YK 621.396
B.B.YCIIEHCKHH, kana.texH.Hayk; H.A. BATMYT, HTY «XIIN»

VIPOUIEHUE MO/JIEJIA OIIMBEOK WHEPITUAJILHOM
HABUT'AIIMU ITPU PA3JIMYHBIX BUJAX JIBUXKXEHUA
JIETATEJBHOTI'O AIIITAPATA

JlocnimKyBaTH CHOCTEPEKYBaHICTh IHCTPYMEHTAIbHUX MOXHOOK uyTnuBHuX enemeHTiB (YE) Oesmnar-
¢opmHoi iHepuianpHOI HaBiraniitnoi cuctemu (BIHC) 6e3 criponieHHs BHXiTHOT MOJENi TOMUIIOK iHEp-
HiaNbHOT HaBiramil MPakTUYHO HEMOKIIMBO. Y TOM K€ 4ac € MPHIYLICHHS, IO MPH NEBHUX MaHEBPax
TiTAIBHOTO anapara AedkuMu noxuokamu YE MoxxHa Oye 3HEBaXHUTH, i OTXKE OZIepKATH OiNIbII MPOCTI
mozeni nmomuinok BIHC. Tomy cTaHOBUTH MPAaKTHYHHUN 1HTEpEC OJEpKaTH CIPOLIECHI MOJEN TTOMUIIOK
BIHC, npuaatHi /Uit HACTYITHOTO aHaJi3y CIIOCTEPEXYBAHOCTI iHCTpyMeHTalnbHNX moxuook YE.

To research observability of tool errors of sensitive elements strapdown inertial navigating system with-
out simplification of initial model of errors of strapdown inertial navigating system it is practically im-
possible. At the same time there is an assumption, that at the certain maneuvers of the air flying device,
corresponding errors of sensitive elements can be neglected and therefore will be possible to receive
much more simple models of errors of strapdown inertial navigating system. Therefore represents prac-
tical interest to receive the simplified models of errors of strapdown inertial navigating system suitable
for the subsequent analysis tool errors of sensitive elements observability.

IocTranoBka npo6Jemsl. [Ipu mccrnenoBannM HAOMIOJAEMOCTH HHCTPYMEH-
tanpHBIX morpentHocteit (MI1) naepumansabix gataukoB (M]1) Gecrutatdhopmenoit
nHepnuanpbHoi HaBuramuoHHOW cucteMbl (BMMHC) ¢ mcnomb3oBaHueM KpUTEpHS
MOJTHOW HaOII0MaeMOCTH CUCTeMBI [1] HeoOX0MMMO, B YaCTHOCTH, TIPOBECTH aHa-
JTUTHYECKUE TIPpeoOpa3oBaHus HaJ MaTPHIIEH CUCTEMbI YpaBHEHHMA, OMICHIBAIOMICH
Mojens omuOoKk WHeprmanbHoi HaBuranuu (MH). Crnemyer OTMETHTH, YTO Ha
OIMOKY OTIpesiesieHUs] HaBUTAIMOHHBIX mapameTpoB B BUHC Biuser B3aumoeii-
CTBHE psiia (PaKTOPOB, CPEIH KOTOPHIX MOXKHO BBIACIHUTE OIINOKH BBICTABKH, HHCT-
pyMeHTanbHBIe TorpemHocTd MJI, a Takke XapakTep ABIKEHHS, COBEPIIAEMOTO
netarenbHBIM ammaparoMm (JIA). JlanHoe B3amMoJeiicTBrEe B OOIIEM ciiydae HOCHT
CIIOKHBIH XapakTep, MOITOMY CHCTEMa ypaBHEHHUH, OMHCHIBAIOIINX MOIEH OIIH-
6ok asToHomuoii BMHC, sBaseTcss MOCTATOYHO CJIOKHOM, BCIIEIACTBHE YEro MC-
MTOJTF30BATh YKAa3aHHBIN KPUTCPUH MPAKTHIESCKHA HEBO3MOXKHO.

