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rocyoapcmBeHHblu YHU8epcumem uHljJopMal{UOHHbLX meXHO./lOZUU MexaHUKU U onmUKU,
197101 CaHKm-llemep6ypz, POCCUR

lloCTynHJIa B peAaK~1O 29.08.2005 r.

Ha OCHOBe TOqHOrO Bblpa)KeHHH yrJloBorO 3nKOHaJia OCeCHMMeTpHqHOrO KOHHKOH~a - noBepXHOCTH, 06-
pa30BaHHon Bpa~eHHeM KpHBon BToporo nopx~Ka, KOHHKH, - nOJIyqeHbl Bblpa)KeHHJI ~JIX rayccoBon on-

THKH HaKJIOHHblX JIyqen, OTJlHqalO~HeCX OT H3BeCTHbiX HHBapHaHTOB rYJIbCTpaH~a-IOHra ~JIX c<t>epbl Ha-
60po~[ He3aBHCHMbiX apryMeHTOB H co~ep)Ka~He B XBHOM BH~e napaMeTpbl OnTHqeCKOn CHCTeMbl. HCC.!Ie-
~OBaHbl KOJIJIHHeapHble cBoHCTBa OnTHqeCKOn noBepmoCTH C HaKJIOHHblMH nYtlKaMH. npoBe~eHo
pacillllpeHHe TeopHH aCTHr~[aTH3Ma Ha CJIyqau KOCblX JIyqen, n03BOJIXIO~ee CTpOHTb H aHaJIH3HpOBaTb B

nepBoM npH6JIH)KeHHH cpOKaJIbHble noBepxHocTH peaJIbHOrO wHpoKoro nyqKa JIyqen. TeopHx onp060Ba-
Ha Ha npHMepe onTHMH3a~HlI anJiaHaTHtleCKOU JIHH3bl ~JIX CJIyqax BHeoceBon TOqKH npeAMeTa. Ha OCHOBe
TOqHOrO Bblpa)KeHHX yrJloBoro 3UKOHaJia ~aHbl onpeAeJIeHHX HHTerpaJIbHblX a6eppa~Hn. npe~JIO)KeH-
Hbln ~[eTO~ npe~nOJIaraeTCx HCnOJlb30BaTb ~JIX onTHMH3a~HH OnTHqeCKliX CHCTeM.

PACS: 42.15

PaC'IeTHa5I OnTIIKa crpOIITC~ Ha 6a3e raYCCOBOH
OnTIIKII. llOA raYCCOBOH OnTIIKOH nOHIIMalOT 3aKO-
HbI npeO6pa30BaHII~ JIY'IeH, IIMelO~IIX 6eCKOHe'lHO
MaJIbIH yrOJI C OnTII'IeCKOH OCblO, IIJIII napaKCIIaJIb-
HbIX JIY'Ieu. 3TII )Ke 3aKOHbI CnpaBeAJIIIBbI AJI~ a6co-

JIIOTHOrO npII6opa, OnIICbIBaeMOrO B paMKaX KOJIJIII-
HeapHOH OnTIIKII C nOMO~blO APO6HO-JIIIHeHHbIX
npeO6pa30BaHIIH. B cJIY'lae OCeCIIMMeTpH'IHOH on-
TII'IeCKOU CHCTeMbI II npll CneQlIaJIbHOM BbI6ope
Ha'laJI KOOpAIIHaT B npOcrpaHCTBa."{ npeAMeTa II
II306pa)KeHII5I (B TO'lKaX rJIaBHbIX clJOKYCOB) npeo6-
pa30BaHII~ CBOA5ITC~ K AByxnapaMeTpll'leCKIIM COOT-
HOllieHII~M AeKapTOBbIX KOOPAHHaT npeAMeTa II

II306pa)KeHII5I II3BeCTHOrO BHAa

X' = fXIZ, Y' = jYIZ, Z' = ff"z (1

llapaMeTpaMU CJIY)KaT nepeAHee (/) U 3MHee (/')
<POKYCHble paCCTOSlHU5l. llocJIeAHee ypaBHeHUe B (1)
Ha3bIBalOT COOTHOlIleHueM HblOToHa.

CBSl3b KOJIJIUHeapHoH onTIIKU. nocrpoeHHoH Ha
OCHOBe Apo6HO-JIUHeHHblx npeo6pa30BaHuH, C pe-
aJIbHOH OnTUqeCKOH noBepxHoCTblO ocy~eCTBJISleT-
CSI C nOMO~blO yrJIOBOrO 3lIKOHaJIa (yrJIOBOH xapaK-
TepucTuKU) noBepxHoCTu [1], B BblpaJKeHUU AJISI KO-
Toporo yqUTbIBalOTcSI TOJIbKO qJIeHbI nepBoro
nopSiAKa MaJIOCTU OTHOCIITeJIbHO JIyqeBblX KOMno-
HeHT. Pe3YJIbTaTOM nepexoAa OT a6CTpaKTHOH MOAe-
JIU a6COJIIOTHOrO npu6opa K OnTIIqeCKOH noBepxHo-
CTII SlBJISleTCSI uHBapuaHT A66e

CBSl3bIBalO~HH annJIHKaTbI nJIOCKOCTeH npeAMeTa

(z) H 11306pa)KeHIISI (z') B npOcrpaHCTBaX C nOKa3aTe-

JISiMIi npeJIOMJIeHHSI n II n' COOTBeTCTBeHHO, pa3Ae-

JIeHHbIX OnTII'IeCKOII nOBepXHOCTblO C paAHYCOM
KpllBII3HbI r B BeplIIlIHe. Ha'IaJIo KOOPAIiHaT - B Bep-

IIIIIHe nOBepXHOCTII, rJIaBHbIe nJIOCKOCTIi COBnaAaIOT

II npOXO~SlT 'Iepe3 Ha'IaJIO KOOPAIiHat. C nOMO~bIO

CooTHolIIeHIIH (1) II (2) CTpOIlTCSI napaKCllaJIbHaSI on:

TIIKa, IIJIII onTIiKa raycca, II 3MaeTCSI TO'IKa OTC'IeTa

AJISI BbIQIlCJIeHIISI a6eppaQIIII.

TaKIiM o6pa30M, noCTpoeHlle napaKcllaJIbHol1 on-

TIIKII BKJlIO'IaeT ABe cryneHH. Ha nepBoH cryneHll

CTpOIlTCSI QIlCTO MaTeMaTII'IeCKaSI MOAeJIb AP06HO-

JIIIHeHHOro npe06pa30BaHWI TpexMepHbIx AeKapTo-

BbIX npocrpaHCTB C oceBoH cliMMeTplleH, BBOASITCSI

nOHSITIiSi rJIaBHbIX <tJOKYCOB (1), rJIaBHbIX nJIOCKO-

CTeH, Kap~IIHaJIbHbIe TO'IKH, COOTHOlIIeHlle HbIOTO-

Ha. Ha BTOpOM lIIare onpeAeJISIIOTCSI YCJIOBIISI, npll

KOTOpbIX peaJIbHaSI OnTII'IeCKaSI CIiCTeMa npIl6JIll)Ka-

eTC» Ap06HO-JIIIHeHHOH, KOJIJIIiHeapHoH, MOAeJIbIO.

