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Meroanueckue ykazaHus 1o auctmmuiiHe "Teopust maTemaTudeckoil oOpa-
OO0TKM Te0JIe3nuecKrX u3MepeHuil". YpaBHUBaHUE HUBEIMPHBIX CETEH MmapaMeTpuye-
CKUM c1oco0oM / JIjIsl CTYZIGHTOB 2-TO Kypca OYHOTO M A0YHOTO IO CHCIHUAIbHOCTH
«ITpuknagnas reoae3usi» U HanpasiaeHuto noArotoBku 120401 «I'eone3us u nucras-
IIMOHHOE 30HIMpoBaHue».- PocroB-Ha-/lony: Poct. roc. ctpourt. yu-1, 2014.- 20 c.

B MeTtoauueckux ykazaHUSX JaHbl OCHOBBI YPaBHUBAHMS I€0€3UUECKUX CeTel
napamMeTpuyeckum crocobom. [IpuBeneHa cxema pelieHrus HOPMaIbHBIX YPaBHEHUN
c ucrnoyib3oBanueM anroputma ["aycca. PaccmoTpen nmpumMep 06pabOTKH HUBEIUPHOM
CETH M0 METOJly HAUMEHBIIUX KBaJapaToB. PazpaboTanbl BapuaHThl MHIUBUAYAJTBHBIX
3aJJaHUM JJISI CTYAEHTOB.

VJIK 528.1

CocraBurenu: K.T.H., 1oueHT ['yoemnanze A.P.
unxenep ['yoenanze 1.0O.



OcHOBBI MapaMeTPUYECKOro croco0a ypaBHUBAHUS
1. 3apaum u MeTOabI YypABHUBAHUS

JInst oqHO3HAYHOTO ONpeIeICHUs 3HaUeHUH K HeM3BECTHBIX MapaMeTpOB HEOO-
XOJIMMO W JIOCTAaTOYHO M3MepuTh K BennuuH. [TOCKONBKY B I'eOfE3WH CYIICCTBYET
MPUHINN W30BITOYHOCTH U3MEPEHUH, TO Yncio I = N - K, TJe N - 4UCcIo BCeX M3Me-
PEHHBIX BEIUYMH, SIBISETCd W30BITOUHBIM. IIpu 3TOM H30BITOUHBIE W3MEPEHMSI
JOJHKHBI HAXOJIUTHCS C HEOOXOAUMBIMH B (DYHKIIMOHANBHOU 3aBUCHUMOCTH. Hammyd-
IIee pelieHrne B mporecce 00paboTKH pe3ybTaTOB H3MEPEHUN MOYyYaloT COTJIACHO
MPUHIUITY HAUMEHBIIHNX KBaJAPaTOB, KOTOPBI COCTOUT U3 CIEAYIOLIErO YCIOBUS

[pw]=min, (1)

TJI€ p - Beca U3BMEPEHHBIX BEJIMYMH;
V - MIOMPAaBKU B U3MEPEHHBIC 3HAUYCHMUSI.

OrnpeneneHne OKOHYATENIbHBIX 3HAYEHU UCKOMBIX BEJIMUUH MPU U30BITOUHBIX
M3MEPEHUAX HA3bIBAIOT YPABHUBAHUEM, a ITHU K€ IEUCTBUSA C COOJIIOCHUEM YCIIOBUS
(1) - ypaBHHBaHHEM 110 CIIOCOOY HAMMEHBINNX KBAJPATOB WUJIM CTPOTUM YpaBHUBAHH-
eM.

Peanuzanusi MmeToga HAaMMEHBIINX KBAaJAPATOB MO3BOJSET PEUIUThH CIIECIYIOIINE
3aJ1a4u;

1) uckiroyaeTcsi HEOMPEICICHHOCTh PEIICHUS, CBA3aHHAS C U30BITOUYHBIM YHC-
JIOM U3MEPEHUN;

2) TIOBBIIIAETCS TOYHOCTh W HAJEKHOCTH IMOJYy4aeMbIX PE3yJIbTATOB 3a CYET
ONTHMAaJILHOTO UCITOJIB30BAHUS BCEX U3MEPEHUI;

3) BBINOJIHAETCS OlLIEHKAa TOYHOCTU PE3YyJIbTATOB HM3MEPEHUN M MOJIyYEHHBIX
3HAYCHUMN, TaKKe QYHKIMI OT HUX.

Crporoe ypaBHMBaHHE MOXKET OBITh peaau30BaHO JIMOO IMapaMeTPUUYCCKUM,
00 KOPpEJIaTHBIM CIOCO0AMU WIIU UX PA3HOBUIHOCTSIMU.

OO0s3aTeIbHBIM YCIIOBUEM YPaBHHUBAHUS SBIISIETCS BO3MOXXHOCTH (PYHKIIMO-
HaJIbHO BBIPA3UTh BCE U3MEPEHHBIE BEJIMUMHBI YEPE3 YpABHUBAEMbIE TTapaMETPhI.

B reopesnueckoil mpakTUKE BCTPEYAIOTCS ClIy4dau, KOTJla HEOOXOIUMO Ompe-
JEUTh HEKOTOPhIC BEIIUMUYUHBI KOCBEHHBIM ITyTE€M, IPUYEM ITH BEJIMYUHBI JOJIKHBI
OBITH CBSI3aHBI C U3MEPSIEMBIMU (DYHKITMOHATBLHBIMU 3aBUCUMOCTSIMH.

