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MiIKIaKA CKIAJHAM BHXIJHHUM CKJIaJ0M pe4oBHH. [ToKa3aHO 3aleKHICTh CKJIAQy MOKPUTTS, BHUCOTH BHCTYITY
MIKpOHEpIBHOCTI Ta #HOro aiamerpy HajJ CEpeHBOI0 IMOBEPXHEI0 MOKPHUTTS, OOHITETY, IMOKAa3HOI IUIOLI Ta BiKy
MIKpOHEpIBHOCTEH Bifi EKCMO3WI[i Ta CTPIMKOCTI CXHIy, BHCOTH HaJ MiAKIAAKOK Ta THIYy aHcamOuiB
MIKpOHEPIBHOCTEH MOKPHUTTA. 3a JOMOMOTOI Teopii rpadiB CKIAAEHO MaXOpaHTHI psAAd (QYHKIIA BiATYKY, IO
JIO3BOJIMIIO 3MEHIIUTH iX KiJIbKICTh IPH BUPILICHH] ONTUMI3aIifHOTO 3aBAaHHS.
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Beryn

Posrnsinemo ysiBHMH HpoleC NOKPUTTS IIOPCTKOI
MOBEPXHI MiIKIaJKH, HAMPUKIAA, BYTJCHEBUX BOJIOKOH
Cu® + Cu,0 3 pozunny CuSO, + H,SO, npu monasanui
Zn° [1]; ByrjeneBux BOJOKOH IIPOBYIJIENEM 3 Ia30BOi
¢dasu CH; npu 800-1400°C [2]; BHpOILIyBaHHIM
HutkoBuX Kpuctamie TiO,, SizNgs, AIN Ha TBepmux
MOBEPXHSAX 3 ra3oBoi (a3u, OCaKEHHs iX 3 aepo30IIto
abo cycneHsii B pO34MHI, METOJAMM HaIMIEHHS abo
enekrpodopesom (mporiec Bickepu3zailii) [3]; ocamkeHHs
¢ynepurHux wiiBok C60 Ha moBepxHi miaKiIaaok Si abo
GaAs METOJIOM TEPMIYHOI'O BHIIAPOBYBAaHHS Yy BaKyyMi
[4]; XIMIYHOTO 00poOKoI0 €JIEKTPOIITOM
HF+H,O0+HCI+C,Hs;OH MOHOKPHCTAIIITHOTO Si,
JeroBaHoro B, s oTpuMaHHs MOBEpXHI y BHIIISI
nmopyBaroro kpemuiro [5] Tomo. Cam mpormec i
XapaKTePUCTUKU TOKPUTTS BHU3HAYAIOTBCS OaraTthbma
napamerpamu. Mopdosoriss MMOBEPXHI IMOKPUTTS €
aHI30TPOMHOK  mopcTko  [4,5], Ky  MOXKHa
3MOJICJIIOBATH BHIIAJIKOBUM I0JieM. TOBIIMHM ITOKPUTTS
Ha MiIKIaJKaX KOJMBalOThCA B Mexkax 100-2000 uwm
[4,5]. OcamxkeHi IUIiBKH, SK MPaBHJIO, HE € OIHOPIIHI:
OKpIM OCHOBHOI PEYOBHMHH, OCA/DKYIOTHCS 1HII 1 T. iH.

Mera poOotu moinsirana y IOCHIIKEHHI YSBHOTO
MPOLIECY OCa/PKEHHS PEYOBHHHU HA IIOPCTKY MOBEPXHIO
MAKIAIKA | YTBOPEHHS ITOKPUTTS 31 3MIMIAHUM CKJIaJIOM
PEUOBMH 1 IIOPCTKOIO MOBEPXHEI0 3 METOK MOUIYKY
METOZIB OIIHKH BIUIMBY (pakTopiB Ha (YHKIII BIATYKY,
Kl ~ XapaKTepu3yIOTh BIACTUBOCTI  MOKPHUTTA, Ta
MpOIeTypH  BIACIIOBaHHS  MapaMeTpiB  ONTHMIi3arii
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(byHKOif 1Mini) mpu BHpimeHHI OGaraTomnapaMeTpUYHUX
3aBJIaHb.

I. ExcnepumeHTa/JIbHA YaCTHHA

1.1. O6’€ekT noCTiNKEHHA

1. ®iBUYHOIO  MaKpOMOJIEII0  MIKpOOO’€KTa
(moxpuTTs) mochimKeHHa Oyia moBepxHA [6,7]. Monens
Xapakrepu3yBanach GpyHKUiIMH BIAryKy (Lini) yi, -..,y7,
SIKI 3ayiexand Biag (PakTopiB Xi, ..., X4. 3@ MPUHIIMIIOM
aHaJorii Oyyiu o3HaveHi QyHKUIT BiATyKy i (akTopu s
MIKp000’€KTY (TIOKPUTTS).

2. Posrisinemo MaTeMaTu4Hy MOJIETb
eKCIIEPUMEHTY Yy BUIVIAIl «YOPHOI CKpPHHBKH» [8§]
eKCIIepUMEHTAIBHOTO 00’ ekTa gocmimpkeHHs (puc. 1). Ha
puc. 1: X [X), Xo, X3, X4] — MATPHUI KOHTPOIBOBAHUX Ta
KepoBaHUX (bakTopiB (BXigHI 3MiHHI), 3MiHa SKHX
BiziOuBaeThest Ha GyHkuii BIAryky Y [y, Y2, Y3, Y45 Y55 Yo»
y7l; K [ki, ko, ..., ky] — MaTpuus HekepoBaHUX, aie
KOHTPOJIBOBAHUX 3MIHHUX; Z [Z1, Z;, ..., Z,] — MATPHIIA
HEKOHTPOJIbOBAHUX Ta HEKEPOBAaHMX 3MIHHHX (4acTilue
K i Z ruBaroTh Ha Y BUIMIAJKOBHAM YHHOM).

1.2. IlignaBanu cratuctuuHiii 0Opodui 3a [8-22]
TaKi MMOKa3HUKHU IMOKPUTTS Ha IOPCTKIM MOBEPXHI:

a) pyHKuii BiAryky:

Vi CKJIaj TOKPHUTTS (BIACOTOK OCHOBHOI
pedoBuHN), [%]: Bix 2 mo 70 %;

V2 BHCOTA BHUCTYIy MIKPOHEPIBHOCTI HaJ
CePeIHBOI0 UIOMIMHOK IIOPCTKOI MOBEPXHI [HM]: Bim 5
1o 28 uM;
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Puc. 1. Maremarnina MoJielb €KCIIEPUMEHTY y BUTIISII «4OPHOT CKPHHBKI»:

X — MaTpuns BXiTHUX 3MiHHEX; Y — MaTpulls GyHKIIH Biaryky; K,
Z — matpurii 30yprorounx [KOHTpoIboBaHUX, HeKepoBaHUX(K) Ta HEKOHTPOIBOBAHIX, HEKEPOBAHUX (Z)] 3MIHHHX

PesynbpraTi po3paxyHKiB BUOIPKOBHX YHCIOBHX Ta IPYNOBUX XapaKTepUCTHK (QYHKLIH BIATYKY y; Ta (balrf:oﬁp‘?: 1):: '

DyHKuis yi Y2 bE Va4 Vs Y6 y7 X1 X2 X3 X4
X [ox.] 9,139 19,13 [ 29,582 3,983 | 7,069 0,579 121,06 4,963 27,141 1304,5 2,136
S?[on.?] 147,76 18,84 | 58,37 0,766 | 87,79 0,011 1490,2 4,22 43,85 17432,7 0,208
S[ox.] 12,156 4,34 7,64 0,875 | 9,369 0,105 38,603 2,054 6,622 132,03 0,456
Y= S/§ NG 133,0 22,7 25,8 22,0 132,5 18,2 31,9 41,4 24.4 10,1 21,4

S% JJon.] | 16,17 0,99 1,97 0,19 | 12,42 0,02 12,31 0,85 1,62 13,36 0,098
m,[ox.2] 1475 18,73 | 58,01 0,758 | 87,63 0011 | 1,48810° [ 4213 [ 43,77 17,410° | 0,208
m;s[on.%] 4571 -34,91 | -216,2 -0,150 | 3,51-10° | -0,001 -3,99-10* -3,243 | 3,893 -8,9-10° 0,059
mu[on.] 22,910 | 1027 [ 10,3-10° | 1,111 | 24,510* [ 0,001 | 62,9810° [ 3780 | 8,73-10° | 13,35-10° | 0,192
as 2,552 -0,431 | -0,489 -0,227 | 4,280 -0,513 -0,695 -0,375 | 0,013 -0,388 0,622
Sas 0,102 0,188 0,190 0,238 | 0,102 0,102 0,102 0,102 0,102 0,102 0,102
3S. 0,305 0,565 0,570 0,714 | 0,305 0,305 0,305 0,305 0,305 0,305 0,305
ex 7,529 -0,071 | 0,061 -1,068 | 28,84 0,183 -0,154 -0,870 1,554 1,407 1,435
Sex 0,203 0,370 | 0,373 0,462 | 0,203 0,203 0,203 0,203 0,203 0,203 0,203
5Sex 1,013 1,850 1,866 2,309 1,013 1,013 1,013 1,013 1,013 1,013 1,013
& 0,04 0,44 0,39 1,05 0,02 0,20 0,15 0,27 7,57 0,26 0,16
& 0,12 1,31 1,17 3,14 0,07 0,60 0,44 0,81 22,7 0,79 0,49
& 0,03 5,23 6,13 0,43 0,01 1,11 1,32 0,23 0,13 0,14 0,14
&s 0,13 26,1 30,7 2,16 0,04 5,53 6,58 1,16 0,65 0,72 0,71
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MeToau OLIHOK BILI

y3 — JiaMeTp MIKpOHEpiBHOCTI B CEpeIHiN IUIOMHHI
IIOPCTKOT MOBEpXHi [HM]: Bix 8 10 44 HM;

y4 — OOHITET (IPOAYKTHBHICTD MPOILIECY OCAIKEHHS
3a  CepemHIM JiaMETpOM 1 CEpPEHBOK  BUCOTOIO
MIKpOHEpIBHOCTEH Ha mokasHii mwromr): 1; 2; 3; 4; 5 —
KJIac TIOBEpXHI MOKPUTTS (Kj1ac 1 — MOBEpXHsI MMOKPHUTTS
ysBIIsIE COOOI0 CYKYIHICTh MAaKCHMAaJIBHOTO CEPEIHBOTO
JiaMeTpa Ta  MaKCUMaJbHOI  CepeiHbOi  BUCOTH
MIKpOHEPIBHOCTEH; ...; KIac 5 — TMOBEPXHS MOKPUTTA
ySBIIE COOOI0 CYKYIHICTH MiHIMAIBHOTO CEpEeIHBOTO
miamerpa Ta  MIHIMambHOI  CEpPEeNHBOI  BHCOTH
MIKpOHEPIBHOCTEM );

ys — TOKa3Ha IJIONIa HOKPHUTTS [MM*]: Big 0,2 m0
97 Mm%

Y6 — HOBHOTa (IUIbHICTH) MOKpUTTS [ouiHka]: 0,2;
0,3;0,4;0,5;0,6;0,7; 0,8;

y7 — BIK MIKpOHEpiBHOCTE NOKPHUTTS (4ac Bix
MOYaTKy npouecy ocapkeHHs) [XB.]: Bix 15 mo 200 xB.;

0) BxinHi ¢pakTopmu:

X|; — CeKCIIO3WINSI CXWIy MIKPOHEPIBHOCTI, SKa
BHU3Havajacb y mU(pax Big HYIOBOTO HAIPSIMKY
Opi€HTaIlil CUCTEMH KOOPIMHAT HA MOBEPXHI MOKPHUTTA
3a HampsSMKOM ToJMHHUKOBOI cTpinku: 1 — 0 (360) rpan.;

UBY (aKTopiB...

2 —45rpan.; 3—90 rpan.; 4 — 135 rpan.; 5 — 180 rpan.; 6
— 225 rpan.; 7—270 rpaz.; 8 — 315 rpaxm;

X, — CTPIMKICTh (KpyTH3HA) CXWIJIy MIKPOHEPIBHOCTI
[rpan.]: Bix 5 no 60 rpan.;

X3 — BHCOTa MIKPOHEpIBHOCTI HaJ MiIKIaJKOK
(ToBmmHA okputTs) [HM]: Big 700 mo 1915 HM;

X4 — THI aHCaMOIII0 MiKpOHepiBHOCTeH [omiHKa]: 1;
2;3;4.

1.3. OOGcar BuGOpkM (4McI0 BapiaHTIB)
cranoBuB: N = 574 (32 y1; ¥s; Yo} Y75 X1, X25 X35 Xa); N =
164 (3ay,); N=161 (3ay;); N=101 (3a yy).

