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3arajibHi M0J10;KeHHS

[Tix yac BUBUEHHS TUCIUTLIIHU «MartemaTiuaHe 00pOOJICHHS Te01e3NIHIX
BHUMIpiB» CTYJICHTH BHUKOHYIOTh KOHTPOJIbHI 3aBIaHHS, CKJIAJalOTh 3K Ta
ICIIUTH.

KoHTponbHI  3aBAaHHS  CTYJACHTH BHUKOHYIOTh  TICISI  BHBYCHHS
TEOPETUYHOTO Marepiany, po300py HaBEJACHHMX MPHUKIAIIB 1 BIATOBIACH Ha
KOHTPOJIbHI 3aIlTMTaHHS.

3amaui  po3B’sA3yl0Th 3 3actocyBaHHsM EOM Ta iHmmX 3aco0iB
00YHCIIOBAJIbHOI TEXHIKH.

Jlo ckmamy KOHTPOJIbHOI POOOTH I CTYACHTIB 3a0YHOTO BIIUICHHS
BXOJISTH 3aBJaHHA 0, 7.

Tputinami nosnauenms
T1,T5,...,Ti— ICTUHHI 3HAYECHHS HEOOX1THUX HEBIJJOMUX MapaMeTpiB;

th ,tg ,..,.'[S — HaOJVOKCHHI 3HaYEHHS mapaMeTpiB 71}

ty, b,..., t, — BUpIBHSIHI 3HAUYCHHS MMApaMETPIB;

T1, T2, ...,Tk — IMOMPABKH J0 HAOIMKCHUX 3HaYEHb MTapaMeTPiB;
X1, Xo, ..., X, — ICTUHHI 3HAYCHHS BUMIPSHUX BEJIMYUH,

X1, X2, ..., Xn — PE3YJBTATU BUMIPIB;

X1y X9,..., Xy — BUPIBHSHI 3HAUCHHSI BUMIPSIHUX BEJINYMH;

l1, Io,..., Iy — BiIbHI WIEHHU PIBHSIHB ITOIPABOK;
L1, Lo,...,Ln — mepeTBOpeHi BiIbHI WIEHN HOPMAJIbHUX PIBHSIHb;

aij — Koe(ilieHTH PiBHIHB MOMPABOK;
Nij — Koe(iLI€eHTH HOPMAJIBHUX PIBHSHb;
Vi, Vo, ..., Vn — IIONPABKY /10 BUMIPSIHUX 3HAYEHb X;.



1. MOPAJOK BUPIBHIOBAHHSA TAPAMETPUYHUM CIIOCOBOM

3ajauy BUPIBHIOBAaHHS T'€OJIE3UYHUX BHUMIPIB TUIAHOBUX 1 BHCOTHHUX
MEpEeX MapaMeTpUYHUM CIIOCOOOM pO3B’SA3YIOTh B TaKii MOCI1JOBHOCTI:

1. CknamaoTh cxeMy Mepexi. BUMHMCYIOTh BHXIJIHI JaHl Ta BHUMIpSIHI
BEITUYMHM.

2. BuMipsiHi BEJTUYUHU X1, X2, ..., X, BHPAXalTh Y TaKUX OJUHHUIIIX
GIBUYHUX BEWYWH, 00 3HAYCHHS CEPEIHIX KBAAPATUYHUX TIOXHOOK mM;
BEJIMYMH X; OyJIM MO MOKJIUBOCTI OJU3BKUMHU J0 OJUHUIII.

Hanpuxnao, niHiliHI BUMIPU BUPAXKAIOTh y JEUMETPax, CaHTUMETpax abo
B MUTIMETpax, KyTOBI — B CEKyHaX, Pijlie — Y MIHyTaxX.

3. Bubuparots HeoOXiaH1 HeBimoMi mapameTpu 71,75,...,Tx Tak, mo0 BOHU
Oynu HE3aJIeKHUMH MK CO0000, a MmapaMeTpuyHl PIBHSHHS MOMPAaBOK Malld
HaWIpOCTIIIMKA BUIIISLA. Y BHCOTHHUX Mepexax IapamMeTpaMu HailyacTilie
BUOWpalOTh BHCOTU H, y TmaHoBUX — KkoopauHaTH X Ta Y TOYOK, IO
BHU3HAYaIOThCA. Piamie mapaMmerpamMu BUOMpPArOTh AESKI 3 BUMIPSHUX KYTIB 1

IICPCBUIIICHD.

4. BusnayaroTe HaONMKEHI 3HAYEHHS IapaMeTpiB tlo ,tg,..,.tE . Tax,

. 0_ 40 . 0_ 0.
HaOIMKeHI 3HaueHHs mno3Hadok Towok ty = Hi i koopmumar ti = Xj';

0 0 . . . . . .
tii1 =Y; o00uMCIIOIOTh BiJ HAWOIMKUMX BUXIJHUX IYHKTIB 4epe3 BUMIpSHI
nepeBuIeHHsT abo MUpeKIiiHl KyTh 1 jiHil. Skmo 3a mapamerpu BUOpaHi

. . . 0 ..
BUMIPsIHI BEJIMYMHH, TO 3a HaOJIW>KeHi 3HadeHHs ;' GepyTh pe3ysnbTaTi BUMIpIB.
. . .40
Ipumimka. Habmwkeni 3Ha4eHHs napamerpis ti' BuOmparots Tak, moo

BOHH OyJIM 10 MO>KJIMBOCTI HAWOLIBII ONMU3BKUMHU /10 1X BipOTifHUX 3Ha4eHb 1 .

5. CklagaroTh nmapaMeTpuyHi pIBHSIHHS 3B 43Ky. i1 LbOTO BCl BUMIpPSHI
BEITMYMHU BUPAXKAIOTH Y BUTIISAII (DYyHKITIH

Xi = fi (Tl’TZ""’Tk)’

-

60 )_(i =X +V; = fi(tl’tZ""’tk)’ |=1,n, (1)
Jie Vi — TIOTIpaBKa 13 3piBHIOBAHHS JI0 BUMIPSIHUX BEJINYUH;
X. — 3pIBHSIHE 3HAYEHHS BUMIPSIHOI BEJIMYUHHU:

ti — BUpIBHSIHE 3HAUCHHS MMapaMeTPiB.



6. CxkianaroTh HapaMeTpUUH1 PIBHSIHHS MOMPABOK Y BUTJIAII
Vi = @171 + 82Ty +...+ &y Ty +1;, (2)
ne ajj = (OX; / ot j )o — YacTKOBIi HOXinHi, B3sTi 3 piBHsHHS (1) 32 BUPIBHAHHMH
3HAYCHHSIMHU IMapaMeTpiB, ajie BUpaxyBaHi IPH iX HAOIMKEHUX 3HAUCHHSX.

BiipHuM dieH

= £t 5 0) - % ®)

7. CxmamaroTh BaroBy (QYHKINIO JUIsi eneMeHTa (abo 1 KITbKOX
€JIEMEHTIB) MEpeki, TOUHICTh SKOTO 3a YMOBOKO 3a/iadl CJIiJI BU3HAYUTH.
O1uiHIOBaHy BaroBy (PyHKIIIF0 BUPAXKAIOTh y JIIHIHHOMY BUTJISIIIL:

F= f0+ f1T1+ f2T2 +...+ fka, (4)
ne f; =(0F/0tj)g — wacTkoBi moXimHi BiA BHXiZHOTO PIBHSHHS 3B’A3KY
(BaroBoi (yHKIIIT).

8. OO6uYHCIIOITH Bard BUMIPIB 32 OJIHIEI0 3 GOPMYIT
C . C C n

—: P=—; P=—; P=—, 5
m? 'L "N, ' ¢c ©)

e ¢ — TOCTIMHMI KOoe(Iie€HT, JOBUIBHO NPUUHATHI Tak, 100 Baru Oyiu

Pi:

OJIM3bKUMHU 10 OJJUHMIII;
L; — moBxuHa;
n — 9ucio BUuMipsHux BeauduH N abo nmpuiiomis .

9. O6uncnioTh KOEPIIIEHTH HOPMAIbHUX piBHAHB. [[ms 3pydHOCTI
OoOYUCIIeHHS Yy TaOauIll KOoeIIlieHTIB piBHSIHB MOMPABOK 200 Ha MPOrpaMyrOdHX
KaJIbKYJIATOPAX.

3peIITO0 OEPKYIOTh CUCTEMY K HOPMaJIbHHMX PiBHSHB, SKIIO K HEBiTOMI
JUTSl PIBHOTOYHUX 200 HEPIBHOTOYHUX BUMIPIB.

10. Po3B’s3y10Th CHCTEMY HOPMAJILHUX PIBHSIHBb OYJIb-SIKUM 13 BIJIOMUX
crioco0iB 1 OJIEPXKYIOTh MOMPaBKH Ti, T2, ..., Tk J0 HAOJMKEHHX 3HAYCHb
napaMeTpiB. 3a YMOBOIO 3a/ladi BOJHOYAC OOUYHUCIIOIOTH BaroBi koedimieHTu Qjj
1 3BOPOTHY BaroBy (pyHkIIito 1/Pk.

11. 3a dQopmynoro (2) OOUYMUCTIOIOTH TOMPABKUA Vi JO BUMIPSIHUX
BCJTUYHH.

12. BupiBHAHI 3Ha4YeHHA BUMIPSHMX BEJIWYMH X; 3a HEBLIOMHUX

napameTpiB lj BUpaxoByIOTh 3a opMyIamMu



)_(i = Xi + Vi ; (6)

ti = tlo + Tj. (7)
13. 3a dopmynoro (1) KOHTPOIIOIOTH BCl BUPIBHSIHI 3HAYEHHST BUMIPIB.
14. BuKOHYIOTH OLIIHKY TOYHOCTI. BogHOYac 00UNCHIOIOTS:

a) M — CepellHI0 KBaJPaTUYHY (C.K.) MOXUOKY Oe3MocepeHboro BUMIPY
abo | — C.K. MOXUOKY OJAMHMIII Bard MpH HEPIBHOTOUHUX BUMipax 1 X MOXHOKH

2

m :J—rEV_]k; ©)
2

w2 ©

il S - (10)

ek T2k

0) M;j — c.k. NOXUOKY BUPIBHAHUX HEBIIOMUX (TIapaMeTpiB):

Mm 1 M, 3a hopmynamu

IIpU PIBHOTOYHHUX BUMIpax

Mg =myQ; =m/{/Ry; (11)
IIpU HEPIBHOTOYHHUX BUMIpax

Mg =1y Qii =n/ /Ry (12)

B) Mg — c.K. N0XUOKY (PyHKII/ BUPIBHAHUX €JIEMEHTIB

IpY PIBHOTOYHHUX BUMIpax

mg =m//Ps; (13)

IIPY HEPIBHOTOYHHUX BUMIpax

m=p/Pe; (14)

') JUIsl BACOTHHX MEPEX C.K. MOXMOOK Ha OAMHUIIO BEIMYUHU (KM, M)

mzu/\/E, (15)

ne C — nocriiiHa, IpuitHATa Ipu 00YKCIIEH] Bard BUMIpIB.



2. TAPAMETPUYHI PIBHAHHSA IIOITPABOK.
HOPMAUJIBHI PIBHAHHSA

3aoaua 1. JInsa HiBemipHOT Mepexi, 300pakeHoi Ha puc. [[.1 HeoOximHo:

1) BHM3HAYMTH, YOMY JOPIBHIOE YHCIIO HEOOXITHHUX 1 HAIIUIIKOBHX
BUMIpIB;

2) BCTaHOBUTH YHCJIO HEBIJOMHX IapaMeTPiB 1 BUSHAYUTH iX HAOJMKEHI
3HaueHHs. BuxinHi qaHi HaBeaeHo B Tab. 1:

Tabnuysl
Buxinni xaumi
Howmep Hgp, M h, mm | xkm
op.
1 100,000 +1110 3,1
2 107,520 +2068 2,5
3 103,070 -0120 1,8
4 +0080 2,9
5 02170 2,6
6 -4266 4,8

3) ckJIacTH mapaMeTPUYHI PiBHSIHHS 3B S3KY;

4) ckacTy apaMeTPUYHI PiBHSHHS TOMPABOK;

5) 00YKCIUTH Bark BUMIPIB.

Po3¢’azanna. 1. KinbkicTh HEOOXIIHMX BUMIPSHUX BEJIUYHMH JOPIBHIOE
KUIBKOCTI BHMCOT BY3JIOBHX TOYOK, IO BH3HAYAIOThCA. TOMY MpU TPbHOX
By3/10BUX Toukax K = 3. Bchoro BukoHano 6 BuMmipiB (n = 6), Toai KiIBKICT
HAITMIITKOBUX BUMIpiBF =n—k= =6-3 =3,

2. BumipsHi niepeBUIIICHHS B HIBEIIPHIN Mepexki BUPa3UMO Yepe3 BUCOTH
(mo3Hauku) To4oK. Toal HEBIJOMHMH MapamMeTpamMu OyayTh MO3HAYKH TPHOX
BY3JIOBUX TOYOK 11, t 1 t3 (a00 k = 3). Kpim Toro, BoHH OyayTh HE3aICKHUMHU

oznHa Big ofHiel. BigmosinHo 1o (7) 4 = tlo +711, th = tg +1,, l3= tg +13.

HaGmmkeni 3HayeHHS MO3HAYOK BY3JIOBUX TOYOK OOYHUCIMMO 4Yepe3
BHUMIPSHI IIEPEBUIIICHHS Bl HAMOIMKUNX BUXITHUX penepiB. Toi:

tp = Hpgy +hy =100,000 +1,110 =101,110 u;
t3 = Hpgps — g =103,070 —(~0,120) =103,190 u;



t3 = Hpp + g =107,5200 — 4,266 =103,254 u.

3. Bupasumo BHpIBHSAHI 3HAUYEHHS MEPEBUIICHb Yepe3 BUPIBHSIHI BUCOTHU
penepiB. s mepeBumiens h; i hy ogep:kumo ﬁl =t - HRpl; Flz =t, -4
1 T.A0. Y 3aragbHOMY BHUIAJKY KUIBKICTb PIBHSHB 3B’SI3KY JTOPIBHIOE KIJTBKOCTI
BUMIPSIHUX BEJTUYUH.

4. IMapameTpuyHi pIBHAHHS MOMPABOK MPHU TPhOX Mapamerpax 3TiTHO 3
dbopmyioro (2) MoKHA 3amMcaTH TakK:

Vi :ai17:1+ai212 +ai3T3+|i. (16)

J1Ji epiIoro i Ipyroro piBHSAHB 3B 3Ky Ma€MO TaKl 4aCTKOBI MOX1HI:

0 0 0

a21 = (%] = —1, a22 = [%j = +1, a23 — (%j - O
A )y A )y A o

3a ¢gopmynorw (3) oOYMCAMMO BUIBHI WICHH NapaMETPUYHUX PIBHIHB
HOTPABOK:

l = (tY —Hppg) — Iy =101,110 ~100,000 ~1110 =0 anw;
l, = (t —t)—h, =103,190 —101,110 — 2,068 = +12 mm.

BinbHI 4iieHn BHpakaloTh Yy MUTIMETpax, MO0 C.K. MOXUOKH BUpAKAIH
(hakTUYHY TOUHICTH HIBEJIFOBAHHS 1 BOAHOYAC OYJIM OJIU3bKUMU JIO0 OJIMHHUIII.

Tonmi mapameTpuyHi pIBHSHHS TIONPABOK JJis TEPUIOTO 1 JPyroro
BUMIPSTHUX TEPEBUIICHB TSI OTPUMAaHMX 3HA4YeHb ajj i HaOyyTh BUTIISATY

Vi =Ty, Vo =—T1+7T,+12.

5. OcKiIbKY BiJIOM1 JOBKUHU XOJ11B, BAT'M MOXHA OKUCIIUTH 32 (POPMYIIOIO
P =c/L;. pu 1,8<L <4,8 3pyuno npuitnsru c = 3.

Toni P =c/L; =097; P, =120 irx.

3aBaanns 10 3agagi 1: Po3s’sa3aty m.o. 3-5 3amauil 1 U1 BCIX €J1€MEHTIB
HiBemipHOi Mepexi. Jlo cix BuMmipsHux mepesuineHb hi momatu + N MM, a 10
noBxuH xoniB poxatu + 0,1N kM, ne N — HOMep BapiaHTa 3riHO 3 MKUGPOM

3aJIIKOBOI KHVD)KKHU CTYJICHTA.
[1, c. 74-195; 2, c.136-142; 3,c. 106-147; 7,c.235-242]



3adaua 2. Cxnactu napaMeTpyUyHl PIBHSHHS MOIMPABOK JJISI CTOPOHU Sio,
JUpPEeKIiiHOro Kyra O4p Kyta P4 1 HampsmkiB Njp, ta Npo, wmepexi
Tpianrysimii (auB. puc. /. 2).

Po3é’azannn. lllykanHuMu HEBIIOMUMH B MEPEXK1 TPIaHTYJISIIT (UB. pUC.
. 2) € xoopauHaTH x Ta y Tpbhox myHKTIB [-3. Tozai HeBimomMux mapamerpiB
oyne wictb: Ty =Xq; To=VYo; T3 =X3; Ty =VYo: Ts=X3; Tg=Ys.

PiBHsHHS TmOmpaBOK CcKIanaiTh 3a Gopmyrnow (2). IlompaBku g0
HAOJMMKEHUX 3HaYEHb apaMeTPiB BUPAKAIOTh Yyepe3 MOMPaBKU 10 HAOIMKEHUX
3HAYEHb KOOPAMHAT IIYKAHUX IYHKTiB: Ty =0X{; Tp =0Y1; T3 =O0Xy;
T4 =0Yo; Tg =O0X3; Tg = OYa.