2. OCHOBBI M€TO/1a NAPAMETPUYECKOI0 YPABHUBAHUA

[Ipenmnonoxum HaM U3BECTHBI PE3YIbTATHl U3MEPEHUN N BEJIUYUH X1, X2, ... , Xn.
TpebOyetcs onpenenuTh HaleKHbIC 3HaueHus K Bemuuud Tq, To, ..., Tk, KOTOpbIE CBS-
3aHbl C YPABHEHHBIMU 3HAUYCHUSMU X1, X2, ... , Xk ©3BMEPEHHBIX BEIUYUH ONpPEJICTICH-
HBIMU (QYHKIIMOHATHHBIMHA 3aBUCUMOCTSIMU:

X1= Fl(Tl’TZ’--"Tk );
Xy = FZ(TliTZ’“"Tk);

(2)



PaBeHcTBa Takoro BUIa HA3bIBAIOTCS MAPaMETPUICCKUMU YPABHEHUSMH CBSI3H.
Cornacho (2) umeem

F (T, T, T )= X, =0;
Fo (T, o0 T )= X, =0;
F(T,T,,... T )= X, =0.
B cnydae, ecnm MEOT MECTO pe3yJIbTaThl HEPABHOTOYHBIX U3BMEPEHUMN X1, X2,

(3)

..., Xn , YCTAHABJIUBAIOT Beca P1, P2, ... , Pn .
VpaBHEHHbIE 3HAYEHUS U3MEPEHHBIX BEIMIUH Oy Iy T
Xi =X+ Vi, (4)

TZ€ Vi - IOMPaBKU B PE3YJIbTAaThl U3MEPEHUM.
Torna paBencTBa (3) ¢ yuetom (4) NpuMyT BUJT
R T Ti) = X = vy

Fz(Tl’Tz’---’Tk)— Xy =V,

I:n (TllTZ’"-'Tk)_ Xn =Vy.

[TonyueHHBIE paBEHCTBA HA3bIBAIOTCS YPABHCHHUSAMH ITOIIPABOK B 0OIIEM BHUJIC.

B cucteme (5) umcio HeusBecTHBIX Oymer N + K > N, T.e. MPEBBICUT YUCIIO
ypaBHEHUM B CUCTEME, YTO MPUBOAUT K HEOMPEACICHHOCTU pemieHus. s Haxoxie-
HUSI HEU3BECTHBIX BOCIIOJIL3YEMCS MPUHIIMIIOM HAUMEHBIIUX KBaApaToB. Onpeaeaum
3Ha4YeHus 1, T2, ..., Tk IpH yCIOBUU

[pw]=min.

CnenaeM 3aMeHy HEM3BECTHBIX Yepe3 MPUOIMKEHHbIE 3HaUeHU {j 1 MOnpaBKu

K HUM Of;

()

Ti=t4+a. (6)
[Tony4yeHHbIC 3HAUCHHS HEM3BECTHBIX M3 (6) MojCTaBIsIeM B ypaBHEHHUS cucTeMbl (D).
B pesynbTate uero moayuum
Fl(tl + &1,1:2 + &2""’tk + &k)_ Xl = Vl’

Fz(tl+ét1,t2 +ét2,...,tk +&k)—X2:V2, (7)

Fn(tl + étl,tz + &2""’tk + &k)_ Xn = Vn.
Henuneiinpie Qynkimu (7) HEOOXOIUMO MPUBECTH K JIMHEWHOMY BHIY, pas-
JIOXKUB B psAll Teinopa U OrpaHUYMBAsICh NIEPBBIMU CTENCHIMU Pa3JI0KEHUS

oy, L, ot,
oF oF oF

Fot t, ot )+ —23 +—268, +..c+—268, — X, =V,!

2(1 2 k) 6t1 1 6t2 2 atk k 2 2 (8)
oF, . oF oF

F (t,t), b )+ —28 +— 8 +.o.+—2 8, — X, =V,..
n(l 2 k) o 1 at2 2 atk k n n



Beenem crnenyromue 0003HaYeHUS
aFI aFI al:|
—=a.. —:bl;; _—
28 at, o,
[loacTaBuB BBenEHHbIE 0003HAYEHUS B ypaBHEHHUA (8), MOJyYHMM YpPaBHEHHUS
MONPABOK B JIMHEWHOM BHJIE
oy +bdty, +...+ g, +1 =V,
azétl + bz&z +...+ gzétk + |2 :VZ;

0 Rt te.t)-x =1.

©)

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

a o +b,d, +...+ g, +1,=V,.
s BeruucieHus: kKod()PHUIMEHTOB HOPMaJIbHBIX yYpPaBHEHUH BOCIOIB3YyeMCS

TaOJUYHBIM criocooom (Tabi. 1).
Omnpenenenne Ko3HPUIIMEHTOB HOPMAIBHBIX YPAaBHEHUI

Tabmuma 1

Ne aj b] al ] s] p v | pv | pw | plv
ypaBHeHI/IFI

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

1 a1 b1 g1 L S1 P1 Vi | pave | pwvave | piliva

2 az b2 02 P} S2 p2 Vo | Pav2 | pavava | p2lav2

n an bn On In Sn Pn Vn PnVn | PnVaVn | PnlnVa
Cymmbl [a] | [b] [a] [1] [s] vl | [pv] | [pw] | [pIv]
Hewussecr. ot o2 . Otk

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

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

[pg [pgg] | [pall | [pgs]

[pl [pl] | [pls]

[ps [pss]

B pesynbpraTe monydaem kod(h(UIIMEHTH U CBOOOJHBIE WICHBI HOPMAJIbHBIX
ypaBHEHUH B TapaMEeTPUUECKOM CITOCO0E ypaBHUBAHUS:
[paalat, +[pab]et, + ...+ [pag]et, +[pal]=0;

[pab]at, + [pbbldt, + ...+ [pbg]&, + [pbl]=0; 10)

[pagJat, +[pbgat, +...+ [pgglat, +[pgl]=0.
[Ipu 3amonHEHNN BEpXHEH YaCTH TaOIUITHI BHITIOIHSIETCS KOHTPOIb CyMM:
ai+bi+...+gi+|i:Si, (11)

a B HIDKHEW YacTH JaHHOM TaOJIHIILI



>, =|paa]+[pab]+...+[pag]+[pall
%, =[pab]+[pbb]+...+ [pbg]+[pbl]

=y =[pag]+[pbg]+...+[pgg]+[pgl] (12)
Sy,1 = [pal]+[pbl]+...+ [pgl ]+ [pll]
Sy, 2 =[pas]+[pbs]+...+[pgs]+ [pls]
KonTponem OynyT ciaeayromiie BoIpakeHUs:
%, =[pas} E,=[pbs} ..; =y =[pgs] 3

i1 =[PIs} Zyip =[pss]

Pemienne HopmanbHBIM ypaBHEHHI OCYLIECTBIIIETCS COINIACHO cxeme ['aycca-
Hynutns (tadm. 2).

