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BBEJIEHVE

Y paBHHTEIbLHBIC BBIYHCICHHUS SIBJISIOTCA OCHOBHBIM OTanoM Ma-
TeMaTHIeCKOi 06paboTKH pe3y/ibTaTOB H3MEPCHUH, BBITIOJTHAEMBIX
[pH TOCTPOCHHH reo/Ie3WUECKHX CETCH. 4 S

W3 onpiTa W3BECTHO, 4YTO JIAXE TIpH caMoOil  TIIATE/ILHOM
METOJIKEe MHOIOKpaTHBIC W3MEpeHHs OJHON M TOH K& BEJIMIHHDI
CONMpPOBOXKIAKOTCH ommbkamu. Ilpm 3TOM B pE3y]bTaTe W3MepEHHH
MATEMATHYECKH ~ CBS3AHHBIX  BEJIUYHH BOZHMKAKOT HEBA3KH, HTO

WBOJMT K HEOJHO3HAYHOCTH ONPECTCHU MUCKOMBIX 2JIEMEHTOB
B reo/ie3MuecKoi CeTH.

VpaBHUTENbHbIC BHIYHCIICHHS [I03BOJIAIOT YCTPaHATH HEBA3KH B
pasIAYHbIX TEOJIE3NUCCKAX NOCTPOEHMSAX, ONPEACIATH BEPOATHEHIIIHES
apaueHusi JJIEMEHTOB TEO/Ie3HYeCKon CETH H BBITIOJIHATH OIIEHKY HX
TOYHOCTH.

MaTeMaTH4ecKO# OCHOBOH YpPaBHHTEJIBHBIX BBIYMC/ICHHH SIBJISICTCS
MeTOJi HaMMEHBIIHMX KBaJpaToOB, noApoOHO M3JIOKEHHBIH B TEPBOM
pasjiene yueOHMKA. Bo BTOpPOM pazjiene pacCMOTPCHBI criocobsl
ypaBHUBAHUS W ONCHKH TOYHOCTH reo/ie3NUecKuX CeTeH, B TPEThEM —
IeMEHThl POrPaMMHPOBAHMS W YPaBHHBAHMS STHX cereit Ha DBM.

MeTo/l HAMMEHBIIMX KBaJApAaTOB CTAal NPHMEHSTHCSH B Havae
XIX B 18 MaTeMaTHuecko 0OpabOTKH pe3yjbTaToB H3MEPEHHH.
MaTemaTHueckasi CTPOMHOCTD ¥ TPAKTHYECKOE COBEPIICHCTBO NpHEMOB
BLIYHC/ICHMIT MeTOJa HAMMEHBIIMX KBAJPAaTOB SBHJIACH pe3yIbTaToOM

. COBMECTHBIX YCHJIMM YYEHBIX Ppa3IHiHBIX obsacreit: TeO0JIE3UCTOB,

aCTPOHOMOB, MAaTEMAaTHKOB W JP.

Bnarojaps paboram Jlexanapa u I'aycca, 3TOT METOJ CTAHOBHTCA
TEOPETHYECKOH OCHOBOH MaTeMaTHueckoii 00paboOTKH pe3yibTaToB
M3MEpeHUH B TeOJe3HYECKHUX CETHX.

Tak, HanNpuMep, MCTIOJIB3YH METOJ HAaHUMCHBIINX kBajapatoB, I'aycc
paspaboTtan M NPAMEHHI CTPOIHYIO TEOpHIO NpH obpaboTke mnpo-
nokennoit uM cosmectHo ¢ llymaxepom ["anHOBEPCKON TPHAHIYJISIAH
B 1820—1848 rr.

Hayunsie Tpamuimu ['aycca B 91Ol 06JaCTH NPOJOJDKHIIM TaKHe
u3BecTHBlC yueHbie kak A. IL. Bonotos, A. H. Casuu, U. U. [lomepas-
nues, B. B. BurkoBckuil W JApYIrHc —B Poccun, a takke ®. beccenb,
®. Tenumepr, O. IpeiiGep, JI. Kprorep—B I'epMaHHK.

JlabHeliliee Pa3BATHE TEOPHH M NMPAKTAKA YpaBHUTEIILHLIX BbIYHC-
JeHU CBS3aHO C TIOCTPOCHHEM OOIIMPHBIX ACTPOHOMO-TEOE3MIECKHX
M 3aTOJIHAIOIIMAX CETEH.

Tak, 8 CCCP ofmas NpOTSHKEHHOCTh PS/I0B TpHaHry/suus |
kiaacca k 1940 r mocruraa 75000 kM. YpaBHUBaHHE TaKkol OOLIMpPHON
CETH NpEeACTABIIO CIOKHYIO npobnemy. He menee BAXKHOM 3ajauei
B TO Bpems SBJISJIOCH YPABHMBaHWE CIUIOIIHAIX cereid 2 Kuacca,
3ANOMHAIONIMX MOJUTOHBI TPHAHIYJIALAH 1 xmacca.
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Pasnaen 1 :
OCHOBbBI METOI[A HAMMEHBIINX KBAJIPATOB

nasa |1 }
3AJAYA YPABHHUBAHMA U EE PEHWIEHHME MO METOAY
HAMMEHBIIUX I{BAJIP_ATOB :

§ 1. 3azaua COBMECTHOTO YPAaBHHBAUNH HECKOJBKHX
[3MepelnnbiX  BeaHY

. Teopusi ommboOK M3MEpEeHHil paccCMaTPUBAET BONPOCHI M yCTAaHAB-
JIMBAeT TPABUNIA - MATEMaTHYeCKOil 00paboTKH Ppe3yabTaTOB MHOTO-
KPATHOTO M3MEPEHHsl OTHENBbHOH Me3aBHCHMOM  BEIHYHHEL (yrna,
paccrosaus u T. A.). [IpuMeHeHne 3THX NpaBHil Obu10 OBl BO3MOXHO
H s 6ol COBOKYMHOCTH H3MEPEHHBIX ECJIHYHH, noJjyuaeMoit
IS pelleHus Kakux-nMbo KOHKPETHBIX 3ajad, NpH TOM YCJIOBHH,
YTO 5Ta COBOKYNHOCTb BKJIOaeT B ce0s JHIb HEOOXOAUMbIE
BEJINYHHBL. '

Heo6X0AHMBIMH HAa3bIBAIOT TAKHE HE3aBUCHMBIE MEXIY coOO
BEJIMMMHBI, KOTOpBIE TMO3BOJAIOT MOJY4YHTH JUIsi KaXJOro HCKOMOro
37eMeHTa eJHHCTBEHHOE ero 3Hayenue. Hampumep, 4To0Obl ONpeneauTh
(GopMy TJIOCKOTO TpPeyroJbHHKa; HEOOXOMMMO 3HATh ABd JIIOOBIX
ero yrna, TOTJAa 3HAYEHHE TPETHEro MOXeT ObITh BBIYHCIICHO C
UCTOJIb30BAHHEM IIEPBBIX JBYX.

OnHako BO MHOTHX CJIydasix TeoJIe3H4eCKON TPaKTHKA KpoMe
HEOOXOMMbIX H3MEPAIOT TaK HA3bIBAEMbIC H3 0 BIT O YHbI€ BEJIHYHHBI,
T. €. W3MEpPEHHbIE CBEPX HEOOXOMMMBIX (TpEeTHil M3MEPEHHBIH Yrox
npy onpeseNeHuH (GOPMbI TUIOCKOTO TPEYrOJIbHUKA).

XapakTepHoil OCOOEHHOCTBIO H3OBLITOYHO H3MEPAEMBIX BEJIMYHH
ABJISETCA TO, YTO KaxAas M3 HUX 00sA3aTE/IbHO MPHBOAUT K MOSABJICHHIO
MATEMATHYECKOTO COOTHOIIEHHS! C W3BECTHBIMH HEOOXOMMMBIMHA BEJH-
YHHAMK B JaHHOM reoje3nueckoit Qurype. M3secTHO, HTO MeXuay
JBYMsi U3MEPEHHBIMH YIJIAMH TUIOCKOrO TPEyroJbHHKAa HE CYIIECTBYET
MaTeMaTHYEeCKHX CBsizeil, HO M3OBLITOYHO HM3MEpEHHbIH TPEeTHH Yroi
B 3TOM TpPeyroJibHUKE OOYCIIOBJIHBAET MEXIY MCTHHHBIMH 3HAUCHHAMU
YIJIOB CHEAIyoIee COOTHOLIEHHUE:

A+B+C—180°=0. | (.1

Ecii MaTeMaTH4eCKHE COOTHOILICHHS, BOSHHKAIOIHME B reojie3uyiec-
KHX (Urypax, COCTABUTH C M3MEPCHHBIMH 3HAYCHWSAMH BEJMYHH, TO
BCJIEJICTBHE HEM30eXHBIX OIMOOK H3MEpeHHH OHH CTPOro YIOBJIET-
BopsiThcss He Oynyr. Tak, Hanpumep, A TpeX YIJIOB IUIOCKOTO
TPEYroJIbHUKA TOJYYHM:

A'+B'+C'—180°=W,



rae W xapakTtepusyer creneHb Hapymenus ycinosus (1.1) u HazpiBaeTcs
ero HeBsA3KoM; A', B', C’'—u3MepeHHbIe YIribl TpPeyroJjbHUKA.

YT10oObl NPHBECTH pE3yNbTAaThl H3MEPEHHH B TEOMETPHYECKOE
COOTBETCTBHE, HEOOXOMMMO JIMKBHAMPOBATD HEBS3KH W, T.e. pe3ylib-
TAThl H3MEPEHHH HCIPAaBUTh TAaKHM 00pa3’oM, 4TOOBl BBLINOJHUINCH
BCE MaTEeMaTHYECKHE COOTHOLUCHHS.

