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4
IHamaru BbIJIAIOILIETOCHA YYCHOI'O U Iejaarora,

npogeccopa M.C. YpmaeBa

BBEJIEHUE

B cBsi3u ¢ HIMPOKUM UCIIOJIB30BAHUEM CITyTHUKOBBIX HABUTAITMOHHBIX
CUCTEM B T'€0JIC3UH U IPYTUX HayKaX, aKTyaJbHON CTAHOBUTCS 3a/laya
oTpeJielIeHUs TapaMeTPOB MPeoOpa3z0BaHUs MPU NMEPEXO/IE OT OJHOM
KBa3UTEOICHTPUUECKON CUCTEMbI KOOPAUHAT K APYTOH.

Orta xe 3a7ja4a TaK’Ke BO3HUKAET B TAKUX HayKax Kak oTorpaMMmeTpus,
CIIyTHUKOBAsI aCTPOMETPUS U IPYTUX TEXHUUECKUX TUCHUTLIINHAX -
KOCMHUYECKOW HaBUTAINH, OAJUTMCTUKE U T.II.

B xocmudeckoit reoie3ur OCHOBHOM OOBIYHO SIBIISIETCS
KBa3UTeOIICHTPHUUECKas TeoJie3nueckas cucreMa koopauHat X,Y,Z, 3a1anHas
OTHOCUTEIFHO HEKOTOPOTO pedhepEeHITHOTO WU OOIIEro 36MHOTO AILTUIICOUIA.
Ho B pa3HbIX cTpaHax HCMOIB3YIOTCS pa3nyHble pedepeHIr-3JuTUIICOUIBI,
MOATOMY BCJIEJICTBUE PA3IMUUNA B UX TTapaMeTpax, a TakKe OO0k
OPUEHTUPOBKH MX OCEH, KOOPJUHATHI OJJTHUX U TEX K€ MyHKTOB, ONPE/ICICHHBIC B
pa3sTUYHBIX pedEepPEeHITHBIX CUCTEMAaX, MHOTJA PAa3IMYal0TCs MEXIy coO0M Ha
coTHH MeTpOB. COBpEMEHHbIE CITyTHUKOBBIE HABUTAIMOHHBIE CHCTEMBI —
poccuiickas “I J/IOHACC” u amepukanckas “GPS” takxe pabotaroT B
pa3JIMUHBIX CUCTEMaxX KOOpJHUHAT - nepBas B cucteMe [13-90, a BTopas B cucteme
WGS-84. [TapameTpsl 3TUX KOOPAUHATHBIX CUCTEM XOPOIIO U3BECTHHI. OT
cuctembl koopauHat [13-90 moxxHo niepeiiTu k cucreme koopauHat WGS-84,
UCTIONB3YS (POPMYIIBI:

M=1
Xwes=Xr3-90-0,0000003685- Y1390
Ywes=-0,0000003685- X390+ Y 113-90

Zwes=0,5+Z13.90



OCHOBHOH 3aJja4eii KOCMUYECKOM I€0I€3UH SIBJIETCA CO3JaHUE €IUHOM
TJ100aTbHOM TeOIEHTPUYECKOM CHUCTEMBI KOOPIUHAT, H3MEHEHUSI KOTOPOH,
00yCIOBJICHHbIE T'€0IMHAMUYECKUMU (P (HEeKTaMH TOIKHBI (PUKCHUPOBATHCS U
u3zydarbcs. HeoOXxoaumel 1Be cucTeMbl — riao0ainbHas reoleHTpruIecKas 1
pelleHus 3a/1a4 KOCMUYECKOM Teoie3uu U pedepeHIHas s
kapTorpadgupoBanusa. COOTBETCTBEHHO, Bcerja OyayT BO3HUKATh 3aJ]a4H1 T10
OIPEJEIEHUIO [TapaMeTPOB NPEeOOpPa30BaHUsI CHCTEM KOOPIUHAT.

B ananutuueckoi 1 KocMUYECKON GOTOrpaMMETPHH MPU Pa3BUTHH
OOLIMPHBIX (DOTOTPUAHTYIIALMI TAKKE MPUXOAUTCS PELIaTh 3a/1a9y
OIpeeeHUs] apaMeTPOB MPEeoOPa30BaHUs FEOLIECHTPUUECKUX CUCTEM
KOOpAHUHAT. TOYHO TaKHe K€ 3a/1a4i BOZHUKAIOT U B PoTOrpaduueckon

ACTPOMCTPHH IIPU OIIPCACICHHUN KOOPAHUHAT 3BC31 1 CITYTHUKOB.

1. METOA I'EJIBMEPTA

Panee cpaBHUTENBHO HEBBICOKASI TOUHOCTH OINPEICIICHHS] KOOPAUHAT B
pedepeHITHbIX CUCTEMAaX MO3BOJIsIIA IMPOKO UCIIOIH30BATh U3BECTHYIO
npouenypy I'enbMepra A onpeaesieHus mapaMmeTpoB peoOpa3oBaHUs CUCTEM
KoopAauHat. B mpoliecce 3Toro Meroja OopToroHajabHasi MaTpUIa 3aMEHsIach
KOCOCUMMeETpUUeckoil. OnpeaeneHne KOCOCUMMETPUUECKON MaTpULIbl HE
C10>kHO. [10BBIlIEHNE TOYUHOCTH U3MEPEHUN 10 CAHTUMETPOBOM, a B
MEPCIEKTUBE ¥ MIJLTUMETPOBOM, TPEOYET CTPOTOTO PEIICHHS 3a71a4H, a HE e
JuHEeHHoTo BapuaHTa 1o ['ensMepty. Kpome Toro, B mpakTuke, 0COOCHHO B
dboTorpamMMeTpuu, BCTPEUAIOTCS 3a]]a4H, B KOTOPBIX MapaMeTPhI
npeoOpa3oBaHus MOTYT MPUHUMATH JIFOObIC 3HAUYCHUS.

B pa6ore B.I.Kupumiosa, [ , KoTopslil 3aHMMaics paccMaTpuBaeMoi

poOJIeMOil, MPUBOIUTCS CIAEAYIOIIAst Ta0IUIA:



Hozpewinocmu,

ébl3bleaemole

KococummempuueCKoﬁ.

