Kypc «/lorostanTeibabIE TIaBbl JUCKPETHOH MaTeMaTHKU 1
KHOEepHeTUK »

1. O6mas madopmamus

Kype siBisiercst obsi3aTebHbIM JIJIs BeeX OaKaaaBpoB (MHTErPUPOBAHHBIX MATUCTPOB) HAIPABJIe-
nus 01400 «IIpuknmaanas maremaruka u nndopmarukas npoduiisa «MaremaTndeckne MeTOIbI 0Opa-
60TKM UHMOPMAIMY U TPUHATUS PEIIeHU .

Kypc anraercsa B 7 cemectpe B 00béMe 2 qacoB Jeknuil B Heemo (Beero 18 sekmit), 1 qaca KoH-
cyabTanuii 1 1 9aca ceMUHApPCKUX 3aHATUN B Heje0. Kypce 3aBepiiaercd 9K3aMeHOM, Ha KOTOPBIi
BBIHOCSITCS TEOPETHIECKNe BOIIPOCHI, N3JI0KEHHBbIE Ha JIEKIINIX, W 33/a9l, PACCMOTPEHHbIE HA CEMH-
Hapax. B Tedenune cemecTpa MOTYT IIPOBOJIUTHCS MTPOBEPOUHBbIE PAOOTHI, OIIEHKH 38 KOTOPbIE BIIUSIOT
Ha OIEHKY Ha dK3aMeHe.

Kypc anrator corpymankn kadepbl MaTeMaTuueckoil Kubepueruku; jieKTopbl 2023-2024 yuedbHo-
ro roga — K.¢.-m.1. Casunknit Urops Bragnvmuposua (savvvig@gmail.com), mpod. Jloxkkun Cepreit
Annpeesnd (lozhkin@cs.msu.ru).

2. AHHOTaNUA

Kypc «/lonosinTebHble TUIaBbI IUCKPETHON MAaTEMATHKN M KUOEPHETHKIY ITPOJOJIZKAET KYPChI
«/Iluckpernas maremaTukas U «OCHOBBI KHOEPHETUKU» ¥ MOCBSAIIEH PACCMOTPEHHUIO KJIACCUYECKUX
BBIYUC/IUTE/ILHBIX MOJIE/IEN B TEOPUH AJITOPUTMOB, CBA3AHHBIX C PACIIO3HABAHUEM MHOYKECTB U BBIYUC-
JlenreM (pYHKITUH, 3/IEeMEHTaM TeOPUHU CJIO2KHOCTU aJITOPUTMOB M TEOPUU JIMCKPETHBIX YIIPABJIAIOIIIX
CUCTEM.

B Kypce m3ydarioTcs Mojied KOHEYHBIX aBTOMATOB (paclio3HaBaTeseil u mpeobpasoBaresieii) u
MamuH ThIOpHUHTa, PAacCCMATPUBAETCH TEXHUKA MPEoOPA30BAHUN 3TUX YCTPONCTB U BBIYUC/IEHUI HA
9TuX ycrpoiictBax. s KaxK0ro u3 ycTpoiicTB IPUBOAUTCH SKBUBAJEHTHDIN ajirebpandeckuii hop-
MaJIM3M: ITPABOMHBAPUAHTHBIE OTHOIIEHUS] SKBUBAJEHTHOCTH, PEryJIsiDHbIC BbIpaXKeHUsl, (PYHKIINO-
HaJIbHasgd CHCTEMa C OIEePAlUAMU CYIEPIO3UIIMA U BBEJEHUs OOPATHOIN CBA3U HaJI aBTOMATHBIMU
dyuxmamu, dpopmanusm Kiumnun g Kiracca 4aCcTUIHO-PEKYPCUBHBIX (pyHKImit. g Kaxkjoro us
CJIyUYaeB JIOKA3bIBAETCS SKBUBAJIEHTHOCTD aJIredPanveckoro U aBTOMATHOIO (MAIUHHOIO) MOJIXO0/I0B
K OIIPeJIeJIEHNIO KJIacca MHOXKecTB min dyukiuit. PaccmarpuBatores kiacest cioxuoctu P u NP,
JIOKA3bIBAETCs MTOJTMHOMUAIbHAS PAa3pPENINMOCTh U ycTaHaBauBaercs N P-1osinoTa psjia 3a1ad.

Usnaratorcs MeTo/ bl cHHTe3a cxeM Jyist yHKuit aarebpst soruku (PAJ]) u3 crenmaabHbIX Kiac-
COB 1 IS He BCIoTy onpeeaeHabix PAJ], ycraHaBIMBaIOTCS HIXKHIE MOITHOCTHBIE OIIEHKN (DYHKITHIA
[Tennona s cinoxuoctn peanmsanun PAJI u3 stux KiraccoB. M3ydaercst CJI0KHOCTh HEKOTOPBIX
«uuuBuyababixy OAJL. Vccemyercs cBs3b MEXKJLy CXEMHOW U aJrOPUTMUYECKON CJIOZKHOCTHIO

DAJL

3. IIporpamma
I. KoHednnie aBToMaThI

Koneunbre aBromMaThl-paciio3HaBaTe/ il 1 KOHEYHO-aBTOMAaTHbIE MHOXKECTBA CJIOB, 3aJ/laHUEe aBTO-
MaToOB JuarpamMmamu Mypa u Kanonmdeckumu ypasHenuamu. [IpaBomnBapuanTHOE OTHOIIEHUE K-
BUBAJIEHTHOCTHU, €r0 CBA3b C KOHEIHO-aBTOMATHBIMI MHOYKECTBAMHU. 3AMKHYTOCTb KJIACCA KOHETHO-
aBTOMATHBIX MHOYKECTB OTHOCUTETHHO TEOPETHKO-MHOXKECTBEHHBIX omnepannii. HemerepMmuaupoBan-
HbIe aBTOMATHI, IIPOIe/Lypa jerepMunu3aiuu. Onepanun Mpou3BeJIeHId U UTEPAIUN, 3aMKHYTOCTh
KJIacCa KOHEYHO-aBTOMATHBIX MHOXKECTB OTHOCUTEIHLHO OIlepalldili Tpou3BeJieHnsl u ureparuu. Pe-
IyJIAPHBbIE BBIPAXKEHUSA U PEryJIspHble MHOYKECTBA, COBIAJEHUE KJIACCOB PETYJISIPHBIX U KOHEYHO-
aBTOMATHBIX MHOYKECTBA.

HerepmunupoBanubie yHkimun. Koneunble aBToMaThI-IIpeoOpa3oBaTe/n, UX 3a/laHue JJuarpam-
Mamu Mypa 1 KAHOHUYIECKUMU YPABHEHUSIMU. 3aMKHYTOCTh KJIACCA KOHETHO-ABTOMATHBIX (DYHKITHIT



OTHOCHUTEJILHO OIIEPAIUY CYIIEPIO3UIINN. 3aBUCUMOCTD C 3alla3/bIBAHIEM, OTlepaIlis BBe/IeHUs 00paT-
HOIl CBSA3M, 3aMKHYTOCTH KJIACCa KOHEYHO-aBTOMATHBIX (DYHKITUN OTHOCUTEIHHO OIepaIliid BBEJIEHUS
obparHOoit cBsi3u. CxeMbl M3 aBTOMATHBIX 3JIEMEHTOB, PeAN3allisd KOHETHO-aBTOMATHBIX (DYHKITHI
CcXeMaMU U3 aBTOMATHBIX 3j1eMeHTOB. CyInecTBOBaHNEe KOHEUHBIX IMOJTHBIX CUCTEM B KJIACCe KOHEUHO-
ABTOMATHBIX (PYHKITHI.

II. Mammnasr ThiopuHTa, peKypcUBHBIE (DYHKIIMN W KJIACCHI CIIOXKHOCTH

Mammuabr Teropuara, hyHKIMN, BRAUC/INMbBIE Ha MammraaxX Thiopunra. Omnepanun KOMIO3UIUT 1
urepanun HaJl MamuHaMu Tbiopunra. MogenupoBanue mamun Thiopunra. CylecTBoBanne yHUBEP-
caJIbHOI MamuHbl ThIOpUHTA, HEPA3PEITUMOCTD ITPOOJIEMbI OCTAHOBKH.

Onepanun Cynepro3unny, TPUMATUBHON PEKYPCUN M MUHUMHU3AINH HAJ YACTUIHBIMU (DYHKIU-
sIMH. 3aMKHYTOCTH KJiacca (DyHKIHI, BRITUCIUMBIX HA MaIlWHAX 1bIOPUHIa, OTHOCUTEIBHO OIlepa-
[N CYNEePIO3UIINN, TPUMUTHBHON PEKypCHN W MUHUMHU3AIUU. [[puMUTUBHO-pEKYpPCUBHBIE (DyHK-
UM, TPUMHUTUBHAA PEKYPCUBHOCTH MPOCTEHINMX apudMeTudeckux (yHKINi. JacTuIHO-PEKyPCUB-
Hble (DYHKIINN, TIPUMEPHI HE BCIOAY OIPEICICHHBIX YaCcTUIHO-PEeKypcuBHBIX (Gyukmuit. CoBrajenne
KJIacCa 9aCTUIHO-PEKYPCUBHBIX (DYHKIUN ¢ KJIacCOM (DYHKIINI, BBIYUCIUMbBIX Ha MariuHaX ThoopuH-
ra, Teopema KimmHn.

Knaccer cnoxkunoctu P u N P. IlosmHOMuaabHast cBOaAuMOCTh, [N P-ttosnora. [N P-1iosiHOTa, 3a1a91
o BermoytauMocTr KH® u 3a1a4u o Beimoinumoctu 3-KH®. [TonmnoMuaibaas pa3pemmMocThb 33,1491
o BoinosiHIMOCcTH 2-KHO.

