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BCTYN

MeToan4YHi BKA3iBKM NPU3HAYEHI ANA CTYyAEHTIB AEHHOI Ta 3a04HOI
$dopM HaBYaHHA Ta CKNageHi BignosigHO A0 poboyoi nporpamun 3
ancumnniimn «Feopesisa».

B nepwwux gBox nabopatopHMx poboTax CTYAEHTU MOBUHHI BUBYUTU
Ta 3aCBOITM HABMYKM BUMIPIOBAHHA TOPU3OHTANbHUX KyTiB PiSHUMMU
cnocobamm, BMITM 06upaTU HaWAOUINbHIWMIKA cnocib, 3anexHosig
KiNIbKOCTi HanpAMKiIB Ta 3a4aHOi TOYHOCTI.

HactynHi Tpu poboTM maloTb Ha MeTi O3HaMOMWUTU CTyAeHTIB 3i
cnocobamm  NpuB'A3KM,  KOAW  BUXiAHI  MYHKTM  reoaesmyHoro
06r'pYHTYBAHHA € HeAOCTYNHMMM abo BigganeHUMM.

MepepoctaHHA poboTa npeacTaBnAeHa NPAMOKO  3aciUKol, fKa
BUKOPUCTOBYETbCA AN BM3HAYEHHA KOOPAWMHAT HEOOCTYMHOI TOYKKU B
YMOBAX  AOCTATHbOI  KiIbKOCTi  AOCTYMHUX  BUXIOHUX  MYHKTIB
reo4esnyHoro obrpyHTyBaHHA.

OcTaHHA poboTa NokAMKaHa cHOpMyBaTU HABMYKM 3PIBHOBAKEHHSA
3acivyok Ha NEOM B cneuianizoBaHOMY NPOrpamMmHOMY KOMMAEKCI.

BKasiBKM MaloTb 32 METY CNPUATU CaMOCTIlHIN poboTi cTyaeHTIB npu
onaHyBaHHICNOCOBiIB KyTOBMX BMMIpIOBaHb Ta MpPMB’'A304HUX pPOBIT B
reosesi.



JIABOPATOPHA POBOTA Net
BMMIiplOBaHHA ropusoHTaNbHUX KYTiB cnoco6om Kpyrosux npuitomie

MeTa: 3acBOITM METOAMKY Ta HAaBYUTUCb BUMIPIOBATU FOPU3OHTA/IbHI KYTH
Cnocobom KpyroBux NpUnomis.

3aBAaHHA: BUMIPATU FOPU3OHTAsbHI KyTM HA Tpu abo binblie HanpamKiB
Teogonitom TMny T2 abo pPiBHOTOUYHUM.

TeopeTuuHi BigomocTi

HalnpocTiwmm cnocobom, fAKWUA [03BONAE NPeACTaBUTU  pesynbTaTt
BMMIipIOBaHb Ha CTaHLii y BUrNALI OAHOrO pAdy He3anexXHUX HanpAMKiB, €
cnoci6 HanpsamKie. CyTb cnocoby nossrae B TOMy, L0, 3a/uLWWA0YM Nimb
TeononiTa Hepyxomum i obepTatoum anigasy 3a roAvHHUKOBOW CTPI/IKOLO,
HaBoOAATb 30poBYy TPyby nocnigoBHO Ha BCi Bi3WMpHI uini (Big nepwoi ao
OCTaHHbOI) | KOXHOro pa3sy ¢iKcytoTb NPU LbOMyY BiANiKK 3 imba | MiKpomeTpiB.
BKasaHWil KOMNAEKC BUMIPIOBaHb CKAAZAa€ neplinii nisnpuinom. Motim Tpyby
nepeBoAATb Yepes 3eHiT i HaBoAATb il Ha Ti XK Bi3MPHI Lini, ane B 3BOPOTHOMY
nopAAaKy (Bif4 0CTaHHLOI A0 NepLoi), obepTatoun anigagy NpPoTM roaAMHHUKOBOI
CTPiNKM i 3HOBY @iKcytoun BigNikm 3 nimba i mikpomeTpis. Llelt Komnnekc
BMMIipIOBaHb CKNaZa€ ApYrui NiBNpuinom,a Asa NiBNPUMMROMM — OAUH NPUAOM.

AKLWO B KOXHOMY MiBNpUAOMiI Tpyby NOBTOPHO HABOAATb Ha MOYATKOBUM
Hanpsam i 3HoBy bepyTb BigNiKkM 3 nimba i mikpomeTpa (Npu 0bepTaHHI anigaam
B TOMY X Hanpsami, B AKOMy BOHa obepTanaca B gaHomy nisnpuiiomi), To6To
NPOBOAMUTLCA «3aMUKAHHA TOPU3OHTY», TO TaKUIN OKpPeMMIA BMNAZLOK Cnocoby
HanNpPsAMKiB HOCUTb Ha3By cnocoby Kpyrosux npuitomis (cnocié Ctpyse).

Mporpama i nopaAoK cnoctepeXKeHb Ha NYHKTax

Mepw HiXK NPUCTYNUTU [0 KYTOBMX BMMIPIOBAHb Ha MyHKTi, HeobxigHo:
3aXMCTUTU IHCTPYMEHT Bifg, Aii NpPAMUX COHAYHUX MNPOMEHIB | Big, BIiTpY,
nepeKkoHaTUCsA B CTIMKOCTI i MiLHOCTI 6aliMakiB Ta ronoBku wrtatuey. Mpu
BMABJIEHHI HeZoNiKiB,iX NOTPiOHO ycyHyTM. MoOTiM cnifg cKAactu nporpamy
BMMiptoBaHb. NS UbOro HeobXiAHO PO3LIYKAaTW BCi NYHKTM, AKi NignaratioTb
CMOCTEPENKEHHAM | 3aNMCaTU Ha HWUX HaNPAMM 3 TOYHICTIO 4O OAHIEI MiHYTH,
NPUNHABLLUM Hanpam Ha gobpe BUMAMMWI BigganeHuin NyHKT 33 NOYATKOBUIA.
Cknactu Tabamuto pobouymx yCcTaHOBOK NiMba, MarouM Ha yBasi, Wwo B cnocobi

KPYroBux Npuiiomis Nimb Mixk Npuitomammn NepecTaBiseTbea Ha KyT

0
o= 14 (1.1)
2m

A€ M— 4ncno NPUMomiB; i— LjiHa HaMMEHLOI NOLINKN Ha Nimbi.
IHCTPYMEHT BCTaHOBAIOIOTb Hag, MYHKTOM He MeHLUE HiXK 3a NiBroguMHu Ao
NMoYyaTKy BMMIipIOBaHb, W06 BiH NPUIMHAB TEMNEepaTypy OTOYyH4YOro nositTps. 3




HaCTaHHAM A06poi  BMAMMOCTI i UYiTKMX 300paxeHb BiSUPHUX Linen
NPUCTYNaloTb A0 BUMIPIOBAHHA rOPU30HTa/IbHUX HAaNPAMIB.

3a pe3ynbTaTaMMBUMIPAHUX HAMPAMIB BBOAATbL NOMPABKMW 33 PeH i 32 Haxun
OCHOBHOI OCi IHCTPYMEHTY (Npu KyTax Haxuay 1°i 6inbLe).

KOHTpo/b pe3ynbTaTiB KYTOBUX BUMIpIB, BUKOHAHUX CNOCOOGOM KpyroBux
NPUINOMIB, 3AJIACHIOETBCA B KOXMHOMY MNiBNPUIAOMI3a PO36IXKHOCTAMU MiXK
pe3ynbTaTamu CNocTepeXeHb Ha NOYATKOBUIM HaMPAM Ha NOYATKY i B KiHLj
nisnpuiomy, a B MNPUMOMax — 33 KOJIMBAHHAMM HaNpPAMIB B OKpemmx
NPUIMOMAx, BiAPaxXOBaHUX Big, CNiJIBHOTO HyNbOBOro Hanpamy. Li gonycku
0AIOTbCA B IHCTPYKL,iAX.

Ona mepex 3ryweHHa (4 knac, 1 1a 2 po3pagm) IHCTpyKLUia[1] BCTAaHOBAOE
TaKy KiNbKiCTb NpuiAOMmiB, 3a/1€XHO Bif, Knacy (po3paay) Ta TOYHOCTI npunasy,
AKa HaBegeHa B Tabn. 1.1.

Tabanus 1.1
KinbKicTb npuitomis, 3aneKHO Big TOYHOCTI NpUnaay Ta Kaacy (pospaay)
noniroHomeTpii

TouyHicTb Nnpuna- KinbKicTb npuitomis
AiB Ta iX MapKu 4 knac 1 po3pag 2 po3pag,
1”7 (OT-02, T1 i 4
PiBHOTOYHI)
2” (T2, Theo-010,
Tb-1iT1.4.) 6 2 2
.5 (T5i ' ) 3 o
PiBHOTOYHI)

JonycTumi po3xogyKeHHA B Meperkax 3rylleHHAa 418 OKpemMux KyTiB abo
HanpAMmiB HaBeaeHi B Tabn. 1.2.

Tabnnus 1.2
Jonyctumi po3xoaKeHHs NPy BUMIPIOBaHHI KyTiB PisHUMM Nnpuaagamm

Tunu iHCTpYMeHTiB

EnemeHTV BUMIpIOBaHb [0 AKMX 0T-02, | T2, Tb1, OTG, | T5i romy
Bi4HOCATbCA A0MYCKMU T1 Theo-010 Taim | piBHOTOYHI
PiBHOTOYHI
1 2 3 4

Po3x0oaXeHHA MiXK 3HAaYeHHAMUW OAHOro
M TOro X KyTa, OTPMMaHOro 3 ABOX 6” 8” 0,2’
nisnpuimomis
K.OIWIBaHHFIv3HaTJEHb KyTa, OTPUMAHMUX 3 5 8 0.2
pi3HMX NpuMoMmiB




MpoaoBXKeHHA Tab. 1.2

1 2 3 4
Po3xoaeHHA miXK pesynbTatamu
CNoCTeperKeHb HAa MOYATKOBUIM Hanpam 6 8 0,2
Ha NOYaTKy i B KiHLi niBnpuiiomy
KonueaHHA 3Ha4YeHb 2C B Npuinomax 6 8 0,2
}fOI'IMBaHHﬂ HaNpPAMIB B OKpPeMMUX Mpu- 5 8 0.2
nomax, NnpuBeaeHUX 40 CNiAbHOTO HyNA

Cnocib KpyroBux NpUMOMIB 3aCTOCOBYIOTb TOZiI, KOJIM HAa MYHKTI € TpU Ta
6inblie Hanpamis.
MopAadok cnocmepexiteHb Ha CMAaryil
Po3rnsHemo uei cnocib Ha NpWKNagl BMMIPIOBAaHHA TPbOX HaMNPAMKIB B
OZHiM 3 HaBYaNbHMX ayamTopin (puc. 1.1). TeoooNiT BCTAHOBAEHUIA Ha MYHKTI
(cToBni)cT.4. He0bXigHO BUMIPATM KYTU MiXK HaNnpPsiMKaMu Ha NYHKTK (Bixu) 8, 2,
5.
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Puc. 1.1. Cxema cnocoby Kpyrosux npuitomis Ha npukaagi aya. 702:

A — nyHKT 3 BIZOMUMM KOOPAMHATAMY;
© — NYHKT 3 HEBIZOMUMM KOOPAMHATAMM.
Mpumimka: HagedeHi Mo3Ha4eHHsa € 00HAKOBUMU 0715 8CIX HACMYMHUX PUCYHKI8.

MepLwnii NpUitom BUMIpIOBAHHA:

a) HaBoZATb Bi3MPHY Bicb 30poBoi Tpybu npu KJ1 Ha Bixy8(Hanpam cT.4-8),
HanNpPAM Ha AKY NPY BUMiPIOBAaHHAX NPUIAMAIOTb 32 MOYATKOBUIA;

6) BCTAHOB/IOIOTL NIMO i ONTUYHUI MIKPOMETP Ha BigNiK, 61M3bKUI A0
HY/1A; 419 LbOro CNoYaTKy NPOKPYYYOUM PYKOATKY MiKpOMETpa BCTAHOBJIIOEMO
BiAJ1iK HA LWKaNi OCTaHHbOro, 6N3bKUIA [0 HYNA, NOTIM NPOKPYYYIOUUN PYKOATKY
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nepectaHoBKM  niMba  peTenbHO  CyMilaloTb  300paskeHHA  WTPUXiB
NPOTUNEXHUX KpaiB Nimba 0 i 180°, nicaa yoro b6epyTb Big/iK i 3anucytoTb Y
XypHan (rpadu 3, 41abn. 1.3);

B) 3MIiLLYIOTb PYKOATKOI MIKPpOMETpa 306parKeHHs CYMILlLeHUX LITPUXIB i
3HOBY iX cymilLaoTb, 6epyTb Big/iK i 3anucytoTb y KypHan(rpadas Tabn. 1.3);
pi3HMUA ABOX BiANIKIB He NOBMHHA nNepeBuLLyBaTU 3”; pPeKOMeHAYETbCA
KiHUeBe CyMilleHHA LITPUXIB BMKOHYBATM MPOKPYYYBAHHAM  PYKOATKM
MiKpOMmeTpa 3a X040M rOANHHUKOBOI CTPINKKU (Ha BFBUHYYBaHHA);

r) BigKpinnAwTb anigagy i nposepTaloTb il AeKinbKa pasiB 3a Xo4om
rOOVMHHUKOBOI CTPIZIKM, Nicns 4oro HaBOAATb Bi3MPHY Bicb Tpybu Ha apyry
(Hanpam cT.4-2), a NOTIM Ha TPeTo (HanNpPAM CT.4-5)BiXW; KOXeH pa3 npu ABOX
CyMiLLLeHHAX 6epyTb BiAMIKM, AKI 3aNUCYIOTb Y XKYpPHan;

[) HaBoAATb Bi3WPHY BiCb TPYO6WM 3HOBY Ha NMOYATKOBWUI HanpAm CT.4-8, npwu
OBOX CyMileHHAX 6epyTb BIiANIKM Ta 3anucyloTb B KypHan. Ha ubomy
3aKiHYYOTb BUMIPIOBAHHA Yy MepLLIOMY MiBNPUAOMI.

lMoBTOpHe HaBedeHHA Ha MepLly Bi3VPHY UiNb HAa3WMBAETbCA 3aMUKAHHAM
ropmsoHTy. Lito gito npoBoaate gna Toro, wob BM3HAUMTK, Ymn 36epir nimb B
npoueci poboTM HepyxoMUi cTaH. PO3XOAMKEHHA MiX pesynbTaTamu
CNOCTEPENKEHDb Ha MOYATKOBMM HaMpPAM Ha NOYaTKy i B KiHUi niBnpuiiomy
HaBeAeHo B Tab. 1.2 i He NOBMHHO NepeBuLLyBaTH 8”.