JUist oOurcneHHs BUIBHUX YIEHIB MapaMEeTPUYHUX PIBHAHb IONPABOK
BU3HAYMMO HAOJIMKEH1 3HAUCHHSA MapaMeTpiB. 3a PI3HUIICI0 BUMIPSIHUX 3HAYCHD
Hanpsmkis Bupaxyemo kytu B; = Ngy — Ngg =35°32'18"; g =31°21'48";
Bg =102°11'30"; By, =101°25'20".

Bin BuxigHOT CTOpOHU Spg 0OUHMCIMMO CTOPOHH:

Sps = Sas ML _500,000. 5301218 _ 597 330 u;
sin9 sin102°11'30"

S pp = S pg SM2 _ 5g7 330, SIN10L 25207 _ g g5
sin6 sin31°21'48"

JupekuiiiHi KyTd CTOpPiH

OLpp = 0L ag +Bg + By = 0°00'00” +89°29'24" = 89°29'24"

Oz = OLag + Bg = 0°00'00" +42°16/24" = 89°29'24"

HaOnuxeHi koopAuHATH MYHKTIB TpiaHTyJdAmii 2 1 3 BU3HAUYUMO 13

pO3B’sI3aHHS NPSIMHUX TE€OAE3UYHUX 3a7ad BiJl MYHKTY 4 dYepe3 BHUpaxyBaHi
JOBKMHU CTOPIH 1 AMPEKIIITHI KyTH:

X3 =X 5 +S,-C0S0 5, =100,000 + 559,965 - c0589°29'24" =104,984;
Y. =Y, +S 4, -Sin o p, =100,000 +559,965 -sin 89°29'24" =659,943;
X g = X o+ Spn3-€C0Sa 53 =100,000 + 297,330 - c0542°16'24" =320,008
YS =Y, +S p3-5in o 45 =100,000 + 297,330 - sin 42°16'24" =300,004.



HabnwmxeHni koopauHatu NyHKTY | MOkHA OOYMCIMTH BiJl OACpKaHUX
HaOMDKEHUX KoopauHaT X g ,Y20 yepes BUMIpSHY T0BKHHY S1p = 915,390 M i
TUPEKIIAHANA KYT

Olyp = 01y, +180° + By +Ps =89°29'24" +180° +92°44'06" = 2°14'06".
3HaueHHA Olp; MOXHa OyJI0o B3ATH O€3MOCEPEeNHBO 3 IIOJbOBMX BHMMIPIB
Oy = 01gp —180° =182°13'30" —180° = 2°13'30";

X2 =X +8,,-cosay =104,981+515,390 - c052°14'06" = 619,984 u;
YL =Y, + Sy, -sin o1,y = 659,943 + 515,390 - sin 2°14'06" = 680,042 .

Ilpumimka. HabGmxeHi KoopuHATH MyHKTIB [-3 MokHAa 00UYMCIUTH 3a
OyIb-SKOI0 1HIIIOIO X0JI0BOIO JiHi€r0, Hampukiaag A -3-1-2, B-1-2 1 B-3 i T.a.
CxiaziemMo nmapameTpuyH1 PiBHSHHS MMOMPAaBOK:

a) Uil CTOPOHU 512 PIBHSIHHS 3B’ 3Ky Ma€ BUTJISA

S12=/(Xp = X0)* + (Y=Y’ a7)
KoedinieHTn piBHSIHHS MONPaBOK 3HAXOJATH SIK MOXIJHI 32 3MIHHUMH X 1
Y: 0S/0X{=-cC0Sayp;  0S/OY;=-Sinoy,; O0S/OX, =+C0S0yy;
0S/0Y, =+sin oy,
Tomi
Vg, =—C0S0L158% —SIN 01158Y; +COS0L 28X, +SIN 0Lyp8Yp +hpp. (18)

Binbuuii wien |y, = \/(X(z) — Xlo)2 + (YZO _Y10)2 — Sy =+2mm.
Slkmo 0l =182°14'06", onepsxumo
Vs, =0,9998x; +0,0398y; —0,9996x; —0,0398y, +2;

0) 11 TUPEKIINHOTO KyTa Ol12 BUX1JIHE PIBHSHHS 3B’ SI3KY

o, = arcty Yomh arctg Az (19)
Xo—Xq AX1p

YacTkoBi MOXi/IHI BT BUXITHOT (QyHKIIIT

80(/5)(1 = p"Sin orp) /812; 80(,/8Y1 = —p"COSOLlZ /812;

5(1/5X2 = —p"Sin or ) / 812 ; (’30(/5Y2 = p” COS 0% ) / 812.
Toni

10



"

S :
VOL12 = 8—12 (Sln (1128)(1 —COS a126y1 —SINn (1128)(2 + COS a126y2 + |12) . (20)

Binbunit unen 1y = o)y — o1, =182°14'06" —182°13'30" = +36".
Sxuo p” =206265"; S1» =515,390 M; o, =182 °14'06"
Vs,, =0,0168% —0,4003y; —0,0165x, +0,4003y, +36".

Jlist kyra [, BuUXigHe DIiBHSHHS 3B’S3KY MOJAHO Y BUIIISIL Pi3HHI

JTUPEKIIHHNX KyTiB HOTr0 HAanpsMKiB (quB. puc. M. 2):

B4 =03 — 015 = arctg ;((3;\(1 —arctg Yomh (21)

3= X Xa=Xq
JUist ckilajaHHsl pIBHSHHSA NOMNPABOK KyTa 3a aHAJOTIEID 3 MYHKTOM «0»

3HANJIEMO PiBHSHHS OMPABOK JUIS IUPEKIIHHUX KYTiB CTOPIH Sq3 Ta Spy:

4

_ P e ' '
Voys = 8_13 (Sin 01130% —COS 0L 30Y; —SiN 0l130Xg +COS0L30Y3 + li3);

(22)
p” . .
Vo, = S (Sin a11,8%; —COSaLy,8Y; —SiN 01128X, +COS0LHBY, +p).

(23)
IHozraunmo

p " p "

—sina=a; ——sina=D0. (24)
S S
Toni piBHSHHS MONPABOK JJIs1 AUPEKIIHHUX KYTiB HAOYyTh BUTIISAY
Vg = 8130% +Dy38Y1 —8130%3 —by38Y3 +hy3; (25)
Vay, = —8120% +byp8Y1 —a150X3 —0128y3 +1i. (26)
3BIICH PIBHSIHHS MTONPABOK JJIA KyTa
Vg, = (813 —842)8% + (B3 —by2)BY1 + 818X, + D018y, —
—ay30%3 +y30y3 +1g, . (27)
_ ° o eci .
Je I|34 _Ial3 _IOL]_Z —OL13—OL12 — P4 . (28)
Bupaxyemo HaOnmKeH1 3Ha4eHHS AMPEKLUINHOrO KyTa Olq3 1 JOBXKHHY

CTOPOHH 313

11



0 0

o3 = arctg H =180" +51°42'53" = 231°42'53";
1

Sia = /(X2 = X0)2 + (v2 —Y,%)2 = 484,163 u.
SIkmio a12 = p"Sin O3 / 813 = —0,334 ; b13 = 0,264,
I, =03 —ogp —B§Y = 231°42/53" ~182°14'06" — 49°28'50" = +3"

PiBHSIHHS ONPaBOK ISl 4€TBEPTOTO KyTa Oy/ie TaKuM:

vp, = (-0,334 -0,016)%, + (0,264 +0,400)3y; +0,0168x, —0,4008y, +
+02648y; +3";

vp, =—0,35038% +0,6643y, +0,0165x, —0,4008y, +0,3345x3 +

+0264 8y, +3";

B) mia HanpsMKy Nip BuMipsHuid HanpssMok N pa3oM 3 OpIEHTHPHOIO

TIOIIPABKOIO Z (AMB. PHC. 10]. 3) YTBOPIOE TUPEKIIHHUN KYT

(112 =7+ N12, (29)
abo
N, = arctg Yoo, (30)
Xo—Xq

VY pesynbTaTi pIBHSAHHS TIONPABOK Il HANPSAMKY CKJIAJAlOThCA 3

PIBHSIHHSI TIOTIPABOK VIS AUPEKIIHOTO KyTa Vay i IONpPaBoK OZ , TOOTO
VN, = Vo, —0Z =—0Z+81p0% + blzéSy1 a1o0Xs —bo0y, +1,  (31)
e I = (Xlz — Zl N

MeTonuKa 06UKCIEHHS HAGIMKEHOTO 3HAYEHHS Z JOKITAAHO TONAETHCS
B Kypci «Buia reoaesis». ToMy piBHSHHSA NONPABOK JUIsl HAIIPSMKY 3aJUIIMMO
B OYKBEHOMY BUTJISIAI.

OCKUTbKM TIOMPABKH B KOOPAMHATAX BUXITHUX TOUYOK A 1 B TOPIBHIOIOTH
HYJIIO, PIBHSIHHS MOMPABOK JiIst HANpsMKY Ni2 HaOyze BUTIsAy

VN, —@8a20% —DandY, +1, (32)

T
e | =op 2 — N
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3aBaanHs 10 3axadvi 2: 3rigHo i3 cXeMoro TpiaHryJsii (auB. puc. /1. 2)
CKJIaCTH TapaMeTpPHUuHl PIBHSHHS TMOMPABKO JJISi CTOPOHHU Sip, AUPEKLIAHOTO

KyTa Olo, KyTiB B3 1 34, HanpsmMkiB Mas 1 Ma.
Buxinui nqani: X o =100,000 m; Y, =100,000 w;
X g =500,000-cosN°;Yg =500,000-sin N°;

AR =182°13'30" + N°:S1, = 515,390 + N mm,
ne N - HoMep BapiaHTa.
[1,c.182-197; 2, ¢.136-143; 7, c. 235 - 242]
3aoaua 3. Hanucatu cucteMy HOpMalbHHUX PIBHSHB, SKIIO TPU HEBIAOMI:
a) B 3aralibHOMY BUTJISIII; O) JUIsl pIBHOTOYHHMX BUMIPIB; B) NIl HEPIBHOTOYHUX
BHUMIpIB; T) IPUBECTHU B 3arajlbHOMY
BUTJISIII CUCTEMY EKBIBAJIEHTHUX Ta EJIMIHAIIMHUX PIBHSAHD, 1) PO3KPUTH

2 4 2
@) NG LD

anroputmu I'aycca Ng3”, Noo7,

Po3é’azannn. Ilpu Tphox HeBigomux mnapametrpax 711, T2 , T3 oAepKUMO
CHUCTEMY TPhOX HOPMAJILHUX PIBHSIHB y BUTJISI1

N1ty + Nppto+ Npgtza+ L= 0

Noiti+ Nopto+ Nogtz+ L= 0; (33)
N3ty + Napto+ Nagt3+ Lz= 0.

JUis pIBHOTOYHMX BHUMIPIB KOE(DILIEHTH HOpPMaJbHUX pIBHSIHBb Nj 1

BUIBHHMX WIEHIB L; MOXHa OOUYHCIIUTH 3a CXEMOIO

T % dp1 Ay Apg
N=A"A=|a;, az .. ap =
d13 83 .- dpg a, a, a;
Nig Ny Ny
=| Npg Npp Nz |;
N33 Nz Nag
4
a1 8z .- dpy I Ly
L=ATl=|ap ayp .. ap|l °|=|Ly |
&3 A3 - ang I.n Ls
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ne Nyj = aggayg + 881 +...+ aydy = [ag];
Ll = allll + a21|2 +...+ an1|n 1 T.O.
OTxe, B 3aralbHOMY BUTJISIIL JUI PIBHOTOYHHUX BUMIPIB OJIEPKUMO
[aya1]ty +[as@s ]t +[&g@z]es +[&yl] =0;
[a8q ]ty +[ax8; ]7, +[aza3]73 +[@5]] = 0; (36)
[azay ]ty +[azay ]ty +[azaz]vs +[asl] = 0.
JUis HEpIBHOTOYHUX BUMIPIB Koe(]ilieHTH HOpManbHUX piBHAHB Nijj 1
BUIBHI wieHH L o6uucnumo 3a cxemoro

PR 0 .. 0
dqp dayp .- Ay 0 P 0
L=ATPA=|a;, ay, .. ap 2 x
&3 83 .. ang o 0 P
n
a1 9o A3 Ny Ny Nig
dp; dpp A3 | _
X =| N2z Npo  Nog |; (37)
Ngi Ny Nog
anl an2 an3
R 0 .. 0\(k
&1 QA - Ay 0 P ol Ly
L:ATPIZ alz a22 an2 2 2 = L2 , (38)
&3 83 .. ang 0 0 P |' Ls
<+ '/ \Un

ne Nip =ag1Ragy +axPay +...+ayPay =[Pa];
Ll — allF’lll + a21P2|2 +...+ anlpnln = [Pall] 1 T.A.
J1JIst HepIBHOTOYHHMX BUMIPIB CUCTEMA HOPMAJIbHUX PIBHSIHB MA€ BUTIISAL
[Paya ]ty +[Paya, ]ty +[Pyyag]t; +[Payl] =0;
[Pazal]'fl + [Pazaz]'fz + [Paza3]'f3 + [Pazl] =0 ; (39)
[Pa3a1]171 + [Pa3az]'l72 + [Pa3a3]'53 + [Pa3|] = O
Jlnst  omepaHHS ~ CKBIBAJICHTHOI CHCTEMH HOPMAJIbHHUX  PIBHSIHBb
BUKOHYIOTh TIOCIIJIOBHI BHUKJIIOYCHHS HEBIIOMUX Ti, T2, MIJACTaBJISIOUH iX

3HAUYEHHA B Taki piBHSAHHS. TO/1 €KBIBAJIEGHTHA CUCTEMa HOPMAaJIbHUX PIBHSHb

JUTSL TPhOX HEBIJOMHX TTapaMeTpiB HAOY/1e BUTIISITY

14



Ni17 + NipTo + Nigt3 + L =0;
N (1)12 +N (1)r + L(Zl) =0;
Nty + L) =0,
ne NS, L™ pianosinsi nepersoperms xoedimienta m pixsii wienn

HOpPMAaJIbHHUX PIBHSIHB 3 MEPETBOPEHHAM (i-1).

Sxmo 3 eKBiBaJEHTHOI CHUCTEMH HOPMAJIbHUX PIBHSIHb BHU3HAYUTH
HEBIZIOMi T; B 3BOPOTHOMY MOPSIKY BiJ T3 M0 T1, TO OTPHUMAEMO CHCTEMY
SMMIHAIIAHUAX PIBHSHD

L(2)/N (2) _ E3L;
T R, @
Tp =—(N3p/Ng3)to —(Ny3/Nyg)t3— Ly /Ny = Ejp1p + Ej3t3 + By

KoedirmienTn 1 BibHI 4iieHn (anropuTMu ['aycca) nmepeTBOpeHUX piBHSIHB
PO3KPUBAIOTHCA 32 MPaBWIOM: KoOeQIUIEHT (BUIBHUNA 4YJIEH) NEPETBOPEHOT
CUCTEMU JOPIBHIOE KOEDIIIEHTY (BUIBHOMY WIEHY) MOMEPEAHBOI MEPETBOPEHOT
CUCTEMHU 3 THUMHU 3K IHAEKCAaMU MiHyC ApiO, y 3HaAMEHHUKY SKOIO CTOITh
KBaJIpaTHUNA KOE(ILIEHT MONEPEeIHbOI CUCTEMM, a B YHUCEIBHUKY — J0OYTOK
JBOX KOE(IILIEHTIB, y AKUX NEPII 1HACKCH TaKl cami, IK B 3HAMEHHHUKY, a JApPYTi

IIOBTOPIOIOTH iHI[GKCI/I 3MCHIITYBAHOI'O.

QINEE)
Taxk, N(Z)—N(l) N23N23 ND — N _M-

TNO A

22 11
1), (1
ND — N IUPIVER I_(2)_|_(1)_N()L()_
11 N5
LgZ)ZLS_%; |_(21):|_2_N12|—1; N§12)=N22—N12N12-
N1 Nip Ni;

3aBnanns a0 3anaui 3: IlpuBectu cucteMy HOPMAalbHUX pPIBHSHB Y
3arajJbHOMY BUIJIS[1, €KBIBAJEHTHY CHUCTEMY 1 eJIMIHAIIAHI PIBHSHHS IS

@ 1@ N

YJOTHPHOX HEBiZoMux nmapamerpis. Poskputu anropurmu N a4 a4 s

2 1 1
. NG, )

[1, c.212-225; 2, c.142-149; 7, c. 242-246]
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3aoaua 4. BukoHaTy BUPIBHIOBAHHS BHMIPSHUX KyTiB (auB. puc. /1. 4),
SIKIO Xq = 38°10'12", Xo = 55°46'04" ta X3 =9356'22":
Po36¢’azannn. SIk HeBimoMi mapameTpu BuOepeMo InykaHi Kyt X =1

ta Xp =1,. Toni piBHAHHA 3B’s3Ky HaOynyTh BUDIALy X =11, Xo =15;

Xy =1t +1,.  3a HaOmmkeHi 3HAYEHHS IapaMeTpiB INPUIMEMO BUMIpHI
snavenns || = Xq, |, =X,. Oxe, ann = 1; a=0; an=0; ap=1, a3 =
1; as = 1; l,=t] —x =0; I, =t; =%, =0;
l; =t +t; — %3 =38"10'12" + 55°46'04" —93°56'22" = —6";

Vi = 1, 1 0 0

Vo = To; 4=|0 1} I=10

V3 = 11 + T, — 3 11 —6

3a dbopmynamu (34), (36) oburcinumo KoedilieHTH 1 MEPETBOPEHI BIIbHI

YJICHHU HOpMaJIBHI/IX piBHHHBI
0
2 1
1|= )
1 2
1

1
N—ATA—101O
B _0111

0
011 —6)

6
OTpumaeMO HOpMaJIbHI PIBHSIHHS
2t +1t, -6 =0;
1t +21,-6=0.
Hegimomi 11 1 T2 0o6umcnumo 3a npaBuiioM Kpamepa:
N| N|
e ‘Ni‘ — BU3HAYHUK MAaTpHlll, B KOTPiH CTOBMEIb [ 3aMIHEMO Ha CTOBIICIb

MEPETBOPEHUX YJICHIB
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-6 2 -6 2 -6
™1 > 1 3 + To 5 1 +
1 2 1 2

Ormxe, t =t +17 =38"10'12" + 2" = 38°10'14";
ty =t + T, =55°46/06"; Vg =1, +1Ty+lg=2"+2"—6"=—2".
3rifiHo 3 piBHAHHAM MOMPaBoK Vy = T1 =+2"; Vo =15 =+2",
V3=T1+ Ty +l3=2"+2"-6"=-2".
3piBHSAHI KyTH Ha0yBarOTh 3HAYEHb
X, = X +Vvy =38°10'14"; X, = X, +V, =55°46'06";
X3 = X3 +V3 =93"56'22"

Koumpone X; + X, — X3 = 0. VYMmoBa Bukonyerscs.

