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BBegenne
1. Hesp u 3a1a4u M3yYeHUs] AU CHUNIMHBI

Lens mucrurummasl: (GopMupoBaHue Habopa oOMENPOPECCHOHATBHBIX KOMIETEHITUN
OakanmaBpa 1o HampaBieHuto moarotoBku 09.03.02 «MHpopMalMOHHBIE CUCTEMBI U
TEXHOJIOTHI.

3amaun OCBOCHHUS JUCHMIUIMHBL  (popMuUpOBaHHME NPEACTABICHUNH O pPOJIM M MeECTe
MaTeMaTUKd B COBPEMEHHOM MHpE, 3Talax pa3BUTHS, YHHBEPCAJIbHOCTH €€ MOHATHUH U
npeicTaBieHuii; (OpMHpOBaHHWE YMEHHMH KOHCTPYHMPOBaHMS W aHajdM3a MaTeMaTU4eCKHUX
Mojieniel 00BEKTOB, CUCTEM U MPOLIECCOB MPH PELICHUH 3a]a4, CBSI3aHHBIX co chepoil Oyayieit
npoeCCUOHATILHON JIeSTETbHOCTH; OBJIAZICHHE HABBIKAMH TOYHOTO M C)XKATOTO BBIPAXKEHUS
MaTeMaTHYeCKOl MBICIM B YCTHOM W NHUCHbMEHHOM U3JIO0XKEHHH, C HCIOJIb30BAaHUEM
COOTBETCTBYIOIIEH CHUMBOJIUKHM, TEOPETUYECKOTO M DKCIIEPUMEHTAIBHOIO MCCIEAOBAHUSA B
npodeccuoHaNbHOM e TEIbHOCTH.

2. Ob6opynoBaHue U MATEPUAJIBI

[TpakTrueckue paboOTHI MO JUCHUIUIMHE «JlMCKpeTHass MaTeMaTuKa» IPOBOJSITCS B
yueOHOM ayAuTOpUM C MyJlbTUMenua OOOpYyJIOBaHHEM: NPOEKTOP, KOMIBIOTEp, 3KpaH
HaCTEHHBIN.

3. HammeHoBaHMe NPAKTHYECKHUX PadoT

Ne HaunMeHoBaHHe TeM IMCUMILUIMHBI, HX KPaTKoOe Oo0bem N3 Hux
TeMblI cojiepKaHue 4acoB NpaKTHYecKasi
NMOAr0TOBKA, YaCOB
3 cemecTp

1 CnocoOpl  3amaHusi MHoOXecTB. Omnepanuu  Hax 2 2
MHO>KECTBaMHU.

2 OTHOICHMS. OTHoO1ICHHS SKBHUBAJICHTHOCTH. 2 2
OtHomenne mopsanka. CBoiicTBa  OTHOIICHUH.
Orobpaxenus. WHbekus, COPBEKUIUS, OUEKIIHS.
[TonsiTne hyHKIMH.

4 OcHoBHbIE aJiIreOpandyecKkue CTPYKTYpBhIL. 2 2

5 Onepanuu  HaJa  BBICKa3bIBaHUSAMH. Tabmuiet 2 2
UCTUHHOCTH. JIornueckue 3a1aun.

5 Hcuucnenune BBICKA3bIBAaHUM. Anroputm 2 2
yaudukanuu. [IpaBuna BeiBojA.

6 Hcuucnenune IIPEIUKATOB. ABTOMaTHUECKOE 2 2
JI0Ka3aTeJIbCTBO TeopeM. MeTo1 pe30Itoiuii.

7 CrocoOwr  3amanusi OyineBoil QyHkmmu. Tabnwuia 2 2
HWCTUHHOCTH OYJIeBOI (YHKIINH.

7 [IprMeHeHne 3aKOHOB aNreOphl JIOTUKH. 2 2

8 JM3bIOHKTUBHBIE U KOHBIOHKTHBHBIE COBEPILECHHBIE 2 2
HOpMaJibHbIE (DOPMBI.

8 AJITOPUTMBI NOCTPOCHUS TOJMHOMOB JKerajikuHa. 2 2

9 Pa3memienus, MePECTaHOBKH, COUYeTaHus B 2 2
KOMOWHATOPHKE.

9 [TogcranoBku.  buHOMHMaNbHBIE  KOI(PDHUIIUCHTHI. 2 2
Paz0uenusi.

13 OCHOBHBIE  XapakTEepPUCTHKUH TpadoB. Marpuirsl 2 2
CMEXHOCTH M MHIMACHTHOCTU. Ornepanuu Haj




rpadamu.

14 OiinepoB rpad. Kpurepuii sitnepoBocT. 2 2
14 ["aMuIbTOHOB Tpad. 2 2
15 AnroputM @opna — bennmana  HaxoxAeHUS 2 2
MUHUMAJIEHOTO My TH B Harpy»XeHHOM
OpUEHTHPOBAHHOM Ipade.
15 3a1aya HaxXOXKAEHUSI KPUTUUECKOTO MyTH B rpade. 4 4
16 [TocTpoeHre MUHHUMaJIBHOTO OCTOBHOTO J€peBa 4 4
Harpy>keHHOro rpada.
Hroro 3a 3 cemectp 36 36




4. Conep:kaHue NPaKTHYECKUX PadoT

IIpakTuueckas padora Nel. CpnocoObl 3aganuss MHOxkecTB. Onepanuum Haj
MHOKeCTBAMU.

Ilenv 3anamus. IIpuoOpecT HaBBIKM 33JaHUSI MHOXKECTB, BBITIOJIHEHUS ONepanuil Haj
MHO>KE€CTBaMHU.

3nanusa u ymenusa, npuoodpemaemovie CHYOCHMOM 6 pe3yabimame O0CE60EHUA HeMbl,
dopmupyemovie kKomnemenyuu. 3HaeT U yMeEeT IPUMEHATh Oa30Bble ONEpaly HaJ
MHO’KECTBaMHU.

Teopemuueckas uacme.

[lonsiTe MHOXECTBa HE OIpEAeNseTcs, a JMIIb WUIIOCTPUPYETCS MPUMEpaMH.
Hanpumep, MoxHO roBopuTe 0 MHOxkecTBe crared ['K P®, o MHO)keCTBE JOTMYECKHX BO3-
MOKHOCTEH U T.7. MHOXecTBa OyaeM 0003HayaTh MPONUCHBIMHU JATUHCKUMHU OykBamu: A,B,...
Ecnu snemMeHT Xx NpUHAUICKUT MHOXKECTBY A, NMUIIYT X € A (YUTAIOT: «X MPHUHAIJIECKUT
MHOXECTBY A»), B MNPOTUBHOM NHUIIYT X £ A («x HE NPUHAUIKHUT MHOXKECTBY A»).
MHoecTBO, HE colepKallee HU OIHOrO DJIEMEHTA, Ha3bIBAIOT MYCMblM, €r0 0003Ha4yaroT
CHMMBOJIOM Q.

MHnooicecmeo  cuumaemcs 3a0aHHbIM, €CIM O JIOOOM JIaHHOM OOBEKTE MOKHO
OJTHO3HAYHO CKa3aTh MPUHAAJICKUT OH 3TOMY MHOXKECTBY WIM HeT. PaccMoTpuMm odea cnocoba
3aJlaHUsl MHOYKECTBA!

* 7aeTcs MOJIHBIN NEPEUYEHb 3JIEMEHTOB MHOYKECTBA; HAIIPUMEP, MHOXKECTBO PE3yJIbTaTOB
rOJI0COBAHUS MPUCSKHOTO TAKOBO: {«3a», KIIPOTHUBY, «BO3JIEPIKAJICI» | ;

* YKa3bpIBAeTCS TMPABWJIO OIpPENENCHUS TPHUHAUICKHOCTH JHOO0ro 00BEKTa K
paccMaTpuBaeMOMy MHOXKECTBY; Hampumep, 3amuch A = {x : |x| < 10} o3Havaer, 4To0 A COCTOUT
U3 TakWX YHCEN X, MOIYJb KOTOpbeIX MeHblle 10 (mocie IBOETOYMS 3amucaHoO IPaBHIIO,
KOTOPOMY JOJKHO YJIOBJIETBOPATH YHCIIO X, UTOOBI €r0 MOKHO OBLIO OTHECTH K MHOXECTBY A).

JlBa MHOKECTBa, COCTOSIIIME M3 OAHMX MU TEX XE DIEMEHTOB, HA3bIBAIOTCSH PAGHLIMU.
Ecnu mHO)ecTBa A 1 B paBHbI, TO numyT A = B.

Ecnn kakaplii 2IEMEHT MHOXECTBA B sBisieTcs B TO k€ BpeMsl 2JIEMEHTOM MHOKECTBA A,
TO TOBOPAT, 4T0 B — noomnoowcecmeo muoxectsa A. B atom ciydae numyt B < A (uurtator «B
— MOJIMHOKECTBO MHOXKECTBA A»).

B nocnenyromieM, HCX01HOE MHOKECTBO Oy/ieM Ha3bIBaTh VHUBEPCANbHLIM U 0003HAYATh
U. Cobcmeennvie noommnodcecmea MHOKecTBa U — 3TO Te MOJIMHOXKECTBA, KOTOPHIE COAEPIKAT
HEKOoTopble, HO He Bce anneMeHThl U. Hapsiny ¢ coOCTBEHHBIMH MOJMHOKECTBAMHU YCIOBUMCS
camo U 1 mycTo€ MHOKECTBO @ TaK)K€ CUMTATh IOJIMHOKECTBaMU MHOkecTBa U.

PaccmoTtpum mporiecc 06pazoBaHus HOBBIX MHOXECTB M3 IaHHBIX MHOXeCTB A u B, npu
3ToM OyzaeM mpendnonaratb, 4ro U A, u B, u BHOBb 00pa30BaHHOE MHOXKECTBO SBIISIOTCS
MOJIMHO’KECTBaMU HEKOTOPOI'0 YHUBEpcaIbHOro MHOXecTBa U.

Obveounenuem MHOXeCTB A U B (obo3Hauaetcs A U B) HaspiBaeTcs MHOXECTBO,
COCTOSIIIIEE U3 BCEX TEX JIEMEHTOB, KOTOpbIE MPUHAJIIEKAT XOTS Obl OJHOMY M3 MHOXKECTB A, B.
Ilepeceuenuem MHOXKecTB A u B (0003HauaeTcss ANB) Ha3bIBaeTCSI MHOXKECTBO, COCTOSIIEE U3
BCEX TE€X U TOJIBKO TE€X AJIEMEHTOB, KOTOpbIE MpUHAANEXKAT U A, U B. Paznocmbo MHOXECTB A 1
B (06o03Hauaetcs A | B) Ha3bIBaeTCsI MHOXKECTBO BCEX TE€X U TOJBKO TEX 3JEMEHTOB A, KOTOpPbIE
He conepxartcs B B. [lycts U— yHusepcanvroe munodxcecmeo Takoe, 4TO BCE paccMaTpUBaeMble
MHOKECTBA SABJIAIOTCS €0 IOJIMHOXKECTBaMU. /[ononHenuem MHOXKECTBA A  Ha3bIBAETCS
MHO’KECTBO BCEX AJIEMEHTOB, He pUHauIexamux A (Ho npuHaanexamux U).

Ecin paccMoTpeTs HEKOTOpbIE KOHEUHble MHOXecTBa N M M, y KOTOPBIX HMMEIOTCS
COOTBETCTBEHHO HeKoTopble uucia aneMeHToB Kk(N), k(M), To mmeer mecto cienyrouiee
COOTHOUICHHE:

k(NUM)=k(N)+k (M) -k(N N M).



IIpumep. BerynurenbHbl 5k3aMeH MO (U3MYECKOM MOAroToBKE B MOCKOBCKHUI
yuuBepcuter MBJI Poccun cnaBamu 2500 abutypuenTtoB, oreHky Hike "5" momyuwnm 1800
YeJIOBEK, a BbIIEepKau 3TOT 3k3aMeH 2100 abutyprueHToB. CKONBKO YEJIOBEK MOIYUMIH OLEHKH
"3"n "4"?

Pemenue. peanonoxum, 4to N — MHOXKECTBO a0OUTYPUEHTOB, BBIICP)KABIIMX IK3aMEH
1o (u3nueckoil MoAroToBke, M — MHOXECTBO aOUTYpUEHTOB, NMOJYUYMBIINX OLIEHKH HIKe "5".
ITo ycnoButo 3amaun mmeem k (N) = 2100, k(M) = 1800, k (NUM) = 2500. AOUTypHUEHTHI,
nosyuuBiye oueHku "3" u "4", o6pazyror MHOkecTBO NNM. [IpuMensis npuBeIeHHYIO BbIIIE
bopMyITy, HAXOIUM:

k(N UM)=k (N)+k(M)—-k(N N M).
KNNM)=k(N)+kM)-k(N UM),
k(N N M) =2100+1800-2500 = 1400.
Otget: 1400 yenoBek NOIYYMIN OLIEHKH «3» U «4».
KoHTpo/ibHBIE BONIPOCHI M 32/1aHUSA

3agaua 1. Ha nmepBom Kypce ciiecTBEHHOro (akyiapTera MOCKOBCKOIO YHHBEPCHUTETA
MB/] Poccun 1500 xypcanToB, u3 KoTopblx 1050 KypcaHTOB M3y4darOT aHIVIMHCKHUM SI3BIK, 675
KypCaHTOB M3y4yaloT HEMELKHUH A3bIK U 345 KypcaHTOB M3y4aroT 00a s13b1ka. CKOJIBKO KYpCAaHTOB
CJIEJICTBEHHOTO (DaKyIbTETa HE U3yYalOT HU aHTIUHCKUH, HI HEMEIIKAN SI3BIK?

3agaua 2. B onuMmnumane mo mH(pOpMaTMKE M MaTeMaTHKe NpuUHUMaiu ydactue 40
KypcaHntoB MockoBckoro yHuBepcurera MBJ[ Poccun, UM OblIO MPEAsIOKEHO PELIUTH OJIHO
3aJjaHie 10 HMH(POpPMATHKE, OAHO IO MpaBoBON MH(pOPMATHKE M OJHO IO MaTeMaTHKe.
Pe3ynbpTaThl NpoBEepKH pelIeHn 3aJaHuil PeACTaBIEHbI B Ta0JIULE:

Pemiensr KonuyectBo Pemiens! 3ananus KonnyectBo
3aJjaHus pEIMBIIAX pEIMBIIAX
ITo 20 [lo  uHpopmaTMKEe U  NPaBOBOU 7
uHpOpMaTUKe uHpOpMaTHKE
[Io mnpaBoBoii 18 ITo undopmarrke u MaTeMaTHKE 8
uHpopMaTUKe
Ilo 18 [To nmpaBoBo# HHPOPMATUKE U 9
MaTeMaTHKe MaTeMaTHKe

W3BecTHO Takke, YTO HU OJIHOTO 3aJjaHusl He peruiiu Tpoe. CKOIbKO KYpCaHTOB PEIININ
Bce 3 3ananusa? CKOJIbKO KypCaHTOB PEIINIIN POBHO 2 3a1aHuA?

3agavya 3. B marazuHe KaHIEISPCKUX MPHHAIICKHOCTE MOCKOBCKOTO YHUBEPCHUTETA
MB/I Poccun KypcaHTbl 0OBIYHO MOKYHAIOT MO0 OJHY PYUKY, JIMOO OJHY TE€Tpajb, TMOO0 OJHY
PYUKy ¥ OJIHY TeTpajib. B oqun u3 nuelt 66110 pogaHo 57 pyuek u 36 tetpaneil. Ckonbko ObLI0
MOKYyTaTesnen, ecnu 12 KypcaHTOB KyIIWIN U pydKYy, U TeTpaab?

3amada 4. B ogHOM M3 ropoJ0oB YKpawHbl YacTh >KUTEJIEH TOBOPUT TOJIBKO IO-PYCCKH,
4acTh - TOJBKO IO-YKPAaWHCKH, YacCTb F'OBOPUT U IO-PYCCKH, U MO-YKpauHCKU. M3BECTHO, 4TO
90% »xwuTeneit ToBopuT mo-pyccku, a 80% - mo-ykpamHcku. Kakoil MpOIEHT KUTele ropoaa
TOBOPUT Ha 000UX s3bIKaX?

3anmava 5. Kaxnaplii U3 KypcaHToB yueOHOU rpymnmnbsl MockoBckoro yHuBepcureta MBJ]
Poccun B 3MMHHME KaHUKYJBl POBHO JiBa pa3za OblI B TeaTpe, MpU 3TOM crekTakiun N, M u P
BUJIEIM COOTBETCTBEHHO 25, 12 m 23 kypcanTa. CKOJIBKO KypCaHTOB B Yy4yeOHOH rpymme?
Cxonbko u3 HuX Bujenn cruekrtakid N u M, N u P,M u P?

3amaua 6. B yueOHoit rpymnme u3 40 xypcantoB 30 yMerOT miiaBaTh, 27 YMEIOT UTpaTh B
[1aXMaThbl U TOJIBKO 5 HE YMEIOT HM TOro HU Jpyroro. CKOJIBKO KypCaHTOB YMEIOT IlIaBaTh U
WTpaTh B IIAXMaThI?



3anaua 7. B TeueHue Henenu B KMHOTeATpe JeMOHCTpupoBanuck Guiabmsl A, B u C. U3
40 MWKOIBHUKOB, KAXKIBIA M3 KOTOPHIX MPOCMOTpEN JInO0 Bce TpH (uibma, 1100 OAUH U3 TpeX,
¢wieM A Bugenu 13, ¢unem B—16, ¢punem C—19 mkonbHukoB. HaifTh, CKOJIBKO yUYeHHKOB
MIPOCMOTpEINH BCE TPU (pHiibMa.

3anaua 8. B cnoptuBHOM Jarepe 65% pedst ymerot urparsb B pyr601, 70%—s Boseibon
u 75%—s Gacket6on. KakoBo HanmmeHblllee YUCIO pedsAT, yMEIOMMX Urpath U B ¢yTOOI, U B
BOJICHO0II, ¥ B OackeT001?

3amaga 9. Ha ypoke yimrepaTypbl y4uTeNlb pellni y3HaTh, KTO M3 40 y4eHHMKOB Kiacca
gyutan kHuru A, B u C. Pe3ynbTarsl onpoca oka3zaiauch TakoBbl: KHUTY JI unTano 25 yvammuxcs,
kaury B-22, kaury C—raxoke 22. Kauru A winu B unranu 33 yuenuka, A wiu C—32, B unu C
—31; Bce Tpu kHuru npow 10 ydammxcsa. CKOJIBKO YYEHMKOB IPOWIN TOJIBKO MO OJHOMU
kHUre? CKOJIBKO yYalIuxcs He YUTAIU HU OJTHOM U3 3TUX TPeX KHUT?

3agaua 10. Cpenu aOUTYpUEHTOB, BBIJIEPXKABIIUX MPHUEMHBIC SK3aMEHBI B BY3, OLCHKY
«OTJINYHOY» TOJIYYMJIM: 10 MareMaThuke—48 abutypueHToB, 1o ¢uznke—37, M0 PyCcCKOMY
A3bIKy—42, 110 MaTeMaTUuKe WM (U3uKe—75, IO MaTeMaTUKe WU PYCCKOMY SI3BbIKy—7/6, 1O
¢bu3uKe UM pyccKoMy s3bIKy—66, mo BceM Tpem mnpeameraM—4. CKOIbKO aOUTYpHUEHTOB
MOJYYHITH XOTs ObI OAHY MATepKy? CKOJIBKO Cpeid HUX MOJTYYHMBIINX TOJBKO OJIHY HATEPKY?

Pexomenodyeman numepamypa:

OcHoBHas JuTEepaTypa:
3apunoBa, 3. P. Jlekuun mo JUCKpeTHOM MaTeMaTHke. MaremaTtudeckas JIOTHKa: ydeOHoe
nocobue / O. P. 3apunosa, M. I'. Kokotuukosa, JI. A. CeBacThsiHOB. — MockBa : Poccuiickuii
YHUBEpPCUTET  JpyxObl  Hapojos, 2014. — 120 c¢. — Pexum  jgocrymna:
http://www.iprbookshop.ru/22190.html

JlonoJHUTeIbHAS JINTEpaTypa:
Xarraptu, P. JluckpeTHas MaremaTHKa JJisl IPOTPaMMUCTOB : yuebHoe nocobue / P. XarrapTu.
—  MockBa :  Texnocdepa, 2012. — 400 c. — Pexum  gocryna:
http://www.iprbookshop.ru/12723.html

IIpakTuueckass padora Ne2. OtHoumienusi. OTHoUIEeHUs] IKBUBAJEHTHOCTH.
OtHomenne mopsinka. CpoiictBa oTrHomeHuil. OroOpaxkenus. UHbeknusi, CropbeKknms,
Onexkuus. [lonsitue pyHKkumu.

Ilenv 3anamusa. IlpunoOpecTy HAaBBIKM ONpE/AEICHUs BUIAa OWHAPHOTO OTHOLICHHUS, €T0
CBOMCTB M cIOC00a 3aJaHusl.

3nanua u ymenusa, npuoodpemaemvie CmMyOeHmMOM 6 pe3yibmame 0C60CHUA MeMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHbIE OMHAPHBIE OTHOLIEHUS M UX CBOWCTBA, YMEET
IIPUMEHATH CBOMCTBA OTHOILIEHUI HA NPaKTUKE.

Teopemuueckas uwacms.

bunapHble OTHOILIEHUS YCTAaHABIMBAIOT COOTBETCTBHS JJIEMEHTOB OJHOIO MHOKECTBA
3JIEMEHTaM Jpyroro MHokecTtBa. Ecinm, Hampumep, sneMeHT XEX COOTBETCTBYET JJIEMEHTY
YEY, TO (akT 3TOro COOTBETCTBUS MOXHO 3alUcaTh B BHJIE YNOPSAIOYCHHOM mapbl (X,y).
[IpaBwiio (mpeanucanue, NPUHIKI), 10 KOTOPOMY 3JIEMEHTY X U3 X CTaBUTCS B COOTBETCTBHE Y
u3 Y BBIpaXKaroT JMO0 B CIOBECHOH (opme, nbO B cuMBONIMYEecKOl (dopmanbHOU U T.11.). B
OOJBIIMHCTBE CIy4yaeB CHUMBOJMYecKas ¢opma umeeT BUI XRy M uuraercs crienyronmm
0o0pa3oM «X HaxoAWTCS B OTHOIIEHMHM R Kk y». B mpunmume, ecim Mexay HEKOTOPBIMHU
JJIeMEHTaMH MHOXECTB X W Y ONpeleieHo OTHomeHHe R, To o0HO MoxeT ObITh
OXapaKTepU30BaHO OJHO3HAYHBIM MPOCTHIM MEPEUUCICHUEM BceX Map (X,y), B KOTOPBIX X U Y
cBA3aHbl cooTHomeHneM R. B mocienneMm ciydae oTHomeHue R MOKHO NMpHHHMMAaTh Kak BCE
MHOXECTBO JIONTyCKaeMbIX UM YNOPSAJOYSHHBIX Map BHIA (X,y) M mucath (X,y)€ER, rae “R” yxe
BBICTYNAET KaK CHMBOJI MHOXKECTBA.



Bunaproe otHomeHne K HazbiBaeTcsi pehIeKCUBHBIM, eciu (X,X) € R 1 Bcex XEX. D10
OTIpeJielicHUE Ha SI3bIKE TEOPUH MHOXECTB IMHUIIETCS B clieayronieM Buae: EER, Vxe X e E =
{(x,x)/x € X}c XX X.

OtrHomrenne R HaspiBaeTcs aHTHpeIeKCHBHBIM (MppedIeKCHBHBIM), ecn (X,x)€ R, V
x€X mmuRNE=0.

bunapHOe OTHOIIEHWE HA3bIBACTCS CUMMETPUYHBIM, eciu (X,1)ER => (y,x) €R mim R
=R’

OtHomenne R Ha3zpIBaeTCsl aHTUCUMMETPHUYHBIM, el (X,1) €ER u (y,Xx) ER = x =y unmm
RNR'CE.

OtHomenne R Ha3pIBaeTCs aCUMMETPHUYHBIM, €CIIM U3 ABYX OTHOmIeHUH XiRxj u  XjRx;,-
BBINOJIHSIETCS TI0 MEHBIIEH Mepe 0/iHO, T. €. RNR'=0. Ciexyer 3aMeTuTh, 4T0 U3 acuMmeTpun R
BBITEKAET €r0 aHTUPE(PICKCUBHOCTb.

bunapHoe ortHomenue R Has3biBaeTcs TpaH3UTHBHBIM , eci (X,yY)ER u (y,z)€ER =
(x,z2)€ER wm R°RCR. Boiee mpocTo CBOWCTBO TPaH3UTHBHOCTH OTHONIEHHS R MOXHO
copMynupoBaTh cleayrommM obpasoM: u3 XRxj; u x;Rxy Bcerma cienyer xiRxy. ITpumepom
TPAH3UTUBHOIO OTHOIICHMS MOJKET CIIy)KWUTh OTHOLICHHE BKJIOUEHHsS Ha MHOXecTBax. B
gacTHOCTH ACB u BcC = AcC.

OTHolIeHHEe  HSKBHUBAJIEHTHOCTU  OIpenessieTcss Kak  OTHOILIeHWe, oOjajaaroriee
CIICAYIOIIMMHU CBOUCTBaMHU: 1) pedIeKCUBHOCTD, 2) CHUMMETPUYHOCTb, 3) TPAH3UTUBHOCTD. i
0003HaveHnsT 3TOro OTHOIIEHU BBOIIAT cuMBoi " ~ ". Eciim R oTHOIIEHHe DKBHUBAJIEHTHOCTH,
TO 3amMCh X RX; U X; ~ X paBHO3HauHbI (R CX X X).

[TpumepoM OTHOIIEHUS! SKBUBAJIEHTHOCTH B T€OMETPUU SABIISIETCS OTHOLIEHHE "Moao0us "
(KOHTPYIHTHOCTH).

KoHTpo/ibHBIE BONIPOCHI M 32/1aHUSA

1. OtHomenune R: “<” Ha MHOXECTBE [OEUCTBUTEILHBIX YHCEN SBISIETCSI JU
pediekcuBHBIM?

2. Otgomenne R: “<” Ha MHOXECTBE IEHCTBUTEIBHBIX UYHCEN SABISETCA JIU
TPaH3UTUBHBIM?

3. Kakum sBnsieTcsa oTHomeHue R: “<” ?

4. OmnpenenuTth, KaKMMH CBOWCTBaMU 00JlaZjaeT OTHOLIEHHE R: «IIpuHAAIEKHOCTH K
OJTHOM CTyJIeHYECKOM Ipymnme» Ha MHOXKECTBE CTYJIEHTOB HHCTUTYyTa?

5. TpaH3WTHUBHO JIM OTHOIICHUE HEPABEHCTBA HA MHOKECTBE JACHCTBUTEIBHBIX YUCEI?

6. TpaH3UTHBHO JIU OTHOIICHNUE PABEHCTBA TPEYTOJILHUKOB B T€OMETPUN?

7. dns muoxectB A, B, u C cipaBennuBo otHoienue A N B= 0, B N C = @. fBnsercs
JIM 3TO OTHOIIEHHE TPAaH3UTUBHBIM?

8. Onpenenure CBOMCTBa CJEIYIOIINUX OTHOIICHUM:
1. «psiMas X mepecekaeT NpsAMYI0 y» (Ha MHOKECTBE TPSIMBIX);
2. «gaucyo X 0oIbIne yucia y Ha 2» (Ha MHOKECTBE HATYPaTbHBIX YUCE);
3. «4Hucmo X JAENUTCS Ha 4Yucio y 0e3 ocTarkay (Ha MHOXECTBE HATYpaJlbHBIX YHCEN);
4. «x - cecTpa y» (Ha MHOYKECTBE JIFOJIEH ).

9. JIns 3amanubiXx Ha MHOXecTBe A={1,2,3,4,5} OMHAPHBIX OTHOIICHUH p U T:

p={(x ) 1(x=2)y-2)c1}; r={(x,y):2x23y]
a) 3aKMcaTh MaTPHIIBI ¥ IIOCTPOUTH IPaUKH;
0) HAlTH KOMITO3UIIUIO p © T,

B) MCCJIEIOBATh CBOMCTBA OTHOLICHUH P, T U P © T (peIEeKCUBHOCTD, HPPEIIEKCUBHOCTS,
CUMMETPUYHOCTh, aHTHCUMMETPUYHOCTD, TPAH3UTUBHOCTB ).

Pexomenodyeman numepamypa:
OcHoBHas JInTEpaTypa:
3apurnioBa, D. P. Jlekuu 1mo TUCKpEeTHONW MaTeMaTHKe. MareMaTHdecKas JIOTHKa: yaeOHoe
nocooue / D. P. 3apunosa, M. I'. Kokotunkosa, JI. A. CeBactbsiHOB. — Mocksa : Poccuiickuit
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YHUBEPCUTET JpyKO0bl Hapo10B, 2014. — 120 c¢. — Pexxum goctyna:
http://www.iprbookshop.ru/22190.html

JlonoJHUTeIbHAS JINTEpaTypa:
Xarraptu, P. JluckpeTHas MmaTreMaTuka Juisi IpOrpaMMHUCTOB : yuyeOHoe nmocobue / P. XarrapTu.
— Mockaa : Texnocdepa, 2012. — 400 c. — Pexxum nocryna:
http://www.iprbookshop.ru/12723.html

IIpakTHyeckas padora Ne3. OcHoBHBbIe ajiredpanyecKkne CTPYKTYPbI.

Lenv 3anamua. IlpuoOpecTd HABBIKM OIpENEICHUS OCHOBHBIX alre0pandecKux
CTPYKTYP U OTIPEICIICHHS X CBOUCTB.

3HaHuA u ymenus, npuoopemaemvie CHYOEHMOM 6 pe3yibmame O0C60CHUS MeEMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIC aJIreOpanyecKue CTPYKTYPhl U yMeEeT
OnpeensaTh UX CBOMCTBA.

Teopemuueckas uacme.

B wmaremaTmke u pa3iUyHBIX €€ MPUIOKEHUSAX BAXKHYIO pOJIb WIpaloT TaKHe
MaTeMaTU4eCKHe 0OBEKThI, KOTOPHIC HA3BIBAIOTCS alreOpandecKUMH CTPYKTypaMu. B mmpoxom
CMBICTIE MO anreOpanuecKoi CTPYKTYpOil MOHUMAIOT BCSAKOE MHOXKECTBO, HA KOTOPOM 3a/IaHbI
HEKOTOpBIE Orepaiuu (T.e. 3aKOHBI, CTaBAIINE B COOTBETCTBUE OJHOMY HJIM TIape DJIEMEHTOB IO
onpeaenéHHOMY MPaBUITY IPYTroi dNIeMeHT), 001Iaiaore onpeaenéHHBIMUA CBOMCTBAMH.