3AMEeHOll

OpMO2OHAIbHOU
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Tabumia 1.

mampuuol

Ommoku, M

YTriabl MEXIY OCIMH

lcek |2cex |[3cexk |4cek |S5cek |6cexk |7cek |8cek
oX 0,1 0,5 1,1 1,9 2,9 4,2 5,8 7,5
oy 0,2 0,9 2,1 3,8 59 8,5 115 |150
oz 0,3 1,4 3,2 5,6 8,8 12,7 173 22,6
OO cnsur | 0,3 1,75 3,98 7,03 10,98 |15,84 |21,56 |28,14

2. METOJI, OCHOBAHHBINA HA HBIOTOHOBCKOM

NUTEPAIIMOHHOM INPOLECCE.

O6mas ¢dopMyna mepexojga OT OJHOH NPAMOYTOJBHON TI'€0JIe3UYeCKOi

CHUCTEMBI KOOPJIMHAT K APYTrOM HMMEET BUL:

XN
YN
ZN

a; a,
=M a8y
ds Ay

a13
a23
a33

XC AX
YC |+]| AY |,
ZC AZ

rie XC,YC,ZC —koopauHATHI B CTAPOM CUCTEME KOOPIUHAT,

XN,YN, ZN —koopauHaThl B HOBOW CHCTEME KOOPAUHAT,

AX,AY,AZ — cocTaBisoNIe CIBUTa HaYala HOBOM CHCTEMBI KOOPIUHAT

OTHOCHUTEJIbHO HaydaJia CTapou,

M — macmtaGHbIN K03 HUITHEHT,

aik=ai(wy, wy, ®,), 1=1,2,3; k=1,2,3. - s1eMeHThI OPTOrOHAILHON MATPHIIBI

MOBOPOTA, KOTOPBIE SIBJISAIOTCS HETMHEHHBIMU QYHKIUSIMU YIJIOB O, @, , O,

1)

BpalleHUs1 BOKPYT COOTBETCTBYIOIIMX OCEH KOOPAMHAT. DTOT METOJ OCHOBAH Ha




uTepanroHHoi npouenype Hetotona-Padcona u tpeGyer 3HaHUSA HEKOTOPBIX
anpHOPHBIX 3HAYEHUI CEMU apamMeTpoB npeodpazoBanus (1).

®opmyia (1) yauTsIBaeT U CABUT HaYaJl KOOPAMHAT U pa3BOPOTHI OCe
CUCTEMBI KOOPJAMHAT MPH MOMOIIH OPTOTOHAIBHOM MaTpULbI TOBOpoTa P Ha 3
DUnepoBbIX yria.

Marpuibl BpameHus: BOKPYT COOTBETCTBYIOIIUX OCEN UMEIOT CIIEAYIOIIUN

BU:
Boxkpyr ocu X:
1 0 0
Q, =0 cose, sino, |,
0 -sinw, cosw,
BOKpPYT OCH V.

cosa, 0 -sin o,
Q = 0 1 0 ,
sinw, 0 cosm,

BOKPYT OCH Z:

cosmw, Sinw, O
Q,=|-sinw, cosw, O
0 0 1

CoBepIinB MOBOPOTHI CHauYajaa BOKPYT OCU Z , 3aTeM X, U Y 00pasyeM MaTpuiry
P:

P=Q0QQ,.
Breimonaus YMHOXCHHWC MaTpull B YKA3aHHOM IIOPAAKE, IMOJYYHM 3JICMCHTBI

OPTOrOHAJIBLHOM MATPULBI P

Q; 4, a;
P= Ay Ay Ay |,

a3 1 a3 2 a‘3 3
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TIc ajry — SJICMCHTHI OpTOFOHaHBHOfI MaTpulbl BPpalICHHA. Onu OIIPCACIIAOTCA
0 CIICTYIOITUM (hOpMyJIaM:

a,, = C0S®, Cosw, —sin w, sin o, Sin @,

a,, =sin w, cosw, +Ccos w, sin w, Sin o,

&, =—C0sw, Sin o,

a,, = —Sin w, Cosw,

a,, = COS@, COS ®,

a,, =SiN o,

a;, = C0s @, sin w, +sin o, sin o, Cos o,

a;, =sinw, sino, —cosw, sinw, Cosw,

a;; = COSw, COS

UToOBI mepeiT OT OPTOTOHATIBLHOM MaTpPHUIIBI TOBOPOTA P K yriiaMm

BpAICHUs BOKPYT OCEH @, ®,,® ,, UCTIONL3YIOTCA (POPMYJIBL:

-a
tgw, = 2
a22
Sinw, =a,
tgow, = — %
833

[Ipenmnonoxum, 4To U3BECTHBI HEKOTOPHIC AIPUOPHBIC 3HAUCHUS
napaMeTpoB npeoOpazoBaHus KoopauHaT (1) — mpuOIKeHHbIE 3HAUCHUS

KapJaHOBBIX YIJIOB @, a)g , @ MaciTabHoro kosddurmenta M°, a Taxxke

AJIEMEHTOB CIIBUTa Hayaja HOBOW CHUCTEMbl KOOPJAMHAT OTHOCUTEIHHO CTApPO
AX® AY°,AZ°. C >TuMHM 3HAUYEHHAMH CEMH MAPaMETPOB JINHEAPH3YEM

BbIpaxkeHue (1), nppuHUMasi BO BHUMaHUE, YTO 3JIEMEHThI MaTPUIbI BpalllCHUS

a,, SBJISIFOTCS HEJTMHEHHBIMU QYHKIUSIMHU KapJaHOBBIX yTJIOB:

Q =9, O, 0,0, =123 k=123



B pe3ynprare nonydnm Uit Kaxka0M TOYKH, UMEIOIIEN KOOPAWHATHI, KaK B
CTapoM, TaK U B HOBOW CUCTEMAX TPU yPABHEHMS NONPaBOK. B MatpuuHon
dbopmMe OHU UMEIOT CJICTYIOITUI BU/I;

dM
do,
dw | Vv

y X X

da)z B Iy + Vy y (2)
dAX I Y
dAy

dAz

o O =
o +— O
—, O O

rae A, AV,AZ ,...D, - yacTHBIE IPOM3BOJHBIE OT KoopauHatr no M, o, , a0,

I, Iy, |, - cBOOOHEIE YJIeHB! YpaBHEHUIT MTOMIPABOK:

= XN = XN°,1, =YN —YN°,I, = ZN - ZN°, (3)

npudeM BemmurHbl XN YN, ZN° Beraucnsrores mo dpopmynam (1) ¢
aIpUOPHBIMU 3HAYCHUSIMH TapaMeTpoB mpeodpazoBanus (1) -

M, !, a);’ L), AX®, AY®, AZ° 1 10KHBI UM TOYHO COOTBETCTBOBATD.
Benmuuunel V,,V, ,V, - TIONPAaBKA KOOPIMHAT TOYEK B HOBOW CHCTEME

KoopauHaT. OHU ONPENEIIOTCS 10 METOIY HAMMEHBIITNUX KBaAPaTOB IMO/1
ycrosueM Y V2 =min .

