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1. TI'pynnel. Iloarpymmsl m dpakToprpynmbl. Teopema Jlarpamzka.

I'pymnma - tpoiika (G, o, €), Tie G - HellycToe MHOXKeCTBO, € € (G - HefiTpaabHblii 3jtemenT, a 0 : G X G — G
- OuHApHAas oIepalidsi, OlpeieJieHHasi Ha 9TOM MHOXKECTBe, JIJIsi KOTOPOH BBITTOJTHSIOTCST AKCUOMBI DY IIIIBL:

0. zoy € G, Vz,y € G - 3aMKHYTOCTb.
1. (roy)oz==xo(yoz), Vr,y,z € G - aCCONUATHBHOCTD.
2. de : eox=xo0e=ux, Yr € G - cBOICTBO HEATPATHLHOIO SJIeMEHTA (HAJMYUE €/[IMHUIIBI).

3. Vo dy : yoxr =uxo0y = e - cymecrBoBanne oOpaTHOIO dJI€MEHTA.

[Ipumep: rpynma 1o cJI0KeHUIO Ha IeJIbIX YUC/Iax.

KommyrtatuBhas (abesieBa) rpymma - rpymma (G, o, e), rje Jjis Olepalii O BBIIOJHAETCS CBOHCTBO
KOMMYTaTUBHOCTH: £ 0y =yox, V&,y € G.

HpHMep: I'pylllia I10 CJIO02KEHHIO Ha HEJIbIX YUCJ/IaX.

[pynma koneuna, eciau |G| = n,n € N, unaue rpynmna 6eckoHedHa. Uncjio n Ha3bIBAETCsI MOPSIKOM
rpynnbI.

[Ipumep: rpyiima 1Mo CIOXKEHUIO Ha IEJIbIX YUCIaX - OECKOHEYHA, 110 CJIOXKEHUIO MOJIyJisi N KOHEYHa C
TOPAJIKOM 7.

ITopsinkom ssiementa (ord(z)) x € G HaspiBacTcs Takoe MuHHMaIbHOE ducyo n € N, aro 2" = e. Ecin
TAKOI'0 YHCJIa HET, TO JIeMEHT MMeeT OeCKOHEYHBIN MOPsIOK.

IToarpymnmoii rpynmnst (G, o, e) HasbBaercs rpyuna (H, o, e), tae H C G, obosnagaerca H < G.
[Ipumep: 27 < Z noarpyiiina 4YeTHBIX YUCE].

OstHodieMenTHas equunuHag F = {e} u Bes Tpyliia Ha3bIBAIOTCS TPUBUAIBHBIMU IOATrPYIIIAMEA
JIIOOOM TPYIIIIBL.

JIeBbIM M MpaBbIM CMEXXHBIMU KJiaccaMu HasbiBatorcst ©H u Hx rpynmst (G, o, e) 1o noarpynne H
c npencrasuresiem © € G: tH ={xoh|he€ H}, Ht ={hox | h € H}

Hopmanbpnas nmoarpynma - takas noarpynna H rpynnst G, uto Ve € G @ *H = Hz.

®Pakrop rpynnoii rpynnsl G o H Ha3bIBaeTCS MHOXKECTBO CMEKHBIX KJIaccoB rpymmbl (G, 0) mo ee
Hopmaavrot noarpynne H, ¢ onepanueii o : (aH) e (bH) = (aob)H. Obosnauaercst kak G/ H.

Teopema Jlarpamsxa. ITopsiok moarpymisl H koHeuHO# rpymubl G JIEJUT MOPSJIOK CAMON I'DYIIIBI:
|G| = |H| - [G: H], tne [G : H] € N - unaekc noarpymist H mo rpynme G.
Caexncrsue: ord(x) memur |G|

Ycunenune TeopeMbl Jlarpamzka. [lycts m - MakcuMaIbHBIN MOPSJIOK dJIeMEHTa B KOHETHOW abenesot
rpytie G. Torna nopsiiok Jjirodoro sjnementa G ieuT m.



[Mpumep: ({0,1,2,3,4,5}, +¢,0).
ordl = ord5 =6, ord2=ord4d =3, ord3 =2, ord)=1.

T'omomopduszmom rpynn (G, o, e) u (G, -, €') HasbiBaercst orobpaxkenue ¢ : G — G', KoTOpOe coxpaHsieT
onepario, T.e. p(aob) = ¢(a) - p(b).

N3omopdusmoM rpyiiin Ha3bIBACTC OUEKTUBHBIN TOMOMODPMU3M.

2. ]_[I/IKJII/I‘{eCKI/Ie I'PYIIIIBI. Beckoneunass m KoHeYHad
INKJINYEeCKHNEe I'PYIIIibl, KOJIXN9€CTBO IIOPO2KJAINX 3JIEMEHTOB B
HUX.

IHuknandeckoii rpynmoi HasbiBaeTcsd Takasg rpymmna C) rje KaxKJIblii 9JIeMEeHT 9TO TPYIIIhl 00pa30oBaH
HEKOTOPOII 11€JI0M CTeleHbIO ee obpasyrouse2o (noposcdarowsezo) snementa a € C': C' = {a" | n € Z} = (a).
Baecb a" =g -...... - @, & - - KOMMYTATHBHAs OIE€PAIUs HAJ| IPYIIOiL.

n pas

[Tpumep: 'pynma <27’T> IIOBOPOTOB TIPABUJIBHOT'O N-yI'OJIBHUKA BOKPYT CBOErO IeHTPa Ha YKa3aHHBINU yTOJI.

[ukmiaeckas rpymia C' = (a) nasbiBaercsa beckonedHoi, ecn ord(a) = co. Ecin ke ord(a) = n; n € N,
TO NMUKJIMYECKas I'PyIa HasbiBaeTcd KoHeuHO# n |C| = ord(a) = n.

Jliobast OGeckoHeUHas IMUKINYeCKas Ipylia u3omopdHa Z, a KOHeYHasd TOopsijiKa n — u3oMopdHa Z,,
OTKY/Ia CJIEIYeT, YTO BCe KOHEUHbIE MUKJIMIECKNEe TPYIIIBI OJHOIO MOPSIIKa W30MOPMHBI APYT APYTY.

KonnyecTBo mOpoXKAamIUX 3JIEMEHTOB B rpymine Z, - 3TO0 KOJIMYeCTBO HATyPasbHBIX YHUCE,
B3anMHO TIPOCThIX ¢ n. OHO onpeernsercs dyHkiweit Ditaepa p(n), mo onpenenennto (1) = 1.

T.k. 06ast UKINYecKas TPYIIa MOpsaIKa n u30MopdHa Z,, TO OHA TOXKE MMeeT POBHO ¢(n) MOPOKIAI0-
IIIX 9JIEMEHTOB.

CeoiictBa dbysKImn Diiaepa (p - mpocroe):
° o(p)=p—1
o p(n*) =n""lo(n) = o(p*) =pp—1)
® ™ U N - B3AMMHO IPOCThIe, ¢(m - n) = p(m) - p(n)

e > ¢(d)=n (d|n-dapoxomur MO MHOKHUTEIISIM 7).
dn

3. Koabna. Buasl KoJjen. laeasbl, rjiaBHbIe 1 MaKCUMAaJIbHBIE
njieaJibl.

Kosabmom nasbiBaercs abeseBas rpymma (R, +,0), 1y KOToOpoii onpeeeHa GuHapHast Oleparus yMHO-
JKEHU -, CBA3AHHAA CO CJIOXKEHHEM —+ JUCTPUOYTUBHBIMU 3aKOHAMMT:

ez -(y+z2)=x-y+x-z

o (y+z) z=y-z+z-x



CumBosmmuecku 3anucbiBaercst kak (R, +, -, 0).
[Tpumep: KOJIBIIO TEJIBbIX YUCE ¢ OOBIYHBIM YMHOKEHUEM U CJI0YKEHHUEM.

Buanr koserr:

[ ACCO]_[I/IaTI/IBHO—KOMMyTaTI/IBHoe KOJIBIIO - KOJIBIIO, B KOTOpOM YMHO2KEHHE aCCoIMaTUBHO
((ab)e = a(bc)) u kommyTaTuBHO (@b = ba). [Ipumep: KOIbIO Z; KOIBIO Zy, € ),y +ip.

e YHUTAIBHOE KOJIBIO - KOJIBIO ¢ HEATpabHBIM 3JeMeHTOM (eiuHureil) mo ymuoxenuio. [Ipumep:
KOJIBIIO Zg BBLIYETOB.

[ TpI/IBI/IaﬂbHOG KOJIBIIO - OJHO3JIEMEHTHOE MHOXKECTBO {0}, B HEM U TOJBKO B HeMm 0 = 1.

e Koo R - 6e3 geureneit nyns: ecim u3 a-b =0, Va,b € R cieyer, 9To XOTd ObI OJUH U3 COMHO-
xureneit a u b papen 0. [Ipumep: Kosbio 27, He uMeeT JieJiuTe /el HyJId, a BOT KOJIBIIO KBaIPATHBIX
MaTpHIL 2 X 2 uMeeT JAeJUTeN HYJIs:

11X11 0 0
11 -1 =1 |0 0

e [lesocTHOE KOJBIO - HETPUBHAJIBHOE YHUTAJIBHOE ACCOIMATHBHO-KOMMYTATUBHOE KOJIBIO 0e3 jesn-
teseit mynd. [pumep: Kobio Z.

O6parumbiMu (He oOpaTHBIMHU!) JIEMEHTAMU YHUTAJILHOIO KOMMYTATHBHOTO KOJIbIA HA3BIBAIOT TAKHE
ssieMenTel a,b : a-b=1 (me uckmoveHo a = b).
[Ipumep: B Kostblle Z 0OpaTUMBI TOJIBKO MTOPOZKIAIoNue 3eMenThl +1 u —1.

HenpuBoauMbiM (HEPA3JI02KUMBIM ) HA3BIBAETCS TAKON HEHYJIEBON 3JIEMEHT P IEJI0CTHOIO KOJIbIIA, JIJIst
KOTOPOT'O U3 paBeHcTBa p = a - b ciejyer, 4To jubo a, bdo b oOpaTuMbI.
[Ipumep: B KOJIBIIE MEJIBIX YUCET HEPA3JIOKUMBI TOJIBKO IIPOCTHIC YUC/Ia U OOPATHBIE K HIIM.

DaKTOpHUAIBHBIM KOJIBIIOM Ha3bIBAETCS TaKOe IEJJOCTHOE KOJBbIIO, B KOTOPOM KaXKJIblil HEHYJIEBOI dJ1e-
MeHT JInb0 0bpaTuM, JUOO OJHOZHAYHO MPEJICTABIISAETCA B BUJIe TPOU3BE/IEHNs] HEIIPUBOIUMBIX 3JIEMEHTOB
(C TOYHOCTBIO JI0 MIEPECTAHOBKU COMHOYKUTE/ICH 1 YMHOXKEHUST Ha OOPATUMBIE JIEMEHTHI ).

Takoe KOJIBIIO TaK YK€ HA3BIBAIOT KOALUOM € OOHOZHAMHOIM PA3AOACEHUEM HA MHONCUMEAU.

[Ipumep: KoJIbIO Z HaKTOPUATLHO.