CraTuCTHYHMN aHaANi3 BUKOHaHWMA 3a [6-22].
Po3paxoByBanm Taki 4MCIOBI Ta TPYIOBI CTaTUCTUYHI
XapaKTEpPUCTUKU BUOOPKHU: CepelHe apupMeTHYHEe X
[on.]; mucmepcito S* [om.’]; cepeane KBaapaTHUHE
BimxwieHHs S [on.]; koedimient Bapiamii Y [%];
BUOIDKOBUI TIOKa3HWK CTYIEHS arperamii po3noaiity

) 2
BUNAJKOBUX BEJIMYMUH Y; ~ Xk SIK BIIHOLIEHHS S é [om.];

HavanbHi MOMeHTH K-mopsiaky: h; [oa.], h, [omn.’], hs
[0)1.3], hy [0;[.4]; LEHTpPAIbHI MOMEHTH K-Topsaky: m,
[on.], m3 [on.’], my [on.*];

Taoaunsa 2

Koedinientu xopensuii 38 3KiB y; ~ y; Ta y; ~ Xy 1 lepeBipka HyJ160B0i rinoresu Hy: p = 0 32 kpuTHIHMM
3HA4YEHHSIM T, , QyHKIi€0 nepeTBopenHs Pimepa Zr Ta kputepiem CThIoEHTa tr A piBHIB 3HauymocTi o = 0,01

Ta o= 0,05
&i(2) [&(2)] &i(t) [&(V)]
&i(r) [&()] ) .
R N r 1 ISt (2x: |Z| ATA G |tp| JUIA 0.
0,05 0,01 0,05 0,01
0,05 0,01

X ~%, | 574 | 00756 | (2,58) | (3.31) | 0,0757

(1,08) | (143) | 18185 | (1,09) | (1,44)

xi~x; | 574 -0,0270 | (7.22) | (9,26) |0,0270

(3,04) | (4,00 | 0,6462 | (3,06) (4,05)

Xi~Xs | 574 | -0,0207 | (9,42) | (12,08) [ 0,0207

(3.96) | (5.22) | 04953 | (4,00 | (5.28)

Xa~x; | 574 0,0473 | (1,32) | (1,70) | 0,1484

1,81 | 1,37 | 3,6010 | 1,82 1,38

Xo~Xs | 574 | -0,0387 | (5,04) | (6,46) | 0,0387

2,12) | 279 | 09270 | 2.14) | (2.82)

Xs~x4 | 574 | -0,1428 | (1,37) | (1,75) | 0,1438

1,75 1,33 3,4864 1,76 1,33

yi~x; | 574 | 0,02851 | (6,84) | (8,77) | 0,0285

2,88) | 3,79) | 06822 | (2,90) | (3.89)

yi~x; | 574 | -0,0274 | (7,12) | (©9,12) | 0,0274

2,99) | (3,94) | 06558 | (3,02 | (3,99

yi~x; | 574 | 0,1146 | (1,70) | (2,18) | 0,1151

1,40 1,07 2,7773 1,40 1,06

yi~xs | 574 -02129 | 1,00 | (1,17) [o0,2162

2,64 2,00 5,3336 2,69 2,04

ya~x; | 164 | 0,002 | 27.1) | (34,7) |0,0072

L5 | (282) | 0,0917 | 216) | (28.5)

ya~x; | 164 | -0,1594 | (1,22) | (1,57) | 0,1608

1,04 | (1,26) | 20817 | 1,05 | (1.26)

va~x; | 164 | -0,1162 | (1,68) | (2,15) | 0,1167

(132) | (1,74) | 14992 | 1,32) | (1,75)

y2~X4 | 164 | 0,3509 1,80 1,40 0,3665

2,37 1,80 5,0934 2,57 1,95

ys~x; | 161 ] 00416 | (4,69) | (6,01) | 00416

(3,75 | 4.94) | 05255 | 3.77) | (4.98)

ys~x, | 161 | -0,1421 | (1,37) | (1,76) | 0,1431

(1,09 | (1,44) | 1,8287 | (1,08) | (1,43)

ya~x; | 161 | -0,2509 | 1,29 1,00 | 0,2564

1,65 1,25 3,3763 1,71 1,29

yi~xq | 161 | -0,0465 | (4,19) | (5,38) | 0,0466

(335) | 441) | 05880 | 3.37) | (4.45)

va~x, | 101 | 0,1004 | (1,94) | (2,49) | 0,1007

(1,97) | (2,59) | 1,0091 | (1,96) | (2,59

yi~x, | 101 | 0,1337 | (1,46) | (1,87) | 0,1345

(1,47) | (1,94) | 1,3545 | (1,46) (1,93)

va~x; | 101 | -0,0240 | (8,13) | (10,4) | 0,0241

(8,22) | (10,8) | 02389 | (8,29) | (10,95)

ya~xs | 101 | -0,2856 | 1,47 1,14 | 02937

1,48 1,13 3,0941 1,56 1,18

ys~x; | 574 | 00272 | (7.17) | 9,19) | 0,0272

3.01) | (3,97) | 06505 | (3.,04) | (4,02)

ys~%, | 574 | 00760 | (2,57) | (3.29) | 0,0761

(1,08) | (1,42) | 1,8272 | (1,08) | (1.43)

ys~x; | 574 | 0,0345 | (5.65) | (7.25) | 0,0345

2.38) | (3,13) | 08259 | (2.40) | (3,17)

ys~xs | 574 | 0,0663 | (2,94) | (3,77) | 0,0664

(124) | (1,63) | 1,5917 | (1,24) | (1,64)

ye~x; | 574 | 00627 | (3,11) | (3.99) | 0,0627

13D | (1,72) | 15045 | (1,32) | (1,74)
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I[Iponos:xennst Tad.a. 2

&i(2) [&(2)] &i(H) [&(D)]
&) &) s o s 0
R N r JUIS O |Z| |tp|
0,05 0,01 0,05 0,01
0,05 0,01
Yo~ Xz 574 | 0,0455 (4,29) (5,50) | 0,0455 | (1,80) | (2,37) 1,0902 (1,82) (2,40)
Yo~ X3 574 | -0,2190 1,12 (1,14) | 0,2226 | 2,71 2,06 5,5015 2,78 2,10
Yo~ Xa s74 | 01227 | (1,59) | 2,04) | 01233 | 1,50 | 1,14 | 29794 | 1,50 1,14
Y7 ~X 574 | 0,0526 (3,71) 4,75) | 0,0527 | (1,56) | (2,05) 1,2626 (1,57) (2,07)
Y7~ X, 574 | 0,0706 (2,76) (3,54) | 0,0707 | (1,16) | (1,53) 1,6971 (1,17) (1,54)
V7 ~X; 574 | 0,1958 1,004 (1,28) | 0,1983 | 2,42 1,84 4,8695 2,46 1,86
Y7 ~ Xy 574 | -0,0649 | (3,00) (3,85) | 0,0650 | (1,26) | (1,66) 1,5589 (1,27) (1,68)
Vi~Y2 164 | -0,2401 1,23 (1,04) | 0,2449 | 1,59 1,21 3,2429 1,64 1,24
Vi~Ys 161 | 0,0578 (3,37) (4,33) | 0,0578 | (2,70) | (3,55) 0,7309 (2,71) (3,58)
Yi~Ys 101 | 0,3203 1,64 1,28 0,3320 | 1,68 1,27 3,5513 1,79 1,36
Vi~ Ys 574 | 00518 | (3,76) | (4,83) | 0,0519 | (1,58) | (2,08) | 12433 | (1,59) | (2,10)
Y1~Ye 574 | -0,1735 | (1,12) (1,44) | 0,1753 | 2,14 1,62 4,2783 2,16 1,64
Vi~ yr 574 | 00716 | (2,72) | (3.49) | 00717 | (1L,14) | (1,50 | 17213 | (1,15) | (1,52)
Y2~V3 161 | 0,5157 2,65 2,06 0,5705 | 3,66 2,78 8,8587 4,47 3,39
V2 ~¥4 101 | -0,5837 2,99 2,34 0,6681 | 3,37 2,56 8,8090 4,45 3,37
Y2 ~Ys 164 | 0,1473 (1,32) (1,70) | 0,1483 | (1,04) | (1,37) 1,9164 (1,03) (1,37)
¥2~Ye 164 | 0,3799 1,95 1,52 0,3999 2,59 1,97 5,6509 2,85 2,16
Y2~y7 164 | 0,2976 1,53 1,19 0,3069 [ 1,99 1,51 4,1559 2,10 1,59
Vs~ Vs 101 | -0,2706 | 1,39 1,08 | 02775 | 1,40 | 1,07 | 2,9052 1,47 1,11
¥3i~Ys 161 | 0,1617 | (1,21) (1,55) | 0,1631 1,05 | (1,26) 2,0937 1,06 (1,25)
Vs~ Ve 161 | 02466 | 1,27 | (1,01) [ 0,2518 | 1,62 | 1,23 | 33109 | 1,67 1,27
V3 ~y7 161 | 0,6194 3,18 2,48 0,7240 | 4,64 3,53 12,6721 6,40 4,84
Ya~Ys 101 | -0,3174 1,63 1,27 0,3288 [ 1,66 1,26 3,5119 1,77 1,34
Y4~V 101 | -0,3014 1,55 1,21 0,3111 1,57 1,19 3,2985 1,67 1,26
Va~yr 101 | -0,1075 | (1,81) | (2,33) | 0,1079 | (1.84) | 2,42) | 10821 | (1.83) | (2.42)
Vs~ s 574 | 0,162 | (1,68) | (2,15) | 0,1167 | 1,42 | 1,08 | 28171 | 1,42 1,08
Vs~ Y7 574 | 0,1004 | (1,94) | (2,49) | 0,0007 | 1,23 | (1,07) | 24257 | 123 | (1,08)
Y6~ V7 574 | -0,1471 | (1,33) (1,70) | 0,1481 1,81 1,37 3,5959 1,82 1,37

MOKa3HUK acUMeETpii as Ta Horo cepemHe KBaapaTHUHE
BiIXHIEHHS S, (3S,); MOKa3HUK EKCIlecy eX Ta HOTro
CepellHE KBaJPaTUIHE BIAXMICHHS Scx (5Scx)-

II. Pe3yabTatH T2 00rOBOPEHHS

2.1. Kopensuiiinnii Ta perpeciiinnii anaisu:
npoueaypa Ta MeTOI! J0CTiZKeHHS

1. 3maiineMo IiHIWHI Ta HENIHINHI 3B AI3KH MIK
[Y] ~ [X] Ta Bcepenuni nux matpunp [Y,] ~ [X;], [Yi] ~
[Xim] MeronamMu  KopesiiHHOrO Ta  perpeciiiHoro
anamiziB  [9, 13, 19]. Pesympratu po3paxyHKiB
BHOIPDKOBUX YHCJIOBHX Ta IPYIOBUX XapaKTEPUCTHK
(GyHKLIT BIATYKY y; Ta BXIJHUX apaMeTpiB ((hakTopiB) X
3BeJIeHi B Tabu. 1.

2. Posrnsimatoun y; Ta X SIK HEMepepBHI BUIIAIKOBI
BEJIMYMHY, JABalW OLIHKY CTYNEeHs MiANOpsAAKYBaHHS
(BimmoBimHOCTI) BUOIPKOBOTO PO3NOAINY Vi, ..., Y7 TA X|,
..., X4 HOPMAIBHOMY pPO3MOAiTY 3a 3akoHoM laycca 3a
CTYNCHSMH BIIMIHHOCTI TIOKa3HHKIB acHMeTpii Ta
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eKCIleCy BiJ BIAMOBIZHUX IM CEepemHiX KBaApPaTUIHUX
BimxwiieHs [14]:

b=pE = =t =T ()
|as| las| lex| lex|

3a ymoBowo, mo mpu &, &, &, & > 1, Bubipkosi
pe3ynbTaTu HE HPOTHPIYATh TEOPETHYHOMY
HOPMAIBLHOMY 3aKOHy posmoginy Iaycca. O6epueni
BesinunHK criBBigHomenHs (1) npu &'y, &5, &5, &4 > 1
JIAI0Th OI[IHKY CTYIMEHs HEBIAMOBIAHOCTI EMITIPUYHOTO
pO3MONly TEOPETHUYHOMY HOPMAJIBHOMY  PO3IMOJLUTY
Taycca.

Sk BumgHO 3 TabM. 1, TpWM JOMATKOBIM mepeBipii 3a
TOYHHM KPHTEpieM ®° MOXKHA NPUITHATH, 10 BHOIPKOBI

XapaKTepUCTHKH Yy, V3, Y4  MIOIOPAIKOBaHI
HOPMAIBHOMY 3akoHy laycca (m.3.p.). BubGipkosi
XapaKTepUCTUKH Y1, Vs, X1, X2, X3, X4 — He

MiATOPSAKOBaHI HOPMAIBHOMY 3aKOHY PO3MOITY, a Y,
y7 — Omu3bki o H.3.p. lle Haknmagae meBHI oOMexeHHs
Ha BMCHOBKHM II0/I0 OLIIHOK PE3YJIbTATIB KOPEIJSIIHHOTO
aHawizy.

Posrnsimaroun y; Ta Xy SK AUCKPETHI BHUIAIKOBI
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BenuuuHHU, 3a [15, 16, 25, 26] BUXOmWIM 3 TOTO, IO
pO3Mi3HABAHHS THUINB PO3MOAUTY IHMX BEJIMYMH MOXKE
3IIMCHIOBATUCS JIMIIE 32 JIONIOMOIOI TI'eHEPaIbHOIO
MOKa3HUKa  CTyNeHs  arperamii BiJIHOILICHHS
reHepajibHOl  Jucrnepcii 6° 10  MaTeMaTH4HOro
2
crojiBaHHA (TEHEPAITBHOI CEPEeIHBOI) |11 F = g,
i
MTOKa3HHUKA

OIiHKOI0 I[FOTO TEHEePAITBEHOTO

BHOIPKOBUH ITOKa3HUK CTYTICHS arperarii:
2

[on] — E=2" [on],
0

€

2
v
X
ne S — Bubipkosa aucnepcis [01.%].
X — BuOipKoBe cepenHe [o.].
[Ipu nilicCHO BWIAJKOBOMY IMPOCTOPOBOMY PO3MOALTY
BEJIMYHH Y; Ta Xi, TOOTO TaKOMy, IO OIUCYEThCS
3akoHoM Ilyaccona [15, 16] g  JOuUCKpeTHHX
BUIIAJIKOBUX BEJIWYMH, IHUCIIEPCisl YUCEIBHO JIOPIBHIOE
cepenHboMy (0° = 1) i BimmoBimHi BHGIPKOBI OLiHKH
2
& ="=I; sxmo mucrepcis Menme cepearsoi (67 < ),
X

2
TO po3noaia piBHOMIpHUH (perymspuuit) (&=-—<I);
X

SKIIO AHCTIEpCist Giblie cepeHboi (67 > (1), TO PO3MOALT
2

KOHTario3Huit (rpynoswuii, arperauiitnuit) (&§=-—>1)
X

[15, 16, 25, 26].
3. 3nauymicTth koedinienTa kopensuii. CrtyniHb
JginiiiHocTi Ta HeuiniiiHocTi 3B’sI3Ky. BuGipkoBuii
Koe(illieHT Kopessiuii r po3paxoByBanu 3a [9,13], skuit
JIaBaB OLIIHKY TeHepalbHOMY KoedilieHTy Kopemsii p. Y
Tal. 2 mpHUBeAEH] Pe3yJIbTaTH PO3PaXyHKIB BUOIPKOBUX
KoedillieHTIB KOpemnlii 3B’ A3KiB y; ~ Yj, ¥; ~ Xk Xk ~ Xm.
CratuctuuHy 3Hadymicte @ (IEpPEBIpKY HyJIbOBOI
rimoresn H,: p 0) moBommnm 3a t-KpUTEpieM
Creronenta [9,13],dbyHkuieto nepersopenns dimepa Z,
[9,13] Ta 3a [JOMOMOrold KPUTHYHOTO 3HAYEHHS
Zw @=Zy ©7), ne Z, {p = 1 — a/2} — KBaHTHJIb
HOPMOB&HOTO HOPMAIBHOTO po3moxminy laycca s
iimoBipHOCTI p =1-0/2 [9], a 67 — cepenHe KBagpaTHIHE
BiAXMIeHHS po3noaity ¢yHkuii Z [9,13], Ta KpUTH4HOTO
3HAYEHHs KOe]iIlieHTa KOpeNsii Iy, (o) [18] 1na piBHiB
3Hauymocti o = 0,01 i a = 0,05 [10, 11, 17-18]. Y Tabm.
2: R — By KOpemnsuiiHOro 3B 53Ky .