BoaBIMHCTBO CBOWCTB M pe3yJbTAaTOB 00 ITHX MHOXKECTBAX IMOJY4alOT, OMUPAsCh Ha
KOHKPETHYIO MPUPOJY 3JIEMEHTOB 3TUX MHOXKECTB M HA KOHKPETHBIM CMBICI OMNEpalui Haj
HUMH. B TO ke BpeMsi MHOTHE pe3yJbTaThl MOXKHO TOJYYUTh HE3aBUCUMO OT MPHUPOJIBI ITHUX
MHOECTB U KOHKPETHOTO CMBICJIa ONEpalii, a UCXO/s TOJIBKO U3 CBOMCTB 3TUX ONEpaLIUi.

Cpenn TaKHUX CBOWCTB onepanui paccMaTpuBarOTCS: aCCOIIMAaTUBHOCTb,
KOMMYTAaTUBHOCTh, JIUCTPUOYTUBHOCTh, HAIWYHE CICHUATBHBIX DJIEMEHTOB, O00JIaJar0IINX
oTnpeneNEHHBIMU CBOMCTBAMH (HYJIEBOW, €IUHUYHBIN (HEUTpaJbHBIN), OOpaTHBINA 3JIEMEHT K
JAHHOMY U T.1.).

B 3aBUCMMOCTH OT KOJWYECTBA OIEpaliii M CBOWCTB, KOTOPHIMU OHH 0O0JIaJaroT,
pa3INyaioT CIeIyIONINe anredpandecKue CTPyKTYPHI.

Ilonyepynnoti Ha3pIBaeTCss MHOXXECTBO (7, HA KOTOPOM 3ajaHa OWHApHas ormepanus *
(uacTo e€¢ Ha3pIBAIOT YMHOXEHHEM U 0003HAYarOT * ), JUIsI KOTOPOW BBIMOJIHAETCS CBOWCTBO
acCOLMAaTUBHOCTH, T.€. Uil M0ObIX a,b,c € G (axb) *c = ax(bxc) . Ecniu B momyrpymme
MMeeTCS HEUTpaJbHBIN AJEeMEHT e (HyJIeBOW, €IMHUYHBIN), T.€. TaKOH, UTO ake=exa=a nJs
moboro a€ G, To nonyrpynna G Ha3bIBaeTCsl yHumapHot (MOXYTpyHnon ¢ HyIéM; NOXyrpynnon
c enuHuuer). Ecnu B monyrpymme BBIIOJNHSIETCS KOMMYTAaTHBHBIM 3aKOH, T.€. €ClU A
mo0bIX a,hbEG axb = bka, TO OIyTpyNIa Ha3bIBACTCA KoMMmymamuenou (W abenesoll).

YHuTapHas MONYTpYIIa Ha3bIBACTCS epynnou, ecinu s moboro a€G CyIEecTBYeT
oOpaTHbIii dnemeHT b € (G, T.e. Tako, 4To0 akb = bxa = e. Ecnim monmosHUTETHHO
BBHITIOJTHSETCSI CBOWCTBO KOMMYTAaTHBHOCTH, TO TpyINIa HA3bIBACTCA KoMMmymamugHou (Wiu
abenesotl), © B 3TOM Cllydae OOBIYHO MPUMEHSETCS AQJIWTHBHAs CHUMBOJIMKA, T.C. OTEPAIIHs
o0o3HavaeTrcs  +,  HeWTpaubHbIl dmemMeHT (0, o0OpaTHBIA »dJIEMEHT K @ Ha3bIBAIOT
MIPOTUBOMOJIOXKHBIM U 0003HAYAETCA: -d.

Ecnu B aGeneBoit rpynmne (K , +) Hapsay c onepamuei CIoXeHHUs + 3ajJaHa emé oHa
omepanus: MPOU3BEACHUE * (MO - ), KOTOpas CBsi3aHa C + NUCTPUOYTUBHBIMH 3aKOHAMU:
(at+bykc=(axc)+(bxc) , ax (btc)=(axb)+(a*c) IS Jo0bIX  ab,e € K wm
Oka=ax0=0 mmst moboro a € K, To K HaszwBaercs xonvyom. Ecim B komeie (K, +, %)
JOTIOJTHUTENBHO ISl IPOU3BEACHUS * BBIMOJIHAETCS aCCOLMATUBHBIN 3aKOH, T.€. €CIU

(ax b) kc=ax(bxc) nns moowIX a,b,c € K,

TO KOJIbLIO HA3bIBACTCS ACCOYUAMUBHLIM. A €CIM KpOME TOTO CYILIECTBYET €IMHUYHBIN
aMeMeHT 1, T.e. Tako, uTo 1*a = axl=a nns m060ro a€ K, TO KONBIO HA3BIBACTCS YHUMAPHLIM
(wm konbuoM ¢ 1). Eciu B KOdbIE BBINOJHSAETCA KOMMYTATHUBHBIM 3aKOH JUISL %, TO KOJIBLIO
HA3bIBACTCSI KOMMYMAMUBHBIM.



ACCOLMAaTUBHOE YHUTAPHOE KOIBILO, B KOTOPOM KaK[Iblil HEHYIEBOM 3JIEMEHT d MMEET
o0paTHBI @, T.e. TakoM, 4TO axa' = a'*a = 1 HaswBaeTcs menom. KoMMyTaTUBHOE Teno
Ha3bIBAETCS NOMEM.

KOHTpOJIbele BOIIPOCHI U 3alaHUA

SBnsieTcs nM  cieayrollee MHOXECTBO TPYIION, KOJIBIIOM, IIOJEM OTHOCUTEIBHO
CJIOKEHMSI YUCEJl U YMHO)KEHHUS YUCEIL:

Bapuanm 1. - MHOXECTBO JI€MCTBUTENbHBIX YHUCEIT,

Bapuanm 2. - MHOECTBO pallMOHAIbHBIX YUCEIT;

Bapuanm 3. -MHOXECTBO LI€JIBIX YHCET;

Bapuanm 4. -MHOXECTBO HEOTPULATEIBHBIX PALIUOHAIBHBIX YHCEI;

Bapuanm 5. -MHOXeCTBO HaTypalbHBIX YHMCEIL,

Bapuanm 6. -MHO€CTBO HEOTPULIATENIbHBIX JEHCTBUTEIBHBIX YHCET;

Bapuanm 7. -MHOXECTBO YETHBIX LIEJIBIX YHCEN;

Bapuaum 8. -MHO€CTBO HEOTPULIATENIbHBIX LENBIX YUCEIT;

Bapuanm 9.  -MHOXECTBO MPOCTBIX YHUCEIT,;

Bapuaum 10. -MHOXeCTBO KOMIUIEKCHBIX YHACEN?

OTtBeT 000CHYHTE.

Pekomenoyemasn numepamypa:

OcHoBHasI IUTEpaTypa:
3apurnoBa, D. P. Jleknuu 1o 1uckpeTHON MaTeMaThke. MaremaTiudeckas JIOTUKa: yaeOHoe
nocobue / D. P. 3apunosa, M. I'. Kokotunkosa, JI. A. CeBacThsiHOB. — MockBa : Poccuiickuit
YHUBEPCUTET ApYKObl HapoaoB, 2014. — 120 ¢. — Pexxum nocryna:
http://www.iprbookshop.ru/22190.html

JonotHUTeILHAS JIUTEpPaTypa:
Xarraptu, P. JluckpeTHas MmaTeMaTHKa Jijisi IPOrPaMMHUCTOB : yueOHoe mocooue / P. XarrapTu.
— Mockaa : Texnocdepa, 2012. — 400 c. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTnueckass padora Ned. Omnepanum Haa BbICKa3bIBaHUSAIMH. Tabamubl
HCTUHHOCTH. Jlornyeckue 3agavu.

Ilenv 3anamus. llpunoOpecTd HABBIKM  BBINIOJHEHHSI JIOTMYECKUX OIEpaluii HaJ
BbBICKAa3bIBAaHUSAMU.

3nanua u ymenus, npuodpemaemovie CHYOEHMOM 6 pe3yibMmame O0C60eHUs HeMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIC TMOHSTHSI TEOPUU BHICKA3BIBAHUM U yMeEeT
BBITIOJHATH OMNEpallii HaJl BBICKA3bIBAHUSAMHU, CTPOUTH TAOJMIly MCTHUHHOCTH BBICKA3bIBAHUS,
MPUMCHATH NOJYUYCHHBIC 3HAaHUS K pCHICHUTIO JIOTUYCCKUX 3aJiay.

Teopemuueckas uacme.

OCHOBHBIM TOHSITHEM MaTEMaTUYECKOW JIOTUKH SIBIISIETCA TOHATUE 8bickazvieanus. 11of
BBICKa3bIBAHUEM OOBIYHO MOHHMAIOT BCAKOE IMOBECTBOBATENLHOE MPEIOKEHHE, 00 UCTHUHHOCTH
HIIN JIO)KHOCTU KOTOPOIro HMMECT CMBICII TOBOPUTD. Bcsikoe BbICKa3bIBaHUE SBISIETCS JIHOO
UCTHUHHBIM, JHOO JIO)KHBIM, HO HE MOXET OBIThb OJHOBPEMEHHO HCTUHHBIM U JIOKHBIM.
Paznnuaror INpOCTBIC W COCTAaBHBLIC BLICKA3bIBAHMA. BI:ICKEBI)IBaHI/IC, MNpEACTaBIAOIICE
CBSI3bIBAHUE MPOCTHIX BBICKA3bIBAHHI B COCTaBHBIE OCYIIECTBIISIETCSA MOCPEICTBOM JIOTHYECKUX
OHGpaHHﬁ, Ha3bIBACMBbIX CBSA3KaMU.

Ompuyanuem BbICKa3bIBaHUS X HAa3bIBAETCS HOBOE BBICKA3bIBAHHME, KOTOPOE SIBISETCS
HUCTHUHHBIM, €CJIHW BBICKA3bIBAHHEC X JJOXKXHO, M JIOKHBIM, €CJIM BbICKA3BIBAHUC X HWCTHHHO.

OTtpurianue BbICKa3bIBaHUs X 0003HAYAETCS X' v ynraercs «ie X» wim «HEBEPHO, YTO X».

Konvionkyueti nByx BbiCKa3piBaHUM X, V Ha3bpIBaeTCsi HOBOE BBICKA3bIBAHHE, KOTOPOE
CUMTAETCS] UCTUHHBIM, €CIM 00a BbICKa3bIBaHUS X, Y UCTHHHBI, U JIOKHBIM, €CIIU XOTs Obl OJTHO
U3 HHUX J10%HO. KOHBIOHKIMS BBICKA3bIBaHMil 006o03Hauaercs cumBoioM X'V mmm X&Y
(autaercs: «X 1 Y»).
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Jluzvionkyueu NByX BBICKa3bIBaHMM X U Y HaA3bIBAETCS HOBOE BBICKA3bIBAaHUE, KOTOPOE
CUMTACTCS] UICTHHHBIM, €CITH XOTs ObI OJTHO W3 BBICKa3bIBaHUN X, Y HCTHHHO, W JIOXKHBIM, €CIIHA
OHH 00a JI0KHBI. JIU3BIOHKIUS BhICKa3bIBaHUI 0003HauaeTcs XY (untaercs: «X Ui Y»).

Hmnnukayueii NByX BbICKa3blBaHUM X, Y Ha3bIBAETCS HOBOE BBICKA3bIBAaHWE, KOTOPOE
CUMTAETCS JIOKHBIM, €clii X UCTUHHO, a Y — JIOKHO, U UCTUHHBIM BO BCEX OCTAJbHBIX CITydasiX.
Nmrmukarust BeICKa3bIBaHUN 0003HAYAETCs CUMBOJIOM X—Y (YUTaeTcs: «eciu X, To Y»).

Oxeueanenyueri IByX BbICKa3biBaHUN X, Y Ha3bIBa€TCSI HOBOE BBICKa3bIBaHHE, KOTOPOE
CUMTAETCS] UCTUHHBIM, KOTJa 00a BBICKa3bIBaHUA X W Y JUOO OJHOBPEMEHHO MCTHHHBI, JTNOO
OJIHOBPEMEHHO JIOKHBI, U JIO)KHBIM BO BCEX OCTAJbHBIX ClIydasiX. DKBUBAJIEHIUS BbICKA3bIBAHUM
o00o03HavaeTcss CMMBOJIOM X <Y (uuTaeTcs: «X TOT/Ia U TOJIBKO TOT/Aa, Koraa Y»).

Besikoe cioxHOE BBICKAa3bIBaHHE, KOTOPOE MOXKET OBITh MOITYYEHO M3 JJIEMEHTAPHBIX
BBICKA3bIBAaHUHN TIOCPEICTBOM MPUMEHEHHSI TIEPEUYHCIICHHBIX JJOTUYECKUX OTepaIuii, Ha3bIBAeTCs
Gdopmynoii  ancebpvr  noeuxku. JlBe dopmynbl anreOpbl Jorukd A u B HaspBarorcs
PABHOCUNILHBIMU, €CITH OHU TIPUHUMAIOT OJIMHAKOBBIE JIOTMUECKHE 3HaYeHUs Ha JItoOoM Habope
3HAYEHUH BXOIAMIMX B (POPMYIBI SJIEMEHTAPHBIX BBICKA3bIBAaHWN. PaBHOCHIBLHOCTH (opmyl
0003HAYaIOT 3HAKOM = , a 3anuch 4 = B o3HaydaeT, uTo Gopmyisl A U B paBHOCHUIIbHBI.

Bakueiime paBHOCUIBHOCTH aJreOphl JOTUKKA MOKHO pa3OUTh HAa TPH TPYIIIBL:

1. OcHOBHEI® DABHOCHILHOCTH:

1 »&x=x
— BAKOHLBI MACMIOTEHTHOCTH.

2 xvx=x
3. x&u==x
4. xvu=u
5. x&ar=an
6. xva=x
_ Kue
om 7+ *&X =1 — 3aKOH NPOTHBODEMHA.
8. x vX =u — 3AKOH HCKJIIOYEHHOTO TPETLEro.
9. ¥ = x — 38KOH CHSTHSA ABOHHOro OTDHOAHHA.
Le A TF y = A V y
3. x&y=xvy
4, xvy=3&Y
5. x&y=xvy

3. PaBHOCHIBHOCTH, BHPAKANONHE OCHOBHBIC 3AKOHBI
anreGpnl JOTHKH:

1. x&y=y&x — KOMMYTATHBHOCTh KOH'BIOHKIHN,

2 xvy=yVvx — KOMMYTATEBHOCTH AHIBIOHKOHH,

3. x& (y& z) = (x& y)& 2 — ACCOMMATWBHOCTL KOHBIGHK-
HH,

4. xv(yvz)=(xvy)vz - acconuaTHBROCT AU HLIOHK-
mEH,

5. x& (y v z) = (x& y) v (x& z) — ABCTPUOYTHBHOCTE KOH'B-
IOHKOUY OTHOCHTEABHD AEIBLIOHKIHH, |

6. x v (y&2) = (x v y)&{x v 2) — prcrpubyTuBHOCTH AAEL-
OHKOYHE OTHOCHTENLEQ KONLIHKIAM,

dopmyra Ha3bIBACTCS MOHCOECMBEHHO UCMUHHOU (masmoioeuell), eCI OHA IPUHIUMAET
3HAYCHUC «MCTHUHA» IMPU BCEX 3HAUCHUAX BXOJAINX B HEC ICPEMCHHBIX. d)opMyna HAa3bIBACTCA
MOJHCOECMBEHHO JI0JCHOU, €CITM OHAa TPHUHUMAeT 3HAYCHUE «IO0XKbY» TPU BCEX 3HAYCHUSIX
BXOOAIIUX B HEC ICPEMCHHBIX.
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[pumep: Jlokazats, 94To opMyna A = X — (y — X) TOXKIECTBEHHO UCTUHHASL.
Pemenue: [Togsepraem ¢popmyiy A paBHOCHIBHBIM MPEOOPA30BAHUSIM:

A=xo(@y—ox= XV(yVx)=xV(xvy)=(xvx)vy=lvy=l
BBIBOg!Z (bopMyna TOXKACCTBEHHO HMCTHHHA, TaK KaK BCCrjiga MMECT 3HAYCHHUEC «UMCTHHa»

wm «1».  JlokazaTe TOXKIACCTBEHHYIO UCTHHHOCTH (JOPMYIIBI MOKHO M C TIOMOIIBIO TAOJHUIIBI
uctuHHOCTU. Hanpumep, ans paccMoTpeHHoM Gpopmyibl A TaOauia ICTHHHOCTHA UMEET BUIL:

X y y X = (y = x)
— X

" " " u

u JI u u

J1 " JI u

JI JI " u

J1j1s TOrO, 9YTOOBI PELIUTH 337a4y C MOMOLIBIO ANreOphl JOTUKU, HEOOXOAUMO:

- BBECTH KpaTkue 00O3Ha4YeHHUs i CHOPMYITMPOBAHHBIX YCIOBUM U COCTABUTH JIOTHUECKYIO
(bopMyIly, BEIpa)KaIOILYI0 YCIOBHE 33]]Ja4d B CHMBOJIMUYECKOM opme;

- IS TOYYeHHON (OpMYIIbI HAWTHU C MOMOIIBI0 PABHOCUWIIBHBIX MPE0oOpa30BaHM BO3MOXKHO
0oJ1ee MPOCTYI0 PaBHOCWIBbHYIO (OPMYILY;

- TOJNB3YsICh HAWJCHHOW OoJiee MpocToi GOpMYIIOii, mepels K cI0BeCHOU ee (hOpMYITHPOBKE,
OTIpEICTUTH PEUICHHUE 3a/1a4H.

IIpumep:

[Tocne oOcyxkneHuss cocTaBa y4YaCTHHUKOB, OTIPAaBIsEMbIX Ha KOH(pEpeHLHI0, ObUIO
PELIEHO, YTO JOJLKHBI BBIIIOJIIHATHCA J1BA YCIOBUSL: a) eciin noeeT ApOy30B, TO JOJKHBI IOEXATh
eme bprokBuH wiam BumneBckuii; 0) ecnm moenyT ApOy3oB m BuimHeBckwii, TO moeaer u
BbprokBun. Haiiti 6osee mpocTyio CIIOBECHYIO (hOPMYJIUPOBKY MPUHSATOTO PEIICHUS O COCTaBE
YYaCTHUKOB KOH(EpEeHIIHH.

Pemenne: Hasnauenme Ha koHgepenmuio ApOys3oBa, bprokBuna u BumineBckoro
o0o3naunM OykBamu A,b,B coorBercTBeHHO. Torma ycimoBue a) MOKHO 3amucaTh B BUIE A —
B'B, a ycnosue 6) B Buge A'B — B. Tak kak 00a ycIOBUsA JOIKHBI BBINOIHATHCA
OJTHOBPEMEHHO, TO HMX COCAMHHMM JIOTHYECKOH CBS3KON «u». [loaTOMy mNpHUHATOE pelieHue
MOYHO 3allicaTh B BHE cledylomeil cumponudeckoil gopmyis: (A — B'B) * (A"B — B). C
MTOMOIIbIO0 PABHOCUIJIBHBIX ITPE0OPa30BAHUN YIPOCTUM COCTABIICHHYIO (OPMYITY:

(A»BVB)A(AAB>E)=(AVBVB)A(AVBVE)=(AVE)V(BAB)=A-Fb

CumBonuueckas popmyna o3Hauyaet: «Ecnu moener ApOy3oB, To moener u bprokBuH». I10 U
ecTb HamOoJjee IpocTras clioBecHas (pOpPMYJIHMpPOBKA MPHUHATOIO PELIEHHS O COCTABE IPYIIIbI
COTpPY/HUKOB, OTIIPABJIIEMBIX Ha KOH(EPEHIIHUIO.

KoHTpoJibHbIe BONPOCHI U 3a1aHUS:

3amaua 1. Jloka3aTh TOXKIECTBEHHYIO HCTUHHOCTh WJIH TOXJIECTBEHHYIO JIO)KHOCTh
(hopMyJI ¢ TOMOIIBIO a) PABHOCHIIBHBIX MPEOOPa30BaHMIA; 0) TAOIHUIIEI HCTUHHOCTH (DOPMYIIBI:

1. (x3y)3(y2%)
2. (y2x)3(x2y)
5. (x2y)A(x2y)x
4. XNx2y)A(x2y)
5. (x2(y=22z))2((x2y)»(x22))

’
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x-)(x\/y)
XAYy=>Xx

EV}%XV& .
9 (z2x)>((z2>y)>(z>xAy))

10. (x2y)2((y=>z)>(xvy-z))
3amaua 2. IlbITasgce BCHOMHUTH MoOeaMTeNed NPOLUIOTOJHUX COPEBHOBAHUI 110
cTpenbOe, NATh ObIBIIMX 3pUTENCH 3asBUIH:
A) AHTOH ObUI BTOPBIM, a bopuc — nateim,
b) Bukrop Obl1 BTOpBIM, a JIeHUC — TpEeTbUM,
B) I'puropuii 6b11 iepBbIM, a bopuc — Tpetbum,
I') AuToH 6b11 TpeThbuM, a EBrenuii — mecTbiM,
J1) Bukrop Ob11 TpeTbuM, a EBreHuit — 4eTBepThIM.
BrnocnencTBun BBIACHUIOCH, YTO KaXKAbIM 3pUTENb OMIMOCA B OAHOM M3 JIBYX CBOMX
BbICKa3bIBaHUI. KakoBO ObIJI0 HICTUHHOE pacnpeesieHne MecT Ha COPEBHOBAHUAX ?
3amaua 3. bpayny, Jxoncy m CMmuTy mnOpenbsBieHO OOBHHEHHWE B COY4YacTHH B
orpabnenuu Oanka. IloxuTuTenu CKpbUIMCH Ha MOJDKMIABIIEM HUX aBToMoOmie. Ha crnexctBum
bpayn moxasain, yto mpectynHuku Obut Ha cuHeM «bbpromkey»; KOHC ckazaj, 4To 3TO ObLI
yepHbiil «Kpaiiciepy», a CMuT yrBepkaa, uto 310 0bl1 «Dopa MycTtanr» U HU B KOEM Cllyyae
He cuHuil. CTano U3BECTHO, UTO, JKeJasi 3alyTaTh CIE/ICTBUE, KaX /bl U3 HUX yKa3ajl IPaBUIbHO
1100 TOJIBKO MapKy MallluHbl, 60 ee 1BeT. Kakoro 1npera OblT aBTOMOOMIIb U KaKOW MapKu?
3anava 4. Bepuysuics 1omoit, Merpa no3soHu1 Ha Habepexnyto Opdesp.
- T'oBoput Merpa. Ectb HOBOCTH?
- Ja, med. IMoctynunu cooOmieHus: OT MHCTIEKTOPOB. ToppaHc yctaHoBui, 4To eciu dpancya
ObUI IbsH, TO OO OTheH yOwuiina, nmud6o Ppancya xer. XKyccpe cuuTaer, 4to MM DThEH
yowuiina, i ®Opancya He ObUT MbsSH U YOMHCTBO MPOMU3ONUIO IMOCie MoyHouH. MHCmekTop
Jlroxa mpocun nepenats Bam, yTo ecnu yOUNHCTBO MPOU3O0ILIO MOCIE HOIYHOUYH, TO JIUO0 DTheH
youiina, 1160 dpancya JkeT. 3aTeM 3BOHUIIA. ..
- Bce. Cnacubo. Otoro nocrarouno. — Komuccap nonoxun tpyoky. OH 3Haji, 4TO Tpe3BbIH
@®paHcya HUKOI/1a He JDKET. Tenepb OH 3HaJl BCe.
Kakoii BeiBoz1 cienan komuccap Merpas? Kto coBepumn youiictso?
3amaua 5. CryneHtam OOBABWIM, 4YTO B IOHEACIBHHUK OyAET OJHO 3aHATHE TIO
KPUMMHAIUCTUKE U OJHO IO MaTeMaTHKe, PHUYEM, €CIM Ha NIEPBOil mape MaTeMaTuKu He OyerT,
TO KPUMUHAJIUCTUKA OyJIeT Ha BTOPOM Mape; eciiu TPEThs Mapa He MaTeMaTuKa, TO YeTBepTas —
KPUMMHAIUCTHKA; €CJIM MaTeMaTuKa OyeT Ha NepBoil nape, T0O KpUMUHAJIMCTHKA — Ha TISTOM.
Ompenenure, Ha Kakoi mape Oy/1eT KpUMUHAIIMCTHKA, a Ha KaKOM MaTeMaTHKa.
3anmaga 6. Yetslpe crygentku A, E, C, P nocemaror yHuBepcureT 1o o4epeau U BEAyT
oOmmit KoHcnekT Jsekuuil. HeoOxomumo coctaButh rpaduk IMOCEleHUus Ha OimKaniyro
HEZEII0, yUUTBIBAsS, YTO:
A) IloHenenbHUK — JIEHb CAMOCTOATEIBHON paboThl HA Kypce, U B YHUBEPCUTET HE XOUT

HUKTO, a B Cy000TY HEOOXOIUMO OBbITh BCEM.
B) CuP ne CMOT'YyT IIOWTH Ha 3aHATHS BO BTOPHUK B CBA3HU C 0OJIBIION 3arpy’KCHHOCTBIO B IOHCACIbHUK.

B) Ecnu C Briiiner B cpeny unu P — B yetBepr, To E cornacurcs nmoObiBaTh Ha 3aHATHSIX B
IIATHHULLY.

I') Ecu A we notizet B BY3 B ueTBepr, To E mo3BosuT cebe CXOAUTh Tyia B CPeIy.

) Ecnu A nnu P 6ynyt B nHCTHTYTE B Cpefy, TO C CMOXKET OUTH B MATHUILY.

E) Ecnu P B nsaTHMIly BMECTO MHCTUTYTa MOUIET Ha CBaAbOYy MOAPYTH, TO A MpHUAETCS
CXOJMTbH B HHCTUTYT BO BTOPHHUK, a C — B UeTBEpr.

3anaua 7. UeTslpeM COTpyAHMKaM YTrOJOBHOTO po3bicka — AHTOHOBY, BexoBy, ComoBy,
JleeBy HEOOXOAUMO OTIIPABUTHCS IO CIIYKEOHOH HEOOXOAMMOCTH B YETHIPE PAa3IMYHBIX TOpOJa

’
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— Mocksy, Ogeccy, Kues n CraBponoss. Onpeaenute, B KaKOi TOpOJ 10JKEH N0eXaTh KaXIbIi
W3 HHUX, €CJIM UMEIOTCS CIEAYIOIINE OTPaHUYECHUS:
A) Ecniu A we ener B Mocksy, To C He enet B Oneccy.
b) Ecnu B He ener Hu B MockBy, Hu B CTaBponob, To A eeT B MOCKBY.
B) Eciin C He ener B CraBponosns, To B ener B Kues.
I') Ecniu /1 He enet B MockBy, To B He enet B MockBy.
1) Ecnu /1 ue ener B Oneccy, To B He enet B MockBy.
3amaua 8. Corpynuukam ['MBJIJI AmngapeeBy, Koctuny, CasenbeBy u JlaBbIIOBY
MIOPYYEHO JEXYpPCTBO Ha 7-oM, 8-oM, 9-om m 10-om ydacTkax tpaccel. llpu npoBepke mocie
NEeXKYypCTBa OKasaloch, 4Yro Ha 10-oM y4YacTke NpOM30LUIO  JOPOKHO-TPAHCIOPTHOE
MIPOUCIIECTBHE, MOAPOOHOCTH KOTOPOTO W3BECTHHI nAexypuBinemy coTpyanuky [MIBJJI. He
YIIEIINE JOMOM COTPYIHHUKH TOCTE JIeKYPCTBA COOOUTMIIN O CIEAYIOLIEM:
Anppees: «f nexxypui Ha 9-oM yudacTke, a CaBenbeB - Ha 7-0M».
Koctun: «4 nexypun Ha 9-oM yyacTke ,a AHIpEEB — Ha 8-0M».
CagenbeB: « S nexypui Ha 8-oM ydactke, a Koctus — Ha 10-om».
JaBbIIOB  yke ymen aomMod. B nmanmbHemeM BBISICHWIOCHh, 4YTO KaKIbId
MUJIMIIMOHEDP B OJJHOM U3 JABYX BBICKAa3bIBAHUN T'OBOPWUI IIpaBAy, a BO BTOPOM €€ cKpbiBall. KTo
13 COTPYJTHUKOB Ha KAKOM y4acTKe JAeXKypHui?
3anaga 9. Omnpenenure, KTO U3 YETHIPEX CTYACHTOB Clajl dK3aMEH 10 MaTeMaTHKE, €CIIU
W3BECTHO:
A) Ecnu niepBBIi ciani, TO M BTOPOH cad.
b) Ecnu BTOpOIi can, To TpeTuit caal Wiv NepBblid HE cliall.
B) Ecnu yetBepThIii HE can, TO MEePBLIN clial, a TPeTUi He Clall.
I') Ecnu weTBepThIii cjall, TO U EPBbIH clal.
3amaga 10. Ha Bompoc: «KTo M3 Tpex CTyAE€HTOB M3ydaldl MaTEeMAaTHYECKYHO JIOTHKY?»
IIOJIy4YE€H BEpHBIN OTBET — «Eciam m3y4an nepBwlid, TO U3y4aJl U TPETUWA, HO HEBEPHO, YTO €CIU
U3y4all BTOPOM, TO N3ydall U TpeTHi». KTo U3 CTyA€HTOB U3ydana MaTeEMaTH4YECKYIO JIOTUKY ?

Pexomenoyemasn numepamypa:

OcHoBHas1 JInTepaTypa:

3apunoBa, O. P. Jlekuum mno JIucCKpeTHOH MaremaTuke. MaremaTtudeckas JOTMKa:
yaebHoe mocobue / 3. P. 3apumnosa, M. I'. Kokotunkona, JI. A. CeBactesiHoB. — MocCKBa :
Poccwuiickuii yHuBepcuter napyxkObl HapomoB, 2014. — 120 c. — Pexum gocrymna:
http://www.iprbookshop.ru/22190.html

JlonoJHUTeIbHAS JINTEpaTypa:

Xarraptu, P. JluckperHas mareMaruka JJis MPOTPAMMHECTOB : ydeOHoe mocobue / P.
Xarraptu. — MockBa : Texnocdepa, 2012. — 400 c. — Pexum gocrymna:
http://www.iprbookshop.ru/12723.html

IIpakTnueckas padora NeS. UcunciieHne BbICKA3bIBAHNH. AJITOPUTM YHU(PUKALMH.
IIpaBuaa BbIBOAA.
Ilenv 3anamus. llpuoOpecTH HaBBHIKM TNPUMEHEHMs] NpaBUia BbIBOJA, alIrOpUTMa

yHH(pUKAINH.