3aBpnanHs 10 3axavi 4:. BUkoHaTH BHPIBHIOBAHHS BUMIPSIHUX KYTIB 32

cXeMoto puc. 1o1. 4, npuitasasum Xz = 93°56'22" + N

3aoaua 5. BukoHaTH BUPIBHIOBAaHHS HiBeNIpHOI Mepexi (auB puc. . 5) 3

OJIHIE€IO BY3JIOBOIO TOUKOI0. BuXimHi maHi HaBeneHi B Ta0. 2.

Tabauys 2

Howmep H,m Homep xony | L, xm h, MM
periepa
A 100,000 1 2 -0,812
B 105,841 2 4 -6650
C 97,635 3 2,5 -1543

Po3zé’azanna. HeBinoMoro € Bucota By3510Boi Touku 1. OTxe, BUMIpSHI

NEPEBUIICHHS MOYKHA XapaKTEpU3yBaTH OJHUM MapaMeTpoOM 1 BUpPa3UTH iX

uepe3 BUCOTH BUXIIHHX perepis i By3nooi touku. Skmo Hq =1y, piBusuHs

3B’S13Ky HaOyIyTh BUIJISIILY ﬁl =t —Ha; ﬁz =t —Hgp; |‘_13 =Hc -t

HabnmxeHo BHUCOTY BY3J70BOi TOYKM MOKHAa OOYHCIUTH BiJ] OyAb-sIKOTO 3

BUXIJTHUX peEIepiB.

Hanpuxnao, t; = H o +h =100,000 — 0,812 = 99,188 m.

17



IToximHi BiAg piBHSAHBb 3B’S3Ky NPUBOAWTH JO 3HAY€Hb KOEQIIIEHTIB

a1 =1, a1 =1, az; = -1 1 BUIbHUX YJICHIB:
|, =t —H 5 —h, = 99,188 —100,000 — (~0,812) =0
l, =t —Hg —h, = 99,188 —105,841 — (—6,650) = —3 su;
l, =Hc —t; —hy = 97,635 — 99,188 — (~1,543) = —5 .

MaeMo nmapaMeTpuyHi piBHSHHSA MOIPABOK

Vl = T1+ Il’ 1 0 Vl = Tl;
Vo= T+ |2, A=|1 , | =| -3| abo Vo= Tq— 3,
V3 = T1+ |3, -1 -5 V3 = 11— 5.

3a popmynamu (6), (37), (38) obunciumo Baru, KoediIieHTH 1 BiIbHI
YICHH HOPMATbHUX PiBHSIHB, MPUHAHSBIIN ¢ = 2, TOI

P=c/l=1 P,=05 P,=0§

1 0 0Y1 1
N=ATPA=(11-2)0 05 0 | 1 |=(1-05-08) 1 |=+23;

0 0 08)-1 -1

1 0 0YO 1
L=ATPI=(11-1)0 05 0 |-3[=(1-05-08)-3|=+25.

0 0 08J-5 -5

OTxe, olep>)KUMO HOpMalibHE piBHIHHS 2,311 +2,5 = 0,
3BiAKH
1.=-2,5/2,3=-1,1 mm.
Toni BupiBHSIHE 3HAYEHHS BY3JI0BO1 TOUKU Oyie

H=t +7, =99,188 + (~11) = 99,1869 .
Koumponw: 2,3(-1,1) +2,5=0,03 = 0.

3aBaanHs 10 3aga4vi 5:. BukoHaTu BHUpIBHIOBAHHS HIBENIIPHOT MeEpexi
(puc. J1.6). Jano: Hy = 100,000; Hp=96,140 m; h; =+ 1111+ N wmm; hp = -
4972 mMm; hz =+ 4965 mm.
[1, c.254-261; 2, 200-205; 7, c.285-292].
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3. BUPIBHIOBAHHS PIBHOTOYHHMX BUMIPIB

3agauya 6. BukonaTu BUpPIBHIOBaHHS i OIIHKY TOYHOCTI BUMIPIOBaHHS
KyTiB y Bcix koMmOiHamisax (aus. puc. . 7) mapamerpuynum crocodboM. Buxigni
a1l HaBeeHl B Ta0u. 3.

Tabnuys 3
Howmep kyTa Bumipsni Howmep kyTa Bumipsni
3HAYEHHS 3HAYCHHSI
X1 45°22'02",0 X 86°51'20",0
X 41°29'20",0 Xs 74°07'44",0
X3 32°38'20",0 Xe 119°29'52",0
Po3é’azanna.

3.1. Buoip wiykanux negioomux (napamempieg)
JUist po3B’si3aHHS 3a/1adl JOCUTh MaTH TPU 3 LIECTH BUMIPSHUX KYTIB.

Ockinbku wrykanux mnapamerpis tpu  (t7,t5,t3) 1 Bomm marots Gyrtn
HE3aJIeKHUMHU, 32 MapaMeTpy MPUUMEMO eIl TPU BUMIPSIHI KyTH, TOOTO
=X, L =X, t3=Xs.
3piBHSHI 3HAUYEHHS MapaMeTpiB BU3HAYAOTHCA 3a popMynoro (7):

t]_:tf-F’Cl; t2:t§+’C2; t3:t§+T3.

3.2. BuznauenHa HAOIUNCEHUX 3HAUEHb NAPAMEmPIs
3a HaOMMKEeH1 3HAYEHHsI MapaMeTpiB NPUIUMEMO pPE3yJIbTaTH BHUMIIB,

To6TO t) =452202"0; t; =412920"0; t3 = 32°3820"0.

3.3. Cknaoannsa napamempuyHux pi6HAHb 36 ’A3KY
Bupaszumo 3a ¢popmyioro (1) BUpiBHSHI 3HAUEHHS BUMIPSIHUX KYTiB Uepe3

HapaMeTpH:
2) )_(2:)(2 +V2:t2; 5) )_(5:X5+V5:t2 +t3; (43)

3) )_(3:X3+V3:t3; 6) )_(6:X6+V6:t1+t2+t3.
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3.4. Cknaoanna napamempuunux pi6HAHb NONPABOK

BignoBimHo a0 ¢opmynu (2) B 3araJbHOMY BHIJISI IMapaMeTpHYHI
PIBHSIHHS TIOTIPABOK MAIOTh BUTJIS;
Vi =aj1T1 + 32Ty +Qj3T3 + Ii . (44)
OOuncmumo koedilieHTH @;j 1 BUTbHI wieHH lj mapameTpudHuX piBHSIHD

TIOIIPaBOK

a1 = (0% /Oy )g =+1 @y = (0% /0ty)g =0; ay3 = (0% /0t3)o =0;...;
as1 = *+1;, aex = +1; ae = +1;

| =t — x = 45°22'02" — 45°22'02" = 0:...;

lg =t +8 +15 — xg = 45°22/02" + 41°29'20" + 32°38'20" -
-119°29'52" = -10". (45)

3a Qopmynoro (44) i ongepkaHUMH 3HauYeHHAMHU a; 1 | 3Halimemo

PIBHSIHHSI TIOTIPABOK:

1) vi=11;

2) V2 = T2,

3) vz = 13,

Hvi=11+1; +2", (46)
5) Vs = T+t -47

B)Ve=T1+12+13 ~-10".

3a piBHAHHIMU (46) ckiaagaemo Tabi. 4 koedillieHTIB PIBHIHB MOMPABOK.
HuxHs yacTuHa TaOMUIll BUKOPUCTOBYETHCS [JIi BHU3HAUYEHHS KOE(QILIEHTIB
HopMasbHUX piBHAHB Njj, Li.

Ha mepmomy erami ckmageHHst Tabia. 4 BiamoBigHO 10 dopmymnu (46)
3aMOBHIOIOTH psAAku 1-6 1 rpadu 2-6. Y rpadi 7 3HAXOAATH CyMH KOE(III€HTIB
PIBHSIHb TIONPABOK ¢ 1 BUTbHOTO wieHa |; mo psinuky, a B psaaKy 7 — BiaMOBiIHI
cymu 1o rpadax. KoHTposem ciyKUTh PIBHICTb CyM IO PSAKY 7 cyMi o rpadi
7 (3+4+3-12=1+1+41+4-2-7=-2).
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Tabnuys 4
Tabauus xkoedinieHTIiB PiBHAHBb NONPABOK | HOPMAJIbHUX PIBHAHD

Homep | Homep an a2 ais li Si v
pAaKa | PIBHAHHSA
1 2 3 4 5 6 7 8
1 1 +1 +1 +1,0
2 2 +1 +1 +0,5
3 3 +1 +1 +4,0
4 4 +1 +1 +2,0 +4,0 +3,5
5 5 +1 +1 -4,0 -2,0 +0,5
6 6 +1 +1 +1 -10,0 | -7,0 -4,5
7 [S 3 4 3 -12 -2,0 [v2]=50,0
8 T1Tots | +1,000 | +0,500 | +4,000
9 cyma an) apn) a;s) li] Si]
10 [a1 +3 +2 +1 -8,0 -2,0
11 [azi +4 +2 -120 | -4,0
12 [asj +3 -140 | -8,0
13 [l +1200 | +86,0
[SS] = 72,0

3.5. Cknaoanns HopmanbHux pieHAHb

OCKUIbKH KUTBKICTh HEBIJJOMUX IapaMeTpiB JOPIBHIOE TPbOM, TO B
OYKBEHUX TO3HAYCHHIX CUCTEMY TPhOX HOPMAJLHUX PIBHSHB VIS PIBHO TOYHUX
BUMIpiB MOkHa Bupazutu Gopmynamu (33) 1 (36).

3HaueHHs KOe(DIIEHTIB 1 BUIbHI YJIEHH CHUCTEMHU HOPMAJbHUX PIBHIHB
obuncmooTh 3a dopmynamu (34) 1 (35) abo 13 3aCTOCYBaHHSAM MPOTPAMHUX
MIKpOKaJabKyTOpiB. IIpore B mporeci 0OYHMCICHb BUKOHYIOTH JOJATKOBHIMA
KOHTpPOJb. TOMYy 3 METOI Kpalloro CHOPUHHATTS 3HAWIEeMO KOe(DIIIEHTH 1
BUTbHI YWICHH HOPMAJIBHUX PIBHSHB Y Ta0II. 4.

SAxmo koedilieHTH PIBHAHb TOMPABOK MOCTIAOBHO 1O TIpadax
MMOMHOKUTHU caMi Ha ce0e 1 ToAaTH, TO OJIePKUMO KBaapaTudHi koedirieHTu Nj;.
[lin uyac MHOXeHHS KoedimieHTiB i-1 Tpadum Ha J-y Tpady OAEPKUMO
HekBapaTuyHi KoedimieHTH Njj. AHaAJIOTIYHO BUIBHI WieHHU Li olepxyroTh mig
qac MHOXXEHHs KoedimieHTiB i-i rpadu Ha |y rpady 1 momaBanHI omepikaHHX
pe3ynbTaTiB. J{J1s1 KOHTPOIIO BUPAXOBYIOTh CyMHU:
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1) [aqag ]+ [ ]+ [ag@g] +[ayl] = [&yS];

2) [aaz]+[azaz ]+ [az83] +[axl] = [a,S];

3) [aaz]+[azaz]+[azas] +[asl] =[asS]; (47)

2) [ay)]+[a,11+[agl]+ [N =[IST;

5) [&S]+[a,S]+[a3S] +[IS] =[SS],
abo

+3+2+1-8=-2;

+2+4+2-12=-4

+1+2+3-14=-8;

—-8-12-14 + 120 = 86;

—2-4-8+86=72.

VYV psagkax 10-12 Ttabn.4 3anucani Jume KoOe(iieHTH HOPMaJIbHHUX
pIBHSHb, $IKI pO3TallOBaHI BUIIE BiJ TOJOBHOI JlarOHajl, OCKUIbKM BOHH
CUMETpHYHI 1 piBHI Mk coboro. Hanpukian, [aiaz] = [a2a1]; Tomy koedirtieHT
Nio = +2, po3ramoBanuii Ha panky 10 y rpadi 3, MmokHa 3anucatu B psiiok 11y
rpadi 2. AHAJIOTIYHO CUMETPUYHO MOXHA MEPEHECTH 1HII KOSDIIIEHTH.

OcTaTouHO HOpMAaJbHI PIBHSAHHSA HA0yAyTh BUTIISILY

3ty + 21+ 113 -8 =0;

211+ 41, + 21312 =0; (48)

Ity +2t,+313—-14 =0.

3.6. Po36’a3aHHsA HOPMAILHUX PIGHAHD

HopmanbHi piBHSIHHS PO3B’SKEMO CIIOCOOOM MOCIIIIOBHOTO BUKIIFOUEHHS
HEBIJJOMHUX, 3alIpONIOHOBaHUX ["ayccom.

VY mporeci po3B’si3aHHA CHCTEMH HOPMAajbHUX PIBHSHB OACPKYIOTh
ekBiBajieHTHY cuctemy (40). [llykani mompaBku 10 mapamMeTpiB OACPKYIOTh 13
PO3B’sA3aHHs PIBHSHB 3a popMyIioro (41).

Po3B’s13aHHd cuctemu piBHsIHB (40) HaBOAUTHCA B Ta0I. 5.

Iopsiook posze’szanna. Y Tabll. 5 3amuineMo 3HAYEHHS le, Ly, Sy

[Tominumo ix Ha mepmuii kBaapatnaHuil koedimieHT Nip = +3,000 1 3MiHUMO
3HAKW HA 3BOPOTHI. Pe3ynbpTaTu 3anmuiiemMo B MepuInil eaiMiHAIMHIN psSaok £y,

SAKMM MOXHa OJEpKaTH ILIIAXOM MHOXEHHs KoegiuieHTa Ni, Ha BEIMYUHY,
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3BOPOTHY TIEPIIOMY KBaJpaTHUYHOMY KOE(]IIiEHTy i3 3BOPOTHHM 3HAKOM
-1/N1; = (-0,3333). OOumCIIeHHS KOHTPOJIOIOTH IO ENIIMIHAIKHOMY PSJIKY.
Cymy xoedimienTiB E11 + E1p + E13 + E1g = -1 — 0,6667 — 0,3333 + 2,6667 =
+0,6667 3anucyroth y rpady 6 psaka Ei. Bona mae nopiBHioBaTu Eis. Y oMy
Bunaaky +0,6667 = +0,6667. Pi3HuUIA Mi)X HUMH TPUITYCKAETHCI B MEXkax
TOYHOCTI  OOYMCIeHb.  SIKIIO  PI3HUIS  HENPUITYCTHMa, TEPEBIPSIIOTH
NPAaBWIBHICTG  KOEQILIEHTIB MEPIIOTO psiaka 1 OOYMCIeHI 3HAYCHHS
SIMMIHAIIAHOTO PsI/IKA.

Y panky Np, 3anumeMo KoeQIiLI€EHTH HOPMalbHOIO PIBHSHHS,
MOYMHAIOYH 3 KBajapaTuyHoro koedimienTta N = +4,000. [Ipu ubomy B rpadi 5
BUITAIIIEMO CyMy S 3 ypaxyBaHHsIM KoedimieHaTa Nia. Tak, Nas = Nio + Noz + Nag
+1,=20+4,0+ 20 -12,0 = -4,0. [TomaO)XHMO enneMmeHT E1, = - 0,6667 Ha
enementu psnka Ny (to6to Eq5-Nio;  Ejp-Nigs Epp-ly i Ep-S))i
sarmmieMo B psaaky Eqo-N. Cknagemo enementn psaxis Noj +EjpN i

sanumemo B psagok N g) :

VY pe3ynbTaTi OJEpKUMO Jpyre HOpPMalbHE DIBHSHHS IMICHIS TEPIIOTo
TIEPETBOPEHHS, TOOTO Ngé)’tz + N §13)1:3 + L(zl) =0 a6o 2,6671, + 1,33313 —
6,667 = 0. Cyma koe(ilieHTIB LIbOTO PIBHSIHHS Ma€ JOPIBHIOBATH MEPETBOPEHIM

cymi S$, abo (2,667 + 1,333 6,667 —4,000; SV =—4,000).
[Moginumo  enementu psgka N gl) Ha KBaJpaTHUN KOEQILIEHT
N élz) =2,66/ a6o TOMHOXMMO iX Ha  3BOPOTHY  BEJIUYHMHY

—1/ N 512) =—0,3750. Pesynpratm szamumemMo B pamok E,.  AHaloriuHo

MonepeHbOMY BUKOHYETHCS KOHTPOJIb OOUUCIICHHS Eop + Epz + Eo = Eps = -1
—0,500+2,500=1,0; FE»=1,00.

