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IIusens H.A.
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B pabore aHamm3upyooTcsi BCEBO3MOXKHBIE JIATHHCKUE KBaJIPaThI ITOPSIIKA
4, mopoXKIaeMble C IOMOIIBIO IPABUIBHBIX ceMeiicTB pyHKIuil. OKa3bIBaeT-
CsI, YTO BCE TaKWe KBaJApaThl 3aJal0T KBa3UI'PYIIIILI, HE SIBJISIONUECS II0JIH-
HOMUAJIbHO MOJHBIME. [Ipeiaraercs: 06001IeHe KOHCTPYKITNN, CBSI3AHHOMN C
IpaBUJILHBIMU ceMeiicTBaMu. B pesyibrare yaaercs B 4 pa3a yBeIUIUTh TUC-
JIO TIOPO2KIa€MBbIX JITATUHCKHX KBaJIpaTOB U HOHyLII/ITb 3HAQUYUTEJIbHOE YUCJIO
[TOJIMHOMUAIBHO IOJIHBIX KBA3UIPYIII.

1. BBegenue

B nmamu quu paspabarTbIiBaioTCs pa3MYHbIe CIIOCOObI 3aIUTHI WH(MOPMaInuu,
UCIIOJIB3YIONINE KBA3UI'PYIIIbl U CBS3aHHBIE C HUME JIATHHCKHE KBaJIPATHI.
910 obycsosieno Harpumep Tem, uro K. IlleHHOH mokaszaj, 4To IMUQPHI,
[MOCTPOEHHBIE Ha JIATHHCKUX KBaJpaTax, 00/Iaai0T CBONCTBOM ‘‘COBEpIIEeH-
Hoii cekpernoctn” ([1]). Ilpumepst ncnonb3oBanmst KBA3UTPYIIIL J1JIsT PEIICHUST
pa3IMYHbIX 3aja4 Kpunrorpadbun MOXKHO Halitu B pabdorax [2, 3, 4, 5.

C TouKHM 3peHust KpUNTOTpapUIeCKUX MPUJIOXKEHUN BaXKHYIO POJIb UT'Da-
€T CBOMCTBO MOJMHOMMAJIBHON MMOJHOTHI KBa3UI'PYIII, TaK KaK 3ajlada pac-
II03HABAHUA PA3PEIIMMOCTA CUCTEMbl yPABHEHUN B IIOJIMHOMUAJIBHO IIOJIHON
asnre6pe NP-nosna ([6]). B pabore [7] B. A. ApraMOHOBBIM € COaBTOpaMU B
YaCTHOCTH OBLI MOJIyYueH KPUTEPUl TOJMHOMHUAILHON MOTHOTHI KBA3UTPYIII
nopsijika 4. VlHTepecuble pe3ybTaTbl O HMOJUHOMHUAJILHON MOJHOTE KBa3WI-
pyui B 60Jiee obriem ciydae MOXKHO Hajitu B paborax [8, 9, 10].
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B ciydae KoHEUHBIX KBA3UTPYIIT KBA3UTPYTIIIOBAsT OMEPAITUST MOYKET OBITh
3ajaHa Tabsmneit Ksu, sapisiomeiicst saruackuM KpajgparoMm. B. A. Hoco-
BbIM B pabore [11] 6bu1 npesyiozken 3deKTUBHBIN crocob 3aanust GOIbITIX
ceMeiicTB JIATHHCKUX KBaJIPATOB C ITOMOIIBIO TaK HA3BIBAEMBIX MPABUIBHBIX
cemeiicTB byHKIuA. MBI aHAIU3UPYEM BCEBO3MOXKHBIE JIATHHCKIE KBAIPaThl
nopsijika 4, 3ajaBaeMble MpaBUIbHBIME cemeiicTBamu yHKImi. OKa3biBaeT-
Cs1, 9TO, BO-TIIEPBBIX, TAKUM 00pa3oM mnopoxkaaercd 60 u3 576 KBa3urpyiii, u,
BO-BTOPBIX, HU OJIHA TIOPOXKJIAEMAasi KBA3UT'PYIIIA HE SIBJISIETCST IIOJTMHOMUA b=
HO TOJIHOM. JIJIst yeTpaHeH!s 9TOr0 HEeJOCTATKA, [IPE/IJIaraeTcsl YCUIeHe KOH-
crpykiun B. A. HocoBa, HazBaHHOE TepeCTAHOBOYHON KOHCTpyKIweid. [1pu
ee UCIOJIb30BaHUN yAaeTcs opoauTh 240 JTaTUHCKUX KBaIpaToB, 112 m3 Ko-
TOPBIX 33JIAI0T TOJTMHOMHUAJIBHO MOJIHBIE KBA3UT'DYTIIIHI.

