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Hamamuy evidaiowezocs yuenozo u nedazoza,
npogheccopa M.C. Vpmaeea

BBEAEHHE

B ¢BA3K ¢ IIMPOKHM HCIONB30BAHMEM CITY THHKOBBIX HABUTALAOHHBIX, CHCTEM
B I€0ME3uH U APYTHX HAYKaX, aKTYanbHON CTAaHOBHMTCA 3a/1a4a ONpe/esieHus . napa-
METPOB NpeobpasoBanus fIpU NEpEXoe OT OJIHOM KBA3HIEOUEHTPHYECKOH CHCTe-
MBI KOODIOHHAT K ApYroi.

Ota e 3aJa4a TaKKe BOIHMKACT B TAKMX HAyKaX, Kak (poTorpaMMerpws,
COYTHHUKOBAA acCTPOMETPUA M APYIrHX TeXHHIECKHX MHCLMIUIMHAX — KOCMHYECKOH
_HaBHranyu, 6auTHCTHKE U T.11.

B xocmuueckoit reosie3ny 0CHOBHOI: 0GBIYHO SBAAETCA KBa3UTEONEHTPHUECKas
reoxesuyeckas cucreMa xoopauHat X,Y,Z, 3a7aHHAA OTHOCHTENBHO HEKOTOPOTO
pedeperuHoro Wiy obwero 3eMEoro Mmunconsa. Ho B pa3HBIX CTpaHax HMCHOJb-
3YIOTCs pasnuYHbie pedeperu-oIUIMICONIE, NO3TOMY BCJIEACTBME PasTHIHil B MX
MapaMeTpax, a TaK)Ke OLIHBOK OPUEHTHPOBKY UX OCefi, KOODAMHATEHL OIHUX M TeX e
IyHKTOB, ONpPE/ENeHHbIe B PANTAIHEIX PeEPEHIHBIX CHCTEMAX, WHOIHA pasnuga-
I0TCs MEXAY c000l Ha coTHN MeTpos. COBpeMEHHEIE CITy THUKOBbIEC HABHIAMOHHEIS
cucremsl — poccuiickas «/JIOHACCy u amepukasckas «GPS» Takke paboraor B
Pa3/IHIHbIX CHCTEMAX KOOPIUHAT — NepBas B CHCTEME I13-90, a BTopas B cucTeMe
WGS-84. [TapameTps! STUX KOOPAUHATHBIX CHCTEM XOPOINO H3BECTHBL. OT CHETEMEI
koopauHar I13-90 moxHO mepefitn Kk cucreme xoopaumar WGS-84, ucmomssys
doprynsi:

M=1
Xwas=Xm3.90-0,0000003685-Y3.00
Ywes=-0,0000003685 ‘Xm.gu‘l‘Yng.go
Zwas™0,5+Zm3.00

OcuoBHO# 3a1a4ell KOCMUYECKO Te0e3uH ARNIACTCA CO3NAHUE SAMHON IIO-
OaTBHON reOUEHTPUYECKON CHCTEMBI KOOPAWHAT, H3MEHEHHs KOTOPOi, 06ycioB-
JICHHBIE reoxuHaMuYecKumy 3P dexTamu, NODKHBI GUKCHPOBATHCA M H3y4aThCA.
HeoGxonumsr fBe cHCTEMBI — MOGATBHAS reOLEHTPHUECKAT JUIA PelleH s 3a1aq
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KOCMHYECKoif reofe3ur ¥ pedepeHliHas g kaprorpabupopanus. COOTBETCTBEH-
HO, Bcerzia 6yyT BO3HMKATE 3aJaud N0 ONpeAENeHHIo NapaMeTpos npeobpasora-
HHS CHCTEM KOOPAMHAT.

B ananutHyeckodt H KOCMHUYECKON (OTOrpaMMETPHH NpPU PasBUTHU OGLIMp-
HBIX (DOTOTPHAHTYISILHIA Taloke NPHXOMYUTCA PEIIATh 3a1auy ONpelesieHuUs napa-
METpOB NpeoGpazoBaHus’ FeOUEHTPHYECKNX cucTeM KoopauHat. TOUHO Takme e
3afayd BO3HHKAIOT U B (OTOrpaduyeckoi acmomerpmi IpH OIpe/eNe s Koop-
JHHAT 3Be34 H CIOYTHHKOB.

I. METOJ T'EJIbMEPTA

Panee CpaBHHTENBHO HEBBICOKas TOYHOCTb OMPEIECNEeHHA KoOpauHat B pede-
PEHIHBIX ' CHCTEMaX  [03BOJIANA LIMPOKO HCMONB30BATh M3BECTHYIO NpPOLEHYDPY
I'enpMmepra ANs ONpeAenenns MapaMeTpos MPeobpasoBaHus CUCTEM KOOPIHHAT. B
IIPOLIECCE HTOr0 METONA OPTOrOHANBHAS MATPHIA 3aMEeHsIach KOCOCHMMETpuYe-
ckoit. OnpepeneHye KOCOCHMMETPHYECKOH MaTpHUB!- He crnoxkHo. Tloseunenue
TOYHOCTH H3MEPEHHMH RO CaHTUMETPOBOM; 2 B NEPCHEKTHBE ‘M MWLUIMMETPOBOIL,
TpeByeT CTPOroro pelieHu 3afa4H, a He ee-iuHeliHoro BapuanTta o I'emsmepty.
Kpome TOro; B MpakTuKe, 0COOCHHO B OTOrpaMMETPHM, BCTPEYAIOTCA 3a[aUH; B
KOTOPHIX HapaMeTphl Npeobpa3zoBaHus MOTYT IPHHUMATH JIHO0bIE 3HAUCHUA.

