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IpuBenens OCHOBHbBIC TOHATHS M IJTalbl MAaTEeMaTH4eCKOi 06pPabOTKH
TCONIC3MHUCCKUX CETCH II0 METOAY HAMMEHBIIMX KBaapaToB. ONIHMCaHBI KOppenaT-
HBIM M TADAMETPUYECKHH CrOCOOBI ypaBHuBaHms. IToka3aHo coCTaBjicHHE H
ww%wﬂﬂm HODMaJbHBIX YDaBHEHHH, JaHA OIEHKA TOYHOCTH YpaBHHBAHHMA.

Ha ONTHMAJIbHAS METO/AMKA yPaBHUBAHHS TPUAHTYJIALMH, TOJHIOHOMET-
puH, TpHUJIATCDALMHM, A&,k TaKXkKe JMHEHHO-YIJIOBBIX ceTell. J[laHbl npuMepsl
YPaBHHBAHUsl TEOMETPUYECKOTO H TPUIOHOMETPHYECKOTO HUBEIMPOBaHUA. Ocoboe
BHUMAHHE YJIENCHO H3JI0KCHUIO OCHOB MPOTPAMMHpPOBAHHS U ZS.S.EE co-
mwmunwmﬂn AJITOPDUTMOB M TPOrpamMM IIPH YPaBHHBAaHWM TEOJEC3MYECKHX CeTel

51

Hf—& yqyaluxcs Gﬂw@h:—ﬁx CHeIHAaJIbHBIX («mﬂm:—umx 3aBECJICH
JICHUU 110 CIICIIAAJIbHOCTH

1802020000—374
34—89

bt st A
043(01)—89 BBK 26.1

ISBN 5—247—00469—8 © WsparenscTBo «Hempa», 1989

VpaBHATEJILHBIC BBIMHCIICHUS SIBJISFOTCS  OCHOBHBIM 3TaloM Ma-
TeMaTHYECKOM 06paboTKH pe3yJIbTaTOB H3MEPCHHH, BBITNOJTHIEMBIX
npu NOCTPOCHHH re0JE3UUECKHX CETEH. 3 .

Vi3 ompiTa H3BECTHO, 4TO Jane IpH camoif  TIIATEJBbHO
MeTOIAKE MHOTOKPATHbIE H3MEPCHHUS OMHOM W TOH XK€ BEJIUYMHBI
CONMpPOBOXIAOTCH ommbkamu. IIpu 5TOM B pe3yibTaTe H3MEpPEHHH
MATEMATHYECKH ~CBSI3AHHBIX  BEJIMIUH BO3ZHUKAIOT HEBSI3KHM, HTO
ApUBOIAT K HEOJHO3HAYHOCTH ONpE/IENEHAss HMCKOMBIX JICMEHTOB
B reo/Ie3UYecKonl CETH.

VpaBHUTENbHBIC BBLIYMCIICHUS [03BOJIAIOT YCTPaHATh HEBA3KH B
pasYHbIX TEONIE3MICCKHX NOCTPOEHNSIX, ONpPENEHATh BEpOSITHEHIIHE
npaueHnsi JJEMEHTOB TEO/Ie3MYECKOM CeTH H BBINOJIHATH OIEHKY HX .
TOYHOCTH. i

MaTeMaTHIeCKOi OCHOBOM yPABHHTEJLHBIX BBITHCIICHIH ABJISIETCS
MeTOJ HAaMMEHbIIMX KBAJpPATOB, 0ipOOHO M3JIOXKEHHBIH B NEPBOM
pasziene  yueOHHKA. Bo BTOpPOM pa3jiejie PacCMOTPCHBI criocoOBbl
ypaBHUBAHUSA ¥ OLCHKH TOYHOCTH reo/Ie3NIecKux CeTeH, w:avo?oZyM
3JIeMEHTBl POrPAMMUPOBAHMS M YPABHMBAHHSA STHX cereir Ha DBM.

MeToi HAMMEHBIIMX KBAJPATOB CTANl NPUMCHATECS B Havase
XIX B Ui MaTeMaTHYECKOH 06paboTKH PpE3yJIbTATOB HM3MCPCHUH.
MaTtemaruueckas CTPOMHOCTD M MPAKTHYECKOE COBEPIICHCTBO pHUEMOB
BLIYACIICHAN METO/A HAMMEHBIIMX KBaJpaTOB SBUIIMCH pe3ybTaToM
COBMECTHBIX ~YCWJIMH YYCHBIX pPas3JMIHBIX obJacreil: TEOJEe3UCTOB,
aCTPOHOMOB, MaTEeMaTHKOB H Jp.

