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Jnis Toro, mo0O OJHO3HAYHO BHU3HAYUTH 4YHUCEIbHI 3HAYeHHS ! HEBIIOMHUX
napameTpiB, HEOOX1THO BUMIPATH t BeJIMYUH, 1110 BUOPaH1 BIAMOBIAHIUM CIIOCOOOM.

Hanpuxnan, nis BU3HAUYECHHS TOJIOKEHHS TOYKM Ha IUIONIMHI MOTPIOHO ABa
napameTpu — koopauHaTu X 1a Y. OTKe, He0OX1HO BUMIPSITH /1Bl BEJIHYUHHU.

BumiproBaHHs, BUKOHaHI IIOHaJ HEOOX1JHI, OyJAyTh HaJIMIIKOBUMH. Pi3Hi
koMOiHanii mo t BenmumumH 3 ycix N BuMipsHux (t < N) 3a HAIBHOCTI MOXMOOK
BUMIPIOBaHb MPUBEIYTH 10 PI3HUX 332 CBOIM 3HAYCHHSIMH ITYKaHUX MapameTpiB. [1pu
[bOMY HEOOXiJIHO BHU3HAYMTH ONTUMAJbHI 3HAYEHHS IUX TMapaMeTpiB, SKi
OTPUMYIOTBCSI TIPH 0OpOOIIl pe3ybTaTiB BUMIPIOBAHb 3 BUKOPUCTAHHSIM MPUHIIMITY
HaMEHIIINX KBaJIPaTiB:

[pvv] = min,

JIe p — Bara BUMIPSIHUX 3HAYEHb; V — TIOTIPABKa y BUMIPSHI 3HAYEHHSI.

[Iporiec 3Haxo/KEHHS KIHIIEBHX 3HAYCHb IIYKAHUX MapaMeTpiB 3a HAsIBHOCTI
HAJUIMILIKOBUX BUMIPIOBaHb Ha3UBAIOTh YPIBHIOBAHHSM.

VYpiBHIOBaHHS 3 BUKOPUCTAHHSAM TMPUHIIAITY HAWMEHITUX KBaJpaTiB Ha3UBAIOTh
CTpOruM ypiBHIOBaHHSM. [IpHu 11b0MY pO3B’SI3yIOTHCS TaKi 3a7adi:

— BUKJIIOUAETHCS HEBU3HAYEHICTh (0araTo3HAyHICTh PO3B'SI3KYy, IO
3B’S13aHO 3 HAJUIUIIIKOBUM YHCJIOM BUMIPIOBAHb);

- MIJBUIIYETHCS TOYHICTh Ta HAMIAHICTD OTPUMAaHUX peE3yJbTaTiB 3a
pPaxyHOK ONTHUMAJbHOTO BHUKOPUCTAaHHS BCIX BHUMIpIOBaHb. [liIBUIIEHHS TOYHOCTI
3pOcCTae 31 301IBIIEHHAM YKCJIa HAJIMIIKOBUX BUMIPIOBAHb,

- BUKOHY€THCSA OI[IHKA TOYHOCTI BUMIPSIHUX Ta YpPIBHEHUX BEJIWYUH Ta
GyHKIN Bl HUX.

Crpore ypiBHIOBaHHS MOK€ OyTHM BUKOHAHE MapamMeTpUyHUM a00 KOpEJIaTHUM
crnocobamu, [Ki € OOYUCIIOBAJILHUMHU pealli3alisiMid METOly HailMEHILUX KBaJpaTiB 1
MPUBOSTH JI0 OJJHAKOBOTO PE3YJIHTATY.
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OcHoBu napamMeTpuvHOTO YpiBHIOBAHHSI.
1. CyTh napaMerpu4Horo ypiBHIOBAHHS,

IMpn napaMeTpuvHOMY CHOCO01 AK VPIBHIOBAHI BEIHMYHMHH NPUAMAKOTLCA ACAKI
HApaMETPH, MO HANOLIBIN NOBHO BiOOPAKAOTH XaPAKTCPUCTUKH (PI3HUHOTO 00 €kTa a0
apuia. LI mapaMeTpu Ha3HBAKOTh HEOOXITHUMH HECBLAOMUMH.

VYpiBHIOBAHI mapaMeTpPH BHOUPAKOTh TAKUM YHHOM, MO0 1iX 3BM30K 3
BUMIPIOBAHHUMM CJICMCHTAMH BUPAYKABCI HAHO1IBII MPOCTUMH (DOPMY TAMH.

IHomi 3a ypiBHCHI TApPaMETPH TPHHMAIOTh CaMi BHMIPIOBAHI BEIMYHHH.
OG0B 3KOBOK) YMOBOK) JUI1 MAPAMETPIB € MOMKIHBICTE (DYHKUIOHATBHOTO BHPAKCHHSA

BC1X BUMIPHOBAHHX BCIMYMH YCPC3 YPIBHIOBAHI MAPAMCTPH.

2. Teopist mApaAMETPHYHOTO YPIBHIOBAHHSI,

Hexaii 3a7a00 n BUMIpsSHUX 3Ha4YeHb M M. ... M., ..., M’ . 3 IKHX t BCIHIHH
1- 2 ] r> n

HCOOXIAHI A7 OJHOPA30BOTO BH3HAUCHHS IMYKAHHX TMAPAMCTPIB. 3a7a4a YPiBHIOBAHHS
BUHHKAE MPU YMOB1 # > {. PI3HULM » = 11 — [ JOPIBHIOE YKCJIy HAATUIIKOBHX BHMIPIOBAHD
(YMCIy CTYTICHIB CBOOOIH).

IMo3naunmo wmykaui mapamerpu — 75, 75, ..., 7; 1 OyAeMO BBOXKATH, IO MOYKHA
BCTAHOBUTH 3AJICKHOCTIL

M =F(T.T,. ... T))

M, =E(T. T, ... T)

B SKHX M; — YPIBHCHI 3HAQUYCHHA BHUMIPSIHMX BCIHYMH. L[ PpIBHSAHHS HA3UBAKOTh
MAPAMETPHIHUMH PiBHIHHIMH 3B A3KY.

BumipsiHi Ta YpiBHEH] 3HAYEHHSA 3B A3aHI BHPA3ZOM:

M, =M +v,

OTpumaemo
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k¢l :E(Tb TZ? A Tt)_MI,
Va :Fz(Tla Ty, ..., Tx)_Mé

AK1 HA3UBAKOTHCA MAPAMETPHYHUMH PIBHAHHAMHE MOMPABOK B 3aTaJIbHOMY BHTILAIL

3amaya YpIBHIOBAHHS TOJISATAE B TOMY, OO 3HAWTH 3HAYCHHS MOMpPaBoOK v; (i=1, 2,
...,n)1mapamerpis 15 (=1,2, ..., 1)

[Ticost mepeTBOPCHDL CUCTEMA PIBHAHD MPUMME BUTJIAT

vy = a8y + ST, + ...+ 45T, +1, ()

Vy = ay0T; +bySTy + ...+ 10T, + 1, (p,)

v,=a,dl +b 8, +..+t00 +1, (p,)

e a, :%; b, :%; N :%; I3 :E(TO, 0 ..., Tto)—Ml’.;
o1y o1, ot
1 0, 1 0, e Tt0 — HabmKeHI (momepeHl) 3HAUCHHA TapaMeTpiB.

KoskHe 3 1ux piBHSHb MA€ Bary

2

P = #—02 . JI€ [y — CCPEIHS KBAAPAaTHYHA MOXMOKA OTMHUL]I BArH.
n;
i

TakuM YMHOM MA€EMO CHCTEMY N PIBHAHb, AKI MICTATH 7 + { HeBLAOMHX. JlidA

BH3HAUYCHOCTI BUKOPUCTAEMO J0JATKOBY YMOBY [pw] =min .

[Ticist mMEPETBOPEHb OTPHUMAEMO CHUCTEMY ! PIBHSIHb 3 / HEBIAOMHMH (CHCTEMA

HOPMAaJbHUX PIBHAHB):

[paa]éTl + [pab]éTz +.o+ [pat]é']} + Lpal] =0
| pab 5T, + [ pbb 5T, + ...+ [ pbt T, +[pbI]=0

[pat]éTl +[pbt]éT2 +...+ [ptt]cSTt + [ptl] =0
3 i€l CHCTCMHM 3HAHACMO MOMPABKH &7 10 MONCPCAHIX 3HAYCHD NAPAMCTPIB:
. 0 .
1i=1) +8I; (j=L12....1)
IlincTaBuMO MOMPABKA O7; B CHCTCMY MNAPAMCTPHYHHX PIBHAHB 1 OTPHMAEMO

MOTPABKH V; Y BAMIPSHI BSIHIUHU
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TakuM YHHOM PO3B’SI3YETHCA NEPIIA 337434 MAPAMETPHYHOTO VPIBHIOBAHS.

3. Teopist napaMeTPUYHOI0 YPIBHIOBAHHS B MATPHUYHOMY BHIJISL.

CucreMa mapaMeTpUUHUX PIBHSIHB HONMPABOK B MATPUYHOMY BHIJISIIL MA€ BHIJBL,

V=AT+L.
v, a b ... o1 A p 0 ... 0
Y T b, ... tz'T:5T2'L:12'P: 0O p, ... 0
v, a, b ...t oT, [ 0 0 ... p,

3a JOMOMOTOK MATPHYHHX IICPCTBOPCHD OTPHMAEMO CHCTCMY NAPAMCTPHYHHX

PIBHSIHB NOTIPABOK.
MaTpudHHIT 3aMMC YMOBH HAWMCHIONX KBAIPATiB MA€ BHTIAT
V' PV =min.

