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BBEJIEHUE

1. Heas u 32724 U3y4eHUs TUCHUILIMHBI

Lenbto W3Y4YCHUS JUCIUTUTUHBI SABIISICTCS dbopMupoBanue Habopa
oOmienpodecCHOHaNbHBIX, MPOPECCHOHANBHBIX KOMIETCHIIUNA OyaylIero Marucrpa o
HarpasieHuto 09.04.02 «MHpopMalIOHHBIE CUCTEMBI U TEXHOJIOTHI.

3amadyeil Kypca SBJISETCS OCBOEGHHME MarMCTpPaHTOM MaTE€MaTH4ECKOro ammnapara s
pelieHus 3aa4 MPOSKTUPOBAHUS U Pa3pabOTKU MHTEIUIEKTYaIbHBIX HH(POPMAIIMOHHBIX CHCTEM.
2. ObopyaroBaHHe U MaTepPHAJIbI

Jis mpoBeAeHHs] MPAKTHUECKUX 3aHATHH HEOOXOIUMO CIEAYIolee MaTepHalbHO-
TEXHHYECKOE 00ECIICUeHHE: MEPCOHATBHBIA KOMIIBIOTED; TPOEKTOP; BO3MOKHOCTh BBIXOJIA B CETh
WuTepHeT A moucka 1no o0pa3oBareabHbIM caiiTaM U MopTaiaM; HHTEpaKTHUBHAS J0CKa.

3. HammeHoBaHMe NPAKTHYECKHUX 3aAHATHI

[TpakTrueckoe 3austue 1. [loctpoenue u paBHOCUIBLHOCTD (DOPMYIT JTOTUKU IPETUKATOB IIEPBOTO
HOpsJIKA.

[Ipaktuueckoe 3anstue 2. UHTepnpeTanus B JOTMKe MepBOro nopsaka. Jlornueckoe cieacTBue.
[TpakTrueckoe 3ansTue 3. MHOrocopTHas JIOrMKa epBOro NopsakKa.

[TpakTrueckoe 3austue 4. [locrpoenue GyHKINI MPUHAATICHKHOCTH.

[TpakTrueckoe 3ansatue 5. Onepaunu HajJ HEYETKUMH MHOKECTBAMHU.

[Ipaktuueckoe 3anstue 6. HeueTkuii 1oruueckuii BBIBOI.



COJIEP)KAHUE MMPAKTUYECKHNX 3AHATHUI

IIpakTnyeckoe 3ansaTue Ne 1.

IlocTpoeHue u paBHOCUJIBLHOCTH (OPMYJI JTOTUKH NPEINKATOB EPBOIo MOPsSiAKA.
Heab. [To3HAKOMUTBHCS C OCHOBHBIMU MOHSITUSIMU JIOTUKH MIPEIMKATOB IIEPBOTO MOPSIKA.
dopMma npoBeeHUs: PEIICHUE TUITOBBIX 3a7a4.

Bonpocel s obcyxaennsi: Gopmylibl JIOTUKU MEPBOTO MOPSAKA. 3aKOHBI JIOTUKH
MEepBOTO MOpPsIJIKA.
Teopernyeckue cBeieHMsI.

NMpeaukaTtbl 1 onepauuyu Hag HUMU

Onpenenenune. [lyctb M — Henmycroe MHOXecTBO. Toraa n-wecmuviM npeouxkamom,
3a0annbiM Ha M, Ha3bIBaeTCS BBIpAXKEHUE, COJeprKalllee n MepeMEHHBIX W olpalnaroiieecs B
BBICKA3bIBAaHUE MPU 3aMEHE ITUX MEPEMEHHBIX JIEMEHTaMHU MHOKeCcTBa M.

Paccmorpum mpumepsl. [lycte M ecth MHOXecTBO HarypanbHbix umcen N. Torma
BBIPAXKEHHUS «X — MPOCTOE UHUCIO», «X — UYETHOE YUCIO», «X — Oombmie 10» sBustoTCA
oOHoMecmubiMu npeouxkamamu. I1pu MoacTaHOBKE BMECTO X HATypalbHBIX YHCEN MOTYYaroTCs
BBICKA3bIBaHUS: «2 — IPOCTOE YUCIION», «O6 — IPOCTOE YUCIIO», «3 — YeTHOE YUCIIO», «5 Oonbiie 10»
U T.1I.

Boipaxkenusi «x 0ojbllie y», «X JIEIUT y HAIelo», «X IUIoC y paBHO 10» sBisOTCS
ogyxmecmuvimu npeoukamamu. (Koneuno, mocneanee BbIpaK€HNUE MOXKHO OBLIIO 3alKMCcaTh U TaK:
«x+y=10»).

ITpumepsl mpexmecmuuix npeouxamos, 3alaHHBIX HA MHOKECTBE HATypajbHbBIX YUCEI:
YUCIIO Z JIKUT MEXKAY «X U y», «X IUTIOC Y PaBHO Z», «|X-y|[1z».

BYJIGM CUHUTAaTh, YTO 6bICKA3blBAHUE — HlebMecmelZZ npedukam, TO €CTb NpPEAUKAT, B
KOTOPOM HET NEPEMECHHBIX JIs1 3aMCHBI.

Hano orMeruTh, 4TO MECTHOCTh MPEIUKATOB HE BCETJla paBHA YUCIY 6cex MEPEMEHHBIX,
coJiepkaluxcs B BelpakeHUU. Hanpumep, BeIpakeHHE «CYLIECTBYET UMCIIO X TAKOE, YTO y=2X»
Ha MHOJKECTBE HATypaJIbHBIX YHCEN OIpeleisieT OJHOMECTHBIM mpeaukar. [lo cmeiciay 3Toro
BBIp@XXEHHE B HEM MOXKHO 3aMEHSTh TOJIBKO IepeMeHHylo y. Hampumep, 3amena y Ha 6 naet
UCTHHHOE BBICKa3bIBaHHE: «CYIIECTBYET YHUCIIO X TAKOE, 4YTO 6=2X», a 3aMEHA y Ha 7 aeT JIOKHOe
(na MHOecTBe N) BBICKAa3bIBAHUE «CYIIECTBYET UYHCIO X TaKOE, UTO 7=2X».

[Ipenukar ¢ 3amMeHs€MbIMH MEPEMEHHBIMU X1,...,Xn OyAeT OObIYHO 0003HaYaTHCA
3arjJaBHOM JIATHHCKOM OYKBOM, IMOCIIE KOTOPOM B CKOOKaX yKa3aHbI 3TH NepeMeHHbie. Hanmpumep,
P(X1,X2), Q(X2,X3), R(X1). Cpeau nepeMeHHbBIX B CKOOKax MOTYT OBbITh U (PUKTHBHBIE.

Ha COBOKYITHOCTH BCCX NMPCAUKATOB, 3a/JaHHBIX HAa MHOXCCTBC M, BBOJATCSA 3HAKOMBIC
JIOTUYCCKUC OIICpallUU: KOHBIOHKYUA, 0u3bIOHKI4U}Z, ompuyarue, UMniuKkayusili 1 3K6UBAJIEHYUA.
Ot ornecpanru BBOAATCA HOBOJIBHO OYCBHUIHBLIM 06p3.30M. HpI/IBeI[CM B Ka4YCCTBC IIpUMCEpa
ONpeACIICHUC KOHBOHKIINHN ITPCAUKATOB.

Onpenenenne. [Ipemuxkatr W(X1,...,Xn) Ha3bIBACTCA KOHBIOHKYUEU NPEOUKamos
U(X1,...,xn) ¥ V(X1,...,Xn), 3aJaHHBIX Ha MHOKeCTBe M, ecim g JOOBIX ai,...,an U3 M
BbICKa3biBaHUE W(ai,...,an) €CTh KOHBIOHKIUS BbIcKa3biBaHui U(ai,...,an) u V(ai,...,an), T.e. W
NPUHUMACT 3HAYCHHUE «MCTUHA» TOTA M TOJBKO TOTJA, KOT/Ia HCTUHHBI 00a Bbicka3biBaHus U u

V.



Jlerko mo aHaJOTHH MPUBECTH ONPEAEICHUS U APYTUX YIOMSHYTHIX BBILIE ONEpaIHii.

B noruke nmpenukatroB nepBoro mopsika BBOJIATCS U JBE HOBbIE ornepanuu. HaspiBaroTces
OHU K8AHMOPOM OOWHOCMU U KBAHMOPOM CYUeCm808ans. JTU OTepalliil pacCCMOTPUM BHaJalie
Ha MpUMepax.

Ilyctp naHO BBIpaXKEHUE «CYLIECTBYET X Takod, uro x+y=10». Ha mHOXecTBe
HATypaJbHBIX YUCEJI 3TO MPEJJI0KEHUE ONpeaessieT ofHOMecTHbIN npenukat P(y), Tak P(2) u P(9)
— UCTUHHBIC BhICKa3biBanus, P(11) — nmoxxnoe. Eciu 0603HaunTh peaukar «x+y=10» uepe3 S(X,y)
(aaTO MpeauKaT ABYXMECTHBIN), TO P(y) MOKHO 3amucaTh TaK: «CYyIIECTBYET X TAKOM, 4TO S(X,y)».
B stom cnyuae roBopsT, uro mpeaukaT P(y) monyden u3 mpeaukara S(X,y) HaBelIMBaHUEM
KBAHTOpA CYLLIECTBOBAHUSA Ha X U NUIUYT P(y)=(3IX)S(X,Y).

PaccMoTpuMm Jpyroit mpumep. BhipaxkeHHe «IIs BceX X CIpaBelHBO, 4To y[I-X2»
oInpeiesisieT Ha MHOYKECTBE IIeJIbIX UKcell oqHoMecTHbIH npemukat Q(y). Ecimu npeaukar «y [1-x3»
0603HaunTh uepe3 T(X,y), To Q(y) MOKHO 3amucaTh Tak: «JIs BCceX X crpaBemBo T(X,y)». B
TAaKOM Clly4ae roBOpST, uTo mnpeaukar Q(y) momydeH u3 npeaukara T(X,y) HaBelIMBaHUEM
KBaHTOpPA 001IHOCTH Ha X U YT Q(y)=(Vx)T(X,Yy).

Mocne 3TUX NpMMEepoB HETPYAHO AaTb onpeaeneHne B o6LleM BUE.

Omnpenenenune. Ilycte P(X1,...,Xn) — mpeaukar, 3aJaHHbIi Ha MHOXeCTBE M, y
nepeMeHHas. Torzna BbIpaXEHUE <«JUIi BCAKOro y BblIoOJHseTCs P(Xi,...,Xn)» — Ipeaukar,
HOHy‘IGHHbIﬁ u3 P nasewusanuem KeaHnmopa 06u4Hocmu Ha nepemenHyoy, a BbIPAKCHUC
«CYLIECTBYET Yy TaKkoW, 4To BblNOJHSEeTCA P(X1,...,Xn)» — NpeauMKar, NOJIy4eHHBIH u3 P
Haesewusanuem Keanmopa cyumecmeo6aHusl Had NepemMerHy10) .

O06o03HayeHus oniepalnii ObUTM BBEACHBI BHIIIIE.

3aMeTuM, YTO B OIIPEICIICHUH He TpeOyeTcs, YTOOk! y Oblla OJJHA U3 IEPEMEHHBIX X1,. . .,Xn,
XOTS B COJEprKaTeNIbHbIX MpUMepax, KOTOpble OyIyT HUXKe, KBAHTOP HAaBEIIMBAETCS Ha OAHY W3
NEPEMEHHBIX X1,...,Xn. YKa3aHHOE TpeOOBaHME HE HAKJIAAbIBAETCS, YTOOBI N30€XkKaTh YCI0KHEHUS
onpezeneHus: GopMybl JOTUKU MpeAUKaToB. Eciau y — oJiHa U3 MepeMEeHHBIX X1,...,Xn, TO [IOCIIE
HaBEIIMBaHKs KBAaHTOpPA HA y HOBBIN MpeAuKar sBisiercst (n-1)-MecTHBIM, eClii ye{X1,...,Xn}, TO
MECTHOCTh HOBOI'O IIpe/IMKaTa paBHa n.

Ecnu mpegukat W(Xy,...,Xn) momydeH u3 mnpeaukatoB U(Xi,...,Xn) H V(Xi,...,Xn) C
MIOMOIIBIO CBA30K, TO HWCTHHHOCTh BBICKa3biBaHWs W(ay,...,an) ONpeIeIseTcss TaOauIaMu
UCTUHHOCTH 3THX CBi30K. Ilyctb  W(Xi,...,Xn)=(VYy)U(X1,...,Xn,y). Torma BbICKa3bIBaHUE
W(as,...,an) HCTHHHO TOTJa M TOJBKO TOT/AA, KOrjaa JIs JIF000robeMHUCTHHHO BBICKAa3bIBAaHHE
U(as,...,an,b). Eciu sxe W(X1,...,Xn)=(3y)U(X1,...,Xn,Y), TO BbICKa3biBanue W(ai,...,an) HICTHHHO B
TOM M TOJBKO B TOM Clly4ae, KOorja HaimercsibeM, mis kotoporo BbickaspiBanue U(ai,...,an,h)
HUCTUHHO.

ITonaTue mpeaukaTa — BeChbMa MKUPOKOE MOHATHE. ITO BUAHO YK€ U3 MIPUBEICHHBIX BBIIIE
npuMepoB. TeM He MeHee, MBI 3TO ellle pa3 MoJYEepPKHEM, IT0Ka3aB, YTO N-MECTHas (PYHKIIHS MOXKET
paccmarpuBaThess Kak (n+1)-mecTHblid mpenukar. [ledictBurensHo, (yHkumu y=f(xi,...,Xn),
3aJJaHHOW Ha MHOKeCTBE M, MOKHO [TOCTaBUTh B COOTBETCTBUE BhIpAXKEHHE «y paBHO f(X1,...,Xn)».
OTO BBIpa)KEHUE €CTb HEKOTOphId mpenukar P(Xi,...,Xn,y). Ilpum 3TOM ecnu smemeHT b ecTb
3HayeHue (QYHKIUH B TOYKe (ai,...,an), TO BbICKa3biBaHue P(ai,...,an,b) MCTUHHO, U 0OpaTHO.
(ITomobHOE «mpeBpamieHne» (QPyHKIIMA B TPEAUKAT MBI YK€ JCNIalid BBIIIC TSI CIOKCHHS
HaTypaJIbHbIX YHCEI.)

Ha MMpEaAUKaTbl MOKHO CMOTPCThL U Ooiee (bOpMaJ'ILHO, IpUYICeM C IBYX TOYCK 3PCHUS.



Bo-nepBbIX, IpeauKaT MOXKHO MPEACTaBUTh OTHOLIEHUEM cleAyromuM odpasoM. IlycTs
npenukar P(xi,...,Xn) 3a1aH Ha MHOKecTBEe M. PaccMOTpuM npsiMyro CTENEHb 3TOTO MHOYKECTBA
M"=MxMXx...XxM u noaMHoxectBO Dp MHOkecTBa M", onipeieniieMoe paBeHCTBOM:

Dp={(a1,...,an)eM" | BbIcKa3bIBaHue P(ay,...,an) HCTHHHO}.

OtHowenune Dp MOXHO Ha3BaTh 00J1aCTHI0 UCTUHHOCTH Ipeankara P. Bo MHOrux ciydasx
npeaukar P MOKHO O0TOX1ecTBUTH ¢ oTHOWEeHueM Dyp. [Ipu aToM, npaBaa, BOSHUKAIOT HEKOTOPBIE
TPYIHOCTH IIPU ONPEIECICHUU ONEPALMMA HaJ OTHOLICHWSAMH, aHAJOTMYHBIMHU OIEPALMASIM Hal
IIPEAVKATaAMH.

Bo-Bropeix, mnpeaukar P(Xi,...,Xn), 3amaHHBIi Ha M, MOXXHO OTOXIECTBUTh C
dbynakuueiifp: M"—»{0,1}, onpenenseMoll paBEHCTBOM

1, 8CNW BeICKa3kBaHWe Play,....a8,) MCTHHHO,

folay,....an=
F |0 B NPOTMBHOM ChyYae.