Brnaromaps paboram Jlexanapa u Taycca, 3TOT METOA CTAHOBUTCS
TEOPETHYECKOH OCHOBOW MaTEMAaTHHYECKOU 00paboTKH Ppe3yJIbTaToB
W3MEpEeHUi B TEOJE3MYECKUX CETSX.

Tak, HanpUMep, UCTOJIb3Ysi METO/l HAUMMCHBIIHNX kBajapaToB, I'aycc
pa3paboTan M NPUMEHHJ CTPOHMHYIO TEOPHIO npu mmvmmoda mpo-
noxenHoi uM comectHo ¢ [llymaxepom I'aHHOBEPCKOM TPUAHTYJIAIHH
B 1820—1848 rT. .

Hayunble Tpagmimu ['aycca B 9TOH 06J1acTH - IPOJOJDKAJIA TaKHe
u3BecTHbIE yueHbie Kak A. IL Bosoros, A. H. Casnd, U. U. ITomepaH-
nes, B. B. ButkoBckuii ¥ JApyrue —B Poccun, a takxe @. becceins,
®. Tensmepr, O. Wpeitbep, JI. Kprorep—B I'epmaHun.

JlaipHeliIee pa3BUTHE TEOPHH W MPAKTHKA yPaBHUTEJIbHbIX BBIYAC-
JIEHWH CBA3AHO C MOCTPOCHHEM OOIIMPHBIX aCTPOHOMO-TE0/IE3UIECKUX
¥ 3anoJHSIOIIMX CETEH.

Tak, 8 CCCP o0mas NpOTSHKEHHOCTH PsJIOB TPHAHTYJIALAH 1
©iacca k¥ 1940 r mocruraa 75000 kM. YpaBHUBAHHE TaKOM mm::%mom
CeTH NpECTABJSIIO CIIOKHYIO npobnemy. He MeHee BaxHOM 3alatcH
B TO BpeMs SBJSUIOCH YPABHMBAHWE CILIOLIHBIX cereit 2 Kjacca,
3aMOJHAIONMX MOJUTOHbI TPUAHTYJISIHH 1 kuacca.



Bonbmoit Bknax B mocranosx
BBIJIAIOLINECS COBETCKHE YYEHBIE
ITpennoxennble UMU NPoCTHIE H
METOABI MO3BOJNMIN MPAaKTHYECK

" HOM, BBICOKOKAYECTBEHHOH TroCV]i SH
YHAPCTBEHHON re i
Hemanas 3aciayra mo ypaB s omeng: CoTH.

HUBAHUIO TeOJIe3UdecK i

- HX CeTeH, 3amoi-

I *w%sm UOJMIOHBl  TpHaHrynsuun 1  kjacca,- :ﬁ:ﬂmhbmﬁ%&
- YO. llpannc-Tlpanesnuy u M. M. I epacu

CO3MaHbl (yHIaMeHTabHbIE PYKOBOZCTBA
TyJISIUHd, OTPa3UBILHE MHOTOJIETHHI BBIYUC,
U COBETCKHX T'€OAE3HCTOB.

B cBasu ¢ paseurHeM cnoco6os M
.mo&ESmaom TEONIC3NYECKHX U3MepEHHii H
>m._ Mnﬂwwﬂ%%_ow 7% m Yeborapesa, H. U. Wpenbcona, H. . Kemns,
A S. Tooro , ) - M. Mammmosa, B. B. ITonosa, B. B. hmE\Eowmu
E?:., mww. mmv . . Bonsiuaxosa, II. A. Taiinaesa, A. M. Masmumr.

4, m.moq.o J Mwwxwowm“ 10. . Mapkyze u APYTHUX COBETCKHX yYEHBIX.
A s ool PEMS B TIDAKTHKE YPaBHUTEBHBIX BBLIYHCIICHUIL
oy | Yo YIOTCS COBDEMEHHBIE CPEICTBA  BBIYHCIHTEIbHON
TSXHIKIL, I« JBIFOIINE CYIECTBEHHO COKPATHTH CPOKH M TIOBBICHTE

aTCMATHYECKOH 00paboTkM reomesmyecknx cereif

®. H. Kpacoscknii 1 H. A. Ypmaes.
B TO K€ BpeMst JIOCTATOYHO CTPOTrHe

aATEMAaTHYeCKOll 06paboTku

Y M pelLienne 3THX mpobieM BHeCIH

M paspemurs 3ajavy CO3OaHUs eau-

MOBY, KOTOPHIMH OBLIH -
[0 BBIYHCIIEHHIO TPHAH- .
JIMTEIAbHBIH ONBIT PYCCKHUX |

OOQXOEEZO OTMCTHTL HMe-

Paszncl 1

- QCHOBBI ZHHONHV HAUMEHBLIINX KBAJPATOB

nasa 1 .
3AJIAYA YPABHUBAHMA 1 EE PEHIEHME IO METOAY
HAMMEHBIIUX KBAJPATOB ;

