpMy/HpOBATH YCJIOBHE [JsI MaTpuUubl B, mosyuum
BBIpaXKEeHHE J/151 OLeHOK O; U §; NpH HCMOIb30BAHUM METOJa HaHMeHb-
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mwux KBagparos. [Las aToro ¢ nomoupio (9) npeacrasuM (2) B Bule
X -~
+ B;d; + &. (16)

= || AB;
n=l481)7

Ecau 17151 MpoCTOTH HE HCIOJb30BaTh HHGopMauuio o d Kak anpu-
OpHOE M3MepeHHe, TO [IJis oueHok O; H § MOXHO HanucaTb ypas-
HeHHe

| A5]

§;
5;

A:“n- (17)

AO
B; B;

BHINONIHUB YMHOXeHHS OJOYHBIX MaTpul, pasgenum (17) Ha 1Ba
ypaBHEHHS:

A"AE; + A'B; §; = Ay, (18)
BjAE; + BjB; b;= Bjn. (19)
Buipasus §; u3 (18)
& =Fn—FBn (20)
u noxcraBuB (20) B (19), nonyunm
BjSB;&; = B;Sn, @1)
rue
S=E,—AA* A" (22)

Marpuua S siBasiercs mpoekrupyloumeli matpuueit [6], 1. e. S2=S,
S*=S, panr koropoii paBen n— m. Marpuua S NpoeKTHPYET n-Mep-
Hble BEKTOPH! Ha MPOCTPAHCTBO, OPTOTOHAJIbHOE NMPOCTPAHCTBY CTOJO-
uoB A,

SA=0. (23)

W3 (23) u nuHefHON HE3aBUCHMOCTH COCTaBJSIOWMUX d; clelyeT BO3-
MOXKHOCTb paspemeHus (21) orHocHresabHo O

8 =Gy, (24)
rue
G; = (B;SB;)™ B;S. (25)
IToxpcrasus (17) B (24), monyuum
8 =d;+ GB1; + Gj&. (26)

M3 (26) caenyer, uto 8; 3aBucHT 0T Beex d,. UTo6wl §; 3aBHCENa TOMb-
KO OT dj, 10CTaTOUHO, YTOGHI BHIMOJIHSIOCH YCJIOBHE

B'SB = E|. 27

3rto YCJIOBHE INO3BOJISAET NMOJNYUHTb MNPOCTOE pelleHHe HEPaBEHCTBA
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(12), rak xak an1s (26) mMoxeM HamHcarb
8; = d; + B/S¢. (28)

U3 (28) caenyer, 4To ouenka dr Melaiollero napamerpa dp He 3a-
BHCHT OT TOTO, B KaKO€ ®; BXOAHT ds, H PaBHA

.-

Or = ka 1. (29)

Tak kak KOBapHalHOHHble MaTPHLB BekTopoB B;ST paBHbl enunuu-
HBIM, TO BCE€ Or MOXHO IIPEICTaBUTh B BHIE

Or = dp + Vg, k=12, ...,1, (30)

Vi — He3aBHCHMble HOpPMaJIbHble CTaHJAPTHplE CTyyaliHble BeNUuHHHL. K3

(15) u (30) crexyer, uTo yc/OBHas MJIOTHOCTb OUEHKH dp, € @), r =

=12, ...,1 ect
) .
N(ékr’ 1 + Ud), €CIi dkrEm},

8 Jh) = :
9(0/h) N (3, 1), ectn dy 6 o).

(31)

Tak Kak cayyaiinble BEJIHYHHBI Op HE3aBHCHMBIE, TO IIOTHOCTb ¢ (8;/h))
paBHa

2 ‘
@ @ik = [T @8k, /) (32)
r=1
B cootsercreuu ¢ (15), (30) u (31) xpurepuii (12) rumoresst hj,
NyCTOrO MHOXECTBA ®; paBeH

4y
) =11 pN (3¢, V). (33)

r=1

Tyctb Temepp hj — IHNOTE3a, BKAIOYAIOMIAT B @] TONBKO OXHH S/IEMEHT
dr,, oleHKa KOToporo O, sBsieTcd HauOoJIbilell MO MOAYJIO CpefH oue-
HOK dp € ;. Torzma
T =T/ B (), (34)
re.
gV (6, 1+
pN (6, 1)

B®)= (35)
1

Oyukuust f(5) MOHOTOHHO BO3pacTaeT Npu yBesnHueHHH Moxyad O, u T
ABNAeTCA HaMGOMbiledl BeMMuMHOM cpexu T IS BCEX MHOKECTB W),
1 0

COCTOSILIMX TOJMbKO M3 OXHOTO ajeventa. Ecm P(dx) >1, 10 T; >T;
H MOMKHO OTBEPrHYTb rumotesy hj. 'mmoresa hj Gyxer, B CBO:O oyepellb,
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OTBEPrHYTa, €CAd CPeAu OCTABIUMXCHA OUEHOK Hadjpercs O, YAOBJIETBO-
psirowast ycnosuto f(3x,) > 1.

Takum o0pasoM, HauGosbluast BeJMMYMHA KPUTEpHs Tﬁ-° 6yner coot-
BETCTBOBATb MHOKECTBY f, KOTOPOE BKJIOYAET T€ W TOMBKO Te di, € 0},
OLEHKH KOTOP5IX Y/IOBNETBOPAIOT YC/IOBUKO |8, | > fmix, T€ BEMUUHA
Imax, OTpefesifeMas ypaBHeHHeM P (fmax) = 1, pa3Ha

1+ o2 A\
fmax = (2 2 2 ln’p‘ Vl =+ 02) . (36)
Lo q

Tak kak BeqHuHHA fmax He 3aBHCHT OT TOI'O, KAKOe MHOXECTBO ©;
paccMaTpHBaercs, TO MHOXeECTBO £, olpejeneHHOe B COOTBETCTBHH
¢ (14), 6yner BK/IIOYATh Te H TOJBKO Te dp, OLEHKH KOTOPBIX y/OB-
JIETBOPSIIOT YCJOBHIO

| ‘5k | > tmax- (37)

Takum o6pasoM, Npu yciaoBuH (27) ajJropuTM CBOIHUTCA K cle-
AYIOUIMM JeHCTBHSM:

1) BoluHCAsIIOTCS OLEeHKH O Bcex dp B COOTBETCTBHHU C (29);

2) B coorBerctBud ¢ (1) u (20) BhIUMCAsieTcs OlleHKa HaBHralH-
OHHOTO BEKTOpa

% = %ty — QF ) bidp, (38)
k

rjie CyMMHPOBaHHe PAaCIpOCTPAHSETCsl Ha BCe Op, YAOBJETBOPSIOLINE
ycaosHo |Ok| =t

Takoil BbluHC/IHTebHBIA NPOLECC Ha30BeM MOPOrOBBLIM aJIOPHT-
MOM (HUJbTPAlUH MeMIAIOLIUX [TapaMeTpPOB C BeJIHYUHOH mopora f.

3. OnTtumanabHoCTb noporosoro aJiropuTma

[TpumeHnenue noporosoro ajaropurma 6yjaeT ONpaBAAHHO, €CIH TOU-
HOCTb OlleHKH (38) OyaeT BbIllle, 4eM TOYHOCTb OLIEHKH %;, COBMECTHOM
co BcemH dp. OUEHKY %, MOXKHO He pacCMaTpUBaTh, TaK Kak IpH JI0-
CTaTOYHO GOJIBIIHX G4 TOUHOCTH %, Bcerga Oyner HHXKe TOYHOCTH %i.
B COOTBETCTBHHM C A/JTOPHTMOM CTAaTHCTHUECKHE XapaKTEDHCTHKH %
6ynyT 3aBuUceTh OT BequuuHbl nopora f. Ilpu £=0 oueBHaHO, UTO
®=%;. UToO6bl OnpefenuTh BJHSAHHE ¢ HAa JHCIEPCHH OLEHOK HaBHra-
LHOHHLIX MTapaMeTPOB, BBelleM CJydyaHHble BeJHYHHbBI

1, ecmu |8:| >4,
A = 39
* {0, ecm | 0| <4, (39)

C NOMOIIBIO KOTOPBIX B (38) pacnpoCTpaHuM CyMMHpOBaHHE€ Ha BCe
6;;2
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%= %,— QFE Xkbkbk. (40)

k=1
[Moncrasass (7) B (40), nonyuum
B
% =g+ QF L+ QF 3 be(de — Mds). (41)
k=1

OG6o3Hauum

Pe= dr— Mds (42)
u 3anuiem (41) B Buae

%= gq + QFL -+ QFBp, (43)

rlle COCTaBJSIONHe BeKTOpa M ecTb Wy, CiyyafiHble BeJHUHHB Mg SB-
JISIOTCS He3aBHUCHMBIMH, C PaBHBIMH JHCIEPCHSMH 0,2, 3aBHCAILHMH
OT BeJIMUUHBL ¢ B cooTBeTcTBHU ¢ (39). i KOBapHauUOHHOH MaTpH-
ubl K BekTOpa % MOXKHO HamHCaTh

K = QF (Ex + 0\BB) FQ". (44)

W3 (44) caenyeT, 4TO MHUHHMAaJbHbBlE NUCHEPCHH COCTABJSIOIINX %
JMOCTHTAlOTCS NPY MHUHUMAaJbHOM BeduunHe oy, IIpu =0 pp=—vy u
ou?=1. [loaTOoMy /151 ONTUMAJLHOCTH aJTOpHTMa He06X0oUMO cylle-
CTBOBaHue TakuX f, uTo6wl 0,%(¢f) <1. 3akoH pacnpenesieHus p B CO-
orBerctBuu ¢ (15), (30) u (39) ectb :

o@=[{pAd+ V@, N @, DV, (45)

14

rae A(d) — neabra-gynkuus, a obaactb V onpenenserca HepaseH-
crBom d — A(d + v)<<p. C nomouibio (45) MOXKHO MONYYUTDb ClEAYIO-
IiYe BhIpaXKeHHs NJISi THCNIEPCHH 0,2 H ee MPOM3BOJHOH mo

1 +00 t4+p
op=1—p [N Du*dpt+q [p* [ (N, N, 1)—
~t -00 -t+p
— N (v, )N (s, 1)) dvdp, (46)
do? a2 —1
NN TC () P A N —
= 2t (qoj 1 N 1+ 0g)—pN(t1). 47)
2
YpaBHeHHe % MoxeT uMerb Tpu KopHsi: £;=0, f{=0u
ot p ol
topt = (2 0‘21 In 703 | VO'd - 1) . (48)

MoxHo nokasarb, uto npu f=topt*0 BeqnYHHA Oy% NOCTHTaeT MH-
3 3axa3s Ne 5411 33



a 5
p=0 a5 a7, /';”
[ a1 i 7t
¥ I a7 0
/53 i 44 46
24 -
F 24 asf t
i 47
I 23 [ “ar
L i i
I I AN
i ! I i i I ] ‘”"” i
g1 75 4 5 F0 7 7 3 4 5 60 7 72 F 4 5 ¢

Puc. 1. 3aBucumoctb 6%, 01 ¢ ¥ p npu 6a=3 (a); da=9 (6); 0a=27 (8)

5 opt s
/,0/“” a 5
L P =
95+ 27
I N IS N N N T | N S I U T N |
/) g5 00 495 10
2 Vs

Puc. 2. 3aBucumoctb oT p # ¢ BenuuuH 02, (a) H fopt (0)

HUMyMa 1 0% (fopt) <<l. Taxum o6pasoM, yca0BHe ONTHMAaJbHOCTH
aJrOpUTMa MOXKHO 3aNUCaTb B BUJE

2 1 SN
2T Y E I, (49)
q Od—-i

Kax Bumno u3 (36) u (48), BenuuuHa fopt Bcerna Godnblie fmax. TIpu
og>1 y
toptztmaxz(2 InZ 04) . (50)
q



¥Ycnosue (49) B 3TOM CcJyuae 3amuuieTCs B BHAE
cd>%- (51)

ITpu p=0,5 anroput™ Bcerga ontumaleH, Tak Kak oq4>1. Ilpu p=0
OLIEHKA % BCErla Xy¥Xe X
PaccmoTpuM p1s1 mpuMepa cyya, Korja IUIOTHOCTb pacrpefeseHus

d sBasercs paBHoMepHo# Ha uHTepBane [—D, D]. Ha puc | npusenens!
3aBUCHMOCTH Oy, OT ! MpH pa3lUYHLIX BeJHuMHAX p. Bee Kpusele Ha of-
HOM DHCYHKE COOTBETCTBYIOT OJHOH Bennuune oy Tak xak o7 = qD¥/3,

o © 1
TO KaxJIo#l KpUBOH cooTBeTcTBYeT cBos Benuuuna D = (307/q)”*. Kak
BHIHO, ONTHMAJbHble BeJUYUHBI ! MOABJAIOTCA IIPH TeM MeHBIIHX p,

yeM Gosbllle Oy 3aBUCHMOCTH ONTHMAJbHBIX O), H ! OT p TNPUBEXEHBI

Ha puc. 2. na GeckoHeuHO OGOJBIINX Oy ol = 1 —p. 310 crepyer
(94}

¥3 TOro, 4To Npu OeCKOHeYHO OOMbIIMX Oy Mewwalomuid napamerp d
BCerja OlLEHWBaeTcs, eI OH He paBeH HYJIO, W He OLEHHBAeTCs, eCiH

OH pased Hymo. Takum ofpasoM, B | —p ciayuasx o, =1, aB p

cayuasx — Hymo. CieoBaTelbHO, B CPEfHeM O L= 1 —p.
op

3akJaloueHue

UacTHoe pelleHye 3afaud GUAbTPALUH MellalOIUX IapaMeTpoB,
nosy4yeHHOe NpH ycaoBuu (27), MOXKeT UMeTb NpaKTHYeCKoe 3Haye-
HHe B HEKOTOpHIX cayuasix. Hanpuwmep, ecau cron6upl marpuusl B op-
TOHOPMHPOBaHbI, TO NpU GOJbIIOM YHCIe H3MepeHHH ycJoBHe (27)
Oy/JeT BBIIOJIHATHCA NPUGJIH3UTENLHO,

Bo3MOXHBI TaKXe cayyad, KOTa O MeNIAlOIUX NapaMeTpax He
U3BECTHO HHYEro, KpoMe UX MAaTpHUUbl BJAUAHUS B, U anpHopHas HH-
dopmanus 0 MelIAKOLMX TapaMeTpaXx CTPOUTCS TPOU3BoJbHO. Toraa
uesecoo6pasHo B IPOCTPAHCTBe CTONOLOB B BeIGpaTh Takoil 6asuc,
4T06bl BHIIONHAJNOCH yciaoBHe (27). DTO Bcerfa BO3MOXKHO CHeJaTh
C NOMOLIbI0 JIHHEHHOTO NpeoGpa3oBaHUA MeINAIUX MapaMeTpoB
ds = (B*SB)'/:d.

ABTtop Bulpaxaer npusHatedbHocTs [1. E. dnbsacbepry, M. JI. Jlu-

JoBy u b. II. Baxmusiny 3a mnoJieaHoe oOcyxIeHHe HacTrosluel pa-
60THI.
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A. U. Hasapenko, JI. I'. Mapkosa

METOAbl ONMPEAEJEHHUA W NMPOTrHO3UWPOBAHUSA
OPBUT UC3 NMPH HAJHUYUU NOTrPEMIHOCTEH
B MATEMATHYECKOM OINNHMCAHHUHW JABHU)XEHHSA

1. UcToYHHKH norpewHocTedl nporHosuposanus npuxenus HC3

TpaxguuuoHHBIA MOAXOA K IPOTHO3HPOBAHHIO HeOGeCHBIX TeJ, pas-
BUTHIA B KJaCCHYECKHX TpyJax mo HeGecHOi MeXaHHKe, OCHOBaH Ha
COCTABJIEHHH H PelIeHHH AH(depeHUHalbHbIX YPaBHEHHH NBHXEHHs
[1]. SToT moxxox xapaKTepeH NOMyLIEHHeM, YTO Bece JeHCTBYIOILLHE
Ha KOCMHYeCKHH 00beKT CHJIbl H3BECTHBl H MOTYT OHITb yuTeHHl, a OC-
HOBHBIM HCTOYHHKOM OIIHOOK SIBJASIOTCS NMOrPEUIHOCTH HayaJbHbIX yC-
nosuit. TlocienHne BO3HHKAIOT NpPH OMpeeJeHHH NapaMeTpoB Tpa-
eKTOPHH (1O MeTOAy HaHMeHbIIHX KBaApaToB) BCJAEACTBHE TOrO, YTO
H3MEpeHHsl COAepKaT OUIHOKH.

- TpaguunOHHBIA MOAXO IIHPOKO HCNOJb3YeTCs H NPH NPOrHO3HPO-
Banuu neuxenus MC3. Oxnako oka3wlBaeTcsl, YTo He Bce AEHCTBYIO-
IHe Ha CIyTHHK CHJIBL MOXKHO CYUTAThb H3BECTHBIMH H UTO He BCe H3-
BeCTHble CHJIBl MOTYT ObITb YuTeHbl B NPaBbIX YacTaAX AHPPepeHIH-
aJbHBIX YPaBHEHHH IBHKEHHS NPH HX HHTErpHpOBaHHH. BoaHuKalo-
IIHe B CBSI3W C 3THM NOTPEILIHOCTH MaTeMaTHYeCKOro OMHCAHHs JABH-
JKeHHs MOTYT B psifie c/lyyaeB OTPHLATENIbHO CKa3aThCs Ha pe3yJsbTra-
Tax onpeneneHus H nporrosuposanusi op6ur MC3. Hanpumep, on-
HHM H3 OTPHUATENbHBIX MPOSIBIEHHA STHX MOTPEIIHOCTEH sIBJIseTCs
orpaHHYeHHe BPeMEeHHOro HHTepBaJjia, Ha KOTOPOM chonbsyro'rca u3-
MepenHs [2].

[Tpn u3yuennu norpeurHoctTeli MPOrHO3UPOBAHUS, NMOPOKAAEMbIX
HETOYHOCTBIO M3BECTHBIX AAHHBIX O BO3MYILAWOIIHX CHJIAX, YALOGHO
BOCIOJIb30BATLCS aNNapaToM TEOPHH BepositHocTeH. B wacTHoCTH, He-
yuTeHHble TMPH NPOTHO3UPOBAHHH BO3MYILAION[HE CHJBI €CTeCTBEHHO
CYHTATb rayCCOBBIM CJHY4alHHBIM mpoueccoM. JI/ist 060CHOBaHHs TaKo-
ro NpejacTaBJeHHs] MOTYT ObITb NPHBEJEHB! CJeyIoIHe L10BOIHL.

1. Teopusl BepoATHOCTEl NPUMEHSETCST He TOJBKO B TeX Clayuasx,
KOT/Zla HMEeeTCsI MHOXEeCTBO NOBTOPSIeMBIX COOBITHH, HO U TOTrAa, KOr-
Jla peub HIAET O HEONPeIeNE€HHOCTH BHIBOJOB, B Hamem ciyuae Ta-
Kasi HeomnpefeJeHHOCTb HMeeTCs, HanpHMep, OTHOCHTeNbHO Ko3ddu-
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{{HIEHTOB pPa3JoXKeHHs I'paBUTALMOHHOIO MOTEHNIHAasa, a TaKxe fapa-
MeTpoB atMoctepsl ¥ 6a/JIMCTHYCCKOTO KO3 pHuHeHTa CITyTHHKA,

2. [IpuMeHeHHe XapaKTePHCTHK CAy4alHbIX TPOLECCOB /s OMNUca-
HUS ompele/eHHbIX (aKTOPOB He NPOTHBOPEUHT BO3MOXKHOCTH Cy-
LIeCTBOBAHUS [ETepMHUHHPOBAHHON 3aKOHOMEPHOCTH B HMX IpOsiBJe-
Huu. Tax, nHanpumep, kKoppeasinHoHHas (QYHKIHS

Kx(t ©) = M{Ix () — M (O] Ix (v) — M(v)"}

KaK pa3 M XapaKTepuayeT HaJHylie TaKOH JeTepMHHMPOBaHHOH 3a-
KOHOMEDHOCTH, a H3yueHHe KOppesslHuH 4acTo CJHYXKHUT NepBbIM Lia-
roM K BbISIBJEHHIO HOBbIX 3aKOHOMEpPHOCTEH.

3. Uucno He YYTEHHBIX NPH IPOTHO3HPOBAHHM BO3MYILAMOIIUX
(aKTOpPOB BEJIMKO, M YCJOBHA HX COBMECTHOIO ACHCTBHS Upe3BbIYAH-
HO MHOT000Opa3Hbl, TAaK KaK MOI'YT OTJIMYATLCS PacroJoXKeHHeM JaH-
HOH OpOUTHI OTHOCHTE/IBbHO NMOBEPXHOCTH 3€MJIH, OTHOCHTEIbHO JIYHBI
u Connna. Tak, HanpuMep, dedcTBHe TecCcepasbHbIX (M CEKTOpHAJIb-
HbIX) TapMOHMK Pa3/IOXKeHHSl I'DAaBHTALHMOHHOrO MOTeHuHala 3eMJH
3aBUCHUT OT B3aUMHOTO TOJIOXKEHHS BOCXOJISLIEro y3/aa opOUTHL U
I'punBuya (L=Q—Sr, rme Sr—3Be3nnoe Bpems [puHBHua).
[Tocnennsis  BennuuHa  GBICTPO  MeHseTcs, NpPHHHMaer ca-
Mble pa3JiMUHble 3HAYEHHS H MO3TOMY y NOAABJSIOLIEro GOJbLIMHCT-
Ba CNYTHHKOB MOXeT CYUTATbCA CJAYy4yaHHOH BEJHUYHHOH, paBHOMEPHO
pacnpeneneHHoi Ha uaTepBade (0, 2m). 31ech TakXKe clenyeT UMEThb
B BUIY, UTO BCe He YUTEHHble NPH NPOTHO3MPOBAHUH (aKTOPHl HMEIOT
O0OBIYHO ONMHAKOBBIH MOPSANOK, T. €. COU3MEPHMBI MeXAy COo6OH, Tak
KaK OCHOBHble BaHsIomue GakTopbl H3BECTHH H YYHTHIBalOTCA [3, 4]

ITH 06CTOSATENBCTBA MO3BOMSAIOT HCIIOIb30BATh LEHTPAIbHYIO Ipe-
Ae/bHYIO TeopeMYy H NPHHATb, YTO 3HAUCHHe BO3MYILEHHUA B HEKOTO-
pBI MOMEHT sBJIsIeTCS CJAYYalHOH BeJHYMHOH, pacnpeneseHHOH IO
HOpMaJIbHOMY 3aKOHY.

4. M3BecTHble 3HAUYeHHS YYTEHHBIX NPH NPOTHO3UPOBAHHH (aKTO-
POB NpejCcTaBJAAT cOOOH CJydyaliHble BeJNHUUHBI, TAaK KaK Ompejese-
Hbl MO GOJbIIOMY 4YHCIYy H3MepeHuit, ComepxKamux CJayyadHble
o 6KH.

5. TopMoxKeHue B aTMocdepe, clyxallee OTHHM U3 [VIABHBIX BO3-
MyIlaomux GakTopoB, CYIECTBEHHO 3aBHCHT OT YPOBHS COJIHEYHOMH
aKTHBHOCTH, KOTOPHI B HACTOsIlee BpeMs NPHHATO CUUTATH THIHY-
HbIM CJY4aliHBIM mpoueccoM [5].

6. Pasnesenne Bo3Mymamwumyx (akTopoB Ha JeTepPMHHHpPOBaH-
Hble (Y4YTeHHble NPH NPOrHO3MPOBAHUH) U CJyYaiiHble He MPOTHBOpE-
YHT TOMY OGCTOATE/IbLCTBY, UTO B pe3yJbTaTe H3YUEHUS] MPHPOLLI He-
H3BECTHbIE BO3MYIIEHHS, KOTOpPble Mbl B HaCTOsHiee BPeMsi OTHOCHM
K CJHy4aHbIM, CO BpeMeHeM Oymyr ompenesenbl. Torga cosgamyrcst
YCJIOBHS JJIsl BKJIOYEHHS MOCJEIHUX B YHC/IO YUHTbIBaeMbix (hakTo-
POB, a XapaKTEpPHCTUKHU CJAy4yaHHbBIX BO3MYILIEHHH COOTBETCTBEHHO H3-
MeHATCH.

OcHOBHBIM cOfepXKaHHeM Hacrosiimell paGoThl ABJAAETCA HCCIENO-
BaHHWE HEKOTOPHIX MNyTeH INOBBLIIIEHHS TOYHOCTH OINpeleseHdsl H
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nporsosupoBanus op6ur MC3, ocHOBaHHBIX Ha HCMOJIb30BAHHH CTa-
THCTHYECKHX XapaKTepUCTHK HEYUYTeHHBIX .(HEH3BECTHBIX) BO3MY-
IMAIONIUX CHIIL

2. MareMaTHyecKasi MOCTaHOBKa 3ajayH
yMeHblUIeHHS] MeTOAUYEeCKHX omHoOoK NPOrHO3UPOBAHUA

Hcrunnoe neuxenne MMC3 Moxer ObiTh NpeACTaBIeHO ypaBHe-
HHEM
das
E’ = B(Q, t) [40(3, t) + q (93 t)]- (2'1)
3nech 3 — BekTOp (cTONIGEn) sMeMeHTOB Op6UTH; B (3, {) — MarpHua
K05 (pHUIHEHTOB NPH CHJIaX B NPABHIX YaCTAX YpaBHEHHH BO3MYILEH-
HOTO IBHXKEHHS; {, (3, {) — BEKTOp H3BECTHBIX BO3MYILAIOLIHX CHII,
KOTOpble YYHTHIBAIOTCS NpPH NMpPOTHO3HPOBAaHHH; ¢ (3, {) — He yuTeH-
Hble NIpY NPOTHO3HPOBAHHH BO3MYIIAIOIIHe CHJIBL

JInsi mpOTHO3HPOBaHHS HCIOAB3YIOTCS OOBIYHO METOAbl, OCHOBAH-
Hble Ha UHTErpHpoBaHHU AuddepeHIHaNbHbIX YPABHEHHH [BHXKEHHS
NPH U3BECTHBIX BHEIHUX CHJIaX

d g ~ ~
“2=B( )4, (2:2)

[MorpemHocTh NMPOrHO3HPOBAHUsl XapaKTepH3yeTCsl pa3HOCThIO pelle-
Uit ypasHenuit (2.1) un (2.2)

x)=a()—a (. 2.3)

Ha ochoBe (2.1), (2.2) myrem JuHeapusauuu (Npu AONYyIUEHHH
|g,(t)|>1q(t)|) HerTpyaHo monyuuts aHdPepeHuHaNbHOE YpaBHe-
HHE [/ OTPEIIHOCTH POTHO3HPOBAHHS

L2 _Apx+BOgO, 2.4)

rae

A[B(3, 4, (3, b ~
A =226046.01 © pp— ().
ds

He yunrtbiBaemble NpH NPOTHO3HPOBAHHH Bo3MmylueHus ¢ (f) Gy-
JeM Ha3blBaTh WIyMOM cucTeMbl. CyIecTBeHHO TO, 4To WyM ¢ () OT
JIHyaercs oT 6eJsioro, T. €. CHJIbHO KOppeJHpPOBaH B pasHble MOMEHTHI
BpeMeHH. 9TO 06CTOSATeIbCTBO NO3BOJSIET HAMETHTb NYTh NMOBLILICHUS
TOYHOCTH TNPOTHO3HPOBAHHUS, OCHOBAHHBIH Ha OLEHHBAHHH H MPOTHO-
supoBaHuu mymaq (¢). Ilycrs, Hanpumep, HaltneHa oueHka ¢ (¢). Tor-
Jla Ha OCHOBE peIleHHs ypaBHeHHs (2.4)

¢
x(O)=U( 1) x() + [UE 8BEGEE (25)
Z
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MoxeT ObITb HaffleHa NMonmpaBKa
t
dx= (Ut HBETE® (2.6)
()

K pacueTHOil TpaekTopuu (2.2) M onpeneneHO yTOYHEHHOE 3HAaYeHHe
BEKTOpa 3JIeMEHTOB

5‘y1'o=m = ;+ ox. (27)

- OueHky ¢ (£) umeeT CMbICT HCKATh JJ/1s1 KaXJ0TO H3 MPOTHO3HPY-
€MbIX 00'bEKTOB M MPH KaXKJOM H3 CEaHCOB ONpeJlesieHHs] (YTOUHeHHSs )
napaMeTpoB TPAEKTOPHH.

C TOukH 3peHHs OmpejeseHHs NMONPaBOKX K pacyeTHOH TPaeKTo-
pud (2.2) HeBSI3KM MeXIy U3MepPEHHbIMH U pacyeTHbIMH 3HaYCHHSAMH
KOODAHHAT MOXHO paccMaTpPUBaTb KaK HOBbIE H3MEPeHHS, SBJSIO-
myecs JMHeAHOH QYHKIMeEH OTHOCHTENbHO HCKOMBIX NONpPaRBOK.

Ha camom pene, myctsb

Yt)=YBE)+ v

— BeXTOp M3MepeHHbIX B MOMeHT /; 3HauyeHH# KOOpIHHAT, SBJSAIO-
IUXCSl HeKOoTOpo#l (yHKuUMeH 3JeMEeHTOB 3, colepxKalluii norpem-
HOCTb H3MepeHuit oy aY (4;) =Y [a (fi)l— pacueTHOe 3HaueHnue H3-
MepsieMoii BesanuHuHbl. Torna, y4YuThiBass MasocThb MNOTpewIHOCTEH X,
HMeeM

= = ~ ~ oY [a(t))
Y&)—Y ) =Yl +xI+%%—Y p®l= 50 (t) + o
i
O6031ayas
- ~ Y [3(£)
z;=zti=Yti—Yti, hi=hli=—~—, 2.8
=T -V ) W)= @9
MOXeM 3anucarthb
2= hix(t;') + o;. (29)

Ha ocHoBe u3/10XeHHOro 3ajlaua yMEHbIIEHHS METOAHYECKHX
omu60K NMPOTHO3HPOBAHUS MOXKeT ObiTb CHOPMYJIHPOBAHA CJEHYIO-
muM ob6pasom. [lasi cucTembl, onucbiBaeMoi ypaBHeHunem (2.4), no

npoBeleHHbIM H3MepeHusiM (2.9) 24 i=1, ..., B U anpuHOpPHO Hu3-
BECTHBIM CTAaTHCTHYECKHM XapaKTepPHCTHKAM
Mig®,=0, MIg®)q" @, = Ks(t, ) (2.10)

M@),=0, M@w9)),= R

HalTH ONTHMaJibHOe 3HaueHHe BEKTOpa COCTOSIHUSA X ({) B MPOH3BOJIb-
HbIH MOMEHT BpeMeHH {.
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OntuManbHbiM GyIeM CUMTAaTh 3HaueHHe, NOCTaBJASIOLIEe MaKCH-
MyM anocTepHOPHOMY pacrpeleseHHIo p(X|2,, ..., Zz).

OTMETHM B 3aKJIIOUEHHE, UTO BO3MOMKHOCTb H YMECTHOCTb MOCTa-
HOBKM TaKOH 3aJlauyd CBsS3aHBl UMEHHO C TeM OGCTOATENbCTBOM, UTO
wyM ¢q (f) cymecTtByeT u He siBjisiercsi 6eJbIM. B npoTtuBHOM cayuyae
nporto3 myMa ¢ (f) 6bl1 Gl HEBO3MOXKeEH M GecCMBIC/IEH, TaK KaK

t
fveoBEa®AE=0
to

M B COOTBeTCTBHHU ¢ (2.5)
x()=U(t 1) x(),

T. €. B 9TOM CJlyuae ONTHMA/NbHOE 3HaYeHHe BEKTOpa COCTOSIHUS B MPO-
H3BOJIbHBI MOMEHT BpeMeHH OJXHO3HAYHO OBl Ompejessoch ONTH-
MaJIbHBIM 3HayeHHeM BEKTOpa COCTOSIHUSI B GUKCHPOBAHHBI MOMEHT

BpeMenu X (f,). 3nauenHe ke X (f,) MOXKHO HAHTH HA OCHOBE pacmpo-
CTPaHEHHBIX MeTOAO0B 06pabOTKU H3MepeHHH.

3. MporHo3uposanue
NpH mocJenoBaTeJbHOH 06paGoTke M3MepeHHMH

Paccmorpum vacTHBI ciyyall mocTaBJeHHON B M. 2 3agauu, Xa-
pakKrepHayeMblil yCJOBHEM

M (0:97) = Ridij, 3.1)
rjae

6~~—{1 mpH j =i,
17 .
! 0 npu j=~i,
T. €. IPUMEM, UTO MOTPELIHOCTH H3MepeHHH B pa3Hble MOMEHTH Bpe-
MeHH HeKoppeanpoBaHbl. OTMETHM, YTO JaHHOE IOMyIleHHe He sBJs-
ercsa HeoGxomuMbiM. IlocnenoBaTenbHasi 06paGoTKa BO3MOXKHA H
NpH KOPPEJHPOBAHHBIX MOrPEHIHOCTAX H3MepeHHH. OJHAKO B CBSI3H
C TeM, YTO 3[eCb Mbl pacCMarpuBaeM cnoco6hl OlleHHBAHHS yMa CH-
creMmbl g(¢), TpHHATOE NONYIIEHHE HECKOJbKO YIPOLIAeT BHIKJALKH.
Huxe ans peleHHst nocraB/eHHOM 3afayd NPUMEHEH MOAXOM,
OCHOBAHHBIA Ha MOCJAEJ0BaTeIbHOH 06paGoTKe H3MEpeHHUil; noJaydYeH-
HOe pelleHne HMeeT Psifl OOIHX 4epT C H3BECTHBIM aJrOPUTMOM (DHIIb-
Tpaunu Kanmana — Beiocu [6]. B 10 e BpeMs B cBfA3H € 0COGEHHO-
CTSIMH NOCTABJIEHHOH 3aJayH, CBSI3aHHBIMH C PACCMOTDEHHEM <LBeT-
HOro» mryma ¢ (f) u onpejejieHHeM OLEHOK BEKTOpa COCTOSIHHSI B NpO-
H3BOJIbHbI MOMEHT BPeMEeHH, HalileHHOe HUXKe pelleHHe OTAHYaeTCs
OT H3BECTHBIX H MOXET pacCMaTpPHBATbCs Kak HX 0606IiieHHe.
IlpumeM, uto B pesyabrare pemends safgaud Ha (k—I)-m mare
(mo (k—1)-My u3aMepenuio) nomyyensl
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M% ()] = Xr-aiees
M [(xk—l - xk-1|k-1) (xk -1 2/2—1]1?—1 )T] = Pk—llk-h (3.2)

M1g Ol = q Oe-ss
Mg () — g Dr-111g () — q (e} = K (b Doy

M {(xk_l — v}k-’llk—l) lq (l) - 21 (t)k—llT} = qu (tk-l» t)k—l-

[Tpumenum nanee GailecoBckuit noAxox. Haiinem u makcumMusupyem
10 X; anocTepHOPHYIO IVIOTHOCTh BePOSITHOCTH

p( xp 2, \Z,_p)
p( 2 I Zk-.l)

Tak xak sHaméHaTelb BblpaxKeHHs (3.3) He 3aBHCHT OT Xj, TO Orpa-
HUYUMCS pacCMOTpeHHeM ToJbKO uuciuress. Iloctpoum mIoTHOCTDH
P (Xj» 2k | Zk~). YuTEM NPU 5TOM H3BECTHOE pelleHHe ypaBHenus (2.4),
Ha OCHOBe KOTOpOro ¢ yueroM (2.9) MOXHO 3amucaTthb

Ui

xj=Ul b) Kem + | UG, 8B g @)L,

-1

p(xllzla zg’ coey. By zk) =P(x1|Zk)= (3.3)

(3.4)
Iy
2r = heU (ty Lry) Xoy + P j ; U (tw £) B(E) q () dE + e
lg—1.
Marpuua U (¢, fp) Ha3piBaercs pyHnaMeHTabHOH MaTpHueH pe-
IIeHUH CHCTeMBbl ypaBHeHHH d;:_ = A(f)x. dra marpyua cama yJ10BJeT-
BOpsieT YKa3aHHOMY YpaBHEHHUIO, T. €.

av (tr tO) —_
I =AOUG ).

JJist KpaTKOCTH HHXKe GYNEM HCI0JIb30BaTh Ciedyiomue 0603HaYeHHUS:
U (If/, bpy) = (Dl', U (%, tk-l) = @,
4y Ui

[ Ut 9BOGEdE= e | Uty HBEG Ehr dE=Wppappr.

thy k1
(3.5)

Torna Boipaxenusi (3.4) npuMyT BHI
X =Ouxpy + Wip-1s  2r=heQuXr-1 + HeWrp-1 + 0. (3.6)

M3 (3.6) c yueToM Haua/bHBIX YCA0BHH (3.2) H anpHOPHBLIX CTATH-
CTHYECKHX XapaKTepHCTHK norpeurxocreit uamepenui (2.10), (3.1)
caenyer

:é/’k—l =M (xj | Zk—1)= (Dlek—llk—l +"‘ai.k—llk—v (3-7)
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Zjees = M (28| Zoor) = hauip - (3.8)

IlaJIee, COCTaBJIsAsI pA3HOCTH

Xj— Xjip-r = Oj (Xk-1 — Xi-1)e1) + (W),km1 — W fmafb—1)s

(3.9)
2r— 2klk—l = hp (Xe — Xeje1) + Op,
HafileM NpH TeX XKe ycJaoBHsX, uto u (3.7), (3.8),
Pjeey = M (% — Xjier) (X; — Xjpp) ) = (Djpk-ljk—lq)lT +
4
+ @ | Kugltes 9B (6) U(¢ B dE +
th
g
- [ | Ut OB®KL (s ® dz]@f -+
k-1
ii tl:
+ 0 | Ut 9BEKE mesB (U (¢, m)dedn,  (3.10)
th1 th
M (2 — Zra-1) (25 — Zije-1)"] = RePris—shs + Ri (3.11)
M [(x; —Xj15-y) (2 — g'tq b1 )1 = MU — Xjjeea) (e — Xepe 1) 1 hh =
t
= Kaltjs theshic = [(DIP ka1 Dk + D; S Kxg (teess E)e-1 BT(8) %
tpy
g
xUT (ty B)dE+ | U (tj §)B(E) K (b, By dEDE +
o1

t] ty
+ | UG 9BEOKE B WU, n)dndE] A,
Ty thy

(3.12)

Ha ocnoBe naunbix (3.7) — (3.12) paccMarpuBaeMasi INIOTHOCTb MO-
XeT ObITb BblpaXieHa CJeLYIIHM 06pa3oM:

[

L™ M

Xj— Xjje-1 Xj— Xjlk—1

P (%) 2k | Ze1) = Cexp {— %

Zh— Rrlk1 Zr — Zpjk-1
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rae

o Pije- (K o (tr teeahs
; .

heK3 (¢, o } RiPrje—sht + Re

K L
L™ M

-1

(3.14)

Makcumusanus miaotHoctd (3.13) 3KBHBaJieHTHA MUHUMM3aUUH
BbIp aXKeHUs

(%) = (%) — Xie- )" K (%67 — Xija-t) + (7 — Xjja) L (25 — Zagar) +
+ (26— Zries) LT (6] —Xjiamd) + (26— Zigpms)” M (25 — Zajecs).
(3.15)

YcioBne MHHEMYyMa, H3 KOTOPOrO HAXONMTCS MCKOMasl OLEHKa fc,lk,
6yner

al (x;) ~ ~ 5
[ . ] = 2(Xjit — Xjpe-)” K + 2(2% — Zue)’ LT = 0. (3.16)
i .tl=;J 1k

Orcrona
i = Xjes — K7L (26— Zhe 1) (3.17)
Ha ocHosanuu meronuku obpameHus G/I0YHbIX MaTtpul [7] u3
(3.14) umeem
Kx(tp troshh = — KL (M — LKLY,
(h&Prjsshi + Re) = (M — LTK'LY™,
Hcnonbsys mociexHue COOTHOLIEHHS], HaHaeM
— K7L = K« (tp teleethth (haPrip-shh + Re)™ = K tideshth (R7* —
— RiMaPuphi RiY) = Kty e (E — W RR ePy) YRS =
= K (b, tdoes (Pih— hA R:ha) Pry s Ri* =
= Kx(tj, tdeerPie-1Prygh RiY, (3.18)
rae o603HauYeHo
Prk = (Pibr + HERZ )™ (3.19)
Teneps ypaBHenue (3.17) mpumer BHJ
Xije = Xjpmr + Ky tderPrle- PrghhRE" (26 — Zrip-r). (3.20)
D10 BbIpaxKeHHe MOKHO HCNOJb30BATh KaK JJIS PEeLIeHUs] 3afaul
¢unbrpamuu (¢;=t,), Tak ¥ OJ MHTEPNOJSAUHH (CrVIdXKHUBAHUA) U

JKCTpanossuuu (MporHo3uposanus). HeTpyaHo 3amMeruTb, 4To B 4a-
¢THOM cJyvyae, Korma ¢;=*f;, MaTpulla B3aUMHON KOppeJsuuu
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Ky (%, tr) n—1 BBIpOUTCS B Matpuuy Pre-, n Bepaxenune (3.20) ynpo-
CTUTCS

%= Fupor + PuhkRE! (26 — Zhjaon), (3.21)

nprobperas BUA H3BECTHOTO YypaBHeHHsS NHCKpeTHoro ¢uibrpa Kai-
MaHa — Bblocu. MssectHo [6], uT0 KOppensuHOHHAs MaTpHUa OLEH-

KH Xgx BbIpaXkaercs cefylomuM o6pasom:
M (e — Xute) (s — Xap)] = (Phs + HERGH)™ =
= Piyes — Pojp-rh (14Prjp—shth + R hsPrppey,  (3.22)

YTO MCNOJIb30BAHO TpH BBeleHHu 0603HaueHus (3.19).