Micna nepeBeneHHn 30poBOI TPYOU Yepes 3eHiT (Npu KM) npoBoAATL BUMIpK
ApYyroro niBnpuitomy (Bia/likn 3anmcytoTb 3HU3Y Bropy);

e) obepratouu anifagy 3a rOAMHHUKOBOK CTPINKOK, HaBOAMMO BiCb
30p0oBOi TPYOM Ha MOYATKOBWUI HAMPAMOK i MPU ABOX CYMiLLEHHAX 3HIMaloTb
BiANIKK, AKI 3aNUCYIOTb B }KYPHaA B PAJOK, LLO BiaNOBifAE ApYyroMy HaBeAeHHIO
Ha uer HanpAam B NonepeaHbOMYNIBMNPUIAOMI;

€) BiAKpinnATbL anigagy i nosepTatoTb ii AeKinbKa pasiB Npotn xoay
rOAVMHHWKOBOI CTPINKKM, MiCAA YOro HaBOAATb 30POBY Bicb TPYOU (0bepTatoum
anigafy TakoX NpoTu xoay roAMHHUKOBOI CTPINIKK) HA TPeTHo, APYry i 3HOBY Ha
nepwy Bixy. 3HIMalOTb BiANIKM KOXeEH pa3 npu ABOX CYMIilLeHHAX LITPUXIB i
3aNUCYIOTb B KYpHa.

Jpyruii i HacTynHi NpMiOMM BUMIPHOBAHHA HAMPAMKIB MPOBOAATb B Till XKe
nocnigoBHOCTI, AK i nepwuii, ane Ana nocnabneHHA BNAMBY CUCTEMATUYHMUX
NoxMboK noainok nimba, oro MoBepTaldTb Ha KyT, AKUNA OBYMCAIOETLCA 3a
(1.1)npuyomy i = 5'abo 10°. Mpwu BUMipIOBaHHI KyTiB B NOMirOHOMETPIi 4 Knacy
Teogonitamu T2 uym 2T2 wicTbma npuiMomamu, B ApYyromy npuAoMmi
BCTAHOB/IOIOTb BiANIK NPM HaBeAeHHi Ha NOYaTKOBY MapKy 6aM3bKUM A0
30005', B TpeTboMy — A0 60°10’ i T.4.



OnpauloBaHHA BUMIpiB B MNOAbOBOMY KypHani.llpyknag 3anucy i
obuncneHb B KypHasii NpM BUMIpIOBaHHI KyTiB CNOCOBOM Kpyrosux npuinomis
(nepwwuit npuitom) HaseaeHi B Tabn.1.3.

Tabanua 1.3
XYPHAJ1 BumiptoBaHHA KyTiB cnocob6om Kpyrosux npuiiomis
MyHKT cT.4 Mpuiiom 1
Teoponit 2T2 N2103115 Moroaa: AcHa, cnabkuit BiTep
[ara: 20 yepsHAa 2008 p. Buaummictb: xopolwa
Cnocrepiray:M. BosHiok O6uuncntosay: M.Typilt
© = Bignikm 3 Bignikm 3
a + a KJ+ KI)| 3
2 & 2| Kpyr | wrpmxie mikpomeTpa 1t % kil ; ) H:jq:;:;
Tg nim6a a a, 2 P
1 2 3 4 5 6 7 8 9
KN 0°01’ 08,3” 09,2” 08,8 , 0.0" | oo
cT4-8 | KN 180°01’ 26,0 28,3 27,2 184 18,07 | 00000.0
KN 76 09 29,8 31,0 30,4 0.4
-18,2 76 08 21,1
cT.4-2 Kn 256 09 48,1 49,0 48,6 8. 39,5 60821,
170 08 ]
KN 39,6 40,9 40,2 143 07 | 170 07 28.7
cT.4-5 Kn 350 08 54,0 55,0 54,5 474
KN 001 10,5 10,0 10,2 -1
cT.4-8 Kn 180 01 27,0 29,1 28,0 s 19,1 000 00,0

Agp= +14; Agp=+08; A= +1,1"

B KOXHOMY MpPUIAOMI BMKOHYIOTb HACTyNHi obuncneHHA. B rpadi 6
obumnCNIoTb CepeaHi 3HAYEHHA 3 MepLUOro i APYroro CyMilLeHHA 3a KOXHUM
Hanpamkom. B rpadi 7 3Haxo4ATb BEMYMHY NOABIMHOI KONIMALiIMHOT NOXMBKK
2C. CrabinbHicTb BennMumHKM 2C (A0NYCK + 8”) € NOKAa3HMKOM SAIKOCTi BUMIpiB. B
rpadi 8 oTpMMylOTb cepefiHi 3HaYEHHA 3 BE/IMYUH, WO OTpMmanu B rpadi 6. B
rpadi 9 obunctoTL NPUBEAEHHI L0 CNIILHOrO HYNA HANPAMKM.

[Ona uboro OTPUMYIOTb CMOYATKYy BENNYMHM He3aMWKaHHAMNOYATKOBMX
Hanpamkis B npuiiomi npu KN - Ag;= 102-88= +14", npn KN-
Ayn= 280—-272=+08" i cepeaHeA = 19,1 — 18,0 = +1,1", Ak pi3HKUUA
MiXX MOBTOPHUM BMMIpIOBaHHAM i nepwim. Li BeAMUYMHM 3annCyoTb B XKYypHan
B KiHLLi cnocTeperKeHb Npuiiomy.

AKwo BenmqMHaACpBMXO,qMTb6inbmoro 0,1”, To ii HeobXigHO po3nominnT 3
NPOTU/IEXXHUM 3HAKOM Ha BCi HanpAMKM NPONOpPLiAHO iX Homepam. MNMonpasku
B cepeAHi 3Ha4YeHHA HaNPAMKIBNPU HE3aMMKaHHI 06UMCAIOTLCA

_Afp (i—1), (1.2)

n
faen’ — uncno HanpAMKIB,i— NOPALKOBMIT HOMEP pAAKa B NPUIMOMI.
B npuKknagi (tabn. 1.1)

O-i=

—1,1 )
0 = —5—(2-1) =04
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11 )
03 = —~(3-1) =07

3HaYeHHA MNpUBEAEHUX [0 CMIAbHOMO HyNAA HANpPAMKIB  OTPUMYHOTb,
BiZiHiMalOuM BigNiK Ha NepLUMA HANPAM 3 KOXHOIo HACTyNHOro, BUNPABAEHOrO
Ha nonpaskyod;. KonMBaHHA HanpAMKIiB B OKpeMux NpuMiMOMax He MNOBUMHHO
nepesuLlysatm 8”.

Mpu HEBMKOHAHHI A0ONYCKiB, BKAa3aHMX B Tabn. 1.2 BianoBigHI Nnpuitommn abo
BCi npuitommn nepepobatotoTbea. MOBTOPHI BUMIPIOBAHHS BUKOHYIOTb MicaA
3aKiHYEHHA cnocTepeXeHb OCHOBHOI Nporpamu. AKLWO HaNPAMKWU, OTPUMAHI 3
Pi3HUX MNPUAOMIB, BiAPI3HAIOTLCA HA 6iNblWi MOXMOKM, TO CMOCTEPENKEHHA
nepepobntoloTb AK 33 MaKCMMaZbHUMM TaK i 3a MiHIMaNbHUMM3HAYEHHAMM.
BcAa nporpama BUMIpPIOBAHHA KYTiB Ha MYHKTi BWMKOHYETbCA 3aHOBO, AKLLO
KifIbKiCTb NpUitomiB, LWLO NignsaratoTb nepepobui, byae binble 30%.

KiHueBe 3HAYeHHA HaNPAMKIB OTPUMYIOTb fAK cepeaHboapudMeTUyHE
BMMipAHE B OKpEeMMX NpUinomax.

CnocibnpwuitomiB (cnocib Bumipy okpemoro Kyta). MNopagok
CNOCTEPENKEHb MPU BUMIPIOBAHHI OAHOrO KyTa MiX [ABOMA HanpsamKamu
33/IMLIAETLCA TAaKUM e, AK | B CNocobi KpyroBux npuitomis. PisHMLA Nonsrae B
TOMY, LIOHE BWKOHYIOTb MOBTOPHE HABEAEHHA HA MOYATKOBY TOYKY, a
obepTaloTb anigagy i B nepwomy, i B Apyromy nisnpuiiomi, abo Tinbku 3a
X040M,ab0 TiNlbKM NPOTM X0A4Y FOAMHHUKOBOI CTPINKK[1, N. 4.1.8].

Mpuknag 3anucy i obuncneHb B XKypHani Npu BUMIpIOBaHHI OKPEMOTO KyTa B
nepwomy npumnomi HaseaeHul B Tabn.1.4. 3HaUYeHHA KyTiB B MiBNpuiiomax, a
TaKOX B OKpPEMMX NpUIMOMax He NOBMHHI BiZpi3HATUCA Binbll HiXK Ha +8”.

Tabnuus 1.4
XKYPHAN
BUMIipPIOBAHHA KyTiB cnoco6om npuitomis
MyHKT 95 Mpuinom 1
Teoponit 2T2 N2103115 Moropa: xmapHo, BiTep NOMipHUIA
[ata: 21 amnHa 2008 p. Buaumictb: 3ap0BinbHa
Cnoctepiray:A.LLymeinko O6uuncntoBay: M.CiibKOBCbKUI
Ne ° g BI,CI:HIKM 3 I.3|p,nn<m 3 asa, | 2e 5 3HaueHHs
Ppm- (I‘g E Kpyr| nimba | mikpomeTpa % |knkn| £ & kyTiB
nomy a, a, x
1 2 3 04 5 6 7 8 9 10
KN 0700 46,2” | 47,27 46,7” Y Y
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KiHueBe 3HayeHHa KyTa OBYMCNIOOTb AK CepemHE apuPMeTUUHe 3 KyTiB,
BMMIPAHWX B OKpeMUX npuiiomax. [Jonycku BKasaHi B Tabn. 1.2.
AK  BigOMO, 36inblUeHHA KiNbKOCTI MPUMMAOMIB  MOKPALLYE TOYHICTb

BUMIpsAHOro Kyta. Tomy NnoxubKa KyTta, BUMipsHOro n npuitomamm 6yae
mr

T
Ae m’g — NoxmbKa BUMIPAHOTO KyTa 3 0AHOTO NpuiioMy.

3anuUTaHHA ANA CAMOKOHTPOIO.

1. B sKiit nocnigoBHOCTI BifOYyBa€ETbCA Bi3yBaHHA HA Bi3WPHI Lini B
cnocobi KpyroBux NpmMmMomis?

2. K BU3HAUUTU, Ha AKMUIA KYT 3MiLLLyBaTU 1IMB MiXK npuitomamm?

LLlo Take He3aMMKaHHA rOPU3OHTY?

4. Yum BigpisHAeTbcA cnoci6 HanpamKiB  Big, cnocoby Kpyrosux
npunomis?

5. flka MiHiManbHa KiNbKiCTb HanNpPAMKIB Moxe 6yTW npu BMMIpPIOBaHHI
rOPM30HTaNIbHUX KYTiB CNOCOBOM KpYroBmX Npuiomis?

6. CTabinbHiCTb AKOT BEAMYMHM  CBIAYUTbL NPO  AKICTb  KyTOBWX
BUMIpIOBaHbL?

7. AK obuymcnloloTbCA  MOMPaBKM B HaMPAMKM 3@  He3aMMKaHHA
rOPU30HTY?

8. fAlKe [ONYCKAEeTbCA FPaHUYHE PO3XOLKEHHA MiXK Mpuiomamu anA
TeogoniTis TMnNy T2?

9. B Akomy BMMaAKy nporpama cnocteperkeHb Ha MNYHKTI BMKOHYETbCA
3aHOBO?

10. CKkinbKoma npuitomamu NoTpibBHO BMMIpOBATM KyTn Teogonitom 2T2
abo piBHOTOYHMM B NOJIIrOHOMETPIT 4 Knacy?

11. AKe BiaxuneHHAa 2C AONYCKAETbCA B NPUNOMI A8 Teoaonitis Tmuny T2?

12. LLlo Take HaNPAMOK i UMM BiH BiAPI3HAETLCA BiA KyTa?

13. AK 3MIHUTbCA TOYHICTb KyTa, BUMIPAHOro 9 NPUMOMamMm B NOPIBHAHHI 3
TUM Ke KYyTOM, BUMIPAHUM OAHUM NPUMOMOM?

®@

JIABOPATOPHA POBOTA Ne2
BMMIipOBaHHA ropu3oHTa/IbHUX KyTiB cNOCO60M NOBTOPEHD

MeTa: HaBYMTUCb BMMIPHOBATM FOPU3OHTA/IbHI KYTU 3 TOYHICTIO BULLOMO, HiXK
B NOBTOPHOBA/ILHOMY TEOAONITI.

3aBgaHHA:  Teogonitom TMny T30 abo  PiBHOTOMHMM  BUMIPATH
rOPU30HTANIbHUM KYT 3 HOTUPUKPATHUM NOBTOPEHHAM.
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TeopeTunuHi BigomocTi

B reofesuuHii nNpakTuui iHOAi BMHWKAOTb BWMAZKM, KOAM MNOTPiGHO
BMMIPATU KyT Ha CTAHLi 3 TOYHICTIO BWLLOM, HiX OA€ TeoAoNiT, AKUI € B
po3nopsaarKeHHi BMKOHaBus. CyTb cnocoby nonarae y TOMy, LWO LUASXOM
nepemilweHHAa Nimba BiAKNAZAOTb N-KPATHWUIM KyT, a 3HAYeHHA KyTa
YTBOPIOETbCA LIAAXOM [iNE€HHA PIi3HULI n-KpaTHWUX BigAiKiB Ha n. Takum
Cnocobom MOKHa BUMIPATU NLLE OKPEMMI KYT.

TouHicTb KyTa 6Oygne piBHamB/\/H, fAe Mg — TOYHICTb BMMIPIOBAHHA
rOPU30OHTANbHOIO KyTa OAHWM NPUMNOMOM, N — KiZIbKICTb NOBTOPEHb. AKLWO KyT
BMMiptOBaTM Teogonitom 2T30 4YOTMPMA MOBTOPEHHAMW, TO OTPUMAEMO
TouHicTb30"/ V4 = 15",

Poboma Ha cmanyii
1. Mpu ogHomy nonoxeHHi BK (Hanpuknaa, K/1) BUKOHYOTb HaBeAeHHA
Ha NiBy TOYKy Ta bepyTb BigNiK (1) (Tabn. 2.1, puc. 2.1);
2. BigkpinnatoTb anigagy i HaBoaATb TPyby Ha npasy Touky, bepyTb
KOHTPOJIbHWUI BiANIK, AKMIA 3aNUCYIOTb B AYXKKaX (2);

3. BiakpinnatoTb nimb i HaBoAATb TPYOY Ha NiBY TOUKY, 33 AOMNOMOrO0
3aKpinHOro Ta HaBigHOro rBUHTIB NiMba;
4. BigkpinnatoTb anigagy i 3a 4ONOMOroK 3aKpiMHOro Ta HaBigHOro

rBUHTIB anigaan Bi3ylOTb Ha NpaBy TOYKY. TaKUM YMHOM, OTPUMAHO
[LBOKPATHUM KyT.

5. MyHKTM 3 Ta 4 NOBTOPIOIOTb, JOKN ByAe OTPUMAHO N-KPaTHUI KyT.
MicnAa ocTaHHbOro HaBeAEHHA Ha NpPaBy TOUYKy bepyTb BigniK (3);
6. Mpu iHwomy nonoxkeHHi BK (KM) sBigkpinnatoTb anigaay i BisytoTb Ha

NpaBy TOYKY 33 [JOMNOMOrOK 3aKPIMHOrO Ta HaBiAHOrO TFBWHTIB
anigagu. bepytb Bianik (4);
7. BigkpinnatoTb anigagy i HaBoAATb TPYOY Ha NiBY TOUKY;

8. BiakpinnstoTb NiMb i HaBoAATL TPYOY Ha NPaBY TOYKY;
9. MyHKT 7 NOBTOPIOIOTb (OTPMMAEMO ABOKPATHUI KyT);

10.  TlyHKTK 8 Ta 9 NOBTOPIOKOTL ANA OTPUMAHHA N-KpaTHOro KyTa. MNicna
OCTaHHbOr0 HaBeAEHHSA Ha NiBy TOUYKY 6epyTb BiaNiK (5).