B:paGote B.I". Kupunnosa; [7], koTOpbI# 3aHUMANCs paccMaTpUBAEMol npo-
OneMoit, IpHBOANTCS CleMyIomas Tabmuma:

Tabmuua 1.
Hozpewnocmu, evizbiaaembie 3aMeHol.
apmozana,:wnoﬁf MAMPUUBL KOCOCRMMEMPUYECKOT,

' VYraer MeXIY OCAMH
Oumbiu, M : : |
lcek |2¢cek [3cex [4cek |Scexk |6cex |7cCex | 8§ cex
oX 0,1 05 |11 |19 2,9 42 5.8 7.5
&y 0,2 0,9 2,1 (38 59 8,5 1,5 | 15,0
0Z 0,3 K4 " 132 - 156 88 - [127 {173 |226
O6wwmii cpeur (0,3 [ 1,75 13,98 7,03 1098 |15,84 21,56 |28,14




2. METOJl, OCHOBAHHBI HA
HBIOTOHOBCKOM HUTEPALMOHHOM IMPOLECCE

O6mas dopuyna nepexosa 0T OTHOH. IPAMOYTONBHOMN N€0Xe3HIECKOM CHCTEME]
KOOpAMHAT K APYTro# HMEEeT BUI:

AN fan @p ay Y XC| (AX
YN (=Ml|a, a, a,]YC |+ AY | (1)
ZN iy B W AIE] VAR

roe XC,YC,ZC —xoOpAHHATHL B CTapOH CHCTeMe KOOPAMHAT, XN,YN,ZN —koopau-
HAaThl B HOBOH CHCTEME KOOpAMHAT, AX,AY,AZ —COCTaBJIOIINE CABMra Hayana
HOBOMW CHCTEMBI KOOPIHHAT OTHOCHTENBEHO Ha9ala cTapoi,

M — macuTabubii kos3dduUiIHeHT,

ap=aplwy, Gy, @), i=1,2,3; k=1,2,3. — 51EMEHTH OPTOrOHANBHON MAaTPHIEI IIOBO-
poTa, KOTOPEIE ABJSIOTCA HENMHEHHLIMH QYHKUMAMH YIIOB @,,®,,0, BPAUICHHL

BOKpPYT COOTBETCTBYFOIIHX OCEll KOOPAMHAT. DTOT METO OCHOBAH HAa HTEPALHOH-
"ot mpouenype Heiotona-Padcona u tpefyer 3HaHKs HEKOTOPBIX ANMPHOPHBIX
3HA4YEHHI ceMu napaMerpoe npeoGpazopanut (1).

Qopmyna (1) yaursiBaer.n CEBUT HaYanw KOOPAMHAT M, PasBOPOTHI 0cel cHCTe-
MBI KOOPAMHAT IPH IIOMOLIH OPTOroHaMbHOH. MaTpuusl moeopota P Ha 3, Diinepo-
BEIX YITIA,

Marpiusl BpaLICHHS BOKDYF COOTEETCTBYIOUIMX OCEH HMMEIOT  CIeAYOUIHi
BHIL:

Boxpyr ocu x:
0 0
Q,=|0 cosw, sinw;-|,
0 -sin@, cosw,
BOKPYT OCH V.

cosw, 0 -sinw,

Q=0 1 o

sin@, 0 cosw,

BOKPYT OCH Z:
cosw, sinw, 0
Q, =|—sinw, cosw, 0.
-0 0 1
CogepiiuB HOBOPOTHL CHaYa/1a BOKPYT OCH Z , 38TeM X U Y 00pasyem Marpuily £
P=QQQ,..
Bririo;THIB YMHOXKEHHE MATPHI B YKa3aHHOM NOPAAKE, NONYYHM 37IEMEHTEl OPTO-
roHajlkHOH MaTpULLE P-o
ay, @, aj
P=la, a, a;|,
&y ap dy
TAe @ — SMCMEHTHl OPTOrOHANBHOR MaTpulsl BpameHus. OHY ONPENCIIIOTCA [0
creayronuM GopMyam:
), = cos®, cos @, —sinw, sine, sinw,
a, =sin@, cos@, +cosw, sinw, sina,
a;; =—Ccosd, Sin @,
‘ay =-sinw, cose,
a,, = oS @, cos @,
a,, =sin @,
;= cos @, sin w,+sin w; sin @, cos @,
@, = sinw, sinw,—cosw; sinw, cosw,
@y = COS.@, COS @,
Yokl nepeiiTa 0T OPTOroHANBHON MATPHLE! TOBOPOTA P K yIiiaM BpallleHus
BOKpYT oceif o,,0,,0,, HCTIONB3yeM (OpMYIIBL:

_ =4y
gw, =
ayy
sinw, =a,,
13
1go, =—
Ay

[IpeamonoskmrM, 4T H3BECTHRl HEKOTOPHIE allPHMOPHLIE 3HAYEHUA MAPAMETPOBR
npeobpazosanus koopauHat (1) — npubmwxeHssie 3HAYSHNA KapJAHCBHIX YITIOB
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o, o), Macurabuoro kosdgduimenta M°, a TakKe MEMEHTOB CIBATA HAYana

HOBO# CHCTEMB! KOOPJMHAT OTHOCHTENBHO cTapolt AX®,AY?,AZ°. C sTumu 3Haye-
HUSAMM CEMY NApaMeTpOB’ jiHeapu3yeM BoipakeHue (1), IpHHUMAY BO BHUMaHHE,
4TO 3/IEMEHTE! MaTPULB! BPAINCHHUA a, ABJUIOTCA HENHHEHHBIMH QYHKIHAMY Kap-
IEHOBEIX YTIIOB:

a, =a,lo,,0,0,) . i=123;%=123

B pesyJibTaTe MOMyqHM [N KAXKOH TOUKH, HMEIOMIEH KOOPIMHATE KaK B-CTapoii,
TaK H B HOBOH CHCTeMax, TPH YPaBHEHHs MONPaBOK. B MaTpuyHoi (opme oHH
MMEIOT CIIeTYIOIHil BAL: '

( dM
dow

| da, 1
. d&)z = fy + vl (2)
danx| \7,
dAy
\dAz )

— YacTHBIC IPOK3BOAHBIE OT KOOPAMHAT MO M, w,, @, @,

N }Ph'
L ,{W o
q(_') Hﬁ £
Mc ‘eb HU
L R e R
o o=
- O O

l;,1,,1, — cBOGONHEIS WICHE! ypaBHEHHUH NONPaBOK:
I.=XN-XN°l =VN-YN°,I = ZN-ZN°, 3)

TpHueM BeMHIMHE XN°,YN',ZN® BEMucinoTcs o $popMyam (1) ¢-anpHopHbIMA
IHAUCHISIMY apaMeTpoB npeobpasosarus (1)~ M', @), &0l AX",AY’,AZ" n
DOJDKHE! MM TOYHO COOTBETCTBOBATH. Bemmiunsl v,,v v, — NONpPABKE KOOPAHHAT
TOYEK B HOBOJ CHCTEME KOOPAMHAT. OHE ONPENEOTCS [0 METOLY HAUMEHBLINX
KBAJPATOB 10X YCJIOBHEM Y. v° = min.