OTanunTebHOH 0COGEHHOCTBIO NpHUMeHeHHs BbipaxeHu# (3.19) u
(3.21) mas pewenusi 3agaud (GuUAbTpaUHM B AAHHOM CJyuyae sBJIfA-
eTcsl TO, YTO AJi NPOTHO3HPOBAHUS KOPPEISLHOHHOH MaTPHUBl BeK-
TOpa COCTOSIHUSA B TOUKY fp HCHOJb3yeTcsl BhipaxKeHue Gosee obuiero
Buaa (3.10), yem o6uiuno [6, 8], yuuThIBalOee HalHyHe KOppeNsiLHu
MeXJy OLEHKOH BeKTopa COCTOSIHHSI H INyMOM (MaTpHuy
Kyq(a-i, 1)r—1). 3amerum, uto ypaBuenns (3.19) u (3.21) ne ucuep-
NbIBAIOT pelleHHs 3ajaud $UIbTPALMM B JaHHOM ciydae. Ocranoch
Clle IMOJYYHTb aNOCTepHOpPHble 3HAYEHHS Qe Kxg (ter by
Kq(t, O )

CocraBuM nuddepeHinaibHOe ypaBHeHHe A OLUEHKH Xjjk. [las
3TOr0 NpoaH(depeHLHpyeM claraeMble NpaBOH YacTH BhHIpAXKEHHS
8%())) ?305t)j. ITponsBogHasi mepBOro CJaraeMoro B COOTBETCTBUH C

1), (3

dx . do; - dw, .
il=1 27 ik=1lk—1 Y
o : - ; Xialk-1 + —dti A(t) Dixrypyg +
+ AW, karppr+B () § (Eer = A () X121 +BE) 4 (e

(3.23)

Yro6bl HafTH MPOU3BOAHYIO BTOPOIO CJaraemMoro, npoauddepeHus-
pyem cHauasia Bce cjaraeMmble, BXoAsllHe B BhipaxeHue (3.12) mar-
pruHO# ¢dyHKUMU Ky (25, tr)r—1. UMeem

dD; )

—L=A¢)o,

dt,

Yy
a% f U (41, &) B (8) K xg (P, E)za dE =
tpy
t |
=A (tg) J U(ti' E)B(&) Kz"q.‘(tk—n E)k—1 dg 4 B (t/) K,Z:.q (tk-p tl)k—l'
tk—]

(3.24)
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ti &
|| v 9B@KE meB Ut wdnd=
Teey oy
g
=A@ | [ Utr 9BEKeE MeaB U m)dnde +

th1

4

I
+B) [ Kol e-aB ) U (e m) dn.

ey
Hcnoabsys (3.24) u (3.12), moryuum

d t‘v t -
Ll By g ) Kl tidos +

dti

t
+B() [Kfq (s 1@k + [ Koty le-sB” (U (i, n)dnJ.

tk-l
(3.25)
Tenepn Ha ocHoBe (3.25), (3.23) u (3.20) ¢ yueToM 0603HaueHHS
7
Kug (ter = f U (e 1) B(n) Kg () £j)er dn (3.26)
T

MOXKHO 3anucaTb

dx; ~ ~ dK, (), 88) gy o B,
I = A) Ejper + BE) G s+~ PR Py RE
1 i

X (2 — Zijper) = A (1) [Xj1tmr + Kx (y tdorPige- 1Pe a5 R x

X (2e — Zep-n)] + B(2) {21 (t)e—1 + [K T (o, 1D +

g
+ j Kty )e-sB" (U (b m) dﬂ] PijerPrpht R (zk—;’:klk-l)};'
L
= A % + BUAQ (s -+ [DeK g (oo i)ecs +
+ Kug ()" Pifes Pusht RE* (25 — Zaps))e (3.27)

U3 cpaBHeHus (3.27) u (3.23) oueBHIHO, YTO amOCTepHOpPHas OLEH-
Ka MaTeMaTHYeCKOTO OXHAAHHs CJAYYyaHHOro mpouecca

g (Or = @ (Oees + [DeK g (omss Domr + Kog (De-a]” %
% Piah1Priphts Ri* (26 — Zhjpr)- (8.28)
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Ipexne yeM nepeiTn K HeMoCPeICTBEHHOMY MOCTPORHHIO anocTe-
puopHbIX 3HAUeHHH QYHKUAA Kiq(fn, t)r M Kq (2, T)r, BbIBELEM HEKO-
TOpHle BCIOMOTaTe/lbHble COOTHOWleHHs. W3 dopmya (3.9), (3.5),
(3.21) v HauanbHBIX yciaoBu# (3.2) c yderoM 0003HaueHHs (3.26)
ciaefyer

.}k — Xkje = (xk — a%k]k—l) — Pk|kh£R;1 (zk — E,klk—x)’ (329)

M {(%% — Xe1e-) 1q () — § (i) = K g (tr, Doy =
= M {(Frey — K1) (G () — § D)} +

Ik

+ [ Ulte 9BEMIIGE) — g @rallg () —q Qe ) dE =
Thy
= (Dkaq (tk -1» t)k—l + qu (t)k—ly (330)
M (25— Zr16-1) [ () — G (et} = PeM { (6 — Hijeon) ¥
X1 () — @ (De-1)"} = PeK g (le, D)ecs- (3.31)

B coorserctBun ¢ (3.30) Bripaxenue (3.28) mpuMer BUX
a0 = q e+ Kig(te, t)k—lpklk—lplﬂkh;RI:l (2k — Zje)- (3.32)
Kpowme Toro, cnpaBel/IuBbl TOXKAECTBA
M (% — Xu) (26 — Zige-2) 1= 0, (3.33)

M{(2s — Zp) [ () — g )"y = 0. (3.34)

JleACTBHTENBHO, 3aMeHss PA3HOCTH Xp— Xejx U q(t)—f](t)k ¢ To-
mompio (3.29) m (3.32) coorBeTcTBeHHO, a Takxe B cady (3.10),

(3.11) u cootnomenust i Rx*hy = Pk — Phjk-y, BbiTeKaiomero us (3.19),
uMeeM

M (X — Xrje) (22 — Zaie)'] = M (% — -;fklk-l) (26— Zup-) 1 —
— PuphiRe'M (2 — Zaik-1) (26 — Zajp=s) 1 =
= Pklk-;hg — PpehiR:: (hePrje—shk + Ri) =
= (Prje-r — Pkllghg Rrélhkpkmq — Pryp) hi =
= (Pgje-r — P, k;kPEféPJe1k-1 + Py Pek-1 Pe- x— Prw) By, = 0,
M{(2e— 2up-) [q () — G (DR7) = M {(26 — 201 19 () — @ (D)} —
— M(25 — Zuin—s) (26— Zhip-1)") R MaPoiPhib-1 K xq (T, Dy =
= heK xq (tes s — (WPri-sh -+ Re) Re* hePiikPeie-1 K g (o ey =
= hi (E — Paye-1hk R PaPrpPhils-1 = PiepPih-1) Kxg (tey Doy =
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= ht(E — Pria-1PtPriePrit-1 + Pkue-lPE.'lk-lePEllk—l—- PiiePrih-y) x
X qu (tk, t)k—l =0.
Teneps na ocHoBe cootnomenui (3.32), (3.33), (3.29), (3.10), (3.11),
(3.34) Jerko ompelesHTb HCKOMble KOppe/siOHHbIE (PYHKIHH:
K g (tis D = M {(Xx — Xus) [ (1) — g (001"} =
= M{(xe — X00) [q () — q (Des]) —
— M [y — Xup) (26 — Zije-1)) Rehe P elePele-1 K xqte £y =
= M{(%e — X1 [q () — § B-r]"} = Kxg (e oy —
— Puieht Re' MK sq (ts, Dr = (E — PagPe + PrePieos) x
X Kxg (b Dk-s = PripPrie-1K xg (b Do, (3.35)
Kq(t, e = M{1q () — q (Dl 1g (v) — g (x))"} =
= Mg () —q Oeallg () —q@a"y —
— K (ter OherPite 1Prgeht Re*M {2 — 1) [g (1) —q(0)l" ) =
=M{g(O)—q el 1g () — q (@7} = Ko (¢, Dher —
— Ki(ts, 2)esha RE 1P 1ePole1 K g (te Doy = Ko (f, Dy —
— K% (tet)es (RERE he— hi Re hePephh R ") K xg (tey Ther-
(3.36)

Taxkum 06pasoM, NMOCTpOeHHe aNrOpUTMa (HJIbTPAUUM 3aBepIIEHO.
ITonyuenusle Beipaxenus (3.21), (3.19), (3.32), (3.35), (3.36) Bme-
CTe C BCoMoraTteJbHbIMH 3aBucumoctsamu (3.5), (3.7), (3.8), (3.10),
(3.26), (3.30), pacKpbIBaIOIUMH CONEPKaHHe BBeIEeHHBbIX 0603Haye-
HHH, HCUeDNbIBAIOT pellleHHe 3a1aun ¢uabTpanuu. Kpome toro, 3aBu-
cumocty (3.20) u 3.12) n0o3BONAIOT HAXOAUTb OLEHKH BEKTOpa COCTOS -
HUSl B JIOOble MOMEHTH BpeMEHH, T. €. BJSIOTCA pellleHHeM 3anay
CrJIaXXMBaHUSl H NPOrHO3UPOBAHHS.

Paccmorpum cBs3b mosyueHHoro Boipaxenus (3.20) c¢ mpubiau-
JKEHHBIM BBIpaXKeHHeM

Fpe = U (4, 1) Euge (3.37)
KOTOpOe OObIYHO HCMOJIb3YEeTCsl AJIsS MPOTHO3UPOBAHHUS NMpPHU OTCYTCT-
BHU JaHHBIX O ImyMe cucremnl g (¢). Us (3.27),(3.28) caenyer, uto
L
Xijje = U (¢}, te) Xepe + j U, &) B(E) q (B dE, (3.38)

17
H, clefoBaTeAbHO, 3aBucuMoctd (3.37), (3.38) malor pasHble pe3yJb-

Tathl. Tak Kak peieHue (3.38) obecneunBaeT MaKCHMYM amocTepH-
ODHOM BepOSITHOCTH P (X;|Zk), ero cielyer cuuTath 6ojiee TOUHBIM, a
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NorpelHocThb Boipaxenus (3.37) mo cpaBHenHo ¢ (3.38) Oyner paBHa

t
Wj e = j’ U(t;, DBE) g (ErdE (3:39)
t

OquungI clenyiolye CBOHCTBA 3TOH IOTPELIHOCTH:
a) lim 'wtl #e =0, T. e. 66mbuIas sddekTuBHOCTL pemenus (3.38)
t, ~lp
HayuHaeT MPOABAATbC INpPH CYIIECTBEHHBIX HHTepBajax Mpor-
HO3UPOBaHHS,

6) npu q(E,)k =0 saBucumoctu (3.37), (3.38) cosnanawr u, Hao-
GOpOT, BEJIHYNHA Wk TeM Goiblie, yeM Goabiue mym ¢ (E)e.

Ha 3T0i#f ocHOBe MOXHO B OOGIIMX 4YepTax OXapaKTepH3osaTb 00-
JacTh, Tle NPAMEHEHHe MOJYUYEeHHOrO aJrOpUTMa NMpPOTHO3UPOBAHHUS
sBJasiercs: 6oJiee 5 deKTHBHLIM 10 CpABHEHHUIO C NIPHOJIUKEHHBIMH aJl-
FOPUTMAaMH, KOTOpble He CBSI3aHBI C NOJydYeHHeM OLEHOK iyma ¢ (f).
B 3Ty oGaacTb BXOAAT CHCTeMbl, Y KOTOpBIX WyM ¢ (f), BO-epBHIX,
3aMeTHO KOppeNupoBaH BO BpeMeHH H, BO-BTODBIX, BbI3bIBaeT CyIle-
CTBEHHOE H3MeHeHHe BEKTOpa COCTOSIHHSI Ha HHTepBaJse NPOTHO3UPO-
BaHUA (I, ¢5).

B 3akaioueHne uccienyeM TOYHOCTb MOJydYeHHOH oueHkH (3.20)
BeKTOpa cocTosiHuA B MoMeHT £;. [IpeoGpasyem BripaxeHue GpyHKIHO-
Hana (3.15), ucnosnb3ys BhiTekaomyo u3 (3.20) CBfA3b BEKTOPOB

(zk — Zip-r), (X — Xjjk-1) H TOXIECTBO
= (hePre—the + Rey* 4 LTK L.
HOJIy‘-IHM
I (%)) = (% — %) K (%61.— Xj18) + (26 — Ziyes) (RePrs-oht +
+ Re) ™t (2 — E’k|k—1), (3.40)
rae
K~ = Pjees — K (b, tee-shh (RePajeshh 4 Ry MK ¢ty thoae (3.41)

Ha ocnose (3.40), (3.3) u (3.13) /erko 3amucatb BbipaxeHHe A/
anocTEPUOPHOTO pacnpeneseHus

p (x| Zs) = Cexp {— — i — X0 K (% — i’flk)} . (3.42)

Takum o6pasoM, oueHka (3.20) sB/IsieTCS anocTepHOPHLIM MaTeMa-
YeCKMM OXHJaHUEeM BeKTopa Xj, T. e.

M (x1] Z8) = Xipe, (3.43)
a K ' (3.41) — ero Koppe/JsiHOHHOM MaTpHUEH
M (% — %1e) (7 — 2071 = K. (3.44)
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OTMmeTuM, YTO MUHHMalbHOe 3HaueHue ¢yHkuuoHatda (3.40), mocru-
raemoe Ipu X; = Xjt PaBHO

I (X)) = (2k — Zrems)” (ePrpshh + Re)™ (26— Zrp)  (3.45)

U SABJSIETCS CJAy4aiHON BEJIMYHHOH, pacrpeleseHHON MO 3aKOHY %2 ¢
m cTemeHsIMH CBOOOJB! (M — pa3MepHOCTb BEKTOpa 2).

OueBHMIHO, YTO BCSIKAs OLlEHKA BEKTOpa COCTOSIHHSA, OT/IHYAOIas-
cst ot (3.20), Oyzer umerb GObYIO Aucniepento. [leficTBuTeNbHO, TIPH
X; ==X M3 COOTHONIEHHUS

(Kt = M [(x; — %)) (% — %) ] = K™+ (e — %) (e — )7

CJIEAYeT, YTO AMaroHaslbHble wieHbl Marpuusl (K*)~! ctporo Goabine
COOTBETCTBYIOIIHX AHATOHAJbHBIX 4leHOB MaTpulsl K—'. drto cBuze-
TeJNbCTBYET O TOM, YTO OneHka (3.20) MUHMMH3HPYeT TaKxe JUCIEp-
CHIO BEKTOPA COCTOSIHHS H, KPOME TOTO, YTO-BCAKOE JIMHelHoe Mpeos-

pasoBaHue BeKTOpaXjx Oylder o6/azaTb MHHHMAaJbHOH AHCrepCHeH.

4. TporHo3upoBauue
NpH COBMeCTHOH 00paboTKe H3MepeHHH

[TocraBnenHas B m. 2 3afavya MOXeT ObiTb pellleHa Pa3JHYHBIMM
cnoco6amu. Oaun crnocol, CBSI3aHHBIA ¢ NMPHMEHEHUEM [OCJaeL0Ba-
TeJbHBIX MeTOA0B 0O6paGoTku uamepenuil [6], paccmorpen B m. 3.
B03MOXKHO pellieHHe 3afayd € HCIOJb30BaHHEM MeETOJO0B HaHMeHb-
KX KBaJpaTOB U MaKCHMajJbHOro mpasgonogo6us {9, 10], npeny-
CMaTpHBAIOUIUX COBMECTHYIO o6paboTky usmepenuit. Ham Heussecr-
Hbl HCCJIEJOBAHHS, B KOTOPBIX TIPH MCNOJb30BaHHH Ha3BaHHbIX Me-
TOLOB YYHTHIBAeTCsl CJaydaiinbiii mpouecc ¢ (£). ITostomy noayueHue
TAKOTO pEeIUeHHs TMPeICTaBASeTCs BecbMa 3aMaHYMBbIM, TaK KaK OHO
6yner obobliendem u3BecTHoro [9] Ha cayvaidl, Koria B ONHCAHHE
IBHMKEHHs BXOAMT CyuaiHbiil mpouecc ¢ (f).

H3BeCTHO, 4TO MPH OTCYTCTBHUM aNpPHOPHBIX HAHHBIX O BEKTOpE
X; OLEHKH, TOJydeHHbIe METOAAMH MaKCHMaJbHOTO MpaBAoNnofoGHd
¥ MakKCHMyMa anoCTePHOPHOH MJIOTHOCTH BEPOSITHOCTH, COBIAAAIOT.
ByneM MakCHMHU3HPOBaTh 10 X; QYHKIHIO npasaononobus L (2, ...
zklx,') =L (Zkl x,-).

U3 pemwenus ypaBuenus (3.4) u coorHowenuit (2.9) crenyer

¢
x=U(t, )%+ j U(t, £)B(¥) q (B)dE, (4.1)
Ui

i
2 =hU(t, t)x; + h Y Uk, £)B(E)q (§)dE + 0. (4.2)
;

I

Ha ocHoBe BblpaxeHHs (4.2) W amnpHOPHBIX NAHHBIX O CTATHCTH-
yeCKHX XapakKTepHCTHKax nomex ¢ (f) u @4 (2.10) Jerko mocTpouTh
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¢yHakuuio npaspononobus. Ilpu stom BBeleM 06O3HAYEHHS:

2y hl Ru e le

22 h2 .......
Zk = : , H = . ) , RE I | ,

2 e Ra ... Ru

i
wy= [ Ut, ©B@E)q @),
i
U(tlv tl)
U=|----|, HU=X, (4.3)
Ut 1)
|7 7]
Qu=Mwywp) = [ (Ut YBEK,E 1) B" U (1, ndndg,
o
Koi=A{Qu}, i l=1, ...,k
OKoHUaTeJbHO NMOJNYYHM
U (4, ti)

......

M(Zklx;) = e e e e Xxj=HU;x; = X,-xj, (4.4)

......

heU (e, 1)
cov (Ze| Xj) = M{[Ze — M(Z| %)) [Ze — M (Zs | %] }= HKw;H" + Ry,

(4.5)
L(Z| ) = Cexp{ — 5 (Ze— Xy (HK it + Ro) (Ze— X)),
(4.6)
Maxkcumym QyHKUHH npaBromnonoGusi obecreurdBaer oueHka [9]
X = (XINX ) XN Z, @7
rae 0603HaueHO
Nj= (HKwiH" 4+ Ry ™ (4.8)

Jlerko nokasatb, 4TO
Kt b)) = MIx —X) (6 — %) 1 = XTNX)™ (4.9

Pemenne (4.7) He orsinyaerca no ¢opme or noJyueHHoro B [9].
Pasnuune umeerca B popmupoBaHHH Marpuubl Nj, KOTOpas YyYHTHI-
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BaeT BJHSHHE HE TOJbKO MNOIPEIHOCTeH H3MepeHHH (MaTpuua Ry),
HO M WIYMOB cHCTeMbl (MaTpuua Ky;). B wacrHoM ciyuae npu orcyT-
cTBUM wyma ¢ (f), T. e. npu Ky(¢, ) =0, ciaraemoe HK,,;H™ ucuesa-
er u pemeHne (4.7), (4.8) coBmagaer ¢ wu3sBecTHBHIM. CJaraemoe
HKy;H™ paBHO HYMIO M B IpYrom 4aCTHOM CJIyyae, KONJa MOMEHTHI
BpeMeHH f; U t;, i=1,.., k- cOBMagaloT, T. e. KOrja BeKTOp COCTOSHHS
OLIEHHBAETCs B MOMEHT H3MepeHHs. Bxoasuye B peuenue (4.7) mar-
puubl X; u N; asasiiorcs QyHKuusSMH BpemeHHu ¢;. [Toatomy naunoe
pelieHre MOXKeT HCTOJb30BaThCs AJISl OTpe/le/ieHHs] OLeHOK BEeKTOpa
COCTOSIHHSl B IIPOH3BOJIbHbIE MOMEHTB BpeMEHH, T. €. AJIs NPOTHO3H-
pOBaHUS ABHKEHHS CHCTEMBI.

Onnako ucno/ib3oBaHue peuieHus (4.7) OJsi TPOTHO3UPOBAHHUs
He Bceraa yao6Ho. I[Ipun HeoOXOAMMOCTH ONpeReNsiTh BEKTOpP COCTOA-
HUS B pasjMuHble MOMBHTH BpEMEHH NPHUXOAUTCS MHOTOKPATHO BHI-
TIOJIHATL Onepauuio obpalleHust Mmatpul. [pyroit HegoctaTox pelie-
Hus (4.7) 3akJI04aercsi B TOM, YTO OHO He CONEPXKHT B SIBHOM BHJe
CBsI3H JaHHOTO METOXa NPOTHO3HPOBaHHs C NPUMEHSEMBIM OOBIYHO
AJISl 3TOY eI MHTerpUpPOBaHHWeM ypaBHeHH JBHKeHHs (2.4) —
peweHuem 3agaud Komwu. B cBsi3u ¢ 3TUM NpencTaB/seTcss HHTEpec-
HbIM Ha#iTh Ha ocHoBe (4.7) cucremy AubdepeHnHaJbHBIX ypaBHe-
HUH BUIA

~

dx ~ -
—L =At)x+Bt)gt)
dt;
H TakuM 06pa3oMm MOCTPOUTh SKBHBAJEHTHbIA (4.7) alropurMm npo-
THO3HPOBaHHs, OCHOBAHHBIA ‘Ha HHTETPUPOBAHHH 3TOH CHCTEMBI ypaB-
HeHUH.
Tlpucrynas x BHINIOMHEHHIO 3TOH 3ajaud, mnpoAupdepeHurpyeM

BblpaXKenue /s OUeHKH X; (4.7), BBOAA NpH 310M O0O3HaueHHe

XTN X)) =C;. (4.10)
Hmeem
dx, d(C;XTN) dc; r axT 9N
i Rl ol S L AU Bl '€ ) ioNorexT—=L1z.
m , A [dt,- XiN;+ G 2, i T CiXj at, |4
(4.11)

[TonyunM BBIpaXKeHUs1 psja de}!S'BOILHbIX, KOTOpble, HMest cedyac
BCIIOMOTaTe/bHOe 3HaueHue, OYAYT HeOOXOAMMbI NMPH NaJbHeHIIeM
usjsioxennu. IlpoxuddepeHurpyem COOTBETCTBYIOLHE ~ BbIpaXKeHHUS
u3 (4.3), (4.8) u (4.10):
ax :
dt;
t; 4

S [ (U6 9BE K@ B (U G dnds
It ‘ Ll=1,...,k
4* 51
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i
= I" [ f Ut, )BE K, (E, t,)dg] BT ¢)UT (ts, t) —
i

4
U080 (Kt 8 || =
Ui

il=1,..k
= —W,;(t)B" (YU —UBE)W] (t),
rue
qu (tl’ tl)
Wit)=. -, (4.12)
Kuog (t, 1))
¥
Kulta 1) = [ Ut HBEK,E, t)dE, (4.13)
Ui
dN‘1
il I VL VRS H Ko HTN, NHW (6)BT (t)
dt] dt L
x XTN; + N-X,B(t,)u’/‘ ) HN;, (4.14)
dC dC 1 dX
= =G Ci=—C, [——N,x, + XTGX ¢
+X[N, d—t]]C/ =CA"(t) + At C; — (4.19)
_ —CXINHW, ()BT (6) = BU)W] () HNXLC,
X
_"i%r_@_ = [C/AT (8) + At) C; — CIXTNHW (1) BT (1) —
1

— B W] () H'NX,C XTN; —C:AT (4) XTN; +

+ CIXTNHW; (6)B () XN + CIXTN,X BU)W [(t) H'N; =
=A(G)CXIN;+B@E)W] (&) H'N(E —X,CiXTN)). (4.16)
OxoHyaTenbHO ¢ yueToMm (4.16), (4.7), (4.11) 3anumem

dx

dJ =AW) X+ B W] G HN;(Ze —Xj%).  (417)

Takum o6pasoMm, nocraBieHHas 3afaya peuieHa. [loctpoeHo Aud-
¢epeHnHaIbHOE yDaBHeHHe JJIsI OLUEHKH MaKCHMaJbHOI0 MpaBiomno-
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nobus. U3 conocrasnenus (2.4) u (4.17) ouesiunHo, uT0 yHKUHMA
q(t) = Wi\ H N, (Zs— X;x)) (4.18)

AIBJISIETCSl OLEHKOH LIyMa CcHCTeMBl B MOMeHT f; HMHrerpupoBanue
ypaBHenus (4.18) mo HayaJbHBLIM yCIOBHSM, HaHAEHHBIM C NOMOIMIBIO
pewenns (4.7) 11 QUKCHPOBAHHOTO ¢j="Fo, MO3BOJSET ONpeNe]HTh
OLlEHKH BEKTOpa COCTOSIHUSl B NPOU3BOJIbHBIM MOMEHT BpeMeHH, T. €.
obecrnieynBaer perieHue 3afayd NPOTHO3UPOBaHHUS.

U3 ypaBHeHus (4.17) oueBHAHO, u4TO NpHUMEHsieMOe OOBIYHO TPH
TpOTHO3HPOBAHUH HHTErPUPOBaHHEe ypaBHEHHUS

dx -
- =A%
i

UJIW 3KBUBAJICHTHOE €My pellieHue
Xj= U(tit to) X
He 06eCreyuBaloT NOJAyYeHHs 3PQEeKTHBHBIX OLEHOK, TaK KaK He YuH-

THIBAlOT BO3MOXKHOCTH ONpeAeJeHnss U UCIIOJb30BaHHA OLEHKH LIyMa

cucrembl (4.18).
[TpuBenem aJropuT™M NPOrHO3HPOBAHHS, OCHOBAHHLIH Ha pelle-

Huu ypaBHenus (4.17)

t
X = U(ti t) %, + jIU (t, ©)B(¥) g (B)dE.
ty

Jlast sToro BbIBeleM HEKOTOpble BCIOMOraTesNbHbBle TOXIECTBA H
cflenaem psaj ynpouleHu#i, Pas6uBasi OTpe3OK HHTErpHPOBaHMs
B NPOHU3BOJIbHOH TOUKe fp U HCNOJb3ys CBOUCTBO IMEpPEXOJAHBIX MaT-
puu U(t;, &) =U (¢, t;), U(t;, &), npeoGpasyem Buipaxenue (4.13),
a cienosarenbHo, U (4.12):

to
Kaq (1)) =U (t, ty) iU(f;, §)B(8) K, (& 1) dE +

]
¢
to
Wit) =U;AKwg + W, (), (4.19)

to
rae obosnavero AKug = | U(t), ©BE) K, 1) dE.
J]

IToncraBum (4.19) u (4.7) B BBIpaxkeHHe IJsi OLEHKH IIymMa CH-
creMbl (4.18):

é (tl) = [AK&,U,T + W/{ (tl)] HT (N] — N,X,C,X,TN,) VA (4.20)
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OGo3Hauum
Gj= N;— N X;C;XINj. (4.21)
Marpuua G; ob6nafaer clAeAyOIUHMHU CBOHCTBAMH, KOTOpble OyIyT

HCIIOJIb30BaHbI TIpH YNPOILeHUH BupaxeHus (4.20):
dG;

xIG;=0, GX;=0, —>=0. (4.22)
i
HedicTutensHo, ¢ yuetom (4.11), (4.14), (4.16)
X7G; = X]N; — XN X,C;X]N;= XIN; —C;"C;X]N; =0,
GiX;=NX;—NXCX/NX;=NX;—NX;CCi"=0,

. ) dC.XTN;
-—L=—'———xcx71v, N——CXTN N;X; LCXND
dit; dt. dt,-

I I 1

= N;HW;(t) BT ¢) XTN;(E — X; c XTN)) +

+NXBE) W ¢)HN}(E —XCX[N) +

+ NXA ) CXN; — NiX;A () CXIN; —

—NXBU) Wi ¢)H'N{(E—XCX[N)=

= NHW i(t)) B'(t) XN (—N;HW ;) BT (4)X] N;X)Ci X[ N j=0.
U3 nocnepnero cofictBa cJaenyet, yto, B uactHocTH, Gj=Gy. Torna
Ha ocHoBe (4.21) u yKasaHHbIX CBOHCTB MaTpuubl- G; HMeeM

q () = Wi () H GeZe
AJisl IPOU3BOJILHOTO HAYa/bHOTO MOMEHTa fo WM
qE)=WEE)H GZe = Wi (t)H ' Ne(Ze — Xekr)  (4.23)

I/ HauaJlbHOI'O MOMEHTa BpeMeHH £, COBNMAJAloOLIero ¢ MOMEHTOM
k-ro uamepenus.

3anuchiBasi pellleHHe ypaBHeHHs - (2.4) mo HayaJbHHIM JaHHBIM
B MOMEHT f, M TOJCTaBJAA OLEHKY Iyma cucteMbl (4.23), okoHdya-
TEJIbHO NOJIYYUM

1:
.%,' =U(j, tk):ék + [ 5! U, &) B(E) Wz (8) dE,] HTGka —

t.

= U (t, te) e + “ (i, §)3(§)[j U (b, ) B () Kq (n, &)

’k
(4.24)

xdql L deYHTGiZy = U (tj, te) Xi+

i=1,...,
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ot
+[ [ (U BEK,E ) B" (Ut mdn da] x
i=1,...,k

Ip tp

x H'GuZy = U (t;, te) X+ {Qidiey,... kHTGka.

3aBucuMocTb (4.24) obecrmeuHBaeT MOJNyYeHHe YTOYHEHHBIX 3Ha-
YeHUH BEKTOpa COCTOSIHMA NMpPH TMpOorHosupoBaHud. OHa comepxuT
cnaraemoe 0x = {Qji}i=1,..r H"GrZp, KOTOpPOE MOXKHO paccmMaTpH-
BaTb Kak INONpPaBKy, YMEHbIIAIOIIYI0 BJHAHHE HE YUTEHHBIX [pH
TIPOTHO3HPOBAHUH BO3MYUIAIOMHUX CHJL.

KoppeasinnonHas marpuua TorpemHocTefl NpOrHO3HPOBAHUSA MO-
XKer ObLITb onpeflesieHa pa3JHYHBIMU cnocob6amu. ONUH U3 HHX OCHO-
BaH Ha NpuUMeHeHUH 3aBucumoctd (4.9), Apyrofl — Ha peleHHH AUd-
(depeHnHAIbHBIX YpaBHEHUH AJis1 KOppeJsiiHOHHOH Matpuusl. [lo-
CJIeJHUH HCNOJIb3YeTCs] B KAUeCTBe HAUaJbHBIX YCJIOBHH MaTpHLbI

MI(x; — %) (%, — %;8)] = Py,
M{(; — X [ g (1) — g (7} = Kug (1, ey
Mg () —q (el 1g () — q @") = Kq (¢, T

B cBsi3u ¢ 3THM B 3ak/I0ueHHe TOCTPOHM aloOCTepHOPHBIE KOppeJs-
LHOHHble QYHKUHU Kyq (85, T)k, Kq(t, T)r.
Us (4.7), (4.2), (4.3) crenyer

X — Xjje = X — XINX) XN (X2 -+ H(@@y),ey |+ Vil =
= —(XTNX)"X]N; H (@), + V4, (4.25)
rae
U
Ve=| -
O

Ha ocnoBe (4.23) npu Gr=_Gj; u fty=1";, a TaKKe UCNOJIb3ys BhIpaXKe-
HHe 1Js Zp, BXogsiee B (4.25), u cBoiictBo (4.22), nosmyuum

q@) —q@h=q@) —W] @)V HG;[Xpx;+ H@y)_, _,+ Vil =
= q @) — W] @ HG;IH (i), _,+ V. (4.26)
Hanee, c yuerom (4.25) u (4.26),
Kty e = — (XIN X XTNMAH (@i),, -+ Vilg" (0)) +
+ XINX)XTNMAH (wy),_, o+
+ Vil H @), + Vi Y GHW, (v).
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Maremaruueckoe oxuiaHue, Bxojsiliee B NepBoe CJaraeMoe,
B cuny o6osHauenuit (4.12), (4.13), a Takxke HEKOpPeNHPOBAaHHOCTH
TNOTPEIHOCTe! H3MEpeHHH U yMa chcTeMbl paBHo HW;(t). Mare-
MaTHYecKoe OXHJaHHe, TIPHCYTCTBYIOmIEE BO BTOPOM CJaraemMoM,
B coOoTBEeTCTBHUH ¢ (4.3), (4.8) paBno N;=1, Urak, ¢ yuetom o603naue-
Hus (4.10) nmeem

Kty Ve = —CiXTNHW,; () 4 C;XTN ,NFGHW ; (v) =
= —CXIN;HW,(v). (4.27)

Bropoe ciaraemoe B (4.27) ucuesaer B cuiy cBoiicTBa (4.22).
AHanoruuHo npenbiaymemy Ha ocHoBe (4.26) mosyuum

Kq(t;, o = Mg (t) q" (N — MAq (¢)(Wij)izs,... tH Vi) GHW j (v) —

— Wi ) H'GMAIH (wy)_, -+ Vil g (@) +

+ WT G HTGVIKUH (@), + VAl IH (@i, + Vil px

x GiHW ; () = Kq (¢, V) — W (t) H' GHW () —

— Wi ) HGHW;(v) + W] (t) H'GNT'GHW  (x) =

= Kq(tj, v — W] (t) H" (G} + G — GNT'G) HW (x).
Il{'IaOKGameM, YTO KBa[paTHas CKOOKa B NOC/JeAHEM BHPaXKeHHH paB-

je
Gj + G; —GiN;'G; = 2G; — N (E — X,C;X[N ) Nj'N(E—X,C;X[N)) =
=2G;— N;(E—XC;XIN)=2G;—G; = G;.
OKoHUYaTeNbHO
Kolti, O = Koty — W G HTGHW (). (4.28)

5. IlpornosupoBanue
C MCMOJb30BAHHEM KOPPEKTHPYIOIHX (yHKUMIH

OIHHM M3 BO3MOXKHBIX CNOCOOOB pellleHHs1 TIOCTaBJEHHOH B 1. 2
3ajaun sBJAseTCcS CNocob6, OCHOBAaHHBIH Ha BBEJEHHHM B HCIOJb3ye-
MbIH aJTOPUTM INporaosa Ttumna (2.2) KOppeKTHPYWILUUX GYyHKUUKF
BHAA

n

89 =23 Cufm() (5.1}

m=1

B stoM ciyuae npu 06paboTKe M3MepeHHil yTOYHSIOTCs (ompepess-
IOTCSI) HE TOJIbKO NapaMeTphl TPAeKTOpHH (3JeMEHThl OpOUTHI) B He-
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KOTOPBIH MOMEHT BpEMEHH, HO H KO3(DQPUUUEHTH Cp, TOJHHOMOB
(5.1). Hcnonp3yeMblil airopuTM NPOTHO3a MOXeT OHITb 3alHCaH
B cJaelyoueil ¢opme:

() =3(a, )+ F(1)C. (5.2)

3aech BeKTOp-pYHKIHUSA 5(50, ) — peleHHe CHCTEMBI YpaBHEHHH

2.2); F(t)=Ilf1(¢)...fa(t) |l — usBecTHass pyHKuHA BLHIGHpaeMas Ha

OCHOBe aNpPHOPHBIX JaHHBIX U YAoBjeTBopsiomas ycaosuio F(£,) =0;
1

€ =| - | — BekTOp yTOuUHsEMBIX N0 H3MEpeHHSIM Ko3()(PHUHEHTOB.

Cn
ITorpemHocTs nMporHo3upoBaHusi, KaK U paHee, 0003HAUUM

~

x=3—02. (5.3)

Ha ochose (2.1), (2.2), (5.2) mocTpoum JmHeitHOe AHGb(epeHIHaTb-
HOe ypaBHeHHe IJisl IOI'PeUIHOCTH TporHo3upoBanus. Jdudpdepennu-
pya (5.3), nonyunm

dx __d» ds ~ =~

=42 42 pyC—B(+x g6+ XD +tg@etxd—

dt dt dt
—Bla—F(C, t1g,[5— F(C, 1| —F (t)C =
—AQx+TAOFO —F OIC +BO 0O, 5.4)
Trjae
Alt) = MB&zﬁam’ B(t)— B, D).

03

HYTeM BBeJleHHs paCIIHPEHHOTO BEKTOpa COCTOSTHHSA

X
yzﬂc

H c yueToM mocTosiHCcTBa BekTopa C Ha HHTepBaje 0OpabOTKH M
TIPOTHO3UPOBAHKS 3aMHuIeM yPaBHEHHs NBHXKeHHS B dopme (2.4)
IUIS HOBOTO (pacLIHpeHHOro) BEKTOpa COCTOSHHS

(5.5)

§%=Zmy+§mqm, (5.6)
The
~ A ADFO—F (O] ~ B(t)
Fo - [A0 AOFO=F O 5 _[20]

HeBsi3Ku MeXAy H3MepeHHbIMH H pacueTHHIMH 3HAYEHHAMH (anano-
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THYHO TOMY, KaK 3TO C/AEJaHO B I. 2) MOTYT paccMaTPHUBAThCA Kak
H3MepeHHs

2, =hXx;+ 0= hiyi + v, (5.7)
rae h;=|h;0ll.
Taxum oOpasoM, 3ajaya CBeJeHa K NMOCTAHOBKE, pPaccMOTPEHHOH
B IL 2.
CrenoBatesbHO, 1711 €€ peLIeHHS MOXHO NPHMEHHTb CIOCOGHI,
npelJOXeHHble B 1. 3,4.
Paccmorpum GoJee moapo6HO 0COGEHHOCTH NAHHOH 3agauH, CBSI-

3aHHBIe ¢ pacliHpeHHeM BEKTOpa (COCTOsiHHSA. Bhuinuiiem oTAesnbHO
NPOH3BOJHYIO pacyeTHbIX NMapaMeTpOB TP2eKTOPHHU

§<%§+PmC=BS—Fwan%§—F@Qﬂ+P@C=
t

~ =~

=B g0, 0+ IF ()—ADOFOIC.  (5.8)

U3 conocrasienus (5.8) u (2.2) BuAHO, 4TO .BTOpPOE CJaraemoe BbI-
paxenusi (5.8) ymeer cMbICJ NONpPAaBKH K NpaBbBIM YacTsM YypaBHe-
Huft (2.1), KoTOpasi yuHTbIBaer OLEHKY IIyMa CHCTEMH, T. €.

[F' () —A@) F(1)IC=B()q ) (6.9)
3anumem (59) B cnenyiomeﬁ ¢dopme:

AEQC — AIFOCI+B)q ().

Orciona npu ycnoBHH F(fp) =0 nonyyaem
1
Fc=fut9Ba@EdE 5.10)
t

CBs3b KOppeKTHpYIOLIEH QYHKUHH W OLEHKH IIyMa CHCTEMbl MOXeT
ObITb YCTAHOBJEHAa M NpYrHM nyreM. ByleM HcKaThb OLEHKY myMa
cucreMbl (2.4) B BHIe NOJHHOMA

q()=0(C,

rae @ (2) =llg: (2)..on ().
Peuwenne ypaBHenus (2.4) npumer BHA

t
xU%=UUJJxGJ+[jUU.aB@ﬂD@ﬁ&]G (6.11)
1o

Unen (5.11), comepxamuii HHTErpas, MOXKHO paccMaTpHBaTb Kak
MOTpPaBKy K aJrOpPHTMy NPOTHO3a, OTPaXaIolLylo BJIHsHHE HeyyTeH-
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#blX akTopos (mymos cucteMul). Mcmonb3ys o6osHavenus (5.1),
(5.2), MoxXeM 3amucarth

t
85 =F()C= [jua, HBEDE dz;]c.

Orcona

t
F(t)= j U, ©)BE)® (¥)de. (5.12)

3aBucumocTtb (5.12) cBAsbIBaeT (QYHKLHIO, aNNpPOKCHMHUPYIOLYIO
1IyM CHCTeMBI, H KOppeKTHpylouHe ¢yHKUuH. U3 cooTHOlIeHH

[F' () — A FEIC =Bt q(t)=B@OO®HC

cleflyeT, 4TO BbIOOp aNNpOKCHMHDYIOIIMX (GYHKUHA TeM YyAauHee,
yem Beauuuna [F/(t)—A () F(¢) ]C nyuwe oTpaxaer 3aKOH H3MeHe-
HHS peaJsibHOTO WyMa ¢ (f).

Haiinem ¢ynnamenTasbHyl0 MaTpHily pelleHHH CHCTeMbl ypas-
uenuit (5.6). [lpumem (f) =0 u sanumem pelleHHe AJs KaXKIOH
13 COCTaBJSAOIINX BeKTOpa Yi

x=U({, t)x, +

t

(vt va@Fe—F @ dg} c, (.13
to

c=c,

Orciofa ciaefyer, 4o GyHIaMeHTa/bHas MaTpulla PelIeHHH CHCTe-
Mbl (5.6) BEIpa)kaercs cJaeAyHOIIHM 006pasom:

U, t,) ! D(t, t,)

U, t)= , (5.14)
0 |= E
T]e ; .
D, t)= U, 1A FE—F @14 (65.15)
t

NIl CJyyasi KOPPEKTHPYIOMHX (QYHKIUHIM;
t
D, ty=— (U, 9BE® ®ds (5.16)
to

OJs1 ¢aydasi annpoKCHMalHH lyMa CHCTEMBI. .

B 3akjaoueHHe OTMETHM, UTO pelIeHHe [OCTaBJeHHOM B NAHHOM
pasjielie 3ajauH, CBA3aHHOH C TporHosHpoBanHeM cHcTeMsl (5.6)
10 M3mepeHusaM (5.7) IpH H3BECTHBIX CTATHCTHYECKHX XapaKTepH-
cTtHxax mwyMoB (2.10), MOXKHO BBLINOJIHSITH H HHBIMH -c-noco?aMH. Hu-
2Ke Oyler MPOBeleHO HCCJAEeJOBaHHE MOJTYYEHHBIX PEIICHHH.
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6. UccnenoBaHue mosyyeHHBIX pelleHHNH

B pasnenax 3, 4, 5 Ha/IoxKeHbl pasHYHble METOMH MPOTHO3UPOBA-
HHU$l, XapaKTepHble NMOJYYEHHEM H HCIOJb30BAHHEM OLIEHOK LIyMa CH-
CTeMbl (aNPHOPHO HEH3BECTHBIX BO3MYIIEHHUI). 31ech NpoBeneM cpas-
HeHHe 3 (QEeKTUBHOCTH OLEHOK BEKTOpPA COCTOSIHHS MPH IPOTHO3HPO-
BaHMH, HalJeHHbIX PA3JHYHBIMH METOLAMH.

Cragasa mokaxeM, 4TO MeTOJbl NMPOTHO3MPOBAHHs, OCHOBAHHbLIE
Ha COBMECTHOH M TNOCJefoBaTe/bHOH 00pabGoTKe H3MepeHui, obec-
TNIeYHBAIOT TNOJydYeHHe OLleHOK OJHHaKoBoH s dexTusHocTH. Cuntaewm,
4T0 30 (eKTUBHOCTb OLEHOK BEKTOpa COCTOSIHUSI TIPH IIPOTHO3HpOBA-
HHM pacCcMaTpHBaeMbIMH MeTOJAaMH OJHHAKOBA, €CJH BLINOJHSIOTCA
ciaeqylollHe YCIOBUS:

K (tr, te)e (coBMecTHOR) = K« (£, tr)e (MOCIENOBATRIIBHOE),
Kxq(te, T)r (coBMecTHOE) = K 44 (tr, T)r (NOCTEXOBATEILHOE),
K4 (tj, ©)» (coBMecTHoe) = K, (¢j, T)» (mOCIENOBaTE/bHOE).

O6ocHyeM TIpelJIOXKEHHBIH KPUTEpHil 1Jis OlleHHBAHHS pelleHHH,
noJyyeHHolx B 0. 3, 4. IIasg storo BbiBelem AH(depeHLHaIbHbIE
ypaBHEeHHsl, KOTOPbIM MONUHHSIETCS 3BOJNIOUHS KOPPEISUHOHHBIX
MaTpHIl NpH NPOrHO3UpOBaHHHU. Booblie roBops, 3T0 MOXKHO CleNaTb
pasHbiMH crmocoSamu. Bocmosb3yemcss 3ech peayJbTaraMu I 4.
Hcnonbays Hakinenuble panee coortHowenus (4.9), (4.10), (4.15),
HMeeM

dK o (tp 1 _ dC;

= CAT (1) + A(t)Ci—
—Bt)WT (t) H'N;X,C;— C;XTNHW ;(t) B (¢)),
a c yuerom (4.27) nosnyyaem HCKOMOe ypaBHEHHe
Ll Ko, AT )+ A Kl s+
+ B(t) K (t, 1)+ Kag (5, 18" (£9)- (6.1y

1
3nauenne K. (f;, {;) B mo6GOi MOMEHT BpeMeHH OXHO3HAYHO ompene-
J5ieTcs HayaJbHBIMH YCaoBUSAMH Ky (fo, to)n U GyHRUHEH Kxg(ts, 1) n.
IMoctpouM auddepenunanbioe ypaBHeHne A8 MaTPUUHON QYHK-
uun Koo (4, 1), Iuddepennupys no ¢; (4.27) u B cuny (4.16), (4.12),
(4.21), nmeem

Ky tpp  dCX]IN) ) — (. XTNT H"Wi(")
o, dp HW; (@) — CX;N) o

1
= —[A()CXIN; + BE)WT (t) H'GAHW ; (v) —

!
— (CXIN)H {% [ue 9BEKE dg} -
¢

i=1,...,k



= A{) Kug(tjy 0 —BE)W] () H GHW () +
+ Ci(XTNHUY B () Ky (1, Ty = A() Kag (1, e +-
+ Bt) Ky (¢, %) — W] () HTGHW ().

3ameyas, 4TO KBaZpaTHas CKOOKa NOCJIEHEro BbIPAaXKeHHS C YYeTOM
(4.28) ectb Kg(tj, T)r, OKOHUATEJIBHO 3aNHCHIBAEM

oK, (t;
qa(tf %4 () Kxq (), O + B(E) Kq (ty V- (6.2)
]

Pemenue ypaBHeHHs (6.2) OZHO3HAYHO OMpele]sieTCs HAaYaJbHBIMH
YCJIOBHAAMH M Bo3Mymawomed ¢ynkuued Kg(¢;, t)». O6paTimM BHH-
MaHHe, YTO moJiyueHHble ypaBHeHHs (6.1) u (6.2) mmelor cTpyxTypy,
aHAJIOTHYHYIO CTPYKTYpe YpaBHeHHH ABMKeHHS (2.4) HccaexyeMoi
cucreMbl. To 06CTOATENBCTBO, YTO HX pellleHHe OJHO3HAYHO ONpeje-
JsieTcsl HavyaJbHBIMH YCJAOBHAMH Kx(fn, tr)r, Kxq(fr, T)r U BO3MY-
mawoue pynkuuei K,(¢j, T)r, 060CHOBBIBAET CNpaBeIIHBOCTh H 10-
CTaTOYHOCTb TIPeAJIOKEHHbIX YCJIOBHH CpaBHEHHS.

Hrak, B COOTBETCTBHH CO CKa3aHHbBIM GyJeM CPaBHHBAaTb TOYHO-
CTHble XapaKTePHCTHKH BEKTOpa COCTOSIHHSI NPH NPOrHO3HPOBAHHH
IByMsi MeTofaMH. Ins ynoGcTBa H3JI0XKeHHSI CBeleM HeoOXOAHMBle
¢opmyab u3 1. 3, 4 B Tabauuy.

Crnenyer 3aMeTHTb, UYTO COOTBETCTBYIOILIHe (GOPMYJH I. 3 MOJY-
YeHbl TIPH AONYLIEHHH O HEKOPPeTHPOBAHHOCTH MOrPEINHOCTEH H3Me-
peunt M (v; v7) =0, iz=j. Dopmyisl Ke aaropuTMa IPONHO3HPOBA-
HHSl MPH COBMECTHOH oOpaboTKe H3MEepeHHH B STOM CMbICJie HOCAT
Gosiee o6muit xapakrep. OQHAKO AJ11 KOPPEKTHOCTH TIPOBOAHMOTO
cpaBHeHHs GyieM paccMaTpuBaTh 06a aJropHTMa NMPOrHO3HPOBAHHSA
B ONMHAKOBBIX YCJIOBHSX, 8 HMEHHO TIPH YKa3aHHOM [JONYIIeHHH.