Onpayto8aHHA :N-KPaTHUIMA KYT BM3HAYAETLCA AK Pi3HMUA Bignikie (3) Ta (1)
(npw KN) i (4) Ta (5) (npw KN).

MNpumiTKa:npu 8i0KnadaHHI n-KpamHo2o Kyma, 6ysae, Wo 00UH YU OeKinbKa
paszie MoxcHa npolimu yepes Hyab Aimba, momy nompibHo 00 pi3Huyi 8ionikie
dodamu npu nompebi 0duH Yu dekinbka pazie360°.

KOHTpO/Ib: cepefHE 3HAYEHHA KyTa MOBUHHE OyTUM piBHUM (B Mexax
TOYHOCTI NpuAaay) pisHuui Bignikie (2) Ta (1).
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XYPHAN

Tabnnus 2.1

BMMipIOBaHHﬂ FOPU3OHTA/IbHUX KyTiB cnoco6om NoBTOpPEHb

Jarta: 19.11.2010 p.

Teoponit: 2T30, N218195

MNoropaa: (aya. 708)

Cnocrepiray: M. BosHiok

Puc. 2.1. Cxema BUMipy KyTa cnocobom nosTopeHb B aya. 701

ct.4

Ne Ne T. Bigniku K-Tb N-KpaTHUn KyT Cepegiit
CT. NOBTOPEHb KyT KyT
112 3 4 5 6 7
3 4°45 (1)
(124°24')(2) 478°41 | 119°40,2°
g 123°26" (3) A o0
I 184°41" (5) :
478°43" | 119%0,8’
1 303°24’ (4)
! 1
A3; A4 AS ' Bxiz
%3 ocr.l4
N\ o) A
-1
i 2
d 0]
A
P 2
o
© 6 0 ©O 06 06 0 6
cr.l cT.9

3anuTaHHA ANA CAMOKOHTPOIO.
B AKMX BUMNaZKax 3aCTOCOBYETLCA CNOCIO NOBTOPEHb?
NocnigoBHiCTb A4in Ha cTaHuii npw K.
MNocnipoBHicTb A4in Ha cTaHuii npw KI.
CKinbKKM NOTPiGHO NOBTOPEHb, W06 TOYHICTL BUMIPAHOro KyTa 3pocna
B TpY pa3n?
Bignik Ha niBy Touky npu K/l 5°41’, Ha npasy — 38°58". KoHTponbHMi

Ll e\

. Omms . .
BifNiK 89°23". BU3HAUMTK, fiKA KPATHICTb BUMIPAHOrO KyTa?

Y1 MOKAMBO cNocoboM NOBTOPEHb BUMIPATM ABA KYTU O4HOYACHO?
Yn moxKHa Teogonitom Tmuny T2 BUMIPATU KYT CNOCOHOM NOBTOPEHbL?
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8. Bigniku Ha niBy Ta npasy TOYKM NICNA YOTUPUKPATHOrO BigKNaAAHHA
KyTa piBHi K,=4°08" K/1,=94°52". 3HaiiTh 3HauYeHHA KyTa npu KJ1, konam
Bigomo, wo 90° < B < 180°.

9. CKiflbKM BCbOro Big/iKiB MOTPIBHO B3ATM NpPUM BUMIPIHOBAHHI KyTa
cnocobom NoBTOpPEHb?

10. fK BiAbOYyBa€eTbCA ONPALLIIOBaHHA Pe3yNbTaTiB BUMIPIB B XKypHani?

JTJABOPATOPHA POBOTA Ne3
O6epHeHa KyToBa3aciuka

Merta: BMBYMTU Ta OBOOAITM TaKUM CNocobom npus’askM, AK obepHeHa
KyTOBa 3aciuka.
3aBAaHHA: BUMIPATM FOPU3OHTANbHI KYyTU CNOCOBOM KPYroBuX NpUMOmiB Ha
YOTUPU BUXIAHI MYHKTW (3a4alOTbCA BMKNAZa4Yem); OBUMCAUTU HABAUKeHI
KOOPAMHATM 3 OLHOKPATHOI 3aCiuKW; BM3HAUMTM OCTAaTOYHI KOOPAWMHATM 3
6araToKpaTHOi 3aCiYKKN; BUKOHATM OLLiHKY TOYHOCTI.
TeopeTunuHi BigomocTti
MpuHUMN NpUB'A3KM Xody OBEepHeHOK3acCiuKo NOoAArae B TOMy, WO 3a
TpbOMa TBEPAMMWM TouKammu 1, 2, 3 (OO4HOKpATHA 3aciuyka)3 KoopAuHaTamu
X1, V1, X2,V ,X3,Y3(puc. 3.1) NOTPiIOHO BU3HAUUTU KOOPAMHATUX,, V,TOUKN 4
iAVpPEeKLiNHMIA KyT NiHii 4-5. [nA uboro Ha BU3HauvyBaHil Touli 4 Teo40NITOM
BUMIpPIOIOTb FOPU30HTaNbHI KyTM 1 —4 — 2 = il — 4 — 3 = y. Kpim Toro, ana
nepegsavi AMPeKLiMHOro KyTa Ha fliHito 4-5 NOTPiGHO BUMIPATH RYT 5.
JVpeKuiiHi KyTu niHin 1-4, 2-4, 3-4 NO3HAYNMO YEPES Uy 4, Uy, A34. 3B'A30K
OMPEKLINHUX KYTiB i KOOPAMHAT BUpPaXKaeTbca Gopmynamm
tana,, = u; tana,, = u; tanas, = Ya— s

X4 1 X4 — X2 X4 — X3
3BiAKM

Va—=Y1 = (x4—x1) tan a4
Va—Y2 = (x4—x2) tan a, (3.1)

Ya—Y3 = (x4—x3) tan az,
Micna BigHIMaHHA Apyroro i TpeTboro PiBHAHHA 3 NEPLIOro OTPMMAEMO

{YZ_Yl (x4—x1) tanay, —(x4—x2)tan gy
Y3—YV1 (x4_x1)tan 04 —(x4—x3)tan sy

TYT Qpp = Qqq + B 034 = a1, +y (pyc. 3.1), OTXKe € ABa HEBIZOMUX X, i
tan aqy.
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Puc. 3.1. Mpus’aska meTogom obepHeHOi KyTOBOT 3aCiuku.

Abcumca x,3 NepLIoro i 4pyroro PiBHAHHA BUPAXKAETLCA TaK
x tanay, —xtanag, +y, —y;  xptanag, —xztanas, +y; — vy,
tana,, —tana,, tana,, —tanas,
Micna BigHIMaHHA KOOpPAMHAT X; i X,MpPaBoi i NiBOi YacTUH Ujiei dopmyan
OTPMMAEMO NPUPOCTU KOOPANHAT:
(x1=x2) tan aza+y2—y1  (x1-x3) tan azg+y3—y1

Axy = x4 —x1 = = (3.3)
tan a14—tan az4 tan ai4—tan az,

(x1—x3) tan a14+y, -y

Xy =

sz =X T X2 = tan aj4—tan azy (3'4)
Toai
X4 = X1 + Axy = x, + Ax,
TaHreHc cymu ABOX KyTiB BUPAXKAETHCA TaK:
tanaqs+tanf tan a4 cot f+1
tan U24 = tan(a14 + ﬁ) - 1-tanftan a4 - cotf—tan aq4 (3'5)
AHanoriyHoanA HanpAamKy 3-4
t ty+1
tan az, = tan(ay, +y) = — =1 (3.6)

coty—tanaq4

Ha ocHoBi popmyn (3.5) i (3.6) 3HAMEHHWUKM PiBHAHHA (3.3) NpPUIAMYTb
BUrNAM,
—(1+ tan*ay,) —(1 + tan? ay,)
cotf + tanay, tana, —tanas, = coty —tana,,

Nigcrasnatoun ui popmynn B piBHAHHA (3.3), OTPUMAEMO

[(x; — x;) tan a4 — (y1 — y2)l(cot f —tan ay,)
= [(x; — x3) tan azy — (y; — y3)](coty —tanay,)

Le piBHAHHA nicna 3amiHn tan a,,i tan as,3 dopmyn (3.5) i (3.6) npuiime
BUTNAA
(%1 —x;) (tan @y, cot B+ 1) — (y; — y,)(cot f — tanay,)

= (x; — x3)(tanays coty + 1) — (y; — y3)(coty —tan ay,)

3BiAgKM tan a, ,BMpaxkaetbca Gopmynoto

_ (y1—y2) cot B+(y3—y1) coty+(xz—x3) Ay
tana, = (x1-%x2) cot B+(x3—x1) coty+(ya—ya)  Ax 3.7)

tana,, —tana,, =
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BBeaemo TaKi NO3Ha4YeHHA:
{k1 = (x; —x;) cot B+ (¥, —¥1)iky = (¥, —y1) cot B — (x; — x4);

3.8
ks = (x3 —x1) coty + (y3 —y1)i ks = (y3 —yq) coty — (x3 — xl);( )
3rigHO BULLEHaBeAEHMX NO3HaYeHb, popmyna (3.7) Habyae Burnsay
ka—k
tanay, = k:_ki (3.9)
Toaj NnpupocT KoopauHaT byayTb BUpaXKaTUCh GopMynamm
_ kqitanaqi4—ky _ kztanaq4—ky . _
Ax = tanfal, © 1ttanfag, Ay = Axtanaq, (3.10)

TakMM YMHOM, KOOPAWMHATU X,,Y, YETBEPTOi TOYKM 33 TPbOMA AAHUMM i
BUMIPAHUMM KyTamu 5, 0BUMCAIOOTLCA B TaKill NOCAIAOBHOCTI:

1.  3a dpopmynoto (3.7)abo (3.9) obumncntoeTbea tan aq,;

2. 3a dopmynamu (3.3), (3.4) abo (3.10) obuMcnoOTECA
npupoctm Ax;, Ax,i abcumca X4 = X1 + Axy = x, + Ax,.

3. 3a dopmynoto (3.1)abo (3.10) obumcntoeTbCA opanHaTa

Yo=Y+ (g —x)tanay, =y, + (x4 — x;) tanay,,
MpwKnag pilweHHA 3a8avi nogaHo B T1abn. 3.1 (3a popmynamu (3.8-3.10)).

Tabanyga 3.1
O6uuncneHHAa KOopAUHAT T.Po6epHEHO04HOKPATHOK3aCiuKo (pUc. 3.3)
Ay HKT KoopauHatu BumipaHi kytn
X, m Y, m (Hanpamku),B, y
Fopun (1) 5145,359 3987,423 0°00'00”
LLy6kiB (2) 5041,132 4704,770 102 10 53
Kotun (3) 43883,335 4737,044 17520 16
X2-X4 Y2-Y1 X3-X1 Y3Y1
-104,227 717,347 -762,024 749,621
cotfp = -0,215868 coty = -12,262236
k= 739,8463 ks= 10093,7391
ko= -50,6253 ke= -8430,0056
tana;p = -0,895817 AXyp= -339,609
AX 1= -339,607 Ayip= 304,228
Xp= 4805,750 Y= 4291,651

ObepHeHa 6araToKpaTHa 3aciuka 3a KyTamm
BW3HauMTV KOOPAMHATU NYHKTY CM.4(Xem.4Yem.4), AKWO BiAOMI KOOpPAMHATH
He MeHLUe YOTUPbOX TBEPAMX NYHKTIB 1(x1,Y:); 3(X3,¥3); 5(XsYs); 7(X7y7) i
BMMIPAHO He MeHLLe TPbOX KyTiB 51, 5, B3 (puc. 3.2).
Matoum HabnnKeHi 3HaUEHHA KOOPAMHAT LWYKAHOi TOYKM, AKi MOXYTb ByTH
obumcneHi 3a popmynamm obepHeHOT OLHOKPATHOI 3aciukn abo rpadivHo 3a
cnocobom A. M. bonoToBa, 064YMCAEHHA NPOBOAATL B HACTYMHOMY NOPAAKY.
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Puc.3.2. Cxema obepHeHoi baraTokpaTHOT 3aciuku Ha npuknagi aya. 707.

1. O6UYMCNIOIOTE HABAUMKEHT AMPEKLIMHI KYTM 3 TOUYKM, LLLO BU3HAYAETLCA HA
BUXiHI TOUYKM 3 OKPYyrneHHAM Ao 17 i BigcTaHi — 40 0,001 m 3a popmynamm

tan ag; = 220

Xi=Xo
_ Xim
Sop = 2o = R0 [Ax2 + Ay?

sin ag; COS g
P036iKHICTb AO0MYCKAETHCA B MEXKax TOYHOCTI 064MCNEHb.
2. BinbHi yneHW piBHAHb MOMNPABOK — PI3HULI MiXK BUpaxyBaHMMK Ta
BUMIPAHUMM  BeMUMHAMKM. BigHimaloTb BUMIpAHi 3HaueHHs KyTiB B’';Big,
HabAMMKEeHUX 3HaUEHb f3 ;, OAEPKYIOTb Bi/IbHI YEHM PIBHAHB NONPaBOKL;

{ﬁoi = Qi1 — Aoi

li = Boi — Bi

3. BukopwucToByloun pudepeHuianbHi opmyam aAMpekuiiHoro Kyra, 3a
Qy;TaSy;, 3HAX0OATb BEMUUHK a;, b;.

(3.11)

(3.12)

sin a;-p"
L7 10000-Syy
_ cosa;j-p"
bi=- 10000-Sy
MoTim obumcntooTb KoedilieHTU NoYaTKOBUX PiBHAHb A;, i B;i KOHTPONbHY
cymy i3 3aoKkpyrneHHam ao 0,01:

{Ai =041 — Qo

(3.13)

B; =biy1 — boy (3.14)
Y, =A;+B;+;
4. ObuncniotoTb KoediuieHTU i BiIbHI YNeHM ABOX HOPMasbHUX PiBHAHbD.
KoHTposiem 064mnCieHb cayKaTb PiBHOCTI:
{[AA] + [AB] + [Al] = [AZ]
[AB] + [BB] + [BI] = [BZ]
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5. BUpilwyoTb cUCTEMY HOPMANbHUX PiBHAHb:
{[AA]6x+ [AB]Sy + [Al] = 0
[AB]6x + [BB]Sy + [Bl] = 0
3Haxo4ATb Hesigomi Oxi dy—nonpaBKM A0 HABAUMKEHUX KoOpAMHAT (3
330KpyrneHHAm A0 0,01), BupakeHi B Am 3a (3.17), i ix Baryp, i p,, 3a (3.22):

(3.16)

_ 1BU4BI-[aU[BB] _ Dy
" [44][BB]-[ABl[AB] ~ D
4BI[AL-144][BY _ Dy 317

= [4AlBB]-[4Bl[AB] _ D
6. JoaaloTb A0 HABAMMKEHMX 3HAUYEHb KOOPAMHAT LWYKAHOI TOYKM 3HANWAEHI
nonpaBkM [0 HeBigOMMX, 3MeHLWeHi B 10 pasiB, OCKiNbKM BEAWMYUMHW OXi
SyoTpuUMaHi B JeummeTpax, a Xyi Y, BUpaxKeHi B meTpax. [na oTpMMaHHA
OCTaTOYHWUX 3HAYeHb Xi Y NOTPIOGHOSXi SYBUMPA3UTUN TAKOXK B METPAX.