JlasibHeiiIee n3JI03KeHIEe NMeET CJIeIYIONLYI0 CTPYKTYpy. B pasmene 2 ma-
IOTCST OCHOBHBIE OlpeiesieHns. B pasiesne 3 aHaTM3UPYIOTCS JTATUHCKUE KBaJI-
paThl HopsiKa 4, MOpoXKaeMble IPABUIbBHBIMUA ceMeiicTBaMu (pyHKImii. B
pazfene 5 BBOJUTCS MEPECTAHOBOUHAS KOHCTPYKITHS U JIOKA3LIBAETCS €€ KOP-
peKTHOCTb. B pazsese 6 aHAJIM3UPYIOTCs JIATUHCKHAE KBAJIPAThl MOPsiaka 4,
3a/laBaeMble [IePEeCTAHOBOYHON KOHCTpYKIMEd. B npuioxkeHnn IpuBOAUTCS
CIIUCOK KJIACCOB M30MOPU3Ma, IIOCTPOEHHBIX JIATHHCKUX KBaPATOB.

ApTop BeIpakaer GsiarogapraocTs A. E. IlankparseBy u A. B. ['asarenko
3a [MOCTAHOBKY 33/Ia9d U BHUMAaHUE K pabore.

2. OcHOBHBIE ITOHATUS

Onpegaestenne 1. Koneunoii kasurpynmoii (Q, fo) Ha3bIBaeTCs MHOXKECTBO
Q, |Q| < oo, Ha KOTOpPOM oOlpejeeHa GuHapHas omepanusi fg Takas, 9ITO
JUIsT JIIOOBIX 9JIeMeHTOB a,b € @ ypasmenus fo(a,z) = b u fo(y,a) = b
OJJHO3HAYHO pa3peIIuMbl B Q.

B paspneiiieMm Mbl 6yeM OIIyCKaTh CJIOBO “KOHEYHas .

Onpenenenne 2. JlaTHHCKUM KBaJApaToOM MOPSIKa 7 HA3BIBAETCA MaTPHILA
pasmepa n X n, 3al0JHEHHAs dJIeMEHTaMU HEKOTOPOT'O 71-3JIEMEHTHOT'O MHO-
2KeCTBa TAKUM 00pa30M, UTO B KaKJIOi €€ CTPOKEe W B KaKJIOM CTOJIOIE BCe
3JIEMEHTBI PA3JINIHBI.

KBasurpynmnosyio oreparnio MOXKHO 3a/aBaTh TaOJIMIHBIM CIIOCOOOM: JIJIsT
MHOYKECTBA 3JIEMEHTOB {q1, . .., ¢m }, COCTABISIONUX KBA3UTPYIITY (), BBIIIH-
CBIBAETCsT KBaJIpaTHAsT TabJINIA M X M, TaKas IYTO Ha IePECeueHun -0 CTPo-
Ki 1 j-ro crosibia crout fo(gi, ¢;). 3aMeTnM, 4To IOCTPOEHHAsT TAKUM 00-
pa3oM Tabjulla, B CBA3M C CYIIECTBOBAHHEM U €IMHCTBEHHOCTBHIO PEIICHMS
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ypasrenuit fg(a,z) = b u fo(y,a) = b, ABIseTCS JATHHCKAM KBaJPATOM,
KOTODBIIi MBI 1 HA3bIBAEM JIATUHCKUM KBaJIPATOM, CBSI3aHHBIM C KBA3UTPYII-
II011.

Onpenenenne 3. e kpasurpymmst (@, fo) u (Q, fé) HA3LIBAIOTCH M30-
MOP(MHBIMHI, €C/I CyIlecTByeT Ouekimst o : () — () Takasi, YTO sl JIIOOBIX

a,b € Q spmosmeno pasenctso fo(p(a), p(b)) = ¢(fg(a,b)). Pynkmusa ¢
Ha3bIBaeTCst n30MopdusmoM kpasurpyna (Q, fo) u (Q, fé)

Omnpenenenne 4. [Ise kBasurpymmst (Q, fo) n (Q, fé?) HA3bIBAIOTCS U30TOII-
HBIMU, €CJIU CYIMIECTBYIOT TAKHE IIEPECTAHOBKY (v, 5 U Y HA MHOXKECTBE (), 1TO
Just MOOBIX a, b € () cipapesymBo pasencTro f((a,b) = v fola(a), B(b))).

[TonsiTe M30TOMHOCTH €CTECTBEHHBIM OOPA30M MEPEHOCUTCS Ha, JIATHH-
CKUe KBaJIpaThl. HecIoKHO YBUIETh, YTO MATPHUIIA, U30TOMHAS JIATHHCKOMY
KBaJIpaTy, CaMa SIBJISIETCs JIATHHCKUM KBAIPATOM.

