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BeBepeHue

Hacrosee yuebHoe nmocodbue coaepkuT MaTepuan Mo AByM
Pa3IMYHBIM, XOTS U TECHO CBSI3aHHBIM HayUYHbIM JUCLUIUIMHAM — Ma-
TeMaTuke U uHpopmaTuke. MatemaTuka — OAHA U3 JPEBHEHIINX
HayK — MMEET IIMpoYaiilliee MpuMeHEeHUe BO BcexX cepax IesiTeNbHO-
cTH Jroge. Mo>XHO cKa3aTh, UTO 0€3 JOCTMIKEHUM MaTeMaTHUKHU He
ObLT0 OBl COBPEMEHHOM LUBUIM3AIMH. B cBOIO ouepensb, nHbOpMATH-
Ka CeroJiHsl — €/1Ba JIM HE caMasi pa3BUBAIOLIasACs HayKa, HaXOoAs1Ias-
Csl Ha NIEPEIoBBIX pyOexkax 0OIIECTBEHHOIO Iporpecca.

HazBanwue “matemaTnka” mpOUCXOAUT OT IPEUECKOTO CI0BA “Ma-
TeMa” (na O po) — 3HaHue, Hayka. MaTeMaThuKa OTHOCUTCS K YUCILY
HauOouee crapbix Hayk. B BaBuione u Erunre Bo BTopom Thicsuerne-
THU 0 H. 3. ObUIM U3BECTHBI MHOTHE CBEIEHUS U3 apU(METUKU U TeO-
METPUHU.

Axanemuk A. H. KonMoropos BeIENTNIT YEThIPE OCHOBHBIX MEPH-
0/1a PA3BUTHS MATEMATUKH:

1. Ilepuron 3aposxaeHNsI MATEMATUKH, KOTOPBIM MPOAOJDKAIICS 10
VI-V BB. 10 H. 3. BpuTn U3BeCTHBI pa3po3HEeHHbIE (PAKTHI U POPMYIIBI,
KOTOPBIE UCIIOJIB30BAINCH IS pELIeHHs] Cyry0o MPaKTUYECKUX 3a4ay:
COCTaBJIEHUE KaJeHIapeil, 0OMep 3eMeNIbHBIX YUaCTKOB U T. .

2. Ilepuon anementapHoit MaremaTuku ¢ VI-V BB. 10 H. 3. 10 X VI B.
H. 3. BbIn 3a7105keHbI HAUana IeyKTUBHOTO, aKCHOMATHYECKOTO Me-
TOJI0B. Pa3BuTHe nenyKTUBHON TEOPUU CBSI3aHO C UMEHEM APHUCTOTE-
7151, @ IEPBOE CUCTEMATU3UPOBAHHOE U3JI0KEHHUE FeOMETPUH OBLIO cie-
nano EBknmuaom. Hauano coBpemeHHOI anreGppl ObLIO MOJIOKEHO B
TpyJax UTAIBSHCKOrO ydyeHoro snoxu Bospoxaenus Jleonapno I1u-
3aHckoro (PubdoHayuun).

3. [lepuon co3gaHust MATEMATUKU TTEPEMEHHBIX BEIMUMH BKIIIO-
yaet nepuoj ¢ XVII B. no cepenuny XIX B., KOTOPbIA XapaKTEPUYET-
csl co3/laHMeM aHanuTuyeckoil reomerpun P. [lexaprom, muddepen-
LUAJIBHOTO U MHTErpajibHOTO ucuuciennii B paborax M. HeioToHa
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u I'. JletiOHuma, a Takke COBPEMEHHON ajire0pamdyecKoii CHMBOJIMKHI
(dbpaniysa Beera.

4. CoBpeMEHHBIH IIEPHO]T PA3BUTHS MATEMATHUKH C cepeauHbl XIX B.
1o Haire Bpemsi. beina cozmana Teopust JeHCTBUTEIBHBIX YUCEN, KOTO-
pasi TO3BOJIMJIA CTPOTO BEICTPOUTH MaTeMAaTHYECKUN aHaIu3. B koHIIe
XIX BB. B pabotax I'. KanTopa nosisuiiace Teopusi MHOxecTB. B XIX
1 XX B. ObLIM 32JI05KEHBI OCHOBBI MaTeMaThudeckoi joruku. B XX B.
MO/ BIIUSIHUEM YCIIEXOB a0CTPaKTHOW anreOphl MOSIBUIOCH MTOHUMA-
HUE MAaTeMaTU4YeCKOH CTpyKTyphl. [locTpoeHnto u uccienoBaHnio Ma-
TEMAaTUYECKUX CTPYKTYP OBLTH MOCBSIIEHBI pa0OTHI TPYMITBI (hpaHITy3-
CKHMX MaTEMATHKOB, KOTOPBIE TTUCAITH O] iceBIoHnMoM H. Bypoaku.
bypno passuBammces B XX B. TEOpHUsI BEPOSITHOCTEN, MaTEMAaTUUYECKAs
CTATUCTUKA, TEOPHUS CITYUANHBIX PYHKIUMH. 3/1eCh BEJTUK BKJIA/I POCCUI-
CKuX M coBeTckux MaTtemMaTukoB I1. JI. YeOnmmeBa, A. A. Mapkosa,
A. H. Konmoropoga, E. C. BeHriens.

B cepenune XIX B. ®@. Durensce B cBoeii padbote “AnTtu-Aropunr”
JIaJl oTIpe/ie/ieHUe IpeiMeTa MaTeMaThky: “Hucras MaTeMaTUKa UMe-
€T CBOUM OOBEKTOM IMPOCTPAHCTBEHHBIC (POPMBI U KOJIMUECTBEHHBIE
OTHOIIICHHS AeHcTBUTENbHOTO Mupa” [30]. DTO ompeaeiieHne oTpaxa-
eT pa3BUTHE MATEMATHUKH OT €€ POXKIeHUs 10 cepeanHbl XIX B.

Bropoe onpenenenue npeamera matematuku 6s110 1ano H. Byp-
Oaxu B miepBoii mosioBuHe XX B. OHO OBLJIO 0OOYCIOBIIEHO COBPEMEH-
HBIM TIEPUOJIOM PA3BUTHUS MAaTEMATHKU U HOBBIM TTOIXO/IOM K aKCHO-
Matnueckomy merony. [To H. bypb6aku, matematuka “ckorieHue ma-
TEMaTUYECKUX CTPYKTYD, HE UMEIOIUX K IEHCTBUTEILHOCTH HUKAKO-
ro otHoureHus” [8].

H. Byp6aku BbIieII€T TPU OCHOBHBIX THIIA CTPYKTYp: ajaredpau-
YecKue, MopsaKa, TOMoJoTuYeckrne. MHOTHE yUYeHbIe CUUTAIN, YTO
omnpenenenne d. Durembca ycrapeno, Ho moaxon H. bypbaku BcTpe-
THWJI 1 HETATUBHOE OTHOIIICHHE, TaK KAK OHU HE BBISCHWIN OTHOIIICHUS
paccMaTpuBaeMbIX UMU CTPYKTYP K JAecTBUTEIbHOMY Mupy. Onpee-
nenue @. DHrenbca He HAZO OTOPACKIBATH, M0 HEOOXOIUMO JOTIOJI-
Huth. COBpeMEHHOE OTpe/IeIeHne MOXHO c(POpMyIMpoOBaTh, HATIPH-
Mep, Tak [18]: MaTemaTnka — Hayka, KOTOpasi UCCIIeIyeT MPOCTPaH-
CTBEHHBIC (POPMBI, KOJIMUECTBEHHBIC OTHOIICHUS, AaKCHOMATHYECKUE
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CTPYKTYPBI U BOITPOCHI JIOKA3ATEIbCTBA IMyTEM IMMOCTPOEHUS A0CTPAKT-
HBIX MOJIEJIeH IEHCTBUTEILHOIO MUPA.

MartemaTuka MpOHUKJIIA MPAKTUYECKH BO BCE 00IACTH OOIIIECTBEH-
HOH AESITeIbHOCTU. DTO OOBSICHACTCS, BO-TIEPBBIX, TEM, UTO OHA CIIO-
coOHa co3/1aBaTh MOJIEIH U3yUaEMBbIX SIBIIEHUH, & BO-BTOPBIX, TEM, YTO
MaTeMaTHKa UCIOIb3YETCs Uil 00pabOTKU UUCIOBBIX JIAHHBIX (Kak
CPEIICTBO pacuera).