OObeauHss ypaBHEHUS MOMPaBoK mas 1=1,2,3...N TOYEK, BKIIOYCHHBIX B
00paboTKy, MOTy4YaeTcsl CHCTEMa HOPMAJIBHBIX YPaBHEHHH, KOTOpas perracTcs
110 METOJy HAMMEHBIIINX KBaJIPATOB:

AX = (A"A)TA'L, 4)
rae AX —BEKTOp MOIPaBOK K allPHOPHBIM 3HAYCHHUSIM IapaMETPOB
npeoOpazoBanus (1), mpuuem
AXT=QM Ao, Ao, Ao, AQCX _ AQY _ AQZ_, (5)
MOCJE Yero TMOJyYUM 3HA4YCHHS YTOUHSIEMBIX @apaMEeTpOB B IEPBOM

npUOKEHUU:



1 0 1 0 1
M =M°+AM, 0 = 0§, + Aoy, 0 = oy + Aoy, 0r = 03 + Ao, ,... (6)
Teneps npuHuMaeM napametpsl M, @} ..AX' B KauecTBe HCXOIHBIX,

noBTopsieM Bech npouecc (1)-(6) cHoBa. B pe3ynbTaTe 3TOr0 noiaydyum

YTOYHSIEMbIE ITApaMETPbI BO BTOPOM MPUOIMKEHHUH:
~ ~ =
M0l AZ% (7)
ByI[CM HeﬁCTBOBaTb TakK 10 TEX HOp, ITIOKA HC BBIIIOJIHATCA yCJ'IOBI/ISIZ

X - X" <g] (8)

- - T
rae X *-Bextop HemssectHhIX X = @ “Lox, o0 0F AXSAY S AZS
K - Homep nipubinkeHus,

& —BEKTOP, XapaKTEPU3YIOIIHNI TOUHOCTh BEIYMCIICHUN.

[Ipn opranuzanum UTEPaMOHHOTO IIPOLECCAa MOKHO HE HUCTIPABIATH
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AJIIEMEHTBI MAaTPULIbI, BXOAAIIEH B ypaBHEHHE (2), a IPUHATH UX OCTOSHHBIMH,

BBIYHCIICHHBIMU C allPUOPHBIMU 3HAYECHHUSIMU ONPEIETAEMbIX IAPaMETPOB,
INPUHATHIX B HAYaJIbHOM NpuOamxenuu. [Ipouecc urepauuii B 3ToM ciayyae

Ha3bIBAECTCSI MOAUDPUIIMPOBAHHBIM METOO0M. OH OyAET CXOAUTHCS CO

CKOPOCTBIO apudMeTriecko nporpeccur. Ho ynoOHee ucnpaBisiTh 3J€MEHTHI

ATOM MaTpPHIIbI, TOTJIa MpoLecc OyAEeT OBICTPEE CXOIUTHCSI CO CKOPOCTHIO
reOMETPUYECKON MPOTPECCUH.
[Tocne BbIMOTHEHUS YCIOBUM (8) HYXHO MEPEUTH K OLEHKE TOYHOCTH, TSI

Yero B 3aKJIIOYNUTEIILHOM HUTCPpAlN BBIYHUCIIACTCA BEKTOP ITOIIPABOK V:

V = AAX —L, 9)
II0CJIC YCI'O BBIYUCIIICTCA oum61<a CAUHUIIBI BECA.
(VALY
pe=— (10)
n-7

U ONIPECIISAIOTCS CPeAHUE KBAIpaTUUECKUE OIMOKU MapaMeTpoB

npeoopa3oBaHus:

mﬂ\/l::ﬂ\/@’mtox::ﬂ\@""m&::ﬂ@ (11)



rae Q,Qyyens

YPAaBHEHHM:
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Q,,- IMaroHaIbHBIC ATEMEHTHI OOPATHON MAaTPHUIBl HOPMAaJIbHBIX

N = (ATA) .

@opMyJIbl I BBIYUCICHUS YJIEMEHTOB MaTPULbl YPABHEHUH ITONPABOK,

KOTOpBIE TTOJTy4aroTcs AU GepeHImpoBaHIEM OCHOBHOTO COOTHOIIICHUS

metoza (1) mo napameTpam npeoOpa3zoBaHUs, BBIMIAIAT CASAYIOIINUM 00pa3oM:

AX

BX

Cx =

Dy =

OXN
8M =a,XC+a,YC+a,ZC
OXN M da,, XC + 08y, YC + 02y, ZC
aa)x 5a)x 8a)x aa)x
OXN M day, XC + 08y, YC + et ZC
8a)Y aa)y 8a)y aa)y
OXN M(%XC+%YC +%ch
ow, o, O, oo,
OYN
- oM =a,, XC +a,,YC +a,ZC
_ N _ | Py 4 Pazye 4 s 5
aa)x ﬁa)x 8(0X aa)x
_OYN Y 0a,, XC + 08, YC + %ZC
aa)Y aa)y aa)y 8a)y
8YN aa21 XC + 0dy + 08, ZC
8602 aa)z 8602 8602
0ZN
= av = aleC + a32YC + a33ZC
5ZN -M aa31 XC + aa32 YC + %ZC
aa)x aa)x 8a)x aa)x
8a)Y aa)y aa)y awy




p, = 9N _ M(aasl xc:+aa32YC+aawzcj

o, 0w, ow, ow,
0@, _
B a1 hopmysbl BXOIAT ABAIIIATH CEMb MTPOU3BOTHBIX LI
X1 a)y’ ) a)z _
day, _ : i :
= —C0sw, sin o, —sin w, sin o, Cosa,
oo,
0 : :
A _ _sin o, COS®, Sin @
om, Y
oa, B : :
— =-sin o, cosw, —Cosw, sin o, sin o,
oo,
0 :
2 _ ¢os , COS®, Sin o,
om,
da, : :
—*2 = —sinw, sin w, +CoSw, Sin @, COS®
aa)y y y
oa, o : :
= COSw, COS®w, —Sin @, sin w, Sin @
awz y y
oa,, . .
=sinw, sino,
ow,
0
s _ _cos o, COS O,
0w,
0
a13 — O
o,
a : ,
—=sinw,sinw,
0w,
oa
21 — O
oo,
oa,,

