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I-KUCM COEPOUJINK F'EOJAESUSTHUHT HABAPHU ACOCJIAPHU
KU P MU I

Omnuii reonesus panu «Acocuid reoaes3uk unuiapy», «Cdepounnk reone3us» Ba
«Hazapuii reonesusr» kabu yyTa KHCMJAH TalIKWJI Tomran OYiaub, ynapaaH
«Cdepouank reoe3us»» HUMaHHU YpraHaJu JeTaH CaBOJIHU Kapad YMKaMus3.

«OnemenTap reone3us» (panu ypranwiranga, 300+350 kBaapar KuJIOMETpHaaH
KUYMK OVJraH ep ro3acu TEKUCIUK J1e0 KaOys KwinHap Ba Oy ro3aja Oakapuirax
Te0JIC3MK YITJall UIIUTapy TEKUCIMK/IAa aMmalira OIIUpUiIral 1e0 Xucoomanap 9.

Ep mypakkab makira sra 0yimu0, yHu OupoH-Oup MareMatuk ¢opmysa OuiaH
udonanam KuiiuH Bazuda xucoOmaHagu. AMMO, €p IIAKIMHU MaTeMaTUK
udoganaMacian KarTa MaioHAa OakapuiraH TEOJEe3UK Yidall HaTWXalapuHU
MaTeMaTUK KaiTa WIUIalm MYMKAH 5Mac. [eole3wk yiuamn HaTWXKalapyuHU
MaTeMaTUK KaiiTa MIUIall y4yH yiadall UIuiapu Oa)kapwiraH €0 KaOyn KUJIMHTaH
[IAKJTHUHT MapamMeTrpiapu (Yirdamiapu, KaTTadukiaapu) MabiayM Oymuim kepak. Ly
cababmu Ep ¢usuk carxu Ep maknura skuH OyiaraH maTeMaTUK IIakia OViran
aiiianMa JMncoun (3JUTUIC Y3 KHYUK VKU aTpoduaa aillaHUI HaTHXKACH]Ia XOCHIT
OynraH) makJi, ssbHU cepoui OuIaH aIMaIITUPUIIA]IH.

Ep ¢usux carxuma OaxapwiraH TeoJIe3UK Yiuail HaTuxaidapu pedepeHi
JUIMINCOM/I, ’TbHHU TeOU] WYHAA OPHEHTHUPJAHTAH JJUJIMIICOM/ caTXuaa KaiTa
uIUIaHaad. byHja, SJUTMICOMIHUA TEOWJ WYUAa OPUEHTUpPJANl YYyH Kydujarua
maptaap Oaxxapuiviny Kepak:

- DJUIATICOU] XaKMHU TE€OH]T XQ)KMHUTA TEHT OVIIUIIN KEpaK;

- AuTMTIcCOM]T Mapka3u Ep ofFupiuk Mapkaszuja OVIHINU Ba DJUTMIICOMA KHYUK
yku Ep aitnanui Yku OmiiaH ycTMa-ycT TYHIUIIN Kepak;

- OaNmaHIWK KUXATUIIAH OJIUTUTICOWI CATXWHH TEOWJl CaTXHUIaH  OFHINU
KBaApaTIApUHUHT WUFUHINCH SHT KHYUK OYJIUIIN Kepak.

Ep ¢usuk catxu smmumncous catxura MOC TyUIMarahiaurua ca6aliu, reoje3uk
yiuam HaTWkalapuHU KadWTa unuiam yuyyH Ep carxuparm HykTrajgap 3JUTUICOM]

caTxura NpoCKIHAIaHa/Iu.



bynna, ep carxugaH JJUIMIICOMJ CaTXUra VTUIIAard  XucooJaml
HILIapUrapeIyKuuoH myammo Aeiinnaau. [y Gunan 6upra 3iIumncons] caTxuiaH
TEKUCIMKKA YTUIIAa XaM PeAyKUHMOH Xucobnam wumapu Oaxapuianu. Illynnait
K10, cheponuk reogesusaa Kyhuaaruiaap ypraHuiaan JeHuIl MyMKUH:

1. Ep sjuiuncouam reoMeTpusicu.

2. I'eone3uk MacajiaJapHM 3JUIMIICOM] CATXM/IA eIl

3. BHJII/IHCOHII CATXUHMHT KaTTa KUCMHUHHU TCKUCIUKAA TaCBUPJIalIl.

§ 1. EP DJIJIMIICOUJIUHUHT ACOCHUI ®OPMYJIAJIAPHU BA Y3APO
BOTJIAHUIJIAPHU

Hactyp: Ep »sumncomamHuHr acocuii mnapamerpJapu. Cddepounank
reopesusga (CI') KyJUIaHWJIaAMraH KOOPAMHATA CHCTEeMAJapu Ba YyJap
opacuaaru y3apo oornanuuuiap. bow srpunuk paguyciaapu. Uxtuépuin kecum
ITPUJIMK PAIMYCH. JJUIMIICOMJ caTxuAa OepwiraH HYKra ypradya 3TPHJIHMK
paguycu. Mepuauan Ba mnapauien € ysynauru. Cdepouank Tpanenus
MaiIoHu. XapuTa TPaneuusiCHHUHT XOIIMAJIAPUHUA XHCO0J1a11l.

Ep 3111MncCOMIMHUHT aCOCU TapaMeTpJiapu
1.1-maknma KeNTUPWITaH AJUIMIICOM YUYH Kyluaaruda Oeiaruianuiap

KUPUTAMU3:

P,

1.1-mmakJ.
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- O—sumncous; Mapkasy;

- PPl-smnmunconp ainanui yKu;

- OEAEI] — 5KBarop TEKHUCIINTY;

-a (a = OF = OEl = OA)- snnuncoun

KATTa APUM YKHM, TbHU SKBATOPHUAJ SIPUM YK;

- b -snnuncous KMYMK ApuM VKM (KyTO spum VK) (b = OP = OP1);

- O - 3JUIMIICONJ KyTﬁ CHUKHJINIIIHN

a=%4"% ; (1.1)
a
€ — DJIJIUIICON I 6l/lpl/IH‘ll/l IKCHCHTPUCUTETH
2_ 612 _bz
e =" (1.2)
a
C’ - OJUIMIICOU] NKKHHYH IKCHCHTPUCUTECTH
0 a2 _bZ
=Ty (1.3)

Kentupunran a, b, o, €, € COHJIapu €p SJUIUIICOMTUHUHT TapameTpiapu
nevunanu. YmapaaH a, b €ku a, o mapameTpJiap acocuii, KoJraHnjapu épaamMmum

napamMerp Xuco0JaHaau

2
a ~r
c= b—z- COHTa KyTO 3TpUJIMK pagnuycH ACHuIagu.
Ep »smmuncouaHUHT mapaMeTpiapu  opacujaru OOfJIaHUIUIApHU  Kapad
YUKAMMU3.

1. e Bae'opacuaaru 00FJIaHUII

(1.2) Ba (1.3) dopmynanap ycTuaa anMamiTupuiuiap O6axapud Kyhugaruiaapra

sra 6ynamu3

b2

~ =1-¢’ (1.4)
b1

—= 1.5
@ l+e? (1-5)

(1.4) Ba (1.5) bopmynayap yan TOMOHJIAPH TEHT.



YJ'IapHI/IHF S’/HI“ TOMOHJIApWHHU TCHITIAIOTHPUII HATHKAaCHIa € Ba e’ opacuaaru

OOFJIAHUIITIAPHHA TONAMU3:

(1.6)

EKU

e? =5 (1.7)

2. e Ba gopacuaaru 00rJaHuIl

(1.1) dopmynaman 2 — 1 — o i xocun k6, yuu (1.4) popmyara kyiicax
a

- =(1-a)’
€K1
e’ =2a—a’ (1.8)
Kenn0 YuKagu.
(1.8) hopmynazna o KHIHK MHKIOP OVIHILIAIHHE XHCOOTa OJICaK
e’ ~ 2« (1.9)
MyHOca0aT Xocui Oyaau.
Ep smmncouavHuHr acocnii mapamerpiaapu KpacOBCKHMI JJUIMICOMIHN YYyH

Kylnaaruya KaOysa KWJIMHTaH:

a = 6378245,0000 m lg a=6.8046011973
b=6356863,01877 m lg b =6.8032428531

¢ =6399698,90178 m lg ¢ = 6.8061595414

o = 0,003352329869 lg a=7.5253467466"°
e’ =0,006693421623 lg e® =7.8256481824™"°
e’ =0,006738525415 lg e =7.828564707"°
b _\1-e? =0,9966476701

a

a _\1+¢” =1,0033636058

b

a;b = 6367554.0094 m

lgb=5.314425133 p =206265

lgc =9.637784311 1 =0.4343
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§1.1 COEPOUJIVK T'EOAE3USIIA KYUIAHUJIAJATAH KOOPIMHATA
CUCTEMAJIAPU

Chepuk reomesusga KyJUlaHWIAAUTaH KOOpJAWHATA CHUCTeManapu OwiiaH

TaHHUIIIaMH3.

1. ®a3onaru Tyrpu Oypuakiau OXYZ koopanMHaTa CHCTEMACH

Py
1.2-mmakui.

by koopaunara cucremacua:

O - koopauHaTa OOIIH ITUIICOM]] MapKa3ua;

OZ - YKy 37IMIcon/1 alslaHuI YKUaa;

OX - yxu 6ounansuy (I'punBuy) mepunuan PEP; OunaH 3KBaTOPTEKUCIUTHIA,
OYyku - OonutaHFU4 MEpUIUaH TEKUCITUTHTa IEPICHANKYIISIp OYiran
PKP mepuauan TeKUCIUTH OUJIaH SKBATOP TEKUCIMIUIA )Kolnamaau. by cucremana

XM=0M3=M1M2; yM=OM2=M3MIZM=MM1

2. I'eone3uk koopauHara cucremacu (B, L)

P
M

E;

.e ()
&

P, 1.3-maku.



PEP;- 6olanfud MepuIuaH;

PRP; M nyxranaH yTyBYM MEpU/INAH;

OERE - 5KBaTOp TEKHUCIINIY;

Mn- HyKTajaH yTraH 3JUIMIICOM] CaTXUTra HOPMAJl YU3HK KEJITUPUJITaH.

By xoopaMHata cuctemMacuaa JUTMIICOU CaTXUAaru HyKTaHUHT TUIaHIN XO0JIaTH
reo/ie3MK KeHIJIMK B, reoe3nk y30KJIUK L OpKalnu aHUKJIaHAIH.

DIIJIMIICOMI CATXHIATH HYKTAJaH yTraH HOPMAJ YHU3UK OWJIaH JIKBATOpP
TEKUCJIUTH Opacuaa XOCHJI OyJiaran Oypuyakka HYKTAHMHI TeOde3MK KeHIJIMIH
neiinnanu (By, =24 Mn’R)

Keurmuk  0°-90°  opanurma kuiimar kaOyn kuimagn.  KoopauHatacu
aHUKJIaHAETraH HyKTa MIMMOJUN SpUM Iapjaa Oyiaca MIMMOJMM KEHTJUK, KaHyOui
ApuUM 1apja 0yica s>xkaHyOui KeHIJIMK e aTtanaiu.

HykTaHMHI reoae3uKk Y30KJUTH Je0 OONLIAHFUY MEPHAUAH TEKHCJIUTH
OMJIaH KOOPAMHATACH AHUKJAHAETTaH HYKTAJaH yTraH reoJe3uk MepHINaH
TEKUCJIUKJIAPH OPacuIa XOCWI OVJraH MKKH €KJau Oypuakka anrtwinaau (1.3-
wakaga L= 2 EOR).

["eone3uk y30KIUK, HyKTa OOIUIaHFUY MEPUJIMAH TabCUCITUTHIAH MapKaa €Trad
6yi1ca mapkumii, akc xomga rapbuii ne6 aramamm Ba 0°-180° opammrma KuiimaTHH
KaOyJ1 KHJIaJIx.

Koopannatacu aHuKIaHA€TTaH HYKTAaHUHT (DU3UK CAaTXUJIard XOJaTUHU OWIIHII
yayH B, L naH Talkapu yHUHT reoie3uK 0aJaHIJIUTMHA OWITUIIT Kepak.

Ep carxupa skoMJIamrad HYKTaAaH HOPMAJ YM3UK OYHH4Ya 3JIJIMIICOM
carxuraya Oyaran KecMara (YM3MK Y3YHJIMIHIra) HYKTAHHHI TIe0Je3uK
oananaauru aeuaaam (1.3-maxkaga H=MM;).

by koopauHaTta cuctemMacu Hazapuil Xyjocajgap YHMKapHUIlga Ba XucoOarl

Hiuiapuaa KCHI Kg’J'IJ'IaHI/IHa)II/I.



3. bepwiran HyKTa MepuauaH TEeKUCJIUTUIAAru Tyrpu Oypuakiau (Oxy)

KoopanHaTa CUCTEMaACH

yA P
M
L
Y.
0 4 |
E < Ml E] > X

Py
1.4-mmakJ.

by koopauHara cucremacua:

O - koopauHara Oomuaa,

Ox - yku skBatopual yKia,

Oy - yxu kyT6 YKuaa sxoinamasny (1.4-maki) Ba 1acTaBBall HyKTa KOUalIraH
MepHU/IMaH TeKUCIUTUHUHT XoJiaTu L anukianaau. Hykranu snencous caTxuian
xoJnatu L, X Ba y opkanu udoaanaHaam.

By koopauHaTtanap cucteMacu Hazapui XyJiocajiap YMKapHUIaa UiaTUiIaau.
4. I'eounenTpuk koopauHara cucremacu (L, ¢ )
DIUIMIICOU ] caTXuaa HYKTaHH XOJaTH TI'e0JEe3UK Y30KJIWK [ Ba reoOleHTPHK
Y30KJIMK ¢ opkaiu udoaaiaHaIu.

Hykra Onjian 3JUIHICOU/I MAPKA3MHU OUPJIAIITHPYBYH PAINYC BEKTOP 7 Ba
IKBATOP TEKHCJIUTH OPACHIA XOCHJ OVJran OypyaKkKa HYKTAHU TeOUEeHTPHUK
KeHrmru aeunanu (1.4-maki).

by koopaumHaTta cuctemMacu acTpOHOMHMsI Ba MAaT€MAaTHK KapTorpadusiga KEHT

KYJUTAaHWJIQIH.



5. Kearnpwiran KeHIrjiuk OMJIaH reojae3uk y30Kjiauk (u, L) koopauHara

cucreMmacu

P

P

1.5-makur.

Kentupuiiran KEHINIMKHA XOCWJI KWIHMII YYyH, MapKa3H 3JUTUIICOU]l MapKa3uja
OyJraH paauycH KaTTa ipuM YKKa TEHT OyiraH €pjaaMuu ailiiana ynzamus. OpauHata
MM; vu €pnamun alijaHa OMIaH KECUINTYHYA JABOM ATTUPHUIIAAH XOCHI OYiaran M,
HYKTa OWJaH JJUTMIICOU]T MapKa3WuHW OWpIAIITUPUII HATHXKACHAA XOCWJI OYiran
M;;OM, 6ypuakra KeNTUpUITaH KeHITIUK aevnnaau (1.5-maka).

Kearupuwiran kenriamk(#) karra wMacodanapja Teo/Ie3uK MacallaJapHU
SUMIIIIa KeHT UIIUTaTHIIaIN.

6. Tyrpu Oypuakiu chpeponIuK KOOPAMHATA CHCTEMACH

by xoopnunara cucremacuma koopauHara Oomm cudatuaa Oupop-oup HyKTa
onmHaau (By HyKTaHUHT SJUTMIICOU caTXUAaru KOOpAUHATACH aHUKJIaHTaH OVIIUIIH
Kepak).

Koopaunatacu anukjgaHaérran M HyKTaHU XOJIaTU KOOpJuHAaTa Oomu 1ed
KaOyJ KWIMHTaH A HyKTaJaH, Iy HyKTaJaH YTrad napajuienarada Oyiaran mMepuauaH
¢l y3ynnuru P Ba m1y MepuaMaHiaH HyKrarada OynaraH napauien €l y3yHJIWru ¢

opkanu udonananaau (P L g) ( 1.6-mak).
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P | oM

q
A

0
E E,

C

P,

1.6-1makJi.

7. Slcen TYFpu Oyp4YaKJId KOOPAMHATA CUCTEMACH
by koopaunata cucremacu reone3usi (QaHuga YpraHuiaraHiIurd cabadnu

chepouuk reogesusia Oy KOopAMHATa CUCTEMAaCUHU KEMMHYAIMK Kapad YMKaMus3.

Texmmpu y4yyH caBoJjuiap:

1. Ep 2/5TMNICOMAMHUHT aCOCUI MapaMeTpiiapHu.

. e Ba e opacugaru OoFJaHUIILIAP.

. € Ba @ opacuaaru OOFJIaHMIIL.

. Chepounuk reoaesusa KyUlaHUIAAUTaH KOOPAMHATANIAD CHCTEMAJIapH.
. I'eone3uk, TeOLEHTPUK, KEITUPUIITAH KEHTJIMKJIAPHUHT Tabpudiapu.

. 'eone3unk y30KIUKHUHT TabpUQu.

~N O Bk~ W

. l'eone3unk GanaHITUKHUHT TabpUPH.
8. Kaiicm koopauHaTa cuctemaiiapu ¢dakaT Hazapwid XyJjocanap YHKapHIIIa
150000) C2Y 0% 0) 010 04

9. Kanpnaii snuncoura peepeHiy 2JUTMICOu T qeinianm?

11



§ 2. AMPUM KOOPJIUHATA CUCTEMAJIAPH OPACUJIATU
BOTJIAHUIJIAP

1. T'eome3ank KeHIVIMK B Ba X0JaTH AHMKJAHAETraH HYKTAa MepUAHAHAJ

TEeKHCJIUTHAATH TYFPH OYPYAKJIM X, Y KOOPAMHATAJAPH OpacuIaru 0OFJIaHMIIL.

P

2.1-maki.

KMF-koopnuHartacu aHuMkjiaHa€TraH M HyKTara YTKa3uiraH ypuHMa OYJICHH.
MaremaTukaiaH MabIyMKH OSIPU YW3UK HYKTacura YTKa3wiraH ypuHMa OWiaH

abcimcca YKUHUHT MycOaT WyHanuImM opacugaru Oypuak TaHTEHCH OWpPUHYHU

TapTUOIN Z_y xocuiiara TeHr oymaau. Y xonna 2.1-makingaH KYpuHaIuKy.
X

L 1g (90" + B) = cig B = 2.1
I 8 ) =-cig B= 3 2.1)

DNIUIIC TEHTJIaAMAacUHU €3aMH3

2 2

272 \3
z—2+ ;;—2= 1, Oyngan y=(b’- xal; } (2.2)
(2.2)uu muddepennnaniad
1
Ay (. b _2x-07
dx 2 (b R j a’ (23)

HHU XOCHJI KWJIaMHU3.
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(2.3) gau (2.1) Ba (2.2) HE XHcoOra 0O TOMmaMu3:

ay —_ xb* -1 (2.4)
dx  ya’ gB
EeKU
b*x
y="11gB (2.5)
(2.5) Hu sunric popmynacura Kyncak:
x> b'x’tg’B
a2 e =1 (2.6)
b=an1- e’ skauuruHr HHOGATTa 0JICaK
ﬁ+ 1-e* k*tg’B _
a’ a’ ’
OyH1aH
2
%[H(l—ez)-tng]:l;
x? [1 +tg2B—eztg2B]= x* ! -’ sin’ B =x’ I—¢sin’ B =a’;
cos’ B cos’ B cos’ B
eKU
B
y= 2982 Q2.7
JVlI-e’sin’ B
Kenno YuKagu.
2
(2.5) popmymagan — =1- e’ SKaHIMIMHY HHOGATTa OJICAK,
a
y = (1 —e’ )xth (2.8)
éku (2.7) acocuaa
acosB
yz(l —ez)—th :
Vi—e?sin’B
KEeJINO YHKaIH.
byHnan:
E— 2 1
a(l e )smB 2.9)

y=—F—
NJ1—e?sin’* B

13



Hyxranan yTran napamien paauycu » adciucca x ra TeHr OyaraHnuru cabadiu
(2.7) Hu Kynuarnya €3UIMMMA3 MYMKHH:
acosB

J1-e’sin’ B

2. T'eoie3UK KeHIJIUK B Ba reOlieHTPUK KEHIJIUK ¢ opacuaard OOrJIaHUIL

X=r=

(2.10)

Y/\P

Py
2.2-makui.
2.2-11aKJIJIaH TOaMu3:
tgep = f (2.11)
(2.5)popmynanan E = 2—2 tgB(1.4)au xucobra oncak
Y (1—e®)tgB
X
tgB = :—nga b=aVl-é* :>§ = /1 — e?myHocabatiapaan Keaub YHKaIH.
Y=(1-¢*)1gB 2.12)
X
(2.11)nan (2.12) acocusa aHUKJIAMU3:
g =(1-¢*) 1gB (2.13)
(2.13)1a Kyitngarnya aMamTApuIIiap 0axxapamus:
e’tgB = tgB —tg¢
sin(B —
g SOEB =)
cosBcosg

e’sinBcos¢ = sin(B — ¢)

14



(B — ¢)KM4uK KUMMATIUTUHE HHOGATra 0JIub, COS ¢ ~ cos B Ba
sin(B — 0) ~ B — 0 ne6 onamus, yHaa
(B—¢)=e’sin Beos B
€Kn

(B—¢)= %ez sin 2B Kenuo YuKaau.

bynnan:

(B—p)= % p'e? sin 2B (2.14)

(2.14) nan arap B = 45° 6ynca, (B — ¢)" = 11.8"6mimm xenn6 auxagm.

3. FCOHCHTPI’IK KEHIJINK ¢ Ba HYKTAa MEPpHUAHAH TCKUCJIUTHIAI'A X,y

KOOPJAUHATAJIAPU OpacuAaru OOFJIaHuII

2.2-makijian KyTo KoopJiMHaTanapura yTuo
p=\/x2 er2 s x=pcosg, ¥ = |‘.ZlSi111fd':i (2.15)
yJIapHU JUTUIIC TEHIJIaMacuTa KysiMu3

b 2 2 .2 2 2 2 qia2
preos’d pisin'_pleostd posin (2.16)
a b a a(l—e)

(2.16) nan anMamtupuiiap daxapamus
2
pa os” gl - ¢ )+ sin” g} =1
a —e

byHnan:
2
aT(io—j)(l —e” cos? ¢): 1
av1-eé*

p=—F— (2.17)
1-e? cos’g

(2.17)uu (2.15) ra xyitn6, n3nanaérran OOFIAHUIIIHA AaHUKTAUMHU3;

\/ 1 —e?
X = acosd 1

—e?cos?g

15



_ 1—e?
V= asmq)\/l ~ e2cos’d (2.18)

4. KeJTHPWITaH KEHIVIMK U BA reoJie3uK KeHIJIMK B opacuaaru 00rIaHuII

P,
2.3-maKJI.
2.3-maxkmnaa:

EPE P ;- MepuaaHaIKeCuM,
EP”’M,E;-a paguycnaru sipum aiijiana Oepuiras.
Alinana opaunaracu M;M,Ba smunc opauHatacu MM>opacuaaru OOFJIaHULITHU
ypranamus. A OM;M,>nan
a® = (M;M,)* + (0OM,)? (2.19)
DIITUTIC TEHTTIaMacuHU 2.3-1akiijaru OeirujiapHu nHooaTra oauo €3amus:
OM,=x, MM,=y
(oM, ) N (MM, ) iy

2 2 -
a b

OyHJ1aH:
2

a’ =(0M,) + Z—Z(MMz ) (2.20)

(2.19) 6wan (2.20) HU cONMMIITUPAMU3, YHAA

2
a
(M;M,)* + (OM))’ = (OM;)° + s (MM,,)’ ;

16



2

a
(M, My)* = 5 (MM,)*b* (M3 M,)* = a* (MM,)*

MM,=y sKaHIMTUHU KHOOATTa OJICaK

_ b(M,M,)
y =
a
2.3-maxkianad X =acosu
M1M2=a sin u

Kenu0 YuKagu.

(2.22) ra xypa (2.21) nan

y:(Mle)é:asinuézbsinu
a a

HHU XOCHJI KMJIaMH3.

2.21)

(2.22)

2.23)

(2.22) Ba (2.23) HBJUIHNC TEHIIAMACHHUHI MapaMeTPUK KYPUHHUIIH

HeHnJIaam.

(2.22) Ba (2.23) dpopmynanagaH TOIaMHU3:

X acosu a

1gu =

(2.12)nan

SKAHJIMTHHY Xucoora onub (2.25) nan

tgu =~1-e’tgB

HHU XOCHJI KWJIaMU3:

(2.26) HUHT VHT Ba 4an TOMOHUHM /gB 1aH ailupaMus

1gB —tgu =1gB —\1- e’ 1gB

EKU1

sin(B —u) _ 151 - m)qgl{l -(- ezﬂ

cos Bcosu

17

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)



(2.28) na kyiugarnya aaMalITUpUILIAPHU OakapamMus:

1) cosu ~cosB neb onamus;

1

2)  (1—¢)> Hu KaTOpra EAMH3 Ba MKKUTA X311 OWIIaH derapanaHaMus

4 6 2

2
(\/1—& :1—%+e——e—+....z1—e—}

2 16 2

3) sinBcosB = %sin 2 B DKAHJIUTUHHA UHOOATTa OJIaMU3;
. l . 2 l
VY xonga sm(B-u):Esm2B 1-(1-e )2

2 2
sin(B—u):lsin2B 1-1+< |=Ssin2B
2 2 4
éku sin(B—u)=B—u 1eb oicax.

(B—u):%ezsinﬂ?

(2.29)
Ba
(B —u)'= iezp" sin2B (2.30)
KeJnO YUKaIH.
(2.22) popmynanaH napasien paguycu
r=x=acosu (2.31)

5. X, Y, Z Ba 60o11Ka KOOPAUHATAJIAP OPACUIATH OOFJIAHMIILIIAP

7 A OM; M, oan
i 0
|
0

|

X M; | 0 ' i

AN
MIx N L
X M; X M;

P;

2.4-1maKkJi.

18



| >

=cosL > X =xcos

=sinL - Y =xsinL (2.32)

N = |~

=y

(2.32)num (2.23)Ba (2.31)51apHu nHOOATra OO E3aMU3:

X =acosucosL
Y =acosusinL (2.33)

Z =bsinu=a+1- e’ sin

(2.32), (2.10), (2.9)acocuaa KyingaruiapHi aHUKJIANMUA3:

N
X:ﬂcosL

N1—e’sin’ B
r=—2%% gnp (2.34)

V1-e’sin’B
a(l —ez)sinB

V1—e’sin® B )

7 =

Texkmupuum y4yH caBoJuiap:
1. Huma yuyHn OGepuiiran HyKTa MepuauaHall TEKUCIUTUAArd TYFpU Oypyakiu
KOOpAMHATAJIAp CHCTEMAaCHHUHI abcuuccacu Iy HYKTaJaH YTraH M[apaieln

paguycura TeHr Oyiaau?

2. Kaiicn reosie3uk KeHIIIMKIA Y = x(l —e’ )ng B=45° tgB=I.
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§ 3.2JIJIMIICOUIA BEPWJITAH HYKTAJATH BOLI DTPUJIMK
PAIUYCH

P

3.1-makJr.

Dmnuncouara TYWUPWITaH HOPMAJIAAaH YEKCH3 KYI TEKUCIUK YTKA3WIII
MyMKUH. By Tekucimkiap HopMall TyIIUPUIITaH HyKTara ypuHMa OViran TeKHCIIUKKa
NepHeHANKYIIAp OYaau Ba HOPMAJ TEKUCIHUK J1e0 aTanau.

HopMan TeKMCIMK JJUIMICOMA CATXMHM KeCHIIM HATHKACHAA XOCHJI
OyJran kecumMra HopmaJja kecuM aeiiniaaau. Hopman kecumnap opacuna hakaTtruna
MKKUTA IIYHAANM KECUM MaBXYIKH yJap y3apo NepneHAuKyysp Oyaud, Oupu sHT
KAaTTa UKKMHYKMCH SHT KHYMK ITPUJIMK paamycura sra 6ynanu. by kecumnapra 6o
HOPMAJI KECUMIIAP JAECUUIIAIN.

Juddepenunan reoMeTpusiiaH MabIyMKH SIJUTMIICOMJ CAaTXUAa KyHuaaruiap
HOpMaJI KECUMJIapAUD:

1. PEP,EF mepuanaHail KeCUM Ba SJUIMIICOMTHUHT UKKH KyTOH.

2. oFK F nykragas yTrad OUpUHYN BEPTUKAT KECUMHU.

oFK 1 PFEP,E

M — 6witan, MepuIMaHal KeCUM STPUIINK PauyCUHU;

N — OunaH, OUpUHYM BEPTUKAT KECUMHU STPUIIMK PaJANYCHUHU OeNruianmMus.

bom HOpMan kecumiiapHU STPWIMK PAAWYCIApPHH TEONE3UK KEHTJMK OujaH

udonananran GyHkIusa cudarTraa TonaMus.
20



MareMaThKaaH MabIyMKH MEpHIUMaHAT KECHM STPWIHK PaJuyCH KyHuaaru
dbopmya OpKagu TOMHIIATN

M=-t_~ 7 J 3.1
pEm 3.1
dx?
(2.1)1aH KyHUIaruHU TOMIAMU3
dy 1 dB
dx>  sin®B dx (3.2)

acos B : -
A _cosB(l-e?sin® B) 2 Qopmynagas “E. un onamus.
V1-e’sin’ B dx

X =

dx = —asinB(l—e2 sin’ B)

+acosB —%(l—e2 sin? B)

N | =
N | W

(— 2¢” sin B cos B) dB

dx = asin B(l — e’ sin’ B)

N | W

—~—

— (1 - 62 SiIl2 B)+ e2 coszB}~ dB

dx = —asin B(l —e” sin’ B) (1 - ez)- dB,
OyHJ1aH:

N | W

Z—; :—asinB(l—e2 sin’ B)_;(l_ez)

EKU

W

a8 (1—esin? B

E asinB(l—e2

S~—T1

T (3.2)ra kyiicak

3
d’y (l—e2 sin’ B)5
dx>  asin’ B(l — ez) (3-3)

2

(2.1)Ba (3.3) Hu }IBHI/Id—ieCl d—g/ﬂapHI/I (3.1)ra kysmu3
x
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2 é 3 2
2 1 —
M= (1 + ctg B) asin 33(1 e ) (.4)
(1 — e’ sin’ B)E
EKH
m_ sin’ B+ cos’ B 3_ 11
& sin’ B sin® B sin’ B
HU XI/ICO6F3 OJICaK
all - &*
M ( ) 3.5)

J(—é*sin? B

B=90 "6ynranga (1.4) Ba (1.5) Hu nHOGATra ONCAK
2
M, —c=—2 _ :%:a\/1+e'2 (3.6)

90
1—¢e°

MCpuanaHall KCCUMHHU KYT6I[aFI/I OIpHIMK paAnyCHHHA 6epa111/1.

Kylingaru OenruianuiapHd KUPUTaMH3
2 .2 V)
W =~1-e"sin” B - reo1e3UK KEHITTUKHA OMPUHYH aCOCUN(DYHKIIMSICH;

2 2 o
V =+1+€" cos” B - reofe3uK KEHIIIMKHU MKKUHYH aCOCHI (PYHKIIHSICH.

M wu V opkamu udopamaiiMu3. ByHUHT y4yH KyWHJard ajiMaliTUpUILIap

Oakapamus.

12

e 1+e?—e?sin’ B 3 1+e? cos’ B

sin® B = > = >
1+€ 1+€

l-e’sin’B=1-

%
1+¢? ©)

1
Ba oxupru udoganu (3.5)ra xysmus, Ba (3.6) acocuna ézamms a(l +e')z =c¢

a(l— 6'2'2 }1<1+e'2 )3 PN
M= l1+e :a(l-l-f )2 :% (3.7)
\/(l+e'2 cos’ B)3 4 4
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BupuH4YM BepTHKAI KECUM 3TPUINK PaTUyCH

3.1-maknman  (F-n=N)r=NcosB,(2.10) nman, -¢ C;’VSB JapHU aHHWKJIAWMH3 Ba

yJIapHu TeHr1a0, (*) mHoOaTra oaub Tonamus:

a

a ¢
N = = 3.8)
(1-¢’sin’ B)?
M Ba N HU CONUIITHPAMU3
N _ a ) a@—ez) _l—ezﬁnzB__l—e2+e2asz__
1 3 2 - 2 -
M (1—esm?B) (1-sin?B) 17° I=e
e’ cos’ B
=1+

1-¢°
nemak N 2 M

(1) OupuHuM Ba (2) UKKMHYM TE€OJIE3UK KaTTaJuKIap AeO atallyBudM KyWHaaru

OenruianuiapHd KUpUTaMH3
pH p"
v - Wy =@
M- wmepunmvaH STPWIMK pPaaUyCH MEpHUIMAH €W y3YHJIUIM Ba KEHIJIMKIIAp

dapkunu; N-OUpUHUM BEpPTHKAT KECHUM OIPUIIUK paJuycH Tmapaieiiap &iu

Y3YHJIUTH, Y30KJIUKIIAp Ba a3uMyTJiap hapKuHU XucoOJamiia uiluiaTuiam.

3 1

(3.5, (3.8) ¢opmynamaprunr (1 —e?sin’B)zBa (1 —e’sin’B) "z
MaxpaxiaapuHu OWHOM Katopura ¢Eimb, Mypakka® OyiamaraH y3rapTUpuIliap
kuputnO, KpacoBckuii pedepeHI-2IITUIICOMINHA 3JIEMEHTIAPUHA METp OUpJIMruaa

KUPUTUO KyHUIArMHA XOCUJT KUJITAMU3:

M = 6367588,4969-32072,9605¢0s2B+67,3123¢0s4B-0,1319¢0s6B + |
+0,0002c0s8B - ... = 6335552,7170 +

63609,7883sin’B + 532,2089sin’B + +4,1558sin°B + 0,0317sin’B (3.9)

N= 6388958,4431 — 10726,9320c0s2B + 13,5077cos4B —
0,0189cos6B - ... = 6335552,7170 + 63609, 7883sin’B + 532,2089sin’B +
4,1558sin°B + 0,0317sin’B
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Oxopunmaru M Ba N Hu xucoOnam ¢dopmynanapu cedepeo Uk Teoe3us
MacaJaJapuH{ €YHIIHU KJIACCUK €HIO0ITyBHUra acocnanran. M Ba N napau xucoOmar
dbopmynanapy MYyXUM OSKaHJWTMHA HWHoOartra oiub, Oomka #HWyn Owiadn Oy
dbopMynanapHu XOCHIT KHIIaMU3.

DOiinepHu Aapaxanu QYKIUSHI 3aHXHUp Kacpra ium GopMynacuaan

dbolnanranamMu3

{l—v:l}f + {1+'u:]y + {E—v:]}f 4ot {n—'u:]y + {n+u:]}f

vo_ vy
(1+y) _1+1+ 2 3 2 2 In+1

o (3.10)

(3.10) kaTop y3rapyBuM y HU OYTYH KOMIUIEKC TEKUCIUTUA SKUHIAIITUPYBYH,
XaKUKUM YKHU y=-1 gaH ¥ = —o, OyiraH KUpPKUMUIA, y Yy3rapyBuuMHU Oapua
KOMIUICKC TEKUCIUTHAA IKUHIAITYBUM. Y HU XaKUKUA MycOar €itmacu yuyH, (3.10) y
apryMEHTHU Xap KaHJall KUWMaTuh Y4YyH KYJulalll MyMKWH, OYHUHT Y4yH 3aHXKHUDP
KaCpHM 3apypuil 3BEHOJApUHU OJMUIN eTapiu. KaTopHu UKKM Xaau OusaH

qcrapaJiaHaMmn3s:

1_
(1+y) ~ 1+%+%r

Marematuk ucbotnaru amamiapau Tymupu6 Koaaupud (3.10) udonanu

(3.11)

Kylnaarnda €3ummMn3 MyMKAH

(1+y) =~

2+(1+vly
2 +{1—'u:]y

(3.12)

(3.7) Ba (3.8) hopmymanapaaru

w=,/1—e?sin?B = (1 — e?sin?p)*/? (3.13)

v =.,/1+e?cos?B = (1 + e?cos?B)*/? (3.14)

§’3rapquI/I y HH (3.12) O6Yiinya MOC paBHIlia E3UMTUMU3 MYMKHH.

y =—1—e?sin’Pray = 1+ e’cos?p

1
V==

2
bynnan,

_ 1-0.75e"sin?B
~ 1—0.25e%sin?B

w (3.15)
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1+ 0.75e*cos?’pB
Vo1 + 0.25e%cos?p

(3.16)

5 1 — 0.75e%sin*B
W ==
1+ 0.25e%sin?p

(3.17)

_ 1+ 0.75ecos?B
VT 1w 0.25e?cos?p

VYHuna (3.7) Ba (3.8) popmynanap Kyiugaru KypuHUIITa Keaaau
1+ 0.25e?sin’p 1— 0.25e%cos?
1—1.25e?sin2B 1+ 1.25¢%cosB
1 — 0.25e%sin?p 1+ 0.25e*cos?f
1 075e%sin?B 1+ 0.75¢2cos2B

M = a(l—e?) (3.18)

(3.19)

3amKUp KacpHM HMKKH 3BeHOcH Y4yH (5.16) HM SIKMHJIAIIMIIUIATH a0CaIIOT

xaTocu Kyhujaaru popmyna OuiiaH XMCcOOTaHUIITU MYMKHH.

A<l Y
W42+ )4 +y)

4
ﬂg Oenru WHACKCHAAruh HWKKHW 3aHXXHUpP KAaCPpHU HWKKHW 3BCHOCHUIa MOC

3

(3.20)

AKWHJIAIIUIITHA KypcaTaId.
(3.15) Ba (3.16) udonanapna e* sa e'* mapuu 0.0067 ra tenr ne6 onu6, B

KEHIJINKHU UXTUEPUN KMIMMATH YUyH, KyWMJIaruHU OJIAMU3:

1 0.0073

6= 1[2.007 = .007

(3.15) Ba (3.16) dopmynanapaan Qoiinananu6 W, V, M Ba N napuu 1+ 1072

<09=*107°

rava OyyraH, eTapiu aHUKJIUK]Aa XHUCOOIam MyMKHH.

P f’pTaqa ITPUIIHUK PAINyCH
C
A A
- A A
w K
F
3.2-m1aKJI.

P
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Vpraua srpumuk paamycu aiipuM HasapHii Ba aMalmii TeoJe3UK MacajlalapHH
edniia EpaaMuu KaTTaluK cudaTuia UIUIaTUiIaau.
3.2-makngaPFP; - MepuaraHai KECUM
@ FK — OupuHYM BEpTHKAI KECHUM,;
FC — A azumyTtra sra 6ynran uxtuépuii HopMasa KecuM OYIcuH. A3UMYT KeTMma-
KeT Kyluaaru KuiiMaTiiapHu oJICUH 1e0 (apa3 Kujaamus:
O, AA,2AA,.... 2T-AA

VY BakTaa Oy azuMyTiiap Oyiinua yTraH HopMall KeCUMJIap COHU 27 1a oynmaau.
AA

Matematukanan Ou3ra MabIyMKU UXTHUEPUNA HOpMa KECUM STPUIMK PaInyCcu
Kyhnaaru gpopmyna owian udoganaHagu:

MN
r= 2 SRR
Ncos“ A+ M sin® A

A A opanurujaH YTKa3WiIraH HOpMall Kecumiiap ypTa apuMETUK STPHUIIMK

paHyCH:
27-M MN 27-M MN - A4
R - ZO: Ncos® A+Msin® A _ 5 Ncos’+Msin® 4
! 2r 27
AA

dbopmya OunaH TonuiIagu.
Hopman kecumiap coHu OepwiraH HyKTajla 4YEKCH3JIMKKa WHTWITaHIa YprTa
apu(PpMETUK STPUITUK PAANYCU YpTada STPUINK PaIUyCH ASHIIIaau, SHHU:

AA —-O na limR, =R

4
27

MN dd-
Ncos’ A+ Msin* A’

yHJa R=

O L 10 | N

(O nan % raya Oynran opanukiaa A4 WHTepBalard HOpMaJl KECUMJIAp OJIMHCA

Kuos).
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2 9
WuTerpan octunaru GyHKIMS cypat Ba MaxpaxuHu N cos A ra 6ynamus, yHaa

2 2
R:EI—C?\; A4
Tol+ 174

N

VMN up vaTerpan GenrucuaaH TaKapUra YNKapaMms:

= M, dA
2 AT 2
R_2 /—MNI N cos A2
7 0 M
1+[1/*tgAJ
N

gt — M dA
N cos2?4

M
’IW tgA Hu t Ounan OenruwiaiMus, yHIa

R:EJFNTi
0

T 147
HNHuTerpannaiimus
2
R = Ew!MNarctgﬂE?
2 2 1/
R =—+MNarctgt|y = —+vVMN—-
I T 2
€K1
R=+vMN 3.10)

(3.10)man smumcouy caTXyAard HyKTajla ypradya STPWIMK paguycd Oorl
HOpMaJl KECHUM JSTIPWIMK paJuyCllapuHH YpTa T€OMETpUK KHUWMaTura TEeHI JeraH
XyJiocara KeJuill MyMKUH.

(3.10)ra (3.7) Ba (3.8)um Kkyiicak(1.4) Ba TEONE3UK KEHIJIMK aCOCUM

GyHKIUACUHU HHOOATTa OJICaK

R\/( a(l—ez) ' a B avl—e’ b ¢, (3.11)
1

3 1 2 2p w2 12
—ezsin28)5 (l—ezsinzB)5 I=efsin™ B8 W=V

27



, c? N°?
R?=MN = 7=
R-yubypyaknapHu cdepuk OpTHKIMTMHM  XHUcoOnamja Ba

KapTorpadusia KyiIaHUIaIm.

Texkmupun y4yH caBoJLiap:
1. Kannaii kecuMmra HopMaj Kecum Aeiunaamn?
2. Kanpgait kecumiapra 601 HopMail Kecumiiap aeuuinanu?

3. 3JIHI/IHCOI/II[ caTxygaru oo HOpMaJI KECUMJIAPHUHHU AUTHHT.

MaTCMaTHK

4. MepunnaHan KecMM Ba OWpPUHYM BEPTHKA KECHUM OJIPWIMK paguycH

dbopmynanapunu EnaaH E3UHT.
5. l'eone3uk KeHrauK acocuil QyHKUUSIIAPUHU €/1J1aH €3HHT.

6. Kaiicu ubona tyrpu? M=N;, N<M; N>M; N>M.

7. ®opmynanapjaH Kaiicu OupH ypTada SrpuinK paauycu Gopmynacu 0ynann?

a(l—ez) ) a

R: R:

(1-¢ SinzB)g’ J1-e’sin’ B
2 2
R:axll e : R:al-e

W2

§ 4. MEPUJIMAH £l Y3YHIUTUHUA XUCOBJIALI

A P

E B 0 E,

Py

4.1-makJ.



P,EP mepunuanna A HyKTaHWBa yHJAH eTapinya sikuamacodana A; HyKTaHH
onamMu3. by opanuk srpuwmk pagnycuau M Omnan Oenrunaimus. Uekcns Kuauk éu
Y3YHJIATH

aS = MdB 4.1)

dbopmyra ounan xucodnanaau. (4.1)ra M auHT ndogacuum Kyicak

as = —al=<) _dB 4.2)
(l — e’ sin’ B)5

KEIUO YMKaIH.
B; Ba B, KeHIrIuKJIap OpajluFUIary MepuInan €l y3yHiuru Kyiuaara ¢popmyia

OuiaH TOIMXJIAdM:

S = a(l—ez) dB:a(l—ez) — 4.3)

HuTerpan octunaru GyHKUUSHA OMHOM KaToOpHra €saMus:

1

_3
W:(l—ezsinzB>A=1+%ezsinzB+1§Se4sin4B+ ....... 4.4)

Hapaxanu hyHKUMsIIapHU Kappaiu € QyHKIMsUIapy OWIaH aaMaIlTHpaMu3, sS’IbHU:

sin’ le—lCOSZB;
2 2

sin* Bzé—lcos2B+lcos4B;
8 2 8

VY xonna (4.4) Kylingaru KypuHHIITa Kelaau:

L=1+§e2 l—lCOSZB +Ee4 E—lcos2B+lcos4B F oo =
2 2 8 g8 2 8

=1+§e ——e cos2B+4—e —Ee4cos2B+£e4cos4B+ .........
4 6 16 64

benrunamniap kupuramus;
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VY xonna:

1

—3:A—Bcos2B+Ccos4B— ...... R
w

kenunb ynkaau Ba 0y udomanu (4.3)ra Kyicak

S:a(l—ez)Bf(A—BcosZB+Ccos4B— ..... )dB

Bl
XOCHJT OYIaIu.
HHTerpamnam Hatwkacuaa MepuauaH € y3yHJIHTH Y4yH Kyhujaard udojaaHu

XOCHUJI KHJIaMUA3:
S=all-¢ P(B2 ~B,)- %B(sin2Bz - sin2B1)+%C(sin4Bz —sin4B, ) - J (4.5)

I'eope3ns amanuérupa wMepuauaH €W Y3yHJIMIM KyWujarda — XoJjuiapaa
XucoOIaHaIu:

1. TpuanrynasuusHu xucobaaniaa.

2. I'eone3uk *aaBajiap Ty3ulga.

3. Ep snnunconan yiadamiapuHU XHCOOJIAll Makcaauaa rpaayc YIdoBIapUHU
KalTa UInamja.

(4.5) popmyna kypuHUIIK XECOOIAIl AaHUKJIMTH Ba MakKcaaura OOFIIMK XO0JIa
y3rapTaupuiaad. YJiapAaaH aipuMIIapuHU KEITUPAMUS:

a) JkBaTopaaH B  KeHIVIMKKa4ya OyJaraH €l y3yHJIMIMHH XuCOOJamn
JKaJIBaJIMHM Ty3ull YYyH (apHM B;=0, B,=B) unuiarwiaaaurad gpopmy.Ja:

S, :a(l—ez{AE—ésin2B+gsin4B— ...... j
p" 2 4
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0) Ep »suuncouan yiadyamsiapuHd  XMCOOJaml  MAaKCaauaa Trpaayc
VIYOBJIAPMHM KalTa HIUIAIIAA KYJUIAHWJIAAUIaH (POPMYJaHH KeJITHPHO

YHUKAMMU3.
(*)un mHOOaTra 0nmo, (4.5) Ma cuHycnap alMpMAacHHU KymalTMara KeITHPHUII

dbopmynanapuaan Qoiigananud ¢’ aHUKIIMKIa XaJJIApHU CaKjIad KoJaMu3
2 3 2 3 1 .
S=all-e 147" (B, ~B)~ ¢ sin (B, ~ B )cos(B, + B,)

Ba

sin(B, - B,)=(B, —BI)—@+ .....

2B, =B, + B, ne6xabyn kunamus, y Xoia
5 3 2 3 2 (BZ_BI)3
S=all-e 1450 |(B, = B,) = | (B, - B) =" =1 |- cos2B,

2 o .
{}nunHn (1 -e )ra KYTaiTHPNG ¢’ aHUKINKAA KyHHIATMHE XOCH KHJIAMH3

B _B 1 B _B 12
p" 4 4 8 "

2 o
e (B2 _Bl) XaJHU KHYHMK KHHUMAT OJKAaHJIMI'MHU MHOOATIra OJICaK KCpaKIn

aHUKJIUKIard GopMyJIaHu XOCUI KUIaMU3.

Szau{l_[l+zcoszgmje2} (4.6)
" 4 4

Yo,

B) Tpuanryasiuusinu xuco0aammaa.
Tpuanrynsiiuss ToMmoH y3yHiaurd 4050 kM naH kaTTa Oynmaiau, ury cababnu

(4.5)bopmynanu coananamtTupuod dhongamaHUuIT MyMKIH.

_ B, +B, sa M, = a(l_ez) :
m 2

(1 —e’sin’ B, )5

B
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6eJ]FI/IJIaHIJIapHI/I Ba KYﬁHHaFH épﬂanH KaTTaJIUKHU KI/IpI/ITaMI/IB:
s,=m, BB o) BmB) 1 @4.7)
p P W

(*)uu unoOarra oo (4.7) H1 E3UMTUMHU3 MYMKUH

hY :a(l—ez)M(A—Bcos2Bm +Ccos4Bm):

y (1+—e +—e4j—(%e2+£e4)cos28m+ 4.8)
P

+ E e* cos4B
64

m

(4.8)un (**) OumnaH Takkociad ¢’ aHMKIMKIa KyWHUJIaTUHUA E3UIIUMU3

MYMKUH:

2 ] 3
S=5+2 1=¢) 2 cos 2B, (B,-B) " Zj‘)’
8 p"

2
a(l —e )z M, 6enrunan KUpUTCcaK

" 2 _ 03
S=M, (le.%Bl)-i-Mm e CO;ZBm _(Bz p"B3l) (4.9)
€K1
2
S=M,, (BB _"BI) 1+ e cos 2B, —(32_35) (4.10)
P 8 pn

HU XOCHJI KAJIaMU3.

(4.10) dopmyna mepumuman €l y3ywiuru 400 km raga OynraH Xosuiapaa
unuiatTuIum MyMkuH, S =400 kM Oynranaa +1 mm xaronuk OunaH €l y3yHIMru
aHUKJIaHAIH.

S <45 xm Oymranga (4.10) dbopmynanu Kyldugaru KYpUHUIITA KEJITUPUO

doiinaTaHUIIUMU3 MyMKHUH:

S=M = @.11)
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Arap S Ba B; 6epwiran 6yica, (4.11) dbopmynanan doitnananu6, B, Hu Tomuin
XaM MYMKUH. BYHUHT y4yH K€TMa-KeT SKUHJIAIINII aMajra OIIAPUIIaIN:

(4.11)nan
(B,-B,)'=5(), ; (4.12)

B,=B,+(B,-B)"; (4.13)
buprHun xucodbaa
(Bz - B, )"1 = S(l)m
(Bz )1 =B + (Bz - B, )"1

NkxkuHuu xucoOma

VYyunauu xuco0Oma
(B ) _ B +(Bz)z
mJl)2 2
(Bz -B)5= S(l)m2
v ' 1
Ba X0Ka30. MKKM KYIIHU SKUHJIAIIUIIAA (32 —Bl)' ; Ba (Bz —Bl)' j+1 OUp XU HaTHXa
Oepran XoJjja SIKUHJAIIWIN TYXTaTWJIagd Ba y KuUWMaT HaTwkaBud 1e0 Kalyin
KuiuHaau Ba (4.13)ra Kyiunaau.
FOxopuna (4.3) naru uaturpan octu Qyknusau HeloOTOHHUHT OMHOM KaTopura

EHuI opKamu MepuAMaH EUMHWHT Y3YHJIMTUHUA XucoOmjarm ¢GopMynacu KeaTHpuO

YUKAPHJIA]IH.
JlacTnaOku:
By
5= f MdB (4.14)
By

MHTETpaJIHU OOIIKa 1y OuaH TapuOuil e4MMHUHN OepaMus.
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byHna uHTErpamiam WHTEpBaIUHU UKKH Kucmra 0ynuob, (4.14) udonmara cogna
Ba erapim gapaxkana aHuk Oymran Cummcon ¢dopmynacuan  (mapabosra

dbopmynacunn) Kyiad, KyWuaaruau €3UIUIMU3 MyMKHH.
AB
S= ?(M1+ 4M,, + M,)(4.15)

(4.15)bopmynaga M- srpuiuk paguycu XucoOJaHWO MepuauaH EWWHU ydTa
HyKTacHaa aHuKJIaHau, Moc paBuiaa B, B, Ba B,,=1/2(B,+B,) kenrmuknapaa.

(4.15) H1 HaTMKABUM KYpUHUIIUAA KyHu1arnya €3UINMU3 MyMKHH.

B _B "
S = {izf)—,,lj(ml +4M, +M,) (4.16)
0

(4.16)bopmyna 6unan 1000 kM rava Oyiran MepuauaH EMMHUHT y3yHIUru 1--2
CM XaTOJIMK OMJIaH XMCOOJIAITHY TaMUHIIANUIH.

Mepuauan EWUHUHT Y3YHJIMTMHM XUCOOWMHU TEKIIMPHUIL YYyH OSKBaTOp
keHriurugad B, Ba B; keHrnurura OynaraH MepuauaH EWJIapUHUHT X, Ba X

Y3YHJIUKIIApU XUCcoOMaHaau, OyHIaH KeIMO YUKATUKU:

S:XQ-XI

IMapasuten €l y3yHJIUTHHA XUCOOIaIT

P
T \\
E s f E;
0]

4.2-1maKJ.
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AlillaHMa 3IITUTICOU] TTapajuieNid aijlaHaaan noopar Oymaau, my cababnu 4.2 -

mraxkjIgaH KYﬁHHaFHHH €3UIIMMU3 MYMKHH:

cm=cn=ck=cf =r=x= aSOS.BZ = Ncos B
(l—e sin B)
S; =NcosB—
Yo,
€K1
_[I"cos B 4.17)
R '

Ooyuna: [”=L,-L; mnapamnen EHMHUHT OXUPTU Ba OONUIAHFUY HYKTaJapUHUHT
y3okaukinapu dapku. (4.17) dopmynanan QoiiganaHu® Teckapu MacajaHU EUHII
MyMKHH, 5bHU S;; Ba L; Oepwiran Oyica, L,HM KeTMa-KeT SKMHJIAIIUII OPKaJIH

Xuco01am MyMKHH.

Texkmupuum y4yH caBoJuiap:

1. B-xkeHrnuk y3rapumwu OunaH, L, — L; keHrnukinap dapku y3rapaaumu?
Xynnu ury xonataa L,Ba L; opanuruga €TraH napajuiesl €l y3yHIuru-un?

2. Mepunuan €l y3yHnuruHu xucooOmamga (4.5) dopmynanaru 4, B, C...
kodbdummentnap y3rapumm wmymkuamu? A4, B, C... xodbdUIMEHTIApHUHT

y3rapuiiuy €K1 y3rapMaciuru HuMara OOfIuK?

§ 5. XAPUTA TPAIIELIUACHUHHA IO3ACHUHU XUCOBJIALL

E;

5.1-mak.
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Onnuncoust carxuaa yekcu3 kuunk ABCD Tpanenusiau onamus. by Tpanenus
toMoHnapu AD=BC=MdB,
AB=DC=N cosB dl 6ynanu, yHna Tparnemnus 03acu Kyiuaarura TeHr 0yiaau
dp=MdB Ncos B di; (5.1)
(5.1) na
_ dl-¢) a - b?