B HacTosiee Bpemsi pa3iuyuHble YUCICHHBIE U aHAIMTUYECKUE
METO/TbI UCTIOTIB3YIOTCS HE TOJIBKO B €CTECTBEHHBIX, HO ¥ B TYMaHHUTap-
HBIX HayKaX, HAIIpUMEp, B COILMOJIOTMH, JTUHTBUCTUKE, IOPUCTIPYICH-
IIUU, 9KOHOMHUKE.

C noMoIIbI0 MAaTEMATHUECKUX METOJIOB MOKHO OoJjiee TITyOoKO
AHAJTM3UPOBATH CIIOKHBIE SKOHOMHUYECKHUE SIBIICHUSI U TIPOIIECCHI, a C
JPYTO# CTOPOHBI, MPOOJIEMbI SKOHOMUKH CTUMYJIHPYIOT pa3paboTKy
HOBBIX MaTeMaTUYeCKHX Teopuil. Hampumep, HE0OOXO0IUMOCTH perire-
HUA 3a7a4 9KOHOMUYECKOTO IJIAHWPOBAHUS MpHUBENa K pa3padoTke
TEOPUH JIMHEHHOT 0 TporpammupoBanus B 30-x rogax XX B. [19]. Mox-
HO CIIeJIaTh BBIBOJ O TOM, YTO INyOOKOE MOHUMAHUE YIKOHOMHUYECKUX
MIPOIIECCOB M YIPABIIEHUE ITUMU TPOIIECCAMH HEBO3MOXHBI O€3 3Ha-
HUSI COBPEMEHHOT'0 MaTeMaTHYeCKOTo ammaparta. MareMaTudeckas
MOATOTOBKA COBPEMEHHOTO CITEIIUAINCTA B 00IaCTH SKOHOMUKH MMe-
€T CBOU crelupuyeckue 0cCOOEHHOCTHU, CBSI3aHHBIE CO CIIOKHOCTBIO
MpoBeeHUsT (HPUHAHCOBO-9KOHOMUYECKUX OTEpalvii U MPUHATHS pa-
IUOHATBHBIX YIPABJICHUYECKUX PEIICHUIN 110 HUM.

Kak Hayka MaTeMaTHKa MMEET OIpeelIeHHOe MaTeMaTHIeCKOe
MHUPOBO33pPEHHE, OTHAKO IS CIIEIUATNCTOB B 00JIACTH 9KOHOMUKH,
MEHE/KMEHTA, TICUXOJIOTHH U IOPUCTIPYICHITNN MaTeMaTHKa SBJISETCS
MpeXkJie BCEro MOIIHBIM MHCTPYMEHTAPUEM IIPU MPOBEJICHUU HEOOXO-
JIMMBIX PAcYeTOB M MCCIIEJOBAHUH, a Takke (PyHIaMEHTOM, Ha KOTO-
POM CTPOMTCSI COBPEMEHHOE 3/IaHUE BBICIIETO MPO(ECCHOHATIBHOTO
o0Opa3oBaHUS.

COBpeMEHHBII ATal Pa3BUTHUS YEIIOBEUECKOM INBUITH3AIIH XapaK-
TEPHU3yeTCs TMEPEXOI0OM K TaK Ha3bIBAEMOMY WH(GOPMAITMOHHOMY 00-
IIECTBY, B KOTOPOM B Pe3yJIbTaTe MPOIIECCOB MH(POPMATU3AIUN U KOM-
MbIOTEpU3aIMU WH()OPMAITMOHHBIE TEXHOJIOTUU BO Bcex cdepax Jes-
TEIBLHOCTH UTPAIOT OO0Jiee BAXKHYIO POJIb, HEXEIU WHIYyCTPHAIbHEIE,
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arpaphsle u 1p. Kak otmeuan akanemux A. I1. Epmos, nuudopmarusa-
1Sl — BCEOOIIMI HEM30EKHBIM NEpUO pa3BUTUS LIUBWIM3ALIUN, T1E-
puoa ocBoeHusl HH(HOPMALMOHHON KapTUHBI MUPA, OCO3HAHMSI €IUH-
CTBa 3aKOHOB (DYHKIIMOHMPOBAHUS WH(GOPMAITUU B IPUPOJIe U 0OIIIe-
CTBE, MPAKTUYECKOTO UX MPUMEHEHMS], CO3JaHUsI MHIYCTPUU TPOU3-
BOZCTBa U 00pabOTKN MHPOPMAIIHH.

B cBsi3u ¢ 3TUM pelenue npo6iieM pauuoHaIbHOTO UCIOJIb30Ba-
HUSl COBPEMEHHBIX M NIEPCHEKTUBHBIX METOAOB U CPEICTB OOPabOTKH
nHpopMaIU B IpaKTHUecKol (TpodeccnoHanbHON) AesITeTbHOCTH
JIOfIel MpUOOpPeTaIoT MEPBOCTENIEHHOE 3HAYEHUE. DTO 0OYCIOBIECHO
psiaoM mpuyurH. Bo-nepBbIX, TAKOBBI aKTyaJIbHbIE TOTPEOHOCTH 0011Ie-
CTBa, CBSI3aHHBIE C HEOOXOAMMOCTBIO PElIeHUsT Bce OOJiee YCIOXKHSIIO-
IIUXCS TTOJIUTUYECKUX, 9KOHOMUYECKHUX, BOCHHBIX M JIPYTUX TTPOOIeM
pasnuuyHoro Macmrada (TII00anbHBIX, PETHOHANIBHBIX, TOCYIAPCTBEH-
HBIX, HAIIMOHAJIBHBIX | T. I1.). BO-BTOPBIX, 3TO — €IMHCTBEHHBII Ty Th
3HAYUTEILHOTO (a B psije clydyaeB — KapAUHAJIBHOTO) MOBBIIICHUS
3¢ heKTUBHOCTH TPOEeCcCHOHATBHON IesITeIbHOCTHU UeloBeka. B-tpe-
ThUX, IIMUPOKOE PACHPOCTPAHEHHE MOJIYUYUIU TEXHUYECKUE U MPO-
TpaMMHBIE CPE/ICTBA, ITO3BOJISIIOIINE PEaTN30BaTh HOBbIE TEXHOJIOTHH
MIpU TIPUEMIIEMOM PacXoJ0BaHUM pecypcoB. Hakowner, moiap3oBaTe-
JISMU 3THX TEXHOJIOTUH CTAHOBUTCS BCE OOJIBbINIEe UMCIIO JIFOAEH (110
HEKOTOPBIM OLIEHKAM, K MOJIb30BATEISIM KOMIIBIOTEPHBIX TEXHOJIOT U
BO MHOTHUX CTPaHaX MOXET OBITh OTHECEHO BCE TPYJAOCIOCOOHOE Ha-
celieHue).

EcrecTBeHHO, UTO TaKO# CIIOXHBI M1 MHOTOOOPAa3HBIN MPOIIECe,
KaK HHPOPMATU3AIIHSI, HYKIA€TCSI B METOIOJIOTTUYECKOM 0OOCHOBAHUH,
SIBIISTFOIIIEMCS PE3YIbTATOM MCCIIEIOBAHMI B paMKax HAYIHO-TEXHIUEC-
KOT'O HAIlpaBJIEHUS U HAYKH, TOJYYMBIINX Ha3BaHue “HHpopmaTuka”.

B mmpokom cMmbicie noj nHGOPMATUKON MOHUMAETCS HAyYyHO-
TEeXHUYECKOE HaIlpaBJIEHNE, OXBAThIBAIOIIEE BCE ACMIEKThI pa3paboTKH,
MIPOEKTUPOBAHUS, CO3aHUs U (PYHKIIMOHUPOBAHUS cUCTeM 00paboT-
k1 mHpopmanuu Ha 6aze DBM, ux nmpuMeHeHHs M BO3ICHCTBUS Ha
pa3IUYHbIe 00JIACTU COIMATBHOM MPAKTUKH.