Obvenunsas ypaBHeHus mompaBok g i=1,2,3...n To4Yek, BKIIOYEHHBIX B
06paboTky, mosyyaeMm CHCTEMY HOPMALHBIX VDaBHeHH, KOTOpas pellaeTcs Mo
METORY HaHMf:Hﬁ;ﬂiHX KBanparoB:

AX = (A"4Y ' AL, 4
rae AX —BeKTOp IONPABOK K ANPHOPHEIM 3HAYCHHAM TIAPAMETPOB NpeobpasoBaHus
(1); mpuuenm:

AX" =(AM.. Aoy Doy, -Ae, AAX) AAY) A@AZ), - (5)

TOC/IE HeT0 MIOMYH UM 3HAYEHWS Yy TOUHACMBIX TAPAMETPOR B IEPBOM IPHGNIDKeHUH:
M' = M" +AM 0} = 00} + Awy,0p = o) + sy, 0} =) ¥Aw;,... ©)

Teneﬁ;, ﬁpuﬂumaem napameTpsl M', @, ..AX' B Ka4ecTBe HCXOMHBIX, TOBTO-

psiem Beck npouece (1)-(6) cropa. B pesyisTate mOMy4uM yTOUHIEMEIE IapaMeTpsl
BO BTOPOM NPUOIIIKEHAH:

M?,Q,..,A29 (7
Bynewm peiicTBOBATE TaK /10 TEX MOP, MOKa HE BHINOIHATCS YCIOBUS:
I T XK‘ <|e] 8)

rae X* -pexrop nemspecTHBIX XX = (M‘,mﬁ,‘a’;‘,_mg,axf,ayi*,az“)’,
K - Homep npubnrskeHus,
£ ~ BEKTOp, XapaKTepH3y:olii TOTHOCTE BRIYUCIICHHMIA
IIpu opranusanuu HTEPALMOHHOTO NMPOLECcca MOXKHO He WCTIPABJIATE 3JIEMeH-

THI MATpPUIbL, BXOZAEH B ypaBHenue (2), a NPHHATE HX- MOCTORHHBIMH, BEYHC-
NICHHBIME C aNPHOPHBIMY 3HAYCHHAME ONpEIENAEMBIX TIAPAMETPOB, IPHUHSTEIX B
HagansHOM npubamxenun. [Ipouece urepamumu B 3TOM Ciiyuae Ha3HIBACTCH MOJIM-
¢unupopanasM Meronom. OH GyZIeT CXONUTBECA €O CKOPOCTBIO ApHdMETHHECKOHN
nporpeccu. Ho ynoGHee UCHpaRIATE, 3NEMEHTHI 3TOMN ‘MaTPHIEL, TOFAa IPOLECC
Oyzet GbicTpee CXOHTHCA CO CKOPOCTHIO FEOMETPHIECKOH MPOrpeccH .

Hocne psinonuerua ycnopuit (8) Hy:KHO NepelTH K OLEHKEe TOYHOCTH, U 9ero
B 32KIHOYUTENbHON MTEPalyH BRIMUCIAETCS BEKTOD IMONDABoK ¥ :

V= AAX-L; ()]
IMOCIe Hero BEIYHCIIACTCA OHJHG_KH EIHHHLILI BECA:
LY (10)
n-7
¥ ONpPENENAIOTCA CPEIHUE KBAIPATHYECKUE OMUOKH napavMerpos ngpaﬁpasonaﬂm:
My = 115y = 1|y = 1Oy (1

rae Q,0y...0; — HMArOHANLHEIE 3/EMEHTH 00paTHOK MAaTpPHIbl HOPMAIEHEIX
ypaBHEHUH:
N=(4"4)".



DOpMYIIEL IJIsi BEMUCIEHHUS 3MEMEHTOR MATPHIB YPaBHEHHUHA MOMPaBOK, KOTO-

peie noxyvatores JuddepeHnnposaHieM OCHOBHOIO COOTHOMEHMs MeTona. (1). 1o’
napameTpam npeobpa3’oBaHus, BHIIIAAAT CRETYIOmuUM 06pa3om:

=@ XC+ a,YC 4 azZC

=M

Owy

oa
—LXC+—2
6

C,=——=M|
A dw

szm_M[a"“Xm 94, ye . 9 zc]
ow 0w, @,

Oay,
o, o,

a [&z LyCc+=—2 C}
)

Dy 200 M[a““xm %y ye +9% “ZCJ
da, daw

Ay = %Ig- =a, XC + a,YC+ ayZC
= T et Py 5%y 4 9% ¢

dwy o, do, da,

¢, =S _ | P ey Py 3 zc]
dwy dw, ow, ow,

D, <« Iy %0 e 2o, B

' Ba, dw,’ dw, ‘Ow,
OZN:

A; = M =a, XC +a,YC + a,,ZC

B =22 (a"“ xc+Payc %n ZC]

dw, o oo, dw
C, = aZN M| &% yc + B ye 9% 7¢
i aa),. oo, dw, oo,
b=t 6“"xc+aaﬂ v+ P ZC]
0w, . o, dw, oo,

B. a1 $opMyns1 BXOAST ABALATH CeMb IIPOU3BOIHBIX

Bay,
ow

= —-¢0sw, sinw, —sinw, sinw, Cos®,

10

(12)

Oay,
ow

x

=—sin @, cos &, sin @,

11

“COS&) SIIlﬂ) smm

-aw

o ;
2 = cos w, cos @, sin @,
dw,

da,,

ow

¥

= —sin @, sinw, + cos @, sinw, cos @,

2 e . . E
3 = COS@, COS @, sma)asmm,smmy

z

~é~‘3- =sinao, sinw,
fi]

x

13
o,
oy _
ow

2 -

=—Cosa@, COSG‘)