3nanua u ymenusn, npuodpemaemvie CmyOeHmMOM 6 pe3yibmame O0CE0E€HUA MeMbl,
dopmupyemovie Komnemenyuu. 3HaeT aNropuT™M YHU(DHUKAIMUA U YMEET MPUMEHSATh IPAaBUIIO
BBIBOJIA.

Teopemuueckas yacmo.

PaccmoTpum npeBHeimmii oOpasen JOTMYECKOro BbIBoJa — cuuiorusm: «Bce momu
cmeptHbl. Cokpart - uenoBek. CienoBarenbHo, COKpaT CMEPTEHY.

Kak ¢opmannzoBate Takue yMO3aKIIOYEHHS: HAYYHTh KOMIBIOTEP IPOBEPSATH HX
IIPaBWJIBHOCTh U AaBTOMAaTMYECKU TI'€HEpUpOBaTh NOA00HBIE? Ham mpumep cocTOMT M3 IBYX
MOCBUIOK «BCE JIOIU CMEpTHBD, «CoKpar - 4enmoBek» M 3akiodeHus «CoKpaT cMmepTeH»,

14



UCTUHHOCTh KOTOPOTO CIEeAyeT M3 UCTHMHHOCTH TOCBUIOK. 3amuIlieM IMEepBYI TOCBUIKY Ha
«IPEMKATHOMY SI3bIKE: « VX €CJIH X - YeJOBEK, TO X cMepTeH». Ha ocHOBaHMM OOIIe3HAYUMOM
dopmynbel  Vx P(x) — P(a) TOrMYHO, OMyCTUB B BBHICKA3BIBAHUU KBAHTOP V, MOJICTABUTH BMECTO
x Coxkpara: «ecnu Cokpar - yenoBek, To Cokpar cMmepren». [locTaBuM psiioM € OJTYyYEHHBIM
BBICKA3bIBAHUEM BTOPYIO TOCHUIKY CHUJUIOTU3MA U MOJIYYUM PE3YJIbTaT, KOTOPBIA 0opMIIsSIeTCs B
CIICYIOIIEM BHIE:
Ecaun Coxkpat yenoBek, To CokpaT cmepTeH. CoKpar - YeJIOBEK.
Coxkpar cMepTeH.
B oOmem ciydae Haj dYepToil MOMEMIAIOTCS JIOTUYecKue (GopMymbl-ochkuUlku A,B,
HMCTUHHOCTBH KOTOPBIX FTapaHTUPYET UCTUHHOCTB 3aKiIFoueHus C:
A.B
C
CrnoBecHas 3amuch TPaBHI JIOTUYECKOTO BBIBOAA 3BYYHMT Tak: «VI3 maHHBIX (opmyI-
nocsutok A,B  cnenyer Qopmyna-zakmouenne C.»  (cokpamenno: A"B — C). Ilpu stom
cuMTaeTcs, 4to (hopmyra-3aKiIrOUYeHNE UCTUHHA M0 KpaliHel Mepe MpU BCeX TAaKUX 3HAUCHUSX
MNPECAUKATHBIX, IMPEAMCTHBIX W BBICKA3bIBATCIBbHBIX NNECPEMCHHBIX, IMTPH KOTOPBIX 06pan1a}0TC$[ B
UCTUHY Bce (OPMYIBI-MIOCBIIKA. MeTon MaTeMaTHYecKOd HHIYKIUH, O(OPMICHHBIA Kak
IMpaBUJIO BBIBOJA, IPUMET BU:

PQA). P(k) — P(kt1)

Vn P(n)
ITpuBeeM HEKOTOPHIE MIPaBHiIa BBIBOIA, paboTarolye B 0a3ax 3HAHUI:
A->B,A
B - mpaBWIIO 3akimtoueHus (modus ponens),
A->B,B~>C
A->C - IPABUJIO CUILIOTH3MA,
| \‘ | | [N
il i
1l
- CTeIIHaT3aIlns,
A,B
AUB - BBEJICHHE KOHBIOHKIINH.

PaccmoTpum cremyrommii mpuMep. B 0aze JaHHBIX XpaHATCS CBEACHUS O COTPYIHHKAX
yupexnenus [lerpose, iBanoBe, Ky3Henoge, SlkoBieBe (B manmpHelmeM 0003HaunM ux Kak I,
N, K, 5). JomxHOCTHAs HEpAPXUSI OMUCHIBAETCS C TOMOIIBIO IBYXMECTHBIX MPEAUKATOB:

PYK(IL,) o3nauaer, uro [letpoB pykoBoauT MIBaHOBEIM,

OTY(Y,X) o3nauaer, yto Y orunthiBaeTcs nepen X.

B 06a3e maHHBIX XpaHATCS TpH (akKTa:

1: PYK(ILN),

2: PYK(1,K),

3: PYK(K,A).

Jlanee onuchIBarOTCS J1Ba MpaBHiia BBIBOJA, KOTOPhIE UMEIOT MECTO B paccMaTpUBaeMOil
MpeIMETHON 00IacTH:

1: VXY PYK(X)Y)— OTY(Y.X) -  eciu X pyKoBOIUT Y, TO ¥ OTYUTHIBAETCS MEPE]T
X,

2: VXY, T PYK(X,Y)'OTY(T,Y) >OTU(T,X) - ecnu X pykoBoauT Y u T OTUUTHIBAETCA
nepen Y, to T otuuteiBaercs nepen X.

TpeGyercss mpOBEpUTH 3aMPOC MOIB30BATENS: JOJIKEH JH SIKOBIIEB OTUYUTHIBATHCS MEPE]]
HBanoBbIM (TO ecTh, caenath 3akiodeHue OTU(A,N)).

B 6a3e maHHBIX Takoro (axTta HET, OJHAKO MPEIUKAT, ONMUCHIBAIOUINI HHTEPECYIOIIYI0 HAC
CBsI3b, BCTpEUaETCs B IpaBuiax 1 u 2.
[Tpumenss npaBuio 1 k gakry 3, momyuum Gopmyiy:
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PYK(K,A)—OTY(S,K).
[Ipumensiem k Hell U ¢akTy 3 mpaBuiIo BeIBOAa modus ponens:

PYK(K. S)-OTY(SLK), PYK(K.S)
OTY(SLK)

Tak KaK UCXOJHbIE BBIPAXKEHUS ObUIM UCTUHHBI, TO 3aKkmoueHrne OTYU(S,K) - HoBBIH dakT
- TAKXK€ SIBJSETCS UCTUHHBIM.
[Mpumenss k OTY(A,K) u ¢pakry 2: PYK(U,K) npasuio 2, noxyuum dpopmyiy:
PYK(U,K)*OTU(,K) — OTY(SLN),
ykaspiBatoiryto Ha otBeT OTU(A,N), koTOpslii 0HAKO, HAAO elle mpoBeputhb. s 3TOro
cBsa3biBaeM ¢akt 2 u OTY(S,K) npaBuiom «BBeIeHUS] KOHBIOHKITUN:
PYKM.K), OTY(A.K)
PYK(M1,K)*"OTUY(,K)

U HaKoHell, mpuMeHss modus ponens, 000CHOBBIBaEM pe3yJIbTaT
PYKM.K)'OTY(SI.K) —» OTUY(A.N). PYK(M.K)Y'OTY(S.K)
OTY(s, 1)

JAIONIMN YTBEPJUTEIbHBIM OTBET Ha 3aIlpoC, JACHCTBHUTENBHO JIM SIKOBJIEB OTUYHUTHIBAECTCS
nepe IBaHOBBIM.
KoHTpoabHbIe BONPOCHI U 3aJaHUA:

HOK&S&TB CJICAYIOIMUEC TOXKACCTBA BHAYAJIC HA A3BIKC TCOPUU MHOXKCCTB, 4 3aTCM —
Ha A3bIKC TCOPHUU NOKA3aTCIbCTB!:

a) AN(AUB)=A
6) AU(ANB)=A .
) AU(BNC)=(AUB)N(AUC)
ry AN(BUC)=(ANB)U(ANC)
oy X L <2
Pexomenodyeman numepamypa:
OcHoBHasi JuTEpaTypa:
3apurnona, D. P. Jleknuu 1mo nuckpeTHoW MaTeMaTnke. MaremaTiudeckas JIOTuKa: yaeOHoe
nocobue / D. P. 3apunosa, M. I'. Kokotunkosa, JI. A. CeBacthsiHOB. — MockBa : Poccuiickuit
YHUBEPCUTET ApYKObl HapoaoB, 2014. — 120 ¢. — Pexxum nocryna:
http://www.iprbookshop.ru/22190.html
JlonoJHUTeILHAS JIUTEpPAaTYypa:
Xarraptu, P. JluckpeTHas MmaTeMaTrKa Jjis IPOrpaMMHUCTOB : yueOHoe mocooue / P. XarrapTu.
— Mockaa : Texnocdepa, 2012. — 400 c. — Pexxum nocrymna:
http://www.iprbookshop.ru/12723.html

IpakTnyeckass padora Ne6. Mcunciienne npeankaToB. ABTOMATHYECKOE 10KA3aTeJIbCTBO
TeopeM. MeToa pe3o/ronuii.
Llenv 3anamusa. llpuoOpecTy HABBIKM MaTEMaTHUYECKH aHAJU3UPOBATH CYKICHUS C

MIOMOIIIBIO TPEIUKATOB, IPUMEHSTh METO]T PE3OJIIOIUH JJIs I0Ka3aTeJIbCTBA TEOPEM.
3nanua u ymenusa, npuodpemaemvie CHYOCHMOM 6 pe3ylbmame O0C60eHUs MeMbl,
dopmupyemoie Komnemenyuu. 3Ha€T OCHOBBI MCUHUCIICHUS IPEIUKATOB U yMEET NPUMEHSITDH
[IPU aHAIH3E CYXKACHUM.

Teopemuueckas uacme.
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. PaccMoTpuM MCTMHHOE BBICKa3bIBaHUE «5 - IEJIO€ YUCIIO» U JIOKHOE BBICKA3bIBAHME
«Srrenoe gmcaoy. OOIIYI0 9acTh MX MOMKHO BBIIEHTH Kak TpeiokeHHe-ma0mon «&¥s- memoe
9fCIO», TpPH TMOJACTAHOBKE B KOTOPBI KOHKPETHOrO HHCIA IOTyd4aeTcs KOHKPETHOE
BbICKa3bIBaHUE. BBens o6o3HaueHue: P(x) = «x - nenoe yucio», noxyuum P(5) = 1; P( T“;) =0.
Teneps mycth P(x) = «x - OBOI. 3aMelasi X HA KOHKPETHbIEC ILIOJbI, MOJMy4aeM MCTHHHOE
BoickasbiBanue P(JIYK)=1, wnu noxunoe: P(CJIMBA)=0.

HazoBem npeduxkamom P(x) mpemioxeHue, 3aBUCAIICE OT TMEPEMEHHOW X,
IpHHAIEKAIIEH HEKOTOPOH HpeaMeTHo obnactu - muoxkectBy U: xEBU. B mepBom mpumepe
xEBR, Bo BropoM U - 3T0 MHOKXECTBO ILIOAOB. IIpu mojacTaHoBKe (UKCHPOBAHHOIO 3IEMEHTA
aBBU npemukar P(x) npespamaercs B BoickasbiBanue P(a)EB{0,1}. Takum 00pasoMm, mpeaukar
MOXXHO CYHMTaTh JIOTHUECKOW (YHKUIHMEH, OmpeleNieHHOH Ha »iieMeHTax MHoxectBa U
MIPOU3BOJIBHON MIPUPOIBI.

U paz0uBaetcs npenukaToM P(x) Ha 1Ba HETIEPECEKAIOUTUXCs TTOJIMHOXKECTBA: HAa TIEPBOM
U3 HHUX, KOTOPOE HA30BEM MHOMCECHIEOM UCHIUHHOCMU , TIPEIUKAT MPUHUMACT HCTHUHHBIE
3HAUEHHs, HA BTOPOM - JIOKHBIe. O603HaUMB UX uepe3 P u PLl, COOTBETCTBEHHO, TTomydnm: U
=P@PrA.

K mpenukaram npuMeHUMBI BCE JIOTUYECKUE OTIEPAIIHH.

[Ipemyioxenue, onpenencHHoe Ha MHOXKeECTBE XX X3X...XX,, Ha3pIBalOT n-MeCHHbIM
npeouKamom.

P(x1, x2,... x,), X1€X1, ... x,€X, .

Haiimem o0nacTh HMCTHHHOCTH TpEeXMECTHOTro mnpenukata P(x,y,z) = (xy < 2),
OIPEETIEHHOrO Ha TPOHKax (X, y,z) € AXAXA = A, tne A= {1,2,3,5}.

Uucno Bcex YMOPSIOYEHHBIX TPOEK U3 YETHIPEXIJIEMEHTHOTO MHOXECTBa A pPaBHO
4-3-(4-3+1) = 24. Jlna cokpamieHusi mepedopa HUCIOIb3yeM CHMMETPUYHOCTh MpeauKaTa
OTHOCHTEJIBHO TEPBBIX JBYX MEepeMeHHBIX: P(x,y,2) = (xy <z) = (yx <z) = P(y,X,2).

Jlanee, nans BBINOJHEHUS HEpPaBEHCTBA HEOOXOOUMO, YTOOBI TpaBas dYacTb Zz
MIPEBOCXOIUIIA KAX/IbIF U3 coMHOXKuUTeNeH x,y. C y4eToM cKa3aHHOT0, UMeeM 3 OIaronpusiTHBIX
ciaywast: 1-2<3,1-2<5,1-3<5, natomue 6 sanemeHToB obnactu uctuaaocta P: P(1,2,3) =
(2<3)=P(2,1,3), P(1,2,5)=(2<5)=P(2,1,5), P(1,3,5)=(3<5)=P(3,1,5).

Wrak, obmacte uctunHoctH P oOpasyer mHOoxkectBo Tpoek: {(1,2,3), (1,2,5), (1.,3,5),
(2,1,3), (2,1,5), (3,1,5)}.

JUia  3amucu  NpeAMKaToB MOXKHO — HCIIOJIB30BAaTh  KBAHTOP  CYLIECTBOBaHMS  ,
COOTBETCTBYIOIIUH CIIOBaM «CYIIECTBYET», KHAUIETCSD, «XOTS Obl OIUHY», U KBAHTOP OOIIHOCTH
V, COOTBETCTBYIOIIMI CIIOBaM <«UIS JIOOOTO», «BCE», «KaXIbli». Takum oOpa3zoM, KBaHTOPHI
CBS3BIBAIOT INIPEIUKAaTHBIE TIEPEeMEHHblEe X, z, MpeBpamas npeaukatel P(x) u O(x) B
BBICKA3bIBAHUSL:

Ix P(x); Yz O(z).

B oOmem ciydae, cBsi3piBas JOOYI0 W3 MPEIMETHBIX TEPEMEHHBIX KBAHTOPOM, HIIH
3aMeHssl e NPEJIMETHOW IMOCTOSHHOM, MBI CHM)KaE€M YHCIIO MECT B NpEAUKATe Ha CIMHUILY.
Hanpumep, u3 aByxmecTtHoro mpemukara P(x,y) ¢ TOMOLIbIO JIByX KBaHTOPOB MOXHO
00pa3oBaTh 8 BHICKAa3bIBAaHUI:

Vx Vy P(xy) <= Vy Vx P(xy),
dx Jy P(x,y) «— Ty Ix P(x)),
dx Vy P(x,y) «<— Vy Ix P(x)),
Vx 3y P(x,y) «<— dy Vx P(x)),
TOJIBKO JIBA TIEPBBIX M3 KOTOPBIX PAaBHOCWIIBHBI, TaK KaK Pa3HOMMEHHBIE KBAHTOPHI MIEPECTABIISATH
HEJb3s1.
KoHTpoJ/IbHBIE BONPOCHI U 3aJaHUS

3amauva 1.
a) Ha muoxectse M = {1..30} 3amanbl npenukathl: A(X): «X — u€THOoe yHucio»; B(X): «x He
nenutcs Ha 3». Haltu MHOXecTBO ucTHHHOCTH npeaukaTa A(X) ¢ B(X).
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6) Ha muaoxectBe M = {1..30} 3amanbl mpenukatel: C(X):”x kpatHO 57; D(X):”x - u€THOE ”;

Haiitu MHOX€CTBO HCTUHHOCTHU IpeAMKaTa D ( X)/\C ( X )
B) Ha muoxectBe M = {1..30} 3amansl npenukarbl: A(x):”X — uétHoe umncio”’; C(X):”X KpaTHO

5”. HaliTu MHOK€CTBO MCTUHHOCTH IIPEJUKATa ﬂA(X)/\C(X)
r) Ha muoxectse M = {1..20} 3anansl npenukatsl: A(x):”x — uétHoe uyncno”’; B(x):”x nemurcs

Ha 3”; C(x):”x kpaTHO 5. HaiiTu MHOX€CTBO HCTMHHOCTH TpeAUKaTa B(X)VA(X)VC(X )
n) Ha muoxectse M = {1..30} 3anmanel npenukatel: C(x):”’x — He kpatHo 57; D(x):”x -

C(x)»D(x)

Henpocroe”; HallTh MHOKECTBO MCTUHHOCTHU MPEIUKaATa
3amaua 2.

a) Ha muoxectBe M 3amanbl mpeaukathl: A(X) u B(x). M300pa3uth Ha nuarpamMmme MHOKECTBO
uctuHHocTH npenukata A(X) ¢ B(X).

0) Ha mHOoxecTtBe M 3amansl npenukathl: A(X) u C(x). U300pa3uth Ha auarpaMmMe MHOXKECTBO

UCTMHHOCTH IIPEIUKATA C( X )" ( X )
B) Ha mHOkecTtBe M 3amanbl npenukatsl: A(Xx) 1 C(x). M300pa3uth Ha guarpaMMe MHOYKECTBO

MCTMHHOCTH TIPEIMKATA A(x)AC(x)

3anaua 3.

a) Jlns npeskara L (x): \(x+0=x) ,  XE€R  onpenennts snauenue VxP(x)

6) Jlns npeankara F (x): \(xcdot 0=0Y) ,  XE€R | onpenennts snauenue VxP(x)

B) Jlus npepukara D (x): \(2x=4Y) , X€R  onpenennts smaverme AP (x)

r) Jia npemxara (x): \(x+10=x+5Y) ,  XE€R  onpenemurs smavenwe AP (%)

Pl \(xsSup {size ()} - 2e¢11)<0 xeR

n) Jus mpenuwkara , ,  ONpPEIeNUTh 3HAYCHUE

IxP(x)
Pl (xiSup {sizeB(2) ) 4n-D0Y) QL (xeSup {sizeB(2} ) #140 . 5:01)

XER ONpENIETUTh 3HAYEHUE EIX( ( ) ( ))

P {0 -3 e )1 ) Qe e e 0]

x) Jns mpenukaron ‘ )
XER  onpenennts sHauenne Ix(P ( ( )/\Q( ))

e) Jua mnpenukatoB

3) [Tpu X€R OTIpeNICTUTh 3HAYCHHE BBICKA3bIBAHUS
2 ; 2
Jx((x"=5x+640)A(x"—2x+1>0))
n) [Tpu X€R OTIPEIICTUTh 3HAYCHHE BBICKA3bIBAaHUS

Ix((x €[2,5])7(x’~6x+8=0))

Pexomendyeman numepamypa:

OcHoBHasi JInTEpaTypa:
3apumnosa, J. P. Jlekuuu mo quckpeTHoi MaTemaTuke. MareMaTnyeckast JIOTHKa: yaeOHOe
nocobue / D. P. 3apunosa, M. I'. Kokotunkosa, JI. A. CeBactbsiHOB. — Mocksa : Poccuiickuit
YHUBEPCUTET ApYk0bl HapooB, 2014. — 120 ¢. — Pexxum nocryna:
http://www.iprbookshop.ru/22190.html

JlonotHUTeILHAS JIUTEpaTypa:
Xarrapty, P. JluckpetHas MmaremaTuka i IpOrpaMMUCTOB : ydeOHoe niocobue / P. Xarraprtu.
— Mocksa : Texnocdepa, 2012. — 400 c. — Pexxum nocryna:
http://www.iprbookshop.ru/12723.html
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IIpakTuueckasi padora Ne7. CnocoOnl 3ananusi 0yaeBoil pyHkuuu. TadJaunma MCTHHHOCTH
OyJ1eBoil pyHKIHH.

Ilenv 3anamusn. llpuoOpecTH HaBBIKM MOCTPOCHHUS TaONHIBI MCTUHHOCTU (DYHKIIMH,
OIpENIEICHUs]  TOXKJCCTBEHHOW HWCTMHHOCTHM WJIM  JIO)KHOCTH  (DOPMYJBI.  BBITOJHEHUS
PaBHOCUJIBHBIX MpeoOpa3oBaHUil ¢ MPUMEHEHHUEM 3aKOHOB alreOphl JTOTHKH.

3nanua u ymenusa, npuoodpemaemovie CHYOCHMOM 6 pe3yabimame O0CE0EHUA MeMbl,
dopmupyemoie komnemenyuu. 3HaeT OCHOBHBIE CIOCOOBI 3amaHusl OyieBOM (yHKIUH,
yMeeT CTPOUTH TaOIUIy HCTUHHOCTH (POPMYIIBI.

Teopemuueckas uacme.

ByaeBoit  QpyHkumeii y—f(xl,xz,...,xn) OT N TEPEMEHHBIX XXy Xy
HazbIBaeTcs Jr00ast GyHKIUS, B KOTOPOH apryMeHThl ¥ (YyHKIUS MOTYT MPUHUMATh 3HAYCHHE
6o 0, 1udo 1.

byneBy (QyHKIHIO OT n MEPEeMEHHBIX MOXHO 33/1aTh TaOJIULIEd UCTUHHOCTH, B KOTOPOM
HAOOPBI 3HAYCHHW apTyMEHTOB PACIONIOKEHBI B MOPSIKE BO3pACTaHHS MX HOMEPOB: CHaydaia
UIET Habop, MPEACTABIAIOMUNA co00i nqBOMYHOE paznoxeHue 0 (3tor Habop mMeer HOMep 0);
3aTeM UAET HaOOp, SIBIISIOIIUNACS JBOUYHBIM Pa3ioxKeHHeM 1, motom 2, 3 u T.1.

Otpuunanue - 6yneBa QyHKIUS OJHON NEPEMEHHOM, KOTOpas OnpeeseTcs cleayomeit

Ta6J'IPII.IeI>i HCTUHHOCTHU

X 0 1 O0o03HaueHua

f(x) 1 0 X

_|X,

Hexotopsie anemenTapHbie OyneBbl (DYHKIMU ABYX MEPEMEHHBIX MTPUBEICHBI HIXKE.

xy | x&y xVy x@Py X~y X—=y x|y xly
00 0 0 0 1 1 1 1
01 0 1 1 0 1 1 0
10 0 1 1 0 0 1 0
11 1 1 0 1 1 0 0

C noMoIIbIO CYNEepNO3UIUH 3JIEMEHTapHBIX OyJIeBbIX (YHKIHMN MOXKHO OCTPOUTH Oojiee
CJIO’KHBIE (DYHKIIHH, KOTOPBIE MOTYT 3aBHCETh OT JIFOOOTO YKciia MEPEMEHHBIX. 3aMnch OYIeBBIX
GbyHKUMI yepe3 31neMeHTapHble OyJieBbl (QyHKUIUHM OyJeM Ha3blBaTh (GOpMYJION peanusyromei
TaHHYI0 (DYHKIIHIO.

Jiist 6osiee KOMITAKTHOM 3aIIMCH CIIOXKHBIX (DYHKLMH BBEIEM CIIEAYIOIINE COTJIAIIECHUS:

1) BHeIIHME CKOOKHU OIyCKaOTCS;

2) cHayasa MPOU3BOATCS ONEPALIUU 51 CKOOKaX;

3) cuuTaercs, 4TO MPUOPUTET CBA30K YOBIBACT B ClIeMyIOleM mopsiake:, ( ¢ ., v )>
‘(> o ), o .
J51s paBHOCUIIBHBIX CBSI30K (B CKOOKAX) MPUOPHUTET OMpEIeNsieTcs caeBa Ha MPaBo.
[Ipumep. PaccTaButh ckOOKH B hopMyIax:
l)xéyﬂz@x; 2)x‘1'y<32; 3)X@y)ﬁz')x‘3y<3
—Z.

Pemenue: 1) B dopmyne x ¢y < z ® x ckobku PACCTaBIISIOTCS  CIEAYFOIIIM
obpazom:

x ¢y - 9%y
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2) T.K. omnepanus CUJIbHEE omepaluu ¢  COIJIACHO 3aMeuaHuro umeeM ((x
¢ z);

3) B dpopmyie (x ® y) © z @ X ¢ y ¢ —7 HCHOJB3YS BBEICHHOC CTAPIIMHCTBO

vy

CBSI30K; MOJIy4aeM, YyTo JAaHHas GopMmyna paBHOCHIbHA ((X 9 y) < (z 2 ((x ¢y ¢

(72)))).

[pumep. CocTaBUTh TaOIUIIBI HCTUHHOCTH IS HOpMYIT:

o x - 7 ~ly®x) . g xl(yvz¥(xaz)

Pemenne:

a) UCMOJb3ys BBEIEHHOE CTApPIIMHCTBO CBSI30K, MOJYyYWM, 4YTO JaHHas (opmyna

paBHocuabHa X < () >(y®x) ), @ TabJIMIa HICTUHHOCTH MIPUMET BHJL:

x |y y (y®x] y x o (7
>(y®x) Hy®x) |
0 0 1 0 0 1
0 1 0 1 1 0
1 0 1 1 1 1
1 1 0 0 1 1
0) cocTaBUM TaOJIUIly HICTUHHOCTHU JUIS (POPMYIIBI X | ( ( yvz )‘l' (X—/\Z)
X\ y |z Yy | ALY xCpxAZ] (PVI F(x,)
z -
. ~L(x Z
0] 01O 1 1 1 0 1 0 1
0] 0 1 1 0 1 0 1 0 1
0] 1 0 0 1 1 0 1 0 1
0] 1 1 0 0 0 0 1 0 1
1|00 1 1 1 0 1 0 1
1|0 1 1 0 1 1 0 0 1
1|1 0 0 1 1 0 1 0 1
1|1 1 0 0 0 1 0 1 0

®opMyna Ha3bIBAETCS TOXKJIESCTBEHHO MCTHMHHON (JI0:KHOWM), €ClIM OHAa NPUHUMAET
3HadyeHue 1 (0) npu Bcex 3HAYCHUSAX BXOMISIIMX B HEE IEPEMEHHBIX.

[pumep. SBmasiercs, mu popmyaa (x > y) 0y ) > X TOXXJIECTBEHHO UCTUHHOM ?

x|y | x| y|x?> x 2y (x 2y
y Ly Ly)dx
olo ]| 1] 1 1 0 1
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0] 1 1 0 0 0 1
1] 01]0 1 1 1 1
1 1 010 1 1

d)opMyna paBHa 1 IIpHU BCCX 3HAUCHUAX BXOAANIUX B HCC NMCPCMCHHBIX, CIICAOBATCIIBHO,
OHa TOXIACCTBECHHO MCTHHHAas (TaBTOHOFI/Iﬂ).

KOHTpOJIbeIe BOIIPOCHI U 3a/laHUA.

1. Tlopsimok BBINOJIHEHUS JIOTMYECKUX OIEpaLlU.
2. Kak onpenenuTs YUCIO CTPOK B TaOJIUIE HCTUHHOCTH.
3. CoctaBuTh TaOIUIy UCTUHHOCTU JAaHHOM OyseBol (QyHKIUH:

1. (x®yz)»xvz 16. x-ly®zvy)
2 (x]y)?(zy ©x] 17. XVyi0y

3.0 (x27)8(zvx) 18, (x®y)zvx

4 (xVy)®(zey) 1o, (x2y)®(zvy)
5. (xvy2z)®y 20, (x[y)zvx

6. XVy2zy o1, ((x2y)@z)
7 (x¥y)vx=z 2. (x¥y)e(z®y)
g, (xy2z)vx®y 23. ((xvy)®z)y
o. (xly)z2yvx] 24, (xy®z)9%

10, (x>yz)®x 25, XB(yvz)@y
1. XVyI?xy 2. XIyV(yvz)
12. (x®y)(zvx) 27, (x]y)®(y=2X)
13, (xvy)@(z27) 28, x?y(xv(y®z))
14, (x¥y)®zvx 29, (x®z)e(2xvy)
15. (xvy=z)®y 30. X(y?z)e(y@2z)

Pexomendyeman numepamypa:

OcHoBHasi JIMTEpaTYpa:
3apumnosa, J. P. Jlekuuu mo quckpeTHoi maTemaTuke. MareMaTtnyeckast JIOTHKa: yaeOHoe
nocobue / D. P. 3apunosa, M. I'. Kokotunkosa, JI. A. CeBactbsiHOB. — Mocksa : Poccuiickuit
YHUBEPCUTET ApYKObl HapoaoB, 2014. — 120 ¢. — Pexxum nocryna:
http://www.iprbookshop.ru/22190.html

JonosHuTeILHAS JUTEpPaTypa:
Xarraptu, P. JluckperHas MmaTremMatvka Jiisi IpOrPpaMMHCTOB : yueObHoe mocobue / P. Xarraptu.
— Mockaa : Texnocdepa, 2012. — 400 c. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTyeckas padora Ne§. [IpumeHeHue 3aK0HOB aJIredpbl JTOTMKH.

Lenv 3anamus. [IpnoGpecTy HABBIKW BHINIOJHEHHS] PABHOCWIIBHBIX MPEOOpa30BaHUM C
MIPUMEHEHHEM 3aKOHOB aJIre¢OphI JTOTHKH.
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3nanua u ymenusn, npuodpemaemovie CHIYOEHMOM 6 pe3yibmame OC60C€HUA MeMbl,
dopmupyemvie Komnemenyuu. 3HaeT OCHOBHBIC 3aKOHBI aireOpsl JIOTHKA € yMeeT
MPUMEHSTDH UX Ul IpeoOpa3oBaHusi OyIeBbIX (PYHKIHUI.

Teopemuueckas uacme.

Bbynessl pynkiuu f; u f, Ha3pIBalOTCS SKBUBaJICHTHBIMHU, €CII Ha BCSKOM Habope

( RECHE ) Hynell u enuHMLl 3HaueHHs (QyHKOMA coBmamanT. OOo3HAYCHHE

SKBHUBAJIEHTHBIX (PaBHOCUJIBHBIX) (PYHKLIUH CleIyIoIIee: f1=f2 yu f1=f2

OcHoBHble 3xkBuBajgieHTHOcTH (HWH ' , H 2 | H 3 ... o3HauaroT HEekoTOphIEe OyJeBHI
byHKIMN):
1. 3akOH ABOMHOrO OTPULIAHUSA: H - H

2. UneMnoTEHTHOCTD: HH=H , HVH=H
Hl*H2: H2>l<H1

3. KomMyTaTUBHOCT®:

&)\/;@;N)‘;‘l' .