[Tox uHpopMaTUKOI B Y3KOM CMBICIIE IOHUMAETCSl Hay4yHas JAMc-
LUIUIMHA, U3y4Yarolias LejlH, ClIocoObl U CPeICTBA aBTOMATU3aLIUH Ye-
JIOBEUECKOH 1esITeIbHOCTH Ha 0a3e coBpeMeHHbIX cpeacTB DBT u cBs-
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3M IPU PELIEHUU MPAKTUYECKUX 3a/a4, CBSI3AHHBIX C HAKOIUIEHUEM,
nepeaadeit, o0paboTKOM U npeacTaBIeHueM HHPOpMaLIUHU.
ITpenmeroM n3yueHus MHPOPMATUKU SBIISIOTCS MH(DOPMALIMOH-
HbIE TEXHOJIOTUH, KOTOPbIE PEa3yI0TCs Ha MPAKTUKE B AaBTOMATU3U-
poBaHHbIX HH(popMaoHHbIX cucreMax (AVC) paznuyHoro Ha3Have-
HUSI, BBICTYMAIONINX B KauecTBe 00bekTa nHpopMaTuku. Takum oopa-
30M, AVIC no3BoISIOT aBTOMAaTU3UpPOBaTh Ty WK MHYIO chepy npo-
(deccnoHaIbHON EATENbHOCTH JIOAEH 3a CUET UCIOJIb30BAaHUS KOM-
MIBIOTEPHBIX CPEICTB U TEXHOJIOTUH. VIHBIMU ClTOBaMH, B KQ4eCTBE OC-
HOBHBIX CPEICTB (MHCTPYMEHTAapUs) aBTOMATHU3AIMH MTPO(eccCHoHab-
HOH J1eITeIbHOCTH JIIO/IEH cerojiHs BeicTynatot cpeacrsa BT u cBsizu.
B yue6HOM nmocobum paccMaTpUBaIOTCS BOIPOCHI aBTOMATU3AIMH
TaKUX BaXHBIX BUIOB MPO(decCHOHATLHON esSTETbHOCTH 3KOHOMHC-
Ta, KaK yIpaBJeHYecKas U HayJYHO-HUCCIIeIOBATEIbCKasl. BO3MOXHOCTH
1 HEOOXOAMMOCTH TPUMEHEHHSI HMEHHO B 3THX 00JIaCTSIX COBEPIIICH-
HBIX TEXHUYECKUX U MPOTPAMMHBIX CPEICTB, PEaTU3YIOUINX COBpe-
MEHHBIE U MEPCIEKTUBHbIE MATEMATUUECKUE METObI, B TOM YHCJIE C
HCIOJIb30BAaHUEM JTIOCTUKEHHUI TEOPUU UCKYCCTBEHHOI'O MHTEIUICKTA,
TO3BOJISIET B PSIZIE CIIy4aeB TOBOPUTH 00 MHTEUICKTyaTM3aINH MPO-
(beccuOHaAIBHOM IEeITeTbHOCTU KaK BaXKHEUIIIEM JTarle €e aBTOMAaTH-
3allUH.
Copeprkanne yueOHOTo MocoOus COCTABIIAIOT ABa pazaena — “Oc-
HOBBI TUCKPETHOM U BbIcIIeH MaTeMaTUKU ™ U “OCHOBBI UHDOPMATHKH .
ITepBblit pa3nen cocTouT U3 cemu rinas. B nepoii rinase “OcHOBbI
JIMCKPETHOM MAaTEeMATUKHU~ TIPEICTABICHBI OCHOBBI TEOPHH MHOYKECTB,
BBEJICHBI 3JIEMEHTHl KOMOMHATOPUKHN M OCHOBHI Teopuu rpados. Bro-
pas rinaBa “OJIeMEHTHI IMHEHHON 1 BEKTOPHOU anTreOpsl” TTOCBSIICHA
MaTpuULlaM, BEKTOpaM, ONPEeIUTENSIM U X CBOMCTBAM, a TaKxe J1ei-
cTBUSAM HaJ HUMHU. [IpHuBeneHbl METOIbI PElIeHUsI CUCTEM JIMHEHHBIX
anre6panyeckux ypasHeHuil (CJIAY). B tperbeil rnase “dyHKunu u
TpeneNbl” TaHO oTpenesieHne GyHKITNH, CIIOCOOBI ee 3aJaHNsI K OCHOB-
HBIE CBOICTBA, a TAK)K€ YHCIOBOHM TMOCIENOBATEILHOCTH U TIpe/ena.
PaccMoTpeHB! TpHU3HAKK CYIIECTBOBAHMS MTPEEa, IEPBBIA U BTOPOI
3aMevaTenbHble mpeenbl. YeTBepras rimasa “OcHoBbl quddepeHiu-
AJBbHOTO UCYMCIECHUS COACPKHUT CBEACHUS O MPOU3BOJIHBIX, MPUIIO-
KEeHUIX TuddepeHInaTIbHOTO UCUUCIIEHUS! U METOIMKE UCCIIeJOBAHUS
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(yHKIMH ¢ TOMOIIIBIO TPOU3BOIHBIX IEPBOIO U BTOPOIO NOPSIKOB. B
rsiTol ri1aBe “OCHOBBI MHTETPAJIbHOTO UCUUCIICHUS PACKPBITO COMIEP-
’KaHUe UHTErpajIbHOT O UCUUCIICHUSI, TPUBEIEHBI ONPEAETIEHUS U CBOM-
CTBa HEOIPEIEIEHHOTO, OIMPEIeIEHHOTO U HECOOCTBEHHOTO MHTErpa-
JIOB, @ TaKXKe CIIOCOOBI MX BbIUMCIIEHUs. PaccMaTpuBaroTcst mpuiioxe-
Husl uHTerpanbHoro ucuuciaeHus. lllecras rinasa “/Iuddepenimais-
HbIE€ YpaBHEHUS HAIlMCaHa Ha OCHOBE 3HAHUM, U3JI0KEHHBIX B IIPE/IbI-
OyLIMX I71aBax. B Hell mpencraBieHbl 0OObIKHOBEHHBIE MU depeH1nans-
HbIC YPaBHEHUS MIEPBOTO MOPSIIKA OCHOBHBIX THUITOB, @ TAK)KE METOIBI
ux pemenus. Ceapmas riasa “Psbl” MocBsIleHa UCCIIEIOBAHUIO YHC-
JIOBBIX, (PYHKIIMOHAJIBHBIX U CTETICHHBIX PSIOB.

Bropoii pa3nen “OcHoBbl UHPOPMATUKU CONEPIKUT TPU TJIABBI.
B BocbMoIi TITaBe “MeToa010THIeCKe OCHOBBI HH(DOPMATHKHN U3JI0-
’KEHBI OCHOBBI CO3/IaHHSI ¥ IPUMEHEHHS COBPEMEHHBIX KOMITBIOTEPHBIX
CHCTEM M TEXHOJIOTHI B 9KOHOMHYECKOH MPAKTHUKE: OCHOBHBIE OIIpe-
nenenusi, kiaccuduxauus AVC, TpeboBaHUS K CeLUAIbHOMY MPO-
IrPAMMHOMY OOECIEUEHHUIO U MPUHIUIIBI €ro pa3paboTKHU, METOAMKA
MpoBeeHus: UHHOPMALIMOHHOTO 00Ce10BaHMs 00beKTa aBTOMATH3a-
IIUU, OCHOBBI HHPOPMAITMOHHOW OE30TTaCHOCTH 3KOHOMHUYECKUX CHUC-
TeM, COBpeMeHHbIe TexHolioruu pa3zpadbotku AMC (B yactHOCTH,
CASE-TtexHnonorun).

[Hessitas rnasa “LlenTpann3oBaHHas u pacipeaeieHHas oopadoT-
Ka JAaHHBIX ’ ITOCBSIIIEHA BOIIPOCAM aBTOMATU3ALIMN HHPOPMALMOHHOTO
obecrieueHus AeSITEIbHOCTU TOJDKHOCTHBIX JIMI] U COIEPKUT METOIU-
YeCKHe OCHOBBI ITPOSKTHPOBAHMS U UCIIOJIb30BaHUs 0a3 (0aHKOB) HaH-
HBIX U COBPEMEHHBIX KOMITBIOTEPHBIX CETEH, a TaKKe OpraHU3aINH
MPOILECCOB 00padbOTKKM MHPOPMAIIUU B 043¢ JaHHBIX.