{x=x0+ 0,16x (3.18)
y =y,+ 0,16y ’
7. BU3HayaloTb NONPaBKKU Y BUMIPAHI KyTH
v; = A;6x + B;6y + [, (8.19)
a NoTiM N8 KOHTPOIt0 064MCAoOTb
[vv] = [U] + [Al]6x + [Bl]6y (3.20)

P036iXKHOCTi MiX ABOMA OTPUMAHUMM 3HAYEHHAMM AOMYCKAOTLCA B MeEXaX
2% Bif, BEAUYNHM [vV].

33 3HaMAEHUMM OCTaTOYHMMM KOOpAMHATaMM MYHKTY PobuucntoloTb a;; S;
3a popmynamm (3.11), @ KyTU — AK PISHULLIO AUPEKLUINHUXS; = @, — @;.

OTpuMaHi 3HauyeHHA KyTiBf; NOBWHHI cniBNAgaTM 3 BUMPABAEHUMM
3HAYEHHAMM KyTiB, 06uYMcneHnMM 3a popmynoto

Bi =B + v (3.21)

WO CAYKWUTb 3aKNIOYHMM KOHTPOJIEM BCiX pPO3paxyHKiB. Po3biHoCTi He
NOBUHHI NnepesuLyBsaTn 0,5”.

OuiHKa TOYHOCTI NoNArae B NigpaxyHKy cepenHboi KBAAPATUUHOI MOMUIKU
(CKM) BumipsHoro KyTamg,CKI abecumcen i opauHatum,, m,, Ta CKIM nnraHosoro
NOJIOXEHHA TOYKN cm.4M .. , 338 popmynamm:

[vv] |

M= e
meo= 8 B
10’ Y 10ypy° (3.22)
D D
Px = gs1> Py = [
My = \ymi +m3.

Oe N— YNCN0 BUMIPAHUX KYTIB.
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BennunHu m,im, 6yayTb OTPMMaHI B NiHIMHMX Mipax (B MeTpax), OCKiNbKK

w2
. . . 1
Bara KOoOpAauHat p, | pymae PO3MIPHICTb (—1 ) a mB BUpaXXeHa B CeEKyHAax.
M

MpuKnag 3piBHOBaXKeHHA 06epHeHOT 6araToKpaTHOI KYTOBOI 3aCiuKu
3HalTM KOOPAMHATU TOYKM P i3 3piBHOBAXKEHHA 0bepHeHoi HGaraToKpaTHOI
3aCiuKM NapameTpuyHMM cnocobom (puc. 3.3).
BumipsHi Ta BUXigHI BEIMYMHKM NpeacTaBieHi B Tabn. 3.2.
HeBigomi BeNMUUHU Xp, Yp NOTPIOHO NPEACTABUTU Y BUTNALI
Xp = Xy + Ox
Yp = Yo+ 6y
A€ Xy, Y, — HabnukeHi koopanHaTth T.P, §x, §y— HeBigoMi nonpasku.

é Hutun
/

— A
LLy6kis

e
KCDOpT

\
x KoTu

Puc. 3.3. ObepHeHa HaraTokpaTHa 3aciuka (NpuKnaa)

Tabanuya 3.2
BuxigHi Ta BUMipaHi BeAMUUHN
KoopauHaTtu, m . .
MyHKTH . PA B BumipsaHi kytn, ’;

1 2 3 4

Fopu 5145,359 0°00°00”
7,423432 7

HMUTHH 5302,496 398 ;7034 ;3705’66 45 46 16
LLly6kiB 5041,132 4737’044 102 10 53
Kotun 4383,335 3849,506 17520 16
dopt 4605,825 ’ 287 31 33
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1) O6uYucneHHAa HabAuXKeHUX KoopaMHAT T.P i3 pilleHHA OAHOKpaTHOI
3acivyku.

[nA pilueHHA oAHOKPATHOI 3aciuku Byam BMBPaHi NyHKTU TpiaHryaauii fopwu,
LLly6kis, Kotn (Kytn f3,,F3). B pesynbtati oTpumaHi HabaukeHi KoopauHatu
TOYKM P: x,=4805,750M, y,=4291,651 m (Tabn. 3.1).

2) O6uncneHHA HabAMKEHUX (33 KOOPAUHATAMU X, Vo) ANPEKLIMHUX KyTiB
Qo;Ta Biodanensy;.

B Tabn. 3.3 BMNUCYIOTbCA HabAMMKEHI Ta BUXiAHI KOOPAWHATM MNYHKTIB
(konoHKK 2, 3), a B KONOHLLi 4 3a (3.11) 0BUMCNIOIOTLCA Ag; Ta Sy;.

Tabanysa 3.3
0O6uncneHHs HabAnKeHUX AUPEKLIMHUX KYTIB Ta Bigaanen
MyHKTH yi X; tan ay;
Hasea Yo X A
MyHKM Ay =y, —y, Ax = x; — xp Soi
1 2 3 4
lopu 3987,423 5145,359 -0,895818
P 4291,651 4805,750 318°08'44”
-304,228 +339,609 455,948
MumuH 4325,667 5302,496 +0,068478
P 4291,651 4805,750 3°55'03"
+34,016 +496,746 497,909
Lllybkis 4704,770 5041,132 +1,755100
P 4291,651 4805,750 60°19'37”
+413,119 +235,382 475,470
Komu 4737,044 4383,335 -1,054397
P 4291,651 4805,750 133%29'00”
+445,393 -422,415 613,848
Popm 3849,506 4605,825 +2,211554
P 4291,651 4805,750 245°40'08"
-442,145 -199,925 485,244

3) BupaxyBaHHsA BiIbHUX Y/1eHiB PiBHAHb NONPABOK
O6uncneHHA BUKOHylOTbCA B Tabn. 3.4. B KoMoHUi 2 BUNMCYOTbCA
HabAuKeHi AnpeKLinHi KyTu 3 Tabn. 3.3. 3a (3.12) obuncnoloTbCA BUpaxyBaHi
Ky fo;(KONOHKa 3) Ta BifbHI 4NeHU piBHAHb nonpaBok [;(KonoHKa 5).
BumipsHi kyTu 8;’ BUNucytoTbes 3 Tabn. 3.2.

4)06uncneHHn KoediuieHTiB piBHAHb NONPABOK Ta HOPMAJIbHUX PIBHAHD

O6uncneHHA BUKOHYETbCA B Tabn. 3.5, KyaAn BUMUCYHOTLCA AMPEKLIAHI KyTu
3 TOYHICTIO A0 MIHYT (KOMIOHKa 2) Ta Bigdani B KM (KONOHKa 3). 3a (3.13)
BMPaXOBYIOTbCA eneMeHTUa;, b; (KonoHku 4, 5), 3a (3.14) — KoedilieHTH
HOpPMaNbHUX PiBHAHL A, B (KONOHKM 6, 7) Ta KOHTPO/IbHA CyMa ). (KONOHKa 9).
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O6umMcNeHHs BibHUX YNeHiB PiBHAHb NONPABOK

Tabnuus 3.4

MyHKTM Habn. ag; Bupax. By; Bumip. 8" |l = Boi — B¢ I
1 2 3 4 5 6
Fopw 318%°08'44”
MuTnH 35503 45°46'19” 45°46'16” +3 9
LLy6kis | 6019 37 10210 53 10210 53 0 0
Kotu 13329 00 17520 16 17520 16 0 0
dopt 245 40 08 287 3124 287 31 33 -9 81
[]= 90

[aHi B KonoHui 10 Tabn. 3.5 € fobyTKOM KoedilieHTiB A camux Ha cebe; B
KOMIOHL 11 — LOBYTOK KOJIOHOK 6 Ha 7; B KOIOHL, 12 — 806YTOK KONOHOK 6 Ha 8
i T.4. HeobxigHO NpoBecT! KOHTPO/Ib BUPaxXyBaHHA 3a piBHOCTAMM (3.15).

Tabanysa 3.5
O6uncneHHa KoedillieHTiB piBHAHb NONPABOK Ta KoediLieHTIB HOPpManbHUX
PiBHAHDb
MyHKTH ay’ Sois KM a; b; A B l )
1 2 3 4 5 6 7 8 9
lopwm 318°09’ 0,46 -29,92 | -33,40
HKutnH 355 0,50 +2,82 -41,16 | +32,74 -7,76 +3 27,98
LLlybkis 60 20 0,48 +37,34 | -21,27 | +67,26 | +12,13 0 79,39
KoTun 133 29 0,61 +24,53 | +23,27 | +54,45 | +56,67 0 111,12
®opt 245 40 0,49 -38,36 | +17,34 -8,44 +50,74 -9 33,30
z +146,01 | +111,78 -6 +251,79
MNpopoBKeHHA Tabn. 3.5
MyHKTM AA AB Al AZ BB Bl BX
1 10 11 12 13 14 15 16
lopu
KutnH 1071,91 -254,06 98,22 916,07 60,22 -23,28 -217,12
Ly6kis | 4523,91 815,86 0 5339,77 147,14 0 963,00
KoTun 2964,80 | 3085,68 0 6050,48 | 3211,49 0 6297,17
®opt 71,23 -428,25 75,96 -281,05 | 2574,55 | -456,66 | 1689,64
> 8631,85 | 3219,23 174,18 | 12025,27 | 5993,40 | -479,94 | 8732,69

MpumiTKa: 4nA yMOB ayanuTopii So;, KM NOTPIOHO BpaTh A0 5 3HaKa nicns Komu.

5) PilueHHA HOpManbHUX piBHAHb3a popmynammu(3.16), (3.17)
D=8631,85x5993,40-321 9,232=41 370688,00
D,=3219,23x(-479,94)-5993,40x174,18=-2588967,66
D,=3219,23x174,18-8631,85x(-479,94)=4703495,57
6x =-0,063 gm; p, =6902,71;
6y =+0,114 gm; py =4792,80.
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6) 3piBHOBaXK€eHi KOOpANHaTK TOYKK P(3.18)
x =xy+ 0,10x =4805,750-0,006=4805,744 m;
Yy =y,+ 0,16y =4291,651+0,011=4291,662 m.

7) O6uncneHHs NONPABOK Y BUMIPAHIKYTUTA iX 3piBHOBaYKeHUX 3HaYEeHb3a
(3.19), (3.20)

O6uncneHHA BUKOHYOTbCS B Tabn. 3.6. B KOMIOHKY 2 3anucytoTbca A06yTKK
KoeoiuieHTiB A Ha nonpaBKy &x; B KONOHKY 3 — B Ha J§y. 3piBHOBaKeHi
3HAYEHHSA KyTiB 064MCAtOOTLCA 3a (3.21) i 3anNUCyoTbCA B KONOHKY 6. KoloHKa 7

BMKOPUCTOBYETLCA ANA MiAPAXYHKY CyMuU [Viz], AKA BUKOPUCTOBYETHLCA B OLLiHL,i
TOYHOCTI.

Tabnaunuysa 3.6
0O6uyMcneHHA NONPaBOK Y BUMiPAHi KyTU Ta iX 3piBHOBaXKeHUX 3HaueHb
MyHKTH Abx BSy l; v; Bi=Bi'+ v v?
1 2 3 4 5 6 7
lopwm
KUTUH -2,06 -0,88 +3 +0,06 45046’16,1" 0
LLly6kiB -4,24 +1,38 0 -2,86 102 10 50,1 8,18
Kot -3,43 +6,46 0 +3,03 17520 19,0 9,18
®opt +0,53 +5,78 -9 -2,69 287 31 30,3 7,24
[v2] = 24,60
8) KoHTponb o6uncneHHA NonpaBokK B KyTu (3.20)
174,18x(-0,063)+(-479,94)x0,114+90=24,31
(24,31-24,60)x100%/24,60=1,2%<2%
[Ona ocTaToYHOro KOHTpoA noTpibHo 3a (3.11), BWKOPWUCTOBYHOUM

3piBHOBAXKEHi KOOPAMHATM MYHKTY, 3HAUTU AMPEKLINHI KyTWU. [INA LbOro MoXHa
BMKOPUCTATU WabnoH Tabna. 3.3. 3a (3.12) nNoTpibHO obuncauUTH KyTU f5;, AKi
MOBWHHI cniBnactu 3 BuUMNpaBaeHUMM (Tabn. 3.6, KOMOHKa 6). Pe3ynbratu
KOHTPO/IbHUX PO3PaxyHKiB NpeacTaBaeHi B Taba. 3.7.

Tabaunuya 3.7
KoHTponb 3piBHOBaXKeHHsA KyTiB
Hanp. Ha NyHKTH Oupeku,. KyTn 06u4. KyTH 3; Bunp. kytu S3; Pi3Huua

1 2 3 4 5

Fopu 318%08'41,7"
KUTuH 3 5457,8 45°46'1 6,1” 45°46'1 6,1” 0”
LLly6kiB 60 19 32,2 102 10 50,5 102 10 50,1 0,4
Kot 13329 00,8 17520 19,1 17520 19,0 0,1
®opt 2454012,3 287 31 30,6 287 31 30,3 0,3

9) OuiHKa To4YHOCTI3a (3.22)
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[vv] 24,60

=+ =+ = +35"
(N e e
moet 3% 0004w
*~ T 10/p, ~ 10y6902,71
mﬁ 3’5"

_+ _+ — +0,005
™= E 10 p, T 104479280 M

Mp= |m2+m?=/0,0042 + 0,005 = +0,006 m

3anuUTaHHA ANA CAMOKOHTPOIO.

1.

oM en

A

HaKpecnutn cxemy obepHeHOI 3aciykm Ta MOSACHWUTU: AKI eNemMeHTH
BUMIPIOIOTHCA; LLO € BUXIAHUMW JaHUMU; LWLO NOTPIOHO BUPaxXyBaTHU.
Yum BiapPi3HAETLCA OQHOKPATHA 3aciyKa Bif 6araToKpaTHOI?

3 AKOIO TOUHICTIO 0BUUNCNIOIOTLCA HABAMMKEHI ANPEKLiIAHI KyT?

AK BMpaxyBaTy BifIbHi YNeHU PiBHAHb NOMNPABOK?

AK  OTpMMATM  HabAMMKEHi  KOOPAMHATM  LWYKAHOi TOYKM  npu
3piBHOBAXKEHHi 6araToKpPaTHOI 3aciukun?

AKi BEIMYMHU OTPUMYEMO B pe3y/bTaTi pilleHHA HOPMa/IbHUX PIBHAHbL?
B Aakomy BMMNagKy TOYHICTb 3aCi4KM BULLA — KOAM KiNbKIiCTb BUXiZHUX
NYHKTIB 6iNblia Y4 KOAN — MeHLLa?

AIK NPOKOHTPO/OBATU NPABUABHICTL OBUMCNEHHA NONPABOK Y BUMIPAHI
KyTn?

Yomy npu obuncneHHi m, ta m
10?

y B 3HAMEHHUKY GOPMYAMN CTOITb Uncno

JTABOPATOPHA POBOTA Ne4

Mpus’A3Ka ABOX TOYOK 3a ABOMA 3a4aHUMM (3agaua MaH3eHa)

MeTa: BMBYUTU CXEMM Ta METOLAUKMU I'IpMB’ﬂSKM ABOX TOYOK 3a ABOMa

3a4aHNMU.