3T11M YCJIOBlleM, KaK 6bIJIO OTMe'IeHO, CJIY)KIIT IIHBa-

pliaHT A66e. llOCJIeAOBaTeJIbHOCTb lIIarOB 3Ha'IeHII5I

He IIMeeT.

PYCIIHOB OTMe'IaeT [2], 'ITO "IICI!OJIb30BaHlie

~po6HO-JIIIHeHHbIx npe06pa30BaHliH B 06~eM CJIY-

'Iae C03~aHII» OnTII'IeCKOII CHCTeMbI C 60JIblIIIIM no-

JIeM 3peHmI HJIII C 60JIblIIOH CBeTOCIIJIOH He npeA-

CTaBJISleTCSI B03MO)KHbIM". B Ka'IeCTBe "Kop-mpo-

MIiCCHoro pelIIeHIISI" paCCMaTpIiBaeTC» 06JIaCTb

npocrpaHCTB npeAMeTa II H306pa)KeHII» B6JIII3H

rJIaBHOrO JIY'Ia. OmIpaSICb Ha reOMeTpll'IeCKHe 00-

crpoeHIISI H AII<tJ<tJepeHQllaJIbHYIO reOMeTplllO, PYCH-

HOB BbIBO~IIT KJIaCCII'IeCKlie nOJIO)KeHHSI OOTHKlln(l/r-l/z) = n'(l/r Ii (2)

~12



CMMPHOB518

THQHOe OrKnOHeHHe nOnO~eHHU TOQeK nepeCeQe-
HHSI nYQaMH nYQKa nnOCKOCTH H306pa)KeHH~

C/r

s= (26)10-4

r~e M - 'iHCJIO JIY'ieH B ny'iKe. Ha pHC. 5 npe~CTaBJIe-

UbI rpacpHKH CcpepH'ieCKOH a6eppaU;HH ~JISI ~BYX pac-
CMOTpeUUblX CJIY'iaeB nOJIO)I(eUHSI nJIOCKOCTH npe~-
MeTa, paCC'iHTaUUble no <p°pMYJIe (26).

0
fu npHBeAeHHbIX paCqeTOB HHTerpaJlbHbIX a6ep-

pa~HH -AHCTOPCHH, KOMbI H e<fJepHQeCKOH a6eppa-
QHH - CJleAyeT, QTO ycrpaHeHHe aCTHrMam3Ma
(YMeHbllIeHHe aCTHrMaTHQeCKOH pa3HOCTH 6oJlee
qeM Ha ABa nop~AKa) HeCYIQeCTBeHHO OTp,A3HJlOCb Ha
3THX a6eppaQH~X. AJI~ KOMnJleKCHOH onTHMH3aQHH
a6eppaQHH Heo6xOAHMO HCnOJlb30BaTb o6o6IQeH-
HYIO QeJleBYIO CPYHKQHIO, npHHQHnbI nocrpoeHWI KO-
TOpOH AOCTaTOqHO nOJIHO pa3pa6oTaHbI B TeopHH
nJlaHHpOBaHH~ 3KcnepHMeHTa [8]. Heo6xoAHMble
AJI~ 3Toro Bblpa)KeHWI QaCTHbIX OTKJlHKOB noJlYQe-

Hbl BbIlIIe.

-10-4

20 4
13, rpa~

PHC. 4. 3aBIIcHMoCTb KOMbI

CTII, npoXOJlSlU\eH tJepe3
(cnJlOWHaSi KpIlBaSl) II B n
aCTIIrMaTIItJecKoH pa3HoCTu

KpHBbIe MepHAHOHaJIbHOrO U CarUTTaJIbHOrO clJo-
KYCOB eCTb CeqeHUe <pOKaJIbHbIX nOBepXHOCTeH Me-
pU~HOHaJIbHOH nJIOCKOCTbIO. Bu~ CaMOH nOBepXHO-
CTH clJopMupyeTc~ BCeM IlIUPOKUM nyqKOM B 06~eM
cJIyqae BHeOCeBOH TOqKU npe~MeTa. B 3TOM CJIyqae
nO~aBJI~IO~ee qUCJIO JIyqeH nyqKa - 3TO KOCbIe JIY-

qU, ~JI~ KOTOpbIX MepU~UOHaJIbHaSI U CarUTTaJIbHaSI
nJIOCKOCTU He onpe~eJIeHbI, O~HaKO, COrJIaCHO clJo-
KaJIbHOH Teopuu JIyqeH nepBoro nopMKa [1], Ha
Ka~OM JIyqe np~MOJIUHeHHOH KOHrpY3H~UU UMe-
IOTC~ ~Ba ~oKyca. B npocTpaHCTBe u306pa)KeH~
3TU clJOKYCbI o6pa3YIOT ~OKaJIbHbIe, UJIU KaYCTUqe-
CKue, noBepxHocTU. llpoCTpaHCTBeHHoe nOJIO)KeHUe
3TUX ~OKYCOB MO)KeT 6bITb H~eHo B paMKax U3JIa-
raeMoro B ~aHHoH pa6oTe no~xo~a, OCHOBaHHoro Ha
TOqHOM BbIpa)KeHUU yrJIOBOrO 3HKOHaJIa.

PHC. 5. C<\JepHqeCKaSi a6eppal\HSI anJlaHaTHQeCKOH JIHH-
3b! ~JISI BHeoceBoA TOQKH npe~MeTa B nJlOCKOCTH, npoxo-

~SlIl\eH Qepe3 auJlaHaTHQecKYJO TOQKY (cUJlOlliHaSi KPH-
BaSI) H UJlOCKOCTb onTHMH3al\HH (lliTpHXOBaSI KpHBaSI).

KOCble nY'lKU

.I:(JIg KOCbIX nyqKOB, T.e. nyqKOB, rJIaBHbIll JIyq KO-

TOpbIX iIeKOMnJIaHapeH OCR nOBepXHOCTH;- CHCTeMa
(4) He pa36HBaeTCg Ha ~Be nO~CHCTeMbI. .I:(JIg Toro
qTo6bI y~OBJIeTBOpHTb Tpe6oBaHHIO CTHrMaTHqHO-

CTH nyqKOB, Heo6xo~HMO nOTpe60BaTb He3aBHCHMO-
CTH cBo6o~Horo CToJI6Qa CHCTeMbI (4) OT BeKTopa-

cToJI6Qa yrJIOBbIX KOMnOHeHT. 3TO YCJIOBHe y~OBJIe-
TBOpgeTCg, eCJIH onpe~eJIHTeJIb CHCTeMbI paBeH HY-