Hecsaras rinaBa “OCHOBBI TIOCTPOEHUS M UCIOJIB30BAHUS CHCTEM
HCKYCCTBEHHOT'O MHTEJUIEKTa” COINEP)KUT METOIUYECKHE OCHOBBI MPU-
MEHEHHUS B AESITEIbHOCTU CIIELUATNCTOB CUCTEM UCKYCCTBEHHOT'O MH-
TEJUIEKTA, TPEKIE BCETO — IKCIIEPTHBIX CUCTEM C Pa3TMUYHBIMU METO-
JaMmu npeactasieHus 3HaHuil. [1ogpoOHO paccMOTpeHbl MEXaHU3MBbI
JIOTUYECKOTO BBIBOJIA B MPOAYKIIMOHHBIX IKCIIEPTHBIX CUCTEMAaX U JTU-
ArHOCTMYECKHUX KCHEPTHBIX cUcTeMax 0aileCOBCKOIo THUIIA.

IIpencraBieHHslil B mocobuy Matepuan Mo MareMaTuke U uHpop-
MaTHKe OXBAThIBAET OOJIBIIMHCTBO PA3/1eNI0B (HE BKIIIOYEHBI MATEPUAIBI
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10 TEOPHUH BEPOSITHOCTEH M MATEMaTHIYECKOI CTATUCTUKE), U3YJaeMbIX
CTyACHTaMU TYMaHUTApHBIX BY30B. IIpu HanmMcaHWM KHUTU aBTOPHI
MIPUICPKUBAJINCh COBPEMEHHBIX TOUCK 3PEHHUS Ha IOHSTHS, O KOTO-
PBIX WJIET peub, U HE OTCTYITAJIA OT OOIETPUHSTHIX B3TJISI0B, CTPEMU-
JIUCh UBJIOKUTh MAaTepUal B JOCTYITHOM JiJis CTYeHTOB opme. [Tocre
KaXXJIOr0 MyHKTa MTOMEIIEHBI BOMPOCHI ISl CAMOIIPOBEPKHU YPOBHS yC-
BOCHHMS YUTATEJIEM COOTBETCTBYIOIIUX 3HAHUI. ABTOPBI HAICFOTCS, YTO
yueOHOe 1mocobue OyAeT MOJIe3HO CTYACHTaM, U3yJaloIiM TICHXOJIO-
THUIO, MEHEDKMEHT U FopucnpyaeHIno. OqHAKO aBTOPHI M3aHUS HE
MPETEeHIYIOT Ha UCUEPIIBIBAIOINIYIO MMOJIHOTY U TJIyOMHY OXBaTa y4ed-
HOTO MaTepuaia u3-3a OTPaHUYEHUM HA 00bEeM KHUTH.

Bxitayn aBTOpOB B JaHHOE U3TAHUE PACTIPEIEITUIICS CIIEAYIOIINM 00-
pa3om: B. b. Y1kun — Beenenwne, pa3nen II; K. B. banaun — riaBser 4-6,
monr. 8.1, 8.2, 9.1, 9.3, 10.1; A. B. PykocyeB — rnaBsr 1-3, 7.
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Paszpgpen |

OCHOBbI IUCKPETHOM
U BbICLLUEA MATEMATUKHU

1. OcHOBbI AUCKPETHOW MaTeMaTUKH

1.1. OcHOBbI TEOPUH MHOXKECTB

ITonsiTue MHOXECTBA HE OMPEACNISETCS Yepe3 APYyTUe MOHATHUS
MaTeMaTHKH, T. €. OHO SIBIIETCS MEPBUUHBIM. [10SIBUIIOCH OHO B KOHIIE
XIX Beka B paborax I'. Kantopa (0 cpaBHEHHM MOIITHOCTEN MHOKECTB),
KOTOPBIN OMNPEJIeTII MHOXKECTBO KaK “O0BbeAUHEHNE B OJHO IEI0e
00BEKTOB, XOPOIIO PA3TUYNMbIX Hallled UHTYUITUEH TN HAIlle MbIC-
np10” [5, 8]. Pazymeercs, 3To omnpeeieHre He MOKET pacCMaTpUBATh-
Cs KaK CTpOro MaTeMaTU4eCcKoe, KOTOPOTO, BIIPOUEM, HE CYIIeCTBYET,
TaK KaK IMTOHSITHE MHOYKECTBA SIBIISICTCS] ICXOIHBIM, Ha €70 OCHOBE CTPO-
SITCSI OCTAJILHBIC MOHSITUS MaTEMATUKHU.

MHOXECTBO COCTOUT M3 KaKUX-TO 00BeKTOB. Hampumep, cyrie-
CTBYET MHOXECTBO HaTypaibHbIX uncel (N), MHOXECTBO BCEX 3Be3]
Hamel ["amakTuku, MHOKeCTBO BceX kutencii PO u 1. 1. OOBEKTHI,
BXOJISIINIME B TAHHOE KOHKPETHOE MHOXKECTBO, SIBJISIIOTCS €r0 dJIEMEH-
TaMu. Pa3mnyaroT KOHEUHBIE (COCTOSINNE U3 KOHEYHOTO YHCITA DJIEMEH-
TOB) U OECKOHEYHBIE MHOXKECTBA.

MHosecTBa Oy/ieM 0003HauaTh 3arjaBHbIMU OykBamu A, B, C, ...,
X, Y, Z, a ux 31eMeHThl — MaJlbiIMi OykBamu a, b, c, ..., X, y, z. ToT
(aKT, 94TO IIEMEHT X MPUHAJICKUT MHOXKECTBY X, 0003HAYAIOT TaK:
X € X, a HE IPUHAICKUT — X & X.

Ecnu Bce ammeMeHThI MHOXKECTBA X SBJISIIOTCS TAKXKE dJIeMEHTAMU
MHOXecCTBa Y, TO MHOXeCTBO X eCTh MOJMHOXECTBO MHOXECTBa Y.
DTO 3amuchIBaeTCs ciaeayomum oopazom: X C Y min Y D X.
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MHOKeCTBO BceX MOAMHOXKECTB MHOXKECTBA Y HA3BIBAETCS CTe-
IIEHBIO 9TOr0 MHOKeCTBA U 0603Havaerca 2Y wim P(Y).

MuosxectBo X 1 Y SBIISIFOTCSI PABHBIMH (COCTOSIT U3 OJHUX U TEX
ke 371eMeHTOB) X = Y, ecimu X < Y i Y D X. MOKeT UCI0JIb30BaTh-
csI CITeyFoITasi 3aIich: X < Y, T. €. 6o X =Y, mnbo X C Y (saBisieTcst
COOCTBEHHBIM MOJIMHOYKECTBOM MHOXKECTBA Y).

BBoauTcs moHATHE ITyCTOTO MHOXECTBA (J), KOTOpOE HE CoAep-
JKAT HU OJTHOTO 3jeMeHTa. Hampumep, MHOXKECTBO pellleHUuil ypaBHe-
HuA x> + 4 = 0 eCTh MyCTOE MHOKECTBO.

Cnocoowt 3a0anust muodcecms |5, 8]

1. CnoBecHoe onucaHue.

Hanpumep, mHO)ecTBO X €CTh MHOYECTBO BCEX MPSIMBIX, TPOXO-
JSIINX Yepe3 TOUKY A TIOCKOCTH dl.

2. [epeuncicHue 3JIEMEHTOB, BXOISIINUX B MHOXKECTBO.

Hanpumep, X = {-7, 0, 12, 123, 700}. DneMeHThI B MPUBEICHHOM
CIIMCKE MOTYT pacIioiaraThCs B JJIOOOM MOPSIAKE U JTIOJDKHBI OBITH pas-
JINYHBI, T. €. MHOXecTBa X = {5, 5,7} u' Y = {5, 7} paBHBI MeX11y CO-
60i1. Ecii BO MHOXeECTBE €CTh COBIAAOIINE HIIEMEHTBI, TO €T0 HAa3bI-
BaloT ceMmeiictBoMm Z = (5,9, 9, 12, 12, 23).