3aBAaHHA:CNOCOBOM KPYroBux NpUMOMiB BUMIPATU TOPU3OHTANbHI KyTU Ha

TOYKaXx, WO BU3HAYAKOTbCA Ta BUKOHATU obuncneHHs ix KOOpAMNHAT OAHUM 3
HUX4YeHaBeaeHUX cnocobis..

TeopeTuuHi BigomocTi

Konu € agi TBepai Toukn A, B 3 KOOpAMHATaMU X4, V4, X5, Yp(puc. 4.1), 10

ONA 0BUYMCNEHHA KOOpAMHAT To4YoK Mi N BUMMIPHOIOTLCA FOPU3OHTAsIbHI KyTH
B1, B2, B3, Ba NpY unx Toukax. [na nepefavifvpekuimiHoro Kyta Ha niHito xony
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MKBumiptoeTbca Wwe KyT By. 3a BUMIPAHUMM KyTamMu 3 TPUKYTHUKIB AMNM
MBNMOKHa 064NCINTU KyTH
@1 = 180°— (By + B3), @, = 180°— (B, + Bu).

Kpim upboro, Tpeba e 3HaTM KyTU @, i @3 HeobxigHi ana obuymcneHHs
OUPEKLIMHUX KYTIB i LOBXWH NiHIN Bif TBEpANX NYHKTIB HA LWYKaHi. Big Toukn N
BigxoaAaTh niHii dq, d,, d5 AK Big Nontoca HOTMPUKYTHUKA, TOOTO

d,d,d; sing,sing;sinf,
dydsd, — sinp; sing,sin g,

AA\; AB

T 5o, D o
@ :
N

d

Puc.4.1. Cxema po piweHHA 3agadi MaH3eHa.

3BiAKK
SNgs _ SnPisinez _ oot = —— (4.1)
sin @y sin B, sin ¢4 tan 6
3a uieto dopmynoto MoXKHa 0BUMCANTM AONOMIKHWUI KYT 6O,
Micna nepeTsopeHb Nponopuia (4.1) npuiime BUrNAL,
sin@; —sin 1—tan@
s TP ~ cot(45° + 0)
sing; + singp, 1+ tané

B uinn dopmyni
. . O3t Qs . P3— @y
sing; —sing, = 2cos > sin >
. . . P33t @, P3 — Py
sin@s; + sing, = 2sin > cos >

MicnA NiaCTaHOBKM UMX BeAMUMH B nonepeaHio Gopmyay OTPMMaEMO
ot Q3+ P, P3 — Py

c 5 tan 5 = cot(45° + 0)
3BiAKM
£ = atan [tan@cot(%0 + 9)] (4.2)
Onsa uiei dopmynn 3 TpuKyTHUKa ABN
fatts_ goo - Baha (4.3)
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320TPUMaHNUMM NiBPISHULAMM | MIBCYMaMUKYTIB MOMKHA OBYUCUTU KOXKEH
KYyT
5= <P342'(P4 + fﬂ3;<ﬂ4; . = (ﬂ342'<ﬂ4 _ fﬂ3;<ﬂ4 (4.4)
[na obuncneHHa ANPEKUiIMHMX KyTiB | LOBXWH NiHIM Big, TBEPANX NYHKTIB A i
B po wyKkaHuxM, N3actocoBytoTbCA 3BMYalHi Gopmynn. [AupekuinHuim Kyt
Qg NiHiT AB i Ti OBXUHa DMixK TBEpAMMM TOUKaMU MOKYTb ByTM obuucneHi 3a
KoopAnHaTaMmu. [Ana iHWMX NiHit Gopmynn matoTb BUrNAL,
{ Aan = Qg+ Pa; Aay = Agp + P1 + @y
apy = aup + 180° — (93 — @,); apy = aup + 180° — @5
Popmynn  ANA  OOBXWMH NiHIA, ofep)KaHi 3 pilleHHA TPUKYTHUKIB 3a
TEOPEMOIO CUHYCIB, MatOTb BUMNAL,

(4.5)

d, = Dsing@z | d. = Dsingy |
27 sin(Ba—B3)’ 3 sin(Ba—B3)’ (4.6)
- Dsin(p1+¢4) | d. = D sin(p3—¢3) :
7 sin(Bi—B2) 1 0 sin(B1-B2)

3a 064YUCNEHUMUANPEKLIMHUMM KyTaMMi LOBKMHAMMUAIHIN MOXKHA ABivi
064McAnTN KoopanHaTK ToHoK M i N
Xy = X4+ ds5COSayy = Xp +d, COSARY
Yy =Ya+dssinayy, =yg+d,Sinagy
Xy = X4 +d,CoS8a,y = xp + d; COSaRy
YN =YVa+d,sina,y =y +dssinagy
Ha ubomy 3aKiHUy€eTbCA pilleHHA 3a4aui.

4.7)

MpuKnag, pilleHHna 3a4a4i HaBeaeHo B Tabn.4.1. Ta Ha puc. 4.2.

- A3

BXig,

Puc. 4.2. Npuknap cxemn ao 3agadi FaH3eHa (aya. 708)
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Tabnnus 4.1

O64ncneHHA KOOPAMHAT TOYOK 33 ABOMA AaHMMM (3a4a4a MaH3eHa) (puc. 4.2)
BuxigHi paHi:x,=3602,001.y,=2165,509; x5=3605,934; y5=2156,276; D,5=10,036; a45= 293°04'22"

Ne Ddopmynu O6uncneHHa| Ne Ddopmynu O6umncneHHa| Ne dopmynn  [O6umcneHHa| Ne Ddopmynu O6uncneHHn
1 b1 71°49'20" 18 cot(45° + 6) -0,012150 | 35 | D sin(ps; — @) | 5,777555 | 53 Sin(B, — B3) 0,838203
2 B, 35°19'51" | 19 |tan((¢@s; — @,)/2) | -0,022347 | 36 dyer 3 9,715 59 dyer12 10,394
3 Bs 62°37'29" | 20 (@3 — @u)/2 -1°17'00" | 37 COS Qger 3 0,749723 | 60 sin @, 0,889478
4 IR 119°34'32" | 21 ©s 60°14'28" | 38 SiN Qyep 3 0,661752 | 54 D sing, 8,926801
5 o1 45°33'11" | 22 04 62°48'28" | 41 AXyer 3 7,284 60 dser 12 10,650
6 ©, 25°05'37" | 23 Cyer 3 41°26'01" | 42 AYyer 3 6,429 61 COS A ger 1z 0,997416
7 (@3 + @)1 2 61°31'28" | 24 Ayeriz 355°52'50" | 45 Xer 3 3609,285 | 62 SiN @yernz -0,071836
8 sin B, 0,950093 | 25 User 3 77°55'32" | 46 Ver 3 2171,938 | 55 AXyer1z 10,367
9 sin @, 0,424098 | 26 Useriz 52°49'54" | 39 COSAsep 3 0,209182 | 56 AYyer 12 -0,747
10 | sinp, -sing, 0,402933 | 27 01+ @, 108°21'39" | 40 SiN @sep s 0,977877 | 65 Xepaa 3612,368
11 sin B, 0,578297 | 28 | sin(p, + ¢,) 0,949092 | 43 AXseps 3,350 66 Ver 12 2164,762
12 sin ¢, 0713899 | 29 | Dsin(p, + @,) | 9525087 | 44 Ayser s 15,663 | 57 COS Xser 1z 0,604159
13 | sinfB,-sing; 0,412846 | 30 By — B, 36°29'29" | 47 Xer 3 3609,284 | 58 Sin @gepqn 0,796864
14 cot 8 0,975989 | 31 sin(B; — B,) 0,594702 | 48 Vers 2171,939 | 63 AXser1z 6,434
15 0 45°41'46" | 32 dser 3 16,017 | 49 sin @, 0,868122 | 64 Ayser 12 8,487
16 45° 1+ @ 90°41'46" | 33 03 — @y 35°08'51" | 52 D sin ¢; 8712472 | 67 Xer12 3612,368
17 | tan((@s + @,)/2) | 1,843646 | 34 | sin(p; — @) 0,575683 | 51 By — Ps 56°57'03" | 68 Ver 12 2164,763
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Cnoci6 ymoBHoro 6a3sucy
KoopauHatv Todok M i NmoxHa obuucnioBatv 3a GoOpmMynamu iHWOro
BUrNs4y, To6To 33 ymosHUM 6asucom. Ona niHii MN(puc. 4.1)6epyTb yMOBHY
LOBXUHY dlyMi 33 BUMIPAHMMW KyTaMK BMPAXOBYHOTb YMOBHI JOBXUHW NiHil 3
TpUKyTHUKIB MAN, M BN

g - dlYMsinﬁl_ ~ dlYMsinﬁz_
WMTsing, O™ sing,
do = dyyy SIN By ) _ dyyy SIN B3
™ sing, = oM™ sin @,
Lna ninii AB
DYM _ ds:in;s(l;lilj;zfz) _ d3YMZl:1(£: B3) (4.8)
OcTaHHA YacTnHa popmynu (4.8) € KOHTPOABLHOLO.
[Jani obuncnoetbea KoedilieHT yMOBHOIO 3HaUYEHHA A0BXKMH NiHi
== (4.9)
Dyy
Micns uboro 3Haxo4ATb AIMCHI AOBXMHWN BCiX NiHiN:
d; = Kd,, (4.10)

KyTn 3 Ta ,MOXXHa 064UCANTU 3 TPUKYTHMKA ABN 3a TEOPEMOIO CUHYCIB

@5 = asin220Pafs) Sinf“_ﬁ3); @, = asin 2nEFs) Si“f“_ﬁ3) (4.11)
KoHTponb: @3 + @, + B, — B3 = 180°.
OVpeKUinHi - KyTM CTOpPiH TPUKYTHUKIB i KOOpAMHATM TOYOKM Ta

Nob6uuncntototbes 3a dopmynamu (4.5) 1a (4.7).

3anuTaHHA ANA CAMOKOHTPOIIO.

1. Y1 € KOHTPOJIb BUMIPIOBAHb B KNACUYHIN 3a4a4i MaH3eHa?

2. Hakpecantn cxemy 3agadi [aH3eHa Ta Has3BaTU: eNleMeHTH, fAKi
BMMIPIOIOTbCA; BUXiAHI NYHKTM Ta MYHKTW, KOOPAMHATM AKWUX NOTPIOGHO
BU3HAYUTU.

3. Hasectu popmynn ana obuUMCNEHHS KYTIB @1 Ta @,.

4. 3anucatm popmynu, 3a AKMMU BU3HAYAOTb KOOPAUHATU TOYOK.HaBecTn
dbopmyny BU3HAYEHHA KoedilieHTa ANA 0BYMCNEHHA AOBXWH iHIM B
cnocobi ymosHoro 6asucy.

5. AK 064YMCAUTM OMpPEKUiiHI KyTU Ha TOYKM, fAKI BM3HAYalOTbCA, KOAU
3HaNAeHi KyTU @3 Ta @, ?

6. Yomy Ha cxemi 3agadi NaH3eHa KiHLj NiHIA B6AKMKYI 40 BUXIGHUX MYHKTIB
NO3HayeHi LWTPUXOBOIO NiHiE?

7. [Ona 3HaXo4XKeHHA AKUX BENMYUH BUKOPUCTOBYETLCA AOMOMINKHUIA KyT
6?
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JIABOPATOPHA POBOTA Ne5
3HeceHHA KOOPAMHAT Ha 3eMJII0

Merta: HaBYMTUCb NPUB’A3YBATU (3 KOHTPOIEM) TOUKM 3HIMANbHUX XOAIB Ta
MepeX A0 HeJOCTYNMHUX NYHKTIB BULLMX KAACIB.

3aBAaHHA: BUMIPATU TOPU3OHTANbHI KYTU Ta BiACTaHi MiXK TOYKamu, AKi
NPUB’A3YIOTLCA; BUKOHATU 0BYMUCNEHHSA KOOPAUHAT TOUKM, LLO 3HOCUTBCA.

TeopeTuuHi BigomocTi

KoopanHaTi NyHKTIB NONIFOHOMETPUYHUX | TeOAONITHUX XOAiB Hepiaxko
HeobxigHO obuucnioBaTM B €AMHIM CUCTEMI 3 MYHKTaMWM OMOPHUX Mepex
BMLLOrO KNacy, AKi € HeAOCTYMHUMU.

AKWO NyHKT A BULOro Kiacy pO3TalWOBaHUM Ha HeAOCTYMHOMY (LUMWUAb,
BeXa i T. A4.) ana pobotu micui(puc. 5.1), To Big, LbOro NyHKTy Tpeba nepenatu
KOOPAMHATWN HA TOUKY P3eMHOi noBepxHi.

Touky Prpeba BMOpaTK B TaKOMy Micui, Wob 3 Hel MOXHa 6yno 6aunTu
onopHi Toukn A i M. Kpim Toro, 6ina wiel TOUKM BUMIpIOOTb ABI NiHiT by i by i
rOpmM3oHTaNbHI KyTK 1, 2, 3, 4, 5. PilUEHHAM TPUKYTHUKIB dAP, bAPobuncaoTb
[Ba 3HAUYEHHA [OBXUHU NiHIiT A-P=s, 3 0TPUMaHUX pe3ynbTaTtiB bepyTb cepesHe
3HAYeHHsA.

(S’ I by sin1
| sin(1+42)
" b, sin4
45 = Sin(3+4) (5.1)
Ik - s'+s"

OVpekuinHuin - RyT  a,yi  [O0BXKUHY DniHii AMMOXHa obuncautn  3a
KoopAMHaTamn TouoK A i M. [na OTPUMaHHA AMPEKLiMHOro KyTa AiHil
APROTpiGHO 3HAaTU FOPU3OHTANbHUIA KYT Y, TOA

Qgp = Qgy + V- (5.2)

Puc. 5.1. Cxema 3HeCeHHs KOOpAMHAT Ha 3emJt0. 3aranbHuii BUNagoK
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[na oTpMMaHHA KyTa YNoTpibHO 3 TPUKYTHUKA APMOBUUCANTMY KYT @
ssin5

sing =
3 TpUKyTHUKA APMy = 180— (¢ + 5).
KoopanHaTty WyKaHoT TOYKN POy ayTh:
Xp = X4 +SCOS Qyp; Yp =Y+ SSinayp.(5.4)
[na nepesipkn pesynbTaTiB 0O4YUCAEHHA MOXKHA OBYUCAUTU KOOPAMHATM
TOYKM P Bif iHWOi TBEpA0ITOYKMM

(5.3)

Xp = Xp + S, €COS Ayyp; Yp = Yy + Sg SIN Qyyp, (5.5)
Oyp = Oya — @
Dsiny (5.6)
sin 5

OTpuvMaHi pe3ynbTaTy NOBUHHI CNiBNAaAAaTM B MeXax BUMOT TOYHOCTI.

OuiHKka TouYHoCTi. [na Uuboro mnoTpibHO 3HATU TOYHICTb MOJIbOBUX
BMMipIOBaHb Mg Ta m, abo (my/b). Toai cepeaHsa KBagpaTWuHa NoOxMBKa
(CKM) obumncneHoi cTopoHU s byae (3 ABOX TPUKYTHUKIB AAP Ta bAP)

2 2
m? = (ﬂ) s2+ [(cot1+ cote)? + cot?g] (ﬂ) s2
by P (5.7)
2 2 u .
2 _ (Mp) (2 2 2 mp\" .2
mon = (bz) s? + [(cot4 + cot &,)2 + cot? &) ( p) s
peg = 180°—(1+2); g = 180°— (3 + 4).