IToakobIIOM HasbIBaeTCs Takoe MoJMHOKeCTBO L Koubiia (R, 4+, -, 0), ecii L ecTh MOArpyIIIa & IuTHB-
Hoit rpynmet (R, +,0), 3aMKHYyTast OTHOCUTETHHO OMEPAIIUE YMHOXKEHUST -
[Ipumep: MOAKOIBIO YETHBIX Ynces 27 KOJIbIa MEeJIbIX Yuces Z.

CoGcTBEHHOE MOAKOJIBIIO - TAKOE KOJIBIIO, KOTOPOE HE COBIIAIAET CO BCEM KOJILIIOM.
Naeanom (ABYCTOPOHHMM) HAa3bIBAETCs MOJAKOJIbIO [ KOMMyTaTuBHOrO Kojblia (R, +,-,0), eciau
VielIVre R : i-rel. Obosnauaerca kak I < R.

[Ipumep: Bce yecTHBIE YncIa 27 KOIbIA Z.

TpI/IBI/IaJIbHI)Ie naeaJibl - 9TO CaMO KOJIbIIO U €0 HYJIb 0.
CobcTBeHHbIE naeaJibl - KOTOpPbIE€ HE COBIIaJal0oT CO BCEM KOJILBIIOM.

I'maBHBIM 1 OPOXKJIEHHBIM 3J1eMeHTOM a € R wmjeanom I, cuMBoimdecku (a), HA3bIBAETCH TAKOIl HJeall
KOMMyTaTuBHOTO Kousiblia (R, +,+,0,1), ectu [ ={a-r | r € R} = (a).



[Tpumep: Hynesoit naeasn (0); B KosbIie 1ebix wncen (n) = nZ.

Koapmamu riaBubix uaeanoB (KI'M) masbiBaoT Takue IEJOCTHOE KOJIbIA, B KOTOPBIX BCE HJIEAJIBI
rJIaBHBIE.

Bce KI' gaxmopuansvho.

[Tpumep: Kosbio Z, Bee uieansl umeior suj (n) = nZ; Konbuo Z,,, moboit uaean comepxkur HOJL cBoux
HEHYJIEBBIX 3JIEMEHTOB.

MakcuMaIbHBIM MJIEAJIOM KOMMYTATUBHOI'O KOJIbIA HA3LIBACTCS BCAKHUIL €ro mieas, KOTOPBIH CTPOro
HE CONEPXKUTCA HU B KAKOM JIPYTOM Heasie.

B HeTpuBHaJIbHOM KOMMYTATUBHOM KOJIBIE BCErjia CyIIEeCTBYET IJIABHBIA maeall.

[Tpumep: B KOJIbIIE TIEJIBIX dnces uieasnl (2) u (3) MakcuMmalbHbl, a (6) - HeT.

4. Koabna. Kiaccel BerieToB u dpakKTopkoJibiia. IleocTabie n
€BKJINJOBBI KOJIbIIA.

Koabom nasbiBaercs abeseBas rpymma (R, +,0), 1js KoTopoii onpejeeHa GuHapHas Oleparus yMHO-
JKEHUS -, CBSI3aHHAS CO CJIOYKEHHeM + JINCTPUOYTUBHBIMY 3aKOHAMU:

e -(y+z2)=x-y+z-z
o (yt+z2) z=y-x+z-x

CumBosimueckn 3amuceiBaercst Kak (R, +, -, 0).
HpI/HVIepZ KOJIBIIO IIEJIbIX YMCeJI C O6bI‘—IHbIM YMHO2KEHHUEM U CJIO2KEHUEM.

M neanom HasbiBaeTCs MOAKOIBIO | KOMMyTaTHBHOIO Kouiblia (R, +,-,0), ectu Vi € INr € R : i-r € I.
Obosnavaercs kKak I <4 R.

Kutaccom Bbr4eToB 1o mMoyiiro uieaia I kommyraruBHoro kojbia (R, +, -, 0) ¢ npejacraBureseM r, Ha-

. . def ___
3bIBaeTCs MHOXKeCTBO: '+ [ = {r+i|re R, i € I} =77

Kaccbl BBIUETOB pas3HBIX IPEJACTaBATENEH 110 MOIY/II0 JTaHHOTO Haeasa JubO cosnadarom, JuOO He
nepecexaromcs, a 00beIUHEHNHN JAI0T BCE KOJIBIIO.

[pumep: 7=r+nZ ={r,r£n,r+2n,...}, ne r € R - npejcrasuresb u3 kobia R, n € N.

PaKTOPKOJIBIIO - COBOKYIIHOCTb BCEX KJIACCOB BBIMETOB KOJIbIa R 110 Momysmo uneana . CHMBOIMYIeCKH
R/I.
Ipmwvep: Z/(2) = {0, 1}, 3mecn 0 - Bce dermble dncia, a 1 - Bce HEIETHDIE.

IlenocTHOE KOJBIO - HETPUBHAJIBLHOE YHUTAJILHOE aCCOIUATUBHOCTH-KOMMYTATHBHOE KOJIBIIO 0Oe3 Jie/n-
Teseil Hyd.
[Ipumep: Kosbio Z nesioctho.

EBKINI0BBIM KOJIBIIOM HA3bIBAETCS TEJI0CTHOE KOO (R, 4, -, 0,1), ecau mjis KazKIoro HeHy.ae6020
ssieMeHTa a onpejenena Hopma N(a) € Ny makas, aro jis jawoboro b # 0 dg,r : a = q- b+ r, u aubo
r =0, mbo N(r) < N(b).

(ITpocTeiMu ctoBaMM, €BKJIMIOBOE KOJIBIIA - TAKOE KOJIBIIO, B KOTOPOM €CTh JIEJIEHIE 9JIEMEHTOB C OCTATKOM ).



[Tpumep: Kombio nensix wucen Z, N(a) = abs(a).

Uepaprus xorey:
aCCOIMATUBHO-KOMMYTATUBHbBIE — TEJI0CTHBIE — (hakTopuabuble — KI'Ml — eBKIMIOBBI — 1OJIS.

5. lloaga: onpenesieHne, xapaKTEPUCTUKA MOJIsA, KOHEYHbIE 1
OeckoHevHbIe 1oJid. /IJIsi KaKnX ( CymiecTBYIOT MOJISI U3 (
asieMeHTOB? IlocTpoeHne pacmmpenuii IPoOCTbIX KOHEYHBIX IOJIE.

IToste - OEeJI0CTHOE KOJIbIIO, B KOTOPOM BCE HEHYJIEBBIC 3JICMCHTDI O6paTI/IMI)I.

CgoiicTBa MOJIA:

1. memysieBble 3j1eMeHTHI 110711 K obpasytor abeseBy rpynmny K* OTHOCUTETHLHO YMHOXKEHUsI, €€ HA3bI-
BaIOT MYADMUNAUKGMUSHOT 2pYynnot JTAHHOTO T10JIs.

2. dakropkoibio R/ saBjsiercst nosem eciu u TOJIBKO ecau ujaeai I Kosbla R - MakCHMabHBIIA.
3. JIro6oe noste mmeer TosIbKO JBa (TpuBHabHbX) nieasta - (0) = {0} u (1) = K.

ITpmmvep: [Tose no BeIdeTy p (mpocroe ducio) Z,.
Teopema. Mynbrunmmkatusaas rpynna K* norsa K - yukxauveckas.

IIpyMuTUBHBIMU 3JIEMEHTAMH MYJILTUILIMKATUBHONW T'PYNIBI TIOJIA HA3BIBAIOTCS €€ IOPOKIAloliue

ssteMenTsl. To ecTb, eciu o - TpUMUTHBHLLH 1eMenT F,, 1o ord(a) = ¢ — 1 u crpaBeyInBO pasoKeHue:
— 2 =2 q-1 _ 0 _
Fq—{O,g,a,...,a ol =« —11}

-~

K

IMoamosiem nonst K nasbiBaeTcs Takoe mnosie K', KOTOpoe sIBJISIETCA €ro MOJAMHOYKECTBOM U 3aMKHYTO
OTHOCUTEJILHO onepaluii moss K. Ecau mojrosie He coBItalaeT ¢ n3HaYaIbHBIM TIOJIEM, TO OHO Ha3bIBAETCS
COOCTBEHHBIM.

Ecmn y nosist GeckoHETHOE KOJIMYECTBO 3JIEMEHTOB, OHO Ha3bIBaeTCsl OECKOHEYHBIM II0JIEM, MHAYe OHO
HA3bIBAETCH KOHEYHBIM II0JIEM.
ITpumep: Beckoneunsie nosg u noamnoud - Q C R C C; Koneunsie nosnd - Z,, p - mpocToe.

ITpocThiM 1I0JIEM Ha3bIBaETCS MMOJIE OE3 COOCTBEHHOTO IOJIIIOJIS.
[Ipumep: Iome pammonaabanix uncesn Q — mpocroe.

XapakTepuctukoii mojst K naseipaercs HOPAI0K €ro aJAuTHBHON TPYIIIbI WM HAMMEHBIICE YUCIO P
npu KoropoM 1 + ---+ 1 =p-1 = 0. Obo3nauaercst kak char(K) = p.
—_—
p
XapakrepucTuka moJisi - Beerja mpocroe ducio, uuade ecau char(K) =p=wu-v = (u-1)-v =0, re. B
0JIe €CTh JEeJINTEIb HyJIs, Yer0 He MOXKET ObITb.
Eciu Bee cymmbt 1+ ... + 1 pasmuuns, To nonaraior char(K) = 0, a ne oo.
def
IIpocroe nosie Tasya - 10/1€ KJIACCOB BBIMETOB 1O MOJYJIIO npocToro uncia. Z/(p) = Z, = F,, Tyt p -
upocroe. O6osnavaercs kak F, nim GF(p).



[Tone K nasbiBaercsa paciupeHueM nosd F, ecim F' C K.

Pacimupenunem npocroro moJist nassiBaercs daxkropkossno Fyz|/(a(z)), rae Fylx] - kosnbio Beex mMuO-
FOYJICHOB TIepeMeHHoi = co Koaddurmentamn n3 nois Fy, a (a(x)) - umeas HEIPUBOANMOIO MHOTOUJICHA
u3 Kosbia Fy[z].

D10 HAKTOPKOIBIO O MOJLYIIIO UJeasa ABIAETCS NoAeM OTHOCUTETHHO CJIOKEHUs U YMHOYKEHUS BHIYETOB
1o Mojtymo a(z). Obosnavaerca kax F), e n = dega(w).

CrenieHn Bcex MHOTOUJIEHOB B 9TOM T10JI€ HE BbIIE 1 — 1, & UX KOJUYECTBO eCTh P'.

Teopema. Jlio0bie jiBa 107151, CoJIepKAINE OJUHAKOBOE UUC/IO SJIEMEHTOB - U30MOPQHBI.

Hnst mocrpoennst pacumpenus F) mpocroro mossa F, momer ObiTh BbIOpan mo6oi HENPHBOJUMBIH
MHOTO'WIEH n-Toii crenenn u3 Fy[z].

s KaKuX ¢ cyniecTBYIOT TIOJI U3 ¢ 3JI€eMEHTOB?

Otser: j1s1 Becex ¢ = p", rje p - upocroe, n € N.

[puwmep: ecmu g = p, To Fy, ecim ¢ = p",n # 1, o F}.