3. OmmcaHue CBOMCTB 3JIEMEHTOB, BXOASAIINX B MHOKECTBO.

X ={x|(x-3)x-15) >0}, T. e. omemeHTaMu MHOKecTBa X OymyT
TOJIBKO T€ YHCJIa, KOTOPBIE YIOBJIETBOPSIFOT HEPABEHCTBY (X — 3)(x—5) >0

Eciu 0603HaunTh yepe3 Q(X) CBOMCTBA 3JICMEHTOB, BXOJSIIHX B
MHOJKECTBO X, TO JJIs 3aIaHUSI 3TOTO MHOKECTBA B OOIIIEM CITydae MOXK-
HO HCITOJIb30BATh CIICAYIOIIYIO 3amKch: X = {X | Q(X)}, T. €. MHOXKECTBO
X COCTOUT U3 TEX 3JIEMEHTOB X, KOTOPbIE YIOBIETBOPSIOT CBOMCTBY Q(X).
MHOKeCTBO, KOTOPOE COECPKUT BCE paccMaTpuUBacMble B HEKOTOPOU
3a/1aye MHOKECTBA, HA3bIBAETCSl YHUBEPCAIbHBIM U 0003Hauvaetcs U.

Hanpuwmep, B kauectBe U MOKHO B34Th MHOKECTBO N (3aMeTUM,
YTO B HEKOTOPBIX MOHOTpa(usix OHO HaunHaeTcs He ¢ 1, a ¢ 0).

Z={zeN|z<6},1.e.Z=1{1,2,3,4,5}.

JIs1 coxpallieHus 3amicy B MaTEMAaTUKE HCTIONIB3YIOT KBAHTOPBI
BCEOOIITHOCTHU, CYIIECTBOBAHUS, CYIIIECTBOBAHMS 1 eIMHCTBEHHOCTH [17]:

YV — KBaHTOpP BCEOOIIHOCTHU (TepeBepHyTasl nepBas OykBa aHT-
niickoro ciosa All);

3 — KBaHTOP cylleCcTBOBaHUS (IIepeBepHyTas epBasi OyKBa aHT-
Juickoro cinoBa Exists);
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3! — KBaHTOP CyIIECTBOBAHUS U IUHCTBEHHOCTH.

Hanpumep, 3anmuck (Vx € X) P(X) o3HagaeT: 1j1s BCEX X U3 MHOXKE-
crBa X cripaBeinBo P(x); 3amuck (3y € Y) R(y) — cymiecTByeT y u3
MHOXeCTBa Y Takoe, 4To crpaBeiinBo R(y); 3amuck (312 € Z) M(z) —
CYILIECTBYET €TMHCTBEHHOE Z 13 MHOXKECTBA Z TAKOE, UTO CIPaBe/UTURO M(Z).

Onepayuu nao mrosicecmsamu [5, 26]

[TycTp 3apaH0 yHUBepcalibHOe MHOXecTBO U. MHOXecTBO Bcex
ero noaAMHoxkecTB ecth 2. 3asanbl Taxke MHOXKeCTBAa X U Y, TPUUEM
Xe2VlnyY el o

JlononHeHneM MHOecTBa X Ha3bIBAETCSI MHOKECTBO X 3JIEMEH-
TOB MHOXkecTBa U, KOTOpBIE HE MpUHAaLIeKAT X:

X ={xeU|xegX}.

I'paduuecku onepanuu HaK MHOKECTBAMHU MOYKHO N300pakaTh C
ITOMOIIIBIO KPYyroB Diijiepa (quarpamMM BenHa):

U — uzobpakaercst IpsiMOYTOJIbHUKOM;

X — KpyT;

X — 3amITpUXOBaHHas 00JIaCTh MPSIMOYT OJIbHUKA.

U X

ITepeceuenue (X N Y) nByx MHOKeCTB X U Y COCTOUT U3 3JIEMEH-
TOB, IPUHAJICKAIIUX OOOUM ITHM MHOXKECTBAM:
XNY) ={&x|xeXuxeY}
(XNY)

O6wvequnenve (X |J Y) nByx MHOXeCTB X U Y COCTOUT M3 3JIEMEH-
TOB, KOTOPBIC MPUHAIEKAT XOTS ObI OJTHOMY M3 MHOXKECTB X U Y:
XUY)={&x|xeXumxe Y}
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_,XUY)
) %
Pasnocth (X/Y) nByx MHOXECTB X U Y COCTOUT U3 IJIEMEHTOB,

MpUHAISKAIUX X, HO HE MPUHAIJIeKAIINX Y :
X\YY={&x|xeXuxegY}

X
Amnanoruuso onpenensercs pazHocTs (Y\X) mHoxkecTB Y 1 X:
YX={y|lyeYuy ¢ X}

Y\

/

) @
CummeTrpuyeckas pasHocTh (X A Y) MHOKECTB X U Y COCTOUT M3

SJIEMCHTOB, KOTOPLIC ITPUHAJIC)KAT POBHO OJHOMY U3 MHOKCCTB XnY:
XAY =X\Y)UY\X)=XUYNX NY)

\Y

X

_XAY

'@
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Ipumep 1.1.1

Jlarno mHOXkecTBO: X = {-5,0, 3, 17, 28, 33, 100}.
Y =1{-7,0,5,17, 33, 108}.

X NY = {0, 17 334,

XUY:{ 7,-5,0,3,5, 17,28, 33, 100, 108}.
= (25,3, 28, 100}.
X={ 7,5, 108}.
XAY ={7,-53,5,28, 100, 108}.

MowHocmb MHOMCECMB

Yucno 371eMeHTOB B KOHEYHOM MHOXkeCTBe X Ha3bIBAIOT €r0 MOIII-
HOCTBIO 1 0003HavaroT |X| mm #X.

Hanpuwmep, X = {5, 12, 23, 111}, |X| =

Ecnu n3BecTHBI MOIMHOCTU MHOXECTB X U Y, TO MOXXKHO HauTH
MOIITHOCTb UX OObeAMHEHUS 110 opMYyJie

IXUY[=[X]+[Y]-[XNY]

B o0mem cmyuae umeem [3S]:

X UXs U UX, = 300X = ZIX X 1+ XX0X N

i<j i<j<k

s mojcyera 371€MEHTOB B KOHEUHBIX MHOXECTBAX MOYKHO MC-
M0JIb30BaTh KOMOMHATOPUKY.

Ecnu Mexny AByMsI MHOKECTBAMHU MOXHO YCTAHOBUTDH B3aMMHO
O/IHO3HAYHOE COOTBETCTBHE, TO B HUX OJMHAKOBOE KOJIUYECTBO HJIe-
MEHTOB.

B3anMHast 0oqHO3HAYHOCTH O3HAYAET, UTO KAKIOMY JIEMEHTY Iep-
BOI'0O MHOXECTBA COOTBETCTBYET OJIUH 3JIEMEHT BTOPOr0, U HA00OPOT.

PaccmoTpum npuMep oCyleCTBIIEHUS 3TOTO IPUHIIMIIA.

Kakux nmoamuoxects 6ompiie y 100-31eMEHTHOTO MHOKECTBA:
MouHocTH 60 unu MoHocTH 40.

Hcnomnb3yeM MoHATHE YUCTa COYETAaHUI U3 N 3JIEMEHTOB 110 K (oHU
OTJIMYAIOTCS TOJIBKO COCTABOM 3JIEMEHTOB) (00Jiee moipoOHO B 1I. 1.2).
Yncno coueTannit o6osHauaercs CX 1 Haxoaures 1o Gopmyiie

k n!
G k!(n—k)!’

rae n! =1 x 2 x 3 x ... x n (uutaercs n-hpaxKTopua).
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B namewm crnyuae umeem:

60 1000 40 100!
100 60401 190 401601

ITosTomy y 100-351eMEHTHOTO MHOJKECTBA OJIMHAKOBOE KOJIMYe-
CTBO MOJAMHOKecTB MoIIHOCTH 60 1 40 351eMEHTOB.

JIBa MHOeECTBa HA3bIBAIOTCS PABHOMOITHBIMU, €CITH MKy HUMH
MOYHO YCTAHOBUTDH B3aMMHO OJTHO3HAYHOE COOTBETCTBUE.