Mpsbl, B OCHOBHOM, OyAeM TMOHHMMATh TEPMHH <«IIPEAUKAT» B CMBICIE HCXOAHOTO
orpezieNieHus, T.€. KaK sI3bIK0BOEe BhIpaxkeHue. CBA3aHO ATO € TEM, YTO OJHOM U3 TTIaBHBIX IIENIEH,
KaK y>K€ OTMEYaJioch BO BBEJICHUH, SIBISETCS M3YUCHHE BBIPA3UTEIbHBIX BO3ZMOXKHOCTEH JIOTHKU
MEPBOr0 TOPSAKA, BO3MOXKHOCTH TMPEJICTaBICHUS CpPEICTBAMHU STOW JIOTUKH WHGOpMaIuH,
BBIPQXCHHOW HA €CTECTBEHHOM (CKa)KeM, PYCCKOM) SI3BIKE.

(I)OpMyJILI JIOTUKH IIEPBOIro nopsiAka

Jlnst BBeneHHS TOHATHA (POPMYIIBI JIOTUKM MEPBOTO TOpsiaKa OyaeM HCXOIUTh U3
cnenyromux Tpex MHoxecTB: F,R,V. Dnementsl MHOkecTBa F — ciMBOJIBI (MIJIM MIMEHA) QYHKIIMH,
aneMeHThl R — cuMBOJBI (WM MMEHA) MPEeNUKaToB, 3JIEMEHThl MHOKECTBA V — NEpEMEHHBIE.
bynem cuutaTh, 4TO KakI0My CHMBONY (DYHKLUMU W IpeAUKaTa MOCTABIEHO B COOTBETCTBUE
HaTypaJlbHOE YHUCJIO WIM HOIb — MECTHOCTh (T.€. YHCIO apryMEHTOB) 3TOrO CHMBOJA.
JlonmyckaroTcss HYJIbMECTHbIE CHUMBOJBI (DYHKIMM, KOTOpbIE Ha3bIBAIOTCS KOHCMAHMAaMu, W
HYJIbMECTHBIE CUMBOJIbI IPEIUKATOB (TIOCIEAHNE OYAYT UTPaTh POJIb ATOMAPHBIX (POPMYJI IOTHKH
BbIcKa3biBaHMil). OO0benuHenne F u R Oyaem HaswbiBaTh cuenamypou. CUTHaTypy 3apaHee
bukcupoBath He OyieM, OHa OyJleT ONpeAesAThCS CoAepKaHUEM pelnaeMoi 3a1auyi. MHOXeCTBO
V npennonaraercs 6€CKOHEUHBIM, AJIs1 0003HAYEHMS €r0 JIEMEHTOB OyyT MCIIONIB30BaThCs, KaK
npaBuiio, OyKBHI X,Y,Z,U,y,W C HHIEKCaMU U 0e3 HUX.

B nmpumepax, npuBEACHHBIX BBIIE, Mbl BHICIHM, 4YTO JUI1 3allUCH IIPEIUKATOB
HCTIONB30BANICH apU(DMETHYECKHE BBIPAKEHHS: 2X, X+y, —X°. AHANOroM apu(pMeTHIECKOrO
BBIPAJKECHMUS B JIOTUKE CIIY)KUT IIOHATHE TEpMa.

Onpenesienne. 7epmom Ha3bIBACTCA
1) mepeMeHHast U KOHCTAHTA;

2) Beipaxkenne Buaa f(ta,...,tn), TI€ t1,...,tn — TepMBI, a f — N-MeCTHBINH G YHKIINOHATBHBIHA
CHMBOJI.

MosHO cka3aTh, YTO TE€PM — BBIpaKE€HUE, MOITYYEHHOE U3 MEPEMEHHBIX M KOHCTaHT C
MOMOIIbIO0 CUMBOJIOB (QyHKITHI.

Onpenenenune.Amomaproti ¢opmynoti Ha3bIBACTCS BBIpaXKEHUE BHAA I(ti,...,tn), TOE
t1,...,tn — TEpMBIL, T — CUMBOJI N-MECTHOTO MpeInKara.



I[TpuMepamMu aTOMapHBIX (hOPMYIT SBISIOTCS BRIpaskeHus X[ 1y>+1, [X-y| [z, X enuT Hanesno

Onpenenenue. Lopmynoul 102uKu nepeo2o NOpsiOKa Ha3bIBAETCS

1) atomapnas ¢popmyia,

2) Beipaxenus Buaa (F)&(G), (F1)v(G), —(F), (F)=(G),(F)«<>(G), (vV)(F), (3v)(F), rne F
u G — (hOpMyIIbI IOTUKH MPEAUKATOB, V — IIEpEMEHHAsI.

®opmyna F B IByX mociieTHUX BBIpaKEHUSIX HA3BIBACTCS 001aCMbl0 0elicmBUs K8aHmopa
no nepemenHoul .

K cornamennsm o IIPUOPUTETE onepaunﬁ, IMPUHATOM B JIOTUKC BBICKa3BIBaHHﬁ, I[O6aBI/IM
CICAYIOICC: KBAHTOPBI MMCIOT O,Z[I/IHaKOBHﬁ IIPUOPUTET, KOTOprI Ooublle IIPUOPUTETA BCEX
CBA30K.

Omnpenesenne. BxoxneHue nepeMeHHONW B (OPMyIly HAa3bIBACTCS CEA3AHHBIM, €CIIN
NEpPEMEHHAsI CTOMT HETIOCPEICTBEHHO 32 KBAHTOPOM MJIM BXOAMT B 00J1AaCTh NEHCTBUS KBAaHTOpPA
110 3TOM NepeMeHHOM. B poTHUBHOM citydyae BXOKIEHUE HA3bIBAETCSA C80O0OHBIM.

Hamnpuwmep, B hopmyne
F=t(x)&(Vy)[s(x,y)>(3x)(r(x,y)vt(y))]

HepBoe 1 BTOPOC BXOXKICHUC HCpCMeHHOﬁ X CBO6OI[HBI, TPETHC U YCTBCPTOC CBA3AHLI. Bce
BXOXICHUA HepeMCHHOﬁ Yy CBA3aHBI.

Onpenenenue. [lepemMenHas Ha3bIBACTCS C80000HOU 6 popmyie, €CIIN CYIIECTBYET XOTS
OB OJHO CBOOO/THOE BXOXKJICHUE MTEPEMEHHOM B (hOPMYITy.

®opmyna F u3 mpenpiayiiero npuMepa UMEET OJTHY CBOOOTHYIO IEPEMEHHYIO X.

Ecmu Xi,...,Xxn — Bce cB0OOAHbIe nepeMeHHble (opMmynsl F, To 3Ty dopmyny Oyrnem
o0o3Hauathb yepe3 F(Xi,...,Xn). OT0 0003HaueHNe OyaeM IPUMEHSTh U B TOM ClIydae, KOrJia He Bce
NEpEMEHHBIE U3 X1,...,Xn ABJISIOTCS CBOOOAHBIMHU B F.

3aganus
3ananue 1 Kakoli W3 KBaHTOpPOB Ompeaensercs CleaylmuMu BelpaxkeHuamu? [IpencraBbre
BBIpQXKEHHS B BUIE (HOPMYIIL.

— TSI BCAKOTO X UCTHHHO F(X)»,
—  «Haiizmercs X, Takoi uto F(x)».

3ananue 2 ByayTt nu paBHOCHIIBHBEI CleAyIOMIKE Mapbl popMyn u nodemy?
- (VX)(F(x)>G(x)) 1 (VX)F(x)>(VX)G(X);
= (YX)F(X)— (¥X)G(x) 1 (3x)(VY)(F(x)>G(y)).

axarnue 3 [Iycte M — MHOXECTBO BCEX TOYEK, MPSAMBIX W IUIOCKOCTEH TpPEXMEPHOTrO

npoctpaHcTBa. PaccmoTpum anredpanyeckyro cucremy <M; x ey, p(X), 1(x), pl(x)>,
IZie € — OTHOIICHHE TIPUHAICKHOCTH, P(X) O3HAYAET, YTO X €CTh TOUKa, I(X) — X
ecte mpsMasi, pl(X) — X ecTh IUIOCKOCTb. BBIpa3uTh ciiemyroniue NpeIuKaThl
dopMynaMu ykazaHHOW CHrHaTypbl (B (GopMylax MOXHO HCIOJIB30BaTh
OrpaHUYEHHbIC KBAaHTOPBI):

—  «IUIOCKOCTH X M 'y UMEIOT OOILYIO TOUKY»,
—  IpsIMBIE X U Y IMEIOT OOIIYIO TOUKY,
—  «EeCJIY TIOCKOCTHU X M Y UMEIOT OOIIYIO TOUKY, TO OHH UMEIOT OOLIYIO MPSIMYIO»,
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— (IPAMBIC X U Yy TapaJJICIbHBD).

KoHTposibHBbIe BOPOCHI K MPAKTHYECKOMY 3aHATHIO Nel
ba3oBblii ypoBEHb

1. IlpenuxaTsl ¥ onepanuy HaJl HUMH.
2. CHHTaKCHUC U CeMaHTHKA JIOTUKHU MPEAUKATOB IIEPBOTO MOPSIKA.
3. ®opMyIibl JJIOTUKU IEPBOTO MOPsAKa.

I1oBBIIIEHHBIN YPOBEHb

4, HOCTOI/IHCTBa 1 HCJOCTATKH JIOTUKH IIPECAUKATOB IIEPBOI'O IIOpsAaKa.
Cpe)]CTBa H TEXHOJIOI'MHA OUECHKHU: KOJUIOKBUYM

Pabora ¢ auTeparypoii:

Pexomengyembie ncrounnkn nHpopmanuu(Ne HCTOUHUKA)

" -
OcHoBHas JononnurenpHas Metonuueckas HTepHeT
pecypcehl
1-2 1 1-3 1-5

IMpakTuyeckoe 3ansaTHeNe 2.

HuTepnperanus B JIOTHKe MePBOro nmopsiaka. Jlornueckoe ciieacTBue.

Ieab. HayunThes 1OKa3pIBaTh JIOTHYHOCTH WIIM HEJIOTUYHOCTBD LIETIOYKH BBICKA3bIBAHUH C
UCIIOJIb30BAaHUEM MHTEPIIPETALIUH.

dopma npoBeeHUs: PELLICHUE TUITOBBIX 3a7au.

Bonpocs! s o0cyxkaenus: VHrepnperanus B JOTUKE MEepBOro nopsjaka. Jloruueckoe
ciencTBue.J{oka3aTeabCcTBO HCTUHHOCTHU WIIM JIOKHOCTU BbICKA3bIBAaHUM.

Teopernyeckue cBeieHusI.
NHTepnpeTaumsa B IOrMkKe nepBoro nopsaka

Heobxoanmo cooTHecTu popMynbl TOrMKKU NpeamKaTos NepBoro nopsaka n npeamkaTbl.
Kak 1 B noruke BbiCKa3sbliBaHW, NOAOOHOE COOTHECEHME OCYLLeCcTBNSET PYHKLUUSA, Ha3biBaeMas
MHTEpripeTaLune.

OnpepneneHme./IHTepripeTaymesi Ha HeNycToM MHOXecTBe M HasbiBaeTcs QyHKUUS,
3ajaHHasg Ha curHatype FUR, KoTopas

1) KOHCTaHTe CTaBUT B COOTBETCTBUE 3/IEMEHT N3 M;

2) CMMBOMY N-MeCTHOW GYHKLUMW CTaBUT B COOTBETCTBME HEKOTOPYK N-MECTHYIO
pyHKUMIO, onpeaeneHHylo Ha MHoXecTBe M;

3) cMMBOMY N-MEeCTHOro npegukata CTaBUT B COOTBETCTBME N-MECTHbIA MNpeaunkar,
3a4aHHbIA Ha M,

B pesynbTaTe nobas ¢opmyna F nonyyaeTr B COOTBETCTBME MNpeamKaT, MeCTHOCTb
KOTOpPOro paBHa 4nciy CBOHOAHLIX nepeMeHHbIX gopmMybl F.

MpuBeaem npumMmepsbl. [1ycTb cUrHaTypa COCTOMT M3 CMMBOJ1a OHOMECTHOIoO npeankaTa
P n pByxmecTtHoro npeaukarta D, M={2,3,6,9,12,15} n
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F=(P(x)&(Vy)(P(y)—>D(x,y))

MocTtaBmM B cooTBeTCTBUE (MPOMHTEpPNpeTupyem) P(X) npeamkaT «X — MPOCTOE YMNCIOo>»,
D(X,y) — npeankaT «X MeHblle Unu paBHO y». Toraa ¢opmyna F nonyymT B COOTBETCTBME
npeamkat «x=2». Ha 3TOM >xe MHOXeCTBe MOXHO PacCMOTPETb U APYryl WMHTepnpeTauuio:
P(x) ctaBUTCA B COOTBETCTBUE «X — He4yeTHoe uucno», D(X,y) — npeamkaT «x penut y». B
TakoMm cny4dae, ¢opmyna F nonydaer B cCOOTBeTCTBME npeaukar <«x=3». Ecam ¢ -
WHTepnpeTaumns, To npeamkaTt, cooTBeTcTByowmii popmyne F, 6yaem obo3Hauvatb vepes ¢(F).

OOHMM M3 OCHOBHbIX TMMOB 3aJay 3TOM TeMbl SABNAKTCA 3a4auu, CBSA3AHHbIE C
NCMOJIb30BAaHMEM BbIpPa3nTE/NbHbIX BO3MOXHOCTEW SA3blKa JIOTMKW MNMpeauMkaToB. B kauecTtse
npMMepa paccMOTpMM 3a4advy nepeBoda Ha A3blK JNIOTUKW NpeavKaToB Cneaylollero
paccyxaeHus. «Kaxablii NepBOKYPCHUK 3HAKOM C KeM-1Mb6o M3 CnopTCMEeHOB. Hukakol
NepBOKYPCHUK HE 3HAKOM HW C OAHUM NobuTenem noanenHoro nosa. CnegosaTefibHO, HUKTO
M3 CMOpPTCMEHOB He ABNAeTcsa NobuteneM noaneaHoro nosa». [ns yaob6CTBa CCbIIOK 3TO
paccyXAeHne yCNOBMMCS Ha3biBaTb pacCyX/eHneM o0 NepBOKYpPCHUKAxX. BbibepeM creaytoulyto
CUrHaTYpY:

M(x): «X — NepBOKYPCHUK>,

C(x): «x — cnopTcMeH»,

N(x): «x — nobutenb nognegHoro oBa»,

3(X,Y): «X 3HAKOM C y».

Torpa paccyxaeHue 3anuilleTcs B BuAe creaylolen nocneaosaTesibHOCTU hopMyn.

Hi=(vx)[M(x)—>3y)(C(y)&3(x,y))],
Ha=(vx)(Vy)[N(x)&J1(y)—>-3(x,y)],
Hs=(vx)(C(x)—>—J1(x))

Mbl YCT@HOBMWN, YTO Bblpa3nTeNbHbIX CPEACTB JIOMMKU NpeanMKaToB A0CTaTOYHO, YTOObI
3anucaTb pacCcy>XAeHne o0 NepBoKYpCHMKaxX. ECTecTBEHHO aanee nocTtaBuTb BOMPOC, IOTMYHO
nn oHO? byaeT nNu TpeTbe npeanoXxeHwe cneacrtsnmeM nepsBbiX ABYX? Ha 3TOT BOMPOC Mbl
oTBeTMM B pasgene 5.

PaBHOCHJIbHOCTb. 3aKOHbI JIOFTMKU NMepBoOro nopaaka

Onpepenenue. ®opmynbl F(X1,...,Xn) U G(X1,...,Xn) Ha3bIBAKOTCS paBHOCUIbHbIMU, €CNN
ans nobok nHTepnpeTaummn ¢ c obnacTtoto M BbickasbiBaHus (oF)(ai,...,an) U (¢G)(ai,...,an) Npu
nobbIX ai,...,an U3 M 04HOBPEMEHHO UCTUHHbI UM OAHOBPEMEHHO JIOXKHbI.