I[Iponecc MaTemaTnyeckoit 06paboTkH, BBINOJHSEMBIA NPH HAJMU-
YMM H3OBITOYHBIX W3MEPEHHIl Ul HAXOXKAECHHS ONTHMAJIBHBIX OLEHOK
MCKOMBIX M (MJIH) H3MEPEHHBIX BEJMYHH M YCTPAHEHHS HECOIJIaCOBaH-
HOCTH MEXKAY pe3yibTaTaMH W3MEpPEHHH U MX QYHKUHMAMEH, Ha3bIBACTCS
YPaBHHBAaHHEM. _

KoMiulekc BLIYHCIMTENBHBIX paboT, NPOBOAMMBIX IPH YpaBHHBA-
HAM M OUEHKE TOYHOCTH pe3yJbTaTOB M3MEPEHHH, ypaBHEHHBIX
BEJIMYHH M HMX (YHKUMH, Ha3bIBAE€TCd YPABHUTENbHBIMH BhI-
YUCIEHUAMU,

Ha ocHOBaHMM BBIIEH3OKEHHOTO MOXHO CHENATh CIEIYIOHHe
OCHOBHBIEC BBLIBOJIbI.

l. YenosueM W NpHYMHON BO3HMKHOBEHMS 3a/la4M YpaBHMBAHMS
ABJIACTCS HAJMYHE M30LITOYHO M3MEPEHHBIX BEJIMYHH, a TaKKe
HEH30eXKHOCTh MalbIX OMWHOOK H3MEpEeHHH.

2. OcHoBHas Lenb YpaBHUBAHHS COCTOMT B YCTPAHEHHH HEBS3OK,
NOJIy4YaloUINXCsS B MATEMATHYECKHX COOTHOILCHHSX, 1yTEM BBEICHHUSA
[ONPaBOK B PE3YJbTAThl U3MEPEHHH M B HAXOXKICHHH BEPOSTHEHILMX
3HAYEHHH HCKOMBIX BEJIMYHH.

3. VI30bITOYRBIE M3MEPEHHS HCMONBL3YIOT JUISt KOHTPONAS M OLEHKH
TOYHOCTH KaK pe3yJbTaTOB H3MEPEHHH, TAK M HCKOMBIX 3JIEMEHTOB.

MaremaTHyeckuii CMBIC 3aJjail COBMECTHOTO YDaBHHBAHHS He-
CKOJIbKHX BEJIHYHH COCTOMT B CJIEAYIOLIEM.

[lycTe nns onpeneneHuss HEKOTOPHIX 3JIEMEHTOB TeOE3WYECKOil
CCTH HE3aBUCHMO H3MEPEHbl # BEJIMYHH W IIOJYYEHBl pE3yJbTATHI
X1, X2, .., Xp, TOYHOCTH KOTOPHIX XaPaKTEPH3YETCH COOTBETCTBEHHO
BECaMH py, Pj, ..., P,. IIpH 3TOM mO yCIOBHIO 3a/la4¥ H3BECTHO,
YTO B OOmEM 4HMCHe # HM3MEpeHHH COMEpPKHUTCS r W3GBITOYHBIX.
Torna, B COOTBETCTBHM C BBIICH3JIOKEHHBIM, MEXAY HCTHHHBIMH
3HAQ4YCHUAMHM "M3MEpEHHbIX BewdyuH X;, X,, .., X, BO3HHUKaeT r
MAaTEMAaTHYECKUX COOTHOMICHHH (YCJIOBHBIX YpaBHEHHH)

(p.l(Xl'r XZ! wary Xn)zo;
@z (X3, Xy oy X,)=0 (1.2)

q)r(Xl! X2.> ey Xn%=0

B cucreme (1.2) mpemmonaraioTcs TOJBKO HE3ABUCHMbIE JPYT OT
Jpyra yYCIOBHbI€ YpPaBHCHHS, T.€. Te, KOTOpBIE. OTPaXaloT Heob-
XOIUMBbIE MaTeMaTHYeCKHe CBA3H. YHCI0 TakuMX ypaBHEHWH paBHO
YHCITYy U30BITOYHO W3MEPEHHBIX BENMYMH r. [1OCKOJNBKY M3OBLITOYHBIE
H3MEPEHHS COCTABJIAIOT TOJILKO 4YacTh BCEX W3MEpEHWil, TO Bceraa

r<mn. (13)
6

Vi3 nepasenctsa (1.3) cieayer, 4TO CHCTEMa yCIOBHbIX ypasﬂemlg
1.2) smBnserca HeOoNpe/Ie/eHHOH, TaK Kak COJEPXMT _ypaBHCHH
fwéubmc qeM HEM3BECTHBIX, M TOITOMY JOMycKaeT OeckoHeuHoe

MHOKECTBO PELICHHH.

Ecom B cucreme (1.2) BMECTO HCTHHHBIX spavenuit X, X, ...,

3 TaThl M3MepeHmit x4, X5, ..., X,, COOCPXKaIIHE
f&;fgfucfafg Tl; pnegggll:lx 4acTAX gmx ypaBHEHHH %)/r’nyTWnonyqeﬁl/m
BEJIHYMHBL, OTJIMYAIOUIMECS OT HYyJs, T. €. HCBAIKH 125’ rfﬁde"r e
TakuM 00pa3’oM, CHCTEMa YCJIOBHBIX YpaBHCHUH (1.2) np
ayromwil  BUJL
@y (s ¥ e 0)= W15 |
@, (x5 X725 <o xn)=Wa; 1.4

sissnansmaseventiRISIRARS i
@, (X5 X2, s x)=W,.
Jlnst ycTpaHeHus HeBsi30k W He0OX0OMMO BHIIOJIHHTL YPAaBHUBAHUE

i nmonpasku v;(i=1, 2, ..., n).
pea;glg;::;):ﬂ;i 3;‘;5’;?;;"&“;’ ghaiif{f;[ HSMéi)eHHHX‘(BeHPl‘lHH yepe3
x=Xit0, - (1.5)
NOJIYYHM:

(pl(x','-l—vl, X540y, oy Xnt0,)=0;
@, (X140, X540z, s xh+v,)=0;

’ _ (1.6)

@, (X1 +vy, X205, o xy+0,)=0.
« W3 oartoro cnemyer, 4YTO YPAaBHCHHBIC 3Haqe}mg H3MEpPEHHBIX
BEJIMYMH Y/IOBJIETBOPSIOT YCJHOBHBLIM YpaBHCHUAM (1.2). & -
CrieoBaTeIbHO, TEXHOJIOTHEH YpaBHHBAHUA JOJDKHO OBITh Hp&j(]:-
YCMOTPEHO HAXOX/IEHHE €IMHCTBCHHBIX 3HAYCHWH MONPABOK 321’ ;m
NPaB/ISIOUIMX PE3YNHTATHl H3MEPEHUH X;. CrnoxHOCTb 3TOH 3al
jaKJgroyaeTcs B TOM, 4YTO CHCTEMa YPaBHCHHH ;(1.6) flnnﬁeTCH
HEONpE/IEJIEHHOH M JIONMYCKAeT MHOKECTBO PpEILICHUH. On%dlco np}f
HAJMYHYM JIOTIOJIHMTENBHBIX YCJIOBHM, KOTOPBIE MO3BOJSIIH OBl qnﬂoe
BPEMEHHO € YCTPaHEHHEM HEBS30K W HaxoJuThb H 'Bep()ﬂTHCHIHH
3HAYeHMss W3MEPEHHbIX W MCKOMBIX BEJNHM4YMH, 3Ty 3ajady MOXHO
pemmnts. HaubGosee mnesnecoodpasHo B 3TOM  Cliydac npHMeHeHHe
MEeTOAAa HAMMEHBIIMX KBAJpaTOB.

§ 2. Tlpunuun HAUMEHBIINX KBaJIpaToB

B 1806 r. ¢panmysckuii MmareMaTHk Jlexanap npennoxmr?
Cocof pelneHHs HEONPE/IENEHHbIX CHCTEM JIMHEHHBIX YPABHEHHH,
HeM3BECTHBIMH B KOTOPBIX SIBJISIOTCS TIONPaBKH B PE3YJIbLTATHI
U3MepEnHil, MOy MBIIKH HA3BAHHE METONA HAMMEHBIIHX 1(:;1;:-
paTtoB. B aToM crocobe ypaBHEHHS MOAYHHAIOTCA HOMOJIHHTEIL thi
YCJIOBHIO — CyMMa KBaJpaTOB MOMPABOK v, BBOAUMBIX B paBHo"ro:[ e
M3MepeHns, JOJDKHA OBITh paBHa MHHHUMYyMY, T. €. MCHbIIE Cy :



KBaJpaToB Jir00OM Apyroi cHcremsl TIOTIPABOK,  yIOBJIETBOPAIOLIEH

NAaHHBIM yPaBHEHHAM:
vi+o2+ ... +v2=min.

IIpn HepaBHOTOYHBIX M3MEPEHHAX JOMONHHTENLHOE yCllOBHE HMeeT

BHJT: _
2 2 S 2V ispins
P1vi+pyv3+ . +p,v3 =[ pv? ]=min. (1.7)
Yenosue (1.7) siBasercs MaTemaTHuecKum BBIDAXCHHEM NPHHIUIA
HaUMEHBIUUX KBaJApaTOB.
Takum obpaszom, u3 Bcero MuokecTsa BO3MOXHBIX pelleHHit
CHCTEMBI  ypaBHeHHH (1.6) BbIOMpaeTcs onmo, " YIOBJIETBOPSAIOIIEE

ycsosuro (1.7). Martematuueckas obpaboTka pesynabTaToB H3MEpeHHI
HEKOTOPO#i COBOKYNMHOCTH BEJHYHH C COOJTIONEHHEM Tpebosanus (1.7)

HAa3bIBAETCI YpaBHHBAHHEM no MeTtony HAHMEHBINUX .

KBaapaTos.
- C mMaTemaTHueckoif. cTopoHst 310 npeacrasiser coboii criemyronyio

3aaauy. _ '

Tpebyercs maiitn MurmMyMm bynkumn (1.7), ecnu ee IIepeMeHHbIe
U CBASAHLI C HE3aBHCHMBIMH ypaBHeHHAMH (1.6).

Jnst peutennst Takoit 3a1a4M B MATEMATHYECKOM aHaJM3e TIpUMeHs-
IOTCA JIBA OCHOBHBIX crocoba: ’

criocob Jlarpamxa ¢ meompemeneHHbIMU MHOKHUTEJISIMHU; :

Crocob abCcoNFOTHOrO 3KCTpeMyMma, OCHOBAHHBIH Ha NPeCTABICHUH
BCEX M3MEPCHHBIX BEJIMYHH B BHAE (DYHKIHMII HEKOTOPBIX NapaMeTpoB.

