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BBEJAEHHUE

[Tpu 11060 TOYHOCTH MU3MEPEHUN TOJTyYEHHBIE Pe3yIbTaThl COACPKAT B CE-
0e omMOKH, BbI3BAHHBIE U3MEHSIIOIIUMUCS YCIOBUSAMH, B KOTOPBIX MPOU3BOJIUIUCH
7TH u3Mepenus. HeoO0XoaumMyto TOYHOCTh MOKHO 00ECIEYUTh BHIOOPOM METOJIUKH
MU3MEPEHUN C y4E€TOM KOMIUIEKCa BcexX ycnoBud. Ho mpu 3TOM BO3HUMKAIOT 3a1a4u
NoJIy4eHHs] HanOoJiee HAJCKHBIX OKOHYATEIbHBIX PE3YyIbTATOB C JIOCTATOYHOM CTe-
MIEHBIO TOYHOCTH.

B o6miem Buze peraembie 3a1a4u GOpMYyITUPYIOTCS CIEIYIONUM 00pa3oM:

1) naxoxaeHue HanboJiee HaJEKHOTO 3HAYEHHUS U3 BCEX PE3YJIbTATOB MHOTO-
KpPaTHBIX U3MEPEHUN OJHON BEJINYUHBI;

2) OIleHKa TOYHOCTH, KaK CaMHUX M3MEPEHHM, TaK U (PYHKIUNA OT U3MEPEHHBIX
3HAYCHMH;

3) u3ydyeHue METOJ0B YPaBHUBAHUS U3MEPEHHBIX BEIUYNH

5) anropurMmuueckoe oOecrieueHue MaTeMaTHYeCKo 0O0pabOTKU pe3ylbTaToOB
reoA3UYECKUX U3MEPEHHUI.

VY reone3ncTta BO3HUKAET HEOOXOAMMOCTh Pa3paOOTKH TaKOW METOJIUKH BBI-
MOJIHEHUSI padOT, IPU KOTOPOM OMUOKKU HE MPEBBINMIATN Obl YCTAHOBIEHHBIX JIOMYC-
KOB. [[OCKONIbKY MCTHUHHBIC 3HAUYCHUSI U3MEPSEMBIX BEJIMUYMH HEU3BECTHBI, OJIHAKO,
BBOJII B PE3YJIbTaThl U3MEPEHUM COOTBETCTBYIOIIUE TOMPABKU, MOXKHO TPHOIH-
3UTHCSI K IOCTOBEPHBIM 3HAYECHUSIM C TOW WJIM MHOM TOYHOCTHIO. B mpakThueckoun
JESATENbHOCTH NEPE TE€OAE3UCTOM BO3ZHUKAIOT CIEAYIOIINE 3a1aUu:

1) ycTaHoBJIeHHE HEOOXOIUMOM U TOCTATOYHON TOYHOCTH U3MEPEHUN;

2) ompeaesieHue METOJOB U CPEACTB, HEOOXOAUMBIX ISl OJYYEHUSI YCTAHOB-
JICHHOM TOYHOCTH;

3) BBHIOOpP METOIMKH YpPaBHUBAHUS PE3yJIbTATOB M3MEPEHHUH I MOTYYCHHS
HAWIY4YIIUX PE3YyJIbTaTOB;

5) ompeaeneHue KauecTBa U TOYHOCTH BBITTOJIHEHHBIX M3MEPEHHUM U MOJIyYEH-

HBIX MOCcJIe 00paOOTKK BETUYHH.



1. OIIMBKHW UBMEPEHUMN U MEPBI TOYUHOCTH
1.1. O6uue cBexeHnsi 00 M3MepPEHUsIX

Ilox w3MepeHHEM cClelyeT NMOHMMATh OIPEACIICHHE YHMCIEHHOIO 3HA4YCHMS
(bu3NYECKO BEIUYUHBI C TIOMOIIBIO CIIEIUATBHBIX TEXHUYECKUX CPEJCTB, I ITO
€CTh MPOIECC CPABHEHUS KaKON-TMO0 BETMYUHBI C IPYroi el OAHOPOJHON BEIUYH-
HOM, IPUHATOM 3a enuHuLy. M3Mmepsemas BeIM4YMHA U €IMHULIA U3MEPEHUS HE CO-
U3MEPUMBI APYT C APYTOM, YTO MPUBOAUT K BOZHUKHOBEHHUIO OIIMOOK.

B npouecce n3mepeHuss yyacTBYIOT CIAEAYIOLIUE JIEMEHTBL: OOBEKT U3MeEpe-
HUS; HAaOJI01aTelb; UHCTPYMEHT; BHELIH:A cpena. Bee 3To oOpa3yer ycnoBus usme-
pEHUsl, KOTOPBIE U SIBISIIOTCS HUCTOYHUKAMU BOBHUKHOBEHUS OIIHOOK.

JIroboe m3mepeHue, kak Obl OHO TILATEIBHO HE BBINOJIHSIIOCH, CONPOBOXK/a-
€TCsl OLUMOKOM, YACIEHHO PAaBHOM PAa3HOCTH MEXIY pPe3ylIbTaTOM U3MEPEHUS U HC-
TUHHBIM 3HAYEHHEM U3MEPSAEMON BEIMYMHBI. JDTO 3HAYEHHE MOKHO Ha3BaTh UCTUH-

HOM OIIMOKOM N3MepeHus
- X, (1.1)

rie Xi - pe3yJibTaTbl U3BMEPEHUS;
X - ICTUHHOE 3HAYCHHE N3MEPSAEMOIl BETMUNHBI.

3HaueHHs] OOJBUIMHCTBA BEJIMYMH MOJIY4YalOT KaK B pe3yJbTaTe HENOCPe.-
CTBEHHBIX U3MEPEHUM, TaK U C IOMOLIbIO BBIYMCIICHUM, T.€. MPSAMBIM U KOCBEHHBIM
CIoco0amHu.

OObeKTaMu U3MEPEHU MOTYT ObITh KaK OJHOPOJHBIE, TAK U HEOAHOPOIHbIE
BeIM4YMHBL. HampuMmep, B TpUAHTYISUUMU U3MEPSIIOTCS OAHOPOJIHBIE BETUYUHBI (yT-
JIbI), 3 B IOJIMTOHOMETPHUU - HEOJHOPOIHbIE (YIJIbl M JUIMHBI JIUHUI). BMecTe ¢ Tem
OCHOBHBIE OTIpeJIeTIsieMble BEJIMUYHUHBI - KOOPJIMHATHI TYHKTOB - B TOM U APYTOM CITy-
4ae SBJSIOTCS OJHOPOIHBIMH.

PaznuuaroT HeoOXoauMble U U30BITOYHBIE U3MEpEHHbIE BeauunHbl. Heobxo-
JUMBIMH  SIBJISIFOTCSL M3MEPEHHBIE BEJIWYMHBI, JOCTATOYHBIE I OAHO3HAYHOIO

OIpCACICHHUA 3HAYCHUN HMCKOMBIX BEJIMYHUH. I/IBMepeHI/IH, BBIITOJJHCHHBIC CBCPX HC-



00XOAMMBIX, OyAYT U30BITOUYHBIMUA. OHU UTPaAIOT B TCOPHUH OMIMOOK BaXKHYIO POJIb,
TaK KakK IO3BOJISIOT:

- KOHTPOJIMPOBATh KaueCTBO BBIMOJHEHHBIX PA0OT, BBIABIISAS PE3yJIbTAThl C TPY-
OBIMH OIIMOKAMU;

- OLICHUTh TOYHOCTh BBHIMIOJHEHHBIX U3MEPEHUN;

- olpeeNsATh HanboJiee Hae)KHbBIE 3HAUCHHS U3MEPSIEMbIX BEJIUYHUH,;

- MPOU3BOAUTH YPABHUBAHUE T'€O/IE3NYECKUX MMOCTPOCHUM.

ITo OTHOIIEHUIO K TOYHOCTH PE3YJIbTAThl U3MEPEHUU MOXKHO IMOJPA3JACTUTh
Ha PaBHOTOYHBIC U HEPABHOTOYHBIC. PABHOTOYHBIMU SBJISIOTCS TAKUE U3MEPECHUS,
KOTOPBIE BBIMOJHSIOTCS

a) OHUM M TEM K€ MHCTPYMEHTOM WJIM Pa3HbIMU MHCTPYMEHTaMH, HO C OJIH-
HAKOBOM TOYHOCTHIO;

0) OTHUMH B TEMH K€ METOJAMH HJIU CIIOCO0aMMU;

B) B OJJHUX M T€X )K€ YCIOBUSX.

Ecnu kakoe-nmb0 U3 mepeyrciIeHHBIX MYHKTOB HE COOJI0IaeTCsl, TO U3MEpe-
HUSI OTHOCSITCSI K HEPAaBHOTOUHBIM.

Oco0BbIM Ka4eCTBOM PE3yIhTATOB M3MEPEHUN SBJISCTCS UX B3aMMHas HE3aBH-
cuMocTb. HanboJiee mosiHasi HE3aBUCUMOCTh JOCTUTAETCSl B TOM CJIydae, €CJiv u3Me-
pEHUS TIPOU3BECHBI B PA3IMYHBIX YCIOBUIX. B cBOei ke Macce OOIBITMHCTBO pe-
3yJbTATOB U3MEPEHUN MOXKHO OTHECTH K 3aBUCUMBbIM. OJHAKO MpaKTUKA T'€0JIe3H-
JecKuX padoT Mo3BOJISET MPEeHEOpeUb B Mpeaesiax TOYHOCTH M3MEPECHH BO3HHKA-

IOIIMMHU B 9TOM CJIy4ae 3aBUCUMOCTSMH.
1.2. Buabl o060k n3MepeHuii

[TpuyrHAMU BO3HUKHOBEHHS OITMOOK B PE3YyJIbTATE U3MEPECHUI SBIISIIOTCS:

1) u3amMeHeHne BEIMYMHBI WM COCTOSIHUS OOBEKTa B MPOIIECCE M3MEPEHUS,
2) IMYHBIC OMMOKN HAOJII01aTelIs,;

3) UHCTpYMEHTAJIbHBIC OITUOKU U3MEPECHUI;

4) BIUsIHUE BHEUTHEN CpEbl.



Bo3nukiue npu 3ToM OMOKKA MOKHO MOJpa3Ae/iuTh Ha TPU BUAA: TPYyObIe,
CUCTEMAaTHYECKUE U CIIy4YailHBIEC.

K rpyObiM ommOkamM OTHOCATCA MPOMaxH, MPOCUETHI MPU H3MEPEHUsIX, a
TaKk)Ke OIMIMOKH, MPEBOCXOAIINE JOMYCTUMbIE 3HAaUeHUs. ['pyOble OLIMOKU BbISIB-
JISIFOTCSL TTIOBTOPHBIMU M3MEPEHUSIMH U HCKJIIOYAIOTCS U3 pe3yibraroB. CrenoBa-
TEJIbHO, 3a/1a4a CBOAUTCS K OpraHU3alMi KOHTPOJIS HaOII0/ICHUH.

Ecnu cpennee apudmernyeckoe U3 OmMOOK paBHOTOYHBIX U3MEPEHUN CTpe-
MHUTCSI K HEKOTOPOMY IPEAEIy, OTJIMYHOMY OT HYJIS, IIPU YBEJIUYECHUU YUCIIA U3MeE-
peHuit 10 OECKOHEYHOCTH, TO TaKue OIMMOKH Ha3bIBAIOTCA cUCTeMaThdeckuMu. K
CHUCTEMATHYECKUM OIIMOKAM OTHOCSTCSI COCTaBJISIFOIME OOIe OIMOKK u3Mepe-
HUM, KOTOPBIE TOCTOSIHHBI UJIM 3aKOHOMEPHO U3MEHSIOTCS IPU IMOBTOPHBIX U3MEpE-
HUSAX OAHOW M TOM e BenuuuHbl. CHCTEeMAaTHYEeCKUE OUIMOKHU IO XapakTepy JAei-
CTBHUSI KJIACCU(DUIIMPYIOT: HA COXPAHSIONINE 3HAK U BEIMYMHY; MEHSIOIIUECS 10 Be-
JUYMHE, HO COXPAHSIONIUE 3HaK (OJHOCTOPOHHEE JCHCTBYIONINE); U3MEHSIOIMIUECS
M0 KaKOMY-JIMOO (PyHKIIMOHAJIBHOMY 3aKOHY. AHaJIN3 MPUYUH BOSHUKHOBEHUS CH-
CTEMATUYECKUX OLIMOOK MO3BOJISIET YACTUYHO WJIM TOJHOCTBIO MCKIIOUUTHh UX U3
pEe3yNbTaTOB M3MEpPEHMA. BenmnunHa cucTeMaTuuecKux OIMMOOK 3aBUCUT OT METO-
UKW U3MEPECHUMU.

Ecnu cpennee apudmeTndeckoe u3 omMOOK paBHOTOYHBIX H3MEPESHHUM OTHOM
Y TOM K€ BEJIMUYMHBI CTPEMUTCS K HYJIIO MPU YBEJIMUECHUH YKCIIa U3MEPEHUN J10 Oec-
KOHEYHOCTH, TO TaKhe OMMUOKH HA3bIBAIOTCS clydailHbiMU. CiyuyaiiHas omuOKa siB-
JISIETCSL TOM YacThIO OOIIel OMmMOKHU, KOTOpast MEHSETCS MPU MOBTOPHBIX U3MEPECHU-
X OJHOM M TOW ke BeJuuMHbl. CiydailHble OIMMOKM MO BEJIMYMHE 4Yalle BCEro
OOJIBITIE CUCTEMATUIECKUX, HO M3-32 B3aUMHBIX KOMIIEHCAIIMN WX BIUSHUE Ha OKOH-

yaTelIbHbIN pe3yJIbTaT MOXKET ObITh ciadee.

1.3. CBoiicTBa ciry4aliHbIX OIIUOOK

CrnyvaiiHple OIIMOKU MU3MEPEHUN MOMUYUHSIOTCS HOPMAJIbHOMY 3aKOHY pac-

npcaACICHHUA C INIOTHOCTBIO



1 5
o(t) —ﬁe o, (1.2)

rzae t - Texkyliee 3HaYeHUE CIIy4aiiHOW OIIMOKN U3MEPEHUI;

O - CpelHee KBaIpaTHIeCKOe OTKIOHEHHE (CTaHIAapT) TeHEPaTbHON COBOKYITHO-
CTH 3THX OIIHOOK.
N3 ananuza ¢pyakuuu (1.2) umeem:
1) pyHKIHS TOCTHTAaeT MaKCUMAaJIbHBIX 3HaYeHuH pu t = 0;
2) dbyukus getHas, T.e. f(t) = f(-t); oTcroma ciemyer, yTo KpuBas CUMMET-
pUYHA OTHOCUTEIHHO 3HaueHus1 t = 0;
3) MaTeMaTHYeCKOE OKHUIAHNUE CIIYIAHBIX OMIMOOK M3MEPEHUN OMPEIACITUTCS

CorJiIaCHO

t2

M) = [te 20°dt = ; (1.3)

1
o271

4) mucriepcusi CIIy4ailHbIX OIMMOOK W3MEPEHUM 3alMIIeTCS B BUC
2
D(t)=—— [ t?e 207 dt=0". (1.4)

Otcrozia cpeiHee KBapaTHueCKOe OTKIIOHEHHUE
o =.D(t). (1.5)

PaBenctBo (1.2) HocuT Ha3BaHue ypaBHeHHMs KpuBoM ['aycca. CBoiicTBa ee
COBMAJAIOT C KPUBOM HOpManpHOro pacnpezaeneHus (puc.l). Orcrona nomyuum
CJIEYIOIIME CBOMCTBA CIy4YailHbIX OIIMOOK U3MEPEHUIA.

1. Ilpyn naHHBIX YCIOBHSX M3MEPEHUH Cily4ailHble OLIMOKM HE MOTYT Ipe-

B30MTH 110 a0COJIIOTHOM BEIMYMHE OTPEICICHHOTO Ipeena, T.¢.
Al =A,= 30 (1.6)

2. Manple mo aOCOMIOTHOM BEIMYMHE OIMMOKH BCTPEYAIOTCS 4YaIlle, 4YeM

OOJIBIIIHE.



3. I[lonoxuTenbHBIC OITUOKN MOSBIISIOTCS TaK JKe 9aCTO, KaK U paBHbBIC UM II0

a0COTIOTHOM BETUYHMHE OTPHUIATEIbHBIC OMMUOKH, T.€.

0,45

040

0,35 -

0,30

025

= 030 |

Puc. 1. I'paduk miIoTHOCTH HOPMAJIBLHOTO PACTIPEICICHUS

p(A<0)=p(A>0)=0,5.

2 1 ] 1 2
X

(1.7)

4. Cpennee apudMETHUYECKOE M3 CIAyYaMHBIX ONIMOOK M3MEPESHHH OTHOW M

TON XK€ BEIUUYMHBI CTPCMUTCA K HYJIIO IIPpU HCOI'PAHMYCHHOM BO3pAaCTaHWH 4YHCJia

U3MEPEHUN, T.€.

. |A
lim U =0. (1.8)
n—-o N
. |A
Ecmun lim u F* O, TO B 3TOM CJIyda€ CUCTEMATHUYCCKOC BJIMAHHUC IMOJIHOCTBIO

n—»oo N

HE HUCKIIFOYCHO.

1.4. Kputepun TOYHOCTH pe3y/IbTATOB H3MepeHUit

I[JI?I OOCHKH TOYHOCTH OTACJIBHOI'O HM3MCPCHHA HCKOTOpOﬁ BEJIMYMHBLI HEOO-

XO0OANMO OIIPCACIUTb BO3BMOKHBIC OTKIIOHCHUS PC3YJIbTATOB U3MCPCHHA ATON BEJIH-

YHUHBI OT €€ UCTUHHOI'O 3HAa4YCHMUAI. CY)K,JleHI/Ie O TOYHOCTH BBINMOJIHCHHBIX HU3MCPC-

HUU MOKHO MOJIYIUTD IO CTCIICHU PAa3JINYUs PC3yJIbTaTOB I/ISMepeHI/Iﬁ B pAdy: UCM



OonpIe pa3OpocaHbl pe3yiabTaThl B psiy, TEM CUJIbHEE paccerBaHue (AUCTIEPCHs)
psia, TEM MEHEE TOUYHBI U3MEPEHUSI.
B kauyecTBe Mephl TOUHOCTH ['aycc MpesioKui IPUHATh CpeHEee KBaJIpaTH-

YECKOC OTKIOHCHHUC HJIN CPCAHIOO KBAAPATHYCCKYIO OHII/I6Ky COIIACHO PaBCHCTBY

(1.5)

(1.9)

Bces Teopusa matemaTnueckoil 00pabOTKH pe3ysIbTaTOB U3MEPEHUI OCTPOEHA
Ha HCIOJb30BAaHUMU CpPEIHEH KBaJpaTHYeCKOW OMIMOKH, KOTopas 00JaJaeT psaoM
PEUMYILECTB:

1) npu BBIYMCIEHHH HET HEOOXOJIUMOCTH YUUTHIBATh 3HAK BEJIMYUHBI A OT-
JIEBHBIX OITHOOK;

2) Gosbiye 1o a0COTIOTHOMY 3HAUYCHUIO BETMYUHBI Aj TOCJIE BO3BEIICHUS B
CTEIIEHb YBEJIIMYMBAIOT €€ YHCICHHBIE 3HAYCHMs, CO3/1aBas CBOETO poja 3arac
«IPOYHOCTIY;

3) 3HaYCHHE CpeIHEH KBaJpaTHUECKOW OMMOKH M TOIy4aeTcsi CO 3HAKOM
«1», 4TO COOTBETCTBYET MPUPOJIE CIYHUANHBIX OIIHOOK.

OTtnuyneM cpegHell KBaJpaTHUECKON OMMOKKM M OT CTaHJapTa o SBISETCS
TO, UTO CPEIHAA KBaJpaThuuecKas OlMOKa - BEIMYMHA AIMIIUPUYECKAs, BBIUUCIIIEMast
U3 OFPAaHUYEHHOTO YMCJIAa U3MEPEHUH, a CTaHAApT - BEJIMYMHA ITIOCTOSIHHASA, Xapak-
TEepU3yIolas OECKOHEYHYI0 COBOKYITHOCTh JaHHOTO BHUJIa U3MepeHuid. OHa sBIseT-
Csl BEJIMYMHOU TeopeTudeckou. [lpuyn — oo, m — o.

Tak kak o Bcerga oCcTaeTcss HEM3BECTHBIM, TO MMPUXOJUTCS MOJIB30BATHCS €TI0

«OIIEHKOW» M, T.e. M & T, KOTOPOE B CBOIO OYEPEIb OMPENEIAETCS C OMUOKOU Mpy

m
m,., =

" an

[To BenuumHe cpeaHed KBaJIpaTUYECKOW OIIMOKH, OMpPEACIISoNIel YCI0BUS

(1.10)

U3MEPEHHUSI, MOXKHO YCTAHOBUTH MIPENEIBHYIO OIIHOKY



Ay =k-m. (1.11)

OmmOku, OOJNbIIME PEASTbHOMN, CUnTaloTCs TpyosiMu. M3 ipenbinyiero ma-
parpada ObIIIO YCTaHOBJICHO: P(lAl< o) = 0,6827; P(IAl< 26) = 0,9545; P(|Al<
2,506) = 0,9876; P(|Al< 36) = 0,9973, T.e. ciyuaiinas ommbka H3MEPEHHS MOYXKET
MIPEBOCXOAUTH CPEIHIOK KBaapaTHiecKyro omuoky (M) B 32 cioyuasx u3 100, yaso-
eHHyto (2m) — B 5 cirydasx u3 100, yrpoennyro (3m) — B 3 ciygasx u3 1000. Cieno-

BATCJIbHO, COIJIACHO IIpaBHUJId «TPCX CUIM» JIA PA3JIMYHBIX I'COAC3INMYCCKHUX pa60T

BEIMYUHY K MPHHUMAIOT PaBHYIO 3, T.€.

App = 3m. (1.12)

[Tpu BBIYUCIIEHUH JOITYCTUMBIX HEBSI30K K =2 u Tornma

App = 2m. (1.13)

1.5. OneHka TOYHOCTH (PYHKIMH M3MEpPEHHBIX BeJIMYNH
B o6miem ciiydae HaiiieM CpeaHIO KBaapaTHUeCKyro omuOKy Mg HEKOTO-
poil pyHKIMU BUJA
F=f(X1, X2, ..., Xn), (1.14)

I7Ie Xi — KOPPEJIMPOBAHHBIC apTyMEHTHI, CBSI3aHHBIC MEXKTy COOOM 3aBUCUMOCTSIMH U
MOJTyYSHHBIC U3 HAOIIOICHUM.

[Ipu sToM OyaemM UMETh B BUIY, UTO CPEIHHUE KBaJpaTHUYECKUE OMIMOKHU pe-

3yJAbTAaTOB U3MEPEHUI My, My, . . ., M, u3BeCTHBI. Kpome 3TOro, mpeAnosioxKuM, 4To
X1, X2, . . ., Xn — UCTUHHBIC 3HAYCHUS apryMeHToB. Kakias BenuunHa u3Mepsiach
k pas, T.e.

g X1 Xi1, X12, « - ., X1k,

JJIA X X21, X22, . . ., X2k,

st Xn Xnt, Xn2, y Xnk

Hcnons3ys paBeHcTBO (1.1), mosryunm ciieryronme 3aBUCUMOCTH
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Fi=f(Xi+ A, Xo+Apg, .., Xa+ An1) s
F, =f(X1+A12, Xo +A22,...,Xn+An2); (115)

Fr =f(Xi+ A, Xo+ Ak, ...y X+ Ank) .