[paHWYHO JOnNycTMMeE PO3XOAKEHHA MiXK 3HAYEHHAMM CTOPOHMU S,

obuymcneHol 3 ABOX TPUKYTHUKIB Byae
s = £2ym +m;, (5.8)
CKM KiHUEeBOro (cepefHboro) 3HaAYeHHA [JOBXMHU SOBYMCIIOETLCA 3a

dopmynoto
M, = % %,/mf, +m?2, (5.9)

OckKinbKun B AaHil 3agavi (guB. puc. 5.1) HEMa€e KOHTPOJIbHOrO Bi3yBaHHA Ha
[OOATKOBUI BUXIAHWI MYHKT, TO BiACYTHIM KOHTPO/b Nepefadi AMpeKuinHoro
KyTa Ha Touky P. Tomy CKI aupekuiiHoro kyta AP byae M, = mg.

Omke, CKIM nonoxKeHHA NyHKTy P 3Hangemo 3a Gpopmysioto

2
M2 = M2+ (%) 52 (5.10)

Mpuknag 3HeceHHA KoopAaUHAT
MoTpibHO 3HaWTM KoOpAMHATM TOUKM cm.4 (puc. 5.2). BuxigHi aaHi:
X¢ =3628,769; Ve =5021,123; x, =3800,982; y, =5196,456(ag, =
45°30'52"; D = 245,762 m); B, = 85°13'29”; B, = 64°28'29”; B; =
72°25'27"; B, = 76°44’35"; B = 52°44'20";b, = 107,680 m; b, =
111,990 M. TouHicTb BUMIpIB: My = 5";my = 0,010 m.
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Bxig ' AlaAl

Puc. 5.2. Mpuknag 3HeCeHHA KoopAMHAT ANA YMOB ayauTopii 710

1) 3HaxoAMKeHHA CTOPOHM s.

. bysing 107,680 sin 85°13/29" 212683
S T Sin(B +B,) ~ sin(85913729" + 6402g'2g") T < PO%M
b,sin B, 111,990 sin 76°44'35"
v = 212,680 m

§= sin(B; + B,)  sin(72°25'27"+76°44'35")
3a ocTatoyHe npuiiMmaemo cepegHe apubmeTnyHe s=212,682 m.
2) 3Haxo4XKeHHA KyTiB @ Ta Y.
ssinBs 212,682sin52%44'20"
D 245,762
@ = 43°31'54"

y = 180° — (¢ + B5) = 180° — (43°31'54"+52044'20") = 83°43'46"
3) 3HaxoAKeHHA AMpPeKLUiNHOro KyTa Hanpamy6cm.4ta koopauHat cm.4.
(gers = Agp +7 = 45°30'52"+83943'46" = 129°14/38"

Xcra = Xg + s COoS Tocra

= 3628,769 + 212,682c0s129°14'38" = 3494,222 m
Yera = Ve +s Sin Tocr.a
= 5021,123 + 212,682sin129°14'38" = 5185,837 m
4) KOHTpO/b 064YNCNEHHA KOOpAUHAT cm.4

= 0,688757

sing =

JOVpeKLUinHuiA KyT HanpamKy 2cm.4 Ta BiACTaHb S, 3HaAemo 3a (5.6)

gerq = 225°30'52"-43°31'54" = 181°58'58"
2457625in83°4346"
Sk = T gingavaangr oM

KOHTPO/bHI 3HaYeHHA KoopauHAT cm.4 3Hanaemo 3a (5.5)

X' pa = 3800,982 + 306,944 cos181°58'58" = 3494222 m
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V.., = 5196,456 + 306,944 5in181°5858" = 5185,836 m
5) OuiHKa TOYHOCTI.

3a dopmynamu (5.7) obuncaumoms?, tam2,. Pesynbtati — B Tabn. 5.1.

Tabanyga 5.1
TPUKYTHUK 1 TPUKYTHUK 2
Mo3HayeHHs 3Ha4eHHA Mo3HayeHHs 3Ha4eHHA
By 85013'29” B 76°44'35”
£ 30°18’02” & 30°49'58”
cot B, 0,083538 cot B, 0,235597
cot & 1,711257 cot &, 1,675336
(cot B, + cot &)? 3,221288 (cot B, + cot &,)? 3,651664
(cot B; + cot &)? (cot B, + cot &,)2

+ cot?g; 6,149689 + cot? ¢, 6,458415
(mg/p)? 5,87610"° (mg/p)? 5,876-10"°
(mb/zbl)2 8,624:10° (mb/2b2)2 7,973-10”

S 45233,633124 S 45233,633124
m2, 0,000554 m2, 0,000532

M?Z = (0000554 + 0,000532)/4 = 0,000272
M., = /0,000272 + (5 - 212,682/ 206265)2 = 0,017 m

Mpu yMOBi, LLO eNeMEeHTU BUMIPIOBAINCL €/IEKTPOHHUM TaxeoMeTpoMm
(mg = 5";my, = 0,010 M), To pe3y/bTaT CNif BBAXKATU 3340BI/IbHUM.

3anuUTaHHA ANA CAMOKOHTPOIO.

1. B AKMX BMNagKax AouinbHO BUKOPUCTOBYBATU 3HECEHHA KOOPAWMHAT Ha
3emn?

Yomy noTpibHO BUMIiptOBaTM came ABi CTOPOHU b, Ta b,, a He oaHy?

AK 064MCAUTUN KYT Y NPU HEZOCTYMHIN Touuj A?

AKMM TMNOM NiHiTNO3HaYeHi BUMIpAHI [OBXUHWD, Ta b, Ha puc. 5.17
3anucatn dopmynun, 33 AKMMM BU3HAYAKOTLCA KOOPAMHATU TOYKK P.

AK BUKOHATK KOHTPO/b NPaBUIbHOCTI BU3SHAYEHHA KOOPAMHAT TOUKKU P?
3a AKkoto popmynoto Bu3Ha4YaeTbcA CKIM NoNoXKeHHA NyHKTY P?
3anucatm popmyny gna BusHadeHHa CKM obumcneHoi cTopoHu s (3
OHOro TPUKYTHUKA)?

9. Ak 0bumcnanutn M, — CKI cepeAHbOro 3Ha4YEHHA BUPAXYBaHOT AiHil s?

© N O AL
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JIABOPATOPHA POBOTA Ne6
Mpama KyToBa3aciuka

MerTa: HaBUMTUCb BU3HAYATU KOOPANHATM HEAOCTYMHOI TOUKM.

3aBAaHHA: 3 TPboX abo binbLue TOUOK 3 BiZOMUMM KOOPAMHATAMU BUMIPATH
KYTM Ha TOYKY, KA BU3HAYAETbCA, OBUMUCAUTM Ti KOOPAMHATM Ta BUKOHATU
OLLIHKY TOYHOCTI.

TeopeTuuHi BigomocTi

OpHOKpaTHa 3aciuka.B 3arasbHOMy BMMAAKY MPUB'A3KY METOAOM MPAMOI
3aCi4YKM MOXKHa 3pOBUTH, KON MiXK To4KaMKM 1i 2Hemae BuagmMmocTi (puc. 6.1). B
LUbOMY BWMMAAKy BUMIpOIOTb KyTU [, 5,32 AKMMU OBUMCAIOOTL AMPEKLnHI
KYTW NiHin 1B i 2B, BuKopucTosytoun Gopmynm

{0-’13 =a+ b 6.1)
g = Ay + B,
2 IA\ (xz :)

B

Y

Puc. 6.1. BapiaHT cxemu NpMB’A3KM NPAMOIO KYTOBOIO 3aCiUKOI0.

KOOp,ﬂ,MHaTM TOYKNM  BmorKHa OTPUMATU  TaKMUM  YUHOM. Bmpasmmo

OMPEKLIMHI KyTW NiHiT 1B i 2B yepes KOOPAMHATK KpaiHix TO4OK TOBTO:
YB—Y1 YB—Y2

tana, g = ——; tana,p = ——=

1B xXp—x1 ) 2B Xp—%x2

3BiAKM MAEMO

{YB_Y1 (xB_xl)tan A1 6.2)
Yo—yz2 = (xp—x;)tan azp
Micna BigHIMaHHA OCTaHHbOI popMynM 3 NonepesHbOi i PO3KPUTTA AYXKOK
OTPMMAEMO
Vo—y1 = xgtana,p —xytanaz —xptana,p + x,tan a,p,
3BiAKM
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Vo, — Y1 — X tana,p + xtanayp

tana,p —tana,p

3 060X YaCTUH PiBHAHHA BigHIMEMO X;i X,. OTPMMAEMO NPUPOCTU:

—y1—(x,-x1) tana A

Ax1 =Xz —x, = Y2—Yy1—\X2—X1 2B _ 4 (6.3)

tana;p—tan azp

—y1—(x,—x1) tan a Ar

szsz_x2=YZ Y1—\X2=X1 B _ 2 (6.4)
tana;p—tanasp K

Mpupoctn Ay,iAy,BusHavatoteca 3 dopmyn (6.2). KoopauHaTv LyKaHOI

TOYKM OTPUMYIOTb 3 POpMyN

x'p=x +Ax; Yy, =y + Ay
X'pg =X +Axy; Y'p =y, + Ay, (6.5)

x'g+x"p | Y'B+Y'B
=" YB= T
AKWO AMPEKUINHI RYTU @5, 0,5 6AM3bKI go 90° abo 270°, To Kpale
KopucTyBaTmca Gopmynamm
X2—=x1=(y2=y1) cotayp
Ay, = ; Ax; = Ay, cota
V1 cotayp—cotayp ’ 1 V1 1B

g — - t
x2=x1=(y2-¥1) co alB; Ax, = Ay, cot a,p

Xg =

=

(6.6)

Ayz = cotayp—cotaszp
lfeomeTpuyHi ymoBM MatoTb OyTM TakMmW, WOO KyT Yy Npu Touli, WO
BM3HauaeTbea 6ys B Mexkax 30° < y < 150°. OnTumanbHe 3HaueHHa Y = 900,
YacTKoBMIA BMNAAOK OAHOKPATHOI 3aciuku. Takuii BUNAZOK MOACHUMO Ha
NPUKNagi OAHIEl 3 HaBYaNbHUX aAyAMUTOPIN (puC. 6.2), KOJIMMIiXK ONOPHUMM
TOYKaMM CT.2i CT.9€ B3aeMHa BMAMMICTb. HeobXiAHO BM3HAUUTM KOOPAUHATK
HeLOCTYMHOT TOYKM (BiXxM)3a BIiAOMMMM KOOPAMHATAMWM TOYOK ONOPWU
(ctoBnmiB)cT.2i  CT.9%cr9, Yeral  Xcrgs Yero- B TakOMy  BUMAAKy MO/bOBI
pob0oTULLOA0 NPMB'A3KN 3BOAATLCA [0 BUMIPIOBAHHA KyTiB ;i 5.

1
Nk T 01 02
i /N Acr14
ok
o7 I
4
o6
d
. . L . 5

Puc. 6.2. Cxema npu1B’A3KM NPAMOIO KYTOBOIO 3aciyKoto (aya. 702)
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KoopanHaTh BiXM2BU3HAYalOTbCA TaKMM YMHOM. 3 TPUKYTHWMKA CT.2-2-CT.9
(3a Teopemoto cuHyciB) 3a cTopoHotoDi KyTamupf,, S, BMU3HaAYaOTb [OBXKUHU

NiHIRCT.2 =2 = a,icT.9—-2 = a,.
D sin 341 Dsin 8,

a = —>2: q, = —2— 6.7

L7 sin(B1+B2) 7 2 sin(B1+Bz) (6.7)

OVpeKUiiHi KyTu niHil cT1.2-2i cT.9-2 6yayTb OTpMMaHi 3a popmynamu:
{act‘)—z i ac‘r.‘)—c‘r.z + ﬁz (6.8)
Her2-2 = Aer2—cr9 — ﬁl

MpupocTM KoopAMHAT AiHIN CT.2-2i CT.9-2HACTYMHI:
{Axcmz—z =0a;C08q 32} AYeraz2 = A SIN Az
AXero_p = A1€0SUcr 935 AYcrg—p = A1SIN Aerg_y
KoopanHaTti TouKkM 2 6yayTb OTpUMaHi Agivi:
I . L
1)x 2 xCT.Z + AxCT.Z—Z’ y 2 yCT.Z + AyCT.Z—Z’
" — . " j—
2) X 2 xc‘r.‘) + AxCT.9—2’ y 2 yc‘r.‘) + AyCT.9—2'
Po36iKHOCTi B KOOpAMHATaxX MOXKYTb BYTUTINBKM 33 PaxyHOK 3a0KpYr/ieHb
npu 06YNUCNEHHSAX.

OCTaTO4HI KOOPANHATU TOUYKM 26y ayTh:
XI2+x"s Yi2+y"'s
x2 5 2 ) vl = 2 (6 1 0)

Mpuknag oBYUCNEeHHA KOOpPAMHAT MPAMOK  OLHOKPATHO3ACIYKOM
(3aranbHWi BMNAAOK) AaHWi B Tabn. 6.1. 3a BUXigHI BMOpaHi NyHKTM 1 Ta 2
(puc. 6.3).

Tabanuysa 6.1

BusHauyeHHA KOOPAUHAT TOYKU B NPAMOIO KYTOBOO3aCiuKOI0
Ne|No3HaueHHAO6uncneHHAN? Mo3HayeHHs O6uMCNeHHn
1 2 3 4 5 6
1 X, 14471,904 [13 X, — Xq -558,491
2 V1 4780,699 |14 Y2 — Y1 +179,099
3 X, 13913,413 (15 (y, —y,) cotayy +264,871
4 Vo 4959,798 (16 (y2 —yq1) cot ayp +1,156
5 a; 290°45'34” 17|A = x, —x; — (y, — y;) cot a,5| -823,362
6 By 158°52'15” |18|4" = x, — x; — (y, — ;) cot a, 5| -559,647
7 g 89°37'49” |19 K = cot a5 — cota,p -1,472455
8 a, 308°40'36” |20 Ay, = A/K +559,176
9 B, 85°23'20” |21 Ay, = A'lK +380,077
10 Uyp 34°03'56” 22| yp =y, + Ay; =y, + Ay, 5339,875
11| cot a,p +1,478908 |23 Ax; = Ay, cota,p +3,608
12| cot a;p +0,006453 |24 Ax, = Ay, cot a,p +562,099

25| xp = x;+ Ax; = x, + Ax, 14475,512
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Mpama 6araToKpaTHa KyToBa 3aciuka

baraToKkpaTHOI KyToBa 3aciuka byae To4i, KoAn Ha TOYKY KOOpAMHATK AKOI
BM3HAYalOTbCA BUMIpAHI Tpn Ta Oinble HanpaAmKiB. OTKe, BUHUKAOTbL
HaZ/IMLLKOBI BUMIPU, TOMY € HEODXiAHICTb BUKOHATM 3piBHOBAXKEHHA cnocobom
HaliMeHLMX KBaApaTiB.