Cryninp miHifiHOCTI & (CTYHiHB HediHIHHOCTI &)
KOpEJISIIHHOTO 3B’ 3Ky OLiHIOBaiM 3a [13]:

AL (0 & (1) i {@(r) - @ } 2)
xp. () |r|
nZ; & (2)= g [az(z) _ 200 J; 3)
(Zp 'GZ) |Z|
3a ty: & ()= |tp| 4)

t

o

az(t):ﬁ .
p

VY tabi. 2 nopiBHIOBAIIN:
e || 31 {a=0,01; f>100} = 0,250 Ta 1y, {o = 0,05;
£>100} = 0,195 [18];
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. |Z| 3 (Zy0z), ne Zogs = 2,58 (ana o =
Z975= 1,96 (s o = 0,05) [9];
|tp| 3 togr {@/2 = 0,005; £ > 120} = 2,617 (wis o =

0,01) Ta tops {/2=0,025; f > 120} = 1,980 (mns

a=0,05) [10, 17];

oz =0,04185 (g N = 574); (Zo.995 - 67) = 0,1080 (s

a=0,01; N = 574) ta (Zoo7s - o7) = 0,0820 (ans

a=0,05; N=574),

oz =0,07881 (s N = 164); (Ze9s * 67) = 0,2033 (st

a=0,01; N = 164) ta (Zog7s - 0z) = 0,1545 (nns

a=0,05;N=164);,

Oz = 0,07956 (HJ’IH N= 161), (20,995 . Gz) = 0,2053 (Z[J'ISI

a=0,01; N=161); (Zyg75 - 67) = 0,1559 (mns a = 0,05;

N=161);

6z =0,10102 (s N = 101); (Zo.995 - 06z) = 0,2606 (s

a=0,01; N =101); (Zog75 - 62) = 0,1980 (s a = 0,05;

N=101).

Y Tabn. 2 TeMHUM MWPU(TOM MOKa3aHI 3HAUYII
koediuieHTH Kopenmii (To0To MiX y; ~ yj, ¥i ~ Xk 200
Xk~ Xn € HQNIWHUK JIHIAHWA 3B’s30K). Y Tadm 2
NIPUBENICHI PO3PaxyHKOBI 3HAY€HHs CTYIEHIB PiBHOCTI
(6e3 myxoK) Ta HepiBHOCTEH (B IyXKax). Y MiACyMKYy
Hy1pOBy Timoresy H,: p 0 (piBHOCTI HyIIO
TeHepaJIbHOrO KoedillieHTa KOpeyLil — HeMae JIIHIHHOTO
3B’S3KY) IpuiMani («+»), abo Bimkumamu (« —») Hy: p #
0 ("epiBHiCTD HymI0O TeHepalbHOrO KoedilieHTa
KOPEJISIIii — € HaaiifHUH JIIHIAHWHA 3B’ I30K).

2.2. BB Bxiguux ¢akrTopiB X; Ha QyHKmii

BIIryKy y;

SIk BUAHO 3 TaO. 2, HaMIWHUKA HMIHIAHUNA 3B’ SI30K
(3Hauymuii koedimient kopemsamii 3 o=0,01 i 0,05)
CIOCTEPIraeThCsi MK y; ~ Xy Y PAAY 3a 3pOCTaHHSIM
CTYNEHS JIHIHHOCTI:

a) 3a a0COJIIOTHOK BeJIUYHUHOIO
KoediuienTa Kopeasmii |ry,|:

* (i~ X (Y1~ X3) < (¥ ~ X4) < (Y2~ X2) < (y7~X3) <
<(y1~%4) < (Y6 ~ X3) < (¥3 ~ X3) < (¥4 ~ Xa) <(¥2 ~ Xa4);
®)

o |ryyl:  [r3[=11,5%<
[137]=19,6%<|r41|=21,3%<
|r44|=28,6%< |I'42|:35,1%;
0) 3a crymeHeMm JIiHIHHOCTI 32 KPUTHYHHM

KoedinicHToM Kopeasinii |rg,| 3 piBHeM 3HawymocTi

o:

a=0,05

* (i~ X (y7~ X3) < (¥1 ~ X4) < (Y6 ~ X3) < (y3 ~X3) <

<(ya~Xq) <(y2~ Xa);

o ﬁl(rxy): é](r37):1,004< &_,1(1'41):1,095 %1(r36):1,12<

< %1(r33):1,29< f;](r44):1,47< f;](r42):1,80;

a=20,01

® (¥i~Xi): (Y3~ X3) < (Ya ~Xa) < (y2~ X4);

o &i(ryy): &i(r33)=1,00< &(144)=1,14< £, (r42)=1,40;

B) 3a cTymeHeM JiHifiHocTi 3a  ¢yHKHicw
neperBopeHHs ®imepa |z| 3 piBHeM 3HAYYHIOCTI O :
a=0,05
* (i~ X (Y2~ X2) < (V1 ~X3) < (¥4~ X4) < (Y6 ~ X4) <
<(y3~%3) < (¥2~X4) <(y7~X3) < (¥1 ~ Xa) < (Y6~ X3);

L4 E_,I(ny): E_,[(Zzz)zl,04< 51(231):1,40 < &1(Z44):1,485

< %1(Z46):1,50< %1(Z33):1,65< &1(Z42):2,37 < &1(Z37):2,42

< <&(z41)72,64 < &i(z36)72,71;

a=0,01

0,01) Ta

3HAYylmoro

|r46|=12,3%<
|r36]=21,9%<

|r22|:15,9%<
|r33|=25, 1%<



I'.0.Cipenko, O.B.Ky3ummHs, O.I'. Ciperko Ta iH.

o (yi~ Xt (Y1~ X3) < (¥a~Xa) < (Y6~ Xa) <(y3~X3) <
(y2~X4) <(y7~X3) <(y1 ~ X4) < (¥ ~ X3);

Ei(z ) &Gi(z3)=L,07< &(zan)=1,13< &i(z46)=1,14 <
<E(Z)=1.25 < E(z)=1,80 < &(z37)=1,84<E (z4))=
2,00< < &1(236)=2,006;

r) 3a cryneHem JiHiiiHocTi
CTbI0eHTa 3 piBHEM 3HAYYIIOCTI O :
a=0,05
® (¥i~ %0 (Y2~ %2) < (¥1 ~X3) < (¥ ~ X4) < (¥a~Xs) <
<(y3%3) < (y7~X3) < (y2~ X4) <(¥1~ Xa) < (Y6 ~ X3);

° él(txy): &1(t22):1,05< é](t31):1,40 < &1(t4(,):1,50<
< él(t44):1,56< &1(t33):1,71< él(t73):2,46 < E_,](t42):2,57 <
< é](t41):2,69 < &1(t3(,):2,78;

o=0,01

® (yi~X): (Y1~ X3) < (Y6~ Xa) < (Y2~ Xq) < (y3~X3) <
(y7 ~ X3) < (y2~X4) < (y1 ~X4) < (Y6~ X3);

E_,l(txy): §I(t3|):1,06< E_,](t45):1,14§ E_,](t44):1,18 <
< E_,l(t33):1,29 < (:l(t73):1,86 < E_,l(t42):1,95 < é](t4|):2,04
<< &i(t:6)=2,10.

Ilpm upoMmy, i3 3pOCTaHHAM X; 3pOCTaEc y; Ta
30UIBITY€ETBCS Y7, @ 13 3POCTaHHSAM X4 3POCTAE Y, Ta
30LIBIITY€THCS Y6, PO IO CBiAYATH MO3UTHUBHI 3HAYCHHS
KOe(DIIIEHTIB KOPEIsILiT 1Uist 3B’ S3KIB Y| ~ X3, Y2 ~ X4, Y6 ~
X4, Y7 ~ X3, 1, HABIAKH, TIPH 3POCTaHHI X, 3MEHILYETHCS
Y2, 13 3pOCTaHHSM X; 3MEHIIYIOTBCS Y3 Ta Yg a i3
3pOCTaHHSM X4 3MEHIIYIOTBCS Y| Ta Y4, PO LIO CBiAYATh
HeraTHBHI 3HAa4yeHHS Koe(iUi€HTIB KOpewnsuii s
3B’SA3KiB Y2~ X, Y3~ X3, Y6 ~ X3, Y1 ~ X4, Y4 ~ Xy4.

Sk BumHO 3 TaON. 2, HENMiHIMHHUN 3B’SI30K 3 piBHEM
3Hauymocti oo=0,01 i a= 0,05 cnocrepiraerbcss Mix
V~Xx ¥ PAAY 32 3pOCTaHHSAM CTYTICHS HEiHIHHOCTI 3a t-
kputepiem CThIOJCHTA!

(y1 ~ X4) <(y2 ~ X4)=(y7 ~ X3) (Yo~ X3)=(y3~ X3)<(y4 ~ X4)
S = (Y6~ X4) < (¥1 ~ X3) < (y2~ X2) <(y3 ~ X2) = (¥5 ~ X2)
<<(y7~X2) <(¥s ~ X4) = (y7~ Xa) << (Yo~%1) = (¥2 ~ X3)
<
S(ya~%2)<(y7~%1)<(Yo~X2) <(ya~X1)<(ys~X3)<(y1~X1)<(y1~
~ X2) < (¥5~X1)<(Y3~Xa)<(y3~X1)<<(Y4~X3)<<(y2~X1). (6)
3a Tabi. 2 cKIageMO Ma)KOPaHTHI DSAM BIUTUBY

BXI/THUX MapaMeTpiB Xy Ha QyHKUIl BIATYKY y;:

1) wHay; (ckjIaJ NOKPUTTS):
a) 3a xoedinieHTOM KoOpesuii |ry| (JIiHIHHIH BIUIHB)

Xi: Xp S Xy < X3 << Xy;
It | 2,74% < 2,85 % < 11,46% << 21,29%;

0) 32 KpHTHIHHMH KOeQilicHTOM KOPeJISANii I' g,
e 3a crymeHeM JiHiiftHocTi &; (r) (iHiliHMA BIUIMB)
32 Fp.g
o = 0,05 XXX <X3<X4; &;(1)0,05: 0,14<0,15<0,59<1,09;
o =0,01 XXX 1<X3<X4;
&1(1)0,01:0,110<0,114<0,46<0,86;
e 3a crymeHeM HeJdiHiiiHocTi &, (r) (HeniHinmi
BILIMB) 32 Iy g
(120,05 Xk- X4<X3<X1<X2;§2(r)0,05: 0,92<1,70<6,84<7,12;
(120,01 X X4<X3<X1<X»; E_,z(r)()’()l:1,17<2,18<8,77<9,12;
® 3a cTymeHeM cymMapHoro BILMBY X[, (1) + & (1)]
(TiHIAHUI + HENiHIMHWI BITUBH) 32 Yyp.q
o= 0,05 Xi: X4<X3<X1<X»; 20’05: 2,01<2,29<6,99 <7,26;
0=0,01 Xy X4<X3<X;<Xp; 20,01:2,03<2,64<8,88<9,23;
B) 32 (pyHKIi€I0 nepeTBopeHHst Pimepa
e 3a cTyneHeM JiHiiiHOCTI §; (z) (inilinmii BIUTAB) 32
Zg
0=0,05 X::X,<X<X3<X4; &;(2)0,05: 0,33<0,35<1,40<2,64;

3a  t-KpuUTepiem
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o= 0,01 XXX <X3<X45 &1(2)001: 0,250 < 0,26 <1,07<
2,0,
e 3a cryneHeMm HeJdiHiliHocTi & (z) (HemiHiliHMIA
BILJIMB) 32 Z,
0=0,05%x: X4<X3<X1<X2; &(Z)o0s: 0,38<0,71<2,88 <
2,99;
GZO,OIXkZ X4<X3<X|<X2;§2(Z)0,0]: 0,50<0,94< 3,79 <
3,94,
e 3a cTymeHeM CyMapHOro BIIUBY X[& () + & (z)]
(miHiHAN + HeMHIMHAN BIUTMBN) 32 Z,
o= 0,05 x;: X3<X4<X1<Xp; Zg05: 2,11<3,02<3,23 <3,32;
0=0,01 Xy X3<X4<X;<Xp; 20,01:2,01<2,50<4,05<4,19;
r) 3a kputepiem CThl0eHTA t,
e 3a cTyneHeM JiiHiitHocTi &;(t) (rinilinnii BTAB) 32 t,

a=0,05 X! XX <X3<<Xy; Ei(t)o,05:
0,33<0,35<1,40<<2,69;
a=0,01 X Xo X <X3<<Xy; Ei(®o1:

0,25<0,26<1,06<<2,04;

® 32 CTymeHeM HeJiHIiiHOCTI
BILIMB) 32 t,

o= 0,05 Xt Xg4 <X3<X] <X3; %2(t)0’05:0,37<0,71<<2,9<3,02;

(X:0,0 1 Xk- X4<X3<X<X3; %2(00,01 : 0,49§

0,94<<3,84<3,99;

® 3a CTymeHeM cymMapHoro BILJIUBY X[& (t) + & (t)]
(inifinui + HemiHiiiHUIA BNJIMBH) 32 t,

o =0,05x;: X3 < Xg4 < X; <Xp;Zpps: 2,11 <3,06 < 3,25 <

3,35;

0=0,01 x: X3 < X4 <Xy <Xp; Zg1: 2,0 <2,53 <4,10<

4,24;

&) (memimiiinmit

2) Ha y, (BHCOTa BHCTYyHmy MiKpoHepiBHOCTI
HAJl CepPeIHbOIO0 MIOIIMHOIO IOPCTKOI MOBEPXHi):
a) 3a koe(imienToM Kopesiuii |r;| (TiHIAHMA BIUIHB)
Xi: X << X3 < Xp << Xy,
Itsc| £ 0,72% << 11,62 % < 15,94% << 35,09%;

