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1 BBEAEHUE

BaxHyio dacTh TeopeTHUecKOW UM MPO(EeCCHOHAIBHOW MPAKTUYECKOH  IMOATOTOBKH
00yYaroIuxcs COCTaBIAIOT IPAKTUYECKUE 3aHATHSL.

CocTaB U cojepxaHUe MPAKTUYECKUX 3aHSATUNM HalpaBlieHbl Ha peanuzauuio denepanbHOro
rOCyJJapCTBEHHOT'0 00pa30BaTEIbHOIO CTAaHAAPTA CPEAHEr0 NPOPECCUOHATIBHOIO 00pa30BaHMsL.

Benymieidi aunakTU4eckoil  LeIbI0  TMPAKTUYECKUX — 3aHATUH  sABJIseTCs  (OPMHpPOBAHUE
npopeCCUOHATBHBIX MPAKTUYECKUX YMEHMH (YMEHMH BBINOJIHATH ONIpEIENCHHblE JeicTBu,
orepanuu, HEoOXOAMMbIE B IMOCIEAYIOIIEM B MPO(PECCHOHATBHON NEATETBHOCTH) WM Yy4eOHBIX
IIPAKTUYECKUX YMEHHUH, HEOOXOIUMBIX B OCIEIYIOLIEH yueOHO! e TeTbHOCTH.

B cootBercTBHU ¢ pabodyeil nmporpaMmoi yuyeOHOW TUCHMIUIMHBI «J{UCKpeTHass MaTeMaTHKa C
9JIEMEHTaMU MaTEMATUYECKOM JIOTUKW» PEAYCMOTPEHO NPOBEACHHUE TPAKTUUECKUX 3aHATUH.

B pesynbrare ux BBITOTHEHUS, 00YJAIOIIUIICS JOKEH YMETh:

V1 1 [IpuMeHsATh IoTHUecKue onepanuy, GopMyIbl IOTUKHU, 3aKOHbI alnreOpbl JIOTUKH.

Yn 2 @opmynupoBaTh 33Jayd  JIOTUYECKOI'O XapakTepa M IPUMEHATh CpeACTBa
MaTEMaTHYECKOH JIOTUKH JUIsl UX PEILEHUS.

CoznepxaHue TPAKTHYECKHX OPHEHTHPOBAHO HA TMOATOTOBKY OOYYaIOIIUXCS K OCBOCHHUIO
1po(heCcCUOHATIBHBIX MOYJIEH MPOrpaMMbl IOJTOTOBKU CHELUAIMCTOB CPEAHETO 3BEHA 110 CHELHAIBHOCTH
U OBJIAJICHUIO HPOhecCUOHAIbHBIMU U 0OUUMU KOMNEMEHUUAMU:

[1K1.1 ®opmupoBaTh alropuTMbl pa3pabOTKH MPOTrPaMMHBIX MOJYJIEH B COOTBETCTBHM C
TEXHUYECKHUM 3aJaHUEM.

I1K3.3 IlpoBoauth o0Oyd4eHHE U HOCIEAYIOUIYI0 KaJIUOPOBKY TOTOBBIX  MOjeNeil
HCKYCCTBEHHOI'O MHTEIIJIEKTA.

OK 1 Beibupars crnoco0bl pelieHus 3a1ad npoecCHOHAIBHOM esITeIbHOCTH, NPUMEHUTENBHO K
pa3IM4HBIM KOHTEKCTaM.

[TpakTHyeckue 3aHATUS HPOBOLATCS B paMKax COOTBETCTBYIOIIEH TEMBI, IOCIE OCBOEHUS
OUJIAKTUUECKUX €IMHHUL, KOTOpble OOECleYrBalOT HAJIWYUE 3HAHUM, HEOOXOAMMBIX [UIsl €€
BBIIIOJIHEHHSL.



2 METOAUYECKHUE YKA3AHUA

Tema 1.1. MHOkecTBa U ONlepallUy HAL HUMH
IIpakTnyeckoe 3ansaTue Ne 1.
Onepauuu HaJx MHOKeCTBaAMM: 00beIMHEHHE, NIepeceYeHne, T0MOJTHEeHUEe
IIpakTHyeckoe 3aHsTHE N2 2.
IHocTpoenne quarpamMmm BeHHa /11 MHOKeCTBA U ITOJMHOKECTBA

Heab padoTbl: GopMHUpOBaHKHE YMEHH BBIOIHATE ONEPAIMK HAJl MHOKECTBAMH.

Beinosinus padory, Bel Oyaere:

ymembs:

- CTPOUTH U aHAJIMU3UPOBATH AUCKPETHBIC MOACIIN

- BBIMIOJIHATH OTE€pAIK HaJl MHOXKECTBAMH,

- peliaTh 3aia4v Ha BBIIIOJIHCHUC TCOPCTUKO-MHOKCCTBCHHBIX onepaunﬁ.

MarepuajibHoe o0ecnieyeHue:

Pa3narounsblii Matepuain (KapTOUKH C 3aJIlaHUSMU).

TexHuyeckue cpencTa 00y4eHHs: KOMIBIOTEP C JIMIEH3UOHHBIM MPOTPaMMHBIM 00ecTieueHUEM
U MYJIbTUMEINA IIPOEKTOP.

3ananus:
1. TIlyctp mamer  wmuHOkectBa A={-3;-2;-1;0;1;2;3;7}, B={5;3;2;1;0;-2;-3}, C={-4;-3;-2;-
1;0;1;2;3;4}. Haiinure MHOKeCTBa AUB, ANB, AUC, BUC A\B, B\A.
2. JIokaxure CIeoyIOMME TOKAECTBA: @) (X NY)uZ=(X uZ)n(Y uZ); 0) (X\Y)UZ =(X\Y)A(Y\Z).
a) JIeBas 4acTh PaBEHCTBA MpaBasi 4acTh PaBEHCTBA

6) JIEBas 4aCTb paBCHCTBA IIpaBasd 4aCTb PaBCHCTBA

3. Ilycte N- MHOECTBO HaTypaJIbHbIX YHMCEN, Z- MHOXKECTBO LIEJIBIX YuCell, a MHOXKecTBa 4, B, u C
ompezeneHsl B 3ananun 1. Haiinute AON, AAN, ZUC, (AnB)AN, A\Z.

4. Tlycth A — MHOXECTBO TapajieIOTPaMMOB, B — MHOXECTBO MPSIMOYTOJILHUKOB, C — MHOXECTBO
pom60B, D — MHOKECTBO KBaJpaToOB. 3aUIIUTE PE3yabTaT ONepaluii: A~B, BAC, AUBUCUD.

5.  VYKaXuTe IMMyCThle MHOXKECTBA CpeIu CJIEAYIOIMX: a) MHOXKECTBO IICJIBIX KOpPHEH ypaBHEHUS
x? —16=0; 0) MHOXECTBO IICJIBIX KOPHEU YpaBHEHUS x> +16=0.

6. M300pa3ute ¢ momotisto auarpamMm Ditnepa- Benna muoxectBa 4, B, C, ecnu: a) AcB,B<C; 0)

AcB, BcC, A\B=@; B) AUB, BNC, AcB;T) AnB+QJ, ANC#JT, BNC=J, ANBNC=D.
7. JlaHpl = MHOXECTBa AZ{XE R|X*+4= y}, B:{Xe R|X%+Yy? sg}, C={xeR|x+2<y}. Hatigure
AuB, AnB, AuC, AnC, BNC, A\C, B\A.
8. U3 mudp 1,2,3,4,5 cocraBpTe Bce ABy3HauHble yncia. Kak cBsfi3aHO MmoimyduBIIeecs MHOXKECTBO C
JICKapTOBBIM NIPOU3BEACHUEM Ax A, A= {,2,34,5}

Kparkue Teoperuueckue cBeleHUs
OmHUM M3 OCHOBHBIX HCXOJHBIX MOHSATHI MATEMAaTHKU SBJISICTCS MOHATHEC MHOXECTBA H €ro
9JIEMEHTOB. MHOKECTBO COCTOMUT U3 3JIEMEHTOB. MHOKeCTBa 0003HAYaIOTC OOJBIITUMHM JIATHHCKHMU
oykBamu: A; B; C..., a X 3JIEMEHTHI - MaJIbIMU OyKBamH: a,b,C,...
Ecnm a siBasieTcst 21eMEHTOM MHOKECTBAa A HIIM, 9TO TO YK€ camoe, a MIPUHAJIC)KUT MHOXKECTBY A, TO
MIPUMEHSIIOT 3aIUCh A€ A B IPOTUBHOM Cllydae MUIIYT agA.
Iea muoxcecmeéa A u B pasnvr (A=B), eclii OHU COCTOST U3 OJHHX U TEX XKe dJeMeHToB. Ecnm
MHOKecTBa A 1 B He paBHBI, To IpuMeHsieTcs 3anuch A # B.
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MHO)KCCTBO, COACPpIKAIICC KOHCUYHOC YUCIIO 3JICMCHTOB, HA3bIBACTCA KOHCYHBIM, B IPOTHUBHOM CJIy4yac
MHOXKECTBO Ha3bIBacTCd OeckoHeuHBIM. KoHedHoe MHOXECTBO, CoACpXKamee n 3JICMCHTOB,
Ha3bIBACTCsA N-MHOXKCCTBOM.

MHO)KGCTBO, HE COACpKalIEC SJIEMCHTOB, Ha3bIBACTCA IIYCTBIM H obo3Havyaercsa J. HpCI[HOJ'IO)KI/IM,
4TO BCC MHOKCCTBA, SABJIIOTCA IMMOAMHOXCECTBAMU HCKOTOPOr0O MHOKCCTBA U, Ha3bIBACMOI'0
YHHUBEPCAJTIbHBIM MHOXXECTBOM.

a o

\ (&)

U U

Puc 1.1
Ecimm kaxnplii 3JIeMEHT a MHOXecTBa B, a€B, sBnsgercsa sieMeHTOM MHOXecTBa A, acA, to B
Ha3bIBAETCS TIOJMHOKECTBOM MHOXecTBa A (puc. 1.1, a). DTOT dakT 3anuchIBaeTCs ¢ MOMOIIBIO 3HAKA
BKJIIOUEHUSI C clieayronuM obpazom: BCA.
CBoiicTBa BKIIIOUECHHS
1. AC A;
2.eciu Ac B u BcC, 10 AcC (puc. 1.1, 6);
3. u3 1Byx BKiouennit BCA u Ac B cienyer, uto A=B.
[IpuHATO CUUTATH, UTO IMyCTOE MHOXKECTBO SBIISETCS MOJIMHOKECTBOM JIFOOOT0 MHOXKECTBA.
Eciu B A u npu atom B#A, 10 3TOMY cooTBeTCTBYET 3anuch BC A u B Ha3biBaeTcs cOOCTBEHHBIM
IIOJMHOKECTBOM A.
Jlyig onucaHusi MHOXECTBA A, COCTOSIIETO U3 AJIEMEHTOB al,a2,...,an,... OOBIYHO MPUMEHSETCS 3aMucCh
A={al,a2,...,an,...}, TpuuéM NOPSAIAOK JIEMEHTOB B (PUI'YpHBIX CKOOKaX HE MMEET 3HAYECHUsI; OOBIYHO
OH OTPEENIeTCs COOOpaKEHUSIMHU HATIISITHOCTH.
[Ipumep. B 3anmucu MHOXKECTBa MEPBBIX N HATypaidbHbIX yucen Nn={1,2,...,n} ymoOHO pacmoJyiaraTh
qrclia B BO3pAcTarolleM MOpsIKe, XOTs PU 3TOM HaJI0 UMETh B BUJLY, UTO
N3 ={1,2,3}={2,1,3}={3,2,1}.
Hpyroii crnoco0 3agaHusi MHOXKECTBA COCTOMT B OMHMCAHUW CBOWMCTB, OJTHO3HAYHO OIPEIEISIONINX
MPUHAJUICKHOCTh JJIEMEHTOB JAaHHOMY MHOXKECTBY. Takomy crmoco0y 3aaHusi MHOXECTBA
COOTBETCTBYET 3aIHCh:
A ={a/a obnmagaet cBoiicTBOM P(a)}.
[Tpumep. MHOXeCTBO YETHBIX Yrcell M MOXKeT OBbITh 33JJaHO TaK:
M={i /i - nenoe umuc0, KOTOPOE ACIUTCS Ha 2 O€3 OCTaTKa}.
B cnyuae ommcaHus MHOXECTBAa C MOMOIIBIO HEKOTOPOTO CBOMCTBa HEOOXOIMMO CIEAWTH 32 TEM,
YTOOBI KXKIBIM AJIEeMEHT ObLT 4ETKO ompenenéH. Tak, Hampumep, HEJOCTATOYHO YETKUM SBIISICTCS
onpesieJIeHue MHOXKECTBA A KaK MHOYKECTBA CIIOB PYCCKOTO 53bIKa, €CIIM HET CChUIKA Ha OJUH W3
TOJIKOBBIX CIIOBAPEH.
Bo3MOXHO  Takke pEeKypCMBHOE 3aJaHME€ MHOXXECTBa, TMPU KOTOPOM  OCYHIIECTBISETCS
MOCJIeIOBATEIFHOE OTMMCAaHUE AJIEMEHTOB Yepe3 mpeasiaymue. Hanpumep, MHOKECTBO HATYpaIbHBIX
YUCeJl PEKYPCUBHO MOKHO 33/1aTh TaK:
N={i/ eciu iemoe ieN, toi+leN, i>1}.
Onepayuu Hao MHoHCECMEAMU
Obvedunenuem 08yx mHodcecms A u B Ha3bIBAETCsI MHOXKECTBO BUIA:
AuB ={a/ae A umu ae B}(puc. 1.2, a).
[lepeceuenuem AByx MHOXECTB A U B Ha3bpIBaeTCs MHOKECTBO BUA:
AnB={a/ac A u ae B} (puc. 1.2, 0).

Ecan mHokecTBa A 1 B He MMEIOT 00IIKX 3JIeMEeHTOB, To ANB=J.
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Puc 1.2

CoiicTBa ornepanuii 00beAMHEHUS U MTEPECeUCHUs

Kommymamuenocmo:

1. AUB=BUA,

2. AnB=BnA;

Accoyuamusrnocmb:

3. (AuB)UC = Au(BUCO),

4. (ANB)NC = An(BNC).

OObenuHeHNe U IepecedeHre CBSI3aHbl 3aKOHAMU OUCTPUOYMUBHOCTU.

5. An(BUC)=(AnB) U (ANC),

6. AuUBNC)=(AuUB) N (AUC).

[To cBoiicTBYy 3 omepanuu BKJIIOUEHHUS CIEAYyeT PaBEHCTBO MPaBOM U JIEBOM 4YacTeil JOKa3bIBAEMOIO
paBeHCTBa.

Jlns onepanuu OObEAMHEHHMS MHOXKECTB HEHTPAJIIbHBIM SIBJSIETCSl ITYCTOE€ MHOXKECTBO J, a JuIs
OTIEepaLlNy MEPECEUCHUST MHOXKECTB - YHHBepcallbHOe MHOXKecTBO U.

Pasnocmv mnoocecme A u B onpenensiercs cieayonmm o0pa3om:

A\B ={a/acAuagB} (puc. 1.3, a).

PazHOCTE He o00namaeT CBOWCTBOM KOMMYTAaTHBHOCTH; 3Ta ONEpalus TaKXKe HE SBISETCS U
ACCOLIMATUBHOM.

HOJ’II)?;YSICI) MMOHATHUEM YHUBCPCAJIBHOIO0O MHOXCCTBA, MOXHO OIPCACINUTL JOIMOJIHCHUC A K

MHOXeCTBY A, kKak pasHocth Bua: A = U\ A (puc. 1.3, 6).
[pumep. IIycTh B KauecTBE YHHBEPCATHLHOTO MHOXKECTBA BBICTYITAET MHOXECTBO IICNBIX Yucen Z U

ITYCTh A - 3TO MHOKECTBO BceX uéTHBIX uncell. Torma A - 5To MHOXKECTBO BCeX HEUETHBIX UMCEl.
Onepannn 00beAMHEHUS, IEPECEUEHUS U JOMOJHEHHUSI MHOYKECTB CBSA3aHbI MEX]ly COOON 3aKOHAMH e
Moprana:

ANB=AUB
AUuB=ANB
Ecu ae€ ANB, 10a ¢ ANB. D10 3maunt, uto wm ac A, wm acB, Te. ac AUB .

CnenopatensHo, ANBcAUB.

C npyroii CTOpOHBI, €ClIu ae AUB , TO WIIK A€ A, wm ae B . 9o 3HauMT, yTo a¢ AN B, T.e. a
e AN B . Takum o6pasom, AUB < ANB.

N3 5TuX OBYX BKIIOYEHUH CIENYET MEPBBINA 3aK0OH A¢ Moprana.  Bropoli  3aKkOH  J10Ka3bIBaeTCs
aHAJIOTUYHBIM 00pa3oM.
a o
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Puc 1.3

IIpumepsl.
1. Haitru AUB;ANB; AxB;Bx A, A\B. A=1{7;8,9};B={7,810}

Pemenue:

AUB={7;8,9} U{7;810} ={7;8;9;10}

ANB={7;8,9} {7,810} ={7 8}

AxB={7;8,9}x{7;8,10} = {(7:7); (7 10) (8:7):(8:8):(8:10);(9;7):(9:8):(9:10)}
Bx A={7:810}x{7:8,9} ={(7,7); 7:9);(8;7):(8:8):(8;10);(10;7);(10;8);(10;9)}
A\B = {7;8,9}\{7,8,10} ={9}.

2. JlokazaTh paBEHCTBO M 3aIUCATh IBOMCTBEHHOE EMY:
(AuB)(BuUC)(CUA)=ABCUABUACUBC

Pemienue:
[IpeobpaszyeM JeByIO YacTh:

(AUB)(BUC)(BUA)=(ABUC)(BUA)=ABUABUCBUCA=
=ABCUABUACUBC

Takum 006pa3om, JieBast 4acTh paBHA MPaBOM YacTH, T.€. PABEHCTBO BEPHO.

Jis Toro d4roObI COCTAaBUTh PABEHCTBO, JBOWCTBEHHOE JAaHHOMY, TMOJB3YeMCS MPUHIUIIOM
JTIBOMCTBEHHOCTH. 3aMEHUM B JIAaHHOM PaBEHCTBE 3HAK Una Mu Ha000poT. UTOOKI HE TTOMEHSIICS
MOPSAJIOK IEUCTBUH, paccTaBUM cKOOKH. [losyunM 1BOMCTBEHHOE paBEHCTBO:

ABUBC UCA=(AUBUC)(AUB)(AUC)(BUC)

Mownocmuvio KoHeuH020 MHOJICecmea Ha3bIBAETCS KOJIMYECTBO €0 DJIEMEHTOB.

Jlj11 KOHEeYHOTro MHOKecTBa A uepe3 m (A) 0003HAUYUM YHCIIO AIEMEHTOB B MHOXKECTBE A.

W3 onpenenenue cienyroT CBOWCTBA:

1. m(A)+m(A)=m(E)

2. A=B=m(A)=m(B)

J11g 1100BIX KOHEYHBIX MHOXECTB CIIPaBEJIUBbI TaK JK€ YTBEPIKICHUS:

1. m(AuB)=m(A)+m(B)-m(ANB)

2. m(Au B uUC)=m(A)+m(B)+m(C)-m(ANB)-m(ANC)-m(BNC)-m(ANBNC).
JaHo mHoxecTBo A.

ByneaHom P(A) MHOXecTBa A Ha3blBaeTCA MHOMECTBO BCEX
NOAMHOXECTB 4aHHOTO MHOXECTBa.

Npumep.  4={123}
P(4) = {@. {1}, {2}.3}. {1.2}, {L3}.{2.3}. {1.2.3}}



JaHbl MHOXecTBa A 1 B.

Mpambim nu geKkaptTosbim npoussegeHnem AxB mHoxectB Au B
Ha3blBaETCA MHOECTBO YNOPAAOUYEHHbIX Map BUAA (X; V), B KOTOPbIX
X MPUHUMaET BCE 3HAYEHMA U3 MHOXeCTBa A, a y - BCe 3HaYeHuA
MHoOecTBa B.

Mpumep. A= {1,2,3}, B= {a,b}
1xB~((1.0) 1) (2.0l 20} (3.0) 6.5}

Pemenne 3ana4 ¢ noMomb10 Kpyros Jijiepa
3toT cnocob pemats 3anaun npugyman B X VIII B. Benukuii Jleonapa Diinep.
[Ipumep. B onumnuaze mo maremaTuke NpuHAIo ydactue 40 ydamuxcs, UM ObUIO MPEaIOKEHO
peluTh OJIHY 3aJady Mo aiaredpe, OJHY MO T'E€OMETPUH W OAHY HO TpuroHomerpuu. llo anrebpe
pemnnu 3anayy 20 4enoBek, Mo reoMerpuud — 18 yenoBek, mo TpuroHomeTpuu — 18 yenosek. [lo
anreOpe ¥ reOMETpUHU peIliIn 7 YeloBeK, o airedpe U TpuroHomerpuu — 9 uenoBek. Hu omHoi
3a7aun He pemmid 3 4yenoBeka. CKOJBKO yyanuxcs pemnid Bce 3agaur?  CKOJIBKO ydaniuxcst
penIM ToIbKO ABe 3a7a4i? CKOJBKO yYalUXCsl PEIIUIIN TOJIBKO OHY 3a/1a4y?
Pemenue:
3anuiieM KOpOTKO YCIOBUE U TIOKaKEM PELLEHUE:
m (E)=40;
m (A) = 20;
m (B) =18;
m (C)=18;
m (ANB) =7,
m (ANC) =8§;
m (BNC)=9;
m (ABC)=3=>m (ABC)=40-3=37
N306pa3um MHO)kecTBa A, B, C (puc. 1.4).

A B

o

Puc 1.4

K1 — MHOECTBO yUE€HHKOB, PELIMBIINX TOJBKO OJIHY 33Jauy I10 ajareodpe;

K2 — MHOX€CTBO YU4EHHKOB, PEIIUBIINX TOJBKO JIBE 337ja4i MO ajaredpe u reoMeTpuu;

K3 — MHOX€CTBO YY4EHHKOB, PEIIUBIINX TOJIBKO 3a/1a4y 110 TEOMETPHH;

K4 — MHOXX€eCTBO YUEHHKOB, PEIIUBIINX TOJIBKO JBE 3a7auu MO alredpe u TPUrOHOMETPUH;

K5 — MHOX€ECTBO BCEX yUEHUKOB, PEIIUBLIMX BCE TPU 33]1a4H;

K6 — MHO€ECTBO BCeX yUEHMKOB, PEIIMBIINX TOJIBKO JIBE 3a/1a4H, IO T€OMETPUHN U TPUTOHOMETPUH;
K7 — MHOk€eCTBO BCeX yUEHHMKOB, PEIIMBIINX TOJIBKO 3a/1a4y 110 TPUTOHOMETPHH;

K8 — MHO>XECTBO BCEX YUEHUKOB, HE PELIMBIINX HU OAHOM 3aauu.

Hcnons3ys CBONCTBO MOIIIHOCTA MHOXKECTB U PUCYHOK MOYKHO BBIITOJTHUTH BBIYNCIICHUS:



m(K5)=m(ANBNC)=m(ABC)-m(A)-m(B)-m(C)+m(ANB)+m(ANC)+m(BNC);
m (K5) =37-20-18-18+7+8+9=5; m (K2) =m (ANB) - m (K5) = 7-5=2,;
m (K4) =m (ANC) - m (K5) = 8-5=3; m (K6) = m (BNC) - m (K5) = 9-5=4,
m (K1) =m (A) - m (K2) - m (K4) - m (K5) =20-2-3-5=10;
m (K3) =m (B) - m (K2) - m (K6) - m (K5) = 18-2-4-5=7,
m (K7) =m (C) - m (K4) - m (K6) - m (K5) = 18-3-4-5 =6;
m (K2) + m (K4) + m (K6) = 2+3+4=9 — 4yncno y4eHUKOB pEIIMBIINX TOJBKO JBE 3aaul;
m (K1) + m (K3) + m (K7) = 10+7+6=23 — 4nclI0 y4EHUKOB PEIIUBIINX TOJbKO OJHY 3aJ1auy.
OTBeT: 5 y4E€HUKOB PELIWIM TPU 331a4d; 9 YUEHHUKOB PELIMJIM TOJBKO IO ABE 3a1auu; 23 y4deHHKa
PELINIIN TOJBKO 110 OJJHOU 3a1aue.
3agaHus 17151 CAaMOCTOSITEIBHOIO pPelleHus!
3anaua 1. B xnacce 35 yuenukoB. Kaxaplif 13 HUX MOJIB3YETCS XOTS Obl OHUM W3 BHUOB TOPOJICKOTO
TPaHCIOPTa: METPO, aBTOOycoM M TpoJuieiibycoM. Becemu Tpemst BuiaMu TpaHCTIOpTa MOJB3YIOTCA 6

YYCHUKOB, METpPO M aBToOycoM — 15 y4yeHWKOB, MeTpo W Tposuieidycom — 13 y4eHUKOB,
TpouieiioycoM U aBTOOycoM — 9 ydeHUKOB. CKOJIBKO YYCHHKOB IOJIB3YIOTCS TOJBKO OJAHHM BUIOM
TpaHcnopra?

3agaua 2. Kaxapiil u3 35 MIECTUKIACCHUKOB SIBJISIETCSI YUTATEEM, 110 KpailHel Mepe, OOHON U3 IBYX
OuOIMOTEK: MIKOIBHON U palioHHOU. M3 HUX 25 yenoBek OepyT KHHUIM B MIKOJIbHOW Oubmuoreke, 20 —
B PailOHHOM.

CKOJNBKO 1IeCTUKIACCHUKOB: 1. SIBIAIOTCS ynTaTensaMu obenx oubnmnorek;2. He sBnstoTCA ynTaTeIsIMu
paiionHO# OmOnmorekw;3. He SBIAIOTCS YHTATENSIMH IIKOJIBHOW OuOmmorteku; 4. SIBisroTcs
YUTATEISIMU TOJIBKO palOHHON OMOMMoOTeKkH;S. SBASAIOTCS YUTATENsIMU TOJBKO IIKOJIBHOM
oubmmorexku?

3agaua 3. 13 corpyauukoB ¢upmsl 16 nodsBanu Bo @pannuu,10-B Utanuu,6-8 AHrInm; B AHITIUHN U
Urtanuu-5; B Aurmuu u ®@panuuu -6; BO BCeX TpeX CTpaHax - 5 coTpyAHUKOB. CKOJIBKO YEIOBEK
nocetunu U Uranuto, u @panmuio, ecinu Bcero B pupme padortaror 19 denoBek, U KaxAblii U3 HUX
MOOBIBAN XOTs OBbI B OJTHOM M3 Ha3BaHHBIX CTpaH?

3agaua 4. B tpéx rpynmnax 70ctyneHtoB. 13 Hux 27 3aHMMaroTCs B IpaMKpyXKKe, 32 TIOIOT B XOpe, 22
yBiIeKaroTcs copToM. B npamkpysxke 10 cTyaeHTOB U3 Xopa, B Xope 6 CIIOPTCMEHOB, B IpAMKpPYKKe 8
CHOPTCMEHOB; 3 CIIOPTCMEHA MOCEMIAI0T U IPAMKPYX OK U XOp. CKOJIBKO CTYJEHTOB HE IMOIOT B XOPE,
HE YBJIEKAIOTCS CIOPTOM M HE 3aHUMAIOTCA B JpaMKpyxkke? CKOJbKO CTYIEHTOB 3aHATHI TOJIBKO
cnoptom?

3apauya 5. YacTh xuTened HaIero JoMa BBITACHIBAIOT TOJBKO razety «KoMcomosbckas mpaBaay,
4acTh — TOJBKO TazeTy «M3BecTusi», a 4acTb — U Ty, U APYryto razery. CKOIbKO MPOIEHTOB KUTEIEH
JIoMa BBIMTUCBIBAIOT 00€ Tra3eThl, eciu Ha ra3zery «Komcomomnbsckas mpaBaay U3 HUX noanucansl 85%, a
Ha «M3Bectus» — 75%7?

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. Pemntsb 3a1aHus B TETPAIN.

2. [lonyuuts y npenojaBaTens 3a/1aHus 1Ji CaMOCTOSITEIbHON padOThI U PELLIUTh UX B TETPaIH.

dopma npeacTaBiaeHus pe3yJabrara:

[IpencTaBuTh BHINOIHEHHBIE 33JaHUS B TETPAIU AJIsl IPAKTHUECKUX padOT MPernoaaBaTesio.

Kpurepun oneHku:

Pemenne 3amaun cunrtaercss O0e3ynmpeuHbIM, €ClIU MPaBUIBLHO BBIOpAaH CHOCOO pelleHus, camo
peleHre COMpPOBOKIAETCS HEOOXOTUMBIMUA OOBSICHEHUSIMH, BEPHO BBITIOIHEHBI HYKHBIE BHIYHCICHUS
1 IpeoOpazoBaHus, MOJIYUYEeH BEPHBIA OTBET, MOCIEA0BATEIHHO U aKKYPATHO 3alIMCAaHO PELIECHUE.