, 1€ CHMBOIJI ¢ O3HaA4aeT OIHY U3 CBA30OK

* * = * * .
4. AcconuaTuBHOCTD: H, (HZ H3) (H *H 2) Hj, , TIe CHMBOJI ¢ O3HA4aer

OJIHY M3 CBSI30K &V,9,~

5. lucTpruOyTUBHOCTB: Hl/\(HZVH3):(H1/\H2)V(H1/\H3)
H,V(H,AH;3)=(H,VH,)A(HAH;) ,
H,AH,=H,AH, ’ H,VH,=H AH, ,
Hl\/(Hz/\Hl):Hl, H,A(H,VH,)=H,
8. 3aKOHBI CKJICUBAHHSI: H,AH,VH,AH,=H, , <H1VH2)/\<H1VF2):H1
9. 3aKOHbI MHBEPCHIA: HVH=1 ) HAH=0

10. Mpasuna omepammii ¢ xomcrantamm: HV1=1 ~ HAI=H =~ HVO=H
HAO0=0

Bce MPUBCACHHBIC COOTHOMICHUS JICTKO IMPOBCPAIOTCA IO Ta6JII/IIlaM UCTUHHOCTHU.

6. 3akoH e Moprana:

7. IlpaBuia morJIOUECHHUS:

[pumep: Yopoctuts GopMyJibl, UCHOIb3YsI OCHOBHBIE 3aKOHBI SKBUBAJIEHTHOCTH:
1y XZVXVXIVYI=IVYI=IVYIVXVYI=IVyVX
2)

Xdy=XVy (6) x>y=xVy,(6)
(x3y)ay=2x = ollxay)ay)va=(=(xsy)vay)vx =
(3) (2) X3 y=xVy

XAy VA VX =(myVayAX)Vx=—yVx = yodx;
3)
xyz\/xy\/xyz\/xi\/)_(z:xz(j/\/y)\/xy\/xZ\/Xz:xz\/xy\/xZ\/Xz:
:(xz\/xZ)V(szXz)ny:x(z\/Z)\/z(x\/i)v)(y:x\/z\/xy:x(l\/y)\/z:x\/z;
4)
XV XXy X0V X=X [V T IV (30X, )25 = (%, Va0 ) VXXV X )= X (X, VI )=
60X VX X3 VX VXV X3 =X, VX, V Xy
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[Ipumep: C mOMOIIEI0 pAaBHOCUIIBLHBIX MPE0OPa30BaHUN YIIPOCTHTH (OPMYITY

Xy XVy)z

i

e

e

JIro0yto 3amuch a) - 1) MOXKHO CUUTATh OTBETOM.

[Tpumep:. [IpoBepbTe, OyayT JIM SIKBUBAJICHTHHI ClIeAyOMNe QyHKIUH:
(x»z)(y=z); (xvy)=z.
C moMoIIp10 PaBHOCKIIBHBIX MMPEOOPA30BaAHUI MTOTydaeM, 4TOo

(x2z)(y=z)=(xVz)(yVz)=XyVZyVXZVZ=XyVI=EXVYVI=(XVYy)d2

T.€. QyHKIIMU SKBHBAJICHTHBI.

ﬂ}mpz. Jloka3aTh paBHOCHIIBHOCTD ( X v)’ ) /\(X \/y )EX .
= = el

KOHTpOJIbHLIe BOIIPOCHI U 3aIaHUA

1. JIoKka3aTh cieyrolie PaBHOCHILHOCTH:

L XVY=XAY g XVYEXdy 15
(xVy)A(xvy)Alxvz)=k

2. XAY=X[y 0. Xy=xvy 16.
(xvy ¥ (yvz)=(xvy)viyve)

3. XVYEXAY 0. (XVYIAVYEX g x@(y@z)=(x@y) @2

4. Xy=xvy 1. XV(XAY)=XVy 15, X2 (RVy)IENy 2

5 X?Y=YyIX 1. XY?I=XVyVi 19. x2(y=z)=xAy-z

6. XFY=XVy 13. XOYSXAYVXAY 5o, X2y=10yOxy

7. xV(yAx)=x 14, (XVy)lxvy)=x 21 Xe y=(xvy)(xvy)

2. Tlokaszath, 4T0 (HOPMYIIBI bva , anb-a , anb-b UMEIOT Ty K€ TaOIIHILy

MCTHHHOCTH, 9TO W UMILIAKarmss 4~ b .
3. [IIposepbTe, OyayT i1 IKBUBAJICHTHHI CleAyOMNe QyHKIUH:
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1. x2(y®z), (x2y)®(x>2z)
(xﬁj/)v(i\/z)

7 xAly®z), (xAy)®(xAz)
(x® y)V(x®z)

3, wAlyez),  (xay)e(xnz)
4. xviylz),  (xvy)l(xvz)

5. x®(y2z),  (x3y)e(xdz)
6. xlly=2z), (xly)>(x]z)

7 xA(y»z),  XZVX[y

g xV(y=z), (xvy)=(xvz)
9. x®(y2z), (xy)-(x®z
10. xHyez),  (xby)o(xvz]

11, X¥(ynz)

12. (yvE)®(yaz)

13. xDy,ydx
14. XVYy,Xo}y
15. XVY.X|y
16. XAY,XVy
17. x(y\/x),x
18. XAYAX,X

19. Xy¥z,z¥xy
20. X\/yZ,(XVy)(X\/Z) .

4. Tlpeobpa3yiiTe GopMyIIbl, UCTIOIB3YSI OCHOBHBIC 3aKOHBI SKBUBAJICHTHOCTH:

1. VYV 1.
2. XVYVXYVYy 12,
3. XVXYVXYVX 13.
4, WVWVU 14.
5. XyZVXYVXIVy1 15.
6. WIVXVYVIVYIVXy 16.
7. WIVyLVXyVxVy 17.
g XIVXyIVXVyVIVXyIVyL 18.
9. XVIVXyVXVIVXI 19.
10. XYZVXVIVXVYVIVXyz 20.

Pexomenodyeman rnumepamypa:
OcHoBHasi JinTeparypa:

FRVIV] VT

(xyz\/z)\/(xyz\/Z)
AREARS]
AR
XyIVXVyVIVXYVX )L
XyzVyVIVxyzVxVyVi
XyZVyIVXVxVyVz
XyzVxzVyIVvyvi
(xVyvaz)(yvy)(yve)
XyVxyzVxVxyzt

3apumnosa, O. P. Jlekuuu mo quckpeTHO MaTemMaTuke. MaTreMaThyeckast JIOTHKa: yaeOHoe
nocobue / D. P. 3apunosa, M. I'. Kokotunkosa, JI. A. CeBactbsiHOB. — Mocksa : Poccuiickuit
YHUBEPCUTET ApYxObI Hapo10B, 2014. — 120 ¢. — Pexxum gocryma:

http://www.iprbookshop.ru/22190.html
JlonoTHUTEIbHAS JIUTEPATypa:

Xarrapty, P. JluckpetHas MmaremaTuka it IpOrpaMMHUCTOB : ydeOHoe niocodue / P. Xarraprtu.
— Mockaa : Texnochepa, 2012. — 400 ¢. — Pexxum moctyma:

http://www.iprbookshop.ru/12723.html

)

)
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IIpakTHyeckas padora Ne9. /IM3bIOHKTHBHbIE H KOHBIOHKTHBHBbIC COBEpIICHHbIC

HOpMaJibHbIEe GOPMBI.

Ilenv 3anamusa. llpuobpectu HaBbiku mnoctpoeHuss CKH® (CAH®D) c mnomoiisio
Pa3IMYHBIX aITOPUTMOB.

3nanus u ymenus, npuoopemaembvie CMYOCHMOM 6 pe3yibmame OCE60CHUA MeMbl,
dopmupyemoie kKomnemenyuu. 3HaeT OCHOBHBIE 3aKOHbI aireOppl JIOTUKA U YMeeT
npuMeHsTh anroputMel nocrpoerust CKH® (CAH®) GyneBbix QyHKIHIA.

Teopemuueckasn uacms.

MmuosxecTBO Beex OyneBbix B Oasuce S=66 oOpa3ytoT OyJeBy ajaredpy. Eciou x

— [n 1!
- JIOTUYCCKas NepeMEeHHad, a=o0 € lo’lJ TO BBIPAKCHUC

(

0_ g 0.
I T S
| k=l =000 |
Ha3bIBAaeTCs JUTEpOM. Jluteppl X u  ~X  Ha3pBalOTCS KOHTpapHbIMU. KOHBIOHKTOM
Ha3bIBAETCSl  KOHBIOHKLHUSA JiuTep. JIM3BIOHKTOM  Has3bplBacTCsd  JAU3BIOHKLUS  JIUTEP.
JAn3b10HKTUBHON HOpMaJbLHON (opmoii (JIH®P) nazpiBaeTCs AUIBIOHKIMSA KOHEYHOI'O YHCia
KOHBIOHKTOB. KOHBIOHKTHBHOII HopMajbHOU ¢opmoii (KH®) Ha3zbiBaeTCs KOHBIOHKLUSA
KOHEYHOT'0 YHCJIa JU3BIOHKTOB.

Ilycts dynknus f 3anucan B 6a3uce 51 . Nanuas (GyHKIUS TPUBOIUTCS K HOPMaIbHOM
(dbopMe CIIeTYIOINUM Ty TeM:

1. ucnonw3yem 3akoHbl 1e Moprana, yToObl peoOpa3oBaTh GOpMyITy K BUILY, B KOTOPOM
3HAKHU OTPULIAHUS OTHOCSITCS TOJIBKO K OTAEIbHBIM I1IEPEMEHHBIM;

2. IpUMEHSIEM MPaBUJIO CHIATHS JBOIHOIO OTPULIAHUSL: X=X .

3. nanee cieqyeT MCIONB30BaTh 3aKOHBI JAUCTPUOYTHUBHOCTH, MPUYEM MEPBbIM 3aKOH
IUCTpuOyTUBHOCTH JUIsi npuBeneHuss k JH®, um BTOopoil 3akoH AUCTPUOYTHUBHOCTU JUIS
npuBeneHus k KHO.

Ecnu B Ka)KI0M WwieHe HOPMaJIbHOH (POPMEI IIpeICTaBlIeHbI BCE TepeMeHHbIe (1100 camH,
nub0 WX OTPULIAHUS), MPUYEM B KaXKIOM OTIEIHbHOM KOHBIOHKTE WM TU3IBIOHKTE JH00as
MEpeMEHHAasT BXOJHWT POBHO OJWH pa3 (imbo cama MO0 ee OoTpuilaHue), To d3Ta (opma
Ha3bIBacTCs coBepLeHHO HopMaJbHOH dopmoii (CAH® niau CKH®D).

[pumep: [1o nanno# Tadbnuie uctTuHHOCTU noctpouth CIIHD.

Pemenue paccMoTpuM Ha mpuMepe PyHKITUN f (X Y :Z) , 3aJJaHHOM TaOJIMYHO:

X y z Koncrturyents! 1 Koncruryents! 0 f(x,y,z)
0 0 0 Xy xVyVz 0
0 0 1 XYz XVyViI 1
0 1 0 Xyl XVyVz !
0 1 1 Xy-z XVyVI 0
1 0 0 XyI XVyVz 0
1 0 1 XYz XVyViI 1
1 1 0 X'yl XVyVz !
I I I X-y-z XVYVZ I
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KoncruryenTsl_1 (WM OCHOBHbIE KOHBIOHKIMM ), BKJIIOUEHHBIE B Taluuily,
COOTBETCTBYIOT KOHKPETHOMY HaOOpy HyJell M eIuHMI, KOTOpble NPUHUMAIOT NEpEeMEHHbIE
X,Y>2 . CrposiTcd KOHCTUTYEHTHl 1 1O CleqyrolleMy IpaBUIy: IEPEMEHHAs BXOAWUT B
IIPOM3BEICHUE CaMa, €CJIM Ha JaHHOM Ha0ope OHa IIPUHUMAET 3Ha4eHue 1, B IPOTUBHOM Cllydae
B IIPOM3BEJICHUE BXOJUT €€ OTPULIAHUE.
IIpaBuno pasi mocrpoenuss CAH®: ciexyer BoIOpaTh CTPOKH, B KOTOPBIX (YHKIIHS
paBHa 1, a 3aTeM B3AThb IU3BIOHKIMIO COOTBETCTBYIOLIMX KOHCTUTYyeHT 1. Tak mig Hamero
npuMepa, UMeeM

f(x,y,2)=Xy2VXyIVX-YIVX- Y IVXY'L.
[pumep: [To nanno# Tabimie uctuHHOCTH TocTpouTh CKHO.

Pemenue: Koncrutyentnl 0 mis HaGopa Hysned W eauHUI] (KOTOpBIE NPUHUMAIOT
nepeMeHHple  X,Y,Z ) CTpOUTCS CIEAYIOUIMM 00pa3oM: IepeMeHHas BXOIUT B JU3BIOHKIIHIO
camMa, ecnM Ha JaHHOM Ha0Oope oHa mnpuHUMaeT 3HaueHue (0, B TPOTHBHOM cIydyae B
JTA3IBIOHKIIAO BXOJUT €€ OTPULIAHHUE.

IpaBuno pias nocrpoenuss CKH®: cnenyer BeIOpaTh CTPOKH, B KOTOPBIX (YHKIUS
paBHa 0, a 3aTeM B3iThb KOHBIOHKIMIO COOTBETCTBYIOIIMX KOHCTUTYeHT (. B pesyinbrare
nonyuutcs uckomass CKH®. Tak s Hamero npumepa, uMeeM

flx,y.z)=(xvyvz)(xvyvz)(xvyvz).

Onucannpiii crioco6 Haxoxnaenus CHAH® (CKH®) mo Ttabnwie HUCTUHHOCTH OBIBaeT
gacTo 0osiee TPYJOEMKHUM, YEM CIEAYIOLUI allTOPUTM.

1.Jas naxoxaesun CAH® nannyio popmyny npuBoaum cHadana k JIHO.

2. Eciu B HEKOTOPHI KOHBIOHKT K He BXoamT ckaxem mepemeHHas Y , TO JTOT

KOHBIOHKT 3aMEHseM Ha SKBHMBAJIEHTHYIO (opmyiy K /\(y vy ) U, npuMeHss 1-i 3akoH
IUCTPUOYTUBHOCTH, NPUBOAUM monydeHHylo (opmyny k JH®. Ecam Hemocrarommx
MIEPEMEHHBIX HECKOJIBKO, TO AJIS KaXKJOW M3 HUX K KOHBIOHKTY J100aBJISIEM COOTBETCTBYIOILYIO

dopmyny Bua (y vy )

3. Eciu B nonyuenHoi JJH® umeercss HECKOIBKO OJMHAKOBBIX KOHCTUTYEHT €IUHUIIBI,
TO OCTaBJIIEM TOJBKO OJIHY U3 HUX. B pesynbrare nmonyuyaercs CJIHD.

3ameuanue: /{111 noctpoenuss CKH® nu3blOHKT He coJiepKallluii CKaKeM MEePEMEHHYIO0

Dvy-y

Y 3aMeHAeM Ha OSKBUBAJIECHTHYIO (QOpMyIy
TUCTPUOYTUBHOCTH.

Hpumep: Iloctpours CKH® gns ¢yskmum F mpu momommM  3KBUBaJICHTHBIX
npeoOpa3oBaHUA

F=x|(y®z)=xVv(y®z)=xV(yzVvyz)=xvyz-yz=xV(
LxVyVvz){(xVyVz)-CKHD
[Ipumep: C moMoIIEI0 3KBUBAJIGHTHBIX MpeoOpazoBanuii npuseaute Gopmyny k JJHO, KHD,
o, ckno. F=((x¥y)37)«y.
Pemienue: Ilpusenem ¢pyukuuto F k 6azucy
F=(xy3) o y=(XyVI) o y=(xVyVi)e y=(xvyVIVy)(xVyVivy)=
=Xy2Vy=x-y-2-y=(xVyvz)y-KH®
s npusenenus F x JIH®, npumeHnM nepBbIif 3aK0OH AUCTPUOYTUBHOCTH.
F=xyVyyVz:-y=xyvz-y=xyVzy-/JHO
[Tpusenem ¢ynkuuto F k CIHO:

U, TpUMEHsEM 2-i 3aKOH

J=xv(yvz){yve)=

Nl

VZ)(yv

~<Il

S,=4¢4
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F=xyviy=xy(zVi|VIy(xVX)=xJzVxyZV(ZEXVIyX)|=xJ2VXyIVRL.
[Ipusenem ¢ynkuio F k CKH®:

Pyl
IIpumep: HpHBeCTH ¢ynkuuio k IH®, ncnons3ys 1-b1if 3aK0H TUCTPUOYTHUBHOCTH.

Xy xyz(yve)=x-y(xvyVvz)(yvz)=(xyxvx-y-yVx-y-z)(yvz)=-smoKHP

=(0vx-yvxyz)(yvz)=(x-yVx-yz){yVz)=—smodpyeas KH®

=Xy yVxyzyvVx-yzvVx-y-z.z=0V0Vx-y-zVx-y-z=xy-zVx-y-z—smo [JHD

Ipumep: [Mpusectu Gpynkiuio kK KHD, ucnonb3ys BTOpoit 3aK0H AUCTPUOYTUBHOCTH.

x\/y-x-y\/Z:x\/y-(x-_y?):x\/y-()‘(V?)-z:x\/y-z-(i\/j/):(x\/y-z)-(x\/)_(\/y):

=(xvy)(xvz)(1Vy)=(xVy)(xvz)- smo KH®

[pumep: [1o nanno# tadbnuie uctTuHHOCTU octpouts CIAHD:

A A MR

TR

X y z OCHOBHBIE f(x,y,z)
KOHBIOHKIINH
0 0 0 XyI 0
0 0 1 XYz 1
0 1 0 XyZ 1
0 1 1 Xz 0
1 0 0 XyZ 0
1 0 1 XYz 1
1 1 0 XyZ 1
1 1 1 Xyz 1

[Moctpoum CKH® 151 Hamero npumepa Ha OCHOBAHUU 3aMEUYaHMS.

1. Crpoum CJTH® st oTpHIiaHus XyIVXyZVXy'L.
2. Ucnonw3yeM 3akoHsbI e MopraHa, noisydaem

(=R IV IR IR IACT = 0 Ve f vV RV v |

1. Yro naseiBaercas KHO (JJHD)?
2. Ausroputmsl noctpoenus CJH® u CKHO.
3. Kaxkue u3 cnenyromux QyHKIHMH 3anucanbl B HOpMaJIbHOM popme, a Kakue HeT?

1. xVy>z; 2. [xyva){zvxl; 3,
(szVX)xy(ZVx%
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4 XyVEy(xvy); 5. XY IRV YVX; 6.
(xVyVsz)i-(sz);
. X YVXZVy-Zz-XVz; ¢ (xvyvz)lyvxyvi); o XIVIYVX)I;

10. NIVXYIVYL; . vayva)(xvyviz); g, HIVEYVYI,

13 WVIVYVIVyy, 14, (xvyvzve)(xvy)e; 15.
x\/y\/ZV(xVyz);

16, XyIVXyzVyz(xvz); 17.  XVYVIVXyVyz, 18,
XV (xvy)(yve);

1o, xvyvz)(rvyvz)(xvy); 20, XIVXVatvxya, 21.

(x\/y\/z)~x~(z\/x).
5. IlpuBectu cnexyromnue popmyssl kK JJH® n KHD u mo BO3SMOXHOCTH YIIPOCTHUTb.

1. xVyz; 2. Xeoy; 3. Xe yz;

4, Xoyoz; 5. XY eoXy; 6. Xx>(y=z);

7. VXl g. XyV)yVi; 9. XVYIVXJL;

0. XVyVzxvxy, . (xyve){yvrz); 12,
(x_yz\/x)-(x\/y\/é\/xz)\/y;

i3, XYXYVRIVEI) gy xy vy 15, I3YVXRI);

6. (X®YP(z®x); 7 (xby)®zx; 15 (xvz)(yvz);

o (X[y)Pxyvz; 0 XVyex®z; 21, XYVXZVI.

6. IlpuBectn ¢yuxuun K coBepumieHHbIM (opmam (CAH® u CKH®) nyrem
HKBUBAJIEHTHBIX ITPe0Opa30oBaHUi.

L XyVXyzvz; 5 (xvz)(xvy); 5. XVyVIX;

4. (xvyve)y(yve); 5. xyz; 6. JVE(yzvi);
- (xyvz)x(xzvy); ¢ xVyaxz; o (yVI)®xyI;
0. (X¥yIVyzAX; 11, Xe X YA 12, XAV

13. XV, 14 Xy(x2y); 15, (x2y)2xvy;
16, x>yz; 17. (x2y)2x; 18, x> (y2x);
19. XxVy=>(x=z); 20. Xyzt; 21 (Jvz)®xy.

7. Hoctpouts CAH® n CKH® s GpyHKuuil 3a7aHHBIX BEKTOPOM 3HAueHHH OyneBoi
GyHKIIH.

p(oonn); 5o (001); 5 (1110); 4 (1000); s (0011 1010);
. (1100 o0101); 5 (1000 1111); ¢ (1110 1100); ¢ (1000 0011); 1o
(1100 0000 );

(1. (1101 0000 0011 0110); ;, (0000 1111 0101 1100);
(3. (1001 0000 0011 0100); ;4 (0101 0110 0010 0111);
5. (0001 1100 0011 1110); 16 (1101 1111 0011 0001);
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7. (1111 0000 1111 0110); ;g (0101 0110 0101 0110);
1o, (1000 0110 1011 1111); 5o (1010 1111 0111 0000 ).

8. Jlokazarb paBHOCcHIbHOCTH ITyTeM npuBeaeHus k CIH® win CKHO:

1. X=XV, g. XPYEYIX; 15. (x2y)2>y=xvy;

7 x(xvy)=x; 9 XYVXY=X, l6. X2 (y=z)=xAy-z;

3. XVXXY=XVy; 10.  XVXy=x; 17.
(x2z)(y>z)=(xVvy)>z

4 X\/}Eﬁ; 11. XVXY=xVy; 18, x(yvz)=(xAy)v(xaz);

5. XFY=EXY; 1. x(xvy)=xy; 19. X y=(x2y)aly>z);

6. (xVyllxvy)=x; 13, (xvy)alxvy)=x; 20. XPYEYIX;

7. X o Y=y ex; 14, XV(xAy)=xvy.

9. C moMoIbI0 3KBUBAJIEHTHBIX NpeoOpa3oBanuii npusenute dopmyiny k JHD, KHO,
CAH®, CKHO.

oAy 5. 29X o (X]y); 15, X¥y2xVyeox|y;
2. xBy; 9. ([x[y)2z)@y; 16, (XVy)2(z®x);

3. Xey; 10, (xvy)2({z®X%); 17. (229x)  (y[x);

4. Xby; 11, (xy)@(z2%); 15, ((x¥y)2z)@y;

5. xDy; 1. (z9x)®(x[3); 19, X¥yIx|y®x;

6. X>yz; 13, (xvy)2({z2®x); 20, [XVY)R(zoX).
7. WL, g, ([(xvy)®z)2yx;

10. ITpoBepbTe AByMs crioco0amMu, OYIyT JIM SKBUBAJICHTHBI CEIyIONINe (yHKIHH.
1) cocraBnenuem Ttabmui uctuaHocTH; 2)ipuBenenneM K CAH® wm CKH® ¢
MIOMOIIBIO SKBUBAJIIEHTHBIX TPe0Opa3oBaHuil.

1. XVy,x>y; 11. XAy o z),(xAy) e (xAz);
2. XDy, Xoy; 12. xV(ylz),(xvy)l(xvz);

3. XVyx®y; 13. x®(y22z),(x?y) e (x¥z);
4. wVzx(yvz); 14, x2>(y®z),(x2y)®(x>2);
5. (x2y)z,xyz; 15. x|(y=z),(x]y)>(x]z);

6. XWoX,(xoy)z; 16. XAly=z),(xAy)=(xAz);
7. [xVy),xAy; 17. xV(y=z),(xvy)>(xvz);
g. Xy, XVy; 18. Xx®(y2z),(xy) o (x®2);

9. xV(y>z),(xvy)>(xvz); 19 x¥yez)(xdy)e(xdz);

0. xalysz),(xay)s(xaz);  gg xaly®z),(xAy)®(xAz).
Pexomenoyemasn numepamypa:
OcHoBHas1 JInTepaTypa:
3apunona, J. P. Jleknuu no auckpeTHol MaTemMaThke. MaremaTHueckas JIoTuka: yaeoHoe
nocobue / J. P. 3apunosa, M. I'. Kokotunkosa, JI. A. CeBacTthsinoB. — MockBa : Poccuiickuit
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YHUBEPCUTET JpyKO0bl Hapo10B, 2014. — 120 c¢. — Pexxum goctyna:
http://www.iprbookshop.ru/22190.html

JlonoJHUTeIbHAS JINTEpaTypa:
Xarraptu, P. JluckpeTHas MmaTreMaTuka Juisi IpOrpaMMHUCTOB : yuyeOHoe nmocobue / P. XarrapTu.
— Mockaa : Texnocdepa, 2012. — 400 c. — Pexxum nocryna:
http://www.iprbookshop.ru/12723.html

IIpakTHyeckas padora Nel(). AnropurmMbl NOCTPOEHHUS MOJMHOMOB JKerajkuna.

Ilenv 3amamua. 3akpenuTb HaABBIKUM IOCTPOEHHMS] MHOrowieHa JKeraJkuHa MeTOJaMu
PaBHOCHUIIBHBIX TpeoOpa3oBaHMil U HEOPEAeIeHHBIX KO3 PUIIMEHTOB.

3nanua u ymenusa, npuodpemaemovie CHYOCHMOM 6 pe3yibmame O0CE0EHUs HeMbl,
dopmupyemovie Komnemenyuu. 3HaeT aJropuTMbI MOCTPOCHUsSI MHoroujeHa JKeraikuHa u
yMEET UX MPUMEHSITb.

Teopemuueckasn uacme.

—| |
MuoxecTBO OyneBbIX (YHKIMH, 3amaHHbIX B Oasuce JKeranakuHa S _\@’/\:11
HazbIBaeTcs anredpoit JKerankuHa.
OcHOBHBIE CBOMCTBA

H ®H,=H,®H,, H AH,=H,AH, .
H,®(H,®H,)=(H,®H,) ®H,,

l. KOMMYTaTUBHOCTb

2. aCCOLIMAaTUBHOCTh
H A(H,AH;)=(H,AH,)AH,

3. auCcTpUOYyTUBHOCTb HlA(HZ®H3):<H1/\H2)@(H1/\H3)

4. coiicrea xoucranr HA1=H,  HA0=0, H®0=H

3. H@HZO, HAH=H

YrBepaxnenue. Uepes onepaunu anredpsl XKeraqkuHa MOXKHO BbIpa3suTh BCE JpYyrue
OyJieBbI QyHKIIUN:

x=19x, xVy=x®y®xy, x~y=1®x® y,
x2y=1®xD xy, x$y=10x®D y Bxy, X|y=10 xy.
Onpenenenue. [Tornnomom JKerankuna (IIOJIMHOMOM IO MOAYJIO 2) OT N NEPEMEHHBIX
X3 Xpy e, X

>™n HazpIBAETCA BBIPAKCHUC BUA
P(X),%p5.0s X, )= @ 0 X, @ 0%, B ... O €, x, B X, %, 0. B )y X, Xp.0 X,

IJle HOCTOAHHblE 'k MOTYT NpUHUMATh 3HaueHus 0 wim 1.

Ecmn mommuaom JKerankuHa HE COJEPKHUT MPOU3BEACHUH OTAETBHBIX IEPEMEHHBIX,
TO OH Ha3bIBACTCS JIMHEUHBIM (JTMHEHHas QyHKIHs).

Teopema. Kaxnas OyneBa (yHKIMS TPEACTABIACTCS €IMHCTBEHHBIM 00pa3oM B
Bujie noauHoma JKerajakuHa.

OCHOBHBIE METO/IBI IOCTPOEHUS TMTOJIMHOMOB JKerajknHa:

1. MeToa, ocHOBaHHBII Ha mpeoOpa3oBanuu ¢opmya. [IpuBoaum dhopmyny K BuIY,
coliepkameMy CBs3KM W3 Oasmca S={@®,&,1}; packpbiBaeM CKOOKU UCIOJIb3ys 3aKOH
IUCTPUOYTUBHOCTH (CM. CBOICTBO 3); a 3aTeM MpUMEHsIeM CBOICcTBa 4 U 5.

2. MeTtoa HeonpenegaeHHbIX KO3 duuuenToB. [Tonmunom KeranknHa, peanu3yromun

3alaHHYI0 (DYHKITHIO f (Xl’XZ""’Xn WILEM B BHJIE
P(X1,%p.0, X, )=Co @ X, @ %, D ... B ¢, x, B Cppx X, D .. B cpy XXy X,

. c
Haiinem ko3¢ duimeHTs k. Jlms  9TOro  mocinefoBaTeIbHO  MPUIAUM

X Xpyeen, X

NEPpCMCHHBIM n 3HA4YCHUA H3 Ka)KI[OfI CTPOKHU Ta6JII/II_II>I WCTUHHOCTU. B wuTore
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n n
MoJIy4nM CUCTEMY U3 2 YpaBHCHUU C 2 HEU3BCCTHBIMHY, HUMCHOINYIO CIAMHCTBCHHOC

pemenue. PemmB ee, HaxoauM Ko3((HUIIMEHTHI MOTMHOMA P (xl,xz,...,xn).

pumep: [Moctpouts nmonmHoM XKerankuna GyHKIUU

o fxy)l=xay, g flxyz2)=((x2y)37)«y.
Pernienue: a) 1 CI10co0. 3amuireM  HCKOMBIM  IMOJIMHOM B BHIE
P(x,y)=c,@cx®c,y®cpxy

[Tonp3ysick TabUIIe HICTUHHOCTH

X 0 0 1
y 0 1 0
Xy 1 1 0 1

nojiy4acm, 4To
f(0,0)=P(0,0)=c,=1,
(0,1)=P(0,1)=c,® c,=1,
f(1,0)=P(1,0)=c,® c,=0
(1,1)=P(1,1)=c,® ¢, D c,® c},=1.

c,=1, c=1, ¢,=0, C,,=
OTKyz[a IIOCJICI0OBATCIIBHO HaxoauM,

CnenoBartennsHO,
P(x,y)=1® x® xy.
2 crioco6 (Metox mpeodpazoBanus popmyir.) Mmeem
xy=xVy=xy=(x(y®1))®1=10 x® x-y.