Ucnonbsys MeTOXUKY pa3GHeHHs MATPHI, Ha KJIETKH, MocTrapaeM-
s mpHBecTH HOPMyJbl COBMeCTHOH 06paGOTKH K BHALY (opmyi mo-
crefoBaTenbHoli 06paGotku. B marpuuax Xa, Nu, H, Kur, Rz, Ge
BBE/leM JONOJIHHTEe/NbHBE HHAEKCH, 0003HAyaollHe YHCJIO H3Mepe-
HHH, KOTOPOMY OHH COOTBeTCTBYIOT. MMeem

U (&, 1)
. T . .1 o e Xk(k—l)
X By = =+ =+« * ¢ = ,
hk-lu (tk—l, tk) ——
heU (L, tr) R (6.3)
hy |
: Hk-l f 0
H = * . — E ,
his I -
he 0 | he
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B gty ) = Ty Bt 2y — T

E)
(95°¢) T ) Pty
X IV ¥ Ty — ) Sy )P = Py = )y

1—y,
G W' WiWau o ="y
ki

(0g'e) ") PPy 4 TH T By (T A n =" 1) Py

ord
(ge"e) B e A I 0

Ty Fy = YAy

E) |
@z Yy Oy Iy Ay B g — T =
6r)) = Cydyfy+ ") =¥ g =4 ATy

(1'%

@N&

(t4887]

(Lz'%)

(g'%)

8%
(g%)

(6'%)

WX — N ="
vl
‘@ ap'o 1T a—26 D ly="0"D"y

y =y 4,
P N@gaa (=0

L
E) i

‘(1) Q\Btaz.wx.xw — = &AP ) u»\k
Q 'v..nﬁ“N AM (.
oy G 1=y .m‘mde — Mﬁ:ﬁﬁb Swv h\ux

4 4,
X Evkm o*3) vvimvmﬁ n % .%. — 4y
~N .um
.TANWN + h:z.sv:.b - &2
&bt — &X.
Tl
&U — TQ.&QZNXQ = &A &w :«b RVN

exlogedgo EBHIIALREOYILD0] [

ex109edgo BBHLIIWEOD

HWRY0IdW BWAeY unpescdueopiodu Mdn BuHso1d6? edoydea ¥uiondaiwedex X[9HLIOHROL BHHRHEERAD BIY MirAwdod

ennrgoe ]

62



R
1' Rz(k-l)l 0
Rew=| . = Nt
Rey | [ :"""—
k 0 | Re |
Qu o Qi Qu
........... qu(k—l) 0
Ko =| 1100000000 =
Qt-11 . . Qra,k-1 Qe-re —
Qe .. Qerr Qe 0 0
Bripasum Matpuny Npg) ¢ nomombio (6.3):
New Hey O] Koreny Of|Hi O + Rspe-y O \\\)—l=
A0 A 0 0 0 ni 0 R
. Hk—lek(k—l)HZ—l‘\’ Ry-n O B _ Nig-n 0
- 0 R: 0
(6.4y
Ananoruuno (6.4) BbIpasum u
Nk(k-) 0 Xeg-y [\
K (tey tele = ("Xk(k-l) A ! hs ' =

=X k(lz-x)N ke X ke-1) + 1 RE )™

B coorsercteuu ¢ (4.9), (3.10) mepBoe caaraemoe ectb [Kx(x,
te)e—1]h, 1. e

Xhe-n N0 X s = [Kx (e Z)e-1]™ = Phfpcs. (6.5)
®opmysa npuHHMaeT BHUJ
K (tr, te)r = (Phjie—r +- hiRZ ey (6.6)
HJTH *
Cr = Pup, (6.7)

COBNafaOWKA ¢ cooTBercrBylolleli dopmymoir (3.19) anropurMma
nocnenosarenbHoil o6padorky. TakuM o6pa3om, BHINOJHEHHE MepPBO-
ro U3 YCJOBHH AOKa3aHo.
[Tepeiinem ko Bropomy ycaoBuwo. Hcnoawbsys (4.12), (4.13),
(4.27), (6.3) u (6.7), umeem
15
Wagh () = { [ UG DBEAKE D] =

i==1,...,k
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i
{[ U6 BO K D) Wi ()
_I

i=1,...,.k-1||— o( -8)
0 0

N Hey O )W eg-n(x
K g (tey D = — Pue| X e AT | ( D ”” k1 k‘”} k(kol) )|
— _—Pklkxk(k—'l)Nk(k-l)Hk-ka(k—l) (T) . (6.9)

M3 saBucumoctu (4.27) cremyer, uto

Keg (tt, Vs = — PopsXip-yNage-n Hes We—n (v). (6.10)

Orcroa
T —
XNy Hea Wit (1) = — PrjprK xq (fy D1
TloacraBasis 310 cOOTHOIIeHHe B BhipaxeHue (6.9), mosnyuaem

: qu.(tk, e = Pklépgllle-leq (tk, k-1 (611)

M3 cpaBHenus ¢ (3.35) BUAHO, 4TO 06a BbIpaXKEHHsS] TOXKAECTBEHHBDI,
a 3HAYHUT, BLINOJHEHO U BTOPOE YCJIOBHE.
[Tepexoas K TpeTbeMy YCJIOBHIO, 3amichiBaeM Ha ocHoBe (4.21),

(6.3):
Nig-yy O Nig-yy O Xk(k—) Neg-n 0
Gy = ’ ' 0 ! R} 1Peye I XF-niht 0 R~
_ ”N k(k-1) — Nap-1X e PrieX f;k-1>N k(k-,); — NignyX sy Peph i R “
IJ Re*haPepX ey Niges, A N e
(6.12)
il L 0 Hk-j[Wk(kél) (T)

, -
HaW iy (9) = | hk“ k‘ko’(T) 5 “ (6.13)

Ilanee, npeo6pasyem Bblpaxenue (4.28) ¢ yuerom (6.12), (6.13):
Ko (i, Ve = Kq (¢, D) — | Whie-n (¢) Himy | 01 Gigey - H""Ws‘k") ®) H =

= Ky (tj, g — Wiee-n () Hir (Nag-n —
—N k(k-l)X k(k—l)P k|kX Z(k—l)N k(k-l)) H k—ka(k~1) ("7)

IToacraBus ciona BMecto P, |, npuBeseHHoe paHee BhlpaxeHnue (3.22),
TI0JYYHM

Kot D = Kyt 0o — Wi () Hies (Vo) —
— N X k(k~1)Pk|k-1X Rt Neeon) Haoa W ki) (T) —
— Wi (¢) H-1N sy X tiryPripshh (hePre—ith +
+ Ry ePrye-y X bty Ny H e Wa (=) ()-
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B coorsercTsuu ¢ pemennem (4.28) nepBhie ABa ciaraeMbix paBHbI
Kq(tj, T)r—1, T. &

Ko (4, W = Ko (t7, V) — Whsony () Homs Gy Hiems W sy (%)-

Tperbe cnaraemoe, yunthiBas (6.10), MoxHo 3anucaTh 6oJee
KkoMnakTHO. OKOHUATENBHO MOJTYyYHM

Ko (1, ) = Kq (4, s —K g (b, Eroshk (P gt 4 Rk g (te, Tt

D10 BbIpaXKeHHe COBNAajJaeT € COOTBETCTBYIOIHM BhipaxKeHHem (3.36)
anropuTMa nocjaenoBaTebHOR 00pabOTKHU.

Takum o6pasom, [0Ka3aHa CIpaBelJMBOCTb BCEX TPeX YCJIOBHUH,
YTO CBHJIeTe/IbCTBYeT 00 OAHHAKOBOH 3()()EeKTHBHOCTH OLIEHOK pelle-
HHH, NOJIy4eHHbIX M3 aJTOPHTMOB MNPOTHO3HPOBAHHS TIPH COBMECT-
HOH ¥ mocJsenoBaTe]bHOH o0paboTke M3MepeHuH. Bymem HasbiBaTh
3TH aJrOPUTMbl aJITOPHTMaMH ONTHMAaJbHOH 00paboTKH.

Tenepp ocraercsi cpaBHUTb 3Q(PEKTHBHOCTb OUEHOK TIPH PasHBIX
cnioco6axX OLEHHBAHHS LIyMa CHCTEeMBI:

a) ONTHMaJbHOM,

6) BBeleHHS KOPPEKTHPYIOIUHX (QyHKIHH,

B) amNpOKCHMAaUUH IIyMa CHCTEMBI.

B n. 5 nokasaHo, uTo TocJelHHe ABa cnoco0a, XapakTepHble
pacuiipeHneM BeKTOpa COCTOSIHHS, MOTyT ObITh CBeleHbH K IOCTa-
HOBKe 3aJlayH, NJaHHOH B I. 2, H, C/lel0BATeJbHO, pelleHbl M3JI0XKeH-
HbIMH Bblilie MeTofaMu. Ha 3ToM OCHOBaHMHM M TIPUMEHHM ONTHMAJb-
HBI anroputM 06paboTKH AJIs NMOJYyYeHHs OUEeHKH pacliipeHHOro
BEKTOpa COCTOSIHUS

4
cl

Hast ynoGCcTBa H3JI0XKEHHs INpuBeleM ellle Pa3 HCXOMHYIO CHCTeMY
(5.6) B BUnE

~

X =

%=Z(t)2+§(t)q(t), Zi=hx o, i=1, ...,k

3anucpiBas ee pelieHue Ha ocHoBe (4.7), umeeM
- OT o F g S
x; = (Xy N X)X NiZe,

rae Pj = (XTN,X)™ — xoppensiunonHasi MaTpula PAacUIMPEHHOIO
BEKTOPa COCTOSIHHUS.

BhifesuM B BeKTOpe COCTOSHHSIX Ty 4acTb KOMIOHEHT (BEKTOD
), KOTOpasi COOTBETCTBYeT CTapOMy BEKTOPY COCTOsHHs X. B coor-
BETCTBHH C 3THM Pa30o0beM Ha KJIETKH H KOPPEJsLHOHHYI0 MaTpuiy
P, BBORA 0603Hauenus Ky(t;, t;), Ke(tj, t;) ¥ Kye(?s, t5) s xop-
pEJISIHOHHBIX MATpHI BekTopa Y, MapamerpoB myma C u Marpuubl
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Hx B3aHMHOﬁ KOppeJasiniuu COOTBETCTBEHHO:
Ky, fi) Ky (), t;)
Kcy (tl" tl) K. (ti’ t))

Hama penb — HaliTH COOTHOLIEHHe MeXIY KOpPpeasuHOHHBIMH
martpuuamu Pjj. u Ky(t;, t;). IDasasroronocrapaeMmcs BbIpasuth BCe
MaTpHLBbl, BXOAsillHe B KOPPE/SUHMOHHYIO MaTpUly pacCUIMpeHHOro
BEKTOpPA COCTOSIHHSI, Yepe3 COOTBETCTBYIOIME MaTpUIbl CTapOTo BekK-
TOpa COCTOSIHHS X.

N3 (4.3), (5.14)—(5.16) umeem

~

Pjje =

I. (6.14)

~ B 0OOO...00
y 00hO...00
Xi=HU, H= o B R RN P
7l 1o 000, ho
~ U(tlv tl) CEEE D(tly tl)
Ut ) 0o . E
U; = R TN
Hooonl (Ut .. Dt i)
U(tk’ tl) O L E
Torma
hIU (tl’ tl) th (tl’ t,)
th (tz» ti) th (tzo ti)
Xj=HUj=| * """ = H|U;{Dj| =1 X;i S

......

......

heU (Ee 8))

rlle IpUHATH 0003HaueHHUs
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N;= (AKA" + Ry,

heD (g, t))

D (tlt tl)

D;

e

D (ts, 1)

AHasnornuyHo BbIpasuM ]Vj ¢ nomoupio (4.8), (4.3):

oy

i

S; = HD;.

ij = {Qil}i,t=1....,k'

= | [ Ut 9BE K& mB Ut m)dnds,



o Ut &) | D(t;, DI[B®] [UEHBE
Ut BE) = st H “ n 0 :
U, §>E(§) Ko WB )T (¢ m) =
U, 8)B(E)
=700 ko s o w0l -
_|ve E)B(E)Kq(E, B U Em) | 0 |
0 Do |
Orcoaa
Qll 0 . . Qlk 0
00 0 0
- a 0 U
Qfl"{%’ ou Kop=] o
Qn O Qe O
00...0 0
thuE .. -;thlk
F Rm ?:.Hi a
thkli Ehlelzk
lQuh’ : thlkhk
Rui — HKuiH'.
thklhl’é . heQusht
CJieloBaTeJbHO,

~

N (iKwH + Re)™ =
Hrak, umeeum
ﬁf|k=(XfoXf)"l=(xz e X:NS [
s s NX,xSNS" BT C

Hcnonb3ysi MeToAHKY oOOpaileHHsi OJOYHBIX MAaTpHLL U YUHTHIBas
(6.14), MOXHO 3amucarb
B — | A+ A'B(C — B'A?B)™ BTA‘“ A™B(C —B"A'B)!
T AR E AL | (€ — B AR

_ [ Ko ) Kielts, ff)“

Keoy(p ) Kol t)) |

Ni| X; §S;||>

o¥ 67



Orciofa HMeeM COOTHOIUEHH
Ky(tj,t) = A + A'B(C—BTA?B)'BTA™, Kt 1) = (C—B" "B)Y,
Kydtint) = — AB(C —BTA™'B)™,  Kuft), t;) =—(C—BTA™'B) B A,

[TpeoGpa3oBbiBas NepBoe H3 HHX C YYETOM OCTaJbHBIX COOTHOIIEHHH
u pasencrsa A~1= (X/ N;X;)~1= Pk, momydnm

Ky(tjs )= Piie + Kye (tis ) K&* (s 1) Koy s 1)

U3 nocnenHero BuipaxeHus, nmockoabky det K.=1(¢;, ¢;) >0, cneayer,
YTO AHAaroHa/bHble uieHbl MaTpuubl Ky (fj, f;) He MeHblle COOTBET-
CTBYIOUIHX AHATOHAJbHBIX YJEHOB MaTpHUBI Pje. DTo 03Hauaer, YToO
pacClIMpeHHe BEKTOPa COCTOSHHSA NaXXe NPH ONTHMAJbHOM aJrOpUT-
Me 0OpaGOTKH He yJyyllaeT TOYHOCTb NPOrHO3HpoBaHHA. DddeKTHB-
HOCTb OLIEHOK OyIeT OXMHAaKOBa TOJbKO B YaCTHOM CJyuae, KOria
OTCYTCTBYET KOppessuusi BeKTopay H mapamerpos myma C.
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B. E. Uepronpyn

K CTATUCTHYECKOMY AHAJIU3Y
CPEJHECYTOUYHbBIX ®JYKTYAUHUH
MAPAMETPOB BEPXHEM ATMOC®EPbBI 3EMJIHU

Hanuuue rtemnepaTypHblXx ¢JayKryauud B BepxHell armocdepe
3eMJH, OTYETJIMBO NMPOSIBJSIOLMIUXCS B TOPMOXKEHHH CIYTHHKOB, Tpe-
Oyer oTBeTa 1o KpaliHelt Mepe Ha TPH BONpoca:

1) Kak yyectp (mpOrHO3HpOBaTb) Takue GJIYKTyalUHHu AJS yTOU-
HeHUsl TEOPHH H IIPOrHO3a ABHIKEHHS CIYTHHKOB?
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2) Kak ucnonb3oBath GJIYKTYalHH B KaueCTBe HCTOYHHKA [ OMOJI-
HHUTENbHOH HHPOPMAUUH O AUHAMHYECKOM COCTOSIHHM aTMocdepbi*?

3) KakoBa ¢usuueckas npupona Gpaykryauni?

[To cBoemy xapakrepy ¢uyKTyauuu pasfiesisioTcs Ha IBa TuIma:
CHJIbHbIE, HO OYeHb PeJKHe U KPaTKOBpeMeHHble BCIJIECKH, CBSI3aH-
Hble C ©YeHb CHJIbHBIMHM BCHBIIIKAMH aKTUBHOCTH, M Majble, MOUTH
CTalMOHapHble ciyyaliHble KosebaHusi. B cooTBeTCTBUHM € 3THM BO3-
MOXHB! [1Ba aJbTePHAaTHBHBIX, HO AOMOJHSIOUMUX APYr APYyra MOA-
Xoa B H3yueHHH QuyKTyauui: 1) aHanu3 peskux U3MeHEHUH mapa-
MeTpOB BepXHeli atMocdepbl BO BpeMsl CHJIbHBIX BCHBIIIEK aKTHBHO-
CTH; 2) M3yyeHHe CTATUCTHYECKHX (KOppESILHOHHBIX) CBOHACTB
MaJIblX CTallMOHAapHBIX QUIYKTyauui Ha NJIHTeNbHBIX HHTEPBaJax Bpe-
menu. Kax u B [2, 3], 3/ecb MBI OCTaHOBHUMCSI Ha BTOPOM TOJXOJIE.

[Teppas nonbiTKa u3BJAeub HHPOPMALHIO U3 CTATHCTHYECKHX
CBOMCTB MaJsibiX (pIyKTyauui#l B TOPMOMXEHHH CHYTHHKOB CleJiaHa B
[4] (nosnnee ouenku 3To# paborul nepecmorpens! B {2, 3]). Cucrema-
THYecKasl pa3paboTKa MeTofa U3yueHHS (JIYKTyalui HAa OCHOBAHHH
JIMHEHHOTO mapaboJMyeCKOro ypaBHEHHS TeIJIONPOBOAHOCTH COJep-
x®ures B [2, 3]

Meron npuMeHnM, Korja:

1) paccmatpuBaercsi HeATpaJabHas aTMocdepa;

2) usyuarorca riao6asnbHble 3ddeKTh (yCpeAHeHHbe 1O IIHPOTe
H JI0JITOTE) ;

3) BpemeHHOGe paspeueHue Gaykryanuit fp=>19;

4) B cpenHeM GIYKTYanuu MaJbl.

TTocKoJIbKY OCHOBHBIE TeXHHYeCKHe TPYAHOCTH M0 peaju3aluy
cxeMmsl [2, 3] npeonosieHsbl, B fasibHelllleM BO3MOXKHO ee YCJIOXKHeHHe:
1) nmepexoj oT JUHEHHBIX YPaBHEHHI K HeJHHeHHbIM H 2) mepexoi K
TPeXMepHO# MOJeJH, T. e. B KOHEUHOM cueTe OTKa3 OT YKa3aHHBIX
OrpaHHyeHHui.

Llenb maHHOM paGoThl — JA0BefeHHe cXeMBl [2, 3] MO YMCHEHHHIX
OlIEHOK, NPOBeIeHHBIX ¢ momoulbio SBM, n n3yuenne Ha ocHOBe 3THX
OLlEHOK CTaTHCTHYECKHX CBOKMCTB (QJIYKTyauuil mapamerpoB BepxHed
arMocdephl.

1. YpaBuenue 1as TeMnepaTypHbIX QUIyKTyauui

HcxoaublM 15l aHaau3a sBJseTCs ypaBHeHHe MepeHoca Temda
Xappuca — Ilpucrepa [5]

1 9 T o (1 oT P@—L@ _ T
—_ N _rl \ Ly = — 1
pc, oz (“(T’ 2) az) T 0z ) T ot 2+ cpP ot Q)

29

IlepBoe cnaraemoe JieBOH uacCTH ypaBHeHHs CBfI3aHO C TEMJIONpO-
BOIHOCTBIO aTMocdephl, BTOpOe —C paclUHpeHHeM (B3AyTHEM) aT-

* [IocTaHOBKY aHAJNOTKYHOH 3aflayd O CBSI3H CBOMCTB QUYKTyamHi ¢ AUHAMHUYE-
2% De edeeeay eydorg HIdOHHOWAdoU BIT uwediowedel HWHXD CM. B 1.
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Mochepsl NpPH HArpeBaHHH, TPeTbe — C HAJIMYHEM NPHTOKA H OTTO-
Ka TeMJIa 3a CYeTr MNOIJIOLIEHUS] COJIHEUHOrO U3JIydeHHsl U HHppaKpac-
HBIX [TOTEPb.

Kak nokaszano B [2, 3], ncmonbsyss ypaBHeHHS Ta30XHMHAMHUKH,
MOXKHO NepeHTH B IMHEHHOM NPHOJIHKeHHHU OT ypasHeHus (1) k ypas-
HeHuwo (2):

oF g T
-~ T aoTp(z)ij 0 a, (2)dzy = 0y —-+
29
oF ¢ T () P,@
— d
+a, % a,T + a, Y @ 2+ o P, (2)

rae
a
a,(2)= E(ln Tp), a,(2) =

=%, (),
pp

c o1
Q, (Z) = 3aoal + Tp 5‘3 (m) dzl,
2 P

)

o0 (2 (o) e 3o + 3]

2 1 9
a,(2) = aoT,,XE—(T—p(t,—ZI))dzl — 10T, - [1 + Hyayl.

3aech, Kak 06blyHO, T, p, ¥ — TeMneparypa, IJIOTHOCTb M TeMnepa-
TYpONpPOBOAHOCTb, Pp(2) — BepTUKA/IbHBIA NpOoGHAb [MOIJIOIEHHS
NepeMeHHOr0 HCTOYHHKA Tensa B BepxHell atrmocdepe, oTBeTCTBeH-
Horo 3a ¢uykryauuu; P(f) — onucbiBaeT BpeMeHHEle (CTaTHCTHUe-
CKHe) CBOHCTBA HCTOUHHKA,

Hans mo6oro napamerpa Y:

Y, — peryasipHoe (HeBO3MYILEHHOE) 3HAaueHHe mapametpa; Y =
= (Y—Yp)/Yp.

Ormerum, uro ypaBHenust (2), (3) OmMCHIBAIOT MTHOBeHHble (HE
CriaxKeHHole) GUIYKTyaluHH TeMmMnepatypbl NpH (UKCHPOBAHHOM JIO-
KaJbHOM BDeMeHH, a HCTOYHHK BO3MYIUEHHH He KOHKDETH3HPOBaH.
B vacrHocTH, A/ fHEBHOrO MaKCHMyMa aTMocdepbl HMeeM

0

a,(2) = E(ln Tp), a@=%0Q), a@=30(a(@),

4)

a3(2) = a,(2) [(% a, (Z))2 + —2‘ ddizo] ,  a,=0.
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Ecau npu ananuse TeMnepaTypHbIX (QJIYKTyauui# HCOOJb30BaTh JaH-
Hble O TOPDMOXKEHHH CIYTHHKOB C HHTepBaJOM 1 CYTKH, TO cjaenyer
yyecTb, YTO MOJyUYeHHble TAKUM 00pa3oM (QJYKTyauHH ycpeqHeHbl 10
LIMPOTe H JOJrOTe W BO BpeMeHU (c WHTepBasioM | cyTku). das onu-
CaHHs TaKHX QJYKTyalUuil NIPUTOJHO ypaBHeHHe (2) C yCpeIHeHHBIMH
3a cyTKH Ko3hhUuuueHTaMu:

6@ =—(0T), 6@=50, 6E=34,6a0),

©)

3 ® 3 da

w@=a@|(5%0) +5 2] a=0
Pasymeercs, yKa3aHHBIM CIOCO60OM MOTYT OMHCHIBATHCH TOJBLKO
(JIyKTyalHuu ¢ XapakTepHbIM BPeMeHeM U3MeHeHH He MeHblle CYTOK,
H Bce yKa3aHHble Bbillle OTPaHHYEHUsI cOXpaHsiioT cuay. CratucTuue-
CKHe CBOHCTBA Takux (QJyKTyauuil IPaKTHUECKH He JOJKHbI 3aBH-
CeTb OT MECTHOIO BPeMeHH INlepurest CIyTHHKA; KCTaTH, yuCJIeHHAas
pasHuua mexny kospoduunenramu (4) n (5) HesHaunresbHa.

SIBHas cBA3b GyHKyui Pp(2), P(¢f) u T(f) B ypaBHeHuu (2) me-
JIaeT JIOTHYHOH IMOCTAHOBKY 3a/auM O HAXOXKJEHHH npouis morjo-
menus Pp(2) no cTraTHCTHUECKHM oLleHKam nepemenHoctH T (£), P (f)
M M3BeCTHHIM nmapaMeTrpaM a; (APYrod MoAXOJ NpH H3ydeHHH MaJbiX
BO3MYIIEHUH 3aKJI0uaeTcsl B aHa/u3e OTKJIHKA JHHeapH30BaHHBIX
ra3ofitHaMHyecKHX YpaBHEeHHH Ha NepHOJAHuYeCKHe BO3MYLIEHHs HJIH
B @ypoe-ananuse [6, 7], cm. Taxxe [3,8]). Urobbl HaiiTu cBA3L Mex-
Iy KoppeJsuuoHHbIMU GyHkuuaMmu pas P(f) u T, HyxHO nupexne
BCEro HaHTH KOPPEJSAUUOHHYI0 (GyHKIHIO OTKIHKA T ypaBHeHus (2)
Ha Gesbiit wyM. ITonyuuB Takyilo (yHKUHIO, HETPYIHO OTHICKHBATb

aBTOKOppeJALHOHHYI0 QyHKIHIO OoTKAuka I (f) Ha moboe cTauuo-
HapHoe Bo3felicTBHe P(f) c 3a1aHHON aBTOKOPPEJSLHOHHOH (GYHK-

nuefi (momgpo6uoctu cM. B [3]). Otbickanue oTkauka T cBomuTes K
YHCJIEHHOMY HHTErDHPOBaHHIO Napabo/NHyecKoro ypaBHeHus (2),
npHueM, Kak OTMeuanoch B [9], ocobeHHOCTAMH paccMaTpHBaeMoil 3a-
nauu SBJSAOTCA: 1) Hanuuue B ypABHEHUH cJayyalHOH GYHKUMHU U B
KOHEYHOM cueTe OTHICKAHHE He pellleHHs, a KOPPeJSUHOHHBX (YyHK-
IHi1; 2) TOYTH 3KCIOHEHIHAJbHBIHA pocT K03 GdHULHEHTOB 4, Gy, A3 C
BBICOTOH 2. DTH OCOOEHHOCTH He 'MeHSIOT BhI60pa Pa3HOCTHOH cXeMBl,
npensoxeHHoi B [10], HO mapaMeTpHl Takoi cxeMbl (IIar MO BpeMeHH
t u BbicOTe 2, 3HAUEHHE BECOBOTO KO3 GHIHeHTa H Ip.) JesaloTcs
anpHOpY HEHU3BECTHBIMH, U TpeOyloTcs INpeiBapHTeJbHble <«UHCJEH-
Hble ONBITHI» JJIs OTBETA Ha BONPOC O HauGoJjee PalHOHAJbHOM Bhl-
6ope cxeMbl BHIUHCAEHHH,
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2. Pa3noctHas cxema. BeiGop napamerpos

Ecnn orGpocuth BTOpoe ciaraeMoe B ypaBHeHMH XappHca—
ITpucrepa (1), To BMecTo ypaBHeHm (2) no.uytm'rc;{

———a1 - 2——+ oT + 229 By, (6a)

ppp p

PasHoctuas cxema st 3Toro ypaBHeHnus o6cyxAanach B [9]. Ha-
JY4yHe HHTErpajJbHOrO Y/leHa B YPaBHEHHH [ TeMIepaTypHBIX
daykTyauui co3faer TPYAHOCTH AJS NPSAMOrO YHCJIEHHOrO peLIEHHS
Ha OBM, rtak Kak TpebyeTcs 3HAuMTeNbHas ONEpaTHBHAs NaMSATh.
YuursiBas cnenuduky Hamel 3agayd (MasoCThb HHTErpasbHOro wje-
Ha), 1enecoo6pasHO BOCHIONb30BATHCS CXEMOH IOCTIeI0BATE bHBIX
npu6nm«eHuﬁ'

OT ~
Ot 162+a2_+ T+C,,P,,T,, (0“
Tp@ oT
—a \ = — (&, (— 1)) dg, (69)
0 zj: T,(E) ot
rje !, HacTOJIbKO MaJo, 4TO ?(t)z?(t—tl), a UMeHHO:
LV I,
rue
T,@ &F T, (D) o
— ! = —— (&, ) dE.
jT TG0 jr,,(g) L&

JJ1s KOHTpOJISI TOYHOCTH anmpokcuMauuud (66) MOXKHO HCHOJb30-
BaTb MOCJEN0BATENbHOCTh BHIYUCJAEHHH NpPH pas3HbIX 3HAueHHaAx I.
[TocKkonbKy ypaBHeHUHEe TeMIepaTypHbIX (GyKTyauuid HeyLoGHO MAJIs
YHCJIEHHOrO0 HHTerpHpoBaHus (ypaBHeHHe 3a/laHO He Ha OTpe3Ke, a
Ha noaynpamoil 0<Cz<oo, u Ko3pGdULHEHTH ero GHICTPO MEHSIOTCS
¢ 2), B [3] npenjoxen nepexof kK 6e3pa3MepHbIM NepeMeHHBIM 0 U X:

0=0a% a=a"@)2H,@2) *=a Sa,“’/ H2)dz, 2, =2,
npuBoAsIW Ui ypaBHeHus (6a), (66) k (7a), (76):
To=Tu+ 2 WTx+ kWT+ 0@ ¥ (), (7a)
To = Txx + 2k (x) Tx +k (x)T+ (P(x)‘P(e) -

—l(x)Sk (5)—@,(9-9 ) dg, (76)
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rjae

—Ina, (2)
k() =k [z(), ki@ =152 (”ai“(z)[1___dz : ]
a

6a, (2)
o) = LALGL ) _ 20l200) ‘”""T 2,
. Tolz (%) ( a pl2(
6P, [z (x)] _ _
- ’ 0) = P [£(0))/0P, - 1.
P (%) c,@®T, [z (9)] p, [z (¥)] ¥ () [t(®))/oP, oy =1

B nanbHelilieM NpH BbIYHMCJIEHHH MapaMeTPOB 3aHayaso oryera X=0
npuHATO 2,=105 kM, npn sTom a=0,221 cyrxu -2 y exunuuna O npu-
MepHO cootrBerTcTByeT 20 cyrxkam; nepeMeHHass X H3MeHseTcss B AMA-
nasote ot 0 1o 1—2, a xosadduuuenTs R, kg, k3 Mensorcss B 3Hauu-
TeJbHO MeHbIIHX Ipejefax, 4eM a,, @, @3. 115 Boi6opa mapaMeTpoB
Pa3HOCTHOH CXeMBbl B «UYHCJIEHHBIX 3KCnepHMeHTaXx» [9] Hcnosb3osa-
.nogb ypaBHeHue (7a) ¢ kospduuueHTaMH k; npeACTaBIEHHBIMH B
tab.a. 1.

Tab6aunga 1
x 0,22 0,26 0,32 0,48 0,50 0,62 0,74 0,76
ky (K) 0,03| 0,03f{ 0,05 0,29 0,30 0,34 0,39 0,40
ks (x) 0,00| 0,00 0,00 0,75 0,80 —0,30 { — 0,60 | — 0,60
X 0,88] 0,94| 0,96 1,00 1,04 1,03 1,10 1,12
“ky (x) -0,32( 0,18 0,11 0,00 —0,20| —0,30 | — 0,3 | — 0,4
ky(x) |—0,95|—1,3 —1,4| —1,6 |—2,0 | —8,0 —13 —17
X 1,15 1,17 1,19 1,22 1,24 1,26 1,28 1,30
k() [—0,8 [—1,6 [—2,0 —3,3 |—4,3 —6,3 —11,8 | —21,5
ky(x) |—21 [—23 [—2 —38 —54 —68 —80 —110

Caemyer OTMeTHTb, UTO He OueHb 3HauuTesbHble H3MEHEHHUS KO-
3¢ uuueHTOB k; U MacuiTaba X NPH nepexofe K APYTHM MOJAeNSIM H
yuer cienywouiero npubanxenus (76) npakTHueckKu He NMOBJAUSIOT Ha
BBIOOp 11ara B pPa3HOCTHOM cXeMe M BeCOBOro K03 ¢HuueHTa, TaK YTo
BCe pesy/ibTaThi O Haubojee DAaNHOHANLHOM BhIGOpe mapameTpos
CXeMbl BHIYHCJIEHHH COXpaHATCSA U MJs1 3TUX Moneseil. CBsA3b MeXIy
X U Z unnoctpupyercs Taba. 2.

PasHocTHasi cxeMa M aJTOPHTM BCeX BBHIYHCJCHHH NMPHUBOILMJINCH B
[3], a pesyabraTel BeiGopa mapamerpoB — B [9]. BocnpousseneM sty
Pa3HOCTHYI0 CXeMy B MOAM(UUHPOBAHHOM BHJE, YYHTHIBAIOILEM Ie-
pexon or ypasHeHus (7a) k (76), coxpaHssi o6o3HaveHus [9]. Has
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Ta6auma 2

2 X } 2 X 2 X
105 0 130 0,76 260 1,12
110 0,29 140 0,85 300 1,14
115 0,46 160 0,96 lim 1,15—1,16
120 0,61 200 1,06

pelieHrss HCXOAHOTO YpaBHEHUsA

S =T (S E (e () — () (L(& (6 (—0)ds,
0<x<xy, T1—=0, u®=0,x=0, u(ﬂ,x=0)=0, (78)
E(xp)u(®, xy)
£0), x = xy) = — — N
U (8), x = x) 2 )
rage

u=T, qW=k(x), &=k, L (x) = k; (%),
eX) =9k, J(O=v0),

BbIOHpanach I[BYXCJIOHH&H IIeCTHTOYCYHAsl cXeMa (cXeMa C BecaMH)
[10] ¢ HEpaBHOMEPHOH CeTKOH. Crnenys o6osnauenusim [9, 10], nepe-
MEeHHbIH LIar 1Mo apryMeHTy x oGo3Hauum uepes h; (i=1,2,..,N; N—
YHCJIO Y3JI0B CETKH), a MOCTOSIHHBIH 1uar mo BpeMeHH G—qepes .
Juckperublit allanor u(0, x) o6osHauum uepes y,’ (Bcroay 0;=jt,,

%=0, x= Z h), JIUCKpeTHBIA aHasor f (0, x) —uepe3 fpd,
i=1

ceTounble PyHKUHH KO3 HUUHEHTOB ypaBHeHHusi (7B) — uepes Gp, &,

by, Lpu T. 1.

B kauecrBe pasHocTHOro ypaBHeHHus: (7B) B MOJH(UUHDPOBAHHOH
LIe€TUTOYEYHOH cXeMe Oepercs

y]'u —y o . N
T—l =A [a!/£+l +(1— a)y 1+ fl"tl, Yy = %ij—l’
o

w=1—8&xhn/2qv, j=12,...,M; i=1,2,...,N,

rae
0 << a<1—Bec BepxHero cnod;
29
Ay{ = i, +;l [ (yt+l ] Hl (yt — !/t—l) ]
i+1 l

/yi+l - y{ _ y,l - yi—l) .
k4

¢ (
+ yl + ht ’l' h1+1 hi+1 hi
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f{=ei']{;
( fi mpu i<3,
=]+ 2 1o e (s — yml) +

( +Lm(y"2 T mpu j>2.

Monudukauus cxeMmsl, BbI3BaHHAs HaJWyueM B ypaBHeHHH (7B) HH-
terpana Xappuca—IlIpucrepa, sakiouaercss B 3ameHe [/ Ha f;.
Cxema pewaercss MerogoMm nporouku [10, 11]. B pesyabrare Haxo-
IATCS NOC/e0BATeNbHOCTH 3HaYeHHui yid, fi (x; — BBICOTa, HA KOTO-
poil u3mepsioTcs QUIYKTyauuu), a 3aTeM H KOppeJsiHOHHBIE (YHK-
IHH IJ1S1 TeMIlepaTypHbIX BosmyueHu#t T. Kpome TOro, ucmo/b3ys
CJelylolle COOTHOWEHHS NJIS MaJbIX OTHOCHTEJbHBIX BO3MYLUEHHH

TeMmepaTtypsl I, IVIOTHOCTH p, LABJEHHS p U CKODOCTH H3MeHeHHs
aHOMaJIuCTHYecKoTo nepuona P, [3]:

@)= H‘j‘i)d v@=0@—T@, Pad=p@——T0),

BLIYHCIAIOTCA KOPpEIALHOHHbIE Q)yHKumi [POLECCoB p, P, PA lar

nocuenoBateabHocTell T¢, pi, pi 1 Pa! pu BHUMCJIEHHH KOppeEJISIH-
OHHBIX GYHKUHUi cocrasiaser 1°=/¢ (uau 0,05 B enunuuax 6), a spe-
MEHHOH 1ar BBIYHUCAEHHH T, 3HAYHTEJNbHO MeHbIle:

T, = 1%/Q = 0,05/Q.

Ycnewoe nposefieHHe CueTa BO MHOIOM 3aBHCHT OT NPaBHJbHO-
ro Boi6opa To. 3aHHIKEHHOe 3HAaUeHHe To MPHBeIEeT K HeolpaBAaHHO
6osIbLIOHA 3aTpare MALIMHHOIO BPEMEHH, a 3aBblIIeHHOe — K [oTepe
TOYHOCTH, JONMyCKaeMoll BbiOpaHHBIM warom k. Kimaccuueckue coot-
HOIUEHHUS 17151 T U h 3/leCb He NMPHMEHHMBI, TaK KaK B KOHEUHOM Cye-
Te HYXHO INOJYYHTb He pellleHHe ypaBHEHHUS, a JHUIIb KOppeJslu-
OHHYI0O (QYHKIHIO, B KOTOPOH 3HAUUTEJbHO MeHblIe HH(QOpMaUHH,
yeM B pemeHuH. [1oaTOMy NMpPUXOIHTCS IM0Jb30BATbCS «UHC/ISHHBIM
skcnepumeHToM» [9]. OkoHuaTesbHO BBHIOpAHBI CJEIyIOLIME Mapa-
MeTpHI:

N =24, hpin =0,02, 1,=0,006(Q=10), a=0,5-=0,6. (8)
[Tpu BeIGpanHbiXx mapamerpax U M<10% ocHOBHble OIIMOKH B OLEH-
Ke KOPPeJsiiMOHHOH (PYHKUHH BBI3BaHBI MaJIOCTbIO 06beMa BBIGOPKH,
a BpeMsi NMOJYYeHHS] KOPPEJSUHOHHBIX QyHKuMi mpouecco T (1),

o(8), p(t), Pa(t) npu o6beme BhGOpkH 501 (1. e. M~5500) co-
crasjsier 25™ Ha BOCM-3.
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O6cyxnaemas cxeMa MO3BOJSIET PellaTh CAEAYIOIHe 3aJauHt:

1) onpenensts ¢aykryauun B Topmoxennn HMC3, Bhi3BaHHLIE
NlepeMeHHOCTbI0 H3BECTHOTO H3JIyUeHHS C H3BECTHOH HJIH 3aJaHHOH
3¢ (eKTHBHOH BLICOTOH ero MOTJOLIeHHs (HampHMep, BHIACHHTb, K
KakuM (QJIYKTyalUsiM B TOPMOXEHHUH CIYTHHKOB NPHBOJUT NepeMeH-
HOCTb MSITKOTO COJIHEUHOro peHtreHa AA=44—60A);

_2) oTbICKaTb aBTOKOPPENSIUHOHHYIO (yHKuHO oTkaMKa T (uiH
PA) ypaBHeHHs (4) Ha GeJblil IIYM JJIf PA3HBIX BBICOT 30HbI IOTJIO-
LIEHHS], YTO MO3BOJIMT B KOHEYHOM CueTe ONPENeNaTh aBTOKOppeJss-
nUOHHYI0 QyHKuHIO oTKAHKAa T Ha JoGoe cralHOHAapHOe BO3JAeHCT-
e P (f).

3. I'enepatop Gesoro wyma.
TouHOCTb OLEHOK KOPPENSIHOHHBIX (YHKIMHA

Benomy mymy, T. e. ciydalinoMy mpoueccy ¢ 8-KoppenHpOBaHHOM
aBTOKOPPeJNSIIHOHHOH QyHKIHeH B pa3HOCTHOH cXeMe, COOTBETCTBYET
MOCJIe0BATENbHOCTD CAYUaHHbIX UHCeN Ex:

&> =0, <&&> = (& du, )]
rae 8x — cumBos KpoHekepa.

SIcHo, uto HecoOuiofieHne ycaoBHs (9) TPHBEAET K HCKaXKeHHIO
KOppeJSIHOHHO QYHKUHH OTK/IHKA I U B KOHEUHOM CueTe K OLIHO-
Ke B pellleHHH BTOpoH 3amauu. [Ina KOHTpoJig pabGOTHl reHeparopa
CAyYyafHbIX YHCes BBIUHCJASAAUCH CayyaHHble NMOCTAeN0BaTelbHOCTH

&eq = Il (10)
rae jo=(k+M,)Q; k=1,2, .., My, g=1, 2, .., q,; Q=10; M, =~ 20—+
+40; My=501; g — HOoMep BapHaHTa cueTra, OCTajbHble 00603Haye-

HUS TpeXHHe, H ONpelesIHCh BbHIGOPOUHBIE aBTOKODPesSAIMOHHbIE
GyHKIHH

601-7

Fo(t) = ——— =3 (B — o) (Bivesg —EQ)S, (11)

riae
_ 1 601 1 601
&=

2
= : S
501 < S0 77 500

=1 i=1

(Gig— Eq)z, i=12,...,10.

Eciy BesinuuHbI rq(T) 3HaYUMO He OTJIHYAIOTCA OT HyJad *, To yc-
JosHe (9) cuuraercs BHINOJHEHHBIM. HTO Xe Kacaercs 0OLJHOMEPHOro
pacnpejesieHdsi BeJHYHHbI Ep, TO BHIGOP ero Moxer ObiTb JOBOJBHO
TIPOM3BOJIbHBIM (BbIGOP TOrO HJIM MHOTO pacnpeiesieHus, BooGlle ro-

* 3nauumoin (¢ xoapouuuentom nosepus (1—100a)) oTkIOHeHHEM B MaTeMaTH-
4eCKOM CTaTHCTHKE Ha3blBAlOT OTKJOHEHHe, NMPeBOCXOAsliee G-NPOLUEHTHOE KPH-
THYECKOe 3HadeHHe. AHAJOTMYHO TOBOPAT O 3HAUYHMOM QTBEPIKEHMH HY/NEBOA rH-
NOTe3b H T. A.

76



BOps, OTPA3HTCS HA TOYHOCTH OLEHKH BbIGOPOYHON KOpPPesiHOHHON
GYHKUHH rq(t), HO mpu GoubiioM o6beMe BbiGopku (My=>501) 5TH
pas/Muus HeCyLIeCTBEeHHBI). B3ATO AHMCKpeTHOe paclpefenenue

E=1 c BeposiTHOCTBIO 1/2, = —1 c BeposiTHOCTBIO 1/2,

a B KauyeCTBe aJropUTMa BHIYMC/IEHHH MOC/IeNOBATENbHOCTH Cayyai-
HBIX YHCeJ NPUHAT CAeYIOIui:

1) BHIGHpAIOTCH TPH NMPOU3BOJBHBIX uuciaa A, By, C— pasnbie
JJIS1 KaXI0To g;

2) ana i=1,2,.., q(M;+M,) mnocienoBaTeJbHO BBHIYHCASIOTCS
B; = t; = 7531 sin*(iBi-, + Ai-, + C), (12)
Jie 1, ewmn {#}<C0,5,
—1, ecmn {£;})>0,5,

3) maa k=1, 2,..., My onpenensitotcs
Be=J% =+ M)Q

Cnenyer oTmerutb, uro Gosee s5KOHOMHas mnpouneaypa RAND,
npuMensemas B BouncaurenbioM uentpe AH CCCP, ue maer cay-
YaliHOH MOCJ/IeIOBATEJAbHOCTH HYXKHOIO HaM KauecTBa; K TOMY Xe
BpeMsl BBIUHMCJIEHHS CJHydaHHOH MOC/IeJ0BaTENbHOCTH COCTABIHSET HH-
YTOXKHYIO 4aCTb BpEMEHHU Cuera Bcell MporpaMMbl B He HMeeT 00Jib-
{I0T0 3HAUYEHHS JIJS1 SKOHOMHH MAIIHHHOIO BPEMEHH.

[ s mpoBepKHU BbINOJIHeHUsS ycaoBusi (9) 1/s mociefoBaTenbHOC-
Tel CAYYaHHBIX wuCea Ep,q, MOJyYyaeMbIX C IIOMOLIbIO aJTrOpPUTMA
(12), BHIUMCASAAHCL BHIGOPOUYHBIE ABTOKOPDPENSLHOHHBIE (GYHKIMH
(11), 3arem ompenensijuch ycpeiHeHHas mo aHcam6iaw0 g(g=1, 2,
<oy Go; go=100) Koppenﬁunox-maa byHKIHUS

{x} — npoGHasi yacTb YHCIA X;

r(r)——z ), v=12,...,10,
0 g=1

c€e Bbl60p01{HbIe CTaHAapThHI

‘0 T
D (rg (¥) —r (@)
se@ =) = (t9)

9o (g0 —1)

Y HOpMHPOBAHHbIE BEJHUHHBI
=", gym=—
s(r (1)) alr(v)]
rjie O— MCTHHHBIA cTaHaapr *
o= (Mg, "

* OTHOCHTEJNbHYI0 OWHOKY 3ToR GopMynbl <Tmax/2Mo=5/My MOXHO He yuHTHI-
BaTh.
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Pesyabrath Beuncaenuit r(t), s(r(t)), {(x) u Lo(r) mo 100 BHGO-
DOYHBIM aBTOKODPESIUHOHHBIM (YHKUHAM rg(T) mNpelcTaBieHbl B
taba. 3.

Ta6nunma 3
BriGopounble KOppeasilHOHHBIE OlleHKH AJS TeHepaTopa GeJoro ulyma

v 100r@ (10l |t | Bo® || x| 10 |10l | G | o
1 3,0 4,0 0,75 0,67 6 6,3 4,1 1,53 1,40
2 3,8 3,3 1,18 0,87 7 —4,2 4,7 |—0,89]—0,93
3| —8,1 4,5 —1,80|—1,80| -8 0,2 3,8 0,05 0,0%
41 —4,3 4,5 —0,96 |—0,96 9 1,9 4,3 0,44 0,42
5| —17,8 4,7 —1,66]—1,73| 10 —4,2 4,3 |—0,98(—0,93

Kax suaHO U3 3TO# TabauLbl, OTKIOHEHUS 7 (T) OT HYJs HUTLe He
npesocxonst 1,8 BLIGOpOUHBIX WM MCTHHHBIX cTaHxaptos (|§|<1,8,
|&| <<1,8) u, ciemoBatenbHO, He3HaunMbl. IlpoBepka runoressl
{r)=0 c TOMOILbIO CTATUCTHKH

gl = 2 g: (17)»

i=1

KOTOopasi B cJyuae BepHOCTH HYJIEBOU THIOTe3bl paclpeleneHa acuM-
nToTHyeckd (Mo—>o00), Kak ¥% ¢ HecsThbi0 CTeNneHsMH CBOOOAMI, IIO-
Ka3biBaeT, YTO HyJeBas rumoresa He orBepraercsi ¢ 209%-HbIM ypoB-
HeM 3HauuMocTH (L1=12,23<Tlae/,=13,44)*. Takum oGpas3oMm, BhI-
6op cxemnl (12) BnosHe onpaBaaH.

