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BBE/IEHUE

Ha naGopaTopHBIX 3aHSATHUSX MO MaTEMaTUYECKUM OCHOBAaM CYJOBOXKICHUS
oTpabaThIBaeTCA perIeHNe MPAKTHUYECKUX 3a/1ad C MPUMEHEHHEM MUKPOKAIBKYJIIS-
TOPOB. MHUKPOKaJIbKYISATOPbl MOTYT OBbITh JIFOOOTO TUIA, HO OHU JOJKHBI obOecte-
YHBATh BO3MOXKHOCThH BBIUUCICHUS TPUTOHOMETPUICCKUX (PYHKITHIA.

Pemenue Bcex 3a7a4 BBITIOTHACTCSA B TETPAASX I 1ab0paToOpHBIX padboT (He
MeHee 48 TUCTOB), HAa TUTYJIBLHOM JINCTE KOTOPOU MOMUCHIBAETCS HOMEP TPYIIIBI U
dbaMuus Kypcanra.

J17s1 BBITIOJIHEHUSI CXEMAaTHUUYECKUX PUCYHKOB B HEKOTOPBIX 3ajjauax Ha Jado-
PaTOPHBIX 3aHATUAX HEOOXOJUMO MMETh CIEAYIOIINE MPUHAIIEHKHOCTH: MPOCTOM
KapaHJalll, CTUPAIbHYIO PE3UHKY, JTUHEUKY, TPAHCIIOPTUD, LIUPKYIIb.

Cpok ¥ TOpSANIOK CJayu Ha MPOBEPKY BBIMOJHEHHBIX PadOT OroBapuBaeTCs
npenojaBaTeyieM, BeAylUM Ja00paTOpHbIEC 3aHSTHS.

Copyright © 1999, IBI'MA A.Il. NomOuHCKuUiA
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1. COEPUYECKHUE TPEYI'OJIBHUKH

a) KOCOYT'OJIBHBIE COEPUYECKUE TPEYI'OJIBHUKHU

1.1. OBILUME CBEJIEHUSI

Cdepuuecknum TpeyroJbHUKOM HasbiBaeTcs ¢urypa Ha cdepe, oOpazoBaHHas
TpeMsl TIOMAPHO MEPECEKAIOIMUMHUCS AyraMu OONBIIUX KPYTOB. YTIbl ChepuIecKo-
ro TPEYroJbHUKa 0003HAYAIOTCS MPOMUCHBIMYU OyKBaMH JJATUHCKOTO andaButa A,
B, C, a mpoTuBOJEXAaIIEe UM CTOPOHBI — COOTBETCTBYIOIIMMH CTPOYHBIMU d, b, ¢
(Bcero 6 ameMeHTOB CHEePUIECKOTO TPEYTOIbHHUKA).

TpeyronbHHUK cuuTaeTCs 3aJaHHBIM, €CJIM W3BECTHBI KaKHE-TUOO TpU €ro
aneMmenTa. OTBICKaHWE HEU3BECTHBIX DJIEMEHTOB IO 3aJJaHHBIM HAa3bIBACTCS pellie-
HUEM C(HEpUYECKOTO0 TPEYrojibHUKA. PelieHre BBHITIOMHSAETCS C HMCIOJIh30BaHUEM
dbopmyn cepruyeckoit TPUTOHOMETPHH, B KOTOPBIX AJIEMEHTHI C(HEPUIECKOTO Tpe-
yroipHHUKA jexar B mpenenax ot 0° mo 180° (tpeyrompHuk Jiinepa). Pemenue
TPEYTOJbHUKA BBHITIONHSACTCA C WCIOJIH30BAHUEM B KAayeCTBE HMCXOIHBIX JTaHHBIX
TOJIBKO 33JIaHHBIX DJIEMEHTOB. [[J1s1 pemieHus: MpUMEHSIOTCS OCHOBHBIE (DOPMYIIBI:
KOCHHYCa CTOPOHBI, KOCHHYCa YIJIa, KOTAHTCHCOB (4-X PSIOM JISKAITUX DJIEMEH-
TOB).

Dopmyna KocuHyca CmMOpPOHbl CBSI3BIBACT TPU CTOPOHBI M OJWH W3 YTJIOB
chepuvecKoro TpeyrojibHUKa. YA00HA I HAXOXKICHUS HEW3BECTHOTO yriia WU
CTOPOHBI, MPOTHBOJICKAIICH ASTOMY YTy, W UYHUTACTCA CICAYIOUUM O00pazoM:
“6 cpepuueckom mpey2onbHUKe KOCUHYC CIMOPOHbL pABEH NPOU3IBEOCHUI0 KOCUH)-
co8 08yx Opy2ux CmMOpPOH NIIOC NPOU3GEOEHUe CUHYCO8 IMUX CIMOPOH HA KOCUHYC

yena medcoy numu . Hampumep: @, @, @ — 3a/IaHHBIE DJIEMEHTBI, TOI1a

B

@ a cosa=cosbhb-cosc+sinb-sinc-cos 4

@opmyna KocuHyca y2na CBI3bIBaCT TPU YIJIa U CTOPOHY C(HEPUIECKOTO Tpe-
YTOJIbHUKA, yA00HA i1 HAaXOXKJACHUS HEU3BECTHOM CTOPOHBI WIIM yTIJIa, MIPOTUBO-
JEKAIIETO ATOW CTOPOHE, W YHTACTCS TaK: “KOCUHYC yena cghepuueckoeo mpe-
V2ONIbHUKA PABEH OMPUYAMENbHOM)Y NPOU3BEOCHUI0 KOCUHYCO8 08YX OpYeUX Velo8

Copyright © 1999, IBI'MA A.IL. TomOuHCKUIA
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NI0C Npou3z8edeHue CUHYCO8 IMUX Y208 HA KOCUHYC CMOPOHbL MeHcOy Humu’ .

Hanpuwmep: @, , @ — 3aJIaHHBIC AJIEMEHTHI, TOT A

@ cosA=—-—cosB-cosC+sinB-sin C-cosa

4 O

b

o

Dopmyna komanzencos (4-x psaOM JISKAIIMX JIEMEHTOB) CBSA3bIBaeT 4 ps-
JIOM JICXKAITUX JJIEMEHTAa, MUCIOIB3YEeTCS IS HaXOXKJICHHUS KpaWHUX JJIEMCHTOB H
YUTACTCS CIECAYIONIMM 00pa3oM: ‘“npouszsedenue KomaumeeHca KpailHe20 yeld Ha
CUHYC CpeOHe20 Yela PABHO NPOoU38e0eHUr) KOMAaHeeHCa KPAalHel CIMOpPOHbl HA CU-
HYC cpeoHell CMOPOHbl MUHYC NPOU3BeOeHUe KOCUHYCO8 cpeoHux snemenmos”. Ha-

pumMep: @, @, @ — 3aJIaHHBIE 3JIEMEHTHI, TOrJa, OObEAUHUB 4 psAJIOM Jie-

xKammx deMenTta 4, b, C, a cornacHo GOpMyIHPOBKE MOKHO 3amucaTh GOPMYIIy:

B
ctgAd-sinC=ctga-sinb—cosb - cos C,
c <@\ rae A v a — KpaiiHUE 3JIEMEHTHI;
R b n C — cpeHuE 3JIEMEHTHI.
s N L)
A S
~ /

~ @
—_— > _ —

Kpome Toro, B 3T0M ciiyyae MOKHO OOBEIMHUTH Cleaytonue 4 psjaoM Jexa-
X aneMmenTa: B, a, C, b, Torga cormacHo GopMyIUpPOBKE OyaeT

N\
B
N
N . .
N ctgB-sinC=ctghb-sina—cosa-cosC,
c \@\ rae B u b — KpallHUE DJIEMEHTHI,

NN an C — CpeJIHUE JIEMEHTHI.

Copyright © 1999, IBI'MA A.Il. NomOuHCKuUiA
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1.2. IOPAJOK PEHIEHUSA KOCOYT'OJIBHBIX COEPUYECKHUX
TPEYI'OJIBHUKOB

[Tpu pemieHrr KOCOYTOJMBHBIX CHEPUUECKUX TPEYTOIHHUKOB II€IeCO00pa3HO
MPUIEPKUBATHCS CICAYIOIIETO NOPSAIKA TEUCTBUN:

1. 3anucaTh UCXOHBIE JaHHBIE U BBIACIUTH UX HAa YCIOBHOM CXEME.

2. Bemucath popmysibl, CBA3BIBAIONINE OAMH U3 UCKOMBIX DJIEMEHTOB C 3a/1a-
HUSIMH.

3. BeiBectu paboune Hopmysbl, B KOTOPBIX B JIEBOM YacT — (DYHKIUS UCKO-
MOTO JIEMEHTA, B MPaBON — (DYHKIIUU 3aIaHHBIX DJIEMEHTOB.

4. UccnenoBath pabouyro GopMyiy Ha 3HAKH, MPOCTABISIS 3HAKH COOTBETCT-
BYIOIINX (YHKIUNA CBEpPXy. DTO MO3BOJIUT BECTH BH3yaJbHBIM KOHTPOJH 3a Mpa-
BUJIBHOCTBIO pacueTa IPOMEKYTOUHBIX TapaMeTPOB U UHOT/A 3apaHee ONpPENe/IUTh
YETBEPTh, B KOTOPOM HAXOAUTCS MCKOMBIM 3JIEMEHT (MEHbIIE MK 60mbIne 90°).

5. BBINOJIHUTH pacyeT, BBOJISI UCXOJIHbIE JAHHbBIE B Tpajlycax U BbIUCHIBAS 110
HEOOXOJJMMOCTHU MPOMEKYTOUHBbIE 3HAUCHUSI HE MEHee, 4YeM ¢ 6 3HaKaMH ocJie 3a-
naroid. Eciam 3HaueHHe MCKOMOH TPHUTOHOMETPHUYCSCKOW (DYHKITMH OTPHIATEIBHO,
TO MCKOMBIN 3JIEMEHT JIeKUT BO BTOPOW YETBEPTH, TO €cTh B mpenenax 90-180°
(mnst byskumii cos, tg, ctg). [Ipu pacuere Ha KaIbKyIATOPE IJIs OTPHUIATEIHHOTO
3HaueHus (QYHKIUU OyAeT BbIIaBaThCS OTpHUIATeNbHBIN yron (B IV uerBepTH),
KoTopoMmy Juist mepexoja Bo Il uerBepTh Hy)HO 100aBUTH 180°

6. BbINOTHUTE MPOBEPKY MOJYUYEHHBIX PE3YJIbTATOB C MOMOIIBIO COOTHOIIIE-
1502078

— IPOTUB OOJBIIUX YIJIOB JIEKAT OOJIBIINE CTOPOHBI;

— CyMMa JBYX CTOPOH OO0JIbIII€ TPEThEH, a UX PA3HOCTh MEHBIIIE;

— CyMMa TpeX CTOPOH JIekUT B nipeaenax ot 0° mo 360°, cymma Tpex yrioB —
B npenaenax ot 180° mo 540°;

— 110 popMyJie CHHYCOB, HAIIPUMED:

sina_sinA_ sina sin4

. - . 9 . - . .
sinb sinB sinb sinB
[Tocre aTor0 HEOOXOIMMO BHITUCATh 3HAUYEHUS MCKOMBIX AJIEMEHTOB Cepu-
YECKHUX TPEYroJIbHUKOB ¢ TOUHOCTHIO 0,1' 6€3 nmpomyckoB pa3psioB.
[Ipumedanue: ecnu 0JlHA U3 CTOPOH CPEPUUECKOTO TPEeyrodpHUKa paBHa 90°,

TO yaoOHee B OCHOBHBIX (POpMYJIax Cpa3y UCKIIOUUTH CllaraeMbie, paBHbBIE HYJIIO, U
COKPATHUTh BBIYUCIICHHUS.

IIpumep 1.
Berancnute yron B cdepudeckoro TpeyrojabHUKa, €CId M3BECTHBI TPH €ro
CTOPOHEL: a = 62°42,8"; b =105°38.,9"; ¢ = 81°14,9".
Penrenue:
B——>cosb=cosa-cosc+sina-sinc-cos B

Copyright © 1999, IBI'MA A.IL. TomOuHCKUIA
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B
@ @ ®» ®» ® O
0s B=cos b - coseca - cosecc—ctga-ctgc,
R/_/
() (@) I 1
(75
y c -1 ). B>90°
(b)
I=-030708: II=0,0794113: cos B=—0,3864913: B=112°44.2"
1.3. SATAHUS

B Ta6n. 1, 2 mpencraBineHbl UCXOJIHBIC JaHHBIC IS PEIICHUS CHEePUUSCKUX
TpeyroibHUKOB. [lopsigok BbIOOpa HYXKHBIX 3JIEMEHTOB ONPEAEIAETCS HOMEPOM
3amauu, THne TmepBas nudpa o3HayaeT HOMEp BapuaHTa (Tabn. 1), a Tpum
CJIeYIOIINE — HOMEpa CTOJIOIOB AJisl BBIOOPKH COOTBETCTBYIOIETO 3JieMeHTa. Ha-
nmpuMep, 3anuch «3agada Ne 2/132» — o3Havaer, 4To pemaercs 3ajaya BTOPOTO Ba-
puaHTa (3aJlaHbl JIEMEHTHI: CTOPOHA b, CTOpOHA ¢, yroua A), B KOTOpO CTOpoHa b
BbIOMpaeTcs u3 1-ro cronbua, cropoHa ¢ — u3 3-ro croiudua, yron A — u3 2-ro
cToJIOua:

Ne 2/132 b=120°33,6'
UN ¢=102°44 3"
bed A=61°11,6
Tabmuna 1
BapwuanTel 3a1anus chepuiaecKux TPEeyroJbHHKOB
1 2 3 4 5 6 7 8
a b c | bccA | ¢c,AAB | ABC| acB |aB C| abC| b AC
Tabmumna 2
DJEeMEHT 1 2 3 4
a 67°18,6' 65°00,6' 68°58,3' 64°16,2'
b 120°33,6' 118°44,8' 116°27,3' 115°13,5'
c 106°11,2' 90°00,0' 102°44,3' 87°44,1'
A 72°50,3' 61°11,6' 72°38,2' 60°04,4'
B 116°54,2' 122°02,8' 113°43,8' 119°30,3'
C 95°58,2' 75°11,2" 94°09,7' 74°00,4'

Copyright © 1999, IBI'MA

A.IL. JloMOMHCKUI
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0) IPAMOYI'OJIBHBIE COEPUYECKHUE TPEYI'OJIBHUKHA
1.4. OBIIUE CBEJIEHUA

[TpsitMOyTONBHBIM Ha3BIBACTCSI TAKOW CHEPUUECKUN TPEYTOJBHUK, Y KOTOPOTO
onuH u3 yrioB paBeH 90°. IIpsMoyronbHble chepudecKkne TPEyroJbHUKH Oojiee
palKMoOHANIBHO pemaTh 1o npasuiaM Moatou-Henepa:

1) 6 npamoyzonvnom cghepuueckom mpey2onvHuKe KOCUHYC 11006020 CpeoHe20
IeMEHmMA PaeeH NpPou3ee0eHUuI0 KOMAaHeeHCco8 KPAUHUX CMENCHbIX C HUM IleMeH-
mos;

2) KOCUHYC OMOENbHO Jlexcaujeco 3d1eMeHma cepuiueckozo mpeyeoibHUKd
PAageH npou38e0eHUI0 CUHYCc08 08YX He CMENCHBIX C HUM PAOOM JIeHCAUUX TeMeH-
moe.

[Ipumeuanue: B 000uX MpaBWIIaX MPUHATO, YTO KATETHI JIE€KAT PAIOM IPYT C
JIPYrOM U 4TO BMECTO KaT€TOB HaJl0 OpaTh uX AgomnojHeHus 10 90°, u3meHss cooT-
BETCTBEHHO HAMMEHOBAHUS TPUTOHOMETPUICCKUX (PYHKITHIA.

[Tycth B chepudeckom TpeyronbauKe yroi 4 paBeHn 90°, Toraa coriacHo mpa-
BwiaM Mogroun-Henepa

(90° —¢)
¢ 4=90° cosa=ctgB-ctgC
= cos B=ctga-ctg(90°—c)
B T (1)
a b o
S
o)

cos(90°—c¢)=sinC-sina
cos a =sin (90°—5)-sin (90° —c¢)
C

®opmyisl (1) ypoImmaroTcs ¢ IOMOIBI0 PABEHCTB:
sin (90° — @) =cos ¢;  cos (90° — @) =sin @;  ctg (90° — @) = tg .