=—CO0Sw, COSw
aa) z X

z



oa,,
0w

X

=—C0Sw, Sin ,

oa,,
ow

y

=0

a22
ow

=—Sin @, COS®,

z

oa
—2 =coso,
ol

X

% g
0w

y

Odyy _ 0
om

z

08g,

ow

X

0dyy

8a)y

8y _

= —sin o, sin o, + COS®, Sin w, COS®,
ol

=sin @, Cosw, COS @,

= COS®, COsSw, —sin w, sin w, sin o,

z

08y,

= —C0S®, COS ®, COS @,
ow

X

O,

8a)y

= sin @, cosw, + COsw, Sin w, Sin @,

O,

ow

z

= Cosw, sin , +sin w, sin o, Cosw,

0 :
s _ _sin 0, COS®,
ol

OBy

8a)y

% _
oo,

= —cos®, sinw,

13
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Eciu B HayaimpsHOM HpI/I6J'II/I)I(eHI/II/I IIOJIOKHTDH

M®=1 a)?( =0, a)? =0, a)g =0,AX°=0,AY°=0,AZ° =0, 10 YpaBHEHHUS
IMOIIpaBOK COBIAAYT € COOTBCTCTBYIOIINMU (l)OpMyJ'IaMI/I METOda I CJIbMEpPTa, B
KOTOPOM OpPTOTOHAJIbHAA MAaTPpHIld 3aMCHACTCA KOCOCHMMeTqueCKOﬁ:
AM
Awy
1 0 0\ A, XC—-XNY (v
YC|  ZC 0 -XC 0 1 0| Ao, |+| YC-YN |=|v
ZC|-YC XC 0 |0 0 1)A@X ] (ZC-2N v
AQY
AQZ )

[Ipu manblx mapamerpax NHpeoOpa3oBaHMsI HMTEPALMOHHBIA MPOLECC MOXKHO

(13)

BBITIOJTHATHh HA OCHOBaHUU Popmydsl (13).

3. METO/J ONIPEJEJIEHUS TAPAMETPOB IIPEOGPA3OBAHMUS,
OCHOBAHHbBI HA TUHEMHOM NMPOIEYPE.

B ypaBuenusx (1) BHocuTcs MactaOHbIN KOG OUITMEHT B 2JIEMEHTHI
OpPTOTOHATBLHON MATPHUIIBI U CHOPMUPYETCS TPU CUCTEMBI IMHEHHBIX

YPaBHEHUM:

Ma11 _XNl Vi
M — XN v
Q a12 + 2 — X2 (14)
Ma,,
AX ) \=xN, ) v,
Ma,, —YN, Vi
Ma —YN v
Q. 7|+ 2l=| (15)
Ma,,
AY —-YN v
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Ma31 - ZNl Va

M - ZN Vv

Q a32 + 2 — 22 (16)
Ma,,
AZ —ZN Vv

Jlns Bcex Tpex cucteM matpuiia Q ooimas:

XC, YC, zC, 1
XC, YC, ZC, 1

Q=" = (17)
XC, YC, ZC, 1

BBens 0603HaueHUs 1151 BEKTOpa CBOOOIHBIX YICHOB:

- XN, -YN, —ZN,

S =xN, | =N, | =2N,

Ly = , L, = , L= , (18)
- XN, -YN, —ZN,

U3 pEelIeHUsl CUCTEM JIMHEHHBIX ypaBHEeHUH nonpaBok (14), (15) u (16) o
METO/y HAUMEHBIIIUX KBaJAPATOB OMPENCITUM JEBATH SJIEMEHTOB

HQOpI’I’IOZOHCl]leOZZ MaTpuObl K COCTABJIAIOIINUC CABHUIOB I10 OCAM KOOpAMWHAT

AX,AY AL :

Ma,, Ma,,

Ma,, . (OTONIATT Ma,, . (ATONIATT

Ma,, |~ Q' Q) QLy, Ma,, |~ QQQL,

AX AY

May,

Maez . OTOVIATT

Ma, |~ QQ) QL (19)
AL

B aTOM pelieHnu CBA3b CUCTEM KOOPAUHAT OMPEACIISICTCS IBEHAIIAThIO

napamMeTpamMu - I€BATHIO JJICMCHTAMU MaTpHUIbI II:
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Ma, Ma, Ma,
Il =| Ma,, Ma,, Ma,, (20)
MaSl Ma32 Ma33

u napametrpamu casura AX,AY,AZ. PazHoMacmitaOHOCTh CUCTEM KOOPJIMHAT

aBTOMATUYECCKU YUIUTHIBACTCS CTPYKTYpOit MaTpwuilsl I1.
DTOT MeToT ynoOHee MOAU(PUITUPOBATE, UCTIONB3YS HE KOOPAWHATHI, a

pasHocTH KoopauHat B ctapoil cucteme XC,,, — XC, u B HOBOM cucteme

koopauHat XN, , — XN.. Ecau o0pa3oBath COOTBETCTBYIOIIME PA3HOCTH
AXC,;_, = XC, - XC_,,AYC,; , =YC, -YC,_,,AZ,, , = ZC, - ZC _,;
AXN; i, = XN; = XN;_;,AYN; ;. =YN; =YN,_;,AZN = ZN; —ZN,_,; (21)
TO, OYEBUHO, YTO B Pa3HOCTSX CIIBUTY MCUYE3AIOT U U3 PEIICHHS MOKHO
ONpECINUTh DJICMCHTHI MaTpUILbI //.
W B 3TOM citydae Oy/ieM UMETh TPU CUCTEMBI YPAaBHEHHI MOMPABOK:
Ma AXC,; , + Ma,AYC, , , + Ma AZC,; , —AXN,; , =V,
Ma,, AXC, ; , + Ma,, AYC, ; , + Ma,,AZC,; , —AYN;; , =V,

Ma, AXC,; , + Ma,AYC, , , + Ma, AZC, ., —AYN,, , =V

zi !

i (22)
i=12,..n..
N3 pemieHns 3TUX ypaBHEHHUM IO METOlY HAMMEHBIINX KBAJAPATOB MbI

MOKCM OIIPCACIINTD DJICMCHTBI MATPHUIIbI, 4 TAKXKC COCTABJIAIOIINC CABUI'A

HOBOI CHUCTEMBI KOOPJMHAT OTHOCUTENHHO Havana ctapoir AX,AY,AZ.