OtmMmeTka «5» CTaBUTCSI, €CIIU:

- paboTa BBINOJIHEHA TIOJTHOCTHIO;

- B IOTHYECKUX PACCYKJICHUAX U 0OOCHOBAHHUH PEIICHUs HET MPOOEeIoB U OMINOOK;

- B pEIIEHHMH HET MaTeMaTH4yecKuX OMMOOK (BO3MOXKHA OJHA HETOYHOCTh, OIMCKa, HE
SIBJISFOINASCS CIIE/ICTBUEM HE3HAHUS WIIM HEMOHUMaHUsl yueOHOTrO MaTepuana).

OtMmeTKa «4» CTaBUTCS, €CIIH:



- paboTa BBHINIOJHEHA MOJHOCTHIO, HO OOOCHOBAHMS IIArOB PEIICHUS HEIOCTATOYHBI (ECIH
yMeHHe 000CHOBBIBATH PACCYXKICHUS HE SBJSUIOCH CIIEIMATIbHBIM 00BEKTOM MPOBEPKH );

- JIOMyIICHA OJlHA OIIMOKA WU JIBa-TPH HEJO0YETa B BBIKJIAJKAX, PUCYHKAX, YEPTEkKaX HIU
rpadukax (ecim 3T BUJIbI padOTHI HE SBJISTUCH CIEIIUATBLHBIM O0BEKTOM ITPOBEPKH ).

OtMeTKa «3» CTaBUTCS, €CIIU:

- JomyieHsl 0osiee oAHON OMIMOKM WM OoJiee ABYX-TPEX HEAOYETOB B BBIKJIAJIKAaX, YepTexkax
WM rpadukax, HO yJalluiics BIaeeT 00s13aTeIbHBIMU YMEHUSMU TI0 MPOBEPSIEMOi TeMe.

OtmMmeTKa «2» CTaBUTCS, €CIIU:

- JIOTYIIEHBI CYIIECTBEHHBIC ONMTMOKY, TOKA3aBIIUE, YTO YYAIIUNCS HE BIIaJIeeT 00s13aTeIIbHBIMU
YMEHHUSIMU 10 JAHHOW TeME B MTOJHON Mepe.

[Ipaktuueckoe 3anstue Ne 3. KapaunanbHble yncia: BEIUUCIECHUE MOIIIHOCTEH MHOYXECTB

eap padoThI: 3aKpeIUICHHE TEOPETHUYECKUX 3HAHUW O KapJMHAJIBHBIX YUCIAX U YMEHHE
BBIYMCIATh MOIMHOCTA KOHEYHBLIX M OCCKOHEYHBIX MHOJKECTB. Pa3BUTHE HABBIKOB COIIOCTABJICHUS
3JIEMEHTOB ~ MHOXXECTB W  HCIOJb30BaHue TeopeMbl Kanrtopa-bepumreiina-lllpenepa  ans
JI0KA3aTebCTBA PABEHCTBA MOLIHOCTEH.
Brinosinus padorty, Bl Oynere:
ymembo:
- CTPOUTH U aHAJIU3UPOBATH JUCKPETHBIE MOJICIIH
- BBITIOJIHATH OTNIEPAIIMH HAJl MHOKECTBAMU;
- pelliaTh 3aJ1a4yy Ha BBHIMOJHEHUE TEOPETUKO-MHOKECTBEHHBIX OIEpaliuii.
MarepuanbHoe o0ecnieyeHnne:
PazpgaTounslit MmaTepuai (KapTOUKH C 3aJaHUSIMH ).
Texaudeckue cpeacTBa 00yUeHHUs: KOMITBIOTEDP C JUIIEH3MOHHBIM IMPOTPAMMHBIM 00ECIICYECHHEM
U MyJIbTUMEAHNA IPOEKTOP.
3aganus:
KapaunaibHoe 4HMCJIO (MOIIHOCTH MHOKECTBA) — XapaKTEpUCTHKA pa3Mepa MHOXKECTBA,
onpezaensaeMas KOJIMYECTBOM €ro 3JIEMEHTOB.
JKBHBAJIEHTHbIE MHOKECTBA — MHOYECTBA, MEXKYy KOTOPHIMH MOKHO YCTAaHOBHUTH OMEKTHBHOE
(B3aMIMHO OZJHO3HAYHOE) COOTBETCTBHE.
Teopema KanTopa-bepamreiina-llIpenepa — yreepxenue, coriacHO KOTOPOMY, €CIIN KaX0€
13 IByX MHOKECTB SKBUBAJIEHTHO MOIMHOKECTBY APYroro, TO CaMi MHOKECTBA SKBUBAJICHTHBI.
Yactp 1. MOIIHOCTH KOHEYHBLIX MHOKECTB
3amaua Nel:
OnpenenuTe MOIIHOCTD CIIEAYIOLIETO MHOYKECTBA:
A={x€Z|-55x<5}
Pemenne: 310 MHOKECTBO IENBIX YHCEN OT -5 710 5 BKIIoUnTEeIbHO. KOJIMuecTBO 3J1eMEHTOB JIETKO
MOJICYMTATh MPOCTHIM Miepebopom: Beero 11 anemenros (-5, -4, ..., 0, ..., 4, 5).
[Al=11

3agaua Ne2:

Jlokaxkute, 4TO MHOKECTBO YETHBIX HATYPATBHBIX YUCEN SKBUBAJICHTHO MHOYKECTBY HEYETHBIX
HATypaJIbHBIX YUCEIL.

Pemenune: YcTaHOBUM B3aMMHO OJTHO3HAYHOE COOTBETCTBUE MEXKIY MHOMXECTBOM UYETHBIX UHMCEN
{2,4,6,..{2,4,6,...} 1 MHO)XECTBOM HEUYETHBIX umcel {1,3,5,...}. CooTBeTCTBHE 3a1aéTCst (POPMYJIOi:

f(n)=n-1,g(m)=m+1

Otn  QyHKIMKM 00ecreunBalOT OMEKTUBHOE COOTBETCTBHE, CIEOBATENIbHO, MHOXECTBA
PaBHOMOIIIHEL.

Yactb 2. MOIHOCTH 0€CKOHEYHBIX MHOKECTB
3amaua Ne3:
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[Tokaxwure, YT0 MHOMKECTBO PALlMOHAJIBHBIX YMCEN Q CUETHO (IKBUBAIIEHTHO HATYPAIBHBIM YHCIIaM
N).

Pewenne: Meron auaronammzaumu KaHTopa MO3BOJSIET PACHOJIOKUTH BCE IOJIOKHUTEIBHBIC
PpaOHAJIBHEIC YK Clia B BUIAC IIPAMOYT'OJIbHUKA U HpOﬁTH €ro AyuaroHalibro, o0OecrieunBast CUETHOCTD:

\begin{array}{|c|c|c|c|c[}\nline\frac{1}{ 1} &\frac{1}{2} &\frac{1}{3}&\frac{1}{4}&...\\nline\frac{
2H{1}&\frac{2}{2}&\frac{2}{ 3} &\frac{2}{4}&.. \\hline\frac{3}{1} &\frac{3H{2}&\frac{3}{3}&\frac{3
H4}&..\\nline\vdots&\vdots&\vdots&\vdots&...\end{array}

Taknm o6pa30M, YCTaHaBJIMBA€M COOTBETCTBHUE C HATYpAJIbHBIMU YUCIIAMU, JOKa3bIBas CUETHOCTD
Q.

3agaua Ne4:

PaccMoTpuM MHOXeECTBa A={xIx=vn, n€N} m B=R. Jokaxute, d9tro |Al#[B] (MHOXECTBO
BEIIECTBEHHBIX YHCENT HECUETHO).

Pemenne: MuoxectBo AA mpencraBisier co0OH CU€THOE MHOXKECTBO KBAJIPATHBIX KOpPHEH W3
HaTypaJibHbIX yncell. Ho MHOXecTBO BellecTBeHHbIX uucesl RR HECYETHO (3TO JTOKAa3aHO 3HAMEHUTHIM
JMaroHaJbHbIM aprymenToM Kanropa). CrienoBaresbHO, MOIITHOCTH MHOXKECTB Pa3HBIE.

HTrorosas 3agaua:

[TpuBecTu nprmMep paBHOMOIITHBIX MHOKECTB, JI0Ka3aTh MX PABHOMOIIHOCTD, UCIIONb3Ysl OUEKIIHIO.
[Tpumep: MHOKECTBO YETHBIX MOJIOKUTENLHBIX YUCENT 1 MHOKECTBO BCEX HATYPATbHBIX YHCEL.
Pemenue: IlocTaBuM B COOTBETCTBUE KAXKAOMY YETHOMY YMCILY 2n CaMO YHCIIO N:

f(n)=2n,f {(m)=m/2

Tak kak 3Ta QyHKIHS OMEKTUBHA, MHOYKECTBA PABHOMOIIIHBIL.

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. Pemuth 3aganus B TETpaau.

2. IlomyuuTh y mpernoaBatess 3alaHust 1711 CAaMOCTOATENIbHON pabOThl U PEIIUTh UX B TETPAIH.

dopma npeacTaBiaeHus pe3yJabrara:

[IpeacTaBuTh BHITIOJIHEHHBIC 3a/IaHUSI B TETPAIU JJIA MPAKTUIECKUX pabOT MperogaBaTeo.

Kpurepun oneHku:

Pemenue 3amaun cumrtaercss Oe3ympedHbIM, €CIU MPaBUIHLHO BBIOpAH CIOCOO PEIICHHs, camo
pelIeHUE COMPOBOKIAETCS HEOOXOAUMBIMU OOBSICHEHHUSIMHU, BEPHO BBIITOJTHEHBI HY)KHBIC BBIYUCICHUS
1 TipeoOpa3oBaHusl, MOJTyYeH BEPHBIN OTBET, MOCIEI0BATEILHO U aKKYpaTHO 3aMMCaHO PEIICHNE.

OtmeTka «5» CTaBUTCH, €CIIN:

- paboTa BBINOTHEHA TTOJHOCTHIO;

- B JIOTHYECKHUX PACCYKJICHHUIX U 000CHOBAHHUH PEIICHUS HET IPOOEIIOB U OIIMOOK;

- B pCIICHHWH HET MaTeMaTHYeCKUX OIMMUOOK (BO3MOXKHAa OJHA HETOYHOCTh, OIHKCKa, HE
SIBIIAOINASACS CIIEICTBUEM HE3HAHUS WIIM HEMOHUMaHUsl yueOHOTro MaTepurana).

OTMeTKa «4» CTaBUTCS, €CIIH:

- paboTa BBHITIOJIHEHA TOJTHOCThIO, HO OOOCHOBAHUS IIaroB pEIICHUs] HEIOCTATOYHBI (eCiu
yMeHHe 000CHOBBIBATh PACCYKIEHUS HE SIBISLIOCH CIIEIUATbHBIM O0BEKTOM ITPOBEPKH);

- JIOMyIEHa OJHAa OIIMOKa WM JBa-TPU HEJOo4YeTa B BBIKJIAJKAX, PUCYHKAxX, YepTekax WIN
rpadukax (eciu 3TH BUBI pabOTHI HE SIBISUTUCH CHIEIIHATLHBIM 00bEKTOM MPOBEPKH).

OtMmeTKa «3» CTaBUTCS, €CIIH:

- JomyiieHbl 0osiee OAHOW OMMOKH WM Oojiee ABYX-TPEX HEAOYETOB B BBHIKJIAJIKAX, YEPTEkKaX
uu rpadukax, HO yJaniuics BIajeeT 00s3aTeIbHBIMA YMEHUSAMH 10 TIPOBEPSIEMON TEME.

OTMeTKa «2)» CTaBUTCS, €CIIH:

- JIOTMYIIEHBI CYIIECTBEHHBIE OMIMOKH, MOKA3aBIlNe, YTO YYAIIUICSI HE BIaJeeT 0053aTeTbHBIMU
YMEHUSIMU T10 JAaHHOU TeMe B MOJTHOU Mepe.

Tema 1.2. Bynesa anredpa
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IIpakTuyeckoe 3ansaTue Ne 4, [locTpoeHue Ta0JJMI MICTHHHOCTH JIJISI JIOTHYECKHX OTepanuii
(AND, OR, NOT)

I[IpakTuyeckoe 3anaTue Ne 5. [IpuMeHeHune 3aK0HOB 0yJ1eBOi aJare0psbl AJ1s1 yIPoIIeHUs
JIOTHYECKHUX BbIPAKeHU I

Heabr paborbl: (opmMHpOBaHHE YMEHHH YIPOIIATh JIOTUYECKHE BBIPAKEHHS C ITOMOIIBIO
3aKOHOB alreOpsbl JIOTUKH.

BbinosinuB padory, Bel Oyaere:

ymemp:

- QHAJIM3UPOBAThH JIOTUKY BHICKA3bIBAHUH U YTBEPKICHUII,

- (opmMynHpoBaTh 33Jayd JIOTHUECKOTO XapakTepa W NMPUMEHATh CPEACTBA MaTEeMaTUYeCKON
JIOTMKH /ISl UX PELICHUS.

MarepunanbHoe obecrnieyeHue:

Pa3garounslii MaTtepual (KapTOUKHU C 3aJaHUSIMH).

TexHuueckue cpeacTsa 00ydeHUs: KOMIBIOTED C JIMIIEH3UOHHBIM MTPOTPAMMHBIM 00eCTIeYeHIEM
U MYJIBTHME/INA IIPOSKTOP.

3aganue:

BHumaTensHO npovnTaiTe TEOPETUUECKUE CBEICHHS.

Pazbepute pemenue 3aqa4, NPUBEACHHBIX HUXKE, U 3AIUIINTE UX B TETPAIb.

Pemute 3amaun u3 pa3zaena aasi CaMOCTOSTEIBHOTO PEIICHHS.

Kparkue TeopeTuueckue cBeleHUs

PaccMoTpuM 3aKOHBI, KOTOPBIM HOAYUHSIIOTCS JIOTHYECKUE (PyHKINH.

IlepemecmumensHulii 3axKoH (3aKOH KOMMYTAaTUBHOCTH ) JJIS1 JIOTHYECKOTO CIIOXKECHUS U
YMHOXEHHS COOTBETCTBEHHO:
AVB=BVA, 1)
A&B=B&A. 2

Couemamenvhuiil 3aKoH (3aKOH aCCOLIMATUBHOCTH) AJIS IOTHYECKOTO CIOXKEHUS U YMHOXKEHUS
COOTBETCTBEHHO:
(AVB)VC=AVB\C)=A\B\C; (3)
(A&B)&C=A&(B&C)=A&B&C. (4)

CouerarenbHbIi 3aKOH YCTaHABJIMBAET, UTO, €CIIU (hOpMyJIa COAECPKUT TOIBKO AM3IBIOHKIIMU WU
TOJIKO KOHBIOHKITHH, TO CKOOKHA MOYHO OITyCTHTb.

Pacnpedenumenvnwiii 3akon (3aKOH AUCTPUOYTUBHOCTH) AJIS JIOTHYECKOTO CIOXKEHUS U

YMHO>XEHUSI COOTBETCTBEHHO:
(A&B)C=(AVC)&(B\C); (5)
(AVvB)&C=(A&C) (B&C). (6)

3axon uneepcuu (paBuio ae MopraHa) st JOTHYECKOTO CIOKEHUS U YMHOKCHUS
COOTBETCTBEHHO:

AvB=A&B; (7
A&B=A vB. (8)
3aKOHEI HWHBCPCUU CITPABCIJINBLIL IJIS J'IIO6OTO qucia nepCMCHHbIX.

Jlst mpeoOpa3oBaHUM JTOTHIECKUX BBIPAKEHUM UCTIONB3YIOT CIEAYIONINE JIETKO I0Ka3hbIBAEMbIC
TOX/I€CTBA:

AO=A;  (9) A&I=A;  (10)
AI=L;  (11) A&O=0;  (12)
AVA=A;  (13) AGA=A;,  (14)
AvA =1 (15) A&1=0;,  (16)
A=A (17)
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CrpaBeUIMBOCTD ATHX 3aKOHOB MOYKHO JIOKa3aTh € TIOMOIIBIO TAOIUI] HCTUHHOCTH CIOXKHBIX
JIOTMYECKUX CBS3€H, OIMCHIBAEMbIX 3aKOHOM.
C moMo1IbI0 3aKOHOB JIT€OpPbI IOTHKH MOTYT OBITh I0Ka3aHbl COOTHOIICHHS, TIOJTYYHBIIHE
Ha3BaHUS:
npasuia NO2NOUjeHuUs.:
AA&B)=A; (18)
A&(AVB)=A; (19)
npasuia CKIeuBaHus:
(A&B)( A &B)=B; (20)
(AVB)&( A vB)=B; (21)
3axon bneux - Ilopeyxozo:
A A &B)=AVB. (22)
B anreOpe jgoruku Bee orndeckue GyHKIUU MOTYT OBITh CBEIEHBI ITyTEM JIOTHYECKUX
peoOpa3oBaHuil K TpeM 0a30BbIM: KOHBIOHKIIUH, AU3BbIOHKIIMY U HHBEPCUU.

Jlormueckas onepauus — umniukayus: A—>B= A VB

Jloruueckas onepanus — skeueaieHmnocms. A~B=( 4 vB)&(AvE )
Jlormueckas onepauusi—cymma no mooyiwo 2: AOB=(AB)&( A v B ).

Jlornueckast onepatms — sanpem: AAB=A& B .
Jlormdueckast onepanus — «umpux [llepgpepar: A | B=A&B

o gk w0 P

Jlornueckas onepauust — «cmpenka [lupcar: AVB=Av B.

Jlis ngokazaTenbCcTBa 3THX COOTHOIICHHMM JOCTATOYHO IMOCTPOUTH TAOMUIBI MCTUHHOCTH IS
MPaBbIX YaCTeH U CPABHUTH C TAOJIUIIAMH, IPUBEJICHHBIMU B OTIPEICTICHUSX.
[Ipumep. Beipazuts naHHble Toruyeckue GyHKIUN Yepe3 dJIEMEHTapHbIEe OTepalliu: a)

F-(A>B)>C:6) F=(A®C){B.

Pemrenue. a) [IpeoOpa3yem cHavana BTOPYIO UMILUIMKAIIAIO U BOCTIOIb3yeMcs Tox1ecTBoM (17),
3aTeM ImpeodpazyeM MepByI0 UMIUTHKAIIMIO U TaK)Ke BOCIOIb3yeMcs ToxaecTBoM (17):

F=(A>B)»>c=(A>B)vc=(A>B)vC=AvBvC=AVBvC.
6) IIpeobOpazyem cHauana oneparuio «crpenka [Tupca», Bocrons3yemcst 3akoHOM 1e Moprana
(7) n ToxnectBoM (17), 3aTeM npeoOpazyeM onepanuio «CyMma 1o MOAYIIO 2»:

F={(A®C)!B=(A®C)vB=(A®C)&B=(A®C)&B=(AvC)&(AvC)&B.

Hcrionb3ys 3aKOHBI JJOTUKH, (GOPMYIIbI CKJICUBAHHS U MTOTJIONICHUS M CBOWCTBA JIOTHUECKHX
oreparyii, MO>KHO CIIOXKHYIO JIOTHYECKY0 (DYHKIIUIO 3aMEHHUTh OoJiee MPOCTOI, HO PABHOCUIIBHOW el
¢byHKIUEH.

[pumep. YrpoctuTh Joruueckue Boipaxenus: a) (A&B) VA& B ); 6) A&BVA.

Pemenwe. a) Bocrione3zyeMmcs npaBuiioM qUCTpUOYTUBHOCTH (6) U BBIHECEM 33 CKOOKH A

(A&B) (A&B)=A&BVB).

[To ToxnectBy (15) nomyyaem Bv B =1, cienosarensuo:

A&BvB )=4&1=4.
0) Bocnonszyemcs npaBuniom ne Moprana (8) u ToxxaectBamu (17) u (13):

A&BvA=AvBvA=AvBvA=AvVvB.
3a)IaHI/I$I I CaAaMOCTOSTCIIBHOT O peI_HeHI/ISI
33}_]2“{]/]6 1. HOCTpOfITC Ta6HI/II_[BI HNCTUHHOCTU OJIA JAaHHBIX JIOTUYCCKUX BBIpa)KeHI/Iﬁ.
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Saualme 2. I[OKa)KI/ITe C IIOMOUIIBHO TaGJII/ILI HCTUHHOCTU PABHOCHUJIIBHOCTH JAaHHBIX JIOTHYCCKUX
BBIPAYKCHHIA.
Ne i/ 3apanmne 1 3aganue 2

1 (A—B)—C (A&B)\C u (AVC)&(B\C)

2 (4/B)/C (AVB)&C u (A&C) (B&C)

3 (4¥B)¥C AvBvCu A& B&C

4 (AvB)&(A VvB)\C A& B&C u AvB \C

5 (A®B)&C A>B—>CudvBvC

6 (B&Cvz\)&A (AVvBVC)& A~ BN C n B& A&C

7 (B&CvA)&A (A@C){B u (aAvc)&(AvC)aB

8 (ADB)&(AST) (AVB)&A&C u (A&B &C) VA&B&C)

9 4—->B—>C (AvB&C)v (A@B)u (AvB vC)&(A vB \vC)

10 (4& B vA&B)&C (A&B&C)(A—>B)u A vB \C
BaHaHne 3. BLIpaSI/ITe JAaHHBIC JIOTHYCCKUC (bYHKHHH 4YCpe3 3JICMCHTAPHBIC OIICpalu.
3aganue 4.  YOpocTHUTE JOTMYECKHUE BHIPAKEHUSI.

Ne i/ 3amanmne 3 3aganmne 4
1 (4—>B)—>C X&(X&Yvz)a(xvz)

2 (4/8)—>C (Xvy)elvxeaz)

3 (4AB)—C X &Y < X)&(XvZ)

4 A— B JC (X >Y)&X &Y

5 (A®B)&C (X &Y)—(z&x)

6 (A®PB)&(A—B) (X&Y = Z)&X &Z

7 (AvB)YC (x&zvXav)a(z->Y)

8 (A®B )&(AET) (xvy&azvxeavez)axeay

9 4B 5C (X >Y)&(Y - X)

10 J15BYC (x&Y&zvX&z)ay
3ananme 5.  JlokaxxuTe paBHOCHIIBHOCTB (hOPMYJI, TPOBO/IA SKBUBAJIEHTHBIE IPe0Opa30BaHUs OJHOMN
HJIM 00€UX YacTei:

Ne i/ 3aganue 5
1 (A=B)=B~AVB;
2 “(AA-B)=>(B=>A)~—~(A=B)VAVB,;
3 “(—A=>-"B)o A~ (A B)AA;
4 “(—AV-B)V-(A=B)VB~—-(AA—B)= ("B = A),
5 (AVB)A(rAVC)~(—AAB)V(AAC);
6 (A=>B)AC~(AABAC)V(—FAA-BAC)V(BAC).
3analme 6. YKa)KI/ITe, B KaKUX CiIydasX BBICKAa3bIBAHNC UCTHHHO, @ B KaAKUX JIOKHO:
Ne i/ 3aganue 6
1 (A=>B) A4 | C);
2 (AnB) =2(CA—~C=AVC);
3 (AvB)A((A=B)=C);
4 (A@B) V(A @C);
5 (Al B) v(B A (B <B));
6 (A=>(BA—C) /A =C);
7 (A =B) V(B <C);
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8 (A=B)=>(A]|C);
9 (—B=>—C);
10 (AaB v—C)) v(—4 AB).

IHopsiaok BbINOJIHEHUS PA0OTHI:

1. Pemuth 3a1anus B TETpaau.

2. [Monyuuts y npenogaBaTes 3aIaHus I CAMOCTOSTEIIbHON paOOThI U PEIIUTh UX B TETPAIH.

dopma npeacraBieHus pe3yjabTara:

[IpeacTaBuTh BHINIOJIHEHHBIC 3a/IaHUSI B TETPAIU JJIS MPAKTUUYECKUX pabOT MpenoaaBaTeio.

Kpurepum onenkmu:

Pemenue 3amaun cuuTaeTcs OC3yNpPEUHBIM, €CIM IPABUILHO BBIOpaH CIOCOO PEIICHHS, CaMmo
pelIeHUe COMPOBOXKIAETCS HEOOXOAUMBIMU OOBSICHEHUSIMH, BEPHO BBIITOTHEHBI HY)KHBIC BBIYUCIICHUS
1 nipeoOpa3oBaHusl, MOJIYYEH BEPHBIM OTBET, MTOCJIEI0BATEIBLHO U aKKYPaTHO 3alIMCaHO PEILICHUE.

OtMeTKa «5» CTaBUTCS, €CIIH:

- paboTa BBIIOJIHEHA TOJHOCTHIO;

- B JIOTHYECKHUX PACCYKJICHHUIX U 000CHOBAHHUH PEIICHHUS HET IPOOEIIOB U OIIMOOK;

- B pCIICHMHM HET MaTeMaTHYeCKHX OIMUOOK (BO3MOXKHA OJHA HETOYHOCTh, OIKMCKA, HE
SIBJIAIOILASACS CJIEICTBUEM HE3HAHUS WIIM HEMOHUMaHUsl y4eOHOro MaTepuaa).

OtMeTKa «4» CTaBUTCS, €CIIU:

- paboTa BBITIOJIHCHA ITOJHOCTBIO, HO OOOCHOBAHHWS IAaroB PEIICHHs] HEIOCTATOYHBI (eCiu
yMeHHEe 000CHOBBIBATh PACCYKICHUS HE SBJISUIOCH CIIEIUATBHBIM O0BEKTOM IPOBEPKHU);

- JIONyIeHAa OJHAa OIIMOKa WM JIBa-TPU HEJOoYeTa B BBIKJIAJKAX, PUCYHKAx, YepTekax WU
rpadukax (€ciu 3TH BHJIBI PA0OTHI HE SIBISIMCH CIEIIHATBHBIM 00 BEKTOM IIPOBEPKH).

OtMeTKa «3» CTaBUTCS, €CIIH:

- JomymieHbl 0oyiee OAHOW OMMOKHM WM OoJiee ABYX-TPEX HEAOYETOB B BBIKJIAJKAX, YepTEkax
WK rpadukax, HO ydaluiics BiajeeT 00s13aTeIbHBIMU YMEHUSIMU TI0 ITPOBEPSEMOI TEME.

OTMeTKa «2)» CTaBUTCS, €CIIHU:

- JIOMYILEHBI CYIIECTBEHHBIC OLUIMOKH, OKA3aBIIUE, YTO YYAIUICS HE BiajeeT 00s13aTeIbHBIMU
YMEHHUSAMH 110 JaHHOU TeMe B MOJHOM Mepe.

IMpakTuyeckoe 3ansaTue Ne 6. [Ipumenerue 0yJieBoii anredpnl B IPOrpaMMUPOBAHUM:
peaiu3anus JOrHYeCKUX ONepanuil B Koae

Leab paGoTbl: OCBOCHHE METO/A0OB peaii3allui OCHOBHBIX JIOTUYECKUX ONEpaluid CpercTBaMu
[IPOrpaMMUPOBAaHUS M Pa3BUTHE MPAKTUYECKMX HABBIKOB MCIIOJIB30BaHMs OyJEBBIX BBIPAKCHHUH B
YCIIOBUAX PCHICHUA PCAJIBHBIX MMPUKIIAJHBIX 3a/1a4, CBA3AHHBIX C UCKYCCTBCHHBIM HHTCIIJICKTOM.

Beimosinus patdory, Bel Oyaere:

ymemp:

- aHaJIM3UPOBATH JIOTHKY BBICKA3bIBAHUN U YTBEPKICHUM;

- peanu3oBbiBaTh 0azoBble jormueckue omepauuu (AND, OR, NOT) Ha BbIOpaHHOM S3bIKE
IIPOrpaMMHUPOBaHMS,

- (opmynupoBaTh 3aJayd JIOTUYECKOTO XapaKTepa M MPHUMEHSTh CPelCTBa MaTeMaTUYECKOM
JIOTUKH U1 UX PELICHHUS.

MarepuanbHoe o0ecnieyeHme:

Pa3narounslii Matepuain (KapTOUKH C 3aJaHUSMN).

TexHnueckne CpeacTBa 06yquH51: KOMIIBIOTEP C JIUIECH3NMOHHBIM IPOTPaAaMMHBIM oOecrieyeHrueEM
U MYJbTUMENNA ITPOEKTOP.

3ananue:

BHuMareapHO MPOYUTANTE TEOPETUUECKUE CBECHUS.

Pa36epHTe pEeICHUEC 3a1a4, MPUBCACHHBIX HUXKEC, U 3alIMIINTEC UX B TCTpAadb.

Pemmre 3anaun U3 pasnena Juisi CaMOCTOSATENBHOIO PELLIEHUS.

KpaTtkue Teopernueckue cBegeHHs
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[lepen BbIMoHEHNEM 33JaHUS PEKOMEHYETCS IOBTOPUTH CIEAYIOIINE TEMbI JUCIIUILTUHBL

OcHOBHBIE 3aKOHBI OYJIEBOH alreOphI.

[TonsiTrie TaOMUIBI UCTUHHOCTH.

Munumusarus JJorndeckux GyHKIi Meronamu kapt KapHo u anropurma Keaiina-MakKiacku.

Peanm3anus Joruueckux onepaTopos B si3bIKax mporpammupoBanus Python, JavaScript, C++ u np.