Paznoxus paBencta (1.15) B psia Teitsiopa u orpaHUYMBAsCh B BUY MaJlO-

CTH OIIIMOOK H3MepeHHﬁ ICPBBIMU CTCIICHAMM PA3JI0KCHUA, ITOJTYINM

a 7] A _
Fj = f(Xl,XZ,...,Xn)-FRlAlj +@<—2A2j +"'+0’X—nA”j’ (116)

VYuuThiBasi, 4TO UICTHHHAS OIIMOKA (PYHKIIMN
AF = f(xl,xz,...,xn) _f(XI’X27"‘7Xn)’
HOJIyYUM CUCTEMY CIIy4alHbIX OIIMOOK (PYHKIMIA HE3aBUCUMBIX BEIMYNH

_ . 1.17
| Ofxl Ofxz J Ofxn nj ( )

Bo3Bens kaxnoe paBeHCTBO cucteMsbl (1.20) B kBajapaT, MpOCyMMHPOBAB MOJTY-
YCHHBIC 3HAYCHHUS U pa3zeiuB MX Ha K, MpUaeM K CIIeAYIONeMy YPaBHEHHUIO:

[ArAF] :( @p]z[AIAl] J{ A jz[AzAz]Jﬁ"J{ g ]2 [AnAn]+2( @pj( @(J[AIAZL”' (1.18)

k &, k xX,) k X k ax\ax,) k

n

B mMarematndeckoil CTaTUCTHKE JOKAa3bIBACTCSA clieayromas teopema: “Cpennee
3HAYEHUE MPOU3BEICHUS CIyYalHbIX BEJIIMYMH PABHO MPOU3BEIACHUIO CPEAHUX 3HAYe-

HHUU COMHOXKHUTEJIEH

[A1kA2] _ [Akl] | [Akz]. (1.19)

CoryiacHO 4eTBepTOMY CBOMCTBY CIyYalHBIX OMIMOOK KaXKJ0€ M3 COMHOMKHUTE-
nei paenctBa (1.19) crpemMuTcss K HYJIIO NMPU HEOTPAHUUYCHHOM BO3pACTaHUU YMCIIA

u3MepeHui. I103ToMy MOKHO yTBEpKIaTh, UTO U
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AA,
lim 1——1=0. (1.20)

n—»o0

[lepeiinemM K cpeHUM KBaJApPaTUUYECKUM OIMIMOKA (HYHKIIMU HE3aBUCHUMBIX BEIIH-

YMH, yduThIBas paBeHcTBO (1.9), a Takxke ycimosue (1.20)

2 2 2

Zh 2 [ T 2 7 2 (1.21)

Mz =| L m+| | A | m2,
1 2 X,

rjae M; — CpelHuEe KBaAPAaTUYECKHE OITMOKN U3MEPEHHBIX BEJIMYHUH.
1.6. HepaBHOTO4YHbIE H3MePEHHUS U X Beca

B npaktuke maTeMarndeckoi 00pabOTKU pe3yJabTaTOB T'€0/I€3NYECKUX U3Me-
pEHUI BCTPEYAIOTCS CIydau, KOTJAa MPUXOJAUTCS aHAIIM3UPOBATh HAKOIUIEHHBIN Ma-
TepHUaJ ¢ HEOAUHAKOBBIM YMCIIOM U3MEPEHUHN, HHCTPYMEHTAMH Pa3HOM TOYHOCTH, C
PA3JIMYHBIM YUCIIOM HU3MEPSEMBIX BEIIMYMH U PAJIAYHOM MPOTSKEHHOCTH, BBITIOJI-
HEHHBIX B PA3HBIX YCJIOBUSX, T.€. B 3TOM CIIydae UMEEM JEJI0 C HEPABHOTOUYHBIMU
M3MEPEHUSIMH.

JIOCTOMHCTBO pe3yJsibTaTa U3MEPEHUS, MEPY €r0 HAJCKHOCTH BBIPA3UM YHC-
JIOM, Ha3bIBAEMBIM BECOM 3TOT'O U3MEPEHU.

[IycTh HEKOTOpAsk BEIMUMHA U3MEPSUIaCh HEPABHOTOYHO N pa3

X1, X2, « « .+ Xn,

ml,mZ,---,mn,

TOT]Ia Beca Pe3yJIbTaTOB U3MEPEHUI OYyAyT PaBHBI

C C C
plz 2; p2: 2; A ;pn:_2, (1.22)
m ny my

rae C - ko3hUIHMEHT TPONOPLHOHATIBLHOCTH, KOTOPBIM MOXKET ObITh BbIOpaH JItO-

6I>IM, HO OIMHAKOBBIM JIAA JAaHHOI'O psaaa HSMGPGHHﬁ.
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1.7. Bec pyHKIUM HE3aBUCUMbIX BeJIMYHH

Omnpenenum Bec Gpynkuuu (1.14). IIpu 5TOM M3BECTHBI Beca apryMEHTOB P

P2, ..., Pn B ciaydae He3aBUCHMBIX BEIMYMH UMeeM coriacHo (1.21)
2 2 2
28 25) &,

PasnienuM 00e 4acTH PaBEHCTBA Ha L7
2 2 9 ) )
2 2 2 T 2°
7 ay) pm \ady) u A,/

2

TaK KaK p; = ,Ll_z, TO OKOHYATCJIIbHO UMEEM
m.
1

2 2 2
i:[iJ i{ij SN R (1.23)
Pe (&) b \ &) P2 HKn ) Py

2. ClIOCOb HAUMEHBIINUX KBA/IPATOB
2.1. CymHoCTh NPUHIMIA HAMMEHbIINX KBAJPATOB

JIis OHO3HAYHOTO OMNpPENEICHUS 3HAYCHHUH K HEM3BECTHBIX MapaMEeTpPOB
HEOOXOJMMO M JOCTATOYHO HM3MepUTh K BeiawunH. [10CKOJIBKY B Teoae3uH CyIe-
CTBYET MPHUHIIMIT U30BITOYHOCTH U3MEPEHUH, TO YHCI0 I = N - K, I71e N - 9nciio Bcex
W3MEPEHHBIX BEJIUYMH, SIBISETCS M30BITOYHBIM. [Ipu 3TOM M30BITOUHBIE U3MEPEHUS
JOJDKHBI  HAaXOJUTHCA C HEOOXOJAUMBIMH B (DYHKIIMOHAJIBLHOM 3aBUCHUMOCTH.
Haunyummee pemienue B mporiecce oOpabOTKH pe3yinbTaTOB U3MEPEHUH MOTy4YaroT
COIJIACHO NPHUHIIMITY HAUMEHBIINX KBAAPaTOB, KOTOPBIM COCTOUT U3 CIEAYIOLIECTO
YCIIOBHUS

[pv]=min, (2.1)

rac p - B€Ca USMCPCHHBIX BCIIMYMH,

V - IOIIpaBKU B U3MECPECHHBIC 3HAYCHUSI.

13



[Iycte maHbl pe3ynbTaTbl PABHOTOYHBIX M3MEPEHUNM OJHOM BEJIWYHHBI
X1, X2, ... , Xn . IIpy 3TOM cienyeT UMeTh B BUJY, YTO UCTUHHOE 3HaUeHUE X H3MEpsi-
€MOH BEJINMYUHBI U3BECTHO.

CocraBum pPAd HCTUHHBIX [0)1115(8]0) 3 PE3YIILTATOB H3MCp€HI/Iﬁ COrJIaCHO pPaBCH-

ctBy (1.1)
A1= X1 - X,
Ap= Xy - X; (22)
Anz Xn = X

[TousieHHO CJIOXKUB paBeHCTBA (2.2), MOTYYUM CIEAYIOIIee 3HAUCHHE:
[A]=[x]-nX
B pesynbTate, npeaBapuTeNbHO pa3aenuB Ha N, OyJeM UMETh

H — M_ X. (2.3)

BBenem o0o3HaueHne X =-— - cpenHee apudMeTuueckoe 3HaYCHUE U3Mepsi-

[x]

eMOH BeJIn4MHEL. Torna

[A]

Elox-x. (2.4)
n

Ha ocHoBaHuWM 4YeTBEpTOTO CBOWCTBA CIIyYallHBIX OIIMOOK MOKHO YTBEp-
XKAaTh, 9T0 X —> X Tpu N — o0, T.e. cpeaHee apuPpMETHIECKOE U3 PEe3yIbTaTOB
PABHOTOYHBIX M3MEPEHUN CTPEMUTCS K ICTUHHOMY 3HAYEHUIO 3TOW BEJIIMYUHBI IPU
HEOTPAHUYEHHOM BO3pACTaHUU YKCJIa U3MEPECHUIA.

Cpennee apudMeTHdecKoe W3 JAHHOTO PsAJia PABHOTOYHBIX M3MEPEHUN MpH-
HUMAaeTCs 3a HauboJiee HaJIe)KHOE 3HAUCHUE U TTPU KOHEYHOM YHCJIE U3MEPEHUM.

[Iycte X’ # ;,TOFI[a
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VY cTaHOBUM CBSI3b MEXKY OTKIIOHEHUSIMU V U V'

vi—v, =Xx—x'. (2.5)

1 1

B paBeHcTBe (2.5) Vi mepeHeceM B MpaBylo 4acTh. 3aTeM, YMHOXas Ha COOT-
BETCTBYIOIIME Beca KBaApaThl OTKJIOHCHHH OT CPEAHETO apu(MEeTHUecKoro,

HOYIEHHO CJI0KUM
(V] = [pw]+2[pv](x - x) +[p](x - ). (2.6)
B npaBoif yactu paBeHcTBa (2.6) cmaraemoe 2[pv]|(X —x') = 0 coracHO mepBo-

My CBOMCTBY OTKJIOHeHHUH. CleroBaTeNbHO, U3 paBeHCTBa (2.6) cienayert, 4To
[pvv] < [pv’v']. (2.7)

JlaHHOE CBOMCTBO MOATBEPKIAET, UTO €CIM OIIMOKH PE3yJIbTaTOB HEPABHO-
TOYHBIX H3MEPEHUI IOAYMHSAKOTCS HOPMAJIbHOMY 3aKOHY pacHpeAesIeHHs], TO
HanOoJIee HAJSKHBIM 3HAUEHHUEM SIBIISIETCS o01Ias apupmMeTnyeckas cpeauHa.

Omnpenenenre OKOHYATEIbHBIX 3HAUEHUH HCKOMBIX BEJIMYUH MPHU U30BITOY-
HBIX M3MEPEHHUSX HA3bIBAIOT YPaBHUBAHHMEM, a ITH K€ JEHUCTBUA C COOJIOJECHUEM
ycioBus (2.1) - ypaBHMBaHUEM MO CMOCOO0Y HAMMEHBIIUX KBAJAPATOB WU CTPOTUM
YPaBHUBAaHUEM.

Jlokaxkem, 4TO apu(METUYECKOE CpelHee YJIOBJIETBOPSIET MPUHUUITY
HAaMMEHBIINX KBaJapaToB. [Ipeanonokum, 4TO HEKOTOpas BEJIWYMHA PABHOTOYHO
u3MepsuIach N pas:

X1, X2, ... , Xn .
HawnbOosee Hasie)kHOE 3HAUCHHE U3 PE3yJIbTATOB M3MEPEHHI COCTABUT X, TOT-

rma

Vi=X-Xj,rne 1=1,2,..,n.
Onpenenum 3HaueHue X noa yciaosuem (2.1).

R =[w] = (X - Xx1)2 +(X - X2)? +....+(X - Xp)?= min.

R

a_X_z(x — %)+ 2(X =%,)+...+2(X = x,)=0,
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OTKyJa

X:x1+x2+...+xn:M. 2.8)
n n

B ciiydae HEepaBHOTOUHBIX U3MEPEHUI
R =[pw] = p1-(X - X1)? +Pp2-(X - X2)? +....4Ppn"(X - Xn)? = min.

oR
6_X:2pl(x = X1)+2po(X = Xp ) ...+ 2pp(X = %, ) =0

CJICOOBATCJIBHO

X = p1X1 + p2X2 +..t+ ann — [pX] (2.9)
P+ P2 +...t Py [p]

Taxkum 00pa3omM, TOATBEPIKIACTCS BBIBOJI, UTO CpeaHEe apu(PMeTHIecKoe sB-
JISIETCSL HAWITYYITUM 3HAYEHHEM U3 BCEX Pe3yJIbTaTOB U3MEPEHUI Kakoi-In0o Beu-
YUHBI.

CriocoObl ypaBHUBaHUS, HE pPeaM3YOIIME TMPUHIIMI HAWUMEHBIINX KBajapa-
TOB, OTHOCSITCS K MPUOJIM>KEHHBIM CITOCO0aM.

Crtporoe ypaBHHBaHHE MOXXET OBITh PEATM30BAHO JTMOO IMapaMETPUUCCKUM,

00 KOPpEJIaTHBIM CIIOCO0aMU MM UX PA3HOBUIHOCTSIMU.

2.2. IlapameTpuyeckuii cnocod ypaBHUBaAHUS
2.2.1. Teopusi napaMeTpHUUYECKOr0 COC00a yPABHUBAHUSA

B reonesndeckoii mpakTHKe BCTPEYAOTCS CIIydau, Korja HeoOXOoauMO orpe-
JIeJTUTh HEKOTOPhIE BETUYUHBI KOCBEHHBIM MyTEM, MPUYEM ITH BEIUYUHBI JTOJKHBI
OBITH CBSI3aHBI C U3MEPSIEMBIMH (PYHKITHOHATBHBIMU 3aBUCUMOCTSIMU.

[IpennonokuM HaM U3BECTHBI PE3YIbTAThl U3MEPEHUN N BEIUYUH X1, X2, ... ,
Xn . TpeOyeTcst onpeaeuTh Hae)KHbIC 3HaYCHUS K BemnuuH T1, T2, ... , Tk, KOTOpBIC
CBSI3aHbI C YPABHEHHBIMU 3HAUEHUAMU X1, X, ... , Xx ©IBMEPEHHBIX BEIUYUH ONpee-

JICHHBIMU ®YHKHHOHaHBHBIMH 3aBUCHUMOCTSIMU:
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Xy = Fl(Tl’Tza---’Tk );
Xy = Fz(Tl’Tz’---’Tk)i

(2.10)

PaBeHcTBa Takoro BHIa HA3bIBAIOTCS MApaMETPUICCKUMH YPABHEHUSMHU CBSI-

3u. Cornacto (2.10) umeem
F(T,To 0 T )= X4 =0;
Fo (T T Te)— X, =0;

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

(2.11)

B cnyyae, eciim UMEIOT MECTOp pe3yJIbTaThl HEPABHOTOYHBIX U3MEPEHHUM X1,
X2, ... ; Xn , YCTAHABIMBAIOT Beca P1, P2, .., Pn -

YPaBHCHHBIG SHAYCHUA U3MCPCHHBIX BCIIMYUH 6YIIYT
Xi = Xi+ Vi, (2.12)

r7e Vi - ONPaBKH B pe3yIbTaThl H3MEPEHUH.
Torna pasenctBa (2.11) ¢ yuerom (2.12) npumyT BUI

(2.13)

[Toy4yeHHBIE paBEeHCTBA HA3BIBAIOTCS YPABHEHUSIMHU IOMPABOK B OOIIEM BU-
Ie.

B cucteme (2.13) unciio HeU3BeCTHBIX OyaeT N + K > N, T.e. MPEBBICUT YHUCIIO
YpaBHEHUI B CUCTEME, YTO MPUBOAUT K HEONPEAEICHHOCTH pelieHus. st HaXxox-
JIEHUsI HEM3BECTHBIX BOCMOJIb3yeMCsl MPUHIIMIIOM HAaUMEHBIIHNX KBajpaToB. Ompe-

JeuM 3HadueHus 1, T2, ..., Ty npu yciaoBuu

[pw]=min .
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CI[CJIaCM 3aMCHY HCHU3BCCTHBIX UCPC3 HpH6JIH)K€HHI>I€ 3Ha4YCHUA tj " II0IIpaB-

KU K HUM O]

Tj = tj + 5tj . (2.14)

[Tony4yeHHbIe 3HAUEHHS] HEU3BECTHBIX U3 (2.14) mojacTaBiisieM B ypaBHEHUS! CUCTEMBI
(2.13). B pe3ynbTaTe 4e€ro noayuum
Fl(tl + &1,1:2 + &2 ""’tk + &k )— Xl = Vl’

Pty + Oty ty + Gty by + S ) = Xp =V, (2.15)

Fo(t + 8ty + Syt + 3y )= X, =V,
[IpuBenem ypaBHeHUs! cucTeMbl (2.15) K IMHEMHOMY BUJy, Pa3JIOKHUB B AL

Teﬁnopa, IIpHU 3TOM OI'paHUYIMBAsICh TOJIBKO IICPBBIMHU CTCIICHAMHU PA3JI0KCHUSA

ot, ot, oty

oty t ety )+ i oy + i ot +---+@&k — X =V,
oty ot, oty (2.16)
oF OF oF

F.(t,,t,,..t)+—"26t +—268, ...+ —"68, — X, =V,..

n(l 2 k) P 1 8t2 2 8tk k n n

Beaewm crenyroniie 0003HaueHUs

oF, . oF
_ al ; — =
at:l. atZ

oF,

b

[ToncTaBuB BBeJeHHBIE 0003HAYEHUS B ypaBHEHHUs (2.16), moaydum ypaBHe-
HUS IONPABOK B TUHEUHOM BUJIE

a.]_&l + blétz +...+ glétk + Il :V].’

Ay + Dy, +.+ 9oy + 1y =Vy; (2.17)

a,o +b,oy +...+ 9, +1, =V,.

CrnenoBaTelibHO, KOAPOUITUESHTHI ;i , Di, ... , i SIBJIAIOTCS YaCTHBIMH TPOU3-

BOJIHBIMHU OT COOTBETCTBYIOIIUX (QYHKIUI MO MPUOIMKEHHBIM 3HAUEHUAM HCKOMBIX
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apryMEHTOB, a CBOOOIHBIN wieH li - pa3HOCTh MeX1y IPUOJIMKCHHBIMUA U U3MEPCH-
HBIMH 3HAYCHUSIMU (DYHKITHI.
Jli penieHns 1 HaXO0XA€HUs MONPaBOK Jfj COIIaCHO MPUHIUITY HAUMEHbBILINX

KBaPaTOB COCTaBMM (DyHKIHIO
2
@ =[pw]= py(aydty + b, +...+ Gy +1;)" +
+ Polaydty + o8ty + .o+ Qo +1, F +
+ po(andy + b,y +..+ gy +1,)=min.  (2.18)

Uccnenyem dynkmuio (2.18) Ha sKCTpeMyM, B3SB YaCTHBIE TTPOU3BOJIHBIE 110

oti, TOJIyYeHHbIE BBIPAKEHUSI IPUPABHAEM K HYJIIO

oD
5 - 2 plala]_&l + 2 plalblétz +...+ 2 plalglﬁk + 2 p1a1|1 +
1

+2pra,a,0t + 2pra,0,A4, +...+2p,a,0,0, +2p,asl, +

+2p,a,a,& +2p,a.b,x, +...+2p,a,9,&, +2p,a,l,=0;

od
Py 2piaqby Sy +2pybyby oty + ..+ 20y 95y + 2Pyl +
2

+2p,ab,, +2p,b,b,&, +...4+2p,b,0,&, +2p,b,l, +

oD
ot

=2p 0, +2p,0,9,8, +...+2p,9,0,% +2p,94; +

+2P,8,0, +2pP,0,9,8, +...+2P,09,0,% +2pP,0,l, +

+2p,a,9,& +2p,b,9,%, +...+2p,9,9,&X +2p,9,l,=0.
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CokpaTuB Bce WICHBI PaBEHCTB Ha 2 U MPUBE/S MOJI00HBIC, TOJYYUM B CUM-
BoJiax ['aycca cienyronye ypaBHeHHsI B cMMBoJIax ['aycca:

[paalat, + [pablat, +...+ [pag]a, +[pal]
[pabet, +[pbblet, +...+[pbgJat, +[pbi]

0
0

(2.19)

[pag] +[pbg]c5’r +. +[pgg]é’tk+[pgl] 0.

CornacHo (2.17 u (2.19) MOXXHO YBUAETH CJIEIYIOUIUE CBOMCTBA MTOMPABOK
[pav]=[pbv]=...=[pgv]=0. (2.20)

VYpaBHenus cuctemsl (2.19) Ha3pIBarOTCS HOPMAJIbHBIMU YPaBHEHUSMHU U 00-
JAJal0T CIIEYIOIIUMHU CBONCTBAMU:

1. Ilo nuaroHanu cjeBa BHM3 HAIpaBO PACMOJIOKEHBI KBaJIpaTUYHbIE KOO (-
(ULIEHTHI.

2. OcrasibHbIe KO3 HUIIMEHTHI PACIIOIararoTCsl OTHOCUTEIBHO KBaJAPaTUUHON
JIMarOHAJIM CUMMETPUYHO.

B toMm ciydae, eciium oHOPOAHBIE U3MEPEHUSI PABHOTOYHBI, TO UX Beca MpHU-

HUMAIOTCSl paBHBIMHM €JIMHUIIE U cucTeMa ypaBHeHU# (2.19) mpuHuMaer ciemyro-
AN BU;

[aa]ét, +[ab]et, +...+[ag ], +[al]=0;

[ablet, +[bb]et, +...+ [bget, +[bl]=0; (2.21)

Cuctemsl (2.19) u (2.21) uMeroT BHOJIHE ONpEeIEHHOE PellIeHre, MTOCKOJIbKY

MBI UMEEM K YHCII0 HEM3BECTHBIX M TAKOE KE YUCIIO YPABHCHHIA.
2.2.2. MaTpu4HBbIi BU NapaMeTPUUYECKOIr0 YPABHUBAHUS

Cucrema mapaMeTpU4eCKUX yYpaBHEHHM morpaBok (2.17) B maTpuunoit dop-

MC MOJKHO IIPCACTABHUTL B CICAYIONICM BUC:!
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..... (2.22)

rac V - BCKTOP HCKOMBIX IIOIIPABOK B PC3YJILTAThBI HSMGPGHHﬁI

A — Matpuia ko3¢ HUIHEHTOB YpaBHEHHS,

T- BCKTOP ITOIIPABOK B IIPUHATHIC HpI/I6J'II/I}KeHHI)I€ 3HAa4YCHUA HCU3BCCTHDBIX,

L — BeKTOp CBOOOHBIX YJICHOB,;

P — nuaronanbHasi MaTpuila BECOB.

Bce YICHBI, BXOIAIINC B YPABHCHNUC MAaTPUIIbI, paBHLBI:

Vy albl...gl &1 I1 Py
Y ab,... o |

e T T i O O P . (2.23)
Vn a'nbn"'gn a:n |3 pn

YcnoBre HaMMEHBIIHNX KBaapaToB (2.1) B MaTpudHOii (hopMe MMeeT BUI:

VPV =min, (2.24)

IZI€ TPAHCIIOHUPOBAHHBIN BEKTOP

V/ =TA+L’ (2.25)

B ycioBue (2.24) noacraBuM mpaBbie yacTu Beipakenuit (2.22) u (2.25)

VPV =(TA +L')P(AT +L)=(TAP+LP)AT +L)=
=T'A'PAT + ATL'P + TA'PL + L'PL = min

[Tockonpky B monyueHHoM Bbipaxkenuun ATL'P=T'A'PL, To ycmoBue

HaMMEHBIINX KBaAPaToOB (2.24) mpuMeT BHUI:
®=VPV =T (APAJT +2(LPA )T’ + L'PL =min.

