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IOHUTA 1

ManaratoTca TeopeTmyeckme OCHOBbI aBTOMATU3NPOBAHHbLIX NHMOPMALMOHHBIX
cuctem (AMC), KOTopble UCMONb3YIOTCA Ha MPOTAXEHUM BCEro XU3HEHHOro umkia
ANC. B 4ncno pacCMOTPEHHbIX B 9TOM Ka4yeCTBE AUCLIMMINH BXOAAT: MaTeMaTuyec-
Kas noruka, anrebpa BbiCkasbiBaHW, NOHATUE NpeaukaTa. ANemMeHTbl Teopun
MHOXECTB U pPensiuMoHHON anrebpbl, OCHOBbLI Teopun GopMasbHbIX S3bIKOB U
anropuTMOB.

Kpome Toro getanbHO pacCcMaTpmMBalOTCs BOMNPOCHI, CBA3aHHbIE C UCMNOJb30Ba-
Hnem B AUC Teopuum mHdopmauum v KOAMPOBAHUA, B TOM YUCIE MOHATUSN:
KOJINYECTBO MHGMOPMAUUN 1 SHTPOMNUS COOOLLEHNA. YOENEHO BHMMaHME BOMpoOcaMm
NPUMEHEHNsT OBOLLEN TEOPUN CUCTEM, CUCTEMHOIO aHanmM3a U CUCTEMOTEXHUKW.

B kauyecTBe 060CHOBaHUS BaXHOCTW npobnem ucnonb3oBaHus ANC B
COBPEMEHHbIX YCNOBUSX MOOPOOHO paccMaTpMBaAETCS KOHUENUUA MHDOPMALMOH-
HOro obuiecTea U MecTa B HEM WMHMOPMALMOHHbIX TEXHOJIOTNIA U aBTOMATU3MPO-
BaHHbIX MHOOPMALMOHHbBIX CUCTEM.

Ona ctyneHtoB CoBpeMeHHoro NymaHntapHoro YHuBepcuteTta

lOHnTa cooTBeTCTBYET NpodeccuoHanbHom obpasoBaTtenibHoW nporpamme Ne 1
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AVUAAKTUYECKUN MNJAH

MHdopmaumoHHoe obuecTtBo. MHpopmaums, curHanbl, gaHHble. NHdopmaum-
OHHbIE TEXHONOIMMM U CUCTEMbI. ABTOMaTuU3nMpoOBaHHble MHPOPMALNOHHBbIE
TexHonornm u cuctembl. ComepxaHne n CTPyKTypa Teopunm UHOOPMaALMOHHbIX
cuctem. Martemartmnyeckas norvka. Anrebpa BbiCKkasbiBaHUn. CUCTEMBI NOMMHYECKNX
cBaseit. NMoHaTne npegukata. MHoxecTBa 1 noamMHoxecTtea. Onepaunn Hapg
MHoxecTBamMu. OTHoLeHus. Onepaumn Hag, oTHoLeHUsSMKN. PensumoHHas anredpa.
CunMBObHbIE KOHCTPYKUMK. DopMasibHbIE S3bIKM 1 rpamMMaTrkin. MoHaTre anropntma.
dopmanbHoe onpeneneHne anroputma. CTPYKTYpHbIE U CEMAHTUYECKNE CXEMb
anroputmoB. KonnyecTBo mHdopmaumm n aHTponua coobuieHunin. MNMepepaya
vHdopmauumn. KoguposaHme u koabl. Obuias Teopus cuctem. Metogbl Teopumn
cuctem. Mepapxumyeckme cuctembl. KoHuentyannszauma. dopmanusayns.
KoopanHauua. CuctemMHblin aHann3. CUCTEMOTEXHMUKA.
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NEPEYEHb YMEHUW

VYMmenne AJroputrmsl
/1
Pacuer obmiero uncna . HaiiTu KOJIWYECTBO CHMBOJIOB B €O00-
COOOLIeHNI U Kollnde- UIEHUU
1 ctBa uupopmarmu npu 2. CocTaBUTh KOMOUHATOPHYIO HOPMYITY
3amaHHoM Habope cuM- 3. [lomcumraTh obIiee YUCIO COOOIIEHU
BOJIOB 4. BpIYMCIUTD KOJIUYECTBO MHPOPMA NI
Omnpenenenue Makcu-
MATTEHON BO3MOKHOCTH 1. OmnpemenuTe YHUCIO BO3MOJKHBIX COCTOS-
SHTPOIIIH COOGIICHU HHUH CUCTEMBI COOOIIIEHN I
p > 2. 3amnmcarh BBIpaXEHHE IS MOJCYETA 3H-
2 | coCTOSIIEro u3 3a1aH-
HOTO YHCIIa CHMBOJIOB TpOTHH
1IpH (UKCHPOBAHHOM 3. TIpeobpa3oBaTb BBIpaXXEHHE K BHUIY,
p p yIoOHOMY ISl pacueTa U BEIYUCITUTh
andasure
1. OroOpatb 0 OJTHOMY KOPTEXY U3 1-ro 1
2-T0 OTHOIIEHUS, UMEIOMINX COBIIA/IAI0-
mue snmeMeHTwl. Ilocmeaauit amemenT 1-
ro KOpTeXa pPaBeH IEPBOMY JJIEMEHTY
BTOPOTO
OmnpenesneHue cBEpTKU
N 2. OTOpoCUTH COBHIAAAIONINE DIEMEHTHI, a
3 | ABYX OTHOIIEHMIA
(cBepTKH e Moprana) OCTaBIINECS O0BEIUHUTD B OJIMH KOPTEK
P p 3. TlpomoykuTh 3Ty oOmepamuio MOKa He
OyayT ucuepmaHbl Bce KOPTEXHU l-ro ot-
HOIIEHU S
4. CoOpaTp Bce TOJNYYCHHBIE KOPTEXH B

OTHOIIIEHUE, KOTOPOe U OYIET CBEPTKOU
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TEMATUYECKUI OB30P*
1. AHOOPMALIMOHHBIE CUCTEMbI U COBPEMEHHOE OBLLUECTBO
1.1. UHdopmauuoHHoe oOLLecTBO

MpencrtaBneHne 0 HOBOM “pPeBOJIIOLMOHHOM” MPOPbLIBE YE€/TI0BEYECKOro
obuiectBa B 061aCTV TEXHONOMNIA, Kak O nepexone K “noCTUHAYCTPUANbHOMY,
MHbOPMaLMOHHOMY 00LLEeCTBY” NMOSBUAOCL B paboTax amMepukaHCKMX aBTOPOB B
80-x rogax B pe3dynbTaTe aHanmM3a CTaTUCTUYECKUX OAHHBLIX O 3HAYUTESIbHbIX U3Me-
HEHUSX B CTPYKType 3aHAToro Hacenenusa CLUA. B yactHocTu k cepeamHe 80-x
ropos B CLUA cnoxmnacb cnefyowas CTpyKTypa 3aHATOCTM aKTMBHOIO HACENeHus:

-0kono 4% akTuBHOM paboyein cunbl ObINO HEMOCPEACTBEHHO 3aHATO B
CesIbCKOM XO3KANCTBE;

- okono 14% coctaBnsann cobcTBeHHO paboune;

- 6onee 60% akTMBHOW paboyel Cubl COCTaBAANMN PABOTHUKN YMCTBEHHOIO
Tpyoa — “MH@OopMaLMOHHble paboTHUKK”).

M3ameHeHnsa B chepe NMpomM3BOACTBA, KOTOPbIE MPOUCXOAAT B HacTosllee
BPEMS, BO MHOIOM CPaBHUMbI C U3BMEHEHUSIMU, KOTOPbIE NMPOUCXOAMAN B MPOMbILL-
JNIEHHOCTW Ha MNepBbIX 3Tanax WHAYCTpManMsaumm okKOso ABYX CTONETUA Hasag,.

[encTBnuTensHO, 00 Havana MpoLUIoro Beka OCHOBHas mMacca nogein Obina
3aHATa B cdepe CenbCKOXO3AMCTBEHHOro npowm3BoacTBa. B npouecce
VHAYCTPMann3aumMm n MacCOBOro nepeceneHus B ropoga 3TO COOTHOLIEHME
NMOCTENEHHO M3MEHSIOChb. YXe B Hadvase 3Toro Beka Gosblle NMonoBMHbI paboyei
cunbl 6onblWKMHCTBA eBponenckux ctpaH u CLUA Obino 3aHaTo B cdhepe
npoMmbILLINEHHOrO Npon3eoacTea. K cepeanHe XX Beka “vHaycTpuanbHoe obLectso”
OKOHYaTENbHO MPULLJIO HA CMeHy “arpapHoMy”. CBA3aHHble C 3TUM robasnbHble
M3MEHEHUS HALUIM CaMOe LUMPOKOEe OTPaXeHue B nutepartype, XUBOMUCK, TeaTpe.
Bceobuee cpegHee obpa3oBaHune, pa3BuTne MacluTaboB BbiCLLIEro 06pa3oBaHus U
npeBpaLleHne Haykm B NPOM3BOAUTESNbHYIO CUY MPUBENN K CleayloleMy aTtany
rnoGasnbHbIX N3MEHEHUIA, KOTOPbIE Mbl HabMOOAEM CErofHS.

B ycnoBusix pagukanbHOr0 YCNOXHEHMS XU3HM 0OLEecTBa, ero TEXHUYECKOW
1 couManbHOM MHOPACTPYKTYPbI, peLlalolM GBASEeTCS U3MEHEeHWEe OTHOLLEHUS
noge n nHdopmaumm, Kotopas CTaHOBUTCS TakM Xe CTpaTermyeckMM pecypcom
obLiecTBa, kKak NPoAykTbl MUTaHMS B “arpapHoM”, a TpaauUMOHHbIE MaTepuasbHble
VAN SHEPreTUYeckne pecypchbl B “MHAyCTpuanbHOM” OOLLECTBE.

UHdopmauuoHHoe (nocTuUHAycTpuanbHoe) obwecTBo — 006LECTBO,
OCHOBHbIM GaKTOPOM Pa3BUTUSA KOTOPOro ABASAIOTCS aBTOMATU3UPOBAHHbIE
MHPOPMALMOHHBIE TEXHOJIOMNU.

“UHdopmMaLmoHHas peBonoLUMSa”, Kak 1 nNpenwecTBoBaBLUME el “arpapHas” 1
“HaoycTpuanbHas” peBosiiouMn, pellas oaHW NpobsieMbl, NOPOXOAT HOBLIE.

OpHom 13 Takmx npobnem aBnseTcs “MHPOPMAaLNOHHbLIA B3PbIB”, N3ObLITOK
OOCTYMHbIX MHOTMM COBPEMEHHBLIM NIOASAM OAHHbIX, KOTOPbIX 60OMbllE, YEM B
COCTOSIHUM NepeBapuUTb YENOBEYECKOE CO3HAHME, CIYXUT MPUYUHOWM CHUXEHUS
Ka4yeCcTBa MbILLNEHUS cpeauv, B TOM 4ucie, o0pas3oBaHHbIX YJ1IEHOB COBPEMEHHOro
obuecTtBa. MHdopmayunoHHas neperpyska — 3TO peanbHOCTb. ExerogHo
nyénukyetcsa 6onee 40 000 HayyHbix cTaTei. CrneunanucTbl XanylTcs, YTO OHU
HE B COCTOSIHMM OLLEHUTb BCEro, YTO OTHOCUTCH K UX NpeaMeTHOU obnacTu.
OrpomHble 06beMbl MHDOPMaLMKM, 0COBEHHO cobpaHHblE B BUAE CTAaTUCTUYECKMX
OaHHbIX, ABASAOTCA Monem Ansg ownmboyHoW v (Mnn) npegHamMepeHHO JTOXHOWN
VHTEpNpeTaLmun.

* XXVpHbIM LIPUGHTOM BbIOENEHbI HOBbIE MOHATUSA, KOTOPbIE HEOOXOANMO YCBOUTbL. 3HAHNE 3TUX MOHATUAN
OyneT NpoBepATbCS NPU TECTUPOBAHUN.

CoBpeMeHHbIi N'yMaHUTapHbli YHuBepcuTeT
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OnacHOCTb TOro, YTO HEMHOTOYMCNEHHbIE “9KCNEPThbl”, KOHTPONMpyoLme
MH(OPMALMNOHHbIE MOTOKK, MOMYT 3KCMyaTMpoBaTb MEHEE 0OPa30BaHHYI0 YacTb
HaceneHus, CTaHOBUTCS PeasibHOCTbIO. Te, KTO He MMEET A0CTaTO4YHOro ocTyna K
MHGOPMaLMOHHBIM cucTteMam, OyayT HaxoOUTbCs B ropasfo MeHee BbIrO4HOM
NOSIOXEHUN.

Pasznuuve B ypoBHE MHOOPMALMOHHOrO 06ecneyeHuss cerogHs CTaHOBUTCS
OOHOW M3 CYLLECTBEHHbIX MPUYUH B gucbanaHce 3KOHOMMYECKOrO Pa3BUTUS
nepenoBbiXx 1 cnabo pas3BUTbIX CTPaH, MOPOXAAET HECTAOUIbLHOCTb B OTHOLUEHUSIX
Mexay cTtpaHamun. VHdopmMaumoHHas peBOSIIOLMS MEHSIET rnobasibHyl0 3KOHOMUKY,
npeobpas3yeT HauWOHaNbHYIO MOAUTUKY U MPeanpUHUMATENbCTBO, 3acTaBnseT
nepecMaTprBaTbh BHELLUHEMOMUTUYECKNE LENN rocyaapcTB U MeTOAbl UX AOCTUXe-
HUS. HecnocoBHOCTb CTapbiX NONTUYECKUX CTPYKTYP PELLUTb 3ada4n “nHdopmartim-
3aumn obuwecTsa” aBUIACb OOHOW M3 MPAKTUYECKUX MPUYUMH 3KOHOMMUYECKOro u
NOMNTUYECKOIrO KPU3NCA, KOTOPbIA MEPEXUBAIOT CErOAHSA MHOIME CTPaHbI.

3HaHUA — BCS COBOKYMHOCTb MOME3HON MHGOpMaLMM 1 npoueayp, KoTopble
MOXHO K HE MPUMEHUTb, 4TOObI MPOM3BECTU HOBYIO MHMOPMaUUIO. 3HaHVe Bceraa
[aeT BnacTb TEM, KTO MM BNafeeT 1 YMEET MM MONb30BaThCsl. YBENMYeHne obbema
MU pacnpocTtpaHeHne nHdopmaumm cpenm OrpoOMHONM Macchl Noaen aBageTcs
NnpenBeCTHUKOM M3MEHEHUI CYLLECTBYIOLLMX CTPYKTYpP BRactu. Monutuyeckunini m
9KOHOMUWYECKNN KPU3UC, KOTOPbLIA MepexuBaeT CErofHs MMpOBOE COOOLLECTBO,
BO MHOrOM CB#3aH, KPOME MPOYMX MPUYMH, C HAYaBLUMMCHA MNEePEexonoM MHOMMX
CTpaH K XW3HU B “UHDOPMaALMOHHOM obLiecTee”.

UHPopmaumoHHaa KybTypa — COBOKYMHOCTb METOLOB, NMPUEMOB U HABbLIKOB
no cbopy, xpaHeHnto, 06paboTke 1 co3maHno UHGOPMaLMN.

YpoBeHb UHPOPMALMOHHOW KYJNbTYpbl — CTEMeHb YyNnopsg04EHHOCTH,
CUCTEMHOCTN U 9PODEKTUBHOCTU MUCMONb30OBAHUA MHPOPMALMOHHBLIX TEXHOJOMNM,
a TakXe OTHOCUTENbHbIN 06BEM MCMNONbL30BAHUSA HOBbIX MHOOPMALMOHHbIX
TEXHONOr1N.

Bynyuiee BTopraetcs K HaM yxe cerogHs. nobanbHas nHbopMauoHHas
MHDPACTPYKTYpa YKe BANSET HA HALLY XM3Hb. DTV NUBMEHEHUS 0Ka3blBAIOT CEPbE3HOE
BMNSHME HaA COAepXaHue, METOAbl M CpencTBa COBPEMEHHbIX COLMANbLHO-
9KOHOMMYECKNX, MONNTUYECKUX U APYrux cuctemMm. B TO xe Bpems BansHue
“NHpopMaLMOHHOro obLiecTBa” Ha UBMEHEHUE Leneit u1 0OHOBNEHME CoaepXKaHUs
obuero o6pas3oBaHNs OLLYLLLAETCS He CIUWKOM siBHO. O6LecTBeHHOCTb cnabo
0COo3HaeT nNpobnemMsbl, LOCTOMHCTBA M OMNACHOCTW, KOTOPbIE HECET C COOOI LLUMPOKOoe
pacnpocTtpaHeHne MHOOPMALMOHHBLIX TEXHONOMUMA U C KOTOPbIMU MPUAETCSH
CTONIKHYTbCH CEerogHaWHNUM LWKONbHUKaM. 3ajadya noAroTOBKWM ydalmxcsa K
MCMNONIb30BAHUIO MHPOPMALMOHHBIX TEXHONOIMMUN, K XU3HWU MOJIHOLEHHbLIMU
rpaxgaHamu B MUpe, KOTopbIin 6yAeT CyLLECTBEHHO OT/INYATLCS OT HALLErO MPOLLIOro
N OaXe HaCcTosILLero, AoMKHaA ObiTb HE MPOCTO CHOPMYNMPOBaHa, HO M OCO3HaHa.

B cBoemM pa3BUTUM 4€NOBEYECTBO C HEM3OEXHOCTbIO MPOXOAUNIO pPafg,
KPU3NCOB, BbI3BAHHbIX TEM, YTO OHO, Kak OMONOrMYECKUN BUA, YK€ AABHO CTaso
MOHononncToMm. lNocnegHee CToNeTMe akTUBHAA OEATENbHOCTb JIIOAEN MEHSET BECb
06nuk nnaHeTbl. EWg B Havane Beka B.W. BepHaackuii roBopusl 0 TOM, YTO YENTOBEK
NpeBpaLLAETCs B OCHOBHYIO reonoro-o6pasytoLLyto cuny nnaHeTsl. Ero MmoHononmam
ctan 6ecnpeueneHTHbIM, MO3TOMY 9KOJOMMYECKUEe KPU3UChbl B UCTOPUU
yenoseyecTtBa HensbeXxHbl. A NOCkosibky chepoint obutaHnus yenoseyecTBa
SIBNSIETCS BCS NNIaHeTa, TO 3TU KPU3UChI HOCAT rnobasibHbIA XapakTep 1 CKa3biBalOTCA
Ha cyaobbe Bcen 6uocdepsbl, NpeBpallasicb BO BCEMIaHEeTHOe SBJIEHME.

OCOBEHHOCTbLIO COBPEMEHHOIO Kpu3nca SIBASETCS TO, 4TO B KOHLUe XX Beka
€CTb BCE€ OCHOBaHMS AyMaTb, YTO PECYpChbl, HeoOxoaumbie AN Pa3BUTUSA
COBPEMEHHOW uMBUAN3aLUN, 6NN3KM K McHepnaHuio. YTobbl 4enoBevyecTBO
COXpPaHUNOCb, Hen3bexeH NepecMoTOp BCEX, CTABLIMX MPUBLIYHBIMU, OCHOB
camMo0Co3HaHus cebs B aToM Mupe. MIHpopMaunoHHbIE TEXHONOMMN SBNSIOTCS

CoBpeMeHHbIVi l'yMaHuTapHblii YHuBepcuTeT
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OLHOW N3 TEeX OCHOB, OMMPAsCb Ha KOTOPbIE YeroBe4Yeckoe OOLLeCTBO LaeT OTBET
Ha BbI30BbI OKPYXAlOLLE Cpefbl.

1.2. Undopmaunsa, paHHblie U NHPOPMALMOHHbIE TEXHOJIOrUU

MoHaTtua “nHopmauma”, “sHanue”, “nHdopmaunoHHasa cuctema” cnenyer B
3HAYUTENbHOW CTENeHU CYUTaTb UHTYUTUBHbIMU. IO HACTOSALWErO0 BPEMEHU
dopmManbHOM TeOpMN aBTOMATU3NPOBAHHBLIX MH(POPMALMOHHBIX CUCTEM, NOO0OHON,
[onycTuM, Teopun KOAMPOBAHUA M nepefadn MHdopMauum Manm aHanuTUyeckom
TEeopuUM anropuTMOB HE CYLLECTBYET.

B TO e Bpemsi CyLLEeCTBYET MHXEHEepHas AUCLMIMINHA, KoTopas GasupyeTcs
Ha XopoLwo $GOpPManmM30BaHHbIX TEOPETUYECKMX MOCTPOEHUSX U MMEET OrPOMHOEe
3Ha4YeHMe B XN3HM COBPEMEHHOIO 06LecTBa. ATa ANCUUMINHA B PA3NINYHbIX CTPAHaX
VIMEET pas/inyHble Ha3BaHWs, HO B COAEPXaTeNIbHOM MyiaHe ee nNpeameTHas obnactb
aBnsgeTcs obOLenpu3HaHHOW B MMPOBOM HaydHOM coobuiectBe. B EBpone 3Ty
OVCUVNAVIHY Ha3bIBAIOT MHGOpMaTuKon, a B CLLUA n apyrvx aHrnoasbl4HbIX CTpaHax
— KOMMbIOTEPHON HaykoW. OCHOBHbIMW MOHATUSMW 3TOW OUCLMNANHBI SBASIIOTCS
cnepyowme:

nHopmauma — nobon BMO CBeAeHUMn 0 npeamMeTax, dakTax, MOHATUSAX
npegmeTHor obnacTu, NN CBEOEHUS, HEM3BECTHbIE A0 UX MOJlyYeHUs], ABNSOLMECS
06bEKTOM XpaHeHUs, nepenaydn 1 obpaboTku;

AaHHble — npeacTtasieHve MHbdopmaumm B GopmManan3oBaHHOM BuUAe,
yooOHOM ansa nepecbuikn, cbopa, xpaHeHus n obpaboTku;

CUTHaN — HOCUTENb AaHHbIX (MHpOpMaLUKM), MOXeET NPeAcTaBaATbL cobown
dun3nyeckne curHanbl UM MaTemMaTU4eckme MOLENM;

nHdopmaumoHHaa texHonoruna (MUT) — cuctema HayyHbIX U UMHXEHEPHbLIX
3HaHWI, a Takke METOO0B U CPEACTB, KOTOpas MCNob3yeTcs Ans co3aaHnsg, coopa,
nepegayn, xpaHeHns n o6paboTkm MHdopMaumm B NpeaMeTHor obnacTu;

aBTOMaTu3npoBaHHaa MHopmMauuoHHas TexHonorua (AUT) -
MHPOPMALIMOHHAA TEXHONOrUs, B KOTOPOW Ang nepepayu, cbopa, XpaHeHus u
06paboTKM AaHHbLIX UCMOMNb3YITCH METOAbl U CPEACTBA BbIYUCIUTENIBHON TEXHUKU
M CUCTEM CBA3U.

AnbTepHaTMBbLI Nepexona MMpPOBOro coobuecTtea K MHGOPMALUOHHOMY
0o6LecTBy Ha cerofHs HeT, 60s1ee TOro 3TOT NEPEXO[, YXKE akTUBHO OCYLLECTBASETCS
B GOJIbLUMHCTBE CTPaH Mupa.

OcHOBOW ycnewHoro nepexona B MHGOpMaLUMOHHOE 0OLEecTBO ABASETCS
BNajeHne BCEMU yneHamu obuecTBa 3HAHUAMU, YMEHUSMU U HaBblkaMu B
MCMNONb30BAHUN MHOOPMALMOHHBLIX TEXHONOIMA B ObITY, OOLWECTBEHHOU 1”
npodeCccroHanbHON OeATENBHOCTU. DTN 3a4a4M pellatoT HauMOoHaslbHbleE CUCTEMbI
ob6pas3oBaHus.

NHbopmMaunoHHbIE TEXHONOMMU MMEKT Pag 3amMevaTesibHbIX CBOWCTB,
NPUCYLLMX TONbKO UM. OCHOBHblE M3 3TUX CBOWCTB MEPEYUCIEHbI HUXE U OHU
MO3BONSOT 3HAYNTENBHO YBENUUYNTL 3PPEKTUBHOCTL BCEX MPOLLECCOB COLMANbHO-
3KOHOMMYECKOro PasBUTUSA:

COBPEMEHHbIM, HayYHO-TEXHMYECKMIA YypOBEHb WT TakoB, YTO UM MOTyT ObITb
“nepenopy4yeHbl” nNpakTu4yeckn Bce “HeTBopYeckme” npoueccbl 06paboTku
nHdopMaLmm, KOTOpble NCMOMNBb3YIOTCH B YeNIOBEYECKOW OeATeNIbHOCTU;

OCHOBHAs MaccCa HaBblKOB W MPUEMOB, KOTOPbIE UCMONb3YIOTCA B He
TBOPYECKUX 0OnacTsax OEeATENbHOCTM, XOPOLUO anropuTMmU3upytoTcs B pamkax UT;

COBpPEMEHHbIE CPeACcTBa CBA3M, OXBATbIBAIOLLME BECb 3EMHOM LLap, NO3BONSIOT
obecneunTb OOCTYN K pasnuyHbiM Buaam UT B nioOoin ero Touke;

Ha MPOTSXEHUWN NocnegHUx net HabnaaeTcd HEeYK/IOHHOE YMEHbLUEHNE
aBbCONOTHON BEMNYUHLI OTHOLWEHUSA CTOMMOCTU K MPOU3BOAUTENBHOCTU Y
TEXHNYECKUX KOMMOHEHT aBTOMATU3NPOBAHHbIX MHOOPMALMOHHbBIX CUCTEM, 4TO
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MOBbILLAET 3KOHOMUYECKYID 3P OEKTUBHOCTb UCMNONb30BaHUa UT.

BblwenepeuncneHHole (U pag Apyrux) xapakrtepuctukn UT penaloT mx
HEe3aMeHNMbIM CPEeACTBOM He TONbkO B O0opb0Oe C KPU3UCHBbIMU CUTyaLUSIMU B
COLMANbHO-3KOHOMMYECKMX MPOLECcCax, HO U B MOBbILULEHUN UX KA4yeCcTBa U
3P PEeKTUBHOCTH.

PaccmoTtpum 6onee noapobHo, kakmm 06pas3om ncnonbadytes UT B pa3nnyHbIx
06nacTax 4enoBe4vyeckol OesTENbHOCTU.

Vicnonb3oBaHne aBTOMatn3mpoBaHHbIX VT B ynpaBneHnn 3KOHOMUKOM MMeeT
CTO/Nb X€& OPEBHIOI UCTOPUID, KaK U UCTOPUSA 4enoBeyecTBa. ITO, B MEPBYIO
oyepenb, UCTOPUS CO3[aHUS aBTOMAaTM3MPOBAHHbBIX cUCTeEM ynpasneHus (ACY)
pPasnnMyHoOro HasHadeHus, ot ACY uexamu M NPOMBbILLNEHHBIMU MPEONPUATUIMN —
0o ACY HaumoHanbHbIMU 9KOHOMUYECKUMU cucTemamun. B Uenom, MOXHO cumTaTb,
4YTO METO0/I0OrMYECKOe, HOPMATUBHO-TEXHUYECKOE U Npoyne BuAabl obecnevyeHus
WT, ncnonb3yemMbix B AaHHbIX BUAAX OEATENbHOCTU MMEIOT XOPOLIUA YPOBEHb
npopaboTKM, @ COBPEMEHHbIN HAYYHO-TEXHNYECKMI ypOBEHb 6a30BbIx UT no3songeT
co3paBaTtb 9QPEKTUBHbIE MPUKIAOHbIE CUCTEMbI.

Mpo6nemMbl PeCypCHbIX OrpaHUYeHUiA B CO34aHUM U PaCrpPOCTPAHEHUN TaKuxX
CUCTEM B 3HAYUTEJNIbHOWM CTEMNEHW CHUMAIOTCS MEepPexofoM OT VHAMBUAYANbLHOIO K
TUNOBOMY, MacCOBOMY MPOU3BOACTBY U BHeapeHuto. CerogHawHnn ypoBEHb
TEOPETUYECKON M MHXEHEPHOW NpopaboTky No3BoNsSeT 3To Aenatb. OPdeKTmB-
HOCTb MCMonb3oBaHusa UT no aTMM HanpaBneHUsIM XOPOLLIO OOOCHOBbLIBAETCS.

B cuctemax obpasoBaHus MHMOPMALMOHHOIro obuiectsa MHOOPMAaLMOHHbIE
TEXHONOMMN O0JKHbI 3aMEHUTb MOJSIHOCTBLIO MW B 3HAYUTENbHOM CTENEHU, Takue
cpencTtea oby4yeHus, Kak: nepo, Bymary, KHUrM u T.4. (B TOM 4Yucie U y4yebHble
ayouTopun). 34echb HYXHO paccMaTpmBaTtb, Kak MMHMMYM, ABa BOMpoca:

rOTOBHOCTb K 9TOMYy MpenofaBaTenen 1 yyallmxcs;

Hanunyve UT, koTopble MOryT 370 obecrneynTb.

Ha ob6a Bonpoca MOXHO OaTb MOJIOXUTESIbHbIE OTBETHI.

OnbIT WMpokoro mcnonb3zoBaHua UT B ObITY M pas3nnyHbix 061acTaX
4yenoBeYeCKON AeATeNbHOCTM MoKasbliBaeT, YTO YEM paHblUe YesOBEeK HayuHaeTt
nonbL30BaTbCH 9TUMWU CPEACcTBaMU, TEM Jlerye U ycrewHee OH UMW OBnageBaeT.
Taknm 06pa3oM, MOXHO yTBEpXAaTb, HTO M OCHOBHOW KOHTUHIEHT npenogaBaTenei
M yHaLMXCs rOTOBbI, UM MOTYT OblTb JOCTATOYHO ObICTPO MOArOTOBJEHLI K HOBOW
ponu.

MeToabl 1 cpenctBa oOy4eHUs NpU UCNONb30BAHUN UHOOPMALMOHHbBIX
TEXHONOrn NpeTepneBaloT Hanbonee paaukanbHble U3SMEHEHUS MO CPABHEHUIO CO
BCEMU OCTaNIbHbIMW HanpaBleHUsMU OeSATENbHOCTU B cucteMe obpasoBaHus. UT
oKa3blBaAOT pelualollee BIWSHME Ha BCe 3Tanbl npouecca obyvyeHus OT
NPenoCTaBNEHUs yYalMMCH 3HAHUA U HABBLIKOB OO KOHTPONS MX YCBOEHUS, Npu
3TOM 06€EeCneynBaloTCa Takme BaxHeNLne XxapakTepucTukm oby4eHuns, Kak: Ka4ecTBo,
n3bmpatenbHOCTb Matepuana, y4eT MHANBUAYANTbHOCTU, MOCTOSIHHbIA KOHTPOJb
yCBOSIEMOCTU MaTepuana, Bblcokas 3ddEKTUBHOCTb MCMONb30BAHUS PECYPCOB
npenogasarenen v T.4.

B nHdopmaumoHHOM 00LwecTBe Hanbonee BaxHbIM CPEOCTBOM A1 Pa3BUTUS
cucteM o6pas3oBaHNs 1 MOBbIWEHUS X 3DPEKTUBHOCTU ABASIOTCA MHPOPMALMOH-
Hble TEXHONOrMK. VX NpUMeHeHne MO3BONFET:

no BCEM HanpaBAEHUSM MPUMEHEHUS MHDOPMALMOHHBLIX TEXHONOTUN
3HaA4YUTENIBHO MOBbLICUTL 3PPEKTUBHOCTL PaboOT;

npu OAMHaKOBbIX 3aTpaTtax nonydarb 60nbwnii apdekT;

obyyeHne Ha O6aze VT no3BONMUT COKPaTUTb PaspbiB MEXAY KOIMYECTBOM
TI0AEN, XenawLmx Noy4ruTb 06pa3oBaHMe 1 BOSMOXHOCTbLIO CUCTEMbI 0OpPa30BaHNA
ero nNpegocTaBuUThb.

PacnpocTpaHeHne TeneKkoOMMYHUKALMOHHbLIX TEXHONOrMin Ha 6a3e cpencTs
BbIYMCNINTENBHOM TEXHUKU N CPEOCTB CBA3M BOBEKaeT B chepy MHPOPMALMOHHOTO
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0o06LLEeCcTBa BCE HOBbIE C/IOM HACENEHUS Y HOBbIE BUObl YENTOBEYECKOWN AEATENBHOCTU
— OT ObITOBbIX 00 OOLLECTBEHHO-MONUTUYECKUX.

Takum 006pa3omM MHPOPMALUOHHbIE TEXHONOIMK ABNAOTCS CPEACTBOM,
KOTOpPOE MO3BONSET AOCTUraTb OMNpeneneHHbIE LEenu, NOCTABNEHHbIE B PA3/INYHbIX
npeaMeTHbIX 06/1acTaX YeNOBeYeCckon AedATeNbHOCTM, a TakXke MNOoBbIWaloT
3DDEKTUBHOCTL peleHns 3aga4y, HanpaBfieHHbIX Ha OOCTUXEHUE 3TUX Lenen.

MHbopMaLNOHHbIE TEXHONOMMN, B MEPBOM MNPUOAVXEHUN, NPUHATO Pas3nenstb
Ha 6a30Bble U NpUKIaOHbIE.

Mon 6a30BbIMU MHPOPMALMNOHHBIMU TEXHOJIOFUAMMU MNOHMMAETCSH
CUCTEMA Hay4YHbIX U UHXEHEPHbIX 3HaHMN, a Takke MeTO40B W CPencTs, KoTtopas
Mcnonb3yeTcsd Onsa co3faHud, cbopa, xpaHeHua n obpaboTkm nHdopmauum
6e30THOCUTENIbHO K NpeaMeTHOM 06nacTu, B KOTOPOM CO3OaeTCs M MCMOoNb3yeTcs
OaHHas nHoopmauuvs. B coctaB aTux TEXHOMOMMM BXOONAT:

OMNepaLMOHHbIE CUCTEMBI;

A3bIKM NPOrPaMMUPOBAHNSA U TEXHONOMMN X NUCNOMb30BaHUSA (KOMMAUAATOP.I,
onénmnotekn, CASE-TexHonormm u 1.4.);

cuUCTeMbl yrpaBneHuss 6asaMn OaHHbIX;

TexXHoNormm paboTbl B TENEKOMMYHUKALUVOHHBIX CETSX;

9KCMEPTHbIE U APYrne WHTENNEeKTyallbHble CUCTEMBI.

C nomouwbio 6a3oBbix UT, cpeacTB BbIYNCAUTENIbHOW TEXHUKU U CBA3U
pazpabaTbiBalOTCA M noaonepxusarTca npuknapgHeie UT, ob6ecneumBaowme
addeKTMBHYIO NOAOEpPXKY KOHKPETHbIX obnacTeit 4YenoBevYecKor AesaTeNbHOCTU.

1.3. ABTOMaTU3npPOBaHHbIe MHPOPMALMUOHHbIE CUCTEMbI

Mpoueccbl 06paboTkn nHdopmaumn BCeraa SBAsSINCbL OCHOBOW YeNoBEYECKOWN
DEeATEeNbHOCTU N 00beaUHEHVE TakMX NPOLLECCOB C MHPOPMALMOHHLIMU PECYpCamMu,
CO BpPEMEHeM CTanu HasbiBaTb MHPOpPMaUNOHHbIMM cucTtemammu (UC). UC -
3TO KOMIMEKC, COCTOALWLMIA U3 MHPOPMALMOHHOM 6asbl (XpaHuauiia nHdopmaumm)
1 npoueayp, NO3BONSIOLLMX HAKanIMBaTh, XPaHUTb, KOPPEKTMPOBATb, OCYLLECTBASATbL
nouck, obpaboTky 1 Bbigavyy MHGopmaunm. C NoSBNEHUEM BbIYUCAUTENLHOMN
TexHukn VC nepexunu KavyeCTBEHHbI, PEBOJIIOLMOHHbLIA NPOLECC Pa3BUTUSA
NpeBpaTVBLLMCL B aBTOMaTU3MpPOBaHHbie MHdOpMauuoHHbie cuctemsl (AUC),
T.€. — MHPOPMALMOHHbBIE CUCTEMbI, PUINYECKON U PYHKLMOHANIBHON KOMMOHEHTaMM
KOTOPbIX SIBASETCA MPOrpPamMMHO-TEXHUYECKMIA KOMMEKC U CpeacTBa CBA3W.

CoBpemeHHble ANC npeacTtaBnsioT coboil Ype3BblHANHO CNOXHbLIE YeI0BEeKO-
MalNHHbIE KOMMJEKCblI, WHTErpupOBaHHble (HEPA3pPbIBHO CBA3aHHbIE) B
HaUVOHANbHYIO Y MUPOBYIO MHDOPMAUNOHHbIE Cpedbl. VIMEHHO 3Ta MHTerpauus u
co3paeT 3ddEKTUBHYIO HAyYHO-TEXHMYECKYO 0a3y MHPOPMaLMOHHOro 0b6LECTBa,
Tak Kak nsonupoaHHble AVIC B HacTosuwee Bpems Manodd@EKTUBHbI.

OddekTnBHocTb AVIC BO MHOMOM OnpefensieTca Mx Ka4yeCctBOM U LOBEPUEM
K HUM nonb3oBaTenen. Ka4yecTtBo m3penuin, npoLEecCOB NPOEKTUPOBAHUSA,
NPON3BOACTBA U YCNYr SIBNSIETCA OO4HOW M3 y310BbIX NPo6nemM, onpenensioLei
YPOBEHb XM3HWU 4enloBeka U COCTOSHUE HApOOHOro XO3SMCTBaA, YTO MOJSIHOCTLIO
OTHOCUTCSA M K 0651aCTN MHPOPMALMOHHBIX TexHonoruii. B AVIC BxooqaTt cnenyowme
OCHOBHbIE KOMMOHEHTHI:

annapartHble CPeACTBa BbIYUCIUTENLHON TEXHUKU;

annapaTHble CPeacTBa TENEeKOMMYHUKauumn (CBa3n);

nporpamMmHble cpeacTsa peanndaumm dyHkumin AUC;

MHpOPMaLMOHHbIe 6a3bl gaHHbIX (BA);

OOKYMEeHTaums, pernaMmeHTupyoLwas GyHKUMU U NPUMEHEHNE BCEX KOMMOHEHT
ANC;

cneumanncTbl, 06CnyXrBaloLmMe U UCMNOJb3YIOLWME NPOrPaMMHO-TEXHUYECKNE
cpepncrea.
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AnnapaTHble KOMMOHEeHTbI AVC MMEIT JOCTAaTOYHO YHMBEPCAsbHbIA XapakTep
N OTHOCUTENIbHO cnabo 3aBUCAT OT OYHKLUMOHANBHOIO HAa3HAYeHUS KOHKPETHOW
MHOOPMALMOHHON TexHonormm. XoTs npu ux BbIOOpE BCErga yynmTbiBAeTCH psg
TEXHUYECKUX XAPAKTEPUCTUK, aHAIM3 N UCMbITAHUA 3TUX KOMMAOHEHT MOryT
NPOBOAUTBCS [A0CTATOYHO TPALULMOHHBIMW MeTogaMW U CpencTBamu,
pa3paboTaHHbIMK B 0611aCTU CNOXHOIO NMPUBOPOCTPOEHNS.

OcTanbHble KOMNOHEHTb AUC coCTaBngloT UX UHTEANEKTYaNlbHYIO 4acTb,
onpeaensioLLyio Ha3HadyeHre, OYHKUMN N Ka4eCTBO PELUeHNs 3a4a4 B KOHKPETHOM
o6nacTu 4YeNoBEYECKOWN AEATENbHOCTU. OTU KOMMOHEHTbHI MOTyT OT/M4YaTbCH
NPUHLMMMANbHOMW HOBM3HOW, BONbLIMM pas3HOOOpa3neM xapakTepucTuK, KOTOpble
TpyaoHo dopmannadyotcs 1 TpebytloT rnyboKoro nccnenoBaHus MeTOAOB MPOBEPKU
MX 3HAYEHUN.

ApXUTEKTYpHas, TeXHMYEcKass U NPorpaMMHO-UHGOPMALIMOHHAs COBMECTU-
MOCTb pa3nunyHbix AVIC MoXeT ObiTb obecrneyeHa TONbKO NMyTEM CTaHOAPTM3aLMu U
cepTnduKaLmm nNporpaMMHO-TEXHUYECKMX CPEACTB B COOTBETCTBUM C TpeboBaHMs-
MU MEXAYHAPOAHbIX U FOCYAAPCTBEHHbIX CTaHAApTOB. [ng atoro Heobxoauma
CTaHpapTusauus, ceptudukaumsa n katanormsauus cpencTs, NPOLECCOB U YCAyr,
a Takke NpoBeAeHMEe eauHON TEXHNYECKOM NOMNTUKM NPU Cco34aHun (NprobpeTeHnn)
COBMECTUMbIX annapaTHbIX U NPOrpaMMHbIX CPEACTB, OpraHM3auuv B3anMOOEencT-
BMS 1 nHTerpaumm ANC pasnuyHbIX YPOBHEN W Ha3HayYeHus.

Jliobasa peanbHas AVIC neiicTByeT B OKpyXatoLlen ee MHOOPMaLMOHHOW cpeae,
KOTOPYIO 4acTO Ha3blBalOT MHMPACTPYKTYPON.