0) 1 croco®. HyCTL MoJIMHOM JKeranknHa uMeeT BU/I;

PlODD =1, (. F(000)=1 ),
0,0,1)=c,® c;=0 (k. [(001)=0 ) =1®c,=0=c,=1.
0,1,0)=c,® c,=0=>1® c,=0=c,=1.
0)=c,®c,=1=21Dc,=1=¢,=0.
0,1, 1) @, ;D c,=0=210101Dcy=0=1Dc,y=0=>cyu=1.
1)=c,®c,® ;@ c3=1=210001Dc ;=120 cjy;=1=c,=1.
0)= c069c169c269012—0=>169069169012—0=>c12—0.
P(1,1,1)—COEB016902®C3690126901369023@0123:O:>
1000101000 101D¢,,,=0=21D c;;3=0=>c,,,=1.
Wrak, nomyuaem nonunoM JKeraikuHa 3-i CTeNeHH.
P(x,y,z)=1®y®zDxy ® yz D xyz.
[pumep: Iloctpouts nomumHOM JKerankwHa Juiss (QYHKIHHA f=(1011) METOJIOM
HEOIpeIeNIeHHBIX KO PHUIIMEHTOB. SIBsieTcs u [ nuneitnoi?
Pemenune. Mmem nmomuuoMm XXerankuna P (X Y ) B BHUJIC:
P(x,y)=c,®c,®c,y®csxy.
Ucnonb3ys Tabauily HCTUHHOCTHU AJIs fs , IMeeEM
P(0,0)=c,=1=c,=1,
P(0,1)=c,® c,=0=>1® c,=0=>c,=1.
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P(1,0)=c,® c;=1=1®c,=1=c,=0.
P(1L,1)=¢c,®¢,®c,®c;=1=21000 1D c;=1=c,=1.

Wrak, =18 yOXy _ e muneitna.
KoHTpo/IbHbIE BONPOCHI H 321aHUsI

1. Yto Ha3piBaeTcsa MHOrowiceHoMm JKerankuna?
2. Meton HeonpeneneHHbIX KO PHUIIEHTOB.
3. Ioctpouts monuHoM JKeraJikuHa, UCMIONB3Ys YKBUBAJICHTHBIE IPe0Opa3OBaHUSI.

1. Xy, g. (x2y)(y=z), 15. Xy>xVyox,

2. X3y, 0. WV 87, 16, (X®y)-(z%),

3. XY, 10. X¥JI, 17. [20y)®(yvxz),

4. (xvy)e, 1. (x2y)(yx), 1. (xVy)212ly,

5. Yz, 12. xVyvz, 1. (Xxey)¥(x®x7),
R T I )
7. WV, 14, XVYIVXL,

4. Tlocrtpoiire noarHoM JKerajikuHa METOJI0M HEONPEIETEHHBIX KOd()DUIIUEHTOB.
1. (xey)ez, g, XyVyzvitvi, 15, (22x)®(xy),
2. x3(y=z), o. XVy>3xVyexly, 15 (xvy2(z®%),
3.0 (x[y )z, 10. X¥y=>x|yO®x, 17, (xvy)2(z®x),
4. w(x®y), 11, 29x o (xly), 18, (z2x) o (ylx),
5. XyLVXyIVXyI, 12. ([xly)2z)®y, 19. ((x¥y)>z)®y,
6. (x2y)lyvz), 13, (xvy)(z®%), 20, (XVF]3(z0%).
7. (xe2y)vallx, 14, (X]y)®(22%),

5. Tlocrpoiite monmuuom JKerankuna, ecnu (QyHKIIMA flx,y.2) f <X1’X2’X3’X4)
3a/JaHHBI BEKTOPOM CBOUX 3HAUCHHIA:
1) (1010 0101);
2) (0011 1101);
3) (0011 1100);
4) (0101 0011);
5) (0010 0011);
6) (0101 1001);
7) (1111 0101);
8) (0111 1111);
9) (1101 1011);
10) (0010 0011);
11) (1111 1100 1011 1001);
12) (1101 0011 1101 0011);
13) (1100 1011 1111 1011);
14) (0101 0101 1110 0011);
15) (0000 1111 0101 1100);
16) (0011 1101 0011 1100);
17) (1111 1100 1011 1011);
18) (0101 1111 1101 0011);
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19) (0000 1011 1011 1010);
20) (0001 1101 1010 1111).

Pekomenoyemasn numepamypa:

OcHoBHasi uTEpaTypa:
3apurnioa, D. P. Jleknuu 1o 1uckpeTHON MaTeMaThke. MaremaTiudeckas JIOTHKa: yaeOHoe
nocobue / O. P. 3apunosa, M. I'. Kokotunkosa, JI. A. CeBacThsiHOB. — MockBa : Poccuiickuit
YHUBEPCUTET ApYKObl HapoaoB, 2014. — 120 ¢. — Pexxum nocryna:
http://www.iprbookshop.ru/22190.html

JlonoJHuTeILHASA JTUTEpPATYpa:
Xarraptu, P. JIuckpeTHas mMaTemMaTHKa I TIPOrPaMMHKCTOB : ydeOHoe mocobue / P. XarrapTu.
—  MockBa :  Texnocpepa, 2012. — 400 c. — Pexum  Jocryna:
http://www.iprbookshop.ru/12723.html

IIpakTnueckass padora Nell. Pa3memenusi, nepecTAaHOBKH, COYETAHUSA B
KOMOMHATOpPUKE.

Llenv 3anamua. WV3yunuTb OCHOBHBIE KOMOHMHATOpHBIE OOBEKTHI M 00JacTu UX
BO3MO>KHOTO TIPUMEHEHUSI.

3nanua u ymenus, npuoopemaemvie CHYOCHmMOM 6 pe3yibmame OC60CHUA MeEMbl,
dopmupyemovie Komnemenyuu. 3HaeT pa3MEIICHUSA, MEPECTAHOBKH, COUYETAHUS M YMEET HX
MIPUMEHSTD [P PEIICHUU 33]1a4.

Teopemuueckaa uacme.

KombOunaropuka - 3T0 pasfen MaTeMaTHKH, B KOTOPOM H3YYaroTCsl BOIPOCHI O TOM,
CKOJIBKO PA3JIMIHBIX KOMOWHAIIMH, TTOTIMHCHHBIX TEM WU HWHBIM YCIOBUSM, MOXKHO COCTABHUThH
U3 3aJaHHBIX 00BEKTOB. OCHOBBI KOMOMHATOPUKH OUYEHb BAXKHBI ISl OIIEHKH BEPOSITHOCTEH
CIIy9alfHbIX COOBITH, T.K. UMEHHO OHH TIO3BOJISIOT TMOJCYUTATH MPUHIMITHATHLHO BO3MOXHOE
KOJIMYECTBO PA3IMUHBIX BAPHAHTOB Pa3BUTHS COOBITHH.

OcHoBHas popmyia KOMOMHATOPUKU

[Tycte umeercs k rpynm s1eMeHTOB, MpUYeM i-f TPyMHNa COCTOUT M3 N; DJIEMEHTOB.
BreibepeM 1o ogHOMY 3yIeMEHTY M3 Kaxaod rpymnmbl. Torma obmee yucino N crnocoOos,
KOTOPBIMH MOYHO MPOU3BECTH TaKOW BBIOOD, ONpeaessieTcss cooTHomeHneM N=n,*n,*ns*...*n.

IIpumep. I[losscHUM 3TO mpaBwiIO Ha npoctoM mnpumepe. Ilycts mMeercs nse rpymnmsl
AIIEMEHTOB, MPUYEM IepBasi TPyMMa COCTOMT M3 N; AJIEMEHTOB, a BTOpasl - U3 N, SJEMEHTOB.
CKOJBKO PA3IMYHBIX Tap AJIEMEHTOB MOKHO COCTABHUTh M3 ITHX JBYX TPYII, TAKUM 00pa3oM,
9TOOBI B Tape OBLJIO MO0 OAHOMY 3JIEMEHTY OT Ka)JI0H TpYIIibI?

JlommycTrM, MBI B3sUT TIEPBBIN JIEMEHT U3 TIEPBOM TPYIIIBI U, HE MEHSS €ro, epedpanu
BCE BO3MOXKHBIE TMAaphl, MEHSSI TOJHKO AJIEMEHTHI W3 BTOPOW Trpymmbl. Takux map sl 3TOro
AJIEMEHTa MOXXHO COCTABHTH Ny. 3aTeM MBI O€peM BTOPOH SJEMEHT W3 MEPBOW TPYIIBI U TAKKE
COCTaBJISIEM JJIsi HErO BCE BO3MOXKHBIE Mapbl. Takux map Toxke OyneT n,. Tak xak B mepBoit
TPYyTIE BCETO N; DJIEMEHT, BCETO BO3MOXHBIX BapUaHTOB OyIeT n;*n,.

[Tpumep. CKOJIBKO TPEX3HAYHBIX YETHBIX YHCET MOXHO cOoCTaBuTh U3 mudp 0, 1, 2, 3, 4,
5, 6, ecnii LU(pPBI MOTYT MOBTOPATHCS?

Pemenue: n1=6 (T.x. B KayecTBE MEPBOM ITUMPHI MOKHO B3ATh JIIOOYI0 udpy u3 1, 2, 3,
4,5, 6), n,=7 (T.K. B KQUeCTBE BTOPOH IUPPHI MOKHO B34Th 00y tudppy u3 0, 1, 2, 3, 4, 5, 6),
n;=4 (T.K. B KauecTBe TpeThel MUdPBI MOKHO B3SITh JIIOOYI0 mudpy u3 0, 2, 4, 6).

Hrak, N=n;*n,*n;=6*7*4=168.

B Tom cnyuae, xorja Bce TPYIIBI COCTOAT W3 OAMHAKOBOTO YHCIA JJIEMEHTOB, T.€.
n;=N;=...Nx=N MOXKHO CYUTATh, YTO KaKJblii BEIOOP MPOU3BOJUTCS U3 OAHOM M TOM e TpyIIIBL,
MpUYEeM 3JIEMEHT MOcie BbhIOOpa CHOBA BO3BpallaeTcsl B rpymmy. Torma 4ucio Bcex CrocoOoB
BBIOOpa paBHO n*. Takoi coco6 BEIGOPa HOCUT Ha3BaHHE BHIOOPKHU C BO3BPAILICHUEM.

[Tpumep. CKOIBKO BCEX YETHIPEX3HAYHBIX YHCENT MOKHO COCTaBUTh U3 mudp 1, 5, 6, 7, 8?
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Pemenue. /{15 kaxa0ro pa3psiia 4eTbIPEX3HAUHOTO YHUCIIAa UMEETCS ISATh BO3MOKHOCTEH,
3HauuT N=5*5*5%5=54=625.

PaccMOTpUM MHOKECTBO, COCTOSIINE U3 N 3JIEMEHTOB. DTO MHOXECTBO OyJleM Ha3bIBaTh
TE€HEPATBHON COBOKYITHOCTBIO.

Pa3zmMeriennemM U3 n 3J€MEHTOB 10 M Ha3bIBaeTCs JI000M yHnopsoueHHbI Habop U3 m
Pa3IMYHBIX JIEMEHTOB, BHIOPAHHBIX U3 T€HEPAIbHON COBOKYITHOCTH B N 3JIEMEHTOB.

pumep. PaznuuHbiMU pa3MmelieHUs MM U3 Tpex aieMeHToB {1, 2, 3} mo aBa OynyT
Habops! (1, 2), (2, 1), (1, 3), (3, 1), (2, 3),(3, 2). Pa3menienust MOTyT OTIUYATLCA APYT OT Apyra
KaK 3JIEMEHTAMH, TaK U UX MOPSIKOM.

m

A,

Yucno pa3menieHuit 0003HavaeTcs Y BBIYHCIIAECTCS TI0 (hopmyiie:

A =nn-Uin-2). (n-m+1 = o
(n—mjl
[Ipumep. CKOIBKO CYIIECTBYET JBY3HAYHBIX YHCEN, B KOTOPBIX U(pa IECATKOB U mudpa
€AVHUI] Pa3IMYHbIE U HEUETHbIE?
Pemenue: T.x. HeueTHBIX 1U(dp 1ATH, a uMeHHo 1, 3, 5, 7, 9, To 3Ta 3a7a4a CBOIUTCS K
BEIOOPY W pa3MEIIECHUI0 HA J[BE pa3HbIe MO3WIUU ABYX U3 IATH PA3NIMYHBIX IUdp, T.€.
yKa3aHHBIX yucen OyaeT:

A2 =54=20
CoueTaHueM U3 n AJIEMEHTOB TI0 M Ha3bIBAaETCS JIIOOOW HEYyNOPSIOYCHHBI HA0Op M3 m
Pa3IUYHBIX JIEMEHTOB, BHIOPAHHBIX M3 T€HEPAIBbHOM COBOKYMHOCTH B N AJIEMEHTOB.

pumep. Ans muoxectBa {1, 2, 3}coueranusmu spisitores {1, 2}, {1, 3}, {2, 3}.

C,

Yucno couetanuit 0603HavaeTCst U BBIUHUCIIAETCS 10 (popmysie:

o n!
" oml(n - m)l

[Ipumep. CKOIBKMMHU CIIOCOOAMM YMTATEIh MOXKET BHIOpAaTh JBE KHIDKKH U3 IIECTH
AMeronmxcs?

Pemenue: Yuncao crnocoOOB paBHO YHCIY COYETAHHH M3 IIECTH KHUXKEK IO JBE, T.C.
paBHO:
Ce = S 28

214l 2l

[TepecTaHOBKOH M3 N 2JIGMEHTOB HAa3bIBAeTCs JIIOOOH YIOPSIOYCHHBIH HAOOp ATHX
3JICMCHTOB.

[Ipumep. BceBO3MOXHBIMH IMEPECTAHOBKAMM MHOMKECTBA, COCTOAIIECTO M3 TpeX
anemenToB {1, 2, 3} seusrores: (1, 2, 3), (1, 3,2),(2,3,1),(2,1,3),(3,2,1),3, 1, 2).

Yuciio pasnuyHbIX MEPECTaHOBOK M3 N 3JIEMEHTOB 0003Ha4yaeTcsi P, U BBIYUCISIETCS T10
dopmyne P,=n!.

[Ipumep. CKOJBKUMHU CTHIOCOOAMHU CEMb KHHUT Pa3HbIX aBTOPOB MOYKHO pPacCTaBHTh Ha
MOJIKE B OJIUH Psia?

Pemienune: sta 3agaya O 4YMCIIE TNEPECTAaHOBOK ceMHM pa3HbIX KHUT. Wmeercs P,=7!
=1*2%3%4*5%6*7=5040 ciocoO0B OCYIIECTBUTh PACCTAHOBKY KHHUT.

KoHTpoJibHBIE BOIPOCHI U 3a1aHUSI

1. Pacnicanune onHOro IHSA COAEpKUT 5 ypokoB. OmnpenenuTh KOJUYECTBO TaKUX
pacrnucanuii mpu Beioope u3 11 quciuroimH.
2. Komuccus coctour u3 mpencenarenis, €ro 3aMECTUTENS U €UIE IATH YEJIOBEK.

CKOJIBKUMU CITOCO0AMHU YJICHBI KOMUCCHH MOTYT PACIpeesiuTh MEKITy co00i 00s3aHHOCTH?
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3. CkonpKMMHU Ccrioco0aMHu MOXXHO BBIOpaTh TpeX MeXKYpHBIX H3 Tpymmbl B 20
JeJIOBEK?

4, CKOJBKO PpAa3MUYHBIX 3BYKOCOUYETAHHM MOXHO B3STh Ha JECATH BBIOPAHHBIX
KJIABUIIAX POSUISL, €CIIM KaXKI0€ 3ByKOCOYETAaHNE MOYKET COJIEPKATh OT TPEX 0 AECATH 3BYKOB?

5. B Baze ctosaT 10 kpacHBIX U 5 po30BBIX TBO3AUK. CKOJIBKUMH CIIOCOOAMH MOKHO
BBIOPATh M3 Ba3bl MATh TBO3/IUK OJTHOTO I[BeTa?

6. Homepa TpaMBaifHBIX MapmipyTOB HHOT/Aa 0003HAYAIOTCS JBYMS I[BETHBIMU
dhonapsmu. Kakoe KOIM4ecTBO pa3IMuHbIX MapuIpyTOB MOKHO 0003HAYUTh, €CIIA HCTIOIB30BATh
(dhoHapu BOCHMH 1IBETOB?

7. UYemnuoHat, B KOTOPOM Y4YacTBYIOT 16 KOMaHJ, MPOBOAWUTCS B JBa Kpyra (T. €.
KaKIash KOMaHJa ABaXKIbl BCTpeUaeTcs ¢ 000N apyroif). OmpenenuTh, Kakoe KOJIHMYECTBO
BCTpEY CIIETyET MPOBECTH.

8. 3aMOK OTKpBIBAaeTCS TOJBKO B TOM Cllydae, €CIM HaOpaH oOIpeaeneHHbIN
Tpex3HayHbId HOMeEp. [lombITKa COCTOMT B TOM, YTO HaOWPAIOT HAyTaa TpH IUGPHI U3 3aJaHHBIX
natyd uudp. YragaTh HOMEp YAAlOCh TOJIBKO Ha MOCIEAHEH M3 BCEX BO3MOXKHBIX MOIBITOK.
CKOJIBKO MOMBITOK MPEIIIECTBOBATIO YIaYHON?

9. N3 rpymmel B 15 uyenoBek BBIOMPAIOT YETHIPEX YUYACTHUKOB ACTa(eThl
800+400+200+100. CkonbkuMH croco0aMy MOXHO pPacCTaBUTh CIIOPTCMEHOB IO 3Taram
scraders?

10. Komanga w3 msiTM 4enoBeK BBICTYNAE€T HAa COPEBHOBAHHUSX IO IUIABAaHUIO, B

KOTOpBIX y4acTBytoT emie 20 crnopTcMeHOB. CKONBKUMHU CIIOCO0AMU MOTYT pPaclpeleluThbCs
MECTa, 3aHIThIC YWICHAMH TOM KOMaH/IbI?

11. CkonpKkuMHU cioco0aMy MOYKHO PACTIONIOKHUTh Ha IIAXMAaTHOM JTOCKE JIBE JIaJbu
Tak, 4ToObl OJHa HE MoryIa B3ATh Jpyryto? (OmgHa mambs MOXKET B3SATh APYTYI0, €CIId OHa
HAXOJHUTCS C HEl Ha OJHON TOPU30HTAIM UM HA OJTHOM BEPTUKAIM IMAaXMAaTHOMN JTOCKH.)

12. JIBe nanpu pazIMYHOrO IBETa PACIIOJOKEHBI HA IIAXMATHOW JOCKE TaK, 4YTO
Ka)KJ1asi MOXET B3SITh APYTYI0. CKOJBKO CYIIECTBYET TAKUX PACTIOIOKEHUA?

13. [Topsimok BBICTYTUIEHHSI BOCBMH YYaCTHHKOB KOHKYpCa OMPENEseTCs XpeOuem.
CKOJIBKO pa3TUYHBIX UCXOJOB KEPEOLEBKH MPU 3TOM BO3MOXKHO™

14. Tpunuath 4enoBeKk pa3OMTHl HAa TPU TPYMIBI MO JAECATh YEIOBEK B KaXKIOM.
CKOJIbKO MOXET OBITh Pa3INYHBIX COCTABOB TPYMIT?

15. CKOJIbKO YeThIpeX3HAUHbIX YHCeN, ACTAIIMXCA Ha 5, MOKHO COCTaBUThH U3 LUDp
0,1, 3,5, 7, ecnu KaXkJ10€ YUCIIO HE IOJDKHO COAEPKATh OJMHAKOBLIX ITUGDP?

16. CKONBKO pa3IMYHBIX CBETAIIUXCS KOJEI MOYKHO CJHIeNIaTh, PACHOJIOXKUB IO

OKpy>kHOCTH 10 pa3HOLBETHBIX JAMIOYEK (KOJbIA CUUTAIOTCS OJJMHAKOBBIMH IPU OJMHAKOBOM
MOPSIIKE CJICIOBAHUSI IIBETOB)?

17. Ha xumxHo# nonke nomemmaercst 30 ToMoB. CKOJNBKUMHU CIOCOOAMH UX MOXKHO
paccTaBUTh, YTOOBI IPU STOM MEPBBIA U BTOPOW TOMA HE CTOSIIN pAIOM?

18.  Yerblpe cTpeika JOJDKHBI MOPa3sUTh BOCEMb MHMIIEHEH (KaXIbld IO JBE).
CKOJBKMMU CIOCOOaMU OHM MOTYT paclpeIeIuTh MULLIEHH MEXAY cO00it?

19. U3 rpynnbel B 12 yenoBek eXeIHEBHO B TeueHHE 6 JHEW BBIOMPAIOT JBYX
NeXypHbIX. OTNpenennTs KOJINYECTBO Pa3INYHBIX CIUCKOB JIEKYPHBIX, €CIH KaXKIbld YeIOBEeK
JEKYPUT OJIUH pas.

20. CKOJIBKO YETBIPEX3HAYHBIX YHCEN, COCTaBJICHHBIX w3 1udpp 0, 1, 2, 3, 4, 5,
conepkat udpy 3 (UQpHI B UMCIaxX HE MOBTOPSIOTCS)?
21. JlecaTp TpyIIl 3aHUMAOTCA B JECATH PACIOJIOKEHHBIX MOIPSJ ayIUTOPHSIX.

CKOJIBKO CYIIIECTBYET BApHAHTOB PACIUCAHUS, IPU KOTOPHIX rpynmbl Nel u No2 Haxoauiuch Obl
B COCEIHMX AyIUTOPHUSX?

22. B TypHupe ydacTByIOT 16 maxmaTucTtoB. OIpeneinuTbh KOJUYECTBO PAIUYHBIX
pacnucaHuil TEepBOro Typa (pacluCaHUs CUUTAIOTCS Pa3MYHBIMU, €CIU  OTJIMYAIOTCS
YYaCTHUKAaMU XOTs Obl OJTHOM MapTUH; BET (PUTYp U HOMEP JOCKU HE YUUTHIBAIOTCS).
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23. [IlecTp SAMMKOB pa3aIUYHBIX MAaTEPUATIOB TOCTABIISIIOTCS HA IISITh ATAXKE€U CTPOUKHU.
CKOJIBKUMHU CIIOCO0aMU MOYKHO pacHlpeieTUTh MaTepHabl TI0 dTaxam? B CKOIbKMX BapuaHTax
HAa TISTHIN TaX JOCTABJICH KaKo-1100 OJUH MaTepuan?

24. JIBa moutanboHa nOJKHBI pasHecth 10 mucem mo 10 aapecam. CkonbKUMU
criocob6aMu OHM MOTYT pacIlpeienuTh padboTy?

Pexomenodyeman numepamypa:

OcHoBHasl JquTepaTypa:
3apunoBa, 3. P. Jlekuun mo JUCKpeTHOM MaTeMaTHke. MaremaTtudeckas JIOTHKa: ydeOHoe
nocobue / O. P. 3apunosa, M. I'. Kokotuukosa, JI. A. CeBacThsiHOB. — MockBa : Poccuiickuii
YHUBEpPCUTET  JpyxObl  Hapojos, 2014. — 120 c¢. — Pexum  jgocrymna:
http://www.iprbookshop.ru/22190.html

JlonoJHUTeIbHAS JINTEpaTypa:
Xarraptu, P. JluckpeTHass MaremaTHKa JJisl IPOTPaMMUCTOB : yuyeObHoe nocodue / P. XarrapTu.
—  MockBa :  Texnocdepa, 2012. — 400 c. — Pexum  gocryna:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckas paGora Nel2. IloacranoBku. BuHomuaibHble K03 (UUIMEHTDI.
Pa3ounenus.

Ilenv 3anamusa. PaccMOTpeTh BO3MOXHOCTh IpHMeHeHHs OuHoma HploToHa K
YIPOIIECHUIO BBIYMCIUTENIBHBIX JEHCTBUM.

3Hanua u ymenus, npuoopemaemvie CHYOEHMOM 6 pe3yibmame O0CE0CHUS MeMbl,
dopmupyemovie kKomnemenyuu. 3HaTb W yMETb IPUMEHATh AJITOPUTM HCIOJIb30BaHUS
6unoma Hpl0TOHA M IEPECTAaHOBOK JUISI PEIICHHUS MTPAKTUYECKHUX 3a/1a4.

Teopemuueckasn uacme.

[ToncranoBko#t (n-oif CTEMEHW) W3 N AJIEMEHTOB Ha3bIBACTCS B3aWMHO OJHO3HAYHOE
O0TOOpaK€HHE MHOXKECTBAa M3 N CHUMBOJIOB Ha ceOs. OOBIYHO 3JIEMEHTHI TOr0 MHOKECTBA
HYMEPYIOTCS U OTOXKAECTBIISIFOTCS ¢ N YACIIAMU HAaTYpPaJIbHOTO Psiia YnCe.

[Ipumep. BmecTo moAacTaHOBKHU - 0TOOpaKeHUsS JIEMEHTOB MHOXecTBa X={a, b, ¢, g}, -
TOBOPSAT 00 0TOOpaskeHNH MHOXKECTBa {1, 2, 3, 4} 1 0003HAYAIOT 3Ty MOJICTAHOBKY KaK

lr( 1 2 3 -L\.l
V2 4 1 3 ).
YMHOXEHUE MOJCTAaHOBOK - OIepalusi, KOTopas CTABUT B COOTBETCTBUE YIIOPSTOYEHHOU
nape MoJICTaHOBOK n-oii creneHu A u B tpeTsio nmoactanoBky C Toi ke CTENEHHU 110 TPABUITY:

1 2 3 ... n)
A=1. : : .,
'-\\21 lg iz 211)"
(i1 da i3 ... dn)
B — | IJ. I_ I-\_A I | ,
L Y - Y & I Y
. 1 2 3 ... n)
C=1. . . N
Vo Jd2 Js - Iny

PaccMmoTpum u3BecTHBIC (HOPMYITBI:
fat+th) ! = a+kb ,
tat+h) = a®+zakb+b®,
tat+h) ® = a*+3afp+3an®+nt.
AHaHOFI/IIIHO MOXHO BBIYHUCIATHL OCTAJIbHBIC CTCIICHHW, HO MBI BMCCTO HPOAOJIKCHUA
TaKOH MOCIIeI0BaTeIbHOCTH (HOpMYIT chOpMYyIIUPYyEM OOIIYI0 TEOPEMY O HHX.
Teopema. CripaBennuBa ¢popmyna (bunoma HeroToHa):
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(a+b)" =a™+ %a“‘lb + 1'(’;%11&”_2&2 + ...
ot nlfn—l;llfn—;!;l...lfn—k-l—lj an_,i;b,i; + .+ bn,
Kl=1-2-3....-(k—=1)k, K'=(k-1)k, 0l=1.
Ucnonp3ys uucna Cn MOXHO 3amucaTh OMHOM HbloTOHA!

(a+b)"=C%" + Clamtb+ ... 4 Cran=Fpk .+ Crb™.
Koadduuuent HazpiBaeTcss OMHOMUATBHBIM KO PHUIIUEHTOM.
Teopema. CripaBeyiiBbI GOPMYITBI JIsI ONHOMHUATBHBIX KOA()PHUITUEHTOB:

1, 2" = E__,‘E + lf__f}l + ...+ C7 - ceofAcTe0 CyMMbl BHHOMMANEHLIX KOAMEHUHEHTOE;

T — FITR—IT - .
2, Cmt=CT - CEOACTED CHMMETKK;

1 .
3, E_TE‘ + C‘E“"’l = _‘21_:_1 - CEORCTED CROXEHHA.

KoHTpoJibHbIe BONIPOCHI U 3aJaHUSs

1. Pa310uTh, BHIYMCIIMB OMHOMUANbHBIE K03(QuumenTsL: (a +b)’; (a + b)"™.
12

a+=

a HaiiTi K03 uument npu a’.

10
20—1—
3. B paznoxenun 3a Haliti ko3 urment npu a’.
4. IToctpoiite TpeyronbHUK Ilackans mpu n=12.
5. Beruncaure uncia @epma u MepcenHna npu n=4.

(x—2)"+(x—4)"=64
R+

2. B paznoxenuu

6. Pemuth ypaBHEHHE

7. Haiitu HOMep 4jieHa pa3iiokeHust OMHOMa X , HE COZIEPIKalIeTo X.
1 \n
(Var—)
8.HaiiTu msAThIi wieH pa3inoxeHus OuHoma 3a

9.Haiitn cymmy OMHOMHUANBHBIX KOA(G(UIMEHTOB WIEHOB, CTOSIIMX Ha HEUETHBIX MECTax B

n
pasyoxxeHun OMHOMA (X ty ) , €cIIM OMHOMHUANBHBIN K03()(UIIMEHT TpeTbero wieHa Ha 9

0oJpIIIe OMHOMUATTLHOTO KO3(PHUITMEHTa BTOPOTO YICHA.
3 f—

2 [ \/CI n
(a®Va+—)
10.Haiitu cemapmoli 4WiieH pa3lioKEeHUsT OMHOMA a , €cu OMHOMHAJIbHBIN
K03 PHUITUEHT TpeTbero ujaeHa paBeH 36.
5 3 36

11.CKoJBKO YJICHOB pPa3iokKeHHsI OnHOMA (\/§+ \/7) SIBJISIFOTCSL LIEJIBIMU YKCTIaMu?

0 1 2 2 3,3 4 ~4 5,5

+ + + + +

12.BBI4HCIIUTE CyMMY Cs+2Cs+ 27 C+ 27 C+2 G+ 27C

13.Haiitn  anreOpandeckyro cymMmy KO3()(HUIMEHTOB MHOTOWIEHa OTHOCHUTEIBHO X,

(3x—4)17
—-1/1\n
ax+x/4

14.Cymma HedeTHbIX OMHOMHMANBHBIX KO3()(PUIMEHTOB pa3ioKeHUs paBHa
512. Haiitu ciiaraemoe, He COAEepIKallee X.

IOJIy4acMoOro B pa3IOKCHUU OnHOMA
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(542x)"

Oosble OBYX

VIR OR
16. Ilpu kakoM 3HAYEHUU X YETBEPTOE ClIAaraeMoe pPa3lIOKECHH B
IBaALATh pa3 Ooiplle m, eciaM OWHOMHAJIbHBIA KOI(PQUIMEHT YEeTBEpTOro CjIaraeMoro
OTHOCHUTCSI K OMHOMHAILHOMY KO3((HUIIMEHTY BTOPOTO ClIaraeMoro kak 5 : 1?

L+3

17. B kakyt0 HauOOJBIIYIO CTENIEHb CIEeTYET BO3BECTH OMHOM V2 YTOOBI OTHOIICHHE

15.1Ipn KakuX 3HAYEHMSIX X YETBEPTOE CJIAraéMOE Pa3IoKEHUs

COCCIHHUX C HUM cllaraeMaIx?
m

YCTBECPTOT'O CJIAra€Moro pasjIOKCHHUA K TPETbEMY OBLIO paBHO 3 \/5 ?