0) 32 KpUTHYHHUMH KOePilliecHTOM KOPeJIsmii I,
e 3a cTyneHeM JiHilHocTi &,(r) (miHiiiHui BnIMB) 3a
Ikp.a

a=0,lz)5 Xi: X1<X3

0,04<0,60<0,82<1,80;

(1:0,01 Xk- X1<X3<X2<X4;E_,1(I')0701Z 0,03<0,47 < 0,64 <

1,40;

e 3a cTynmeHeM HeJiHiiiHOCTI
BILIMB) 32 ' g

0=0,05 X

0,56<1,22<1,68<<27,1;

(120,01 Xk- X4<X2<X3<<X1;§2(1‘)0’01:0,71<1,57<2,15<<34,7;

e 3a cTymeHeM cymMapHoro BIIMBY X[&(r) + &(1)]
(minilHME + HeTMiHIHANI BIIMBY) 32 Iy o

< <

X2 X4;€1(1)o,05:

&(r) (ueniniiinmii

X4<X2<X3<<X13E5(1)0 05

a=0,05x: Xo<X3<X4<<Xy; 20,05
2,04<2,28<2,36<<27,14;
a=0,01 x,: X4<Xo<X3<<X; 01

2,11<2,21<2,62<<34,73;
B) 3a (pyHKIi€10 nepeTBopeHHs @Pimepa
e 3a crynmeHeM JiHiliHOCTI &; (z) (iHilinmii BuUB) 32

Zy,
o=0,05 Xy X1 <<X3<X<X4; €1(2)o,0s:
0,05<<0,76<1,04<2,37,
o=0,01 x;: X1 <<X3<X<X4;&1(2)0,01:
0,04<<0,57<0,79<1,80;

e 3a cryneHeMm HeJdiHiliHocTi & (z) (HemiHiliHMIA

BILJIMB) 32 Z,
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a=0,05 X! X4<Xp<X3<<X; Ex(2)o.05:
0,42<0,96<1,32<<21,5;
a=0,01 Xk Xg4<Xp<X3<<Xy; Ex(2)o01:

0,56<1,26<1,74<<28,2;

e 3a cTymeHeM CyMapHOTro BIUIMBY X[&; (z) + & (z)]
(TiHifHWHA + HeNMiHIHNE BIUIMBN) 32 Z,

o = 0,05 Xy Xp=<X3<X4<<Xy; 2o 05: 2,0=52,08<2,79<<21,55;

0=0,01 Xj: Xo<X3<X4<<Xy; 20,01:2,05<2,31<2,36<<28,24;

r) 3a kpuTepieM CThI0€HTA t,

e 3a ctyneHeM JiHiiiHocTi &;(t) (riHilinuii BI1UB) 3a t,
0=0,05 XX <<X3<X,<<X4;
E1(t)0,05:0,05<<0,76<1,05<<2,57;
o=0,01 x;: X; << X3 <Xy << Xy;

Ei1()o01: 0,04 << 0,57 < 0,79 << 1,95;
3a cTynmeHeM HediHiitHocTi &;(t) (HemiHiinmit
BILIMB) 32 t,

o=0,05 x,: X4<Xp <X3 <Xy

E_,z(t)070510,39 < 0,95 < 1,32 << 21,6,

a = 0,01 X X4 <X <X3<X ;€20 01

0,51<1,26<1,75<<28,5;

e 3a CTymeHeM CyMapHOro BILIMBY X[&; (t) + & (t)]
(iHiiiHMHA + HeJTiHIHHMH BIJIMBH) 34 t,

0=0,05 X X,<X3<X4<<X1;Z0,05: 2,0=52,08<2,96<<21,65;

o = 0,0IXk: X2<X3<X4<<X1;ZO’013 2,05<2,32 < 2,46 <<

28,54;

3) ma y; (miamerp MikpoHepiBHOCTI
cepeHiil MUIOIMHI NIOPCTKOI MOBEpPXHi):

a) 3a xoedinieHTOM Kopesnii |ry| (JIiHIHHMNA BIUTHB)

Xi: X < Xyq << Xp <Xs;
|rl-k| 4,16% < 4,65 % << 14,21% < 25,09%;

0) 32 KpUTHYHHUMHU KOeQillicHTOM KOPeIsii I,
e 3a cTymeHeM JiHiliHOCTi &; (r) (iHiliHMii BILUINB)
34 I'gp.a
o= 0,05 Xk- X1<X4<X2<X3;§1(r)0’053 0,21 < 0,24<0,73 <
1,29;
o= 0,01 Xg: X 1<X4<X,<X3; él(r)o‘oll 0,17<0,19< 0,57 <
1,00;
e 3a crymeHeM HeJiHiiiHocTi &, (r) (HeniHiHUH
BILUIMB) 32 I'p o
0=0,05 x;:: X3<Xy<X4<X1;&2(1)0,05: 0,78<1,37<4,19<4,69;
(1:0,01 Xk X3<Xp<Xs<X{; (:2(1')070121,00<1,76<5,38<6,01;
® 3a CTymeHeM cyMapHOro BIJHMBY X[ (r) + & (1)]
(MiHIMHKME + HeHIHHAKMI BIJIHBH) 32 Iyp o
o= 0,05 Xk X3<Xp<X4<X|; 20’05: 2,0752,1 < 4,43 < 4,9,
0=0,01 Xy X3<Xo<X4<Xy; Zg,01: 2<2,33 < 5,57 <6,18;
B) 3a (pyHK1i€I0 nepeTBopeHHs Pimepa
e 3a cTynmeHeM JiHiliHoCTi &; (z) (iHilinmii Bn1uB) 32
Zg
0=0,05 x;: X| < X4 <X <Xz
&1(2)0,05: 0,27<0,30<0,92<1,65;
a=0,01 x: X; x4 <X, <Xz;
&1(2)0,01: 0,20<0,23<0,69<1,25;
3a cTymeHeMm HediHiHOCTI & (z) (Hemimifinmii
BILIUB) 32 Z,

B

a=0,05 X X3 <Xr<X4<Xj; Ex(2)0,05:
0,61<1,09<3,35<3,75;
a=0,01 X! X3<Xp<X4< X15 E(Z)o01:

0,80<1,44<4,41<4,94;

e 3a cTymeHeM CyMapHOTro BIUIMBY X[&; (z) + & (z)]
(miHiHWHA + HeNiHIHKI BIUIMBN) 32 Z,

o= 0,05 xj: Xo=<X3<X4< X1520,05: 2,01<52,26<3,65<4,02;

0=0,01 Xy X3<X,<Xs<X1; 211 2,05<2,13<4,64<5,14;
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r) 3a kputepiem CThI0IeHTA t,
® 3a cTyneHeM JiHiliHocTi &;(t) (ninilinnii BNIMB) 32 t,
o= 0,05 xx: X;<X4<X2<X3; &1()o,05: 0,27<0,30<0,93< 1,71;
o = 0,01 Xk- X1<X4<X2<X3;§1(t)0~01: 0,2050,23< 0,70<<
1,29;
e 3a CTymeHeM HeJiHiiiHOCTI
BILINB) 32 t,
(7.:0,05 Xt X3<Xp<X4<X1; éz(t)o’(ﬁ: 0,61<1,09<3,35<<3,75;
o= 0,01 Xg: X3<Xp<Xy<Xi; %2(00,01: 0,80<1,44<4,41<<
4,94;
® 3a CTymeHeM cyMapHoro BIJUBY X[&; (t) + & (1)]
(ninifinui + HeMiHiIHUIA BNJIMBY) 32 t,
o = 0,05 x: X2 < X3 < X4 < Xy;5 Zgos: 2,02 <2,32
<3,65<4,02;
o= 0,01 x: X3 < Xy < Xq4 <Xy; Zop1: 2,09 < 2,14<4,64 <
5,14,
4) mHay, (OoniTeT):
a) 3a koe(inieHTOM Kopesinii |ry| (THIAHUN BIIJIMB)
Xi: X3 << X <Xp <Xy
|| 1 2.40% << 10,04 % < 13,37% < 28,56%;

0) 32 KpUTHYHUMH KOeQillicHTOM KOPeJIsmii I,
e 3a cTyneHeM JiHiliHocTi &(r) (niHiliHMA BNINB)

&) (memimifinmit

32 g
o= 0,05 Xk- X3<X1< X2 < X4, al(r)o’%:
0,12<0,52<0,68<1,47,
a=0,01x: X3 <X1<Xz < X4; Ei(Moor:

0,10<0,40<0,53<1,14;
3a cryneHeM HediHiiiHocTi &(r) (HeainiiiHumii
BILIMB) 32 Fyp

0=0,05 Xk X4<X<X<<X3;E5(1) 05
0,68<1,46<1,94<<8,13;
0=0,01 Xi: X4<Xr<X<<X3;

Ex(1)0,01:0,88<1,87<2,49<<10,4;

e 3a cTymeHeM cymapHoro BmiuBy X[& (1) + & (1)]
(miHifHMH + HENIHIMHUI BIVIUBH) 32 Iyp.q

o = 0,05 Xj:X<xs<xX<<X3; Z,05: 2,14<2,15<2,46<<8,25;

0=0,01 Xy X4<Xr<X;<<X3; 2,01: 2,02<2,4<2,89<<10,5;

B) 32 (pyHKIi€I0 nepeTrBopenns Pimepa

e 3a cryneHeM JiHiliHOCTI §; (z) (iHilinnii BIIAB) 32

Zu
a=0,05 x¢ x3 < X < X2 <X &i(2)oos
0,12<0,51<0,68<1,48;
o =0,01 x;: X3 < X1 <Xo<X4; &i(2)oor:

0,09<0,39<0,52<1,13;

e 3a crTynmeHeM HeJiHiiiHocTi &; (z) (HeniHiliHuMA
BILIUB) 32 Z,,

(120,05 Xk Xg4 <Xo<X1<X3; §2(2)0’05: 0,68<1,47<1,97<8,22;

0=0,01 xy: X4 <X,<x1<X3; &2(Z)0’01: 0,88<1,94<2,59<10,8;

3a cTymeHeM CyMapHOro BILIMBY X[&; (z) + &, (2)]

(TiHiMHWHA + HeNiHIHHNH BIUIMBN) 32 Z,

o = 0,05 X;:X,=<X4<X1<X3;20,05: 2,15<2,16<2,48<8,34;

0=0,01 X}:X4<Xp<xX;<X3;20,01: 2,01<2,46<2,98<10,89;

r) 3a kpuTepiem CThIOI€HTA t,

® 3a cTyneHeM JiHiliHocTi &;(t) (iHiiHNii BNIMB) 32 t,

(7.:0,05)(1(: X3<<X1<X,<Xy, %1(t)0’05: 0,12<<0,51§0,69<

<1,56;

0=0,01 xi: X3<xX;<Xp<X4; &;(t)o01: 0,09<<0,39< 0,80 <

<1,18;

3a CTymeHeM HeJiHiiiHOCTI

BIJIMB) 32 t,

0=0,05 X Xs<Xr<X1<X3; &E(t)oos: 0,64<1,46 <1,96 <<

<<8,29;

o & () (meniniiiHmit
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a=0,01

Xk:X4<X2<X1<<X3;§2(t)0‘0150,85<1,93<2,59<<10,95;

e 3a cTymeHeM cymMapHOro BmmBY X[&; (t) + & (t)]
(inilfinuii + HeniHiliHUI BNJIMBY) 32 t,

o = 0,01 x

0,25<0,32<0,61<0,70;

e 3a cryneHeMm HeJdiHiliHocTi & (z) (HemiHiliHMIA
BILJIMB) 32 Z,

XSX3< X4 = &i(2)o01:

X2,

0=0,05 Xj: Xo<X4<X1<< X3320050 2,15 < 2,20 < 2,47 << a=0,05 Xk Xp <X4<X3<X1; &(2)0,05:
<<8.41; 1,08<1,24<2,38<3,01;
o= 0,01 Xk- X4<X,<X) <<X3; 20701: 2,035 GZO,OI Xk- X2 <X4<X3<Xi; (:2(2)0701:

<2,73<2,98<<11,04.
5) Hays(moKa3Ha NJIOLIA NOKPUTTSI):
a) 3a koegimienToM Kopesiuii |r;| (TiHIAHIA BIUIHB)
Xk X1 < X3 < X4 <Xp;

|| £ 2,72% < 3,45 % < 6,63% < 7,60%;

0) 32 KpUTUYHUMH KoedillicHTOM KOPeJIsAil ',
e 3a cryneHeM JjiniiiHocTi &;(r) (wiHiliHMII BIUIMB)

1,42<1,63<3,13<3,97;

e 3a cTymeHeM CyMapHOro BIIUBY X[& () + & (z)]
(miHiHAN + HeMHIMHAN BIUTMBN) 32 Z,

o= 0,05 xj: X<X4<X3<X1; Zg0s: 2,01=<2,05<2,80<3,34;

0=0,01 Xy Xo=<X4<X3<X1; Zg01: 2,12<2,24<3,45<4,22;

r) 3a kputepiem CThl0eHTA t,

e 3a cTyneHeM JiiHiitHocTi &;(t) (rinilinnii BTAB) 32 t,

0=0,05 X: X;<X3<X4<Xp; &1(t)o0s: 0,33 < 0,42 < 0,81 <

3aor(|)q5).(l EJ ( ) < O 93

a = 0,05 Xg: X < X <X4<X»; 1)0.05: =%H79

0,1450,18k<0,34§(;,39; 3 4=X2 1{T)o,05 82520 328361:8 70.X1 X< X4 <Xy Gi(Door
0=0,01 xy: X < X3 < X4<X5; E_,l(r)O,Ol: s4I =Y,y ,O01=Y, 7Y,

0,11<0,14<0,27<0,30;

e 3a cryneHeM HediHiiiHocTi &(r) (HemiHilHMIA
BILIMB) 32 Iy q

0=0,05 Xx: Xo<X4<X3<X1;E2(1)0,05: 2,57<2,94<5,65<7,17,

0=0,01 Xx: Xo<X4<X3<X1; &(1)0,01:3,29<3,77<7,25<9,19;

e 3a cTynmeHeM cymMapHoro BIiuBYy X[&(r) + &(1)]
(miHiMHKE + HeMiHIHHNI BIINMBY) 32 Yyp o

a = 0,05 Xy Xo<X4<X3<X1; 2o 05: 2,96<3,28<5,83<7,31;

(1:0,01 Xi: Xo<X4<X3<X1; 207011 3,59<4,04<7,39< 9,3,

B) 32 (pyHKIi€I0 nepeTBopeHHst Pimepa

® 3a cryneHeM JiHiliHOCTI §; (z) (iniliHmii BITUB) 32

Zy

(120,05 X X 1<X3<X4<X»; %1(2)0’05: 0,3350,42<0,81§0,93,

® 32 CTymeHeM HeJiHIiiHOCTI
BILIMB) 32 t,

o = 0,05 Xk- &_,2(0(105:

<1,24<2,40<3,04;

o = 0,01 Xk- X2§X4<X3<X1;a2(t)0’01: 1,435 1,64 < 3,17 <

<4,02;

e 3a CTymeHeM CyMapHOro BILUIMBY X[&; (t) + & (1)]
(ninifinui + HeniHiiiHUIA BNJIMBH) 32 t,

a=0,05x: X3 < X4<X3< Xy; Zg0s: 2,01 <2,05 <282 <

<3,37;

(1:0,01 Xi: Xp <Xg<x3< Xi; 20701: 2,13 < 2,25 < 3,49 <

<4,27.