Myctb F(X)==(VYy)P(x,y), G(X)=(3y)-P(X,y), rae P — cuMBON ABYXMECTHOrO Nnpeankara.
Hdokaxem, uto dopmynbl F(x) n G(x) paBHOCW/bHbLI. Bo3bMeM MHTepnpeTaumio ¢ ¢ 06nacTbto
M. MNycTb BbickasbiBaHne (¢F)(a) WUCTMHHO Ang aeM. UCTMHHOCTb 3TOr0 BbICKa3blBaHUSA
O3HauaeT, 4YTO He ANna BCAKOro yeM BbickasbiBaHue (P)(a,y) ucTtuHHO. CnepoBaTtenbHo,
Hangetcsa beM, gna kotoporo BbickasbiBaHue (¢P)(a,b) noxHo. Ecnu BbickasbiBaHue (pP)(a,b),
NIOXXHO, TO BbicKa3biBaHne —(¢P)(a,b) ncrnHHo. OTclopga cnepyeTt, UTO HangeTca yeMrtakon,
AN KOTOpOro BbickasbiBaHune —(eP)(a,y) UCTMHHO. 2TO O03HayaeT UCTUHHOCTb BblCKa3biBaHUS
(pG)(a). UTak, Mbl goKasanu, 4To ecnm BbiCKasbiBaHne (¢F)(a) UCTUHHO, TO BbiCKa3biBaHue
(pG)(a) Toxe wuctMHHo. Ob6paTHasd uMNAMKaUMSA [0Ka3blBAaeTCs aHaslorM4yHo. 3HaudeHus
WCTUHHOCTM BbiCcKasbiBaHUM (¢F)(a) un (¢G)(a) npu nobom aeM cosnagatoT. CnegosaTenbHoO,
dopmynbl F(x) n G(x) paBHOCWU/IbHBI.

Onpepnenenme. dopmyna F(Xi,...,Xn) Ha3bIBAETCHA TOXAECTBEHHO UCTUHHOM, €CNN ANs
nobon nHtepnpetaummn ¢ ¢ obnacteto M BbickasbiBaHue (¢F)(a,...,an) Npu NbbIX ai,...,an U3
M aBnseTcs UCTUHHBbIM.

MpuBeaeM CAUCOK OCHOBHbIX PaBHOCUIIBHOCTEW — 3aKOHOB JIOFMKW MpeauKaToB.
3aKkoHbl 1-21 coBnagatoT C COOTBETCTBYOLWMMN 3aKOHaMM JIOTMKU BblCKa3bIBAHUN.

Myctb F,G n H — HekoTopble popMysbl NOrMKK NpeankaToB. Toraa crneayowme dopMybl
PaBHOCUJIbHbI:

1) FR1 n F; 2) FvinF;
3) F&0 n O; 4) FvO u F;



5) F&F u F; 6) FVF u F;

7) F&G n G&F; 8) FvG n GVF;

9) F&(G&H) n (F&G)&H; 10) Fv (GvH) u (FvG) vH;
11) F&(GvH) n (F&G) v (F&H); 12) Fv (G&H) n (FvG)&(FvH);
13) F&(FvG) n F; 14) Fv (F&G) n F;

15) F&—~F n 0; 16) Fv—F n 1;

17) — (F&G) n —-Fv—G; 18) — (FvG) n —F&-G;

19) —FnF; 20) F»G n —FvG;

21) F&G un (F>G)&(G—F).

JOnoSHMM NOAYYEHHbI CMMCOK 3aKoHaMu, crneundudHbIMM ANs J0rMKM NpeamKkaToB

22) (VX)(F(x)&G(x) paBHocunbHa (VX)(F(X)&(Vx)G(x),

23) (Ix)(F(x)vG(x) paBHocunbHa (IX)F(x)v(3Ix)G(x),

24) (vx)(Vy)F(x,y) pasHocunbHa (Vy)(VX)F(X,y),

25) (3x)(3y)F(x,y) pasHocunbHa (Iy)(IX)F(X,y),

26) —(Vx)F(x) paBHocunbHa (3Ix)—-F(x),

27) —=(3IX)F(x) paBHOCKMNbHA (VX)—=F(X).

3aKkoHbl 22,23 yTBEpXAAlT, UYTO KBAHTOpP O6OWHOCTM MOXHO TMEepPEeHOCUTb 4epes
KOHBIOHKLWNIO, @ KBAHTOp CYLLECTBOBaHUS 4yepe3 — AU3bIOHKUMIO. ECTecTBeHHO MOCTaBUTb
BOMPOC, MOXHO /I KBAHTOP CYLUECTBOBAHMS MEPEHOCUTb 4Yepe3 KOHbIOHKLMIO, @ KBaHTOp
obwHoCTN — yepe3 AM3bIOHKUMIO. ApyrnMmm cnosamu, 6yoyT nvM paBHOCWMbHBI cneayrowme
napbl dopmyn

(VX)(F(x)vG(x)) n (VX)(F(X)v(¥X)G(X)

(IX)(F(X)&G(x)) n (AX)F(x)&(Ix)G(X) ?

Oka3biBaeTca HeT. [lokaxeM 3To anga cnydas, koraa F(x) m G(x) - aTomapHbie
dopMynbl. MyCcTb OCHOBHOE MHOXECTBO — MHOXECTBO HaTypanbHbix uncen N, F(x) — npeaunkar
«X = yYyeTHoe uucno» , G(x) - npegumkat «X - HeyeTHoe uyucno». 0603HayUMM 3Ty

nHTepnpetauuto 6ykson ¢. Toraa o[ (VX)(F(x)vG(x))]=1, HO ¢[(VX)F(x)v(V¥x)G(x)]=0.
AHanormnuHo, o[(IX)(F(X)&G(x))]=0 n o[(IX)F(X)&(IX)G(x)]=1.
PaccmoTpuM 3aKkoHbl 24 1 25. OHU yTBEPXAAOT, YTO OAHOUMEHHbIE KBAHTOPbl MOXHO

MEHATb MecTaMu. MOXHO NN MepecTaBNsATb MeCTaMuW pPa3HOMMEHHblE KBAHTOPbl, COXPaHSS
pPaBHOCUJIbHOCTb. pyrMMn cnoBaMu, paBHOCUIbHbI 1 DOPMYIbl

(VX)(3Y)F(x,y) n (3y)(VX)F(x,y)?
Oka3sblBaeTcs, ToXe HET. B kayecTBe OCHOBHOIO MHOXECTBA BO3bMEM OMNATb MHOXECTBO
HaTypanbHbiX 4ucen, F(x,y) 6yaem cuuTtaTb artoMapHon ¢GOpMYIOA M NOCTaBUM €N B

COOTBETCTBME MpeanKaT «X MeHble y». Toraa neBas dopmyna 6yaeTt UCTUHHOW, mMpaBas —
JIOXXHOMN.

BepHeMcs Kk 3akoHaM 22 1 23. Mbl OTMeYanu, 4YTo KBAHTOP CYLLECTBOBAHUSA HeNb3s
NepeHOCUTb Yepe3 KOHbIOHKUMI0. TeM He MeHee, ecnun ogHa U3 dopmyn F unm G He coaepxuT
NepeMeHHOM X, TO 3TO AeNlaTb MOXHO. 3amnuLIEM COOTBETCTBYHOLLME 3aKOHbI:

28) (vx)(F(x)vG) paBHocunbHa (VX)F(X)vG,

29) (Ix)(F(x)&G) paBHocunbHa (AX)F(X)&G, rae G He coaepXuT X.
3aKoHbl 22, 23, 28, 29 MOXHO 3anncaTb B 0bLLeM BUae:

30) (Q1x)(Q2z)(F(x)vG(z)) paBHocunbHa (Qix)F(x)v(Q2z)G(z)

31) (Qix)(Q2u)(F(x)&G(u)) paBHocunbHa (Qix)F(x)&(Q2u)G(u),

roe Qi, Q2 - kKBaHTOpbI 3 MNKM V, U He BxoauT B F(x), a x He BxoauT B G(u).

Ons pokasaTenbCcTBa PaBHOCUIBHOCTM ABYX (OPMYys MOryT OKasaTbCs MOJIe3HbIMU
cnepyowme 3aKoHbl:

PaccmoTtpum dopmyny F(x)=(Vy)P(x,y)—P(x,c), roe P - cuMMBON [ABYXMECTHOrO
OTHOLLEHUs, C — KOHCTaHTa. [Jokaxem, 4to dopmyna F(x) ToXAeCTBEHHO UCTMHHA. Bo3bmeM
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MHTepnpeTauuto ¢ C obnactbto M un aneMeHT a m3 M. BbickasbiBaHue (¢F)(a) paBHO
(Vy)(oP)(a,y)—(¢P)(a,0(c)). Ecnu nocbinka (Vy)(eP)(a,y) noxHa, To Bca nmnaumkaums (oF)(a)
NCcTUHHa. MpeanonoxuMm, 4to nocblaka (Vy)(eP)(a,y) NCTMHHA. DTO O3HAYaeT, YTO AN BCAKOro
yeM Bbicka3sbiBaHne (¢P)(a,y) WCTUHHO, B TOM 4uC/ieé UCTMHHO 3TO BbICKa3blBaHWe W Ans
y=¢(c). CnegoBatenbHO, UCTMHHO 3akntodeHne (eP)(a,p(c)) v Bcsa mmnankaums (oF)(a). Mbl
AOoKasanu, 4to BbickasbiBaHue (oF)(a) nctnHHo ana noboro aeM. 3710 03HavaeT, 4YTo popmynia
F(x) siBnsieTcsa TOXXAECTBEHHO UCTUHHOMN.

MoHATNUSA paBHOCUNBLHOCTU U TOXAECTBEHHOMW UCTUHHOCTU B JIOTUKE nepBoro nopsaaka
CBsI3aHbl TOYHO TakK Xe, KaK M B JIOrMKe BblCKa3bIBaHWUA.

Teopemal. ®opmynbl F(X1,...,Xn) U G(Xi,...,Xn) PABHOCWJSIbHbI TOrAa W TOAbKO TOraa,
koraa popmynbl F(X1,...,Xn)<>G(X1,...,Xn) TOXKAECTBEHHO UCTUHHDbI.

32) (Vx)F(x) paBHocunbHa (Vz)F(z),
33) (3x)F(x) paBHocunbHa (3z)F(z).
B 3akoHax 32 n 33 nepeMeHHas z He BxoauT B F(x), a nepemMeHHas x He BxoauT B F(z).

B norvke BbiCKa3sblBaHWIN NpUMeHsieTca ABa cnocoba AoKas3aTeNbCTBa paBHOCUIILHOCTH
¢dopMyn: MOCTpoeHne COBMEeCTHOM Tabnuubl UCTMHHOCTM U Nepexoi OT ogHOoW dopMynbl K
ApYyron C NOMOLLbIO 3aKOHOB. B cnyyae norvku nepsBoro nopsiika OCTaeTCcs TO/bKO BTOPOW
crnocob.

MponnnCTpUpyeEM ero Ha npuMepe ciegylllen 3ajgayvn: AokasaTb pPaBHOCUIIBHOCTb
dopmyn:

F==(vx)(3y)[S(X)&P(x,y)—>(32)(T(2)&P(%,2))]

G=(3x)(VY)[S(X)&P(X,y)&(Vz)(T(z)>-P(x,2))].

MpumMmeHuM K popMyne F nocnegoBaTenibHO 3aKOHbl 26, 27 n 20, nonyymM, 4to popmyna
F paBHocunbHa dopmyne

F1=3x)(Vy)=[=(S(x)&P(x,y))v(32)(T(2)&P(x,2))].
[danee, ncnonb3ys 3akoHbl 18,19 n 27 us F1, nonyumm dopmyny
F2=(3x)(Vy)[S(x)&P(x,y)&(Vz)=(T(2)&P(X,2))].

Octanocb 3aMeTuUTb, 4YTO B cuay 3akoHoB 17 w20 B  dopmyne
Fanoadopmyny—(T(z)&P(X,z)) MOXHO 3aMeHUTb Ha T(z)—>—-P(X,z).

MoayepkKHeM, YTo A0Ka3aTeNbCTBO PaBHOCUIBHOCTU ABYX dopMyn 6yaeM NpoBoAuUTb C
MOMOLLbIO 3aKOHOB JIOFMKW MepBOro nopsaka. [okasaTenbCTBO TOro, 4TO (OpPMY/bI
HepaBHOCWUJIbHbLI, 6yaeM OCyWecTBNATb MOCTPOEHMEM WHTEprnpeTaunm, NpuM KOTOPOW oaHa
dopMyna MCTMHHa, Apyras noxHa. Hanpumep, Tak, Kak 3To 6bln0 caenaHo Bbiwe ANns
AoKasaTtenbctBa HepaBHocunbHocTM  dopmyn  (VX)(F(xX)VvG(x)) wun (YX)F(xX)v(¥X)G(x).
PasymeeTcss, 40 MOCTPOEHUS  MHTepnpeTauum  OpMyabl  MOXHO NpeaBapuUTeNbHO
npeobpasoBbiBaTb C MOMOLLbIO 3aKOHOB.

Jlormueckoe cneancreue

Onpepnenenme. ®opmyna G(Xi,...,Xn) HA3bIBAETCHA JIOrMYECKNM CAEACTBMEM (HPOPMYI
Fi(x1,...,Xn),...,Fk(X1,...,Xn), ecnn pna nwbon uHTepnpetaumm ¢ € obnacteto M un nobbix
ai,...,aneM 13 UCTUHHOCTU BbICKasbiBaHUi (oF1)(azi,...,an),...,(eFk)(ai,...,an) cneayeT UCTUHHOCTb
BbiCKasbiBaHua (¢G)(ay,...,an).

Mpuseaem npumepsbl. Myctb F1=(VX)(P(x)—>Q(X)&R(x)), F2=P(c), G=Q(c). MNMokaxem,
uto dopmyna G aBnaeTcs fornyecknm cneacrenem dopmyn Fi n F2. Bo3bMeM MHTepnpeTauunto
¢ C obnacTteto M Takylo, YTO BbICKa3biBaHUSA ¢F1 N @F2 UCTUHHbLI. DnemMeHT ¢(c) 06o3HauUuM
éykBon b. NcTuHHOCTL ¢@F2 03HauyaeT, 4TO BbickasbiBaHne (eP)(b) WMCTMHHO. A UCTUHHOCTb
BbICKa3blBaHWA ¢F:1 O3HayaeT, 4to Ans nwboro snemeHta XeM MWCTUMHHO BbICKa3blBaHMeE
(eP)(X) = (0Q) (X)&(@R)(X). MoCKONbKY 3TO BbICKa3blBAHMWE WCTUHHO Ansa nwboro x, To, B
YaCTHOCTU, UCTUHHO ANg X=b. Mbl BUAMM, 4TO nCcTUHHa nmMnankaums (eP)(b)—(¢eQ)(b)&(eR)(b)
n ee nocbiika (eP)(b). W3 Tabnuubl WUCTUHHOCTM WUMNAMKAUMKM cneayeT WCTUHHOCTb
3akntoveHns (¢Q)(b)&(eR)(b). CnegosatenbHO, NCTUHHO Bbicka3biBaHue (pQ)(b). A aTo n ectb
¢G. Mbl gokasanu, YTo ecnm UCTUHHbI BbICKasbiBaHUA ¢F1 U ¢F2, TO UCTUHHO BbiCKa3blBaHWe
oG, T.e. uto G —nornyeckoe cneacrteue F1 n Fa.
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B KkayectBe BTOpPOro npuMepa [AOKaXeM  HeoOrMYHOCTb  pacCcyXaeHus o
NnepBOKYpPCHMKax. Mbl 3anmcanu aTo paccyXAaeHue B Buae nocnenoBatenbHocT ¢dopmyn Hi, Haz,
n Hs. Onsa fgokasaTenbCTBa HESIOMTMYHOCTU PacCyXAEHUS HaAo HaAWTWU MHTepnpeTauuto ¢, npu
kKoTopon dopmybl Hi v H2 nctuHHel, a dopmyna Hz noxHa. MNMycTb MHOXeCTBO M cocTouT U3
Tpex aneMeHToB 2,3,4. Cumonebl C, J1 u I nponHTepnpeTupyem cneayrwmm obpasom:

Hi=(vx)[M(x)—>(3y)(C(y)&3(x,y))],
Ha=(vx)(Vy)[N(x)8J1(y)—>-3(x,y)],
H3=(Vvx)(C(x)—>—-J1(x))

(eC)(X)=«X — NpOCTOE YNC/0>,
(1) (X)=«Xx — yeTHOe uncno»,
(pM)(x)= «x>4>,

T.e. [1 nHTEpnpeTnpyeTcs Kak TOXAECTBEHHO IOXHbLIAN npeankaTt. Toraa dopmynbl Hi m
H2 MCTUHHbBI, NOCKObKY MNOCBIIKM MMNAMKaUMi 3TuX opMyn SIoXHbI Npu ntobom x. A dopmMyna
H3 noxHa. YTobbl ybeanTbcs B 3TOM AOCTAaTOYHO B3ATb X=2. CneaoBaTeNbHO, pacCyXaeHue o
NepBOKYPCHMKAX HESTOMTMYHO.