Pekomenoyemasn numepamypa:

OcHoBHasi JInTEepaTypa:
3apunoBa, D. P. Jleknuun mo AMCKpPETHOW MaTeMaTuke. MaTemaTH4ecKas JIOTHKa: ydeOHOe
nocobue / J. P. 3apunosa, M. I'. KokotunkoBa, JI. A. CeBacThsiHOB. — Mocksa : Poccuiickuii
YHUBEpCUTET  JpykObl  HapomoB, 2014. — 120 c¢. — Pexum  jgocryma:
http://www.iprbookshop.ru/22190.html

JlonotHUTeILHAS JIUTEpaTypa:
Xarrapty, P. JluckperHast MaTemMaTuka JAjsl IPOrpaMMHCTOB : yuyeOHoe mocobue / P. Xarrapru.
—  MockBa :  Texmocdepa, 2012. — 400 c. — Pexmm  gocryna:
http://www.iprbookshop.ru/12723.html

IIpakTHyeckas padora Nel3. OcHoBHBIC XapakTepucTHKH rpados. Marpuubl
CMEeKHOCTH ¥ MHIMIeHTHOCTH. Onepauuu Hajx rpagamu.

Ienv 3anamusa. VI3yqnts BO3MOXKHBIE CIIOCOOBI 33/1aHUS TpadOB, aJITOPUTM BBHITIOTHEHHS
oreparyii HaJ rpadamu.

3nanua u ymenus, npuoopemaemovie CHYOEHmMOM 6 pe3yibmane O0CE0€HUA MeMbl,
¢opmupyemvie Komnemenyuu. 3HATH W YMETb pPEIN30BHIBATH HAa MPAKTHKE OCHOBHBIC
CIIOCOOBI Tpe/ICTaBIeHUs TPaOB U ONepanuy Haja rpadamu.

Teopemuueckas yacmo.

I'pahom G(V, E) HazpIBaeTCs COBOKYITHOCTH JIByX MHOKECTB — HEITyCTOrO MHOXKECTBa V
(MHOXXECTBa BEpIIMH) W MHOXXECTBa E HEYNMOpSAOYEHHBIX Tap pa3IHNuHBIX 3JIEMEHTOB
MHokecTBa V (E — MHOXecTBO pebep wiu yr).

G(V,E)=«V;E), V#0, EcCVXV, E=E".

I[1pu 5TOM nyra (a,b) Ha3pIBaeTCS NCXOMAIIEH U3 BEPIIMHBI @ U 3aXO/IICH B BEPIINHY b.

DneMeHTHl MHOXecTBa V Ha3bIBAIOTCS BEPIIMHAMH (WM y3JIaMH, WM TOYKaMu) rpada
G, a anemeHTsl U3 E — ero pedpamu (WM TUHUAMM).

unﬁffez
/'-d---
()
¢

Jyry, BBIXOASIIYIO M3 HEKOTOPOW BEPIIMHBI U 3aXOMAAIIYI0O B Ty K€ BEpIIMHY, Oynem
Ha3bIBaTh nemJel, a ATy, BBIXOAIIUE U3 OJHOW U TOM K€ BEPIIMHBI U 3aXOJSIIKE B OAHY U Ty
e BEpPIINHY, OyJeM Ha3bIBaTh KpamHuiMu. Tak, TyTH €s U €¢ SABIAIOTCS KPaTHBIMHU, a IyTra € —
nemied. BepumHy, U3 KOTOpOW HE BBIXOJUT M B KOTOPYIO HE 3aXOJUT HU OJIHA Jayra, Oyaem
Ha3bIBaTh uzoauposantoi. Hanpumep, 1 — U30JUpOBaHHAs BEpILUHA.
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Bepmuna v uHImaeHTHa pedpy €, ecliu VEe; Tor/a emie ToBOpsT, UTo € eCTh pedpo npu
v. JIBe BepIIMHBI, WHIUACHTHbIE pedpy, CyTh €ro KOHLIEBbIE BEPIUIMHBI WM KOHILBI; pedpo
COEJUHSET CBOU KOHIIEBBIE BEPIINHBI.

Mapupytom B rpade HazbIBaeTCsl MOCIEA0BATENbHOCTh BEpUIMH U pedep Vo, €1, Vi, €,
V2, ..., €, Vk, B KOTOPOH JIIOOBIE JBa COCEHHUX DJIEMEHTa COCIMHEHbI peOpoM. 3aMKHYTas LeNb
(Vo=Vk) Ha3bIBAETCS IIUKIIOM.

I'pad Ha3bIBaeTCS CBA3HBIM, €CIU JIFOOBIE IBE €r0 HECOBIAJAIOIINE BEPIIMHBI COCTUHEHBI
MapuIpyToM.

JUisi MHOTHMX 3ajjad HECYIIECTBEHHO, SIBISIIOTCA JIM pebdpa OTpe3kaMu NpSAMBIX HIU
KPUBOJIMHEHHBIMU JyTaMU; BaKHO JIUIIb TO, KAKKE BEPIIUHBI COEAUHAET KaXxa0e pedpo.

Ecnu pebpam rpada npuaaHbl HallpaBJICHUs OT OJJHOW BEPIIMHBI K IPYTroi, TO Takoi rpad
Ha3bIBACTCSl opuenmuposanuviM. Pebdpa OpHUEHTHPOBAHHOTO Trpada Ha3bIBAIOTCS Oy2amul.
CoOTBEeTCTBYIOIINE BEPIIMHBI OPUEHTUPOBAHHOTO I'pada HA3bIBAIOT HauaioM WU KOHYom. Eciau
HanpaBiieHUs! pedep He yKa3bIBaIOTCs, TO rpad Ha3bIBaeTCs HeopueHmuposarnHvim (WIH MPOCTO
rpadom).

Ha pucynke nzo0paxxeH HeopueHTHpoBaHHbIN rpad G =( X, A).

X= {)Cl, X2, X3, X4},

A = {ai1= (x1, X2), a2=(x2, X3), az=(x1, X3), as= (x3, X1)}.

Ha cnenyromem pucynke nzo0paxeH opueHTUpoBaHHbIN rpad G = (X, A).
X={x1, X2, X3, X4},
A={a=x1,%),a = 1,x), a3 = (x3,X3), aa = (3, X%2)}.

[231 o 25
X X4

I'pad, umeromuii kKak OpUEHTUPOBAHHBIC, TAK U HEOPUEHTUPOBAHHbBIE peOpa, Ha3bIBaCTCA
CMEULaHHBIM.

Paznuunble pedpa MOTYT COETUHATH OHY U Ty )K€ mapy BepluuH. Takue pedpa Ha3bIBaIOT
kpamuvimu. I'pad, comepxaiiuii KpaTHbIe pedpa, Ha3bIBACTCS MY IbMucpapom.

HeopuentupoBannoe  pebpo  rpada  SKBHUBWIEHTHO  JIBYyM  IPOTHUBOIOJIOXKHO
HaINpaBJICHHBIM JyTaM, COSTUHSIONINM T€ e CaMble BEPIIHHEI.

Pebpo MoxkeT coenuHATH BEpUIMHY camy ¢ coboil. Takoe peOpo HasbIBaeTcsi nemel.
['pad ¢ kpaTHBIME peOpaMu H TIETISIMHU Ha3bIBACTCS 1Ce8002PaAdOM.

MHoxecTBo pebep rpada mMoxer ObITh MyCTHIM. MHOXXECTBO BEpILIMH rpada HE MOXKET
ObITh mycThIM. Hanpumep, Huke u300pakeH opueHTHpoBaHHbIN Irpad G = (X, A).

X= {)Cl,)C2,X3,X4},

A4=9,
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Kak B cmyuae OpHEHTHPOBAHHOTO, TaK U B CIIy4ae HEOPUEHTHPOBAHHOTO pedpa roBOPSIT,
YTO BEPIIHUHBI X U Y UHYUOeHMHbL PEOPY @, €CITA STH BEPITUHBI COCTUHCHBI d.

Cmenenvro BeplIIMHBI Tpada HA3BIBACTCA YUCIO peOep, MHIMACHTHBIX JTOW BEpIINHE.
Bepmmna, umeromas crenens 0, Ha3bIBACTCS U30IUPOBAHHOU, & CTENIEHD | — gucsuell.

Jl7is opueHTHpPOBAaHHOTO Tpada MHOKECTBO BEPIIHH, B KOTOPbIE BEAYT AYTH, UCXOISIINE
U3 BEPINUHEI X, 0003Ha4aroT G(x), To ecth G(x) = { y: (x y )= G}. MuoxecTBO G(X) Ha3BIBAIOT
obpazom Bepumnbl x. CootBeTcTBEHHO G'(Y) — MHOXKECTBO BEPIIMH, U3 KOTOPBIX HCXOMIAT
nyTH, Bemymue B BepmmHy y, G'(y) = {x: ( x , y ) £G}. Muoxecrso G''(y) HaszpBaroT
npoobpazom BEPIIUHBI V.

Crioco0Osb1 3a1anus rpadoB
1. 'eomerpuuecknii

a b

2. Marpuiia CMEXHOCTH - KBaJpaTHash MaTpula, pa3MEpPHOCTH, PaBHOM KOJIMYECTBY
BepmuH. [Ipu 3TOM a[ 1, j |-11e70€ unciao, paBHOE KOTUYECTBY pEOEP, CBA3BIBAIONIUX 1-10, J-IO
BepmnHy. Eciiu B rpade HEeT meTenb, TO IuaroHaibHbIe dneMeHThl paBHBI 0 . Ecnu péOpa He
MOBTOPSIIOTCSI, TO Bce dnemeHTsl 0 wimm 1. Ecnum rpad HeopweHTHpOBaHHBINM, TO MaTpuIla
CUMMETPHUYHA.

3. Marpuna WHIUIACHTHOCTH — MaTpHUIla Pa3MEpHOCTH mXn , TJIe M — KOJHUYECTBO
BEPIIHH, N — KOIUYECTBO peOep UIH JIYT.

1, ecu dyea e; ucxoOum u3 éepwiuHbL V;

—1, ecau dyea e, 3axo0um 8 8epuwiUHbl V.,
a; ;= J 1
112, ecau e j Nemas npu eepuiuHe v,

0 6 npomusHom cryuae
4. COucok CMEXHOCTH (MJIM CHHCOK WHUUACHTHOCTH) — CIHCOK KaXAbId DJIEMEHT

KOTOPOIro COCTOUT M3 BCPIIHNHBI rpa(ba U CIIMCKAa CMEXXHBIX C Hel BCPIINH.

[Ipumep. Ilo rpaduueckomy 3amanuio rpada cOCTaBUTh MATPUILy CMEKHOCTH, MaTPUILY
MHIUJAECHTHOCTH

vi S
Vi1
O i 1l
i
Vi
®
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Pemienne: Marpuna CMEXHOCTH Marpunia WHUHMIAEHTHOCTH

o o o
—_ o
e S SN

Onepanyu Haja rpadamu
1. HeopueHTHpOBaHHBIH (OpUEHTUPOBAHHBIN) rpad G(V’E) Ha3bIBAIOT JIOMIOJTHEHUEM

HEOpUEeHTHpoBaHHOTO (opueHTtupoBanHoro) rpada G(V, E), rme - E _ nononuenue
MHOXkecTBa E 10 MHOXecTBa BceX HEyHNopsiI0UeHHBIX (YIOPSAI0YESHHBIX) Map Ha V.
2. O6venunenuem rpadoB G, (Vi, Ei) u G; (Va, E,) (o603nauenue Gi(V1,E))UGy(V,, Ey),
npu yeaoBuu ViNV,=0, E/NE,=©) HazpiBaercs rpad G(V, E), rne
VI:V1UV2& EI:ElUEz
3. Coenunenunem rpados G, (Vi, E)) u G, (Va, E,) (0603nauenune Gi(V,E)+ Go( V2, Es),
npu ycnosuu ViNV,=0, E;NE,=©) nazeBaercs rpad G(V, E), rne
V=V,uV,& E:=E,UE,U {e:(V1,V2)’V1€V]& V2€V2}
4. Ynanenune Bepmuabl v u3 rpada G (Vi, E;) (obo3nauenne G, (Vi, Ei) — v, pu
ycnoBuu vE V) naet rpad G (V», E,), roe
VzI:V1\{V}& EzI:E1\{C:(V1,V2)|V1:V v VzZV}>
5. Ynanenue pebpa e u3 rpada G, (V,, E,) (o6o3nauenue G, (Vi, E;) — e, npu yciosun
e€E)) maer rpad G, (V,, Ey), riie
V2:=V1& E2:=E1\{e}
6. Jlo6asnenue Bepmmuel v B rpad G, (Vi, E,) (o6o3nauenune G, (Vi, E|) + v, npu
ycnosuu V€ V) naet rpad G: (Va, E,), rae
VzI:V1U {V}& EzI:El
7. Nob6asnenue pedpa e B rpada G, (Vi, Ei) (o603nauenue G, (Vi, Ei) + e, npu ycrnosuu
eZE)) maer rpad G, (V, Ey), rnie
VzZ:V1& EzZ:El U {e}

KoHTpoJibHbIe BONIPOCHI U 3aJaHUSs

1. U300pa3ute rpadsl, 3alaHHbIC MATPULIAMHU:

0o 0 1 -1 0 -1 -1 0 1 0110
-1 0 0 0 -1 1 0 -1 00101
1 -1.0 0 0 0 1 0 10010
0o 1 -1.0 0 0 0 1 1 1010
0 0o 1.1 0 0 0 00010
a) ; 6) ;
010000O0TO
000100O0O00
000O0O0UO 0T 0O
1 0000O0O0T©O
0 10000T10
000O0O0TUO0TU 01
000O0O0T1T01
1 0100000
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2. CocTaBUTh MaTPHUILy CMEKHOCTHU JJIs Tpados:

R VAR
A A D

E F F
3. [TocTpouTs rpadw! 11 pemieHus 3aaad:

1) IlepeBozumky (II) Hyx)HO mepenpaButh yepe3 peky Boika (B), xozy (K) um memox c
kamycroit (M). Jlonka Tak Maja, 94TO KpOME MEPEBO3YMKA MOKET B3SITh TOJIBKO OJUH M3 ITUX
00bekToB. Kpome TOro, kamycTy HeNb3s OCTaBISATH C KO30M, a KO3y — C BojJkoM. Kak
OCYIIECTBUTH TIepenpaBy?

2) /IBa yenoBeKa MMEIOT MOJHBIN KYBIIMH BOJBI B § JI, @ TAKXKe JIBa IMyCThIX KyBIIMHA B 5 1
u 3 1. Kak um pa3aenurts Boy MOPOBHY?

4. IToTokn ITOKyMEHTOB LIMPKYJIUPYIOT Mexay roponamu Al, A2, A3 u ropogamu Bl,
B2, B3. M0>HO 11 NPOJIOKUTh HETIEPECEKAIOIIUECS MAPIIPYThl, COCAUHSIOMNE KAXKIbII TOpOL
Al ¢ kaxabIM roposiom Bj?

5. Onmnpenenure, kakue rpadbl, H300paKEHHbIE HA PHUCYHKE HIKE, SBISIIOTCS

YHUKYpPCaJIbHBIMU?
B B
A /\ C Amc
E D E D A
a) @)
A B B
E F A
D [
) E &)
3) uj )

6. B odpuce 15 xomnproTepoB. MOXHO JIM COEAMHUTH MX JPYr C APYroM Tak, 4TOOBI
KaXKbIH ObLT COEIMHEH POBHO C TPEMsI IpYTUMU?

Pexomendyeman numepamypa:
OcHoBHasi JInTEepaTypa:
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3apunoBa, 3. P. Jlekiuu mo AWCKpeTHOW MaTemaTuke. MareMaTudeckas JIOTHKa: ydeOHOe
nocobue / D. P. 3apunosa, M. I'. Kokotuukosa, JI. A. CeBacThsiHOB. — MockBa : Poccuiickuii
YHUBEPCUTET  JOpYykObl  HapomoB, 2014, — 120 c¢. — Pexum  Jgocrymna:
http://www.iprbookshop.ru/22190.html
JlonotHUTE/ILHAS JIUTEpPaTypa:
Xarraptu, P. JluckpeTHas MaremaTHKa JJisi IPOTPpaMMUCTOB : yuyeObHoe nocobue / P. XarrapTu.
—  MockBa :  Texnocthepa, 2012. — 400 c¢. — Pexum  gocryna:
http://www.iprbookshop.ru/12723.html

IIpakTuueckas padora Nel4. Diinepos rpad. Kpurepuii siiiepoBoctu.

Ilenv 3anamus. V3y4uTh aiaropuT™M TOCTPOCHHUS DdiiepoBa LUKIAa B JilIepoBOM
MyJIbTHTpad)e ¥ ero MPUIIOKEHUS Ha TIPAKTHKE.

3HaHuA u ymeHus, npuoopemaemvie CHYOEHMOM 6 pe3yibmame O0C60CHUS MEMbl,
dopmupyemovie kKomnemenyuu. 3HaTb W YMEThb pEAJIU30BBIBATH HAa MPAKTUKE aJTOPUTM
MOCTPOCHHUS dilfiepoBa MKJIA B SHIEPOBOM MYJIbTUTpade.

Teopemuueckas uacme.

IlepBbie 3amaun Teopuu TrpadoB OBUTM CBSI3aHBl C pPELICHHMEM MaTeMaTHYeCKUX
pa3BleKaTeNbHBIX 337a4 M TOJOBOJIOMOK (3amaua o KeHurcOeprckux MocTax, 3ajada o
paccraHoBKe (ep3ell Ha IIaxMaTHOW JOCKe, 33Jayd O MEepeBO3Kax, 3ajada O KPYTOCBETHOM
MyTENIeCTBUH ¥ Jipyrue). OITHUM U3 TEPBBIX PE3yJbTAaTOB B TEOPUH TpadoB SBHUIICS KPUTEPUI
CyllecTBOBaHUsI 00xona Bcex pebep rpada 6e3 moBTopeHui, nmoxydeHHsld JI. Ditnmepom mnpu
pemeHnn 3a1a9u 0 KeHurcoeprcknx Mocrax.

[IpaBuno Dinepa:

l. B rpade, He nmMeromeM BeplIMH HEYETHBIX CTENEHEH, CylIecTByeT 00XOJ BceX
pEbep (mpuyeM Kaxaoe pedpo MPOXOAUTCS B TOUHOCTH OAMH Pa3) ¢ HAYaJIoM B JII00OW BepIIMHE
rpada.

2. B rpade, umeronieM IBe M TOJBKO JIB€ BEPIIMHBI C HEYETHBIMU CTETICHSIMH,
CYIIIECTBYET 00XO0/ C HaYaJIOM B OJTHOM BEPIIMHE C HEYETHOU CTETICHBIO U KOHIIOM B JIPYTOM.

3.B rpade, umeromem Gojee ABYX BEPIIMH ¢ HEUETHOH CTENEHbIO, TAKOro 00Xoja He
CYILECTBYET.

Teopema CeasHulii HeOpUeHMUPOBAHHBIL MYTbMUSPAP Mo2oa U MoIbKO mo2od A6IAemcs
IULIEPOBLIM, KO20A CIMENeHb KANCOOU U3 €20 8ePUIUH — YENHOE YUCTO.

OnuieM anropuT™M TOCTPOCHUS »HiliepoBa NMKIA B diliepoBoM MynbTHrpade. ITOT
AJIITOPUTM 33/1a€TCS CIEIYIOIIMMHU ITPaBUIIaAMHU.

1. BbiOpaTh NpOM3BOJIILHO HEKOTOPYIO BEPIIMHY 4.

2. BrIOpaTh IpOU3BOIBLHO HEKOTOPOE PEOPO 1, MHIIMJCHTHOE d, H IPUCBOUTH €My HOMEp
1 (Ha30BeM 3TO pedpPO npotideHHbIM).

3. Kaxxnoe mpoiineHHoe pedpo BBIUEPKHYTH M NIPUCBOUTH €My HOMEp, Ha EJAMHUILY
00BN HOMEpa MPEBIAYIIEr0 BEIUEPKHYTOTO pedpa.

4. Haxomsce B BepimIMHE X, HE BBIOMpaTh PeOpPO, COSAMHSIONIEEC X C @, €CIH HUMEETCS
BO3MOXXHOCTb MHOTO BbIOOpA.

5. Haxonmsch B BepmMHE X, HE BBIOMpaTh peOpo, KOTOpoe SIBIsETCA nepeutetikom (T.e.
peOpoMm, mpu yJaJeHHMH KOTOporo rpad, oOpa3oBaHHBIM HEBBIYEPKHYTBIMH pedpami,
pacragaercsi Ha JIBe KOMIIOHEHTHI CBSI3HOCTH, KaKAask U3 KOTOPBIX MMEET XOTS OBl IO OJHOMY
pedpy).

6. [Tocne Toro kak B rpade OyIyT 3aHYMEpOBaHBI Bce pedpa, 00pa3yercst SHUIepoB UK,
IpUYeM MOPSA0K HyMEpalul COOTBETCTBYET MOCIeI0BATEIbHOCTH 00X0/a, pedep.

KoHTpo/ibHBIE BONPOCHI U 32 1aHUS

1.Mmerotes mu B rpade 31mepoBsl AKITBI?
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2. VImeroT 1M MOATUYTOJABHUK W MSTUTPAHHUK-TIMpaMHA C TETISIMH B HEKOTOPBIX
BEpULIMHAX MJIEpOB LUK (LIeTb)?

3. SIBAstOTCSA NU DIIIEpOBBIME TpadaMu: MPSIMOYTOJIBHUK C TIIABHOMW TMaroHalIbio, Kyo?

Pexomenodyeman numepamypa:

OcHoBHasl JuTEpaTypa:
3apunoBa, 3. P. Jlekuum mo IUCKpeTHOM MaTeMaTHKe. MaremaTtudeckas JIOTHKa: ydeOHoe
nocobue / O. P. 3apunora, M. I'. KokotrunkoBa, JI. A. CeBacThsiHOB. — MockBa : Poccutickmii
YHUBEpPCUTET  JpyxObl  Hapomos, 2014. — 120 c¢. — Pexum  jgocrymna:
http://www.iprbookshop.ru/22190.html

JlonotHUTE/ILHAS JIUTEpPaTypa:
Xarraptu, P. JIuckpeTHas maTemMaTHKa Il IPOrPaMMHUCTOB : ydeOHoe mocodue / P. XarrapTu.
—  MockBa :  Texuocpepa, 2012. — 400 c. — Pexum  gocryna:
http://www.iprbookshop.ru/12723.html

IIpakTnueckas padora NelS. I'amuabToHOB rpad.

lleflb 3aHAmMUA. I/I3y‘II/ITB AJITOPUTM MOCTPOCHUA IaMUJIBTOHOBA LUKJIIA MUHUMAJIBHOT'O
BECa U €ro NMPUIIOKEHHS Ha MTPAKTHKE.

3HaHuA u ymenus, npuoopemaemvie CHYOCHMOM 6 pe3yibmame O0CE0CHUS MEMbl,
dopmupyemovie kKomnemenyuu. 3HaTb W yMETb pEaJIU30BBIBATh HAa MPAKTUKE aJTOPUTM
MOCTPOCHUSA TaMUJIbTOHOBA LTUKJIA.

Teopemuueckas uwacme.

I'pad Ha3bBIBaETCS camunbmoHO8bIM, €CITA B HEM HUMEETCS MPOCTON LUK, COAEpKaIlnit
KOKIyI0 BepmiMHy 53Toro rpada. Cam TakodW LMK TakKe Ha3bIBACTCS 2aMUIbIOHOBHIM.
T'amunemonosoti Ha3bpIBaeTCS W MPOCTas IETb, COJEpIKaIias Bce BepimnHbl rpada. OueBumaHO,
4TO JII000H rpad, pedpa KOTOPoro oOpazyroT MPOCTON ITUKJI, SIBJISICTCSI TAMIJIBTOHOBBIM, a rpad,

IIOKa3aHHBIM HA PUCYHKE — HETaMUIITOHOBBIMN.
4

44



HecMoTpst Ha cxokecTh 3a/lad O HAaXOXJACHUU SUICPOBBIX M TaMUIBTOHOBBIX ITHKJIOB,
peleHre TOCIeHEH 3HAYUTENBHO ClIoKHee. V3BeCTHBI CIEQYIONIUe JTOCTaTOYHBIE YCIOBHUS
CYIIIECTBOBAHHS TaMHUJIBTOHOBBIX IIMKIIOB B CBSI3HOM Heoprpade G 0e3 merenb, UMEromeM 7> 3
BEPIIIVH:

Teopema Ecau 013 100bIX 08YX PA3IUUHBIX HECMeXCHbIX eepwiurn a u b epaga G
svinonnsemcs yciosue deg a + deg b > n, mo cywecmeyem eamunvbmonos yuxi, 2oe deg(a)-
cmeneHs (8aleHmMHOCIb) GEPUUUHDI.

CaencrBue Eciu ons nobou eepuiunst a epaga G evinoaneno yciosue deg a=> n/2, mo
cyuwjecmsyem eamMuibmoHo8 YUKil.

C 3amaueit HaXOXKICHHS TAMHIIBTOHOBA IMKJIA CBSI3aHA 3a0aia KOMMUBOSIHCEDU.

PaiioH, KOTOpBI J[JOJDKEH TMOCETHTh OpOASUMN TOPTOBEI, COACPKHUT HEKOTOPOe
KOJIMYECTBO TOPOJIOB, PACCTOSIHUS MEXKIy KOTOPBIMH W3BECTHHI. TpeOyercss HAliTH MapimipyT,
MIPOXOISIINIA Yepe3 BCe MYHKTHI 10 OJJHOMY pa3y U BO3BpAIIAIONINICS B HCXOAHBIN ropoa. Eciu
TaKUX MaplIpyTOB MHOTO, TpeOyeTCsl HaWTH KpaTyalinii u3 HuX. MareMaTudeckasi MOCTaHOBKa
3aJla4M BBITJISIUT TaK: TPEOyeTCsl HAWTH TaMUIBTOHOB UK MHHUMAJILHOTO Beca.

KoHTpo/ibHBIE BONPOCHI U 32 1aHUS

1. Umerotcs u B rpade raMHiIbTOHOBBI IIUKJIBI?

PR
By

2. [IpuMeHHB aJITOPUTM C BO3BpaTaMHU, HOCTPOUTH BCE TAMUIBTOHOBBI LIMKJIBI 715 Tpada,
00pa30BaHHOI'0 KBAJAPATOM C MEPECEKAOIIUMUCS TUArOHATISIMH.

3. Vkaxure 3a/1a4¥, HHTEPIIPETALMSI KOTOPBIX COCTOUT B HEOOXOAMMOCTH MOCTPOECHUS

TaMUJIbTOHOBBIX LIUKJIOB.

Pexomenodyeman numepamypa:

OcHoBHas JInTEepaTypa:
3apunoBa, 3. P. Jleknuu mo AuckpeTHOW MmaTemartuke. MareMmaTudeckas JIOTHKa: ydeOHOe
nocobue / 3. P. 3apunosa, M. I'. KokotunkoBa, JI. A. CeBactbsiHOB. — Mocksa : Poccuiickuii
YHUBEpCUTET  JpykObl  HapomoB, 2014. — 120 c¢. — Pexum  jgocryma:
http://www.iprbookshop.ru/22190.html

JlonoiHUTeILHAS JIUTEpaTypa:
Xarrapty, P. JluckperHast MaTemMaTuka JAjsl IPOrpaMMHCTOB : yuyeOHoe mocobue / P. Xarraprtu.
— Mockaa: Texnocdepa, 2012. — 400 C. — Pexum JIOCTyTa:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckass padora Nel6. Aaroputm Popaa — beuiMaHa HaxoXKIeHUs
MHHHMAJIBHOIO IYTH B HATPY’KEHHOM OPMEHTHPOBAHHOM rpade.

Lenv 3anamusn. VI3y4uTh airopuT™M HaXOXIACHHS MUHUMAIBHOTO IyTH B oprpade u
BO3MO’KHOCTH €TI0 IPAaKTUYECKOI'O IPUMEHEHHS.
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3HaHuA u ymenus, npuoopemaemvie CHYOCHMOM 6 pe3yibmame O0C60CHUS MEMbl,
dopmupyemoie komnemenyuu. 3HaTh U YMETh PEAIN30BbIBATh HA PAaKTHKe anroputm Popaa —
bemnmana.

Teopemuueckas uacme.

[Ipenmonaraercs, 4TO OPUEHTUPOBAHHBINA Tpad HE COAECPKUT KOHTYPOB OTPHUIATEIHLHOM
TUTUHBI.

Aneopumm Dopda — bernmana.

OCHOBHBIMH BBIYUCIIIEMBIMA BEJIMYMHAMH JTOTO arOPHTMA SABJISIOTCS BENUUMHEI @(k),
rnei=1,2,...,n (n—uucno BepumH rpada); k=1, 2, ..., n — 1. JIns dpukcupoBaHHbIX i U k
BenvunHa (k) paBHA IIMHE MHHHMMAIBHOTO ITyTH, BEAyLIEr0 W3 3aJaHHOM HadYaabHOM
BEPIIMHBI X| B BEPIIUHY X; U COJIEpKaIlero He 6onee k yr.

[llaz 1. YcraHOBKa HA4YaJIbHBIX YCIOBHI.

Beectu uncino BepiuH rpada n u marpuiy BecoB C = (¢y).

Llaz 2. Tlonoxuts k = 0. Tonoxurs @(0) = oo I BCEX BEPIIUH, KPOME X1; TIOJOKUTH
ﬁ1(0) =0.

llae 3. B mukne o k, k = 1,..., n — 1, KakJI01 BEepIINHE X; HA k-OM IIIare MPUITHCATH
unzekc @,(k) o ciemyromeMy IpaBuiy:

min

@ (k)= 1= (@k—1) +c;}

JUIA BCEX BEPLIUH, KPOME X1, TOJ0KUTH @ (k) = 0.

B pesynbrare paboTsl anroput™a Gopmupyercs tabnuna naaekcos @(k), i =1, 2,
k=0,1,2, ..., n— 1. Tlpu stom @,(k) onpenensier QMHy MUHAMAILHOIO IyTH U3 NEPBOK
BEPILMHBI B I-y10, COepKallero e 6oiee k ayr.

llaz 5. BocCcTaHOBJIEHHE MUHUMAJIBHOTO ITYTH.

Jlng mro0oW  BEpIIMHBI X, MpEALIeCTBYIOIIAs €W BeplIMHA X,  OINpeaesseTcs u3
COOTHOILICHUS:

@Pn-2)+tc,=@(n-1), xe€GCG'x),

rae G7'(x;) - mpooOpa3 BEpIIMHEI X,.

Jlns HaWIeHHOW BEpIIMHBI X, MPEAIICCTBYIOIIAsS €W BEpIIMHA X, OINPEIeNieTCs U3
COOTHOILICHUS:

@ (n-3)+c,=@n-2), xGCG'x),

rae G''(x,) - mpooGpas BEpIIMHEI X,, U T. .

[TocnenoBarenbHO MPUMEHSISI 3TO COOTHOIICHHWE, HAUMHAs OT MOCJEIHEH BEpIIUHBI X; ,
HaiiJIeM MUHUMAaJIbHBIN ITyTh.