B Teopun matemarnueckoii 00pabOTKH Pe3ybTATOB reo/Ie3HYecKHX
H3MEpeHHH MepBblii cnoco6 HasbBaeTCs KOoppenaTHbHM (cnocob
YCJIOBHI® WJIM  YCIIOBHBIX H3MEpenwuif), BTOpOH —napaMeTpu-
YECKHUM (COCO6 HEOOXOMMMBIX HEH3BECTHLIX HIH TIOCPEICTBEHHBIX
(KOCBEHHBIX) W3MeEpenHii) [15].

Fnasa 2

OCHOBHBIE CIIOCOBBI YPABHMBAHUS

§ 3. Koppenarnsii cnocof YPaBHHBAHNS

Kak ormevanocr B § 2, ANt pelIeHMsl 3a/layd  ypaBHMBaHHA
KOPPEJIATHBIM CIIOCOOOM TNIPHMEHSIETCS CHOCOG Jlarpanka ¢ meom-
PEJICJICHHBIMU MHOXHTENAMU. Paccmotpum ero, HCIONB3YS CHCTEMY
ypaBuenuii (1.6).

B obmem ciyuae ykazaimas cucrema ypaBHeHMil Oynmer umers
HEJIMHEHHBIH BH, 4TO OCHOXHSET PCILICHHE 3a/a4YH ypaBHHBaHMS,
TaK Kak MaTeMaTHKa HE AT CNOCOGOB peleHHs CHCTEM HeIMHeHbIX
YPaBHEHHH NPOH3BOJILHOTO BHA. :

Hnst Toro utobnl cpenaths 3a7lavy ypaBHMBAaHHUSI Pa3peliMMOil M
TNOJIyMHTh aATOPDHTM €€ pelleHHs, paBEHCTBA (1.6) npuBomar «x
JIMHEHHOMY BHAY, YYHTBIBAS MaJOCTh MOINPaBOK .

8

@y

=

g - (j=1, 2, .., r) B psan Teiinopa
aznoxus Qynkwmn ¢; (j=1, 2, opa
_Toll;'gg;)el?aﬂ'nx HEJIMHEHHBIMHA WICHAMH, UIA nepnm;(;-n nocuemy
s ;Ei ypaBHEHHii CHCTEMBI (1.6), samumem cieayrolee:
0

x’l-}-v,, xrz""UZs seny x;+vn]=@1(x,l’ x’z,..., xn)+
09, a_(pi v, =0;
.‘_321)0!)1-'-(-5;-)0024' +(3X,, or

axi el

(
5 (X101 X202, s Xo+ 0, )=, (x1, *3, .0 Xp)+
2

+

| il 00, R e
a(P __lp; v+ ... +( ) vn_'[)'
: +(ax:)ovl +(a"2)_° : 0%, Jo

sasans

? (x'1+U1a X540z, e x;+v,,)=(P,(x'1, X2y e x:')+

i)
o 09:) yp 4. +( ) p,20.
RN R G
3aTeM BBEIEM 0603Ha‘l€:,HHH

: ' 2.1
(E&) =ay, (=1 2 s 1 =1 L ¥ @.1)
ox, B
rne‘ f:HOMCp H3MEpPEHHO (TepeMEHHOH) BeJHYHHbI (x); Jj—Homep
ycnosHoro ypapHenus (pynkuuu o).
VuurniBas (1.4), nonyinm

; W, =0;

ay vy +az Uyt o Fan U+ Wy ;
alzvl+a22Uz+ +anzﬂ“+ WZZO, ) (22)
A1,0; +d2,05+ oo +Au U+ W, =0,

; W.—cBobojublii 1ieH. -
rae a;—xodbuuuent; W;—cs 1 y
= l'lc;jn;aysicr, 0603HAYEHNEM rayccoBoil CyMMBbl, Oyaem HMET

[a,0]+W,=0; (2.3)
ey

' €T
Wnneke y xoddduuuentoB B rayccoBbix CKOOKax COOTBETCTBY

aij.
BTOPOMY HHJEKCY Ko3(duuueHToB a;; s
BaBeBI{lCTBa (2.2) u (2.3) Ha3pIBAKOTCA YCIOBHBIMH YPaBH
aBOK. _
ﬂMgCJIHHO ggncrlcma (1.6) ¢ camoro Ha4ajna 3ajaHbl B nune;;;g::
Buae, 10 dopMmyabl (2.1) He nonamobsTCs, TaK Kak KO3 PUIHEHTE
¢ .
T W3BECTHBI.
a Sﬁinﬂnaune KOppeNaTHbIM CrocobOM COCTOMT B g’;:»li;(:}l;l{;{lly‘l
muaumyma Gyaxkuun (1.7), ecnn ee nepeMeHHme(lvﬁc):mEg i
co60ii He3aBHCHMBIMH YCIOBHbIMH ypaBHeHMsMH (1.0), e
Jlarpamxka ¢ TOMOILBIO HEONpPENeNeHHbIX anmgziml:;;.me“m e
' aHanu3
CTBMM C TpaBHJIAMH MaTeMaTHYeCKOro . ’



3a/1a9H zneoﬁxo,uﬂmo COCTaBHTEL Cle/yiomylo (ynkumo Jlarpamxka:
D=[pv? |+X;0;+X0,+ ... +A,@,=min, - i 2 4.;)

e A— Heonpee/ieHHbIE MHOKHTE '
[ g Jla . — r )
F0y, oy Xob0,) G=1, 2, ey 7). rpamka; @;=@;(xy+vy, X3+

Hus ynoberBa BbiumcneHHit 0603HaUYNM
ll = _2kl’ lzz "—zkz, saey }br= "-_Zkr,

gip ok (=l 2
J s 2, ..., I')—KOppesaTsl, N0 HA3BaHHIO
KO
HaUMEHOBAHHE 3TOMY CHocoby ypaBHMBAHHA. TOPHIX 1aHO

YuauteiBas pase
HeTBa (2.2) M npuHs
Jlarpanxa npumer BuI: ) _ punsTbie 0Go3HAueHHs, (ynKiHs

q"i}i’(f” - 0,)=[pv? ]2k, ([a,0]+W,)-
=2k, (a0 |+ W, )— ... =2k =mi
2 2) ([a,v ]+ W,)=min, (2.5)
(1)(1;1, Ugy veny Un)=P1”%+P2”%+ e P07 =2k, (011”1 +
+f121 U2+ v +p1 U"+ WI )—-Zkz (auvl +ﬂ'22£’2+ i +a,,zv,,+ Wz)—
e “2kr(ﬂlrvl +ayv+ ... +a,0,+ Wr):plv%"‘zv1 (auk;"‘
i—fl:zkz-k o +ayk, ) +py03 =20, (az kg +azk, + ... +azk,)+
i +H.2.}c.;.:l.- ...... +ak ....... 2 .................................
n\*n n nrive § 7 W k
...+ W,k,)=min. 4 1-1+W2k2+

- c{l;r,; e;mg:{;{(ﬁfeﬂns NONpaBoK v;, NPH KOTOpBIX (QyHkuus (2.5)
gkl MyMa, HaHOeM YacCTHbIE NPOU3BOAHBIE GyHKIMH D
. y am vy, U, .., U, U TIPAUPABHAEM HX HYJIO
a}:=2p101—2(allkl+ﬂ12k2+...+ﬂ1,kr)20;

o_,
o5 P202—2(021k1+a;2k2+ e Fazk,)=0;

.................................

w_,
a—~v”— pﬁﬂn—2(ﬂnlk1 +a,,;_k2+ e +a,,,k,)=0,
OTKy/Ia '

_ @k tapk, 4. tagk
Yy o i

L (i=1, 2, .., n) (2.6)

HIIH ’
vi=qidinky +q,ai2k, + ... +q;a,k,, 2.7
e g;=1/p;. 7

Berm

s ;gf;qub :{Biall;laamr ob6paTHBIM BecoM, a paencTsa (2.6) u (2.7)
i, Haﬁ)leﬁby PaBHEeHHsAMH nonpaBok. M3 3TuX paBeHCTB
oot Lol 1 HCKOMBIC TIONPABKHU v;, €CJIH HU3BECTHBI KOPPEIaThl
| 6, JIO KOTOPBIX BCErJ@ PaBHO YHUCNY YCJIOBHIA.

e e

CucreMa € n—YHCJIOM KOppeJaTHBIX ypaBHEHHH TIONPABOK 2.7,

\ boﬂepmalﬂ.ﬁ.ﬂ 1 HEM3BECTHBIX IIQOIPABOK U H F Heu3BeCTHBIX KOppejiaT

k, BMecTe C F' YCTIOBHbIMH ypasuenismu (2.2) obpa3yeT onpeneyeHHyro
cucteMy n-+r  JIMHEHHBIX ypasrenuii. YToObl HaHTH KOppCIAThL,
[1OACTABHM BbIDAXCHUS TONPABOK U w3 ypasHenuit (2.7) B yCJIOBHBIC
ypaBHEHHA (2.2), M1 wero BHAyane HaNMIICM CHCTEMY PpaBEHCTB
(2.7) B pa3BepHYTOM BHIE:

91$41011k1+‘h‘112k2+ . +qiak,;
Uz"lzaukl""?zazzkz"' e Fq2a2.k,5

Un:"}ﬂanlkl +q,.a,,2k2+ . +q,,a,.,k,.

OTMETHM, YTO BTOPOH MHJEKC IpH koahpunuenTax @ 06o3HAYAET
HOMEp YCJIOBHOTO yPaBHEHHMS MOTPABOK (2.2) ¥ COOTBETCTBYET HOMEDY
xoppenatel k, a nepBblii —HOMEp CTPOKH, B KOTOpOii PAaCMOJIOKECH
k02 duLHeHT (HOMED W3MEpEHHO BEIMYUHBI).

