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CKNAOAHHA NATUHCBKUX KBAOPATIB AJ1A4 3ACTOCYBAHHA
Y NNAHYBAHHI EKCTTIEPUMEHTIB

B pobomi nageoeno cnocib nobyoosu ramuncoko2o Keaopama 0 cmpamezii 6U60PY CnonyyeHHs paxmopia y
npoyeci CKIa0amnHs payloHaIbHUX NIAHIE eKCHePUMEHMIS.

Knrwowuoegi cnosa: nposedenns excnepumenmis, 1amMuHCoKUti K8AOpam, CROYYeHHs Qakmopis, nian excnepu-

MeHmia.

Bctyn

AKTyanabHicTh TeMH. Y pealbHUX 3ajJadax, IO-
B'I3aHUX 13 MPOBEJICHHSIM EKCIEPHMEHTIB, HEOOXiIHO
CIUTaHyBaTH CIIOJy4eHHS pPi3HUX (aKTOpiB Tak, m00
MpU MiHIMAJIBHOMY YHCII TOCTINIB HaHOiIbIE PiBHO-
MIpHO OXOIMHUTH BCIO IUIOILY TaOJIHI[I MOXKIMBUX CITOJY-
4YeHb (DaKTOpPIiB, SAKI BIUIMBAIOTH HA JIOCIIKYBaHUI
npouec. [IpoBeneHHS BHUIIAJAKOBMM YHHOM OOpaHHX
eKCIICpUMEHTIB 11030aBIIsi€ TOCIHIAHAKA MO>IIHBOCTI
oJlepKaTH JTOCTOBIPHY 3aKOHOMIPHICTH, SIKa aJeKBaTHO
BPaxoBYy€ BIUIMB BCIX JOCIIKyBaHUX (PaKTOpIB OTHO-
yacHo [1]. Tomy akTyanpHOIO OyJe TeMma CIUIaHyBaHHS
CIOJYYEHHS pi3HUX (PAaKTOPiB, OPi€HTOBAaHA Ha aJTOpH-
TMIYHY peatizallito B KOMIT IOTEPHUX IIPpOrpamax.

Orasn BigoMux gocaimxens. Icuye 6arato crpa-
Terii BUOOpPY CHONMy4YeHHS (DAKTOPIB IS CKIIAJaHHS
s
KOMIT IOTEPHUX peaji3aliil iHTepec BUKINKAIOTh METO-
M, 3aCHOBaHI Ha BUKOPUCTAHHI JIATHHCHKUX KBaJIpaTiB
[2-3]. Haramaemo, 1o JaTHHCHKHHA KBaapaT — Ie Tab-
JIMLS YUCETI, CyMa SIKUX OJJHAKOBa AJIsI KOXKHOTO psiaKa i
KOXKHOTO CTOBIIIIS, & TAKOX JJIsL IBOX T'OJIOBHUX Iiaro-
Hanel miel tabmmmi. Y poOoti [2] posrnsHyTHH Tak
3BaHWN IHAIACBKUH MeTox MoOyIOBH JIATHHCHKOTO
KBajpary HenapHoro nopsaxky. CyTb METOy MOSCHHMO
Ha npukian [4]. 3amamo Ha KOOPAMHATHUX KITITKaX

paLioHANIEHUX TUIAHIB €KCIIePUMEHTIB.

