Уравнивание нивелирной сети выполняется в следующей последовательности.
1 Определяется число независимых полигонов.
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Вначале нумеруются замкнутые полигоны, а затем – достроенные
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знак h сохраняется; если не совпадает, то знак h меняется на противо-
положный. Невязки подсчитываются в миллиметрах. Для данной сети:
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https://ru.onlinemschool.com/math/assistance/equation/combined_equations/
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image7.png
Sir=—hy+ hy—hy=—3,010 - 1,601 + 4,621 =+ 0,010 M =+10 pm;
Sin=+ha+ hs— hy =+0,644 — 2,245 + 1,601 = 0 mm;

Sim = hu+ hy— by = 3,699 + 3,101 + 0,681 = — 0,008 M= -8 Mm;
Sirv =hy— hs+ hyy = 3,153 — 0,644 — 2,517 = — 0,008 M =8 Mm.

7. Beruncnsiores TIEPHMETPBI NOJIHTOHOB:
[Lh=Ly+Li+Ly=43+55+63=16,1 km;
[Lli=Ly+Ls+Le=55+1,4+2,5=94xm;
[Llm=Li+Ly=14+43=57Tkm;
[Lwv=Ls+L;=14+22=36km.
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8. BBIUHCIIAIOTCS JIOMYCTHMBIE HEBA3KH 110 (hopmyIie

i, =20 L, 92)

rie L = [L]; — nepumMeTpy MOIHroHa, Km;

Jj=1,2, ..., r nonuronos.

Ecin nojydeHHbIC HEBA3KH 10 aGCOMIOTHOI BEIHYHHE MEHBIIC MPe-
JIeTbHBIX, TO MOKHO IPHCTYIIHTb K YPABHHBAHHIO CETH.
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9. CocraBnsiercs B 00IIEM BHIE CHCTEMa HOPMAIbHBIX YPaBHEHHI
KOPPEJIaT, KOJMYECTBO KOTOPBIX 3aBHCHT OT 7 — YHCIIA H30BITOUHBIX H3MeE-
penwii. ITpu r = 4 cucTeMa HMEET B

[maalk, + [rablk, + [raclks + [rnad)k, + f = 0;
[rablk, + [nbblk, + [rbclks + [mbd)ks +fin = 0:
[maclky + [mbelks + [meelks + [medlks + frun = 0; ©.3)
[mad)k, + [nbd]k, + [red]ks + [rdd)ks + fiy = 0.
B 910ii cHcTeMe TT; — 0OpaTHBI BEC pe3y/bTaTa H3MEpPEHHil (IpeBbl-
IICHHSA).

0.4)

59
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a, b, ¢, d — X0>pUIHEHTE TIPH TIONPABKaX CHCTEMBI YCIOBHBIX ypaBHe-
HUii TONpPaBoK;

ki, ko, ..., k, — KOppenaThl, 10NONHHTENbHBIE MHOKHTEIM Jlarpanxa,
BBOJIMMBIE HCKYCCTBEHHO B NPOLECCE MEPEXOIA OT CHCTEMbI YCIOBHBIX
YPABHCHHIT IIONPABOK K CHCTEME HOPMATBHBIX YPaBHEHHIT KOPPENIaT.

10. Boraucnsiores kod(hQUIHEHTs! NPH Koppenarax.

TlpaBwio BbrMHCIEHHA KOdDumenTos cienyomee. Kanparnunsie
KOI()DUIIEHTE! PaBHBI NEPUMETPAM COOTBETCTBYIOMMX NMOIHroHoB. Co-
OTBETCTBHE NPOCMATPHBACTCA MO OYKBAM: @ — COOTBETCTBYET MEPBOMY
nonurony, b — BTopomy, ¢ — Tpetbemy, d — detsépromy. Ha cxeme, npuse-
JEHHOI Ha puC. 9.2, B KayKIblii MOJIHIOH 3aITHCHIBAETCA CBOS OyKBa.

WTaK, KBaPaTHYHBIC KOY(QHIHCHTEI PAaBHBI:

[raa] = [L};=16,1;

[mbb] = [L]u=9.4;
[ree] = [Llu=5.7;
[rdd] = [L]v =3.6.