T (l—e*sin?B)? L7 (l—e’sin®B)?  (1—é’sin® B)?
( e ) (l_eZSinZB)2 ( € ) ( e )

Bbynu nnobarra oscak

B b* cos B
(l—e2 sin’ B)2

dp dBdl (5.2)

B; , Boxenrnuknap Ba L; , L, Yy30KIuKIap OWIaH uerapajlaHraH Xapura

TpaNeUUsICHHUHT 103aCU KyWujarura TeHr oynaau

I, B,
P=5 j j cos B(1— ¢’ sin> B) >dBdl (5.3)

I B,
(1-¢”sin® B)” uu HptoToH GMHOM KaTopura &mMus
(1-e’sin® B)? =1+2¢”sin” B+3e*sin* B+4e’sin’ B...... (5.4)

(5.4)uu (5.3)ra xyiicak
B,
P=b(,-1) j(cosB +2e”sin” Bcos B + 3¢ sin* Bcos B + 4¢° sin® Bcos B)dB,
BI
y X0J1a:

: p 2 s 4 gl
P=b (lz—l1 smB+§e sin B+ge sin B+76 sin' B

B

€KY MHTETpaJlJIall YerapajapuHi KyHCaK:
. . 2 . .
P=b*(l, - ll)[(smB2 —sinB))+ gez(sm3 B, —sin’ B)) +
(5.5)

+§e4(sin5 B, —sinSBl)+ge6(sin7Bz —sin’ B)) ]

HHU XOCHJI KWJIaMHU3.
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(5.5) dopmymana [, —I[, =2x, B;=0, 32:900 ne6 onub, YHM MKKUTa

KyTmalTupcak, OyTyH JUIMIICOU]] CATXMHUHT F03aCHHU TOTIAMH3!
2 3 4 5 6
So = 47zb2(1+§ez +let e+t r—e'' 1)

KpacoBckuii 35muIcony yayH

S5 = 510083035 KM’

XapuTa Tpaneuuscd TOMOH Y3YHJINKJIAPUHU XHUCOOIa1I

AD=BF mepuauan €inapu,

AB Ba DF napainnen éinapu. bynnan:

(B,-8)"
AD:BF:C:T ; (5.6)
["cos B
DF = (2) 1 ; (5.7)
1
["cos B
o, &9

Tpanenyss TOMOH y3YHJIMKIAPUHU CAaHTUMETp Yimdamujaa Oepumn ydyH, (5.6),
(5.7), (5.8)nu 103ra KynanTupuO MacITad Maxpaxura Oyiamus:

o (B.~B)" 100,

@), n
a = ["cos B, 100
2), n n-MaciTad Maxpaxw.
_[I"cosB, 100

a, = )

(2, n

_ 2
d =+aa, +c
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§6. DJIJIMIICOMNJ CATXUJIATHY DTPU UM3UKJIAP

Hactyp: ¥Y3apo Hopmaa kecumiap. I'eogesmk uymsuk. I'eoge3uxk 4YM3HK
aupdepeHunan TeHrJIaMaJapu Ba YJIAPHUHI XOCCAJapH. Y3apo HOpMAaJ
KecuMJIapra HuCOaTaH reojde3UK 4YM3MKHMHI Xxouatu. Hopmaa kecum éid

Y3YHJIUTH.

E;

N\ 7,
np

6.1-mmaki.

Onnuncoup carxuaa B Ba B, keHrnukiapaa 4 Ba B Hykranap onamus. A Ba B
HyKTajapJaH HOpMaJl YM3MKJIap yTKazamu3. by HopMman 4M3ukiap KUK YKHU 71,Ba
npHyKTamapaa kecuO yramu. A HyKTaJaH KUYMK YKKa MEPHeHIuKYIsp AA;
YyTkazamu3. Y xoiuaa 6.1-1makijiaH:

_ a(l—e*)sin B,

Va ’
J1—é’sin’ B, ’

An,=N;A HyKTaga OMpUHYU BEPTUKAI KECUM TPHIIMK PaUyCH:

04, = (6.1)

a

N: ; 6-2
1 J1—é’sin’ B, (6.2)

AAAlna aH

asin B, 63)
J1-¢e’sin’B, .

HOpMAaJI YM3UK KUYUK YKHU KecuO YTraH >KOMHUJAH AJUIMIICOM MapKa3zuradya Oyirax

An, = N,;smB, =

mMacoda:

asinB, a(l—e*)sin B,
m m

On,=An,— 04 =
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¢ku (6.2) Hu nHOOATIa OJIHNO:

*sin B >sin B :
On, =202 _ 9 5P _ N e’sinB; (6.4)
J1—eé’sin’ B, W
XyII4 IOKOPHIAruaeK B HyKTa ydyH:
2 .
ae”sin B ) .

On, = Tz = N,e’sinB, (6.5)

2

B, > B, 6yica, (6.4) Ba (6.5) dbopmynamapaaH nryHaai Xyinoca KHIAIT MyMKAH
On,>On,

B — xeHrnmuk kuyumk Oyica, 1y HYKTaJaH YTraH HOpPMasl JSJUTUIICOUJ KUYHUK
VKUHH MapKa3ura siKuH OYJIraH HyKTaJaH KecuO yTap SKaH.

Arap Bnj, un3uK Ba A HyKTaJlaH YTraH HOpMaJ TEKHCIUK YTKa3CaK Oy TEKHCIIHUK
AIUTUTICOU] CaTXUHU BbA srpu un3ukK Oyiinya kecud yTaau.

An, 4n3UK Ba B HyKTajaH YTKa3WIraH HOpMaj TEKUCIHK 3JUIMIICOU] CATXUHU
AaB >rpu un3uk Oyiinya kecuob yranu.

BbA Ba AaB srpu yn3UKIIap Y¥3apo HOPMAJ KecHuMJIap JAelnaaau.

A HykTara Hucoatan AaB >rpu 4yM3uK-TY¥pH, AbB — 3ca Teckapu HOpMaj KECUM
oynaau. Xynau myHaail B Hykta yuyH BbA — Ty¥pu, Bab — Teckapu HOpMaJ KeCUM
oysnaau.

Tyfpu Ba Teckapu HOpMaad KECHMJIAD HKKH XOJIATAA YCTMAa-yCT TYIIMIIH
MYMKUH:

- arap MKKaJjla HyKTa OMp MepuauaH TeKuciIuruaa €rran  oynca.

- arap MKKaJia HyKTa Oup mapaienaa érran oymica.

Bupunum xonatna An, Ba Bn, HOpMaUIap KHYUK YKHHM Xap XWJI )KOMIaH Kecuo
VyTranu O0yicana OUTTa MEpUIMaH TEKUCIUTH A ETATH.

NkxkuHYH X0J1aTAa HOPMAJl YU3HUKJIAp KUYUK YKHU OWp HyKTaga Kecud yTaau
Ba OMTTa HOpMaJ TEKUCIHUKIA ETA/IH.

V3apo HOpMan KeCHMJIApPHM yCTMAa-yCT —TYIIMACIMIM TPHAHTYIALHSIA

HOKYJIAIIMK KENTUPUO YUKapaIu.
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Bypuak yiuamiga T€oIONMUT BEPTHKATI YKA HOpMal YM3UK OWJIaH MOC TYIIAJH,
KYpHIll TpyOaCUHU KOJUIMMAIMOH TEKUCIUTH TYFPU HOPMaJl KECUM TEKHCIIUTUTA MOC
TyIIA]IH.

Tpuanrynsius OypyakiapuHu Viadamiga TEOJoJUT Oapua Oypyak ydjapura
KYWHWJIaId HATHXKada XOCUJ OYIraH y3apo HOpMall KECUMJIAp YCTMAa-yCT TYyIIMaly,

OYHHMHT OKuOaTHAa yuOypuak nuku Oypuakiaapu EnuaMacaan Kojaaau (6.2-makJi).

6.2-11aK1.

Yqﬁypqalc XOCHJI KWiHHIgaru HOAHMKIIMKIAAH YHKHIO YYYH TCO0AE€3UK

YU3UKAAH (pouIaTaHUIIATH.

I'eone3suk YM3UK

Dnurncouy; caTXulla UKKM HYKTa Opacujard SHI KHCKa macodara reojie3uk
YU3HUK JICUNIIaIH.

DMICcou caTXuaaru reoie3uK YM3uK TeKUCITUKIAr TYFPU YU3HK, chepagaru
KaTTa aiyaHa €iu Basudacunu Oaxapanu. [y ca®abmu TpuaHTyIsSIUsAa T€OIC3UK
ya4am HaTWXKajJapyuHHU KalTa uiulamga y3apo HOpMall Kechumilap TE€OAE3UK YU3HK
Ownan amMamTUpuiagu. ['eofe3uk YM3WK ydOypuak KypHIIJard HOAHUKIUKHU
Oaprtapad >Taau.

Xap OMp HYKTaCHAAH YTraH HoOpMaaAa €éTyBYM €nUIIMA YPHHYBYM

TEKUCJIHUK X0CUJI KWITraH 3TPH YU3HUK — CaTXUJAalr'l recoI€3uK YM3uK JeHHJIAaN.
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6.3 mak.i.

Ep smmuncoumn catxuia Teolie3MK YW3UK YTKA3WIIHU TE€OMETPUKYCYJIWHU
KYpHuO YuKamus.

6.3 maknga PP; — »smuiuncoun aWnaHuil Yku, an; bm, cnzdng, — a, b, ¢, d
HYyKTajapJlaH JUTMIICOU]] caTXyra TYIIUPHITaH HopMasuiap.

a HyKTaJa TEOJOJUT BEpTUKAJ VKU an, HOpMal OWIaH yCTMa-ycT TYyIIaJWraH
k6 Ypuatamus. lllynnan cyHr, kepakiau OYiaran WyHanIMIga 3JUTUTICOU]T CaTXHIa
a HyKTara sikuH 0ynran Macodana b Hyktanu OenrwmiaiiMu3. TeogoauTHu b HyKTara
Kyuupamu3, ac000 BepTUKaN YKUHU bn, HOpMan OujgaH yCTMa-ycT TYyIIUPHUO
ypHATAMH3, KYPHUII TPyOACHHM ¢ HyKTara KapaThO Busupmaiimu3, anumanana 180°
Oypu0 simurnicons; catxuja b Hykrara sikuH Oyica ¢ Hykranu Oenrwiaitmus. CYHrpa,
TEOJOJUTHH C HyKTara Ky4yupamus, acoo0 BepTHKal YKUHU crn; HOpMaJl OMJIaH yCTMa-
YCT TYIHUPHUO YpHATAMU3, KypHII TpyOacHHN b HyKTara Busupiad anunananu 180°ra
Oypu0, KOJUITMMAIMOH TEKUCIUKAA d HyKTaHu Oenrunavimui. Iy TapTtubna Ousra
Kepak Oynran wmacoda opanuruma HyKTajgapHu Oenruinad Oopamus, HyKTaiap
OpaJiufu YeKcu3 KM4IMK Macodana aed dapas3 Kujicak, HaTHXKaIA DIITUTICOU] caTXH/Ia
reoIe3MK YM3WKHU XOCWJI KHJIaMHU3. XaKUKATIaH XaM abcn, TeKuciaura b HyKTaaa
¢nuiIMa ypUHYBYM TEKUCIMK OYynaau, yyHKU b, Ba b. xecmaiap Iy TEKHCIHKIA
¢ragu Ba Oy TEKUCIMKHU D HYKTaJa 3rpu YM3MKKA ypuHMa 1e0 Kapall MyMKUH;

WKKUHYUIAH Oy TEKUCIUKIA bn, HOpMan €raau; Xyaau Iy Hapca ¢, d HyKrajiapaa
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oynanu. an;, bn;, cn;, dn, HopMaIap KUYMK YKHH Xap XWJ HyKTaJlapja Kecuo yTaau,
my cababmu abcn,, bedn; TekucnIUKIapu ycTMa-ycT TYIIMalau, HaTwkana da, b,
cd...... HyKTajlap JJUIMIICOMJ CaTXUJa WKKWIAHTaH (JBOSKHI) ASTPUIMKIArU

Y3JIYKCHU3 3I'PpU YU3UKHH XOCHJI KWJIadU.

6.4-1makJI.

['eone3uk YM3UK XOCHIT KWJIMIIHU OOLIKA YCYJIMHU KYpUO YHNKAIIHK.

Dnnuncoup, carxuja A Ba B HyKTaJlapHU OJaMHM3 Ba yjap OpacuiaH y3apo
HOpMaJ Kecumiiap YTkazamus (6.4-1akin).

AaB — A nyKTanaH TyFpu HOpMaJl KECUM

BbA — B nyKkTagaH TYFpu HOPMaJ KECUM

A Ba B HyKramapHu Barap OujiaH OupiialiTUpaMu3 Ba YHHUHI YpTacuaaH
AIUTMIICOM, caTXura HopMman yTkazamu3. C HyKTa HOpMall OWIaH 3JUIUIICOM]
CaTXMHMHI KecuIlIraH Hykracu OyincuH, C Ba A HyKTajJapAaH HOpMaj TEKUCIHUK
yTkazamu3. by Tekucnukaa AB Barap €ragu. lllynmait xkwm6 Oy texucnukna C
HYyKTaJaH 4 HyKTara Ba B HyKrara TyFpu HOpMaJ KeCUM yTKazamu3, Oy kecuM Aac
YU3UK OWiIaH KypcatwiraH, y ajuuncounna AcC Teckapu KeCUMJaH >KaHyOpokia
&raau, cababu C ym3aMana A HyKTaJaH MAMOJPOK/IA Kounamran. Xy myHaai B
HykTagaH C HyKTara TYFpu HopMall KecuM VyTkazamu3 yHaa BbC xecum Ccb
KeCUMJIaH I[IUMOJpoKaa €ragu, uyHku C HyKTa B HyKTajaH >XaHyOpokaa
YKOMJIAIITaH.

A Ba C, B Ba C HyKTasapHM Batap OunaH Oupnamtupamus. Barapnap ypracungan

AIUTUIICOM]] CaTXWra HOpMajulap YTKazaMu3, yjiap OJUIMIICOMJ CAaTXUHU e Ba d
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HyKTanapjaa kecu® yranu. by Hykramapaa C HykTaga OaxapraH amMaIapUMU3HU
amanira omupamu3. Arapjaa OyHAail Ty3WITHA YEKCH3 JaBOM JTTHUPCAK, YHIa BaTap
ypracunan KecuO YTyBYM HOpMall KECUM HYKTajapu 4YeKCu3 Kym Oynaau Ba Oy
HYKTajap reo/Ie3uK YN3UKHU XOCUI KU IH.

Teonesux umsuk (asumyrnapa 90° éxu 270°ra skuH GyaMaran Xoluiapaa)
IUTUIICOU caTXMlla ¥3apo HOpMall Kecumiap opacugaru OypuakuHu 1:3 HucbOatma

Oynaau Ba Oepuiran HyKTaja TYFPU HOpMaJ KECUMTa SIKUH Oy aju.

TY¥pu HOpMan KecuM OWJIaH Fe0e3UK YU3UK Oopacuiaru Oypuyak y3apo HOpMa

KecHMIIap opacujaru OypyakHH y4JaH OupuUra TeHr.
rsind=C (6.6)
acosusin A=C (6.7)

(6.6) Ba (6.7) TeHrnamMamap JJUIAIICOU]T CAaTXUJArd I'€0JIe3UK YM3WKHU acOCHM
TEHTJIAMACWHY UKKH XUJI KYPUHUATITUIMD.

(6.6) man nryHai xysjaocara KMJIaMu3:

AlimaHMa BJUIMIICOMJ CaTXMJArd TEONEe3UK YM3MKHM Xap OWp HyKTacuJaru
napasuiesl paAMyCUHUHT 1Ty HYKTaJaru 4Yu3WK a3UMYTUHUHT CUHYCHUTra KyTmalTMacu
JIOUMUMN KaTTAJTUKIUP.

(6.7)nan, aitmaHMa SJUIMIICOMJ caTXMJa TEOJE3UK YHU3UK Xap Oup HyKTacu
KeITUPWITAH KEHTJINTH KOCWUHYCUHUHT, Iy HYKTaJard a3uMyTH CHHYCHUTa

KyauTMacu JOMMHUN KaTTaJTUKIUD.
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6.5-maku. np

6.5-HIaKJII[aH TOIIaMM3:

nany= ae’ (B>-B;) cosB,,; (6.8)
B — 32 —+ Bl

V3apo HOpMan KecHMMiap opacHmard Oypuyak Kyiumard QopMyia OWIaH

XUCOOJAHUIIIN MYMKHH:
" 1 2 2 : "
"= Ee ocos” B, sin24,,p"; (6.9)
Oy epma: o =S(), S-mykramap opacumaru macoda.

Arapra §=100 ku; B,=45"; A;,=45"; - 6ynea f" = 6"

6.5-1IaKIJaH KaTTATAIITUPWITaH 6.6-1IaKIHU KapanMus.

k; k
A

ki

6.6-1maK.1.
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V3apo HOpMaI KecHMIIap OpacHIard YM3HKIN (Bapk Kyiinaarn popMyia GuiaH

XHucoOIaHaIu:
KK,=d = 7e ocos” B, sin24,,0(c—0); (6.10)

(6.10)bopmyna 6.6-maKIIaH KENTUPUO YUKAPHIIATIH.

Y3apo HopMaJ KecumIIap Opacuaru SHT KaTTa Yu3uKIu (hapk AB Eitnu

ypracuna seHu @ = g na 6ynanu, (6.10) nan

d_. = %6202 cos’ B,,sin24, , (6.11)
B=45" A,,=45" na
S km 200 100 50
AN (M) 0.05 0.006 0,0008

['eone3uk 4M3MK y3yHJIUTH OWJIaH HOpMaJl YM3HMK €H Y3YHJUKIApU Opacuaaru
bapkHu Kyiugaru Gopmyia opKaiu XucoOaaHaIu:

4
g = %sin2 24, cos” Bm(TS (6.12)

Arap S=600 kM Oyica, [, < oynaau.

135000 "
['eone3uk 4M3MK y3yHJIUTHM OWJIaH HOpMaJl YM3HUK €H Y3YHJUKIApU Opacuaaru
dbapKHU TPUAHTYISIITUSHN XUco0Ialia nHobaTra oiMaca xam Oymaan.
V3apo Hopman kecumuap opacuparm A" Gypuak Kyimparu Qopmyna OuiaH
xucoOaHaIu:

B e’c? cos® B, sin 24,
4

A”

P (6.13)

['eone3uk un3uK OunaH TYFpU HOpMaJl KECUM opacuaaru o' Oypyak KyHujaaru

dbopMyIna opKaau TOMUIAIN.
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6.7-1aKi.

_e°S?(2); cos’ B, sin24,

_e’c’cos’ B, sin24,
12 12,"

5"

(6.14)

| xyacc TpuaHTyJALMSA yiodanl HATWKAJIAPUHU KalTa WIJIanaa TYFpU HOpMall
KeCHMJIap T€0JIe3UK YM3UKJIap OuiiaH anMarTupuiaa, oyuaaa (6.14) dopmyna 6unan
TOINWJITaH Ty3aTMa YIYaHTaH MyHAIWII KHAMAaTHIAH alupUIAIN.

Arapma S=50 km; B=0"; A=45" 6ynca, yuma A"=0,023"; 5=0,006".

Muconnan KypuHaguku | Kiacc TpuaHryisiuusna A Bad HU XHcCOOra OJUII

KCpaK 3KaH.

Texkmupui yuyyH caBoJiiap:

1. Kannaii kecumiiapra y3apo HopMall Kecumiiap aenunaan?

2. Kanpgaii xonatiapaa y3apo HOpMall Kecumiiap yCTMa-yCT TyIIaan?

3. Huma yuyH TpuaHrynsmusga y3apo HOpMal KecumjiapiaH OeBocHTa
doitgananuin MyMKAH dMac?

4. Kanpaii YM3uKKa reoe3uK YM3uK Aernnagu?

5.Teone3nk uym3ukK TabpuduHU ENUIIMA YPUHYBUM TEKHUCIHUKIAD OpKAJIA
OepuHTr.

6. Teomonut €pnamuaa >JUTUINCOM] CaTXUAA T'€OJE3UK UMUK XOCUJI KUJHUIIHU
TYIIYHTUPUO OEpUHT.

7. Y3apo HopMall KecUMJIap YCTMAa-yCT TYUIUIIIN MyMKHUHMU?
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8. 'eome3nk YM3WKHMU aCOCHI TEHIJIaMajapuiaH KaHAal Xyjocajlap YWKapHIIl
MYMKHH?

9. 'eone3uk 4M3WK OWJIaH TECKapy HOpMal KECHM oOpacuaard Oypdak y3apo
HOpMaJI KeCUMIIap opacujaru Oyp4akHu KaHaaid KUCMUAHU TAaIlKWI KAjgaan?

10. 'eones3uk um3uk OWaH TYFpU HOpMal KeCUM opacuiaru Oypdak 1 kimacc

TPHUAHTYJLAOUACHUHA XI/ICO6JIaHII[a HHUMa Y9YH MHOOATra OJUHUIIH KepaK?

§ 7. TEOJE3UK UYM3UKHUHI ACOCUM TEHTJIAMAJIAPHU

7. 2-maxn

7.1-maxn

AP, B'P mepunuan €iitapu Ba dS reoie3uk 4u3ukK OuinaH APB»iemeHTap KyTO
y4dOypuaru XOCuJ KUIMHTaH. a-T€0Ae3UK YN3UKHU OOIIIaHFUY AJIEMEHTH a3uMyTH. B’
HyKTaaaH napayen €1 B'C Hu yTKkazaMus.

benrunam kupuramus:

dB-A Ba B' HyKTanapHu KeHIJIMKIap (hapku;

dl- A Ba B' HyKTanapHu y30KIHKIap (papku;

dA-B' HyKTana MepuanaHiIap SKHHIAIUIT Oypyary.

Tyrpu Oypuakiu snementap A8 ’C yuOypuaru yuyH:

MdB = dS cos A

rdl = dS sin 4 = N cos Bdl (7.1)

r-riapajies paguycH.
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TYrpu Oypuaknu CB’P chepuk yuOypyak ydyH:
cos(90° — B) = ctg(90° — dA)ctgdl

oyunan, 1gdA =tgdlsin B xenu6 unkamm (7.2)

1gdA Ba 1gdl napuu xaropra éino Ba OUPUHYM XAIUHU OJAMH3:

1gdA ~ dA Ba tgdl = dl ne6 xucobnad, (7.2)nan

dA=dlsmB (7.3)

HU TOTIAMU3.

A HyKTaJaH yTrad MepUMaHHU TEKUCIIUK/a TacBUpIanauk (7.2-1aki), yuaa r-

A HyKTajaH yTrad napamien pagaycu, » +dr -C HykTajaaH YTrad napaiell paguycH,

anemenTap ACC,; yubypuakaaH:

—dr = MdBsin B (7.4)
MdB
(7.1) nan cos A = T (7.5)
. rdl
smA = 5 (7.6)

(7.5) dopmynanu yan Ba YHr TomoHsapuHu rdA ra, (7.6) dopmynanu dr ra

KyauTUpaAMU3:
MdB
rdAcos A = rdA
S (7.7)
rdl
drsin A = —dr
IS (7.8)

(7.7)Ba(7.3); (7.8)Ba(7.4)popmynapunan dorigananud, KyduaaruiapHu €3aMus:
MdB

cos ArdA = S rdlsin B (7.9)
sin Adr = — Ang rdlsin B (7.10)

(7.9) Ba(7.10) bopmynapHu Kyuicax,
r cosA dA +d rsind =0 (7.11)
EKU
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d(rsin A)=0
bynnan:
rsind =C (7.12)
kenu6 ynkaau. bynaa, C uHTerpasiam JOMMHICH.
¥ = acCOSU skaHnUruHu HHOOATTA OJICAK
acosusinA=C (7.13)
€K1
cosu, sin A, =cosu,sin 4, = ........ =C
(7.12) nan myHgai xyjaocara KejaaMus:

AilJITaHMa JJUTHIICOM] CATXUIA Teo/le3UK YM3HUKHM Xap OUp HYyKTAcHIaru

napaJsies paguyCMHHMHI LIy HYKTaJaru a3uMyT CMHYCHIa KYNaWTMacH JOUMMIi

KaTTaJduK/IMp.

(7.13) nan «ainaHMa JJUTUIICOU] CaTXua reoIe3uK YU3HK Xap OUp HyKTaCHHU

KCITUPpWIITaH KCHIJIMTMHHUHI KOCHMHYCHMHHM, Iy HYKTaJgaru asuMyT CHHYCHI'd

KYMalTMacu JOMMHI KaTTATUKIUP» XyJ0cacu KeIud YMKaIu.

(7.12), (7.13) TeHryiamMajap 3JUIMICON CATXUAATH Ie0le3UK YU3MK acOCHi

TEHIVIAMACMHUHT UKKHU XU KYPUHULLIHIUP.

V3apo nopmas kecumaap opacuaaru gpapk

7.3- makJi.
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1. Bbypuak ¢apkmu.

DmMncou] catxyga Xap XuJl KEHIVIMK Ba Y30KJIuKKa 3ra Oynaran 4 Ba B
HyKTaJlapHu oiamMu3 (7.3-1maxm).

benrunam kupuramus:

ng,ny— A Ba B HyKTa-JIapJlaH JJUIMIICOM] CATXWUra TYLIWPWITaH HOPMaJUIAPHU
KMYMK VK OWJIaH KECUIIUII HYKTaJlapu;

AaB -A HyKTanaH B HyKTara Tyfpu HOpMaJl KECUM;

BbA — B nykTagaH A HyKrara TYFpu HOpMasl KeCUM;

AB-Barap, y3apo HOpMaJI KECUMJIAP TEKUCIUKIAPUHUHT KECUIINII YU3HUFU;

n Nnp-KCCUM Y3YHIIMTMHU TOIIAMU3:

ae’sin B, ae’sin B,
nn, =0n, —0On, = ——— - - -
\/l—e sin” B, \/l—e —-sin” B,

(7.14) dopmynamaru winau3 octujgard udonpanapHu OMHOM Kartopura €Eunod

(7.14)

OMpUHYM XaJJIApUHU OJIAMU3:
2 . 1 2 <2 2 . 1 2 -2 2 .
n,h, = ae smBz(l-l-Ee sin” B,) —ae smBl(1+Ee sin” B)) = ae” sinB, +
1 : . 1 .
+—ae’ sin’ B, - ae’ sin B, ——ae*sin’ B, ,
2 2
EKM KepakJIi aHUKJIMKHU cakjad KoJraH XoJ/a,
nn, = ae’(sin B, —sin B,) (7.15)

(7.15) Hu Kyiugaruya €3UIMnu3 MyMKHH:

. B,—-B B, -B
nn, = ae’2sin 22 Lcos 22 1 (7.16)

sin

(Bz — B1)
2

KaTtopra ¢inb, OMpUHYM XaIWHU CaKjIaraH XoJja, TormamMu3:

n n, =ae’ (B, — B,)cos Bm (7.17)
An,B yubypuakna An,~Bn,ied, TeHr TOMOHJM ydOypuak cudarTuga Kapacak

ABn,Gypuax 90°- % ra TEeHT Oyasu.
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B nykranu mapka3 n1e6 om0, BA Barap 6uian chepux yudbypuak An’,n’,y XOCHI

bl b bl O- b
KWIaMu3. n’,n’yToMoHura & Oypuak, An’, ra ZABn, K 900—3 MOC KeJIaiu. 1’ Jaru

0 .
Oypuak 360°-A4, ;ra TeHT, YyHKH B, n,’ nyHyKTajapJaH yTyBUM TEKUCIUK B Hykranan
YTraH MepuIuaH TEKUCIUTHINP. Y3ap0 HOPMAJ KECHMJIAp TEKHUCIUKIApU opacuia

xocwi1 OynraH f Oypuak Ou3 Kuaupaétran Oypyak Oymaau.

7.4-11aK1.

Yubypuak An’,;n’, 1aH E3UMHUMHU3 MyMKHH:

sin f sin(360° — 4 . sin &sin 4
n/ _ sin( ) g sin g =-SREM A
sing sin(90° — E) CoSs —
Yubypuak Bn,n, naH:
siné  sin|180° —(90° - B, +

n,ny N. 2
KeJnO YUKaIH.
(7.19)Ba(7.17)bopmynapunan goitnananud (7.19)HUHT YHT TOMOHM CypaTujiaru

& KUWMaTHU XpcoOra ojiMail KyHu1aruHyu TOaMu3:

B ae’ (B, — B,)cos Bm cos B,
N,

€K1

sin&

1

(1-¢*sin® B)?
a

sin & = ae’ (B, — B,) cos Bm cos B,

(1 — ¢’ sin’ Bﬁ HU OMHOM KATOPHra ésIMH3 Ba KyHHIATMHU XOCHI KHIAMU3:
sinﬁzez(Bz—Bl)cosBmcosBz(l—%ezsinzBZ— ...... ),
¢ku Ou3ra etapyiv OVIraH aHUKJIMKAA €3aMU3:
sin & = e*(B, — B,) cos Bm cos B, (7.20)
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(7.18) Ba (7.20) dopmynamapnan doigananud, cosB, HU cosB, OwiaH
JIMAIITUPUO TONIAMH3:

e*(B, — B))cos” B,, sin 4, ,

sin /' =— (7.21)
COS g
Arap (B,—B)=Scos 4,,(1), ~ocos A4,; o=38(),
A,+180° = 4,, 1eb dapa3 kuncax
2 2 :
sin f = e“ocos 4, cos” B, sin 4, , (1.22)
COS g
2
COS%HI/I KaTopra ésMu3 Ba OUPUHYN XaIMHU CaKjIaraH XoJija, TonaMu3
f"=e’ccos 4, cos’ By, sin 4, ,p" (7.23)
"__ 1 2 2 . "
f!'= 5 e‘ccos” B, sm24, ,p (7.24)

Arap S=100 xv; B,=45": A, ,=45; a=% Gynca, £=6" GYam.

2. Ynszukau papk

V3apo HOpMal KecHMJIapHM Oypyak Ba UM3HKIH (DApKIAPUHHUHT KHiMaTIapu
KUYMK, 11y cababnu Oy kecum EilapuHu Mapkasu n, €KU n, HyKTajapaaH Oupuia
oynran cdepuk €l ned Kapammmu3 MyMKUH. AaB — A HyKTaja TYFpu HOpMajl KeCUM,

&l Mapkasu n, 1a Oyniran aitianma &iu; (7.5-makn),
J P

7.5-makJ. P;
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AbB — A nyKTazia TecKapu HOpMas KeCUM;
AB —1y¥pu umsuk AaB &iuHn  TopTMO TypyBuM BaTap OYicuH. AaB srpu

Ju3MKIa OMpop k HyKTa onamu3 Ba kA BatapHu VTKazamu3s. An,B OypuyakHu O

ounan, kn,A Gypuakuu 0 Ounan Genrunaiimus. @ Oypuak O naH O rauya Gyaran

KHﬁMaTﬂapHH OJInI MYMKHH.

VYunga: ZBAna = 900 — %;
LA, =90° = 2.
2
LkAB = LkAn, — ZBAn, = L9o° _ —J - L90 %J
ZkAB = T (7.25)

k wykramaH AB BaTapra TEepHeHAUKYJSp OYiIraH TEKUCIUK YTKazamui. by
TEKUCJIUK BaTapHU K HyKTama, AbB &inu sca k, Hykrama kecu® VyrcuH. (7.5-

IIaKJI)JJary JIEMEHTap yuOypuakiapHU aloxXua YU3aiIinK

d

I k

ki

T7.6-marn
k k; k;yaOypuak k; yauHuHT Oypuaru f ra TeHT Ba kk,=d Oy epaa: d-Tyrpu Ba

TEeCKapu HOpMaJl KeCuMJIap opacuaaru yn3ukiu gapk 0yncun. Akn, yaObypuakiaH:

1 .
— Ak : N, ISIHQ,
2 2

.0
OyHIaH Ak =2N, sin 5 (7.26)
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7.5-maknnaru Akk; yaGypuakiaan:

kk, . o—-0
=sin
Ak 2
. o—0 .0 . o-0
KU kk, = Ak sin T =2N, sin 5 sin T (7.27)

kkk, yabypuaknan kk,=kk;f
(7.24)Ba (7.27)bopmynanapaan doriganannud, TomaMus3

kk, = 2N, singsinGT_g -%ezo' cos” B, sin24,, (7.28)

JapHU KaTopra €inb, OMpUHYM Xa/iu OWJIaH yerapajiaHCcak

sin— Ba sin
2

kk, =d = % e’ocos® By, sin 24, ,0(c — 0) (7.29)

HH1 XOCHJI KWJIaMHU3.

VY3apo HOpMman KecumJiap OpacHIard SHT KarTta 4Yu3ukiu ¢apk AB EUMHUHT

ypracuna, ssbHu 6 =% na 6ynanu, (7.29) nan

max

N .
d = 1—61ezo'2 cos’ B, sin24,, (7.30)
(7.30) popmynaza 0 = 6Gyuca (7.29) naru
2
oo-0)=3 (=)=

2
OYMMIUIMTY MHOOATIa OJIMHTaH.
Muucour:
B=45" 4, 224506}7nraHz{a
S kM ‘200 ‘ 100 ‘ 50
dimax (M) 0,050 ‘0,006‘ 0,0008
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(7.30) dopmyna reomesux umsuk asumytu 90° Ba 270° ra skuH GyiMarau
XoJtapra TYFpu Kenaau. bomka xommapaa OyHra HucOaTaH aHuWK OynraH ¢gopmyia
KYJUIAaHWIAIH.

['eone3uk YM3WK Y3YHJIUTH OWJIaH HOpMall KecuM &EHM opacupard (apKHH

xyucooumam popMyaacuHu UcOOTCHU3 OepaMu3:

4
g :%sinz 24, cos* B, &” (7.31)

S=600 <
i s 135000

Xuco0jam HATHXKAJapu acocuaa IIyHAAal XyJioca KWIMII MYMKHH:
reoie3MK YM3UK Y3YHJIMTH OMJIAH HOPMAJ YM3HUK €i Y3yHJIMKJIApH Opacuaaru

(GapkHu TpUAHTYJALMSA XUCO0 KMTOOMIA HHOOATTra oJIMaca XaMm 0yJaaam.

Texkmupuu yuyH caBoJuiap:

1. r sin A=C Ba acosusin A= C' TeHTJIaMaJlapHu cy3 Ouiian Tabpudiad 6epuHr.

2.¥3apo HOpMan KeCHMIAp OpacHIard Oypyak Ba UM3MKIM dapKiap
TPUAHTYJISIUSAA NHOOATTa OJTMHUIIIHN KEPAKMU?

3. l'eone3uk ym3uK OWJIaH HOpMaJl KecuM E€HW opacujard y3yHJuKiIap Ghapku

TPUAHTYJISIIIUS XUCOO KUTOOUTa KaH1ail TabCUp KypcaTtaau?
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§8. HOPMAJI KECUM EHN Y3YHJIUTU

P

ny

8.1-mak. 8.2-makJ.

8.lmaknga AB — A HyKragaH B Hykrara TYfpu HOpMald Kecum, S-yiap
opacuaaru Mmacoda, A; ;— HopMaJl KECUM a3UMYTH.

Tyfpu HOpMan KeCUM TEKUCIUTUIa paaunycu A HyKTa OUpPUHYM BEPTHKAI
KeCUMH paguycu N,ra TeHr OYnaraH Ba Mapkasu n,1a €TyBYM aillaHa yuzamus. B’
HYKTa, Bn,AU3UFUHUA JJaBOM STTUPHUIII HATHXKAcKa aiijlaHa OMJIaH KeCUILIUII HYKTaCH.

8.1 maknnaru An,B(B’)umoc, <n,Bnyaué, Bn, wmacobanun Z ned
oenruanMms.

Bn,n, yudOypuaknan (kocuHycmap TeopeMmacumaH (oiiganannb) KyWHuIaruHu

€3UIMMU3 MYMKUH:

Z>=N; +(7’la7’lb)2 —2N2(nanb)cos(1800 —(90° —B,)-&);

o Z* = N2 +(ngn,)* + 2N, (ngny )sin(B, - &),

OyHaH

7?2 1y (nanb)2 N 2(nyny)

N N2 sin(B, — &) 8.1)

2
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(7.17) nan

2
ngny, = ae” (B, — B))cos By,
.. S .
EKM MabJIyM OUp aHUKIIUK]IA (E KM € XaTONMK OHIIaH)

nghy, = Ne*(B, — B,)cos B, , (8.2)

(na n, )2

ne6 E3ummmu3 MyMKuH. (8.2)uHobarra oscak, (8.1)HuHT N2 Xaauga ¢! XOCHII
2

oynanu, nry cadbabnu KaOyn KWJIMHran anukiaukaa (8.1)Hu Kyiugarnya €3ummmMmns
MYMKHH
A 2(nn,) .
— =1+ Msm B,.
N2 N2
Oxupru dhopmynaHu OMHOM KaTopura €ind, OMpUHYN XaIMHU CaKJ1ad KOJICaK

Z (ngny)
— =1+ sin B
N, N, ) (8.3)

KeIUO YMKaIH.
bouutanruy HykTa 4 aprymentiapura ytum yuyH (Teinop karopu) Kyiuaaru

dbopmynanapaan doiganianamMus

dn — d*N
N, =N, +(EI—BIJ[E)‘ + (5: 2[31]1 [dBl 1 __________
; (8.4)
sinB, =sinB + (B, — B,)cosh, —Msinﬁl +
= ' S SinB
(8.4), (8.2) Ba (8.3)nu nHOOaTra OJraH XoJaa OOLIIaHFUY HYKTa Y4yH
KYWUJIAaTUHU €3aMU3:
2 .2 2
i _1- e” cos” B, (B, —B)) (8.5)
N, 2

bupuHuM AKHHIAIALIIAA!
3
2 -2
- (1-e"sin” B))?

-5 a(l-e*)

Scos 4, ®ocos A, ,;
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Ba n* = e cos” B,, HH XEcoOra oyimo:
(8.5) bopmynanu Kyitnaaruia E3UIMUMU3 MyMKHH:

z_,_ n°c’cos’ 4,
N, 2

7o’ cos’ A

Eku Z=N,1- 12) (8.6)

8.2 maxkimadH aHUuKJIanMM3:

ds =~Z%c* +dZ*;

éxn 8.7
ds = {Zz + d—Z}dG ®.7)
do

(8.6)bopmynanu O Oyiinua quddepeHnnaniad Tonamus

Z 2
az _ _ N1772 20 cos® 4, 5,

d
yHan e (8.8)
(%j = Nn*oc?cos* 4,
(8.6) nan
Nin*o? cos” 4
2 2
Z°=Ni-— = (8.9)

4
(8.7), (8.8), (8.9) popmynanapnan ¢oitnananud, TOnamMmmus:

NZ 2 __2 2A
ds = \/{Nl2 _ane 4COS L2 + N'n'c?cos* 4, |do

252 cos? A 1
ds =N (1-1TZ 5 D2 | pi52cos® 4,,)2 do,

€KU KaBC MYMHU OMHOM Katopura Eino, OMpuHYM Xaau OuiiaH yerapaiaHu0, Kepakiu

OYNTaH aHUKJIMKA KyWHJIaruHA TOTIaMU3:

2 2 2
ds = N{l _norcos A, jdd (8.10)

8
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(8.10) Hu O nan O yerapaja UHTErpALIANMU3:

2 3 2
S—Nl[a—no- oS Am}

24 ’
OyH1aH

2 3 .2
Nin“o”cos” 4, ,

No=S+
24

S

Ty3atma Oynranxanga O ~ ne0, €l CeKyH]1 KuiiMaTuia KyWuaaruii oJlaMu3:

1

2 o3 2
n S Cos A1.2 ",

) "N, 24N} ’
€K1
" S " 772S2 COSZ Al 2
o'=—p"| 1+ = |,
1 24 N;

[%J =(2), SKaHJIUTMHU HHOOATra 0110
1

202 2
" n S~ cos AI.Z
=(2),S8| 1+ a1
o"=(2), [ 2AN? ) (8.11)
Arapna S<40 km 6ynca
o"=(2),S8 (8.12)

dbopmynaman ¢oiitagaHUIT MyMKHUH.

V3apo HopMas KecHMJIap Ba reoe3nK
YM3HUK opacujaaru OypyakJap
7.5-maknnan Ak)k chepuk yuOypuakHu ojlamu3. A HyKTaHu k Ba k, HyKTajap

OWJIaH TYFPU YM3UK OPKaJIN OUpIaIlITUPAMU3.

59



S.3-maxn E

VYubypuak Akk, nan
kk
LkAk, = —= N |
=2 8.13)
(7.29) nan:

kk, = % e’ cos’ B, sin24,0(c —6),

(7.26) nan:

Ak :2lein§,

Ne*o cos® B, sin 24,6(c — 6)

yHI[a LkAk, = 0
8N, sin 5

.0 -
smE HU KaTopra ¢iMno, OMpUHYN XaJIUHM CaKjiIad KOJIraH XOJa OXHpra TCHIJIMKIAH

KYWUUJIAaTUHA XOCUJI KUJIaMU3

e’ocos’ B, sin24,(c —6)
4

LkAk, =

(8.14)

Ak macoda 6unan 0 Oypuaku kaMaind o6opsntu Ae6 dapas Kuicak, y xoina Ak

Ba Ak,BaTapiap YeK OXHUpPHAA HOpPMaJl KECHMJIAp ypWHMA XojaTura kenaau. by

maptna <kAk, , A HykTagaru HopMmaja KecumJjiap opacuiaru Oypuakka aniaaHaju.

Hlyrmai kuaud 6@ HoOJTa MHTUITAHAA:
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2 2 2 :
e o cos” By, sin24,

A" " .1
1 p 8.13)
1 .
o= §A oyica, (8.15) nan:
St e’c? cos® B, sin 24, o (8.16)
12
Arapna o Ba N KuiMaTIapyuHU YpHHUTA KYHCAK, Y X0JI1a:
" ezSZ(Z)%i cos® By, sin 2.4,
o"= (8.17)
12p||

KeJO YUKaIH.

(8.15) ¢dopmyna Oepunran HyKTajga y3apo HOpMal KECUMIIAp OpacHjaaru
Oypuakuu udonanaiinu. (8.16), (8.17) popmynanap Tyrpu HOpMa KECUM OWIIaH
reo/Ie3UK YM3UK opacuaaru OypuakHu udoaanaiu.

| xyacc TpuaHTyJALMSA ya4all HAaTYKAJapUHU KaWTa MIUIAIIAa TYFPU HOpMal
KeCUMJIap TEOJIe3UK YH3MKIap Ownan anMamrtupwianad, OyHna (8.16) &xu
(8.17)popmyna Owiran TomuiaraH Ty3aTMa Yia4aHTaH — WUYHaIUII KUWMaTHIaH
aluupUIaIA.

Arapma S=50 xm; B=0"; A=45" 6ynca, y xomza A"=0.023";
o =0.006" 6ynanm.
Mmucoagan kypunaguku 1 kjacc TpuaHryiasimusicuga A Ba O JapHuM

Xucoora oJIMacjaIuK MYMKHH IMac.

§9. COEPOUIUK YUBYPYAKJ/IAPHU EYHUIII
Hactyp Cdepounnnk yuOdypuyakJIapHu e4ull TYFPUCHAA YMYMUI
myJsoxasanap. Chepouank ya0ypUakJIapHU e4HUITHUHT
Jle:xxanapa TeopemMacu Ba aJlAMTAMEHTJIAp yCYJIHU.
Viuanran HyHanunuiap Ba OypuyakiapHU HATHUKABUUM KHITMaTIapy TOTUIITaH1aH
CYHT, SJUTUIICOU]T caTXua cheponuk yaOypyakiap eUnsaim.

Tpuanrynsius yudypyakiaapu 3UIAICOU caTXuaa 0apro 3TUiTaH OYIraHIuru

yuyH Xam chepounukaup. Tpuanrymsiuus yuOypyakIapuHUHT TOMOH Y3YHJIMKIIApH
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40-50 kM maH omMaiau, 11y cababim Oy ydOypyakjgapHU €UMIljia yJIapHU chepuk
yubypuak cudatuaa eumwnagu. Cdepux Tpuronometpus QopmynanapuaaH
¢oiinananuO TYFpuIaH-TYFpu cepuK yuOypUyakIapHU €4MIl yUYyH YHUHT TOMOHJIApU
paanyc Kucmilapu OwiaH udojananuim 3apyp. by aca HoKynaiinkka onub kemnaay,
YyHKM aMayija TOMOHJAp METp YiI4oB Oupiuruaa Oynumum kepak. byHnmaih xonna
TpUAHTYJsALUsl yuOypuakiaapuHu euyuil Jlexanzapa TteopemMacu €K aaguTaMeHTIIap
yCcyluaa OakapuiInIId MyMKHH.

['eone3us TYpuHM TpUIIOTEPALUS YCyInaa Oapno 3TUIga yuoypuak Oypyakiapu
YHUHT TOMOH Y3YHJMKJIapu opkanu xucobnad Ttonmianu. bynna Jlexxangpa
TEOopeMacH Ba alITUTAMEHTIIap yCcynuaH (oiinamaHuil Makcaara MyBoQpUKInp.

Cdepuk yudypuakgapuu JleskaHapa TeopeMacu épaaMuia equin

B
c a c a
b
0.1 mar 0.2 maga

Cdepux Texucnukna ABC Ba A;B;C; yubypuakiapra sra OYIailivk, yJIapHUHT
TOMOHJIAPU MOC paBHUIIAa TEHT OYJCHH. By yuOypuakiapHUHT MOC Oypyakjiapu
opacunaru dapkiaapau Tonanuk A-4;; B-B;; C-C,;. bypuaknap dapkiapuau Ouicax,
y Xona OypUyakIapHUHT TEKUCIUKIArH Kuimatiapu A;, B; Ba C; TapHA TOMUIINMHA3
MyMKuH. CYHrpa TYFpU YHU3HMKIM TPUTOHOMETpHUs (GopMyJalapuHud KyJiad
yuOypUaKiIapHu e4aMus3.

ABC cdepuk yuOypuak yuyH
a b c . b . c
COS— = COS— - COS— +Sin—-sin—cos 4 ;
R R R R R

oynasu.
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Yupan:

a b c
COS — —COS— - COS —
cosd=—21R R R 9.1)

. b . c
sin — -sin —
R R

3
o u . X
TeHrmuKHUHT YHI' TOMOHH AT Xa/JIApHHU KaTOpra eI/II/I6, (Slnx =X —? +.... Ba

3 4

X X I vy o
cosx = 1—5 ot dbopmynanap €pramMuia) Ba ENUIMAHUHT TYPTUHYUU Japaskaliu

XaaJIapuHAu caKna6 KoJran XoJiga TOoIlaMHn3:

2 4 2 4 2 4
-4 2_,.“74_(1_ b 2+b74).(1_ ¢ 2+074)
Y= 2R 24R 2R 24R 2R 24R™ ",
cos b b c ’
— ) N )
R 6R*” "R 6R’

¢kM KaOyJ1 KWJIMHTaH aHUKJTUK/IA:

a’ a’ b* b* ¢t bt ¢t
ey P N s T 0 T pd 4
cos A= 2R* " 24R 2R> 24R* 2R* 4R* 24R* _
E_ bc B bc?
R*> 6R' 6R*
a’ a’ b* b* ¢t bt ¢
- 2T s 2 o 2 4 4
__2R 24R 2R 24R 2R 4R 24R" .
be b* + cz) ’
R? 6R*
b>+c* . d_ 2,3
(1- e ) HU OuHOM Kartopura ¢&unb ((I-x)"=I+x+x"+x’+... dopmyna
Epmamua) Ba ONPUHYHM XaJHMHHU CaKJ1a0, TOTIaMu3:
b*+c*—a* a*-b*-ct—6b*c? b* +¢?
cos A=( + - )-(1+ )
2bc 24R"bc 6R

€kM KaOyJ1 KUJIMHTaH aHUKJIUK/IA:

b’ +c* —a? +a4—b4 —c* —6b*c? +b2 +ct—a’ (b2 +c?

cos A = 5 —),
2bc 24R"bc 2bc 6R

b>+c*—a’ a*+b*+c' -2a°b* —2a°c* -2b°c’
cos A= + 5 9.2)
2bc 24R"bc
Texucnuknaru A;B;C;ya0ypuak y4yH:

a’=b>+c*—2bc-cos 4
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B cos A > +c? —a? 0.3
HJIAH: = .
YHI 1 he 9-3)
sin® 4, =1—cos® 4, TMrUHKM GUITaH X0/, TOIAMH3:
22 2,2 232
sin? 4 :4b c —( 2+2c a’) _
4b-c
__4b202-—(b44—b202——a2b2-+b2024—04——azcz——azbz——azcz4—a4)
4b*c?
4 4 4 271.2 2 2 2 2
SKH sin® 4, = a —b"—c +ic;2b2+2ac +2b°c 9.4)
c

ne6 &3ummmusz mMymkuH. (9.3), (9.4)uu wuHoOarra onu6d (9.2)Hu Kyhujgaruua
€3UIMMU3 MYMKUH:

cos A =cos 4, —sin’ 4, b—cz;
6R
N bc .,
Eku cos A—cos 4, =— T sin” 4, 9.5)
. A+A4 . A-A .
ByHnas: —2sin Lsin L=— bcz sin® 4, (9.6)
2 6R
(A-A;)-xuuuK KuiMatra sra OyJITaHJIuTy yYyH:
sinA+A1 _A4 sinA+Al =sin 4,;

2 2
ne6 KaOyi Kuiuin MyMKUH. Y Xoiaa (9.6) Kyiuaara KypyuHUIITra 3ra Oyiaaam.

bc
A—A =——=sin A4
1= )2 1 0.7
A;B;C; yubypuak ro3acu:
P= %bc sin 4,
Ooynrannuru cadbabau (9.7)Hu Kyhugaruya €3ui MyMKHUH:
14 P 4
(4-4) =32 F 9.8)
XYIIU ITyHIAN:
n P 14
(B-B) =5p 9.9)
4 P 4
(C-C)' =1z 9.10)

napau Tonamus Ba(9.8), (9.9) Ba (9.10) napuu Kyumo,
P 14
(A+B+C)—(4, + B, +C1):Fp
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SKAHIIUTHHE ToraMu3. (4;+B,;+C;)=180" 6yauimruan xucodra ocax

A+B+C:180°+§p";

" P "
=P (9.11)

bynna:
y XoJija: A+B+C=1800+§”.
Kenuo unkaau, Oy epaa ¢ —cepruk OpTUKIUK TeHnIaan.
9.8), (9.9), (9.10) Ba (9.11) dopmynanapmad ¢oigaTaHuO TEKUCIUKIATH
Oypyak KUMMAaTIapUHU TOIIAMMU3:

Al A—gg,
B =8 le
=B-3% 9.12)
1
Cl =)C—§§,
n_ﬁ "__ bCSinAl "
6y epaa: 4 P TR (9.13)

"

2 R2 =/ ne6 Genrmiacax (f xumilmMaTu ypraya KEHIJIMK apryMEHTH acoChja

»KaaBaigaH Tonwiaan) (9.13)Hu Kyiugarnya €3uiin MyMKUH
&"= fbcsin A, 9.149)
Tenr Tamonnu yuOypuaknapaa A Ba A; opacugaru ¢apkHu mHoOatra onmaca

xaMm Oymaam, y Xonmaa:

&"= fhesin A (9.15)
. ,.a’sinBsinC
s'=f y (9.16)

KEJNO YUKaIH.
Arap yuOypuak TOMOHJAPUHUHT Y3yHJIUKIapu 90 kM aaH karta Oyica, chepux

OPTHUKJIMK UKKH MapTa SKUHJIAIIMII OUJIaH XUCOOIaHa 1.
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Cdepuk yuOypuakiIapHu aJIUTAMEHT/IAP YCYJIUIA eYUIIT
ABC cdepuk yuOypuakaaH TonaMus3

. . a
sin— sin—
R

sinB  sind’
a sinB_
R sind’

. . b .
€K1 sin — =sin

. .. a vy
SlIlE Ba SII’IEJIapHI/I KaTtopra CI/II/I6, 6I/IpI/IH‘-II/I HKKH XaJUHH CaKJ'Ia6 KOJICAK,

ﬁ_ b’ _a a’ )'sinB.
R 6R’ "R 6R® sind’

b b 1 a’ _ sinB

Za- =—(a— .
R( 6R2) R( 6R2) sind’
a’ b? sin B
Byunan, b=(a- (1- B ; HU TOIIAMU3.
yHA ( 6R2) ( 6R2) sin 4

bZ

- 6 Rz)f1 HU OWMHOM Karopura ¢EunO, OWpHMHYM XaAWHU CaKJIaraH XoJjjaa

(1

KYWUHJIAaTUHA TOTIAMU3:

a’ b* _ sinB
(1 . 9.17
6R2) ( +6R2) sin A ( )

b=(a-

6% —k ne6 6enrmmacax (MJIX maBraTnapu MuHTaKacH yayH k=409-10"")

3
a—ka’ =a’ (9.18)
VY xonna (9.17) ymiGy KYpUHUILITHA OJIaIN
sin B b b? b’
b= r. 1+ :b'1+ :bl+ .
Cana TR TR = g
b’ 3
arapaia o = A, =kb” pecak; y xonga b=>b"+ A4, (9.19)
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Xynauy myHaan ¢ TOMOH YUYYH €3aMU3:

, , sinC
c=a - -— ;
sin 4
3
¢ > =A0=kc3;
6R
c=c'+ A4, (9.20)

AKaTTamuk S TOMOH aJIMTAMCHTH JCHHUIIAJIH.
AnuTaMeHTIap ycyauaa Xucooai Kyiuaaru Taptuoaa oaxapuinaam:
1. bounanruy Oepuirad a TOMOHHMJIAH YHU aJIuTaMeHTacu A, aiipuniaau Ba Oy
TOMOHHM @' KUMMATH TONWJIA]IN, SIbHU
a=a—ka
2. Tonunran a' KuAMaTu OpKaiau, yuOypyak Xyaaud TEKUCIUKAArUJIEK €UnsIaau

Ba b’, ¢’ Xucobnanaau,

sin B
b=a"——:

sin A
C,_a,'sinC'

sinAd’

3. Tomunran b', ¢’ kutimatnap 4, Ba A. agauTaMeHTanap OwujlaH Ty3aTWJIaaH,

ABbHU

b=b+4 ;
c=c'+4,.

Tpuanrynsmus ydOypuakiapu KAaTOPHUHH XucoOjamiga OONUIaHFUY @ TOMOH
anmuTaMeHTa A, OpKalu Ty3aTHJIagd, TOMWIraH a' OpKaliu KoJraH Oapua
yaOypuakiapau cdepuk Oypduakiapaan ¢doigananud, XyAau TEKUCIUKIAruaeK
eumyiaqy. TomwiaraH TOMOH Y3YHJUKIAPU YJIapHH aJTATaMEHTIapu OwIaH
Ty3aTUJIAIN.