TUTOIIMHU OCHOBHUH KBajpaT po3MipoM 9x9. Bubepemo
9 miaroHaJIbHUX PAMIB KIITHH Tak, 100 cepemHs 3 9
KJIITHH KOXKHOTO psijly Hallexana chaaHii aiaroHaii
ocHOBHOTrO KBazapara (puc. 1). am mnpoHymepyeMo
KIIITHHU 3HU3Y HAropy, MOYMHAIOYH 3 BEPXHBOTO Jiaro-
HAJILHOTO psify. Y pe3ynbTari HyMepalli yacTuHa Kili-
THUH OCHOBHOTO KBaJpaTa BHSBUTHCS 3alIOBHEHOIO, a Ti,
110 3ATUIIINACS, HEOOXiTHO 3allOBHUTH YHCIIaMH, PO3-
TalIOBaHUMHU Ha TPUKYTHHX BHCTYIAX, IIEPEMIilIal0ud
Il BUCTYNHU «IapajiebHO» caMHUM co0l ycepeauHy KBa-
npata. Ha puc. 2 HaBeleHO TOTOBUM JTATUHCHKUUN KBajl-
par.
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Puc. 1. /o noGy1oBH TaTHHCHKOTO KBaapaTa
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Puc. 2. JlatuHCchKHiA KBaapaT
Henomnik po3misiHyTOro MeToqy HONATaE y TOMY,
0 B OTPUMAHOMY JIATHHCBKOMY KBaJpaTi CYCiOHI 3a
3HAYCHHSAM YHCIIa HEe OyayTh PO3MOIUICHI IO IOJIIO
KBajlpaTta «piBHOMIpHO», a OyayTh 3rpyrnoBaHi Ha HOTo
JliaroHaIbHAX EJIEMEHTaX.
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Mamemamuuni mooeni ma memoou

I[Ipn mpoMy HeMuHy4de OyIyTh PEKOMEHIOBaHi
Osu3bKi 3a 3MicToM agociinu. Kpim Toro, iHAifCEKUM
METOOM HE MOXXKHA YTBODPIOBAaTH JIATHHCBHKI KBaJIpaTH
HapHOTO MOPSIIKY.

IMocTanoBka 3aBaaHHsi. HaBectu cmocid moOy-
JOBH JIATUHCBKOTO KBajpara ajis cTparerii BUOOpY
croiy4eHHs1 (haKTOpiB B IMpoOIeci CKIaJaHHS palrjioHa-
JbHUX IUIaHIB €KCIEPHMEHTIB, 1Mo30aBlieHUH 3a3Haue-
HOT'O BHIIE HEJOMIKY.

OcHOBHa 4YacTuHa

Po3risiHeMO Mpoliec CKIaaHHsl JTATHHCHKOTO KBa-
Ipata mapHoro mopsanky n=2m [2; 3]. Ilporymepye-
MO (JIiBOpYY, MPABOPYY i 3BEPXY JOHHU3Y) KIIITHHH OC-
HOBHOTO KBajpaTa 4uciaMu Bix 1 10 n’. ¥V mpoMmy BH-
Majiky CyMa 4YiCel, PO3TAllOBAHMX HAa KOXHIH 3 rojo-
BHHUX JiaroHajiel KBajapaTa, J0PiBHIOE:

n(n2 + 1)
2
Jo 3HaveHHS ¥ cipoOyeMO TIPUBECTH ¥ CyMH YH-

ceN, IO HaleXaTb BIAMOBIAHUM psAAaM 1 CTOBMIIIIM
KBajapaTta. Po3risiHeMo p-i TOPU3OHTAIBHUM Pl KBaJ-

o =m(4m2+1).

para, yreopenmii uncaamu (p—1)n+1, (p—1)n+2,
..., pn. CyMa nux 4mcesn TOpiBHIOE:

n(n+1 ) 2

0 :Q+(p—1)n =m(2m+1)+4m” (p-1).
SIKII0 p 3aMiHUTH Ha n—p+1, TO OAEPKUMO HOMED
TOPU30HTAILHOTO PSIy, 10 PO3TAIIOBAHME CHMETPHY-

HO IIOJI0 CepeIHbOI TiHii KBagpara. Maemo:
Sp_p+1 =m(2m+ 1)+4m? (2m-p).

CripaBeuIiBe CITiBBiTHOIICHHS
Sp +S 23,

n—p+l =
3 SIKOTO CIIiye, IO CyMa YHCET OJHOTO i3 IBOX CHMET-
PUYHUX PSAIIB HACTUIBKH MEHIIIE BEIMYMHU X, HACKIIBKU
CyMa 4YHcell iHmoro psmy Oimbire miei BemmumaN [2-3].