HekBaparnasbic K0>Q(HUHCHTE! PABHBI JUIHHE JHHHH MEKIY COOT-
BETCTBYIOUIMMH TIOJIMTOHAMH CO 3HAKOM «—». Ecim obuieii mmuun Her, 10
ko3¢ umment pasen 0. Takum 0OpasoM, Uis TaHHO# ceTH KOIPHITHEHTEI
TIOJTyYaIOT CIIE/IONIHE 3HAYCHHS:

[rab]

[rac]=—Lim=

[rad] =~ L=

[mbe] =~ Lun

[mbd] =~ Ly =-1.4;

[med) =~ Ly
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a, b, ¢, d — X0>pUIHEHTE TIPH TIONPaBKaX CHCTEMBI YCIOBHBIX ypaBHe-
HUii TONpPaBoK;

ki, ko, ..., k, — KOppenaThl, 10NONHHTENbHBIE MHOKHTEIM Jlarpanxa,
BBOJIMMBIC HCKYCCTBEHHO B MPOLECCE MEPEXOIA OT CHCTEMbI YCIOBHBIX
YPAaBHCHHIT IIONPABOK K CHCTEME HOPMATBHBIX YPaBHEHHIT KOPPETIaT.

10. Boraucnsiores koo QUIHEHTs! NPH Koppenarax.

TlpaBwio BbrMHCIEHHA KOdDumenTos cienyomee. Kanparnunsie
K0d()UIMEHTHI PaBHBI IEPHMETPAM COOTBETCTBYIOMMX MOTHIOHOB. Co-
OTBETCTBHE NPOCMATPHBACTCA MO OYKBAM: @ — COOTBETCTBYET NEPBOMY
nonurony, b — BTopomy, ¢ — Tpetbemy, d — detsépromy. Ha cxeme, npuse-
JEHHOI Ha puC. 9.2, B KayKIblii MOJIHIOH 3aITHCHIBAETCA CBOS OyKBa.

WTaK, KBaAPaTHYHBIC KOY(QHIHCHTEI PABHBI:

[raa] = [L};=16,1;

[mbb] = [Lu=9.4:
[rec] = [Llm =S5,
[rdd] = [L]v =3.6.

HekBaaparnsbic K0>Q(HUHCHTE! PABHBI JUIHHE JTHHHH MEKIY COOT-
BETCTBYIOUIMMH TIOJIMTOHAMH CO 3HAKOM «—». Ecim obueii mmuun Her, 10
ko3¢ umment pasen 0. Takum 0OpasoM, Uis TaHHO# ceTH KOIPHITHEHTEI
TIOJy4aIOT CIIE/IOUINE 3HAYCHHS:
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[rab] =—Ly=-5.5;
[rac]=—Lim=-43;
[rad] =~ L
[mbe] =~ L =0;
[mbd] =~ Ly =-1.4;
[med] == Ly

11. CocTaBsieTest CHCTEMA HOPMAIBHBIX YPaBHEHHI KOpPenaT B 4nc-

JIEHHOM BHJIE.
TlonyueHnbie 3HaYCHHs KO (DOHIHCHTOB NOICTABIAIOTCS B CHCTE-

My (9.3), B pesysIbTaTe 4ero MoXy4aeTcs CHCTEMa HOPMANBHBIX YpaBHE-
HHii B YHCIICHHOM BHJIE:
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16,1 -ky 55k —43 - ks +0-ks+10=0;

55k +94-ky+0-ky— 14k +0=0;
9.5)
43k 0 ky+ 57k +0-k—-8=0;

0-ky—14-ky+0-ks+3,6-ks—8=0.

12. Cucrema (9.5) pemaercs M HAXOAATCH KOPPEIATHL.

CucTeMa HOPMATBHBIX YPABHEHHIT KOPPEIAT PEIIACTCS METOLOM I10-
CIIE/IOBATENHOTO HCKITIOYEHHS HEH3BECTHBIX WIIH 110 mporpamme «Alisay.
B KOHKPETHOM NPAMEPE 3HAYCHHS KOPPEIAT MOTYHHINCE CIIE/TyOIIHE:

ky=-0.2153;
ky=+0,2176;
ky=+1,241;
ky=+2,307.

13. BBIIONHSAETCS KOHTPOIIb PEIICHHS CHCTEMBI HOPMAIBHBIX YPaBHE-
Huii Koppear.

KOHTpOIIb BEINONHSAETCA ClEAyIOMMM 00pasoM. B kakioe ypasHenne
TIOCTABIIAIOTCS Haiijlennble Koppenartsl k. Ecim koppenatsl HaiieHbl
BEPHO, TO B NPaBOil 4acTH ypaBHEHWil JOJKHBI ObITh «0» B mpemenax
OMOOK OKPYIIICHHS BEIHIHH ki, ks, ks, ky.