OnpepeneHune. MHoxecTBo popMyn
K={Fi(x1,...,X1),...,Fm(X1,...,x1) }

Ha3blBAETCS BbIMOJHUMbIM, €CNU CYLLECTBYET MHTeprpeTaumns ¢ ¢ o6nactbto M 1M 3N1EMEHTHI
ai,...,aieM Takune, 4To BCe BbicKasbiBaHusa (¢F1)(ay,...,al),...,(¢Fm)(ay,...,a1) NCTUHHDI.

MHoxectso ¢opmyn K = {Fi=(vx)(3y)(P(y)&Q(X,y)), F2=(Vvy)Q(c,y), Fs==P(c) }
BbiNnoNIHMMO. Bo3bMeM B kayectBe obnacTtu MHTEPNPETALUMN MHOXECTBO HaATypaJibHbIX 4YUCEN
N. Cumonsbl P,Q 1 C nponHTEprnpeTnpyem cneayrowmm ob6pasom:

(pP)(u)=«u - npocTtoe umncno»,

(¢Q)(u,v)=«uU MeHbLUe WUIN PaBHO V>,

(o(C)=1.

Torpa BbiCKasbiBaHWe oF1 03HavaeT, 4To An4 Ntoboro HaTypasnbHOro Yncna X HamaeTcs
NpoOCTOE YNCAO Y, KOTOPOE He MeHblle X, BbiCKa3blBaHWE ¢F2 03Ha4yaeT, 4To 1 — HauMeHbLlee

HaTypasibHOe YMCNo, @ BbiCKa3lbiBaHWe ¢F3 03HayaeT, 4To 1 — HenpocToe Yncno. ACHO, YTo BCe
3TW BbICKa3bIBaHUA UCTUHHbBI, U MO3TOMY MHOXECTBO ¢opMys1 K BbINOMHMMO.

MoHATMA Nnornmyeckoro cneancrtems M BbIMOJIHUMOCTM B JIOTMKE [MepBOro nopsaka
CBsI3aHbl TOYHO TakK Xe, KaK M B JIOrMKe BblCKa3bIBaHWUNA.

Teopema 2. ®opmyna G(Xi,..,Xn) SBASETCA 0rMYeCKUM cneacrtsneM Qopmyn
Fi(X1,...,Xn),...,Fk(X1,...,Xn) TOrG@ W TOAbKO TOrga, Koraa MHOXecTBo  ¢opmyn
{Fi(X1,...,Xn),...,Fx(X1,...,Xn),—G(X1,...,Xn) } HEBBLINOHNMO.

[aHo yTBepaeHue: «HekoTopble M3 NePBOKYPCHUKOB 3HAKOMbI C KeM-1MB0 M3 CNOPTCMEHOB. Ho Hu
OAMH M3 NEPBOKYPCHUKOB HE 3HAaKOM HM C oAHMM AobuTenem nognegHoro snosa». Kakue wu3
cneayloLmx yTBEPKAEHMI ByayT CNeaCcTBMEM 3TOMO U MOYEMY:

a) «HW OAMH CNOPTCMEH He ABNAEeTCA NobUTeNaMmM NoaNeAHOro N0Ba»,
6) «HeKoTopble N3 CNOPTCMEHOB HE ABNAIOTCA NI0BUTENAMM NOANEAHOIO J10BAY,
B) «HalAeTcA CNOPTCMEH, KOTOPbIM NH0BUT NoaneaHbIN 10BY»?
3ananue
Hano yreepxaenue: «HekoTopsie U3 MepBOKYPCHUKOB 3HAKOMBI ¢ KEM-JIM00 M3 CTIOPTCMEHOB.

Ho vu onun u3 MEPBOKYPCHUKOB HC 3HAKOM HHU C OTHUM JIOOUTEIEM OAJICAHOI'O JIOBA». Kakue
H3 CJICAYHOIINUX yTBCp)KI[CHI/Iﬁ 6yﬂyT CJICACTBHUEM 3TOI'O U IIOUCMY:

a) «HHW OJHUH CIIOPTCMEH HEC ABJIACTCA JIFOOUTEIAMU IoAJICIHOI'O JIOBAY,
6) «HCKOTOPHBIC U3 CIIOPTCMCHOB HEC ABJISIFOTCA JTHOOUTEIISIMHU MNOAJICIHOT'O JIOBAY,

B) «HAWJETCA CHOPTCMEH, KOTOPBIN JTIOOUT MOJICTHBIN JIOB»?
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KoHTpoJibHbIE BONPOCHI K PAKTHYECKOMY 3aHATHIO No 2
ba30BbIil ypOBEHB

1. WHrepnperanus B JIOTUKE IIEPBOTO MOPSIKA.
2. PaBHOCHIBHOCTB (hOpMYII. 3aKOHBI JIOTUKH IIEPBOTO MOPSIJIKA.
3. Jloruueckoe ciencraue.

[ToBbIlICHHBI YPOBEHD

4, I[OKa3aTeJ'IBCTBO JJOTUYHOCTH U HCJIOTUYHOCTH I CITOYKU BBICKA3bIBaHMH.
Cpe)ICTBa H TEXHOJIOI'MHA OUEHKU: KOJUIOKBUYM

Pabora ¢ 1ureparypoii:

Pexomenayembie ncrounnkn nHpopmanuu(Ne HCTOUHUKA)

OcHoBHas JlonomHuTenpHas Meroanueckas Hutepuer-
pecypcesl
1-2 1 1-3 1-5

IIpakTnyeckoe 3ansaTue Ne 3.

MHorocopTHasi JIOTHKA MEPBOro MOPsiAKAa.

Heanb. HayuuThbcsl mpencTaBisiTh 3ampochl K WH(GOPMAIMOHHON cucteme (GopmyinaMu
JIOTUKH IIPEIMKATOB 3aJaHHON CUTHATYPBHI.
®opMa NpoBeAeHHA: IPYNIIOBOCPELIICHUE 3a1a4.

Bonpocsl pasi o0cyxaenusi: OrpaHudeHHble KBaHTOpbl. [loHsATHE MHOrOCOpTHOM
noruku. [lepeBon BbICKa3bIBaHUI HA A3bIK MHOTOCOPTHOM JIOTWKHU NpeaukaToB. [IpeacraBnenue
3ampocoB K HH)OPMAIIMOHHOM cucTeme (hopMyramMu JTOTUKH MIPEIUKATOB 3aJaHHOW CUTHATYPHI.

Teopernyeckue cBeieHusI.

MHoOrocopTHas iIormka nepBoro nopsaaka

Pacwunpmm noHaTMs ¢dopMynbl, BBeAS TaK Ha3blBaeMble OrpaHWYEHHble KBaHTOPbI.
[onycTnuMm, 4To HaM HaAo 3anncaTtb Ha SA3bIKE JIOFMKW MPeaAnKaToB CriefyloWee yTBEPXKAEHNE
«Ans BCsAKoro x>5 cywecreyeT y>0 Takoe, 4To Xy=1». OTMETUM, 4YTO 34eCb HANMUCAHO He «ANs
BCSIKOTO X» N «CYLECTBYET y», @ «4J1a BCAKOro Xx>5 « n «cywecreyet y>0 «. Ecnm Ha 3TO He
0bpaTuUTb BHMMaHUs, To nony4aetrcs gopmyna (vx)(3y)(xy=1) mMmerowas Apyron CMbIcCH,
HeXenn MuCxo4Hoe yTBepxaeHue. [ns npaBuIbHOro nepesoga HagO0 HEMHOr0 W3MEHUTb
NcxonHoe npeanoxeHne no dopme (He MeHAs, pa3yMeeTcCs, CMbICNa): <«AJS BCSAKOro X
cnpaBeanvBo, ecnum x>5, To cywecTeyeT y Takon, 4to y>0 un xy=1». lNpaBuibHbI Nnepesoa
nmeeT Bua (VX)[x>5—-(3y)(y>0&(xy=1)].

Ecnu paccmaTtpmBaTb 6onee ANMHHbIE UCXOAHbIE NMPeAnoXeHNs, TO COOTBETCTBYHOLLMNE UM
dopMynbl norvkn npeaunkatoB 6yayT, Boobuie roeopsi, A4OBOSILHO FPOMO3AKMMWU. [Ons TOro
YTO6blI YaCTUYHO M36aBUTLCA OT YCNOXHEHUS MpPU NEepeBOfe Ha S3blK JIOTMKM NPeanKaTos,
BBOASITCS OrpaHu4yeHHble KBaHTopbl. MNycTb B(X) — dopmyna ¢ ogHon cBob6oaHOM nepeMeHHOomn
X. Toraa BblpaxeHune VB(X) HasbiBaeTcsa OrpaHWYeHHbIM KBaHTOpOM obuwHoctn, IB(x) -
OrpaHMYeHHbIM KBAaHTOPOM CyLLlecTBOBaHMSA. C MOMOLLbI OFrpaHMYEHHbIX KBAHTOPOB MCXOAHOEe
npeanoxeHue npeabiayLiero absaua MOXHO 3anucaTtb OOBOJIbHO npocTo:
(vx>5)(3y>0)(xy=1).

Bonee dopManbHO OrpaHM4YeHHble KBAHTOPbl BBOASATCS cnepywowmm obpasom: dopmyna
(VB(X)F(x)) ectb cokpaweHnue d¢opmynbl ((Vx)B(x)—>F(x)), dopmyna (3IB(X)F(x)) -
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cokpalleHue dopmynbl (IB(x)&F(x)). Ans orpaHMYEHHbIX KBAaHTOPOB CrpaBeAsIMBbl aHanorm
3aKoHOB 22-33.

OrpaHu4YeHHble KBAHTOPbl 4acTO BBOAATCSA HesBHO. [Ns nepeMeHHbiX, npoberarowmx
MHOXECTBO WMCTMHHOCTM ¢dopmynbl B(x), BBOAAT cneuumanbHoe obo3HauyeHue. Hampumep, B
reoMeTpmm [OBOSIBHO 4acTo nMpuMeHsieTca cnegytouwee cornawexHne: A, B, C, D,..
obo3HauatoTca Toukm, 6ykBamu a, b, c, d,... npsmMble, a 6ykBamun a, b, g,... - nnockocTtu, T.e. C
Hallen TOYKM 3peHns nepeble NpoberatdT MHOXECTBO UCTUHHOCTM popMynbl T(x), BTOpbIE —
Mp(x), Tpetbun — Mn(x).

MocnepoBaTtenibHoe OQOpPM/IEHME 3TOWN UMAEW NPUBOAUT K MOHSATUIO MHOMOCOPTHOM
(MHOroocHoOBHOW) nornkn npepgukatoB. CTpormx onpeneneHnn gasaTb He byaeMm, ykaxem
TONIbKO OTnMume oT obcyxpaBwerca paHee (OOHOOCHOBHOM MM OAHOCOPTHOM) JIOTUKMK
npeamkatoB. [ocTpoeHne GopMynbl Takxe mMcxoanT M3 MHoxecTs F, R, V. Tonbko B 3TOM
c/lyyae nepeMeHHble pa3buTel No coptaMm. B npumepe c reomeTpuelnt TakmMx COpPTOB TpU:
nepeMeHHble, MPpMHMMatoLWNE B Ka4eCTBe 3Ha4YeHUM TOYKN, NpsaMblie 1 NI0CKOCTU. anee, ans
KaXkaoro cmmeosia u3 F ykasaHo, KakoM COPT MMEET NepBbIt apryMeHT, Kakoh — BTOPOM U T.4.,
KaKoM COpT MMeeT 3Ha4vyeHue dyHKUMKU. AHanormyHasa nHdbopMaums MMeeTcs n Aas Kaxaoro
cuMmBoOna npegukaTa. [Ans nHtepnpetaumm 6epetcs He 04HO MHOXECTBO, a CTOJIbKO, CKOJIbKO
COPTOB NepeMeHHbIX (3T MHOXEeCTBa Ha3blBalOTCA OCHOBaMM). [Ns reoMeTpum Taknx OCHOB
TPU: MHOXECTBO TOYEK, MHOXECTBO MPsSIMbIX, MHOXXECTBO M/0CKOCTEMN.

MNpuBeaeM NnpuMep NprMMeHeHUss MHOrOOCHOBHOWM JTOrMKK NpeanKaTos.

PaccMOTpUM MHMOPMaLMOHHYIO CUCTEMY MOA4 YCNOBHbIM Ha3BaHueMm «Caenkm». Cuctema
COAEPXWUT CBeAeHMsl O cAeskax Kynam-npogaxu, Npou3BeAeHHbIX HEeKOTOpoh GUpMon.
NMpeaoMeTOoM cAenok ciayxaT napTum  TOBapoB, oOnpeaefnsieMble  HOMEpPOM napTuu,
HanMeHOBaHWEM ToBapa, €AUHULEN U3MepeHns U KOAn4ecTBoM. Mcnonb3ylTca cneaytouwme
atpubytbl: HOM - Homep napTtuu ToBapa, HAMM - HamMmeHoBaHuMe ToBapa, EOA - eonHunua
nsmepeHunda, KOJT - Konuyectso eamHuu ToeBapa B naptuu, OATA - pata caenku, AFEHT -
nokynatens wunu npogaseu, CEK - Homep cekuunm cknapga, CPOK - cpoK roaHoOCTW.
NHdopMauns xpaHuTtcs B Buae oTHoweHun: MNAP (HOM, HAUM, EL, KOJ1), MOK (HOM, OATA,
ArEHT), NPO4 (HOM, OATA, AFEHT), CKIAL (CEK, HOM, CPOK). lNepBoe OTHOLWIEHUE
COAEPXUT CBeAeHUs O napTusax ToBapa, KoTopbie 6bliM NpegMeToM CAenok, BTopoe -
CcBeAeHMa 0 NOoKynkKax, TpeTbe — O MnpoAaxax napTui Toeapa. B yueTBepTOM yKasbiBaeTcs, B
KaKOWM ceKkummn cknaja XpaHUTCS KynaeHHas (HO elle He npoAdaHHas) napTus ToBapa M CpoK
ro4HOCTM ToBapa B napTun. CucteMa MOXET BblYMCIATbL OTHOweHne PAH(X,y)=«X paHbLue y»,
onpeneneHHoe Ha goMmeHax atpubytos JATA n CPOK.

dopMmanusyeM 3Ty MHGDOPMaUMOHHYIO CUCTEMY B MHOMOOCHOBHOW JIOrMKe npeankaToB
cneayowmum obpasom. BBeaeM BoceMb COPTOB NepeMeHHbIX (Mo KonuyectBy atpubyToB), AN
Kaxaoro atpubyta - cBol copT. llepeMeHHble 6yayT MpUHUMaTb 3HAYEHUS B AOMeHax
COOTBeTCTBYHOLWMX aTpubyToB. ApyrumMmn cnosamm, obnactm uHtepnpetaunm (0CHOBbI) 6yayT
COCTOATb U3 AOMEeHOB aTpubyToB. lMepeMeHHble NO COpTaM CUHTAKCUMYEeCKM pasnuuyaTtb He
6yaem. A gns Toro, 4tobbl yKasaTb, YTO NepeMeHHas X, HanpuMep, U3MEeHSeTCs Mo AOMEHY
aTpnbyta HAUM, a y - no gomeHy atpubyta EA, 6yaem nucatb: xeHAUM, yeE[. Kaxaomy
OTHOLUEHWIO MOCTaBUM B COOTBETCTBME MpeauKaT TOW Xe MEeCTHOCTU, UYTO M OTHOLWEHMUS, C
COOTBETCTBYIOLWNUMM TUNAMMU NepeMeHHbIX. [lpeankaT u oTHoweHne 6yaem o0603HavaThb
oanHakoso. Hanpumep, oTHoweHuto MAP(HOM, HAUM, E[, KOJ1) 6yner cooTBETCTBOBATb
npeaunkart MAP(x, y, u, v), rae xeHOM, yeHAUM, ucE[], veKOJ1. CurHaTypa 2, Takmm obpasom,
6ynet conepxaTtb 5 CMMBONOB NpeavKaToB:

>={NAP(x, y, u, v), NOK(x, y, z), NPOA(X, y, z), CKNAA(X, Y, z), PAH(X,y)}.