TomMon y3yHJaukJIapu 6epuwirad cpepux yuoypuakHu equInn

Yubypuaknu a, b Ba ¢ TOMOH y3yHJIukiaapu Oepunran (Yiauanran), 4, B Ba C

chepuk OypyakiapuHU TOMHII Kepak. TOMOHIAp, TEKUCIUKIA YIIYaHTaHIACK
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y4dOypuak TEKUCIUKIA €4HIagy Ba Xuco0aad Tonuiradn Oypuyakiapura Eé: Ty3aTMa

KYIIMJIQIN.
Egum Taptutu:

1. ABC yuOypuak r03acu xucoO1aHaau
P=\p-(p—a)-(p-b)-(p—c) (9.21)

Cdepuk OpTHKYAIMK & TOMUIAIH

&"=2/P (9.22)
a+b+c
OyH[a, p= 5
2. Slccu Oypuakiap XxucoOaaHaIu,
A, P B, P ¢, P
g—-=——; g—= ;g = (9.23)
2 pp-a) 2 p(p-b) 2 p(p-o)
3. Cdepuk Oypuakiiap TONUIAIN.
1 1
A=A+38  B=B+if C=CiE (024)

Texmmpu yuyyH caBoJuiap:

1. Cdepux yubypuakiapHu euulga HuUMa yuyH Jlexxanapa teopemacugan €xu
aJIUTaMeHTIIap ycynuan hongananunaim?

2. Huma yuyH TpaHryasiuus y4OypyakjiapuHu euuiga  chepouguk
yaOypuakiap chepuk yaOypuakiapaeKk equiaam?

3. Cdepuk opTHKINK & KaTTaaurd HUMara OOFIuK?

4. Cdepuxk yuOypuakmapuu Jlexxanapa TeopemacugaH QogalaHud equI
TapTUOM KaH7ai?

5. VY4OypuakimapHu EUYUIIHWHT aJJUTaMEHTIap ycynu OuiaH Jlexanapa
TeopeMacuiad oitganannb eunigaru acocui papk HuUMaaH uoopart?

6. AnauTamMeHTNIap yCyJdu OWIaH TPUAHTYJANMS KAaTOPUHH €UUIl TapTHOU
Kannan?

7. Tpunotepauusiaa chepuk yudypuak KaHaai Taptudaa euuiaam’?
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§ 10. DJUTUTICOUT CATXUJA TEOJIE3UK
MACAJAJAPHU EYUIII

Hacryp: boun reoae3suxk macajajap: TYFpU Ba TeCKapu reoJe3vK mMacaJja;
YJApHU EYUIIHUHI YMyMuil ycy/uiapu. TyFpu reogesMmk MacajlaHM eqMI
popmynapu. Teckapu reoge3smk Macajanu edyum. daszoga TYFpU Ba TeCKapu
reoJe3uK Macajia eqyuil TYFPUCH/IA TYLIyHYAaap.

bou reoae3snk Mmacanajap, yJIapHu e4UIIHUHT YMYMHH YCYJLIapU

['eone3ux TasgHu HyKTajmap (MyHKTJIAp) KOOPAMHATACHMHM AaHUKJIAI OJIHM
reoIe3ustHUHT acocuil Bazudanapuganaup. [IyHKTIapHUHT KOOpJIWHATAIAPUHU Xap
XWI1 KOOpJIWMHATAJIap CHUCTEMAacuaa aHuKJIam MyMKUH. Macanan, 1 kiacc
TPUAHTYJISIIIUS MMYHKTJIAPUHUHT (acTpOHOMa T€OJIe3UK TYpJa) KoOopAuHaTalapu
DJUIANICOUJT CaTXUAa, T€ONE3UK KOOpPAMHATAJIApP CHUCTEMACHIA aHWUKJIAHAAW. +OJraH
KJIACCHary JaBjaT TPUAHTYJSLMUS IMYHKTIAPUHUHI KoopaumHatanapu [aycc-Kprorep
ACCH 30HAJI TYFpu Oypyakiii KOOpJAMHATANap CHUCTEeMacuaa aHUKJIaHAIW.
[TyHKTIApHUHT T€0/Ie3UK KOOPANHATAIIAPUHY AJUTATICOU CaTXU/Ia XUCOOaI1a UKKA
XWJIJIaTy Macayia Keaub YuKau:

1. Tyrpu reoage3uxk macaJa.

10.1-mawxn

by macanamga Q; nyHkTHUHT B, [;reone3uk koopauHaTanapu, Q;0, YN3UKHUHT
TVFpu a3uMyTu A| Ba O;, O, yHKTIap opacuaaru macoda S 6epunran 0yiau.
(O, NyHKTHUHT B,, L, reoge3uk koopauHaTtaiapu Ba (;, O, YN3UKHUHT TECKapU

a3uMyTH A,HU aHUKJIAII Tanal STUIIAIH.
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2. Teckapu reone3suk macajna. by Macanana MKKM NYyHKTHUHT T€0/I€3UK
KoopauHatanapu B, [; Ba B, [, map 6epunran, Oy myHKTJIap opacujaru S-macoda Ba
Q;, O, YM3UKHUHT TYFpU A; Ba TeCKapu A, a3UMYTJIApUHU aHUKJIAI Taiald dTUIAIH.

Ty¥pu Ba Teckapu reojie3suk Macajajap Ouprajukaa 0o reojge3uk Macajia
AeusIaau.

bomr reome3uwk MacajmaHu eduiga TYpid XWJI ycyiuiapAaH QoiigamaHul
MyMKUH. Macana ey ycynu HyKTanap opacujgaru macogara O0fIuK, Macodanap
IAPTIU paBUIIJIA TYPT TypyxXra OYIuHaIu:

e KH4YUK Macodanap 45 KM rava;

e Vpraua macodanap 600 kM raua;

e katta Macoamap 5000 kM raua;

e >xyzaa karta macodanap 5000 kM qaH katTa OyIagu.

bomr reoge3uk macaianu 6eBocuTa €k 6aBOCUTA WY1 OMJIaH €YUl MyMKUH.

beBocuTa iy Ownan Oowm reoje3uk macainanu euuwaa Q,PQ, chepounuk
KyTO yuOypuaru eunnagu. by yabypuaxuu Q,;P=90"-B;; 0,0,=S ToMOHIapH Ba yIap
opacunaru Oypyak 4 mabiyMm Oymaau. YuOypuakHu O€BOCHTA €4HINI OPKAJIW YHU
KoraH yd osmementd tormmtamm: 0,P=90°-B, (swhm Bkenrnuk);360°-A, (spHE
TecKapu azumyT A4,); Q;Ba O, myHKTHAap y30Kmukiap papku / (/ opkanu L, Tonunaau
Ly=L;+I).

BeBocura iiya OwiaH Teckapu Macaja euuiljga y4yoypyakHuHT B; B, Ba [
JIEMEHTIIapU MabiiyM OYyimmO, yubypuakuu eunin opkanu PQ;0,=A; Ba P0O,0,;=A4;
TYFpH Ba Teckapu azumytiaap, O;0,=S TOMOHH TONHIIA]IN.

Cheponank yuOypuyak TOMOHJIAPU TEOAC3UK YW3HKIAAH HOOpar OYyIraHimuru
YUyH JJUTMIITAK UHTETpajiap opKaiu udoaanaHaau, yiapHu diaeMeHTap QyHKIusiap
OpKaJIM MHTETPaJUIAIIHUA WIOXKHU UVK, 11y cabalau 0Ol reo/ie3uK MacajiaHu OeBocUTa
€UYMIIA KyUuJaaru Wy TyTUIau:

a) cheponauk yuoypuak €paamMmun cepuk caTxuia Kaiita xucobiaHau;

0) wukkana ydOypyak »dJIEMEHTJIapW OpacHJard TEeOMETPUK OOFJIaHMIII

YpHaTUIAIY;
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B) yuOypuak Epnamum cdepa caTxuja €4usiafyd Ba YHU TOMOHJIAPU O
chepuk TpuronomeTpus Gpopmynanapuaad GoiiganaHnd aHUKTaHAIN;

r) chepouauk Ba cdepuk ydOypyakiap opacuja YpHATHITaH TIeOMETPHUK
Oofrnanumgan ¢oiganannd, chepuk ydOypyak JIIUIICOU] caTXUra KY4upriaad Ba
1y OpKainu cheporuK yaOypuak dJIeMEHTIapy TOTUIA IH.

Kuunk macodanapaa (30+45 kM) Oomr reofe3uk MacaiaHu OaBocUTa iy Ouman
e4yuIl Makcaara MyBouK xucoOmaHaau. baBocuta #ynm Owiran 0ol Te€oe3UK
MacajaHu euula KUAupuiaaéTran Ba OepuiraH KaTTaluKiap opacuaard dapkiap,
SbHU B,-B;; L,-L; Ba A,-A;%I 80° AHUKJIQaHAJIM, VHJAH CYHI KUJIAPUIAETTaH
KaTTAJTUKIIAp TOMNJIA/IH:

B>-B;HB>By); Ly-L;HLyLy);
A>-A;#180"-(4,-4,)

Dnurncou] caTxyuja 3JIEMEeHTap yuOypuak OYynuO, yHUHT OMp HYKTaCHHHUHT B,
L; xoopauHaTamapyu TOMOHHUHT A; TYFpU a3UMYTH Ba TOMOH Y3YHJUTH S MabiIyM
OyncuH. YHIa UKKUHYY HYKTAHUHT B), L, KoopAuHaTalIapu Ba A, TECKapu a3UMyTH S
MacopaHUHUHT QYHKUMSICH OYIanu, SbHU:

B, = £1(8); L, = [,(S); 4, = £(S);
¥3 HaBOaTuIa
B = £,(0); L, = £,(0); 4, = f(0); Oymanm.

Kunupuna€rran Ba Oepuiran kaTTalqukiap opacunard dapkiapHu MakiiopeH
KaTopura €Il OpKaau aHUKJIall MyMKUH;

- n-(2) s (£2)S(£2)2...
{2 (20520

2 3 3
A, — 4, +180° = (dA)S d2 S )
as),” "\ as? )2 T as® ) s
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['eoie3uk YM3MKHUHT aCOCHM TEHTrJaMajlapyd JieraH MaB3yaaH (oiinananub

OMpPUHYM XOCUJIAIAPHU TOIAMU3:

cos A= M—dB,
dsS
OyHIaH: B _ cos4
y ' as M
sin A= r_dl
ds’
Syrnan: ﬂ_ sind_ sind
y ' ds r N cos B
dA=dlsin B,
OyHJ1aH: da =1 AdS sin B
r
- dA _smAsmB sinAsinB _sin AigB

ds r Ncos B N
VY X012 UKKUHYY TapTHOIU Xocuianap Kyiuaaruiapra TeHr Oyinaau:

d’B_ sin’4
> =— 1gB
ds MN
dzi __sin24cos B B (10.2)
ds MN

d*A 3 sin Acos A

e (1+2tg*B)

Oxopunarn dopmynanap S<30xm Oynranga erapau XucoOnaHaau, arapia
S>30km OYnca yHAa YYMHUM Ba YHJAH IOKOPU TapTUOIW XOCWJIAIap OJMHAIM.
bynnan tamkapu M Ba N KuiiMatiapy KEHIJUK Y3rapuinura OOFJIHMK, SHHU yiap
nouMui SMac. byHpall Xoija Katopiap Ha3apUsACHHHM KYJulaml XucooOiamn y4yH
HOKyJIaii OynraH QopMmynanapHu kentupud® umkapamu. Iy cababmm macamanu

CUMIIHUHT Xap XWI yCyJUIapu MIUIa0 4MKWiIrad 0ynul, ynap KaHmalaup aapaxana
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MaBxya GopMylaliapHd coAAaiamTUpanu. bour reojae3nk MacajaHu EYUITHUHT
alipuM yCyJJlapura TyXTajau0 yTauuk:

a) Oom TreoJe3UK MacajJaHM ypraya aprymeHTId opmyJianapaaH
doiinanann6 euunm. by dopMmynamapna ypraya KEHIJIMK Ba TOMOHHHUHT YpTada
apryMeHTIapy umatuiaa. Kuaupunaérran KaTTaIMK KEHITIMKIIAP, Y30KIUKIap Ba
azuMyTiIap (papkiiapuHu Katopjiapra eluil opKaJid aHUKJIaHA I,

0) 001 reoie3 UK MacaJaHu épAaM4M HyKTa ycy/ju OuwiaH eunm. by ycynna
KUIUpUIAETral KaTTaduKIap MakcaJ OujlaH TaHJIaHraH €pJaMyud HYKTa OpKaJld
tonunaau. Hatnkana ENMIMAHUHT ailpyM XalJlapyu KUUpasi/iv;

B) Oom reoaesmk macajanu épaamuu cdepa ycyauaa euum. by ycymnaa
yubypuak €pmamuu cgepara yrrazwiaaau. Cdepuk ydOypyak eywIraHaaH CYHT
yuOypuak cdepanan cheponara Kaira YTKa3uiaau.

FOxopua aliutunran ycyJap/iaH Tamkapu OOl reoie3uK MacajlaHd BaTapJap
Oyiinuya eunin ycyJam MaB:Kya. by ycyn ¢popMmynanapu nmyHKTIap opacuaaru Mmacoga

KaHJ1ail Oy IuMIuaaH KaThui Ha3ap KYJUTAHUIUIIN MyMKHH.

Texmmpu y4yyH caBoJuiap:

1. Ty¥pu reone3uk Macajaja KaHAall KaTTajdukiaap OONUIAHFUY MabIIyMOT
cudarumaa 6epunaay, KaHIal KaTTaluKiIap Xxucoomad ronuaam?

2. Teckapu reojie3uk Macaiajga KaHJaid KaTTalukiap OOILIaHFUY MabIyMOT
cudaruma 6epunaay, KaHIak KaTTaluKiIap Xxucoomad ronuiaam?

3. bomi reone3uk Macania JieraHjia HUIMaHu TyIIyHacu3?

4. bom reojie3uK MacaiaHu OeBocuTa Ba 0aBOCHUTA €UMIN WYIIapu Opacuaaru
acocuii (papkTapHu alTHHT.

5. MaknopeH KaTopu HUMa YYyH KyJJTaHUIagu?

6. bo reosie3nk MacanaHnu 0aBOCKTa EUUIIIHUHT KaHJlall yCyJulapuHu Ounacus?
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§ 11. EPIAMYY HYKTA YCVYJUJA TYFPU TEOJE3UK MACAJIA EUMIL

11.1-makxa

Q,PQ, chepounux Kytd yuOypuarm OynacuH. (Q,HykTaman mmyHaail 0,0,
reoe3nK UM3HUFMHM yTKasaMuskin y O, Hyk-taga 90'mH asuMyTtra sra GYICHH.
Hatwxana QpPQ.Ba QyQ;0,tyfpu Oypuakiu cPepouiuk ydOypuakiaap XOCHI
oynau.

(Q; HYKTaHUHT B;-KeHIHUK, L; —y30KJIMK KOOPpAUHATAJIAPH, TYFPU a3UMYTH
A; xampa @Q; Ba (, HyKrajgap opacugaru S wMacodacu OepwiraH
0yan0,Q,;HyKTAHUHT B;KeHIuru, L,-y30KJIurd Ba TeCcKapu a3uMyTH A,HH

AHMKJIALI JIO3UM OYJICHH.

1. 0,000, y40ypyaKkHU eqHIl
N30x
Maston unzmacu Tyrpu Oypuakinu chepouguk ydoypuak yuyH
B Henep-Mantou konmacu.
] Tyrpu Oypuaknu cdepouauk yuyOypUaKHU
Pﬂﬂ-é Xap Oup DSJIEMEHTHHUHI KOCHHYCH YHra
KYILIHU oynran dJIEMEHTIIAaPHUHT
0%-B’; KaTaHIeHCIapu €KW Y30K DJIEMEHTIIAPUHUHT
90°- CUHYCJIApU KYITAUTMAaCHUra TeHr .
S X = X— £ + i -
6 120
tgx=x+ X, 2 +
3 15
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YubypuakaaH KyiuaaruiapHu TONaMu3:

cos[9()0 —ij = sin£ =sin 4, sini (11.1)
11 Rl Rl

S b S b
cos 4, = cte —cte| 90° —— | = cto —to — .
1 gR1 g[ le gR1 gR1

bynnan: 1g % = cos Ajtg % (11.2)

1 1

(11.2) Ba (11.1) popmynanapaaru sin}%, sini, g i, 1g % JIAPHU KaTtopra EIMus:
1 1 1 1

3 3 3 3
i_c_3:sin,41 E—S—B —)izisinAl—S—sinAl+c—
R 6R R, 6R; 6R 6

bupunuu skunnammmaa B ~ScosA;, ¢ ~#SsinA; necak:

b=Scos 4|1+ —-— 11.3
3R. 3R} (11.3)
2 2
C=ssinaf1- + (11.4)
6R’ 6R;

U=ScosA;, V=sinA; neb Oenrunami KUpUTaMu3, y X0Jaa UP +1°=S° Oymaau Ba
(11.3), (11.4)nap Kyiingaru KypuHuIUIapra Keiaau:

2 2
b:U£1+3I;2J Ba C:V(I—CZ;JRJ (11.5)

1 1

2. Dbepuiaran Ba épaamMyu HyKTa/1ap KeHIVIMKJIApU GapKUHHU aHUKJIAIT

By-B; xenrnukinap papku yuyH Kyduaaru QyHKIMOHAT OOFIaHUIIHU E3aMU3:

2 2 3 3
BO—BI:(d—B]ZH d? b—+ d? b—+ ..... (11.6)
dx ), dx” ) 2 dx’ ) 6

(11.6) popmynara OUpUHYM, UKKUHYH, YYUHUU TAPTUOIN XOCUIaJapHu KyHno,

KEeHIJIMKIIap (PapKUHU TOTIAMU3.

75



Bupunum xocuia. busra Mmabnymku dx=MdB MyHUHT Yy4YyH:

dB_ 1 _(1=¢sin’B)? (11.7)

dc M a(l—ez)

HNKKHNH4YM XocuJja.

1
dB> —i[ 1 jd_B_ ;(1—62 sin? B) 2(—262 sinBcosB)_
dx> dB dx a(l—ez)l\l B

__EeZSinzB(l—eZSinzB) . 3¢’ sin 2B (11.8)
2 a(l—ez)l\/l B 2(1_62)]\/[]\/

Yuunun xocuJiia. Yuunun XOCHJIaHN TOoImMIAgaH OJIWH HWKKHHYHN XOCHJIaHH

M

N | =

CoJlTa A THPAMU3.
d’B _ 3¢’sin2B 3e’sin2B __ 3e’sin2B
dx’ 21— )MN  2(1-€’)a(1-¢*) a 2a*°(1-¢€*)?
(1-¢*sin’B)”> (I-&sin®B)y?  (1-&sin’ By
(1-¢)’ 2 o
OyHna ——————; € TapTHOUIaru KUYUK KaTTAIUK OVITaHIIUTH YUyH:

(1-e’sin’ B)?’

d’B _ 3e’sin2B
dx’ 2a°

3

ne0 oJlaMH3 Ba YYUHYH TapTUOIHM XOCHUJIAHU TOIIAMM3:

3 2 2
d ? =i d ? d_B=_3e CZOSZB; (11.9)
dx dB\ dx° | dx aM

(11.7), (11.8) Ba (11.9)napnu (11.6)ra Kyssmus.

:(l—ezsinzBl)%.b_ 3e’sin2B, 'E_

B,-B

(B~ 5) a(l—e?) 2(0-e*)M,N, 2

_3e2c052B1 b_3:i - 3e’sin 2B, .b_ezcos2B1 b2
aM, 6 M| 4(1-¢e)N, 24’

xaj 0ol aaru MepuaIuat y3yHIuTu:

2
b=U|l1+ Vz
3R,

OWJIaH aIMaIITUPAMU3.
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KBanpat kaBc nungaru xaanapaa b~U ned oamusz, yHa:

3 2 .2 2
B,—B =— 1+V_2 11z 3e Sln2 B, U_¢ COSZZBI e
M 3Ry 41-€)N, 2a

v p'=()U=p" ned Oenrmwiam KUpUTaMU3 Ba KaOysd KWIMHIAH aHUKIUKIA

1

Kyhujaarura sra 0yiaMu3:

(11.10)

*sin2B *cos2B ?
b"'= (B()_B]):p"{l_3e 0 IU—e €08 1U2+V—}

4(1—e*)N, 2a° 3R’
(11.10) Hu norapudmaaimMus

b

3e? sin 2B e’ cos 2B V2
leb"'=1g B +1g|1— Ly - Ly? +
gh=le s g{ 4(1-€*)N, 2a* 3R} }

2 3
KaBCc wupgard wudomanu sorapudiauk karopra Eumod, lg(l+x)= ux—% U+ % u -

dbopmyna Epaamuna, OUpPUHYM XaAWHU cakjiad Kydujgaruya Oeiruiianuiap

KUPUTAMM3:
3¢’sin2B (@) 1
21-F)N u TYPTHHYH ICOJC3UK KATTAIHK;
Lz 1 =(5) -OCIIMHYH T'€0Ie3UK KaTTaIHK;
3R
~ e’ cos2B L= (6) OJITUHYH T'€0JE3UK KATTAIHK;
24°

Ba Kyﬁnz[arI/IHI/I XOCHII KUJIaMHU3:
lgb"=1g B'—(4),U +(5),V* +(6),U? (11.11)

CyHrpa €pnamMuu HyKTa KEHIJIUTHA XUCOOIaHA N :
B, =B, +b," (11.12)
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Epaamun HykTa Q) Ba KOOPAMHATACH KHANPUIAETIaH HYKTa O,

y3okJaukjaapu ¢papku Ba 0,0y YU3UK a3MMYTHHH AHMKJIALI

QoPQ, cdhepouauk yuOypuaruau osamu3 (11.2-makia) Ba yHH paauycu
(QyHYKTaHUHI OMpWHYM BEpTHUKAN paauycu Nyra TeHr OyiraH mapra yTKa3aMus.
QyPQ, HuHT Mapka3u n, HyKTaja Oynran map carxumpard mpoekuusicu Q,P’Q,
oyncun. Cdepux yubypuak Q,P’'Q, na Hemep-Monaron KoummacuHu Kyuiabd

KyWUHJIaTUHA €3aMU3.

— s
D
90°-By /
Ve P B,
90°- = /
0
O
90"-B’,
90°-t
| 90"-B,
n;
90°-B’,
o
11.2-makxa
C
cosB, =1g Fo ctgl
sin£ = cthoctg(90° - t)
NO
OynapjaH,
gl =tg NisecB0 (11.13)
0
(11.14)

C
tgt = sin—tgB
g Nogo
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tgl ,thi,tgt Ba sinN£ JapHU KaTopra €inb, yUnHYN Aapakaiu Xajuiap Ouian
0 0

ucrapajiaHaMus.

3 3 3 3
Z+l—: £+C—3 sec B, —>l:£secB0 +C—3secB0 —I—;
3 \Ny 3N Ny 3N, 3

3 3 3 3

t c C C C t
{+—=|————|tgB, >t=—1gBy ———1gB, — —;

[ N]g‘) Nog0 6N3g° 3

C C
OMPUHYM SKWHJIAMINIIIA [ ~ FsecBO; t~ VthO ne0, Kadynn KujiaMu3, y X0J11a:
0 0

2 2
z:isecBo[H Cz-l—] (11.15)
N, S
C c: P
t=—1toB | 1— - 11.16
N, € 0( 6N 3} (11.16)

2

2
1

C U?
C'=—p"=2),V|1-
Nop ( )0 [ 6R12]

(11.4), (11.5)1an C = V[l- u

J DKAHJIUTUHUA XUCOOra 00 TOmaMu3:

€ku (2),V =y" ned Oenruiam KUPUTCAK:

Uz
Cu: ]/"(l _ j
6R’

xocws Oymamu. OXWUpPrH KEHIVIMKHUHT Xap WKKH TOMOHWHHU Jjorapudmiad

KYWMJAruHA aHUKJIaNuMH3:

U? 1
lgC"=lg y"— — lgy"——(5) U> 11.17
g gy =gy 2()1 ( )

1

(11.15)Ba(11.16)1u Oypuak yiruoBuaa OepaMus:

C"=£p"_>C=CN°; l"=lp"—>l=l—' t“=tp”—>t=t—
N, p

" n?’ "
0

¥3 HaBOaTuA:

Cn2 an
"= C"SCCB()(I + 3p"2 - 3p"2j (11.18)
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Cn2 th
1= C"ZgB()(l_T_ "zj (11.19)

Kyiinnaru OenruianuiapHu KUPUTCAK:
C"secB,=1"; C"tgB, =" (11.20)
C"”=A"—r" (11.21)
Ba KaBC wummard xamiapgaa [” wu A7, t"Hm 77 Owmnman ammamtupcak (11.18)Ba

(11.19)nap Kyiugaru KypuHUILIApra Keiaaau:

" . 1112 _Z_HZ _AHZ . z_,,z
Z :i (1+ 3p||2 j:/l (1_3p||2] (11.22)
(ZHZ_ 112) n2 1"2 "2
M=7"1- T _ T ! B _ T (11.23)
6 n2 3 n2 6 "2 6 "2
P P P 6p

(11.22), (11.23)napuu norapudmiad:

n n Z-"z
lgl"=1g A +1g(1 — 30 j;

AHZ ,Z_HZ
lgt=1gr"+Ig| 1— -——
g g g( 6pn2 6pn2J

Ba yJIApHU UKKUHYM XaJUHU JOrapuPpMIMK Katopra Eind, KaTOpHU OMPUHYU XaJAUHU

cakJiab KoJIraH XoJia KyHnu1aruHd TOIaMM3:

"2

" " z-
lgl"=1g A"— 37

2 2
" T"

lgt"=1g"— - ;
g g 6" H 6" H

A

1
6p

— uHu & OUsIaH Oenrusacax,

lgl"=1g A"-29¢" (11.24)
lgr"=1g """ (11.25)

JJapHHU XOCHJI KWJIaMU3.
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Epaamun Q, Ba KoOpIMHATACH AHUKJIAHWIASTIaH O, HYKTAJApP KeHIIHKIADH
(apkuHN aHMKJIAII
QyP’Q, yubypuaknan (11.2-maki) (ITudarop bopmymnacu)
cos(900 - B, ') = COS N£0 cos(90O - BO) ;
€K1

sinB,'= cosNgsinB0 (11.26)

0

Kenrnuknap gapkunu B)-B,’=d, ne6 Oenrmnaiimus, yHaa
sin B', = sin(B, — d,, ) = sin B, cos d,, — cos B, sind, (11.27)
(11.27)uu (11.26)ra kyiicaxk

. : Cc .
sin B, cos d, —cos B sind, = cos —sin B
0

YH/aH,
. C .
sin B, cosd, —cos——sin B,
. N,
sind, = :
cos B,
: C
éxn sind, =tgB,| cosd, — cos —
NO

. C o o
sindy, cosdy, COSV JapHU Karopra €iMno, KyHuaaruHu XOCHJI KUjIaMu3:
0

3 2 4 2 4
do—d—":thO o9 40 [ c ——
6 2 24 2N? 24N

OenrniaaHrad aHuKInKaa:

(11.29)

OMPUHYM SKWHITAIIHIIJIA:

ne6 KaOyJ KUITUIIT MYMKHH.
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C 9 V)
—— rTa HHMcOaraH TYPTHHYH TapTI/I6I[aFI/I XalJIapHU CaKJIa6 KOJIMIITHKY IMapTIAuMMN3,

0
3
yHIA ?‘) HU Tanpiad [00OPHIIMMHU3 MYMKHH, d.HUH d, ::thzBo Ounan
0

aIMaITHPaAMU3.
Yuna (11.29) dpopmymna:
6'2 C4 6’4
d, =tgB —~ —~ tg’B, | KYpUHHUILTA, EKU
0% {21\/3 24N: 8N: S 0] P
2 2 2
dy=——1gB,| 1-————° 4B, | kypunuLIra KeTaxH
© aN2 T 12N2 4N2 T
c'= i,o"—) c= c—"No;
0 P
c"secB, = A"; c"tgB, =1"; " = A" 1"
dll
d=— dbopmynanapHu nHoOaTra oiuo, dy Ba ¢ HU Tpaayc yauoBuaa udoaananmMms:

2 2 2 A72 2 2_n2
| C" NOT" C" N() C" NOT"

o1 A" _ln2_z_n2 B ,Z.HZ .
0 pn2 2N§C" P anlZNg an 4N§cu2 2pn 12[0"2 4[0"2 ’

EKU

d W C"T" 1_ 1112 B ,z.nZ ' (11 30)
0 2pn lzpnz 6pn2 ° *

Hatmxana Q) Ba (J; HYKTaJIApHUHT IIAp CaTXHUJArd KEHTJIMKIAp (apKUHU
TOMIUK. DJUIMIICOU]T caTXura yTamus, d=By-B, KeHrmKiIap GapKUuHU TOaMus3.

Kenrnuknap opacugaru gapk KMUMK OYITaHIUTH YYyH yjapra MOC KeJlaJuraH
ap Ba AJUIAIICOUIArA MEpUANaH EWTapuHu aiyiana €inapu cudaruma Kapanmmus

MYMKHUH, JIEKUH yJIApHU STPUIIMK PaUyClIapuHU Xap Xui 1e0 oJlaMu3, S’bHU:

Nod,"=M,d";
OyHJ1aH:
M
d "n_ 0 d"; 11. 1
=N (11.31)

(11.30) Ba (11.31) popmynanapaad KyWuaaruHd TOTIAMH3:

Mo d": an.n(l_ /1u2 ~ Z.n2 j

NO 2[0" 12p"2 6pn2
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OyHJ1aH:

N, n_n 2112 n2
d=-0C - L (11.32)
MO 2[0" 12,0" 6pn
NO
20— 3 .
M, 2p" (3)o nebd oenrunaiMms, y Xosaa (11.33)
(3),c"7"=0" (11.34)
Ba (11.32) dbopmyna
2112 TH2
d":é‘ﬂ 1_ _ .
( 12p1v2 6,0"2) (11 35)

kypunuiau onagu. (11.35)uu norapudnaitmus

/'va2 z_u2
lgd"=1g 5 +1g| 1— - ;
g g g[ 12p"2 6pn2j

KaBC Huuparu udojanu sorapudmimk karopra €inO, OMpUHYM XaqUHU cakiIad

KYWHUJIaTHHA OJIaMU3:

2 2
" T"

lgd"=1g 5" - -
gd"=lgd" A

1
6p

TH=D HKAHJINTHHU XUCOOra 0Jn0,KyHUIaruHy TOMaMU3:
" " 1 n2 n2
lgd"=1go —EUA —0T (11.36)
Hatwxkana KuaupuinaéTrad HyKTaHUHT KEHITIMK Ba y30KJIUTHMHU TOIIAMU3:

Teckapu a3MMYTHH AHUKJIALI

11.3-maknnag

A, =360 — D —(90° —¢);
8xn . (11.38)
A, =270 =D+t

0,00, yubypuakaH:
180° +&"= 4, +90° + D (11.39)
(11.34) Ba(11.35)dpopmynanapaan Qoiiananud KyHuIaruHA TOIIAMU3
A, =270° +¢—(180° + & — 4, —90°)

ki A, = A +180° +1+¢&" (11.40)
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11.3-maxn

Cdepux OPpTUKIMKHHI XUCOOJIAT YUyH KyWHIaruHu E3UIMIUMHA3 MyMKHH:

gu_b'c "_ﬂn.i.i-
2R’ 2 M, N’
OyHza:
b b"
I 1l=b'|l a b — _‘_M '
Mlp YA pr
E mn
L aN—_ a1 a =_}..r,
Nlp ¢ YHA ¢ P
y XOJia:
5.._3,1?_",0_":1’_0" (11.41)
2 p" p" 2p

dDopmyJianap TyiaMu
u=Scos 4 ; lgh"=1g f'—(4),u+(5),v’ +(6),u> v=_Ssin4;; f=0)u;

B, =B, +b".

" . " 1] 1 .
y'=2)v; lgc'=1gy —5(5)1142,

A= C"SCCBO 5 "= C"thO; o"= (3)0 C”T";
lgl"=1g A" 2ve"; lgi"=lge"vA"—ve"?
lg d"= lg 5"—\/'2'"2 —%V/,L"z ;

B2 =BO :d"; L2 :Ll +l"; HZZLbHcH;

A, = A £180° —"-&"
(1)-(6) reonme3nk KaTTaqukiIap KEHIJWK KUUMaTh OYinYa Maxcyc KaJBaJiJaH

onmuuamu. (4), (5), (6) reome3wk KaTTaMMKIAp JOTapUMHHUHT A-UHYM OEITHCHUTA
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Ty3aTManap OYynm0, Maxcyc »KajgBajulapja acocaH JiorapumaHu CaKKU3UHYH
Ooenrucuga Oepunaau. Jlorapudmanu eTTUHUM OenNrHcHra YTKa3Wil —Y4IyH
XapaKTepUCTUKACHHM OMpra KaMaWTUPHII Kepak. vA’ Ba vz’ Ty3aTMma xaajap lgl Ba
lgr apryMmeHTinap Oyiinua >kajaBajjaH OJIMHAIU, YJIAPHU JIOTapU(DMAHUHT €TTHUHYHU
Oenrucura YTKa3Will Y4YyH »KaJBajjJaH OJIMHraH KuiMatHu 10 ra Oynumn Kepax.
FOxopuna 6epunran dhopmynanap TymwiamMu | Kiiace TpPHAHTYJISIUSHUHT KOOPIUHATA
Ba a3UMYTIApUHU XHUCOOIalIa KYITaHUIaau.

Arappa nyHkTap opacupard macoda 30 KuJIoOMeTpAaH KUYUK Oyiica, €TTH
XOHanu Jjorapudm kaaBanunan Qoiinananwiaad. Macoda 30+60 kumomerp
opanuruia Oyiaranjia cakku3 XoHaiau jJorapudm skaaBanujan doinananunaan. S<30
Kkm OYnranjga KoopJauHartajiap xucooOnam aHukauru #0,00017; a3uMyT aHUKJIWATH
40,001 ’ra TeHr 0ynaau.

Xucobmaman DXMpaa Oaxkapull yudyH KyWHJla KeITHpUITaH (GopmysanapaH
dbolnananuin Kysau:

3
u=icosAl; v=£sinAl; b=ul 1+ ;
N N 3

1 1
46
C:V[I_F]; p, =B, +bp";, T=c-1gp,,

2 72 2
A=c-secq,; t"=1|1-————|p"; "= 1—— |p"
c ?, [ 6 6 Jp [ 3 P
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§ 12. YPTAYA APTYMEHT.JIA ®OPMYJIAJIAPIAH ®OMJIAJTIAHUB
TYFPU I'EOJIE3UK MACAJIA EUAIII

0>(B>,L1,A5)

Py

N 12.1-maxJ.

MarteMaTukanaH MablIyMKH, apryMEHT ypTaua KuhMmariapu Oyilmua €lunran
Japaxanu Karopaa Ky(pT nmapaxkanu xamiap Oyimaiiau, OONUIaHFUY apryMEHT

Oyiinua EiMmiran KaTOpHU XaJylapu/iaH Xajiap COHU UKKKA MapTa KaM OyJaju.

FGeth) = £+ b (%) +’“7f" (x)+h3—,f”’ @) +%f” (D+e (A2.1)

KATOPHH ypTadya apryMEHT % OpKaiu €3alJIMK. byHUHT y4yH ypTada apryMeHT

Oyitnua Oapya TapTHOAAru XOCUIAIAPHUA TOTIAMU3.
OMpPUHYM XOCHJIA!

OyHJaH KyHUJaruHA TOTIaMU3:

f'(x)=f(x+g)—gf"(x)_%fm(x)_ﬁ

v
AR (12.2)

(12.2)um (12.1)ra kyiicak,

2 3 4
FGxe+h) =f<x>+hf'[x+§j—%f"(x)—%f’”m—h—

w
48f (X)— s
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KM
f(x+h)=f(x)+hf"(x+ )+ f”’() SfIV()C)—l-.... (12.3)

HU XOCHJI KUJIaMU3.
VYpraua apryMeHT Oyiinua y9YMHYH XOCUJIAHU OJIaMU3.

i ()H_gj:f”] (x)+§fn/ (X)+.....e. ; OyHaaH:

m _ ol ﬁ _ﬁ oo
fo(x)=f (x+2j 2f (xX)—..... (12.4)

(12.3) Ba (12.4) nan doitnamanud €3amMms:
f(x+h)= f(x)+hf (x+ @ ; {f’” (x+§)—§f”(x)— ..... }+h—f’V(x)+ ..... ExkH

AT
f(x+4)=f(x)+hf [x+2J+24f (er2

OyHJ1aH:
3

fx+h) = f(x)+hf" (x+;j 24 £ (HQ (12.5)

(12.5)nan xypamMu3ku ypraya apryMeHT Oyinya yHKIMs Katopra €nunica Kyt

Japakaliy Xaajnap KUCKapuO KeTap dKaH.
12.1-maknga Q;Q, reoae3uk 4YM3MWK ypracuaaH (J, HyKTa ojamu3. Arapaa

re0JIe3UK YM3UK Y3YHJIUTU S ra TeHT Oyica,

Q1Q0:QOQ2:§

(12.5)nan doitnanannd, KOOpJAUHATAHU y3aTHUI yuyH (popmMya €3amu3

N3ox: B;, Ly, A, nap (12.5)naru f(x+h); B;, L;,A; nap (12.5)naru f(x) aecak

3 3 N
B, - B, (dBJ S+ d’B S—+ .....
das ds® | 24
3 3
L—L =) i[9 L) S, - (12.6)
ds),” \ds’), 24
3 3
A, — A4, +180° = (dAj S + d’A S—+. .....
das ), ds’ ), 24



(12.6) ra (10.1) ngan ¢origananuO, y4MHYM TapTUOIM XOCHJIAJIAPHU TOIMHUO
Kytcak unrau Gopmynanap kenud unkaan. opmyna nanekcuaarn () xocwia yprada
apryMeHtnap Ly, By, Ay 6ylinda oJUHUIIN KEPAKJIUTUHU KypcaTtaau. Jlekun L,,, B,,,
A, ypTaua aprymeHTiap reoAe3uK YWU3WKHUHT L, , B, , A, HyKTajlapura TYF¥pu
kenmamu (12.1-maxm). QyHyKTara Tyrpu kKenMmanau, nry cababmu (12.26) dopmymnara

(Bn-By), (Ln-Lo), (An-Ay) dapxnap yuyH Ty3zarmanap KUPUTWIHIIA Kepak. ByHUHT

qyH 4B XYCYCUM XOCHJIaJaH a8 KYpUHUIIArd XYCYCHUM XOCHWJiara YTHII
yay 7S ycy S Yp ycy y
0

m

Kepak,

BRCETR o

8 | ds? dB 8 | ds? dA

Xyanu IMIyHAaW Y30KJIMK Ba a3UMYT Y4YyH XYCYyCHH XOCHJaJiap Opacujaru
OOFNaHUI TEHrJaMallapuHu &3l MyMKUH. Mypakkabd Oynmaran Yy3rapuuuiap
KUPUTUO KyHuaaru uirau GopmMyaaapruHu OJaMu3:

®opmyJianap TyIiaMu

lgh"=1g[(1), S cos 4, |+ Algh
lg!"= lg[(Z)mS sin 4,, sec Bm]+ Algl

lgt"= 1g[(2)m S'sin 4,,1gB,, ] +Algt

1 2 . 1
Algb=—vl"sin” B, +—Ul

4 2

1 2 .2 1 2
Algl=—vl"sin” B, ——vb

4 4

1 2 .9 1 2 2 |
Algt=—vl"sn” B, +—vl” cos” B,, + —vb

4 2 2

B, =B +b"L,=L +I"
A, = A +180° +1"
by dopmynanapnan doigananumga ypraya KeHrauk B, Ba yprada azumyT 4,

KHUMATIIapy HOMAaBJIyM Oynrannuru cababiau MacajaHu €YHIl KETMa-KeT

AKHHJIaIWII YCYJInJa aMaJira OmrpuIaian.
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bupvHuM sSKUHIAMIMIIIA YpTadya KEHIVIMK Ba YypTadya a3suMyTHU TaKpHOMii
KUHMAaTJIapy TONUJIA N

_ B +B,.

I +(4,'+180%)
m 2 > m

2

BV

OyHJa: B,'=B,+Scos A/(1), =B, +b';
A,'= 4, +180° + Ssin A,1gB, (2), = A, +180° +¢'
VY3okmkinap ¢hapKuHA TOMUIT YIYH Kyhuaara ¢hopMynanan GponaaaaHiam:
[I'=Ssin 4, sec B,(2),
WkKkyHYY SSKMHIIAIUIIA, OMPUHYN SKUHJIAIIUIIIA aHUKTAaHWITAH KaTTaTuKIIap
B, ,A4,,b,t Ba [' napnan dorinamannb® Algb,Algt,Algl Tyzarmanap tonunaau. by
Ty3aTMaiap kuputuauod B",,, A", ,b",t",[" kaTTamukiap TOMHIAIN.

IOkopuparnaexk SKUHIAIIWIL OXWUPIM WMKKU SIKUHJIAIIWINAA TEHT HaTHXajiap
OJIMHI'YHYa J1aBOM 3TTUPHUIAIU.

Tpuanrynsiust TYpu JIOWWXacu Ty3WJITaH XapuTa MaBxkyJ OVyica, mMacalaHu
€YUl aH4Ya OCOHJIAIA]Y, ShHU XAPUTAJaH KEHIVIMKIAp (papku b, Ba y30KJIHKIAp

dapku /) omuHaau. bupuHYM SIKMHITAIIAIIA,

lysinB',,
——— Jlap TONHUJIAJH.

B, =B +—; A,=4+
by xarranuknapaan ¢oiigananud b', ¢, ['map xuco6:1ad Tonunaau.

Arap S<40 xM Oyica, vx’ KYpHHHIIIATH %U(lsian)z; %U(lcosBm)z; %ulz;

%bz; %ub2 Ty3armanap, lg/sinB,,; lglcosB,,; lgl; lgb aprymentnap Oyiinya

KaaBajJdaaH OJIMHAOW.

Ypraua aprymenT ¢popmyJiajiapaan Qoiianannd Teckapu reoie3uK
MAaCAJIAHU €YML
Teckapu reofe3vK MacajlaHU euulga OOUUIaHFUY Ba OXUPIM MYHKTIAPHUHT

(MKKUTA MyHKTHH) KoopauHaTamapu oepuaama: Q;(B.L;); O»(B-L,). V3 Hapbatuma

89



NyHKTIap opacuaard mMacoda S Ba YHUHT TYFpU Ba TeCKapu azuMyTiapu A;Ba A
xuco01a0 TommIIaau.

Teckapu reome3uk MacalaHM €uYMIJa WIUIaTHIagurad Qopmynanap TYFpH
reoJIe3UK MacallaHd €uMIlJja HIUIaTWiIaaurad Qopmynaigap acocuaa KenTupuo
yukapuiaan. Kyilimma Teckapu TeOIe3MK MacallaHu e4uil y9yH (opmynanap

TYIUIaMH KEJITHPHUIITaH:
B, :%(Bl +B,); b=B,-B;; I=L,-Ly;

lgS=1lgP-lgsin4 =lgQ—-lgcos4,;
["cos A4,

(),

ngzlgScosAm :lg(lb—+Algb";

m

lgP=1gSsin4, =g +Algl";

Algl"= Lo Lo gin? B, ;
4 4

Algb"= —lul"z—lul"2 sin® B, ;
2 4

lgigd, =1gP-1gQ;

lgt"=1gl"sm B,, + Algt;

Algt = +§Ub"2+ll)l"2 cos” B;
4 2

Al = Am _lt’
2

A,, ypraua azumyT 4doparu P Ba (JHUHT HIIOpajiapura Kapad aHUKJIaHUJIAIH.
Teckapu reoie3uK MacajaHu SUUIa KeTMa-KeT sIKWHIIAIIHII OakapuiiManiu, 9yHKH
B,, HUHT KuiimMaTu Oupaanura anukiaanaaud. Okopupa kentupuiran dopmynanap
S<40xm 6YAran a MIUIATALT YYYH SIPOKJIU.

Vpraua apryment popmynanapuaas GoianaHind Teckapu reoe3uK MacaiaHu

SUHIIl YIyH HOJIAropu(OMIIUK HITuu hopmyanap:

Ssin 4,, = Dla] + a,ABY +a,i*|= DY (12.8)
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S cos 4,, = Dla,AB+a;ABI? +agAB |= DY, (12.9)

M =sin B,,[a,] +aAB +a,i* |=sin B, Y, (12.10)
OyHJa:
2
AB =(B,-B)"-10™; DzwiBm
n+cos” B,

~m=1593.602160

[=(L,—L)"107%;
(£, ~L) n=197.867385

a; =103422,05 cosB,,

a,=9.5144 cosB,, + 0.5525 cos’B,,- 0.0078 cos’B,,

a;=-10.1287 cosB,, + 10.1287 cos’B,,

a,=103422.05 — 696.9116 cos’B,, + 4.6954 cos’ B,, — 0.0310 cos’ B,,

as=- 30.3860 + 10.3334 cos’B,, — 0.2061 cos’ B,, + 0.0014 cos’ B,

ag=- 0.2048 + 0.4192 cos’B,,— 0.0124 cos’ B,

a,=10000 = 10°

as=2.9381 + 0.0132 cos’B,,

ao=1.9587 cos’B,, + 0.0132 cos’ B,

(12.8), (12.9), (12.10)bopmynamapaaH TEeCKapud TI'€OJE3UK MacallaHW CYUHMIII

bopMynanapuHu XOCUIT KMJIAMU3:

D ST ) VRN )
A =arctg = S| =— s P2 T T— —
" > sin 4 cos A

2 m m
Sy“P=S1+S2;A1.2=Am_%AA;

4,, = A, +180° +%AA

Oxopunarn dopmynanapman doigamanub, yprada macodama (S <600xkm),
TEeCKapy TeO0JIe3UK MacajlaHM €4l HaTWKacujaa HyKrajap opacuaaru macoda
+5-+10cm , WyHANIUII a3UMYTH +0,05" aHUKJIMKIAQ TOIIAIN.
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cosB,, xuhMatuHM a; KOIG(UIMEHTHH XUCOOJAIIM €TTH XOHAa, a HH
xucoOmamga OATH XOHA, KoJraH a Kod(duiueHTIapHA XucoOmamiga TYpT XOHA

AHUKJINKIA OJIMII KCPaK.

§ 13. KATTA MACO®AJIAPJA BOIII 'EOJAE3UK MACAJIAJIAPHU
EYuil (BECCEJIb YCVYJIN)

By ycyn Ounan reoje3vk MacallaHU €YMINJA, KUIUPWIAETTaH KaTTaJuKjap
TYFpUIaH-TYFpu O6eBocuTa xucobnad Tomunaau. beccenb ycynmuma macamaHu €4uIll
KyHuaru Taptudaa oaxapuiaiu:

1. Cdheponnuk yuOypuakHu O€pwiiraH yd4 SJEMEHTH Ba Te0JC3UK YH3UKHU
acocui TEHIrJaMacu cosu, sin A, = cosu, sin A, = cost JaH doitnananu6
Q,PQ,yubypuak (13.1-makn) mapra Ky4Yupuiaim;

2. llap carxuaa xocwn kwimHran Q;'P'Q,'chepuk yuOypuak mabiiym Oynran
AIIEMEHTIIapy OPKaJIl CUnIa Iu;

3. Xuco61a6 Tonuarad cepuk yuOypuak dJIeMEHTIapUIaH yjiapra Moc Oyiran

chepouivK yuyOoypyak 3JIeMEHTIapura YTHIIaIu;

Oi(BiLy)

13.1-mmaka 13.2-makga
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Cdepux yubypuak Q;'P'Q,' Ba chepounuk yudbypuak Q,;PQ, opacuaa Kyhuaaru
MyHOca0aTaap MaBXyI:

a) O;'P' Ba QO,'P' Tomonmap mapaa, Q; Ba (J; HYKTUIAPHUHT KEJITHPHUITAH
kenraukapuan 90° ra TYIIUpUIraHNra TEHT, SIbHHI

0,'P'=90"-u,
0,'P'=90"-u,

0) Cepanmaru karra aiinana éiiu O , syumrncous carxugaru (; Ba O, HyKTajap
opacujaru S reoJIe3uK YN3uKKa MOC KeJa/Iu.

B) Cdeponnuk yubypuak Q;PQ, vu Q; Ba (O, HyKTajapujaard Oypuakiap,
chepuk yuOypuak Q,;'P'Q," nunr Q,;'Ba Q,' HyKTanapujaara Oypyakiapura TEHT.

beccenb dopMmynanapuHu KeITHPUO YMKAPHUII YUYH DJUIMIICOUJT caTXujard S
re0JIe3MK YM3WK OWJIaH Mapjaru Karra ainana €im O opacujard OOFIaHUITHH
udonanam 3apyp. byHmaH Tamkapu SIUIMOCOMANArM HyKTajlap Y30KJIHKIapu
opacunaru ¢apk / OunaH mapaard MOC HyKTaJlapHH Opacujiard y30KJIukiap dhapku
(@ opacujaru OOFJIAHUIITHU YPHATHUII 3apyp.

dopMmynanapHu KeATHPUO YMKAPUIIT KyWHIark TapTHO1a amalira Ol pHIIaIu:

1. SBa O; [ Ba Wopanapunaru OoriaHuiiHu UdoaanoBun nuddepeniman
TEHTJIaMaJTapHU KEATUPUO YMKAPHUIIAIN;

2. Kentupu6 uukapuiran auddepeHiuan TeHriaMmalapHyd HHTerpalijlaHa/Iu,

3. Yulypuak mapaa edwiaJd Ba HaTUXKajga KUAUPHIAETraH KaTTaJUKiIap
aHUKJIaHATH.

AudpepeHunan TeHrIaMaJapHI KeJTUPUO YMKAPUIIT
Kyiingaru OejrnjianuiapHa KUPUTAMM3:
ds-DITUTICON]T CaTXUIAary T€OIC3UK YM3UKHUHT SHU YEKCU3 KHUUK
AIIEMEHTH.

& -ds YM3UK a3UMyTH

B Ba u-m HyKTaHWHT re0/Ie3UK Ba KEITHUPUIITAH KEHTJIUKIIAPH.

du Ba d[-m Ba n HyKTaJapHUHT KEHIJIMK Ba Y30KJIUKIApH GapKHu.

d O -3nauncouiiary ds ra Moc KellyBUH Iap KaTTa ailiiaHa

93



EVUMHUHAT YEKCU3 KUUYHUK DJIEMEHTH.

d @ -1mapaarv m; Ba n; HyKTaJJapHUHT y30KIUKIapH QapKH.

A) S Ba O opacuaaru 00FJIaHUIL

SIUHIICOHIIR mapaa

13.3-marn 13. 4 marxn

13.3, 13.4 maknnapaaH:
mapza Rdu =docosa;
DJUTAIICOUIIA MdB =dscosa;

Rdu docosa
MdB dscosa’

Oynapnan

[Tap panuycunu 6upra TeHr 1ed ojcak

du_Mdo"

dB  ds 13.1
dB ds’ (13.1)
. 1—e?)-sin B
busra Mmabiaymku y=bsinu; b =a\1-e> ; y:a( ez) Sl? :
J1-e* sin® B
OynapaaH
: V1—¢€? -sinB
SnH= (13.2)

\/l—e2 .sin’ B

t 2
tgu=~1-e -1gB, tgzu:(l—e2)-tg2B, tg’B= lg uz ;
—e

1+1tg°B=sec’ B HKaHJIIUTUHU NHOOATra 01O,

tgzu

l-sec’ B=— =
2

l-e
ne6 E3UMMU3 MyMKUH, OyHIaH
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1 tgu s 1-é’ (1—e2)-coszu
l1-e* +tg’u cos’u—e’-cos’u+sin’u

. (13.3)

(13.2)uu qudepeHnuamiad, TonaMus

V1-¢? -cosB-\/l—e2 -sinzB—\/l—e2 -sinB'

1-¢?-sin’ B

cos udu =

1
;-(l—ez-sinzB)_ 2(=2¢” -sin B-cos B)

dB

B 2.sin? B-cos B
EKH cos udu =~\1- e cos +o o0 COS; dB .
\/l—ez-sinzB (l—ez-sinzB)2

V1—e€? cosB-(l—e2 -sin? B)+e2 .sin”> B-cos B |

b

OyHIaH du _
M dB cosu 3
(1 —e? -sin? B) 2

ﬂ_l—ez- cos B
dB cosu

T (13.4)
(1—e* -sin® B)?

€KH

(13.3)uu (13.4)ra KyiiuO, TEHIVIMKHUHT YHI TOMOHMHHM CypaT Ba MaXpaXUHHU d
ra Kynmautupu0, KyHuaaruay Tonamus3

du _~Nl-e' 1 aV1-e’ -cosu
dB  cosu (1—e2-sin2 B); a1—e* -cos’u’

du a-(l—ez) ' 1

n 3 s
dB a-(l—ez -sinzB)E V1—e®-cos’u

du M 1

KM — = , 13.5
dB a \1-¢*-cos’u (13.5)
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(13.1) Ba (13.5) ¢popmynanap acocuaa:
M 1 v dO';
a \1-e? - cos’u ds

ned €3UIMMU3 MyMKHH, OyH/IaH:

ds = aJ1— e -cos udo (13.6)

0) / Ba w opacugaru 00o¥JaHUII

13.3 Ba 13.4-makiapaaH:
Rcosudw=dosina mapaa,
Ncos Bdl =dssina SIUIAIICOUIA
OynapaH:

N-cosBdl dssma .
R-cosudw dosina’

R=1 neb xalyn Kuicax,

cosu dw ds
NcosBdl =——- 13.
o (13.7)
(13.6) Ba (13.7) popmynanap acocua,
N cos Bdl = acosu\/l—e2 cos’u dw:;
X=acosu; r=NcosB; x=r »kannuruau nHObGATra OJICAK,
dl = a\/l —e*-cosPu dw (13.8)

Kenno YuKaau.