Haiinem npousBoanyto ¢pyakiuu O no T' u mpupaBHIEM K HYIIIO, B PE3yJibTa-
T€ MOJIYYNUM CIIEYIOLIEE

‘;? =2(A'PAJT +2(LPA)=0,

OTKY/la IOCJIE COKPAICHUI
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(A'PAJT + LPA' =0, (2.26)

BBenem 0003HaueHus

N = APA,

TOTJ1a

NT + LPA' =0, (2.27)

B pe3ynprare nonydeHa MaTpuila CUCTEMbI HOPMAJIBHBIX YPABHEHHUM, T1€

aa,..a, | |p, aa,..a,| [paa]pabl.[pag]
PV o P A I P ] L e :[pab][pbb]...[pbg]’ (2.28)
0,00, Pal 99,94 [[Pag]pbg].[pgg]
2 BEKTOP CBOGO/IHBIX WICHOB
a,a,..a, | |p, | |[pal]
apL =Pt | Pe |l [bl] (2.29)
0100, pal [l [pol]

[ToncraBuB nonyueHHsie 3HaueHus u3 (2.27) u (2.28) B ypaBuenue (2.27), no-

Jy4YUM OOBIYHBIA BHJI CUCTEMbI HOPMAJIbHBIX YPaBHEHUH B MapaMeTPUUECKOM CIIO-

cobe ypaBHHBaHHUSI

[paalet, +[pablat, +...+[pagat, +[pal]=0;
[pablet, +[pbblat, +...+[pbglat, +[pbl]=0;

[pagJét, +[pbgét, +...+ [ pggldt, +[pgl]=0.
2.2.3 CocraBiieHHe HOPMAJILHBIX YPABHEHUI

CocrtaBuM KOA(DPUITMEHTH HOPMAJIBHBIX YpaBHEHUH, UCIOJIb3YS YpaBHEHUS

IIOIIPABOK B JINHEWHOM BHU/IE
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ad, +bt, +...+ g+ =v,.

JI7151 TOTO BOCIIOIB3YEeMCS TAaOJIMYHBIM cIoco0oM (Tadur. 1)

Tabnuna 1
Omnpenenenre Ko3HPUIIMEHTOB HOPMAIBHBIX YpaBHEHUHN

Ne a] b] a] ] s] p Vv [ pv | pw | plv
YPaBHEHUS

1 2 3 4 5 6 7 8 9 10 11 12

1 a1 b1 g1 I1 S1 p1 Vi pv1 | pvave | piliva

2 a b g2 > S2 p2 V2 P2va | pavava | palave

n an bn On In Sn Pn Vi PnVn | PnVaVn | PnlnVn
Cymmer | [a] | [b] | ... | [91 | [0 | [8 v | [pv] | [pw] | [pWV]
Hewussecr. | on1 ot . Otk

[pa [paa] | [pab] | ... |[pag] | [pal] | [pas]

[pb [pbb] | ... | [pbg] | [pbl] | [pbs]

[pg [pgal | [pall | [pgs]

[l [pl] | [pls]

[ps [pss]

B pesynbrare monmydaeM kK03 GUIUEHTH U CBOOOJHBIC YJICHBI HOPMAJbHBIX

YpaBHEHUI B MapaMeTPUUECKOM CIIOCO0€ ypaBHUBAHUS:

[paalet, +[pablat, +...+[paget, +[pal]=0;
[pablet, +[pbblat, +...+[pbg]at, +[pbl]=0;

[pag]at, +[pbgat, +...+[pgglat, +[pgl]=0.
HpI/I 3aII0OJTHCHU AN BerHeﬁ qacTu Ta6HI/IHBI BBITIOJIHACTCHA KOHTpOJ]B CYMM:

ai +bi +...+ gi +|i :Si . (230)
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YmMmuoskas paBeHcTBa (2.30) mocieaoBarensHo Ha Pidi, Pibi, ... , Pidi, Pili 1 pisi
U TIPOCYMMUPOBAB, MOJTYYUM:

%, =[paa]+[pab]+...+[pag]+[pal}
%, =[pab]+[pbb]+...+[pbg]+[pbl]

(2.31)
= =[pag]+[pbg]+...+ [pog]+[pol}
%1 =pal]+[pbl]+...+[pgl]+ [pll]
%42 =[pas]+[pbs]+...+[pgs]+ [pls]
KoHTposieM OyyT ciieyronine BbIpaKeHUs:
>, =[pas} =,=[pbs] ..; =, =[pgs] 2.32)

Ly = [pls]; Ly = [pSS]'
2.2.4. PerieHue HOPMAJILHBIX YPABHEHUIl

Cnoco0 nocJieq0BaTe/IbHOT0 UCKJIIYeHNsI Heu3BecTHBIX. CriocoObI periie-
HUS HOPMAJIbHBIA ypaBHCHHUU JENATCS Ha CTpOrue (TOYHBIE) M TPHOJIMIKCHHBIC
(uTepaTUBHbBIC).

M3 3HAYMTENBHOTO YHCIa CIOCOOOB peIIeHHS HOPMAJBHBIX YpaBHECHHUU
MO>KHO BBIICITUTH CIIOCO0 MOCIIEI0BATEILHOTO HCKITIOUCHUS HEM3BECTHBIX, TIPEIJIO-
JKeHHBIN [ ayccom.

JIist IpOCTOTHI M3JIOKEHHSI JAHHOTO CIOCO0a OTPAaHWMYMMCS CHCTEMOH, CO-
JepIKaIied TPy HOPMAIBHBIX YPaBHCHHS:

[ paalot, +[pablet, + [ paclats + [ pal]=0;
[pab]ét, +[pbb]est, +[pbcldts +[pbl]=0; (2.33)
[pac]at, +[pbelet, +[pccldts +[pcl]=0.

U3 nepBoro ypaBHeHUs1 cucTeMblI (2.33) BeIpa3uM MepBOe HEU3BECTHOE Oty

&, —_LPabl g lpac] 5 [pal] (2.34)

[paa] > [paa] ° [paa]
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Mel IMOJYYHJIN IICPBOC SJIMMUHAIIMOHHOC YPABHCHUC. 3HaueHue IICPBOT0 HEC-

M3BECTHOIO MOJICTABIISIEM BO BTOPOE U TPEThE YpaBHEHUS CUCTEMBI (2.33)

(oo (AL N, [ Lomcl gy e20Lomt])

[paa] [ paa] [paa]

([pr] mj& +([IOCC] Mj& +([pcl] M]

[paa] [ paa] [ paa]

BBenem 0003HaueHus

[pbb]- [p""*;]a{gab] [pbb -1}

[pbc]- [pagsac] = [pbc -1}

[pbl]- % [pbl -1]; (2.35)
[pac][pac] = [pcc -1}

P )

[poi]- tP2cleatl o) gy

[paa]

B pe3ynprare nonydnm CUCTEMY CIEAYIOIINX YPAaBHEHUN

[pbb-1]ét, + [pbc - 1]ét; +[pbl -1]=0;

[pr '1]5[2 + [pCC -1]&3 + [pCI .1]: 0. (2.36)

N3 nepBoro ypaBHeHHs cucTeMsbl (2.36) HaX0JIMM BTOPOE HEU3BECTHOE

__[pbe-1] o [pbl-1]
= o0 Tobb.] (2.37)

[Tonyunnu BTOpO€ 3AMMUHALIMOHHOE ypaBHeHue. lloncrapiss 3HaueHue oty

BO BTOpOE ypaBHEHHE cucTeMbl (2.36), COOTBETCTBEHHO MOIYYUM

([pcc - pbeAlobe '1]jé’fg : ([pcl -ﬂ—Mj _

[pbb -1] [pbb 1]

NN B CHMBOJIaxX Faycca
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[pcc- 2], +[pcl -2]=0. (2.38)

OTkyza u ornpesieniieM TPEeThe HEU3BECTHOE Ot3

~[pel-2]
&, = [ogo.2] (2.39)

M3 nosy4eHHOr0 TPETHEro 3JIMMUHALIMOHHOTO ypaBHEHUS (2.39) HaiineHHOe
3HaYCHHE TPETHET0 HEM3BECTHOTO IMOJACTaBIsEM B paBeHCTBO (2.37) u ompenensem
BTOpOE HEU3BECTHOE Oty , a 3aTeM 00a BHIYMCICHHBIX 3HaUEHUH Ot3 1 oty mojicTaBIsI-
€M B paBeHCTBO (2.34) u HaxoAuM MepBoe HEeU3BeCcTHOE ot1. TakuM oOpa3oM, cucTe-
MY HOPMaJIbHBIX YpaBHEHHH (2.33) MOKHO 3aMEHUTh SKBUBAJIEHTHON CHCTEMOA:

[paalat, + [pablat, + [pacl, + [pal]=0;

[pbb-1]at, + [pbec-1]at, +[pbl -1]=0; (2.40)
[pcc-2]at, +[pcl - 2]=0.

[IpaBuno packpblTus CUMBOJIOB ['aycca: packpbIlBaeMblil anropudm mpen-
CTaBJISIET COOOM Pa3HOCTH JIBYX UJICHOB, MEPBBIM U3 KOTOPHIX UMEET TE K€ OYyKBEH-
HbIE CUMBOJIbI KaK U Y PacCKpbIBAEMOTO, C YHCJIOBBIM UHAEKCOM HA €IUHUILY MEHb-
e, a BTOPOM 4jieH MpencTaBisieT coOol ApoOb, B 3HAMEHATENe KOTOPOMl KBajpa-
TUYHBIA CUMBOJI C OyKBaMH, COOTBETCTBYIOIIMMHU MPEIbIAYIIIEMY UHACKCY, 4 B YHC-
JUTeNe - MPOU3BEJCHUE BYX CUMBOJIOB, TIEPBbIE OYKBBI KOTOPHIX TE€ K€, YTO B 3HA-
MEHAaTeJe, a BTOPbIC, KaK y PACKpPhIBAEMOI0 CUMBOJIA. PellieHrne HopManbHbIN ypaB-
HEHHM OCyIIeCTBIIIETCS corjlacHo cxeme ["aycca- Jymutis (tadm. 2).

HUrepaTuBHbie cnocodbl. PaccmMoTpuM crioco0 mociaeaoBaTebHbIX NpuOiIu-
xkeHui (cmocod Axo6m). i MpOCTOTHI M3JIOKEHUS OTPAHUYUMCS CHUCTEMOU U3

TPEX HOPMAJIBHBIX YPaBHECHUH
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CxeMa pelieHust HOpMallbHBIX yYpaBHeHui ["aycca-/lynutis

Ta0muma 2

oty oty otz | S Kontpons
1 2 3 4 5 6
[paa] [pab] [pac] [pal] [pas] Y}
1 _[pab] _ [pac] _[pal] _ [pas] R
[paa] [paa] [paa] [paa] [paa]
[pbb] [pbc] [pbl] [pbs] ¥
_[pab] .| [pab] _[pab] _[pab] [pab]
[paa] ") [paa] " [paa] " [paa] * " [paa]
[pbb-1] [pbc-1] [pbI-1] [pbs-1] [X2-1]
1 _[pbe-1] _[pbl-1] _[pbs-1] _ [
[pbb-1] [pbb-1] [pbb-1] [pbb-1]
[pcc] [pcl] [pcs] X
_ [pac] _ [pac] _ [pac]
[paal [ pac] [ paa] [pal] [pac] (o] [paal %
[pbe 1] [pbe-1] [p[t?cai]] Lebe Ays 11
 [pbe- b [pbe- | [pbe: P e Y
tpob-11 P2 (b PP pop P | Lpbb-
[pce-2] [pcl-2] [pes-2] [X5°2]
1 [pcl-2] _[pcs-2] 2502
[pab] [pce-2] [pce-2] [pcc-2]
_Lpa _ [pbl-1] [pcl-2]
[ paa] [pbb-1] " [pec-2] el : [F:I]S]
[pal] _Lpal]
Clpacly | ey | g “toaal™ | rpaa)™!
[paa] [pbb-1] [pbl 1 (obl 1]
[ pab] ot — = rppl1] - ~[pbs-1
“ea] 2 T i B T
_Ipel-2] o _[pcl-21
oty [pcc-2][locI 2l [pcc-2] [pes-2]
[pll-3] [pls-3]
[paalst, +[pablat, + [ pact, + [ pal]=0;
[pab]at, +[pbb]ét, +[pbclat, +[pbl]=0; (2.41)

[pac]st, +[pbe]at, +[pec]d, +[pel]=0.

N3 xa)k10r0 ypaBHEHMS HAaWJIEM COOTBETCTBYIOIIEE HEU3BECTHOE
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_[pab] . [pac]. [pal].
%~ [paa)™ [paa) " [paa]
s, ——Lpabl gy _ [pbel 5 _ [pb], (2.42)
[ pbb] [ pbb] [ pbb]
_[pac] . [pbc] . [pcl]
%~ poe] ™~ [pec] ™ ~[poe]

PaBenctBa (2.42) nmonyuyuiau Ha3BaHUE UTEPALIMOHHBIX YpaBHeHUU. [[1s1 nanb-

HEHIIETo pelieHus MPUMEM HYJIEBbIE IPUOIMKEHUS

o_ Ipal]. oo [pol]. oo [pel]
&= Toaal % Tpbb] * " [pec] 249

[ToapcTaBuM 3HaUYEHUS HYJIEBBIX NPUOIMKEHUI B paBeHCTBA (2.42), B pe3ylib-

TAaTC 4CTO II0JIYyYUM

o o] [oac] . [pal]
[[paa]] [[paa__ ’ [[paa_
ab be| .o bl] .

% =] [poo] o] (249

,_ [pac] oo [pbe] oo [pel]

%~ "poe] ™ " [pec] ™ ~[poe]

[Tony4yeHHbIC 3HAUCHUS TIEPBHIX MPUOIMKEHUN CHOBA IMOJCTABIISIEM B PaBEH-

cTBa (2.42) u nosiy4aem BTOpbIE MPUOITHKEHHUS

[paa] * [paa] * [pa
SO O 5 O
2 [pbb] " [pbb] " [pbb]’

[ pac] | [ pbc pcl]'
[pec] ™ [pec] Tt [pec]

oo Jel ol ol
]

(2.45)

ét"

N o~

]
-

[ToicTaHOBKY MOJYYEHHBIX MOCICAYIOMIUX MPUOINKCHHIA BBITOJIHAIOT 0 T€X
1op, TIOKa HE TIOJyYUM HCKOMBIC 3HAYCHUS HEW3BECTHBIX C 3aJaHHOW CTETICHBIO
ToyHOCTH. JlaHHBI crIOcO0 1Ienecoo0pa3Ho HMCIOJIb30BaTh B CIy4ae MaJIOCTH He-

KBaAPaTHYHBIX KOC—)(i)(i)I/IHI/IGHTOB 110 CpaBHCHHUIO C KBaAPATUYHBIMH.
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JlJis crucTeM HOpMalIbHBIX YPaBHEHHI C JIFOOBIMU KOA(PGHUITUEHTAMH BBITOIHO
MPUMEHUTH Croco0 mpocToit urepanuu (cnocod 'aycca-3elinens). B atoMm ciyyae B

UTEpaIMOHHbIE ypaBHEeHUS (2.42) MOCTaBIsIEM 3HAUCHUSI HYJIEBBIX MTPUOIMKEHUINA:

o __[pal].
= [paal
50— _Lpab] oo [pbl]. (2.46)

2 [pbb] ™ [pbb]’

0__:pac: 0_:pr] 0_[pC|]
&= Tpee] ™ " pee]™ " [pec]

[TpuOnxeHuss Npou3BOAATCA 10 T€X IMOP, MOKA MOJTYYEHHbIE 3HAUYEHUS] HEU3BECT-
HBIX HE OyJIyT MOBTOPATHCS.
MarpuuHslii cnocod. Bocnonb3zyeMcs MCXOAHOW MaTpULEd HOPMaJIbHBIX

YpaBHEHUU
NT +LPA =0, (2.47)
YMHO)UM ypaBHeHUe (2.47) Ha 00paTHyIo MaTpuiry N
N™NT + N"A'PL =0.
[IpuruMas Bo BHUManue, uto NN = E, BbIpa3suM HCKOMBII BEKTOP
=-N'A'PL=BL, (2.48)

rae B = - NA'P - marpuia nuHeHBIX IpeoOpa3oBaHHmii.
CoryiacHO BBIIIECKa3aHHOMY MbI MOKEM BBIYMCIUTH BEKTOP MOMPABOK | B
npUOIMKEHHBIE 3HAUYECHUSI ICKOMBIX HEU3BECTHBIX, [lo/cTaBisist BEKTOp MOMPaBOK B

PaBeHCTBO (2.22), MO’KHO MOJIYYUTh BEKTOP MOMPABOK B PE3YJIbTaThl U3MEPEHUI

=- ANTA'PL + L. (2.49)
2.2.5. KoHTpo./1M penieHnsi HOPpMAaJIbHBIX YPABHEHUH

[Ipu penieHnM HOPMAJIBHBIX YPABHEHHUU BBITIOJHAOT CICAYIOIIME BUAbI KOH-

TPOJISL: MPOMEXKYTOUYHBIN U 110 [PVV]. IIpOMEKyTOUHBIH KOHTPOJIb — 3TO CyMMapPHBIi
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KOHTPOJIb U AenaeTcs B cxeme ["aycca-Jlynutis cornacHo Gpopmynam (2.31) u (2.32)
B IIPOLIECCE PELIEHUS] HOPMAJIbHBIX ypaBHEHUH (Tal. 2).
OCHOBOI1 KOHTPOJIs 110 [PVV] siBJIsSIETCS cCHcTeMa YpaBHEHUH MOIPAaBOK
a]_&l + b1&2 +...+ glétk + Il :Vl,

azétl + b2&2 +...+ gzdk + |2 :Vz,

a, +b,o +...+ 9, +1, =V,.

YMHOXUM YPaBHCHUA ATOM CHUCTEMbI COOTBETCTBEHHO Ha P1V1, P2Va, ... , PnVn

H, CJIOKUB HOHY‘-ICHHBIG paBeHCTBa, HOHY‘IHM
[pav]a, +[pbv]et, +...+ [pov]et, +[plv]=[pw].

Cornacho (2.20) umeem

[piv]=[pw]. (2.50)
YMHOXHMM ypaBHeHHs monpaBok Pili, Pzl2, ... , pnln ¥, IpuBeas nmomoGHbIE,
OyJeM UMETh
[pallet, +[pbl e, +...+ [pal]e, +[pll]=[plv]. (2.51)

Ha ocHoBanuu (2.41) nomyuum
[palJat, + [ pbl]et, +...+ [pgtJe, +[pll]=[pw].

HOI[CTaBHB B ITOJIYYCHHOC YPAaBHCHHUC 3HAYCHUA BbIYHCIICHHBIX HCU3BCCTHBIX

oty, oty ... , oty, mosmyunm

[pw]=[pll -k]=[pls-k]=[pss-k], (2.52)
HO B COOTBETCTBUH C (2.42)
[pll-k]=[pll]+[pal &, +[pbl]d, +...+[pgl |, . (2.53)

JIaHHBIN KOHTPOJb PEATU3YETCS KaK B CXEME PELICHUSI HOPMAaJbHBIX ypaBHE-

Hul (Tabn.2), TaKk U IPU BBIYMCICHUH MOMPABOK B pe3yJIbTaThl U3MepeHuit (Tadm. 1).
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2.2.6. BecoBble k03()ULMEHTHI M OIleHKA TOYHOCTH ONpeaeaeMbIX BeJTHYHH

OnHol W3 3a7ad, pemaeMbIX T'eOJIE3UCTOM, SIBISICTCS OLIEHKA TOYHOCTH, Kak
caMUX TPOU3BOJMMBIX M3MEPEHHUH, TaK U MOJTYy4aeMbIX B mporecce o0paboTKu pe-
3yJBTATOB. DTy 3a/lady MOXXHO PEIIUTh B MPOIECCE BBHIMOTHEHUS YPaBHUTEIBHBIX
BBIYHCJICHHUM, OIPEaeysas CPEJIHUE KBAIPATHYCCKUE OIIMOKH M3MEPCHHBIX U ypaB-
HEHHBIX 3HAYCHUI B TOM YHCIIC U QYHKIMA OT TUX BEIUYHH.

CornacHO TeopwH OIMMOOK U3MEPEHUH CPENHIOI KBAJAPATUIECKYIO OIINOKY

KaKON-11M00 BEJIMUYMHBI B OOIIEM clTydae ornpesenseM no Gpopmyse

Y7, 1
M = —=[] —, 2.54
! VP \/ P, (254)

rae My — cpeaHsisi KBaapaTUdyeckas omnOKa OI[EHUBAEMOM BETUYUHBI;

[ — OITMOKa eIMHUIIBI BECa;

Py— Bec orieHMBaeMoi BEJTUYHUHBI.

Ha HauanbHOWM cTaauu ypaBHUBaHUS MPOU3BOJILHO MPUHUMAETCS OIIMOKA €1-
HUIIBI BECa Mo B 3aBUCMMOCTH OT BUJa pabOT, KOTOpas MO3BOJSET YCTAHOBHUTH Beca
U3MEPSEMbIX BEJIUYUH.

B pesynbTare ypaBHUTEIBHBIX BBIYMCICHUN OMPEACISIIOT (PaKTHYECKOe 3HAYE-

HUE OITMOKH €IMHUITHI BEca 10 HalIEHHBIM ITOIIpaBKaM Vi coriacHo dhopmylie

u= Wl (2.55)
n—k

r7e N — KOJIMYECTBO BCEX BBIMOJHEHHBIX U3MEPEHMUIA;
K — 4nc10 He3aBUCHMBIX HEM3BECTHBIX.
B reonesnueckor mpakTHKE MO pe3yJibTaTaM U3MEPEHUN HECKOJIbKUX BEJIHU-
YUH BBIYUCIISIOT 3HaUYCHHE Kakou-mnbo BenmuuuHbl. [IpuueM Mexay ompeaenseMoit
U W3MEPEHHBIMH BEIIMYMHAMU HMEETCS OMpe/esieHHas (yHKIIMOHAJIbHAs 3aBHCH-
MOCTb. B 3TOM cilyyae BO3HMKAET 3a/Ja4a OLEHKHM TOYHOCTH MCKOMOW BEJIWYMWHBI.

[Ipenmnonoxum, 4ToO OllCHUBaeMasl BEJIMUMHA 3aJlaHa B OOIIEM BHJIC

Y= F(Xy + Xa+ ... + Xo). (2.56)
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Cpennsis kBajpatuueckas ommoka (yHkiuu (2.56) ompeaensercsa mo ¢op-

Mmyie (2.54), B KOTOpou

1 (JJZI (0’1‘]21 (0’1‘]21
= | | | | | =
P (&) p (&) p, X, ) P,

CnoKHOCTb B 3TOM ClIy4ae 3aKJII0YaeTCsl B TOM, YTO OLIEHUBATh MPUXOIUTHCS
yepe3 pesynbTaThl u3MepeHuid. [loatoMy B mapameTpuueckoMm crioco0e ypaBHHBA-

HHUA OHCHI/IBaCMYIO BCJ'H/I‘-II/IHy HpeI[CTaBJ'ISHOT ‘—ICpGS HCO6XOI[I/IMBIC HCU3BCCTHBIC
Xi=Fi(Ty, Ta, ..., T). (2.57)

VYpaBHeHUs TONPaBOK OyyT UMETh CIASAYIOUINNA BU
aion + biotr+ ... + Qiok + li=v. (2.58)
[Ipeanonoxum, 4TO B Tpoiiecce 0OpabOTKU PE3yJIbTaTOB OBLIO YCTaHOBJIECHO

TpI/I HE3aBHUCHUMbIX HCU3BCCTHBIX, TOI'1d HOHy‘II/IM CHCI[yIOH_[I/IC ypaBHeHI/ISI HOHpaBOK
aiot + bidotr + cioz+ ;= v; . (2.59)

CoriacHo HPUHIMITY HAUMEHBIINX KBaAPaToB [PVV], MOAYYMM CIIEAYIOIIYIO
CHCTEMY HOPMAJIbHBIX YPaBHEHHIA
[paalét, + [ pabla, +[paclet, +[pal]=0;
[pabet, +[pbbJet, +[pbelat, +[pbl]=0; (2.60)
[pac]®t, + [pbclat, + [ peclat, + [pel]=0.