14. Tlo HaiiIeHHBIM KOppeNaTaM BBIYHCIISIOTCS TIONPABKH B H3MEPEH-
HBIC TIPCBBILICHHS.

TIpaBHIIO BEIMMCIICHHS MONPABOK Cleyomee. [l HECMEKHBIX CTO-
POH, TO €CTh CTOPOH, NPHHA/UICIKANIHX TONBKO OJHOMY TMOJHIOHY (CTOPO-
uel 1, 3, 6 u 7, u300paxénnpie Ha pHC. 9.2) NONPABKH BEIYHCISIOTCS 110
opmyse

vi=+L; -k, 9.6)

e k; — Koppenara MolIMrona, B KOTOPbIil BXOIMT CTOPOHA (KakI0My I10-

e rer 1 wvr 1
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rie k; — KOppelnara I0/IMIOHa, B KOTOPKIil BXOJHT CTOPOHA (KakI0My MO~
JIUTOHY COOTBETCTBYET CBOst Koppenara: I — ki, 11— ky, 11 — ks, IV — ky);

L; — UTMHA CTOPOHBI, KM}

«t» — mmoc mepen opmMyIIoii CTABHTCS TOrAA, KOIja HANpAaBICHHE
npeBbIMICHHs h coBNajaeT ¢ HanpasieHHeM 00X0/1a TIOJIHTOHa;

«» — MHHYC, KOI'JIa HalIPaBJICHHs HE COBIIAZAIOT.
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B pesysibTaTe NONpaBKH U IAHHOI CETH BBIMHCIIAIOTCS CIIETYIOMHM
obGpasom:

vi=-Ly-ks=-14-1241=-2;

AE)

Ly -k =63 - (-02153) = +2;
Ve=+Lg- ky=+2,5- 02176 =+1;
V=L ky=+2,2-2,307 = +5.

TlonpaBKH BEIMACISIOTCS JI0 LETBIX MIUTHMETPOB.
JUIst CMEXKHEIX CTOPOH, TO €CTh CTOPOH, IIPHHAUICKANINX IBYM TIOJH-
roHaM (CTOpOHSBI 2, 4 1 5 Ha prc. 9.2) NONPaBKH BEMUCISIOTCS 110 opMmye
©.7)
v, = L(k—k).
B ckoOKkax cHauana MHWICTCS KOPPEIATa TOro IOJNHIOHA, B KOTOPOM
HanpasieHHe 00X0/a TONHMIOHA COBNANAET CO CTPEJKON MPEBBINICHHS
JIaHHOI cTOpoHE! (B dhopmysie (9.7) moa nepsoit ’i CTPEJIKH 03HAYAIOT, YTO

HanpasJieHHe 00X0/1a MOIHIOHa H NPEBINICHHS COBIA/AIOT), & BHIYHTACT-
st KOppeJIaTa Toro MOJHIOHA, B KOTOPOM HANpPABJICHHs HE COBNANAIOT K.

Vo= Lo (ks — ki) = 4,3 [1,241 - (-0,2153)] = +6,3;
Vi =Ly (ki — k) = 5,5 [(-0,2153) - 0,2176]
Vs = Ls (ko — ks) = 1,4 (0,2176 - 2,307) = -3.

15. BBINONHSAETCS KOHTPOIb BLIYUCIIEHHS! MOMPABOK.
KOHTpO/IeM NpaBHIEHOCTH BBIYHCIICHHS TONPABOK 110 KakIOMY I10-
JIMFOHY CIYXKHT PABEHCTBO

V)= ©8)
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Tlonpasky CKIa/IbIBAIOTCS € y4ETOM HANPABIEHHIl, TO €CTh, €CIIH Ha-
npaBiieHHe 06X0/1a MONMIOHA COBIMA/ACT CO 3HAKOM MPEBBILICHHS, TO M0~
npaBka GepETcs O CBOMM 3HAKOM, €CIH HE COBIAJACT, TO MONpaBKa Ge-
PETCS C IIPOTHBOMOIOKHBIM 3HAKOM.
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1 nonuron V4= Vi—Va=—fp1 -2-2-6=-10;
11 nonuron Vs + Vg—Vy=— 415 3+1+2=0;
11 nonuron V2= vi=— s +6+2=+8;

1V nosmron V7= Vs=—fh1vi +5+3=+8.

KOHTpOJIb I0IIKEH BBINONHATLCS TOYHO. ECIH paBeHCTBO He BBINON-
HAETCA B NIpeieniaX +1 MM, TO HEOGXOIHMO HCTIPABHTH OJIHY H3 TIONPABOK.