0

- 2L = sina, sinw,
o,

Oay
Jw

¥
aaZl
b7

-

=0

= —COS (1, COS @,

da,,
dw

x

day _,
ow,

= — €08 @, Sin' @),

0a,; i
—Z = —sin'w, COS o),
o, '

<11



day _q
o,

-g;‘iu  sin @, cos @, cos 3. METO/1 ONTPE/XEIEHMSI IIAPAMETPOB IIPEOSPA3OBAHNS,

P . OCHOBAHHBIN HA JIMHEWHO IIPOUEIYPE
day, " z :
—3L = cosw, cosw, —sina, sinw, sin®
9a, ' ’ B 3/1eMeHTHI OPTOrOHATBHON MAaTPULB! ypasHenuit (1) BHOCHTCA MaciTabHeIi
0a,, K03 puupent u GOPMHPYSTCH TPH CUCTEMBI JIMHEHHBIX ypaBHEHHUI:

—3 = —sin®, sinw, +cos®, sinw, Cos@,

ow,
' - Adn e )
-gﬁi = — 00S @, COS @, COS @, May, XN [ Va
mx — 3 3 .
_ Mal:! ¥ XNZ b Via (14)
2 = sinw, cosw, + cos @, sinw, sinw,
aj)‘
%a—ﬂ =cos®, sin®, +sinw, sine, coso,
1)
’ (15)
P ~sinw, cosw,
om,
i a,sinw,
o,
(16)
%y _q
dw,
Ecia B HAaYanLHOM | NpHOJIKEHAH, TIONOKUTH
M® =10} =0,y =0,0) =0,AX° =0,AY" =0,AZ" =0, TO ypaBHEHWH HONPABOK
COBIANYT € COOTBETCTRYIOmuUMH (opmyramu Meroja I'ellbMepta, B KOTOPOM OpPTO-
rOHANIBHAN MATPHIA 3AMEHSAETCA KOCOCUMMETPHIECKOHi: 17)
AM )
Awy
Xc| 0 -zC YC |1 0 0) Awy XC—-XNY (v Bels 0603HATEHUA /ISt BEKTOPA CBOGOMIHBIX WICHOB!
vclzc 0 -xclo 1 0 ae, |+ YC-WN |=|v,| (13) _ W, YN\ 7N,
zc|-yc xc 0 |0 0 LjA(Ax)| \zc-2v) \» _XN. _¥N 2N
£ 2 5 1 = 2
A(AY) EX 7 s L? g . 3 .Ez i i 3 (}-8)
\a(az), | ~ XN, ~ Ny - 2N,

[Mpu Mansx napaMerTpax MpeoOpasoBaHHs HTEPAUMOHHbI MPOLECC MOXKHO BHITION-
HITH HAa OCHOBaHHU (opmynei (13).
12 i3



U3 pelieHUs CHCTEeM JIMHEHHBIX ypapHenui nonpasok (14), (15) u (16) no merony
HaHMEHBINUX KBaJAPaTOB ONPENEIIMM AEBATE JIEMEHTOB HEOPIMO2OHANbLHOL MATPH-
bl ¥ COCTAB/IAIOILIE CABHTOB 110, 0CAM KOOpINHAT AX,AY AZ

Ma’ll : Ma;g
Ma, - 7 -1 AT Ma,, " T =1 AT F
MCIS-'—_(Q o Q'Ly, Ma, =~Q'0)' 0L,
AX AY
Ma,,
Ma;, kg a4
i (Q'O0'L, (19)

ag
B aToM peiieruu cBA35 CHCTEM KOOPAHHAT ONpe/eNseTcs ABEHANNATHIO MapaMeT-
paMK — ZEeBATHIO /IEMEeHTaMy MaTpuus! [1:
Ma, May, Mayg
I1=|Ma, Ma, May, (20)
Maz‘j Masz Iif{as's
U mapameTpamu cusura AX,AY,AZ. PasHomacmTaOHOCTE CHCTEM KOODHMHAT aB-
TOMATHYECKH YIHTBIBACTCA CTPYKTYpoit Matpuusl 11,
Irot MerTox ynobiee MOREHUUMPOBATS, HCIONE3YS HE KOOPAMHATEL, 4 PA3HO-
CTH KOODIHHAT B CTAPOH CHCTEME XC_‘,@, +XC, u B HOBO¥ CHCTEME KOOpAHHAT
XN,,,~ XN,. Ecii 06pa3oBaTh COOTRETCTBYIOLIHE PA3HOCTH
) AXC,, = XC/' XC,_,, AYC, 1y %:YC, < ¥C, ., AZ,, , =.2C3~ 26 3
AXN,, = XN, - XN, ;AYN,, = YN,~¥N,_,AZN = ZN,-ZN,_; 21
. TO,; OYEBHIHO, 9TC B PA3HOCTSX CABHTH MCUE3AIOT U M3 PEIICHHA MOXHO OMpeje-
JIATH 3JIEMEHTE! MaTpHis [T
U B atoM crydae Gyaem HMETE TPY CHCTEMB! YPaBHEHHE MOMPaBOK:
Ma, AXC,; , + Ma,AYC + MaAZC,, ,~AXN, , =v,,

Ma, AXC, ;. + MayAYC, |+ MayAZC,,  —AYN,,  =v,, _ (22)
May AXC,, , + Ma,AYC,,  + MayAZC,,  —AYN,, i =v,,
i=L2,..n.
14

W3 peilieRna ITHX YPABHEHMH 110 METOLY HaMMEeHBIIHX - KBaJpaToB Mbi MOXKEM
OTIPEENHTH AEMEHTHI MATPHIIE, A TAKkKe COCTAB/IONIME CIBUra HOBOH CHCTEMB!
KOOpAWHAT OTHOCHTENLHO Hadana CTapolt AX,AY,AZ.

JUns 3T0TO BHMMCIEM BCrOMOTATENbHES (6€3 CIBHIOB) HOBBIE KOOPIMHATH!