JAuddepenunan TeHriiaMmajapHu MHTErpaiam
A) s Ba 6 opcacuaaru 0OrJaHUIl
0,'P'Q," coepuxk yuOypuakuunr (13.5-makn) P’ yuyujgaH,  YHUHT
Q,'Q,'ToMOHNHM 1aBoMUTa NepHeHAUKYIsIp Tymupamus (P'C).
O,'P'c T¥¥pu 6ypuakiu cdepuk yubypuakaunr P'c Tomonunu m; Q;'c un 90°-M
opkayu oenrunaitmusz. O, HyKTa KEHJIMTMHU ura TeHr ae0 onamus, yaaa Q,'P'c 1yrpu

Oypuaxnu cepux yudypuakaan (ITudarop chepuk dpopmynacnu)

cos(900 - u) =cosm- cos[900 - (M + o-)]
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ne0 E3UMMMU3 MyMKHUH, KU

sinu = cosm - sin(M + O'); (13.9)
PG
90"-u,
m
or ¢
| -
! 90"-(M+v)
VY, '
13.5-makxn
(13.9)uu xBagpatra KyTapub, sin’ u =1—cos’ # SKAHIUTUHY XucoOra oJmo,
cos’u = l—coszm-sinz(M+O'); (13.10)
(13.10)uu (13.6)ra xyiicak
ds =a\/1—e2 +e*cos® msin*(M + o )do ; EKkn

2
e .
ds = an1—¢&* \/l + 5 cos’ mst(M + O')dO' HU OJIAMIS.

l-e

2
e

[ 2 »
b=avl—e ; e = e 9KAHJIMTHHU HHOOATTa 0JTHO,
—e

ds = b\/l +e” cos® msin®(M + o )do ;

2 2 2
e’“cos’m Hu k” 1e0 Oenrmnab, Tormamus

ds = b1+ k*sin’(M + o)do - (13.11)
Nnau3 octunary ndoganu OMHOM KaTopUra EIMu3:

1
(1+x)2 el et
2 8

1
[1+k2 sin2(M+a):F =1+%k2 sinz(M+a)—ék4 sin*(M + o)+
+ %/ﬁ sin®(M + &)= ... (13.12)
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OntuHYM fJapaxkainu XxaaHu Tamad ro0opud, mapaxanu (QyHKIUSIapHUA

Kappanu ¢ pyHKuusaIapu OMIaH alMalTHPaAMU3:

sinz(MJrG):l—lcosZ(MﬁLO');
2 2
.4 3 1 1
sin (M+0)=§—50082(M+0)+§COS4(M+G);

VYHna (13.12) dopmyna Kyluaaru KypUHUIITHA OJIaJIN:

J1+42 sinz(M+a)=1+%k2[%—%cos2(M+0')}—

8
—ik4 cos2(M+c7)—Lk4 cosdM +c)=
64 64

1k4|:§—lC082(M+O')+%COS4(M+O‘)j| =1+%k2 —%k‘* cos2(M +o)-

_ (1+%k2 —%k4)—cos2(M+o)Bk2 —%k“}—%k“ cos4(M +0); (13.13)
benrunam kupuramus:

i triog
4 64

1 1 ..
Lk4=2C
64

(13.11), (13.13) Ba (13.14) popmynanap acocuia KyMuaaruau €3amMmmus:

S =b[[4-Bcos2(M +)-2ccos4(M +o)ldo; (13.15)
0

(13.15)nu xaama-xaa MHTErpaIaiMmu3;

_! B[sin2(M + &)—sin2M|=

I :Bjcos2(M+a)da:BTlst(M+O')——
5 02 2

:lB[Zcos AM +o)+2M -sin 2(M+O-)_2M} :BsinO'cos(ZMJra);

2 2 2

I = 2cjc0s4(M+c7)d0 = 2c(|risin4(M+G):%c[sin4(M+c7)—sin4M]=
0 0
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HM +o)+4M in 4M +o)-4M
2

MHTErpajUiail amaira ommpuirasgad cyHr (13.15) Kyiiugaru KypyuHUILITHA

:%c[2COS }:csin 2(7005(4M+20),

OJau:
S = Abo — Bbsin o cos(2M + o )—chsin 25 cos(4M +20); (13.16)

Teckapu O60FIaHUII Kyiugarnda oymaau:

ol :&S+%Bsin acos(2M+0')—Cbsin 20'cos(4M+20); (13.17)

Ab
sza; %B:ﬂ; %c:y;ne66enmﬂa6,

(13.17) nu Kyiingarnya €3uIIAMU3 MyYMKUH:
o' =a-s+ fB-sinc-cos(2M + o)+ y-sin2c-cos(4M +25)  (13.18)
Tyrpu Oornanuil Kyiugarnia 0ynaau:

S :%-[6”—,8-sin0'-cos(2M+c7)—;/-sin2c7-cos(4M+2G)] (13.19)

0) / Ba w opacugaru OOFJIaHUIIT
13.4-makinnad

Rcosudw=dosmna:; (13.20)
O,'P’c Ty¥pu Oypuakiu chepuk yuOypuaKgaH:

Sing sinmm _ sinm
sin(900 —u) cosu’ (13.21)
(13.20) Ba (13.21) popmymanap acocuia TOIamMus3:
sinm
dw= —-do; (13.22)
cos” u

(mwaptra kypa R=1):

2 2 o o
dl = a1— e - cos® udw dbopMynanu OWHOM KaToprura EsMuU3 Ba TYPUHUH

Japakalid XaJIHU cakjiabd KoiuO, KyHHUJaruH| OJIaMU3;
1, 2 1, 4
dl = 1_58 coSs u—ge cos u—... dw;

YHM UHTETpAIIIaNMUA3:
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[= v1/—le2.|.(cos2 u+le2 cos* u)dw;
2 9 4

(13.22) au nuaobatra oaud, ToImamMus:

1 ,¢ 1 sin m
l:w——ezj cos’u+—e’costu > do;
0 4 cos” u

Sin m — JOVUMHIA KaTTAIUK OYJITaHIUTH YUYH,
l:w—lezsinmi 1+1e cosu |do; (13.23)
2 '\ 4 ’ :

ne6 é3ummmus MyMkuH. Arap (13.10)uu (13.23)ra kyiicak, Kyduaaruau

OJIaMU3:

[= w—%e2 -sinmj.{l+le2 —iez -cos’ m-sinz(M—ka)}da;
0

. I 1
sin®(M + o) = 57y cos 2(M + &) HKaHIHrHHE XEcoOra ouo,

l:w—lez~sinmJ. 1+lez—lez-coszm-[l—lcos2(M+0')} do =
2 5 4 4 2 2

= w—%e2 -sinmj-[l+%ez .cos? m+%e2 . cos” m'COSZ(M+C7)}d0;
0

by dbopmynanu nHTErpaIIaiMus:

[ = w—le2 -sinm 1+le2 —le2 .cos’m |o—
2 4 8
(13.24)

—ie4 -sinm-cos” m- | lsin2(M+0')
16 02
Dy TEeHIIMKHU OXMPIY XaJAWHH aJI0XUA €4aMU3:
o1 . ly. . .
| Esm 2(M + 0) =3 [sm 2(M +o)-sin 2M] =cos(2M + O')SIIIG; (13.25)
0

(13.25)nu xucobra oncak (13.24) Kyituaaru KYpUHUIITHA OJIAIH:
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[ = w—le2 -sinm 1+le2 —le2 .cos’m o —
2 4 8

(13.26)
1 4 . ’ . _
—Ee -SInm - cos m-51n0'~cos(2M+0'),
le2 +-¢* —Le4 -cos’m=aq,
2 8 16 .
n1ed OenrwianMus
—e*-cos’m-p" =
16 p'=p
[ vu € cexyHmapuaa udoaanad, Tonamus:
I"=w —sinm-[a,-0" + B, -sinc-cos(2M + )| (13.27)

KatTa macodana Tyrpu reoie3uk MacajaaHue4uIn

-
iy
'
| 00°-(M+g)
Y Y )
13.6-maxa

bepuiran:

Q; HyKTaHUHT KOOpAUHaTaiapu B, L;.

Q; Ba O, HyKTanap opacuaaru macoda (reoae3uk
YU3HK)-S

0,0, YA3UKHY TYFpPU a3UMYTH-A

Tonum kepak:(), HyKTaHUHT KOOpAWHATanapu — B, L, Q;0, 4U3HK TecKapu
a3uMyTH —A; HU

1) bepuaran reoge3uk KeHrJMKIaH ¢oiiaagsanuld, OOUJIAHFUY NYHKTIA

KCJITUPUITAH KEHIJIMT'HHHA XHcoOJaHaaAn
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tgu, =+\1- e’ 1gB, ;

2) m Ba M karrajukJapHu xucodaaiimus. Q;’P’c Tyrpu Oypyakim cepux

y4Oypuakaau:
tg(90° — M tgu, 1gu,
cos 4, = . & cos 4, = =—: tgM = .
: g 90° —uy)’ i ! tgM ’ Oynapnan g cos 4, °

busra MmabiymKu,
sinm =sin 4, - cosu, ;
3as f; v; ar; f; KOIPPUIMEHTIAPHA XUCOOIATMM3S:
Onmua k> =e” -cos® m xuco6mabd tomunaau, cyurpa 4, B, C ko>ddurmentiap
xucoOnaHaau, yHAaH CYHT a, f; y, o5, f; kodddduireHTiap xucodianaiu.

4) S nan Qoiinananund, ¢ KeTMa-KeT AKMHJIAIIMII OPKAJIM XUCOOIaHAIM:

1. o, =as;

2. 02z01+ﬂ-sin01-cos(2M+al);

3. o3 = 0, + f-sino, - cos(2M + o, )+ y -sin 20, ~c0s(4M+2o-2);
4. o, =0+ [-sinoy -cos(2M+0'3)+7/-si1120'3 -cos(4M+20'3);
Ba X.K.

5) uy; A;’; w KATTAIUMKJIAPHUA TONIAMMU3:
0, P’c chepux TyFpu Oypuakin yuOypuakaaH
sinm =sin(00° — u, )-sin 4> sin A'=— 0"
( 2) : ' sin(90° —u, K
cos(900 —U, ): COS 1M - cos,'[90O - (M + 0')];

sinm

ékm Sin4,'= sinu, =cosm-sin(M + o);

cosu,
(U30x: onnuH sinu,, cyHrpa sinAd;’ xucobmaHaam).
Texmupu: cosu, - cos 4,'=cosm - cos(M + O');

Q,’P’Q,’yubypuaruiad y30KJIukiaap ¢GapKUHU TOMUII YYyH CHHYCIap

TeopeMacuiaH goigaiaHaMu3:
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simw _ sin4

sinc sin(90O —uz);

smw sin(1800 —AL').
sino sin(900 —ul) ’

OynappaaH:
. . sin4,
sinw=sino :
COS U,
: . sin 4
sinw=sinc——
sinu,

6) Chepux y3okauriaap papku w opkaau chepouank y30KJIuKIap papku /
XHCO00JIaHAIU:
I"=w'—sinm-[a,-&"+ 3, -sinc-cos(2M +o)|;
7) KeaTupwiran KeHrJuK u; 1aH reoJe3uk KeHIJIUK Byra yruiaaau:

1gu,

V1—¢é? .

Karra macodanapaa reckapu reojie3uk MacajaaHu equil

1gB, =

bepuiaran:Q;Ba O, HyKTanapHuHr koopaunaranapu — Q;(B;, L;) Ba O»(B,,
L)

Tonum kepak:Q;Ba O, HyKTanap opacugaru macoda — S Ba 1y HyKTajiap
OpacHUIard YM3UKHUHT TYFPU A; Ba TECKApU A,a3UMyTIapUHHU.

1) 'eone3uk keHrnukiap B; Ba B, opKalu KEATUPUITaH KEHIJIMKIIAP U;Ba U Jap
XucoOIaHaIu.

2)T'eonesuk y3oknukiaap dapku [ opkamu chepuxk y30KkjIukiaap ¢dapku w
XucoOIaHaIu.

Q,;’P’Q,’ chepuk yubypuakaan Henep popmynacu €paamuga Tonamus:

U, +u,
A4 " s

2 sin¥2"" 27
2

103



2 cos 21 2°
2

by dopmynanapnan doitnanannd 4; Ba A; 'HYA TOMUII yYyH W KUUMaTH
HOBMAIIyM. W 3ca M, m Ba omap opkayiu udoganaHaau, yIapHUHT KaTTAIUKIApU XaM
HobpmantyM. Iy cababmu (A4;, 4;°, M, m, o, w) KaTTaaTuKJIapHU TOMUIIAA KETMa-KET
SKUHJIAIINII YCYIUIaH QoiaTaHuIaIu.

bupunun skuHmammumiga wxl 1eé oMHaau Ba TYFpH, TeCKapu azuMyTiap, M, m,

O KaTTaJIMKJIapn XI/ICO6J'IaHI/IJ'IaI[I/I.

gu,
1gM = ; sinm = sin 4, - cosu, ;
cos 4,
. : cosu, . cosu,
SINC =smMw-——==smw-———
sin 4, sin A"’

WKkuHYM SKUHJIAIIMIOHE  XpcoOalall y9yH W HHUHT KHHUMaTH KyWujard

dbopmyna épaamMmuia xucoo1ad TOMUIIaIu:
w' =1"+sinm|e, - " + S, -sinc - cos(2M + o)];

cyurpa 4;, A;’, M, m, o kaTTanukiapu XucoOJiaHaIu.

SIKMHIAIIUIT OXUPTH UKKHU SIKUHJIAIIMIIIA TOMUTaH HaTWXKamap Oup Xui
OYITyHra Kajap JaBOM dTTHPHIIAJIN.

3) M, m, o HaTwx)aBuii KHMatiaapuaan Goinananud reo/Ie3uK YM3UK Y3YHIUTH
XHCcOoOJIaHa U

b

S= %[0'”—,6’-sin0-cos(4M +20)]
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§ 14. HOPMAJI KECUMJIAPJIAH ®ONJAJAHUB BOIII
I'EOJE3UK MACAJIAHU EYHUII

14.2-makia

90°-B,

14.1-mmaka

14.1-maknga suncoust carxujgaru APB kyTty0o yuOypuarun Ba 14.2-makmnaa
APB yuOypuarura moc kemaauran cdepa carxugaru A'P'B’ xyty0 yuOypyaru
kentupwirad. A'P'B' ydOypuaruHu sicall ydyH MapkKasu 7, HyKTaja, paguycu A
HYKTaJaru OMpUHYM BEPTHKAJ KECUM STPUIIUK paauycu N;ra TeHr OyiraH €épaamuu
chepa xocun KuiuHamu. Paguycu N;ra TeHr OyiaraH KaTTa aiiraHara A'P'=9(0"-
B;mmén kyiunaau, HaTUXkajaa OONLIAHFUY HyKTa MepuauaHuna P’ Ba A' Hykranap
X0JIaTH TOMHJIAH.

CyHrpa smnmuncoup carxugaru A HyKTagaH B HyKrara YTKa3wiraH TYFpH
HOpMaJI KECUM a3UMYTH A ra TeHr Oyiran Oypuak 4’ HyKTa MEpUAUAHUIaH KYyWHUIuoO,
mry Oypuak WyHanmumuaa O KaTta aijaHa €iim yTkasunaau, OyHma o =ZLAn, B
OYIUIIM KEpak.

Edum ymymuit Taptubu Kyingaruya Oynaau:

a) Cdheponnuk ydOypyakKHUHT MabJIyM JJIEMEHTIapuiaH yjapra Moc OyiraH

chepuk yaOypuak dJeMeHTIapura YTUIIaIu;
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0) Cdhepuk yubypyakHM €4MIll OPKAJIUM YHUHT HOMAbIyM KaTTaIUKIApU cdepa
caTXHla aHUKJIaHUJIA/IH,

B) Cdepa carxuaa TONMUITAH HOMAbIyM KaTTAIUKIAP DIUTUIICOM] caTXura KanTa
Xuco611ad yTKa3zuIaau.

Cheponank Ba chepuxk yuOypuakigap »dJIEMEHTIApU oOpacuja OOFIaAHMIII
YpHATaMu3:

Kyr6 yuGypuaruuu A'P'romonn 90’-Bjra Teur. Bn, Ba Bn, umsuxiap B
HYKTaJaH YTraH MepuuaH TeKucauruaa €Tuoam, ury cababiu y3okiaukiap gapkura
TeHr Oynran / Oypyak chepara YTKazuIMIIMIa y3rapMaiiu.

Onnuncoup catxuna A; a3uMyT Owiiad Oepuirad S reoJie3uk YM3nKKa, cepana

o, a3UMyTHZIa YTKa3WiraH TYFpu HopMmai kecuM moc kenaau. Llly caGabmu A4; Ba
a,,SBa O, B,BaB,, a,' Ba A, nap opacuaaru OOFJaHUIJIAPHU YPHATHUII 3apyp.

Hcbotcus kyiuaaru MmyHocadbaTiiapHu KEITUPAMU3:

a) a, =4, +v, -0, (14.1)
. _7712stin/l1 cosd, _7712S3sinAlth1 ")
: 6N? ’ ? 24N} £

2a2 42
S S
0) o"= %p”|:l + 7;1 cos? 4 — MO cos 4, -

| N} 6NE
77 S 1gB, cos 4, 2 2
- 3 (1-27; cos” 4,) (14.2)
8N

B) tgB) = ktgB, (14.3)

V., sin B

Oynma k=|1-¢’ +e2—‘s.m—1

V, sinB,

V=+1+e¢?cos’ B;

_ 7;8%sin 4, cos 4, N 7. S sin A,tgB,

2. A v:a '
2 3N} 8N,

(+) Genrunamny ©HOOATra ONIMO Kyluaarura E3uIMMHU3 MyMKHH
A,'=a,'-2v, +3v,, (14.4)

KeJaTupuiIran gopmynanapaa 7> =e'” cos’ B
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FOxopuna kentupwiran ¢hopmynanapaan doigananud chepouivk Ba chepux

yuOypuak 3JIeMeHTIapy opacuiaru 6oFIaHUIUIAp YPHATHIIAAM.

Tyrpu reoge3suxk macaJjia

bomnanruy 6epuiran karranukiap:B; Ly, 4;, L.

AHUKJTaHWIIN 3apyp OynraH Kartanukiap: B, L, A,.
1.(14.1)popmynanan ¢oiinananu® reofe3nK YWU3UK a3sUMyTH A;1aH  TYFpH
HOpMaJ KECUM a3UMYTH ¢, Ta YyTUIAIU.

2.(14.2)popmynanan doiinananud reoe3uK YM3UK Y3YHIUTHIaH HOPMAJl KECUM

€N Y3YHJIUTUTA YTUIIAIU.

3. Kyitnnaru ¢popmynanapaan «,'; [; B,' KaTTaqukiIap aHUKJIAHUIAIH:

0

' sin 90" — (B, —o)

a,'+l 2 a
g = 5 g

2 . 90" -(B,+0) 2

sin ———— =

2
90° — (B, —

, oS 0" =(B,-0)
2 90° —(B,+0) ~ 2

cosf

o -1
90" —p, S = 90° — (B
— D, 2 p —(B, +0)

2 : a'2+lg 2
S
2

4. (14.3) popmynanan ¢oiinanaHud UKKMHYM HYKTa KEHTJUTW B, aHUKIIaHAIU
(spHU B, nan B,ra ytunannm).

5. UkkuHum HyKTa Y30KIUTH Xucoonanaau L,=L;+/

6. (14.4) bopmynanan dorganmanu® 1mapaaru o, a3sUMyTIaH DIUTUIICOMIATH

reoJIe3MK YN3MKHUHT TECKAPU a3UMYTHU A, Ta YTUIIaau.

Teckapu reoge3mk MacaJia
bounanruy 6epuiniran kartanukiap: B, L;, B, L
AHUKIaHUIIN 3apyp Oyiaran karranukiuap: S; A;; A,.

1.(14.3)popmynanan dorigananud B,” keHIIUK XucoO1aHaIn.
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2. Chepux yubypuak Tomormapu (90°-B;), (90°-B,) Ba ynap opacuaaru 6ypuax

[=L,-L; opkanu chepuk yabypuak-Kyiugaru Gopmynanap épaaMmuaa Causiaim:

' COS (Bz _Bl)
te a, ta, _ 2 ctgi .
2 sin (B,+B,)) 2
2
Sln (BZ _Bl)
1g % % 2 ctgi
2 (B,+B,) =2’
2
. sin/cos B, sin/cos B,'
sino = =

sina,' sin o,
IOxopunaru dhopmynanap €pnamuna ¢, ; «,'; o KaTTaauKIapy TOMUAIAIH.
3. (14.1) Ba (14.4) popmynanapaan (oiinananud reoe3MK YN3MKHUHT TYFPU Ba
TeCKapu a3uMyTIapHu XUCcoOJIaHaH.

"

" 1S’ cos’ 4 N, 7. S* cos AtgB, p,,&

4' = 3 " 4 "
2, 6N, p 8N p

dbopmynanan ¢oiinananud O nax S ra yTUiIaau.

2 Q3 2
1S cos” 4,
Arap 12— p'= R
6N;
n.S* cos A tgB,
A

p'= P,

N, o
ne0 Oenruaacak Ba —- ypra KEHIJIMKIapaa OUpMHYA BEPTUKA KECUMHH OHMp
o,

CEKYHAUTa TYFPU KeJIaIUraH i y3yHJIUTU TaXMUHAH 3 /m ra TeHI KEJIUIINHA

nHOOAaTra OJIcaK, yHAa

"

o

(),

S =

~3U(P, - P,)

ne6 E3UIUMU3 MyMKHUH.
PyHre ycyamnaa Tyrpu reojie3uk Macajia eqmil
OXM éEpmamuga xucobnam ydyH Kydumaru dopmyrnanapiaaH (oigananu

KYJIauIup.
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"__ ﬂ
AB;"= Syk” cosa,

"— S k%sina; .
Aa;"= Syk; sina; sec f3;

AAZ "= Sokla sin altgﬂl

(i=1,2,3,4,5)
S, =5 =0.0107434645
3C
2 2 -1.
Kf =(1+0.00842316cos 3;)(1-0.00168463 cos” ;)"
K& = (1+0.00505389 cos? 3;)(1+0.00168463 cos® ;) ';
o; Ba f; KMMaTIapy Kyluaaruda Xucoonanaau
l Rouio B
1 A, B,
2 A, +Ad, B, +AB,
1 1 2 lap g
A1+5AA1+5AA2 1+§ 1+5 )
3 9
AI+EAA1+2AA3 B, +—AB, +~AB,
8 8 8 8
3 9 3 9
A+ A4, — = A4, + 6A4, B + 2 AB — - AB; +6AB,

Kuaupunaérran koopauHaranap Gapku Kyhduaarura TeHr Oyiaau;

AB =%(ABI +4AB, + ABs);

AL =%(AL1 +4AL, + ALs);

AA:%(AAI +4A4, + AAS)

lyHnan CYHT UKKMHYY HYKTa KOOpJUHATaIapyu XUCOOIaHaIN:
B, =B, + AB
L,=L +AL
A, = A, +180° + A4
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§ 15. BOHI 'EOJE3UK MACAJIAHU ®A30/IA EUYNI
(MOJIOJAEHCKHUH YCYJIN) TOHNOINEHTPUK KOOPJIMUHATAJIAP
CUCTEMACH

VYu §ynauamnm  reofe3usa  KyJUIAHWIAIWTAaH TOIMOUEHTPUK  KOOpAMHATa
CHUCTEMAcCH TYFPHUCHIA KUCKaua TyIIyH4a 0epud yTamus.
Koopaunara Oommu ep carxuaaru kaugaiaup Qy (By Ly Hy) HyKTana >konIamrad

oynau.

L=const

N

"
15.1-magn

a) Tyrpu Oypuyak/id JeKapT KOOPAMHATAJIAPHU: ¢ YKU DJUIUICOU] CAaTXUIAru
Oy HyKTaJaH YTyBYM HOpMaJl JAaBOMHUJA x)ounamaau. ¢ Yku () HyKTaJaH YTyBUH
MEpUJIMaH TEKUCIUTUAA ¢ YKHUra MeprneHIuKyJsp >Kounamran O0ynu0, >JUIMIcousa
allIaHMII YKU TOMOHMIra WyHaJIraH Oyiaau.

y-yku ¢ Ba ¢ YKJIapura NEpHeHIUKyJsap OYnaub, Y30KIMK VKU TOMOHHUTA
HyHanran 0ynaau.

0) KyT0 xoopaunaranapu

boruranrny HykTa Q) MepuauMaH TeKHWCIWTu OwiaH Ba ¢aszoma Oepuiran (O
HyKTaJap/laH YTyBYM HOPMaJI TEKUCIUK OPACHUIIaTH UKKUA KUPpaI OypUak reogae3uk

YU3UK A3UMYTH-A .
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¢ Yku Ownan Q) HykKTagaH () HyKTara HyHairaH TYFpuU UYM3UK WYHATUIIN
opacuaaru Oypyak 3eHUT Macoda — Z.
Oy Ba () HyYKTaJIApUWHU OWpHAIUTHPYBYM TYFPU YM3HUK OyiiMua  HyKTauap
opacunaru macoga — D.
FOxopumaru Oy WKKM TONOLIEHTPUK KOOpIWHATANap Opacujaru OOFIaHUII
Kyhnaaru Gpopmynanap Ounan udoananaam:
E=D-sinZ,-cos 4;
n=D-smZ,-sin4,;

c¢=D-cosZ,;
n
tngzg;

CthOZ ° = =) - .
|E2 4% §-cosdy+m-sind,’

D:\/§2+772+g2 =(cf-cosA0 +77-sinA0)sinZO+g-cosZO.

I'eone3uk KoopaMHATA CHCTEMACH

dazona 6epwirad HyKTaJaH YTyBUM HOpMaJl YM3HK WYHAIUINW Oyiinya, HyKTaJdaH
AILTUTICOU/T caTXurada OViiraH sHT KUcKa Macoda reoe3ux oajnanaiuk-H.

B-reonesuk KEeHINMK, L-reoJIe3uK y30KJIHMK. TOIMOLEHTPUK JEKApT KOOpAMHATa
CUCTEMacH OWJIaH IeoJIe3UK KOOpJMHATA CUCTEMACH OpacuJaru OOFIaHUI KyHuaaru

dbopmynanap 6unan udoaanaHaIu:

x:(N+H)cosB-cosL; >

y = (N + H)cos B-sin L; (15.1)

z=(N+H)sinB—¢*-N-sinB
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N-e*-sinB

15.2-makui.

X, ¥, z 1an B, L, H ra ytuim ¢hopMyrIapuHA TONIAMU3.

(15.1) popmynanaH y30KJIUKHU

tol, = % : (15.2)

152-maknman =~ R=4/x> +y° = (N + H)COS Buu  tom6 Ba  (15.1)

. 2 .
dbopmynanan (N +H )SmB =z+e" - N-sin B sxaniuruau nHodarra oyimd, KEHIITUKHA
TOMUII YUYH KyHUIard GopMyJIaHu €3aMu3:

z+e*-N-sinB
1gB = R : (15.3)

TEeHTIIMKHUHT YHT TOMOHUIAru N -sin B udona kuaupuiaéTradn B-KEHTJIMKIa

1

2 ~r ~r
OOFnuK, JIekuH Oy udona € ~ T _ KUUYUK COHTa KYMAUTHUPWIHUILIUTHHU XUCOOTa

150
0JICaK, B-KCHTJIMKHHA KeTMa-KeT SKUHJIAIININ yCYIUAa TOMUIIMMA3 MyMKHH. Xap Oup
SKUHJIAIIAIIIA KEeHTJIMKHUHT apKTAaHT€HCHU TOMUO, CYHTpa KEHWHTH SIKWHJIAIIUIIHA
Oaxapum yayH /N -sin B xuiiMatud XpucoOjaHaau. XUCOOJANTHU SHTHLIAIITHPHIIL

Makcaauaa (15.3) popmynanu XM na xucobJiail yayH KyJiail Xojra KeJITupaMu3:
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e’ N-sinB
R b

z
1gB =—+
o R

C

\/1+e'2-cos2 B

N

SKaHJIUTMHU UHOOATra oNub, KyHuaaruHu €3aMus3

c-e’-sinB

tgB =24
R R\/1+e'2-coszB

TeHIIMKHUHT WKKUHYM XaJu CypaT Ba MaxpaXXuHU cosB ra Oynamu3 Ba

2 w .
s’ B =1+1g” B sKaHJIUTHHU XUcoOra onud, KyHugaruau ¢3amMus

c-ez-th

th:£+

15.4
R R\/l +e”+1g’B (154)

Xucobumam Kynait 6ynumum yayH (15.4)Hu Kyiingara KYpUHHILITa KEATUPAMU3

i =t +—22— . 20,12, (15.5)
i+ ; (i=0, 1, 2, .. .
/’c+t,-2
OyHJa,
z c-e’
h=—". — . k:1—|— 2.
0 R) p R 2 e 2

(15.5) dopmyna Oyitmya xucoOjamr TyraTWiAraHAaH CYHT OSHI  OXHUPTU

SKAHJIAIAIT OYirda B-KEHTJIMK TOTHIaIM:
B =arcigt; ; (15.6)

AKHUHJIaIWIap COHM KCHITIMKHU TOIMHUIIT aHUKJIMTHU E€KH ng AHUKJIUIura 6OFJ'II/IK.

{gB aHUKJIUTH SIKuHNamuIuIap COHA
10° 2
107 3
10" 4

OHan reofesuk OalaHIIMKHM XucoOnam QopMylnacMHM Tomamus. busra
MabJIyMKH
R=(N+H)cosB;
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: (R—N-cosB):
cos B cos B

Bynaman H =

c-cosB
R— = — |, KaBC Wdmjary
\/1+e' -cos” B

o _ 2
UKKHHYY XaJIHU CypaT Ba MapaxuHu cosB ra 0ymuo, 15 1+12°B sxannurunm
cos

nuHoOarra oJimb é3amMus:

H=—""|R- < : (15.7)
cos B J1+e’+tg’B ’ .

XucobmamHu  ocoHyamTupuil  yuyH (15.7)Hm  Kydmparn — KypUHHUIITa

KCIITUpAMHU3:

c-cosB
H=| R————= |1+ 1}, ; (15.8)
k+tiy,

®opmynanaru  t4,(15.5) ¢opmyna Oyitmda oOXHpru SKUHJANAA TOMUITaH
KaTTaJIUKIUP.

Mucoa: Kenrnmuk B Ba reone3uk Oamangmuk H Hu xucoOmain. bonuranrng

MabJIyMOT
Z=R=5604589,00 m
Xucoobant:
ty=1, P=0,007643002;
t;=1,005395337; (B,=45°0915")
t,=1,005409882; (B,=4509°16,4")
t;=1,005409921; (B;=4509"16,4317")

H=1558551,63m.

§15.1 Tyrpu reoge3nk macaja
Macana MOXuATH TIyHJAH HWOOpATKH, OONUIAaHFWY HYKTa KOOpJIWHATAJapH
(B;L;H;), vxku HyKTa opacumaru macoda D;, , asumyT A4;,Ba 3eHUT Macoda z;,

napaaH doiganann0, MKKUHYY HyKTa KoopauHatanapu (B,, L, H,)Hu TONUI Kepak.
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dopmynanap:
_ : C

G2 =Dy, -sinzy, - cos A4 ;
Ty =Dy, -sinzy, -sin 4,

G2 =Dyy -cos z)y;

a
N — .
'\ Ji—e? -sin? B,

X, :(Nl +H, +§12)COSBl —&, -sin By
Yo =125

z, =(N1 + H, +g12)sinl’31 +&,, -cos B, —e? - N, -sin B;;

R=4/x’ +y2 ;

liyg =1+

—— =0,1,2,...).
w/k‘Hiz (l )

Oxwupru MHTETpaIUsIaH CYHT KyHuaaruiap Xucooianaiu:
B, = arcigt;,y; )

i, = R_—/Ci VIHE,
k+ti2+l

L,—L, =1 =arctgLy2J-

b

(15.1.1)

(15.1.2)

(15.1.3)

(15.1.4)

X
L,=L +1;
J
)y, HIIopacu + + - -
X, HII0pacu + - - +
I= || 180°-/] 11|-180" -1
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|/| - OupuHYM Yopakaaru apryMmeHT

KpacoBckuii 35uIiconiy yayH JOMMAN KaTTaauKIIap:
a=6378245 m; c=6399698,902 m; ¢’=0,006693422;
ce’=42835,88 m; k=1,006738525.

§15.2 Teckapu reoge3uk MmacaJja

Teckapu reomesuk Macamaga ¢aszoma OepwiaraH  MKKH

HYKTaHUHT

KoopauHatanapu B; L; H nan doinananu0, Oy HykTaynap opacuaaru macoda D,

HOpMaJl TEKUCIUK a3UMYTU A;, Ba OUPUHYM HYKTaJlaH UKKUHYM HyKTara Oyirax

3eHUT Macoda Z;,xuco61ad Tonuaaau.

dopmynanap:
N, = = ; N, = - ; )
\/l—ez -sin’ B, \/l—ez-sinz B,
x, =(N, +H,)cos B, -cos(L, — L,); \ (15.2.1)
V2 :(Nz +H2)COSB2 'Sin(Lz _Ll);
z, =[N, (1= &)+ H,]sin B,
J
512 :(ZZ +62 'Nl 'SinBl)COSBl —xz .sinBl;
Tha = V25 (15.2.2)
g=(22 +e? - N, -sinB])sinB1 +x,-cos B, —(N,+ H,);
_ T
Ay, =arcig L—J; (15.2.3)
12
Hi2 n N ) ]
UII0pacu
12 4 ] ] N
UII0pacu
A= 45| 180"-14,,| 180°+|A4,5| | 3604,
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A ;>-OUpMHYY YOPAKIATH apIyMEHT.
_ . _ [ 2
Wi, =&, CO8 A, + 1y, -Sin A, =& + 1y, ;

Z, = arctngiJ; (15.2.4)
Y2

. [ 2 .
Dy, =y, SNz, +6-C0S Z1, =4|Wp + 615 5

[lly macoda ydyyH WUKKUHUM HYKTaJaH OUPHHYM HYKTa HyHaIumm Oyinda

J

a3uMyT A,; Ba 3eHUT Macoda Z;, HU TONHUII Kepak OyJca IOKOpHUIa KEITUPUITaH
dbopmynanapaaru 1 Ba 2 MHAEKCIAPUHU KOWJIAPUHHU AJIMALLITUPHIL 3apyp.
Teckapu Teofe3WK MacallaHd EYUIIHUHT YMYMUH XOJU YYyH XHCOOJall
HaTWKaJIAPUHU TEKITUPUII (GopMyJIaTapyuHU TOMUII MyMKHH.
byaunr yuyn (15.1.1), (15.1.2) Ba (15.2.1.), (15.2.2) dopmynanap Owiran
XUCOOIaHaUTaH 7 KOOpAUHATAIAPHU TEHTIATUpaMu3. YHAA (), HyKTa yu4yH
Dy, -sinz, -sin 4, = (N2 + Hz)- cos B, - sin(L2 —L,);
(Q; HyKTa y4yH UHAeKcaapaard 1 Ba 2 JapHU )KOWIApUHU aaMamTupuo 3aMus.
D,, -sinz,, -sin 4,; = —(N, + H,)-cos B, -sin(L, — L, ); (15.2.5)
by tenrnmuknapna D;,=D,; Ba sin(L,-L;) Tammad 000pud KYHUIAaruHU XOCHII
KWJIAMU3:
(N, + H, )cos B, -sin z,, -sin 4, +(N, + H, )cos B, -sin z,, -sin 4,, =0;  (15.2.6)
@azogaru D Tyfpu  UYM3UMKHUHT uxXTHEpuil O; Ba  (iHYKTaJIApUHU
KOOpAMHATaJapyu opacuaru OoFjaHuIl Kyiuaaru ¢popmysa OunaH Oepuiaiu:
(N; + H;)cos B; -sin z;, -sin Ay, +(Nk +Hk)cosBk -sinzy;-sin 4, =0; (15.2.7)
by 6ornanumnau 1957 ¥nin uHrau3 reoae3uctd M. XoTUH KeITUpUO YUKapraH.
Arapna H;=H,=0 neb oyicak 10Kopua KeATUpWIrad (opMysaiapHu JUTATICOU

caTxuja reoJIe3uK MacajlaJlapHU €UHUIlIa XaM HIiaTca 0yiau.
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§ 16. PA30JIA ACOCHI TEOJE3UK MACAJIAJIJAPHU EUMIIIIA
KVJUIAHWIAJIMTAH ®OPMYJIAJIAP BA BOFJIAHUIILJIAP

TYFpu 4M3HMK KecMa y3YHIMTH Ba WYHAIWIIM OpacHaard OOFIaHUIIHH KecMma
YUWIAPUHUHT TEOJIE3UK KOOpAWHATANapu oOpKanu udomanmam yd yrdamid
TCOAC3USTHUHT aMaluii MacaJapuHH eUMIAAa MyXHM axamusrra osra. by
Ooornanunuiap OupuHun O6op M.C.MoJIOgUHCKUN TOMOHMJIAH YpHATHITaH.
yHanTupyBuH KOCHHYCIAp [;,; m ;> 1;:Ba KOOPAHHATANAPH (x;1,z;), (X;y225) Oynran

KCCMa Y3YVHIIMKIIAPH OpaCHuaaru OOFIaHHMIIT KYﬁHHaFan 6€pI/IJ'IaI[HI

X, =X, YV,—YV, Z,—Z
S, = 2 1L _ )2 L _ %2 1; (16.1)

[, m, n,
(16.1) popmyna Ba
x=(N+H)-cosB-cosL;
y=(N+H)-cosB-sinL;
b2
z:(a—zNJrHJ-sinB;

dbopmyrnanap acocuia TOnaMus:

Sials = (E‘“h": —Hz_\]- cos B, -cosL, —(Nl +H1} -cos B, -cosL,;
Smy, = (N: +H:}- cos B, -sin L, —(I“w"l +H1]- cos B, -cos L ; (16.2)
S].:Hl: = (}"u'r: =+ H:} ' S‘JII B: - 32}"!?: 5111 B: —_ (?"frl =+ H].} . S‘Jﬂ B]. =+ E':}"frl 'Sﬁl B]_:

(16.2) Tenrnamanan doigananub, KecMa y4JapuHU KOOpAUHATaIapu épaaMuia

KecMa Y3YHJIUTH S, HA TOTHII UMKOHHSTH OVIaiu.

2 2 2 V)
[, +my, +n;, =1 skannuruaun xumcodbra onud, MomomeHckuit (opmynacuHu
YUKapaMus.

SE =N, +H, P +(N,+H, ) -2(N,+ H,)- (N, + H,)-cosp —

— u(N,sin B, - NysinB, | - 2¢* (N, sin B, — Ny sinB,) - (H, sinB, - H,sinB,)  (16.3)
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Oy epna:
cosy =sin B, -sin B, +cos B, cos B, cos(L, — L, );
4 4
a —b

lLl = 4 9
a

Arap H;=H,=0 0ynca, y xoina S;; KECMaHUHI DJUIUIICOUJ CaTXUJaru
MPOCKITUSICUHU OJIAMH3, ITHHU

S'/> KeCUM MYHaIUIIMHYA TONUIL YYyH YHUHT WYHANTUPYBUM KOCUHYCIAPH /), M),
n;JlapHu  3eHUT Macoda z;; Ba Oy HUYHAIUII TEOAC3UK a3uMyTH A ;0pKaliv
udonanaiiMus. ByHUHr ydyH OMpUHYM HYKTaHHU I'€0/I€3UK Y30KIUIH L; ra TeHr Oyira
Oypuakka (xyz) KoOpauHaTajgap CHCTEMAacHMHU oz YKU arpoduaa Oypamus. SHru
KOOpJIMHATAJIap CHCTEeMacuaa HyKTa KoopAuHaTajmapu (x'y’z') scku KkoopauHartaiap
CHCTEMacHU/Iard HyKTa KOOpAMHaTalapy OujIaH Kyluaaruya OOFJIaHraH:

x-cosl,+ysinL, =x';
y-cosL,—ysinL, =)"; (16.5)

z=2z';

S'bHM KOOpAMHATAIAp CUCTEMACUIa MYHAITUPYBYU KOCUHYCHAP,
Sl = x'=x'y;
Sipm'yy = Y= (16.6)
S’y =2,z ;

TeHrmamanap Ownadn Tomwianu. (16.5)au wHoOatra omu6 (16.6) Kyitmmarura
€3UIMMU3 MYMKUH:

Sipl'1y = (xy —xp)cos L +()’2 _yl)SinLl ;
Siom'y, = (¥, —y)cos Ly + (x2 —xl)sinL1; (16.7)

' — .
SN’y =2z, — zy;

OCKM Ba SIHTM KOOpAWHATa cUCTeMajapuiaa S;; KECMaHUHT HYHAITHPYBYH
KocuHyciapu opacujaru 6ornanuin (16.1)au nno6aTra oMb, TomamMus:
[''y=1,cos L, +m,sinL;
m'y, =my, cos Ly — 1, sin L ; (16.8)

' —_ .
Ny, =np;,
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(16.8)ra Teckapu OOFIaHUIIL:
I'\,=1l,cos L, —my,sinL;

my, =1'y,sin L, +m', cos L ; (16.9)

— ' .
Ny, =ny,,

16.1-maxk.1.

l-uHYM HyKTa reoJie3uK KoopAuHaTanapH, 4;, a3uMyT Ba z;,3€HUT Macodanapu
Oownal [;,, mj, njmap opacuaard OOFJIAHUIJIAPHU TONUIN yuyyH 16.1 — makmmgad
doiinananamu3. by maknmga Oupauk paauycra sra Oyiaran cdepa TacBUpJIaHTaH
Oynu6 Kyhumaru oenaruianiap Kadyyin KUJIWHTaH:

A; — 1-MHYM HYKTa/ia reoJIe3uK 3€HUT X0J1aTH;

S — 1-2 iiynanuiuHu Oupauk cepa OMIaH KENUIIUII HYKTacH;

X’y y’; z’— xoopauHa YKiapy OWiaH Oupiuk cepaHu KeCUITN HyKTallapu.

Xocui Oynran HyKTajJapHH KaTTa aiyiaHa éinapu Ousad OupiamTupaMus.

A;Sx' chepuk yubypuakaaH TOIaMuU3:

cos(x';s)z [, =cosB,-cosz, —sin B, -sinz, -cos4,; (16.10)
ABHU cos(1800 —Alz): —cos 4,,.

Ay'S chepuk yubypuaxnan (yuma 4,y'=90").

cos(y‘;s) =m';, =c0s90° - cos z;, +sin90° - sin z;, - cos(90° — 4,,) =

A;z'S cepux yuOypuaknan doiinananud KyWnaaruHu TOIaMu3:
cos(z’;s) =n'y, =sin B, - cos z;, + cos B, -sin z, - cos A4, (16.12)
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(16.8)1an doitnananuo, (16.10); (16.11); (16.12) napHu YHT TOMOHJAPUHU [},

my,, n;; ap opKanu udoaaraimms.

l,cos L, +m,sinL, =cos B, -cosz,—sinB, -sinz,-cos 4,; (16.13)
my,cos L, —1,sin L, =sinz,-sin 4;; (16.14)
n, =sin B, -cos z,, +cos B, -sinz,, - cos 4,,; (16.15)

(16.13); (16.14); (16.15) udomanapaan TonaMus:
l,, =cos B, -cos L, -cosz,—smnB -cosL, -sinz, cos 4,—smL, -sinz, -sin 4,;
m;, =cos B, -sinL, -cosz,, —sin B, -sin L, -sin z,, - cos 4, +cos L, -sinz,, -sin 4, ,;
n, =sin B, -sin z,, + cos B, -sin z,, - cos 4, ,; (16.16)
z;;Ba  Ajpnapra uucbaran (16.13); (16.14); (16.15) wudonanapau edud
KYyWUUJAaruHA TOMaMHU3:
cosz,=(L,,-cosL,+m,,-sinL,)-cos B, +n, -sinB,; (16.17)

clgd,, = Ny, €08 B —(l},-cosL, +m,,-sinL,)-sinB, (16.18)
= my,-cosL,—1,-sinL, ’ )

(16.2)au nHOOaTra 0MMO Ba [;5, m;y n;; napuu (16.16)1arn KypuHUIIA OWIIaH
anMamtupud MosoieHckuil opMyTacCHU XOCHIT KUJIaMH3
S,,co8z, =(N, + H,)-cosp—(N, +H,)—e*(N, -sinB, — N, -sin B, )-sinB,; (16.19)

» (N, -sinB, — N, -sinB,)-cos B,
(N,+H,)-cosB,-sin(L, - L))’

cigd,, =ctga,, —e (16.20)

Oy epna:

sin(B, — B,)
cos B, -sin(L, — L,

)+sinBl -1g L2;L1 =

caga,, =

_sinB, -cos B, —cos B, -sin B, -cos(L, - L)
cos B, -sin(L, — L) ’

1 Ba 2 mHACKCIAPHU KOMIAPHU aIMAIITHPUO TECKapH 3eHUT Macoda Ba
a3UMYTJIAPHHA TOTIAMU3:
S,,c08z,, =(N, + H,)-cosp—(N, +H,)+e*(N, -sin B, — N, -sin B, )-sin B,; (16.21)

»(N,-sinB,— N, -sinB))-sinB,
(N, + H,)-cos B, -sin(L, - L,) ’

ctgd,, =ciga,, —e (16.22)
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Oy epna:
sin(B, — B,)
cos B, - sin(L2 - L, )
_sinB, -cos B, —cos B, -sin B, -cos(L, — L)
cos B, -sin(L, — L,) ’
(16.3); (16.4); (16.19); (16.20) MonoaeHnckuit ¢dopMynapuaaH TalIKapH
Kyinaary OOFJIaHUIUIAp XaM MYXUM aMajiiid axamusTra sra. YJap Kyhujgaruda

—sin B, -1g L ;Ll =

Clga,, =

XOCHJI KWJIMHTaH:
(16.14) nan: my,cos L, —1,sin L, =sinz,-sin 4,,;
m,,cos L, —1,sinL, =sinz, -sin 4,,;
(16.2)uu Ba [,;=-1;; m,;=-m;, Hu UHOOATTA OJINO, KYHUAATMHU XOCUJT KHJIAMU3:
[(N2 +H,)-cosB,-sinL, —(N, +H,)-cos B, -sinL1]~cosL1 —
—[(N2 +H,)-cos B, -smL, —(N,+H,)-cos B, -cosLl]-sinL1 =
=(N,+H,)-cos B, -sin(L, —L,)=S,,-sinz,, -sin 4, ; (16.23)
[(N1 +H)-cos B, -sinL, —(N,+ H,)-cos B, -sian]-cost —
—[(N1 +H,)-cos B, -cosL,—(N,+ H,)-cos B, -cost]-sian =
=—(N,+H,)-cos B, -sin(L, —L,)=S,, -sinz,, -sin4,;;  (16.24)
(16.24)am (16.23)ra 6yau0, Kyiugara OOFJIaHUIIHA XOCHI KHJIaMHU3.
(N, + H,)-cos B, -sin z,, -sin 4,, =—(N,, + H,,)- cos B,,z,,; - sin 4,,; = const (16.25)

(16.25) popmyna unrn3 reoae3uctu XoTuH GopMysiacu XucoomaHaIu.

§ 17. TAYCC-KPIOTEP SICCH TYFPU BYPUAKJIN
KOOPANHATA CUCTEMACH

Hactyp: Taycc-Kprworep koopamHara cucreMacu TYFPpUCHAA YMYMMUil
tymyHyaaap. [Daycc-Kpworep mnpoekunmsicuaa 3JJ/UIMICOMAHH TEKHUCJIMKAA
KOH(GOpPM TacBUPJAIIHUHI acocuil ¢opmyapu. I'eoge3uk KoOpAMHATAJIAPAAH
I'aycc-Kprorep koopauHaTajlapura Ba akCHMH4YAa Treoje3UK KOOPAHHATAJIAPAAH
I'aycc-Kprorep koopaunaramapura yrum  dgopmyaanapu. Texkucaukaa
MEPUIMAHIAP SAKUHJIAIIMIIUHM  XucoOaam. Macodpa Ba HyHAIMIIHHU
TeKUCIUKra peayknusiam. I'aycc-Kprorep koopauHarajsapHu Oup 30HAJaH
Oomka 3oHara kKaidra xucoOsam. Cdepouauk reoae3usiia KyJUIAHWIAJAUTAH
00IIKA KOOPAMHATA CHCTEMAJIAPU TYFPUCU/IA TYLIyHYAIAp.

I'aycc-Kprorep koopaunnara cucreMacu
Tyrpucuaa ymymui TymyH4ajaap
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MabiiyMKH, T€Oolle3UK MacalallapyHu €dyulia acocaH TYFpu Oypuakiu Ba
re0JIe3UK KOOpIUHATa CUCTEMANIapu KYJUIAaHUIAAU, TeKUCIUKAa Ba (azoda reoe3uK
Macajanap eyuIia 3ca TYFpu Oypyakiii KOOpJAWHATajap CUCTEMAacH, JJUTUIICOM]T
caTXMjla TeoJIe3UK MacajalapHU €4HIJia 3ca T€0Je3UK KOOpJuHaTalap CUCTEMacu
KYJUTAaHWIAIH.

1 kacc TpUaHTyISAIUA TYPU KOOPAMHATATIAPUHN XUCOOJIAI SJUTUIICOU] CaTXH/Ia
amanra ommpuiagu. Karra MaiiloHAa SroHa TreoAe3uK TYpHU Oapro 3TUIia
reo/Ie3MK KOOpAMHATalap CUCTEMAacHMHM KyJulall Kyjnaiaup. byHaaH Tamikapu
KYIITMHA WJIMHUHA axamMusTra sra OyiraH macajajapHu euuiiga, wmacanad, Ep
AIUTUIICOMAMN KATTAIMKIApUHU (mapameTpiiapuHu) aHukiamzaa; Ep ¢usuk catxunu
yprauuuiaa; CyHbuil Wynnonuiap opOUTaCuHA XUCOOIIAIIa; CAMOBHUM EPUTTUYIAPHU
adeMepuaacuHu XHcoONalla; aBualys Ba JACHIM3 HaBUTaUUMsJIapHaa Ba X.K.Japnaa
xaM Oy KoOpJIMHATaIap cucTeMacuaH (hon1aaHuIll KyJ KeJIaau.

By koopaunnara cuctemacuaa HyKTJIApHUHT ¥3apo Xoyiatu Oypuak OMpiuruaa
oepwianu. Mepuauaniap y3apo napaiien Oyiamaraniauru cababnu ynapra HucOaTaH
ViIuaHaauraH YU3UKHUHT (AVHAIMIIHKA) Xap XWI HyKTalapuja azuMyTjiap Typiuda
Oynaau. Mepuauan HyKTaJTapUHUHT Y30KJIWKIAPU KEHIJIMKra OOFJIMK dMac, JIEKUH
re0JIe3UK KOOpAMHATATAPHUHT YM3UKJIM KUIMAaTH HYKTaHUHT KEHTJIUTUTa OOFIIHK.

IOkopuparnaex macaiajllapHd €4HWIlJla TeOAE3UK KOOpAWHATAJapHU KyJulall
Mypakka0d OYynu0, Kym BakT Ba Maxopar Tajlald Kwiaad, 11y cabaldiau TeoJe3uK
KOOpJIMHAaTajIapaH (HonJaTaHuIIl XaMMa MacalapHy €4uIIia Kyl KeJaBepMac dKaH.

2,3,4 xjmacc TPUAHTYJSALIUS TYpJAApUHU XHCOOJall WIUIApH, Tomorpadpuk
XapuTtajap Ty3ulll OunaH OOFIMK OYiraH reofe3uk xucobnanuiap (TasH4 TYpiapuHU
0aprio ATUIT) Ba TypJiIW WHKEHEP-TEOIC3UK MacalajlapHU €YHII TEKUCITHKIA aMajra
OLIMpWIANU, sSbHU Oy Makcajyiapia sccu TYFpu Oypyakiid KOOpAUHaTajIap
kymnanunagu. [y cabGabnu >JIUIICOM] CaTXUJaH TEKUCIUKra YTHII Ba aK4uH4Ya
TEeKUCIUKIAH JJUIMIICOMJ CaTXura YTUII MyXUM axaMmusarra sra 0ynu0, xucoOiari
WIUTAPUHU aHUKJIUTY KEMUMHTH Oa)KapuilaJIuraH reo/Ie3UK MIUIAp aHUKJIUTUTa TabCUP

3Tanu. DIJIUICOW CATXMHU TEKUCIMKra y3rapuiicu3 (xatocus, Oy3macnaaH) Eiund
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OynMmaiau. OJUIMIICOM CAaTXUHU TEKUCIUKIA XaTOCU3 TacBUpJAWAUTaH TYFpU
Oypuakiu  KOOpAMHATajlap CHCTeMajapd XaM  MaBXyd oSMac. bBu3HHUHT
MaMJIaKaTUMH3/a, MYCTaKWJ JaBiaTiiap XaMJIYCTJIMTW JaBjiariapuja Ba aipum
Oolka naBiatiap/ia SJUIMIICOU]] CATXUHU TEKHCIMKAAa TacBupiam yuyH [aycc-
Kprorepuunr koHbopM npoeknusicu Kywianuiaan. by npoeknusna Ep smaunconnn
MepuAnaHiap €paamuaa y30KIukiIap (apkd ONATH rpaayciu (MUpUK MaciiTadiu
TonorpaduK MIaHTa OJIUIIAA Y30KIUKIap GapKy yd rpaayciu) 30Haxapra OyInHaIu.
3oHa ypTracugaH YTyBYHM MEPUAMAHTA YK MEPUAUAHU AeHHIAIM.

Xap 6up 30Haa YK MEpUIMaHU TACBUPUHU alblucca-x YKU 1e0, SKBaTOp YM3UFU
TaCBUPUHU OpJIMHATA-y VKU N1e0 KaOyn KUIWHAIW. DJUTUIICOU] caTXuaaru Oy srpu
YUKJIAp TEKUCIUKIA TYFPU YM3UK KYPUHUIIIN/IA TACBUPIAHAIU, YK MEpUIUaHU OMIIaH
HKBATOP YM3UFUHU KECHUIILIUII HYKTaCH KoopJuHaTta Oour 1e6 onuHagu. Xap Oup 30Ha
¥3 KoopAuHaTa dommura (KoopauHaTa cuctemacura) sra 0ymnanu. 3oHa YK MEpUAHNAHH

TEKUCJIMK/A Y3TapUIICU3 TAaCBUPJIAHAIU.

g €1

Tt

17.1-makJ.
a)-17.1-maknaa 2JUIMICOUJ CaTXWJaru «n» WHYM 30HA TacCBUpJIAHTaH. Vk
MEpUIMaHUHU Y30KJIUTH:
L,=6-n-3
dbopmyrna O6wian Tonunaau. 4 HyKTaHUHT DJUIATICOM] CAaTXHUIard XOJIaTH KCHIJUK B

Ba y30KJUK L opKanu Oepuiaau.
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17.1-makJ.

Xynmu my 3o0HaHu ['aycc-Kprorep mnpoeknuscuaa TEKHCIMKIATH TaCBUPH
0)-17.1-maknna TacBUpJIaHTaH. DJUTUICOU] CaTXUJAaru A HYKTaHUHI TEKUCIUKIAru
MPOCKUMSICU «a» OYynub, YHUHT X0JIaTHU SICCH KOOpAWHATa X, y Owinad udoganaHagu.
bu3s roxopuaa artutranumusnek ['aycc-Kprorep npoeknusicu koHpopM npoekuus. by
NPEKIUSHUHT KOHQOPMIIUTY KYHUAAru XycycusTiapy ounad OeiaruiaHaiu:

1. Dnnuncona carxugard YEKCU3 KUYMK OYIraH KOHTYp Iy KOHTYPHHHT
TEKHUCJIUKIAard TaCBUPH OwIIaH yxiami 0yinanu;

2. BypuaknapHu TEKMCIMKIATH MPOEKUUICH 1A Y3rapuiiap OyiMaiau;

3. Xap Oup HyKTaja TacBUpJAll MaciiTadl HYKTa KOOpAWMHATacura OOFIUK
O0ynu0, yHTa HYHATUIITHUHT TAhCUPH HYK.

30Ha YK MepHIMaHW[a TacBUpJall MmaciuTabu Oupra TEHT, SIbHH VYK
MEpHIMAHH/IA JKOMIAIITaH HyKTalap Y3rapyiICH3 TaCBUPIIAHAIM. YK MEPHIHaHHIaH
y30KJIaIlraH capy TacBUpJall MacTabu «Oup» JaH KaTTajallaad, Y3rapuil opTHo
oopaau. HOxopunarm kamuumivkiapra kKapamacnan [aycc-Kprorep mpoexkuusiciHu
ad3aJITUK TOMOHJIAPU MaBXKY/I:

1. bouka npoekuusanapaarura Hucoatan xucoOanl UIljIapyu aH4a CoJIa;
2. Ilpoekuusanaru y3rapunuiap FOKOPU aHUKJIUK/Aa TOMUIIAIN.