3aTeM DACHOJIOKAM HJIEHBl NEPBOTO YCIOBHOTO ypaBHeHHs CH-
creMpi (2.2) B cronbent W TNOACTABAM B KaKJIplil 4JICH BBIPaXECHWS
cooTBeTcTBytonme nonpasku v. Ilocne oTOro CIOXIM YieHbl 10
cTonbuaM M pe3yabTaThl 3alHIIEM B ob6o3nauenusx [aycca, Toraa
OyneM HMETh!

auvl=auauqlk1'+auauq1k2+ oo +a1101,91 5,

az1U, =10z, ‘hk1 +da az2qyk,+ ... 021 aerzkn

aﬂlvn:aﬂlaﬂl‘?nkl +anlauran2+ ves +anlam'qukn
W,=W, o
Oz[qalal]kl+[qalaz]k2+ .. +[qa,a, 1k, +W,.

AHAJIOTHYHO BBINOJHUM TOJICTAHOBKY B OCTANBHBIX YCJIOBHBIX
ypaBHCHHSX.

[qala,]k,+[qalaz]kz+ .. +[qa,a, )k, +W,=0, |
[ga,a; ) ky+[gaza; 1 kot - +[qa,a, ) k,+W,=0, (23

................................................................................

[qa,a, ]k, +[qaz0, ko o + [qa,a, 1k, + W,=0.

Vpapuenns (2.8) Ha3piBaioT HOpMAaJbHBIMH YPaBHCHHAMH
koppenaT. Hen3peCTHbIMA B HHUX ABJISIOTCS KOppenaTsl, a cBobos-
HBIMH IEHAMI — CBOOOIHBIE WIEHBI YCTIOBHBIX ¥ ABHEHHIT NMOIPABOK.
B passepuyTom Biae kodbduienTaM [ga,4a, . Es;ﬂla2 ], .., [ga:a.],
B KOTODBIX HHJIEKC TIpH koo puuHeHTax a—93TO BTOpPOHl HHJIEKC
ko3¢ duimeHToB  YCIOBHBIX ypaBHEHHMIl TONPABOK, COOTBETCTBYIOT
Bblpa}KC}lHﬂI
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[‘1’31&1]=91a11311+42&z1a2‘1+...+qnau1an1; / \ Mpumep 3.1. B Tpeyrosbmuke c

[.qa,t'ag.].-.—:q.,a.,,l.al.;.-k.q.za.;,q.a.zg.-l-....‘..-hq,,a,.;ﬂ;,g.;
[‘?ﬂlar]=Q'1 1101, +q2021a2+ ... +G,0, Ay} (2.9

................ D

[ga;a; |=q1a12a12+q,a22025+ ... + G020, ;

lga,a,1=q,a1,a1,+ 4,202,020+ ... +q, 000y,

3ameTuM, 4TO cHcTeMa ypaBHeHWil (2.8) sBiseTCA ONpENENeHHO,
Tak Kak B HEH YHCJIO YpaBHEHHIl r pPaBHO YHC/Y HEH3BECTHBIX.

B pesynprate pemenns ypaBHenuil (2.8) noayuum 3HaueHHs
HEHU3BECTHBIX KOPPENAT, IOCJE MOACTAHOBKM KOTOPBIX B PaBEHCTBA
(2.7), naiimeM WMCKOMBIE TONMPABKH v; B pPe3yJbTaThl H3MEpEHHIl.

HUcxons u3 sroro, copMymupyeM mocie0BaTENLHOCTh pPEINEHHS
3aJ1a4d ypaBHMBaHHA KOpPPEJATHBLIM CHOCOGOM. L®

1. VcranasnupaloT cucTeMy pe3ysibTaToOB M3MEPEHHIT X', X5, ..., X,
W MX BECOB Dy, D5, ..., Py, HA OCHOBE aHaNM3a KOTOPOIi ONpPEAENSIOT
YUCI0 K HEOOXOMUMBIX M r H3GBITOYMHO H3MEPEHHBIX BEIHYHH.

2. BbIOMpAIOT M COCTABNAIOT MaTeMaTHYECKHE COOTHOIICHHS (YCiIo-
BHBIC ypaBHeHHsl) Bufa (1.2), cobnmoaas npu 3ToM criemyrorye TpeOOBaHUS:

YCJIOBHBIE YPaBHEHHs JIOJDKHBI OBITH HE3aBHCHMBI, T. €. HH OJHO
M3 HHX HE JIOJDKHO SBJATHCH CJEACTBHEM MPYTHX;

YACJIO YCJIOBHBIX YPAaBHEHHH r JIOJDKHO PaBHAThCS n—k, roe n—
YHCIIO H3MEPEHHBIX, a k—HHCIO HEOOXOAHMBIX BEMYMH,

_ YCIIOBHBIE YpaBHEHMsI JOJDKHBI, IO BO3MOXHOCTH, HMEThL NpPOCTEii-
INHA BHA U BKJIIOYATh MHHHMAJILHOE YHCJIO HEH3BECTHBIX.

Heobxoanmo oTMeTHTB, 4TO HecoGuiojeHue mepsoro TpeGoBaHus
OOYC/IOBJIMBAET HEONPENENCHHOCTh peILeHAs 3aJa4¥ YpaBHHBAHHS,
BTOPOrO —NMPHBOAMT K TOMY, YTO HE BCE YCIOBUS OyAyT yuTeHSI,
a CJICJIOBATE/IbHO, OCTAHYTCA W HEKOTOPhIE HEBS3KH MOCJIE YPaBHHBA-
Hus. Hesbimonnenne nocnemHero TpeGOBaHMS YCIOXKHSAET 3ajavy
YPaBHUBAHHUSl M, CJIe[IOBATENbHO, YBEIHYMBAIOTCS 3aTpaThl CHI H
CPEACTB JUISL €€ pEIIeHHsI. '

3. TlpuBoasT ycnoBHbIE ypaBHEHHS K JuHeiiHOMY BHAy (2.2),
Boraucasis no (2.1) xosbduumente, a no (1.4) cBOOOXHBIE HiIEHBI
YCJIOBHBIX ypPaBHEHMIl MONMpPaBOK.

4. Tlo_ ¢opmynam (2.9) HaxomsaT KOI(QPUUMEHTH HOPMAIbLHBIX
YP4BHEHHH Koppenar. _

5. PematotT HOpMasbHBIE YpaBHEHHS, B PE3YJAbTATE YT MOJYYAIOT
Koppenartsl k.

6. [lo dopmynam (2.7) onpemensitoT nompasku v.

7. BLIYMCIAIOT =~ ypaBHEHHBIE 3HAYEHHS W3MEPEHHBIX BEIUYHH
X=X+, ; ;

8. KOHTpOJMPYIOT BBINOJHEHHLIE YPABHHTENbHbIC BBIYHCICHUS
NOJACTAHOBKOH YpaBHEHHBLIX 3HAYEHMH X; B YCJOBHBIE YPaBHEHHS
(1.6), xoTopble mpu OTCYTCTBHH OLIMGOK JOJDKHBI YAOBJIETBOPATHCH.

12

" GyeTcsi HaWTH YpaBHEHHBIC 3HAYCHHS yr-

H3BECTHOM CTOPOHOIA ¢ (puc. 1) paBHOTOU-
1o, m3MepeHsl yruwl A, B, C M nosnyyens
pe3y/bTaThl H3Mepenuit xh, x5, x5. Tpe-

nos ‘[3].

Pemenue. 1. Tax xak n=3 #
k=2 (4ucio HeoOXOOUMBIX BEJIMYHH),
10 r=n—k=1 (4Mcn0 M3OLITOYHBIX u3-
MepeHHH).

2. CocTaBUM YCIIOBHOE YpaBHEHHE

(Pl :xl+.rz +X3‘—1800_—'—0-

3. Bommtcmit XoobgmUACHTH. U CBO- [0 . JPeymisi S nnTeol
GOMHLIN YIEH YCIOBHOTO YPaBHEHHS TO- o b

JIdAMH
IIPaBoK
0o, 9, 09,
=l — ] R e = 1 —_— = 1
ﬁ-“] 11 ’ axz 21 » ax; 31 s

W,=x1+x5+x5—180°
CocraBuM Teneph YCJIOBHOE ypaBHEHHE MONPABOK
ay vy taxvytazivy+ W, =0 wm v, +v,4+v;+ W, =0.

4. Ucnonw3yss Qopmynst (2.9), BbuMcaIHM  KOI(OHIMEHTHI HOP-
ManbHBIX YpaBHEHHH KoppenaT. Tak Kak 4MCiI0 HEH3BECTHBIX KOppenaT
BCErJla paBHO YHMCJY YCJIOBHH, @ YHMCJIO HOPMAaJIbHBIX YpaBHEHMI —
YykCly KoppenaT, TO €IMHCTBEHHAas KoppejiaTa ONpeAeauTCs U3
C/IEIyIOIIET0 HOPMaJbHOTO YpaBHEHHS:

[‘11“1 ]k1+ W,=0,
rae [a,a, |=3.

5. Pelnas HOpMajibHOE YpaBHEHHE
3ky+W,=0, nonyunm k,=-—W, /3.

[TonpaBki B M3MepeHHbIE 3HAYEHMs YIJIOB ONpedeauM mo dgop-
Mynam (2.7), yYdTBIBash OPH 3TOM, YTO HM3MEPEHHS PABHOTOYHBI
vy=ay ky=—W,/3; v,=ak;=—W,/3; vy=a3 k,=—W,/3. .

Mpumep 3.2. Iycrs yrim A, B, C u3MepeHbl HEPaBHOTOYHO
C pe3yJbTaTaMH X}, X5, X3 W BECaMH p,, p,, P3 COOTBETCTBEHHO.

Pewenne. Ananornyno npumepy 3.1 mojydyuM Takoe ke ycio-
BHOE ypaBHEHHE TIOTpaBOK, T. €. ' :
ay vy +ax 0, +ay 3+ W, =0 wm v+v,+v,+ W, =0.