IIycte n € N U {0}, O,, — MHO)KeCTBO BCeX N-MEeCTHBIX (QYHKIMII Ha

[e.e]
muoxkectse @, O = |J O,. Ha muoxecrse O cranjapTHbiM 06pa3oM BBO-
n=0
JIATCST ollepanuu cyneprnosunuu u 3ambikanus ([12]). 3aMbikanue MHOKeCTBA
F C O obosnauaercs gepes [F].

Onpenenenne 5. Kpasurpynna (Q, fg) Ha3bIBaeTCs IOJHHOMUAJBHO II0JI-
Hoit, ecim [{ fo} U Op] = O.

Omnpenenenne 6. Kpasurpymma (Q, fo) HasbIBaeTCsI IPOCTOI, e€C/n OIepa-
nusi f He COXpamHseT HU OAHOIO HETPUBUAJILHOIO OTHOIIEHNS SKBUBAJIEHT-
HOCTHU Ha MHOXKeCTBe (.

Omnpenenenne 7. Kpasurpynmna (Q, fg) naseiBaercs adbunHoil, ecan Ha
MHOXKeCTBe () MOXKeT OBbITh BBeJeHA CTPYKTypa abeseBoil rpynmbl (Q,+),
Takasi 9ToO CyIIeCTBYIOT aBTOMOPMu3MbI v, § rpyust (Q, +), sjement ¢ € @,
u 11 J06bIX a, b € () cupasemBo pasencTso fo(a,b) = a(a) + B(b) + c.

Hecsoxxno yBusers, uro npocrora u ahpOUHHOCT COXPAHSIOTCS DU U30-
Mopdusnme.

UsgecrHo ([13]), uro KBasuUrpymma siBsieTcs: HOJINHOMUAJIBLHO TIOJIHOM ec-
JIM ¥ TOJILKO €CJIi OHa mpocTtas u He addunnas. B ciaydae |Q = 4 B pabore
[7] ycranoBiI€HO, YTO KBA3UIPYIIaA MOJIMHOMUAIBHO HOJIHA TOTJA M TOJIBKO
TOI/Ia, KOIJ/Ia COOTBETCTBYIONIHIl JIATUHCKAN KBa/IPAT 00/Ia/1a€T CJIE/LYIONUMU
JIByMsI CBOICTBAMM:
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I. cpenu cTPOK U CTOJGIOB KBaJIpaTa eCTh IePECTAHOBKA € 3-IUKJIOM (UTO
obecrieanBaeT IpoCTOTY);

II. nuk/IOBas CTPYKTYPa CTPOK HE SIBJISIETCsI OJIHOM 13 3TuX Tpex (4To obec-
neunsaer He a(OUHHOCTD):

1) gersipe 3-nuKia;
2) aBa 4-IUKJIa ¥ JBe CTPOKHU II0 JiBa 2-I[UKJIA;

3) oJHA TOXK/IECTBEHHAS! [IEPECTAHOBKA U TPH CTPOKH IO J[BA 2-TIUKJIA.

Onpenenenue 8. CewmeiicrBo  Oymesbix  dyukumit  F={fi}l',,
fi = fi(x1,...,2,), HABBIBAETCSA MPABUIILHBIM, €CJIH JIJIS JIFOOBIX PA3IMIHBIX
sHauenuit aprymenros ' = (2, ..., 2z)) na” = (2f,..., 2)}) naiinercsa rakoii
unzexc « € {1,...,n}, aro x, # . fo(a), ..., 2)) = fa(2f, .. 2)

[IpaBuiibHbie cemeiicrBa yHkuil Obtn BBeneHbl B. A. HocoBbiM B pa-
6ore [11] must HOCTPOEHUSI JIATHHCKUX KBaJIpaToOB mopsijika 2. 3aHymepyem
9JIeMEHTBI MHOXKecTBa @, |Q] = 2", uncmamu ot 0 mo 2™ — 1. Takmm 006-
Pa3soM, KaxKJIOMY JIEMEHTY a € () MOXKHO COIIOCTABUTH N-OUTHBINH BEKTOD
(a,...,ay), 384a10MMI TBONTHYTO 3aIIUCh HOMepa. B pe3ysibrare KBa3urpyI-
noBas onepanus fg MoxKeT ObITh IIpeJcTaBIeHa B BEKTOPHO opMe: 3ammcu

z= fo(z,y) n

_ 1
21 = fQ(xla"w-rnayl?"'?yn)v
— n
Zn = fQ(xla s Ty Yl - 7yn)7
1 n o
rae fQ, ceey fQ OyseBbl (DYHKITUH, SIBJISIIONIAECS KOMIIOHEHTAMHU BEKTOP-
dbynKIIN, TOPOXKIEHHO f(, SKBUBAICHTHLIL.
IIycrs fi,..., fn, — OyjieBbl DYHKIUU OT 7 MIEPEMEHHBIX, 1,..., T, —