["aycc-Kprorep mnpoekuuscuaa 3JUIMIICOMA CaTXUAAH TEKUCIMKra YTUII
TapTUOMHM KHUCKadya KYpuO YMKaMU3. OJUIMIICOMJ CaTXUAA TPUAHTYJISALMUSIHUHT
uxtné€puii ABC yuOypuarnnu onainuk (17.1-maxn, B yn3ma).

PO —tpuanrynsauus xoinamrad 30HaHUHT YK MEpUIUaHHU.
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AP — A HyKTanaH yTraH MEpUIUaH.
AT — YK MepuaraHura mapajiesn Ba SJUTUIICOUIra ypUHMa OYITaH TEKUCIHK.
7' - A HyKTagaru MepuIvaHIapHU T€0IE3HK SKUHIIANINI OypYary.

Aab — AB TOMOH a3UMYTH.

T, — AB TOMOH T'€0JIe3UK TUPEKIIMOH Oypuary.

Oxopunarn snementnapau [aycc-Kprorep mnpoekmusicuia TEKUCIMKIATH
tacBupH (17.1-makn, r)-un3zma)

a, b, ¢, - A, B, C HyKTanap TacBUpPH.

ox — OP yK MepuanaHy TaCBUPH.

an STpU YU3UK - A HyKTajaH y1ran AP MepuauaH TaCBUPH.

at — 3rpu UM3uK - AT —ypuHMa TaCBUPH.

ab, ac, bc srpu unzuknap — AB, AC, BC reoe3uk Yu3uKIap TACBUPH.

«a» HyKTaJaH YK MepuauaHu TacBupura (abciucca Ykura) mapamien Oyiaraxn
YU3MK YTKa3aMu3, YHU at; OuiaH OenrmiaiMus.

an OSTPU 4YM3UK OWIaH qf; YU3MK Opacuja XOCWJl OyinraH ) OGypuakra
MEpHUANAaHIIAPHU TEKUCITUKIATH SIKUHIIAIINII Oypyaru Jeiuiaam.

Texucnukna Teofe3WK YW3MKJIAp STPU YM3MK OWJIaH TacBHUpiaHaau, Oy oca
TPUAHTYJSIUSAHA XUcOOJall MIUIAPUHU KUWMHIATUPAaW, W1y cababnu yriap
yduOypuak yudjJapyuHHU TYTAaIITUPYBUM BaTapiap OwiaH anmamrupuiaav. Hatwxkana
TEKHUCJIUK/IA TPUAHTYJSALIUSHU SICCH ydOypuakjiapu XOCul Oyiaau, yJapHH TYFpu
YU3UKJIM TpUroHomeTpus Gopmynanapuaan ¢donganaHud XucoOjam MYMKUH
6ynmamu. Teonesuk uM3uK OMIAH BaTap OpacHAa XOCHI OyiaraH O KMYMK Oypuakka
reoJIe3UK UM3MKHU TacBUpHUAArd OSrPWIMKKA Ty3aTMa Jaedunagu. Tekuclukaa

TOMOHJIApU TYFPU YM3UKIAH HOopaT OynraH yuOypuakiapHU XOCWUJI KWJIUII Y4YyH

yruaHraH HyHaoMooiapra O TY3aTMa KHPUTHIIAN.

at; TYFpU 4M3WK Ba ab BaTap opacuja xocws OyiraH Oypuakka TEKUCITUKIATH
JTUPEKIMOH Oypyak nerinunanu Ba 1T Oviad OenruiaHaIu.

["aycc-Kprorep mpoeknusicua MacodaHd SIUTUICOMA CaTXUIAH TEKUCIHUKIa

YyTKazumaa y3rapum Oymanu, ury cabalnu 3IUIMICOM caTXuaaru macodanaH yHra
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MoOC OYyJraH TEKMCIUKIAru Macodara yTUII YUyH yHra Ty3aTMa KMpUTHIIaau, OyHra
MacodaHu peayKUuusIam AeHuIaam.

DUANCONT CaTXUJaH TEKUCIMKKAa YTUII Y4yH Kydujard OOIUIaHFUY
MabJIyMOTIap OYIUIIN Kepak:

Sy - TPUAHTYJIALMS YUKUAII TOMOHH.

A — YUKHII TOMOH a3UMYTH.

B, L — 6ouutanfud MyHKTJIapAaH OMPUHUHT T€0Ie3UK KOOAMHATATIApH.

['aycc-Kprorep mpoekuuscuga 3JUIMICOU] —CaTXMJIAH TEKHUCIUKKA YTHII
Kyluaara KeTMa-KeTJIMKIa aMalra OIUpHIIaIu:

1. Bomwiarnu m0yHKT Teofe3uK KoopauHatainapugaH ¢doigananud, [aycc-
Kprorep mnpoeknusicuaa 1y TyHKTHM TYfpu Oypyakid KOOpAMHATajIapu
xucoOnanaau. Texkuciaumkna MepuauaHiap SKUHJIAMIMII Oypyard aHUKJIAHAIud Ba
OOLLTAaHFUY TOMOHHU TaKpUOUM AUPEKIIMOH Oypyarv TONMUJIaIH:

T'=A-y
2. ABBanjmaH yuOypuakjap eywiaau Ba ydOypyak yujgapuHu (ITyHKTJIApHH)
TaKpuOUi KOOpMHATATApU XUCOOIaHAIH.
3. bouutanfuy TOMOH Y3YHJUTM PEOyKUUsACH Ba Oapua HyHalIMILIap y4yH
reoJIe3MK YM3HKIApHH STPIINTH YIYH O Ty3aTManap XHMCoOIaHaIm.
Tonwiran Ty3armaiap OOUUIAHFUY TOMOH  Y3YHJMIMra Ba YIIYaHTaH
MYHAINIUIAPTra KAUPUTWIAAH.

4.TpI/IaHFYJ'I$[I_II/I$I TCKHUCJIUMKAA TCHITIAIITHPUIIAIH.
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§ 18. TAYCC-KPIOTEP TPOEKIIUSAACUHUHI ACOCHUM
POPMYJIAJIAPA

xtdxT———"—"——>5————"

0 9KBaTOp

18.1-maxk.1.

Omnurncous catxuna yekcus Kuuuk AA4;C ydOypuak ojamus, Iy yuyOypyakHU
TEKUCJIUKAAru TacBUpH aa;c 6yacuH (18.1-maxom).

Onementap A4;C yuOypuakaaH,
A,C=MdB (Mepuauan il 2JIEMEHTH)
AC = Ncos Bdl (nmapasien i 2JIeMEeHTH )
oynaau, Oynapaan ¢oiinananuo,

ds =+/(MdB)* + (N cos Bdl)* (18.1)
ned €3UIMMU3 MyMKHH.

N o o
WNnnu3 octunaru ndoaanu ( Bj ra KynamTupamus, yHIa
S

. \/(MdB)z(ijB)z , (Veos By -(NeosBY _ \/( MdB j @) (18.2)
(N cos B) (Ncos B) sB

MdB
—d. = .
Noos B q neb GenrmmamMus (18.3)
By epna, y3rapyBun ¢ M30METPUK KEHIJIHMK Je0 aTamaiu.
(18.3)uu nno6arra onuod (18.2)Hu Kyituaarura €3uMMnu3
ds = N cos B+/(dg)* +(dI)’ (18.4)

Texucaukna

ds = J(dx)* +(dy)?

(18.5)
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dSHudsra HUCOATHHU OJicak Oy TaCBHUpJIAIl MaclITaOuHU Oepaju, SbHU

_ds
ds

(18.4) Ba (18.5) popmynanapau xucoOra oJIcax:

= V(dx)* +(dy)*
N cos B+/(dq)* + (dI)*

by wudomanu xBagpatra kyTapuO, KOMIUIEKC COHJIAp Ha3apusICH acocuia

m

KYﬁHHaFan €3UIINMU3 MYMKUH:

) (dx +idy)(dx —idy) _d(x+iy)d(x—iy)
N? cos® B(dg +idl)(dg —idl) N?cos®> Bd(q+il)d

m

(18.6)

TacBupnamga KOHGOPMIIMKHY CakJad KOJIUII yYyH TYFpH Oypuakiiv

KOOpJIMHATAaJap re0Ie3UK KOOPAUHATATIAPHUHT (PYHKIUSACH OYIUIIN KepakK, ShHU

x=f,(B;L)

y=/(B;L)
€K1

x+iy=f(g+il)

x—iy = f(g—il)

['aycc-Kprorep mnpoekumsicu maprtura Kypa, 30HaHMHr OPYK MepuanaHu

(18.7)

TEKUCIUKIA TYFpU YM3UK OWJIaH TacBUpJIAHAIU Ba XYKH 1e0 OJWHAIU, eMakK YK
MEpUANAHU YUyH
[=0; y=0
VK MepmamaHuia *oHIalmraH HyKTa aGCICCAcH SKBATOPJAH LTy HyKTarada
Oynaran MmepunuaH €i y3yHJUTWra TeHr, OYynunumuruHu uHodarra onaud (18.7)uu
Kylujaruya €3ulliMu3 MyMKUH
x=X=1(q), (18.8)

By epna: X — B keHrnukraya Oyirad YK MepuanaH i y3yHJIUTH.
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f(q +il)u Tewnop Karopura EamMus:

Fg+il) = flq)+i ldf(qq) (l)zd f(q) _( )3d f(q) _( )4d J;(Q)
Losdf(@) 1 6d°f(q)
+§(ll)57+a(ll)67+ ...... ,

€KHn

f(q+il):f(q)+ild];(q)—ll3 f(g) 1.:df(@, 1 ,:d"f(g)
q

2 a6 dg 24 dg
5 6

+
1200 d¢° 720 dg°

by epna f(¢)=X Oynrannuru cababiau

X+iy = X+lld—X—ll2 d X—l

l3dX ll4dX llst 11661)(
dg 2 d¢* 6 dg° 24 dgt 120 dg° 720

+—1

.(18.9)

Kommeke conmap Hazapusicura Kypa TEHIJIMKHUHT XAKUKHU —XaJJiap
KaTOPUHU XAKUKUW XaJJlapura, MaBXyM Xaijap KAaTOPUHH MaBXyM XaJjapura
TEHTJIAll MyMKWH, YHAA!

4 6
x= X——lde 14dX ! 16“”6(+
2 dg® 24 d¢t 720 dqg

(18.10)

3
yot X Lpd X, 1 s dX (18.11)
dq 6 dq 120 dq

(18.10) Ba (18.11) dopmynanap »smmuncousa Hykradapau [aycc-Kprorep
MPOCKIUSCKA TEKUCIHUKAA TacBUpJiall KOHYHUSTHHU U(OJATOBUM YMYMUN

KYPUHUIIIATH aCOCHUI TEHTJIaMaliap XMUCOOIaHa IH.

§18.1 B, L reone3uk koopauHarajapaan ¢poiaajaanud x, y TyFpu 0yp4akin
KOOJAMHATAJIAPHH XHCco0aam (TYFpPH MacaJia)
["aycc-Kprorep TyFpu Oypuakiiv KOOpIUHATaJapHU XUCOOJIAIT YUyH

ax d’x X o d'X
dq dq

XOCUJIAJIapHHU TOMHO, YMyMUI KYPUHUIIIATH aCOCHI TEHTJIaMara KyHHIl Kepak.
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E3yBnapau Kucka €3uill yuyH Oenruianuiap KUpuTaMus:

b = (18.1.1)
,r;,rl —elcos? B T?= 1+}?2

bupunum xocuia: buszra MabiyMKu

dX = MdB;
_ MdB
1 NcosB

Oynapnan doigananu® E3UMMUMU3 MyMKHH,

d—XzN cos B; JIEKUH N _¢ Ba 11y cabadyu

dq V
d—X—gcosB 18.1.2
dg V (18.1.2)

HNKKHHYH XoCcHJjIa:

) dav
de_—csmBV—ccosBdB.d_B_{ c N c . dV}dB

——sinB——cos B— |— 18.1.3
dq* V2 dq 14 V2 dB | dg ( )
B i GepeHIMATUHNT  TOMUIT  YIyH V’ =1+¢cos’ B (opMyJlacCHHU
nuddepeHnnanIaimMms:
2VdB = —2¢'* cos Bsin BdB ,
OyHIaH:

dav _ —e' cos Bsin B
dB V

(18.1.4)

(18.14)uu (18.13) ra xyssmu3

2 2 .
d )2(= —EsinB—%cosB _ g cososma cos Bsin B d—B=[—£sinB+%e‘2coszBsinB}d—B=
dg 14 |4 dq V V dq

2 : 12 2 .
[—EsinB+i3e'2 coszBsinB}d_B= ¢V smB ce3 cos” Bsin B d_B:
vV Vv dq V dgq

_ _c(1+772)sinB—c772sinB dB _ _csinB+c7725inB—c7yzsinB dB
s dq 3 dq

2
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bynnan:

d*X . dB
= sinB (18.1.5)
dg V dq
dg = Mab TEHTJIMKJIaH TolaMu3. byHman dB _ NcosB Hu TormmO (18.1.5)ra Kyiicak
Ncos B dg M
d*X c . Ncos B
o =-——sinB- , Kenuo yuKaau.
q
% = M SKaHJIUTMHU UHOOATIa 0JIcak
d’x :
1 =—Nsin Bcos B (18.1.6)
q

[y uycunaa KodraH XOCWJajiap TONWJIAAW, YJApHW acOCHil TEHIJIamalapra
(18.10), (18.11);apra kyiicak TYFpu MacaJlaHU €UUIl YIyH UITYH (HopMyTanap XOCHII

KHWJINHAaIW:

n2
x:X+2TNcosBsinB+...., (18.1.7)
o,

"

y=-—NcosB+.. (18.1.8)
Yo,

Tpuanrynauusiga Tagad dTUIraH aHUKIUKIArd XUCOONalIHu OakapuIll yuyH
OJITUHYM TapTUOJArd XOCWJIaJapHU TOMMO Ba YyJIApPHM acCOCHM TEHTJIamayiapra

Kyiuo umr popmynanapHu KEATHPUO YUKAPUIIT MYMKHH:

n2 n2 2
Nsin Bcos B 1+ICLB(5—t2 +9772 +4774)+

x=X+
2pu2 lzan

1" cos* B

61—58:% +1* 18.1.9
360,0"4 ( l +t) ( )

" n2 2
y:l—”NcosB{l+lCLSZB(I—t2 +n?)+
Yo, 6,0”

L8 B (5-18¢% +14n” —58n°t%) } (18.1.10)
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OXM nan doigananud B, L acocuaa x Ba y JapHH XHUCOOJAlll yU4yH KyHUJaru

bopmynamapaan doiganaHuI MaKcaara MyBo(MuK;

x = 636755849695 ! a, - [0_5 (a, +a,%) F] FN} sin B cosB

P (8.1.11)
y= [1+ (EIS +a5i’l) EE] [N cosB

(18.1.11) dhopmynanapaa Kyiuaara Oeiaruianiap KUpUTHITaH:

(L_Lo )" Y,
[|=-——2"- Oepuwiran HyKTa Y30KIMIW OWIaH YK MEPUIUaHy30KIUTH

Yo,
altupMacu, paauaH yidouaandogaiaHTra.

N = 6399698902 — [2562.267 — (108,973 - 0,612 cos? B) cos® B| cos B;

ay = 32140,404 - [135,3302 - (0,7092 — 0,0040 cos? B) cos? B cos? B;

a, =(0,25+0,00252cos> B) cos’ B —0,04166;

ag = (0,166cos* B—0.084) cos’ B;

a; =(0,3333333+0,001123cos” B) cos” B—0,1666667;

as =0,0083 — [0,1667 —(0,1968 +0,0040cos® B) cos’ B] cos’ B

l-xknacc  TpuaHrynsuMsAa KeHriaukiap Ba  y3okiaukiap  0,00017;  x,y
koopauHatanap 0,001 m rasa xucoOmanaau. OpauHaTa KuWMaTh ), 30HA YK

MCpHUuIraHura HHCcOaTaH XO0CHJI KWJIINMHAIH.

§18.2 Tyrpu Oypuakiu KoopauHaTajgapaaH GouaanaHud reoe3snk
KOOPAMHATAJIAPHHU XHcoOam (TecKapu MacaJia)
[Ipoekuus maprura Kypa
B=f(xy); | q+il = F(x+iy);

€K1

L= f(xy) g—il = F(x—i¥); (18.2.1)

OYIUIIM KEPAK.
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X
4

A i Y _ a
1 £ ———
apatnen
Tapamnnen 1
<\ x
X
"-._________- | __1-’

0 IKBATOP 0 3KBATOP
TacBHpH

THICOHANA TEKHCTHKIA

(18.2.1)nu Teinop KaTopura EamMus:

q+il =F(x+iy) = F(x)+iyF'(x) —%yzF”(x) —éiy3F”1 (x) +iy4FW (x)+...(18.2.2)

qg—il =F(x—iy)=F(x)—iF'(x)— %yzF"(x) + éiysF”’ (x)+ %y“FW (x)+...(18.2.3)
(18.2.2) Ba (18.2.3)mraHKyrinaaruiapHu TOIAMU3:

q =F(x)—%y2F”(x)+iy4FW (x)—... (18.2.4)

/= yF'(x)—é PFY (x)+ . (18.2.5)

Texucnukaa HyKTa abcuuccacu oe; KecMa OujiaH aHMKJIaHaau, Oy Kecmara
ammuncouana OF, B; keHrnukraua Oyirad Mepuauad €iu Moc keinaau. £ HyKTa yuyH
[=0; (y=0), Bay3 HaBOaTHIA [Ty HyKTa Y4yH

9, =F(x), (18.2.6)
Oy epaa g ;keHrnuk B uu pynkmuscu cudaruna xucobmanaau. B;-KESHTIUK 3ca X

apryMEHT acOCH/JIa JKaJIBaJIJIaH OJIMHAIH.

(18.2.6) Tenrmukam wHOOatra osmO, (18.2.4), (18.2.5) dopmynapau Kaiita

€3aMu3
1 2 dzq 1 4 d4q
= —_—— _— — YIS 1 020
q=q 2y(dx21+24y(dx4 | , (18.2.7)
dg 1 ,(d’q
I=y L == =2 | +....... 18.2.8
y[a’le 6y (dx3 1-’_ ’ ( )
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MdB
Ncos B

MasbiyMku dg =

By TCHIJIMK aCOCHa E€3UIINMM3 MYMKUH:

B=0(q)=¢lq, +(q-a,)]

18.2.9
B, =¢(q,) ( )
(18.2.9)nu Teitnop KaTopura €aMu3:
B=9(q)+(q-49)9'(q)) +.....
(q-q;)uu (18.2.7) dopmyna Ownad anMamTupamMus, yHIa
1 ,(d’q) 1 . d'q)|dB,
B=B —| =y} — | — | —||— 18.2.10
: [2); (dle 247 (dx“ dq, ( )
Nuruu hopMynaiapHu OJUII YU4YH XOCHIIA OJaMU3:
bupunum xocuia: busra MabIymMKH
dq = MdB ; JIGKUH MdB = dx ; 1y cababiu
Ncos B
(@j I S (18.2.11)
dx), N, cosB,
NcosB=r OyATaHIuTH YUyH
(% L (18.2.12)
X1 h
NxxuHum xocuia:
d’ d(jqj dB
d_zq:—X_ , (18.2.13)
x dB dx
4B = iJII/IrH MabJIyM, Y XO0JIJ1a (18.2.14)
dx M
i(@jzi@:_Lﬂ (18.2.15)
dB\dx) dB\r r* dB’

dr
bynnaun EHI/I TOIaMHu3
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1
dr _d(NcosB) _ —NsinBJrcosBi a(l-e’sin®B) 2 |=
dB dB dB

i _3
=—Nsin B+cos B —%a(l — e sin’ B) A(—Zez sin B cos B)} =

) ae’ sin B cos B asin B ae’ sin Bcos® B
=—NsinB+cosB

3/ |77 i 3/
| (1-¢sin® B)A (1-¢e?sin® B)? (1-¢sin’ B)A
_ —asinB(1- e’ sin? B) + ae® sin B(1 —sin® B) B

3
(1-e?sin? 3)4

_ —asin B+ae’sin® B+ae’sin B—ae’sin® B —asin B(1—e”)
= 3 - 3 b
(1—e”sin® 3)4 (1—e” sin® 3)5
a(l-e*)
arapna M = 3 SKaHJIWTHMHHA MHOOATTa 0JICaK,
(1-e’sin” B)’2

I _MsinB (18.2.16)
dB

(18.2.13); (18.2.14); (18.2.15); (18.2.16) dopmynanapaan Qoiinananud

HKKMHYM XOCHJIaHH TOITaMH3

d’q 1 . 1 .
o =[—F—ZJ(—MsmB)~M—V—ZsmB
eKU
5 .
dq|__smbB__ & (18.2.17)
dx* ), Njcos” B  NicosB,
(18.2.8), (18.2.10), (18.2.11), (18.2.17) dopmynanapman d¢oigananud Ba
dB, _ Nicos B, HKAHJIMTUHU XUCcOoOra oJu0, KyWHJIaruHu TOIaMu3:
dq, M,
1, N, cosB, . vy,
B=B —|— _ B=B, - —.. (18.2.18
: {2y N? cos B, } M, cx ' 2MN, P ( )
Yy
["'=———— p"—... 18.2.19
N, cos B, P ( )

Tynmuk (xpcoOnamga MOKOPH aHUKJIMKHU TabMHUHIOBYHM) (OpMyJalapHu
OJIUIII Y4YyH IOKOpPU TapTuOmaru xocwianapuu tormub, (18.2.8), (18.2.10)
dbopmynanapra KyiHuo unrau hopmyanap KeITUpUO YUKapuiIaIu:

2 4
= —2— p 1= 22+ gty + 2 (5 + 286 + 241 + 6 + 8nfed)
6N, 120N

- 4
N, cos B, i |

2 2 4
B=8B-—2 tlp"{l—lzyN (5+3r12+7712—9n12z12)+36f) (61+90t12+45114)}

M,N, ; Ny

136



OXM pan ¢Qoigananud x, y acocupa B, L Hu XucoOlam y4yH KyHuJaru
dbopmyrnanapaan GhoiganaHnuIT MyMKHH:
B=B, -[1-(b, ~0.122%) 22| 22b, p";
L=L,+1[; (18.2.20)
1=[1= (b, - byz?) 22] 22
OyHJa:
By = f+1{ 50221746 + [293622 + (2350 + 22 cos? B)cos? Sleos? B } 107 sin g cos "
S =(x/6367558,4969)p"
z=y/(N, cosB,)
N, = 6399698.902 — [21562,267 — (108,973 — 0.612 cos? By )cos? By Jeos? By
by =(0,5+0,003369 cos’ By ) sin By cos By,
by =0,333333 - (0,166667 ~0,001123cos” B, )cos2 By
by =0,225+(0,16161+0,00562 cos” By ) cos’ By
bs =0,2—(0,1667 — 0,0088 cos” By ) cos’ By,

B,L acocuma tyrpu Oypuakiu [aycc-Kprorep koopawHaTamapu x,y HHU
xucobmam  ¢dopmymamapu  (18.1.11) Ba x,y acocumma B,Lmapaun xucoOmar
dbopmynanapu (18.2.20) 1 kimacc TpuaHTYJIAIUSA Ba MOJUTOHOMETPUSHHE XHCOOIaIia
unuiatunagn. by gopmymnanap tyrpu Oypuaxiu koopauHatanapau 0,001 m, reone3uk
koopauHaTtaigapau 0,0001” aHuKIMKIa XUCOOIAITHN TaAbMUHIIANH.

['eonesux unuiap amanuéruga Oy kKabW aHUKIMKIArd XUCOOJaIl KaM Tajad
stunaau. [y ca®abnu OKOpH aHMKJIWK Tanad dTHUIMalIuraH XucoOJiall Uiiapuaa

(18.1.11) Ba (18.2.20) popmynanapHu COATANAMTAPUIIT MYMKHH.
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§18.3 Tekucaukaa MepuaMaHIAP AKUHJIAIIMIIAHA XUCOOIa1

1. 'eone3uk koopauHaTanap GpyHKUMSICHAA MEpUIUAHIIADP SKUHIAIIUILIN

0)

18.3.1-maxa

18.3.1-makga:

a-3JMnconiiard 4 HyKTaHd TEKUCIIMKAAru TaCBUPH,
ns-A HyKTasaH yTraH MepuuaH TaCBUPH,

aw-A HyKTaJlaH yTraH Mapajuies TaCBUPH,
ab-abciucca YKura napauien TYFpH Yn3uK,
ae-opJMHATA YKHUra napajjien TYFpy YU3UK,

Y -TEeKUCIUK/Aa MEPUINAHIIAD STKUHJIAIIUIT OypUYard KeITUPUIITaH.

[Tapajutent TacBUpIa @ HyKTara erapiinia sKUHJIMKAA d; HyKTa OJIaMu3. XOCHUJI

OynraH snemMeHTap aa;a,y4oypuakaaH €3uIMMU3 MyMKHUH:

gy == (18.3.1)
dy

(18.3.1)popmynanu Kyhiumaru y3rapuiiga €3amMmus,

tgy =4l (18.3.2)
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Tyrpu Macana euuniia unuviatuiaaurad Gopmynanapau auddepenunaniani

OpKaJ'II/I @ Ba d—yna HHU TOIIaMU3.
dl dl P '

n2

x=X+ 2NcosBsinB+ ..... naH
2p"

@:l—chosBsith... (18.3.3)

dl pH
Z"

y=-—NcosB+....1aH
yo,
D1 NcosB... (18.3.4)
dl pH

gy =—sinB+.. (18.3.5)
Jo,
busra mabnymkn y =tgy — %th v+ %tg Y=, (Teckapu TPUTOHOMETPHUK KaTop).
Iy ca6abau
y'=0"sinB+..... (18.3.6)

bynnan Tamkapu MepuauaHiap SKAHJIANIMIIAHA ~XUCOOJAITHWHT KaTop
dbopmynanapu MaBXKyl, yiapJaH sHa OMPUHHU KEeNTUpaMHu3. Arap TYFpu Oypuakiiv
koopauHaranapaan ¢oinananu6 0,001” anuknukna. 1 kiace TpUAHTYISAUAA ) HU

xucoOam Tanad atusica Kyiugaru gpopmynanan ¢oiigaiaHul MyMKUH

y =1 1-[0033333-0,00225cos* B, ) (0.2-0.067cos? By)z2] 22} zsin B, p",(18.3.7)

Oy dbopmynana (18.2.20) bopmynagaru Oeiruiant UILIATUITaH.

2. Tyrpu Oypuakiau  KoopAauHatajap  (PyHKUUsICHMAA  MEpUIUAHIIAP

sxunnamumy (18.3.6)gopmynanaru Sin B uu Kyliugarnya KypuHUILIA E3aMuU3
sin B = sin[B, — (B, — B)]
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by nudonanu Teitnop katopura Eamus,

sin B =sin B, —wcos B —.. (18.3.8)
yo,
(18.2.18)1aH,
v’
B —-B)'~ ——1—p"—... 3.
(BB~ (18.3.9)

(18.3.9)uu unobarra oscax,(18.3.8)uu Kylingarnya €3UMMMU3 MyMKHH:

2 2 2
t
sin B =sin B, — Y h cos B, =sin B,| 1 - —2 =sin B,|1- Y - =
2M N, 2M N, 2Na(l-¢€")
(1-e¢*sin® B)? |
2 2 1_ 2 2B
=sinB,|1- J > =sinB,|1- 24 > ¢ SH; L=
2 l_e 2N1 l_e
2N, 1_ 22 p
| l-e”sin” B,
i 12 5
21— 5 sin” B, 2 202 1 a2
=sin B[ 1- 2. —1+e —sinp|1-2 e ooy B |
2N; - e' 2N; l1+e“—¢
i 1+¢"”
i y2 2 2
=sinB|l1-——(0+e"cos” B)) |,
1 2N12( 1):|
y2
€xusin B = sin B, {1 N (1+n )} (18.3.10)
1
busra Mabinymky,
[ (18.3.11)
N, cos B,

(18.3.6), (18.3.11), (18.3.10) dbopmynanap acocujaa, TOmamMu3:

2
y . y 2
"= p"sinB,|1-—+(1 18.3.12
y o l,osm 1{ 5 12(+771)}, ( )
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2
.. y Yy 2
"=— o"t|1- 1 18.3.13
€Ku ¥ N Yo, t{ 2le( +1; )} ( )

byHnan Tamikapu reojie3uk koopauHartanap B Ba [=L-L, OGepwiran Oyica,

Y HU XEcoOmamaa Kyiuaara Gpopmynanan (HonjaTaHuIT MyMKHH.

Y= { 1+[(033333+ 0,00674 cos? B, )+

+(0,2c0s2 B—0,0067) 12] 12 cos? B, } Isin B,p" (18.3.14)

Xucoobmamt 0,01" aHuKIMKAa OaKapHuIll Tajgad dTUITaH 1A

3

7/=lsinB+§l—”sinBcos2 B(1+3n%) (18.3.15)
0

0,01"asuKIMK Tagad THITaHIa

3
7/=lsinB+%%sinBcoszB (18.3.16)
o

0,1' anukJIMK Tajgad STUATAHIA
y=IsinB (18.3.17)
dbopmynanapaan doianaHuIaan.
§18.4 TacBupaam MacIITAa0MHU XHUCOOJIAIIT
1. Teonme3uk koopauHataiap PyHKIUSICHAA TAaCBUPJAII MaCIITaOn

ds
busra MabiymMKu m = 0
S

2
ds:NcosB\/( MdB j +(dl)’
Ncos B

dS =+(dx)* +(dy)*
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V xomma m? = (d_S] _ (2dx)2 +(dy)22 y
ds (MdB)~ + (N cos B)" (dl)

(18.4.1)

) —
(N cos)2 1+ [W)
N cos Bdl

j_’yc =1gy ~ OYNraHJIUTH y4yH,

2
1+(@] =1+1g°y =sec’ y
dy

[Maptra kypa KEHVIMK JOWMHI KaTTamuk OYiranmuru cabadiau (KEeHIJIHK

y30KJIHUKIap dapkura OOFJIMK dMac):

9B _
d

bynu unooOarra osncak (18.4.1) Kyitugaru KYpuHUIITHA OJIaH

m—ﬂ secy
dl NcosB

(18.4.2)

seCy HU MakJIopeH Karopura &samus:

2 3
!

(£(x)=£(0)+x'(0) + "2—' £(0) + x? £ (0) +......popMya Epramua)

n2

secy =1+ 2?/ - (18.4.3)

Bu3ra MabIyMKH y'=0I"smB+.... yHJa,

(18.4.4)



(18.1.10)nan dorinananud % HU TOIIaMU3, YHJIA

n2

% = N cos B{l + 2110"2 cos’ B(l —t*+n’ )} (18.4.5)

(18.4.4) Ba (18.4.5) nu (18.4.2) ra xyiicax

"2 n2 :..2
m :{1+ ! — cos® B(1-¢* +772)}(1+ZS’%B)

2p

Kepaxnu 6yiran aHUKIMKHY TabMUHIaHurad (opMyJIaHu TOaMu3:

"2

w2 : 2 n2 n2
m=1+ 5 coszB(l—t2 +772)+—l sz B =1+ ! 5 cos’ B — ! 5 sin’® B +
2 " 2p" 2p" 2p"
n2 lnz
+ > cos” B772+—2sin2B ,
2p" 2p"
n2
bynpan m=1+ 27 cos’ B(1+n?) (18.4.6)

§18.5 Tyrpu Oypuakiiu koopanHaTagap GyHKIUACHIA TACBHPJIAII

MaCIITaA0M
(18.2.19)1u (18.4.6)ra xyiicak
y2
2
m=1+ N7 (L+77) (18.5.1)

1

[ (18.4.6) opmynanmaru B Ba 7, B, Ba 5, OWJIaH aIMAIITUPWITAH |

1+ 7712 o
; y3rapTupamus,
Nl
o2
1+ 2(1—sin2Bl)<1—ezsinzB])
1+ 1+e%cos’B, | l+e ~
le - - 2 -

a

2
a
1
(1 —e’sin” B, )A

~ (l—e2 sin’ Bl) (l—e2 sin’ Bl) (1—e2 sin? B])Z

a*(1-¢é%) a(l—e?)
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busra Mmabinymku

av1-e?

~ (I—e’sin’ B)

1y cabadnu

1+7n/ 1
N? R

(18.5.2) Hu unoOatra oncak(18.5.1)Kyitngaru KypuHuIIra Kemiau,

2

m=1+-> =t
1
(18.5.3)HUHT TYTUKPOK KYpUHHUIIN
2 4
m=1+ y—z +-2 R
2R 24R,

§18.6 Macodanu TekucIUKra peryKuusiant

18.6.1-maknna:

S-a Ba b HyKTanap opacujaru TYFpu 4YM3uK Oyitnda macoda
O -re0/Ie3UK YM3UK TaCBUPH;

T-ab 9v3uK TUPEKITMOH Oypuary;

144

18.6.1-maga

(18.5.2)

(18.5.3)
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y;-a HYKTa OpAnHaTaCu,

y-b HyKTa OpIMHATACH;

R,,-ab 4v3UKHU YpTaya STPUIMK PalyCy KeITUPUIITaH.

ds
busra mabiymkun M = s OyHIaH
S -1
ds s( )2
S=[= eu s=[]1+25] as (18.6.1)
S m ) 2R

Wurerpan ocrtunaru udoaanun OMHOM Katopura Enuo,

(A+x)" =l-x+x>-x’+.. dopmyna Eépmamuma) OMPUHYM XAJAWHH CaKIa0,

KYWMJAruHA TOIaMU3:

S 2
S = { (1 - ﬁde (18.6.2)

b HyKTa y4yH y =y, +Ssin7,y Xonzaa (18.6.2)kyiingaru KypuHULIHU OJIAIH:

N 2 ; 24in?
o y1+SsmT) dSéxm S=[ (122 +2y,SsinT +S8“sm” T S (18.6.3)
A 2R?

(18.6.3)Hu uHTErpaIIaiMU3

S
_ S_yzS _»S8'sinT _§° sinZT{
2R? 2R? 6R*

Ba MHTETpaJlIall dYerapajapuHu Xucobra oiam0O, S HM KaBcAaH TallKapura

YHKapCcaK

2R* 2R’ 6R’ 6R’ ](18'6'4)
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A .
busra Mabnymku y, =y, _Ty; Ay=SsinT ; Ay =y, —y,. ByHn xucobra oJcak

(18.6.4)Kxyitnnaru KYpUHUIIHM OJa/IH:

2
6R? —3(ym _ij —3(ym —AzyjAy -y

s=S 2 5 €Kn
6R
2 2
Ym _ A
§= S[l — # TS J (18.6.5)
(18.6.5) Hu S ra HUCOaTaH eycak:
2 A2 )
S — 1 _ ym . y
2R2  24R2 (18.6.6)
(18.6.6) Hu KaTopra €ind OMPUHYU XAJAUHH CaKIad KOJICaK:
2 2
_ Ym DY
S = S(“ NSRS J (18.6.7)
m m

(18.6.7.)popmynann KeATUpUO YUKAPUIL COAMAPOK OYIUIIM Y4yH Xajiap
COHHU yerapajiaHra 371u. by gopmyna 2 kiacc TpHaHTyJsiLusAra MILJIOB OepHIlga
KYJUTaHWJIaau, 3-4 Kjacc TpUAHTYJSLMIra WIUIOB Oepuiiia (popMyJTaHUHT UKKH

XaJu OWIaH YyerapajaHuIl MyMKHH.

1 xkmacc TpuaHTyJsOMATa WIUIOB Oepuinga Kyduugaru (QopmynagaH

dbolnananuIagu:

2 2 4
Ym Ay Ym
S=s/1+ + —

( 2R, 24R; 12R,‘,‘1] (18.6.8.)

(18.6.8.)HuHT HOTApPUPMITH KYPUHUIIIH:
2 A 2 4
H Vm H | Ay H1 Vm
lgS=lgs+—|—| +—| — | ——| =
¢ ¢ 2 (Rm] 24(Rm] 12 [RmJ (18:69)
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§18.7 MyHATMIIHE TEKHCINKTa PeIyKIHsIALI

18.7.1-mar.a

18.7.1-maknna:

/' -T€0JIe3UK YM3UKJIap TACBUPHU opacujaru Oypyax,
B -Batapiap opacuaaru Oypuyak KeITHPUITaH

["aycc-Kprorep mpoekiusicu koHpopmiuru cabadiu Oypuakiapaa y3rapuiil
Oynmainau, sbHu /B = /f3'

JIekMH Treone3uK 4YM3MKJIap TAaCBUPU OIPUJIMIMYa KOJAAHW, YylaplaH TYFpU
YM3MKKa YTUII YYyH HYHaJIUIIUra Ty3aTMa KUpUTWIAAHW. by Ty3aTManapHu WyHaIuIl
peoyKUMsCUra Ty3aTMallap €KH TEOJE3MK YMW3UKHUHI TEKHCIHUKIArd TACBUPUHU

ArPUJIUTHUTA Ty3aTMa JCUUIIaIH.

18.7.2-marna

Onnuricony; catxuiga AB TeoJe3UK YM3UK OJIAMNIMK, YHU TEKUCIUKIArd

TacBUpH akb 6yncun 18.7.2-mak.
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benrunam kuputaMus: x; y; Ba X;), —a Ba b HyKTanap KOOpJIUHATACH; §,, Ba

5,, UYHAJINII peayKIHsICUra Ty3aTMaap.
Texucmukgaru akbdcmaxira amnconana ABDC makin MOC Kellaau.

ADCB  OypyaknapuHuHT HuruHIUCH  360° +&£ra,  akbdcOypuakiapuHu

iuruaancu 360° + 5, + 6,,1a TeHr. [Ipoekuns KOHPOPMIUTHHN HHOOATIa OJICAK:
360" +& =360° + 5, +5,,,
oyuman & =0, +0O,, (18.7.1)

Kenub uukaau. Arapaa S, ~5,, JEcak, y Xojjaa

£=25,,, OyHIaH Sy, = g (18.7.2)
" (xz_xl)(J’1+J’2) "
&= e " DKaHJINTMHU XHUco0ra ojcak
5n12 — (‘x2 — xéllh)l(e.);l + ) pn (18.7.3)

X, —x, =Ax3 (1 +,)/2 =y, necak

5u2 — Axym

S R2 P (18.7.4)

Wmopanapau nHoOaTra oJiraH XoJja:

O =+ P

2R (18.7.5)
Oy =— Ay p"

2R

(18.7.5)popmyna 3 Ba 4 kjacc TpUAHTYJSALMAAA UYHAIMI peAyKIUsIIapyra
Ty3aTMaJapuHU XHcoOiamaa uiuiaTuiaau, 2 Kiacc TPUAHTYISIUsIAA Kyuujaaru

dbopmynanapaan dhoigariaHuIAIN:
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1
(18.7.6)

1
"y = —gf(xz —x1)(2y, Hyp)

6yHHaf":_liL
2R},

m

Arapma ty3armanapau 0,01"aHuknmukaa xucoOmam Tanad dTuica KyHuaard

dbopmynanan GoigamaHUIl MyMKUH

5”12 = _5"21 = —0,00253()62 - Xl )ym

§ 19. TAYCC-KPIOTEP KOOPANHATAJIAPUHU BUP 30HAJTAH
BOIIIKA 30HAT'A KAUTA XUCOBJIAII

byHnaii macana Kyiugaru xoaiap/ia Keiamo YnKau:

1. Ukku KyUIHA 30HAJIAp OUPHKHUII KOMKIa OYIraH TPUAHTYISIUS TapMOFUHU
TEHIJIAITUPUIIIA TAPMOK KOOpIMHATanapu OUp 30Hara yTKa3uiaiau;

2. VIkku KYIIHU 30HAIAp OMPUKHUIIM KOWKUIa WHPUK MacIiTada TjIaHra OJHII
Oaxxapuia€Trania oJiTH TPaayClIvK 30HaIaH Y4 IpaayCciiu 30Hara YTUIaIu.

KoopnuHaranapau 30HaJaH-30Hara KailTa XucOONAlIHU TYpJd YyCyJUlapu
MaB3XKYy/I, yJIapJaH aipuMIIapuHU KYpUO YNKAMU3:

a) P nyHKT KOOpPAMHATAJAPU X; y;HM OUP 30HAJAH MKKMHYM 30HAra

yTKazum Ttajad 3 Tuicu, 19.1-maku.

LOI LOII
| |
lvop | R |
I____ﬁ__.______\:
|
M| e
I
0, | 0,
| |
| I
| |
1 30Ha 2 30HA

19.1-maxki.
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X;, y; Oepuiran koopAuHaTalap acocuna, P nyHktHu B;, L; -Teome3uk
KoOpAuHaTanapu xucooOmanaau (teckapu Macana). CyHrpa P HYKTaHUHT WUKKUHYU
30Ha YK MEpUAMAHM Y30KJIUrura HucOatan Gpapku aHUKITaHWIIAIu:

I=L—L,"

bynnaH kelinH P MyHKTHY HKKMHYY 30HAJaru TyFpyu Oypyakivu KOOpAWHaTaIapu
X,, V2 XMcoOJaHaau (TYFpy Macaiia).

By ycyn xoopauHatanapu KaiTa XHCOONMaHWIMA 3apyp OViraH MyHKTIAp COHU
KaMm OyJraHja Ba KaTTa aHUKJIMK/a XUCcoOJIalll Tajaad dTUIraHaa KyJTaHUIa Iu.

0) bup HeuTa MyHKTJAap KOOPAUHATAJAPUHU OUP 30HAJAaH OOLIKA 30Hara

KaiiTa xucoO0J/iam Tajaad dTwiran 0yjacus, 19.2-maki

4
B 3\ N r6-\ C
A T3 3 7 D
6 30Ha 7 30Ha
19.2-mak.i.

bepuiiran TpuaHrynauus TypuHu 6 30Haga TeHrnamtupuiagu. Cyarpa 1-5
HyKTaJIap KOOpJAWHATAIApUHU 6 30Hana, 6 Ba 7 HyKTajlap KOOpAMHATanapu 7 30Haaa
xucoOnannnanad. bByHnan Ttamkapu 3oHajapra OYiayBUM MEpUJIMAHU HKKaia
TOMOHMIAaH 30 ’keHrnmukAa €nuiama (mepekpytusa) Oepunanu. by >xapaén Kyhunaru
TapTUO/1a aMalra OUIUPUIIAIN:

1. C Ba D HyKTayap KoopauHaTagapu 6 30Hara Kaita XxucoOJiaHau.

2. OnTMHYM 30Ha TU3UMHAA Oapya MyHKTJIIApHU TaKpUOUN KOOpJuHaTagapu
AHVKJIAHWIAAM.  VIYHAIMIIApHM — pefyKLMsuapd — XMcoONaHMG  yiruaHTaH
HyHanuiapra Ty3aTManap oepuiaiu.

3. Tpuanrynsuus Typu 6-30Ha1a TCHTJIAIITUPUIAIN.

4. 1-5 nmyHkTnapau 6-30Haja SKyYHUI KOOpIAWHATAIApU XUCOOIaHUIAIH.
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5. ETTvHYM 30Haja KOWIAINTaH TPUAHTYJSALUA TYypU IIYHKTJIAQPUHUHT
AIUTUIICOM CaTXM KailTa XHMCOONaHAaIW, S’bHU TEHIVIAIITUPWITaH WyHaIuIuiapra
HYHAIUII pENYKIUSACH YUYH Ty3aTMajaap KUPUTHIIA]IN.

6. Ertunun 3oHanaru C Ba D nyHKTIap KoopJauHaTaapujaH doiaananub 7 Ba
6 TyHKTJIap TaKpuOUN KOOpAWHATATApU AHHUKIAHWIAAM Ba HYHAIWIUIAD YUyH
peaykuusiiap xucoobsanaau. TomwiraH Ty3aTManap TEHIJIAIITHUPUITaH ChEpUK
WyHanuuuiapra KUPUTWIAAW Ba HATWXKAAA TEHIVIAIITHPWITAH WyHAJIUIIap XOCHI
KWIMNHA/IH.

7. Ertunun 30Hagaru C Ba D myHKTIap KoopAuHaTanapuaad ¢oigananud 6 Ba
7 MyHKTJIapHU €TTUHYM 30HAJIard HAaTHKaBUW KOOPAUHATAJIAPH aHUKJIAHWIAIN.

8. Maxcyc xanayapan doigananud KoopauHaTaIapHu OUp 30HajaH OOIIKa
30Hara Kapra xucoOiarll.

A.M. Buposn, b.H. Pabunosuu Ba C.II. I'epacumenko, A.B. byTkeBuunap
TOMOHHJIaH UIIUTA0 YMKUIITAH JKaJBajljIap SHT KT KyJIJTaHWIA !,

Buposry Ba PabunoBuu kaaBauiapujiaH (QoiiganaHuO, wMacajaHd UM

KOUJATapUHU KYPUO YNKAMIIHK.

vl

A4(5.»)

o 7 a, ds

Ol[(xo )l(.Vo )ll o, [(ru )z (v )2]

19.3-makui.

X2
Xz -~

A(x,.¥,)

19.3-1maksn 6yiinya Kyidugaru OearujianuiapHd KUPUTaMU3:

X;y;-A HyKTaHUHT OMPHUHYM 30HaJia OepUiIraH KOOpAuHaTalapy.

X;V2-A HyKTaHMHI UKKWHYM 30HaJaru KUIUpUiIaéTrad KOOpANHATAIApH.

0x; Ba 0,x,-OMpUHYM Ba MKKMHYM 30HAJApHUHI a0cuucca YKiapura rnapaiiesn

OYyIraH 4Yu3HKIapH.
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Q, Ba a;-0A YN3UKHUHT TUPEKLIUOH OypUaKIapu.

bupuHun 30Hajma xkounamrad A HyKTa KOOPAWHATAJIAPUHU MKKWHYM 30HAra
Kaiita xucoOusam Tamad stuiraH OyicuH. Maxcyc skaaBamiapaaH doraanaHuo,
Tpamnenus paMKa YWIApMHUHT KOOpJIMHATajIapyu aHUKJIaHwiaad. bupunum 3oHana 0,
Ba A ;HyKTaJIap opacujaru KOopAuHaTaIap OPTTUPMAIApU AX; Ba AY;jap TOTHIA]IH.

OA 4uvBUKIapHU JUPEKUUOH Oypuyakiapd MOC Keiamaiau, my cabaldmu yriap
opacuaard papkHu Ao = o, —a, KOOpJWHATANIAP YKIAPUHUHT OypUiIvI Oypuaru aeo
kKapam myMmkuH. [y Hykran Hazapnan O, Ba A,HyKTaJJapHUHT UKKWUHYM 30HAJATH

KoopauHaTajaap OpTTupMalIapu AX; Ba Ay, TOIIAIIAOH.

i 4 X7

m

Aa
Ay, 47

]
=

19 .4-mmmakn

19.4-makngan KylngaruiaapHu E3UIMMMU3 MYMKHAH

Ax, = (Ax; cos Aa — Ay, sin Aa) Am
Ay, = (Ay, cos Aa + Ax; sin Aa)Am

Xy =(Xg)y + Ax,
Y2 =) + Ay
Oy epna: Aa=(yo) —(7g)y +AO
y  Ba AJ KuiimMaTiapu Ax Ba Ay apryMeHTIIap acOCHJIa *aJBajJIaH OJIMHA]IN;
Am=1+(m~-1), —(m-1),

(m—1);- )KaaABaJlJaH OJIMHAIU.
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["aycc-Kprorep Tyrpu Oypuakiv KOOpAMHATATapUHU OWp 30HAJaH OOIlKacHura
VY3rapTupuil aHUKJIUK SKUXATAaH IOKOPU Ba YHHBEPCAJIPOK yCyija Kyhujaaruya
amaJira OlmMupuiIaan:

VK Meprmanu L,) Oyiaran 30oHama TYrpu OypyakiM KOOpIMHATA X; V; JIap
reofie3uk koopauHaranap B; L; map acocuma (18.2.20) dopmynagan ¢oiinananuo,

tomwiaqd. CyHrpa ¥k wmepumuanu L,

Oynran 30Hajaru TYFpU Oypyakiu
KOOpJIMHATA Xy, )y Japreojie3uk KoopawHatamap B; Lap acocunma (18.1.11)
dbopmynanan  Qoitganmanu®  xucoOnaHamu. — XucoOjaml — MOUIApU  TYFPH
Oa)kKapWJITaHJIUTUHN TEKITUPHUII YIyH YTHIITHHM UKKH MapTa aMmalira OIIHPHII TaBCHUS
ATUJIAAU, SABHU arap YTUIN FapOui 30HaJaH IApKUM 30HAra Oakapuiaran Oyica,

CYHTpa yHU HIapKUM 30HaJaH FapOuil 30Hara amajira OUMpHUII Kepak.

§ 20. TEOT'PA®UK TYPI'A TYFPU BYPUAKJIN KOOPJIUHATAJIAP
TYPUHM TYLIUPULI

Tomorpadguk xapuTaiapHu poMy MEpUJIMaH Ba MapajiejuiapjaH ubopar, yiap
KECHILIM HaTWXacuja XapuTaHu reorpadux typu xocus 0ynaau. I'eorpaduk Typaan
TalIkapu Tomorpauk xapuragapjaa TYFpu Oypyakiid KOOpJWHATajgap TYpPH XaM
oynaau. Tyfpu OypuyakiM KoOpAMHATamap TYypu reorpaduk Typra Kyluaaruya
TYIIUPHUIAIN:

[lnanmerna Tyrpu Oypuakid KoopauHataidap Typu umsuwiaau. CyHrpa
KoopAuHaTanap TypuaaH (oiinananud reorpadux TVp uusmwiaau. Mucon yuyH, M-
38-129-(224) nomenknarypanu 1:5000 macmrabaaru TonoxapuTa IiaHra TYITHPHII
(cpémrka) Tpamernusicu Oepunran OyncuH. Homenknatypaman ¢oiigananun® pamka
yUJIapUHU Te0JIe3UK KOOpJMHATANapy aHMWKJIaHaAW. YOy Tpameuus yd rpamyciu
3oHaHu NelS na sxoitnamras, yHu YK Mepuauanu Ly =n-3° =15-3° = 45°. Y3okmkiap
bapku xucoOaaHaIu

L =L L,
=L, L,
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['eones3ux koopnauHaraimap B Ba / nan (Qoipgananu®, >kagBaijaH Tpaneius
POMHUHHMHT Oypyak YWIAPUHUHT TYFpH Oypuyakiid KOOpJAWHATAJIapU OJIMHAIHU, CYHTpa
Oypyak yWIApUHUHT KOOpJMHAaTajgapujiaH QoinanaHu®d Tpaneuus IUJIaHIIeTra

TYIIUPUTIAIN.

§20.1 Tyrpu OypuyakJIu KOOPAMHATAJIAP TYPUra reorpapuk TYPHUA TYIIHPHII

1:2000 Ba ynman maiima O6ynran macmradnaru TomoxapurtanapHu Treorpaduk
TYpu OOp, UyHKHM yJIapHH POMHM MEpUIMaH Ba Napajuiesuiap OWIaH yerapajaHras.
1:1000 Ba yHmaH HuUpUK MacmiTadaaru Tomorpauk IaHiapAa reorpadguxk Typ
Oynmaiinu, ynap aOcuucca Ba OpAMHATa YM3UKJIApU OWJIaH yerapanaHraH Oymanau.
Hemak 1:1000 Ba yHaaH HUpUK MaciuTadbaaryd Tonorpaduk rmiaHiap MaKiu TPanenms
HIaKJIWJa dSMac TYFpU TYpT-Oypuak makiujaa Oymaau. Aiipum macaiajapHu eduliia
HIyHAal IUIaHIIeT/Iapra MEpUauaH Ba NapajuleJUlapHU TYIIMPHUII Kepak Oyiud

KoJIaJu.

Ly

B(0)
Bi(M)
Bi(w)
B(S)

Dixiyy) \ S Clx1 yi)

20.1.1-magn

MepuanaHHy TYIIMPUII YYyH 7 Ba S HYKTaJIAapHU y,Ba Vs OpJWHATaJapHHU

tonui Kepak. (20.1.1.-makira Kapasr).
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[Tapamnensnu Tymmpuin yadyH w Ba O HYKTaJTapHUHT X,, Ba X, abcuuccaiapuHu
TOTIUII KEPAK.

MepuauaH Ba napajuielIHU STPUINTHHU XUCOOTa O yu4yH M HyKTa re0/Ie3uK
KoopAWHaTanapu B Ba L opKainu HyKTaHWHT TYFpU Oypyakin KOOpJAWHATaJapH X,, Ba
V, XyucoOnaHamu (TYFpu Macalia). n HYKTa XOJATUHU aHUKIAIl Y4yH AB 4Yu3uk
abcrmccacu x,Ba Oepwirad y30kiauk L Ta sramm3. Tyrpu macamamaH ¢oiinaianu0

KYﬁHHaFHHH €3UIINMU3 MYMKHH:

y=-—NcosB+..., (20.1.1)
ye

Oy epna: ["=L—-L,; B - n HyKTaHUHT HOMAabJIyM KEHIJIUTU. B KEHIJIMK B; KEHIJIUK
OWJIaH anMallTUPUIAIN, YHH X,apTyMEHT OpPKaju KaJBalJaH OJMHAAH. TyHUAaruHu
€3alImK
B=B,~(B,~B)
by udonanu Teitnop kaTopura €smMus:

(8, - B)"

cos B = cos[B1 —(B, - B)] =cos B, + ————sin B, —....
busra Mmabaymku
(B, -B) __»y
p" 2M\N, o
Iy ca6abau
2 s 2 B
cos B = cos B, + Yo (20.1.2)
2M N, cosB,
buprHYn SKUHIAMKMINAA y = — N, cos B, +... ,
Yo,
Bbynu nnobarra oscak
n2 N B )
cos B = cos B, + N cosB sin’ B, (20.1.3)

pu2 2M1

(20.1.3)nu (20.1.1)ra kyiicak
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" n2
y= %Nl cos B, {1 + 6;"2 cos® B, (1+2t} )} (20.1.4)

X,,Ba XpJapHU TOMUII YYYH Kyiuaaru udomgara sramus

(BI_B)': yz /
p" 2M N, ;

oyuna: B —wMO mapamienau Ouzra MabiyM Oynaran keHriauru y-w (€ku O) HyKTa
OpAMHATACH.
bynnan ¢oiinananub, opauHara Ba YK MEpPUIUMAHUHT KECHIIUII HYKTacu

KEHIJIUTH Kyiuaara ¢popmynina OuiiaH TOMHIIAIU
2
y "

B, =B+ t +
1 ZMINI'D 1

(M;, N; Ba t;nap M, N, ¢t Ounan anmamtupunaau). CyHrpa B;apryMeHT acocuia

JKaJBaJIJIaH adcuucca KUMMaTH X,,(€KH X)) OJTMHAIH.