ITopsinok BbINOJIHEHHUSI PadOTHI:

Yacrs |. BazoBble Jioruveckue onepannu

PeanuzoBarh nporpaMMel, IEMOHCTPUPYIOIIUE BBITIOJTHEHHE Oa30BbIX JIOTHUECKUX OTEPAIIHIA:

IIpocThie Noruyeckue BbIpazkeHusi: Hamummre mporpaMMy, KOTOpas MIPUHUMAET ABa OyJIeBBIX
3HAUEHMS U BBIBOJUT PE3YJIbTAT JJOTUYECKOTO CIIOKEHUS, YMHOKEHUS U OTPULIAHUS KaXKJI0TO apryMEeHTa.

# IIprMepbl MPOCTHIX JIOTHYECKUX OTEPAITHiA

a=True

b = False

print("a AND b:",aand b

print("a OR b:",aorb

print("NOT a:", nota

Tabaunpl mcruHHocTH: Co37aTh TaONMIly MCTUHHOCTU ISl 33JaHHOW CJIOKHOM JIOTMYECKOU
dopmynsr Buga (A A B) — —C. Tabnuma nomKHA COACpKaTh CTOJOIBI BCEX IMEPEMEHHBIX M
pe3yJIBTUPYIOLIEE 3HAUCHHE.

from itertools import product

# OyHKUUSA 17151 BBIUMCIIEHUS! pe3ynbTaTa (hopMyIIbl
def formula(A, B, C
return ((A and B) <= (not C

# Coznmanue TabauIlbl HCTHHHOCTH
for A, B, C in product(| True, False], repeat=3
result = formula(A, B, C
print(f"A={A}, B={B}, C={C}: {result}"
Yacts |l. MunumMu3anus JIOru4ecKux QpyHKImii
Hcnone3ys meron Keaiina-MakKiackn MEHUMU3HPOBATh cleaymomlyto popmyny:F(X,y,z) = X'yz +
Xy'Z + Xyz
Paz0eiiTe 3ananue Ha HTanebr:
Haiinute MuHMMaIbHOE MOKPHITHE UMIUTUKAHTAMH.
CocraBbTe KAHOHIYECKOE BBIPAKCHUE MUHUMAITBHOHN (DOPMBI.
Peanuzyiite MUHUMU3UPOBAHHYIO (DYHKIIMIO B BUJI€ TIPOTPaMMHOTO KOJIa.
[Tpumep iporpaMMBI JTst IIPOBEPKH PE3YITHTATOB MIHUMHU3AITHH:
def minimized_function(x, y, z
return (x and y) or (y and z

print(minimized_function(True, True, False)) # [1posepka 3HauerHmii

Yacts |11. Pemmenue npakTudeckoii 3axaun

CozpnaiiTe mpoCTyrO SKCIIEPTHYIO CUCTEMY, OCHOBaHHYIO Ha OysieBoM BbIBOzie. Hampumep, cucrema
JMArHOCTUKH HEMCIIPABHOCTU KOMIIBIOTEpA:

IIpusnak 3HayeHue
Her 3Byka true
YepHsblil 9kpaH false
[lepesarpy3ka nukiandeckas true

Omnpenenure npaBuiia BbIBOJA OIIMOOK (HAmpUMep, MEpPEerpeB MpOLEeccopa), UCHONb3ys OyJeBbI
BBIPAKEHUS] U MUHUMAJIbHBIE JIOTUYECKUE CXEMBI.
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KoHTpoJsbHbBIE BONIPOCHI:

Kakwe ornepaTops! HCIOIB3YFOTCS IS peaT3aliy JJOrHueckuX oneparmii B Python?

Uro Takoe TabnuIla ICTUHHOCTH M 3a9€M OHA MPUMEHSIETCSI?

Kakoe npasusio ne Moprana ucross3yercs UIsl yIPOIISHUS JIOTHUECKUX BhIPAKEHUN?

IIpuBenure npumep npumeHeHus meroga Ksaina-MakKilacku il MUHMMM3ALMM JIOTMYECKON
GbyHKIUY.

OO0mwsicHATE poIh OyJIEeBBIX (DYHKIUI B CUCTEMAaX MPUHSATHS PEIICHUH.

ITopsinok BbINOJIHEHHSI PAa0OTHI:

1. Pemiutsb 3aaHus B TETPaAIN.

2. [TomyuuTs y mpenoaaBaTesis 3aJaHusl JAJIsl CAaMOCTOSITENIbHOM pabOThI U PEUIUTh UX B TETPAIH.

dopma npeacTaBieHns pe3yJabTara:

[IpencTaBuTh BHIMOIHEHHBIE 33JaHUS B TETPAIU AJIsl IPAKTHUECKUX padOT MPernoaaBaTesio.

Kpurtepun onenku:

Pemenne 3amaun cumrtaercs 0e3ympeyHbIM, €CIIHM MPaBUIBHO BBIOpaH CrOCO0 pelieHus, camo
pElIeHrEe COMPOBOXKIAETCS HEOOXOIMMBIME O0BICHEHUSMH, BEPHO BBIIOJIHEHBI HY)KHBIC BBIYUCICHUS
U IpeoOpazoBaHus, MOJTYYESH BEPHBIA OTBET, MOCIEA0BATEIHHO U aKKYPATHO 3aMIMCaHO PEIICHUE.

OTMeTKa «5» CTaBUTCS, €CIIU:

- paboTa BBIMOJIHEHA TTOJTHOCTHIO;

- B JIOTHYECKUX PACCYKJICHUSAX M 0OOCHOBAHHUH PEIICHUS HET MPOOEIOB U OIMHNOOK;

- B pEIICHHMH HET MaTeMaTU4YeCKuX OMHMOOK (BO3MOXKHA OJHA HETOYHOCTh, OIMCKA, HE
SIBJISIFOLIASICS CIICAICTBUEM HE3HAHUS WJIM HETIOHMMaHUs Y4eOHOr0 MaTepuana).

OtmMmetka «4» cTaBUTCS, €CIIU:

- paboTa BBHINIOJHEHA IOJIHOCTHIO, HO OOOCHOBAaHHS IIArOB PEIICHUS HEIOCTATOYHBI (eCIH
yMeHHe 000CHOBBIBATh PACCYKICHUS HE SIBISLIOCH CIIELUATbHBIM O0BEKTOM IIPOBEPKH);

- JIONyIlleHa OJHAa OIIMOKa WJIM JIBa-TpU HEJOYEeTa B BBIKJIAJKAX, PUCYHKAX, depTekax WU
rpadukax (€ciim 3T BUJIbI padOTHI HE SBJISIUCH CIIECIIUATBLHBIM 0O0BEKTOM ITPOBEPKH ).

OtMeTKa «3» CTaBUTCS, €CIIU:

- JomyiieHbl 0osiee OAHON OMIMOKM WM Oojiee ABYX-TPEX HEAOYETOB B BBIKJIAJIKAX, YEPTEkKax
WU Tpadukax, HO yJaluics BIajeeT 00sS3aTeIbHBIMA YMEHUSMH TI0 TIPOBEPSIEMOM TEME.

OtMmeTKa «2» CTaBUTCS, €CIIU:

- JTOTMYIIEHBI CYIIECTBEHHBIE OIIMOKH, MOKA3aBIlKe, YTO YYAIIUICSI HE BIaJeeT 0053aTeTbHBIMU
YMEHUSIMU T10 JAaHHOU T€MeE B MOJIHOU Mepe.

Tema 2.1. OcHOBHBIC IOHATHS AJITOPUTMOB

IpakTuyeckoe 3anaTue Ne 7. OneHKa BpeMeHHU BbINOJIHEHUS AJITOPUTMOB: BbIYUCIEeHHE
ciaoxuoctu O(n)

Ilesan padoThI: OBNIaI€Th OCHOBHBIMH METOAAMHU OLIEHKH BPEMEHHOM CI0XKHOCTU aJrOPUTMOB C
WCTOJb30BaHUEM HoTaruu Big-O, HayduThCs ONMpEAENsITh CIOKHOCTh JIMHEHHBIX alTOPUTMOB M
CpaBHUBATH 3((HEKTUBHOCTH PA3IMUHBIX MTOIXOOB.

Boinoanus padorty, Bul Oynere:

ymemb:

- CaMOCTOSTEIbHO OLICHUBATh BPEMEHHYIO CIOKHOCTh MPOCTEUIINX anroputMoB tuma O(n);

- TIOHATH Pa3HMILY MEXIY aJrOpUTMaMU PA3IMYHOU CIOXKHOCTH M yMETh BbIOMpaTh Haubojee
3¢ (eKTUBHBIN BapUAHT;

- CPaBHUBATh MPOU3BOJUTEIBHOCTH PA3HBIX PeATM3AlUN OJJHOTO M TOTO e alIrOpUTMa.

MarepunanbHoe obecniedeHue:
Pa3znarounsblit Matepuan (KapTOUKH C 3a/IaHUSMU).
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TexHuyeckue cpencTBa 00yUeHHs: KOMIBIOTEP C JIMIIEH3HOHHBIM MPOTPAMMHBIM 00€CTIeYeHUEM
1 MyJIbTUMEANA TPOEKTOP.

3ananmue:

BaumaTenpHO MPOYUTANTE TEOPETHUECKUE CBEACHUS.

Pazbepute pemienue 3a1a4, IpUBEICHHBIX HIDKE, U 3aITUIIATE UX B TETPATb.

Pemnre 3amaun u3 pasnena ajisg CaMOCTOSTEIHBHOTO PEIICHUS.

Kpartkue Teoperudeckue cBeleHUs

JIJIs yCHEIIHOTO BBHIMOJIHEHUS JTAOOPATOPHOM pabOThI CTYAEHTaM HEOOXOIUMO O3HAKOMHUTBCS C
TaKUMU MTOHATUSMH U BOIIPOCAMHU:

Omnpenenenne noramuu Big-O.

Bpemennas cioskHOCTh aJITOPUTMOB: OLICHKA MOPSIKOB POCTA.

JIuneiinsie aaroputmel (O(N)).

MeTto/1b1 U3MEpEHHsI CKOPOCTH MCIIOJIHEHUS IIPOTPaMM.

Xox padoThI:

3apanne 1. Onenka JUHEeHHOH CJI0KHOCTH

Hanumure mpocToil anropuTM Morcka 3JleMeHTa B MaccuBe IenbIx uucell. Mcmons3yiite oaun
UK fOr 1 OlIeHUTE ero BpEMEHHYIO CJI0KHOCTb.

AJITOPUTM MOUCKA JIEMEHTAa B MacCUBe:

def linear search(arr, target

ITourck meneBoro 3IeMeHTa B MacCHBeE.

:param arr: Maccus HCJIBIX YHUCCII
:param target: LleseBoe unciio
return: I/IHIICKC IEpBOro HaﬁHCHHOFO DJICMCHTA UJIN None, €CJIM DJICMCHT OTCYTCTBYCT
for i in range(len(arr
if arr[i] == target
return i
return None
Omnpenenure BpeMEHHYIO CIIOKHOCTD JAHHOTO aJlTOPUTMA.
HO,Z[TBep,[[I/ITe OLCHKY OJKCIICPUMCHTAJIIbHO, U3MCEPAA CPCAHCC BPEMA BBIIIOJHCHUA JIA Pa3HbIX
pa3MepoB MacCHBa.
3aganue 2. OnTUMU3aNKs AJITOPUTMA
HpCI[J'IO)KI/ITC ONTUMU3AIWIO JJId HOpPCAbIAYHICTO aJIrOpUTMa, IIO3BOJIAIOIIYI0 YMCHBIIWTDH
KOJIMYCCTBO I/ITepaI_II/Iﬁ ITHKJIA. Paccuuraiite HOBYIO BPCMCHHYIO CJIO)KHOCTb BalICro YIYUIHICHHOI'O
BapHaHTa.
OnTuMU3HPOBAHHBIN AITOPUTM:
def optimized linear search(arr, target

YHy‘IHICHHBIﬁ IMOUCK 2JICMCHTA B OTCOPTUPOBAHHOM MACCHUBEC.

:param arr: OTCOpTI/IpOBaHHHﬁ MaCCHB LECJIbIX YHNCEI
‘param target: I{eneBoe uucio
return: I/IHIIGKC IepBOro HaﬁﬂeHHOTO DJIEMCHTA NN None, CCJIN 3JICMCHT OTCYTCTBYCT
left, right = 0, len(arr)-1
while left <= right

mid = (left+right)//2

if arrlmid] >= target

right =mid - 1
else
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left = mid + 1
if left < len(arr) and arr|[left] == target
return left
return None
Yem oTimyaeTcs BPEMCHHAA CJIIOKHOCTb HOBOI'O aJITOpUTMaA OT I/ICXOI[HOFO?
[ToyeMy HOBBII aIrOpUTM padboTaeT ObICTpee Ha OOJBIITMX BXOTHBIX JTAHHBIX?
33}IaHHe 3. 3KCHepHMeHTaJIbH06 CpaBHECHUEC
[IpoBemuTe cpaBHUTEIBHBINA TECT 0OOMX AITOPUTMOB HAa MAaCCHBAX Pa3HOTO pasMepa (Hampumep, OT
1000 mo 10 muH »rmeMeHTOB). 3amyCcTUTE KaXIbl anropuTM mo kpaiHed mepe 10 pa3 m BbrUmciure
Cp€aHEC BpEMA BBITIOJTHCHU.
IIpumep TecTa NPOM3BOAMTEILHOCTH:
import timeit
import random

sizes = [1000, 10000, 100000, 1000000
results =

for size in sizes
data = sorted(random.sample(range(size*10), size
results.append((size
timeit.timeit(lambda: linear_search(data, data/-1]), number=10
timeit.timeit(lambda: optimized_linear_search(data, data[-1]), number=10

print(results

KoHTpoJibHbIE BOPOCHI:

Yro o3navaer 3amuck O(n)?

Kakoit nopsiiok pocta MMeeT TMHENHBIN anropuT™?

J171s1 4ero Hy>KHbI TECThI IPOU3BOAUTEIHHOCTHU?

Korna ncrnonb3oBanue COPTUPOBKHU EPE] TOMCKOM OITPABJAHO?

MoskeT 11 U3MEHEHUE CTPYKTYPbI JaHHBIX TOBIMUATH Ha IPOU3BOAUTEIBHOCTD aJlrOpuT™Ma’?

ITopsinok BbINOJHEHHS PadOTHI:

1. Pemuth 3a1aHus B TETpaau.

2. [TonyuuTs y mpemnoiaBaTens 3a1aHus sl CaMOCTOATENbHOM paboThI U PELINTh UX B TETPaJIH.

dopma npeacraBjeHus pe3yabTara:

Ilo nToram 3aHATHS CTYAEHTHI IPEIOCTABIISIOT OTYET, BKIIFOYAFOLIMI:

Onucanue pa3pabOTaHHBIX aAJITOPUTMOB.

PacueTsl BpeMEHHOH CI0KHOCTH JIJIs1 KAXKI0TO CITydast.

I'paduix 3aBHCHMOCTH BPEMEHH BBIIIOJIHEHUS OT KOJINYECTBA SJIEMEHTOB B MAaCCHBE.

BBIBOJBI OTHOCUTENBHO MPEUMYILECTB U HEJOCTATKOB MPEITI0KEHHBIX BAPHAHTOB.

Kpurepumn oneHku:

Pemenue 3amaun cumraercs Oe3ynmpeyHbIM, €CIHM MPaBUIBHO BBIOpPAaH CIIOCOO pEIIeHHUs, CaMo
pelIeHre CONPOBOXK/IAETCSI HEOOXOIUMBIMU O0BSCHEHUSIMH, BEPHO BBIITOJIHEHBI HY)KHBIE BBIYUCICHUS
U ipeoOpa3oBaHysl, OJIYUYEeH BEPHBIM OTBET, MOCIIEA0BATENIFHO U aKKYPaTHO 3aMCaHO PELICHHE.

OtMeTKa «5» CTaBUTCS, €CIIH:

- pa0oTa BBIMOJHEHA MOJTHOCTHIO;

- B JIOTHYECKUX PACCYXKICHUAX U 0O0CHOBAaHUH pEIICHUs HET MPOoOeoB U OMNOOK;

- B pEUICHUH HEeT MaTeMaTHYeCKUX OIIMOOK (BO3MOKHA OJHAa HETOYHOCTh, OIHCKa, HE
SIBJIAIOILASACS CIIE/ICTBUEM HE3HAHUS WJIM HEMOHUMaHUsl yueOHOro MaTepuana).

OtmMmetka «4» cTaBUTCS, €CIIU:

- pa0oTa BBIIOJHEHA IOJHOCTbIO, HO OOOCHOBAaHMS IIAroOB PELIEHHs] HEAOCTAaTOYHBI (eciu
yMeHHE 000CHOBBIBATh PACCYKACHUS HE ABISIIOCH CIIEIMATILHBIM 00bEKTOM MTPOBEPKH);
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- JIOMYyIIeHAa OJlHA OIIMOKAa WU JIBa-TPH HEJOYEeTa B BBIKJIAJIKAX, PUCYHKAX, YEPTEKax HIU
rpadukax (eciim 3T BUJIbI pabOTHI HE SBIISTUCH CIICIUATEHBIM 00bEKTOM MPOBEPKH).

OtMeTKa «3» CTaBUTCS, €CIIU:

- JomyieHsl 0osiee oAHON OMIMOKM WM OoJiee ABYX-TPEX HEJAOYETOB B BBIKJIAJIKaX, YepTexkax
WM rpadukax, HO yYaluiics BIaeeT 00s13aTEIbHBIMU YMEHUSIMU TI0 TIPOBEPSEMON TEME.

Ot1MeTKa «2» CTaBUTCS, €CIIH:

- JIOTYIIEHBI CYIIECTBEHHBIC ONTUOKY, MTOKA3aBIIUE, YTO YUAIIUHCS HE BIaJIeeT 00s13aTeIIbHBIMU
YMEHUSIMH MO IAHHOM TEME B IMOJTHON Mepe.

IMpakTuuyeckoe 3ansitue Ne 8. Peanuzanmsi u aHaIu3 06a30BbIX CTPYKTYP AAHHBIX: MACCHBBI,
CIMCKH, 04YepeIn, 1epeBbs

Heap paGorhl: MprHOOpECTH MPAKTUYECKHE HABBIKM peali3allud OCHOBHBIX CTPYKTYp NAHHBIX
(MaccuBBI, COUCKH, OYepeNH, ACPEBbs) U OCBOMTH OCHOBBI MX aHaN3a 3((EKTUBHOCTH (CIOKHOCTD
orepalifii BCTaBKH, yAaleHUs, IIOUCKA).

Boinoinus padorty, Bel Oynere:

ymemas:

- paboTaTh ¢ 0a30BBIMH CTPYKTYPAMH JAaHHBIX M CITIOCOOAMU MX MIPEIICTABJICHUS B ITAMSTH;

- peaJn30BbIBATh JUHAMUYECKUE CIIUCKHU, OYEPEIN U JE€PEBbS;

- IPOBECTHU aHAJIU3 BPEMEHHBIX XaPAKTEPUCTUK ONepaluii HaJl STUMH CTPYKTYpaMHu;

- IPaBUJILHO BBIOUPATh CTPYKTYPY AAHHBIX UCXOJS U3 peliaeMoin 3aauu.

MarepuajbHoe obecneyeHne:
Pa3narounsblii Matepuai (KapTOUKH C 3a/1laHUSIMU).
Texnndeckue cpencrBa 00y4eHHs: KOMIIBIOTEP C JIMIIEH3MOHHBIM MPOTrPaMMHBIM OOecTiedeHueM
Y MYJIBTUMEINA TIPOEKTOP.
3aganue:
BHuMarenbHO NpOYNUTANTE TEOPETUUYECKUE CBEICHHUS.
PazGepuTte pemienue 3agay, NpUBEIEHHBIX HUXKE, U 3alUIINTE UX B TETPA/lb.
Pemmire 3amaun u3 paszzmena ajisi CaMOCTOSITETLHOTO PEIICHUSI.
Kparkue Teopernueckue cBeeHHs
CriocoObI XpaHEHHsI JAaHHBIX B ONEPAaTUBHON ITAMSTH.
OCHOBBI OpraHu3aluy CTPYKTYpP JaHHBIX (CIIMCKH, OYepe/n, CTeKH, ONHApHBIE 1EPEBbS).
ANTopuUTMBI 00X0/1a ¥ MAHHITYJISIIIUH JIEPEBhSIMHU.
AHanu3 cloXHOCTH onepanuii B TepMuHax Big-O.
Xoa pa6oTsl
Yacrte 1. Peanu3anus u TecTHPOBaHME CTPYKTYP JAAHHBIX
Peanmu3yiiTe Bpy4HYIO OCHOBHBIE CTPYKTYpBI JAaHHBIX M TPOBEIUTE MEPBUYHOE TECTHPOBAHHE HA
HEOOJBIINX MTPUMepax.
3agaua 1. MaccuBbl
Peammzyiite knacc ArrayList, nogaepxuBaronuii 6a30BbIe ONEpPAIIH:
JloGaBneHue 31eMeHTa B KOHell criicka (append).
VY nanenue nociaeaHero nemMenta (pop).
[Monyuenwue 31emenTa mo uHACKCy (getitem).
YcraHOoBKa 3JIeMeHTa 1o uHekcy (Setitem).
IIpumep kiacca:
class ArrayList
def init_ (self
self.data =

def append(self, value
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JloOaBiIseT 2JIEMEHT B KOHEIT
self data.append(value)

def pop(self):
"""V nanser nociaeaHUN IEMEHT
return self.data.pop()

nn

def getitem(self, index):
"""ITomy4daeTr JIeMEHT 10 UHJEKCY
return self.data/index|

nn

def setitem(self, index, value):
"""V cTaHaBIMBAET JEMEHT 0 UHIEKCY
self datalindex| = value
3agaua 2. CBA3aHHBIE CIIUCKH
Peanusyiite 0JHOCBSI3aHHBIN CIIUCOK LinkedList ¢ omeparusiMu 100aBIeHHS, yOAJIEHUs y3J0B U
IIOHNCKa 3JICMCHTA.
IIpumep kiacca y3iaa:
class Node:
def init_ (self, data=None):
self data = data
self.next = None

nn

class LinkedList:
def init_ (self):
self.head = None

def insert_at beginning(self, data):
new_node = Node(data)
new_node.next = self head
self.head = new_node

def remove_first(self):
if self.head is not None:
temp = self head
self head = temp.next
del temp
3agaua 3. Ouepenu
Peamsyiite ouepens QUeue Ha OCHOBE CBSI3aHHOTO CITHCKA MIJIM MacCHBa C TIOJIEPIKKOM Omepariii
enqueue() u dequeue().
IIpumep peanm3auuu ouepenu:

class Queue:
def init_ (self):
self.items =[]

def enqueue(self, item):
""" JloGaBIIsieM AJIIEMEHT B XBOCT OUepeIn
self.items.append(item)

mnman

def dequeue(self):
"""V OupaeM MepBbIid AIIEMEHT OYepeIn
if len(self.items) > O:

nmn
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return self.items.pop(0
return None
3anaua 4. bunapHble 1epeBbs
Peanusyiite bunaproe aepeso BinaryTree ¢ GyHKIUSIMH BCTaBKH U ITOUCKA Y3IIOB.
IIpumep peasimzanum aepena:
class TreeNode
def init_ (self, key
self.left = None
self.right = None
self.val = key

class BinarySearchTree
def init_ (self
self.root = None

def insert(self, val
if self.root is None
self root = TreeNode(val

else
current = self root
while True

if val < current.val
if current.left is None
current.left = TreeNode(val
break
current = current.left
elif val > current.val
if current.right is None
current.right = TreeNode(val
break
current = current.right
else
break
YacTb 2. AHAJH3 CI0KHOCTH ONepanuii
PaccMoTtpuTe BpeMEeHHBIE XapaKTEPUCTUKH ONEPALMI HAJl KaXKI0M CTPYKTYpOH TaHHBIX:
OnepauHH I[O6aBJ'IeHI/I}I, YAQJICHUSA U TIOUCKA B CITUCKE, OUCPEAN U ICPCBC.
[Toctpoiite rpaduku 3aBUCUMOCTH BPEMEHHU BBIMIOJIHEHUS OT 00beMa JTAHHBIX.
Meroauka 3KkcriepuMenTa:
I'enepupyiiTe cryvaiiHple JaHHBIE pa3amyHOTo oObema (Hanpumep, 100, 1000, 10000 smemeHTOB).
H3Mep5[ﬁTe BPEMs BBIITOJIHCHU A OHepaI_II/Iﬁ Ha KaXX10M Ha60pe JAaHHBIX.
[Toctpownte rpaduk 3aBUCHMOCTH BPEMEHHU BBIMIOJIHEHUS OT pa3Mepa Habopa JTaHHBIX.
Moncka3ska: Vcronp3yiiTe Momyib timeit st 3aMepoB BpeMEHH BBITIOTHEHUSL.
import timeit
import random

data_sizes = [100, 1000, 10000
times =

for size in data_sizes
# I'enepupyem ciiydailHbIe JaHHBIC
data = list(range(size
random.shuffle(data
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# 3amepsieM BpeMsl BCTaBKH B KOHEI] CITMCKa
t_insert_list = timeit timeit(lambda: arraylist.append(data/-1]), globals=globals(), number=100

times|size| = {'insert": t_insert_list

Yactb 3. 3ak/104eHue

Crenaiite BBIBOBI IO PE3YIbTaTaM IKCIEPUMEHTOB:

Kakue ctpykTypsl 1anHbIX 3ddeKTHBHEE 17151 KOHKPETHOM oneparun’?

B kakux ciydasx Jiydiie UCIoJjib30BaTh MaCCUBBI, CITIUCKU, OYEPEAH WU JEPEBbs?

KoHTpoJibHbIE BOIPOCHI:

HazoBuTe npeumyiecTBa U HEIOCTATKU MAacCUBA MEPEJ] CBA3aHHBIM CITUCKOM.

Kakue cTpykTypbl JaHHBIX MOJXOAAT JUIsl OBICTPOTO TOMCKA dIeMeHTa?

KakoBa cpemusisi CIOKHOCTb BCTaBKH U Y/IaJICHHUS dJIEMEHTA B OMHAPHOM JIepeBe MOUCKa?

Uem otnmyaercs oyepesb oT cTeka?

Kak onpenennts BpeMEHHYIO CII0KHOCTD ajropuTma?

Ilopsinok BbINOJIHEHHS PadOTHI:

1. Pemuts 3aganus B TETPaIu.

2. [Monyuuts y npenogaBaTes 3a/1aHus AJI CaMOCTOSITEIbHON pabOThI U PEIIUTh UX B TETPaIH.

dopma npeacraBieHus pe3yjabrara:

ITo uToram 3aHATHS CTYIEHTHI IPEIOCTABIISAIOT OTYET, BKITFOYAFOIIIHIA:

Kon peann3oBaHHBIX KJ1aCCOB U TECTOB.

Tabmnuity u rpaduku u3mMepeHnit BpeMEHH BBITTOTHEHUS OTIEPAIii.

BbIBO/IBI O KaXKIOMY TTYHKTY 3aJ[aHMSL.

Kpurepuu onenkmu:

Pemenue 3amaun cumTaercs Oe3ympedHbIM, €CIU MPaBUIBLHO BBIOpAH CIOCOO PEIICHHs, camo
pelIeHre COMPOBOXK/IAETCS HEOOXOAUMBIMHU O0BSICHEHUSIMHU, BEPHO BBIMOJIHEHBI HY)KHbBIC BHIYUCIICHUS
1 nipeoOpa3oBaHusl, MOJIYyYEH BEPHBIN OTBET, MOCJIEIOBATEIBLHO H AKKYPATHO 3aIIMCAaHO PEILICHUE.

OtMmeTKka «5» CTaBUTCS, €CIIU:

- paboTa BBINOTHEHA TTOJHOCTHIO;

- B IOTHYECKUX PACCYKJICHUAX U 0OOCHOBAHHUH PEIICHUs HET MPOOeIoB U OMNOOK;

- B PEIICHHWH HET MaTeMaTHYECKUX OIMMOOK (BO3MOXKHAa OJHA HETOYHOCTh, OMHKCKa, HE
SIBIIAIOINASACS CIIEICTBUEM HE3HAHUS WJIM HEMOHUMaHUsl y4eOHOTro MaTepurana).

OTMeTKa «4» CTaBUTCS, ECIIH:

- paboTa BBHIMOTHEHA MOJHOCTHIO, HO OOOCHOBAHMS IIArOB PEIICHUS HEAOCTATOYHBI (eCiH
yMeHHe 000CHOBBIBATh PACCYKICHUS HE SBISUIOCH CIIEIUATBLHBIM O0BEKTOM MTPOBEPKH);

- JIOTyIIeHa OJlHA OIIMOKa WU JIBa-TPH HEJOYeTa B BBIKJIAJIKAX, PUCYHKAX, YepPTEeKax WU
rpadukax (ecyiu 3TH BUJIbI padOTHI HE SBIISTUCH CIIEIUATBEHBIM O0BEKTOM ITPOBEPKH ).