Jlami  3amumeMo  TpPeTeE  HOPMallbHE  pPIBHSHHSA, TMOYWHAIOYN 3
kBagpaTuyHoro koedimienta Nss, mami Lz ta S;. Kontpomnb: N1z + Noz + N3+ L3
=S3= 10+20+30-140=-8,0; S3=-8,0. IToMHO)KHMO €JIEMEHTH
E13 = - 0,3333 na enementu psagka Nii. [lounnarouu 3 rpadu 3, T06T0 E13 Ni3,
EizL1 1 En3Ss.
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Tabnuys 5

Po3B’si3aHHSI HOPpMAJIBLHUX PiBHAHB criocodoM "aycca

Hii T1 T) T3 L S Kontpomns
0 1 2 3 4 5 6
Na; +3,000 | +2,000 | +1,000 -8,000 -2,000
=5 -1 -0,6667 | -0,3333 | +2,6667 | +0,6667 | +0,6667
Nai (-0,3333) | +4,000 | +2,000 | -12,000 | -4,000
E12N -1,333 -0,667 +5,333 | +1,333
NS +2,667 | +1,333 | -6,667 | -2,667 | -2,6667
E. -1 -0,5000 | +2,5000 | +1,0000 | +1,0000
Nai (-0,3750) | +3,000 | -14,000 | -8,000
E1sN -0,333 +2,666 | +0,667
ExsN® -0,667 +3,334 | +1,333
Né?) +2,000 -8,000 -6,000 -6,000
[
Es -1 +4,0000 | +3,0000 | +3,0000
0 1 2 3 4 5 6
Nai (-0,5000) | +120,000 | +86,000
E1aN -21,334 | -5,333
ExN® -16,668 | -6,668
ExuN®@ -32,000 | -24,000
Nzg,:ig) 49,998 49,999 | =[v?]
T3 +4,000
T2 +0,500 | -2,0000 | +2,5000
T1 +1,000 | -0,3333 | -1,3332 | +2,6667
Ipumimka. KoedilieHTH €KBIBaJIEHTHUX Ta €NIMIHAIIMHUX PIBHSIHb OOYUCIIOTH 3

OJIHMM-/IBOMA JIOJaTKOBUMH 3HAKaMH TIOPIBHAHO 3 KOe(hillieHTaMH BUX1HOT CUCTEMH.

PesynbraTn 3anumemo B psanok Eiz N. AHanmoriyHo 3HaiiemMo q00yTKH

E23 N éjé) , E23 L(l) ) E23S§l) 1 3aIIMIIIEMO B pAOOK E23 N (1) .

Cxmagemo 1o rpadax enementd psiakiB Ny + Ej3Np + ExgN M,

OnepxuMo KOePIIieHTH TPETHOTO HOPMAJIBLHOTO PIBHSHHS MICIS PYTOro

(2) 5@

neperoperns N33’ ng) IS KOHTPOJIIO Ilpu  1uBoMy
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N3(§) + ng) = Séz). TakuM 4YMHOM OJEPKMMO TPETE EKBiBAJEHTHE PiBHSIHHS.

Cucrema eKBIBJICHTHUX PIBHSIHB y [IbOMY MIpUKJIaAl Oyze

3,000t; + 2,000t + 1,000t3 — 8,000 = O;

2,66712 + 1,33313— 6,667 = 0; (49)
2,000ts — 8,000 = 0.

JIns OLIHKM TOYHOCTI BHUMIPIB HEOOXITHO 3HAWTH CyMy KBaJpaTiB
IONPABOK y BUMIpsHI BeIMYUHH, T00TO [V2].

[Mosnaunmo [II] = 120,0 = Ngy ta [IS] = 86,0 = S4 (quB. Tadm. 1). ¥
rpadax 4 1 5 Tab1.5 TPOJOBKUMO OOUUCTICHHS.

3naiiieMo emiMiHAIIMHUK psiiok E3. 3HaueHHS eiaeMeHTIB Nas 1 Sy

saHeceMo y psamok Ng. 3maiinemo nobyrox Eq Ly Eq Sy Ej LY :
1). 2). 2

Eo S5 Eg LY Eg LY

Pe3ynpTaTu 3anuiieMo y BiANOBIIHI PAIKHA Ta0.5.

Busnaunmo cymu  Ngg +Ej Ly +E5 L(Zl) + B3 ng) =N ﬁ) i

Sy +E; S+ Estél) + E3|_SP(,2) = Sf’). [Ipu upoMy 3HaiizeMo Cymy

KBaJ[paTiB MOIMPABOK 1 MIPOKOHTPOIIOEMO OOUUCIICHHS, OCKUIbKU

NEY =S5 =[v?1= Ny (50)

Y usomy npukiagi Ny (3 ) =S 513) = [V ]1=49,998.

BukoHyrour KOHTPOJIb, PO3XOMKEHHS MOXKYTh JOCSTATH OJHIET — JTBOX
OJIMHUITH TIEPEIOCTAaHHBOI 3HAYYIIOT IU(pHU.

st O0YHCIIEHHST TOMPaBOK Ti, Tz, T3 JIO INIYKaHUX IapaMeTpiB
BUKOHYIOTb 3BOPOTHIM X1JI CHCTEMH pO3B’si3aHHS 3a (opmynamu (41),
BUKOPHUCTOBYIOUH eTiMiHAINHI psaaku Ei1, E21 Es.

Ocranne HeBigome T3 = E3. = + 4,000. [Tepenecemo 1oro Ha MepeTHH
psaka t3 1 rpadu t3. Y psaaKax T2 1 11 HaBOpotu rpadu L nmepeneceMo BeIUYUHU
Ey =+2,5000 1 Ey =+ 2,6667. Ilotim 3Haiinemo q1o0yTku Ez3ts = -2,0000 1
Eits = -1,3332. B pagky T2 BU3HAYMUMO MOro 3HAYECHHS
To = Exnts + E = -2,000 + 2,500 = +0,500. Amnajoriuyso 3HangeMoO
E1p12 = -0,3333, a moTiM mompaBKy 10 apaMmeTpa:

71 = Ept + Ezt + EyL =-0,3333 + 2,6667 = +1,000.

Po3p’si3anHs  cucteMH  HOpPMajibHUX  PIBHSHB  KOHTPOJIIOIOTh
M1JICTAHOBKOIO OJIEp>)KaHUX 3HAYCHb Ti, T2, T3 Y BUXIJIHY cuctemy (48).
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Hanpuxitan:

3(+1,000) + 2(+0,500) + 1(+4,000) — 8,000 = 0;

2(+1,000) + 4(+0,500) + 2(+4,000) — 12,000 = 0;

1(+1,000) + 2(+0,500) + 3(+4,000) — 14,000 = 0.

3a OULIBIIIOrO YMCiIa HOPMAJIbHUX PIBHSIHB iX PO3B’SI3aHHS KOHTPOJIOKOTH
32 CyMapHUM PiBHSHHSAM

2Tt 22T +2.3T3+ 2. =0, (51)
P (]
2.1=Nyg + Npp + Nz =5 - Ly;
2. 2= Npp + Ny +Np3 =S, - Ly;
>.3= N3; + N3y + N33 = S3 - Ls; (52)
Y=L +L+L3 =S5, -l
Y npuknai, mo posrsaaetbes Y 1= 9 — Ly =—2(-8) = +6;
D> o=—4(-12) =+8; > 3=-8(-14)=+6; > | =86-120 =34. Toxui 3a

dbopmyroro (51) 3raxoaumo 6 (+1,000) + 8(+0,500) + 6(+4,000) — 34,000 = 0.
OT1xe, BC1 OOYUCIICHHS BUKOHAHI TIPaBUJIBHO.

3.7. Obuucnenns nonpaeok 00 pezyibmamie eUMIpie
[TorrpaBkK 10 BHMIPSHUX BEIWYUH 3HAXOIATH 3a (opmysoro (44) ado
(46), xopuctyrounuch Tabd. 4. 3HaUEHHS MONPABOK Ti BUIHUCYIOTh y PAIOK 8.

Toni monpaBku 10 BUMIPSHUX BEJIMUMH Y IIbOMY TTPUKIIAIIL:

Vi=1T1 =+ 1,000,
Vo =1 =+ 0,500,
V3=13=+ 4,000,

Va=Ti+ 1T+ 2= +1,000 + 0,500 + 2 = +3,500,
Vs =T+ 13+ (-4 )= + 0,500 + 4,000 - 4 = +0,500,
Vo =T + T + 13 -10 = + 1,000 + 0,500 + 4,000-10 = -4,500.

3anumemMo 3HAY€HHs MONpPaBOK Vi y Tabn. 4 1 obuMcaumMo cyMy ix
kBajpariB, To6To [V¥] = 50,000. 3piBHIOEMO WEli pe3ynbTaT 3 paHile
OJIEP’KAHUM y CXEMi PO3B’A3aHHS HOPMAIBLHMX DPIBHAHB (muB. Tabn.5) [vZ] =
49,999. Otxe, nonpaBKu V; 00YUCIICH] TPaBUIIBLHO.
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3.8. Ob6uucnennsa eupignanux 3HaueHv napamempie

BupiBHsHI 3HaYeHHS TapaMeTpiB 3HAXOAATh 3a Gopmysoro (7). OckinbKu
B 33Jlayul 3a TMapaMeTpu BUOpaHi BUMIPSHI KyTH, OOYHCICHHS iX BUPIBHIHUX
3Ha4YeHb CYMICHO 3 OOUMCIICHHSIM BUPIBHSIHHUX 3HAYeHb KYTIB y Ta0I. 6.

VY Tabn. 6 BUPaXOBYIOTh BHPIBHSHI 3HAUYEHHS BHUMIPSHUX KYTIB 3a

dbopmymoro (6).

Tabnuys 6
BupiBHsIHI 3HAYeHHSA BUMiPSIHUX BeJMYHMH i KOHTPOJIb 004YHC/IeHb
Homep | Buwmipsine Vi 3piBHAHUN PiBHstHHS KoHntpoib
KyTa | 3Hau€HHs KyT 3B’ 3Ky
1 2 3 4 3) 6

Xy | 45722027 | +1,0| 45722030 | { =t =t +7 | 457220030

Xo | 412920 | 40,5 | 4129205 | Xy =ty =t, +1p | 41°29'20"5

X3 32°38'20" | +4,0 | 32°38'24",0 | X3=t3 =1y, +713 32°38'24",0

Xs; | 86°51'20" | +3,5| 86°51'23'5 | x4 =ty =t, +14 | 86°5123"5

Xs | T4°07'44" | +05 | TAOT'44"5 | %5=t5=t; +15 | 74°07'44"5

Xo | 119°29'52" | -4,5 | 119°2947"5 | xy=t; =t +7 | 119°29'47"5

OcraTouHuii KOHTPOJh BUKOHAEMO, MOPIBHIOIOYM 3HAYCHHS Tpadu 6 3
rpadoto 4.

3.9. Ouinka mounocmi
3a pIBHOTOYHHMX BUMIPIB CEpPEIHIO KBAJPATHUYHY MOXUOKY BUMIPSHOTO
KyTa BU3HA4alOTh 3a ¢popmyJioro (8):

/ 2
m= [V ] — 5010 — 4”,08.
n-k \V6-3

CepenHio KBagpaTHMYHy «MOXUOKY TOXHMOKH» PO3PAXOBYEMO 3a

dbopmyroro (10):
mm =m/[2(n—k) =4",08//6 =1",67.
JIJist OIIIHKM TOYHOCTI BUPIBHSIHUX 3HAUY€Hb MapameTpiB tj BUZHAYMMO iX

Baru. 3a popmynamu EHKe Bara OCTaHHBOTO HEB1JIOMOTO Pt3 = Nég). VY 1abn. 5

sHaiinemo P, =2,00.
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Bary ocTaHHBOTO HEBIZIOMOT'O BU3HAYAIOTH 32 (DOPMYIIOIO

P, =—25R,. (53)

Koedirient Nélz) =+42,667/ Bkazano B Tabin. 5. Benuuuny N:%)
BHU3HAYMMO 3a MPABUIIOM PO3KPUTTS anroputmis ["aycca:
NG = Ngg - M13MN1s 50 T1_ 5667,
N1q 3,0

Toni 3a popmyioro (53) Ptz = %663; -2,000=2,000.

]
Bumipu piBHOTOYHI, PO IIO CBIAYHUTH 1 PIBHICTh BariB:

R, = P,. Omxe, By =2,00.

Toni cepenHs KBaapaTuuHa MOXKWOKa BUPIBHSIHUX MapaMeTpiB 1y, to, 13, a
OTXKe, | BUMIPSHUX KyTIB Oy/1e
M 408
JR V2
My 2"68

My = = =1"18.
M 2(n-k) /6

OpneprxaHi cepeniHl KBaJpaTU4HI NOXUOKH Mi OyAyTh OAHAKOBUMU JUIS

=2",68,

BCIX BUMIPSIHUX KYTiB, OCKUTbKH BUMIPH PIBHOTOYHI.
JloBipuuid 1HTEpBan MJid CTaHAAPTY OKPEMOIO pe3yJbTaTy BHUMIpPY
OynyeThes 3a (HOpMYIIOr0
yym<oc<y,m, (54)

ae Y1,Yo BH3Ha4YaeThCs 32 GOPMYJIaMH

vl=%: m=%- (55)

3HaueHHd Yy 1 % BUOUPAIOTH 3 TAOIULB POZNOILILY XZ 3aJIe)KHO Bi
imosipnocreit B =1-P, i P, =0,5q, ne q - 3ananmii pisens 3naunocri

JOBIpYO1 iMOBIpHOCTI [ 1, mot. 6, 7, nox. 4].
Sxmo p =0,90; q=0,10; p1 =095 p,=0,05r=n-k=6-3=3,3a

TaOTUIISIMHU 3HAXOJIUMO X12 =0,352; X% =7,82. Toni
11 =0,62,7, =2,92, a nosipunii inrepsan
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p{0,62-4,08 < c(X)<2,92-4,08}=0,90
abo p{2",22<o(X)<11"91}=0,90.

3aBaanna 10 3agadi 6. BukoHaTu BHpPIBHIOBaHHS 1 OIIHKY TOYHOCTI
BUMIPSIHUX KYTIiB y BCIX KOMOIHaIIIsIX 32 yMoBaMu 3a1a4l 6. OjHa 13 BKa3aHUX B
TabJ1. 3 3HaYEHb BUMIPSIHOTO KyTa 3MIHIOETHCS BIAMOBIIHO /10 Ta0I. 7.
Tabnuys 7
TabGauus 3MiHN 3Ha4YeHb BUMIPSIHOT0 KyTa 32 BapiaHTOM 3aB/JIaHHSA

Kyt [aTepBanu BapiaHTiB
1<N<10 | 11<N<20 | 21<N<40 41<N<90
X3 +0" 5N
X4 +0",3N
Xs —0",2N
Xs —(0" 1IN £1")

3HaK «+t» OepeThcs 3a HEMapHOTO 3HAYCHHS Ta «-» 3a HEMapHOTO
3naueHHs BapianTa N. Hanpukian, N = 15. Toai HeoOXiHO 3MIHUTH BEJIUYUHY

X, wHa Xa = 86°51'20"+0",3-15=86°51'24"5. 3a N= 62 HeobxiaHO
3MiHUTH 3HaueHHST Xg = 119°29'52",0—(0"1-62 —1') =119°29'46" 8.
[1, c.174-196, 205 — 234, 249, 253; 2, ¢.136-195; 7, ¢.233-296]
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4. BUPIBHIOBAHHS1I HEPIBHOTOYHHUX BUMIPIB

3aoaua 7. BukoHaTu BUPIBHIOBaHHS HiBenipHOI Mepexi (nuB. puc. [1.8)
napaMeTpUYHUM CIIoco00M. BU3HAUNTH BUPIBHSHI 3HAYCHHSI BY3JIOBHX PEIEpiB
1, 2, 3 1 3piBHAHI 3HAYEHHS BUMIPSHUX 3a XOJIaMH IEpeBUIleHb. BukoHatu
OLIHKY TOYHOCTI HIBENIOBaHHS 1 KM XOJy, BHCOT BY3JIOBHUX pemepiB i
BUPIBHSHOTO TiepeBHIIEHHS hs. BuMmipsiHi TepeBHINEHHS 1 JOBKHHH XOJIB
HaBeaeHl B Ta0II. 8.

Tabnuys 8
Buxinni nani

Howmep L, km h, m Homep | L, xm h, MM
X0y X0y

1 10,6 + 2356 4 7,1 - 4802

2 12,5 + 3181 5 9,0 + 5604

3 8,3 - 0806 6 10?0 + 2430

Po3eé’azannsn

4.1 BuOip HeoOXiTHUX HeBiZOMUX (MapaMeTpiB)

VY HiBenmipHIA Mepexi CHiJi BU3HAYUTH BUPIBHSAHI 3HAYEHHA BHCOT
BY3JIOBUX pENepiB 1 mepeBullieHb. JJisl 3HAXO/KEHHsI BUCOT (ITO3HAYOK) TPHOX
penepiB AOCTaTHbO BUMIPATU OyIb-sIK1 TPH MEPEBUILEHHA. TO/1 YACIO IIyKaHUX
napameTpiB K=3. BuwmipsHi nepeBuIleHHs] MOXHA BUPA3UTH Yepe3 MO3HAYKU
Mapok 1 perniepiB. ToMy JUIsi CITKM HIBEJIOBAHHS MapaMeTpaMu Kpaie BUOpaTu

He caMi MepeBHIICHHS, a BUPIBHSHI BHCOTH BY3JIOBHX perepis, Tooto t) = Hy;

t2 — H2, t3 - H3.

4.2. O04uCcIeHHS HA0IMKEHUX 3HAYEeHb NapaMeTpiB

BupiBHsHI 3HaUEHHS ITapaMeTpiB BUPAXOBYIOTH 3a (hopMyIaMu
t]_:tf-f-'!:l; t2 =t§+T2; t3:t§+’f3. (56)

[Ilo6 nompaBku Oyau MO MOMIMBOCTI MIHIMAJIbHUMH, NPUUMEMO 3a
HaOMIKEHE 3HAYEHHS MMapaMeTpiB tio , TO3HAYKHU perepiB OOYUCIICHI IO OJTHOMY
X0y B1J1 HAMOJIMKUOT MapKH, TOOTO

t; = H , +hy, = 42,137 + 2,356 = 44,493,

t; = Hg — hs = 46,860 — (—0,806) = 47,666,

t; = Hg +h, = 46,860 + (—4,802) = 42,058.
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4.3. Cxy1ajaHHA NapaMeTPUYHUX PiBHAHDb 3B’ SI3KY

Bupaszumo BHUpiBHSHI 3HAUEHHS BUMIPSIHUX MEPEBUIICHD Ye€pe3 BUPIBHSIHI
BUCOTH (TIO3HAUKH) BY3JIOBHUX pemnepiB (Uepe3 mapaMmeTpH) 1 BUCOTU BUXITHUX
Mapok 3a dopmyiioro (1). Tomi

1) ﬁ]_:t]__HA; 4) ﬁ4:t3—HB;
2) F]z :tZ_tl; 5) ﬁ5:t2 _t3;
3) ﬁ3:HB—t2; 6) ﬁGZtl—t3.