X\ P Z( Xy Vs 2, § =12.., TIO OPMYITAM:

xi XC‘
¥, [=H| ¥YC, |. 23)
i L 26,
3arem .
M 3 !
AY |={H"H)'HTL,, @4
AZ.
roe
0. 0) -'XN,.—-xq
0 10 TN~}
0 1 ZN, -z
H= i R Is‘: ais (25)
100 XN, -x,
010 N, =Y,
00" 1J \ZN, =z,

4. METOJ ONTPEJXEJIEHWA IIAPAMETPOB IPEOGPA3OBAHNA,
OCHOBAHHbBIN HA NPHMEHEHUMU ANI'EBPBI KBATEPHUOHOB

IToT MeTox TpeGyeT 3HaHHA KOOPAMHAT BCEro TPEX TOUEK Kak B CTAPOH, TaK 1
B HOBOM CHCTEMAX KOODIHMHAT. B HeM HCMONB3YIOTCA PA3HOCTH CTApHIX M PA3HOCTH

HOBBIX KOOPJHHAT. METOJ 1aeT BO3MOXKHOCTS YCTAHCRITEHHR ANPUOPHBIX (MpeBa-
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PHTENBHBIX) KOOPAMHAT AJiA AanbHeHINeH peanyusasy HenuueiHo Hponeypsl, T0
€CTh METOJ3, OCHOBAHHOI'0 HAa HTEePAUMOHHOI NpoNeaype Heiorona-Padeona.

KsarepunoHoM Ha3bBaeTCH IHIIEPKOMIUIEKCHOE THCIO, PEAH3YEMOE EOMET-,

PHYECKH B HETHIPEXMEPHOM npocTpancTse. C cepelunbl 60-X rofoB KBATEPHUOHE!
MHTEHCHBHO MPUMEHAIOTCA B AHANTMTHYECKOH (OTOrpaMMerpud W OpyruX NpH-
KIaHBIX Haykax. Ceroaus KBaTEPHHOHHOE WCUMCIEHHE SBIIETCS COCTABHOM da-
CTBI0 MATEMATHIECKOTO aNiapaTa COBPEMEHHO KOCMHYecKol GoTorpavverpun u
KOCMUYECKOY Ie0/e3ny. KBaTepHHOHH DO3BOJLTOT BeChMa >PQEKTHBHO peurath
3a[a9H, CBA3AHHEIE ¢ RPAlIeHHUAMHE 'rpexmepnom NPOCTPaHCTRa.

OHr ¥MEIOT sl NPEHMYIIECTB M0 CPABHEHMIO C ONMHCAHHEM BPALIEHMH IIpU
OOMOMIH BIﬂiepOBbIX YITIOE, HOCI(OIILI(Y JAX0T BO3IMOXKHOCTE Cpa3ly MOIYYHUTH K(}-
OpJIMHATHI BEKTOpA B HOBOM CHCTeMe KOOPAMHAT OLHHM [TOBOPOTOM ﬂpOCTpaHC‘I‘Ba
Ha YTon 6 BOKDYr HEKOTODOii MHBAPHAHTHON OCK BpalleHus C,, IPHYEM OPTOrO-

HaibHAs MATPHLA BpalieHys M CBi3aHa C HaNpPaBIIOWMMHI KOCHHYCAMK ¢, ,C,,C,

CITeAY FOIHM (QyHAaMEHTANBHEIM . ypaBHEHUEM TEOpHH Bpaiie-
a a, qﬂ -CE_'Q-% 65 i+ 1 60 (0 -¢ cy]_
M=a, @, a,=<(-as)ce' ¢ g [+asf0 LOlsig ¢ 0 —q
HUIH: J : s ;
a & &) . eaiaq € )i (001 -¢, ¢ OJ

"

B cBoio odepeip, HANPABIAIONINE KOCHHYCHE OCH BPAIIEHHA MOXHO BBIPASUTH de-
pe3 JEMEHTHI OPTOrOHATLHOMK MATPHIIE BPALICHHS ¥ YO I0BOPOTA NpOCTPaHCT-
Bag:
w24y - A aSI _4y —ay
2sin6 "7 2sin@ T 2sind
Ksa‘repnaor{m oﬁpasymT YETRIPEXMEPHYIO anrepy Hag I1OJIeM JAelCTBHTENh-

HBIX ¥HCes ¢ 6asicoM (1,ev6,.e;). JIio6oe. BPAIIEHYE TPEXMEPHOTO npm:TpchrBa
MOKHO' 3a/aTh NPU-TOMOINY - KBATEPHHOHA ¢’ HOpMﬂﬁ paBHON EXHHHIUE, TO €CTh
e JHHUYHEIM KBATePHHOHOM

EnuHHYHEIA KBATEPHHOH MOKHO IPE/ICTABUTE B BHJE:

5 .8 : .
g, =cos Ej_r sin— (_c,éx +¢,2,+ce)=d+ae +be, +ce, (26)
A€ 2, ,2,,2, ~OpTh'B oproaopmuponanﬂom Hasuce oceit CHCTEMBI KOODAHHAT.
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Temneps 3MeMeHTH OPTOrOHATBHOMK MATPHIE! MOXKHO BHIDA3UTH Yepe3 KOMIIOHEH-
THI KBaTepHHOHA (Marpuua Pompureca-I'aMmibToHa):
(a, a, a,) [d+d“8~¢ Aab+cd) Aac—bd)
M=|a; a, a,|=| Aab-cd) cif‘«a2 ¥ =&  Abc+ad) - o
&y B, Aac+bd) - Abe-ad) d*-a-b+c

[OCiIe 4ero 3HaYeHNA KapaaHOBBIX YITIOB BBEIMHCIIAOTCA 110 [bDiJM}’J'IaM:

o, = Z  arctan] i TR
2 @3 |

o= gi-’arcs}ih(aza)', (28)

ﬁ’;’- — \E -_— E [-_L];J.
2 g3

B 5TOM BHJIe penierue MoXeT OBITH MOJNyYeHo TONEKO B Clydae, KOTrIa Havyaa
KOOpAuHAT COBITAAKOT.