B curHaTypy X MOXHO A06aBnsATb KOHCTaHTbl, MHTEpPNpeTupyeMble Kak 3/1eMeHTbl AOMEHOB
aTpnbyTOoB.

OTa dopmManmsaumsa no3BoMSeT 3anpocbl K MHMOPMALMOHHOW CUCTeMe NpeacTaBisaTb
dopMynamMu NOrMku npeamKkaToB YyKaszaHHON CUrHaTypbl. PaccMOTpuM cneayowmin 3anpoc:

Q1. «KakoBbl HOMepa NapTUil TOBapOB, KyMN/eHHbIX Y GpMpMbl b, N KAKOBO HaMMeHoBaHWe
TOBapa B 3TUX NapTUAX?»
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3anpawmnBaemMas MH@OpMaumsa COAEPXUTCA B ABYX OTHoweHusax MAP(HOM, HAUM, EL,
KOJ1) n NOK(HOM, OATA, ATEHT), koTopble cBsi3aHbl HOMepoM napTum ToBapa, AFEHT - b.
Ecnu B3aTb KOHBIOHKLMIO NpeanKaToBs

MAP(X, y, u, v)&NOK(x, z, dupma b),

To 3Ta popmMyna 6yaeT 3aaBaTb NATUMECTHbIN NpeauKaT, B KOTOPOM, KpoMe3anpalluMBaeMo,
6yneT coaepxatbca MHMDOPMaLUUA 0 eAnHULAX, KONMYEeCTBe eaAnHuL U aaTte caenok. Cyas no
3anpocy, 3Ta [AOMNOJIHUTENbHAs MHMOpMauMsa MNOMb30BaTeNss HEe WHTepecyeT, Mo3TOMYy Ha
COOTBETCTBYIOLIME NEepeMeHHbIE HABECUM KBAHTOPbI CyLLECTBOBaHUA. Monyunum dhopmyny:

Fi(x, y)=xeHOM&yeHAUM&(FuecEN)( 3z JATA)[NAP(X, y ,u, v)&MNOK(x, z, dupma b)]

®opmyna Fi(x,y) npeactasnsier cobon nepeson 3anpoca Qi Ha S3blk MHOMOOCHOBHOM
JIOrMKN NpeavkaTos.

PaccmoTpuM ewe pag npuMepoB rnepesosa 3anpoCcoB Ha A3bIK JIOMMKU NpeanKaTos.

Q2. «KakoBbl HauMMeHOBaHWS TOBApOB, eAVMHWULbl WU3MEPEHUS U KOJWYECTBO eAnHUL B
napTusax ToBapa, CPOK rogHoCTn KoToporo ncrekaet 20.03.16?»

Q3. «dnga Kakmx ¢pupM CPOK rOAHOCTM TOBapa, KYMJeHHOro y 3Tux ¢upMm, uUcTekaeTt
20.03.16?»

Q4. «Kakow ToBap xpaHuUTCS Ha cknage 6onee yem B ABYyX NapTusax?»

Qs. «Kakne 13 3aKynneHHbIX NapTuin TOBapOB BMOCIEACTBUN NPOAAHbI?»

DTKM 3anpockl Ha SA3bIK JIOMTMKKN NpeamkKaToB 6yayT nepeseneHsl dopmynamum Fz — Fs:
F2(x,y,z)=xeHANM&y eEA&z cKOJ1&(Fue CEK)( 3veHOM)( 3weCPOK)
[MAP(v,x,y,z)&CKJAL(u,v,w)&PAH(w,20.03.16)],
F3(x)=xeAFEHT&("yeHOM)("zeAATA)("ueCEK)
("veCPOK)[NOK(y,z,x)&CKNAA(u,y,v)—>PAH(v,20.03.16)],
Fa(x)=xeHAUM&(Ty1,y2e HOM)( 321,22 E)( Fu1,u2e KOJT)( Ivi1,v2eCEK)
(3w1,w2e CPOK)[y12y2&MAP(y1,X,z1,u1)&CKNIAL(V1,X,W1)&

MAP(y2,X,z2,u2) &CKJTAL(v2,X,W2),
Fs5(x)=xeHOM&(IyeHAUM)( 3zeEQ)( JueKO)( v, v2e JATA(IW1, W2 ATEHT)
NAP(X,y,z,u)&MNOK(x,v1,w1)&MPOA(X,v2,W2) &PAH(Vv1,v2)].

PaccmoTpuM BTOpOM BapmaHT Bblbopa curHatypbl ana dopManusaunm 3anpocos Qi1 — Qs.
[ns 3TOro BHayasne K UMeKLWmMcs BOCbMM OCHOBaM (AOMEHaM BOCbMWU UCXOAHbIX aTpnbyToB)
nobaBMM OeBATYHO OCHOBY: MHoXxecTtBo caenok CAOEN. [anee, BMecTto npeaukaToB
MNAP(x,y,u,v), NOK(x,y,z), MPOA(X,y,z), CKNAA(X,Y,z) BBEAEM PYHKLUNN:

HauMm : HOM—HAUM,

en : HOM—EQ,

kon : HOM—KOIJI,

caoen : CAE/NT—-HOM,

Tmn : CAEN—{nok, npoa},
nata : CAEN-SOATA,
arenT : COE/T-ATEHT,
cek : HOM—CEK,

cpok : HOM—CPOK,

a npeaunkaT PAH(X,y) octaBuM. OyHKUMN UMEIOT €CTECTBEHHbIN CMbICA: Hanpumep, dyHKUMS
HauM HOMepy napTuM ToBapa CTaBWUT B COOTBETCTBME HAaWMEHOBaHWe ToBapa B 3TOW MapTuum,
dYHKUMSA caen CTaBUT B COOTBETCTBME CAEIKE HOMEP NapTuuK ToBapa, OTHOCUTENIbHO KOTOPOro
3Ta caenka bbiia 3akntodeHa. Hosyk curHatypy 6yaem obosHadaTtb 6ykBoi D. K curHatype
D, KaKk " KX, MOXHO A06aBNATb KOHCTaHTbl. Toraa 3anpocbl Qi — Qs 6yayT nepeseaeHbl
cneapywowmum obpasom:
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Q1. «KakoBbl HOMepa NapTuii TOBApPOB, KYMNEHHbIX Y GUPMbl b, 1 KaKOBO HaMMeHOBaHKE
TOBapa B 3TUX NapTUAX?»

Gi(Xx,y)=xeHOM&y e HAUM&y=Hanm(x)&(( 3zeCOE)
[x=cpen(z) &tnn(z)=nok&areHT(z)=dpupma b,
Q2. «KakoBbl HanMMeHOBaHMS TOBapoOB, €AMHWULbI W3MEPEHUS U KOJIMYECTBO eANHUL, B

napTusax ToeBapa, CpPOK roagHoCcTn Kotoporo ncrekaet 20.03.167»

Ga(x,Y,z)=xeHAUM&y cE[1&z<KON&

(JueHOM)[x=Haum(u)&y=ea(u)&z=kon(u)&PAH(cpok(u),20.03.16)],

Ga(x)=xeHAUM&($u1,u2e HOM)[ Av1,v2e CEK)[u1zu2&cek(u1)=vi&cek(uz2)=vz],

Gs(x)=xeHOM&(3v1,u2e CAEN)[x=caen(u1)&x=caen(u2)&Ttmn(ui)=

nok&tun(uz)=npoa&PAH(aaTta(ui), aata(u2))].

CurHaTypy 2 MOXHO Ha3BaTb <«pensaumoHHon» (unu «npegukaTtHom»), a D -
«(yHKLMOHaNbHOM». PasyMeeTcs, BO3MOXHbl U ApyrMe BapuaHTbl Bbibopa curHaTypbl.

3apanus

PaccmoTpum MHPOPMAUMOHHYID CUMCTEMY NOA YC/0BHbIM Ha3BaHMem «Kagpbl», KoTopan
COOEPKUT CBEAEHMA O COTPYAHMKAX HEKOTOPOWN opraHmsaumun. na npeactaBneHna MHPopmaumm
Mcnosib3ytotca aTpnbyTtel: PAM — damununa cotpyaHuka, MOJT — non cotTpygHuka, BO3P — Bo3spacr,
OONXK — ponxHoctb, HOM — Homep oTaena (noapasgeneHus) aTol opraHusauuu. CBegeHus
XpaHATCa B BUAe AByX oTHoweHui COTP(®AM, HOM, AONK), AHK(PAM, MOM, BO3P). Nepsoe
OTHOLLEHME COAEPHKUT GaMUINN COTPYLHUKOB, UX AOKHOCTb U HOMEpPA OTAENO0B, rae paboTatoT 3!
COTPYAHMKKU. BTOpoe OTHOLWEHWE XPAHUT aHKEeTHbIE AaHHble: GamMuanto, NOA U BO3PACT COTPYAHMKA.
Kpome Toro, cuctema MOXET BbIYMCAATb OTHOLEHMA MeH(X,y)=«X MeHbllie y», onpeaeneHHoe Ha
MHOXECTBE HATypa/ibHbIX YNCeN, TOYHee, Ha JoMeHe aTpubyTta BO3P.

dopmanusyem cuctemy «Kaapbl» B MHOTOOCHOBHOW IOTUKe NpeanKaToB. BBegem NaTb COpToB
nepemeHHbIX (Mo KoAMYeCTBy aTpMBYTOB), ANA KaXKaoro atpubyTa — cBou copTa. lNepemeHHble byayT
NPUHMMATb 3HaYeHWA B AOMEHax COOTBETCTBYHOLMX aTpUbYTOB. ITM AOMEHbl U ByayT ABAATHLCA
OCHOBaMMU. MepeMeHHble CUHTAKCUYECKM MOYKHO He pa3nnyaTb. A 061acTb MU3MeHeHUA NepemMeHHOoM
YKa3biBaTb C MOMOLLbIO MPUHALNEKHOCTM AOMEHY COOTBETCTBylOWero atpubyTa. Kakgomy us
OTHOLLEHMI MOCTaBUM B COOTBETCTBME MpPEeAMKaT TON e MECTHOCTWU, YTO W OTHOLleHue, C
COOTBETCTBYIOLMMM TUMAMMN NepeMeHHbIX. CUrHaTypaY.byLeT coaepskaTb TPU CUMBOA NpeamKaTa:

2={COTP(x,y,z), AHK(X,y,z), MEH(X,Y)}.
KXMO0XHO 006aBNATb KOHCTaHTbl, UHTEPNPETUPYEMbIE KaK 3/1eMEHTbl LOMEHOB.
MepeBectu cneaytoLLme 3anpochl Ha A3bIK IOTUKK NEPBOro NOPAAKA CUTHATYPbIY.:

1. K710 13 COTpyAHUKOB—MYKUYMH cTaplie 40 net?

2. B KaKkux oTgenax paboTatoT neHcMoHepbl?

3. Krto u3 nporpammucToB ctapiue 40 feT U B Kakom oTtgene paboTtaet?

4. B Kkakux otgenax Bce NPOrpaMmMMUCTbl — MEHCUOHEpPbI?
KoHTpoabHBbIE BONPOCHI K MPAKTHYECKOMY 3aHATHIO Ne 3

ba30BeIil ypOoBEHB

1. OrpaHuyeHHbIE KBAHTOPHI.
2. TloHATHME MHOTOCOPTHOM JIOTUKH.
3. IlepeBox BbICKa3bIBaHWH HA S3bIK MHOIOCOPTHOM JIOTMKH MTPEIUKATOB.
I1oBBIIIEHHBIN YPOBEHb
4. TlpencraBieHue 3alpocoB K HHPOPMALIMOHHOM cucTeMe (popMyaMu JIOTUKHU MPEIUKATOB
3aJJaHHOM CHUTHATYPBHI.
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CpEIlCTBa H T€XHOJIOTUM OLICHKH: KOJUIOKBUYM

Pabora ¢ auTeparypoii:

Pexomenayembie nctounnku nHpopmanuu(Ne nCTOUHUKA)

OcHoBHast JononHuTtenpHast Meronuueckas Hureprer-
pecypcbl
1-2 1 1-3 1-5

IIpakTuyeckoe 3ansaTue Ne 4,

ITocTpoenne pyHKIMM NPUHALJICKHOCTH.

Hesab. HayauThbcst cTpouTh QPYHKIIUH TPUHAIIC)KHOCTH.
®opma npoBeeHH: PEILICHUE TUIIOBBIX 3a/1au.

Bonpocer pist o0cysxkaenusi: OnpeleneHue M OCHOBHBIE XapaKTEPUCTHKU HEYETKOTO
MHOXecTBa. Bunbl QyHKIMI TpUHAAIIEKHOCTH.

Teopernveckue CBeICHUS.

Teopust HEUSTKOW MaTEMATHUKH ITIO3BOJISIECT ONMKMCHIBATH KAUECTBCHHBIC, HETOYHbBIC TOHATHUS
HAIll 3HAHHUA OO0 OKPYKAIIIEM MHUpPE, a TAaKKe OINEPUPOBATH 3TUMH 3HAHUSMH C IICIbIO
NOJTyYCeHHUs1 HOBOM MHQopManuu. HedeTkas joruka Oka3blBaeTCs OCOOCHHO IOJIC3HOM, KOTnia B
OTHMCAaHUH TEXHHYECKUX CUCTEM M OM3HEC-TIPOIIECCOB IIPUCYTCTBYET HEOIIPEAEIEHHOCTh, KOTOpast
3aTPYAHSACT WU 1a)Ke UCKITI0YAET MPUMEHEHHE TOYHBIX KOJIMYECTBEHHBIX METOJIOB U TIOAXO/IOB.

[Tycts X-yHueepcanvroe muodcecmeo (YHHUBEPCYM), TO €CTh MHOKECTBO, M3 3JEMEHTOB
KOTOPOTO 00pa30BaHbI BCE OCTAIBHBIE MHOXKECTBA, paCCMaTpUBaeMbIe B JJTAaHHOM KJiacce 3a1a4, 4
— MOJIMHOECTBO MHOXKecTBa X (A & X).