[Topsmok meMCTBUI MPU PEIICHUH MPSMOYTOJIBHBIX CHEPUUIECKUX TPEYTOib-
HUKOB OCTA€TCSl AHAJOTMYHBIM TOPSIKY PEHICHUS KOCOYTOJbHBIX CHEpUYEeCKUX
TpeyroasbHuKOB. MccnenoBanue xe paboueit ¢popMyIbl Ha 3HAKU B JIOOOM cllydae
Ja€T BO3MOKHOCTb OMPEACIUTh 3apaHee YETBEPTh, B KOTOPOI HAXOJIUTCSI UCKOMBIN
anemMeHT (MeHbIe uin 6onbire 90°).

[IpokOHTpOIUPOBAaTh PE3YIbTAThl PEIICHUS MOKHO, MCHOJIB3YS ClENyIolIee
CBOMCTBO: BEJIMYMHBI KaTeTa W MPOTUBOJICKAILIETO Yria JOJKHBI ObITh B OJHOMU
geTBepTH (00a 3TH AJIEMEHTA JIOJDKHBI OBITh MIIM MEHBIIE, WK ke Oombiie 90°).

IIpumep 2.
B Hano: C=90° a=61°24,6'
= b=112°473'
|
@ ‘ u
S A Haiitu yroa B

©

(b)
(90° - b)

Copyright © 1999, IBI'MA A.IL. TomOuHCKUIA
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Pemienue:
B —co0s (90°—a) =ctg B-ctg(90°-b);

S/ @ S/
ctg B=sina - ctg B;

90° < B <180°;
ctg 4 =-0,36889457;
B=-69°451" = 110°14,9’

1.5. BAJIAHMS

B tabnumax 3-8 mpuBeeHbl UCXOIHBIC JaHHBIC IS PEHICHUS MPSMOYIOJib-
HBIX c(peprueckux TpeyroabHUKOB. [lopsgok BEIOOpa HYKHBIX 3JIEMEHTOB OIpEJie-
JSI€TCSl HOMEPOM 33J]]a4U, KOTOPBIN MPECTaBIAeT COO0H ApOOE.

Ilepsas yugpa uucrumens omnpenensier, Kakou u3 3-x yriioB chepudecKkoro
TpeyrojbHuka npsamoi: 1 — A4 =90°;,2 — B=90°,3 — C =90°.

Bmopasa yugpa uucrumens o0603HAYACT, KAKUE DIEMEHTHI MPSIMOYTOJIBHOTO
chepuvecKoro TpeyroiabHUKa 3a1anbl (cM. Tabu. 3, 5, 7). Ilo 0éym yugpam 3name-
Hamensa U3 Tadi. 4, 6, 8 BbIOMPAIOTCS YUCIICHHBIC 3HAYCHUS 3aJJaHHBIX 2JICMEHTOB
IPSIMOYTOJILHOTO CEPUIECKOTO TPEYTOIbHUKA.

Hampumep, 3agaua Ne 23/41 — sto o3navaet, uro B = 90° u 3amaHHbIe diie-
MeHTbl ¢ U C, KOTOpble BbIOMparoTcs: ¢ u3 4-ro crondbua, a C u3 l-ro crondua
Tabx1. 6.

Ne 23/41 c =48°43,6'
T e
B=90° »cC
Tabmuna 3
1)A4=90°
1 2 3 4 5 6
b, ¢ ¢, B b, B a, b a, C B C
Tabnuna 4
1 2 3 4
a 120°21,4' 125°14,8' 130°16,4' 128°37,7'
b 43°41,5' 36°24,3' 47°38.8' 45°08,6'
c 118°34,7' 98°55.,6' 115°45,7' 104°06,6'
B 72°14,3' 61°34,5' 74°41,4' 65°57,7'
C 116°24,8' 112°47,3' 108°24 .4 110°36,5'
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Tabmuna 5
2) B=90°
1 2 3 4 5 6

a,c a, C c, C b, ¢ b, A A C

Tabnuna 6
1 2 3 4

a 103°02,5' 107°17,8' 116°29.4' 123°31,2'

b 121°42,5' 114°53,5' 110°37,8' 103°26,4"'

c 55°18,3' 57°09,6' 39°52,7' 48°43,6°

A 100°00,0' 105°30,0' 110°40,0' 120°50,0'

C 70°20,0' 65°15,5' 62°10,4' 76°20,6'
Tabmuma 7

3) C=90°
1 2 3 4 5 6

a, b b, A a, A a, c ¢, B A, B

Tabmuna 8
1 2 3 4

a 40°54,7' 45°32,1" 51°23,8' 38°47,6'

b 124°36,5' 130°21,2 135°40,8' 136°54,9'

c 128°05,4' 110°20,0' 112°33,3' 105°44.,4'

A 63°08,4"' 65°21,5' 70°37,3' 73°27,0°

B 126°35,0 118°47,8' 130°16,5' 137°43,0'

2. TEOMETPUSA 3EMHOI'O COPEPOUIA

2.1. OBIIME CBEJAEHMUS

JIJist mocTpoeHus KapT pa3Hble CTPaHbl WIHM TPYMIBI CTPaH MCIOJIB3YIOT pas-
JUYHBIE peepeHIT-IUTUIICOUIBI (3eMHbIE chepounanl). B Hamell cTpaHe B KauecTBe
pedepeHI-3umnconia npuHAT dutuncons; KpacoBckoro ¢ mapamerpamu:

Oospias noinyoch a = 6 378 245 wm;

KBaapaT SKCOCHTPHUCUTCTA 82 =

2
a

a’ —b?

=0,0066934.

Majiasg noiyocb b = 6 356 863 wm;

B cBsi3u ¢ mosiBieHneM TI100aNbHBIX PaIMOHABUTAIMOHHBIX CHCTEM, OCOOCH-
HO CIYTHUKOBBIX, BO3HHMKJIA HEOOXOIUMOCTh CO3JaHMs JIITUIICOH]A, YIOBIETBO-
pstoiero nopepxHoctu Beeil 3emmnu. [lo pesynpraTaM MHOTOUYMCIEHHBIX HU3MEpe-
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Huii B CIIA u npyrux crpanax B 1972 roay Obu1 npunar smmuncous WGS-72
(World Geodetic Survey) ¢ mapameTpamu:
a=6378 135 wm; b=62356750 m; g% = 0,0066945.
3aTeM mapaMeTpbl 3TOr0 JJIUIICOMJA ObUIM yTOUHEHbl U B 1984 romy Obul
npuHAT suuncous WGS-84 ¢ mapamerpamu:
a=6378 137 m; b=6356752wm; g% = 0,0066945.
dopma u pazMepsl 3eMHOTO cheponia OMPEaesIOT 3HAYCHUS paouyCco8 Kpu-
8U3HbI PA3NMYHBIX ceUeHUM. BennunHa painycoB KpUBU3HBI 3aBUCUT OT IOJIOXKeE-
HUS TOYKU Ha chepouae nim ot reorpaduueckor mMuUpoThl @. Pamnycsl KpUBU3HBI
UCIIOIB3YIOTCS JJISl pacyeTa JJIMH AYT COOTBETCTBYIOIIUX CEUEHUN HAa OCHOBAHUU
obmux Gopmyi:
S = R@ppay — JJIA IYTU OKPYKHOCTH,
dS = R d e, — NIIs IyTW CEUYEHHS IEPEMEHHON KPUBU3HBI.
Jlnst mepeBojia paiuaHHOW Mepbl U3MEPEHUS B TPAyCHYIO U HA0OOpOT Ciy-
&aT BeJMYMHBI arc 1° u arc 1' — 370 AJIMHBI AYTU OKPYXKHOCTH BeauuuHou 1° u 1',
BBIPQKEHHBIE B paJInaHAX:

. 2 1 1
arcl” = = ~ ;
360° 57,29578° 573°
\ 2r 1 1
arcl'= = ~

360-60' 34377468 3438'"

2.2. PACYETHBIE ®OPMYJIbI

1. Paguyc mapamienu r UCHONb3yeTCs JJIsl pacyeTa JUIMH Ayr Mapalenei,
ONPEAEIAIOIINX PACCTOSHUS MEXAY MEPUIUAHAMU
acosy _ acose
) =

— , te W=11-g%sin’ ¢.
l-g“sin” ¢
2. lnuna nyru napamiend P MoKa3blBaeT PAaCcCTOSHUE MEXKAY JIBYMS MEpH-

JWaHaMU B 33JJaHHOM IIUPOTE.
P=r-Ady, =r-Al°-arcl®=r-AA"-arcl.

3. Jnuna 1 MunyTHl Ayru napamienu P' paccuutsiBaercs mis AL = 1"

4 Inuua nyru 3KkBatopa Py MOKa3bIBa€T PACCTOSIHUE MEXIY JBYMS MEpHIHa-
HaMU Ha YKBAaTOPE

Fy=a Ay, =a-AA°-arcl®=a-Adarcl'.

5. Jlnuna 1 MuHYTHI ITyru SKkBatopa Py (9KBaTOopuagbHas MUJIS) PACCUUTHIBA-
ercsa g AA=1"

6. Pagnyc xpuBM3HBI Mepuauana M WCHONB3YeTCS JJIS BBIYMCICHUS JJTHHBI
IYTU MEPHUINAHA U PA3HOCTH IMHUPOT TOUECK HA TOBEPXHOCTHU chepounma
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a(l-&?) _a(l—ez)
3 300
( l—gzsinz(pj d

7. Paguyc KpUBU3HBI HOPMAJILHOTO C€UYEHUs N UCMOIb3YeTCs ISl BhIUMCIIEC-
HUS JJIMHBI AYTU Napajuielid, pa3HOCTH JO0JATOT U Pa3HOCTH a3UMYTOB
N==.
w
8. JimiHa 1 MUHYTHI yru Mepuanana A (MOPCKas MHIIS) PACCUMTBIBACTCS JIIA
A@=1"u ciiyXuT eAUHULIEH U3MEPEHHUS PACCTOSIHUN B MOpE

A =M -Ap.,, =M -Ag"arcl’;

M =

A'Z =1852,25-9,31cos2¢ — ans armmuiconia KpacoBckoro;

A'3 =1852,22 —9,32cos2¢ — nis arumuncouga WGS - 84.

9. IlpuBeneHHas MUPOTA U CAYKUT JUIS TIPOSKTUPOBAHUS 36MHOTO chepoua
Ha map (BBIUUCIIECTCS ¢ TOYHOCTHIO 10 0,1")

tguzétg(o.
a

IIpumeuyanue : pa3sMEepHOCTh U TOYHOCTh BBIYMCICHUI HEOOXOAMMO COOJIIO-
JaTh COTJIACHO MPUMEPY, TPUBEICHHOMY HIKE.

Jlist poBepKHM Pe3yJabTAaTOB pacdyeTa MOXKHO HCIOJIb30BaTh COOTHOIICHUS
MEXIy pajnycaMy KPUBHU3HBI WM 3aKOHBI X M3MEHCHHS B 3aBUCUMOCTH OT IIIH-
POTBI, HATJISTHO TTIOKa3aHHbIE Ha puc. 1, 2, 3.

Puc. 1 Puc. 2

Ha skBatope nipu ¢ = 0° paauyc KpuBU3HBI HOPMAILHOTO ceyeHust N = a, pa-
nuyc kpuBH3HEL Mepunuana M = a(l—&%), 1. e. s smmnconna Kpacosckoro B
aToM ciydae M = 6335,6 kM, a mis snaunconna WGS-84 M = 6335,4 km. Ha no-
moce ipu @ = 90°N(S) N = M, u nnsa smnuncouna Kpacosckoro N = M =
6399,7 xm, a it WGS-84 N = M = 6399,6 km.

B nmpomexxyTounsix mmupoTax (¢ =0+ 90°) N > M.

Copyright © 1999, IBI'MA A.Il. NomOuHCKuUiA



14 MeTtonuyeckue YKazaHus AJ11 BbINNOJIHEHUSA naﬁopampmﬂx paﬁoT mo MaTeMaTH4Y€CKUM OCHOBAM CYJA0BOKICHUSA

¢

i 7

60
50 M

40 y
30
20 >~ /
A /
10 |
6335 6345 6355 6365 6375 6385 6395 kM
Puc. 3

N

IIpumep 3.
BbluyuCIuTh U CpaBHUTH 3JEMEHTHI 3€MHBIX JJUIUNCOUIOB KpacoBckoro u
WGS-84 nns mupotsl @ = 33°22,1' u pasHoctr moaror AA = 4,4,

Perenune:
1. IIpenBapuTeabHO BHIYMCIMM BCIIOMOTATEIbHYIO BEIUYUHY W, 3aTeM paau-
yC napajuienu

Kpacosckoro: W = +/1-0,0066934sin2(33°22,1') = 0,998987;

_ 6378245¢0s(33°22.1')
0,998987

WGS-84: W =4/1-0,0066945sin2(33°22,1') = 0,998987;

6378137 cos(33°22,]1")

0,998987
2. Beruncnum Ry ayry napamienu P aas AA = 4,4

53322057 44 _ (er 4733 ~ 6825 u:

=5332205,7 M = 53322 kM.

=5332115,4m = 53321 km.

Kpacosckoro: P =

3437,7468
5332115.4-44
-84: = > = 68246173 =~ 6825 M.
WGS-8 P 34377468 6824,6173 ~ 6825 M
3. Beruuciaum JUIMHY | MUHYTBI T1yTH Mapajijienu P
5332205.7
c P'=——"7">_=1551 ~1551m;
Kpacosckoro: P 3437.7468 551,0757 = 1551 m;
53321154
-84: '=—— " =1551,0494 =~ 1551 m.
WGS-8 P 34377468 551,049 551m
4. BerarcimMm JUIMHY OyTH dkBaTopa Py mist AL = 4,4'
6378245-4.4
K Py = >~ =8163,5672 ~ 8164 Mm;
pacoBckoro: £ 34377468 , M;
6378137-4.4
WGS-84: P, = *— =8163,4291 ~ 8163 m.
0= 734377468 ' .

5. Beruucaum JuinHy | MUHYTBI Ayru 3kBatopa P, (3KBaTOpUAIbHYIO MUIIIO)

Kpacobckoro: Py = % ~ 18553562 ~ 1855 M;
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' 6378137
P, = 0270157 _ 18553248 ~1855 M.
07 3437,7468 ’ M

6. BpruncnuMm paguyc KPUBH3HBI MEPUJIMAHAIBHOTO CEUYEHUS B TOYKE C
@=33°22,1

WGS-84:

6378245-(1-0,0066934)

Kpacosckoro: M = 3 =6354847,2 ~ 63548 xMm;
0,998987

WGS-84: M = 6378137-1 _0’03066945) = 6354732,5 ~ 63547 kM.
0,998987

7. BpluMciuM paanyc KpHUBU3HBI HOPMAJIbHOTO CEUEHHS] B TOYKE C
@=33°22,1

) _ 6378245 _ ~ .
Kpacosckoro: N = —0’ 993087 6384712,7 ~ 6384,7 xMm;

_ 6378137 _ .
N = o005y = 034604.6 = 63846 1cm

8. Beruncnum mmmHy Mopckoi M A' (1 MEHYTBI IyTH MEpHJIMaHA) B 3aaH-
HOW IIUPOTE

WGS-84:

Kpacosckoro: Ai = % =1848,5501 =1848,6 Mm;
Ay = 1852,25-931c0s(66°44,2') = 1848,5729 ~ 1848,6 m;
. 63547325
WGS-84: AL =22%7559 16485167 ~1848.5 M
1~ 34377468 : > M

A'3 =1852,22 -9,32cos(66°44,2' ) = 1848,539 ~ 1848,5 m.

9. BeiunciuM 3HaY€HUE MPUBEACHHOMN IIUPOTHI U

6356863 '
K ; = : °22,1')= 2;
pacoBCKOro: tgu 6378045 tg(33°22,1')=0,65637762;

u=33°16,8'

6356752 .
WGS-84: = 0356/52 533900 1) = 2;
tgu = 22052 1g(33°221') =0.65637762;

u=33°16,8".

2.3. 3AJIAHUS

3amanust BeIOUparoTcsa u3 Tabn. 9 mo Homepy 3amauu. [lepBeie nBe TUPHI
HOMEpA JTal0T CTPOKY IS BEIOOpA 3HAYEHUS MIUPOTHI (O, JIBE TocheaHue nudper —
CTPOKY JJIsi BBHIOOpA 3HAYEHUS PA3HOCTH JOITOT AA.