ITI. CioxHOCTH CTPYKTYpHO# peanm3aruu pyHKI@i anreOpsl JIOTUKKA U3 HEKOTOPHIX KJIACCOB

Basaua cunTesa cxeM i GyHknuii aare6psl goruku (PAJI) uz crnenumanbHbix Kiaaccos. Mori-
HOCTHAasl KJiaccuuKalus creruaJbHbix KiaaccoB PAJI n HIKHIE MOIIHOCTHBIE OIIEHKN CBA3aHHBIX C
unmu dyuknuit [lennona. Kpasunapapuantabie kiaccel QAL

AcuMIITOTHYECKH ONTUMAJIbHBIE METO/bl CHHTE3a CXeM [IJIs (HEHYJIEeBbIX) KBa3WMHHBAPUAHTHBIX
kaccoB. Cunres cxem g PAJI u3 crienmaIbHBIX K/IaCCOB Ha OCHOBE WX «IIOT'PYZKEHUsI» B KBA3WIH-
BapHaHTHBIE KJIACCHI ¥ HA OCHOBE IPHUHIIA JoKaJIbHOro KojupoBanus O.B. Jlymanoga.

Bagaua cuHTE3a CXeM JId HeoaHo3HauHo 3aaadaeix OAJI u, B yacTHOCTH, I HE BCIOLY OIIpejie-
séaabIx OAJI. AcuMIITOTHYECKN ONTUMAJIbHBIE METOABI CHHTE3a CXEM JIJIs He BCIOLY OIIPEeJIe/IEHHBIX
DAJIL.

Bajada cuHTE3a CXeM Il «UHINBUIyaJbHbIX> DPAJI 1 mpobiema moydeHnsl HUZKHUX OIEHOK
ux ciaoxkuoctu. Teopema Xpamaenko o ciaoxuoctn peanuzannn PAJI B kiracce m-cxem. Cxemuas u
aJITOPUTMUYIECKas CJIOKHOCTh dyHKIWmit, runore3a C. B. fA6onckoro n Teopema JIxx. Coasuxka.



4. IIpenBapuTe/bHBII CIMCOK BOIPOCOB K 3K3aMeHYy 10 Kypcy «/lomosauTebHbIe

IJIaBbI JTUCKPETHONW MaTeMATHKU W KuOepHeTHKu» (ocenHuii cemectp 2022-2023 yu.
roga; 411—419 rpymmsi)

I. Kouneunsie aBTOMaTBI

1.
2.

10.

11.

Koneunslii aBromar-pacro3saBaresib, KOHEYHO-aBTOMATHOE MHOXKeCTBO. |1, ¢. 27-28]

IIpaBonHBapuaHTHBIE OTHOIICHUS SKBUBAJICHTHOCTH, CBA3bL ¢ KOHEYHO-aBTOMATHBIMU MHOKe-
crBamu. |1, c. 29-31|

. SaMKHYTOCTb KJIaCCa KOHECYHO-aBTOMATHbBIX MHO2KECTB OTHOCHUTECJIbHO TE€OPETUKO-MHO2KECTBCH-

HBIX omepanmii. |1, ¢. 32-33]

. HenmerepmuHupoBaHHbIe KOHEUHBIE ABTOMATHI, MPOTeAypa Jgerepmunusarmu. |1, c. 34-36]

OHepaHI/H/I IIPpOU3BEJICHNEC 1 UTEepaAIUN. BaMKHyTOCTb KOHEYHO-aBTOMATHBIX MHOXKECTB OTHOCHU-
TeJILHO ollepalii mpousseienus u ureparuu. |1, c. 37-39]

. Peryssipuble BoIparkeHus: u peryssipubie MHOXKecTBa. |1, ¢. 40]
. Teopema Komnu. [1, c. 40-42]

. Herepmunuposanubie dynkiun. Koneunsrii aBromar-ipeobpasosaresb. Kanonnueckue ypas-

HEHWsI, BEKTOPHAs U CKaJsgpHas (pOpMbI KAHOHMYECKUX ypasHenwuil. |1, ¢. 44-45]|, [2, c. 74-77,

8687, 88-91]

SaMKHyTOCTb KJIaCCOB J€TEePMUHUDPOBAHHbBIX U KOHEYHO-aBTOMATHBIX d)yHK]_H/Iﬁ OTHOCHUTEJIbHO
omeparu cyneprosunuu. |2, ¢. 91-94], [1, c¢. 57-59]

BaBucuMocThb ¢ 3amasabiBanneM. Omnepalys BBeJleHNsT 00paTHO# ¢BsA3M. 3aMKHYTOCTh KJiacca
KOHEYHO-aBTOMATHBIX (DYHKIIUI OTHOCUTE/ILHO BBeJIeHUs 06paTHOi cBsi3u. |2, ¢. 94-96, 98-102]

Cy1iecTBoBaHNe KOHEUHBIX IIOJIHBIX CUCTEM B KJIacCe KOHEUHO-aBTOMATHBLIX (pyHKIuil. [Tomnas
cucrema u3 onHoil dyukuu. [2, c. 105-108], [1, c. 60-61]

II. Mamunasr Triopuara, peKypcuBHbIE (DYHKITUT M KJIACCHI CJI0KHOCTU

12.

13.

14.
15.

16.

17.

18.

Yacruunslie dyukiuu. Mamunbl Teiopunra. OcuoBHol Kog. PyHKIMN, BHIYUCIUMbIE HA MAIIIH-
nHax Twropunra. [1, c. 65-68]

Omnepanun KOMIIO3UIUU U UTepaluu HaJl MamuHamu Thiopunra. BeraucjimMocTh ceieKTOPHbIX
dbyukmit u dynkmuit 0, x 4+ 1. [1, ¢. 70-72]

Mogemmposanne marmus Tropunra. Mexanusm jgopoxkek. |1, ¢. 74-77]

YuuBepcaabHble (DyHKIINH, YHUBepcaabHasd MamuHa Thiopunra. HepaspemuMocTs npobieMbl
ocraHoBkH. |1, c. 84-86]

Onepanun Cyneprosunuu, TPUMUTUBHON PEKYPCUU U MUHUMU3AINU HAJ[ YACTUIHLIMU (DYHK-
musivu. Kjtace yactuvano pexypcuBHbIX yHKIwmii. [1, ¢. 77-79|

3aMKHYTOCTb Kjacca (DYHKIHI, BHIYUCIUMBIX Ha MariuHax TbhIOpUHTa, OTHOCUTEIBHO Olepa-
Uil CyNnepro3uIuy, TPUMUTUBHON PEKypCcHM W MHUHUMU3AIUU. BKjodenne KJjacca 4acTUIHO
pekypcuBHBIX (DYHKIUI B KIace BEIMUCTUMBIX (yHKImii. |1, ¢. 80-83|

Kiracc npumutuBHO pekypcuBHbIX dyHKIM. OCHOBHBIE IPUMUTUBHO PEKYPCUBHBIE (DYHKITNN.

[1, c. 102-106]



19.

20.
21.
22.
23.
24.

Knacc vacrnuno pexkypcuBHbIX dpyHKImiA. [Ipumepbl yactuano pekypcuBHbIX (yHKImii. Hyme-
panmonnble Gyaknuu. [1, ¢. 79, 108-109, 112-113]

Hacrudnast peKypCUBHOCTD BbhraucauMbix Gynknuii. @opmyna Kmuau. [1, ¢. 114-117]
Kuaceot P u NP. Tlpumepst 3ama4 u3 kiaacca NP. [1, c. 89-93], [3, ¢. 46-49]
NP-nosrora. Teopema Kyxka. [1, ¢. 95-99], [3, c. 49-54|

NP-nosrora 3amaqaun 3-BBIIL. [1, c. 99-100], [3, c. 54-56]

[MosmuoMuabhas paspemmmocts 3agaan 2-BbIIL. [1, ¢. 101-102], [4, c. 16-17]

ITII. CnoXHOCTh CTPYKTYPHOI peasm3anun (PyHKIWA aIredpbl JOTMKH W3 HEKOTOPBIX KJIACCOB

25.

26.

27.

28.

29.

30.

31.