Moo VHOPACTPYKTYpPO B 9KOHOMMKE MOHUMAIOTCH CTPYKTYpPbl, KOTOPbIE
obecneunBaloT GYHKUMOHNPOBAHWE MPOU3BOACTBEHHBIX CUCTEM, HO HEMOCPencT-
BEHHO B TEXHOJIOMMYECKMX MpoLeccax Npomn3BOoACTBa NPOAYKLMM HE yyacTByloT. B
VX YACSIO BXOOAT: AOPOrn, NIMHUM 3NEeKTPOnepeaay, CUCTeMbl CHabXeHnsa pecypcamu
u T.4.

Moo nHppacTpykTypoil aBTOMaTU3UPOBAHHbIX MHPOPMALUOHHbIX
cuctem OOblYHO MOHMMAT TENEKOMMYHUKALMOHHBIE CETU U CBSA3bIBAEMbIE VMMMU
00ObeKTbl: CepBEPbI, aBTOMATU3NPOBaHHble paboyne MecTa, KaTanorm CeTeBbIX
MHOOPMAaLMOHHBIX pecypcoB 1 T.n. UHoOpMauMOHHBIMU pecypcamMm SBJSIOTCS
MHdOPMaLMOHHble 6a3bl (6aHkM 1 6a3bl AaHHbIX) PA3IMYHONO Ha3HAYeHUs 1 Apyrue
MHOOPMALIMOHHbIE CTPYKTYPbI.

B HacTosiee BpemMsi 0COGEHHO ObICTPO Pa3BMBAIOTCS TENEKOMMYHUKALMOH-
Hble KOMMOHEHThbI MHbpacTykTypbl AUC. B obnactn TexHonornin nepepayn gaHHbIX
OTKpPbIBAET HOBble NOPU3OHTblI B UCMNOJIb30BAaHUN ceTel. PaHblue, Ha HavyanbHOW
dase BHeAPEHUS TaKUX TEXHOMOrUM, BO3HWKANO HeEMano npobnem — 3T0 U1
HEeJOoCTaToOK OMblTa MCMOMIb30BAHUS, U OTHOCUTENbHO cnabass COBMECTUMOCTb, U
OorpaHn4YeHHbIn BbIOop 06opyaoBaHusa. Ho moxanyin OCHOBHOWM nperpanon aBnssics
n3HayanbHO cnabblii NONb30BaATENLCKUI CMPOC, YTO B Cly4ae KOMMbIOTEPHbIX CETEN
BblpaXaeTcs B OTCYTCTBMU afekBaTHbIX TEXHOOMMN MPUIOXKEHU.

Takum 06pasom npu cosfaHum CeTel nepenadn AaHHbIX HOBOFO MOKOJIEHUS
BO3HMKAEeT HEOOXOAMMOCTb PELUEHUs cpa3y KOMMekca 3ajay, nexawmx kak B
obnactn TenekoMMyHuUKaLMii, Tak n B 06nactm MHPOPMALMNOHHBLIX TEXHONOMMNA.
CoBpeMeHHOe COCTOSIHME TEeNEeKOMMYHUKALUWOHHbIX TEXHONOrNiA NpeacTaBnaseT
coboi Becbma necTpyto kapTuHy. C 0AHOM CTOPOHbI “BCeMUpHas naytuHa” (Internet)
onyTtana BeCb 3eMHOW wap u BGAMXHUIA KOCMOC, C APYroh — He uccskaer
KPUTUYECKNI MOTOK CO CTOPOHbI MOJib30OBaTeENEn OAHHOW “nayTuHbl”. Cambii
pacnpoCTpaHeHHbI — YTO VIHTEpPHET HeydoBNeTBOPUTENBLHO 0bGecrnedvmBaeT NMouck
HY>XHOW MHpOPMaLMN U JOCTYN K HEW, TO eCTb HE 0OECNEeYMBaET HYXHOIO KayecTBa
Tex ycnyr, paam KOTOpbIX OHa U co3gasanacb. Kpome TOro MMeeTcd OLLyTUMbIN
pas3pbiB B BO3MOXHOCTHAX MOJIb30BAHUS STUMW yCiyramMu Mexay pasnvyHbiMun
rpynnaMmum HaceneHus n pasanyHbIMKU CTpaHamu. DTOT pa3pbiB HE TONbLKO He
cokpaliaeTtcs, HO HaobopoT yBenuumBaeTcs. HaumoHanbHble NpaBUTENLCTBA U
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MeXOYHapOAHble OpraHM3aunm NOCTOSHHO OLWyLWalT 3HAYUTENbHbIN AeduumT
pecypcoB, KOTOpble OGbl OHU MOV U XOTENN UCMOJb30BaTb A1 COKPALLLEHUSI Takoro
pas3pbiBa.

B cBA3M ¢ 9TMM BO3HMKAOT Npobnembl 6e3onacHocTy mucnonb3osaHnsa AUC,
KOTOpble 30ecb OyayT ToNbko 0603HAYeHbl, a AeTanbHO OyaAyT paccmaTpuBaTbCs
BO BTOPOW OHUTE.

BbicTpoe pasButne 1 MUCNonb3oBaHNE MHOOPMALMOHHBIX TEXHOMNOMMN He
TONbKO OTKPbIBAET HOBble BO3MOXHOCTU, HO U CO34aeT HOBble Npobnemsbl nepen,
MMPOBbLIM COOOLLLECTBOM, KOTOPble GE3YyCNIOBHO BAMSAIOT HAa 3KOHOMWUYECKYIO,
coumasnbHylo, KyNnbTypHYIO M 00pa3oBaTesibHYIO AEATEeNIbHOCTb M MOTYT KOPEHHbLIM
o6pa3oM NoBNUATb Ha GOPMbI MPaBfiEHNs, TBOPYECTBO, COTPYOHNYECTBO, OOMEH
MOesIMn N 3HAHUSAMMK, a TakXe Ha NMOBCEAHEBHYIO XW3Hb (cM. n. 1.1.). Takmmu
npobnemamMmn ABNAOTCS:

ncuxobuonoruyeckme, okasbiBalollMe OTpULATENIbHOE MCUXON0ormMieckoe u
dun3nyeckoe BO3OENCTBME HA MNONb30OBATENEN;

KYyNbTypHbIE, yrpoXatuime HaunoHaNbHOM KYyNbTYPHOW CaMOOBLITHOCTU
nosib3oBaTenemn;

coumanbHO-3KOHOMMYECKNe, yBennymBalLlme HepaBeHCTBO BO3MOXHOCTEN
nosly4eHns Joctyna K Ka4ecTBeHHbIM WUT;

nonmMTUYecKne, CnocoOCTBYOLME pPa3pyLLUEHNIO rpaxaaHckoro obuiecTsa B
HaLUMOHalbHbIX FOCYyAapCcTBax;

6eCKOHTPOJSIbHOE M HeCaHKUMWOHMPOBAHHOE WCMOJIb30OBAHUE YYXOW
MHTEeNNeKTyanbHOW COOCTBEHHOCTH;

TEXHOJIOrM4eckre yrpo3bl HaHeceHus yuiepba nnm paspywenHns camum AUC.

1.4. CopepXXaHue M CTpPyKTypa Teopuu MHPOPMALMOHHbIX CUCTEM

OrpomHble cpencTBa 3aTpayMBaloTCsd BO BCEM MuUpe Ha pa3paboTky
MHOIOYUCIEHHbIX KOHKPETHbIX, MPUKNaAHbIX CUCTEM U COBEPLUEHHO HEAOCTaTO4HOE
BHUMaHWE yOendeTcs TeOpeTudeckmm Bonpocam. B npuHumne, takom Xe nyTb
NPoLUnM B CBOE BpeMS 1 paboTbl B 001acTy co3aaHns aBTOMaTU3MPOBaHHBLIX CUCTEM
YNPaBfEHNS U TENEKOMMYHUKALMOHHbBIX TEXHOMOIMNIM, BEPOSTHO 3TO HEOOXOOMMBbIN
atan — “6onesHb pocrta”.

Heo6xoaMMOCTb KOHLIENTYanbHOro, CUCTEMHOIO OCMbIC/IEHUS MOJIOXEHUS Oen
B HEKOTOPOW NpeaMeTHON 061acT BO3HUKAET B CUJY TOrO, YTO HA OMNPELENEHHOM
aTane pas3BUTUS 9TOI 06nacTyM HakanamBaeTcs OONbLIOE KOMMYECTBO 3HAHWUNA,
daKToB, 3a4a4 M MHTEPECOB, KOTOpble cnabo yBa3aHbl Mexay coboii. Takoe
nonoxeHue Oen nNepuoanvyecky BO3HMKAET BO BCEX PasBMBAKOLLUXCH 00acTax
4YenoBeYeCKMX 3HaHUN, B ObICTPOpPa3BMBAIOLLNXCA 061aCTAX NMPOLECChbl MOryT
NMPUHUMaTb KPU3UCHbLIN XapakTep, BMJOTb A0 CMEHbl MOHATUIHOINO annapara
npeameTHon obnacTu.

B wacTtHOCTM npu pa3paboTke CNOXHbIX NEPCNEKTUBHBLIX aBTOMATU3NPOBAHHbIX
MHPOPMALIMOHHbLIX CUCTEM MPOLLECC CO3[aHUS BKJOYaeT Gonblioe pasHoobpasune
BUAOB OEATENbHOCTU U TpebyeT TeCHOro B3aMMOAENCTBUS Mexay npencraBute-
NAMUN HaYyYHO-TEXHUYECKUX NMPOdEecCcuii 1 nuuammn, NPUHUMAIOWUMN NOANTUYECKNE
N 3KOHOMMYyeckme pelleHns. BosHukaeT Heo6XO0OMMOCTb CBELEHUS BOEAUHO
OrpPOMHbIX 06BEMOB pa3HOOOpPaA3HON MHMOPMALMK, COrnacoBaHs BOMbLLLOro Ynucna
Pa3MyHbIX M 3a4aCTyl0 MPOTUBOPEHMBbLIX LIENEN N UHTEPECOB.

OTMM 06CTOATENBCTBAMU N Bbi3BaHA HEOOXOAMMOCTL 3aknaapiBaTb B OCHOBY
VIHXEHEPHOW AncumnnviHbl “ABTOMAaTM3npoOBaHHble MHOOPMALVOHHbIE CUCTEMbI”
XOpOoLOo npopaboTaHHble pasfensbl GyHOAMEHTANbHbIX U MPUKNAAHBIX HayYHbIX
amcumnnmH. Tak kak komnoHeHTbl AVIC (cm. 1.3.) npuHagnexar K pasfiuyHbiM
npegMeTHbIM 06n1acTaM, TO M TeopeTuyeckme ocHoBbl AUC BkovaloT B cebs
MONOXEHUSA U3 PA3NIMYHbIX HAyYHbIX OUCUUNAMH. [lanee OyayT pacCMOTpPEHbI
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TEOPETNYECKME OCHOBbLI KOMMOHEHT AUC.

Mpn aHann3e v NPOEKTUPOBAHUN OUCKPETHbIX 3NIEKTPOHHbIX CXeM AN
BblYNCANTENIbHON TEXHUKW WU COBPEMEHHbIX CPEeACTB CBA3UM UCMNONb3YIOT
MaTemaTMyeckuii annapaTt Teopun MHOXECTB, ABOUYHON norvku (6ynesa anrebpa)
1 Teopumn kogmpoBaHus. Mpu pa3paboTke UNMPPOBBIX CUCTEM CBA3U MUCMOJb3YIOTCH
Takke MeToAbl MaTeMaTu4eCKOW CTaTUCTUKM.

B paspaboTkax nporpaMmMHOro obecrneyeHus 1 S3blkOB MPOrpaMMnUpOBaHUS
MCNONb3YIOTCA METOAbl aBTOMATHO-JIMHIBUCTUYECKMX MOAENEN, aHanuTuyeckas
Teopus anroputMoB, MOLENN UCYUCIIEHNA NpeaukaTtos, rpadoBble MOLenn u
OnNTUMM3aLUVOHHbIE MEeTObI.

Mpn padpaboTke 6a3 AaHHbIX U MHPOPMALIMOHHBIX A3bIKOB MOMCKA M 3anpoca
[aHHbIX B MHOOPMAUMOHHBIX 6a3ax MCMoNb3yoTCA METOAbl PENSLUMOHHON anrebpbl,
MOZLENN UCYUCNEHNS NPELNKATOB M MaTeEMaTU4YeCKOM JIMHIBUCTUKK, a TakXe
rpacdoBble MOAENN.

Mpun aHannse adpdekTuBHoCcTN, PaboTOCNOCOOHOCTU M HALEXHOCTMU
koMmnoHeHToB AVNC n ANC B LenoM MCNONb3YyTCA MEeTodbl TEOPUM MACCOBOro
obcnyxmBaHMs U MaTemMaTuyeckas CcTaTucTuika.

HakoHel, B MHPOPMaLMOHHO-NMOMCKOBbLIX AVC 1MCnonb3yloTcs METOAbl TEOPUN
MHbdOpMaLNN, OCHOBHBIMU MOHATUAMU KOTOPbLIX ABASIOTCA M[OKYMEHT —
MaTepuanbHblii 00beKT C MHbOpMaunen, 3akpenieHHON CO34aHHbIM YETOBEKOM
cnocobom ana ee nepenayym BO BPEMEHW U MPOCTPAHCTBE U KnaccudukaTop —
odbunumanbHbIN AOKYMEHT, MPEACTaBASOWNA CUCTEMATUSNPOBAHHBLIA CBOJ,
HaUMEHOBAHUN N KOOOB KOOUPUKALMOHHBLIX FPYNNMPOBOK U (M1M) 0ObeKTOB
Knaccunoukaumn.

Janee, B aT0ol toHNUTE TeopeTmnyeckme ocHoBbl AVIC paccmatpuBatoTcs 6onee
noapo6bHo. Bce 3T MeToapl MHTErpupytoTcs ¢ MOMOLLLIO 00LLEel TeEOpUn CUCTEM U
€ee NpuKIagHoOM 4acTblo — CUCTEMOTEXHUKON.

2. JIOr'MKO-MATEMATUYECKHUE OCHOBbI
ABTOMATU3UPOBAHHbIX NTHOOPMALIMOHHbIX CUCTEM

2.1. OneMeHTbl MaTemMaTU4YeCKOM JIOrUKU

MHpopmMaunOHHbIE CUCTEMBI NpeaHa3Ha4vYeHbl A0S HakOMJAeHUsa CBeaeHun,
XpaHeHus UX 1 Bblgayn no Mepe HeobxoammocTu. CBefeHus 3Tu NMpeacTaBnsioT
coboii onucaHUsa NpegMeToB peanibHOro Mmpa uam abCcTpakTHbIX NPeaMeTOoB,
BO3HUKAKOLNX B Pa3/IMyHbIX 06NacTax OEeATeNbHOCTU, U NpeacTaBnstoT cobon
HEeKOTopble “UCTMHHbIE” YTBEPXAeHUs UM coobuleHus. C TeyeHneM BPeEMEHU Un
B pe3ynbTate OnOOK OHN MOTYT CTAHOBUTBLCS “NOXHbIMW”, ECTECTBEHHO, YTO OLHOM
13 ONCUVMNAWNH, fieXawmnx B OCHOBE TEOpUU MHPOPMALMOHHBLIX CUCTEM, OO0SKHA
OblTb 1 gBNSIETCA MaTemaTudeckas fiormka. B npoueccax aHannda 1 pas3paboTku
ANC WIMpoKO MCNONb3yeTCa MaTteMaTU4eCkoe MOOENNPOBaHNE, B OCHOBE KOTOPOro
NIEXUT NOHATME BKCNAMKaAUUU — CTPOron (Matematnydeckon) GpopmMyanpoBKu
COAEPXATENbHOr0 U MHTYUTUBHOIO MOHATUS.

MaTtemaTnyeckumun gucunnianHamMm, NPUrogHbIMM AN ONMCaHUA COBOKYMHOC-
TEN NpeaMeToB U X CBOWCTB, ABMASIOTCS:

MaTteMaTuyeckasa NnormKka — MeTOAMKa U Teopusg MaTeMaTnyeckux
[0Ka3aTenbCTB;

anre6pa BbiCKa3blBaHWA — onepauun Haj BblCKa3blBAHUSIMU, KOTOPbIE
ABNAIOTCHA 3/IEMEHTAMU MHOXECTB;

penduunoHHasa anreGpa — COBOKYMHOCTb MHOXECTBa OTHOLIEHUA W
MHOXECTBa Ornepaunin Hag HUMN.

Kak BMOMM, OCHOBHbIMW MOHATUSIMU, KOTOPbIE MCMONb3YIOTCS BO BCEX 3TUX
ONCUUNNNHAX SBASIOTCH MOHATUS MHOXeCTBa — 00befuHEeHWe HeKoTOoporo
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KONM4YyecTBa OMpPefeNeHHbIX, OTAUYHbIX APYr OT Apyra 0O6bEKTOB, KOTOpPbIE
Ha3bIBAIOTCS A/IEMEHTAMN MHOXECTBA 1, NoAMHOXecTBa — A 1 B, ABa MHOXeCTBa,
€C/IN KaxAbll 9/1IEMEHT MHOXECTBa A §BNASETCH TakXke 31eMEeHTOM MHOXeCTBa B,
TO A HasblBaeTCcs nogMHoxecTsoMm B.

Takum o6pa3omM, B OCHOBE TEOPUU MHPOPMALMOHHBIX CUCTEM nexaTt
MaTeMaTmyeckasa norvka, Teopus MHOXECTB, pensauuMoHHas anrebpa, Teopus
dopManbHbIX 93bIKOB, TEOPUSA anroOpuTMOB N TEOPUS, CNOXHbBIX CUCTEM.

BaxHbIM 3Tanom pasBUTUS MaTEMATUYECKOW JIOMMKU SABASIETCS NMPUMEHEHUE
B HEN camMoi psga npuemMoB, pa3paboTaHHbIX B MaTeMaTuke, Hanpumep
1ncnonb3oBaHne OYKBEHHbIX (M BOOOLLE CUMBOJbHbLIX) 0003HAYEHUIA, NMPUMEHEHME
MaTtemaTuyeckor abcTpakuum, MaTeMaTU4yeckoro ob600LEeHNs, NMOHATUI onepaumn
M NIOFMYECKOro 3Ha4YeHus (POOCTBEHHOrO MOHATUMIO Ymcna) u T.n. B pesynbTate
Marematuyeckas normka npuobpena Bce YepTbl MATEMATUYECKOW AUCLMMINHBGI.

B cBa3m ¢ nogsneHmem IOBM ©n pas3ButueEM Teopuu anropuTtMoB
Martemartmyeckas norvka nojaydmna (yxe kak pasgen mMatemMaTtukn) HenocpencTBeH-
Hble MPaKTUYECKNE MPUIOXEHUS.

MpennoxeHns kakoro-nmbo sA3blka MOryT SBASTbCS ONUCAHUSMU NPESMETOB,
SABJIEHUA MU OTHOLUEHWN, CYLLECTBYIOLLNX, Hanpumep, B peanbHOM mupe. [Npwu
9TOM OKa3blBAETCH, YTO KPOME CBOEW CTPYKTYPbl U CMbIC/IOBOrO COAEPXAHUST OHU
pasnmyalTCcs elle CTEMNEHbIo COOTBETCTBUSA UX COAEPXaHWS OnMcbiBaeMoMy
06bekTy. B npocTtenwem cnydyae nocnenHas XxapakrepucTvka CBOOMUTCS K TOMY,
YTO OHW MPU3HATCH MO0 UCTUHHBIMU, MO0 NIOXHBLIMU.

OnpepneneHue. JlIornyeckMmMm 3Ha4YeHUSIMU Ha3bIBAOTCS ABa abCTPaKTHbIX
obbekTa: UCTUHA U JIOXb.

OaonHakoBO pacnpocTpaHeHbl Tpu cnocoba koampoBaHUsa (YCNOBHOMO
0603Ha4YeHs) NOrM4yeckmnx 3HaveHnin (cm. Tabn. 2.1). B AUC yale Bcero nonb3yoTcs
kogom Ne3.

Tabnmua 2.1

Koabl noruyeckux 3HavYeHUn

Kom Ne 1 Kom No 2 Kom Ne 3
JIOXb JI 0
HCTUHA " 1

MHorga nornyeckme 3HayYeHusi onpenensiorT SMMUPUYECKU WU IKCMEPUMEH-
TanbHO, MHOrAA Xe uX 3ajalT Mo Npowu3Bosly (Hanpumep, genas kakoe-nnbo
ponyuieHne). B onpeaeneHHbix cinydasax nx noslydatoT no npasuiaM MaTemMaTU4eckom
TNIOTVIKWN.

ABCTparnpyscb OT CMbIC/IOBOrO CoAepXaHusa NpenjioxeHnii, Npuxogum K naee
BbICKa3bIBaHUA — HEKOTOPOro CUMBOMA, 00N1aAaloLLEro NOrMYECKUM 3HAYEHUEM.
MpuBegemM HecKonbKo NPUMEPOB.

MNpumepsbl.

1) 3anucb BCAKOro npeasiokeHnus MOXHO cuMTatb CMMBOJSIOM. PaccmaTtpumBas
3TOT CMMBOJT BMECTEe C MOCTaBJIEHHbIM €My B COOTBETCTBME JIOTMYECKUM
3Ha4YeHneM, Nosyyaem BbiCKasblBaHMe. Hanpumep, BbICKa3blBAHUSIMN MOXHO CYUTATb
coBoOkynHocTu: a) “MockBa — ctonuua Poccumn” (nctuHa); 6) “Kucnopopn neruye
Bogopoaa” (noxs). MNepBoe M3 NOrMYECKUX 3HAYEHWUI MOSYHEHO SMMUPUYECKU, a
BTOPOE — 9KCMepMMEHTanbHO. MOXHO CYMTaTb BbiICKa3blBaHMEM TaKxXe napy: “depes
TOYKY, NeXxallylo BHe MPAMON, MOXHO MPOBECTU TOJIbKO OOHY MPSAMYIO,
napannensHyto gaHHon” (M). B nocneoHem crnydae norvyeckoe 3HavyeHue 3anaHo
NPOU3BOJIbHO; HN 3MMUPUYECKN, HN IKCNEPUMEHTANIbHO MOMYYUTb €ro Henb3s, Tak
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Kak 9To noTtpeboBano Obl NMPOBEPKW TOro, YTO HAa BCEM CBOEM OECKOHEYHOM
NPOTSXXEHUM MPSIMblE HE MepecekalTcda. He yaaetca nonyydnTb ero u cpencresamm
MaTeEMaTUYECKOWM NOTUKU.

2) He cnepyet paccmartpuBaTb Kak BbiCKa3dbliBaHUS npeanoxenus “Uan croga”,
“KoTopbIn 4ac?”, Tak Kak no CBOEMY COOEPXaHUIO OHU HE ABNSIIOTCS HU UCTUHHBIMU,
HU NOXHbIMMU. TeM He MeHee, eCcnu 3anucu Kaxaoro M3 HUX NOCTaBUTb B
COOTBETCTBME NIOFNYECKOE 3HAYEHUE, C TOYKM 3PEHUS MaATEMATUYECKOW NOTMUKKN
OyayT Nosly4eHbl BbliCKa3blBAHWS.

2.2. AnreOpa BbiCKa3blBaHUIA U JOrM4Yeckue CBA3KU

YacTblo MaTeMaTMyeckoin Nornkn aBnsieTcs anrebpa BbiCKa3blBaHUN.

OnpepeneHve. BbicKa3biBaHUAAMM Ha3bIBAOTCS

1) anemMeHTapHble BbiCKa3blBaHUS;

2) coCTaBHble BbICKa3blBaAHMS.

OnpegeneHne. AnemMeHTapHbIM BbiCKa3biBaHNMEM Ha3blBAETCS CUMBOJI,
KOTOPOMY MOCTaB/IEHO B COOTBETCTBME JIOFMYECKOE 3HAYEHME.

3ameyaHuve 1. lNpuBeneHHoe onpeaeneHme MoXHO chOopmMynmpoBaTb M Tak:
3N1EMEHTaPHbIM BblCKa3blBAHMEM Ha3blBaeTCHA COBOKYNHOCTb CUMBOJSIA M JIOFMYECKOro
3Ha4YeHus.

3ameyaHune 2. [oBops 06 3aneMeHTapHbIX BbICKa3blBaHWSAX, 0ObIYHO yKa3biBaloT
TONIbKO CUMBOJ1, @ JIOFTMYECKOe 3Ha4YeHne NnoapasymMeBatoT. Takas MaHepa roBOpPUTbL
HeABHO npenbaBnaeT TpeboBaHMEe K COBOKYMHOCTM paccMaTpuBaeMbiX
BblCKa3blBaHWUI, 3ak/oyaloweecs B Cleaylolwem: B O4HON 1 TOW xe obnactu
NMPUMEHEHNS HENb3A pacCcMaTpuBaTb BbiCKa3blBaHUSA, MMEKOLIME OOMHAKOBbIE
CUMBOJIbl U PA3/INYHbIE NIOMMYECKNE 3HAYEHUS.

Mpumep. AnemMeHTapHbIMKU ABNSIOTCS BbiCKa3blBaHUS, MPUBEOEHHbIE Bbille B
npumepe. Kpome T0ro, K nx 4yucny otHocarcs: A (uctmHa), B (noxs), C (M), X (J1),
Y(1), Z (0).

VIMEHHO aNns anemMeHTapHbIX BbICKa3blBAHUIM XapakTePHO TO, Y4TO UX JlIorndeckmne
3HAYEHNS BOSHMKAIOT BHE MaTEMATUYECKOWN JIOFMKN. YMECTHO MOAYEPKHYTb, YTO He
TOJIbKO C MaTeMaTM4eCKOM TOYKM 3PEHUS, HO N B peasibHblX YC/IOBUSIX NIOrMYeckoe
3HaYeHMe He OnpenenseTcs HWM CTPYKTYPOW, HU COAEpXaHMEM 3NEeMEHTapHOro
BbiCKa3blBaHUs. Hanpumep, Hapsaay C 3/ieMeHTapHbIM BbiCKa3dbliBaHMeM “CHer —
6en” (1), nockonbky cyuiectByeT PeHOMEH KpPaCHOro CHera, BO3MOXHO U
Bblcka3biBaHne “CHer — 6en” (0).

OnpegeneHne. JIoru4eCKUMU CBA3KaMMU Ha3bliBAOTCHA 3HaAKU.

-, 0, 0 -, 0-04yntaemble COOTBETCTBEHHO Kak “He”, “n”, “nnn”, “Bnedyet”,
“3KBMBANIEHTHO”, “HE3KBMBANEHTHO”. C NOMOLLbIO TOTMYECKNX CBA30K OCYLLIECTBSAIOT
MOCTPOEHME CNOXHbIX BblCKa3blBAHUNA.

3ameuaHuve. Te e camble 3HaKWM, KOTOPbIMU MOJSb3YIOTCHA KaK JIOrMYeCKUMMU
CBsI3KaMW, MPUMEHSIOT Kak YCJIOBHble 0003Ha4YeHus onepauunii Hag, JIornYeckumu
3HAYEHUSAMMN.

[na nornyeckmx 3HayYeHur onpegesieHbl cneayloume onepaumn.

1) Onepauns OTpULAHWUS; BbINMOSHAETCA B COOTBETCTBMM C Tabn. 2.2.

2) Onepaums ornmyeckoro YMHOXEHUS; BbIMOHAETCS B COOTBETCTBUM C Tabn. 2.3.

3) Onepauusi TOrMYeckoro COXEHS; BbIMOHAETCH B COOTBETCTBMM C Tabn. 2.4.

4) Onepauus oUeHKM UMMINKaUWKW; onpenensieTcs B COOTBETCTBUM ¢ Tabn. 2.5.

5) Onepauys OUEHKN SKBMBAIEHTHOCTW; ONpenensieTcs B COOTBETCTBUN C Tabn. 2.6.

6) Onepauyst OLEHKM HESKBMBANIEHTHOCTU, BbIMOSHAETCS B COOTBETCTBUMM C Tabn. 2.7.

OnpeneneHve. Ecnu A n B — BbiCka3dblBaHWS, TO COCTaBHbIM BblCKa3blBAHNEM
Ha3blBAETCS COBOKYMHOCTb JI0O0 N3 HUXKENPUBEOEHHbIX 3aMVCEN N €€ NOTMYECKOro
3HavyeHus: 1) = (A) — Ha3biBaeTca oTpuuaHmem A n yntaetcs “He A”; 2) (A) O (B) —
Ha3bIBaeTCa KOHbIOHKUMeNH A n B n uutaetca “A n B”; 3) (A)\/(B) — Ha3biBaeTcsa

CoBpeMeHHbIVi l'yMaHuTapHblii YHuBepcuTeT

16



Tabnuuya 2.2 Tabnuua 2.3 Tabnuua 2.4

OtpuuaHne Jlornyeckoe Jlornyeckoe
YMHOXEHne croXxeHue
0=1 0A0=0 Ov0o=0
1=0 0Al1=0 Ovl=1
1A0=0 I1v0o=1
I1Al=1 Ivli=1
Tabnuuya 2.5 Tabnuua 2.6 Tabnuua 2.7
OueHka OueHka OueHka
nMnankaummn 3KBUBANIEHTHOCTU HE3KBNBA/IEHTHOCTU
0—->0=1 0~0=1 0—-~0=0
0—>1=1 0~1=0 0—~1=1
1-0=0 1~0=0 1—~0=1
1>1=1 1~1=1 1—+~1=0

On3bloHkumen A u B u yntaetca “A unn B”; 4) (A) - (B) — Ha3biBaeTcs nMmnankaumen
A n B n untaetca “A Bneuyet B”; 5) (A)~(B) — Ha3biBaeTCs 3KkBUBANEHTHOCTLIO A 1 B
n yutaetca “A akBuBaneHTHO B” 6) (A) -[B) - Ha3biBaetTcsa oTpuULaHUEM
3KBMBaNEHTHOCTN A 1 B 1 yntaetca “A He 9kBMBasIeHTHO B”.

Jlornyeckoe 3HaYeHME KAXOOrO M3 NEPEYHMCIIEHHbIX CIOXHbIX BbICKa3bIBAHUIA
BbIYMCASOT NO NIOTMYECKMM 3HaYeHMsaM A 1 B ¢ nomoLbio onepauum, 3Hak KOTOpon
COBMaZaeT C JIOrMYECKOoM CBA3KOW, MPUCYTCTBYIOLLEN B BbILLENPUBEAEHHON 3anuCu.

[MpuBeaeHHbIE BbIlEe Onepaumnn Hag, NOrMYeCKUMU 3HAYEHUAMU U3BECTHbI MOL,
HasBaHMeM OyneBbiX Onepauuii.

Mpumep. Ecnu 3apaHbl BeickasbiBaHua A(0), B(1), C(1), To -A, ACB, BOC
ABASAIOTCS CNOXHbBIMU BbICKa3blBAHUSAMM (@ 3HAYUT, U MPOCTO BbICKa3bIBAHUSAMN).
Mx noruvyeckme 3Ha4eHUs NEerko BbIYMCINTbL; OHU COOTBETCTBEHHO paBHbl 1, 0, 1.
OueBugHo, (-A)J(ACB) n (AOB)O(BOC) TOXE 9BASIOTCHA BbICKA3bIBAHUAMU, MPUYEM
nepesoe MMEET Nlormyeckoe 3HavyeHne 0, a BTOpoe — normyeckoe 3HadeHme 1 (cwm.
Tabn. 2.2 — 2.4).

OnpepeneHvie. [1Ba BbiCKa3biBaHMS Ha3biBAOTCA PABHO3HA4YHbIMU, €CNU UX
norvyeckme 3HavyeHusa pasBHbl (oaMHakoBbl). OTHOWEHME PABHO3HAYHOCTU
0603Ha4YaeTCcqd CUMBOJIOM =.

Jlerko BnaeTb, YTO OTHOLUEHWE PaBHO3HAYHOCTU SABNSETCS

a) pednekCUBHbIM, Tak Kak ansa noboro BbiCkadbiBaHUA A cnpaBenMBo A=A;

6) cummeTpuyHbiM: 13 A=B cnepyet B=A;

B) TpaH3uUTUBHbIM: U3 A=B n B=C cneanyet A=C. [pyrmmu croBamu, 3TO
OTHOLLUEHME OTHOCUTCS K YMCNY OTHOLUEHUI 3KBMBANIEHTHOCTU.

CTtpoky, B KOTOpPOW 3anucaHbl CMMBOMbI, 0603HaYaloLLmMe ABa BbiCKa3blBaHNS,
COEeAVHEHHbIE 3HAKOM =, OyAeM Ha3biBaTb PABHO3HAYHOCTLIO.

C nomoupto Tabn. 2.2 nerko yctaHOBUTb PaBHO3HAYHOCTb

= (mA)=A, (2.1)
nposepss ee 419 060MX BO3SMOXHbIX 3Ha4YeHun A. AHanorM4HbLIM CNocoboM Nony4nm
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ACB=BIA. (2.2)

MpoBepky nocnenHe paBHO3HAYHOCTU A1 BCEBO3MOXHbIX COYETAHUN
iorvyeckmx 3HavyeHunin A n B ynoGHO cBecTu B Tabnuuy.

A B AAB BAA
0 0 0 0

0 1 0 0

1 0 0 0

1 1 1 1

PaBHO3HaYHOCTbL (2.2) BbipaxaeT NepeCcTaHOBOYHbIA (KOMMYTATMBHbIN) 3aKOH
ONS KOHBIOHKLUMN.

CnpaBeAnnBOCTb OCTajllbHbIX PAaBHO3HAYHOCTEW [OaHHOro paspfena
npenocTaBnsieM MPOBEpPUTb 4YnTaTesnto. 3aMeTum Aullb, YTO Takas npoBepka
ABNAETCH COBEPLUEHHO CTPOrMM [0Ka3aTesibCTBOM. BO3MOXHOCTb [00OKa3aTesNbCTB
NPOBEPKOWN BO3HMKAET Gnarogaps TOMy, YTO JIOFMYECKUX 3HAYeHWin Bcero asa. B
apMdMeTMKE Mbl HE MOT/IM MOJIb30BATbLCS TakKMM CMOCOOOM 40Ka3aTeNbCTBa, NOTOMY
4YTO HaTypasbHbIX YNCen GECKOHEYHO MHOIO.

PaBHO3Ha4HOCTb

(AOB)OC=AO(MBOC) (2.3)

BblpaXaeT acCoLMaTUBHBIN (CoYeTaTeNbHbIN) 3aKOH AJ19 KOHBIOHKLMN. OHa No3BonseT
B MHOTOYMCIEHHbIX KOHBLIOHKLMSAX OMyckaTb CKOOKM M ynoTpebnaTb BblpaXeHUs
Bunga ACBLOC. Janee cnegyeT ykasaTb paBHO3HAYHOCTU

ATA=A, (2.4)
AD1=A, (2.5)
ADO0=0. (2.6)

B nocnegHux aByx dopmynax 0 n 1 o3Ha4yaloT COOTBETCTBEHHO MPOM3BOJIbLHOE
3aBEAOMO JIOXKHOE U MPOU3BOJIbHOE 3aBEAOMO MCTMHHOE BbICKa3blBAHUS.
HeTpyaHo Takxe ybeautbCs B NPaBUSIbHOCTU PaBHO3HAYHOCTEN

AOB =B, (2.7)
(AOB)OC=AO(BOC), (2.8)
ADA=A, (2.9)
AO1=1, (2.10)
ADO = A. (2.11)

PaBHO3HA4YHOCTbL (2.7) BbipaxaeT NepeCcTaHOBOYHbIM 3aKOH; (2.8) BbipaxaeT
coyeTaTesfibHblil 3aKOH ANS AW3bIOHKLUK, B CUY KOTOPOrO0 B MHOMOYEHHbIX
ON3BIOHKLMSAX MOXHO OonyckaTb CkoOkM M nucatb, Hanpumep, ACBLC.

PaBHO3HaA4YHOCTb

AO(BOC)=(AOB)O(ALC) (2.12)

yTBEpPXAaeT, YTO KOHBbIOHKUUSA MO OTHOLWIEHUIO K AN3bIOHKUUM ANCTPUOYTUBHA,
nogobHa ToOMy, Kak B apudMeTuke YMHOXEHUe AUCTPUOYTUBHO OTHOCUTENbHO
CNIOXEHWS, YTO BblpaxaeTcsa Gpopmysion
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a(b + c) =ab + ac.
M OU3BIOHKUNS ONCTPUOYTMBHA OTHOCUTESNIbHO KOHBLIOHKLMN
AOBOC)=(AOB)OAOC), (2.13)

4TO He MMeeT aHanormn B apudmeTuke, Tak Kak dopmyna (a+bc) = (a+b)(a+c)
HEBEpHa.

YMeHbLLEHNE YMcna CKOOOK B COCTaBHbIX BblCKa3blBAHUSX OOCTUraloT eLle
TEM, YTO MPUHUMAIOT COralleHne CYUTaTb CBA3b — CUNIbHEE, YeM [ a 3Ty CBA3b —
cunbHee, Yyem L[], koTopas cusbHee cBga3en -, ~, = [ MMelwmx ognHakoByo Cuy.
M3 aToro cornawenus n ¢opmyn (2.3) n (2.8) cnepyet, Hanpumep, 4TO BMECTO
((AOB)OC) -~ D moxHo nucatb AOBLC - D.

Bornblioe 3HavyeHne MMET TakXe PaBHO3HAYHOCTU

A OB =-(-A 0-B), (2.14)
A OB =-(-A 0-B), (2.15)

A - B=-A0B, (2.16)
A~B=(A - B)O(B - A), (2.17)
A-~B=-(A~B). (2.18)

B 3aknioyeHve aToro pasgena 3aMeTuM, YTO BblCKasbliBaHWS BefyT cebs kak
JIOFNYECKNE KOHCTaHTHI.

Ecnn paccmatpuBath paBHO3HAYHOCTU, MPUBELEHHbIE BbillE, Kak npasuia
npeobpa3oBaHMs COCTaBHbIX BblCKa3blBaHU, B pe3ynbTaTe KOTOPbIX U3 OAHUX
BbICKa3bIBaHWIM MNONy4YaOTCa Apyrme, nMeloLme HOBYKO CTPYKTYPY, HO PaBHO3HAYHbIE
UCXOOHbIM, TO 13 ¢popmyn (2.14), (2.16), (2.17) n (2.18) nerko ycMoTpeTb, 4YTO
moboe BbICKa3blBaHNE MOXHO MPUBECTM K BUAY, COAEPXALLEMY TOJSIbKO CBA3KM =
nV. Takum 06pa3omM, JIorM4eckue CBS3uU AU3bIOHKLUM U OTPULaHUA OoOpasyloT
MOJIHYIO CUCTEeMYy.

PaccmaTpuBas HECKONbKO BUAOU3MEHEHHbIN Habop dopmyn (2.15), (2.16),
(2.17) n (2.18), Mbl BUOMM, HTO NOObLIE NIOMMYECKME CBSA3KM MOXHO BbIPa3nTb Yepes
CBSA3KM = 1 [1 3TO 3HAYMT, YTO NIOFMYECKNE CBA3KU OTPULLAHUSA N KOHBIOHKLN TOXE
06pas3yloT MOJSIHYIO CUCTEMY.

B npuHuMne, BMECTO PacCMOTPEHUS BCEX JIOMMYECKMX CBA30K U MOy4yaembixX
C UX NMOMOLLbIO COCTaBHbIX BblCKa3blBaHW, MOXHO Obls1o Obl 0OONTUCH OOHON U3
MOJIHbIX cUCTEM. OOHAKO HYXHO MOMHUTb, YTO PABHO3HAYHbIE BbICKA3bIBAHUS HE
TOXAECTBEHHbI. OHM MMEIT NULWb OAMHAKOBbLIE JIOTMYECKME 3HAYEHMUS, HO Kak
NPeasIoKEHNT HEKOTOPOro A3blka MOMYT MMETb HE OAVHAKOBbIA CMbICH.

2.3. MoHaTne npepgukarta

CrnoBa nnn TEKCTbI, ABnsiolmMecs cobrpaTenbHbIMU UMeHaMU (FpPyrnnoBbIMY
MMeHamu) npegmeToB, 0603Ha4YUM X, Y, ..., z. Fpynnosoe nma obo3HavaeT
MPOU3BOJIbHLIN NPEAMET, NPUHALNEXALLNI HEKOTOPOM rpynne NnpeaMeToB, MMELLUX
cobCTBEHHbIE MMeHA. Hanpumep, TekcT “xutenb MockBbl” SBNSIETCS rpynnoBbIM
VMEHEM JNI0AEN, KaxXablh N3 KOTOPbIX SBASETCH KOHKPETHbIM NPeaMEeTOM U UMeeT
cBOe cOOCTBEHHOE MMS (49 MPOCTOThI NMpUMepa Mbl OTBeKaeMcs OT dakTa
Hanuuusa xutenen MOCKBbI, UMEOLWNMX OOMHAKoBble damMunnnio, UMs U OTHECTBO).

Myctb P(X, Y, ..., Z) O3Ha4YaeT HEKOTOPbLIN TEKCT, CoaepXaluunii B CBOEM COCTaBe
rpynnoBble UMeHa X, Y, ..., Z 1 06nafalowmin cneayowmMm CBOMCTBOM: EC/IN B 3TOM
TEKCTE Kaxgoe rpynnoBoe UMSA BClOAY, FAEe OHO BXOAWUT, 3aMEHUTb LOMYCTUMbIM
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VHAMBUAYANbHbIM (COOCTBEHHBIM) MMEHEM (OOHVMM U TEM X€), TO OAHHbIA TEKCT
NPEeBPAaTUTCH B CUMBOJIbHYIO YaCTb HEKOTOPOrO BbICKa3blBAHUS.