[Ipu pernieHMM HOPMaJbHBIX YPAaBHEHUHN BBIMOJHSIOT CIEAYIOIINE BUIBI KOH-
TPOJISL: MPOMEKYTOUYHBIA U 10 [PVV]. [IpoMeKyTOUHBIH KOHTPOJIb — 3TO CyMMAapHBIH
KOHTPOJb U Jenaetrcs B cxeme ['aycca-Jlynutisa cornacHo gopmynam (12) u (13) B
poliecce pelieHusl HOpMadbHBIX ypaBHEHHH (Ta0d. 2).

KonTtposem o [pvv] sSBISIOTCS ClIeayIoNIie paBeHCTBA!

- B Ta0J1. 2 Ipu pelieHu HOpMaJIbHBIX ypaBHeHUH B rpadax 4 u 5

[pw]={pll-k]=[pls-k]=[pss-k], (14)

rac

aotomtpall” _[pol-1f  [pgl-(k-1)f |
P11 [oaa] ~ [ob1]  [pgg (-1

[pls-k]=[pss] [Pall-[pas] _[pbl-1]-[pbs-1]  _[pgl-(k ~1)}-[pgs-(k ~1)].

[paal [pbb-1] [pgg-(k -1)] ’
[pas]” [pbs-1f [pgs- (k-1)f
ss-k|=|pss|— — —— :
oo = 1P el ™ Tobo-a] ~ [pag- (2]
- B Ta0J1. 1 mociie HaXOKEHUS TTOTPABOK Vi B U3MEPCHHBIE 3HAYCHUS
[piv]=[pwv]. (15)

Takum oOpa3om, 3HaueHue [PVV] omnpeaensercs Ha pa3IMYHBIX dTAMax ypaBHH-
BaHUS B MapaMETPUUECKOM CIOCO0€ U SBISETCS CKBO3HBIM KOHTPOJIEM YPAaBHUTEIb-
HBIX BBIYHMCICHUN. 3aKIIOYUTENbHBIA KOHTPOJIb OCYIIECTBISIETCA MOJICTAHOBKOM
YPaBHEHHBIX 3HAYEHUN M3MEPEHHBIX BEJIMYMH U HAWJICHHBIX HEU3BECTHHIX B PABEH-
ctBa (3).



CxeMa peleHnst HOpMallbHbIX YpaBHeHui ["aycca-/lynmnutis

Ta0muma 2
ots oty ot3 | S KoHtpois
1 2 3 4 5 6
[paa] [pab] [pac] [pal] [pas] I
1 _ [pab] _ [pac] _ [pal] _[pas] R
[ paa] [ paa] [ paa] [ paa] [ paa]
[pbb] [pbc] [pbl] [pbs] Y
_[pab] o1 | _[pab] _[pab] _[pab] _ [pab]
paal | rpealt™ | rpea)t™ | [pea)t ™ [pea] "
[pbb-1] [pbc-1] [pbi-1] [pbs-1] [X2-1]
1 _ [pbc-1] _[pbl-1] _ [pbs-1] PR
[pbb-1] [pbb-1] [pbb-1] [pbb-1]
[pcc] [pcl] [pcs] 23
_ [pac] _ [pac] _ [pac]
tpaa] " | ppaal ™ | Lpecl g (pea]
[ paa] [pbe 1]
_[pbe-1j. & [pbc-q 4 [pbc-2f .| - [,
[pbb'l][pbc 1 [pbb‘l][pbl 1] [pbb.l][pbs 11 [pbb-1]
[pce?] [pcl-2] [pes-2] [Z3-2]
1 _ [pel-2] _[pes-2] [25-2]
[pcc-2] [pcc-2] [pce- 2]
[pab] _ [pbl-1] _Lpcl-2] Il [pls]
" [paa] [pbb-1] [pcc-2] [elt
—@[pal] _ Lpal] [ pas]
[paal pob- [pbl -1] [pbl 1]
_[pab] s, o _[pbb-l][pbl'l] _[pbb-l][pbs 1
[ paa] _[pet-2],. 0 [pcl-2]
" [pcc. 2][pcl 2] [pcc.2] [pcs-2]
[pll-3] [pls-3]

3. OuneHka TOYHOCTH B IapaMeTPU4YeCKOM croco0e ypaBHUBAHUS

O1neHKy TOYHOCTH MOHO PEIIMTH B MPOIECCE BHITIOJHEHUS yPaBHUTEIHHBIX
BBIUMCIICHUM, OTPENEINsas CpeIHHE KBaapaTUYECKUE OIMMOKM W3MEPEHHBIX U ypaB-
HEHHBIX 3HAYEHUI, B TOM YHCIIE U (PYHKIMHA OT 3TUX BEJTUUHH.

CornacHO TeopuH OLIMOOK M3MEPEHHH CPEAHIOI0 KBAaAPATUYECKYIO OIIHOKY
KaKOM-TM0O0 BEIMUMHBI B OOIIEM CiTydae onpeaessieM no Gopmyre




M, :%Z#\/PI’ (16)

rae My — cpenHsis KBaJipaTU4ecKasi OlMOKa OllEHUBAEMOW BEJIMYUHBI,

[ — OIIOKA eTMHUIIBI BECa;

Py— Bec olleHMBaeMO# BEIMYHHBI.