Bagada cuaTesa cxeM it (GYHKIHIA (0OIepaTopoB) U3 CIENUaIbHOIO KJIacca, MOITHOCTHBIE HUK-
uue onenky yuknnu [[leHHOHA I MX CJIOKHOCTH B CJIydae HEBBIPOXKJIEHHOTO (HEHYJIEBOTO,
KBa3UMHBApHAHTHOIO) Kiacca. |8, §1], [9]

ACI/H\{HTOTH‘IGCKI/I Haﬂﬂyqﬂ_ﬂ/lf/l METO/l, CHHTE3a CXEeM JJId HeHyHeBbIX KBaSI/H/IHBapI/IaHTHbIX KJIacC-
cOB, UX cTaHgapTHOCTH. OOIee onucanne TPUHITUIA JIOKATBHOTO KOIUPOBAHUSI, €r0 TIPUMEHe-
HIEe JIs JIOKA3aTeJbCTBa CTAHIapTHOCTH Kjlacca caMojiBoiicTBeHHbIX dyHkimit. |8, §§3-4], [9]

Bajada cmHTE3a CXeM JJIsl He BCIOy OIpeneeHHbIX QyHKImi. OCcoOeHHOCTH Oy IeHIsT HIK-
Hell MOIITHOCTHOM oIlleHKu cooTBeTcTBYyIoNeil dbyuknuu [Mlennona, dopmympoBKa T€OpeMbl O
eé acuMIToTHIeCKoM ToBesiennd. (8, §6], [9]

AcuMIIToTrdeckn HaWIYUIIAN METOJI CHHTe3a CXeM JIJIsi He BCIOJy OIpPEeIeEHHBIX (DYHKIUI B
clIydae UX «CHJIbHOM» ompeenéunocru. |8, §7], 9]

Teopema XpaldeHKO, HUXKHIE OIEHKH CJOXKHOCTHU JIMHEHHOH (yHKInM B Kiaacce m-cxeM. |8,

§§9-10], [9]

MeTO,H‘ 3a6I/IBaIOHlI/IX KOHCTAaHT U IIPpUMEPDbI €ro INpuMEHCHNA IAJIgd ITOJYYICeHUA HU2KHHUX OIIEHOK
CJIOYKHOCTH HEKOTOPBIX dyHKIMA. CI0KHOCTE JIMHEHHON (DYHKINE B KJIacce CxeM nu3 (OyHKITH-
OHAJIBHBIX 3jeMeHToB. [8, §10], [10, gacts II, §§2-3]

CxeMHas U aJITOPUTMHUIECKas CJIOXKHOCTD (DYHKIINH, TIOCTPOEHHE CJI0KHO Pean3yeMbIx (hyHK-
muit. Tunoresa C. B. d6nonckoro n teopema JTxx. Casmmka. [4, ¢. 42-45], 9]



5. TumoBble 327291 K 3K3aMeHY

I. Bagaun 0 KOHEYHBIM aBTOMaTaM

1.
2.

[Toctpouts nuarpammy Mypa KOHEYHOrO aBTOMAaTa, PACIIO3HAIONIETO 3aJAHHOE MHOYKECTBO.

MCHOJ’IBBYEI IIpaBOMHBaApPUaHTHOE OTHOIICHUS SKBUBAJICHTHOCTHU, /JOKa3aTb, 9YTO 3a/aHHOE€ MHO-
2KECTBO HE dBJIAETCA KOHCYHO-aBTOMAaTHDBIM.

[TocTpouTth perynaspHoe BbIparkKeHue, olpe/Ie/Isioniee 3a1aHHOe MHOXKECTBO.
[Toctpouts auarpammy Mypa KOHEYHOr0 aBTOMAaTa, PEAJM3yIONEero 3aJaHHy0 (OyHKIIHIO.

HOCTpOI/ITb KaHOHUYECKHNE YPaBHECHUA KOHEYHOI'O aBTOMaTa, PEAJIM3YIONIET0 CYIIEPIIOSUIIUIO 3a-
JaHHBIX KOHEYHO-aBTOMATHBIX d)yHKHI/Iﬁ

[TocTpouTh KaHOHMYECKNE ypaBHEHUsI KOHETHOTO aBTOMAaTa, Peanu3yolero pyHKIIN, TOJIy-
JaeMyIo U3 3aJIaHHbIX KOHEYHO-aBTOMATHBIX (DYHKIINIT BBEJIEHUEM OOPATHOW CBA3M.

. okazarh mosHOTY (OTHOCHTEIBHO OIEpaIyii CyIepro3uiiun U OOPATHON CBsI3M) 3aJIaHHOIO

MHOKECTBa aBTOMATHBIX (DYHKITHIA.

II. 3amaun nmo mammaam TropuHTa, PeKypPCUBHBIM (DYHKIMSM M KJIaCCAM CJIOXKHOCTH

8.

9.
10.
11.
12.
13.
14.
15.

[Toctpouts Maruny ThOpuHIa, BEIYUCISIONLYIO 38 IaHHYI0 (DYHKIIUIO WA BBITOJHAIONIYIO 3a-
JIaHHOE IIpeoOpa3oBaHue.

JlokazaTh HPUMUATHBHYIO PEKYPCUBHOCTD 3aJIaHHON (PYHKIIUH.

[TpuMeHHUTDH OmEepanuo MUHIMI3AIMN K 3a/IaHHOl (4acTHIHOl) DyHKIUN.

JlokazaTh JacTHYIHYIO PEKYPCUBHOCTD 3aJaHHON (DYHKITUU.

JlokazaTh NpUHAJIEKHOCTD K Kjaccy P 3aaHHONO MHOXKECTBa WJIU 3a/1a9U.

JlokazaTh NpuHAIEXKHOCTH K Kjaaccy NP 3ajganHoro MHOXKeCTBa WK 3a/1a9u.

[IposecTn nommHOMuaEHOE cBeAenue 3aanHoit KH® k 3-KH®, coxpansioree BBITOJTHUMOCTD.

[IpuMeHuTh TOTMHOMUATBHBIN aJTOPUTM ITPOBEPKU BBITOJTHUMOCTH K 3a1annoit 2-KHO.

ITI. 3amaum Ha ciaoxHOCTh peamm3amuu Gyakuit anreopst soruku (PAJ)

16.

17.

18.

19.

Boisicants, sBisiercs jm 3aganubii Kiace OAJI KBazu-nHBapHaHTHBIM KJIACCOM, U, B CJIyUae
KBa3U-MHBAPUAHTHOCTHU TOrO KJacca, HANTH ero MOITHOCTHBIE MTOCTEI0BATETBHOCTH, & 3aTeM
ACUMITOTHUKY CBA3aHHoil ¢ nuMm dynknun [llennona.

BrisscuuTs, aBisgercs jm 3agannbiii kiaacc PAJL (omepaTopoB) BBIPOXKIEHHBIM, U, B CIy4ae €ro
HEBBIPDO2KICHHOCTH, IIOJIYYUTHb HHU2KHIOIO MOITHOCTHYIO OIICHKY d)yHKLLI/II/I lennona HJIL CJIOZK-
noctu peannsanun PAJI u3 sroro Kracca cxemamu n3 GyHKIHOHATILHEIX d1eMenToB (CDD) B
cTaHIapTHOM Dasuce.

[TostyunTsh BepxXHIO (ACHMITOTHYECKH TOUHYIO) oneHKy ¢ynknun [IleHHoHa It CII0KHOCTH
peammsaruun OAJI u3 3amaHHOrO CrienuaaIbHOTO Kjacca npu ux peanmnsarnuun CPD B cranmapT-
HOM 0a3mce C MCIIOIB30BAHUEM HJIel JIOKAJbHOI'O KOJIWPOBAHUS WM HE BCIOJLY OIPE/IeTEHHBIX

DAJL

[TostyunTh TpebyemMyto HUKHIOIO OIEHKY CJIOXKHOCTH peajm3anuu 3agannoit PAJI B kiacce m-
cxeM i Kaacce COD.
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. Jloxkun C. A. Cnaitaer gekmuit 2020-2021 y4. roaa.

https://m.cs.msu.ru/s/wAGyHgPabQgZkTJ

10. Jloxxkun C. A. [/lomosiHuTeIbHBIE TJIaBbI KHOEPHETUKNA W TEOPHUH yIpaBjigomux cucrem. MIY,

2008.
https://mk.cs.msu.ru/images/8/8f/Mlexmuu_JTKTYC_2008.pdf

11. d6mouckuit C. B. Dnementsr maTemarudeckoit kubepueruku. — M.: Boicmras mkosa, 2007. —

188 c.

12. Anekcees B. B., Boponenko A. A., Jloxkun C.A., Pomanos /1. C., Canoxenko A. A., Ceje3ne-

Ba C. H. Bajaun o kypcy «OcHoBbl KnbepHeTnkn» : 2-e u3a. — M.: Usnarenbeknit otaesn haxyib-
tera BMuK MI'V, 2011. — 71 c.
https://mk.cs.msu.ru/images/a/ab/3agauu_no_xypcy_0OcuoBr_xkubepretuxru_2011.pdf


https://mk.cs.msu.ru/images/2/25/%D0%98%D0%B7%D0%B1%D1%80%D0%93%D0%BB%D0%B0%D0%B2%D1%8B%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%9C%D0%B0%D1%82%D0%B5%D0%BC_2015.pdf
https://mk.cs.msu.ru/images/c/c4/KNIGA1.pdf
https://mk.cs.msu.ru/images/e/e8/Sapozhenko_alg.pdf
https://m.cs.msu.ru/s/SzdHtfy8q67277g
https://mk.cs.msu.ru/images/0/0b/Dgcyb-lect-190113.pdf
https://m.cs.msu.ru/s/wAGyHgPabQgZkTJ
https://mk.cs.msu.ru/images/8/8f/%D0%9B%D0%B5%D0%BA%D1%86%D0%B8%D0%B8_%D0%94%D0%93%D0%9A%D0%A2%D0%A3%D0%A1_2008.pdf
https://mk.cs.msu.ru/images/a/ab/%D0%97%D0%B0%D0%B4%D0%B0%D1%87%D0%B8_%D0%BF%D0%BE_%D0%BA%D1%83%D1%80%D1%81%D1%83_%D0%9E%D1%81%D0%BD%D0%BE%D0%B2%D1%8B_%D0%BA%D0%B8%D0%B1%D0%B5%D1%80%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B8_2011.pdf

6. O KOHTpOJIE ayIUTOPHOI M CAMOCTOSATEIHFHOIT PabOTHI CTYJIE€HTOB

Kypc npenmonaraer caMoCTOSTEIBHYIO PAOOTY CTY/IEHTOB, B YACTHOCTHU, BBITIOJIHEHNE JTOMAIITHIX
3aJIaHUil ¥ IPOPabOTKY MaTepuasa, MPOMJIEeHHOIO JEKINIX U CEMUHAPaX.