IIpumep: C nomompto anroputma doppa — bemiMana HalWTH MUHMMAaIbHBIA TYTh W3
BEPILIMHBI X| B BEPIIUHY X3 B rpade, N300paKeHHOM Ha PUCYHKE:

Xo g X3

Paccmotpum monpoOHo paborty anroputma @opna — bemnmana st 3Toro mpumepa.
3uauenus uHaeKcoB @(k) OyeM 3aHOCUTH B TAOJIMILY HHIEKCOB.
Illac 1. BBenem uucio BepiuH rpada n =5. Marpuiia BecoB 3Toro rpada uMeet BUA:

it
l'lv‘y!1 “’”‘Jl‘"’l
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Llaz 2. Tlonoxum k = 0, @,(0) = 0, @,(0) = @5(0) = @,(0) = @5(0) = 0. DTu 3HAUECHUS
3aHECEM B TIEPBBIN CTOIOCI] TAOTHITHI.

lae 3.
k=1
ﬂl(l) =0.
Hnsa k=1:

min

@(1)= =i {@[0)+cii}.

62(1) = min {61(0) + Ci2, ‘2(0) + C, ”3(0) + C32, 04(0) + Cyq2, ﬂs(O) + Csz;} = mm{O +
1; 00 + 00; 00 + 00; 00 + 00; 0 + 00} =1,

63(1) min {61(0) + Cis, ‘2(0) + C3, ”3(0) + C33, 04(0) + C43, ﬂs(O) + 6'53;} = mm{O +
00 ; 00+ 8; 00+ 00; 00+ 2; 0+ 00} =00

64(1) min {61(0) + Ci4, ‘2(0) + Co4, ”3(0) + C34, 04(0) + Ca4, ﬂs(O) + 6'54,} = mm{O +
w;0+ 7,0+ 1;0+00;0+4} =0,

@(1) = min {61(0) + c15; @5(0) + c25; @3(0) + C35; @4(0) + cas; @5(0) + cs5;) = min{0 +
3;00+ 1;00 —5; 00+ 00; 00+ 00} =3,

[Monyuennsie 3nadenus @@(1) 3aHeceM BO BTOpPOH cTonOen Tadauupl. YO0exkaaeMcs, 4To
BTOPOI1 cTonbell, HaunHask CO BTOPOTO JIEMEHTa, COBIAIAET C IEPBO CTPOKON MATPHUIIBI BECOB,
YTO JIETKO OOBACHAETCS CMBICIOM BeanunH & 1), KOTOphIE PaBHBI JUIMHE MUHUMAJILHOTO IyTH
U3 MIEPBOI BEPIIHUHEI B i-YIO, COJIEPKAIIET0 HEe 0oJiee OJHOU AYyTH.

k=2.
61(2) =0.
st k= 2:

min

@(2)= =i {@(1) + e}

@,2)= min{0+1; 1+ 00; 00+ 00;00+00;3+ 00} =1,

@:2)=min{0+o0;1+8;0+00;00+2;3+0w0}=9

@,2)=min{0+o;1+7,0+1;0+00;3+4}=7,

@;2)=min{0+3; 1+1;0—5;00+00;3+00} =2,

[Tonyuennsle 3HaueHus @@(2) 3aHeceM B TpeTuil crtonber; Tabmuupbl. Benmnunubr @(2)
paBHbI JUIMHE MUHUMAJIBHOTO IMyTH W3 MEPBOM BEPILIMHBI B i-yI0, COJAEpXKAIIEro He Oojiee ABYX

TIyT.

k=3.
@,(3)=0.
Host k= 3:

min

@3)= =i {@(2)+ci}.

@,3)= min{0+1; 1+00;9+00;7+00;2+00} =1,

@3)=min{0+o00;1+8 9+0w;7+2;2+00}=9

@,3)=min{0+0;1+7,9+1;7+00;2+4}=6

@;3)=min{0+3; 1+1;9-5;7+00;2+0w0}=2.

[Tonyuennsie 3Hauenus @,(3) 3aHeceM B ueTBEPTHIN cTonbel Tabnuibl. Bennunns @(3)
paBHbI JUIMHE MMUHUMAJIBHOTO IIYTH M3 MEPBOI BEPIUMHBI B i-yI0, COAEpKaIIEero He Oojee Tpex

JyT.

k=4.
ﬂ1(4) =0.
s k= 4:

min
@4)= 1= {@3)+ e}
@,(4)= min{0+1; 1 +00;9+00;6+00;2+00}=1.
@ (4)=min{0+o0;1+8;9+0w;6+2;2+w0}=8.
@,(4)=min{0+00;1+7;9+1;6+0;2+4}=6.
@4 =min{0+3; 1+1;9-5,6+w;2+w) =2.
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[Monyuennble 3Hauenus @@(4) 3aHeceM B NATHIA cTONGen Tabauupbl. Bemnuunnr @(4)
paBHBI JUTMHC MHWHUMAJIBHOTO IyTH W3 TIEPBOH BEPIIUHBI B i-yIO, COJAEpXAIIEro He Oojee
YeThIPEX JIYT.

I (HOMED @0) @(1) @) @(3) @4
BEPIINHBI)
1 0 0 0 0 0
2 00 1 1 1 1
3 0 0 9 9 8
4 00 00 7 6 6
5 00 3 2 2 2

Lllae 5. BoccTaHOBIEHHE MUHUMAJIBHOTO Iy TH.

Jnst nocnegHed BEpIIMHBI X3 IPEALISCTBYIONIAs €W BEpPIIMHA X, ONPEHENSAeTCS U3
COOTHOUIEHUS, TOJYYEHHOTO MpH § =3:

@.3) +tcy=@5(4), x€G'(x),

rae G''(x3) - mpooOpa3 BEPHIMHEI Xs.

G_I(X3) = {Xz, X4}.

[ToncraBuM B mocneHEE PAaBEHCTBO MOCIEIOBATENBHO # = 2 U ¥ = 4, 4TOOBI ONPEENIUTH,
JUIS1 KAKOTO 7 3TO PAaBEHCTBO BBIIIOJIHAETCS

ﬂ2(3) + Cy3 — 1 + 8 #* ﬂ3(4) = 8,

64(3) +cp3 = 6+2= 63(4) =g,

Taxum 00pa3oM, BEpIINHOM, MPEIIIECTBYIONIEH BEPIINHE X3, SIBISETCS BEPIIUHA Xs.

Jlnst BepHIMHBI X4 NMPEAUIECTBYIOLIAs €M BEpUIMHA X, OIPEACNAeTCs] U3 COOTHOLICHMS,
MOJIyYEHHOT0 TIpH s =4:

ﬂr(Z) + cy = 64(3), xX,E G_I(X4),

rae G''(x4) - mpooOpa3 BEPIUIMHEI Xa.

G_I(X4) = {Xz, X3, Xs} .

[ToncraBuM mocnenoBaTenbHo 7 =2, ¥ = 3 U r = 5, 4TOOBI ONPEAEIUTH, U KaKOTO 7 3TO
PaBEHCTBO BBINIOJIHAECTCS:

@,2)+cu=1+7+@,3)=6,

63(2) + C34 = 1 + 1 * 64(3) = 6,

.05(2) + Cs4 = 2 + 4 = 64(3) = 6,

Taxum 00pa3oM, BEpIINHOM, TPEIIECTBYIOIIEH BEPILINHE X4, SIBJISETCS BEPILINHA Xs.

Jlnst BepmIMHBI Xs MPEAUIECTBYIOLIAs €M BEepUIMHA X, OINPEAeNsIeTcsl U3 COOTHOIICHMS,
IIOJIyYEHHOT'O TIPH s =35

ﬂr(l) +cs5= 65(2), X-= G-I(X5),

rae G™'(xs) - mpooOpas BEPUIUHEI Xs.

G_l(x:s) = {xl, .XQ}.

[ToncraBum mocnenoBatensHO » = | W 7 = 2, 4T0OBI ONpPENENUTh, I KaKOrO 7 3TO
PABEHCTBO BBITIOJIHSIETCS:

@ (1) +cs5=0+3 % @2)=2,

az(l) + Cy5 = 1 + 1 = 65(2) = 2,

Taxum 00pa3oM, BEpIINHOM, TPEIECTBYIONIEH BEPILINHE Xs, SIBJISETCS BEPIINHA X».

Jlnst BepmIMHBI X, MPEAUIECTBYIOLIAs €M BEpUIMHA X, ONPEAENsIeTcs] U3 COOTHOLICHMS,
MOJIy4YE€HHOTO MpH § =2:

ﬂr(O) + Cco= 62(1), X-= G-I(XQ),

rae G7'(x2) - mpooOpa3 BEPUIUHEL X).

G'(x2) = {x1}.

[ToacraBum 7 = 1, 9TOOBI OTIPENEINUTH, BHITIOIHSIETCS JIU 3TO PAaBEHCTBO:

.@1(0) +c=0+1 262(1) =1.
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Takum 00pa3om, BEpIIMHOM, MPEAMIECTBYIOIIEH BEPIIUHE X,, SIBISICTCS BEPIIIHHA X.
Wrak, HaliIecH MUHUMAJIBHBIN MyTh — X1, X2, Xs, X4, X3, €TO JIJIMHA paBHA 8.

KOHTpOJIbeIe BOIIPOCHI U 3alaHUSA

[aH cnncok [yr C ykas3aHmem ux aonvH. CocTaBbTe MO HeMy PUCYHOK
OpMEeHTUPOBAHHOro rpadga. Hamgnte ona storo rpada HaMMeEHbLWU MyTb OT
BepPLWHbI-BX04a 00 BEPLWWHbI C MaKCMMasibHbIM HOMEPOM.

L ((1)-3,(0:2)-9,(1;2)-5,
(2:4)—1,(1;3)-8,(2:3)-2,
(3:5) -4, (4:5)—6.

2. (0;1)-4,(0,2)-5,(1;2)-8,

(2:4)-3, (1:3) - 11, (2;3) -5,

(3:5) -3, (4:5)— 6.

3. (0:1)—3,(0:2)-9,(1:2)— 12,

(2:4)-1,(1;3)-2,(2;3)-3,
(3:5)-10,¢4:5)=5.

4, ((:1)—6,(0:2)— 2, (2:1)-3,
(2:4)—6.(1;3)-1,(2.3)-35,
(3:5)-8.(4:5)-7.

5 ((:1)—6,(0:2)—5,(1:2)-1,
(2:4)-6,(1;3)-7,(2;3)-6,
(3:5)-8.(4:5)-7.

6. (0:1)-3,(0:2)-2,(2;1)-1,
(2:5)-3,(1:5)-4,(5:4) -8,
(5:3)-5,(3:4)-3,(46)-2,
(3:6)—4.

7. (0:1)-10, (0;2)-5, (2;1) -4,

(2;5) - 8, (1;5) -3, (5:4) -4,
(5:3)-2,(3:4) - 1, (46) -5,
(3.6)-7.

8. (0:1)-3,(0:2)-2,(2;1)-2,

(2:5) - 12, (1:5) -8, (5:4) - 2,

(5:3)-6,(3:4)-1,(4:6)-8,
(3:6)-3.

Pexomenodyeman numepamypa:
OcHoBHasl JuTEpaTypa:

9. (0;1)-2,(0;2)-7,(21)-1,
(2:5) -6, (1;5)—- 12, (5:4) - 10,
(5:3)-5.(3:4)-4,(4:6) -2,
(3:6)- 7.

10.(0;1) -4, (0:2) -2, (2:1) -1,
(2:5)-7,(1:5)-5,(5:4) -4,
(5:3)-1,(3:4)—-4,(4:6) -3,
(3:6)- 7.

11 (0;2) - 2, (0;1)- 7, (2;1) -4,
(2:4)-9,(1:3)-3,(3.4) -1,
(4:6)—2,(3:5)-8.(6:5) -4,
(6:7)— 10, (5:7) 5.

12.(0:2) - 10, (0;1) -5, (2:1) - 1,
(2:4)—4,(1:3)-3,(3:4) -5,
(4:6) -3, (3:5)— 10, (6:5) - 10,
=591

13.(0:2) -4, (0:1) -6, (2:1) -4,
(2:4)-6,(1;3)-3,(3:4) -2,
(4:6)—4,(3:5)-7,(6:5) -3,
B8 (515

14.(0;2) - 3, (0:1) - 1, (2:1) -4,
(2:4)-2,(1:3)-6,(3:4) -4,
(4:6)—3,(3:5)-6,(6:5) -4,
6:7)-12,(5:7)-17.

15. (0= 8, (0;1)= 12, (2:1)=3,
(2:4)-6,(1:3)-5,(3:4) -4,
(4:6) - 10, (3:5) - 4. (6:5) -6,
(6:7)— 10, (5:7) 6.

3apumnoBa, 3. P. Jlekiuu mo AWCKpeTHOW MaTemaTtuke. MareMaTudeckas JIOTHKa: ydeOHOe
nocobue / D. P. 3apunora, M. I'. Kokotuukosa, JI. A. CeBacThsiHOB. — MockBa : Poccuiickuii

YHUBEPCUTET  JPYKOBI  HApOOB,
http://www.iprbookshop.ru/22190.html
JlonotHUTE/ILHAS JIUTEpPaTypa:

— 120 ¢. — Pexum  jgocrymna:

Xarraptu, P. JIuckpeTHas maTemMaTHKa Il IPOTPaMMHUCTOB : ydeOHoe mocodue / P. XarrapTu.

— Mockaa: TexHocdepa, 2012.

http://www.iprbookshop.ru/12723.html

400 c. —  Pexum JOCTYyIa:

[MpakTuyeckasi padora Nel7. 3agaua HaXO0KIeHUsI KpUTHYECKOTO NYTH B rpade.
Llenv 3anamusa. VI3yduTh anropuT™M HaXOXKJIEHUS KPUTUYECKOTO MYTH M BO3MOKHOCTH

€ro NpPakKTUICCKOTO MPUMCHCHU .
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3nanua u ymenua, npuodpemaemvie CmyOeHHIOM 6 pe3yibimame O0C60EHUA HIEeMbl,
dopmupyemovie kKomnemenyuu. 3HATb M YMETb pEAIM30BBIBATh HA TMPAKTUKE aITOPUTM
HaXO0X/IEHNS KpUTHUECKOTO My TH.

Teopemuueckasn uacme.

3amaua HaXOXKACHUS KPUTUYECKOTO, (T. €. JJIMHHEHIIero) myTH B rpadge — 3To 3aj1aya,
CBSI3aHHAs C 3arpy3KOH CTAHOYHOT'O 000PYAOBaHHUs, COOPKU MHOTO3BEHHBIX U3AETUN U T. 1.

CereBoii rpa¢uk — HEOOXOIUMBIH JIEMEHT CIOXKHOTO IMPOU3BOJICTBA, COCTOSIIETO U3
HECKOJIbKMX CBSI3aHHBIX U 3aBUCSIIUX JPYT OT Apyra 3TanoB. BeIsSBiIeHHEe KPUTHYECKOTO MyTH U
BPEMEHHBIX PE3EPBOB IIPOMU3BOJCTBA — OCHOBHAs 3ajayda, peliaemasl MOCTPOEHHEM CETEBOrO
rpaduka. Takue 3amauu MOTYT OBITH TIPEACTABICHBI B BUJIEe Tpad)a U B BHJIC OTOOpa)karoliei ero
Tabmuupbl. s HaXOoXISHHS KPUTHYECKOTO IyTH (IIOCTEeN0BATEIbHOCTH 3TamoB paboTH,
OTIPECTSIONNX JUIMTEIbHOCTh BCETO TPOEKTAa M HE HMEIOIIMX pe3epBa IO BpPEMEHH)
NPUMEHSIOTCS BBIYMCIUTENbHbIE MeTOAbl. OJHUM M3 TaKMX METOJIOB SIBJISICTCS TAaOJIWYHBIHN
METO/]I ¥l IPUMEHSIETCS IJIs TaHHBIX, PEJICTABIEHHBIX B BUE TaOJIULIBI.

[Ipobnema aBTOMaTH3aIMK pacyéTa CeTeBOro rpaduka sBiIseTcs JOCTATOUHO aKTyaJbHON
Y Ba)XHOW. BpIUMcCIIeHHEe KPUTHUYECKOTO IMyTH C NOMOIIBI0 DBM NOMOXET B HECKOIBKO pa3
YCKOPHTB 3TOT TpoLEecC, a Ipu OosbIIMX Tpadgukax — BO MHOTO pa3. IloaTomy aBTOMaTH3anus
pacuéra ceTeBoro rpaduka MOXXeT UMETh OOJIBIIYI0 PAKTUYECKYIO TIOJIb3Y.

ANTopUTM HaXOXXJEHUS JUIMHHEWIIEro MyTH B Tpade MOXO0XK Ha aJrOpUTM HAXOXKJICHHS
KpaTyaiimero myTd B rpade. Bmecto kpartualimmx pebGep B alIropuTMe HAXOXKIACHUS
KpaTyaiiiero myTH BEIOMpPatOTCs AITMHHEHININE.

[Tycth TpeOyeTcst HailTH Takoil MyTh Ha rpade, KOTOPBIKA Obl MET MAKCUMAJIbHYIO JJINHY
[0 CPaBHEHHIO CO BCEMH BO3MOXXHBIMU MyTSMH Ui JAaHHoro rpada. Ilycts cymecTByet
OpUEHTHPOBaHHBIN rpad 6e3 1uKiIoB G.

Pébpa rpada — BeImonHEeHHE paboTel. PEOpa MMeOT UIMHY, 0003HAYaOIIYIO
MPOJODKUTEILHOCT,  pabOThl M HampaBlieHHWe, o0o3Hayarollee IMOCIeI0BaTeIbHOCTD
BBINOJIHEHHE PaboThl. BepmmHbl — 3T0 (hakT Hayana ¥ OKOHYaHUs padoT.

ITycTts nana cetsb.

L

Jns xaxxaoro coOwitust I onpenenum Hanbosee panHuil cpok ero HactymuieHust TP(I) mo
CJIEIYIOLIEMY TIPABUITY:

1) TP(0)=0;

2) ana [ >0 TP(I) paBHO IpOAOIKUTENBHOCTH camoro JuinHHOTO (0, 1)-myTH.

3navenus Tp(l) onpenensioT mociaenoBaTeabHO, NEPEXoas OT UCTOYHHUKA K CTOKY. Tak,
JUISl paCCMaTpUBAaEMOr0 IpUMepa HaXOUM:

TP(0) =0, TP(1) =1, TP(2) =5, TP(3) = 11, TP (4) = 11, TP(5) = 16.

Otu 3Ha4eHust HaxonaTcs u3 cootHomeHus:: TP(1) = max{ TP(K) + Tk; } ,

T. e. mna Bcex ayr (K,I), nmns xortopsix [ sBriseTcs KOHIIOM, HEOOXOAUMO
Berunciinth TP(K) + Tk; u BeIOpaTh HanbombIIIee 3HAUCHNE.

Wrak, B HameM npumepe BpeMs BBINOJHEHHs IpoekTa paBHO 16. UToObI MONyduThH
KPUTHUYECKU MyTh, Oy/IeM MepeBUraThCcsl B 0OPaTHOM HampaBiIeHUH, OT CTOKa K HCTOUYHHUKY, O
teM pebpam (K, I), kotopeie ompeaensu 3HaueHus TP(I), T. e. Ag KOTOPBIX BBITIOTHSAETCS
pasenctBo TP(I) - Tki = TP(K) . B nmpumepe sto pedpa: (3, 5); (2, 3); (2,1) . Takum obGpazom, (1,
2,3, 5) - KpUTHUYECKH MTyTh.
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KOHTpOJ’IbHLIe BOIIPOCHI X 3aIaHUA

1.Ilpu cocraBnennn mpoekrta paboT BbeaeneHo 8 coowrtwii: (0,1,2,3,4,5,6,7), KoTOphIC
cBsi3aHbl paboramu (i — j ), rae i,j) 0,1,2,3...,7 u 1 # j, Hapumep, coObiTHE | CBSI3aHO C
coObITHEM 2 paboToii (1-2).

VcxoaHbIe TaHHBIC 110 TPOJIODKUTEIBHOCTH padoT:

PaGora | 0-1 | 0-2 | 0-3 | 1-2 | 1-3 | 1-4 | 2-3 | 24| 25|34 |35 |45 |46 | 56 | 57 | 6-7

Jaur.
JHH

8 12 | 10 8 10 4 10 6 8 12 5 8 6 6 7 5

TpebyeTtcs onpenenuTs KPUTUIECKUN MYTh U BPEMsI BHITIOJTHEHUS POEKTA.
2. OnpenenuTh KPUTHIECKUH TyTh B Tpade:

Pexomenodyeman numepamypa:

OcHoBHasl JquTEpaTypa:
3apunoBa, 3. P. Jlekuum mo IUCKpeTHOM MaTeMaTHKe. MaremaTtudeckas JIOTHKa: ydeOHoe
nocobue / D. P. 3apunora, M. I'. Kokotuukosa, JI. A. CeBacThsiHOB. — MockBa : Poccuiickuii
yHMBEpCUTET  JpyxObl  HapomoB, 2014. — 120 c¢. — Pexum  jgocrymna:
http://www.iprbookshop.ru/22190.html

JlonoJHUTeIbHAS JINTEpaTypa:
Xarraptu, P. JIluckpeTHas maTemMaTuKa Il IPOrPaMMHUCTOB : ydeOHoe mocobue / P. XarrapTu.
—  Mocksa: TexHnocdepa, 2012. — 400 c. —  Pexum  gocryna:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckas padora Nel8. IlocTpoeHHme MHHMMAJIBHOIO OCTOBHOIO JepeBa
HAIPYKEHHOI'0 rpaga

Ilenv 3anamua. 3ydyeHue anroputMa MOCTPOEHUS MUHUMAJIBHOTO OCTOBHOTO J€peBa
Harpy»eHHoro rpaga.

3nanua u ymenus, npuoodpemaemvie CmMyOeHHOM 6 pe3yibiname O0C6OEHUA HIEMbl,
dopmupyemovie KomnemeHyuu. 3HACT U yYMEET MPUMEHATH AJITOPUTMA IOCTPOECHUS
MUHHUMAaJIBHOTO OCTOBHOTO JIEpeBa Harpy>KEHHOT0 Trpada.

Teopemuueckasn uacme.

I'pad G = (X, A) Ha3BIBACTCS HACPYHCEHHBIM, €CITH IS KOKI0T0 pedpa (x;,X;) onpeaeieHa
€ro JJvHa (MU BEC) Cj.

ITyctb G - cBA3HBIN HarpyXeHHbIN rpad. 3agaya MOCTPOCHUS MUHUMALLHO20 OCHOBHO20
Oepesa 3aKIOYAETCs B TOM, YTOOBI M3 MHOKECTBA OCTOBHBIX JE€PEBbEB HAWTH JEPEBO, Y
KOTOPOTO cyMMa JIIMH pedep MUHUMAaJIbHA.

[IpuBenemM TUNMYHBIE Cllyyad, KOTAa BO3HHUKAET HEOOXOAMMOCTh IOCTPOEHUS
MUHHUMAJILHOTO OCTOBHOTO JiepeBa rpada.
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a) HyXHO COeIMHUTH 7 TOPOJOB >KEIE3HOAOPOKHBIMU JIMHUSAMH (QaBTOMOOMIbHBIMU
Jloporamu, JTUHUSMH 3JIeKTpolepeayd, CeTbio TpyOONpoBOJOB U T.1.) TakK, YTOObl CymMMapHas
JUIMHA JTUHUHA WA CTOMMOCTbH Obljla ObI MUHUMAJIBHOM.

0)Tpebyercs MOCTPOUTH CXEMY DJIECKTPUIECKON CETH, B KOTOPOW KJIEMMBI JTOJDKHBI OBITh
COEJIMHEHBI C TIOMOIIBIO POBOJOB HAUMEHbBINIEH O0IEeH THHBI.

3ajaqy TOCTPOEHUS MHHHMMAJIbHOTO OCTOBHOTO J€peBa MOKHO PEIIUTh C MOMOIIbIO
CJIETYIOIIETO aJrOpPUTMA.

Aneopumm Kpackana.

[llaz 1. YcTaHOBKA HaYaJIbHBIX 3HAYEHUI.

BBoautcs marpuna qmH pedep C rpada G.

llae 2. Bpibpate B rpade G pebpo MuHMManbHOM amusbl. Iloctpouts rpad G,
COCTOSIIINN U3 TAaHHOTO pedpa U MHIIUJAECHTHBIX eMy BepiiuH. [Tomoxuts i = 2.

llae 3. Ecnu i = n, rae n - uucno pedep rpada, To 3aKOHUYUTH padoTy (3a/1aya pelieHa),
B IIPOTHBHOM CJIy4ae MEPEeUTH K mary 4.

Llae 4. Ioctpouts rpad G, +1, 106aBnss k rpady G; HOBoe peOpPO MUHUMAIBHON JUTMHBI,
BbIOpaHHOE cpenu Bcex pedep rpada G, Kaxkaoe W3 KOTOPHIX HHIMJICHTHO KaKOW-HUOYIb
BepunHe rpada G; MU OJHOBPEMEHHO HWHIIMJCHTHO KaKOH-HMOYyIb BepiinHe rpada G, He
conepskauieiicst B G;. Bmecte ¢ aTum pedpoM BKiIto4aeM B G; 11 U MHIIMJIEHTHYIO €My BEpILIUHY,
He cogepxkamytocs B Gi. [lpucBanBaeM i:= i +1 u nepexonuM k mary 3.

Hanpumep, Haliiem MUHUMalIbHOE OCTOBHOE JepeBo 1 rpada, n300pakeHHOTO HIKE.

X3

2 4
X2 1 Xa
1 3
X1 5 Xs

Lllae [. YcTaHOBKA HAYAIBHBIX 3HAUECHHI.
Benem matpuiy nnuH pedep C:

(ol

c=|

Illac 2. Bpibepem peOpo MUHUMAIBHOW IMHBL. MuHUManabHas JJIMHA pebpa paBHA
equauie. Takux pedep Tpu: (xi1, X2), (X1, X4), (X2, X4). B oTOM cimyuae MOXHO B3sITh JHOOOE.
BossmeMm (x1, x2). Iloctpoum rpad G, COCTOSIIIMIA W3 JAHHOTO pedpa U WHIUIECHTHBIX €My
BEPILUUH X U X2. [Tonoxum i = 2.

llae 3. Tak kak n =5, TO i # n, TMO3TOMY NEPEXOAUM K 1miary 4.

Llae 4. Ctpoum rpad Gs nobasusst k rpady G, HOBoe peOpO MHHUMAIIBHOW JUIMHBI,
BBIOpaHHOE cpeau Beex pedep rpada G, KakIoe U3 KOTOPHIX UHIIMICHTHO OJHOW U3 BEPIIHMH X1,
X> ¥ OMHOBPEMEHHO MHITMICHTHO KaKoW-HUOY b BepinHe Tpada G, He coaepikaiieiics B G, T. e.
OJIHOM M3 BEpUIMH X3, X4, X5. TaKUM 00pa3oM, HY>KHO BBIOpaTh peOpo MUHUMAIbHON JJUHBI U3
pebep (x1, xs), (x1, Xs), (X2, X3), (X2, X4), (X2, x5). Takux pebep MIMHBI equHUNA ABA: (X1, X4) U (X2,
X4). MoxHo BbIOpaTh M000e. Bozbmem (xi, x4). Bmecte ¢ atum pebpom BkitouaeM B Gs
BEpILUHY X4, HE coliepkautytocs B (. [lonaraem i = 3 u nepexoaum k mary 3.

llae 3. Tak KaK i # n, MO3TOMY MEPEXOAUM K miary 4.
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Llae 4. Ctpoum rpad Gi nobasnss k rpady Gs HOBoe peOpO MUHMUMAIBHON JTMHBI U3
peodep (xi1, xs), (X2, X3), (X2, Xs), (X1, x5). Takoe peOpo MIUHBI 1Ba OHO: (X2, X3). BmecTe ¢ aTHM
peOpom BkitoyaeM B (G4 BEpIIUHY X3, HE cofepxalrytocs B Gs. [lonaraem i = 4 u nepexoanm k
mary 3.

lllaz 3. Tak kak i # n, MOATOMY NIEPEXOAUM K mIary 4.

llaz 4. Ctpoum tpad Gs nobasisst k Tpady G; HOBoe peOpO MUHUMAIBHOM UTHHBI U3
pebep (x1, xs), (x2, Xs), (x4, X5). Takux pedep ATUHBI TPH ABA: (X2, X5) U (X4, X5). BozbMeM (X2, Xs).
BwmecTe ¢ atum pebpom Brimrogaem B Gs BEpIINHY Xs, HE cofiepkantytocs B Gy. [lomaraem i =5 u
nepexoauM K mary 3.

llaz 3. Tak xak i = n, TO rpadp Gs — HCKOMOE MHUHUMAJIbHOE OCTOBHOE JIEPEBO.
Cymmapnas jJuinHa pebep papaa 1 + 1 +2+3 =7.

[Iporecc mOCTpOCHNSI MUHIMATBHOTO OCTOBHOTO JiepeBa H300pakeH Ha PUCYHKE.

Xz Xz
2 2
Xz X X2 X2 xa Az Xa
1 1

1 1 1 1 1 3

(o]

X1 X X1 X1 X5
G s &) s

KOHTpOJIbeIe BOIIPOCHI U 3alaHUSA

[Tonb3ysce anroputmom Kpackana, HailTh MUHHMalbHOE OCTOBHOE JepeBo aisi rpada,
3aJJaHHOTO MaTpuLeil JUTHH pedep.