OyJ1eBbI (DYHKIINK OT JIBYX ITIEPEMEHHBIX. PaccMOTpuM ciieiyroInee ceMeiicTBO
byHKIUNE OT 21 IepeMeHHbIX:

g = 11Oy film(r,v1), - T(Tns Yn)),
: (1)
gn = TnDyn@ fn(ﬂl(xlv yl); ce 77rn<$n7yn))7
rje oleparus € O3HaYaeT CIOXKeHue 1o Mojayao 2. B pabore [11] noka-
3aHO, 4T0 cemeiictBo G = {g1,...,9n} 3a7aeT JATHHCKUII KBaJpaT Jisi
MOOBIX (PyHKIHUHA 71, ..., 7T, TOrJA U TOJIBKO TOTJA, KOIja cemeicTso F =
{f1,--., fn} upaBuIBLHOE.
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3. JlatuHckme KBaJpaThbl Hopsiika 4, 3aJlaBaeMble
NpaBUJIbHBIMHI CceMelicTBaMu

PacemoTpuM aTuHCKHE KBaJpaThl HOpsIKa 4, 3aJaBaeMble BCEBO3MOXKHBIMU
IPaBUILHBIMU ceMelicTBaMn (DYHKIMIT TOPAIKa 2 ¢ MOMONIBIO0 KOHCTPYKITAN
B. A. Hocosa. Nzsecrno ([14]), uro B 5TOM cityuae ojna u3 GyHKIuil mpa-
BIJILHOTO CEMEHCTBA ABJISIeTCSl KOHCTAHTOM, a BTopas (DUKTUBHO 3aBUCHUT OT
OJTHOMMEHHO! IIepEeMEeHHOMN.

Teopema 1. C nomouwspro npagusbHbL cemeticms nopadka 2 noporcoaemcs
60 PaAsAUNHDLT AAMUHCKUT K6adpamos nopadka 4, 6Lo0AUUL 6 8 PASAUMHDLET
KAACCO8 U3oMOopPuama. IIpu amom ece 3adasaemovie k8a3uzpynnovl, e 004606~
10M C8OTUCMBOM NOAUHOMUANDHOT TLOAHOMDL.

Hoxazameavcmeo. B cuily CTPYKTYPBI MPABUJIbHBIX CEMENUCTB TOPAIKa 2,
dopMyIIBl J71d 3aaHNs JTATHHCKUX KBaJPATOB IPUHUMAIOT BH,

z1 = 11Dy ® fi(me(x2,y2))
29 = 29D Ys P fo(m(z1,y1))-

IIpu 3TOM BO3MOXKHBI CJIEIYIOIINE CJIYYIan.

1) O6e dbyukiuu f1, fo siBasoTCs KOHCTaHTaMu. HecI0KHO YBUIETh, UTO
3/71eCh BO3HUKAET 4 Pa3IMIHbBIX JATHHCKIX KBapaTa.

2) PosHo omua u3 dyHkumit f1, fo ABASETCsST KOHCTAHTO. 3aMETUM, UTO
BBIOOp HOMEpA KOHCTAHTHON (DYHKIMKM U BBIOOD 3HAYUEHUs] KOHCTAHTHI
MOKeT OBITH BBIMTOJIHEH YeTBIPbMsI crtocobamu. Bes orpanutenust obIr-
HOCTHU PACCMOTPHUM CJIyUail, KOrma fi OTJIMYHa OT KOHCTAHTHI U fo TOXK-
necrBeHHO paBHa 0. 3HauwT, f1 ABJSETCS TOXKIECTBEHHON (DYyHKIIMEIT,
Jinbo orpunianreM. Tak Kak OTPUIIAHUE MOYKET OBITh OIIYIIEHO Ha, Iepe-
MEHHYI0, MHOXKECTBO JIATMHCKAX KBaJIPATOB, 33/IaBAEMbIX CEMEICTBOM,
B KoTOpoM f1(x) = x, u cemeiicrBom, B KoropoM fi(x) = T, coBma-
JIAIOT, 1 0e3 OrpaHuyueHust OOIHOCTH MOXKHO CUUTATh, 9TO f1(x) = .
3aMeTuM, YTO MOJIyIaeMble B 3TOM CJIydae JIATHHCKUE KBAJIPaThl OYIyT
OTJIMYATHCS OT JIATHHCKUX KBAJIPATOB, YITEHHBIX B IIPOIILIOM ITyHKTE,
TOrJIa U TOJIBKO TOTJA, KOrja (DYHKIUS 7o OTJIUYHA OT KOHCTAHTHI.
Takux Gyakmmit 14. OueBuHO, UTO pasyjndHble MYHKIUA Ty 38AF0T
PA3INIHBIE TATHHCKUE KBAIPATHI. JHAYNT, OOIIee INCI0 HOBBIX JIATHH-
CKUX KBaJIPATOB, IIOJIy9eHHBIX B 9TOM IIyHKTE, paBHO 14 - 4 = 56.
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Takum obpazom, o0Iee YUCI0 JIATUHCKUX KBAJIPATOB, MOPOXKICHHBIX MPa-
BIJIBHBIMU CeMeMCTBaMU IOpdIKa 2, paBHO 56 + 4 = 60.