HpI/IIVIe‘{aHI/IeI Ilona u3 1 snemenTa He CyHnieCcTByeT, T.K. IIOJIe - 93TO IEJIOCTHOE KOJIBITO, a IEJIOCTHOE KOJIBIO IIO OIIPEJICJICHUIO

ABJIFEeTCA HeTpUuBUAaJIbHBIM.

6. Haxoxkjenune Bcex KOpHeii HENPUBOINMOIO MHOTOYJIeHA B
rnmoJie ero pacmnmmpenus. HaiiTu Bce KOpHU MHOTro4JjieHa
flz)=2*+ 2+ 1 € Fylz].

K[x] - eBKINJIOBO KOJIBIIO BCEX MHOIOWIEHOB 110 (hOPMAaIbHOl nepeMeHHO & ¢ KoadduiuentaMu u3 mnoJis
K.
[Tpumep: Fy[x] - Koabiio MEOrOWIEHOB 110 = ¢ KOaddunuentamu {0, 1}

Kopuem muorounena f(z) € K[z| nasbiBaercs Takoit smement a € K @ f(a) = 0.
Omcroda - Hatimu ece kopru mmozousena f(x) = 2* +x + 1 € Fylx].
Fy ={0,1} = f(0) =1, f(1) =1 =y 9TOro MHOrOWICHa B 9TOM I0JI¢ HET KOPHEI.

HenpuBomuMbiM (HEPA3/I02KUMBIM) MHOIOYIEHOM HaJ| HEKOTOPBIM IOJIEM HA3BIBAETCS TAKOW MHOIO-
4JIeH, KOTOPBII He IIPEeICTaBUM B IIPOU3BEICHUN JABYX JIPYTUX MHOTOWIEHOB HEHYJIEBOIl CTEIIeHH.
[Ipumep: muorownen us yciosus - f(z) = 2 +x + 1 € Fylx].

[TockobKYy €BKIUIOBBI KOJIBIA (DaKMOPUAALHL, TO JIIOOONH MHOTOUIEH Pa3/IaraeTcs B IPOU3BEICHIE HEIIPU-
BOJIMMBIX MHOI'OYJIEHOB, JINOO CaM sIBJISIETCS TAKOBBIM.

e B Q cymIeCTBYIOT HEIIPUBOAUMBIE MHOIOUJIEHBI JII000f CTereHu
e B R JyimHeiiHbIe U KBaJpAaTHBIE C OTPUIATEIBHBIM JIHCKPIMIHAHTOM
e B C TosbKO JMHEITHBIE
Teopema (0 KOPHSIX HENPUBOMMOI'O MHOI'OYJIEHA).
I[ycrs B € F} - kopenb HenpupouMoro Muorodnena f(z) = ap + a1x + ... + a,2™ € Fyfz].

P p2 pn—l -
Torma 8, 6P, 67", ..., - BCE PA3JIMYHBI U UCUYEPIBIBAIOT CIIMCOK 6CEX N €r0 KOPHE#l M Ha3bIBaIOTCsl OHU

CONPAHCEHHDIMU.
CiiencrBue (0 KOpHSIX HEMP. MH-YH B MOJI€ €r0 PACIHINPEHNsI).

7



Eciu muorouren f(x) € F,[z] crenenn n nenpusoxum, To Fyz]|/(f(z)) - ero nose pasioxenust, B KOTOPOM
OH nMeeT KOpHH T, 2P, 27", ... /"

Taxum obpasom muorowten f(z) = z* 4+ x + 1 € Fylx] nenpusomumeit B Fy[z] packiagpisaercst B mose
cBoero passoxkenust Folx]/(f(x)).

B srom mote 2t = —x — 1 =z + 1.

A muorouren f(z) umeer kopuu , 2%, x%, 2%, Te. x, 2%, xt, 18,
r=uz

2% = 2?

=241

=@ =@+1)2=22+1
Teopema. Va € [, ynosiersopser pasencrsy ¢ — x = 0.
Ciencraus:

o 7
1. Kaxupiit snement F)) - xopenb 2 — .

[X] [X] m_
2. Kaxnpiit nHenysesoii snement F ectb Kopenb a” 1 —1=0. (nocne [} - mose pasnoxenne bunoma
n_1
P — 1.

3. Ecmu n = 1 nosrydaercd J10K-Bo MaJioit TeopeMbl PepMma.

Teopema (o mesmmmoctu 6uHOMOB). B s1ro6om Koibiie MHOTOUWIEHOB (2™ — 1) | (2" — 1) < m | n.

s
Teopema. Bce nenpusoauMble MHOrOWIEHBI cTenienn n HaJ ), nenar 6unom 2P — .

7. MwuHuMaJIbHBII MHOT'OYJICH 3JIeMEeHTa KOHEYHOI'O MOJId U
AJITOPUTM €Ir0 HaXO02KJEeHU:I.

MunumanbabiM MHOTO4YIeHOM (MM) s51ementa [ € [F} maspiBaeTCs HOPMUPOBAHHBIH MHOTOYIEH
(k03¢ pu crapieit crenenn = 1) mg(z) € F,[z] nanmennIueit crement, /st KOTOPOro 3 SBJIAETCS KOPHEM.

B nose pacumpenus Fpz|/(a(z)), tae a(x) = ap,2™ + ... + 12 + ap MEHEMAJIBLHBIM MHIOTOYWICHOM JIJIsI
B(z) = z 6yzer a, ta(x).

Teopema (o0 cymecrBoBanuu MM). Jlng KaxKIoro sJjieMeHTa € [ cymecTrByeT MUHUMAJILHBIN
p
MHOT'OYJICH, ¥ €0 CTelleHb He IPEBOCXOIUT 7.

Teopema (o Hepazsioxkumoctu MM). MunnmaibHble MHOTOWIEHBI HEPA3IOKIMBL.

Teopema. Ilycts mg(r) - MUHUMAIBHBIH MHOTOWICH JIs 9JIeMEeHTa (3 HEKOTOporo moJss lamya xapak-
repuctuku p, a f(x) - muorounen us F,[z], umerommit S cBomm xopuem. Torma mg(z) nemmrens f(x) -

mg(z)|f(z).
CaencrBue (o emmucrBenHoct MM). s KazKa0ro s1eMeHTa TOJisI CYIIECTBYeT He 6oJiee OJJHOrO
MMWHUMaAJIBHOI'O MHOT'OYJIEHA.

HpI/IMI/ITI/IBHbIM MHOT'O4YJIEHOM HAa3bIBAaE€TCAd MUHHMAJIbHBII MHOI'OYJIEH IIPUMUTHUBHOI'O dJIEMEHTa I10JIA.
Crocob HaX0o2XKJ1eHNd MNUHHNMAJIbHBIX MHOI'OYJI€EHOB. ZL.HH HaXO02KJCeHNA MUHHUMAaJIbHOI'O MHOI'O4YJICHaA

mg(z) snementa € F,[x]/(a(x)) Borancisienm compsuKkennbie saeMentsi 37, A7), TOKa Ha HEKOTOPOM d
HE OKakeTcs, 9TO JIMOO de = (3, mubo de =5



Ecin 87" = 8, o mg(z) = (x—B)- (x = BP) ... (z — de‘l)
Ecm 8P = z, 1o mp(x) - 970 HOPMUpOBaHHEL ().

[Tpumep: HaifieM MUHUMAJbHBIE MHOTOWIEHBI 11 371eMeHTOB (31 = 22 + 2 un By = x + 1 mons

Folz]/(a* + 2 + 1).

B atom noste 2t = z + 1. Beraucaum conpszkennble i [
fi=(?+z)=as+2>=a+2+1,
Bi=@+z+1) =+ +1=z+14+22+1=2’42=70
Orciona mg, (1) = (x — B)(x — B7) = 2 + (67 + Bi)x + B}
Bi+p=@+z+1)+ (2 +12)=1
B=@+x+1)-(2P+2)=...=1

Taxkum obpasom mg, (z) = 2% +x + 1

Teneps paccmorpum B = x + 1. Haitnem ero compsizkeHHBIE:
By =2+ 1

By=at4+1l=z+1+1=x

Otciona mg,(z) = a(xr) = 2* + x + 1.

8. JluHeitHBIEe KOJbI: IIOCTPOEHNE, CBOICTBA, MOPOXKAaI0Niasd 1
IIpOBEPOYHas MATPUIIbI.

BBenenue B Koabl

B81ech u Jjlajee
e k - IIMHA COODIIEHNS
® M - KOJIMYIECTBO IMPOBEPOUHBIX OUT
e n =k -+ m - JummHa KOJa

IloTrokoBOe KompoBaHUE - COODINEHNME Pa3duBaeTCss Ha OJIOKHW, KaXKJIbI M3 KOTOPBIX KOJIMPYETCs B
3aBUCUMOCTH OT IIPEJIBIIYIINX (J1ajiee TakKoe KOJUpoBaHue He OyIeT paccMaTpUBATHCS ).

BuaokoBoe KommpoBaHue - coobienue pa3dmBaeTcd Ha OJOKM, KayKJIbIi U3 KOTOPBIX HE3aBUCUMO OT
APYrux KOAUpPYyeTcs 110 OJHOMY U TOMY 2K€ IIPDaBUJTY.

IIpocTpaHcTBO Beex coobienuii jmnbl k - 310 Muoxkecrso S = {0, 1}*. k naspiBator paHrom koja.

s obecriedeHusT IMOMEXO3AIMUIIIEHHOCTH BMECTO COODINEHNUIT IepeialoT KOOBbIE CJIOBA OOJIbINeH JJITHHbI
n =k -+ m,m > 0, u MO3TOMY TaKOe KOJNPOBAHNE HA3BIBAIOT U30BITOUHBIM.

Kon nazbiBaercss TpuBuajibHbIM eciin m = 0 uiau k = 0.

Koz - cosokynnocts C' Beex kojoBbix ciiob. |C| = @ = 2% nasbiBaeTcst MOITHOCTBIO KOJIA.
KoaupoBaHue - B3anMHO-0OJHO3HATHOE IIPe0OPa30BaHue COODINEHNsT B KOI0BOE CJIOBO.

KomupoBanue npu KOTopoM OUTHI COOOINEHUs EPEXOAAT B 3apaHee (PUKCHPOBAHHBIE IMO3UIUH KOJIOBOIO

CJIOBA, HA3bIBAIOT pa3AesiMMbIM. Torja cooTBeTCTBYIONME & OUT KOJOBOTO CJIOBA HA3bIBAIOT MH(pOpMA-
IUOHHBIMH, a OCTaJbHBIE 1M - IIPOBEPOYHBIMMU.



Jleko/iupoBaHMe - BOCCTAHOBJIEHIE COODIIEHHSI 110 ITPUHSITOMY, BO3MOXKHO NCKaXKEHHOMY KOJIOBOMY CJIOBY.
R= % - CKOPOCTb KOjIa. = - n30BITOYHOCTDh KO/IA.

Paccrossaue X3MMuUHTA - KOJIMYECTBO PA3JTHYHBIX OUT B JIBYX CJIOBAX OJMHAKOBOW JIJIMHBI.

KonoBbiMm paccrosinueM koja C' Ha3bIBaeTCd MUHUMAJBLHOE XIMMHUHIOBO PACCTOSHHUE MEXKJLY CJIOBAMHE
storo Koza. Obosuataercsa d(C') win d.