OtmMmeTtKa «3» CTaBUTCS, €CIIU:

- jonyueHsl Oosiee oAHON OomMOKM WK OoJiee ABYX-TPEX HEAOYETOB B BBIKJIAJKAX, YepTexkKax
WK rpadukax, HO ydaluiics BiajeeT 00s13aTeIbHBIMU YMEHUSIMU TI0 TIPOBEPSEMOI TEME.

OtMmeTKka «2» CTaBUTCS, €CIIU:

- JIOTYIIEHBI CYIIECTBEHHBIC ONTMOKH, TOKA3aBIIUE, YTO YYAILIUICS HE BiajeeT 00sI3aTeIbHBIMU
YMEHUSMH 10 JAHHOM TeMe B TIOJTHOM Mepe.

IIpakTnuyeckoe 3ansitue Ne 9. [locTpoenue n anau3 rpaoB B NpeACTABJIEHHH " CIIUCOK
cMexXHOCTH "

Leap paGoTbl: 03HAKOMUTHCS C OCHOBaMH TEOPHUH rpadoB, OCBOUTH CIOCOOBI MPECTABICHUS
rpada B BUJE CIHCKAa CMEXKHOCTH, OBJIQJIETh HABbIKAMM ITOCTPOEHUS M aHalIM3a rpadoBBIX MOJAETEH,
3aKpENUTh YMEHHE IPOBOAUTH TEOPETUUECKUM U MPAKTUUECKUI aHAINU3 TpadoB.

Beinosnus patdory, Bel Oyaere:
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ymembp:

- IPEJCTABIATH rpad B BUAE CIHCKA CMEXHOCTH;

- OCBOUTH TNpoLEAypbl 00paboTku rpadoB: 00X0a BEPILIMH, ONpEACTICHHE CTEIEHH BEPIIUHBI,
TOUCK MyTEH;

- peanu3alyy ¥ aHaiau3a rpad)oB Ha IpUMepe KOHKPETHBIX 3a/1a4;

- paboTarh ¢ MeTOJaMH BU3yalM3aluu rpadoB U aHAIU3UPOBATh pa3IMyHbIe CBOHCTBA rpadon
(CBSI3HOCTb, HAJIMYNE LIUKJIOB U APYTUE acleKThl).

MarepuanbHoe o0ecnieyeHue:

Pa3znarounslit MaTepuan (KapTOUKH C 3a/IaHUSIMU).

TexHuueckue cpeacTa 00yueHHs: KOMIIBIOTEP C JIMIEH3MOHHBIM MTPOrPaMMHBIM 00eCIIeYeHuEM
U MyJbTUMEANA TPOEKTOP.

3aganme:

BHuMarenpHO MpoYnTaiTe TEOPETUUECKHUE CBEICHUSI.

PazGepuTte pemienue 3aqad, NpUBEICHHBIX HUKE, U 3aIUIINTE UX B TETPAlb.

Pemmte 3amaun u3 pasnena st CaMOCTOSATEIHHOTO PEIICHUSI.

Kparkue TeopeTuueckue cBeeHUs

OcHoBHBIE onpeziesieHns: Teopuu rpadoB (BEpIIMHBL, péOpa, MyTH, KOMIIOHEHTHI CBSI3HOCTH).

[Ipencrasnenue rpada pa3aTMUIHbIME CIIOCOOaMH (MaTpHUIla CMEXKHOCTH, CITUCOK CMEKHOCTH).

Tunuynele 3a1aun Ha rpad)ax: MOUCK KOMIIOHEHT CBSI3HOCTH, MPOBEPKA HAJIMUUS IIUKIIOB, MOACYET
yucia pédep U CTeNeHel BepILuH.

Xox paboThI:

Yactp 1. ®opMupoBaHHe CHUCKA CMEKHOCTH

3amaua cocTOUT B (DOPMHUPOBAHUH CIIMCKA CMEXKHOCTU ISl 33JaHHOTO OPHEHTHUPOBAHHOTO Tpada.
Crynenram npeziaraetcesi co3aath rpad ¢ BepmmHaMu V = {vi, Va, ..., Va} U pé0opamu E = {(u,v)}.

IMopsinox neicTBmii:

Hapucosats cxemy rpada.

Odopmuts rpad B BUae CIUCKa CMEXKHOCTH.

BBIOTHATE MTPOBEPKY MPaBUIBHOCTH COCTABIICHUS CIIMCKA CMEKHOCTH.

IMpumep: I'pap c Bepmmuamu {AB,C,D} u péopamu {(A,B),(B,C),(C,A),(D,A)}.Crncox
CMEKHOCTH BBITISIUT CIECAYIOIIUM 00pa3oM:

‘A" ['B, 'D’
B- ['C’
- A
D" ['A’

Yacrtb 2. O6xoa rpada
OO0oiiti co3manHbIil paHee Tpad nByMs: m3BecTHBIMU MeTomamu: DFS (rimyOunHBIN monck) u BFS
(TTOUCK B LIMPUHY).
IHopsaok neicrBuii:
PeanmusoBath pexypcuBHbIi anroput™ DFS s mpoxona rpada.
Peaym3oBare asroput™m BFS ¢ ucnons3oBannem odepeu.
3anmycTuTh 00a aNropuTMa 1 3aMKCUPOBATh IOCIE0BATEIbHOCTD MOCEIEHHBIX BEPIINH.
Ipumep peanuszauuu DFS:
def dfs(graph, start_vertex, visited=None
if visited is None
visited = set
visited. add(start_vertex
print(start_vertex, end=""
for neighbor in graph|start_vertex
if neighbor not in visited
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dfs(graph, neighbor, visited
IIpumep peamm3zauuun BFS:
from collections import deque

def bfs(graph, start_vertex
queue = deque(|start_vertex
visited = set([start_vertex
while queue
vertex = queue.popleft
print(vertex, end=""
for neighbor in graph|vertex
if neighbor not in visited
visited.add(neighbor
queue.append(neighbor
Yacrs 3. Haxmw:[enne KOMIIOHEHT CBHA3HOCTH
Beimonnute anamus rpa(ba Ha NpeaAMET HAJIM4YKA KOMIIOHCHT CBA3HOCTH. I/ICHOHLS}/@M AJIr'OPUTM
DFS/BFS s BeIsSIBIICHHSI KOMIIOHEHT CBSI3HOCTH Tpada.
IMopsinox neicTBmii:
[IporpaMMHO peain30BaTh NPOLETYPY HAXOXKACHUS KOMIIOHEHT CBSI3HOCTH.
HpoaHaJ'H/ISI/Ipyf/'IT C HOJIy‘ICHHLIﬁ r‘patb Ha KOJIMYECTBO KOMITIOHEHT CBA3HOCTH.
IIpumep peam3anum:
def find_connected _components(graph
visited = set
components =
for vertex in graph.keys
if vertex not in visited
component =
dfs_component(graph, vertex, visited, component
components.append(component
return components

def dfs_component(graph, vertex, visited, component
visited.add(vertex
component.append(vertex
for neighbor in graph.get(vertex
if neighbor not in visited
dfs_component(graph, neighbor, visited, component
Yacrte 4. Busyaausauus rpagpa
Ucnons3ys 6ubmmoteky NetworkX wmu Matplotlib, cosmaiite Busyanmusarmio rpada Ha OCHOBE
MOJIYUYCHHOI'O CITMCKAa CMCKHOCTH.
IHopsaok neicrBuii:
Ycranosute Heooxoqumbie Oudmoreku (NetworkX, Matplotlib).
[TpeoOpa3syiiTe CrcOK CMEKHOCTH B 00bekT Graph u mocTpoiite ero BU3yain3almio.
IIpumep peamsanum:
import networkx as nx
import matplotlib.pyplot as plt

graph_data =
‘A" ['B','D'
B ['C'
A
D" ['A
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G = nx.DiGraph
for node, neighbors in graph_data. items
for neighbor in neighbors
G.add_edge(node, neighbor

nx.draw(G, with_labels=True, font_weight="bold"

plt.show

KoHTpoJibHbIE BOIPOCHI:

YTo Takoe CIIUCOK CMEKHOCTH?

Kak peammzyetcst 06xox rpada c nmomoiisio anroputma DFS?

B uém pazuauna mexxay anroputmamu DFS u BFS?

Kak omnpenensiroTcst KOMITIOHEHTHI CBSI3HOCTH B rpade?

3auem HeoOXoMuMa BU3yanu3anws rpaga?

IMopsiiok BbITIOJIHEHHSI PA0OTHI:

1. Pemuts 3aganus B TETPaIu.

2. [Monyuuts y npenogaBaTels 3a/1aHus AJi CAMOCTOSITEIbHON pabOThI U PEIIUTh UX B TETPaIH.

dopma npeacraBieHus pe3yjabrara:

ITo uToram 3aHATHS CTYIEHTHI IPEIOCTABIISAIOT OTYET, BKITFOYAFOIIIHIA:

Hcxonnblii ko peanu3anuu rpada B BUIE CIHCKAa CMEKHOCTH.

Jleranmu 06xoma rpada 1 BBISIBICHHE KOMIIOHEHT CBSI3HOCTH.

CKpUHILIOTHI BU3yanu3alnuu rpada.

BpIBOIBI 1O paboTe C KaKIBIM ATAIIOM 3a/1aHUSI.

Kpurepun oneHku:

Pemenue 3amaun cuuTaeTcs O€3yNmpedHBIM, €CIM IMPaBUIBLHO BBIOpAH CIOCOO PEIICHHS, camo
pEIICHUE COIIPOBOKIACTCA HEOOXOIUMBIMUA O0BSICHCHHSIMHU, BEPHO BBINOJHEHBI HY)KHBIC BBIUMCICHUS
1 IpeoOpazoBaHus, MOJTYYESH BEPHBI OTBET, MOCIEA0BATEIHHO U aKKYPATHO 3aMMCaHO PEIlICHUE.

OTMeTKa «5)» CTaBUTCSI, ECIIH:

- paboTa BBINTOTHEHA TIOJHOCTHIO;

- B JIOTHYECKUX PACCYKJICHHUIX U 000CHOBAHUH PEIICHUSI HET TPOOEIIOB U OIINOOK;

- B PCIICHWM HET MaTeMaTHYECKHUX OIMMOOK (BO3MOXKHAa OJHA HETOYHOCTh, OIHKCKAa, HE
SIBJISTIOIIASICS CTICACTBMEM HE3HAHUS WM HETIOHUMAaHHS y4eOHOro MaTepuana).

OtMeTKa «4» CTaBUTCS, €CIIH:

- paboTa BBHITIOJIHEHA TOJTHOCThIO, HO OOOCHOBAHUS IIaroB pEIICHUs] HEIOCTATOYHBI (eCiu
yMeHHe 000CHOBBIBATh PACCYXKIEHUS HE SIBISLIOCH CTIEUaIbHBIM O0BEKTOM MPOBEPKH);

- JIONyIllEHa OJHAa OIIMOKa WM JBa-TPU HEJOo4YeTa B BBIKJIAJKAX, PUCYHKAxX, depTexax WU
rpadukax (ecnu 3Tu BUBI pabOTHI HE SIBISUTUCH CHIEIIHATBHBIM 00bEKTOM MPOBEPKH).

OTMeTKa «3» CTaBUTCS, €CIIH:

- JomyleHbl 0osiee OAHON OMMOKHM WK Ooliee ABYX-TPEX HEAOYETOB B BBHIKJIAJIKAX, YePTEkKax
uu rpadukax, HO yJaniuics BIajeeT 00s3aTeIbHBIMA YMEHUSMH T10 TIPOBEPSIEMOM TEME.

OTMeTKa «2)» CTaBUTCS, €CIIH:

- JIOTMYIIEHBI CYIIECTBEHHBIE OMIMOKH, MMOKA3aBINe, YTO YYAIIUICSI HE BIaJeeT 0053aTeTbHBIMU
YMEHUSIMH T10 TaHHOU TeMe B TIOJTHOM Mepe.

Tema 2.2. Ilouck u copTHpOBKa
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IIpakTuyeckoe 3ansaTue Ne 10. Peanuzanus aJiropuTMOB COPTHPOBKHU: MYy3bIPbKOBasi
COPTHPOBKA, ObICTPAasi COPTHPOBKA, COPTUPOBKA CJAMSIHUEM

Heab padoTsi: HayuyuTHCS YGP(HEKTHBHO PEATU30BBIBATH KIIACCHYECKHIE ATOPUTMBI COPTHPOBKU
(«ITy3BIPEKOBYIO»,  «OBICTPYHO», «COPTHPOBKY CIMSHUEM») W TIOHMMaTh pa3jiMyus B UX
3¢ (HEKTHBHOCTH ¥ MPUMEHUMOCTH B PA3INIHBIX CUTYAIIHSIX.

Bbinosinus padory, Bel Oyaere:

ymemp:

- U3YYHUTH TPH KJIIACCHUYECKUX AITOPUTMA COPTUPOBKH.

- OCBOWTH MPUHIIHUI UX padOTHI © OCOOCHHOCTH peaTn3aIuu.

- HCCIICZIOBATh 3aBUCUMOCTh BPEMEHH BBITIOJHEHHUS OT pa3Mepa MacCHBa.

- IPUMEHUTH MOTYICHHBIC 3HAHUS HA MTPAKTUKE, BBIMOJHUB KOHKPETHBIC 33 JaHUsI.

MarepunanbHoe obecrnieyeHue:
PaznaTounblif MaTepual (KapTOUKH C 3aJaHUSIMH).
TexHuueckue cpeacTsa 00ydeHUs: KOMITBIOTEP C JIMIEH3UOHHBIM MTPOrPAaMMHBEIM 00eCIiedeHnEM
U MYJbTUMENNA ITPOEKTOP.
3aganue:
BHuMaTeapHO IPOYUTANTE TEOPETUUECKHUE CBEICHUS.
PazbepuTte pemenue 3aqad, NpUBEIEHHBIX HUKE, U 3AMUIIATE UX B TETPAb.
Pemmre 3anaun us pasnena Juisi CaMOCTOATEIBHOTO PEILIECHUS.
KpaTkue Teopernueckue cBegeHHs
[lonsiTHe anropuT™Ma COPTUPOBKH.
Kpurepun oneHku KkayecTBa  @JIrOpUTMOB  (BpEMEHHash  CJIOXHOCTb, YCTOHYMBOCTD,
JIONIOJTHUTENbHBIE 3aTPAThl AMSTH).
Acumnrornyeckast Hotanus Big-O s onucanust IopsiaKa pocTa CJI0KHOCTH.
ITopsinok BbINOJHEHHS PA0OTHI:
Yacrs 1. Peasimzanms ny3bIpbK0OBOii COPTHPOBKH
PazpabotaiiTe anropuT™ my3bIpbKOBOM COPTUPOBKU M UCCIENyITe ero paboTy Ha MpUMepax.
IMocranoBka 3amaum:Coszmaiite Qynkuuro bubble_sort(array), xoropas coprupyer 37aeMeHTHI
MacCHBa METOJIOM ITy3bIPbKOBON COPTUPOBKH.
IIpumep peanmsauun:
def bubble_sort(arr
n=len(arr
foriinrange(n
swapped = False
for j in range(0, n-i-1
ifarr[j| >arr[j+1
arr[j|, arr[j+1] = arr[j+1], arr]j
swapped = True
if not swapped
break
return arr
[IpoBeppTe  pabOTOCHOCOOHOCTH CBOEr0 AIrOpUTMAa Ha HECKOJbKMX Habopax JaHHBIX
(YHOpSIIOYEHHBIH, YaCTUYHO YIOPSI0OUEHHBIH, CITy4aifHO IepeMelIaHHbIi MacCHB).
Yacrtp 2. Peanu3anus ObICTPOii COPTUPOBKH
PeasnmzyiiTe ObICTpbIii anroput™ coptupoBku QuickSort.
IMocranoBka 3agaum:Co3maiite ¢ynkmmio quicksort(array), kortopas cOpPTUPYET DIEMEHTHI
MaccHBa METOJIOM OBICTPON COPTUPOBKHU.
IIpumep peam3anum:
def partition(arr, low, high
pivot = arr|(low + high) // 2
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i=low-1
j=high +1
while True
i+=1
while arr[i] < pivot
i+=1
j =
while arr[j] > pivot
j=1
ifi>=]
return j
arr[i], arr[j| = arr(j], arr[i

def quicksort(arr
def quicksort(items, low, high
if low < high
split_index = partition(items, low, high
_quicksort(items, low, split_index
_quicksort(items, split_index + 1, high
_quicksort(arr, 0, len(arr) - 1
return arr
[IpoBepbTe OBICTPOTY Balllell peann3aluy Ha TeX ke HabopaX AaHHBIX, YTO U B MIEPBOI1 3aa4e.
Yacrtp 3. Peaqu3anus cCOpTHPOBKH CIAMSTHUEM
Peanuzyiite anroputm coptuposku Merge Sort.
IMocranoBka 3amaum:Co3naiite QyHkimoo Mmerge_sort(array), xKotopas COPTHPYET DIEMEHTHI
MacCCruBa METOAOM COPTHUPOBKHU CIIMAHUCM.
IIpumep peam3anum:
def merge(left, right
merged =
left_idx, right_idx =0, 0
while left_idx < len(left) and right_idx < len(right
if left[left_idx] <= right[right_idx
merged.append left|left_idx
left_idx +=1
else
merged.append (right[right_idx
right_idx +=1
merged.extend(left/left_idx
merged.extend(right[right_idx
return merged

def merge_sort(arr

if len(arr) <=1

return arr

middle = len(arr) // 2

left_half = merge_sort(arr|:middle

right_half = merge_sort(arrmiddle

return merge(left_half, right_half
HpOBepI/ITL CBOIO p€aIU3alli0O aHAJIOTUYHO MPEABIAYIIINM ABYM 3aJia4aM.
Yactpb 4. AHAJIM3 ¥ CPaBHEHHeE
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Hccnenyiite ckopocTh paObOTHI TPEX CO3/IaHHBIX BaMH aJTOPUTMOB HAa OJJHOM U TOM e HaOope
naHHBIX pasHou mwHb! (Hampumep, 100, 1000, 10000 snementoB). Iloctpoiite TpaduK 3aBHCUMOCTH
BPEMEHH BBITIOJTHEHHSI OT pa3Mepa MaccHuBa.

MeTtoauka uccjie1oBaHus:

[ToaroroBsTe HAOOPHI JaHHBIX (CIIy4alHO paclpeieEHHbIE IeTTbIe YHCTIA).

3adukcupyiiTe BpeMs BBITOJHEHHUS KQKIOTO aJITOPUTMA Ha COOTBETCTBYIOIIMX HA0Opax JaHHBIX.

[TocTpouTts rpaduik 3aBUCUMOCTH BPEMEHH BBITIOJTHEHUS OT pa3Mepa MaccuBa.

Coser: lcnonp3yiite BcTpoeHHYr0 (yHKIuo timeit mis TOYHOrO H3MEPEHHS BpPEMEHH
BBITIOJIHCHMUSL.

KoHTpoJibHbIE BOIPOCHI:

KakoBa BpeMeHHas! CJI0KHOCTb IIy3bIPbKOBOW COPTUPOBKU?

B uem 3akirodaercs CyTh aropuT™Ma OBICTPOI COPTUPOBKH?

Kak ycrpoena coptupoBka ciussHueM?

B kakux ciydasix npeanodTuTenbHee MPUMEHITh OICTPYIO COPTUPOBKY, @ B KAKUX — COPTHPOBKY
caustHuem?

[Touemy Ba’KHO yYHUTHIBATh CTAOMIBHOCTH COPTUPOBOK?

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. Pemnthb 3a1aHus B TETPAIN.

2. IlonyunTh y mpernoaBatens 3alaHust 111 CAMOCTOSTEIIbHON pabOThl U PEIIUTh UX B TETPAJIH.

®opma npeacTaBJieHus pe3yabTaTa:

[To uroram 3aHSATHS CTYIEHTHI IPEIOCTABIISAIOT OTUYET, BKIFOYAIOIIINII:

Peamuzanuu Tpéx alrOpUTMOB COPTHPOBKH.

Tabmuiel ¢ pe3yapTaTaMu TECTHPOBAHUS U TpadUK 3aBHCUMOCTEH BPEMEHH BBIIOJHECHHUS OT
pa3Mepa MaccuBa.

AHanM3 TOJIyYEHHBIX PE3YJAbTATOB M PEKOMEHIAIMHM 10 BBIOOPY MOIXOISIIETO aJropuT™Ma B
3aBHCUMOCTH OT CUTYallUH.

Kpurepun onenkmn:

Pemenue 3amaun cuuTaeTcs O€3yNmpedHBIM, €CIU MPaBUIBLHO BBIOpAH CIOCOO PEIICHHS, Camo
pelieHue COMmpOBOXKIAETCS HEOOXOIUMBIMU OOBSICHEHUSIMHU, BEPHO BBINTOJTHEHBI HY)KHBIC BBIUUCIICHUS
1 IpeoOpazoBaHus, MOJTYYeH BEPHBIA OTBET, MOCIEA0BATEIHHO U aKKYPATHO 3aMMCaHO PEIlIeHUE.

OTMeTKa «5)» CTaBUTCS, ECIIHU:

- paboTa BBINTOTHEHA TIOJTHOCTHIO;

- B JIOTHYECKHUX PACCYKJICHHUIX U 000CHOBAHUH PEIICHUSI HET TPOOEJIOB U OIINOOK;

- B PCIICHHWM HET MaTeMaTHYECKUX OIMMOOK (BO3MOKHA OJHA HETOYHOCTh, OIHMCKa, HE
SIBJISTIOIIASICS CTICACTBMEM HE3HAHUS WM HETIOHUMAaHHS y4eOHOro MaTepuana).

OTMeTKa «4» CTaBUTCS, €CIIH:

- paboTa BBHITIOJIHEHA TOJTHOCThIO, HO OOOCHOBAHUS IIaroB pEIICHUs] HEIOCTATOYHBI (eCiu
yMeHHe 000CHOBBIBATh PACCYXKIIEHUS HE SIBISUIOCH CTIEUaIbHBIM 00BEKTOM MPOBEPKH);

- JIONyIllEHa OJHAa OIIMOKa WM JBa-TpU HEJOo4YeTa B BBIKJIAJKAX, PUCYHKAxX, depTexax WU
rpadukax (eciu 3Tu BUBI paOOTHI HE SIBISUTUCH CHIEIIHATLHBIM 00bEKTOM MPOBEPKH).

OtMmeTKa «3» CTaBUTCS, €CIIH:

- JomyiieHbl 0osiee OAHOW OMHMOKH WM Ooliee ABYX-TPeX HEAOYETOB B BBIKJIAJIKAX, YePTEkKax
uu rpadukax, HO yJaniuics BIajeeT 00s3aTeIbHBIMA YMEHUSAMH T10 TIPOBEPSIEMOM TEME.

OTMeTKa «2)» CTaBUTCS, €CIIH:

- JIOTMYIIEHBI CYIIECTBEHHBIE OMIMOKH, MOKA3aBIlNe, YTO YYAIIMICSI HE BIaJeeT 0053aTeIbHBIMU
YMEHUSIMU 110 JAaHHOU TeMeE B MOJTHOU Mepe.
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IIpakTuyeckoe 3ansaTue Ne 11. CpaBHeHHe BpeMeHH BbINOJHEHHS PA3JINYHbIX AJTOPUTMOB
COPTHPOBKH

Heap pabdoThI: TPAKTHYECKHW CPABHUTH M MPOAHATH3UPOBATH IPPEKTUBHOCTH aITOPUTMOB
COPTUPOBKH (Iy3bIpbKOBasi, ObICTpasi, COPTUPOBKA BBHIOOPOM, COPTHPOBKA BCTAaBKOW, COPTUPOBKA
CHHHHHCM), OLCHUTH UX BPECMCHHYIO CJIOKHOCTH HAa PCAJIbHBIX ITPUMCPAX.

Bbinosinus padory, Bel Oyaere:

ymemb:

- 00BEKTHBHO OLICHUBATh BPEMEHHYIO CJIOKHOCTH aJIrOPUTMOB Ha MPAKTHUKE.

- OCYIIECTBIIATH BBIOOP ONTHMAJIBHOTO aJITOPUTMa COPTUPOBKH JJIsI KOHKPETHOTO CLIEHAPHSI.

MarepunanbHoe obecrnieyeHue:
PaznmaTounblii MaTepual (KapTOYKH C 3aJaHHSIMH ).
Texnnueckue cpeacTBa 06Y'-IGHI/I$II KOMIIBIOTCP C JIMICH3MOHHBIM IIPOTrpaMMHBIM OGCCHG‘-IGHI/ICM
U MYJIbTUMEINAA TIPOCKTOP.
3aganue:
BHuMaTenpHO poYnTaiiTe TEOPETHUECKUE CBEICHHS.
Pa36epHTe pemiCHUC 3aa4, MIPUBCACHHBIX HUKC, U 3alIMIINTC UX B TCTPAAb.
Pemmre 3a1aun U3 paszzuena ajisi CaMOCTOSTEIILHOTO PEIICHUSI.
Kparkue TeopeTuueckue cBeleHUs
Knaccuueckne anroputmbl coptupoBku (bubble sort, selection sort, insertion sort, quicksort,
mergesort).
IMousTre BpeMeHHO# citoxkHOCTH 1 €€ 00o3Hauenue (Big-O notation).
Oco0eHHOCTH YCTOMUMBOCTH U 3aTpaT NaMsITH JJIsl Pa3JIMYHbIX TUIIOB COPTUPOBOK.
IMopsinok BbINOJIHEHUSI PA0OTHI:
Yacrtp 1. Peaqu3anus aJropurMoB COpTHPOBKH
Peanusyiite nath MOMyJISIPHBIX aJITOPUTMOB COPTHPOBKU:
Bubble Sort (my3sipsKkoBasi COpTHPOBKA):
def bubble_sort(arr
n = len(arr
foriinrange(n
for j in range(0, n-i-1
ifarr(j] > arr[j+1
arr[j|, arr[j+1] = arr[j+1], arr]j
return arr
Selection Sort (copTupoBka BbIGOpOM):
def selection_sort(arr
n = len(arr
foriinrange(n
min_idx = i
for jinrange(i+1, n
if arr[min_idx| > arr[j

min_idx = |
arr[i], arrymin_idx| = arr[min_idx], arr[i
return arr

Insertion Sort (coprupoBKka BcTaBKoO¥):
def insertion_sort(arr
foriinrange(1, len(arr
key = arr[i
j=i-l
while j >=0 and key < arr[j
arr[j+1] = arrlj

30



=1
arr[j+1] = key
return arr
Quick Sort (obIcTpast copTHPOBKA):
def quick_sort(arr
if lenarr) <=1
return arr
pivot = arr|len(arr) // 2
left = [x for x in arr if x < pivot
middle = [x for X in arr if X == pivot
right = [x for x in arr if x > pivot
return quick_sort(left) + middle + quick_sort(right
Merge Sort (copTHpoBKa CJAHSIHHEM):
def merge_sort(arr
if len(arr) > 1
mid = len(arr) // 2
L = arr[:mid
R =arr/mid
merge_sort(L
merge_sort(R
i=j=k=0
while i <len(L) and j < len(R
if L[i] <RJj
arr[k] = L[i
i+=1
else
arrlk] = R[]
j+=1
k+=1
while i <len(L
arr[k| = L][i
i+=1
k+=1
while j < len(R
arrlk] = R[]
j+=1
k+=1
return arr
Yacrs 2. TeCTHPOBaHI/Ie U 3aM€P BPEMEHHU BLINNOJIHCHUSA
TeCTpreM CO3JaHHBIC AJITOPUTMbI Ha MACCHUBAX PA3HOI'O pasMepa MU OIpeACiIIieM CPEIHIOHO
CKOPOCTB BBINIOJHCHHA KaXKA0TO aJIrOprUTMa.
IHopsaok xecrBuii:
[ToaroroseTe cirydaiinbie MaccuBsl pazmepom N = {100, 1000, 10000, 100000} snemeHTOB.
HCHOJ’IL3y&I MOAYJIb timeit, OMPCACIIUTC CPEAHCC BPCMA BBIIIOJHCHUA KaXIOIOo aJlropurtMa
COPTHPOBKHU HA YKa3aHHBIX MaCCHUBax.
HOBTOpI/ITe OKCIICPUMCHTBI XOT: OBl TPl IS HUCKIIHOYCHUA HOIpCIHHOCTCﬁ U TIOJIy4UTC
Cp€aHUEC IMOKA3aTCIN.
IIpumep 3amycka TaiMUHrAa:
import timeit
import random

arrays =
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random.sample(range(100000), 100
random.sample(range(100000), 1000
random.sample(range(100000), 10000
random.sample(range(100000), 100000

algorithms = ["bubble_sort", "selection_sort", "insertion_sort

quick_sort", "merge_sort"
for alg_name in algorithms
print(f\nBpewmst Beimonnenus {alg_name}:
for arr_size in arrays
exec_time = timeit.timeit
f"{alg_name}(arr)"
setup=f"from _main__import {alg_name}; arr = {arr_size}"
number=10

print(f"Pasmep maccusa {len(arr_size)}, cpenree Bpemsi: {€xec_time:.6f} cex.”