Bapuant 13/06: ¢ =289°00,2"; A1=4,0'

Tabmuma 9
Ne n/nn [0) AL Ne n/nn 0] AL
1 43°08,2' 4,8' 11 85°08,0' 4,6'
2 1°16,3' 8,4' 12 33°22,1" 2,2
3 32°02,8' 0,8' 13 89°00,2' 4,8'
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Ne n/nn 0] AL Ne n/nn 0] AL
4 3°54,4' 4,4 14 17°10,0' 2,8
5 65°05,3' 3,2 15 58°06,6' 3,1
6 8°13,2' 4,0' 16 13°59,8' 8,6'
7 72°18,0' 0,8' 17 81°08,3' 2,3
8 22°13,6' 6,0’ 18 42°32,6' 4,0’
9 54°50,7' 6,6' 19 77°20,8' 1,6'
10 42°02,2' 3,8 20 16°13,9' 3,3'

3. PACYHET 3JIEMEHTOB AYI'M bOJbBIIOI'O KPYT'A
3.1. OBIIIUE CBEJAEHUA

Jlyra 6onbmioro kpyra ([IbK), umu optrogpomust — 310 ciiesl Ha TOBEPXHOCTH
chepsl, MOTYYEHHBIH B pe3yyibTare ceueHus cepbl IMIOCKOCTHIO, MPOXOSIIeh
gyepes ee neHtp. JAbK sBusieTcs nunuen kpaTtdaiiimero pacctosaus Ha chepe. [lpu
nzoopaxkennn chepsl Ha miockoctu JIBK oOpareHa BBIMYKIOCThIO B CTOPOHY
ommxaimero momtoca (Py win Ps). IBK Ha chepe urpaet Ty ke poiib, 4TO U mps-
Masi Ha INIOCKOCTH.

JIBK nepecekaer MepuanaHbl O Pa3HbBIMH YIJIaMHU, IO3TOMY IPHU MEPEXOJE
cynaa no JIBK wmampaBineHue aBrmkeHHs (Kypc CyJHA) IOCTOSHHO MeEHsSeTcs. B
Touke otxona A (@4; A4) 3T0 HadanbHBIN Kype K, B Touke npuxoaa B (¢s; Ag) 31O
KOHEYHBIN Kypc K. Pa3HOCTB IBYX 9THX yTIJIOB JaeT 001Iee N3MEHEHHE HaIpaBJe-
Hus JIBK mexmy Toukamu oTxoma A W mpuxoia B W Ha3bIBaeTCs cghepuyeckum
cxodicoenuem (conudicenuem) mepuouanos y (puc. 4.1, 4.2):

J/ZKK _KH

Puc. 4.1
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Puc. 4.2
a) IBIDKCHHE HAa BOCTOK 0) IBIDKEHHE HA 3aIaj

K ocroBubIM 311emenTaM JIBK otHocATca Ky, K 1 Sopr. 151 cepsl oTH d1€-
MEHTBl MOYKHO PacCuuTaTh ¢ MOMOIIBI0 (GopMya cheprueckoil TPUTOHOMETPHH.
IIpu sToM cdepruyueckoe CXOXACHHE MEPHIMAHOB Y MOXKHO MCIIOJIB30BaTh JIJIs
MIPOBEPKHU:

K¢ =K.+ 7 (2)

Cymma B popmyne (2) anrebpandeckas, TO €CTh ¥ MOXKET UMETh 3HaK «+»,

b0 «—».
Cdeprueckoe cX0xaCHIE MEPUIUAHOB ¥ PacCUUTHIBAECTCS O (hopmyre
y Singy,, A

tg L = t , 3
g7 COS%g2 (3)

Pyt @p
2
A@p =@p — @, — pa3sHOCTb LIUPOT;

Tae Qg = — CpeIHss MIUPOTa;

AA = Az — A, — pa3HOCTb JONIOT.

IIpu pacuere @y, Ap, AL crenyer NpuCcBauBaTh @4, @p, A4, Ap Cllemyromue
3HAKU B 3aBHCHUMOCTHA OT HANMEHOBAHMSI IUPOTHI M JAOJTOTHL: «+» @ N; «—»@ S;
«t» AE;  «—» AW.

ITpn m300pakeHUN PUCYHKOB, MOAOOHBIX puc. 4, HeoOXoauMo chepy pacmo-
Jarath TakuM oOpa3oM, 4ToObI chepruueckuii TpeyroabHIK, 00pa30BaHHBIM TOYKA-
MU A, B ¥ TIOJIFOCOM, TTOTHOCTHIO HAXOAWIICS C BUAUMOM dacTu cdepsl. Takas opu-
EHTUPOBKA c(ephl BOZMOXHA JIJIT BCEX BaPUAHTOB HAIUX 3aJ]lad, MOCKOJIBKY MBI
Oyzem pemaTh TOJBKO DIIIepOBBI ChepUUECKHe TPEYTOIbHUKH, T.€. CO CTOPOHAMU
u yrnamu Menbine 180°. B HexoTtopsix 3amauax (mpu AA 6mmskux 180°) ymobHO
IIPY TOCTPOSHUHM PUCYHKA IJIOCKOCTh MEPHUAMAaHA TOUYKH 0TX0/1a A Wiu mpuxona B
COBMENIATh C TUIOCKOCTBIO M300pakeHHs (T. €. MEepUIuaH TOYKH OTXona A Wiu
npuxo/a B n300pa3uTcsi Ha PUCYHKE OKPY>KHOCTBIO — CM. TIPUMED).

3.2. TOPAJOK PEHIEHUA

1. TIo Homepy BapuanTa u3 Tadj. 10 BEIOpaTh UCXOHBIE KOOPAUHATHI TOUKHU
orxona A (@4, A4) 1 Touku npuxona B (g, Ag) U pacCUUTaTh Pa3HOCTH JOATOT AA
JUTSL OTIPEJICIICHHS OOIIeTO HalpaBIeHUs nepexoaa (Ha 3amajl Wik Ha BOCTOK). Pasz-
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HOCTh Hoarot AA Bcerna meunblte 180°. Cuer qoaror BeaeTcs COrIacHO HUKECIe-
IYIOIIEMY PUCYHKY OT MepHuauaHa [ puHBruya

180°

90° W 90°E 90° W

@\
~
z

oo/ﬁv P

Ha o«

S

¥

[Tpu pacuere pazHoctu qoarot AA cieayer BOCTOUHOU nonrote (E) mpucsau-
BaTh 3HAK «+», 3anagHoit (W) — 3nak «—». Hampumep:
A4 =150°25,0'""; Ap=95°15,0'W, Torna
AL = Ag— A4 =-95°15,00W — (-=150°25,0'W) = -95°15,0' + 150°25,0"' =
= +55°10,0' k E — iBM>KEHHE HA BOCTOK.
B pacuetnsie hopmynsl A4 Bceraa moICTaBISETCS MOJIOKUTEIbHON. 3HAK TIpH
A yka3bpIBaeT B JAaHHOM CITydae TOJIbKO HaIlpaBJCHHE MpupamieHus K £ wim W.

2. BBIIOTHUTH CXEMAaTUYECKUW YEpPTEK IMOBEPXHOCTH c(]epbl, TIe HAHECTH
nonoca (Py u Ps), skBaTop, Mmepunuan ['punBuda (Tak, 4To0bl chepuyeckuii Tpe-
YTOJIbHUK, 00pa30BaHHBIN TOUKaMu A, B U TOJIOCOM, TTOJTHOCTHIO HAXOIUJICS C BHU-
auMoi gactu cepsl). CxeMaTHYHO HAHECTH Ha MOBEPXHOCTH C(HEphl TOUKY OTXO-
na A (¢4; A4) 1 Touky npuxona B (¢p; Ag). N300pa3uTh MepuanaHbl TOUYEK OTXO/1a
U TIPUXO0/IA.

3. Hanectu JIBK, npoxoasiiyto uepe3 Touku 4 U B, 0003HAUYUTh €€ AIEMEH-
TBI: PACCTOSHUE S, HAYATIBHBIA KypC B TOUKE 0TX0/a K}y, KOHEYHBIH KypC B TOUKE
npuxona K, (K, n K Bcerma OTKIQJBIBAIOTCS 110 YaCOBOM CTPEIKE OT CEBEPHOMU
JaCTH COOTBETCTBYIOIIETO MEPUIUAHA).

4. O603HAYNTH U3BECTHBIC DJIEMEHTHI MOTYYCHHOTO C(HEepUIECKOTro TPEyroib-
Huka: ctoponsl (90° — @) u (90° — @), yron mexay aumu AA. Cam chepuuecknii
TPEYTOJbHUK, YTOOBI BBIJICTUTH HA PUCYHKE, MOKHO 3aIITPUXOBATH.

5. Haiitu gnciienHple 3HaUY€HUs U3BECTHHIX CTOPOH (90° — ¢ ) u (90° — @p),
3amucaTh pacyeTHbie (OPMYJBI W PEHIUTh CHEpHUCCKUN TPEYTroJbHUK OTHOCH-
TEIILHO HEU3BECTHBIX: Sy, YIIIOB A 1 B.

Paccrosinue Syp, Beraucasercs: ¢ To4HoCcThIo 10 0,1' wim 0,1 mum, yrier 4 u B
(a 3atrem u K, u K}), a Takke yrox y — ¢ TouHocthio 10 0,1°. K, u K paccunThiBa-
IOTCS C TIOMOIIBIO YTIIOB A U B chepruyueckoro TpeyroapHUKA.

ITopsimok pacuera K, u K TOKa3aH B IpuUMepe.
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6. [IpousBectu KOHTPOIH BeIuUCHeHUN K, 1 K 1o hopmyre (2).
IIpumep 4.
Paccuutate amementsl JIBK s chemyromux maHHbIX: @ = 23°00,6'S;
Ax = 30°22,3'E; os = 58°18,0'N; Ag=153°40,2'W.
Pemenne:
1. Beraucnum pa3HOCTh AOITOT AA.
AL = Ag — A = —153°40,2'W — 30°22,3'E =
=-184°02,5"x W =175°57,5" x E — nBu>xeHue Ha BOCTOK.
2-4. BBITIOJTHUM CXEMaTHYECKHI YepTeXk, IJe JieBasg 4acTh OKPY>KHOCTH COB-

nmajaer ¢ MepuauaHoM Touku otxona A. HyneBas dacte Mepuanana [puHBuua
pPacmoiokeHa ¢ HeBUIMMOW CTOPOHBI cpephl (creBa).

5. Haiinem u3BecTHBIE CTOPOHBI C(HEPUIECKOTO TPEYTOJIbHUKA
(90° — @A) = 90° — (-23°00,6'S) = 113°00,6' ;
(90° — @) = 90° — 58°18,0'™N=31°42,0".
BreiBenem pacuetHbie GhopMynbl B pemuM CHEepUIeCKUid TPEYrOJIbHUK OTHO-
CHUTEIIbHO HEU3BECTHBIX Sopr, A M B.

o S, @ S S S
cosS, , =cos(90° -9, ) - cos(90° - ¢, )+sin(90° -, ) - sin(90° — @, ) - cos AL
c08S,,, =—0,8150356 ;5 S, =144,59088° = 8675,4528" ~ 8675,5 muuu.
ctg A-sinAA =ctg (90° — @z )-sin(90°— ¢ , ) —cos(90° —@ , ) - cOSAA;

ctg(90° — @y) -sin(90° — @, ) —os(90° — @, ) - COSAL _

clg A= sin AA
S @ S S S
=ctg(90° — ;) - sin(90° -, ) - cosec AL —c0s(90° -, ) - ctg AL.
ctg A=15,612384; tg A =0,064051716; A=3,6648867° ~ 3,7°.
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CornacHo pucyHky: K, = A =3,7°,
ctg B-sinAAl =ctg (90°— ¢ ,)-sin(90° — @z ) —cos(90° — g ) - cos A4;

ctg(90° — ¢ ,)-sin(90° — @) —cos(90° — @) -COSAL

tgB = -
c8 sin AL
S S S @ S
=ctg(90°— @, ) - sin(90° — @5 ) - cosec AL —cos(90° — @z ) - ctg AA.
ctg B=28,875121; tg B=0,11267452; B =6,4286604° ~ 6,4°.

CornacHo pUCYHKY: K.=180°-B=180°-6,4°=173,6°

@t —23°00,6'S+58°180'N oo
o =5 = 5 =17°38,7'N;

Ap= gy — @ = 58°18,0N — (~=23°00,6'S) = 81°18,6";
y  singg, (o AL _ sinl7°387

tg— = : = -t1g87°58,8'=11,328288;
g2 005% 8 2 COS 40039,3' 8
2
% =84,955314°; y=169,91063° = 169,9°.
IIpoBepka:
Ki=K,+y=3,7°+169,9° = 173,6°
3.3. 3BAIAHUSA

Ncxoaubie naHHble A1 pellieHus 3ajad BeiOuparoTcs u3 1abdi. 10 mo Homepy
3a7a4u.

Ne 2145 0 [[1=23°43,6'S @ [K]=5818,0N
Il A[J]1=30°223'E A L] =33°49,4'W

1JKL
Tab6auma 10
1 2 3 4 5
N 42°14,8'N 23°00,6'S 10°59,8'N 62°44,3'S 36°14,8'N
AAlJ] 30°22,3'E | 112°53,3'W | 160°10,3'E| 54°11,2'W 87°32,6'E
e[ K] 38°19,4'S 24°09,9'N 5°27,3'S 58°18,0'N 63°22,0'S
Ag[L] 24°43 1'W 73°38,5'E | 153°40,2'W | 102°12,1'E| 33°49,4'W

4. OBPABOTKA ITPAMbIX PABHOTOYHbIX
U HEPABHOTOYHBIX U3MEPEHUM

[IpssMBIMU HA3BIBAOTCS TAKUE U3MEPEHHUS, IPU KOTOPBIX UCKOMbBIE BEJIUYUHBI
HaxXOAST HEMOCPEACTBEHHO U3 ONBITHBIX JaHHBIX. Hanmpumep, ecin mCKOMO# Beu-
YUHOM SIBISIETCS KypC CyIHA, TO TUPOCKONMYECKUN WM MAarHUTHBIA KOMIAc OCY-
LIECTBIISIET MPAMOE €ro u3mepeHrne. KOCBEeHHBIMU HA3bIBAKOTCS TAKUE U3MEPEHUS,
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IIpKU KOTOPBIX MCKOMBIC BCIIMYMHBI HAXOAAT HAa OCHOBC U3BECTHOM 3aBUCUMOCTH
MCXKAY HHUMHU W BCIMYHMHAMMH, IIOABCPraCMbIMU IIPAMBIM H3MCPCHUAM. TaK, cCJIn
HCKOMBIMH ABJIAIOTCA IIUPOTAa U JOJIIroTa MCCTa CyaHd, a Mbl U3MCPACM pacCTOA-
HHA JO OPUCHTHUPOB, IICJICHIM HAa HHUX, BBICOTEI CBCTHUII M T. I. W JIMIIb 3aTCM, IIPO-
HU3BCASA KaAKHC-TO Fpa(i)I/I‘-IeCKI/Ie IIOCTPOCHHUA WIN AHAJIMTUYICCKHUC BBIYMCICHUA, HA-
XOOUM HCKOMOC MCCTO CyaHa HA KapTEC, TO 3TO 6YI[YT KOCBCHHBIC U3MCPCHH.

a) OBPABOTKA MIPSIMBIX PABHOTOYHBIX U3MEPEHUI
4.1. OBIIUE CBEJAEHUSA

[IpeanonoxuM, ogHUM HaAONIOJATEIEM, OJHUM HMHCTPYMEHTOM W IMPU HEU3-
MEHHBIX YCJIOBHSIX BBITIOJIHEHO 71 TIPSIMBIX U3MEPEHUN HEKOTOPOU MOCTOSHHOU (hu-
3MYECKON BEJIMYUHBI X1, X2, X3,..., X, (HAIPUMEP, C HEMOJABIKHOTO Cy/HA U3MEPEH
pSil TIEJICHTOB Ha KaKOW-TMOO opueHTup). Tak Kak BCe M3MEPEHUS BBITIOJIHCHBI B
OJIMHAKOBBIX YCIOBUSX, MOKEM CUATATh UX PABHOTOYHBIMU.

Huxe Oynem paccMaTpuBarTh NPOCTEHIINN Cllydail, KOrJja CUCTEMATHUYECKUE
MOTPEIIHOCTU B U3MEPEHUSAX OTCYTCTBYIOT, M MOTPEIIHOCTH JIBYX JIFOOBIX U3MEpe-
HAM MOYXXHO CUMTATh HEKOPPEIUPOBAHHBIMU BeIMYMHAMH. [IpUCYTCTBYIOT JIHIIBL
CJIy4aiiHbI€ TOTPEIIHOCTH U3MEPECHUM.