JIIO. ECJIH nOJIaraTb, qTO nepe~HHll oTpe30K 3a]\aH,
TO paBeHCTBO HYJIIO onpe~eJIHTeJISI CHCTeMbI (4) ~aeT
ypaBHeHHe OTHOCHTeJIbHO 3a]\Hero oTpe3Ka. Mc-

nOJIb3yg H3BeCTHbIe cBollCTBa onpe~eJIHTeJIg, npH-
paBHHBaeM iIYJIIO HH)KHHll JIeBbIU KBa~paT KO3cpcpH-
QlIeHTOB 2 x 2. B pe3YJIbTaTe nOJIyqaeM B HegBHOM

rAe T~ COrJIaCHO (3) eCTb peaJIbHOe nOJIO)KeHHe

rJIaBHOrO JIyqa B nJIOCKOCTH H300pa)KeHHSI. Ha

pHC. 4 npHBe~eHbI rpa<l>HKH KOMbI anJIaHaTHqeCKOH

JIHH3bI AJI5I BHeoceBoH TOqKH npe~MeTa AJI5I 3THX )Ke

nJIOCKOCTeH, paCCqHTaHHbIe no (25). KaK BH~HM H3

3THX rpacpHKoB, KOMa, He MeHSlSlCb no aOCOJIIOTHOH

BeJIHqHHe, nepepacnpe~eJISleTCSI B npe~eJIax yrJIOBO-

ro nOJI5I H MeH5IeT 3HaK.

CcpepHqeCKaSI aoeppaQHSI KaK Mepa CTHrMaTHq-

HOCTH MO)KeT ObITb onpe~eJIeHa KaK cpe~HeKBa~pa-

TOM 101 N!! 3 2006OnTliKA Ii CnEKTPOCKOnli5l

OT nOJIeBOrO yrJIa B nJIOCKO-

anJIaHaTH4eCKYK> TO4KY
JIOCKOCTH onTHMH3aQHH no

(IllTpHXOBaSi KpHBaSl).
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q'), p = p' = 0 H nepenHUIeM HX B BH~e CHCTeMbl ypaB-

HeHHO
raycca c$epIlQeCKOH nOBepXHOCTII ~JIjI HaKJIOHHbIX

nYQKOB: IIHBapllaHT rYJIbCTpaH~a-IOHra, nOJIO}Ke-
HlIe Kap~IIHaJIbHbIX TOQeK. l'

B pa6oTe [3] nOJIYQeHbI TOQHbIe BbIpa}KeHlIji ~JIjI

yrJIOBOrO SHKOHaJIa KOHIIKOIl~a. B STOM CJIYT-Jae no-
CTpoeHlIe onTIIKII raycca HaKJIOHHbIX nYT-JKOB BO3-

MO}KHO no cQeHapllIO napaKCllaJIbHOH onTIIKII. B pa-
GoTe [4] npe~JIO}KeH IIHOH no~xo~ K aHaJIH3Y CIICTeM

C ~BYXCTopoHHeH, IIJiII nJIOCKOCTHOH, clIMMeTpllen Ha

OCHOBe o6o6IQeHHjI a6eppaQlIOHHbIX KOs$$IIQlIeH-

TOB 3a~eJIjI.

(4)

x - T 1 (xx)

Y - T 0100

-x'-Toolo
-y' - T 0001

=

r~e HmKHlfe IfH~eKCbI YKa3bIBalOT Ha HOMep apry-
MeHTa If nop~OK ~lfcpcpepeHQlfpOBaHH5I.

TO'IHOe BbIpa;KeHlfe ~JI~ yrJIOBOrO 3HKOHaJIa oce-
ClfMMeTplI'IHOrO KOHIIKOII~a IIMeeT BII~ [3]

T(~, 11, ~', 11') =

3;n;eCb CJIe;n;yeT 3aMeTHTb, ~O e;n;HHCTBeHHbIM OT-
JIH'iHeM KOJIJIHHeaQHH, OnHCbIBalO~eO a6COJIIOTHbIO

OnTH'ieCKHO npH6op, npeO6pa3YIO~HO HaKJIOHHble

nY'iKH, HBJIHeTCH nOHH)KeHHe CTeneHH CHMMeTpHH. B

cJIY'iae MepH;rl;HOHaJIbHbIX nY'iKOB B OCeCHMMeTpH'i-
HOO CHCTeMe, TaK )Ke KaK H B CJIY'iae npOCTpaHCTBeH-
HbIX MepH;n;HOHaJIbHbIX TpaHCcpOpMaQHO CaMOO CH-

CTeMbI, TaKHX KaK HaKJIOH HJIH napaJIJIeJIbHbIO

C;n;BHr, CTeneHb CHMMeTpHH nOHH)KaeTCH ;n;O ;n;BYX: ro-

BOpHT, 'iTO TaKHe CHCTeMbI 06JIa;n;a1OT ;n;BYXCTOpOH-
HeO HJIH nJIOCKOCTHOO CHMMeTpHeO.

CBOOCTBa ;n;pO6HO-JIHHeOHbIX npeO6pa30BaHHO C

nJIOCKOCTHOO CHMMeTpHeo, a TaK)Ke BO3MO)KHOCTH
ee peaJIH3aQHH C nOMO~blO OnTH'ieCKHX nOBepXHO-

CTeo B 06~eM BH;n;e paCCMOTpeHbI B pa6oTe [5]. B

;n;aHHoo pa6oTe npe;n;JIO)KeHa MO;n;eJIb onTHKH faycca
HaKJIOHHbIX nY'iKOB ocecHMMeTpH'iHOO OnTH'ieCKOO

mJBepXHOCTH THna KOHHKOH;n;a.

+S'~'_s~.

BbIpa)KeHHSI ~JISI npOH3BO~HbIX no BepTHKaJIbHbIM
yrJIOBbIM KOMnOHeHTaM HMelOT CJIeJl;YIO~HH BH~:

r ( 0 cr q) q T 0100 = - slgn(Lln)- - - + S-,
l+k my m m

HAKllOHHbIE llYQKI1

T (xx)1 = ~ (SiC1n(/ln)~ + ~
) -s'~

1 + k t:> m'y m' m"
PaCCMOTpIiM 6eCKOHeqHO Y3KIIH nYQOK JIYQeH {(F;,

11, ~)} E 0(0, q, m), JIe}KalQHH B 6eCKOHeQHO MaJIOR

OKpeCTHOCTH rJIaBHOrO JIYQa, KOTOpbIH HaKJIOHHO

na~aeT II npeJIOMJI~eTC~ Ha OnTIIQeCKOH nOBepXHO-
CTH B Mepll~IIOHaJIbHOH nJIOCKOCTIi. KO~mOHeHTbI

npeJIOMJIeHHOrO nYQKa COOTBeTCTBeHHO HaxO~~TC~ B
6eCKOHeQHO MaJIOH OKpeCTHOCTIi npeJIO~IJIeHHOrO

rJIaBHOrO JIYQa: {(F;', 11', ~')} E 0(0, q', m').