Jl1st periennst JaHHOM CUCTEMBI M HAXOXKJCHUSI HEM3BECTHBIX BOCTIONB3YEeMCS
criocoboM HeonpeneneHHbIx MHOKuTener Qjj . Kaxmoe ypaBuenue cuctemsr (2.60)
YMHOKHM COOTBETCTBEHHO Ha HeompeneneHHbie MHOXUTEMH Q11, Q12, Q13. B pe-
3yJibTaTe rPYNIUPOBAHUS OTHOCUTEIBLHO HEU3BECTHBIX Ot1, Olp, otz momyuum crieny-

IOIIIEE PABCHCTBO

([paaQ, +[pab]Q, +[paclQ, ), +
+([pabJQ, +[pbbJQ, +[pbcjQ, et +
+([paclQ,, +[pbelQ,, +[pecfQy, )et, +
+[pal]Q, +[pbl]Q, +[pcl]Q, =0.

(2.61)
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N3 paBenctsa (2.61) Haiinem mepBoe HEU3BECTHOE Ol1, TOO0OpPaB MHOKHUTEIH
TakKUM 00pa3oM, 4ToObI K03(PPHUIIMEHTHI (BbIpaXXeHHs B CKOOKax) mpu oty u otz pas-

HSJTMCh HYJIIO, a TIpH oty ObLT paBeH eauHuIie. Torna paBeHcTBO (2.61) mpumeT BU

A, = —[p&' ]Qn - [pbl]le - [pCI]le' (2.62)

KoadduimeHTs! mpu HEM3BECTHBIX 00PA3yIOT CUCTEMY HOPMAJIbHBIX YpaBHE-

HUU

[paa]Q,, +[pabJQ,, +[pacjQ. =1;
[pab]Qll + [pbb]le [pr] =0; (2.63)
[paC]Qn + [pr]le + [pCC] 13 =0.

AHanoruyHbIM 00pa3oM, yMHOXkasi ypaBHeHUs cuctembl (2.60) cooTBert-
CTBEHHO Ha MHOKHUTENN Q21, Q2 1 Q23 ¥ IpupaBHAB KOIPGHUIIUESHT MPU BTOPOM HE-
W3BECTHOM €/IMHHUIIC, a MIPU IEPBOM U TPETHEM - HYJIIO, TIOJIy4aeM BTOPOE HEU3BECT-

HOE Oty

A, = _[pal ]Q21 - [pbl]sz - [pCI]Qza' (2.64)
OOpa3oBanach BTOpasi CHCTEMa HOPMAJIbHBIX YpaBHEHUN ¢ Hem3BeCTHBIMU Q21, Q2

1 Qs

[paa]QZl + [pab]sz + [paC]st =0;
[pab]Q,, +[pbb]Q,, +[pbelQ,, =1, (2.65)
[paC]Qzl + [pbc]sz + [pCC]st =0.

Takum >xe o0pazom, UCTIONB3YsT MHOXUTENH Q3z1, Q32 1 Qs3, MOTyyaeM TpeThe HEU3-

BECTHOE Ot3 M TPETHIO CUCTEMY HOPMAJIbHBIX YPaBHEHUN

a, :_[paI]Q3l _[pr]Qsz _[pCI]st' (2.66)

HoBas cucrema npumer BuJ

[paa]QBl + [pab]Qsz + [paC]st = O;
[pabJQ,, +[pbb]Q., +[pbeQ, =0; (2.67)
[paC]Qsl + [pr]Qsz + [pCC]Qsa =1
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PaCCMOTpCHHLIﬁ crroco0 HaXO0XJICHHUA HCU3BCCTHBIX 5tj ABJACTCA MCHCC 3(1)-
(beKTI/IBHBIM IO CPaBHCHHIO CO CII0COOOM IIOCIaCAOBATCIIbHOI'O HCKIIFOUCHUSA HCU3-
BCCTHBIX. HCOHpeI[eJIeHHLIG MHOXHUTCIIM MOXXHO HCIIOJBb30BaTh JJI OOCHKHW TOYHO-
CTH BBIYHCJICHHBIX 3HAYCHUN HEHU3BECTHBIX. I[J'ISI 9TOro pacCMOTpuUM CBOMCTBA

Hammx MHOXuTenen Qjj. [IpeacraBum ypaBuenue (2.62) B cieayromeM BUIE:

&1 == p1(a1Q11 + lelZ + C1Q13)' I1 -
=—p, (aan + b2Q12 + C2Q13)' |2 -

(2.68)
=-p,(a,Q, +b,Q, +¢,Qy)1..
O003HauUM
o, =-p,(aQ, +bQ, +cQ.);
a,=-p,(8,Q,+bQ, +c,Q,); (2.69)
a, =-p,(aQ,+bQ, +cQ,)
CrnenoBatesibHO, paBEHCTBO (2.57) NpuUMeT BUJL:
A =al+al, +..+al. (2.70)
YMHOXHMM paBeHcTBa (2.69) Ha a1, @y, ... , an, BCICJACTBHUE YETO MOJTYIUM
laa]=—(paalQ, +[pablQ, +[paclQ,)=-1. (2.71)
[To anamoruu, yMHOKUB paBeHcTBa (2.69) cooTBeTcTBeHHO Ha by, by, ..., by,
HOJTY4UM
[ba]=—(pablQ, +[pbb]Q, +[pbc)Q,)=0. (2.72)
AHaNOrMYHO MPH YMHOKEHHUU HA C1, C2, ... , Cn UMEEM
[ca]=—(paclQ, +[pbc|Q, +[pccQ,) = 0. (2.73)

Jns nanpHenIero nepeMHOXUM JIEBbIE U TMpaBble YacTU paBeHCTB (2.69) Ha

n

a, a, «
—,—=,...,—, B pe3yJIbTaTE CJIOKEHUs NOIYyYUM

P, P, P,
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aa

|:_:| = Qll' (274)
P

Omnpenenum Bec ymHelHOW QyHKmH (2.70). [TockoNbKY B JAHHOM PaBEHCTBE
li sBsIFOTCST QYHKIMEH pe3yIbTaTOB U3MEPEHUH X, CICIOBATEIBHO, U UMCIOT COOT-

BETCTBYIOIIIKE Beca, Torna Bec pynkmuu (2.61) OyaeT paBeH

l:“_l+&+...+ﬂ{%}. (2.75)
P p P P, P

CpaBHuBas BeIpakenus (2.74) u (2.75), nemaeM BBIBOJ, YTO MHOXKUTENb Q11 SBIISI-

eTcsi 0OpaTHBIM BECOM MEPBOT0 HEU3BECTHOTO Ot1, T.€.

1
F - Qll' (276)

1

Takum oOpa3oM, MOKHO MPUHATH HEONPEIeICHHbIE MHOKUTEIN 32 BECOBBIC
KO3 (D PULTUEHTHI.
PaccmoTpum paBeHcTBO (2.64). [1o aHanoruu ¢ mpeasIIyIIuM 3TO BEIpaXKEHUE

MOJXHO IIPpEACTABUTDL B BUJIC

&, =pL+BL+..+p1 =[A]. (2.77)
Hcxons u3 CBOMCTB BECOBBIX KOA(D(DHUITMEHTOB, MOTYYUM CIISAYIONINE 3HAUCHHUS
[ap]=0;  [op]=1 [ep]=0, (2.78)
a
{@} =Q, =u S Q,,. (2.79)
P P,

Ecnau Bocmosib3oBathesi ypaBHeHUEM (2.66) 17151 TPEThEro HEU3BECTHOIO Ols,

TO B pe3yJIbTaTe€ COOTBETCTBYIOIMMNX 0003HAUYCHUI U TPEoOpPa30BaHUI MTOTYYUM

&3:7/1I1+7/2|2+"'+7/nn:[7/']' (280)

JlanpHeHuii aHaaIu3 CBOMCTB BECOBBIX KO3(P(UIIMEHTOB MPUBOJMUT K CICAYIOIIUM

pe3yabTaTtam

35



[ey]=0; [by]=0; er]=% (2.81)

/4 . 1
|:?} =Qy; E = Qs (2.82)
BB P
B ciydae, ecnmi yMHOKUTBH paBeHCTBa (2.69) Ha P, TO B UTOTE
PPy

IMOJIYYHM ITIOCJIC COOTBCTCTBYIOIIUX Hp€06p3.30BaHI/Iﬁ

{ﬁﬂ __(aplo, + [pA0, + [cA10.)

WIN
Pa
{ } Q- (2.83)
P
[To aHajoruu, eciau mpojenaaTh TO ke caMoe ¢ KoddduireHTaMu fi , yMHOKUB UX
al aZ
3HAUYCHUS HA —,——,... ,
P, P, P,

{aﬂ —([ac]Q,; + [ba]Q,, +[ca]Qyg)= Qu, (2.84)

cienoBarenabHO Q12 = Q1 . Takum 00pazom, mapHbie BecOBbIe KOIPPUIIUEHTHI SB-
JSI0TCST OOpaTHBIMM BECaMU HEM3BECTHBIX, a 3HAYCHUSI HEMAPHBIX PAaBHBI MEKITY
coboit, T.e. Qjj = Qji . 3HaueHUs1 KOAPPUIMEHTOB BBHIUUCISIOTCS COBMECTHO C HEM3-
BECTHBIMH B cxeme ["aycca-Jlymutis (Tadu. 3).

KoHTposeM BbIYHCIEHUSI BECOBBIX KOA(D(PUIIMEHTOB SBISETCS CIEAYOIIEe

BBIPAKECHUE

(Qll +Q12 +"'+Q1k)'81 +
+(Q,+Q,+..+Q,)-S, +

(Qk1+Qk2+ +Qkk) S :k,
rae Sy = [pas] - [pal]; Sz = [pbs] - [pbI]; ... ; Sk = [pgs] - [pal].

(2.85)
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Ta0muna 3

Brruncnenue BecoBbIX K03 (HUIIMEHTOB U 00paTHOTO Beca QyHKIIUU

Q1 Q2 Qs f 2
7 8 9 11 12
[pal]li=-1 [pall2=0 [pal]z=0 f1 YUz
_[pal]; _[pall, _[pal], _f 3y,
[paa] [paa] [paa] [paa] [paa]
[pbl]2=0 [pbl]2=-1 [pbl]s=0 ) TU;
_ [pab] _[pab]r _[pably ., _ [pab] : _[pab]
[paa] [pat] [paa] [pat] [paa] [pat} [paa] [paa]
[pbI-1]1 [pbi-1]2 [pbl-1]3 [f2 1] [Zuz-1]
_[pbl'l]l _[pbl'l]z _[pbl'l]s _ [fz'l] _[Zuz'l]
[pbb-1] [pbb-1] [pbb-1] [pbb-1] [pbb-1]
[pcl]s [pcl]2 [pcl]s fa Sus
_{pm:]'[palh _{paci[pal]z - {pa‘:} [pal]s _{'O“:]' fi _[pac] g,
paa paa paa paa @
_Ipoe- A gy, | LPOC-T g, | _IPbC-L gy, | [PRC-Uyf, [pbe-1 .
[pbb-1] [pbb-1] [pbb-1] [pbb-1] —m 2
[pcl-2]1 : [plcl'§]2 [pcl-2]3 [f3 -2] [SUs.-2]
pcl - 2], _ '
e “lpec-2) - [pel:2. S [z, 2]
[pcc-2] [pcc-2] [pcc- 2] [pcc-2]
[pa|]l _ [pbll]l _[pc|.2]1
"~ [paa] [pbb-1] [pcc-2] 0 0
B [ pac] Q1 - M Qs Q3 _ f, f f
[ paa] [pbb-1] [paa] _[p—;za] Uy
—[pab] Q12 e - [f2 .1] [f2-1] [f -1]
[paa] [pbb-1] - [ptjb~1] [Zuz-1]
u ;2] 7, [f.-2]
Ry B LERE I )T
_Lpall, ‘[[pilslii [paez, | PeE [pec-2]
[paal : 5 1]' [pcc-2] _PL 1
p c 23 23 u p
_@ Q23 _[pbb.]_] Q Q Ry
[paa] 0
_[pab]
[paa]
Qa1
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Okonuyanwue Tadi. 3

! 8 9 10 11
3 [pal], ~ [pbl-1], ~[pcl-2],
[paal [pbb-1] [pcc-2)
[ pac] _[pbe-1] g, Qa3
~ Loaal Qs3 [pbb 1]
_[pab] o Qs2
[paa]
Q31

2.2.7. Ouenka TOYHOCTH QYHKIMI YPABHEHHBIX BEJTUYUH

B ToMm ClIy4dac, €CJIM BOBHHUKACT H€O6XOI[I/IMOCTB OLICHUTDH KaKYIO-J'H/I6O BCJIN-
YWHY, CBA3aHHYIO C YPABHCHHBIMH 3HAUYCHUAMU N3MCPCHHLIX BCIMYMUH OIIPCACIICH-

HBIMH (IJYHKI_[I/IOHEU'IBHBIMI/I 3aBUCHUMOCTAIMU, T.C.

U=FT,T,,..T,). (2.86)

1
MU:/I E
U

Kak Mbl BUJIUM, 3a71a4a CBOJMUTCS K HAXOXKJICHUIO 0OpAaTHOrO Beca (DYHKIIUU.

Tornma

Bolpa3zum Haily GyHKIMIO Yyepe3 MpUOJIMKEHHbIe 3HaueHus 1y, to, ... , ik 1 monmpaBku

K HUM Oty, Oty, ... , Otk
U=F(t +d;t,+&,;.;t +at ). (2.87)

Paznoxum nannyto ¢pyHkuuio B psg Telnopa, OrpaHMYMBAasICh MEPBBIMU CTe-

MNCHAMMH PA3JIOKCHHA, ITOJTYIUM

o, +ﬁé’[2 +...+ﬁé’tk
ot, ot,

oF
+_

U =F(t,t,,..t) p
1

0003HAYUM
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(S))

F

F(ty, to, ..., ) =fo; —
(t, &2 k= fo o

= f] ,
TOT/Ia

U="fy, +f oty +f, ot + ... + fiox. (288)

Yactaeie nponsBonubie fj (yHkum (2.88) HaspBaroTcs kodpuUIEHTaMU
BecoBoM ¢GyHkimu. JlanbHeimas 3ameHa B paBeHCTBE (2.88) HeM3BECTHBIX Oly, dty, ...
, oty cormacHo ypaeHenmit (2.70), (2.77) u (2.80) ¢ wmcmonb3oBaHreM (HOPMYITBI
(1.26) 1 HA OCHOBaHHMH CBOMCTB BECOBBIX KOA(PPUIIMEHTOB B OKOHYATEIILHOM BHJIC
OyzeM UMETh

1
—=f1fQ,+ ffQ,+..+ f,fQ, +

U

+f,1Q,+ f,1Q, +...+ f,fQ, + (2.89)

+ffQ.,+ffQ,+..+f fQ,.

Beipakenue (2.89) crpymnmupyemM oTHOCHTENBHO fj, momydnm

1
p_:(le“ +£Q,+.+ Q) f +

+ (leZI + szzz tot kazk) ) fz +

+(fQ,+f.Q,+...+ fQ,) f,.

BBenem 0003HaueHUsS

® = f1Q11 + f2Q12 +.o.t kalk;
®, = 1:1Q21 + szzz +.o.t kaZk;

o =10Q,+1Q,+.+ Q..

(2.90)

B pesynbrare noayuum

1
P_:(01f1+¢2f2+"'+¢k fy. (2.91)

U
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YmHoxas paBeHcTBa (2.90) Ha K03 HUIMEHTHI HOPMAILHBIX YPaBHEHUM COOTBET-

cTBeHHO [paa], [pab], ... , [pgg] u nocne npeoOpa3oBaHmii BEIUMCINM 3HAYCHUS (1,
@2, ... , Pk , KOTOPBIC MOJICTABUM B (2.82), 1 OJIyIuM
1t (Raf o [fek-1f (2.92)
R, [paal [pbb-1 """ [pgg (k1]

dopmyna (2.92) mo3BoaseT BHIYUCIUTh OOpAaTHBIN BeC (PYHKIIMM COBMECTHO C HEU3-
BEeCTHBIMH, a TaKXKe C BeCOBBIMH Kod(hduumeHtamu B cxeme [aycca-lymutis
(tabin. 3). KonTposibHOM (hopMyJioi BBIYUCIEHUS OOpaTHOTO Beca SIBJISIETCS CIEy-

IOIICC BBIPAKCHUC

1 - fru  [f42u,-1] [ -(k-D]Su, - (k-1)] (2.93)

[paa] [pbb-1] [pgg-(k-1)] °

rIe
2u, = [pas]-[pal]+ f,;
Zu, =[pbs]-[pbl]+ f,; (2.94)

u, =[pgs]-[pgl]+ f,.

2.3. KoppesaTHblii cnocod ypaBHUBaHUA
2.3.1. CymHoCcTh KOPpPeJaTHOTO croco0a ypaBHUBAHUS

B xoppematHoM crocoOe ypaBHUBaHHUS 3HAYMUTEIBHYIO POJIb UTPAIOT HM30bI-
TOYHBIE M3MepeHus. J[Jig mpumepa MOKHO PacCMOTPETh U3MEPEHHUE YIJIOB B Tpe-
yroipHuKe. Jjig Toro, 9T00bI OJHO3HAYHO CYAWTH O BEJIMYMHE YTJIOB TPEYTOJIbHU-
Ka, JOCTaTOYHO M3MEPUTH JBa yIJIa, a TPETUM Yroj MOJIYyYUTh KOCBEHHBIM ITYTEM.
OpmHako, B reofe3uUeCcKOi MPaKTUKE UCIIONb3YeTCsS MPUHIUIT U30BITOYHOCTH H3MeE-
penuii. O ponu M30BITOYHBIX W3MepeHuit oTMedanock B 1. 1.1. Tlostomy, ecnu B
TPEYTOJbHUKE U3MEPUTH BCE TPU YyIjia, TO OAHO U3 U3MEPEHUI OyneT N30bITOUHBIM.
B ciydae cymiectBoBaHus (PyHKIITMOHAIBHONW 3aBUCHMOCTU MEXIY OIpPEaeIIIeMbIMU
BEJIMYMHAMH, BO3HUKAET YCJIOBHOE ypaBHEHHE. /[ TpeyroipbHUKa Takoe ypaBHeE-

HUEC UMECT BHU/
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B+ B+ 5, —180° = (2.95)

i€ fi - ICTUHHBIE 3HAUYEHUS YTJIOB TPEYTOJIbHUKA.
[Ipu mozncraHoBKE B paBeHCTBO (2.95) M3MEpEHHBIX 3HAYEHUH, COJEpKAILINX

OIITMOKH I/I3MepeHI/II>'I, BO3HHUKACT YIJIOBasA HCBA3KA Wﬁ
!/ ! !/
ﬂl+ﬂ2 +183 _18002Wﬂ’ (296)

rze Si' - pe3yapTaThl U3BMEPEHUH YIJIOB.
JUist ycTpaHEeHHsI HEBSI3KM B PE3YJIbTAThl U3MEPEHUN HEOOXOJUMO BBECTH I10-

IIpaBKH Vi, T.€.
LBl+V + [ +V, + f+Vv,—180°=0. (2.97)
[ToacTtaBuB B paBeHCTBO (2.97) U3MEpEHHbIE 3HAYCHUS, TTOTYIUM
V, +V, +V, +w, =0. (2.98)

[TomyyeHHOE ypaBHEHHE HA3BIBACTCS YCIOBHBIM YPABHEHUE MTOMTPABOK.
B oOmem ciydae ycrnoBHBIE YPAaBHEHHS MOXKHO TMPEJICTABUTH B CIICAYIOIIEM
BUJIE

@.(X,, X, X,)=0, (2.99)

riae Xj - ypaBHEHHbIE 3HAUEHUS U3MEPSIEMON BEJIMYUHBI,
I=1,2,..,N-49KUCI0 BCEX UBMEPECHHBIX BEIUYNH;
j=1,2,..,r-4iCII0 H30BITOYHBIX U3MEPEHHH.
3amMeHa ypaBHEHHbIX 3HAU€HUI B paBeHCTBax (2.99) Ha pe3ynbTaThl U3Mepe-

HHM TIPUBOJUT K HEBSI3KAM
@, (X, %, X ) =W, (2.100)

IZI€ Xi - PE3yJbTaThl U3MEPEHUM.

TakuMm 00pa3oM, Hamu4re U3OBITOYHBIX U3MEPEHHUM MPHUBOIUT K YCIOBHBIM
ypaBHeHUsIM. OJTHO U30BITOYHOE MU3MEPEHUE AACT HaM OJTHO YCIOBHOE YpaBHEHME.
JlanpHeiiee ypaBHUBaHUE OCYIIECTBIISIETCS IIyTeM MUHUMU3AMKA QyHKIMH [PVV] ¢

HCIIOJBb30BaAHUEM JOIIOJHUTCIIBHBIX IIapaMETPOB 110 METOAY HarpamKa.
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2.3.2 Teopusi KOppPeJATHOTO YPABHUBAHMS

[Ipenmnonoxum, 4To U3MEpPEHHbIC BEIUYUHBI Xi, X2, ... , Xy, CBSI3aHHBIX

YCIIOBHBIMH YPaBHCHUAMU

(2.101)

B nponecce n3mepeHuid OIy4YEHbI CIEAYIOMNE PE3yIbTaTbl HEPABHOTOYHBIX
U3MEPEHUH X1, X2, ... , Xn C COOTBETCTBYIOLIUMU BECAMH P1, P2, ... , Pn . [Ipn Hammumuu

M30BITOYHBIX U3MEPEHHM MMOJTYYUM CUCTEMY YCIOBHBIX YpaBHEHUMN

25X X0 X, ) = W (2.102)

YTOoOBl UCKITIOYUTH HEBS3KY, HEOOXOUMO B pE3yJbTaThl U3MEPEHUN BHECTH
MOMPABKHU, TPU KOTOPIX MPABbIE YACTU CUCTEMBI YCIOBHBIX YPAaBHEHUI 00pallaroT-
Csl B HyJIH, T.€.

gol(x1 +V, X, +V, e, X +vn): 0;

@,(X +V, X, +V,,..,X +V )=0; (2.103)

[Ipu BBeeHHM MOIMPABOK B PE3yJbTaThl U3MEPEHUN MOIYYalOT YPABHEHHbIC
3HAYCHUS U3MEPEHHBIX BeauunH (2.12)

Hawnyymmmuy ~ ABJSIIOTCST  NOMPABKH,  YAOBJIETBOPSIONIUE  MPUHIIUITY
HaUMEHbIIUX KBajapaToB (2.1). [Ins HaXoXkJeHUs MONPaBOK YPABHEHUSI CUCTEMBI
MpUBEIEM K JIMHEHMHOMY BHUY, pa3ioxuB paBeHcTBa (2.103) B psn Teinopa u
OTPaHUYMBASICh B BUJY MAJOCTH ONIMOOK M3MEPEHUU MEPBBIMU CTETICHSIMH Pa3jio-

eHus. B pesynbrare noayuum
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@, (X, X,, ,xn)+2—i)llvl+g—f$v2+ +8—;0n1vn_0,
?,(X,,X,, ,xn)+aa—%vl+g—i)jv2+ +2—f:vn_0,
€0r(X1,X2,- ,Xn)+(2§flrvl+gir V2+"'+Z_er”_0’
Brenem o0o3HaueHUS:
%=ai; %:bi;...;%:g

u coriacHo (2.100) ¢, (Xl,xz,...,xr)zwj.