YroOK ONPERENUTE HAMPABIAIOUIHE KOCHHYCHI OCH BpalleHHA B YIJida MOBOPO-
Ta TIpOCTPAHCTBE, HYKHO HCNOZE30BATE CEAYIOMMHM aliropuTM.’

IycTh B CTapoil U HOBOI CHCTEMaxX KOOpJHMHAT H3BECTHBI KOOPAMHATHL ABYX
MYHKTOB.

XCI, YC1, ZC1; XC2, YC2, ZC2 —~crapas cucrema KOOP/MHAT;

XN1, ¥N1, ZN1; XN2, YN2, ZN2 < HoBas CHCTEMa KOOD/IMHAT,
COOTBETCTBYIOIIHE BEKTOPBI KOOPAMHAT EBIIIAAST CIISAYIOLINM 00pasoM:

-..XCZ. ;

ZCZ
IIpu BpalneHHn NpOCTPAHCTBA BCE TOUKH OyyT MepeMeriaThbes 0 CBOUM TPaeKIo=
pHAM B apa/UIENBHEIX IUIOCKOCTAX, HepIeHIHKYIAPHBIX. qcu‘,-:BpanleHPI_a;E"._ TTo-
3TOMY - €clig : ofpazoBark aempm;pamogrei'{ HOBBIX: M CTAPHIX; KOOPIMHAT -ABYX

IIYHKTOB!
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XN1-XC1 XN2- xC2]
AR1=| YNI-YC1 |; AR2=| YN2-YC2 |, (29)

ZN1-ZCI L zv2-zc2
TO OCh BPAILCHMA ONPEAEIHTCH KaK BEKTOPHOE npoazaeﬁeﬁue BeKTOpOB {29):
T = [AR1x AR2], | (30)
MOJIyNH BEKTOPOB Pa3HOCTEH HOBBIX ¥ CTAphIX KOOPAHHAT OMPENeNIoTCs o (op-
MyTam:

|ARY| = (XN1 = XC1) +(YN1-YC1)’ +(ZN1~ ZHCY'

|ARY = (XN2= XC2)* +(YN2 - YC2)} +(ZN2— ZC2) 30
{lanee BEMUCILTIOTCS HANPABNAIOMIME KOCUHYCH 3THX BEKTOPOE:
XN1- XC1 YN1-YCl ZN1-ZC1
_—— ml = HI =

n
AR . CARL AR1 (32)
. N2 X1 YN2 - ¥C2 ZN2-2ZN1°’
Dufl2 300 e D
AR2 ©AR2 AR2
H YToJl MEXIY BEKTOPaMy Pa3sHOCTEH HOBBIX H CTAphIX KOOpHOHHAT:
@ = arccos (1112 + mim2 + n1n2)), (33)
. EMHH‘IHHﬁ BEKTOD OCH Bpameﬂwz Ol‘lp_eﬂmm_‘(:i BeKTOpHHM_IIp{)KZBe.I[eHH-.\
eM:
B ¢ e & ¢ le
= T ol nl|=| e
G sing o ik (34)
2 m2 2| e -

W3 dopmymer (34) nosyuaeM HanpasLIONIie KOCHHYCH OCH BPAIICHIA:
_ mln2—m2nl P . Z12n1) oo im2 - 12m1

e x T v.by

sing sing: 7 7 sing (33)

Ocraercd 'OnpeRenuth Yroji®. MoBOPOTa MMPOCTpaHCTBA BOKPYTI' HEKOTOPOii
MHBAPHANTHONR OCY BpalneHud.

Eciin 3afaTh Hanpasnenns HOpMaiel.G i H K IIOCKOCTAM, 06pa3oBAHHEIM
OCBI0 BpamieHus' C , cOOTBETCTBEHHO C BEKTOpaMM KOOPLMHAT NepBoro MyHKTa B
cTapoii ¥ HOBOM cHcTeMax RNLRCL:

G=[RxRN1), H=[gxRcl), (36)
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OpyYeM MOXYJIH. ITUX BEKTOPOB BHIIJIALSAT CHENYyIonEM 06pasom:
|RN1 = XNV + YN+ ZNT -, |RC| =~/ XCP+YCP+2CE,  (37)

TO KOCHHYC YyIja MOBOPOTA MPOCTPAHCTBA £ MOMYWHTCH. M3 CKAIPHOTO: IPOH3BE-
JieHHsi BEKTOpOB HopManel G ¥ H , a CHHYC B3 HX BEKTOPHOTO IPOU3BENSHUS: |
G)-|H|-cos6 =G -H , |G||H|-sino=[GxH], (38)

IpH 3TOM, KaK cieayer u3 (36),

cospy =ctytemyten, sy =q1-cos’ @y ,

cosge.=c,le +e,me +e,n.  sing, =1-cos’ g , 39
rue
Lo XML _INL o _ZN1L o, _XxCL o _¥Yel o ZCl (40)
L] R .RNl.q.. N - RN]., N RNl, [+4 'RCI, i rf RCI" c ..RCI’
KOMTIOHEHTHI BEKTOPOB G # H : -
e py—cm —(em; ~e Y cmy —c ly
G, = ,vnN f N,G,= (x’fﬂ ’N),Gzz N _J'N. (41)
sin @y, singy ‘sin ¢y,
cn, —c Mg - ¢, C . —C
F s : ;e Z -HY s (C,Hc sz(,)’ Hz =___I_f-"_______yl£_ (42)
SIn @, B 51N @ i SN @,

ﬂ&neé HMeeM [UIA YTia IIOBOpOTa MpocTpancTsa &:
G H, -G, H,
'c .

x

c088 = GyH  +GyHy +G,Hy, sinf = (43)

Taxum 0Gpa3om, ONpeseneHbl HANPABIHOLIHE KOCHHYCh Cy>Cy,C, HHBAPHAHTHON
OCH BpaUIeHNMs NpocTpaHcTBa C W yroi & MOBOPOTA HPOCTPAHCTBA BOKPYT HHBA-

PHAHTHOHN OCH BpalllgHHA.
Tenepb MOKHO BBIMHCIHTE KOMIOHEHTH! KEaTepPHHOHA!

d= _cos—_g,a = cx.sin,g b “--’:"F-Si“%ﬁ“ﬁ: sin.%.,_ “44)

IIOCTie Yero OpTOrOHANEHAS MATPHIA  BpaIeHHS M Npeobpa3oBaHMs HPOCTPAHCT-

‘BEHHBIX CHCTEM KOODAHHAT BRIUHCHAETCA 1o opmyne (27), T0:ecTh uepes KoMno-

HEHTEHI KBaTEPHHOHA.