4.4. Cxy1ajaHHA NapaMeTPUYHUX PiBHAHb NONMPABOK
[TapameTpuuHi piBHSHHS MOMPABOK 3HAXOATH 3a (hopMyIioro (2),

o) . oh; ) . o) .
A =| = | Q2= = | Q3= = |
e atl 0 51:2 0 5'[3 0 (- (58)

Ii — f|(tf,t§,t§)—h|

Bianosinno a0 (58) 3a piBHAHHAM 3B’ 513Ky (57) 3HAXOAUMO:

Py

JUJIS1 IEPIIOTO PIBHSHHS 3B’ SI3KY a1 = +1; Ao = 0; dy3 = 0;

l, = (t; —H ) —hy = 44,493 -42,137-2,356 =0i 1.1

JUISL IIOCTOTO PiBHAHHA 3B’s13Ky dgp =+1;, a5 =0; ag3 =—1;

lg = (t{ —t3) —hg = 44,493 — 42,058 — (+2,440) = + 5 mMm.
BinpH1 wieHn MokHa OOYUCIUTH B MUTIMETPaxX, 10 BIAMOBIA€ TOUHOCTI
BUMIPIOBaHHS ITEPEBUIICHb.

Y nmpuHIUOi  BUTBHI 4WIEHHM MOXKHAa BHUPA3UTH B CaHTUMETpaXx.
[TapameTpuuHi piBHSHHS NONPABOK HAOYAYyTh BUIJISAY:

vy =+11;

2)V2 =—T111+1 - 8;

3)V3 = — T2,

4) vy = +13; (59)
5)vs = +1 —13 +4,;

6)V6 =+T17 —13 +5.

3a oxpepxanuMu piBHsSHHAMH (59) ckimameMo TaOnuUI0 Koe(DilieHTiB
piBHSHB MmonpaBok (Tadi. 9).

OCKUIBbKY ISl BUMIPSHUX TIEPEBUIIICHB y Ta0J. 8§ BKa3aHO JOBXKUHU XOJIB
L, To Baru P; B TabJ. 8 0GUUCITIOIOTH 32 POPMYJIOIO

p=—=2

LT (60)
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BukoHaeMo KOHTPOJb MPaBUIBLHOCTI 3alOBHEHHS TaOJMI KOE)IIIEHTIB

piBHsHB. Tak, cyma [S] = +2 1o psinky 7 MOBHHHA JOPiBHIOBATH cyMmi  [S] = +2
o rpadi 7.
Tabauysa 9
Taodauus koediuicHTIB PiBHSAHb MONPABOK | HOPMAJILHUX PIBHIHb
Homep | Homep | Bara
pamka | - pis- P; an apn an l; S Vv plv

HAHHS
0 1 2 3 4 5 6 7 8 9
1 1 094 | +1 +1 -3,35 0
2 2 0,80 -1 +1 -8 -8 -4,22 | 27,018
3 3 1,20 -1 -1 -0,43 0
4 4 1,41 +1 +1 | +1,87 0
0 1 2 3 4 5 6 7 8 9
5 5 1,11 +1 -1 +4 +4 | +2,56 | 11,366
6 6 1,00 | +1 -1 +5 +5 -0,32 | -1,10
7 S +1 +1 -1 +1 +2 [plv] | 37,274
8 T, T, 13 -3,35 | 40,43 | +1,87 [pv?] | 37,272
9 |Cyma an) apn) a;) li] Si
10 +2,74 | -0,80 | -1,00 | +11,40 | +12,34
11 | [pajj +3,11 | -1,11 | -196 | -0,76
12 | [pay; +3,52 | -9,44 | -8,03
13 | [pauij +93,96 | +93,96

[pl; [pss]= | +97,51
4.5. CkiaagaHHsl HOPMAJbHUX PiBHAHD

Koegimientn Njj 1 BUIbHI uieHH Lj HOpManbHUX pIBHAHb OOYHCIIOIOTH 3a
dbopmymamu (37) 1 (38) abo 13 3acTOCYyBaHHAM IMPOTPAMOBAHUX KaJIbKYJISITOPIB.
[Topsimok oOunciaeHHsT KOS(IIEHTIB 1 BUIbHUX YJIEHIB HOPMAJILHUX PIBHSHB Y
TaOJI. 9 aHATOTIYHUI TOPAAKY OOYHMCIIeHHS B 1.4.5 (32 pIBHOTOYHUX BHMIpIB),

ajle KO’)KHOTO pa3y J00yTOK KOeQILIEHTIB @i 1 8; NOMHOXYEThCS Ha P;, TOOTO
Nj; =[paja;]. Hanpuxnan,
N;; =0,94-1.1+0,80-(-1)-(-1)+120-0-0+1,41-0-0+1,11-0-0+
+100-1-1=+2,74,...; L, =0,94-1-0+0,80-(~1)-(~8) +1,20-0-0+

+141-0-0+1,11-0-(+4)+1,00-1- (+5) =+11,40 i T.x.

OO0uucCIIeHHS KOHTPOJIIOIOTH 32 (POPMYIIOLO;

Ni; + Njo +...+ N;, +|; = S;. Tax qns nepmroro pisnstans:

+2,74-0,80--1,00+ 11,40 =12,34 i S, =+12,34.
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Koegiuientn Njj 1 BibHI uieHu Lij HOpManabHUX pPIBHSHB 3 KOHTPOJIEM
HaBezeHi B psaakax 10-13 tabmn.9.
3rigHo 3 hopmynamu (39) ofepKUMO CUCTEMY HOPMAJIbHUX PIBHIHB

2,747, —0,80t, —1,0015 +11,40 = 0;
—-0,801y +311t, —11173 -1,96 = 0; (61)
—-1,001y —1111, + 3,521 -9,44 = 0.
OcTaTo4yHMiT KOHTPOJIb BUKOHYETHCS 3a (POpMyTIaMu
L + Ly, + Ly +[pll]=[plIS]; (+11640 1,96 —9,44 + 93,96 = 93,96);
[P&a;S]+[Pa,S]+[PagS]+[PIS]=[PSS]; (97,51 =97,51).

4.6. CkaananHsi BaroBoi gyHkuii

3a yMOBOIO 337a4l HEOOX1JJHO BHKOHATH OLIHKY TOYHOCTI BUPIBHSHOTO
HIEPEBUIICHHS 10 11’ITOMY XoXy. Bupasumo nepesuinenHs hs depe3 npuitHsTi
BUpPIBHsHI napameTpu. Toi

F = h5 = t2 —t3.
Jlnst Bu3HAueHHA OOepHEHOi Baru (QyHKIT }l/:’ 00YnCINMO
F

KoeilieHTu

R e A
61:1 0 6"[2 0 8’[3 0

[Tix yac obuucnenst ooepHeHi Baru PyHkuii 1/Pr 3HaYeHHs KOe(IIe€HTIB
fi mpocTaBNIAIOTHCSA 13 3BOPOTHUMH 3HaKamMu B Tpadi 12 Tabn. 10 HampoTH
BIJIMOBITHUX HOpMaibHUX piBHSAHBL | — f; = 0 HaBmpoTH mepmoro piBHIHHS,
-f,= -1 HaBnpoTH IpyroOTO piBHAHHS; -f3=+1 HaBIPOTH TPETHOTO PIBHSHHSI.

4.7. Po3B’si3aHHS1 HOPMAJILHUX PiBHAHb
Po3B’s13aHHA HOpMalbHUX pPIBHSAHB JUIsl BU3HAYEHHS MOMPAaBOK Ti MO

. [e]
HaOJIM)KCHUX 3HAUeHb napaMerpiB 1} Bukonano B Tabn. 10 cnoco6om ["aycca B
TOMY K TIOPSJIKY, ONUCAHOMY Y 3aj1adi 6.
JIns OIIHKK TOYHOCTI BHPIBHSHHMX 3HaueHb mapamerpiB t;, to, t3 1
BUXigHOI BaroBoi Qynkuii F = h5 (muB. . 5.6) B Ta6a. 10 m0mMaTKOBO BBEIECHO

rpadu Q1, Q2, Q3 1 F, mo garoTh 3Mory Oe3mocepelHhO B CXeMi PO3B’SI3aHHS
HOpMaJbHHUX DIBHSHb BU3HAYUTH BaroBi koediuieHTH Qj 1 oOepHeHy Bary
byukiii 1/Pk .

BaroBi koe¢iuientd Qj; BU3HAYaIOTh 13 PO3B’A3aHHS HOPMAIbHHUX
PIBHSHB
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NQ—E =0, (63)
ne N — marpuisg koedilieHTiB BUX1AHOI CUCTEMH PiBHAHB (61);
Nl S
Q =N"" — marpunsa Barosux koediuienri; £ — oIMHAYHA MATpULs . 3a

TaKO1 YMOBH

0
Qi @, ... Q
11 N2 ik | 01 . 0
Q={Qxa Qpn . Qx| E= : (64)
0O 0 .. 1
Quu Q2 - Qu
VY nonmatkoBux rpadax Qi, Q2, Q3 Tabm. 10 maBmportu 1, 2 1 3-r0 piBHSAHB
NpOCTaBIAOThCS MaTpuili £ (63, 64) 3a 3BOPOTHUMH 3HAKaMH (-1, 0, 0),

(0, -1, 0 10,0, -1) BigmoBigHO. [l KOHTPOJIO OOYUCICHb BBOIUTHCS
nozxarkosa rpada S’ cymu Beix koedinieHTiB o paaky. Taxk,
Sj =Sj+Ng +Ng, +...+Ng, . (65)

VY upomy npukiani

S{ =+12,340 —1+ 0+ =11,340;

S5, =-0,760 +0-1+0=-1,769;

S;=-8,030+0+0-1=-9,030.

Jlns koHTpodto oOuuciaeHb OOEpHEHOI Bard B J0JaTKOBiM Tpadi 13
BBOJIUTBCS 3HAYEHHS CyM O] HABIPOTH BiANOBIIHUX HOPMAJILHMX PIiBHSHb. 32
TaKOl YMOBH

S/=S,—L +f, abo S'=S,—(L +F), (66)
ne F=—f;.

VY npukiami, mo po3risIacThes,

Sy =+12,340 — (11,400 + 0) = +0,940;

S5 = 0,760 — (~1,960 —1) = +2,200;

S7 = —8,030 — (~9,440 +1) = +0,410.

Ha nepmiomy ertami oGuucienr B Taba. 10 3HaXOAATh MONPaBKUA [0
napameTpiB T1=3,353; 1,=+0,434 1 13 =+1,866 32 METOAMKOIO BUKJIAJICHOIO

B 11.4.6.
OO6uunciieHH HEBIAOMUX MTPOKOHTPOIOEMO 3a CyMapHUM piBHSHHSAM (51).

3rigno 3 (52) 2.1 =+0,94; >, =+1,20; 23=+1411 2, =0.
Tomi i3 (51) 3maxommmo, mo 0,94 (-3,353) + +1,2 (+0,434) + 1,41
(+1,866) + 0 = 0. Orxe, HIyKaHi NOMPaBKU BUPaXyBaHi MPABUILHO.
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Po3B’si3aHHSI HOPMAJILHMX PiBHSIHb

Tabnuysa 10

Howmep Konr- S = Konr- S"=S
pamka | [is T1 ) T3 L S poJib Q1 Q2 Q3 S+ ponb F —
NQ —L—F
1 2 3 4 5 6 7 8 9 10 11 12 13
1 Ni | +2,740 | 0,800 | -1,000 | +11,400 | +12,340 -1 0 0 | +11,340 0 +0,940
2 E: -1 | 40,2920 | +0,3650 | -4,1606 | -4,5036 | -45036 | +0,3650 | 0 0 -4,1387 | -4,1387 0 | 403431
3 N> 3110 | -1,110 | -1,960 | -0,760 0 1 0 -1,760 1 +2,200
4 | EnN 0234 | 0292 | +3329 | +3,603 -0,292 0 0 +3,311 0 +0,275
5 NG 2,876 | -1402 | +1369 | +2,843 | +2,843 | -0,292 1 0 #1551 | +1,551 1 +2 475
6 E. -1 +0,4875 | -0,4760 | -0,9885 | -0,9885 | +0,1015 | +0,3477 | 0 05392 | -0,5393 | +0,3477 | 0,8608
7 N3 3520 | -9440 | -8,030 0 0 -1 -9,030 +1 | +0410
8 | EuN 0,365 | +4,161 | +4504 0,365 0 0 +4,139 0 +0,343
9 | EasN® -0,683 | +0,667 | +1,386 0,142 | 0,488 0 +0,756 -0,4875 | +1,207
10 | N® 2472 | 4612 | 2140 | -2,140 | -0507 | -0,488 -1 4135 | -4135 | +05125 | +1,960
11 Es -1 +1,8657 | +0,8657 | +0,8657 | +2051 | +0,1974 | +0,4046 | +1,6727 | +1,6727 | -0,2073 | -0,7929
12 | Ng= +93,960 | +93960 | Qi | +0,205 | +0,197 | +0,405
[pll]
13 | EuN 47431 | 51342 | EQ | 40,101 | +0,345 0 0 0
14 | ExN® 0,652 | -1,353 | Ex-Qu | +0,100 | 40,096 | +0,197 0,348 | -0,861
15 | EaLlN® -8,605 | 3,993 Qiz +0,201 | +0,441 | +0,197 -0,106 | +0,406
16 | [pvY] +37272 | 431272 | Eig | +0,365 0 0 0454 | -0455
17 T3 +1,868 | [pvd] | [pv®] | E1Qs | +0,074 | +0,072 | 40,147 1 1
18 7 +0434 | +0910 | 0,476 EQe | +0,059 | +0,129 | +0,058 P P
19 T -3353 | +0,127 | +0681 | -4,161 Qu | +0498 | +0,201 | +0,205
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4.8. OO4yucaeHHs] BAroBUX koedilieHTiB

VY nopatkoBux rpadax 7-9 obuncneHi koedilieHTu Qij 3 KOHTPOJIEM T10

rpadi 10. s oGuucnenns xoediuientiB Qpp,Qo, Q3 y rpadi 7 (Qq)
BUMHCAHI KOE(MIIIEHTH 13 3BOPOTHUM 3HAKOM IIEPIIOTO CTOBIIS OJMHUYHOL
Matpuili (64). OGuucieHHs B i Tpadi MPOBOIUTHCA 3a cxeMolo ['aycca Tak
camo, sik 1 B rpadi 4 (L). Ilicigs OCTaHHBOrO TMEPETBOPEHHS OJICPKUMO

(2) _ _ )

KoeQirienT N3Q1 = —0,507. Honimusmmw ioro va N 3% +2,412 , opepxumo

Barosuii koediuiear Q3 =+0,205 (psnok 12, rpada 7). Koediuientn Qqy i
Qq1 obumcieni 32 THMH K NPAaBHIIAMH, 32 SIKIMH BH3HAYAIOTh HEBIZIOMI T2, Ti,
SKIIO 3aMicTh Tpadu 4 npuiinatu rpady 7.

Tori Qi = EpQus+Eng +Eag, =+0,4875(+0,205) +0,101 = +0,201
(panox 15, rpada7). AnanoriaHo
Qu1 = E1pQpp + Ej3Qu3 + Eqg, =+0,202-(+0,201) +0,365 - (+0,205) +
+ 0,365 - (+0,205) + 0,365 = +0,498 (panox 19, rpada 7).
Axmo kxoedilieHTH CTOBMLS 2 OJUHMYHOI Matpulll (64) MOCTaBUTH

HABIPOTH BIMOBITHUX HOPMAJIBLHUX PIBHSHD 13 3BOPOTHUM 3HAKOM y rpadi 8, a
cToBNIs 3- B rpadi 9, To, po3B’s3aBIIM KOXKHUM 3 HUX TaK CaMo, sK 1 rpady 7,

BignosizHo omepxumo Qo3 =+0197;  Q,, =+0,441;, Q, =+0,201;
Qa3 = 0,405, Qg, =+0,197; Qg = +0,205.
[X MO’kHa BUPA3UTH y BUITIAII MATPHILi:
+0,498 + 0,201 + 0,205
N71=0Q=|+0,201+0,441+0,197 | (67)
+0,205+0,197 + 0,405

[TpomixkH1 0OUMCNeHHs1 BaroBuX Koe(ili€eHTIB BUKOHaH1 B psakax 13, 14,
16-18.

3HaueHHS BaroBUx Koe(DimieHTiB Qij nojaadi B psiakax 12, 15, 19 1 rpadax
7-9.

[ToeTanmHuit KOHTPOJIH PO3PAxXyHKIB BHUKOHAHO 3a KoedirieHTamu
eNMIHAIIAHUX PSJIKIB 1 TepeTBOpeHUMH KoeditientaMmu S’ B rpadax 101 11 3a
cxemoro ['aycca.

KonTponb o6uncienHs BaroBux Koe(iieHTiB BUKOHYIOTh:
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1) 3a BIACTHUBICTIO CHMETPUYHOCTI BaroBHX KOEQIIlI€HTIB Qij =Q ji

. cuctemy (67). Hanpuknan, Qp = Qy(0,201=+0,201) i r.1.
2) 3a KOHTPOJBHOI CYMOIO

(Qu1+Qu2 +Qu3)2 1+ (Qop + Qo +Qp3) 2 o +
+(Q31 + Q32 +Q33)2 3 =K

1€ 2.; BHpaxoByeThcs 3a (52).
Y npomy mpukmam (0,498 + 0,201 + 0,205) - 0,94 + (0,201 + 0,441 +
0,197) -1,20 + (0,205 + 0,197 + 0,405) - 1,44 =2,995 =3
( mpu mpomy K = 3).
OTxe, Barosi Koe(illieHTH BUPaXyBaHO MPABUIBHO.