Ha HavanbHO#M cTaguu ypaBHUBAaHMS MPOU3BOJIBHO MPUHUMAETCS OIIMOKa €u-
HUIBI BeCa o B 3aBUCUMOCTH OT BHJa padOT, KOTOpas MO3BOJISIET YCTAHOBUTH Beca
U3MEPSAEMBbIX BEJIMYKH.

B pesynbpTaTe ypaBHUTENIBHBIX BBIUHUCICHUN OMNPENEIAIOT (PAKTUYECKOE 3HAye-
HUE OMIMOKHM €TUHUIIBI Beca M0 HalICHHBIM MOIMpaBKaM Vj COrJIacHO GopmyIe

RS an
n-k

rae N — KOJIUYECTBO BCEX BBIITOJIHCHHBIX H3M€p€HHfI;
K — 9rca0 HE3aBUCHMBIX HEM3BECTHBIX.
CpGIIH}IH KBaaApaTH4ICCKasd omnoKa YPaBHCHHLIX IIApaMCTPOB BBIYHUCIIACTCA 110

bopmyie
1
m; ::“,/F = HyQj (18)
J

rae Qj — BecoBble KO3()PUIMEHTHI, KOTOPbIE ONPEIEISIOTCS U3 CIEAYIOINUX CUCTEM
HOPMAaJILHBIX ypaBHEHUH B cxeme pemenus ["aycca (Ta6i.3):
1-as cucrema

[paalQ,, +[pablQ,, +...+[paglQ, =1
[pablQ,, +[pbbQ;, +...+[pbgjQ;; =0;

........................................................... (19)
[pag]Qn + [pbg]le +ot [pgg]Qlk =0;
2-as1 cucTeMa
[paajQ,, +[pablQ,, +...+[pag|Q,. =0;
[pablQ,, +[pbblQy, +...+[pbglQ, =1
............................................................ (20)
[pag]Q21 + [pbg]sz ot [pgg]QZk =0;
k-ast cucrema
[paalQy, +[pablQ; +...+[paglQy =0;
[pabjQ,, +[pbb]Q, +...+[pbg|Qy = 0;
(21)

[paglQ,, +[pbglQy, +...+[Pag)Q, =1.

KoHTponem cuMMeTpUYHOCTH BECOBBIX KO3()PHUIIMEHTOB SBISETCS PABEHCTBO
Brruncnenue BecoBbIX KO3 (UIIMEHTOB U 00paTHOTO Beca QyHKIUH
Tabnuma 3



Q1 Q2 Qs f 2
7 8 9 10 11
[pal]li=-1 [pall2=0 [pal]s=0 f1 U1
[pal], _[pall, _[pal], o f 2y
[paal [paal [paal [paal [paa]
[pbl]1 =0 [pbl]2=-1 [pbl]s=0 f2 22
[ pab] _[pab]; pab] _[pab] _[pab]
[|oaa][IO } [|<:>aa][pa k [|oaa][pa k [|oaa]f [ paa]
[pbI-1]s [pbI-1]2 [phbI1]s [f2 1] [Zuz-1]
[pbl-1], _[pbi-1], ~[pb1-1], _[f,1] [z, 1]
[pbb-1] [pbb-1] [pbb-1] [pbb-1] [pbb-1]
[pcl]x [pcl]2 [pcl]s fa TUs
{pa‘:} pall. | - {paf‘} pall. | - H‘)’Z;} [palls - H}’:g fi _[pacl g,
paa paa [paa]
[pbe-1 ppray, | _[POC-U g, | _[POC-Tpppgy, | _[POC-Tyf, 5 _Ipbe-1] gy, g
[pbb-1] [pbb-1] [pbb-1] [pbb-1] [pbb 1]
[pel-2]s [pel-2]z [pel-2]a [fs 2] [Zus.-2]
[pcl-2] Lpcl-2], 1.2 [f.-2]
P " Ipoc-2] _Lpel-2], -2 [2y,-2]
- [pbi-1] e [pec-2] [pcc-2]
[pal], LR [pcl-2],
[pbc-1]
[pacl g, “obb o Qs _ by f
[paa] Lpbb-1] [paa] — L= T
oat) o 4 [paal
pa 12 f 1
= 2 _1h : f,-1
[paa] © [pbb-l][f ! —[Lbbl][mzl]
Qu [, -2, 2 [f,-2]
e _1574] [sus2]
_[pall, Lpot 1] [pel-2], [pec-2] [pec-2]
[paal [ [t':bz]'l] [pec-2] L 1
poc - 23 3 u P
[paC] Q23 _[pbbl] Q Q Pu
[paa]
[pab] e
[paa] **
Q21
Oxonuanue Tadm. 3
7 8 9 10 [ 11 |




B [pal], ~ [pbl-1], ~[pcl-2],
[paa] [pbb-1] [pcc-2]
[ pac] _[pbe-1] g, Qa3
_@ Qas3 [pbb 1]
_[pab] o Qs2
[paa]
Q31

HpI/IMe‘laHI/IeZ B Ta6n1/1ue IIPUBCACHA CXEMa BbIYMCICHUA BECOBBIX KOB(i)(i)I/IHI/IeHTOB AJI TPEX HECU3-
BCCTHBIX.

Qij = Qji. (22)

OO1UM KOHTPOJIEM SIBIISIETCS CIIEAYIOIIEE BEIPAKECHHE

(Q11+Q12+"'+Q1k)'81+
+(Q,+Q, +..+Q,)-S, +
+(Qk1 +Qk2 + "'+Qkk)' Sk = k,
rae S1 = [pas] - [pal]; S; = [pbs] - [pbl]; ... ; S = [pgs] - [pal].

(23)

Tabn. 3 sBHseTca MPOJOJKEHHEM TalJl. 2,a CleloBaTeabHO, KOA3(DPUIMEHTHI
Qij MOXXHO BBIYUCIIUTH MOIMYTHO C PEIIEHUEM OCHOBHOM CHCTEMBI HOPMaJIbHBIX ypaB-
Henui (10).