Yactb 3. AHAIN3 M MHTEpIIpeTanus pe3yJibTaTOB

[loctpoiiTe rpaguku 3aBUCUMOCTH CPEIHETO BPEMEHU BBIIOJHEHUS OT pa3Mepa MacCuBa JUIs
KaXJIOr0 ajropuTMa cOpTUpoBKH. CrenaiTe BBIBOABI O 1L1€1€CO00pa3HOCTH BBIOOpA OIpPEAETIEHHOIO
aJIFOPUTMa B 3aBUCUMOCTHU OT pazMepa o0pabaThiBaeMbIX JaHHBIX.

KoHTpoJibHbIE BOPOCHI:

B 1yeM npeumyiiecTBo OBICTPOI COPTUPOBKY MEPE] ITY3bIPHKOBOM?

B xakoM ciydae copTupoBKa BCTaBKOM OKa3bIBaeTcs 3(pheKTHBHEE OCTabHBIX?

[Toyemy coptupoBka cinustHueM 3 dexTrBHA Take I KPYIMTHBIX 00bEMOB JTAaHHBIX?

MOXHO 11 CYUMTaTh OJJHY COPTUPOBKY YHUBEPCAIBHOM JUIsl JIIOOBIX ci1yyaeB?

Kak Bimsier pazmep mMaccuBa Ha 3(QEKTUBHOCTb COPTHPOBOYHBIX aJITOPUTMOB?

ITopsinok BbINoJIHeHUs padoThI:

1. Pemuth 3aganus B TETpaau.

2. IlonyuuTs y mpenojaBaTess 3alaHus JUIsl CAMOCTOATENbHOM pabOoThl U PEIIUTh UX B TETPaJIu.

dopma npeacraBjeHus pe3yabTara:

ITo uroram 3aHSTUS CTYAEHTHI IPEIOCTABISAIOT OTUYET, BKITFOYAFOLIHA:

Onucanue pa3pabOTaHHBIX aAJITOPUTMOB.

PacueTsl BpeMEHHOH CII0KHOCTH [l KaXKI0TO CITydast.

I'paduix 3aBHCHMOCTH BPEMEHU BBIIIOJIHEHUS OT KOJIWYECTBA SJIEMEHTOB B MAaCCHBE.

BbIBO/IBI OTHOCHTENIFHO MPEUMYIIECTB ¥ HEIOCTATKOB MPEATI0KEHHBIX BAPHAHTOB.

Kpurepuu onenkmn:

Pemenue 3amaun cuurtaercsd Oe3ympeyHbIM, €CIM MPAaBUIBHO BBIOpAH CIIOCOO pelIeHHs, camo
pelIeHre CONPOBOXK/IAETCSI HEOOXOIUMBIMU OOBSCHEHUSIMH, BEPHO BBIIIOJIHEHbI HY)KHbIE BBIYUCIICHUS
U ipeoOpa3oBaHysl, OJIYUYEeH BEPHBIM OTBET, MOCIEA0BATENFHO U aKKYPaTHO 3alMCaHO PELIeHHE.

OtMeTKa «5» CTaBUTCS, €CIIH:

- pa0oTa BBIMOJHEHA MOJTHOCTHIO;

- B JIOTUYECKUX PACCYKJICHUAX U 0OOCHOBAHUH pEIIeHUs HEeT MPoOeIoB U OMNOOK;

- B pEUIEHUH HEeT MaTeMaTHYeCKUX OIIMOOK (BO3MOKHA OJHAa HETOYHOCTh, OIHCKa, HE
SIBJIAIOILASACS CJIEICTBUEM HE3HAHUS WJIM HEMIOHUMaHUS y4eOHOTO MaTepuaa).

OtmeTka «4» cTaBUTCS, €CIH:

- pa0oTa BBINOJHEHA IOJIHOCTbIO, HO OOOCHOBAHMS WIArOB pPEIICHHS HEJAOCTAaTOYHBI (ECiH
yMeHHE 000CHOBBIBATH PACCYKACHUS HE ABISIIOCH CHIEIMATbHBIM 00BbEKTOM ITPOBEPKH);

- JIOMyIIEHa OJiHAa OLIMOKa WM JBa-TPU HEJOYeTa B BBIKJIAJKAX, PUCYHKaX, YepTekKax HIU
rpadukax (€ciu 3TH BUJIBI pa0OTHI HE SIBIISTMCH CHEIMATbHBIM 0OBEKTOM IPOBEPKH).

OtmeTka «3» CTaBUTCS, €CIIH:
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- JomymieHbl 0oyiee OAHOW OMMOKH WM Oojiee ABYX-TPEX HEAOYETOB B BBHIKJIAJIKAX, YEPTEKAX
uu rpadukax, HO yJaliuics BIajeeT 00sS3aTeIbHBIMA YMEHUSMH 110 TIPOBEPSIEMOM TEME.

OTMeTKa «2)» CTaBUTCS, €CIIU:

- JTOTMYIIEHBI CYIIECTBEHHBIC OIMOKH, IMOKA3aBIlKe, YTO YYAIIUKCS HE BIaAceT 00s13aTeIbHBIMU
YMEHUSIMU T10 JAaHHOM TeME B MOJTHOU Mepe.

IIpakTuyeckoe 3ansaTue Ne 12. Peanu3zanus u aHau3 JIMHEHHOT0 1 OUHAPHOTO MOUCKA B
MaccHBax

Heap pabdoThl: 0O3HAKOMHUTH CTYACHTOB C alrOPUTMaMH JIMHEHHOTO W OWHAPHOTO TOUCKA, WX
peanu3alyell Ha S3bIKe MPOrPaMMHUPOBAHUS, a TAK)KE HAYYHTh aHAIM3UPOBATh 3(PPEKTUBHOCTD ATHX
QJITOPUTMOB.

Bbinosinus padory, Bel Oyaere:

ymemp:

- CaMOCTOSTEIHHO OLIEHUBATh BPEMEHHYIO CJIOKHOCTh MPOCTEUIINX anropuTMoB tuma O(n);

- TIOHSTHh PA3HUIY MEXKIY AITOPUTMAMH PA3IMYHOW CIIO)KHOCTH W YMETh BBHIOMpaTh Hamboliee
3¢ PeKTUBHBIN BapUaHT;

- CpPaBHUBATH MPOU3BOJUTEILHOCTH PA3HBIX PEATH3AIMI OJHOTO U TOTO XKE aJTOPUTMA.

MaTepl/laﬂbHOC o0ecreueHue:
PazgaTounslit MmaTepuan (KapTOUKH C 3aJaHUSMU).
Texnnueckue cpeacTBa 06yqu1/m: KOMIIBIOTCP C JIUMICH3WMOHHBIM IIPOrpaMMHBIM oOecrieueHueM
" MYyJIbTUMCHUA IIPOCKTODP.
3ananmue:
BuaumarensHo HpO‘lHTaI;'ITe TCOPCTUYCCKUC CBCACHUS.
Pa36epHTe pemICHUC 3a4a4, IPUBCACHHBIX HUXKC, U 3AlIMIINTC UX B TCTPAAb.
Pemute 3a/lavu U3 pasaciia 1 CaMOCTOATCIIbHOTI'O pCHICHU .
KpaTKue TECOPETHYECCKUE CBCACHUSA
Ilorumanue Pa3HULIBI MCKIY JIMHENHBIM U 6I/IHapHLIM IIOUCKOM.
HpI/IMeHeHI/Ie 6I/IHapH01"O IMMOKUCKAa UCKIIIOUYUTECIIbHO HA OTCOPTUPOBAHHBIX MACCHUBAX.
OrieHKa BpEMEHHOW CIIOKHOCTH Kakaoro anroputMa (iuHelHbiid mouck O(N), OMHapHBIH MOUCK
O(log N)).
ITopsinok BbIMOJTHEHHS PA0OTHI:
Yactn 1. Peaunsaunﬂ AJITOPUTMOB IMMOUCKA
1. JIuHeiiHbIi MONCK
3anava: pa3paboTarh (PYHKIIMIO, BHITOJHSIOINLYIO TIOCTIEI0BATENBHBIN Tepedop 27IEMEHTOB MacCHBa
JJIA ITIOUCKA 3aJaHHOTI'O KJIrO4a.
IIpumep peam3anum JUHEHHOI0 MOUCKA:
def linear _search(arr, target
for idx, element in enumerate(arr
if element == target
return idx
return -1
2. bunapHbIii monck
38.,[[2[‘-1&2 pa3pa60TaTL (I)YHKLII/IIO, OCYHICCTBIIAIOUIYTO I[BOI/I‘-IHHﬁ IMOUCK Ha OTCOPTHPOBAHHOM
MacCCHUBE.
IIpumep peanusanuy OMHAPHOIO MOMCKA:
def binary search(arr, target
low, high =0, len(arr) - 1
while low <= high
mid = (low + high) // 2
if arr/mid] == target

33



return mid
elif arrmid] < target

low=mid + 1
else
high=mid - 1
return -1

Yactpb 2. AHaau3 3¢ (PeKTHBHOCTH NMOUCKA

OKCIIEpUMEHTAIBHBIM ITyTEM HCCIIENOBaTh IOBEACHHE JIBYX AJITOPUTMOB IIOMCKa Ha MAacCUBax
Pa3HOro pazMepa U COoAepKaHUsl.

Xo1 3KcnepuMeHTa:

[TonroroBeTe cimyuaitnbie MaccuBbl (pazmeprocthio 100, 1000, 10000, 100000 siiemeHTOB).

Jlnst GMHApHOTO MTOKCKA CHavyajla OTCOPTUPYHTE MACCHBBI.

Bribepure cinydalinple KIHOUH JUIs1 IOUCKA BHYTPU MacCHBOB.

IIpousBenute 3amMep BPEMEHU BBITIOIHEHUS KaKA0TO aIrOPUTMA IOUCKA.

Hcnoab3oBanue MmoxyJis timeit:

import timeit

import random

# Ciry4aifHble MacCHBBI

arrays =
random.sample(range(100000), 100
random.sample(range(100000), 1000
random.sample(range(100000), 10000
random.sample(range(100000), 100000

search_keys = [random.choice(arr) for arr in arrays

# BpeMH BBITIOJIHEHHS JIMHEHMHOTO IIOMCKA

linear_times =

for arr, key in zip(arrays, search_keys
lin_exec_time = timeit timeit(lambda: linear_search(arr, key), number=100
linear_times.append(lin_exec_time

# Bpewmst BBINIOJIHEHUS] OMHAPHOTO MTOKUCKA
binary_times =
for arr, key in zip(sorted(arrays), search_keys
bin_exec_time = timeit.timeit(lambda: binary_search(arr, key), number=100
binary_times.append(bin_exec_time
Yacrte 3. UaTepnperanus pe3yjbTaToB
[Ipoananmu3upyiiTe pe3yabTaTbl 3aMEPOB BPEMEHH M CIIEIANTE BBIBOJBI O PA3TUUMIX MEXKITY
JUHEHHbBIM M OWHApHBIM MoHMcKOM. OOpaTuTe BHMMaHUME Ha MAaclITaOMPyeMOCTb aJTrOpHUTMOB IIPH
YBEJIMYEHUH pa3Mepa MaccHBa.
KoHnTpoJsbHbIE BONIPOCHI:
B kakux ciydasx 1enecoodpa3Ho UCIIOIb30BaTh JIMHEHHBINA TTOUCK?
Kakue ycnoBust HeoO6xoaumsl U1 3(h(heKTHBHOTO MpUMEHEHUs] OMHAPHOTO MoucKa?
[Touemy OuHapHbI MOHUCK OOJagaeT Jydlled MPOU3BOIUTENHLHOCTHIO Ha OONBIIMX O0beMax
JTaHHBIX ?
Bceerna i GuHapHBIN MOUCK TPEBOCXOUT JIMHEHHBIHN 1O BPEMEHH BHIMOTHEHUS?
Hackounpko cHitbHO 3aBUCHT 3((EKTUBHOCTD MOMCKA OT pa3Mepa Maccupa?
Ilopsinok BbINOJHEHHSI PadOThHI:
1. PemuTs 3a1aHus B TETpaay.
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2. [Monyuuts y npenogaBaTes 3aIaHus JJIsi CAMOCTOSTEIIbHON paOOThI U PEIIUTh UX B TETPAIH.

dopma npeacraBieHus pe3yjabTara:

[To uroram 3aHsTUS CTYIEHTHI IPEIOCTABIISAIOT OTYET, BKIFOYAIOIIINII:

[ToytHBIE TEKCTHI BallTMX PeaTU3aIMii aJrTOPUTMOB ITOMCKA.

TaOmuirel ¢ pe3ynbTaTaMy 3aMEPOB BPEMEHH BBIIOJTHEHUS [T JIMHEHHOTO U OMHAPHOTO TIOMCKA.

I'padviku 3aBHCUMOCTH BPEMEHH BBITIOJTHEHHSI OT pa3Mepa MacCHBa.

BbIBO/IBI 1O UCTIONB30BAHUIO U OTPAHUYCHHSIM KQXKJIOTO aIrOpUTMA.

Kpurepum onenkmu:

Pemenue 3amaun cuuTaeTcs OE3yNpPEUHBIM, €CIM IPABUIBLHO BBIOpaH CIOCOO PEIICHHS, CaMo
pelieHue COMPOBOXKIAETCS HEOOXOMUMBIMU OOBSICHCHHUSIMHU, BEPHO BBIMIOJHEHBI HY)KHBIC BBIUUCICHUS
1 nipeoOpa3oBaHusl, MOJIYYEH BEPHBIM OTBET, MOCJIEI0OBATEIBLHO U AKKYPATHO 3aIIMCAHO PELICHUE.

OtMeTKa «5» CTaBUTCS, €CIIH:

- paboTa BBIIOJIHEHA TOJHOCTBIO;

- B JIOTHYECKHUX PACCY)KJICHHUIX U 000CHOBAHHUH PEIICHHUS HET IPOOEIIOB U OIIMOOK;

- B PCIICHHMM HET MaTEMaTHYCCKUX OIMMOOK (BO3MOXKHA OJHA HETOYHOCTb, OIKCKAa, HE
SIBJIAIOILASACS CJIEICTBUEM HE3HAHUS WIIM HEMOHUMaHUsl y4eOHOTro MaTepuaa).

OtMeTKa «4» CTaBUTCS, €CIIU:

- paboTa BBITIOJIHEHA ITOJHOCTBIO, HO OOOCHOBAHHS IIAroB PEIICHHs] HEIOCTATOYHBI (eCiu
yMeHHe 000CHOBBIBATh PACCYK/ICHUS HE SBJSUIOCH CIIEUATBHBIM O0BEKTOM ITPOBEPKH);

- JIONyIEHAa OJHA OIIMOKa WM JBa-TPU HEJOoYeTa B BBIKJIAJKAX, PUCYHKAx, YepTekax WU
rpadukax (€ciu 3TH BHIBI PA0OTHI HE SIBISUIMCH CIEIIHATBHBIM 00 BEKTOM IIPOBEPKH).

OtMeTKa «3» CTaBUTCS, €CIIH:

- JomymieHbl 0oyiee OAHOW OMMOKH WM OoJiee ABYX-TPEX HEAOYETOB B BBIKJIAJKAX, YEPTEKAX
WK rpadukax, HO ydaluiics BiajeeT 00s13aTeIbHBIMU YMEHUSIMU TI0 TIPOBEPSEMOI TEME.

OTMeTKa «2)» CTaBUTCS, €CIIU:

- JIOMYILEHBI CYIIECTBEHHBIC OLUIMOKH, MOKA3aBIIUE, YTO YYAILIUICS HE BiajieeT 00s13aTeIbHBIMU
YMEHHUSMH 10 JaHHOM TeMe B MOJHOM Mepe.

Tema 3.1. Jloruyeckue BHICKA3bIBAHHMS U MPEIUKATHI

IIpakTnuyeckoe 3ansitue Ne 13. IlocTpoenue Ta6J M HCTUHHOCTH LISl JIOTHYECKHUX
BBICKa3bIBAHM I

Heas pabGorbi: GopMHUpOBaHME YMEHUH YIPOIIATh JIOTHYECKHE BBIPAKEHUS C IMOMOIIBIO
3aKOHOB aIreOphl TOTUKU.

Boinoainus padorty, Bel Oynere:

ymemb:

- AHAJIN3UPOBATH JIOTHKY BBICKA3bIBAHUM U YTBEPKICHUM;

- (opmynupoBaTh 3aJauu JIOTUYECKOTO XapakKTepa M MPHUMEHSTh CPEICTBA MATeMaTUYECKOU
JIOTUKHU IJI1 UX PCIICHU.

MarepuanbHoe o0ecnieyeHme:

PaznaTounblif MaTepual (KapTOYKHU C 3aJaHUSIMHU).

TexHuueckne CpeacTBa 06yquH51: KOMIIBIOTEP C JUICH3NMOHHBIM ITPOrpaMMHBIM oOecrieueHrEM
U MYJbTUMENNA TPOEKTOP.

3ananue:

BHuMareapHO MPOYUTANTE TEOPETUUECKUE CBECHUS.

Pa36epHTe pEeICHUEC 3a/ia4, MPUBCACHHBIX HUXKEC, U 3alIMININTEC UX B TCTpAdb.

Pemmre 3anaun U3 pasnena Juisi CaMOCTOSATENBHOIO PELLIEHUS.

KpaTtkue Teopernueckue cBegeHHs

VICTUHHOCTD WJIN JIO)KHOCTh COCTABHBIX BBICKA3bIBAHHIM MOKHO OINPENENATh YUCTO (OpMAIIBHO,
He 00palasich K CMBICIOBOMY COAEPKAHUIO BhICKa3bIBAaHUII.
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JUisi KaXXJI0TO COCTaBHOTO BBICKAa3bIBaHUS (JIOTMYECKOTO BBIPAKEHUS) MOXKHO IOCTPOUTH
TaOJIUIly UCTUHHOCTH.

Tabnuua, mokaspiBarollas, Kakue 3HAYCHHUS NPUHUMACT JIOTHUECKOE BBIPAKEHHE TPU BCEX
couyeTaHusXx (HaOopax) 3HAUYEHMH BXOJSNIMX B HErO IPOCTHIX BBICKA3bIBAHUI (JIOTHUYECKUX
[IEPEMEHHBIX ), Ha3bIBACTCA Mabd.auyet UCIUHHOCMU.

JI7st 1F000T0 JIOTUYECKOT0 BBIPAKEHHSI JOCTATOYHO MTPOCTO MOCTPOUTH TaOIHMIly HCTUHHOCTH.

ANTOpUTM NOCTPOSHHSI TaOIUIIBI HCTUHHOCTH:

1) MOJICYNTATh KOJIMYECTBO IMEPEMEHHBIX N B IOTHYECKOM BBIPAKCHUH;

2) OIIpeJIeNIUTh YUCIIO CTPOK B Tabauue m=2";

3) MOJICYNTATh KOJIMYECTBO JIOTHUECKUX OIlepamuii B Gopmyie;

4) YCTAHOBUTH IOCJICIOBATEIIBHOCTD BBITIOJIHECHUS JIOTHYSCKHUX ONEPALUi C YyIEeTOM CKOOOK
Y TIPUOPHUTETOB;

5) OIPENICNIUTh KOJMYECTBO CTOJOIOB B TaOJMIIC: YHUCIO IMEPEMEHHBIX IUIIOC YHCIIO
onepanuii;

6) BBINIMCATh HA0OPBI BXOIHBIX IEPEMEHHBIX CICTYIOINUM 00pa3oMm:

a)pa3fenuTh KOJOHKY 3HA4YeHHH TMEepBOM MEPEeMEHHON IOMojaM M 3alOJHUTh BEPXHIOKO
110J10BUHY 0, HUXKHIOIO [TOJIOBUHY 1;
0)pa3aenuTh KOJOHKY 3HaUYEHUN BTOPOIM MEPEMEHHOI Ha YeThIpe YacTH M 3alOJIHUTh KaXKIyIO
4yeTBepTh uepeayrommmucs rpynnamu 0 u 1, HaunHas ¢ rpynisl 0;
B) [IPOJIOJIKATH 3allOJIHeHUE KOJOoHOK rpynmnamu 0 u 1 mo Tex mop, nmoka rpynmsl 0 u 1 He OyayT
COCTOSITh U3 OJJTHOTO CUMBOJIA;
7) MIPOBECTU 3allOJIHEHUE TAaOJIUIBl MCTUHHOCTH MO CTOJOMKAM, BBIMONHAS JIOTHYECKHE
OTIEpaLlMU B COOTBETCTBHUU C YCTAHOBJICHHOH B I1.4 MOCIIEIOBATEIBHOCTHIO.
IIpumep 3. I[loctpouth TaOMUIBI MUCTUHHOCTU JAJSl CIEAYIOIIUX JIOTUYECKUX BBIPAXKCHHI: a)
F=(AvB)&(4 vB); 6) F=A&(B vB&C).
a) [TopcunThiBaeM KOJTMYECTBO MEPEMEHHBIX: N=2;
OTIpe/IeIIsIEM YHCIIO CTPOK B TaOIHUIIE: m:22:4;
MOJCUYUTHIBAEM KOJIMYECTBO JIOTHUYECKUX orepaiuii B popmyne: 5;
yCTaHaBJIMBAEM IOCJIEI0BATEIbHOCTD BBHIIIOJHEHUS JIOTHUECKUX OMNEpalil ¢ y4eToM CKOOOK U
MIPUOPUTETOB:
1 5 2 4 3
4 v B) & (4 v B)
oTpeieliieM KOJIMYECTBO CTOJIOIOB B TabimIle: 2+5=7;
CTPOMM H 3amoHseM TaOJHUIly UCTHHHOCTH HaOOpaMu BXOJHBIX MEPEMEHHBIX U 3HAYCHUSIMH
JIOTUYECKHUX OIEpaLHil:

A|BlAwB| 4| B | 4vB | (AvB)&(4vB)
ojol 0o |11 1 0
o1 1 10| 1 1
1ol 1 |[o]1] 1 1
11/ 1 [olo] o 0

0) [TomcunThiBaeM KOJIMYECTBO MEPEMEHHBIX: N=3;

OIIpeIelIsieM YICII0 CTPOK B Tabumie: M=22=8;

MOJICYUTHIBAEM KOJIMUYECTBO JIOTHYECKHUX OMepaiuii B popmyne: 5;

YCTaHABIIMBAEM ITOCIICIOBATCIIEHOCTD BBITIOJTHEHHSI JIOTHYSCKHUX OTEpaIldi ¢ y4eTOM CKOOOK U
MIPUOPUTETOB:

5 1 4 1 3 2
A & (B v B & ()

oTpesieNisieM KOJIMYECTBO CTONOIOB B Tabnuie: 3+5=8;

CTPOUM W 3amojiHsAeM TaOJIHMIly UCTHHHOCTH HA0OpaMy BXOJHBIX NMEPEMEHHBIX W 3HAYCHHSIMH
JIOTUYECKUX OTeparuii:

A|B|C|B|C |B&C | BUB&C)|A&BvB&C(C)
0(0]|0 1 1 1 0
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0j0j1]1]0 0 1 0
0/1]0]0]1 0 0 0
0/1/1/0]0 0 0 0
110/0]1]1 1 1 1
1/0]1]1]0 0 1 1
111/0]0]1 0 0 0
111/1]0]0 0 0 0

Jlornveckue BBIpAKEHHS, Yy KOTOPHIX TAOJIHUIBI HMCTHHHOCTH COBIAJAIOT, HAa3bIBAIOTCS
PABHOCUTLHBLMU.

JInst 0003HAYCHUST PAaBHOCUIIBHBIX JIOTHYECKUX BBIPAKCHUH UCIIONIB3YETCS 3HAK «=).

[Ipumep 4. JlokazaTh, YTO JOTHIECKHUE BBHIpAXKEHUS A & B U Av B PAaBHOCHIIBHBI.

[TocTpoum cHavaa TaOIUIy HCTUHHOCTH JUISI IOTHYECKOTO BBIPAKEHUS A & B .

A|B| 4| B| A&B
0j0]1 1 1
0(1]1]0 0
1/0]0]1 0
111]01]0 0

[TocTpoum Teneps TaOIUIYy UCTUHHOCTH JJIS IOTUYECKOTO BBIPAXKEHUS A\ B.

A|B|AvB| 4vB
0/(0] O 1
0]1] 1 0
110 1 0
111] 1 0

TaOnuipl HICTUHHOCTU COBMAJIAIOT, CIIEIOBATENbHO, IOTHYECKUE BBIPAXKEHUSI pABHOCUIIbHBL: 4 &
B=AvB.

Ipumep 5. Iloctpouth TaOIUIBl UCTUHHOCTH JJS CIAEAYIOLIUX JIOTUYECKUX BBIPAXKEHUM: a)
F=(4® B )&C; 6) F=(1 > B)>C.

a) [TopcunThiBaeM KOJIMUYECTBO NEPEMEHHBIX: N=___;

OTIpeieIIieM YHCII0 CTPOK B Tadymie: Mm=2—=__;

MOJICYMTHIBAEM KOJMYECTBO JIOTMYECKHX omepanuii B popmyne:

YCTAHABIIMBAEM I10CJIEI0OBATEIbHOCTh BBIMOJHEHUS JOTMUECKUX ONEpaluil ¢ Y4eTOM CKOOOK U
IIPUOPUTETOB:

(A® B ) &C;

orpeJiesIieM KOJUYECTBO CTOJIOOB B TabIHIIe: ;

CTPOMM M 3amojiHseM TaOJMIly UCTUHHOCTH HaOOpaMu BXOJHBIX NEPEMEHHBIX M 3HAYEHUSIMU
JIOTUYECKUX ONEpaLuil:

B|A®E [ (495)&C

N S === =11\
il =l =1k =]
=l =l =l =)

0) [ToncunThiBaeM KOJIMYECTBO MEPEMEHHBIX: N=__;

OIIpeJIeNIIeM YUCIIO CTPOK B Tabnuue: m=2—=__;

MOJICYMTHIBAEM KOJMYECTBO JOTMUYECKHUX orepanuii B popmyne:

yCTaHaBJIMBAaEM IOCJIEI0BATEIbHOCTD BBIOJHEHUS JIOTHYECKUX OIEpaluil ¢ y4eToM CKOOOK U
MIPHOPUTETOB:

(A —>B)—>C
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oTpesietisieM KOJIMYECTBO CTOJOIOB B TaOIHIIE: :
CTPOMM M 3amoJIHsIEM TaOJUIly UCTHHHOCTH HAaOOpaMU BXOJHBIX MEPEMEHHBIX U 3HAYCHHSIMU
JIOTUYECKHUX OIEpaLIMil:

C| 4| A>B| 4>B (Z—)B)—)C

Rl lolololol
==l ==l
o|lkr|lo|r|lo|lr|lo

1

ITopsinok BbINOJIHEHHSI PAa0OTHI:

1. Pemiutsb 3a1aHus B TETPaAIN.

2. [Monyuuts y npenogaBaTes 3a1aHus 11 CaMOCTOSTEIbHON pabOThI U PELIUTh UX B TETPAIH.

dopma npeacTaBieHus pe3yabTara:

ITo uToram 3aHATHS CTYIEHTHI IPEIOCTABIISAIOT OTYET, BKITFOYAFOIIIHIA:

Onwucanue pa3pabOTaHHBIX ATOPHUTMOB.

PacdeTsl BpeMeHHOI CII0KHOCTH 17151 KaXKI0TO CITydast.

['paduk 3aBHCUMOCTH BpEMEHH BBITIOTHEHHS OT KOJIMYECTBA 3JIEMEHTOB B MACCHBE.

BBIBOIBI OTHOCUTEIHHO MPEUMYILIECTB U HEJJOCTATKOB MPEII0KEHHBIX BAPHAHTOB.

Kpurepun onenkmn:

Pemenue 3amaun cumTtaeTcss OE3yNpEUHBIM, €CIU MPaBUIBLHO BBIOpAH CIOCOO pPEIICHHS, camo
peIIeHHE COMPOBOKIAETCS HEOOXOMMBIMU OOBSICHEHUSIMU, BEPHO BBIMOJHECHBI HY)KHBIC BBIUYHMCIICHUS
1 IpeoOpazoBaHus, MOJIYYEH BEPHBIM OTBET, OCIEA0BATEIHHO U aKKYPATHO 3aMIMCAaHO PEIICHUE.

OTMeTKa «5» CTaBUTCS, €CIIU:

- paboTa BBINTOJIHEHA TIOJHOCTHIO;

- B JIOTHYECKHUX PACCYKJICHHUIX U 000CHOBAHUH PEIICHUSI HET TPOOEJIOB U OIINOOK;

- B PCIICHWM HET MaTeMaTHYECKUX OIMMOOK (BO3MOXKHAa OJHA HETOYHOCTh, OIHKCKAa, HE
SIBJISTIOIIASICS CTICACTBMEM HE3HAHUS WM HETIOHUMAaHHS y4eOHOro MaTepuana).

OtMeTKa «4» CTaBUTCS, €CIIU:

- paboTa BBHITIOJIHEHA TOJTHOCThIO, HO OOOCHOBAHUS IIaroB pEIICHUs] HEIOCTATOYHBI (eCiu
yMeHHe 000CHOBBIBATh PACCYKICHUS HE SIBISLIOCH CIIEIUATbHBIM O0BEKTOM ITPOBEPKH);

- JIONyIllEHa OJHa OIIMOKa WM JBa-TpU HEJOo4YeTa B BBIKJIAJKAX, PUCYHKAxX, depTexax WU
rpadukax (eciu 3TH BUJBI pabOTHI HE SIBISUTUCH CHIEIIHATBHBIM 00bEKTOM MPOBEPKH).