B Teopun BeposATHOCTEN MOKA3bIBAETCS, YTO €CJIM MOTPEIIHOCTH U3MEPEHUU
pacrpeieseHbl 0 HOPpMaJIbHOMY 3aKOHY, TO HamOoJiee TOUHOM M3 BCEX BO3MOXK-
HBIX OIICHOK SIBJISIETCS CpellHee apu(METUIECKOE U3 PE3YIHTaTOB U3MEPEHUN:

- 1 n
n =
Uemy paBHa gucnepcus D(X ) HalICHHOM HaMu OIeHKU X ?
MpbI paccmaTprBaeM paBHOTOYHBIE U3MEPEHHUsI, CIEI0BATEIIBHO,

my =m, =M, =...=Mm, ==,

X = Mx(1)>

n

rac mx(l) — CpCaHAA KBaApaTHICCKAA IIOI'PCIHIHOCTE CAMHUYHOI'O U3MCPCHU .

ITockoJIbKY CiydailHbIE MOTPEMIHOCTH SIBJISIIOTCS HEKOPPEIUPOBAHHBIMU CITY-

YalHBIMU BEJIMYUHAMH, TO JTUCTIEPCHUS D(Y) Oyner
(—) 1 & -2 1 5
n- o= h

Cpennsiss KBajgpaTuueckas MOTPENIHOCTh ONeHKH X (CpemHsis KBajpaThde-
CKas MOTPEITHOCTh CPETHETO apUPMETUIECKOTO) ECTh

e = 1/Di?i:%. ©6)

To ecth MOXHO cKa3aTh, 4TO cpeaHee apudmeTHIecKoe B Jn pa3 To4yHee
eauHuyHOrO u3Mepenus. [louemy? Mbl paccMaTpuBaeM BIMSIHUE CIIy4alHBIX IO-
rpemHoctei. OHU SBISAIOTCS HEKOPPEIUPOBAHHBIMU CIIYYalHBIMU BEJIMYMHAMU: B
Pa3HbIX U3MEPEHUSIX UMEIOT PA3HYIO BEJIMYMHY U MOTYT UMETh pa3Hble 3HAKU. [Ipu
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CJIOKEHUW OHU YaCTUYIHO JPYT APYyra KOMIICHCUPYIOT, IIOATOMY TOYHOCTh CPEIIHE-
ro apu(MEeTHIECKOTr0o BBIIIE TOYHOCTH €AMHUYHOTO M3MepeHus. Ho momHoW KoMm-
MEHCAIMY HE MPOUCXOJUT, MOATOMY HAWTH COBEPIIECHHO 0E30MHMO0YHYIO OIICHKY
HEBO3MOXHO.

dopmyna (6) maeT BO3MOXKHOCTh OIIEHUTh TOYHOCTH CpeHEro apudmernde-
CKOTO, HO JJISI 3TOTO JIOJDKHA OBITh M3BECTHA CPEIHSIS KBaJapaTHUecKas MOTpPell-
HOCTb M}y CAUHUYHOTrO U3MepeHus. [l ee OLEHKHU CYIIECTBYET [Ba Iy TH:

1) anpuopnoe (10 ombiTa) OLIEHUBAHKE TOYHOCTH M3MEPEHUH, KOTOPOE OCHO-
BBIBAETCSl HA PE3yNbTaTax KaKUX-TO MPEABIYIINX U3MEPEHUN MM HA KOCBEHHOM
(TeopeTrueckoM) aHaNMHM3€ TOYHOCTH M3MEpeHHil. B »TOM ciydae, B3sSB TOTOBYIO
BEJIMYHMHY M, () U MOJACTABUB €€ B HopMmyity (6), MbI MOKEM OLEHUTH /1y, HO IIPH
ATOM HE OyIyT YYTCHBI peasibHbIC YCIOBHS U3MEPEHUM;

2) anocmepuopnoe (1MOCIE ONBITa) OIICHUBAHUE TOYHOCTH M3MEPCHHH MPOH3-
BOJIUTCSI TIO PE3YJIbTaTaM TE€X U3MEPEHHI, TOYHOCTh KOTOPHIX OTICHUBAETCSI.

JIJisT anmoCTepuOPHOTO OIICHUBAHUS TOYHOCTH MU3MEPEHUU TPUMEHSIOTCS TpU
criocoba:

1. ITo sTanoHHBIM M3MEpEeHHUSIM. Eciu pu u3MEpeHUs X U3BECTHO ITATIOHHOE
(MCTUHHOE) 3HAYCHHE W3MEPSIEMON BETUYMHBI X, 3@ OLICHKY CPEIHEH KBaJpaTH-
YECKOM MOTPEIIHOCTH €IMHIYHOTO U3MEPEHHUS MPUHUMAIOT BETUINHY
n
A

i=l

- (¢popmyna I"aycca), (7)

rae: A, =x, — X .. — aOCOJIIOTHBIE CIIyYalHbIE TIOTPEMIHOCTA U3MEPEHU.
1 1 HCT

Yro6sl mpuMeHaTh Gopmyny ["aycca, HeoOX0IUMO pacmoiaraTh pe3yJibTaTa-
MU STAIOHHBIX U3MEPEHNH, 00Jiee TOUHBIX (KaK MUHUMYM, B TP pa3a), HEXKEIH Te,
TOYHOCTH KOTOPBIX OLIEHUBAETCS. Takasi BO3MOKHOCTh BCTPEUYAETCSI CPABHUTEIBHO
pPEIKO, MOATOMY Yalle TPUMEHSIOTCS IPYTUe CIOCOOBI.

2. Ilo oTknoOHEHUAM OT cpeaHero apudmerndeckoro. CpegHee apudmernde-

CKoe (WM BeposTHEHIee) 3HAUCHUE CEPUU M3MEpeHuid X oleHuBaercs mo ¢Gop-
MyJIe

X==_ ®)

Cpennss kBagpatuyeckas norpemrHocts (CKII) eqmHndHOrO M3MepeHus, BbI-
YUCJICHHAS 110 OTKJIOHCHHSAM OT CpPEIHEro apu(pMETHUYECCKOTO, PACCUMTBHIBACTCS C
MMOMOIIBIO 3aBUCUMOCTH

(bopmyna beccens) 9)

rae V; =x; — X — OTKIOHEHHs OT CPEeJHET0 apu(PMETHIECKOTO.
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3arem noacunteiBaetcsa CKII cpennero apudmernueckoro mo Gopmyne (6) u
pe3yNbTaThl NPEACTABIAIOTCA B BUae X tmy .

3. Ilo pasmaxy R pe3ynbTaToB u3Mmepenuid. Eciau nusmepsiercst moctossHHas (He
M3MEHSIONAsACA B MPOIIECCe M3MEPeHUid) hu3nuecKas BEIMUMHA, TO Pa3MaxoM pe-
3yJbTaTOB W3MEPEHUN Ha3bIBAaeTCAd PA3HOCTb R =X, — X, HAUOOJIbIIEro u

HauMeHbIIero u3 pesynbratoB udmepenuid. Ilpu n <14 CKII exquHuyHOrO M3Me-
pPEHUSI MOXKET OBITh OIIEHEHA B ATOM clTydae mo GpopMmyiie

_ 4 *max ~ Xmin
)—_ .

In

mx(l

4.2. TIOPAJOK PEHIEHUA

Takum oOpa3zom, npu 00pabOTKEe MPSIMBIX PABHOTOYHBIX U3MEPEHUN MOXKET
OBITh U3BECTHO X, WU HEU3BECTHO. B ciyuae, korga X, U3BECTHO, HEOOXOIH-

MO pacCUHUTAaTh:
— CKII eanHHYIHOTO U3MEPEHHS M (1) TIO dbopmyne INaycca;

— CKII exnHUYIHOTO U3MEPEHHS M (1) IO pa3Maxy.

B cnyuae, xorna X, HEU3BECTHO, HEOOXOAUMO PACCUUTATH:
— cpeaHee apuMETHIECKOS 3HAUCHHUE CEPUH U3MEpeHU X ;
— CKII enquun4HOro u3mepenus m .y 1o popmyine beccens;

— CKII cpennero apupmerndeckoro my 1o Gopmyie (6);
— CKII exnHUYIHOTO U3MEPEHHS M (1) TIO0 pa3Maxy.
ITpumep S.

Omnpenenuts CKII equunuHoro usMepenust cekcranom paauyca ConHina, ec-
JIY €r0 UCTUHHOE 3HAUYEHHE, BHIOPAHHOE M3 MOPCKOTO aCTPOHOMUYECKOTO €XKErojl-

muka (MAE), coctapnser RO.. =16,3". Pesynpratsl usmepenuii paguyca ConHia

cekcTaHOM R.° TpHBENEHBI B CXEME Pacyuera.

Pemenne:

Ne i/ RZQ' Avi Aviz
1 16,2 -0,1 0,01
2 16,1 —0,2 0,04
3 16,4 0,1 0,01
4 16,3 0,0 0,00
5 16,5 0,2 0,04
6 16,4 0,1 0,01
7 16,6 0,3 0,09
8 16,4 0,1 0,01

3 A =021
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[To ¢popmyne I"aycca:

0,21 ,
Mpo(py = =% =10,16".
ITo pazmaxy
R=R2,, —R2 =166-161=0)5"
_ Rgax B Rgin _ 055, . '
Moy = \/; = \/g ==0,18".
IIpumep 6.

Onpenenuth BeposiTHEHIIEE 3HaUeHHEe H3MepeHHoro ¢ nomoibio PJIC pac-
crostHust 1o opuentupa D , CKII exnHHYHOTO U3MEpeHus M p;y 1o popmyse bec-

cens u o pasmaxy, CKII cpennero apupmerndeckoro my . Pesynbrarsl u3amepe-

HUSI PacCCTOSIHUSA [; TPUBEAEHBI B CXEME pacyeTa.

Pemenue:
Ne i/t D;, muim V., Munu V2
1 18,32 —-0,04 0,0016
2 18,37 0,01 0,0001
3 18,32 —-0,04 0,0016
4 18,36 0,00 0,0000
5 18,40 0,04 0,0016
6 18,37 0,01 0,0001
7 18,32 —-0,04 0,0016
8 18,36 0,00 0,0000
9 18,37 0,01 0,0001
10 18,40 0,04 0,0016
11 18,36 0,00 0,0000
D =1836 372 =0,0083

i=1
ITo dopmyne beccens

0,0083 =10,029 ~ 0,03 muiu;
m
me =220 _ 003 16009 ~ 20,01 wrm,
Jn J11
ITo pazmaxy

R =Dy — Dy =18,40-18,32= 0,08 mmm;
mpgy =+ Ormax ~Donin. _ 3 008 _ 16,024 ~ 50,02 wwn.

Jn A
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4.3. 3BAJJAHUS

Pe3ynbrarthl M3MEpEeHU TOW WM MHOW BEIUYMHBI BBIOMPAIOTCS U3 TaOJl.
11-15 o HOMepy BapuaHTa. Uncia B ckoOKax OKOJIO pe3yabTaTOB U3MEPEHUN TI0-
Ka3bIBAIOT KOJIMYECTBO OJIMHAKOBBIX OTCYETOB B cepur u3MepeHuil. Mcxomnbie
JAHHBIE JUIS PEUICHUs 3aJa4d BBIOHMPAIOTCS IMOCJIEAOBATEIBLHO BO BCEX UYETHIPEX
ctpoukax (IJKL) u3 cToynl1oB, COOTBETCTBYIOIINX 3HaueHusM /1, J, K, L. Hanpu-
Mep, HoMmep BapuaHTa 1323, Torna u3 tabn. 11 BeiOMpaeM cieayrollyo Cepuro u3-
MEpEHHUI M0 3TOMY HOMEPY BapUaHTa:

Di Di

1323 36,32(3) 36,32
UKL 36,42(4) 36,32
36,37(3) 36,32

36,54(2) 36,42

36,42

36,42

36,42

36,37

36,37

36,37

36,54

36,54

AHAJIOTMYHO IO 3TOMY K€ HOMEPY BapHaHTa MPOU3BOAUTCS BbIOOPKA UCXOJ-
HbIX JaHHbIX W3 Tabn. 12, 13, 14, 15. 3arem BhIOpaHHbBIE cepur U3MEpPEHUN 00pa-
0aThIBAIOTCSI COOTBETCTBYIOIIMM 00pa3oM, Kak MOKa3aHo B mpuMepax S5 u 6.

1. Onpenenuts BeposiTHENIIEEe 3HAUEHNE U3MepeHHoro ¢ momotibio PJIC pac-
crostHEs 710 opuentupa D , CKIT eMHAYHOrO M3MEPEHUS M p(1)» CKII cpennero

apu(METHIECKOTO M7 .

Tabmuma 11
PesynbraTel usmepenuiit D;, MAIH
1JKL 1 2 3 4
1 36,32(3) 36,38(2) 36,33(3) 36,46(3)
J 36,50(2) 36,38(3) 36,42(4) 36,47(3)
K 36,52(2) 36,37(3) 36,44(3) 36,50(2)
L 36,53(3) 36,51(3) 36,54(2) 36,43(3)

2. OnpenenuTs BEPOATHENIIEE 3HAUEHUE U3MEPEHHON CEKCTAHOM IPUBENIEH-
HOM BbIcOTHI cBeTwia /i, CKII emuunynoro msmepenust my), CKII cpexsrero

apu(pMETUIECKOTO My, .
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Tabmuna 12
Pe3ynbratel usmepenui 4;, ...°,..."
IJKL 1 2 3 4
1 38°22,3' (4) 38°23,4' (3) 38°22,6' (2) 38°23,5' (5)
J 23,5'(5) 23,2'(3) 24,0 (5) 22,9'(4)
K 23,4'(3) 23,6'(2) 22,8'(5) 22,7 (3)
L 21,3'(3) 22,0'(4) 23,3'(3) 22,9'(3)

3. Haiitu BeposiTHelilllee 3HauYeHUWE HaBUranuoHHoro mnapamerpa PHC
«exkka» AP, CKII enqunndaHoro usmepenus mygjy, CKII cpeanero apupmern-

YCCKOro m-, -

A"
Tabnuma 13
PesynbTatel usmepenuit A@;, pazoBbie MUKIBI
1JKL | 2 3 4
1 16,32 (3) 16,34 (4) 16,39 (5) 16,37 (2)
J 16,40 (4) 16,35 (3) 16,38 (2) 16,34 (5)
K 16,36 (3) 16,40 (2) 16,35 (5) 16,33 (3)
L 16,37 (4) 16,32 (5) 16,33 (2) 16,41 (3)

4. Onpenenuth BeposiTHeuiee 3Hadenue nenenra [/, CKII ero enuHuIHOTO
usmepenus m 1y, CKII cpenunero apudmernaeckoro my; .

Tabmuna 14
Pesynbratel uzmepenuit 17, ...°
IJKL 1 2 3 4
1 273,4 (3) 272,9 (3) 272,7 (2) 273,4 (3)
J 272,9 (4) 273,3 (2) 273,2 (3) 272,8 (4)
K 273,5(2) 273,4 (3) 272,8 (3) 272,9 (2)
L 272,8 (3) 272,4 (4) 273,4 (2) 273,0 (1)

5. Onpenenuts CKII egunnyHOrO M3MepeHus: cekctaHoMm paauyca CouHila,
€CJIM €ro UCTUHHOE 3Ha4Y€HHUE, BHIOPAaHHOE M3 MOPCKOIO0 aCTPOHOMHUYECKOTO €xKe-

rogunka (MAE), cocraBisier RP%T =16,3".
Tabnuma 15
PesyneTatel m3Mepennii RO, ...
1JKL 1 2 3 4
1 16,1(4) 16,0(2) 16,3(3) 16,5(4)
J 16,6(3) 16,2(3) 16,5(2) 16,4(3)
K 16,4(2) 16,2(4) 15,9(3) 16,0(5)
L 16,3(3) 16,4(2) 16,2(5) 16,5(4)
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6) OGPABOTKA MPSIMBIX HEPABHOTOYHBIX U3MEPEHU I
4.4. OBLLIUE CBEJEHMSA

OnuH ¥ TOT K€ HAaBUTAlIMOHHBIA MTapaMeTp 3a4acTy0 MOKHO U3MEPSTh C MO-
MOIIBI0 HECKOJBKUX NpubOopoB. Emne Oosee yacTo 0OAMH U TOT K€ HAaBUTALIMOHHBIN
napaMeTp U3MepseTcs XOTsA U OJTHUM PUOOPOM, HO MPHU Pa3IUYHBIX YCI0BUsAX. Bo
BCEX 3TUX CIydasiX TOYHOCTh PE3YIbTATOB OYy/I€T HEOAUHAKOBOW, U U3MEPEHHUS Ha-
3bIBAIOT HEPABHOTOYHBIMH. [[JI1 CpaBHEHUSI HEPAaBHOTOUYHBIX PE3YJIbTATOB MOJIb3Y-
I0TCSI YCJIIOBHBIMHM YHMCJIOBBIMHM BEJIMYMHAMH, UMEHYeMbIMU BecaMu. Bec P cepuu
HaOIOICHU (OHOTO HAOIOJCHUSI CepUHU) OOPAaTHO MPOMOPIIMOHANIEH KBaJApaTy
CpelHel KBaApaTU4YECKON OIIUOKHU 7, OJHOIO U3MEPEHHUS:

2
r=C, (10)
My
rie C — mpou3BOJIBHBIA KO3 GUIIMEHT, BHIOMPAEMBI UCXOJs U3 COOOpaKeHUM
ya00CTBa BBIUUCICHU.