~ ( ~~ ( J.l + ~ -
+k my mTO2oo=,

2
n0"" 2

-2~k(m +q~q)
y

.(6)
YrJlOBYlO XapaKTepllCTIIKY ccpepllqeCKOH no-

BepXHOCTII OTHeCeM K KOOp~IIHaTHbIM CIICTeMaM B

npOcrpaHCTBaX npe~MeTa II 11306pa)KeH~ C HaqaJla-

Mil B TOqKaX A(O, 0, S) II A '(0, 0, S'). BOCnOJlb3yeMcH

113BeCTHbIM CBOHCTBOM yrJlOBOrO 3HKOHaJIa [1]:
~ (Sign(L\n) ( ~ + ~-
1 + k m,2y m'TOOO2=.

x = aT/a~, x' = -aT/a~',
y' = -aT/aT1',

y = aT/aIl.
(3)

r~e (x, Y) H (x', y') - peaJIbHbIe KOOp~HHaTbI npe~MeT-

HOn TO"lKH H ee H306pa)KeHH~. npe~CTaBHM (3) JIH-
HenHbIMH "IJIeHaMH p~~OB TenJIOpa.B TO"lKe (0, q, 0,

rSign(~n) (~ + f.l + kmm').TO1O1 = -(1 +k)mm'y "{2

11 Oilll1KA 11 CllEKTPOCKOlll15I TOM 101 N!! 3 2006

T 21XX> T1loo Tlolo Tiool [ ~ -p
]TIIOO T0200 TOllO Toiol 11-q

Tlolo Tollo T0020 TooII ~'-p'
T 1001 T 0101 T 0011 T IXX>2 11' - q'
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CMemaHHbIe npOH3BO~HbIe no BepTHKaJIbHbIM H ro-
pH30HTaJIbHbIM yrJIOBbIM KOMnOHeHTaM Bblpa)KaIOT-
CSI CJIe~YIO~HM 06pa30M:

MbIM YCJIOBHeM nOCTpOeH~ a6COJIIOTHOrO npH6opa
Ha OCHOBe KOHHKOHAa 6YAYT CJIeAYIO~He paBeHCTBa:

T 2<XXJ T 0020

T 0200 T 0002

2
-T1010 ~ 0,

2- T 0101 = o.

IIepBoe ypaBHeHHe (10) onHCbIBaeT npeo6pa30-
BaHHSI B carH'n'aJIbHOH nJIOCKOCTH, BTopoe - B MepH-

~HOHaJIbHOH nJIOCKOCTH.

KaK BH~HO H3 (6), (7), BTopbIe HeCMelIIaHHbIe
npoH3Bo~HbIe 3aBHCSlT (a CMelIIaHHbIe He 3aBHCSlT) OT
IIOJIO}KeH:WI nJIOCKOCTeH npe~MeTa H H306pa}KeHHSI.
IIo3TOMY ypaBHeHWI CHCTeMbI (10) MOryT 6bITb BbI-
nOJIHeHbI B ~BYX CJIyqaSlx. B nepBoM - O~IIH 113 CPOKY-

COB nOBepXHOCTH HaXO~HTCSI Ha 6eCKOHeqHOCTH. An-
nJIHKaTa nepe~Hero cpOKyca F z = S OTBeqaeT YCJIOBH-

SlM T 2000 = 0, T 0020 - 00 ~JISI CarHTTaJIbHOH

nJIOCKOCTH H COOTBeTCTBeHHO YCJIOBHSlM T 0200 = 0,
T 0002 - 00 - ~JISI MepH~HOHaJIbHOH nJIOCKOCTH, T .e.

(7)

~ )2 '
Y
~ )2 .
V

, ,
,pq

-s~. ,m

- rSign(~n?
( pq'-T 1001 - (1 + k )mm y

rSign(~n) ( p'q -T 0110 = (1 + k)mm'y

B (6) II (7) IICnOJIb30BaHbI cJIe~YIO~IIe 0603HaqeH~

sign(!:J.n)m
-x

2

yn

Fm. = --".
r

(8)

a = qJ1.m - (1 + k)mJ1.q,

a' = - q' J1.m + (1 + k)m'J1.q,

/.. ... 2 . 2
'Y = -J(l+k)J1.q+J1.m.,

~ = qq'+mm'o
~

~+~-~m "(2
(]])2

+ k(m + ql1q)x

He~OCTalO~He npOH3BO~Hble no ropH30HTaJIbHblM
yrJloBblM KOMnOHeHTaM noJlyqalOTCSI H3 COOTBeT-
CTBYlO~HX npOH3BO~HbIX no BepTHKaJlbHblM Kor-mo-
HeHTaM B pe3YJlbTaTe 3aMeH q Ha p H q' Ha p' BO Bcex
Bblpa)KeHHSlX, co~ep)Ka~HX 3TH nepeMeHHble. TaKHe

3aMeHbI npOH30IIIJlH npH nepexo~e OT (J K cr H OT (J'

K cr' B (7).

Fsz = Iik[ ~~~(m' + km)
'Y

3a~Hlle <lJOKycbl F; = s' Onpe~eJlIIM 113 YCJlOBIiH CO-

OTBeTCTBeHHO T 0020 = 0, T 0002 = 0:

sign (L\n)m'
,2

yn
Fm: = ~ + x

r

B TOQKe (0, q, 0, q') nepBbIe rOpU30HTaJIbHbIe
npOU3BO~HbIe U BCe CMeIllaHHbIe BTOpbIe npOU3BO~-

HbIe OTBeQalOT paBeHCTBY T 1000 = T 0010 = T 1100 = T 1001 =
= T 0110 = T 0011 = O. B 3TOM CJIYQae CUCTeMa QeTBepTO-

ro nopSl~Ka (4) pacnMaeTcSI Ha ~Be He3aBUCillibIX
nO~CUCTeMbI BToporo nopMKa OTHOCUTeJIbHO Bep-
TUKaJIbHbIX H ropH30HTaJIbHbIX KOMnOHeHT. I1x pe-
IIIeHUSI OTHOCHTeJIbHO yrJIOBf.1X KOMnOHeHT B npo-
CTpaHCTBe npe~MeTa (I;, 11) 3anUIIIeM B Bu~e

2[ 'cr' cr' 2
X ~+~-7+k(ml -q'tlq)

r [Fs~ = N sign(~n)
( m + km') +

y

B napaKCHaJIbHOM npH6JIH}KeHHH H3 (8) CJIeAyeT, '!TO

q,q'-O, m-n, m'-n', 0",0"'-0,

Fm: - F.y-~, Fmz -- F,m-nn',

llpH 3TOM H3 (11) H (12), KaK H CJIe~OBMO O)KH"
~aTb, nOJIYQaeM H3BeCTHble COOTHOlIIeHWI

F = -rn/~n, F' = rn'lL\nH3 (9) CJIe~yeT - ~JI}I Toro 'ITo6bI B nepBOM npIl6JIH-

)KeHHH BeJIH'IHHbI (x', y') 6bIJIH Koop~HHaTaMII CTHr-
MaTH'IeCKOrO H306pa)KeHH}I, OHH He ~OJI)KHbI 3aBH-
ceTb OT yrJIOBbIX KOMnOHeHT. UO3TOMY Heo6xo~H-

Bo BTOpOM CJIyqae OnTH'IeCKH COnpSlralOTCSI TO'IKH
npe~MeTa H H306pa)KeHHSI, Haxo~SI~HeCSI Ha KOHeq-
HOM paCCTOSlHHH. B 3TOM CJIY'Iae YCJIOBHSI (10) 3anH-
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ruYTCj( B BH~e aHaJIOrOB CooTHorueHHjI A66e ~JIj( Ha.
KJIOHHbIX nYQKOB B MepH~HOHaJIbHOH:

'Fmz-s)(Fm~-s' =

14)

U CarUTTaJIbHol1:

(Fs,- s)(Fs:
,l l= mm r /Y 15)

,s

nJIOCKOCTSIX.