B ToM cnyuae, ecnu BO3HMKaeT HEOOXOIUMOCTb OLEHUTh KaKyl0-IMOO BEJH-
YUHY, CBSI3aHHYIO C YpaBHEHHBIMU 3HAUCHUSIMM U3MEPEHHBIX BEJIUYMH OIpEaeIeH-
HbIMU (DYHKIIMOHAJIHBIMU 3aBUCUMOCTSIMH, T.€.

U=Fr(,T,....T.). (24)
Torma
M, =4 = (25)
R

Kak Mbl BUAMM, 3a7a4a CBOAMTCS K HaXOXKJACHUIO OOpAaTHOrO Beca (DyHKIIMH.
Bripazum Haily GyHKIMIO yepe3 MpuOIMKeHHbIe 3HaueHus ty, to, ... , t 1 monpaBku K
HUM Oty Oty, ..., otk

U=F( +d;t, + &t +&,). (26)

Paznoxum nannyro pyskiuio B psin Teiinopa, orpaHUYuBasCh NEPBBIMU CTe-
IICHAMH PA3JI0KEHHUSI, TIOIYYUM

U= F(tl,tz,...,tk)+%é’[l+%5t2+...+%é’[k,
ot o, ot,

0003HaYUM

oF
F(t, to, ..., ) =fy;, — =1,
(t, to k) = o p j

TOorga




U=fy +f oty + ot + ... + fidtx. (27)
OOpartHbiit Bec (YHKIMHU MOXKHO MOJYYUTh U3 COBMECTHOTO PEIICHUS CUCTEM
HOpMaJTbHBIX ypaBHeHHH (10, 19-21) B nonoaHuTensHoM rpade (Tadi. 3):

2 2 2
1 f [f,-1] . [f, - (k-1)] _ (28)
P, [paa] [pbb-1] [pgg- (k-1)]
KoHTposbHOH (hopMyJI0ii BBIUHMCICHUS 0OPAaTHOTO Beca SBJSCTCS CACAYOIIee

BBIPAKCHHUC

1 _ _ flzul _ [fz ‘1][Eu2 '1]_ _ [fk '(k _1)][Zuk '(k_l)]
R =11 [paa] ~ [pbb-l] pog-k-n] =
o >u, = [pas]-[pal]+ f;
>u, = [pbs]-[pbl]+ f,; 30)

zu, =[pgs]-[pgl]+ f,.
[Tocre HaxOXIeHUSI OOPATHOTO Beca (PYHKIIMU BBIYUCIISIOT OIIHOKY €IHMHHUIIBI
Beca 1o ¢opmye (25).

4. Ilpumep ypaBHUBAHHUS U OLIEHKA TOYHOCTH HUBEJMPHOM CeTH
napaMeTpu4eCKuM CIocoooM

CeTh X00B r€OMETPUYECKOTO HUBEIUPOBaHUs (puc. 1) omupaeTcs Ha penepbl
BBICOTHOM OCHOBHI: Pn A ¢ otmetkoit H,= 200,106 m; Pn B ¢ otmeTkoit Hz= 208,953
M; Pn C ¢ otmetkon He = 208,480 M. I3MepeHHbIe 3HaYEHNs PEBBILIEHUN U JJIMHBI
X0JIOB MPUBEACHBI B Ta0I. 4.

Wcxonnbple nanHbie
Tabanma 4

Ne | smepennoe | [linHa
X0Ja | IpeBbIIICHUE | XO07a,

h, m KM
1 + 6,135 28,3
2 + 8,343 29,1
3 + 5,614 26,4
4 + 1,394 27,7
5 - 6,969 25,3
6 - 0,930 24,2
7

+ 6,078 30,5

Puc. 1 — Cxema HUBEIUPHBIX XOJI0B

Lens paGoThI: BHINOJHUTH YPABHUBAHUE PE3YJIHTATOB U3MEPEHUM U MOJIYUYUTh
OTMETKH y3J0BBIX penepoB Prn 1, Pn 2 u Pn 3; OlIeHUTh TOYHOCTh BBIIIOJTHEHHBIX W3-



MEpEHUH; BBIYUCIUTH CPETHIOI KBAJIPATHYECKYIO OIMMOKY YPaBHEHHOTO 5-T0 mpe-
BBIIIICHUS.
[TopsiiOK BBIYHUCIIEHUM:
1. B kayecTBe HEU3BECTHBIX 3HAYCHUM NMPUMEM OTMETKH Y3JIOBBIX PENepoB
Pn 1, Pn2u Pn 3. O603Ha4MM UCKOMBIC BEIMUYMHBI COOTBETCTBEHHO uepe3 1, 12 U
T3, KOTOpBIE MPEJICTABUM B CIICIYIOIIEM BHUIE
Ti=t+ 0, (31)
rae tj— npuOamKeHHbIe 3HAUCHUS;
Otj— TIONIPAaBKU B PUOTM>KEHHBIE 3HAYCHUS,
ty = Hy+ hy =200,106 + 6,135 = 206,241 Mm;
to, = Hg + hs = 208,953 + 5,614 = 214,567 m;
ts = Hc+ hg = 208,480 - 0,930 = 207,550 Mm;

2. CocTaBUM ypaBHEHHS TOMPABOK, 3aMeHssi coriacHo (5) u (7) ypaBHEHHBIC
3HAYCHUS TMPEBBINICHUN U3MEPECHHBIMH, a OIpeesieMble HEM3BECTHBIE UX MPHUOJIH-
YKCHHBIMHU 3HAYCHUSIMU M TIOITPABKAMU K HUM:

h+v, =t +&, —H,;

h, +v, =t, + &, —t, - &;;

h, +v, =t, +, —Hg;

h, +v, =t; +d&, -t - &,;

h. +v, =t, + &, —t, - &,;

hg +Vg =t; +t; —H;

he +Vg =t, +t, —H

W, TIOJICTABUB YHNCJICHHBIE 3HAUYCHHUS

206,241 + o6t — 200,106 — 6,135 = vq;
214 567 + ot, — 206,241 - 8,343 — ot1 = V> ;
214,567 + ot,— 208,953 — 5,614 = v3;
207,550 + ot3— 206,241 - 6t — 1,394 = v, ;
207,550 + ot - 214,567 — ot, + 6,969 = v5 ;
207,550 + ot3 - 208,480 + 0,830 = v;;
214,567 + ot,— 208,480 — 6,078 = v7,