§ 1. 3agaua COBMECTHOrO ypPAaBHHBAHNS HECKOJBKHX
H3MepeHibIX BeJHYHH

., Teopust ommbOK H3MEPEHHI PACCMATPUBAET BONPOCHI M yCTaHAB-
JMBAeT TNpaBUJIA - MATEMATHYeCKOH 0OpaboTKH pe3yabTaToB MHOrO-
KPATHOTO HM3MEPEHHs OT/EJbHOH HE3aBUCHMOH  BEJIMTMHEL (yrna,
paccrosiust 1 T. A.). [IpuMeHeHne 3TUX NIPaBHl ObUI0 Obl BO3MOXKHO
¥ Juis J060if  COBOKYNMHOCTH W3MEPEHHBIX EEIHYMH, MOJyYaeMoi
I pellieHds KaKhX-TMO0 KOHKPETHBIX 3ajad, NP TOM YCJIOBHH,
YTO 5Ta COBOKYNMHOCTh BKJIOYaeT B cebs JuMImb HEOOXOMMMBIC
BEJIMYUHEL. ’

Heo6X0MMMBIMH Ha3bIBAIOT TAKME HE3aBHCHMBIE MEXIY COOOH
BEJIMYMHBI, KOTOPLIE MO3BOJISIOT MOJYYHTb Ui KaXJOro HMCKOMOTO
57eMEHTA eAMHCTBEHHOE ero 3HayeHue. Hampumep, 4ToObI ONpENEeIUTh
dopMy TJIOCKOro TPEYroybHHKA; HEOOXOAMMO 3HATbh B4 JIIOOBIX
ero yrma, TOrJa 3HAYEHHE TPETBErO MOXET OBITh BBIYHCIEHO C
UCMOJIL30BAHHEM TIEPBBIX JBYX. .
~ OnmHako BO MHOFHMX CJIydasix TeoJe3W4eCKOi -IPaKTHKH Kpome
HEOBXOIUMBIX H3MEPSIOT TaK Ha3bIBAEMbIC 13 6 bIT O YH bl € BEJIMYHHBL,
T. €. U3MEpEeHHBbIE CBEPX HEOOXOAMMBIX (TPETHH H3MEPEHHBbIH yroJ
IpH ompefeNeRun (GOpMBI TUIOCKOTO TPEYTOJIbHUKA).

XapakTepHO# OCOOCHHOCTBIO M3OBITOYHO H3MEPAEMBIX BEJIMYUAH
ABJISIETCS TO, YTO Kaxaas M3 HUX 00sA3aTeNIbHO NPUBOIUT K MOABJICHAIO
MaTeMATHYECKOI'O COOTHOLIEHHS ¢ U3BECTHBIMH HEOOXOIMMBIMH BEJH-
YHHAMK B [JaHHOH reojesuyeckoit ¢urype. H3sectHo, 4TO MeEXIy
ABYMsi M3MEPEHHLIMH YIJIaMH IJIOCKOTO TpPeyroJIbHHKa HE CYIIECTBYET
MaTeMaTHYeCKHX CBs3eH, HO M3OBLITOYHO M3MEPEHHBIH TPETHH Yron
B 3TOM TpEYroJibHHKE OOYCJIOBJIMBAET MEXAY MCTHHHBIMH 3HAYCHUAMU
YIJIOB CJIeIyrolliee COOTHOIICHHE!

A+B+C—180°=0. | (-

Ecnu mateMaTHyeckue COOTHOIIEHHS, BO3HUKAIOIINE B Ie0e3n1ec-
KMX (Urypax, COCTABUTH C W3MEDEHHBIMH 3HAYCHHAMH BEJIMYHH, TO
BCJIeICTBAE HEM3OEXHBIX OIIMOOK H3MEPEHHMH OHHM CTPOrO YIOBJIET-
BOpsiTbCsi He OyayT. Tak, Hampumep, sl TpeX YIJIOB IJIOCKOTO
TPEYroJIbHUKa MOJIYYUM: .

A'+B'+C'—180°=W,



rae W xapakrepusyer creneHb Hapynienus ycnoust (1.1) n maspiBaeTcs
ero HeBsA3koW; A', B’, C'—wu3MepeHHbIe YIJbl TPEYroJIbHUKA.