B teuenue cemectpa maHupyeTcs IpoBejieHre TPEX MPOBEPOUHBIX PabOT 1O Kypcy. DTU padOThI
IpU3BaHbl IPOBEPUTH YMEHHE pelllaTh 3aJa49u U IOHUMaHWe Olpe/lesleHUuil U yTBepzK/IeHN Kypca.
[Iposepounbie paboThl TPOBOJATCA B PAMKax JICKITMOHHBIX 3aHATUIA.

7. O mpoBeeHNN K3aMeHa

OK3aMeH NpoBoAuTCs yeTHO. CTYJIEHT IMoJIydaeT OUJIeT ¢ JIByMsi TEOPETUIECKUMHU BOIPOCAMU U
TEeMOI 3aJIa4u1 U3 TPEX Pa3INIHBIX pa3/iesioB Kypca. Ha moaroroBky orsBera Ha TEOPETHYECKHUE BO-
npockl (ompeiesiernsi, (GOPMYJIUPOBKH, JIOKA3aTe/IbCTBA) OTBoJUTCA He Oostee 30 muuyT. B ciryuae
YCIIEIITHOI'O OTBETa Ha TEOPETHMYECKUE BOIPOCHI CTYACHTY BBIIAETCA 3ajiada 10 yKa3aHHOU B Omiere
teme. Ha pemenne 3aj1a4m orBojuTed He 6oJtee 15 munyT. [locse perenus 3a/1a4u MpoBOIUTCs OIIPOC
0 KypCy Ha yCMOTpeHHe sK3aMeHaTopa (ompejesenns, (hopMyJIUPOBKH, TIPOCTHIE 3a/Ia4N ).

Hcnonb3oBanue KOHCIEKTOB U JIPYTUX MaTEPUAJIOB BO BpeMd dK3aMmeHa He jionyckaercd. [lo pe-
3yJIbTaTaM IIPOBEPOUIHBIX PAOOT, MPOBEIEHHBIX B Te€UEHUE Kypca, MOXKeT ObITh BBbICTaBJICHA IIPeIBa-
puTesibHas oreHka. [Ipu eé HamumIum BO3MOXKHO IPOBEJIEHNE SK3aMeHa B YIIPOIIEHHOI dopMme.



8. Ilmanbl ceMuHApPCKUX 3aHATHIA Ha oceHAmMit cemecTp 2022-2023 y4. roma
Cemunap 1.

MHO}KGCTB&, ,ZLOHyCKaeMbIe KOHEYHbIMU aBTOMaTaMN. HpaBOI/IHBapI/IaHTHaﬂ 9KBUBAJIEHTHOCTD. Te—
opernueckuii Marepuad |1, c. 27-31].

B kuacce.

Bagaqan 3 npuiaoxenus 1: 1 (1, 2,4, 6,9),2 (1, 3,4),3 (1, 3,5),4,5 (1, 3).
Ha pom.

Bagaun w3 npunoxkenus 1: 1 (3,5, 7, 10), 2 (2, 5), 3 (4, 6), 5 (2, 4).

Cemunap 2.

TeopeTnKo-MHOYKECTBEHHBIC Ollepalliy HaJl KOHeYHO-aBTOMATHBIMI MHOXKecTBamu. Hegerepmunn-
poBaHHBIe aBTOMaThl. Omepaluu npon3BeieHus U uTepanuu. PeryisapHaele BeIpazKeHns U peryJisapHble
MHO)KecTBa. Teoperndecknuii matepuas |1, ¢. 32-42].

B kuacce.

Bamaun n3 npuoxkenus 1: 8, 11 (1), 12 (1, 3), 23 (1), 24 (1), 16 (1, 3, 5).
Ha gom.

Bagaqan 3 npuiaoxkenus 1: 9, 11 (2), 12 (2), 23 (2), 24 (2), 16 (2, 4, 6).

Cemunap 3.

HerepmunupoBannbie pyukimu. [loctpoenne quarpamm Mypa n kanorudeckux ypaaenunii. Ote-
panuu cymnepro3unuu u obpartHoi cBsasu. [locTpoeHme cxeMm W3 aBTOMATHBIX 3jieMeHTOB. llosiHOTA
CHCTEM OI'PAaHUYEHHO-IeTeEPMUHIPOBAHHBIX pyHKImii. Mamuubl Tohiopuara. OyHKIUMN, BHIYUCIUMbBIE
Ha Mamnaax Twopunra. Kinace P. Teopernmdecknit Mmarepuaa u mpuMepbl PelIeHus 3a1a9 UMeIOTCs
B 3asaunrke u B [1, c. 89-90], [3, c. 46-47].

B knacce.

Us [5, rmasa IV]: 2.1 (1), 2.8 (6; me crpours auarpammy Mypa), 2.9 (4; He cTpouTh Juarpammy
Mypa), 2.17 (1, 4).

B ycioBun 2.17 (4) ommbka. [IpaBuibbiii Buj dyHKIMii:

Ji: y(t) :f(t)7 t=1

y(t) = 1(t) - w2(t) V as(t) - q(t — 1),

far qa(t) = 22(t) - 25(),

q(0) = 0.

3ajiaun Ha MOCTPOEHNE aBTOMATOB-TipeobpaszoBatesieii (2.1), a Takzke Ha mocrpoerne CPI3 1o
nmarpamme Mypa m Hao0OpOT, pemaynch Ha ceMuHapax B Kypce «/luckpernas maremarukay Ha
IEPBOM KypCe.

Us [5, rnasa V|: 1.8 (3), 1.14 (1), 1.15 (2).

Bagaqan u3 npuaoxkenus 3: 1 (5).

Ha mom.

Us |5, rmasa IV]: 2.1 (3), 2.8 (5; me crpours jauarpammy Mypa), 2.9 (5; He crpouTh auarpammy
Mypa), 2.17 (2, 5).

B ycioBun 2.17 (5) ommbka. [IpaBuibbiii Buj dyHKIMii:

fiiy(t) =T1(t) - T2(t) VEL(t) - T3(t) V Ta(t) - T3(t), t > 1,



y(t) = q(t = 1),
fai q a(t) = (1) © wa(1),

q(0) = 0.
U3 [5, rnasa V]: 1.8 (6), 1.14 (6), 1.15 (6).
Bagaan u3 npuaoxkenus 3: 1 (6).

Cemunap 4.

[TpumuTuBHO-peKypcuBHble dyHKnun. Omepalus MUHUMH3AIUK. TeopeTudecKuil mMarepuas u
IpUMEpPBI peleHns 3a/1a4 uMerorces B 3aaanuke. Cm. Takxke [1, c. 78, 102-107].

B knacce.

Us [5, rmasa V]: 2.1 (9, 10, 12); npuMeHUTH ONEpAIUIO TIPUMUATHBHON PEKYPCUM K YACTHIHBIM
dbyukmuam g(x) =2z u h(z,y,z) =z —2; 2.3 (9), 2.4 (1, 5).

Ucnonp3yst omeparun [ | JIOKa3aTh IPUMUTHBHYIO PEKYPCUBHOCTL (byHKIHii |1/ ],

|log, x].
s [5, mmasa V]: 2.5 (1, 2, 7, 11), 2.7 (2).

i<e 4 Zigx

Ha mom.
Us [5, rmasa V]: 2.1 (2, 4), 2.4 (3, 7a), 2.3 (7, 8).
Ucnonbsys oneparmm [ [, u Y, OKa3aTh IPUMUTHBHYTO PEKYPCHBHOCTD bynkmuit p(r), f1(x),
fo(z), ne
1, 2 — npoctoe uucIo.
p(r) =
0, wHade.

fi(z) — xommuectBo umcen Buma yY Ha orpeske [0,z]. fa(r) — xommduecTBo umcesn Buga 2Y - 3° Ha
orpeske [0, x].
U3z [5, rmasa V|: 2.5 (4, 10, 13), 2.7 (3, 5).

Cemunap 5.

YHacruuno-pexypcuBhbie Gynknuu. Kiracest cioxknocru. Teoperndeckuit marepuadt |1, c. 108-113,
89-102], 3, c. 46-56], [4, c. 16-17].

B kaacce.

Bagaun n3 npuioxkenus 2: 2, 3, 7, 10.
Bamaun n3 npusoxkenns 3: 3 (2), 4 (1), 5 (1, 3), 6 (2, 4).

Ha nom.

Bajaun n3 npuioxkenusd 2: 1, 4, 6,9, 11.
Bagaan u3 npuinoxenns 3: 3 (1, 4),4 (2, 4), 5 (2, 4), 6 (1, 3).

Cemunap 6.

[MocranoBka 3amaun cunresa cxem st PAJI (omeparopoB) U3 crenuaIbHBIX KJIACCOB, MOIIHOCT-
HbIe XapaKTEePUCTUKN STUX KJIACCOB M COOTBETCTBYIOIIME HUKHIE oneHky pyuknuii [Tlennona st nx
ciaoxxkaocT. KBasunuBapuanTabie Kiaacchl PAJI, 0cOOEHHOCTH TOBEIEHNSA UX MOIHOCTHBIX ITOCJIEIO0-
BaTeJIbHOCTENR. ACHUMITOTHYECKN OINTHMAJbHBIE METOAbI CHHTE3a CXEM JIJIsT HEBBIPOXKIEHHBIX KBA3M-
nHBapraHTHLIX KiaaccoB. Cunres COD g OAJI u3 crenmaabHBIX KJIaCCOB HA OCHOBE M IPUHIIN-
& JIOKAJIbHOI'O KOJAMPOBaHUsI, YCTAHOBJIEHHE aCUMIITOTHKE COOTBeTCTBYIONUX GyHknuii [llerHOHA.
Teopernueckuit marepuas |8, §§1-5], |6, caaiiub jekuuit Kk Borpocam 25-26].