Wtak, eciy BBIMOTHEHO 7 HEPABHOTOYHBIX M3MEPEHUN OJHOU (U3MUECKOU
BEJIMYUHBI X, TO 00pabOTKa U3MEPEHUI CBOAUTCS K CIEAYIOLIEMY:

1. BeiuncinseTcst Bec Kaxa0ro u3MepeHus

2
R="

m2

Xi
2. BoluncnseTcs cpeHee BECOBOe
— Px,+Px,+...+Px
X = 11 242 nn (1 1)
P+P+...+P,
3. TouHOCTH CpeIHETO BECOBOr'O MPHU AlPUOPHOM OLICHUBAHUW TOYHOCTH OIl-
penenseTcs 3aBUCUMOCTBIO

(12)

4. Tlpu amocTepuOpHOM OIIEHWBAHWU TOYHOCTH B Gopmyny (12) Bmecto C
MOJICTABIISIOT BBIPAKCHHE

n

> PV}
i=l1

n-—1

Mgy =% , (bopmyna beccens st HEpaBHOTOYHBIX W3Mepennii), (13)

rae V; = x; — X — yKIOHEHHs OT BECOBOTO CPEIHETO.
[Tocne moacranosku (13) B (12) umeem

(14)
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Takum 06pazom, cpeHEee BECOBOE UTPAET TY K€ POJIb MPH 00pabOTKE HEpaB-
HOTOYHBIX W3MEPEHUH, Kakas MPUHAIJICKHUT CpPeaHEMY apu(PMETHIECKOMY MpH
PAaBHOTOYHBIX U3MEPECHUSX.

ITpumep 7.

PaznuunbiMu  crioco0amMu  ONpeNeNuian MPONUJEHHOE CYJIHOM pPacCTOsIHUE
(mnaBanme): S; = 80 £ 2 k6; S, =74 £ 5 k6, S3=76 £ 4 k0, S4="T79 £ 1 kb,
Ss =81 £ 2 k6. Halitu BeposiTHelIlIee 3HaUeHUE TPOMAECHHOIO PACCTOSHUS U OIle-
HHUTbH €TI0 TOYHOCTb.

Pemrenue:
1. Beiuncnum Bec Kaxaoro uaMepenus, npunss C = 1
1 1 | 1 1 1 1 1 1
22 4 52 25 4> 16 12 22 4

2. Haiitu BeposiTHeiIIee 3HaUYeHNE MPOMACHHOTO PacCTOSHUS (CpellHee Beco-
BOE)

A L L : .Y
S 80 4+74 55 +76 16+79 1+81 i_ 126,96
1,141 1
4+25+16+1+4 1,6025
3. TouHOCTh BEpOSATHEUILIETrO 3HAUYCHUS MPONUJIEHHOTO PACCTOSHUS MPU aIlpH-
OPHOM OLIEHUBAaHUH

~ 79,2 kob.

Mg =+ 3086, r.e. S +mg =79,2%08 k6.

5 71,6025

4. To4HOCTh BEpPOSITHEUILIETO 3HAYEHUS MPOMJAEHHOTO PACCTOSIHUS MPHU amo-
CTEPUOPHOM OLICHUBAHUU
V;=80-792=08«x6; V,=74-79,2=-5,2k6;
V;=T76-792=-32x6; V,=79-79,2=-0,2k6;
Vs =81-79,2 =18 6,

N 1.08% +.L(=52)" + L (-32)* +1:(-0,2)” + 1187
mg =3I =
S (5—1)-(%+2—15+%+1+%)

S
4-.1,6025

T0€ecTh, Stmg=79,2%04 k6.
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4.5. 3AJJAHUS

HcxonHble naHHble BbIOMparoTcs W3 Tabnuin 15 u 16 mo HOMepy BapuaHTta.
Hanpumep, Bapuant 4223. B a3toM ciydae u3 taba. 15 Beioepem:

No 4223 S, =51+£4 kb
N S, = 46+4 k6
1 JKL _
T T T T S3—50i2K6
S,5,S.5, S, = 5242 k6

N3 tabn. 16 BrIOOpKA MCXOMHBIX TAHHBIX TPOU3BOJAUTCS AHAIOTHUYHO.

1. Onpenenuts BeposiTHENIIEE 3HAYEHUE MMPOUJIEHHOTO CYJTHOM PACCTOSIHUS U
OLIEHUTh €TI0 TOYHOCTH

Tabmuma 15
Pe3ynbratel uamepenuit S;, k6
1JKL 1 2 3 4
1 50+2 4843 47+1 5144
J 5243 4614 49+1 48+2
K 53+1 50+2 4743 4942
L 4613 511 5242 47+4

2. OnpenenuTtb BepOsTHEIIIEE 3HAYEHUE BBICOTHI CBETUJIA, U3MEPEHHOM CEK-
CTaHOM YETHIPEMS HAOTIOATENSIMHU, ¥ OIEHUTh €r0 TOYHOCTb.

Tabnuma 16
Pe3ynbratel uamepenwui 4;, ...°%, ...
IJKL 1 2 3 4
1 45°20'+0,8' 45°21'+0,5' 45°19,5'+0,4' 45°19'+0,3'
J 45°20,5'+0,6' 45°22'+0,4' 45°20'+0,3' 45°21'+0,7'
K 45°19'+0,5' | 45°20,5't0,3' 45°22'+0,5' 45°20,2'+0,4'
L 45°21'+0,8' 45°19,4'+0,6' 45°20'+0,5' 45°21,5'+0,2'

5. PACYET CPEJHEN KBAJIPATUYECKOH
MOI'PEIIIHOCTH (CKIT) ® YHKIINH

5.1. OBIIIME CBEJAEHUA

[TorpemrHOCTh BBIYUCICHUS (PYHKIIMH Z H3MEPEHHBIX BEJIMYUH X, V, [ ONpee-
JSIETCS TIOTPEITHOCTIMU M3MEPEHHBIX BEWYMH U BUIOM (DYHKIIMOHAIHHOW 3aBH-
CUMOCTH.

Ecmu pynkuwms 3anana B 00meM Bujie

z=f(xp.0),
r7ie pe3yiabTaThl U3MepeHuil He3aBucUMBbI Ipyr oT apyra, CKII ¢pynkuun moxer
OBITH paccunTaHa 1o ooiiei Gopmyne
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2 2 2
0z 2 0z 2 0z 2
m, =, —| my+|_—| my+|—| m,
Ox oy ot
Oz 0z Oz
rie a—; a—; Pl YaCTHBIC MPOU3BOHBIC (DYHKITUH Z, 10 TISPEMEHHBIM X, ), 1;
X oy

m,;m,;m, — CKII pe3ynpTatoB H3MEpEHHI BEIHYHH X, V), 1.

Pa3zmepHOCTh 4aCTHBIX MPOU3BOIHBIX OJMHAKOBA C PA3MEPHOCTHIO MCXOJHBIX
dbynkiui. Pazmeprnocts CKII n3mepennii nmepes; BEIYUCICHHEM HEOOXOIUMO TIPH-
BECTH K PA3MEPHOCTH COOTBETCTBYIOIIHUX MapaMeTPOB B o01ei hopmye.

5.2. HOPAJAOK PACYETA

1. ITo ucxomuou hopmyse paccunThIBacTCs 3HaYeHUE QYHKITUH Z.

2. BeBoasaTcss popMyibl YaCTHBIX IMPOU3BOJHBIX IO 33JIaHHBIM IIEPEMEHHBIM
(B 001IEM BHE).

3. BbIBelleHHbIE BBIPAKEHHSI YACTHBIX MPOU3BOAHBIX IMOJCTABIAIOTCA B 00-
myro ¢opmyny CKII pyHKIMU, BBIIOIHSIIOTCS HEOOXOIUMBIC ITPeoOpa3oBaHUs U
YIPOIIEHHUS.

4. Ilpou3BoauTCa MOJICTAHOBKA YHUCIICHHBIX 3HAYECHUN U BBIYMCICHUE 7M.
PesyinbraThl IpeaCcTaBIAOTCS B BUIE z T m, .

IIpumep 8.

Paccuurars ckopocth cynHa u CKII ee ompeneneHusi, eciii U3BECTHO, YTO
CKOPOCTh CyqHa V BeIUUCISIETCS 0 hopmyrie

- 36008 ,
¢

rae S = 1,0 muna — nimuna npooera,

t =300 ¢ — Bpems npobera.

CKII onpenenenus: JIMHBI U BpEMEHU MPOOETa COOTBETCTBEHHO PABHBI:

mg =%0,02 munu; m, =0, c.

Pemenne:
1. Beraucnsiem 3HaUeHHE CKOPOCTH:
36005 _ 3600-1
= = =120 y3.
V=" 300 o0 V3
2. BeiBeeM opMyIIbl YaCTHBIX MPOU3BOIHBIX:
oV B 3600 oV _36OOS

5

oSt o 42
3. IIpeo6pazyem obmIyro popmyay pacuera

3600 5, [ 36008
my =,|—— | mg+|———F—| m
t tz

o
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4. BBINIOJHUM YUCJIECHHOE pellICHHE:

5 2
my = \/(@j .0,022 +(_ 3600;} 012 =024 202 ys;

300 300
Vtmy, =120402 ys.

5.3. 3AJIAHUS

Ncxonnbie nannbie npuBeacHbl B Ta0a. 17, 18, 19, 20 u BeiOupatorcs mo Ho-
Mepy BapuanTa. Hanpumep, Homep Bapuanta 1433, Torna u3z tabn. 17 Beioepem

N 1433 h=50m
tttt a=38,9'
I JKL 5
Pttt M =20 M
ham,m, m, =20

AHAJIOTMYHO MPOU3BOAUTCS BHIOOPKA MCXOJHBIX AAHHBIX MO BapuaHty 1433
n3 tadn. 18, 19, 20.

1. Beruucints paccrosinue D, OT CyAHa A0 OPUEHTHPA, PACCUUTAHHOE II0 U3-
MEPEHHOMY BEPTHKAIBHOMY YIIIy ¢ C TIOMOIIBIO (DOPMYIIBI:

h
D, = 1,86 —, mmimn,
a
rjie & — BbICOTa OPUCHTHPA, M;

O — BEPTUKAJIBHBIN YroJ,
Omnpenenuts my, , €Cu U3BECTHBL i, @, My, M, , BelOUpaemble U3 Tadm. 17
y

'

10 HOMEPY BapHaHTA.

Tabmuma 17
1JKL 1 2 3 4
I—h,™m 50,0 85,0 93,0 76,0
J-a, ... 25,8 42.6 43,8 38,9
K—my,, M 2,0 1,5 2,5 0,5
L—m,,... 1,0 0,5 2,0 3,0

2. BBIUHCIATD TalbHOCTh BUIMMOCTH OPUEHTHPOB B Mope D 1o hopmyiie:
D=21Jh+2]1Je, munn,
rie / — BbICOTa OPUEHTHPA, M;
e — BBICOTA IJ1a3a HaOmomaTess, M
Onpenenuts Mp, €Clid U3BECTHHI A, e, My, Me, BbIOUpaeMble U3 Taba. 18 mo
HOMEpPY BapHaHTa.
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Tabanma 18
1JKL 1 2 3 4
I—h, ™M 128,0 156,0 210,0 89,0
J—e,Mm 16,5 17,0 15,4 16,2
K— my, M 5,0 2,5 3,0 2,0
L— Me, M 0,5 1,0 0,4 0,8

3. Beraucnuts yron npeiida cynna o mo popmyie:

2
W .
a=K|—| sing,...°,
(Vj ¢

rae K — koaddunment apeiida, ... °, (K =3 11 BceX BApUaHTOB);
W — ckopocTh HAOJIIO1aeMOTO BETPa, M/C;
V' — ckopocTh cynHa, y3, (V=15 y3 nj1s Bcex BapuaHTOB);
g — KypcoBo# yron HabJIrogaeMoro BeTpa ... °.
Onpenenuts my, ecnu usBectusl K, V, W, g, mg, mg, BbIOMpacMbie u3
tab. 19. Ilepen BeunCICHUAMU HEOOXOIUMO TIEPEBECTH CKOPOCTH BETPA B Y3IIbI,

w .
s yero paszaenuts W Ha 0,514. OTHommeHue 7 CYHUTACTCSI BEJIMUYUHOU ITOCTO-

SHHOW W u3BeCTHOM. Ilpu Bhranciennn m, Benndudy CKII kypcoBoro yrima mg
CJeIyeT MPEJCTaBUTh B paJIMaHHON Mepe, JJIs Yero pas3aeauTh ee Ha 57,3°.

Tabauma 19
1JKL 1 2 3 4
11— W,m/c 9,0 8,5 10,0 12,5
J—g, ...° 20,0 25,0 15,0 40,0
K—mg, ...° 0,6 0,8 1,2 0,9
L—mg, .. 00 5,0 8,0 10,0 3,0

4. BpluMCIUTh Pa3HOCTh MWIHPOT A@ U oTmiecTBUEe AW TpH aHATUTUYECKOM
CUHCIIEHUU 10 (hopMysam:

Ap=ScosIly; AW =SsiniIly, ...
rae S — NpoiIeHHOE PacCTOsSIHUE, MUJIH;
11V — nyteBoii yrou, ...°.
OnpenenuTsb Mpp, U Mppy , €CIH U3BECTHBL S, 11V, mgs, myy, BBIOUpaeMbIe U3

tab. 20. [Tepen BerYuCICHUAME HEOOXOMMO BBIPA3UTh M7y B paJuaHHON Mepe.

Tabmuma 20
1JKL 1 2 3 4
I— S, mum 232,0 156,8 2145 306,0
J-=11Y, ..° 35,0 162,0 217,5 326,0
K — myg, munu 2,0 1,8 2,2 1,9
L—mpy,...° 1,0 2,5 0,5 3,0
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6. OHPEIEJIEHUE MECTA CYJIHA
O IABYM JIMHUAM ITOJOKEHUA

6.1. OBIIUE CBEJAEHUS

3ajgava BKJIIOYaeT B cels ompenelieHHe OO0CEpBOBAHHBIX KOOpPIMHAT CYJHA
MpU HAJUYUU WX CYUHCICHHUS 3HAYEHUN METOJOM JIMHUU MOJOXKEHUsS, a TakkKe
OLIEHKY TOYHOCTH IOJY4EHHOT'O MECTa € MOMOIIBIO JJUIUNTUYECKON U PaaUaIbHON
MOTPEIIHOCTEM.

Pemenue 3amaum BRIMOTHSAETCS ABYMsI CIIOCOOAMU: aHAIMTUYECKU U Tpadoa-
HaJUTUYECKH. AHAIUTUYECKOE pEUIEHWE MPOU3BOJUTCA C HCIOJIb30BaHUEM
OKBM, npu 3TOM NpOMEKYTOUHBIE PE3YJIbTAThl PACYETOB 3aHOCSITCS B CIECIHANb-
HYIO TaOJIHILy.

['padmueckas gacte TpadoaHATUTHUECKOTO PEIICHHS BBITIOJHIETCS B Mac-
mrade 1 cm — 1 mus.

Tounocts pemenus 3agauun 0,1' mo koopaunatam u 0,01 muin no napamer-
paM 3JUIMIICA MOTPENIHOCTH, MOATOMY MPOMEXKYTOUYHBIE PE3YJIbTAThl HYKHO BbI-
YUCJIATH C 3alaCHOU UGPOM, TO €CTh B 0OIIEM C TPEeMs 3HaKaMH TOCJIE 3aMsSTOM.

B ycnoBus 3a1aun BXOAST CYMCIUMBIE KOOPIUHATHI Cy/THA (., Ac; CUUCTUMBIC
3HAYEHUsI HAaBUTAUMOHHBIX MapameTpoB U, Uy,; HEKOTOPBIE 3JEMEHTHI, CIyXKa-
1[ye JUIsl pacyeToB IPaJMeHTOB HABUTAIIMOHHBIX TAPAMETPOB.