§ 21. AIPMM BOIIIKA TPOEKIINASIJIAP BA KOOPTUHATA
CUCTEMAJIAPU TYFPUCUJA TYITYHYAJIAP

§21.1 JlamOepr-I"aycc koHopM KOHYCABHH NPOCKUMACH TYFPUCHAA TYLIYHYA

21.1-maxkuJi.

by nmpoekius napanien WyHanuimm Oyinda 4y3uK, TOp MaliI0HIap TaCBUPJIAII
YUyH Kynail xucobnanaau. Adciucca YKy HyHaIMIm YK MepuInad HyHaIHUIIUra Moc

kenaau. [Tapannen TacBupura ypuHma XoJija opJidHaTa YKU OJIMHAIN.
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Ypunma napamien OuiaH YK MepUIuaH KECUIIM HYKTacH KOOpAHWHATa OOIIH
KWIKO onvHaAu. YpUHMA Napaijie] WyHaIUIIU/Ia TaCBUpJIalll MaciiTabu Oupra TeHT
oynaau. Tekucnukaa Tyrpu Oypuakiii KoopAUHaTaIap Kyiuaaru Ggopmynanap Ouiax
XUCOOJIaHA I

y=(NyctgB,—d)siny ;

4
x=d+ytg =
yg2

Mepuanannap SSKUHJIAMIMII Oypyaru

y=(L-L,)sinB,,
OyHna B)-ypuHMa mapasuiesl KeHIJIUTY;
Ly-yK MepuanaH y30KJINTH.
§21.2 Pyccen koHdopMm cTepeorpaguk NpoeKUUsCH TYFPUCHIA TYLIIYHYA

M® O N’

21.2-maga

By npoekius aitnanara siKMH IIaKJUIAPHU TACBUPJIALI YUYH KyJlaih XMcOOJaHaaH.
Koopnunara Oomm Kuiaub TacBUPJIAHWINM Kepak OyiraH MaiJIoH MapKas3u
oNMHaAU. YK MepuauaHu abcuucca YKH, YK MEpUAMAHUTa MEPHeHIUKYIsp Oyiaran

YU3HUK OpJIMHATA YKU KWJIUO OJTMHAIH.

VK MepuamaH HyKTaJapUHMHT abcupccanapd Kyimgard (opMmyna OpKaad

XHcoOJIaHa

S
XO = 2R0tg E ,

0

by epna Ry-koopauHata OOIIMHM YpTada STPUIUK PaANyCH;
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S-xoopauHaTa OomMIaH YTraH mapajuiesnn OwiaH OepuiraH HyKTajaH YTra
napajuiesiap opacugaru Mepuaual EMUHU y3yHIUTH.
['eone3uk koopauHaTanap EpaamMuaa TYFpu Oypyakiu KoopJauHaTanap Kynuaaru

dbopmynanap opKaau XHUcoOJaHaIu:
x=a1AB+a2ABz +a312+a4AB3 + e ,
Y =bl+byABl + by AB* [ +byl° +......

by epna a;Ba b; kuitmaTiapu Maxcyc KaJiBajuiapJaH OJIMHAIN
ABBa [-yK MepuauaHu OwilaH KoopJaAWHaTa OOIIM Opacuiard KEHIJUK Ba
Y30KJIMKJIap ailupMacH.
AB=B-B,
[=L-L,

§ 22. BUPUHYU TYPJATU JUPDPEPEHIIUAJI ®POPMYJIAJIAP

Tpuanrynsmusra wnuioB Oepumiga OONUIaHFUY  MabIyMOTIAp HOTYFPH
Ooepunran ne0 Qgapa3 KWIAWIUK, Y X0Ja OJIMHTaH HaTWXajdap HOTYFpu Oynamu. by
XaTOHU MKKH XHJI yCyia Ty3aTUIIl MyMKHH:

SAuru OonuIaHFUY MabIyMOTIap EpAaMuaa TPUAHTYISIUATA KalTa HILiao
YUKW KM MaxCyc Ty3aTMajiap Xuco0sal TOMUII OpKaIH.

bonmanFuy  MabayMoTiapaard  xaTto cababiaM  MyHKTJIADHU — T'EO0JIe3HMK
KOOpJIMHATAJapW Ba WYHAIUII a3UMyTIapuaa KenuO YUKaIuraH XaTOHW TY3aTHII
YUyH KHPUTWIAIUTAH Ty3aTMallapHu Xucoonam (GopMynanapura OMPUHYU TypAaru

aupdepenunan tryzarmMaaap aenuaaam.
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22.1-mmakn

22.1-mraknpaa:

A (B,L) 6a B (B,,L,)-koopanHaTagapy MabIiyM TPUAHTYJISIIUS TyHKTIApH.

A, Ba Ay;—AB 4v3UKHY TYFpPU Ba TECKapu a3uMyTIapu

S- A Ba B nmyHKTHap opacuaarua Macoda.

A TYHKT KeHIUTU dB 1a; AB-un3uK y3yHnuru ds ra; AB 4u3uK a3uMyTH dA;; Ta
y3rapran ne6 ¢dapa3 KWialiuK. YHa UKKUHYY HYKTa dB), dL,; dA,; opTTHpManapHu

onanu. by oprTupmanapau auddepeniuan TeHriaManap KypuHHIIUaa €3aMus:
dBy = dBY' +dB5 +dB}|?;
dL, = dL5\ +dL3 +dIf)12;
o =dL,' +dI5 +dlf,' =, (22.1)

B 5 .

TeHrnamanap XaajJapuHu FOKOPUCUIA KEITUPUITaH UHAEKCIIAp HUMA
TabCUPHUIA KOOPAUHATATIAP OPTTUPMAJIApU KeTNO YNKAHIUTUHU KYpcaTaau.

bomuiaHruy HyKTa KEHIVIMITH B; y3rapuiy HAaTHKACHAa KOOpAMHATAIApAA
y dB); dL; ;dA}:
KeJIM0 YMKaAuraHn ysrapuuuiap ab, ; dL, ;dA,,;
B w
1. dB," - KeHIJIMKHUHT Y3rapuinm:

BA uu3ukHu myHgai OypaMusku y A HyKTajgaH YTCHH. S YW3HWK Y3YHJIUTH

y3rapMaraHjiura y4yH, 43Uk AP mepuauaHnaH 4ukuO BA', X0JIaTHH Arajulaidiu.
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BA', un3ukHu y3ura Toptud A'|HyKkTaHu A' HyKTa yCTUTa TyIIMpaMu3, YHJIa YHU3HUK
A’B’ xonatau sramnaiiau. Cynrpa A B uu3ukau A 'HyKTana A;, a3uMyTH XOJIaTUHU

oJryHua Oypamus. BB' Ba B'B', éilap KEHIJIMKIApUHU Y3TrapuIlId XUCOOUTa KEHTIINK
1

. B . .
Ysrapumm dB,' 6ynamnu. UusmanaH E3MIMMMA3 MyMKHH:

' 1

=sin(90" — 4
, ( 12)

1

[y ca6abau
A} A= BB'=S"'= AA4',-sin(90° — 4,,) = MdB, cos 4, (22.2)
bo I'eoA€3UK MaCaJlaHu €YUuIIaH ousra MAabJIYMKH,

cos A

V3 HaBGaTHa KeHrIIMKHN BB’ éiinra y3rapuiii Kydujgarura TeHr 0yinaau
B, - B, =dB= —%Aﬂ s’ (22.3)

2
(22.2)Ba(22.3)popmynanap acocuna BB’ €l yuyH €3UIIMMU3 MYMKHH,

cos 4,

dB,, =— M, M ,dB, cos 4, (22.4)

Xynau myHaan B'B', €1 y4yyH TOIaMH3:

AA'=B'B'|=S", = AA', cos(90° — 4,,) = M,dB, sin 4,, (22.5)

B'B',  &huma KeHIIMKHUHT Y3rapuiny Kyhnaaruda Oymamu:
0
-4
dB=B, B =000 =) (22.6)
MZ
(22.5)Ba (22.6)acocuia TomaMus:
sin A .
dBB'B'l == 2L M \dB, sin 4, (22.7)

2
bomnanruy HyKTaHUHT KEHIVIUTY Y3rapyIly HaTHKACU1a UKKUHYY HYKTaHUHT
KEHIJIMTUHY TYJIMK Y3rapuiiny Kyiunaruia oyiaau:
B cos 4 sin A _
dB,' =dBpp +d gy = (— ——2L M dB, cos Alzj + (— —2L M ,dB, sin AlzJ =
1 M2 M2

M . .
= — L (cos 4, cos A,, +sin 4,,sin 4,,)dB, ;
2
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(22.8) dopmynanu y3raptupamus, OyHUHT y4uyH APB cdepounuxk KyTyo

y4OypuaruHu ojgamu3s (22.2-maxim).

22.2-marn

bunamuszku,
cos] = —cos 4, cos(360° — 4,,) +sin 4, sin(360° — 4,,)cos &

90°-B ; Ba 90°-B , Tapra HucOaTaH O KMYMK KaTTAINK OYJITaHJITH yU4yH COSO =~ 1
ne6 KaOys KUITUITMMHA3 MyMKHH,

VY xonna cos/ =—cos A, cos A, —sin 4,, sin 4,,
€K1

—cos/ =cos 4, cos A,, +sin 4, sin 4,, (22.9)

()

VY3 naBbaruna (22.8) Ba (22.9) popmynanapnan doiigananud, Tonamus:

alBéB I = % cos ldB, (A)
2

by epna: I=L,-L,
B, )
2. dL,' - y30KAMKHH y3rapuuim:

. o B
BB' Ba B'B'| éiinapHu y30KJIMKJIApUHH Y3rapuird okubaruma dL,' y30KIUK

Y3rapuiu xocus 0yinaau. busra MabiiyMKu

in A
L=1L = sin s,
NcosB

[y cababau E€3UMMMU3 MyMKHH:
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= —%Mﬂa cos A, + %Mld& sin 4,
€K1
dL? :Ml—cwl(—si111421(:osA12 +sin 4, cos A,,) (22.10)
N, cos B,
Yuzmagan:
cos A,,sin(360° — 4,,) = cos(90° — B, )sin/ — cos 5 sin A, cos(360° — A4,,)
€K1 —cos A4, sin 4,, =sin B, sin/ —cos d sin 4,, cos A4,,
V'3 naB6aruna (cos5 x 1)
sin B, sin/ = —cos 4,,sin A,, +sin A4,, cos 4,,,
1y ca6abmnu (22.10) popmyna Kyuaaru KypUHUIITHA OJIA]IH:
ar® = M G g osing éxn drf =g, sinidB,  (B)
N, cos B, N,
3. dA,) —Teckapu a3uMyTHHHT y3rapumu. Cepouauk KyTd yudypuaruian
ézamm3:

/PBC =90"—t; A4, =A4,+180°+¢; dA, =dt
BCP y4bypuarunan €3aMus:
cos(90° — B,) = ctglctg (90° —t) &km tgt = tgl sin B,
byHnaH KypuHaauKu a3uMyT Y3rapullld B HyKTa KEHIVIMTM Ba Y30KJIUTHHUHT

Y3rapui GyHKIusICH 3kaH. OXUpru TEHTITUKHT TuddepeHmaanmMus:

dt d .
os’ 7 = os?] sin B, +1gl cos B,dB,

B
®dapas kit cos’ ¢ ~1; cos’ [ ~1; dl=dL,'; dB, :dBf1

b

(A) Ba (b)am xucobra oJsicak, OXHPTH TSHTIUK KyWHIard KYPUHHUIIHA 0JIa]Id

dAff =sin B, M, 1gB, sinldB, +tgl cos B, M, cos ldB, (B)
N, M,
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o N N S
S Macoda y3yHIMTMHUHT Y3rapuiig HATHKACHIA de ; sz; a’A21

KOOPAMHATAJIAP Y3rapuimu

dapa3 kuwnaitmuk S macoda dS = BB'ra ysaiinn, BB HyHaIMII a3UMyTH

Appr = 45 ~180° 6ymamm.

A B ds B’

Onpunaru kentupwiranpopmynaigap acocuja Kyhujaard ¢dopmysanapra sra

Oynamus:
KEHIIMK YIYH dB; = _cosdy (I
M2
s sin 4,,
V30KIUK yuyH dLs = ———21 s (019)
N, cos B,
A3UMYT y4yH d4;, = _sin g8, 4 (E)

2
o A A A
A3ZUMYT y3rapuinm HaTHKacuaa dB;'? ;5 dL'? ;5 dA;|? koopamHaTaiap
y3rapuiu
bonutanruy a3umyTHU dA,, Ta y3rapummaa S macodara Oypuiiaau, ShbHA YHUHT

OXUPTU HyKTacH B xonataan B'xonararura yTaau.

BB' y3ynnuruau tonaiinuk. ABB' chepuk yuOypuakaaH E3UITMMU3 MyMKHH:

163



B' )

sin sin —
R

indd,, . 7w’
sindA,, sin =

BB'
& B dA,, Gypuakiap KHUUK OYITaHIapu yayH

BB'= Rsin>-dA,,
R

€0 OJUIIMMHU3 MyMKHH.
bomr reomesux MacanmaHu euuin Qgopmynacunan Qoiinananud, OONUIaHFUY

a3UMyT V3rapuilll HaTWXKacuja KOoOpAMHATalapaa Oynaauran Y3rapuiuiapHU

TOIIAMM3:
Ay cosdpp 0
de = —M—ZBB N JICKUH ABB' = A21 +90 N
nry cabanu
in A .
a’B;12 = Sm—”Rsm%a’A12 (K)

2
[y Tapuka y30K1MKIa OyIaaurad y3rapuilHd TOIamMu3

cos A4,,

Iy = Rsin % dAy, 3)

N, cos B,

. o 4
TYFpu a3UMyTHHHT y3rapuiiv HaTHKachia TECKapH a3UMyTra Ty3aTMa dA,; >

WKKUA KUCMJIaH ubopar:

1. Mepuanannap SKUHJIAMIAIIN OypYaruHy Y3rapuiiyd XUcoOuTa Ty3aTMa;

2. Unsuk y3yHIuTH GYHKOUSICH Ba TEOJC3UK YM3UK a3UMYTH Y3TapUIIH
xyucooura Ty3aTMma.

Ty3arma OupuHYM KUCMU KyWugaruya oynaau:
dAN2 = dL2 sin B,
¢xu (3) hopmysianu XxucoOra oJicak

a2 = C(’]Svﬁtggzzesm%mlz 22.11)

2
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TYSaTMaHI/I HKKHMHYY KUCMU:

am g, - cos +-dA, (22.12)

ds
By epna m = Rsin -~
R
(22.11)Ba (22.12) Qopmynanap acocuja TeCKapu a3UMyTra TYIUK Ty3aTMma

KyWAH1arura TeHr.

cos 4,,

dA} = cos % dA,, - teB, Rsin % dd, (W)

2

(A), (b), (B), (I, (), (E), CK), (3), (N) dopmynanapHu KYIIMII HATHXKACHUA

oupuHuM Typaaru auddepennuan Gopmynanap Xocua Oynaau, NyHaai Kuiauo:

M A in A
dB, = L cosldB, — 2721 g + S0 Rein S g (22.13)
M2 M2 2 R
M in A A
dL, = L 1gB, sinldB, — 2221 gs + % pain € d4,, +dL, (22.14)
M, N, cos B, N, cos B, R
i M, . M in A, tgB
dA,, = sin/ —Lsin® B, + —Lcos’ B, |dB, _SRAIEP: gy
cosB,\ N, M, N,
(22.15)

. 1gB
+cosia’A12 = RsmicosAZI &dAlz
R R N

2

§ 23. UKKUHYU TYPAAT'U TUODPEPEHIIUAJ ®OPMYJIAJIAP

Ep omnuncouam mapametrpiapu  (Yiouamiapu, KaTTaluKIapu) —Y3rapuIlu
TPUAHTYJISIUS TYHKTIAPUHN KOOPAMHATAIAPUHU KalTa XWUCOOJAlTHU KEeNTUPHUO
yuKapaau. by macananu ojgataa, OJAUMHTU 3JUITMIICOU] CaTXUAAa XUCOOJIaHTaH MyHKT
KOOpAMHATaJapura Maxcyc Ty3aTMajap KUPUTUIN Wynu Owinan euwnaan. Ep
AIUTUIICOMIN TapaMeTpiiapu V3rapuii OKuOaThjga TeoJe3UK KOoopJuHaTaap,
AYHAIINLL asuMyTiiapura KUPpUTWIAAATaH Ty3aTMajJapHu XycoOani
dbopMynaapHUHT UKKHHYY Typaard nuddepennnan hopmynanapu aed HOMIaAHAIN.
by dopmynanapan kentupu® yukKapuil ydyH OOII T€OJE3WK MacallaHdh E4uIlIa

KYJUTaHWJIaqurad popmyanapaa QoiiagaHuiaim.
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busra MabilyMKu KeHTTIUKIIAp GapKUHU TOMHII YIyH

3
_ Scos 4, (1-e”sin’ Bm)é o

b'=Scos A4, (1 ek b"
MO T

(23.1)

dbopmynanan GoiaaHuIaIN.
By ndomanu a Ba ¢ 6yiinua aubdepenumamiaiMms, muddepeHuaLIanan
OJIAMH YHU KyWMUJIaru KYpUHHUIIA E3aMU3:

b"= S cos /1,,1,0"[(1_62 sin’ Bm% } '

a(l-e*)

db"=Scos 4, p" - — da +
a

1
— 3
2(1 —e?sin’ B,,)2(~sin” B, )(1—e*) — (1 - e* sin” Bm)é(—l)

+— 5 de*
a (1-e")
€K1
22 A 2 2
b Scos 4,,(1-e im B,) " _@_’_ —ésin2 B, 2de‘ : N de :
a(l-e) a 2 (1-e°sin” B,) (1-¢€°)
busra MabIlyMKH e’ = 2a ; de’ =2da(23.1) bopmynarm xucodra oimb Tonamus:
db"=b" —@+ —Esin2 B, 220%052 + 2d0¢2
a 2 (1-e“sn” B,) (1-¢€)
)
8Ku dp=—p 9| 23S B gL
a l1-e* (I-e”sin” By)
(1-e*) Ba (1-¢” sin” B,,)1apHu Tanniab rbopcaxk,
da .2
db"=—b"{ %L — (2 3sin’ B,,)da (23.2)
a

1 1
*U30x: y = —; OMpUHYHM XOCHIIA }'=——5; e’ -OMpHUHYH
a a

Japakany y3rapyBuu 1e0 KaOys KWIMHAIH.

VY3okmuknap GpapKkuHU TONUIT YYYH
1
Ssin 4, (1—e’sin* B,)?

o" (23.3)

["=Ssin 4,,secB,,(2),, €ku ["=
acos B,
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dbopmynanapgaan  doigananu6, (23.3) dopmynaHu KyHujgara KypuHHUIIIA E3U0

OJIaMU3:

1
_ Ssind,, | (1-e’sin®4,,)?

cos B,, a

l"

2o .
Ba YHH a Ba e Oyiinua auddepeHmamianmMmns

1

. 1
d;u:Mpn _Lz(l_ez sin’ Bm)zda+l l(1—e2 sin” B,,) 2(—sin’ B,,)de”
cos B, a al2
1
EKH dp= 351 A ( —e’sin® B,)? | da _ Shj Bn; de’ .
acos B, a 2(-e"sin”B,,)

Maxpaxnara (1—e’sin’ B, )HM Tanuiad 00pud, de’ =2da  SKAHIMTHHH

uHobarra oo, (23.3) dopmynanu xucobra oubd Tonamus:

a a

: 2
dl"= z"{— da _smn 23 m 2da} 8K dl"= —1"{@ +sin’ Bmda} (23.4)

AzumyTtnap GpapKuHU TOTHII YIYH
t'=Ssin A,tgB, (2),, ©ku ("=I"sinB,, ,
dbopmynanapaan  ¢doingamanamu3.  Oxupru  TeHVMKHU  AuddepeHmamiad
KYWHJIAaTUHA TOTIAMU3:
dt"=d["sin B,

¢xun(23.4)uu xpucobra oJcax,

dt"= —z"{@ +sin’ Bmda}sin B,
a

dt"=dA" ury cababmu dA"= —l"{@ +sin? Bma’a} sin B,, (23.5)
a
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II- KUCM C®EPOMIMK T'EQIE3USIHUHT ATPUM AMAJIN
MACAJIAJIAPA
§ 24. MEPUJIMAH BA TAPAJUIEJ Eil Y3YHJIMKJIAPUHUA XUCOBJAII

B, Ba B, kenrmmkmapra sra OyiraH HyKTajgap opacuaard Sy MepuauaH Ei
Y3YHIIUTH KyHUJATy JTUITHK UHTETPATHU SUUI OPKATHA TOTHIIAIH
B,
Sy = [ MdB (24.1)
B,

(24.1) unTerpayiHu Aapaxkanu Karopiapra €inb unrerpaam MyMkuH. Kyitnga
(24.1) wuHrerpamun  CumncoHn  QgopMynacuaaH — QoinanaHu®d — XHcoONalIHU

KEJITHpaMU3:
S, = BfMdB _(B.-B) ?1)" (M, +4M , +M,), (24.2)
B,
OyHJa:
Ao ad- e?) —a(l— ¢ 1+0.25¢° s@2 B, (24.3)
" (1-ésin? Bi)% 1-1.25¢*sin” B,
B,.B, - MepuauaH EHUHUHT OONUIAHFUY Ba OXUPTU  HYyKTajJapu

B, +B
KCHITIMKJIapH; B,,B, Ba Ble :% KEHITIMKJIapAaru HyKTaJIJapHUHT MEpuauaH

1
STPUIMK PaguycnapuM,, M,, M ; Pk 8080228 x 107"
o 6p

Xucobmanl HaATMKACUHU TEKIIMPUII YYYH S, - MEepuAuaH €l y3yHJIUruHu By,
By, Ba By, B, HyKramap opacumarm X; Ba X, €M Y3yHIIMKIAp¥ WHFUHIMCU
KYpuHHIINIa Xucoomaimus (24.1 makn). (24.2) dopmynara acocan

— (B}Fp - Bl)”

- (My,p+4Myp+M1),
6p (24.4)

1

(B2 _B” )” 1]
X, = —6,0””’ (M, +4M;, + M),
Syv=xX1t Xa
oyama: M'v.Ba M" - M _Bt5, M _By B Ba KEHIJIMKJIapaard HYKTaJapHUHT
yHAaa: My, ¥p =T, =T, PA YK 1Y

MEpUIMaH TPUIUK panuyciaapu. Yiap (24.3) popmyrna opkanu XxucoOiaHaam.
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(24.2) dopmyna 500 kM raga OynraH €W Y3YHJIUTHHH 1-2 CM aHMKJIUKIA
XUCOOTAaHUTITHY TabMUHIaiau. Arap € y3yrnuru 500 kM. gaH karta Oyiica, y Xoiaa
¢itan 500 kM. gaH karta OYViamaran Oynakmapra 6yiu0 xucoOiaHaau.

1-Mucoa. B,=49°29'58,938" Ba B|=45°30'17,221" keHrnuknapaara HyKrajiap
opacuaaru mMepuauan € y3ymnuruau (24.2) ¢opmynanan ¢oitgaianud XucoOJIaHT.

Onunran Hatnxanu (24.4) popmyna OGunaH TEKIIUPUHT.

Jrbamop

Ly=30'
24.1-makJi. 24.2-mak.J1.

MepuauaH €ii y3yHJIUMTHHHE XHCO0JIa1I CXeMACH

Xucooam

Ne | Dopmynanap HATHKANADH, M HN3ox

1 2 3 4

1 a 6378245

2 e’ 0,00669342 (1)-(6) xarranukmap KpaccoBcknii
3 a(1-¢%) 6335552,727 SJUIUIICOMAH YIYH TOMMUN

4 1/6p 8080228 * 107"

5 0,25¢ 0,00167336

6 1,25¢° 0,00836678

7 B, 49°29°58,938” (7),(8) BapuanT Oyitn4a onuHAAH
8 B, 45°30°17,221”

9 By 47°30°08,080”

10 | 140,25¢%in?B, 1,00085142

11| 140,25¢%in?B, 1,00096756

12 | 140,25¢%sin?By,, 1,00090966

13 | 1-1,25¢%in?B, 0,99574290
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1 2 3 4

14 | 1-1,25¢%in?B, 0,99516223

15 | 1-1,25€*sin’By;, 0,99545168

16 M, 6368056,324

17 M, 6372511,409

18 My, 6370290,021

19 4My, 25481160,084

20 (B, - B))" 14381,717

21| (B,-By)"6p 0,011620755

22 Su 444165,343m (21)*(16+17+19)
mexuwupuuL; X; HA X|UcoOJiart

23 By, 47°30°08,079”

24 B, 45°30°17,221”

25 By, 46°30°12,650”

26 | 140,25¢%in*B”, | 1,00088057

27 | 1-1,25¢%inB”, | 0,99559716

28 M, 6369174,032

29 | My,+4M”,+M, | 38215042,473 (18)+4 + (28)+(16)

30| (By,-By)° 1°59°50,858”

31 (Byy, - BY)” 7190,858”

32| (By,-B))"/6p 0,005810378

33 X, 222043,812m
mexuupuuL; X, Ha X|ucoOJiart

34 B, 49°29°58,938”

35 By 47°30°08,079”

36 B’y 46°30°03,508”

37 | 140,25¢%in?B’y, | 1,00093867

38 | 1-1,25¢%sin?B’y, 0,99530664

39 M’y 6371402,932

40 | Myt 4M’y+ My, | 38228413,158 (17)+4 + (39)+(18)

41| (B,-Byy)°*" 1°59°50,859”

42| (By-By) 7190,859”

43 | (B,-By,)"/6p 0,005810378

44 X 222121,532

45 | Xyt XKSu 444165,344 (22) k (45)

IHapannesn €l y3yHJIUMIHHE XUCO01a11T
S, - mapaen €l y3ynnuru r=NcosB paguycra tenr Oynran, L,-L;=/
Mapka3ui Oypuakra TasHTaH aillaHa il y3yHJIMTMHU XUCOOall OpKalld TONUIaau
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L. —L " "
S, =#NCOSB=I—"NCOSB, (24.5)
p p

1-0,25¢° sin® B
a 2 .2
1-0,75¢" sin” B

(24.6)

bynna: L, Ba L, mapamien éiin TasHran OOIUIAHFUY Ba OXMPTH HYKTa y30KJIUKIApH;

N-OupuHYM BEepTUKAI STPUITUK PATUYCH.

[Tapamnnen €l y3yHIUTUHU TYFPU XUCOOIAHTaHIUTUHY TeKIupuil yuayH /+1800”
Ba 1800" y3oxnukiap dapkiapu opacugaru Y, Ba Y, mapamien € y3yHJIUKIapH

xucobnananu (24.2-1maki).

V,= LSHOO)"NCOSB; V, = LO'(')”NCOSB (24.7)
P P
VY xonga S,=Y,-Y, 6ynanu.
2-MucoJj. B=54°32'19,354" kenrnuknaru y3oxkuknap papku =L, - L=
0°45'46,882" 6ynran napamien €l y3yHJIUTHHA XUCOOJIaHT.

IMapaJiena €l y3yHJIMTMHU XHCO0J1alI CXeMAaCH

Xucoodaam

Ne | dopmyaanap HATHAAIADH, M N3ox

1 2 3 4

1 a 6378245

2 ) 0°45'46,882” (2)Ba(3) BapuaHT Oyitnua OJIMHAIN
3 B 54°32'19,354”

4 0,25¢> 0,00167336 (4)-(5) xarranukiap KpaccoBckuii
5 0,75¢’ 0,00502006 AIUTATICOUAMN YUYH JOUMUI

6 | 1-0,25e%*sin’B 0,99888986

7 | 1-0,75e*sin’B 0,99666958

8 N 6392453.854m

9 cosB 0,58015280

10 NcosB 3708600,002

11 [’ 2746,882

12 1/p 4848137107

13 Sy 49388,390m (10)+(11)(12)
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Texwupuw

14 | [7+1800” 4546,882”
15 | (I7+1800”)/p | 0,0220439060 (14)+(12)
16 1800”/p 0,0087266466

17 Y, 81752,030m (10)+(15)
18 Y, 32363,641Mm (10)+(16)
19 Su 49388,389m (17)-(18)x(13)

N3zox: IMapamnen € y3ynnuru (24.15) dopmyna Ounan xucobnaranaa, [<1°
xoJiga xucooumam aHukaury +0,001m ra Tenr, />1° O0ynran xomnapaa sca OyHaait
AHUKJIMKTa SPUIIUII Y9yH TPUTOHOMETPUK (DYHKITMS KUAMaTIapu BEPryIgaH CYHT

TSJ/KKI/I?»I/IH‘II/I Ba YHIAH KaTTa 6SI’JIFaH XOHaJ1ap aHUKJINTI'nAaa TOIIMJINIIN JIO3HUM.

§ 25. Xapura Tpanenusici TOMOHJIAPUHUHT Y3YHJIHKJIAPUHHA Ba I03ACHHH

XHCOO0JIaII

A
25.1-maku1.

Xapurta Tpaneuusicu sjumancoun carxuga L, L, y3okimmkiapaaH yTraH
Mepuauaniap Ba By, B, keHrnukiapjaan yTraH napajieiuiap OujiaH yerapajiaHTaH
Tpanerusaup. [lemak, xaputa Tpameuuscu >kaHyO Ba mmmongaH B; Ba B,
KEHTJIMKJIap/laH YTraH rnapasuieln €iyiapu a, Ba a, OuiaH, rapo Ba mapknaan L, Ba L,
Y30KJIUKIAp YTraH mMepuavan Eiiapu ¢ OujaH 4yerapajaHTaH Tpamenusian uoopar.
d-Tpanernus nmuaronanu OyicuH, a; Ba a, HE XucoOmama (24.5) dopmynagan ¢ HA
xucobnamga 3ca (24.1) dopmynanan Qoitnananamus. Xapurta TpanelnusICHHUHT

TOMOH  Y3YHJIMKJIADUHUHI  CaHTUMETP  yia4aMmMuJa OJMII  y4yH EHIapHU
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Y3YHJIIMKJIAPUHUA XapuTa MacimTabuHu maxpaxu m ra 0ynuod, 100 ra kynaitupamus

Ba Kylujaru ¢popmyiajJapHu XOCHI KUJIaMU3.

100N
a, = —-cos B1";
mp
100N
a, = —2-cos B,1";
"o (25.1)
100M,
c= —AB";
mp
d=+aa,+c’.

Oynna: B; Ba B, keHmmMknapaard HyKTaJapHUHT OMPUHYM BEPTUKAI ATPUIIHK
paguycnapu N, N, By, KeHIIMKIapaaru HyKTaHUHI MEPUAMAH SIPUIMK paJuycH
My,

b BB app g,
2

1:100000 Ba yHmaH Hupuk macmTadgard xapurajapla Tpaneuus TOMOHJIapu
TYFPU YU3HMK KYPUHUIIMAA TAaCBUPJIAHAIW, YYHKHM OyHAa €M y3yHJIUrd a, Ouiad
yHUHT Batap y3yHiauru DC = S opacunaru ¢gapk xucodra omHMaca xam Oynaauran
napakana Kuuuk Oyiaau. Arap Oy dapkHu Ounmuin kepak Oyica yHU Kydujarua

dbopmynanan oiianaHuO TOMUIT MyMKHUH:

(a-S) =8/3(n*/S), (25.2)

Oynna h éiHUHT BaTap YM3UFHUIaH CATKUO Typuu (25.2 makdm).

1°sin2B. N.
h= 16ng » (25.3)
l h
~ < -~
C



[ - C Ba D HyKTaJlapHUHT y30KIMKIAp (hapKu
|=L.—-L,;
Ny, KSHIVIMKAArH HyKTaaa OMPUHYH BEPTHKAI STPHIINK PAIHyCH

B.+B,
y“p—T

6-rpagyciii 30Ha 4Yerapacuja KoilaliraH WUPUK MaclTadaaru Xapura
ToMoHJIapu ['aycc mnpoekunusacuna rpapuk aHUKIMK 4YerapaujaH Karta Oyirax

y3rapui 6epanu. by un3ukiu y3rapuin Kyiugaru Ggopmyiia Ounan xucobiaHaau

2

m-1=—cos’ B, (25.4)

2p
OyHJa m - IUTUIICOMIHHN TEKUCIUKIA TaCBUPJIAll MaCIITAOU.

Amanma  1:1000000+1:25000 wmacmtabmapaaru — xaputanap — 6-rpaayciu
30Hajapjaa, OyHJaH WUpUK MaciTabmard xaputaiap 3-Tpajyciu 30Hajapiaa
taceupianaau. Iy cabGabmu Tpamenuss TOMOHJIAapU Yy3yHiukiaapuHu [aycc
MPOEKIUSACUIATH Y3rapuIIMHU XUcoOra onMaca Oyinaaurad gapaxana KHuuK.

3-Mucon. B1=50°00" Ba B,=50°10" xeHrnuknapaan yTran napauieiap OuiaH
yerapaianran 1:50000 macmtabaaru xapura Tpaneuus yirdaMmiapu XUcoOJaHUICHH.
by wMacmrabmaru xapurtanapaa y3okjaukiap uHtepBanu [=15'==900". AB=B, -
B=10'=600".

XucooJam cxeMacu

Ne| dopmyaanap Xucobram H0x
HATHXKAJIaApU, M

1 2 3 7

1 a 6378245m :
2 e’ 0,0066932 (1)-(6) xarranukmap KpaCCOBSKI/II/I
3 a(1-¢”) 6335552Mm 9JUIHICOMN YIyH JoMMHii

Z 0,25¢° 0,0016734

5 0,75¢° 0,0050201

6 1,25¢* 0,00836678

7 B, 50°10°00” (7),(8) BapuanT Oyitnya oauHaIu
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8 B, 50°00°00”
9 By, 50°05°00”

10 cosB; 0,64279

11 cosB, 0,64056

12 100+ //m 9/5

13|  100AB/m 6/5

14| 1 - 0,25¢%in’B, 0,99902

15[ 1 - 0,75¢%in’B, 0,99705

16| 1 - 0,25¢%sin’B, 0,99901

17 1 - 0,75¢%in?B, 0,99704

18| 1+0,25¢in?By;, 1,00098

19| 1- 1,25¢%in?By, 0,99508

20 N 6390847,45

21 N, 6390847,32

22 My, 6373116

23 1/p 4848137+10™"

24 Ni/p 30,984

25 No/p 30,984

26 My, /p 30,898

27 a, 35,849cMm (10)+(12)*(24)
28 a, 35,725¢Mm (11)+(12)*(25)
29 C 37,078cMm (13)+(26)
30 a; a 1280,70

31 ¢’ 1374,78

32 d? 2655,48

33 D 51,531cm

XapuTa TpaneuusICHHUHT 103acu Kyiuaaru gopMysia OuiaH XxucoOiaHaau

P=b*(L, - L)[sinB, —sin B, +§e2(sin3 B, —sin® B, )+

+§€4 (sin5 B, —sin’ Bl)+ge6(sin7 B, —sin’ Bl)+...]

(25.5)

bynna: b - annmuncoun kuauk spum Yku (25.5) bopmynanan goitnananud pedepeHrs -

AJUIMTICOMIHUHT F03aCHHU XucoOmam MyMmkuH, yHaa L—L,=2n, B=0, B,=mn/2.

Kpacosckuii ssummunconguauHr 3acu P=510 083 035 KM,
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bepwiran Macmrabaaru xaputa TpanelusCHHUHT 103acuHu (25.5) hopmymnanan
doiinanann® xucobnam y4yH Tpameuuds TOMOHJapu OynaraH mnapajien Ba
MEpHIMAHIAPHU KEHTIUK Ba Y30KIUKJIAPUHHU OMIHITUMU3 Kepax.

4-MucoJa. Kpacosckuii amumunconanaa B,=50°20" Ba B;=50°00" kenrnuknapaan
yTran mapauieiuiap OwiaH derapananrad, /= L, - L;=30'=1800" G6ynran 1:100000
MacIITabaard Tpamenus 3acuHu xucobmnam yuyH (25.5) dopmymnanu Kyhumarnda
€310 oslamMu3
_b(L,-L)
= —p"

P (sinB, —sin B, + 1+ 1 +1II), (25.6)

2 . :
BYHIIaI = 362(511’13 82 —Sll’l3 Bl)a
3 4 . 5 . 5
II:§e (sm B, —sin Bl);

11 = §e6(sin7 B, —sin’ B,).

Xucoodaam cxemMacu

Ne | ®Dopmyaanap Xucobamt N3ox
HAaTHKAJIapH

1 2 3 4

1 b 6356,863km (1)-(5) xarranuknap KpaccoBckuit
2 e’ 0,00669342 DJUIMIICOUIA YUYYH JOUMUI
3 (2/3)e? 0,00446228

4 (3/5)¢ 0,00002688

5 (4/7)e° 0,00000017

6 1/p” 4848137+10-12

7 L,-L, 1800”

8 sinB, 0,76977104

9 sin’B, 0,45612587

10 sin’B, 0,27027622

11 sin’B, 0,16015148

12 sinB; 0,77604444

13 sin’B; 0,44953332

14 sin’B; 0,26379698
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15 sin’B, 0,15480242
16 [ 0,00002942
17 11 0,00000017
18 111 0,0
19 b’ 40409707 2km*
20| b(L,-L)”/p 352641,9 kM
sinB, — sinB;+

21

LTI 0,00375619
22 P 1324,590 xm? (20)+(21)

§26. Cepounnk yuOdypUaKJIapHU eIHIIT

Onnmuncoup; (cdepoua) carxuja TeoJIe3UK UYM3UKJIAp OWIaH XOCWUJ KWJIMHTaH
yuOypuakra  cdepounuk  yuOypuak  jAeiwinanu.  YuOypuakHu  Oepuiira
aneMeHTiapuaan Qoinanann®d yHM KoJiraH Oapya 3JE€MEHTJIApUHM (TOMOHJIApU Ba
OypyakJiapyHM)  TONHUII  ydyOypuyakHH  €4YUIl  XHcoOJaHagu.  DJIeMEHTap
byakuusiapaad  goifnananu®  chepouauk  yuOypuakHu  eund  OynmMaiinu.

Xucobmail HaTWKajdapulaH MablyMKHd, TOMOH Yy3yHiukinapu 240 kM rava
oyaran cdepouauk yuOypuaknapau chepuk yuOypuakmapaek euum 10° HucOuii
xaTonuk O6epamu. ['eonesust amanuétuaa OyHaail yuOypuakiiapHu €UUIll y9yH Maxcyc

yeyiutap (JIexxanzapa TeopeMacu Ba ajuTaMeHTaNap yCyJiau) KYJJIaHUIaau.
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§26.1 Cepuk yudypuaknu Jlexxkanapa reopemacuaan poiiianannd equin

26.1-mak.1.

AJlexanapa tomonuaad 1787 iwmnga umiad 4MKWIraH y4OypyakHU cepuk
OPTUKJIMKHU nHOOaTra onmmb eunim (JIexxanapa TeopemMacu) MOXUSTH KyHuaarujaaH
noopar: Chepuk yudbypuakuau A, B, C Oypuakiapu (26.1 maki) cpepuk opTUKIUK &
HU y4JilaH Oupura KaMaTUpuiIaau, HaTwkaga sccu yudOypuyakHuHr A,, B, C;
Oypuakiapu XOCWJ KWJIWMHAAW, YHHHT a, b, ¢ TOMOHJapu Yy3rapumicu3 cdepux
XoJlaTaa KOJNIUPWINO, CHHYcCJap TeopeMmacuiaH (oigananud siccu ydOypyakiaek
eursiagu. Xynoca KUiaub atranumMusza chepuk yudypyakaan Oypuakiapra Ty3aTMa
0eprd TOMOHJIApH Y3rapTUpUIIMaraH siCCH yuOypyakra yThiiaau.

Nurumn popmyananap

£ £ £
Al:A_g; BI=B—§; C1=C—§; (26.1)
2 . .
g:jbcsinAsz sm.AsmC;
sin B (26.2)
b*sin Asin C )
=/Dy; D=
e = fD, 1 sin B
a=D,sin4; b=D,sinB; c=D,sinC; (26.3)
feomi Ry=yM,N,:
. b a . (26.4)
.=

sinB, sind4, sinC,
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FOxopuna kentupwiran unrau Gopmynanapaa “b” TOMOH y3yHIIUTH MabiiyM 10

Kapayaju.

5-Mucosa. ABC cdepux yuOypuakHunr A=50°2019,41", B=62°12'44,54",
C=67°26"58,43" Oypuakiapu Yymyanran OyiauO, TyHKTIap  MapKazjiapura
KENTHPHIITaH Ba JUTHIICOMJ CATXHTa MPOEKIUSAIAHTaH OYJICHH. YIIYaHTaH TOMOHHM
(6a3zuc TomoHun) y3yHauru b=44797,282 M, yubypuak >KOHIalITaH KOMHUHT ypTada
keurmuru  B,=48°12'. ABC cdepuk yuOypuak Jlexxangpa Teopemacuaan
dolinanannO e4niICuH.

Cdepuk OpTUKIMKHHA XHCOOIALI

Ne | @opmyaauap Xucobnam H3ox
HATHKAJIapH
1 2 3 4
1 f 0,002533 B,, acocunga 5.1 xagBaigad oJMHaIHA
2 b 2007,04 € — xucobnamga yudypyak TOMOH Y3YHJIUTH
3 SInA 0,769831 KM.J1a OJINHAIU
4 sinC 0,923542
5 sinA sinC 0,710971
6 | b’sinA sinC 1426,95
7 sinB 0,88681
8 D, 1612,95
9 € 4,086
YuOypuakHH e4ynil
Yubypua y?(ﬁj)?:}l)::ﬂn @ ng)?;tll)::ﬂn _ ¢ ng;;?[alc yu 6yp$t[lzc1:[napnn
K ywiapu YI4aHraH 3 TCHIVIAITUPUJTA 3 6ypqalc.]1apn W CHHYCIapH
OypuakJyapu H Oypuyaxkiapu
B 62°12'44,54" 10,57 | 62°12'45,11" |-1,36"| 62°12'43,75" | 0,88467988
A 50°20'19,41" [0,57| 50°20'19,98" |[-1,36"|50°20'18,62" | 0,76982866
C 67°26'58,43" 0,57 | 67°26'59,00" |-1,37"|67°26'57,63" | 0,92354082
> 180°00'02,38"
€ 4,09" onny |
o S (180°4+5)K - 1,71 180°00'04,09" | -4,09
1,71
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w=—(&+180°)+ 2
Cdepux yudypyak TOMOHIApH

D;=50636,714m a=38981,594m
6=44797,282m c=46765,073m

§26.2 AnauramMmeHTIap yCYJINU.
WN.3onpaHep TOMOHMAaH 1829 #unpa Taknud KuiauHraHn Oy ycyll CHHYCJap

TeopemMacura acociaanaay (26.1-maxmn)

. a . b . C
SIn — SIn — SIn —
R___R___R (26.5)

sin4d sinB sinC

Cdepuk yubypuak TOMOHJApUHU pajuaH ymdoBuaa udomanouu a/R, b/R, ¢/R
karranukiap Ep paanycu R ra HucOataH KWYMK OYJITaHIUTU y4yH yJApHU CUHYC

KaTopra CUUII MYMKUH. +aTOpHH HKKH XaJu OuiaH qgcrapajiaHCak.

a-a’/6R’ B b—b’/6R’ B c—c’/6R’
sin A sin B sinC

(26.6)

AnmutameHTiap ycynuaa chepuk yuOypyakHu a, b, ¢ TOMOHJapura Tyzarma
Oepuin iynu OumnaH siccu y4OypuakHu a’, b’, ¢’ TOMOHJIapu XOCWJI KWIMHAIWA Ba
chepuk ydOypuakKHUHT HOMAbJIyM TOMOHJIAPH TOTIHIIAIIH.

A.=ka’; A,=kb’; A=kc’ map yubypuakHu TOMOHIapura Ty3aT™amap OYiuO,
yIIapHU aiIuTaMeHTIap Aeiunany, 6yana k =1/6R>, R =+/MN yubypuak skoif1amraH
YKOW DJUIMIICOU] STPUJIMTUHUHT ypTada pagnycHu.

Cohepux yubypuyakHM aIJUTaMEHTIAp YyCYIHIa €YHIl KeTMa-KeTIUTHHU

KEJITUPAMMU3:

1. bouanruy 6epuiiraH TOMOH b J1aH YHUHT aiuTaMeHTH A, HU altupuo siccu
y4uOypuak TOMOHU b’ Tonmnanu;
2. Coepux yubypyakHU MabyM Oypuakiapu Ba b’ TOMOHUAAH (oiganaHud

CUHYCJap TEOPEMACH OPKAJIM KOJITaH TOMOHJIap a’ Ba ¢’ TOMWIIAIN;
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3. Tonunran Tomonnap A, Ba A. ajauTraMmeHTiap OuiaH Ty3aTWiIuO chepuk

y4OypUYaKHUHT HOMabJIyM TOMOHJIAPU aHUKJIaHA/IH.

Y4yOypuyakHUHT aJAuTaMEHTIap YCyJlIu OwiaH TYrpu edwirawiauru Jlexxanmapa

TCOPCMACHU ép,ZIaMI/II[a TCKIIUPpUJIaIau.

Nurum

(popmyaanap

b TOMOH y3yHJIUTH MabJIiyM OYJraH XoJja

B =b—A,=b—kb

A, = kb’

a

k=1/6R’

A =ka",

, b'sind o b'sinC

b

sin B

A, =k

5

sinB

a=d+ki® =d'+4; c=c+k’ =c'+ 4,

26.7)

(26.8)

(26.9)

(26.10)
(26.11)

MJIX muHTakacu yays k=409x10" 1e6 onuaumE MyMKHH. A-TapHE XHCOOIaLT

TOMOH Y3YHJIMKJIAPHU KM.JIApJ1a OJIMHAIH.

6-Mucon. 5 muconga Oepwiran KuiiMatiapaan ¢oinanannd ABC yuOypuak

aJIUTaMEHTIIAp YCyJIH OuWJlaH edrIcuH. XucoOaml Hatwkaitapu (chepuk yudypuax

TOMOH Y3YHJIMKJIApH) 5 MUCOJIJIa OJIMHTaH HAaTHKajnap OWjIaH COJUIITUPUIICUH.

Eun cxemacu
Coepux
Cdepux
A
Coepux ®| yabypuarnm yu0ypyakHu ccH Cdepux
YuOypuak | y4OypyakHu |— — e —— TeHIJIAIITHPWII | y40ypUaK yuOypuak
y4wiapu VJYaHIraH 3 ran raH TOMOHJIAp | A, | TOMOHJIAp
Oypuaxkjapu Gypuakaph Oypyakjapunu (ub’,a’,c' | M H, M

CHHYCJIapH
62°12'44,54" 0,57 62°12'45,11" 0,88468295 | 44796,914 0,368 | 44797,282
A 50°20'19,41" [0,57| 50°20'19,98" 0,76983287 | 38981,350 (0,243 | 38981,593
67°26'58,43" 0,57 67°26'59,00" 0,92354337 | 46764,654 (0,419 | 46765,073
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> 180°00'02,38"

€ 4,09"

> -(180°+9)x
-1,71"

1,71 180°00'04,09"

§27. Tyrpu Ba Teckapu reoie3uk MacajJaJapHu eYHIl

§27.1 Tyrpu reoge3uxk macajanu Pynre- Kyrra-UHrinang ycyauaa eqyunn

bupnHun TaptuOnM nuddepeHnnan TEHITaMaHWHT Xj.; HYKTaJard €4lMH,
Pynre-Kyrra-Unrnann ycynuaa [1] kyiiugaruyua 6ynaau
1
Vin =Y, + g(kl +4k; + k), (27.1)
OyHJa:
ki =AM (x;,5;);
1
by = Axf(x, + 2 A,y + oK)
2 2
1
ky =Axf[x; +5Ax, Y; +0,25(k +k,];
ky=Axf(x; +Ax, y, —k, +2k;),
AX =X, —X, -MHTErpajiail Kajamu

bup kamampma wHTerpamiam xaTocw (JOKald Xaro) KyWumard dopmysa

OWJIaH TOMWIAIHN:
M = ﬁ(_ukl 204k, 21k, +162k, +125k,),  (27.2)
OyHJa,
~ 18 1 .
k5 = Axf[xj +2_7Ax: y]‘ +E(7kl +10k2 +k3)]a

ke = AT, +%Ax, y, +é(28k1 —125k, + 546k, + 54k, —378k;)]

182




S 3
B, - B, :Iv—cosAdS
o C
S 3
L,—L = J%sechin AdS (27.3)
0
S 3
A, -4 = Iv—sinBsechin AdS
c

0

uHTerpautapan euumra(27.1)am kymwiad ummam GopMynaapHu XOCHT KHIJIAMU3.

(27.3) bopmynana:

12 2

V= \/1 +e  CoS B - '€OAC3UK KCHITIMKHUHT UKKUHYU (bYHKI_[I/IHCI/I;
a

Cc = 1 > - JJumMIIconsa MCEpUINAHWHHWHI KYT6JIapIIaFI/I STPUIINK
—e

pannycCu;

’

eBa € - OJINIMIICOUIHUHT 6I/IpI/IH‘{I/I Ba UKKMHYHY SKCOCHTPUCUTCTIIAPH.

Nuryu ¢popmyianap
B, =B, +%(ABl +4AB; + AB,);

1

L =L+ g(AL1 +4AL, + AL),); ’ (27.4)
A, +180° = 4, +%(AA1 +4A4, + A4,).
OyHJa:
AB, =SV cosa,
sin,
AL =S V> —>L
T oo, (27.5)
A4, = AL, sm g,
1+ 0,67/1- 2
y, =—2t0 .= fcos” @;
T1402y si=feoste

5, = g p"'=0,032230408; f=125¢",

i=1, ... , 6 Kamamyap TapTUO paKamu.

Kpacosckuii ammuncounu yayn C=6399698,9 m, =0,00842316.
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o Ba @; nap 27.1-xanBangaru kaOu TOMWIAIN.

27.1 xkaaBaJja

1 o [0)

1 |A B,

2 |A+0,5AA, B,+0,5AB,

3 [A10,25(AA+ AA)) B,+0,25(AB;+ AB))
4  |A-FAA 2AA; B-AB,+ 2AB;

5 Al+%(7AA1+IOAA2+AA3) Bl+2i7(7AB]+10AB2+AB3)

4+ é(zgml _125Ad, + 546A4, + B + 6—;5 (28AB, —125AB, +546AB, +

+54Ad, —378AA4) +54AB, —378AB,)

Koopaunaranap Ba a3suMyTHH XucoOjamiga JOKaJl XaTONUKIap KyHumaru
dbopmynanap OMIaH TOMUIAIN:

e
336
1
M, = ﬁ(—42ALI —224AL, - 21AL, +162AL, +125AL;);

M,, =——(—42AB, — 224AB, - 21AB, + 162AB, + 125AB,);

(27.6)

1
M, = %(—42&41 —224AA4, —21AA4, +162AA4, +125A4;).

27.2-xanBanjga TypJiid KoopauHaTaimap Ba Macodanap yuyH OXMpa

MoaemamTupu6 tonwirad Pynre-Kyrra-MHrnann yCynmMHUHT aHUKJIMK TaBcudIapu
oepunran. XKanBan Ax=S Oup kappaiau HHTErpasuIall KaJlaMuia XucoOaml HaTuKacu
Oyiinua Ty3wirad. WHTerpasmamHuHT Jokan xatocu M Hu (27.2) dopmyna
Epmamuga OXMpa xucoOuaiiga WHTerpajlianl >kapaéHUHT KaJaMUHH aBTOMAaTHK
XOJJa  y3rapTUpUIl  MYMKHH. bup Oepwiran ¢

KaJaMmJa, XaTOJIMKIA

MHTETpAJUIAIIHUHT Y3rapuil cXeMacu Kyiujaaruia OYIHUIIN MyMKHH:

27.2-kaaBala

XaToJIuK
Kenrauk Macoga, km Mg < M, < M <
b s S <300 0.1-0,15Mm 0.1-0,15m 0.003”
= S <500 0.3-0.7m 0.3-0.7m 0.03”- 0,04”
o o S <100 0.1m 0.1m 03"
75 =B=80 S <200 0.16M 0.16M 03"

184



AX;
, arap M, >¢g;

2
AX ;. =1AX,, arap M, =¢;
2AX arap M, <e.

bynna: Axj.; - M <¢ 6ynranna (Xj.1, yj+1) HyKragan Ba M >¢ O0ynranga (X;, yj)
HYKTaJaH OJIMHTaH MHTeTpallall KaJaMH KarTanurd; i=1, ... , n - Kajgam TapTuo
paKamu.

Joumuii KagaMa UHTErpaiail ycyJura HucOaTaH KaJaMHU aBTOMAaTUK XOJa
TaHJIAIll CXEMAaCHJ1a UHTeTpasuiall edum ojuil BakTuHU 20 - 30% ra KuckapTupau.

7-Mucos. bonutanfud HyKTaHu kKoopauHaranapu Bi, L;, Tyfpu asumyT A, Ba
HyKTaJlap opacujard macoda S opkaJid KeMMHTY HYKTaHUHT KoopauHartanapu B,, L,
JapHU Ba TecKapu a3umyT A,; Hu (27.4), (27.5) dbopmynanap Ba 27.1-kanBangan

doiinanann6 xuco6m1ad TtonwicuH. Euum anuknuru (27.6) dopmyna épmammiaa
0axO0JIaHCHH.
Bomnanruy 6epuwiiral KaTTajaukJap

S =281260,08m
B =0,00842316

B,=50°07"40,97"
L,=23%5"13,43”

A1,=A=3°29°45,83"

Euuim cxemacu

1
dopmynanap I > 3 1 5 3

So 9065,125 9065,125 9065,125 9065,125 9065,125 9065,125
o 3°29'45,83" | 3°35'17,18" 3°35'29,34" | 3°41'38,52"| 3°37'27,47" 3°32'00,33"
o1 50°07'40,97" | 51°23'23,91" | 51°23'23,18"| 52°39'03,89" | 51°48'37,04"| 50°37'58,02"
COSOf 0,9981390 0,9980398 0,9980362 0,9979226 0,9980001 0,9980992
sinoy 0,0609800 0,0625833 0,0626421 0,0642283 0,0632137 0,0616308
(N0} 0,6410740 0,6240162 0,6240191 0,6066674 0,6182672 0,6342883
sinQy 0,7674791 | 0,78140114 0,7814091 0,7949558 0,7859679 0,7730966
cos2(p1 0,4109759 0,3893962 0,3893998 0,3680453 0,3822543 0,4023216
Y1 0,0034617 0,0032719 0,0032800 0,0031001 0,0032198 0,0033888
1+0,67; 1,002077 1,001968 1,001968 1,001860 1,001931 1,002033

185




1+0,2y;
Vi
V3
sino/cosQy

AB”;
AB®;
AL
AL’
AA™|
AA®;

1,000692
1,001384
1,004157
0,09551216
9085,87
2°31'25,87"
863,48
0°14'23,48"
662,70
0°11'02,70"

1,000656
1,001311
1,003938
0,1002911
9082,98
2°3122,98"
910,34
0°15'10,34"
711,35
0°11'51,35"

1,000656
1,001311
1,003938
0,1003849
9082,95
2°3122,95"
911,19
0°15'11,19"
712,02
0°11'52,02"

1,000620
1,001239
1,003721
0,1062003
9079,96
2°31'19,96”
963,91
0°16'03,91”
766,27
0°12'46,27”

1,000644
1,001287
1,003866
0,1022433
9081,97
2°3121,97"
928,04
0°1528,04"
729,41
0°12'09,41"

1,000677
1,001355
1,004077
0,0971653
9084,73
2°3124,73"
882,01
0°14'42,01"
681,88
0°1121,88"

AB = é(9085,87”+4 -9082,95"+9079,96") = 9082,94" = 2°3122,94"

AL = é (863,48"+4-911,19"+963,91") = 912,02"= 0°1512,02"

AA = é(662,70"+4 -712,02"+766,27") = 712,84"= 0°1152,84"

B, = B, + AB=50°07'4097"+2"3122,94"=52"390391"

L, = B+ AL =23°4513,43” +0°1512,02"= 24°00 25,45"

Ay = A, +A4+180° =3°29'4583" +0"1152,84"=183°4138,67"

NI

§27.2 Ypraua aprymentaap opmyaanapuaan doiizaaanué

TeCKapu reoje3uxk macajanu eqyuu (I'aycc ycyan).

lMaycc ycynu Kyiuaru uHTerpail ocTuiaru PyHKIUsIIapHU

ypTada aprymeHTiaap

S
Bz—Blzj
0

S

L -L = J-Ksechin AdS

0
S

4,-4 = IzsinBsechinAdS

0
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3

V—cos AdS
c

c

C

s =1/336(—381606,5"—2034580"-190679,1"+1471279"+1135591") = 4,4"/336 = 0,013"
v =1/336(—=36266,16"-204106,5"-20242,1 1"+150342,4"+110251,2") = —21,2"/336 = —0,063"
wu =1/336(—27833,40"-159492,4"-16091,67"+118164,4"+85235") = —18,1'"/336 = —0,054"

Q7.7)




_ A,+180° + 4,

oyitnua Teiop Katopura €itumira acocnanrat. (27.7) dopmynanapaa:

V =+1+¢e*cos’ B

[
eBa €

- I'€O0AC3UK KCHINIMKHUHIT' MKKMHYHA (I)YHKL[I/IHCI/I;

- KYT6J'IapI[a QIIAIICON A MCPUAUAHUHUHI SIT'PUJIMK PAINYCH,

- OJINIMIICOMAHUHT 6I/IpI/IH‘-II/I Ba MKKMHYY OKCHCHTPUTCTIIAPU.