4.8.1. Ob6uucnenns sazosux xoegiuicnmie 3a cnocooom odiazonaneit

3 enementis Njg i Ejg Tabn. 10 MoxHa yTBOPUTH TPHKYTHHK MaTpHLL:

T2 = E2Q2 E3Q2 , T]. = N (](-;))1 —1 . (68)
(2) (2)
Ezq, N3 Nig -1
Toni Barosi koedirieHTH BU3HAYAIOTH 13 TOOYTKY MaTpHUIIb
Q=—(T,Ty) (69)

abo
2
Qi1 =—(Eyg Nig, +Ex,N 2Q1 + E3Q1N( ));
Q12 =—(E1Q1N1Q2 + EZQ N() + E3Q1N( ) ) 1T.]I.

3nauenns enementis Ejq i NiQ Brbepemo 3 Tabn. 10, a wacTymHi

OOYHMCIICHHS BaroBuX Koe(irieHTiB BUKOHAeMO B Ta0m.11.

Tax, Q1; = -[0,365 -(-1) + 0,101- (-0,292) + 0,205-(-0,507)] = 0,498;
Q22 =-[0-0+0,348 -(-1) + 0,197- (-0,488)] = +0,441 1 T.x.

O6uncneni Barosi koedirieHTH (67) TOPIBHIOIOTh BATOBUM KOE(IIlIEHTaM,
110 00YuCiIeH1 3a croco0oM giaroHaneit (tTadm.11).
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Tabnuysa 11
O0uncsieHHs1 BaroBux KoedilieHTIB 32 cmoco0oM aiaroHasen

Q1 Q2 Qs
Ny 1 i i
E, +0,365
Q) 20,292 X] i
2
- +0.101 +0,348
2
N2 -0,507 -0,488 1
E3 +0,205 +0,197 +0,405
2
Qi +0,498 +0,201 +0,205
Q,, +0.201 10,441 10,197
Qs +0.205 +0.197 0,405

4.8.2. Obouucnennsn sazosux Koegpiyicumie 3a cnocovom I'anzena

BaroBi koedimieHTH MOXKHa OTpuUMaTH 0Oe3 momaTkoBux Ttpad Qi
BukopuctoBytoun enemeHT Ni E Ttab6m. 10.

Cnouatky 00YUCINMO BAarOBHM KBaJpaTUYHUI Koe(pilieHT

Qa3 =1/ Ni2) =1/2,472 = 0,405. Torim 3HaiIEMO
Q32 = E23Q33 = 0,4875 0,405 = +O,197 1 E31 = E12Q32 + E13Q33 ==

=0,292 -0,197 + 0,365 0,405 = + 0,205.
[TpokouTposoeMo oburcnenns 3a popmynoro N31Qzq +

+N35Q35 + N33gQaz =1, (-1,0) - 0,205 + (-1,11) - 0,197 + (3,520)x

x 0,405 = +1,002. Ockimskn Qs = Qos, 10 Qpp = EpgQpg +1/ N =
= (+0,4875) -0,197 + 1/2,876 = 0,443 (panire oxepxxumo Qo3 = 0,441);
Qy1 = E19Qos + E13Q93 = 0,292 - 0,443 + 0,365- 0,197 = 0,201.

Koumpons: No1Qoq + NovQos + No3Qos =1; (-0,8) - 0,201 +
+3,11- 0,443 + (-1,11) - 0,197 =0,999. Ockinbku Q21 = Q12 1
Qa1 = Qu, 1o Qi1 = EpQqp + Ej3Qi3 +1/ Nyy =0,292-0,201 +
+ 0,365-0,205 +1/2,74 = 0,498.

Koumpons: N11Qq1 + N1oQpo + N13Q3 =1 a6o

2,740,498 + (-0,8) - 0,201 + (-1,0) - 0,205 = 1.
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3100yTi 3HA4YeHHsS BaroBux Koe(dilieHTIB 3a crnocooom ['aH3eHa
JIOPIBHIOIOTH 3HAYEHHSAM, OJICP’KaHUM paHille, 10 CBIAYUTH MPO MPaBUIBHICTH
00YHCIIEHb.

Martpuris BaroBux KoeQili€HTiB BUKOPUCTOBYETHCS ISl OLIIHKK TOYHOCTI

napameTpiB 1 aHali3y OJIepKaHUX PE3yJIbTaTiB. 3a 3HAUCHHAMH KBaJpPaTUYHUX
BaroBux KkoedimieHTiB Qj; BUPAXOBYIOTh CEpPE/IHI KBaJpPaTU4YHI IMOXHUOKH
napametpiB 1. [nmn koedimientn Qjj BKa3ylOTh Ha 3alI€KHICTh BHUPIBHAHUX
HeBimoMux 1 1 1, ska BUpaKaeThCs KoeiIlieHTOM KOpesIIii.

BaxauBoro ocobauBicTIO crmoco6a ['aH3eHa € Te, IO OCTaHHIN

. .. k-1 . . .
NEPETBOPEHUI KOE(DILIEHT ngk ) JopiBHIOE Ba3i K-ro HeBimoMoro Py, ToOTO

k—
P = N
Qjj
hi=—— (70)
T JQQj;
Hanpuxnan:
0,201
o, = : =0,43; 1r,=046; r,=0,47.
/0,498 0,441 + +

4.8.3. Baru 1Box ocTaHHix HeBiZoMux B cnoco0i Enke
Bara ocCTaHHBOTO HEBIZIOMOTO JOPIBHIOE KOE(DIIIEHTY TpPH LBOMY

HEB1JIOMOMY B OCTAaHHbOMY TMIEPETBOPEHOMY PIBHSHHI:
_N©
R, =Ngz3™. (71)
ITo psiaxy 10 B rpadi 3 3HaxoquM0 Pt3 =2,472.

VY cnoco6i EHke Bara mepeioCTaHHLOTO HEBIJJOMOTO BU3HAYAETHCS 3a

dbopmyIior

_ 22

BoaHouac N?%) =Ngz3—
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Bennunnu koedimieHTis 3Haxoaumo B Tadn. 10. Skmo Nélz) =288 i

N33 = +3,52, N13 = —1,00 1 Nll = 2,74,
o N® =352 VD 346
274
R = 288547225
2~ 316

OneprkaHi pe3ysbTaTy CHIBIAIAIOTH 13 3HAYEHHSMH Barv, 00YMCICHUMHU

panime. Tax, B =1/Qg3 =1/0,405 = 2,47;
Ptz =1/Q,; =1/0,441 =2,26.

4.9. OOuucjeHHs: 00epHeHoi Baru GpyHKuii

OGepHeHa  Bara  BHpPIBHSHOTO  TepeBHMUIEHHs s oOumMCIEHa

0e3MocepeIHbO B CXEMI PO3B’SI3aHHS HOPMAJIbHUX PIBHAHb y JTOAATKOBIN rpadi
F (muB. Tabn. 10, rpada 12) 3a gomomororo koedirieHTiB BaroBoi ¢yHKIil fi |
B3STHX 13 3BOPOTHUM 3HakoM. OOuucineHHd A0 11 BUKOHaHI 3a KJIACHYHOIO

cxemoro ['aycca. OGepHeHa Bara o04ucieHa 3a (OpMYIIOL0

1

- EirNie +Epp N§2 + Ege N§2, (73)
F
260 - —— =0.0+0,347 - (1) + (—0,2073) -0,5125 = —0,454
F
OO6uncnenna o0epHeHOi Baru (yHKUII MPOKOHTPOJIBOBAHO B rpadi 13.
[Ipn upomy
1
-5 =EieNigr + o NS, + EgeN{E) = (74)
F

= 0-(+0,940) + 0,3477-2,475 + (-0,2073) -1,960 = -0,455.
OGepuena Bara (QyHKIT OOYHCIIOETBCS 1 3a JOMOMOTOI0 BaroBUX
Koe(dirieHTiB 3a popmyIoro

1
B f2Qu + f7Qop + T Qa3 +2(f F,Qup + f1 faQu3 + 5 FaQus) . (79)
F
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Ockinpku f; =0; f,=+1; f3=-1, popmyna (75) HaOyBae BUTIIALY

Pi = Qyp +Qug — 2, F3Qp3 = 0,441+ 0,405 — 20,197 — 0,452

F
Axmo Bigomi koedimieHTH Matpumi Q, oOepHeHy Bary ¢yHKIIT

00UYHCITIOIOTH 32 (HOPMYIIOK0

1

: 76
P- = fQf ' (76)

Tomi

+0,498+ 0,201+ 0,205 0
101 +0201+ 0441+ 0197 | 1 |=0452.
i +0,205+ 0197+ 0,405 -1

4.10. O04uc/IeHHS NONPABOK /10 pe3y/bTaTiB BUMIPiB

3a oxepxaHUMU B Ta01.9 3HayeHHsAMH T1 = -3,353; T, = 40,434 1
13 = +1,866 [bopmy:na (59)] 0oOuHCITIOIOTH MOMPABKHU Vi 1 3aMUCYIOTh Y rpady
8. s xomtpomo obumcmonts [plv] y rpadi 9. [pu usomy [plv]= [pv?];
0+27,018+0+0++11,366 —1,10 = 37,274.

Iro cymy nopisHioTs 3 [pV?] = 37,272, oxepxanoro B Tabm. 10, mo

CBITYUTH MPO MPABMWIBHICTH OOYUCIICHHSI MOMIPABOK V.

4.11. O04uc/IeHHs BUPiBHSIHUX 3HAY€eHb MapaMeTpiB

(BHCOT BY3JIOBHX TOY0K)

tp =Hy =1t +V; = 44,493 m— 3,4 MM = 44,4896 u;
ty =H, =t5 +V, = 47,666 M + 0,4 Mm = 47,6664 m;

ty = Hy =13 +V3 = 42,058 M+ 1,9 Mmm = 42,0599 m.

4.12. O04uc/IeHHS BUPIiBHSIHUX 3HAY€Hb BUMIPSHUX BeJIUYUH

(mepeBUIlIEHDb)
BupiBHSIHI TIepeBUIIEHHS 1 OCTATOYHUWA KOHTPOJIb BHUPIBHIOBAHHS

BUKOHAaHI1 B Ta0. 12.
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BupiBHsIHI nepeBUIIEHHA

Tabnuys 12

Homep Bumipsina Vi, Bumipssna | Buwmipsai | KoHTpousb
X0y h, m MM h, m 3B’SI3KU h
1 +2,356 -3,4 +2,3526 t1 - Ha +2,3526
2 +3,181 -4,2 +3,1768 -1 +3,1768
3 -0,806 -0,4 -0,8064 Hg - 2 -0,8064
4 -4,802 +1,9 -4,8001 t3—Hg -4,8001
5 +5,604 +2,6 +5,6066 th—1t3 +5,6066
6 +2,430 -0,2 +2,4298 t—t3 +2,4298

4.13. OuiHka TOYHOCTI
1. Cepenns kBaapaTMuyHa MNOXWOKa OJUHMIN Baru (MEPEBUILCHHS IO

2
= [pve] _ 37,27 — 35k,
\n-k \ 3
[ToxnOxa camoi IMOXMOKHU OMHUI] Baru
m, =p//2(n—K) = 25//6 =14 mm.

2. Cepenns KBagpaTHIHa TOXMOKA Ha 1 KM X0y
Mixn = M/\/E — 3,5/\/@ :1,1 MM.

3. CepenHi KBaJipaTU4HI TOXUOKUA BUPIBHSHUX 3HAYEHb BUCOT (TMIO3HAYOK)

xony 10 km)

BY3JI0OBUX perepis TOYHICTh

m, = Q1 =3,54/0,498 = 2,5 my; mmtl =m, Q1 =10 mm;
m, = L/ Qoo =3,54/0,441 = 2,3 my; mmt2 = mw/QZZ =0,9 MMm;
M, = 1y/Qa3 =35,0,405 = 2,2 vi; My, =My y/Qaz =09 mm.

4. CepeaHs KBaJpaTHYHA MOXUOKA (DYHKIIIT BUPIBHSAHOTO MepeBUIICHHS N3

Mg =p /Pi =3,5,0,45%4 =2,4 my;
F

mmF = mu /é = 0,9 MM.

(mapameTpiB) 1 ix
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3aeoannsa 0o 3adaui /. BuKOHATH BUPIBHIOBAHHS HIBEIIPHOI MeEpexi

(muB. puc. JI. 8) 3a ymoBoro 3amadi . OnHi 3 yka3zanux 3HadeHb L 1 h mo xomy

3MIHIOIOTHCS 3T1IHO 3 JaHUMHU Tad. 13

Tabnuys 13
BapianTu 3aB1aHb
Homep [aTepBan BapiaHTIB
RO tx 1<N <10 |10<N <20 | 21<N <40 | 41< N <90
1 2 3 4 5 6
1 L + N
h + N
2 L +0,5N +0,1 N
h -0,5N -0,1N
3 L +0,2 N
h +0,2 N
4 L +0,1 N
h +0,1 N
5 L +0,2 N
h -0,2N
6 L +N +0,5N
h +N +0,5N

Hanpuknan, sxmo N =

TPETHOTO i I’ ATOTO XO/IIB:
L;=8,3+0,235=15,3 km; h3=-0,806 + 0,235 =0,799 mwm;
hs = +5604 — 0,2 N = +5597 mm.

Ls=9,0+0,2N =16 km;
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5. PO3BA3AHHSA HOPMAJIBHUX PIBHAHDb CIIOCOBAMMUM
KBAJIPATUYHOI'O KOPEHS 1 IMMPOCTOI ITEPAIIIL

3agaua 8. Po3B’s3aTu HOpManbHI PIBHSHHS 13 3a7adi 7 3a CIIOCOOOM
KBaJpaTUYHUX KOPEHIB 3 OJHOYACHUM BH3HAYCHHSM BaroBUX KOE(QIIIE€HTIB 1
o0epHeHOT Baru (hyHKIIIi.

Po3¢’a3annn. YssBUMO HOpMaJIbHE PIBHSIHHS 1 BaroBy (YHKIIIO y BUTJISIII
Tabin. 14. B Hilf 06uncIMMo 3aranbHi cyMu 10 psakax. OOUYHCIeHHs! BUKOHYIOTh
3 3aCTOCYBAHHSIM MiKPOKaJIbKYJISATOPIB.

Tabnuys 14
Tadanusa koedinieHTIB HOpMATBLHUX PiBHAHD
PiBHsH-

. T T2 T3 L Q1 Q2 Qs F )3
Ny | +2,74|-0,80 | -1,00 | +11,40| -1 +11,34
Ny; - +3,11 | -1,11 | -1,96 -1 -1 -2,76
N3; - - +3,52 | -9,44 -1 +1 -8,03
Ngj - - - +93,96 +93,96

Po3B’s13aHHA HOpMaJIbHMX PIBHSIHb HaBeleHO B TaOiu.15. J{ns 3pydHOCTI
oOuMclieHb 3HaKU BCiX eneMeHTIB N;j, kpim kBaapaTuuHux N, 3aMiHUMO Ha
3BOPOTHI.

CumBonamu K, KpakoB’sHOBi paiku. IX 00YMCIIOIOTH 3a (GopMyamMu

Kyp =+/Ny; =+/2,74 =1,655;
K o= —Ny»/Kq; =+0,80/1,655 = -+0,483;
K 13=— Ni3/Kyq =+1,00/1,655 = +0,604;
K=Ky =—L /Ky =—6,888; Ky =+0,604 ita; Kig=0;
Ky =—S; /Ky =—6,852.
Kourponb: — K1+ Ko +...+ Kig = =5,/ Ky; - (—6,852) = —6,852.