B Hacrosmux 3agayax paccMaTpUBAIOTCS JBa BUJA MU3MEPSEMbIX HABHUIaIlM-
OHHBIX MapaMeTpoB: neneHr [/ u paccrosiaue D. @OpMyJibl I BBIYUACICHUS MO-
IyJield TpaJueHTOB U MX HampaBlieHHi, a Takxke ctanaaptabie CKII uzmepenuii
npuBeAeHbI B Ta0. 21.

Tabmuma 21
HaBurannonssii Monayns Hanpasnenune CKII
napameTp rpaJiieHTa rpaJiuieHTa U3MEpEHUs
Paccrosuue D gp=1 tp=11.+180° | mp==%0,01"-D,
Ilemenr Ha 57,3 tn=11,—90° mp==+0,8°
0 Il 8n =
pUEHTHUP D,

6.2. AHAJIMTUYECKOE PEIHHIEHHUE

AHanuTrueckoe pelieHue BbinoiHseTcs Ha DOKBM, mpudem BblUUCIsSiEMbIE
AJIEMEHTHI, UCIIOIb3YEMBIE B TAIBHEHIINX pacueTax, BHIMUCHIBAIOTCS B TAOJIHILY MO

dbopme, IpUBEICHHON HIKE.
my; A7
My, =—
JIIT g ‘ 0

r

N90P-P% ‘AU ‘g a=cost | b=sint

AU
gl L
|
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1. BeruuciieHne 00CepBOBAHHBIX KOOPAMHAT
1. BeluncnuTh npupameHne HaBUralluOHHBIX IAPaMETPOB
AU; =Uy; =U,;.
2. JIns cUUCAMMBIX HABUTALIMOHHBIX NapaMeTPOB pacCUUTaTh MOAYJIU Tpaau-

CHTOB ¢; HABUT'AIIMOHHBIX MMApaAMCTPOB U X HAIIPABJICHUSA T;.

3. Onpeaenutb KO3HPUITUESHTH HOPMATBHBIX YPABHCHUN JTUHUHN TOJ0KCHUS :
_AU;

8i

a; =CoST;; b, =sint;; An;

Y COCTaBUTh CHCTEMY YpaBHEHUU BHJIA
a;Ap+b,AW = An;.
4. Tlony4eHHYIO CHCTEMY YPaBHEHUN PEIINTh OTHOCUTEIBHO MCKOMBIX HEU3-
BeCTHBIX A, AW 1 HailTu 00cepBOBaHHBIE KOOPIUHATHI.
Pemenne o ¢popmynam Kpamepa (depes onpenennurenn) gacT:

D= Zl Zl = a;b, — a;b, — rIaBHBII ONPEIETUTEND CHCTEMBI,
2 b
DA(/J = 2}}//111 21 = alAnz _alAnz
? A2 > — BCIIOMOTATEIbHBIE OIPEIEIUTENH,
a; An
DAW = a; An; = alAnz _alAnz
D D
Ap=—"2%, AW = =AW ar="
D D COS @
2 A
Ag AA
Po Ao

[Tpupamenus koopaunat Ag, AW, AL mony4aioTcs B MIJISX CO CBOMMU 3Ha-
kamu. Ecimn A@ monyduitochk co 3HAaKOM «+», 3TO O3HAYAET, YTO MPUPALICHUE IIU-
pOTHI OyZIET K CeBepy, a eclid A@p UMEET 3HAK «—», TO MPUPAIIECHUE IIHPOTHI A
Oyznet k rory. CoOTBETCTBEHHO, eciii AW 1 AA UMEIOT 3HaK «+», TO TpHUpAIICHUS
otmectBus AW u nonrotsl AA OyayT K BOCTOKY, a €CJIH 3HAK «—» — K 3amay.

3ateM, yIUThIBas HAUMEHOBaHUS TipupameHuii Ag, AW, AA 1 CYUCIUMBIX KO-
opAauHAT @, U A., HEOOXOUMO TIOTYYUTh 00CEPBOBAHHBIC KOOPAUHATHI () U Ao.

2. OueHKa TOYHOCTH MOJYYEHHOI0 MecCTa

TO‘-IHOCTB onpez[eneHHﬂ MECTa cyz[Ha 3aBUCUT OT TOYHOCTHU I/IBMepeHI/IH HaBU-

FallMOHHBIX N1apaMETPOB (7, ), YTO CKA3bIBAECTCSl HA TOUHOCTH JIMHUM MOJOXKEHUS
my

mm =— . KpOMe TOIr'0, TOYHOCTH onpez[eneHHﬂ MeEecTa cyz[Ha 3aBUCUT OT yrna
g

nepecequHﬂ J]I/IHI/Iﬁ TTOJIOKCHUA 9 U OLICHUBACTCA CpeI[HI/IM KBaI[paTI/I‘—IeCKI/IM 2JI-
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JUIICOM TMOTPEIIHOCTEH C BEPOSITHOCTBHIO MOMNAJ[aHWsI B HETO0 HMCTUHHOTO MeCTa
P = 39,3 % u xpyroBoil win paauarbHON CpeJHEN KBaJpaTUUYECKON MOTPELIHO-
cThio M ¢ BeposaTHOCTBIO P = 68,3 %. Yron nmepeceueHus: TuHui monoxeHus: 6 Oe-
peTcs s JaHHBIX pacdeToB OoCTphIi (€ < 90°) u cBsA3aH ¢ yriioM MEXIy Hampas-
JCHUSMH IPATUEHTOB AT = 7] — T, CIELYIOIUMU COOTHOLICHUAMH

0= |At|, ecmu 0° < |At| <90°,

6= 180° — |At|, ecimm 90° < |At| < 180°,

0= |Ad —180°, ecmm 180° < |Ag <270°,

6=360°—|Ad, ecmu 270° < |Ad < 360°.

AHAJIUTHYECKHH pacueT IJIEMEHTOB JJIJIHIICA NMMOIPEITHOCTHA

[Tommyocu smunrica MOTPENTHOCTH a # b BBIYUCISIIOTCS C HMCIOJIh30BaHUEM
dbopmyn AnouIoHUS:

athb=— ! \/mﬁnl +m? o * 2m M, ,sIno,
sin &
rae my, — CKII 1uHum moJiosxeHus..
Hanpasienue 00JbIION MOJIYOCH ONMPEACISeTCs] OTHOCUTEIbHO HaIlpaBIICHUS
0oJiee TOYHOM JIMHUH TTOJOXKCHHUS, I KOTOPOU My = My min (€CIH My > My,

TO Mypp = MIN, WKW Myg1 = Myg maxs Mam = mnnmin)-

sin 260
2 9
M max +cos 260

2
M 111 min

tg2a =

IJ€ o — yroJl MeXJy HalpaBieHUEM OOJIBIION MOIyocH U 00jiee TOUHOW JUHUEH
MOJIOKCHHUS: OTKIIAJIBIBACTCSI BHYTPU OCTPOTO YIiia & MEXAy TUHUSIMU TTOJTI0KCHHS.

Hamnpapnenue Oo0bIIONW MOJTYOCH OTHOCUTEIBHO HCTUHHOTO MepuauaHa 71,
OMpeeIIsieTCs] BRIpaXKeHUEM

T,=7+£90°+ ¢,

rJe 7 — HaIpaBJIEHUE TPaueHTa 00JIee TOUHOM JIMHUM MOJI0KEHUS (U1 KOTOPOH
My = Myy min)-

3HaKk «+» win «—» nepea 90° BpiOMpaeTcs: BBIUUCIUTENEM PYKOBOACTBYSCH
COOOpaKEHUAMHU y00CTBA BBIYUCIEHUM, T.€. €CIM, HampuMep, 7 = 50°, To mepen
90° myuie B3ATh 3HAK «+», a ecau 7 = 210°, 1o nepen 90° maydine B3ATh 3HAK «—».

3HaK «+» WK «—» Tepe]] ¢ OTpeeseTcs cienynmm odopazom (puc. 5):

1. OTII0XKUTH OTHOCUTEIBHO UCTUHHOTO MEPUMaHA HAPABICHUS 7] U 7.

2. llepnieHIUKYJIAPHO HANpPABICHUSM 7] U 7 MPOBECTU JIMHUU TMOJOKEHUS
Iull

3. O003HAaYUTH OCTPHIN YTON & MEKTy TUHUSMU MOJIOKECHUSI.

4. Onpenenuth 00JI€€ TOYHYIO JTUHHUIO TOJIOKESHHS (711 KOTOPOH 71, = min).

5. Ot HanpaBiieHHs 00Jiee TOYHOU JIMHUH ITOJI0KESHHS BHYTPh OCTPOro yria 6
OTJIOKUTh . Eciiy npu 3TOM ¢ OTKJIAJbIBAETCS 1O YACOBOM CTpENKE, TO Mepes o
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CTABUTCS 3HAK «1T», €CIIH XKE & OTKJIAIbIBACTCS IIPpOTHUB 4acoBOH CTPCIIKH, TO IICPCA
& CTaBUTCA 3HAK «—».

Puc. 5

IMopsnok neucTBuii:

1. 3anectu B Tabnuny 3HaueHust CKII nusmepeHuss HaBUrallMOHHBIX MTapaMeT-
pPOB my.
o o myy
2. Haiitu CKII 1uHUi MONIOKEHUS M = — .
g

3. BBIYUCHAUTH Yroil MEXAYy HalpaBICHUSIMU TPATUEHTOB AT :‘ T — rz‘ U OI-

peNeNuTh 3HaYeHUEe OCTPOTO yria 6.

4. BbIYMCIUTD MOTYOCH BJUTUIICA TOTPEIIHOCTH @ U b.

5. Onpenenuth MakcuManbHy0 U MuHUMaIbHyt0 CKII nuHMil ToNI0XKEHUS U
BBIYMCIIUTH HanpaBjaeHue 00bIIoN noayocu 7.

Pacyer 371€MEHTOB JJIJIMIICA IOIPELIHOCTEN
¢ HCIOJIb30BaHUeM npuiioxkenuss S MT-75

DJIEeMEHTHI JUIATICA MTOTPEITHOCTEH PACCYUTHIBAIOTCS IO (hopmyam:
a= Ka * My mins
b= Kb * My mins
T,=7+90°+ @, rne = @, Muymin = My 2-
B Tabnuuax npunoxxkeHus S5 moj M, moapa3dyMmeBaercs 0oJiee TOYHAs JTUHUS
MOJIOKEHHUSI C My min-
Benuuunsl K, K5, @ BeiOUpatoTcs u3 npuiioxkenus S MT-75 no BXoaHbIM na-
pamMeTpam:

m m
A=—ml 51 ygp A="A0MAX o1 o9

m m

2 JIII min
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Pacuyer paguajbHOil NOIPEeIIHOCTH

PanuanpHas (kpyroBasi) MOTPENTHOCTh OMPENETICHUSI MeCTa PacCUUTHIBACTCS

o ¢popmyiie
| O 2
M = My + My -

sin @

6.3. TPAO®OAHA/IMTUYECKOE PEHIEHHUE

['padoananuTrdeckoe pemieHrne BKIIOYACT B CeOsl aHATUTHYECKUI pacyder
AJIEMEHTOB JIMHUH MONOXKEHUS 71 An U TpaduuecKyro WX MPOKIAAKY JIJIS HAXOXK-
neHus: 00CepBOBAHHON TOYKH, a TAKXKE aHATMTUYECKUE U TPAPUUECKUE OTEePaIUN
M0 OMpPEJIENICHUI0 TapaMEeTPOB AJUIUINCA MOorpemHocTed. Pe3ynbrarel pacueToB 3a-
HOCSTCA B OOILIYIO Ta0IUIly BUAA:

AU my; 1
Ne op-p% AU | g |t An = ? my | Mm = ? Pin = min 27

ZP.HH
1. BoruuciieHne 00CepBOBAHHBIX KOOPAMHAT

Pemenue 3agaum BBITIOJHSETCS 110 PACCUUTAHHBIM MMapamMeTpaM JIMHUM T0JI0-
xkeHus 7u An B macmrtabde 1 cm — 1 mMuna. TouyHocTs rpaduuecKux MOCTPOSHUM
0,1 munn.

IMopsinok neucrBuii:

1. Beiuncnuth npupanieHus HaBUrallMOHHBIX TapaMeTPOB
AU; =U,; =U;.

2. JIns cuyucIMMBIX HaBUTAILIMOHHBIX MapaMEeTPOB pacCUUTAaTh MOJYJU T'paju-
€HTOB g; X HAPABJICHUS 7, U CMELICHHS JTUHUN TOJIOKEHUS An; .

3. Ot cunciumoit Touku C TPOJOKUTH HAMPABICHUS TPATUEHTOB 7, B; IO
STUM HAIIPABJICHUSM OTJIOKHUTHh BBIYMCIICHHBIE PAHEE IEPEHOCHI JIMHUM MTOJ0KEHUS
Any, An, (TTOJIOKUTENBHBIE TIEPEHOCHI OTKJIAIBIBAIOTCS 110 HATIPABIICHUIO TPaJNCH-
TOB, @ OTPHUIATEIbHBIE — B MIPOTHUBOIIOJIOKHOM HAIMPABICHUH); OTMETHTH OIpEe-
nsromue Toukd K, K, u HaHecTu JInHuM noJioxkenus [ — 1, Il — I1. B nepecedyenun
JMHUHN TIOJIOKEHUS JICKUT 00cepBOBaHHAs Touka M.

4. IlyHKTUPHBIMU JIMHUSIMA HAaHECTH MEPUJIMAH U Tapajuiesib 00CEpBOBAHHOU
U CUMCIMMOW TOYEK J0 WX mepeceueHus (B J0OOM BapHaHTE B 3aBHCHMOCTU OT
PaCTIONIOKEHHSI YEPTEkKa) U CHAThH MPUPAIICHUE TUPOTHI A@ — PACCTOSHHUE MEKITY
toukamu C u M\ o Mepuuany, a TakKe npupaileHue otimecTsusi AW — paccros-
HHE MEXy TUMH K€ TOUKAMH 110 TIapajuIeiu.
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5. Beruucnuth mpupamierue AoaroTel AA, mubo ompenenuTs ero rpadude-
CKHM IOCTPOCHHUEM, UTO MOHATHO U3 pUCyHKa, rae C'M' — paccTrosiHue MeXIy Me-
pUAaHaAM¥ CUUCIUMOMN 1 00CEPBOBAaHHOM TOYEK B MaciiTabe ueptexa — AW,

@ — yroi, MojJ KOTOPhIM IPOBOJIUTCS NpsiMas K JduHuu napamnenun C'M,
OOBIYHO 3TO 3a/laHHAs MUPOTA (.

['mmoTreny3a TakOro TPEYroJIbHUKA MPEJCTABISAET COO0M Pa3HOCTh NONTOT AA
COTJIACHO BBIPAKECHUSIM:

A A
CoSQ = —W; AL = W :
AA CoS @
6. Haiitn oOcepBOBaHHbIE KOOPIUHATHI:
2 Ae
A AL
®o ‘ Ao

2. OueHKa TOYHOCTH MOJYYEHHOI0 MecTa

TOYHOCTH MOJIYy4EHHOIO MECTa CyJHA OLICHUBAETCA SJUIMIITUYECKOM U paju-
abHON (KPYroBOW) MOTPENTHOCTRIO. [[pudyemM mapaMeTpsl IIIUIca MOTPENTHOCTEN
ONPEAEISAIOTCS C UCIIOJIB30BAHUEM SKBUBAJIEHTHBIX JIMHUUN ITOJIOKEHHUS.

Pacuer mapameTrpoB 3Ju1dNCa MOIPELIHOCTEN
¢ HCMOJIb30BAHUEM JKBHBAJICH THBIX JMHUN MOJI0KEeHUSA

HanpasneHust 5KkBUBaJI€HTHBIX JIMHUAW TOJIOKEHUS WM ITOIYOCEH AJUIUICA TO-
IPEIIHOCTEN, a TAKXE BECa 3TUX JIMHUW IOJIOKEHUS, MO3BOJISIIOIINE BBIYUCIHTH
MOJYOCH 3JUIUIICA, OMPEACIAITCS MOCTPOCHUEM «IIOJIMTOHA BECOB» B CIEAYIOLIEM
MOPSIKE:

1. OT npou3BOJIBHO B3STOM CUMCIUMOW TOYKU IO JBOHWHBIM HAIPaBICHUSIM
IpaIM€HTOB 27; OTIOXUTh OTPE3KH, PaBHbIE BECaM COOTBETCTBYIOIIMX JIMHUM TO-

JIO’KEHUA. 3aMBIKAIONINI BEKTOp ¢ B MacmTabe uepTeka MPeACTaBIsSIeT COOOM
Pa3HOCTh BECOB SKBUBAJIEHTHBIX JIMHUN MMOJIOKEHHS
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q| = Fnax — Pin-
2. IIpoBectu OMCCEKTPUCY YIJIa MEXAY UCTUHHBIM MEPUMAHOM U 3aMBIKAIO-
LIAM BEKTOPOM Z[, ABJISIOULYIOCS HaIPpaBIE€HUEM Mayion nonyocu 7j. llepnennuky-
JIIPHO MPOUJIET MOJIYOCh 1.