JI7151 TOTO BEIYMCIIUM BCIIOMOTaTeNNbHBIC (0€3 CABUTOB) HOBBIC

KOOpIMHATHI X, Y, Z,..X,,Y,,Z, 1 =12..n, mo popmynam

n

X XC.
y; |=11| YC, . (23)
Z ZC.
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3areMm

AX
AY |=€@"H THTL,, (24)
AZ
rac
10 0 XN, - X,
1 YN, -y,
00 1 ZN, -7,
H=|. . . L= .. (25)
10 0 XN —x
10 YN -y
00 1 ZN, —7,

4. METOJA ONTIPEAEJIEHUSA HAPAMETPOB IITPEOBPA30OBAHMNS,
OCHOBAHHBI HA TIPUMEHEHUU AJITEBPBI
KBATEPHHUOHOB.

DTOT METOJI TpEOYyeT 3HaHUSI KOOPAUHAT BCETO TPEX TOUEK, KaK B CTapoOH,
TaK ¥ B HOBOW CUCTEMax KOOpJAUHAT. B HEM MCIIONB3YIOTCS Pa3HOCTHU CTAPBIX U
Pa3HOCTH HOBBIX KOOpJAUHAT. MeTOo1 TaeT BO3MOXKHOCTh YCTAHOBIICHUSA
anpuOPHBIX (MTPEBAPUTEIIHLHBIX) KOOPAUHAT JJIs JadbHEUIIIeH peanu3aluu
HEJIMHEMHOW TTPOLIEAYPBI, TO ECTh METOAA, OCHOBAHHOI'O Ha UTEPALIMOHHOMN
nporeaype Herorona-Padcona.

KBaTepHHOHOM Ha3bIBAETCS TUNEPKOMILIEKCHOE YHCIIO, PEATH3YEMOE
r€OMETPUYECKH B UEThIpeXMEPHOM npocTpaHcTBe. C cepenunnl 60-X rogoB
KBaTEPHUOHBI MHTEHCUBHO NMPUMEHSIOTCS B aHATUTUIECKOU POoTOrpaMMETPUHU

U APYTUX IIPUKITAIHBIX HAYKaAX. CCFO,Z[HSI KBAaTCPHUOHHOC HCUUCIICHUC ABJISACTCA
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COCTaBHOW YaCThI0 MATEMATUYECKOTO aIapara COBPpEMEHHON KOCMHAYECKON
dboTorpaMMeTprH U KOCMUYECKOH reosie3nn. KBaTepHUOHBI TO3BOISIIOT BEChbMa
3¢ ()EKTUBHO pelIaTh 3aa41, CBSI3aHHBIE C BPAILICHUSIMU TPEXMEPHOTO
IIPOCTPAHCTBA.

OHU UMEIOT psJl NPEUMYILECTB 10 CPABHEHHUIO C ONTMCAHUEM BPAILIEHUA ITPU
ITOMOIIY SUJIEPOBBIX YIJIOB, MOCKOJIBKY JAI0T BO3MOXKHOCTb Cpa3y IOIYYNTh
KOOPAMHATHI BEKTOPAa B HOBOM CHCTEME KOOPAUHAT OJHUM IIOBOPOTOM

IIPOCTPAHCTBA HA YroJI ¢ BOKPYT HEKOTOPOW MHBAPUAHTHOW OCH BpameHus C,,

IIPUYEM OPTOTOHAJIBHAS MATpHULA BpaleHus M CBA3aHa ¢ HANPaBJIAIOMUMU

KOCHHYCaMH ¢,,C,,C, CICIYIOIHM QyHIaMEHTaIbHbIM YPABHEHUEM TEOPHH

BpAILICHU:
a, a, A ¢ cC G, 100 0 -c, ¢
M=lay a, a&;|=(-cosb)cc, ¢, cc, [+c0sf0 1 0f+sind c, 0 -c
8y Ay g cC CC C 001 -c, ¢ 0

B cBo10 o4yepenn, HanpaBIAIOLIME KOCUHYCBI OCH BPALIEHUS MOXHO BBIPA3UTh
Yyepe3 3JIEMEHTBI OPTOTOHAJIBHOW MATPHUIIBI BPALLIEHUS U YTOJI IOBOPOTA
MIpOCTpPaHCTBA O .

Az, — Ay, _ a3 —ay C = ay —a,

C, 2.C, b, =2 12
2sin 6 2sin @ 2sin 4
KBaTepHHOHBI 00pa3ylOT YETHIPEXMEPHYIO aNre0py HaJl MoJieM
IEeWCTBUTENBHBIX uncel ¢ 0asucoM (1,e,e,,e;). JIroboe BpalieHne TpEXMEPHOTO
MIPOCTPAHCTBA MOYKHO 3aJ]aTh TIPY MOMOIIY KBaTePHUOHA C HOPMOU paBHOU
SAMHUIIE, TO €CTh EUHUIHBIM KBATEPHUOHOM.

EI[I/IHI/I‘-IHBIﬁ KBATCPHHUOH MOKXHO IIPCACTABHUThL B BUJIC:
e . 0 q b
q, = cosE +sin E(cxefX +c,e, +C,6,)=d +ae, +be, +ce,, (26)

rae €,,€,,€, —OpThl B OPTOHOPMHUPOBAHHOM 0a3HCE OCEN CHCTEMBI KOOPIUHAT.
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Teneps 31€eMeHTBHI OPTOTOHATIBHON MAaTPHUIIBI MOXKHO BBIPA3UTh Yepes3
KOMIIOHEHTBI KBaTepHuoHa (Marpuua Pogpureca-I'amunpToHa):
2
a, a, a,| (d°+a’-b'-c  2ab+cd) 2(ac-bd)
M=|a, a, a,|=| 2Aab-cd) d’-a’+b'-c>  2bc+ad)

, (27)
Iy, Gy Oy 2(ac+bd) 2Abc-ad)  d*-da’-b'+c

IMOCJIC YCT0 3HAYCHUA KAPJaHOBBIX YIJIOB BBITUCIIAIOTCSA 110 CI)OpMYJIaMI

s -a
0, = —arctan( le,
2 a,,

o, = 72[— arcsin €, , (28)

X

o, =" —arctan| — 2 |
2 a,3

B sTtom BHAC PCIHICHHUC MOXKCT OBITH IIOJIYUYCHO TOJIBKO B CJIy4acC, KOI'la HadaJjia

KOOpAMHAT COBMAAIOT.
UToOK! OnpeenuTh HAMPABJISIONINE KOCUHYCHI OCH BpaIlICHUS U YIJia
MIOBOPOTa MPOCTPAHCTBA, HY’KHO UCIIOIb30BaTh CIAEAYIOIIUN aIrOPUTM.
IlycTh B cTapoii 1 HOBOM CUCTEMaxX KOOPJAUHAT U3BECTHBI KOOPIUHATHI
JIBYX ITyHKTOB.
XCI1, YC1, ZC1; XC2, YC2, ZC2 — ctapas cuctemMa KOOpJAUHAT;
XN1, YN1, ZN1; XN2, YN2, ZN2 — HOBasi cuctemMa KOOpAuHar.