16. BBIMACISIOTCS YPABHEHHBIC NPEBBILICHHS H OTMETKH Y3/I0BBIX pe-
nepoB.

BhIuHCIIEHHs PEKOMEHTYETCS BBINOIHATE B Taduuie (Tadn. 9.1).

VpaBHEHHBIC NPEBBILICHHS BEMHCIAIOTCS 110 hopmyie

hypi=hi+vi. 9.9)

TIpu 5TOM NONPABKH B NPEBLILICHHS BBITHCHIBAIOTCS 110 MPABHILY: €C-
JI HATIPABJIEHUE XO/1a TPH BHIYHCIEHHH OTMETKH Y3/IOBOTO PErepa coB-
MaJIaeT C HANPABJIEHHEM CTPEIKH MPEBBILIEHNUS, NIONPABKA BBIHCHIBACTCS
C TEM 3HAKOM, C KOTOPBIM [OJNyYCHA H3 yPABHOBEIIHBAHMS, €C/IH HE COB-
aJIaeT, TO MONPABKA BBINICHIBACTCS C OOPATHBIM 3HAKOM.
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BeoMOCTh BBIMHCIEHHS OTMETOK

Db ol

= TS
BEE B g2 |3 | 3

B lg|Ey 252 |2 ER-S - SR

HEHEEREE EEREE I
= |2[2F] 8 - Py
SRR L 5515 | &

Pul2 1| 43 [161,431 (0,681 —2 |-0,683 | 160,748 | 1.4 | 0,71 28

2 | 52 | 157,732 |+3,010| +6 [+3,016| 160,748 | 43 | 0,23 8.3

Puld 5| 52 |157,732 [+0,644 -3 |+0,641| 158373 | 1.4 | 0,71 6.4

" 7 | 143 | 155,215 [+3,153| +5 |+3,158 [ 158,373 | 2.2 | 045 | 11,2

3| 12 [160,748 [4.621| +2 | 4,619 156,129 | 6,3 | 0,16 | 0,6

Pnl3 | 4 | 52 | 157,732 |-1,601| -2 [-1,603| 156,129 | 55| 0,18 | 0,7

6 | 14 | 158373 |-2,245| +1 |-2244| 156,129 | 2,5 | 0,40 | 04

TPV =30,5

‘Pv3 [305

“Va-k V723

=28mm.
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Tak, OpH BBIYHCICHHH OTMETKH penepa 12 Hampasienne xona 1 6e-
pérest oT nucxoxHoi Mapku 43 k Pril2, To ecTh COBMNANAET CO CTPENKOi
npesbieHus hy. [I05TOMy 101paBKa BBIHCEIBACTCS CO CBOMM 3HAKOM —2;
HanpaBJIeHHE X0/1a 2 OT MapkH 52 K peniepy 12 coBnanaer ¢ HarnpasiIeHH-
€M CTPEJIKH NPEBBILICHHS /12 H 1IONpaBKa GyeT +6 u T. 1.

17. BbinonusieTcsi OLEHKAa TOYHOCTH MO Pe3yIbTaTaM ypaBHUBAHUS
(110 onpaBKam v;).

Beca H3MEPEHHBIX NPEBBILICHHT 110 X0/IaM BHIYHCIISIOTCS 10 opmyIie

P=1/L, 9.10)
e L; — JUulMHa X0/1a, KM.

Cpe}lHﬂﬂ KBaJpaTH4ecKas ommbKa CIMHHIBI BECa [ BHIYHCIACTCA 110
opmyie

9.11)

rie P — Bec NpeBbIICHHS;

V — [OIpaBKa;

N — YHCIIO BCEX XOI0B;

{— 4HCIIO y3IOBBIX PENEPOB (HEH3BECTHBIX).