BapuanTel 3ananui

[
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010010 o w x o 10 9 x 20 4 10 » 6
101101 o o®w ®w ®ww »w § 14 6 12 6
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100001 o w®x w T 6 = 4 o1l = 3
101000 oD 00 G0 00 G0 WO 5 5 1 1 3 =

01000 w ow w w L w 8§
0 00 0 00 00 00 @
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Pexomendyeman numepamypa:

OcHoBHasi JInTEpaTypa:
3apunoBa, J. P. Jlekuuum mo AMCKpPETHOW MaTemaTuke. MaTemaTHdeckas JIOTHKAa: ydeOHOe
nocobue / 3. P. 3apunosa, M. I'. KokotunkoBa, JI. A. CeBacTtbsiHOB. — Mocksa : Poccuiickuii
yHUBEpcUTeT  ApyxkObl  Hapomo, 2014. — 120 c¢. — Pexum  jocryna:
http://www.iprbookshop.ru/22190.html

JonosHuTeILHAS JUTEpPaTypa:
Xarraptu, P. JluckperHas mMareMatuka s IPOrpaMMHUCTOB : yueOHoe mocobue / P. Xarrapru.
—  Mocksa: TexHocdepa, 2012. — 400 c. —  Pexum  gocryna:
http://www.iprbookshop.ru/12723.html
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MerToauyecKkue yKazaHus
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0 TUCUUIUIMHE «JIMCKpeTHass MaTeMaThuKa
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CHCTEMbI U TEXHOJIOTMH 00pad0TKH HM(POBOro KOHTEHTA

IsTuropck, 2024
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COJIEP)KAHUE

OO01LIME MOJ0KEHUS

Ilens 1 31941 CAMOCTOSTENBEHON PaOOTEI

TexHonornyeckas KapTa caMOCTOSTEIbHOW PaOOTHI CTYACHTA

[lopsaa0K BEITOTHEHUS CAMOCTOITEILHON PA0OTHl CTYJIEHTOM

4.1. Memoouueckue pexomenoauuu no pabome ¢ yyeOHou aumepamypou 6
4.2. Memoouyeckue pekomMeHOauuu no no020MmoeKe K NDAKMUYECKUM 3AHAMUAM 7
4.3. Memoouueckue pexomenoauuu no cCamonpo8epKe 3HAHU 8

KoHTpoiib caMocTodTenpHO pabOThI CTYIEHTOB

CIUCOK JIUTEPATYDEL
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1. OO0mue mMoJI0KEeHUA

CamocrosarenbHass paboTa - IUlaHUpyeMas YydeOHas, y4ueOHO-HCClIeOBaTeNbCKasl,
HAy4YHO-HCCIIEeI0BaTENbCKasi paboTa CTyA€HTOB, BHIIOJIHSEMAasl BO BHEAYIUTOPHOE (ayAUTOPHOE)
BpeMsl 1O 33JaHHI0 M TpPU METOJMYECKOM pYKOBOJICTBE IIpernojaBarensi, HO 0e3 ero
HEMOCPEJCTBEHHOI0 ydacTHs (IPU YaCTUYHOM HEIMOCPEJICTBEHHOM YYAacTUM INpernoaaBaTes,
OCTaBJIAIOIEM BEIYIIYIO POJIb 32 pabOTOMN CTY/AEHTOB).

CamocrositensHast pabota crynentoB (CPC) B BY3e siBnsiercs BaKHBIM BUJIOM YUEOHOU
U HAy4dHOM JIeATeNbHOCTH cTyjaeHTa. (CamocrosiTenbHas paboTa CTYIEHTOB  UTpaeT
3HAYUTEJIbHYIO POJIb B PEHTUHIOBOM TEXHOJIOTHH 00y4EHHUs.

CamocrosTrenbHas paboTa sBIseTcs BaxkHeWied (opmoill ycBoeHus 3HaHUW. B xoxe
CaMOCTOSITENIbHOM pabOThl CTYJIEHTBl YSCHSIOT 3HAHUS 10 KOHKPETHOM TeMe Yy4eOHOro
MaTepuaia, 3aKpeluisiloT M YTOUYHSIOT YK€ M3BECTHbIE U OCBAMBAIOT HOBBIE KAaTETOPHH.
CrankuBasch ¢ HEJOCTATOYHO MOHATHBIMU JJIEMEHTAMU TEMBI, CTYIEHTBI CTPEMSTCS HaXOAWUTH
OTBETHl WM (PUKCHPOBATH BOMPOCHI JJIsi MOCTAHOBKU U YSICHEHUS MX Ha KOHCYJIbTAIUH C
IIpernoaaBaTesieM WIK BO BpeMs NPaKTHUYECKOIO 3aHSATHS.

3amaun caMOCTOSITEIbHON PaOOThI COCTOSIT B CIIEAYIOMIEM:

1. Pa3BUTh 10rn4ecKoe U aIrOPUTMUYECKOE MBILUICHHUE.

2. BpIpaboTaTh MNEpBUYHBIC HABBIKM MaTEMaTHYECKOI'O HCCIEIOBAHUS TPHUKIATHBIX
BOIIPOCOB.

3. BeipaboTaTh HaBBIKM JOBEJCHHS PEIICHUs 3a7aud J0 NMPUEMIIEMOTO MPAKTUYECKOTO
pe3yabTarta — ymMcia, rpaduka, TOUHOTO KaueCTBEHHOTO BHIBOJA C NMPUMEHEHHEM aJeKBATHBIX
BBIYUCIIUTEIBHBIX CPEJCTB, TAa0JIMII, CIIPAaBOYHHUKOB.

4. BpipaboTaTh yMEHHE CaMOCTOSITEILHO pa3OupaTbcs B MAaTeMaTHYECKOM armapare,
MPUMEHSEMOM B JINTEPAType, CBA3AHHOMN CO CHEIUATIbHOCTBIO CTYCHTA.

5. Hayuute omepupoBaTh aOCTPaKTHBIMH OOBEKTaMH M aJCKBAaTHO YNOTPeOIAThH
MaTEMaTHUYECKUE TOHATUS M CUMBOJIBI JUISl BBIPAKEHMSI KOJIMUYECTBEHHBIX M KadeCTBEHHBIX
OTHOLIEHUH.

CamocrosiTennbHasi paboTa CTyAeHTa MO ydeOHOW aucuuiuinHe «MaTeMaTHdecKuid
aHaJIN3» BKIIOYACT IOATOTOBKY K IPAKTUYECKUM 3aHATUSAM M BBIIIOJHEHUE IPAKTUYECKUX
3aJJaHUi, CAMOCTOSITEIbHOE U3YUCHHE TeM yUueOHOro MaTepualia o peKOMEeHIyeMOH JuTeparype
U C UCTIOJIF30BaHNEM HH()OPMAIIOHHBIX PECYPCOB.

CamocTtosTenbHas paboTa Mo AMCUUIUIMHE «MaTreMaTH4ecKuil aHanu3» HarpaBjeHa Ha

(dbopMUpOBaHUE CIEIYIONINX KOMIETEeHIUM:
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[Tnarupyempie pE3YNIbTATHI
Kon, Kox, opmy/mpoBKa 00y4eHHusI TI0 TUCHUIIIHHE (MOJYIIIO),
(dhopMyupoBKa HHIKaTOpa XapaKkTepHU3yoIIne STanbl
KOMIIETEHIIUH dbopMupoBaHus KOMIIETEHIIHH,
WHINKATOPOB
OIIK-1: N-1onk1 3HaKOM cC [Mpumensier
Cniocoben OCHOBaMH MaTEMAaTHKH, | €CTECTBEHHOHAYYHBIE u
MPUMEHSITh (U3MKY,  BBIYUCIUTENBHON | OOLIEMH)KEHEPHbIE 3HAHUS, METOJIBI
€CTECTBCHHOHAYYHBIC | TEXHUKHU Y | MAaTEMATHYECKOTO MOJICIUPOBAHUS B
U OOIIEeWHXEHEPHBIE | MPOrPAMMHPOBAHHUSL. podecCuoHaNBLHOM IS TEIILHOCTH.
3HaHUA, METO/IbI UA-20nk1  Pemaer
MaTeMaTH4eCKOTo CTaHJIapTHbIE
aHaJM3a U | mpodeccHoHaANbHBIE 33/1a4H
MOJIETTUPOBAHUS, c IPUMEHEHUEM
TEOPETUYECKOTO0 M | €CTECTBEHHOHAYYHBIX u
SKCIIEPUMEHTAIBHOIO | OOIIEUHKEHEPHBIX 3HAHUMH,
MCCIICTOBAHHUS B | METOJIOB MaTEMaTUYECKOTO
npodeccCHoHaNbHOM | aHaJIu3a U MOJCIUPOBAHHUS.
JeITeIbHOCTHU HUA-3 OIIK-1 TIIpoBoaut
TEOpEeTUYEeCcKOoe u
IKCIIEPUMEHTAJIbHOE
UCCIIEJIOBaHKE 00BEKTOB
npo¢eCcCuOHAIBHON
NEeSTEIIHOCTH

2. Ilesab u 3a1a4u cAMOCTOSITEILHON PadoThI

Benymas mnenp opranmszamuu u ocymiectBiaeHuss CPC coBmamaer ¢ 1enpio 00ydeHUs
cTyfeHTa — ¢opMHpoBaHHe HaOopa OOIIEHAyYHBIX, NPO(ECCHOHAIBHBIX M CIELHAIbHBIX
KOMIIETEeHIIMN OyayIiero 6akagaBpa MO COOTBETCTBYIOLIEMY HAlPaBJICHUIO MTOATOTOBKU

[Tpu oprannzanuu CPC BaXXHBIM ¥ HEOOXOAMMBIM YCIIOBHEM CTAHOBSTCS ()OPMHUPOBAHUE
YMEHUA CaMOCTOSITETbHOH pa6OTLI JJIs1 an/Io6peTeH1/m 3HaHI/II71, HABBIKOB MW BO3MO>XXHOCTHU
OpraHu3anuy yuyeOHOW M Hay4HOH JesTeabHOCTH. Llenbo caMocTosTenbHOM paboThl CTYIEHTOB
ABNISICTCA OBJAJieHHE (PyHIAMEHTaNbHBIMM 3HAHUSAMH, NPO(PECCHOHANBHBIMA YMEHUSMH U
HaBBIKAMHU  JIESITEIIBHOCTU npoduIto, TBOPYECKOM,  MCCIIEN0BATEILCKON

o OIIBITOM

JESTeNbHOCTH. CamocrodrensbHass ~ pa0oTa  CTYJEHTOB  CHOCOOCTBYET  Pa3BUTHIO

CaMOCTOSITEIILHOCTH, OTBETCTBEHHOCTH M OPTraHU30BAHHOCTH, TBOPYECKOTO MOX0/a K PEIICHUIO
npo6JeM yueOHOro U mpoecCHOHAIBHOTO YPOBHSI.

3anagamu CPC sBnstoTes:
- CHCTeMAaTH3alusl W  3aKpeIUICHHE TMOJYYCHHBIX TEOPETUYECKUX  3HAHUUA U
NPaKTHYECKUX YMEHUH CTYACHTOB;

- yTJ'Iy@IIeHI/IG H paClIMPCHUC TCOPCTUICCKUX 3HaHPII>i;
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- dbopMUpOBaHHE YMEHHH HCIOJNb30BaTh HOPMATHUBHYIO, MPABOBYIO, CIPABOYHYIO
JOKYMEHTAIMIO U CIIEHUAIBHYIO JIUTEPATYPY;

- pa3BUTHE TIO3HABATEIBHBIX CIIOCOOHOCTEH W AKTUBHOCTU CTYACHTOB: TBOPYECKOMN
WHULIAATHBBI, CAMOCTOSATEIbHOCTH, OTBETCTBEHHOCTH M OPTaHU30BAaHHOCTH;

- (dbopMUPOBaHHUE CAMOCTOSITEIFHOCTA MBIIUICHHUS, CHOCOOHOCTEH K CaMOpa3BUTHIO,
CaMOCOBEPIICHCTBOBAHUIO U CAMOPEAIU3ALINH;

- pa3BUTHE UCCIIEA0BATEIBCKUX YMEHU;

- MCIIONb30BaHUE MaTepHalia, cCOOpaHHOTO U IMOJYYEHHOTO B XOJI€ CaMOCTOSITENIbHBIX
3aHATAH HA CEMHHapaX, Ha NPAKTHUYECKUX M JaO0OPATOPHBIX 3aHIATHUSX, NpPU HAMUCAHUU
KYPCOBBIX U BBITYCKHOW KBATH(PHUKAITMOHHON padoT, mns 3(PQPEKTUBHON IMOATOTOBKH K

HUTOTOBBIM 3a4€TaM M DK3aMCHaM.

3. TexHosoru4yeckasi KapTa CaMOCTOSATeIbHOM PadoThI CTYyAeHTA

OObeM 4acoB, B TOM YHKCIIE
Bun (acTp.

Konbt NEeSATEIbHOCTH K
peann3yeMbIxX CTYJICHTOB CpencrtBa u OHTAaKTHa
KOMIIETEHLIUH TEXHOJIOTMH OLEHKHU cpc | 7 pabora Bc

c ero
npenoaa
BaTelIeM
3 cemecTp
OIIK-1 ITogroro Kommext 0,62 0,18 1,8
(M1-1,2,3) | BKa K 1eKUusAM | 3alaHUil ¥ BOIIPOCOB
1o TeMaM
JTUCITUTUTIHBI
OIIK-1 IToaroro Kommiekt
(1a-1,2,3) | Bka K | 3aJaHUil U BOIIPOCOB 6.48 0.72 7.2
MPaKTUYECKUM | IO TeMaM
pabotam JTUCITUTUTIHBI
OIIK-1 Camocro Kommekt
(M1-1,2,3) | srenmbHOE 3aJIaHAN U BOIIPOCOB
U3y4YeHUe o Temam | 9 1 10
JUTEPATypbl  TIO | TUCIUTLTAHBI
Temam 1-5
Hroro 3a 3 cemectp | 81 9 90
Hroro | 81 9 90

4.I1opsinoK BBINOJHEHUS CAMOCTOSTEIbHOI Pa0d0ThHI CTYIEeHTOM

4.1. Memoouueckue pexomenoayuu no pabome ¢ y4eOHOU aumepamypou

ITpu pabote ¢ KHUTOH HEOOXOAMMO MOAOOPATh JUTEPATYPYy, HAYUUTHCS NMPABHIBHO €€
YUTaTh, BECTH 3amucH. i1t moadopa uTepaTypbl B OMOIMOTEKEe MCHIONB3YIOTCS ajaBUTHBIN U

CHUCTEMATHYECKUN KATaJIOTH.
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BaxHO MOMHUTB, YTO pallMOHATbHbIE HABBIKM PaOOTHI ¢ KHUTOM - 3TO Bcerna Oosbliast
SKOHOMHS BPEMEHU U CHUIL.

[TpaBuibHBI  TONOOpP YUEOHHKOB PEKOMEHIyeTCs IperojaBareieM, UHUTAIOUUM
JEeKIMOHHBIN Kypc. HeoOxonmumas nuteparypa MOXeT ObITh TakKe yKa3aHa B METOAMYECKUX
pa3paboTKax Mo JaHHOMY Kypcy.

Nzydass MmaTepuan mo y4eOHHKY, CIEAYET MEePEXOIUTh K CIIEAYIOIIEMY BOIPOCY TOJBKO
Mocjie TPaBUJIBHOTO YSCHEHUS NpPEIbIIyIIero, OMNHUChIBas Ha Oymare BCE BBIKIAAKH H
BbIUMCIICHUSI (B TOM 4YHUCIIE T€, KOTOpble B y4eOHHMKE OMYIIEHBbl WM Ha JIEKIUH JaHBl IS
CaMOCTOSITEIILHOTO BBIBOJA).

[Tpu n3ydenun 000N AUCHUILTUHBI OOJNBIIYIO U BAXKHYIO POJIb UTPAET CAMOCTOSITETIbHAS
WHIUBHIyaIbHas paboTa.

Oco0oe BHHMaHME CcJeAyeT OOpaTUTh Ha OIpeleleHHe OCHOBHBIX MOHATHH Kypca.
CtyneHT noikeH HoJpoOHO pa3OupaTh MPUMEPHI, KOTOPbIE MOSCHAIOT TaKUe ONpEACTCHUS, U
YMETh CTPOWTH aHAJIOTUYHBIC TPHMEPHl CaMOCTOsATeNbHO. HyXHO 1OOMBATBCS TOYHOTO
MpEJCTaBICHUs O TOM, YTO u3ydaeuib. [lone3HO cocCTaBisATh OMOpHbIE KOHCHEKTHI. [Ipu
M3YYeHUU MaTepuaia Mo Y4eOHUKY TOJIE3HO B TeTpaau (Ha CHEIHalbHO OTBEICHHBIX IOJISX)
JIOTIOJIHATh KOHCIEKT JIEKIMH. Tam jke cielyeT OTMeuaThb BONPOCHI, BBIJEIECHHBIE CTYAEHTOM
JUIS KOHCYJIBTAIMH C IIpernoaBaTesieM.

BbIBO/IBI, TTOSTydYEHHBIE B PE3YyJIbTaTe M3YUEHUS, PEKOMEHIYETCS B KOHCIIEKTE BBIACISATH,
9YTOOBI OHU TMIPH NEPEUNTHIBAHUH 3aMUCEN JTy4Ullle 3alIOMUHAINCE.

OneIT NOKa3bIBAa€T, YTO MHOTMM CTYAEHTaM IIOMOIAaeT COCTABJIEHUE JMCTAa ONOPHBIX
CHTHAJIOB, COZIEpPIKAIeTo BaKHEHIINE U Hanbosee 9acTo ynorpediseMbie GOpPMYIIbl U MMOHATHSI.
Takoil TUCT momoraer 3anoMHUTH (POPMYJIbl, OCHOBHBIEC TOJOXKEHHUS JIEKIIUH, a TaKKe MOXKET
CIIy’>KUTb MTOCTOSTHHBIM CITPABOYHUKOM JIJISl CTYICHTA.

UreHne Hay4HOIO TEKCTa SIBIISIETCS YacThlO MO3HABATEIbHOW JeATenbHOCTH. Ee nenp —
U3BJICUEHHE U3 TeKCTa HeoOXoanMoil nHpopmarmu. OT TOTO HA CKOJIBKO OCO3HAHHA YUTAIOIIIM
cOOCTBEHHasi BHYTPEHHsISI YCTaHOBKAa INpPH OOpalleHHHM K IE€YaTHOMY CJIOBY (HAWTH HyXHbBIE
CBEICHUS, YCBOUTh MH(POPMAIMIO MOJHOCTHIO WM YaCTUYHO, KPUTHUYECKU MPOaHAIN3UPOBAThH
MaTepHal U T.1.) BO MHOT'OM 3aBUCHT 3((PEKTUBHOCTh OCYIIECTBISIEMOT0 JICHCTBHUSI.

Boiaensor uemoipe ocrnoénbie ycmano6Ku 6 UmeHuu Hay4Ho20 MeKCma:

WH()OPMAITMOHHO-TTIOMCKOBBIHN (3a71a4a — HAWTH, BBIICIIUTh HCKOMYIO HH(POPMAIIHIO)

ycBauBaromas (yCHJIMsi 4YMTaTeNls HampaBleHbl HA TO, YTOOBI KaK MOXKHO IIOJIHEE
OCO3HaThb W 3allOMHHUTHh KaK CaMHU CBEJCHHUS MH3JIaraéMble aBTOPOM, TaK U BCIO JIOTUKY €ro

paccykJIeHui)
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AHAIUTUKO-KPUTHYECKAsl (YUTATeNlb CTPEMUTCS KPUTHYECKH OCMBICIUTH MaTepHal,
[IPOAHAIM3UPOBAB €r0, ONPE/IEIUB CBOE OTHOILIEHHE K HEMY)

TBOpYECKasi (CO3/MaeT y YUTATENsi TOTOBHOCTh B TOM WMJIM MHOM BHUJE — KaK OTIPABHOU
MYHKT A7 CBOMX PacCyKIEHHM, kak oOpa3 AJsl ACWCTBUA M0 aHAJOTUHU U T.N. — UCIIOIB30BATh
CYXKICHHSI aBTOpa, XOJ €ro MBICICH, pe3ylnbTaT HaOMoJeHUs, pa3padOTaHHYIO METOJUKY,

JOTIOJTHUTH WX, MOJBEPTHYTh HOBOM IIPOBEPKE).

4.2. Memoouueckue pexomenoayuu no n0020MoeKe K NpaKMu4ecKuM 3aHAmusm

21.]'[5[ TOTO YTOOBI MPAKTUYCCKUC 3aHATHUA TMPUHOCUIIM MAKCHUMAJIbBHYIO IIOJIB3Y,
HE00X0IMMO NOMHHUTb, YTO YNpaKHEHHE U pellIeHHEe 3ajad MPOBOASTCSA MO BHIYMTAHHOMY Ha
JeKIMSIX MaTepuaily M CBs3aHbl, KaK MPaBUJIO, C JACTAIbHBIM Pa300poM OTIEIbHBIX BOMPOCOB
JIEKIUOHHOro Kypca. CrieayeT NOAYEpKHYTb, 4YTO TOJBKO IOCIE YCBOEHHs JEKIMOHHOIO
MaTepuaiga ¢ ONpPEJEeJICHHON TOYKM 3peHHsl (@ MMEHHO C TOW, ¢ KOTOpPOW OH M3jaraercs Ha
JEKIMSIX) OH Oy/IeT 3aKpeIuIAThCS Ha MPaKTUUECKUX 3aHATHUAX KaK B pe3yJsibTaTe 0O0CYXIEHHs U
aHajM3a JICKIMOHHOTO MaTepuaia, Tak U C MOMOILBIO PELICHUsI MPOOIEMHBIX CUTYaIU, 3a1ay.
IIpu 3THX yCIIOBHAX CTYJIEHT HE TOJIBKO XOPOILIO YCBOUT MaTepHall, HO U HAy4YHUTCs NIPUMEHATH
€ro Ha MpaKTHKEe, a TakXKe IMOJyYUT IOMOJHUTEIbHBIH CTUMYN (M 3TO OYEHb Ba)XKHO) IUIf
aKTHUBHOM MPOpabOTKH JIEKIHH.

Crnenyer NMOMHUTb, YTO pELICHHE KaXJIO0W y4eOHOH 3aha4ydl JOJDKHO JOBOJIUTHCA [0
OKOHYATEJIBHOTO JIOTHYECKOTO OTBETa, KOTOPOro TpeOyeT YCIOBHE, M IO BO3MOXKHOCTH C
BbIBOJIOM. [lomyueHHBIN OTBET ClieyeT MPOBEPUTh CHOCOOAMM, BBHITEKAIOIIMMHU U3 CYIIECTBA
naHHoM 3amaun. Ilonme3Ho Takke (ecnM BO3MOXKHO) pellaTh HECKOIBKHMMM CHoco0amMu U
CPaBHMUTBH IIOJIyUYE€HHBIE pE3yJbTaThl. PerieHue 3amad JaHHOTO THUIIA HYXKHO IMPOJOJDKAaTh [0

IPUOOpPETEHNs TBEPIBIX HABBIKOB B UX PELICHUH.

4.3. Memoouueckue pexomeHoayuu no camonposepke 3HaHull
[Tocne m3ydeHus: ONMpeAeICeHHOW TEMBI IO 3aMKCsIM B KOHCIIEKTE M yUY€OHHKY, a TakKe

pELIeHNsT TOCTAaTOYHOTO KOJIMYECTBA COOTBETCTBYIOIIMX 3aJad Ha NPAKTUYECKHUX 3AHATHAX U
CaMOCTOATEIIBHO CTYJIEHTY DPEKOMEHAYETCs, IPOBECTH CaMOIPOBEPKY YCBOCHHBIX 3HAHUM,
OTBETUB Ha KOHTPOJIBHBIE BOIIPOCHI 10 U3YYEHHOM TEME.
B cityuae HE0OOXOAMMOCTH HYKHO €Ilie pa3 BHUMATEIbHO pa300paThCcsi B MaTEpUae.
MHorga HEIOCTATOYHOCTh YCBOEHUS TOTO WJIM MHOTO BOIPOCA BBIACHSAETCS TOJIBKO IIPU
U3Y4YEHUU NAIBHEUIIEro MaTepuana. B oTom cirydae HaZo BEPHYTHCS Ha3al U IOBTOPUTH IIJIOXO
YCBOCHHBI MaTrepuasl. BaXHbIi KpUTEpHUI YCBOCHMsI TEOPETUYECKOIO MaTepuaja - yMEHUE

pemarh 3a7a4d WM TPOWTH TECTUPOBAHWE IO MPOWIeHHOMY MaTtepuainy. OgHaKo claemayer
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INOMHHUTBH, YTO MPAaBUIIBHOC PCHICHUC 3adadv MOXCT IOJYUYUTHCA B PE3YJILTATC NPUMCHCHUSA

MEXaHUYECKHU 3ayYeHHBIX (opMys1 0€3 TOHUMAHHUS CYITHOCTH TEOPETUIECKHUX TTOJI0KEHUH.

5.KoHTpoJIb cCaMOCTOATEILHOI PadoThI CTY/1€HTOB

B pamkax pedTHHIOBOM CUCTEMBI yCIIEBAEMOCTb CTYACHTOB I10 KaXI0M AUCLUAIIIIMHE
OLICHUBAETCA B XOJ€ TEKYILEro KOHTPOJIS U POMEKYTOYHOU aTTECTALIUU.
Texkymuii KOHTPOJIb

PeiiTuHroBasi oueHKa 3HAHUM CTyIeHTa

Ne Bun nesrenbHOCTH CTYI€HTOB Cpoku Kopn
n/n BBITTOJTHEHHUSI UYECTBO
6ayioB

l. [TpakTrueckoe 3ansaTue 5 5 15
HeAens

2. [IpaxTuueckoe 3anstue 10 10 2(
Heaeuns

3. [IpakTnueckoe 3anarue 15 15 2(]
Heaens

Hroro 3a 1 cemectp 55

1 ITpakTrueckoe 3ansaTue 5 5 15
Heaens

2 [TpakTrueckoe 3anstue 10 9 2(
Heaens

3 [Ipaktruueckoe 3anstue 15 13 2(]
Heaens

Hroro 3a 2 cemecTp 55

MaxkcruManbHO BO3MOXKHBIN OallT 32 BECh TEKYIIUNA KOHTPOJb YCTAHABIMBACTCS PaBHBIM 55.
Tekyliee KOHTPOILHOE MEPONPHUITHE CUUTACTCS CIAHHBIM, €CIU CTYJAEHT MOJY4YWJ 32 HEro He
MeHee 60% OT YCTaHOBJIEHHOTO JJIsi 3TOr0 KOHTPOJS MaKCHMallbHOro Oasuia. PeHTHHIrOBBIM
OaJiy1, BBICTABIISIEMBIN CTYJICHTY 3a TEKyIIee KOHTPOJIHHOE MEPONPHUATHE, CAAHHOE CTYJACHTOM B
YCTaHOBJICHHBIE TPAPUKOM KOHTPOJBHBIX MEPOMPHUATHN CPOKH, OIpenesieTcsl CIeAYIOUIM
oOpazom:

Yposenw evinonnenusn Peiamunzoswiii 6ann (6 % om
KOHMPOIbHO20 3A0aHUA MAKCUMANbHO20 0aNNa 3a KOHMPOAbHOE
3a0anue)
Omauunwiii 100
Xopowuu 80
Yoosenemseopumenvuwiii 60
Heyoosnemeopumenvhoiii 0

HpOMe)KyTO'-IHaH aTTeCcTalud

HpOMC)KYTOLIHa}I arrecranusa B (I)opMe IK3aMeHa IMpeaAyCMaTpuBacT IIPOBECIACHUEC
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00s13aTeTbHON 3K3aMEHAITMOHHOM Tporieaypsl u oneHuBaercs 40 6amramu u3 100. B cimydae
€ClIM PeUTHHIOBBIM Oa/l CTyJeHTa NO AMCLUIUIMHE [0 WToraMm cemectpa paBeH 60, To
IporpaMMoi aBTOMaTHuecKu JTo0OaBisercss 32 mpeMuanbHbIX Oajyia U BBICTABISETCS OLIEHKA
«OTIU4HO». IlONOXKUTENbHBIM OTBET CTYJEHTAa Ha 5K3aMEHE OLIEHUBACTCS PEUTHHTOBBIMHU
Oammramu B guamazoHe or 20 mo 40, omenka MeHbine 20 0alIoB  CYMTAETCS
HEYOBJIETBOPUTEIIbHOM.

[IIkana cOOTBETCTBHUS PEHTHHIOBOTO Oaiia SK3aMeHa 5-0amTbHON crucTeMe

PeiiTuHroBbIii 6as11 Mo Onenka 1o 5-0a/LU1bHOM cUcTEeMe
AUCHHUIIMHE
35-40 Ot1nnyHO
28 -34 Xopomo
2027 Y 10BIETBOPUTENBHO

HrtoroBas oreHka Mo AUCIUIUIMHE, U3y4aeMOW B OJIHOM CEMECTpPE, OMPEAeIsIeTCs IO
cymme 0asioB, HAOpaHHBIX 332 padOTy B TEUCHHE CeMecTpa, 1 0aJUIOB, MOMYyUYEHHBIX MPHU CAaue

OK3aMCHa.

LlIxkana nepecuema peiimuneo8020 6ania no OUCYUNIUHE
8 OYeHKY no 5-0annvHoll cucmeme

Peitmunzoewtii 6ann no Ouenka no 5-6annvHoul cucmeme
oucyuniune
88-100 Omauuno
72-87 Xopouto
53-71 Yooeremeopumenvro
<53 Heyoosnemeopumenvro

6. Cniucok JimrepaTypbl

6.1. IlepeueHb OCHOBHOII JIUTEPATYPHI:

['ycak, A. A. Marematnueckuii ananu3 u nuddepennmansupie ypaBHeHus. [Ipumepsr u
3amaun: yaeOHoe mocoome / A. A. I'ycak. — Mumnck: TerpaCucremc, 2011. — 415 c. - Pexum
nocryna: http://www.iprbookshop.ru/28122.html

6.2. IlepeueHb JOMOJHUTEIbHOM JUTEPATYPbI:

1. MunuBuayanbHble 3a1aHus 10 BeIciied marematuke. Yacts 1. JIuneliHas u BeKTOpHas
anredbpa. AHamuThueckas reoMerpus. JuddepeHunanbHoe UCUHUCICHHE (DYHKUIMNA OJIHOM
nepeMeHHoi: yueOHoe mocobue / A. Il. Psbymko, B. B. bapxaros, B. B. Jlepxkasen, U. E.
OpyTs; mon penakuumeit A. I1. PsOymko. — Munck: Bemmiimas mkona, 2013. — 304 ¢. —
Pexxum moctyma: http://www.iprbookshop.ru/20266.html.

2.VlnpuBuayanbHble 3a7aHus Mo Bbiciied matemaTtuke. Yacte 2. KomruiekcHbie yucia.
Heonpenenennsie u omnpeaencHHble uHTErpaibl. DOYHKIUU HECKOIbKUX TEPEMEHHBIX.
OObikHOBeHHBIE au(pdepeHnanpHble ypaBHeHus: yuyeOnoe mocodue / A. I1. Pabymxo, B. B.
bapxatoB, B. B. Jlepxkasen, M. E. KOpyts; mon penakumeir A. II. PsOymko. — MuHCK:
Brimmiimas IKOJIa, 2014. — 397 c. — Pexum JIOCTYyTIA:
http://www.iprbookshop.ru/35481.html.
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3.MlnauBuayanbHble 3amaHus 1o Bbiciied maremaruke. Yacte 3. Pappl. KpaTtHble n
KpUBOJIMHEHHBIE UHTETpalibl. DJIEMEHTHI Teopuu o : yueOHoe mocodue / A. I1. Pabymko, B.
B. bapxaros, B. B. [lepxasen, U. E. FOpyTs ; nmon penaxkmueir A. Il. PsOymko. — MuHck:
Beimmitirast mikona, 2013. — 367 ¢. — Pexum gocryna: http://www.iprbookshop.ru/20211.html.
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