CucteMa HOPMAJIbHUX PIBHAHb B MATPHYHOMY BHTJISII

NT+4"PL=0
[pa] [pab] ... [pal [pet]
e Nz[pf’b] [Pljb] [p:bf];ATPL:[pf)z]
[pat] [pbr] ... [pn] [ pti]

Ilykaunit Bektop 7 =—N 'A"PL=BL, B HA3MBAcTbCA MATPULCK) TiHIHHOTO
B

MICPCTBOPCHHS.

3a ii JOMOMOroK MOKHA OOUYHCIHTH BEKTOP MONMPABOK ' 10 MONEPEAHIX 3HAYCHb

VPIBHIOBAHUX NMAPAMETPIB.
[TincTaBumo BekTOp 7' B MapaMETPHYHE PiBHAHHA MOMpPABOK. [licaa mepeTBOpeHB
V=D-L
D=F+A-B
Matpuiro N~ Ha3HBAKOTE MATPHIEK) BArOBUX Koe(iuienTis i mosnauarots Q. 3 ii

JOTIOMOTOXO 3AIHCHIOIOTECA OLIHKA TOYHOCTI YPIBHCHUX MAPAMETPIB.

4, QuiHKA TOYHOCTI 32 pe3y/IbTaATAMH HAPAMETPUYHOIO YPiBHIOBAHHSL
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4.1. 3arajbHi N0JI0KEHHS.
Onnier0 13 33Ja4  YPIBHIOBATLHUX OOYHMCICHB € BH3HAUCHHS CCPCAHBOL
KBAAPATUYHOT MOXUOKM BHMIPAHUX Ta YPIBHEHUX BEJIMYHH,A TAKOK (PYHKUIN Big HUX. B

3arajbHOMY /T OTO BUKOPHCTOBYIOTH (DOPMYJY:

ae M, — cepemHs KBAAPATHYHA MOXUOKA ACAKOI OLUHIOBAHOI BEIHYUHHU Y. [ —
CepeaHs KBaIpaTHYHA MOXHOKA OJHMHHIIL BATH, P, — BAra OLIHIOBAHOI BEIHYMHH.

TaxkuM YMHOM, A4 OIIHKH TOYHOCTI ACAKOI BEIMUHHH HCOOXITHO 32 pe3yIbTaTaMU

. . . 1
YPIBHIOBAHHS 3HAWUTH ABA 3HAYCHHSA. i 1 OOEPHEHY Bary — .
¥

[Tpn maremarwyHiil 0OpoOLI PO3PI3HAOTE ANPIOPHI Ta AMOCTEPIOPHI 3HAYCHHS
CepeaHbOI KBAAPATUYHOI NOXUOKM OAMHHLII BAard. ANMPiOpHE 3HAYCHHSA /) BU3HAYAETHCH
JOBUILHUM YHHOM J0 MOYATKY YPIBHEOBAHHSL.

AmnoCTepiOpHE B3HAYCHHS # BH3HAYAKOTHh 34 PC3YJAbTATAMH VYPIBHIOBAHHA 34

(hopMy 1010

e r — KINBKICTh HAJJHIOKOBHX BHMIPIOBAHb (KITBKICTH CTyNEeHIB cBoboam). B
3araJbHOMY BHITAAKY 3HAUCHHS Y 1 /() YMCCIIBHO PI3HATHCS, YCPE3 BILIHB NICBHUX MPHYUH.

Tomy anst 00uMCIEHD A, BUKODHCTOBYHOTh TaKl MPABHIIA!

1. npu 7> 20 BHUKOPHUCTOBYIOTb allOCTCPIOPHE 3HAUCHHS /]
2. npu » <10 BUKOPHUCTOBYIOTH QnpiOPHE 3HAUCHHSL Uy,
3. npu 10<r <20 BHKOPHUCTOBYHOTbh MAKCHMAJBHE 3 i 1 Uy

4.2. Buznavuenns odepaenoi paru pyHKmii BiJJ ypiBHIOBAHUX NapaMeTpiB.

Hexaii 3amana (pyHKINA BiA YPIBHIOBAHUX 3HAYEHB TTAPAMETPIB
y=0(1..1,....T))

BuzHauuMo oOcpHEHy Bary i€l (pyHKIII.

3 Teopii moxubox BizoMa (opmyna
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1
P, LP
oy .
ae f, = 3 /; — pe3yIbTaTH BUMIPIOBAHb, p; — BAra.

i

B matpu4HOMY BUTIAAL:

L g
Py
A p 0 ... 0 m: 0
Ll 1o ptoo0 110 m ... 0
=, P =| . o i 2o
: : SRS 7/l R A S
£ 0o 0 .. p' 0 0 .. m

Buxopucrosysaru w0 (GopMyay s BH3HAYCHHSI OOCpHCHOI Bard (DyHKUII HE
MO’KHA, OCKUIBKH aPTYMCHTH 7, — B3a€MO3AIICKHI,

ITicns mepeTBOpEHb OTPHUMAEMO TAKUH 3amuC (Y HKLHI:

y=®,+1" -\,

ne @, — momepease 3HaucHHA (yHKUWI (D, :CD( ...,

NONIEPEAHI 3HAYECHHS IAPaAMETPIB)

51 v
o7,
T: .2 7]‘P: VJ.Z ’ij:i
o,
o, v,

ObepHena Bara QyHKUIi

L:'{IT.Q.\P,
Py

a cepeAHs KBaapaTHYHA MOXUOKA (PyHKIIT

M, = [V QP

4.3. IlapamerputHe YPIBHIOBAHHS BHCOTHHX MEPEK.

IMpu mapaMeTpUYHOMY YPIBHIOBAHHI 32 YPIBHIOBAHI MAPAMETPH 3PYUHO MPUHMATH

BHCOTHI BIAMITKH IIIy KAHHX PEHCPIB.
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I i I

B 3arasbHOMY BHMAAKy NapaMeTpU4yHe pPiBHAHHA 3B'A3KY NEpPEBULICHHA 3

BUCOTHMMU BIJMITKaMH LIyKaHWX IIOYaTKOBOTO Ta KIHUEBOro pemnepiB fH; i H; moxHa

110gaTH TaKuM 4YHHOM

hy = H;— H),
ne hy, H;, H,— ypiBHeHi 3HaUCHHSL.
Lt
hy =h; +v,
h; — BUMIpsIHE 3HAYEHHS, V;; — TOTPABKA 3 yPIBHIOBAHHS.

VpiBHeHI 3HaYeHHs nepeBuleHs H; i H; —

H, =H’+6H,

H,=H}+6H,

H) i H;) — ToTepe/IHi 3Ha4eHHs, 6 H, 1 6 H, — MonpaBKH.
B pe3ynbTati oTpuMaeMo napameTpuuHe PiBHSIHHS MOMPABKU
v, =0H,~5H, +(H) —H’ - H)

Iy

[;; — BUTbHUI YJIEH MAPAMETPUYHOTO PIBHAHHS MOMPABOK.
Takum 4yMHOM

v, =0H,—0H, +1, (Bara p;)

SIK1I0 MOYaTKOBUI penep i € BUXIAHUM TO PiBHSAHHS Ma€ BUTIISAN

v, =6H,+1l, (arap,)

L, = Hf —H, —h; , H;— Binoma BUCOTHA Bi/IMiTka BUXIIHOTO pemiepa /.

SIKIIO K KiHUEBUA MYHKT j — BUXIiJHUMN, TO PIBHAHHSA
v, = —O0H, +ly (Bara p;)
_ 0 !
l,.j =H,-H; - h,.j
OueBuaHO, KOediLiEHTH PiBHSAHb MPU MONpaBkax o H 3aBxkau piBHi 1.

B HiBelipHUX X0JaxX CepelHI0 KBaApaTUUHY MOXUOKY MEPEBUILEHHS A 3a3BU4aii

00U uCIIIOTh 32 (PopMyJIOH0:
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m, =mL

J¢ m — CEPEeAHA KBAAPATHYHA MOXHOKA 1 KM HIBETIPHOTO X04y, [ — JOBKHHA XOIY
B KM.

3HAUCHHS M 34JICKHTh BII KIACY HIBCIFOBAHHA 1 HABOAWUTBCA Y BIAMOBIIHHX
IHCTPYKIISIX.

Bara nepeBHIICHH 004HCTIOETHCS 32 (DOPMY IO

2
P, = #—02 . (4, — anpiopHa NOXHUOKA OMHHUL] BATH).
m

h
AnocrtepiopHa moxudKa OAMHHILI BATH

)

H:

[Tpu ypiBHIOBAHHS BHCOTHOI MEPEXKI YHCIO HAATUIIKOBUX BHMIPIB 7 BU3HAYAETHCS
3a (popPMYI0H0

r=n-—t,

JE 1 — YUCJ0 BUMIPSIHUX NCPEBHILECHD /7, 4 [ — YHCJIO PEOEPiB, MO BH3HAYAOTHCA.

Bia mapaMeTpHYHHX PIBHAHb MOMPABOK ( ) 3BHYAWHHM CMOCOOOM MEPEXOIATh 10
HOPMAJIbHUX PIBHAHb, 3 SIKUX 3HAXOIATH MONPABKU OH [0 MONEpPeaHiX 3HAYCHb BHCOT.