ITTapom paaumyca 7 ¢ IEHTPOM B KOJOBOM CJIOBE (v HA3bIBAETCS MHOJKECTBO BCEX CJIOB, XIMMHHIOBO
paccrogHue oT ¢jIoBa o 10 Kotopbix < 7. {a : ||f — «a|, 8 € C}

Coobmienwne - japonunbiit k-sektop u = [ug ... u,_1] € S = {0, 1}F
KonoBoe ¢j10BO - ABONYHBI N-BeKTOP ¥ = [y ... V,—1] € B" = {0,1}"
[n, k]-xou - coBokynHocTh C' BCeX KOJOBBIX CJIOB.

[n, k, d]-xox - [n, k]-koz ¢ KomoBbIM paccrosiaueM d.

JInHeltHbIe KOIbI

JIuneitabiM [n, k| Komom HasbBaror Takoil 60KOBbIH (N, k)-kKom C, KoTOpbIil o6pasyer JMHEHHOe
BEKTOPHOE TIOJIIIPOCTPAHCTBO pa3MepHOCTH k KOOpAMHATHOrO mpocrpaHcTBa W Bcex n-cioB(Bce cioBa,
KOTOpPbIE MOXKHO IOTeHIHAIBHO mosryanTsb). Cumsosndeckun C' < {0,1}" =W

CBoiicTBa JIMHEIHOIO KOJA:

1. B nBouunom ciiyuae obpasdyer abesieBy IPYIILY IO CJIOXKEHUI0 Moyt 2. JIuneitnbie 1BOMYIHBIE KOJIbI
Ha3bIBAIOT 2PYNno6uiMU.

2. KO,ZLOBOG paccTodHune JVMHENHOTO KO/la - B€C HEHYJIEBOI'O CJIOBa C MUHUMaJIbHBIM BE€COM.

3. JIroboe komoBoe cioBo v € C' MOXKeT OBITH IPEJICTBAJIEHO B BHJE JUHEHHON KOMOMHAIINN OA3MCHBIX
k—1

BEKTOPOB U = Y u;g;, u; € {0,1}. D10 Bo3MO)KHO, Tak Kak cymiecrByeT 6asuc {go, g1, ..., Jk—1}
i=0

muHeiiHoro kojia C' Kak nojnpocrpanctsa W, rie g; € {0, 1}".

CucremaTn4ecKnuMmn KOJaMM Ha3bIBalOTCA pa3dc/InMbIC JNHENHbIE KOIBbI.

Onenka CUHIVIOTHA [JIs1 IBOUYHBIX PA3/ICIMMBIX JTHHEHHBIX [n, k, d|-komoB: d <n —k + 1
He cymecTtByer [OBOMYHBIX HETPUBHAJIBHBIX CHCTEMATHYECKHX KOJIOB, JIJII KOTOPBIX TI'PaHUIA
Cumrrona(d = n — k + 1) mocruraercs.

Ilopoxknaroriieii MmaTpuieil HasbiBaeTca Marpuiia Gy, COCTaBJIeHHAsd U3 BEKTOPOB Oa3uca JIMHEHHO-
ro koja. OHa OCyIIECTBISET KOIMPOBAHIE, MATEMATHIECCKU OMUChIBaeMoe nubekmumeir G @ S — {0,1}"
MHOKecTBa, coobmiennit S B W: v = u@, riue u - n3HadaabHBIIA BEKTOD

[Ipumep:
o o1 110 1] )
=11 o0 1 o 1| MopoKIaOmAad MATPUILA, Uy = - coobrenue,

vn=u1G=11 010 1} - KOZIOBOE CJIOBO.
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DJieMeHTapHbIE NPeOoOpPaA30BaHMUSA - IIEPECTAHOBKA CTPOK MATPUIILI U CJIOXKEHUE JII0OOH JInHeHHOi
KOMOMHAITNK HEKOTOPBIX CTPOK C MIPOU3BOJILHON CTPOKO(OIIpe/Ie/IeHne U3 METOUYIKHN ).

Kanonuveckoii dpopmoii mopoxkgarorieii MaTpuiibl Ha3biBaoT gopmy G = [[ L Pka], rae I, - enn-
HUYIHAA MaTpuia mopsjaka k, a Pyy,, - Marpuia, KoTopas MMOJyJYuIach B XOJe IMPUBEIEHUs MCXOJIHON K
MaTpHIlE OIMUCAHHOIO BUJIA C IMIOMOIIBIO 3JIEMEHTaAPHBIX ITPEOOPA30BAHMIA.

[Ipumep: maTpuria i Kojia XIMMUHTA CTPOUTCS Cpa3y B KAHOHUYECKOM BHJIE.

DKBUBAJIEHTHBIMN KOJAMMW HAa3bIBAIOTCHA KOJbI, MOJydaeMble 3JeMEHTapHBIMEU TPpeoOpa30BaHUAMU, a
TaKzKe ITPeodPa30BaHUsIME CTOJIONOB TMOPOXKIAIONIEH MATPUIIBI.

Ecim k mopoxjaomieii Marpuile JIMHEHHOro Koja J00aBUTh €JIUHUYHBIA CTOJIOEI, IOJYIUM PacIliu-
PEHHBIA KOJI, B PE3yJIbTaTe 4ero KOJOBbIE CJIOBA MOMOJHATCA OMTOM YETHOCTH, IPH 3TOM KOJ, CMOYKET
OOHADPYZKUTh Ha OJIHY ONIMOKY 0OJIbIe (OJJHAKO HE CMOXKET ee MCIPABUTH).

OpToronajibHOe JiMHeiltHOe mnoampocTpaHcTBo C1 obpasyeTca BceMm 3JEMEHTAMH KOODPIMHATHOTO
npocrpancTsa W, KOTopble OpTOroHa bHbI c1oBaM [n, kl-koma C: C+ = {w € W | v x w! = 0}.

VY Takoro koga dim C' = k, dim C+ = n — k = m. IIpu satom W ne asngerca npamoit cymmoit C' u C*, To
ectb Vw €W /w=c+ct tneceC, ¢t eCh.

Dtementsl C Ha3bIBAIOT ABOMCTBEHHBIM K (' KOJIOM.

IIposepouHnoii MaTpuneii koga C HazbIBaeTCs MATPUIA cocTab/ieHHas 1o 6azucy C. Ona ocymecTsisgeT
clopbeKkTuBHOe oTobpakenue H : W — C+,
OnpesesieHa ¢ TOYHOCTD JI0 3JIEMEHTAPHOTO MPeobpa30BaHMUs CTPOK OA3HCHBIX BeKTOpoB .

N3 BhIlIeCKA3aHHOTO CJIEJIyeT CJIe Iy IOIIue:
0= {0.13* 5 {0.13" 5 {0.1"* = 0
~—— N—— ——

S w ctL
[Ipu sTom ImG = C' = KerH.

Bemomunm: A: X — Y. ImA={y €Y | y = Az} (maOX)ecTBO 3nauennit). KerA = {z € X | Az = 0}.

Toectb Vu € S : uG=veC<W, vH' = Hv' =0 = GH" = O, e O - nynesas maTpuia
pasmepa k X m.

H =[PT . I,] - "Kanonnueckas" dbopma nposepouroli MaTpHUIbl MU KAHOHUYECKOiT POpME MOPOZK Iat0-
et Marpuibl Grxpn = [Ix Pixom)-

[TpoBepouHasi MaTpUIlA IEPEBOUT CJIOBA B HOJIb, YTOOBI BBISICHUTH - ITPOU30ILIN Jin oimuOKu B cyiose (0 -
BCe XOpOIo, f) - 4TO-TO HE TaK).

[Ipu cucTeMaTnuecKoM KOJMPOBAHUM, IJie COOOIIEHHe TI0aaeT B MOC/Ie/HIe OUThI KOJOBOIO CJIOBA, TO
Bujibl MaTpul, cieayiomue: G = [P I], H = [I PT].

BaxkHo orMeTuTh, 9TO JIMHEHHbIN [n, k]—Ko,zL MOXKET 3aJIaBaThCs Kak MMOpoxKgaomein marpuieit Gy, Tak
1 IpoBepouHOi MaTpuiieit H,,y,, KOTOpbIe OIpPeeeHbl ¢ TOUYHOCTHIO 10 dJIeMEeHTapHBIX IIpeodpa3soBaHuil
cTpokK. B cucremarndeckoMm KoJMpoOBaHUU, KOIjia OUTHI (DUKCUPYIOTCd 10 nosuiusaM, G u H 3amaiorcs
OJIHO3HAYHO.

Ec/i B IOy 9eHHOM CJI0Be BO3HHUK/IA, OIMHOKA, TO CTh K IePeIaBacMOMY CIIOBY J00ABUIICH TaK HA3LIBACMEIIT
def
BEKTOP OMMOOK € TOIYIHTCS cJle ryionee: w = v-+e, v —kojgosoe ciaoBo, wH? = vHT +eHT = 0+eHT = s.
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CuHapoMOM CJIOBa w, IPUHATOTO NPHU Iepegade COOOINEHHUsI, 3aKOANPOBAHHOIO JIUHEHHBIM KOJIOM C
IpOBepOYHOI MaTpureil H U, BO3MOYKHO, COJIEPIKAINEro ONMMOKH, Ha3BIBAIOT BeKTOp s = wH T .

OrmernmM, 9To maxKe ec § = 0 - 970 HE 3HAYUT, YTO OIMMOOK TOYHO He IMPOM3OIILI0, BOSMOXKHO MBI UX He
CMOTJIN OOHAPYKUTh.
Nz eHT = s caenyer, uTo e gBasgeTcsa YacTHBIM penteHneM Heoaaopoaaoil CJIAY, To ecTh ero MOYKHO HAHTH.

BekTop ommbok BOCCTAHABIMBAETCA C IIOMOIIBIO CJOBAps CHHJIPOMOB - 3TO TabJ/IHUIA, CTPOKH KOTOPOIt
COOTBETCTBYIOT BCceM 2" BO3MOXKHBIM CHHIDOMAM Si,...,Som. Cpeam BCeX TaKUX PeIIeHUi CHCTeMbI
eHT = s BHLIOMpaeTCa BEKTOP, C HAMMEHBIINM BECOM - 3TO Hambojee BEPOATHBII BEKTODP OMMOOK M OH
HA3bIBAETCS JIMJIEPOM. Kcti Takux BEKTOPOM HECKOJIBKO, JIMJIEPOM MOYKHO BBIOPATH JTIO0OI.

HdyanbHbiM (IBOACTBEHHBIM) KOJOM Ha3biBaeTcsi KOJ, rae H nopoxpaiomas, a G HaobopoT - mpose-
pounas. Dtu kKojp! cenytor u3 GHT = O = HGT, 1o ectb u3 [n, k] Koja MOKHO HOTyanTh [n, n — k|-Ko.
CamomyanbHbIil KO - KoJ, y kKotoporo H = G.

[Ipumep: pacmupenHblii Ko XoMMuHra (¢ IPUIMCAHHON CJIeBa KOJIOHKOI U3 BCEX €JIMHUIL) CAMOJIyaJIeH.

9. ]_[I/IKJII/I‘IeCKI/Ie KO/JbI: OolIpeae/ienne, 1oCrpoeane, KoAnpoBaHHue.

HukamyeckuM KOJIOM HA3bIBAETCS TaKON OJIOKOBBIN KOJI, KOTOPBIII MHBAPUAHTEH OTHOCUTEJIHLHO IUK-
JITIECKUX CJIBUTOB CBOMX KOJIOBBIX €JioB. TO ecTh, HaIpuMep, ¢iBur BIpaBo Ha 1 Komosoro ciosa [0, 0, 1]
npesparut ero B [1,0,0].