3aMeTnM, U4TO U3 IPUBEJEHHBIX BBIIIE PACCYKIECHUN B YaCTHOCTH CJIEIY-
€T, YTO YHUCJIO PA3JIMYHBIX ITPABUIBHBIX CEMENCTB MOpsaKka 2 paBHO 12.

Bce 60 natuHCKUX KBaApaTOB OBLIN IIEPEYNCTIEHBI IBHO, UCIOJIB3YS IIPH-
BeJICHHBIC BBIIIE PACCyXKJieHns. B paboTe Mbl OrpaHUYNMCS AHAJIM30M KJIac-
coB uzomopdusma. IIpegcraBuresn KiaccoB u pe3ysIbTAThl aHAJIN3A COIEP-
xKarca B Tabsune 1 B [punoxenun. IlonmunoMuaabHasi MOJTHOTA YCTAHABIIU-
BAJIACh B COOTBETCTBHUHU C YIIOMSIHYTHIM KpurepueM u3 paborsl [7]. B yersep-
TOM CTOJIOIE TabJIMIIBl YKAa3aH HOMED HapYIIEHHOTO HEOOXOJIUMOI'O yCJIOBUS
MTOJTHOTHI. O

4. IlepecTanoBoYHass KOHCTPYKIIUS

VeuauM KOHCTPYKIUIO, CBA3AHHYIO C IPABUJILHBIMEU CEMEHRCTBAME, CJIELYTO-
mum obpazom. Ilycre n € N, F = {f1,..., fn} — npasuibnoe cemeiicTBo
6ynesbix yHKIW, o, 3,7 € S, — mepecraHoBKu Ha MHOXKecTBe {1,...,n}.
Hanoxum mepectanoBku «, 3,7y Ha WHIEKCHI MIEPEMEHHBIX £ U i U HOMEpPA
dbyukuumit g B npeacraiernn (1):

9v1) = Ta) DYsa) D f1(m1(Ta), Y1), - - s Tl Ta(n)s Y8(m)))»
: (2)
Gyn) = Tam) DYsm) D fa(m1(Ta), Ys))s - - > Tl Ta(n), Ysm)))-

Bamerum, 9To ucxoaHoe 3aaanue (1) mosydaercst u3 popmyi (2) mpu BeiGope
TOXKJICCTBEHHBIX [I€PECTAHOBOK B KadecTse «, [ 1 7.

Teopema 2. Ilpu mobvixr nepecmanoskaxr o, B,y € Sy u m0bwx Gyrryu-
AT OM 08YT NEPEMEHHVLT T, ..., Ty cucmema Gywkuyud gi,...,J, 3adaem
Aamurcrul xeadpam.

Lloxazameavcmeo. Tax kak mobasi IepeCTAHOBKA MOXKET OBITH pPa3jIoXKeHa
B IPOM3BEIEeHNe TPAHCIO3ULINN, HAJIOXKEHUE IIePECTAHOBOK «, 3 U 7y Ha CH-
cremy (1) MOKeT OBITH CBEJEHO K TENOYKE HAJIOXKEHUS TPAHCIIO3UIUH, [TPH-
JeM, KaK HECJIO0KHO YBUIETH, TPAHCIO3UIINN, COOTBETCTBYIOIINE PA3HBIM IIe-
pecTaHoBKaM, KOMMYTUpPYyIOT. JlokaXkeM yTBEp:KJICHHE TEOPEMbl WHIIYyKIIUEi
10 JJIMHE IEII0YEK TPAHCIO3UIIMIA.