CooTHOIIIeHmI (14) H-(15), TaK}Ke KaK H3BeCTHbIe
HHBapHaHTbI rYJIbCTpaH~a-IOHra [6] B CJIyqae ccpe-
pHqeCKOH noBepxHoCTH, nO3BOJISIIOT paCCqHTaTb
cpOKaJIbHbIe noBepxHoCTH HaKJIOHHbIX nyqKoB. OT-
MeTHM, ~O HHBapHaHTbI rYJIbCTpaH~a-IOHra BbIpa-
}KeHbI B JIOKaJIbHbIX KocoyrOJIbHbIX Koop~HHaTax,
qTO Hey~o6Ho npH BbIqHCJIeHmlX. IIOJIyqeHHbIe
3~eCb COOTHOIIIeHmI npe~CTaBJIeHbI B rJIO6aJIbHOH
~eKapToBoH CHCTeMe Koop~HHaT H cnpaBe~JIHBbI ~JISI
JIIO6oH noBepxHoCTH THna KOHHKOH~a. B ~aHHoH pa-
60Te He npHBe~eHbI COOTHOrneHmI ~JISI napa60JIOH-
~a, k = -1. O~HaKo OHH MOryT 6bITb nOJIyqeHbI aHa-
JIOrHqHO HCXO~SI H3 TOqHOrO BbIpa)KeHHSI ~JISI yrJIo-
Boro 3HKOHaJIa napa6oJIOMa [3].

,.Fm ",,,,
. ,-

...'' F s
/

I

10

u, rpa~

PHC. 1. «tJOKaJILHLle II rJlaBHLle noBepxHoCTH ccpepHtJe
CKOH noBepxHoCTH.

KOJIJIHHEAPHbIE CBOHCfBA CHCTEM C
HAKJI 0 HHbIMH llYQKAMH

C YQeTOM (16) H BBe~eHHbIX 0603HaQeHHH B (17) ne-
penHmeM (10) B BH~e aHaJIOrOB H3BeCTHoro COOTHO-
meHM HblOToHa ~JISI HaKJIOHHblX nYQKOB

ZsZs' = Isis', (18)
llpH nOCTpOeHHH CHCTeM KOJIJIHHeapHOH onTHKH

[1] Ha'laJIa Koop~HHaT B npocrpaHCTBax npe~MeTa H
H306pa)KeHH~ nOMeIll;alOT B TO'lKH <POKYCOB. AnnJIH-
KaTbI B HOBbIX CHCTeMax Ha OCHOBaHHH BbIpa)KeHHH

(11), (12) BbIpa3HM 'Iepe3 npoH3Bo~HbIe KO3<P<PHQH-
eHTbI

r~e

,mr,-
y

is' = sign(L'ln) ZmZm' = fmf m'

r1{e
3 2Zm = s-Fmz = (m In )T0020,

, F ' ( ,31 12)TZm' = s - mz = -m n 0002,

Zs = s-Fsz = mT0020,

Z ' ' F ' 'Ts = s - Sz = -m 0002.

(16)

llpeo6pa30BaHH5I Koop~HHaT -(9) c yqeTOM (10) H
(16) 3anHlIIeM B BH~e ~pO6HO-JIHHeHHblx npeo6pa30-
BaHHH

Hs = Fs-fs,

Hm = Fm-fm,

Hs' = Fs'-fs',

Hm' = Fm'-fm'
(17) (19)

rJ{e B KaqeCTBe HJIJIIOCTpaQHH nOJIyqeHHbIX COOTHOllle-
HHH Ha pHC. 1 npe~CTaBJIeHbI rpacIJHKH clJOKaJIbHbIX II
rJIaBHbIX noBepxHoCTelI c<lJepHqeCKOH noBepxHoCTII.
pa3~eJISIIOIQeH cpe~bI C nOKa3aTeJISIMH npeJIOMJIeHIISI
n = 1, n' = 1.5. Ha rpa<lJIIKax B KaqeCTBe apryMeHTa
HCnOJIb30BaH nepe~HIIII anepTYpHbIH yroJI rJIaBHOrO

JIyqa.
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pa3HOCTH, - OQeBHAHO, 3KBHBaJIeHTHbI KaK KpnTe-

pHn OnTHMH3aQHH C nO3HQHH TeOpHH 3aHAeJIjI.

no aHaJIOrHH onpeAeJIHM H HaKJIOHHbIH aCTnrMa-
TH3M, H HaKJIOHHyl6 KPHBH3HY nOJIjI. AaJIee CJIOBO
"HaKJIOHHbIH" 6YAeM onYCKaTb. HTaK, aCTHrMaTnqe-
CKYIO pa3HOCTb KaK CPYHKQHIO napaMeTpOB cnCTeMbI
3anHllIeM B BHAe

A(n,n',k,r,s) = (Fm~-Fs~)+
2 2

- [~+ kmm' + (aal/,,!) ]
2 2

(1 +k) (nn') (Fmz-s)

(20),
mmr

2
'Y

+ 1
Fs -sz

Pac. 2. a - anJlaHaTHQeCKaSi JlIIH3a: A - npOTSI)l{eHHbIH

npeAMeT B HMMepcHH. 6 - rpaftJHKH H3MeHeHHSI
aCTHrMaTHQeCKOH pa3HocTH AJiSI KpaHHeH TOQKH npeA-
MeTa B 3aBHCHMOCTH OT nepeAHero anepTYpHoro yrJla u
JlHH3bl co cftJepHQeCKOH nOBepXHOCTblO (k = 0) H pa3JlHQ-

HblMH nepeAHHMH OTpe3KaMil S = (n + n')r/n' = 5/3r (1),
SOOT = 1.6509r (2); 13 = 5°.

KaK BH~HO H3 rpa<!JHKOB, CarH1"faJIbHbIe <!JOKaJIb-
HbIe nOBepXHOCTH HMelOT MeHbllIYIO KPHBH3HY no

cpaBHeHHIO c MepH~HOHaJIbHbIMH. CarH1"faJIbHM
rJIaBHM nOBepXHOCTb HMeeT pa~HYc KpHBH3HbI ca-

MOH OnTH'IeCKOH nOBepXHOCTH, MepH~HOHaJIbHbIe
rJIaBHbIe nOBepXHOCTH, KaCMCb OnTH'IeCKOH no-
BepXHOCTH B nOJIIOCe, npOHHKalOT BrJIy6b 60JIee

nJIOTHOH OnTH'IeCKOH cpe~bI.