COOTBCTCTBy}OH_[I/Ie BCKTOPBI KOOPJAWHAT BBITIJIAAAT CICAYIOIIHUM 06p330M:

o (Ad XC2 XN1 XN2
RCI=|YCl|.- Rc2=|YC2 |: RN1=| YN1|: RN2=| YN2
ZC1 7C2 ZN1 ZN?2

[Ipu BpalieHrH NpOCTPaHCTBA BCE TOUKHU OYIyT MepeMEeaThCs [0 CBOUM

TPACKTOPHAM B ITAPAJIJICIbHBIX IIJIOCKOCTAX, NNCPICHANKYIIAPHBIX OCHU
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Bpamienus C . [loaTomy, eciu 00pa3oBaTh BEKTOPHI Pa3HOCTEH HOBBIX M CTapPBIX

KOOPAMHAT JBYX IIyHKTOB:

XN1— XC1 XN2— XC2
ARL1=| YN1-YC1 |; AR2=| YN2-YC2 |, (29)
ZN1-ZC1 ZN2-2ZC2

TO OCh BpallIEHUSI ONPEACIIUTCS KaK BEKTOPHOE POU3BEACHUE BEKTOPOB (29):
C = PR1xAR2 (30)
MOJYyJIX BCKTOPOB paBHOCTeﬁ HOBBIX U CTAPBIX KOOPAHWHAT OIIPCACIIATOTCA 110

dbopmynam:
AR1| = J@N1- XC12+(IN1-YC1)? +(ZN1- ZHC)?

AR2 = [(XN2—- XC2)? + (YN2-YC2)? + (ZN2 - ZC2)? (31)
I[anee BBIYUCJLAIOTCA HAIIPABJLAIOINHNC KOCHUHYCBI 3THUX BCKTOPOB!
XN1- XC1 YN1-YC1 ZN1-7C1
=" A s TR g SRR A
ARL ARL ARL (32)
XN2 - XC1 YN2-YC2 ZN2—-ZN1"
2= 2NCT A pp o INET e SRe T AR
AR2 AR2 AR2
U yroJ MEXIY BEKTOPAMH Pa3HOCTEN HOBBIX U CTApPbIX KOOPIUHAT:
@ = arccos €172 + mlm2 + nln2) _, (33)
EnuHu4HbBIA BEKTOP OCU BPALIEHHUS ONPEIEIISIETCS BEKTOPHBIM
IMPONU3BCACHHUCM:
o e, ¢ e |c
Co=——| 01 ml nli=|c,
simne : (34)
12 m2 n2| |c

N3 popmyinbl (34) noimyyaeM Hampapisiole KOCUHYChI OCH BPAIllEHUS:

min2 — m2nl —(11n2 - 12n1 IIm2 — 12m1l
X = - ) Cy = ( - ) 1 CZ = . (35)
sin ¢ sin ¢ sin ¢

OcTaercs onpeaenuTh yrojl MOBOPOTa MPOCTpaHCTBa § BOKPYT HEKOTOPOH

VHBAPUAHTHOW OCHU BPAILICHUS.
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Ecnu 3anate HanpaBieHus HopMaie G U H K IUIOCKOCTSIM,
00pa30BaHHBIM OChIO BpalieHus: C , COOTBETCTBEHHO C BEKTOPaMH KOOPAUHAT

HIEPBOTO MYHKTA B CTAPOW M HOBOM cuctemMax RN1,RC1:

G=FRkxRN1 , H=FxRca (36)

IPUYEM, MOJYJIM STUX BEKTOPOB BBIMJISIAAT CIETYIOIIMM 00pa3oM:

RNI =/XN1*+YN1*+ZN1* , |RCI=-/XC1*+YCI*+ZC1*, (37)

TO KOCHUHYC YI'JIa IIOBOPOTA IIPOCTPAHCTBA 6 IMOJIYUYHUTCA U3 CKAJIAPHOI'O

IMPONU3BCACHHA BCKTOPOB HOpMaHGﬁ GuH , 4 CHHYC U3 UX BCKTOPHOI'O

IPOU3BEICHHUS:
‘(_?Hﬁ‘-cosé’za-ﬁ : ‘éHﬁ‘-sinH:Fxﬁ:, (38)
IIPH 3TOM, Kak cienyeT u3 (36),
cospy =cly+emy+cen,  sing, =./1-cos’ g ,
Je+c,me +c,n.  sing. =.[1-cos® g , (39)

COS@. =C

rac
_AXN1L o _YNL . _ZN1 . _XxC1o_¥Cl o ZCl (40)
MORNTTTY O RNTTY  RNLT S RC1T S RC1T Y RCL
KOMIIOHEHTBI BEKTOPOB G U H :
G :cynN—csz G :—(anN—cZIN) G _cXmN—cyIN (41)
- 1 Y - 1 - - 1
§ sin ¢, sin ¢, ‘£ sing,
c.n. —cm —(c.n. —c.l cm.—c,l
HX: yc- z C’ HY: (x-C zC)’ HZ: X .C yC’ (42)
sin . sin ¢ sin ¢

Jlanee umeem i yriia TOBOpOTa MPOCTpaHCcTBa O

G,H, -G,H,

cosd =G,H, +G,H, +G,H,, sinf =" (43)

X
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Takum 00pasom, onpeseneHbl HANPaBISIOIIME KOCUHYCHI C,,C,,C,

WHBapHAHTHON OCH BparlieHus npoctpanctea C u yron € moBopora
MPOCTPAHCTBA BOKPYT MHBAPUAHTHOMN OCH BpPAILICHUS.