OTMeTKa «3)» CTaBUTCSI, ECIIH:

- JomyiieHbl 0osiee OAHON OMIMOKM WM Ooliee ABYX-TPEX HEAOYETOB B BBIKJIAJIKAX, YepTEkKax
uu rpadukax, HO yJaniuics BiIajeeT 00s3aTeIbHBIMA YMEHUSMH 10 TTPOBEPSIEMOM TEME.

OTMeTKa «2)» CTaBUTCS, €CIU:

- JIOTMYIIEHBI CYIIECTBEHHBIE OMIMOKH, MOKA3aBIlNe, YTO YYAIIUICSI HE BIaJeeT 00s3aTeIbHBIMU
YMEHUSIMU 110 JAaHHOU TeMeE B MOJTHOU Mepe.

IIpakTuueckoe 3ansaTue Ne 14, @opmanu3anus NpeJUKaTOB I/ ONMCAHUS YCJI0BHIi B 3a1aUax
AHAJN3a JaHHBIX

IIpakTnuyeckoe 3ansitue Ne 15. [IpumMeHeHue nNpeinKaToB B NPOrPaMMHUPOBAHMH [1JIs1 00padOTKHU
JaAHHBIX

Hean padoTbl: hopMupoBaHre YMEHUN (HOPMATH3OBBIBATH MPEAJIONKEHHUS C TTOMOIIBIO JIOTHKA
MPEANKATOB.
Boinosinus padorty, Bul Oynere:
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ymembp:

- QHAJIN3UPOBATh JIOTUKY BBICKa3bIBAHUI U YTBEPKJICHHH;

- CTPOHUTDH OTPHIIAHUS K TIPEAUKATAM;

- (hopMaK30BBIBATH IPEIOKEHHS C IOMOILBIO JIOTUKU IIPEAUKATOB.

MarepunanbHoe obecrnieyeHue:

PaznaTounslif MaTepual (KapTOUKH C 3aJaHUSIMHU).

TexHuueckue cpeacTsa 00yueHHs: KOMIIBIOTEp C JIMIEH3MOHHBIM MTPOrPaMMHBIM 00eCIIeYeHuEM
U MyJIbTUMENA IPOEKTOP.

3ananuga:

BHumarenbHO npounTaiite TEOpETUUECKUE CBECHHUS.

PazbepuTte pemienue 3aqad, NpUBEICHHBIX HUKE, M 3AMUIINTE UX B TETPAb.

Pemure 3a1aum u3 pasznena s caMOCTOSTEIbHOIO PELICHUS.
1.  Omnpenenute 0OBEKT, CBOMCTBO 00BEKTa, 001aCTh 3HAUEHUH, (PYHKLIUIO OTHOILIEHUS IS TaHHOMH
00J1aCTH, TEPM JJIS CIEAYIOIINX BbICKA3bIBAHUI:
a) monei nox pamunusamu Meanos, [letpo, CuaopoB oueHb MHOTO;
0) aBe pa3IUYHbIE TOUYKU HE COBIAJAIOT.
2. BBemute ogHOMECTHBIC TPEIUKATH HA COOTBETCTBYIOIIMX OOJIACTSIX M 3aIIUIIUTE MPH UX TTOMOIIH
CJIEAYIOIINE BBICKAa3bIBAaHUS B BUJIE JIOTHUKH NPEIUKATOB:
a) BCSIKOE HATypaJibHOE YMCIIO, efsiiieecs Ha 12, nenurtcs Ha 2,4 u 6;
0) »xutenu LIBeiiiiapun o0s3aTeNIbHO BIAACIOT WM (DPAHIY3CKUM, WM UTAIBSHCKUAM, WM HEMELIKUM
SI3BIKOM;
B) QpyHKLMs, HenpepbIBHAs Ha oTpe3ke [0,1] coxpaHseT 3HaK WM NIPUHUMAET HYJIEBOE 3HaUECHUE.
3.  Bsemute nmpeaukaThl Ha COOTBETCTBYIOIIMX OONACTSAX M 3aMUIIATE TPU WX TMOMOIIH CIETYIOIIHIE
BbICKa3bIBaHUS B BUJIE JIOTUKU MPEAUKATOB!
a) ecil a — KOPeHb YPaBHEHHs OT OJHOW MEpPEMEHHOH ¢ BEIeCTBEHHBIMU KOd(QHUIMEnTamMu, T0 &
TaKe KOPEHb 3TOTO YpaBHEHHS,
0) dyepe3 Be pa3IMyHble TOUKH IPOXOAUT OJJHA €AMHCTBEHHAS MIPsIMasi;
B) KaX/IbIi CTYICHT BBINIOJHUIL, IO KpaliHel Mepe, OJHY J1adopaTOpHYIO padoTy;
I) €ClIM MPOU3BEJCHUE HATYpaJbHBIX UYHUCEN AEIUTCS Ha MPOCTOE YUCIIO, TO Ha HEro JEJNUTCH, MO
KpalHeW Mepe, OIUH U3 COMHOXKHUTEIEH.

Kparkue TeopeTuueckue cBeeHHs
B ucuncienun BrICKa3bIBAHUN HET MPEAMETHBIX IEPEMEHHBIX, TO €CTh IEPEMEHHBIX, KOTOPhIE MOTYT
IIPUHUMATh HEJIOTUYECKHUE 3HAUECHUS!, HallpUMeED, YUCIIOBBIE. [[1s TOro 4To0bl B JOrMUECKUEe
WCYMCIICHUS] MOTJIU OBITh BKITIOYEHBI HEJIOTUYECKHE KOHCTAHTHI M IEPEMEHHBIE, BBOJUTCS TIOHSITHE
IpeauKaTa.

Onpenencane. N-uecmubim npeduxamom Ha MHOXKECTBE < Ha3BIBACTCS '-MecTHas QyHKIHS 13

n
MHO>ECTBA A BO MHO>ECTBO ".D‘l." .

r

i ) e L — [V}
[Ipumepst. 1. [peauxar Afxy="x = 2" ya yuoxectse < = f — ogHOMECTHDII.

i _Tr . I _ 2 o
2. Hpemuxar B(X.3) ="%y > 0" ya yuowecrse £ = R — npymecrusiit.

Eom < = 115 , T0 1 -MecTHBIN npeaukaT npeacrapigeT coboit I -mectHyro OyneBy GyHKIWMIO.
HynbMecTHBIN MpearKaT NpeJCTaBIAET COO0M BHICKa3hbIBAHHE.
N . 1
4 Y =ix=X[A(x)=1i
JUtst KaXKJI0ro TIpeanKara <1 001acThbi0 HCTHHHOCTH HA3BIBAETCS MHOKECTBO : NS

Ha KOTOPOM IpeAUKaT MIPUHUMAET 3Ha4YeHHeE 1.
i __Ir Ll _
IIpumepsl. 1. /nsg npenukara A(x) ="% = 2" ya vuoxecrse 4 = & o6nacts
Vor o !
Y=x=Rxz2)
HUCTUHHOCTHU : a

Blx,yy="xy =0"

_ pd
2. I[J'IH npeanKara Ha MHO>XXCCTBC A=K o0acThb

|
Y = {x,y) = R°|xy ::-D;

HCTHUHHOCTHU
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10,1}

[TockonbKy MHOKECTBO 3HaUEHUH J1I000T0 MperKaTa JIEKHUT BO MHOXKECTBE '~ ', TO C MpeJuKaTaMu
MO’KHO TIPOM3BOJNTH BCE OMEPAIUU alTeOphl JTIOTHKH, H BCE U3BECTHBIE CBOMCTBA JIOTHUECKUX
oreparuii 0600maTcs st npeAuKaToB. PaccMoTpum 3Tu cBoiicTBa (114 y100CTBa B CBOMCTBAX
3aMUCHIBAIOTCA OJHOMECTHbBIC ITPEAUKATHI):

3. KoMMyTaTuBHOCTb:

Flxbw Qlx)=Clx )v Plx) Plx)aQlx)=0x b Plx)

2. AcconMaTuBHOCTD: | '
Flahw Oz bw Rlx H=1{Plx)v Olx v Rlx )

Flxhr Oz )ba Rlx W=APlx )~ Olxha Rix ]'1

3. IucTpuOyTUBHOCTS: .

Plabw Oz ba Blx H=(Plx)w Clx W (Plx v Rix))

Plxhr Dz bv Blx H=(Plx)n Olx v (Plx)n Rix ]I]Ij

Paxirv Pxi= Plx-, Pxin Pxi=Pxr
——Px =P

6. 3aKOH UCKIIIOUEHUS TPETHETO: Paxiv—=Pxi=1
PII IFA —LPII | = {}

7. 3aKOH MPOTUBOPEYHSL: .
8. 3akonsl e Moprana:

i Pixivlxli=Pix a0l

4. NneMII0OTEHTHOCTh:

5. 3aKOH ABOMHOIO OTPUILIAHUS:

i Pixiallixli=Fix v a0x 3

9. CpoiicTBa onepauﬂﬁ C JJOT'M4YCCKUMHU KOHCTaHTaMU:

Prairvl=1 Pxirwo0=FPx Pxinl=0x) Plxl.--.(}:{}.

3mech Plx ', Cx) u Rix| — MI00BIC IPEUKATHI.

B T0 ke BpeMms, T IPeANKATOB OIPEAeIeHbI ONEPAIMU CIIEIMATIbHOTO BUIA, KOTOPbIE Ha3bIBAIOTCS
Keanmopamu.

CumBon 7 HaseiBaercs Keanmopom Beeobumocmu (O6umocmu).

Cumeon J HassiBaetcs Keanmopom cywecmeosanusi.

[IycTh nana 3anuce 7xA (v EIJCA). Tepemennas * nassiBaetcst ITepemennoil 6 keanmope, a <3 —
Obnacmbio Oelicmeusi KAHMOpA.
Nmerot MecTo SKBUBaJIEHTHOCTH:

Elx!.A = ﬁ‘ﬁ"x!.—LA "G"xl.ﬂ = —Elxl.—uil
—Elxl.}l = ‘ﬁ“xl.ﬁﬂ —.‘v’xi}l = Elx!.—uil

[Mpenukat HasbiBaeTcst Toocoecmeenno ucmunnvim (Toscoecmeenno n0x4cHbIM), €CITU TIPH BCEX
BO3MOJKHBIX 3HAUEHUSIX MIEPEMEHHBIX OH ITpuHUMaeT 3HaueHue 1(0).
CrpaBeniuBBI SKBUBAJICHTHOCTH

TXTYP(x.y) = TyTaPlay) Iy Pc.y)=3yAP(xy)
PaznouMeHHEBIC KBAaHTOPBI MOKHO IICPECTABJIATH TOJIBKO CIICAYIOIIHUM 06p3.30MZ
Ty P(x.y) — TydaPc,yy dyTxP(x.y) — TxdyPx.y)

O6parabie HOpMYITBI HEBEPHBI.

IIpumep. OueBnaHO, 4YTO BBICKA3bIBAHHE Vxdylx+y=0) ( A= R) nctruHHO. [loMensem
dp¥xix+y =01

KBaHTOpBI MecTamMu. [1oydnM BhICKa3bIBaHUE , KOTOPOE SIBJIETCS JIOKHBIM.
BripaxkeHusi ¢ KBaHTOpaMU MOYKHO MPeoOPa30BbIBATh CIEAYIOMUM 00pa3oMm:
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Vol Pxy o CHx) = W Plx) A WO x) JxPlxhw N x ) i=3xPx) w3 x)
CHpaBe[UII/IBBI 3KBHUBAJICHTHOCTHU: , .
TAF) v TNy = TPy v Ty = Y Pl ) v WOy =

= VxWp{Px) v Q(y))

dxP{x) o dxQix) = dxP(xy o O y)= I P(x) A IpQiy) 1=

= Tyl P(x) n Q{y}}.

Nwmerot mecTo hopmybL:

Yol Py O=VxPaya O do Plxyw O i=dxPlxyw O
VI Pix)yw Ci= ¥xPix)yw © TxlPx)a C)=TxP(x)ya O

3aI[aHI/ISI AJI1 CaMOCTOATCIIBHOI'O PCIICHUA
3aganue 1
Ornpenenure, Kakue U3 CACAYIOMUX MPEAIOKEHUN UICTUHHBIC, 8 KaKUE JIOKHBIC, CUUTAs PEIMETHOMN
00J1aCTBI0O MHOKECTBO ﬂeﬁCTBHTeHLHBIX yucel R:
1. vxay(x+y=9);
AxIy(x +y =9);
AXVY(x +y =9);
VXVY(X +Yy =9);
YX((x>1) v (x<2)) & (X =X));
VX((*>x) & (x> 1) v (x <0)));
va((Ix(ax = 1)) & (a=0));
vaabvx(x? + ax + b > 0);
9.  3bvaax(x’+ax +b=0);
10. vb3avx(x? +ax +b > 0);
11.  3Javhax(x’ +ax + b =0).
3ananmue 2
%] CIICAYIOMUX MMPEAUKATOB C IOMOIIBIO KBAHTOPOB HOCTpOﬁTe BCCBO3MOIKHBIC ITPCATIOKCHUS (KaK
MEPBLIC YCTHIPC MPEATOKCHUA HpGI[BII[ymeI 3a)1aq1/1) H OIIPCACTINTEC X UCTUHHOCTHBIC 3HAYCHM,
cuuTas HpeI[MeTHOI\/'I 0071aCTBI0 MHOXKECTBO R :
1. xX*+y?=16;
2. (¢+1=0)= (x=1);

N~ WLN

3. x<y,
4. x*=25.
3ananue 3

OnpenenI/ITe u I/I306pa3I/ITe Ha R MHO’>kecTBa HCTUHHOCTU CJICAYIOMIUX OAHOMCCTHBIX IMTPECAUKATOB!
1. |[x+4|<3;

(x>1) A(x<1);

cos(x) > 1;

x>1) v(x<l),

X2 +9>0;

(x>1) =>(x <1);

(x* > 9) <(x > 3);

8. (x>1)ex<1l).

3ananue 4

OHpe,Z[CJ'II/ITC u I/I306pa3I/ITe Ha IICI\/'ICTBI/ITCJ'IBHOI‘;I IIJIOCKOCTU MHOKECTBA HCTUHHOCTH CIICAYIOIIUX
ABYMCCTHBIX MMPEIAUKATOB!

1. (X=20)A(y0);

2. (X[=1yD) v (xy>0);

3. (x=0) A (y=0);

Noakown
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(xI>2) = (x| < 3);

(x 20) = (y <0);

x2>0)= (x2-2x—-3>0),

(x 20) < (y <0);

. (P+y?>1) = (xy<0).

3aganue 5

3anuiuTe onpeAeICHUs CICAYIOIUX IPEANKaTOB B BUe (OPMYII, IPHHUMASI B KAUECTBE MPEIMETHON
00JIaCTH MHOKECTBO HATypaIbHBIX YHUCE M UCTIONb3Ys MPEIUKATHBIA CUMBOJ =, ()yHKIIMOHAIbHBIC
CHUMBOJBI + U":

1. d(X,y) < x menurcsiHa Yy ;

2. DO (x,Y, z) < z sBasiercst OOIINUM JICIIUTEICM X U Y ;

©No ok

3. D(x,Y, z) < z sBusercs HanOOJIBIIUM OOLIUM JCITUTEIEM X H Y ;
4. P (X) © x mpocToe 4ncio .
3aganue 6

3anummTe CIeayIOIINe YTBEPKIACHUS B BUIe (popmyst (IIpH YCIOBUSAX MPEAbIAYIICH 3a1a4n):

€CJIM YHCIia X U Y ACNATCA Ha Z, TO UX CyMMa TOXe JIeJUTCS Ha Z ;

€CJIM X JICJIUTCS Ha Y M y JISJIUTCS Ha Z, TO X JISJUTCS Ha Z

CyMMa JIBYX YHCeJ, UMEIOIIUX PAa3HYI0 YeTHOCTh, HEUETHA ;

OCTaTOK OT JeJICHUS X Ha 5 paBeH 2 ;

€CJIM MPOU3BEICHHE IBYX YHCEN JENIUTCS Ha MPOCTOE YHCIIO, TO HAa HETO JCNUTCS XOTsS Obl OJIUH
U3 COMHOXKHUTEIICH

IMopsiiok BbITIOJIHEHHSI PA0OTHI:

1. Pemuth 3aganus B TETPaIu.

2. [Monyuuts y npenogaBaTens 3a/1aHus 11 CaMOCTOSTEIbHON pabOThl U PEIIUTh UX B TETPAIH.

dopma npeacraBieHus pe3yjabTara:

[IpeacTaBuTh BBITIOJIHCHHBIC 3aJIaHUSI B TETPAIU IS MPAKTHYECKUX paOdOT MPEIo/ aBaTelio.

Kpurepun onenkmn:

Pemenne 3amaum cuuTaeTcs O€3yNmpedHBIM, €CIU MPaBUIBLHO BBIOpAH CIOCOO PEIICHHS, Camo
pelieHue COMmpOBOXKIAETCS HEOOXOIUMBIMU OOBSICHEHUSIMU, BEPHO BBITIOJHEHBI HY)KHBIC BBIUUCICHUS
1 IpeoOpazoBaHus, MOJTYYSH BEPHBI OTBET, MOCIEA0BATEIHHO U aKKYPATHO 3aMMCaHO PEIlIeHUE.

OTMeTKa «5)» CTaBUTCSI, ECIIU:

- paboTa BBIMTOTHEHA TIOJHOCTHIO;

- B JIOTHYECKHUX PACCYKJICHHUIX U 000CHOBAHUH PEIICHUSI HET TPOOEIIOB U OIINOOK;

- B PCIICHWM HET MaTeMaTHYECKHUX OIMMOOK (BO3MOXKHAa OJHA HETOYHOCTh, OIHKCKAa, HE
SIBJISTIOIIASICS CTICACTBMEM HE3HAHUS WM HETIOHUMAaHHS y4eOHOro MaTepuana).

OTMeTKa «4» CTaBUTCS, €CIIH:

- paboTa BBITIOJIHEHA TOJTHOCThIO, HO OOOCHOBAHHUS IIaroB pEIICHUs] HEIOCTATOYHBI (eCiu
yMeHHe 000CHOBBIBATh PACCYXKIEHUS HE SIBISLIOCH CTIEUaIbHBIM O0BEKTOM MIPOBEPKH);

- JIONyIllEHa OJHAa OIIMOKa WM JBa-TPU HEJOo4YeTa B BBIKJIAJKAX, PUCYHKAxX, depTexax WU
rpadukax (eciu 3Tu BUBI pabOTHI HE SIBISUTUCH CIIEIIHATEHBIM 00bEKTOM MPOBEPKH).

OtMmeTKa «3» CTaBUTCS, €CIIH:

- JomylieHbl 0osiee OAHON OMMOKHM WM Ooliee ABYX-TPEX HEAOYETOB B BBHIKJIAJIKAX, YEPTEkKaX
uu rpadukax, HO yJaniuics BIajeeT 00s3aTeIbHBIMA YMEHUSMH T10 TIPOBEPSIEMOM TEME.

OTMeTKa «2)» CTaBUTCS, €CIIH:

- JIOTMYIIEHBI CYIIECTBEHHBIE OMIMOKH, MOKA3aBIlKe, YTO YYAIIUICSI HE BIaJeeT 0053aTeTbHBIMU
YMEHUSIMU T10 JAaHHOU TeMe B MOJTHOU Mepe.

orwdPE

Tema 3.2. Teopus rpajos
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IIpakTuueckoe 3ansitue Ne 16. IlocTtpoenue rpagoB: OpMeHTHPOBAHHbIE U HEOPHEHTHPOBAHHbIE
rpagmsi

Heabr paGoThl: HAaydyuThCs CO3AaBaTh W TPEICTABIATH Tpadbl (OPUEHTHPOBAHHBIE |
HEOPHEHTUPOBAHHBIE), pa300paTbcsi B CIIOCOOAX MX OTOOPa)XKEHUS M MPUMEHUTh WHCTPYMEHTHI JJIs
BU3yaITH3aLUH.

Beinosinus patdory, Bel Oyaere:

ymemy:

- OTJIMYHUS MEKIY OPHEHTUPOBAHHBIMHU U HEOPUEHTHPOBAHHBIMU Tpadamu.

- TEXHUKH IpeCTaBIeHUS rpadoB (CIIMCOK CMEKHOCTH, MaTPHIIa CMEKHOCTH).

- CTPOHTDH U MHTEPIIPETUPOBATH TaKKe BUBI Ipa)OB BU3yaIbHO.

- monpoOoBaTh ceOs B CO3aHMM MHTEPAKTHBHBIX NMPEACTaBICHUN IpadoB C UCIIOJIB30BAHUEM
uHCTpyMeHTOB Python.

MarepunanbHoe obecrnieyeHue:
Pa3znarounsliit MaTepuan (KapTOUKH C 3a/IaHUSMU ).
TexHu4eckue cpecTBa O0YUCHHS: KOMIIBIOTEP C JIMIICH3HOHHBIM TIPOTPAMMHBIM 00CCIICUeHUEM
U MyJIbTUMEAMNA IPOEKTOP.
Kparkue Teopernyeckue cBeeHUs
I'padpom G = (V, X) HazpIBaeTCs mapa JABYX KOHEYHBIX MHOXECTB: MHOXECTBO TOUeK V U
MHOKECTBO JIMHUK X, COEUHSIOIINX HEKOTOPHIE Naphbl TOYEK.
Touku Ha3bpIBalOTCA BepPUIMHAMU, WM y3Jdamu, rpada, TuHuu — pedpamu rpada. [Ipumepst
rpadoB mpuBeneHbl Ha puc.l. [logcuumraem cKoOIbKO pedep W BEpIIMH y KaXAOro U3 rpados,
M300paXeHHBIX Ha puc. 1.

G,

Puc. 1. ITpumepsl rpaoB: a — cO CMEKHBIMU BEPIIMHAMU; O — MOJIHBIN; 6 — CO CMEXXHBIMU pedpaMu; 2
— C IIEeTJIEN

Eciu pebpo rpada G coeauHsieT ABE €ro BEpIIMHBI, TO TOBOPSAT, YTO A3TO pedpo UM
MHIUAEHTHO. /[Be BepmMHbI rpada Ha3bIBAIOTCS CMEKHBIMH, €CIIM CYIIECTBYET MHIMICHTHOE UM
pedpo: Ha puc. 1, a cmexHbIMU saBisAtoTca BepnHbl A U B, A u C. Ecinu rpadp G umeer pebpo, y
KOTOPOT'0 Ha4aJlo M KOHEI[ COBIMAJIAIOT, TO 3TO peOpo HaswiBaetcs metdeii. Ha puc. 1, e netns — q(C,
C). JlBa pebpa Ha3bIBalOTCS CMEKHBIMH, €CIIM OHU MMEIOT 0011yto BepinHy. Ha puc. 1, ¢ cMexxHbiMU
SBIISIIOTCSI, HAIIpUMeEp, pedpa x1 1 xz ¢ o0mien BepurHoit C.

I'pad moxer umers pedbpa ¢ oaUHAKOBBIMM NapaMu. Takue peOpa Ha3bIBAIOTCS KPATHBIMH,
WM napajjieibHbiMu. Ha puc. 1, a kpaTHbIMH sBISIOTCS, HarpuMmep, pedpa x1 (A, B), x2 (A, B).
Bepmmnam A w C uHOWAEGHTHBI pedpa X3, Xs, X5. KOJIMYECTBO OJMHAKOBBIX IMap HA3bIBAETCS
KpaTHOcTbI0 pedpa. Ha puc. 1, a pebpo AC umeer KpaTHOCTb, paBHYIO 3, a pedbpo AB— KpaTHOCTS,
paBHyto 2. Yucno pebep, MHIMACHTHBIX BEPIIMHE A, Ha3bIBACTCS CTENMEHBI0 ATOW BEPIIUHBI H
obo3nauvaercst deg(A) (ot anrn. degree — crenenp). Ecnu BepuiMHe MHIMICHTHA NETIsI, OHA JaeT
BKJIaJ] B CTETI€Hb, PABHBIN JIBYM, TaK Kak 00a KOHIAa MPUXOJAT B 3Ty BEpUINHY.

Ha puc. 1, 6 BepmmHa A umeer creneHb, paBHyioo 1, BepmuHa C— 4, Bepmmua D — 2.
3anuceiBaetcs 310 B Bujae: deg (A) = 1, deg (C) =4, deg (D) = 2. I'pad G4 (puc. 1, 2) conepXur msthb
BepumH V= {A, B, C, D, E} u mects pedep X={p, q, I, S, t, U}.
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Bepmuna rpada, umeromas creneHb, paBHYIO HYJIO, Ha3bIBaeTCs H30JMPOBaHHON. ['pad,
COCTOSAIIMKA W3 W30JUPOBAHHBIX BEPIIMH, Ha3bIBaeTca HyJdb-Tpadom. Jlns nHyms-rpada X=0.
Bepmmna rpada, uMmeromas creneHb, paBHyio 1, Ha3zbiBaeTcs BUcsideil. Ha puc. 1, 2 Bepmmna E —
m3onupoBanHas: deg (E) = 0, a Bepmmmnsl A, B, E, G, H Ha puc. 1, 6 — Bucsuue.

I'pad G HazpIBaeTCs MOJHBIM, €CITU JIOObIE JABE €T0 PA3IUYHbIC BEPIIMHBI COSAMHEHBI OJJHIM
U TOJILKO OJTHUM peOpoMm.

CymecTBYIOT pa3nuyHble CrnocoObl 3ajaHus Tpada: Te€OMETPHUECKU (PUCYHKH, CXEMBI,
JMarpaMMbl), IPOCTOE TMEPEUYHCIICHHE BEpUIMH U pedep, TadauuHbld. YenoBeky ymoOHO paboTaTh C
rpadOM-pUCYHKOM, T.K. OH MOXKET JIETKO YCTaHOBHUTbH CBSI3b MEK/Yy BEpIIMHAMHU B HATJSITHOM BUJE C
MOMOIIBI0 pedep, M300paxkaeMbIX HENpPEepPhIBHBIMU JTUHUAMHU. [ MammHHOW 00paboTku ymoOHee
3anath rpad B anredpandeckoit hopMe — nepeurciaeHreM (CIIUCKOM) BEPIIIHH U pedep.

OaHuM M3 caMbIX paclpOCTPAaHEHHBIX CHOCOO0OB 3amaHus rpada SBISETCS MATPUYHbII
cnocod. [lycts nan rpad G = (V, X), tae V= {V1, Vo, ..., Vp} — Bepmunbl, a X={ X1, Xo, ..., X} —
pebpa rpada.

Marpuueii unnuaentnoctu B(G) neopuentupoBanHoro rpaga G ¢ N BepmmHaMH H M
pebpamMu Ha3bIBa€TCA MaTpULla PA3MEPHOCTH 71 XM, 3JIEMEHTHl KOTOPOW OMPEAENIOTCS CIEIYIOIINM
obpa3zom:

1, eco BepuwHa V; vHIpIeHTHA  pedpy X ;,

" 10,8 nporuBHOM ciyuae wm ecim X ; - TIeTJISA.
OueBUAHO, YTO B KaXKAOM CTOJIOIE MAaTPULbl MHIUAEHTHOCTH JOJDKHO OBITH TOJBKO [BA
HEHYJIEBBbIX YHCIIa, T.K. peOpO MHIMAECHTHO JIByM BepIIMHaM. YHCIO HEHYJEBbIX 3JIEMEHTOB KaXKIOU
CTPOKH — CTEIIEHb COOTBETCTBYIOIIEH BEPILNHBI.

Ho B maremaruke ynobHee paOoTaTh ¢ KBaJpaTHbIMU MaTpULlaMH, T.K. JUISl HUX XOPOIIO
pa3paboTaH COOTBETCTBYIOIIUMN alireOpandeckuii anmapar.

Marpuueii cmexknoctu A(G) HeopueHTHpoBanHOro rpada G Has3pIBaeTCs MaTpHIa
pa3MepHOCTH 71 XN, 3IIEMEHTBl KOTOPOH ONpeeNstoTcs CIEAYIOIUM 00pa3oM:

1, ecrm Bepumsbl V, I/IVJ- CMEKHBI,

a. =
10,8 mporuBHOM  cityuae.

[Tockonbky st HeopueHTUpoBanHoro rpada pedpa (Vi, Vj), n (Vj, Vi) omHOBpeMeHHO
NPUHAISKAT WIM HEe NpPHHAIIexar rpady, T.K. CUMBOJM3HPYIOT OJHO ¥ TOXE pedpo, TO ajj=aji.
Martpuia cCMeXHOCTH HEOPHEHTHPOBAHHOTO Tpada SBISETCS CHMMETPUYECKOH W HE MEHSETCS MpU
TPAHCIIOHUPOBAHUH.

XoTs popMabHO KaxIasi BEpIIMHA BCEra CMEXHA cama ¢ co00il, B MaTPHUIIE CMEKHOCTH MbI
Oynem ctaBuTh a — 0, ecmm y Hee HeT MeTNIH, U 8y — 1, eclii ecTh ojaHa meTis. Mrak, ecnu rpad
MUMEET MaTPUIly CMEKHOCTH ¥ HE UMEET TIeTelb, Ha TIIABHOM AMArOHAIM Y HETO BCEra CTOST HYJIH.