<l>YHKQ~ (20) onpe~eJIeHa Ha BceM MHOJKeCTBe yrJIo-
BbIX KOMnOHeHT {q, q', m, m'}. aHa HMeeT 4 CTeneHH
cBo6o~bI, O~HaKO npH paCqeTaX, KoHKpeTH3Hpy~ no-
JIOJKeHHe TOqKH npe~MeTa B 3MaHHOM nOJIe npe~Me-
Ta H nOJIOJKeHHe TOqKH noBepxHoCTH B npe~eJIax 3a-
~aHHou ~HacpparMbI, MbI yCTpaH~eM 3TY cBo60~y H

"BbIQepqHBaeM" B 06JIaCTH onpe~eJIeH~ yrJIOBOrO
3UKOHaJIa rHnepnoBepxHoCTb N, onHcblBaeMYIO na-
paMeTPaMH 3aAaHHOU OnTHQeCKOU CHCTeMbI. TaKHM

o6pa30M, aCTHrMaTHQeCKM pa3HoCTb A(n, n', k, r, s)
onpe~eJIeHa Ha HeKoTopoM nO~MHOJKeCTBe yrJIOBblX
KOMnOHeHT, 3aAaHHOM 3TOU rHnepnJIOCKOCTblO. C
H3MeHeHHeM napaMeTpoB CHCTeMbI TPaHccpopMnpy-
eTCSI rHnepnJIOCKOCTb H H3MeHSleTCSI <l>YHKQH~ aCTnr-

MaTHQeCKOU pa3HOCTH.

OnTHMH3aQHIO CHCTeMbI y~O6HO ocYIQeCTBnTb,
HanpaBHB H3MeHeHH~ MaKclIMYMa QeJIeBOU cpYHKQnll
Ha rHnepnJIOCKOCTH, B ~aHHoM CJIYQae aCTHrMaTIIQe-

CKOU pa3HocTH, npoTHB rpMHeHTa QeJIeBOU ~YHK-
QHH no napaMeTPaM. B KaQeCTBe npHMepa paccMOT-

pHM onTHMH3aQHIO noBepxHoCTH cppOHTaJIbHOU
nJIOCKOBbIDYKJIOH JIHH3bI HMMepcHoHHoro 06'beKTH-

Ba AMHQH (CM., HanpHMep, [7]) ~JI~ npOTSl}KeHHOrO
06'beKTa, pacnOJIOJKeHHOrO nepneH~HKYJI~pHO K on-
THQeCKOU OCH (pHC. 2a). ECJIH noBepxHoCTb JIlIH3bl
c<I>epHQeCKM, TO ~JI$I oceBblX TOQeK npe~MeTa H
H306paJKeH~ BbIDOJIHeHbl YCJIOB~ anJIaHaTH3Ma. B
3TOM CJIYQae ~JI~ MHHHMH3aQlIH a6eppaQHH no BbICO-
Te npe~MeTa MHHHMH3HPYIOT 0lIIH6KY 3aKOHa cnHY-
COB, KOTOpbIU, OQeBHAHO, MOJKeT 6bITb 3anHcaH B

0603HaQeHHSlX ~aHHoupa6oTbI KaK

AEEPP AQMM OCECMMMETPMqHOrO ..

KOHMKOM;IJ;A

MHQ>OpMaQMjI 0 nOJIO}KeHUU CTUrMaTUqeCKUX (B
nepBOM yrJIOBOM npU6JIU}KeHUU) u306pa}KeHUH B Y3-

KUX nyqKaX n03BOJI~eT O~eHUTb TaKUe a6eppaQUH
OnTHqeCKOH nOBepXHOCTH, KaK aCTHrMaTH3M, KPH-

BU3Ha nOJI~ U HaKJIOH u306pa}KeHU~. llOnepeQHbIe
a6eppaQuu, a6COJIIOTHble, He pa3~eJIeHHble Ha no-
p~~KU TOQHOCTU, MorYT 6blTb onpe~eJIeHbl U3 OC-
HOB.Horo CBOHCTBa yrJIOBOrO 3HKOHaJIa (3) C HCnOJIb-

30BaHueM ero TOQHOrO Bblpa)KeHMjI [3].

AcmUlAfam/.l3M

3aMeTHM, 'ITO aCTHrMaTH'IeCKa5I pa3HOCTb 3aH-
~eJIH KaK a6eppaQHH TpeTberO nOpSIAKa Onpe~eJIHeT-
CH Ha 3MaHHOH BbICOTe Ha~ OnTH'IeCKOH OCblO B
npOCTpaHCTBe H306pa)KeHIm. ACTHrMaTH3M onpe~e-
JIHeTCH KaK pa3HOCTb TaHreHQHaJIbHOH, MepH~HO-
HaJIbHOH H CarHTTaJIbHOH KpHBII3HbI nOJIH.

HCnOJIb3YH COOTHOlIIeHIm (14) H (15), MbI onpeAe-
JIHeM BeJIH'IHHbI MepH~HOHaJIbHbIX II CarHTTaJIbHbIX
3a~HHX oTpe3KoB H KaK IIX pa3HoCTb onpeAeJISleM
npoeKQHlO Ha OCb 02 aCTHrMaTII'IeCKOH pa3HoCTH no
rJIaBHoMY JIY'lY. HecMoTpSl Ha YKa3aHHoe pa3JIH'IHe,
06e xapaKTepIlCTHKH - aCTIIrMaTH'IeCKa5I pa3HoCTb

3aHAeJISI II npoeKQIISI HaKJIOHHOII acTHrMaTH'IeCKOH

(0, q, 0, q') E Hmo (21)v = q'/q = canst,

ECJlH OTHOCHTeJlb~bIe ra6apIlTHbIe pa3MepbI CPIIKCII-
pOBaHbl, TO CBo6o~HbIMH napaMeTPaMII, IIJIII cpaKTO-
paMH OnTHMII3aQIIH, OCTalOTCSI nepe~HIIH °TPe30K S

II KO3cpcpIlQHeHT k.