JIns . OJHOTO PELieHUs 3a[avy ¢ MCIOJB30BAHMEM anrelps! KBAaTEPHHOHOB
Mp¥ OTPEJIe/ICHUH aPaMETPOB NpeobpasopaHys MPOCTPAHCTBEHHBIX CHCTEM KOOp-
OVMHAT € OJHOBPEMEHHELIM ONpENE/IeHHEeM OpPTOrOHANBHOM MATPHULb! BPAICHHST H
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3JIEMEHTOB CABHTa HOBOI CHCTEMBI KOOPAHHAT OTHOCHTENEHO CTapoil HeobxoaHMo
MepelTH K pa3HOCTHOH GopMe NpeCTaBIeHUS PACCMOTPEHHOTO aFOPUTMA.
Jia 3toro_mpueMaercs B 00paboTKy MHHBMYM TpPH HYyHKTA, OIpEJeleHHbIX
Kak B:CTapoH Tax M HOBOH CHCTEMAX: ..
Cl, :XCl, Z€Y;, -XC2,' YC; ZC2; XC3,  YC3 ZC3
XN1, YN1, ZN1, XN2, YN2, ZN2, XN3, ¥YN3, ZN3.
O6pasyem pasHOCTH CTaphIX KOOPIMHAT:
Axcl = XC2 - XC1,Ayel = YC2 - YC1, Azel = ZC2 - ZC1,
Ax¢2 = XC3 - XC2, Aycl = YC3 = YC2,Azé2=2C3-ZC2,
Axc3=XC1-XC3,Ayc2=YC1-YC3,Azc3=ZC1-ZC3
Cuauras 3TH PA3HOCTH KOOPIMHATAMUY, BBINONHAIOTCH BEIMMCICHHA MO pac-
CMOTPEHHOMY BHIIIC KBATEPHHOHHOMY JITOPHTMY (29) (44). B pesynbTate 3TOro
TOJTY4AIOTCS JIEMEHTH OPTOrOHANLHON MaTpPHUUE! npeobpasosanua M, nanee on-
PEesIOTCS CHABAIHU:
AX\ (XNT X_Clw
AY |=| N1 |=M|.¥C1 |
AZ) ) \2c)

(45)

AJTOPUTM H:POrpaMMa OTNpeeNICHHs OPTOTOHAIBHOH MAaTpHUE BpAaLICHHA
‘M H 3MEMEHTOB C/IBUTA IO PA3HOCTAM' KOOPAMHAT TPEX TOUEK, 3a[aHHBIX B CTApOii
¥ HOBOHM CHCTEMaX, BRITBUIAT CITEYIOLM oﬁpaaom. ,
[Tocne mepexona x HoBoH cucTeMe koopaunatr XN,YN,ZN B npunimne Mo-
KeT BO?;HHKHyTL 3ajaua onpe/enens GONbIIoH NOTyOCH ¥ SKCHEHTPUCUTETa -
JIAIICOM/IA BPAIIeH 1, OTHOCHTENEHO KOTOPOTO 3a1aHa HOBas CHCTEMA KOOP/IHHAT.
Kpome Toro, onpesnejieHine MapaMeTrpoB HOBOTO 3JUIAIICOMIA ABIIAETCH OKOHYa-
“TeJIBHBIM KOHTPOJEM TOYHOCTH BCEX' npeoﬁpaaonanuu, €cld ero mapamerpsl u3-
BECTHBI @ priori.
Ecu 3anana-Gonbiias HONYOCh g, W KBaApaT SKCIEHTPHCHTETA ¢> CTAaporo
3MAMNCON/A, TO CTapkle IpAMOoyromsHbie koopauHatsl XC,YC, ZC -cpa3aHkl C reo-
“Ie3AYECKON [UPOTOH B, reoNe3nueckoil JONToTol L. U reofe3nieckoil Bpico-

ToM H 7 CEAYIONIMMEA COOTHOIIEHUAMHM:
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XC=(N.+H.)cosB.cosL,
YC = (N, + Hc)cos Bsin L , (46)
ZC=(N.+H.—N.el)sinB.,

a ; : e
riae N, =—=—=Ste=— — [UIMHA HOPMAIH B CTAPOIi CHCTEME KOOPHIUHAT.

J1~eksin BE
IMonoxumM TakKe, 4T0 ONPEHCIEHB! MAPaMETPhl mepexona K HOBOM CHCTeMe
KOOpAHHAT M, 0y ,Wy;0z, AX, AY, AZ
C ITHMY 3HAYCHHUAMH [IAPAMETPOB MEPEX0Lia ONPEIETCHBl KOOPAMHATE B HO-
Boit cucreme XN, YN, ZN.Bymem cuurarh, uT0 60Nbilas NOIYOCh @y U KBaj-

paT SKCILEHTPHCHTETa €5 HOBOTO 3/UTHIICOM/R, COOTBETCTBYIONIEr0 HOBOM CHCTeMe
KOOPHHMHAT, H3BECTHBEIL.

Heo6xo0axM0 MPOBEPUTE, IOJMYHAKOTCH JIH ITH KE NapaMerpsi IUIHICOU/a,
€CIIM ONPEeNeN|Th UX 110 HOBBIM KoopauHatam XN, YN, ZN.
CHavana Hy>KHO BEMHCIIUTE ¢ IIOMOIIBIO NapaMeTPOB HOBOTO 3JUIMIICOK/IA HOBEIE
reone:smecﬁne 'KOOpPAMHATEI: HOJTOTY, WHPOTY K BBICOTY (coor;_ae‘rc’r-BeHHO
By, LNaHN .