KoHeuHass mesb MAIIMHHOTO CyeTa — IOJNYyYyeHHE C 3afaHHOH
TOYHOCTBIO KOPPeJsIIHOHHBIX (QYHKUUH OTKJIHKA YpaBHEHUS NepeHo-
ca temsa (2) (unum (6a), (7a), (76), (78)). Urobnl oueHuTh HEOGXO-
IUMbIHA /IS 3aJaHHON TOYHOCTH OObeM BBIYMCJEHUH (MM KOJHYECTBO
cepu#l BHIUUCIEHUH (o), HYXKHA OlleHKA CTaHZApTa BbIGOPOUYHBIX KOP-
peNsiqUOHHBIX GYHKIUY B 3aBUCHMOCTH OT 06beMa BbIOGOPKH.

Bosmoxubl fABa cnoco6a ouneHok. ITepBblii U3 HUX — BbIUHCJIEHHE
(,-TIOC/IeIOBATENLHOCTEH KOPPEIALHOHHBIX K(YHKIHUA OTKIHKA YpaB-

Henuit (7) u onpenenenne s(r(t)) no cdopmyne (13). Ilpun sToM G
MoXeT GbiTh He CJMLIKOM BeJHKO, a B KayecTBe OLEHKH CTaHAapTOB
o [r (v)]4, cpenHelt KoppensiuHOHHOH QYHKIHH, NONTyUeHHOH 1o Gy (¢, >
>>(qo) TOC/IeL0BATENbHOCTSIM, HCNIOAB3YeTCS OLleHKa

o (r (g, =S (Vs "7 (14)

* OTMeTHM, 4TO AJs1 TIPOBEPKH OTKJIOHEHMS HOPMasbHOro Ipouecca ot Gejgoro
wyMa Takke MOXHO HCNOJb30BaTh KpUTepuil AHgepcona [i12, 13].
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Bropoi#t coco6 — Teopernueckas oueHKa ¢,(t) IpH H3BECTHOM BHJE
HCTHHHOM KODpeJSUHOHHON (YHKUMH (NOCKOJbKY OHA HEH3BecTHa,
0JIb3YIOTCST BIGOPOUHOM KOppeNsiHHOHHON yHKIMe# (1)) U Heko-
TOPBIX OTPAHHYEHHSX, HaK/JAaJblBaeMblX Ha pacrpenenenue &;. B 06-
IeM cJaydae TaKOH aHaJu3 J0BOJbHO rpomo3nok (14]. Ho B KauecTse
npHOJIHIKEHHOH OLEHKH C y4eTOM TOTo, UTO B HallleM ¢Jydae Koppe-
JIAHOHHAs QYHKIHs O6bIYHO 06JafaeT e[MHCTBEHHBIM MaKCHMyMOM
(mpu t=0) u 6bICTPO Cmajgaer ¢ POCTOM T, MOXKHO PEKOMEHIOBAThb
ciaenywomyio *:

ofr (1)) = L=20)

VN abd

’

Napp = :Mo% mpu 7, < 0,5, (15)
Myqo/2v, mpu 0,5 <7 <3,
T, = j"p (v)dr, (15a)

rae p(t) — HCTHHHAs KoppesisiuHoHHasi QyHkuus oTkIHKa; Mg —
06beM BbIGOPKH; Napy — 3 deKTHBHBIA 06beM BBIGOPKH; T, — HHTEp-
BaJl KOppeJsilHi.

3amMeHa HMCTHHHOH KOpDpeJNsSILHOHHOM (YHKUHH BBIGOPOYHOH B
(15), (15a) mpakTHYecKH He H3MEHHT pe3yJbTaTa.

CorsnacoBannocTh ouenok (14) #u (15) MOXKeT CJAYXHTb HEKOTO-
pPbIM KOHTPOJIEM YCTOMYMBOCTH CXeMbl BbIUMC/EHHH. YUYHTbIBaA,
4TO NpH GOJNBLINX ¢o CTAHLAPT BEJIHUHHBI S/0 COCTABJSAET

V2/(4q, + 3) =~ (245",
a mpu Gosabmiux My oTHOcHTenbHas oHOKa (15) He mpeBocXonuT
20—309%, MOXHO CUHTaThb pacXOXKAeHHe OLEHOK 3HAUHMbIM, eCJH
3

¢ — |>(o,3+ __) . (16)
o (14) 10 (15) V24,

[Tpumepsl BbIUHCIEHHH KOPPENSUHOHHBIX (QYHKIHH NpeicTaBjieHbl B
Tab. 4.

Pacxoxneune ouenok (14) u (15) oxasajoch He3HaUHMBIM
(1. e. ycnoBue (16) He BHIMOJHSAJIOCH), H CXeMa BBIYHC/IEHHS KOppe-
JSIHOHHBIX (GYHKUHH OTKJIHKA ypaBHEHHSI yIOBJeTBOpHTeabHa. Ta-
KHM 06pa3oM, MOJIyueH alropHTM 3afaud 00 OTBICKAHHH KOPpeJsly-

oHHO# pyHKunn orkauka I (unu P ,) ypaBHennsa (2) Ha Geablit LIym
IJ1S1 pa3HbIX BBICOT 30HEI MIOTVIONIEHHSI.

* YuTeHo Take, uTO MpH 7<Ce~! cnaj KOpPPeNsIUOHHOH (YHKUHMH 3aMeIAeTcs.
Jlpyrue ynpolleHHble OLeHKH mpusoastes B :[13, 15].

79



Ta6auna 4

T | r | oD@ | o@@) | e T rm oM@ 0@ @
1. My=501, q,=37, 1,=2,14, Y/ Nogp =|| 2 Mo=200, qo=31, 1=2,53,
=67, 1=0,65 v Nsgg =49, 1,=0,68

1 0,673 | 0,008 | 0,008 | 0,00 | 1 0,845 0,004 [ 0,006( 0,20
2 0,430 | 0,011 | 0,010 | 0,10 2 | 0,609 0,009 |0,013| 0,36
3 0,292 | 0,013 | 0,014 | 0,08 3 0,431] 0,015 | 0,016 0,06
4 0,204 | 0,015 | 0,015 0,00 4 | 0,284| 0,020 | 0,018 0,10
5 0,154 | 0,016 | 0,015 0,07 5 | 0,184| 0,023 | 0,019| 0,19
6 0,106 | 0,016 | 0,015 [ 0,07 6 | 0,116] 0,025 | 0,020| 0,22
7 0,076 | 0,016 | 0,015 0,07 7 | 0,065| 0,026 | 0,020{ 0,26
8 0,053 | 0,015 | 0,015 | 0,00 8 | 0,025 0,027 | 0,020/ 0,30
9 0,034 | 0,014 | 0,015)0,07 9 |—0,002| 0,027 | 0,020/ 0,30
10 0,028 | 0,013 [ 0,015 | 0,14 | 10 |—o0,024| 0,026 | 0,020/ 0,26
1 0,027 | 0,012 | 0,015 ] 0,21

12 0,022 | 0,011 { 0,015 | 0,30

13 0,014 | 0,011 | 0,015 | 0,30

14 0,011 | 0,011 | 0,015 | 0,30

15 0,017 | 0,009 | 0,015 | 0,50

IIpumeyanue. o) Bemucannocs no ¢opmyane (14), a o(2 — no dopmyae (15).
Pacxoxzenne mexay oll) u g2 n =20 () — g()/(6() + 0(2)) 3naunMo, ecau

n>no = 0,34-3/y/ 24,.

4. OTKAMK napaGoJaH4yecKoro ypaBHeHHsi Ha Geublil wyMm.
CraTHcTHYeCKHe CBOMCTBA GUIyKTyauuit

Jas uanmocTpanMy Bo3MOXKHOCTe# 06CYXKAaeMOoi METONUMKH TpH-
Be/leM NpeaBapHTe/bHble Pe3y/bTaThl CyeTa. B KauecTBe pery/sipHbIX
apaMeTpoB MCIOJb30BAJMUCL JaHHble CTaHAApTHOH arMocdepbl
CIRA-1965 [16] mast muauMyMa 1l-netHero uukiaa (momenb I), a
BePTHKaJbHLIH NPOGHIb @ (X) nepeMeHHOro HCTOYHHKA, BXOASIIHH B
UCxoqHble ypaBHeHHus (7a), (76), BbIGpaH MPSMOYTOJNbHBIM C ILHPH-
HOH, pPaBHOH BbICOTE ONHOPOAHOH aTMocdepnl Hp:

1 mpu 2 ——-Iip—(zﬁ)- L2 L 2pp + M—,
Hp (25p)
5 .
(1N
PaccmarpuBadiuce cienyiomue 3¢p¢deKTHBHbIE BBICOTBI HCTOYHHKA:
Zapp =120, 132, 150, 175 km. [TapaMeTpbl pa3HOCTHOH CXeMbl BHIGpa-

Hbl coryiacHo (8), a ceroyHble GYHKIMH BHIYHMCISAJAHCH MO $HopMysiaM
(7). Kak yxe roBopu/och, 3Hasi CTaTHCTHYECKHe CBOACTBA OTKJIHMKA
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JuHefiHoro ypaBHenusa (7a) uau (76) Ha Gesblfl 1yM, HETPYJAHO TO-
JIYYUTb CTATHCTHUYECKHe CBOMCTBA OTKJHKA ITOrO0 ypaBHEHUS Ha JIO-
60 CTALUOHAPHBIA IIYM C 33aAaHHBIMU KOpPpeNsSLUOHHBIMH CBOHCT-
Bamu (moxpoGHocTH cM. B [3]). [TosTOMY OCHOBHOe BHMUMaHUe yaes-
JIOCh OTKJIMKY Napabosin4eckoTo ypaBHeHHs Ha Gesblil LIyM, reHepa-
TOpP KOTOpOTO ONHUCaH-B NpelblAyllleM pasfede.

Ananusupys cBofictBa ¢JykTyauuii B BepxHeH arTmocdepe,
npexje BCero XOueTcsl BHISICHUTb, KakK (JIyKTyalHH pacnpoCTpaHs-
IOTCS1 OT HCTOYHHKA BO3MYIUEHHUH U, B 4aCTHOCTH, KaK MeHsieTCsl aMIl-
JUTYyAA PAYyKTyauui ¢ BbicoToH. KpacHBBIM pelieHHeM 3TOTO BONpO-
ca OblJid OJHOBpPeMeHHble HAGJIIOJeHHSI CeMH CIYTHHKOB C Pa3HBIMH
BoicoTamu nepurest (oT 205 mo 1121 kM) BO BpeMsi CHJIBHOrO reomar-
HUTHOrO BO3MyllleHuss B Hosi6pe 1960 r. (17]. Dtu HabawaeHus sBHO
yKa3blBaJHd Ha TEHIEHIHUI0 K POCTY OTHOCHUTEJbHbIX BO3MYUIEHUH ¢
BbicoTOA. OCOGEHHOCTH NpHUBedeHHOrd npuMepa 3aKJIyYaluchb B
ClIeYIOIEeM:

1) paccMaTpuBajoChb OYeHb CHJIbHOE BO3MYlleHHe (IJIOTHOCTH
BO3pacraJia 6oJiblile yeM B 1Ba pasa);

2) BO3MYyILleHHE OblIO eIHHCTBEHHBIM;

3) dasza ll-nerHero uuk/ia Obljia 61M3Ka K MAKCUMYMY aKTHBHO-
CTH;

4) umenuchb no6ouyHble 3hPeKTH, HcKaKaollue KapTUHY pacipe-
JeseHUsl aMIUIUTYABl BO3MYILEHHS C BHICOTOH (B YacTHOCTH, reo-
[IEHTpUYecKu#l yros mexnay nepureem u ConHIEM I/ PasHbIX CIYT-
HUKOB MeHsJIcsl B [HanasoHe ot 3 1o 149°).

EcrecTBeHHO, uTO mPH mepexoie K MasdbiM (PJIYKTyalHsM HEBO3-
MOXHO BBIJENATh OTHeJbHblE CHJIbHbIE BCIJIECKH B CKOPOCTH TOPMO-
’KeHHUsl CHYTHHUKOB ¥ COMOCTABJSATh HX BeJIMUYHHBI Ha PA3HBIX BLICOTAX,
BMECTO 5TOrO BHIUMCJSIIOTCS H CPABHHBAIOTCS CTAHAAPThl OTHOCHTEJIb-
HBIX GQJYKTyauu# Ha pasnbix BhicoTaxX. Cyasi mo OLEHKaM AMCIEepPCHT
OTHOCHTEJbHBIX (IYKTyaluii B TOPMOXKEHHH IIECTH CNYTHHKOB C BhI-
coramu nepurest or 250 no 750 km Bo BpeMss MUHMUMYyMa ll-nerHero
uukiaa {18}, cranpapr Maasix ¢aykTyauuin Bopacraer ¢ BbICOTOH.

K coxanenuto, kak B [17], Tak u B [18} ne ynaerca ocBo6oauThCS
OT HCKaXeHHs paclpeleseHHus no60uyHbBIMH agdeKTaMu, H pesysabTa-
Thl CKOpee KauyeCTBeHHbl, YeM KOJHUYeCTBeHHBI. TeopeTHYeCKu# XOI
CTaHgapTa MaJjblx (QUIyKTyaluuH, pacCudTaHHbIA Ha OCHOBe ONHCAaH-
HOH Bbillle cxeMbl (ypaBHeHue 76), mpencrasienbl Ha puc. 1. Hcrou-
HUK 'BO3MYILEHHH TOMElleH Ha BBICOTY fopp==120 kn. Kax u cienona-

JIO 0XKHMJaTb, TeMNepaTypHuble aykryauun T cnajgaioT ¢ BHICOTOH, a
OTHOCHTEJIbHBIE (QUIYKTYalluH TJIOTHOCTH P M CKOPOCTH TOPMOXEHHS

COYTHHKOB P4 pacTyT ¢ BBICOTOH, MpHYEM JOCTATOYHO XOPOLIO BHI-
noJsinsiercss npusefeHHoe B [3] npub/HKEHHOE COOTHOUIEHHe

Pa(@) =~ HT (2),

rie h—4HCa0 «ONXHOPOLHBIX BBHICOT» MEXIY 30HOH MOMVIOIIEHHS Te-
PEMEHHOro H3JIyYeHHUs! U BBICOTOH Mepuresi CIYTHHKA 2.

6 3aka3s Ne 5411 81



Otmerum, uto QyHkuuun oP 4 (2), 0p(2), ol (2) onpeneneHn ¢
TOYHOCTBIO IO OJHOr'0 MOCTOSTHHOrO MHOXHTeJs, 3aBUCAILero OT Xa-
PaKTepUCTHK HCTOYHHKA nepeMeHHOro HanydeHus. Huxe Gynper nan
npuMep OLEHOK abGCOJIOTHBIX 3HAYEeHHH CTAHAApTOB JJ/isi KOHKPETHO-
IO NepeMeHHOro HCTOYHUKA H3JYUeHHUS.

¢ oh
&0
i -
4 B Puc. 1. 3aBucumoctu crannapToB
2294'/—’”"” ManbX (GJIYKTYaUuil OT BHICOTHI
57 =
2 - ~

67

L I N N N B
20 60 200 240 260
Z, KM

Urak, aMmniury1a oTHOCHTENbHBIX QJAYKTYauuil B JIOTHOCTH BepPX-
‘Hel aTMochepbl H B TOPMOXKEHHH CIIYyTHUKOB BO3pacTaeT NMpU yBesaH-
‘YeHHH BBICOTHI.

KakoBo BpeMss pacnpocrpaHeHusi GAYKTyauud HJIH 3amasibl-
‘BaHHUs BO3MylleHU#l B aTMocdepe? IIpoBomuM/INCH MHOrOYHCJIEHHBIE
-olNpeJeseHusl CPeHEr0 BPeMeHH MeXAYy NMHKaMH reoMarHUTHHIX BO3-
MYIIeHHA ¥ BO3MYILEHHH B TOPMOXKEHHH CIYTHHUKOB, MO Pa3sHbIM
OlleHKaM OHO cocraBisier 5—90, Tem ke cmoco6oM moJiyyeHo BpeMsi
3anas[blBaHUsl Tak HasbiBaeMblx «27-1HeBHbIX Bapuanuii» 0,5--24, 1
[16, 17, 19—25}, koTopoe COr/aacyercsi co CTATHCTHYECKOH OlEeHKOH
Mak-Jonanbaa {26], o6uapyxusiiero 56-4acoBoii CABUT MeXIy Ba-
‘puauusmu 20 cu pammousnyuenuss CoJiHIa U OTKJIHKOM aTtmocdephl.
YkazaHHoe 3amnas3iblBaHHe CBSI3bIBAIOT C BpeMeHeM TelJoneperayy
B atmMocdepe {16]. OnHako npu paccMoTpeHu# TemaoBoi (Temnepa-
‘TYpHOH) uHepuHu atMmocdepbl 6osiee KOPPEKTHOH XapaKTepUCTHKOH
IBJIsIeTCSl He BpeMs 3ana3iblBaHUsl OTKJIMKA arMocdepbl Ha BO3MY-
lleHHe, @ XapaKTep HCKaXXeHUs Bo3MylleHHs B atMoctepe. IToscHum
3TO Ha NpuUMepe NpoOCTeHlleli peslaKCAlMOHHOH CHCTEMbI

dx X
'd—t—l——A‘:F(t)’ (18)

rme A--BpeMs perakcau¥u (WaIM— B APYrHUX TepMHUHAX — BpeMs
‘reMnepartypHoil nHepuuu). OTkaukoM x(¢) cucrembl (18) Ha mpsMo-
'YTOJIbHBINl HMITY/IbC BO3MYILEHHS

0 mpu {0 wm ¢ >D,

Fo= {a mpu 0<¢<LD

Oyner
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0 mpu {0,

x(o= {000~ mput 0<1<D,
aA(e“K—l)e“/A npd > D.

dopma oTKIMKa x(f) He noBTOpsieT Gopmy Boamyuienus F(¢), ncka-
XKEHHS MOTYT ObITb 3HAUHTE/JbHBLIMH, U TOHSITHE 3amasiblBaHUs X (f)
otHocHuTebHO F (f) HeomHo3HauHo. Hanpumep, eciu onpenensith Bpe-
Ms 3amasibiBaHHs Kak BpeMsl Mexay Makcumymamu F(¢) u x(t), To
oHO He OyneT saBuceTb OT napaMertpos (18) u cocraBur D/2.

Hpyro#i cnoco6 omnpeneneHusl 3ama3fblBaHUS 3aKJOYaeTcs B
CpaBHeHHWH MeAuaH ummyabcoB F u x. OmpenesieHHOe TaKUM CIOCO-
O6oM BpeMms 3ama3fiblBaHHs T3 CBSI3aHO C BpeMeHeM pesaxcaiuu A
NpOCTHIM COOTHOLIeHHeM *

Aln2, ecmn D<A,
Ts={Ak, rae k=1, eumn D~A, (19)
A, et D>A,

H MOXKET CJAYXHTb IJIsd €ro OLEHKH.

Onunako 6oJjiee ecTeCTBEHHO CTaTHCTHUeCKOe paccMorpenue. He-
TPYAHO BUJETb, YTO aBTOKOppe/SAUHOHHAsA (QyHKUHUA OTKIMKA Ha Ge-

JIBIA 1IyM
(F@>=0, <FOF(E+1)=C3(7)
NpencTaBaseT co00# 3KCIOHEHTY

pa(@) = ZOXEED _ oxp (1) /m), (20)
(x>

M yeM MeHblIe BpeMs pesaakcauuu A, Tem OJHKe KOPpeNsLUOHHAS
G yHKIMSA OTKJIMKA K KOPPeIAllMOHHOH QyHKUUY Bo3peicTBus F. 3Has
KOPPeJSIIUOHHYI0 QYHKIHIO OTKJIHKA CHCTEMbI Ha GeJiblil 1yM, cpasy
nosyyaeM Bpems penakcanuu A. flcno, uro u3 HabsoaeHul onpene-
JsieTCsl He HCTHHHAasi KoppesasuMoHHas ¢yHKuus p(t), a BeI6OpOU-
Has r(t), KoTopas Bcerga OyfeT OTIHYATbCS OT 3KCIOHEHTHI; A ole-
HHBAETCSl CTATHCTHYECKH M B 'KaueCTBe €e OLICHOK MOXHO MpeaJo-

XKHUTb clenylomue **;
(o]

n=[r@d,
; (21)
r(v)=¢1=0,37.

[Tpu mocrarouHo GoabiioM o6beme BHIGOPKH T1 & To = A.
Jo cux mop paccMarpuBaJjach npeocreinas. cucrema (18), ompe-
JlefsieMasi OJHUM WapaMerpoM — BpeMeHeM peaakcauuu A. Payk-

* CoorHoweHHs1 (19) cCOXpaHSIIOTSS M NPH Nepexoiie K UMNYAbcaM APYroit Gopmal.

** Pagymeercsl, U3 Ha6MIOJeHHH MOJy4yaeTcs JHIUb MOCJAeJOBATESbHOCTb BbHIGOPOU-
HBIX 3HaueHHA r(t;), 3aTeM NPOMU3BOLSIT HHTeDPNOJALHIO. B KauecTBe BepxHero
npenena B HHTerpaje Gepercst 3HaueHHe E= (2-+4)A.
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Puc. 2. ABTOKOppe.HﬂLIHOHHbIe bYyHKIMU

\\ l. dbaykryanui T (a) u Pa (6) mnst UCTOYHH-
N _ KOB € pPasHbiMH 3()(}eKTUBHBLIMH BHICOTAMH
J ’_ A iy 2apd
3 % 1175 km; 2—150 km; 3—132 Km; 4—120 KM
8 72
N
S
&
/ L—
Puc. 3. Oymkuma Ti(2e08), Te(Z00)
| I Mg GayKTyauui P4
720 50 760

ZSMJ'/W

TyallMOHHble ypaBHeHHsl (7a) u (76) ogHUM mapaMeTpoM He ompe-
JleJISIIOTCS, OHAKO W B 3TOM CJiyyae BeJWYHHHI T; U Tp (21) ABjsIOT-
Csl CyHIeCTBEHHBIMH XapaKTCPUCTHKAMH CHCTeMBbl. Biusocts Ty X 11
o3HayaJa Obl 61u30cTb ypaBHeHus (7a) uau (76) x (18); ¢ mpyrok
CTOPOHBI, 171 OLlEHKH BPEMEHH peJlaKCalluh CHCTEMBI MOXKHO HCIOJIb-
30BaThb OTHOILEHHE

A=BT™ ;l— 3, (22)

O6paTtuMcsi K YHCIEHHBIM pe3yJbTaTaM, TMOJyYeHHbIM AJISl ypaBHe-
Hus (76). Ha puc. 2 mpeacTaB/ieHbl aBTOKOPPeJISIHOHHbIE dbyHKUUH

oaykryauuit T u P4 115 HCTOYHHKOB € Pa3HBIMH 5pdEKTHBHHIMH BHI-
coTaMu 2, a Ha pUC. 3 JaH XOA BeSIMUHH T; (Rapp), T2 (epp) AJIA

P,. Kak BugHo 13 3TuX rpadukos, npu 3¢p$eKTUBHON BEICOTE NOTJIO-
wenus 120 km

A=34 (23)
Ecnn ouennBate 3anasgbiBande QUuyKTyauuii no M3MepeHuo Haub0-
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mee pe3KUX (KPaTKOBPeMEHHBIX) HMIYJbCOB B TOPMOXEHHH CIYTHH-
KOB, YTO, MO-BUAUMOMY, H Jesanach B [22—24], To rTeopernueckoe
BpeMs 3amnasipiBaHus coriacHo (23) u (19) cocrasur

T, ~Aln2~2% (24)

TaknM ob6pasoM, mpejcrasieHde 06 50 EKTUBHOH BbICOTE 30HBI MO-
TJIOLIEHUS Zpp = 120 Kk He nportuBopeuut HabmonenusaM. Iloka-
3aHHble Ha PHUC. 2 aBTOKOppessiHOHHble (YHKIHH OTJIHYAIOTCH OT
skcnoHeHT. OHAKo, KaK (I0Ka3blBaeT pacueT, mpu 06beMe BBIGOPKH
n<{150—200 oriuuue BHIGOPOUYHBIX ABTOKOPPEJSLHUOHHBIX (QYHK-
UKA OTKJIMKOB ypaBHeHusi (76) u (18) cTaTHCTHYECKH He 3HAUHMMBL
ITo 3Toii mpuYMHEe WHTEpHpeTalusl pe3y/JbTaTOB KOpPPENSIHOHHOIO
aHa/nu3a He OYeHb NAJIMHHBIX PsOB HaOJMIOJEHHH MOXKeT MPOBOJUTHCS
Ha ocHOBe ypaBHeHus (18), uto dakruuecku u aenanock B [8, 27, 28].
Bun aBToKOppensiuoHHON QyHKIHM oTKauKa (18) x Ha BoamymeHus
F, orsinunble OT Gesioro Imyma, paccMaTpuBascsi B [2], B yacTHoOCTH
IJ151 TPeyroJibHO-KOPPEeJSIIHOHHbIX BO3MYILEHHH F:

_ e
P (12 . |v] <,

(Fy=0, <(F@OF(E+)= (25)
mpd | t| >
OTKJHMK X UMEET aBTOKOPPEJSAUHOHHYI0 (HYHKIHIO
NP
l (I—L‘J+—e aeplel A slx ) mpa | t| <7y,
To To A To
7:(7) = (25a)

(KA
2A1 T\ -
T(.Sh2 (ﬁ)e A Ipu ITI>TO
# JMCIEepCHIO
e—‘l:o/A — 1\
P(x) = AP/l tae = (1 ——) .
To/A
%IcHo, yTo ecotu BoamyiieHust Fym Fo UMEIOT OJMHAKOBYIO JUCIEPCHIO,

HO pa3Hble XapaKTepHHE BpeMeHa Tg; U Tog, TO CTAHAAPTHl OTKJHKOB
X U Xy OYAYT OTJINUATBCS:

Xy _ _ Too/A + €Xp (— Tyy/A) — 1
o k(Tn, To) = I/TM/A e )1 . (26)

Ha puc. 1 mpexnctaBaeH xoX cranfapra Manbx Guaykryanuit oP 4 (2)
IJIS1 MePEMEeHHOr0 MCTOYHHKA C eIHHOM AUCTepCHeH W XapaKTepHbIM
BpemMeHeM To; = 04,1. JIng mepexofia K KOHKPETHOMY HCTOYHUKY C
XapaKTePHEIM BpEMEHEM Too HY2KHO BBECTH HOPMHPYIOIIMH MHOXH-
TeJb

0Pk (Ty;5 Typ) OE R (Typ Too)  KoOF 1R (Tyy, T,)

I= oT T T HeaToe HeaT - @7
€pa" 1 pPp %% pPp %% pPp
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OueHuM BKJAaJd BO (aykryauun P4 OT MepeMeHHOro COJHEYHOTro H3-
ayuenun Ah 40—100 A. HenocpencTBeHHO u3MepsIeTCS H3TyYEHHE
M. 44—60 A (E 1x). ABTOKOppensiunoHHasg QyHKIHA OTHOCHTEJNBHBIX
dayxryauut Eyx annpokcumupyercs (25) ¢ =79, eqemoBarenbHo,
T1=749, a k (tn, Toz) ®20. Cornacuo [29—31], ko3Ppdunnent
ko~2,5+5, u, cornacHo [28], B MunuMyme ll-7eTHell aKTHBHOCTH
oE= (0,01+0,03) ape-cm—2-cex—!. Ha BhicoTe 2=120 x»m nas Mo-
nean 1 (16) umeem (cpa?TpppHp)—1=20; Takum o6pasom, [ ~4--
+12, u Ha Bhcorax 230—260 xm mnepemeHHoe M3nyueHue AA 40—
100 A, nornomaemoe Ha 3pPeKTHBHON BHICOTE Zopyp= 120 Ku, TOTK-
HO BBHI3HIBATb (MIYKTyalUHH B TOPMOMKEHHH CIYTHHKA CO CTaHZapTOM

oP4 = 0,03--0,1. (28)

Jra TeopeTHUeCKas OLeHKa XOPOLIO COTJIACYETCsi C HEeMOCPeACTBEeH-
HBIM oOmpejejeHHeM CTaHZapTa GJyKTyauu# 1is cnyTHuKa «HMHm-
XKyH-3» ¢ Bbicoroi mepures 230 xm [18]:

oPa =~ 0,1. (29)

5. Yuer pentreHoBckoro ¢ona (A1 40—100A)

[TpuBenennsie Bbile oueHkHu (28) u(29) mokasbiBalOT HeoGXxoOMM=-
MOCTb yueTa BapHauuii Markoro penrreHa AA40—100 A npu ananuse
¢GaykTyauuii B TODMOMEHHH CNYTHHKOB. DTH BapHalUWH U SBJASIOTCS
OCHOBHOH NPHYHMHOH TEMJIOBHIX GJYKTyalnHi BepxHeH aTMocdepwl C
xapakrepHbiM BpeMmeHem 10—20 cyrtok [8, 26, 27]*. Pasymeercs,
BapualMH MSATKOro peHTreHa He €IHHCTBEHHBI HCTOUHHK CpejHe-
CYTOUHBIX (QJYKTyalnuH: KpoMe [ABYXHeAeIbHBIX (JIyKTyalUui, mpo-
CleXHuBAOTCA (UIYKTyaluH, He CBs3aHHble ¢ BapuHalusaMu AA40—
100 A, ¢ xapaKTepHBIMH BpeMEHaMH T.<<3 CYTOK W THCIEpCHEel Io-
psillka KHCEpCHH ABYXHeXedbHbx ¢aykryauuii [28]. EcrecrBenno,
YTO 1JIs1 BbISIBJAEHHS] M H3YUEHHS] TaKUX QUIYKTyalUHH HYXKHO HCKJIO-
yuTh BAUsiHUE Bapuauuil AA40—100 A. ITporHos ¢daykryauuit B TOp-
MOXEHHH CIIYTHWKA, BbI3BAHHbIX BapHalMsSMH H3JAyueHus AA44—
60 A (E;), nmeeT U caMOCTOsITeJbHOE 3HAueHHe, TaK KaK B MUHHMY-

me ll-meTHero umk/aa Koadoduuuent Koppeasuuun Mmexnay E, u P
noBosbHO Beauk: r=0,58+10,13. MHorourcieHHble JaHHbBE O BapHa-

* Kak yxe orMeuanoch B [3], yCTAaHOBHBLIMHCS B JHTepaType TepMHH «27-IHeB-
Hble BapHalMU» HE COBCeM MOAXOMMT AJS Ha3BaHHA TAKUX ¢aykryauuh. Bo-nep-
BBIX, MIOTOMY, YTO NPH KOPPENSIUHOHHOM aHajM3e TOPMOXKEHHSl CYyTHHKA HMCMOJb-
3yeTcsi Becb Auana3oH M3MeHenui ot 1 no 30 cyTok. Bo-BropmiX, TepmuH «27-
JHeBHble BapMaUMU» AJS HHAEKCOB COJIHEYHON AKTHBHOCTH OUYeHb HJleasu3Hpo-
Ban. Hanpumep, ansi cpeiHeit ¢asbl CONHEYHOH AKTHMBHOCTH H3JyuyeHue AA 44—
60 A umeno aBTOKOppeasuuoHHyl GyHKUHO exp [—0;1|T|] cos 0,22 v [27], a ans
MHHEMYyMa aKTUBHOCTM 3Ta (YHKUMs Obl1a TpeyroabHOH (25) ¢ To=79 [28].
IpoBeneunsiii Jlecnecom [32] ¢ypbe-aHanus HHAeKCOB paauousityuenuss ConHua
H TODMOKEHHS CIYTHHKOB TaKxkKe OGHapyXHMBaeT HaJHuHe HECKOJNbKHX He Kpar-
HBIX IAPYT APYTY 4acToT.
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(HSX MSTKOTO PEHTreHa MOXHO HaiiT, Hampumep, B [29—31, 33—
37], a HeKoTOpble CTATHCTHYECKHE OLEHKU TtpuBeleHbl B [8, 27, 28].
Bbi3BaHHbIE 3THMHU BapHalUUsIMHU TemnepaTypHble (JYKTyanuH Bepx-
Hefi atMmoctepnl umelor xapakrepHoe Bpemsi 10—20 cyTok, HocsT
r100aNbHBIA XapaKTep, U AJsi UX PAacCMOTPEHHUS MPUTOLHO YpaBHe-
nue (2) win (76). Ilostomy npencraBisieTcss BO3MOMKHBIM, 3a1aB
BEPTHKAJBHBIA NPOGH/Ib HOMVIOMEHHss U 3((deKTHBHYIO BBICOTY MO-
rJOMIeH s, 0 AAaHHBIM O MepeMeHHOM Hu3ajydyeHun AA40—100 A (uau
AA44—60 A, uau, 4TO HECKOJIBKO XYyXKe, 110 COJHEYHOMY HEUUMEeTpo-
BOMY pAaJHOH3/IyYEeHHIO) OTBICKHBAaTb ABYXHeIeJbHble (JIYKTyaIHH

| L !
147964 7077964 1L 7964 J0H /9642 ¢

Puc. 4. OtHocuTenbHble BapHanuu uanyueHus AA 44—60'A (xkpusast I) u coorBert-
CTBYIOIHE HM TeopeTHYeckde (JYKTYaluHH B TOPMOXKEHHH CNyTHHKa (Kpusble 2, 3)

B TOPMOXEHHH CHOYTHHKOB C [OMOIIBIO ypaBHeHus (76) HJu
(B ympoueHHOM Bapuante) ¢ nomompbio ypaBHenus (18). ITockosb-
Ky METOAMKA TaKUX BBIYMC/IEHHH moApoOHO M3jaraJjach Bhllle, orpa-
HUYUMCsi OftnuM npumepoM. Ha puc. 4 npepcraBieHbl OTHOCHTeNb-
Hble Bapuauuu uaiayuenus AA44—60 A (E|) u coOTBETCTBYIOLLIHE UM
dayktyanuu B TOopMOxeHnH oObekra 1964-5A  (¢espasnb-MapT

1964 r.) Preop. B3sita 3d¢exTuBHAs BbICOTA 30HB MOIVIOLIEHHS
120 xm, BepTUKaJbHBIA NPpOQHIb MOIJIOHIEHUS] BbHIOpaH MPSIMOYroJb-
HbIM ¢ mupuHO# Hp (BbICOTAa OAHOPOAHOH armocdepnl). Briuucie-
HHUSI OTHOCHTENBHBIX (QJIYKTyauuid NPOBOAMJIOCH IO (opMyJe

x— 2

o

‘€O BpeMeHeM ycpexHeHus fr=404. Ins yno6cTBa comocraBieHHS
8ce (QYHKUUH HOPMHUpOBaHbl Ha uX cranmaptel. ®yukuus E,(¢)/oE,

X =
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npeacraBieHa Ha puc. 4 kpuBo#t I, QYHKUHUSA Preop/0Preop, MONYUEH-
Has Ge3 yuera MHTErpasbHoro cnaraemoro Xappuca — [Ipucrepa =B
ypaBHeHun (2) (T. e. I HCXOAHOTO ypaBHeHHus (7a)),— KpuBoil 3,
Ta XKe QyHKIHUA c yyerom ciaraemoro Xappuca — Ilpucrepa — kpu-
Bo# 2. Ha puc. 5 nso6paxennsl GpIyKTyauuoHHble KpuBHe I, 2, ycpen-
HEHHbIe CKOJIb3SIIUM CYMMHpPOBaHHeM C HHTepBatoM 10 cyToK; KpH-

Basi 3 BOCIPOU3BORUT Habmogaemule ¢paykryauun Pa(f)/oPa B TOp-
MoxeHUH o6bekra 1964-5A (pakera-Hocutedb «CaTypH-5»), TakkKe
CryIaXKeHHble CKOJIb3SIIUM CYMMHpPOBaHHEM C HHTEPBAJIOM YCpeaHe-
uusi 10 cyrok. Kak BumHO U3 pHcC. 4, HaJHuHe HJIH OTCYTCTBHE HHTE-
rpaspHoro cjaraemoro Xappuca — [Ipucrepa B ypaBHEHHM Temsuo-
nposofAHoctH ((6a) man (66)) caabo cka3biBaercss Ha dopMe Payk-
Tyauu#, U TpebyoTCa IIHHHbIE PSIbl HAOJMIONEHHH NJIS1 OLEHKH STOrG
caaraemoro. Puc. 4 takxe XopoIo HJJIIOCTPUPYET CHENaHHOe BhIIIE
3aMeuaHue O TOM, 4TO POpMa OTKJIHKA CHCTEMbl MOXKET 3HAUHTEJbHO:
OTJIMYATLCS OT (OPMBbI BXOXHBIX BO3MYILIEHHH (HHKAKUM CHBHIOM IO
ocu abcuucc KpHBYIO I He COBMECTHTb C KPHBOH 2, M HEfICHO, 4TO
Ha3bIBaTb BpeMeHeM 3ama3jbiBaHusi). [Ipu mepexole K criaxKeHHbIM:
GaykTyanusmM co BpemMeHeM cryiaxuBanus fo>>A (A, Kak H mpex-
ne,— BpeMsi peJlaKCalUKu CHCTEMbl) pa3/Huds BO3LEHCTBHUSA W OTKJIH-~
Ka IMOCTeNeHHO HCYe3al0T W TOHSITHe 3amas3fblBaHus QJAYKTyauuix
CTAHOBHTCS BIOJHE onpefeJeHHbIM. HMumiocrpanuelt aToMmy cayxar
KpuBble I, 2 puc. 5, KoTopble NOYTH MOBTOPSIOT APYT APYyra cO CABH~
rom Bo BpeMmenu 3% Kak yxe ynomuHasnoch, B MUHUMYyMe ll-neTHero
UMKTa aKTHBHOCTH, KpOMe IBYXHeJIeJNbHBEIX, Habaomgaercs (uIyKTya-
udss C [JHUCTepCHedl TOTo Ke TOpSAKAa W XapaKTEPHBIM BpeMeHeM:

t.<<34 CraaxuBaHue HaHUbIX PA co BpeMmeHeM fo="10% ymeHbIIaeT
AUCTepCcUI0 Takux ¢aykryauuit B K=t./t{y>3,3 pa3a, Ho mpakrtu-
yeCKd HE H3MEHseT JHCIepPCHH JABYXHeAeJbHbIX ¢uykryanuh. [To-
3TOMY CIVIaXKEHHble TeopeTHueckHe GJIYKTyalUW He ILOJIKHBI CJAUILI~

\

\\\\3

v\
\\ —'\/\\‘ <

. | L
4 vv/s %I 2 17079642,

Puc. 5. Criaxenusie ¢ uuTepBansoM 10¢ Bapuauuu' uznyuenust AA44—60 A (kpu-
Bast I), Teopetudeckue (kpuBasi 2) M HaOmomaemble (kpuBag J) Qayxtyauun
B TOPMOXEHHH CIYTHHKA,
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KOM OTJIHYaTbcsl OT HabJIOJaeMblX, YTO M- MOATBEPXKAAETCS pPHC. 5
{xpusale 2, 3). K coxa/enuio, npuBefeHHbIN psax HabJMIONeHHA HelO-
CTaTOYHO BeJHK, YTOOb CAeJaTh KakHe-NHO0 HaAeXHble CTaTHCTHYE-
CKHe OIEHKH (HEKOTOpble CTaTHCTHYECKHEe OLEHKH mo (JIyKTyauHsIM
B TOpMOMeHMH oObekta 1964-5A u MATKOro peHTreHa npUBOLHU-
Juch B [8]).

Crienyer OTMeTHTb APYroH, AaBHO NPaKTHKOBABILHECA C1ocol
'yyera Bapuauuii c xapakTepHbiM BpemeHeM 10—20¢ (yacto HasH-
BAaEeMBIX B JuTeparype «27-IHeBHHIMH Bapuauusimu») [16, 38, 39].
Takue daykTyauus TemnepaTyphl CBSI3HIBAJIMCh JHHEHHOH 3aBHCH-
MOCTbIO C (IYKTyalUsiMH JelHMeTpoBOro paauonsnyuyexus CoJHia
{Fio,7) _

AT = a(Fy,, — Fib), (30)

tae t,=3-27" wiu t,=5-27° —Bpems ycpemsenus, F Gepercsi B
1022 gr-m~2.24~ 1.

W3 nabiomennit ompelensiiach BeduunHa a=1°9 (corsacHo
116, 38]) u a=1°3 (mo [39]) u yka3eiBajOCb BpeMs 3alepKKH BO3-
MYIUEHHHA Togn="0,5--2°1 [16, 38] H T,x=1,0%+0,1 [39].

Her Heo6xonuMOCTH elle pa3 OTMeYarb, YTO TaKOe OMNHCaHHe
BIIOJIHE TNPHTOJHO JUISl CIVIaXKEHHBIX C XapaKTepHbIM BpeMeHeM
$o=109 naunpix 0 Paykryauuax (cMm. puc. 5), HO Anast 1 —3-AHEeBHBIX
¥I3MeHeHUH B TOPMOXKEHHH CIYTHHKA, BbI3BaHHBIX BapHalUfMH MAT-
KOTO pPeHTI'eHa, OHO He ONpaBIaHHO *.

MoxHO, OnHaKO, clerka H3MeHHTb ¢(opmyay (30), uTo6Hl OHa
ONHCHIBAJa TEMIEPATYPHYIO HHEPLHIO BepxHell aTtMocdephr:

1
AT = 2 @i [Fro, (t — i) — Fyo), I =2 =-5. (31)
i=0
Kak u B cayuae (30), KoopPuUHEHTH o; OTHICKMBAIOTCH METOJOM
HaMMeHbIOHX KBaxpartos [40].
Hpyroi moxxon 3ak/aouaercs B obpalleHHH K ypaBHeHuio (18).
B pamkax 3Toro npHOJHKEHHS BKJaA BO QUIYKTyalHH TOPMOXKEHHS
CIOYTHHKA BCJEICTBHE BapHalHH MSATKOrO PeHTreHa COCTaBJseT

g H ~ ! ~
Pup() =0, [e¥E,@di=a, | ¥ E @®di=
=00 t-3A
k-1 -
~ 20 (B () 4 eME (E— ko)l + oy Yo RE, (D), (32)
=1

rae ko — uenas yactb uncaa 3A.

* OTMeTHM TaKXe, UTO BapHallMH HHJEKCa NeUHMETPOBOrO COMHEUHOro PajHOHM3-
JyYeHHS He BNOJIHE afieKBAaTHHl BapHaUHAM MATKoro pentrena. Hanpumep, k03¢-
¢uuuent xoppensunu Mexny E, (M 44—60A) u Fio7 B 1965—1966 rr. cocras-
asn auwb 0,66, a GopMbl HX aBTOKODDENSUHOHHBIX (QYHKUHHE 3HAYHMO OTJIHYA-
JIHCh ADPYT OT Apyra.
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JlBa HeH3BeCTHbIX mapaMeTpa ao WU Ao B CoOTHouleHHH (32}
au6o OLEHHBAIOTCS H3 MOJEJH, NMoAO0GHO TOMY. Kak 3TO [esaljocCh
BblILE, 60 HAXOAATCS METOAOM HaWMeHbUIHX KBaiapaToB [40] us

Habmonenuii. BMmecto wuHIekca E1 BO3MO2KHO HCIIOJIb3OBAHHE HH-

nexca Fjo,7 WM Kaxkoro-1u6o Apyroro, CBS3aHHOrO0 C BapHALHAMH
MSITKOTO PEHTI'€Ha, NpPU 3TOM Ko3D(HUIUUEHTH a9 U A, pasyMmeercs
6ynyr ApyruMH. B panbHefiuieM npejnoJiaraercss INpOBECTH OLER-
KA ao U A (mast Ey u Fyg) ans Bcex ¢as 1l-jeTHero uuk/ia Ha
ocHoBe mogpenu CIRA-1971.

6. OGpaTnas 3agava

B naHHO# craTbe mpaKTHYecKH He Obll 3aTPOHYT paccMaTpHBa-
eMblit B [2, 3] Bompoc 06 oGpartHoii 3aaye — O MOJNyYEeHWH XapaK-
TEePUCTHK HCTOYHHKa ¢JaykTyauuit (T.e. uHbopmauun 06 3pdex--
THBHOH BBICOTE, LIMDHHE H BEPTHKAJbHOM NpoQHJe 30HB MOIVIOIE~
HHUS TIlepeMEeHHOI0 H3Jy4YeHHs, NMOrJOllaeMOH 3HeprHd H T.1.) MO
CTaTHCTHYECKHM CBOHCTBaM (JIyKTyauuii B TOPMOMKEHHH CIyTHHKa’
W BapHalUMH HHIEKCOB aKTHBHOCTH. [lepBble NMONLITKH MNpPOBEJEeHHS
Takoro aHamu3a [4, 8] npuBeaH K BBIBOAY, YTO OCHOBHOH IPHYH-
HOH JABYXHeLeJbHBIX TeMMepaTypHBIX (JIYKTyalHH BepxHed aTMoO-
chepn ABIAIOTCS BapHalMM MSTKOTO COJNHEYHOTO peHTreHa B AHa-
nasone 40—100 A, nornomaemoro Ha 3QQeKTHBHON BBHICOTE OKOJIO
120 Kkm.