&) (memimiiinmit

X, < Xq4 <X3<Xj; 1,08§

6) Hayg (moBHOTA (WITbHICTH) MOKPUTTSH):
a) 3a koe(imienToM Kopesiuii |r;| (TiHIAHMA BIUIHB)
Xi: Xo <X <Xy4 < X3

Tabumusa 3
Marpurisa koedilieHTiB Kopenii Mik 3HaueHHAMH QYHKIIT BIATYKy y; ~ y;

y, Y Y1 Y2 Y3 Y4 Ys Y6 y7 x| Panr y;
Y1 1 —0,2401 | 0,0578 | 0,3203 | —0,0518 | —0,1735 | 0,0716 1,9151 6
V2 —0,2401 |1 0,5157 | -0,5837 10,1473 10,3799 |0,2976 | 3,1643 1
V3 0,0578 0,5157 1 —0,2706 | 0,1617 | 0,2466 | 0,6194 | 2,8718 3
V4 0,3203 —0,5837 | —0,2706 | 1 -0,3174 | -0,3014 | —0,1075 | 2,9009 2
Vs —0,0518 |0,1473 ]0,1617 [ -0,3174 |1 0,1162 | 0,1004 1,8948 7
Yo —0,1735 10,3799 | 0,2466 | —0,3014 [ 0,1162 1 —0,1471 | 2,3647 4
Y7 0,0716 0,2976 | 0,6194 | —0,1075 | 0,1004 [ —0,1471 | 1 2,3436 5

Tadoanus 4
Marpuris KoedinieHTiB KOpessinii Mi>k 3HAYUEHHSIMH BX1THUX (AKTOPIB Xk ~ X
Xm n=4
X X X, X3 X4 2z |rkm| Panr x;

k,m=1

X 1 0,0756 —0,0270 —0,0207 1,1233 4

Xp 0,0756 1 0,1473 —0,0387 1,2616 2

X3 —0,0270 0,1473 1 —0,1428 1,3171 1

X4 —0,0207 —0,0387 —0,1428 1 1,2022 3

430




Metoau OLiHOK BILTHBY (haKTOPIB...

Tabamnusg S
Marpurst CTyleHiB HeNMiHIHOCTI KOpeJsiiiHuX 3B’ s13KiB [&, (r)], BU3HAYECHHX 32 PO3PaXOBAHUMHU Ta KPUTHUYHUMHU
KoedilieHTaMn Kopensuii (YMceTbHUK — AUt piBHA 3Hauymocti o = 0,05, 3HamenHuk — o =0,01)

Y7

6,7

g, . &) &) &(r)s &(r)s &(1)s &(r)s &(r)7 Z[&(1)) 0
1 08122 | 33737 | 0,6088 | 3,7645 | 1,1239 | 2,7235 13,4066 | 1

S 1 10412 | 43253 | 0,7805 | 4,8263 | 14409 | 3,4916 169058 | 1
0,8122 1 0,3781 | 0,3341 13238 | 0,5133 | 0,6552 50167 7

I N TD) 1 0,4848 | 0,4283 | 1,6972 | 0,6581 | 0,8401 6,1497 7
33737 | 03781 1 0,7206 | 1,059 | 0,7908 | 0,3148 7,7839 4

s 43255 [ 04848 1 0,9239 | 1,5461 1,0138 | 0,4036 9,6975 4
0,6088 | 0,3341 | 0,7206 1 0,6144 | 0,6470 | 1,8140 5,7389 6

SO 07805 04283 ] 0.9239 1 0,7877 | 0,8230 | 2,3256 7,0690 6
3,7645 13238 | 12059 | 0,6144 1 1,6781 1,9422 11,5289 |2

s ag263 | 16972 | 15461 | 07877 1 2,1515 | 2,4900 14,4988 | 2
1,1239 | 05133 | 0,7908 | 0,6470 | 1,6781 1 1,3256 7,0787 5

e 2400 [ 06381 10138 | 0,8230 | 2,1515 1 1,6995 8,7868 5
2,7235 | 06552 | 03148 | 1,8140 | 1,9422 | 1,3256 1 9,7753 3
S 32016 [ 08401 04036 | 23256 | 24900 | 16995 1 12,2504 |3

a

Pp;c. 2. Ipad xopessuiifHuX 3B’ 3KiB MiXK ¥; ~ y; (@) Ta Xy ~ Xy (0)

It | :4,55% < 6,27 % < 12,27% < 21,9%;

0) 32 KPMTUYHUMH KoedillicHTOM KOpeJIsItii I,
e 3a cTymeHeM JiHiliHOCTi &; (r) (iHiliHMii BILINB)
34 Ip.a

(1:0,05 Xi: X< X1<X4<Xs; &_,1(1')(105: 0,23<0,32<0,63 <
<1,12;

o =0,01 xi: Xp<xX;<X4<x3; &(r)g01: 0,18 < 0,25<0,49<
<0,88;

e 3a crymeHeM HediHiiiHocTi &, (r) (HeniHiHUH

BILIMB) 32 I'p g

0=0,05 x¢ X3 < X¢ < X <X &(0)oos
0,89<1,59<3,11<4,29;
a=0,01 x¢ x3 < x4 < x1 < Xp&Moo

1,14<2,04<3,99<5,50;

® 3a CTymeHeM cyMapHOro BIJHMBY X[&(r) + & (1)]
(MiHiMHKMEA + HeMHIHHAKME BIJIHBH) 32 Iyp o

(120,05 Xk X3 < X4 < X1 < Xo; 20’05: 2,01<2,22<3,43 <

<4,52;
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0=0,01 X} X3<X4<X1<X2; Zp01: 2,02<2,53<4,24<5,68;

B) 3a QyHKUi€0 neperBopeHHs Pimepa

e 3a cryneHeM JiHilHOCTI §; (z) (iHilinuii BIIAB) 32
le

a=0,05 x¢ X < x < X <x3 &i(2)oes
0,56<0,76<1,50<2,71;
o= 0,01 Xk- X2 < X1 <X4<X3; él(Z)O,Ol:

0,42<0,58<1,14<2,06;

e 3a crTynmeHeM HeJiHiiiHocTi &; (z) (HeniHiliHUH
BILJIMB) 32 Z,

0=0,05%y: X3 <X4 <X1<X3; &»(2)0,05: 0,37<0,67<1,31<1,80;

0=0,01 xy: X3 <x4<xX;<X; &2(Z)0’01: 0,49<0,88<1,72<2,37;

e 3a cTymeHeM CyMapHOro BIVIMBY X[&; (2) + & (z)]
(TiHifHWHA + HeNiHIHHNHT BIUIMBN) 32 Z,

a=0,05x: x3 < x5 < X < Xz

2,07<2,17<2,36<3,08;

(7.:0,01 X X4<X1<X3<X3; 20’01: 2,02<2,30<2,55<2,79;

20,05:
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Taoauns 6

Marpuis cryneHis JiHiiHOCTI [&; (r)] Ta CymMH CTymneHiB JiHIHHOCTI Ta HediHiHHOCTI X [ (1) + &, ()]
KOpEJSIIHHIUX 3B’S3KIB , BU3HAUEHHX 33 PO3PaXyHKOBHMH Ta KDUTUYHUMH Koe(illieHTaMK KOpeJsiiii (YMCeIbHUK — JUTs

piBHs 3Hauymiocti o = 0,05, 3HamMenHuK — o =0,01)

&
: &) &), &(r)s &) &(r)s &1)s &(r); ZI&(r)| O | ZEMELM] | ©
1 1,2313 0,2964 1,6426 0,2656 0,8897 0,3672 5,6928 6 19,0994 1
&0 1 0,9604 0,2312 1,2812 0,2072 0,6940 0,2864 4,6604 6 21,5662 1
1,2313 1 2,6446 | 2,9933 0,7554 1,9482 1,5262 12,0990 1 17,5662 5
&(0): 0,9604 1 2,0628 | 2,3348 | 0,5892 1,5196 1,1904 9,6572 1 15,8069 5
0,2964 2,6446 1 1,3877 0,8292 1,2646 3,1764 10,5989 3 18,3828 2
&0 0,2312 2,0628 1 1,0824 0,6468 0,9864 2,4776 8,4872 3 18,1847 4
1,6426 2,9933 1,3877 1 1,6277 1,5456 0,5513 10,7482 2 16,4871 6
SOX 1,2812 2,3348 1,0824 1 1,2696 1,2056 0,4300 8,6036 2 15,6726 6
0,2656 0,7554 0,8292 1,6277 1 0,5959 0,5149 5,5887 7 17,1176 4
&(0)s 0,2072 0,5892 0,6468 1,2696 1 0,4648 0,4016 4,5792 7 19,0780 2
0,8897 1,0482 12646 | 1,5456 | 0,5959 1 0,7544 7,9984 4 15,0771 7
&0s 0,6940 1,5196 0,9864 1,2056 0,4648 1 0,5884 6,4588 4 15,2456 7
0,3672 1,5262 3,1764 0,5513 0,5149 0,7544 1 7,8904 5 17,6657 3
&) 0,2864 1,1904 2,4776 0,4300 0,4016 0,5884 1 6,3744 5 18,6248 3
Tabmuusa 7
Marpuis CTyneHiB HeMiHIHHOCTI KOpessiiiHuX 3B’ s13KiB [&, ()], BU3HaYeHUX 32 QyHKIIE0
nepeTBopeHHs Dimepa (YUCETbHUK — TS PiBHS 3HaYyniocTi o = 0,05, 3namenHuk — o, =0,01)
¢, 3 &2 &(2) &(2)3 &(2)4 &(2)s &(2)s &2z) Z|&(2)| 0
1 0,6309 2,6972 0,5964 1,5800 0,4678 1,1437 8,1160 1
S@n 1 0,8301 3,5519 0,7849 2,0809 0,6161 1,5063 10,3702 1
0,6309 1 0,2733 0,2964 1,0418 0,3864 0,5034 4,1322 7
@) 0,8301 1 0,3599 0,3901 1,3709 0,5084 0,6624 5,1218 7
2,6972 0,2733 1 0,7135 0,9559 0,6191 0,2153 6,4743 3
52)s 3,5519 0,3599 1 0,9391 1,2587 0,8153 0,2836 8,2085 3
0,5964 0,2964 0,7135 1 0,6022 0,6365 1,8350 5,6800 5
S(@)s 0,7849 0,3901 0,9391 1 0,7926 0,8377 2,4152 7,1596 5
1,5800 1,0418 0,9559 0,6022 1 0,7027 0,8143 6,6969 2
@)s 2,0809 1,3709 1,2587 0,7926 1 0,9255 1,0725 8,5011 5
0,4678 0,3864 0,6191 0,6365 0,7027 1 0,5537 4,3662 6
5@)s 0,6161 0,5084 0,8153 0,8377 0,9255 1 0,7292 5,4322 6
1,1437 0,5034 0,2153 1,8350 0,8143 0,5537 1 6,0654 4
@) 1,5063 0,6624 0,2836 2,4152 1,0725 0,7292 1 7,6692 4
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Taoauns 8

Marpuus cryneHis JiHiiHOCTI [§; (z)] Ta cymMHu cTyneHiB JiHIHHOCTI Ta HediHiHHOCTI X[&(2)+ &,(z)] kopensuiitnnx
3B’sI3KiB, BU3HAUYEHHX 3a (yHKIict0 niepeTBopeHHs Pimepa (uncenpHUK—yis piBHs 3Hauymocti a=0,05, 3HaMeHHUK—

Marpuis CTyneHiB HelMiHIHHOCTI KOopemsiiiiHuX 3B’ s13KiB [&, ()], BU3HAYCHUX 32 PO3PaxOBaHUMH Ta KPUTUYHUMHU

kpurepissmu CThrosieHTa (YMCEeNbHUK — st piBHSA 3HauymocTi o = 0,05, 3Hamennuk — o =0,01)

£ 3 &t &(t) &) &(t)4 &(t)s &(t)s &) I[E (1] C)
1 0,6106 2,7090 0,5575 1,5925 0,4628 1,1503 8,0827 1

L0 1 0,8070 3,5805 0,7369 2,1049 0,6117 1,5204 10,3614 1
E(1)s 0,6106 1 0,2235 0,2248 1,0332 0,3504 0,4764 3,9189 7
0,8070 1 0,2954 0,2971 1,3656 0,4631 0,6297 4,8579 7
2,7090 0,2235 1 0,6815 0,9457 0,5980 0,1563 6,3140 3

&0s 3,5805 0,2954 1 0,9008 1,2499 0,7904 0,2065 8,0235 3
E(0)s 0,5575 0,2248 0,6815 1 0,5638 0,6003 1,8298 5,4577 5
0,7369 0,2971 0,9008 1 0,7452 0,7934 2,4185 6,8919 5
1,5925 1,0332 0,9457 0,5638 1 0,7029 0,8163 6,6544 2

S0s 2,1049 1,3656 1,2499 0,7452 1 0,9290 1,0789 8,4735 2
E(0)e 0,4628 0,3504 0,5980 0,6003 0,7029 1 0,5506 4,2650 6
0,6117 0,4631 0,7904 0,7934 0,9290 1 0,7278 5,3154 6
1,1503 0,4764 0,1563 1,8298 0,8163 0,5506 1 5,9797 4