TekcT P(X, Y, ..., Z) Ha3blBaeTCa NpeauKaToMm; BXOAsLIME B HEr0 rpynnoBbie
VIMEHA Ha3blBAlOTCH MPEeAMETHbIMM MepPeMEeHHbIMU; O NpeamMeTax, COOTBETCT-
BYIOLLMX FPYNMNOBOMY VMMEHWU, ABMSIOWEMYCS NPeaMETHON NepemMeHHOW, roBopsT,
4YTO OHWU MPUHAANexaT npeamMeTHor 06nacTu OAaHHOM NEepPeMEHHON; COOCTBEHHbIE
MMEHa YyKa3aHHbIX MpeaMeTOB Ha3blBAlOT 3HaAYeHUsSMU npeamMeTHOn
nepeMeHHOM; NIOrM4yeckne 3HayeHUs MoJiydaeMblX BbiCKa3blBaHU Ha3bIBAOTCS
3HavyeHnamun npeaukata. KonnyectBo pas3nnyHbiXx NPeAMETHbIX NMEPEMEHHbIX,
BXOOSLLMX B COCTaB TekcTa P(X, vy, ..., Z), Ha3blBaeTCs paHroMm npeaukara (1nHoraa
— ero “MecTHOCTbIO” nnn “apHocTbio”). Hanpumep, GbIBAIOT Npeaukatbl NepBOro
paHra (0OOHOMECTHble, YHapHble), BTOPOro paHra (OABYXMeCTHble, BMHapHbIE),
TpeTbero paHra (TPexMecCTHble, TEPHAPHbIE) U T.A4.

Ecnn BbiCKa3biBaHME ABNFETCHA JIOTMYECKOM KOHCTaHTOW, TO npenukart —
nornyeckon GyHKUMEn.

Mpumep. MNMpeamMeTHble NepeMeHHble He 06s93aTenbHO 0603HavalTCs
oTAeNbHbIMW OykBamMu, OHW MOryT o0603Ha4yaTbCH U LENbIMU TeKcTaMu.
OpHoMecCTHbIMM npegukatamu asnsioTcs x>10 wnm “uenoe yncno 6onbwe 107.
Ecnn npenmeTHol obnacTblo sBnseTcs 06naacTb LEenbiX YMCen, To 3TW npeamkarbl
OT/INYAIOTCHA TOJIbKO CBOEN GOPMON, HO SBAAIOTCH OAWHAKOBLIMU (MK
TOXAECTBEHHO PaBHbIMW, PABHO3HAYHbIMWU) NOoruvdyeckumm dyHkumamu. Ecnm
nonoxumTb x=8, To o6a npegmnkaTa COOTBETCTBEHHO NMpumMyT Bua: 8>10 n “8 GonbLue
10”. U TOo n opyroe BbiCKa3biBaHWE MOCE NPOBEPKU OKA3bIBAETCSH JIOXHbIM, TaK YTO
3Ha4YeHMEeM npenukaToB okasbiBaetca Noxb (J1, 0). B paHHOM cnyyae npu
noACTaHOBKE B npenmkatbl BMECTO NpeaMeTHOM NepeMeHHOM HEKOTOpPOro ee
3HAYEeHUS MOJNYYUSIOCh BNIEMEHTAPHOE Bbicka3biBaHMe. HO 9To — He 06s3aTenbHO.
Hanpumep, npegunkat x>10Vx<5 npu noactaHoBke x=6 npeBpaliaeTcs B
CMMBOJIbHYIO YacCTb BblCKa3dbliBaHMA 6>10v6<5, KOTOpOE OKa3bIBAETCS JIOXHbIM, B
4eM Mbl ybexaaemcs nocne BblYUCNIEHUS €ro 3HayYeHus.

Mpeaukat x? + y? = z2, ecnu npegMeTHble 06nacTn Mexay coboi coBnagarT
M coBnagalT ¢ ob6nacTblo OEeNCTBUTENbHbLIX Ynucen, npu x=1,5; y=-2; z=8
npeepalwaeTcs B CUMBOJIbHYIO YacTb BbickaadbiBaHus 1,52+(-2)?=82. Jlornyeckoe
3HAYeHNEe 3TOr0 BbICKA3bIBAHUSA HETPYOHO YCTAHOBUTb. OHO €CTb NOXb.

[MocneoHnin npepmkar 9BNSETCA TEPHAPHbLIM (MMEET TPETUI paHr).

C dopmanbHOM TOYKM 3pPEHUS BbiCKa3blBaHME SBNFETCH CUMBOJNIOM,
0603HavaloWKMM IOrM4eckoe 3HayYeHne (B MaTtemaTuke roBOPST: COBOKYMHOCTbIO
CMMBONIA U OMNPEAENEeHHOro JIorMyeckoro 3HaudeHusa). CopepxaTenbHoe
BbICKa3blBaHNE SBASETCH MOBECTBOBATEsIbHbIM MPEASIOXKEHMEM, COAEPXALLUM
yTBEPXAEHNE O HEKOTOPOM npeameTte (HeKOoTopbix npeametax). MNpegukat B
coaepxaTeflbHOM CMbIC/IE OKa3blBAETCH MOBECTBOBATEJIbHbIM MPEAJIOXEHUNEM,
coaepxalyM yTBEPXAEHNE O MPOU3BOJIbHBIX (MEPEMEHHbIX, NMOObIX) NpeaMeTax,
nprvHagnexawmx COOTBETCTBYIOLMM NPEAMETHbIM 00NacTaMm.

2.4. OnemeHTbl TEOpPUM MHOXECTB, onepauuu Hajg MHOXecTBamMu

B pesynbtaTe MHOrOBEKOBOro €CTECTBEHHOro oTbopa HepBHas cuUcTema
yenoBeka W BbICWMX XMBOTHbBIX CNOXWNAaCb Tak, YTO OKpPYXawowumi mMup
BOCMPUHMMAETCH €10 KaK COCTOSAWMNA U3 OTAENbHbIX APYr OT Apyra npeamMeToB.
Bocnpusatne yactm Mmmpa Kak OTAENbHOro npegMeTa CBA3aHO ¢ 6eCcco3HaTesibHO
coBepLUaeMbiM akToM abCcTparnMpoBaHus, B peadynbTaTe KOTOporo crnabble BANSHUS
yacTen npeameTa Ha Apyrme npeamMeTtbl (M UX 4YacTu) nNnubo ocTatoTcH
He3aMe4yeHHbIMU, NMOO0 He yuyuTbiBalOTCH; Oofiee CulibHble BAUAHUS YacTewn
npegmMeTa NPUHUMAOTCA 3a BAUSHUS BCEro npegmeTa B LLESIoM.

AbGcTpakuuio, B pesysibTaTe KOTOPOI HeKoTopas 4acTb Mupa npusHaeTcs
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npeameToM, 6yaem HasbiBaTb abcTpakuuer npepgmeTta. M3 npencraBneHuii o
peanbHOM MUpe MOoHATUE npeaMeTa Obl10 MeEPEHECEHO N B HayKy. MoNb3ysch 9TUM
MOHATUEM U MPUMEHSIA MOCTPOEHHbIE HA €ro OCHOBE Hay4yHble pe3yfbTaTbl K
peLWeHNI0 NpPakTUYeCcKMX 3ajay, HYXHO He 3abbiBaTb O CBA3AHHOW C HUM
abcTpakument n, cnenoBaTtefibHO, O ero NpuUbAMXEHHOM XapakTepe.

MaTemaTtunyeckoe NoHATUE MHOXECTBA, WIIOCTPaUUAMM KOTOPOro B PEasIbHOM
MUpe SBNSIIOTCSH pasfinyHble cobpaHus NpeaMeToB, KOMNEKLUUU, COBOKYMHOCTHU
(Hanpumep, CcTafo OBel, Kyya necka, COBOKYMHOCTb TUNorpadCkmx 3HaAKOB,
PacrosiOXEHHbIX B JAHHOW CTPOKE, U T. M.) CBA3aHO elle C OHOWN abcTpakumen,
KoTopylo 6yaemM HasblBaTb abcTpakumein MHoxecTBa. CylwHOCTb abGcTpakuum
MHOXeCTBa 3aK/llo4aeTCcqa B TOM, YTO LENCTBUTENIbHO CYLLECTBYKOLME CBA3U
06beANHAEMbBIX B HEM MPEAMETOB Mexay coboli U ¢ AopyruMmun npegmetramMmmu
WFHOPUPYIOTCS, @ BMECTO HUX O0ObeanHAeMbIM NpeaMeTaM MpPUMNUCbLIBAIOT HOBbIE
CBSI3M APYr C APYrOM, BbIpaXaloLMe X NPUHALANEXHOCTb MHOXECTBY. [Mpn aTOM
cyuTaeTcs, YTO ABa NpeaMeTa, HUYEM He oTnunyalowmecs Apyr OT Apyra, SBAsioTCs
OOHUM 1 TeM Xe npegmeToM. [osTomy BCe npeaMeThbl, 06pasyLme MHOXECTBO,
Mexnay coboi pasnuyHel. CaMO MHOXECTBO SIBNSIETCS HOBbIM MPEAMETOM.

Ecnn npeameT a BXOAUT B MHOXECTBO M, TO roBOpsT: “a SBNSeTCs 9N1eMEHTOM
M” n nnwyt allM.

3Hak [ HasbiBalOT 3HAKOM BK/OYeHUs. Ecnn o kakom-Hubyap npenmete b
M3BECTHO, YTO OH HE FBISIETCH 3/IEMEHTOM MHOoXxecTBa M, To nuwyTt bM.

Yno6HO cunTaTb, HTO BO3MOXHbI: @) MHOXECTBO, HE coaepXalllee HU OOHOro
3/leMeHTa, Ha3blBaeMoe MyCcTbIM, U 6) MHOXECTBO, COCTOSLLEE U3 OAHOrO
3/1eMEHTa, Ha3blIBAEMOE OAHO3JIEMEeHTHbIM. [1lycTOoe MHOXEeCTBO 0603HavalT
cumonom 0. Jonyckas cywecTBOBaHWE TaKUX MHOXECTB, Mbl MPUHUMAEM
cornawleHve, ynpouiawwee uenbin pag GopMymMpoBOK.

Mpumep. JonycTMMO roBopuTb 0 MHOXecTBe 3Be3n, 100-1i BennyuMHbl XOTH
Takux 3Be3f, (M3-3a MX Manon FpKOCTU) HeNb3d YBUAETb [aXe B Camblil MOLLHbIN
Teneckon. Ecnn Takmx 3Be3n BOOOLLE HET, TO MX MHOXECTBO SBASETCS MyCTbIM.

MpymMmep. SnemeHTamMy MHOXECTBa MOryT OblTb MPEAMETHI, CYLLECTByIOLUME B
pasHoe Bpems. Hanpumep, MOXHO rOBOPUTb O MHOXECTBE BUCOKOCHbIX rogoB XX
BeKa.

Myctb A n B — aBa MHOoXecTBa. Ecnun kaxapli aneMeHT MHOXecTBa A ABnAseTcs
TakXe 3/IeMEHTOM MHOXecTBa B, To A Ha3blBalOT NOOMHOXECTBOM MHOXecTBa B un
nmwyTt ACB.

O4eBMAHO, YTO BCSHKOE MHOXECTBO §IBIFE€TCS CBOUM MOLMHOXECTBOM.
lMycToe MHOXECTBO ABNSETCH MOAMHOXECTBOM J1t0OOro MHOXECTBa.

Ecnn AOB n cywiecTtByeT Takol aneMeHT MHOXecTBa B, koTopbi He aBnseTcs
3/1IEMEHTOM MHOXecTBa A, TO A Ha3blBaeTCs NpaBubHOM 4YacTbio B. MNpu aTom
nmwyTt ACB.

Ecnn AOB n BOA, 1O roBopsaT, 4TO MHOXecTBa A 1 B paBHbl, 1 nuwyTt A=B.

M3 npuBeneHHOro onpeneneHns BbITEKAET, YTO PaBHbIMU ABASIOTCSH TOJIbKO
MHOXeCTBa, COCTOsLME N3 OOHUX N TeX Xe 3JIEMEHTOB.

MNpumep. MHOXECTBO 4YNEHOB HEKOTOPOW CEMbU N MHOXECTBO NOAEN,
NPUCYTCTBYIOLLNX B HEKOTOPOI KOMHaTe, BOOOLLE rOBOPS, CYMUTAIOTCS Pa3/INYHbIMUA,
HO €C/M B YNMOMSIHYTOW KOMHaTe MPUCYTCTBYIOT BCE Y€Hbl HA3BAHHOW CEMbU U
HeT HuKoro 6osiee, TO 3T MHOXECTBA PaBHbI.

MycTb no-npexHemy A n B — MHoxecTBa. MHoxecTBo C Tex 9/1eMeHTOB,
KOTOpble nNpuHaanexat u A n B, HasbiBaeTCca nepecevyeHMeM UM TEOPETUKO-
MHOXECTBEHHbIM Npou3BegeHnemMm MHoxecTB A un B. MNpu atom nuwyt C=AnB.

3HaK N Ha3blBaeTCs 3HAKOM TEOPEeTUKO-MHOXECTBEHHOr0 YMHOXEHUS.
Onepauna noctpoeHns A n B no 3agaHHbIM A 1 B Ha3biBaeTcss TEOPETUKO-
MHOXECTBEHHbIM YMHOXEHMEM. [lna 9TOW onepauunu, Kak nerko coobpasuTb,
crnpaBeasiMB NepecTaHOBOYHbLIA 3aKOH
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AnB=BnA,
a Takxe — co4eTaTesibHbl 3aKOH
(AnB) n C=An (BnC).

[MocnenHee paBeHCTBO MO3BOMSIET B MHOMOYJIEHHbLIX TEOPETUKO-MHOXECTBEH-
HbIX MPOU3BELEHUSX OMyckaTb CKOOKW, Hanpumep, MOxHO nucatb AnBnC.

MHoxecTBO D BCeEX 9NIEMEHTOB, KaXAblil M3 KOTOPbIX MNPUHALANEXUT XOTS Obl
OOHOMY M3 MHOXecTB A 1 B, HasbiBaeTCq TEOPETUKO-MHOXECTBEHHON CYyMMOM
nnn obbeamHeHnem MHoxecTs A 1 B. Mpu atom nuwyt D=A0B.

3Hak [0 Ha3blBaeTCs 3HAKOM TEOPETUKO-MHOXECTBEHHOrO CJIOXEHMUS.
Onepauuvqa, paowaa AOB no 3agaHHbiM A 1 B, Ha3biBaeTcs TEOPETUKO-
MHOXECTBEHHbIM CrioXeHueM. [na Hee cnpaBeanvBbl NePeCcTaHOBOYHbLIA 3aKOH

AOB = BOA
N coYeTaTesNbHbI 3aKOH
(AOB) O C =A 0O (BOC).

MocrnenHee pPaBeHCTBO MO3BOJISAET B MHOMOY/IEHHBIX TEOPETMKO-MHOXECTBEH-
HbIX CymMMmax onyckaTb ckobku. Hanpumep, moxHo nucate AOBUOC.

B Teopun MHOXECTB CYLLECTBYET [Ba PacrpenesvTesbHbIX 3aKoHa:

YMHOXEHNSI OTHOCUTESIbHO CJIOXEHUS

An (BnC)=(AnB) n (AnC)
N CINIOXEHUSI OTHOCUTENIbHO YMHOXEHUS
A O (BOC) = (AOB) O (AOC).

MHoXxecTBO E Tex anemMeHTOB, NpuHaaiexawux A, KOTopble He npuHagaexar
B, Ha3biBaeTCa TEOPETUKO-MHOXECTBEHHOM pa3HOoCTbio A n B. MNpn atom nnwyt
E=A\B.

Onepauua, nodeonsawowas nonydnte A\B no 3agaHHeiM A n B, Ha3biBaeTcs
TEOPETUKO-MHOXECTBEHHbIM Bbl4UTAHUEM.

OTMeTM 0COBEHHOCTN 3TOW onepauun:

1) ecnin AnB =0, 10 A\B = A;
2) BooOue xe Bcerga A\B = A\(AnB).

O6pa3yem BCce BO3MOXHbIE Mapbl, B KOTOPbIX NepBas KOMMOHEHTa ABNSETCH
3/IEMEHTOM MHOXecTBa A, a BTOpas — 9/1EMEHTOM MHOXecTBa B. MHoxecTBO
3TUX Nap Ha3bIBAETCHA AeKaPTOBbIM UM FTEOMETPUHECKUM NPONIBEAEHNEM MHOXECTB
A n B n obosHavyaeTca A x B.

OueBupgHo, AxB # BXA, T.e. AN reoOMeTpUYECcKOro npousBeneHus
nepeMecTUTEeNbHbI 3aKOH He nmMeeT mecTa. OOHako coveTaTesbHbIi 3aKOH

(AxD)xC = Ax(BxC)
ONs Hero cripaBeanuB.

Mapsbl, aBnsaowmecs aneMmeHTaMmn MHoxecTBa AxB, 6ynem o6o3HavaTth (a, b),
roe alJA, bOB. Mpu aTom 6yoeMm mmMeTb B BMAOY, YTO CKOOKW CnyXaT TOJIbKO AJiS
o603HayeHua Toro ¢akTta, 4To a n b paccmarpmBaloTcs B COBOKYNHOCTU. OBpasys
[ekapToBO npou3BeneHne MHoxecTB AxB 1 C, ero anemeHtamm Oyoem cuyutaTtbh
(ecnn ¢ O C) napbl BMaa

((a, b), c)=(a, b, c),
T.e. TPOWKN, 0Opa30oBaHHbIE B ONPEAEeNeHHOM Mopsiake U3 3IEMEHTOB MHOXECTB
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A, B n C. Ecnn 4nMcno MHOXECTB COMHOXWUTENEN paBHO N, TO 3/ieMeHTaMu Unx
nekapTtoBa npomssegeHus OyayT KopTexu (ynopspooyeHHble Habopbl) MO n
3/IEMEHTOB.

B cuny co4yetaTenbHOro 3aKoHa B MHOMO4YJIEHHbIX OEKAPTOBbLIX NPOU3BEAEHUSAX
CKOOKN MOXHO onyckaTb, T.e., Hanpumep, MoXHO nucatb AxXBxC.

Ecnn uneHbl oekapToBa NpPou3BefeHus mMexay coOow paBHbl, TO AEKapPTOBO
npoun3eeneHne Has3blBAeTCS OEeKapTOBOW cTerneHbio M 060o3HavaeTcs

AxAx .. XA = A"

OnemMeHTaMn N-i OEKapTOBOM CTEMNEHU MHoXecTBa A ABNSIOTCS BCEBO3MOX-
Hble KOPTEXW M3 N 3NEMEHTOB MHOXECTBa A.

MycTb cywecTByeT ooHO3Ha4yHasa GyHkuua f{x} ooHOro nepemeHHOro,
onpeneneHHas ansg Kaxaoro 3Ha4YeHUs X, ABASIOLWErocs 3/1EMEHTOM HEKOTOPOro
MHoxecTBa A. Korga x npoberaet MHOXeCTBO A, kaxaoe ee 3HadyeHue NpuHaoiexuT
HEKOTOPOMY MHOXECTBY B, anemeHTbl KOTOpPOro yaosnetsopaoT ycnosuio f(x)0B,
ecnu xUA.

MHoxecTBO B HasbiBaeTcs o6pas3om (unu ToyHee f-obpasom) MHoxecTBa A.

MycTb Tenepb P (X) — OAHOMECTHbLIVM nNpeaukaTt, npeaMeTHon o6nacTbio
KOTOPOro sBNgeTcss MHOXecCTBO A. T.e. anemMeHTbl MHOXecTBa A, 015 KOTOPbIX
yKa3aHHbI npeaukat npuHUMaeT 3Ha4YeHue MUCTUHbI, 00pasylT NOAMHOXECTBO
MHoxecTBa A. lMonydyeHme NogMHOXEeCTBa C MOMOLLbIO Npeavkata Ha3biBaeTcs
BblAeNneHnemMm nogmMHoxecTtBa (npegukatom P).

JBa mHoxecTBa A 1 B:, Ha3biBalOTCA PaAaBHOMOLLHbIMU, €CNN 3NEeMEHTaM
OAHOr0 M3 HUX MOXHO NOCTaBUTb BO B3aMMHO OOHO3HAYHOE COOTBETCTBUE
3/1EMEHTbI BTOPOro.

OnpegeneHve. MHOXeCTBO Ha3blBaeTCs 6ECKOHEYHbBIM, C/I OHO PaBHOMOLLHO
npaBuJIbHOM CBOEN 4YacTu. B mMpOTMBHOM cnyyae OHO Ha3blBAETCS KOHEYHbLIM.

JNlerko Buaetb, 4To MHOXecTBO N HaTypasbHbIX Yncen O6eckoHeyHo, Mbo
MHOXeCcTBO M KBaZpaToB HaTypasibHbIX YNCEN €CTb €ro NoAMHOXECTBO (ero
BblAENAET npegukaTt “X ecTb KBagpaTr HaTypasibHOro yucna’), n 9T MHOXecTBa
pPaBHOMOLLUHbI. B3aMMHO OOQHO3HAYHOE COOTBETCTBME MEXAY dNIEMEHTAMU 3TUX
MHOXECTB MOXHO 3adatb B Buae ¢yHkuun y=x2, roe xON, y[IM.

O603Ha4ymm 4epe3 N, NOOMHOXECTBO, BbigengemMoe M3 MHoxectsa N
npeankaTtoM x<=n. MHoOxecTBO N, KOHEYHO, Tak Kak Mexay 31eMeHTamMu 3Toro
MHOXECTBa 1 3/IeMeHTaMKn Kakoi-nnmbo ero NpaBubHOM YacT YCTAHOBUTb B3aMMHO
OQHO3HA4YHOE COOTBETCTBUE HENb3S.

MowHocTblo MHOXecTBa N,, a Takke MOLLHOCTbIO JIOOOro PaBHOMOLLHOIO
eMy MHOXECTBa, Ha3blBaeTCHa HaTypasbHOE 4Mcao n. MOWHOCTb KOHEYHOro
MHOXEeCTBa paBHa 4YUCJly ero 3/1eMeHTOB.

MHoxecTBo N HaTypanbHbIX YNCEN HE PaBHOMOLLHO HUM OAHOMY KOHEYHOMY
MHOXeCTBY. MHOXECTBO HaTypasibHbIX YMCEN HA3biBAOT CYETHLIM, U €ro MOLHOCTb
ob6o3HavalT cumBoniom [ (aned). Jlioboe MHOXeEcTBO, paBHOMOLUHOE N, Takxe
Ha3bIBAIOT CYETHbIM.

Ecnu KOHEe4YHoe MHOXeCTBO, XOTsa Obl B MPUHLMMNE, MOXHO 3adaTb B Buae
nepeyHs ero 3JIeMeHToB, TO OeCKOHe4YHOoe MHOXECTBO 3adaTb Tak HEBO3MOXHO.
[axe HaTypanbHblA pap 3agaTth Tak HEBO3MOXHO, Tak kak 3anuck 1, 2, 3, ...
NepeYncnsaeT He BCe HaTypasibHble YMCa, a N1llb HEKOTOPbIE.

OpgHako CHETHOE MHOXECTBO MOXHO 3a4aTb B BUAE COBOKYMHOCTM HEKOTOPOro
KOHEYHOro MHOXECTBa 3/IEMEHTOB, Ha3blBaeMbIXx 0a30M, 1 KOHEYHOro MHOXEeCTBa
bYHKUMIA (onepaunin), Ha3bIBAEMOrO NOpoOXAalowen cnuctemon (OyHKUUA mnnn
onepauuin). NMpu 3TOM Nopoxgaemoe MHOXecTBO M onpependioT Tak: ecnu
3HAYEHNsSIMKM apryMeHTOB MopoXaawoLlein GyHKUMM ABNAIOTCA d/IEMEeHTbl 6asbl 1nn
MHOXecTBa M, TO 3HavyeHue nopoxparwen PyHKUUN SABASETCSH 3EMEHTOM
MHOXecTBa M. Hukakux opyrux anemeHToB M He CcOoOepXuT.

CoBpeMeHHbIi N'yMaHUTapHbli YHuBepcuTeT

23



[Mpumep. Bason MHOXeCTBa HaTypasibHbIX YUCEST MOXHO CYMTaTb OAHO3Ne-
MEHTHOE MHOXECTBO, coaepxallee yncno 0, a cMctemon nopoxaarowmx GyHKUMN
— OLHO3MEMEHTHOE MHOXECTBO, coaepxaliee GyHKumio A(x)=x+1. OnucaHuem
MHOXECTBa HaTypasibHbIX yncen OyneT Tenepb koHedHas ctpoka: 0; A(x).

Ecnn A — ogHo3aneMeHTHoe MHoXxecTBO 1 allA, To nuwyT A={a}.

Ecnu A cOCTOUT M3 KOHEYHOro 4ucna 3JIEMEHTOB a,, a,, ..., &,, TO MNULLYT
A={a,, a,, . . ., a,}={a}"

Ecnu x — HekoTopoe cobupaTenbHOE (FPynnoBoe) UMs, MPUMEHUMOE K KaXO0My
N3 3NIEMEHTOB MHOXECTBa A, npuyem A sBNiSeTCH MHOXECTBOM BCEX X, TO 4acTo
nuwyT A={x}.

Ecnu B gBnseTcs NOAMHOXECTBOM, BblAENEHHbBIM C MOMOLLbIO Npeaukarta
P(x) n3 aToro MHoxectea A, To nuyT B={x|P(x)}.

Ecnn B nonyyeHo 3 A = {x} ¢ nomowpto GyHKUMK f(X} 1 aBnseTcs ob6pasom
MHOXecTBa A, To nuwyT B={f(x}|xOA}.

AHanornyHas 3anucb BO3MOXHA U MPU MOPOXAEHNN MHOXECTBA C MOMOLLbIO
cuctembl GyHKUWIA. Hanpumep, MHOXECTBO HaTypasnbHbIX YMCEN MOXHO onucaTb
Tak: N={\(y)|y = OOyCIN}.

2.5. OnemeHTbl anred6pbl OTHOWEHUA (pensuuoHHON anrebpbl)
MoHsATNEe oTHOWEHUS

Mexay npeameTaMu peanbHOro Mmpa CyWEecTBYIOT CBA3U, 0ObIYHO
Ha3blBaeMble OTHOLUEHMAMU. Hanpumep, yenoBevyeckoe 0OLIECTBO MOXHO CUYMTaTb
pa3buTbiM Ha rpynnbl JlOAEel CeMbU, MeXOy YleHaMM KOTOPbIX CYLLeCTBYIOT
onpeneneHHble NMPaBoOBble, coUManbHble U MopanbHbie cBA3U. OnpeneneHHble
CBSI3U, yXe APYyroro BMAa, CYLECTBYIOT MexXay noapasfeneHnsIMn y4pexneHun.
OnpepneneHHble CBSA3WU (OTHOLLEHWS) CYLLIECTBYIOT M MeXAay HacTaMu mMexaHusma.

OnucaHne kaxaon obnactu CBA3aHHbIX MeXay coboi npeameToB TpebdyeT
He TOJIbKO MepeyncrieHns npeaMeToB, HO M OMMUCaHUSA CBA3el MeXay HUMW.

Teopus MHOXECTB [aeT HEeKOTOpble BO3MOXHOCTW Takoro OnMcaHus.

Myctb A, A,, ..., A, — MHOXECTBa, He 06513aTeNlbHO pasnnyHble. PaccMoTpum
VX OEeKapToBO NpousBeneHune

D=AxAx%x..xA.

Mpegnonoxum, 4to a,, a,, ..., a8, — 3JIEMEHTbl COOTBETCTBEHHO MHOXECTB A,
A, ..., A.. Koptex (a;, a,, ..., @,) 9BISETCA anemeHToM MHOXecTBa D. MNpeanonoxmm
Tenepb, 4TOo F aBngeTca nogMHOXecTBOM MHoxecTBa D, T.e. FOD. Ecnu
BblLLIeyKa3aHHbIM KOPTEX YOOB/IETBOPSET YC/IOBUIO

(a;, &, ..., a,30F,

TO rOBOPST, YTO €ro 3NIEMEHTbI HAXOOATCH B OTHOWeEHUM F n nnuwyt (a,, a,, ..., a,; F)
win F (a,, a,, ..., a,). OTMeTnM, 410 Npu 3TOM CMMBONOM F Ha3bIBaIOT 1 OTHOLLEHME
M MHOXECTBO (KOPTEXEN, YieHbl KOTOPbIX CBA3aHbl OTHOWeEHWeM). [locnegHee
MHOXECTBO MHOrga Ha3blBalOT rpaduUKoOM OTHOLWEHUSA MM MHOXECTBOM-
OTHOLWEeHneM. MHorga BMeCcTO C/IOB “HaxoAATCsa B OTHOWEHUU F” roBopaTt
“yooBneTBOpSAOT ycnosuio F”.

Ycnosumcsa gBa cumBona, ob6o3Havalouwlme OOUH U TOT Xe 3eMEeHT
paccMaTpmBaeMoOro MHOXECTBA, Ha3blBaTb PaBHbIMW. ECNvM CMMBONbI X N Y pPaBHbl,
To ByoemM nucatb X=y.

Onpepnenenve. OTHoweHMe F HasbiBaeTCa OYHKUMOHANbHBIM OTHOCUTENBHO
i-ro aprymeHTa, ecnv gns nobbix OByx HAOOPOB ero rpaduka
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(a,,a,,...,a,) 1 (@,a,...,a",)

1

U3 TOro, 4to a,= a'y, a,=a',,...,a, = a',, cnenyert, 410 8= a’.

®DyHKUMOHaNbHOE OTHOLLEHME 334aeT HEKOTOPY GYHKLMIO OT N-1 nepemMeH-
HblX, 3HA4YeHUs KOTOPOM MOXHO noflydyaTb Tak. Ecnu 3apaH Habop 3HayYeHui
VNCXOOHBIX OAHHBIX X, X5, ... X,, TO HAXOOAT KOPTEX AAHHOrO OTHOLLUEHUS, NMEIOLLMIA
BUA,

(Xq5 Xoy weey Xoq)

1 3HaYeHneM yHKUMN CHMTAIOT a.

B yacTHOM cnyqae MoxeT okasdaTbes, 4To A= A,= ... = A, = A. B aTtom cny4ae
D = A", oTtHoweHue F, nmetowee rpacduk F, ynosnersopgawowmii ycnosuo FUD,
Ha3bIBalOT 3a4aHHbIM Ha MHOXecTBe A. Ecnn F — dyHKUMOHaNbHOE OTHOLLEHME, TO
roBOPAT, 4YTO OHO OMNpenenseT HeKOTOPY GYHKUMIO OT (n-1) nepemMeHHbIX Ha
MHOXecTBe A.

Mpumep. Mpegnonoxum, 4to

A=A=A=N={1,2234,5, ..}

B pnaHHOM cnyyae MHOXeCTBO npeameToB 6eckoHeyHo. bynet 6eCKOHEYHO U
MHoXecTBO D = A, x A, x A;= N3 ero anemeHTamu ABASIOTCS BCEBO3MOXHbIE
TPOMKK uenbix yncen. NHorpa ynaertcs ykasaTb NpPU3HAK, MO KOTOPOMY MOXHO
onpenennTb NPUHAANEXHOCTb TPOWMKN HaATypanbHbIX YMcen MHoxecTBy F. 9T1oT
npu3Hak onpegenseTt F, a 3HaunT, MOXET AaXe CNYXUTb ero HazsaHnem. Jonyctum,
4YTO B OJAHHOM Cily4yae TakoW MPU3HAK rnacut: “TPeTuid 3NEMEHT KOpTexa paBeH
CyMMe MepBOro ero afemeHTa 1 KkBagpara BTOPOro ero anemMeHTa”. Torga Tporika
(1, 2, 5) npuHapnexunt mHoxecTBy F, a Tpoiika (1, 2, 6) — He NpuHaAoNEXMUT. 3HAUNT,
yucna 1, 2, 5 yooBnetBopstoT, a umcna 1, 2, 6 — He yaoBNEeTBOPSIOT yKa3aHHOMY
OTHOLWEHMIO. ITO OTHOWEHNE aBNFeTCa OYHKUMOHANbHLIM M COOTBETCTBYET
GYHKUNN Z=X+Y?2,

Yncno aneMeHToOB B KOPTEXax MHOXECTBA-OTHOLLUEHMS HA3bIBAETCH PaHrom
OTHOLWEeHuUs. VIHoraa OTHOLLEHNS N-IrO PaHra Ha3biBalOT N-MECTHBLIMU WX N-aPHbIMU.
Ha npakTuke 4acTo MCNoNb3YTCSH OTHOLLIEHUS 2-r0 paHra (buHapHble, ABYXMECTHBIE).
B nocnepHux OByx npumMepax NMpuBeAEHbl OTHOLIEHUS 3-ro paHra (TPEXMEeCTHbIEe,
TepHapHble).

MHorpa yno6HO nonb30BaTbCs MOHATMEM OTHOLUEHMS 1-ro paHra (yHapHoro,
OAHOMECTHOro). OTHOLWEHNID NEepPBOro paHra COOTBETCTBYET HEKOTOpoOe
NOAMHOXECTBO MHOXECTBa NpeaMeToB, Tak kak A'=A.

OcTtaHoBuMCSA nogpobHee Ha OMHAPHBLIX OTHOLWLEHUAX ¢ [0 AXA, 3a4aHHbIX Ha
MHOxecTBe A. Takme OTHOLIEHMS YacTo 0b6o3HavalT a, § a,;

BMECTO ( a;, 8,5, §). OTHOWEHVE ¢ Ha3bIBAIOT:

1) pednekcuBHbIM, ecnu gns nboro alJA cnpasegmeo a ¢ a;

2) cMMMETpPUYHbIM, ecnu 13 a, § a,, cneayeT a, ¢ a;;

3) aHTUCUMMETPUYHBIM, ecnun 13 a, ¢ a, crnegyeT HEBO3MOXHOCTb A, § ay;

4) TpaH3UTMBHbIM, ecnn U3 a,$ a,n a, ¢ a;cnenyet a, ¢ a,.

Mpo Bcakoe GuUHaApHOE OTHOLUEHME, 3aflaHHOE Ha A, rOBOPSAT, YTO OHO MMeeT
TUM 3KBUBANIEHTHOCTWU, €CNN OHO PedEKCUBHO, CUMMETPUYHO U TPAH3UTUBHO.
MprMMepPOM OTHOLWIEHUSA TUNa 9KBUBANEHTHOCTU MOXET CNYXWUTb OTHOLUEHUE
paBeHCTBa (4Mcen), 3a4aHHOe Ha KakoM-MO0 YMCNIOBOM MHOXECTBE.

PaccmoTpum Tenepb GUHApPHOE OTHOLWEHWE, KOTOpoe obnapaet Tem
CBOWCTBOM, 4TO ansa mobbix a,0A, a,lJA nmeet mecto nnbo a, § a,, 1mbo a, ¢ a,, HO
He cpasy oba 3aTm ycnosug. Ecnu, kpome TOro, paccmarpmpaemoe OuHapHoe
OTHOWeEHNe He pedNeKCUBHO HU Ang ogHoro a [0 A, aHTUCUMMETPUYHO U
TPaH3UTMBHO, TO FOBOPAT, 4TO ¢ MMEET Tun CTpororo nopsaka. M3sectHoe mn3
MaTeMaTuKM OTHOWeHne < MexXAy 4Yncinamum MMeeT TUM CTPOroro nopsaka.
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MHoXecTBO A, Ha KOTOPOM 324aHO OTHOLLEHVE Tuna CTPOroro nopsiaka, Ha3biBaeTcs
(cTporo) ynopsiaoyYeHHbIM (3TUM OTHOLLEHMEM).

Ecnn 6uHapHoe oTHoweHne ¢, 3agaHHoe Ha A, TakoBO, 4TO ans nboro allA,
KpOMe MOXeT OblTb HEKOTOPOro a=a,, Bcerga cywecTtsyeT alJA Takoe, 41o a’¢ a u,
KpomMe Toro ¢ He pedNeKkCUBHO HW ANa ogHoro alJA, aHTUCUMMETPUYHO "
TPaAH3UTMBHO, TO OTHOLIEHME ¢ Ha3biBaeTCs OTHOLIEHWEM Tuna APEBOBUOHOMO
nopsaka. OTHoLWeHne Tuna gpeBOBMOHOIO NOPSAKa NAMIOCTPUPYETCS reHeanorsaMm
“No MY>XCKOW NNHMWN” LLaPCTBOBABLUMX ANHACTUIA. BMecTo TepMuHa “OpeBOBUAOHbIN
nopsaok” 4acTo MPUMEHSAIT “nepapxmyeckmini NopsaoK”.

B panbHeiwem nog cnosamu “nopsinok” v “mepapxms” Bcerga 6yaem noHMMaTb
COOTBETCTBEHHO CTPOrMin NMOpsaoK U Mepapxnmyeckuin (OpeBOBULHBLIN) NOPSLOK.

[na cTpororo n Mepapxmyeckoro nopsiakos, ecnv a ¢ a’, To roBopsT, 4to a’
cnenyert 3a a. Ecnu, kpome ToOro, HeT Takoro a”, ytoa ¢ a” ma”¢d a’, To roBopsT, HTO
a’ HernocpeacTBeHHO cnenyeT 3a a. lpu ctporom nopsake, 3a kaxabim a [ A,
KpOMe MOXEeT ObiTb TOJIbKO OAHOro, HEMOCPEACTBEHHO ClenyeT OAMH U TOJIbKO
OOuH anemMmeHT. pn nepapxmyeckoM nopsake eCTb 3NEMEHThI, HE MMeloLlre
HENMocpeaCTBEHHO Clenylwmnx, HO MOryT ObiTb U MMEIOLWMNE HECKONbKO
HENnoCPeACTBEHHO CNEOYIOLLNX.

Onepauvwl Haa OTHOWeHUuaMu

[Mpexae Bcero paccMoTpum onepaumm Hag OTHOLLEHUSMY OOMHAKOBOrO paHra.
Myctb F n @ — oTHOWeHUs paHra n Mexay anemeHTamu us A, A, ..., A, Te xe
OykBbl NYCTb 0003HAYalOT COOTBETCTBYIOLLME OTHOLLUEHUSIM MHOXECTBA KOPTEXEN.

TeopeTnko-MHOXecTBeHHaa cymma FOd onpenmensieT HOBOE MHOXECTBO U
TEM camMbiM HOBOE OTHOLLEeHne, koTopoe ob6o3HavatoT FOD u untatot “F unmu ®”. 310
OTHOLLEHME Ha3blBaeTCs CYMMOW OTHoweHuin F n O,

MepeceyeHne MHOXeCTB F n @ onpenensieT HOBOE MHOXECTBO KOPTeXel Nn-
ro nopsigaka n TeEM camMmblM HOBOE OTHOLLEHME, KOTOPOE Ha3biBaldT Npou3BefeHnemM
oTHoweHut F n @, obosHavaoT Fnd n yutaiot “F n @”.

C NoMoLLbIO TEOPETMKO-MHOXECTBEHHOMO Bbl4MTaHMS MHOXeCTB F\® nonyyatot
HOBOE MHOXECTBO KOPTEXEWN N-ro nopsiaka v, cnemoBaTefibHO, HOBOE OTHOLLEHME,
KOTOpOE Ha3blBalOT PA3HOCTbIO OTHOLWEHUI F n @, obosHadvatot F\P v untaiot “F, HO
He ®”. Ecnn F aBnsieTcs yHuBepcasibHbIM OTHOLLUEHWEM, T.€. ecih MHOXeCTBO F
COOEpPXUT BCE MbICNIMMbIE KOPTEXW N-ro nopsaka, oO0pasoBaHHbIE U3 3NIEMEHTOB
MHOXecTB A, A, ..., A,, T. e. ecnn F=D, TO pesynbtar onepauun BblYUTAHUSA
OTHOLIEHU 0603HavYalT @ 1 yuTaioT “He D”.

Onepauun Hapg OTHOLUEHMSIMU, OMUCaHHbIe HUXe, ABNSITCS npeobpaso-
BaHUAMM KOPTEXEN, BXOASALWMX B COCTAB MHOXECTB-OTHOLWEeHun. MNycTb yncna 1,
2, ..., N-HOMepa 3JIEMEHTOB BHYTPU KOpPTEXA, @ i U j — Uenble Yyncna, npuyem
1<i<j<n. O6GMEeHOM MO3ULMIi i 1N j Ha3blBaeTCA onepauns Hag OTHOLIEHUEM,
3aK/1I04aWAACa B TOM, YTO B KaXAOM KOPTEXe MHOXEeCTBa-OTHOLLEHUS MEHSATCA
MecTaMn 3fieMeHTbl ¢ HomepaMn i 1 j. Ecnm ncxogHbiM oTHolleHnem Obino F, To
pesynbTaT OnMcaHHoW onepauum o6o3HavatoT (i<->j)F.

Ecnun B HaszBaHuu oTHoweHUs F (nnu B ero onucaHnum) GpurypupyoT Ha3BaHua
no3VLUNA, NMEIOLLMX HOMEpPa i U j, TO B onucaHum (i<->j) F 9T Ha3BaHUa MeHSI0TCS
MecTamu.