Paccrosinnem d(Vi’Vj) Mexay BepmmHamu Vi u Vj B HeopueHTHpoBaHHOM rpade G

Ha3bIBAETCS HAMMEHbIIIee YHCIO pedep, COSAUHSIOMNX TH BEPIIUHBL. Y CJI0BHBIH paamyc rpada G
OTHOCUTENFHO BepIIUHbI V; onpenensiercss GopMysioin:

r(vi)=_max d(v;,vj)

VeV (G)
3neck V(G) — 310 MHOKecTBO BepinuH rpada G .

Paguyc rpagpa G onpenensieTcs Kak HaMMEHBIIMI M3 YCIOBHBIX PaguycoB rpada, a HeHTp
rpaga COCTaBIISIOT BEPIUUHBI, YCIOBHBIE paguychl Irpada OTHOCHUTEIBHO KOTOPBIX COBIAJAIOT C
panuycom rpada.
3aganue.
Paccmotpum rpad G, n3obpaxeHHslii Ha pucyHke. Haiinem ams Hero:
1) Tabmuily cTeNeHe BepIInH;
2) MarpHIly CMEXHOCTH;
3) Marpuily UHIIUACHTHOCTH;
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4) Ttabmuily pacCTOsHUIL B rpade;
5) ompeneauTh paguyc U HEHTp rpada.
\‘1

Pemrenue.
1. Tabnuna creneHel BepIIMH TaHHOTO Ipada UMEeT BU:
Vi Vi V, V3 V4 Vs Vs V5
deg (Vi) | 3 3 3 4 2 3 2
2. CoctaBuUM TaOJIHILy CMEKHOCTH, & 3aTEM 10 Hel MAaTPHIly CMEKHOCTH.
V, Vi
' A Vs, Vs V. Vs Vs V7
Vi 0 1 0 1 1 0 0
V, 1 0 1 1 0 0 0
V3 0 1 0 1 0 0 1
V4 1 1 1 0 0 1 0
Vs 1 0 0 0 0 1 0
Vs 0 0 0 1 1 0 1
V5 0 0 1 0 0 1 0
01 01100
1 011000
01 01001
AG)=|1 1 1 0010
1 00 0O0T10O0
0001101
001 0010
3. CocrtaBuM TabIWIly MHIHUJICHTHOCTH, a 3aT€M MO HEll MaTPUIly HHIIUACHTHOCTH.
_ Xi
Vi X1 Xz X3 X4 Xs Xe X7 Xs Xg X10
V1 1 0 0 1 0 0 0 1 0 0
V, 1 1 0 0 1 0 0 0 0 0
V3 0 1 1 0 0 1 0 0 0 0
V4 0 0 1 1 1 0 1 0 0 0
Vs 0 0 0 0 0 0 0 1 1 0
Vs 0 0 0 0 0 0 1 0 1 1
V5 0 0 0 0 0 1 0 0 0 1
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1)
2)
3)
4)
5)

1 00100O01O00O0

1 100100O0O0TO

0110010000

BG)=|0 011101000

0O 0O0OO0OO0OOI1IT10O0

0O 0O0O0O0OT1O0T11

0O 0O0O0OO0O1O0O0TOQ0?12

Jlnst nanHOTO Tpada TabaMIa pacCTOSHUI U YCIOBHEIX PaANyCOB BEPIIHH UMEET BUI:
\% Va Vs Vy Vs \' Vz | r(v;)

V1 0 1 2 1 1 2 3 3
V> 1 0 1 1 2 2 2 2
V3 2 1 0 1 3 2 1 3
V4 1 1 1 0 2 1 2 2
Vs 1 2 3 2 0 1 2 3
Vs 2 2 2 1 1 0 1 2
V7 3 2 1 2 2 1 0 3

Paguyc rpada G r(G)=2, ciemoBarenbHo, 1ieHTp rpada — 310 MHOkecTBO BepiuH {Vo, Vi, Vs}.
3ajnanue 1J151 CAaMOCTOATEIbHON PadoOThI

B tabnuie mis kaxxaoro BapuaHTa 3a7aHbl JEKAPTOBBI KOOPAWHATHI BEPIIWH Ipada U MepeuncIcHbI

pebpa rpada. I'pad Heopuentuposan. Ciaenyer nocTpoutsh rpad Ha miockoctu XOY 1 HANTH:

TaOJUITy CTENICHEW BEpPIINH;

MaTPUILy CMEKHOCTH;

MaTpPHILY HHIIICHTHOCTH;

TabJInIly paccTosiHUM B rpade;

ONIPENENNTh PANYC U LIEHTp rpada.
Vi V, Vs, V, Vs Ve V; Vg

Bapuant (1;3) (35| (6:5) (2;2) (3:3) (1;0) (3:0) (6;2)
1

(V1;V2), (V2;Vs), (V2;Va), (V2;Va), (V1;Ve), (V2;V7), (V6;V7)

Bapuant (4;6) (2;4) (4:4) (6;4) (2;0) (4;1) (6;0) (9;2)
2

(V1;V2), (V2;Vs), (V2;Va), (V1;Va), (Va4;V7), (V6;V7), (V1;V3), (V3;Va), (Vs;Vs), (V3;Ve)

Bapuant (2;3) (2;6) (3;7) (3;5) (5;6) (5;4) (6;6) (4;1)
3

(V1;V2), (V2;V3), (V4;Ve), (V3;Va), (Vs;Ve), (V3;Vs) (Vs;V7)

Bapuant (3;1) (2;2) | (2:4) (2:5) (3:5) (5:5) (3:2) (5:2)
4

(V1;V2), (V2;V3), (V5;Ve), (V3;Vs), (Ve;Vs), (V2;V7), (V7;Vs), (Vs;V7)

Bapuant (1;4) (3;5) (5;4) 1;2) (5;2) (1;0) (5;0) (7;1)
5

(V1;V2), (V2;Va), (V2;Vs), (V2;V3), (V4;Vs), (V6;V7), (V5;V7), (Va;Ve)

I[opsaok BbINOJIHEHUS PA0OTHI:

1. Pemuth 3aganus B TETpaau.

2. [Monyuuts y npenogaBaTens 3aaHus Uil CAMOCTOSTEIbHON paOOTHI U PEIIUTh UX.
®opMa npeacTaBJIeHs pe3yJbTaTa:

[IpencTaBuTh BHIMOTHEHHBIE 33aHUS B TETPAIU ISl IPAKTHUECKUX padoT MPEernoaaBaTelio.
Kpurepum ouenku:
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Pemenne 3amaun cumrtaeTcst 0e3ynmpeyHBIM, €CIIH MPABUIBHO BHIOpaH CIIOCOO pELIeHUs, caMmo
pelIeHre COMPOBOXK/IAETCS HEOOXOIUMBIMU O0BSCHEHUSIMH, BEPHO BBIITOJIHEHBI HY)KHBIE BBIYUCICHUS
1 IpeoOpazoBaHus, MOJTYYCH BEPHBIA OTBET, MTOCIEA0BATEIHHO U aKKYPATHO 3aMTMCaHO PEIICHUE.

OtMmetKka «5» CTaBUTCS, €CIIU:

- paboTa BBIMIOJIHEHA TIOJTHOCTHIO;

- B JIOTUYECKUX PACCYKJICHUAX U 0OOCHOBAHUH PEIICHUS HET MPOoOeIoB U OIHOOK;

- B pEIICHMH HET MaTeMaTUYeCKUX OMHOOK (BO3MOXKHA OJHA HETOYHOCTh, OITMCKA, HE
SIBJIAIOIASACS CJIEICTBUEM HE3HAHUS WJIM HEMOHUMaHUsl y4eOHOro MaTepuaa).

OTMeTKa «4» CTaBUTCS, €CIIU:

- pa0oTa BBINOJHEHA IOJHOCTHIO, HO OOOCHOBAaHMS IIArOB PEUICHHs] HEJOCTATOYHBI (eciu
yMeHHE 000CHOBBIBATH PACCYKICHUS HE SIBISLIOCH CIICIIUATBHBIM O0BEKTOM ITPOBEPKH);

- JIOMyIIEHa OJHAa OUIMOKa WU JIBa-TPU HEJOYeTa B BBIKJIAJKAX, PUCYHKAX, YepTekax WU
rpadukax (eciu 3TH BHJIBI PA0OTHI HE SBIISUTMCH CIIEIUATBHBIM 00BEKTOM IIPOBEPKH).

OtmMmeTtka «3» CTaBUTCS, €CIIU:

- JomyiieHbl 0oyiee OAHON OMMOKHM WM OoJiee ABYX-TPEX HEAOYETOB B BBHIKJIAJIKAX, YEPTEKAX
WK rpadukax, HO ydaluiics BiajeeT 00s13aTeIbHBIMU YMEHUSIMU TI0 ITPOBEPSEMON TEME.

OTMeTKa «2)» CTaBUTCS, €CIIU:

- JIOMYILEHBI CYIIECTBEHHBIEC OLIMOKH, MOKA3aBIINE, YTO YJAIIUHCS HE BlaJeeT 00s3aTeIbHBIMU
YMEHHSIMH T10 JAHHON TeMe B TIOJTHOM Mepe.

IIpakTnuyeckoe 3ansitue Ne 17. Peasimzanust airopurmoB noucka B riayouny (DFS) u noucka B
mupuny (BFS) na rpajgax

Llesb paGoTbl: OCBOUTH METOBI MIOMCKA B Tpadax: mouck B riayouny (Depth First Search, DFS)
u nouck B mupuny (Breadth First Search, BFS); nousars ux npuHuunuanbHele pa3nudus U o0nacTu
IPUMEHECHHUS.

Beinosinus padorty, Bl Oynere:

ymems:

- MACaTh ATOPUTMBI MTOKCKA B TITyOMHY U TIOUCKE B ITUPUHY Ha Tpadax.

- IPUMEHSTH 3TH aJITOPUTMBI JIJIS TIPOXOXKACHUS TPadOB M MOMCKA KOMIIOHEHTOB CBSI3HOCTH.

- OIIeHHBaTh 3()(PEKTUBHOCTH KaXkJIOT0 MOJIX0a U BUIETh UX IOCTOMHCTBA U HEJOCTATKH.

MarepunanbHoe obecnedeHue:
Pa3znarounslii Matepuan (KapTOUKH C 3a/IaHUSIMU).
TexHuueckue cpeacTsa 00yueHUs: KOMIBIOTEP C JIMLEH3MOHHBIM NTPOrPAMMHBIM O0ecTiedeHneM
U MyJITUMEAMA IPOEKTOP.
Kparkune Teopernyeckne cBeeHHA
I'pagom G = (V, X) HazpiBaeTcs mapa ABYX KOHEYHBIX MHOKECTB: MHOXKECTBO TOYEK V U
MHOXECTBO JINHUM X, COEANHSAIOIINX HEKOTOPBIE Maphbl TOYEK.
Touku Ha3BIBAIOTCS BepPIIMHAMM, WK y3Jamu, Tpada, muaun — pedpamu rpada. [Tpumepst
rpadoB mpuBeneHsl Ha puc.l. Ilogcuntaem ckoiabko pedep M BEPIIMH Y KaXIOro u3 rpados,
n300paXeHHBIX Ha pucC. 1.

G,

Puc. 1. ITpumepsl rpadoB: a — cO CMEKHBIMU BEPIINHAMU; O — IMOJIHBIN; 8 — CO CMEXXHBIMU pedpaMu; 2
— C IIeTJIEH
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ITopsinok BbINOJIHEHUS PadoOThI:

Yacrs 1. [locTanoBka 3a1auu

Co3naiite Mpou3BONIBHBIN Ipad U MpeacTaBbTe ero B yA00HOH (opme (HampumMep, B BUE CITUCKA
CMEXHOCTH).

Hanpumep, mycTs rpad npeicTaBieH TakuM 00pa3oM:

‘A ['B,'C

‘B ['A,'D,'E'
'C A, 'F

D" ['B
‘E"['B,'F
F:['C,'E

Yacrp 2. Peanuszanus noucka B riyouny (DFS)
Hammmmre ¢pynkiwmro s o0xona rpada B riryOHHY, HAUMHAS ¢ OIPEIEICHHON BEPIIUHEI.
Ipumep peasm3anun DFS:
def dfs(graph, start, visited=None
if visited is None
visited = set
visited.add(start
print(start, end=""
for next_vertex in graph|start
if next_vertex not in visited
dfs(graph, next_vertex, visited
3amycTute QYHKIUIO C HAYAJIbHOM BepIIMHOM "A'" 1 TOCMOTPUTE MOPSAIOK IMOCEIIECHUS BEPILIUH.
Yacts 3. Peanusanus noucka B mupuny (BFS)
Hanuure ¢pynkuuto s 06xoa rpaga B LIMPHUHY, HAUUHASI C ONPEACICHHON BEPIIMHBI.
IIpumep peanuszauuu BFS:
from collections import deque

def bfs(graph, start
visited = set
queue = deque(|start
visited.add(start
while queue
vertex = queue.popleft
print(vertex, end=""
for next_vertex in graph|vertex
if next_vertex not in visited
visited.add(next_vertex
queue.append(next_vertex
Taxke 3amycture (yHKIMIO ¢ HavaupHOM BepmmHOM "A" M mpoaHaIM3UpyHTE MNOPSIOK
MOCEIIECHUS BEPIIIVH.
Yactpb 4. AHAIU3 NOBE/ICHUS AJITOPUTMOB
W3zyunre u cpaaute noBenenne DFS u BFS Ha Bamem rpade. [TonmpoOyiite H3MEHUTH HAYaIbHYIO
BEpUIMHY U YBUAETh U3MEHEHHs B MOPs/IKE 00X0a.
Yacts 5. UHTepakTHBHAS BU3Yyaau3anus (ONIHOHAIBHO)
Ber mokere mompoOoBaTh Bocmonb3oBarhes OmOnmmorexod NetworkX s Bu3yaibHOTO
0TOOpa)KeHHUS 111aroB aJIrTOPUTMOB TTOKMCKA.
IIpumep ckpunTa A5 BU3yaIu3aluu:
import networkx as nx
import matplotlib.pyplot as plt
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# Ham rpad

graph =
‘A ['B,'C,'B" ['A','D,'E'], 'C: [A", 'F
'D:['BT,'E: [B,'F],'F:['C,E

# Koncrpyupyem rpad
G = nx.Graph
for u, neighbors in graph.items
for v in neighbors
G.add_edge(u, v

# Pacriono)xeHre BepIIUH
pos = nx.spring_layout(G

# Buzyanuzanus rpaga

nx.draw_networkx_nodes(G, pos, node_color="lightgreen’
nx.draw_networkx_edges(G, pos, edgecolor="grey'
nx.draw_networkx_labels(G, pos, font_size=10, font_family="sans-serif’

plt.title('Hai rpad’

plt.axis('off'

plt.show

KouTpoJbHble BOpochI:

B yem npunnunuansHas pasauna mexay DFS u BFS?

B xakux cinyuasx npennourureneH DFS, a B kakux — BFS?

Kak Bnusier mopsok cocezieit Ha UTOTOBBIN IMyTh MTOKCKa?

Kakas BpeMeHHas CIIO’KHOCTh y KaXX0T0 U3 aJITOPUTMOB?

Kakue cymiecTByroT abTepHaTUBHBIE MTOAXO/IbI K TIOMCKY B rpadax?

IMopsinok BBINOJTHEHHS PA0OTHI:

1. Pemutsh 3a1aHus B TETpaIu.

2. IlonyunTh y mpenoaBaTess 3alanusl 171 CAaMOCTOSITEIbHOU pabOThI M PEIIUTH UX.

dopma npeacTaBJieHus pe3yabTaTa:

Barr coOcTBeHHBI Tpad, UCTIONB3YEMBbIH U1 IEMOHCTPAIMU AJITOPUTMOB.

@ynkuuu peanuzaiyu DFS u BFS ¢ kommenTapusmu.

Pe3ynbTarh BRIOTHEHHS] 000MX aIrOPUTMOB Ha BaieM rpade.

AHanm3 JOCTOMHCTB M OTPaHUYEHH Ka)XI0T0 MOIX0/1a.

Kpurtepun onenku:

Pemenne 3amaum cuuTaeTcs O€3yNmpedHBIM, €CIU MPaBUIBLHO BBIOpAH CIOCOO PEIICHHS, cCamo
pEeIIeHrEe COMPOBOXKIAETCS HEOOXOMMBIMH OOBICHEHUSMH, BEPHO BBITOJIHEHBI HY)KHBIC BBIYUCIICHHUS
1 IpeoOpazoBaHus, OJYYSH BEPHBIA OTBET, MOCIE0BATEIHLHO U aKKYPATHO 3aMMCaHO PEIIeHUE.

OtMeTKa «5» CTaBUTCS, €CIIH:

- paboTa BBINOTHEHA TTOJHOCTHIO;

- B JIOTHYECKHUX PACCYKJICHHUIX U 000CHOBAHUH PEIICHUS HET TPOOEIIOB U OIINOOK;

- B PCIICHWM HET MaTeMaTHYECKHUX OIMMOOK (BO3MOXKHA OJHA HETOYHOCTh, OIHMCKAa, HE
SIBJISIFOIIASICS CTICACTBMEM HE3HAHUS WJIM HETIOHUMAaHHS y4eOHOTO MaTepuana).

OtmeTka «4» CTaBUTCS, €CIIH:

- paboTa BBITIOJIHEHA TOJTHOCThIO, HO OOOCHOBAHHS IIIAaroB PEIICHHUs] HEIOCTATOYHBI (eCiu
yMeHHe 000CHOBBIBATH PACCYKIEHUS HE SIBISUIOCH CIIeUaIbHBIM 00BEKTOM MPOBEPKH );

- JIOMyIIEHa OJHAa OIIMOKa WM JBa-TPU HEJOo4YeTa B BBIKJIAJKAX, PUCYHKAx, YepTexax WU
rpadukax (eciu 3Tu BUBI pabOTHI HE SIBISUTUCH CHIEIIHATEHBIM 00bEKTOM MPOBEPKH).
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OtMeTKa «3» CTaBUTCS, €CIIH:

- JOMyIIeHBI 00Jee OJHOM OMMOKKM WK Oojiee IBYX-TPEX HEI0YETOB B BBIKIIAJKAX, YEPTEKAX
WM rpadukax, HO yYaluiics BIaJeeT 00s13aTEIbHBIMU YMEHUSIMU TI0 TIPOBEPSEMON TEME.

OTMeTKa «2)» CTaBUTCS, €CIIH:

- TOMYIIEHBI CYIIECTBEHHbIE OMIMOKH, MOKAa3aBIlIKe, YTO YYalllUiCs HE BIAJCeT 0053aTeIbHBIMU
YMEHUSIMH M0 IAHHOM TEME B IMOJHON Mepe.

IIpakTuyeckoe 3ansitue Ne 18. [lpumenenue rpagos 1Jis1 MO/IeJIMPOBAHUS PeaJIbHBIX ceTell U
aHaJM3a IaHHBbIX

Iear paGoTbl: HayuUTbCS NPUMEHATH TEOPUIO TI'paoB Ui MOJAEIMPOBAHUS pPEATbHBIX
COLIMANIbHBIX, HH(POPMAIIMOHHBIX M TPAHCHOPTHBIX CETE, OCBaMBas MPHUEMBbl aHAJIN3a TAKUX CETEBBIX
CTPYKTYP.

Beinosinus patdory, Bel Oyaere:

ymemy:

- OCBOUTb MOJICIUPYIOLIYIO CUTy I'padoB AJIsl PENPE3CHTALMU pPEalbHbIX CETEH.

- H3Y4YUTh BO3MOXXHOCTH QaHAJIW3a CETed Ha OCHOBE METPUK LIEHTPAJIBHBIX Y3JI0B H
KJIACTEpU3ALIUHU.

- BBISIBIIAITh B)XKHBIE Y3JIbI CETU U KPUTUYECKUE CBSI3H.

- pa3BHUTh HAaBBIKM PAa0OTHl ¢ MHCTPYMEHTAMH BU3yaJIH3allMd M aHaiu3a rpadoB (Hampumep,
oubmmorexa NetworkX).

MarepuanbHoe obecrneyeHue:
Pa3narounsblii Matepuan (KapTOUKH C 3a/laHUSMU).
TexHuueckue cpencTBa 00y4eHHs: KOMIBIOTEP C JIMIIEH3HOHHBIM MPOTPaMMHBIM 0OecTieueHU eM
U MYJIbTUMEINA IIPOECKTOP.
Kpartkue Teopernyeckue cBeieHUs
Mopenu pealibHbIX ceTel (COLMaIbHBIE CETH, TPAHCIIOPTHBIE CUCTEMbI, UHPOPMAILIMOHHBIE CETH).
LleHTpanbHOCTH Y3JI0B (CTETIEHb IEHTPATLHOCTH, OJIM30CTh, TOCPETHUYECTRO).
Coo0riecTBa U KJ1acTepu3alys B CETSIX.
Hcnonb3oBanue rpadoB A aHANIN3a pacIpoCTpaHeHUS HHPOPMAITUH U SITUASMUI.
IMopsiiok BbINOJIHEHHS PA0OOTHI:
Yacrts 1. MoaeaupoBaHne COHATBHOI ceTH
[TpencraBbTe HEOOIBIYIO COIMATBHYIO CETh, COCTOSIIYIO puMepHo 13 10 denmoBek. Onpenenmre
cBs3u ("mpyx0a') Mex Ty HUMH.
IIpumep coumanbHoro rpaga:
friends_graph =
‘Alice”: ['Bob’, 'Charlie’
'‘Bob': ['Alice’, 'David', 'Emma’
‘Charlie": ['Alice’, 'Frank’
'David": ['Bob'
'Emma’; ['Bob', 'George'
'Frank': ['Charlie’, 'Hannah'
'‘George’: ['[Emma’
'Hannah": ['Frank’

Yactb 2. AHAJIN3 HEHTPATbHOI POJIM YYACTHUKOB

Ucnone3ys oubmrorexy NetworkX, paccumraiite cremenp nentpaipHoctu (degree centrality),
omm3octh (closeness centrality) u mocpennudectBo (betweenness centrality) s kaxmoro y4acTHHUKa
CETH.

IMpumep Koaa 1J1si pacyera HEHTPAJIbHOCTH:
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import networkx as nx

# IIpeoOpa3zyeM ciioBapb apy3ei B rpad
G = nx.Graph(friends_graph

# CreneHHas HEHTPAIbHOCTh
deg_centrality = nx.degree_centrality(G

# bimsocthb
close_centrality = nx.closeness_centrality(G

# IlocpenHuueckas HEHTPAIbHOCTb
betw_centrality = nx.betweenness_centrality(G

print("CreneHp neHTpaIbHOCTH: "
for node, score in deg_centrality.items
print(f{node}: {score}'

print("\nbiuzocts:"
for node, score in close_centrality.items
print(f{node}: {score}'

print("\nI[Tocpenauyeckas HeHTPATLHOCTD: "
for node, score in betw_centrality.items
print(f{node}: {score}'
Yacts 3. Buzyaauzauus cetu
[ompoOyiiTe BU3yaln3upOBaTh BaIlly COUUAIBHYIO CETh, BBIICINB BaXKHBIX YUACTHUKOB Pa3HBIMH
IBC€TaMMH.
IIpumep BU3yaIM3anmm:
import matplotlib.pyplot as plt

# LlBeToBas manmTpa AJis KJIFOYEBBIX Y3JI0B
color_map =
for node in G.nodes
color_map.append('red' if deg_centrality/node| > 0.3 else 'lightblue’

# Buzyanu3zanus

pos = nx.spring_layout(G

nx.draw_networkx_nodes(G, pos, node_color=color_map
nx.draw_networkx_edges(G, pos, edge_color="gray’
nx.draw_networkx_labels(G, pos, font_size=10, font_family="sans-serif’

plt.title('Conmansuas cers'

plt.axis(‘off’

plt.show

Yacts 4. AHATU3 pacipoCTPaHEHUs BIUSTHUS

[Ipenmonoxxum, uto wWHPOpPMAIMS PACTPOCTPAHSIETCS IO Balled CETH OT OJHOW TOYKH.
[TocMoTpuTe, KTO SIBISIETCS TJIaBHBIM PpAacHpPOCTPAHHUTENIEM HOBOCTEH M KakUM MapIIpyTOM HJIET
pacrmpocTpaHeHHe.

AHaJIu3 pacnpocTpaHeHusi HHPOPMAIMH:

MOXXHO HCIOJIB30BaTh METOJ MOJICIUPOBAHUS CIIy4alHOTO PACIPOCTPAHEHHs WM W3BECTHBIN
aNITOPUTM CUMYIISIIIMM TIpolieccoB Ha rpadax (Hampumep, Independent Cascade Model).
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KoHTpoJsbHbBIE BONIPOCHI:

Kakue peabHbIe ceTH MOTYT OBITH CMOJICTTMPOBAHBI C TIOMOIITBIO TpadoB?

Kak onpenernsiercst BAXKHOCTb y371a B CeTH?

Kakue dakTopsl BIHSIOT Ha OBICTPOE pacpocTpaHeHne HHPOPMAIIMK B COLUATIBHON CeTH?

Kak rpadpt momMoraroT BbIIBUTH cl1abble MecTa HH(DPACTPYKTYpbl TPAHCTIOPTHOU CeTH?

Kak cBsi3anbI conMaibHbIe CETH U Teopus TpadoB?

Ilopsiiok BbINOJTHEHHS PA0OTHI:

1. Pemuth 3a7aHus B TETpaau.

2. [Monyuuts y npenogaBaTels 3aiaHus AJisi CAMOCTOSTEIIbHON paOOThI U PEIIUTH HX.

dopma npeacraBieHus pe3yjabTara:

CaMOCTOSTETPHO COCTABIICHHYIO MOJICITb PEATbHOM CETH.

AHanu3 MeHTPaIbHON POJIM YIaCTHUKOB CETH.

I'paduk BU3yanu3anuu CeTH.

Pesynbrarhl aHam3a pacnpoCcTpaHSHUS BIUSHUS WU TIepeiadu HH(OpMaIuu.

Kpurepun oneHKH:

Pemenue 3amaun cuuTaeTcs O€3yNmpedHBIM, €CIM IPaBUIBLHO BBIOpAH CIOCOO PEIICHHS, camo
pEIICHUE COIIPOBOKIACTCSA HEOOXOAUMBIMU O0BSICHEHHUSIMH, BEPHO BBIITOJIHEHBI HY)KHBIC BBIYUCICHUS
1 IpeoOpazoBaHus, MOJYYSH BEPHBIM OTBET, MOCIEA0BATEIHLHO U aKKYPATHO 3aMIMCaHO PEIICHUE.

OTMeTKa «5» CTaBUTCS, €CIIU:

- paboTa BBINIOTHEHA TIOJHOCTHIO;

- B JIOTHYECKHUX PACCYKJICHHIX U 000CHOBAHHMH PEIICHHUS HET IIPOOCIIOB U OIIHOOK;

- B PCIICHMM HET MaTeMaTHYECKHUX OIMMOOK (BO3MOXKHA OJHA HETOYHOCTh, OIKCKAa, HE
SIBJISTFOINASICS CJIC/ICTBMEM HE3HAHUS WJIM HETIOHUMAaHUsl y4eOHOTO MaTepuraa).

OTMeTKa «4» CTaBUTCS, €CIIH:

- paboTa BBHINIOJHEHA IOJIHOCTHIO, HO OOOCHOBAHHS IIArOB PEIICHUS HEIOCTATOYHBI (eCiH
yMeHHe 000CHOBBIBATH PACCYXKIEHUS HE SIBISUIOCH CTIeUaIbHBIM 00BEKTOM MPOBEPKH);

- JIOMYyIICHA OJlHA OIIMOKAa WMJIM JIBa-TPH HEJO0YECTa B BBIKJIAJKAX, PUCYHKAX, YEPTEKaX HIU
rpadukax (eciu 3Tu BUBI pabOTHI HE SIBISUTUCH CHIEIIHATLHBIM 00bEKTOM MPOBEPKH).

OTMeTKa «3)» CTaBUTCSI, ECIIH:

- JomyieHbl 0osiee OAHON OMIMOKM WM Ooliee ABYX-TPEX HEAOYETOB B BBIKJIAJKaX, YepTexkax
WM rpadukax, HO yUaIUiics BIIaJieeT 00s13aTSIIbHBIMU YMEHUSMH TI0 TIPOBEPSAEMON TEME.

OTMeTKa «2)» CTaBUTCS, €CIIH:

- JIOTYIIEHBI CYIIECTBEHHBIC ONMTMOKY, TTOKA3aBIUe, YTO YYAIIUHCS HE BIIaJICET 00s3aTeIIbHBIMU
YMEHUSIMH T10 IaHHOM TeMe B TIOJTHOU Mepe.

Tema 4.1. OcHOBBI KOMONHATOPHKH

HpaKTI/I‘{eCKOC 3ansTue Ne 19. Pemnenue 3a1a41 HA MEPECTAHOBKH, COYECTAHUA U PasSMECICHUSA

IIpakTnueckoe 3ansitue Ne 20. [IpumeHenue popmMy,1 KOMOMHATOPUKH /ISl AaHAJIM3A TAHHBIX.