PosrnsitHeMO  pi3HUIIO tp = (n —-2p+ 1) n JBOX 4YHCeIl

(p—1)n+i ta (n—p)n+i, po3TAIIOBAHUX y Bi/IOBIA-

HUX OAWH OOAHOMY KﬂiTI/lHaX JABOX CUMCETPUYHUX TOpU-
30HTAIBHUX PsaiB. L[ pi3HMI HE 3aICKHUTH Bim 1,
TOMY BOHa Ta cama Jyisl BCiX KIIiTHH. Maemo

Sn—p+1 — Sp = ntp ,
3BIIKM OZEPXKYEMO S, —mt, =S, +mt, .

3 OCTaHHBOTO CIIyE, SIKIIO B KOXKHIN Hapi cuMeT-
PUYHHMX TOPHU3OHTAIBHHUX PsJiB BHOpaTH NO m map
B3a€EMHO CHMETPHYHMX KIITHH 1 IIEPECTaBUTH 4YHCIA
KOXKHOT ITapy, TO MOKHA OJICp)KaTh KBaJIpaT, IS SIKOTO
3Ha4YeHHs X OyJie CyMOIO YHCeN JJIsl KOXKHOTO 3 TOPH30-
HTAJIBHUX PAJIB. AHAJOTiIYHI MipKyBaHHS MaIOTh MiCIle
| U1 BepTHKAIBGHHX psadiB. [Ipu boMy, Tak camo sK i B
HONEPEeAHbOMY BHIAJKY, MOXE HOPYLINTHUCS 3HAYCHHS

CYMH JIJIsl YKCeJl, PO3TAIlIOBAHUX HA TOJIOBHUX JliaroHa-
JsX KBajgpara [3].

OTxe, BiIMOBITHUMH TIEPECTAHOBKAMH CHMETPHY-
HUX KJIITHH 33aBXJIU MOXXHA JTOCATTH TOTO, IO 3HAYCH-
HIO X OyIyTh JOPIBHIOBATH CYMH YHCEJI, PO3TaIllOBaHi
a00 Ha TOPU3OHTAIBHUX, a00 HA BEPTUKAIBHUX psIax.
CkoMOiHyEMO IIi TTIEPEeCTaHOBKH TaK, 00 BeTMYMHA X
JIocsiTanacsi OJJHOYACHO SIK JUIsi TOPM30HTAJIBHHX, TakK i
JUTSL BEPTUKAIBHUX PSIJIiB.

J11s1 1IbOTO PO3TIITHEMO OJIMH 13 YOTUPHOX KBaJpa-
TIB MOPSAKY M, Ha SIKI OCi CUMETpil po30UBAIOTH OCHO-
BHUI KBajpar nopsaky n. Jns Bu3HaueHocTi GepeMo
JiBUH BepxHiA KyToBHH KBaapar. Hexait m =2k . Bu-
JIUIMMO (HampHKIal, paMKaMH) y LbOMY KBaJIpaTi CHC-
TeMy KIITHH TaK, m00 y WOro KOXXHOMY TOPH30HTAIIb-
HOMY a00 BEpPTHKAJIBFHOMY psli mepedyBaiam TOYHO Kk
WITYK KIiTHH. [ BU3HAa4YeHOCTI, Hexalh n =8 i, oTxe,
m=4, k=2. Ha puc. 3 HaBeneHnii KyTOBHI KBaparT,
y SIKOTO MOXKJIMBA CHCTEMa KIIITHH MIO3HAUSHA paMKaMHU.

L]

.

Puc. 3. Kyroswuii kBagpat

«Haxnazemo» cucTeMy KIIITHH Ha YHCIA, pO3Ta-
LIOBaHI y BEPXHii JiBili YBEpPTI OCHOBHOI'O KBajpara.
JIast KO)KHOT 3 BiA3HAYEHUX KIITHH HEOOXIIHO 3HANTH
KIIITHHU, CAMETPUYHI 1i 100 IIeHTpa i 000X cepemHix
JiHIA, 1 BiA3HAYWTH LI KIITHHA TEXK MPIMOKYTHHKOM.
Jlani HeoOXiZHO MEepecTaBUTH 4YMcelia, PO3TAILIOBaHI y
BiJI3HAYCHUX IEHTPAILHO-CUMETPUYHMUX KJIiTKax. [HIm
Yricia BapTO 3QJIUIIMTH HA MICIII.