Teneps MOKHO BBIYHCIIUTh KOMIIOHCHTHI KBaTCPHHOHA:
6 . 6 . 0 .
d :cosE,a:cx s1n5,b:cy smE,c:sm—, (44)

MOCJI€ YEro OpTOroHAJIbHASI MaTpUIla BpalleHuss M mpeoOpa3oBaHUs
MPOCTPAHCTBEHHBIX CUCTEM KOOPAMHAT BBIYUCISETCS 1O popmyie (27), TO ecTh
4epe3 KOMIOHEHTHI KBATEPHUOHA.

J1J1st IOJTHOTO pelIeHUs 3a7]a4M C UCTIOIh30BAHUEM aJIreOpbl KBATEPHHUOHOB
JUTS OTIpEJICIICHUS TTapaMeTPOB MPeoOpa3oBaHus MPOCTPAHCTBEHHBIX CUCTEM
KOOPAMHAT C OJHOBPEMEHHBIM ONPEACICHUEM OPTOTOHATIBHOW MAaTPHIIBI
BpAILICHHS U JIEMEHTOB CJIBUT'Aa HOBOM CUCTEMBI KOOPJIMHAT OTHOCUTEIBHO
cTapoi He0OXOUMO MEPEUTH K PA3HOCTHOM (hopMe MpeCTaBICHUS
PacCMOTPEHHOTO alTOPUTMA.

Jy1st aTOTO TIpUMEHSETCsI B 00pab0TKY MUHUMYM TPH TYHKTA,

OIPEJICTICHHBIX KaK B CTAPOM TaK U HOBOM CUCTEMAaX:

XCl, YCl, ZCl; XC2, YC2, ZC2; XC3, YC3 ZC3;
XN1, YNI1, ZNI1; XN2, YN2, ZN2, XN3, YN3, ZN3.

OO0pa3zyeM pa3HOCTH CTapbIX KOOPAUHAT:
Axcl = XC2 — XC1,Aycl =YC2 -YC1,Azcl = ZC2 - ZC1,
Axc2 = XC3—- XC2,Aycl =YC3-YC2,A2c2=2C3-2C2,
Axc3=XC1-XC3,Ayc2=YC1-YC3,Azc3=2C1-ZC3
Cuuras 3TH pa3HOCTH “KOOPJMHATAMU , BBITIOJIHSAIOTCS BHIYUCICHHS IO
PacCCMOTPEHHOMY BbIIlI€ KBATEPHHOHHOMY aliroputmy (29)-(44). B pesynbrare
ATOTO TMOJYYAIOTCS DJIEMEHTHI OPTOTOHAIBLHON MaTPHIIBI TpeoOpa3oBaHus M ,

Jajicc, OnpCACIA0TCA CABUIA:
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AX XN1 XC1
AY |=| YN1 [-M| YC1|. (45)
AZ ZN1 ZC1
AJTOpPUTM U IporpamMma OnpeeieHUus: OpTOrOHAIBHOM MaTPHULbI
BpauieHus: M 1 3JIEMEHTOB CIIBUra IO Pa3HOCTSIM KOOPJMWHAT TPEX TOYEK,
3aJJaHHBIX B CTApOil U HOBOM cHCTEMax BBITJISIAT CIIECIYIOIIUM 00pa3oM.
ITocne nepexona Kk HOBOU CHCTEME KOOpAUHAT XN,YN,ZN B IPUHLIUIE
MO’KET BO3HUKHYTh 3a/1aua ONpeesieHus: OOJIbIION OIYyOCH U
DKCLIEHTPUCUTETA IJUIAIICON/IA BPALIECHUS, OTHOCUTEIBHO KOTOPOTO 33/1aHa
HOBas cucreMa KkoopauHaT. Kpome Toro, onpeneneHue napaMmeTpoB HOBOTO
AIUTUIICOUA SIBISETCS OKOHYATEIbHBIM KOHTPOJIEM TOYHOCTH BCEX
npeoOpa3oBaHMi, €CIIH €0 MapaMeTPbl U3BECTHHI a Priori.

Ecan 3aJaHa OonbIIas IMMOJIYOCh a, U KBaApPaT SKCHCHTPHUCUTCTA ef cTaporo

QIUIUIICOn A, TOrAa CTapbIC IMIPAMOYI'OJIBHBIC KOOPpAWHATHBI XC,YC,ZC CBsA3aHEI C

reoIe3NUECKON IIMPOTOU B, , TEOAE3UUECKON JOJITOTON L, W T€0AEe3NYECKOU

BBICOTOU H . CIEAYIOIIMMH COOTHOIICHUSAMMU:

XC = (N, +H;)cosB, cosL,,
YC =(N_+ H_)cosB.sinL., (46)
ZC=(N.+H.~-N.e})sin B,

a

c

rae Ne = - JUIMHA HOPMAaJi B CTapOi CUCTEME KOOPANHAT.

2 A3 2
\/1 —e¢ sin B¢

[Tonmoxum Takxe, 4To ONpeaeeHbI MapaMeTphl Mepexoia K HOBOM
CUCTEME KOOpAUHAT M, @y , 0y ,0,, AX, AY, ALZ.

C 5TUMM 3HAUYCHUSIMH MIApaMETPOB MEepexoa ONpeIesIeHbl KOOPIUHATHI B

HOBOI cucteme XN, YN, ZN. Bynmem cuutaTh, 9TO OOJBINAS OJIYOCh a, U
KBaJIpaT SKCIICHTPUCUTETA e, HOBOTO JJUIAIICOM/IA, COOTBETCTBYIOIIECTO HOBOM

CUCTECMC KOOpANHAT, U3BCCTHLI.
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Heobxoamumo mpoBepuTh, MOTYyYArOTCS JIM OTH KE TTapaMeTPhl
DJIJIMIICON A, €CJIM OIIPEACINTh UX IO HOBBIM KOOpAMHATaM XN,YN,ZN.
CHauana Hy>KHO BBIYMCJIUTh C TTOMOIUIBIO ITApAMETPOB HOBOT'O AJLIUIICOUIA
HOBBIC T€OJIC3UUCCKUE KOOPAUHATEI: TOJITOTY, IIUPOTY U BBICOTY

(COOTBETCTBEHHO B,,L,,H,.).

dopMyiia UPOTHI BBITISIUT CIEAYIOIUM 00pa3oMm:

L, = arctg ;N , (47)

N

a JJIMHa HOPpMAJIi B HOBOH FCOI[€3I/I‘-I€CKOI71 CUCTCMC KOOPpAMWHAT ITPCACTABIIACTCA

B BUIIE:
a
N, = - N - (48)
\/1—eN sin“(By)
I[JI}I ITOI'O HY)KHO BBIUUCIINTDH FCO,Z[€3I/I‘1€CKYIO IHI/IpOTy METOAOM
MOCJIeI0BATEIbHBIX MPUOKEHHH 10 popmyIe:
< Z. +NSe?’sinBS-
B'\?+l/: arCtg N N N (49)

X5 +Ye

TJIe jJ-HOMEp TPUOJINKCHHUS.