B PE3YJIbTATE MOJYYUM CUCTEMY YPABHEHHUI MOMPABOK:

+ oty =Vy;
- oty + oty -1,7cMm =Vy;
+ oty = Vs,
- oty +0t3 -8,5¢cMm =Vy
-ot, +0t3 -4,8cMm = Vs,

+ ot3 = Vs,
+ 5t2 + 0,9 CM =V7.

3. Beiuucanm Beca U3MEPEHHBIX MPEBBIIEHUI COMIACHO CIEAYIOIIEMY COOT-
HOLIEHUIO



Cc 10
LT
4. BeruncnuM K03 PUIMEeHTH HOpMaJIbHBIX ypaBHeHUM (Tabi. 5). B pesynb-
TaTe MOJYYHM CJICAYIONINEe HOPMAJIbHBIC YPaBHCHUS
1,06 ot;— 0,35 ot, — 0,36 otz + 3,65 =0;

- 0,350ty + 1,45 6t,— 0,40 ot; + 1,61 = 0;

- 0,36 ot;— 0,40 ot, + 1,17 6tz - 4,96 = 0.
Haiinem cymmapHoe ypaBHeHUE

0,350t1+ 0,70 ot + 0,41 otz + 0,30 = 0.

Brruncnenme ko3 puiineHToB HOpMaIbHBIX

YpaBHEHUI
Tabnuna 5
Ne al | bl | ¢ | | 9 p |viem | pw | plv
ypaBHEHHUSI
1 2 3 4 5 6 7 8 9 10
1 +1 +1,0 |0,353] -2,68 | 2,535
2 -1 +1 -1,7 | -1,7 |0,344| +0,08 | 0,002 | -0,047
3 +1 +1,0 10,379] -0,90 | 0,307
4 -1 +1 | -85 | -85 ]0,361] -2,71 | 2,651 | 8,316
5 -1 +1 | -48 | -48 10,395] -0,79 | 0,247 | 1,498
6 +1 +1,0 | 0,413| +3,11 | 3,995
7 +1 +0,9 | +1,9 0,328 0 0
CyMMBI -1 +2 +3 | -141 | -10,1 9,737 | 9,767
Hewnssecr. | -2,68 | -0,90 | 3,11
[pa 1,06 |-0,35|-0,36 | 3,65 | 4,00
[pb 1,45 {-0,40| 1,61 | 2,31
[pc 1,17 | -4,96 | -4,55
[pl 36,44 | 36,74
[ps 38,50

5. Pelenne HOpMaabHBIX YPAaBHEHHM MPOU3BENIEHO B Ta0d. 6 COTJIACHO CXEMe
["aycca. [{ns1 KOHTpOJIsi MPAaBUJIBHOCTH BBIYMCIIEHHBIX HEU3BECTHBIX Ot1, oty 1 Otz moa-
CTaBUM UX BBIYHUCIICHHBIE 3HAYEHUSI B CYMMapHOE YpaBHEHUE

0,35 (-2,687) + 0,70 (-0,903) + 0,41 (3,103) + 0,30 = 0.

6. B mpaBoii yactu Tab. 5 BeIYUCISEM ToNpaBku (rpada 8) coraacHO paBeH-
CTBaM

v, =ad, +ba, +c,dt; +1..

[Tpouseenem KoHTposb Mo [PWV]. TloayueHHble 3HaUeHUss cyMM B Tpadax 9 u
10 DOIDKHBI CXOIUTHCH.