[TockoabKYy MpH BHIIOJHEHHH yKa3aHHBIX B Hayalle CTaTbU yCIO-
BHH MaJble (QJAYKTyallud ONUCHIBAIOTCS Napabo/UuecKHM ypaBHe-
HueM (7a) uau (76), MOXKHO roBOpUTb O 6oJee Y3KOH 3anaue — 00-
paTHOM 3ajave TemIONMPOBOXHOCTH. Ecaum Obl ypaBHeHue (7a)
¥IMeJIO TMOCTOsIHHble KO3(duuueHTh, a B NMpPaBOH 4acTH CTOs/JAa Obk
He cJaydalHas, a peryJaspHasi IO BpeMeHM GYHKUHS, TO Mmaxe
B AByMepHOM (M, BooOule, B n-mMepHOM!) ciaydyae 3ajgaya cBesaach
Obl K oOpaTHOH 3ajaye TeMJIONPOBOAHOCTH, NPOAHANU3HPOBAHHOM
B [41], KoTopass NpH He OYeHb CHJbHBIX OIPAaHHUEHHSX HMEeT
elnHcTBeHHOe pemtenne. OgHako Meron [41] Heab3st 06001HTH Ha
ypaBHeHHe C MepeMeHHbIMH Ko3¢h(HUIHEeHTaMH, a CTOXaCTHYECKHH
Xapakrtep BO3MYyILeHHH eme Oosiee ycyry0/sieT TPyAHOCTH CTPOIOrs
MaTeMaTHYeCKOr0 pacCMOTpeHHs 3afayud. B culy 3TUX NpHYUH
(n yuuTBIBasi, YTO OCHOBHAs Hallla leJb — MOJYyYeHHe TapaMeTpoB
peaJsibHOrO (U3HYEeCKOro Impolecca JMO6bIMU Cnoco0aMH) NpHLIJIOCH
OTKa3aTbCsl OT AaHaAJHTHYECKOIO pPacCMOTPEHHS M CBeCTH 3afady
K UHCTO BLIYHC/JIHUTEJNBHOMH:

1) peuwieHuio mpsiMo¥ 3agayd AJs  «3JeMEHTApHBIX» (QYHKIHHA
C TNOMOIIbI0 PA3HOCTHBIX CXeM (B3sB, HanmpHMep, HCTOYHHKH 6eJsIoro
WwyMa ¢ NpsMOYTOJIbHBIM BepTHKaJbHbIM NpoduaeM);

2) OTHICKAHHIO ONTHMAJbHBIX K03(pQHLUHEHTOB MpH «3JIeMeH-
TapHbIX» (QYHKIHAX MAJs YAOBJETBOPHTENBHOTO ONHCAHHA HabJio-
JeHHH.
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Tlpu 3TOM MBI He KacaeMcsl BONPOCOB O CYLIECTBOBAHHH H €JHH-
CTBEHHOCTH pellleHHsi, 00 OrpaHHYeHHsX, HaKJaJAblBaeMblX Ha
ypaBHEHHe H BEPOSITHOCTHBIE Ipolecchl, 06 yueTe nepexoga oOT
WCTHHHBIX CPEIHHX K BBIOOPOUHBIM, a TaK¥Ke O MOJYYeHHH aJjro-
PUTMa TIOCTPOEHHSl peIleHHs 3afaud CBeJéHHEM ee K peIIeHHI0
KaKoro-HUOyAb HHTErpajbHOrO ypaBHEHUS (BKJKOYAIOIIEro Koppe-
JIIMOHHble (YHKUHHU), OTUETJHBO INPEACTaBJss, UTO 3TO CaMOCTO-
siTeJbHAs M OYeHb TPyJHas# MaTeMarHueckas npobJema.

Takofi «mnpakTHyecKHii» INOAXOJ ONpaBJbIBAETCH, HaNpHMep,
B BBIUMC/JAHTENBHOH MareMaTHKe YCIeIIHbIM pelleHHeM Ha OCHOBe
Pa3HOCTHBIX CXeM CJOXHeHLIHX 3a7ay, XOTS HCCIeJOBaHHUs CyLecT-
BOBAHUSl M €JHHCTBEHHOCTH peIICHHs, YyCTOHUHMBOCTH CXeM H T.IL
TIPOBOAMJIHUCH JIMIUb AJS CaMblX IPOCTEHIIHX CJydyaes.

Uuc/neHHBIA aHA/IW3 KOPpEJSLHOHHBIX CBOHCTB OTK/IHKAa ypaBHe-
#u  (7a) u (76) mokasaJ, 4TO H3 KOPPEJALHOHHOTO aHaJu3a
cpelHecyTouHbIX (Jaykryauuii 1npH obbeMe HabJaogeHul << 200
MOXKHO OLEHHTh JHIIb ABa-TPH Nnapamerpa. B stom ciayuae aBTo-
KoppeasiuuoHHas (PyHKOHs OTKJMKA Ha HCTOYHUK Oesoro myma ¢
s¢dekTnBHON MUpHHON ~ Hp 3HAYMMO He OTJIMYAeTCs OT 3KCIO-
HEHTBbl, U (QJYyKTyallUH OINHCHIBAIOTCA CJEAYIOLleH CHCTEMOH Koppe-
NSMUOHHBIX ypaBHeHu#l [3, 27]:

% ng (17) + }"Rlz (T) = 6R11 (T),
o % Ry (7) + ARy (v) = PRy (1), (33)

E‘i‘ Ry (T) 4 MRy (t) = PRy (Y) + Ry (1),

— 'f; Rz (T) 4 MRy, (1) = PR3 (7) + Ry (),

Tae
Ry@=<EWMVE¢+7))>; Ry =<Pa()Palt +1);

Ru(@®=<EWNOPAt +1); Ru@=PaOE(¢ —1);
Ry (®) = A p() (¢ + 0>+ ;itop(t)«p(t L)

R (1) = A ChOB (¢ +1)> — == pOB(E + 1)
E — BapualMu  M3JIyYeHHs, OTBETCTBEHHOTO 3a [BYXHeIeJbHbe
¢aykryauun; 1 — Gosiee OwbicTpble Qaykryauun; (P () $(t +
1) )/[{P?) ~0 npu T>7..
U3 nabmonenuit ouennBaorcs @yHkuud Ry (1), Riz(t), Rai(T),
R (T) W ompenessIOTCS TPH MapaMerpa:

AoBou WKER. (34)
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OZnHOBpEeMEHHO Ha OCHOBaHMH ypaBHeHusl (70) OLeEHHBAIOTCH Teope-
THUeCKHe (QYHKIHH

ho(@ag0) = ———, By (2apar OF) (35)
T+ Ts
oT 90 (PEKTHBHOH BHICOTHI 30HBI INOIVIONIEHHS Zspp. CpaBHUBas (34)
1 (35), MOXHO OuUeHHTb 5()DEKTHBHYIO BBHICOTY 30HBI IOIVIOLIEHHSE
Z5pp Y 'BEJHUHHY MOIVIOUIAEMOH 3HEpPrHUH.

st onpeneseHuss BepTHKAJbHOTO NMpoduisi MOIVIONIEHHs Heo6-
XOIMMO JTH60 3HAYUTEIbHO yBEJHUYUTb PSAAbI HabaiofeHuH, 1100 npo-
BOJHTb, IOMHMO KOPPeJ/ISILIHOHHOTO aHalju3a, OLEeHKH MOMEHTOB
OZIHOMEpHOro pacnpejeneHus GuyKTyauud.

Bonee pesynbraruBHOH, no-BuaumMoMy, O6yaer nocraHoBka o6par-
HOM 3ajay¥ NpH aHa/lu3e 4YacoBbIX (IYKTyaluii B TOPMOXKEHHH
cnytHukoB. CornacHo HaGuofeHusiM [42] M CTaTHCTHYECKHM OlleH-
KaM [43], Bo Bpemss MuHEMYMa 1l-JleTHero uukJia (1963—1964 rr.)
B TepHOJ OTHOCHTEIbHO YMEPEHHOH TeOMarHuTHOH AaKTHBHOCTH B
TOPMOXKEHHH CIIYyTHUKOB Ha6J/I0faI0TCs MaJsble QIYKTYaluu ¢ Xxapax-
TepHbIM BpemeHeM 0,92. Tlpu ycnemHoM pasBUTHH TEeXHHKH TaKHX
HaOJIIONEHHH CTaTHCTHYECKUH aHalu3 (UIyKTyalH# B TOPMOXKEHHH
CIyTHUKOB M BapHalMH MHAEKCOB aKTHBHOCTH MOT Obl OMHpPaTbCsl Ha
3HayHTENbHO GOJIbIINHA pAj Hab/M0IeHUH, yeM JJs CPeJHEeCYTOYHBIX
IaHHBIX (oxBaThiBas Ko 10 Thic. ABYX4acoBbIX 3HaueHU# 3a 3 rona),
U AaBaTb 0oJiee HaJeXKHble OLEHKH.

YKazaHHble (JAYKTyalud XOJMKHBI ONMHCHIBATBCH TPEXMepPHBIM
napabosnyecKMM ypaBHeHHeM. B nasbHeiimeM npeamoJiaraercsi no-
JIlydeHHe 3TOr0 ypaBHEHMS M OlleHKa NapaMeTpoB HCTOYHHKOB OBICT-
pbIX QuyKTyauui,
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B. B. Kyraenxo, B. M. Cununpin, I1. E. dabac6epr

OLEHKA TOYHOCTH NPOTrHO3HUPOBAHMUA
KOPOTKONMEPHOOHUYECKUX U3MEHEHHMH
NJIOTHOCTH ATMOC®EPHI

TouyHOCTh ONEpPaTHBHOIO NPOTHO3MPOBAHMS NBHKEHHS HH3KOJe-
tamux MC3 B 3HaunTeNbHON Mepe Ompefe/sercs BO3MOXHOCTSIMH
MaTeMaTHYeCKOro ONMHCAHHS W NMPOTHO3HPOBAHHA KPAaTKOBPEMEHHBIX
H3MEeHeHHHA NJVIOTHOCTH aTMocdephl. B cymecTBywomux Molensx at-
Mochepel KOPOTKONEepHOAHYEeCKHe BApHALMH ee MapaMeTpoB Hpei-
CTABJAIOT KaK MPaBUJIO B BHAE (DYHKIHMH HHTEHCHBHOCTH COJIHEY-
HOTO pajanou3ayyeHusi Fio,; U 3HAUeHHH FeOMATHHTHOIO MHJEKCA Qp
(nnu Ap). Takum 06pa3oM, TOUHOCTb ONHCAHHUS KPATKOBPEMEHHBIX
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¥U3MEHEeHHH IJIOTHOCTH atMocepsl p Ha MHTepBaJje NPOTHO3MPOBA-
Hust aBuxenus MC3 3aBucur B nepBYlO ouepeldb OT TOYHOCTH TpO-
FHO3UPOBaHHUA 3HAaueHU# Flo,7 U @p U OT COOTBETCTBUS BBIGPaHHBIX
B MOJEJsIX aHAJHTHYECKHX COOTHOINEHHH (B (YHKUHHM YyKa3aHHBIX
UHAEKCOB) JHeHCTBUTEJNbHbIM BapHalUUAM IJOTHOCTH aTMmocdephl.
B Hacrosime#i pa6ore oneHHBaeTCs BJIHSIHHE MEPBOTO UCTOYHHKA MO-
TPeIIHOCTEH, T.e. BJAHSIHHE OMHOOK TPOTHO3UPOBAHHUA HHIEKCOB
F10,7, ap U Ap.

PaccmorpuM cienymomue BapyaHThl 3aflaHUs 3HAYeHHH 3THX HH-
JIeKCOB Ha MHTepBaJse NPOrHo3a:

I cnoco6 — 3KkcTpanoafus 3HaueHUH UHAEKCOB METOIOM, OCHO-
BAHHBIM Ha TEOpHH cayuaiHbx Qynkuuit [1, 2];

II cnoco6 — ucnosab3oBaHHe IOCJAEAHEr0 H3MEPEHHOI'0 3HaueHHs
KaxJoro HHAeKCa NpH MAONYIIEHWH O NOCTOSHCTBe 3HAUEHUH HH-
JeKCOB Ha HHTepBaJse nporxosa [l, 2];

IIT cnoco6 — ucnosnb3oBaHUe MPOTHO3HPYEMBIX 3HAUEHHH HHIEK-
0B Fjo,7 1 A BMecTo Ap no nannbiM MHCTHTYTA 3€MHODO MarHeTusa-
Ma, HoHocdepsl H pacnpocrpaHeHus paguoBoin AH CCCP.

INpu pacuerax 6yaeM MNO/Jb30BaTbCs MOJENbI0 MJIOTHOCTH aTMO-
cdeprl, npuBefieHHoll B paGore [3]. MHTepecylomas Hac AauTENb-
HOCTb HHTEDPBAJOB NPONHO3a — He 6oJiee TpeX CYTOK.

B paGore [1] mokasaHo, 4TO AJfl CTAUHOHAPHBIX HOPMAaJbHBIX
TI0C/Ae0BATENbHOCTEH HauJdyyiel 3SKCTpanoJsuuoHHOH QopMyJoh
ABJSETCS CACAYIOImas:

n

L+ 8) =3 al(t), (1)

rae !y — MOMEHT TIOC/AENHEero H3MeDeHHs 3HaueHHs HHJIeKca g;

t(ty+90) — nporHosupyemMoe 3HaueHHe HHIAeKca § Ha MOMEHT
1)+ 8; 6 — mauTenbHOCTb TMPOTrHO3a; {(fr)— M3BeCTHHle M3 HabJI0-
JleHu# 3HaueHUsl HHAEKCa B MOMEHTHI f.

Kosdduuyents ax onpenensiiorcss pellleHHeM CHCTEMBI 7 aJjre-
OpauuyecKuX ypaBHEHHM:

S) @R (e —£) = RIts—1) + 8], @

k=1

rae j=1,., n; R(tx—t;), R[(t,—t;) +06] —3Hauenus aBTOKOppe-
JSUHOHHOH (YHKUHH HHIeKca {, COOTBETCTBYIOLIHE BpeMEHHEIM
CABUraM, paBHbIM COOTBETCTBEHHO fp —t; U (f; — ;)4 6.

Jnst 060CHOBaHUSI BO3MOMHOCTH TIPUMEHEHHS MpPUBELEHHOTO
aJrOPHTMAa TNpPOTHO3HUPOBAHHS HHIAEKCOB Fjo7 M ap (uaum Ap) Gblaa
TIpOBEe/leHa TpoBepKa CTALHOHADHOCTH TOC/AEJ0BATENbHOCTEH 3THX
HHJEKCOB M COOTBETCTBUSI 3aKOHA UX paclpefleJleHUss HOPMaJbHOMY.

PacueThl nJsi NpOBEpPKM COOTBETCTBHSI HOPMAaJbHOMY 3aKOHY
pacrnpefeseHuss NPOBOAMJIMCH AJsi mepuoga BpeMeHu c 1964 mo
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1968 r. 1 KakA0ro rofa B OTAeTbHOCTH. [To/yueHHAs] BEPOSATHOCTH
coriacus pachpejfeneHdsi HOpMalbHOMY (no kpuTepuio ITupcona)
nAexuT B npexpenax 0,75--0,90 nns Bcex Tpex HHIEKCOB.

CranuoHapHocTh mocaenoBateabHocTedl Fio7, ap U Ap ucciaeno-
BaJach MyTeM CpPaBHEHHs PAaCCUMTAHHBIX AJIS psifa JeT (YKa3aHHbIX
Ha rpadukax) 4 psira CABUIOB Hauyaja OTCYeTa aBTOKOPpeJSIHOH-
HbIX (QYHKIHH COOTBETCTBYIOILUX INOcJefoBaTeNbHOCTell. HMcnonb3o-
BaJjach (opmyJsa

- 1 N-M - —

R(t)= w—m ;,l [E(t) —CIE(: 4+ ) —El, (3)
rae N — o61ee uHc/I0 3HaueHUH MOCJAe0BATeIbHOCTH HA HHTepBasie
1 rog; M=t/A; A—wmar ToOCTeLOBaTeNbHOCTH; {— CpelHee
apudmerHueckoe 3HaueHHe HHJeKca [ Ha paccMaTpuBaeMOM HHTep-
BaJe.

[TosydeHHBle HOPMHPOBAHHbIE aBTOKOPpEJSILHOHHbIE (YHKLHH
K (v) npusenensl Ha puc. 1—3. Ha puc. 1, a, 6 npeacrasiens QyHK-
uuu K(t) mpu caBure Havana orcuera Ha 1 rox, Ha puc. 1, 8 —npi
c/lBHre Ha | Mecsm.

3amrpuxoBaHHasi 06JacTb Ha puC. 3 ABAsercs 006/1acTbi0 H3Me-
HeHHsI HODMHPOBAHHBIX aBTOKOPPENSILLHOHHBIX (QYHKUHH HHIEKCA Ap
s 1965—1967 rr. AHasnoruunbie pacyeTsl ObIIM NPOBEXEHHI TaKkKe
npu HeGOJMbIIUX CABHrax Hauasta orcueroB (mo 10 cyrox). OmgHako
B 3TOM CJ/lyuae H3MeHEeHHSl COOTBETCTBYIOIIUX HOPMHPOBAHHBIX aBTO-
KOppe/asiHOHHBIX (PYHKIHMH He3HAyUTeJbHBl U Ha rpadukax He TpH-
BeJleHbL.

Ha puc. 4 usobpaxkeH rpaduk H3MeHeHHs CpeJHEroJOBbIX 3HA-
YeHHH WHAEKCOB Fio7, ap U Ap M cpellHHe KBaJpaTHYHble OTKJIOHe-
HUSL MHIEKCOB Flo,7 H ap. IDTOT rpaduk MOXKeT XapaKTepH30BaTh
nepeMeHHOCTb MaTeMaTHYecKOro OXHIAHUA W JHUCIePCHH KaXaon
NOCJ/Ie[0BATe/IbHOCTH C TeYeHHeM BpeMeHH.

AHanu3 KpuBblX Ha puc. | —4 nokassiBaer, 4To B o0uieM Cayuae
HY OJIHA U3 aHAJH3HpyeMHIX Moc/]eJoBaTe]bHOCTeHl He yAOBJAETBOPS-
eT TpeOOBAHHAM CTALlHOHAPHOCTH HA pacCCMOTPEHHbIX HHTepBalax
BpeMeHH. YuuTbIBasi, O/lHAKO, YTO B NaHHOH paboTe paccMaTpHuBaercs
KPaTKOCPOUHOe NPOTHO3HPOBaHHE HHAEKCOB (X0 HECKOJbKHX CYTOK),
MOXHO CYHTaTb CHpaBeJJUBLIM MNpPEANOJNOXKeHHe O CTAlHOHAPHOCTH
3THX TMoc/JeLOBaTelbHOCTeH Ha 'HeGOJBbIINX HHTepBajlaXx BpeMeHN
¥ NPHUMEHHTb OMHCAHHYIO Bblllle METOXUKY MpPOTHO3a.

Iast seibopa uncna cnaraemblx # B Gopmyae (1) Gbl1 mpoBemeH
aHa/IM3 3aBHCHMOCTH TOYHOCTH IpPOTHO3a OT BeJHYHHB n (TpH
1 << n<<8). [Iaa 3T0ro BHIYHCAAJIOCH OTHOLIEHHe CPelHeii KBajpa-
THYHOH OINHOKH NMPOTHO3UPOBAHHS Ha | CYTKH 3HaueHHs HHAEKCa
Fio,7 mpr 1 << n <8 k cooTBerctBylomeil omubKe npu n =1 pis
psina Jer. Bece nonyueHHble 3HaUeHHsi 3aOJIHSIIOT 3aLITPUXOBAHHYIO
o6nacte Ha pHc. b. M3 aroro pucyHka caeayer, 4To AJs obecre-
4eHHs JOCTATOYHOH TOYHOCTH NPOTHO3a MOXKHO IpPHHATh n=4.
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Puc. 1. HopMuposaHHble aBTOKODPENsiUHOHHbBE QYHKINU MHEKCA CONHEYHOM
aktuBHOCTH Fjo7

a — 1958—1963 rr.; 6 — 1964—1967 rr.; 8 — Npu CABHMIe Hayana oTcUeTa Ha | Mecsan

AHasnornyHble pacyerbl, IpOBeNeHHBle I/ NOCJENOBATENbHOCTEH Ap
¥ Ap, IOKa3aMH, YTO B ITHX CJAYYasiX MOXKHO OTPAHHYHTHCS ITHM XKe
3HAaYeHHEeM n.

Ouenka rtouHoctu II crmocoba 3amaHusi 3HAYeHHH HHAEKCOB Ha
HHTepBaJle POrHO3a MPOBOAMIACH NMyTeM IMOJCYeTa AMCIEPCHH IPHU-
pamieHuil 3HaueHu# MHIeKCOB { mo dopmyie

Dy (8) = MGt + 0) =Tt (4)

Has ouenxn TtouHoctu III cnocoba pacccunmTHIBANHCH CcpenHee
apupmeTnueckoe H CpellHee KBaApPaTHYHOE OTKJIOHEHHS IPOTHO3l-
pyemblx 3HaueHuH unxekcoB Fio,7 U Ap ¢ MCIONb30BaHHEM MPOTHO3H-
pyeMblx 3HaueHuH, noiaydeHHnix B UISMUPAH naa unrepBana Bpe-
Menu ¢ 1.11969 r. mo 31.1II1 1970 r.
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Puc. 2. HopMupoBaHHbIe aBTOKOPpeJsIIUOHHbIE (PYHKINM MHAeKCA
reOMarHHTHOI 'BO3MYIIeHHOCTH Ap

B ta6.1. 1 npuBeleHbl pe3y/abTaThl OLEHKH TOUHOCTH NMepBLHIX ABYX
cnoco6oB nJs nepHonoB ¢ 1964 mo 1968 r. npu NMpPOrHO3UPOBAHAY
uHgekca Fyyz Ha 1, 2 u 3 cyrok u uagexkca Ap Ha 1 cyrku. B croa6-
nax 2 u 3 Tabnuubl NPUBENEHH! ISl KaXJ0ro rojia OTHOLIEHHS Cpel-
Hero KBaJpaTHYHOTO OTKJIOHEHHsS NOCHENOBATEJLHOCTH § K ee cpel-
HeMy apudMmerHyeckoMy 3HaueHHi0 §. B cronfuax 5—8 ndaHbE
COOTBETCTBYIOIIHE OTHOIIEHHsS OMIMOOK NMPOrHO3a AJsi 060HX CIOCO-
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Puc, 3. O6nacTb H3MeHeHHs HOPMHPOBAHHBIX aBTOKOPPeNAUHOHHBIX QyHKIMiA
HHJEKCA ap
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Puc. 4. Cpeanerofiosbie 3HaueHust HHAeKcOB Fio,7, ap, Ap M cpennue
KBaJipaTHuHble OTKJIOHEHHS MHAEKCOB Fio,7, @p

N3 pannbix Taba. 1 ciaepyer, uro I cmoco6 nporHo3upoBaHHs
HECKOJIbKO OoJiee ToueH, ueM Il cmoco6. OTHocHTeNbHas cpemgHss
KBaJipaTHYHasl omHOKa NporHo3a HHuekca Fjg,7 MeHblIe OTHOCHTEJDb-
HOTO CpefHero KBaJApaTHYHOI'O OTKJOHEHHs TOCJeJ0BaTeIbHOCTH
Fio,7 Ha BCcEM pacCMOTpPeHHOM HHTepBaJe NPOrHo3a, B TO Bpems KakK

6/]
Puc. 5. OtHowenue omuGoK npo-
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Tab6auna 1

o [T+ OT

Ton o (F)/F o(Ap)//Tp Criceo6 Fio,7 Ap
o=1 6=2 I 6=3 o=1

I 0,02 0,02 0,02 0,80

1964 0,05 0,84 11 0,02 0,02 0,04 0,95
I 0,02 0,03 0,05 1,02

1965 0,06 1,01 II 0,03 0,03 0,05 1,20
I 0,06 0,09 0,13 1,20

1966 0,18 1,24 11 0;06 0,10 0,14 1,39
1 0,06 0,10 0,15 1,19

1967 0,18 1,25 11 0,07 0,10 0,15 1,28
I 0,05 0,08 0,12 0,92

1968 0,15 0,97 11 0,05 0,08 0,13 0,92

Inst Ap 5TH BeJHYUHBI CTAHOBSITCS MPHUMEPHO PaBHBIMHM MPH HPOTHO-
3e Ha | CYTKH, YTO CBHIETE/bCTBYET O HEBO3MOXKHOCTH MPOTHO3HPO-
BaHUsl HHIOeKca Ap PacCMOTPEHHBIMH crnocofamu (MpOrHO3HpyeMoe
3HayeHHe MHAeKca Ap Majo OT/IMYaeTcss OT MaTeMaTHYeCKOrO OXH-
JaHUsI MOCJeq0BaTe bHOCTH Ap).

Ha puc. 6 npeacrasnen npumep nporxosa I cnoco6om Ha | cyTkH
uHpekca Fo7 nns auBaps 1968 r. BumHo, 4TO NpPOrHO3HpyeMble
3HaYeHUs] NPUMEPHO OTCJIEXHBAIOT XOJ H3MEpeHHbIX 3HAueHHH HH-
IeKca, CTpeMsiCb CIVIafMTh ero KosebaHusi. Ha puc. 7 npusefeHH
s psfa JdeT QyHKUHHU pacnpeieseHuss olMOoK iporuosa I cnoco-
6om unmekca Fo,7 Ha 1 ¥ 2 cyTOK, uHHeKca Ap Ha | CYTKH M HHIEK-
ca ap Ha 3 uac.

B Tabs. 2 naHel OTHOCHTe/IbHBIE CPeIHHe KBafparHYHble OIUHMGKH
NporHo3a UHAEKCoB Fio7 U Ap BceMH TpeMsl cnoco6aMu AJsi Nepu-
oxa ¢ 1.11969 r. mo 31.III 1970 r.

Puc. 6. Ilpumep nporHosupoBaHus uuaekca Fio7 Ha 1 cyTKH

1 —d:ak'mqecxoe OTKJIOHEHUE OT CpPEeAHEro, 2— NOPOrHO3HpyeMoe OTKJIOHEHHe
OT cpenHero
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Puc. 7. dynxuun pacnpefeleHHs owMGOK TIPOTHO3HPOBaHHS HHAeKca Figz

H HHIEKCOB ap U Ap I cnocobom:

a — omy6Ka NPOrHO3a COJHeYHOH aKTUBHOCTH (/ — Ha 1 CyTKHM; 2 — Ha 2 CyTOK); 6 — NpOrHo3

(I—Ap. 2—ap)

M3 stoli TabaHubl BHAHO, YTO BCE TpH crnocoba [HAIOT IPAMEPHO
OIMHAKOBYIO TOYHOCTb MpH nporHode Ha | # 2 cyrok. [1pu nporuose
Ha 3 cyrok III cnoco6 HeckosbkO TOUHee.

Ta6muuna 2
o Bty + 81T
Cnoco6 Fro Ap
6=1 6=2 6=3 6=1 8=2 8=3
I 0,05 0,09 0,13 0,94
11 0,05 0,10 0,14 0,95 0,96 0,99
II1 0,05 0,09 0,11 0,91 0,92 0,90

Jns OleHKH BO3MOXKHOH TOYHOCTH NPOTHO3UPOBAHHSI HHIEKCa
G, Ha HECKOJbKO 4acOB HayaJbHbIH Y4acToOK CpejHeil HOpMHPOBaH-
HOH aBTOKOppeasiuHoHHoH ¢yHkunu Ko (), cooTBeTcTBYyIOLIMHA

pHuc. 3, annmpOKCUMHpPOBAJCS BHIpaXKeHHeM BHIA

Ka, (1) = exp (— a1).

®)

IMonyuennoe sHauenue a (l/a= 12") noxcraBasiioch B BblpaxKeHHs
17151 oueHok omu6ok nporHo3a I u Il cmoco6amu, nmpuBereHHBIMH

B [1]:

0 [a,(t, + 8)] = o(ap)[1 — exp(— 2ad)]* ana I crocoba,

(6)
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%, %, olay(, + 8) = 0 (a,) {211 —

7Z “2
] ,/ «) —exp (—ad)}”? g 11 cnocoba,  (7)
1+ 7 roie o(ap) — CcpemHee KBaJgpaTHYHOE
i OTKJIOHEHHE TMOCJAeL0BATENbHOCTH Q.
Ha puc. 8 npusesensl 3aBHCHMOCTH
04
a, = [1 —exp(— 209)]"”* (8)
u
1/2
/ ! él’ ] ,12 I /:7 oy = {2 [l —exp (—- ab)]} . (9)
8 vac
Kak cnenyer u3 puc. 8, nporHosuposa-
Puc. 8. 3nauenus BeqHuuH o HHE HHOEKCA ap NMPAKTUYECKH NOIYyCTH-
H & MO Ha CpOK nopsinka 12 wac mpu uc-

noab3oBanuu | cnocoba v Ha cpok no-

paznka 6 4ac nas 11 cnoco6a. [las pac-
4yera abCoOMIOTHBIX OWIMGOK MPOrHO3a HHIEKCa @p HUXKE NpHBEIeHbI
3Ha4yeHus o(ap) LJIs psAfa JeT COOTBETCTBYIOIHX HU3KOH, cpefHed U
BBICOKOH COJIHEYHOH aKTHUBHOCTH (B TeKyllleM LHUKJe COJHEYHOH ak-
THBHOCTH)

Tox 1964 1965 1966 1967 1968 1969
o(@) 12,3 10,0 16,6 20,9 20,3 19,6

N3 cooTHomenusi (7) MOXKHO OmpeneuTh 3HauyeHHe §, A0 KOTO-
poro cpenHss KBagpaTuyHas omxOKa MPOTHO3HPOBAHHS HHIEKCOR &
IT cnoco6om He mnpeBbllaer cpegHee KBaZpaTHYHOE OTKJIOHeHHe L.
N3 rpadukoB masi cOOTBETCTBYIOIIHX HOPMHPOBAHHBIX aBTOKOppe-
JISIUHOHHBIX (PYHKUMHA MOXKHO MONY4ATb, YTO s HHAEKCA Figz
8~5 CyTOK, nas uHaekca Ap O~1 CyTKM W Ans HHAeKCa ap
8 ~ 9 uac. Orciofa cleyer, 4TO NPH OTCYTCTBHH NPOTHO3HPYEMBIX
3Havennit {(¢ + 6), cootsercTByromux I wuau III cmoco6am, mas
0>8 wnenecoo6pasHee HCMOJIb30OBaTh He MOCAEIHHE H3MEpEHHble
sHauenus {(f;) (II cmoco6), a ocpeaHeHHble HA AJIHUTEJbHBIX HHTED-
BaJaX 3HAYeHHs HHIEKCOB (. 3HaueHUs BeJHYUHBl § /ST MHAEKCOB
Fio,7 1 Ap NOATBEPKAAIOTCS TaKXKe puc. 9, Ilie npuBeleHsl rpaduky
aBTOKOppE/IALHOHHbIX QyHKkuuil Rr(8), Ra,(8) n mucnepenit Dp(8),
D4, (8), paccuurannsie no popmysiam (3) u (4) nas 1968 r. (Ap)
u 1969 r. (F[o,7).

Ouenka owuG0OK MPOTHO3UPOBAHUSI WHIEKCOB Fio7, ap U Ap
MO3BOJISIET OLEHHUTb COOTBETCTBYIOIME OMHOKY NIPOrHO3MPOBAHUS
nneTHOcTH aTtMocepn. Mcmonb3ys Mofenb MJIOTHOCTH ['51J noJsy-
yaeM, 4TO OTHOCHTeNbHas omHGKa pacuera maothHoctH (Apfp)r(p—
cpenHee 3HaYyeHHe MIOTHOCTH), 06YC/IOBJIEHHASI OTHOCHTENbHOH OIIHG-

"KoH AG/t samaHusi uHIeKca §, Ha HuHTepBajse BbicoT 160—600 xm
MOXKeT GBbITb ONHCAHAa COOTHOLIEHUSMH
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(11)

(12)

(13)

B Ta6a. 3 npencTaBiieHbl OTHOCHTE/IbHBIE CPeJHHE KBaJpaTHUHbIE
omKuO6KH nporgo3a mIoTHOCTH (B %) 1Js1 BCeX Tpex crnocoboB npo-
rHo3a Ha BeicoTax 200 u 300 km. B 3Toit XKe TabJHle NS CpaBHEHHS
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Puc. 9. ABrokoppeasuMonHbie (QYHKUUH Ry (5), RAAD(G)

i zuonepcuu Dp(8), Da,(8)
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Ta6anuma 3

‘ Flo,7 v 4 (U_p A (OT")
hokm  [Cmcoob| _ | o | o (_-P-_)F Bl %S E)a -]l al o PlAp
|| 1|4 PN P G A
I |2(3] 5 51 71 7 6
200 Im|12141| s 71 6| 8] 9 8 6| 6| 6 6
m | 2|31} 4 61 6| 5
I |5 (812 12 | 17 | 18 14
300 11 51913 18 |14 |19 |22 21 14 (14| 15| 15
11 518110 14 | 14 | 13

NpHBENEHBbl CpeljHUe KBaApaTHYHble OTKJIOHEHHsS 3HayeHWH IVIOTHO-
CTH, 00YC/IOBJEHHbIE KOPOTKONEPHOAHYECKHMH BapHaUHUsIMH HHACK-
COB {, UTO COOTBETCTBYET CpPefHell KBaapaTHuHOH OmubKe NMPOrHo3a
p NpH ydeTe TOJbKO Aonaronepuofnyeckux (1l-eTHHX) u3MeHeHHH
uHaexkcos. IIpuBenennble B Ta6s1. 3 OMMOKH HAaCUHUTAHBI C HCIOJb30-
BaHueM TabJsl. 2 u COOTBETCTBYIOT MHTEPBATY BPEMEHH C 1.11969 r.
no 31.II1 1970 r.

Kak caepyer u3 pannbeix Ta6i. 3, Ha paccMaTpUBaeMbIX BBICOTAX
BCe TPH METOAa NPOrHo3a MJIOTHOCTH INPAKTHYECKH pPaBHOTOUHBIE:
cpelHHe KBaJpaTHuHble OWIMOKM mNpOrHo3a He oTauyairorcs 6GoJsee
yeM Ha 3—4% Ha BceM HHTepecylollleM HAac HHTepBaJe MPOrHosa.
U3 stoit Tabauubl ciaeayeT TakxKe, 4TO IPH HUCHONb30BAHUM PACCMOT-
PEHHBIX METOLOB NMpPOrHO3HMPOBAHUS HHIAeKca Fi; BO3MOXKHO yMeHb-
WHTb COOTBETCTBYIOMIYIO0 OLIMOKY NPOTHO3MUPOBAHUS IJIOTHOCTH Ha
MHTEpBase N0 3 CYTOK; HCIOJAb30BAHHE IPOrHO3a TeOMarHUTHOM
BO3MYILEHHOCTH ONpaBlaHHO Ha HHTepBaJe 10 6 4ac; NporHo3uposa-
HHE CPEJIHeCYTOYHOro M3MEeHEHHS reOMarHUTHOH BO3MYIIEHHOCTH He
NPHBOANT K YMEHbIIEHHIO COOTBETCTBYIOUeH OWMOKH B TNPOTHO3H-
poBanuu maoTHocTH. Ilpu pemenun Bompoca o 1uesnecoo6pa3HOCTH
MCIIO/b30BAHUS NIPOTHO3HPYEMbIX 3HAUGHHH HMHAEKCOB Fio,7 U ap TipH
onpejeneHdd W nporrosupoBanuu op6utel MC3 Heo6xoguMo yuH-
THIBAThb TaKXKe HajJuuyue BPeMeHU 3ana3blBaHUsl U3MeHEeHHH MNJIOTHO-
CTH artMmocdepbl, COOTBETCTBYIOIUMX H3MEHEHUSM HHIEKCOB Fjq,7
(mopsnka 1 cyTok) u ap (okoJso 6 uwac.).

Ha puc. 10, 11 npusenens rpadvky u3MeHEHUH BEJHYMHBI OTHO-
CHTEJIbHBIX CPeJHHMX KBaJPaTHUYHHIX OMHOOK fIpOorHo3a IVIOTHOCTH B
(QYHKUUY BBICOTHl NpPHU NMPOrHO3UPOBaHUM HHAeKca Fi,y Ha 1, 2 u 3
CYTOK U HHIeKca ap Ha 3, 6 u 9 uac (I cnoco6 mporuosa). Ha stux
JXe rpaukax NoxkasaHbl CpeJHHe KBAaAPaTHYHble OTKJIOHEHHS IIJIOT-
HOCTH, 00YCJIOBJEHHbIe KOPOTKONEPHOAWYECKUMHY H3MEHEHHSIMH HH-
neKcoB Fio,7 M @p (MCNOJNb30BaHHE NMPH MPOrHO3e NMJIOTHOCTH TOJBKO
CpPelHHX, AOJrOoNepHOAMYEeCKHX 3HAUYeHHH HHAeKCOB). Huxnue xpu-
Bble 'payKOB COOTBETCTBYIOT MHHUMAaJbHbIM, a BePXHUE KPHBbIE —'
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Puc. 10. OTHOCHTENBHbIE
cpejiHHe KBayipaTHUHbIe
OIIHOKH 3HAYEHHH MJOTHOCI®
(0p/p)r TPH  TPODHO3HPO-
BaHud Ha I, 2 u 3 cyrok.
[MpsMble O f— OTKJOHEHHSI MJIOT-
HOCTH 6e3 IPOrHO3HPOBAHHA

= | | 1
750 200 250 300 J50
hxm

25 7
- T
. 6, I
. ‘ ya (_/; ')/ 7o
20 . ) % h J7 Jeymon
. . 2
75 % !

20

9

| 1 | |
15000 250 a0 50 757 757 757

17,5 bkt
Puc. 11. OrtHocuTenbHble cpenHHe KBaApaTWYHble OWHOKH 3HAYEHHH MJAOTHOCTH
(0p/p)a, Tpu mporHosHpoBanuu Ha 3B, 68, 9b
TpsaMele oap— OTKJIOHEHHsl TJOTHOCTH 6e3 NpPOTrHO3MPOBAHHS
Puc. 12. OTHOcHTe/NbHElE CyMMapHBle CpeflHHe KBaJPaTHUHble OTKJIOHEHHS CYTO4-

HbIX 3HaYeHHH NJOTHOCTH (mpsimasi ) W OTHOCHTeNbHble CPeJlHHe KBaJApaTHYHbIE:
H3MeHeHUs MJIOTHOCTH 3a |, 2 B 3 cyTOK



MaKCHMaJbHbHIM OIIMGKaM Ha MHTepBaJe BpemeHu c¢ 1964 mo 1969 r.
TlpuBeneHHble rpaduKku MO3BOJSIOT OLEHUBATb BEJIHUYHHBI COOTBET-
CTBYIOU[HX OIDHOOK B pacyueTHHIX 3HAYEHHSX IVIOTHOCTH JJs Nepure-
eB op6uT B HHTepBaJe BhicOoT OT 150 10 350 xm.

Ha puc. 12 nns toro e HHTepBaJa BBLICOT TIPHBENEH MOCTPOEH-
Bl 10 JaHHBIM Ta6J. 3 rpaHK cyMMapHBIX CPEeIHUX KBaApaTHY-
HBIX OTKJIOHEHHH CYTOYHBIX 3HaueHWH TMIoTHocTH (mpsiMas B)
¥ rpaduky cpeIHHMX KBAaApaTHYHBIX H3MEHEeHHH IJIOTHOCTH 3a 1, 2
1 3 CyTOK (YTO COOTBETCTBYeT OLIHOKaM IJIOTHOCTH O TNPH NPOrHO-
3MpOBaHMM OpPOUTHl Ha TNepBHE, BTOpPHle M TPeTbH CYTKH H IpH
yCIOBHM yTOYHeHusl cpenaHero Topmoxenus VC3 Mexny AaByMmsi
NpeIbAyIIHMH ONpefe]eHUsIMH OpOHTHl, Da3HECEHHBIMH Ha OIHH
cytku). 'paduxu nocrpoeHsl B NpeAnoNoxKeHHH He3aBHUCHMOCTH H3-
MEHeHUH NJIOTHOCTH aTMoc(epbl, COOTBETCTBYIOMHUX HHIAeKcaM Fio,7
u Ap.

OGocHOBaHHEM 3TOMY MOTYT CJYXKHTb HeOoJblIHe 3Hayeuus
HOPMHPOBAHHBIX KO()HUHEHTOB B3anMHOR Koppeasuun Kar,

paccuMTaHHBIX JJIS psAla JeT IpH pPa3iHYHbIX CABHTax T.
MaxcumasnpHble 3HaueHHss Kosdduunentos Kar mHpuseseHbl

HHXe:

Fon 1964 1965 1966 1967 1968
Kanr 0,26 0,08 0,07 0,15 0,05

BesnuHHa npHBeNeHHbIX Ha PHC. 12 OTK/IOHEHHH p MaJso 3aBUCHT
OT yPOBHS COJIHEYHOH AKTHBHOCTH BBHJY OTHOCHTEJNbHO OGOJIBLIOTD

BJIHSHAS COCTaBAsAOWER (0p/p)a ,» HE H3MeHSIOMIeHCs CYIeCTBEHHO

B Ipeesax LUKJIa COJHEYHO#H aKT’HBHOCTH

M3 nanusbix Taba. 3 u puc. 10, 11 BuaHO, YTO 'nporﬂosuponaﬂne HH-
JIeKca Qp Ha 3 4ac No3BOJSET YMEHbIIHTh BO3MOXHble OIMOKM HA
40—45%, na 6 wac — npumepHo Ha 21% u Ha 9 wac —Ha 11—12%.
W3 3THX pHCYHKOB clelyeT TaKxKe, UTO BapHaliid IJIOTHOCTH, NpO-
NopUHOHAaNbHbIE NMOTOKY Fio7, H3MEHSIOTCS B LIMPOKHX INpefesax C
H3MEHEHHEM YPOBHSI COMIHEUHON aKTHBHOCTH. Tak, Ha Beicote 200 Km

(op/p) » u3Mensiercs ot 2 no 7—8%, a ua Bbicore 300 Ku — or 4—
5 1o 17—18Y%. Bennuuna BapHanuil mJIOTHOCTH, KOPPEJHPYIOUIUX C
HHJIEKCOM TeOMAarHHTHOH BO3MYILIEHHOCTH ap, HECKOJbKO GoJiblle, a
NepeMeHHOCTb ee ‘B npefenax 11-meTHero Lykia OTHOCHTEIbHO MEHb-

mwe: ma BhicoTe 200 kM (op/p. )s, u3mensercs or 8—9 o 13—14%, a

na sbicore 300 xu — ot 21—22 mo 30%.

B roan cnokofinoro CoJsiHIA HCNONb30BaHHE TNPOrHO3HPYeMBIX
3HaueHHH uHOeKkca F,,; MO3BOJNSIET YMEHbUIHTb COOTBETCTBYIOIUIYIO
omnbKy NporHO3a MJOTHOCTH B 2—3 pa3a Ha BCeM HHTepBaJje Npor-
HO3HpoBaHHA. B roxbl akruBHoro CoOJIHIA TaKOH BBIMTPBIII HMeeT
MecCTO NpH mporuose Ha 1—2 cyrok. M3 raba. 3 crenyer, oaHaxo, yTo
BbIGHpaeMas NpPH 5TOM YacCThb CYMMapHBIX OIIHGOK OTHOCHTENbHO He-
BeJIMKA H3-32 3HAUHTEJbHBIX CPEHECYTOUHBIX H3MEHEHUH NIOTHOCTH,
KOPPEJHPYIOIHUX C HHAEKCOM Ap.
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MOJIYrOAOBbIE BAPHUALLIUH
TMJIOTHOCTH ATMOC®EPbl HA BbICOTAX 200—300 ki

HecmoTpsi Ha 6osbllloe KOMHYECTBO JLAHHBIX, MOJMY4eHHBIX B IIO-
Clle[iHee BpeMsl, OJHUM H3 HaHMeHee NOHSITHbIX fBJIEHHH B AHHaAMHKe
BepxHeH aTMocdepsl OCTAIOTCH BapUALUU C NMONYTOMOBLIM TIEPHOLOM.
Oty Bapuanuu, Buepsele oTMeuenHsie [letnonbaom u [opuepom [1]
B 1960 r. M0 MaHHBIM O TOPMOXKEHHH TPETbero COBETCKOro CIYTHHKA,
B JaJjbHelllleM ObIIM MHOTOKDATHO NMOATBEPXKAEHbHI B IIHPOKOM IHa-
nasoHe BbICOT NMpubau3uTeabHO OT Mesocdepnl (~90 Km) D0 3K30-
cdeppr (~ 1500 xm). 3aBUCUMOCTL IPOSIBJIEHHs BapHalUi ¢ TMOJY-
TOIOBBIM MEPHOLOM OT BBICOTBHI, LIHPOTHI, YPOBHSI COJNIHEYHOM aKTHB-
HOCTH M HX BO3MOXKHAas TPHPOJa MHOTOKPAaTHO OOCYXAa/JHCh B JIH-
teparype [2—8]. Bulio noKazaHo, 4TO UMEIT MECTO YCTOHYHBbBIE M aK-
CHMYMBI B HauaJjle anpeJss H KOHUEe OKTAOps U MUHHUMYMbl B SIHBape
U KoHLe Hioas. Mionbckuit MHHUMYM BCerza 3HauHTeNIbHO INyOxKe
SIHBAPCKOr'0, OKTAOPbCKHA MaKCUMyM B OOJbIUIHHCTBE CJy4yaeB Mpe-
BblIlIaeT anpesbcKuil. 3aMeueHa onpelesieHHAs MepHOAHYHOCThL B H3-
MeHeHUH aMIVIATYAB 3THX BapHalHil B TeyeHHe psAla JieT ¥ YCTaHO-
BJIEHO, UTO Ha BbICO1axX TepMoc(epbl OHH MOTYT ObITh COM3MEPHMHBI C
BapyanusIMU MIOTHOCTH B 3aBUCHMOCTH OT BPeMeHH CYTOK.