JU1st po3B'SI3yBAHHA HOPMATBHUX PIBHAHb TAa OIIHKH TOYHOCTI JOINABHO 3HAMTH
0DEpHEHY MATPHINKO HOPMATBHHX PiBHAHL O = N

Ha mnpaxtumi 3a3BH4Yaii ONIHIOKOTH TOYHICTh VPIBHCHHX 3HAYCHB BHCOTHHX
BIIMITOK PENIEPiB, IO BU3HAYAKOTHCS TA MEPEBUILICHD MIYK HHMH.

CKIT ypiBHEHOro 3HAYCHHS1 BHCOTHOI BIAMITKH penepa / OOUHCIFOETHCS 3a
(hopmy10HO

M H —H 0, .

ae (), — AlarOHAIBHHHI €IEMEHT OOCPHEHOI MATPpHII (), IO HATICKHTB PENCPY .

Jist OIHKH TOYHOCTI NEPEBHILCHHS MK PEHOEPAMH i TA j BHKOPHUCTOBYETHCA
(bynxuia Buny h; = H;— H,.

HeoOxiaH1 yaCTHHHI MOXITHI OIIHKOBAHOT QYHKINI MO YPIBHIOBAHAM MapaMeTpaM
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oh,, . oh,, )
% = = — . WZ = =1.
OH CH .

! J

OOcpHeHa Bara OWiHKOBAHOT (DY HKLIT 0OUHCTIOETHCA 3a (POPMY JI0KO
1

_:(V/ W)Qii Qy 4
P 1 : Oy Oy N\, ,

e Q,, O, 10, —cIeMCHTH MATPHI (), [0 HAJICKATH PIepam / 1a /.

[Ticms miACTAHOBKH YHCEIBHAX 3HAYCHD Y/, T Y/, 1 MEPETBOPEHD OTPHMAEMO

1
— =Y +ij _zQy-

Py
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YpiBHIOBAHHS MEPEK KOPEJIATHHM CIIOCOO0M.

1. ¥MoBHi piBHSIHHSL

[Ipn xoperatHOMY CmOCOOl VpPIBHIOBAHHSI BHKOPHCTOBYIOTH YMOBHI PIBHSHHA —
cneiaibHl (PYHKIMI Bl BHMIPSHHUX BCIHMYMH, SIKI MPH MJICTAHOBUI B HUX JIHCHHX
3HAYCHb BEJTMYUH MPUAMAKOTH LILTKOM BH3HAYUCHI, HATMCPE BIAOMI 3HAUCHHSL,

B 3arambHOMY BUNAAKY YMOBHI PIBHSHHS MO>KHA 3aMHUCATH Y BUTJISIIL

@, MI,MZ,...,MH) =0,

M; — AIACHI 3HAYCHHS BUMIPIOBAHNX BCIIHYHH, /1 — YACIIO BCIX BUMIpIB.

Uepes BmmB mnOXHOOK BHMIPIOBAHb, MHPH MIACTAHOBLI JAIHCHHX 3HAYCHB
M M;....M orpumaemo

@, (Ml',MZ’,...,M,;) =o,,

o . , :
@, — JACHI IOXHOKH (hyHKIiH ¢, ab0 HCB'I3KM YMOBHHX DIBHSIHB.

2. Teopist KopeJIATHOTO YPiHIOBAHHSL

Hexaii BumipsiHi 77 Bemauud M, M ... .M....., M 3 Baramu p;, p, ..., Ps .... Pn.
3 IUX BETHYHH /, ..., ¥ — HCOOXIAHI, /+/, ... » — HAOTMIIKOBL, 7 =, —{ — YHACIO CTYIICHIB
CBODOTH.

[Tpu KOpenaTHOMY VPIBHIOBAHHI CKIIAJAETHCS CHCTEMA 3 # YMOBHHUX PIBHSHb
@ (M M,,.. M, )=0
@, (MI,MZ,...,MH) =0

o, (M. M,.....M,)=0

OCKIJIBKH 7 <71, TO MOYKHA CKJIACTH JEKIIbKA CHCTEM YMOBHHUX PiBHsIHb. KoxkHA 3

HUX IIC/I YPIBHIOBAHHA MPHUBCIC A0 OHOTO 1 TOTO K CAMOTO PE3VIBTATY, SKIIO BHKOHAHI

TaKi YMOBH:
1) 1m0 CHCTEMH MAFOTh BXOJWTH BCI BUMIPSHI BCIMUHHH.

2) cucTeMa Mae OYTH HE3QIC/KHOK (HLIKC PIBHAHHA HE MOXKC OVTH OTPHMAHE

OULIXOM IICPETBOPCHHSA 1HIIHX).
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Akmo B CHCTEMY pIBHAHb MIJACTABUTH PE3YJbTaTH BUMIPHOBAHHS

M, 10
OTPHMAEMO TAKY CHCTEMY YMOBHHX PIBHSHbB:

P (M{,M;,...,M'):a)l
P, (M M.... M) =,

Merta ypiBHIOBAHHS — OTPHMAHHS TAKUX IOMPABOK V; 0 BUMIPAHHX 3HAUCHb M|,
100 BHKOHAIUCH YMOBH:

o (M +v M} +v,....
P (M) +v, My +v,..... M) +v,)=

@, (M +v. M}, +v,.... M +v,)=0

M +v,— ypiBHCHI 3HAYCHHA.

[Ticsist mepeTBOPEHb CHCTEMY YMOBHHX PIBHSIHb MOYKHA 3aIIUCATH TAKHM MHHOM:
av, ta,v, +...+ayv +o =0
bv +byv,+...+byv +aw,=0
hv,+hy, +...+hyv +o, =0

P L Y

"aM, oM, aM

i

Lls1 cucrema € HEBU3HAYCHOIO (7 <#1 ), TOMY BHKOPUCTAEMO MPHHIMI HAMMEHIIUX
KBAIPATIB.
[Ticnst nepeTBOPEHL OTPUMAEMO CHCTEMY KOPCIATHUX PIBHSHB MOMPABOK
v, =q (alK1 +b K, +...+h1Kr)
v, =q, (64,'2](1 +b,K, +...+h2Kr)

v,=q,(a,K +b,K,+...+hK,)

K, —xopenaru (HCBH3HAYCHI MHOKHHKH JIarpamka).

Hma ix oOUMCACHHA PO3B'I3YIOTH CHCTCMY HOPMATBHHUX PIBHAHB KOPEIAT (MHCIIO
HOPMAJIbHHX PIBHAHB JOPIBHIOE YHCITY HAJJIUIIKOBHX BUMIPIB):
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[qaa] K, +[qab]K, +...+|qah] K, + o,
[qab] K, +[gbb] K, +...+[gbh]K, + o,

[qah] K, +[qbh] K, +...+[qhh]K, + o,

=0
=0

=0

3. Teopis KOPEIATHOTO YPIBHIOBAHHS B MATPUYHOMY BHIJIsIi.

CucremMa YMOBHHX PIBHAHb B MATPHYHOMY BUTJISIL:

BV+W=0
1 2 n Vl a)l
B:bl b2 bn_V:VZ W:a)Z
h  h, h, v, @,

JU1s1 po3B's13y BAHHS BUKOPHCTOBYIOTh MPUHLIKAI HAWMEHINUX KBAAPATIB.

[qaa] [qab]
[qclzb] [ql‘)b]

3HaxoaumMo Matpumo N = B-P-B' =

Bekrop kopemar K =| *|=-N "W .

b 0
po|? P
0 0O

[qc.zh] [ql;h]

Ilykanuii BeKTOp MOMpaBok V' =P B K .

KoHTpome 00uHncneHs 3A1HCHIOETHCA 32 PIBHICTHO

[ pw]=

_ZKJ'”}

Py

[qah]
[gbh]

]

4. Ouinka TOMHOCTI 32 Pe3yJAbTATAMH KOPEJIATHOT0 YPiBHIOBAHHSI.

Hexait 3agama (QyHKIiA BT YPIBHEHHUX B3HAYCHb BHMIPIOBAHHUX BEJIHUUH

y=0O(M+v .M} +v,,.... M, +v,)

Heo0x11H0 OLIHATH ii TOUHICT. 15 HBOTO BUKOPHCTAEMO (POPMYIY
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1
M, =p |—
\J Py
" . oD,
Bekrop, CkiageHui 13 YAaCTHHHEX NOXiIHHX W = /, MO3HAYMMO F".

i

MoskHAa MOKAa3aTH, 0

L _FPIF-G'NG.
Py
Ac

[94/]
G=BP'F = [4/] :

[ghf ]
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Ipuxknaagu po3s'azyBaHHs 3aaa4

1. ¥YpiBHIOBaHHS GaraTopa3oBoi JiiHiiiHOT 3aciukm.

Homep KoopiuHati BUXiTHAX TTYHKTIB ; : S’ [ToxudKa my;, M
BHMipIOBaHHH X Y BHMlpHHa BIICTaHE ', M

1 1496231 2042595 6291,091 0,0130

2 15647,60 27301,28 4942,829 0,0171

3 11882,38 31017,04 5687,305 0,0148

4 8132,64 22607,06 4058,456 0,0180

3a ypiBHIOBaHI MApaMETPH MPHHMEMO KOOPIHHATH Xy Ta 1y TOUKH K.