Mpumep. Ecnn onncaHnem 6rMHapHOro oTHoweHus F cnyxunt ¢dpasa “1-e ymcno
6onbluUe, 4em 2-e”, TO NoCne BbINOMHEHWS onepauny 06MeHa NO3ULUSMI MOTYYNTCS
OTHOWEHMEe (1<->2)F, onncaHmem KOTOPOro MOXET CAyXuTb ¢dpasa “2-e 4nucno
6onbLue, 4em 1-e”. Mpaeaa, cylwecTByeT 1 apyras ¢ppasa, koTopas Morna Obl CyXUTb
OMNMUCaHMEM HOBOIO OTHOLLUEHUS: “1-€ YACNO MeHbLLE, YeM 2-e”, HO YTOObI MOJYyYnTb
39TO ONUCaHME, HYXXKHO YyXe MNpuBfEYb 3HaHWE EeCTECTBEHHOro s3blka.

Onepaums paclUMpPeHNs OTHOLUEHUS Hag, MHOXECTBOM F 3akiovyaetcs B TOM,
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4YTO K KaXXZAOMY KOPTEXY ero MHOXeCTBa-OTHOLUEHNS cneBa A00aBnAsioT OAMH U TOT
Xe anemMmeHT a. pun aTOM HOMEpa No3nuMin BCeX “CTapbix” 9NEMEHTOB KaXAaoro
KOpTeXa yBenunumBalTCcs Ha 1 1M BHOBb MOsy4yaeMoe OTHOLUEHWE WUMEET paHr n+1.
PaclwmpeHne OTHOLLEHVS MPUMEHSIIOT, ECAN HY>XKHO YPABHATb PAHIM ABYX OTHOLLUEHWIA.
Kpome TOro, ata onepaums UCNoOsb3yeTCsa NPW Tak Ha3blBAEMOW KOMMO3ULMU
OTHOLUEHUN, UMEIOLNX OOVNHAKOBBIM PaHr.

Onepaumsa “npoekumsa OTHOLWEHMS” Ha3blBAETCS TakXe UCKIIOYEHNEM MO3ULUN.
CylWHOCTb ee 3ak/io4yaeTcs B TOM, YTO U3 BCEX KOPTEXElN MHOXEeCTBa-OTHOLUEHUS
F ncknoyaloT anemMeHT, 3aHMMatoLwmi No3numio Homep i. locne aToro nMKBMONpyT
MOBTOPbI MNONYYNBLLMXCS Bonee KOPOTKMX KopTexel. B peaynbtaTte BO3HMKAET HOBOE
MHOXECTBO KOPTEXEN M COOTBETCTBEHHO HOBOE OTHOLLEHME, KOTOpoe 0003Ha4valoT
(i)F. OnncaHHaa onepaunsa MoxeT ObiTb 0606LEeHA Ha ClydYal HECKOJIbKUX
OOHOBPEMEHHO BbIMOJIHAEMbIX MPOEKUMIA (T.€. UCKIIIOYEHUSA Cpa3y HECKOJbKUX
noauumii). Mpn aTom ana ee o603HaveHns ynoTpebnsoT 3anuck (i, j, ..., K)F,

roe B ckobkax nepeymcrieHbl HoMepa UCKIYEHHbIX No3numin. MIHoraa ynobHee
yKka3biBaTb BCE MO3MLNKN, KPOME UCKIIIOYEHHBbIX. Toraa MpUMEHSIIOT 3annchb

[I, m, ..., n]F.

B HekoTopbIX cny4dasx OblBAeT MOSIE3HOM onepaums Hag OTHOLIEHMEM paHra n,
3akayaluanca B TOM, 4TO B KaxXAbli KOPTEX OTHOWEHUS BKOYaeTcs
LOMONMHUTENbHBIN 31EMEHT (NPeanonoXmm ans onpeaeneHHoCTU, YTO OH 3anMeT
no3vuMI0 C HOMEPOM n+1), paBHbI 3NIEMEHTY, 3aHMMAIOLLEMY B 9TOM KOpTEXe
nosnumio ¢ HoMepoM j. Ecnm ncxopgHoe oTHouwleHne ob6o3HadeHo F, To pesynbtar
BbIMOJIHEHNS HA, HAM Onepauvu yasoeHus j-ii nosuumum obosHaqaoT DF.

MNpumep. MNycTb gaHo

F={(1, 2), (3, 7), (9, 2), (11, 5)}.
Torpa
D,F={(1,2,1),(3,7,3), (9, 2,9), (11, 5, 11)}.

OTtHowenne D,F umeet panr 3.
CeepTka OBYX OTHOLUEHMWI, M3BECTHA Takxe Mo Ha3BaHWEM CBEPTKM ae
MopraHa. lNycTb AaHbl ABa OTHOLLEHUS

FOA xA,x..xAnxANDOAXA, XA ,x..A
VX cBepTKOM Ha3bIBAETCA HOBOE OTHOLUEHWE
O=A XA, x...xA

KOPTEXM KOTOPOro MnoslydatdTcs U3 KOPTEXelr UCXOOHbIX OTHOLUEHUA CNeayroLimnm
nytem: otbupaeTca napa KopTexei U3 nepBoro U BTOPOro OTHOLUEHWIA, UMEeLmX
COOTBETCTBEHHO OAMHAKOBbLIE MEPBbLIA U MOCHAEAHUA 3IEMEHTbI; 3TN 3NEMEHTbI
oTbpachIiBalOTCA, a OCTaTKM 00BbEAMHSAIOTCS B OOAMH KOPTEX.

Onepaumnio cBepTkn 0603Ha4YaloT CMMBOJIOM *. OTa onepauusi accoumaTmMBHa,
T.e.

n+m*

n+m

(F*P)*"W=F*(d*W),

HO HEe KOMMYTaTuBHA, TaK KakK BO3MOXHO, 4TO

F*d #z F*o.
Mpumep. Ecnu
F={(a, 1), (a, 2), (a, 3), (6, 1), (0, 2), (B, 1), (B, 4)},
d={(1, X, A), (1, Y, B), (2, Z, A), (3, X, B)}.
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MepBbIii KOpTEX MHOXecTBa F obpasyeT ¢ koptexamu u3 ® cnenyoime
coyeTaHus:

),
),

(a, 1) - (1, X, A
(a, 1)-(1,Y,B

M3 KOTOPbIX MOSy4aTCsd KOPTEXWU CBEPTKU
(a, X, A), (a, Y, B).

BTopoii kopTex MHoxecTBa F gacTt TofbkO OOHO co4veTaHue
(a,2)-(2,2Z,A),

13 KOTOPOro MOJly4nuTCs HOBbI KopTex (a, Z, A). TpeTun KopTex MHoxecTtBa F
OnsATb COYETAETCH C OOAHUM KopTexem n3 @:
(a, 3) - (3, X, b).
OT0 coyeTaHme gacT kopTtex (a, X, B). YeTBepThii 1 wecTon kopTexu mna F
[anyT coyYeTaHus
(6’ 1) - (11 X, A), (B! 1)
(6,1)-(1,Y,B), (8, 1) - (1,, B).

13 KOTopbIx nonydnm (6, X, A), (6, Y, B), (B, X, A), (8, Y, B).
HakoHeu, naTbIN KOPTEX MHOXECTBA F gacT ogHO covyeTaHune

(6,2)-(2,Z A),

OTKyZa MoJlydnTCsl HOBbIV KopTex (6, Z, A).
CepnpMmoii kopTex 13 F He obpasyeT HM ogHOro covetaHus. Cobupas HoBble
KOPTEXU, NONy4YnMm

Fd={(a, X A),(a B,Y), (a,Z A), (a X B), (6, X A),(6,Y,B), (8 X A), (8 Y,B), (6, Z A)}.

Onepaups, HasbiBaeMasi CKIeMBaHMEM [BYX OTHOLLUEHWIA, OTINYaeTCcs OT CBepT-
ku oe MopraHa Tem, 4TO Mpu NOCTPOEHUM COCTaBHbIX KOpTexel oTbpacbiBaloTcs
He o06a 0OVHaKOBbIX 31eMeHTa, a Wb oaMH. OB0O3HAYUM onepaumio CKIeMBaHUA C.
Ecnn

<X
©>

FOA, xA, x...xAn xAn+1

DOA XA, X A
TO
Fo® = (D,,, F)ED; F o ®OA, x A, x ... A,

Myctb F — n-apHoe oTHoweHue. Homepa no3uumini aneMeHToB, 06pasyoLmx
KOPTEXWN 3TOr0 OTHOLUEHUS, MOXHO CYMTaTb MMEHaMWU MNO3ULMA N FPYyNnoBbIMU
VMEHAMMN 3JIEMEHTOB, 3aHMMAIOLWMX OOHY U Ty X€ MNO3MUMIO B Pa3HbIX KOpTEXax.
[MepeyeHb MMeH Bcex MO3ULMA OAaHHOro OTHOLWEeHUs Oyaem HasbiBaTb CMUCKOM
nosuvuuii. CTpoKy, KoTopasi NOly4uUTCs, €CnM M3 CAMCKa MO3ULMIA yoanuTb Kakoe-
B0 Yncno (B YaCTHOCTM — HyJlb) MUMEH MO3ULIMIA, HO HEe BCe, Ha30BEM MOACMNCKOM
(NO3nuMii) AaHHOrO OTHOLUEHUS.

O kaxOoM anemMeHTe Kakoro-nmbo kopTexa, NpUHaANexallero OTHOLUEHMIO,
rOBOPSAT, YTO OH MOMMEHOBAH B MOACNUCKE S, €CNN UMK 3aHMMAEMO UM NO3ULUN
COAEepPXNTCA B 3TOM MNOACMUCKE.

Myctb F, S; S, — Npon3BonLHOE OTHOLLEHWE 1 ABa ero noacnvcka. oBopsr,
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4yTo S, PYHKUMOHANBLHO 3aBUCUT OT S,, ecnm ong nobbiXx OBYX KOpPTeEXewn,
npuHaanexawyx OTHOLIEHWIO, U3 NMOMApPHOro PaBeHCTBA OAHOUMEHHbIX 3JIEMEHTOB,
NMOVMMEHOBAHHbIX B S;, cneayeT nonapHoe paBeHCTBO OOHOVMEHHbIX 3IEMEHTOB,
NMOVIMEHOBAHHbLIX B S,.

MoHaTne dyHKUMOHANbHOM 3aBUCMMOCTU MeXAy noacnuckamun sBnaseTcs
0600LIeHneM NOHATUA (PYHKLMOHANbHOCTU OTHOLLUEHUS.

Ecnn B oTHoweHun F nogcnncok S, dyHKUMOHANbLHO 3aBUCUM OT MoAacnmcka
S,, To obpaTtHoe — dyHKLUMOHaNbHasa 3aBMCUMOCTb noacnmcka S, oT noacnucka S,
— MOXeT OblTb, @ MOXET U He ObiTb. NpK HanMuMM Kak NpPsIMoONA, Tak M 0bpaTHOM
DYHKUMOHANBHOM 3aBUCUMOCTM MexXAay ABYMsi MOACMUCKaMM FOBOPAT, YTO KaxAapbln
M3 HUX B3aMMHO OYHKLMOHANBHO 3aBUCUT OT APYroro.

Knioyom oTHoweHusa F Ha3biBaeTcsd ero noacnmcok, OT KOTOPOro
OYHKLNOHANBLHO 3aBUCUT MOJIHbIA CMUCOK, W KOTOPbI HE COLEPXUT B KayecTse
CBOEW NPaBUIIbHOM YaCTX APYroro NoACnmncka, OT KOTOPOro MyHKLUMOHANBHO 3aBUCUT
MOJIHbINA CMUCOK.

OTMeTMM HEeKOTOpble CBOWCTBA KJlt04a MPOU3BOJSILHOrO OTHOLWEHus F:

1) noaoKoOpTEX 3NEMEHTOB OTHOLLEHWS, COOTBETCTBYIOLLMIA K04y, OAHO3HAYHO
onpenensieT oavH eOVHCTBEHHbIN KOPTEX OTHOLIEeHUs F, nHorga roBopsT, YTO KoY
MAEHTUDULUMPYET KOPTEXM OTHOLLEHUS;

2) OTHOLUEHME MOXET UMETb HECKOJSIbKO KIto4el;

3) BCSAAKOE OTHOLUEHME MMEET MO KpamHen Mepe OOuiH KIoY; 3TO BbITEKAET M3
TOro, YTO €CNn OTHOLWEHME HEe UMEeeT KitYa, SABNFI0WErocs npasuibHbIM
MOACMUCKOM, TO KJIIOYOM OKa3bIBAeTCS BECb CMUCOK MO3ULUIA OTHOLUEHUS;

4) moObble OBa KoYa OTHOLWEHUS F B3aMHO (PYHKLMOHANILHO 3aBUCUMBbI.

Ecnu otHoweHne F npepncraBneHoO B BUOE MHOXECTBA CBOMX (HEMOBTOPSIO-
LLMXCS) KOPTEXeNn, TO rOBOPHAT, YTO OHO NpPeacTaB/IEHO B MePBOM HOPMasibHOM
dopwme.

Ecnn oTHOLLEeHWEe nNpeacTaBieHo B NepPBOW HOpManbHOW (popme 1 niobdas ero
no3nuus, He BXOAALWAsA HU B OAVH KJTIOY, QYHKLMOHANbHO MOIHO 3aBUCUT OT KaXa0ro
KoYa, TO rOBOPST, YTO OTHOLUEHWE MMEET BTOPYID HOpMasbHYi0 hopMmy.

OyeBMOHO OTHOLLEHME, BCE KIOYM KOTOPOro SBASIOTCSA OAHOMO3ULMOHHBIMUA,
MMEET BTOPYIO HOPMasbHYI0 dopmy.

HakoHeL, ecnu OTHOLWEHNE MMEET BTOPYIO HOPMaJibHYIO GOPMY M Kaxaasa ero
no3nuus, He NpUHaaaexaLlas HM OAHOMY KJO4Y, HETPAH3UTUBHO 3aBUCUT OT KaXKA0ro
K/oYa, TO FOBOPST, YTO OTHOLUEHWE MMEET TPEeTbio HOpMasbHylo Gopmy. MNepexon
K HOpMasnbHOM (OpMe BbICLLEro NOpaaKa, €CAv OTHOLUEHWE eLle HEe MMEET TakoWn
dOpMbI, MOXHO MOAYYUTb NYTEM pacCLLENIEHNS OTHOLWEHUS HA HECKOJIbKO
OTHOLUEHU C MOMOLLbIO COOTBETCTBYKOLWNM 06pa3omM BbIOpaHHbIX onepauun
npoeKLumn.

PaccmoTpum panee noHaTME pensuuoHHas anre6pa. Mpeanonoxum, 4To
3a0aHO KOHEYHOE MM CHETHOE MHOXECTBO KOHEYHbIX WM CYETHbIX MHOXECTB

C={A"A",...}.

3agaBasi yicno N, Mbl MOXEM BblOpaTb M3 MHoXecTBa C BCEBO3MOXXHbLIMU
cnocobamMy HEKOTOpOe KONMYECTBO (He NMPEeBOCXOAdLee Yucna n) BXOASALIMX B
HEro MHOXecTB MU 006pa3oBaTb U3 HUX MOCNEAOBATENbHOCTb A, A,, . . ., A, B
KOTOPOM MOryT ObiTb N paBHble MHOXecTBa. Onupascb Ha Takue nocnegoBaTesb-
HOCTM MHOXECTB, MOXHO MOCTPOUTb KOHEYHOE MAN CHETHOE MHOXECTBO N-apHbIX
OTHOLWEHM. 3acTaBngs n npoberatb 3HadeHus 1, 2, 3, .... Mbl MOXEM MONY4YNTb
CYETHOE MHOXECTBO KOHEYHbIX MM CHETHbIX MHOXECTB Pa3/inyHbIX OTHOLLUEHWIA,
BCEX BO3MOXHbIX “apHocTein”, T.e. OonaTb cyeTHoe MHoxecTBo. O603HaAYUM
COBOKYIMHOCTb BCEX MOJTyYEHHbIX OTHOLWEeHMn Yyepe3 R. Ha mHoxecTBe R onpepene-
Hbl onepauun (Hag, OTHOLUEHUSMM), pPel3ynbTaTbl KOTOPbIX TOXE NpuHagnexart R.
OTK onepauum OnncaHbl BbILLIE.
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B maTtemaTtmyeckon gucuunimHe, Ha3blBaeMoin abcTpakTHOM anrebpoi,
COBOKYMHOCTb, 00pa3oBaHHas HEKOTOPbLIM MHOXECTBOM OOBEKTOB Y MHOXECTBOM
3aJaHHbIX HA HEM Onepaunii (He BbIBOOSALLMX U3 HEro), Ha3blBaeTcs anrebponi (T.e.
TepMunH “anrebpa” npumeHseTca Kak ANg HauMeHOBaHUS MaTemMaTuiyeckomn
OVCUMMANHBI, Tak U 019 HauMeHOBaHWS OAHOro U3 u3dyyaeMblxX elo NnpeamMeTos;
9TOT TEPMMVH SIBASETCS OMOHMMOM). B Halwiem cnyyae COBOKYMHOCTb MHOXECTBA
R oTHOWweEHMN M MHOXecTBa onepaunn, ONUCaHHbIX Bbile, Ha3blBaeTCs
PEnsSuUMOHHON anrebpoi.

3. UHPOPMALIMOHHbBIE U JIMHTBUCTUYECKUE OCHOBDbI
ABTOMATU3UPOBAHHbIX NTHOOPMALIMOHHbIX CUCTEM

3.1. CuMBONbHbIE KOHCTPYKLUM

C/MBONbHbIE KOHCTPYKUUW $BAAIOTCA CPEeACTBOM MpencTaBieHus
MHpopMaLMN, ee HOCUTENSIMU — COBOKYMHOCTSMWU OUCKPETHbIX CUrHanos. B
MaTtemaTuke OHW MPEenCTaBASOT Tak Ha3blBaEMOE KOHCTPYKTUBHOE HarpaBJieHueE.
Teopuss CUMBONBbHBLIX KOHCTPYKLUA ABASETCHA Ha4valbHbIM pPa3fenomMm Teopuun
dopmanbHbIX 93bIKOB U TEOPUM anropuTMOB U NpenctaBngeTr cobon paspen
JINHFBUCTUKMU - HAYKN O 43blKe, OOLLMX 3aKOHAX CTPOEHUs N OYHKLMOHUPOBAHMUS
a3blka. Npexae 4em nepenTr K U3N0XEHNIO CUMBOJIbHbLIX KOHCTPYKUWIA, ONpeaennm
OCHOBHbIE MOHATUS NIMHIBUCTUKW, SBNSIOLLMECS OCHOBOW AaHHOro paspgena:

A3bIK — GOPMA CYLLLECTBOBAHMS 3HAHNSA B BUAE CUCTEMbI 3HAKOB MJIOC NpaBuna
GYHKLMOHMPOBaHUS 3TUX 3HAKOB, CNyXallas CPeACTBOM HeIOBEYEeCKOro obLueHus,
MBbILLNIEHUS] U BblPaXXeHUS;

ob6uieHne — ABYCTOPOHHWUIA MpoLEeCC nepenaydn nHpopmaumm (C onpeneneH-
HbIMUW LLEeNSIMU U N0 ONpefesieHHbIM NpaBuiam), BbIPaXEHHOW Ha A3blke, MOHATHOM
ydacTHUKaM OOLLEHNs;

MHPOPMALMUOHHBIA CUMBON — CUMBOJI coobLeHna (3anmcu), KoTopblit
SIBNSIETCA 4YaCTbiO €ro COOEPXaHUs, B OTANYME OT CNyXeOHbIX (YynpaBngaiLmX,
pasgenutener) CUMBOOB;

3HaK — crnocob o6o3HayveHns onpenenieHHoro NoHATUS, nNpeameTa, CBOMCTBA
N MUCMONb3yeMblii ansa npuobpeTeHus, xpaHeHus, o6paboTkn n nepenayu
nHdopmauunu;

A3blKOBasd 3HAKOBas CUCTEMa — 3Haku, KOTOpble He (PYHKLNOHUPYIOT
He3aBUCUMO Apyr OT Apyra, a obpasyloT cUcTemMy, npasuia KOTOPOW onpenensioT
3aKOHOMEPHOCTUN MX MOCTPOEHUS, OCMbICNIEHUS N ynoTpebneHus (rpammarunka,
npasuna cMmbicna);

CUHTaKTUKa — U3y4YeHMEe CTPYKTYPHbIX acrnekTOB COYETaHW 3HAKOB AAHHOW
CUCTEMBbI, NpaBuna Ux obpa3oBaHUa N nNpeobpa3oBaHna GE30THOCUTENBHO K UX
3HAYEHNAM U DYHKUNSM;

nparmMaTmka — U3y4yeHne OTHOLUEHUS, BOCMIPUHUMAIOLLErO 3HAKOBYO CUCTEMY
(MHTEepnpeTaTop MNu agpecar) K CamMOn 3HAKOBOW CUCTEME;

AeHoTtaT (pedepeHT) — npeameT, 0603HAYaEMbI 3HAKOM;

KOHUeNnT — nHdopmauusi, KOTOPYK 3HAK HECET O BO3MOXHbIX AeHOoTaTax, 00
MX MOJIOXEHUN B CUCTEME peanuii, 00 UX MECTE B YHUBEPCYME;

CJZIOBO — 3aKOHYEHHas MocfiefoBaTeNlbHOCTb 3HAKOB OMNpefeNieHHOW OJIVHbI,
BOCMPUHMMaEMas kak 3ieMeHT 06paboTkn ¢ onpenesieHHbIM CEMaHTUYECKUM
cofepXaHnem;

cnor - 4acTb CJIOBa, AonyckakoLllas He3aBucumoe obpalleHne n obpaboTky;

c/loBOCO4YEeTaHUe — CMbIC/IOBOE W rpamMmaTnyieckoe obO6beaUHEHUE
HECKOJIbKMX 3HAYMMBbIX CJIOB;

npepnoxeHue — 6a3oBas eguHULA S3blka, 06nagaoLas onpeneneHHon ans
[AHHOrO A3blka CUMHTAKCMYECKOW M CMbICIOBOM 3aKOHYEHHOCTbIO.
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AUNCKYpC (CBA3HbIA TEKCT) — ABa wuim 6onee NpeasioxXeHuin, HaxoasaLmecs
Opyr ¢ ApyromM B CMbICIOBOI CBSI3N.

OCHOBHbIMUK “@aTOMaMUn”, N3 KOTOPbIX CTPOATCS CUMBOJIbHbIE KOHCTPYKLMN,
SABNAOTCA TaKk Ha3blBaeMble OykBbl. BykBbl CBA3bIBAOTCA Mexay coboi Tak
Ha3blBaEMbIMU CBA3S9MU; MOJy4yaemMble NPM 3TOM KOHCTPYKLUW MOTYT ObiTb
3akJloyeHbl B 060M104KM, NOCE Yero MoryT ObiTb MCMONBb30BaHbI Hapsay ¢ Gykeamu
DN1s NOCTPOeHus elle 6051ee CNOXHbIX KOHCTPYKUMA U T.A4.

MoHATNSA OYKBbI U CBA3UN ABASIOTCS MEPBUMYHBIMU U HE MOTYT ObITb BbIPaXEHbI
yepes Apyrme maremaTnyeckme noHATUA. VX MOXHO [OCTaTO4HO TOYHO OMnucCaTb.
Takme onucaHnsa NpencTaBnaioT cobol comepXaTesibHble akCUOoMbl. oHATME
060104KM YXXKE MOXHO BbIPa3UTb Yepe3 MOHATME OYKB U CBA3EN.

CuMBOJIbHbIe KOHCTPYKLMM BCerga npuUMeHsitoTcs B HEeKOTopon “obnactu
NPUMEHeHNa”.

BykBbl U CBA3U HEVM3MEHHbI N HEAENUMbI B 0051aCTV X NPUMeHeHUs. BykBbl
BCerga fBngTCa CMMBOMIAMU, a CBSA3W MHOrAa nepefarwTcs B BUAE CUMMBOJIOB, a
VHOrga gpyrummn crnocobamu, HanpuMep B BUAE CMeLnanbHOro B3aWMHOIO
pacnonoxeHus OykB. pu XenaHum Bcerga MOXHO MEPEenTU K CUMBOJIBHOMY
M300paXEeHNIO CBA3EN; B OasibHEMLLEM CBA3M CUYMTAOTCS CUMBOJIAMU, KOTOPbIE B
HEKOTOpPbIX Cly4asdx MPUCYTCTBYIOT HEABHO, T.e. NOAPa3yMEBalOTCH.

B oTHOweHun Bcsiko GykBbl (COOTBETCTBEHHO CBSI3U) BCErga M3BECTHO, HYTO
310 OykBa (cBsA3b). OTCloaa BbiTekaeT, y4To Nobasa OykBa oTimMvaeTcsa OT Nobdon
CBA3MU.

B oTHOweHUM nobbix AByx OykB (N0ObLIX OBYX CBSA3€W) Bcerga U3BECTHO,
O[MHAKOBbl OHV UAW pa3nnyHbl. BykBbl CyllecTBylOT camu no cebe n MoryT GbiTb
CBSI3yeMbIMY OObEKTaMu, a CBS3M CYLLECTBYIOT TOJIbKO BMECTE CO CBSA3yeMbIMU
nMn obbekTamm. CBA3M MX CBA3LIBAIOT, 0OBLEAVHAIOT, CLENAaT, “ckpennsaoT”,
yCTaHaBNNBAKOT MEXAY HMMMK OnpeaeneHHble OTHOLLUEHUS.

Kaxpas 6ykBa MoOXeT OblTb cBsi3aHa NOObIM KOHEYHbIM KONIMYECTBOM CBSA3EN.
Kaxpaa cBaA3b MOXET CBA3blBaTb NMWb CTPOro ONpeneseHHOe KOMMYECTBO
KOHCTPYKTUBHbBIX 3/1€MEHTOB, YMCNO KOTOPbIX Ha3blBAeTCs pPaHrom CBSA3WU.

CBSA3b MOXHO AN HArnsggHOCTW nMpencTtaBuTb cebe rpaduyeckm B Buae
KpY>XKa, BHYTPW KOTOPOro 3anMcaHo UMsi CBA3U; N3 KPYXKa UCXoaaT r pebep (MHMiR),
KaX[0€ U3 KOTOPbIX MOMEYEHO LEefbiM MOJIOXUTENbHLIM YACIOM (Ha3BaHWEM XaHpa
BETBU), HE NPEBOCXOAALNM I (paHra cBsa3n). NomeyeHHble pebpa Oyaem Ha3biBaTb
BETBAMU CBSA3U, & MOMETKY KaXAoro U3 HUX — XaHPOM COOTBETCTBYIOLLEN BETBWU.
BeTBu cBA3M n3006paxaroT ee CNOCOOHOCTU CBA3bIBATb KOHCTPYKTMBHbBIE SIEMEHTHI.
VMg cBS3M HasbiBalOT Takxe ee TUNOM. [MOAHbIM onncaHnem CBA3M ABAFeTCS
nocnenoBaTesibHOCTb

t, a,(ny), ax(ny), ..., alny),

Ha3blBaeMasi ee xapakTepuCTUKON, B KOTOpPOW t — Tun cBasdun, kK — xaHp cBA3u, g, —
Ha3BaHMe XaHpa BETBM (Lenoe 4Yucno), n, — YNCNo BeTBen xaHpa a,. lNpu aTOM
n,+n,+ ...+ n,=r, roe r — paHr cBaA3n. XapakTepucTKn CBA3EN OOQHOIO U TOrO Xe
TMNa AOJKHbl ObITb OOVMHAKOBBI.

Bce oavHakoBble OykBbI cuMTaioTcs GykBaMy OLHOro 1 Toro e tuna. Kaxaas
06nacTb NPMMEHEHWS AOMYCKAET NNLLb KOHEYHOE YMCNO TUNOoB GYKB 1 TUMOB CBA3EN.

[MpocTenmuy CBA3IMU ABNSIOTCA Tak Ha3blBAeEMblE CBA3M CNeAoBaHUS OyKB.
CyLiecTByeT TpY TMMNa TakMx CBA3EN: HaymHawowasa cea3b 2(1), T.e. uMmelowas paHr
1 n oOoviH XaHp BETBU, UMS KOTOPOro 2-i, npogomkatmowasa ceasb 1(1), 2(1), T.e.
MMEIoWasa paHr 2, oauH XaHp 1-4 n oOuH XaHp 2-1 BETBEW, N 3aKaHYMBaKOLLAA
cBaA3b 1(1), T.e. umelowasa paHr 1 v oguH XaHp BETBM, UMs KoToporo 1-i. Beegem
ons 0603HaYeHUs 9TUX CBA3EN COOTBETCTBEHHO 3HAYKU

— — —

i y oo
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Mpumep: BykBbl pycckoro andasuta, CTPOYHbIE U 3arjiaBHble, ABASIOTCS
OykBaMn B cMbicne fgaHHon Teopun. OOHAKO 3HaKM MPEnuVHaHUs TOXe SBNSTCS
oykBamu, n apabckmne umdpbl — Toxe. CnepoBaTtenbHO, NOHATUE OYKBbI B TEOPUN
CUMBOJIbHbIX KOHCTPYKLMA HE COBMagaeT ¢ 0O6UXOOHbIM MOHATUEM OYKBbI.

Mpumep: B pycckoli NMCbMEHHOCTU CBA3U cnefoBaHus OykB nepenalTcs
crneumanbHbIM pacrnosioxeHemMm 6ykB. CunTaeTcsl, 4TO HayMHaloLLlas CBA3b (HESIBHO)
NPUCYTCTBYET C/ieBa OT CaMOW MepBoli (NeBoi) OykBbl CNOBa; NpoaosiKatoLlas
CBfI3b MOMELLAETCA MeXAy KaxXAbiMU ABYMSA OykBaMu, CTOAWMUMU PALOM;
3aKkaH4YMBaloLLAas CBA3b pa3MeLLeHa cnpasa oT nocnenHen 6ykebl cnosa. Hanpumep,
B CnoBe

“annapat”
CBSI3W PaCMoIOXeHbl Tak:
cLa-MN-MNoa-p-a-Toe

Mpumep. B n3BecTHOI ABOUYHO-AECATUYHOW CUCTEME CHMCIIEHUSI OBOUYHbIE
kogbl 0000, 0001, 0010, 0011, 0100, 0101, 0110, 0111, 1000, 1001 sBnsTCA
o6ykBamu. OHM cOOTBETCTBYIOT apabckum umdppam 0, 1, 2, 3, 4, 5,6, 7, 8, 9. B
[BOVYHO-OECATUYHOM CUCTEME CHUCITIEHUSI OHU SBASIOTCS LeSbIMU U HEU3MEHHbIMU.

Bbibepem HekoTopylo OykBYy (Tvn), GUKCUPOBaHHYIO B AaHHOW obGnactu
npUMeHeHus, 1 6yaeM NpUMeEHsATb ee TOJIbKO Kak rpynnMpoBOYHYi0. O603HA4YUM
ee ycnoBHO S. Kpome Toro, BbibepeM HEeKOTOpbIi TUM CBA3U. YCNIOBHO 00603Ha4YMM
ero o. NycTb 970 ByAeT CBA3b 2-r0 paHra 1 2-ro xaHpa. YCnoBumMmcs rpynnmpoBOYHYIO
OyKBY CBSI3blBaTb TOJ/IbKO BETBSAMW MEPBOr0 XaHpa rpynrnupoBOYHbIX CBA3ein, a
rpynnupyemMble KOHCTPYKTUBHbIE S/IEMEHTbI — TOJIbKO BETBSIMW BTOPOrO XaHpa 3Tux
cBaseil. O6on04YKOW HasbiBaeTcs NnMbBo cama 6ykBa S, ecnum B 000/04KE He
COOEPXUTCSH HXU OOHOrO0 KOHCTPYKTMBHOIO 3JIEMEHTA, MO0 COBOKYMHOCTb OYKBbI S
1 BCEX CBSI3el TUMNa O, CBSA3bIBAIOLLMX €€ CBOMMM BETBSAMW NEPBOro XaHpa. YCNOBHO
0605104Ky 1M306paxaloT B BUOE 3aMKHYTOW JIMHMM, BHYTPU KOTOPOI PacrOfioXeHbl
3aKJIl0YEeHHble B Hee (T.e. CrpynrnmpoOBaHHbIE €10) KOHCTPYKTUBHbIE 3N1IEMEHThI. B
JanbHelweMm, B Kaxaon ob6racTu NPUMEHEHUS UCMOJIb3YyeTCs TONbKO OAWH TUM
rpynnupoBOYHON OYKBbI M, CNenoBaTesibHO, TONbKO OAMH Tun 060o4Yek.
lpynnupoBka Bcerpa O6yaeT nNpou3BOOAUTbLCHA Tak, 4To oGonoykn OyayT
“Henepecekatowmmncs”.

OnpepneneHne KOHCTPYKLUUM SIBASIETCH PEKYPCUBHbIM. [N peKypCUBHbIX
onpeaesieHUn xapakTepHo, YTO B HUX cogepXaTcs npsiMasi 4acTb, 3ajatollas
HEKOTOPbIE YaCTHbIE Clly4au, U LMKINYECKas YacTb, KOTOpas Mo yXe onpenesieHHbIM
4aCTHbIM C/ly4yassM CTPOWUT HOBbIE YacCTHble cnydau. [lyTemMm npuMeHeHus
LUMKIMYECKON 4acTU K YaCTHbIM CJlydyasiM, KOTOpble ObliM yXe MoJly4yeHbl C ee
NMOMOLLBIO, MOXHO MOMY4UTb NII0OOM BO3MOXHbIA YACTHBIN Cryyali U NOTEHLMaNbHO
ncyepnatb onpegensemMoe noHaTue. OnpeaeneHnio KOHCTPYKLUUK NMpeanownem
HEKOTOpblE BCMOMOraTesibHble ONpenesneHns.

OnpepneneHne 1. KOHCTPYKTUBHbLIM 9NeMeHT aBngeTca nnbo OoTAeNbHON
OyKkBOWN, NMMOO KOHCTPYKUMEN, 3aK/IOYEHHOM B 0OOJIOUKY.

3ameyaHue. Mocne onpeneneHns KOHCTPyKUUM, KOTopoe OyaeT AaHo
HECKO/NIbKO HWUXe, BO3HWKAeT NpefcTaB/ieHNne O MPOLECCE MOCTPOEHUSA U3
HECKOJIbKMX KOHCTPYKTUBHbIX 3JIEMEHTOB HOBOIrO KOHCTPYKTMBHOIO 3/1EMEHTA,
KOTOpLI B CBOKO O4Yepedb MOXET ObiTb MPUMEHEH AJS aHaNOrMYHOro NOCTPOEHMS
n 1. O. MNMonyyaeTca nepapxmst KOHCTPYKTUBHbLIX 31EeMEHTOB. Ons KaXaoro n3a Hux
BCE KOHCTPYKTUBHbIE 3/IEMEHTbI, KOTOPbIE ObIIN NMPUMEHEHbI Ha Pa3fINYHbIX 3Tanax
€ro NOCTPOEHUS!, Ha3bIBAOTCH BHYTPEHHUMU. Ecnn x n y — nBa KOHCTPYKTUBHbIX
afeMeHTa n x — nMbo BHYTPEHHWUIA Ans y, nMbO COBMNaZaeT C Yy, TO FOBOPST, YTO X
ABNSETCA HEBHELUHUM, 015 Y.
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OnpeneneHve 2. Ecnn x U y — ABa KOHCTPYKTUBHBLIX 3N1IEMEHTA, A5 KOTOPbIX
U 1 Vv 9BASIOTCS COOTBETCTBEHHO HEBHELLUHVMMUW, U €C/IM U U V CBS3aHbl HEKOTOPOW
CBSA3bI0, TO X U Y Ha3bIBAIOTCHA HEMOCPEACTBEHHO COEAVHEHHbIMU (YKa3aHHOM
CBA3bl0).

Onpepnenexve 3. [JBa KOHCTPYKTUBHbIX 3/1IEMEHTA Ha3blBAOTCHA COEAUHEH-
HbIMW (C MOMOLLIO CBS3€l), eCN OHU NIMOO HEMOCPEACTBEHHO COEAVHEHbI, B0
OAMH N3 HNUX COEAMNHEH C KOHCTPYKTUBHbLIM 31IEMEHTOM, KOTOPbI HENOCPEACTBEHHO
COEOVHEH C OPYrMM U3 HUX.

OnpegenerHve 4. MNpennonoxum, 4To 3a4aHO HECKOJSIbKO KOHCTPYKTUBHbIX
anemMeHToB. CBA3b S HachiWeHa, eC/liM KaXaol ee BETBU COMOCTaBEH
KOHCTPYKTUBHbIA 3NIEMEHT U3 4MCna 3a0aHHbIX WM BHYTPEHHUX ONS 33[aHHbIX.

OnpegeneHve 5. (onpepeneHne KOHCTpykunun). KoHCTpykumen Ha3biBaeTcs
COBOKYMHOCTb KOHCTPYKTMBHbIX 3/IEMEHTOB U CBA3€EN, kOoTOopad Nubo aBnseTcsa
nycToin, nMbo COOepXUT HE MEHEE OJHOr0 KOHCTPYKTMBHOIO 3fIEMEHTA U Torga
YOOBNETBOPSIET YCNOBUIO: NMtoGas CBA3b B HEW HackleHa, NMb0o COoePXNT HE MEHee
OBYX KOHCTPYKTMBHBIX 3/IEMEHTOB 1 TOr4a, KpOMe Toro, ftoOble ABa KOHCTPYKTUBHbIX
anemMeHTa B Hell COeANHEHbI.

OnpepneneHve 6. KOHCTpyKUMEN, 3ak/IlOYEHHON B 060J104KY, Ha3blBaeTCsA b0
rpynnMpoBoYHas OykBa S, eCnm KOHCTPYKUMS nycTas, nMbo pesdynbTaTt rpynnupoBKY
0060J104KON BCEX KOHCTPYKTUBHbLIX 31EMEHTOB KOHCTPYKLUW, HEBHYTPEHHUX OPYr
ana ppyra.

Onpenenenve 7. ECNn KOHCTPYKTUBHbLINA 3NEMEHT SBNSETCA KOHCTPYKUMEN,
3aKk/to4eHHOM B 000/04KY, TO CBS3blBaHWE €ro Kakon-nmbo CBA3bIO NpencTaBiseT
coboli cBA3bIBAHME TPYNMMPOBaHHON OyKBbl yKa3aHHO 00O0N0YKM.

3ameyaHve. MonHBIM onpepeseHNEeM KOHCTPYKLUUN aBIFeTCH
COBOKYMHOCTb CEMW MPUBEOEHHbIX BbILLE HACTHbIX ONpeaeneHuni.

Hanbonee npocToii (nocne oTtaenbHOM OYKBbl) M NMPaKTUYECKU BaXHOM
KOHCTPYKLMEN ABNGeTca Tak Ha3biBaemoe cnoBo. pu obpasoBaHuM CroB
MCNonb3yloTcs OYyKBbl U CBA3W CrNefoBaHuS.

OnpepneneHve. CIOBOM Ha3biBAaE€TCH KOHCTPYKLUMS, cocToswas ns Oyke u
CBSI3EN CnefoBaHUd, WM NycTas KOHCTPYKuus. Henyctoe CnoBO COOEPXUT POBHO
O4HY HAYMHAIOLWY M OAHY 3aKaH4YMBAKLWY CBA3b M MOXET COAEepXaTb
npoponxawuwme cea3u. Mpu aToM kaxpas OykBa CnoBa CBsfid3aHa POBHO [ABYMS
CBSI3IMUN ClefloBaHNSl 1 BETBU CBSA3€l, COOTBETCTBYOLIME OOHOM 1 TON xe OykBee,
npuvHaanexaT pasfnyHbIM XaHpaMm. [nvHON cnoBa Ha3blBAETCH YMUCNIO ero Oyks;
OJIMHA NyCTOro CfioBa paBHa HyJIo.

Mpumep. MNycTtoe cnoso 06BeAEHO pPaMOuKOl; KpOME HEero nNpuBOoAMM ABa
HenycTble cnosa:

LU e ,CoyYy->M-oM-a-e

[OnuvHbl NpuBeaeHHbIX CNOB paBHbl cooTBeTcTBEHHO 0; 1; 5. B obnactax
NPUMEHEHNS, B KOTOPbIX HUKakue CBA3M KPOMEe CBA3el cnefoBaHUs He
MCMNONb3YIOTCHA, 3TW CBA3W NepeparwT nytem ocoboro pacnonoxeHus Oyks. Mpu
3TOM BTOpPOE W TpeTbe cnoBa OyayT MMeTb BUL,

1, CyMMa.

3HaknM NpenvHaHus NPOCTaBfIEHbl paau cobNAEHNS TPAAUUMOHHBIX NpaBui
rpamMMaTmMKn PyCCKOro 13blka U B COCTaB OMMUCaHHbIX CNIOB HE BXOOSAT.

B kaxpoin o6nactu nNpYMEHEHUs OOMyCcKalT JMb KOHEYHOE 4YMUCIO BUOOB
OykB 1 BUOOB cBaA3en. JonycTumble Tunbl OYKB 1M TUMbl CBA3EM 334at0T C MOMOLLbIO
Tak Ha3blBaeMbiXx andaBUTOB.

Andasut 6yKB NpencraBnseT cobol CnoBo, He coaepxallee rpynnmupoBOYHOI
OykBbl, BCE OYKBbl KOTOPOro MOMapHO pPasfnNyHbI.