Yro KacaeTcst TIPUPOAB MOJYTOAOBbIX BapHaLHH, TO, K coXale-
HHUIO, TI0KA He YIaJoch HaHTH MeXaHW3M, OTBETCTBEHHBIH 3a HX MPO-
siBaenye. Ilo pesysbrataM aHa/jHu3a TOPMOXEHHs pfla CIYTHHKOB
s nepuoga 1958—1966 rr. Ha6sromaeMble BapHallMM  IJIOTHOCTH
Obl1d OTHECEHB! 3a CueT TeMNepaTypHBIX Kose6GaHuii B TepMocdepe,
MPOMCXOMSIIUX HA TeX e YPOBHSX, UT0 H BapHaLUH, 06YCJIOBIEHHbIE
s dekToM conHeyHO# akTHBHOCTH [5]. DTOT pe3ynabTaT Obla OTpPaXKeH
B Mozenad SIkkus (1970) B BUZe ce30HHOH MONPaBKH K 3K3ochepHOH
Temneparype To. Bedauunna nonpasku Oblia HaliieHa B BHIe NPSMO
TIPOTNIOPUHOHANLHON 3aBHCHMOCTH OT CrJIaXKeHHOTo NOTOKa jeluMert-
poBoro pamuousayuenus Connua. OnHaKo daHHble, TIOJY4YeHHble 3a
nocJeiHHe TOAB!, NOKoJeGaan TUIOTe3bl, CBA3LIBAIOLLHE IPUPOAY TO-
JYTOMOBLIX BapHailuii TOJbKO C TEPMHUYECKHM IpPOHUCXOXKfAeHHem {2}
Bbino nokasano, uto naGjaogaeMasi B OTAeJIbHbIE TOAbI BHICOTHAS 3a-
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BHCHMOCTb KaK 10 popMe, TaK U TIO BeJUYHHE He MOXKeT ObITb 00bsAC-
HeHa B paMKaX MNpeIJIOXeHHbIX MOJeJbHbIX NpeacrtaBieHuil. Ecan
IJ1s1 BBICOT 0KoJio 600 kM coryiacHe yaOBJIeTBODUTENbHOE, TO GOJblIHE
aMIIUTY Bl B 3K3ocdepe U HA BbicoTax Huxe 300 kM, O-BUAHMOMY,
MOTYT ObiTb OOBSCHEHBI TOJbKO NPH AONOJHHUTEJbHOM YyueTe BapHua-
Ui CTPYKTYPHBIX NapaMeTPOB C TIONYTOJAOBbIM TEePHOAOM BOJIH3H
Typ6onayssl. Kpome Toro, okasanoch, yto HabaomaeMblii BeKOBOH
XOIl HHTEHCHBHOCTH TOJYTOAOBHIX BapHalWi CHJbHO OTJIHYAETCS OT

BeKOBOTro xofla uHAekca Fio7. K aTOMy BBIBONY NPHBOIAT NaHHbIE O
TOPDMOXEHHH CLHYTHUKA «Dx0-2» 3a mepuoja 1964—1968 rr. Ha BhIcO-
tax oxoso 1000 km u pesyabrathl, noayueHdnle agas 1960—1970 rr.
10 JaHHBIM O TOPMOXEHHH CNyTHHKOB «KocMoc» Ha BbICOTaX, MeHb-
mux 300 xm [8—10].

B Huxueit Tepmocdepe momoGHble pe3y/bTaThl yKe He MOTYT
OBITH OTHECEHBI 32 CUET Ce30HHOH MHUIPalUM TeJHeBOro B3gyTHS (Kak
3TO MepBOHAYAJbHO ObLIO cAenaHo B [5]). B HoBoM BapuaHTte Monenx
SIkkus [4] GblIn yuTeHbl BCe NOCJENHHE Pe3yJbTaThl ¥ BBeleHA 110-
npaBka K TJIOTHOCTH, a He K 9K30C(hepHOH TeMIepaType, Kak OLlIC
panblue. BHOBL TOJyYeHHOE SMIIHPHYECKOe COOTHOIIeHHe XOpOILIG
onmuchiBaer ray6uny Habmonasmuxcsa B 1967—1970 rr, nosyroaoBbx
BapHaluil Bo Bcell TepMoctepe B HUXKHel sk30chepe. OqHaKo BHIBOL
0 HE3aBUCHMOCTH IIOJIYrOLOBBLIX BapHalHUil OoT COMHEUHOH aKTHBHOCTH
TpebyeT naJbHefilllelt IpOBepKH.

HauGosee npeanoutuTeabHON runore3of, oObsCHAIOIEH [OJIYro-
IOBble BapHalluy, sIBJsIeTCS NpennoJoxeHHe 00 HX CBSI3M C Tmepe-
CTPOAKOHA MepHAHOHAJBHON HUPKYJIALUOHHOA CHCTEMBI B HUXKHeH arT-
moctepe, CIeACTBHEM Yero HOJKeH ObITh OOJbIIMH OTTOK TellJa OT
HHXKHeH TepMocdepbl B NepUOAbl CONHUECTOSAHUH, a He PaBHOJEHCT-
Buit [6, 8]. ITockonbky HHXKHAA aTMocdepa CAHIIKOM MaccHBHa NG
CPaBHEHHIO C ee BepXHeil YacThbio, TO BIIOJIHE eCTeCTBEHHO OXKHAAThb,
YTO ee MOLIHAS LUPKYJSUUSA NPOSIBASETCS B KaKOH-TO Mepe W B ee
BepXHell oueHb pa3peKeHHOH obsacTH. HecMOTpst Ha OTCYTCTBHe CH-
CTeMaTHYeCKHX MAAaHHBIX O TJ100aJbHOH LUPKY/ISLUH aTMOcdepbr
Huxe 100 ku, B n0/Ib3y 5TOH TUNOTe3bl CBUAETEJbCTBYET LeJbIH psf,
KOCBEHHBIX (DaKTOB, paccMOTpeHHbIXx B paborax {2, 6]. Ilosromy B
npanbHefimieM OyneM CYHTaTb, YTO BO3HUKHOBEHHe M CTAOHILHOCTD
Habsi0naeMol NOJMYrofoBOH BOJHBI B TepMocChepe MOAAepKHUBAETCS
B OCHOBHOM MeXaHHM3MOM, CBSI3aHHbIM € LUPKYJsLHell HUXHel aTMO-
ctepnbl. Bynem npennosnararbh Takxe, 4To HHXHss1 atMocdepa cylue-
CTBEHHO MOAyJaHpyeT 3 (eKThl COTHEUHOrO NpPOUCXOXKAEHHUS, B 4acT-
HOCTH 3¢ ®eKThl, CBsi3aHHble ¢ B3aHMOJAEHCTBHEM COJIHEYHOTrO BETPa
¢ maraurocthepoit 3eman. XoTs MexaHU3M TakoH CBS3M IIOKa ellle
HesiCeH, MHOTHe pe3yJbTaThl, B YaCTHOCTH MOJyueHHble H 060OGIleH-
Hble HepaBHo O. P. Mycrenem [11], nosBoasior clenaTbh BbIBOJA, 4TO
BTOpXKEeHHE KOPNYCKYJSPHBIX NMOTOKOB B MarHurocdhepy NPHBOAHUT K
YCUJIEHHIO LUPKYJSLHH MepHIHOHAJbHOTrO THna. JpynuMHd CI0BaMH,
6ynem npennoJsaraTth, 4TO OCHOBHOH (OH NOJYTOAOBLIX BapHauHil B
TepMocdepe — CIEICTBHE CE30HHON WHUPKYJSLUH HUXKHell aTMoche-
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Pbl; Npouecchl, CBsi3aHHble ¢ reodPdeKTHBHOH KOPNYCKYJASPHOH pa-
nuaudenr CosiHua, OuYeBHAHO, CIOCOOHBI BO3MyWAaTh 3TOT (OH.
Takum  o6pasoM, HHTEHCHBHOCTb  MOJYTOAOBBIX  Bapuanui
MOKeT ¥ He 3aBHCeTb OT MHIEKCOB COJHEUHON aKTHBHOCTH, XapaKTe-
pusylomnx YO-paguanuo (W, Fio7), 0O1HAKO 3TO BOBce He 03HauaerT,
4TO JaHHOE siBJieHHe BOOOIle He CBSI3aHO C COJHEYHOH aKTHBHOCTBIO.
He uckmioueno, uTo UUKAHMYECKHe H3MeHeHHs TJAYOUHBI 3THX BapHa-
uuit obycaoBieHsl reo3@@eKTHBHOH KOPHYCKYJfipHOH paguanued
Connna. Ilpu sToM ciaenyer umerb B BHAY, YTO BeKOBOH XOj HHIEK-
COB KOpMYyCKYJsipHO!H akTHBHOCTH CO/IHIA pPe3KO OTJIHYaeTcs OT LMK-

JMyecKol KpuBol uucena Bosabda uau Fio7. Kpome Toro, B mepuomasl,
0OJ1M3KHe K PAaBHOJLEHCTBEHHBIM MOMEHTaM, PagHajibHO HAalpaBjieHHble
KOpNYCKYJAsIpHble IOTOKH M3 aKTHBHBIX 06.s1acTell mpoxoasT HauboJsee
OJIH3KO OT TNIOCKOCTH OPOUTHI 3eMJIH, UTO YBEJHUYUBAET B 3TH MOMEH-
Thl BepPOSITHOCTb BO31eHCTBHS Bo3Myllalomero ¢akropa,

[lpuBseueHre BHHMaHHSI K 3THM OOCTOSITENILCTBAM — OCHOBHAs
1[e/b MOCJeNYIOUero H3J0XKeHHs, B KOTOpoM aJsa mnepuoxa 1960—
1970 rr. mpoBeneHo comocTaB/eHHe HaOJIOJaBIINXCS B TepMocdepe
TIOJIYTOJIOBLIX BapHalUi, BbIBeJeHHbIX H3 aHaJju3a 3BOJIOUMUA OpOHT
VYI3C, ¥ [aHHBIX O COJIHEYHOH aKTHBHOCTH.

1. JKcnepuMeHTaJdbHblE Pe3YJbTaThl

s M3yueHHsi BEKOBOTO X0Ja MHTEHCHBHOCTH IMOJYTOZOBHIX Ba-
puanuit ObIIM HCHOJIb30BaHH (aKTHUYECKHe 3HAUEHHs IIJIOTHOCTH aT-
Mocdepbl, oJyYeHHbBIe 0 TaHHBIM O TOpMoOiKeHuu coBerckux MC3.
I1u maHHble GblLTH omybJaHKOBaHH B paborax [6, 8, 12—14]. C ueasio
fioayuendss Gosiee OJHOPONHOTO Marepuaja ijisi HaCTOSILIEro Hccie-
IOBaHHs1 GbLIM OTOOPaHbl CIYTHUKH, BBICOTHI NEepUTEEB KOTOPHIX OT-
JUYaNNUCh OT (UKCHPOBAHHON BHICOTHI Z=270 KM Ha BeJHUHHY
|Z—Z| <40 km (Z — rekymas Beicota mepures). Kpome cnyTHHKOB
cepun «Kocmoc», HCONb30BaHBI TaKkKe pe3yJabTaThl TOPMOMKEHHS
1epBoro CoBeTcKoro Kopabas-cnyrHHka (1960 e;) u ero kabuubl
(1960 e3). O6paboTKa NMepBUUHBIX JaHHBIX MPOM3BCAHJIACH [I0 METO-
Iy, HECKOJIbKO OTJIMYHOMY OT OMHCaHHOro paHee [12—14]. B xaue-
CTBe HCXOJAHBIX JaHHBIX HCIOJIb30BAJHCh TeKyllHe 3HAUeHHs Tapa-
MeTpoB ocKyaupywoomero aaaunca asmxenus HWC3. Ins pacuera
IJIOTHOCTH TIDHMEHSIINCh aHAJHTHUYECKHEe 3aBHCHMOCTH, KOTOpHle B
HauboJjiee obmielt GopMe MOTYT ObITh NPeACTaBJIeHBI COOTHOIIEHHEM

pl:k(gi)T’ (l)

rpe T —BeKoBOe YCKOpeHHe OpOGHUTaNbLHOrO Mmepuofa, B HaubGoJblue
CTelleHH OTpaxkalollee BapHalHH TOPMOXKEHHs CNyTHHKaA; k(g:) —
K03(hdHIHeHT B QYHKIHMH OCKYJHDPYIOIHX 3/1€MeHTOB OpOUTH U Gas-
JIMCTHYECKHX NT1apaMeTpoB 00beKTa, KBA3UIOCTOSHHBIA Ha COCETHHX
o6oporax HC3.
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C nomotibo cooTHoLieHH# Buaa (1) onpenensiyiach MJIOTHOCTh Ha
Bhicore AH,* nan nepureeM, rae Hy* — npexBapuTenbHo 3afaBaeMas
BbICOTa OJHOPORHOH aTMocdepsl Mo miaoTHOCTH. Bun kosdpduuneHToB
k(g:) u A onpenensiercss U3BeCTHBIMH COOTHOIWEHUsIMH {15, 16], clnox-
HOCTb KOTOPBIX 3aBHCHT OT 3KcueHTpucHTera op6ute. Haubonee Tou-
Hble pe3yJibTaThl C YUETOM MONPAaBOK Ha BpallleHHe, 3JJIHNTHYHOCTD,
CyTOYHOe B3JAyTHe atMocdephl, a TaKXKe H3MeHEeHHe C BbICOTOH LIKa-
JIbl OXHOPOAHOH aTMocdepbl MAIOT 3aBUCHUMOCTH, NMosayyeHHble KHHT-
Xunom u Kyxkowm {16].

KostdhpHuneHTH a3poJHHAMHYECKOrO0 COMPOTHBJAEHHSI CIYTHHKOB
PacCUHTHIBAJIUChL C TIOMOIbI0 MeToAa {17} (c Hcmosb3oBaHHeM CBO-
60aHO-MOJIEKYNSIPHOH TeopuH obTexkaHust npu AuddysHoi cxeMe OT-
paKeHHs: MOJIEKYJ).

Texyllie 3HAUYEHHs MJIOTHOCTH, BBHIYHCJASIEMble C TOMOLBIO COOT-
HoweHu#t BuAa (1) M oTHOCALIMECS K YCJOBHSIM B 00J1aCTH mepures
OpOUTH], CYIIECTBEHHO 3aBUCAT OT MHOTHX [lepeMeHHBIX:

oA = PA(Z, Lo Y, Flo.n Fio,7 —Flo,n Ap),

rae Z — BbICOTA, {— MeCTHOe BpeMs; ¢ — reorpaduueckas WIHPOTa;
Y — kanennapuoe BpeMsi (NOPSIAKOBBIH HOMEp JHS, OTCUHTHIBAEMblil
or | anuBaps); Fio7 — 3HaueHHe TOTOKA COJHEUYHOTO PAaXUOH3TYUeHHS
(uHIZeKca KOPOTKOBOJHOBOH pajManyuu) Ha AauHe BOJAHB 10,7 cm
(B enunnuax 10-%2 67- m~2-24~"), B3ATOE 3a CYTKH [0 AHS H3MEPEHHS;,
Fo7 — TOT e MOTOK, CTJIaXeHHbli ¢ nepuonom T =3 mec * (oTpaxa-
omHi 11-71eTHHE U3MeHEHHUs] YDPOBHs COJTHEYHOH aKTHBHOCTH); Ap—
HHIEKC reOMarHHTHOH BO3MYIIEHHOCTH.

H3yuenue u BbIlesieHHe XxapaKTEePHBIX BapHAUMil MPOU3BOIUIOCH.
no cienymollel cxeme.

a) Boimenssnuch KopoTKomepHoauyeckne (27-IHeBHble W Hepery-
JISipHble) BapHALHUH, CBSI3aHHbIE C H3MEHEHHeM KODOTKOBOJIHOBOH H
KopnycKyasipHo#t paaunanuii Connua. [ast 3T0ro HCMOJMb30BaMHIL CO-
OTHOLIEHHS B

gf_l_ . R Fxo,7— 10,7
P = (o +ay(2 270)][I+a3cos(12t 3)]—_—_ )

6-? = by -+ by (Z— 270)) [1 1+ bycos (%t —3)] x

11,1

A
x [(85, 2sin| @]+ 71,2) log 72 |, 3)

* 3nauenHe T=3 Mec B HalleM Clyyae ONpefesslioch TeM, YTO 3a mepuop 1960—
1970 rr. cpenHee BpeMs CYIIECTBOBAHHS COJIHEYHHIX UEHTPOB AKTUBHOCTH (KOMII-
JIeKCa CBSI3aHHBIX MeXJy co6oi SIBJIeHMH COJIHEYHOH aKTUBHOCTH B pPasiMUHBIX.
CNIOSIX CONHEYHOR aTMOCdephl M JIOKAJH30BAHHOH B ee OrPAHHUEHHBIX 00JaCTHX).
cocraBasno 3,041,5 ob6opcta Connna.
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rae p —TeKyllue 3HaueHHs IVIOTHOCTH, NPHBeJeHHble K CrVIaXKeHHOMY
3HaueHH0 Fig7; 0p; — H3MeHeHHe IUVIOTHOCTH, CBSI3aHHOE ¢ Ba-
puanuaMu Fio; OTHOCHTENBLHO F 10,7; Op2 — M3MEHEHHSI MJIOTHOCTH,
06yCJIOBJIeHHbIe TeOMarHUTHBIM 3¢PeKTOM. Koscbdmunemu ai, ag, as,
by, bo, by onpenensnucy C MOMOIIbIO YpaBHEHUH MHOXKeCTBEHHOH pe-
rpeccHH,

6) Jlas KaIoro TOLOBOrO HMHTEPBAJia €O CABHIOM B ABa Mecsiia

MaKCHMaJibHble JHEBHbIE (Pmax) ¥ MHHHMAaJbHble HOUHBIE (pmin) 3HA-
YeHHs TJIOTHOCTH alMpOKCUMHPOBAIUCH MOJUHOMAMH BHAA

-1

log pmax = 2 Ay(Z— 270)1: 4
0
4

log pmin = 3! B;(Z — 270Y. (5)
[

HpPI 3TOM OT60p MaKCHMAaJIbHBIX U MHHUMAJbHBIX 3HAUEHUH TICTHO-
CTH NPOHU3BOAWJICA NPHU CAEAYIOIIUX NTONYIUEHUAX:

M pma @ —8p | 10°,  |f—14"| < 2",
A pmin: |4+ 0p|<C10°% |t —3"| <3N,

Kosdpduunentnt Aj, B; onpefensinch ¢ MOMOWIbIO YPaBHEHHH MHO-
*KeCTBEHHOH perpecuy, Npu 3ToM KOIQPUIHEHTH ¢ HHAEKCAMH j=
=3, 4 NpHHUMAJIUCh NOCTOSIHHLIMH, K09¢‘¢HuHéHTH C UHEKCAMH j==
=1, 2 orpaxanu TakKe BIHsIHHe EPeMEHHOH F1o 7.

B) B mpenmosioxeHny, yTo B HHTepBaJje BbicoT |Z—270| <40 xm-
TNOJIyrof0Bble BApHALMH He 3aBUCAT OT LIHPOTHl U MECTHOTO BpeMeHH,.
a TakxKe CYTOYHOe B3JYTHE MMeeT OXHY M Ty XKe POpMy, TeKyLiue
3HAYeHHs IVIOTHOCTH aNMpPOKCHMHPOBANUCL COOTHOLIEHUSIMU BUIA

logp = [C;(Y) + C,(Y)(Z — 270)] [10g pmax — 10g pmin14 (¢, @).  (6)

Kosdpduuuentnr Cy(Y), Co(Y) mpencraBasiuch B BHIe pas3joKeHHS
B pax Pypbe. Tlpu atom cHauaja onpelensiiuch ocpelHeHHbe IO
IBYXMeCSYHbIM HHTepPBanaM 3HaueHUs Koabouuuentos Cy;, Co (i=
=1,2, .., 6), KOTOpblEe 3aTeM C YYeTOM CTATHCTHUECKON OGecreyeHHO-
CTH METOJIOM HauMeHbIMX KBaJpaToB TPEACTaBJSAJIHCh B BHIE CY-
Nepro3HIHK FOJIHYHOTO H MOJYTOAMYHOrO Y/ieHOB, PaKkTHyeCKHe aM-
IVIATYAb [OJYTONOBBIX BapHalKil BOCCTAHABIMBAMACH C YYETOM HC-
N0JIb30BaBIIErocs neproxa ocpelHeHust. Bupaxenue g (£, ¢), xapak--
TepH3yiolllee HOPMY CYTOUHOTO paclpe/eseHns NIOTHOCTH, IPEACTaB--
JISJIOCh B BUJE Pa3fioxKeHHUsl Mo cpepuuecKuM GYHKUHUSM IO yeTBep-
TOro MOPsAZKa BKJUYHTENbHO. KoohPuIHeHTE 6TOro pasyioKeHHs
HAXOMMJIHCh IJIs KaXAOTO NBYXMeCSYHOro MHTepBasia MmeTomom ['a-
ycca.

Ha puc. | npeacraBieHd noJjiyueHHble pe3yJabTaThl AJS NMepHOAA
1960—1970 rr. CyTounble Bapual#u BBIPaXKeHB B BUE OTHOUIEHHS
MaKCHMaJbHOW JHEBHOH W MHHHMAJbHOH HOYHOM MJIOTHOCTH. [1ybu-
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Puc. |. 3HaueHHs rayOMHBI CYTOYHBIX M MOJNYTOAOBBIX BAPHALMH HA BHICOTE z=
=270 xkm, HabmoaaBwuXcst B nepuon 1960—1970 rr.

d—p (IV)fe (A% 2~ p (IV)[e (VII); 83— ¢ (X)/p (VII); 4— o (X)/e (I); § — Prax (AeHB) /Pmin
(noub); 6= 1022F o » (6m - ™2+ 24™1); 7 — Rp -HHfieKC

Aa noayronosoro 3d@ekra oueHHBaNach OTHOUIEHHEM MaKCHMaJjbHOM
IJIOTHOCTH B OKTs16pe HJIM anpesie K NpPEeNIIEeCTBYIOIEMY HJM [10CJe-
AYyOleMYy MUHHMYMY TIJIOTHOCTH B sIHBape u HioJe. [ljis cpaBHeHHs
Ha puc. | npuBeneHbl Takke CIJIaXKeHHble 3HAYEHHs HHIeKca Fio7 H
reOMarHuTHOroO HHaeKca Kp.

ITockonbKy B majbHeimem Hac OymeT MHTEPecoBaTh TOJIbKO Be-
KOBOH XOj MOJIYTOZOBHIX BapHaUUil NJIOTHOCTH, B JaHHOH CTaTbe HE
paccMarpHBalOTCS pe3yJbTaThl, Kacawliuecs GopMbl CyTOUHOTO B31Y-
THS H peakuud TepMocdepbl Ha KOPOTKONEpPHONHYECKHEe H UHKJHYe-
CKHe U3MEHEHHS] YPOBHsI COJHEYHOH aKTUBHOCTH.

2. CoJiHeyHble JaHHbIE

B KauecTBe xapaKTepUCTHK KOPIYCKYyasApHO#H akTHBHOCTH COsMHIa
B paiioHe 3eMJH OOBIYHO HCTOJNB3YIOT, KaK M3BECTHO, JaHHbIE O I'eo-
MAarHUTHBIX BO3MYIUIEHHUSIX, KOJHUECTBEHHON MEPOH KOTOPBIX sBJSIOT-
€5l pasjuuHble HMHAEKCH, Takue Kak Cp, A, K, u ap. UssectHo, uto
3TH XapaKTepPUCTHKH BeCbMa CYLIECTBEHHO 3aBHCAT OT COCTOSIHUS
cosnHeyHoro Berpa. OIHAKO HMEIOTCS TaKkKe Cepbe3Hble OCHOBAHHS
CYMTATh, YTO HHJEKCH], BHIBONUMbie Ha3eMHBIMH MarHUTHbIMH 06cep-
BaTOPHUSMH, 3aBUCST TAKXKe OT 1IPOLLECCOB B BepXHeH aTMocdepe 3eM-
Jad (rJaBHBIM 06pa3oM OT UUPKYJISAUHA aTMOC(ephl HA YPOBHE HOHO-
ctepHoro caosi E) {18]. ITosToMy HaMu GbliM HCIOJb30BAHBI HEMNO-
CPeICTBEHHbIE COJHEUHble TaHHBIE,

B xauecTBe xapaKTepPHCTHKM COMHEYHON AaKTHRHOCTH HCMOJb30Ba-
JIUCh MeCSIYHble CYMMBI COJIHEUHBIX MsATEH, MpPOIUEeAIINX uepe3 LEeH-
tpasnbHbit Mepuauad Cosnnua (LIMC). I1pu 3ToM Hcnonb3oBascsi TOT
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H3BECTHBIH (aKT, YTO BCce OCTaJjibHble aKTHBHble 0Opa30oBaHUs BO BCeX
cnosix CosnHua, B yaCTHOCTH MCTOYHHKH KBAa3HCTALMOHAPHBIX KOpIyc-
KYJSIDHBIX NOTOKOB, OJIM3KH K COJIHEIHBIM MATHAM KakK IO TI0JOXKe-
HUIO Ha noBepxHocTH CoJIHIA, TaK U 10 BPEMEHHU NOSIBJEHHST U B
CpefiHEeM IIPONOPIHOHAJbHBI TIO BeJHYHHE U MHTEHCHBHOCTH YHMCHIY
NSTEeH B Ipynne. DTHM TaKkKe YYUTHIBAJach HallpaBJIEHHOCTb KOPIyC-
KyJsipHBIX NoTokoB. [IpuHUMasi Bo BHUMaHHe H3MeHeHHe reJHoTpa-
(huyecKoii IHPOTHl 3eMJIH, CBSI3aHHOE ¢ pa3IHYHON HAIPaBIeHHOCTHIO
K 3eMJie TO CEeBEpHOro, To I0XKHoro mnoaywapuii CosHla, HcciaenoBa-
HHe COJTHEUYHOH aKTHBHOCTH 1€J1IeCOO0Pa3HO BECTH MJIA KaXKAOTOo Io-
aywapus CoJiHIA OTAEJbHO.

[To nannbiM  GroasereHss «CosHeuHble [aHHbIe» AJs IllepHoaa
1960—1970 rr. nas ceeproro (N) u toxuoro (S) noaymapuii Cosn-
1a ObLIM BBIYUCJEHBI CJIefyIOLHe BeJUUYUHbL:

Sfwi, Zfsi — MecsiuHble CyMMBbI NIsiTeH, npourenmux yepes LIMC;
§N, @s — CPelHHe 3a Mecsll INMPOTHl LEHTPOB aKTHBHOCTH, KOTOpHE
BLIYHCJSVINCE TI0 opMyaam

oy = 2y fni _ 2¢g; fsi
Sty fg

e (ni — IHPOTa i-i IPyNNH NsiTeH; fy; — YUCJIO NsITEH B Ipynne B
momeHT npoxoxaenus LIMC.

Jlnst XapaKTepUCTHKH Pa3BUTHS aKTHBHOCTH Ha BCEM COJHEYHOM
JMCKe HCIOMb30BaMHCh BeHUHHH 2 (fyi+fsi)) # Qep= (9n+@s)/2.

7
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Puc. 2. Comocrasienne cpejHeMeCsIuHEIX 3HAUEHHIt MOTOKa panuousiydexus Cosu-

ua ua soane 10,7 cm (Fio7) M CpPeJHMX TeNHOMIMDPOT TIPYMH NATEH (cpcp)
1151 mepHoxa 19‘_50—11970 IT.
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Bce 3TH MHOEKCH, CrilaXeHHble ¢ TepuoaoM 6 MecsiueB, NnpeacTabie-

Hbl Ha puc. 2, 3. Ha puc. 2 KaxxaoMy 3HaueHHIo HHAekca Fo7 nocTaB-
JIEHO B COOTBETCTBHe CpelHee MO MOJYNIApUSM 3HAaYeHUe LeHTpa TH-
3KEeCTH TPYNI NsATeH Qcp. LludpaMu ¢ HaUMeHOBaHHEM roja OTMeYeHbl
3HAYeHHUsl, NPUXOJsIUecs: Ha nepBbld Mecsn kaxporo ropa. Ciaenyer
OTMETUTb, YTO HECMOTPSI HA MPOCTOTY BHIGPAHHBIX HHAEKCOB (Zfwni,
3fsi) ux cymmapHoe 3HaueHHe X (fni+fsi) HOocTaToOuHO XOpOIIO
OTpa)KaeT ypoBeHb COJHEYHON AesiTeJbHOCTH HAa BCEM AHCKe. ITO
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Puc. 3. lIukanueckye KPHBble Pa3BUTHSI CONHEYHONA aKTUBHOCTH B ceBepiioM (V)
v 10xHOM ((S) mosrymapuax CoaHna

1 .-—fN =3f Ni 2r—f-s =3 fsi — MecsuHBIE CYMMAM nsiTeH, npoweawux IIMC B ceBepHOM H I0XK-
HoM noaymapusx Connug; 8— [+ F S 4 — ‘E‘loﬂ: 56— @p; 6 — s— CpeHEMECAUHbIe TeqHo*
IIHPOTH LEHTPOB aKTHBHOCTH (BCE MHAEKCH CrilaXeHbl ¢ NnepHoaoM 6 Mecsues)
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Puc. 4. TlpuMep 27-nHeBHOH [HarpaMMbl TOBTOPsSeMOCTH Aas HHAekca C9=>4
s mepropa 1963—1964 rr.

BHJHO M3 CpaBHeHHs HHIEKCOB X (fni+fsi) ¢ Fio7 B BepxHell yacTH
puc. 3.

Hsaecmo, 4To re03ddeKTHBHOCTL ABJAETCH GoJee YCTOHUHBHIM
CBOHCTBOM aKTUBHbIX 06pasoBanuii ConHua, yeM HX CIOCOBGHOCTb CO-
NPOBOXKAAThCS BUAMMBIMH 3JIeMEHTAaMH TeJHOaKTHBHOCTH. pyrumu
CJI0BaMH, 4acToTa, MM Mepa pPa3BUTHA BHIUMbIX aKTHBHbIX 00pa3o-
BaHUi, ellle He sBJSETCA HCUEPNBIBAIONIEH XapakTepPUCTHKOH reosd-
({eKTUBHOCTH AaHHOW aKTuBHOU o6sactd CosnHua. Urobwl yuecTb 3TO
CBOHCTBO, XOTA Gbl B CPeJlHEM 3a PacCMOTPeHHbI |1-JeTHHH NepHOL,
MOXHO BOCIOJb30BaThCsl 27-MHEBHBIMM JHarpaMMaMu NOBTOPSieMO-
ctd pas uHgekca C9, koropble exeronHo ny6aukytorcs 0. Bapreab-
coM B xypHaJse «Solar Geophysical datas. B kauectBe mpumepa s
nepvona 1963—1964 rr. Takas auarpaMma IpuBeJgeHa Ha puc, 4.
Kak BHIHO M3 3TOr0 pHCyHKa, OHa MMeeT Cjefyloliee COJAepxKaHHe.
["opusoHTaNbHAas CTPOKA COAepKHUT 27 KJIETOK—COOTBETCTBEHHO CH-
Hoxuueckomy mnepuony BpamieHuss Cosnua. Kaxpol cTpoke cieBa
npunucaHbl Homepa o6oporoB no Uenmany u Bapreabcy u Aarte co-
OTBETCTBYIOWMX NepBbix AHeH. CocrosinHe nonst B JMI0GOH NeHb pac-
CMaTpHBaeMOTO MepHOLa MOXHO OXapaKTepu3oBaThb ClelHaJbHBIMH
3Haukamy. OfHaKo B HallleM cJyyae HaJuuue 3HauKa B COOTBETCTBY-
Iollefl MO3HIMH O3HAYAET, YTO B JAHHbIH JeHb MAaTHUTHAsi BO3MYILeH-
HOCTb XapaKTepH3oBasjach UHIeKcoM C9, paBHbBIM 4 H Bbile (Y4TO
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cooTBeTcTBYeT Takke Ap>14). dns nepuoga 1960—1970 rr. 27-
IHeBHas nuarpamma coxepixkana 1500 MarHuTHO-BO3MYILEHHBIX AHEH,
Xxapakrepu3oBaBiluxcs uuaekcoM C9=>=4 (A,>=14). U3 3toro uncia
1053 gHs BxoguJso B 27-AHeBHble TNOCJAELOBATEJbHOCTH, HAauWHasg C
TPEeXKPAaTHBIX U BBIIIE, IPHYEM MO KPATHOCTHIO MOCTIEL0BATEJNbHOCTH
NPHHUMAJIOCh YHCJIO TIOBTOPEHUHA BO3MYILUEHHBIX NHEH yepe3 OBa, TPH
u T. 1. o6opotoB CoJsiHLa, HAYHHAS OT MEPBOTO BO3MYIEHHOI'O AHS B
HOCJIeI0BATENbHOCTH. [ByKpaTHble NMOCJHENOBATEIbHOCTH BO BHHMA-
HYUe He MPUHUMAJHUCH, IOCKOJIbKY OHH SIBJSIOTCS HauMeHee LOCTOBep-
HbIMH coObITHSMH. B nanbneilimieM oTHomeHHe o= 1053/1500=0,702

" m

59 Puc. 5. CesoHHas 3aBHCHMOCTb

CYMMapHOro TOJOBOTO pachpee-
neHus (3a 1960—1970 rr.)

I — gncna BceX BO3MYIUEHHBIX OHEH C
uHnekcamMu C9>4; 2 — uHucia MarLuT-
HbIX BO3MyilleHUH, BXOAAWMHX B 27-
IHCBHble  MOCAeNOBaTeNIbHOCTH; 3§ —
YHCaa MOMEHTOB IePBBIX GYpPHBIX HHeR
B MOCJAENOBaTeJIbHOCTAX, HayMHAsA C
TPeXKpaTHbIX (ana KpuBHIX I, 2 HC-
nonbayercs Jesas Wkaaa (M), pas
3 4 xpuBo#t 3 — npaBas (m))

-

700
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<

50
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[I”I'V[IM'TE'ILH'

npuMeM (B mepBOoM NPUO/IHKEHHH) B KauecTBe CPeJHEro CTaTHCTHYe-
CKOTO Ko3(dHIHeHTa NOBTOPSAEMOCTH. BeinuuAy o MOXHO paccmar-
pUBaTb KaK XapaKTepU3ylOmyl yCTOHYHBOCTb COJNHEYHBIX KOPIyC-
KYJISIPHBIX MOTOKOB B CMbicJie (U3HYECKOM H B CMBIC/Je COXPaHEHHs
CBOEr0 HalpaBJIeHHs Y TMOJIOXKEHHS] MO OTHOIIGHHIO K TOBEPXHOCTH
Coaxua.

HanHble puc. 5 HIMIOCTPUPYIOT HaJNHyHe MOJYrogoBOH BapHaUUH
B MHAEKCAaX MAarHUTHON BO3MYILEHHOCTH, NpHueM Oojee OTYETIHBO
MOJIYrof0Basi BOJIHA BbIpaXKeHa IJisl peKYpPEHTHbIX BO3MYIUEHHH, T. €.
BXOISALMX B 27-IHEeBHble MOCJHENOBaTe/NbHOCTH (KpuBas 2).

3. Ananu3 mosy4YyeHHBIX Pe3yJbTAaTOB

dKcneprUMeHTaIbHO OmNpejeneHHble U3 aHauau3a opbur MC3 Ba-
pHALKK C MOJYroZOBbIM NIEPHOIOM, KaK BHIHO U3 pHUC. |, HMEIOT 3Ha-
YHTEJNbHYI0 BEKOBYIO 3aBUCHMOCTb. DTa 3aBHCUMOCTb Pe3KO OT/IHYA-
eTcsl OT BEKOBOro xoja HHaexkca Fjp7 (YPOBHSI COJIHEYHO!N aKTHBHO-

cru). JleficrButenbho, B 1964 r. Ha Bbicote Z=270 kKM moayroioBble
BapHauuu B 1,5 pasa npesbilllaju BapHaliH, foJyyeHHbe 1asa 1966 r.,
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u focTHraan yposHs 1961 m 1967—1970 rr. B 1o Ke BpeMs ypoBeHb
COJIHEYHOH aKTHBHOCTH B 1964 r. Gbl1 MUHHMANBHBIM (F107=70--75),

a B 1967—1970 rr. Haxoxuicsa B npenenax Fio7=125=-160. 13 comno-
CTaBJIeHHs NPHBENEHHbIX HAHHBIX C reOMarHUTHBIM Kp-HHAEKCOM
BHJ(HO, YTO BEKOBOH XOJ NMOJIYTONOBBIX BapHALHH HA BLICOTAX, MEHb-
mux 300 kM, ckopee 3aBHCHT OT COCTOSIHHSI COJIHEUHOI'O BeTpa, 4eM
Y®-usnyuenns, B rakom ciayuae mpu comocTaB/eHHH HAGJHOLAEMOr0
SIBJICHHS] C COJTHEYHBIMH JIAHHBIMH OYEHb BaXKHO YUHTHIBaTb a3y 11-
JIETHETO COJIHEYHOTO LHKJIA. B 0COGEHHOCTH 3TO OTHOCHTCS K MHHH-
MYMY COMHEYHOH aKTHBHOCTH. FIMeHHO B 3TOT mepHox HabJ/omaroTcs
Takve QyHIaMeHTaJbHble BJEHHs, KaK CMeHa HH3KOLIHPOTHOrO Mos-
ca COJHEYHOH aKTHBHOCTH BBICOKOIIMPOTHBIM, a TaKXke IPOHUCXOIHUT
H3MeHeHHe XxapaKTepa MOJSPHOCTH MAarHATHOTO NOJsi B COJIHEYHBIX
nATHaX GUmoJspHbIX rpynn. M3 pHc. 2 yeTko BHIHO NpOsiBJeHHe 3a-
koHa lllmepepa, BbIpaxkeHHOe B TOM, YTO MSITHA HOBOTO LIHKJA BO3-

HHUKAIOT Ha BBICOKHX WIHPOTax (@cp>20°) M 3aTeM MOCTENEeHHO CIyc-
KaloTCsl K COMIHEYHOMY 3KBaATOPy (@cp~ 10°). C yueToM oTMeuyeHHBIX
paHee 3aMeyaHHH MOXKHO NPeANOJOXHTb, YTO BEKOBOH XOX HHTEH-
CHBHOCTH TOJYroficBoro >ddexra KoMKeH 3aBHCETb He TOJbKO OT
YPOBHS COJIHEIHOH AaKTHBHOCTH, HO H OT CpPeJHedl I'eJTMOMHPOTH 0Ya-
rOB aKTHBHOCTH. [TOCKOJIBKY OJHOMY M TOMY K€ 3HaUeHHIO HHAEKCa

Flo7 Ha pa3/IHUYHBIX BETBSIX COJIHEYHOTO IHKJIA COOTBETCTBYIOT pas-

JIHUHbIE 3HAUYEHHS Qcp, TAa WIH HHas ¢asza 1l-JeTHero LHKJIA He
MOXKeT ObiTb OZHO3HAYHO OXapaKTepH30BaHa TOJbKO OJHHM HH-
IEKCOM.

Puc. 3 narmiiHo HAMIOCTPHPYET BaXKHOCTh pPa3lesNbHOTO yueTa
COJTHEUHOH aKTHBHCCTH MO ero moJjymapusam. M3 npuBeqeHHBIX AaH-
HBIX CJIe[[yeT, YTO B TeueHHe BCEr0 PacCMOTPEHHOrO MepHoma ceBep-
Hoe noaymapue Conuna B cpennem Ha 809 Obli0 aKTHBHee IOXKHO-
ro. B pamkax BbICKa3aHHBIX MPeANIONOXKEHH] Haba0faeMoe cTabu/Ib-
HOe HEepaBEeHCTBO OCEHHEr0 U BeCeHHero MAaKCHMYMOB B CEe30HHOM
XO[€ IJIOTHOCTH TepMoc(ephl MOMHOCTbIO MOXKHO OGBACHUTD CYILIECT-
BOBaBLIeH /s paccMaTpHBaeMOro MepHOia aCUMMeETpPHEeH aKTHBHO-
crd Cosnna mo noaymapusM. Fia puc. 3 Takke BHIHO, 4TO aCUMMeET-
pus noaymapuil CosHIla XapaKTepH30BalacCh He TOJbKO € KOJHYECT-
BEHHOM CTOPOHBI, HO H (a30BbIM pacXoXKIeHHeM, HauGoJ/ee 3aMeTHbIM
B 1964—1966 rr. Ecau B ceBepHom mosywapuu Co/sHia yxe B KOH-
e 1964 r. npeoGsagas BEICOKOIIHPOTHBIN MOSIC AaKTHBHOCTH (T. €. aK-
THBHble 06pa30oBaHus HOBOro, 20-To LHUKJA), TO B I0KHOM TNOTyIIAPHH
3TO TMPOU3OLIIO MOYTH C ABYXJETHHUM OTcTaBaHueM. VMMeHHO 3ToH
NpUuYHHOH (B paMKax HAlUX HEXOIHBIX MPEANOJOKEeHHH) MOKHO
00BbsICHATL HalH4He HaGmonaBmuxcs B 1965 u 1966 rr. peskux aHo-
Manuil B CE30HHOM XOJe IJIOTHOCTH MO CPZBHEHHIO C MHOTOJIETHHM
cpenHum pacnpepesenuem [10].

CpaBHeHHe BEKOBOrO XOfa HHTEHCUBHOCTH MOJYrOJOBHIX BapHa-
unit (puc. 1) u maHHBIX DHC. 2, 3 MOKa3bIBaeT, YTO MHHUMYM B BEKO-
BOM XOJle 3THX BapHaluil (koHel 1965 r.—Havaso 1966 r.) coBnanaer
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C MAakCHMyMOM B BEKOBOM XOJe HHAEKCa @cp. IJTO TaKkKe MOX-
TBEPXKAAeT Hallld HCXOJLHbIE NPeIIoNOKEHHS.

Cpennune (3a nepuon 1960—1970 rr.) marsl 3KCTPEMYMOB MOJY-
rofOBsIX Bapuauuii (24 ausaps, 3 ampens, 28 uwus, 1 Hos6ps) [6]
Ha NMepBbld B3IVISJ 3HAYUTEJIbHO PACXOASITCS C SKCTPEMaJbHBIMH MO-
MEeHTaM4 BeJUUUHBI, BbIpaXKawIilefl Pa3HOCTb MeIMOLIUPOTH 30H Mak-
CHM aJIbHOH COJTHEUHOH aKTUBHOCTH W I'eJIMOIIUPOTHI 3eMJn (UJIU LeH-
tpa Buaumoro Cosnua |By|). Beauuuna |By| mpuHuMaer MakcH-
MaJbHble 3HaYeHHs, KaK U3BeCTHO, 5 MapTa U 7 ceHTss6psi. B cBsAsu ¢
9TUM NpOaHaJH3UupyeM MOJYrofOoBble BAPHALMH € TOUKM 3PeHHs MOB-
TOpsieMOCTH (PeKyPpPEeHTHOCTH) KOpPHYCKYJsPHBIX NMOTOKOB. Ha Bo3-
MOXHOCTb 00bsICHEHHs] 0COOEHHOCTe! rOJUYHOH BapHaLUU BJIHSHUEM
27-n1HeBHON MOBTOpsieMocTH BnepBble o6patua BuuManue C. K. Beex-
cesircku#l  [19]. [leficTBUTeIbHO, HaHHble, TNpUBelIeHHble HA pHC. b
(xpuBas 3), MOKa3bIBAIOT, YTO BO3SHHKHOBEHHE YCTOHYHMBBIX MOCJIENO-
BaTeJbHOCTE! GTHOCHTCS NPeHMYNIeCTBEHHO K MOMEHTaM, Korja 3eM-
Jsl MMeeT HauboJbllylo reavorpadHdeckyio mupoty. Torga ¢ yuerom
27-nHeBHOA NOBTOPSEMOCTH BO3JeHCTBHe Bo3MYyllawllero ¢akropa
(reosdekTHBHON KOPMYCKYJSIPHOH pajuManyu) AOKHO ObITh Mak-
CHMaJ/IbHBIM 'B MOMEHTBI, HeCKOJIbKO CABHHYTbIe O OTHOIUEHHIO K 1a-
TaMm 3xcTpeMyMoB |By|.C yyeTroM CpeiHero cTaTHCTHYECKOro KO3(-
¢duinyeHTa TMOBTOPSIEMOCTH o, a TAaKXe NPU psife HOMOJTHUIENbHBIX
YIpOIAOWUX TpeanosoxkeHuit [19] 4asi MOMEHTOB MaKCHMAaJbHOTO
BO3JI€AICTBUSI KOPIYCKYJSIPHOI'O H3JIyueHHs1 B MJIOCKOCTH SKJIUNTHKY
MOXHO MOJIYYHTh CJefyiolllee BblpaxkeHHue:

14 acost4 a2cos2t+ . ...
tgd=—
g a(sint+asin2t+...) ’ (7)

2m-27,2
365,25

Criexyer OoTMETHTb, 4TO COOTHOWmEHUe (7) CIpaBeLHBO, eCJIH
1oJie COTHEYHOro Teo3PHEKTUBHOTO M3JIyUeHHs IPUHATH NMPONOPIHO-

HaJIBHBIM SiN @cp, MPeHeOpeyb BO3MOXKHBIMH BapHauusMu ¢ $asoit
COJTHEYHOH aKTUBHOCTH, BJIHSHHEM SKCLEHTDHCHTeTa 3eMHOH OpGUTHI
U He YYUTbIBATL ACHMMETPHIO CEBEPHOTO H I0XKHOTO INOJyLIapHi
Connua [19]. YuntbiBas B BeIpaeHHu (7) wieHs 10 6-ro mopsiika
BKJ/IIOUHTENIbHO C HCNOJIb30BAHHEM (aKTHUYECKHX JAHHBIX 0 27-IHeB-
HO# OBTOPsIEMOCTH (PHC. 4, 5), MOMKHO BHIYHCIHTL MOMEHTHl SKCTpe-
MaJIbHOro BO3JeHCTBHS re03dPeKTHBHOA pafHauuu HAa 3eMHYI0 Mar-
Hutocdepy. IpoBeaennble OLUEHKH NOKA3aJH, YTO MPH H3MEHEHHH
B npenesnax or 0,5 o 0,8 yueT pekyppeHTHOCTH MOKeT OGeCHeyHTh
(ha30BbIfl CABUT (B CMBICJIe 3aMa3[bIBAHUS 110 OTHOIIEHHIO K rartam
3KCTpeMyMoB BesinuuHbl |Bo| or 20 go 50 gHeii. Takum obpasowm,
Habmonaemas hasa NOJAYrofLoOBbIX BaAPHALUil MOKET GbTb 06bICHEHA
BIUsiHYeM 27-THEeBHOH IMOBTOPSIEMOCTH, eCJH BoJee NMOJOBHHBI TOMH
4aCTH KOPHYCKYJISDHbIX NMOTOKOB, KOTOpble BXOAAT B OGpasoBaHie
cCHHyconnaanon BOJIHbI TOJHYHOM KPHBOM, MOBTOPSTCS uepe3 060poT
OJIHIA,
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3akaio4yeHune

Kpatko cymmupyeMm H3j0XKeHHble pe3ynabrarsl. JaHHble 06 3BO-
awouun opéur MC3 «Kocmoc» 3a mepron 1960—1970 rr. nossosuan
NpoCJIeIUTh TOBeJeHHe OCHOBHBIX XapaKTEpHBIX BapHalWd Ha pas-
JUYHbIX (pa3ax cOTHEUHOH aKTHBHOCTH.