N |

3. Onpenenutb CyMMY BECOB HKBUBAJIEHTHBIX JIMHUM MOJIOKEHUS KaK anreo-
pPanvyecKyl0 CYMMY BECOB BCEX JIMHUI MOJIOKEHUS

ZPJ'IH =L +PJ11'12‘
4. BBI‘—II/ICJ'H/ITB BC€Ca YKBHUBAJICHTHBLIX J]I/IHI/Iﬁ ITIOJIOXKCHUA.

PmaXZE@PJm+Z])a Pmin:;(zpnn_zl)'

5. PaccunTaTh MOJIyOCH 3JIIUIICA TOTPEIIHOCTEM:

1 1
a=——; b=
Prnin Prnax

6. ITocTpoUTh ILTUIIC OTPEIIHOCTEN C [IEHTPOM B 00CEpBOBAHHOM TOUKE.

6.4. ITopsigoxk perreHus

IIpumep 9. Pemuts 3amauy Ne 01/35, s koTopoit BbAepkKKa U3 TaOIUI] HC-
XOIHBIX JTAHHBIX UMEET CIAEAYIOIINN BUI:

Ne op-pa II. 11, D, D,
Ne 01/35 3 2,3 5,8 28,6 28,0 ¢.= 34°14,8'N
11D 5 306,8 308,0 27,4 25,5 Ao = 156°48,9'E
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AHaMTHYeCKOe pelleHue

1. Beiuncnenne o0CepBOBAHHBIX KOOPAUHAT.
PacueTHble JaHHbBIE CBOJATCS B TAOJIUILY

. AU
Ne op-p% AU | 8 T | gq=coS7 |b=sInt | An= ? my; m,. = Wi?U A%
3-11 3,5(2,00(272,3 0,040 —-0,999 1,750 |+0,8 +0,400 |145,5°

5-D |-19]1 126,8 -0,599 0,801 | -1,900 |+0,255 | 0,255 34,5°
1. AU3 = AH3 = HO3 _HC3 = 5,8 _2,3 :3,50;
AUs =ADs=Dy5— D, =255-27,4=~-19 munn.

2. g =207 ;ZZ = 2,009/ Mmmio; 75 = I3 —90° = 2,3°—90° = 272,3°
3 °

DC
gs =1 75 =115 £180°=306,8°—-180°=126,8°.
3. a3 = 0,040; b =—0,999; Anz = 1,750 munmu ;
as=—0,599; bs= 0,801; Ans =— 1,900 mumnn.

YpaBHEHUS TMHUUN MTOJIOKEHHS TPUMYT BU:
0,040Ap —0,999AW = 1,750
-0,599A¢ +0801AW =-1,900
D=ay-bs—as-by; =0,040-0,801-(-0,599)-(—-0,999) = —0,566;
Dp, =Ans -bs —Ans - by =1,750 0,801 — (—1,900)-(—0,999) = —0,496;
Dpy = az - Ans —as - Any = 0,040-(-1,900) - (-0,599)-1,750 = 0,972.

0,496 0.972

= 2 = -~ ! : = :—1 1 :
Ap=" 566 = OBT6~+0I(N): AW =1 J717;

aq =TT _ 2,077 ~ 2.I'(W).
COs @,

0. | 34°148N . | 156°48 9
Ap 0,8N AL 2,I'W
0y | 34°15,6N Ao | 156°46,8°E

2. OneHka TOYHOCTHU MOJIY4YEeHHOTO MecTa

AHAIUTHYECKHI pacyeT 3JIEMEHTOB JJIJIMIICA MOIPeLIHOCTEeH

PacdeT BBIMOJHAETCS ¢ UCTHOJIB30BAaHUEM CUHUCIMMBIX 3HAUYCHHUH TPaJMEHTOB
HaBUTAIMOHHBIX MTApaMETPOB, MPUBEACHHBIX B TabIUIlE, ¢ TOYHOCTHIO 10 0,001.

1. mp = £0,8° mp = 0,01 -25,5=20,255 munu.

0,8 0,255
5 — + . _ 5
2.00 +0,400 mmu; Mans = =7

- M3 =

==40,255 M.

3.|AT|=272,3° - 126,8° = 145,5° 6=180 — 145,5 = 34,5°.
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0566 =1,031 munn.
—-b= m \/016+0 065-2-0,400-0,255-0,566 = 0,585 munn.
2a=1,616; a=0,808 ~ 0,81 munu;
2b =0,446; b=0,223 ~ 0,22 munu;
Myn3 > Myns, T.€. Mpun3 = My maxs Mans = Mag mins T-€. T = Ts.
tg2a = 0,934 =0,331; 200 =18,33°; a=9,2°
(0 400 f +0,358
0,255
~
N
T,
17
7,
NET
~

Tak kak o OTKJIaAbIBACTCA IIPOTHUB 4acoBOH CTPCIIKK, TO BCIIMYMHA & UMCCT

3HAK «—».
T,=126,8°-90° —9,2° = 27,6°.

Pacyer 371€MeHTOB JJIJIMIICA IOIPELIHOCTEN
¢ HCIOJIb30BaHUeM npuiioxkenuss S MT-75

= Mammax _ 0400 ) seac 16

m 0,255
N3 tabmn. 5 Ipunoxenns mo A= 1,6 u = 180° — |A 7] = 34,5° = 35°;
K,=3,24 a=3,24-0,255=0,826 ~ 0,83 munm;
K, =0,88 b=0,88-0,255=0,224 ~ 0,22 munu;
@=9,0° T,=126,8°—-90° —9,0° = 27,8°.

JII min

Pacyer paguajibHOi (KPYroBoi ) MOrpelIHOCTH

— 1 — ~
M = m4/0,16 + 0,065 = 0,837 = 0,84 mun.
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I'padoananuruyeckoe penieHue

1. Beiuncnenne o0CepBOBAHHBIX KOOPAUHAT

Pacuernrie JaHHBIC CBOAATCA B Ta6J'II/II_Iy

Ne op-pa AU g T An=— my mpygg=— Pnn =5 2r
/] g g Myn
3-11 3,5(2,00 | 2723 1,750 0,8 0,400 6,25 184,6
5-D -1,9 |1 126,8 -1,900 10,255 10,255 15,38 253.6

IIpnuem B Hamewm ciyyae BMecTo pacuera AUy, g1, 7, Ani, my ;, My, i BOC-
MOJIB3YEeMCS YK€ BBIUUCICHHBIMUA 3HAUCHUSIMHU.
BrImmoTHUM TIPOKIaAKY JIMHUHN TOJIOKEHUS B MacmTadbe 1 cm — 1 Muis.

M!
Ap=+0,9'(N) AW = —1,65'(W) A= -2,0(W)
0. 34°148'N 2| 156°489'E
Ap +0,9'k N AL —2,0k W
@y 34°157'N Ao| 156°46,9'E

2. OneHka TOYHOCTH MOJIy4YE€HHOTO MecTa
Pacyer mapameTpoB 3JUIHIICA MOTPEIIHOCTH € UcnoJab3oBanueM JJIII

1. BeinonHseTcs npeaBapUTENbHBIN pacuer

Pe3ynbrathl mpUBEIEHBI B TOH e TabJIulIe.

2. CTpouTcs «IOJUTOH BECOB» B MPOU3BOJIBLHOM MaciTade, 4YToObl TPEYroJib-
HUK BECOB MOMENIAJICS Ha MOJIOBUHY TETPaJHOro Jucta. B nanHoM nmpumepe mac-
mTad 1 cm =5 ex. Beca.
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C ueprexa: |Z]| =3,7cm = 18,5 en. Beca, T,=117°, T,=27°.

3.3 P, =625+1538=21,63.
4. Ppae=1/2 (21,63 +18,5)=20,1;  Pon=1/2- (21,63 — 18,5)=1,57.

5.a=—1_=0799 =080 munn, h=-1 _—0223=022 mum.

J1.57 201

6. B 00cepBOBaHHOI1 TOUKE CTPOUTCS ILIUIC MOTPEIIHOCTEN.

6.5. 3aganus

Hcxoaubie gaHHBIC [ pacuyeToB MOMENIEHBI B Ta0J. 22—25 u 00pa3yroT He-
CKOJIbKO BapHMaHTOB C OOIIMMH CUHUCIUMBIMU KOOpAMHATamMu. J[Jig KaXkIoro opw-
€HTUpa NPUBEJCHBI CYUCIUMBIE U 0OCEPBOBAHHbBIC 3HAUCHUSI HABUTAIMOHHBIX Ia-
paMeTpoB.

HeoOxonuMerit B pacyeTe BUJ W 3HAYCHHS] HABUTAIIMOHHBIX MapaMeTPOB OII-
PEACIAIOTCS HOMEPOM 3aJ7]a4M, B KOTOPOM TepBast Iudpa 03HayaeT HOMEDP BapHaH-
ta (1, 2, 3, 4 — tabxn. 22, 23, 24, 25), Bropas — cnocob onpenenenus (1 — meneHr
MEPBOr0 OPUEHTHPA U PACCTOSHHE JO BTOPOro, 2 — MEJICHTH 000X OPUEHTHUPOB,
3 — paccTosiHHE J0 TIEPBOTO OPUEHTHPA U TIEJICHT BTOPOTO), CIESAYIONTUE JIBE IU(-
pBl 3a IpoOBI0 O3HAYAlOT HOMEpPA OPUEHTHPOB B BHIOPAHHOM BapHaHTE 3aJayH.
Hampumep, Homep 21/32 o3HayaeT, 4YTO UCXOMHBIE TAHHBIE OTHOCSITCS KO BTOPOMY
BapuaHTy (Tabn. 23), mpu 3TOM BBIOMpAETCS TEJICHT MEPBOTO OPUEHTHPA U pac-
CTOSIHUE JI0 BTOPOTO OPUEHTHPA, B KAYECTBE MEPBOTO OPUEHTUPA CIYKUT OPUECH-
THP N0/ HOMEPOM 3, B KQUECTBE BTOPOr0 — MO HOMEPOM 2.

Ne 21/32
LHD
BapwuanT 1 Tabnuma 22
CHuciHMble Homepa HaBuramnmonnsie mapameTpsl
KOOPAMHATHI | OPUEHTHPOB
o= 53°06,0N 1 101,5 99,5 47,3 30,0
A.= 2°35,0'E 2 113,8 113,2 49,8 52,5
3 305,3 306,7 53,7 56,8
4 138,2 139,1 41,9 43,7
5 330,9 331,7 49,6 50,3
6 345,4 346,0 34,9 34,4
7 179,2 178,0 42,2 40,6
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BapuanT 2 Tabnuma 23
Cuncinmble Homepa HapuranuoHnasie mapaMeTpbl
KOOpJIMHATBI | OPUEHTHUPOB

@. = 41°43 4N 1 192,5 190,9 433 45,7

Ac. = 68°34,2'W 2 25,8 29,1 31,5 34,2

3 38,3 39,7 29,7 32,4
4 231,2 232,0 23,3 24.8
5 64,0 63,5 28,2 28,9
6 76,8 77,5 23,7 23,2
7 268.5 2653 34,2 33,1

Bapuant 3 Tabauma 24

Cuncinmble Homepa HapuranuoHnasie mapaMeTpbl

KOOPJIMHATBI | OPUEHTHPOB

o. = 41°40,0'S 1 55,0 57,0 445 459
A:. = 69°00,0'W 2 30,8 30,0 34,0 34,6
3 2,3 5,8 28,6 28,0
4 333,0 335,2 33,5 32,0
5 306,8 308,0 27,4 25,5
6 277,0 276,0 35,7 33,8
7 260,5 258.,2 25,7 23,9

Bapuant 4 Tabanma 25

Cuncinmble Homepa HapuranuoHnasie mapaMeTpbl

KOOPJIMHATBHI | OPUEHTHPOB

. = 36°20,0'S 1 101,5 99,3 50,2 51,9
A. = 129°30,0'E 2 113,8 113,2 57,2 59,7
3 305,3 306,8 45,4 47,5
4 138,2 139,1 58,9 61,1
5 330,9 331,7 48,3 472
6 345.4 346,0 61,5 61,4
7 179,2 178,0 47,0 46,0
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7. ONPEJAEJIEHUE BEPOSTHEHIIEIO MECTA CYJHA
HO METOAY HAUMEHBIHINX KBA/IPATOB

7.1. OBLLIUE CBEJEHUS

N30bITOYHOCTD U3MEpeHU 00ecTieunBaeT KOHTPOIb U MPEIOXPaHseT OT TPy-
OBIX MPOMAxoOB, JTa€T BO3MOKHOCTh IMOJYYUTh OOJiee TOUHBIE PE3YJIbTATHl U Olle-
HUTh UX MOTPEITHOCTH. B TO e BpeMs u3-3a pa3IMuHbIX MOTPEUTHOCTEH N30BITOY-
HBIE U3MEPEHUS IPUBOJIAT K HEOJUHAKOBBIM pe3yiibraraMm. [loaTomy BMeCTO OfHO-
3HAQYHOTO PELICHHUS 3aJa4 MOJy4aeTCs] HECKOJIBKO PE3YJIbTaTOB, KOTOPHIE HEOO-
XOJIMMO COTJIACOBAaTh MEXIY CO00, UCXO/I U3 KAKOTO-IHO0 KPUTEPHUS.

[IpuBeneHne pacxoxKaeHU, 00YCIOBIEHHBIX NU30BITOYHBIMU U3MEPEHUSIMU, B
dbopManbHOE COOTBETCTBUE HA3bIBACTCS ypaBHHMBaHHEM. Ecium Takoe ypaBHUBaHUE
MPOU3BOJUTCA MCXOAS M3 TPeOOBaHMUSI O TOM, YTOOBI MOJYYEHHBIE MOMpPABKHU V),
i=1,2, ..., n K U3MEPEHHBIM BEIMYMHAM YJOBJICTBOPSUIH YCIOBHIO (MUHUMH3H-

pPOBAJICS KPUTEPHIN) V12 + V22 +...+ Vn2 =min, TO OHO HA3bIBACTCS YpaBHUBAHUEM

mo merony HauMeHpIuX kBajaparoB (MHK). 3a neiicTBurenbHOe MecTO cyaHa B
TaKOM CJIy4ae MPUHHUMAETCA BEPOSITHEMIIEE MECTO, JUISI KOTOPOro CymMMa KBajpa-
TOB MOIPABOK MUHUMAJIbHA:

ZpV2 = min WIn [pVV] =min,

1
A€ p = = Py — BEC IMHHUH [OIOKCHUS;
m.TIH
m
My, =2 — CKII TMHUM TIONOKEHNS;
g
V — HensBecTHas IOIpaBKa s IPUBEICHUS K BEPOSTHEHIIEMY MECTY, OIIpe-
AesseTcsl ypaBHEHUSIMU OIIPAaBOK BUJA:
Ap, AW — BeposTHeHIINE 3HAYEHUS HEU3BECTHBIX HPUPALICHUH HIMPOTHI U

OTILECTBUS, KOTOPBIE B JalIbHEIIIEM Oy1yT 0003Ha4aThes Kak Ap u AW.

OrTpickaHue BGpOHTHGfIH.IGFO MCCTa CyaHa U OLCHKA €TI0 TOYHOCTHU MOIKCT BbI-
IIOJIHATBHCA ABYMA CII0OCO0aMM: aHAJTUTHYECKHU U rpacboaHaJmTqucm/I.