Vpraua aprymeHtiap Oyimua KaTopiapra &ium Kyiimpmarm ndopara omu6

KeJlaau

-2 -(F)s () 35
()5 (1) 5
AAZ_ISOO(j(

3 S3
— ..
ds® ) 3

S* (d’4) §°
— —+..;
2 TlasT) 3

27.8)

KaBCJap OCTHUJIard WHJIEKC XYCYCHUU Xocuianap OONUIaHFUY HYKTaja, sbHU Bj, L,

Ay, na omunHuMimHU Kypcaramu. (27.8) ma xydT mapakanum xocwiajiap HOJra

arnanamu. SIHrM Xocwu OYJraH KaTopyiap Te3 SKUHJIAIIAId Ba UX4YaM KYPUHHUIITA

Kenaau. laycc yCyJMHHMHT acCOCHM MOXUSITH KyHuaruiaapaad noopar:

5 ’q!ﬂ
] E(Bﬁ?: Ly)

27.1-makJi.
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27.1-makngaru C HyKTa reojie3uk 4u3uk S HU By, L, koopauHaTtanap Ba A
azuMyT OunaH TeHT ukkura 6yicus. (B;- By) Ba (B,- By) dapknap yuyn kyihiugaru

KaTOpJIapHU XOCHUJI KWJIAaMHU3:

2 3
(BI—BO):—(d—Bj §+l dlj Sz—i dlj S+
das ), 2 8\dS” ), 48\ dS

2 3
(BZ—BO):(d—BJ 5,1 d}f s+ L d? S+
as ), 2 8\dS” ), 48\ dS

Nxxunun TCHIJIaMaJdaH 6HpI/IH‘{I/ICI/IHI/I aﬁHpH6, KYﬁHﬂaFHHH XO0CHJI KWJIaMHN3.

3
(BZ—BI):(d—Bj S+ d? S* 4. (27.9)
ds),” 24\ ds

[y cnHrapm KyWuaarwjiapHd TOIIAMM3:

3
(LZ—LI):(%j S+ df S 4.
ds),” 24\ ds

\
3

(A21—A12i1800)=(d—‘4j s+L ‘“f St

ds),” 24\ ds

(27.10)

(27.9) Ba (27.10) udonanapaa xycycuit xocuwnanap C HyKTa KoOpAWHaATaIapu
By, Lo, Ag map Oyitnua onunaau. JIekuH yprada apryMeHTiIap T€0Je3uK YU3UKHU B,
L., A, HyKTanapra Tyrpu kenu6, C HykTa Ominad ycrma yct tymmaiiau. [y cababnum

(27.9) Ba (27.10) napra (B,- By), (L- L) Ba (A~ Ag) dapkiap yuyH Ty3aTMmanap
o dB o dB o
KUPUTHUII Kepak OVymanu, sSbHU (E) XyCyCHUl XOCHWJIaJlapAaH (E)m Xycycuit

Xocuianapra yTUIl kepak Oynanu. byHnmail yTuiiHu Kydugard OOFJIaHUIIT acoCHia

KWINII MyMKHH. Macajlad KeHIVIMK Y9yH

(27.11)

dB dB
2 2 o 2 2 o o
(d_Bj _(d_Bj S (d'B as), S (d'4 as ),
ds), \ds), 8\dS*) dB 8 \ds*) dA4
Hly cunrapu Xycycuii XocHJIaliapHu OOFJIaHHII TEHTJaMaJapUHUHT Y30KIHK Ba
a3uMyTiap y4yH xam &3umumu3 MymkuH. (27.11), (27.10) Ba (27.9) udonanapaa
Mypakka® Oynmaran Yysraptupunuiap Ba (dB/dS),, (dL/dS),, (dA/dS), nmapauHT
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Typiu TapTUOAard XyCcycuil xocuiajnapuHu udoaanapura Kyuui opkaiu Kyhujaard

uirgy GopMyITaapHU XOCHIT KHITAMU3:
Ssin A, =Dla,l + azA_le_ +al’1=DY,,
Scosd =Dla,l +a,ABI* +al’]=DY,,
Ad=sinB [a]l +a,AB [l +a]’]=sinB DY,

AB=(B,-B) -107;
[=(L,—L) 10"

bynna:

a, =103422,05cos B, ;
a, =9,5144cos B, +0,5525 cos’ B —0,0087 cos’ B ;

1 393,602160 +cos’ B,
197,867385+cos’ B,

a, =—10,1287cos B, +10,1287 cos’ B, ;

a, =103422,05— 6969116 cos> B, +4,6954cos* B, —0,0310cos® B, ;
a, =-30,3860+10,3334cos” B, —0,2061cos* B, +0,0014cos® B, ;

a, =—0,2048+0,4192cos® B, —0,0124cos”* B, ;

a, =10000=10*;
ag =2,9381+0,0123cos’ B, ;

a, =1,9587 cos’ B, +0,0123cos* B, .

(27.12)

27.13)

(27.14)

(27.12), (27.13), (27.14) dopmynanapaan Qoiinasanu® TeCKapu Te€OJE3UK

MaCaJlJaHMHT CHUMHWHHN TOIIaMM3:

— 1.
v, =arctg —;

2,

1
Alz = Am _EAA;

> S,
smnA,

Dzl. S Dzz

A=A, +180° +%AA.

2 ”
cos4,

Y| Ba X, HUHT UIIOpAJIApUHUA UHOOATra 0Jinb A, Kylugaruia TOMUIa M.

uropasiap

2 20

+
+

+

+

A3MMYTHHU TOITUIIT

A, =1,
A, =180°-1,
A, =180+r,

Ay =360°-1,
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(27.12), (27.13), (27.14) popmymanapaan ¢doigamrannd macoda St5+10 cm
aHUKJIMKA Ba a3uMyT +0,05” aHUKIUKIAa XUCOOIaHa N,

a; HM xucoOnampaa cosB, KuliMaTH YHIUKHUHT €TTUHYM XaJurada, a, HHU
xucobnamga cosB, KuWMaTH VHIUKHUHT OJITHHYM XaJuradya OJMHUIIN Kepak.
Komran a koadpdunuentnapan xucobnamaa cosB,, HH YHIUKHUHT TYpPTUHYU
Xaaurayda ojguHca Kudos.

8-Mucoa. 1 Ba 2 HykTanmapHuHT KoopauHatanapu By, L, Ba B,, L, (B, Ba L,
KuiimMatiapu Oy MHCOJIIa 7-MHUCOJIHU €YUMUJIAaH OJMHaIu)iIapaad ¢oiganaHuo
HyKTajmap opacugarm Macoda S, Tyrpu a3umyT A, Ba TEeCKapu a3uMyT Aj;
XHUCOOJTAaHCHH.

bomnanruyg 6€pI/IJIF aH KaTTaJIHUKJIap:

B,=50°0740,97”
L,=23°45"13,43"

B,=52°39°03,91"
L,=24°00"25,46"
Euum cxemacu

XucooJiam Xucooaam
®opuyranap HaTHKAJIapu ®opuyranap HaTHKaJIapu
1 2 3 4
B, 50°07'40,97" cos By, 0,0946
B, 52°39'03.91" cos’By, 0,0590
AB +231 22,94 sinB, 0,781407
AB” +9 082,94" a 64537,624
Bu 51°2322.44" a, 6,070
L, 23945'13,43" a, -3,859
L, 24°0025,46" a, 103151,380
/ +0 15 12,03 a -26,393
" +912,03" a -0,043
AB 0,908294 a; 10000,00
] 0,091203 ay 2,943
AB 0,8250 a 0,765
I’ 0,0083 D 2,99607176
AB] 0,0752 al 5886,0249
I E 0,0076 a,AB’[ 0,4565
AB 0,7493 al’ -0,0031
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I} 0,0008 > 5886,4783
cosBi, 0,624022 a,AB 93691,7795
cos’Bi, 0,389403 a,ABI* -0,2006
cos’By, 0,2430 a,AB’ -0,0322
cos'By, 0,1516 >, +93691,5467

al 912,0300 cosA 0,99803213
a,AB'I 0,2213 S,=DY, /sin 4, 281260,08m

a,l’ 0,0006 S,=D>,/cosA, 281260,08m

>, 912,2519 S, 281260,08m
Ssind =DY, 17636,312 A =sinB Y., +712,84"
Scosd =DY, 280706,597 AA 11'52,84"

tgA, 0,06282828 (1/2)A4 5'56,42"

A, 393542,25" A, =4 —(1/2)A4 3929'45 83"
sin 4, 0,06270464 A, =4, 180" +(1/2)A4 | 183°4138,67"

§28. I'eoxe3uk koopanHaTagapaaH ssccu Tyrpudypuakiau I'aycc-Kprorep

KOOPJAUHATAJIAPUTa YTHIII BA AKCHHYA

['eone3uk TapmokiapHu Tekucnukaa ['aycc-Kprorep mpoekuusicuaa MaTeMaTHK
KaiiTa uIuiaim yayH Kyduaaruiap oaxxapuiaam:

1. bonutanFuu MyHKT T'eoJIe3uK KoopauHaTanapunad doinananu6d [aycc-Kprorep
MPOCKIUSCKUA Ty MYyHKTHUHT TEKHUCIUKAArd TYFpU OypUakiu KOOpJauHATaIapu
xucoOmaHaau. XUCOOJNANHU TYFpH OaKapUJTAHJIUTUHU TEKIIUPUII YUYH TeCKapu
Macajla euWsaau: TYFpU Oypyakid KoopauHataiapjaH (oiigananu® reoje3uk
KOOpJIMHATaIap XUCoOIaHAIH.

2. Dnauncoua caTxuaard OONUIaHFUY TOMOH Y3YHIIUTH Ba Iy TOMOH T'€0JI€3UK
a3UMyTHUaH TEKUCIUKIArd TOMOH Y3YHJINTU Ba IIIy TOMOH JTUPEKIMOH Oypdarura
yTUIaau.

3. Dnauncou  carxura peayKUusJlaHraH Oapua YyiyaHraH —UHyHanuumiap,
TOMOHJIAPHUHT TEKHUCIWKIA TaCBUpJAIIJArd STPUIHKIap Ty3aTMmanap Oepull Wynu

OumaH AHUKJIaIOITUPUIIAON.
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Arapja reojie3uK TapMOK HMKKH KYIIHM 30Haja >KOWamraH Oyica y Xosaa
TYFpu Oypuakiu KOOpAMHATaJapHU OUp 30HagaH OOIIKa 30HAra YTKa3WIl Kepak
oynmamu. MJIX naematnapuna KpacoBckuil aimuricouad KaOydl KWIMHTAHJIMTUHHA
WHOOaTra oJub, IOKOpHJIArd MacajajapHu €UuIl YOy SJUIMIICOM IapaMeTpiapu
acocujia amajira OlIUpHUIl OYiinya Kyiluja MUCOJIap KEITHUPUIIAIH.

KpacoBckuii 2JTUNCONIU TTapaMmeTpiiapu:

KaTTa apum YK a = 6378245,000 m,
KHYUK sipuM VK b= 6356863,019 M,

KyTO CUKMJIMIIN o = azb__1 _ 0,0033523299,
a 298,3
a’ —b’
OMPUHYHM SKCIIEHTPUCHTET KBaJpaTn e’ = ———— = 0,0066934216
a
a’ —b’

MKKMHYY DKCLEHTPUCUTET KBAIpaTH €' = =0,0067385254

2

§28.1 I'eone3uk koopannaranapaan I'aycc-Kprorep Tyrpu Oypuakiun

KOOpAUHATAJIApUIra YTUll (TYFpU MacaJjia)

S"K MepuauaHHu L, OynaraH 30Hama »KoimamraH HykTaHu B, reome3uk
KOOpJIMHaTajmapu OVitnya, 1y HyKTaHU SICCH TYFPU OypUaKiIHM X,y KOOpAWHATATIapUHA
xucobutani Tanad dTWICUH. byHUHT yuyH Kyiuaaru gopmynanapaas doiigaiaHaMus:

X = 6367558,4969 2 - {a, ~[0,5+(a, + a,? J* J? N }sin Bx cos B;
p (28.1)

y=[1+(a, +a,l* [N cosB.

(28.1) popmynana Kyhinaaru oenarwianiiap Ka0yyn KAUJIUHTaH:

(L-L,)" . .

[ =-——" - Oepwiran HyKTa y30KIMIM OWJaH IIy HYKTa JKOWJamraH 30Ha YK
Yo,

MEpUAUAHU Y30KJIMKJIApH opacuaaru (bapxk (panuan Oupauruaa

Oepuiran).
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N =6399698,902 — [21562,267 — (108,973 — 0,612 cos® B)cos’ Blcos® B
a, =32140,404 — [135,3302 — (0,7092 — 0,0040 cos’ B) cos’ B|cos’ B;

a, =(0,25+0,00252 cos’ B)cos’ B—0,04166;
a, =(0,166cos’ B—0,084)cos’ B;
a, =(0,3333333+0,001123cos® B)cos’ B—0,1666667;
a, =0,0083—[0,1667 — (0,1968 + 0,0040 cos’ B) cos’ Bcos’ B

1 xiacc TpuaHryisuana KeHrmk Ba y3okaukiap 0,0001” raua, x,y-0,001m.
raya XucoOJIaHaIW. y-OpJAHHAaTa KUWMAaTh 30HAHMHI ¥3 MEpUIMaHura HucoOaTaH
TONMJIA/IH.

A-mmcos. Hykranuar B=51°38'43,9023", [=24°02'13,1360" reone3ux
KOOpJIMHatanapu Oyitmua YK mepuauanu L,=21° O6ynran 30Hajga X,y TYFpUOypUaAKIH

KOoOopAuHaTallapu XI/ICO6J'Ia6 TOIINJICHH.

Euui cxemacu

Taf)iTI/II/I%OfIJ;i/ILEpH Dopmyianap Harwmxanap
1 2 3
1 B° 51°38°43,9023”
2 B” 185923,9023”
3 B/p” 0,901384549
4 sin B 0,7841868
5 cos B 0,6205248
6 cos’B 0,3850510
7 1°=L-L, 3°02°13,1360”
8 1 10933,1360”
1 2 3
2 I=1"/p” 0.053005341
10 N 6391412,451
11 ag 32088,400
12 a, 005497637
13 as -0,00773241
14 as -0.03814988
15 as -0,02648423
16 sinB cosB 0,4866073
17 r 0,002809566
18 asl’ -0,004922844
19 asl’ -0,0000744
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20 NP 17957,096
21 6367558,4969 B”/p” 5739618,7994
22 X 5728374,726 m
23 I-+Has+as P)I° 0,99989280
24 [23]1 cos B 0,03288760
25 y=[24][10] +210198,193 M

§28.2 I'aycc-Kprorep Tyrpu Oypuakiu KoopaAuHaTajgapuaan goigananud

reoje3uK KOOPAMHATAJIAPHHU XUco0aam (TeCKapu MacaJia)

by macama 28.1 ga kypuwiaran macajgara TeCKapyd Macajla XuCOOJIaHaIU.
Hykranuar 1yrpu Oypyakiu KOOpJAWHATAIapW X,y Ba 30HA VK MEpHIAAHHUHT
yzoksmuru Lo Oepunran OVncun. Illy HyKTaHM Te€0Je3UK KOOpAMHATaIapUHU
xucoOnam Tanad ATWiIcHMH. by wMacanaHu euumn Kydugaru ¢opmynaliapaaH
doiinanann6 aManra OmHUpUIIaIH:
B =B, ~[1-(b,—0,122°)*12%,p";
L=L,+1; (28.2)

1=+ (b, - b,22 ) o,

OyHJa:

B", = B+{50221746 + [293622 + (2350 + 22 cos” 8)cos’ S]cos’ B)x

x10™""sin Scos Bx p";

B'=(x/6367558,4969)p";

z= y/(Nx cosBx);

N, =6399698,902—[21562,267 - (108,973 - 0,612cos’ B, )cos” B, |cos B.;
b, =(0,5+0,003369cos” B, Jsin B, cos B, ;

b, = 0,333333-(0,166667 —0,001123 cos’ B, )cos’ B, ;

b, =0,25+(0,16161+0,00562 cos’ B, )cos’ B, ;

b, = 0,2—(0,1667 - 0,0088cos B, Jcos” B,.
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B-mucos. Hykranunr Tyfpu Oypuakiu koopauHatanapu x=5728374,726 m Ba
y=+210198,193 ™ Gepmiran. Yk Mepumuanu ysokmurn Ly=21° 6ynran 3omama my

HYKTaHUHT T€0E3UK KOOpANHATAIAPU XUCOOITaHCHH.

Euuni cxemacu

Xucooamm
{ApTHG HoMepH Dopmyiagaap Haruxanap

1 2 3

1 B, pao 0,899618704
2 B 185559,6722"
3 B° 51°32'39,6722"
4 sinf 0,7830898

5 cosf 0,6219086

6 cos’ 8 0,3867703

7 B,, pao 0,902070103
1 2 3

8 B.” 186065,3094
9 B,° 51°41'05,3094"
10 sin B, 0,7846121
11 cos B, 0,6199871
12 cos’ Bx 0,3843840
13 N, 6391426,7776
14 b, 0,24385467
15 b; 0,26943480
16 b, 0,31295066
17 bs 0,13722340
18 N, cos B, 3962602,1527
19 z 0,05304550
20 z 0,00281382
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21 [1-(b,-0,122°)z°]2°b, 0,00068556
22 p21] 141,4070

23 B 51°38'43,9024"
24 [1-(bs-bsz°)2’]z +0,053005342
25 1=/24] p” +3°02'13,1362"
26 L=Ly+1 24°02'13,1362"

(28.1) dopmynamap éEpmamuga B, Lpan x,y rayrum 0,001 Manukiaukiaa,
(28.2)bopmynanapnan dorinananud x,y nan B, Lra ytum 0,0001” anukivkaa amanra
ommpuiaa. byHnan IOKOpY aHUMKIMK | Kiacc TpUAHTYJSALMS Ba MOJIUTOHOMETPUS
NYHKTJIAPUHUHT KOOpAUHATAIApUHU Xucobana Tanad stunagu. FOxkopyu aHUKIUK
tanad stunmarad xoiwiapaa (28.1) Ba (28.2) dopmynamap MabiayM >KUXaTAaH

coAAaNalITUPUIIUIILIIAPA MYMKHH.

§28.3.I'aycc-Kprorep Tyrpu Oypyak/jin KOOPAMHATAJIAPUHHN OUP 30HAAH 0OLIKA

30HAra Kamra XucooJjamnl

. 1
busra yx mMepuauaHHUHT Y30KIHUTH L, 30Hamarn HyKTaHWHT KOOpJAWHATATIapH

o 11 o
X1, y1 Oepwiran 6ynu0, ury HyKTaHuHT Lo y30KJIMKKa sra OynraH 30Hagard Xy, yi
KOOpAMHATAaapuHU Tomuil Tanad sSTwicuH. bynmailt macanmara Tyrpu Oypuakiiu

KOOpJIMHATaJapHu OWp 30HaAaH OOIIKa 30Hara Kamra xucoonam (YTKa3uiil) Macanacu

nevunanu. Koopaunatanapau Oup 30HagaH OoIIKa 30HAra YTKa3WITHUHT OUp Heda
XWI yCyJUlapd MaBxXyn. YJapJaH XO3UPrM BaKTAa aHMKJIMK >KaXaTJaH FOKOPU Ba
YHHBepcal GYiIraH yCynHH KYpub unkaMus. YK MepUANAaHHUHT y30Kauru L' 6yran,
I 30Ha cucremacuaa >KoWjamraH HYKTaHM X, Y; KOOpAMHATanapu Oyiuua mry
HyKkTaHu (28.2) dopmynanapaan ¢oinanannd reone3uk koopauHataimapu B, L,
napra yrunagu. Cyarpa (28.1) popmynanan doitmananu6 nykranuar By, L reonesnk

o o I su
KoOpAMHaTamapu Oyinya VK MepUIMaHHUHT Yy3oKiaurd L,  Oynran 3o0Ha
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cUCTEeMacuaaru TYrpu Oypuakiau Xy, y; KOOpJMHAaTajgapura yTuiaaad. XucoOJjarl
HATWKAJIApUHUA TEKIIUMPUIIAA KOOpPAWHATIAPHU KalTa XucoOiall HWKKA MmapTta
Oaxkapuiaau, sS’bHU IIApKUM 30HaJaH FapOMil 30Hara Ba akCMHYa FapOUil 30HaJaH
IApKUAM 30Hara yTHIaIu.

C-Muco.. SJ’K MEPUIUAHHUHT Y30KIUTH L(=21° Gynran oyt rpaayciu 30Haja
HYKTaHUHT TYFpU Oypuakiau X;=5728374,726M, y,=210198,193Mm koopauHaTagapu
Oepunran OYyicuH. By HyKTa KoOpJIWHATajapuHU VK MEPUIUAHHUHT Y30KJIUTU
L(=27° Gynran KyuIHu 30Ha CUCTeMacura YTKa3uill Tajaad dTUIICHH.

Mucon Kopuja alTHIraHUIeK UKKM OOCKUYJa eumsiaad. bupuHuun O0ockuyaa
(28.2) popmynanan dorinananud Ly=21° 6ynran 3oHana Xy, y; Aau By, L, ra ytunamgu.
by wmacanma B-muconma ewwnran Oynm0, KyWugard HaTWKajlap OJUHTAH JJIU:
B=51°38"43,9028", 1.,=24°02'13,1362". HWxkmHum Oockmuga B;, L; onuHran
HaTwxkanapaan ¢oigananud (28.1) popmynanap owian Ly=27° OYnran KymHu 30Ha
cucTeMacuja Iy HyKTaHu Xy, Y TYFpU Oypuakiii KoopJMHaTaiapu xucobyianaau. by

MacajaHu €4HIll cXxemacu Ou3 Kypran A-Mucosia Oepusira.

Euui cxemacu

Talil/::ﬁo gg;l:pn dopmyJianap Harukanap
1 2 3
1 L, 24°02'13,1360"
2 Ly 24°
3 % 51°38'43,9023"
4 B 185923,9023"
5 "p” 0,901384542
6 sin B; 0,7841868
7 cos B; 0,6205248
8 cos’ By 0,3850510
9 [°=L;-L, -2°57'46,864"
10 l” -10666,864"
11 [, pao -0,051714418
12 N 6391412,451
13 ay 32088,400
14 ay 0,05497637
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15 as -0,00773241
16 as -0,03814988
17 as -0,02648123
18 sinB; cosB; 0,4866073
19 I 0,002674381
20 NF 17093,071944
21 6367558,4969 B”/p” 5739618,8000
22 Xy 5728164,378 m
23 I+(az+as ) I 0,99989778
24 [23] lcos B, -0,03208680
25 Vi -205079,963 m

By epna xucoOHU TekmupuIn OVitnya MUCOJ KeATUPUIMAaraH.

§28.4 I'aycc-Kprorep npoexkuusicuia reoJie3uK ya4ail HATHKAJAPUHA
JUIMIICOMIAH TEKMCIMKKA pelyKIUsiIanl
§28.4.1 Texkucaukaa 00LUIAHFUY MABJIYMOTJIAPHH OJIUII OYyiiU4a yMyMUil

TyUIyHYaJ1ap

['eone3uk Tapmokuu ["aycc-Kprorep npoekiuscuaa Xuco0ail yayH 3JUTUICOU
caTxyuJa TOMOH Y3YHJIMKIApU Sj; Ba YJIAPHHUHI TE€OJE3UK a3uMyTiapu Aj JapHU
Maxcyc ¢dopmynanapiaan ¢oinanaHud TEKUCIMKIATM TOMOH Y3YHJIUKIAPU S Ba
yJIapHU JTUPEKIMOH Oypuakiapu oy Jiapra yTKa3ulll Kepak Oymaau. Arap reoje3uk
koopauHatanap B;, L;, By, Ly 7mapmaH sj TOMOH y4YJlapUHUHT TYFpU Oypyakiu
KOOpAMHATIAPH X;, Vi, Xk, Yk JIapra yTuiaran 6yica, y xonaa

tga, = Yie = Vi

Xe = Vi
Xe =X _ Ve =)

S., = =
k .
" cosq, sing, (28.3)

Si = (xk _‘xi)2 +(yk _y[)z

Jlexun (28.3) dopmynanapaan ¢oitnananu® oy, Ba Sy JaApHU XucoOJarl
TEKUCIMK/Ia TOMOH Y3yHJIHMKJIApW Ba TUPEKIHOH OypYakIapHU TOIHII aHUKJIUTUHH

nacaiitupaau. bynra umonu xocun Kuium yuyH (28.3) dopmynanapHuHr 6upuHUA

198



Ba YUMHYHUCHUHH OJIMO, yJIApPHU Sj TOMOH YUJIapUHH KOOpIWHATATIApH X,y JIap Oyiuda
muddepennmaniad, Ouszra MabIyM OynraH Koupamap Oyiinua Yypra KBaapaTHUK

XaTonapra yTramus Ba m, =m, =m, =m, =m,, ne6 oylaMu3. YHIa JUPEKIIMOH
OypyakHU TOMUII YpTa KBaJAPATUK XaTOCU m, ~Ba TOMOH y3YHIIMIMHI TOIHII ypTa

KBaJ[PaTUK XaTOCH M, Kylujaruiapra TeHr Oyuaau

m, = % p"\2 (28.4)

Qe

= mxyﬁ (28.5)

1

mS

2 Kjacc TPUAHTYJSIUANA TYFPU TEOJE3UK MacajaHu e4ull OwiaH
KoopauHaTanapHu Tekuciaukaa 0,01 M aHUKJIMKAA TONUI MyMKUH. Arapaa s, =20xkm
jecak y xompa m, =10,15" Ba m, =+0,014u Oynanu. (28.4) Gpopmysanan KypuHUO
TYpUOJUKHA TOMOH Y3YHJIUTM KHYpalumM OWJIaH IUPEKIMOH Oypyak ¢, HUHT

XaTonuru omub Oopaau, mry cababiu TOMOH Y3yHIUKIApU Ba JAUPEKIIMOH

OypyYakiIapHU TEKUCIMKKA YTKA3UIIHUHT KyHUard yCyJijlapu TaBCHUS THIIAIH.

§28.4.2. TomoH1ap y3YHIMKJIAPUHH Ba HYHAJNILIAPHHA TEKUCIUKKA

penykuusijiam ¢popmyJiajgapu

Dmrncouaru reoie3uk Yu3nK y3ynnuru S, Hu ['aycc-Kprorep npoeknusicuma
TEKUCJIMKIArU Y3yHJIUTHW s, Tra YTKa3uIl y4yH KyWHJarn ymyMJIalITHpWITaH
dbopmyna Taknud ITHIATN

Sik = MySi, (28.6)

OyHIa m, - TACBHPJAIIHY ypTaya MacIITaou.

TacBupnam MaclITaOMHUHT AQHUKJIUTM TOMOH Y3YHJIMIM s, Ba YHU 30Ha YK
MEpHUANAHUIAH Y30KJIUTH, SIbHI TOMOH YWIAPWHU YpTada OpIuHATATapHU:

v, =, +¥,)/2 ra 60ormuk.
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(28.6) popmynanu Kyruaaru KypuHUIaa ¢3aMmus:
Six =Sy T ASy (28.7)
OyHza: AS, -3JUTUTICOMar TOMOH Y3YHIIUTH S, Ta Ty3aTMa.
1 xmacc reome3wk TapMmokKiapaa AS, Kyhdumaru dopmynagaH (orimananub

0,001M aHMKIMKIA XUCOOIaHA N

, A2 4
AS,, =fm[yi +%+12%j&k, (28.8)
EKu
ve N
ASy {21;2 T are T 4R’ ]S"" ’ (28.9)

OyHna: Ay=y, —y,, R, — ep dJUIMICOUIUHUHT YpTadya dTPUIUK PATUYCH.

f! HUHT KMMMaTh TOMOH ypTada KeHIJIUIu B, €KW TOMOH YWIAPUHUHT ypTada

abruccacu x, =(x, +x,)/2 opkanu 28.1-kanBanmadH UHTEPHOJALMIIAIT WY OWIaH

OJIMHAIH.
/ Ba f' KMHMaTJIapu
28.1-:kaaBaJ
KenruukaapB ) o f= 2'2"21 f'= 2;;
1 2 3 4
36° 3986 0,0025404 1,23161x10°®
38 4208 0,0025392 1,23106x10°
40 4430 0,0025381 1,23049x10™
42 4652 0,0025369 1,22992x10°
44 4874 0,0025357 1,22935x10°
46 5096 0,0025345 1,22877x10°®
48 5319 0,0025333 1,22820x107
50 5541 0,0025322 1,22763x107
52 5763 0,0025310 1,22706x10°®
54 5986 0,0025299 1,22651x107
56 6209 0,0025287 1,22597x10°
58 6431 0,0025277 1,22544x10°®
60 6654 0,0025266 1,22494x10°®
62 6877 0,0025256 1,22445%10°®
64 7100 0,0025246 1,22398x10°®
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66 7323 0,0025237 1,22354x10°®
68 7546 0,0025229 1,22313x10°®
70 7769 0,0025221 1,22274x10°®
72 7992 0,0025214 1,22239%x10°®
74 8215 0,0025207 1,22207x10°®
76 8439 0,0025201 1,22178x10°®
78 8662 0,0025196 1,22153%10°®
80 8875 0,0025191 1,22131x10°®

2 KJjacc TeoJe3uK TapMmokKiapaa AS,Hu xucoOmam yuyH (28.8), (28.9)

dbopmynanapra Hucbaran coanapok hopmynanaas GoianaHuIUIIN MyMKHH.

' Ay? v Ay
AS, = i np i | Y /S S 28.10
ik fm (ym 12 j ik [2Ri 24R§l ik ( )

3,4 ky1acc reofie3uK TapMOKKaiIpuaa Kyiugaru ¢hopmyianan Goitnaianmiagm

AS, = f, V28, =228, (28.11)

AS, HM XucoOiama opArHaTa KuMatiaapu 1 kiacc reoje3uk TapMokiapaa 1

M, 2 kiaccaa 10 m Ba 3,4 knaccnapaa 0,1 kM aHMKIMKIA OJMHUILKA Kepak. byHna

a6CI_U/ICC3 XaTOJIMTHU Ty3aTMaHH XI/ICO6J'I21HI AHUKJIMTHUI'a TaAbCUP 3TMaI>'II[H.

I'eome3uk YM3MKHU TEKCIUKIA TACBUPJIAIATH STPWINK YYYH FOPU30HTAJ
HYHAJIMIITa Ty3aTMa XHUCOo0 a1
Tomon y3ynnmukiapu 60kM rada Oynran xoJuiapja | Kiacc TpaHTYJSIUS Ba

[IOJIMTOHOMETPHUS NMYHKTJIApUAA TYFpU HYHaIUIIra J,,Ba TECKapU HyHAIUILITA J,,

ty3atManap 0,001 aHukImMkaa Kyingara dbopmyiaiap OunaH XucoOaaHaIu
y p y pMy. p

Ay yi nszthm 2 .,
6y, = —fmA){ym T ] TR VP

(28.12)

b

A ’ *AytgB )
I R i 4
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OyHJa:

m= pz;Rm= M,N,;
2R?

Ax=x,—x;Ay =y, -
1 1 (28.13)
Vo = E(yl +3,)B, = E(Bl +B);
n® =e'cos® B, ;' =0,00673853
f,,- KodpouuueHnt 28.1-kanBangaH TPUAHTYJALMS TOMOHUMHHMHI ypTaua

KEeHITIMIU B, €ku yprada abuuccacu x, apryMeHT Oyinya omumHaau; M, ea N,

Kyhugaru Gopmyianap OuiaH XucoOIaHau:

2 2 : .2
Ml, _ a(l e ) . :a(l_ez)l+0.25€2 S.u’lz Bm (28.14)
(I—¢*sin> B) > 1-1.25¢*sin’ B,
2+ 2
Nyt g e (28.15)
—0.75¢"smn" B,

(1-e*sin’ B, )?

(28.12) dopmynamapna R,,y,,Ax,Ay kattanukiapu km.ja udojaiaHagu; y -
OpJIMHATAJIap YK MepuIMaHuTra HUcOaTaH onuHaau. 2,3,4 Kjacc TPUAHTYISAIUS Ba
nosimronomerpiapa (28.12) bopmyna cogganamTupuin MyMKHH

" Yo=Y
01y ==, (% _xl)(ym — =21 IJ;

6 (28.16)

A )[ym + %j

Arap S <50xkmBa y <120xm 6ynca (28.16) bopmyna 1-kiacc TpHAHTYISIIUS

Ba IIOJIMTOHOMCTpPHAAA KSJ’HHaHI/IJ'IaI[I/I.

(28.16) popmynanu Kyinaaru KypuHuIa €31 MyMKHH

" /,
o, =—"(x,—x) 2y, +,);
12 3 (x, =x)2y, +,) (28.17)

52”.1 =+(x, = x) 2y, + ¥,).
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S, Ty3zarmamapau 0,17 aHMKIMKAa XucoOnamijga Kyduaard ¢opmysiaaaH

dboinananuIaIm
61, =—6;, =—0,00253(x, —x,)y, (28.18)

(28.12), (28.16), (28.18) dopmynanapman Qoiinananud xucobigaHraH o,,,d,,
Ty3aTManap ya4aHTaH HyHaIMIiapra anreopank KyIuiaam.
Vyanran  iiyHammmapra 0, Ty3aIMaJapHU KHUPUTHUII HaTHXXKacuaa

y4OypuUaKHUHT SrpU TOMOHJIAPU oOpacujaaru OypuakiapiaH Oy TOMOH Yy4JIapHHH
OupnamITUpyBYM  BaTapjapu opacujgaru Oypyakiapra yruinaau. Hartwkana
y4OypUYaKIIapHUHT WUFUHIUCU C(hEpUK OPTUKIMK ¢ Karramurura kamasgu. Hly

cababmu Oypuakiapra OepuiiaéTraH Ty3aTMma &,Jlap WUFUHJIUCH TECKapu HILOpa

Ownad chepuk OPTUKJIMKKA TEHT OVIIUIIN Kepak, sS’IbHU
o, +0, +o0, =—<¢ (28.19)

Oy epaa: &, Ty3armanap VHT TOMOH HyHanumura OyiraH Ty3atma ¢, OuWJiaH 4am

TOMOH HyHanuumra 6epuiran J; Tysatmanap Gapku kabu Tonunaam
0, =06, — 5/‘/'

(28.12),(28.17) Ba (28.18) popmynanap Ounan §, Ty3arMmanapHU xucobOsamja 1

KJIacC TPHUAHTYJSAIMS Ba TOJUTOHOMETpHsifa almucca KulMatiapuHu 1-2m
aHUKJIMKAA, 2 Kinaccaa 10 MeTp Ba yHAAH MacT KJIaccaaru reojie3uk tapmokiapaa 0,1
KM Trada OyiraH aHUKIuKaa Oynumu kepak. OpauHaTtanap XaTOJUKIApU
Ty3aTMaJapHU XUCOOJIAI aHUKJIUTHTa TAhCUP ITMANIH.

l-kmacc  TpuaHrynsiuMs  Ba  [OJMIOHOMETpusiapaa  macodaiap  Ba
WYHAIMIITIAPHA TEKUCIWKKA PEAyKIUsJIANIa TYFpU Oypuakid KOOpJWHATaTapHU
XUcoONamnl aHUKJIWTUra Ttanabd oprtamu, Iy cababiaum KoopauHatajmapHu 1-2 M
aHUKJIMK/Ia X|UcoOall yuyH TakpuOuil KoopimHataiapaad ¢oigananu® TOMOHIIAp Ba

HyHanuuuiapra Takpuobuit AS, Ba 6, Ty3aTManap KUPUTHIAAH.
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[ynaait kunubd 1-kmacc TpUAHTYISIMS Ba MOJIUTOHOMETPUSIAPHA TEKUCIUKKA
YTUKa3UIl YYyH KOOpAHMHATAJIap Ba Ty3aTMaJapHH KETMa-KeT SKWHJIAIIMII OPKaIH

Tonuaaau. byHnai MacaiaHu €UMIITHY KeMUHTH maparpadia Kypud yukamus.

I'eone3uk asumyTyIapaaH AMPEeKIHOH OypUYaKjIapra yruu

Dnuncou]; caTxyjard reoie3uK YM3WKHMHI TEKUCIMKAAru OOIUIaHFUY Ba
OXUPTH HYKTaJapWHW OWPIAMITAPYBUYM Batap S,, HU IUPEKIHOH Oypuaru «,,HH
reo/Ie3UK YM3HUK a3MMYTH OpKajdu XucooOnam Kyuuaaru dopmynanan doiganaHud

OaxkapuIIaIn:

a,=4,-7+0, (28.20)

Oynna: y,-1 Hykrana tekucnukaaru ['aycc Mepunnannap sKuHiIammm Oypyary; o, , -

reOe3UK YM3MKHH TEKHCIWKAA TAaCBHUpJIAIl STPWIMIH Y4yH Ty3arma (28.12) €xu
(28.17) popmymnanap Ounan xucoOmaHaIu.

Bbepuiran HykTaga MepuauaHiap SKUHJIAMIMIIN y, HU XUCOOJAIIHUHT OUp Heva
XU GopMmynanapu MaBxy. YapAaH alpuMIIapUHU KeNTHPaMU3.

Tyrpu Oypuakinu koopauHatanapaan ¢oiganannd 1 kiacc TpUaHTyJsALUsS Ba

noauroHomerpusina  p, Oypuarmau 0,001 raua xucoOmampga Kyhuparu

dbopmynanapaan Qoiiananuiaam

7, = {1-[(0.33333-0,00225c0s"B, )-

28.21
—(0,2—0,067 cos’ Bx)zz]zz}zsin B p" ( )

Arappa reonesuk koopauHaramap B, /=L, —L, Oepunran Oyaca (28.21)

(V)

ypHuUra

v, = {1+[(0,33333+0,00674cos* B, )+

28.22
+ (0,2 cos’ B, — 0,0067)]‘2 ]I? cos® B, }sin B, p" ( )

dbopMyIna UIITaTHIIAH.
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(28.21) Ba (28.22) dopmynanapna (28.1) Ba (28.2) dopmynanapaaru

Oenrmnanuiap kaOyn KunuHrad p Hu 0,01 raya aHMKJIMKIa XUcoOaa:

3

y:lsinB+§%sinBcoszB(l+3772) (28.23)
P

dbopmynamasn, 0,1” aHuKIMK A XUCOOIama:

3

y:lsinB+ll—zsinBcoszB (28.24)
3 p”

dbopmynanan, 0,1’ aHUKIMKAA XUCcoOIaIIa:
y =IsinB (28.25)

(dopmynanan ¢poigananum MymMKuH (28.22)-(28.25) popmynanapaa / = L — L, HyKra
y30okauru L Ounan 30Ha YK MepuauaH y3o0kauru Ly opacuparu ¢apk, B-HykTaHuHT
reoge3uk keHrnury. llyHu takugiam J03MMKY, MEpUIMAHIAp SKUHIIAIINII Oypyaru

¥ HUHT nuiopacu [ nuiopacu OuinaH 0up Xui1 0ynanu.

§28.4.3. 1-kiacc TpUAHTYJISAIUA YIOYyPUATHHH JJIJIMIICOUIIAH TEKUCIUKKA

peayKuMsiIam

1-K1acc TpHAHTYJISAIKS YUOypUaruHy SJUTUIICOMIaH TEKUCIMKKA PEIyKITUsIIaIT
KyHUJard alroputMaa OaKapuiIuing MyMKHH.

1. bonutanruu 1 HyKTa Treojie3uk KoopauHatanapu B;, L; nan doigananul mry
HYKTAHUHT TYFpU OypUakiIv KOOpAWHATANapH X; y; XucooOmanamu ((28.1)ma mucon
KEJITUPUIITaH).

2. Tyrpu Oypuakiu x; y;KoopAauHatajmapaaH doiigananud OonutanFuy |-
OaHIHUHT TEONE3UK KoopauHaTanapu B; L; xucoOmananu, Oy Owman 1-Oanmmaru

Xucob Tekmupunaay, ((28.2) 1a MUCOI KEATUPUITAH).
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3. 1-6angma xucob6isab TomWiIraH TYFpU OypyakiiM  KOOpJWHATAJIapJaH
doitmmann6 Oommanrua  1-6angma  (28.21) dopmyna OwiaH —MepuauaHIap
SKUHJIAIINII Oypyaru y, XucoOJaHaIu.

4. 3-0annmary  XMCOOHM — TeKmupuinl  Makcaaunaa  (28.22)  dopmynanan
doitnaiann6  OommanFwd  1-0aHama Treome3wK — KoOpAWHATAIap  Epaammuaa
MEpHIMaHIap SKUHIAMUII Oypdyaru XucooIaHa/Iu.

5. bupuHum sKUHIamUIAAa y90ypuak TOMOH Y3YHIIMKIIAPU XUCOOIaHAIN

smn A sm B
Sz =S8S,—=: Si3=5, sinC;

6. bouutanruu koopauHatamap x; y; OONUIAaHFUY TOMOH Y3YHJHMIA S;, Ba
Vnuanran A, B, C Oypuaknapgan ¢oitgananu6 1:100000 (€xku Oomika HUPUKPOK)
Macmtadna yudypuak cxemacu yuswianu. Iy yusmanan rpaduk paBuiiga 2 Ba 3
HYKTaJapHUHT X», V), X3, Y3 KOOpaAuHaTaIapu onuHaau (28.1 maki).

7. bupunun skuHaammaa 5, AS (MeTpaa) Ty3aTMaliapu XucoOJiaHaIu

8", =-5,, =-0,00253y Ax;
AS =0,123y2S, ,.

1
Bynapna: Vi = 5()’1 +1,); A0 =2, —x;

8. bupuHuM  SKMHJAmMIIAA ~ OONUIAHFUY  TOMOH  JUPEKIUMOH  Oypuaru

xucoOaHaIu:

A, :Al.z =N +51.2-

9. bupunuu sKUHIamMIIAa Oypyakiapra &, Ty3arMaiap XUcoOIaHa u.
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51 - 512 _513; 52 = 523 _521; 53 = 531 _532' (28'26)

10. Bupunum sxuHIammna ydOypuyakHUHT 2 Ba 3 ywiapu KOOpJWHATAIapy

xXucoOaHaIu:

X, =X, +Ax, X3=xl+Ax3;}
) 28.27
Yo =0 t+Ay, Y3 =Y, +Ay,. ( )
OyHJa:
Ax, = §,,C08 Q,,; Ax; = 5,,C08 ¢t 5;
Ay, =s,8Inq,; Ay; =558 a3,
Si, = Slz + ASIZ; Si3= S13 + ASl3-
11.

NkxkuHun siKuHamuimga OomuiaHFud TOMOH 1-2 ra AS Ty3atmMa Ba

HyHanumapra oy Ty3aTMalapHHU XUCOOJaHaIM:

3

Vo =M Ym '

O, =—f (x, —x — — -0
12 fm( 2 1{)% 6 3Rz121

X (28.28)
Vo= V1 Vnm '
Oy =+f, X, —x + - +9'.
21 fm( 2 1)[)% 6 3R31
Ay,
O,,=—F Ax —— 5"
12 S Vm 6 3R51
(28.28a)
Ay Iu |, s
0, =+f,Ax +—=—-==-+0".
21 S Ym 6 3R51
s(v Y si(a) !
AS:_ y_m 4+ — _y + y_m ,
2\ R, 24|\ R, R,
Oy epna:
S'= 772(y2 _ylz)yithm pu’
Rm
n° =e” cos’ B ; e'>=0,00673853; R =VMN :\/p"/me;

B, =(B,+B,)/2.

207



’r.u.

28.1-maxu.
fin - BmaprymenToyitnya 28.1-xaaBaiaaH OJIMHAIN,
12. Ukkunun sikuaiamuiaa (28.26) dopmynanan doitnanannd Oypuaxnapra d;
Ty3aTMajap XucoOJiaHaIu.
13. UkkyuHYM SKUHJIAIWOAA TEKUCTUKIA OOIUIAHFUY TOMOH Y3YHJIMTH Ba

YHUHT TUPEKIMOH OypYaru o, XucooJiaHau.

81 = Sp, +AS; Q, =4, =7, +0,.
14. UkkuHYM SIKUHTIAIIMIIA S13 BA Sp3 TOMOHJIAP Y3YHJIUTH XUCOOJIaHAU
sin B sin 4
S =80 ——, Sqr =8, ——,
13 =83 23 =5 >
smC sin C

15. UKKMHYM SKUHJANIMIIIA OJMHTAaH S Ba o KuhMatiapu Oyitnua (28.21)
dbopmynanapaan  Qorganann® yuOypyakHu 2 Ba 3 yuJapuHU = HATWKaBUU
KOOpAMHATANIapyu XUCOOIaHaH.

Jd-mucon. A Ba B wMucommapgarum HatmxanapiaaH ¢oitnamanu0d 1 kiacc
Tpanrymsinusi ~ yuOypuarunu  Kpacosckuit  smmuncouaunan  ['aycc-Kprorep

MPOEKIUACKIA TEKUCIUKKA peyKIusIam Tanad 3Tuiicus (28.1 maki).

bonianFny MabJIYMOTJIAP

B,=51°38'43,9023" A,=118°4932,702"
L,=24°02"'13,1360" ZA=61°43'07,185"
x1=5728374,726 m /B=59°14'13,034"
y1=+210198,193 m £(C=59°02'41,284"

S1,=25938,210 m Lo=21°
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Tonmupukan 6 O6anau OakapuiaraHjaH CYHT X, Ba X3 apryMeHTJIap Oyitmda
28.1-xanBangan B, Ba B; KeHrmukiaapHd TakpuOWii KuHAMaTIapu OJUHAAU
B,=51°32"; B;=51°46".

Edyum aaropurmun

1. bounanruu 1 HyKTama TYFpu Oypyakiu KoopauHaTtajapjaH doigananuo
MepUIMaHiap SKUHJIAuUI Oypuard y;HU xucoOmam [(28.21) dopmyna, By Ba z

KuiiMatiapu Mucod - B euunn cxemacu xajBainuiad OJdUHAIH |.

romemnapn | Hamwmanap | O | Hanmaap
cos B, 0,6199871 Z 0,00281382
cos’ B, 0,3843840 sin B, 0,7846121
cos’ B, 0,1477511 7" 8576,737"

V4 0,05304550 i 2°22'56,787"

2. 1-6anpmarm xucoOHM TeKmupuil. bommanrud 1 HyKTaga TeoJe3uK
KOOpJIMHaTanapaad ¢Goiaanianud MepuIvMaHiap sSKUHJIAW Oypyard Yy, HH

xucooumai [(28.22) popmynanan doiinananunaiu].

P @
OpMyaa Harumkanap opMyIa Harukanap
AJIEMEHTJIapn IJIEMEHTJIapu

cos B, 0,6205248 sin B, 0,7841868

cos’ B, 0,3843840 7" 8576,737
Ipan 0,053005341 7, 2°22'56,737"

r 0,002809566
Ll B LO
[ pao = - MHCOI A HM e4HII CXEMACUIAH OJIMHHUIIU MyMKHH.
Jo

3. bupuHuM SKMHIAMXIIAA Y40ypUyaK TOMOHJIAPUHH Y3YHJIMKIAPUHU XUCOOIAIn

YuOypuak Oypuak | DJJIuNCcOMIIaAru Bypuak Tomomnap, M
y4wiapu OypuakJiap CHUHYCJIApH
3 59°02'41" 0,85757 25938
1 61°43'07" 0,88063 26635
2 59°14'13" 0,85929 25990
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4. bomutanruy 1 HyKTa KOOpAMHATajlapy, OONIIAHFUY TOMOH Y3YHJIMTH Ba
yubypuak Oypuakiapunan ¢oimgananud macmrabdna, macanan 1:100000 macmrabaa
(28.2 makn) ydOypyak CXE€MacHHHM YW3HWIN Ba 2, 3 Oypuak ywiapuHU (HYKTajigap)

KOOpAIWHATAJIapUHN CXCMaldH Fpa(i)I/IK paBulIaa OJIMII.

X

x3=5743 AxM

* 3 y3=231,4mm
5740 /<
N
5735

5730 /
A
1

5725

Bl —
5720 \ /
\* x2=5716,8xmM
2

y2=233 4xM

5715

210 215 220 225 230 Y

28.2-maKJja

5. bupuHumn sKUHIAMUIIAA ¥ Ba AS Ty3aTMallapHu XHCOOIAIIL.

benrwnammnap 1 1 \ 2
(bopmynanap 5 3
DJIEMEHTJIapH )
X1, KM 5728,4 5728.,4 5716,8
X5, KM 5716,8 5743,4 5743,4
Ax=x, —x, -11,6 +15,0 +26,6
Vi +221,8 +220,8 +232.,4
Vs KM +210,2 +210,2 +233.,4
Vyr KM +233.4 +231,4 +231,4
v 49135 48753 54010
S, km 26 26 27
o",,=-0,00253y Ax +6 -8 -16
0", =-0", -6 +8 +16
AS,, 16 16 18
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6. bupunun sxuHmamumga OONUIAHFUY TOMOH JMPEKLIHMOH Oypyaru o), HH

XHUcoOJIaI.

A=118°4933"
- == 2°22'57"

+01,=1 6"

o=116°26'42"

2 Ba 3 yuOypuak y4lapuHHM KOOpJAWMHATAIAPUHU OMPUHYM SKUHJIAIIUIIIA Ba O;

Ba AS JJApHU UKKWHYY AKHHJIAIIAIIaa xnco6nam.

28.2-:kaaBal

1 2 XwucoOmam Ba
1 y
Ne benrnnam 5 TYIAUPUILL
TapTHOU

1 2 3 4 5 6

1 a 116°26'42" | 116°26'42" | 296°26'42"

2 | <, (6ypuaxnap) -61°42'07" | +59°14'13"

3 5 +14" -10”

4 a,, 116°26'42" | 54°43'49" | 355°41'05"

5 S, KM 25,938 25,990 26,635

6 AS, M 16 16 18

1 2 3 4 5 6

7 S, KM 25,954 26,006 26,653

8 cosa,, -0,44534 | +0,57743 | +0,99716

9 sina,, +0,89536 | +0,81644 | -0,07524

10 X1, KM 5728375 | 5728375 | 5716,817 AX = Scosa,,
11 AX, KM 11,558 +15,016 +26,577

12 X3, KM 5716,817 | 5743,392 | 5743,394 Ay =ssina,,
13 V1, KM +210,198 | +210,198 | +233.436

14 Ay, KM +23,238 +21,232 -2,005

15 V2, KM +233.436 | +231,430 | +231,431

16 Viny KM +221,817 | +220,814 | +232.434 |

17 Ay/6, KM +3,873 +3,539 -0,334 Ym= E(yl + yz)
18 Ym—Ay/6 +217,944 | +217,275 | +232,768

19 Ym+Ay[6 +225,090 | +224,353 | +232,100

20 I 0,09 -0,09 -0,10 I, =y /3R]
21 o +217,85 +217,18 +232,67 |0, =y, —Av/6-1I,
22 o, +225,60 +224,26 +232,00 |0, =y, +Ay/6-1I,
23 B, 51°37’ 51°44" 51°42’

24 fon 0,00253123 | 0,00253116 | 0,00253118
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25
26
27
28
29
30
31
32
33
34
35
36

37

38
39

v, 'R
Ay:R,
S/2
(¥, iR,
S/24
(Ay:R,)*+
+(y, :R)"
AS

s=S+AS

+6,373" (4)
-0,003"
+6,370"
-6,600
+0,003
-6,597

6383,105

0,0347506

0,0036405
12969 m

0,0012076
1081 m

0,00001471

15,677m
25953,887 m

-8,255 (6)
-0,003
-8,258"
+8,524
+0,003
+8,527

-15,652 (1)
+0,000
-15,652"
+15,607"
-0,000
+15,607"

o'\, =~f,0Ax

o'y =f,0,Ax

7. bupyuHYM SKUHJIAUIAA Oypyakiapra o; Ty3aTMaJlapHU XUCOOIalLL.

5, =5, 05, =+6"+8"=+14",
5, =6,,—3, =-16"+6"=—10",
S5, =8y, — 5y, =+8"-16"=-8".

8. VYuOypuakHuHr 2 Ba 3 y4jlapuHu OWPUHYM SKUHIAmUIOAa Ba O, AS
Ty3aTMaJlapHU MKKUHYM SKUHJIAmUIga xXucobsam (28.2-kanBan  Ba  M30XJ1a

KEJITUPUIITaH ).