PaccmarpuBarh Oy/ieT HEOCPEICTBEHHO JIMHEHHBIE TTUKJIMYECKHE KOJbI, XOTs IMOCJeHIEe He 00I3aTeIbHO
SIBJIAIOTCS YTIOMSHYTHIMH.

HOCTpOGHI/Ie IIUKJINYIECKOI'O KOJa.:

1. Bagaem n u BeIGupaeM 1060t geiuress g(x) crenenu m 6unoMa 2" — 1. Muorousen g(x) mosHOCTBIO
3a/lacT IUKJINYECKUIl KOJI, €ro Ha Ha3bIBAIOT MOPOXKIAIONINM JAHHBIA KOJ WX [€HEPATOPOM 3TOrO
koja. Ko HerpuBnasien nmpu 1 < m < n.

2. Unean xkombuna R = Fylx]/(x™ — 1) cocromr w3 BCeX MHOIOYICHOB  BHJA
f(x)-g(z), 0<degf(x)<k=n-—m.

MHoro4ieHbl U3 3TOro Hjeaja 3aJal0TCsd GEKMOPaMU C80UT KoapPuyuenmos, komopoie u O6ydym
K0JOBHIMU CAOBAMU.

IIpmmvep: TocTponM MuKImaecKnii KoJI, JIMHBI . = 7. JIj14 3TOTO0 BRIGEpeM j1esnTess ounoma z° — 1. Pason-
Bast Z7 Ha OPOUTHI OTHOCUTEIHHO yMHOXKeHH Ha 2 o mod 7, nosyanm tpu opbutsr {0}, {1,2,4}, {3,6,5},
OTKyJa CJIeyeT, 9To y OuHOM 27 — 1 TpH HenpUBOIMMBIX HEITPUBOIUMBIX JICJIUTENd - OJUH 10it cTenenn, u
nBa 3eit crenenn. Packnagpsaem ero u nomydaem ' — 1= (z 4+ 1)(23 + 2 + 1)(23 + 22 + 1).

Boibepem g(z) = 2° + x + 1. Torma m = deg g(x) = 3, k = 4, uro gacr nam [7,4]-kos.

KoaupoBanne NMKJINYECKUMU KOJAMU.
PacemarpuBaem rukimdeckuii [n, kl-xkox C' ¢ mopoxgaomum noguaoMoM ¢(x), degg(z) = m = n — k,
neJsgmmit onaoMm ™ — 1.

Hecucremaruaeckoe KOAUPOBaHUE OCYHIECTBJIACTCA IIPOCTBIM YMHOXKEHHEM IIOJIMHOMa Ha COO6HL€HI/IGZ

v(z) = g(z) - u(x) € C.
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CucreMarnyeckoe KOJAUPOBAHUE OCYIIECTBIIAETC TPUIUCHIBAHUEM K COOOIIECHUIO B MJIAJIIINE Pa3Psibl
ocrarka r(z) or memenus xu(z) ma g(x). To ecrb: v(zx) = z™u(z) + r(x) = g(x)q(z), tme ¢(x) us
z™u(x) = g(x)q(x) + r(z), degr(xz) < m.

[Ipumep: Pacemorpum mukmadeckuit [7, 4]-ko u npumepa soime ¢ g(x) = 23 + x + 1. Tlonpobyem 3ako1u-
posatb u = [0 0 1 1] +» u(z) = 2% + 3.

e Hecucremarnmueckoe KOJpPOBaHUE!:

x? +at 4’ 4ab

o(@) =u(@)g(e) = @ +2) @ et D=1 o 7 o ) )

e CucremaTnveckoe KOJIMpPOBaHUE:
Haxomum ocratok r(z) or penenust zu(r) wa g(z): 23(2® + 2%) = (¥ + 22 + 2)(2® + 2 + 1) + =,
snech r(x) = z. CriegoBaTebHO:

x +x® 425
01000 1 1

ekoaupoBaHue MUKINIECKUX KOHOB.
CumnapomoM §() MOTYyYeHHOro cjoBa w(x), 3aKOANPOBAHHOIO IMK/IMICCKUM KOJOM, HA3BIBAIOT OCTATOK
or jesenns w(x) Ha MHOrOWwIeHe ¢(x), Tae g(x) - mopoxaer Ko.

AJtropuTM JIeKOAMpPOBaHust Ipu Hamaun omudku s(x) # 0:
1. BBIUUCIUTH CUHIPOM S(T)
2. 1uia Beex 28 BO3MOXKHBIX COOOIIEHNI u(x) HAXOAATCA TOJMHOMBI ombok e(z) = s(z) + g(z)u(w)

3. W3 BCeX BO3MOXKHBIX MOJMHOMOB OIIMOOK BBIOUPAETCS MOJIMHOM €o(Z) ¢ MUHIMATBHBIM IHCIOM OJI-
Ho4IeHOB. Ec/im ux HECKOJIBKO, TO BLIOMpAeTcs JII0OOi.

4. BoccranaBnuBaercs nepenanoe coobmmenne u(x) = w(x) + eo(z).

CJI02KHOCTB TaKOrO aJIlOPUTMa, JIEKOIMPOBAHUS IKCIIOHEHIIHAIbHAsL. TaKkyKe 9T0T MeTo/ paboTaer TOJbKO
JIJTsT HECHCTEMATHIECKOI0 KOAMPOBaHMUsI, 3T0 BUIHO U3 dopmyisl e(x) = s(x) + g(x)u(z)

10. /leiictBue rpynmnbl Ha MHOXKecTBe. Jlemma BépHcaiiaa.
IIyctb janbr:

e rpymma (G,0,¢e), |G| =n

e mmoxkectso 1, [T = N > 0

e B;;i(T) - MHOXKECTBO BCEX LEPeCTaHOBOK djeMenToB 1’ (Guekimii na 7).

e Sp - cuMmMeTpudecKas rpymia muoxkectsa 1 Sy = (B;;(T'), *, 1r).

,Z[Ba 9KBHUBaJICHTHBIX OIIpedc/JICHMA:

Onpenenenue 1. deiictBuem a rpymnmnbl G Ha MHOXKecTBe 1’ Ha3bIBaeTCs TOMOMOP(U3M U3 I'PYIIIIbI
G B rpymiy St.

Onpenenenne 2. a = (G, T,0,>, e, 17) - nByxocHOBHas ajarebpa ¢ Hocurensmu G u T, ve
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e 0: (G X G — (G - rpynumoBas oreparus

e >: G XT — T - HOBasg HEKOMMYTaTHBHAS OIEPAITUSI.
AKcHoOMBI 711 OIrepaliuii:

e el =1

e (goh)>t=hp>(grt)

JeiictBue o rpynmnel G Ha MHOXKecTBe T HazbiBaeTcss 3(@PEKTUBHBIM, €CIU JIJIsl JTIOOBIX JIBYX MTE€PecTa-
HOBOK ¢, h € G, g # h cymecrByer sement t € T takoit, aro g(t) # h(t).
Tpusuasbuoe neiicteue Vg € G : a(g) = 1p HeabdeKTUBHO.

OTHOLIEeHnEeM 9KBUBAJIEHTHOCTN ~g Ha T JJId IIepeCTaHOBKU g Ha3bIBaCTCA
/ .4k Y
t~gt &3k eZ:gi(t) =t

Ono pedieKCUBHO, CHMMETPUYHO U TPAH3UTHBHO.

CMerKHBbIe KTacChl 9KBUBAJICHTHOCTH ~ 4 HA3BIBAIOTCA §-ITUKJIAMA. DJIEMEHTHI STHX KJIACCOB 00Pa3yIoT
9 . 9 g
UKL t =t = ... = t.

® Uy, Vs,...,UN - KOJIMIECTBA ITUKJIOB JIUHBI 1,2, ..., N.

(v1,v9,...,u5) = Type(g) - TUII TEPECTAHOBKHU.

C(g) - amcyio Beex g-IUKJIOB.
N N
e Clg) =2 ulg) m N = > k-ui(g).

k=1 k=1

[pumep: T'={1,...,10} u
(12345
9=\9 6 1 8 5

Torna Type(g) = (2,1,2,0,0,0,0,0,0,0), C(g) =5, N = 10.

)=O&W%M&M@@=@WW&%MW

OrHOmIeHNEM YKBUBAJIEHTHOCTH ~¢g Ha T jis rpynnbl G HasbiBaercs L ~g t' < Jg € G : g(t) = 1.

OHo pedJIeKCHBHO, CHUMMETPUYIHO U TPAH3UTUBHO.
e Kitacchl 9KBUBaJIGHTHOCTH ~¢ Ha3bIBAIOTCsI OPOUTAMU.

e Kiracc 9KBHBaJICHTHOCTH, B KOTOPYIO IONa/aeT 3jaeMenT ¢ obosznadaercs Orb(t).

Yucso opbur - C(G)

PukcaTopoM IepecTaHoBKM ¢ € (G HasbBaeTcst MHOXKeCTBO Fix(g) ={t €T :¢(t) =t} CT.

CrabunusaropoM 3jieMenTa ¢ € T’ HasbiBaeTcst MHOKecTBO Stab(t) = {g € G : g(t) =t} C G.

Jlemma Bépncaiiza. Ecim rpymnma G JeficTByeT Ha MHOZKeCTBe T, TO
C(G) = & X |Fiz(g)] = g7 2 |Stab(t)].
geG teT
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11. IIukaoBoii nHAEKC AeiicTBUs IPYIIIbl HA MHOXKeCcTBe. BBIBOI
IIMKJIOBOT'O MHEKCa rpyIibl T mpaBUIbHOTO TpeyrojbHuKa (S3).

Becom w(g) mepecranoBku g € G naspiBaercst w(g) = xy* - ...z}, rue (v1,ve, ..., vn) = Type(g).
IMuksosbiM uaaekcom Z (G : T, xy, ..., xy) neiictBus rpymisl G Ha MHOXKeCTBe 1’ HA3BIBAIOT CPEIHUI
«
BeC M0JIcTaHoBOK B rpymme: Z(G : T, xy,...,xy) = ‘—(1;| Yo w(g) = |1?| Yoaltead.
[e%
geG geG

BA2KHO! IIpo BbIBOA IIUKJIOBOIO MHJEKCA I'PYIIbI 1 HNPaBUJIBHOIO TPEYTIOJIb-
uuka (S3) Hy2kHO cMoTperh Metoandky ['ypoBa 2023-24 roga, ctp. 143-145

12. Teopema Iloiia (6e3 qoka3zaTeabCTBA).

[IycTe 3amansr muoxkecTBo 1, rpynna G u geiicrsue G : T
[e%

1. Tpumumem kazkaomy siaeMenty u3 T ofHO u3 r 3Hadenuii (HedopMasJbHO: TTOKPACHM B OJIUH U3 T
nseron). Beero, ouesuino, umeerca 1V packpacok.

2. He Gynem paszinaarh pacKpacKu, e 3jeMeHThl ¢ 1 ' = ¢(t) pacKpalleHbl OIHHAKOBO.

Torma 4YMC/I0 HESKBUBAJEHTHLIX PACKPACOK PABHO UHCIIY KJIACCOB SKBHUBAJEHTHOCTH U BBIYHC/ISETCH 110
dbopmyre C(G : T) = Z(G : T,:z:l,...,:cN)’
@ « r1=..=xN=T

JlanHoe yTBepKieHue HasbiBaeTcsd Teopemoii Iloiia.