CooTsercTBeHHO OyneM HMeTh M OJHO HOPMAJIbHOE YpaBHEHHE
KOppenaT, OQHAKO, MPH €ro COCTABJEHHH HEOOXOMMMO Yy4ecTh Beca
(2.8). :

13



Hannmem 3T0 ypaBHEHHE
“qayay | ky+ W, =0.
 VuuthiBaf, 4TO @yq=ay;=a3 =1, momy4um /
(@1 +92+q3) ks + W, =0, _f
OTKyZ#a

W, _ W
h+a:te; g

[Tonpaskn B M3MEPECHHBIE 3HAYEHHs YIJIOB BBIMUCIHM MO (hopMyJie
2.7)

kbl 92 q3
y=—= Wy 0=—22W; v3=—22W,.
1 g 1 2 Tq 1» V3 Tq 1

§ 4. IMapamerpmuecknii cnocod ypasuusamis

MaremaTHYecKOe peIleHne 3a0a4i ypaBHHBAHKS NAPaMeTPHYECKHM
CHOCOOOM OCHOBAHO Ha MNPEACTABJIEHMH BCEX HM3MEPEHHBLIX BEJINYHH
B BHIAE (YHKUMI HEKOTOPBIX BBIGPAHHBIX IAPAMETPOB.

Tax, HanpuMep, eciM B TPEYrOJBHHKE M3 N HCKOMBIX 3JIEMEHTOB
H3MepsAoTCs kK HEOOXOAMMBIX, TO OCTaJbHBIE r=H—k MOXKHO BbI-
PasuTh B BUJE MX (QYHKIHI, T. e. 3a/1a4d ypaBHHBAHHs HE BO3HHKAET.
HeicTBUTENbHO, TYCTh HEOOXOMMMBIMU HM3MEPEHHBIMH BETHYHHAMM
B TpEYroJibHHKe sABJIAOTCH yribl A, B u cropona c¢. Torma ero
‘OCTaJIbHbIE TPH OJJIEMEHTA HAWJEM M3 CIEAYIONIUX COOTHOIIEHMIA:

C= 1800—(A+B);
S_i_lzl_A=C sind
sinC  sin(4+B)’
b=cm—8:c—~————3in3 5

sinC  sin(4+B)

Ecim xpoMe k& HeoOXOAMMBIX BBIMOJNHAIOTCA €IE H r H3OBITOYHBIX
H3MEDPEHHH, T. €. H3MEPAIOTCS BCE MIECTh MCKOMBIX 3JIEMEHTOB
Tpeyroybhuka (4, B, C, a, b, ¢), To BO3HHMKaeT 3aJia4a ypaBHUBAHHUS,
Huisi OTBICKaHUs YPAaBHEHHBIX 3HAYEHHMI BCEX H3MEPEHHBIX BEJIUYMH
NMapaMeTPUIECKHM CrnocoboM Moryt ObITh HCIONL30BAaHBl TE Ke
caMbie cooTHouieHns (¢pyHkuuu). OO03HAYUB HEOOXOMMMBIE HEH3-
BECTHBIE (mapameTpel) uepes 7; (j=1, 2, 3) u yunTeBas BbiuIE
NPUBEJCHHLIC COOTHOMICHHS, BBIPA3UM BCE HM3MEPEHHBIE 3JIEMEHTBI
TPEYroJIbHUKa B BHIAEe (YHKUMII 3THX NapaMerpos:

A=T;; C=180°—T,—T;;

B=T2' a=T SinTl

3sin(T,+T3)
sin T,
=T b=ly———2%2 .
} 3sin(7,+T;)
14

b .

\ B maHHOM cily4ae napamerpamu 1 SBJSIOTCS HEMOCPEICTBCHHO

Ji3MepEHHbIE * YIEMEHTHl  TPEyroibHuKa —yriasl A, B # c*r%poua Hcé

Opuako B OOIIEM ClIy4ae TakMMH [apaMeTpamu MOryT OBITb

TONLKO HETOCPEACTBEHHO M3MEPEHHbIE BEIHYHHBI, HO M MX (YHKIHH

(KOOpAMHATEl ¥ AGCONOTHBIEC BBICOTHI TEOE3HIECKHX TYHKTOB). e
PaccmoTpuM bojee MoApoOHO TEOPHIO MapaMETPUUYECKOTO Crocoda

ypaBHHBAHHUS.
TIycTb juisl ONpEJe/IeHHs HEKOTOPBIX HCKOMBIX BEIMYMH, HCTHHHBIC
aga4ennst KoTopeix X, X;, ..., X, HEN3BECTHBI, BBINOJHEHBI H3IMCPCHUS

M TOJIYYEHBI PE3YNAbTATBI X}, X2, ... X!, W3 KOTOpHIX k 'ﬂBJ’IHI(ﬁl‘CH
HEOBXOMMMBIME 1 r W3OBITOYHBIMM BeJMYMHaMH, T. €. k+r=n. Ilpu
5TOM OTHOCHTE/IbHAsA TOYHOCTh W3IMEPEHHBIX BEJIMIHH XapaKTepU3yeTCs

COOTBETCTBEHHO BECAMH Py, Py, -y Pa- _ ;
JLisi peluenns MOCTaBJICHHOH 3aj1aui BbIOEPEM TaKHE HE3aBHCHMBIC
mexay coboit mapamerpst T; (j=1, 2, ..., k), GYHKIUAMH KOTOPBIX

MOKHO BbIPa3UTh BCe M3MepeHHble Beymuumbl X; (i=1, 2, .., 1) g
3TOM CJIy4ae 9MCiI0 napameTpos T JOMKHO ObITb PaBHO YHCIY

HEOOXOAMMBIX H3MEPEHHH. 5
IMpeacTaBuM W3MEPEHHBIC BEJMYHHBI B BHIC (ynKnmit BBIOpaHHBIX

napaMeTpoB

X, :‘fl(Tu T, ou Tk);

X,=f2(Tys Tas oo Tk};

.................. ssssasshasssinsanns

X":fﬂ(Tl, Tz,..., Tk)

P 2.10
X=£(T;), (i=1, 2, ..., n). ’ (2.10)

Pasencrpa (2.10) Ha3piBaroTca MapaMeTPHIECKUMH ypaBHE-
HUSMH CBA3H.

Tak Xak WCTHHHbE 3Hauenus 7; BBIOpaHHBIX NApaMeTpoB, Kak
NPaBUIIO, OBIBAIOT HEM3BECTHBI, TO B IPONECCE YPABHHBAHUA MOIYIaOT
UX BEpOSITHEHIINE 3HAYeHHWsd, a C TIOMOIIBIO (YHKIMOHAJILHBIX
3apucumMocteit (2.10) HaxoAAT ypaBHCHHBIC 3HAYCHHS BCEX M3MEPCHHBIX
BEJIMYHH. ' _

0603HAaYMM yPaBHEHHbIC 3HAYCHHS H3MEDEHHBIX BEIHYHH HEPE3
X;=X}+0;, TAE v;— NONPaBKH B W3MEPCHHBIE 3HAYCHHI X; (nonmy4eHHBIE
U3 ypaBHMBAHMS), 4 YPABHCHHBIC 3HAYCHHSA BbIOpAaHHBIX MapaMeTpOB —
yepes t;. .

pTorﬁa napamerpuyeckue ypapHenus (2.10) MOXHO NpeNCTAaBHTH
B CleAyIOUIEM  BHOE!

x'1+vl=fl(!‘1, fz, sany t,‘);

x"2+‘U2=f2(fl, tz, veny tl:)!
®ba =t tys Tases B)
o ( Z.11
2y bup=hilti, Y, - G} 2.11)
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. 3 artoro cuenyer _ .
vi=filtys 12, . 4)—xi (i=1, 2,.., n). 2.12

Omnako ecnu cuctema ypasHenuit (2.12) umeeT HenHHEHHbII BUI,
TO €e pCIICHHE OKA3bIBACTCS MNPAKTHYECKH HEBO3MOXHBIM. I103TOMY
3afa4y pelaroT CieayomuM obpasom. -
Jisi napaMeTpoB ¢; HAXOMAT TeM HJIM MHBIM NyTeM NpHOIHXKEHHbIE
" 3HAYEHHS [, NPHYEM C TAKOH TOYHOCTBIO, YTOOBI pasercrBa (2.12)
MOXHO OBUIO NPHBECTH K JIMHCHHOMY BHAY pa3JIOeHHEM HX B pan
Teiiiopa, B xoTOpoM MOXHO npenebpedsr wieHaMH Pa3JIOKEeHHUs
BTOPOro M 6oJiee BBICHUIHX NOPS/IKOB. / _
Takum obpasom, npencrasum ypasHeHHbIC 3HAYEHUS napamMeTpoB
! B ClenymwolleM BHAE: j

y=t0+1; (j=1, 2, .., k), ‘ (2.13)

ra€ T;—NONpaBKM B NpHOMMKEHHbIE 3HA4YeHus 19,
IToacrasue 3mavenns t; B paBencrsa (2.12), monyyum

vl-=j}(!?+‘cl, 3405 s t;?+t,‘)-—x§. (2.14)

Paznoxus dynxuuio f; B pax Teilopa u npenebperas  ee
HEJIMHEHHBIMU 4JICHAMH, HaXOJHM

v=fi(t3, 13, ... :f)+(%)ot,+(@)

Tt +(?i) t—xi. (2.15)
(7!1 0

BeeneM cnemyrome 0603HaYeHus:

i) _ i\ _ Ny _ .
2. =dyq, 7. =qyy e | 7 ) =ay
tJo /0 o

af of; af

=] =421, =g ey | 2| =gy,
ot /o s /o a:k 0

3aMeTuM, 4TO mepBbIil HHAEKC NpH a 0603HauaeT HOMEp napamer-
PHYECKOTO YpaBHEHHA (M3MEPEHHOH BENHYMHBI), a BTOPOH — HOMEp
napamerpa ¢ (MOMpaBKH T).