B xmacce.

1. Boisicauts, kakue u3 cieyonmx kiaaccos GAJI (onepaTopoB) sIBISIFOTCS HEBBIPOXKIEHHBIMU,
¥ oIy IuTh HizkHue MotHocTHbe onenku (HMO) dyukiumit IlenHoHa JI71s1 CJIOKHOCTH Peaii-
samun PAJI uz mannbix kiaacco CPD B cranmapTHOM Oasuce:

1) @ — knacc PAJI, pasubix 1 npu 1 = 0;
@ — xiracc QAJI, cummerpranbix o BII 1, x9, x3;
@ — xiracc @AJI, monoronusrx o BIT z1, x5;

@ — xuracc @AJI, papabix 0 Ha HaOOpaxX ¢ YETHBIM YHUCJIOM 1;

Q) — Knacc camoBoiicTBeHHBIX! DAJI;
Q — xmnacc cummerpudecknx' GAJT;

)
)
)
5) @ — xnacc smHeitnbx! OAJL;
)
)
)

() — kuacc onepaTopoB Buga F' = (f1, fa, f3) Taxkux, aro fi-f; = 0mpui # ju fLV oV fs =
=1.

2. Boraenurs cpean kinaccoB @AJI u3 3amadu 1 KBasumHBaAPUAHTHBIE KJIACCHI, JJIsT KOTOPBIX HARTH
peaesbl COOTBETCTBYIONAX UM MOITHOCTHBIX MOCJIETOBATEIILHOCTEN.

3. Haiitu acumnroruyeckoe nosegenne opyuxmun [Ilerrona s KiaaccoB w3 MyHKTOB 1-4, 8 3a-
naan 1.

Ha mom.

1. UccneioBaTh Ha HEBBIPOXKICHHOCTD U, B CJIyYae HEBBIPOXKJIEHHOCTHU, YCTAHOBUTH ACUMIITOTUKY
HMO dyukiuu lennona LE(Q(n)) ana cnoxnocru peanusaruu OAJI (oneparopos) or BII
x1,...,T, U3 KJacca @, Tie:

1) @ — xmacc PAJI, paBubix 1 npu 1 = x5 = 1;
2) @ — xnacc PAJI, MOHOTOHHBIX 110 T1 U AHTUMOHOTOHHBIX TIO T'g;
3) @ — kmacc DAJIL, y koropbix Jrobas nojpdyskims or BII 1, xe npuHaIeKUT MHOXKECTBY

{flv 3_327 T1, T2, xl\/x% X Nx2}7

2. Boruenurs cpenu KiaccoB OAJI u3 3amaun 1 KBasumHBapHaHTHBIE KJIACCHI, JJIsI KOTOPBLIX HAATH
ITpeJIe bl COOTBETCTBYIONMX UM MOITHOCTHBIX ITOCJIEI0BATEIHLHOCTEN.

3. Haiitu acumnrorudeckoe nosegenune dyukimii [lennona s KiaccoB u3 IMyHKTOB 1-3 3a/a-
gy 1.

4. Yeranosuth acumnrorndeckoe nosejenne dynxman Hlennona LE(Q(n)) aas cioxnocTn pe-

ammsaru PAJI (oneparopos) or BII Ti,...,T, W3 Kaacca @, rje () — KJIacc onepaTtopos
F = (f1, f2) makux, aro fo(aq,...,an) = fi(B1,...,Bn), Tae HAGOD [ MMeeT HOMED Ha €/IIMHUILY
GoutbIne, ueM Habop &, ecan & # (1,...,1), u F(&) = (0,0) B mpoTHBHOM CJrydae.

MeTO,D;I/I‘IeCKI/Ie YKa3aHud.

Bamaua 1 peraercss Ha OCHOBe IMOJCYeTa MOIIHOCTH MHOXKecTBa (Q(n),n = 1,2,..., nisa pac-
CMaTpHBaeMoro Kijacca (), a TakyKe OlpejeieHrsi HeBbIPOKIeHHOro Kiacca. Kiace ®AJI (omepa-
TOPOB), TO ecTh mocyaenoBaresbaocTb Q(1), Q(2),...,Q(n),. .., tae Q(n) — HEKOTOPOE MHOXKECTBO
cuctem u3 m = m(n) ®AJl or BIl zy,...,z,, cauraercsd HEBBIPDOXKJEHHBIM, ecau n + m(n) =

o(log|Q(n)]/loglog [Q(n)]).

'Knacc paccMaTpuBasics Ha JEKIHAX.
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Basaga 2 pemaercs Ha OCHOBE MOHATUS KBA3UMHBAPUAHTHOTO Kiacca. Kiace PAJT @ = Q(1) U
Q(2) U...UQ(n) U ..., Ha3BIBACTCS K6A3UUHBAPUGHMHIM, €CII JJIsi HEKOTOPOTO Ny U JI0O0ro 1,
n > ng, maoxkectso GAJI, nomxyuaromuxcs u3 PAJI muO)KecTBa QQ(n) moacTaHOBKON KOHCTAHT 0 1 1
Bmecto BII x,, conepxurca B Q(n — 1). IIpu sToM ero MoImHOCTHAS TOCIEI0BATEIBHOCTD 0g(n) =
log |Q(n)|/2™ MOHOTOHHO He BO3pacTaeT, €CI N > Ny, U CTPEMUTCS K IPeety 0o = lim, o 0g(n),
0 S oQ S 1.

AHaIOrn9IHO orpe/iesieTcs KBa3unHBapUaHTHBIH Kiacce onepaTopos @ = Q(0)U...UQ(n)U. ..,
rie Q(n) C P () (n), npuaém m(n) = m = const, JiJis KOTOPOTO COOTBETCTBYIOIIAS TOCTIEI0BATE b
HOCTB 0¢(n) MOHOTOHHO HE BO3pacTas CTPEMUTCS K npefery og, rae 0 < og < m.

Bagava 3 n3 cuMCKa KaK KJIACCHBIX, TaK U JOMAIIHUX 339 PEHIaeTCsl ¢ MOMOIIBIO yTBEPIK ICHUST
26.1 npo KBa3MMHBapUaHTHBIE Kjacchl. i pemenns kiaccHoi 3aga4dn Ne4 10CTaTOYHO BOCIOJIB30-
BaTbCS IPUHIAIIOM JIOKAJIBHOIO KOAMPOBAHUS aHAJOTUIHO TOMY, KaK 3TO JIeJIAJ0Ch B YTBEPXKICHUN
Bompoca 26 0 JI0Ka3aTe/bCTBE CTAHIAPTHOCTU KJIACCA CAMOJIBOMCTBEHHBIX (byHKIWi. s pernenus
KJIacCHOU 3a/iaum N8 JI0CTATOYHO <«PACIPOCTPAHUTL» yTBepkKIcHue 26.1 Ha KBasUMHBAPUAHTHBIE
KJIACChI OIepaTopoB, cocrosiiiue u3 Habopos PAJI dbukcuposanuoit mmabl m = m(n) = 3.

Bamaua 4 u3 cumcKa JOMAIIHUX 3a/ad Pelaercsd ¢ IMOMOIILIO MPUHIMUIIA JIOKAJTBHOTO KOJIUPO-
BaHUs aHAJOIMYIHO TOMY, KaK 3TO JIEJIAI0Ch B yTBEPKIEHUSX BOIpoca 26, CBA3AHHBIX C KOIMPO-
BaHUeM i omepatopa F' € (Q(n) Bcex ero «ocraTodHbix» oreparopos suma F,.(z") = F(o',z2"),
rae @ = (21,...,24), " = (Tgt1,...,%,) U 0’ € BY, 1BOMIHBIMI HAOOPAMHU IOJXOJSAIIEH [JJINHEL.
[Tpu 3TOM OCHOBHYIO IO CJIOXKHOCTH YaCTh MCKOMOI CXeMbI OyJeT COCTABJISATL CXEMa, pean3yomast
orepaTop, KoTopelit o Habopy o' BII 2’ Bbiiaér ko (B 9TOM KOJie JI0I2KeH ObITh YITEH OJIUH «IOI0JI-
HUTEILHBIN» pasps croabia snadennit @AJI f1, nossosdiomuii nepeiiTn K «Cjeayomemy» Habopy
suauenunii BII z”) coorBercrBytomero ocrarounoro oneparopa Fy/(z”). BeromoraresibHblii omepaTop
JICKOIMPOBaHus, KOTOpbIil 1o Habopy o’ smadenuit BII " u komy omneparopa F,(z”) Bbramciser
F(o',0"), npu mogxo/sinemM BbIOOpe apaMeTpoB OyIeT UMEeTh CYIIECTBEHHO MEHBIIYO CJI0KHOCTb.

Cemunap 7.

CJ10:KHOCTH He BCIOJY OIPEIEIEHHBIX (DYHKINN, UX UCIOJIb30BaHue IpHu cuHTe3e cxeM J1ist OAJI
U3 CIenUaJbHBIX KJIaccoB. Teopema XpalrdeHKo n €€ NpUMEHEHHUe I IIOJIyYeHNsl HUZKHUX OIEHOK
caoxxuocru PAJT B knacce m-cxem. Teopernueckuii marepuad [8, §§6-10]|, [6, ciaiiap! jeknuii K Bo-
npocam 27-30].

B knacce.
1. Haiitu croxxuocts He Bty onpeenéanoit PAJL f, f € ]52(3), Jutst KoTopoit &y = (0001 1222).