1. BupazuMo BUMIPSAHI BEJIHUYHHH Y€PE3 YPIBHIOBAHI MAPAMETPH:
Sl :\I(X1 _XK)Z +(Yl _YK)Z;
Sz Z\I(Xz _XK)Z +(Yz _YK )2;
S, =X, - X, ) + (5 - )
S =, -, + (5 - )

2. 3HalACMO BATH BUMIPAHUX 3HAYCHD 32 (JOPMY IO

Koe(iuieHT {1y BHOMPAEMO TAKHM YHHOM, OO Baru OyJH OMU3bKUMH A0 OTHHHII,

TOOTO 1) TOPIBHIOE HAMOIIBINHM CepeaHiil KBaapaTHuHii noXuOwi. B HamoMy BHIOAAKY iy

=0,0180. Toni
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p, =1,93;
p, =111
p, =149,
p, =1.00.

3. O0uncaumO mONEPeaHI KoopaAuHATH TOuku K. Jid 1mboro J0CTaTHbBO,
BHUKOPDHCTABIUHM BHMIpSAHI 3HAYEHHS, PO3B A3ATH JHHIAHY 3aci¥Kky 3 OyAb-IKHUX JBOX

myHKkTiB. Tak, 3 nyHKTIB [/ 1 2 OTPHMAEMO  HACTYNHI  PE3YIBTATH:

X, =11091,307, ¥, =25385,099 . Ilicad OKpPYITICHHA A0 ACLUMETPIB MONEPESAH] 3HAUCHHA
nopiBHOIOTE X, =11091,300; ¥, =25385,100.

4. 3uaiinemMo koeiuieHTH «@; 1 b; mapaMeTpPUUHHX PIBHSIHb NONPABOK. B

3arajbHOMY BHUIJIIIL

or,
BuxopucroByroun Gopmyau A1 OOUUCICHHA BIACTAHEH, OTPUMAEMO

X -X
al:_ i I i I
S

i i

0 : 0
=—cosc, ; b =— =—sina,

a¢ ¢« — [JUPCKIIHHUH KyT BIiANOBIAHOI CTOPOHH, IO OOYHCICHHH 3

BHKOPHCTAHHAM MONCPEIHIX KOOPAUHAT TOUKH K.

3HaucHHSA KOC(il[iEHTIB MAPAMCTPHIHHUX PiBHAHb HABSIACHO B TAOTHIN

Cropora | y _ y o | Y7, KO i bi Sf (oBuncieni S 1 =8-S
ha  jonomororo| (BEMIpsHI
MOMSpPETHIX 3HAYCHHS)
BHAUCHD)
-1 3871.01] -4959.15-0.6153] 0.7882 6291.095  6291,001 0,0049
K-2 4556,30 1916,18]-0,9218 -0,3877 4942,8348 4942,829 0,0058
K3 791,08 5631,94-0,1391] -0,9903 56872274 5687.305 20,0776
K4 -2058,600  -2778,04 0,7290| 0,6845 4058,4696, 4058,454 0,0136
5. O0uncIuMO KO€(ILiEHTH TA BlJIbHI YWICHH HOPMAJIbHUX PiBHAHB
i i b I; pad pbb pab pal pbl
1,93 -0,6153 0, 7882 0,0049 0,7307 1,1990 -0,9360 -0,0058 0,0075
1,11 -0,9218 -0,3877 0,0058 0,9432 0,1668 0,3967 -0,0059 | -0,0025
1,49 -0,1391 -0,9903 -0,0776 0,0288 1,4612 0,2052 0,0161 0,1145
1,00 00,7290 0,6845 0,0136 0,5314 0,4685 0,4990 0,0099 0,0093
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[ - ] - | - | - [ 22341 | 3.2957 | 01649 | 00142 [ 0,1288 |
6. Po3B'shkeMO OTpHMAaHy CHCTEMY HOPMAIBHUX PIBHAHB!

{2, 23415%+0,16495y+0,0142 =0

0,16495x+3,29575y+0,1288=0
Otpumaemo ox=-0,0035;0y=-0,0389
7. O0YHCTHMO YPIBHEHI 3HAYCHHS Iy KAHUX MAPAMETPIB — KOOPAMHAT TOUKH K.

X, =X +6x=11091,300—0,004 =11091, 286
Y, =Y0+5y=25385100-0,039=25385,061

8. BusHauMMO TOMPAaBKH V; — PI3HHALI YPIBHCHHX TAa BHMIPAHHX 3HAYCHb
BIACTAHCH:
_ !
Vi _Sz' _Si>

A€ S; — YPIBHCHI 3HAYCHHS, 0 OTPUMYKOOTHCS MPH MIACTAHOBLI B HUX VPIBHCHHUX

3HAYCHb KOOPAUHAT X Ta 1.

vy =-0,023; v, = 0,025 v; = -0,038; v, = -0,016.

PosrmsHeMO DOpAROK YPIBHIOBAHHA 34 JOMOMOTOK) MATPHYHOIO YHCJICHHS.
[TyHkTH 1-4 BUKOHYIOTBCS AHATOTIYHO.

5. Crmagaemo Matputi P, 4 1 L

192 0 0 0 ~0,6153  0.7882 0,0049
0 L1l 0 0 ~0,9218 -0,3871 0, 0058

pP= A= L= .
0 0 149 0 ~0,1391 —0,9903 ~0,0776
0O 0 0 100 0,7290  0,6845 0.0136

6. O0UHCTIOEMO MATPHIFO KOE(INiEHTIB HOPMATBHUX PIBHAHB N

2.2341  0,1649
0,1649 3,2956

N=A"P4 =

Ta 00epHEHY A0 Hel MATPHIKO ()
0,4493  —0,02248
—0,02248  0,3046

0=N"=

7. OOYHCIIEMO MATPHLIKO T HIHHUX IEPETBOPCHD 53
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) 0.5677 0.4500 0,0600 —0,3122
B=-Q(A4 P)=
~0,4900  0.1081 0,4448 —0,1921

BuxopucroByroud ii 3HAXOAMMO BEKTOP TONMPABOK 7 00 TONEPEIHIX 3HAYCHD

YPIBHIOBAHUX NAPAMETPIB
ox| |-0,0035
T =BL= =
oy| |-0,0389
8. 11 oTpuMaHHS BEKTOPA MOMPABOK }'y BUMIPSHI BEIMYWHH 3HAHAECMO MATPHIEO
NEPETBOPEHHS 1)
0,2645 -0,1917 0,3137 0,04068
—-0,3333  0,5433 -0,2278 0,3623
D=F+A4B=
0,4063 -0,1696 0,5512  0,2337
0,07845 0,4020  0,3482  0,6409
3Biacu
v [ [-0,0236
v, 0,0241
V'=DL = =
v, [-0,0386
v, |-0,0156

BuxopucraeMo oTpHMaHi JaHI A4 OLUIHKH TOUHOCTI.

OuiHIMO TOMHICTh YPIBHEHHX 3HAYCHb JUPEKLIMHOTO KyTa Ta BIACTAHI A
croponn K—4, To6TO 3HalneMo cepeaHi kpaapaTH4Hi moxuOku A/, ta M 1i€i CTOpOHH.
1. BupaskaemM0O OWIHIOBaHI (PYHKIII 4Yepe3 VPIBHCHI KOOPAMHATH TMYHKTY K 1

OOYHUCTHOEMO 3HAYCHHS LUX (DYHKILIH:

Y -Y
=a =arclg —=—~5_=223°11 46,6";
N Y —x

4 K

y =8 =, ~ X, Y (Y, ~ Y, ) =4058,4401 .
2. 3HaXO0OUMO YaCTHHHI MOXIAHI Y/, Ta Y/, .

Jist AMpEKIIIHOTO KyTa A
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Jc sin o
Y, = =p =-34.79,
ox . S
O cosa
p, =2 = p L% _37 05,
oY, S

M4 Biacrani S:

oS
W, = —— =—c0sa = 0,7290;
ax,
oS .
Y, =——=-—sinx =0,6845.
oY,
3. O6uncaroeM0O 00epHEH] Baru OLIHIOBAHUX (Y HKIIH
1 0,4493  —0,02248||-34,79
— =|-34,79 37,04 =1020,
: —0,02248  0,3046 || 37,05
1 0,4493  —0,02248](0,7290
— =[0,7290 0,684 =0,3591.
P, —0,02248  0,3046 |[0,6845

4. 3Hax0auMO CepeHl KBAAPATHYHI MOXUOKH OUIHKOBAHHUX (PYHKUIH. OCKIUIbKH

YHCIO HAJIHINKOBHX BHMIPIOBAHbL JOPIBHIOE ABOM, TO MPH OOUYHMCICHHI BHKOPHCTOBY€MO

anpiopHe 3HAYEHHs NOXUOKK OauHHULI BarH 4, = 0,018

M, =y, ’pi =0,018/1020 = +0,57";

’l
M, = u, p—:0,018 0,3591 =40,0111 .
N




MIHICTEPCTBO OCBITH I HAYKU YKPATHI ®-23.06-
JKuromupenka JEPKABHUM YHIBEPCUTET <’ KUTOMHAPCBHKA MOJITEXHIKA» 05.01/184.00.1/6/I111B
noJIiTexHika Cucrema ynpasainng sikictio Biznosizae JICTY ISO 9001:2015 14-2020
Exsemnnap Ne 1 Apr 39/21

2. YpiBHIOBAHHA BHCOTHOT Mepe:Ki napaMeTpHYHAM CNOCOO0OM.
Po3risiHeMO NOCII0BHICTL YPIBHIOBAHHs HiBeNIpHOI Mepexl. Llugpamu B konax
[03HA4Y€HI HOMEPH XOJIB, 32 IKUMH BUMIPsiHI NEPeBUILEHHS A, .