Takum 00pa3oM MOJYYUM CIAEAYIONIYIO CUCTEMBI YPABHEHHI

av,+a\Vv, +..+av. +w =0;
bv,+byVv,+..+bv +w, =0;
171 272 n'n 2 (2105)

gV, +9,Vv,+..+9.Vv, +w =0.

[Tonyyennsie ypaBHeHUs cucTeMbl (2.105) Ha3bIBalOTCS YCIOBHBIMU YpaBHEHUSIMU

IIOIIPABOK B JIMHEWHOM BHUJIe. B cumBosax ['aycca ata cucrema uMeeT BUL:

[av]+w, =0;
[ov]+w, =0; (2.106)
[gv]+w, =0

[Tockonbky B cucteMe (2.105) KoiIMuecTBO HEM3BECTHBIX MPEBBIIIAET YHUCIIO
ypaBHEHU# N > I, cleJoBaTEeNbHO JIaHHAs CUCTEMa MMEET HEOIpEAeICHHOE pelie-
Hue. /{7 Toro, 4ToOBI UCKITIOUYNTh HEOTPEICICHHOCTh MPU PEIISHUH, HE0OX0IUMO

HCITOJIb30BaTh YCIIOBHE MMPHUHIIMIIA HAMMEHBIINX KBaapatos (2.1)
@ =[pw]- 2K, ([av]+w, ) - 2K, ([bv]+w,)—...— 2K ([gv]+ w, ) = min,

rac Kj - HCONIPCACIICHHBIC MHOKUTCIIN JIarpaana, Ha3bIBACMBIC KOppLCIaTaMu.
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Uccnenys naHHy0 (QYHKIUIO Ha SKCTPEMYM, HEOOXOIHMMO OIPEICIUTh €€

IIEPBYIO MPOU3BOAHYIO U IIPUPABHATH K HYJIIIO

oo _ 2pyv, —2a K, -2bK, —...—29,K, =0;

1

gvi):szv2 -2a,K, -2b,K, —...-29,K, =0;

S\C/D =2pv, —2aK, -2bK,-..-2g K, =0.

= ‘

OTkyna noay4ynm

v, = %(alKl + ble tot glKr);

v, = i(azKl + szz +...t gzKr);
P, (2.107)

v, :pi(anKl+an2 +..4+0,K,)

O003HaunM %: Q,
v, =q,(aK, +bK, +..+ 9K, )
v, =0,(a,K, +b,K, +..+ g,K ); 2,108

v, =q,(a K +bK,+..+9K)

Bripaxxenust cuctembl (2.107) u (2.108) sBAsSIOTCS KOppENaTHBIMU YpaBHEHUSIMHU.
YMHO)HUM ypaBHeHHUs cucTembl (2.108) cooTBETCTBEHHO Ha a1, 82, ... , 8n U B

PE3YIILTATE CIIOKEHUS MTOTYIUM
[av]=[gaa]K, +[gab]K, +...+[gag K. .

AHAJOTMYHO TPHU YMHOXKEHUHU Ha Dj, ... , 0i ¢ ydeTrom paBeHcTB (2.106) Oymem

MMETh CUCTEMY HOPMAaJIbHBIX YPAaBHEHUM KOppenaT
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[gaa]K, +[gab]K, +...+[gag K, +w, =0;
[gab]K, +[gbb]K, +...+[qbg K, +w, =0; (2.100)

[gag]K, +[abg]K, + ...+ [qgg]K, +w, =0.

JlaHHas cucTemMa UMEET BIIOJIHE ONPEIEICHHOE U OJHO3HAYHOE peleHue. B ciyyae
PaBHOTOYHOCTH HaIUX u3MepeHuit cucrema (2.109) npumer Bu
[aa]K, +[ab]K, +...+[ag]K, +w, =0;
ab[K, +|bb|K, +...+[bg |K, +w, =0;
[ ] 1 [ ] 2 [ g] r 2 (2.110)

Takum o06pa3om, B KOppeIaTHOM CIIOCOO€ YpaBHUBAHMS YHMCIO HOPMAaJIbHBIX

YpaBHEHUH B CUCTEME COOTBETCTBYET YUCITY U30BITOUYHBIX U3MEPEHHM.

2.3.3 CocTaBiieHHe U pellieHHe HOPMAJILHbIX YPABHEHUIl KoppeJaT

CocTtaBiieHne U pelieHre HOPMaIbHBIX YPaBHEHUH KOppesaT OCyIIeCTBIsIeT-
Cs OOHUM M3 CIOCOOOB, PACCMOTPEHHBIX MPHU IMAPAMETPUICCKOM ypaBHUBAHUHU.
[Ipumenenue TabaM4HOrO crocoda mpuBeaeHo B Tadu. 4. [Ipu aToM BbIMONHSAETCA
MIPOMEKYTOUHBIN KOHTPOJIb. TakKe Kak ¥ B MapaMEeTPUICCKOM CIIOCOOe ypaBHUBA-
HUS BOBHUKAET KOHTPOJIb CYMM:
a+b+..+9 =5 (2.111)
faf+ o]+ +{g]=1s]

Ecnu paBenctsa (2.111) yMHOXHUTH COOTBETCTBEHHO Ha (i &; , (i bj u T.x., a

3aTe€M MOWIEHHO CJIO0XHTbh, TO MOJIYYHUM KOHTPOJIbHBIE CYMMBI JJIs1 KO3()PUIIMEHTOB
HOPMAaJIbHBIX YPaBHEHUIN

[qaa]+ [qab]+ ...+ [qag] = [qas’}
[gab]+[qbb]+ ...+ [gbg] = [gbs'];

[gag]+[abg]+...+ [agg] = [qgs']

B otnuuuu ot mapaMCeTpUICCKOIo crocoda YpaBHHBAHHA BO3HUKAKOT AOIIOJI-

(2.112)

HUTCJIbHBIC CYMMApPHBIC paBCHCTBA
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s+ f =3, (2.113) \

rae fi - koadduimeHTs BecoBol QYyHKIIUN

U=fy +fivi+Hhvo+ ... +fv,, (2114)
a TaKxKe
[s']+[f]=[Z] (2.115)
Ta0muna 4

Brruucnenne k03¢ GUIMeHTOoB HOpMaIbHBIX YPaBHEHUN KOppenaT

Ne a] b] | ... al s'] f] >] q V | pv | pw
ypaBHEHHSI

1 2 3 4 5 6 7 8 9 10 11 12

1 ai b1 O[] s'1 f1 P1 of1 Vi | Pvi | pPviva

2 ar b, . g2 S's fo p2 02 V2 pa2v2 | Pavav2

n an bn . On S'n fa Pn On Vn PnVn | PnVnVn
CymmbI [a] | [b] | ... [9] [s] [f] [pv] | [pw]
HeBs3ku W1 W2 . Wr
Koppenater K1 K2 . Kr

Kj W KWy | KWz |0 | Ke Wr [KW]

[qa [gaa] | [qab] | ... | [gagd] | [gas] | [gaf] | [9aX]

[gb [gbb] | ... | [abg] | [absT | [abf] | [gbX]

[ag [agg] | [agsT | [aof] | [agX]

[as’ [as'sT | [asf] | [as]

[af [aff] | [afZ]

[g= [gzX]

U COOTBETCTBCHHO

[gas']+[qaf | = [gaz]
[abs']+ [qbf |= [gbZ} (2.116)

[ags']+ [agf ] =[ag=]
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Pemenne HOpMalbHBIX ypaBHEHUH KOppesaT CiocoOOM MOCIeI0BATEIbHOTO
VCKJIFOUEHUS HEHW3BECTHBIX BBINOJHAETCS corjacHo cxeme [aycca-/lynutis
(Tabn. 5). PaccMOTpuM BapuaHT AJiI CUCTEMbI, COCTOAIIEH W3 TpeX HOPMaJbHBIX
YpaBHEHHI KOppeat

[gaa]K, + [gab]K, +[gac]K, +w, =0;
[gab]K, +[gbb]K, +[gbc]K, +w, =0; (2.117)
[gac]K, +[gbc]K, +[gcc]K, +w. =0.

B mpouecce penieHns HOpMaJIbHBIX YpaBHEHUM B cxeme ['aycca BhITOIHAETCA
KOHTpPOJIb B COOTBETCTBYIONIUX cTpokax (Tabi. 5). [lo 3aBepuieHuto pemieHus: cu-
CTEMBI TIPOU3BOJUTCSA KOHTPOJIb MPABUILHOCTH HAaXO0XJICHUSI HEU3BECTHBIX MOJICTa-
HOBKOW MX 3HAYEHUW B CYMMapHO€E YpaBHEHUE.

KonTposb 1o [pvv] npousBoauTcs Kak B cxeme penienus ['aycca, Tak v IpH

BBIYHCIIEHUH KO3((ULIMEHTOB HOPMAaJbHBIX ypaBHEHUH. PaccMoTpuMm paBeHCTBa

(2.107)

v, :%(aiK1 +bK, +..+9.K,),

KOTOpBIE YMHOXHUM Ha PjVi . B pe3ynbraTte clokeHus moiryanm
[pw]=[av]K, + [bv]K, +...+[gV]K..
Cornacno (2.106) mosrygaeM ciieayromiee paBeHCTBO
[pw]=-Kw, —K,w, —...— K. w. =—[Kw]. (2.118)

JInst moy4yeHus: KOHTPOJIbHOU (hOPMYJIbl 32 OCHOBY BO3bMEM CHUCTEMY HOP-

MaJbHBIX ypaBHeHUH (2.109) u k Helt no6aBuM paBeHCTBO (2.118)

[gaa]K, +[gab]K, +...+[gag K, +w, =0;
[qab]K, +[qbb]K, +...+ [abg K, +w, =0;

[aag]K, +[abg]K, +...+ [agg]K, +w, =0;
KW, + KW, +...+ Kw +w_ =—]pw]

Pemenue I[aHHOﬁ CHUCTCMBI ITPUBOAUT K €C SKBUBAJICHTHOMY BU/Y:
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Cxema pelieHrss HopMaldbHBIX YPaBHEHHUI KOppesat

Tabmura 5

(r =K, +w, - (r -1 =0;

[Wr+l ) r] = _[ pVV]
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K1 K> Ks w S KonTpons
1 2 3 4 5 6
[qaa] [qab] [gac] W1 Sy >
-1 _[qab] _[gac] _W _ S __ 4
[gaa] [gaa] [qaal [qaa] [paa]
[gbb] [gbc] Wa Sz ¥
_ [gab] [qab] _[oa ][q ac] _[qab] [gab] _[gab]
[gaa] [gaa] [qaa] [gaa] * [qaa]
[gbb-1] [qbe-1] [Wz-1] [S2:1] [Z21]
1 _[gbe-1] w1 S, -1 [z
[qbb -1] [gbb-1] [qbb-1] [abb -]
[qcc] W3 S 23
[9ac] _[gac] _ [qac] &
———[qac] [gac]
[gaa] [qaa] [qaa] > [aa]
_[gbc-1] _Labe-1f . 4 [gbc-1] o | [gbc-1]
[gbb - 1][q 1 [qbb~1][Wz . [qub.l][sz 1 [gbb-1] =11
[gee-2] [ws-2] [S3-2] [Z3-2]
[w, -2] [S, -2] [352]
-1 [ace-2] [ace 2] [qee-1]
W CIw, ] [w,-2] w,’
[qaa] [gbb-1] [qcc- 2] " [gaa]
_[gac] g, | _labc-1fk, Ks [w, 1]’
[qaa] [abb -] " [gbb-1]
o], | w,-2F
[qaa] [qce - 2]
Ki - [pw]
[gaa]K, +[gab]K, +...+[gag]K, +w, =0;
[gbb -1]K, +...+[gbg -1]K, +[w, -1] =0;
........................................................ (2.119)




W3 nocneanero ypaBHeHus cucteMsl (2.119) corsacHo pacKpbITHIO CHMBOJIOB
['aycca umeem

2 2 2

W w, 1] [w, - (r —1)

e R e ey ey R G

_[pVV]: [

2.3.4. OueHka TOYHOCTH 10 MATEPHAJIAM KOPPeJIaTHOI0 YPABHUBAHUSA

ITo pe3ylibTaTaM YpaBHUTCIBbHBIX BBIUMCIICHUM IMPONU3BOAUTCA OLICHKA TOYHO-
CTH KaK CaMHuX HSMCPGHI/Iﬁ, TaK U YPABHCHHBIX BCIIMYNH. KpOMe TOI'O BO3HHUKACT 3a-
Jada OOCHHUTb TOYHOCTD KaKoT0-JI100 S3HAYCHHUA, BBIYHUCIICHHOT'O YCPC3 YPABHCHHEIC
BCIINYUHBI.

CocraBuMm (bYHKHI/IOHaJIBHYIO 3aBUCUMOCTb MCKIOY OHpCIICHHCMOﬁ BCIINYH-
HOH 1 YpPaBHCHHBIMHA 3HAYCHHUAMU

U=F(X,X,,.... X,). (2.121)

Cpenuss kBaapaTruueckas ommoka Takoi GyHKIIUU OMPEACTIUTCS coTyiacHo (2.54)

1
M, = u |—.
o=t
OmmobKa eMHMIIBI Beca paBHa
il (2.122)

r

[Mockonbky Xi = X; + Vi, dynkuus (2.121) npumer Bu

U=F(X +V,X +V,,.. X, +V, ). (2.123)
Jly1st mpuBeneHus K JIMHEMHOMY BUY pasioxkuM ¢GyHkiuio (2.123) B psaa Teiinopa
U =F(X,X,,..,X,) ﬁvl+ﬁv2 +E,
OX, oX, oX,
a €CJI BBEJIEM 0003HAUEHUS
oF
F(xu, X2, ooy X =fo;  — =fi,
OX

TO TOJIyYUM

U="f+fv+fyv,+.+fv. (2.124)
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Ecau B paBeHcTBO (2.124) BMecTO mOmpaBOK IOJACTaBUTh WX 3HAYCHUS M3

ypaBHeHU# Koppenat (2.107), moxydum ciemyromiee BepaKeHrne Halel QyHKINN

U=, +%(alK1 + b K, +...+9,K, )+

1

+L(a2K1 +b,K, +...+9,K )+
2

f(aK+bK+ +9.K,).

P,
['pymImupyst OTHOCHTEIBHO KOPPEJAT, TOJIYyYHM CIIEIYIOIIEE BEIpaKeHNE (QYHKIIUH
U= f0+{£}|<1 {bf}K ;. {gf} . (2.125)
p p p

[IpucoeMHUB MOJIYYEHHOE BBIPAKEHUE K CHCTEME HOPMAJbHBIX YpaBHEHUMN
KOppeJaT U BBES HEONPEACICHHBIE MHOXHUTEIH p1, P2, ... , Pr , TOCIE COOTBETCTBY-
110)110%0:4 Hpeo6pa3OBaHI/1ﬁ ornpenenum oopaTtHbiii Bec PpyHkimu U

= =laff ]+ [qaf o, +[abf Jp, +...+ [agf ]o,. (2.126)
U

N3 peuieHust cucteMbl HOPMaJIbHBIX YPABHEHUM JJI1 HEOIIPEIEICHHBIX MHO-

JKUTEEH
[aaa]o, +[qablo, +...+[qag]p, +[qaf |=0;
[qablp, +[qbb]p, + ...+ [abg]p, +[qbf |=0;
[gag]p, +[abglp, +...+[agalp, +[aof |=
HaxXoIuMm HCOHpC}IeHCHHBIe MHOXUTCJIIN p]_, p2, ey pr u, IIOACTAaBUB UX 3HAUYCHUS B

BbIpaxeHue (1.126), momyunm

1 1 [gaf [gbf -1 [agf -(r-2)f
B 9 e o] fagg (o0 @)

JIist KOHTPOJISI MPAaBHJIBHOCTH BBIYHMCIICHHUS OOpaTHOTO Beca (DYHKIIMHM WHC-

MOJIb3YETCsl KOHTPOJIbHAs hopMyia

1 lgaf ] s 7 labf 1] _ _loof (r=DF o
o) =[qfz, |- [qaa][q %]~ fgbb 1 ][ ab, -1 - [qgg-(r—l)][quu (r-1)]
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3. JUHEMHO-YTJIOBBIE IOCTPOEHUSI
3.1. Cnioco0 npsiMoii yriioBoM 3ace4ku

CriocoObl HaxOXKJIEHUS KOOPJUHAT OTAENbHBIX TOYEK M3MEpPEHUEM IapaMeT-
POB, CBSI3BIBAIOIINX TOJIOKEHUE OMPENEIIEMBIX TOYEK C HMCXOJHBIMU IYHKTaMHU.
Jlnst onpeneneHusl MIAHOBOTO TOJIOKEHUSI TOYKM HEOOXOAMMO W3MEpPHUTH JIBa dJie-
MEHTa. 3aCCUKH MOIPA3ACISIFOTCS Ha IpsAMbIe(puc. 2, 4, 2), obpaTHble (puc. 2, 6, 0) U
KOMOWHUpPOBaHHEIE (pHC. 2, 8).

ITo criocoObl M3MepeHnii 3aceUkn MOPa3AeiAiOT Ha YIIIOBbIe (puc. 2 a, 0, 6),
JauHeHHbIe (puc. 2, 2), TMHEeWHO-yrioBbie (puc. 2, 0). Mcnonb3oBaHue JHMHEHHO-
VTJIOBBIX TOCTPOCHHM, TJI€ MUMEIOTCS KaK YIJIOBBIC, TaK W JIMHCHHBIC M3MEPEHUS,
MO3BOJISIIOT HE TOJBKO YMEHBIIUTH KOJUYECTBO CTAHIMI, HO M YKUCIO U30BITOUHBIX
n3Mepennid. [1Inpokoe UCmob30BaHNE COBPEMEHHBIX T'€OIE3MYECKUX AIEKTPOHHBIX
pUOOPOB MO3BOJUIIO MCTOIB30BATh CIOCOOBI JTMHEHHO-YITIOBBIX 3ac€UeK MPH CO-
3JIaHUHU TIJIAHOBOTO T€0I€3NYECKOT0 000CHOBAHUS.

Cnoco0 npsiMoii yrioBOM 3aC€UKH 3aKII0YAETCS] B TOM, YTO JJIsl ONpeIeTIeHUs
noJioxkeHust Touku P oT 6a3oBbix HampaBieHuil AB u BA usmepsitores yrisl f1 u f2
(puc. 3). [y penieHus: JaHHOW 3a7auu pacCMOTpuUM TpeyroibHuk APB. B manHoM
TPEYTOJIbHUKE UCXOAHBIMU JaHHBIMU OYyT: KOOpAUHATHI Xa , Ya; Xg, Yg Touek A u
B. Pemas oOpatHyio reojie3ndecKkyro 3ajiady, 1o koopauHaram touek A u B ompe-
JeNsIeM JTUPEKIIMOHHBIA yTOJI 045 ¥ JUTHHY D muHun AB.

CornacHo TeopeMe CHHYCOB

b S 3,
sin(B,+ 8,) sing. sing,

BBIYUCIUM AJIMHBI CTOPOH Su Sl. OHpeI[eHI/IB JAUPCKIIUOHHBIC YIJIBI aap U Gpp 110

(3.1)

dbopmynam
a,, =a, +360" - 4;
AP AB 1 (32)
Ay =, —360° + 3,
periasi IpsMyIo re0Ie3NYECKYIO 3a/1auy, HaiieM KOOPAUHATHI TOuKH P.

X, =X,+S,-cosa,,; Y. =Y, +S, sina,,. (3.3)
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Puc. 2. Cxembl 3aceuex:
a — IpsiMast yriioBas; 6 — oOpaTHas yriioBasi; 6 — KOMOMHHPOBAHHAS YTIIOBAS;

2 — IMHeWHas; 0 — TMHENHHO-YyTIJI0Bast

Puc. 3. [Ipsimas yrinoBas 3aceuka

KoHTpoJb noSTydeHHsI KOOPAUHAT ONpeAesieMoil Touku P ocyiectisiercs C
MOMOILBIO petieHust Tpeyrojisauka BPC.

Jyist BerumcieHus: KoopauHaT Xp ¥ Yp MOXKHO HUCTIOIB30BaTh (popmyiel FOHra

X - X ctgp, + XyetghB + (Y, =Y,) .
i ctgs, + ctgp,

v - Y.ctgs, +Y.ctgp, — (X, — X,)

F ctg, + ctgp, '

CpenHss KBagpaTHdecKas OMIMOKA IOJIOXKEHUs Touku P oTHOcuTENnsHO nc-

(3.4)

XOJIHBIX ITYHKTOB OMPEAEIISICTCS COTJIacHO (hopMyIie
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mb

M, = ST T D \/sm B, +sin? B, (3.5)
NnIn
- ™ 5?157. (3.6)
psin(f, + B,)

B ciydae oTCyTCTBHS MPSAMOW BHUAWMOCTH MEXKIY HCXOTHBIMUA ITyHKTaMH
MOJKHO HCITOJIB30BaTh (hopmysisl I'aycca (puc. 4). OnpenesistoT TUPEKIMOHHbBIE YT-
JI6I IPUMBIYHBIX HAIIPABJICHUH HA UCXOJIHBIC MYHKTHI. [1oCiie 3TOT0 BEIYHUCIISIOT JTU-
PEKILMOHHBIE YIUIBI JI TPEX HAIpaBIeHui Ha onpenensemyro Touky P . Koopauna-
TBI TOYKHM P BBEIMHMCIAIOT COrIacHo (GOpMyIam:

— XAtgaAP — XBtgaBP + (YB _YA) .
] tgaAP - tgaBP ’

Y=Y, + (X, — X)tga,, =Y, + (X, — X, )9, (3.8)

X

(3.7)

v Yictga,, —Yotgay, + (X, — X,). (3.9)
P Ctga,, —Cltgarg, |

XP = XA + (YP _YA)CtgaAP = XB + (YP _YB)CtgaBP' (3.10)

oz A
S~ -~ :

A

PI/IC. 4 OTCYTCTBI/IC HpSIMOﬁ BUAMMOCTU HA UCXOOHBIC HyHKTBI
3.2. Cioco0 JUHEHHOM 3aCeYKH

Hcnonp30BaHue B reo1e3UYECKOM IMPAKTHUKEC CBECTOAAILHOMECPOB U OJICKTPOH-

HBIX TaXCOMCTPOB IMO3BOJICT OIPCACIIATL ITOJIOKCHUC TOYKHU JIMHEHMHBIMU 3aceyKa-
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mu (puc. 5). C 3TOH 1EIbI0 U3MEPSAIOT PACCTOSHKME OT TOUKK P 10 Gnmkaimmx mc-
xonHbIX TyHKTOB A 1 B, paccrosHue mexmay KOTOPbIMH W3BECTHO MIJIM MOXKET

OBITh OTPEICICHO 10 KOOPAUHATAM ITHUX ITyHKTOB [2].