[ny6uHa HaGMONABIIMXCS TNOJYTOAOBHIX BapHalMi HMeer 3Ha-
YyHTebHBIA BeKoBo#l xon. Llukanueckuit xapakrep pa3BHTHS MOJYIO-
J0BOHM BOJIHBI IJIOTHOCTH HEOJHO3HAYHO CBSI3aH C YPOBHEM COJIHEY-
HOM aKTHBHOCTH. DTy HEONHO3HAYHOCTb MOXKHO YCTpPaHUTb NpHU HO-
MYIEHHH CBSI3H HHTEHCHBHOCTH TOJYTOAOBLIX BapHauui ¢ reosddex-
TUBHOM KOPMYCKYJsipHOH panuauued. [as 3Toro HeoO6XOAMMO HC-
N0JIb30BaTh TaKHE HHJAEKChI CONHEYHOH aKTHBHOCTH, KOTOpbIe MO3BO-
JISIOT OJIHO3HAYHO NpPHBS3aThb 3KCNEPUMEHTA/bHble NaHHbBIE K TOH
U4 HHOM (pas3e coHEUHON aKTHBHOCTH B |1-7MeTHeM LHUKIe.

Bce usBecTHble cBoficTBa (MHOroJieTHAsl cpenHsii popMa u dasa
NOJYrOLOBLIX BapHaluui, a TaKXKe Hajluyhe B OTHe/bHble TOABI pe3-
KHX aHOMaJUH 3THX XapaKTepHUCTHK) KAueCTBEHHO MOTryT ObITb 00b-
SCHeHBl NpH IUdPepeHIHpOBAaHHOM ydyeTe CONHeUHOH aKTHBHOCTH IO
ero mnoJymapusiM, 27-IHeBHOH MOBTOPSIEMOCTH, a TaK¥ke C HCMOJb-
30BaHHEM ONHOTO M3 HHIEKCOB, XapaKTepU3YIOMHUX pachpeleseHHe
LIEHTPOB COJNHEYHOH aKTHBHOCTH MO TeJHOIIHPOTaM.

ABrop 6aarogaput M. 1. MapoBa 3a nocrosstHHoe BHUMaHHe K pa-
6oTe U 06CyXKIeHHE Pe3yJbTaTOB.
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I'. H. 3mHeBcKast

A3POAHWHAMHUKA CIYTHHUKOB
U ONPEAEJEHUE INAPAMETPOB
B3AUMOILEHUCTBHUA NOTOKA C NOBEPXHOCTbBIO
N0 TOPMO)XEHHUIO B BEPXHEWM ATMOC®EPE 3EMJIHU
UC3 «kKOCMOC-166» H «kKOCMOC-230»

Onpenenenne Bapuauuii IJIOTHOCTH aTMocdepbl o opOUTATbHOMY
TOPMOXKEHHI0 BO MHOTHX paboTax NpPOU3BOJUTCS B INPEANOJOXKEHHH
TOCTOSIHCTBA KO3(pHIeHTa a3pPOAHHAMHUYECKOr0 CONPOTHBJIEHHS
cnytHuka Cp. FI3BeCcTHO, 4TO 1151 CIYTHUKOB CJOXKHOH KOH(PHIypauuu
Cp 3aBHCHT OT OpHEHTALMU 3JEMEHTOB TNIOBEPXHOCTH CIyTHHKA OTHO-
CHUTEJIbHO BeKTOpa CKOPOCTH Haberarouiero noToka MoJieKyJa rasa, ot
MexaHH3Ma B3aHMOMAENCTBHS MOJIEKYJI ra3a C NMOBEPXHOCTBIO CIIyTHHU-
Ka C yueToM CBOHCTB MaTepHaJsia MOKPBITHS, OT KOHQHUTypaluH NoBep-
XHOCTH CNyTHHKA U B3aHMHOIO PACloOJIOXKEHHS 3JeMEHTOB KOHCTPYK-
LUH. ‘
PaccmarpuBatorcst ABa ciyuasi JBHXKEHHS CIYTHHKOB.

1. CoGonnoe Bpamenne MC3 «[IpoToH» oTHoCHTENBbHO LEHTpa
Macc, IpY 3TOM 110 TIOKa3aHHUSIM CHCTEMbl HHIHKAIUK ODHEHTALHUH Oll-
pene/sieTcsl MOJHAsi TPEXOCHAsT OpHEHTAlHsi BeKTOpa KUHETHUECKOTo
mMomenTa L.

2. Isuxenue MC3 tuna «HMHTepxocMocy co cTaGHIM3HPOBAHHBIM
TNOJIOXKEHHeM OIHOHM M3 Ooceil CIyTHHKAa B NPOCTPaHCTBE, OpHEHTAIUs
KOTOPOH MeJJ/IeHHO MEHSeTCsl B 3aBHCHMOCTH OT YIVIOBOTO TOJIOXKEHHUS
ConHua B aGCOMIOTHOM MPOCTPAHCTBE, TaKasi M3BECTHAsl OPHEHTALUS
HC3 moxer GbITh Ha3BaHa HEMOJHOH OXHOOCHO.

Asponunamuueckoe mozenupoBanue kKospduuuenra Cp nas MC3
YUHTBIBaeT 3aBHCHMOCTb 3TOT0 K03 dUleHTa OT YIJIOB aTaku MeX-
Ly HOpMAJ/ISIMH K 3J€MeHTaM TNOBePXHOCTH CNyTHHKA M HarpaBJeHH-
eM BeKTopa CKOpOCTH Haberawilero noroka [l], a Takxe HeKOTOpYyIO
MoJe/b B3aUMOJEHCTBHS Haberawoulero nNotoka ¢ NoBepXHOCTbIO, OC-
HOBAHHYIO HA YHUCJEHHOM 3KCIepUMeHTe Mo O00TeKaHHI0 IVIaJKOH mo-
BEPXHOCTH TIOTOKOM HEHTpPaJbHBIX MOJIEKYJ] CO CKOPOCTSMH ToJiera
crytHHKa [2].

Hcxonnas undopmauus s pacuera Cp ciaepyionas.

I. Ockynupylomue sjeMeHTHl OpGUTH crnyTHHKa («IIpoToH-2»,
«[Tporon-4», «Kocmoc-166», «Kocmoc-230»), onpenensiiomiue mnoso-
XKeHHe BEKTOpPa CKOPOCTH TNOTOKA OTHOCHTENbHO CIIYyTHHKA.

2. CesieHust 0 TOMOXKEHHUH HOpMaJell K 3JeMeHTaM NOBEpXHOCTH
KOHCTPYKUHH (OmpefelisieMble MO AaHHBIM 06 OpHEHTALMd COYTHHKA
¥ O PACNOJIOXEHHH 3JeMEeHTOB NMOBEPXHOCTH CIYTHHKA).

3. Jlannble 0 Marepuajax NOKPHITHH, O KPUCTANIAYECKOH peer-
Ke, 0 CKOPOCTSIX U COCTaBe MOJIeKyJ/l Haberaruero noToka, Heo6Xxou-
Mble 1/l NIPSIMOTO HHTETPUPOBAHUS YPaBHEHUI NBUKEHHS MOJIEKYJI
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rasa M aTOMOB pellleTKH TBepJOro Tesa, B pe3yJbTare KOTOPOTO Onpe-
nensoTcst K03 GHIHeHTb o6MeHa KOMIIOHEHT HMIYJbCa.

HMcnonp3oBaHue 3THX LaHHBIX MO3BOJSET ONPENeNHThb AJIS ABUKY-
mHxcss B atMocdepe 3eMaH COYTHHKOB a3pOAHHAMHUECKHe XxapakTe-
PHCTHKH B CBOOOXHO-MOJEKYASPHOM NpHOMHKeHHH. CpaBHeHHe pe-
3y/AbTAaTOB /sl Pa3/JHYHBIX THIOB ABHIKEHHH CIYTHHKOB, HaKONJIEHHe
(baKTHUECKHX TaHHBIX NMO3BOJHT B AajbHeHlleM AaTb peKOMeHIalHH
1O HCIOJb30BaHHIO IEPEMEHHbIX H NMOCTOSIHHBIX 3HaYeHH Ko3ddHuuu-
eHTa a3pOAHHAMHYEeCKOro CONMPOTHBJEHHS CNYTHHKa B pacuerax Ba-
pHalnuil IVIOTHOCTH arMocdepbl MO TOPMOXEHHIO B 3aBHCHMOCTH OT
THIA JBHXEHHsS paccMaTpHBaeMOro o6beKTa.

Benuuunsl Cp no onpenenenuio 3] paBHbl

Co=Ch =2 (Fe)ds, (1)
i

pvzsu S,‘

Ile j —UYHCJIO 3JIeMeHTOB KOHCTPYKIHH CNyTHHKa; F;— snemenrap-
Hasi cuJ/la, JefiCTBYIOIasi Ha MOBEPXHOCTb, pe3y/abTHpYIOllasi BO3aeu-
CTBUS Majalolero H OTpPaKeHHOro MOTOKOB; PU?— CKOPOCTHOH Ha-
nop; Sw— ceueHHe MHuJeNs; S;— NOBEPXHOCTb j-TO 3JeMeHTa, 10 MOo-
BEPXHOCTH KOTOPOTO HHTETrpPUPYETCs BeJHUYHHA TNPOEeKIUH CHJIbI Ha
HanpaB/eHHe CKOpPOCTH Haberarouero nmotoka;, oHa MoxeT ObITb 3a-
nucaHa B BHJe, NMO3BOJSIOIEM aHA/JU3HPOBATb €e MOBeleHHe B 3a-
BHUCHMOCTH OT NMapaMeTpoOB OpPHEHTALHH U MapaMeTPOB B3aHMOAEHCT-
Busi. Kak ciaexctBHe 3TOro mnpepnsaraercss Merton ompeneneHusi Cp
(mapamerpoB B3aUMOJAEHCTBHS MOTOKA C IMOBEPXHOCTBHIO) 1O 3aTyxa-

HHIO OpOHTAJbHOrO TOPMOXKEHHst T B NMpeAnoJIOXKeHHH H3BECTHOH MO-
JeJd IJIOTHOCTH aTMocdepbl U HU3MepeHHbIX YIVIOB OpHEeHTalHH,

1. OpueHTanus CNYTHUKOB

Moanas TpexocHas opuentauus cnyTHukoB «IlpoTon». Teopus
IBHXEeHHs] CIYTHHKOB OTHOCHTeJIbHO LeHTpa Macc pa3Buta B. B. Be-
nenkuM [4]. PesynbraTel cTaTHCTHYECKOH 06paboOTKH NOKa3aHHH CH-
CTeMbl MHAHMKAIHU OpPHEHTalluH, YCTAHOBJEHHOH Ha CHYTHHKAaX, NMpH-
BefeHbl B [1, 5]. KopoTko mepeuHcnuM OCHOBHBIE MPEANOCHIIKH AJIS
pelleHusl 3ajayH onpefeseHHss GaKTHUECKOH OpHEHTAlUM CIYTHHKA.
Mojenb IBHXeHHSI: Ha 3JIMNTHUECKOH OpOHTE COYTHHK IBHKETCH
HEBO3MYIEHHO Be3Jle, 3a UCKIIOYeHHEM Y4acTKa OKPECTHOCTH NepH-
res, rje COYTHHK HaxXOJMUTCS NOA BO3efCTBHEM CyleCTBEHHBIX
MOMEHTOB a3pOAHHAaMHYeCKHX CHJ, BO3HHKAIOIIUX B pe3yJbTare
nponesJHpyomero 3¢deKkra BpalleHHsl IJIOCKOCTeH COJHEYHBIX
Oarapei.

ITpu o6paboTke MarHuTOMeTpHuUecKOH HH(POpPMaUHH HCIOMb30Ba-
JIMCh JlaHHble O JBH2KEHHH CIYTHHKA BHe mepureiHoro yyacrtka. [Ipu
3TOM JIBHXEHHe Mpeanosarajocb HeBO3MYILEHHBIM, OIHCHIBAeMBbIM
ypaBHeHusMH Dinepa — [lyanco. Onpenensiiacb BeJHYHHA U TOJIO-
XeHHe BeKTopa KHHeTHYecKoro MoMenra L.
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OBOJIONUSA ABHXKeHUs ciyTHUKA «[IpOTOH» BKIIOUaeT B cebst L04-
roneprHojHyecKne Mepexofibl OT PexHMa OCEBOr0 BPALIEHHS K pPexkH-
MY KYBBIpKaHHs C NepHOLOM 0KoJO 3 cyTok [1], T. e. Tg ~40—60 o60-
poroB cnyTHHKa BOKPYr 3eman. Ha 3Tu IBHXKeHHS HakJIaAbBalOTCS
GbICTpBIe BpalleHHsi CIyTHHKA OTHOCHUTENbHO BEKTOPA KMHETHYECKOro
MOMeHTa: nepuox npeueccud Ty—2' ¥ nepuox co6cTBeHHOTO Bpalle-
Hug To—15'.

CnoxHoe npelecCHOHHO-HYTAalMOHHO® [BHXKEHHe CIYTHHUKA sIBJIS-
€TCsl KBa3MperyJsipHoOd mpeleccHel, T. €. Ha KaxAoM 060poTe ChyT-
HHKa BOKPYT 3eMJIM OCHOBHblE MapaMeTphl OpHEHTAlUHH TOCTOSHHBI,
2 U3MeHeHHe UX NPOUCXOAHT C IOCTOSTHHOH CKOPOCTBIO B MOMEHT NpO-
XOXJIeHHUS Tlepures moj BO3[elCTBUEM MOMEHTOB a3pOJAMHAMHUECKUX
CHJL.

Hasi onpenenenuss Cp HEOGXOQUMO 3HATh HEKOTOpbie OCPENHEH-
Hble 3HaYeHHs 3TOH BeJHUYUHB 32 OfUH 060poT. Tak Kak crnpasensiu-
Ba MOJeJb peryJsipHO# mpeueccud, 3Has CpP, sneMeHTapHOe

Y = pvfs [(Feds, )
MS

MOXHO, corsacHo [4], ocpennuts Cp mo GHICTPBIM NepHOLaM Bpalie-
Husa MC3:

[ | chay
= Emt—", T(p, T¢<Top6m-, Topém' ~90'". (3)
(2m)? '

OnHoocHas opueHTauus cnyTHUKoB THna «Hurepkocmoc», Ecin
NpPU JBHUKEHHU CNyTHUKOB, CHAGMEHHBIX CHCTEMOH HHAUKALUUHU OpH-
eHTallid, Mbl B pe3y/bTaTe MOJyyaeM HEKOTOpble yCpeIHEHHbIe IO
GBICTPBIM BpalleHHsiM 38 BUTOK 3HaueHHs Cp, TO 1/ CIYTHUKOB CTa-
OUIM3NPOBAHHBIX, HMEIOMUX OPHEHTALHUIO TaHe el CoJHeuHblx 6aTta-
peit Ha CosHlle, U3MeHEHHe TEKYyIero 3HaueHus yrsaa ataku u Cp
TIPOUCXOIUT MeJJ/IeHHO W OTpefelisieTcsl NyTeM HaXOXAEHHs NpOeK-
IUil BEKTOpA CKOPOCTH (Ux, Uy, U;) OpOUTANBHOTO ABHXKEHHs Ha BEK-
Top HanpasJenus Ha Couauue (Si, Sy, S;). Pacuer Texkymux 3Haue-
HUH YIJIOB aTakd o=arc cos (v, §) Npou3BeleH C yuyeToM OCOGeHHO-
CTefl OAHOOCHOH OpHEHTAUHH CIYTHUKOB.

2. Mozaeab B3auMOAEHCTBUSA TMOTOKA C TIOBEPXHOCTbIO

IIpn pacueTe a’ponUHAMHUYECKOTO CONPOTHUBJEHUS CIYTHUKA HC-
noJb3yeTcss cBOGOJHO-MOJIEKYJ/IsipHasi MoJeNb OOTeKaHUsi MOBEPXHO-
CTH pa3pexeHHBIM T'a3oM, NPHYEM MOTOK COCTOUT M3 OJHOATOMHBIX
HeATpaJbHBIX MOJIEKYJ, IJsi KOTOPbIX CpaBelNHBa MaKCBeJNJIOBCKas
thyHKIHMS pacnpefieseHdss MoJekyJ no ckopoctsiMm. CkopocTb opOu-
TaJbHOTO ABHXKEHUs CNYTHHKA MHOTO O6OJbIle CKOPOCTH TEMJIOBOTD
IBUXKEHHUS.
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6y, O

0,8
- 6/7
Puc. 1. Kosbdunuentsl axkomo- a6k
Jauud HOPMAaJbHOH (0n) M TaH-
FeHIHaJbHOR (0r) KOMIOHEHT UM- s
nyJbca, noaydeHHele B pabore  J4f
[6] ana pacuera B3aumomeict- L
BHA TIOTOKA a30Ta C KpeMHHe-
BBIM TOKPHITHEM CIyTHHKA 421
.
1 1 - |
g 439 078 177 155

& pad

B HaberaomemM noToKe BbIYHCIEHHE XapaKTEPUCTHK OTPaXKEHHOro
NOTOKA AIBJSETCS CJHOXKHOH 3amaueil, Tak Kak (QyHKuus pacnpefedne-
HHUSI OTPaXKeHHbIX YaCTHI JOJXKHA YYUTHIBATb 3aKOH B3aUMOAENCTBUSA
MOJIeKYJ Ta3a ¢ KPUCTaA/JIHUecKOH pelleTKOH NMOKpPLITHSA.

DKCrepuMeHTa bHble NaHHBIE JJI1 AHamna3oHa sHepruit ot 1 1o
10 38, coOTBeTCTBYIOLIHE CKOPOCTSIM KOCMHYECKOro MOJeTa, eIHHHY-
Hbl H COZEpXaTr OCOGEHHOCTH, He MO3BOJSAIOLIHE HCIONb30BATb HX B
KayecTBe HaJexXxHOH Moienu. TpaguuvoHHas cxema AHpPy3HOrO OT-
paxkeHHsl COAEPKHUT NOCTOSIHHbIe KO3(P(OHUHEHTH aKKOMOJalHH HOP-
MaJIbHOH ¥ TaHTeHUHAJbHOH KOMIOHEHT UMNYyJbca:

,— T, —-T .
Op = p" s ’ Oy = _‘_f_’ (4)
Pi— Py T~ T

Te pi, T; XapaKTepH3yIoT Nafalomui noTox, pr, Tr, Pw, Tw— OTPaXKEH-
ubifl. I[lpuueM past auddysHoro oTpaxeHnus t,=0 Mo onpejeseHuo,
a pwp=pr IpH OTPaXKeHHU C TeMnepaTypoill T, paBHOH TeMIepaType
MOBEPXHOCTH cnyTHuKa. [Ipu 3toM op,=0:=1,0. Takaa mozmeap He
YYHTBHIBaeT peasibHbIX CBOHCTB paccesiHHs OTPaXKeHHOTo MNOTOKa H
3aBUCUMOCTDb pr ¥ Tr OT HaNpaBJeHHs orpaxeHus. PopmasbHOe BBe-
JeHUe Op U Oy, OTIHYHBIX OT eJMHHUIIbI, HHOTAA HCNOJb3YeTCcs aBTOpa-
MH, HO He HaXOJHT OObSICHEHHS] MOJeJbIO.

[TpoBeneHHble unc/IeHHBIE SKCIIEPUMEHTHI [6] MO paccesaHu0 MoJe-
KYJI Ha TpexMepHOH KpUCTa//IMuecKol pelieTke ¢ yyeToM MaTepHaJa
NOKPLITHSL M Ta30BOr0 COCTaBa Haberarouero noToka He yYUTHIBAIOT
MUKDOLIEPOXOBATOCTH IOBEPXHQCTH H BO3MOXHOTO NPHCYTCTBUsA aj-
copOMpPOBAHHBIX aTOMOB Ha mnoBepXHocTH. Ho B npeanosioxeHuu
riaanxoit nosepxHoctd A. A. TIpHIyy MOJNYYHI KpUBble 3aBHCHMOCTH
K03 (PHIHEeHTOB aKKOMOJAUUH MMMYJbCA OT yIja aTakd K TOBepX-
HocTH Haleraromero notoka (puc. 1).

HccnenoBanus [2] nmokasanu, 4TO 3TH XapaKTePUCTHKH 3aBHCAT
OT OTHOILEHHS Macc aTOMOB (MOJIEKYJ) Tas3a M IMOBEPXHOCTH W, CKO-
poctu HaGeraHus v, MOCTOSSHHOM DEHIETKH ¢, OT MOTEHIHaJNa B3aUMO-
AEACTBUS KaK MeXJy aTOMaMHM ras3a M IMOBEPXHOCTH, TaK H BHYTPU
peuterku. IIpn ync/JeHHOM MOAENHPOBAHHM MNpolecca B3aMMOMAEHCT-
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BUst pelllaeTcs CHCTeMa ypaBHEHHH ABHIKEHHs aToMa rasa M HeKOTo-
poro orpaHHyeHHOro 6JI0Ka aTOMOB TBEpAOro TeJa INpPH 3aJaHHBIX
mapaMerpax B3aHUMOJEHCTBUS: W, U, @ U yIJIa MNageHHs] MOJEKY.I.
B KOHTpoJbHOM 6JI0Ke B3aUMOJEHCTBYIOLIEH pelleTKH Yy4acTBOBAJG
5XH5X3+1 aromoB. Kaxnablii aToM B3aWMOAEHCTBYeT JIHIIbL C OJH-
Kafimumu cocefsiMd. CHJbl B3aHMOMEHCTBUS JHHEHHO 3aBHCSAT OT
CMeIeHUsT U3 MOJIOXKEeHUs] paBHOBecHs. IToTeHuHas B3auMOmeHCTBHS
ra3z — nmoBepxHocTb Gepercst cornacHo (6)—(12) Jlenappa—JxKoH-
ca [2], mapameTpbl KOTOPOH COOTBETCTBYIOT CBOHCTBAM KOHKDETHBIX
atomoB. KosadduuyeHTH aKKOMOLALUUH HMNYJAbca BBIYHCISAIOTCS KaK
OCpeIHeHHbIe Ha 3JeMeHTapHOH Mol anKe BeJIHYHHBL

3. AsponunamMuyecKass annpoKCHMalMs
ko3 dunuenta Cp

Cusibl, MeHCTBYIOLIYE HA 3JIeMEHThl MOBEPXHOCTH CMYTHHKA, pac-
CYUTBIBAJHUCDH C y4eTOM (PaKTHUECKOH OpPHEHTALHH 3/J1eMEHTOB MOBepX-
HOCTH ¥ [JISl MOJ&IH B3aUMOIEHCTBHS IOTOKA C TIOBEPXHOCTbIO, OCHO-
BAHHOM Ha YHMCJIEHHOM MOJeJHPOBAHHH

Fy=pn;+ v, = (pi + pr; + (v — 1) %), ()

rle pi, T;— HOpMaJbHasi U TaHTeHUHaJ/bHas KOMIOHEHTBH HMMYyJbca
Najfaolero nNoToKa; Pr, Tr— COOTBETCTBYIOIHE BeJHYHHBI OTPaXKeH-
HOTO T0TOKA, Mj=nN€ +n,es+n,e;— 3HaueHuss MeCTHOH HOpMaJH K
3JIeMEHTy MOBEPXHOCTH, 3aJaeTcs KOHCTPYKUHeH CIyTHHKA.

HOns cnyrHuka «[IpoToH» HOpMasau K YeThipeM NaHesJsiM COJIHey-
HbIX GaTapeidl MOryT ObiThb 3amucaHbl (j=1--4):

n=(—J+Rrn, n,=(+k)n,
ng = (i + k) gy, ny = (—l + k)noy (6)
rae ny=0,707.

Has cnytHukoB «Kocmoc-166» n «Kocmoc-230», umeromux ogHo-
OCHYI0 OpPHEHTAUHUIO, HampaBJeHHe HOpMaJeHd K MJacTHHaM COJIHeu-
HbIX GaTapeil coBnmajaeT ¢ BeKTOpoMm HampaBJjeHust Ha CosHue. -

PaccunteiBass Cp, He06X0QHMO ONpeneaHTb npoekuuio F; Ha Ha-
npaBJieHHe CKOPOCTH OpOHTAJbHOIO JBHXKEHHS CIYTHHKa ©, T. €.
(F;- ey). KoMmoHeHTH BEKTOpa CKOPOCTH U KOMIIOHEHTB BEKTOpa Me-
CTHBIX HOpMaJiell K MOBEPXHOCTH 3aJaHbl B Pa3/JUYHBIX CHCTEMax KO-
opaunat. Hanpuwmep, nist pacueroB Cp MC3 «IIpoton-2» u «IIpo-
TOH-4» Uy, Uy, U, ObIJIM U3BECTHBl B aOCOMIOTHOH cHCTeMe KOOpAMHAT,
a BEKTOp HOpMaJi M— B CHCTeMe, CBSI3aHHOH CO CIYTHHKOM. Bbiuuc-
JleHHe TeKYIHX YIJIOB aTaku TpeOOBaJO MepecyeTa Uy, Uy, U, B CH-
cTeMy KOODIHHAT, Tle OnpefesieHbl KOMIOHEHTH 1y, 1y, n,/. Ucnonn-
3ysi MaTpHULY Nepexoja OT OJHOH CHCTeMbl KOOPAMHAT K Apyroi (or
abCoONIIOTHOM X, Y, 2 K X', ', 2/, CBAI3aHHOU CO CNMYTHUKOM), COTJIACHO
{3}, onpenensiem:

Ur = Ux0y + OB, 4 0271, Uy = Uxg + U, 4 02Ty,
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v, = Ux; 4 Ugfs 4 U273 (7)

EuHAYHBIH BEKTOP CKOPOCTH NPH 3TOM HMeeT HampaBJsollHe KOCH-
HYCBI

.

0 U' v' U, U’ U'

Y r4 . X Y Yy 2
) ) — ev—i_+J—‘+k—. (8)
v v v v 14 v
CkansipHoe npoussefieHHe (€y7) MO3BOJISET UCIOJIb30BaTh H3MEPEHHUS
OpHeHTalluH M GaHHble 00 opbure AJaa monenupoanus Cp

’ ’ ’
nu, + n,v, +n,v,

(en) =
[2] - |n)

©

rae R==1--4 — uncyo niactuH. Tekyuiasi HopMasnb B MOXeT OBITh
npeicTaBlieHa B BUie R=n, sign(n.e,), Tie o — HOPMaJb K OLHOM
(GHUKCHPOBAHHOH CTOpOHe miacTuHbl. Torma

(esn) = (euny) sign (rye.) = |evn, | . (10)
Toacrasnss Bmecto | e.n|—>(€,1)2, nonyanm dopmyast xis Cp, yro-
OHble I HHTErpUPOBAHHSA 1O OBICTPHIM flepHoRam (mJsi 06paGoTKH
HMHpopManuH co cnyTHUKOB «IIpoToH-2» u «IIpoToH-4»).

IIpu ycnoBuu mpeHeGpexeHUsl TelVIOBbIM pa3bpocoM B' HaGeraro-
meM IMoToKe

pi = pv (e, T = pv®(e.n)(es). (11)

Torpa ans k-ro sjeMeHTa KOHCTPYKLMH CIYTHHKA, aNlpOKCHMHUpYe-
Moro miactuHol, Cp* MOXKHO 3amucaTh B BUJIE

Ch = —— [ (Fae) dSs= ——{a(euts)* + b(eonsP} Sta,  (12)
Sk

2
pviS,, pv%S,,
rlie a=0;—0n, b=2—0, a Oy, O¢ BHIUHCJIEHBl 10 CXeMe, YUUTHIBAIO-
el KpeMHHeBBIH COCTaB NMOKPHITHS MaHeJH COJHEeYHbIX Garaped H
B3aUMOJEHCTBHE aTOMOB a30Ta C 3THM MaTepHajJoOM IPH CKOPOCTH
8 km/cex naGeratomero notoka. st NUIMHAPHYECKOI'0 KOpIyca CIyT-
HHUKa Cp pacCuHTBIBAETCst COMVIACHO MPHOJIHKEHHIO
/2

2
Cp=a"| | Cp(®) dcv) (e0Sw) 7,
0

TOrja
2
puiS,,

Chyun = 10,375 (0¢ — 0n) (€s)* 4+ 0,5 (2 — 0) (V)] S~ (13)

PesyabTathl pacuetoB Cp npuBeleHsl Ha puc. 2, a, 6. s cryT-
HUKOB, UMEIOUHX CBOGOJHOe BpallleHHe OTHOCHTENbHO LEeHTpa Macc
(«ITpoton-2» u «IIpoToH-4»), mpousBeneHo ocpenHenne Cp mo OHCT-
pbIM nepHonaM (MpeueccHH H COGCTBEHHOI'O BpAallleHHs); HCIOJb30-
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BaHMe NepeMeHHbX KO3(Q(HUUEHTOB aKKOMOJAUHMH HUMMYyJbCa MNpH
pacueTe MPUBEJIO K CIJIaXKHBAHHIO KPHBOH usMeneHus Cp B MepHOAB!
C OHOPOMHBLIM XapakTepoM ABHKenus. HeGosplive OTKJIOHEHHS OT
[IOCTOSIHHOTO 3HAaueHHsi Ha6JI0aloTCs, KOraa MPOMCXONUT AOJTromne-
pHOJMUECKAsi CMEHa PeXMMa OCeBOM 3aKPYTKH CIYTHHKA pEXHMOM
KYBHIDKaHHUS, HO B LeJOM Uil CIyTHHKOB TAaKOTO THINA MpU Onpejee-
WU moTHOCTH aTMocdepsl MoxHO Cp cunraTh moctosHHbiM. Ha
3TOM 3Ke pUCYHKe mpuBeleHbl 3Hauenusi Cp CIyTHUKOB «Kocmoc-166»
u «Kocmoc-230» 1711 HeCKOJIbKUX MecsiueB nosera. MameHenue moJso-
wenusi CoaHIA H 3JeMeHTOB OpOUTH MPUBOAMT K CYIIECTBEHHOMY
H3MEHEHHIO TOJOXKEeHHsl CIyTHUKA OTHOCHTENIbHO Majaiollero noToxa,
Beauyuna Cp TmpeTeprneBaeT 3HayuTe/lbHbIE H3MEHEHHs 338 STOT NepH-
on BpeMenH. [103TOMY yueT OpHEHTaLUH TAKOTO CIYTHHKA MpH Ompe-
JeNeHuH BapHauuil MJIOTHOCTH aTMOC(epsl MO ero TOPMOXKEHHIOo He-
06X01¥M.

Ha puc. 3 moxkasaHpl BeJWUHHBI MOTPEIIHOCTEH, BHOCHMBIX MpH
pacuerax Cp Ans cnytHukoB cepuit «[Iporon» u- «Kocmoc», 6e3 yue-
Ta HX (akrHueckoil opuentauus. Anamus norpemnocreii Cp 3a cuer
omu60K nMapaMeTPoOB OPHEHTAIUU U MOTPELIHOCTeH YHCIEHHOro MOJe-
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Puc. 2. HaMenenne KosdoHIAeHTa a3pOAHHAMHUECKOro compoTHsienns Cp cmyT-
HHKOB B TeueHHe BPEMeHHOTO HHTepBana, W3MeHseMoOro umcaoM oGopotos N
BOKPYT 3eMJIH

a — nns «Iporona-2» n «[Ipotona-4»; 6 — naa «KocMoca-166» n «Kocmoca-230»
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Puc. 3. BeposiTHOCTH OTKJIOHeHHs1 Cp, PacCYUTAHHOTO MO MPERJIOKEHHOH MeTOoHHKe,
OT CpeaHero 3Hau€HUN BEJHYHHBI CD OJs CiyTHUKOB

a — «Ilporon-2» (Cp = 2,108), «IIpotoH-4» (Cp = 2,167); 6 — «Koemoc-166» (C p = 1,77),
«Kocmoc-260» (ED= 1,75)

JMPOBaHHs NapaMeTpoB B3auMONEHCTBUS Gbul mnpousseleH B [7].
CpaBieHne MeToa a3pOAHHAMHYECKOro MPUOIHIKEHHS MOJAEJHPOBaA-
Husi Cp ¢ MeTOLOM uHCJIeHHOro MonenupoBaHus Cp ¢ HCMOJb30BAHHU-
eM HHIHKAaTPUChl PacCessHHs] OTPaXKEHHBIX YaCTHI OT MOBEPXHOCTH
cnyTHHKa nposefieHo B [8]. Takum o6pas3om, Hcc/leOBaHBI BO3MOXKHO-
CTH OmpefeseHHsi a3pOAHHAMHKH CIyTHHKOB CJIOXKHOH KOH(QHIypa-
LHH, MO3BOJSIOLIHE MOBLICHTD "HANEHKHOCTb OMNpelNesNeHHss BapHalUUi
TUIOTHOCTH aTMOC(epbl 0 TOPMOXKEHHIO.

4. Onpepnenende napameTpoB B3auMoJeHCTBHS
NMOTOKA C MOBEpPXHOCThbI0O Mo Topmoxkenuio UC3
«Kocmoc-166» u « Kocmoc-230»

B KauecTBe HCXONHBIX JaHHBIX [JIs ONpeleseHus] HeU3BECTHBIX Na-
pPaMeTpPOB HCMOJIb3YIOTCS HaHHBlE 06 OpOHTANbHOM ABHXKEHHH CIYT-
Huka. Ilpu ero JIBHKeHHH B NPSMOYTOJbHOH TIeOLEHTPHYECKOH CH-
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cTeMe KOOPAMHAT INOJIOXKEeHHe CIYTHHKA XapaKTepuayeTcs B Kax/ibiil
MOMEHT BpeMeHH panuyc-BekTopoM R(X, Y, 2) ¥ BEKTOPDOM CKOPOCTH
0 (vx, Uy, U;), U3MEPSIEMBIMU NIPU CJeXKEeHUH 3a crnyTHHKOM. Ilo MHO-
JKecTBY HabJIofeHUll MOXHO HalitH Q, Qy, ..., Qn HE3aBUCHMBIX MHa-
pamMeTpoB TPaeKTOPHH NpPH (GUKCHPOBAHHOH MOJeNIH IJIOTHOCTH arT-
Mocdeps u nocrosiHHoM Cp. 3aduxkcupyeM M mapamerpos, ompeje-
JSIOIUX OPOUTY CIyTHHKA, AaHHble O MJIOTHOCTH aTMOC(ephl MpPO3IK-
CTPANoONIUPyeM COIVIACHO KaKOH-JU00 MOIeNd (UCIoMb3ylolled naH-
Hble O TOPMOXKEHHH CIYTHUKOB NIPOCTOM KOH(HTI'YpalUH, AJs1 KOTOPBIX
HECYLIeCTBeHHbl HHM MOJEJNb OTPaXKEeHHOTO IMOTOKa, HU OpHEHTalHs
OTHOCHTE/JbHO LIEHTpa Macc), TOrga Heu3BeCTHOH BeJMUUHOH Gymer
Cp=f(t;, 8;, @m) — KO3b}HUUHEHT a3pOAUHAMHUECKOTO TOPMOXKEHHUS
(8;— yron aTaku K 3/71eMEHTY MOBEDXHOCTH, U3MEPEHHbIH B MOMEHT
BpPeMeHH tj, a, — Heu3BecTHHle 1, 2, ..., m mapamerpoB). MeTox ompe-
LeJEeHUs TIOCTOSAHHBIX KO3(Q(UIHUEHTOB aKKOMOZALUMH HMIYJ/bCa
(nByxmapamerpuueckass MoJesdb) Obi TIpemsoxeH asropoM [9] u
pa3BuBaercs 31ech A/ 6OJbLIEr0 yuc/ia HeM3BeCTHBIX IapaMeTpoB,
ONUCBHIBAIOIUX MOJe/Ib B3aUMONEHCTBUS NOTOKA C IIOBEPXHOCTBIO.
ITyctb B MOMeHT BpeMeHH f; UMeeTcsl HEKOTOpasi H3MepeHHast QyHK-
uust @; mapamerpoB Tpaekropuu. Ilpennonaraercs, 4o omUGKH HU3-
MEpEeHHH HOCAT B OCHOBHOM CJy4YalHBIA XapaKTep H NOAYHHSIOTCH
MHOTOMEpPHOMY HOPMaJIbHOMY 3aKOHY paclpenejJeHus ¢ Hy/JeBbM Ma-
TEMaTHYECKHM OXHIaHHeM H u3BecTHOH nucnepcueil. M36bTouHOCTD
H3MepeHUH ([0 CPaBHEHHIO C YHCJOM ONpeje/sieMblX TapaMeTpoB) U
CIyyaHHBIH XapaKrep UX OMHUOGOK NMO3BOJSIOT HCIOJIb30BAaThb METOJ
MaKCUMaJbHOIO npaBnomonobus aas o0paGoTKU HMeIoleHcss HH-
¢dopmauuu. Muiercs MUHEMYM CyMMBI

nq)._ ytvar m2
Q=2{’ flog i ;a)] ’ (14)
i

2
9;

rae (j=1, 2... n) —4UCIO 3KCIEPUMEHTAJbHBIX TOYEK; M — YHUCJIO
BapbHPyeMbIX NapaMeTpoB; w;=0; —Bec. Haxomutcs nabop napa-
MEeTpOB @y, Ay, ..., Am, IPH KOTOPOM dyHKIUS f(8;, ai, ..., Gm) Jyulle
BCEr'0 COOTBETCTBYeT JKCNepPHMEHTaJbHbIM 3HayeHusAM @; (omubku
U3MepeHHH KoopAuHaThl &; paBHbl 0;). HM3BecrHo, uto T;— 3aryxa-
HUe OpOUTaNbHOIO mepuHoja OOpalleHus CIyTHHKa, H3MepseMoe B
HEKOTOpble MOMEHTHl BPEMEHH f;, OHO MOXKeT ObITb BhIpaXKeHO Kak

T} = p(ha + MI*) K (0)) Cp; (8}, am), (15)

rae K(wj;) — 3HaueHUuss GYHKUHH OCKY/JIHPYIOUHX 3/JEMEHTOB OPOUTHI
H HEKOTOPBIX MOCTOSIHHBIX Ga/JJIMCTHYECKHX NapaMeTpPOB CIYTHHKA
(Bec, maomanb), KBa3UIOCTOSIHHbIE HA COCEAHHX Y4acCTKaX TPaeKTo-
pud; p(hn+AH*) — 3HaueHHs NJIOTHOCTH aTMoC(hepbl B HEKOTOPOH
okpectHocTH AH* nepuresi op6uthi ha; Cp;i(8j, am) — KoaddHUHEHT
a3pOINHAMHYECKOTO TOPMOXKEHHs CIyTHUKA, 3aBUCAILUH OT OpHeHTa-
udd (8;) 3/1eMEHTOB NMOBEPXHOCTH OTHOCHTENBHO BEKTOpPa CKOPOCTH
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Haberamlllero MOTOKa H HEH3BECTHBIX NAPAMETPOB @, XapaKTepH3y-
IOLHX B3aUMOJEHCTBYE MOTOKA C MaTePHA/IOM MOKDPBITHS.

B kauecTBe ¢yHkuuun @; B BoipaxeHuu (14) B3sATHI pesy/abTaThl
H3MepeHul opOuTH cyTHUKOB «Kocmoc-166» n «Kocmoc-230» {10]

®; = T;K (o)), (16)
a dynkuns f(¢;, 6;, ai, ..., am) MOXKeT GbITb mpelCTaBleHa B BHIAE
Px (hﬂi + }"H*) CD (611 afH)$ (17)

riae {j— BpeMs NPOXOXKJAEHHS CIYTHHKOM mepuresi opOuThl;, §;— yroJ
MEeXIy BEKTOPOM CKOPOCTH® H I — HOPMaJbl0 K 3JIEMEHTYy MOBepX-
HOCTH B MOMEHT BPEMeHH f;.

Opuenrauusi cnytHukoB «Kocmoc» ogHoocHasi — Ha Cosnue. Ko-
s¢pdunuent Cp ompefeseH coraacHo ¢Gopmy/naM, NpUBeIeHHBIM B
n. 3. 9TO COOTHOIIEHHEe SBJSETCS annpOKCHMALHOHHOH (OopMYyJIOH.
[Tpeamonoxum, 4to BXoAsiiue B BhlpaxkeHus AMast Cp KoadduuueH-
Thl aKKOMOJ LM HMITyJbCa 3aBHUCST OT YIJla aTaku §; Takum obpa-
30M, 4TO

0 = @, C0S @0}, 0y = a;sina,d;. (18)

[Tpn MuHnmuzauuu cymmbl (14) mnosnyyaem cucteMy HeMHHEHHBIX
ypaBHEHHH OTHOCHTENbHO MapaMeTpoB am, 0Q/0an,=0 (m=1-=4),
KOTOpasl pelraeTcss MeTooM Hauckope#mero crnycka. Ha puc. 4 npu-

6'17: 67

Puc. 4. CpaBHenune kKo3apduuuen-
TOB aKKOMOJAUMH HMMIYJbCa Cp On =
M Or T[ONYYEHHBIX UYHCIEHHBIM

MojenHpoBanueM [2], ¢ Benmun-  pp
HaMH On, Or, HalJIEeHHBIMH MeTO- ’
JIOM HaHMEHbIUMX KBajpaTOB MO

TOPMOXeHHI0 cnyTHUKoB «Koc- N\
moc-166»> u «Kocmoc-230» F N . \o‘,‘-

Ha pucyske mnpuBOAATCcs — 3HaueHus / \\ N
napaMeTpoB Gy < @4,  TOJNYYEHHBIX 04 / AN \\
npn MuHpMH3aumMd Q; a; = 1,084+ 0,04, / N \\
4= 1951 £ 0,63, ay= 173 = 0,04, L/ NN
a,= 0,735 = 0,105.
I —10 TODMOKEHHIO, 2 — YHCIeHHOe —_—

MOJA€JIHpORaHHE /3 1 1

T
AN

BeJleHbl MOJyYeHHble 3HAaueHHs Kod(pPHUUHEHTOB aKKOMOAAUHMH HM-
myJbca Mo TOpMOKeHHIO cnyTHHKOB «Kocmoc-166» n «Kocmoc-230»
npu momenau atmocdepsl CIRA-71. ComocraBieHHe 3THX BeJHUYHH C
JIaHHBIMH O Op, Oy, nonydeHHbIMH A. A. TIsipHnyy B pe3y/bTarte 4uC-
JIEHHOrO MOJEIHPOBaHHs B3aHMOAEHCTBHS MOTOKA C IV1afKOH MMOBEpX-
HOCTHIO, BBISIBJISIET OT/IHYHE, KOTOPOe MOXKeT ObiTb OOBbSICHEHO MNpH-
CYTCTBHEM Ha peasbHON MOBEPXHOCTH IEPOXOBATOCTH H aacopbupo-
BaHHBIX aTOMOB.
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3aKJaouyeHune

Paccmorpenne 3amaun MoAenHpoBaHHS KoadduuHeHTa a3poau-
HaMHYecKoro compoTuBieHdss Cp CIyTHHKA C ydeToM ero gaxkruuec-
KO OpHEHTAUHu A/ caydyass cBOOOAHO Bpallaiolierocs CIyTHHKa H
cJyyast cTaGHJIM3alH{ ABHXKEHHH CIYTHAKA OTHOCHTE/bHO LEHTpa
MacC yKasblBaeT Ha pas3jidue 3THX XapaKTepHCTHUK IJIs Pa3JIHYHBbIX
1unoB ABHXKeHUsI. OTKIOHEHHS OT cpefHero 3HaueHus: Cp npu pacue-
T€ MJIOTHOCTH aTMOC(ephl 0 TOPMOXKEHHI0 MOT'YT HCKaXKaThb aHalH3
BapHalUil IVIOTHOCTH. YTOUHEHHe CXeMbl B3aUMOAEHCTBUs (yueT an-
"cOp6UMH, MHKPOIIEPOXOBATOCTH) MOTOKa MOJIEKYJ C NOBEPXHOCTbIO
CIyTHHKA MO3BOJIUT OoJiee HaleXXHO OLEHUBATb aOCOJIOTHYIO BeJH-
YUHY Ko3(dHuLUHEeHTa aspOAUHAMHUECKOI0 COMPOTHBJEHHUS, a CJelo-
BaTeJbHO, U ompejesieHHe aTMoc(hepHbIX MapaMeTpoB.

ABTop cuuTaeT mpHATHHIM JoJroM mnobJaaromaputb M. 1. Mapo-
Ba 32 [peMJIOXKEHHYI0O TeMy HCC/IelIOBaHUs U BHUMaHHe K paborTe,
B. B. Beneukoro u M. B. Mac/eHHukoBa 3a LieHHble 3aMeYaHHs H 00-
cyxnenus, A. A. IIapHnyy 3a nosesHoe TBOpYeCKoe COTPYAHHUECTBO,
A. M. Andeposa u B. ®. Kameko 3a koncyabrauuy, B. M. Cununus-
Ha u WM. I'. XankeBuua 3a mpefocTaBleHHble JaHHBIE 10 OPHEHTANHU
¥ IABUXKeHHIO cnyTHUKOB «[IporoH-2», «ITpoTon-4» u «Kocmoc-166»,
«Kocmoc-230».