- DopMyJia WHPOTHE BETSIAT CIEAYIOIEAM 00pasoM:

; 'Y,
Ly =arctg] 2 |, 47
N g[_ 'XN] : 47)

a JUIHHA HOPMAJIA B HOBOH reo/le3W4ecKof CUCTEME KCOPAHHAT MpEeNCTABIIAETCA B
BHIE:

Ny = N (48)
Ji-eZsin?(By)
JUtst 3TOro HYKHO BBMECTHTh T€0E3MdecKy0 IIEPOTY METOZOM MOCTEA0Ba-
TeNbHBIX NpUOIKEHUH o GopMyJie:
Zy+N };‘}Iez sin Bg’}
V13

Bﬁrj”) =arctg ; (49)

re j~HoMep npHOMDKEHU.
B xauecTBe epBOTo NpUOIMIKSHUS NPUHUMAEM [EOLEHTPHIECKYIO MIUPOTY:
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B =gty (50)
XN+ ¥N?

Beicora onpenensercs 1o opmyJe:
_ XN
cos(By)cos(Ly)

Terieps pemyuupyem Bce TOUKH, OMYYSHHEIE B HOBOH CHCTEME KOOPAMHAT, Ha NO-

o (51)

BEPXHOCTH HOBOTO 3/UTHIICOMA, ATIsl YETO BREIMUCISIOTCS BETHTHHbI:
8X = Hy cos(By)cos(Ly ), 6Y = Hycos BysinLy, OZ = Hy sin By . (52)

Tlocite uero, onpeneiiuM KOOPIHHATH! TOYEK Ha NMOBEPXHOCTH HOBOTO JJLIMIICOH-
na(H = 0):

X=Xy -8, VE=Vy-0¥, Z5=2,-82.  (53)
TlonyquB psI TOUEK, NEKAUAX HA HOBOM JJUTUIICOH/E, ONPEACIUM BHOBb €ro Ma-
paMeTpBI. I{ﬂﬂ ITOr0, ACIOAB3YA HECKOJABKO MTap TOYUEK, COCTABHM ,[Ul.ﬂ. KHJKL[OH ﬂa"
PBI CHCTGMY IBYX, HETHHEHHBIN OTHOCUTENBHO napameTpoB BHJIKHCGHHS. KEHDHH-

YeCKHWX YpaBHeHni: )
AR A
7, el . aN ) bz .
(XN )z Yfil (Zﬁzz)l =1 (54)
ay ay by

‘Oni pemam"rcﬁ OTHOCHTENBHO OONBIION ay U Maioi b, OCeil HOBOrO MIIMICOHAR.
Cocrasus psm pasﬂorreﬁ A, =ay,~ay, " 2 = by, — by, THE ay,b, — RIPHOPHEIC 3HAYE-
'mm napame'moa HOBOTO SIUTHICOMIA, MOMYYUM CPEIHEKBALPATUYECKHE OLMOKH
onpe/ieNeHnA NapaMeTpPOB HOBOFO IJUTHITCOMA:

ﬁ&‘&z" i AL 1, (55)

Dot Merox naet Hanbonee oObeKTHRHBIN KOHTPOME BéeH paboThl To Oripene-

JIEHUIO MapaMeTpoB Hpeobpa3oBaHmA.
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3AKJIOYEHHE

B MeTOAMYECKOM YKa3aHUU PACCMOTPEHBl METOMbl ONPEACICHUS UAPAMEIPUB
npeoOpa3oBaHus KBa3UIeOLEHTPHIECKHX JIeKapTOBEIX CHCTEM KOOPIMHAT, HCHOb-
3yeMBIX B Fe0J€3HH. DTH METO/IBI NIPEANIONAraloT, YTO NapaMeTphl npeofpasosaHns
MOryT OBITE KaK YTOJHO BENUKH.

K quc.zfy PacCMOTPEHHEIX BONPOCOB OTHOCATCS ClIEHyIOIIME!

- WTEPAlHOHHEI HBIOTOHOBCKMIE rpomece c'rpororo' OTIPE/IENEHUs. 1APaAMETPOB
110 MeToAy HAMMEHBHIMX KBaAPATOB, KOTOPHL, B o0meM crmyuae, TpeOyer 3HaHusA
TpeNBaPUTENBHBIX 3HAICHHH YTOUHACMBIX napamevcjadn,

- nHHediHad mpolenypa, B Npouecce mropoﬁ onpenenmo'rcx-aeenddqama. napa-
Mempoe — EBATE SEMEHTOB HEOPTOrOHATLHON MaTPHIE! BPAlIeHHs, KOTOpas aB-
TOMATHYECKH YIATHIBAET paauouacurraﬁﬂom crcTeM Roopmma'r H TpH COCTaB-
JIAIOUINE CABHTA Havdala ‘HOBOH CHCTCM]:I KOOpAKHHAT OTHOCHTCJIBHO CTElpOK

JUis TOTydeHns TpeABapHTENbHBIX SHAYeHHiT YTOTHAEMBIX [IapaMeTpPoB mpe-
00pa30BAHNA PACCMATPHBACTCS METOM, OCHOBAHHBIN Ha wireGpe KBATEPHHOHOB.
OTOT METOA AaeT BO3MOKHOCTD ONPENEIHTE UECTb _napaﬁémpoa npeobpazoeanus,
fionaras, 9To MaciurabHei kosduuuent papel equnnue. IIpu sToM HeobXxoMHUMO
3HATH KOOPAMHATEL TOIBKO TPEX oﬁnmx OYHKTOB. '

Pacemotpena npouenypa 3ammqm%H0m xompo.nn onpenenenﬂx napaMe-T-
poB npeo0pa3zcBaHus KOOPAMHAT, B npouecce Kempoﬁ OHpefenEoTCA N0 MOy-
YeHHBIM B HOBOI CHCTEME KOOPAHHAT GOMBIAS NOTYOCh i SKCIEHTPUCHTET HOBOTO
SJUIMICOM A, Hocxonslcy [apaMeTpsl HOBOTO JJUIMIICONAA OOBIMHO M3BECTHEL, 3TO

JaeT BO3MOXHOCT 06BEKTHEHOTO KOHTPO/IS BCEH. npoenaHnoR paboTsL.
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