6
(®) H=146,092

2 H=1570
@ 4 H’=1634

5 H=128,833

0 H=168,685
3 H=1739

CepenHi kBazpaTH4YHI MOXUOKH NepeBULLIECHb (B M) 004HCIIeH] 3a GOPMYIIO0
m, = 0,010\/[,1.

a Bar" nepeBHileHb — 32 GopMynoro

Di=—-

B nibomy BuMa Ky arnpiopHa noxuOka oJIMHHILI Bark g4, =1 .

BuxinHi 1ad1 HaBeAeHO B TAOIHIN

Homep MouaTkoBuii Bumipsite JoB:xkHUHa X0ay Ioxubxa Bara
xoay TA KiHUEBHI1 nepeBHILeHHS L,km nepeBHIeHHsl | TMepeBHIleHHS
penepu xoay /,,-i; WM iy M Pi
1 5-1 5,624 23 0,015 4400
2 1-6 11,657 1,9 0,014 5100
3 1-2 22,617 1,6 0,013 5900
4 1-3 39,437 3,2 0,018 3100
9 2-3 16,800 23 0,015 4400
6 24 6,290 2,1 0,014 5100
7 7-3 5,214 1,7 0,013 5900
8 4-7 5,311 1.4 0,012 6900

BukopucroByroun dhopmyiiu ., OTPUMAEMO TApaMETPHYHI PIBHAHHS IONPABOK JJIs

BCIX BOCbMH HIBEJIIPHUX XO/I1B.




MIHICTEPCTBO OCBITH I HAYKHU YKPATHU ®-23.06-
HKuroMupenKa JIEP’)KABHWI1 YHIBEPCUTET « KUTOMHUPCBKA TIOJITEXHIKA» 05.01/184.00.1/5/TIIIB
NoJTiTeXHiKa Cucrema ynpasainng sikictio Biznosizae JICTY ISO 9001:2015 14-2020
Exsemnnap Ne 1 Apr 39122
Homep | ITouaTkoBmii IIpumiTia
X0y Ta KiHeBHil I[MapamerpuuHe piBHAHHA
penepH X0y
Vi) = oH +1,=0H, +0,043 HO%TKO_BHﬁ
1 5-1 pernep BEXIZTHAR
I, =H —-H,-K =134,5-128,833-5,624=0,043
Vigay = —0H, +14 =—6H, —0,065 Kirmesni penep
BHXITHHN
2 1-6 Le=H,-H -k, =146,092-134,5-11,657 = 0,065
. o Visyy = O, —SH, +1, = SH, ~S5H, ~0,017
L, =H,-H —-h,=157,0-134,5-22.617=-0,117
A 13 Vi =0H,-0H, +l,=06H,-6H, -0,037
l,=H,—H —HK,=173,9-134,5-39,437 =-0,037
5 23 v23(5)=5H3—5H2+123=5H3—5H2+O,100
l,=H,—H,—h,=173,9-157,0—16,800 = 0,100
6 - v24(6)=5H4—5H2+124 =o0H,-0H,+0,110
L,=H,-H,-h,=163,4-157,0-6,290=0,110
Vg = oH, +1,=0H,+0,001 HO%TKO_BHﬁ y
7 73 pelep BUXITHHA
L,=H,-H,-h,=173,9-168,685-5,214 =0,001
Virg =—0H, +1,, =—6H, —0,026 Kixnesni penep
8 4-7 BHXITHHN
l,=H,-H,-H,=168,685-163,0-5,311=-0,026

VYPIBHIOBAHHS BHKOHAEMO MaTPHYHUM CIIOCOOOM.

CHcTeMa napaMETPHYHAX PIBHAHB MONPABOK B MATPHYHOMY BHTIIIII MA€ BHILLA,

V=A4T+L.

vl al
o Lt R
Vi? aﬂ

1 [1 é‘771 ll pl 0 0
2 N /A R A R [y 0
) l, ST, I 0 0 .. p

Cucrema HOPMANBHHUX PIBHAHb B MATPHIHOMY BHTILIAL

NT+A"PL=0
[paa] [pab] ... [pat] [ pal]
I e P
[pat] [pbt] ... [ptt] [ 1]

lyxanuii Bexrop T=—N"'A"PL .
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s HAamoOro BHMaaKy

[ paa] [ pab] [ pac] [ pad ] [ pal ]
[pab] [pbb] [pbe] [pbd] [ pbl]
[ pac] [ pbc] [ pcc] [ ped ] [ pcl ]
[pad] [pbd] [ped] [pdd] | pdl]

- AT PL =

18500 -3900 -3100 0
-5900 15400 -4400 -5100
-3100  -4400 13400 0

0 -5100 0 12000

0,00007287 0,00004277 0,00003090 0,00001818
0,00004277 0,00010993 0,00004599 0,00004672
0,00003090 0,00004599 0,00009688 0,00001955

0,00001818 0,00004672 0,00001955 0,00010319
A'prL =
1325,7
-1691,3
3312
7404
BekTop nmonmpaBok A0 NONEPEIHIX 3HAYCHb MAPAMETPIB (3HAUCHb BUCOTHUX MO3HAYOK

pEICpiB, M0 BU3HAYAKOTHCH).

SH Y (—0,0480
TS - SH, | | 0,0794
| SH, || -0,0097

oH —0,0280

=~
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YpiBHEHI 3HAYCHHS BHCOTHUX BIIMITOK OOUHCTFOIOTHCSA TAKHM YHHOM

134,5 -0, 0480 134,452

HO L SH 1570 0,0794 157.079
+S5H = + =
173,9 —0, 0097 173,890

163.4 —0, 0280 163,372

Jts  omiHkM TOUHOCTI o0umMCTEMO Cymy [pw]|. mompaskm v,

BH3HAYAKTBCA 3 MMAPaAMCTPHIHHX piBH}IHB IIOIPABOK.

[ pvv]=3,26

f v f
AnocTepiopHa NOXUOKA OJUHHUII BATH 4 = [p ] = 3’j6 = (0,903
¥

Jlo modYaTky YypIBHIOBaHHA Oyio mHpuiHATC 3HAucHHA 4, —1. Ha

OCHOBI 30DKHOCTI 3HAYEHb 41 4, MOJKHA 3POOHTH BHCHOBOK IIPO

BIACYTHICTh ICTOTHHX CIOTBOPCHb B pPC3YJIbTATaX BHMIPIOBAHb Ta ¥

BHXITHHX JAHHX,
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3. KopenaTHe ypiBHIOBaHHS LEHTPAJIbHOI Qirypmu.

Hexaii B reoge3snuHOMy N'ATUKYTHUKY BUMIpsHi KyTH 1, 2,..., 15.

pi 50° 14' 36,6" Ps 47° 06'50,8" P 86°41'13,0"
P> 43°04'12,6" B 73°58'24,0" P12 52°32'43,3"
Ps 47° 08 07.8" Ps 65°33'574" Pis 77°18' 56,2"
P 80°19'04,7" Po 38°37'28,2" Pis 40°27"32,5"
Ps 55°34'14,2" Pio 38°23'09,7" Pis 102° 59'27,7"

KoopauHaTu BUXiAHUX NYHKTIB 5 1 6:
X5=5175,30; Y5 =33978,62;
Xs=12592,64; Ys=39067,75.

Po3rnsiHeMo MociIoBHICTh YpiBHIOBaHHS 11i€T MepexKi.

1. Bu3HayeHHs YU C/1a YMOBHUX PiBHSIHb.

Uucno BCiX MyHKTIB YPIBHIOBAHOT MEpeXi p = 6, a YUCIO BUMIPAHUX
KyTiB # = 15. TakumM 4YMHOM YHMCIIO HA/UTMIIKOBUX PIBHAHb (YKCJIO CTYNEHIB
cBobonu) r=n—-2p+4="7

2. CkJj1aga€Mo0 YMOBHIi piBHSIHHS.

BpaxoByeMo, 10 KOK€H TPUKYTHHK BiANOBiNAa€ OJAHOMY YMOBHOMY
piBHSHHIO (pirypu, a LEHTpaibHA TOUKA — YMOBHOMY PiBHSIHHIO TOPU3OHTY.
Kpim Toro, B uLeHTpasibHiil ¢irypi BUHMKAae oaHa yMoBa mnojroca. Takum

YWHOM B HAIlUOMY BHMIMAJAKy BUHUKA€E 7 YMOBHUX PIBHSHb BUAY
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p=0+0,+5 ~180° = 0

P, =+ Py + b ~180" = 0;

o, =P+ L+ p —180° =0,

@, =P+ P+ b ~180° = 0;

@, =+ B+ B, —180° =0;

s =P+ P+ P+ Pt Pis -360° = 0;

" sin A, sin /3, sin 3, sin /3, sin /3,

3.

_ sin g sin /3 sin f; sin 3, sin f3, 1=0

O04nCc/ICHHA HEB'SI30K YMOBHHX PIBHSIHb.

ITiACTABMBIIM B YMOBHi PiBHAHHSA BHMIPSHI 3HAYCHHA /3 , OTPHMAEMO

i

HCB'SI3KH (B KYT. C): ;= 2,2, w,=-42, w3= 12, w,=-6,1, 5=5,6, ws= -

7.3, w

7= =4,56.

3HAUCHHS OTPHMAHE 3 7 PIBHAHHA HCOOXITHO MMOMHOKHTH HA BCIIHIHHY

£=206265" 1151 OTPUMAHHA HEB'A3KH 07 B KYTOBUX CCKYHIAX.