Heuemkum mHoocecmeomA Ha3bIBaeTCsl COBOKYIMHOCTb YIOPSAAOYEHHBIX Map Buaa: <X,
ua(x) >, rnex €X, ua(x) - pynkyua npunaonedxsrcHocmu, KOTopasi CTaBUT B COOTBETCTBUE KAXKIOMY
3IIEMEHTY X € X HeKOoTopoe JaeiicTBUTeNbHOE Yncio u3 otpeska [0,1]. [Tpu sTom 3Ha4YeHHE t4(X) =
1 nns Hekoroporo x €X O3Ha4yaeT, YTO AJIEMEHT X OMNpPENEeNEHHO MPHUHAMICKUT HEUETKOMY
MHOXECTBY A4, a 3HaueHHe u4(x) = () 03HAYAET, YTO HJIEMEHT X ONpPEACIIEHHO HE NMPUHAICKUT
HeuéTKOMY MHOXeCTBY A. OcTasbHble 3HaUeHUs QYHKIUU w4(x) u3 untepsana (0,1) o3navaror,
YTO 3JEMEHT X MPUHAIIC)KUT MHOXKECTBYA B TOI MM HHOM CTETIEHHU.

Buabl pyHKIMH NPUHAATEKHOCTH
Tpeyeonvnas @ynkyus TPUHAIISKHOCTH B OOIIEM cllydae MOXET OBITh 3ajJaHa
AHAJTUTHYECKUM BBIPAKCHUEM:

0,eciux < a

&
|
Q

o, ecaua <x<b
f(x;a,b,c) =1

2 Q

,ecaub < x <c

a
|
S

k 0,ecmuc <x
rae a, b, ¢ — HeKkoTOpBIEe YKMCIOBBIE MApaMETPhI, TPUHUMAFOIINE TIPOU3BOJIBHBIC ICHCTBUTEIBHbIC

3HAQUEHHWS M YNOpsAAOYeHHble OTHOmeHWeM: a < b < c. [lapameTpsl @ W C XapakTepU3YIOT
OCHOBaHHE TPEYTOJIbHHKA, a mapaMmeTp b — ero BepmuHy.
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Tpaneyuesuonas @ynxyus npunaonedchocmu B OOIIEM Cclydae MOXKET OBITh 3ajaHa
CIIETYIOIIUM aHATUTUYECKUM BBIPAKCHUEM:

xX—a
S, ecua <x<b
f(x;a,b,c,d) =< 1l,echub<x<c
d—x
l— eciuc <x<d

( 0,eciux < a

d-c’
0,ecrud < x

rne a, b, ¢, d — HEKOTOpbIE YHMCIOBBIC IApaMETPbl, NPUHUMAIOIINE POU3BOJIBHBIC
JICWCTBUTENILHBIC 3HAUYEHHS M YHNOpPsI04YeHbl oTHomeHneM: a < b < ¢ < d. [lapamerpsl a u d
XapaKTepH3YIOT HU)KHEE OCHOBAaHHE TPAICIHH, a TapaMeTpbl bu C BepxHee OCHOBaHUE TPAICIHH.

b)

d b c d

Pucynok 1 - I'paduku HyHKIMI MPUHAUICKHOCTH TPEYrOJbHOI (@),
TpanenueBuaHoM (D)

OTu  (YHKIMM HCIONB3YIOTCA JUISL 3aJaHUsl TaKUX CBOWCTB MHOXECTB, KOTOpBIE
XapaKTepU3YIOTCS HEONPEAeNEHHOCTHIO TUIIA: «IIPUOIU3UTENHLHO PABHOY, «CpeJlHEe 3HAUCHUEY,
«pAacToJIOKEH B MHTEPBAJIE», «IOJ00EH O0BEKTY», «IIOX0XK Ha MPEAMET» U JIp.

Z-obpasnvie u S-oopaznvie pynKyuy TPUHATIKHOCTH TAK)KE TOIYUMUIN CBOE HA3BaHUE I10
BUY KPUBBIX, KOTOpPBIE PEACTABISIOT UX rpaduKu (PUCYHOK 2).
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a)

b}

G| b
Pucynok 2 - I'paduku nuneitHol Z-06pa3Hoii (a) u
S-o6paznoii (b) GyHkMiT MpUHALTEKHOCTH

[TepBast u3 GyHKIMI ATON TPyNIbl HA3bIBAETCS Z-00pa3Holi KPUBON WU CHatiH-(hyHKYUel

U B OOIIEM cily4yae aHaJTUTHUYECKH MOXKET ObITh 3ajjaHa CIeAYIOIINM BhIPpaKEHUEM:
1,eciux < a

f(x;a,b) = I;:—Z,emua <x<b,
0, x=b

riae a u b — HeKOTOophIe YKCIIOBBIC TApaMETPhI, TPUHUMAIOIINE TPOU3BOJIbHBIC JCHCTBUTEIIBHBIC
3HAYCHUS U YIOPsI0UYEeHHBIE OTHOIICHHEM a< b.

Jlunetinvie Z-obpasnvle @Qynkyuu WCHOIBb3YIOTCSA Ui MPEICTABICHHUS TAaKUX HEUYETKUX
MHOXECTB, KOTOpbIE€ XapaKTEPU3YIOTCS HEONpPENeNEHHOCThIO THIA «HHU3KOE KadecTBOY,
«HE3HauMTeNlbHas BEJIMYMHA», «HU3KUHA YPOBEHb JO0XOA0B WIM LIEH», «HHU3Kas HPOLEHTHas
CTaBKay.

S-obpasnas ¢ynxyus B o0leM ciaydae MOXeT ObITh 33JaHa aHAJUTUYECKH CIEIYIOLUIMM

BBIPAKCHHEM:
0,ecrux < a
xX—a
f(x;a,b) = 4§, ecma <x < b,
1, ecrux = b
r7ie a U b — HEKOTOpBIE YMCIOBBIC TTApAMETPhI, TPUHUMAIOIINE TPOU3BOJIbHBIC JCHCTBUTEIILHBIC
3HAYCHUS M YIIOPSA0YCHHBIE OTHOIIEHHEM: a< b.
Jlunetinvle S-obpasHvle @OyHKyuu WMCTIONB3YIOTCS IS TPEACTABICHUS TaKUX HEUYETKUX
MHO>KECTB, KOTOPBIE XapaKTEPU3YIOTCS HEOMPEACNEHHOCThIO THIA «OTIUYHOE KAdeCTBOY,
«3HAYUTEIbHAS BEIIMYMHAY, «BBICOKUN YPOBEHb OXOJOB U IICH», «BBICOKAs HOpMa MPUOBLIH,

«BBICOKOC Ka4CCTBO YCIYI».

3amanusa.
3apaHne 1  Mpuaymate GYHKUUIO MPUHAANEKHOCTU NepemMeHHOU «3apnaama npo2pammucma
[10;120] meic. pyb.» K HEYUETKOMY MHOMECTBY «3apraama npo2pammucma — HU3Kas».
Mcnonb3oBatb OAMH U3 TMNOB GYHKUWA MNPUHAANEKHOCTM, Hauaydwum obpasom
ONUCbIBAKOLLMIA LAHHYIO0 CUTyauumio. MNopobpaTthb COOTBETCTBYHOLIMNE
KoadpdpnumenTol.MonyyeHHble  GYHKUMM  NPUHAANEKHOCTM  NpeacTaBuTb B
aHaNUTUYECKOM M rpaduyeckom BMae ¢ nomoLbto cpeacts MicrosoftExcel.
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3agaHue 2 MpuaymaTb GYHKUMIO NPUHAANEXKHOCTM NepeMeHHon «Temnepamypa 800si [0;100]
OC» K HeueTKOMy MHOXecTBY «Temrepamypa 8006l — 20pA4asn». Ccnonb3osaTb OAMH
U3 TUNOB PYHKLMIN NPUHAANEKHOCTU, HAUIYYLWMM 06Pa30M ONUCHIBAIOWMNIN SAHHYIO
cutyaumio. MNopobpatb cooTBeTcTBylOWME KO3dduumeHTbl.MonydeHHble  GYHKLMM
NPUHAZNENKHOCTU NPEACTaBUTb B aHAIUTUYECKOM U rpaduyeckom BMAE C NOMOLLbHO
cpencts MicrosoftExcel.

KoHTpoJibHBIE BONIPOCHI K NPAKTHYECKOMY 3aHATHIO Ne 4
ba30BbIil ypOBEHB

1. OmpeneneHrie HEYETKOTO MHOYKECTBA.
2. OCHOBHBIE XapaKTEPUCTUKH HEUETKOTO MHOKECTBA.
3. Bunel ¢pyHKIMIT TPUHAATIEKHOCTH.
[ToBbIlICHHBI YPOBEHD
4. Metozapl TOCTPOCHUs (GYHKINU TPUHAICKHOCTH.
CpeacTBa M TeXHOJIOTHHM OLEHKH: KOJJIOKBUYM

Pabora ¢ 1ureparypoii:

Pexomengyembie ncrounuku nadopmanuu (Ne nCTOUHUKA)

HNuTepHer-
OcHoBHas JlomosHuTENbHAS MeTtoauueckas p
pecypcbl
1-2 1 1-3 1-5

IIpakTuyeckoe 3ansitue Ne 5.

Onepamm Had HCYCTKUMHU MHOKECTBaAMH
IIe.m;. Hay‘lI/ITBCﬂ BBIITOJIHATL OIICpallvui Hal HCYCTKUMHU MHOXKCCTBaAMU.
(I)opMa NMpoBeACHUA: PCHICHNUE TUIIOBLIX 3ajJiay.

Bonpocs! 151 o6cysxaenns: CpaBHeHHE HEYETKHX MHOKECTB. Oneparuy HaJl HeUeTKUMH
MHO>XKECTBAMU. HequKHe BCIIMNYUHEI. HequKI/Ie OTHOIIICHUS.

Teopernyeckue cBeieHMsI.

Onepauuu Haj HeYeTKUMH MHOKeCTBAMHU

T0BOPAT, YTO HEUETKOE MHOKECTBO A COMEPIKUTCS B HEUETKOM MHOKecTBe B, ecnu s
BCEX J1eMeHTOB x € X BemonHsercs yenobue: L, (X) < 45 (X) . O6o3navenne: A < B.

Cmenenv sxmiouenus mnoscecmeads muosicecmso BpapHa
17(AB) =1-max (s, (X) — 45 (X))
Cmenens exniouenus muodcecmeaBs muoxcecmseo ApasHa
77(BA) =1-max (45 (X) = £ (X))

FOBOp}IT, YTO HEYETKHE MHOXecTBa A u BpCZGHbl, €CIIM  JJISI BCEX DIIEMEHTOB X €X

BemonHseTcs yenobue: L, (X) = tg (X) . O603Hauenue: A = B.

o X X
B cnyuae, ecnu 3HaueHus QYHKUUN MPUHAIICKHOCTH Ha(X) u# s ( )noqm paBHbI

MEXIy COOOM, TOBOPST O CTETICHH PAaBEHCTBA HEUETKUX MHOKECTBA U B.
Cmenenvio pasencmea Heuemkux MHoxcecmeA N B Ha3bIBaeTCs BEIMYUHA
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p(A=B)=1- IIB(XLUB () _:UA(X)|

Obveounenuem neuémiux mroxcecmé A u B HazpIBaeTcst HEUETKOE MHOXECTBO AU B,
byHKIUS MPUHAIC)KHOCTH KOTOPOTO HMEET BHUI:

Haop(X) = max{ﬂA (X), g (X)}

llepeceuenuem neuémxux muoxcecmsA u B Ha3plBaeTcad HEYETKOE MHOXKeCTBO AN B,
byHKuus MIPUHATIEKHOCTH KOTOpOTO UMeeT BUJ;

g (X) = min {22, (X), 215 (X) .

MHoxectBo A ABJISICTCS OononHeHuem (ompuyanuem) MHOXECTBAA, €Clu JUisi BCEX

sneMeHToB x € X Bhimonusiercst yenosue: My (X) =1- Hp (X) .
Onepauus A” 036edenus 6 cmenens o HEUETKOrO MHOKECTBA A, TJle @ - MOIOKUTEIBHOE

_ [04
apcio, onpenensercs Gpynkiueii npunamtexuocta H AY (X) =H A (X)

Onepaumo BO3BCACHUA MHOXECTBAA B CTEIEHb =2 Ha3bIBAIOT KOHYeHmpuposanuem.
1
Onepaumo BO3BCACHUA MHOKeCTBaA B CTEIICHb OL:E HAa3bIBAKOT pACMANCEHUEM.

[lpumeHenne omepanuy KOHIEGHTPUPOBAHHMS K HEYETKOMY MHOXKECTBY O3HAyaeT
YMeHbuleHUue HedEMKOCMU U HeOnpeoeleéHHOCMY B 3aJaHIH 3TOTO MHOKECTBA. DTO MOXKET ObITh
CIIEZICTBUEM TIOCTYIUICHHUSI JOMOJHHUTENbHON HH(OpMAIMK, KOTOpas YTOYHSET HEKOTOpHIC
acmeKThl COOTBETCTBYIOIICH mpenMeTrHor oOnactu. HampoTuB, npuMeHeHHE orepanuu
pacTsHKeHHsS O3HAYaeT yculeHue HeonpedelénHocmu B 3aAaHUW HEYETKOTO MHOXKECTBA, YTO
MOXET OBbITh CJIEACTBHEM JHOO MOTepH HHPOpMAaLUH, JTUOO MOCTYIUIEHUS HH(POpMalUU O
JIOTIOJTHUTENBHBIX (PaKTOpax, HE YUUTHIBAEMbIX B UCXO/IHOW HEUETKOM MOIeH.

Omnepanyst BO3BEJCHUS B CTENEHb HEUETKOTO MHOXECTBAa MOMOXKET 3aJaTh (YHKIHUU
HNPUHAAICKHOCTH 11 HEUETKUX MHOXKECTB, B OITMCAHUH KOTOPBIX UCTIOIb3YIOTCS MOIU(PUKATOPHI
TUIIA «OUYEHBbY, «CIETKa» U T.1I.

Peszynomam onepayuu Ceolicmea HeUemKUX MHONCECMS, NOLYYEHHbIX 6 pe3yibmame
onepayuul
A", tnien> 1 DjeMeHThl  HEYeTKOro MHokectBa A™o00iamaroT CBOMCTBAMH

DJICMCHTOB HEYETKOrO0 MHOXECTBA A B MEHBIIEH CTEICHH
(«cmerkay, «KyMEepeHHO» T.]I.)
At rne0<n<1 DneMeHTsl HeyéTKoro MHoXectBa A™o0magaroT CcBOWCTBaAMHU
3JIEMEHTOB HEUETKOr0 MHOXKECTBA A B MPEBOCXOJHON CTENEHHU
(«OYEHBY, CIMIIKOM» U T.1.).

3amanue

JlaHo yHHBepcalibHOe MHOXecTBO U={co0aku} 1 JBa HEYETKUX MHOXKECTBA!

A=«1oxMaras codakan=4 —— , —=;, —— ;— , —>, ——; —— ;| ——
0907 02 1 01050802

B=«yMHas cobakan=q ——;—=, == — =i~ (, [le
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X1 — O0JIOHKa, X2 — BOJIONA3, X3 — OBUAPKA, X4 — ITyEb,
X5 — moO6epMaH, X6 — TephEP, X7 — HOPKILHUP, Xg — POTBEUIIED.

Haiitu: maoxkectBo C = «Henmoxmaras cobaka»; MHOKeCTBO D= «ioxmarast u ymHast cobakay;
MHOeCTBO E = «oueHsb loxmaras codaka»; MHOXKECTBO F= «Oomnee-MmeHee ymMHasi cobakay.

KOHTpOJILHLIe BOIIPOCHI K MPAKTUYIECCKOMY 3aHATUIO Ne 5

ba30BbIil ypOBEHB
1. CpaBHeHUE HEUETKUX MHOXECTB.
2. Omnepanuu HaJ HEYETKUMHU MHOKECTBAMHU.
3. HeueTrkue BeIMYUHBI.
IToBbILICHHBI YPOBEHD
4. HeueTkue OTHOIICHHUS.