Pemrenne HopmalibHBIX ypaBHEHUH

Tabmuia 6

Ne ot ot2 ots L S Kontpoin Q1 Q2 Qs 2 fi 2u
CTPOK 1 2 3 4 5 6 7 8 9 10 11 12

1 1,06 -0,35 -0,36 3,65 4,00 4,00 -1 3,00 0,35

2 -1 0,3302 0,3396 -3,4434 -3,7736 -3,7736 0,9434 -2,8302 -0,3302

3

4 1,45 -0,40 1,61 2,31 2,31 -1,000 1,31 -1,000 -0,30

5 -0,116 -0,119 1,205 1,321 -0,330 -0,991 0,116

6 1,334 -0,519 2,215 3,631 3,630 -0,330 -1,000 2,301 | -1,000 -0,184

7 -1 0,3890 -2,1102 -2,7219 -2,7211 0,2474 0,7496 -1,7249 0,7496 0,1379

8

9 1,17 -4,96 -4,55 -4,55 -1,000 | -5,55 1,000 1,41

10 -0,122 1,240 1,358 -0,340 1,019 0,119

11 -0,202 1,095 1,413 -0,128 -0,389 0,895 -0,389 -0,072

12 0,846 -2,625 -1,779 -1,779 -0,468 -0,389 -1,000 1,914 0,611 1,457

13 -1 3,1028 2,1028 2,1028 0,553 0,460 1,182 -2,262 -0,722 -1,722

14

15 -3,443 -2,110 3,103 36,440 36,740 0,943 0,247 0,553

16 1,054 1,207 ots -12,568 -13,774 0,188 0,215 Q13

17 -0,298 -0,903 -5,940 -7,662 0,152 0,462 -0,750 -0,138

18 -2,687 ots -8,145 -5,520 1,283 Qw2 -0,441 -1,052

19 ot [pwv] = 9,787 9,784 Qu 1 - -1,191 -1,190

20 0,750 0,460 R

21 0,156 0,179 Q23

22 0,307 0,929

23 0,463 Q2

24 Q21

25 0,401 1,182

26 0,152 0,460 Q33

27 0,553 Q22

28 Q3




7. BBIYMCIMM ypaBHEHHBIE 3HaYEHUS IPEBbIILICHNH (Ta01. 7)

ypaBHCHHBIe 3HAa4YCHUA HpCBLIIHGHI/Iﬁ

Ta0muma 7

No HN3mepenHbie [TonpaBku YpaBHEHHBIE

xonoB | IIpeBblieHus Vi, MM IIPEBBIICHUS
hi, m i’ M

1 2 3 4

1 +6,135 -26,8 +6,1082

2 +8,343 +0,8 +8,3438

3 +5,614 -9,0 +5,6050

4 +1,394 -27,1 +1,3669

5 -6,969 -7,9 -6,9769

6 -0,930 +31,1 -0,8989

7 +6,078 0 +6,0780

7. OnpeieiiM OTMETKU UCKOMBIX periepoB Pn 1, Pn 2 u Pn 3:
H,=H,+h =2001060+6,1082=206,2142m;
H, =H, +h; =2089530+5,6050=214,5580m;
H, =H. +h; =2084800-0,8989=207,5811m.
8. IIpousBeeM OKOHUATETBHBIN KOHTPOJIb:
H, =H,+h +h,—h;=2001060+61082+8,3438—-5,6050= 2089530 m;
h, —h; +h, =8,3438-1,3669-6,9769=0;
h —h; +h; =—6,9769+ 0,8989+6,0780=0.
9. OuleHKa TOYHOCTH:

- BBIYUCIIUM OH_II/I6Ky CAHUHUIIBI BECA

u:\/[pvv] :\/9,737 156w

n—k 7-3
IIPH ATOM HAJCKHOCTH OTPEICIICHHS OIMMOKH €AUHHUIIBI BECa COCTaBUT
15,6
m ,u =55Mm;

T 2h—k)  20-9)

- cpemHsis KBaapaTudeckas ommoOka Ha 1 KM HUBEIMPHOTO X012

m :L—@:4,9MM;

) =
" JC V10

- OIIEHKY TOYHOCTH OTPEJICICHHs YPaBHEHHBIX 3HAYCHUI OTMETOK MPOU3BEIEM

C TIOMOIIbIO BECOBBIX KO3 (uimeHToB Qjj, BEIYUCICHHBIX B Taba. 7 MOMYTHO C pe-

IIICHUEM HOPMAJIBHBIX YPaBHEHUH, KOHTPOJIb HAXOXIACHHUS BECOBBIX KOA(DPHUITEHTOR



MPOU3BOAUTCS coriacHo Gopmynam (22) u (23); cpenHne KBaapaTHIECKUE OIMUOKH
YPaBHEHHBIX OTMETOK COCTaBST:

m, = u/Q, =156-y1283 =177 mm;
m, = 1,/Q,, =15,6-/0,929 =15,0 mm;
m, = 1,/Q, =156-4/1182 =17,0 mm;

- OIIpCACIIMM BECa ABYX ITOCIICAHNX HCHU3BCCTHBIX

P, =[pcc-2]=0846, P, = =~ -0846
Q, 1182
n
P, = M P, = 1334, 0,846 =1.076; P, = N 1,076;
[pcc-1] 1,048 Q,, 0,929

- TIpU OIIEHKE TOYHOCTH (DYHKIIMU YpaBHEHHBIX OTMETOK Pn 2 u Pn 3 npumem
Pa3HOCTh 3TUX OTMETOK, T.€. ISITOT0 YPAaBHEHHOIO MPEBBILICHUS

U:tg—tz;

BBIYKCIIEHHE OOpaTHOTO Beca (DYHKIIMM BBIMOJHSIOCH B JOMOJIHUTENbHOU rpade 11
(Tabi1. 7); KOHTPOJIb BBIYMCIICHUS OOPATHOTO Beca OCYHISCTBISIICS 0 opmyie (29)
B rpade 12 tabm. 7.
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BapuanTser 1 - 10

BapuaHTbl MHAUBHUAYAJIBHBIX 3aJaHUH

HHPUJIOKEHHUE A

HCXOI[HI)IG OTMCTKH:

H,;=184,552 m;
Hpz = 194,644 wm;
He=185,192 m.

PnC

Tabmuma Al
Homep WM3mepen. JnuHa xona, kM
xona | IIpesbiiie- BapuanTsI
HUA, M

1 2 3 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10 11 12
1 12,183 172 134 2.2 8,8 7,2 118 157 123 74 @ 105
2 4,217 6,4 9,2 74 106 25 151 112 86 38 171
3 7,945 121 51 3,2 6,4 3,8 96 141 61 51 1472
4 6,151 3,8 3,9 4,1 8,5 91 11,3 11,2 152 84 @ 19,7
5 1,946 1,7 5,6 84 121 47 178 134 96 6,1 91
6 6,007 4,5 8,5 6,6 9,2 6,1 10,8 104 11,7 4,7 164
7 3,288 9,8 6,2 5,7 114 83 163 142 7,1 11,3 1322
8 5,341 9,5 8,3 2,9 7,8 44 122 125 98 132 113
9 8,722 103 75 6,2 5,9 56 147 88 142 81 128




BapuanTts 11 - 20

HCXOI[HI)IC OTMCTKH.