18. Jlenaercs BBIBOJ 110 PE3y/IbTATaM OLICHKH TOYHOCTH

Tak Kak Cpe/IHsisl KBaiPATHICCKas OUIHOKA NPEBEILICHHS, BEC KOTOPO-
TO NIPHHAT 32 eAUHHLY (P = 1) NpH OLEHKE TOYHOCTH 110 NONPABKaM paBHa
cpeeii KBaapaTHyecKkoi ommoke 1o xoay amuHoi 1 kM (L = 1 kM), TO
nomyckoM st 111 ki1acca MOKHO NPHHATE BEIMYHHY, PaBHYIO 5 MM Ha 1 kM
xoja, a s IV knacca — 10 mm Ha 1 kM xoz1a.
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Ha puc. 9.1 ykasansi:
- HOMEpa M OTMETKH HCXOJIHBIX MapOK (COOTBETCTBEHHO, B YHCIIHTENE
M43
161,431 %
- HOMEpa NPOMEKYTOUHBIX peniepos: Pnl2, Pnl3, Pnl4;
- B UHCJIHTEIE JIaHbl H3MEPEHHbIC NIPEBBILICHHS B HANPABJICHHH, YKa-
3aHHOM CTPEJIKOIA;
- B 3HAMEHaTeJIe — JUTHHBI OTACIBHBIX CEKIHI B KHIOMETpaXx.
Onpenieienne 4HCIa HE3ABHCHMBIX TOJHIOHOB BBLITIONHAETCA 110
opmyse

M 3HAMeHaTesIe

n—t, ©.1)

e 1 — 9HCIIO BCEX H3MEPEHHIA, T. €. YHCIIO XOJI0B, KOTOPBIE HAl0 IPOHY-
MepoBaTh apaGCKUMU WH(PaMH B J1H060ii MOCIIEI0BATEILHOCTH Ha CXEME,
u3006paxEHHOI Ha puc. 9.1; ux Beero 7;

t — 4HCNI0 HEOOXOMMMBIX H3MEpEHHil (YHCIIO ONpE/IENIeMBIX pere-
POB JUISL IAHHOM CETH, KOTOPLIMH ABISIOTCS penepsl: P12, Pnl3, Pnl4,
T. €. TPH).
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B pesynbrare
r=7-3=4.
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JU1s KOHTPOJIst BENMUHHA T BHIYHCISAETCS 110 (hopmyIe

N+T-1,

e N — 4HCII0 3aMKHYTBIX MOJTHIOHOB;

T — 9MCIIO MCXOTHBIX MApOK HIIH PETIEPOB.

B nannom npumepe: N =2, T= 3, cieaosarensio r =2+ 3 —

2. CeTb rpaduuecKH I0CTPAHBAETCA /10 T TIONHTOHOB.

TIONMTOHBI 10CTPAHBAIOTCS TAKHM 0OPA30M, YTOOE! KakKIbLil IIOIHIOH
0 BO3MOKHOCTH BKJIIOYAJ B Ce0fi MEHBLICE YHCIO X0J0B. JlOCTPOCHHBIC
TIOHTOHBI H300PAKAIOTCS IYHKTHPHOI IHHHACH.

Jlnst cetn, u300paxéEnHOil Ha puc. 9.1, nonuros 111 BeiGpan ot M43 10
M52, a nomuron IV — or M52 10 M143 B cooTercTBuH ¢ puc. 9.2.

3. TTOMHrOHBI HYMEPYIOTCS PHMCKHMH LH(PaMH.
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4. Iocie 3T0ro 3a1aéTcs HaNpaBJIeHHe 00X0/1a MOIHIOHOB.

Hanpas:ienne BRIGHPAETCA 110 X0y HaCOBOH CTPEIIKH HITH NPOTHB XO-
JIa 4acoBOii CTPEIIKH, HO OHO JIOJKHO GBITh OJMHAKOBBIM JUIS BCEX MOIH-
TOHOB.

5. 3ajaéres HanpaBleHHE NPEBBINICHHIT MEXKLY HCXOIHBIMH IyHKTa-
MH Y JIOCTPOCHHBIX TIOHTOHOB (IIPOM3BOIIBHO) H BEIMHCISIOTCS 3HAUCHHS
9THX mpeBbimeHnii. Jlis cetH, n300pakEHHON Ha pHC. 9.2, BBIYHCIICHHS
BBINIOHSIOTCS CIETYIOLIMM 0GpasoM:

i = Hyon — Hyay = Hyis2 = Hys
hiy = Hyias — Hysy =-2.517.

3,699;

TlosyueHHbIe TIPEBBIICHHS TIOITHCHIBAIOTCA HA CXEME JIPYTHM LBETOM.

6. TT0ICUMTBIBAIOTCS HEBA3KH B CyMME MPEBBILIEHHIT [0 KaKI0MY I0-
JIMIOHY, BKJIIOYasi TIPEBBILICHHE MEKTY HCXOIHBIMH MYHKTaMH B JIOCTPO-
CHHBIX TIOJTHIOHAX.

HeBsi3KH NOACUNTHIBAIOTCA N0 cleyiomemy npasuy. Ecnu nanpas-
JIeHHe NpeBbIMICHHs h COBNataeT ¢ HanpaBlIeHHeM 00X0Ja MOIHIOHa, TO