ITpumep. 3amaqda o kBajparax 2 X 2.
CKOJILKUMH CIIOCOOAME MOYKHO PACKPaCUTb JOCKY 2 X 2 B I IBETOB, €CJIM PACKPACKH, IEPEXOIAIIe APy
B Jpyra IIPU BPALleHUH KBaJIpaTa, CUNTAIOTCH OJIMHAKOBLIMU!

Pemenne:
PaccmorpuMm rpyriy BpallleHuii KBajpata Z, = {e,t,tQ,t:”}, re e - BpamieHne kKBajipata Ha 0°, a t -
ppamenue Ha 90° (ouesnHo, uTo t1 = €).

1 2
Paccmorpum kBajipar A = { 4 3} (sTO HE MaTpuIla, & KBaJpPaT B KOTOPOM 4 sideiiku 1101 HoMepamu 1, 2,

3umdl).

2], (a1 o, [34] 4, [23
eA_[4 3},m_[3 2],tA—[2 1],t,4_[1 4]

Taxum obpazom

e = (1)(2)(3)(4), Type(e) = (4,0,0,0) ,w(e) = x}
t = (1432), Type(e) = (0,0,0, 1)

t2 = (13)(24), Type(e) = (0,2,0,0) ,w(e) = x3

t3 = (1234), Type(e) = (0,0,0,1) ,w(e) = x}

Uroro, nukjosoit ungeke papen P = L (xf + 2z} + 22), noncranag |G| = 4 u x1 = 19 = 14 = 7,

i 2r4r?
P(r) = ==+, ) ]
Orser: P(r) = 424

L
G|
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13. OgnocroponHsias PYHKINS W OJHOCTOPOHHSISI (PDYHKIIHUS C
ceKpeToM. DJIeKTPOoHHas 1dpoBasi IO/IINC.

BBenenune B Kpunrorpaduio

Kpunrorpadmus - nayka o 3amure nHOOPMAIIMT OT HE3aKOHHBIX I0OJIb30BaTe/ e, o0eciedeHust 1meI0cT-
HOCTHU U Peain3alliid MeTOJI0B IIPOBEPKU O TUHHOCTH.

OTKpPBITBIN TEKCT - coobieHre Ha 3amudpoBky. [{Bondnoe cioBo z miuHb 1, TO ectb x € {0, 1}".
IHIndprekcT nin KpunrorpamMmma - 3armndpPoOBaHHBII OTKPBITHI TEKCT.

HIudp - napamerpuyeckoe ceMelcTBO OOPATHUMBIX OTOOPAXKEHUN MHOYXKECTBA OTKPBITBIX TEKCTOB B
MHOKECTBO MIH(PPTEKCTOB.

Kurou mim KpunronepeMeHHas - HapameTp, OOBIYHO COCTABHOM, ONpeIe/ ANl BIOOD KOHKPETHOT'O
0TOOparKeHUsI U3 BXOJAIMNUX B MNP, €ro CMEeHHas 9acTh.

SammdpoBaHnue - nporecc npeodpa3zoBanmsl OTKPBITOTO TEKCTa B MU(POBAHHBIN ¢ TIOMOIIBIO IMudpa u
KJTI0Ya.

PacmudpoBanue - mporecc, oopaTHbIil 3ammndpoBaHUO IIPU U3BECTHOM 3HAYEHNH KJIIOYA.
HenmmdpoBaHue - [poIece PacKpbITUsT KPUIITOIPpaAMMbI 0e3 3HaHUsI CEKPETHOI'O KJII0YA.

[Ipemnoaraercs, 4To crocod MmudpPoBaHud OTKPBIT.
IIpaBuiao croiikoctu O. Kepkroddca - B cekpere HepKUTCI TOJBKO KJOY, a CaM aJIl'OPUTM
M@ POBaAHUA OTKPBIT.

[MIucdpor Gb1BAIOT:

e Biounbie - coobienus paszdouBaioTcad Ha 00K (DUKCUPOBAHHON JIJIMHBI U KaXKJblil Iudpyercs
HE3aBUCHUMO JIPYT OT JIPyTa.

e IloTounnie COO6HI€HI/I€ IHI/ICbpyeTCH ImocJjie 10BaTeJIbHO U Ka)K,ZH:IfI CHMBOJI IHI/ICbpyeTCH B 3aBUCHUMOCTHN
OT €r'0o pPacCIIOJIO2KECHHE B TEKCTE.

AcummerpudeckuM mudpoBaHUEM HA3bIBAETCA IUQPOBAHUE C UCIOJIb30BaHUEM JIBYX KJjtouei k., u
kg - misa oneparuit 3ammudpoBaHus U paciindpoBaHus cOOTBeTCTBeHHO. Kitoa k., HasbIBaeTcs IMIyOJImd-
HBIM U, KaK IIpaBUJI0, U3BECTEH BCEM, a kd Ha3bIBa€TCAd IIPUBAaTHBIM U HE OJOJI2KE€H 6bITb B OTKPBITOM JJOCTYIIE.

CuMMeTpUYecKNM Ha3bIBaeTCs IMU@POBaHUE, B KOTOPOM HCIIOJIb3YeTCs €JINHCTBEHHBIN K04 k, a
Tak»Ke TO, B KOTOPOM KJIIOY k; JIErKO Tosrydaercsd u3 kg. [loHATHO, 9TO B 9TOM cilydae KJIIOY JOJIZKEH
0CTaBaThCS B CEKpeETe.

CumMeTpudeckoe mmdpoBaHne UCIOAb3YIOT B 3aIAIIEHHBIX KaHAJIaX CBA3M, aCHMMETPUIECKOe, 110 IIPH-
YUHE HAJUYUs JIBYX KJIOUYel, MOXKET HMCIIOJIb30BaThCd M B OTKPBITHIX KaHasax. [locieqnee Tak ke npume-
HATIOT JIJIs CO3JIaHus IU(POBOI TOJIICH WJIH cepTuduKara.

Kak npaBuiio cumMerpudeckoe mudpoBaHue ObICTPee aCUMMETPUIECKOTO.
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ITonmHOMUMAIBHBIM HA3bIBAETCs aJTOPUTM, BpeMsI PAOOTHI KOTOPOI'O B 3aBUCUMOCTH OT JIJIMHBI BXOIHOI'O
CJIOBa OTPAHUYIEHO CBEPXY BEJIUYUMHOM [ JI/IsT HEKOTOPOI KOHCTAHTHI ¢ He 3aBHCcAIIeH oT [.

KpunrocroiikuMm 1mudpom cautaeTcsd Takoi mudp, Jijisg KOTOPOro He CYIIECTBYET METOJa ero Jemrud-
POBaHM, CYIIECTBEHHO OoJiee OBICTPOTO, YeM IOJIHBIN epebop 3J1eMEHTOB ITPOCTPAHCTBA, KITFOUeii.

Cy03KCIOTEeHIIAJIBHBIM aJITOPUTMOM HA3bIBAETCS TAKOH AJITOPUTM IOA00pa KJII04Ya, UTO €ro BpeMs
ACUMIITOTHYCCKU MEHBIIE JII0O0O0M IKCIOHEHTHI, HO OOJIBITE JTI0O0TO MOJTUHOMA.

AJaropurMm O6bICTpOro BOo3BeAeHUS B CTeleHb. [Ipu Bo3BeileHnn B HATYPAJIbHYIO CTEIIEHDb ) HEKOTOPOT'O

qnCiIa UCHOJIB3YIOT JBOMYHYIO 3aIich cmenenu: p = pp2F 4+ pp_128 71 + ... 4 pp2°, pz € {0,1}, i = 0 0,k

4 2
Hanpumep 11 Bo3BeeHHA B 53 CTelleHb HOHA00UTCs Beero 8 ymHoxkenuit: a® = a? - a? - a? - a2

Boiuuciaenue cremeHu 1o MOAYyJ/IIO B ]FQ. IIpu BBIMUCJICHHUN CTEIIeHW P HEKOTOPOro 3JIeMeHTa a IIO

MOJYJIIO 7 BO3BOJAT B KBa/JpaT HE CaMO YHUCJ/IO, a €ro OCTaTOK OT AeJIieHHdA Ha N. HOSTOMy BbIYHMCJIA-

IOT BEKTOD [po ... Pk| JBOMYHOrO mpejcrapjienus p u torja af = ab’ - af' - ... - ai’“ (mod n), rme

_ — .2
ap = a, Qi1 =p a;, © =0,k —1.
Mausas reopema @epma. Eciu nesoe a He gemTest Ha IpocToe 9ucyio p, to a?~! =, 1.
Teopema Diinepa. Ecim n > 1 u (a,n) = 1 (a B3anvmo npocroe ¢ n), To a¥™ =, 1.

Sagaya o prok3ake. EcTb plOK3ak HEKOTOPOrO pa3Mepa Zz, €CTb MPEeIMETbl, KOTOPble XOTUM B HErO
MOJIOYKUTH. ¥ KayKJIOrO IPEeJIMeTa eCTh IIEHHOCTh p U pa3Mmepe s. HeoOxoumo 3arpy3uTh proK3ak Tak, uTo
CTOMMOCTDH TIPEJIMETOB B HEM Obljla MAKCUMAJILHA.

Dopmyauposka 6 memoduyke: BHIOPATH TaKhe 3JIEMEHTBI U3 BEKTOP-CTPOKU a = [ai,...,a,|, a; € 7
Pa3IMYHBIX TEJIbIX, YTOOBI UX CYMMa pPaBHAJIACH Pa3MePy PIOK3aKa 2.

ITosmmuomuanbHbIe AJITOPUTMBI peHIeHuA 3aJa91 O PIOK3aKe HEU3BECTHDLI.

OaaocTropoHHAST DYHKIMS W OJHOCTOPOHHSAA (PYHKIUS C CEKPETOM. DJIEKTPOH-
Hasl I poBasi MOANNCH.

OpHocToponHsist (ogHOHANIpaBaeHHast) dyHKIus - Takasi ooparumast pyrkrus f : X — Y Koropas
00J1a/18€T CBOMCTBAMU:

1. cymiecTByeT MOJMHOMUAJIBHBIN aJITOPUTM BBIYUC/ICHUS 3Hadenuii f(x),
" -1
2. He cymecTByer moamHOMHATLHOTO aiaropurMa obpariienns dyukiun f (To ectsb criocoba Haiitu f~1).

o cux mop He OBLIO JIOKA3aHO, YTO TaKue (PYHKIUU CYIIECTBYIOT, W IIPOOJEMa UX CYIIECTBOBAHUA

?
SKBUBaJieHTa mpodeme P = NP

OpnocroponHsis dyHKIusA ¢ cekperom - dyuknusa fr(z) : X — Y 3aBucsmas or mapamerpa k,
HAa3bIBAEMOTO CEKPEMHBIM KAOUOM WU Aa3€TK0l; TaKasd ITO:

1. Bbrunc/eHne 3Ha"YeHusT fi(2) OTHOCHTENIHO HECJIOZKHO, U TIPU 9TOM He TpeOyeTcsi 3HAHIe HapaMeTpa

k,

2. BerumCcyienue sHavenus f; ' (y) Vy € Y upn usBecTHOM k OTHOCUTETHLHO HECTIOKHO,
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3. HaxoxKIeHue f, Y(y) nuis moutn Beex k u y € Y BBIMMCINTEILHO HEOCYIIECTBUMO 6€3 3HAHUS k.