He~OCTaTKaMII aJIrOpIlTMa, OCHOBaHHOrO Ha 3aKO-
He CHHYCOB (21), SIBJlSIIOTCSI HaJlH'IIIe HeOnpe~eJIeHHO-
CTH B o6J1aCTH HYJISI 3HaMeHaTeJISI H oTCYTCTBIIe SIBHOU
3aBHCIIMOCTH OT cpaKTopoB OIITHMII3aQHH. 3TIIX HeAO-
CTaTKOB JIHWeH ~ropHTM, 6a3HpYIO~HUCSI Ha ~IIIHII-

MH3aQHH aCTIIrMaTH'IeCKOll pa3HoCTII (20).
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BOCnOJIb3yeMcSI MeTO~aMH TeOpHH nJIaHHpOBa-
HHSI 3KCnepHMeHTa, B qaCTHOCTH MeTO~OM rpMHeHT-
HOrO CnYCKa, HJIH KpYTOrO BOCXO~eHHSI (CM., Ha-
npHMep, [8]). nOCTpOHM BeKTop 't - rpa~HeHT aCTHr-

MaTHQeCKOH pa3HOCTH no nepe~HeMY oTpe3KY S H

Ko3<1><I>H~HeHTY k, H, BbIopaB HHTepBaJIbI BapbHpo-
BaHHSI, HCXO~SI H3 YCJIOBHH 3a~aQH H BO3MO}KHOCTeH
BbIQHCJIeHHH Os H 'ok HaxO~HM 3HaQeHHSI QeJIeBOH
<}JYHK~HH Ha MaTpH~e llJIaHHpOBaHHSI P:

0
-
2 4

~, rpaA
't=

(dA dA)a-;' ak '
Pac. 3. nHCTOpCHK B llIHpOKOM nY'lKe B 3aBHCHMOCTH OT
noneBoro yrna. CnJlOlllHaK KpHBaK - IIJlK nJlOCKOCTH

npellMeTa. npoxoIIK~eA 'Iepe3 anJlaHaTH'IeCKYIO TO'lKY.
lIITpHxoBaK KpHBaK - IIJlK nJlOCKOCTH. onTHMH3HpyeMoH

no aCTllrMaTII4eCKOH pa3HOCTH.

(22)

A:" = ..!.(~ cJA
I 1'[1 cJSP;,lOS+a"k'1 i =

BbI6paB H3 MHO}KeCTBa A * MHHHMaJIbHOe 3HaqeHHe,

onpe~eJISIeM TOQKY cTapTa ~JISI cJIe~YlOll(ero mara H
npo~OJI}KaeM npoQecc, nOKa He nona~eM B CTaQHO-
HapHYIO 06JIaCTb, r~e QeJIeBaSI <PYHKQHSI HJIH ~OCTH-
raeT onTHMYMa, HJIH He H3MeHSIeTcSI B npe~eJIax no-
rpemHOCTH BbIQHCJIeHHU.

Ha pHC. 26 npe~CTaBJIeH pe3YJIbT3T onTHMH3aQHH
<PYHKQHH (20) anJiaHaTHQeCKOU CHCTeMbI onHcaH-
HbIM MeTO~OM. KOHCTPYKTHBHbIe napaMeTpbI CHCTe-
MbI npHBe~eHbI Ha pHC. 2a. BapbHpoBaHHe ocY-
~eCTBJISIJIOCb no ~BYM napaMeTpaM. OKa3aJIOCb, QTO
kODT = ko = O. nepe~HHu oTpe30K ~JISI MHHHMH3aQHH

a6eppaQHH ~OJI}KeH 6bITb YMeHbmeH C 5/3r ~o
1.6509r, COOTBeTCTBeHHO YMeHbmHTcSI H 3MHHU OT-
pe30K. npH 3TOM a6eppaQHH YMeHbmalOTcSI Ha ~Ba

nopSI~Ka.
PaCnOJIaraSI KpHBbIMH MepH~HOHaJIbHOrO H ca-

rHTTaJIbHOrO <POKYCOB, onpe~eJISIeM no HHM KPHBH3-
HY nOJISI H aCTHrMaTH3M. B paccMoTpeHHoM npHMepe
3TH BeJIHQHHbI HMelOT CJIe~YIO~He 3HaQeHHSI: ~O on-
THMH3aQHHAo = 8.43 x 10-3/r, Kmo = O.Oll/r, Kso = 3 x
x 10-3/r, nOCJIe onTHMH3aQHH A* = 3.14 x 10-5/r,
Km* = 4.30 x 10-5/r. Ks* = 1.16 x lo-5/r.

llOnepe'iHble a6eppaL(uu

OnHp~Cb Ha COOTHOllleHHH (3), onpeAeJIHM a6co-
JIIOTHble nonepe~ble a6eppa~HH. llOA CJIOBOM "a6-
COJIIOTHble" 6YAeM nOHHMaTb cYMMapHble a6eppa-
QHH Bcex nopMKoB no yrJIOBblM KOMnOHeHTaM.

AHCTOpCH}{ onpeAeJISleTCH KaK AJIH nyqKa JIyqeH,
TaK H AJISI OAHoro JIyqa B 3aBHCHMOCTH OT crpYKTYpbl
MHO)KeCTBa H KaK pa3HocTb HCTHHHoro nOJIO)KeHH.sI
QeHTpa TSI)KeCTH nyqKa (JIyqa) Hero napaKCHaJIbHO-
ro nOJIO)KeHHSI B nJIQ£KOCTH H306pa)KeHHSI:

T' = J(aTlap,)2 + (aTlaq,)2,

rAe h(.\", y) - paCCTOSlHHe TOqKH npeAMeTa ~O OnTHqe-

CKOR OCII, yrJIOBble CK06KH 0603HaqalOT ycpeAHeHHe
Ha MHO)KeCTBe nap yrJIOBbIX KOMnOHeHT H. B AaH-
HOM CJIyqae MHO)KeCTBO H onpeAeJISleTCSI BceM AeH-
CTBYIOll\IIM OTBepCTHeM ODTHqeCKOH nOBepXHOCTH.
llpOH3BOAHaSI aT/ap' 3anHCbIBaeTCSI aHaJIOrHqHO
npOH3BOAHOR aT/aq' C 3aMeHOH q' Ha pt.

Ha pIlC. 3 npeACTaBJIeHbI rpa<pHKH 3aBHCHMOCTH

AHCTOpCIIII, pa-cCqHTaHHOR no <popMYJIe (24) AJI5IIIIH-
poKoro nyqKa (cBeToBoR AHaMeTp Dc = r), OT yrJIo-
Boro YAaJleHHSI TOqKH npeAMeTa OT OnTJlqeCKOR OCH -

nOJIeBOrO yrJIa (3.

KaK BIIAHM, AHCTOpCHSI no nOJIIO MeHSleTCSI JIH-
He RHO KaK AJISI nJIOCKOCTH npeAMeTa, npOXOASlll\eH
qepe3 anJIaHaTHqecKYIO TOqKY, TaK H AJISI nJIOCKOCTH
OnTHMII3aQIIH. Pa3JIHqHe Me~y a6eppaQH5IMH He-
3HaQHTeJIbHO.

MHTerpaJIbHYIO KOMY KaK Mepy acHMMeTpHH nyq-

Ka OTHOCIITeJIbHO rJIaBHOrO JIyqa (Po, qo, p~, q~)
onpeAeJIIIM no <popMYJIe

~
(~ )-

dq' dq,2
as:..
av'

as~Ny = --v --
T~aq;' (23)

C = (T')H T~v = m,s
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Bu~e KBMpaTHOe ypaBHeHUe, CO~ep)Ka~ee UCKOMOe
HeU3BeCTHOe - 3a~HUH OTpe30K, OT KOTOpOrO 3aBU-

C}IT npOU3BO~HbIe T 0020(S'), T 0002(S') U T OOII(S').:.