4. BuzHaucHast KOe(ilicHTIB YMOBHHX PiBHSIHbE,

KoepiuieHTH YMOBHHX PiBHAHb MOMPABOK € YACTHHHUMH MOXIAHHUMH

Bil YMOBHHX PIBHAHb 32 BHMIPAHHMH BEIHYHHAMH (B HAIIOMY BHIAJKY

o,
op

J

). HeBasKKO MOMITHTH, IO A1 NEPIIHX IMECTH PIBHAHB KOCS(ILIEHTH

(a;, b, c;, d, e,, ) TOPIBHIOOTH OAUHUIN 00 HYIIFO. 3HAWACMO KOC(IMi€HTH

g; TOMKOCHOTO YMOBHOIO PIBHJAHHA ¢f;. YACTHHHA HOXIAHA HO KYTY f3;

JOPIBHIOE

g =

O, _ Cos f3 sin 5, sin 5, sin 3, sin f3,

o, sin g, 8in S, sin f3 sin S sin 3 |

cos 3 sin f3; sin 5 sin /3, sin 3, sin 3,

sin 3, sin /3, sin . sin /&, sin /3, sin /3, -

cos £ sin f3 sin B, sin /3 sin /3, sin /3,

sin /4 sin /3, sin f3, sm S, sin 4, sin 3
1

= Ctgﬁ1
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AHATOTIYHO MOJKHA MOKA3ATH, IO
g, =—cigf, g, =ctgf g, =—clgfi...0 g, =—Clgf € = &5 = 0.
TakuM YHHOM, OTPUMAEMO HACTYITHI 3HAYCHHS KOC(ILIEHTIB
1. 2. 3. 4. S. 6. 7. 8. 9. 10. 11. [12. [13. [14. [15.
a| 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0
b| O 0 1 1 0 0 0 0 0 0 0 1 0 0 0
cl| O 0 0 0 1 1 0 0 0 0 0 0 1 0 0
di| 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0
e| O 0 0 0 0 0 0 0 1 1 0 0 0 0 1
fi] 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
2:10.,832(-1,07010,9281-0,1710,685]-0,92910,287(-0,4541,252(-1,262| 0 0 0 0 0
5. O0unc/ienns KopeJar.
Jnd OTpUMAaHHSA KOPEJAT PO3BSHKEMO CHCTEMY YMOBHHMX pPIBHSIHB
MATPHYHUM CHOCOOOM.
CucreMa yMOBHUX PIBHSHb B MATPUYHOMY BUTJISII:
BV+W=0
a 4 s Vi Wy pn 0 0
B_bl b2 blS‘V_VZ‘W_a)Q.P_O p2 0
8 & &is Vs @y 0 0 Pis

OCKLUIbKH BUMIPIHOBAHHS € PIBHOTOUHUMH MATpULs P € OTHHUYHOLO,

p 0
= 0 p2
0O 0

0 1 0
0 B 0 1
Pis 00

0
0
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3HAXOAUMO MATPHIO

[aa] [ab] [ag]

AN (O I

] [re] ... [ge]

OO0uHCICHHS 3AIHCHUMO 3a JonoMororo mporpamu Microsoft Excel.

Otpumaemo N =
3 0 0 0 0
0 3 0 0 0
0 0 3 0 0
0 0 0 3 0
0 0 0 0 3
1 1 1 1 1
0,2379  0,7575  -0,2433  -0,1671 -0,0107
Kl
KZ -1
Bexrop kopenar K =| “|=-N - =
Kr
-1,382
0,586
-1,048
1,373
-2,553
2,065
0,497

6. Buznavennst monpaBok 10 BUMIPSHAX KYTiB.

O A e e e et e

-0,2379
07575
-0,2433
20,1671
-0,0107

7,5082

[Mykauuii Bexrop mompaeok V =P 'B'K =B'K . ocximeku P’ Tex

OJWHUYHA MATPHIIA.
Otpumaemo V' =

0,969
1,914
1,048




7Kuromupcbka
noJiiTexHika

MIHICTEPCTBO OCBITH I HAYKU YKPATHU ®-23.06-
JEPKABHUM YHIBEPCUTET <’ KUTOMHAPCBHKA MOJITEXHIKA» 05.01/184.00.1/6/I111B
Cucrema ynpasainng sikictio Biznosizae JICTY ISO 9001:2015 14-2020

Exsemnusp Ne 1 Apr 39730

0,501
-0,707
-1,510
1,516
1,147
-1,931
-3,181
0,683
2,651
1,017
3,438
-0,488

KoHTpoIb 00YHCICHD 3A1HCHIOETHCS 34 PIBHICTEO

[pw]=-2.Ko,.

JL1st HALIOTO BANAKY Lt PiBHICT HaGyac Burmiay [w]=-> K o, .

[w]=46,773.

-> K0, =46773.
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7. BuzHaueHHs YPIBHCHHX 3HAYCHL KYTIB [,

No Bumipsane 3nauennsa IHonpaska, " Ypisuene zHauennsn, "
1. 50°14' 36,6" -0,969 35,6
2. 43°04'12,6" -1,914 10,7
3. 47°08' 078" 1,048 08,8
4. 80°19' 047" 0,501 05,2
5. 55°34'14,2" -0,707 13,5
6. 47°06' 508" -1,510 49.3
7. 73°58' 240" 1,516 25,5
8. 65°33' 57,4" 1,147 58.5
9. 38237 282" -1,931 26,3
10. 38°23'09,7" -3,181 06,5
11. 86°41'13,0" 0,683 13,7
12. 52°32'43.3" 2,651 46,0
13. 77° 18' 56,2" 1,017 57,2
14. 40° 27'32,5" 3.438 35,9
15. 102° 59' 27,7" -0,489 27.2

8. O0uuc/IeHlst KOOPAMHAT LYHKTIB MEpeKi.

KoopauHatu nyHKTIB MCpPC:KI OOUYHCTIOIOTH 32 JOMOMOTOK MPIMOi

3aCIYKHU 3 BHKOPHCTAHHAM YPIBHCHHX 3HAYCHB KYTIB.

Homepu Koopaunatn Homepn Koopaunatn
NYHKTIB X Y NYHKTIB X Y
1 6671,703 40741,947 4 2002,887 38587019
2 6970,477 46855,578 5 5175,30 33978,62
3 3129,051 45331,863 6 12592,64 39067,75

Ha uboMy ypiBHIOBaHHSI MEpeki 3akiHuyeTbhCs. [lomamema oOpoOka

3B'f13aHa 3 OLIHKOK TOYHOCTI 3a PE3YJIbTaTaMH YPIBHIOBAIbHUX OOUHCIICHB.

9, OniHKa TOYMHOCTI.

BH3HAUMMO CEPEAHK) KBAAPATHUHY MOXHOKY BHMIPKOBAHHS KYTIiB.

OCKUIbKH BUMIPIOBAHHS PIBHOTOYHI, TO

m, - f[v:] _ f46,778 5 507
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4. Kopeaarne ypiBHIOBAHHSI BUCOTHOT MEPEKi.
Hi
4
A7
H2
/
7
2 H7
Bucotai nosaauxu H,;=100,000 m, H4=136,000 M.
m, =0,010,/S,
1
P =—7

H m
1

Homep | Tlouatkopuii | Bumipsni Jomixuna | Tloxubira Bara

XOIY Ta KIHIEBUH | nepeBuIlleHHS | xomy  S; | NCPEBHINEHHS | NEPEBHIICHHS,
SIepH XOJT ! KM My, M ;
penep Y hi M g
| 2-1 17,956 | 0,010 10000
2 3-2 11,657 2 0,014 5000
3 4-3 6,290 | 0,010 10000
4 4-2 18,617 2 0,014 5000

KinbkicTh yYMOBHMX PIBHSIHD r=n-=4-2=2

CKagaeMo yYMOBHI PiIBHAHHS

B oA+v, +h+v, +h+v,—(H,—H)=0(¢)
W+v,+h+v,—h,—v,=0(p,)

OOUYHCITIDEMO HEBAZKH

O0uHCIH0EMO KOS(]ILIEHTH CHCTEMH YMOBHHUX PIBHAHD

o, =h+h+h—(H,—H)=-0,097
o, =h +h,—h, =-0,07
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_00. . _0p
a=—-:bi=
oh, oh
ai b;
1 0
1 1
1 1
0 -1

VYpIBHIOBAHHA BHKOHAEMO MATPHYHUM CIIOCOOOM

vl
B | % @ a,| [t 11 O;V:vz;W:a)lz‘—O,OW;
b b b b 011 <1 | o, |-0,670
Yy
p 0 0 0| |10000 O 0 0
P O p, 0 O] | O 5000 0 0
0O 0 p O 0 0 10000 O
0O 0 0 p, 0 0 0 5000

O6uncmoemo varpumo N = B-P - B =

~ |o,0004 0,0003
0,0003 0,0004

O —1386,36
Bekrop kopenar K =—N— - W =
2171,82
0,1386
- . Vo pETK 0,1571
KAHHH BCKTOP IMOIIPABOK — =
’ b 0,0785
—0, 4344

KonTpoas 00UHCICHB

[p]=-2_K,0,
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1320,641 = 1320,641

VYpiBHCHI 3HAYCHHS MEPCBUILCHD

BumipsHi Ionpaskw, YpiBHEHI 3HAUCHHS
TlepeBHINEHAS /1, M Vi ho=h+v,.m
17,956 -0,1386 17,817
11,657 0,1571 11,814
6,290 0,0786 6,369
18,617 -0,4344 18,183

VPpIBHCHI 3HAYCHHS TNCPCBHINCHL HCOOXIAHO MIACTABHTH B YMOBHI

PIBHAHHA 1 IEPEBIPUTH IX MPABWIBHICTS.
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3aBaaHHA /11 KOHTPOJBHUX PoOOIT

TeopernvHa YACTHHA
(Homep BapiaHTa BU3HAYAETHCA 38 OCTAHHBOIO ITH(PPOIO
HOMEpa 3aTIKOBOI KHHKKH)

3amayl ypPIBHIOBATBHUX OOUHCJICHB.