Mpumep. AdaHo cnoBo “koT”. OHO COCTOUT M3 MOMAPHO Pa3nnyHbIX OYKB, HO
ABNSETCHA NI OHO andaBUTOM, MO €ro BUAY OTBETUTb HEBO3MOXHO. Ecnu oHO
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CNYXWUT ANs yKadaHus AOMYCTUMbIX B Hawle obnactn npuMeHeHusa OykB, TO OHO
angeTca andaBuToM. B ocTanbHbIX cnydasx — He asnsieTcs. [oHaTve andasuta
CBSI3@aHO C MOHATMEM 06NaCTU MPUMEHEHUS.

AndaBuT cBa3el npencrasngeT coboli cnoBo, o6pa3oBaHHOE U3 CBSA3EN Kak
n3 OGyKB (MM N3 CUMBOJIOB, ABNSIOWMNXCA 0OO3HAYEHUAMU CBA3EN), BCe OYKBbI
KOTOPOro MOMapHO pPasnuyHbl. YCAOBUMCSH FpPynnmMpoOBOYHbie OYyKBY U CBA3b HE
BKNOYaTh B 3TN andaBuThbI.

Kpome andgaButa OykB 1 andaButa CBA3EN MOXET notpedoBaTtbcs U andasut
o6onoyek. OH MOXET ObITb MYCTbIM, €Cnn 060NI0YKN HE MPUMEHSIOTCS, UIN UMETb
OnHY 1, Tak Kak Mbl YCIIOBUINCb CYMTaTh BCe 000104KM NpUHAANEXalMm ogHOMY
MU TOMY Xe Tuny.

Onpepenenve. Ecnu 6ykBa (CBA3b) oaMHakoBa C oOHOM M3 OykB andasuTa
OykB A (C OOoHOWM M3 CBSA3EN, MepeyucneHHblx B andasute cBA3ei B), To oHa
Ha3biBaeTcs OykBoi B A (cBs3bio B B).

Mpumep. PaccmoTtpum gBa andaeuTta OyKB:

A, = 123456789 u A,= +2 -13456879.

BykBa “+” aBnsetca G6ykBoi B A2 n He saBnsieTcs Oykson B Al.

AndaBuTbl, 9BNAACHL CAOBaMU, €CAN OHW HE MyCThl, 3a4al0T HE TONbKO
nepeyYyeHb AOMNYCTUMbIX OYKB UKW CBA3EN, HO U OMNpefeNieHHbI NMopsaaok Mexay
HUMW, Ha3biBaeMbl andaBUTHbIM. OTO CBOWCTBO andaBUTOB CYLLECTBEHHO
NCNOMb3YyeTCH B TEOpPUN anrOpuTMOB.

Knacc KOHCTpyKUuiA, LONYCTUMbIX B JAHHOW 06N1acTn NPpUMEHEHMS, 3aaeTcs
Kak COBOKYMHOCTb (A, B, X) wnn, ecnm Z gBngeTtcsd nyctbiM, - kak (A, B), roe A —
andasut 6ykB, B — andaBut cBaseii u X — andaBut obonoyek. KOHCTpyKLUMS
CcuMTaeTCs NpPUHAANexallern COOTBETCTBYIOLEMY KITACCy, €C/M B HEN NMPUMEHSIOTCA
Tonbko OykBbl B A, CBA3U B B, ecnu X — HenycTon andasuT, MOXET ObiTb, 060104KN.
B TeueHue [oOnroro BpeMeHn 13 BCEX CUMBOJIbHBLIX KOHCTPYKLMIA pacCMaTpuBannChb
TONbKO CNOBa, MPUYeM CBHA3M ClefoBaHus nogpasymeBanvcb. Ong BbloeneHus
Knacca CnoB 3a4aBanv OAMH TONbko andaBuT GykB. OTOT NMPUEM OCTaeTCcs B cune
n Tenepb. CnoBo, Bce GykBbl KOTOPOro ABASOTCS OykBamMu B A, Ha3bIBAETCS C/IOBOM
B A. 3ameTum, 4T0 Knacc (A, B) asnaeTtca nogknaccom ans knacca (A, B, ).

Ecnn gBa andaButa He coaepxaT OAMHAKOBbLIX CMMBOJIOB, OHM Ha3blBAKOTCS
Henepecekawwumucsa. [py 3TOM roBOpsaT, 4TO UX NepecevyeHne nycto. B
NPOTMBHOM CJlydae OHW Ha3bIBAIOTCHA MepeceKaloLLMMmUCS.

MepecevyeHuem andasntoB A n B HasbiBaeTCca TpeTuin andasuT, KOTOPbLIN
noJsly4nTCs, ecnu, npocmatpueas A B nopsiake ero 6ykB, BblHEPKHYTb BCE OYKBbI,
He gBngowmecs 6yksamu B B.

O6beanHeHueM andasmToB A 1 B Ha3biBaeTcs TpeTuii andasuT, KOTOPbLIN
nonyuntcs, ecnn k andaesuty A npunucatb Te OykBbl B B, KOTOpble He aBNSAOTCS
6ykBamu B A, npocmaTtpuBas afis Ux BbisBeHUs andasuT B B nopsake cnenosaHus
ero Oyks.

MepeceyeHne andasntos A n B 6ynem ob6o3Hadatb A n B, a nx obbeamHeHne
AOB. 911 genicteug Hag andaBMTaMm HE KOMMYTATMBHbI, T.€. 3aBUCAT OT NOPSAKa,
B KOTOPOM paccmaTpuBatoTcs andaBuThbl.

Mpumep. OdaHbl andaBuTbl 6YKB

A=al1268B,B=a21r,C=4rb5.
Torna

AnB=a12,BnA=a
AOB=a126Br,BOA=a

Andasutbl A n C He nepecekalotcd. Mpu 3TOM NULyT
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AnC=1[0.

Bce ckadaHHOe 06 andasBuTax cnpaBensiMBO Kak Ansg andasuToB OYKB, Tak u
onsa andaBuTOB CBA3EWN.

3amevaHve. AndaBuT CBA3EN npeanonaraetT 3HAaHUWE BCEX XapakTepPUCTUK
CBA3EN.

3.2. dopmanbHble A3bIKM U rpamMMaTUKU

dopmManbHbIii A3bIK — COBOKYMHOCTb WMCXOAHbIX 3HAKOB, MPUHATLIX 3a
HefenMMble, U NpaBuil NMOCTPOEHUS U3 HUX CINIOB U CNIOBOCOYETaHUl 6e3 BCHAKOW
CBSI3M C VX BO3MOXHOW CEMAHTUKON, a Teopus dopMasibHbIX A3bIKOB — Hayka O
dopManbHbIX A3blkax, B 4YaCTHOCTU O CTPYKType M crnocobax npencraBneHus
OeCKOHEYHbIX KNacCcoB (OpMasibHbIX SA3bIKOB.

dopmanbHble A3bIKK ABASIOTCS MaTeMaTMYeckMMu oObekTaMu, B onpeaeneH-
HOM CMbIC/IE @HANOrMYHbIMW €CTECTBEHHbIM g3blkaM. s popManbHbIX A3bIKOB
COXPaHaITCA TakMe TEPMUHBI, KaKk rpaMmatuka n npegnoxeHve. CUMBOMABHYIO
KOHCTPYKLMIO, MOCTPOEHHYIO MO nMpaBuiamM rpammaTukn (popmasnbHOro si3bika),
Ha3bIBAOT NPOABUXEHMEM 3TOro dopmasnibHoro s3bika. dopmanbHble A3bIKU, B
KOHEYHOM CYETEe, HYXHbl HaM KakK HageXHble cpencTtBa npeacrtaBieHus
MHbopMaLumKn, gonyckawlie aBToMaTMyeckyio ee nepepaboTky 6e3 yyacTtusa
yenoseka, NMOHMMAIOLLEr0 CMbIC/ NpensioxeHuii. Takas nepepaboTka MHbopmMaumm
BO3MOXHa TOJIbKO MyTeM nepepaboTkm CUMBOJIbHbIX KOHCTPYKLMA, SBASIIOLLMXCS
npeanoxeHnamu. CnenoBatenbHO, CMbICT NPEANOXEHUN AOMKEH OOHO3HAYHO
onpeaensaTbCa CTPYKTYPOMN 3TUX NPEesioXEHUN N CTPYKTYPON MPEeanoxXeHunin,
3anaceHHbIX B CUCTEME U MpUBIEKaeMbIX B npouecce nepepabotkn. B KOHEYHOM
cyeTe, CMbICA A0NXeH onpepenatbca dopmon. OTcoga NPOUCXOAUT TEPMMUH
“popmanbHbIn 93bIK”.

BBoas noHaTve dopmManbHOro s3blka, NPUHUMAOT Psag NpPenoCTOPOXHOCTEN.
Mpexae BCero ycrnoBMMCS 4YeTKO pasnmyaTtb GopMaibHbll S3blK, ONpeaeneHue
KOTOPOro NPON3BOAMUTCS, U TOT A3bIK, KOTOPLIM NPY 3TOM NPUMEHSAETCH Kak CPEeACTBO.
OnpepensiemMblin 93blk 6yaeM Ha3biBaTb A3bIKOM-00BbEKTOM, a A3blK, Y€ HaMm
M3BECTHbIA, C MOMOLLbIO KOTOPOro NPOU3BOAUTCS OonpefesieHne a3blka-o0bekTa,
HA30BEM MeETaA3bIKOM.

BTopas npenocTtopoxHOCTb OyaeT 3akjioyaTbCs B TOM, 4TOObl NpaBuia
ob6pas3oBaHusa NpennoxeHnii GopmManbHOro A3blika He 3aBUCENM OT CMbICNa YacTen,
M3 KOTOPbIX NPEeAsoXeHUs cTpoaTcda. B ecTecTBeHHbIX s3blkax 9TO CBOWCTBO
rpamMmMaTukmM 4acTo OTCYTCTBYeT. Hanpumep, ABa NpeasoXeHus:

1) “4 yBupen 6enble BbICOKME KaMeHHble Aoma”;

2) “9 yBupen 6enble, Xxentble, KpacHble goma”;

VIMEIOT PasHytlo CTPYKTYypy (0OpatuTe BHUMAHME Ha 3anaTble), U 9TO pasnuyve
3aBUCUT OT CMbICNa npunaratesbHbiX (OAHOPOAHbIE N CBOMCTBA OHU BbIPAXAlOT).

MocnepHee TpeboBaHMe, ecnu Mbl 0Oecrneyrm ero BbiMOJSIHEHME, MO3BOAUT
CTPOUTb MPEANOXeHUs A3blka HE3ABUCMMO OT UX CMbicna. Knacc KOHCTPYKUUNA,
ABNAOLMXCS MPeasioXeHnsaMu, oOblYHO HasbliBalOT GOopMasibHbIM S3bIKOM, a Kiacc
NPeasIoXKEHNN, paccMaTpUBAEMbIX BMECTE C COOTBETCTBYIOLUM UM “CMbICIIOM”, —
dopmanbHbIM A3bIKOM, HaAeNeHHbIM ceMaHTUKOW. ([Tpu ycnoBuu, KOHEYHO,
4TO Mexay GOopMOoNr NPeanoXeHUNn N nX “CMbICIOM” CyLWECTBYET OOHO3HAYHOEe
COOTBETCTBME).

B npuHuune, npun noctpoeHnn popmanbHbiX 93blIKOB MOXHO MONb30BaTbCS
caMbiMU pasNnYHbLIMU MeTaadblikamu. Ho gna toro 4tobbl n3baButb cebsa oT
Heo6X0OMMOCTU BCEBO3MOXHbIX MPOBEPOK, LLENeco0bpasHO NPUMEHATb MeTas3bIKu,
COOTBETCTBYIOLLME HEKOTOPbLIM YXE M3YYEHHbIM CXeMaM. Takme CXembl, USBECTHbIE
noa HasBaHUAMU GOPMasNibHbIX FPAMMaATUK, COOTBETCTBEHHO AEAYKTUBHO U
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VHOYKTMBHO NOPOXAaoLwmx GopmarbHbIi 93bik. Kax bl pas, korga a1 HEKOToporo
Knacca KOHCTPYKUMI MOCTPOEeHa ofHa M3 Takux rpaMmMaTtuvk, A0Ka3aHOo, Y4TO 3TOT
KJlaCC KOHCTpyKuui asnaetca dopmanbHbiM a93bikoM. OTCloga rpaMmmaTtuka
(bopmanbHad) — 0OMH M3 OCHOBHbIX MOAXOAOB K ONUCaHUIO BECKOHEYHOro
dopMasibHOro s3blka KOHEYHbIMU CpeacTBamMu.

BaxHbiM knaccomMm ¢dopMalsibHbIX rpaMMaTUK sBNSeTCA OefYyKTUBHas
nopoxaamwiw,aa rpamMmmaTtuka - dopmanbHas rpammMaTtuka, no3songioLias
NOCTPOUTL NOOYI0 MPaBUJIbHYIO LLEMOYKY CUMBOJIOB.

Takaa rpammatmka 3apaHa, ecnm ykasdaHbl knacc (A, B, X) KOHCTpPyKUuUH,
KOTOpble MOryT ObITb NPenoXeHnaMu a3blka 00bekTa, andasuT N Tak Ha3blBaEMbIX
HETEPMUHaNbHbIX OYKB, B KOTOPOM BblAeneHa HekoTopas OykBa a, M KOHEYHbI
nepedyeHb P Tak Ha3biBaeMblXx CUHTaKcuyeckux npasun. Andasutel 6ykB A n N
[OMKHbI OblTb HEMepeceKalLLMMUCS;

Kaxpoe cnHTakcnyeckoe npaBwusio SBASETCH Ha3BaHMEM HEKOTOPOM onepaumnn
nepBoro paHra (OAHOMECTHOM), MCXOAHBbIMU AAHHBIMU N pe3ynbTaTaMu KOTOPOW
ABNAIOTCA KOHCTpPykumm knacca (AON, B, X). 3anncamu CUHTaKCUYECKUX MpaBuil
MOrYT ObITb KOHCTPYKLMKW, COAEPXaALLMe BYKBbI U CBSA3U, HE yKa3aHHbIE B HA3BaHHbIX
Bbille andaBuTax N Ha3blBaeMble COOCTBEHHLIMU ByKBaMU U CBA3AMU rPaMMaTUKM.

MTtak, mepykTUBHas nopoxpaiouwas rpaMmmartvka - 3T0 COBOKYMNHOCTb

D= ((A, B, ), N, P, a),

roe a — 6ykea B N.

MCx0aHbIM 3NEMEHTOM AN MOPOXAEHUS NMPEASIOXEHNS POPManbHOro A3bika
aBnseTca 6ykea a. Mpouecc nopoxaeHus Ha3biBaeTCs BbIBOOAOM M COCTOUT
M3 Cneayowmx MHOMOKPATHO BbIMOJIHAEMbIX AEACTBUIA:

1) Ecnu npeobpadyemasi KOHCTPYKUMS NpuHaanexuT knaccy (A, B, X), To oHa
ABNFeTCA NpenfioxeHnem onpepensemMoro GopmanbHOro s3blka 1 npoecc
OKOHYEH; B MPOTUBHOM CJlydae MepexoauM K CNeaylolemMy MyHKTY.

2) Bbibupaem 13 nepedHss P niob6oe CMHTAKCMYEeCKOE MpaBuio, KOTOpoe
NPUMEHNMO K Npeobpa3yemMoil KOHCTPYKLWK; BbIMONIHAEM Hafd npeobpa3yemoi
KOHCTPYKLIMEN yKa3aHHYI0 B MpPaBUie OMnepauumio; NOJly4EHHbI pe3ynbTaT CYMTaem
npeobpas3yemoii KOHCTPyKUMeEN: nepexoamm k n. 1.

Mpouecc BbiIBOAa nNMOO 3akaH4MBAETCS MPU BbINONHEeHUM n. 1, nnbéo Hukoraa
He 3akaHuyMBaeTcs, MO0 0OpbIBAETCS B NpOLLECcCe BbINOMHeHUs n. 2. Nckomblii
pe3ynbTaT NoslyyaeTcs TONbKO B MEPBOM Clly4ae.

Ecnun BOCNONb30BaThCS TEPMUHONOMMEN TEOPUM MHOXECTB, TO MOXHO CKa3aTb,
4YTO OeAYKTMBHO MOPOXAAeMbli dopMasibHbI G3blK — 3TO MHOXECTBO KOHCTPYKLMIA
knacca (A, B, %), BbIBOANMbIX M3 HayaslbHOro CMMBOSA a.

BaxHbIM 4acTHbIM Crly4YaeMm OEeAyKTMBHbIX rpaMMaTuK ABAGETCH clyyan, B
KOTOPOM [OMYCTUMbI Wb KOHCTPYKUMK, SBASOLWMECS crnoBamu. MNpu aToMm

D= (A N, P, a),

roe a — 6ykea B N.

MpepnoxeHuns sa3blka, NOPOXAAEMOro Takon rpaMMaTmnKoOn, ABAFIOTCSA C/I0OBaMM
B A.

B ewe Gonee 4acTHOM cly4yae B KayeCTBE CUHTAKCUYECKUX MpaBun
[0MycKaloTCs TOJIbKO Onepaumm 4YacTHOrO BUAQ, Ha3biBaeMble MOACTAHOBKAMUW WM
NPOAYKUMAMU; Kaxgoe npasuiio Npu 3TOM 3anucblBaeTcs B BUAe p, — Q, rae p, u
q;,, gsnsaoTca cnosamu B ALN. BbinonHeHne Takux npasus 3ak/o4HaeTcs B TOM,
yTto noboin pparmeHT npeobpalyemMoro crosa, OANHAKOBLIA C P,, 3aMeHseTcs
dparmMeHToM Q. [eQyKTVBHbIE rPaMMaTUKM OMMCaHHOrO BWAA W3BECTHbI B TEOPUN
dopManbHbIX A3bIKOB Kak rpamMMaTMKM NPOAYKLUMNA.

Hanbonee M3BECTHbIM YaCTHbIM C/lydaeM rpamMMmaTuku Npoaykuuii sBnseTcs
Tak Ha3blBaeMasi KOHTEKCTHO cBoGopgHas rpammartuka (KC-rpammartuka). B
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KC-rpammatuke BCce MOACTAHOBKM B JIEBbIX HYACTAX COAEPXAT NULLUb OOAHOOYKBEHHbIE
cnoea, o6pa3oBaHHble N3 HETepPMMHasbHbIX CYMBOJIOB.

MHAQYKTUBHBIE nopoXxpawwme rpammatuku 6o5iee HanOMUHAKOT
rpaMMaTmMkKym €CTECTBEHHbIX 3bIKOB. Takasd rpaMmaTvka 3agaHa, ecnv 3a0aHbl:

knacc (A, B, Z) KOHCTPYKLMI, KOTOpble MOryT OblTb MPEOSIOXKEHUSIMU A3blka
006beKTa;

Habop C KOHCTPYKLMIA 3TOro knacca, HadbiBaeMblx Mopdemamu;

BCnomorartenbHbln andaBut N, He nepecekawowminca ¢ A, ogHa 13 OykB
KOTOPOro 3 BblAENEHQ;

nepevyeHb P CUMHTaKCMYECKUX MpaBusl.

YacTb BCnomorartesnbHbiX OyKB SBASIOTCA COOCTBEHHbIMU MMeHamMn MopdeMm,
npyras yacTb, B TOM 4ucne u B, rpynnoBbiMn (cobupaTenibHbiMU) MMEHaMK
CUMMBOJIbHbIX KOHCTPYKLNI, NOSy4aeMblX B MPOLLECCEe MOCTPOEHUS MPensoXeHui
A3blka, TPETbS 4acTb — DYHKUMOHANbHbIMKU 3HakaMu. CUHTakcuyeckme npasuna
MMetoT Nnbo BuA,

X = xp,
nnmbo Bupa,
X = filx, Xp, -0,
rae X, X,, ..., X — FPynnoBble nMeHa, a x°, — vHaMBMAayanbHble nMeHa. OTkyna

MHAYKTUBHAS MOpOXAalowias rpaMmaTtmka — 3T0 COBOKYMHOCTb
J=(AB, 2),C N, P, B),

roe B — 6ykea B N.

Mpouecc NMOCTPOEHUSA MPEANOXEHUS a3blka-00bekTa Mo npaBuiam
VHAOYKTUBHOM NOPOXAAIoLLEer rpaMMaTkKn HasblBaeTCs NMOCTPOEHMEM NPEaoXEeHUS
13 Mopdem. 3akoyaeTcs OH B ClieayloLlem.

1. BbibupatloT HEKOTOPOE KOMY4EeCTBO OPMYJ, B MPaBbIX 4YaCTHAX KOTOPbIX
CTOAAT MHOVBUAYaNbHbIE UMeHa MopdeM. CunTaloT, 4TO NeBble YacTn aTUX GopmMyn
SABNSIOTCA rPYNMnOBbIMA MMEHAMN COOTBETCTBYIOLLMX CUMBOJIbHbIX KOHCTPYKLUIA
(Mopdem). MepexomaT k n. 2.

2. N3 nepeyHsa P BeibupaoT mobyio dopmyny BTOPOro Buaa, B KOTOPOWM BCe
CTOSILLME B MPaABOM 4aCTW FPynmnoBble MMEHA YXE MOMYYUIN HEKOTOPbLIE 3HAYEHMS.
BbinonHa0T onepauuio, KoTopyto o603HayaeT npaBas 4acTb GOPMYNbl Hapg,
3HAYEHUSIMUN YKA3aHHbIX FPYMNMNOBbIX MMEH. [MONy4EHHYIO CMMBOJIBHYIO KOHCTPYKLMIO
cymnTaloT (ele OOHMM) 3Ha4YeHMeM rpyrnnoBOr0 MMEHW, CTOSLLErO B JIEBOW 4acTu
dopmynbl. Mepexooat kK n. 3.

3. Ecnn neBasa 4yacTb nocnegHen BbINOJHEHHOW GOopMyfbl HE ecTb B, TO
nepenTn K n. 2. B NpOTUBHOM ciny4yae MoOJIydeHHas KOHCTPYKLUMUS SBNAETCS
npenyioXkeHneM a3bika-oobekTa. [MpoLuecc MoXHO NMMB0o 3aKOHYUTL, MO0, ecnn GykBa
3 BCTpeyaeTcs B npaBbix YacTsax GOpMyn, NPoaomKUTb, nepenas K n. 2.

3ameyaHue. 'pynnoBble MMEHA, CTOSILLME HA Pa3HbIX MECTax B MPAaBOWM 4acTu
3anucu obuero Buaa t= f(x, y, . . ., z), Mexay cobol He3aBUCUMbI. [Jaxe ecnv oHU
Mexay cob0l 0aVHAKOBbI, NMPW BbIMNOHEHWUN M. 2 NPOLECCA NMOCTPOEHUS UM MOXHO
NPUNNCbLIBaTb HEOOMHAKOBbIE 3HAYEeHUs.

[Monb3yacb TEPMUHONONMEN TEOPUU MHOXECTB, MOXHO Ckas3aTb, YTO
MHAYKTUBHO nopoXxpaemMbli ¢popMasibHbIA A3bIK - 3TO MHOXECTBO TeX
CUMBOJIbHBIX KOHCTPYKLMIA B (T.€. HOCALMX rpynnoBoe nms 3), KOTopble NOCTPOEHbI
C MOMOLLBID CUHTAKCUMYECKMX MPABUN FPaMMaTUKi U3 ee Mopdem.

MHoXxecTBO MopdemM MHOrga HasblBaloT 0a30iW rpamMMaTUKU U ee
cnoBapHbiMm ¢$oHAOM.

BaxkHbI YaCTHbIM cnyyYan NHAYKTUBHOM NOPOXAAIOLLEN rpaMMaTUKN NONYYNTCH,
ecnu B kayecTBe MopdeM B3sTb C/IOBA M B KayeCTBe ornepauunii, Ha3biBaeMbIX B
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CUHTaKCUYEeCKMX MpaBuiiax, — ornepauuii, pesdynbtataMmy KOTOPbIX SBSIOTCS CrloBa.
Mpwn 3TOM rpammMaTtvka NpeacTaBuT coOoM CrneaytloLyto COBOKYMHOCTb:

I=(A, C, N, P,pB),

roe B - 6ykea B N.

B arton 3anucm andasutbl B n X onyweHbl (OHW nogpasymeBaloTcs). Takas
rpammaTtnka onpegenseT a3blK, NPeasioXeHNIMU KOTOPOro sBAFIOTCS C/OBa.

Ecnun B popmMynax nepeyHsi CUHTaKCUY4EeCKNX NpaBui MHOAYKTUBHOW rpaMMaTukim
nocnegHero Bvaa B MNpasBble 4YacTW BMECTO WHAMBUAYANbHbIX UMEH Mopdem
noacTtaBuTb caMu MopdemMbl (a 3TO BOSMOXHO, Tak kak MOpdeMbl ABNSOTCA
cnosamMmu), To 6yneT nojsydyeHa Tak Ha3blBaemMas CUCTEMa YHUBepcaNibHbIX
metadpopmyn.

CucTtema yHuMBepcalbHbiXx MeTadopMys, ecnm ykazaTb MeTaCuMBO,
BbIOENEHHbIN B MHOYKTUBHOM rpamMmatuke, COOepXUT BCO MHMOPMaLMO, KOTOPYO
COLEPXUT cama rpamMmmatumka.

Ha npakTuke 0ObIYHO 3HAK PABEHCTBA, Pasfensiowmii kaxaylo Mmetabopmyny
Ha OBe 4acTu, 3aMEHSI0T 3HaKOM ::=, KOTOPbIA YnTaeTcsa “no onpeaeneHnio ectb”.
OTO CBA3AHO C TEM, YTO CaM 3HaK = 4aCTO ABNSAETCS OLHOM 13 OyKB s3blka 0ObEKTA.
Kpome Toro, ans ymeHbLUeHUs ymucna MetadopMyn NPUMEHSAIOT CREeAYOWNA NpUeMm.
MeTadopmynbl, nMewwme oAMHAKOBLIE JIEBblE YAaCTU, 0OBLEOMHSAIOT B HOBbIE
dopMynbl, B KOTOPbIX N€Basg 4acTb NPUCYTCTBYET OAMH pa3, a MNpaBble 4acTu
ob6beanHaeMbix MeTadoOpMysl NepevyncnieHbl B NpaBoil 4acTu U pasfeneHbl
cUMBONaMu “|”, KOTOPbIE YUTAIOTCH KaK “nunu’.

Hanbonee M3BECTHbIM N 4acTO MPUMEHSEMbBIM C/lyHaeM YHUBEPCaSbHbIX
MeTadopmyn aBNSETCS Tak Ha3biBaemas HoTauua Bekyca. Mbl npuaoem K Hew,
€CNN OrpaHMNyYMMCs TOMbKO OnepaumnsaMu COeAMHEHUs COoB

S,(P) = P, S,(P,,P,) = P,P,,..., S(P;,P,,...,P) = P;,P,,...,P, ,

roe P, P, - cnoBa, a pe3ynbTaT cCoOeAUHEHUS CNoB 000O3HA4YeH CTPOKOM
MeTacuMMBOJIOB, 0003HAYaLWMX COeauHAEeMbIE CNOBA.

Kak BnoHO 13 aToro onpeneneHus, pesynbtaTbl onepauuii COeguHEHNS CNoB
MOXHO MOoy4aTb U3 OYHKLMOHASbHBIX 3anucer oTopacbiBaHNEM (GYHKLMOHANbHbIX
3HaKoB, CKOBOK M 3angaTbix. OTO NO3BONSEeT B MeTadopmynax oTbpocuTb
@yHKLMOHaNbHbIE 3HAKWM, CKOOKM U 3ansTble.

B nonyyeHHbIX nocne aTtoro dopmynax mmeHa mMopdpem, ABMFIOLUXCA B
JAHHOM Cny4yae croBamu, cnefyer 3aMeHuTb camumu Mopdemamu.

HakoHel, ecnv B Ka4eCTBE METACMMBOJIOB NPUMEHATb dpasbl ECTECTBEHHOIO
A3blka, 3aK/IlOYEHHbIE B YrnoBble ckobkmu < >, To OyAeT nosiyieHa 3anuchb
dopmanbHOM rpammaTuku B Buge HoTtauum Bekyca.

®pasbl, 3ak/lO4YeHHble B YrfioBble CKOOKW, — 3TO METaCUMBOIJIbI,
BCriomorartesibHble OykBbl, a He kakue-nmbo “noHaTns”. C aTuMm MeTacuMBOnaMm
1 obpallatbCs HYXHO, kak ¢ OykBaMu: B CBOEN 00S1acTV NPUMEHEHUST OHW OOJIKHbI
ObITb LEeNbiMY 1 HEM3MEHHbIMU. [puMeHeHre ¢pasbl B COCTaBe BCMOMOraTesibHOWM
OyKBbI — 9TO NpreM, oberyaroLLni 3anoMmMHaHNe Posv, KOTOPYIO MrpaeT METACKMBO
B rpamMmMaTtuke.

Mpumep. Onuwem [ECATUYHYIO MO3ULMOHHYIO CUCTEMY CUYUCIEHUS Kak
dopmMaribHbIN A3bIK, MNONb3YSCb N9 3TOro Hotaumen bekyca:

<HeHynesas unppa> =1 |2 |3 |415|6|7]|8]9

<umppa> =0 | <HeHynesas umdppa>

<cTpoka umopp> :=<HeHynesas uudpa> | <cTpoka umdp> <umdpa>

<uenoe umcno> ::= <umdpa> | <crtpoka umdp>

Mo>HO 6b1s10 6Gbl OrPaHNYUTLCS TOMbKO ABYMS GOpMynamMu:

<umppa>::=0|1]2|3|4|5|6|7|8]9

<uyenoe uucno> ::==<umndpa> | <uenoe umcno><umdpa>
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Ho B Takom cnyyae nosiBASNAUCb Obl 3aNUCU YMCENT C HEe3HaYalMMKU HYyNsaSMun
cnea. Hanpumep, BMecte ¢ uncnom 125 6b110 Obl BO3MOXHbLIM 1 yncno 0125, n
000125.

3aMeTuM, YTO HUKAKMX OAHHbIX O CMbIC/E MOJlyYaeMblX MOCTPOEHUIA HOTaums
Bekyca paTb HE MOXET.

[na Teopun NporpaMMmnpOBaHUA BaXHbIMU ABNKIOTCS CleayioLMe MOHATUS,
Gasnpyowmecs Ha Teopun dopMasbHbIX A3bIKOB WU rpamMMaTuK:

aBTOMaT — 9TO abcTpakTHas, KnbepHeTnyeckas mMallumHa, obpabaTbiBatoLLas
BXOAHYIO MOCNEenoBaTEbHOCTb M ONpeaensiowas ee NnpuHaaexXHoCTb HEKOTOPOMY
dopManbHOMY $3blKy WM Bblaalowas HEKOTOPYIO BbIXOAHYKO MOCNenoBaTebHOCTb;

KOHEYHbIN aBTOMaT — 3TO MPOCTas PasHOBUAHOCTb aBTOMaTa, KoTopas
OJHOKPaTHO CUYUTbIBAET BXOAHYIO CTPOKY ClieBa Hanpaso, Npu 3TOM B J1l0O0 MOMEHT
BPEMEHWN KOHEYHbIW aBTOMAaT HaxOAUTCHA B HEKOTOPOM BHYTPEHHEM COCTOSHUW,
MEHSIOLLEMCS MOCNE CYMTbIBAHUS OYEPEAHOro CMMBONA;

perynspHbiii 93blK — A3blK, Pacno3HaBaeMbli KOHEYHBIM aBTOMATOM;

perynapHas rpammatmnka — rpammaTtika, rnopoxaarowas perynspHblie A3blKu;

TpaHcnauna — npeobpasoBaHnNe UCXOOHOW CUCTEMbl AaHHbIX B APYryto
paboyylo CUCTEMY [AAHHbIX C aHaNIOrMYHbIMU OTHOLLEHUSIMU;

MHTepnpeTayunusa — peanumsaunsa CMbiCla HEKOTOPOrO0 CUMHTAKCUYECKU
3aKOHYEHHOro TekcTa, NpPencTaBNeHHOro Ha KOHKPETHOM Si3blKE;

MOHATHOCTb — CUHTakKcuyeckasd, cemMaHTuUyeckas M nparmaTmyeckas
0[HO3HAYHOCTb MHDOPMaUMK, Tpebyowas oOLWHOCTY a3blka M 3HAHWI Y4aCTHMKOB
0 npeamMeTHoW o6nacTtu obLeHus.

3.3. OnemMeHTbl aHANUTUYECKOW TEeopuu aJropuTMoB

Teopuvsi anropuTMOB BO3HMKA B MaTEMATUYECKOW JIOFMKE KaK BCOMOraTesibHas
OVCUNNNMHA, NpefHasHavyeHHas O BHYTPEHHMX NOTpebHOCTell MaTtemMaTuku.
OCHOBHbIMWU 3ajayvyaMu, KOTOpble CTOANM nepen Hen, OGblNM MccnegoBaHue
deHoMeHa HepaspelmmMocT 1 060CHOBaHME MaTeMaTUKM.

[MpakTnyeckne npuMeHeHUs Teopuu anropuMTMOB MepBOHAYanbHO
OCHOBbIBAJINCb Ha VHTYUTMBHOM MOHATUM anropmutMa, NOCKOJIbKYy MaTemMaTtn4eckoe
NoHsTHe anroputMa 6bi10 pa3paboTaHO TOJMbKO A1 HEKOTOPbLIX YaCTHbLIX CllyYaes,
[anekmx OT TOro, C YeM MpPUXoauTCs MMETb AEN0 Ha npakTuke. AHanuTuyeckas
Teopus anropuMTMoB, M3yyawoulas Bce UX MHOroobpasme, BO3HMKNA NULLb B
nocnegHue rogbl.

VIHTYUTMBHOE MOHATUE anropuTtMa PUCYET HaM ero kak CTporo chpopmynmpo-
BaHHOE Mpasuio, crieayd KOTOPOMY MOXHO OCYLLECTBUTb MPOLLECC PELUEHUS
3a4a4n, NpUYeM OCYLLECTBUTb MEXAHWUYECKU, MAKCMMAabHO 3KOHOMS yCcunus, T.e.
anropuTM — KOHEeYHbIn Habop npeanucaHuini, onpenensiowunii peleHe 3agadn
nocpeacTBOM KOHEYHOro KonvyecTBa onepauum.

Mo A.A. MapkoBy, anropuTtMm — 3TO npegnucaHme, Beayulee OT UCXOOHbIX
DaHHbIX K ICKOMOMY pe3ynbTaty 1 obnajalollee CBOMCTBAMMU:

onpeneneHHoCcTn (0OLWEnoHATHOCTM U TOYHOCTU, HEe OCTaBNgloLWEelr MecTa onsg
npouseona);

MaCcCOBOCTU (BO3MOXHOCTM MPUMEHEHUs KO BCEM MpoleccaMm AaHHOro
Knacca);

pe3ynbTaTUBHOCTU (BO3MOXHOCTM MOJY4EHUS NMPaBUBHOIO pes3yfbTaTta 3a
KOHEYHOE 4YMCNO LuaroB).

Takoe npepncrtaBneHve 06 anropuTMe elle OYeHb HESICHO, HO ero HeTpyaHo
YTO4HUTL. Takoe YTOYHEHME HYXHO AenaTb, BO-MepPBbIX, KOHKPETU3NPYS Ccka3aHHOe
TONBbKO 4YTO W, BO-BTOPbIX, aHAIN3NPYysa KllaCCUYeCKne Teopuun anropuTMOB.
OrpaHnynmcs NpuBEOEHNEM pe3ynbTaTta YTOYHeHUs 6e3 ero o60CHOBaHMS.

Anroput™M 3ajaetcs Kak npennoxeHne dopmanbHOro a3blka (970 — 3anucb
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anroputMa) 1 onpenensieT OUCKPETHbIM nNpouecc npeobpa3oBaHUS UCXOOHOrO
[aHHOro, 3anucb KOTOPOIrO SBASIETCS TOXE NPEOJIOXEHNEM (OpYyroro) popmMasnbHOro
A3blka, B MCKOMbIN pe3ynbTaT (TOXe npensioxeHne GopmManbHOro s3bika).
[MOHATHOCTb anropuUTMa 3ak/l4yaeTcs B TOM, YTO AN €rO BbIMOJHEHUS O0JIKEH
ObiTb 3a4aH APYror anropuTm, Ha3biBAEMbIl airOPUTMOM BbINMOJIHEHUSA (MK
VIHTepnpeTauumn), onasg KOTOPOro NCXOAHLIM AaHHbIM IBASETCS COBOKYMHOCTb 3arnuncu
asropuTMa u 3anvucu onepaHaa (06beanHSIOWAsA X CUMBOJIbHAA KOHCTpyKuums). OT
0coBOeHHOCTEN anropmTMa BbIMOJIHEHUSA 3aBUCUT MPOLLECC, OnpenensemMbli
anropntMoM. ng HEKOTOPbIX BAPUAHTOB MCXOAHbIX OAHHbIX 3TOT MpoOLECC
COAEPXUT KOHEYHOE YUCIO LWaros (3T0 — pe3ysbTaTUBHOCTb ajaroputma), Ho
BO3MOXHbl U TakmMe UCXOOHble OAHHbIe, AN KOTOPbIX anrOpUTMUYECKUIA NPOLLECC
6e3pe3ynbLTaTMBHO 00OpPbLIBAETCS MM HUKOrA4A He 3akaHynBaeTcs. B nepeBom cnyyae
rOBOPSAT, YTO AJNrOPUTM MPUMEHUM K UCXOOHOMY AAHHOMY, @ B OBYX MOCNEOHUX,
YTO — HEMNPUMEHUM.

ANropnTMMUYECKUn npouecc COCTOUT M3 LaroB, KaxAabli U3 KOTOPbIX
npenctaBnsieT cobOW BbIMOMHEHNE AOCTATOYHO MPOCThIX onepaumin. CyulecTsyeT
Habop nNpocTenwmnx onepauunii, Ha3blBAEMbIX HATypasibHbIMU, BCE XE& OCTaslbHble
onepaumm — 3T0 OTOBpPaxeHus, nHayuMpyemble anroputmamu. MNpu onpeneneHnv
HOBOIO KJjlacCa anropuTMOB AOCTATOYHO MPOCTbIMU CHUTAIOTCS OMepaumm, KOTopble
y>Xe MOonyYeHbl.

Takoe NOHUMMaHue anropuTMa HEMUWHYEMO BeAeT K TOMY, 4TO €ero
onpeaeneHre NpYHMMaeT BUA PEeKYypPCUBHOro onpeaeneHus (HOBble anropuTMbl
CTPOATCS C MOMOLLBIO yXe mmetowmxcs). MNMpouecc pekypCuBHOro onpenenenus
OOMKEH HAYMHATBCA C ONpPeneneHns Kakmx-TO anropuTMOB, HE OMMPAIOLLLEroCd Ha
NOHATWE anropmMTMa, MHaA4Ye BCe OnpefefnieHne B LENOM gBNAN0Cb Obl Tak
Ha3bIBAEMbIM MOPOYHLIM KPYroM. B COOTBETCTBUM C BblLECKA3AHHbLIM LLNPOKOE
dopmanbHoe onpeaeneHne anroputMa HadynmHaeTcs C TOro, 4YTO BBOAMTCH MOHATME
NEpPBUYHLIX anroputmMoB. OOHAKO, MOCKOJIbKY MOHATME MEPBUYHbLIX aIFOPUTMOB
CBSI3aHO C MOHATMEM Onepauuur, OCTAHOBUMCS CrlepBa HA 3TOM MOHATUM.

OnepaunamMm Ha3bIBAIOTCSH:

1) HaTypanbHble ornepauun (CM. HUXe);

2) nuHeapu3aumsa 1 gennHeapm3aums (CM. HUXe);

3) OByxmecCTHas onepauusi CoeguHEHUs CINOB (KOHKaTeHauus);

4) Bcsikoe 0OBbABNEHHOE Onepaunein oTtobpaxeHne, OCyLLECTBASEMOE
anropuTMOM.

Bornblie Hukakmx onepaumin Her.

MpenBaputTenbHO onpenenum OA4HY 4acTHYIO CUMBOJIbHYIO KOHCTPYKLMIO,
KoTopas Ham noTpebyeTcs.

BeBepem B paccMOTpeHMe CBA3b MEPBOr0 paHra v nepBOro XxaHpa,
HEOAMHaKOBYIO C Ha4yMHaloLel CBA3bl0 ClefoBaHWs, N HAa30BEM ee BblOENSALEN
CBA3bIO.

OnpepneneHne. KOHCTPyKUMSA, KOTOpas MOMYYUTCHA, €CNn B HEMyCTOM ClOBE
OfHY 13 OYKB BbIOENUTb C MOMOLLBIO BbIAENSIOLLEN CBA3U (T. €. CBA3aTb €e 3Tok
CBSAI3bl0), HA3bIBAETCS KBAa3UCJIOBOM. Hayanom kBasncnoBa Ha3biBaeTcs ero 6ykea,
CBSI3aHHAs HaYMHaOLWeEeNn CBA3blD CNeAOBaHUS, a ero KOHLOM — CBsi3aHHas
3aKaH4YMBalOLLEN CBA3bIO ClefoBaHUS.