YToObl NPUBECTH pe3yibTAaThl H3MEPEHHH B TeOMETPHYECKOE
COOTBETCTBHE, HEOOXOMMO JIMKBHAMPOBATL HEBA3KH W, T. e. pe3yilb-
TATBHl M3MEPEHUI HCIPAaBUTb TaKMM 00pa3oM, YTOOBLI BBLINOJHIIHCH
BCE MATEMATHYECKUE COOTHOIUCHHS.

IIpouecc MateMaTnHyeckoii 0O6pabOTKU, BBINOJHSEMEIA NPH HAJH-
YMM H30BITOYHBIX U3MEPEHHIl U HAXOXAEHUS ONTHMAJIBHBIX OIEHOK
HCKOMBIX U (MJIM) N3MEPEHHBIX BEJINYMH M YCTPAHEHHS HECOTJIaCOBAH-
HOCTH MEXAy pe3yibTaTaMM MU3MEPEHUH U UX (yHKUMAMH, HA3HLIBACTCS
YPAaBHUBAHUEM. \

Komiuiekc BLIYHCIUTENBHBIX PabOT, NPOBOAMMBIX IPH ypPaBHHBA-
HOM M OLEHKE TOYHOCTH pE3yJbTATOB W3MEPCHHH, YpaBHEHHBIX
BEIMYMH M MX (YHKUMH, Ha3bIBAETCS YPABHHUTEJNbHBIMH BhI-
YHCIEHUAMH. ‘

Ha ocHOBaHMHM BBIIEM3JTOKEHHOTO MOXHO CHENATH CIEIYFOHIUE
OCHOBHBIE BBIBOJIEI. .

l. VcioBueM u NpHYMHON BO3HHKHOBEHMS 3ada4H YpPAaBHUBAHHUS
ABJISETCA Haau4ue U3OBITOYHO W3MEPEHHBIX BEJMYUH, a4 TAKXKe
HEU30EXKHOCTh MalBIX OIIMOOK HM3MEpEHHIA.

2. OcHoBHasi Lielb YPABHUBAHHS COCTOMT B YCTPAHEHHM HEBSI30K,
NOJIyYarOUIUXCS B MATEMATUYECKUX COOTHOIUCHMSX, IIyTEM BBEACHUS
HONPAaBOK B PE3yJIbTATbl U3MEPEHUH M B HAXOXICHUH BEPOSTHEHINX
3HAYEHUH HCKOMBIX BEJIMYUH.

3. VI30bITOYHBIE H3MEPEHHS HCTIONL3YIOT Ul KOHTPOJS M OLEHKH
TOYHOCTH KaK DPe3yJbTaTOB H3MEPEHUI, TaK M HCKOMBIX 3JIEMEHTOB.

MaremaTuyecknii CMBICI 3aiaidl COBMECTHOTO YpABHWBAHHS He-
CKOJIbKHX BEJIMYMH COCTOUT B CIIEHYIOUIEM.

Ilycte nns ompenesneHuss HEKOTOPHIX JIEMEHTOB [EOE3MYECKOM
CETH HE3aBUCHMO H3MEpEHbl M BEJIMYMH H IIOJYYEHBI pe3yJIbLTATHI
XY, X%, .., X,, TOYHOCTb KOTOPBIX XapaKTEPH3YETCS COOTBETCTBEHHO
BECAMM Dy, Pj, .., P,. lIpH 3TOM 1O yCIOBHMIO 3a/a4¥l M3BECTHO,
YTO B OOINEM 4HCIIE N HM3MEPEHHH COAEPKHUTCA r H3OBITOYHBIX.
Torma, B COOTBETCTBHM C BBILICH3JIOKEHHBIM, MEXAY HCTHHHBIMH
3HAaYEHUAMH "M3MEpEHHbIX BeauyMH X;, X,, .., X, Bo3HHKaeTr r
MAaTEMaTUYECKUX COOTHOINEHMH (YCJIOBHBIX YpaBHEHHIA)

S.HAV\: \M\Nu..d w\zvnov

0, (X, X, ..., X,)=0; (1.2)

.......................... sessncsrerans

el Xy: Aoy sy N,_Wuo.
B cucreme (1.2) mpeamonararotcsi TOJNLKO HE3aBUCHMBIE JPYT OT
Apyra YCJIOBHBIC YPaBHEHMS, T.e€. Te, KOTOpbIE. OTPaXaloT Heob-
XOQMMBbIE MaTeMaTHYeCKue CBs3H. UHCHO0 Takux ypaBHEHHWH paBHO
YMCITy U3OBITOYHO H3MEPEHHBIX BesuuuH r. [1OCKONILKY M3OBITOYHBIE
U3MEPEHUS! COCTABJIAIOT TOJbLKO 4YacThb BCEX H3MEpEHHit, TO Bcermga