H,y = 236,256 m;
Hyp = 218,142 M;

Hc =230,989 M.
® pyC
Tabmuia A2
Homep MH3mepen. JnuHa xona, kM
xona | [Ipesbiie- BapHanTsI
HUA, M

11 12 13 14 15 16 17 18 19 20

1 2 3 4 5 6 7 8 9 10 11 12
1 29,898 8,9 8,3 10,7 1,7 5,8 142 10,3 7,5 6,2 5,9
2 15,255 15,7 10,4 8,3 3,6 6,1 8,7 9,2 2,4 8,7 4.4
3 15,508 10,2 5,4 5,3 3,2 6,4 13,3 6,4 12,7 10,3 11,2
4 30,767 9,5 4,8 6,1 4,9 3,2 6,5 4,9 3,6 7,7 6,8
5 22,513 12,3 7,2 12,8 6,3 5,1 10,7 13,6 10,1 5,5 3,3
6 34,338 8,7 3,5 9,4 91 54 54 13,1 8,8 4,7 9,2
7 53,348 12,3 6,9 134 76 10,2 9,5 11,8 3,2 10,9 14,2
8 47,207 282 229 185 201 173 11,8 6,3 19,4 8,7 16,6

Bapuanter 21 - 30

HcxonHble OTMETKH:

Hy=65312 m;
Hp =44,923 m.




Tabmuma A3

Homep MW 3mepeH. JnuHa xona, kM
xoga IIpesbie- BapHanTsI
HUS, M
21 22 23 24 25 26 27 28 29 30
1 2 3 4 5 6 7 8 9 10 11 12
1 3,023 10,1 3,5 2,3 5,9 5,8 1,3 6,8 5,6 4,6 79
2 7,521 7,2 6,0 6,4 4.8 3,5 7,5 7,1 3,8 10,8 124
3 4,482 2,7 4,6 5,6 5,0 9,0 4,5 4,9 2,7 2,8 3,1
4 6,285 6,6 4,9 9,5 3,1 111 3,9 3,5 9,4 9,9 7,2
5 10,792 2,7 6,7 3,8 4,9 10,8 2,0 6,2 6,8 2,6 4,4
6 14,403 6,7 4,2 4,8 2,6 51 5,7 2,8 7,6 8,1 10,0
7 3,599 2,5 7,1 7,5 5,6 3,7 3,0 8,4 5,1 6,2 4,0
8 2,964 59 5,0 8,3 2,9 5,7 4,7 3,2 3,1 73 113
Bapuantsr 31 - 40
PpdQ P InB VcxomHble OTMETKH:
1 ’ H,= 183,506 wm;
Hp =192,353wm;
Pn1 % Pn2 He=191,880 m.
PnC
Ta6mmma A4
Homep WUsmepen. JnuHa xona, kxm
xona  [IpeBbim BapuanTs!
eHUS, M
31 32 33 34 35 36 37 38 39 40
1 2 3 4 5 6 7 8 9 10 11 12
1 6,110 134 93 4,2 16,4 18,5 7,6 9,9 114 105 8.8
2 8,318 148 45 11,6 7,4 7,0 11,3 43 7,7 7,0 41
3 5,588 91 9,6 3,2 2,2 10,6 3,2 11,0 5,5 3,3 7,1
4 1,369 13,0 8,8 4,0 11,7 149 64 4,3 6,0 124 10,0




4,696 6,1 4,5 3,3 57 11,7 106 7,9 3,2 5,3 3,9

-0,905 8,2 114 128 34 7,1 8,2 2,9 110 123 55

S)
6 11,640 5,8 40 116 53 8,7 8,8 3,9 8,0 2,1 129
7
8 -5578 10,7 7,6 9,7 101 52 2,3 5,9 1,9 6,8 7,6

Bapuanter 41 — 50

1 Pnl HCXOI[HI)IC OTMCTKH.
Pnd g

H,=188,456 m;
Hp = 188,836 m;

PnlB @ P2 HC = 186,300 M.

InC 7

Pn3
Tabmuma AS
Homep = H3mepen. JnuHa xona, km
Xxona IIpeBsbite- BapuasTsI
HUS, MM
41 42 43 44 45 46 47 48 49 50

1 2 3 4 5 6 7 8 9 10 11 12
1 2,208 9,2 4,5 8,7 4,2 6,7 9,2 8,3 3,5 7,7 5,0
2 1,560 138 54 116 6,8 4,2 33 104 99 5,2 41
3 -0,312 7.4 6,2 8,3 1,7 9,9 2,8 31 125 113 34
4 -1,892 106 124 44 3,8 6,9 19 133 45 2,4 7,1
) 0,911 3,9 5,3 3,8 29 104 100 44 2,7 128 472
6 -2,820 2,5 95 1477 101 43 2,9 5,2 8,3 8,2 6,1
7 -3,140 59 3,4 4,8 2,4 5,2 51 2,9 4,2 8,4 105
8 1,509 8,3 6,3 7,9 2,1 6,2 5,3 8,8 8,7 7,2 2,3

Bapuanter 51 — 60

HcxonHbpie OTMETKH:

H,=235922 m;
Hy = 202,308 M;
He =207,807m,
Hp=169,949m.




Tabmuia A6

Homep H3mepen. JnuHa xona, kM
xona IlpeBsiin
BapuanTsl
€HUS, MM
51 52 53 54 55 56 S7 58 59 60
1 2 3 4 ) 6 7 8 9 10 11 12
1 -15,022 12,1 4,2 3,3 10,1 34 5,0 10,4 3,1 10,0 11,6
2 18,585 9,5 10,3 5,4 3,6 8,8 2,7 6,6 8,2 4.8 5,6
3 -24,046 124 10,0 4.8 6,6 125 115 110 9,9 5,9 8,1
4 5,702 6,9 5,4 10,0 1,7 8,2 9,9 4,7 5,6 5,1 9,4
5 -5,246 53 2,9 6,4 10,9 5,5 4,7 3,3 7,9 6,7 4,1
6 24,895 8,2 7,5 10,6 6,4 3,9 7,1 5,4 8,0 53 9,2
7 7,728 5,0 4,4 6,3 3,8 7,2 3,8 7,7 5,2 6,9 3,8
8 -19,201 7,0 106 111 4,5 6,3 7,2 3,3 8,4 4.8 59