=0y 1,5204 0,6297 0,2065 2,4185 1,0789 0,7278 1 7,5818 4

r) 3a kputepiem CThIOn€EHTA t,

e 3a cTyneHeM JiiHiitHocTi &;(t) (rinilinnii BTAB) 32 t,

0=0,05 x¢ X< x; < x4 < x3 §(t)os: 0,555

<0,76<1,50<2,78;

0=0,01 X;: Xo<x;<X4<x3; &;(t)o01: 0,42 < 0,58 < 1,14 <

<2,10;

e 3a cTymeHeM HeJiHiliHOCTI
BILIMB) 32 t,

(120,05 Xk X3<X4<X[<Xj5; éz(t)o’osi 0,36< 0,67 < 1,32 <

<1,82;

0=0,01 x;:

<1,74<2,40;

& () (memimiiinmit

X3<X4<X<<X3; 048 < 0,88<

Et)oor:

e 3a CTymeHeM CyMapHOro BIJIUBY X[& (t) + & ()]
(inifinui + HeniniiiHUiA BNJIMBH) 3a t,

o= 0,05 x¢: X4 < X3 < Xp < Xz; Zgps: 1,17<2,08<2,37 <
<3,14;
(1:0,01 Xk: X4<X; < X3 < Xp; 20’()]: 2,02 < 2,32 < 2,58 <
<2,82;

7) Hay; (Bik MikpoHepiBHOCTEl MOKPUTTS):
a) 3a KoedinieHTOM Kopesiuii |r;| (TiHIAHMA BIDIHB)

Xi: X1 S X4 <Xy <Xz

It | - 5.26% < 6,49 % < 7,06% << 19,58%;

0) 32 KpUTHYHUMH KOePiliEcHTOM KOPeIsmii I,
e 3a cTyneneM JiHiliHocTi & (r) (miHiiiHui BnuB) 3a

Ikp.a
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a=0,01)
&
&2 &(2) &(2)3 &(2)4 &(2)s &(2)s &2z) Z[Ei(2)| O | Z[&(@)+(2)] | ©
= 1 1,5851 0,3708 1,6768 0,6329 2,1378 | 0,8744 8,2778 6 16,3938 6
@ 1 1,2046 0,2815 1,2740 0,4806 1,6232 | 0,6639 6,5278 6 16,8980 3
1,5851 1 3,6594 3,3742 0,9599 2,5884 | 1,9864 15,1534 1 19,2856 2
&2 1,2046 1 2,7789 2,5637 0,7295 1,9670 | 1,5096 11,7533 1 16,8751 4
0,3708 3,6594 1 1,4015 1,0462 1,6151 | 4,6440 13,7370 2 20,2113 1
@) 0,2815 2,7789 1 1,0649 0,7945 1,2265 | 3,5266 10,6729 2 18,8814 1
1,6768 3,3742 1,4015 1 1,6606 1,5712 | 0,5450 11,2293 5 16,9093 4
&2 1,2740 2,5637 1,0649 1 1,2617 1,1938 | 0,4141 8,7722 5 15,9318 5
0,6329 0,9599 1,0462 1,6606 1 1,4232 | 1,2281 7,9509 7 14,6478 7
&(@)s 0,4806 0,7295 0,7945 1,2617 1 1,0806 | 0,9324 6,2793 7 14,7804 7
2,1378 2,5884 1,6151 1,5712 1,4232 1 1,8061 12,1418 3 16,5080 5
O 1,6232 1,9670 1,2265 1,1938 1,0806 1 1,3713 9,4624 3 14,8946 6
0,8744 1,9864 4,6440 0,5450 1,2281 1,8061 1 12,0840 4 18,1494 3
&2 0,6639 1,5096 3,5266 0,4141 0,9324 1,3713 1 94179 4 17,0871 2
Taoauns 9
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o= 0,05 Xk- X1<X4<X,<X3; él(r)o‘QSI 0,2750,33§
<0,36<1,004;

a=0,01 x;: X| < X4=Xy<X3; (o1
0,21<0,26<0,28<0,78;

e 3a crymeHem HeJiHiliHOCcTi &,(r) (HemiHiiHMi
BILIMB) 32 Iy g

070,05 Xii X3<Xo<Xg<X1;  Ea(D)os:

<3,00<3,71;

(120,01 Xk- X3<X2<X4<X1; gz(r)o’()l: 1,28< 3,54 < 3,85 <

<4,75;

e 3a cTymeHeM cymapHoro BmiuBYy X[&(r) + & (1)]
(TiHIHUH + HEeNiHIMHWI BITUBH) 32 Yyp.q

o= 0,05 Xk: X3 < X < X4<Xi; 20‘055 2,0 < 3,12 < 3,33 <

<3,98;

0=0,01 Xj: X3<Xo<X4<X1; 2,010 2,06<3,82<4,11<4,96;

B) 32 (pyHKIi€I0 nepeTBopeHHst Pimepa

® 3a cryneHeM JiHiliHOCTI §; (z) (rinilinmii BITUB) 32

Zg

0=0,05 x;: X; <X4<X,<X3; &1(2)0,05: 0,64<0,79<0,86<2,42;

a=0,01 x: X1 SX4SXp<X3; &i(Z)o,o1:

0,49<0,60<0,65<1,84;

e 3a crTymeHeM HediHiiiHocTi &, (z) (HeniHiHui
BILINB) 32 Z,

0,996 < 2,76<

a=0,05 x¢ X3 < X2 = X4 <xXi3  &(Z)ops:
0,41<1,16<1,26<1,56;
a=0,01 x: x3 < X3 < x4 <X &2

0,54<1,53<1,66<2,05;

e 3a cTymeHeM CyMapHOro BIUIMBY X[&; (z) + & (2)]
(TiHIAHWH + HeNiHIHWI BIUIMBY) 32 Z,

0a=005x: x < x4 < x4 <

2,02<2,05<2,20<2,83;

(120,01 Xio Xo<X4<X3<X1; 20,01: 2,1852,26<2,38<2,54,

r) 3a kpuTepieM CThl0€HTA t,

e 3a cTyneHeM JiHiiiHocTi &;(t) (minilinmnii BN1UB) 32 t,

(120,05 Xi: X1<X4<X, < X3; &1(t)0’05: 0,64§0,79 < 0,86 <

<2,46;

(XZO,Ol Xk- X1§X4§X2<X3;&,1(t)0~01: 0,485 0,60 < 0,65<<

<<1,86;

® 32 CTymeHeM HeJiHiliHOCTI
BILINB) 3a t,

X3;  Zoos:

E(t) (memimiiinmit

(l:0,0SXkI X3 <Xr<X4<Xi; éz(t)o,oy 0,41 < 1,17 < 1,27 <

<1,57;

o= 0,01 Xk- X3

0,54<1,54<1,68<2,07;

e 3a CTymeHeM CyMapHOro BILIMBY X[&; (t) + & (1)]
(ninifinui + HeniHiiiHUiA BIJIMBH) 3a t,

a = 0,05x x<x4< X1 < X35 Zg0s0 0,85 < 2,06 <221 <

<2,87,

(120,01 X Xo<X4< X3 < Xy, 20,01: 2,19 < 2,28 < 2,40 <

<2,55.

<Xz <Xg<=<Xy;

E(Bor:

PiBusiHHs  JiHIM  perpecii 3a  3HAYYyHIUMH
Koe(illieHTaMu KOpeysiii MK y; ~ X, MalTh TaKui
BUIJIA

y1=-4,6217+0,0106x;; y,= 21,2475-5,6689x4;
yo=21,9659-0,1045%,; y,= 12,0026+3,3370x4;
y5= 48,5213-0,0145x%3; y4= 5,1526-0,5475x4;
ye= 0,8059-0,0002x3; ye= 0,5183+0,0282x4;
y7=46,3847+0,0572x;.

PiBusHHS  niHIA  perpecii 3a  3HaYymIUMH
koedilieHTaMK KOpenauii MiXk X, ~ Xy, Ta y; ~ y; MaloTh
TaKW BUATIISI;
x,=17,5011+0,0074x3; x5=1392,76 — 41,3049x%,;
y1=22,0036-0,6725y,; y1= 8,5786+4,4482y.;
y1=20,7525-20,0721ys; yo= 10,4621+0,293ys5;
y>=30,6615-2,895y,; y,= 10,0505+15,6932ys;
yo=15,0785+0,0335y7; y3= 38,9898 — 2,362y.;
y3= 28,6496+0,1319ys; y;= 19,2072+17,9313ys;
ys= 14,7414+0,1227y7; y4= 4,1928-0,0297ys;
y4=5,4358-2,5107ys; ys= 1,0744+10,3617ys;
ys= 4,1206+0,0244y;; ys= 0,627-0,0004y;.

2.3. BusHaueHHs «IigepiB» i «aBTcaiigepiB»
(yHkuii Biaryky ta Bxitnux gpaxropis

1. 3a koedinienTom kopemsimii (TiHIAHWA
BIuMB). [Ipy BU3HA4YeHHI HAWOUIbII MOKa3HOI (YHKIIT
BIATYKY y; Ta HAHOLIBII IIOKA3HOTO BXIJHOTO (hakTopa Xy
3a KoedilieHTaMH KOpeJsilii BHKOPUCTAIH TEOPit0
rpadiB [23, 24], po3misma¥M Marpull CyMDKHOCTI
rpagiB (Tabm. 3, 4), y AKAX JBOM CYMDKHHAM BEpIIHHAM
(puc.2) npunucaHi 3HaYeHHs, IO JIOPIBHIOIOTh
BEJIMYMHAM BiAMOBIMHUX KOe(DillieHTIB Kopensii (Tadd.
2).

Taoauns 10

Martpuns crymneHiB niHiHHOCTI [&; (t)] Ta CyMu CTymeHiB JiHIHHOCTI Ta HemiHIHHOCTI X[&; (t) + &, (t)] KopemmiHmx
3B’SI3KIB , BU3HAUCHUX 32 PO3PaXyHKOBUMH Ta KPUTUUYHUMHU KpUTEpisiMu CThIOACHTA (YMCEIbHUK — JUISl PiBHS
srauymocTi o = 0,05, 3HameHauk — o =0,01)

& S E(t): &(t) (1) E(t)s E(®)s &(t)s &(t)7 ZEM] | O | ZEOMTED] | ©
1 1,6378 | 03691 | 1,7936 | 0,6279 | 2,1608 | 0,8693 38,4585 | 6 16,5412 6

& 1 12392 | 02793 | 13570 | 0,4751 1,6348 | 0,6577 6,6431 | 6 17,0045 4
1,6378 1 44741 | 44490 | 0,9679 | 2,8540 | 2,0989 174817 | 1 21,4006 2

&t 1,2392 1 33851 | 3,3661 | 0,7323 | 2,1593 1,5880 13,4700 | 1 18,3279 3
0,3691 44741 1 1,4673 1,0574 | 1,6722 | 6,4001 16,4402 | 2 22,7542 1

&0 0,2793 3,3851 1 1,110l | 0,8000 | 1,2652 | 4,8422 12,6819 |2 20,7054 1
1,7936 44490 | 14673 1 1,7737 | 1,6659 | 0,5465 12,6960 | 4 17,1537 4

&0 1,3570 33661 | 1,1101 1 13420 | 1,2604 | 04135 98491 | 4 16,7410 5
0,6279 0,9679 | 1,0574 | 1,7737 1 14228 | 1,2251 38,0748 |7 14,7292 7

&0s 0,4751 0,7323 | 0,8000 | 1,3420 1 1,0765 | 0,9269 6,3528 | 7 14,8263 7
E(t)s | 2.1608 2,8540 | 1,6722 | 1,6659 | 1,4228 1 1,8161 12,5918 |5 16,8568 5
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Metoau OLiHOK BILTHBY (haKTOPIB...

1,6348 2,1593 1,2652 1,2604 1,0765 1 1,3741 9,7703 15,0857 6
0,8693 2,0989 | 6,4001 | 0,5465 1,2251 1,8161 1 13,9560 19,9357 3
&ty 0,6577 1,5880 4,8422 0,4135 0,9269 1,3741 1 10,8024 18,3849 2
3a mpouemyporo [8] mpm BubOOpi HaHOLIBII (a.=0,05) Ta Bix 6,150 no 16,906 (oo =10,01) (Tabu.
MOKAa3HUX Y; Ta Xy 13 TPYN Y1, ..., Y7 TA X{, ..., X4 JaBAIH 5);

n=7
OIIHKY CyMapHO! CHJIM JIHIHHOTO BIUIUBY . |ry| Ta
ij=1

:§L|rkm| KO>KHOTO V; Ta Xy 3 BiINOBITHOI TpymH y (abo
X) Ha pemTy y; Ta Xy 3a Teopiero rpadis [23, 24],
MOCTaBUBIIM Y BIAMOBIAHICTE CyMi, IO MICTUTBCS B
pAAKY,

panr ® (tabm. 3, 4). Y Tabm 3 i 4 |rj| = |rﬁ|,

|rkm| = |rmk|. Lli pe3ynbTaTd MAO3BOIMIM BHABUTU

MaKOPaHTHI PSAM 3a 3POCTAIOuOI0 CYMapHOIO CHIIOI0
3B’s3Ky (CymMa €JeMeHTIB MaTpuib Tabn. 3 i 4) Ta
BUSIBUTH <JIIACPIB» 1 «aBTcahaepiB»3a KoedilieHTamMu
KopeJmii (Tadi. 2):
¢ 3a GpyHKUI€I0 BiAryKy
YsSY1<y1SYs<y3sSya<yn (7
2 |rl: 1,89<1,92<2,34<2,36<2,87<2,903,16;
¢ 3a BXiTHMMHU (pakTOpaAMuU
X1 <Xq <Xy <Xj. ®)

2 |ryl: 1,12<1,20<1,26<1,32.

2. 3a cTyneHsiMu JiHiAHOCTI, HeJiHiiiHOCTI 260
CyMOI0 CTyINeHiB JiiHiliHOCTI Ta HexiniiiHocTi. [Ipu
BU3HAYCHHI HalOLTbII TOKa3HOi (YHKIII BIATYKY Y;
BUKOpHCTaIM Teopii IpadiB [23, 24], posrmsmaroun
MaTpuIll CyMDKHOCTI rpadiB (aHamoris puc. 2), SKUX
JIBOM CyYMDKHHM BEpIIMHAM MPUITUCAHI 3HAYCHHS, IO
JIOPIBHIOIOTH BETMYMHAM BiAMOBIIHUX CTYIIEHIB PiBHOCTI
& (1), & (2), & (1), ctyneHiB HepiBHOCTI &, (1), & (2), &
(t) abo cymu cTyneHiB piBHOCTI Ta HepiBHOCTI X[&; (1) +
& O, 28 (@) + & @), Z[& (V) + & (V] ropensiiinix
3B’SI3KIB.