MeToau ypiBHIOBATLHUX OOUYHCICHb.

Crpore ypiBHIOBaHHS,

[TapameTpu (HEOOXiAHI HEBLAOMI).

[TapameTpuyH1 PIBHSHHSA 3B’ SI3KY.

[TapameTpuyHi piBHAHHS NONMPABOK.

HopmanbHi piBHSAHHSL

[TapaMeTpHUHE YPIBHIOBAHHS B MATPHYHOMY BHII.

Martpuigt BaroBux KOe(iieHTiB.

10 Marpuug THIHHOTO NEPETBOPEHHS.

11. Koperiniiina MaTpHLL

12. TlocmiA0OBHICTh BUKOHAHHS MAPAMETPHIHOTO VPIBHIOBAHHS.

13. CnocoGu po3B’ A3yBaHHsA CHCTCM JTiHIHHHX PiBHAHD.

14. Obepuena Bara QpyHKMii

15. 3aranbHi  BiAOMOCTI npo mOOYAOBY MAPKIICHACPCHKO-TEOAC3HUHUX
MEPEK.

16. CknagaHHs napaMeTPUYHUX PIBHSAHB NOMPABOK IJIAHOBHX MEPCIK.

17. KopensuiiiHa MaTpULA KOOPAUHAT MIAHOBUX MEPEIK.

18. OuiHka TOYHOCTI CJICMCHTIB IUIAHOBUX MCPCK.

19. 3araxbHi BIZAOMOCTI PO €TIINCH MOXHOOK.

20. Ilapamerpu eninca noxudok.

21. 3acTOCYBAHHS €ITCIB OXHOOK,

22 . IlapaMEeTpHUYHE YPIBHIOBAHHS BUCOTHHUX MCPEK.

23. O1iHKa TOYHOCTI YPIBHIOBAHHS BHCOTHHX MCPCIK.

24 TIoHATTS PO YMOBHI PIBHSHHSA.

25. BUMOTH J0 CHCTEMH YMOBHHX PIBHSIHb.

26. YMOBHI piBHSHHS IIOMPABOK.

27. CucreMa HOpMATbHUX PIBHAHB KOPEJAT.

28. KOHTpOIb PO3B 513y BAHHA HOPMAJILHUX PIBHAHb.

29. BusHAUCHHS MOXHOKH OJUHHII BATH 34 PC3YJIbTATAMH VPIBHIOBAHHS.

30. BusHaueHHs1 0O€pHEHOT Bark (pyHKLUII.

31.TIocaiAOBHICT KOPEJATHOTO YPIBHIOBAHHS MOJIICOHOMETPHYHHX MEPEHK.

32. YMOBHI PIBHAHHA TPIAHTY ALIHHUX MEPEXK.

33.TlocmiA0BHICTH YPIBHIOBAHHS LCHTPAILHOL (PIrypH.

34. 3arampHlI TOTOXKCHHS KOHTPOK SAKOCTI BHMIPIOBAHHSA Ta Pe3yJIbTATIB
YPIBHIOBAHHSL.

35. Ilonepeaniii KOHTPOJIL 3a HEB'SI3KAMH YMOBHHX PiBHSHB.

36. 3aKJHOYHI KOHTPOIL SIKOCT1 PE3YAbTATIB BUMIPIOBAHHSL.

A e AR o
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OcTaHHs IHMPPA HOMC
: fbp pY Howmepn nutann
3aJNIKOBO1 KHHYKKH
1 1,11,21, 31
2 2.12,22, 32
3 3,13,23,33
4 4,14, 24, 34
5 5,15, 25, 35
6 6, 16, 26, 36
7 7,17,27, 1
8 8, 18,282
9 9,19,29,3
0 10, 20, 30, 4
IIpakTuvHa 9acTHHA
BapianTu 3a cmickom rpynm.
Zagaqua Nel
J\{J;f X Y S m X Y S m X Y S m
1 133,09 94,19 55,381 0,0131 159,81 46,04 68,488 0,0154 120,76 52,27 86,978 0,0125
2 124,35 | 166,42 41,168 0,0172 148,96 105,57 47,387 0,0136 43,50 74,50 85,198 0,0134
3 211,67 | 170,92 59,878 0,0149 243,68 130,97 54,510 0,0124 56,20 177,68 60,731 0,0187
4 158,49 | 143,40 57,437 0,0181 279,40 69,06 90,122 0,0168 152,51 152,81 53,543 0,0194
JI"’_J;("' X Y S m X Y S m X Y S m
1 90,49 95,25 66,676 0,0132 195,00 174,63 51,703 0,0128 56,73 104,13 58,570 0,0124
2 152,14 69,85 39,191 0,0174 199,50 101,60 48,164 0,0135 78,95 130,59 42,094 0,0136
3 187,59 32,81 51,275 0,0129 144,20 69,06 67,386 0,0164 167,32 157,05 70,962 0,0128
4 110,33 41,54 50,488 0,0124 127,00 158,75 44,328 0,0152 182,14 76,61 74,462 0,0168
P x Y S m X Y S m X Y S m
1 78,58 115,89 49,154 0,0136 203,20 76,47 71,942 0,0187 57,26 19,99 95,307 0,0127
2 103,45 | 145,26 34,616 0,0127 246,33 170,39 54,664 0,0156 70,49 71,32 69,018 0,0172
3 175,95 | 173,83 72,117 0,0139 309,56 127,00 48,467 0,0147 190,61 136,94 85,644 0,0136
4 182,83 | 102,13 58,234 0,0185 286,81 61,38 61,842 0,0132 181,61 17,35 66,115 0,0111
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NoNe
10-12 X Y S m X Y S m X Y S m

1 192,62 | 138,38 51,377 0,0126 196,32 96,84 65,347 0,0129 213,36 167,10 75,701 0,0121
2 129,12 | 140,49 | 66,982 0,0137 164,84 166,42 49,393 0,0167 238,76 77,67 120,019 0,0119
3 142,61 | 216,96 45,401 0,0185 252,68 209,82 63,351 0,0136 110,17 35,34 115,299 0,0128
4 225,43 | 240,77 | 72,117 0,0164 305,86 154,25 92,243 0,0189 58,32 211,55 104,760 0,0135
NoNe
13-15
1 30,69 159,02 | 49,347 0,0195 268,29 66,15 60,439 0,0154 216,54 66,56 121,153 0,0129
2 56,09 | 226,75 50,068 0,0138 203,20 96,31 68,394 0,0136 93,77 128,47 89,577 0,0124
3 160,07 | 177,27 84,991 0,0147 255,59 168,80 43,279 0,0128 126,05 202,56 49,177 0,0139
4 106,63 | 140,49 50,868 0,0154 326,76 108,74 64,655 0,0145 291,15 226,90 132,073 0,0184
NoNe
16-18
1 29,90 93,66 62,505 0,0138 179,12 21,43 74,142 0,0129 104,35 33,75 101,575 0,0125
2 30,43 176,21 63,149 0,0126 121,71 108,22 78,768 0,0164 50,91 98,31 95,906 0,0147
3 106,89 | 155,31 36,202 0,0148 233,10 121,44 44,514 0,0145 209,66 223,19 116,691 0,0126

4 74,88 90,75 43,472 | 0,0113 283,63 92,60 84,667 0,0134 || 289,56 64,97 160,406 0,0168

X Y S m X Y S m X Y S m

X Y S m X Y S m X Y S m

X Y S m X Y S m X Y S m

1 182,56 | 215,37 | 48,465 0,0127 93,77 25,28 60,729 0,0187 149,86 220,55 68,959 0,0129
2 259,03 | 159,02 | 58,377 0,0146 65,19 72,91 44,974 0,0176 217,07 92,49 128,499 0,0147
3 221,19 | 100,54 | 72,981 0,0139 123,93 127,94 46,363 0,0158 98,00 82,43 82,534 0,0156
4 174,36 | 162,72 | 28,713 0,0175 177,91 63,38 72,209 0,0146 32,92 142,23 80,431 0,0138