P

o

* 5
g

3 B

Puc. 5. Cxema IMHEHHON 3aC€YKU

Pemrast tpeyromsrnk ABP | B koTOpoM M3BeCTHEI TpH ero CTOpoHBI S, S, U
S3, MOKHO ONIpeeNuTh Bee TPH ero yrila; Hanpumep, 13 GopMyJibl
S7 =S5 +S5 —25,5,Cos A
=92 T3 293
CJIE/LYET, UTO

SZ+S2-S7
25,8,

COSA= (3.12)

CyMMa Tpex BBIYMCIEHHBIX YTJIOB AOJDKHA paBHATBCA 180°, 4TO CIyKHUT
KOHTPOJIEM TPaBUJIBHOCTH UX BhluncieHus. mes B tpeyroibauke ABP  ussect-
HBI€ YIJIbI U CTOPOHBI, MOKHO, TpuMeHsist hopmysbl FOHra (3.4), BRIUMCIUTH KOOP-
nuHaThl X p ¥ Yp . B ensax KOHTPOIIs BBIYUCIICHUS KOOPAMHAT TOYKH P iiHeitHyo
3aCEUKY BBIMOJHAIOT MOCTPOEHUEM HE OJHOTO, a ABYX TPEYTrOJbHUKOB; MPU 3TOM
JIOJKEH OBITh MCIOJIb30BaH TPETUN UCXOAHBIM MYHKT, JO KOTOPOTO MOXET OBITh
M3MepeHo paccrosaue oT Touk P . ITorpemnocTs mosoxenus Touku P us omHo-

KpaTHOU JIMHEWHOMN 3aCEUKH OMPEACIAIOT Mo (hopmyrie

Mo, s [s2.s2, (3.13)

:S-siny
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m
rac — . OTHOCHUTCJIbHAA ITOTIPCINHOCTD UBMCPCHUA JIMHUU,

¥ - yroJl 3aCEYKH IIPU ONPEIEIIEMON TOUKE.

3.3. Cnoco0 oOpaTHO¥ yrJjI0BO# 3ace4KH

OOpaTHOW YTJIIOBOM 3aCEUKOM SBISICTCS 3a7ada OMPENCTICHUS TOJIOKCHUS
Touku P myTrem u3MepeHus yrioB Ha Hei. [Ipu onpenenennn Touku oOpaTHOM 3a-
CEUKOH C OmpeAessseMOll TOYKH JIOJDKHO OBITh M3MEPEHO HE MEHEE YeThIpeX
HaIlpaBJIeHUI Ha UCXOAHbIE MMYHKTHI (puc. 6).

TouyHOCTh OmpeneneHuss TOUKU 0OpaTHOW 3aceuKkoi B OOJBIION CTENEHH 3a-
BHMCHT OT PACIOJIOKEHHs ONPENEIIEMON TOUKM P OTHOCHTENBHO MCXOMHBIX TTyHK-
TOB, IOATOMY HY>KHO OTOpachiBaTh T€ KOMOMHALIUU, B KOTOPBIX ONpeenseMas To4-
Ka JIeKUT BOJIM3HU OKPYKHOCTH, IPOXOASAIIEH Yepe3 NCXOJHbIE ITYHKTBHI.

JUIst BBIYMCIEHUS] TUPEKIIMOHHOTO YIila UCXOJAHOIO HAIllpPaBJIEHUS MOKHO HC-
nojb3oBaTh hopmyny enambepa:

_ (Y, =Y)ctgy, + (Y, —Ys)ctgy, + X, — X, (3.14)
(X, = Xp)etgy, + (X = Xj)etgy, +Y, =Y,

tgo

Puc. 6. OOpaTHas yriioBas 3acedyka

Hupeximonnsie yriael Hanpasiaenuit BP, CP, DP BeruucnstoT cormnacuo ¢op-

MyJIaM:
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o, =0, +y,0;,=0 1), 0, =, + 7,

Koopaunats! onpezaensemoii touku P o popmymnam 'aycca (3.7) - (3.8).

Puc. 7. Cxema onpenenenusi KoopauHaT TOUkH P o Tpem
WCXO/HBIM ITYHKTaM U JIBYM U3MEPEHHBIM yTiaM

Koopaunatel onpenensemoit Touku P 1o tpem mcxomueiv nynkram A, B,
C u usmepennniM yriam 1 u B, BbuMcnsior no Qopmynam M. 10. Ilpanwuc-
[IpaneBuya. J{J1st KOHTPOJISE UBMEPSIOT TPETUN YTOT f3.

Hcnonb3yembie popMyIIbL:

e R v = A
N, = (Y, —Y,)(ctgB, —tg®) — (X, — X,)(L+ ctgF,tg®); (3.16)
N, = (Y, =Y,)(ctgp, +19®) + (X, — X,)(1—ctgs,tg®). (3.17)
B nanbueiiiem ucnons3yior cpeanee 3naserne N =0,5(N; +N,).
AXZ:m; X, =Xy +AX,. (3.18)
AY, =AX, -190; Y, =Yg + AY,. (3.19)

Cpennsis KBaapaTudecKas oIIMOKa ONpEeNeNeHus MON0KEHUs Toukn P ompe-

JEJSIOT TI0 (popMyJIaMm:

M, = Sy My J( S, TJF(S:%T; (3.20)
' pesin(p+ S+ 5,) |\ AB BC
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M, =—— 53 My J(SZJZ+(§LJZ, (3.21)
> p-sin(y + B, + B;) \\BC CD

1€ (0 ¥ I/ - YIJIbI MEXKILY HCXOJHBIMM CTOPOHAMH;
S1,5,,5;,S, - paccTosiHus MeKIy ONPEACIAEMOil TOUKOM M HCXOJHBIMH ITyHK-

Tamu;
AB, BC, CD - paccrosHust MeXx1y UCXOIHBIMH ITyHKTAMH.
OG0 IIOrPENIHOCTD MOJIOXKEHH TOUKU P HaxomaT 1o hopmyie

MP 'MP
M, o= " (3.22)

SENIYHESVES

[Ipenmonoxxum, H3MepsieTCs yroj f Ha ompeacsieMoll Touke P Mexnmy
HarpaBJICHUSIMU Ha JiBa myHKTa AB ¢ u3BecTHbIMU KOoOpauHaTamMu Xa, Ya U Xg, Y.
[IpoBeneM OKpy:KHOCTB depe3 umeronuecs Touku A, B u P. B atom ciaydae nsme-
PEHHBIN yroi S OyneT paBeH IOJIOBUHE JIyT'H, Ha KOTOpYI0 OH onupaercs. CienoBa-
TEJIbHO, YTOJ MPU TOYKE /], Omuparomuiicss Ha 3Ty JAYyTY, SBISETCS IEHTPAIbHBIM U
oyner pasen 2 (puc. 8). U3 perrennst 00paTHOM reo1e3uuecKoi 3a1aun OnpeeuM
paccrostaue b mexay myHktamu A u B. Paguyc R okpy)XHOCTH HaxouM U3 MPSIMO-

yroabHOro TpeyroiasHuka FI/B:

(3.23)

Puc. 8. K Beruncnenuro R u Puc. 9. O6paTtnas yrimoBas 3acedka
KoopauHar To9ku L]
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VYpaBHeHUE OKPY>KHOCTH UMEET BUJL:

(X = Xc)?+(Y —Yc)? =R?, (3.24)
rae Xc , Y¢ - KOOPAUHATHI IEHTPa OKPYKHOCTU. IX MOYKHO BBIYUCIIHTH, PEIIIUB JTHU-
00 TIPAMYIO YTJIOBYIO, TUOO TUHEHHYIO 3aceuKy ¢ MyHKTOB A n B Ha Touky /].

JI71st 0JHO3HAYHOTO OMpEIeTICHUSI KOOpAMHAT UCKOMOM Touku P HemocTaTou-
HO ypaBHeHUs (3.24). [ToaToMy BOCIOIB3yeMCSI HAXOXKICHHEM KOOpAUHAT TOYKH P
10 IBYM M3MEPEHHBIM yriiaM f1 u 5, B Touke P Ha Tpu nynkra A, B u C (puc. 9).

OnpenenuM paanycel okpyxxHoctel Ry u Ry

R=-2 . Ry=— 2 (3.25)
23InB; 251N,

BrraucnrM KOOpAMHATBI HEHTPOB OKPYXKHOCTEW. B manpHENIEM KOOpIWHA-

ThI TOYKU P MOKHO omnpeneuTh 1o GhopMmysiaM JHHEHHOH 3aceuku (3.4).
3.4. 3agaya 'anzena

3anaya 1o onpeaeneHuo KoopauHaT aByX Touek C u D mo AByM MCXOAHBIM
nyHkTaM A 1 B Bo3HHMKaeT 0OBIYHO MpU MPUBSI3KE NOJUTOHOMETPUYECKUX XOJI0OB HA
3aCTPOEHHOM TEPPUTOPHUHU, KOT/IA UCXO/IHbIE TYHKTHI 3aKPETIEHbl CTEHHBIMH 3HaKa-
MHU.

JItst permenus 3aaa9u U3MepsroT yriel f, y u 0 (puc. 10). Beibop mect onpe-
JIeNIIEMbIX TOYEK CJIEIyeT MPOU3BOJIUTH TaK, YTOOBI B TPEyroJbHHKaX, 00pa30BaH-
HBbIX HAOJI0JaEMbIMU HAIPaBICHUSMU M UCXOAHOU cTopoHoi AB, He Obuto ciummi-
KoM ocTpbix yrioB (Menee 30°). Jdnuna nuauu CD pgomkHa cocTaBisTh HE MEHee
0,5AB.

OauH W3 MHOTOYMCIICHHBIX BAapUAHTOB PEIICHUS 3a/aud MpeaycMaTpuBaeT
WCITOJIb30BAHUE CIIEAYIONNX pabounx HopMy:

sin g -siny -sin(a + B+ 0)
sina-sing -sin(f+ 0 +y)-sin(f + o)

sina-sino -sin(f+9 +y)
sin g -siny -sin(a + B+ 0)-sin(f + o)

ctge = +ctg(B+90); (3.26)

ctgy = +ctg(B+0). (3.27)

58



Puc. 10. Cxema 3agauu ['anzena

Kontponb: €+ = S+ 0. Pacxokaenus B CyMMax He JOJDKHBI IPEBBIIIATH

0,1". ITo u3MepeHHBIM yTIaM BBIYHUCIISIOT YTIIbI
=180° —(B+S5+7);
@, =180° —(a + B +9).

C yderoMm 3Ha4eHUH & U |/, peIIalOT MpsAMbIE T'€0JIe3NYECKHE 3aCEUKU TI0
dbopmynam FOnra (3.4). KonTponeM npaBUIbHOCTH BEIYUCICHUHN SBIISIETCS PEIICHUE
o popmyiam IMaycca (3.7)-(3.8).

Tounocts onpenenenus nonoxenus: Touek C u D cocTaBut:

m -b

MC——\/sm w+sin’(e+¢,); (3.28)
p-sin’y
m
MD——\/sm e+sin‘(y +9,). (3.29)
p-Sin“a

3.5. JIuHeHHO-YTIJI0BO# X0/
3.5.1. BeluuciieHue KOOPAMHAT MYHKTOB JIUHEHHO-YIJIOBOT0 X012

OmnpenensieM KOJINYECTBO MMyHKTOB XOAa C HEM3BECTHBIMU KOOpJIUHATAMH X U
Y, KoTopble HEOOX0AUMO HaTH. OO0IIee YUCIO MyHKTOB COCTABUT N, a YUCIO MPH-
HATBIX HEM3BeCTHBIX - 2( N - 2 ). OO0Iee KOJUYECTBO M3MEPEHHUI B Pa30MKHYTOM
xoje coctaBuT (2n - 1) cornacHo pucyHky 11. Hucmo M30BITOYHBIX U3MEpEHUi Oy-

ACT paBHA:
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(2n-1)-2(n-2)=3.

Kaxnoe n30bITOYHOE U3MEPEHHUE JAET OJIHO yCJIOBHOE ypaBHeHue. Cienona-
TCIbHO B PA30OMKHYTOM JIPIHCﬁHO-YFJ]OBOM XO0AC BBIIMOJHAIOTCA CICAYIOHNIHUC YCJIIO-
BUA: JUPCKIOUOHHBIX YITIOB U YCIIOBUA a6CHI/ICC U OpAHHAT.

Brraucienue AUPCKOHMOHHBIX YIJIOB CTOPOH XOAa BBIIMOJHACTCA 110 CICAYIO-

e hopmyiie:

a,=a,+Y B-180"-n, (3.29)
a TCOPCTNICCKAasA CyMMa BCCX JICBLIX 110 XOA4Y YIJTIOB COCTABUT
> B, =0, —, +180"-n. (3.30)
JIn1s1 mpaBbIX YIiioB XoAa:
> B, =a, —, +180"-n. (3.31)

PazHocTth MCIXKIOY CYMMOﬁ HU3MCPCHHBIX YIJIOB U TGOpGTI/I"IeCKOﬁ ABJLACTCSA yI'-

JIOBOM HEBI3KOM:

fy =2 = 2P (3.32)

[lonyyeHHOE 3HAYEHUE YIIOBOM HEBSI3KM HE JOJDKHO MPEBBINIATH JTOIYCTH-

MOM BEJIMYMHBI, BEIYUCICHHOM 110 hopmyJie
fg =2.my-n. (3.33)

]_ICJ'IBIO YpaBHHUBAHMHA ABJIACTCA HAXOXKIACHUC IMOIIPABOK B U3BMCPCHHBIC 3HAYC-
HHA YI'TIOB B COOTBCTCTBUC C BO3ZHHUKIIMMHU YCIIOBUAMMU. HOHpaBKI/I Vﬁi B U3MCPCH-

HBIC YI'JIBI B CYMMC JTOJIDKHBI PaBHATH HEBA3KE C O6paTHBIM 3HAKOM.
v, =—f,. (3.34)

[TpubnukeHHbI croco0 ypaBHUBAHUS 3aKJIIOYAeTCsl B BBEACHUHU IOMPABOK

MIOPOBHY BO BCE U3MEPEHHBIE YTJIbI, T.€.
v, =—2%, (3.35)

I/ICHpaBHeHHBIe SHAYCHUSA YTJIOB BBIYHUCIISIYOTCA 110 CI)OpMy.J'IeI

IBi = ﬁi(ux,u) + V. (336)
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IIo HUCIIPABJICHHBIM YIJIaM BBIYHUCIIAIOTCA TUPCKIOUOHHBIC YIJIBI BCCX CTOPOH
Xonaa. KOHTpOJ'IeM ABJIACTCSA IOJIYUYCHHNC 3HAYCHUS HMCXOJHOTO AUPECKIIMOHHOTO KO-
HCYHOU CTOPOHEI.

KooprHaTel MyHKTOB X0/a ONPEAEIIUM COTJIACHO hopMyiam:

Xl = XHa'-t’ Yl =YHaLt’

X, = X, +AX,; Y, =Y, +AY,;
...................................................... (337)
X n-1 = x n-2 + AX n-2 ’ Yn—1 = Yn—Z + AYn—2 !

X KoM — mel + AX n—l; YKOH — Ym—l + AYn—l

B PE3YIILTATC IMOJdYy4YaCM HCBA3KHU IIO IIPHUPALICHUAM KOOPpAHWHAT BCIICACTBHC
omrOOK, BOSHUKAIOIIUX MPH M3MEPEHHH CTOPOH XOJa W MPHUOJIMKEHHOTO ypaBHU-
BaHMUA YIJIOB.

fx = ZAX wsm ZAX meop )
fy = ZAYIBM - ZAYmeop'

AOCOII0THAs! HEBSI3KA BEIUUCIISICT:

(3.38)

f= [T+ 12 (3.39)

OTHOCI/ITGHBHaﬂ HEBA3KA XO0J1a COCTABUT:.
= (3.40)

rae P — nepuMeTp 3aMKHYTOTO X0/1a WJIM CyMMapHas JUIMHA pa30MKHYTOI'O XO/1a.
[TorpaBkK B BBIYMCIICHHBIC 3HAYEHUSI MPEBBIMIEHUN HAXOIAT IMPONOPIHO-

HaJIbHO AJIMHAM CTOPOH
Vy=28i V=208, (3.41)

[To wWCrpaBICHHBIM 3HAYECHUSAM MPUPALICHUNW BBIYUCISIOTCS KOOPIAUHATHI
IYHKTOB JIMHEMHO-YTJIOBOTO XO/1a.

Otmrurem oOpabOTKHM 3aMKHYTOTO XOJa SIBIISIETCS OINpPECIICHUE TeopeTHIe-
CKUX CYMM YIJIOB U IPUPALIEHUN KOOpAWHAT. B 3aMKHYTOM XOJ€ MPU U3MEPEHUU
MPABBIX YIJIOB I10 X0y TEOPETUUECKASA CYMMA YIJIOB BBIYUCIISAETCS COTJIACHO:
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> Buneop = 180°-(n — 2) (3.42)

YAX =0; YAY =0.

3.5.2. IIpuBs3Ka JTUHEIHO-YIJIOBBIX X0/10B

HpHBHSKOﬁ HHHCﬁHO-YFJIOBOFO Xoda ABJEICTCA BKIIOYCHHMC B HCI'O OJHOI'O
HJIN HCCKOJIBKHUX ITYHKTOB C M3BCCTHBIMHW KOOpAMHATAMU. Ha naganpbHOM U KOHEY-
HOM IIYHKTaX XO0Jdad U3MCPAIOTCA IIPUMBIYHBIC YIJIBI.

B CJIydac IPHUBA3KK K HCAOCTYIIHOMY ICOACIHMYCCKOMY ITYHKTY TCOJOJUT
YCTaHaBJIIMBAIOT IIPONU3BOJBHO (TO‘-IKa P) HpI/I 9TOM BO3HHKACT 3aJa4y IIO0 IICPCHC-
CCHHUIO KOOpAMHAT C BCPIIMHBI 3HAKA Ha 3CMIIIO. HSMCpHIOTCH 0a3uchl b1 u bz, a

TaKXKe UBMEPSIOT YIIIbL f1, f2, 0 U B'1, B2, o' (puc. 11).

Puc. 11. Cxema cHeceHMsI KOOPIMHAT C BEPUIMHBI 3HAKA HA 3€MJII0

Pemast 0OpaTHYIO reoIe3UYecKyIo 3a/1auy, BBIYUCISIOT PACCTOSHUS S1 U Sp U
TUPEKIIMOHHBIC YTIIBI Glag U Olac. 3aTeM HaXomsT pacctosHue AP u3 perieHus Tpe-
yronsHukoB AMP 1 ANP cornacno ¢opmynam

Ap—d = BSNB g _ DSING (3.43)
sin(g, + 4,) sin(f; + f3,)
Ecnu pacxoxxaeHne Mex1y MoJy4eHHbIMH 3HAaUCHUSAMU HE TIPEBBIIIAET JOIMYCTUMON

BCIIMYMHBI, TOTAAa BBIYUCIIAIOT CPEAHEC SHAYCHUC

_d, +d,
-

d (3.44)
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JI1s1 HAXOKJIeHUSI PUMBIYHBIX YTJIOB (@ U @' BBIYUCIMM 3HAYCHUS YIJI0OB Y U /'
. dsind ., dsino’
siny = ; siny'=——.
Sl 2

(3.45)

[To mosry4eHHBIM 3HAYEHUSM TPUMBIYHBIX YTIIOB BBIYUCIUM JUPCKIIMOHHBIN
yroi aap TuHUU AP oTHOCHTEeRHO HanpasieHuit AB u BC.
Brraucnsiem koopanHaThl TOUkH P o ¢popmyrnam
X,=X,+d-cosx Y, =Y, +d-sina,. (3.46)

AP?

Cpenusst kBagpaTuyeckas OmIMOKa OINpeeeHUs MOJIOKEHUS] TOYKU P BbI-

M = d (ﬂjzé(%j | (3.47)
b 2\ p

rae Mp — CpeaHsAsa KBaapaTHYCCKast ommoKa OIIPpCACIICHUA 62131/103;

qucisercs 1mo Gopmyne

M — CpeHsAs KBaJpaTHUECKas OIMOKA N3MEPEHUS yIIa.

4. YPABHUBAHUE NOJUTOHOMETPUYECKHX XOJ10B U CETEHN
4.1. IlocTaHOBKA 321a4¥ YPABHUBAHUS

OnpenenuM 9uCciI0 U30BITOYHBIX U3MEPEHUH B TMOJUTOHOMETPHYECKOM XOJIe
(puc. 12), onuparomeMcst Ha UCXOAHbIC TYHKTHI Ty U T M UCXO/IHBIE JTUPEKITMOHHBIC
YTIIBI Oy U Ok
r=n-Kk, (4.1)
TJIe /1 - YACTIO BCEX U3MEPEHUH;

K - unciio HeOOXOAMMBIX U3MEPEHUH (YMCII0 HEM3BECTHBIX ).

Puc. 12. Pa3oMKHYTBIN U OAMHOYHBIN TOJUTOHOMETPHUIECKUN XO/T
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B pa3oMKHYTOM NOJUTOHOMETPUYECKOM XOAE M3MEPSIIOT 1 CTOpPOH U n + 1

yrioB. Torma
r=2n+1-2(n-1)=3. (4.2)

CriocoObl ypaBHUBaHUS JIETSTCS HAa CTPOTHE, KOT/Ia ypaBHUBAaHUE MPOU3BO-

JUTCSI COTJIACHO MPUHILIMITY HAUMEHBIINX KBAJPaTOB, T.€.
[pw]=min,

N HCCTPOTIUC WM PA3ACJIbHBIC, KOr'la IMOIIPABKHU B U3SMCPCHHLIC YIJIbI U BBIYMCJICH-
HBIC ITPUPAIICHUA KOOPpAUHAT BOAAT pa3aCiIbHO, HC CMOTPA HA UX ®YHKHHOHMBHym

3aBUCUMOCTb.
4.2. llpenBapuTe/bHbIH aHAJIU3 Pe3yJbTATOB MOJIEBbIX U3MepeHuit

KamepanbHas 00paboTKka pe3yabTaTOB U3MEPEHUI BBINOJIHAETCS B ABa 3Tala!
- IpeBapuTeNbHas 00paboTKa;

- YPaBHUTEJIbHBIEC BBIUNCIICHMUS.

B ropuzoHTanbHbIe TPOJIOKEHUS BBOAST MONPABKH ASy JUIS MOJXY4EHUs JIH-

Hul B npoekuuu ['aycca

= ZyF;Z s/, (4.3)

AS

IZI€ Vi - CPEIHSSI OPAMHATA WIIM CPETHEE PACCTOSIHUE JINHUHA OT OCEBOI0 MEPUIMAHA;
Rm -cpeanuii paguyc mapa, paBabiid 6371,11 kMm;
S' - IJIMHA JIMHUM, IPUBEJICHHAS K TOPU30HTY.

[TonpaBka 3a nmpuBeIeHNUE K YPOBHIO MOPSI BBIYUCIISIETCSI COTIIACHO popMmyIie

As, =——".¢', (4.4)

rne H,, - cpeiHss BBICOTA JUHHUH HaJl YPOBHEM MOPSI.
3HaueHus y, u H, onpeaenstor rpaduIecKuM CIiocoOOM IO KapTe paioHa
pabor.

[TonpaBky 3a KpUBHU3HY 3€MJIU 012 BBIYUCIISIOT COTJacHoO (popmyiie

64



___ P
82 =——5 (% =%)" Y- (4.5)
2Ry,

[Ipu 0OpaboTke X012, BEIYHCISISI MPUPAICHUS] KOOPIUHAT, IMOTYYal0T HEBSI3-
ku fy u fy, a He npononkHyro t U Monepeunyro u HeBs3ku (puc. 12). DTu 3HaAUCHUS
MOYKHO OTIpEeNIeIHTh 10 HeBsi3kaM fy u fy.