Cnig mam’sTatd, 1o JUIsi KOHTPOII KBaapatuunuii koedimient Kji y

IIbOMY 1 HACTYITHUX KPAKOB’SIHUX PSIIKaX OEPEThCS 13 3HAKOM «-».
EnemenTH npyroro KpakoB’sSIHOTO pPsaKa BU3HAYAOTH 3a (hopMysiaMu

Kz = NG

NS = Ny —Npy — K2 =3110-(0,483) = 2,877; Ky, =1,696;
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Koz = (—Nog + K5 Ky3) I Koy =[+1,11+(0,483) -0,604]/1,696 =
=0,826;

Ko = Ko = (—Ly + KipKys )/ Koy =[+1,96+ 0,483 - (—6,888]/1,696 ==
-0,806;

Kos = (0+ KpKy5)/ Ky, =(0+0,483-0,604) /1,696 = +0,172;

Kog = (L+ KioKyg)/ Koy = (1+0,483-0) /1,696 = +0,590;

Ko7 =(0+KppKy7) Ky =0

Kog = (0+ KyyKyg)/ Kgy = 0,590;

Kag = (—S, + KqpKqg)/ Kpp =[2,76 +0,483 - (—6,852)] /1,696 = —0,324.
Konmponw: -Ka + Koz + ...+ Kag = Kyg;

-1,696 + 0,826 — 0,806 + 0,172 + 0,590 + 0,590 = -324; Ky =-0,324

EnemMeHTH TpETHOrOo KpakKOB’SIHOTO psiAKa PO3PaxOBYIOTh  3a
dbopmynamu

Kaz = J Né? = J N33 - Kl(§) E K§2) = J3,52 —0,604% —08262 =1572:

Kag = -1 1 Kz = (~Lg + K13Kig + KogKog)Kaz =[9,44 + 0,604(—6,888) +
+0,826(—0,806)/1,572=+2,936;

K3g = (0 + Kq13K15 + Ko3gKog) K33 =+0,322;

Kag = (0+ Kq3Kqg + KogKog)Kag = +0,310;

K37 = (L+ K13Kq7 + Kp3Ko7)Kas = +0,636;

Ksg = (—F3 + K13Kgg + Ko3Kog) Kz =-0,326;

2
K39 = (—Sé ))/ K33 = (—33 + K13 K19 + K23 K29)K33 = +2,305.
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Po3B’si3anns HOPMaAJbHHUX piBHHHb cnocooom KBaAPaTHOI'0 KOPEHS

Tabnuysa 15

Jlis T T2 T3 L Q1 Q2 Qs F S Kontposs
0 1 2 3 4 5 6 7 8 9 10
Nii N1 -N12 -N13 -L1 +1 0 -f1 -S1
+2,740 +0,800 +1,000 -11,400 0 -11,340
Nai N2> -N23 Lo 0 +1 0 -, -S5
+3,110 +1,110 +1,960 +1 +2,760
Nsi N33 -L3 0 0 +1 -f3 -S3
+3,520 +9,440 -1 +8,030
Nai [pll] 0 0 0 0 -S4
+93,960 -93,960
Kii Kqq = \/Ni -N12/K11 -N13/K14 L1/K1s Kis Kie K17 -f1/K11 -S1/Ku Kyt + Kig
11 1655 11 +0,483 +0,604 -6,888 +0,604 0 0 0 -6,852 -6,852
+ 1
Kai 1 —L /K Kos Ko Ka7 1 1 -Kopt...+ Kag
Ko =+ Nélz) -~ Néz) /Koo _3’806 22 110172 | +0.590 0 - fz( ) Koo | — Sé ) K22 20,324
+0,826 +0.590 -0,324
+1,696
Kasi Kss Kas Ka7 2 2 -Kazt...+ Ksg
Kag = Nég) - L(32) IK33 | +0322 | +0,310 | +0,636 | — fg( )/ Kgs —Sé ) IK3g +2,306
+1,572 -0,326 +2,305
+2,936
(3) 3 (3) (3) 3) (3) (3)
N4 N5 N g N7 N g N9 Ny +.
N3 +37,246 334 | 40,434 | +1867 1,433 39,735 3)
4i + N 48
-39,732
HEBIIOM T1 T2 T3 0,499 +0,201 +0,205 0,454
1 -3,354 +0,434 +1,867 +0,201 0,444 +0,197 1/Pe
+0,205 +0,197 0,404
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KOHWlpOJlb: -Kzz + Kag + ...+ K3z = Kag;
-1,572 +2,936 + 0,322 + 0,310 + 0,636 — 0,325 = -2,305; Kz = -2,306.

B psaxy N 4(13]) 3HAXOJUMO CYyMy [pVZ] =N A(j); N ﬁ) =[pll]-

2 2 2 2 2 2
— K P k{2 — K2 = 93,966,888 —0,8062 — 2,936% = 37,246.

I3 3amaui 7 y cxeMi po3B’s3aHHS HOPMalbHMX piBHsAHL  [pv?] = 37,272
OpnepkaHa pi3HHLA 3HAXOIUTHCS B MeXaX TOYHOCTI OOYHUCIICHHS MOIPABOK i
IIPUHMMAETHCS JOIY CTUMOIO.

Jli1st KoHTpOIIO cyMu [PV2] 3HAXOMMO iHII €IEMEHTH BOTO PAIKA:

N =0+ Ky Kys + Koy Kos + KagKgs = —3,354;

N = 04 Ky Kig + Koy Kog + KggKgg = +0,434;

N =0+ Kyy K7 + Koy Kpg + KggKgy = +1,867;

N = 0+ Ky Kpg + Koy Kpg + KggKgg = —1,433;

NSS == 4+ KigKig + KpsKpg + Ky Kgg =—39,735.

Koumpony:
N NG ND +ND + N =-39,732x N
N = 39,735,

[Iykani HeBiAOM1 00UKCITIOOTH 3a (hOpMyJIaMu

vy =LY /NY = Ks4/ Kaz = 205 _ 41867,

+1,572
., Kasta+ Koy _ 08261867 +(-0806) _ o o,
K., 1,696
T = KlZTZ + K13T3 + K14 = -3.354.
Ku

Po3B’s13anH HOPMAJIbHUX piBHfIHB KOHTPOJIOIOTH 3a CYMAapHHUM piBHHHHHM
0,94 (-3,354) + 1,20.0,434 + 1,411,867 + 0 = 0.

Barogi koedirieHTH 00YHCIIIOITH CITOCOOOM JAiaroHaneit 3a hopMmyaamu:

3 2 2 2 2
Q=Y K5 =0,604°+0,172° +0,322° = 0,499;
1
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3 2 2 2 2
Q,, = > K& =0%+0,590% +0,310° = 0,444
1
3
Q=2 Ki27 =0°+0° +0,6362 =0,404;
1

3
Q12 =Qy1 = > KisKig =0,604-0+0,172-0,590+0,322-0,310 = 0,201,
1

3
Qi3 =Q31 =D KjsKj7 =0,604-0+0,172-0+0,322-0,636 = 0,205
1

3
Q23 =Qz = > KigKj7 =0-0+0,590-0+0,310-0,636=0,197.
1

J171s1 KOHTPOJTFO 0OYUCITIOEMO JTIOTIOMIKHI BETUINHHU:
Qy =Qu1 + Q12 + Q13 =0,905

Qp, =Q21+Q22 +Q23=0,842
Qt; =Q31 + Q32 +Q33 =0,806.
Tonmi D1 Qy +2,Q, +23Q, =K,  abo
0,94-0,905+1,20-0,842+1,41-0,806= 2,997 =~ 3.
O6epneny Bary dyukiii 1/Pr Busnauaemo dopmysioro

3 2 2 2 2
1P =3 KZ =07 +0,5002 +(—0326)? = 0,454,
1

SIk BUIHO 3 OJEpKAHMX PE3yNbTaTiB, HiyKaHi Beamumad Ti, Q; i 1/ Pe

MPAKTUYHO OJHAKOBI B MEKaX TOYHOCTI OOUMCIICHb 3 OTPUMAaHUMU PaHille i yac

pO3B’si3aHHSI HOPMAJILHUX PIBHSHB criocobom ["aycca.

3aBaanHs 10 3aaa4i 8. Po3p’sa3atu cuctemy piBHSHB 13 3a7a4i 7 cCiocoOoM

KBaJpaTUIHUX KOPEHIB 3 OJHOYACHUM BHU3HAYCHHSM BaroBUX Koe(dIIi€HTIB 1

oOepHeHO1 Baru (PyHKITi.
[1, c.235-239; 2, c.215-220; 6, c. 7, €.263-288].

3adaua 9. Po3B’s3aTy HOpMaJIbHI PIBHSHHS, OJIEPrKaHi 3 3a/1a4l 7, Cloco0omM

pocToi iTepailii (HaOIMKEHb ).
Po36’a3annsa. HanuimeMo BUXiAHY CUCTEMY HOPMaJbHUX PIBHSIHB
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+2,74 -080 -100Y 1) (+1140
~080 +311 -111 |71, |+| -1,96 |=0.
~1,00 -111 +352)\15) (-944

VY cnoco0bi mpocToi iTeparlii 3Ha4eHHs HEBIJOMHX BH3HAYAIOTHCS B MPOIEC]
JEK1TbKOX HAOIMKEHB 3a 1TepalliitHUM PIBHSHHSIM:

Ty =—Ngp/Ny3 19 = Ny3/Nyyt3— Ly /Nyy;
Ty =—Npp /Ny 13 = Np3 /Nppt3 =Ly /Ny,
T3 =—Nj3/N3g3 13 — N3y /N33 15 —Lg/Ng3.

VY nanomy mpukiIam

11 =+0,2921, +0,36515 — 4,161,
T, = 40,2571 + 0,357 15 + 0,630;
1, =+0,2841; +0,3157, + 2,682.

Bunumemo koeQilieHTH 1 BUIBHI YJIEHM MPaBOi YAaCTUHU 1TEpaLliiTHUX
piBHsIHB y TaoOu. 16.

Tabnuysa 16
Po3B’s13aHHSI HOPMAJILHUX PIBHAHB CIIOCO0O0OM NMPAMOI iTepamil

E g0 O 0 . HaOGnuxeHH4

il i2 i3 1 1 2 3 4 5 5 7
0 1 2 3 4 | 5 6 7 8 9 10 | 11
EJ - +0,257 | +0,284 | 7, | -4,16 | -3)53 | -3,46 | -3,40 | -3,37 | -3,36 | -3,35
EQ [40292| - | 40315 [ 7o | 044 [ 40,21 | +0,36 | +0,41 | +0,42 | +0,43 | +0,43
EY |+0365 | 0357 | - | g |+136(+L75 | +18L|+184 | +186 | +187 | +187
0 1 2 3 4 5 6 7 8 9 10 11

Ei | -4,161 | +0,630 | +2,682
YEi | -3,504 | +1,244 | +3,281

- -4504 | +0,244 | +2,281
2N

[Tincymyemo iX Mo CTOBIIISX:

2E1=+0,292 + 0,365 — 4,161 = — 3,504;
2.E; =+0,257 + 0,357 + 0,630 = +1,244;
2.E;=+0,284 + 0,315 + 2,682 = +3,281.
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KonTpons BukoHaemo 3a popmyrnoro 3 E; —1=3, /N;;.
Sk BUHO 3 Ta0J1. 16, KOHTPOJIH BUKOHYETHCS.

V nepiomy HabimkeHH] npuiiMaemo 3uaderns T, =0; T3 = 0. Toxui:

M = 12,292.0+0,365-0-4,16 = —4,16.
(1

Bunuiemo ne 3HaYeHHs HaBIpOTH Ty~ y rpadi 5. IlpuiiHasmm Horo 3a

HAOJIMKEHE 3 BUKOPUCTAHHSIM rpadu 2, 004MCIUMO HEBIIOME:
1) = 10,257 (~4,16) +0,357 -0+ 0,630 = 0,44,

@ . )
1

ITo rpaci 3 3a 1OMOMOror0 HAOMMKEHUX 3HAYEHHAX Ty 1 Tg

1) = 10,284(—4,16) +0,315(~0,44) + 2,68 = +1,36.

3HaueHHS ’E(Zl) 1 Tél)

(2)

OOYHMCIIEHHS T{ ~ NPUHAMEMO HAOJIMKEHI 3HAYCHHA T

BUIUILIEMO B rpady 5. YV apyromy HaOJIMKEHHI s

(1) 1 1:(1) 13a 1Te 11
5 3 pariiHaM

piBHsiHHAM (Tpada 1) 3Haiigemo
) = 40,292 (-0,44) + 0,366(+1,36) — 4,16 = -3,53.

O

AHQJIOTIYHO  TPHUIHSBIIH ’Ciz): -3,53 1 = +1,36, oO4uciINMO

12 = 40,257 (-3,53) + 0,357(+1,36) + 0,63 = +0,21; Tozi
1) = +0,284 (-3,53) + 0,315 (+0,21) + 2,68 = +1,75.

VY TperboMy HAOJIMKEHHI OIEPKUMO

113 = 40,292(+0,21) +0,365 (+1,75) — 42161 = -3,46;
1) = +0,257(-3,46) + 0,357(+1,75) + 0,63 = +0,36;
1) = +0,284(-3,46) + 0,315(+0,36) + 2,68 = +1,81.

Hactynni HaOnmuKeHHS BUKOHYIOTHCS AHAJIOTIYHO JOTH, JOKH 3HAYCHHS
HEBIJIOMUX B CYMIXHUX HaONMKEHHSIX OyIyTh MOBTOPIOBATHUCS B MEKaxX TOYHOCTI
OO0YHCIICHb.

VY T1abn. 16 obuncaeHHs 3aKIHYYIOThCS IO CbOMOMY HaOJMXKEHH1, OCKIIbKU
3HAYEHHS T2 1 T3 MOBTOPIOIOTHCS, a 3HAYCHHS T1 3HAXOIATHCSA B MEXKaX TOYHOCTI
O0OYUCIICHb.

JIJIsi KOHTPOJIIO PO3B’s3aHHS HOPMAJIBHUX PIBHSAHB HEOOXITHO IMiICTaBUTH
3HAUEHHA T; Y KOXKHE 3 piBHAHB. [IpoTe HEe OyaemMo 1IbOro poOUTH, OCKUIBKH IIi
3HAYCHHS OJIeprKaHi IBidi — B 3a1auax 7 1 8.
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3naxoaumo cymy [pv?] 3a popmyioro
[pv2]= Ly7y + Loty + Lty +[ ], (78)

abo
[ pv2] = +11,40(~3,35) —1,96(+0,43) — 9m44(+187) + 93,96 = 37,38.

YV sagaui 7 [pv¥] = 37,27. Opepxana pi3HHLIA 3HAXOAUTHCA B MEXAx
TOYHOCTI OOUYHCIIEHD 1 HE BIIMHE Ha OI[IHKY TOYHOCTI.

3BHUaiiHO, MiJ Yac po3B’s3aHHS HOPMaJbHUX PIBHSAHB 3a CIIOCOOOM iTeparliil
KOHTpOJb [PV?] s3xilicHIOIOTH micas OOuYMCIEHHS MONPaBOK 3a (OPMYJIOKO
[pv?] = p1v12 + p2v§ +...+ anrz] . TlompaBku 004YHCITIOIOTH 3a GopMy10i0 (2).

3apnanHst 10 3aaaugi 9. Po3s’s3aTy HOpMasIbHI PIBHSHHS 13 3aBIaHHSA 6

CIIOCOOOM MPOCTOI iTeparii.
[1, c.239-241; 2, ¢.220-224; 3, ¢.229-234; 7, c. 266-270]
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Crioci6 By3:1iB 3aCTOCOBY€ETHCS MI1J1 YaC BUPIBHIOBAHHS MEPEX HIBEIIOBAHHS

6. BUPIBHIOBAHHA I'EOAE3UYHUX MEPEX

1 pO3IUILHOMY

BUPIBHIOBaHHI

KyTIB 1

CIIOCOBOM BY3JIIB ITOITIOBA

MIPUPOCTKIB

MOJIITOHOMETPUYHHUX MEpPekax MapaMeTPUIHUM CITIOCOOOM.

CyTHICTb cIocoOy Tojisirae B OOYHMCICHHI KOE(IIIEHTIB HOPMaJbHUX

PIBHSIHB 32 KPECJICHHSAM MEPEXKI.

3aoaua 10. BukoHaty BHpiBHIOBaHHS HiBemipHOi Mepexi (nuB. puc. /. 9)
cnocobom By3miB [lormoBa 3 OIIIHKOIO TOYHOCTI BUPIBHAHMX 3HAY€Hb BHUCOT

KoopauHaT

BY3JIOBMX TOYOK 1 IEPEBUILEHb 110 X0aX. BuxiiHi 1aH1 HaBeeH1 B Ta0n.17.

Tabnuys 17
Buxinni nani
Howmep Homep | K-ctb Homep | K-c1b
H,m . h, m , h, m

MapKu X0y | ITaTBIB XOJy | IITaTUBIB

A 106,840 1 20 +3,144 5 20 -2,048

B 112,16 2 25 -0,951 6 25 -1,332

C 108,030 3 66 +4,317 7 50 -2,279

- - 4 40 -0,177

Po3é’azannn. 3a HEBIIOMI TapamMeTpu NTpHIMEMO BUCOTH (TIO3HAYKHU)

Bysnosux penepis Rp.1, Rp.2, Rp.3; t;=Hqy; t, =H,; t3 =Hj;.

HaommxeHas

3HAUYEHHsS (BUCOTH) IMapaMmeTpiB

MIEPEBUINICHHS XO/IIB hl, h3 1 h7 B1JI BUX1THUX MapoK.

t? = H 5 +h =105,840 + 3144 =108,984 u;
td = He —h, =108,030 — (—2,279) =110,309 »;
t = He +h; =108,030 + 4,317 =112,347 .

CkiazemMo napameTpuyH1 PiBHSHHS 3B S3KY:

1. hy =t —Hy; 2. hy =H¢ —ty;
3. hy=t;—Hc; 4. hy =Hg —t3;
5. hy =t, —t; 6. hg =t; —ty;
7.h; =Hc —t,.
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OOGuucauMO BIJIBHI YIEHW MapaMETPUYHUX PIBHSIHL MOMpPaBoK. s mboro

JIOCTAaTHBO B PIBHAHHSX 3B’513Ky BUDiBHsHI 3HaueHHs N 3aminuTn Ha BuMipsHi h;,

a mapameTpu tj — Ha X HaOJIMKEHI 3HAYCHHS.
Toni

l, =t —H , —h, =108,984 —105,840 —3144 =0 mwm,

l, = He —t? —h, =108,030 —108,984 — (~0,961) = —3mw,
l; =t —H¢ —hy =112,347 —108,030 — 4,317 = Omm,

I, =Hg —t§ —h; =—5 a,

ls =t5 —tg —hg = +10 M,

lg =t0 —tJ —hg = +7mm,

_ 0 _
|7 = HC —t2 —h7 —OMM.
Bunumiemo 3navenns |i Ha cxemi xoxiB (muB. puc. [1.9). 3a yacTkoBUMH
NOXITHUMH BIJl BUXIJIHMX pPIBHSHb 3B 513Ky BHPAXyeMO KOE(IUIEHTH pIBHIHb

oh
MIOIIPABOK g i = A&
ot
0

PiBHsiHHS TONTpaBOK HAOY Iy Th BUTTISTY:
1. Vi= T1
2. Vo=-T1 -3
3. V3= T3
4, 14 = -13 -5
5 15= T2 -T3 +10
6. Vg=11 -T2 + 7
7. T7 — -T2

BusHaunMo Bary BUMipSIHEX TIEPEBHILEHB 32 (OPMYIIOI0
c 20 _
P=—=—.Toni P.=10 P,=08 P;=03; P.=05 Ps=10;
n; n;
Ps=081 P;=0,4.
Bunumemo ix Ha cxeMy HiBenipHUX X011iB (1uB. puc. /1.9).
Hopmanbhaux piBHsIHb Oyae Tpu, ockiibku K = 3.V cnoco0i1 By3iniB [Tonosa
KOe(DIIEHTH HOPMAIBHUX PIBHAHb OOYMCIIOIOTH 0€3MOCEPEeIHBO 3a KPECICHHSIM
MEpexi.
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1. KBagpatuuni KoedilieHTH HOPMaJbHUX PIBHSAHb Y PSJIKY JOPIBHIOIOTH
CyMI BariB XOJIiB, 1110 30iratoTbCs B BY3J1i 3 TAM CAMUM HOMEPOM.