2. Haiitu acumnroruky dyukiuu [lennona LY (Q(n)) ana cioxnoctu peanusaruu PAJI or BII
xy,...,%, 13 Kaacca Q(n), Briroyatomniero B cebs Bece Te PAJI, KoTopbie 00pAIaOTCs B HOJIb
Ha Habopax KyGa B", MMeouxX He MeHbIIe 1/2 eJMHHUII.

3. Jlokazath, uro 12 < L™(s2) < 16, rae st — cummerpudeckas ®AJI or n BII, «paboune» uncia

KOTOpOii cocrasystior muoxkectso I, I C [0,n).
4. Iokazarb, uto L™ ((x1 @ ... ® 1) (Tp1 © ... D 1,)) = n?/2.
Ha gom.
1. Haiiu cioxuocTb He Berogy onpeaenéunoit ®AJL f, f € Py(3), ast koropoii & 5= (01112221).

2. Haitrn acummroruxy dbyukiuu Hlennona LE(Q(n)) mna cioxuocru peanusaimu OAJL or BIT
T1,...,T, U3 Kaacca Q(n), Briodaomero B cebs Bce Te PAJI, KoTopble 0bpanamoTcs B HOJb
Ha Habopax Kyba B", numeromux He paBHOe i, 1 < ¢ < n — 2 YUCJI0 eJIUHMUIIL.

3. Jlokasars, uto 63 < L™(si*%) < 80.

4. Ioxaszarhb, uto L™((11® ... ®x)(0ps1 D ... D 2s) (01 B ... B xy)) = n?/3,tae 1 <k <s<n.
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Meroamyeckne ykKa3zaHud.

[Tpu pemennu KiaccHoii (jomariseit) 3agadn Nel HeoOXOAMMO cHadaga yOEIUTHCS B TOM, 9TO
no6oe poomnpeenenne g AJL f cymecrsenno 3asucut ot k, rie k = 3 (coorsercrsento k = 2) BIT,
T.e. LY(g) > k — 1. Ilocse 9TOro J0CTATOMHO B34ATh B KadecTse goonpenenennsa ¢ PAJI f us xacc-
Hoii (omarseit) 3amaan QAJL, croaben 3uadenus: koropoit umeer Buy (0001 1111) (coorBeTcTBEHHO
(01110111)) u peanuzoBarh eé dopmy0ii 1 V Taxz (COOTBETCTBEHHO T V X3) CIOKHOCTH k.

B kutaccuoii (omamnineit) 3a1a1e Ne2 HUzKHIE MOIIHOCTHBIE ACUMIITOTHYECKHIE OlleHKH Bujia 2"~ 1 /n
(coorsercrrento ¢! /log ¢! ) dynkmum [ernnona LY(Q(n)) ycranaBamBaioTes ¢ MOMOMIBIO yTBEPIKIe-
must 25.1. [lig mostydeHus coOTBETCTBYIONIMX BEPXHUX OlEeHOK npoussosbHas PAJL g, g € Q(n),
upejacraBiasgerca B suge g = f - h, toe [ € ]52(77,) ¢ obnacteio onpenenenus A, A C B™, kKoropas
COCTOUT U3 «HUKHEH» MOJIOBUHBI CJIOEB KyDa B CiIydae KJIACCHOM 3a/1adn u 1-ro cjios Kyba B cirydae
Jnomarnueit 3aja4an, a h — xapakrtepuctudeckas OAJI maoxkectBa A. Ilocste sToro @AJI f peamusy-
ercs Kak He Beiofy onpejenéuanas OAJI mo yreepxaenuio’ 27.2, a @AJI h — Kak cuMMeTpryYecKast
OAJI, numerorast TUHEHHYIO CJIOKHOCTD.

Kak kjiaccHast, Tak ¥ JIOMAIIIHsIS 3312491 3, 4 PeInaroTcs ¢ MOMOIIBIO TeopeMbl X parieHko (yTrBep-
xKaenue 29.1) npu nogxosiem noabope muoxkects N u N, KOTOpBI MAKCUMU3UPYET OIEHKY CIIOXK-
nocrn. Tak, B KtaccHoit 3amaue Ne3 N = Bs u N = B} U B3, B knaccroit 3agate N4 — N = Ny,
a N cocrout n3 Beex coceanux ¢ N Habopos u T. 1I.

Tpebyemble BepxHUE OINEHKHU IOJIYUIAIOTCSA MPSIMBIM ITOCTPOEHUEM MCKOMBIX 7T-CXEM UJIH COOTBET-
CTBYIOIIUX MM (POPMYJI C HOAHATHIMUA OTPUIAHUSIMU:

53 = (21 D 12) (3 B 4) V 2122T3T4 V Ty ToT34,

s§2’476} = ®...® 958)5;078}(5”1’ Loy ).

IIpunoxenne 1: 3ama9m K ceMrmHApaM 10 aBTOMaTaM-paclo3HaBaTeIIMHI

1. Tloctpouts muarpammy Mypa mis aBromara B ajdasure {1,0}, KOTOPBIH JOMyCKaeT CIe/yIO-
1ee MHOZKECTBO:

1) (a) Muoxecrso {0,1,A}; (b) Muoxkectso {0,1}*\ {0,1,A};

\V)

Bce cioBa, koropble HaunHaoTCs cjioBoM 01;

w

Bce cioBa, Koropble okanunBatorcs ciiopom 101;

=~

Bce cnosa gunbr 3 u cioso 0;

S Ot

Bce cioBa, koropsie cosep:kar cjioBo 001;

\]

Bce cioBa, koTopblie coctasjienbl u3 «bsioko» 011 m 101;

oo

Bce cioBa, umerorue HEUETHYIO JITUHY, U CJIOBO 11;

Ne)

Bce cioBa, KoTopble IMEIOT BXOXKJI€HUsT X0Ts1 ObI ojtHOro n3 cjaoB 000 m 111;

)
)
)
)
) Bee cioBa muabr 3, kpome ciosa 110;
)
)
)
)
10)

Bee CJIOBa, Y KOTOPLIX 3a KazK/IbIM CHUMBOJIOM 1 CJIeAYIOT KaK MUHUMYM JIBa CUMBOJIa 0.

2. ,ZLOK&S&TB KOHEYHYIO aBTOMATHOCTDb CJIEJYIOIINX MHOXKECTB!:

1) JIboe koneunoe muoxkecrBo X B andasure A = {a,...,a,} u maoxkecrso A* \ X;
2) MuoxkectBo Beex coB Buga al (1 <i<m,n=1,2,...) B andasure {aj,...,an};
!B srom yTBepKIeHIH PQ(n,t) — MHOXKeCTBO Bcex He Bciogy omnpenenéuaabsix PAJI or BII zq, ..., x,, nmeonmx

00J1aCTh OmpeeIeHHOCTH U3 t HabopoB Kyba B".
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3) MuoxkectBo Bcex cioB B andasure {0, 1}, KOTOpble NMEIOT YETHYIO JJINHY, HAUUHAIOTCS
cuMBoJIOM (0 M OKAHIMBAIOTCSA CUMBOJIOM 1

4) MuoxecTBo Beex c1oB B asidasute {0, 1}, KoTopble cofepKaT HellepeKPhIBAIOIIIECsT BXOXK-
nerus caos 001 m 011;

5) Muoxkectsa Buma 0"10"21...10™, toe ny,...,n, = 1
(a) Ilpu kaxkaom dbukcuposanaom k; (b) I[Tpu npoussosbroM k.

6) MuoxectBa cioB Buja (10™m11)"0(10™21)"20. .. (10™+1)™,

oae mq,...,Mg = 2, Ny, ...,NE = 1 1 ancjio k GUKCHpoBaHo.

3. Ompegenurs Ha MuOKecTBe {0, 1}* paBoMHBapHaHTHOE OTHOINEHUE SKBUBAJIEHTHOCTH KOHEU-
HOT'O MH/JIEKCA, JI7IsT KOTOPOTO CJIEYIONIe MHOXKECTBA OY/IyT IIpeJCTaBUMBI B BU/JIe OObeTMHEHNS
HEKOTOPOI'0 4HCJIa KJIACCOB 9KBUBAJICHTHOCTH:

1) {Ak

2) {0};

3) {A,0,1};
)

)

)

4) MuoxecTBo Bcex cjoB Buga 057, riae n > 1;

5

6) MHOXKecTBO Beex CJIOB YETHOM JIMHBI (BKJIIOUAs ITyCTOE CJI0OBO) BMecTe co cioBamu 1 m 111.

>
MmuoxkecTBo Beex coB Buja 0”1, riae n > 0;

4. yst mo6oro n > 2 onpejesuTsh Ha MHOXKecTBe {0, 1}* nmpaBoMHBAPUAHTHOE OTHOIIEHHE YKBHU-
BaJIEHTHOCTU WHJIEKCA 7.

5. Iosb3ysach TpaBOMHBAPUAHTHBLIM OTHOIICHHEM SKBUBAJEHTHOCTH J0KA3aTh, YTO CJIEILyIOIIUe
MHOYKECTBA, HE ABJISIOTCH KOHEYHO-aBTOMATHBLIMUI:
1) {0"1*:n=1,2,...}
2) {0"10":n=1,2,...};
3) MHoxkecTBO Bcex cuMMeTpUdHbIX cjioB B aidasure {0, 1};
2
4) {0 :n=1,2,...}
5) {07707 n =1,2,...).