2.1. 3a KpUTHYHHM 3HA4YeHHAM Koedimienra
Kopeasiuii. 3a mpouenyporo [8] mpu BuOOpi HaHOIIBII
MOKa3HUX (QYHKLIN BIATYKY y; i3 IpyN Yy, ..., Y7 AaBallid
OLIHKY: CyMapHOi CHJIM  HEJIHIHHOTO  BIUIMBY
n=7

> ‘ﬁz(fijl (Tabn. 5); cymapHoi cwiM JTHIHHOTO
i,j=1

n=7
BIUIUBY ). ‘él (r,-jl (Tabm1.6); CyMapHOi CHIIN CyMIiCHOTO
i,j=1
ey sy n=7
JiHIKHOTO Ta HENIHIMHOTO BIUIMBY Y [gl(rl.j)Jr &2(fij)]
i,j=1
(Tabn. 6) KOXKHOTO y; 3 BiAMOBIAHOI IpynH [y] Ha pemTy
yj 3a Teopieto rpadis [23, 24]. ¥V Tabn. 5, 6 &, (1) = &
(1),
& () = & (1), [& (1) + & (] = [& () + & ()] L
pe3ynbrary (Tabil. 5, 6) 103BOJIMIIN BUSBUTH MaXKOPaHTHI
PAIM 33 3POCTAIOUO0 CYMapHOI CHJIOKO 3B SI3KY Y; ~Yj
(cyma enemeHTiB Marpuilb Tabn. 5 1 6) Ta BUSBUTH
«JIiZepiB» Ta «aBTCAUACPIBY 3a:
a) cryneHsiMu HeJiiHiliHOCTi &, (1)
=005 0=0,01 y:<ys<ys<y;<yr<ys<yi;;(9)
y pani (9) Z&, (r) 3minroeTses Bix 5,017 mo 13,407
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0) ctynensamu JiHiiiHocTi &; (1)
a=0,050=001  y;<y1<y75ys<y3;<ys<Yy2(10)
y pami (10) X&; (r) 3miHtoeTbes Big 5,589 mo 12,099
(a=10,05) ta Bix 4,579 no 9,657 (a.=0,01) (Tad:. 6);
B) CYMOIO CTymNeHiB JiHiiiHocTi Ta HeniniiiHocTi

Z[E (n+ & (0]
a=0,05 Ve<Ys<Y:<ys<y;<y;<y;  (11)
a=0,01 V6e<Ya<y2<y3<y;<ys<y; (12)

y panax (11), (12) Z [&; (r)+ & (r)] 3MiHIOETBCS BiX
15,077 mo 19,099 (a=0,05) Ta Big 15,246 nmo 21,566
(a=10,01) (Tabmn. 6).

2.2. 3a ¢yHkuicro neperBopeHnss ®imepa z. 3a
npoueayporo [8] mnpu BuOOpl HAWOUIBII MOKA3HUX
GyHKIOIA BIATYKY y; 13 IPYI Yi, ..., Y7 JaBaId OIHKY:

n=7
CyMapHOi CHIM HENiHIHHOrO BIUIMBY . ‘éz(zij]
i,j=1
n="7
(Tabm. 7); cymapHOi CHIIM JTiHIHHOTO BIUIUBY ., ‘él (Zijl
i,j=1
(tabn. 8); cymapHOi cHiIM CyMICHOro JiHIHHOTO Ta

HEJIIHIHHOTO BIUIUBY ni7 [gl(z ij)+ €r(z ij)] (Tabm. &)
1,]=
KOXKHOTO y; 3 BiINoOBigHOI Ipymu [y] Ha pemry y; 3a
Teopieto rpadis [23, 24]. ¥V tabn. 7, 8 &, (z;) = & (7).
&1 (zy) = & (zp), [& (zy) + & (zp)] = [&1 (z) + & (z»)]- Ll
pe3ynbTaty (Tabdm. 7, 8) J03BONMIIA BUSBUTH MAKOPaHTHI
PAAM 3a 3POCTAIOYOI0 CYMAapHOIO CHIJIOIO 3B’SI3KY Y; ~Vj
(cyma enemeHTiB Marpuip Tabm. 7 i 8) Ta BUABUTH
«ITiaepiBy» Ta «aBTCalAepiBy» 3a:
a) CTyneHAMH HeJiHiitHoCTi &, (Z)
a=0,050=001 y,<ys<ys<y;<y;<ys<yy;(13)
y pani (13) & (z) 3minroerbes Bix 4,132 no 8,116
(a=10,05) ta Bix 5,122 no 10,370 (oo = 0,01) (Tabmn. 7);
0) crynensimu JiniiiHocTi &; (z)
0=0,050=0,01 ys<y <ys<y;<ys<ys<yx(14)
y pani (14) & (z) 3minoerses Big 7,951 mo 15,153
(a=0,05) Ta Bix 6,279 mo 11,753 (o= 0,01) (Tabm. 8);
B) CYMOIO CTymeHiB JiHiliHocTi Ta HeainiiiHocTi

ZIE @+ & (@]
a=0,05 Vs<Y1<Y6<ya<y:<y><ys;  (15)
a=0,01 Vs<Y6e<ys<y<y1 <y;<ys;  (16)

y panax (15), (16) Z [&; (2)+ & (2)] 3miHIOETBCS Bin
14,648 mo 20,211 (a=0,05) Ta Big 14,780 mo 18,881
(a=0,01) (Tabmn. 8).

2.3. 3a kpurepiem CtblonenTa t. 3a npoienyporo
[15] npu BuOOpI HaWOLIBII TOKa3HUX (QYHKIIH BIATYKY Y,
i3 Ipyn yy, ..., Y7 JaBaJld OIIHKY: CYMapHOi CHIIH

n=7
HENIHIAHOTO BIUIMBY ). ‘&2 (t,-j] (Tabm. 9); cymapsOi
i,j=1
n=7
CWIM JIHIfHOTO BIUIUBY . ‘gl(tijl (tabn.  10);
i,j=1

CyMapHOi CWIH CYMICHOTO IHIHOTO Ta HETiHIHHOTO
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BIUIMBY n27 [E_,](tlj) veaty )] (Tabn. 10) koxkHOTO y; 3
i,j=1
BIZNOBIAHOI IPynH [y] Ha pewmTy y; 3a Teopi€clo rpadis
[23, 24]. ¥ 1a6n. 9, 10 & (t5) = & (1), & (t) = & (t3),
[ (ty) + & (typ] ==[& (t;) + & (t;)] i pesynabratn
(tabn. 9, 10) nO3BOJUIIN BUSIBUTH MaXOPaHTHI PsiIv 3a
3pPOCTAIOUOK0 CyMapHOK CHUIIOK 3B 3Ky y; ~y; (cyma
€JIEMEHTIB MaTpuib Tadm. 9 i 10) Ta BUSBUTH «IiZepiB»
Ta «aBTCAUJCPIBY» 3a:
a) cTyneHsiMu HeJqiHiiiHocTi &, (t)
0=0,050=0,01 y,<ys<ys<y;<y3<ys<yi;(17)
y pami (17) & (t) 3amiHtoerses Big 3,919 mo 8,083
(a=0,05) Ta Bix 4,858 10 10,361 (a.=0,01) (Tabdmn. 9);
0) ctyneHsimu JiHiiiHocTi &; (t)
0=0,050=0,01 ys<y <ys<ys<ys<y;<yx(l8)
y paxi (18) & (t) 3amintoeThesa Big 8,075 mo 17,482
(a0 =0,05) ta Big 6,353 no 13,470 (a = 0,01) (Tabu. 10);
B) CYMOIO CTyHeHiB JiHiIHHOCTI Ta HeJiHiliHOCTI
(& (O+ & ()]
=005  ys<y1<ys<ys<yr<y2<yxy  (19)
a=001  ys<ys<ys<yi<y2<ys<yx (20
y psanax (19), (20) X [&; (t)+ & (t)] 3MiHIOETBCS Bif
14,729 nmo 22,754 (a=0,05) Ta Big 14,826 mo 20,705
(a=0,01) (Tabm. 10).

BucHoBxku
1. Bmnepme BBegeHO Yy HAyYKOBHH  00ir
MaTeMaTHYHUX METOJIIB Y MaTePiaJIO3HABCTBI OIIHKH:
® CTyIeHd JIiHiliHOCTI (meniHitHOCTI)

KOPEJIIHOTO 3B’S3KY 32 PO3paxOBaHUM Koe]illieHTOM
KOpeIsii |r | , GyHkuiero neperBopenHs dimrepa |z|
Ta |t| - kpurepiem CThIOZEHTa Ta iX TEOPETHIHHMU
3HAYEHHAMH: KPUTHYHHMM KOE(DILIEHTOM KOPENALii Iy,
JOOYyTKOM  KBaHTWJII ~ HOPMOBAHOTO  HOPMAJIBHOTO
posmominy laycca Ta  cepemHiM  KBAaIpaTHIHHM
BiaxuinenHsm ¢ynkuii z(N): [z (1 — o/2) 6,], TabauyHuM
3Ha4YeHHsM tr (o, =N —2);

e cTynmeHsi BiImoBigHOCTi  (HEBIIMOBIIHOCTI)
eMripu4Horo (BHOIPKOBOTO) pPO3MOAULY pe3yJbTaTiB
eKCIIepUMEHTY a0 CHOCTEPEXEHHIO TEOPETHIHOMY
pO3MOiNy 3a HOPMAlTbHMM 3akOHOM laycca 3a
KPHUTEpIAMH: acUMETpii Ta eKclecy po3MOoAlIy Ta 3a iX
CepelHIMHM KBaJIPATHYHUMH  BiIXWICHHSAMH, OMera-
KBazpar Ta Xi-kBampart IlipcoHa.

2. BusiBieHO, 10, PO3rIAJAIOYH Yy; Ta X MK
HemepepBHi BHMIAJKOBi BeJMYHMHH 32 CTYICHIMH
BIAMOBITHOCTI €MIIPUYHOTIO PO3MOALTY TEOPETHYHOMY
HOpPMaJIBLHOMY po3nominy laycca, BUGIpKOBHH pO3IOMIiN
BUCOT MIKPOHEPIBHOCTEH Haj CEepelHbOI0 IUIOIMHOI0
HIOPCTKOT MOBEPXHi (Y,), AlaMeTPiB MIKpOHEPIBHOCTEH y
CepeHii TIOMMHI MIOPCTKOI MoBepXHi (y;) Ta OOHITETY
mokputTst  (y4)  HIANOPSAKOBAHWH  TEOPETUYHOMY
HOPMaJIbHOMY po3nofiny [aycca, a po3mojin ckiamy
moKpUTTS (y;) Ta TOKAa3HOI IDIOM MOKPHTTA (Vs),
eKCIO3UIIIi CXWIy MIKpOHEpiBHOCTEH (X;), CTPIMKOCTI
CXUITY MIKpOHEpiBHOCTEH (x2), BHCOTHU
MIKpOHEpiBHOCTEH Hax M1 IKIAIKOK0 (ToBIIMHA
HOKPHTTS) (X3) Ta TUI aHCAMOJII0 MIKPOHEPIBHOCTEH (X4)
HE MIANOPSIKOBaHI TEOPETHYHOMY HOPMAJIbHOMY 3aKOHY
Taycca, 10 Hakiajae MEBHI OOMEKEHHS HAa BHUCHOBKH
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MIOJ0 OLIHOK pe3yJbTaTiB KOPEJSLIHHOrO aHawi3y.
BubipkoBuii po3noaia moBHOTH (IUILHOCTI) MOKPHUTTS
(Ys) Ta BiKy MIKpOHEpiBHOCTEH MOKpUTTS (4acy Bif
MOYaTKy Tpouecy ocakeHHs) (y;) Onuspkuit 1o
TEOPETHYHOTO HOPMAJIEHOTO PO3IIOJILITY.

3. BusiBieHo, mo, po3riasAayu y; Ta Xi fK

JUCKPETHI BHIIAAKOBI BeJIMYMHM, 32 IOKa3HUKAMH

2
CTymeHs arperanii ¥ = ——, po3MOJUI CKJIQJy ITOKPUTTS
X

N (v=16,17 on.>>1), MOKa3HOT TUTOIII Vs
(y=12,4201.>>1), BiKy MIKpOHEpiBHOCTEH MOKPUTTS Y-,
(y=12,31 oxn. >> 1) Ta BHCOTH MIKpOHEpPIBHOCTEH Haj
MiAKIAIKO0 (TOBIIMHU MOKPHUTTA) X3 (W=13,36 om.>>1) €
CWJIBHO KOHTAri03HUM; po3moain IiameTpiB
MIKpOHEpIBHOCTEHl B CepemHill IUIOMMHI IOPCTKOI
moBepxHi y; (v=1,97 ox. > 1) Ta cTpimMKOCcTell CXHITY
MiKpoHepiBHOCTEH X, (y=1,62 om > 1) e
CJ1a00KOHTArl03HUIA; PO3MOMALT BUCOT MIKpOHEPIBHOCTEH
HaJl CepelHbOI0 IUIOLIMHOIO INOPCTKOI IIOBEPXHI Y
(v=0,99 on. = 1) e BumaakoBuMm IlyaccoHa; po3mojin
Oonitery mokpurts ys; (y=0,19 ox. << 1); moBHOTH
(minmeHOCTI TOKPUTTA) Y (W=0,02 om. << 1); tumy
aHcamOITIo MiKpOHEpiBHOCTEH HOKPUTTSA X4
(y=0,09801.<<1) € sBHO pIBHOMIpPHHM, a pPO3MOMLI
eKCIO3WIIi CXWIy MIKPOHEPIBHOCTEH MOKPUTTI X
(v=0,85 ox.<1) € piBHOMIpHAM 3 HU3BKOIO 03HAKOIO.