JI71s1 KOHEYHBIX MHOJKECTB 3TO O3HAYAET, YTO B HUX OJIMHAKOBOE
KOJIMYECTBO JJIEMEHTOB.

Ho ato ompenenenne rogutcs u Ayl OECKOHEYHBIX MHOXKECTB.
Hanpumep, orpesku [0, 1] u [0, 10] paBHOMOIITHBI, TAK KaK OTOOpake-
Hue X — 10X maeT Hy)KHOe COOTBETCTBHUE |5, §].

MosHO Takxke AoKa3aTh, uTo uaTepsai (0, 1) u myu (0, + ) paB-
HOMOIIHBI. FIcKkoMO€e B3aMMHO OHO3HAYHOE COOTBETCTBUE UMEET BU/T
X > L 1 [5].

X

Taxxe MOKa3bIBACTCS, YTO MHOXECTBO OECKOHEUHBIX IOCTIENIO0-
BaTeiabHOCTeH udp 0, 1, 2, 3 paBHOMOIITHO MHOKECTBY OSCKOHEUHBIX
rociaenoBaTenbHocTed udp 0 u 1.

Tot axT, 4T0 MHOXKECTBO X paBHOMOIIHO (3KBUBAJIEHTHO) MHO-
xecTBy Y, 3anmcbiBaercs Tak: |X| = |[Y] (X ~ Y).

MHOKeCTBO Ha3bIBAECTCS CYETHBIM, €CJTM OHO PABHOMOIIIHO MHO-
JKECTBY HaTypabHbIX unces (N).

Harmpumep, MHOXeCTBO LielTbIX urcen (Z) paBHOMOIITHO N, T. €. Z ~ N.

HoxaszsiBaercs ([5]):

1) MOAMHOXKECTBO CUETHOT'O MHOKECTBA KOHEYHO WJIM CYETHO;

2) BCsikoe OECKOHEYHOE MHOKECTBO COIEPYKUT CUETHOE TIOJIMHOMKECTBO;

3) oObenHEeHe KOHEUHOTO WJIN CUYETHOT'O YMCIa KOHEUHBIX WU
CUYCTHBIX MHOYECTB KOHEYHO WJIM CYCTHO.

MHoxecTBO JeHcTBUTENbHBIX unceln (R) nnn MHOXkecTBO Gecko-
HEUHBIX TocenoBarenbHocTel 0 u 1 HecyeTHO. MOIITHOCTH MHOXKECTBA
R Gombiire MOMIHOCTH TI000TO CYETHOIO MHOXKECTBA U HA3BIBAETCS
MOITHOCTBIO KOHTHHYYMa.

IIpuBenem 6e3 moka3zaTennbcTBa meopemy Kanmopa-bepuwumeina.

EcauMHOXecTBO X PABHOMOIITHO KAKOMY-TO TTOJIMHOKECTBY MHO-
*ecTBa Y, a MHOXECTBO Y PaBHOMOIIHO KAKOMY-TO TOJIMHOXKECTBY
MHOkecTBa X, TO MHOKeCTBa X U Y PAGHOMOUJHBL.
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Hanum Taxoke oO1ryto GopMyInpoBKy meopemst Kanmopa.

Huxakoe mnooicecmseo Z ne pasHoMouHo MHOICECMBY 8CEX CBOUX
NOOMHOIICECNS.

Harnsanele npeacTaBiaeHus O MHOXKECTBAX MOTYT IPUBOIUTH K
MPOTUBOPEUHSIM.

[Tpusenem, Hanipumep, napadokc Paccena [5].

TunuyHble MHOKECTBA HE ABJISIOTCS CBOUMU 3lleMeHTaMu. Hanpu-
Mep, MHOKECTBO LIEJIbIX Yncell (Z) caMo He SIBJISIETCS LIEJIbIM YHUCIOM U
He OyJeTr cBouM 3jeMeHToM. Ho, B mpuHLMIIE, MOXHO MPEICTABUTD
cebe MHOXECTBO, KOTOPOE SIBJISIETCS CBOUM 3JIEMEHTOM, HAaIpUMeED,
MHOXecTBO Bcex MHOKecTB (U). Takne MHOkeCTBa HA30BEM “HEOOBIU-
HbiMu”. Tenepb paccMOTPUM MHOXKECTBO BCEX OOBIYHBIX MHOXECTB.
Ecnu oHO 06bIYHOE, TO SIBJISIETCSI CBOMM 3JIEMEHTOM, U CJIe10BATENb-
HO, OHO — HEOOBIYHOE, U HA00OPOT.

B npuHimIie, moHsTHE MHOYKECTBO HE SIBJISIETCSl HEMMOCPEICTBEHHO Ove-
BU/IHBIM: pa3Hble IO (HayYHBbIE LIKOJIbI) MOTYT NOHUMATb €r0 TIO-Pa3HOMY.

DynKyuu, npsimvle NPouU38eoeHUsl, OMHOUEHUs

Crauana JaauM TpaJauiiioHHoe onpesenenue pynkuun [18].

Jlanbl n1Ba MHOKecTBa X U Y. DyHKIUEH, KOTOpasi ONpeeacHa
Ha MHOXKECTBE X M IPUHUMAET 3HAUCHNE HA MHOXECTBE Y, Ha3bIBACTCS
3akoH (f), Mo KoTopoMy KaKIoMy 3JIeMEHTY X U3 MHOXecTBa X (X € X)
CTAaBUTCS B COOTBETCTBHE OJIMH 3JIEMEHT Y U3 MHOXecTBa Y (y € Y).
OOBIYHO 3TO 3aIUCHIBAIOT B BUjE y = f(X). MHOMXecTBO X ecTh 00J1aCTh
onpenenenus pynkiuu f, a MuoxkectBOo E={y e Y |3x € Xy ={(x)} <
< Y — MHOkecTBO 3HaueHu# pyHkuuu f. @ynkumio f, onpeneeHHy0
Ha MHOXECTBE X M IMPUHUMAIOIIYIO 3HAUYEHUSI HA MHOXecTBe Y, 000-
3HavaroT Tak f: X —> Y.

OneMeHT X € X HA3bIBAETCS HE3aBUCUMOM IepeMeHHOH (apryMeH-
TOM), 3JIeMeHT f(X) Ha3bIBaeTCs 3HaUCHUEM (DYHKIIMHU Ha 3JIEMEHTE X.

ITycts 3amana ogqHo3HauHast GyHKIM f, T. €. pa3IM4HbIM 3HAUe-
HUSIM €€ apTyMEHTOB COOTBETCTBYIOT pa3lInyHble 3HAUCHUS (DYHKIIUH,
T. €. (VX; € X) (Vx, € X) (X, #X,) & (f(x,) # {(x,)). 3HaK “<” o3HayaeT
9KBUBAJIIEHTHOCTD, Hampumep, A < B — 3HaunT A skBuBajsieHTHO B
(A Torma u TonbKO TOTAA, Koraa B).

Torma Vy € E MoxkeT ObITh IOCTAaBJIEH B COOTBETCTBUE €WH-
CTBEHHBIH JIEMEHT X € X, Takoil uTo y = f(X) 1 KOTOPBIif 0003HAYACTCS
x = f!(y), 310 3HauMT, uTO Ha MHOXKecTBe E onpenenena dynxims {1,
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KOTOpas MPUHUMAET 3HAUCHMS] HA MHOKECTBe X 1 Ha3bIBaeTCsl oOpat-
Hoit k ¢pynkumu f. Bciu 3agana pynkuus £ E > XuY =E, 1. e.
KOTJa MHOKECTBO 3HaueHMi (pyHKUMU f coBIIagaeT co BceM MHOXe-
cTBOM Y, GyHKIIMIO f HA3BIBAIOT B3AMMHO OJTHO3HAYHBIM COOTBETCTBU-
eM MeXIy MHOKecTBaMu X U Y.

Teneps chopmynupyem onpesiesieHrne MpsiMOTo, W JIEKapTOBa,
MPOU3BE/ICHMUS.