B pa6ore [2] Ob1 cienad BBIBOJ O TOM, YTO CYIIECTBYET 3aBUCUMOCTh MEXITY
BIUsIHEEM ompeneneHHbix MIT u TumoMm MaHeBpa, coBepiraeMoro JIA, Ha ommOku
WHepIanbHO HaBurammy. CleToBaTeIbHO MOKHO TIPEAIOIO0XKHTE, YTO B 3aBHCH-
MOCTH OT THITIA ABWXEHUS JIA HEKOTOpBIE HHCTPYMEHTAIbHBIC MTOTPEITHOCTH OYIyT
OKa3bpIBaTh JOCTATOYHO ciiaboe BimsgHue Ha TouHocTh BMHC, u, ciemoBarensHO,
WMH MOXHO OyJeT mpeHeOpedb. B 9THX yCIIOBUSAX MCXOIHAS MOJEIb OINOOK MO-
JKET CTaTh CYIIECTBEHHO MPOIIE, BCICICTBHE YEro MOSBUTCS BO3MOXKHOCTH HCCIIE-
JIOBaTh HA0JII01aeMOCTh HHCTPYMEHTAIBHBIX MorperHocTei NI,

AHaJIN3 MOCTeTHNX NUCCIETOBAHUN W MyOJuKanmuid. AHaIOTHYHAs pooIie-
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Ma MPUMEHHUTENHFHO K MOPCKUM IMOJBHXKHBIM 00BEKTaM PACCMOTPEHA, B YACTHOCTH,
B [3]. JIns leTaTeNbHBIX amnmapaToB, Takas MpooiieMa SBISETCS aKTyalIbHOM.

He.m, H MOCTAHOBKA 3aJda4vH. LICJ'ILIO [laHHOﬁ pa60TLI ABJISICTCS MOJIy4de-
HUC YNPOUICHHBIX MOﬂeﬂeﬁ omnboK HHepHI/IaHLHOﬁ HaBUTalluu MOpUu pa3jiny-
HBIX BHAAX JABUXXCHHA .HA, H€06X0,HI/IMBIX JUIA UCCIICIO0BaHUA Ha6HIOZIa€MOCTI/I
HHCTPYMCHTAJIbHBIX HOFpeIHHOCTeﬁ Wb cucremsl 1o TCKYIIUM H3MEPCHUAM
OIINOOK CUHCIICHUS CKOPOCTH U KOOpAHWHAT, B paMKaX HHTCTPUPOBAHHBLIX Ha-
BUTAIIMOHHBIX CUCTCM.

H3noxenne matepuaia. B qanHoil paboTe MCIONB3YIOTCS CIETYIONINE CHC-

teMbl koopauHaT (CK):

— Teorpaduueckas nexaproBa CK c¢ ocsmu N,H,E, B manprelinmem o6o3Ha-
gaemasi CUMBOJIOM { Xy} .

— Csszannas ¢ BJIA cuctema koopanHaT {Xc} ¢ Ha9aJloM B €ro LIEHTPE Macc
M OCSAMH X, Y U z, COBIIQAAIONIIMHA C COOTBETCTBYIOIINMH OCSMH UyBCTBH-
TeIBHOCTH akcenepoMeTpoB (AK).

— CucTtemMa KOOpIMHAT, CBSI3aHHAS C OCSIMH YyBCTBHUTEIBHOCTH THPOCKO-
noB (I'C) x;, y; u z.. Hagamo 3To# cucTeMBbl OTcYeTa COBIIAJaeT C Hada-
nom orcueTa CK {Xc}. Ocu manno#t CK Moryt coBmagaTh ¢ OJTHOUMEH-
HeiMu ocsiMu CK {Xc}, omHako, Kak MpaBHJIO, MMEET MECTO HE3HAYH-
TEeIBHOE paccoriiacoBaHME HaHHBIX oceil. JlaHHOe paccoriacoBaHue 3a-
AaeTCA WECTBIO yruamm @, i€ {X,Y,Z}, jel{X,Y,Z}, i#j, tne i

yKa3bIBAaET Ha OCH, MEXKIY KOTOPBIMHU €CTh paccoriacoBaHue, j 0003Ha-
4aeT OCh MOBOPOTA, COOTBETCTBYIOUIEr0 JaHHOMY YTy paccoriiacoBa-
HUSI.
Mogens ommbox MH, 3anmcanHas B TOTpeOUTENBCKUX TapaMeTpax s cde-
pUYecKOl MoJIeH 3eMITH, 3a7aeTCs CUCTEMOW ypaBHeHMi [4, 5]:

5¢=—v—]§5h+5v_zv;5h=5vﬂ;5i=-VE'S“’"’ Ve gy
R R

R-cos’ ¢ gD_chosgo Rcoso

; (1-3)
Oy =0ay +@g - 6vy —(Qy +0y) Ovg +vy 005 —vg - (0Qy, +060,); (4)
Ov, =0a, +0g, +(Qy +0y) 6v, -0, -6vy, +v,(0Q, +0w,)—v, 60, ; (5)
Ov, =0a,+(Q, +0,) v, —(Q, +m,) v, +

6
+vy - (0Q,, +0w, ) -V, - (0Q, +dw, ); ©
Oy = —tg6(w, cosy — @, siny) - Sy + %@[sin@(a)z siny —w, cosy) —
cos
— (0, siny + @, cosy)]- 00 + ;e(a)z cosy + @, siny)- 0y — @)
cos

ST 5 y + sy 8w, — g6 cosy - dw,, —tgfsiny - 6w, + 6®,;;
cos@ cosf
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80 = (0, cosy + o, siny) - 8y + (0, cosy — @, siny) - §y + ®)

+siny - 0w, +cosy - dw, +siny - 5w, —cosy - 0w,;;

oy =— ! (0, cosy —w, siny) - Oy + 12
cos6 cos

—sin@(w, siny + o, cosy)]- 060 +1g0(w,cosy + w, siny)-oy+  (9)
cosy Sw, _siny sw,
cos@ cos@

rne ¢, h, A — reorpadudyeckne mMuUpoTa, JOIATOTA U BBICOTA; 0@, Oh, dA — OIIHO-
KH OTIpEJICNICHUS] COOTBETCTBYIOIINX KOOPAWHAT; R = Ry + h, Ry — paanyc 3eMHOTO

5 [w,siny —w, cosy —

+ 0w, — g6 cosy - 6w, +tghsiny - dw, —

chepouna; vy ,vy,vg, Ovy,0v,,0v; — CeBepHas, BBICOTHAsS M BOCTOYHAS CO-
CTaBJIAIOIINE OTHOCUTENBbHON ckopocTH JIA, a Takke OIMOKK HX ONpEelCHUs;
Qy=Q-cos@, Q; =Q-sin¢@ — ceBepHas U BHICOTHAs IPOEKLUH BEKTOPa yIJIo-
BOI CKopocTH Bpamerms 3emmn Q, Q=7292115-10"" paw/c; oy =Qy +—,

Vg Vy . K N
Dy =Qy +?-tg(p, g =~ MPOCKLUH BEKTOpa a0COJIIOTHOW YIJIOBOM

CKOPOCTH CONPOBOXKAAIOIIEI0 TpeXrpaHHWKa Ha ocu reorpaduyeckoii CK,

0wy ,00; ,000; — OWIMOKY BBIYHUCIICHHS STHX NMPOCKLMiA; 0g; = %5h — omu6-

Ka BBIYHCICHHUS BEPTHKAILHON Mpoekmuu BekTopa cuibl Tshkectn B CK {Xy},
20=9,78049 M/c? — YCKOpEHHE CHIIBI TSDKCCTH HA SKBATOPE 3EMHOTO CTEPOHIA;
day, Oay, Oag — OMMOKH BBIYMCICHHS IPOSKLUUH BEKTOpPa KaKYLIETOCS yCKO-

penus Oay , Ha reorpaduueckue ocu:

=A%,y + (4,4, AW) Ay 09 +

r(1, % gy <Xd69+<§%fax6ﬁw

rae Oa, X} — BEKTOp OMIMOOK M3MEPCHHH KaKYIIEroCs YCKOPCHHS dy

da

Xy}

(cmewenus Hyneit AK) B npoexumsix Ha CK {Xc}; 4= 4,494, — marpuua noso-

pora ot reorpaduueckoii cucremsl koopaunat Kk CK {Xc}; oy, 06, dy — coorserct-
BEHHO TEKYILHE OIIMOKH OMpPEAeNCHHs YIJIOB Kypca y, TaHraxa § u KpeHa y; @y,
®y, Wz — IPOSKINH U3MEPEHHOT aOCONIOTHOMN YIIIOBOH CKOPOCTH BPAILCHUS 00BEK-
Ta @y , Ha ocu CK {Xc}; dwy, dwy, 0wz ONIMOKU FITUX TMPOCKIIUI:

&OX EA(DX T Qxy WO T Oy 'wya&oy EA(DY T Oy Oy =Py, - Oy
&OZ = sz Qs Wy + Q- Wy,
rie Aw,, Aw,, Aw, — apeiidsl Xr-ro, yr-ro u zZp-ro rHpOCKOIOB B IIPOEK-
uusx Ha cBsizannyio ¢ BJIA CK.
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[TorpemrHOCTH HHEPIHATBHBIX TaTIUKOB — npeidnl ['C, cMemenus myneid AK,
a TaK)Ke YIJIbl paccoriacoBaHMs OyleM CUMTATh KOHCTAHTaMH, CIIyJalHBIMH B Ka-
JKJIOM 3aITyCKe HABUTAIIMOHHON CHCTEMBI, a MX 3HAYCHHWS — Ha yPOBHE MATYMKOB
omHoTO Kiacca TouHoctH. Jlpetd y-I'C u cmemenue y-AK OymyT momaraTbesi paB-
HBIMH HYJIIO, T.K. OHH XOPOIIO OIIEHUBAIOTCS BO BPEMsI BBHICTAaBKH HABHTAIIMOHHOW
CHCTEMBI Ha HETIOIBIKHOM OCHOBAHHH, M MIX BCET/Ia MOJKHO aJTOPUTMUYECKH KOM-
TIEHCUPOBaTh. be3 HapyIeHus o0ImHOCTH OyIeT CUUTaTh, 9T0 JIA NBIOKETCS B paii-
oHe 3kBatopa (¢ ~ 0).PaccMOTpUM HECKOIBKO «THUITOBBIX» MBIDKEHHH JIA.

1) T'opuzoHTaBEHOE MIPAMOJUHEHHOE ABIKEHHE JIA C TIPOM3BOJIILHBIM YIIIOM
Kypca ¥ ¢ MaJIIMH YTJIaMU TaHTaka u KpeHa. Ilociie Topu30HTHPOBAHNS CHCTEMBL,
MIPOBEICHHOTO TI0 MMOKa3aHUAM aKCeIePOMETPOB, 3HAUCHHS YIIIOB 6 1 y OyayT om-
peAeTCHBl C HAYadbHBIMH OIIMOKAMH, 3aBUCSAIIMMH OT cMmemennit AK:

50, =5aX

da
, 079 = -—=. IIpu nensmenHot opuentanuu JIA o yriam tanraxa

Y KpeHa, BIMSHUAE CMEIECHUI aKCceIepoOMETPOB Ha CKOPOCTHBIC U YIJIOBbIE OLIMOKH
OyZeT KOMIIGHCUPOBAThCSA OMMOKaMHU ropu3oHTHpoBaHUs [6]. [Ipoeknus yrioBoi
CKOPOCTHU Ha OCh Z MPU FOPU3OHTAIBHOM MPSIMOJMHEHHOM JBIXKEHHH MPOHOPLIHO-
HajlbHA  TFOPU30HTAIbHOM  MPOEKIMH  OTHOCUTEIBHOH  CKOPOCTH Vg :

v
w3 =—Q-cosy + % . YuuteiBas, 4to ckopocTh JIA B mozere, Kak npaBuio, co-

CTaBIISICT BEIMYHMHY TOPSAAKA COTEH M/C, 3HaYCHHE (3 OyleT COM3MEpHMO CO 3Ha-
YEHHWEM YTJIIOBOW CKOpPOCTH BpamieHus 3emid. [Ipoekuns w, B JaHHOM ciiydae Oy-
JIeT paBHa HYJIO, @ @) = -cosy . OmmOKN U3MepeHHs NPOEKIUH BEeKTOpa yIio-