7.2. AHAJIMTUYECKOE PEIHHIEHHUE

AHanuTryeckoe peuieHue BoinonHserca Ha DKBM, npuueM npoMexXyTOUHbIE
pe3yIbTaThl PACCUUTHIBAIOTCS ¢ TOYHOCTHIO 10 0,001 1 3aHOCATCS B CBOJIHYIO Ta0-
JUIY BUJIAQ
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2
b OD- AU
N_Op p% AU mU g 7T |la=CoST b:sinz‘ l:—i S=a+b+l P :[g]

paa | pab | pal | pas | pbb | pbl | pbs | pll

lpaal|lpab]|[pall |[pas]|[pbb]| (pDI] | [pbs]| [pli]

[lepBast yacTh TaOIUITBI PACCUMTHIBACTCS M 3AIMOHICTCS aHAJIOTUYHO, KaK B
npeabIayei padore 1 2-X IMHUN MoI0KeHusa. Bo BTopoit yacTu TabiuIsl pac-
CUMTHIBAIOTCS KOX(PPUIIMEHTH HOPMAIBHBIX YpaBHEHUU [paal, [pab], [pall, [pas],
[pbb], [pbl], [pbs], [pll]. 3aTem BBINOIHSAETCS KOHTPOJbL PE3YJIbTATOB pacuera Io
dbopmymnam:

[paa] + [pab] + [pal] = [pas]
[pab] + [pbb] + [pbl] = [pbs]
Pe3ynbTaThl JOJKHBI CXOAUTHCS B npeaenax a0 0,01.
Cucrema HOpMaJIBHBIX YPAaBHEHHUH BUIA
[paal Ap + [pab] AW + [pal] =0,
[pab] Ap + [pbb] AW + [pbl] =0,
pelIaeTcs ¢ MOMOIIBIO ONPEICIIUTENEN

A(p:ﬂw; AW:ﬂAW’
A A
rae /I = [paa] [pbb] — [pab]* — IJIaBHBIN ONIPEACIUTEND;

Hrp= [pbl] [pab] — [pal] [pbb] — yacTHBIil OLpeAETHTEN;
Haw = [pal] [pab] — [pb!] [paa] — 9acTHBII OnpenETUTEND.
ar=2"

COS @

0= @t Ap, A= A TAL
TodHOCTH BEpOATHENMIIETO MeCTa CyJHA MPU AHAIUTUYECKOM PELICHHH MO-
’KET OIEHUBATHCS JUTMIITUYECKON MOTPENTHOCTRIO 10 hopMyiam

. J [paa)+[pbbl+q \/ [paal+[pbb]-q
27 ’ 21 ’
rae g =+([paal-[pbb])* +4[pab]’ .

Hamnpagnenue OOJbIION MOMYOCH 3JUIMIICA OTHOCUTEIBHO MUCTUHHOIO MEpH-
JIMaHa ONPENEIACTCS BBIPAXKCHUEM

2[ pab
tg2T, = Lpab] .
[ paa]—[pbb]
HeoOxomuMo ompenenuts 4eTBepTh, B KOTOPOH JexUT yroia 27, pyKOBO-
JNCTBYACH CIEIYIOIINMU COOTHOLICHUSIMU:
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sin2T, = - 2APabl o __Lpaal=[pbb]

q q
2T, nexxut B I werBept, ecnu sin 27, >0, cos27, > 0;

2T, nexxut Bo 1l werBeptn, ecnu sin27, >0, cos27, <0;
2T, nexxut B Il gerBeptH, ecnu sin 27, <0, cos27, <0;
2T, nexwur B IV uetBepty, eciu sin27, <0, cos27T, > 0.

[locne onpenenenus yerBept 27, HYKHO MOJIYYUTh MOJOKUTEIBHOE 3HAUE-
Hue yria 27, B 3TO 4eTBEPTH, a 3aTeM MEPEUTH K 3HaUeHUIo 7.

7.3. TPA®OAHA/IMTUYECKOE PEHIEHHUE

AHaIUTUYECKUN pacyeT MNPOMEKYTOUHBIX PE3YJIbTaTOB BBINOIHAETCS Ha
OKBM c tounocTtsio 10 0,001, pe3ynbrathl 3aHOCSTCS B TAOIUILY:

F; =

Ne op-pa AU _ny _ 1
pp%j AU |g|t|an=" A% My myy == P = — 27

g P -sin2 17

g mn i Ay

ZPHH

B mocnenneii KomoHKE TaHHOW TAOJMIIBI PACCUMTHIBACTCS BEC BEPIIUHBI (Pu-
rypsl norpemrnocrer Pj;. Pacuer napamMeTpoB Ul OCTAIbHBIX KOJOHOK BBIIIOIHSET-
Csl aHAJIOTUYHO, KaK JUISA 2-X JIMHUH MOJI0KeHus (CM. pa3zen 6).

OmnpeneneHue BEpOSITHEHIINX KOOPAMHAT MECTA CYyJIHA BBINOJHSETCS B Clie-
IOYIOLIEM MOPSAKE:

1. Bpruncisitorcs napaMerpsl JIMHUN MOJOXKEHUS 7, An, 10 KOTOPBIM MPOU3-
BOJUTCS MPOKJIAJKA JIMHUM MOJI0KeHUs1 B MacmTade 1 cm = 1 Muist u paccyuThi-
BAOTCS YTJIBI TIEPEeCEeUEHUs TMHUI TOJI0KEeHUs 6.

2. Beluucinstorcs Beca BepIIUH (pUrypsl norpemHsocreit Py

3. C «poxnagku» CHUMAIOTCA IPUpaLIeHus KoopauHat Ay, AW

A@a
4 Z
Apyy = — =~~~ —
Apy—————
| s
Ap, — — —= | |
747 | | AW
AW, AW, AW,
4. PaccuuThIBalOTCS BEPOSITHENIIINE KOOPAUHATHI
_2\Py-Apy) _XBawy) o aw
Ap="—"S—""""; AW = ; Ad= ;
2 By 2 By Cos @
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Po=Pct Ag;
Ao = At AL
TouHOCTh OmpeeieHns BEPOITHEHUINET0 MECTA Cy/IHA OTICHUBACTCS JUTHITTH-
YECKOM MOTPENTHOCTHIO C MTOMOIIBIO YKBUBAJIICHTHBIX JIMHUH MOJIOXKEHUS, TO €CTh C
MIOCTPOCHHUEM «IIOJUTOHA BECOB». JTOT cloco0 noapoOHO onucaH B pazzene 6.3. B
pe3ysbTaTe OMPEESIOTCS MOJYOCH DJUIAIICA MOTPENTHOCTe ¢ W b W Harpasie-
Hue Ooubion noiayocu 71,. CaM 3UIHIC CTPOUTCS B 00CEPBOBAHHOM TOUKE.

7.4. IOPAJOK PELIEHUA

Hpumep 10. Pemuts 3amauy Ne 3/245, nns koTopoit BEIOpaHHBIE U3 TaOIUITHI
VCXOJHBIE TAHHBIE UMEIOT CIEAYIOUIUN BU:

Ne op-pa I ...° 1, ...° D., muin D,, munu
2 355,8 3564 57,2 59,9
4 49,5 48,4 58,9 61,5
5 340,0 338.5 48,3 46,9
¢c =36°20,0'S Ac=129°30,0'E

AHaMTHYeCKOe pelIeHue

[TpomexyTO4HBIE pe3ynbTaThl pacuera cBeeM B Taduuny, rae AU =U, - U ;

mp =x0,01D,; my =10.8°; g = 517)’3;

gp =1 =11, —90° 7 =11, £180°.
Ne opuentupa — U 211 4-D 5-D
AU 0,6 2,6 ~1,4
my +0,8° +0,615 10,469
g 1,002 1 1
T 265,8 229,5 160,0
a=CoST —0,073 —0,649 —0,940
b=sint —0,997 —0,760 0,342

AU
[= s ~0,599 2,6 1,4
s=a+b+l 1,669 —4,009 0,802
2
P = - 1,569 2,644 4,546
JIIT mU

paa 0,008 1,114 4,017 [paa] = 5,139
pab 0,114 1,304 —1,461 [pab] = —0,043
pal 0,069 4,461 -5,983 [pal] =-1,453
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Ne opuentupa — U 21 4-D 5—-D

pas 0,191 6,879 3,427 [pas] = 3,643
pbb 1,560 1,527 0,532 [pbb] = 3,619
pbl 0,937 5,225 2,177 [pbl] = 8,339
| pbs 2,611 8,056 1,247 | [pbs]= 11,914

KoHTpons pe3ynpTaTtoB pacyera gaer
[paa] + [pab] + [pal] = [pas] = 5,139 + (=0,043) + (~1,453) = 3,643
[pab] + [pbb] + [pbl] = [pbs] = (-0,043) + 3,619 + 8,339 = 11,915

Pesynpratel moryt otiimuarses Ha 0,001 — 0,002 3a cyeT morpemHocTen Ok-
PYTJICHUS YHCEIT.

3anuiieM CUCTEMY HOPMaJIbHBIX YPABHEHHI C paCCUUTaHHBIMU KO3 PUIneH-
TaMu

5,139 Ap— 0,043 AW = 1,453

—0,043 Ap+ 3,619 AW =-8,339

PaccuuTtaem onpeneanTenn CuCTEMbl ypaBHEHUN

J1=5,139 - 3,619 — (-0,043)* = 18,596

Hrp = 8,339(-0,043) — (-1,453) - 3,619 = 4,900

Haw = (—1,453) - (0,043) — 8,339 - 5,139 = 42,792
Ay 4900
O 18,596

My —42792

A = =-2301=-23'
w i 18.596 ,30 3" kW,

AW — 293 '
ALl = = =-2855~-29" kW,
cos@,. €o0s36°20' ’ 7 K
@. = 36°20,0'S A.=129°30.0'E ,
Ap= 0,3'x N AL = 29 kW,
@ =36°19,7" S A, =129°27.1'E .
PaccunTaem BCIOMOTaTeNbHYIO BEJIMYMHY ¢ M MAPaMETPBbI JUIMIICA MOTPENl-
HOCTEU

g=+/(5139-3619)> +4-(-0,043)> = 1522,

g 5139+3,619+1522
- 2-18,596

Ap =0,263~03"' kN

=0,526 ~ 0,53 muin,

5139+43,619-1522 _ 1
b—\/ 218596 =0,441~ 0,44 mumnm,
_2:(-0043)
e2la=5 1393619 = 7
o 2.(=0,043) _
sin27, = 1522 =+0,057,
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_5,139-3,619

cos2T, = 1522 =-0,999.
CnenoBatenbHO yrod 27, 1exXuT Bo 2-i uetBepTH. 27, = —3,262°, T.¢.
2T,=-3,262°+ 180°=176,738° = 176,74°, T.= 88,37° = 88.,4°.

I'padoananuruyeckoe perieHue

[IpomexxyTouHbIE pE3yIbTAaThl pacueTa 3aHEeCEM B TAOJIHILY

Ne op-p% AU | & T An i A% nmy; [ 27 Pij

2-11 0,6 (1,002265,8 {0,599 2-4 36%63 +0,8° [£0,798 [ 1,570 [ 171,6 | 1,455

>

4-D 2,61 229,51 2,6 | 2-5 105%42 40,615 |+0,615|2,644 | 99,0 6,608

>

S-D |-1411  [160,0 | -1.4 ] 4-5 69%9 5 [£0,469 |+0,469 | 4,546 |320,0 | 10,545
D Py =8760| > P; =18,608

PaccuuTaeM Beca BepiinH GUrypsl norpemHocrei Py
Pyy=P; - Pysin*0 = 1,570 - 2,644 sin” 36,3° = 1,455 ,
Pys =P, - Ps sin"@= 1,570 - 4,546 sin® 74,2° = 6,608 ,
Pys= Py - Pssin®@ = 2,644 - 4,546 sin> 69,5° = 10,545.
Ilo mapameTpam 7 W An BBIIOJHUM IPOKJIAJIKY JUHHUM IOJIOKEHHUS B Mac-

mTabe 1 cM = | MwiIs ¥ IpoBepUM 3HAUCHHUS YIIIOB 6 MEXIy JIMHUSIMH TOJIOXKE-
HUSL.

CHHUMEM C MPOKJIAJKU MPUPAIIECHUS KOOPIMHAT B IPUHATOM MaciiTade

Agry = =35 AWoy=—0,4'
Agrs=1,2" AWs=—0,8'
A(D45 = 0,2’ AW45 = —3,6'
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Paccuuraem BeposTHENIINE KOOPIUHATHI:
_ 1,455-(-3,5)+6,608-1,2+10,545-0,2  4,9461

A¢ 18,608 = 1g608 ~ »2098=03 KN
= A5 -(04) + 6608 (—08) + 10345(-3.6) _ ~438304 __, 1o o
18,608 18,608
A= AW 2 ahw
Cos¢®  cos36°20'

. = 36°20,0'S Je = 129°30,0'E

Ap= 03 kN A= 3,0 kW

@ = 36°19,7'S 4y = 129°27,0'E.

Hanecem Ha pucyHOK 00CEpBOBAHHYIO TOUKY IO MOJYYEHHBIM IPHUpPAICHUSIM
KoopauHat A u AW. Jliisi OLEHKH TOYHOCTH ITOJIYYEHHOTO BEPOATHEUILETO MeCTa
BCE HEOOXOIMMBIE JJAHHBIC JIJISI pacyeTa UMEIOTCS B IPUBEICHHON BbIlIe TaOJIHIIE.

ITocTpouM «IOJIMTOH BECOBY», MOCJIEA0BATEIBHO CKJIAbIBasi BEKTOPHI JIUHON
P, HampaBjeHHbIC MOJ yriaMu 27, Kak omucaHo B pazaene 6.3. Macmtad mo-
CTPOCHHS «IIOJIMTOHA BECOB» HEOOXOIMMO BHIOpATh CAMOCTOSATEIIBHO C TEM, YTOOBI
PHUCYHOK MOMECTHJICS MPUMEPHO Ha IMOJOBUHY TETPAJHOTO JiucTa. B Hamem mpu-
Mepe MOKHO BbIOpaTh MaciTad 1 cm = 1 enqunHuIe Beca.

AL

CHsTas ¢ pUCyHKa BEJIMYMHA 3aMblIKaroniero Bektopa ¢ = 1,4 cm = 1,4 en.
Beca.

[TocTpoum OuCCEKTpUCY yria MEXIy BEKTOpOM ¢ W HampasieHueM Ha N.
B pesynbrarte nmosiyduM Hampaie€HHE MajlOM MOIYOCH 3JUIMIICA HOTpelHocTer 1.
[lepnenaukynsipao 7, mpoBeAeM HampaBieHUE OOJIbIION Mmoayocu 1, U CHUMEM
TPAHCIIOPTUPOM YroJI MEXAY MOJIydeHHbIM HampasieHueM 71, u N. B Hamem npu-
Mepe oH paBeH: T, = 87°.

Paccuuraem Beca SKBUBAJICHTHBIX JINHUM MOJIOKEHUS:
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Prax = 5 (X Po +q) = (8,76 +1.4) =508

Prin =5 (X P —q) =5 (876 -1.4) =3.68.

Brranciinm moiayocH 3JUTaIca morpeHOCTen:
1 1

a= = =0,52 Muan,
JPain /3,68

b= ! = ! =0,44 Muin.
VP /508

HaHeceM 3utHIIC MOTPEITHOCTEeH Ha PUCYHOK, I'JI¢ BBITIOJHECHA IIPOKIAIKa JIH-
HuK nonoxkeHus. [loctpoum ero B mpuHsaToM macmTadbe 1 cm = 1 Muinsa B mecte
pacrookeHusi 00CepBOBaHHON TOUYKH, OPUEHTHUPYS HampaBjieHue 1, OTHOCHUTEIb-
HO N.

7.5. 3AJIAHUS

B Tabin. 27 npuBeneHbl UCXOJHbIE TaHHbIE JJIsl perieHus 3aaad. [lopsaok Bbi-
O6opku ompenensercs HomepoMm 3anaun. [lepBas mudpa HOMEpa, CTOAIIAS B YUCIIH-
TeJe, 03Ha4YaeT BUJ] UCIIOJIb3YEMbIX 00CEpBOBAHHBIX JTUHUI MOJI0KeHUs (Tadi. 26).

Tabnuua 26

Ne ni/m N3mepsemMble mapameTpbl OPUEHTUPOB
1 11 11 11
2 D D D
3 i D D
4 11 11 D
5 D i 11
6 D D 11
7 D i D
8 i D 1l

Crnenyromue Tpu 1udpsl B 3HAMEHATENE IpoOU 03HAYAIOT HOMEpPa HCIOJIb-
3yeMbIX opueHTHpoB. Hampumep, Ne 4/625 o3HauaeT, 4TO MU3MEPSAIOTCS TEICHTH
({1) mecToro u BTOPOT0 OPUEHTHPOB U paccTosiHue (D) 10 mATOro OpueHTHPA.

4/625

i
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Tabauma 27
Haguranuonnsie mapaMeTpsl CuncianMeie
Ne opnerTapa Il ...° 1, ...° D., vumna | D,, Mulin |KOOpPIUHATHI
1 101,2 99,8 47,3 50,5
2 70,5 68,3 49,8 52,8
3 325,0 327,2 53,7 56,5 @. = 36°20,0'S
4 137,8 140,4 41,6 43,8
5 160,0 162,1 49,6 51,3 [A.,=129°30,0'E
6 206,3 208,0 34,8 34,0
7 240,7 242.4 42,4 40,2
JUTEPATYPA
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