V npuKIiai, o po3risaacThes, s nepimoro Bysna (Rp.1)
Niy=P1+Py+Ps=1,0+0,8+0,8=2,6. Tom Np=Ps+Pg+P;=10+0,8
+0,4=2,2; N3y3=P3+Ps+Ps=0,3+0,5+1,0=18.

2. HekBanpatuuni koegiuieHTH Njj TOpPIBHIOIOTH BIJ’€MHINM Ba3l 3HAUEHHS
X0y, MO 3’€IHY€E€ BY30J [ 3 By3JIOM |. SKIO0 MK By3JaMd { Ta | HEMae
CHUIBHOTO X0ny, KoedimieHT Njj AOpiBHIOE Hymo0. Y IpOMY MNpHUKIaAl (JIUB.
puc. I[9) OJICPKUMO N12 = N21 = =- 0,8; N13 = N31 = 0; N23 = N32 =- 1,0.

3. BuIbHI 4ieHHM HOpPMajbHUX PIBHSAHb L; JOPIBHIOIOTH CyMi JOOYTKiB
+[pll] xoxis, sxi cxonaTses 10 Bysna 3 HOMEPOM j. 3HaK «+» CTABUTBCS, KOIM
X1J] CIPSMOBAHUN 10 BY3JIOBOT TOYKH, 1 «-», SIKIIIO HAIPSIMOK XOJy BijJ BY3JIOBOI
TOYKH.

Tomi
Ll = Z PIII = Plll - P2|2 + P6|6 = 1 O - 0,8(—3) + 0,8 7 = +8,0MM,

L, =Rl —Pslg — P41, =1-10-0,8-7-0,4-0 = +4,4 mm,
L3 = P3|3 — P4|4 — P5|5 = 0,3 O - 0,5 . (—5) —110 = —7,5MM.

Cucrema HOpMaJIbHUX PIBHSIHB B MATPUUHOMY BUTJISAI Oyie:

+26 -08 O T +8,0
-08 +22 -10|| 1, [+|+4,4|=0.
O - 1,0 + 1,8 T3 - 715

3a popmynamu Kpemepa 06uncanmMo mormpaBky 10 HEBIJOMHUX MapaMeTpiB:

+80 -80 0
+44 +22 -10
N -75 -10 +18 24,02
Tl:_H:_+2,6 08 0| es oo
08 +22 -10
0 -10 +18

Ipumimka. ]I npukiaay HaBeIeMO OOYMCIICHHS BU3HAYHUKA BUX1THOI

MaTpuIl. 3a mpaBUiIaMu MaTPUYHOTO OOYUCIICHHS OJIEPKUMO

+2,2 -10 -08 -10 -08 +2,2
IN|=+2,6(+1) -0,8-(-1) +0(+1) =

-10 +18 0 +18 0 -10
= 2,6-(+3,96-1,0) +0,8(-1,44+0) + 0(+0,8 — 0) = +6,55,
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+25 +80 O

-08 +44 -10
N 0 -75 +18
T2 Z—MI— i =—12’61=—1,93 MM;
N| 6,55 6,55
+2,6 -08 +8,0
-08 +22 +44
N 0 -10 7,7 -
N| 6,55 6,55
OOuucrieHl HEBIJJOMI MPOKOHTPOJIIOEMO MiJCTAHOBKOIO iX Yy HOpMasbHi
PIBHSIHHSL:

+2,6-(—3,67)—0,8-(~1,93) +0-(+3.09) + 0,8 = 0;
~0,8-(~3,67)+2,2-(-1,93) —10- (+3.09) + 4,4 = O;
0-(=3,67)=1,0-(-193) +18- (+3.09) - 7,5 = 0.

I3 piBHAHB momnpaBok (80) 3a onxep:KaHMMM 3HAYEHHAMH Tj OTPUMAEMO

IIyKaH1 TOMPAaBKU:

1. Vl = —3,7 2. V2 = —6,7 7. V7 = +1,9
5. V5 = +5,0 6. V6 = +5,2

OGuucauMo BUPIiBHAHI 3Ha4eHHs mapamerpis (Bucot penepis Rp.1, Rp.2,

Rp.3) i Bumipsuux nepesumens N, BUKOHaBIIM ocCTaTo4HMI KOHTpONE 3a

PIBHSIHHSIMU 3B’ SI3KY:

Hy =t? + 1, =108,984 m — 3,7 mm = 108,9803 m,
H, =t +1,=110,309 M~ 1,9 mm=110,3071 u,
Hy =t + 14 =112,347 m + 3,1 mu = 112,3501 w.

OTcTaTouHUN KOHTPOJIb BUPIBHIOBAHHS BUKOHAHO B Tabs. 18
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Tabnuysa 18

BupiBHsiHi 3HAYeHHS BUMipSIHMX BeJMYHUH (MepeBUILEHb)

Homep | Buwmipsni | IlompaBka | BupiBusini | PiBasaas | KonTposb
X0y h, m V, MM h, m h, m
1 2 3 4 5 6
1 +3,144 -3,7 +3,1403 t1 - Ha +3,1403
2 -0,951 +0,7 -0,9503 He -1 -0,9503
3 +4,317 +3,1 +4,3201 t3 —Hc +4,3201
4 -0,177 -8,1 -0,1851 Hg —t3 -0,1851
5 -2,048 +5,0 -2,0430 to—13 -2,0430
6 -1,332 +5,2 -1,3268 -1 -1,3268
7 -2,279 +1,9 -2,2771 He -t -2,2771

OO04HCcAMMO 3HAYEHHS CyMU [pV2] = p1V12 + p2v§ +.ot p7v% =97,83.

JI71s1 KOHTPOJIIO 3HAXOAUMO

[pv2] = pihvy + polov, +...+ polov, =97,69.

JUIsE OLIHKKM TOYHOCTI BHUPIBHSHUX HEBIAOMHX (mapameTpiB) 1 (yHKIIHA

F1 = hs, F, = hg npuiimemo o0epHeHHS BUXigHOI MaTpuili N, BH3HaYMMO Barosi

xoedimientn (Marpumo N1=Q).

3a monomororo BuxigHoi Matpuilli N cKkiiageMo HOBY MaTpHIIO

N™ =[Nj].

e N{; =(-D" ) x N;j — anre6paiuni nonosnenns; Njj — mHOp, a00 Bu3HAYHNK

MAaTPHIIi, 110 BUHUKAE MPU BUKPECIIEHI [ psIKa Ta J CTOBIIIA BUXiAHOT MaTpuili N.

SIkmio
+26 -08 0
B . 1+ 22 -10 B _
N=l-08 +22 -10| 10 Nj;=(-1) =+2,96;
-10 +18
-10 +18
~08 -10 08 +22
N = (D)2 l= 41,44 Nim = (-3 7 —40,8:
12 =D c1g” " =D 0 o7t
08 0 +26 0
N, = (-2 —4144: N3, = (=122~ — +4.68
2=(DT g gt N2 =007 g g =ra0s

56




+26 —-08 ~08
N3 = (=123 =426 N = (-3 —408:
2=CD"" 0 1o =" 00 10
+26 0 +26 -08
N = (=132~ 42,60 Ni,= (=133~ "= 45,08
32 =1 _08 -10 33=0D _08 +22

Toni
+296 +144 +0,80
N*=| +1,44 +4,68 +2,60].
+0,80 +2,60 +5,08

OO6epHeHa BaroBa MaTpulls BU3HAYA€THCS 32 GOPMYJIIOH0

N
Q=N1==N"
N

Panimre 0yB ofep>kaHuii BA3HAYHUK BUX1IHOT MaTPHIIL:

IN|=655, a ~ =015.
N|
OTxe,
044 022 012
Q=015N"| 0,22 0,70 0,39].
012 039 0,75

CepenHsi KBaJpaTUyHa MOXUOKA OuHUIII Baru (Ha 20 mTaTUBIB)

[pv?] [97.8
- - — 4,9 M.
H20 = T Ty73 T

Toni cepenusi kBagpaTH4YHA TMOXMOKAa BUMIPY OKPEMOTO TEPEBUIICHHS Ha
OJIVH TITaTHB

g = o /~C =4,9/20 =1,1 wm.
Cepenni kBaipaTU4YH1 MOXUOKHU BUCOT BY3JIOBUX peIiepiB

mel = H«\IQ]_ = 4,9«[ 0,44 = 3,2 MM,
Mrpz = 1y/Qz =4,94/0,70 = 4,1 wv;
me3 = H11Q3 = 4,9«\10,76 = 4,3 MM.

JIJis OIIHKKM TOYHOCTI BHUPIBHSHUX IEpEBUIEHL Ns Ta hg CKirameMo Barosi
dynxuii F =hg i F, =hg. Busnauumo ix yepes mapamerpu: Fj =1, —t3 i
F, =t —t,. Bisbmemo moximui Big mux QyHKmiii: fij =(8Fi/atj); fiu. = 0;
flo=+41; fiz=-1; foy=+1;, fp=-1, f3=0.
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JI1st cyKymHOCT1 1BOX (YHKIIIH OTpUMAEMO MaTPHII0 OOEpHEHHUX Bar:

C oty T s Q1 Qo Qi) fun fxn
Qp = fOf =(f21 fy fzs] Qo1 Qo Qo3| fi2 foo | (81)
Q31 Q3 Q33 \fiz3 fo3
0,44 0,22 012\ 0 +1
0 +1 -1 0,68 -0,21
Qf = 022 070 039|+1 —1|= .
0O -1 O -0,21 0,70
012 039 0,76 \-1 O

Toni cepeani kBaapaTU4HI MOXUOKHU BUPIBHSHUX MEPEBUIICHD

Mp, =1,/ Qr =4.970,68 =4,0 mv; my =1 /QF, =49,/0,68 =41 wu.
KoedirienTn xopensiii Mi>k By3JIOBUMH periepamMmu
Q12 0,22 0,12

= = =040, pz=—>—+—=0,2
JQu1/Q  +/0,44,/0,70 137 /0,44./0,76
3 =0,39/,/0,70,/0,76 =0,53; ry.p,, =—0,21/,/0,68,/0,70 =—0,30.

3ananns 10 3agavi 10. Po3Bszatu 3amady BHPIBHIOBAHHS HiBENIPHHUX

P) ik

xo/iB (auB. puc. [1.9), 30inbmuBIIM KUIbKICT mTaTUBIB HA N (HOMEp BapiaHTa) y
BCIX xojaax. Bary o6uncimoroTs 3 TouHicTio 10 0,01. OOuucneni koedimienta N 1

BUIbHI WieHU L HopMaabHUX pIBHSIHB MOKHA OKpyTIsiTu 10 0,1.
[2, ¢.206, 145, 146, 164-167; 7, ¢.360-364].

KoHTpoJIbHI 3anIUTAHHA i 3aBJIaHHSA
Ski BUMIpsIHI BEeTMYMHUA HA3WBAaIOTh HEOOX1THUMH?
[I{o Ha3uBaeThHCS BUPIBHIOBAaHHAM? SIka MeTa BUPIBHIOBAHHS
Ha sikomy npuHImmni 6a3yeTbcsi METOJ HaWMEHIIUX KBaapaTiB?
Ha3BiTk criocoOu BUpIBHIOBAHHS
SKi BUMOTH CTaBIATHCA JOBUOOPY HEOOX1THUX HEBIIOMUX (MTapameTpiB)?

o gk wdPE

Hanumnite mapameTpuyHi piBHAHHS 3B’ 53Ky U1l BAMIPSHUX BEJIMYHMH 4Yepe3
BUOpaHi NapaMeTpu y 3arajibHOMy BUTJISI

7. Jlns 9oro BU3HAYAIOTH HAOMMKEH1 3HAYCHHS ITapaMeTpiB?

8. Sk mepeilT BiJ mapaMeTpUUYHUX PIBHSIHB 3B A3KY J0 PIBHSHb MOMPABOK?

9. Sk oOuMCIUTH BITBHI WICHH MapaMETPUIHUX TTOTPABOK?

10. Hamumiite mnapaMeTpuyHi pIBHSHHS TMONPABOK Y 3aramieHoMy 1
MaTPUYHOMY BUTJISIII

11. HanmuuriTe napamMeTpuyHi piBHSHHS NOMPABOK JJI BUMIPSIHUX MEPEBUILEHb,

BiJUTAN1, TUPEKIIMHOTO KyTa, KyTa 1 HAPSIMKY
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12. BuBenith HOpMaJibHi piBHSHHA. HanmumiiTe X y MaTpuyHOMY BUTJISII

13. Sk oTpuMaTH CHUCTEMY HOPMAJIbHHUX PIBHSAHb 3a pIBHOTOYHHUX 1
HEPIBHOTOYHUX BUMIPiB?

14. TTosicHITE 0COOIUBOCTI MOOYJOBH CUCTEMU HOPMAJIBHUX PIBSHD 1 iX O3HAKH
15. Sk 1 qy1s1 9oro cKIamaeThbes Tabauisl KoeMIieHTIB PIBHSHD IMOMPABOK?

16. Sx oOumcnutu Koe(ilieHTH 1 BUIBHI WICHW HOPMAJIbHUX PIBHIHB?
KoHTposb 00uncieHb.

17. Slxum crioco60M pO3B’SA3yI0Th CUCTEMH HOPMAJIbHUX PIBHSHb?

18. CytHicTb anropurmy ["aycca

19. 3anumriTe y OyKBEeHUX MO3HAYECHHAX MEPETBOPEHY B €KBIBAJICHTHY CUCTEMY
HOPMAJIbHUX PIBHSHb.

20. HanmuuniTe eniMiHalIiHI PIBHSIHHS.

21. HaBeniTh npukiIaan po3KputTs anroputmis [aycca.

22. Sk o6uucIUTH HEB1IOMI 3a criocobom ["aycca?

23. SIki KOHTPOJII BAKOPUCTOBYIOTHCS TIPU PO3B’A3aHHI HOPMAJIBHUX PIBHAHD 32
cnocobom ["aycca?

24. Hasenith crmocobu oGumcieHHs cymu [pv?] B mapaMeTrpudHOMy CIIOCOOi
BHUPIBHIOBAHHS,

25. HaBeniTh MOBHY CXeMy pPO3B’Si3aHHS HOPMaJbHUX PIBHAHb 32 CIIOCOOOM
l"aycca.

26. HaeniTh CKOpOYEHY CXeMy pO3B’s3aHHS HOPMAJIbHUX pPIBHSHb 32
cniocobom ["aycca.

27. SIk BUKOHYETHCSI KOHTPOJIb OOYMCIICHHS HEBITOMUX Y crioco0i ["aycca?

28. Sk po3B’s13aT HOPMaJIbHI PIBHSHHS COCOOOM 1Tepanii (HabauKeHb)?

29. Sk oOuuncaoThCs BaroBl KOedIIEHTH 3a COCOOOM I0AaTKOBHX rpad?
CyTHicTb cioco0y.

30. Sk obuncnuTh BaroBi Koe(dIIieHTH 3a crocoOoM JiaroHanei Ineapcona —
PomanoBcekoro?

31. HaBeniTh KOHTPOJII 0OYMCICHHS BarOBUX KOE(IIiEHTIB.

32. Sk o0YKUCINTH Bark ABOX OCTAaHHIX HEBIIOMHUX 3a crtocoooMm Enke?

33. SIk BUKOHATH OLIHKY TOYHOCTI BUPIBHSHMX HEBIIOMHX 3a JOMOMOTOIO
BaroBUX KOE(QII1€HTIB?

34. ITopsoK OMIHKKA TOYHOCTI ()YHKIIM BUPIBHSIHUX HEBIJOMHX 32 CIIOCOOOM
J0JTATKOBOTO CTOBIIIIS.

35. SIk o0UMCIUTH TIOMPABKU BUPIBHSHUX 3HAYCHb MApaMeTpiB 1 BUMIPSHHUX
BEJIMYUH?

36. Hanumite hopmMyity cepeHbOi KBaIpaTUUHOT TOXUOKHU OAMHUIT Bar.
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37. SIx oOuucauTh cepeaHl KBaapaTU4HI MOXUOKH BUPIBHIHUX HEBIJIOMHUX
(mapameTpiB) 1 3a1aHUX QYHKITIH?

38. SIk BUKOHYETHCS OCTATOYHWI KOHTPOJbh BHPIBHIOBAHHS MapaMETPUIHHM
criocobom?

39. [Tops10K BUPIBHIOBAHHS MapaMETPUIHUM CIIOCOOOM.

40. Ski reoge3nyH1 Mepexi MOXKHA BUPIBHIOBATH criocoOoMm By3iiB [lomosa?
41. Sk cknacTu HOpMaJTbH1 PIBHIHHS 32 KPECIECHHSIM MEpeXk1 B CI1oco01 By3JIiB?
42. SIx BUKOHATH OIIIHKY TOYHOCTI y CITO0c00i BYy3JTiB?

43. Sk obunciuTH KOoe(IIleHTH KOPEJSIii MK HEBIIOMHMH IMapaMeTpamu 1
3aBJIaHUMH QYHKITISIMA?

44, Hamumite Qopmynu s OOYMCIEHHS HEBIIOMHUX TIPH  PO3B’S3aHHI
HOPMAJIbHUX PIBHSHB criocobom Kpamepa.
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Ha = 42,137
Puc. JI.7 Puc. 1.8 He = 46,860
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