3anuieM 9TH BBIpaXeHHS B OOWIEM BHJE:

£, 13, o 1)) —xi=x0—xi=1, % (216
(i=1,2, ., n) (1=1,2; .. k), :

rae x{— BLIYACIEHHOE 3HAYEHHE i-if H3MEPEHHOH BEJIMYHHBI, COOT-

BETCTBYIOIIEC MPUOIMKEHHBIM 3HAYCHHSM [ BBIGPAHHBIX NAPAMETPOB.
C ucnonn3oannem o6o3nauenuii (2.16) cucreMy ypaBHeruit (2.15)
NpeACTaBHM B BHIE

16

. V01 =411 +a,Th+ . tagt

0, =0y Ty H ATyt Ay T+
; - (2.17)
D=y Ty F 0T+ Ay T+

0= Tt AT+t ayT L

PasenctBa (2.17) Ha3bIBalOTCH NapaMeTPHYECKHMHU ypaBHE-
HUSMH NONPABOK, 4 BENMYMHBI @; M [,— COOTBETCTBEHHO HX
xo3(dunHeHTaMH M CBOOONHBIMH YJIEHAMM. -

Cienyer 3aMeTHTh, 4TO CHCTéMa YypaBHeHHH monpaBok (2.17)
BKJIIOYAET 1 YpaBHEHHWi, HMes n+k onpenensieMblX HEH3BECTHBIX
(n monmpaBoK v; M k MONpPaBOK T;), H MOJITOMY ABJISETCS HEOTIPE/IEIeH-
Hoif. M3 BCcero MHOXXECTBa BO3MOXHBLIX PpELICHHIT Heompe/IeNeHHo
cuctemsl (2.17) BbiGupatoT Takoe, nmpu kotopom [pv?] npmHEMaer
HAHMEHBIIEE 3HAYEHNE, T. €. HA MCKOMBIE NONPABKH v HAKIIA/bIBACTCH
TpebOBanKe NPUHLMNA HAMMEHBIIMX KBajapatoB [pv’]=min.

YuureiBas paseHcTBa (2.17), 3anmineM BbIpaXeHHE TNpPHHLMIA
HAUMEHBILHX KBaApaToB OoJsiee moapoOGHO

[P”z] =pwi+p3+..+pwi=p,(ay,T +ay;T,+.. +a1ktt+fg)2 +
+p2(a21T H 05T+ Ay T+ b)) 4 p, (@ny Ty +auTo+ .+
AT +1,)? =min

WU _
[P”2]= Z pilauT, +aa'21:2+---+aittk+fi)2=F(T1’ T2s ves Tk)=min' (.2'18)
Ci=1

Haiinem 3mavemms nompasok t; (j=1, 2,..,k), npu KoTOphIX
bynxums (2.18) mocturaer mMunumyma. st 3TOrO BO3bMEM YacTHBIE
Npou3BoHble GpyHKUMN F 1O apryMeHTaMm T, T,, ..., Ty U TpHPaBHSEM
HX HYJIIO ' ' .

STF= 2p,ay, ("31 1Ty +Hay, T+ FayT, +11)+2p2a21 (a211:1 +a,,T,+
1 z

oty Tt L)+ 42D,y (@0 Ty + 8T+ o+ ay T+ 1) =0. (2.19)

Ha ocnoBanun paseHctB (2.17) BbipaxkeHMss B CKOOKax cCOOTBET-
* CTBEHHO PaBHBI vy, Uy, ..., U,. C YyUETOM 3TOT0, U COKPATHB PaBEHCTBO
(2.19) na nBa, nomyyum :

oF

5,;-=plallvl+p202102+"'+pnanlvn=0 (2.20)
1 +

WIH, moab3ysick 0DO3HAYEHHEM TIayCCOBOH CyMMBbl, |

F &

é;:=‘.§'1 pivia; =[pa,v]=0. (2.21)
Anasnoruyno OyjaeM HMETh '

oF

oF oF 1.
S [pa,v]=0, i [pasv]=0, ..., e [paw]=0.

17



Takum o6pa3oM, MOJy4eHA CHCTEMA PaBeHCTB . //

[pa,v]=0; '

[pa,v]=0;

[pakv] =0. - N
Jlns onpejieNenusi 3HAYEHWI MONpPABOK T; BEPHEMCS K PaBEHCTBY

(2.19). Coxpatum o00e ero 4acTH Ha /B2 M PAacKpoeM CKOOKH

P1y18yy Ty +P18y1815T e+ P18y T+ P81+

+ D221y Ty + D231 833To F o F P2y By Tk P2l by +

e Pl Ay Ty Pu1 ATyt o F Py ATy Py 1 =0

Win

(P111@11 +P2031851 + ---+Pnan1,an1] T +H(piaga,+

+P2031@35+ i+ Py Gpg) T2 F o +(P1ay1@1x+ P22, a5+

teee Pyl ) T+ (P14 o[y +P 2021 T2+ o Py 1) =0
Ucnonw3ys obo3navenuss ['aycca, OKOHYATENBHO 3amMIIEM

[paa ]ty +[pasa,) t, + ...+ [pasa] v+ [pa ] = [pa,w] =0.
AHAJIOTHYHO, C MOMOILBIO BHIPAXEHHH JUIS YACTHBIX MPOM3BOIHBIX

ar o OF

oy oy

[paja,]t,+ [pazaz% T+ ...+ [pa,a ] 1+ [pay]=[pa,v] =0;

[payas] Ty +[pasas) v+ [pazaz] ta+...+

+[pasa] v+ [pasl] =[pasv] =0;

/
2 - |

TIOJTYYHM

......................... sessssssssssrssnsanannenn

[pasa] T, +[pasa]) s+ [pasa] ts +... + [paa] v+ [pad ] = [paw]=0. - -
Tenepb paBeHCTBA (2.22) npuMyT BHI: ' :

[pa,a,] v, +[paja;] 2+ ...+ [pasa ] v+ [pas ] =0;

[paja, ]t +[pasa,] 12+ ...+ [pasa ] u+[pasl]=0; (2.23)

T susssssssssnsannn sesssssssanirvnnnn sesassassaassrsssrarERRRTuNY wan

[paa] T+ [paza] © + ..+ [paa] v+ [pad] =0,
_re ugAeKcs npu ko3bdHIneHTax @ COOTBETCTBYIOT BTOPBIM HH/IEKCAM
k03hHHUHEHTOB  a;;.

Vpasrennst (2.23) npeActapistoT CcoGOif CHCTEMY HOPMAJIbHBIX
ypaBHEHHii, COCTOSIIYIO W3 k JIMHEHHbIX ypaBHEHHUH C k HEH3BECTHBIMH.
W3 pemrenns 3TONW CHCTEMBI MOJIYy4alOT MONPABKH T; (j=1,2, ..k x
NPHOIMKEHHBIM 3HAYCHHSIM HEOOXOMMMBIX HEH3BECTHBIX [;.

Jlanee ¢ momoulibio ypaBHeHWH (2.17) HaxoAAT NONpPABKH v,
Ugy oy Uy @ 3ATEM YDABHEHHBIC 3HAUCHHS WIMEPCHHBIX ~BCTHTHH
x;=xi+v; (i=1,2,..,n) u mapameTpoB f;=1;+71; (i=1,2,..., k).

i i i B ewEy i i

_ KouTpojiieM ypaBHHTENbHBIX BBIMHCICHHNH MOTYT CIYXHTH ypas- °
Henusi (2.11). :
18

X

- BpIOpaHHBIX NapaMeTpoB

' HeODXOMMMBIX

Taxum oOpa3om, 3aady ypaBHMBaHHMS NapaMETPHYECKAM CIOCO-
GoM pelaloT B .CIEAYIOUIeH NOCIeN0BaTENLHOCTH. '
1. AHAJIM3HPYIOT COBOKYNHOCTB X, X, ..., X, H3MEpEHHBIX BEJH-

" yuH, OUpEAeJsisi YHCJIO kK HeoOXOAMMBIX H' r H3OBITOYHO W3MEpPEHHBIX

BeJIMYMH. YCTAHABIHUBAIOT CHCTEMY Py, Pas ..., Py BECOB PE3yNbTaTOB
‘M3MEpEHHIL.

‘2. BuibuparoT mapaMeTphl {; Takum 00pa3om, 4TOOBI OHM ObLIH
He3aBUCHMBIMH, T. €. HE HMeJIH HHKAaKHX MAaTeMaTHYECKHX CBSA3€H
Mexay coboif, a Bce W3MEPEHHBIC BEJHYHMHBI BHIpAXajuChb B BHJIE
ux Gynkuuid. Yucno Takux napaMeTpoB JOJ/DKHO PaBHATHCS YHCIY
m3Mepenuii. JKematenbHO Takxke, 4TOOBI nNapamer-
PUYECKME YPABHCHHS TONPABOK, COCTABJIEHHBIE - C TOMOIIBIO 3THX
napaMeTpoB, MMEIH IIPOCTOH BHI. o

3. Bce wu3MepeHHbIE BENWYMHBI BbIpaxarooT B Buae (yHKumi

=Flt s s ) =Ly 20 1),

rae x;=x;+v; _

4. Haxonst npuGmuxenHsle 3uavenms 5 (j=1, 2, .., k).

5. IMpuBoasar ¢yukuuu (2.11) x nuHeHHOMY BHAY, BBIYHCIAA IO
dopmynam (2.16) xoabdunneHTs ¥ CBOOO/HBIE YWIECHB MapaMeTpHyec-
KUX ypaBHeHuii mompasok (2.17).

* 6. CocTaBisiiOT M pEIIaloT CHCTEMY HOPMAJIbHBIX YpaBHEHHMH
(2.23), B pesysbTaTe 4ero MOJIYYarOT MOMPABKH T;.