CpeIlCTBa H TEXHOJOTMMA OHCHKM: KOJITIOKBUYM

Pabora ¢ 1ureparypoii:

Pexomenyembie nCTOUHUKH HHPOpMaIuu (Ne nCTOYHMKA)

" -
OcHoBHas JononnurenpHas Metoauueckas HTepHeT
pecypcehl
1-2 1 1-3 1-5

IIpakTuyeckoe 3ansaTue Ne 6.

HeuyeTkui JJornyeckuii BbIBO/I.

He.]'ll). HayLII/ITI)CSI CTPOUTH COCTABHBIC HCUCTKHUEC BBICKA3BIBAHUSA U ONPEACTIATE CTCIICHD UX
HUCTHUHHOCTH.

(I)opMa NMPoOBEIACHUSA: PCIICHUC HpO6J’IeMHHX 3agay.

Bonpocsl a1 00cy:xknenusi: HeueTkre BhICKa3bIBaHMS U JIOTHUECKHUE oneparinu. Heuetkue
norudeckue popmynbl U UX cBOiicTBa. HedeTkue npeankaThl U KBAHTOPHI.

Teoperuyeckue cBeieHMs.
HeuéTrkue BhICKa3bIBAHNS U JIOTHUYECKHE ONepPallul

Heuémxum gvickazviéanuem A Ha3bIBaeTcs JH000€ YTBEPKACHUE, O KOTOPOM UMEET CMBICI
CYyJIUTh UCTUHHO OHO WJIH JIO’)KHO B TOW WJIM UHOM cTenieHu. KakmoMy Heu€TKOMY BBICKA3bIBAHHUIO
A TOCTaBUM B COOTBETCTBUE (yHKYuto ucmunnocmu MA), IpUHIMAIONTYIO JIOObIC 3HAYEHUS HA
orpeske [0; 1]. 3HaueHne (QyHKIIMM HUCTUHHOCTH HEYETKOTO BBICKA3bIBAHHUS A OyJIeM Takke
Ha3bIBATh CMeENneHblo UCMUHHOCMUY HEYETKOTO BBICKaszbiBaHus. 0 m 1 — mpeaenbHbIe 3HAYCHUS
(GYHKIMM WCTUHHOCTH, COBHAQJAIONIME CO 3HAYCHUSMHU JIO)Kb W HCTHHA I 4YETKHUX
BBICKa3bIBAaHUU.

Heuérkoe BbICKa3blBaHWE, MPUHUMAIONIEE 3HaYeHue HUCTHHHOCTH 0.5, Ha3bIBaeTCs
uHouggepenmuocmopio, MOCKOJIBbKY OHO HICTHHHO B TOH )K€ Mepe, UTO U JIOKHO.

Onpenenum HEUETKHE JIOTHYECKUE OTEepaIlii Ha MHOKECTBE HEUETKHUX BhICKA3bIBAHUIA.

[Tyctb A u B — Heu€rkue BbickazbiBaHus, M(A) u A(B) — cooTBeTcTByOIIME 3HAUEHUS
CTENEHU UCTUHHOCTH.
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Ompuyanuem HEYETKOTO BBICKA3bIBaHUS A Ha3bIBA€TCs HEUYETKOE BHICKA3bIBaHUE A,
CcTeneHb HCTHHHOCTH KOTOPOTO onpeiensercs BoipakenueM: A(A) =1-A(A).

Kownwronxyueti Heu€TKUX BhICKa3bIBaHUM A 1 B Ha3bIBaeTcsa HeUETKOE BhIcKa3biBanue AAB,
CTENeHb MCTHHHOCTH KOTOPOTO COBMNAJACT CO CTETNEHBIO HCTHHHOCTH HAMMEHEE HCTUHHOTO
BbIcKazbiBaHus: A(AAB)=min{A(A); A(B)}.

Jlusvronkyuti HEYETKUX BBICKa3bIBaHUM A 1 B Ha3zbIBaeTcs HeUETKOE BbhICKa3biBaHHe AVB,
CTCTNICHh MCTHHHOCTH KOTOPOTO COBIAJAET CO CTENCHBIO MCTUHHOCTH HamOOJee HCTHUHHOTO
BbIcKa3biBaHUs: A(AVB)=max{M(A); MB)}.

Hmnnurxayueti HeYETKUX BhICKa3bIBaHUN A 1 B Ha3zpIBaeTcs Heu€TKOe BhICKa3biBaHe A—B,
CTEleHb HCTHMHHOCTH KOTOPOro ompenensercs Boeipakenuem: MA-B)=max{1l-AM(A); A(B)}.
CreneHb HICTUHHOCTU UMILJIMKAIIMM HE MEHBIIIE YEM CTEIEeHb JIOKHOCTH €€ MOChUIKU WJIA CTENEHb
WCTUHHOCTH €€ CJICACTBUS.

Oxeusanenyuetiied€TKUX BBICKa3piBaHUM A m B HaspiBaeTcs HEYETKOE BBICKA3bIBAHUE
A©B, crenieHb HCTUHHOCTH KOTOPOTO onpenensercs BoipakeHueM: MA < B)=min{max{1-A(A);
MB)}; max{1-A(B); MA)}}. CreneHb HUCTUHHOCTH SKBHUBAJICHIIMH COBIAJAE€T CO CTCIEHBIO
MCTUHHOCTH MEHEEe UCTUHHOM 13 uMIuukanuii A—B u B—oA.

Hcnonbe3yloTcst U Ipyrue MHTEPIpETAlUu ONepallii UMIUTHKAIIUN HEYETKUX MHOKECTB.

Larsen My p(x.3) = 1, (x) ()

Lukasiewicz | g, o (x,v)=min{l1— z, (x)+ 15 ()}

Mamdani H, g () =min{u, (x), 1z (W)}

Standard Strict L ecru w,(x) < iy (V)
(Gode) | 1, 5(x.0) = e
0. & npomusxom civyae
Gaines L ecau g, (x) = pz(¥)
My p(x. V) = Lz ()

— . § HDOMILEHOM CayHdae
4 (x)

Kleene-Dienes | u, . (x,1)=max{l— 1, (x). 1z (1)}

Kleene-Dienes- | s, . (x.)=1—p,(x)+ g2, (x) 15 ()
Lu

W3 Heu€TKHX BBICKA3bIBAHWM TpPH TOMOIIM JIOTHUYECKUX OMEepaluid MOXKHO CTPOHUTH
COCTaBHbIE HEYETKHE BBICKA3bIBAHUS, CTENEHb HWCTHHHOCTH KOTOPBIX OMNpelesiercs B
COOTBETCTBUU C BBEACHHBIMHU OIPEACTICHUSAMH JIOTUYecKuX omnepanuid. [lopsaok BBITOIHEHUS
oreparnuii HaJ HEYETKUMHU BBICKA3bIBAHHUSMH CIEAYIONUN: CKOOKH, OTpUIlaHUE, KOHBIOHKIIUS,
TU3BIOHKIIMS, 3aT€M UMIUTHKAIUS ¥ SKBUBAICHIINS B TIOPSIKE CICTOBAHMUS.

Ilpumep

[TycteA(A)=0.4, A(B)=0.7, MC)=0.5. Haiiném creneHb HMCTUHHOCTH HEUYETKOTO
Bbicka3biBaHus: (A—B)VC.

M(A-=B)vC)=max{max{1-MA); MB)}; MC)}= max{max{1-0.4; 0.7};0.5}=
=max{0.7;0.5}=0.7.

3aganue

ITycTh cymecTByeT HEKOTOpas CUCTEMA, ONMChIBaeMas TpeMs IapaMeTpaMu: TeMIEpaTypa,
JaBJICHHUE U pacxoj pabodero BemecTBa. Bee mokasarenu u3aMepruMbl, 1 MHOKECTBO BO3MOXKHBIX
3HaYeHUU M3BECTHO. 3a/aHbl rpaduku QyHKIMA TPUHAAIC)KHOCTH JTaHHBIX BEJTHMYUH HEYETKUM
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MHOkecTBaM. M3 ombiTa pabOThl ¢ CHCTEMOIl M3BECTHBI HEKOTOpBIE MpaBUiIa, CBS3BIBAIOLINE
3HAYEHUS STUX MapaMETPOB:

—  €cIM TeMIiepaTypa HU3Kas U pacxo] Mallblil, TO TaBJIeHHE HU3KOE;
—  €CIIM TeMIlepaTypa CpeaHsisi, TO IaBJICHHE CPEIHEE;
—  eCIIM TeMIIepaTypa BBICOKas WM Pacxo]] OOJIBIION, TO JaBIEHHE BHICOKOE.

Haiitu 3HaueHune napameTpa «1aBJICHHE», €CIU 3HAYEHUs TEMIIEPATyphl U PacXxo/1a PaBHBI
COOTBEeTCTBEHHO 60 U 5.

KoHTpoJibHBbIE BONPOCHI K PAKTHYECKOMY 3aHATHIO Ne 6
ba3oBb1i1 ypoBeHb

1. Heyerkue BbICKa3bIBaHUS U JOTHUYECKHUE OTEPAIUH.
2. Heuetkue noruueckue GopMyIibl U UX CBOWCTBA.
3. Hederkue npeaukatsl 1 KBaHTOPBI.

[ToBbIIIEHHBIN YPOBEHb
4. ANropuTMbl HEUETKOI'O KOHTPOJISI U YIIPABJICHHUS.

KPUTEPUM OLIEHUBAHUS KOMIETEHIIAMI

OrneHKa «OTIMYHOY BBICTABIISIETCS CTYACHTY, €CIIU OH JEMOHCTPUPYET ITyOOKOE YCBOCHUE
MPOrpaMMHOIO MaTepHuajia MO0 BCEM pasjeslaM Kypca, U3JI0’KEHHE €ro Ha BBICOKOM Hay4HO-
TEXHUYECKOM YPOBHE; O3HAKOMJICHHE C JIONOJIHUTEIBbHON JIMTEPATYpPOU U MEepEeIOBBIMU HAY4YHO-
TEXHUYECKUMH JOCTHKEHUSIMH; YMEHUE TBOPYECKU MOJTBEPIAUTH TEOPETUUECKHUE TOJIOKEHUS
MPOIIECCOB M pacuera ammnapaTroB COOTBETCTBYIOIIUMH TPUMEPAMH, YMEJOe TpUMEHEHUE
TEOPETHUUECKUX 3HAHUU MPU PEIICHUH MPAKTUYECKHUX 3a/1ad.

Or1eHKa «XOpOIII0» BBICTABIIACTCS CTYACHTY, €CJIM OH JIEMOHCTPUPYET MOJTHOE YCBOCHHUE
MpPOrpaMMHOTO MaTepuaja B o0beMe 00s3aTelnbHOW JIUTepaTyphl MO KypcCy; BIaJeHUE
TEPMUHOJIOTUEN U CUMBOJIMKOM M3y4aeMOW NUCIUIUIMHBI PU U3JI0KEHUU MaTepuasa; yMEHue
YBS3BIBaTh TEOPETUUYECKHE 3HAHUS C PEHICHUEM MPAKTUYECKHX 33/1a4; HaJTMYMe HE MCKAKAIOIINUX
CYIIIECTBA OTBETA MOTPEITHOCTEN U MPOOETIOB MPHU U3T0KEHUH MaTepHaa.

OueHka «yJ10BJIE€TBOPUTEIBHO) BBICTABIISIETCS CTYJEHTY, €CJIM OH JIEMOHCTPUPYET 3HAHUE
OCHOBHBIX TEOPETHYECKUX U MPAKTUYECKUX BOMPOCOB MPOTPAMMHOIO Marepuaia; JOMyIeHHe
HE3HAUYUTENbHBIX OIMMMOOK W HETOYHOCTEW, HapyIICHHE JIOTUYECKOW TOCIe0BaTEIbHOCTH
W3JI0KEHUST MaTepHalia, HeJJOCTATOYHYIO apTyMEHTAIINI0 TEOPETHIECKUX MTOJI0KESHUM.

OrneHKa «HEYIOBIETBOPUTEIHHO» BBICTABISIETCS CTYIAEHTY, €CIM OH JEMOHCTPHUPYET
CYIIIECTBEHHBIE TPOOENbl B 3HAHHSIX OCHOBHOTO MPOTPAMMHOTO MaTepualia; HEeIOCTAaTOYHBIN
00BbeM 3HaHUH 10 TUCIMITIIMHE JJIS NalbHENIIel yueOsl.

OueHka «3a4T€HO» BBICTABIISIETCS CTYACHTY, €CIU CTYACHT 3HAaeT MaTeMaTUYECKUe
METO/Ibl, MPEAYCMOTPEHHBIE TPOTrPaAMMON AUCHUIUIMHBL, U YMEET UX MPUMEHSThH JJsl pelIeHUs
crienuudeckux 3a7a4 B 001acT HHPOPMAIIMOHHBIX CHCTEM U TEXHOJIOTHHA.

OreHKa «HE 3aYTE€HO» BBICTABJISIETCS CTYJEHTY, €CJIM y CTYJIEeHTa OTCYTCTBYIOT 3HAHUS
MaTEeMaTUYECKNX METOJIOB, a TAaKXKe MPAKTUYECKHWE HABBIKM HMX TPUMEHEHHS [JIs pEerIeHUs
crienuudeckux 3a1a4 B 001acT HHPOPMAIIMOHHBIX CUCTEM U TEXHOJIOTHA.
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METOAUYECKHUE MATEPHAUJIDI, OIIPEJAEJIAIOIIHNE ITPOLEAYPbI
OLIEHUBAHHMS 3HAHUM, YMEHWH, HABBIKOB M (WJIHW) OINBITA
JAEATEJIBHOCTMU, XAPAKTEPU3YIOIUX IOTAIIbBI OOPMUPOBAHUSA
KOMIIETEHIIUI

[Tponieaypa npoBeieHHs JAHHOTO OLIEHOYHOT'O MEPOIPHATHS BKIIOUAeT B ce0sl MMCbMEHHOE
pELLEHNE CTYICHTaMU 33/1a4.

IIpenyaraemble CTYIEHTY 3aJaHUs ITIO3BOJIIOT IIPOBEPUTD YPOBEHD BIIA/ICHUS KOMIIETCHIUAMU
OIIK-1. Ilpy BBITOJHEHMM 33/IaHUN CTYAEHTY IPEIOCTAaBISETCSl MIPABO IOJIB30BAHMS JIEKLMSIMHU,
METOIMYECKUMU MaTepHaIaMi K CAMOCTOSITEIIBHON paboTe M MPaKTHUECKUM 3aHSITHSIM.

IIpu npoBepke 3aaHus OLIEHUBAIOTCS I10CIIEI0BATEIHOCTD, PALIMOHAIIBHOCTD BBIITOJIHEHUS U
IIPaBUJIBHOCTH PACYETOB.

YYEBHO-METOJMYECKOE ¥  HWH®OPMALMOHHOE OBECHEYEHME
JUCHUTIIMHBI

1. Pekomenayemas qureparypa

1.1. OcHoBHAas JIUTEpPaTypAa:

1. Mogenu u METOBI KICKYCCTBEHHOTO MHTEIUICKTa. [[puMEeHeHne B 9KOHOMUKE: ydeOHOe
nocooue / M.I'.MatseeB, A.C. CBupunoB. — M.: ®unance! u craructuku; MHOPA — M:,
2015. - 448 c.

2. Cogetos, b. SI. nTemiekTyanbHble cuCTeMbI M TexHoJoruu: yueoHuk / b.51. Coseros,
B.B. llexanoBckuid, B.Jl. UeptoBckoii. - M.: Akagemus, 2013. - 320 c.

1.2. lonojiHUTe/ILHAS JIUTEPATypa:

1. ®enorona, E. JI. UnpopMaLinoHHbIe TEXHOIOTHH U cucTeMbl: yuel.nmocobue / E. JI.
®enotoBa. — M.: ®opym: UHOPA-M, 2011. —352 c.