BOM CKOpOCTH E{XC} , CO3AaBACMBbIC BJIMSAHUCM YTJIOB pacCoOrjiaCoBaHus € yU€TOM

YKa3aHHBIX 3HAYEHHH @[, W), w3, OyIyT HA HECKOIBKO MOPSIKOB MEHBIIE, YeM
aHAJOTHYHbIe OIKOKH, o0ycioBieHubie aperidamu ['C, M0ITOMY IaHHBIMU HHCT-
PYMEHTAIBHBIMU TIOTPEIIHOCTIME MOKHO IpeHeOpeus. Takum 06pa3oM, Ha ommb-
KH WHEPIUATbHOU HABHUTAlWK HPH JIaHHOM THIC [BH)KCHHS OyIyT BIHATH, B OC-
HOBHOM, FOPH30HTalbHbIE Ipei(bl THPOCKONOB. B 3THX YCIOBUSIX YpaBHEHHUS MO-
JeNb OIMOOK WHEPIUAIBHON HABUTAIIUH TIPUHAMAIOT BHI:
Oy =(—ay -siny —a, -cosy) -0y —ay -cosy - 60 +ay -siny -6y ;
Ovg =(ay -cosy—ay -siny)- -0y —ay -siny-60 +ay -cosy -6y ;

o =(-wy -cosw+%)-50+w3 0y ;

cosy siny

. -sin
Vy -cosy siny cosy
NP Sy Sy — Sy
R ) oy R N R E
2) IpsamonuHeiHOe MBYXEeHUE JIA ¢ MaHEBPOM IO YIIy TaHTaka IPH MaJIoM
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yriie KpeHa. B 1aHHOM cilydae BIMSIHAE CMELICHUsI HYJISl Z-TO aKCcelIepoMeTpa yxe
He OyIeT KOMIICHCHPOBAThCS HAaYaIbHOM OMIMOKOM TaHTaKa. DTO OOBSCHAETCS TEM,
YTO BEJIMYMHA day OyneT BXOIuTh B ypaBHeHHe (4) ¢ xodddunmentom cos b, a B
ypaBaenue (5) ¢ koaddunuenTom sin 6. [Ipuuem, yem Goible OyaeT pasHUIA Me-
KLy Ha4aJbHBIM YIJIOM TaHTa)Xka Ha BHICTABKE M YIJIOM TaHra)ka BO BpeMsi MaHEBDA,
TEM CHJIbHEE JIaHHAs TOTPELIHOCTh OyJeT BIWSTh Ha OIIMOKK HaBuranmu. Kpome
TOrO, B JIAHHOM ClJiydae Ha OIIMOKH HABHTallMM CYNIECTBEHHOE BIHSHHE CTaHYT
OKa3bIBaTh YIJIbl PACCOTJIACOBAHUS (yy, Pyy; X BIUSIHUE OyIeT 3aBHCETh OT JUHA-
MHKH 00bEKTa — B IAaHHOM CJTy4ae OT BEIUYMHBI 3. Take Ha OMIMOKH HABUTALUK
no-tipesxkHeMy OyayT Bivsith Aperidsl ['C. B nmpenmonoxkennu, uto BJIA nBmxercs
Ha cesep (v =~ 0), mogens ommbok MH:

Sh=6v,; Oovy =—(ay -sin@+ay -cos0)-60+cosO-day ;

2-g

ovy = -Oh+sin@-day ;
&y =(ay -cosO—ay -sin@)-8y +ay -8y ;
ovy

Sy =—-Q-80+w, oy+ 220 . 56N L pg,,
cos 6 R

. Oy
5V:_TN_CUZ Pxy Oz 180 -Qyy +AD .

3) [IpssimonuHeitHOe nBIKEeHUE JIA ¢ MaHEBPOM IO YTy KpeHa IPH MaJloM
yrie tanraxa. [lo aHamorWw C NpepIIyIIUM THIOM IBWXCHHUS, HA OIIHOKH
WHEepIHATHHON HaBuTanuu, kpome npeidos I'C, OyayT BIUATH day, a TaKkKe
YTIBL @yz U @zy. [Ipu w = 0 Mozens ommOOK UIsi JAHHOTO THMA IBIKEHUS MPH-
HUMAaeT BUA:

Sh=6v,; vy =—ay-siny -8y —ay -cosy-06;
2-g

vy = -Oh—siny-day, ;

OVg =ay -OY+ay-cosy-Oy+cosy-day;
oY =—Q-00+w®, -cosy-0y —®y -COSY - Py, +@y -SINY-Q,y +siny-Aw, ;

. O
56 = ‘;N —W, -Siny -8y —@y -SiNY-Qy; +@y -COSY-Q,y —COSY AW, ;
ov
57:_TE—%V-51//+002-siny-60+AwX.