7. BolHCAAIOT 3HAYEHHS IIONPAaBOK v; B Pe3yabTaTbl H3MEpEHHIt
¢ moMolbio ypaBHeHHit (2.17). :

8. HaxomsiT ypaBHEHHblE 3HAYECHHS M3MEPEHHBIX BEJMYHH X;=
=Xi+v; U TMapameTpoB ;=17+71;. :

9. KourponupyoT npaBHILHOCTh BBINOJIHEHHOTO YypaBHHBAHHA

tea

| PAaBEHCTBAMH X; =/ (11, 2y -vus fi)-

HecoOutoieHe KOHTPOJIBHBIX PABEHCTB MOMKET NPOMCXOIUTH HE
TOJNBKO WM3-3a OMIMOOK. BEIMHCIICHHH, HO M BCJIEJCTBHE HEAOCTATOYHOM
TOYHOCTH ONpEJe/eHNs. NPHUOJVKEHHBIX 3HAYEHHH HEW3BECTHBIX 19,
19, ..., 1y, OOYCIOBJEHHBIX HEAOMYCTHMO OOJBIIAMH aBCONIFOTHHIMI
3HAYEHHSIMH TONPABOK Ty, Ty, ..., Ty, T. €. TAKHMH IONpAaBKaMH, NpPH
KOTOpBIX HeNb3sl NpeHeOperaTh HEJHHEHHBIMH WICHAMU DPa3JIokKEHHs
?2 11:145111 Teitnopa ¢ymkumii f;(19+1,, 19+7,, ..., 10+7,) B paBeHcTBax

B 3ToM ciiyyae mnojiyueHHble IOGJE YPAaBHHUBAHHA BEJIMYHMHDI 4,
ty, ..., 1, CNEAYET PACCMATPHBATH JIMIUL KAK YTOYHEHHbIE IPHONIKEH-
Hble 3HAYEHHS [APAMETPOB ) M C HUMH HeOOXOAMMO TOBTODHTBH
BCE YpaBHHBaHHE. '

INpumep 4.1. B Tpeyronbuuke (cM. puc. 1), B KOTOPOM H3BECTHBI
KOOpJIMHATHI TyHKTa A, CTOPOHa ¢ W €€ AUPEKIMOHHBIH YIoJ o,p,
PaBHOTOYHO W3MepeHbI yriabl A, B u C nis onpejesieHus NoJIoKeHHs
BepmimHbl C W MNOJIYYEHBI Pe3yJbTaThl HM3MEpEHHHA Xx§, X5, X5.
Tpebyercs onpenenuTh ypaBHEHHBIE 3HAUEHHA YIJIOB Xy, X,, X3 [3].

M3BecTHO, UTO ISl pelIeHHsl TPEYrOJIbHUKA C 3a/JaHHOH CTOPOHOH
HeoOX0MMO HMMETHL JABa yria. B cBsi3um ¢ TeM, 4TO H3MEpeHbI TPH
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yIjia, CBS3aHHbIE MAaTeMAaTHYECKHM  COOTHOUIEHHEM
+x3—180°=0, BO3HHKaeT 3ajaya YpaBHHBAHHS.
‘Pemenne. 1. Tak xak n=3 n k=2, 10 r=n—k=1. :
2. B xayecTse HE3aBHCHMBIX NapaMeTPOB BBHIGEPEM JHPEKIHOHHBIE
yrabl HanpaBneHuit AC u BC. Yucno 3THX napaMeTpoB JOJDKHO
ObITh paBHO HBYM (YHCIY HEOOXOMMMBIX BEJIMYMH). - :
Ob6o3nayuM o, 4Hepe3 f;, a Opo—1,.

OueBnaHO, 4TO BHIOpPAHHBIE MapaMeTPhl He CBS3aHBI MEXAY COBOI
HUKAaKHMH CTPOTHMHM MAaTEeMAaTHYECKUMH COOTHOILIEHHSIMH, o
3. BeipasuM H3MEpEHHbIC BEJMYHHBLI B BuJe (QYHKUHMI napamerpos
t g ; : \

xl =CQAB"_II; xzr—fz—C(ABi 1800;
4. B xauecTBe NpUOMMKEHHBIX 3HAYCHHH NApaMETPOB NPHMEM
=a,5—x1; 13=0,,+180°+x5.

- 5. Ucnonesys dopmynsl  (2.16), BbumcAMM  k03(DdHIHEHTE U
cBoOOMHBIE WJIEHBI NMapaMeTPHUYECKHX YpPaBHEHHH MOIPABOK :

Xy +x;+ ,/f_

_0x

11=°‘An_f‘1}_x’1=°LAB“(°‘AB_X'1)“X'1=0§

_axz_ . '_ax:_ 3
az;—auos ﬂzz—E—-'H: i = | ‘
fzz[tg;(adsi180°)]—x'2=aABi180°jl—x';_—a‘wi180°—x’2=0;
! dx dox :
931=a‘3=+,1§ aszza—r::*-l;

L=t]—13—x3=0a,,p—x1—0,,p+180°—x—x3=
=180°—x|—x3—x3=—W,

‘rae W-—mHeBsi3ka TpeyroJibHUKA. .

[Tapamerpuueckue ypaBHeHHs TONPABOK HWMEIOT BHI:

Uy =—Ty; Up=+4Ty U3=+T,—T,—W.

6. Beruuciaum koadduuneHTs! W CBOOOJAHBIE HJEHBI HOPMAJIBHBIX
yYpaBHEHHH -

{a1a1]=2; {alaz]: -1 [a]=—W;
a,a,|=2; [a,l]=+W.
Hanviem HOpMajbHBIE ypaBHEHHS
2t,—1,— W=0,
-1y +27,+ W=0.
CnoxuB HX, MOJIYYHM
T, +1,=0,
T.e.
20

(2.24)

|

‘_1:2= —Tq

(2.25)

[TpocyMMHpYeM Tenepb NepBoe Hopmanbﬁoe ypaBHEHHE H DaBEH-
crBo (2.24) -

3t, — W=0,
OTKyJa
t =+ W3 .
C ydyeroM pasencrsa (2.25) B’ T
== W/3. |
7. TloACTaBHB T, W T, B TAPAMETPHYECKHE YPABHEHHS MONPABOK,
onpeacsiiM MNONpPaBKH B Yrinel f . -

\

o=ty =0y=—W/3. -

OTBET COOTBETCTBYET KOPPEJATHOMY CrOCOOY ypaBHHBAHHS.

- Takum 00pa3oM, BeJHYHHBI NONPABOK CBHIETENLCTBYIOT O TOM,
YTO B CIyYae pPaBHOTOYHBIX M3MEPEHHH HEBA3KAa B TPEYrOJIbHUKE
AOJDKHA OBITH pacnipefiesieHa TMOPOBHY B TPH Yrila TPEYrojbHHKA C
Oo0paTHBLIM 3HAKOM. ;

. IIpumep 4.2, PCPJHM OpeAbIIyIIy 0 3ajia4y s ciyvas Hepas-
‘HOTOYHBIX H3MEPEHHIH. _ & g

IIycts yramt X,, X,, X; HM3MepeHbl COOTBETCTBEHHO C BeCaMH
P1s P2, P3- OueBHOHO, mapaMeTpHuecKHe ypaBHEHHs NONPAaBOK B

" JAHHOM ciy4ae' OyHyT Takme ke, KaK W B NpeIbIIyIIeM MpHMepe.

CocTaBuM HOpMasbHbIE YPAaBHEHHS C YUETOM BECA KAKIOTO M3MEPEHHS .

" U;=-—T; C BECOM p,; ¥,=++T, C BECOM p,; (2.26)
V3=+T,—T,— W ¢ BecoMm p,. -

~ ‘Beiumcimm  kos(puuMEHTEl HOPMANBHBIX YpaBHEHHIA
-[palal]:(pl+P3); [Palﬂ_z]=“P3; [P913]=_P3W;

[paza,]=(p>+ps); [pasl]=+psW.

- Hanmmem Tenepr HOpMajbHBIE ypaBHEHUS

(py +p3)Tl_P372__P3WZO;

=P3ty+(pa+p3) 12+ W=0. .

[IpocymmnpoBaB 3ti ypaBuenus, GymeM HMETb:

P1T+p,1, =0, ' '

OTKyna - : ' . i

t,=-fg, L (227)

P2

Paszpenum nepBoe ypaBHemMe Ha p;, M YYHTHIBaS BBIPAXKEHHE
(2.27), ponyunm

N
Ps : P P2 Pr P2 Pa
Bsenem oGpatubie Beca

L 2]



1 1 1
_ _Pl—‘h p*‘z—‘?z ps—‘h 41 +9,+t493=2q

MOCJIE Yero 3aluIlueM:

z
—qtl= W—

q
CrnenoBaTenbHo,

9
T, =W,
1 g
a, cornacHo Beipaxenuio (2.27),
=—Rliy-_ By
91 X9 - Zgq -

IMoncTaBiss 3HAaueHus T,, T, B ypaBHeHms mnonpaBok (2.26),
naﬁnem TIOITpaBKH B YTJIBI )

v,=—ﬂ W, vz-———g—; W, vy= e

Takum o6pa3oM, B pe3yibTaTeé YpaBHHBAHHA IOJIYYEHBl TaKHE
’Ke NONpaBKH, KaK H B KOPPEJAaTHOM CIioco0e, YTO CBHACTENBCTBYET
06 IKBMBAJIEHTHOCTH OCHOBHBIX CrIocof0B ypaBHHBAHHS. "

C npyroii CTOPOHBI, BEJIMUMHBI ITHX IONPABOK MO3BOJIAIOT CAENATDH
BBIBOJ, YTO B CJIy4ae HEPABHOTOYHBIX W3MEPEHHIl NOMPABKH B YIJIBI
TPEeYroJbHUKA PACTpEAeNsioTCsi MPONOPUHOHAIBHO 0DpaTHBLIM BecaM
 M3MEPEHHI.