Mpumep. N3 cnosa

* _H->0-Coe®
MOryT ObITb MOMy4EHbl CleayloLlmMe KBa3ucioBa:
Ll

* .H-0-C—®**-H-0-Co®*H-0-Co®
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Ecnn cBg3m cnepoBaHus SIBHO He yKa3blBaTb, TO KBa3ncC/oBa 6y,u,yT NMETb
BUL

Ll
HOC HOC HOC

B kayecTBe HaTypasibHbIX onepauuii BbiOpaHbl onepaumm, YMeHUe BbINMOHATb
KOTOpble MPU NOCTPOEHUM TEOPUM aNrOPUTMOB OObIYHO MOCTYMPYIOT, CYuTas, YTO
KaXAbll HeNoBEK YMeeT BbINOJMHATb 3TW onepauun. HekoTopble HaTypanbHble
onepaunm 9BAKIOTCA B OENCTBUTENBHOCTU KjlacCamMu Oonepauunii, npuyem ansg
BblAENIEHUS UHAMBUAYANbHOW onepaumn [oJfikHa ObliTb ykaszaHa OykBa s3blka
onepaHaoB, KOTOPYO Mbl OyaemM B onucaHusax o0603HavaTb METACUMBOJIOM a (CM.
Tabn. 3.1).

HaTypanbHble onepaumn OendTcs Ha HaTypasbHble OENCTBUS U HaTypasibHble
ycnoBus. B cBoO oyepenb HaTypanbHble OENCTBUS OENATCS HA YETbipe rpynnbi:

B rpynny | BxogaT npeobpa3oBaHus ClOB B CJIOBa;

B rpynny Il — npeoGpa3oBaHns CNOB B KBA3WUCJIOBA,

B rpynny lll — npeobpa3oBaHns KBA3NCNOB B KBa3WCIIOBA;

B rpynny IV — npeobpa3oBaHne KBa3UC/OB B CJIOBa;

V rpynny HaTypabHbIX onepauuii 06pasyloT yCNOBUS, BbIMNOJHEHWE KOTOPbIX
HE M3MeHseT onepaHja, HO CTaBUT €My B COOTBETCTBME JIOTMYECKOE 3Ha4vYeHune
(UCTUHA, ecnu yCNnoBUE BbLIMOSIHEHO, WM JIOXb, €CNM HE BbIMOJIHEHO).

Mpumep. Onepaums x-reHepaumm npeobpasyeT NycToe CIoBO, N300paxeHHoe
MeXay KaBblikamu “” >, B 0gHOOYKBEHHOEe cnoBo “X”. Onepauus aHHUMMNALUK
MOXeT OblTb NMPUMEHEHA TOJNILKO K OAHOOYKBEHHBLIM ClioBaM 1 NpeobpasyeT ux B
nycTele cnoea. Hanpumep, ogHOOYKBEHHOE CNOBO “C” OHa npeobpasyeT B MycToe

cnoo “”. Onepaums HaxoXOeHUs Hadana CcroBa MOXET ObiTb MPUMEHeHa TOJbKO K
cnoBam, U NpPUTOM HenycTbiM. Bblgensiiowyo cBsa3b 6yaem nsobpaxaTb B BuUAOE
3Haka “!”, mocTaBNeHHOro Haj BblaeneHHoW Oykeor. Cnoea “x”

L
1 “mama”

csM-oa-M-oa--
!
oHa nepepabaTtbiBaeT B kBasucniosa “x”
!
c XKoo
!
n “mama”
!
cL.M-oa-M-oa--*

Onepauuns NpPoOBMXEHUS Brepen rnpuMeHnuMa TOJIbKO K KBa3uUCoBaMm, B
KOTOPbIX BblAefieHa He nocneaHsas OykBa (MHadYe Hekyaa npoasuratbesa). Hanpumep,
KBa3MCIIOBO

!
aprymeHT

OHa npeobpasyeT B KBa3UC/I0BO

!
aprymeHT
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nepequb HaTypaJsibHbIX onepal.wlﬁ

Tabnuua 3.1

Omnucanue

Howmep

HasBanmue

oncpanuun

[Ipeobpa3oBaHue MyCTOTO CIOBA B

TPYIIbI

a — TeHepanus

AHHUT AU S

0HOOYKBEHHOE CIIOBO, COCTOSIIEE U3 OYKBHI d

[Ipeobpa3oBaHe OAHOOYKBEHHOTO CIIOBA
B IIYCTOE CIIOBO

[IpeobOpa3oBaHue HEMYCTOTO CIOBA B

IT

Haxoxnenue
Hayaja CJIoBa

KBA3MCJI0BO IIYTEM BBIACICHN A €0 HaYaJid
HepeHoc B KBAa3HUCIIOBE BBIJIESIONICH CBSI3U Ha

I

ITpoaBukeHue
BIIEpEN

[Mponsuxenue
Ha3aj

Vmnnenue
BIIEpen Oe3
MTPOABHIKCHHUS

OtrbpaceiBaHUE
KOHIIA

3ameHa OYKBHI

omnHy OyKBY mpaBee

[TepeHoc B KBAa3KMCIOBE BBICISIONICH CBA3M HA
oJiIHy OYKBY JieBee

[Mpeobpa3oBaHue KBA3UCIOBA C BBIJICICHHBIM
KOHIIOM ITyTeM IPUCOCTUHCHH S OYKBHI,
OJMHAKOBOM C BBIAEICHHON

[Ipeobpa3oBanme KBa3UCIOBA B HOBOE MyTEM

OoTOpachiBaHUS OYKB, CISIYIONHMX 32 BBIICICHHON,
KOTOpas IIpy 3TOM CTAHOBUTCS KOHLIOM

3aMeHa BBIICTICHHON OYKBBI KBA3UCIOBA
OYKBOH ¢, KOTOpAasi CTAHOBUTCS BBLIEICHHOU

KBaszucmoso Hpeo6pa3yeTcsI B HCIIYCTOC CJIOBO

Ha a
Iv OTkII0YeHne .
IIyTEM OT6paCI)IBaHI/I$[ BBIOCIIAIONICU CBsI3U
Hatypanpusie
\Y% YCIIOBU S
VYcnosue [IpoBepserca npenukar “paccMaTpuBaeMoe
HEMYyCTOTHI CJIOBO HeEIycTo”
Ycnosue [IpoBepsercs mpequkar “B paccMaT puBaeMOM
Hayaja KBa3UCJIOBE BBI/ICJICHA TTepBasi OykBa”

VcinoBue koHIa

Ycnosue

[TpoBepseTcs mpequkaT «B paccMaT pUBaEMOM
KBA3UCIIOBE BBIJIENIeHa OcNeTH g OyKBay»

[IpoBepsieTcs mpeauKkaT «B paccMaT puBaeMOM
KBAa3HUCI0BE BbIJCIeHA OyKBa, OJIMHAKOBAS C a»

TOXJeCTBa OYKB
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Onepau,vm npoaBvXeHnda Ha3ad npMMeHnmMma TOJIbKO K KBa3nCioBaM, B KOTOPbIX
BbloeneHa He nepsas OykBa. Hanpumep, kBas3nucnoBo
!
bYHKUMSA
OHa npeobpasyeT B KBA3MC/IOBO

|
bYHKLUMA
Onepaunsa yanuHeHus Bnepen npumMeHuMma TOJIbKO K KBa3mMcioBaM C
BblOeNeHHOW nocnepHe 6ykeBoii. Hanpumep, KBa3nMcrioBO
!
copT
OHa npeobpasyeT (ecnm a = T) B KBa3UC/IOBO
!
copTT
Onepaumsa oTbpackiBaHMS KOHLUA NMPUMeHMMa K NioObiIM KBa3MCIOBaM N TOJIbKO
K KBasucnosam. Hanpumep, oHa npeobpasyeT
! ! !
X napk copTt
COOTBETCTBEHHO B KBa3ucyoBa
! ! !
X nap cop
Onepauust 3ameHbl OyKBbl HA & B KOHKPETHOM Cilydae MOXeT ObiTb 3aMeHOol
OykBbl Ha a. Takas onepauus npeobpasoBana Obl KBA3MCIOBO
!
KpeH
B KBa3WC/IOBO
!
KpaH
Onepauys OTKIOYEHNS HEMPUMEHKMMA K CfloBaM, a TOJIbKO K KBa3WC/IOBaM.
MocnegHee 13 BbilLENPUBEOEHHbIX KBa3MCNIOB OHa npeobpasoBana Obl B CMOBO
KpaH.
Mpexae 4em MPUCTYNUTb K pa3bsACHEHWUID onepauun nuHeapusaunm m
nenvHeapmaaumm, paccMoTpuM nNpobnemMy nosy4eHUss BCEBO3MOXHbBIX Hymepauui
NPOW3BOJIbHON COBOKYMHOCTW MpeaMeToB, eClM M3BeCTHa Kakasa-Hubyab uX

Hymepaumua. MTak, npeanonoxum, 4To HEeKoTopasas KOHeYyHas COBOKYMHOCTb
npegMeToB nepeHymepoBaHa Yucramu

1,2,...,n,ni?2.

Takasi COBOKYMNHOCTb yrnopsigodeHa. B Hen Bcerga MOXHO NMPOCMOTPETb BCE
ee npegMeThl, BblibpaB crnepBa 1-i, a 3aTeM, nepexoas OT OOHOro K Opyromy, B
nopsake mx Homepos. CylecTByeT alropuMTMUYECKNiA NPOLLECC MOJIyYEHUS BCEX
BO3MOXHbIX HyMepauun no 3agaHHOM Hymepauuu, a 3HayuT, U anropuTtMm B
MHTYUTUBHOM CMbICNe AO/9 BbiNONHEeHUs 3Toi onepauun. OH 3akniyaeTcsa B
crenyoLwem.
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1) CocTaBMM CTPOKY S M3 OOQHOrO afnemMeHTa 1; nepengem K n. 2.

2) MapameTpy j NpucBoMM (BpeMeHHO) 3HadveHue 1; nepergem K n. 3.

3) Ecnu j=n, To nepengem K n. 4, nHaye — K n. 6.

4) Mpunuwem B KOHLUE KaXXO0N N3 NMMEIOLLMXCA NOCNef0BaTe/IbHOCTEN S YMCIIO
j+1. Hamu nonyyeHbl HOBble MOCNEAOBATENIbLHOCTM, OOMEHMBAsS B KaXOOW U3 HUX
9NEeMeHT j+1 CTONbKO pa3, CKOJNIbKO BO3MOXHO, C MpeabliaylinuM 3N1EMEHTOM, U3
KaXXgoM HOBOW MOCAenoBaTenNbHOCTU MOSYYMM ELLE j HOBbIX NOCNEA0BaTENbHOCTEN.
Kaxnaylo n3 HOBbIX MocnenoBaTesbHOCTEN OyaemM HasbiBaTb MMEHEM S (CTapbiX
nocnenoBarteibHOCTEN yxe HeT). [Nepengem Kk n. 5.

5) YBenunuum 3HadveHue j Ha 1 n nepeigem k n. 3.

6) Obpasyem napbl U3 MOJIYHYEHHbIX NOCNEAOBaTENIbHOCTEN, B KaXOon u3
KOTOpPbIX 1-M 4YneHOM SBASETCHA nocnegosatenbHocTb 1, 2, . . ., n. Bcero takux
nap 6ynet v = n! - |. CyMtaem, 4TO B KaXO0W nape 3neMeHTbl (41ucna), oanHaKoBO
PaCnoONOXEHHbIE B €€ 4ieHax, B3aMMHO OJHO3HA4YHO COOTBETCTBYIOT APYr OpPyry.
Takum 06pa3oM MOMYYEHO V LENOYUCTIEHHBIX DYHKLMNA, Kaxaas U3 KOTOPbIX
Nno3BONSET Npeobpa3oBaTh MCXOOHYD HYMeEpPaLMioO B HEKOTOPYKO HOBYH. [Mepennem
Kn. 7.

7) NMocnepoBaTeNlbHO NMPUMEHSAS NONyYeHHble (PYHKLUUM K UCXOOHON
HymMepauuu, nosyyaemMm M3 Hee (M KPOME Hee) elle V HOBbIX Hymepaumin. Npouecc
OKOHYEeH.

CyLLeCTBEHHOM 4EepTOW OMMCaHHOro MpoLecca ABNSeTcs TO 0OCTOATENbCTBO,
4YTO KPOME OMUCaHUS €ro U UCXOAHOW HymMepaunn onsg nosayyeHnss BCEX BOSMOXHbIX
HyMepaunin HUKaAKMX OOMOSHUTENbHbIX AAHHbIX HE HYXHO. lMony4yeHHble HaMu
GYHKLMM Mbl CTPOUM TOrAa, Korga oHuM MoryT notpebosaTbes. VMIMeTb 1x B 3anace
He HYXHO. OTO BaXkHO MOTOMY, YTO TakoW 3anac, NPUroAdHbli Ha MoboN cnyvai,
Obin Obl 6GeCcKkOHeYeH, 1 npoueaypa MoJlyYeHUs BCEX BO3MOXHbIX HyMepauui He
Obina 6bl apdekTmBHOM. Mpu n = 1 3agaHHas Hymepauuss ecTb €OUMHCTBEHHO
BO3MOXHas.

Mpumep. NMpoaeMOHCTPUPYEM MPOLECC MONYyYEHUS BCEX BO3MOXHbIX
HyMepauui ons cnyyas Tpex npegMmeToB. VTak, npeanonoxmm, YTo AaHbl NpeaMeThl
a, b, ¢, nepeHymMepoBaHHble cneayowmm o06pasom:

a, b, c
123

B cooTBeTcTBMM C N.1 onucaHus npouecca CoCTaBfsseM NOCNeA0BaTeIbHOCTb
13 ogHoro yucna 1. MNMonaraem ganee j=1. Tak Kak j=| #3, TO NPMNNCBLIBAEM K KaXO0M
M3 UMEeLWNXCa nocnenoBaTelbHOCTEN (MX BCero — ogHa) yucno j+1=2 (T.e.
BbIMONHAEM M. 4), nony4aemMm HOBYK nocneposaTtenbHocTb 1, 2. lNMepecTaBnas
NOCNEAHUI YNEeH C NPeLWeCcTBYIOWMM eMy, NMOJly4aeM ele OAHy nocnenoBaTesib-
HocTb 2, 1. [ocne 3Toro (B COOTBETCTBUM C M. 5) YBENMYUM HA eOMHMLY NapameTp
j n nonyuum j=2. Tak Kak , jZ3 70, npunuceiBasa j+1=3 K KaXa0M U3 UMEIOLNXCHA OBYX
nocnenoBaTefsibHOCTEN (B COOTBETCTBMM C n. 4), NOJy4uM [ABe HOBblE
nocnepoatenbHocTn 1, 2, 3 n 2, 1, 3, U3 KOTOPbIX C NMOMOLLbID NEPECTAHOBOK
yncen, BMecTe C nocnegHnumu OBymsi, BCEro nosy4Mm 6 nocnenoBaTesibHOCTEN:

1,2,31,3,2;,3, 1, 2
2,1,3;2,3,1;3,2, 1.

Tenepb, yBenuuMBas napameTp, Mbl MoayyYnuMm j=3 v, B COOTBETCTBMU C M. 3,
nepengemM K MOCTPOEHUIO HYXHbIX HaM YHKUMIA (B COOTBETCTBUM C M. 6). OTn
@GYHKLMM MOXHO MpPeacTaBuTb B BUAe Tabnmyek:

123 123 123 123 123
ooooao
132 312 213 231 321
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BepxHasa CcTpoka Kaxaon Tabnnykm COOepXMUT 3aJaHHble HOMEpPA, @ HUKHAS —
HOMepa, MoJlyyaloLlMecs B pe3ynbTaTe U3MEeHeHUs Hymepaumu. Mbl BUAUM, 4TO
Tabnuyek Bcero v =3! — 1 = 5. BMecTe C MCXOOHOI BCEro BO3MOXHO 6 HymMepauuii.
Hymepauus, nonyyalowascs U3 MCXOOHOM C NMOMOLLbBIO, Hanpumep, 3-in Tabnunykm
(byHKUMN):

a, b, ¢ nnn, 4yto 10 Xe, b, a, C
213123

JlnHeapusaumein Ha3biBaeTCH onepaums, C NOMOLLbIO KOTOPOW NPOU3BOJIbHAdA
KOHCTpyKumsa knacca (A, B, Y) npeobpasyeTcsa B C/IOBO ONpeneneHHOro
cneymanbHOro Buaa B cneumanbHOM pacwmpeHun andasuta A. lNpexae Bcero
ONuLLEM HYXHOE HaM paclumpeHue andasuta A.

Bo3bMem nponaBosbHbI andasut 6yke C, He nepecekatowmnincs H1 ¢ A, HU C
B, n nmelowmii yucno OykB, PaBHOE OMPEAENEHHOMY HaMW MakKCUMAallbHOMY PaHry
CBSI3el, nepeyncneHHbix B B. HakoHel, Bo3bMem andasut D, He nepecekarowmics
HU c A, HU ¢ B, HM ¢ C, ymucno 6ykB KOTOporo paBHo 3. [na onpeneneHHocTu
oykBamu B D 6ypem cumtatb cumsosbl “(“”)” un “1”, koTopble BGyaem Ha3blBaTb
ckobkamu 1 eguHuLein (umdpoi 1). B kavecTBe paclumpeHus andasmta A BO3bMEM
A’ =B [0 AO C OD. Cnoea, o6pa3oBaHHble U3 eOuHULL, Mbl OyaeM Mpu BbIMOSIHEHUN
HyYMepauui NMPUMEHSATb Kak 3anncu LenbIX YNCEN B eOUHNYHON CUCTEME CHUCIEHMS.

B panbHelwem, ecnu HekoTopas OykBa npefwecTByeT B andaBuTe Opyromn
OykBe, OyOemM roBopuTb, YTO OHA MJafLle 3TOW BTOPOW OYKBbI.

Huxe, npu onucaHum npouecca nMHeapusaummn, Mbl 6yaemM Npon3BOJIbHO
HyMepoBaTb T€ WAW APYrue 3MNEMEHTbl KOHCTPYKLUUM, a 3aTEM Y4UTbiBaTb BCE
BO3MOXHble pe3ynbTaTbl NMPOU3BONILHOW Hymepauuu. Onsa atoro 6ynem
penpoayumpoBaTb oOpabaTbiBaeMyto KOHCTPYKUMIO n!-1 pas (roe n — HanbonbLIMiA
M3 NMPOU3BOJIbHLIX HOMEPOB) U MPOM3BOAUTL Npeobpa3oBaHMe MPOU3BOJIbHbBIX
HOMepoB (NPeacTaB/ieHHbIX Kak CTpoku Buaa 1...1) cnocob6om, onmcaHHbIM BhbilLE.
Mocne kaxaoro Takoro wara 4mcno obpabaTbiBaeMbiX KOHCTPYKUUA OyoeTt
yBenmumBatbcs. JanbHenwune nencreus 6yaoyT NpUMEHATbLCS K Kaxaoih ns n!
MOJIy4EHHbIX KOHCTPYKUMIA B MPEANnoNoXEeHUN, YTO Kaxaass U3 HUX UMEEeT TO Xe
MMs, 4TO McxogHas.

JInHeapu3aums COCTOUT U3 CNeayloLmx 3Tanos.

OT1an |. NMpeobpasyemyo KOHCTPYKUMIO K 3aknoyaloT B 060/104KY.

Otan Il. Haxopst B K gna kaxpon 6ykeel B, (i=l, 2, . . .) andasuta n BCE
CBS3K, OTBevawuwme atol 6ykee. [MpoM3BOASAT MX NMPOM3BOJIBHYIO HYMEpPaLMo U
nomeyatoT cnosamm 1, 11, n 1. 4. Ecnn nponsBonbHas Hymepaumsa npueena kK
HanbonbLLUeMY HOMeEpPY, KOTOPbI >2, TO ONPeaensoT BCe BO3MOXHbIE Hymepauuu,
yBeNMuMBas YMCro 3K3eMnisgpoB obpabaTbiBaeMoli KOHCTPYKUUM U npeobpasys
BbILLEONMUCAHHbIM Crocobom HoMepa. CuuTaloT, YTO Kaxaas U3 MOJTyYEeHHbIX
KOHCTPYKUnn nmeet uma K. Janee, nepexoas OT CBA3W K CBA3M B Kaxgon K, B
nopsiake, KOTOPbLIA 3a4atoT MPUMMCaHHbIE CBA3SIM HOMEpa, YNnopsaoyvBaloT BETBU
KaX4on CBA3M aHa/oOrM4yHO TOMY, Kak 9TO OenanocCb AN CBA3EW, C TOW NuWb
pasHuuen, 4To BMecTto andasuta B mcnonbsyiot andasut C, cumTtas, 4To BETBAM
i-ro xaHpa oTBeyaeT i-g9 OykBa 3Ttoro andaBuTa. YMCNO KOHCTPYKLUA CHOBA
BO3pacTaeT (nocne Kaxaon npomn3BOsibHOM Hymepauun), a nma K 3akpennsertcsa 3a
KaXXO0M M3 MOMyYEeHHbIX KOHCTPYKUMIA (9TO no3sonseT, roeops o K, nvetb B BUay
KaXxaylo U3 HUX).

[Mlocne okoH4YaHMs 3TOro 9Tana BCe CBA3UM U BETBM CBS3EN B HEKOTOPOM
yncne KOHCTPYKLUMMA, Kaxaas u3 KOTopbiX HasbiBaetca K, nomedeHbl GykBamu u
HOMEepamu.

OnucaHneM Kaxaon BeTBM NtoOOI CBA3M HA3bIBAlOT CIOBO, B Havane KOTOporo
ctouT BykBa B B, 3aTem Heckonbko OykB “1” , 3ateM — 6GykBa B C U1, HakoHeL,
onaTb HEeCKONbKO eamHul,. CuuTaloT, YTO CBS3WM pacrnajincb Ha OTAefibHble BETBU.
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Otan lll. B npeobpadyemor KOHCTPYKLMN HaxoadaT 060104Ky, BHYTPU KOTOPOW
HeT apyrux obonoyek. MNycTb K’'- 3akfoyeHHass B He KOHCTPyKUuus. BoinuceiBatoT
BCE KOHCTPYKTMBHbLIE 3JIEMEHTHI, U3 KOTOPbIX oOpa3oBaHa K’', B NMPOM3BOJIbHOM
nopsioke, a nepen KaxapiM 13 HUX B NeKCukorpadunyeckoM Nopsake BbiMUCbIBAIOT
onnucaHunsa BETBEN CBA3EN, ANS KOTOPbIX OaHHbIA KOHCTPYKTUBHbIA 3NEMEHT
ABNSETCA CBA3yEeMbIM 0OBbEKTOM. KOHCTPYKTUBHBIM 3/IEMEHTOM MOXET ObITb (Npu
NMOBTOPHbIX BbINOSIHEHUSX aTana V) nnbo 6ykea B A, nMbo cnoso B A’, 3ak/tlo4eHHoe
B CKOOKM. KOHCTPYKTUBHLIN 3/1EMEHT CO BCEMU MPeLEecTBYIOWUMN eMy
onncaHnaMmn BETBEN Ha3oBeM dparMeHTOM. Kaxapih dparMeHT gBngeTcs ClI0BOM
B A’. Bce BbiNMCaHHble ¢pparMeHTbl B NeKCUKorpadpuiyeckoMm nopsake oobeanHum
B OOHO CNOBO M 3aK/O4YMM B CKOOKU. [onydeHHbIM pedynbtatoM B K 3amenum K’
BMeCTe C coaepxxalleii ee o060so4koin. Bce BeTBU CBSA3€el, KOTOpble npexae
cBsA3bIBanM 0060104Ky, o6bemnoLyto K', Tenepb OTHECEM K OTKPbIBAIOLLIEN CKOOKE.
3ameTum, 4Tt0 ecnm K’ gBnaeTtca nycTtom, TO U C/IOBO, COCTaBIEHHOE U3
dparmeHToB, OyAeT MyCTbIM.

CnoBo, koTOpoe OyaeT NnosyyeHo Nnocne MHOrOKPATHOrO BbIMOSIHEHUSA AAHHOIO
aTana Hap kaxpoin K m nocne orbpacbiBaHUS COAEPXaLUMX €ro OTKpbIBalOLWEen 1
3aKkpbiBaoLWel ckoboK, ABASAETCA OAHUMM U3 NpeaBapuUTesibHbIX Pe3yNbTaToB,
COBOKYMHOCTb KOTOPbIX OYAEeT KOHEeYHa.

Otan IV. N3 Bcex npenBapuTesibHbIX pe3y/ibTaTOB BblOMPAOT OAMH, KOTOPbINA
NleKcuKorpaduyeckn He cTapLue OCTaNbHbIX. ITO U €CTb Pe3ynbTaT nHeapusaumu,
KOTOPbIA OOHO3HAYEH, KOHEYHO, Npu 3adaHHbIx andasutax B, C n D.

AenuHeapusaumeil Ha3bIBAETCS MPOLLECC BOCCTAHOBIEHUS KOHCTPYKLMU MO
CNOBY, MMEIOLLLEMY COOTBETCTBYIOLLYIO CTPYKTYPY, KOPOTKO FOBOPS, - ABAFIOLLEMYCH
€e OonMcaHnem.

[Be KOHCTpyKuum knacca (A, B,Y ) HasbiBalOTCA OAMHAKOBLIMW, €CNN OHW NpU
0OVHaKoBOM A ‘ JaloT OOMH U TOT Xe pe3ynbTaTt JMHeapu3aumn.

Mpeanonoxmm, 410 3agaH HEKOTOPbLIN GOopMasbHbIM 93bIK L, npennoxeHus
KOTOPOro SIBASIOTCA MCXOOHbIMU OaHHbIMW O OnpefeNieHHbIX nNpeobpa3oBaHuii.
L, 6ynem HasbiBaTb BXOAHbLIM S3bIKOM OrnepaHaoB. Npennonoxum, ganee, 4To Ham
3a4aH KOHeYHbI Habop onepaunii, U3 KOTOPbLIX HEKOTOPbLIE MOrYT OblTb MPUMEHEHbI
K HEKOTOPbIM MPEASIOXKEHNAM (CMMBOJMIbHBIM KOHCTPYKLMAM) ga3bika L. Onepauumn
6yneMm pnennTb Ha OENCTBUS U ycnoBus. BbinonHeHne AENCTBUS 3ak/io4yaeTcs B
TOM, YTO KOHCTPYKUMS — OMepaHf 3aMeHseTCs KOHCTPYKUMEN, nosydyaemon m3
9TOro onepaHaa MyTem BbIMOSHEHUS onepauuu; TO, YTO MONYYUTCS, B AAJIbHENLLEM
cynTaeTca onepaHaom. Ecnu onepaums K UCXOLHOMY onepaHay He MpUMeEHMMA,
TO HMKAKOro pes3ynbTara He MOJydaeTCs U Hukakas MHPOopMaLmsa O ero OTCyTCTBUU
He BblpabaTbiBaeTcs. BbiMoONHeHWe ycnoBus 3aknyaeTcss B MNPOBEPKE,
crnpaBeniMBO M OHO AJ19 onepaHaa, uin HeT. B mepBom cnyyae peaynbTtaTtom
NPOBEPKM SBASETCH JIOFMYECKOE 3HAYEHWE UCTMHA, BO BTOPOM Cllyd4ae — JIOXb.
OnepaHp, ocTaeTcsl HEM3MEHHbIM. YCNOBUSA ABNSIIOTCSA NpeamkaTtamu.

MocTpoOMM KOHTEKCTHO CBOOGOAHbLIN A3blK L,, KOTOpbLIA Oyaem Ha3biBaTb
anroputMuyeckum. [1ns aToro Bocnonb3dyemcs Hotauuen bekyca. lNpepnoxenne
a3bika L, 6ynem o603Ha4atb METaCMMBOJIOM (3anmMCb NMEPBUYHOIO anroputMa):

<3anMcb MEpPBUYHOrO anroputMa> ::= <6e3yCOBHbIA NpuKas>| <yCnoBHbIN
npukas>

<6e3yCcnoBHbI Npukas> ::= <MmeTka> <pasgenutenb |> <3Hak goeicTBua>
<pasgenutenb lI> <oTcbinka> <paszgenutens >

<yCnoBHbI Npukas> ::= <meTka> <pasgenutenb V> <3Hak ycnosua>
<pasgenutenb V> <oTcbinka> <paspenutens VI> <otcbiika> <pasgenutens 1>

<otchika> = <meTka>| <cron>

Onsa Toro 4tob6bl L, 661 NMONHOCTBIO onpepeneH, Heob6xoaMMo 3apaTthb C
nomoLpto MetTadopmMysl 3HAYEHUS METAaCUMBOJIOB:

<meTka> <paspgenutenb V>
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<cton> <pasgenutenb V>

<pasgenutensb I> <pasgenutens VI>

<pasgenutens II> <3Hak pgencreua>

<pazgenutens IlI> <3Hak ycnosua>

Mol aTOro He 6ynem penatb, onpenenss TeEM caMblM HE OAMH S3bIK, a Kacc
A3bIkOB. B kayecTBe L,, MOXET ObITb NMPUHAT OO0 N3 KOHKPETHBLIX S3bIKOB 3TOr0
Knacca. 3aMeTuM TONbKO, YTO Pas3fenuTenn OOMKHbl OblTb BblOpaHbl Tak, 4YTOObI
OHV OOHO3HAYHO pa3nensiiv Nprkasbl HA COOTBETCTBYIOLLME YACTU, @ pas3nenuTesb
Il gomkeH ObITb OTANYMM OT pasgenutens VI, a Takke oT 0OON OTCLIIKN N METKM.

[na Toro 4to6bl HAAENUTbL 3aNUChb NEPBUYHOMO anropruTMa CMbICIIOM, 3a434UM
crefyoilee npasuo.

[MpaBnno BbLINOAHEHWS MEPBUYHOMO @ 1T O P U T M a.

1) MNpocmaTpuBaga 3annucb NEPBUYHOrO anroputMa C Hadana, HanTu nepBbii
npvkas; nepenTtun K n. 2.

2) Ecnu paccmaTtpuBaeMsbllii Npukas aBnsieTcs 0e3yC/ioBHbIM, NepenTn K mn. 3,
MHaye — K n. 5.

3) MNpumeHnTbL onepaumio, COOTBETCTBYIOLWLYIO 3HAKy AENCTBUS LAHHOIO
npukasa, K onepaHay; HaluTn OTCbUIKY B JAHHOM MpuKase; nepentu K n. 4.

4) Ecnu BblbpaHHas OTCbifka UMeeT BUA, (CTOM), TO NPOLLECC OKOHYEH; nHade,
npocmMatpmeas 3anncb aaropMTMa C Havana, HanTu npukas, MeTka KOTOpOoro
OJMHAKOBA C OTCbIIKOW, U NepenTn K n. 2.

5) Ecnu onepaHa yooBneTBOpsieT YCNOBUIO, COOTBETCTBYIOLLEMY 3HaKy
YCNOBUSA OAHHOrO npukasa, To nepenTtn K n. 6, nHave — kK n. 7.

6) Halitn nepBylo OTCbIIKY AAHHOrO Npukasa; nepentun K n. 4.

7) Halitn BTOpPYIO OTCbIIKY AAHHOIMO npukasa; nepentun K n. 4.

MpaBno BbINOMHEHMS 3aBUCUT OT A3bika L, 1 OT 3apaHee BbIGpaHHOro Habopa
onepaumin. 3To NpaBuUIO ABMASETCH aNrOPUTMOM B UHTYUTUBHOM CMbIC/E CJOBa,
OAHaKO CHOPMYNMPOBAHHBIM HACTONIbKO TOYHO, YTO MPU €ro BbIMNOJHEHUN HE MOXET
BO3HUKHYTb HUKAKMUX HESICHOCTEMN.

3anucb NepBUYHOro anroputMma, paccMarpvBaemMasi BMECTE C MPaBUIOM €ro
BbIMO/IHEHNS, HA3bIBAETCH MEPBUYHBLIM aNropuTMOM. [MepBuUYHbIE anropuUTMbI
npepnonarakwT Haluvyme [ABYX S3blKOB: BXOAHOrO €3blka OMNepaHAoB WU
aNropuTMMYECKOro (4719 NEPBUYHbLIX airOPUTMOB, KOHTEKCTHO CBOOOAHOM0) A3bika.

Mpumep. MpuBenem nNprUMep HECNOXHOro CEMENCTBA NEPBUYHbLIX allfOPUTMOB,
aNropUTMUYECKUNIA A3bIK KOTOPbIX BIM30K K NMOAMHOXECTBY PYCCKOro $13blka, HO npu
aToM gBngeTcsa dopmanbHbIM. [ns 9TOro nosHOCTLIO Onpeaenvm anroputMmyec-
K1l a3bik L, cnegyowmm obpasom:

<meTka> ::= <umdpa> | <metka> <umdpa>

<umepa> =0 | 1| 2| 3| 4] 5] 6] 7[ 8] 9

<cTon> ::= OCTaHOBUTbLCH

<paspenutenb 1>::=)

<pasgenutens 1> = 1 | n nepenTtn Kk n.

<pasgenutens llI>:

<pazgenutens IV>::=) Ecnun

<paszgenutenb V>::=, TO NepenTtn K nm.

<paspgenutenb VI>::=, nHaiye — K n.

<3HaK aenctBua> ::=BenunumHy <6ykBa> yMEHbLUUTb HA 3HAYEHUE <6yKBa>|
MonaraTb, 4TO <OGyKBa> pPaBHO 3HayeHUto <OykBa>

<3Hak ycnosusa> ::=<0ykBa> <3HaK OTHOLIeHuUs> <OykBa>

<3HaK OTHOLUEHUS>::=>

<6ykBa>:=x|y|z|u]|v|w

Tenepb 93blk L, onpeneneH nonHoctbio. Pasgenutens Il onpepeneH y Hac B
OByx BapuaHTax. O6a BapuaHTa 9KBMBANIEHTHbI, HO MEPBbLIA N3 HUX Mbl Byaoem
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ynoTpebnaTb TONbKO Mepen OTCbIIKOM <CTON>, a BTOPOW BO BCEX OCTallbHbIX
cnyyaax. byaem cumTtaTtb, 4TO 3a4aHbl TONbKO ABa AENCTBUSA: BblYMTAHUE W
NPUCBOEHME 3HAYEeHUs, U TONIbKO OAHO YC/IOBME, rnacsiuee “nepsas BenmymHa
6onblue BTOpO”.

Tenepb NnpuBegemM NpuMep NEPBMYHOro anroputMma:

1) Ecnu x>y, TO nepentn K N. 4, nHaye — K N. 2;

2) Ecnn y>x, T0 nepentn Kk N. 5, nHaye — k n. 3;

3) MonaraTb, 4YTO Z PaBHO 3HAYEHMIO X U OCTAHOBUTLCS;

4) BennumHy X yMEeHbLUUTb Ha 3HA4YeHue y U nepentn kK n. 1;

5) BenuunHy y yMEHbLINTbL Ha 3HA4YeHMe X U nepenTtn K n. 1;

MicxooHbIM OaHHbIM SBNSETCS 3anucb Buaa

X=a; y=b,

roe a u b — nobble Lenblie HeoTpuuaTenbHble Yicna. ONUCaHHbIN NEPBUYHbIN
anNropuTM SBSIETCSH aNifOPUTMOM BblYMCIIEHUSA 00LLEero HanboNbLIero AenuTerns,
T.e. OOHMM M3 KNlacca anroputMoB EBknnpa. ANroputMnUYeckuii g93bik Mbl BblOpanu
TakK, 4TO MpuKasbl MEPBMYHOrO anropuTMa coBnagalT No BMAY WU MO CMbICNY
(3apaBaeMoMy MpaBUIOM BbINMOSIHEHUS MEPBUYHOIO anropmMtmMa) ¢ COOTBETCTBYIO-
wmMn dpaszamm pycckoro asbika. OTMETMM, 4TO Takoe CXOACTBO MnpeactaBnser
coboi penkuii cnydaii 1 BoBCe He 00a3aTeNbHO.

[MpymeHeHne npaBunia BbINOSIHEHUS NEPBMYHOIO anropmMTMa K COBOKYMHOCTMU,
06pa3oBaHHOM N3 3anNnUcKu NEPBUYHOrO anropuTMa 1 3anmcu onepaHaa, NnopoxaaeT
npouecc, Ha3blBaeMblil anropuTMMYecknm. OTOT MNpouecc MoxeT nnbo
3aKaH4YMBaTbCA MPW BbINOJIHEHUM M. 2 NpaBwuia, U Toraa NoJlydeHHbI onepaHn,
Ha3blBAETCA MCKOMbIM pe3ynbTatoM, Mbo 06pbiBaTbCA M3-3a HEBbINOHUMOCTHU
Kakoro-nmbo Apyroro nyHkTa npaswuia (6e3pe3ynbTaTHO OCTaHOBUTLCSH), NMOO
NPOAOIKATLCHA HEOrPaHUYEHHO (He OCTaHaBNMBATbCH).

B nepBomM cnyyae roBOpST, YTO MEPBUYHLIMA aNrOPUTM MPUMEHUM K AAHHOMY
ornepaHay, a BO BTOPOM U TPETbEM CllydasxX — YTO HENMPUMEHUM.

Cnenyet o6paTuTb BHMMaHME Ha TO, YTO aJIFOPUTMUYECKUIA MPOLLECC
npeacTtaBnseT coboli npouecc COBMECTHOro npeobpas3oBaHUs COBOKYMHOCTU
3anucen anroputMma 1 onepanga. YactHor oCoOGEeHHOCTbIO 3TOro npeobpas3oBaHms
ABNSAETCH HEMBMEHHOCTb CUMMBOJIbLHOW KOHCTPYKUWW, SBASIOWENCSA 3annucblo
anroputMa.

MoaknaccomMm NepBUYHbLIX aNrOPUTMOB SBMSIIOTCA HaTypasibHble aJirOPUTMBblI,
Tak Has3blBAOTCS MEPBUYHbIE ANrOPUTMbI, O BbINOJHEHUS KOTOPbLIX TpebyeTca
TONbKO 3HAHWE HaTypasibHbIX Oonepauui n, MoxeT ObiTb, NUHeEapuUlauum u
AoennHeapusaumn.

PaccmoTtpum Tenepb wmpokoe c¢dopmasnibHOe onpepesieHMe anroputma.
Knacc nepBu4HbIX anropuTMOB 3a4aH, eCnv 3adaHbl ABa a3blka: L, u L,, npuyem
NpeanoXeHns NepBoro U3 HMX oObSABIEHbI 3anNUCAMN aIfTOPUTMOB, a NPeI0XEeHs
BTOPOro — 3anMcsamMu onepaHaoB M, eCcnn 3aaHo NPaBuo BbIMOMHEHNS NEPBUYHbIX
anropuTMOB, MPUMEHMMOE K NapamM 3anncb anroputma, 3anucb onepaHaa.

MepBbln NyHKT 06LLEro onpeneneHns anroputma rnacuT:

1) NepBuYHbIE aNrOPUTMblI — 3TO aNIrOPUTMbI.

Ho obuiee noHATME anroputma CyLLLECTBEHHO LuMpe. Ero BTOPOI NyHKT riacuT:

2) Ecnn 3apaHbl oBa a3blka L, n L,, npuyem npennoxeHns nepBoro 00bsiBAEHbI
3anMcaMn anropuTtMOB, a NPEOSIOKEHUS BTOPOro — 3anmcsiMu OrnepaHaoB, U ecnu
3a4aH HekoTopbin anroputm W, onepaHfamm KOTOPOro SBASIOTCHA KOHCTPYKLUK,
nosly4aemMble CBA3bIBAHMEM KXA0r0o NpensioxeHns nd L, ¢ n npeanoxeHusaMm a3bika
L,, npy nomoLwm BNonHe onpeneneHHon cBa3n paHra n+1, To 3a4aHO CEMENCTBO N-
MECTHbIX anropntMoB. W Ha3bIBaeTCs airOPUTMOM BbINOSIHEHUSA 3TUX N-MECTHbIX
anropuTMOB.

TpeTuii NyHKT oBLWIEero onpeaeneHus rnacut:

3) N-MEeCTHblE aNIrOPUTMbl — TOXE anrOPUTMBbI.
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Taknm 06pasoM, Kaxapli anroputM B LLUMPOKOM GOPManbHOM CMbICIE, eCln
OH He MepBUYHbIA, UMeeT CBOW anroputM BbinonHeHus. Ecnn 6bl He Obinn
onpeneneHbl NepBUYHbIE aNrOPUTMbI, TO HEBO3MOXHO Oblio Obl AaTb CTPOroe
ornpeaesnieHe N OCTalbHbIX aNropuTMOB, Tak Kak HEBO3MOXHO Oblno Obl ykasaTb HU
OHOro anropmTMa BbINOAHEHUs. Ho nocne Toro, Kkak mocTpoeH XoTs Obl OAuH
anropuTM BbIMOSIHEHUS, MOXHO CTPOUTb MHOTME Opyrue, yXxe He NpuBrekas
NepPBUYHbIE ANrOPUTMBbI.

dyHKUMK, NopoXaaeMble anropuTMamMin, HasdbiBalOT BbIHUCIUMbBIMUA.

Mon onepaHmoM 00ObLIYHO MOHMMAT NPeasioxeHne GopMasnbHOro A3bIka,
HafeneHHoe CMbIC/IOM. [T03TOMY eCTeCTBEHHO OT/iMyaTb OonepaHn OT ero 3anucu.
O603Hayasa onepaHg, kakon-nmbo 6ykBon, OyaemM ero 3anucb Toxxe 0603Ha4vaTb TOM
Xe OYKBOW C KPbILWKOM (4epTOYKON) HaABEPXY.

LLinpokoe popmanbHoe onpeneneHne noHATUS anropmutma AaeT HaMm 0OLLIMPHYIO
vnepapxmio cemenctea aJropuTMoOB, pas/IN4HbIX MO CBOEW CTPYKType u
BO3MOXHOCTSM.