1.3. UHTepHeT-pecypcebl:

1. http://www.intuit.ru — caiiT TuCTaHIIMOHHOTO 00pa30BaHUs B 00JaCTH HH(OPMAITUOHHBIX
TEXHOJIOTUH

2. http://lwww.biblioclub.ru - snekTpoHHass OuOIHOTE4YHAas cucTeMa «YHUBEPCHTETCKAs

6ubnuoreka — online»: crnenuanusupyercss Ha y4eOHbIX Martepuanax g BY3oB mo

HAYYHO-TYMaHUTApHOW TEMaTWKe, a TaK € COACPKUT MaTepualbl MO TOYHBIM H

€CTECTBEHHBIM HayKaM.

http://www.iprbookshop.ru— snekrponno-6udaroreunas cuctema IPRbooks.

http://www.exponenta.ru - oOpa3oBaTebHbIH MaTEMAaTHUYECKUI CalUT

5. http://window.edu.ru — o6pa3oBatesbHbBIC PeCYpChl BEAYIIUX BY30B

~w
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YUPEXJIEHUWE BBICHIEI'O ObPA3OBAHUA
«CEBEPO-KABKA3CKHWI ®EJIEPAJIbHBI YHUBEPCUTET»
[Tsaturopckuit uaCcTUTYT (prmmnan) CKOY

MeToanyeckue yKkazaHus

U1 00Y4aIOIIKXCS [0 OPraHU3aLMK U IPOBEIEHUIO CaMOCTOSITEIbHON pabOThI
o aucuuminHe «IIPUKIIATHASA MATEMATHKAY U1 CTyJACHTOB HallpaBICHUSI
noarotoBku 09.04.02 Uu¢dopManiuoHHbIe CUCTEMBI M TEXHOJIOTHH
HarpasJiIeHHOCTh (poduiib) TexHosoruu padoTsl ¢ JaHHBIMU U 3HAHUSMHU,
aHaJIM3 MHpOpMaALUH

IsaTuropck
2026
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1. Heﬂb H 3a1a4Y1 OCBOCHUSA JUCIHHUIIJINHBI

Lenbro U3y4eHUS SBIISICTCS ¢dbopmupoBanue Habopa
oOmenpodecCHOHaNbHBIX, TPOPECCHOHATBHBIX KOMIETCHIMK Oyaylmiero Marucrpa 1o
Hanpasienuio 09.04.02 «MHpopManoOHHbIE CUCTEMBI U TEXHOJIOTHIY.

3amaueil Kypca SBISIETCS OCBOCHHME MAarvMCTPaHTOM MAaTeMaTHUYECKOro ammapara Jajis

IOUCIUTUINHEI

pemeHns cnenu@uyeckux 3aaad B 006JacTi UHPOPMALIMOHHBIX CUCTEM U TEXHOJIOTHIA.

2. TexHosoruvyeckas KaprTa CaMOCTOSITEIbLHOM paﬁoTLl CTyaA€HTa

JJ1s1 cTy1eHTOB 04HOI (popMBbI 00yUeHHS:

Kon CpencrBa u O0OBeM 4acoB, B TOM YHCIIE
peanmzye TEXHOJIOTHH OLICHKH CPC KonrakrHas Bcero
o Bup nestenpHOCTH
MOt pabora ¢
CTYJICHTOB
KOMIIETE peroaaBare
HIA JeM
OIIK-1 IToaroroska k CobecenoBanue 1,62 0,18 1,8
JIEKIASM
CamocrosrensHoe | CobecemoBanue 96,3 10,7 107
W3YYCHUC
JUTEPATyPhI
OIIK-1 IloaroroBka k OTyeT NUCHLMEHHBIN 6,48 0,72 7,2
MIPAKTHYCCKHM
3aHATHIM
Beinonnenune KonTtponbHas pabora 9 1,0 10
KOHTPOJIbHOU
palboThI
HTroro 113,4 12,6 126
JI1s1 cTy/1eHTOB 3204HOM (opMbI 00yYeHHUSI:
Kon CpenctBa u OObeM 4acoB, B TOM YHCIIE
peanmnzye TEXHOJIOTHH OLCHKH CPC KonraktHas Bcero
N Bup nesteapHOCTH
MOt paboTa ¢
CTYJICHTOB
KOMIIETE MperoaBaTe
150005071 JIeM
OIlK-1 IToaroroBka k CobecenoBanue 0,36 0,04 0,4
JICKIUSIM
CamocrostenpHoe | CobOecenoBanue 140,4 15,6 156
W3YyYCHHC
JTUTEPATyPHI
OIIK-1 ITonroroBka K OTueT MUCEMEHHBIN 1,44 0,16 1,6
MPAKTUYECKUM
3aHATHIM
Brinonnenune KonTtponsHas pabora 9 1,0 10
KOHTPOJIBHON
paboThI
Hroro 151,2 16,8 168
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3. COIEPX KAHUE CAMOCTOSATEJbHOM PABOTHI

Tema camocTosiTesibHOr0 n3ydyenusi Ne 1. Jloruka npearkaToB NepBOTo MOpsaKa.
Buj nesiTeJIbHOCTH CTYI€HTOB: CaMOCTOSTEIbHOE U3YUEHHUE JINTEPATYPHI.
HNToroBplii NPOAYKT CAMOCTOSITEILHOM PA0OTHI: KOHCIICKT.

CpeacTBa M TeXHOJIOTHM OLIEHKH: cobeceoBaHNe

Ili1an koHcnekra:
Onpenenenne npeaukara. KBantopsl BceoOnHocTH. Oneparuu Haj npeaukatamMu. Dopmyiibl
JIOTUKH MEPBOTO Nopsaka. THTepnpeTanns B JOTUKE MIEPBOrO NOPSAKA.

Pabora ¢ 1ureparypoii:

Pexomenyembie ncTOuHUKN HHpOopMarun (Ne ncTouHMKA)

HNurepner-
OcHoOBHasA JlomonauTenbHas Metoanueckas P
pecypchl
1-2 1 1-3 1-5

Tema caMOCTOSITEILHOIO N3y4CeHUS Ne 2. OcHOBHBIE TTOHITHUSA TCOPHUU HCUCTKUX MHOXKCCTB.
Buja nesareJbHOCTH CTYACHTOB: CaMOCTOATCIIbHOC U3YUCHUC JINTEPATYPHEI.

HTorossiii MPOAYKT CaMOCTOSITEIbLHOM pa60T1>1: KOHCIICKT.

CpeZ[CTBa U TEXHOJIOI'MM OICHKH: CO6€CCIIOB3.HI/IC

Ilnan xoHcmekTa:

Heuerkne muoskectBa. HedueTrkme oTHomenmsa. Mx cBoicTtBa. Kiacchl HeYeTKHX OTHOIIEHH.
Heuerkue mepsl u unTepBanibl. Heuetkast nmepemenHnas. Onepanuu OTpHUIAHUS, KOHBIOHKIIUN U
JU3BIOHKIIUH.

PaGora ¢ auTeparypoii:

Pexomenayembie ncrounuku napopmanuu (Ne HCTOUHUKA)

" -
OcHoBHas JlononuurensHas Metoauueckas Hrepret
pecypcesl
1-2 1 1-3 1-5

Tema camocTositeibHOro n3ydyenust Ne 3. Heuerkas noruka. HeueTkue aaropuTmel.
Buj 1eTeJJbHOCTH CTYIEHTOB: CaMOCTOSITEIbHOE U3yYEHUE JIUTEPATYPBI.
HTOroBblii NPOAYKT CAMOCTOATEIBbHON PAa0OTHI: KOHCIIEKT.

Cpez(cnsa U TEXHOJOI'MH OLICHKMU: CO6CCCIIOB3.HI/IC

Ilian koHcmekTa:
d)opManmauHﬂ IIOHATHUA HCUCTKOT' O aJIFOpI/IT Ma. AJ'IFOpHTMBI HCYCTKOT' O KOHTpOJ’ISI %1 ynpaBJ'IeHI/ISI.
IIprMepbl HEUETKUX aNrOpUTMOB

Pabora c 1ureparypoii:

Pexomenayembie ncrounukn nHpopmanuu (Ne HCTOUHUKA)

HnTepHer-
OcHoBHas JlomonmHuTeNbHAS MeTtoauueckas p
pecypcsl
1-2 1 1-3 1-5
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4. KPUTEPUM OLIEHUBAHUS KOMIETEHIIAIA

O1eHKa «OTIIMYHO» BBICTABJIAETCS CTY/IEHTY, €CIIU OH IEMOHCTPUPYET IIyOOKOE YCBOCHUE
IPOrpaMMHOr0 MaTepHaja M0 BCEM pa3/elaM Kypca, M3JI0)KEHHE €ro Ha BBICOKOM Hay4yHO-
TEXHUYECKOM YPOBHE; 03HAKOMJICHHE C JONOJIHUTEIBHON JINTEpaTypoil U NepeoBbIMU Hay4yHO-
TEXHUYECKUMHU JIOCTHKEHHUSIMU YMEHHE TBOPYECKU MOATBEPAUTH TEOPETHUECKUE IOJIOKEHHS
IIPOLIECCOB M pacyera almaparoB COOTBETCTBYIOIIMMM IPUMEPAMHU, YMEJIOE IPUMEHEHUE
TEOPETUYECKUX 3HAHUHU IPU PELLIEHUH NPAKTUUECKUX 3a/1a4.

OneHka «XOpolIo» BBICTABISETCS CTYIEHTY, €CJIM OH JEMOHCTPUPYET IIOJIHOE YCBOECHUE
IPOrpaMMHOI0 MaTepuana B 00beMe 00s3aTeIbHONW JIMTepaTypsl IO Kypcy; BIaJeHHUE
TEPMHHOJIOTHEN M CUMBOJUKON M3y4aeMOM NHUCLMILUIMHBI IIPU U3JI0KEHUU MaTepuana; yMEeHUe
YBSI3bIBATh TEOPETUUECKHUE 3HAHUS C PEILICHMEM IPAKTUYECKUX 3a/1a4; HAJIMUUE HEe UCKAXKAIOLINX
CylIecTBa OTBETa MOTPEIIHOCTEH U po0esIoB NPy U3JI0KEHUN MaTepuaa.

O1eHKa «y1OBJIETBOPUTENIBHOY» BBICTABIISIETCSA CTYACHTY, €CJIM OH IEMOHCTPUPYET 3HAHUE
OCHOBHBIX TEOPETHUYECKUX M MPAKTUYECKHUX BOIPOCOB IMPOrpaMMHOI0 MaTepuasa; JOIyLeHHE
HE3HAYUTENIbHBIX OIMOOK M HETOYHOCTEH, HapyLIeHHE JIOTMYECKOH I0C/Ie0BATEIbHOCTU
U3JI0KEHUS MaTepuaa, HeA0CTaTOYHYIO apryMEHTAII0 TEOPETUUECKUX MTOTOKEHHM.

OneHka «HEYIOBJIETBOPUTEIBHO» BBICTABISIETCS CTYJIEHTY, €CIM OH JIEMOHCTPUPYET
CYILIECTBEHHbIE IPOOENbl B 3HAHUSAX OCHOBHOI'O MPOrPaMMHOr0 MarepHuala; HeAOCTAaTOYHBIN
00BbeM 3HaHU 110 TUCHMITIMHE AJIS JaibHelIIeld yueOsl.

OrneHKka «3auTe€HO» BBICTABIIAETCS CTYAEHTY, €CIIM CTYACHT 3HaeT MaTeMaTH4YecKHe
METO/Ibl, MPEAYCMOTPEHHBIE NTPOrPAMMOM JUCLUIUIMHBL, U YMEET UX IPUMEHAThH JUIsl PELUEHUS
cneunduyeckux 3a1a4 B 0071acTH HHPOPMALMOHHBIX CUCTEM U TEXHOJIOTHH.

OneHka «He 3a4TEHO» BBICTABIISAETCS CTYIEHTY, €CIIU Yy CTYJAEHTa OTCYTCTBYIOT 3HAHUS
MaTeMaTUYeCKUX METOJIOB, a TaK)K€ IMPAKTUYECKHUE HABBIKM WX NPUMEHEHHUs JUIs pelleHus
cnenupuYecKux 3a1ad B 00JacTH MUHPOPMAIIMOHHBIX CUCTEM U TEXHOJIOTUH.

5. METOAUYECKHUE MATEPUAJIbI, ONPEAEJISAIOIIUE IPOLEIYPbHI
OIIEHUBAHMS 3HAHMM, VYMEHWH, HABBIKOB W (MJIM) OIIBITA
AEATEJBHOCTH, XAPAKTEPU3YIOIUX ITAIbI OOPMUPOBAHUA
KOMIETEHIIUIA

Texymass arrecrauusi CTYJAEHTOB MPOBOIAUTCS  NPENOJABATENSIMU, BEIYIIUMH
MPAKTUYECKHE 3aHATHS M0 JUCLIUIIINHE, B CIEIYIOMHNX (popmax: codeceToBaHUEBI U KOHTPOIIbHAS
pabora.

Jlomyck K 3aluTe KOHTPOJIBHOM pPaOOTHl MPOUCXOMUT TpPHU HAIUYMH Y CTYACHTOB
MEYaTHOTO BapuaHTa KOHTPOJIHHOU pa0oThHI. 3amuTa KOHTPOJIBHOW paboThl MPOXOAUT B hopMme
OTBETOB CTYJIEHTa HA BOIIPOCHI MIPETOJaBaATEIS.

O1eHKy «3auTEHOY» CTYIEHT TONy4YaeT, €CIU CoAepkaHue U oQopMIIeHHE KOHTPOIHHON
paboThl COOTBETCBYIOT YCTAaHOBIIEHHBIM TPEOOBAHUSIM.

KonTponpHast paboTa MOXeET OBITH OTIpaBIeHa HAa JOPAOOTKY B CIEAYIOMIUX CIyYasiX:

- MIOJTHOCTHIO HE COOTBETCTBYET YCTAHOBJICHHBIM TPEOOBAHUSIM;

- BBITIOJTHEHBI HE BCE 3aIaHUS;

- IOMYIIIEHBI TPYObIe OMMOKYU MPH PEIICHUH 3a7a4.
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6. YYEBHO-METOAUYECKOE n NHO®OPMALIMOHHOE OBECIIEYEHHE
JUCIHUIIVINHBI

6.1. Pekomenayemas qureparypa

6.1.1. OcHoBHas JIUTEpaTypa:

3. Mogenu u METObl UCKYCCTBEHHOTO MHTEIIEKTa. [[puMeHeHe B SKOHOMUKE: yueOHOe
nocobue / M.I'.Margee, A.C. CeupuoB. — M.: ®unance! u cratuctukn; MHOPA — M:,
2015. - 448 c.

4. CosetoB, b. S. aTenneKTyanbHbie CUCTEMBI U TexHOJOTHH: yueOnuk / b.5. CoBeToB,

B.B. llexanoBsckuii, B./[. UepToBckoit. - M.: Akanemus, 2013. - 320 c.

6.1.2. JlonoiHMTeIbHAS JIUTEpaTypa:

3. ®enotosa, E. JI. UndopmanrioHHbIe TEXHOIOTUN B CUCTEMBI: yueb. mocodue / E. JI.
®enoroa. — M.: ®opym: UHOPA-M, 2011. —352 c.

6.1.3. UuTepHeT-pecypchbl:

6. http://www.intuit.ru — caift aucTaHIOHHOTO 00pa3oBaHus B 001aCTH UH()OPMALIMOHHBIX
TEXHOJIOTUI

7. http://www.biblioclub.ru - snekrponnas oubmuoTeuHas cucremMa «YHUBEPCHTETCKAs
6ubmmoteka — onliney: cienuanu3upyeTcs Ha y4eOHbIX MaTepuaiax st BY30B mo Hay4Ho-
rYMaHUTapHOH TeMaTHKe, a TaK e COICPKUT MaTepHUaIbl [0 TOUHBIM U €CTECTBEHHBIM HaYKaM.
8. http://www.iprbookshop.ru— anekrponno-6ubnuorednas cucrema [PRbooks.

9. http://www.exponenta.ru - o6pa3oBaTe/IbHBIM MATEMATHUCCKUI CANT.

10. http://window.edu.ru — oOpa3oBarebHbIC peCYpChl BEIYIIIHX BY30B.
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