Ha sBanue rtakoit dyukimu npemendyem dbyuxiws f(x) = y = 2™ mod n BeIYUCIEHUsT KOPHS M~TOi
CTEIIEHN TI0 MOJIYJIIO M: BBIYUCJIEHUE Y MPOU3BOJIUTCS METOIOM OBICTPOTO BO3BEJICHUS B CTEHECHb, a
3¢ deKTuBHBI ajropuTM obpaTHOro Inpeobpaszosanne f~!(y) Tpebyer 3HaHuWe Jazeifiku - MPUMAPHOTO
PA3JIOYKEHUsT IHUCIA M.

Kpunrorpadpunydeckuii npoToKoJ1 - HaOOp MpPaBUI, PErJIaMEHTUPYIONIUX HUCIOJIB30BaHUEe B UH(MOpPMA-
)
IIMOHHBIX IIPOIeccaxX KpUITOrpauiecKux peodpa3soBaHnii U aJrOPUTMOB.

DuekTponHas nudposas moanuch (DIIIT) - moszossger nTpoBepuTh ABTOPCTBO JIOKYMEHTA U OTCYT-
CTBUE B HEM HCKaXKCHUM.
Jlns mommcaHus TOKYMeHTa, ero aBTOP JIOJIKeH CAesIaTh CJIeTyIOIIIe:

1. BpramcuTh 3Hadenne y x3m-QyHKIUA JIOKyMeHnTa D.

2. Ncnonb3yst cBO#l cekpeTHBI KoY k K OJHOCTOPOHHEH (PYHKIIUU C CEKPETOM, aBTOP BBIYUC/ISIET
T =f 1(y) U TIOCBLIAeT JIOKYyMEHT [) BMecTe ¢ ero X3I1eM U BBIYUCIEHHBIM 3HaYeHUEM Z.

3. IIposepky aBropcrBa fi(r) = y MOXKHO pOBeCTH Ge3 KJII0UA.

14. IIporokon Hdunddnu-Xemivana BHIPAOOTKHN OOMIETro
CEKPEeTHOI'0o KJII04a I10 OTKPhITOMY KaHAJIy CBS3W.

IIporokon Juddbu-Xennmana (DH). Paccmorpum curyanuio - Asmca (A) n Bob (B) xorar obme-
HSThCSI CEKPETHBIMU COOOIIEHUSIME 10 OTKPBITOMY KaHasy. [l1s obecrieuenns Ge3omacHoCTH cooOmenns A
u B J10/KHBI BBIOpATH OOIIMIT CEKPETHBIN KJTIOY.

J1J1s1 9TOr0 OHM BBIOHPAIOT IIPOCTOE YUCJIO P ¥ HEKOTOPBIN 3jIeMeHT & € [F), - 9Tu 3Ha4YeHHs OTKPBITHL. 3aTeM
A u B nesaBucuMo BeIOuUpaior a,b € F, cooTBeTcTBeHHO. 3aTeM BBIYHC/IAIOT (¢ 3HAYEHUA 110 modp:

A:A=a*, B:B=d (*)
[TocJte 0OMEHUBAIOTCS STUMU 3HAYEHUSIMU 110 OTKPBITOMY KAHAJIY U KarKJIblil BBIYUC/ISET CEKPETHBIN KJTFO:
A:K=B8=a" modyp B:K=A"=a" modyp

Takum obpazom y Ammcst u Boba mosiBusics oOIuii ceKpeTHbBIN K/, KOTOPBIT HUKTO KPOME HUX He 3HAET
U KOTODBIH B ITOCJIEICTBUN OyJIeT UCHOJIB30BATHCH JIJIs CHMMETPUYECKOTO mudpoBaHus.

Haccusnonii 3aoymovusennur Esa (Eve, or anri. eavesdropper), nepexBaTbiBaoIInil, HO HE W3MEHSIFOTHI
cOOOITeHMIT, HE MOXKET OIPEJIeNTh K109 K : ero onpejeseHne CBI3aHO C PEIIeHNeM OJTHOIO U3 yPaBHEHMI
(*), a 970 BBIYMCIUTELHO TPYIHAS 3a/a49a JTUCKPETHOrO JIOrapiuMUPOBAHUS.

Tax ke cTonuT OoTMeTHTD, uTO ajroput™M DH me 3amurien ot ataku man-in-the-middle: ecin kK kanasy nmeer
JIOCTYIT GKMUGHOIT 3A0YyMbluAeHHuK, TO HE A, HE B He MOryT JOCTOBEPHO OIPEJIEUThH, KEM SBJISIETCS
ux cobeceHUK. AKTUBHBII 37I0yMBINIJICHHUK MOYKET BMEIIATHCs [TOCEPEIMHE OTKPBITOrO KaHasa, Ajmce
npejictaBuThbest bobom, Boby mpescraButhes Asncoit u ¢cpopMUpPOBATHL TAKUM 0OPa30M B, CEKPETHBIX
KJIOYa, 1 UMEeTh TOJIHBIA JIOCTYI K UX MEePEeIncKe, COOTBETCTBEHHO JIe/IaTh ¢ Hell ITO YTOJIHO.

15. AJaropuTMm IpoBEepPKH IIPOCTOTHI YICJIA HA OCHOBE MAaJIOii
TeopeMbl Pepma.

[ToHATHO, 9TO caMblii 3JIeMeHTaPHbIH METO/| IPOBEpKU uuncsia N Ha IPOCTOTY - ITO MOJEIUTH ero Ha KaxK/10e
quesio u3 [2, [V N]]. Ho st 6osibinux qucie 91o 3afiMer CIMIKOM MHOTO BPEMEHH.
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| Masas reopema dbepma. Ecim nenoe a me gemures ma npocroe umcsio p, To ab~! =, 1.

Tecr depma. U3 wunrepsana [2, N — 1] BeiGupaercst ciydaiiHoe YHCIO @, TOIYUHSIONIEECS DABHO-

$
MEPHOMY JIMCKPETHOMY pacipejieseHnio; cumBomdeckn a <— [2, N — 1|. Torma unciao N eepoammo
npoctoe, ecii a He jieut N, To ecth a f N u cupase/yiisa Majas Teopema @epma g (a, N): oV 1 =y 1.

Yucio BEpoATHO MPOCTOE, TaK KaK HET IMOJIHOW YBEPEHHOCTH B TOM, YTO OHO ITPOCTBIM siBJjseTcd. boee
TOrO, CYIIECTBYIOT wucAa Kapmatik.ia, Ha3bIBAIOMIKIECs: IICEBIOIIPOCTBIMM - OHU IIPOXOIAT TecT (repma
JIJIST BCEX @, B3aUMHO IIPOCTHIX ¢ [N, OJIHAKO SABJIAIOTCS COCTaBHBIMHU. BJiaro 1o mepe Bo3pacTaHusi TUCET
Kapwmaiikiia craHOBUTCSI MEHBIIIE.

k | Hucno Kapwmaiikia | Pazjioxkenne

3 | 561 3-11-17

4 | 41041 7-11-13-41

5 | 825265 5-7-17-19-73

6 | 321197185 5-19-23-29-37-137

7 | 5394826801 7-13-17-23-31-67-73

8 | 232250619601 7-11-13-17-31-37-73-163

9 | 9746347772161 7-11-13-17-19-31-37-41-641

ormosmHuTenbHbIE BOMPOCHI (ObLJIM B 9K3aMeHe paHee).

16. IlocTpoenue koma X3MMUHTIA.

IlmoTHas ynakoBka IapoB B eIMHUYHBIN Ky0. MakcumasibHasg MOIHOCTD () KOJIA JJTUHBI 7, UCIIPAB-
2n 2n

Jgrorero He 6osee r < [n/2] omubOK HAXOIUTCA B IPEIEIAX U e << Ui CT

I'panuna I'miabbepTa - HuKHsAsS TpaHUIa st ()

I'panuna XsMMuHra - BepxHsisi TpaHUIa s ()

[LroTHast ynakoBKa JOCTUTAETCS TOJHKO B COBEPHIEHHBIX WM SKCTPEMaJIbHBIX KOJaX.

Jmmaa koga Xammvuura n = 2" — 1, m >0

Mormaocts ) = 12+n

Kox XammuHra auretinoil 1 cosepuermnviti, ICIIPpaBsSeT OIHY OIIMOKY 1 OOHAPYKUBAET JIBE.

IlocTpoenune kozma:
1. Banucarb eIMHTIHYIO MaTpUIly mnopsjaka k = 2™ — 1 —m.

2. Crpasa npunucaTh K Heil Bce GuHapHbIe HAOOPBI JIJIMHBL 1M TJle KaK MUHUMYM J[BEe €JINHUILI (TaKUX
6yJleT pOBHO k IMITYK).

3. g mosy4denus: KOJIOBOTO CJIOBa U3 U3HAYAIBHOE MOXKHO:
a) JIbO JOMHOXKHUTH €ro CIpaBa Ha IOJIYIeHHYIO MaTpPUILY,
b) 6o npunucaTh K MATPUIE CJIEBA U CJIOKHUTH T€ CTPOKU, HAIIPOTUB KOTOPBIX B UCXOJHOM CJIOBE
CTOSAT €JTMHUIIHI.

3auacTyo IPOBEPOYHYI0 MATPUILY CTPOSAT TaK, YTOOBI CTOJIONBI IUIX 110 BO3PACTAHMIO, TO €CTh, €CJIU KazK-
JIBII cTos10er MaTpuIlbl H MpeicTaBUTh KAaK JIBOMYHOE YKCJIO, TO MATPUILY YIIOPAI0YUBAIOT 110 HUM. Torja
€CJIN CHHJIPOM IPEJICTABUThH KaK JIBOMYHOE YUCJIO0, OHO OYJIET yKa3blBaTh HA HOMEDP pa3psja, B KOTOPOM
IpoU30ILIa ONMOKa (paspsibl HyMepyoTes ¢ 1).
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17. Omnpenenenne kogos bYX. IIpumep koga ajguabI N=15, C
HCITPABJIEHNEM JIBYX OIIINOOK.

Koapt Boysza-Hoyaxpu-Xoksuurema (BYX) - nukiimueckue KoJibl, UCIPAB/ILAIONIIE He MeHee 3apaHee
3aJJaHHOI0 YKCJIa OIMINOOK.

Conpsi>KeHHbIMU 3JIeMEHTAMUI I10JIsT IF; Ha3bIBAIOTCs HEHYJIEBbIE 3JIeMEHThI, IMEFOIIe OO MUHIMAJIb-
HBIII MHOT'OYJIEH.

IukjoTOMHYECKUiA KJIACC COCTABJIEH U3 BCEX CONPSI?KEHHBIX 3JIEMEHTOB.

HukmoToMuvueckne KJaacchbl JUOO COBIAIAIOT, JIMOO HE IepeceKaloTcsd B COBOKYITHOCTH JIal0T pa30ueHue
MYJIBTUILINKATUBHON I'PYIIIbBL 101 ]F;, UM ee pa3JjioXKeHue Ha KJiacchl Haj I,

Jimnaa xkona BYUX onpenensiercs napamerpom t, n = 2t — 1. g 6unoma 2™ — 1 paccMaTpuBaercs 11oJ1e

F ero pasaooicenus ¢ HEKOTOPHIM TPUMUTUBHBIM 3JIEMEHTOM (V.