3

2.5
all - as' al2 - /3s'

a21 - /3s' a22 - as'
=0

2

(27)

all = (T 20iJ0T 0020(0) - T;olo)c-
2

-(T2000Tollo-TllooTlolo) ,

a21 = al2 = (T2000TooII(O)-TI010TI001)c-

--<T 2000T OliO - T llooT 1010)(T 2OOOT 0101 - T llooT 1001),

2a22 = (T 2000T 0002(0) ..:. T lOOI)C-

2
-(T2000Tolol-TllooTI001) ,

r~e 0

A = T2000'
2

C = (T2(XX}To2oo-T11OO)

PRe. 6. 3HaqeHHSI annnHKaT TOQeK ABYX cpOKaJlbHblX no-
BepxHocTeii AJISI JIyqei'lllIHpoKoro nyqKa, o6pa3YJOmllx 5
KoHQeHTpHqeCKHX OKpY)KHOCTeii (h - paAlIycbl OKPY)K-

HoCTeii) Ha nepeAHei'l rJIaBHOii nJIOCKOCTlI: 1 - sj /r, 2 -

s2/r. 3 - cooTBeTCTBYJOmaSi aCTUrMaTHqeCKaSi pa3HoCTb

As'/ro [ayccoBa nnOCKOCTb U300pa)KeHlISI- 2o5r.

A 02/ ,3a = cn m , ~ = Acp'q'/m'

3anumeM (27) B BuAe ypaBHeHu5I

(a2 f32)S.2 + [2f3a12- a(all + a22)]S' +
(28)2+ (alla22 - a12) = O.

Ha5I nJIOCKOCTb Ha.'\:O~HTCSI Ha paCCTOSIHIISIX 7t/2 OT
rpaHHU; nOJIHbIX 060pOTOB JIY"IeH no OKPY)KHOCTSIM.
Ha nepBOH OKPY)KHOCTH MepH~HOHaJIbHa5I nJIOC-

KOCTb He nonaJIa B qHCJIO 6 JIyqeH, a Ha nOCJIe~ylO-
~HX MHHHMYMbI COOTBeTCTBYIOT nOJIO)KeHHIO JIyqeH
Ha MepH~HOHaJIbHOll nJIOCKOCTH. IIepBbIH H3 HaH60-

JIee rJIy60KHx MHHm.IYMOB COOTBeTCTByeT 6JIH)KaH-

rneMY K BHeoceBOll TOqKe npe~MeTa JIyqy, a nOCJIe~-
HHH MHHHMYM B nOJIoce - caMOMY ~aJIbHeMY MepH~H-

OHaJIbHOMY JIyqy.

B 3aKJIIOqeHHe OTMeTHM, qTO COCTaBJIeHHe yrJIO-
Boro SHKOHaJIa nOCJIe~OBaTeJIbHOCTH OnTHqeCKHX
noBepxHoCTeH H HCCJIe~OBaHHe C nOMO~blO Hero on-

THqeCKOll CHCTeMbI He npe~CTaBJISleT npHHQHnHaJIb-
HbIX Tpy~HOCTeH n 6y~eT paCCMOTpeHO B CJIe~ylO-

~eH pa60Te. IIpHMeHeHHe TOqHbIX BbIpa)KeHHH yr-

JIOBOrO SIIKOHaJIa, no HarneMY MHeHHIO, n03BOJISler
nepeMecTHTb u;eHTp onTHMH3all;HH OllTHqeCKOH CH-

CTeMbI B aHaJIHTHqecKYIO 06JIaCTb, a paCqeTbI xo~a
JIyqeH qepe3 cHCTeMY npH STOM HrpalOT BcnOMora-

TeJIbHYIO POJIb. BO-BTOpbIX, nOBbIrnaeTCSI s<I><I>eK-

THBHOCTb H HMe)KHOCTb npou;ecca onTHMH3aU;HH
BCJIe~CTBne nOBbIrneHHSI TOqHOCTH BbIqHCJIeHHSI
a6eppaU;HII. B-TpeTbIlX, oTnMaeT He06xo~nMoCTb B
nOHCKe y~06HbIX H H~e)KHbIX u;eJIeBbIX <l>YHKU;HH - B

KaqeCTBe nOCJIe~HIL'\: MOryT 6bITb HCnOJIb30BaHbI

JIIO6bIe H3 paccMoTpeHHbIx HHTerpaJIbHbIX a6eppa-

ABa pellIeHH5I ypaBHeHMSI (28) Ha MHO}KeCTBe nap yr-
JIOBblX KOMnOHeHT Ha runepnJIOCKOCTH CHCTeMbl 06-
pa3YlOT ~Be $OKaJIbHble noBepxHoCTH B BepTUKaJIb-
HOM H ropH30HTaJIbHOM npH6JIH}KeHHH yrJIOBbIX
KOMnOHeHT. Becb KOCOH nY'loK CPOKycHpyeTc}J Ha
oTpe3Ke Me~y 3THMH noBepxHoCT}JMH. AJIHHa Ka}K-
~oro oTpe3Ka paBHa aCTHrMaTH'IeCKOH pa3HoCTH
~aHHoro Kocoro 6eCKOHe'lHO Y3Koro nY'lKa. AJI}J
npHMepa, paccMoTpeHHoro BbIllIe, aCTHrMaTH'IeCKa}J
pa3HoCTb llIHpoKoro nY'lKa npe~CTaBJIeHa Ha rpa$H-
Kax pHC. 6.

ACTHrMaTH'IecKa}J pa3HoCTb paCC'IHTbIBaJIaCb
~JI}J KOCbIX JIY'leH, npoxo~}J~HX 'Iepe3 n}JTb KOHQeH-
TpH'IeCKHX OKpY}KHOCTeH Ha BXO~HOH noBepxHoCTH
U pacnOJIO}KeHHbIX paBHoMepHo no 3THM OKPY}KHO-
CT}JM: Ha nepBoll OKPY}KHOCTH - 6, Ha BTOpOH - 12, Ha
TpeTbeH - 18, Ha 'IeTBepToH - 25 H Ha illITOH - 31

JIY'l. Ha pHC. 33TH OKPY}KHOCTH BbI~eJIeHbI BepTH-
KaJIbHbIMH nOJIOCaMH. PMHYCbI h OKpY}KHOCTeH Co-
CTaBJI}JIOT OT O.lr ~O O.5r, r~e r - PMHYC nOBepXHO-

CTH.

PaC'IeTbI npOBO~HJIHCb KaK ~JI}J nJIOCKOCTH npe~-
MeTa, npoXO~}J~eH 'Iepe3 anJIaHaTH'IeCKYIO TO'lKY,
TaK H ~JI}J onTHMH3HpOBaHHOH no MepH~HOHaJIbHOH
nJIOCKOCTH cxeMe (s = 1.6509r). B MaCllITa6e pHC. 6
pa3JIU'IHe npaKTH'IeCKH He 3aMeTHO. Mep~HOHaJIb-
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QHU, HaKnOHHaH aCTHrMaTHQeCKaH pa3HOCTb nH60
CBSl3aHHble C HeR xapaKTepllCTIIKII: aCTllrMaTII3M II
KpHBH3Ha nonSl, a TaK)Ke HX KOM6I1HaQIiSI.
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