(1.3)

r<n.
6

et ey

.Sw m%m.wmmoawm (1.3) cnenyer, 4TO CHCTEMa YCIOBHBIX vﬁmwmommm
1.2) sBiseTcs HEONDE[ENICHHOH, Tak Kak CONCPXHT ypaBHe i
M\_mmero qeM HEW3BECTHBIX, M IIOITOMY JOIYCKaeT OeCKOHEYHO

CcTBO PEIUCHHUI. .
.ZEWMMS B w:SQsm (1.2) BMeCTO MCTHHHBIX 3HAYCHWH X, Xas eens

Hoxh, X5 ! epIKaInme
4 bl W3MEPEHHH X7, X3, ..., Xpn, COHEP
OINCTABUTH DE3YJILTAT .
Nm:w@@ TO B NpaBbiX 4HacCTAX OTHX YPaBHECHUH méﬁS\:oiaﬂm\E
ogsémwr OTIMYAIONHECS OT HyJisl, T.€. HEBA3KH Wi, Wi,y o -
N,EEZ 66pa3oM, CHCTEMA YCJIOBHBIX yDAaBHCHHH (1.2) mpumer Cit

Jyromuit BHIL:

(1.4)

Jljisi ycTpaHeHus HeBsi3ok W He06XOANMO BHIIIOJIHUThL ypaBHUBAHUE

| i = n).
% T. e. BBecTH mompasku v;(i=1, 2, .., n)
, €3yNbTATOB M3MEPEHHH, )
, P O603HAYMB ypABHEHHbLIE 3HAYCHUS W3MEPEHHBIX BEJMYMH .ﬁmw A
xX;=xi+0;,
HOJTYAM:
» \ N
@, (X1 401, X5+02, -y Xpt0,)=0;
' N ,
enAkm,nTC: Hm+CNu [t R=+sz|ou :.QV

@ (X1 vy, X2 0y, s Xyp+0,)=0.
~ W3 oaroro crieayer, 4TO YPaBHEHHbIC 3HAYCHHS =~ HM3MCPCHHBIX
BEJIMUMH YIOBJICTBOPSIOT YCJIOBHBIM yPaBHEHUAM (1.2). " .
CieoBaTeNbHO, TEXHOJIOTHEH ypaBHHBaHMA [OJDKHO OBITH v:o-
YCMOTPEHO HAXOXJICHHE EIMHCTBEHHBIX 3HAYCHUH TONPABOK Nm g
NPaBIAIOIMX PE3YJIbTATHl H3MEPEHUH X;. CrnoxHOCTH weos b1 "
jaKJrouyaeTcd B TOM, 4UYTO CHCTEMa YPaBHCHUU ,,\Q.v mw:mmaos
HEONPEJIEIEHHON M JOMyCKAaeT MHOXECTBO PEIICHHH. OEM:S mmv :
HAJMYAM JOTOJIHUTENbHBIX YCIOBHM, KOTOpBIE MO3BOJISIM ObI OX o
BPEMEHHO € YCTPaHCHHEM HeBs30k W Haxo[uTbh H w%cmamowﬁmo
3HAYEHMs W3MEpPEHHBIX H MCKOMBIX BEJHYHH, 3Ty 3ajady M Kito
pemnrs. Haubonee nesecooOpasHo B 3TOM cCiydac NPUMEHE
METOAA2 HAUMEHBIUMX KBAJpPaTOB.

§ 2. Ilpumpmn HAHMEHLIIHX KBaJApaTOB

B 1806 r. ¢paHuUy3CKHil MaTeMaTHK Jlexanap ncamao%%%
crocof pemieHMs HEONPEJENEHHBIX CHCTEM JIMHCHHBIX yPABHCH ‘
HEM3BECTHLIMM B KOTODBIX SBJIIOTCS IIONPABKM B Uouvswam?.
M3MepeHnil, NoJyYUBIIKI Ha3BaHHe METONAa HAUMCHBLIIAX K w % hﬂ
patoB. B 5ToM crniocobe ypaBHCHHS NOMYUHSAOTCS JTOTOJHATEINL Eu_w
YCJIOBHIO — CyMMa KBaJIPATOB MONPABOK v, BBOIUMAIX B nmwmoao”; IhIC
U3MepeHns, JOJDKHA OBITh paBHa MHHEMYMY, T. €. MCHBIIE Cy '