[na BMKOHAHHA 064YMCNeHb MNOTPIOHO 3HATWU KOOPAMHATU, 0BYMCAEeHi 3
OHOKPATHOI 3aciuku, AKi HaA3MBAlOTbCA HABAMNKEHUMU X, Y, (Tabn. 6.1).
BennunHu, BUpaxyBaHi 3 BUKOPUCTAHHAM HabAMMKEHWMX KoopAMHaT Tex
Ha3nBatloTbCA HabaMKeHUMU (g, Sp;)-

Mopsafok obuncneHb € TakMMm(puc. 6.3):

1)

3a obepHeHMMW Teofe3UYHUMK 3aja4aMn 0BYMCAIOIOTL HabauKeHi
OMPEeKUINHI Ky a; Ta BiACTaHI Sy; A0 T. B;

o
‘: = "x B3 2 A— Oz ~
3 e
P-
N e
hi<e
B
~N
1 o -
RRASS =
Puc. 6.3. Mpama H6araTokpaTHa KyToBa 3aciyKa.
2) BinbHi uyneHM piBHAHb NOMPABOK 3HAXOAATbCA AK PISHULI MK

HabAMMKEHUMU  Ta  «BUMIPAHUMU»  OUPEKLIMHUMM  KyTamMu.
«BUMipAHUMM» OUPEKUINHUMM KyTamu a’; Ha3MBalOTbCA OMPEKLinHI
KyTW, BMpaxyBaHi 33 BUMIPAHMMM KyTamMM Ta  BUXiGHUMM
OUPEKLINnHUMMU.
li =ag —a;
{ai = aeuxiﬁ' (6.11)
3a dopmynamm (3.12) obuUMCNIOOTLCA BEeNAMUMHU a;, b;.Ana npamoi
3aciyku B bopmynax (3.12) 3HaKM NOTPIOHO 3MIHUTU HA MPOTUNIENKHI.
CKNafatoTbCa HOPMaAsIbHI PIBHAHHA NMONPaBoK (6.12) Ta po3B’A3yOTbCA
3a dpopmynamm (6.13)
[aa]l6x + [ab] Sy + [al]
{[ab]6x+ [bb]Sy + [bl]
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_ [bU[ab]-[al][bb] _ Dy
[aa][bb]-[ab][ab] D
[ab][al]-[aa][bl] _ Dy
[aa][bb]-[ab][ab] D

3HalgeHi nonpaBku byayTb BUPAXKeHi B AM;
5) TonpaBKM Yy «BUMIpAHi» HanpAMKW Ta X BUNpaBAeHi 3HaYeHHA

obuncntotoTbea 3a dopmynamu
{vi = al-dx + b,'(sy + li
ai = ai + vi

o

(6.13)

j~]

(6.14)

KoHTponb 3HaxoaKeHHs [vv] BUKOHYOTH 3a (3.20);

6) 3piBHOBAXKEHi 3HAYEHHA KOOpAMHAT T. B 0bumctooTbea 3a popmynamm
(3.18);

7) OuiHKa TOYHOCTi 3piBHOBAXKEHWX BE/IMUNH BUKOHYETLCA 32 hopmynamu

[vv]

my = % /—

a n-2
m

my =

(
|, e
{x_ ,
|

+ o
10/px © 10/py, (6.15)
120 RE
Px = Top1> Py = {aa]
k Mg = £ /mZ+m?

Oe n— KiNbKiCTb HAaNPAMKIB.

Mpuknag 3pisBHOBaXKeHHA NPAMOI 6araToKpaTHOI 3aciuku

MoTpibHO 3HAWTM HaMiMOBIpHiWi KoopauHat T. B (puc. 6.3), TOb6TO
BMKOHATW 3piBHOBAXKEHHA CMNOCOOOM HalMeHWWUX KBagpaTiB. BuxigHi Ta
BUMIpAHI BEIMYMHM HaBeZeHi B Tab. 6.2.

Tabanusa 6.2
BuxigHi Ta BUMipSAHI BEAMUMHKM NpAMOT BaraToKpaTHOI 3aciuku
[y HKTI KoopauHatu, m OvpekuinHi |Bumipani kytn,| «BumipaHi»
X y BUX. KYTH, a; B AVp. KyTn a’;
1 2 3 4 5 6
1 14471,904 [4780,699 [290°45'34" 158°52'15"  (89"37°'49"
2 13913,413 4959,798 (308 40 36 85 23 20 34 03 56
3 14417,150 |6290,245 (138 23 45 13507 09 273 30 54

Y BMNAgKy BUAUMOCTI MiK BUXIOHMMW MNYHKTaMKM Ha cepeaHin Toyui
BUMIPIOETbCA ABa KyTa. ToAi «BUMIPAHUMA>» OUPEKLINHWUIA KyT 3 LLET TOYKM
06YMCNIOETLCA ABA PA3K i 3@ OCTATOUHE NPUMMAETLCA cepeaHEe apudmeTUUHe.

HabnuxeHi koopamMHaTh T. B BisbMeMoO i3 0AHOKPATHOI 3aciuku (Tabn. 6.1)
Xo =14475,512; y, =5339,875.
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[NnA 3HAaXOo4KEHHSA BiIbHUX YNEHIB PiBHAHb MOMNPABOK NOTPIBHO 06UMCANTH
3HaYEHHA HabAMKEHUX ANPEKLIAHUX KyTiB (Tabn. 6.3).

Tabanusa 6.3
O6uuncneHHa HabAnKeHUX AUPeKLiMHNX KYTIB Ta Bigaanen
MyHKTH Yo Xo tan a;,
B Yi X @io
i Ay = yo—Yi Ax = xo—x; s
1 2 3 4
B 5339,875 14475,512 +154,9822616
1 4780,699 14471,904 89°37'49”
+559,176 +3,608 559,188
B 5339,875 14475,512 +0,6761745
2 4959,798 13913,413 34°03'56”
+380,077 +562,099 678,538
B 5339,875 14475,512 -16,2840547
3 6290,245 14417,150 273°30'51”
-950,370 +58,362 952,160

BinbHi uneHn piBHAHb nonpaBoK obuucnooTbea 3a dopmynamum (6.11).
Ob6uuncneHHsA HaBeaeHi B Tabn. 6.4. AMpeKUiiHi KyTU BUMMUCYIOTLCA 3 TOUHICTIO
00 MiHYT, a BiACTaHi — B KM. B KONOHUi 7 — cyma KONOHOK 4, 5, 6.

Tabnaunusa 6.4
O6umncneHHa KoedilieHTiB Ta BiIbHUX YUNEHIB PiBHAHb NONPaBOK
MyHKTU | & | S, KM a; b; l z
1 2 3 4 5 6 7
1 89°38’ 0,559 -36,90| +0,24 0| -36,66
2 3404| 0,679| -17,02| +25,16 0 +8,14
3 27331| 0,952 +21,63| +1,33 -3 +19,96
) -32,29| +26,73 -3 -8,56
MpoaosKeHHA Tabauui 6.4
MyHKTU aa ab al bb bl ll X
1 8 9 10 11 12 13 14
1 1361,61 -8,86 0 0,06 0 0| 1352,81
2 289,68| -428,22 0| 633,03 0 0| 494,49
3 467,86 28,77 -64,89 1,77 -3,99 9| 438,52
> 2119,15| -408,31 -64,89| 634,86 -3,99 9| 2285,82

PilweHHA HOpMaNbHUX PiBHAHb NONPaBOK 3a (6.13)
D, = (—3,99) - (—408,31) — (—64,89) - 634,86 = 42825;
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D, = —408,31 - (—64,89) —2119,15- (—3,99) = 34951,
D = 2119,15-634,86 — (—408,31)? = 1178647.
O6uncneHHa NONPaBOK A0 HabaMKeHUX KoopauHaT

= 22825 _ 10,036 am:
1ieey

= = +0,030 gm.
1178647

3piBHOBaXKeHi 3HaYeHHA KOOPAUHAT TOYKM B 3a (3.18)
xg = 14475512 + 0,1 - (0,036) = 14475,516m;
yp = 5339,875 + 0,1-(0,030) = 5339,878 m.
3HaxoAKeHHA NoNpPaBoOK B HANPAMKM 3a (6.15)
v, = —36,90-(0,036) + 0,24 - (0,030) + 0 = —1,32;
v, = —17,02-(0,036) + 25,16 - (0,030) + 0 = +0,14;
vy = 21,63-(0,036) + 1,33:(0,030) — 3 = —2,18;
[vv] = (—1,32)2 + 0,142 + (—2,18)2? = 6,51
KonTtponb 3a (3.20): [vv] = 9 + (—64,89) - 0,036 + (—3,99) - 0,030 = 6,54
8%~ 851 0ok = 0.5% < 2%
6,51 o= U,07 < ()
3piBHOBaXkeHi 3HAYEHHA AUPEKLIUHUX KYTiBa; = a; + V;
a; = 89°37°'49” — 13" = 89°37°47,7
a, = 34°03'56” + 0,17 = 34°03'56,1”
az = 273°3054” — 2,27 = 273°30'51,8”
3aKNOYHUM KOHTpOsieM Byae PiBHICTb BUMPABAEHUX ANPEKLiINHUX KyTiB Ta
obuYMcneHmx 3a 3piBHOBaXKEHMMW KoopauHatamu T. B. Pesynbtatv — B Tabn.
6.5.

Tabaunuysa 6.5
3aK/IlOYHUIT KOHTPO/Ib 3PIBHOBAXEHHA HANPAMKIB
MyHKTH O6u. kyTv @; | Bunp. kytma; | PisHuuA
1 2 3 4
1 89°37'47,7" | 89°37'47,7" 0
2 3403 56,1 3403 56,1 0
3 27330 51,7 27330 51,8 -0,1

OuiHKa TOYHOCTI

L85
Ma= = 3=27 7%
1178647 1178647
Dx = W= 1856,55; by = nglﬁs = 556,19.
m, = 110\/?6,55= + 0,006 m; my=ilom= +0,011 m.
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Mg = +,/0,006% + 0,0112 = 0,013 m.

3anuTaHHA ANA CAMOKOHTPOIO.

1. Hakpecnntn cxemy OAHOKpATHOI NPAMOI 3aCiyKM Ta MNO3HAYUTU
e/leMeHTH, WO BUMIPIOIOTHCA.

2. fIKy MiHiManbHy KiNbKiCTb HaNPAMKIB NOBMHHA MaTM NpAMA 3aciykKa,
o6 BoHa BBaXKanacb HaraTokpaTHoOO?

3. B AKMX mexkax Mae byTU KyT ¥ Npu Touli, WO BM3HAYAETLCA i AKe 1oro
OnTMMasibHe 3HaYeHHA?

4. Y icHY€e KOHTPONb 0BUMCNEHb B O4HOKPATHIN NpsAMil 3aciuLLi?

5. HakpecauTn cxemy 3acCi4kum, KOAM MiXK TBEPAMMM MYHKTaMM Hemae
B3aEMHOI BUANMOCTI.

6. B AKUX OAMHULUAX OTPUMYIOTBCA MNOMNPaBKUM MNPU  3PIBHOBAMKEHHI
6araTokpaTHOI 3aciukun?

7. 3a Aaxkoto Gopmynoto BU3HAYaAOTbCA NOMNPABKU Y ANPEKLiAHI KyTU?

8. AIK BUKOHATM 3aK/IIOYHNIN KOHTPO/Ib 3PIBHOBAXKEHHA?

9. HasecTtn dopmynun AnA OLiHKM TOUHOCTI.

10. Ak 06UMCANTY Barv TOUKK Bp,, p,?

JTABOPATOPHA POBOTA Ne7
3piBHOBa)KeHHA 6araToKpaTHUX3aciuOK B NPOrpamMmHOMY KOMMEKCI
Credo

MerTa: HaBuMTUCb OMNpaLboByBaTW pe3ynbTaTW BUMIPIB  3acCiYOK B
cneuianiaoBaHWX NPOrpamHUX NPOAYKTaX.

3aBpaHHA:ONPaLLOBaTM  pe3yabTaTM  BUMIpIB  HGaraToOKpaTHUX3aciyoK Ta
LWANAXOM X 3PIBHOBAXKEHHA 3HAWTM KOOPAMHATM LUYKAHWUX TOYOK. BMKOHATH
OLLIHKY TOYHOCTI.

TeopeTuuHi BigomocTi

Onuc nporpamu.flporpamHuii npoaykt Credo_Dat morke 3piBHOBaxyBaTh
abo 06uMCNOBaTU NPaKTUYHO ByAb-AKi NAaHOBi a60/Ta BUCOTHI OKpemi xoamun
Mmepexi.

IHTepdeinc cKNagaeTbca 3: MeHo, MaHeni iHCTPYMEHTIB, Ae AybntotoTbes
eleMeHTN MeHI0, PAJKa CTaHy BHU3Y eKpaHy.

Mpwn CTBOpPEHHI HOBOro nNpoeKkTy abo BIAKPUTTI iCHyto4Yoro, 3'ABAAETLCA
BiKHO, B IKOMY € A,Bi YaCTWHM: fliBa — TabanyHa; NpaBa — rpadiyHa. JliBa yacTnHa
BiKHa NPOEKTY MiCTUTb TaKi 3aKNaKu:

38



- TNyHKmu BO — 3a8at0TbCA KOOPAMHATU Ta BUCOTU BUXIAHUX NYHKTIB, iX
TUN, MOXHA NepernaaaTv pesynbTaTu 3piBHOBAXKEHb;

- JlupekuiliHi Kymu — 3a4at0TbCA BUXIAHI AUPEKLINHI KyTU Ta iX TOUHICTb;

- BumiptosaHHAa — 33apaetbcA TUN 3HimaHHA (MBO, TaxeomeTpia) Ta
OMUCYETLCA CTAHLIA CTOSHHA Npuaagy (BepxHa Tabnauua), uini Ha aki
BMKOHYIOTb Bi3yBaHHA (HUXHA TabauusA);

- Teo0onimHi xo0u — y BEPXHiN TabAULi ONUCYETLCA: HOMEP XO4Y, METOZ,
BM3HAYEHHA MiHIM (NOXWAi, TOPU3OHTaNbHI NPOKNALEHHA) Knacu
TOYHOCTI B MNAaHi Ta MO BWCOTI, METEOYMOBWU; Y HWXKHIIN Tabauui
ONUCYIOTbCA BUMIpPU Y XOZax: Ha3BM (HOMepa) TOYOK, FOPU3OHTANbHI
KYTW, BiAgcTaHi i T.4.;

- HieenipHi x00u — y BepxHili TabauLi: HOmep Xo4y Ta Knac TOYHOCTI; Y
HUXKHIN: Ha3BM (HOMEpa) TOYOK, BifACTaHi MK HUMM, NEpeBULLEHHA i
T.4.;

- TonozpagiyHi 06’°ekmu — BUOMPAETBCA TX TUMN: TOYKOBI UM NiHilHI; €
MOX/MBICTb  NPUEAHAHHA KnacuodikaTopa 330BHI abo BubpaTh
iCHYHOUMIA.

Mepepn noyatkom poboTu 3 Credo_Dat NOTPiGHO HaNaLLTYBATH TaKi 3arasibHi

napameTpu: cMcTeMa KOOPAMHAT Ta NPOeKLiA, CUCTEMA BUCOT, HAaNALLTYBaHHSA.
[na Bnbopy cucTem KoopAMHaT, BUCOT, NPOEKLii NOTPibHO BMBPATH B MEHIO
«YcmaHosku/Cucmembl KOOPOUHAM> i 3aULLUTU 32 3aMOBYYBAHHAM; Te XK AnA
CUCTEM BMUCOT.