6. CymectByeT i 6€CKOHEUHOE KOHETHO-aBTOMATHOE MHOZKECTBO X TakKoe, 4To
MHOXKeCTBO {aa: @ € X} KOHEIHO-aBTOMATHO?!

7. (*) o amajorum ¢ mpaBOMHBAPUAHTHBIM OTHOIIEHUEM SKBUBAJEHTHOCTH OIIPEJICJIUM Ha MHO-
»KecTBe A* JIeBOMHBapUAHTHOE OTHOIIEHHUE SKBUBAJIECHTHOCTU: €CJIHA G ~ b U ¢ — IPOU3BOJILHOE
cioBo u3 A*, To ¢a ~ cb.

Byner ji jy1st ieBOMHBaAPUAHTHOTO OTHOIIIEHUsT SKBUBAJIEHTHOCTH CIIPABEJIINB aHAJIOD TEOPEMBbI
(13 JIeknuii) o mpecTaBIeHIN TIPOU3BOIBLHONO KOHETHO-aBTOMATHOIO MHOXKECTBA B BUJIE 00b-
e IMHEHNsT HEKOTOPOT'0 KOJINIECTBa, KJIACCOB JIEBOMHBAPUAHTHOI'O OTHOIIEHNS SKBUBAJIEHTHOCTH
KOHEYHOI'O MHJIeKca?

8. Beectu omneparnio mpsMoro nmpousBegenns aBTroMaToB. C HCIOIb30BAHMEM TOH Omepanun J1o-
Ka3aTh 3aMKHYTOCTb KJIaCcCa KOHETHO-aBTOMATHBIX MHOYKECTB OTHOCUTEIHLHO Ollepaliuii 00be -
HEHUS W TIepecevdeHus.

9. BrorgcHuTh, coxpaHsioT ju omepannu U, M), -, % KJacC BCeX MHOXKECTB, KOTOPbIE HE SIBJISTIOTCSI
KOHETIHO-aBTOMATHBIMU 7
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10. Kakue MHOXKeCTBa JIOIMYCKAIOT CJIEIYOIIIe HeJIeTePMIHUPOBAHHBIE ABTOMATHI (IIPEIBAPUTE b
HO [OCTPOUTH Jist HUX JuarpaMmbl Mypa):

1)

Q={q, a5}

fO0,q1) ={a}, f(l,a)={q, ¢},
f0,q2) ={as}, f(L,q2) ={az},
f0,q3) ={as},  f(1,a3) = {q2 a3},
F={g}.

Q=1{a1, 92 ¢},

fO0,q) ={q1, e}, f(L,q)={a},
f(0,¢2) = {g}, f(1,q2) = {q2, 4},

f00,q3) ={q1, a3}, f(1,a3) = {q1, a3},

F={g}.

11. s 3aJaHHBIX HeJeTePMUHUPOBAHHBIX aBTOMATOB METOIOM JIeTEPMUHUBAINU IIOCTPOUTDH K-
BUBAJICHTHBI JeTepMUHUPOBAHHBIN aBToMaT. MoXKHO JaBaTh JIIOObIe aBTOMAaThl, B TOM YHCJIE,
aBToMarThl u3 3aa4un 10:

)

Q={q, %, e}

fO0,q1) ={a}, f(l,a)=A{q, ¢},
f0,q2) ={a3}, f(L,q2) ={as},
f0,q3) ={as},  f(1,a3) = {q2 a3},

F={g}
2)
Q=1{q, @2, a3},
f0,q1) ={q1, ¢}, f(L,a)={a}
f(0,q2) = {ga}, f(1,q2) = {q2, 43},

f(0,q3) = {Ch,CJg}, f(17Q3) = {Q17(J3}7
F= {Q3}-

12. Tycrs A; = {A,Q, f,q1, F;},i = 1,2,3 (HeilerepMuHUPOBAHHBIE ABTOMATHI). BepHO Jin, 910

1) Ipu Fy, = Q \ Fy Bemonneno D(Ay) = A*\ D(A;);
2) Tlpu F3 = Fy U Fy Bemonneno D(A3) = D(A;) U D(Ay);
3) Ilpu F3 = Fy N F, semonnreno D(A3z) = D(A;) N D(Ay).
13. Ornpasinsscs or muoxecTs {0} u {1}, IOCTPOUTDH ¢ IIOMOIIBIO OLEpAIil 00bEUHEHHsI, TPOU3-

BEJICHUST U WTePAIlM MHOYKECTBO Bcex cioB B asdasute {0, 1}, KoTopble comepKar MojCIoBo

0001.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

IIycts @ — cooBo B andasure A = {ay,..., 4y }. CKOIBKO pa3 Hy?KHO IPUMEHUTDH OLEPAINIO
ureparyu, 9Tobel noxyanth MuOKectBo A* \ {a} w3 muoxects {ai},...,{an} ¢ momorpo
orepanuii 00beIMHEeHNs], TIPON3BE/ICHNST 1 UTePAIIN

[Iycts MHO)KecTBO X cocTouT us3 n cjos. Moxer i MHOXKecTBO X - X cojepzKaTh 0oJble n’
cios? Menbite n? ciaos? B Tounoctu n? cios?

JlokazaTh peryasipHOCTh CJIEAYIONUX MHOXKeCTB cjioB B ajidasure {0, 1}:

1) JlroGoe KoHEYHOE MHOXKECTBO CJIOB U jionosiHenue (o muoxkecrsa {0,1}*) K koHedHOMY
MHOKECTBY CJIOB;

2) MHOXKeCTBO BCEX CJIOB, IPEJICTABMMBIX B BUJIE IPOU3BEJEHUS 3aJaHHBIX CJIOB Q7 - - - , Gp;
3) MHOXKeCTBO BCEX CJIOB, COJEPKAIIUX B KAUECTBE MOJCIOBA OJIHO U3 CJIOB Gy, . - . , Gy

4) MHOXKeCTBO BCeX CJIOB, JIMHBI KOTOPbIX uMetoT Buj bk + 1 wim 5k + 3;

5) MHOXKeCTBO BCex CJIOB, KOTOpBIe He cojiepzkatr cjioBo 01;

6) MHOXKeCTBO BCeX CJIOB, KOTOPbIE HE COJEPKAT HU OJIHO M3 3aJaHHBIX CJIOB 1, . . . , Gy (HC-

[OJIb30BaTh Teopemy Kirumm).
[IpuBecTn nmpumep GECKOHEYHOTO PETYJISIPHOTO MHOYKECTBA, KOTOPOE HEBO3MOYKHO TIOJIYIUTh:

1) C ofHOKPATHBIM HCIIOJIH30BAHUEM OIIEPAIHN *;

2) C n-KpaTHBIM HCIIOJIb30BAHUEM OIl€paIuu *, 1 > 2.

IIycrs X — peryisipHoe MHoOxKecTBO B asidasure {ai,...,a Y,,...,Y,, — mpousBoJbHbIE
b ) mJ b 9 m

peryJsipHble MHOXKecTBa. Jlokazarh, ITO MHOYXKECTBO {",i:::?/zX , TIOJIy9eHHOE B Pe3yJIbTaTe O/l

HOBPEMEHHO# 3aMeHbI OYKB a1, . . . , G, B JJIOOOM cjlIoBe 13 X MHOXKECTBaMu Y7, ..., Y,,, ABJIAeTCs

peryjindapHbIM MHO2KECTBOM.

[Iycte X — muOX)ecTBO B ayidasure A, B — nemycroe mnogamuoxkectBo A. Obo3HaunM depes
Projz(X) MHO)KeCTBO BCEX CJIOB, KOTOPBIE MOXKHO IMOJIY9IUTh U3 CJIOB MHOXKECTBA X BBIUYEPKI-
BaHmeM OyKB MHO)KecTBa A\ B (ecim cjioBo He cofiepKuT OyKB u3 B, TO B pe3ysbraTe BhIYepKI-
BaHUsl obpasyercst mycroe ¢jioBo). Jlokazarh, 4To jijist peryJisipHOro MHOXKeCTBa X MHOYKECTBO
Projz(X) Takxke peryssipHo.

[Tycrs X — perymsipuoe MHOKecTBO, Rev(X) — MHO)ecTBO obpartenuii Becex c¢jioB u3 X (T.e.
CJIOB, IPOYUTAHHBIX ClpaBa HaseBo). JlokazaTs, uro muoxkectBo Rev(X) peryssipHo.

[Iycts X, Y — muOXkecTBa cioB B anidasure A. Obozraunm depes X X Y MHOKeECTBO BCeX
cioB B andasure A X A, KoTOpble UMEOT BUL (a4, aj )(aiyaj,) - .. (ai,aj,), T€ ;) ... a;, € X

u aj, ...a; €Y. C ucnoapzoBanueM TeopeMbl Kimnu Joka3aTh, 9TO [ JIOOBIX PETyIapHBIX
MHOKecTB X, Y mMHO)KecTBO X X Y Tak»Ke peryJ/isipHo.