KoncrpykTuBHoe paccrossane bUX koja paccauTbiBaeTCst 110 KOJUYIECTBY HCIIPABJISEMbIX OIIHOOK T,
=2r+1<n.

Hynamu kopa BUX nasbiBatorcs crenenu a, o, ..., a*" IPUMATHBHOrO 3j1eMeHTa o moJis Fh.

Kon BYX - sro nukimueckuit [n, k, d]-KoJ, B KOTOPOM MOPOXKJIAIONMIA MHOrOWIeH ¢(z) sBseTcs
IOJIMHOMOM MUHUMAJILHOI CTeIIeHN, UMEIONUiT KOPHAMUI 6¢e HYAU K00d.

Tak kak Hy/JIum Koja - KOPHHU g(ac), a MHOT'OYJIEHBI BCeX KOJOBBIX CJIOB IUKJIMYIECKOT'O KOJa JeJIITCcs Ha
g(x), TO HYJU KOJa TaK Ke KOPHU U MHOT'OYJIEHOB KOJIOBBIX CJIOB.

CuHapomMaMu Sy, ..., Sy, IOJYyU4eHHOro MHorodwieHa w(x) mpu komupoBanuu BYUX-KogoMm ¢ HyssiMu

a,a?, ..., % aensorea s; = w(at), i =1, 2r.

Tak kak w(x) = v(z) + e(x), rae v(z) - KomoBOE CJIOBO, €(x) - BEKTOP OMUOOK, TO
Vi=1, 2r : s; =w(a') = e(a?).
OueBH/IHO, eCJIN BCE CHHJIPOMBI PaBHBI HYJIO, TO w (&) U eCTh KOJIOBOE CJIOBO.

IlocTpoenmne koma BYX.
Ananorngno m060My TUKITIECKOMY Koy, [n, k|-kom BUX 3amaercss HOpOXKIAIONIM MHOTOWICHOM ¢(2),
jesstM 6usom 2" — 1, k = n — deg g(z).

AsroputMm nocrpoenusi Koga BYX, ucrnpapiisiioniuMm He MeHee 1 OIINOOK:
1. Bribpars mapamerp t Takum obpaszom, uto n =28 — 1> 2r +1 = 4.
2. BoiGparh HenpuBojuMblii MuorowieH a(x) cremnenu ¢ st 1o pacmmpenns Fh = Fylx]/(a(x)).

3. Haiitu nukaoromuaeckne Knaccol nosis Fh nag Fy. Boibparsh n3 HuX Te KIacchl, B KOTOPDIE MOIAIAI0T
Bece 2r myneit a, o, ..., o xona. Ilyckait Takux Kiaaccos h.

4. Haiitu MuHUMAJIbHBIE MHOTOWIEHBI §1 (), g2(), . . ., gn(T) KaxKI0ro BHIGPAHHOIO KJIACCA.
5. Boramcmmts nopox garormuii Muorowien koga ¢(z) = gi1(x) - go(z) - ... - gn(z).

BaxxHo oTMeTHTb, UTO HPHU IOBBIMIEHUH KOJUYIECTBA HCIIPABJIAEMBIX OIIMOOK NIPU HEU3MEHHOM JI/IMHE
KOJIa, OH OYyJIeT CTaHOBUTCS “‘Xy2Ke', HAIlpUMep IpH JJINHEe Koja 1 = 7, r = 3 MOJIYIUM KOJ C 7-KpPaTHbIM
(!) moBrOpemHueM.
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[Ipumep: nocTpouM Kojl yiuHbl n = 15, To ecTh napamerp t = 4. Pacemorpum nosie F' = Fylx]/(a(x)) = F3,
rje a(x) HeKOTOPBIil HEPUBOAUMBIN MHOTOUJIEH YeTBEPTOi crereHn. Toraa MyIbTUIIHKATHBHON TPYIIIA
F'x oTHOCHTEIBHO CBOErO MIPUMHUTHBHOIO JIEMEHTa (v Pa300beTCst Ha b IMUKJIOTOMUIECKUX Kiacca Hag [Fy:

C’0 = {a0}7 Cl - {04705270547048}7
Cg — {a37a67a12’a9}’ CS — {a5’a10}’

C4 — {(17,0414,0413,(111}

B KadecTBe HENPUBOJAUMOTO MHOrO4IeHa 4oii crenenn BosbMeM a(x) = x* + z + 1. I[TonsaTHO, uTO OH GyjIET
MUHIMaJIbHBIM MHOT'OYJIEHOM JId & = = 1 Bcero (.

JorycTiM MbI XOTUM UCHPABUTH HE MeHee JIBYX OIMHUOOK, TO €CTh 7 = 2 = 2r = 4, Torja HyJsaMHu KoJa
6ynyT o, o, a3, a*. Kax BIJIHO U3 HOCTPOEHHLIX BBIMIE Kaaccos, Hymn nomagaior B O u Co. Haiimem MM-bI
JUTsL HUX:

1. st gq(x) BB yKe HAILIK U OH paBeH a(x)

2. a Jyist go(T) MM KOHCTPYHUPYETCsI 110 9JIEMEHTaM KJIAcca. -
Gr)=(r—-a)(z-—a)(z-a)(z—a?)={ . = +23+ 22+ 2+ L

OTcroma NOPOXKIAIONIH MHOTOUIEH KOJIa €CTh
9(x) = gi(x) - ga(x) = 2® + 27 + 2% + 2t + 1.

[Momyunm, o m = dimg(z) =8, = k = 7. IIpu srom d = § = 5 u mbr noxyunan BUX [15, 7, 5]-kox co
CKOpOCTBIO 7/15.

exonupoBanue Kogos bYX.

Pacemarpusaem [n, k, d]-kox BUX, mmuer n = 28 — 1, none F = Fy = Fy[z]/(a(z)), dega(z) =t, a -
OPUMUTUBHBIA.

I[Iycrs mpu mepeiate KOJ0BOTO cioBa mpousonuio v < r = |(d — 1)/2| omuboK B HO3UIHASX J1, . . ., Jy.
[Mo/mHOMOM OMUGOK B JIAHHOM ciydae Gyaer e(x) = x/l + 192 4 -+« + v,

Boeraucimm cumgpomsl s; = w(at) = e(at), i = 1, 2r u 3anmmem ux depe3 cTeneHu «. llpeanonaraem, 4to
ONMIMOKK IIPOM3OILIH.

sp=al + a2+ ...+ al,
s2= (a7)° + (@) 4 ...+ (a7),

sor = (a7)? + (aP2) + ..+ (o)™,

Nmeem v + 1 HEM3BECTHBIX B JIAHHON CUCTEME - V, j1, ..., J,.
JlokaTop ommbok, HazoBeM Tak [; = i, i =1, v.

si=0+ P2+ ...+ By,
s2=(B1)> + (B2)> + ...+ (B,)%

Sor = (B1)* + (B2)* + ...+ (6,)7,

Takas cucreMa 3aJ1aeT CUMMEMPUIECKUT NOAUHOM.
14
IlostmHOMOM JIOKATOPOB OHMIMOOK HA30BEM 0 = H (1 + Bix) =14+o01x+ 02:(:2 + - F ot
i=1
QopmasibHo cuntaeM, og = 1, 0; = 0, ¢ > v. [Tongarno, aro B nosie Fy KopHsiME TaKOro MHOTOUIeHA Oy/IyT

Bl=a77, i=1,v.
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Teopemoit Buera moxkeMm cBs3aTh 0; u [3;:

o=+ B+ ...+ B,
oy = B1f2+ Boff3 + L1834+ ... + Bu_1By,

O-V:/8152"'/6V

[Toceanue aBe crucTeMBbI 38/1al0T BEJIMINHBLI CUHIPOMOB 1 KO3(MD(MUIIMEHTOB OJIMHOMA, JIOKATOPOB OIMINOOK
KaK 3HAYCHUS CUMMEMPUUECKUT NOAUHOMOS: TIepBasd - CTEIEHHBIX CYMM, BTOpas - dJeMeHTapHbIX. Jljis
TaKOI'O COOTHOLICHMA €CTh TOXKICCTBa HbIOTOHa—)KI/Ipapa, IIocjie JHue 2?" — UV U3 KOTOprX B HalllEM Cﬂyqae
3allUCBIBAIOTCA KaK:

Syy1+ 018, + -+ 0,189+ 0,51 =0,

Sy42 + 018,41+ -+ 0,183 + 0,82 =0,

Sor + 018241 + -+ + 0p_182%r—p41 + OuS2—y, = 0,

Dt ToxkecTBa mpejacraBiadgior coboit CJIAY ornocurenbHO 071, ...,0,, KOTOPYIO MOXKHO IIPEJICTABUTH
B BuJjie MaTpuilbl. CTaHIAPTHLIME METOJIAME TaKasl CUCTEMA HE PEIaeTCs, TAK KAK HEM3BECTHO 3HAYEHUE V.

AJIropuTMBI  pereHnsi CHUCTEMbI BBIIE HA3bIBAIOTCS JAeKomepaMu. CambiM OaHAIbHBIM JIEKOIEPOM
sBysgercd jekojep [lurepcoHa mpsMoro perreHus, KOTOPbI 3aK/II09aeTCs B TOC/IE/I0BaTEIbHOM Tepedbope
Bcex vV = 1, 1 1IOKa MaTpHIla CUCTEMBI HEe OKAYKETCS HEBBIPOYKIEHHOIM.

PesymbraroM paboThl JeKo/epa sIBISETCS IIOJHHOM JIOKATOpoB ommbok o(z), v = dego(x). Ho sro
emé He KOHEIl, HY:KHO OTBICKAThL Bee U ero KopHeil. JIjg 3Toro Moo IepebpaTh Bce «,a?,...,a"
MyJIBTUILIMKATUBHON rpynnbl F* u 10 HuM HafiTH no3unmm ommboK: ec/am ' KOPeHb, TO MO3UIUs ONMMOKH
J ectb j = —i mod n.

AnroputMm aekonupoBanus [n, k, d-kogqa BUX.

1. Haiitu Bee cungpomsr s; = w(a'), 1 =1, d — 1. Ecii oHM paBHBI HyJI10, TO CM. TIOC/IEIHUI Ty HKT.

2. Ucnonb3ys jiekojiep HailTi OJIMHOM OIMUOO0K 0 (), ero CTeleHb - KOJMYeCTBO MPOU30IIE UK OMUOOK
v.

3. Haiitu Bce kopuu o(x), HanpumMep 1epebOPOM BeeX 31eMeHTOB F™*.
4. HaiiTn no3uruu ommoOOK 10 CTeleHIM KOpPHEid.

5. Haiitu mosmuom ommGok e(xr) 1o HaiiJIeHHbIM [O3UIUSAM U BOCCTAHOBHTL KOJOBOE CJIOBO
v(z) = w(x) + e(x).

6. 1o v(x) BoccTaHOBUTH coobrenne u(x).

Boutee Menee ajieKBaTHBIM JIeKO/IepOM sBJigeTca AeKojiep CyrusaMbl OCHOBAHHBIN Ha 00OOIIEHHOM aJIro-
purme EBkinjia.
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