Basuc unykiun: ecyim jjinHa Beex 1enovek pasna 0, cucrema (2) npunu-
maeT Bu/J (1), 1 yTBEpKICHIE TEOPEMBI CJIC/IyeT U3 IIPABUIHLHOCTH CeMeicTBa

F.
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VHAyKTUBHBIA Hepexo/l: IIyCTh YTBEpPzKJIEeHHe BEPHO I IIepecTaHOBOK
o, B, 4. TlokazkeMm, 4TO B 3TOM cjIydae K JIOOOH M3 3TUX IepeCTaHOBOK
MOZKHO IIPUMEHUTDH IIPOU3BOJILHYIO TPAHCIO3UINIO 6e3 HapyIIeHUs YCJIOBHUS
TeopeMbl. JlocTaTOIHO JT0KA3ATh TPU yTBEPKICHUSI.

1) TlycThb o — TPAHCIO3UIMST, TIEPECTABIAIONIAS TIEPEMEHHBIE ¢ HOMEPAMU
sut,s<t,m,...,mT, — OIPOU3BOJIbHbIE (DYHKIINKA OT ABYX II€PEMEH-
HbIx, @ = ag-a’, f =B, v =+". Torma cucrema (2) 3a1aer JaTuncKuii
KBaJIpart.

2) Ilycrb [y — TpaHCIO3UIMS, IEPECTABIISIIONIAS [IEDEMEHHbIE ¢ HOMEPAMU

sut,s<t, m,..., T, — INPOU3BOJIbHbIE (DYHKIUU OT JIBYX II€PEMEH-
ueix, « =o', B = Fo- B, 7=+~ Torna cucrema (2) 3aaer JaTuncKuii
KBaJIpar.

3) IlycTb vy — TpaHCHO3UIWs, IepecTaBsionas (byHKIUME ¢ HOMEPAMHA §

ut,s <t,m,..., T, — IPOU3BOJIbHBLIC (DYHKIIUU OT JIBYX HepeMeHHbIX,
a=4d,8=p0,7=- 7. Torna cucrema (2) 3amaer JaTUHCKUI
KBaJIpar.

Jlist tokazaTe/ibCcTBa IEPBOTO YTBEPXKIEHUST PACCMOTPUM JIATUHCKUIA
kBagpar LS, mopoxaennblii nepecranoskamu o, ', . JlonmosHuTesHo nmpu-
MEHHUM IIE€PECTAHOBKY «vg. II0poXKIeHHYI0 HOBO# cuCTEMOiT MaTpuIly 0003Ha~
gum LS’. Hecto:kHO 3aMeTHTh, 94TO AEiCTBUE IIEPECTAHOBKU () — 3TO 3aMe-
Ha BCEX BXOXKJIEHUH S-TOTO pas3psijia B HOMEpe CTPOKU Ha t-ThIl U HAOOOPOT.
DTO0 KBUBAJIEHTHO IIEPECTAHOBKE CTPOK LS, IIpW KOTOPOIl MEHAIOTCS MECTa~
MU CTPOKH ¢ HOMepaMu Bua (aq, ..., as—1,0, G541, -, a—1, 1, a441,...,0p) ¥
(a1,...,as-1,1,a541,...,a1-1,0,a441,...,a,). Crenoarenspuo marpuna LS’
[IOJIy YaeTcsl IPUMEHEeHNEeM M30TOINN K JIATUHCKOMY KBajpary LS, To ecTb
SIBJISIETCS JIATUHCKUM KBaIPATOM.

Bropoe yTBep:kieHIE HOKa3BIBAETCS aHAJOIMYIHO, C 3aMEHOIl CTPOK Ha
CTOJIOIIBI.

Jl1st MoKa3aTeIbCTBa TPETHEr0 YTBEPXKACHUs JOCTATOYHO 3aMETUTh, 9TO
TPAHCIIO3UIHS 7Yy JEHCTBYeT KakK ‘TIEPEKOIUPOBKA’ 3JIEMEHTOB, MEHsS Me-
CTaMU 3JIEMEHTBI, JTBONIHOE IIPEACTABICHNE KOTOPBIX OTJINIAeTCs TOJIBKO B
nosuiusax s u t. CaenoBaTeIbHO, MOJIYyYaloNascs MaTPHUIa BHOBb HU30TOII-
Ha, MCXOJIHOMY JIATUHCKOMY KBaJIpaTy U, 3HAUNT, CAMa SIBJISETCS JIATHHCKUAM
KBaJIpaTOM.