[Iycte X — KOHeYHO-aBTOMATHOE MHOXKeCTBO B ajipapure A, Y — KOHEUHO-aBTOMATHOE MHO-
JKeCTBO B 0/IHOOYKBeHHOM ajidasure. O6o3naunm depe3 X /Y MHOXKeCTBO Beex Tex ¢JioB u3 X,
JUIMHBI KOTOPBIX SABJIAIOTCS JUIHHAME cJioB u3 Y. Jokasarh, aro mMuHOKecTBO X /Y KOHEUTHO-
aBTOMAaTHO.

st aBromaroB A u 5 ocTpouTs (HeIeTepMUHIPOBAHHBIN) aBTOMAT, KOTOPBIil JOITyCKAeT MHO-

xectBo D(A) - D(B):
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24. Jlnst aromara A noctpouts (HegerepmuHupoBaHublii) apromar C, y koroporo D(C)

1) Asromar A u3 3agaaun 23 (1):

2) Apromar B u3 3amaan 23 (2):

A:Q ={aq1, ¢, e},

[0,q1) =q,  f(L,q1) = qu,
f0,0) =g, f(1,¢) =g,
f0.q3) = a1, f(1,43) = gs,
F={q a6}

B: Q= {q, ¢},
fO.@)=aq, f(l,q1) =g,
[0,¢) =qi, f(1,¢) =g,
F={g}

A: Q= {CI1,CI2},

f(oa(h) = q1, f(laql) = @2,
fO0,@)=q, f(1,¢)=q,
F={e}

B:Q={q,9,a}

fOq) =g, f(l,q1) =gs,
10, q2) = g, f(17 Q2) = 42,
f0,q3) = g3, f(1,43) =,
F={q,q}

A Q ={q1, ¢, a3},

f(()v(h) = {42, f(17(h) =,
fO0,¢) =q, f(1,¢2) = g3,
f0,¢3) =aqu, f(1,q3) = g3,
F={q,q};

B:Q={q,q,q}

fO0,0) =q, f(l,q)=gs,
f0,0) =q, f(1,¢)=q,
f0,q3) = a3, f(1,33) = qu,
F = {Q27Q3}-
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IIpunoxenne 2: 3a/1a9m K ceMruHApaM 110 YaCTAIHO PEKYPCHBHBIM (DYHKITASIM

JlokazaTh 4aCTUYHYIO PEKYPCUBHOCTD (DYHKITHIA:

10.

11.

T, 2 BXOIUT B IlepecedeHune obJacreil 3HATEHUI

. flx) = IPUMUTUBHO-PEKYPCUBHBIX DyHKIHI g1 (2), g2(2),

HE OIIpeie/IeHO, HNHa4e;

f~Y(x), rue f — obmiepekypcuBHas nepecranoBka (GuekTusHas gynkmus) na No;

x T ea1,...,Q
f(l'): ’ { b ’ m}7 a17"'aa'm€NO;
He OIlpesiesIeH0, WHAade,
(@) 1, 2 BXOJIUT B 00JIACTb 3HAYEHUI (DYHKINH ¢,
€Tr) =

He OIIpeJie/IeH0, WHade,
g(z) — npuMuTHBHO-peKypcuBHast (bYHKIUA, HAIpUMep, 22, 27;

x, fl(x) >f2(l'),

He OIpeJiesIeHO, WHAave,

fz) =

fi(z), fo(x) — npuMUTHBHO-peKypCUBHBIE (DYHKITHN;

LTy

- x/y;

T, B TOCJIEIOBATETLHOCTH ¢ €CTh JIBE €JIMHUIIBI Ha PACCTOAHUN T + 1,
He OIlpe/le/IeH0, WHave,

g(z) — UpUMHUTHBHO-DEKypPCHBHast QyHKIMS, TpuHNMaromas 3Hadenns 0, 1 (1BondHast moce-
JIOBATEJILHOCTD );

(@) x, B TI0CJIETIOBATEJIbHOCTU ¢ €CTh T + 1 MyIux MOJIpsiT € INHUII,

€T) =
HE OoIIpee/IeHo, HnHave,

g(z) — NpUMUTUBHO-peKypcuBHas QyHKIMsI, npuHUMaroias 3uaderus 0, 1 (1Bondnas mociie-

JIOBATEJILHOCTD ).

HpI/IJIO}KeHI/Ie 3: 3aJla4i K CeMMHapaM II0 KJlaCCaM CJIOZKHOCTH

1.

[Iycrb 6zodom 3amaqau L sisisiercs cioso o € A* rne A = {0,1}. okaxure, uro 3ajada L
MIPUHAJJIEXKUT Kjaccy P, ecau sonpoc 3Toit 3a/1a91 CJ1e/ 1y IOIIHii:

1) BepHO Jin, YTO YUCJIO €JIUHUI] CIOBA (v JICJINTCS HA 3;

2) BEpPHO JIH, 9TO JJIMHA CJIOBa (v HEYeTHA,

3) BEPHO JIK, YTO CJIOBO (v HE COJEPKUT 110J1ci0B0 101;

4) BEpHO JIH, 9TO CJIOBO (v HE SIBJISIETCS 3allUCHIO CTEIEHU JIBOMKU B JIBOUYIHOl CHCTEME CUUC/Ie-
HUS;

5) BEPHO JIM, YTO CJOBO (v SIBJISIETCS MATHHIPOMOM;
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6) BEPHO JIH, UTO CJIOBO (v COJEP’KUT PABHOE YHCJIO HYJIEH U €MHMUIL;
7) BEPHO JIi, 9TO B JIIOOOH HAYAILHON JACTH CJIOBA (v UUCJIO HyJIel He GOJIbINe YUC/Ia €JTIMHNUIL;

8) BEPHO JIM, UTO CJIOBO (v ABJIAETCA MEPUOIMIECKUM (T. €. UTO HaljeTcs Takoe CIoBo 5 € A*
aro o = B ... [0, rme n = 2)7?
———

n

[TocTpotite mammunay ThiopuHTa, peraoIyio 3a/a4y L ¢ MOJTUHOMUATBLHON CJI0XKHOCTBIO; OIle-
HUTE TIOJIyYeHHYIO CJI0KHOCTE T'(n).

[Iycts A = {0,1} u L C A*. Jlokaxkure, 9T0 MHO)KeCTBO (13bIK) L mpuHajiexkuT Kiaaccy P,
eCJIM MHOXKeCTBO L COIEepKUT Bce cjioBa 3 A*, KOTOpbIe:

1) comepzkatr He MeHee Tpex HyJIeii;

2) coxepzkar mozcsoso 010;

3) SIBJISIOTCS BEKTOPAMU 3HaYCHU DYHKIHUiT aireOphl JTOTHK;

4) SBJIAIOTCS BEKTOpAMU 3HaYeHU{T (DYHKIUIA ajredphl JIOTUKY, He COXPAHIONUX 1.

[Tocrpoiite mammuy ThOpuHra, pacloO3HAIONLYI0 MHOXKECTBO L € HOJMHOMMAILHON CJIOXKHO-
CTBIO; OIEHUTE MOJIYIEHHYIO CJIOKHOCTE 1'(1).

[Iycts 6x0dom 3anaan L sasisgerca KH® K, 3amucannas cJIOBOM B M3BECTHOM KOHEYHOM aJl-
dasure A. Jokaxure, uro 3ajgada L npunaiexur Kiaaccy NP, eciau eonpoc sToit 3amadn
CJICJIY IOIIUTA:

1) cymecrByer sin Habop, Ha Koropom KH® K pasna 1;

2) cymectByer Jin Habop, Ha koropom KH® K pasna 0;

3) CyIIECTBYIOT Jii JIBA [IPOTUBOIOJIOKHBIX Habopa, Ha KoTopbix KH® K npunumaer ojguna-
KOBble 3HAUYEHNUS,;

4) cymiecTBYIOT JiH JiBa cocennnx Habopa, Ha Koropbix KH® K npuHnMaeT mpoTuBOIOIOKHBIE

3HAYEeHUA !

[Iycrs 6xodom 3amaan L sBasercs rpad G = (V) E), 3ajaHHbIi MHOXKECTBOM BEPIIHH W MHO-
JKeCTBOM pebep, u qucio k. Jokaxkure, uto 3ajada L npuHajexut Kiaccy NP, ecim eonpoc
3TOHN 3aJa4U CJIeLyIOIITA:

1) cymecrByer jin B rpade G IpOCTO IUKJI, coJiepzKaliuii He MeHee k pebep:;
2) cymectByer s B rpade G nosHbi moarpad, copepKamuii He MeHee k BepPIINH;

3) MoxkHO Jin Bepuintbl rpada G pa3duTb Ha k MHOMXKECTB, 4TOOBI He HAILIOCH pebep, coelu-
HAIOIMMUX BEPHIMHBI U3 OJHOI'O MHO2KECTBA,;

4) moxuo Jiu B rpade G yaamuth k pebep, 9Tobbl ocTasicsd HeCBA3HbIH rpad?

ITo 6xody K zamaum BbBIII nocrpoiire 6xod K’ 3anaun 3-BBIII B coorBeTcTBUUN C IIOJUHOMME-
aJIbHBIM CBEJIEHMEM IMEPBOA 33/1a91 KO BTOPOMH, €C/In:

1) K = (x1 Va2V ayg)(T1 VsV IV T) (T2 V T3V as);

2) K= (x1VZaVas VTV as) (T Ve Vay) (T3 VeV Ts);

3) K = (21 Vag Vag Vi) Ty Vs Vas Vag) (T Vag VsV e);

4) K= (1 Ve VazVayVIe) (T VI VIV IV ae) (v Vas) (T V).

[TokaxkuTe, Kak 110 HAOOPY, HA KoTOpoM BbinostHdeTcs KH® K, moctpouTth Habop, HA KOTOPOM
poimosasgercds KH® K’ u naobopor.
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6. IHommHOMMATIBLHBIM @JITOPUTMOM TTPOBEPHTE BhITOJHUMOCTh 2-KH® K| ecin

1) K = (21 V22) (T2 V 23) (21 V T3);

2) K = x1(xg V Z3)(T1 V x3) (T2 V 24)T4;

3) K = (21 Va2)(T1 VZy)(Ta Vas3)(Ts Vay);

4) K = (21 V Z3)(Z1 V 23) (22 V 24) (T2 V T4) (T3 V 24).
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