3HaveHUsI TOTIEPEYHON U MPOAOIBHON HEBS30K BBIYHCIISIEM 110 popMyIam

t="f -cos®+ f -sin®;

. (4.6)
u=f -cos®-f, -sin®.
OnpenenuM yroa noBopoTa ocen
COS® = M
L ]
(4.7)
sin® M
L
Bennuuny 3ambikaronied L HaliieM 13 BbIpaKeHUs
L=[ax] +[ayF. (4.8)

Puc. 13. CxeMma k ompe/ielIeHHIo MTPOJIOJIBLHON U TIOTIePEYHOM HEBSI3KH { 1 u

OTHOCHUTENBHBIC BETUYUHBI HpO)IOHBHOﬁ u HOHCpC‘IHOﬁ HEBA30K COCTAaBAT

u_fI-nIy] 1 R ] 4.9)

L [axP+ayf "~ L [AXF +[AyF
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[IpeaBapuTenbHO MPOU3BOAUTCS OLICHKY TOYHOCTH PE3yJbTaTOB U3MEPEHHUIA,
U KOTOpasi MO3BOJISIET MPOBEPUTH MPABWIHHOCTh BBITIOJTHEHHBIX YTJIOBBIX U JIMHEH-
HBIX U3MEPEHUI, a TAK’KE€ COOTBETCTBUE TOYHOCTH IMPOU3BEICHHBIX Pa0OT.

OneHka TOYHOCTU U3MEPEHHUSI YTIIOB MOYKET BBIOTHATHCS:

- 10 OTKJIOHEHUSIM OT apuU(PMETUUECKOTO CPEIHETO;

- 110 Pa3HOCTSIM JABOWHBIX U3MEPEHUN;

- 110 3HAYEHUSM YTJIOBBIX HEBSI30K B MOJIMTOHOMETPUUECKUX XOJIaX.

CpGI[HfIﬁI KBaaApaTH4ICCKasd omnoOKa HU3MCPCHHUA yIJIa

w
m, =.[—-, 4.10
/ k-1 (4.10)

r7ie V — OTKJIOHEHUS OT apu(METUUECKOU CPEIUHBL;
K — KOTMYeCTBO U3MEPCHHI H3MEPEHUS yIIa.
Cpennsisi KBaapaTuieckas OIIMOKa CPEIHEro 3HAUCHHS yriia u3 yucia K m3-
MEpPHUI COCTABUT
M, =5 (4.11)
N
CpenHss kBagpaTHiecKasi olrOKa U3MepEHUsl YIiIoB MO HEBS3KaM B XOAaX X)

BBIYHUCIISICTCS 110 (popMyIie

(4.12)

Hcnonb30BaHne pa3sHOCTEW ABOWHBIX M3MEPEHUM MO3BOJISIET OINPEACIUTH B
oO1eM ciydae omuOKy €IWHUIIBI Beca i, OT KOTOPOH MOXXHO MEPEeUTH K OILICHKE

TOYHOCTH KaK pPC3yJIbTAaTOB H3MepeHHﬁ, TaK U OIIPCACIIACMBIX BCIIMYNH

1 ||pdd
== /[ ], 4.13
=y (4.13)

rie di — pa3HOCTH TBOMHBIX U3MEPECHHUH.

[Ipy HanmUYMKM CUCTEMATUYECKUX OIIMOOK B U3MEPEHUSIX OHU MCKIIOYAIOTCS
U3 TOJIyYEHHBIX PE3yJbTaTOB MU TOTJAa MOJB3YIOTCS clenayomend (opmynon ans
HAXO0XJI€HUs OIMOKY €IMHHULBI BEca
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1 [[pdd]
i 15 :0ahall 4.14
H=o g (4.14)

rac d’ - Pa3HOCTH HBOﬁHLIX HBMCpCHHfI, B KOTOPBIX OTCYTCTBYCT CUCTCMATHUYCCKAA

cocrasJsromas dy

| g |
o
.

d, =4, (4,15)

>S5

rJe N — YKiCI0 pa3HOCTEM.

4.3. CTporoe ypaBHUBaHUeE MOJUTOHOMETPUYECKOTO X0/1a
napaMeTpu4eCKuM CIocodooM

CornacHo mapaMeTpuyeckomMy crocoOy ypaBHHBAHHUsS OMPEACISIOTCS HE0O-
XOJUMBIC HC3aBHUCHUMBbIC HCU3BCCTHLIC. B IMOJIMTOHOMCTPHUYCCKUX XOdaX TAKMMH HC-
HN3BCCTHBIMU ABJIAAIOTCS KOOPAHWHATBI OIIPCACIIACMBIX ITYHKTOB

X, =X, +X;
Yo=Y+,

Ir'ae Xi, Yi - YPaBHCHHBIC 3HAYCHHUA KOOPJAWHAT,

(4.16)

Xo , Yo- NpHUOJMKEHHBIE 3HAUEHUSI KOOPAUHAT;
0Xi , 0yi - WCKOMBIE TTOTIPABKH.

[TockonbKy B MOJMMTOHOMETPHUYECKOM XOZE H3MEPSIIOTCS yIiibl MOBOPOTA H
JUHUM, TO M TapaMeTpPUUYECKHUe YpPaBHEHHUS IONPABOK COCTABISIOTCA IJS JBYX
TPYIIIL:

- JUIsl BCEX U3MEPEHHBIX YTJIOB;

- JUTsl BCEX U3MEPEHHBIX JTUHUIA.

VYron f Ha moboM nyHkTe 4 (puc. 14) MmoxeT ObITh IPEACTABIECH B BUJE pa3-
HOCTHU JUPEKIUOHHBIX YIJIOB €r0 CTOPOH

IBA =0 —Upg - (4-17)
Ncnonwsiys nuddepeHnmanbayo GopMyny TUPEKIIMOHHOTO yTiia
da:—(;:)dxA—%dyAJr(;:)de +%dy8, (4.18)

MO’KHO MOJTY4YHUTh U3 ypaBHeHus (4.18) ypaBHEeHHE OMPaBOK AJIs yriia
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R L R R A

k
Sy Sk Sk S S % % (4.19)

_ )
S

N, + 1,

ki
rae lp - cBOOOIHBIN WiIeH, paBHBIH
g« = (0t0,ap - Ct0,8) - B, (4. 20)
ao - IPpUOIMKEHHBIE JUPEKIIMOHHBIC YTJIbI HaIllPaBJICHHH,

['A - UIBMEPEHHOE 3HAUEHUE YTJIa.

P(x,v)

Puc. 14. Cxema u3mepeHnus yria S Ha myHKTe A

Benmuunel a u b onpenenstorest coriiacHo popmyinam

(@)=—p-sing, 4 21
(b) = p-cosa, } (4.21)

VYpaBHeHue CBsI3U 11l TMHUU Sag (puc. 14) nmeer Bua

2

AB (XA —Xg )2 + (yA —Ys )2' (4.22)

Ot ypaBHenus (4.22) corjaacHO MpaBUITy METOa HAUMECHBIITUX KBaIPaToB Tie-

S

PEXOOAT K YPAaBHCHHUIO IMTOIIPABOK JIA AJIWMHBI JIMHUA

v, =—C08a,, oK —sina,,dy, +Cosa,, X, +sina,, &, +1. ; (4.23)

Sik

= (Ko =%,)" + You = You)* = Sis (4.24)
e S'ik - U3MEPEHHOE 3HAYEHHE JINHUU.
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O61ee uncno ypaBHeHui nomnpaBok Buna (4.19) u (4.23) n0KHO COOTBET-
CTBOBATH YHCITY BCEX M3MEPEHHBIX yTJIOB M JIMHUN B XOJIC.
Pemiast cucremy ypaBHeHuii mnorpaBok (4.19) u (4.23) ¢ ucnoib30BaHHEM
ycnoBus (2.1), monydaeM cucTeMy HOPMAJIbHBIX YPaBHCHUM:
[paalox, + [pabloy, +...+ [pae]sx , +[pagloy, +[pal]=0;
[pabox, + [pbbldy, + ...+ [pbelsx, +[pbgldy, +[pbl]=0

[paglox, +[pbg oy, +...+ [peglox, +[pagloy, +[pgl]=0.

YPaBHGHHBIG SHAYCHUA KOOpAHWHAT HaXOOHUM COIJIACHO Q)OpMYJIaM

! (4.25)

X=Xo+08X;  y=Yo+3dy,
a 3HaYEHUs JUPEKIIMOHHBIX YTJIOB 10 (hopmyse
o =a +V, (4.26)
IJIe TIONPABKH Vi TIOJIY4YUM COTJIACHO paBeHcTBaM (4.19).

3Has KoopauHaThl myHKTa P (X, ), Hailaém

tger, =LY Y. (4.27)
X—X  AX

1
KoHTponbHBIE 3HAUEHUE YIJIOB @ JOJKHBI COBIAAATh C YIJIaMH, BBIYHMCIICH-
HBIMH 110 opmysie (4.26).
OneHka TOYHOCTH U3MEPEHHUIM COCTOUT B MOACUETE CPEAHEN KBAAPATHUECKON

OImuOKH yria
m, =, |———. (4.28)

OHGHKa TOYHOCTH YPABHCHHBLIX 3HAYCHUMN KOOpAWMHAT OCYHICCTBIIACTCS 110

dbopmynam

m=—2;, m=—+~. (4.29)

Beca pi pe3ysibTaToB U3MEpPEHUM BBHIpaXkKalOT B 3aBUCKMMOCTH OT BHJIA TIOJIUTO-

HOMETPUHU.

69



4.4. Ctporoe ypaBHUBaHHUe MOJIUTOHOMETPUYECKOTO X012
KOPpeJaTHBIM CIIOCO00M

MatpuyHas ¢opma 3amucH ypaBHEHHI MOMPABOK B KOPPEIATHOM CIOCO0OE

YpaBHUBAHUS UMEET CICAYIOIMIUNA BH]T
A, -V +W,; =0, (4.30)
31ech Ar - MaTpuiia KodhOUIIMEHTOB YpaBHEHU TIOTIPABOK;
V1 - BEKTOP MOMPABOK Pa3MEPOM;
W1 - BEKTOp HEBSI30K;
N - YUCIIO U3MEPEHUM;
K - 94rciio onpeensieMbIX HEU3BECTHBIX;

I' - YUCIJIO0 H30BITOYHBIX H3MepeHHﬁ, PaBHOC KOJIMYCCTBY YCJIOBI/Iﬁ .

VYcnoBue MHWHHUMYMa MOKHO ITPCACTAaBHUTh B BUJC
r :
V. -P -V =min. (4.31)

[ToryunM cucTeMy HOPMaIbHBIX YPAaBHCHHI KOppesaT
NI’I’ : Krl +Wr1 = 0, (432)

3nech Ny - MaTpuiia k03P GUIMEHTOB HOPMAJbHBIX YPaBHEHUM:
NI’I’ = A’n 'Hnn : A‘TI"] (4'33)

T,y - MaTpuIla OOpATHBIX BECOB;

Kr1 - BEKTOp KOppenar.

ITosryunM KoppenaTHoe ypaBHEHHE MOIPABOK
an :Hnn ) AII] ’ Krn ) (4'34)

Ycnosue AUPCKOHUOHHBIX YIJIOB HMCCT BHU/I

v, |+ f, =0, (4.35)

rre fz - yriuoBas HeBsi3ka X07a;
Vg - TIOTIPaBKH B U3MEPEHHbIC 3HAYCHUSI YTIIOB.

Crnenytolee yciaoBUE BbIPA3UTCSl YPABHEHUSIMU KOOPAUHAT:

[Vx]+ fx:O; 4.36
v, ]+ f, =0. (4.30)
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3I[CCB fx )41 fY — HCBA3KHU IIO IMPUPAIICHUAM KOOPAUHAT, OIIPCACIIACMBIC COITIACHO pa-
BCHCTBaM
fo=2AX,, = (X = X,
f=2AY,, =V, = Y.)

[TorpaBku B NpUpanIeHUusi KOOPJUHAT OMPEALIATCS CIEIYIOIUM 00pa3oM:

(4.37)

v
Vi, =Cosa; -vg —AY - —;
o,

(4.38)
VM}=SHH%-%i+AX-Yﬂ.
yo,
CorunacHo (4.38) mostyanm ypaBHEHUS KOOPAMHAT:
[Cosar-v. ]~ -[AY v |+ f, =0;
P (4.39)

[Sina-v, ]+ L. [AX -v. ]+ f, =0.
yo,
[IpeacraBuB paBeHcTBa (4.39) OTHOCUTENIBHO U3MEPEHHBIX YTIIOB, TIOJIYYUM

[COS&VS]_E[(Ym—l _Y)Vﬁ]+ fX :0’
P (4.40)
[Sina.vs]+1-[(xm —X)-v, |+ f, =0.
o,

Torma HopMabHBIC ypaBHEHUS KOppeiaT OyayT UMETh BUI:
[gaa]- k, +[gab]-k, +[gac]-k, + f, =0;
[gab]- k, +[gbb]- k, +[gbc]-k, + f, =0; (4.41)
[gac]- k, +[gbe]- k, +[acc]-k, + f, =0.

3n1ech (| COOTBETCTBYET 0OpAaTHOMY BECY U3MEPEHHBIX BEIUUYHUH

q=".
p

[IpencraBum HOpMaJIbHBIE YPABHEHUSI KOPPEIIAT B CICAYIOIIEM BUIE
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q-(n+1)-k, = 2V, ~Y )]k, + 2 [(X, = X))ok, + £, =0;

P Bp
__'[(le _Y)] kl +{q_ﬁz[(Yn+1 _Y)2]+[qs -COSZOC]}'kZ -
p p

__{q_i'[(le _Y)'(Xml - X)]+[qs -COSO!-Sina]}'kS + fx =0;
0

q_ﬂ'[(xml - X)]kl +{q_i[(Yn+1 _Y)'(Xml - X)]+[qs 'COSa'Sina]}-kz +
p p

+{q—ﬂ2-[(xm ~x)2]+[a, -Sinza]}-ka +f, =0,
P

[Mocne nHaxoxaeHust Koppenatsl Ki, Ko , K3 BBIMHCISIFOT MOTpaBKy B H3MEPEH-

HBIC 3HAUYCHU A
1 1 ,
Vs =g kl_;'(Ynﬂ_Yi)'kz+;'(Xn+1_xi)'k3 1 (4'42)

vV, =0 -{Cosq, -k, +Sing, -k, }. (4.43)

[lormpaBKM B TUPEKLUMOHHBIE YIUIBI MOJYYalOT COIVIACHO ITOIIPaBKaM B M3Me-
peHHBIe yTJ'IBI Vﬁ.

HcnpagiieHHble 3HaUYCHUSI NPUPALIEHUN KOOPAUHAT OINPEIEIISIFOTCS MO OKOH-

YHAaTCJIbHBIM 3HAYCHUAM AJINH J'H/IHI/II71 n I[I/IpeKHI/IOHHBIM yrnaM CTOpOH xozaa. 3aKJ'IIO—

YUTEIbHBIN KOHTPOJIb BBIIIOJHAIOT IIO UICXOJHBIM KOOPpAWHATAM

X, =X, +ZAX; Y, =Y, +ZAY, . (4.44)

K K

4.5. OueHKa TOYHOCTH YPABHEHHBIX 3JIEMEHTOB
B KOPpeJIaTHOM Cloco0e yPABHUBAHUS

JIJ1st OIIEHKM TOYHOCTH B KOPPEJIATHOM CIOCOO€ YpaBHUBAHUS COCTABIISICTCS

dbynaknus U Mo ypaBHEHHBIM 3HAYCHUSIM U3MEPEHHBIX BETUIHH X;
U="f(X,X,..X,). (4.45)

Cpennsisi kBagpaTuueckasi ommoOKka (PyHKIIMHA BBIYUCIISETCA COMIACHO PopMy-

m, = (4.46)
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TJIe i - ommKOKa €IUHUIIBI BEca,
Py - Bec GyHKIIMM ypaBHCHHBIX BETMYMH.

Ommbka CAWHHNIBI BCCa IIPH HCPABHOTOYHLIX HM3MCPCHHUAX B CBOIO OUCPCIb

= /—[p;’v], (4.47)

a oOpaTHBIN BeC (PYHKITMN HAXOAUTCS U3 BEIPAKCHUS

omnpezensiercs no Gopmyne

2 2 2
i:[qff _r]:[qff]_[qaf] _[qbf '1] __[qgf (r_l)] , (4.48)
P, [aaa]  [qbb-1] [agg(r—1)]
rae a, b, ..., g - Ko3pPHUIMEHTHI IPU TOMPABKaX B YCIOBHBIX YPABHECHUSAX;

f - ko3 dunmeHTs B oneHuBacMoi (YHKIMH, TPUBEICHHON K JIMHEHHOMY
BULY.
B oOmeMm ciydae n100yr0 (PyHKIIMIO YPAaBHEHHBIX 3HAUYEHUW YIJIOB M JIMHUUN
IMOJIMTOHOMETPHUICCKOTO X04a MOKHO IIPEACTABUTL B BUJIC
U=f+fyv, +fv, +.+f v, +1b +1fVv +.+1V , (449
rac fo - 3HAa4YCHUC (bYHKI_II/II/I, BBIYHUCJICHHOC 110 USMCPCHHBIM 3HAYCHUAM YIJIOB U JIU-
HUW;

b

f'u " - k03 PULMEHTBI COOTBETCTBEHHO MPH YIIIOBBIX U JIUHEHHBIX MOMPaBKax

Usi =Sp; T Vg
Uﬂi :/Bo,i Vs
U, =a, +[Al, (4.50)

i 1 i
U, = Xoisa T [COSO( "V ]1 - ;[(ym o y)Vﬂ]ﬂ

U i = Yoiu T [Sina Vs ]Il + i[(xm - X)Vﬂ];
Yo,

rae So, So, 0o, Xo, Yo - 3HAUEHUS (PYHKIMH, OJyYEHHBIE IO U3MEPEHHBIM 3HAUYCHUSAM
YIJIOB U JIMHUM.

J171s1 TOTUTOHOMETPUYECKOTO XO/a ONTNOKA €MHUITBI Beca [l OyAeT UMETh BUJ

= \/['oﬂv;J+ X3 (4.51)

r
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OOpatHbIit Bec OyJeT OnpeaensThCs BEIPAKEHUEM

1 1ot rlfqre]_ 9af ] labf -1 [agf 2]
p, Lo e =) ] oo 1]~ fogg 2] 4P

Breraucnenue O6paTHOFO BCCa (I)YHKHI/II/I MOJKHO BBIITIOJIHATE COBMCCTHO C PC-

IIICHUEM HOPMAJIBHBIX YPABHEHHMI KOPPEJAT CIIOCOOOM MOCIEN0BATENBHOTIO HCKITIO-

YCHU HCHU3BCCTHBLIX B AJOIIOJITHHUTCIIBHBIX CTOJ'I6II8,X.

4.6. IlpumMeHeHue ABYXTPYNIIOBOr0 CIOCO0a NPU YPABHUBAHUU
MOJIUTOHOMETPUYECKOI0 X012

[Ipu ypaBHUBaHUU TOJUTOHOMETPUUECKOTO XOJIa MOKHO BOCIIOJIB30BAThCS
JIBYXTPYIIIIOBBIM CIIOCOOOM, KOTOPBIM SIBJISIETCS PA3HOBUIHOCTBIO KOPPEJIATHOTO
crioco6a. Yepe3 TOUKy C KOOpJIMHATAMU Xo U )o IIPOBEJIEM HOBOIO CHCTEMY KOOPIH-
HAaT, OCU KOTOPOH CMEIIECHBI CYIIECTBYIONIECH U €U MmapaiuieNnbHbl. KoopauHatel xo U

Vo BBIUUCISIOTCS MO0 (hopmyiaMm

n+l n+l
X >
—_1 _ 1

n+1’ T n4+1

X

(4.53)

0 0

Touka, nMeroniasi KOOPIAUHATHI Xo U Vo, SIBISETCS LUEHTPOM TSKECTH IOJIUIO-
HOMeTpudeckoro xona (puc. 15). KoopauHate! 100010 I-rO MyHKTa MOJIMTOHOMET-
PUYECKOTO X0Jla OTHOCUTEIBHO LEHTpPa TSHKECTH UMEIOT HOBBIE KOOPIMHATHI &i, 7i,
NOJIYYMBUIME HA3BaHUE LEHTPAJIBHBIX. MeXIy LEHTPAIBbHBIMUA KOOPAMHATAMHU U
KOOpPJIMHATaMU X M ), OCHOBHOW CHUCTEMBI MUMEETCs cieayromas (yHKIMOHAIbHas
3aBUCUMOCTh

S =X X
=Y = Yo

(4.54)

[TockoMBKY OCH CHCTEM MapajuIeNIbHBbI IPYr OTHOCUTEIBHO Jpyra, CIEH0BA-
TEJIbHO, UMEEM

(Xn+l - Xi) = (é:m—l - ":Zi)’

(yn+1 - y|) = (77n+1 - 77i). (455)
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(24"
n, l
yi / TI\
2 i
a, g /O/ éf{ |
y.m. X, &
T Yo *
" Xo
Y
\

Puc. 15. CB43b LIeHTpaJIbHBIX KOOPJAUHAT C KOOPJAUHATAMU X U )

Cucrema YCJIOBHBIX ypaBHeHI/Iﬁ BBIpA3uTCA CJICAYOIINMMH paBCHCTBAMU.

av, +ayv, +..+a, v, +f,=0

[COSO(VS]—E[(U”H —n)vﬁ]+ f =0, (4.56)
o,

[sinavs]+£[(§n+l ~ &, ]+ £/ =0.
o,

YcnoBabie ypaBHeHus (4.56) paznenuM Ha JBE TPYNIBI: B MEPBYIO OTHECEM
yIJII0BOE YCIOBHOE YpaBHEHHE, a BO BTOPYIO — YCJIOBHBIE ypaBHEHUS MOMPABOK a0cC-
IIUCC W OpauHAT. PemuB ypaBHEHUE MEPBOW TPYIIIHI, ONMPEALIIIEM TIEPBUYHBIC TT0-
IPaBKU V' B U3MEPEHHBIE YTIIbI.

VY CII0BHOMY ypaBHEHHIO COOTBETCTBYET HOPMAJIBHOE YPAaBHEHHE KOppeaT

BUJIA
[qaak, + f, =0. (4.57)
Wnm ¢ yueTom 3HaYeHUI KOAPHUIIIESHTOB
q,(n+1)-k + f, =0, (4.58)
OTKyJia
k, = _—fﬂ , (4.59)
(n+1)q,
VYpaBHeHue monpaBok corjacHo (4.57) umeeT BUA!
v, =0,aKk,. (4.60)

C yuetom paBeHCTB (4.58) u (4.59) noayyum 3HaUeHHE IEPBUYHOM MOIIPABKU
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f
! £_ . 4.61
’ n+1 (4.61)

Pemast coBmectHO ypaBHEeHHs (4.56), CO CBOOOIHBIMU WICHAMHU, UCIIPABIICH-

HBIMU IIEPBUYHBIMH ITOIIPaBKaMH V'g. CJ'ICI[OB&TCJ'ILHO
B )

DV >V +f,=0 (4.62)
HO corjacHo ¢opmyite (4.61)
v, =-f,, (4.63)
Torna ypaBHeHue (4.62) Oyaet uMeTh BUJT
(4.64)

dv;=0

[ToncraBum 3HadeHue V'g, HaliieHHOE cornacHo (Gopmyiie (4.61), B ypaBHeHUS

HIOTIPaBOK adcuuce u opAuHAT (4.56)

[cosav, ]- [(nm M, v+ £l =
(4.65)
[sinavs]+;[(§m ~, +vil+ 1) =
[IpencraBum ypaBHeHus (4.65) B ClIeIyIONIEM BU/IE:
[COSav ] o [v ] n]vﬁ Mo [v;]+ l[771/;]+ f/=0;
p ’,’ P (4.66)
[sinav, ]+ [ -]+ o fr]- L] £ =0,
p P p
C yuyerom (4.62) u (4.63) ypaBHenus (4.66) OyayT uMeTh BUT
[cosav, |+ 1[771/;]+ f'+—Ln =0
f fp (4.67)
pinar - Lozl -, <0
B paBencTBax (4.67)
fX’ +k77n+l = X
1{’ (4.68)
f, __ﬂ§n+l =y
o)
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CJ'ICI[OB&TCJILHO, YCJIOBHBIC YPAaBHCHUS IIPUMYT BHU/I.