JUTEPATYPA

—

. B. B. Beaeyxuii, B. B. l'oaybxos, E. A. Crenanosa, H. I'. Xaykesuu. KocMuue-
cKHe HccaenoBanus, 1969, 7, 4, 522.

. A. A. aprnyy. TIMT®, 1970, Ne 2, 162.

. beseykuii B. B., 3muesckan I'. H.,, Mapos M. A. KocMHueckne  ucclaenoBa-

Hus, 1970, 8, 6.

B. B. Beseyxuii. JIBuikeHHe HCKYCCTBEHHOTO CMYTHHKAa OTHOCHTEJNBHO ILEHTpPA

mace. M., «<Hayka», 1965.

H. I'. Xayresuu. OnpeneseHne OpPHEHTAIHU HCKYCCTBEHHBIX CNYTHHKOB 3eMJH

no marautomerpuueckuM uamepenusu. Ilpenpunt UIIM AH CCCP, Ne 46, 1970.

. M. 5. Mapos, I'. H. 3muesckas, A. A. Iapunyy. Space Res., 1971, 11.

. I. H. 3muesckas, M. 1. Mapos, A. A. [1apunyy. Space Res., 1972, 12.

. A. A. Pyarnpuu, G. I. Zmievskaya. Fluid Dyn. Trans., pt 2, 1971, 6.

. I'. H. 3muesckan. Tpyael 3-i Bcec. KoH}. Mo AMHAMHKe Da3pPexeHHOro rasa.

Hosocu6upck, 1969.

I'. H. 3muesckas. Fluid Dyn. Trans., Pt 2, 1971, 6.

©CooNo; U s~ Wb

S



M. A. Jlertapes

MOAHP®HKALHUH
CTATHYECKUX IOH®PY3HOHHDBLIX MOJEJIEH
BEPXHEH ATMOC®EPbI SIKKHA

st npornosuposanus ABuxenns MC3 unau onpenenenus Bpe-
MeHH HX CYIeCTBOBaHUS HeoOXoAuMa MoJesib BepxHel aTMocdepsl
3emsH, KoTopasi KaK MOXKHO IIOJIHEe M TOYHee ONHChbIBajJa Obl ee
cBoiicTBa. [lyig TakuX 3ajay BaxKHO 3HATb 3HAaueHUS M MOBeJeHHe
OJHOTO M3 CTPYKTYPHBIX [1apaMeTpOB BepxHeil aTmocdepsl — IJIOT-
Hoctd. s 3anauy nporHosupoBanus ABuxeHuss MC3 Gonbuioe 3ua-
yeHue nmpuobperaroT Takue (aKTOph, KaK OLICTPOIEfiCTBHE H KOM-
MaKTHOCTb QJTOPUTMOB BBIYHCJEHHS MJOTHOCTH.

B Hacrosimee BpeMss HauboJee pacnpocTpaHeHHble H paspabo-
TaHHblE B Aa3DOHOMUH MOJeJH BepxHe# armochepr — MoAeJb
CIRA-65 [1] u craruueckue auddysuonnsle Monenn Skkua [2, 3].
Ho xak mexnyHapoaHas craHiapTHasi Moje/b BepxHell aTMocdepbl
CIRA-65, xotopas mpexacrasjeHa B TabJMYHOM BHJe, TAK H MOJENH
Slkkua, 3ananHble B opme aHpdepeHunaNbHBIX ypaBHeHHi, He OT-
BeyaloT TpeGOBAHUSAM KOMIAKTHOCTH H OBLICTPOJCHCTBHS.

UTo6bl yCTPaHUTb 3TH HENOCTAaTKH Mojesell SIkkua, moJydeHbl
Momu(dHKAUHUKW CTaTHuYeCKUX nUPGY3HOHHBIX MOjesell BepxHelh
armocdepsl Hkxua [2, 3] ns yno6GcrBa paccMOTpeHHs, Clenys
fIxkkua, BBeseM obo3HaueHus AJs ero mojaeseld. Mopenb, co3ganHas
B 1965 r. [2],— mozenb J65 u mopens, npenyoxenHas B 1970 r. [3],—
monennb J70.

1. Moauduxkauus Monean Bepxueit armochepwm J65

JuddysnoHHoe ypaBHeHHe B <CJyuyae CTAaTHYECKHX MojeJsiedt
Slkkua {2, 3] (mpu npennosoxeHuu o AUGGY3HOHHOM paBHOBECHHU
KOMIOOHEHT aTMocdepsl) A/ KaxXJOro i-ro KOMIOHeHTa aTMochepsl
HUMeeT BHJ

dn; m;g (2)

n; kT (2)

13

dT
dz — (L) (1)

A peuieHue BUAA

ni) = mi(2) {[7;—‘—()’] exp (— jres dz')}, @)

20

rle n; — KOHUEHTpaUusl; m; — MOJeKyJsipHasi WIH aToMHas Macca;
k — nocrosinnas bosablmana; 2 — BEICOTA HaJ MOBEPXHOCTbIO 3eMJIH,
a; — repMoAudPy3HOoHHBIE KOadduuMEHT; g(2) — YCKOpPEHHe CHJIbI
TSIKECTH. -
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Has remnepatypHoro nmpodunas Tx(z) Kyk [4], ucnonb3ys pe-
3yabrathl Beiitca [5] 1 Yonakepa [6], npounterpupoBas ypaBHeHHE
(1) 1 monyuus pelleHHe BHAA

1+0; +9;

—_— . ——1 _ a ——
@ =me) ) exp () 3
rie «KBasUrpajueHT» T U TeMIeparypHbi npoduJb paBHbI
1 dT
-1 (L Ty = Too {1 —aexp(—
=r—rala )= k= Too{l —aexp(—7L)},

reonoTeHlHaNdbHass BbICOTA { 3a4aeTCsl COOTHOLIEHHEM

[ E=2) (R+2)
(R+2)

a X03¢ U HEeHTbl PaBHBI

mg (2o)
Vi=—— a=1
ThT o

. Ty(20)
T,

00

’

R — paanyc 3emnH; To — 3K30chepHas Temmneparypa.

TemnepaTypHbll IpafiueHT Ha HUXHell rpaHule 2o=120 kxu Kyk
6pas u3 mMoaean J65:

daT
(TZ)M =T —T (@)1 S, 0
roe
T _ . — 800
S =0,0291 exp (——1—)@), X = 0 )
2 750 -+ 1,722.1074 (T ,, — 800)?
()

['paHuyHble yc/I0BUS Ha BHICOTE 2Zo==120 Kx U 3HAYEHHS MOCTOSHHBIX
BEJMYHH TaKXKe ObLIM B3siThl H3 Mofeau J65.

YrBepxnenue Kyka o tTom, uto ero pemenue (3) auddy3HoHHOro
ypaBueHnus (1) or/nyaercs ot uuc/JeHHOTro peHieHus JIKKua He GoJee
yeM Ha 2% B uHTepBaJe BbicoT 120—1000 Kx, mpu mpoBepke NOJ-
TBEPAHIOCH.

ITpennaraercs Gosee TOYHoe pelleHHe AUGGDY3HOHHOrO ypaBHe-
uus (1) supa

@ =z ([ L]

1+a; +9;
i (z—2) (R+zo)]}
exp |— v —r——=21,, 6
p [ i R4 (6)
rie TeMmepaTypHblll MPOPHIbL 3afaeTCs BbipaXKeHHeM
T(@) =To—[Te—T @)l exp[—7(z2—2,)], )
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a K03 QHIHEHTH PaBHHI
_mg (20)

wr_ '’

[ee]

=23,

i

npuueM S omnpenedsiercss cooTHouleHHeM (5). OTMeruM, uTo Temire-
patypubii npoduabr T(z) (7) sBaserca mnpobusem Mmomean J65.
HuxHue rpaHuyHBle YCJIOBHS .U 3HAYEHHs MOCTOSIHHBIX BeJHYHUH Oe-
pyTcs, xakK H B cJayuae peliedus Kyka, u3 wmomean J65.
Conocrasnenue TemneparypHoro npoguis moienu Kyka Tk (z) w#
npoduis momgenu J65 (7) caenan Yosxkep [6]. O mosyuus, yto aTH
TeMIeparypHble mpoduJau OTJIHYAlOTCA MeHee yeM Ha 1% Bo BceM
paccMaTpUBaeMOM [Hama3oHe BLICOT M TeMIeparyp.
IlnoTHOCTL aTMOc(ephl p ompenesisieTcsd BblpaxKeHHeM BHIA

0= 2 ni(z)mi.

Pemenve (6) siBasiercss npHOJIMKEHHBIM aHAJHTHYECKUM pellleHHeM
nuddysuonHoro ypasnenus (1). CpaBHenue pemenus (6) ¢ uucieH-
HBIM pellleHHeM JIKKHMA MOKa3aJo, 4YTO OTJIMYHe B IJIOTHOCTAX He Ipe-
BbilIaeT N0 a6CoJ/IOTHOH BeJquuuHe 19, 1Js cpefHed M MakcuMaJb-
HO BBICOKOM TeMmepaTyp To=1200 u 2100° K (mss1 uHTEpBasa BHICOT
200—1000 xm). ITpn MuHHMadbHO HU3KOH TeMnepaType To=650°K
3TO OTJHuHe NMo alCOJIOTHON BenuuuHe He npesocxogut 2%. s
BBICOTHOrO HHTepBaJa 120—200 xm moJyuyeHbl Clelylollde pe3yJb-
Tathl: 018 To=5650, 1200 n 2100° K oTJuuyue B NIJOTHOCTSAX He Ipe-
poimaet 1; 1,6 u 1,7% cooTBeTcTBEHHO.

Hrak, nmojyueHo npuHOMHKEHHOe aHaluTHYecKoe peleHue (6),
KOTOpOEe [JaeT OTJIHYHe OT YHCJIEHHOTO pelleHHs SIKKMa B 1Ba pasa
MeHbllle, YeM B caydyae pelieHusi Kyka npu MakcuMaJbHO BBICOKOM
M CpellHEM ypPOBHSAX COJIHEYHOH aKTHBHOCTH. DTO yMeHbIlleHHe oumub-
KH annpoKCHMAalUH CBSI3aHO C TeM, YTo O6paJicsi TOYHBIH TeMIeparyp-
Hbll poduIb MoJenn J65.

CrpoHutes chaemyiomas Monelb BepxHedl armocdepbl. [Ipoduab
IJIOTHOCTH 3ajaeTcs mpu momouu pemteHus (6) c yyerom (5). Ba-
pHALUH MJOTHOCTH p BepXHeH aTMocdepbl YUMTHIBAIOTCS NPH IOMO-
M BapHanuil sk3ocepHON TeMIepaTyphl, 3aJaHHBIX 3MIUPUYECKH-
MU ypaBHeHHsMH Mofesau J70. C Lesblo yMeHbIUHTb YHCJIO CBOOO-
HBIX ITapaMeTpoB MOJEJH Npeasiaraercs y4uThiBaTh CJeNyIOlle Ba-
pHalUUK TMJOTHOCTH BepXHelt aTMocdephi:

— BapuauuH, cB3aHHble ¢ l1-TeTHUM COJIHEYHBIM LHKJIOM;

— CyTOuHble BapHalLHH;

— moJIyrofoBble Bapuauuu [4, 7].

OTMmeTuM, Y4TO CYTOYHble BapHaUMH INIOTHOCTH H 3K30cepHO Tem-
mepaTypsl 3aBUCAT OT 4aCOBOTO COJHEYHOrO yIVIa, reorpacduyeckoi
IHPOTH! U ckJIoHeHHs CoJHua.

[Tpennaraercs C/AefyHOLIHH aJrOPHTM ONpEeNeJeHHs 3THX Iepe-
MEeHHBIX.
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Kak usBectHo [8, 9], uacoBoii coyqHeuHbli yron H ¥ CKJOHe-
Hue CoJsHna ¢ paBHBI

H=a,—ac
. [2=n
y  — ° 2 d—
0. = arctg {tg 23, °5sin [365( 80)]} ,

rie oo — npsMoe BocxoxaeHue MC3, ac —npsMoe BOCXOXKIEHHE
Counnua.

B cBoio ouepelb, a¢ 3afaercs ¢popmyoi [9]

ac=arcsin( c )
23,°5

Ilycte nosnoxenue MC3 B mpocTpaHCTBe ONpeleseH0 B OCKYJIH-
pylolux snemeHtax (p, q, k, i, Q, u), Toraa, cornacso [10], npamoe
Bocxoxaenne MC3 onpenensiercs no ¢opmyie

o, = Q- al‘ctg (tgu - COS l)s

rie Q -— I0roTa BOCXOISIIEro y3/na OpOUTHI; | — HaK/JOHeHHe OpOH-
Thl; 4 — apr'yMeHT LIHPOTHI.

BricoTa z Hal MOBEpPXHOCTbIO 3eM/IM M reorpaduueckas WHPOTA
@ ONpeNeIsIOTCS U3 CAeYIOLHX BbIpaKeHHH:

z=r—a(l —esin’u-sin®i)

@ = arcsin(sini-sinu),

Tlle r — pacCcTosiHUe OT LeHTpa 3eMad A0 CNyTHUKA, a — Gosblias
MONYyOCh  MEXAYHapOLHOTO 3eMHOro  3JJIMICOHAA; € -— CxKaTHe
3emiu.

Paccrosinue r onpene/sieTcsd H3BECTHBIM BblpaKeHHEeM

p
1+gcosu-+tksinu

rie p — GoKanbHbIA napaMerp; ¢, kK — KOMIOHeHTHl BeKTopa Jlamna-
ca [11].

C ue/nbio yn0BJIETBOPUTb TPeOOBAaHUAM KOMIIAKTHOCTH U GBHICTPO-
IeHCTBHA a/ITODHTMa ONpele/]eHHs NJIOTHOCTH W YMeHbIIHTb YHCJIO
cBOGOJIHBIX MapaMeTpoB MOJeJNH BepXHell aTMocdepsl He paccMaTpH-
Ba/ICb TaKHe BapHAUMH IVIOTHOCTH, KaK CE30HHO-IIMPOTHas BapHua-
UHs 0 B HHXHell TepMocdepe, KOTopasi JIerko yu4uThiBaeTcs Qopmy-
JaMu Monenu J70 ¥ BeJHuYMHA KOTODOH IO HAIIUM OUeHKaM He mpe-
BbilaeT 3% oT o6uleli MJIOTHOCTH BepXHel aTMocdepbl AJMs BBHICOTHI
npuMepHOo 200 Km, 6bICTPO yObIBAeT ¢ yBeJHUEHHEeM BBICOTHI M BbIlle
300 xm paBHa Hym0. He yuuTbiBasach TaKxXe M CE30HHO-UIMPOTHas
BapHalHs KOHLUEHTpauuu Treius (HAM TaK HasblBaeMoOe 3HMHee
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B3nythe renus) [3, 12], xoropyw ciaenyer yuurhiBath a1 MC3 Ha
NOJAPHBIX op6uTax AJs BeICOT Bhilie 500 K.

[Tocko/bKy HeT HOCTAaTOYHO XOPOIIEro NPOTHO3a eXKeIHEBHBIX
KoJieOaHHi TeOMarHUTHONR 1 COJIHEYHONH aKTHBHOCTH, TO Ha NMpPAaKTHKe
y4ecTb HX, MO-BHAMMOMY, HEBO3MOXKHO, €CJH HCIOJb30BaTh COOTHO-
IIEHUS 1JIs HUX, peKoMeHayemble Mofenbto J70. ITosromy 3tu kKoJe-
OaHus TaKXKe He YUHTHIBAJIHCD.

2. Moauduxkauus Moaeau BepxHeit atMoctepn J70

B nocnenHue romwl mosiBuaMCh paborel (Hampumep, [13—15]) no
OTpeJleJIeHHIO IJIOTHOCTH BepXHeli atrMocdepbl Ha OCHOBE H3yueHHs
napamerpoB TopMoxkeHus MC3 npas Bbicor Huxke 200 xm.

SIkkua, yursl HegocTaTku Monesu J65 (noxpoOGHO UM pacCMOTpeH-
Hble B pa6ore {16]) u akryasabHOCTb BBICOT HHXKe 200 KM, IPEAJTOKHUI
craTuyeckylo AM(QysHOHHYI0 MopxeJb BepxHel armocdepwl J70 [3],
KoTopas GoJlee HaJeXKHO NMpPeACTaB/AseT MIOTHOCTb Ha BHICOTAX HHKE
200 xm ¥ NJIOTHOCTH BO BCEM paccMaTpHBAaEMOM BBICOTHOM, HHTEp-
BaJie B IIEPHOL MAKCHMYMa COJIHEUHOM aKTHBHOCTH.

st atux ueseit B momeau J70 HUXKHHe TPaHHYHBIE YCJIOBHS 3a-
naBanucb Ha BbicoTe 90 xm (Bmecto 120 xm B mMomenu J65), Gpa-
Jgoch Gosee Bbicokoe ortHoweHue n(0)/n(0Oz) Ha 120 km, yeM B MO-
nenu J65, u BBeleH HOBBIH KOMMNOHEHT aTMoctepbl — aprod. Temme-
parypHbii npoduab T (z) u TemmeparypHbift rpagHeHt G, (ua
BHICOTE 2= 125 M) B MOILeJIH J70 3amaBanuch CJCAYIOLIHMMH:

T@) =Ty + Aarctg 1— (—2)[1 +B(z—2)" } (8)
¥
G, =19 Tﬁiﬁ, )
2, —2
rae
=— (Too —Ty)

u ko3¢ duunenTh paBubl: To=185°K, n=2,5, B=4,5-10"% (mas 2
B KWJOMETpax), nmpuueM 3HaueHue teMmepatypbl I, Ha BbLICOTE 2y
paBHO Ty=444,3807+0,02385 T'o — 392,8292 exp (—0,0021357 Tw).

B paccmarpuBaeMOM Quana3oHe BbICOT MPHUMEHHMO AUPODY3HOH-
Hoe ypaBHeHue (1) u ero pemreHue (2). C uenapl0 yXOBJIETBOPeHHS
YKa3aHHBIM Bblllle TPeOGOBAHHUAM KOMMAKTHOCTH M OBICTpOAEHCTBHS
‘aJIrOpUTMAa Ompefe/eHHsl MJIOTHOCTH TOCTPOUM PsN MOJAesNeH Bepx-
Heli aTMocdepbl, aNNPOKCHMUPYIOUHX YHCJIEHHOE pelleHHe MOJeNH
J70, ¥ cpaBHHM HX.

Mopeanb 1. Mopndukauus mopean Kyka. Mcmosbayercsi temne-
parypubifi npodunb Tk (2) Kyka [4] u Tounoe pemenune (3) nudpoy-
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3HOHHOTO ypaBileHus (1), npuuem napamerp T B 3TOM cJayuae Gepercs
paBHBIM

T=—"—. (10)

Monean 11. Moaudukauus mopenn J70. IIpumeHsiercss npuG/Iu-
XeHHoe aHaJuTHyYecKoe peuleHue (6) auddYy3HOHHOTO ypaBHeHHUS
(1), a reMnepatypHbiii npoduab Gepercss u3 Mozxeau J70 (8), mapa-
MeTp T ompejeJsiercss cootHomeHHem (10).

Mopean I11. TpuGanKeHHoe aHAJINTHYECKOE pellleHHE MOJEJH
J70. Hcnonbayercsa mnpuGiHKeHHOe aHajautHueckoe peureHne (6),
tTeMmneparypHuiii npoduab (8), a B KauecTBe napaMerpa T Gepercs

rne S B3sto u3 (5).

Mopnean 1V. TIpumMeHsieTcss npUGIHKEHHOEe aHAJUTHUYECKOE pelle-
Hue (6) c TeMmepaTypHBIM mpoduaem (8) a napamerp t=S, rue
S monyuaercss u3 coornomenus (5).

Hnsi yerbipex 3HaueHWH 3K30chepHbIX TeMnepaTyp T, PaBHBIX
2000, 1700, 1200, 600° K, xoTopbie 0XBaTHIBAIOT BECh AHANAa30H H3Me-
HeHUSl T, U ANsT HauGOJee UHTEPECHOrO C TOUKH 3PEHUS] MPAKTHKH
BBICOTHOTO HHTepBana 125—500 K# npoBOJAUJIOCH CpaBHeHHEe MPOGH-
JeH TJIOTHOCTH - Mofeseli I—IV ¢ uHc/eHHBIMH NPOGHASAMH MJIOT-
HOCTH (IJIs1 TeX XKe 3K30C(epHBIX TeMIepartyp), NMOJydeHHbIMH JIK-
kua [3].

HuxHue rpaHuuHble YCJIOBHSI Ha BbICOTE 2,=125 km I KaxX-
no#i sk3octhepHO# TeMmepaTyphl T M3 pacCMaTpHBaeMBIX uYeTbipex
Hpanuch U3 tabauy moxeau J70.

PesysnbraThl cpaBHeHHsl mpeacTaBieHbl B TabJHle, rae BeJHYHHBI

z P20 z

max(p” )100% " max(T7°T )100%
70

Lal0T OTKJIOHEHHS MOJe/NbHblX 3HAYeHHH IUVIOTHOCTH p H TeMmIepa-
Typbl T oT mpoduisi pr ¥ OT TeMneparypHoro npoduas Tz, momy-
YeHHBIX YUCJEeHHbIM pellieHHeM Mojneau J70 camum §lkkua.
Hcnonb3yst coorHomenuss moneau J70, onuchBamlLite noayrojpo-
Bble, CyTOYHble KojJe6aHHSl U KojeOaHHsI C COJHEYHBIM LHKJIOM,
C y4eTOM CPEIHHX FeOMarHUTHBIX yCJOBHH OLleHEHbl MaKCHMaJbHble
3HaueHHUsl 3K30C(hepHBIX TemMnepatyp I« AJs Tpex YpPOBHel CoOJHed-
HOH aKTHBHOCTH. /I ypOBHS MHUHHMAQJbHO HHU3KOH COJIHEYHOH aK-

THUBHOCTH Fj07=70 3kK30chepHas temnepatypa Tw=~900°K, npu
cperHeM ypoBHe Fo7=160 Tow21300°K 1 npu MakcuMasbHO BBICO-
KOM ypoBHe Fio7=240 nonyuniu Te~1700°K.
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CpaBHenune MoeJbHBIX NPodUaeH MNJIOTHOCTH W TeMNepaTyphl
¢ npoduasMH NJAOTHOCTH H Temuepatyphl mojeau J70

max | P,o—P max( T,o—T
roook | Mogens z('—_";n ) 100 9% z(_T,., ) 100 %
(200, 500 xm) I (125, 200 km) (200, 500 xm) I (125, 200 xm)
I 420 — 4 +10 +9
II +-25 +-20 0 0
2000 11 +10 + 5 0 0
aY —10 +15 0 0
J65 430 425 + 1 —5
I 413 -3 + 6 +7
II 18 15 0 0
1700 111 i 2 it 0 0
v —18 —18 0 0
J65 415 +18 — 4 —8
[ +5 + 4 + 1 +4
II 5 8 0 0
1200 11 im __}: 7 0 0
v —25 —30 0 0
J65 + 5 + 5 — 6 —7
I — 5 + 3 — 2 —2,5
I —11 + 6 0 0
60J 111 + 5 +8 0 0
v +10 +16 0 0
700 J65 + 8 —16 — 2 +6

Hrak, temneparypHblil uHTepBan (600—1700°) oxBaThiBaer Bechb
1Mana3oH HU3MeHeHHs COJHEYHON aKTHBHOCTH, €C/IM Mbl He YUYHTHI-
BaeM reOMAarHHTHble BO3MYIIEHHS U eXelHeBHble KoseGaHUs COMTHEeY-
HOH aKTHBHOCTH.

Paccmorpenne pe3ynbraToB TaGJHIbl NPUBOAUT K CIAEAYIOMIUM
BolBofaM. ns BeicotHoro nauamasona (200—500 xkm) maoTHOCTH
moienu J70 nmpeBbllIAIOT MJIOTHOCTH MOJend J65 mpu MaKCHMaJsbHO
BBICOKOH 3K30cdepHoit Temmepatype T»=2000°K u mpu BbICOKOW
sk3ocepHolt Temmnepatype To=1700°K Ha 30 u 159 coorseT-
CTBEHHO.

Xors remneparypHble NpoQUIM 3THX MOIeJeH OTJHYAITCs He
Gosee ueM Ha *=1 U —4Y% COOTBETCTBEHHO, YBEJHUEHHE OTHOIIEHUS
koHuextpauuit n(0)/n(0;z) na 120 km B moneau J70 U npuseso
ONHCAaHHOMY Bblllle PAaCXOXKAEHUIO mIoTHOcTeH. [Ipu cpexHeldr U Mu-
HHMaJbHO HHM3KOH COJHEYHOH AKTHBHOCTSX OTKJIOHEHHsS MOJEJbHBIX
npodusell MJOTHOCTH (B caydae J65) He mpesbimawor 5 u 8% coor-

BETCTBEHHO.
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Has nuanaszona Beicor (200—500 xm) W B TeMnepaTypHOM HH-
tepBaste (600—1700°K) momenr III maer MakcHManabHYH OWHOKY
annpoKCHUMAaluH, He NpeBblIlalouyo no abconotHoi Benuunte 10%,
a Mmopmeap | — makcuManbHyl0 1o aOCOJNIOTHOH Be/JMuYHHE OIIHGKY
anmpokcumauuu He Gosee 13Y%, mpuuem 3Ta omHGKa JAOCTHraeTr
makcumyMa 1pu To=1700° K. Moznesb | B 3ToM Ke nuamasone BH-
cor 1 npu To=1200—600° K naer MakcuMaabHyIO OUIUGKY ammpo-
kcuManuu He GoJsee 5%. s nuanazona BbicoT (125—200 xkm) u
ass uHTepBata Temneparyp I«=1700—600° K xopomywo annpokcH-
Maluio AapT Modedb | — maxcumanbHaa omubka 4% W Mopenb
[11 — makcumanpHas omubka 8%.

Kak nsBectHo, Goabuas yactb gavubix (mo {17] npumepro 909%)
0 MJIOTHOCTH moJydeHa no topmoxenuto MC3. Ilostomy kKak B cay-
yae mMonenu J65, Tak, mo-BUAUMOMY, U B ciydyae Momean J70 SIkkua
pH TOCTPOEHHH 3THX MOJEJ]eH HCNo/b30Baj AaHHble O IVIOTHOCTH,
moJyueHHble o TopMoxenuio MC3, npuuem B 3TOM ciyyae oWIHGKH
B NJIOTHOCTAAX (CTAHZApTHOE OTKJOHEHHE) COCTaBJSIOT NMPUMEPHO
*+10% [13—15, 18, 19]. CnenoBate/bHO, OIKGKH aNmpoOKCHMALHH,
naBaemble wmogmenasamu | u III, HaxomsTcs, BeposiTHO, B mpenesax
OIINGOK (CTAaHAAPTHBIX OTKJIOHEHHH) TIJIOTHOCTeH Mopened J65 u
J70. ‘

Ias npornosupoBanus asuxenus MC3 pekoMeHayercss HCNoJb-
30BaTh CJelylollhe NMOCTPOeHHble MOAeJH, a HMeHHo: Mojenap III
ans uHtepBana BbicoT 200—500 km u Mozmeab I I/1s uHTepBasa BHI-
cor 125—200 xm ¢ yyeToM mOJYrofOBBIX BapHalHH, CyTOYHbIX Ba-
pHanuii ¥ BapHauUi € COJHEYHBIM LUKJAOM (IpH CpelHeM YpOBHe
reoMarHuTHOA aKTHBHOCTH).

Has nuanasona Beicor 200—1000 xx pekoMeHnyeTcs TakKe MpH-
MeHSITb MOJNyYeHHYI0 MOAHGHKalHo Mojenu J65, B ciyyae KoTopoi
NpOCTO 3aflaBaTh HHXKHHE IpaHHUYHble ycnoBHsi. MopenbHbie 3Haue-
HUSl TVIOTHOCTH, JaBaemble €l0, NPOBEpPEeHbl MHOI'MMH aBTODaMH B
CPaBHEHHH C JAHHBIMH O MJIOTHOCTH mo TopMoxenuio MC3. Hampu-
Mep, cpaBHeHHe, npoBeneHHoe Maposbim [20], 3HaueHHi NMJIOTHOCTH,
MOJY4YeHHBIX UM (B Mepuoj ry6oKOro MHHHUMyMa COJHEYHOH aKTHB-
HocTH) mo TopmoxeHuio coBerckux MC3, ¢ mMomenbio J65 npu Tew=
=700° K, nokasano xopollee cornacHe, KOTOpoe B Caydae MOAEIH
J70 Gynmer xyxe.

Agrop 6narogapur @. 1. ITerpoBckoro 3a BHUMaHue K pabore.
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YK 629.761.78

AHanu3 TpaexkTopuii mepenera c MCHOJNb3OBAHHEM TIpaBUTalMOHKOro moas lOnutepa.
Baxwusau B. U, Xasencon H. T, dnbsac6epr II. E. C6. «[Ipuknanibie
3aflayn KOCMHYeckOoH OannucTHku». M., «Hayka», 1973, ctp. 3.

Hccnenyloress Tpaektopud KA © HCNOJAb30BaHHEM FPAaBHTALHOHHOTO moasi IOnuTepa
C Lenblo MpoJieTa B HENOCPeACTBEHHOH 6au30ocTH oT COJHUA M BBIXOAA H3 IJIOCKOCTH
IK/JIHNTHKH. Bbi6HpalOTCA ONTHMAaJdbHble HOMHHAJbHBIE TPAEKTOPHH C HAKJIOHEHHEM K
NJIOCKOCTH 3KJHNTHKH (rnocsae nponera IOnurtepa), pasabiM 90°, M 3amaHHBIM pacCTOsi-
HHEM B NepurejiuH. M3yualoTcsi BO3MOXHOCTH OGHapyxeHuss KA nocie motepd pamdo-
CBSI3H ¢ HUM npH o6jere lOnurepa.

Ta6a. 2, 6u6a. 3 Ha3B.

YK 629.78.076

Kopupopsl Bxoaa B atMocdepy miaHeT NpH NpoBefleHMH MaHeBpa 3axnata KOCMHYe-
CKOro anmapara a3pojMHAMHYECKHM TopMoXenueM. D HcmoH T H. A C6. «[Ipuknan-
Hble 3ajauyd KOoCcMHueckol OGannaucTuxku». M., «Hayka», 1973, crp. 1L

B craTbe aHanM3MPYKTCS BO3MOMHOCTH NepeBoja KA ¢ noamjernod rumepGosuye-
CKOH TpaeKTOpHH Ha OPOGHTH CIYTHHKOB IJIaHeT ¢ TMOMOIIbIO a3pOAHHAMHUYECKOT0o
TOpDMOXeHusi B aTMocdepe mnaaser. [Ipuy 3ToM OMNpeAenslOTcs pacnoJjaraeMble KODH-
AOPBl BXOAa B 3aBHCHMOCTH OT a3poAMHAMHYECKHX XapaKTepucTHK almapaTta W napa-
METPOB MOAJETHbIX TpPaekTOPHH. JlaloTcsi OUEHKH BO3MOXHOCTeH OCYIUECTBJEHHA Ma-
HeBPOB Mepexojaa B 3aBHCHMOCTH' OT MOTPELIHOCTH ONpeneJeHHs MOIJEeTHOH TPAeLK-
TOPHUH.

Wan. 7, 6u6a. 11 Hass.

YK 681.3.001.14

06 yueTe napaanakca JajfieKOro HCKYCCTBEHHOro KOCMHYeCcKoro o6mbekTa. B e e H-
ko B. M., Wuaxuua 3. C. C6. «[Ipukaagdele 3amayd KOCMHUECKOH 6aaHCTH-
ku». M., «Hayka», 1973, crp. 22.

OnucebipaloTcsi MpocTefiliMe BBIYHC/IHTENbHBIE CXEMbl Npeo6pPa3oBaHUs cdepPHUYCCKUX
KOOpAHHAT OGDbeKTa, HaXoNsALlerocs Ha 3HAYHTEJAbHOM YAAJEHUH OT 3eMJM, MpU H3-
MEHEHHH [MOJIoXKeHHs Ha6JIofeHHsl Ha ée mMOBepXHOCTH. OneHuBaeTcs BO3MOXHOCTH
HX HCMOJB30BAaHUS AJS NepefayH KOOpAMHAT OGbEKTa H3 OAHOro NYHKTa Ha6aoaeHHH
B ApYro#.

Ta6a. 1, 6u6a. 2 Ha3B.

YK 629.78.076

AnocTepHODHbI aaroput™ (HUABTPALMM MelUAIMUX NAPAMETPOB TNpH ABTOHOMHO#H
KocMuyeckoi Hasuraumn. Mepcos I. A, C6. «[IpukaajfHble 3agayd KOCMHYeCKOH
6annucTuku». M., «Hayka», 1973, crtp. 26.

B crarThe OLEHHBAIOTCH HABHTAIMOHHbIE MapaMeTPsl MO H3MeDEHHUSIM BEJIMYHH, 3a-
BHCALMX JHHEAHO Kak OT HaBHI'alHOHHBIX MapaMeTpoB, TaK H OT NapaMeTpoB, HeEIo-
CPeACTBEHHO He MCMoJAb3yeMbiX MPH HaBHrauud. B ToMm caydae, Korama mMpHHSTbIE pac-
4eTHple BeJHYHHBI 3THX [1apaMeTPOB OTJAHHAITCS OT HMX HCTHHHBIX BEJHYHH, OLEHKH
MOTyT OKa3aTbCSl CMeLleHHbIMH. BeJHYHHB 3THX OTKJOHEHHA Ha3BaHbl B CTaTbe Me-
WAKMWHUME apaMeTpaMH. YCTPaHEHHS CMCUICHHS OIGHOK MOMKHO MAOCTHYbL COBMECT-
HbIM OUEHHBAHHEM HABHIANMOHHBIX M MellawIlUX mapamerpos. [lpeajaraercs ajaro-
PHTM, TNO3BOJSIOMWHA yMEHbWHTh AHCIEPCHH ONEHOK HAaBUTALUOHHBIX llapaMeTposB.
B coorBeTcTBMHM C aJNropuTMoM Mellalouluil mapaMeTp oleddBaeTcsi B TOM clyyae,
KOrAa BeJMYHHa ero OLEHKd [0 MOAYMI0 IIpeBblllaeT NPHHSATYIO BEJIHYHMHY TMOpora.
B cayyae paBHOMEPHOro pachnpefefeHHss MeEIIalooUlUX MapaMeTPOB, BeJHYHHBI KOTODhIX
He PaBHBI HYJIIO, B CTaTbe MPHBEAEHbl Pe3yJbTaThl PacyeTOB, WIIOCTpHpYoulte 3ddex-
THBHOCTb MPUMEHEHHs] aJrOpUTMa.

Han. 2, 6u6a. 6 nass.

YK 629.78.076.6

MeToap!l onpejedeHHs W NPOrHo3upoBauus opGur HC3 mpu Haldudup norpeliHocTei
B MaTeMaTHYeCKOM ONHCAHMHM ABHKeHus. Hasapenko A. H, Mapko-
pa JI. I. C6. «[Ipuknagnbie 3aaayd KocMHuecKoH GasaucTHKH». M., «Hayka», 1973.
crp. 36.

PaccMmaTtpuBaeTcsi 3amaya OfpefesieHHss H IPOrHO3MPOBAHHMSl MapaMeT[0OB TpaekK-
toput MC3 no u3MepeHUssM B YCJHOBHSAX, KOrAa NepBble YacTH HHTErPHpYEMbIX Ypas-
HEeHHH JBHXKEHHsI BBIYMCASIOTCS NpPHGAMXKeHHO. HeyuTeHusle BO3MYyllaolHe CHJbI
MPHHUMAIKOTCS TaycCoBbIM CJyYalHBIM NpoueccoM o6iero BHaa. Ha ocsoBe npuMe-
HeHUSl KDHTepDHSI MaKCHMyMa amoCTeDHOPHOR BEDOSATHOCTH MOCTPOEHO JABa METOAd
ofpeje/eHus OLEHOK MapaMeTPOB TpaeKTopHH. [TepBbl MeTOA OCHOBAH Ha COBMECTHOH
06paboTKe HMeIIKXCcA H3MepeHHH. BTopoM MeToj, XapakTepHbIH Mocjael0BaTe/bHON
(PeKyppeHTHOH) TNpoueaypo# MOJAYUeHdsl OLEHOK, SBasieTcst OGoGlieHHeM H3BECTHOro
aaroputma ouabTpanin Kanamana — Butocu. [IpoBencHO 'cpaBHeHHe M ToKa3aHa TOXK-
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JeCTBEHHOCTb OGOMX MeTol0B. MccienoBaH TakMXe [MOAXOJA K pElUGHHIO MOCTaBJAEHHOR
3a7ayd, OCHOBaHHbIH Ha BBeLEHHUM MONOIHHTEJLHBIX YTOUHSCMBIX MapaMeTpoOB M pac-
LYPEeHHH BEKTOPa COCTOSIHHS.

Ta6a. 1, 6u6a. 10 HasB..

YIK 525.7

K cTaTHcTHuYecKOMY aHalu3y CpeAHecYTOYHbIx (ayKkryauuii nmapamerpoB LGepxHel ar-
mocheput 3eman. Ueptonpyn B. E. C6. «[Ipuknanusie 3alayd KOCMuuecKoH Gadu-
JTUCTHKH» . M., «Hayxka», 1973, ctp. 68.

OG6cyXaawTcsi cTaTHCTHUECKHe CBOMCTBAa OTKJHMKA MapaGoJMYeCKOr0 ypaBHeHHs LA%
MaJsbiX CpeIHEeCYTOMHBbIX TeMMepaTypHbhXx GuaykTyaun#t B HeHTpanbHOH aTMocdepe.
OnucbiBaeTcs] METOAMKa MOJYYEHHS KOPPeNSIMHOHHBIX (PYHKUHH OTK/JHKA YKa3aHHOTo
ypaBHeHHsI Ha Oejbli WIyM H B KOHEYHOM cCueTe Ha CTalHOHApHble BO3JeHCTBHS C
3ajnaHHOlt aBTOoKOppeasinMoHHol ¢QyHkune#t, B kavectBe npuMepoB NPHUBOAATCS pac-
npepeacHue Aucrnepcuu GAYKTyalHE c BbICOTOH M onpepenexue Gaykryauud B TOp-
MOXEHHH CNYTHHKA, BBI3BAHHBIX BAapHALMSIMH MACKOrO COJHEYHOTO peHTreHa AA40—

100A. OG6cyxnaeTcsi NMOCTaHOBKAa oGpaTHOM 3amavyM — MOJy4eHHE XapPAKTEPHCTHK HC-

TOYHHKA GayxTyauu#l (r. e. uabopManuu o wupuxe, 3pdexTHBHOR BbICOTE M BEpTH-

KaJbHOM mpoduie NOTrNOIUEHHsI MEepeMEHHOro H3JNy4YeHHs H T. M) MO CTaTHCTHYECKUM

cBofictBaM GayKTyalHil B TOPMOXeHMH CNYTHHKAa H BapHaud¥ HHIEKcOB aKTHBHOCTH.
Ta6a. 4, uan. 5, 6u6a. 43 Ha3s.

YK 523.4

OueHKa TOYHOCTH TMPOTHO3HPOBAHMA KOPOTKOMEPHOAWYECKHX H3MEHEHHH NJOTHOCTH aT-
Mocdepl. BoiikoBckuit M. U, Boankos U. U, F'psisen H. M., KyraeHn-
ko B. B, Cuuunwmu B, M., dabsic6epr TI. E. C6. «ITpuknamueic 3azauu
KocMHuecko#t Gannuctuku». M., «Hayka», 1973, ctp. 93.

B craTbe oueHHBaeTCs BO3MOXKHAasi TOUHOCTb NMPOTHO3HPOBAHHS KODOTKOMEpHOAHYE-
CKMX H3MeHeHHH IJIOTHOCTH aTMOCGepbl, KOPPeNHPYIOUIHX C HHTEHCHBHOCTbIO COJIHed-
HOTO paJdHOH3JyYeHHss HaA BoJHe 10,7 ¢ H HHAEKCAMH TI'eOMarHATHOH BO3MYILEHHOCTH.
PaccmarpuBaeMasi AJIMTEJNbHOCTb HHTEPBAJIOB TIPOrHO3a — OT HECKOJbLKHX 4acoB J0
3 cyrok. INpuBoasiTcss TaGaunsl W rpadukH, NO3BONSIOIIKE OUEHUTHL BO3MOXHbBbIE OLIHG-
KH pacgeTa NJIOTHOCTH B HHTepBaJe BbicOT 150—350 xa.

Ta6n. 3, nan. 1, 6u6a. 3 Hass.

YOK 525.7

Moayronosbie BapHaluUu MJIOTHOCTH aTMocdepbi Ha RbicoTax 200—300 X#. A d e-
po Bl%% M. C6. «[IpukaanHble 3afa4n KOCMHYeCKOH GaanucTHku». M., «Hayka», 1973.
cTp. g

OGCcyXIalOTCsi HeKOTOpble Pe3yabTaThl aHaNH3d BapHaUMi NJOTHOCTH aTMOcheps!
C MOJNYrojOBbIM INEPHOAOM, MNOJYYeHHble MO JaHHLIM O TopMoXeHuun MC3 «Kocmoc»
3a mepuox 1960—1970 rr. ComocTaBjeHUMe BEKOBOTO XO0/a HHTEHCHBHOCTH MOJYTONOBbLIX
Bapualui NJIOTHOCTH M ll-JleTHero LHKJAAa CONHEYHON AKTHBHOCTH MOKa3biBaeT, YTO
aMIIUTYa W XapakTep HaGJlOfaeMbIX BapHallHii 3aBHCAT He TOJBLKO OT YDPOBHS COJ-
HeYHOH AaKTHBHOCTH, HO M OT paclpelesCHHUss OYaroB AaKIHBHOCTH MO TeJHOLIHPOTaM.
Wna. 5, 6u6n. 19 Hass.

YK 533.6 : 629.78

A3spoauHAMHKa CNYTHHKOB W OMpejeleHHe napamMeTrpoB B3amMOAedCTBua moToka ¢ mo-
BEPXHOCTBIO MO TOPMOXeHHI0O B BepxHel armochepe 3eman HC3 <«Kocmoc-166»
H «Kocmoc-230». 3mMuenckasn [ U C6. «[IpukaanHble 3agayd KOCMHYeckoH Gai-
aucTukH» . M., «Hayka», 1973, ctp. 120.

PaccmarpHBaeTc BO3MOXHOCTb YCTOYHEHHS BapHalHil NMJIOTHOCTH aTMocdephbl, Of-
pelensieMbiX MO TODMOXEHHIO CHYTHHKOB CJOXHOH KoHdHrypanud. YyuTelBaeicss dak-
THYeCKast OPHeHTaLHs MOBEPXHOCTH CIyTHHKOB «IIpoToH-2», «[IpoToH-4» u «KocMoc-166»,
«KocMoc-230» OTHOCHTeJNBbHO BeKTOpa CKOPOCTH HaGeraollero IOTOKAa NMpHM HX JABHXKe-
HHH B atMocdepe 3emaun. Ilpu pacyerax Ko3¢pPHIHEHTOB a3pOJLHHAMHYECKOro CONpO-
THBNeHHss Cp 3THX CHNYTHMKOB HCMOJIb2YIOTCS DPe3YJNLTaThl YHCJIEHHOrO MOJeJHpOBaHHS

B3aHMOJEHCTBUSI NOTOKA C MOBEPXHOCTbIO. MogenupyeMble KO3((HUHEHTBI aKKOMOJa-
MM MMNyJAbCca 3aBHCAT OT yraa MaleHHs, CKOPOCTH, cocTaBa HaGerawllero MOTOKaA,
a TakXe OT CBOHCTB MaTepHaja NOKPBITHA CNyTHHKA. [IpHBOLATCS OLEHKH TOYHOCTH
pacyeta Cp. INpepsioxeHHass MeTOXMKA YTOYHEHHs A3DOJIHHAMHYECKOIO COMPOTHBIEHHS

CIYTHHKOB C H3BecTHOH (akTH4YeCKOH OpueHTallHeH MOJKeT MOBBICHTb TOUHOCTb OINpene-
JNeHHuss aTMOChepHOH MJIOTHOCTH 1O TOpMOXeHuio. [To naHHBIM O 3aTyxaHHM OpGHTaJb-
HOTO TOPMOXeHHSI CNyTHHKOB «KocMoc-166», u «KocMoc-230» B HpPEANMOJNOMKEHHH H0-
CTOBEPHOCTH MoJedu aTMocdephl MeTOAOM HAaHMEHbLWIHX KBaJapaTOB MOTYT ObITb Ha#-
neHbl MapaMeTphbl B3aUMOAEACTBHS MOTOKA C MOBEPXHOCTbHIO.

Hnn. 4, 6u6a. 10 nass.
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YAK 525.7

Moaudukauuu cratuueckux AHGdy3noHnbix momened BepxHedl aTrMocdepn SAKKHA.
Jdertapep M. A. C6. «[IpuknasHbie 3anauyn KOCMHYecKOM GaJJHCTHKH». M.,

«Hayka», 1973, crp. 131.

IMonyyenbl Monudpukauuu craTHyeckHx AHPY3HOHHBIX Mogmenell BepxHeH aTMocde-
pbl SIkkua. TIpum moMolln 5THX MoOAHOMHLAUMHA HOCTPOEHB! AJrOPHTMBI ONpefeleHHs
NJIOTHOCTH BepxHef aTMocdepb!, KOTOpble YAOBNETBOPSIOT TPeGOBAHMUSIM KOMIAKTHOCTH
U ObicTponedcTBus. [Js 3ajlay NMporHo3upoBaHust nBMeHuss MC3 oneHuBaercs ueJe-
c006pa3HOCTh yyera Pa3/MYHBIX THMOB KoMeGaHHWH MJOTHOCTH. CPaBHHBAIOTCS TIPOQHIH
NJOTHOCTH H TeMNlepaTyphl CTaTHYeCKHX Mojfened SIkKua.

Ta6a. 1. 6u6a. 20 Ha3B.
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