4) TToBopot JIA mo yrity Kypca IpH MaJlbIxX yIiIax TaHraka u kpeHna. [Ipu gan-
HOM BHJIe MaHEBpa, OCHOBHOE BJIMSHHE HA OINUOKM HABUTAIlMK OyIyT OKa3bIBaTh
npefidsr I'C 1 yriubl paccoriacoBaHus gy; U zy. B 3THX YCIIOBHAX MOZIETH OIMIHOOK
MHEPLHUAJIbHOW HABUTAIIMU MOXHO YIIPOCTUTH JI0 BUJA!
vy =-a, -cosy 60 —a, siny -0y ;
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vy =—a, -sinl//-69+ay -cosy -0y ;

cosy siny

56 =

Ovy +

gty Y +AD, — Oy @y

8 = T Buy — g~y 30+ A0y + 0y ;.

BBIBOIII)I. YucneHHOE MOACIUPOBAHUEC TMOJYUYCHHBIX YIPOIICHHBIX Moz[eneﬁ
MOATBECPIKAACT UX aICKBATHOCTDH IIOJIHOM L[I/IH&MI/I‘JCCKOﬁ MOJ€CJ/In B YCJIOBUAX pac-
CMaTpUBACMbIX BUJOB JABUKCHUS BJIA. Takum o6pa30M, JaHHBIC MOJCIIN OIIHOOK
MOXXHO HUCIIOJIB30BAaTh B ,HaJ'II:HCfIHIeM JJIA aHaJIn3a Ha6J'HOHaeMOCTI/I HOFpeHIHOCTCﬁ
HWHECPUHAJIBHBIX JAaTYUKOB.

Cnucox Jjuteparypsl: 1. CrpaBouHHK IO TEOpHH aBTOMatHdeckoro ympasienus / Iloxg pen. A.A.
Kpacosckoeo. — M.: Hayka, 1987. — 712 c. 2. M.A. baemym BnusiHue HHCTPYMEHTANbHBIX HOTPEIIHO-
CTel YyBCTBUTENIBHBIX JJIEMEHTOB B OecruiaT(hOpMEHHON MHEpUUAIbHOH HAaBHTAIIMOHHOW CHCTEME Ha
TOYHOCTh OINpeJeIeHHs HaBUTAlMOHHBIX NapaMeTpoB // Bicauk HTY «XIII». 36. nayk. np. Temaruu-
Huit Bunyck: JluHamika i minHicTh MamuH. — XapkiB: HTY «XIID». — 2004. — Ne 19. — C. 17-22. 3. Op-
TaHH3alMs B3aHMOJCHCTBUSI CITyTHUKOBBIX U aBTOHOMHBIX HaBHTAIIMOHHBIX MOPCKUX OOBEKTOB / B./.
Pesnuuenxo, B.U.Jlanwuna / Tlox pen. nokr.TexH.Hayk B.H. Pesnuuenxo — CII6., 2004. — 88 c. 4.
bpombepe I1. B. Teopus HHepUUANIBHBIX clcTeM HaBurauuu. — M.: Hayka, 1979. — 296 c. 5. Unterpu-
pOBaHHbBIC CHCTEMBI OPUCHTAL[MM M HABUTALMH JUISI MOPCKHUX MOIBMXHBIX 00BEKTOB / O.H. AnyuuH,
I'1. Emenvanos / Ilox obmeit pen. un.-kop. PAH B.I" [Tewexonosa. — CII6., 1999. — 357 c. 6. Vcnen-
ckuil B.F., [lyeaues P.B. Meronnka gopMupoBaHus TpeOOBaHMI K MOrPEIIHOCTSIM TaTYMKOB OecIuiat-
(hopMeHHOW MHEpIHMAaNbHON HAaBHUraumoHHO# cuctemsl // 30. HaykoBux npaup XBY. — Bum. 3 (50). —
2004. - C. 97-102.

Iocmynuna 6 pedkoanezuio 07.04.2006

192