Ipamoim npouseedenuem MHOXKeCTB X, X5, X, ..., X, N > 2 HA3bI-
BAETCSI MHOXECTBO PA3IMUHBIX YIOPSIOUYEHHBIX HAOOPOB (N-MEPHBIX
BEKTOPOB) (X}, X5, X3, ..., X)), THE X; € X[, X, € X5, X3 € X5...,X, € X,

n

obo3Hauaemoe X, x X, x Xy x ... x X, = I_IXi ={(X}, Xy, 0 X)) X € X,
i=1

Xy € Xy, o X € X} = A{X], Xy o X)) [ X € X, VI= Ln )

3amerum, uTo X x X, x .. x X # X x ... x X, x X|.

B tom cityuae, eciu X; = X Vi= [,n, To X x X x... x X = X" (“=” —
TOXIECTBEHHO paBHO) M HAa3bIBACTCS N-I CTEIIEHbIO MHOKeCcTBa X [14, 18].

B wactHOM cityyae, eciii UMeeTcCsl IBa MHOXKeCTBa X U Y, UX TIPsi-
MBIM MPOU3BEACHUEM OYET MHOXECTBO PA3JIMUHBIX YIOPSTOUYCHHBIX
Ha0OPOB (IByMEPHBIX BEKTOPOB) (X, y), TIe X € X,ay € Y, o003Haya-
eMple X x Y = {(X,y)|x e X,y € Y}.

Hampumep, nmeem 1Ba MHOKecTBa X = {5, 6}, Y = {In3, In7}

X xY = {(5,In3), (5, In7), (6, In3), (6, In7)}

Y x X = {(In3, 5), (In7, 5), (In3, 6), (In7, 6)},

T.e. XxY#Y xX.

Tenepr naaum onpeneneHne oTHowmeHus. Jlanel MHOXKecTBa X,
X5, ...y X, 1 > 1 N-MECTHBIM OTHOIIEHHEM MEXKIY JIEMEHTAMU MHO-
xecTB X, X,, ..., X HA3bIBAETCA JIIOOO€ IOAMHOKECTBO P MPAMOIO
IPOU3BEAEHUS 3TUX MHOKECTB, T. €. p C X; X X, X ... X X,. Bemut (X, X,, ...,
X,) € p, TOBOPSAT, YTO 3JIEMEHTHI X, X,, ..., X, CBA3aHbI OTHOLIEHHUEM p.

Ecmu X; = X Vi = 1,n p < X", TOBOPAT, UTO p €CTh N-MECTHOE
OTHOIIIeHHe Ha MHOXecTBe X [14, 18].

JI1st OJTHOMECTHBIX, IBYXMECTHBIX M TPEXMECTHBIX OTHOIIECHUM
YacTO UCIOJIb3YIOT CIIEIAIbHBIC HA3BAHUS: YHAPHBIE, OMHAPHBIE, TEP-
HapHbIE COOTBETCTBEHHO, T. €.

n = | — yHapHoe OTHOIIEHHE p C X,

n = 2 — OGunHapHoe oTHomeHue p < X, x X,

n = 3 — TepHapHOe OoTHOWEHUE p X x X, x X;
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Ecnu oTHOIIEHHE COBIIAAET C IIPAMBIM IIPOM3BENAECHUEM, OHO Ha-
3BIBAETCS MOJHBIM, T. €. p = X; X X, X ... x X .
PaccMoTpuM KOHKPETHBIE TIPUMEPBI OTHOILEHUH.

Ilpumep 1.1.2

x={1,2,7,23, 35, 56}

p=1{x|xe Xux <23}

p={1,2,7}, T. e. mpu n = 1 OTHOIIIEHUE P €CTh MOJMHONKECTBO
MHOXkecTBa X.

Hpumep 1.1.3

X, =10,1,2}; X, ={5,6, 7}

p=1X, X)X, € X[, X, € X, X, <6}

p=1(0,5),(1,5), (2, 5);.

OcoOblil HTHTEpEC MPEACTABISIOT OMHAPHBIE OTHOLIEHUS, KOTOPbIE
MBI pacCMOTPUM OoJiee MoIpOoOHO.

Ecnu p ecTb OTHOIIEHUE MEKAY JIEMEHTaMU MHOXKECTB X U Y, T. €.
p < X x'Y, MOXHO UCIIOJIb30BATh 3aIUCh X P V.

OO6paTHBIM K OTHOLIEHHIO p € X X Y Ha3bIBACTCS OTHOILICHHUE

Pl ={y. 0 y) epl Y xX.

I'eomeTpuuecky MoHATHE OMHAPHOIO OTHOLUEHUS IOKAa3aHO Ha

puc. 1.1.1.
X Y
X1
O\
E, p(x)
Puc. 1.1.1
D, = {x|x e X, (x,y) € p} — 061acTh OIpeeneHHs OTHOLICHNS
pcXxY.

E,={yly e Y, (x,y) € p} — MHOKECTBO 3HAYCHNI OTHOLICHHIA
pcXxY.

3amerum, uto st p L < Y x X D, n E_ nomMeHsoTcst MeCTaMH.
Touka x — anmement MuokecTBa D, a MHOXKeECTBO p(X) ecTb p-00pa3
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3JIEMEHTA X, 4 TOYKA y SBJISIETCS HEKOTOPBIM 3JIEMEHTOM M3 P(X)
(cm. puc. 1.1.1).

Otcrona BUHO, YTO OMHAPHOE OTHOIICHHE SIBIISIETCSI MHOTO3HAY-
HOW (pyHKIIHEH [18].

[Tpsimoe mpou3BeeHNEe MHOXKECTBA AecTBUTENbHBIX unceln (R)
camo Ha ce6s1 R x R = R? mpezicrasisier co6oii cCTeMY KOOPAMHAT Ha
miockoctu xOy.

A ornomenue p < X x Y < R? sBnsieTcst rpadMKOM OTHOLIEHHS .

Tenepb pacCMOTPUM KOHKPETHBIH TPUMEP OMHAPHOTO OTHOIIICHUS

Ilpumep 1.1.4[14]

Jano muoxecrBo X = {1,2,3,4,5,6,7,8,9, 10}. Haiinem oTHO-
HICHHE P, €CJIU OHO 3aJIaHO TaK:

p=1{(X, X)) | X; € X[, X, € X,, X; — JIEIUTENb X,, X; < 5}

OTHollIeHHE p UMEET BUJL:

p=1{(1,1),(1,2),(1,3),(1,4),(1,5),(1,6),(1,7),(1,8),(1,9), (1, 10),
(2,2),(2,4),(2,6),(2,8),(2,10),(3,3),(3,6),(3,9), (4,4), (4, 8), (5, 5),
(5, 10)}.

Tenepb HaiiieM MHOKECTBO OIIPEICTICHIS 1 MHOYKECTBO 3HAUEHUI
OTHOILICHUS p.

D,=1{1,2,3,4,5}

E, =X

IIpeacraBum mosryueHHOE OTHONIEHUE p B TpadUUECKOM BUJIE.
Jutst aTOro 3amaaum cucteMy koopauHat. Ochlo abcruce oyaer D,
a ocpro opauHat E . ITo 9THM 0CSIM OTIIOKHUM 3JIEMEHTBI HCXOHOTO
MHO3KeCTBa X, 3aTEM COOTBETCTBYIOIIUE NAPHI (X, X,) OTMETUM TOY-
KaMM U MOJIyYUM Trpaduueckoe n300paxxeHnue HAIIEro OTHOLIEHUS
(cMm. puc. 1.1.2).

BuHapHbIe OTHOIICHNSI MOYKHO MPEACTAaBUThL B BUJIE Tpada (MHO-
’KECTBa BEPIIIMH U MHOXKECTBa pedep) (CM. paszaei “DiIeMeHThI TeOPUHI
rpados”).