B cuny mpousBosbHOCTH BBIOOpPa (QYHKIUR 71, ..., 7T, JAOKA3ATEILCTBO
MHJYKTUBHOIO IIEPEXO0/1a 3aBEPIIEHO. O
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Pacxo/ipl maMsATH Ha XpaHeHue MepecTaHOBOK «, (3, HEBEJIMKHU — OHH CO-
craBistior 3n|logn[, 4ro Maso 10 cpaHEHUIO ¢ MaMsIThIO, TpedyroIeiics s
3aJanust Oys1eBoil (pyHKIIUKE OT M IepeMEeHHLIX. B To »Ke BpeMsl BOZHUKAIOIIUe
HOBBI€ JIATUHCKUE KBaJpaThbl IVIOFyT OKa3aThbCA 60ﬂee IpearnoITuTe/ IbHbIMU C
TOYKH 3peHust NpuIoxKeHuit. B wactHocrn, B ciydae n = 2, Kak OyaeT IoKa-
3aHO B CJIEJIYIOIIEM pasjiesie, KOHCTPYKIWs (2) Mo3BOJIsieT IOy IUTh 3HAUN-
TeJbHOE YUCJIO TIOJMHOMUAIBLHO IIOJTHBIX KBA3UTPYIIIL.

5. JlatTuHCcKue KBaJapaThl Hopsaaka 4, 3a/1aBaeMble Ie-
PECTAaHOBOYHOI KOHCTPYKIIHMEN

Teopema 3. I[lepecmanosounas xoHcmpykyua npu n = 2 nopootcdaem 240
DABAUNHBLE AGMUHCKUT KBAIPAMa, AEAHCALUUT 6 29 PASAUNHIT KAGCCAT U30-
moppusma. Ilpu smom 112 nosyuennnr sacmunckux Keadpama 3adarom no-
AUHOMUGNADHO NOAHBIE KEASUZPYNNDL, AEIHCAULUE 6 14 PASAUNHOIT KAGCCAT U3O0-
MOPPUIMA.

Lloxazameavcmeo. Tlopoxmaemble JaTUHCKHE KBAAPAThI OBLIN IEePEIUCTIEHbI
JABHO: K KazkoMy n3 60 yHKIIMOHAJIBHBIX 38 IaHNH JIATHHCKAX KBaJIPATOB,
HafiJIEHHBIX B Teopeme 1, IPUMEHsIJIOCh 1O 8 TIePECTAHOBOK (IIPOU3BOJIbHBIX
KOMOWHAINI TPAHCIIO3UIUI X1 U T2, Y1 U Y2, 21 U 22). B pesysbrare BOSHUKIIO
480 naTuHCKUX KBaIpaToB, 240 U3 KOTOPHIX OKA3AJIMCH ITOIAPHO Pa3IHIHBI-
Mu. B pabore MBI orpaHHYINMCS aHAJIN30M KiaccoB m3omopdusma. IIpemcra-
BHUTEJIN KJIACCOB Bbllncaubl B IIpuioxkenun. Pesyabrarsl aHaansa coaepkar-
cs1 B Tabutntie 2 [Ipunoxkenns. [lomnnomuasnbaas OJHOTA YCTAHABIMBAJIACH B
COOTBETCTBUU € KpurepueM u3 padborsl [7]. B Tperbem crosibiie Tabiuibl yKa-
3aHO HapYIIEeHHOe HEeOOXOIUMOEe yCJIOBUE MOJIHOTHI MJIN MTOCTABJIEH MPOYEPK,
€CJIM KBa3UT'PYIIIa HOJMHOMHUAJILHO IIOJIHA. O

6. 3akJrodyeHue

B pabote mpoBemeHo mcciegoBaHne JATHHCKUX KBAJApPaTOB IOPsiaKa 4, mo-
JIYIAEeMbBIX C IOMOIIBIO IPABUJILHBIX CEMEHCTB Oy/IeBbIX (DYHKIMIA MOPSIIKa
2. YCcTaHOBJIEHO, YTO BCE COOTBETCTBYIOIINE KBA3UTPYIIILI HE SIBJSIFOTCS I10-
JITHOMUAJILHO MOJIHBIME. [IpeniorkeHo ycuaeHne KOHCTPYKIUMH IPABUJILHBIX
ceMeiicTB, Ha3BaHHOE MEPECTAHOBOYHON KoHCTpyKimeit. [lokazano, uro cpe-
I KBa3UI'PYII, CBSI3aHHBIX C HOBBIMH JIATUHCKAMH KBaJpaTaMH, MMEETCs
3HAYUTE/ILHOE YHCJIO MOJIUHOMUAIBLHO HOJIHBIX.
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IIpunoxkenue
Tabmuma 1
Howmep | Momuocts kiacca | [IpeacraBurens kimacca | Hapyinenue moJiHOTE

01 2 3
1 0 3 2

L 1 2 3 01 !
3210
03 21
3210

2 8 210 3 !
1 0 3 2
2 3 01
1 2 30

3 8 01 2 3 !
3 01 2
03 21
1 230

4 8 210 3 I
301 2
21 0 3
3210

g 8 0 3 21 !
1 0 3 2

[Ipomomkenne Ha caeayIomeil cTpaHue
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Tabsmra 1, mpogokeHne