3aaxaua Ne3
Homep
piaHTy
1 2 3 4 S
3HaveH
KYTiB
1 58 39 16,3 48 17 29,8 62 12 39,4 84 26 8,9 87 15 0,2
2 47 28 29,4 47 32 21,7 55 29 25,6 33 12 19,1 39 7 38,3
3 39 57 11,3 42 9 31,8 39 32 16,6 61 49 24,2 42 7 26,8
4 69 0 4.8 80 58 0 61 17 9,2 59 16 49,5 73 32 53,4
5 50 16 27,0 52 24 49,2 56 25 56,8 58 26 17,1 44 10 16,1
6 30 55 10,2 19 11 51,9 34 17 39,8 55 7 34,2 40 4 17,9
7 66 48 6,8 44 7 20,5 75 13 2,1 54 23 6,8 69 26 23,1
8 62 21 15,2 90 2 49,8 54 59 0,5 72 40 16,9 50 59 23,2
9 47 53 7,6 51 12 10,6 39 51 34,1 22 10 16,1 35 45 11,4
10 66 41 1,9 64 3 34,7 60 41 17,5 38 27 46,5 57 31 27,2
11 73 52 17,8 84 10 8.5 62 17 57,1 62 21 33,4 53 37 18,7
12 71 2 45,3 56 52 28,3 79 10 31,9 58 53 47,9 64 19 42,3
13 98 48 25,9 | 108 23 18,9 89 16 26,8 66 26 5,9 95 45 28,6
14 50 50 41,2 45 49 49,6 49 47 55,2 52 56 38,5 59 34 11,4
15 65 25 54,6 64 44 14,7 79 27 10,6 119 21 54,9 86 43 17,3
Homep
pianty
6 7 8 9 10
3HaveH
KyTiB
1 40 6,6 67 14 | 33,1 48 28 | 47,1 55 45 1 20,3 45 8] 281 0,2
2 17 | 28,2 40 36 5.4 58 39 [ 52,6 41 56 | 33,1 62 59 [ 129 38,3
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3 20 | 53.1 70 11 | 46,7 70 50 | 47.6 65 24 | 324 59 32 ] 194 26,8
4 58 | 44,9 37 12 2,9 54 30 0,9 60 22 | 53,9 61 24 0,2 53,4
5 14 | 36,6 62 51 1,1 53 8 | 38,2 57 12 | 58,6 58 54 | 43,2 16,1
6 30 5,9 50 15 0,3 45 58 | 39,9 55 17 | 23,4 37 0| 176 17,9
7 35 | 36,2 48 37 | 22,3 52 53 | 39,6 39 51 | 589 61 29 0,7 23,1
8 37 | 246 71 56 | 52,4 59 41 42.4 58 9| 42.1 60 3| 53,6 23,2
9 38 | 41,2 26 37 4,4 46 34 | 374 53 3| 27.6 43 6 | 13,1 11,4
10 6 | 25,4 64 28 | 15,2 49 50 9.9 52 55 1 29,2 50 21 | 32,8 27,2
11 21279 72 91176 72 51 | 25,1 82 18 | 10,2 71 52 | 13,9 18,7
12 40 | 18,8 72 36 | 13,5 54 39 5.8 54 12 | 39.8 59 3| 357 42,3
13 15 ] 20,8 66 53 ] 55,8 80 52 | 37,5 67 20 | 449 84 4 | 53,8 28,6
14 46 | 56,3 59 25 | 51,1 68 1] 42,6 81 58 | 23,5 58 27 1,1 11,4
15 14 | 572 88 54 | 43,6 83 35 7.8 74 1 6,6 86 32 9,9 17,3
Homep
pianTy
11 12 13 14 15
3HaveH
KYTIiB
1 37 38 8,2 52 59 7.8 58 55 53,8 74 6 33.2 55 4 56,8
2 29 52 423 36 50 3,6 30 24 56,1 19 38 48.4 44 23 49,3
3 59 32 19,7 52 34 57.3 85 7 56,2 29 56 1.8 43 45 41,8
4 61 24 0,1 75 48 3,2 45 21 9.3 96 8 40.4 82 19 0,5
S 44 12 22,6 52 29 4,7 24 9 43,7 34 36 29,2 48 26 20,1
6 50 42 50,4 46 58 12,9 51 47 40,1 41 21 2,6 39 55 16,8
7 64 23 43,3 38 9 5,6 73 9 45,2 119 32 17,3 93 28 59,6
8 52 5 56,4 45 34 31,5 62 15 26,6 21 59 57.3 35 39 18,6
9 53 40 18,7 67 29 54,4 43 4 15,5 20 13 50,3 33 16 52,3
10 86 27 54,3 71 6 58,1 65 43 5.3 82 26 17.5 63 39 55,7
11 112 29 15,6 90 10 54,2 90 39 2.3 86 14 43.6 80 31 19,5
12 59 3 34,2 51 36 51,1 49 30 48.4 53 55 13.8 53 55 12,7
13 85 4 52,3 80 32 38.4 104 2 30.5 104 2 33.7 91 38 28.2
14 63 30 14,7 96 16 29,6 44 34 52,6 38 27 41,2 50 51 46,3
15 39 52 0,5 41 23 3,3 71 12 41,8 77 19 49.4 83 3 15,2
Homep
pianTy
16 17 18 19 20
3HaveH
KYTiB
1 41 3 38,3 35 33 6,6 19 37 213 39 13 25,6 29 37 2,6
2 59 22 0,3 44 36 2,8 73 39 46,7 36 16 9.4 45 30 12,7
3 28 47 28,4 62 50 32,6 71 0 56,7 39 45 49,4 59 20 27,8
4 73 56 5,6 37 7 41,2 28 57 9,5 54 9 16,3 62 7 18,7
S 69 11 20,6 47 58 20,4 60 2 56.3 49 2 48,7 52 38 46,9
6 27 33 2.4 48 0 59,7 38 8 57.4 49 9 13.6 30 52 44,7
7 116 24 52,7 88 19 22,7 63 8 0,4 86 17 5,1 57 44 55,7
8 18 0 47,6 49 37 5,5 72 35 36,2 49 26 32.4 92 39 12,4
9 26 3 20,3 38 36 55,2 61 6 30,4 61 6 35.5 59 43 2,6
10 79 37 5,5 87 20 13,1 51 42 25.3 75 33 12.4 49 46 28.1
11 79 34 15,8 99 50 55,2 86 42 45,5 104 30 32,6 | 104 52 50,9
12 77 16 19,4 80 1 52,4 80 1 46,7 86 4 48.7 58 32 19,2
13 83 15 33,2 84 0 453 81 48 0,2 81 48 2.5 96 28 35,6
14 45 34 15,4 42 3 38,7 44 16 17,6 44 16 17.9 29 35 46,7
15 74 19 29,7 54 2 55,8 67 11 0,2 43 20 22,2 70 30 35,1
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3amaqa Ne4
NoNe ITouaTkoBi JloBskuHa IouaTkosi JloBsxHa IouyaTkosi JloBskuHa
13 Iepesmuenns IepeBmuenns N IlepeBmnenns
- JHAYCHHSA X0ny SHAMEHHS xXony SHAYCHHSA X01y
1 5 1,123 1,2 78 2,348 2.3 25 3,472 1.5
2 2,346 2.4 1,569 1.9 2,987 1.1
3 . 17,200 1.5 o 9,648 42 0 12,986 23
4 19,500 2,6 10,546 2.8 16,323 3,7
NoNe ITouaTkoBi JloBKHHA IouyaTtkosi JloBKHHA IoyaTkoBi JloBknHa
IlepeBuieHHs IlepeBuieHHA IlepeBHieHHA
4-6 SHAYEHHS X0y SHAYEHHS Xony SHAYEHHS X0y
1 5,687 2.7 7,543 1.4 3,124 2.1
2 105 3,154 3.1 1 9,356 2.4 126 3,956 1.9
3 8,847 2,9 19,423 3,5 2,356 2.4
3 123 12.238 16 148 28029 27 136 6.625 32
NoNe ITouaTroBi JloBsxuHa IlouaTroBi JloBsKHHA ITouaTkoBi JoBskuHa
IlepeBnienns IlepeBumenns IlepeBnienns
7-9 JHAYCHHSA X0y JHAYCHHSA xomy 3HAYEHHS X0y
1 1,456 3.8 2,349 1.8 3,021 2.1
2 13 2,358 3.3 123 3,254 2.2 129 2,687 3.3
3 2,945 2.1 4,863 3,4 7,269 2.9
Y 122 5.105 1o 134 8.127 3 142 10,569 17
NoNe IlouaTkosi JloBskuHa Iouyartkosi JloBsxHa IouyaTkosi JloBskuHa
IlepeBHieHHA IlepeBHiieHHA IlepeBHiieHHA
10-12 3HAUCHHSA Xony 3HAUCHHSA Xony 3HAYCHHS Xony
1 1,693 1,2 2,358 2.1 2,167 2.2
2 131 2,543 2.3 134 4,296 3.1 156 3,328 1.8
3 7,369 3,1 7,456 1,9 2,258 3.4
4 143 9,139 3.8 148 10,987 2.7 164 5.146 1.4
NoNe IouaTkoBi JloBxuna ITouaTroBi T TlouaTKoBi JloB:KuHa
= IlepeBHiieHHA Ilep fl - IlepeBuLEHHA -
13-15 3HAYCHHSA Xony 3HAYECHHSA X0y 3HAYCHHS xony
1 1,367 2.1 2,429 1.4 3,127 2,9
2 153 2,549 35 150 1,248 19 157 2,635 35
3 2,129 2.4 5,546 2.3 5,827 2,1
3 159 3,007 3 159 7,036 31 169 8523 18
NoNe IoyaTkoBi | PON—— JoBixnHa ITouaTrosi | PUN—— JloBxHHA ITouaTroBi | C——— JloB:xHHA
16-18 3HAYEHHS peBH X0y 3HAYEHHS PeBHI X0y 3HAYEHHST PeBHI Xony
1 2,243 2,4 3,655 1.3 2,552 2,4
2 161 2,038 1.6 159 1,007 2.7 164 3,271 1.7
3 2,068 3.4 5,238 2.3 4,814 1.3
1 167 2,058 27 169 6312 18 175 8101 27