[cosav, |+ l[771/Z]+ f, =0;
f (4.69)
[sinav,]- ;[§V;]+ f,=0.

CuctemMy, COCTOSIIYIO U3 MpeoOpa3oBaHHbIX ypaBHeHwMi (4.63) u (4.68), pe-

M 1oxa yCJIOBUCM

"2 2 -
lp,v2* |+ [p.v2]=min.
CocTaBum CUCTCMY HOpMAJIbHBIX ypaBHeHI/Iﬁ KOppeJIaT:

q,(n+1k =0;

{q—ﬁz[m]+ [q, cos® a]}kz + {—q—’;[gn]nt [, coswsinoz]}k3 +f =0, (4.70)
P p

{ = [577]+[qsc05asma}k +{ 2 [&2]+a, sinza]}k3+fy:0.

3nadyenue ki = O mpu perrenun nepBoro ypaBHenus cuctembl (4.70). Cos-
MECTHOE PELICHHE BTOPOrO0 M TPETHEr0 YPAaBHEHHU IO3BOJISET ONPENEIUTh 3HAYe-
HUs Ko 11 k3. O603HauMM K03 (HUITMEHTHI TPe0Opa30BaHHBIX YpaBHEHUI OykBaMu A,

BucC:

[abb]= 2 [r°]+ [a, cos* ]
[gbc]= ——‘;[577]+ [, cosasina|=B; (4.71)
Yo,

Jace]= ]+ [q,sin*a]=C.
Yo,

CrnenoBatenibHO, cUCTEMa MPEOOPA30BAHHBIX HOPMAJIbHBIX YPAaBHEHHM KO-
peiaar npuMcET BUJ
Ak, + Bk, + f =0;

4.72
Bk, +Ck, + f, =0. (4.72)

W3 perieHns ypaBHEHUH cucTeMbl (4.72) MOTy4YuM 3HAYCHUS] BTOPOTO U Tpe-

ThEro Hen3BecTHBIX Ko 1 K3
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1 .
k, = (Bf, ~Cf)

) (4.73)
k=, (B, — Af)

rne N=AC - B..
[To HaliaeHHBIM 3HAYCHHUSIM HEM3BECTHBIX Kz U K3 BBIYMCIMM BTOPHYHBIC I1O-

IIPABKU B YIJIBI V'3 ¥ IONPABKU B JINHUU Vs

9B B
(n.k &ik,); (4.74)

v, =0, (cosozi k, —sinak,).
C IMIOMOIIBIO BTOPHUYHLIX ITIOIIPABOK V"ﬁ OIIPpCACIIAIOT IIOIIPABKHU B JUPCKIMOH-

HBIE YTJIbI HOJY4YUM 110 hopmyJie

-3 (4.75)

1
OKOHUATENIbHBIE 3HAYEHHUS ONPEAEIISIEMBIX BEIUYUH BBIYUCISAIOT IyTEM BBE-
JICHUSI TIOMIPABOK V', Va U Vs B COOTBETCTBYIOLIME 3HAUCHUSI. Y PaBHEHHbIC 3HAUCHMUSI
ITO3BOJIAKOT BBIYMCIIUTh YPABHEHHBIE 3HAYEHHUs MPUPAIICHUN KOOPIMWHAT, C IOMO-
IIbI0 KOTOPBIX MOJIyYUM YPABHEHHbIE KOOPAWNHATEI.
O1eHKy TOYHOCTH B ABYXIPYNIIOBOM CHOCO0€ YpaBHHBAHHS IPOU3BOIAT C
MOMOILBIO OLUMOKY €UHULBI BEca 1

ﬂszNWH +p vl ]

3

(4.76)

O1eHKa TOYHOCTH YpPaBHEHHBIX 3HAUYEHUN B TOJUTOHOMETPHUUYECKOM XOJe
POM3BOIUTCS ITpH oMol ¢yHkimu Buaa (4.51).
OOpartHblit Bec QyHKIUK HaxXoauTcs 1o dopmysie (4.52). Jlns AByXrpymnmoBo-

ro croco0a ypaBHUBAHUS COTIIACHO cXeMe pemeHus [aycca

([q of |- [abeJqbf ]J

[abb]

[abc]
[abb]’

L 10

[qce]-
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CpCI[HSISI KBaJApaTHU4YCCKasd ommoOKa YPaBHCHHLIX BCIIMYHH B ITOJIUT'OHOMCTPHU-

YECKOM XO0JI€ BRIYUCIIIIOT COTJIacHO opmyie (4.47).

4.7. YpaBHHBaHNeE MOJUTOHOMETPUIECKOTO X012 J11000ii hopMbI

B Tom Cliydac, €CJIN B INOJIUTOHOMCTPUYICCKOM XOIC U3MCPAIOTCA NUPCKIH-
OHHBIE YIJIBI JIMHUIA, TO YCIIOBHEIE YPaBHEHMS [TONPABOK OYAyT MIPEICTABIEHB] B BU-
e
1
[cosav,|-=[ayv, ]|+ f, =0;
Yo,

(4.78)

[sinavs]+%[AXVa]+ f =0,

T€ V, - IONPAaBKa B U3MEPEHHBIN JUPEKIIMOHHBIA YTOJL.

Penrenue ypaBuenwuii (4.78) mox ycinoBueM

[p.v,v, ]+ [p.v,v,]=min

a o o

IIPUBOAUT K HOpMAJIbHBIM YPABHCHHAM KOppCEiaT

{[qs cos? |+ iz[quyz]}k1 + {[qs sinacosea|— iz[quxAy]}k2 +f =0;
P P (4.79)

{[qs sinacosa |- %[quxAy]}kl + {[qs sin? o]+ %[quxz]}k2 + f, =0.
YcraHoBuM Beca N3MCPCHHBIX BCJIIMYMWH

p, =45 p, =< (4.80)
m, N

[TockoNbKy yTiIOBBIE U3MEPEHHUS B MMOJIMTOHOMETPUYECKOM XOJI¢ PABHOTOYHBI
MEXIy COOOM, TO U AUPEKITMOHHBIC YTIIBI OTPEIEISIOTCS C OJJUHAKOBONH TOYHOCTHIO,
T.. C OJHOM M TOM XK€ CpeIHEW KBaJapaTUUYECKOU OMMOKON m, . Takum oOGpazom,
onpenenss B popmynax (4.79) 3HaueHHe OMMOKKM SIUHHIIBI BEca [ , MOXKHO BBIUHMC-

JIUThH 3HAYCHUS BECOB ISl PA3IUYHBIX BHJIOB MOJUTOHOMETPHH.
[TonpaBku B M3MEpPEHHBIC TUPCKIIMOHHBIC YTJIbI M JIMHUH OIMPEICISIOTCS CO-

riacHo opmyiam
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V, :_q_a(Ayikl _Axikz);
p

Q;

(4.81)
v, =0, (cosgk, +singk,).

4.8. YpaBHHBaHMe MOJTUTOHOMETPUYECKHUX X0/I0B Pa3eJbHbIM CII0CO00M

PaznenpHoe YpaBHUBAHUC TIPCAIIOIAracT II0CJICAOBATCIBHOC PCHICHHC

YCIIOBHBIX ypaBHCHHI;'I IIOIIpaBOK BHUJla

v,|+f,=0; (4.82)
[VAX]+ fx =0;
b, ]+ 1, =o. (4.83)

Pemras ycinoBHoe ypaBHeHHe TomnpaBok(4.81) corjacHO MPUHIIMIY HAWUMEHB-
IMX KBaJPATOB, IPUXOAUM K HOPMAJIbBHOMY YPAaBHEHHIO KOppenaT
(n+1) ki +14=0,
OTKy/Ia oTpenenmM Koppenaty ki
k,=——2-.
n+1
[TonpaBku V4 OyayT paBHBIMU JIJIs1 BCEX YTJIOB:

f
v=—", 4.84
' n+l (4.84)

W3 peleHust yCIOBHBIX ypaBHEHHUH MOMpPaBoK koopauHat (4.83), mpuHuMast

BEC MMONPABOK MPHUPALIEHUN KOOPIUHAT

1
pi ="
Si
IIOJIY4YHM HOpMaJIbHbIC YPABHCHUS KOppeJiaT
[sk, + f =0; 485
sk, + f, =0, (4.85)

PCUHICHUEC KOTOPLIX OIMPCACIISACT KOPPEIaThl
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I1o BEIYMCIICHHBIM KoppciiataM k2 )41 k3 HaXOIUM IIOTIPABKH Vx U Vy.

f
% :—Ls.; Vyl=—[?y]8i. (4.86)

Xi [S] i

Pa3nenbHOM  ypaBHUBAHMU MOJUTOHOMETPUYECKOTO XOJa JOIMYCKaeTcs
HapyIIeHue CTPOroro YpaBHUBAHMUS:

- POU3BOJILHOE YCTAHOBJICHUE BECOB B MPUPAIIEHUAX KOOPUHAT;

- ONpEACINIAIOTCS MOMPABKA HE B MU3MEPEHHBIC BEJIMYUHBI, 2 B QYHKUIUU OT
HUX.

PaccMoTpum BiMsiHME pa3[eIbHOTO YPaBHUBAHMS TOJUTOHOMETPUUECKUX
X0JI0B JIt000M (pOpMBI Ha U3MEPEHHBIC BEIMUUHBI.

OmnpenenuM KOOPAMHATHI TOYECK MOJIMTOHOMETpHUEcKoro xona (puc. 16), ec-
JU W3BECTHO HCXOJHOE TMOJIOKEHUE MyHKTa T4 M HUCXOJHOTO JTUPEKIIMOHHOTO
HaIpaBJICHUS oa. [IpenrmonokuM, 94To MOJOKEHHE TOUYEK, COOTBETCTBYIOUIUX BHI-
YHUCJICHHBIM KOOpJIMHATaM, OKaxkeTcs B Toukax 1', 2', Tg.. Takum 00pa3oM KOHEUHBIH
MyHKT 7' HE COBNAAAET C KOHEYHBIM MYHKTOM 7.

BenuunHa uHEWHO#N HeBsI3ku xoja fs moirydaercs cormacHo gopmyiie

f=/f7+ f2,

a TUPEKIIMOHHBIN yroJl CMEIEHUs MyHKTa 1 onpeensercs no Gopmyre

f
tgA =" (4.87)

X

Puc. 16. Cxema K onpeaeneHno KOOpANHAT KOHEUHOW TOYKH X0/1a
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KOOpI[I/IHaTI)I TOUYCK IMOJUTOHOMCTPHUYICCKOI'O XOJda BBIYUCIIAKOTCA I10 q)OpMy-

JaM

K
X, =X, + O AX;
1

) (4.88)
Vi = Yu + 24,
1
OTKJIOHEHUS] KOOPJMHAT TOUYEK X0/1a [0 KOOPJUHATAM COCTAaBSIT:
k f k
ka :szxi :_i ZSH
1 1
Si
1
k . (4.89)
Yy, :Zl:VAyi :_Zn:y lesi'
Si
1
AOCOIOTHOE OTKJIOHEHHUE MyHKTa coriacHo (4.89) BerumcauTCs
2 2 f X
Ve =yVe +V, =D 8. (4. 90)
s
1
Omnpenenenue AUPEKITMOHHBINA YOI HAMPABIICHUS OTKIIOHEHUS! TOUKH
v, f
tgA =— :f—x =tgA. (4.91)
1%

Xk y
PaSI[eHBHOG ypaBHI/IBaHI/Ie IIO3BOJISIET TOUYUKaM HOHI/IFOHOMGTPI/I“IGCKOFO X0da
CMCUIATBCA HapaJIJ]eJILHO HaHpaBJ]eHI/IIO HHHeﬁHOﬁ HEBA3KHU, HA BCHHqHHy, HpOHOp-

HUOHAIBHYIO YJAJICHUIO TaHHOW TOYEK OT HAYaJbHOTO MyHKTA 7 .

Puc. 17. Cxema k pacnpeesieHuIo ONPaBOK B MPUPALICHUSIX KOOPAUHAT
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HpI/I Pa3aCiIIbHOM YpAaBHUBAHHWHN BBITAHYTOI'O ITOJIMTOHOMCETPHYCCKOTO XOJd4d

(puc. 17) mompaBKu BBOJSAT B MPUMBIYHBIC YIIIbl. JIMPEKIIMOHHBIC YTIIBI XOAa HWC-

IMPaBJIAKOTCA COTTIACHO

u
V= (4.92)

TJIe u - TIOTIEpeYHas HEBsI3Ka X0/1a;
[s] - nmuna xona.
[TorpaBK¥ B JUIMHBI JIMHUH XOZa BEIYUCIIAIOTCS COTJIACHO

t
Vv, :_ES“ (4.93)

4.9. KoppesiaTHbIii c10co0 ypaBHUBAHUS MOJIUTOHOMETPUYECKOI ceTH

[l Havana onpeAensioT YUCIO YCIOBUM, BOZHUKAIOIINX B CETH.
r=(N+T-1)3+Q. (4.94)
rae N - 4Kcio 3aMKHYTBIX MMOJUTOHOB,;
T - 4ucno TBEPABIX UCXOAHBIX MTYHKTOB;
Q - YuCII0 TBEPABIX AUPEKIIMOHHBIX YIJIOB HA Y3JIOBBIX TOUKAX.
s cetn (puc. 18) 9rciio He3aBUCUMBIX TIOJUTOHOB - 2 , 00IIee YHCIIO YCIOBUN

- 7, 4MCJI0 TUPEKITMOHHBIX YIJIOB - 3 U KoopauHaT - 4. Crie1oBaTesIbHO, KOJIMYECTBO

YCIIOBHBIX YpaBHEHUI Oy/IeT:

I.V,BL + fﬂl =0
[V,B ]2 + fﬁz =0;
[Vﬂ ]3 + fﬁs =0

[cosav, ]1 +[cosav, ]2 —%[(YB - y)Vﬂ]l —%[(ys — YV, ]2 + 1, =0

[sinav,] +[sinav,], +£[(XB - X)Vﬁl +i[(xs — X)WV, ]2 + 1, =0
P P

[cosav,], +[cosav,], —%[(ya —Y)Vvy ]3 —%[(ys — YV, ]2 + 1, =0

) ] 1 1 ,
[sinav,], +[sinav,], +;[(XB - X)Vﬁ]g +;[(XB - X)Vﬁ]z +f;, =0.
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Kak B mo0ol mi1aHoBOM ceTH, KpOME YKa3aHHBIX yCIOBUNA, MOTYT BO3HUKATh
U JIOTIOJIHUTEIIbHBIE YCIIOBUS - TOPU30HTA U yria. Ha myHKTe cocTaBisieTcsl yCIOB-

HOE ypaBHEHHE TOPU30HTA BUJIA
k

dv,+Ww, =0, (4.95)
1

rac K - gucio HN3MCPCHHBIX Ha ITYHKTC YIJIOB.

W, - yrioBasi HEBsA3Ka 1Mo Ghopmyiie

w, = > Vv, —360°. (4.96)

Puc. 18. Cetb nonuronomeTpuu

B ciydae npuBsi3KM MOJIMTOHOMETPUYECKOTO XO0J1a K JBYM MCXOJHBIM IYyHK-
TaMm (puc. 19), cOCTaBIAIOT YCIOBHBIC YPABHEHUS MOMPABOK YyIJia BUJIa
!
V, =V, +W, =0, (4.97)
3]1€Ch
!
Wy = ﬂnptm - npum - (aT - aT')’ (498)
4 r
1€ Lrpun U P npun— TPUMBIUHBIE YTJIBI HA UICXOAHBIX TyHKTaX 7 u T

0T, 0.'r - TUPEKIIMOHHBIE YTIIBI.
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Puc. 19. CeTb NOMUTrOHOMETPUU C ABYMSI UCXOAHBIMU TYHKTAMU

OT yCIOBHBIX ypaBHEHHI MOIMPABOK MEPEXOIAT K HOPMAJIbHBIM YPaBHEHHSIM
Koppciaart, IpCABApUTCIIBHO YCTAHOBHUB BCCa B COOTBCTCTBHUHU C (1)OpMYJIaMI/I IJId BC-
COB.

N3 penieHnss HOpMaJIbHBIX YPaBHEHUM BBIUUCIISAIOT MOMPABKU 110 (hopMyiaM

v, =0q,(ak +bk, +..+tk ), (4.99)
v, =0, (ak +bk, +..+tk). '
B IIaHBHeﬁHIeM YpaBHUBAaHUA CCTH BBIIIOJIHACTCA B COOTBCTCTBHUU C YpaBHH-

BaHNCM MOJUTOHOMETPHUYCCKOTO XOJa. AHaJIOTHYHBIM 06p2130M BBIIIOJIHACTCA H

OIIEHKA TOYHOCTH.
4.10. YpaBHUBaHMeE MOJUTOHOMETPUYECKOH CEeTH ABYXIPYNIIOBBIM CIIOCOOOM

[IepByto rpynmny COCTaBUT CUCTEMA M3 TPEX YCIOBHBIX YPAaBHEHUS MOMPABOK
JUPEKIIMOHHBIX YIJI0B. BTOpYI0 — 4eThIpe yCIOBHBIX YPAaBHEHUS MOMPABOK KOOPIHU-
HAarT.

HepBI/I‘-IHBIe IMOIIPpaBKU B YTJIbI pACHIPCACIIAIOTCA COTJIACHO BBIYHMCICHHBIM HC-
BsA3KaM IIOPOBHY Ha BCC YIJIbI XOO0B.

I[J'IH KaXXJ01r0 Xo0[4a ONpeCACIACTCA HCHTP TAXKECTH U BBIYHUCIIAIOTCA LHICHTPAJIb-
HBIC KOOPAWHATHI. COCT&BJ’IHIOT YCJIOBHBIC YPAaBHCHU: HOHpaBOK:

1] o
V1] =o; (4.100)
[vl'g' ]3 =0;
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[cosav, | +|[cosav. ], +%[77V;]1 +%[77v;]2 +f, =0;

[sinav,] +[sinav ], —l[fvgl —i[cfv/';]z +f, =0;
P P (4.101)

Xy

[cosav, ], +[cosav ], +1[77v;]3 +%[77v;]2 +f =0

Yu

H H 1 " 1 "
[sinav ], +[sinav, ], —;[fvﬁL —;[fvﬁ]z +f =0,

rae fx u f, - HeBs3kM B pupalIeHust KOOpIUHAT.

W3 perieHue ypaBHEHUH MEpBOW TPYIIBI BRIYUCISIIOTCS Koppenatsl Ky = 0,
ko =0 u ks = 0. B manpHefiem Juis yCIOBHBIX YpaBHEHHI OMPABOK KOOPAHHAT CO-
CTaBJIAIOT HOPMAJIbHBIE YPABHEHUSA, PEILICHUE KOTOPBIX IIO3BOJIAECT BBIYUCIUTH BTO-
PUYHBIE MTONIPABKU. Y PABHUBAHUSA U OLEHKY TOYHOCTH IIPOU3BOJAT TaK K€, KaK JUJIs

OJMHOYHOI'O XO0J4a.

4.11. Pa3nesibHOe yPABHMBAHUE MOJIUTOHOMETPUYECKOI ceTH

PaznenbHOE ypaBHUBaHHE CETH TpEAIojaraeT CHavaja Yyribl, a 3aTeM CO-
IJIACHO YPaBHEHHBIM yTjaM M W3MEPCHHBIM JJIMHAM JIMHUWA HAXOAT MPHUPAIICHHS
KOOD/IMHAT.

YpaBHUBaHHE VIJIOB HAYWHAIOT C Y3JIOBOTO HampapieHue. Jlmsa ceTtu
(puc. 20, a) 3a y3710BO€ HaIIPaBJIIEHHE MOKHO IPHUHATH JTUHHUIO, BEIXOISIIYIO U3 TOY-
ku N: NK, NO ummm NM.

JIMpEeKITMOHHBIA YTOJI NN BBIYUCIISIETCS OT KaXKJI0TO UCXOTHOTO JUPEKITNOH-
HOTO yTJIa.

[TockOMBbKY YHCIO U3MEPEHHBIX YIJIOB N’ MOXET OBITh pa3IMYHBIM HEO0XO-

JAUMO YCTAaHOBUTH BECa

(4.102)

C
p=—
n

OxoHYaTeIbHOE 3HAUYCHUE AUPCKOUOHHOI'O yIJia, IMOJIYYCHHOC II0 TPEM XO-

JaM, HaXosT 1o popmyne

86



— aN1 p% + aNz paz + aNs pas

o (4.103)

N

pal + pa2 + pa3

0)

Puc. 20. CeTb MOTUTOHOMETPHH C OJJHUM Y3JIOBBIM ITYHKTOM

Ecnu 3a y3noBoe Hanpasnenne npuHATh JuHUI0 NM | To Ha myHkte N qomx-
HBI OBITH U3MEPEHBI PUMBIYHBIE YTIIBI cornacHo puc. 20, 6.

[Tocne BBIMOIHEHUS YPABHUTENBHBIX BBIYMCIICHHI MO YIJIaM B XOJ1ax onpese-
JSI0T TUPEKIMOHHBIE YTIIbl, a 3aT€M, BBIUHUCIUB MPUPALICHUS KOOPAMHAT 1O KaXK-
JIOMY XO/y, YPaBHUBAIOT OTJEIbHO a0CLUCCHI U OpIUHATHI.

KOOpI[I/IHaTI)I Y3JIOBOTI'O ITYHKTA ITOJIYIAKOTCA 11O KAXKAOMY U3 XOJO0B COIJIACHO

dbopmyna M

(4.104)

VYuuTeiBas pazHylo JUIMHY XO0Jla U YUCIIO €r0 CTOPOH, CJIEIYyET BBECTH Beca KO-

OpAUHAT.
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(4 105)

rae 2.Si - nuHa i-ro xoxa.
OrnpeneneHrue BECOB KOOPJAWHAT BBIMOJHSIETCS IO CPEIHUM KBAAPATUUYECKUM

omuOKaM coryiacHo popmysam

po=—s; P, =—s (4.106)
m

21
X

3

YpaBHEHHbIE KOOPJAMHATHI ONPENCISIIOT Mo dopmyse obiiei apudmernye-

CKOU CpPEIUHBL:

_ XNl px1 + XNZ px2 + XN3 px3 .

N — H
P, t P, + P,

_ yN1 p)’1 + yNz pY2 + yNs pY3

p)’1 T pyz + p)’3

X

(4.107)

N

OneHka TOYHOCTH YPaBHECHHBIX 3HAYCHUN MOJ0KEHUS y3JI0BOM TOUKH MPOU3-

BOJMTCS Yepe3 OMMOKY eTUHUILIBI TI0 (popmyiam

M :LP- M=+, M=~ (4.108)

rae P - BeC ypaBHEHHOTO 3JIEMEHTA, COOTBETCTBEHHO PABHBIMN
PC( = pal + pa2 + pa3;
Pe=Py Py, + Py (4.109)
Py =Py, + Py, + Py,

Ommbka eTMHUITBI BEca BBIYUCISAETCS 0 popmyrie

ﬂz\/-p" 1} (4.110)
n-1

TJI€ p - BECA IUPEKIIMOHHBIX HANPABJIECHUN UM KOOPAUHAT;
V - OTKJIOHCHHS BBIYMCIICHHBIX HAIlpaBJICHUH WM KOOPJAHMHAT OT oOImei apud-
METHUYECKON CPEINHBI;

1 - YACJIO XOJIOB.
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