Homep | Momnocts kiacca | [IpencraBurens xiacca | Hapyienne mosHOTHI

01 2 3
3210

0 8 2 3 01 !
10 3 2
210 3
1 2 30

7 8 03 2 1 I
3 01 2
01 2 3
1 2 30

8 8 2 3 01 !
3 01 2

Tabsmmra 1: Pesyabrarel anam3a KJiaccoB m3oMopdusMa jaa-
TUHCKHUX KBaJPaTOB, IIOPOXKIECHHLIX C IIOMOIILIO KOHCTPYK-

mnn B.A. Hocosa mnpaBuabHBIME ceMeificTBaME OyJIeBBIX

dyHKITI TopAaKa 2

Tabsma 2
Homep | Mommuocts kitacca | [Ipencrasurens kinacca | Hapyrenue moHOTEI

01 2 3
1 0 3 2

L 4 2 3 01 I
3210
03 2 1
3 210

2 8 21 0 3 !
1 0 3 2
2 3 01
1 2 30

3 8 01 2 3 !
3 01 2

[Tpomoikenne Ha CJeIyIOIIeil CTpaHUIIE
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Tabsmra 2, mpoaoKeHne

Hapymenne moHOTHI

1.1

Hpe,ILCTaBI/ITeJH) KJiacCa

0 3 21

12 30
21 0 3

3 01 2

210 3

3210

03 2 1

1 0 3 2
01 2 3

3210

2 3 01

1 0 3 2
210 3
1 2 30

03 2 1

3 01 2

01 2 3
1 2 30

2 3 01

3 01 2

0 3 1 2

31 20
1 2 0 3

2 0 31

1 3 0 2
2130

021 3

3 0 2 1

0 3 1 2

2130
1 2 0 3

3 0 21

12

12

12

Howmep | Momuocts K1acca

10

11

[Ipomomkenne Ha CaeayIONEll CTpaHUIe
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Tabsmra 2, Mpoao/KeHne

Hapymenne moHOTEHI

II.1

1.1

Hpe,ILCTaBI/ITeJH) KJIaccCa

1 2 0 3
3120

0 3 1 2

2 0 31

0 21 3

31 20
1 3 0 2

2 0 31

1 2 0 3
2130

0 3 1 2

3 0 2 1

1 3 0 2

3 0 21

021 3

2130
1 3 0 2

2 0 31

0 21 3

3120
120 3

3 0 21

0 3 1 2

2130

0 2 3 1

31 20

2 01 3

1 3 0 2

2 0 31

1 3 20

021 3

3 1 0 2

Howmep | MomuocTs Kacca

12

13

14

15

16

17

18

19

[Ipomomkenne Ha CaeayIONEeil CTpaHuIe
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Tabsmra 2, mpoaoKeHne

Hapymenne moHOTHI

II.1

Hpe,ILCTaBI/ITeJH) KJiacCa

0 2 3 1

13 20

2 01 3

3 1 0 2

2 013

31 20

0 2 3 1

1 3 0 2

021 3

31 20

2 0 31

1 3 0 2

2 0 31

3 1 0 2

021 3

1 3 20

2 0 31

1 3 0 2

0 21 3

31 20
01 3 2

3210

1 0 2 3

2 3 01

1 0 3 2

23 10

01 2 3

3 2 01

1 0 2 3

3210

01 3 2

2 3 01

Howmep | Momuocts K1acca

20

21

22

23

24

25

26

27

[Ipomomkenne Ha CaeayIONEll CTpaHUIe
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Tabsmra 2, Mpoao/KeHne

HOMep MOLHHOCTI) KJIacCCa Hpe,ILCTaBI/ITeJIb KJIacCCa HapymeHI/Ie IIOJIHOTHBI
01 2 3
3210
28 8 L0 3 9 1.3
2 3 0 1
10 3 2
320 1
29 8 01 2 3 B
2 310

Tabnuna 2: PesynbraTsl anaamsa KaaccoB n3oMopdusMa Jia-
TUHCKAX KBaJIPATOB, MOPOXKJIEHHBIX C MOMOIIBIO II€PECTAHO-
BOYHOW KOHCTPYKITUU ITPABUJIBHBIMU CeMeicTBaMu OyJIeBBIX
dbyuKInit mopsaKa 2

Investigations of quasigroups generated by proper families of
boolean functions of order 2

Keywords:

Piven N.A.

Quasigroup, Latin square, parametric assignment,

polynomial completeness, proper families of functions

We analyze all Latin squares of order 4 generated by proper families of
Boolean functions. It turns out that all these Latin squares define
polynomially incomplete quasigroups. We propose a generalization of the
construction based on proper families. As a result, the number of generated
Latin squares grows four times, and an essential number of the
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corresponding quasigroups becomes polynomially complete.