B xauectBe nepBoro npuOIMKEHUS TPUHUMAEM T€OIIEHTPUUECKYIO ITUPOTY:

ZN

B¢ = arcty (50)
" IXNZ +YN?
Bricorta onpenensercs 1o Gopmysie:
XN
(51)

H, = - N, -
cos(B,)cos(Ly)
Teneps peayippyeM Bce TOUKH, MTOJYYCHHBIC B HOBOW CHCTEME KOOPAMHAT Ha
MOBEPXHOCTh HOBOT'O DJIIMIICOM/IA, IJISl YETO BHIYMCIISIOTCS BETUUUHBI:
oX = H, cos(By)cos(Ly) , 8Y = H, cosB, sinL,, 6Z = H, sinB, (52)
[Tocie yero, onpeaeauM KOOPAUHATHI TOUYEK Ha TIOBEPXHOCTH HOBOT'O

srmnconsa € =0



XE=X,-X,YE=Y, -0, 2E=2,-&Z (53)
HOJIyT—II/IB pAa TOYCK, JICKAIIMX Ha HOBOM JJUUIMIICOUAC, OIPCACIIMM BHOBB €TI0
napamMcCTpBhl. ,HJ'I?I 9TOr'0, UCII0JIb3Yys HCCKOJIBKO IIap TOYCK, COCTaBUM IJIA
Ka)KI[Oﬁ mapbl CUCTEMY IBYX, HEJMHENHBIX OTHOCUTEIBHO napamMcTpoOB

AIUTUIICOUA, KAHOHUYECKUX YPABHEHUI:

«:’

( E 2
N1/+ Nl/+ Nl/zl

a’ al b’
s
«N2/+(N22/+ N2 =1 (54)
a'N aN bN

OHH pemaroTcsi OTHOCUTEILHO OOJIBIION a, W MaJIoi b, oceil HoBoro

DIUIMIICOUIA.

CocTaBuB psl pa3HOCTEN A v —Aays N, =by, —b,,TOE a,,b, - aIPUOPHBIC

n = n

SHAYCHHUIA MMapaMCTPOB HOBOI'O SJUJIMIICOM 1A, ITOJIYUUM CPCAHCKBAAPATHUICCKHC

OIITNOKH OIIpCACIICHUS ITApaMCTPOB HOBOI'O 3JUIMIICOMAA:

- A In (55)

OTOT MeTOoT JaeT Hanbosee 0OBEKTUBHBIN KOHTPOJIb BCEH PabOTHI MO

OTIpEeJICIICHUIO MTapaMeTPOB MPeoOpa3OBaHMUs.

3AK/TIOYEHHE

B meTognyeckoM ykazaHUM pacCMOTPEHBI METOJIBI OMIPEACIICHUS
napamMeTpoB MPeoOpa30oBaHUs KBA3UT€OIEHTPUICCKUX JEKAPTOBBIX CUCTEM
KOOPJIMHAT, UCIIOIB3YEMBIX B T€OJIC3UU. ITHU METO/IbI MIPEATIONATAIOT, YTO
napameTpsl TpeoOpa3oBaHusi MOTYT OBITh KaK YTOJIHO BETTUKH.

K gnciy paccMOTpEHHBIX BOITPOCOB, OTHOCSTCS CIIEYIOIINE:

25
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-ATEPAIMOHHBIN HEIOTOHOBCKHI MPOIIECC CTPOTOTO OMPEICIICHUS TapaMeTPOB
110 METOJTy HAMMEHBIITNX KBaJIpaTOB, KOTOPHIMA, B 00IIEM cilydae, TpeOyeT
3HAHWS NPEIBAPUTEILHBIX 3HAYCHUH YTOYHSIEMBIX ITApaMETPOB,

- IMHEHAs NpoLEeaypa, B IPOIECCE KOTOPOIl ONPENeIISIIOTCS 08eHA0yams
napamempos - A1eBATb 3JIEMEHTOB HEOPTOTOHAILHON MaTPUIIbI BpaIllEHUS,
KOTOpasi aBTOMaTUYECKU YUYUTHIBAET PA3HOMACIITAOHOCTh CUCTEM KOOPIUHAT, U
TPH COCTABJIAIONINE CABUTA Hayajga HOBOM CUCTEMbl KOOPAMHAT OTHOCUTEIBHO
CTapou.

J1st mony4yeHus npeBapuTeIbHbIX 3HAUCHUN YTOUHSIEMBIX ITapaMeTpoB
npeoOpa3oBaHMs paccMaTpUBAECTCS METO]I, OCHOBaHHBIN Ha anredpe
KBaTEPHUOHOB. DTOT METO/I IA€T BO3MOXKHOCTh ONPEICTUTh Uiecms
napamempog npeoopazoséamus, mojaras, 4To MacITabHbIA KOdDPUIIUEHT
paBeH enuHuiie. [Ipu 3ToM HEOOXOIMMO 3HATH KOOPAUHATHI TOJIBKO TPEX
OOIIUX MYHKTOB.

PaccMmoTpena npolietypa 3aKIi0uUTEILHOTO KOHTPOJIS ONpeIeTICHUs
napameTpoB MpeoOpa3zoBaHus KOOPAUHAT, B MPOIECCE KOTOPOU OMPENEIISIIOTCS
0 TMOJYYEHHBIM B HOBOM CUCTEME KOOPAUHAT OOJIbIAs MOIYOCh U
HKCIIEHTPUCUTET HOBOTO AutnIicona. [lockosibKy mapamMeTpbl HOBOTO
AIUTUTICOU A OOBIYHO U3BECTHBI, 3TO TA€T BO3MOKHOCTh 0OBEKTUBHOTO

KOHTPOJIS BCEH MPOICIaHHONW PaOOTHI.
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