[Mpu aHanuse UM KOHCTPYMPOBAHUM aNrOPUTMOB UCMONb3YIOT pPasnuyHbie
€cnocobbl MX ONUCaHUS, oTpaxaroLme TONbKO Te X CBOMCTBA, KOTOPbLIE CYLLECTBEHHbI
0N KOHKPETHbIX Uenen aHann3a Ui KOHCTPpyupoBaHus. Takme onucaHus
aNroOpnuTMOB HAa3bIBAIOT UX CXEMAMMU.

Cxembl, oTpaxawowme GyHKLUNOHANbHbIE CBOMCTBA anrOpMTMOB, Ha3bIBAOTCH
CeMaHTUYeCKMMU, a ONUCaHMUA, OTpaxawlwme CTPYKTYypy airopuTMOB Kak
CUMMBOJIbHbIX KOHCTPYKUUWI Ha3biBAlOTCH CTPYKTYPHbBIMM CXEMaMMU.

3.4. UamepeHue m nepepada nHpopmauumn
UHdopmMaLMOHHBIA curHan

MoHaTne nudpopmaunm — OOHO M3 OCHOBHbIX MOHATUN ANC, Tak Kak npu
aBToMaTmM3aummn NiobbiX NPOLECCOB HA MEPBbLIM NAaH BbIABUIAlOTCS MPOLLECCHI
npeobpasoBaHus MHbopmMaummn. Kak yxe oTmeyanocb, CTporo $hoopmMann3oBaHHOrO
NOHATUS MHPOPMaLMM He CyLLeCcTBYET. TO NOHATME MHMOPMaLMK, KOTOPoe OObIYHO
MCNONb3yeTCs, 3aUMMCTBOBAHO U3 Teopun cBa3u. OCHOBHAg ero oCOBEHHOCTb
cocTtouT B abcTparMpoBaHMM OT CMbICNIOBOro CoZepxaHus nHdopmaumu,
MCMNONb30BaHNUM €€ KONMYeCTBEeHHOM Mepbl No LLeHHoHy. OgHako ans paspelueHus
MHOIMX 3a4a4 Heob6xo4MO OMeprpPOBaTb UMEHHO KOJIMYECTBEHHLIMU XapaKTePUCTU-
KaMy CMbICIOBOrO WM CEMAHTUHYECKOro coaepXxaHus nHdopmaumun.

TeMm He MeHee, B pafe CrydYaeB, KjlaCCUYeCcKoe MOHATUE KONMMYecTBa
nHpopMaunn ObIBAET MOSE3HO MPU MU3YYEHUU MPOLLECCOB ynpaBneHus. ImeHHo
OTBNIe4YEHME OT CMbICNIOBOro coepxaHus nHdopmaumm no3BOASeT noay4vyaTb
0600LLEHHbIE XapaKTEPUCTUKL MO 3arpy3Ke KaHanoB cBa3u, namsaty OBM, kaHanos
npeobpasoBaHua nHdopmaumn B AUC. Moatomy ganee 6ynyT pacCMOTPEHbI
BOMPOCHI TEOPUU MHPOPMALMK, XapakTEPHbIE ON9 TEOPUU CBA3U U OCHOBAHHbIE
Ha BEPOSITHOCTHOM MOAXoAe K npoleccam npeobpasoBaHus MHbOPMaLMN.

Teopus HPOpPMaLMM UMEET AEeN0 C onpeneneHHON MOAENbI0 CUCTEMbI CBA3U.
Ha puc. 1 npencraBneHa TUnuMyHas CTPYKTypHas CXema nepefayn coobLieHui,
ncnonb3yemass B Teopun cBa3n. Cuctema CBA3M Ha4YMHaAETCHs C UCTOYHUKA
MHpOpMaLMK, CO3AAI0LLEr0 COOBLLEHME UK UX NOCEA0BATENIbHOCTL AN Nepenayu
no nuHUK cBa3u. CoobLLEHSIMU MOTYT ObITb:

yenoBeyeckasa peyb (B 3TOM cnydae paano unm tenedoHHoe cooblieHune
npencTaBnsaeT coboil HEKOTOPY (YHKLMIO BPEMEHWU);

nocnenoBatenbHOCTb OykB 1 undp (Tenerpad);

HekoTopas QyHKLUMSA OBYX KOOPAMHAT U BPpEMEHU (4epHO-6enoe TeneBmnaeHune),
KOoTOpasi NpeaCcTaBnseT MHTEHCUBHOCTbL CBETA B TOYKE NEPefaBaeMoro n3obpaxeHus
M T.4.
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IlepenanHblii curHan ITpunATHINA cUrHAT

Hcrou- Tepe- | | ' | Hpuem Anpe-
HUK HH- Jar- i : UK cat
dopma- [P umk i g
1 . E
Cooburenue i [ E— . CoobmeHue
E myma E

Kanan cpena
Puc. 1

Coo0LeHns nepepaloTcs Ha nepepaTymk, KOTOpbI nepepabaTtbiBaeT UX B
CUrHasnbl B COOTBETCTBMW C AAHHbIM KaHaloMm CBA3W. B npocTenwem cnyyae
(TenedoH) aKkycTUYECKME BOJIHbI YEJIOBEYECKOro rosioca npeobpasyoTcs B
aneKTpuyecknin Tok. MNpu pagnonpreme 3T HU3KOYACTOTHbLIE CUIHAMbI HAMONHAIOTCS
paano4yacToTon, yCUNMBAKOTCA MO MOLWHOCTU, a NMpu pagvopenenHon nepepadve
4YennoBEYECKOro rosoca HeobxogmMma cneumanbHas cUMcTeMa UMMNYAbCHOMO
KkoampoBaHus. B obLiem cnydae nepeparoLee yCTPOMCTBO MMEET npeobpasoBartesb
(MMKPODOH), KoaMpylowee yCTPONCTBO, MOAYNATOP, NepenaTynk, BbIXOAHbIE
yCTponcTBa nepepatymka (aHTEHHY).

M3 nepenatyvka curHanbl NOCTyNawT B KaHal nepeaayn unm cpeny, B KauecTse
KOTOPOM MOryT BbICTynaTb napa npoBOAOB (TenedoHHas CBA3b), KOAKCUasbHbIN
kabenb (TeneBn3nOHHas nepeaada), Nosioca PaamoyacToT (paanonprem), yd ceeTa
BMOMMOIro UM MHGpPakpacHoro gmanasoHa unu nasep. B kaHane ceasu (cpene),
Kak npaBuilo, Ha CUrHan OENCTBYIOT MOMEXU, KOTOPbIE MCKaXalOT ero, nosatomy
npuemM-BOCCTaHOBNEHNE MHOOPMALMN OCYLLECTBAFETCSH B YC/OBUSAX LUYMOB
(nomex). Wymbl npn pagnonpueme — 3TO MCKPOBbIE pa3panbl B atmocdepe,
NMPOMBbILLSIEHHbIE MOMEXM, UCKPEHME KOHTAKTOB B TPAHCMOPTHbLIX CPeAcTBax W Ap.
PaboTe paamonokauMOHHbIX CUCTEM MELLAKT NMOMEXU, CMeunanbHO CO34aBaeMble
NPOTUBHUKOM.

B npuemHuke coobLieHne BOCCTAHABIMBAETCS, 30€Chb OObIYHO BbLIMOHATCS
onepauun, obpaTHble TEM, KOTOpPblE MMEIOT MECTO B Nepefatyuke: ycuneHue
curHana, pemoaynsaums, nekogmposaHve. C Bbixoga NpuemMHuka paclumdpoBaHHOe
coobLLeHMe nocTynaeT agpecaTy. PacCMOTPEHHYIO MOAENb CUCTEMbI CBA3M MOXHO
NPUHATbL KaKk HEKOTOPYK OCHOBY A/ aHanmM3a MNpoLecCcOoB npuvemMa nepegadu
CUIHanoB.

AHann3a obLen CTPYKTYPHOW CXEMbl CBS3M MOKa3blBAET, YTO Kiaccuyeckas
Teopus MHoOpMaLUM B OCHOBHOM COCTOUT U3 OBYX YacTeu:
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Teopun NpeobpasoBaHUs COOOLLEHNIA 1 CUTHANOB, OCHOBHYIO OO0 B KOTOPO
COCTaBSOT BOMNPOCHI KOANPOBAHUA U OEKOAMPOBAHUS;

Teopun nepegadn coobLeHU 1 curHanoB 6es LWyMOB U C LUyMaMun B KaHane
CBA3W.

Hocutenem coobuweHunsa nnm nHbopmaummn asnsetca curHan. Cneayet
pasnuyatb pu3nyveckme (peasibHble) CUrHabl U UX MaTeMaTu4yeckne Monoenwu.
PasHoBMAHOCTEWN peasibHbIX CUFHANIOB MHOr0, 0AHako OONbLWMHCTBO U3 HUX
OMUCBLIBAETCS CPaBHUTENIbHO HEDOONbLUMM KONIMYECTBOM MaTEMATUYECKUX MOAENEN.
Oy4eBUAHO, YTO MPY TaKOM OMMCaHUM OOMYCKAETCH Kakas-TO MOrpeLHoCTb, KOTopas
B OOHUX Ciny4asx (MoAensx) CyWeCTBEHHO, a B APYrMX HECYLLEeCTBEHHO UCKaxaeT
npupoay peanbHOro curHana. CnoXxHoOCTb CBEAEHUS PeanibHOr0 CUrHana K ero
MaTtemMaTu4yecko MoAeNn COCTOUT B TOM, YTO AJi 9TOr0 HET A0CTAaTOYHO 0OLMX
npasun. Kpome TOro, B 3aBMCUMOCTM OT 3agayn npu dopmanmdaumn ypoBEHb
JeTanms3aumm MOXeT U3MEHATHLCS.

PaccMOTpyUM MMMYAbCHBIA CUFHAM, OTPaXEHHbI OT Lenn B UMMNYIbCHOMN
paguonokauun. Pagnonokatop nepvoamyecku, ¢ nepnogom T, rnocbiiaeT MMMynbChbl

A
Mmnynecel nepenaTyuka
OTpaxxeHHbIE UMITYIIbCHI
s Il . mTs Tty mTs
! 1 ! 1 ! 1 ! 1 ! 1
! 1 ! 1 ! 1 ! 1 ! 1
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onpeneneHHon GopMbl B CTOPOHY LeNn, KOTOpble, OTPa3mMBLUNCL, BO3BPALLAIOTCH
Ha BXO4 NMpueMHuKa (puc. 2, a). 3agepxka T, 9TUX MMMNYbCOB OTHOCUTENBHO
M3JTy4EHHbIX NPONOpPLMOHanbHa aanbHOCTM Ao uenn D. NocTpoeHre matemaTnyeckom
MOZENIN peasibHOro GuU3nYeCcKoro curHana 3ako4aeTcs B 3aMeHe ero amrinTyaHo-
MOAYJ/IMPOBaAHHbLIM CUrHanom (puc.2, 6), COCTOALLMM U3 MOCIeaoBaTebHOCTU O-
VIMMyNbCOB, aMMANTyAa KOTOPbIX PaBHA AMCKPETHbIM 3HAYEHUAM OanbHOCTU A0
Luenem N BPEMEHU 3a[EePXKM OTPAXEHHbIX UMMYIbCOB OTHOCUTENBHO
N3JTYYEHHBIX.

Konuuyecteo unHdpopmauum

B knaccuyeckonn teopun nHpopmaumm M3BECTHO MO KpamHEN mMepe ABa
onpeneneHnsa konuyectsa nHdopmauuun. O6a onpeneneHns odeHb BAU3KN Mexay
co60oi, NPUHUMNMANbHOE Pasfiine Mexay HUMMK MOSIBASETCS NMLb NPU MonbiTKe
BBECTM CMbICNIOBOE coaepxxaHne nHpopmauun. MNMepsoe onpenenenme (no Xaptnu)
MCMOob3yeT KOMOUHATOPHbLIN noaxon, BTopoe (no LUeHHOHy) pacnpocTpaHseT Ha
nepepadvy 1 nepepaboTtky MHGOopMaLMm BEPOSTHOCTHYIO TOYKY 3peHus. Yem Bonblue
HeonpeneneHHOCTN B MPUHATOM COO0OLEeHUN, TeM Oonblue MHGOPMALUN B HEM
COOEPXNTCS.

MoaToMy KONMYECTBO MHMOPMALMM ONpenensloT cnenylowmm obpas3om:

I=log, (PP,

roe: | — konn4yecTBOo MHGOpMauun;
P, - BEpPOATHOCTb J@HHOr0 COOLITUA MOCIE MOCTYMNNEHNSA COOOLLIEHNs Ha BXOA,
NpPYEeMHUKA;
P, — BEPOATHOCTb [AHHOrO COOLITMS [0 MOCTYNJIeHWd COOOLLEeHNS Ha BXO[,
npvemMHuka.

Ecnn wymbl OTCYTCTBYIOT, TO MOXHO CHYMTaTb, YTO BEPOSTHOCTb AAHHOMO
cobBbITUS Nocne NOCTYMJeHUs Ha BXO[, NPUEMHMKA COOOLLEHMS O HEM paBHa
eavHuLe.

3a ocHoBaHue norapudpma NpuUHMMAalOT 4Yaule Bcero umdpy 2, HO uUHoraa
MCMONB3YIOTCH TakKXke OECATUYHBIA 1 HaTypasibHblA forapudmsl.

Ona n3mepeHnsa konuyectsa MHGOpMaLum BBeAeHa chneuvanbHasg eouHmua
M3MepeHUs, KoTopas HasbiBaeTcs 6uT (bit) nHdopmauum. Konnyectso nHdopmaumm
B OMTax paBHO MpaBoOli 4acTu NPUBELEHHOIO BhILLIE PaBEHCTBA.

Coo0bLeHure, Kak npaBuio, HabupaeTcsa UM COCTaBNAETCA U3 CUMMBOJIOB WU
anemeHToB: OGykBeHHOro andasuta, umdp, cnoB nan dpas, Ha3BaHUN LBETA,
npegmeToB un T1.4. O60o3Ha4nMm obLiee 4MCNo CMMBOMOB B andaBuTe 4yepes m.
Ecnun coobuweHne popmupyeTcsa M3 OBYX HE3ABUCUMO U PAaBHOBEPOSATHO
NOSIBNISIOLLIMXCSH CUMBOJIOB, TO HETPYAHO BUAETb, YTO YMCII0 BO3MOXHbIX KOMOUHALMIA
paBHO m?. [eliicTBUTENbHO, 3adUKCUPOBAB OAMH U3 OBYX CUMBOJIOB COOOLLEHWUS
(n = 2) 1 KOMBUHMPYS ero co BCEMU BO3MOXHbLIMM M cuUMBONaMu andasuta,
noslyyMM m pPasfinyHbix coolLLeHuii. MNocne aToro GpuKcupyem cnenyowmii CMMBON
andaBuTa U CHOBa €ro KOMOUHUPYEM CO BCEMMU CUMBOSIaMu andasuTa, Noayymm
ewe m coobuieHnii. C yyeToM npenbioylero nMmeem 2m coobueHunii. Mponomkme
9TOT Mpouecc OO0 Tex Nop noka O6yaet 3adpuKCUPOBaAH MOCNEOHUA U3 M CUMBOJIOB
andaBuTa, NOAy4MM BCcero mm = m? coobuieHnii. B obuiem cnyyae, ecnm
COOOLLEHNE COOEPXUT N 3NEeMEHTOB (N — AJMHA COOBLEHMS), YUCTIO BO3MOXHbIX
coobLLEeHNI

N=m"

Mpumep. Mpeaononoxmm, nmeetcsa Habop 13 Tpex 6yks A, B, C, a coobuieHne
dopmmpyeTca 13 OByX.

CoBpeMeHHbIVi l'yMaHuTapHblii YHuBepcuTeT

52



CornacHo dopmMyrie 41Mcno BO3MOXHbIX coobueHnii 6ynoet AA, BA, CA, AB,
BB, CB, AC, BC, CC, T.e. N=32=09.

OpHako HeTpyaoHO BMAOETb, YTO KOMOWHATOPHOE BblipaxeHne HeyaobHo OpaTb
B Ka4YecTBe Mepbl Konnyectsa uHdopmaummn, BO-NEPBbIX, ECAM BCE MHOXECTBO
UM aHcamOsib BOBMOXHbIX COOOLLEHUIA cOCTONT U3 oaHoro coobuleHms (N = 1), To
nHpopmayuna B HEM A0JIXHA OTCYTCTBOBaTb, BO-BTOPbLIX, €C/IM €CTb ABa,
HEe3aBNUCUMbIX MICTOYHMKA COOBLLEHWNI, KaXKablil N3 KOTOPbIX UMEET B CBOEM aHcambne
N, n N, coobweHunin, To obLee YMCNO BO3MOXHbLIX COOOLEHNA OT 3TUX OBYX
MCTOYHUNKOB

N=N,N,

T.e. 9BNSETCA Npou3BeaeHneM, Torga kak Kojmnmyectsa MHGopMauum OOKHbI
cKJlaapblBaThCs, U 06LLEe KOIMYECTBO AO/MKHO ObiTh MPAMO MPOMOPLIMOHANBHO YUCTTY
CUMBOJIOB B cO00OLIEeHMU. MoaToMy 3a KONMYEeCcTBO nHpopMauun 6epyT norapudm
yncna BO3MOXHbIX COOOLLLEHW

I1=log N =nlogm.

Mo cywecTBy Npv BbIBOLE 3TOrO0 COOTHOLUEHWUS CHMTANOCh, YTO MOSIBNIEHME
CUMBOJIOB B COOOLLEHNN PABHOBEPOSITHO M OHU CTATUCTUYECKM He3aBUCUMbI. Yalle
OblBaeT HaobopoT. Tak, B PyCCKOM A3blke 0A4HM OYKBbl BCTpeYaloTcs valle, apyrve
— pexe, nocne CornacHblX, Kak npaBuio, cnenyloT rnacHole. O4eBUAHO, B 3TOM
cnyyae uvHdopmaumm 6yaet MeHbLue.

Kak npaBuno, npu npueme no tenerpady nepsbix CMIOB MOXHO C LOCTaTOYHOW
TOYHOCTbIO MpepackasaTtb creaylowme cnosa. [1o3ToMy FrOBOPAT O B3aMMOCBSA3U
3anemMeHToB B coobuieHun. CBA3b NMOHMMAETCS B BEPOSTHOCTHOM CMbICie, T.e.
CYLLLECTBYET YC/IOBHAs BEPOSTHOCTb MOSIBAEHUS (Mpy AaHHOM andasuTe) cumMBona
A Bcnepn cummBony B:

P{A|B}.

Tak, B PyCCKOM TeKCTe Mocfe rnacHOM He MOXET CnefoBaTb MSAMKMN 3HaK
WM noapsf YeTblpe rnacHble GYyKBbl, T.€. YCJ/IOBHAs BEPOSTHOCTb paBHAa HYJIO.
Ecnn noHATHO, Kakme CUMBOJIbI MOCNeAyloT fanblie, cooblleHne npencraBnser
Maso MHTepeca U COOEPXUT MeHbLLe MHdOPMaLUK, YEM OHO coaepxasno Obl, ecnu
Obl B3aMMHas CBfI3b €r0 3/IEMEHTOB He Oblna oveBupHa. B kayectBe npumepa
B3aMMHbIX CBSI3€ MOXHO MPUBECTU MPAMON MOPSAOK CJOB B NMPEnsioOXeHUu,
COrNacHO KOTOPOMY MOCfe noAnexaiiero AOJKHO CnefoBaTb Cka3yemoe: ecnu
npuHumaeTcsa cooblueHne “UaeT ooxap”, To AOCTAaTOYHO NPUHATL “UaeT nox...” n
npuem crnenyoLmx CUMBOJIOB yXe He A00aBuT MHdopmauum. 3TO CBOWCTBO
COOOLLEHNI XapakTepu3yeTcst BEIMYMHON, Ha3biBaeMoOWn M30bITOYHOCTLIO.

KonnyectBo MHpOpMaLMn MOXET YMEHbLUATLCA Takke 1U3-3a TOro, YTo B Cuiy
0COOEHHOCTEN fA3blka Pas3fINyHbIE CUMBOJIbI C Pa3HOM BEPOSTHOCTLIO MOSIBASIOTCS
B TekCTe coobLuieHns. Tak, CBOMCTBO OykBbl E B aHrnMNCKOM s3blke BCTPEYATbCH
yauwie OykBbl | MoO3BONSET NpenckasbiBaTb, NpenonpenensaTs coobuieHue, T.e.
HepaBHOBEPOSITHOE, HEPABHOMEPHOE MOSIBIEHME CUMBOJIOB B COOOLLEHMN (ecnn,
KOHEYHO, OHO 3apaHee M3BECTHO) YMEHbLUAET KOMMYECTBO CBEAEHWUNM, KONMYECTBO
MHdoOpMaLMM B MPYHMMAEMOM COOOLLEHNN.

CoBpeMeHHbI pa3BUThIN A3blk HAacHUTbIBAET B cBoeM cocTtase a0 100 Teicay
cnoB. OgHako He BCe OHW OAMHAKOBO 4acTo ynoTpebnswTcsa. B cpeaHem
[OCTaTO4YHO 3HaTb HECKOJIbKO ThICAY CNOB, 4TOObI M3bACHATECHA. CnoBa B S3blke
Takke 06NagaloT pasHOM BEpPOSATHOCTLIO nosiBneHusi. O4eBUOHO, YTO HepaBHOMEpP-
HOe pacnpeneneHne BepoOATHOCTEN MOABNEHUSA OTAENbHbIX CMOB B A3blKe
(MakCuMyM OOHUX U MUHUMYM OPYrvX) TakkKe YMeHbLIaeT KONMYeCcTBO HdopmaLmu,
Tak Kak MOXHO mnpeackasatb MOsIBJIEHME TEX WM MHbIX C/IOB B COOOLLEHUN.
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Tak Xe Kak B Teopuu BEepOSATHOCTEN, B Teopun MHOOPMALMN K BEPOSTHOCTU
BO3MOXHbI ABa nogxoga. B mepBoM cnyyae, KOTOPbI 3KBMBANEHTEH YCPEAHEHUIO
no BPEMEHU, paccMaTpuBalOTCAd BECKOHEYHO OJIMHHbIE (@ MPaKTUYEeCKU MPOCTO
ONnHHbIE) coobweHuns. B npouecce HabnoaeHUS BO BPEMEHU 3a AJIMHHBLIM
CcoOobLEeHVEM nccenyeTcs CTaTUCTUKa NOSIBNIEHUS OTAENbHbLIX CMMBOJIOB WU UX
KoMOuHaumin. Bo BTOpOM criydae paccMaTpuBaeTCs MHOXECTBO (TEOPETUHECKU
6eCKOHEYHO 00JblLIOE) KOHEYHbIX COOBOLIEHNIA 1 CTaTUCTUYECKME XapaKTepUCTUKN
onpenensiTca nyTeM ycpeaoHeHus rno aHcamobno coobueHuii. Mpu 3TomMm Bceraa
npegnonaraeTcs, 4To YUCNO COOOLLEHUI (UM CUMBOJIOB) Takoe 60Jbluoe, 4TO
NPMMEeHUM 3akoH 6onbluMx ymcen. MNpueegemM NPoCTeLLniA BbIBOA, BblpaXXeHUs Ans
KonuyecTtsa MHGOpMaumu, npegnonaras OTCYTCTBUE CBA3elr 3a1eMeHTOB. [lyCcTb
nmveem andasuT, COCTOALWLMA N3 M 3neMeHTOB (cumBonos) hy, h,, ..., h,.

BepoaTHOCTM MOSIBNEHUSA STUX SNEMEHTOB B COOOLLEHNM COOTBETCTBEHHO
paBHbl Py, Py, -.-; P COCTABUM M3 3TUX SNEMEHTOB COO0OLLEHME, coaepKallee n
anemeHToB. Cpean Hux OyneT n, aNeMeHToB h, n, anemMeHToB h,,..., n, anemeHToB
h,. BepoaTHOCTb MoOsiBNEHUs KaXaoin KOMOMHauuM M3 N 31EMEHTOB BbIPa3nUTCS
Npou3BeLEHNEM BEPOSATHOCTEN OTAESNbHBIX 3/IEMEHTOB, TaK Kak npeanonaraeTcy,
4YTO MOSIBJIEHME KaXAOro 3fieMeHTa ecTb He3aBucumoe cobbiTue. C yyeTtom
NOBTOPSIOLLMXCS 3N1EMEHTOB BEPOSTHOCTb HEKOTOPOro coobuieHus

m .
nm _— ni

p:p}dpgz"'pm _npi

i=1
BEPOATHOCTb NodABJIEHNA i-ro cumBona
p;=n,l n.

MoXxHO cumTaTtb, 4TO BCe N BO3MOXHbIX COOOLLEHUI (BCE NepecTaHOBKMU)
paBHOBEPOSATHbI. [1loaTOMy

p=1/lﬂ[p§””',
i=1

OTKyAa 4nCJZI0 BO3MOXXHbIX coobLeHuin

p=1/1ﬂ[pfpi.
i=1

JNorapudmupys, nonydyaem KoanM4ecTBo WUHGOpMauMn B COOBLLEHUN OJINHOWN
N Npy HEPaBHOBEPOSITHOCTU €ro 3JIEMEHTOB:

I=logN:—anilogp[.

Mpumep. NmetoTca cumBonel a, B, C. B atom cnysae m = 3, n, = 2, n, = 3,
n,=1,n=2+ 3+ 1= 6. Bo3MOXHble cooOLeHNs OyayT BbIrMSAETb CleayloLnM
obpasom: 1 — aaaBBC; 2 — BaaBBBC; 3 — BBaac; 4 — BBBaac; ... Obuwee 4ncno
Cco00OLEeHnn

N =n!/(n,/n,n!);
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N=06!/(2/3I'1l!) = (5%4*3*%2) /2 = 60.

OTtctopa npu oJiHe coobLLeHns n = 6 KOM4ecTBO MHdopMauumn 6yaeT paBHO:
I =log,60 = 6 bum.

OHTponua MHPOPMALMOHHBIX COOOLLEHUiA

B Teopun uHdopmauum BBOAUTCH Takxke MNOHATME SHTponuu H-
XapaKTepUCTMKN OAHHOrO aHcaMbns cooOLLEeHMIA ¢ 3aaHHbIM andaBMTOM, KOTopas
ABNSIETCA MEPOWN HeonpenesieHHOCTU, Umelolelicas B aHcambne cooOLLEHWIA.

m

H=I/n:—Zpl.logpi

=

Pasnnyne mexnay konm4ectBOM MHGOPMAaLUM WU IHTPONUEN B paae Criy4aes
HOCUT YCJIOBHbIN xapakTtep. Tak, ecnm paccMmarpuBaTb SHTPOMUIO BCEX BO3MOXHbIX
COOOLEHNA ONNHOW N, TO 3Ta BeNuymHa OyaeT coBnagaTtb C KOJIMYECTBOM
nHdopmMaumm, 3anasaemMon Gopmyon

I=logN = _”pr log p,

M HaobopoT, ecnm Hac MHTepecyeT MHbOpPMaunUs Ha OAUMH CUMBOIJI,
copepxaw,asacsa B aHcambne cooOLWeHuin, To 9Ta BeNuyMHa onpenensercs
BEJINYMHOM BHTpPONUM 3TOro aHcambns. MNpu nepepade coodbLieHUn Heobxoaumo
haTtb Marematmyeckyto GopmMynrMpoBKy onpeneneHns KoamyectTsa nHdopmaumm Kak
Mepbl CHATUS HEOMPEAENEHHOCTUN, KOTOpasi YNCIEHHO paBHa Pa3HOCTU arnpuOPHOWA
(DO noslyd4eHns curHana) v anocTepMopPHON (MOCe MOJIyYEHUA CUrHana) aHTponuu
NPYHUMAEMOro CurHana:

I=H-H,

roe H — anpuopHasa, Hy,— anoctepuopHasa sHTponuu. Npu 3TOM onpeneneHuu,
KOTOPOE MHOrga HasblBaeTCs TPeTbMM OrnpeneneHneM kKonuyectsa nHdopmaumnm
(umesa B BMAy, YTO NepBOe — MO XapTaum, BTOpoe — no LLUeHHOHy), cyuTaeTcs, 4To
MHdopMaLmMa OTHOCUTCSH K OLHOMY CMMBOJY COOOLLEHUS WUAN 3HTPOMUSA — K
onpeaeneHHon onnHe n coobuleHns. OTO onpeaeneHne OAMHAKOBO CrnpaBensiMBo
DN AUCKPETHbIX U HEMPEPBIBHLIX COOOLLIEHNI. B nocnegHem cnyyae BoobLLe TpyaHo
YCTAHOBUTb CYLLECTBEHHYIO pasHuuy Mexay Konm4yeCTBOM MHoOpmMaumun um
aHTponuei. Ecnn 0603HaunThL Yepes

H(x) — aHTponuio MHOXeCTBa nepefaBaeMblX CMMBOJIOB (Ha BXOAe KaHana
CBA3N);

H(y) — aHTpONuIO MHOXEeCTBa MPUHMMaEMbIX CUMBOJIOB;

H(x, y} — QHTpONMio MHOXeCTBa BCEBO3MOXHbIX Map (X, Y,);

H(Xx | y,) — SHTPOMMIO MHOXECTBa OTNPaBAAEMbIX CUMBOJIOB, OCTaBLLYIOCS
rnocne npuema cumBona vy,

H (y | X) — QHTPOMUIO MHOXECTBA MPUHMMAEMbIX CUMBOJIOB MPU YCIIOBUN,
YTO W3BECTEH OTMNPABEHHbIN CUMBO,;

CoBpeMeHHbIi N'yMaHUTapHbli YHuBepcuTeT

55



H (x| y)uH(y| x) - maTematudeckme oxuaaHus BenmuanH H (x | y) u
H(y | x), To Konn4ectTBOo MHbOPMaLUM MPU MPUEME CUMBONA Y, OMpenensercs
no dopmyne

I, =H (x)-H(x|y,)

OueBMOHO, 4YTO BeNUYUMHa [, 9BAFETCHA Cny4YalHoOW M HeobxoouMO ee
YCPEOHUTb MO BCEMY MHOXECTBY MPUHUMAEMbIX CUMBOJIOB.
[Mocne ycpenHeHUsa NoaydYnm:

I=H(x)-H(x|y).

O™ popmMynbl ONpenensioT CBOMCTBO CUMMETPUM, 3ak/OYaloLLEECs B TOM,
4YTO CPEefHsIs HEeoMnpeneNeHHOCTb TOro, Kakor cuMBOn OyOeT MoJslydyeH. CHMMaemas
npu MocChlsIke KOHKPETHOrO CMMBOJIA, PaBHA CpeaHel HeonpeneneHHOCTU Toro,
Kako cuMBON Obll OTMNPaBfIEH, CHUMAEMOW MpU NMpuemMe CUMBOJIA.

B yacTHOCTW, BENUYMHY /(X, Y) MOXHO MHTEPMNPETMPOBATb, KAK OTHOCUTESbHYIO
nHpopMaumio obbekTa X OTHOCUTENBHO 00bekTa Yy (MNKM 0ObEKTA Y OTHOCUTENbHO
oObekTa X), paBHylO PasHOCTW arpUOPHO 1N anoCTEPUOPHON 3HTPONUKN 0ObekTa y
(nnn x). Mpuyem oba ob6bekTa MOryT ObiTb UAW OUCKPETHBLIMU, WU HENPEPbLIBHLIMM,
OOVH N3 0OBEKTOB X MOXET OblTb AMCKPETEH, a APYroi y HenpepbiBeEH. B aToM
clyyae onpenenseTcs KonmMyecTBo MHGOPMaLMK, paBHOE PA3HOCTM arnpuUopHON n
anoCTePUOPHON 3HTPOMUN AUCKPETHOrO O0OBbEKTa X UM PA3HOCTU anpUOPHON U
anocTepuopHoi auddepeHumnanbHbiX 3HTPOMNWM HENpPepbIBHONO oObekTa y

I(x,y) =H (x)-M[H (x|y)] =He(y) -M[He (x |y)] =

=207 v losp(x ) o) p(3)]

roe: € — ypoBEHb KBAHTOBaHWS CUrHana,

M — maTemaTnyeckoe oOxuagaHuve.

CumMmMeTpua S9BnNSeTCs BaXHbIM CBOWCTBOM WHGOpMaLMKM, KOTOpoOe
3akso4aeTcs B TOM, 4T0 / (X, Y) OAMHAKOBbIM 06pa30oM 3aBUCUT OT X U Y U KOJIMHECTBO
nHdopmaunm o6 obbekTe X, coaepxallieecss B 00bekTe Yy, paBHO KOJINYECTBY
nHpopmaumm 06 obbekTe y, coaepxauwemyca B o6bekte x. OTciloga MOXHO
chopmynnpoBatb YeTBEPTOE OMNpefefnieHne Koan4ecTsa MHopmaunn: cpegHee
KONMYeCTBO MHGOpPMaLUM eCcTb Mepa COOTBETCTBUS ABYX CllydalHbIX OOBbEKTOB.

Mepenaya nHpopmMmaumm v NpPonyckHasi CrnocOOGHOCTb KaHasia CBA3U

Tenepb MOXHO OLEHUTb MPOMYCKHY CMNOCOOHOCTb KaHaJIOB CBSA3MU.
PaccmoTpum kaHan cBa3n, NpencTaBneHHbIn Ha puc.1. Ha ero nepeparowmin KoHew,
nogaetca curHan x (t), KoTopbin NOCTynaeT Ha BXO4 NPUEMHMKA B UCKaKEHHOM
wymom n (t) Buae y (t). BBeoem noHATME NPOMNYCKHOM CNOCOBHOCTU KaHana CBA3W.
MponyckHas cNnocoGHOCTb KaHajia CBA3U OnpenenseTcs Kak MakcumalbHas
BENMNYMHA OTHOCUTENBbHOW MHPOPMaALMM BbIXOOHOTO CUrHana OTHOCUTENLHO
BXOZHOrO:

C= lim[Imax(x,y)/tO],

roe I(x,y) oTHOcUTenbHas MHGopMauusl, NpUYeM BCE CUrHasbl paccMaTpuBaloTCs
KakK 9KBMBaJIEHTHblE AMCKpeTHble (puc. 3).
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X (t)

n (t)

Puc. 3
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MHorpa BennunHa V = I(x, y)/t, Ha3bIBaeTCA CKOPOCTLIO Nepeaayu nHdopmaumm
Nno KaHany CBA3W. OTa BENMYMHA PaBHA KOMMYECTBY OTHOCUTENbHOW MHbOpMaLmu,
nepenaBaemor B eANHULY BPeEMEHN. 3a eANHNLY BPEMEHU MPU OUCKPETHOM KaHane
CBA3M yO0OHO cuMTaTb BPEMS MNepefaym ogHOro cumeona. B aTtom cnyvae B
dopmynax ons CcKOpocTu nepepadnm MHGopmaumm NOHUMAKT SHTPOMUN U
KonnyecTBa MHGOPMALMM HA OAUH CMMBON. [na HenpepbiBHbIX KaHANOB CBA3U
WCMONb3YIOTCA ABE eAUHULbI M3MEPEeHUs Unn obblvHaa eauHunua (K NpuMmepy,
CeKkyHAa), WM MHTEPBaN BPEMEHU MeEXAY OTYeTamu.

3.5. OCHOBbI Teopuu KOoAUPOBaHUA UHOpMaLUm

Coo0LeHns nepenatoTcs B BUAE CUTHAMOB, UMEIOLLMX OnpeneneHHyio Gopmy
N nocneposaTenbHOCTb. B Tenerpade coobueHne oOblYHO nepepaeTcs npwu
nomowmn andasutos, umdbdp nnm andasuta n umdbdp Bmecte. CurHanol CnenyoT B
onpeneneHHon nocnepoBaTenbHOCTU. Hanpumep, B koge Mop3e kaxaon 6ykeBe u
umMdpe COOTBETCTBYET HEKOTOPAA NOCNEA0BATENIbHOCTb KPATKUX (TOYKM) U OJIMHHBIX
(Tpe) NoCbINOK TOKA, pasnensiemMblx KpaTKOBPEMEHHbLIMU May3amMn No AAUTENbHOCTU
TakuMu Xxe, Kak n To4ku. MNMpoben mexny OykBamu npu 3ToM nsobpaxaercs
BbIK/IIOYEHVMEM TOKa Ha TPWU eOuHULbI BPEMEHU, a Npoben mexay cnoBamu — Ha
wecTb eouHuL, BpeMeHnu (puc. 4, a). Ecnm obosHauuTte TMpe 1 , a Toukm O, TO
MOXHO 3anucarb:

ABBT [
01 1000 011 110 100

Mo koay Bopo, npumeHsiemoMy B GykBorneyaTatoLmx annapartax, kaxnon oykse
COOTBETCTBYET CUrHan U3 NaTU UMMYNbCOB OAMHAKOBOW AJNTENbHOCTM U (POPMbI
(puc. 4, 6):

A 10000
B 00110
B 01101
01010
O 11110

OTOT KoL, PaBHOMEPEH, Tak KakK Ha KaXAblii CMMBON TpebyeTcs OAMHAKOBOE
BpeEMS.

Cnepnyet pasnuyaTb Crnocob KoaupoBaHUS M cnoco® Moaynsumm curHana unm
coobueHus. Tak, pacCMOTpeHHble koapl Mop3e n bopoo — ABOMYHbIE, T.€. UMEIOT B
OCHOBaHUM 2: COOBLLEHNA NepPeaalnTCs C NOMOLLbIO MOChIIKM CUrHana (Toka) unm
ero oTcyTcTBua. MoryT ObiTb TPOWYHbIE KOAbl, KOrAa WUCMOJNb3YIOTCS MOCHIIKA
NONIOXUTENIbHOrO U OTPULLATESNIbHOIO 3Haka M OTCYTCTBME MOCLIUIKU, MATEPUYHbIE U
T.4. EOHWYHas nockinka curHana MoXeT ObiTb B BUAE HanpsiXeHUst MOCTOSHHOIO
WY NepeMeHHOro Toka (paamonmMnynbca). HakoHeL, MOXHO nepeaasaTtb TUpe Tpems
MMMybCaMu, a TOYKY — OTCYTCTBMEM MMMNYNbCOB. BO BCex aTux cnyydaax kopn
OAMH 1 TOT Xe, a MOAynsauMn pasHble.

B nepsBom cnyyae (puc. 5, a) nmeeT MecTo MOAY/NPOBAHHbLINM CUrHan
MOCTOSAHHOrO TOKa, BO BTOPOM (puc. 5, 6) — curHan nepeMeHHoOro toka,
MOLYNNPOBaHHBIN NPAMOYrOJIbHbIM HaMPsXXeHEM, Tak Ha3blBaeMbli PaanonMnybc
(ecnn yacToTa HanoJIHEHUS NEXUT B Anarna3oHe pagmo4acTtoT). B nocnegHem cnyydae
(puc. 5, B) UMEET MEeCTO KoaoumnynbcHas moaynaums. NMoMrumMo pacCMOTPEHHbIX
MOryT ObITb U Opyrve BuAabl MOAYNALMN.

Mo du3nyeckoli Npupoae cuUrHanbl MOryT ObITb 3NIEKTPUYECKME, aKyCTUYECKME,
MexaHunyeckue, pagmonokaumoHHble n np. B gaHHOM cnyvae He WUCCnenyloTcsd Hu
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v

a)
A ! B B r ;|
| 10000 1 00110 i ol101 | 01010 i 11110 |
0)
Puc. 4

dur3nyeckas npupoaa CUrHanoB, HU BUObI MOAYNSLUMM, @ OyayT pacCMOTPEHbI BUAbI
KOLMPOBaHUS.

MoOLWHBIM CPeacTBOM MOBBLILLIEHUS MOMEXOYCTONYMBOCTU CUCTEM SIBASIIOTCS
KOppeKTUupylouwme Kopabl, KOTOpPble BO3HUKAM FNaBHbLIM 00pa3oM B CBA3U C
passutem 3BM. Mx OCHOBHas vaes 3akio4yaeTcsd B TOM, YTO Hapsay C KOLOBOM
rpynmnom, HecyLen NonesHylo nHGopmaumio, nepesalnTcs OOMNOHUTENbHbIE 3HAKK,
C MOMOLLbIO KOTOPLIX yaaeTcs oO6HapyXuBaTb U UCMpaBnaTb OwWMOKN, BBOAUTb
koppekuuto. Takas npoueanypa BHOCUT M3ObITOYHOCTb, CHUXaeT 3hdEeKTUBHOCTb
CUCTEMbI, HO MOBbLILLIAET €e NMOMEXOYCTONYMBOCTb.

B npocTeiiwem cnyyae Takoin kop nonyyaeTtcs nobaBneHMeM K KOO4OBOM
KOMOWHALMK eanHWLBI C TEM, YTOObI CyMMa BCEX eAVHUL, Bblna YeTHOM (HEYETHOCTb
O3HayaeT nosieneHne owmnbkm). MNMocTpomm ero Ha npumepe koga bono.

bykeol AB BT [ E
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O6bIYHbIM kKog 10000 00110 01101 01010 11110 01000
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Takoi kof Mo3BoNseT OOHAPYXUTb OAUHOYHYK OLIMOKY, HO HE B COCTOSIHUM
ee /loKkann3oBaTb U UCMPaBUTb.