4. Pe3yabTaTH aHATI3y IUIBHOCTI JiHIHHOTO 1
HEJNIHIMHOTO KOPEJSILIHHUX 3B’A3KIB MK y; Ta Xy
3aJIe)arh BiJl KPUTEPIiB iX OLIHKH:

a) MaKCHUMaJibHa JIHIHHICT 3B’SI3KIB
CIIOCTEpIraeThesi (3a MEpPIIMMH TPhOMA «IiZIEpaMu» y
MOPSAKY 3MEHILEHHS 3B’ A3KY):
3a  a0COTIOTHUM  3HAYCHHAM
KOpeJsiiii [re,l: MiX BHUCOTOIO BUCTYITY
MIKPOHEPIBHOCTEH  HaJ  CEPEAHBOI0  IIIOIIMHOIO
IIOPCTKOI TOBEpXHi MOKPUTTSA (Yy,) Ta TUIIOM aHCaMOIIO
MIKpOHEPIBHOCTEH TOKPHUTTA (X4), TOTIM MiX
OoHiTeToM TOKpUTTA (y4;) Ta THIIOM aHCAMOIIO
MIKpOHEPIBHOCTEH TIOKPUTTS (X4), 32 THUM MIX
JiaMeTpoM MIKPOHEpPIBHOCTEH B CepeHild IUIOLIHMHI
HIOPCTKOT TOBEepXHi (y3) Ta BUCOTOI MIKpOHEpIBHOCTEH
HaJl MiJIKJIQIKOIO (TOBIIMHOIO MTOKPHUTTH) (X3);
3a  cTymeHeM JiHiiiHocTi 32  KPHUTHYHHMM
3HaYeHHAM Koedinmienta kopemsimii &;(r) 3 piBHeM
3HadymocTi a=0,05 ta a=0,01: Tex came, 5K i 3a [r,;
3a  crymeHeM JiHiiiHocTi 3a  z-dyHKui€cio
neperBopenHsi @Pimepa & (z) 3 piBHEM 3HaYyIIOCTI
0=0,05 Tta 0=0,01: Mk T™OBHOTOIO (IIIJILHICTIO)
TMOKPUTTS (Ys) Ta BHCOTOIO MIKPOHEPIBHOCTEH Hax
MiAKIAAKOI (TOBIIMHOIO MOKPUTTA) (X;3), MOTIM — MiX
cKIamoM MOKpuTTs (y;) Ta THOOM  aHCaMOIIo
MIKpPOHEPIBHOCTEH MOKPUTTS (X4), 3aTHM — MDK BIKOM
MIKpOHEpiBHOCTEW (YacoM BijJi TOYAaTKy HAHECEHHS
nokputTsi) (y;) Ta BHCOTOK MIKpOHEpIBHOCTEH Haj
I/IKJIaJKOI0 (TOBIIMHOO MOKPHTTS) (X3);

e 3a crTymeHeM JiHiliHocTi 3a  t-kpuTepiem
Croronenta §i(t) 3 piBHeM 3Hauymocti 0=0,05 Ta
0=0,01: Mk moBHOTOIO (WIUIBHICTIO) MOKPHUTTS (Ys) Ta
BHCOTOIO MiKpOHEpiBHOCTEH HaL M IKIAIKO0
(TOBmMHOIO TOKPHUTTS) (X3), MOTIM — MDK CKJIaIOM
MOKPUTTA (y;) Ta THUIOM aHCAMOIII0O MiKpOHEPiBHOCTEH
MNOKPUTTSL (X4), 32 TUM — MDK BHCOTOK BHCTYIY

° KoedinieHTa
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MIKPOHEPIBHOCTE  HaJ  CEPEAHBOI  IUIOIIMHOIO
HIOPCTKOT TOBEpXHI MOKPUTTS (Y,) Ta THUIIOM aHCaMOIIiB
MIKpPOHEPIBHOCTEH MOKPHUTTH (V4);

0) MakcUMaJibHa HEJHIWHICTh 3B’SI3KiB CIOCTEPIracThes

(32 mepmmMMH  TppOMa  WIiZEpaMu» Yy  TOPSAKY
3MECHIIICHHS IUTBHOCTI 3B’ S3KY):
e 3a CTymeHeM HeJdiHiliHOCTI 3a KPUTHYHMM

3HaYeHHAM Koedinienta kopemsimii &(r) 3 piBHeM
3HagymocTi 0=0,05 ta 0=0,01: MiXX BHCOTOIO BHCTYITY
MIKpOHEPiBHOCTEH HaL CepeIHbOI0 [UIOLIIMHOKO
HIOPCTKOT TOBEpXHI MOKPHUTTS (y;) Ta EKCIIO3UILIEI0
CXWIJIy MIKPOHEPIBHOCTEH MOKPHUTTS (X)), MOTIM — MiX
OOHITETOM MOKPUTTH (Y4) Ta BUCOTOIO MIKPOHEPIBHOCTEH
HaJl TiJKIaIKOI (TOBLUIMHOK TMOKPUTTS) (X3), 32 TUM —
MiX TOKa3HOK TUTOMICIO MOKPUTTS (ys) Ta €KCIIO3HIIEI0
CXWITy MIKPOHEPIBHOCTEW MOKPUTTS (X );

e 3a cTymeHeM HeJdiHiliHocTi 3a z-pyHKUi€I0
neperBopenHsi @Pimepa &,(z) 3 piBHEM 3HaYYIIOCTI
0=0,05 Tta 0=0,0l: MDK BHCOTOIO  BHCTYIY
MIKpOHEPiBHOCTEH HaL CepeIHbOI0 IUIOLIIMHOKO
MIOPCTKOI TOBEPXHI MOKPUTTS (Yy;) Ta EKCIIO3UIIEI0
CXWJIy MIiKpOHEPIBHOCTEH MOKPHUTTS (X;), MOTIM — MiX
OOHITETOM MOKPUTTS (Y4) Ta BUCOTOIO MIKpPOHEPIBHOCTEH
HaJl MiAKIAJKOI (TOBLIMHOI MOKPUTTS) (X3), 32 THM —
MIDX JiaMeTpoM MIKPOHEPIBHOCTEH B CepeHIl IUIOUIMHI

HIOpCTKOI  TOBepXHi (y3;) Ta EKCIO3MIIEI0 CXHITY
MIKpOHEPIBHOCTEH HOKPUTTH (X ).
e 3a cTymeHeM HeJiHiiiHocTi 3a t-kpuTepiem

Croronenta &(t) 3 piBHeM 3Hauymocti 0=0,05 Ta
0=0,01:
3aKOHOMIPHICTB TaKa, K 3a OLIHKOIO &y(Z).

5. Cknageni MaKOpaHTHi PSAM BIUIMBY BXIiJTHHX
mapamMeTpiB X, Ha (QyHKOIl BiATYKY Yy, 3a SKAMH
MaKCHUMaJIbHUH BIUIMB MAaIOTh!

e Ha ckaag nokpurTa (y;), BHCOTYy BHUCTYILY
MIKPOHEPIBHOCTE ~ HaJ  CEPEAHBOI  IUIOIIMHOIO
HIOPCTKOI MOBEPXHI MOKPUTTS (Y,), OOHITET MOKPHUTTS
(y4) BIUTMBa€e THI aHCaMOIIIO MIKpOHEpIBHOCTEH (X4); Ha
JiaMeTp MiKpOHEpIBHOCTI B CEpPEHIN IUIOMIMHI OPCTKOT
noBepxHi (y3), MOBHOTY (IIUIBHICTD) MOKPHUTTS (Ys), BIK
MiKpOHEpiBHOCTEH TOKpHUTTS (y7), BIUIMBAE BHCOTA
MIKpPOHEPIBHOCTI HaJ IiJKJIAAKOI0 (TOBIIMHA IOKPUTTS)
(X3); Ha TmOKa3Hy IUIOMY TMOKPHUTTS (ys) BIUTHUBAE
CTPIMKICTh (KPYTH3HA) CXWIy MIiKpOHEPIBHOCTI (X;) 3a
abCONIOTHUM 3Ha4YEeHHAM KoedillieHTa Kopessii [ry,| Ta
CTyMEHEM DIBHOCTI 3a  BEJIMYMHOK  KPUTHYHOTO
koedimienTa  kopemsimii  &i(r), 3a  z-dyHKuiero
neperBopennst PDimepa &;(z) ta t-kpurepiem CrTbroseHTa
&,(t) 3a JiHIMHUM 3aKOHOM 3 piBHeM 3Hauymiocti ¢=0,05 i
0=0,01;

e Ha ckjiaj MOoKpuTTH (Y1) Ta NOBHOTY (IUIJIBLHICTB)
NOKPHUTTH (Yg) BIUIMBAE CTPIMKICTh (KPyTH3HA) CXHITY

MIKpOHEpPIBHOCTI (x2); Ha BUCOTY  BHCTYIY
MIKpOHEPiBHOCTEH HaL CepeIHbOI0 [UIOIIIUHOKO
MIOpPCTKOI ~ TOBEpXHI  MOKpUTTS  (yp),  AiaMeTp
MIKpOHEPIBHOCTI B CEpeAHid IUIOMMHI IOPCTKOI

noBepxHi (y3), MOKa3Hy IUIOILYy MOKPHUTTS (ys) Ta BIK
MIiKpOHEpiBHOCTE TOKPUTTS (Y7) BIUIMBAE EKCIIO3MILS
CXWIIy MIKPOHEPIBHOCTI (X;); Ha OOHITET MOKPUTTS (Y4)
BIUIMBAE€ BHCOTA MIKPOHEPIBHOCTI HaJ ITiJKJIAJKOIO
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(ToBIIMHA TOKPUTTS) (X3) 3a CTyIEeHeM pIBHOCTI 3a
BEJIMYMHOI0 KPUTUYHOTO KoedinienTa kopessuii & (1), 3a
z-yskuiero neperBopenns dintepa &,(z) ta t-xputepiem
CrerloneHta &(t) 3a HENIHIHHUM 3aKOHOM 3 pIiBHEM
sHagymocti 0=0,05 i 0=0,01;

3a cymapHuM (JiHiiiHuii + HeniHiliHUI) BILIMBOM
MTOBTOPIOETHCS 3aKOHOMIPHICTh 32 HENiHIHHUM BILTUBOM
3 0=0,05 ta 0=0,01 (11 y1, Y2, V3, Y4, ¥5) Ta 0=0,01 (st
Ve, y7), Jmme it o=0,05 Ha TOBHOTY (IIUTBHICTH)
TMOKPUTTS (Y¢) Ta BiK MIKpOHEPiBHOCTEH MOKPHUTTA (y7)
BIUIMBAa€ BHCOTA MIKPOHEPIBHOCTI HaJ ITiJKJIAAKOIO
(ToBIIMHA TIOKPUTTS) (X3) TpH owiHII 32 & (t) + &,(t).

6. Bukopucrana teopis rpadgiB s BUSBICHHSI
«1iiepiBy» Ta «aBTcaiiiepiB» QyHKLII LI 32 JOOMOTOI0
koedillieHTiB Kopenslii MiK y; Ta Yy;, HpOLeAypu
CTBOpEHHsI Marpull nux KoedimieHTiB Ta X cymu i
BU3HAUYCHHS paHIiB it y; Bmepme Tteopis rpadis ta
Taka MpoLeaypa BUKOPUCTAaHA 32 Y4YacTIO CTYIICHIB
JMHIAHOCTI, HENIHIHHOCTI Ta CTYIEHS CYMapHOTO
(miHifHOTO + HENIHIHHOTO) 3B’SI3Ky 32 BEIHYMHOIO
KPUTHYHOTO 3HAa4YeHHS KoedimieHTa kopemsamii &(r) i
&(1), z-byskuieto epetBoperHs Dimepa &(z) i Ey(z) Ta
t-kputepieM Creiogenta & (t) 1 &(t). Haitbuibi
oOrpyHTOBaHi cymapHi omiHku: &(r) + & (1), &1(z) + &x(z),

Gi(1) + &x(1).
7. Ilpouemypa  MOIIyKy  ONTUMYMYy  IIpHU
OararormapaMeTpU4YHOMY  3aBIaHHI  mojsraja y

BiZICIOBaHHI (YHKIIA Wil 3 HU3bKUM paHroMm (7 i
MEHIIIE) Ta

a) abo HakJaJaHHs OOMEXEHHs Ha pemTy (QyHKIii
Tl y BUTJBIAL  OHO- 200 IBOCTOPOHHIX HEPIBHOCTEH i
MOITYKY ONTUMYMY 3a OHHUM (3 BHUCOKHM paHroMm (1))
mapaMeTpoM ONTUMI3aIli;

0) abo cTBOpeHHs y3araibHeHOl (YHKIIT OaxkaHOCTI
D i3 Bcix ab0 4YaCTHHM, INO 3AJIMILNHAINCA IICIISI
BiJICIFOBaHHSI, napameTpiB OINITHMI3aIlT:
D :Q/d1 -d,-...-d,-...d, , ne 0 <D<I; d; = exp(- exp
y';)) — wacturHI (yHKmii 6axkanocti; 0<d<l; y’; = by +
biy; ¥i=bo + by, + biy’s yi=bot bily; yi=bolny; i
T. iH. — 0e3po3MipHI HapaMeTpu ONTHUMI3aIl Y; SKi
MaloTh 3Ha4yeHHs ... —3, -2, —1, 0, +1, +2, +3... 3a D
BEJyTh ONTHMI3aIlil0.

Cipenko I.0. — NOKTOp TEXHIYHHMX HayK, Ipodecop,
3aBiqyBad Kadeapu TEOPETHYHO]I 1 NPUKIIAIHOL XiMil;
Kysuwiun O.B. — acucteHT Kadeapw TEOpPETHYHOI 1
NPUKIaTHOT XiMil, MaricTp;

Cipenko O.I. — kanauaaT OIOJMOTIYHUX HAYK, MOJIOIIINI
HayKOBHH CIIBPOOITHUK BiJJITy IIPHPOIHAYOL (IIOpH;
Mioax JILA. — KaHAMOAT XIMIYHUX HAyK, JOLEHT
KadeIpyu TEOPETUIHOI 1 MPUKIIATHOT XIMil;
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HPUKIaJHOT XiMii.
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Methods of Estimates of Factors which Act on the Optimization Parameters and
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The hypothetical process of plating the roughness surface of base using the complex initial composition of materials has been
investigated with «black box» model. Dependence of the layer composition, projection height of microunevenness and its diameter
on the average layer surface, quality index, representative area and age of microunevenness on the exposition and steepness of
decline, height on the base and type of sets of microunevenness has been shown. The majorant rows optimization parameters have
been determined with the graph theory that have let to reduce their quantity for solution of optimization task.
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