Sk npuknan noOyayeMo TaTHHCHKHHA KBaapaT 8-ro
nopsaKy (puc. 4).
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Puc. 4. Jlo noOy1oBH TaTHHCHKOTO KBaapaTa
8-ro mopsaky

3 ormsgy Ha CHCTEMY KIITHH, BiJ3HaYCHUX Ha
KBaJ[paTi YE€TBEPTOTO MOPSAAKY, BHIUIAMO KIITHHH OC-
HOBHOTO KBajjpara Tak (puc. 5).
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Puc. 5. BunineHi KIITHHHOCHOBHOTO KBa/IpaTa

15 |
23]

st onep>kaHHs JIAaTUHCHKOTO KBazpata (puc. 6)
CIiJT BHUKOHATH  B3aEMHY [EHTPAITEHO-
CUMETPUYHHX KIIITHH, BiJ3HAYCHUX MPSIMOKYTHUKAMHU.

1 |2(6261(60(59(7 |8
56 110|111 |53 |52 |14 15|49
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Puc. 6. [ToOynoBaHuii JIATHHCHKHUI KBaIpaT

3aMiHy

[ToOymoBy JIaTHHCHKOTO MarigHoro KBajapaTa MoO-
’KHa 31HCHIOBATH 3a JIOIIOMOIOI0 CHELiaIbHO CKJIajie-
HOI porpamu y cepenosuini Maple.
LS := proc(L,n::posint)
local 1,j,M,rng;
g = 0..n-1;
M := (n"3+n)/2;
[seq(s=M, s in [NULL
» seq(add(L[i,j], j=rng), i=mg)
, seq(add(L[i,j], i=rng), j=rng)
» seq(add(L[i,modp(i+j,n)].i=rng), j=rng)
, seq(add(L[i,modp(j-i-1,n),i=mg), j=rng) D;
end proc:
to 1 do
n:=4:
eqs := LS(L,n);
sol := solve(eqs);
vals := map(rhs,sol);

vars := convert(indets(vals), 'list');
end do:
all := {seq(1..n"2)}:
P := combinat:- per-
mute(convert(all,'list"),nops(vars)):
found := false:
forpin P do
eqs := Equate(vars,p);
if subs(egs, vals) = all then
found := true;
break;
end if}
end do:
if found=true then
M := subs(sol,eqs, Matrix(n,n,(i,j) -> L[i-1,j-1]));
end if}
Ha puc. 7 HaBeneHo pe3yapTaT BUKOHAHHS IPO-
TpaM.
316 9 &
10 5 415
81114 1

13 2 712

Puc. 7. Pe3ynabpTar BUKOHAaHHS CKJIaJ€HOI IPOrpaMu
BucHoBku

Po3rissHyTHM CcrOcOOOM MOXKHa YTBODIOBaTH Ja-
TUHCBKI KBaJIpaTH IIApPHOTO 1 HENapHOro IOPSAKY i
3aCTOCOBYBaTH B allOPUTMAaxX pAIiOHAIBHOIO IUIaHY-
BaHHS €KCTICPUMEHTIB.
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COCTABJIEHUE NATUHCKUX KBAOPATOB Ond NPUMEHEHUA B NNMAHUPOBAHUU SKCNEPUMEHTOB
N.C. TabakoBa

B pabome npuseden cnocobd nocmpoenuss 1Aamuncko2o Kkeadpama O cmpamezu 6bl6opa couemanus Gakmopos 6 npo-

yecce cocmaesilerHus payuoHalbHblX NI1AHO6 SKCNePUMERMOE.

Knrwuesvie cnosa: npoee()euue IKCnepumeHmoe, AAMUHCKUL K@adpam, couemaHue gbakmopoe, NJaAAaH IKCNepUMernmoe.

COMPOSITION OF LATIN SQUARE FOR APPLICATION IN PLANNING EXPERIMENTS
1. Tabakova

The method of constructing a Latin square for the strategy of choosing a combination of factors in the process of drawing

up rational plans for experiments is presented.

Keywords: the conduct of experiments, the Latin square, a combination of factors, the plan of experiments.
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