Hean: chopmMupoBaTh yMeHHE peliaTh 3a7add C UCIMOJB30BaHHEM (OpMYT KOMOWHATOPUKH:
MEePECTaHOBOK, Pa3MEIICHUN U COUETAaHUN.
Boinosinus padorty, Bel Oynere:
ymemb:
- MIPUMEHATH CTaHIAPTHBIE METOBI U MOJCIIH K PEUICHUI0O KOMOMHATOPHBIX 33]1a4;
- peliaTh 3aa4u ¢ UCTIOJIb30BaHUEM (POPMYT KOMOMHATOPUKH,
- aHaAJIM3UPOBATh 33/1a4y U BbIIEIATH €€ COCTaBHbIE YACTH;
- COCTABJISITh TUIAH JICUCTBHS;
- peanr30BaTh COCTABJICHHBIN IJIaH;
- OLIEHUBATh PE3yJbTAaT M IOCIEJICTBHUS CBOUX JIEHCTBUM (CaMOCTOATENBHO WM C MOMOILBIO
HACTaBHUKA);
- OTIpeETATh HEOOXOUMbIE UICTOYHUKH MH(POPMAITUH;
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- CTPYKTYpPUPOBATH MOTy4aeMyI0 HHPOPMAITHIO;
- BBIZICISITH HAMOOJIee 3HAYMMOE B TIepedHe HH(POpMaIINH;
- IPaMOTHO M3JIaraTh CBOM MBICIH B O(DOPMIIATH JOKYMEHTHI IO MPOPECCHOHAIBHON TeMaTHKE Ha
rOCy/1apCTBEHHOM SI3bIKE;
- MMOHUMATh OONIMI CMBICT YETKO TPOU3HECEHHBIX BBICKA3bIBAHUW HAa WM3BECTHBIC TEMBI
(mpodeccroHanbHbBIE U OBITOBBIC);
- y4acTBOBATh B IMAJIOTaX HA 3HAKOMBIE 00IMe ¥ MPOPECCHOHATBHBIE TEMBI.

MarepuajibHoe o0ecnieueHue:

PazgaTounslit MmaTepuan (KapTOUKH C 3aJaHUSIMU).

TexHuueckue cpeacTBa 00y4eHHs: KOMIBIOTED C JIMLIEH3UOHHBIM MPOTPaMMHBIM 00ecIieYeHHEM
U MyJIbTUMEAHNA MPOEKTOP.

3aganue:

BHuMarenbHO IpOYUTANTE TEOPETUUECKHUE CBEACHHUS.

Pa3bepute peuienue 3a1a4, NIpUBEICHHBIX HIDKE, U 3aIUIINTE UX B TETPA/Ib.

Pemnre 3anaum u3 pasnuena ajis CaMOCTOSITEILHOTO PELICHUSI.

KpaTtkue Teopernueckue cBegeHHs

Kombunamopuka — onvuH W3 pa3leioB JAUCKPETHOM MaTEMaTHUKH, H3YYAIOIIMI CIOCOOBI
MOJICYETA YHCIIA DIEMEHTOB B KOHEUHBIX MHOKECTBAX, KOTOPBIH MPHOOpe O0JIbIIIOe 3HAUCHUE B CBSI3U
C MHCIOJB30BAaHMEM €r0 B TEOPUM BEPOSTHOCTEH, MATEMAaTUYECKOW JIOTHMKE, TEOPUU YHUCEe,
BBIYHCIUTENLHON TEXHUKE, KHOCPHETHKE.

MHo:xecTBa 0€e3 NOBTOPEeHU I

MHoxecTBa JJIEMEHTOB, COCTOAILIME K3 OJHUX U TeX K€ Pa3IUYHBIX DIEMEHTOB U
OTJIMYAIONIMECS JIpyr OT JApyra TOJBKO UX TOPSIKOM, HAa3bIBAIOTCS HEPECMAHOGKAMU DTUX

snementoB: P, =nl, roe nl=1-2-3-...-n, 0'=1.
Pasmewienuamu Ha3bIBAIOT MHOKECTBA, COCTABICHHBIC M3 N PA3IUYHBIX JJIEMEHTOB MO M
n!
(n—m)!"
Couemanusamu ¥3 N Pa3IMYHBIX 3JIEMEHTOB 10 M Ha3bIBAIOT MHOXECTBA, ColepsKamie M
9JEMEHTOB M3 4HCia N 3aJaHHBIX, M KOTOPBIC OTJIMYAIOTCS XOTS OBl OIHHM DIEMEHTOM:

m
QJICMCHTOB, KOTOPBIC OTIINYAaOTCA 1100 COCTaBOM JJICMCHTOB, 00 UX IOPAAKOM: An =

m _ n! 0 _ n_ 1 _
C, ——m!(n_m)!,me C,=1,C, =1 C,=n.
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MHoxecTBa 6€3 TOBTOPEHHI

HET

ITopsinok B
IIOAMHOXKECTBE U3
M 2JIEMEHTOB

Aa DeMEHThI BCETO
MHOYKECTBA
n
[TepecTanoBku
na
Pazmeriennsa

MHo:xecTBa C MOBTOPCHUAMHU

— n!

P(n,6n,,..,n)=

n( 1 2 k) nl!.nz!
Anm — nm

—n (nem-1r

n m!(n—l)! — ~n+m-1

IIpaBuIa C/10:KEHUSA U YMHOKEHHS

Ilpasuno cnoxcenuna. Ecnn onHO NeiicTBUE MOXKHO BBIIOJIHUTH M crocobamu, a JIpyroe n

crocobamMu, ¥ OHU B3aMMHO HMCKIIIOYAIOT APYT APYra, TO BBIMTOJHUTH OJHO JHO00E M3 3THUX JACHCTBHI
MoxHO (N + M) crocobamu.

Ilpaguno npouseedenus. Ecniu 00beKT A MOXKHO BbIOpaTh U3 COBOKYMHOCTH OOBEKTOB M

IIpuMepsl pelieHus 3aaay
Pa3zmemenust 6e3 NoBTOpEHNH
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croco0amMM M TOCJE KaKJI0ro TaKOro BbIOOpa 0O0BEKT B MOXHO BbIOpaTh N crmocobamu, TO mapa
00BEKTOB (A4, B) B yka3aHHOM MOPsIIKE MOKET OBITH BbIOpaHa m-n croco0aMu.



3amaya 1. CKOJIBKO MOXHO COCTaBUTH TeJIe(POHHBIX HOMEPOB M3 6 mudp Kaxablil, Tak 4TOOBI BCE
nudpbl OBLITN PA3TMIHBI?
Pemenne. JTo mpumMep 3aaun Ha pa3MmenieHue 6e3 moBropenuid. Pasmematorcs 3aeck 10 mudp mo 6.
A BapHaHTBhI, IPU KOTOPBIX OAMHAKOBBIE IIU(PHI CTOSAT B Pa3HOM MOPSAIKE CUUTAIOTCS PA3HBIMU.
3Ha4nT, OTBET HA 3a7a4y OyaeT:
Ad = 10451000

(20 —6)!
3agauya 2. CKombKUMH crocoOaMu 4 IOHOLIM MOTYT MPUITIACUTH YEThIpEX M3 IIECTH JEBYIIEK Ha
Tagel?
Pemenue. /[Ba roHOIIM HE MOTYT OZHOBPEMEHHO HPUTIIACHTH OJHY M Ty )K€ AEBYIIKY. V1 BapHaHTHI,
IIPU KOTOPBIX OJIHU U T€ K€ JIEBYIIKH TAHLYIOT C Pa3HbIMH FOHOILIAMH, CYUTAIOTCS Pa3HBIMHU, [TI03TOMY:
A} =—6! :E:BGO

6-4)" 2
Bozmoxno 360 BapuaHTOB.

IlepecTanoBKHU 0€3 MOBTOPEeHUI
3agaua 3. CKOJIBKO PAa3IMYHBIX MIECTU3HAYHBIX YHCET MOXKHO cOCTaBuTh U3 mudp 0, 1, 2, 3, 4,5, ecim
udpsI B YKCIIE HE TOBTOPSIOTCA?
Pemenue.
1) Haiinem KOIHUYECTBO BCEX MEPECTAHOBOK U3 3THX nudp: Pg=6!=720.
2) 0 He MOXET CTOSATh BIIEPEAM YKCJA, MOITOMY OT 3TOrO YHMciIa HEOOXOAMMO OTHSATH KOJHYECTBO
MepeCcTaHOBOK, pu KoTopoMm 0 cTout Brepeau. A 3to Ps=5!=120.
Ps-P5=720-120=600.

Coueranus 0e3 NOBTOpPEeHUI
3agauya 4. CKOJBKO TPEXKHOMOYHBIX KOMOWHAIMHA CYIIECTBYET Ha KOJOBOM 3aMKe (BCE TPH KHOIKH
Ha)XMMAIOTCsl OJJHOBPEMEHHO), eclii Ha HeM Bcero 10 mudp.
Pemrenune. Tak Kak KHONKH Ha)KUMAIOTCS OJTHOBPEMEHHO, TO BBIOOP ITHX TPEX KHOIOK — COYETAaHHE.

10! ~8-9:10

20-3)1-3 6
3agava 5. YV ojHOro yesnoBeka 7 KHUT M0 MaTeMaTuke, a y Broporo — 9. CKoabKuMHU crioco0amMu OHU
MOTYT OOMEHSTh APYT Yy APYra ABE KHUTH HA JIBE KHHUTH.

Orcrona Bo3MoxkHO Cry = =120BapuaHTOB.

Pemenne:
Tak kKak HOPSIOK CIIEAOBAHUS KHUTI HE MMEET 3HAUCHHUs, TO BBIOOP IBYX KHHT - codeTaHnue. IlepBbrit
7 6-7 o
4eJoBEK MOXKeT BHIOpaTh 2 kaurn  CJ = = =21 cnoco6amu. BTopoii yenoBek MOKeET
7-21.20 2
a 8-9
2 -
BbIOpaTh 2 KHUTU C§ = ©_2)1 2 = 5 =36 crmocob6aMu. 3HAUUT BCEro MO MpaBUIIy MPOU3BEIACHUS

BO3MOKHO 21-36=756 BapraHTOB.

3apgauya 6. [Ipu urpe B 1oMHHO 4 Urpoka Jenar NMopoBHY 28 kocTei. CKOJBKUMHU CIIOCOOaMU OHHU
MOTYT 3TO CIenaTh?

Pemenne: IlepBriii urpok nenaet BoiOop u3 28 kocteil. Bropoit u3 28—7=21 koctu, Tpetuit u3 14, a

4eTBEpTHI Urpok 3a6upaeT ocTapmmecs kocTH. ClenoBaTebHO, Bo3MoxHO Cgg -Cgy -Cl, .

PasmeneHusi ¥ coueTaHusi ¢ MOBTOPEHUSIMU
3agaua 7. CKONBKO TPEX3HAYHBIX YMCET MOKHO COCTaBUTh U3 1udp 1, 2, 3, 4, 5?
Pemenue. Tak kak mopsiioK mudp B YUCIE CYIIECTBEHEH, ITU(PBI MOTYT MOBTOPSITHCS, TO ATO OyIyT

3_ 3
pa3MEIICHHsI C MOBTOPEHHUSIMH U3 MSATH YJIEMEHTOB T10 TPH, a UX 4ucio paBHo As =5 =125,

3agaya 8. B konauTepckoM MarasMHe MNpoOJAaBaduCh 4 cOpTa NHMPOKHBIX: 3KIEPHI, IECOUYHBIE,
HaIoJICOHBI U clloeHble. CKOJIBKUMH CIIOCO0aMU MOXKHO KYIUTh 7 TUPOKHBIX.

Pemenne. [lokynka He 3aBUCUT OT TOro, B KaKOM MOpPSAKE YKJIaJbIBAlOT KYIUIEHHBIE IUPOXHBIE B
KopoOKy. ITokynku OyayT pa3inuyHbIMU, €CTIM OHU OTIUYAIOTCSI KOJIMUYECTBOM KYIUIEHHBIX MHPOXKHBIX
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X0Ts1 ObI ontHOTO copTa. CieoBaTeIbHO, KOJMUYECTBO PA3JIMYHBIX MOKYIOK PABHO YHCITY COYETAHUH
YEThIPEX BUAOB IIUPOKHBIX 110 CEMb: CZ = (7+4-1) = 10 =120.

n4-n 7.3
3agaya 9. OOGe3psHY MOCAAWIM 3a MHUINYIIYHO MAIIUHKY ¢ 45 KIaBHIIaMH, ONPEICIUTh YHCIIO
MOTIBITOK, HEOOXOAUMBIX JUISI TOTO, YTOOBI OHA HaBEpHSAKA HaredaTaia MepByr cTpoky pomana JI.H.
Toncroro «Anna KapeHnHay, eciii CTpoka COJIEPKHUT 52 3HaKa U MOBTOPEHUH He OyaeT?
Pemtenune. Ilopsnok OykB uMeeT 3Ha4deHHWE. BYKBBI MOTYT MOBTOPATHCSA. 3HAUUT, BCETO €CTh

52 52
A; =45 BapuaHTOB.
IlepecTaHOBKH ¢ NOBTOPEHUSIMH

3agaua 10. CKonbKHUMH CTIOCOOAMH MOYKHO TIEPECTaBUTh OYKBBI CIIOBA «aHAHAC)?
Pemenune. Becero O0ykB 6. M3 Hux ommuakoBel: N1 (a)=3, n2(n)=2, n3 (c¢)=1. CienoBareabHO, YHCIIO

_8 =60.
3211

3agauu 1719 CaMOCTOSITEILHOTO peleHus!
1. CkonbKO MepecTaHOBOK MOXKHO clieiaTh U3 OYKB cioBa «MHUCCUCUTTI.
Otsert: 2520
2. Nmeercs maTh pa3iMyHBIX CTYJIBEB U CEMb PYJOHOB OOMBOYHON TKaHW pPAa3IMYHBIX IIBETOB.
CKOJIBKUMU CITIOCO0aMH MOKHO OCYIIIECTBUTH OOMBKY CTYJIBEB.
Otser: 16807
3. Ha mamsarusie cyBenupsl B «lloxe Uyaec» cioHCOpHI pesiaratloT KogeBapKH, yTIOTH, TeaeQoHHbIe
anmapatel, 1yxu. CKOIBbKMMH CrOcoOaMu 9 y4YaCTHMKOB HUTPHI MOTYT MOJYYUTh 3TH CYBEHHUPHI?
CKOJBKMMH cIOCO0aMH MOTYT OBITh BEIOpAaHbI 9 PEMETOB Il yYaCTHUKOB UTPhI?
OrtBer: 49, 220
4. CKOJILKHMH CIIOCOOaMH MO>KHO PacCTaBUTh Ha IIaXMATHOMW JIOCKEe 8 Jiajiell Tak, 4ToOBl Ha OJHA U3
HUX HE MorJja OUTh Ipyryro?
Otsert: 40320
5. CKkoJIbKO MOKET OBITh CiTydasi BbIOOpa 2 KapaHjaane u 3 pydek U3 MITH pa3indHbIX KapaHaamen u
LIECTH PAa3IMYHBIX Py4eK?
OtBet:200
6. B Teuenue 30 nHelt ceHTAOps ObUTO 12 MOXKUTMBBIX AHEH, 8 BETPEHBIX, 4 XOMOIHBIX, 5 JOKATUBBIX
U BETPEHBIX, 3 JOXKJIMBBIX U XOJIOJHBIX, & OJIUH JI€Hb ObLT U 10K/IJIMBBIM, U BETPEHBIM, U XOJIOJHBIM.
B Teuenue ckoibKUX IHEH B ceHTSOpe cTosIa XOpolias Ioroja.
Ortsert: 15
7. Ha depme ectb 20 oBent u 24 cBuHbH. CKONBKMMHU CIIOCOOAMU MOXKHO BBIOPATh OJIHY OBILY U OJIHY
cBuHbI0? Ecii Takoil BBIOOp yXke clienaH, CKOJIbKUMHU CIOCO0aMU MOKHO CJIenaTh ero erie pa3?
Ortser: 480, 437
8. CKOJIBKUMHU CITIOCOOaMH MOYKHO BBIOPATh TJIACHYIO U COTJIACHYIO OYKBBI 3 CJIOBA «3JIaHUE»?
Ortser: 9
9. CKONBKO CYIIECTBYET YETHBIX MATU3HAYHBIX YUCEJI, HAUMHAIOLIUXCS HEYETHON U(poii?
Ortset: 25000
10. B xuwxkHBIM Marazun moctymuin pomansl @. Kymepa «lIpepusi», «3Bepoboit», «llImmony,
«ITuoneps», «CnemonbiT» MO OXMHAKOBOM IeHe. CKOJBKUMH CIocoOaMu OHMONIHMOTEKa MOXKET
3aKynuTh 17 KHUT HAa BHIOPAHHBIN YeK?
Ortsert: 2985

dopma npeacraBJieHus pe3yabTara:

Pemenue 3a1a4, opopmiIeHHOE B TETPAIH.

Kpurepumn oneHku:

Pemenue 3amaun cuuraercs Oe3ympeyHbIM, €CIM MPAaBUIBHO BBIOpAH CIIOCOO pelIeHHs, camo
pelIeHre COMPOBOXK/IAETCSI HEOOXOAUMBIMH OOBSCHEHUSIMU, BEPHO BBINOJIHEHBI HY)KHbIE BBIYUCIICHUS
U ipeoOpa3oBaHysl, OJYUYEeH BEPHBIM OTBET, MOCIIEAOBATENFHO U aKKYPaTHO 3aMCaHO PELICHHE.

OtmeTka «5» CTaBUTCS, €CIIH:

Pa3IMYHBIX epecTaHOBOK paBHO Py (3,2,1) =

56



- paboTa BBIMIOJIHEHA TIOJTHOCTHIO;

- B JIOTHYECKHUX PACCYKJICHHUIX U 000CHOBAHUH PEIICHUS HET IPOOEIIOB U OIIMOOK;

- B pEIICHHMH HET MaTeMaTU4YeCKUX OIMMOOK (BO3MOXKHA OJlHA HETOYHOCTh, OIMCKA, HE
SIBJIAIOIASACS CJIEICTBUEM HE3HAHUS WJIM HEMIOHUMaHUsl y4eOHOro MaTepuana).

OTMeTKa «4» CTaBUTCS, €CIIU:

- pa0oTa BBINOJHEHA IOJIHOCTbIO, HO OOOCHOBAHMS WIArOB PEIICHUS HEJAOCTATOYHBI (ECiH
yMeHHE 000CHOBBIBATH PACCYKICHUS HE SIBISUIOCH CIICIIUATBHBIM O0BEKTOM ITPOBEPKH);

- JIONyIIeHa OJlHAa OUIMOKa WM JIBa-TPU HEJOYeTa B BBIKJIAJKAX, PUCYHKaX, YepTekax WU
rpadukax (eciu 3TH BHJIBI Pa0OTHI HE SIBIISTHCH CHIEIIUATBHBIM 00BEKTOM IPOBEPKH).

OtmMmertka «3» CTaBUTCS, €CIIU:

- JomymieHbl 0osiee OAHOW OMMOKH WM OoJiee ABYX-TPEX HEAOYETOB B BBIKJIAJIKAX, YEPTEKAX
WK rpadukax, HO yJalluiics BiajeeT 00s13aTeIbHBIMU YMEHUSIMU TI0 ITPOBEPSEMOI TEME.

OTMeTKa «2)» CTaBUTCSI, €CIIH:

- JIOMYILIEHbI CYIIECTBEHHBIE OLINOKY, MTOKA3aBIlUe, YTO YYAlUHCS HE Bia/eeT 00s3aTeIbHbIMU
YMEHHSIMH T10 TAaHHOHM TeMe B TIOJTHOM Mepe.

Ipakruyeckoe 3ansitue Ne 21, [locTpoeHue iepeBbeB pelieHii ¢ HCMOJIb30BAHNEM
KOMOMHATOPHBIX METO/10B

Ieab paGoThl: OCBOMTH CO3JJaHHME M HCCIECJOBAHHE AEPEBHEB PEIICHUN JUIA KIacCH(pHUKALUH
00BEKTOB C UCIIOJIB30BaHNEM KOMOMHATOPHBIX METO/I0B, Pa3BUBATh YMEHUs aHAIN3a KOMOMHATOPHBIX
curyauuid 1 popmupoBanus 3h(HEKTUBHBIX KIIaCCH(PHUKAIMOHHBIX MPABUIL

Brinosinus padorty, Bl Oynere:

ymemy:

- U3y4YCHUE MTPUHIUIIOB MTOCTPOCHUS IEPEBHEB PEIICHHI.

- OCBOEHHE KOMOMHATOPHBIX METOAOB ONTUMH3AIINN BETBEH JepeBa.

- TNPUMEHEHHE METOJOB JHTPONUU W HH()OPMAIIMOHHOTO BBIMIPHINIA JUIS BBHIOOpA JIydIINX
MPU3HAKOB Pa3/IeNICHNUS.

- OBJIaJICHHE HaBbIKaMU NPOEKTUPOBAHMS U aHAJIN3a JIEPEBbEB PELICHUH.

MarepunanbHoe obecnedeHue:

Pa3znarounslii Matepuan (KapTOUKH C 3a/laHUSIMU).

TexHuueckue cpeacTBa 00yueHUs: KOMIBIOTEDP C JIMLEH3UOHHBIM ITPOrPaMMHBIM OOecTiedeHneM
U MyJBTUMEANA TPOEKTOP.

Xoa pa0doThI:

Yacrs 1. Boi0op onTuMaJIbHOI MOC/I€10BaTeIbHOCTH BONIPOCOB

PaccMOTpUM TI'MIIOTETHYECKYIO CUTYallMIO: Mbl XOTUM KJIacCHU(UIMPOBaTh JKUBOTHBIX 10
HECKOJIbKMM TpU3HaKaM (LBET IIepPCTH, JJMHA XBOCTa, ¢opma Terna W T.m.). [lpenmonoxkum, Ham
M3BECTHO KOHEUHOE YHCII0 00BEKTOB (KUBOTHBIE) U MPU3HAKH, XapPAKTEPH3YIOIINE KaXJ10€ )KUBOTHOE.

3anonHuTe TaOIMUYKy MPU3HAKOB JUI HEOOJBIIOrO MHOXKECTBA OOBEKTOB (HAmpUMeEp, KOLIKH,
co0aKu, NTULBI U PHIOBI).

IIpumep T20JIMLbI HIPU3HAKOB:

KuBoTHoe lepcrs JiimHa XxBocTa dopma Tesa ITuranue
Komka Ha Cpennsis [IpsimoyronbH. Msico
Cobaxa Ha bonpmas [IpssmoyronbH. Msico
IITra Her Manenbkas Kpyrnas Hacexomsble

Pri6a Her OueHb ManeHbKas Y nnuHénHas Bonopocnu

Ucnome3ys metoz ID3, BeIOepHTE HAMITYIIIHIA TIPH3HAK /TSI IEPBOHAYAIIBHOTO Pa3/IeTICHUSL.
Yacrtp 2. [locTpoeHue 1epeBa pemeHuii
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Hcxonss w3 BbIOpaHHOrO  MpU3HAaKa, NPOJOIDKUTE (OPMHUPOBAHHE JEpeBa  PpEIICHHH,
MOCJIeI0BATENILHO BBIOMpAst MOCIEAYIOIINE IPU3HAKY JJIS TaTbHEHIINX AeJIeHUH.

Iar 1. Haunem ¢ KOpHs AepeBa — JIy4ILIUil IPU3HAK.

Hlar 2. 3atem paznenuM OOBEKTHI COrJIACHO 3TOMY IPU3HAKY M MOBTOPUM HPOLEAYPY BBIOOpa
JIYYILIEro MPU3HAKA CPEAN OCTaBIIMXCS.

[Iponosmxkaiite aeneHue A0 MOJHOTO MCYEPIBIBAHUS NPU3HAKOB WM JAOCTHXKEHUS OJHO3HAYHOMN
KiaccuuKanuu 00bEKTOB.

Yactp 3. KoMOMHATOPHBII aHAIN3

[locunTaiiTe KONMYECTBO BO3MOXHBIX CIIOCOOOB pa3jeleHHs TPYyNIbl OOBEKTOB, YYUTHIBAS
KOMOUHAIMY TPU3HAKOB.

®opmyia s pacuéra o01ero Yucjaa KOMOMHALMIA:

N=mnN=mn

T'ne:

MM — KOJIMYECTBO IPU3HAKOB,

NN — KOJIMYECTBO OOBEKTOB.

[Ipumenure 31y popMyi1y K BalieMy IpuMepy U HallUTE 0011ee YUCIO BO3MOKHBIX KOMOMHAIH.

Yactp 4. OnTuMHU3anMs JepeBa pelieHui

[IpoBeppTe BO3MOKHBIE COKpAlIEHHs JepeBa pEHICHUH IyTéM OObEAWHEHUS BETBEH C
OJIMHAKOBBIMU PE3yJbTaTaMH UM YCTPaHEHHS N30bITOYHBIX BETBICHUM.

KoHnTpoJibHbIE BONIPOCHI:

Uro Takoe AepeBO PEIICHUI U KaK OHO CTPOUTCS?

Kak BpIOpaTh ONTUMAaIbHBINA PH3HAK /TS ACTCHUS Ha Tare IOCTPOSHHUS JiepeBa’?

Uro Takoe HHPOPMAIIMOHHAS SHTPOITUS U KaK OHA IIOMOTaeT MPH BEIOOpE MPU3HAKOB?

Kakue npo0iemMbl BOZHHKAIOT MPH OOJIBIIIOM KOJTHMYECTBE MPU3HAKOB U OOBEKTOB?

B kakux o0macTsax mpuMEHSIIOTCS I€PEBbS PEIIeHUit?

Ilopsinok BbINOHEHHS padOThI:

1. Pemnth 3a1anus B TETpaIu.

2. [lonyuuts y npenoaBaTesns 3a/laHus 1Jil CaMOCTOSITEIbHON padOThI U PELLIUTh UX B TETPaIH.

®opma npeacrabieHus pe3yabTara

B Bam oT4er qOMKHO BOWTH:

Tabnuuka nprU3HaKoOB /7151 pacCMaTPUBAEMBIX OOBEKTOB.

JlepeBo penieHui ¢ yKa3aHUEM 3TAIlOB U IPUHSTHIX PEIICHUM.

Pe3ynbpTaT KOMOMHATOPHOTO aHAJIM3a BO3MOKHOT'O ITPOCTPAHCTBA BEIOOPA MPU3HAKOB.

[IpennokeHus 1o COKpAIEHUIO U YITYUIIEHHUIO JepEBA PELICHHN.

Kpurepun oneHku:

Pemenue 3amaun cumrtaeTcst 0e3ympeyHbIM, €CIIM MPaBUIbHO BbIOpaH CrOCO0 pelIeHus, camo
peleHre CONPOBOXKAAETCS HEOOXOAUMBIMU OOBSCHEHHUSMH, BEPHO BBINOJIHEHB! HY)KHbIE BHIYHUCICHUS
1 IpeoOpazoBaHus, MOJIYUYEH BEPHBIM OTBET, TOCIEI0BATEIBHO U AKKYPATHO 3alIMCAaHO PEILICHHE.

OtmeTka «5» CTaBUTCS, €CIH:

- paboTa BBINIOJIHEHA TIOJTHOCTHIO;

- B JIOTMYECKHX PACCYXJIEHUSIX U 0OOCHOBAHUH PELICHUS HET MPOOETIOB U OUIMOOK;

- B pEHIEHHMH HET MaTeMaTH4yecKuX OIMOOK (BO3MOXKHA OJHA HETOYHOCTh, OIMCKA, HE
SBJISIOIIASACS CIICACTBUEM HE3HAHUS MM HETTIOHUMaHUs y4eOHOTO MaTepuana).

OtmeTka «4» cTaBUTCS, €CIH:

- paboTa BBHIMOJHEHA IOJHOCTHIO, HO OOOCHOBAHHMS IIATOB PELICHHs] HEIOCTaTOYHBI (€Ciu
yMeHHe 000CHOBBIBATH PACCYXK/IECHUS HE SBJSUIOCH CIEIMATILHBIM 00BEKTOM MPOBEPKH );

- JIOmyIIeHa OJiHa OIIMOKa WJIM JIBa-TPU HEJO0YeTa B BBIKIAJIKAX, PUCYHKax, depTexkax WIn
rpadukax (ecyiim 3TH BUJIbI pabOTHI HE SBIISTUCH CIIEIUATBLHBIM O0BEKTOM ITPOBEPKH ).

OtmMmertka «3» CTaBUTCS, €CIIU:

- JonyueHsl Oosiee oAHON OMIMOKM Wi OoJiee ABYX-TPEX HEJAOYETOB B BBIKJIAJKaX, YepTexax
WM rpadukax, HO yJaluiics BiajeeT 00g3aTelbHbIME YMEHUSMH 110 IPOBEPSIEMOIT TeMe.

OTtMeTKa «2» CTaBUTCS, €CIIH:

58



- JONYIICHBI CYIICCTBCHHLIC OH_II/I6KI/I, IIOKa3aBIIMUEC, YTO y‘-I&LLIHfICSI HE BJIaZACCT 06H3&T€HBHBIMI/I
YMEHUSIMH MO TAaHHOM TEME B IMOJHON Mepe.
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