He TONbKO OOHAPYXWUTb, HO U UCMNPaBUTb OLLIMOKY MOXHO C MOMOLLbIO Bonee
MOLLHbIX KOAOB, KOTOpPble CTPOATCA creaylowmm obpasom. MNycTb nmeercsa n, -
3Ha4YHbIA OBOVYHbLIN Koa,. Obwee Yyncno kombuHaunn N=27

Kaxablih 3 Takmx KOO4oB OT/IMYAETCs OOWH OT APYroro XoTsa 6bl OAHMM 3HAKOM.
JononHnm kop, ewe OOHMM 3HAKOM, @ YMCNO KOAOBbIX KOMOWHALM OCTaBUM
Hen3MeHHbIM, Torga N=2"= 1/2 (2") n MOXHO Tak NnofobpaTtb KOAOBbIE KOMOMHAUUMN,
4TO OHM ByayT OTAnYaTbCcs ABYMsi 3HakaMu. Npu aToM ByOeT MCMNoJib30BaHa TOJIbKO
nosioBMHA BCEX BO3MOXHbIX KOMOMHauuii ot 2", BTOpas nonoBuHa obpasyeT
3anpeLleHHble KoMOuHaumn: noboe NosiBNEHNE OOWUHOYHOM oWwnbKK npesBpallaeT
€e B 3amnpeLleHHyl0 1 TeM caMbiM owwmnbka obHapyxuBaeTcs. JononHum Tenepb
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KOL TakMM KOJNIMYECTBOM 3HAKOB, KOTOPOE AACT BO3MOXHOCTb ABYM KOOOBbIM
KOMOMHaUMSIM OTAMYaTbCA Tpemsi 3HakaMu npu HemamMeHHoM udmcne N=2" Takoi
KOZ, MO3BOJINT HE TOJIbKO OOHAPYXUTb, HO U UCMPaBUTb OANHOYHYIO OLLUMNOKY.

JencTBuTenbHO, eciv Cny4miachk O4MHOYHas owmbka B Kako-To KOMOMHaUMN,
TO 9Ta KOMOUHaAUMS OT Opyrux OyOeT oTanyaTbCs Ha [Ba 3Haka, a OT CBOEeW — Ha
OOMH 1 ee Nerko VCNpaBuThb.

Onpepenvm obuiee YMCNo AO0MONHUTENbHbLIX 3HAKOB, HEOOXOAUMBLIX ANS
oOHapyXeHns 1 uUcrnpaBneHnss OOUHOYHbIX OWKOOK. MNycTb M3 obuWero 4yucna
no3vumii n ang nepegadqn nHbopMaumm MCnonb3yeTcs n, KoTopoe Oyaem cuutaTb
dukcnpoBaHHbiM. OCTanbHble NO3MuMM Kk = N — Ny UCNONB3YIOTCHA B Ka4eCTBE
npoBepOYHbIX. CMMBOMbI, KOTOPbIE CTaBATCA Ha k MPOBEPOYHbIX MO3ULUSX,
onpenensioTcsa nNpu KOANPOBAHUM NMPOBEPKOM Ha YETHOCTb Kaxaom u3 K rpynn
MHPOPMALIMOHHBIX CUMBOJIOB. Kak BGyaeT aanee nokasaHo, Ha KaXKaoWm NpoBEPOYHOI
no3vuum nNpm KogmposaHum ctasutca 0 mnm 1, cMOTPSA NO TOMy, Kakas cymma
eOVHUL, — YeTHas WM HedyeTHas MNoJlydaeTcs Mpu KaxaoW M3 n NPoOBEPOK Ha
4yeTHoCTb. CuUrHan KOAMpPYeTCcs Tak, YToObl B pe3dynbTaTe B KaXaolh M3 n NpoBepok
nony4anocb YeTHOe 4ucno. Ha npueMHOM KOHLEe MNOSIBAAIOTCH Ha HEKOTOPbIX
nosnuUsaX eAVHNLBI BMECTO Hynern n, HaobopoT, HynM BMeCTO eannHul,. MNMpu npreme
Takke NPoOV3BOAUTCS MPOBEPKa Ha YEeTHOCTb.

MMocTpoum Kop, KOTOPbLIA NOo3BONAN Obl 06HaApyXMBaTb U UCNPaBNATb
O[VHOYHYIO OWWMOKY (ecnu npousownn aee owmnbku cpasy, kon 6eccuneH). MycTb
npuHaTa Kogosas KoMObuHauusa ¢ owmnbkoin nnn 6e3 Hee. NMponsBenem B HeEW
nocnepoBatenbHo k npoBepok. lNocne kaxaoh nposepku 3anuwem 0, ecnm
pes3ynbTaT CBUAOETENLCTBYET 06 OTCYTCTBUM OLIMOKM HA MPOBEPSEMBIX MO3ULUSX
(cymma egmHuy, yeTHas), n 1, ecnn peadynbtaT CBUAETENLCTBYET O HANMYUN OLLIMOKUN
(cymma egmHuL, HevyeTHas). 3anucb crnpaBa HaneBoO MOJIYYEHHOM MNocneaoBaTelb-
HOCTU €AMHUL, W HYyNel faeT ABOMYHOE 4ucno. MoTpebyem, 4Tobbl 9TO 4MChO,
Ha3blBaeMoOe MPOBEPOYHbIM, OABaN0 HOMEP MO3ULUU, HA KOTOPOW MPOU3O0LLIO
nckaxeHune. OTCyTCTBMIO OWMOKN B MPUHATON KOLOBOW KOMOWHauun 6yneTt
COOTBETCTBOBATb YMC/O, COCTaB/IEHHOE M3 Hynel. [poBepoYHOe YUCNO OOJIKHO
onuceiBatb (N, + k + 1) cobbiTnii. CnepoBatensHo, 4Mcno k onpepensieTcsa Ha
OCHOBaAHUM HepaBEHCTBa

i
22m,+k+1)
M Tak Kak n = ny+ K, TO yMHOXMB HEpaBeHCcTBa Ha 2%/n + 1 noay4um
2"fn+1=22m

OTO COOTHOLLEHWE MO3BONSET OMNPELENUTbL MAaKCUMalbHOE N, NMPU AAHHOM N
VAN MUHUMaNbHOE N ANs OAaHHOro n,. NpuBedem COOTBETCTBYIOLLME 3HAYEHUS B
Tabn. 3.2

Tabnuua 3.2
n no k n no k
1 0 1 6 3 3
2 0 2 7 4 3
3 1 2 8 4 4
4 1 3 9 5 4
5 2 3 10 6 4
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Onpepenvm Tenepb NO3MLMKN, KOTOPbIE HAANEXMUT NPOBEPUTb B KaXAon n3 k
nposepok. Ecnun owmbok HeT, TO Ha BCex NpoBepsieMblx no3uumax 6yanet 0, ecnu B
HU3WeM paspsae Ymicna ctouT 1, 9T0 3Ha4uMT, 4YTO B pe3ynbTaTte NepBoOn NMPOBEPKN
obHapyxeHa owmnbka. Byaem npu nepeoi NpoBepke NPOBEPSATb TE HOMEPA NMO3ULUNA,
[BOWYHbIE MPEeACTaBNeHNs KOTOPbIX MMEIOT B MNEPBOM paspsae ednHWUubl, T.e.

=1

11

101

111
=1001 n 7. Ao.

O~NOw-=
1l

Takum obpasom, nepsasi NpoBepka oxBaTbiBaeT no3vumun 1, 3, 5, 7, 9.
[na BTOpOW npoBepkn Bbibepem Takme no3vuuu, OBOUYHble NpencTaBieHus
KOTOPbIX MMEIOT eANHULY BO BTOPOM paspspe:

2=10
3=11
6 =110
7 =111
10 = 1010

4 =100
5 =101
6 =110
7 =111
12 = 1100
13 = 1101
14 = 1110

Takon BbIGOP MPOBEPSIEMbIX MO3ULMIA AAET BOSMOXHOCTb ONPEAeUTb HOMep
nosmuuun, B KOTOPOK npousoluna oguHoYHas owmnodka. HanoMHMM, 4TO npu Kaxaon
NpoBepke CyMMa eauHuLL, A0KHA ObiTb Y4eTHOW. Ecnn npousoLluna owmnbka Ha OaHON
M3 No3uuMin NepBoOn MPOBEPKU, TO B MPOBEPOYHOM HUCNE B HU3LIEM (MPaBOM)
pa3psiae NosBUTCH eaMHULA, Kak 3TO U AOMKHO ObITh.

JanbHenwyo pacwundpoBKy NMPOBEPOYHOro Yucna gaeTt BTOpas npoBepka:
€ecnn cpenun BCex Mno3uvumii BTOPO MpoBepku omMbBOK HET, To BOYAEeT NosiBNAThLCS
Hynb. ECnu Ha TpeTbel no3vumm nponsoLuna owmnbka, HapyLmBLIas YeTHOCTb Kak B
nepBoN, Tak 1 BO BTOPOW MPOBEpPKEe, TO MOcne ABYX MPOBEPOK B ABYX HU3LIMX
paspsnax nosBATCS eAHULLbI.

B TpeTben 1 cneaylowmx NpoBepkax TPeTbs NO3ULUG yXKe OTCYTCTBYET. Takmm
ob6pa3om, B Hallem npuMepe npoeepoyHoe ymcno paBHo 0011 =3, yto ”n paet
HOMEpP MO3nUMK, HA KOTOPOM NpounsoLuna ownodka. AHaNOrMYHO MOXHO ybenuTbes,
yTo nobas oAMHOYHaAsa owmnbka Ha NbOoI No3MUMM MOXeT OblTb yCcTpaHeHa
nposepkamMu, AalLWMMU MPOBEPOYHOE YMUCNO, PABHOE HOMEPY NO3ULLMN, HA KOTOPOW
npounsoLuna owmnobka.

B TpeTben 1 cneaylowmx NnpoBepkax TPeTbs NO3ULUS YXKE OTCYTCTBYET. Takmm
o6pas3om, B HalleM npuMepe npoBepoyvyHoe 4Ymcno paBHo 0011 =3, yto u paet
HOMEpP MO3MLMK, Ha KOTOPOI npousoLuna ownobka. AHaNorM4yHo MoXxHoO ybenmnTbcs,
4yTo nobasg oaMHoYHaa owmnbka Ha nbOoIK NO3MuMnM MOXeT ObiTb yYyCTpaHeHa
npoBepkamu, JAOLMMN MPOBEPOYHOE YMCIO, PABHOE HOMEPY NO3ULLMN, HA KOTOPOM
npowsoLuna owmnobka.
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OcTaeTcs peLwwmnTb, Kak1ue No3nLMn NCNoIb30BaTh Mo, NPOBEPOYHbIE CUMBOJIbI.
Bbibop ons npoBepku nos3vumii 1, 2, 4, 8 ... obecneuynBaeT nosiBfieHne Xxots Obl
OOHOWM M3 3TUX NO3UUUIA NPU KaxaowW npoBepke, U 3TO NO3BOASET HE3AaBUCUMO OT
3HaKOB MepenaBaemMoro 4ucna nosy4ynTb NPU Kaxaon NMpPOBEPKE YETHOE 4YUCIO0
eanHul. CooTBeTCTBYIOLLME MPOBEPSiEMbIE YMUCha npuBeaeHsl B Tabn. 3.3.

Tabnuua 3.3
ITopsaxoBbiit IIpoBepounas TIpoBepsieMbie THCTa
HOMeEp HO3UIHS
1 1 1,3,5,7,9,11,13,15,17, ...
2 2 2,3,6,7,10, 11, 14,15, 18, ...
3 4 4,5,6,7,12,13, 14, 15, 20, ...
4 8 8,9,10, 11,12, 13, 14, 15, 25, ...

3.6. OCHOBbI TeoOpuUN CUCTEM U CUCTEMOTEXHUKM

AHanna passutng ANC 3a 6onee Yyem 40-neTHUI CPOK MO3BOJISIET BbIIBUTb
MHTEPECHbIE 3aKOHOMEPHOCTU, @ UMEHHO, POXAeHMe U rubenb OOHUX UAOEN,
CBSI3aHHbIX C MEPBbIMU yCMEXamu U MOCTENeHHoe O0POPMIIEHME U 3aKpernieHne B
CO3HaHUKM CMNeunanMcToB APYrux, KOTOPbIE MUCMOMb3YIOTCA U CerogHs. 9T mnaen,
npowepuwne NpoBepky BPEMEHEM, COCTABAAIOT a4P0 METOAOB CO34aHUA U
MCMOb30BaHNS aBTOMATU3NPOBAHHbLIX CUCTEM YMpPaBAEHUS.

OcHoBOW, KOTOpas NO3BOJNIIET MHTErpUpPOBaTh BCE BbILIENEPEYNCTEHHbIE
MeToAbl aHanuaa, onvcaHus n padpabotkn AUNC, SBNSETCS CUCTEMHbIN MOAXOA,.
BaxHenLne NOHATUSI TEOPUU CUCTEM MepeqnCieHbl HUXe:

CUCTEeMa — MHOXECTBO B3aVMOCBSI3@HHbIX SIEMEHTOB, KaXAbli N3 KOTOPbIX
CBSI3aH MPSMO WAN KOCBEHHO C KaXAblM OPYrMM 3/EMEHTOM, a ABa Niobble
NOAMHOXECTBA 9TOr0 MHOXeCTBa HE MOryT ObiTb HE3ABUCUMMbIMK HE HapyLuas
LLEeSIOCTHOCTb, €ANHCTBO CUCTEMBI;

aneMeHT (CucTeMbl) — NpocTenasa CTPYKTypHas cocTaBnsiiowas CUCTEMbI,
KOTOpasi B paMKax OAHHOW CUCTEMbl HE CTPYKTYPUIYETCH;

CTPYKTypa (CUCTEeMbl) — COBOKYMHOCTb YCTOMW4YMUBLIX CBA3eW, cnocob6oB
B3aMMOLAENCTBUSA 3JIEMEHTOB CUCTEMbI, ONMPeAensiowas ee LenoCTHOCTb U
€0VHCTBO;

MHTerpaums (B CMCTEME UM CUCTEM) — BOCCTAHOBIIEHME N (UIN) NOBbILLEHNE
KaQ4eCTBEHHOr0 ypPOBHS B3aUMOCBSA3El MexAay 9N1eMEeHTaMU CUCTEMbI, a Takxe
NPOLLECC CO3AaHUSA U3 HECKObKNX PA3HOPOOHbBIX CUCTEM €ANHON CUCTEMBI, C LIENbI0
VCKIOYeHNs (00 TEXHUYEeCKU HeoBXoAMMOro MmHmumyma) QyHKUMOHANbLHOW U
CTPYKTYPHOM M3ObITOYHOCTU U MOBbILIEHUS 00LWwen 3dEKTUBHOCTU DYHKLIMOHMPO-
BaHUS;

nepapxuyeckas cucrtemMa — CUCTEMA, NMOACUCTEMbI KOTOPbLIA 3aHUMAOT
nocrnenoBaTefbHble BEPTUKAaNbHbIE YPOBHU M OMNpeneneH npuoputeT AencTBui
(NpaBO BMeLLATENbLCTBA) MOACUCTEM BEPXHEr0 YPOBHS MO OTHOLUEHUIO K HUKHUM
YPOBHSM.

CornacHo obuiert Teopun CUCTEM, MEPBbLIM 3TANOM MNpU CO3[aHUM NMoOON
OOSbLLOV CUCTEMBI ABNSIETCA 3Tan pas3paboTKym KOHLENnuun — OCHOBHOIO 3ambicna
B HAy4YHOWN, TEXHMYECKOM U OPYrMx BUAAX YEN0OBEYECKON OEATENIbHOCTU.

3atem cnepyet atan popmMmanusaauumn, KOTOPbI 3aK/OHAETCS B CleayloLLeEM.

1. BBogutcsa onpeneneHne GyHKLUMOHANIbHOW CUCTEMbI Kak OTOOpaxeHuUs:

S:X-Y abcTpakTHOro MHoXecTBa X B abcTpakTHoe MHoxecTBo Y, rae X u'Y
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NPeaAcTaBNAlT COOTBETCTBEHHO MHOXECTBO BXOO0B X M MHOXECTBO
BbIXOOOB Y. B 6onee obuieli dopmMynmpoBke cuctema eCTb OTHOLUeHue
S O X x Y Hap abcTpakTHbIMU MHOXecTBaMn X 1 Y. BbipaxeHne CUCTEMbI B
BUE OTHOLLEHUS Had, abCTPakTHBIMM MHOXECTBaMUN AaeT GopMann3oBaHHOE
MaTtemMaTmyeckoe npencraBieHne UHTYUTUBHOIO MOHATUS CUCTEMBI.

2. Beoautca ¢popmanbHOe onpefeneHne CUCTEMbI MPUHATUS peLlleHnid (Unm
“pelatowlert cmctembl”). B Takor CMCTEME CUrHan, NPUXOASLLNA Ha ee BXOA,
KOHKPETM3npyeT “cBoOOOHbIE” NapameTpbl pellaemMoi npobnemsl (GbiBLIME
paHee HeomnpeaeneHHbIMN), 1 pedynbTaToM paboTbl CUCTEMbI ABASETCH
peLleHre NMoCTaBIEHHON NPo6neMbl, NOyYaeMoOe Ha ee BbIXOAE.

3. MonyyeHHble HopManm3amMbl NCNONL3YIOTCA 419 ONUCAHUS Pa3INYHbIX BUOOB
MepapxmMyeckmx CUCTEM, U3 KOTOPbIX OyAeT CTPOUTLCS MPOEKTUpyemMas
cuctema.

B unepapxuyeckmx cuctemMax 0oCOOEHHO BaXHOE 3HavyeHWe npuaaeTcs
npobneMe KoopAMHaAUMU MNOACUCTEM, O3Havalollelh Takoe BO3OENCTBME Ha
NOACUCTEMBI, KOTOPOE 3aCTaBnsieT MX AENCTBOBATb COrfnacoBaHHO, MOAOOHO TOMY
Kak 0Obl4HO KOOPAMHUPYETCH OefATEeNbHOCTb WHAMBUAYYMOB WAW FPyMNn BHYTPU
HEKOTOpOK opraHusauumn. Ytobbl coenatb Takoe NpeacTaBieHne O KOOopAMHaLMK
ornepaumoHasibHbIM, HYXXHO GOJlee YETKO ONMPeaennTb, YTO UMEHHO Noapa3yMeBaeTcs
nog cnoeamMu “OencTtBOBaTb COrnacoBaHHO”. B obuiem cnyyae KoopanHauus
OCYLLECTBNSAETCS B CBA3M C OMPEAENIEHHONM LEenbio UM 3ajadveit; AedaTeNbHOCTb
YyacTel CUCTEMbI KOOPAMHMPYETCS paau oOLel uenn Tak, 4ytobbl BCA CUCTEMA B
LLesIOM [OCTUIrNa NOCTAaBEHHON Lenu.

KoopgunHauna — aTto cdepa oesarenbHOCTU MAu 3ajadva BbiWECTOoAWEeN
ynpaBnsioLel CUCTEMbI, B X04e KOTOPOI OHa nbiTaeTca [oOUTbCHA, 4TOObI
HUXECTOSILWME CUCTEMbI YyNpaBieHUs GYHKLUMOHMPOBAIM COrlacoBaHHO. Ycnex
BbILLECTOSALWEN yNpaBnsdlowWeNn CUCTEMbI B OCYLLECTBAEHUM Hapnexauien
KOOpAWHALMM OUEHMBAETCH MO OTHOWEHUIO K 00wen rnobanbHOW uenu,
NOACTaBJIEHHOW Nepepn BCel CUCTEMOW. Tak Kak HUXeCcTodlwme yrnpasngdlowme
CUCTEMbI OENCTBYIOT TaK, YTOObl JOCTUYb CBOMX COOCTBEHHbIX MHAUBUAYANbHbIX
uenen, To, BOOOLLE rOBOPS, MEXAY HUMWN BO3HUKAET KOHMNKT, KOTOPbINA NPUBOAUT
K TOMYy, 4TO Ckopee Bcero rnobanbHas uenb He OyaeT AocTurHyta. Jencrteus
KOOpAMHATopa HanpafieHbl Kak pa3 Ha MOCNeACTBMS Takoro BHYTPUCUCTEMHOIO
KOHGMKTA, KOTOPbIE OH OOMKEH MOCTapaTbCs, €CAN HE MOJIHOCTBbIO UCKIIYUTb, TO
Nno KpamHen Mepe yMEHbLUUTb.

M3 obLlel Teopum CUCTEM M3BECTHO O CYLLECTBOBAHMM CUHEPreTu4eckoro
addekTa, TO €CTb NOSBAEHNM HOBOIO Ka4yeCTBa Yy C/IOXHOM CUCTEMbI, KOTOPOE B
SIBHOM BWAE OTCYTCTBYET Yy COCTaBAOLWMNX €€ KOMMOHEHTOB (3JIEMEHTOB U
nogcuctem). Tem He MeHee, CBOMCTBA CUCTEMHbIX KOMMOHEHTOB BJIUGIOT Ha
XapakTePUCTUKN cuHepreTndeckoro adpdekrta. lNpasaa, 3aBUCUMOCTb 34eChb JaNeKo
He npsmas. Tak, XOpOoLIO U3BECTHO, HYTO MCMOJIb3ys CaMble COBEPLUEHHbIE MPOorpam-
MHO-TEXHUYECKMEe CpencTsa Ajis CO34aHuUsa NpUKNagHbiX CUCTEM, MOXHO MOAY4UTb
OTpUUATENbHBIN 3PDEKT, MOSTOMY aHaANN3 N OLLEHKa BANaHUS 6a30BbIX MHPOPMaLLM-
OHHbIX TEXHONOMMIA HA Ka4eCTBO NMpuknagHeix T nMeeT nepBOCTENEHHOE 3HAYEHME.

Jiob6as AUC npepcTtaBnseT cobOM CNOXHYI0 MOAENb peasibHOro obbekTa u3
KOHKpPETHOM obnactm yenoseyeckon pgeatenbHocTu. Mpu co3paHum AUNC, Ha Bcex
aTanax MCMNofb3ylTCs MeToAbl CUCTEMHOro aHanusa. CornacHo npencTaBneHusM
CUCTEMHOro aHanusa, 0oO0bekT MUCCNenoBaHUs, KOTOPbIA [ONXEH ObiTb
aBTOMaTM3NPOBaH, BbIMMAAUT crneaywwmm obpasom. O6bEKT MccnenoBaHuUs
npencTaBnsgeT coOOol CNOXHYIO AMHAMUYECKYI0 CUCTEMY, KOTOpPas BKOYaeT B cebs
Gonbloe Yncno pasHoobpasHbiX B3aumoaencTByowmx noacucteMm. CocTtoaHue
TakoW CUCTEMbI, KaK NPaBuio, HEYCTONYMBO. Npn 3TOM OTKIIOHEHUS OT YCTOMYNBOIrO
COCTOSIHUSI UMEIOT TEHAEHUMIO HakanaMBaTtbCa M B OMNpefefieHHOe BpeMs Masble
BO3AENCTBUSA HA CUCTEMY MOFYT Bbl3BaTbh 3HAYUTENIbHbIE U3MEHEHUS €€ COCTOSHUS.
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CnoxHasl gMHamMm4yeckas cuctemMa MOXeT OblTb JIMHENHOM WUAU HENMHENHOMN.
OObeKT, KOTOPbI UMEET HeNMHENHbIN XapakTep, MOXeT HaxXoOUTbCS B Pas3sINyHbIX,
B TOM 4YMCNlEe U HEYCTOWYMBLIX CTALMOHAPHbIX COCTOSHUSAX, COOTBETCTBYIOLLNX
pas3nnNyHbIM 3aKkoHamM noBedeHud. NoBegeHne TakMx CUCTEM HENb3S YNOXWUTb B
OJHYy TeopeTuyeckyto cxeMy. HabnogaemMmble napameTpbl TAKUX CUCTEM MOABEPXKEHbI
C/ly4alHbIM OTKJIOHEHUAM OT CPEOHUX 3HA4YeHU — GNykKTyauusm, npu 3TOM B
061acT HEeyCTOMYMBOCTU (NIyKTyauumm noasepXeHbl MoSIoXnTenbHOM obpaTHoM
CBSI3U, 4TO MOXET NPUBECTUN K Pa3pPYyLUEHMNIO CUCTEMbI. TakOW KPUTUYECKUA MOMEHT
B (YHKLMOHMPOBAHUN CUCTEMbI Ha3blBAETCH TOYKOW Oudypkauun.

Ha ocHoBaHun Bbilwecka3aHHOro GOPMYANPYIOTCS METoAbl, NMPUMEHAEMbIE
npu CUCTEMHOM noaxone K co3gaHumio ANC, nocnenoBaTteNbHOCTb KOTOPLIX
nepeyncrnieHa Huxe:

06bEKT aBTOMaTM3auMu NpeacTaBiaseT coO60M CNOXHYIO, ANHAMUYECKYIO,
HEJIMHENHYIO CUCTEMY;

NPOBOAMTCA CUCTEMHbIN aHannM3 ero GyHKLUMOHUPOBAHUSA B OKpYyXaloLen
cpene;

MHOOPMALIMOHHBLIE TEXHONIOMMN PACCMaTPUBAIOTCA Kak OAMH N3 CaMbIX MOLLHbIX
daKkTopoB pas3BUTUA N PYHKLMOHNPOBAHUS O0ObLEKTA;

NMPOBOAMTCH CUCTEMHbIV aHanu3 uene, 3agady n npobnem cucTemMbl U CBOCTB
MHDOPMAaLIMOHHBIX TEXHOOMMI (pakTopa pasBuUTUS) U paspabaTbiBaeTCs KOHUenuus
M pekoMeHgaumu no ucnonb3dosaHuto UT;

KOHLENuMa U pekomeHgauuu, mMeToabl M CpPeAcTBa AOJIXKHbI OblThb
MCMNOMb30BaHbl NpUY pa3paboTke Hay4YHO-TEXHUYECKOWN NMporpaMmmbl — 0DULMANBHOTO,
PYKOBOASALLEr0o AOKYMEHTA, B KOTOPOM MPEACTABIEH OCHOBHOM 3aMbiCeN pPeLleHns
npo6nem c nomMouwbio MHOOPMALNOHHBLIX TEXHOMOMUI, a TakXe cuctemMa
B3aMMOYBSI3aHHbIX Uenen, 3agay, HanpaBieHW, MeTOAOB U CPEACTB
nHdopMaTM3aumMm CUCTEMbI Ha MPOrHO3UPYEMbI Nepuoa.

Onsa peanusaumm maclutabHbIX U CIOXHbIX MPOEKTOB, K KOTOPbIM OTHOCSATCS
nporpamMmsl co3ganns AVC MrnpoBasi 1 0TEYECTBEHHAs Hayka 1 NpakTika BelpaboTanm
ps4, ocHoBoOMoNarawmx NPUHLMMNOB:

1) nporpamma [osxHa COCTOSATb M3 TBOPYECKMUX U MEPCMNEKTUBHLIX PELUEHUI
M OblTb HanpaBieHa Ha OOHOBPEMEHHYI peanmMsaunto MNOoNUTUYECKUX,
3KOHOMUYECKUX, COLMAlbHbIX M HAYYHO-TEXHUYECKUX UOEanoB;

2) nporpamma [o/mkHa ObITh YETKO CTPYKTYPUPOBAHA, a pe3ysibTaThkl peann3aumnm
NMPOMEXYTOYHbIX 3TAanOB A0JKHblI OblTb CAMOLLEHHLI camMu Mo cebe 1 MHULMMPOBATb
apyrme npoekTbl;

3) DomkeH OblTb MPUHAT AOCTATOYHO LUMPOKUIA B3rNg[ Ha nporpamMmy, H4ToObl
OXBaTUTb BCE 3NIEMEHTbI, CPEACTBA U METOAbl C eANHbIX MHTErpPaLVOHHbIX NMO3ULNIA;

4) Heob6XxoAMMO fepXaTb B MOJiE 3PEHUSA HaLMoHalbHble U 3apybexHble
NpoOekThbl, peannadyemble B AaHHOM nNpegMeTHon obGnactm M No BO3MOXHOCTHU
KOOMepmMpoBaTbCA C STUMU MPOEKTaMu;

5) ocHoBHas uenb nporpamMmmbl AOMXHA ObITb cOanaHcuMpoBaHa nNo
MNOINTUYECKMM, COLMaNbHbIM, HAay4YHO-TEXHMYECKMM TPeOOBaHUAM U 3KOHOMMUYEC-
KM akTopam, Npu 3TOM HEOOXOANMMO YCTAHOBUTbL NMPOMEXYTOYHbIE KPATKOCPOYHbIE
LLen, C KOTOPbIMUA MOXHO COOTHOCUTBLCSI KaK C KPUTEPUSIMU OLEHKN MPOEKTa;

6) HeoOXoaAMMO YETKO YSCHUTb COOTHOLUEHWE MeXAy COCTaBMfioWUMUN
nporpamMmmel cosganua AVC, nccnenoBaTenbCKUMM TEMaMU 1 NPOrPaMMON B LIESTOM,
Ha KaXAOM aTane AOJIKHbl pacCMaTpMBaATbCH HECKOJIbKO anbTepHaTMB U BblGOP
000CHOBbLIBATLCS;

7) ons HENPEPbLIBHOINO yNpaBieHNs 1 KOHTPONS 32 BbIMOAHEHNEM MPOrpamMmbl
cnenyeT co3aatb OPraHM3auriOHHOE SAPO U3 NPeaCTaBUTENEN Pa3NNYHbIX CTPYKTYP,
MMeloLWnX OTHOLWeHWe K npobneme, aTta rpynna AoJsXHa COCTOATb M3 HEOOSbLLIOrO
yucna nvy, U COXPaHAaTbCS HEM3MEHHOW Ha BECb Nepuop, BbINOSIHEHMS NPOrpaMMsl;
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8) pmoskeH cobniopaTbCs NMPUHLNUMN LENOCTHOCTU, OCHOBHbIE UOEW AOJIKHbI
ObITb SICHO BbIPaXeHbl U 33a[0KYMEHTMPOBAHbI, HUKAKUX U3MEHEHUA HE AOMXHO
Nnpou3BOANTLCS, NMoka He OyaeT BbisiBfieHa o4YeBuaHas owmoka.

MpuknagHble BOnpockl 06LWEN TEOPUM CUCTEM SBAAIOTCHA NMPeaMeToM
WHXEHEPHO AUCUUNANHBI CUCTEMOTEXHUKM. CUCTEMOTeXHuKa — 3TO
COBOKYMHOCTb METOA0B M CPeAcTB OJis co3aaHust 6OoMbLINX TEXHUHECKUX CUCTEM,
KOTOpblE OCHOBLIBAOTCS Ha Teopuun cuctem. PaspaboTka 0OblYHbIX TEXHUYECKUX
cucTeM onuvpasnach Ha AeTasibHbI aHanM3 1 yrnyonsioLLyocs cneupanmsauuio 3aaad
n metonoB. bonbwue cucrtembl, HANPOTUB, MPeAnofaralT UHTerpauunio,
paccMOTpeHMEe PasfiniHbIX CTOPOH SIBAIEHNA, O YeM N OblIO CKa3aHO BbiLLE.
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3AOAHUS 019 CAMOCTOSATEJ/IbHON PABOThI

1. CocTaBbTe JIOrM4ecKytlo cxemy 6asbl 3HaHWi Mo TEeME HOHUTEI.
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2. Havigute v ncnpasbTe ojunbKy B 3arMcy CO4ETaTEIbHOIrO 3aKOHa TEOPETUKO-
MHoxecTBeHHoro ymHoxenns (AN B)nC=An (BOC).

3. 3anuwunte ycnoBus paBeHcTBa ABYX MHOXECTB A un B.

4. [ononHute npuBeaeHHy 1abauLy paBHO3HAYHOCTU JIOTUHYECKUX 3HAYEHU
Awu B.

A B AAB AvVvB
0 0
0 1
1 0
1 1

5. [ononHute rpuBejeHHyro Ta6/muy JIOrM4ecKoro CJ1I0XKeHus 1 YMHOXXeHWSs

0do= 0do=
001= 001=
100= 1go=
101= gl =

6. 3anuuunte AECATUYHYIO MO3ULIMOHHYIO CUCTEMY CYUCJ/IeHUS B BuAe
¢dopmanbHoOro s3bika, UCroJsb3ys A 9TOro HoTaumio bekyca.

7. Onpenenute MakCUMasbHO BO3MOXHYIO SHTPOMUIO CUCTEMbI U3 TPEex
3/IeMEHTOB, KaX/Abifi N3 KOTOPbIX MOXET HaxXOAMUTbCS B 4-X BO3MOXHbIX COCTOSHUSIX.
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8. dononHute tabnuly oueHKn UMIIKaumm

0-0=
0-1=
1-0=
1-1=

9. JonosnHuTte Ta6nmuy OLleHKUN 3KBMBaJIeHTHOCTU

0~0=
0~1=
1~0=
I~1=
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TPEHWUHI YMEHUA
1. Mpumep BbLINOJIHEHUS YMPaXHEHUs TPeHuHra Ha ymeHue Ne 1
3apaHue
PaccuuTtaTb 06Lee 4ncno coobLeHunii n KonnyecTso MHbopMaunmn npu
3afjaHHOM Habope CMMBOOB.
3agaHbl CUMBOJbI a, b, ¢ ; YACNO CMMBOJIOB m = 3; Beca CUMBOJIOB B COOOLLEHMN
n,=2, n,=3, n,= 1.

PeweHue

MpenBapuTenbHo 3anonHuTe Tabnauuy, nogobpas K KaxaoMy anroputmy
KOHKPETHOE COOTBETCTBME M3 AAHHOro 3a4aHus.

Ne KonxkperHnoe neiicrsue,
Anroputm
COOTBETCTBYIOIIEE IPEMJIOKEHHOMY aJITOPUTMY

Haiitn xommuect-

KonnuecTBO CHMBOJIOB B COOOIIEHHHU N = nj+nx+n3= 2
1 |[BO cuUMBOIOB B

co00IIeHNH +3+1+6

Cocrasuth kowm- | KomOuHaTopHas ¢opmyina uncia coodmenuit N pas-
) OMHATOPHYIO Ha:

dbopMyay uymcaa 3 n!

coo0IIEHN I " n,'n, ln,!

IMonacuurats 00- | OOmIee yucmo coobIeHn paBHO
3 Lueelnilcnocoo6- N:1'2'3'4'5'6:3-4.5:60

EeHN Y 1.1.2.1.2.3

Beruncinutp xo-

JIMYECTBO U H- KonuuectBo uHpOpMauu npu JJIKMHE COOOIEHUS N =
4 | bopmamuu npu 6 O6ymer paBHO:

3aJJaHHBIX Iapa- log, 60 = 6 6ut

MeTpax

Pelunte camocTosiTesIbHO criegywuine 3anaaHus:
3apanve 1.1
PaccuntaTtb obLiee 4MCcno COOBLLEHUA U KOMMYECTBO MHOOPMALUK, eCcnun

3adaHbl CMMBOSIbI: a, b, ¢, d, Y1cno cnumBOIOB m = 4 1 BEca CUMBOJIOB - n, = 2,
n,=1, n,=4, n,= 3.
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3anaHve 1.2

PaccunTtaTtb 06Liee 4ncno coobLLEHN U KONMYECTBO MHGOpMaLUK, ecnu
3aAaHbl CUMBONbI: a, b, ¢, d, YMCNO CMMBOMOB m = 4 1 BECA CUMBOJIOB - n,=4, n,=2,
n,= 3, n,=2.

3anaHne 1.3

PaccuntaTtb 06Liee 4Yncno coobLLEHNA U KONMYECTBO MHGOpMaLUn, ecnu
3ajaHbl CUMBOJBI: a, b, ¢, 4MCIO CMMBOIOB m = 3 1 BECa CMMBOJIOB - n,=5, n,=3,
n,= 2.

3
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2. Mpumep BbINOJMIHEHUA YMpPaXXHEHUs TPeHUHra Ha ymeHue N 2
3apaHue
OnpenennTtb MakCMManbHO BO3MOXHYIO SHTPOMUIO COOBOLLEHUS, COCTOSLLLErO
M3 33aHHOIro 4mMcna CMMBOJIOB NpU GUKCUMPOBAHHOM andasuTe.
3agaHo 5 cumBonoB, npu andasute - 32 cMMBOna.

PeweHue

MpenBaputenbHO 3amnonHuTe Tabnuuy, nogobpaB K KaxaomMy anroputmy
KOHKPEeTHOe COOTBETCTBME U3 OaHHOro 3aJaHus.

KonkperHoe nelictaue,
Anropurm
n/n COOTBETCTBYIOIIEE TP EJI0KESHHOMY aJITOPUTMY
OnpeneauTs 4UCIO
1 |BO3MOXHEIX CO-
CTOSTHUI CUCTEMBI

Yucmo BO3MOXHBIX COCTOSIHUH cucTeMbl N paBHO:
N =325

3amnmucaTh BbIpasKe- Bripakenue 17151 3HTpONUU OYHET:
2 | Hme Ay mojacyera

SHTPOIINH H =log,N =log, 32°
ITpeobpaszoBath

3 |Belpakenue u BbI- | H=1og,32’ =5.log, 32 = 5log,2’ =25-log,2 =25 6ur
YUCIHUTh

Pelwmnte caMoCcToaTesIbHO creagywuine 3agaHus:
3anaHue 2. 1

Onpenenntb MakCUMaibHO BO3MOXHYIO 3HTPOMUIO COOOLLIEHNSA N3 6 CUMBOJIOB,
npu andasute - 64 cumeona.
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3agaxne 2.2

Onpenenntb MakCMManbHO BO3MOXHYIO SHTPOMUO coobuieHna npu 4
cumMmBOsiax u npu andasute - 128 cMMBONOB.

3agaHne 2.3

Onpenenvtb MakCUManbHO BO3MOXHYIO 3HTPOMMIO CO0OLLEHMS N3 6 CMMBOJIOB,
npu andasute - 16 CUMBONOB.
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3. Mpumep BbINONIHEHUA YMpPaXXHEHUs TPeHUHra Ha ymeHue Ne 3
3apaHue

Mpoun3BecTn cBepTKy OBYX OTHOWeEHU (cBepTky ae MopraHa). CBepTky
00603HaunTb 3HAKOM *

3agaHbl OTHOLUEHUS:

F,={(a, 1), (a, 2), (a, 3), (6, 1), (6, 2), (B, 1), (B, 4)}

F.={(1,x, A), (1, v, B), (2, z, A), (3, x, B)}

PeweHue

MpenBapuTenbHO 3amnonHUTe Tabnuuy, nogobpaB K KaXaoMy anroputmy
KOHKPEeTHOe COOTBETCTBME U3 OaHHOro 3adaHus.

Ne KoHkperHoe nelicTBue,

Anropurm
n/n COOTBETCTBYIOIIEE MPEJIOKEHHOMY aJTOPUTMY
OT1o0paTh O OJHOMY
KOpTeXy u3 1-ro u 2-
| |roe OTHOLIEHUH C COB-
Magato MU TTOCTIe-
HUM U TIEPBBIM 3JIe-
MEHTaMU
OT06poCUTH coBIA-
) |/liomlie SEMEHTBI, &
ocraBInecs: 00beau-
HUTb B HOBBIH KOPTEX

(aa 1)' (15 X, A)a (ao 1)' (19 Y, B)

Koprexu cBepTKH:
(a,x, A);(a,y, B)

2-it koprex u3 Fi: (a, 2) - (2, z, A) naer (a, z, A)

3-it xoptex u3 Fi: (a, 3) - (3, x, b) maer (a, x, b)

4-it xoprex u3 Fi: (6, 1) - (1, x, A); (6, 1) - (1, y, B)
JlaeT:

(6,%,A);(6,y, B)

5-it koptex u3 Fi: (0, 2) - (2, z, A) maet (0, z, A)

6-it koptex u3 Fi: (B, 1) - (1, x, A); (8, 1) - (1, y, B)
JaeT

(8, X, A); (B, y, B)

7-it koprexx u3 Fi (b, y) He obOpasyer koprexa
CBEpTKH (HET maphl)

Fi1 *F>={(a, x, A), (1, B, y), (a, z, A), (a, x, B), (0,
x, A), (0,y, B), (0, z, A), (B, x, A), (B, y, B)}

[Ipogonxats onepa-
3 | 1MI0 /o HcueprnaHus
BceX KopTexei 1-ro
OTHOLICHU S

Cobpatp Bce mony-
4 | 4eHHBIE KOPTEXKHU B
OTHOUIEHHE CBEPTKH

Pelunte camMocTosiTe/IbHO caeayrlume 3aaaHus:
3anaHue 3.1
[Mpon3BecTn CBePTKY ABYX HMXKE3aOaHHbIX OTHOLIEHWI (cBEPTKY Ae MopraHa)
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3apnaHue 3.2

[MponsBecTn cBepTKY ABYX HUXe3a[aHHbIX OTHOLIEHU (CBEPTKY Ae MopraHa)
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3anaHne 3.3

[Mpon3BecTn CBEpPTKY ABYX HMXe3adaHHbIX OTHOLEeHun (cBepTky Ae MopraHa)

OCHOBbl ABTOMATU3UPOBAHHbIX NHOOPMALIMOHHbIX CUCTEM
IOHUTA 1

TEOPETUYECKMWE OCHOBbl ABTOMATU3UPOBAHHbDbIX
MHPOPMALIMOHHbIX CUCTEM

Pepaktop J1.A. CaBuHa
Onepatop koMmmnbloTepHol BepcTkn [.B. depotos

3. nuu. JIP Ne 071765 ot 07.12.1998 CpaHo B rnevaTb
HOY “CoBpeMeHHbIli 'ymaHutapHbiii MHCTUTYT”
Tupax 3aka3s
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