Frasa 3 .
COCTABJIEHME U PEHIEHUE HOPMAJIbHBIX YPABHEHMI

§ 5. Boruncienne Ko3(QQUIMIENTOB HOPMATBLHBIX ypaBHeHuii

PaccMaTpuBasi CUCTEMbI HOPMaJIbHBIX ypapHeHui (2.8) (2.23),.
MOKHO 3aMeTHTh, YTO B HHX [0 [HAaroHajd, MAyuWedi BHH3 CJEBa
HATPABO, PACMOJIOKEHB! _KBAJPATHYHbIE KOI(DQUIMEHTHI, KOTOpLIC

BCerga IIOJIOKHTEIIbHBL. ,[lam{aﬂ JHaroHajib Ha3bIBAETCA KBaJpa- -

THYHO. HekBampaTuunsie xe Ko3p(HUIMEHTH, CHMMETPHYHBIE OT-
HOCHTEJIbHO KBaJApaTHYHON JHAroHasM, MONapHO paBHBl MEXKIY coboit. -
CHMMETPUYHOCTh HEKBAAPATHYHBIX KOI(PQHUIMEHTOB TNO3BOJSET
CHCTEMY HOPMAJIbHBIX YPaBHEHHil 3ailMCaTh B COKPAIICHHOM BHIE.
[Ipu 3TOM 3amHCBIBAIOTCS TOJBKO WIEHbl C KBaJpaTHIHBIMH ko3g- -
(UIMeHTaMM NIPH HEM3BECTHBIX M BCE WICHBI, PAcrOJIOKEHHBIE BBILIE.
W nipaBee KBaJAPATHYHOH JHATOHAJA, A HJICHDBI, PACIOJIOKCHHLIC JICBCC
W HWKe O5TOH jauaroHainu, omyckarorcs. Hanpumep, cucremMa HOpP-
MaibHBIX ypaBHeHuii (2.23) Gymer HMeTh ClEAYIOLIMH BHI:

[p.fztlal]'tl-I-B;ala2 1,4 ...+ [paja] v +[pa]=0;
" azaz Tz+...+ pazak]tk‘l‘[Pazi =0; "
oo eeeees e 3.1

22

~ 3aMeTHM, YTO NEPBOE HOPMAJILHOE YPABHEHHUE THILIETCS IOJIHOCTBEO
u 4uTaeTCs OOBIMHBIM TOpAAKOM, ciieBa HanpaBo. OCTajbHBIE 3Ke
ypaBHEHHUS! MHUIIYTCS COKPALEHHO, HO YMTATh HX MOXKHO TNOJIHOCTBIO,

_HCHOJIB3YS BMECTO HEHANMCAHHBIX KOID(PHUMEHTOB DABHBIE WM CHM-

METPHYHO DACTIOJIOKEHHEIC KOIDQUIUMEHTE paHee HaNHCAHHBIX ypas-
HeHuii, MOApasyMeBas NPH HHX COOTBETCTBYIOLIHE HEH3BECTHBIE,
TakuMm 00pa3oM, YTeHHE KaXAOr0 COKPAIIEHHO HAINHCAHHOIO YpaB-

HeHHsi BEIYT CBEPXY BHHM3 [0 KBajpaTHYHOro koadduumenra, a
3aTeM HampaBo. ' ;

e

Tab6nuua 1

Homep
p“:lh:; '] ky=a; ky=a;; k=a, f ¥ v - po?
1 4 ayy day; a, hi 5 Uy pivi
2 q2 azy azz - a;, /2 82 Uy P:U‘.z’
n ‘}n . a;l “;z ':‘ a:tr jl .i:,, '- l';' P.}JE
W W,. Wy | W, [pv?]
[gaia] | [9asa2] | . | [9asa] | [ga.f] | [gass]
[qa:0,] | - | [94:4,] | [9a2f]) | [gaus]
[9a,a] | [4a./1 | [4as]
e} | [afs]
[gss]
Tabauua 2 ;
Homep :
m P : Ty =a; T3=d; n=dy / 2 0’ po?
1 Py an a2 | e Ay L 5 Uy pivi
2 P2 az; (5] ay I 52 L) pav3
n pu aul . ";z bl a;wk l|‘:n S-n i !;u anf
[paya] | [pasar] | .. | [pasa] | [paid] | [pass] [pv?]
[pazay] | .. | [pa:a] | [pant] | [pass] '
[paa] | [pad] | [pas]
[Pt} | [pis]
) pss]




KoapduuuenTsl HOPMaJIbHBIX YpaBHEHHIf OOBIYHO BBIYHCIAIOT B

CIEIMAaNIbHO COCTaBJsSEMbIX TabnHLaxX, H3 KOTOPBIX <CIEHdyeT, 4TO

'YCJIOBHBIE ypaBHEHHsi monpaBok (tabu. 1) uuraroTcs mo cronbuam,

a napaMeTpHYECKME YpaBHEHHMst NONpaBok (Tabn. 2)—mno crpokam.
' Hasmauenne u cosepxanue rpad f u s B Tabnunax xo3pouuneHToB
PacCMOTpPHM HHIKE. i -

§ 6. Konrpoas Bbrmcaenns kod3(QHiuuentos nopMasbubIX
ypaBHennii :

B xoppenatHoMm cnocobe ypaBumBanusi B rpade s (cM. Tabu. 1)
BBIMHCJIAIOT CYMMbl KO3({(UIMEHTOB YypaBHEHHH NONPaBOK -

Sy=ay +aypt..tay;

8 Zﬂzl +azz + ---+azr;
Sp=qny +_an2 +..t Qe
HIIH

3atem, TaM Ke, OJHOBPEMEHHO C BBLIYHCJICHHEM KO03((DHIMEHTOB
HOPMAaJIbHBIX YPABHEHHMH, HAXOMAT CYMMbI MX IPOM3BEICHH

[9313] =q1ay151+q20315+F ... +qr;¢?n13n; _ :
[qa23]=qlal 281+ q20255; oo +G,0,25,; ; (33

[9a,5]= 910,51+ 420252+ -+ G00Sy;

[gss]=q15151 + 2525, + ..+ @SS
OTH Xe BEJIHYHHBI ONPEEAIT BTOPHYHO, CyMMHpPYS Kod(uim-
€HThl HOPMAJIbHBIX YpPaBHEHHH MO KaXIOH CTpOKe

[ga;s]=[ga,a,]+[9a,a,]+ ...+ [qa,a,];

[qa,s]=[ga,a,]+[qa,a,]+...+[ga,a,];
(3.4)

[ga5]=[ga:a,]+[qa;a,]+ ..+ [4a,4];
[gss]=[qa,s]+[qa,s]+...+[qa.s] _ : _

CxomuMoCTh CyMM nponsaenenuii.[qalsl, [ga,s], .., [ga.s], [gss],
nonyyeHnnix mno dQopmynam (3.3) u (3.4), sBAsSETCA KOHTPOJIEM
BBIYHC/IEHHI K03()(HIHEHTOB HOPMAJILHBIX YPaBHEHHIH B KOPpPEJIATHOM
cnocobe B mpenesnax OMMOOK OKpYrJIeHHH.

B napamerpuueckoM cnocobe ypaBHHBaHUS JUIS KaXI0ro napamMer-
PHYECKOrO ypaBHEHHUs MOMPABOK HAXoAAT cyMMy (cM. Tabi. 2 rpada s)

§i=ap +a£2+-..+a”‘+¢ (f= l, 2, mry n). (35)

Bmecte ¢ BbluHcIeHHEM K03((HIMEHTOB HOpPMAJIBHBIX YpaBHEHHH,
aHAJIOTHYHO KOppeslaTHOMY cnocoby, MOJy4aloT BEJIMYHHbI

[pass], [pass], [pass], [pis], [pss],

24

siza;1+ai2+...+a,-, (l: l, 2, T n). . (3.2)

Lpss

-

rae . .

:pﬂj S]=P1au\91 +P3a2;82+ .+ Puays, .(j= L 2, sk (3.6)

,PIS?I=P11131 +P2b2853+ o+ poloSe '
=P15151FP25252 oo DySpSpe

-3aMeTHM, 4TO

:pajs]=[pa‘al]+[pa-a2]+...+[pajak]+[pa.{]; _ (3.7)
=pf.5'] = [palfj +'[pa;1£+ 8 H:patf] +[pll]; . .
[pss|=[pass]+[pazs]|+...+[pays| +[pls].

Cxomumoctb  BenmuanH [pags], [pls] u [pss], momyuemmbix no

dopmynam (3.6) u (3.7), nOMWKHA HAaXOMMTHCH B Npeeliax OUIMGOK
OKPYIJICHHI. A

§ 7. Pewenne HopmMaibubIX ypaBuemuii

Pernenne cHCTEMBI HOpPMasbHBIX ypaBHEHHI — Han6ojee TpYya0eM-
Kasi 4acCTb YPABHHTENBHBIX BBIYHCICHHH. OCYHIECTBHTD €€ MOXHO'
PasIHYHBIME cnocobaMu nuHeliHol anre6psl. B npakTike reomesnuec-
KMX BBIMHCNICHHH HauboJjiee pacnpocTpaHEHHBIM CHOCOGOM peLieHus
HOpPMAJ/IbHBIX YpaBHEHHH saBisercs cnoco6 Iaycca, ocHOBaHHBIN Ha

. METoJe IMOCICAOBATENILHOIO HCKNIOYEHUS HEH3BECTHBIX.

Cnocob (anropurm) Taycca. PaccmoTpuM ero na TIPHMEpE peLleHus
TPeX HOPMAaJIbHBIX ypaBHEHHIA:

i

. N1121+N1222+N1323+L1=0; ' ' :

Nyi2i+Nppzy+ Npszy+ L, =0; SN - (3.8)

BcnomHHM, 4TO crcTeMa HOPMasBHBIX ypaBHEHHMI (3.8) obnanmaer
CHMMETPHYHOCTBIO HEKBAAPATHYHBLIX KOI(P(PHUHEHTOB OTHOCHTEIBHHO
TJIABHOM KBaApaTHYHOH AuaroHamd, T.e. Ny,=N,,, N,3=N,,, wm
B obmem Buae N;=N;. ' 3

Onpenenum Hen3BecTHOE z, W3 NEPBOTO YPABHEHHS CHCTEMBI (3.8)
W BBIDA3WM €ro 4epe3 ApYrue HEH3BECTHBIE :

_No Ny, L, B

‘

[Monyvennoe  ypaBHeHMe Ha3bIBaeTCH
ypaBHeHHeM, 0003HaUUM ero 4epes E,.

l'loncranu_n Z; BO BTOPOE M 'TPeThe YpaBHEHHs cucTeMbl (3.8)
H YYMTBIBAsl 'CHMMETPHYHOCTb KO3(uIHEHTOB, OyneM HMETb:

NiaN NN NioL
Py meit2 A2 | N,, —112t413 _ Mk | _ g,
( 2" Na ) 2+( sl )z3+(‘L2 N ) 0

11

Ny,N, (3-9)
(NB_N;E) zz+(N33"—N:N13)Z3+(L3_—J\_{!:,3Ll)=0. B
11 11 11

Brenem o6ozHauenus

JHMHHALHOHHBIM
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