3alTM B MeHI «YcmaHo8Ku/Hacmpoliku». 3’'ABUTbCA BIKHO i3 TaKMMM
3aKNagKamMun: KOpuCTyBay (BiZOMCTBO, Opradisaif); OAWHULI BUMIpIHOBaHHA
(KyTOBI, niHiMHI, TemnepaTypa, TWUCK); TOYHICTb (KyTW, BigcTaHi, abcontoTHi
BIOMITKM, KOOPAWMHATM, MEPeBWULLEHHA, BUCOTU HaBeAEHHA Ta iHCTPYMEHTY);
3arasibHi Ta BUA, TOHOK.

Mpu 3piBHOBAXKEHHI3aCIHOK AN1A iX onucy NoTpibHO BUKOPMUCTOBYBATU NnLLe

ABi 3aKknagku: lyHkmu MBO Ta Bumipto8aHHA.

MopAagoK po6oTu npu 3piBHOBaXKeHHi 06epHeHOI 3aciuku

1. Bigkputn Credo_Dat Ta CTBOPUTU HOBUM NpPoeKT
«@atin/Co30ame/lMpoekm» (Ctrl+N).

2. B 3aknagui lyHKkmu [1BO BBeCTM HA3BM Ta KOOPAMHATU BUXiOHUX
NYyHKTIB (Nepexia MiX KAaiTMHKamu —Enter) i 3agatym X Tmn —
«UMcxo0HbIl» .

3. TepeliTM Ha 3aKkNagKy BumiprosaHHA, fe y BepxHin Tabauui BKasaTu
Ha3BYy TOYKWM, KOOPAMHATM SKOI BM3HAYAlOTbCA. Y HUNKHIA Tabauui
BKA3aTM Ha3BM TOYOK Bi3yBaHHA Ta Bignikm 3 K abo npueepeHi
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HanpAMKX 3 MO/MbOBOrO KypHany. [loyaTKOBMIM Hanpam MOXKHA
BBOAMTM /iMLLE OAMH pa3 (6e3 3aMMKaHHA ropusoHTy). B rpadi «Knacc
(XY)» BKasaTu Knac (po3paa) BUMIpiB.

4. BuKoOHaTH nonepesHe onpautoBaHHA -
«Pacyemeli/lpedobpabomka/Pacuem» (Cirl+1) abo HATUCHYTM Ha

naHeni iHCTPymeHTiB | l. 3’ABUTbCA NOBIJOM/IEHHA NPO Te, uu
3bepertu AaHui npoekT. MoTpibHo 36epertv NPOeKT HasBaBsWK MOro
NATUHCBKMMKU  niTepamn  baxkaHo 6e3  npobinie Ta anoctpoodis
(po3wmpeHHs danny npoekty *.gds).

5. BwuKoHath Ly-aHani3 - «Pacqubl/AHanma/L1—aHa/w|3» abo HaTUCHYTU Ha

naHeni iHCprmeHTiB.L:.. MocnigosHo byae BMAAHO ABa NOBILOMIEHHSA
Npo BiACYTHICTb YM HAABHICTb rpybMX MOMWAOK BUMIpIB (CNoYaTKy
NNaHOBMUX, MOTIM — BWUCOTHWUX). [pM HAABHOCTI rPybMX MNOMMAOK
NAaHOBMX BUMIPIOBaHb HEOOXigHO LWe pa3 peTeNbHO MepeBipuUTy
HOMepa TOYOK Bi3yBaHHA, NOCNIAOBHICTb Bi3yBaHHA Ta Bignikum 3 TK
(npuBeeHi HanpPAMKM).

6. [lpoBecTn 3piBHOBaXKEHHA — «Pacqubl/y_paB_HMBaHme/PaCLleT» (Ctrl+2)

abo HaATUCHYTW Ha MaHeni iHCTPYMEeHTIB | 5| B rpadiyHoMy BiKHi Mae
3'ABUTUCA Cxema, e 300paXKylTbCA: BUXiAHI MNYHKTM (TOYKa B
TPUKYTHUKY), NYHKT(M), LLO BU3HAYAOTLCA (TOYKA B KOAI), HOMEpa TOHOK
Ta enincM NOMWAOK, AKi XapaKTepusyloTb TOYHICTb MJAaHOBOrO
NOJIOXKEHHA MYHKTIB, WO BU3HaYyaloTbeA i € aHanorom CKI nnaHosoro
NOMIOXKEHHA TOYKM. MONOXKEHHA eninciB NOMUIOK 3a4a€ETbCA TaKMMU
napameTpamu: BesIMKaA NiBBiCb, Mana NiBBiCb, AUPEKLINHUIA KYT BEMKOI
niBoci.
[na 3pyyHoro BifobpaxkeHHA NiANMCIB Ta CAaMUX TOYOK Y rpadiuyHOMY BiKHI
MOXHa nigibpatm macwmab 3HIMaHHA B MeHwo «/aHHbie/Ceolicmea
npoekma»B 3aKknagui «Kapmoyka npoekma».

NopaaoK po6oTu Npu 3piBHOBaXKEHHI NPAMOI 3aCiukun

1. BuKoHaTM N. 1 Ta 2, AKi € TAKMMMU, AK i aNA 0bepHEHOI 3aCiuKkK;

2. [MepelT Ha 3aKNagKy BumiprosaHHsA, pe y BEpXHi Tabauui BKasatu
Ha3BM BMXiOHUX TOYOK (CTaHUiM), Je BCTAaHOBAIOBA/AUCL npuaagu. Y
HUXHIM Tabnuui NocNigoBHO A8 KOMHOI i3 CTaHUiA BKa3aTW Ha3Bu
TOYOK Bi3yBaHHA Ta Bigniku 3 [K abo npuBeaeHi HaNpPAMKK 3 NOJILOBOIO
KypHany. Mo4yaTKoBUI HAMPAM MOXKHa BBOAMTU /MLLE OAMH pa3 (6es
3aMMKaHHA ropusoHTy). B rpadi «Kaacc (XY)» BKasatu Knac (po3psn)
BUMIpiB.
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3.

BuKoHaTW Nn. 4, 5, 6 4na 06epHEHOT 3aciuKM.

[o 3axucTy poboTn noTpibHO po3apyKyBaTW i NPeacTaBUTK TaKi BiZOMOCTI
(meHto «BegomocTu») ANA KOXKHOI 3aCiUKM OKpemo:

Bipomictb KoopauHar;
BifgomicTb OLiHKM TOYHOCTI MONOMKEHHA NYHKTIB.

3anuUTaHHA ANA CAMOKOHTPOIO.

1.
2.

Aki 3aknagkm B Credo_Dat BUKOPUCTOBYIOTLCA ANA BBEAEHHA AaHUX?
Lo noTtpibHo BMBpatn B rpadi «Tun XY» nNpu BBEAEHHI BUXIAHWX
KoopAnHaT?

B AKit Tabauui (BepXHIM UM HWNKHINM) B 3aKnagui BumiptosaHHA
BBOAMUTLCA KNac (po3paa) TOHHOCTI?

AKMMKM  napameTpamn  33[3€TbCA  €NiNC  NOMUAOK  NAAHOBMUX
BUMIiptOBaHb?

B AkKilh mocnigoBHOCTI BMKOHYETbCSA 3PiBHOBAXXEHHA NiciA BBeAEHHA
LaHux?

AK 3MIHUTM TOYHICTb BiLOBPAXKEHHS BEIMUYNH, HANPUKNAL, KYyTOBUX?
Yum BiAPI3HAETbCA NOPALOK BBEAEHHA AAHUX O1A NPAMOI 3aCiuku B
NnopiBHAHHI 3 06epHeHo0?

PekomeHaoBaHa nitepatypa

IHCTpyKLiA 3 TonorpadiyHoro 3HimaHHA y macwTabax 1:5000, 1:2000,
1:1000 1a 1:500 (TKHTA-2.04-02-98). — K., 1999.

OcTtpoBcbkuii AJ1. Ta iH. leopesia, yactuHa ll. MigpyyHuK, /lbsis, 2007.
—-508c.

Moknag, I.l. Teopesua: yyebHoe nocobue ansa sysos / [.I. MNMoknag,
C.MN. FpugHes. — M.: Akagemunuecknin MNpoekrt, 2007. — 592 c.
CenuxaHosuy B.l., Kosnos B.M./lornHosa T.M. [Ipaktukym no
reogesunn. YyebHoe nocobue, 2-e usgaHue crepeotmnHoe. M.,000
nAa " AnbaHc",2006 r. — 382 c.

CenunxaHosuu B.T. 3apauHuk no reogesuun. Yacto Il. U3a. reoaes. n-pol.
- M., 1962. - 272 c.

CREDO_DAT 3.1. MNpaktuueckoe nocobue. HMNO «Kpepo-Auanor». -
MuHck, 2006.
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JOAATKU

Oopatok 1
BapiaHTh 3aBgaHb ANA 06epHEHOI KYyTOBOI 3aCiuku

1.1. AyguTopia 701

Crosnu Bixu (TBEPAI NYHKTM)
1 3a 4 5 2
2 3 4 5 2
3 3 3a 5 1
4 3 4 5 1
5 3 4 5 2
6 3a 4 5 1
7 3 4 5 1
8 3 4 5 1
9 3 4 5 1

MpumiTtka: gna cr.10-14 iCHYIOTb HecnpuATAMBI YMOBW 3a BiACTaHAMM Ta

KOH®Iirypaujieto 3acivku.

1.2. Aypgutopia 702

Crosnu Bixu (TBEpAi NYHKTH)
1 1 2 4 5
2 8 2 4 5
3 7 1 4 5
4 6 1 4 5
5 6 2 4 5
6 6 8 2 4
7 6 8 2 4
8 6 8 2 4
12 5 6 8 2
13 5 6 8 1
14 5 6 7 2

Mpumitka: gna cr.9-11 iCHYIOTb HEeCnPUATAUBI YMOBM 32 BiACTAHAMM Ta

KOH®Irypauji€eto 3acivku.

1.3. Ayautopia 707

Crosnu Bixu (TBEpPAi NYHKTW)
1 3 4 5 7
2 3 5 6 7
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1.4. AypguTopia 708

Crosnu Bixu (TBEpPAi NYHKTW)
1 3 4 5 1
2 5 2 1 3
3 3 4 6 1
4 4 5 6 1
5 4 5 2 1
6 8 5 2 1
7 8 5 6 1
8 3 8 4 6
9 3 8 4 5
10 7 4 5 6
11 7 8 4 5
12 1 3 8 5
13 1 3 4 5
14 1 7 4 5
1.5. AyguTopia 710
Crosnu Bixu (TBEpPAi NYHKTW)
1 6 1 2 4
2 la 2 4
3 1a 2 3 4
4 5 1 3 4
5 5 1a 2 3
6 5 6 1 3
7 5 la 2 3
8 5 6 1 2
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9 5 6 1 2

10 5 6 la 2

11 5 6 1 2

12 4 5 6 1

13 4 5 6 1
Aoaatok 2

BapiaHTu 3aBgaHb ANA NoABiiiHOT 3aaaui FaH3eHa

2.1. Aygutopis 701

Crosnu Bixu (TBEpAi NYHKTH)
1 3 5 3a 5
6 8 11 3 5
4 10 7 3a 5
2 12 7 3 5
3a N Fiiy TBx :
Sy SaLIoRaTbRe
Vad oy, \
Ol EWec oy [\ @cr.14
MR @ A
1
0]
© A
er.10 2
Q@ @ @ Q Q @
cr.1 cT.4 cr.7 cT.9

T T

Puc. A1 Mpuknad cxemu 0o nodeiliHoi 3adaui laH3eHa (ayd. 701)

2.2. Aypgutopisa 702

Crosnu Bixu (TBEpAi NYHKTW)
1 3 5 1 4
4 6 8 1 4
9 11 13 6 2
4 14 7 7 2
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2.3. Aypgutopisa 707

Crosnu Bixu (TBEpPAi NYHKTW)
1 3 5 3 5
6 8 10 5 7
2 11 7 4 6
10 12 14 1 3
4 13 9 4 6

2.4. Ayputopisa 708

Crosnu Bixu (TBEpPAi NYHKTW)
13 1 14 4 5
2 12 3 4 5
10 4 11 4 5
8 5 9 4 5
6 10 7 4 5

2.5. Aypgutopia 710

Crosnu Bixu (TBEPAi NYHKTW)
1 3 5 la 2
8 6 10 1 2
9 11 13 5 6
4 12 7 6 1

Aoaatok 3

BapiaHTV 3aBAaHb ANA 3HECEHHA KOOPAUHAT Ha 3emM/It0

3.1. Aygutopis 701

Crosnu Bixu (TBEpPAi NYHKTW)
10 1 14 3 5
11 2 13 3 5
9 3 12 3a 5
12 4 13 3a 5

MpumiTKa: B Lt Ta HACTYNMHMX Tabanuax A0A4aTKY 3 cepefHii CTOBM — MyHKT
3HECEeHHA; NepLUa Bixa — BUXiAHWI NYHKT 3 AKOro 3HOCATLCA (puc. [2).
3.2. Aygutopisa 702

Crosnu Bixu (TBEpPAi NYHKTW)
9 1 12 1 4
10 2 11 1 4
4 14 6 6 2
5 13 7 2 5

45



i i
Puc. A12 MNMpuknad cxe

: Bxig, =A1 A2
N\~ ©
I\ cr.13
8
A 1\ .
A o)
7 . 4
AN
6 o \
© 0 0 O o} o} \
ct.l CT.5 cr.7 %

3.3. Ayagutopisa 707

1
MU 3HeceHHA KoopOuHam 8 ayod. 702

Crosnu Bixu (TBEpAi NYHKTN)
8 14 3 5 1
2 13 4 5 1
5 12 7 5 1
1 11 6 5 1
3.4. Aypgutopisa 708
CroBnu Bixu (TBEpAi NYHKTH)
13 1 14 4 5
2 12 3 3 4
9 4 10 6 4
10 5 11 8 6
3.5. Aygutopia 710
Crosnu Bixu (TBEpAi NYHKTH)
7 13 8 1 4
5 12 6 1 5
3 11 4 1 3
1 10 2 1 3
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JopaTok 4

4.1. Aypgutopis 701

BapiaHTu 3aBgaHb AN1A NPAMOI KYTOBOI 3aCiUKu

CroBnu (TBEPAi NYHKTW) Bixa
7 14 8 3
5 13 6 3a
3 12 4 4
1 11 2 4

4.2. Ayputopisa 702

MpumiTKa: B Tabanuax foaaTky 4 cepeHii cTOBN NOBMHEH MAaTW BUAUMICTb Ha
OBa KpawHix (gus. puc A3).

CroBnu (TBEPAi NYHKTW) Bixa
6 14 7 8
4 13 5 1
2 12 3 1
1 11 2 1
4.3. Aypgutopisa 707
CroBnu (TBEPAi NYHKTW) Bixa
8 14 9 5
6 13 7 5
4 12 5 6
2 1 3 7
o3 o4 o5 ©6 /O 7
e
P |
7
4 A\
o cr.11
5 : A A A A
——Ol cr.2ct.3

Puc. 413 Mpuknad cxemu npamoi Kymoesoi 3aciyku e ayo. 707
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4.4. Ayputopisa 708

CroBnu (TBEPAi NYHKTW) Bixa
13 1 14 4
2 10 3 5
11 5 12 8
8 4 9 6
6 14 7 8

4.5. Ayputopia 710

CroBnu (TBEPAi NYHKTW) Bixa
7 13 8 1
5 12 6 6
3 11 4 la
1 10 2 2
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