9. HkkuHuM sSKUHJAMIMIIA Oypyakiapra O; Ty3aTMalapHu xucoOmanr (28.26

dbopmynanap).
0, =0,, —0,; =+6,371"+8,258"= +14,629",
0, =0,;, —0,, =—15,651"+6,597"= -9,054",
0, = 0,, — 05, =+8,526"-15,606"= —7,080".
Tekmmpur: 6, +96, +8, =—¢, &= fabsinC=1504"; >, =-1505".
10. YuOypuakHUHT TEKUCIUKIATH aHUK CUUMHU.
YuOypuak Vuanran Texucnuknarun | bypuaknap Tomornap
d; Y3YHJIMKJIApH,
yujiapu Oypuaxnap Oypuakiap CUHYCJIapu "
3 59°02'41,284" | -7,080 | 59°02'34,204" | 0,85755210 | 25953,887
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1 61°43'07,185" | +14,62 | 61°43'21,813" | 0,88066533 | 26653,410
2 59°14'13,034" 8 59°14'03,979" | 0,85926752 | 26005,804
-9,055
) 180°00'01,503" | -1,507 | 179°59'59,996"
11. bonutanfu4 TOMOH JUPEKIMOH OypYarnHUHI aHUK KUMAaTH.
A1,=118°49'33,702"
- 71=- 2°22'56,737"
+0,=+ 6,371"
o,=116°26'42,335"
12. YuOypuak ywIapuHUHT IKYHUI KOOpJMHATaJIapH.
1 1 2
Ne benrnmam 5
1. o 116°26'42,335" |296°26'42,335"
2. -61°43'21,813" | +59°14'03,979"
3. a, 116°26'42,335"|54°43'20,522" 355°40'46,314"
4. cos , -0,44539999 | +0,5775897 +0,99705828
5. S 25953,887 m[26005,804 m 26653,410 m
6. sina,, +0,89536155 [+0,81636311 -0,07533495
7. X| 5728374,7265728374,726 5716816,422
8. AXx -11558,304+15019,365 +26577,668
9. X2 5716816,422(5743394,091 5743394,090
10. yi 4710198,193|4710198,193 4733436,305
11. Ay +23238,112|+21230,179 -2007,933
12. Y2 4733436,305|4731428,372 4731428,372

R, HE xucobmam yuyyH 28.2-xagBannaH ydOypyak Y4YJapUHUHT X, X3
KOOpAMHATAJapUHU OJaMU3. X,, X3 KoopuHaTanapaan ¢oigananu6 28.1 xaaBangan

UTEPIONALNA KWK Wynu Owmnan ydOypyak 2 Ba 3 yuigapuHuHr B, Ba B;

HN3oxjap
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KeHTIMKIapuHu tonamu3 (B, Ba B; kuiimatnmapu Oepunran 6ynca (1 u) dopmyna
Owtan bupnanura B,, HU KuiiMaTiapu XUCOOTaHUIIAH ).
Mucon x,=5717 xm 28.1-xanBanma B,=50° Ba B, =52° opanurmaru Xy
KUIMaTiapu OpaliuFuja, SbHU
B,;=50° na x,,=5541 xm
B,=52° na x,=5763 km
AB,;=52°-50°=2°,
AX,on=5763-5541=222 xm, (MHAUKCIATH 1O — FOKOPH, IT — TTACTKH).
Jlemak, KeHTTTUKHM 2° opTUIIHra abciucca 222 KM Ta OpTSIITH.
X, OWIJIaH X,, opacuaaru (papkHU TOIaMU3.
X;00=X0-X;o=3717-5541=176 kM.
OHau 176 kM abciucca opTTUpMacura TYFpU KeJlaJurad KeHIVIMK OpTUPMAaCHHU
TOIIAMU3.

X,,—AB,, 176-120'

X 222

on

AB . =

02

95'

B,=B,;+AB,»=50°+95'=50°+1°35'=51°35’
Xynnu ury Tapuka B; Hu Tonamus.

B3=B,;+AB,;3;=50°+109'=50°+1°49'=51°49’
Tomonnap Oyitnya ypradya KEHITTMKHA XUCOOIaiMuU3

B, +B, 51°39'+51°35'

B, = 5 =51°37";
0 ' 0 (]
B. _ B, +B; _51°39'+51°49 5104
2 2
0 ' 0 '
» _B,+ B _51"35451°49' _ (0,0,
2 2

B, kuiitmatiapu 28.2 xaaBainHu n23 ra €3uiiajiu.

28.1-xanBangan By, Bism, Bosm Kenrmuxmap Oyiinua f, KuliMaTiapuHu

WHTEPHOJISAIUSIIAINT OPKAJIA TOTIAMU3.
Mucon yuyH fiy, HU By, =51°37" marm xuiimatuam tomumim yuyH B,=50° Ba
B.,=52°naru Af papxuu tronamms, Af,, = f,, - f,=0,0025322 - 0,0025310 =
=-0,0000012 =- 12x10
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_ N, .(B,,-B,) -12:107-97'

A, = =-0,00000097 = -9,7-107".
(B,-B,) 120"

£, =f, +Af, =0,0025322-0,00000097 =0,00253123.
IOKOpUJIary MUCOJIIAruieK f,,, Ba f,,, JJAPHU TOIAMU3

—-12-107-104'

M = = 1044107
p— . _7 . !
A, = %0‘102 —-102-107.

fi5, =0,0025322-10,4-107 =0,00253116;

fos, = 0,0025322-10,2-107" =0,00253118.

f, KuhmaTmapu28.2 kagBamHH n26 TrTaé3mnamu. CyHrpa R, =.p"/2f,

dbopmynanan ¢oitnananud R, KuiiMaTiiapu TOUIIATH.

R,,, =+/206265/2-0,00253123 = 6383,105x;
R, =6383,193xx;
R,,, =6383,168xm.

R, kuiimaTnapu 28.2 xxaaBanHu n33 ra 3unaau.

3
(28.28) popmymnanaru 3?;”2 XaJMHY XucobnaimMus, 28.2 — jxkanBanja yuoy

m

xannu [11s Ounan 6enrunanran (28.2 sxaasan n20 ra é3unan).

3 3
v 221817 .
T =0,089;

3-6383,105
1M, =0,088;  IIL,,, = 0,103.

I1I

¢’ Hu xucobmnarm [popmyna (28.28 a)]

Ne benrunnam é ; g N3oxiap

1 e” 0,00673853 0,00673853 0,00673853

2 B, 51°37 51°44' 51°42'

3 cos’ B, 0,38554138 0,38356013 0,38412605

4 n’ 0,00259398, 0,00258463, 0,00258844, n’ =e”cos’ B,
5 1gB,, 1,2634402 1,26773528 1,26621962
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6 Y2 =N +23,238 +21,232 -2,005 5,2 xxaaBan nl4
7 Y +221,817 +220,814 +232,434

8 V2 49202,781 48758,823 54025,564

9 3447224 3392,120 355,027 (4)-(5)-(6)-(8)
10 R, 6383,105 6383,193 6383,168
11 R; 2,6008417x10" 2,6008417x10] 2,6008111x10’
12 to +0,003 +0,003 +0,000 [©)/an]e"

§29.I'eoae3nk koopauHaTajgapHu Ga3oBuil TYFpH OypYaK/IM KOOpAMHATAJAPra

y3rapTupuul

Nmpnan makcan B, L, H reone3uk KopJWHATAJIapHU KOOpJWHATa OOIIH

pedepentr anerncou Mapkaszuja oynrad GpazoBuil TYFpu OypUakiIv KOpJuHATalIap X,

y, z ta y3raptupuni. B, L, H #u x, y, z ra y3raptupum kyhugaru dhopmysaaaH

doitnanannO amanra omupuIaan.

X = (N + H)cosBcosL
Y = (N + H)cosBsinL
Z = [(1— e?*)N + H]cosB

bynna: B, L, H- reone3uk KeHTIIMK, Y30KJIUK Ba OalaH JIHK;

N- GupuHYHM BepTHUKAI STPHUIIMK PaIUyCH;

Ez - DJICTICOMIHUHT 6I/IpI/IH‘lI/I OKCCHTPUCHUTCTH KBAaAPaTH;

19421 (CK-42) koopaunata cucremacugan CK-95 cucremacura myHKT

re0JIe3UK KOOpAUHATAIAPUHU Y3rapTUPHUIL Tajlad STUIICHH.
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KpacoBckuii snerncouguHu KarTa spuM VKU 6378245M Ba KyTO CUKWIHILIA
a=1/298.3
['eone3uk koopauHaTandapaad (a3oBUM TYFpu Oypyakid KoOpJuHaTajapra

YTHUIITra MUCOI:

e dDopmy.ia, XucooJiam Wsox
Oeqrmianuiap HATHKAJIAPH
1 B 59°46'15.0" m re0JIC3UK KEHIJINK
2 L 30°1928.0" 1 T€0JIC3UK Y30KJINK
3 H 127.363m
4 a4 A 6378245.0 DILICTICOM]T KaTTa
’ ' ApUM YK
5 a 1/298.3 SIUIEHCONA
CUKHJTHIII
6 b=a-a/298.3 6356863.0 DIVICTICOTL R
SPUM YK
MepHIHaHaT
7 e?=(a’-b%)/a’ 0.00669343 DJVICTICOHA
AKCLEHTPHCUTETH
KBaJIpaTh
OMpPHUHYM BEpTUKAI
8 N=a/,/1 — e?sin?f3 6394240.4 KECUM STPHITUK
panuycu
9 N-+H 6394367.8 OpaJIMK, HATUXka
1o | X=@®+HcosBeosl 2778842.8 reouenTpik X
11 Y = (N+H)cosBsinl 1625415.2 reomenpux Y
Z = [(1— e®)N + H]cosB
12 [(1 = eIN + Hlcos 5561832.3 TeOUEHTPHE Z

Tommupuk. CK- 42 xoopauHata CHCTEMACHUIaH TE€OAC3UK KOOpAMHATAIAP
dazoBuit TYrpu Oypuaknu reoceHTupuk CK- 95 koopauHaramap cuctemacura

Y3rapTUpUHT BapuaHTIap Oyiinya OOLUIaHFUY MabIyMOTJIAP:

Bapuantaap CK- 42 reonesux CK- 42 reone3uk CK- 42 reone3nk
KeHIJIuKk B o
Ne ., Y30KJIMK L mapxkui oamanpuk H m
IUMOJIHH
1 2 3 4
1 43°16'21.0" 76 56' 01.0" 140.443
2 64 44 02.0 177 28 05.0 17.255
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3 5113 13.0 04 25 16.0 10.000
1 2 3 4

4 6433 12.0 4032 54.0 6.897
5 46 21 36.0 4802 13.0 25.769
6 392339.0 74 25 38.0 15.008
7 40 23 51.0 49 52 15.0 19.059
8 301845.0 76 37 34.0 120.793
9 78 05 07.0 141341.0 50.672
10 0610 10.0 106 50 01.0 20.090
11 522901.0 1324 14.0 87.047
12 3218 23.0 6445 15.0 1.997
13 4221 52.0 7103 03.0 5.039
14 5051 00.0 04 21 03.0 35.809
15 26 1041.0 106 45 12.0 3.716
16 44 26 26.0 1731011.0 80.997
17 3355320 1827 56.0 145.008
18 22 5533.0 4312 00.0 97.580
19 3745 00.0 12226 16.0 235.851
20 343717.0 582700.0 100.099
21 26 12 09.0 2802 12.0 29.005
22 22 3534.0 8822 09.0 2.059
23 37 5000.0 144 58 51.0 70.005
24 565931.0 24 09 02.0 6.127
25 34 53 56.0 5611520 160.005
26 570117.0 4256 21.0 98.005
27 61 1534.0 22 00 54.0 43.739
28 20 54 03.0 140 37 12.0 52.946
29 8533 08.0 70 14 00.0 0.000
30 0341 16.0 055631.0 110.009

§30. ®a3oBuii Tyrpu OypYaKJIU KOOPAMHATAJIAPHU OMP cCUCTEeMAaAaH 00IKA
CHCTEMAara y3rapTupui

CK- 42 xoopaunara cucremacunad CK- 95 koopaunara cucremacura yTKa3uIll

uKKu 0ockuyna 6axapunaau: oupunun CK- 42 nan 13- 90 cucremacura, cyarpa 13-

90 nmam CK- 95 cucremacura ytkaswnaau. [I3- 90 koopawnHata cucremacuia

['JTIOHACC kocmuk amapatiapHUHT Xapakatiaapu tadcuduananu, Oy sca CK- 42 Ba

CK- 45 pedepenn cucremanapura HucOataH Jgamep CHUCTEMacH XucoOJIaHaIu.
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YMymuil kypuHUIga gamep TYFpu Oypuakiu (a3oBUM KOOpJWHATA CUCTEMAacH Ba

pedepentr hopmyna Ounan udoaaraHaIu:

X X 1 +g —g,
Y =[}r +RIY|(1+Am)R=|—5, 1 +¢,
Zl lz Z +g, —g 1

Bynna: X, Y, Z- 1aMep cucTeMacuia HyKTaaap KOOpAHHATaIap;

X, Y, Zpedepenu cucteMacuaa KOopJMuHaTaap;

X, Y, Z- pedepeHI daencouau Mapkazuau Ep Mapkasura HucOatan
KOOpJIMHaTajgapu (a0CaTIOT YU3UKIN UUKU JIEMEHTIIapH ).

€, &, E;- JlAMEp KOOpAMHATA CHCTEMAcCH YKJIApUHU pedepeHl cucrema
yKmapura HucOataH pajuaH yirdoBuAa KUYMK Oypyakka Oypwinil, &, €, KyTyora

Oynran MyHanmuumHUHT GapKuHu TaBcudIaiian, OyHaa KyTO XapakaTHUHUHT XaJIKapo
mapiy OONUIAHUIT WYHAIMIIKUIAH YIIOY acTpoHOMAa TeoJIe3UK TYpaaru acTpoHoMa-
re0JIe3UK Ky3aTHIll OJTH0 Kenanu; ;- pedepeHI] Ba JaMmep cucTeManapu/a y30KIUKHA
xuco0 Oomwapu (apkuuu tacudumaiiam; (1 + Am)- pedepenn cucremaman mamep
cucTeMacura yTKasuljgard macimraoura ty3arma. by Oornanuiinan 6up pedepenin
cuctemMazaH Oomika cucremara VyTumga xam  (dodgamanwiany, OyHAa YTHII
napamMeTpiapuHd MOC COHJIM KHMMAaTJIapu WIUIaTHIagd. AMaiuéria [oKopHuaa
KeJaTupwirad Gopmyianu €éiunran popmynacuaan dhoilaaiaHunagm:

X=X+xAm+ ey —g,z +X
Y=Y+yMm+egz—gx+y
L=Z+zAm+ex—gy+z

CK-42 nan 13- 90 1¥¥pu Oypuakiau KOOpAHHATA CUCTEMaJIapyura YTUIIAa X03Up

amanuétna pornananunaéTraH MEebEPUN XyXKKaTIap/a YTHII TapaMeTpIapUHUHT

KyWHUJIaru COHJIM KMMMATIapy UIUIATUIMOKAA!

1 —33+«10"% 18=107°]x +25
Y =|+3.3=+10"° 1 0 [}’ +(—141
Zlnz—g0 —1.8+10°° 0 1 ZlcK—42 —80
I13-90 nan CK- 42 ra ytumga
+25.90
Y =Y — |—130.94

Zlcx sz Zlpag L1—81.76
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Iynnai kw6 CK-42 nau 113-90 yrumna Am, €,, €, X, ¥, Z mapamerpiap, 13-
90 nan CK-45 ra yrumga 3ca X, ¥, Z HOJIbra TEHT OYJIa Iu.
Oxopunarmnapun wuHoOatra oaub ymi0y HWIIHM Oakapuil y4yH HII

dbopmynanapunu €3amMus:

XH3—90 = KCE—4‘2 _XCE—4‘2 * 3. 3= 10_6 + ZCR—4‘2 *1.8= 1{]_6 + 25

Ynz—oo = Yek—a2 — Yexoap * 3.3%107° — 141
Znz—so = Zk—42 — Leg-s2 * 3.3+ 107° + 80

XCI{—QS = Xna—gu - 25;90
YCK—ga = Yﬂg_gﬂ + 13094
ZCK—ga = ZHB—QU + 81.76

Niraun popmynanapaan ¢oiinananud xucobdamra MUCO:

Xucoobart
0 D
N opMmyJaiap, Oenrunaiuiap ATIDKACH 30X
1 2 3 4
1 Xer_ao 2778842.8 . CK2
2 Yoo 16254152 CPHIITAL, LR
KOOpAWHATAIapU
3 Licre_ a2 5561832.3
4 —Yey4n *3.3+107° -5.3638701 .
5 Xcex_un *3.3%107° 9.1901812 y3raprHpuil
— MaTpHIIACH
6 —Xg_g2 * 1.8+ 10 -5.0019170
ANEeMEHTIIApU
7 Zog—yr * 1.8+ 1078 10.011298
8 | Xpz—go = (1) + (4)+ (7)+ 25 2778872.4 I13-90
9 Yia_eo = (2) + (5) — 141 1625283.4 KOOpAHHATAIApU
1 2 3 4
10 Zs_go = (3)+ (6) — 80 5561747.3
12 Yex_os = (9) + 130.94 1625414.3 o0 a o
WHAT u
13|  Zexos = (10)+81.76 5561829.1 PA P
14 AX(cke5-42) -0.3 OepuiraH Ba
15 AY (cxos—a2) -0.9 y3rapTUpuiIrad
KOOpIMHATAJIap
16 ﬂZ{CKga_q‘zj '3.2 (I)apKI/I
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§31. ®a3oBuii TYyFpu OypYaAKJIH KOOPAMHATAJIAPHHU I'e0Ie3MK KOOPAUHATAJIApPra

YTKa3uLI

bamanamuru 100-200 meTpaan kaTTa OyJIMaran HyKTaJdapHu (pa3oBuil X, y, Z

KoopauHaranapuau B, L, H- reone3nk koopauHaTara yTkasuil Kyiuaara tTaptuoaa

aMaJjir'a OImurpujIaaun:

-KyTy0 Macodacu XucoOIaHaIn:
-Y30KJIUKJIap XUCOOJIaHaIu:

Y Y
L = arcsin (—) = arctg —

D X

-KCHIJINKJIAp XI/ICO6J'IaHaI[I/IZ

Z
B = arctg [m]

By epza: €% GUPHHYY SKCLIEHTPUCUTEHT KBaPATH:

-0aJIaH UMK XUCOOIaHaIun:;
D

cosB

H=

—N

N- Gepuiiran KEHIVIMKAArd HyKTajla OMpUHYY BEPTUKAJ ATPUIIMK PATAYCH.

Xucoodaam (MuCoJI)

Ne dopmyaa, desruiaap Xucodaam 30X
HATHKACH
1 2 3 4
1 Xex_os 2788842.5 TyFpHOypHaKim,
abcrucca
2 Y os 1625414.3 OpauHara
1 2 3 4
3 Ley_os 5561829.1 armInKaTa
4 N 6378245.0 DIUIETICONJ KATTa APUM
YK1
5 e’ 0.00669343
6 1+ e? 1.00669343
7 D= JK%K_,;E + V& s 3219306.957 KyT6 Macodacu
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8 D(1—e?) 3240855.000
1 2 3 4
. YCH— 33 0 ' "
9 L = arcsin(; ) 30" 19'27.95 y30Kkauk CK-95
. YCI{— 95 0 , "
10 L = arctg( ) 30" 19'27.95 y3okauK CK-95
Xex_os
B = 0 440 " _
11 EII'Cth[]:}r(:l pe ]] 59746' 14.95 kenrimuk CK-95
12 sinB 0.86401850
13 cosB 0.50346007
- OMpPUHYM BEPTHKAI
14 N = a\fl — e23in?B 6394240.4 SIPHIHK PATHYCH
D
15 H= — 124.3 oananmuk CK-95
cosB
Maxcyc popmynanap OunaH YTkazuiHu O0CKMYMa 00CKWY TeKIupuim§32- ga
KEJITHPHIITaH.

TEeKIIUPUIILIA Kyiugaru Oornanunaad ¢poiganaHuiaam:

OupJUryaa Ba reoJe3uK OadaHINK, METp OUpJIUTUIa

§32.I'eone3nk koopanHaTajgapHu Oup pedepeHn cUCTEMAaH OOIIKACUTA

VTKA3UIIHHA TeKIIHPHUIL

bup xoopaunHaTa cuctemagan OolIKa cucTeMara YTKa3ulHu 00CKuIMa- 00CKUY

BE=BA+ﬂB
LE:Lﬁ_FﬂL
HE=HA+&H

bynga B, L, H- mop paBumga reome3wk KEHTJIMK Ba Y30KJIUK, Oypyak

AB, AL,AH- (A) xoopaunara cucremacugad (B) koopauHaTta cuctemacura

YTHI1a Te0Ie3UK KOOpAuHaTazapra Ty3aTrManap.
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['eone3uk koopAuHaTanapra Ty3aTMmainap Kyuuaaru dopmynaitap €Epaamuaa

AHUKJIaHAIU .
AB P N”'B B&+N:+1 NsinB E&EZ (A L+ AysinL)sinB
= —|—e“sinbcos a - EMbLCoSD——— — XCO5 sSlnL J5in
(M+ H)|a z 2 Y

+ .-’_"nzcr:-sH]— £,sinL(1 + e’cos2B) + £ cosL(1+ e’cos2B)

— pme-sinBcosB

p

AL=—
(N + HcosB)

(—AxsinL + AycosL) + tgB(1 — e®)(e,cosL+ E},sinL] —g,

-
&

a . A
AH = N Aa + Nsin® H? + (AxcosL 4+ AysinL)cosB + AzsinB

— NEESinHCDSB(E sinL — 5 CDSL) + (i + H) m
p p N
bynna: AB, AL, AH- reome3nk keHIJIHMK, Y30KIMKKa Ba OaTaHIIMKKa Ty3aTMaap;

B, L, H- reone3uk KeHIIUK, Y30KIUK pajydan/ia Ba OalaHjIuK, METP/Ia;

Ax, Ay, Az(B) koopaunHata cucremMacura HucOatan (A)  KOOpAMHATA
cUCTeMacuHu TpaHchopmarusiaiiHy  (Y3rapTUPUIIHA) YHU3UKIW  DJIEMEHTIIApH,
METp/a;

€y £y, £, (B) KOOpaMHaTa cucTemacura HucOaTaH (A) KOOpIHHATA CHCTEMACHHH
TpaHchopmanusuiamby (Y3rapTUPUIITHN) OypUak dJIeMEHTIapu;

m- (b) Ba (A) koopauHaTa cucTeMalapuHu Maciutabiapuau guddepeHman
apxu;

Aa = ag —a,- (b) Ba (A) 2/I€MCONTAPHUHAT KaTTa APUM YKIApUHUHT QapKu

Ae® = ef — e}- MOC PKCIICHTHMEHTIIAP KBAAPATIAPUHHUHT (hapKu;

dp —3a ) [V}
a= %— MOC KaTTa SpUM YKJIAPUHUHT YPTauyacu;
2 _ 5 ’
e = = —%- MOC 9KCIICHTPHCHTET/IAp KBaJPAT/IapUHUHT JpTaac;

a(1-e?) a
M= T N = w 00111 HOpMaJl KeCUMJIAp STPIIIUK PaInyClIapy;

W = +/1—e?sin?B - chepounnk Qpyxius.
p=206265", 8062- 1 pagnanna Gypuak ceKyHT Oupiuruaa (A) KOOpAMHATA
cucremanapura ytumaa (b) koopauHata cucremanapura ytumiaa (A) KoopAWHATa

CUCTCMACUHHUHI I'COAC3UK KOOpAUHATAIApHU HIIJIATHIIAIH.
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Nel, 2, 3 amammii mmmapaa CK-42 pman CK-95 ra yTumpa wmmaTuiaraH

IapaMeTPIAPHUHT KOWMU:
g = 0,000",g, = —0,35",¢, = —0,66"
Ax = —5,90m, Ay = —10,06M,Az = +1,76Mm

KOOpJIMHATajapra Ty3arMmainap xucoOnam dopmylaiapuHu Kyhdugaruya €3ulIMMu3

m = 0,000

Hombra TeHr OydaraHn VyTUII [OapaMeTpIapuHd HWHOOATra oJiraH XoJaa

MYMKHH:
p
AB =
(M + H)
AL=—_ P
(N + HcosB)

AH = (AxcosL + AysinL)cosB 4+ AzsinB — NezsinBcosB(

[—(AxcosL + AysinL)sinB + AzcosB] + =, cosL(1+ ecos2B)
(—AxsinL + AycosL) + tgB(1 — e*)g sinL — g,

—ECDSL)

FOxopunaru dopmynanapaan ¢oiinananuod, Xxucodiara MUCOI KEITUPAMU3:

-KCHI'JIMKKA Ty3aTMa KHPHUTHIL.

Ne | @opmyaa, Oearminap | Xuco0Jiam HATHXKACH 30X

1 2 3 4

1 Xck_ao 5946'15.0"

2 Yeu_ sz 30" 19'28.0"

3 g uz 127.363m

4 Ax -5.90

5 Ay -10.06 KpacoBckuit

6 Az +1.76 AIUIATICOUIN YUYH
7 Ey -0,35"” JIOUMUI

8 £, -0,66"

9 a 6378245.0

10 e’ 0.00669343
11 W=.1—e2sgin?B 0.997498847 cheponuk GyHKIMS
1 M — a(l—e?) 6469366.3 MEpUIUAHAI KECHM

E ATPUITUK PaJNYCH
13 _ 4 6394240 4 OMpPUHYHN BEPTHKAI
W STPUJIMK paguyCcu

14 AxcosL -5.0927636
15 AysinL -5.0792526
16 sinB 0.86401865
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17 -((14)+(15))*(16) 8.788811
18 AzcosB 0.88608937
19 (17)+(18) 9.6749003
p
20 M+ H) 0.03188268
21 (19)*(20) 0.30846098
22 1+ e®’cos2B 0.9966998
23 gycosL = (15) 0.30111606
1 2 3 4
24 AB = (23)+ (21) 0,61" KEHITIMKKA Ty3aTMa
VY30KJIMKKa Ty3aTMa XyucoOJanr
25 AycosL -8.6835935
26 —AxsinL 2.9788858
27 (25)+(26) -5.7047077
P
28 ((N + H)cosB) 0.064071
29 (27)*(28) -0.36550633
30 tgB(1 —e?) 1.7046749
31 g,sinL -1.767136
32 (30)*(31) -3.0123923
33 AL=(29)+ (32) — (8) —2,72" Y30KJIMKKa Ty3aTMa
bamanmmkka Ty3aTMa xpcooanr
34 (14)+(15) -10.172016
35 (34)* cosB -5.1212018
36 AzsinB 1.5206728
37 (33)+(34) -3.600529
38 Ne? 42799.401
39 sinBcosB 0.434999
40 —%CDSL 2.761*%10°
41 (36)*(37)*(38) 0.0514003 bananamukka
42 AH = (35) — (39) -3.652 Ty3aTMa

Uxkxkn xuma ycyiaumga V3rapTUpUiraH KoOOpJWHATalapHU OWp KaTajorra

(BegemMocTbra) Tylmpamus

Cx-42 (Ke(;fqzsm CK-95
(Gepwaran | . Ty3at™ma | (Y3raptupuisu | A= (2) — (1)
y3rapTHpuIN)
KOOpAUHATAjIap) (1) TeKmupuin) (2)
Kenrmuk | 59°46'15.0"  |59°46,14'95.0" | 0,61" | 59°46,'15.61" 0,66"
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Vioxmuk | 30°19'28.0" | 30°19'27,95" | —2,72" | 30°19'25.18" —2,77"

OanmaHIMK 127,363 124,3 -3,652 123,711 -0,589

SKuHIAIITUPUIIT KOHUKAPIW XUCOOJIaHaIu arap KeHIJIMK Ba y30Kjuk 0.5"-0.3"

yerapana; oamanauk Oyinda 1.0-3.0 meTp uerapana Oyica.

§33. Koopaunara oprrupmajiapuau OUp cucTeMaaaH 00lIKa cucremMara
YTKa3HLI

Cnytauknap (Myngounuviap) auddupeHIman pexuMua HIUIangaa  BaTap
BEKTOpU XOcwi Oynanu, OyHM “xapakaTgaru” NPUEMHUK YpHATUITaH HyKTa OWIaH
“OazaBuii” cTaHCUsl VpHATWIraH HyKrara HucOataH (a3oBuil HTYFpu Oypuakiiu
KOOpAMHaTajIap opTUpMacuHu TaBcuduaiian. A cucremanan B cucremara Ba Teckapu
B cucremagan A cuctemMara KOOpJIMHATa OPTUPMAalapHU Y3rapTUPHUIL KyHuJaru
dbopmyrnanap OMIaH aManra ONIMPUIIAIN:

A cucremanan b cucremara

"Ax) 1+, —g] [Ax)

Ay| =1 +m)|—=s 1 +g|=*|Ay

_ﬂZ_A _+Ey —Ex 1 ] | Az E
b cucremagan A cucremara

[Ax] 1 +& —&| [Ax]

Ayl =(1-m)|—e, 1 +g|=*|Ay

| Az ] B +E}r —E&y 1 _&z_ﬂ

bynpa: Ax, Ay, Az xoopaunara oprupmanapu (A éku b cucTeManapHu macTKu
WHJIEKIUTa OOFIINK), M;

Ex, €y, €5~ PAJIMAH OMPJIUTH/IA KOOPJNHATA YKIAPUHUHT OypHiiiI Oypyard;

m- MacmTad KoohPHUIEeHTH.

FOxopunaru dopmymnanu €inbd unrau GopMysiaHu XOCHIT KHUJIAMU3:

Axy = (1+m)(Axg + Ayg g, — Azg * £)

Ayy, = (1+m)(—Axg * g, + Ayg + Azg * £,)

Az, = (1 + m)(Axge, — Ayg * &, + Azg)

Axg = (1 —m)(Axy — Ay, * &, + Az, * €,)

Ayg = (1 —m)(Axy * g, + Ayy — Azy * £)

Azg = (1 —m)(—Axye, + Ay, * £, + Azy)
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A cucremagan b cucrtemara y3raptupuin OaxkapuiraHaaH CYHT, XUCOOJapHH

TEKIITUPUII YIYH TECKapH Y3rapTUPHUILHU Oakapu0 KYpUIIl MyMKHH.

Xucobunai popmyanapyu MyCTaKWII Ty3UIHIIHA KEPaK.

Tonmmmpuxiaap

HNkxu HyKTa opacuaary MepuauaH Ba napasuien éi y3yHIuKJIapuHu

Xuco0am 0yHu4a TONMMUPUKIAP

H3ox: napannen éu ysynaueu Byp 6ytiuua xucobarancun

1 - Tonmmpuk

MepunanHUHT OOITaHFUY Ba [Tapamnen y4siapuHuHT
e OXUPI'H HyKTaJIAPUHU KEHIJIMKIApU | y3oKnmukiapu dapku (/)
Bapuant
B1 B2

| 2 3 4
1 54° 2' 10,13") 56° 0" 10,19"f 1° ST 10,101"
2 54 4 12,000 56 2 21,22 1 47 11,111
3 54 6 1791 56 4 2322 1 35 13,901
4 54 8 21,84 56 6 43,90 1 29 14,141
5 54 10 20,1} 56 8 51,89 1 21 29,191
6 54 12 40,120 56 10 30,67 1 19 30,117
7 54 14 31,92) 56 12 31,77 1 58 31,31
8 54 16 57,12 56 14 47,48 1 59 35,351
9 54 18 14,31} 56 16 29,30 1 57 47,201
10 54 20 35,22) 56 18 29,69 1 56 31,997
11 54 22 41,42 56 20 37,75 1 43 30,886
12 54 24 29,88 56 22 39,64 1 40 12,129
13 54 26 30,3] 56 24 2725 1 41 39,993
14 54 28 39,12 56 26 29,18 1 39 49,491
15 54 30 21,89, 56 28 56,56 1 38 50,511
16 54 32 49,000 56 30 39,01 1 37 19,998
17 54 34 48,11} 56 32 4142 1 36 47,479
18 54 36 21,11} 56 34 49,10 1 48 37,456
19 54 38 28,99 56 36 13,13 1 11 57,367
20 54 40 4741 56 38 14,14 1 27 36,457
21 54 42 51,51} 56 40 17,99 1 27 36,245
22 54 44 41,41 56 42 19,20 1 30 45,246
23 54 46 20,22 56 44 51,51 1 20 37,456
24 54 48 28,000 56 46 52,12 1 50 31,246

227




25 54 50 51,50, 56 48 50,51 1 37 36,245
26 54 52 10,51} 56 50 21,21 1 31 38,246
27 54 54 11,82 56 52 20,1 1 49 36,21
28 54 56 13,13 56 54 48,4 1 29 59,101
29 54 58 17,18 56 56 49,97 1 37 49,491
30 54 59 5,000 56 58 10,11 1 48 11,546
31 54 0 10,100 56 0 0,92 1 51 10,101
| 2 3 4

32 54 1 18,18 56 1 59,99 1 45 11,109
33 54 3 19,19, 56 1 0,00 1 35 12,121
34 54 5 29,17} 56 3 10,18 1 25 13,331
35 54 7 27,18 56 5 15,16 1 15 17,221
36 54 9 29,190 56 7 16,16 1 54 18,183
37 54 11 31,14 56 9 39,99 1 44 16,071
38 54 13 56,79 56 11 49,62 1 34 19,091
39 54 15 58,700 56 13 51,52 1 24 59,591
40 54 17 51,31} 56 15 19,62 1 14 49,397
41 54 19 39,200 56 17 39,61 1 16 39,917
42 54 21 41,01} 56 19 49,62 1 26 41,047
43 54 23 9,161 56 21 59,61 1 36 38,381
44 54 25 8,762] 56 23 51,51 1 46 50,501
45 54 27 15,16, 56 25 24,19 1 56 40,401
46 54 29 18,920 56 27 27,20 1 59 20,217
47 54 31 19,67) 56 29 19,71 1 58 21,297
48 54 33 26,120 56 31 30,32 1 29 17,171
49 54 35 27,120 56 33 30,34 1 39 27,219
50 54 37 27,12) 56 35 35,36 1 49 18,161

Xapura Tpaneuusicui TOMOHJIAPUHUHT Y3YHJIMKJIAPHU BA 103aCUHU
Xuco0J1am 0Yu4a TONUPUKIAP
Xapuma macwmabu 1:5 000

2 - TONIMUPUK

N.Ne Baprant Tpaneuus MIUMOJIMI Ba )KaHYOUN TOMOHJIAPUHUHT KEHTJTUKIIApH
Bl B2

1 2 3

1 54° 13° 45> 54° 15° 0”

2 54 15 0 54 16 15

3 54 16 15 54 17 30

4 54 17 30 54 18 45

5 54 18 45 54 20 0

6 54 20 0 54 21 15
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7 54 21 15 54 22 30
8 54 22 30 54 23 45
9 54 23 45 54 25 0
10 54 25 0 54 26 15
11 54 26 15 54 27 30
1

12 54 27 30 54 28 45
13 54 28 45 54 30 0
14 54 30 0 54 31 15
15 54 31 15 54 32 30
16 54 32 30 54 33 45
17 54 33 45 54 35 0
18 54 35 0 54 36 15
19 54 36 15 54 37 30
20 54 37 30 54 38 45
21 54 38 45 54 40 0
22 54 40 0 54 41 15
23 54 41 15 54 42 30
24 54 42 30 54 43 45
25 54 43 45 55 45 0
26 54 45 0 55 46 15
27 54 46 15 55 47 30
28 54 47 30 55 48 45
29 54 48 45 55 50 0
30 54 50 0 55 51 15
31 55 11 15 55 12 30
32 55 12 30 55 13 45
33 55 13 45 55 15 0
34 55 15 0 55 16 15
35 55 16 15 55 17 30
36 55 17 30 55 18 45
37 55 18 45 55 20 0
38 55 20 0 55 21 15
39 55 21 15 55 22 30
40 55 22 30 55 23 45
41 55 23 45 55 25 0
42 55 25 0 55 26 15
43 55 26 15 55 27 30
44 55 27 30 55 28 45
45 55 28 45 55 30 0
46 55 30 0 55 31 15
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47 55 31 15 55 32 30
48 55 32 30 55 33 45
49 55 33 45 55 35 0
50 55 35 0 55 36 15

Chepuk yuoypuaxkiapuu equi; myzpu 6a mecKkapu 2e00e3uK Macaiaiapiu

euuw; 2e00e3uK Koopounamanapoan accu myzpu oypuarxiau I'aycc-Kprozep

Koopounamanapuza ymuui éa axkcunya myzpu oypuarxau I'aycc-Kprozep

KOOPOUHAMARaApUOan 2e00e3UK KOOPOUHAMAanap2a Vmuud,;

I'aycc-Kprorep Tyrpu 0yp4ak/in KOOPAMHATAJIPUHA OUP 30HANAH

0o1IKa30HAra Kamra xucooJam 0yiu4a TONmUupPUuKIap

A, B, C - yubypuax uuxu B, L} — A nykmanune 2eode3ux Koopounamacu

bypuaknapu, A2 -bepunean moMOHHUHE OOWLIAHRUY AZUMYMU

3,4,5,6 - TonmmpukiIap

Bapuanr Homu bepuiaran kuiimatraap S,m
1 2 3 4
A 52° 50’ 22,29"
1 B 53 24 0,18
C 73 45 39,11 30750,425
B 50 7 55,97
Ajp 303 38 30,39
L, 24 25 31,55
A 62 12 45,11
2 B 50 20 19,98
C 67 26 59,00 46765,064
B 47 39 3,24
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Ap 354 13 22,19
L, 36 18 32,44

A 56 46 4,64

B 75 10 39,57

C 48 3 16,75 18565,404
B, 50 15 48,84
Ap 49 51 24,15

L, 54 0 19,09

A 54 25 1,25

B 62 35 42,05

C 62 59 18,45 29081,36
B, 53 54 26,49
Ap 174 12 58,81

L, 24 3 21,16

A 57 15 11,79

B 54 15 0,93

C 68 29 48,97 30256,481
B, 51 28 2,90
Ap 48 58 11,55

L, 23 42 26,08

A 42 38 55,10

B 76 19 3,73

C 61 2 2,29 24177,151
B, 49 58 47,66
Ap 204 52 31,62

L 48 16 54,00

A 74 58 50,81

B 51 0 59,63

C 54 0 11,08 25442157
B, 50 28 49,99
A 357 31 51,80

L, 24 7 1,34

A 48 3 16,75

B 56 46 4,64

C 75 10 39,57 24130217
B, 50 12 2,33
Ap 287 12 0,02

L 54 7 4,63

A 59 44 1,21

B 62 45 44,75

C 57 30 15,92 28568,384
B, 50 22 31,22
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A 249 30 18,93

L, 24 26 30,14

A 56 46 0,85

10 B 57 51 0,95
C 65 22 59,80 37366,352

B, 50 17 5,32

A 218 31 57,85

L, 24 23 58,47

A 71 24 57,83

11 B 54 4 1,89
C 54 31 1,82 25454,709

B, 50 15 27.79

A 83 3 51,32

L; 24 2 42,13

A 71 0 2,67

12 B 56 30 15,40
C 52 29 43,33 23582,559

B, 52 10 2,62

A 296 36 25,15

L, 24 18 11,12

A 67 26 59,00

13 B 62 12 45,11
C 50 20 19,98 38981,591

B, 47 46 52,65

A 111 39 12,67

L, 35 49 36,33

A 76 19 3,73

14 B 61 2 2,29
C 42 33 55,10 18722,009

B, 49 46 57,43

A 308 26 59,13

L, 48 8 25,64

A 65 37 27,62

15 B 60 25 50,58
C 53 56 43,05 22473,056

B, 55 26 6,82

A 304 21 56,92

L, 41 58 32,24

A 59 26 55,31

16 B 62 1 5,08
C 58 32 1,12 25771,104

B, 51 46 19,06

A 304 17 0,75
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L, 24 21 11,31
A 58 28 9,90
17 B 58 0 50,01
C 63 31 1,61 27219,043
B, 52 15 42 87
A 0 6 41,83
L, 23 55 39,38
A 44 35 11,51
18 B 49 47 4,32
C 85 37 46,09 22746,726
B, 55 30 0,31
A 190 30 0,82
L, 52 7 9,00
A 63 26 16,97
19 B 59 20 17,74
C 57 13 27,86 24299.431
B, 54 37 0,00
A 29 19 16,97
L, 50 17 10,99
A 60 25 50,01
20 B 53 56 42,57
C 65 37 27,03  23523,243
Bi 55 39 10,90
A1 107 19 16,30
Li 73 10 10,01
A 58 1 0,03
21 B 65 33 40,52
C 56 25 20,19 24076,619
B1 54 59 9,00
A1 278 13 14,14
Li 47 46 0,91
A 53 52 44,90
22 B 60 48 5,30
C 65 19 10,19] 22232986
B1 56 11 11,27
A1 181 59 21,00
Li 49 7 1,01
A 63 26 8,83
23 B 61 34 11,41
C 54 59 41,17 23671,616
B1 56 7 0,00
A2 171 57 51,51
Li 49 49 51,17
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A 51 54 33,69

24 B 56 5 5,47
C 72 0 22,15 24209,059

Bi 55 49 37,18

A1z 101 39 42,10

Li 95 45 0,00

A 61 2 2,35

25 B 42 38 55,05
C 76 19 3,80 24076,796

Bi 54 59 11,02

A2 186 41 49,99

Li 61 41 7,17

A 54 20 5,60

26 B 56 37 25,55
C 69 2 26,91 22340,850

Bi 55 19 0,17

A1z 276 4 1,01

Li 39 36 37,87

A 57 14 26,63

27 B 37 26 0,84
C 85 19 34,17 23988,219

B, 56 0 9,99

A 17 17 17,17

L, 51 54 54,00

A 44 7 21,41

28 B 82 13 28,24
C 53 39 13,03 23926,518

B, 56 0 27,72

Ap 79 19 1,11

L, 69 0 47,74

A 43 13 58,30

29 B 80 18 48,51
C 56 27 12,41 23654,142

B, 54 37 0,01

A 10 59 60,00

L, 59 56 19,00

A 24 4 59,61

30 B 12 54 3,01
C 34 0 52,40 23426,904

B, 55 19 16,17

A 192 0 1,00

234




L, 61 17 19,00
A 32 22 35,40
31 B 70 22 31,09
C 77 14 50,40 24305,323
B, 54 18 0,73
A 11 29 47,30
L, 30 31 30,00
A 47 56 13,10
32 B 51 31 32,01
C 80 32 12,07 23333,447
B, 54 59 9,10
A 99 17 19,01
L, 75 33 31,33
A 56 4 7,10
33 B 39 45 48,21
C 84 10 19,31 23856,520
B, 55 1 0,99
A 185 0 0,94
L, 39 18 19,71
A 53 2 28,11
34 B 52 5 2,97
C 74 52 31,01 19994,829
B1 55 3 4,00
A 279 1 3,11
L: 67 17 49,49
A 41 7 33,03
35 B 30 43 17,04
C 108 9 10,10 20406,142
B 54 31 0,99
A 0 57 59,60
Li 49 49 9,00
A 43 2 36,07
36 B 44 9 14,42
C 92 48 16,21 21260,604
Bi 54 31 0,99
A1 0 57 59,60
Li 49 49 9,00
A 47 2 11,40
37 B 65 55 0,81
C 67 2 49,01 20322,625
B1 55 9 17,17
A 339 30 0,30
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Li 66 48 0,41
A 46 38 56,40
38 B 66 34 54,71
C 66 46 8,01 21368,769
Bi 54 54 0,60
A2 272 40 41,00
Li 41 3 7,78
A 28 59 28,40
39 B 37 23 28,11
C 113 37 5,98 21409,982
Bi 54 50 40,18
A1 31 30 30,17
L1 29 0 0,91
A 38 3 20,97
40 B 29 22 39,99
C 112 33 57,01 22380,630
Bi 55 17 17,98
A1 201 1 4,98
Li 91 0 30,07
A 29 27 15,61
41 B 55 51 22,31
C 94 41 21,02 22231,512
B, 54 34 1,21
A 301 18 19,00
L, 40 41 4,00
A 51 26 52,70
42 B 49 0 24,97
C 79 32 45,71 22709,005
B, 55 7 9,17
A 45 0 9,11
L, 77 10 10,97
A 49 15 3,41
43 B 52 17 15,53
C 78 27 40,59 23988,368
B, 54 21 21,11
A 204 40 41,00
L; 41 0 7,07
A 45 26 17,79
44 B 27 15 30,28
C 107 18 15,00 23442,132
B, 55 0 1,18
A 301 10 11,93
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L, 80 16 0,08

A 56 37 18,16

45 B 61 0 15,79
C 62 22 23,10 22896,911

B, 54 0 0,72

A 45 39 0,09

L, 69 10 11,31

A 72 17 0,97

46 B 81 59 39,01
C 25 43 22,13 25119,512

B, 56 55 17.11

A 159 20 11,19

L, 31 30 0,00

A 44 7 21,40

47 B 82 13 28,24
C 53 39 13,02 23755,124

B, 55 30 1,65

A 40 40 31,78

L, 61 17 10,96

A 37 19 14,04

48 B 94 55 55,96
C 47 47 48,02 19961,157

B, 55 10 11,18

A 101 1 32,05

L, 81 1 16,07

A 37 49 36,01

49 B 113 51 3591
C 28 18 51,04 20128,875

B, 54 56 9,01

A 10 59 58,20

L, 59 26 5,06

A 39 3 30,01

50 B 83 53 11,87
C 57 3 20,05 20156,527

B, 54 58 10,07

A 217 20 2,23

L 61 29 19,26
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Hazopart nnuiapunu 6axxapuul TapTud Kougajiapu

TanaGaHUHT HA30paT UILM BaApUAHTHU KyHuaaruya aHuKJIaHAM:
o VKyB mMMPUHMHT OXUpPTH UKKK pakamu 00 6yi1ca, SO BapHaHT;
e 01 man 50 raua 6yica, MOC BapuaHTIap;
e arap 50 maH roKopu OYJica, Ty MKKU paKaM TaIIKWJI KWIraH coHmaaH 50

alivpuiIaan Ba KOJTraH COH BapUaHT KWUJIMO OJTMHAIH.

Macanan, oxupru WKKH pakam 67 OyncuH, y xonga 67-50=17, nemak 17
BApUAHT OJIMHA/IN.
Hazopat unuapuau 0akapuill Ba paCMUMIAIITUPUILIA KyHugaru Kouaaaapra

pHUOA KHJIMII KCPaK:

® WIIHWHT capjaBXacuja Tajla0aHUHT (QaMUIMsCH Ba HMCMU-IIapudu, Hazopar
UITUHUHT pakaMmu, Mudpu, THCTUTYT Ba (PaKyJIbTEeTHUHT HOMH, UIIIH;

e HazopaT WM ajoxuaa nadrapnaa, cu€x OunaH (KU3WJ paHTAAH TallKapu),
TaKpU3YMHUHT U30XH YIYH Ma(TapHUHT YeTH/Ia XOIIUs KOJIAUPUO, OaXkapriaiu;

® HazopaT WINUAArd MacajajlapHd €YUl Ha3opaT WIUIapuia KypcaTuira
pakamiap TapTUOMIa >KoWiamTupuiaau. Xap OWp MacallaHM CYMIIJAH aBBal
BapHaHTUTa MOC KETyBUM MacajaHWHT IapTH TYIHUK E3UIUINM Kepak. bup Hedrta
MacaJjaJapHUHT apTH YMyMH# XxoJija 6epuiran 6ynaca, Oepuiran MabiyMOTIapHU
TETUIILIA BapUaHTra Mociad €3ulll Kepak;

e Macajla €UYMMHHHUHI Xap Oup OOCKMYM TylIyHTHpULUIap Owian Mydaccan
M30XJIaHUO OOpWIIUINM, CY3JapHU KUCKApTUPHO €3MacaaH, 0307a Oa’kapuIHINId

KCpakK, Ynu3Maiap KajJlamMaa YU3HII JIOSHUM.

IOkopuna 6aén kwimHra" Koupjanap Oy3winb OaxkapuiraH €ku Tanaba ¥3
BapuMaHTUH Oaxapuwimaran Oyica Ha30paT HWIUIApW XHCOOTra OJIMHMaiau Ba
TEKIIUPUIIMACIAH KauTapuUiIaau.

Takpu3 KWJWHraH WIIHW OJITaHJaH CYHr Tajgaba yHJIard Xaro Ba

KaMYHWJIMKJIAPHU Ty3aTHUIIN JIO3UM.
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Arap uin xucobra ojiMHMaca, y KUCKa BaKT W4Kuaa OyTyHJIal KaiTa WILTaHUIIH
€KM TaKpu3ud TOMOHMJAH KypcaTWIraH KamMYWIMKIAp TY3aTWIHIIH 3apyp.
Ty3aTwiran wuil, CUHOBJAH yTMaraH Wil OwiaH Oupra kadeapara KalTapuiIuiiu

Kepak.
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IJIOCCAPUM

AnuTaMeHTa AnuTaMeHTa Addition Cdepuk yuOypuyak TOMOHHTA
Ty3aTMa
Alinanma Dnuncona The ellipsoid | DnnuncHYU ¥3 KHYUK YKU
SIUTATICOUT BpaIleHus of rotation aTpoduma aiiaHUIIIH
HaATH)KacHJla XOCUI OYiran
1Ak
buprunun [TepBb1id The first Mepuauanra neprneHIuKymisap
BEpPTHUKAI BEpPTHUKAI vertical OYnTaH TEeKUCITHUK.
Bbour reonesuk ['maBHas Main geodetic | Tyrpu Ba Teckapu reofe3uk
Macaia reojie3nyecKkas problem Macasanap
3a/aya
bour Hopman ['maBHbIE The main Hopman kecumitap opacuna
KecumJiap HOpMaJIbHBIE normal cross- | ¥3apo nepneHauKyisp Oyiaras,
CeYeHUs section OUpH PHT KaTTa, UKKUHYUCH
SHT KUYUK STPWINK PaJNyCUra
ara OyaraH Kecumiiap
I'eonmesuk unsuk | ['eone3sndeckas Geodetic line Carxnu xap Oup HyKTacHIaH
JIMHUSA yTradn HopMaJijia ETyBUYU
EnuIImMa ypuHyBUH TEKUCITUK
XOCHJI KWJIT@H 3TPU YU3UK
(carxgaru MKKU HyKTaHH
OMPIAIITUPYBYH IHT KHUCKA
yu3uK (Macoda).
Konnumanuon Komnmumanmonnas | Collimation Teomonut Kapam TpyoacuHu
TEKUCITHK TJIOCKOCTh plane TOPU30HTAN YK aTpoduaa
alJTaHTUPHUII HATUKACHIA
BU3UP YKU XOCUJI KUJIaIUTaH
TEKUCIIHK.
KyTt6 cuxmnumm | [lonsiproe Polar DIIUMICOUIHUHT KaTTa a Ba
coKaTue compression KUYUK 6 IPUM YKIIapu
Y3YHJIUKJIApUHU QYHKITUSACH, O
xapudu OmiaH OenTmIaHaIn.
Hopman kecum Hopmanbnoe The normal Hopmai Tekucinuk 3uincouny
CEUEHHE cross-section CaTXMHM KECHUILIM HAaTHXKacuia
XOCHJI OYJITaH KECHM.
Hopman Hopmanbnas The normal Hopmais Tymmpuiran Hykrara
TEKHCIIUK IJIOCKOCTh plane ypuHMa OYITraH TeKUCITHKKA
MePIEHIUKYISP TEKUCIUK.
Penykuuon Penykumonnas Reduction Ep carxunan snnurconn
MyaMMO npobiema challenge caTxura yTUIIIAard X|UcoOarl
UTIIAPH.
Penyxkuusmam PenykumnpoBanne | Reduction UuzukHu, OypyaKkHU Ba X.K.HU

Oup caTXJaH UKKHHYU OUp
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carxra yTKa3ulll

Pedepenn Pedepenn The reference | Mabnym yiuamra sra Oynran
SIUIAIICOUT SIUIAIICOUT ellipsoid Ba I'€OM/I MYUIa
OpUEHTHUPJIAHTaH, F€O0JIE3UK
VyaluiapHy KauTa uiiamnt
Y4YH JaBJIaT TOMOHHIaH Ka0y
KUJIMHTaH dJUIATICOUI.
Teckapu Ob6parHas Inverse KKy myHKTHU reo1e3uK
reo0JIe3UK Macajia | reojie3nueckas geodetic KOOpJIUHATIIApU OepUIIraH/a,
3aja4a problem Oy IyHKTJIap opacuaaru
Macoda Ba YU3UKHU TYFPH Ba
TecKapy a3uMyTJIapUHI
aHUKJIAIlL.
Tyrpu reonesux | [Ipsmas Direct geodetic | bommanruy HyKTaHUHT
Macaia reojie3nyecKkas problem reoJIe3UK KOOpAUHATAIapH,
3aja4ya YU3UKHUHT OONUIAHFUY
a3UMYTH, IIYHKTJIap Opacuaru
Macoda Oepunranaa, MKKHHYA
MTyHKTHH T€0/IC3UK
KOOpJIMHATAIAPUHY Ba YH3UKHU
TECKapu a3UMYTHHH aHHUKJIAIIL
VK Mepumanu Ocesoii Axial meridian | 3oHa ¥pTacunas yTyBun
MEpHIUaH MEpHUIUaH.
Vpraua srpunuk | Cpenuuit paguyc | Average radius | Hopman kecumnap coHn
paanycu KPUBU3HBI of curve Oepuiira HyKTajaa
YeKCU3JIMKKAa MHTUIaHAa YpTa
apu(METHK STPIIHUK paTuycu
DIUIUICONT ITepBsrit The first DJUIMIICOMIHUHT KaTTa a Ba
OMpPUHHYH AKCIICHTPUCHUTET | eccentricity of | KHYHK 6 IpuUM YKIapu
AKCLIEHTPUCUTETH | AIUTUIICOUIA ellipsoid Y3YHJIUKJIAPUHU QYHKITUSCH, e
Xapudu OvIaH OeNTHIIaHaIH.
DNIUTNCON Bropoit The second DNIUTICOUTHUHT KaTTa a Ba
UKKUHHYH IKCIEHTPUCHUTET | eccentricity of | KHYMK 6 spuM YKimapu
AKCLIEHTPUCUTETH | DIUTUIICOUIA ellipsoid Y3YHJIMKJIApUHU QYHKIUACH, e’

xapudu OwmiaH OenTmIaHaIn.
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AHHOTAIINS

M3n0xeHbl OCHOBHBIE BOITPOCHI TEOMETPHH 3€MHOI'0 JJIIHIICOHIa H CITOCOOBI
peIICHUSA MeOAC3HMYCCKUX 3a1ad Ha NOBEPXHOCTH 3€MHOTO 3JUIMIICOMIA, d TaKKCE

TEOpHS ¥ MIPaKTHKA IPUMEHEHUs cucTeMbl koopauHat ['aycca-Kprorepa.

Y4eOHUK nmpeaHazHadeH UIA CTYJACHTOB, 06yqa}omplxc51 10 CIIeHaJIbHOCTH

«["eone3us u kapTorpadusi»(IpUKIagHAsT Te0e3Hs)

Annotation

This textbook discusses the main issues of geometry and methods for solving
geodesic problems on the surface of the earth ellipsoid and the theory and practice

of applying the Gauss-Krueger coordinate system.

The textbook is intended for students studying in the specialty "Geodesy and

Cartography" (applied geodesy)
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