Bepmmnamu OyayT 271eMEHThI HICXOJTHOTO MHOXKecTBa X, a pedpa-
MU Taphl (X; X,). B 1aHHOM cilyuae BakeH IMOPSAIOK CIEIOBAHUS JIE-
MEHTOB, IMO3TOMY peOpa OyayT OPHUEHTUPOBAHHBIMK (OOO3HAUMM HMX
crpenkamu). B pesynprate momydum (cm. puc. 1.1.3)

B ciyuae x| = X, IOIy4uM HETIIO.
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Puc. 1.1.3

Hakowner, 6uHapHOE€ OTHOIIIEHHE MOXKHO TPEJICTABUTH B BUJIE
MAaTpPHIBI, T. €. MPSIMOYTOJILHON TaOIUIBI pa3MEPOM N X m, IJie N —
KOJIMYECTBO CTPOK, & M — KOJIMYECTBO cTOJ010B. Hampumep, ecnun
UMeeM JBa MHOXKECTBA X = {X, Xy, ..., X}, Y = {Y}, Yo, -oos ¥y M OUHAD-
HOE OTHOIIICHUE Ha AJIEMEHTAX 3TUX MHOXKECTB pC X X Y = {(X, y) | X € X,
y € Y}, TO 3TOMYy OTHOIIEHUIO COOTBETCTBYET MaTpPHIIA pa3Mepa n x m,
cocrosimas u3 Hyjel u enuHuIl. EquHuiiamMmu 0003HAYAIOTCS MaphI
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(X, y), BXOJsIIKe B OTHOIIEHHE p (OoJtee MoapoOHO O MaTpHUIIaX CM. B
paszzene “OneMeHTHI JUHEHHOM anreophl”).

B n1aHHOM IIpHMeEpe MBI KIMEEM OTHOIIEHHE p C X2, T. €. EMY COOT-
BETCTBYeT MaTpuua pasmepa 10 x 10, 41ucIo cTpok U cTOIOIOB KOTO-
po¥i paBHO YMCIY JIEMEHTOB B MHOXKECTBE X.

1 2 3 4 5 6 7 8 9 10
1 1 1 1 1 1 1 1 1 1 1
2 0 1 0 1 0 1 0 1 0 1
3 0 0 1 0 0 1 0 0 1 0
4 0 0 0 1 0 0 0 1 0 0
5 0 0 0 0 1 0 0 0 0 1
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0

B 3axmrouenue paccMoTpuM (PyHKLMIO KaK OTHOLIEHUE.

OrtHouteHue { Mexxay meMeHTaMu MHOXecTB X U Y Ha3bIBAeTCs
(byHKIMe, onpeieleHHON Ha MHOKECTBe X U IMPUHUMAIOIIEH 3Haue-
HUE Ha MHOYKECTBE Y, €ClIU

vxeX3AlyeY|Xxy) ef (1.1.1)

B atom ciryuae umyT f: X — Y, a BMecTo (X, y) € f 00bIYHO TTH-
mercs y = f(X); y Ha3bIBaIOT 3HaYeHueM (pyHkuuu f Ha anemeHTe X, Tak
Kak 1715 QyHKIMOHAIBHBIX oTHOIIeHUH B cuiy (1.1.1) f~-ob6pazom ox-
HOBJIEMEHTHOTO MHOECTBa {X} OyJIeT OJHOAJIEMEHTHOE MHOECTBO

H(x)}.
3amerum, uto (1.1.1) 9KBUBATIEHTHO BBITOIHEHUIO ABYX YCIIOBUIA:
fY)=X, (1.1.2)
yi=fx)uny, ={x) =y, =y, (1.1.3)

HHoraa oTHOIIEHUS HA3BIBAIOT (DYHKIIMEH, €CITH BBITIOTHEHO TOJTb-
ko ycrosue (1.1.3.), a ecnu BeinosiHeHo U ycinosue (1.1.2), To omobpa-
JHCeHUeM.

YacTo cinoBa GpyHKIHMS U OTOOpaXeHUE UCIIOJIB3YIOT KaK CHHO-
HUMBI [18].
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1.2. dneMeHTbl KOMOUHATOPUKH

Komounamopurxa — 4actb MaTeMaTUKH, KOTOPAasl MOCBSIIEHA pe-
IIIEHUIO 33J1a4 BBIOOpA M PACIIOJIOKEHUS 3JIEMEHTOB HEKOTOPOTO KO-
HEYHOT'0 MHOXKECTBA B COOTBETCTBUHU C 3aJJaHHBIMH MTPABHIIAMH, T. €.
KOMOMHATOPHUKA peliaeT 3aa4d BHIOOpA 3JIEMEHTOB M3 KOHEYHOTO
MHOJXKECTBA U Pa3MEIICHHS 3TUX DJIEMEHTOB B KAKOM-JTMOO TOPSIIKE
[7, 8, 27].

[TpuBenem mpaBuiia CIOXKECHHUS U YMHOXEHUSI, KOTOPBIE TTPUMe-
HSIIOTCSI B KOMOMHaATOpHKeE [7].

Ilpasuno cnoscenus: ey BBIOOP Kax10ro u3 o0bekToB A, (i =1,k)
MO’KHO CIENaTh N; CIocodamu, To BEIOOp mimu A |, wim A,, ..., wim Ay

K
MO’KHO [IPOU3BECTU N = Y n; CIOCOOAMH.
i=1
Hpasuno ymnosrcenua: eciin BpeIOOp Kaxaoro us k oovexToB B,

(i=1k) MoxHO cenaTh m; cnocobamu, To Bei6op u B, u B,, ..., u B,

k
MoxHO ocymtectButh N =[[m; crocobamu.
i=1
[IpuBeneM KOHKPETHBIC TPUMEPHI IIPUMEHEHUS ITUX TIPABHIL.

Ipumep 1.2.1. I3 Mocksbl B CankT-ITeTepOypr MoxHO 100paTh-
Csl CAaMOJIETOM, IT0e3/I0M, aBTOOycoM. ECTh msTh aBTOOYCHBIX Mapll-
pyTOB, 1Ba aBHaMapllpyTa, OJUH KeJle3HOLOpoxkHbIH. IToaTomy 00-
11ee YUCII0 MapipyToB Mex 1y Mocksoiil u Cankr-IlerepOyprom pas-
HO:N=5+2+1=8.

Ipumep 1.2.2. 3 mynkra A B myHKT B MoxHO HoexaTs 1o 5 g0-
poram, u3 B B C Mo3kHO 1oexaTts 1o TpeM goporam, a u3 C 8 D MoxkHO
J0eXaTh 110 yeTblpeM aoporaM. CKOJIbKHUMHU CIIOCOOAMH MOKHO IPO-
exatbh u3 A B D uepe3s Bu C?

A j . B} (\C9—(®

ITo npaBuny npoussenenust noinyyaeM N = 5 x 3 x 4 = 60.
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Pazmewenusn

JlaHno MHOeCTBO, COCTOSIIIEE U3 N 3JIEMEHTOB. PasmelieHreM u3 n
3J1eMeHTOB 110 m 35teMeHTaM (0 < m < n) Ha3bIBAETCS JII000€ YIOPSI0-
YEHHOE TIOJIMHOXECTBO, COJIEpIKalliee M Pa3IUIHbBIX SJIEMEHTOB UCXO/I-
HOT'O MHOeCTBa. Bce 9TH MOAMHOXKECTBA OTIIMYAIOTCS APYT OT Apyra
WJIA COCTABOM 3JIEMEHTOB, WU MOPSIJIKOM UX pactipeaeneHus [7, 8, 27].

OGo3HAYNM pa3MeIeHNs 13 N JeMeHToB Mo m A = n(n — 1) x

n!

xM-2)x..x(m-(m-1)) = ),,rﬂen!=1x2><3><...xn.

(n—m)!

0
[Mpunumaercs, uto O! = 1u Aj =

Ipumep 1.2.3. B pyrb60apHON npembep-nure PO yyacTByoT
16 xomana. CKOJBKUMU CIIOCOOAMHU MOXHO PACHPENEUTh TPU Tep-
BBIX IIPU30BBIX MecTa’?

Tak Kak B JaHHOM CJIy4ae MOPsSA0K KOMaH/I UMEeT 3HAYCHHE, TO
UMeeM JIeJI0 C Pa3MENICHUSIMH, T. €.

|
Al =10 Dx23xex19 gy 5516-3360.
(16— 3)' Ix2%x3x...x13

Yucno paSMeHleHI/IfI IO M 3JIEMCHTOB C ITIOBTOPCHUSAMU U3 N IJIC-
MCHTOB PaBHO Ilm, T. €.

m

(A =n

) TIOBT

Ilpumep 1.2.4. I3 nmupp 5, 6, 7, 8§ MOXHO COCTABUTH

(A 4)110BT = 4% = 64 Tpex3HAUHBIX YHCTIA.

Ilepecmanosku

IlepecTaHOBKOM M3 N 3IEMEHTOB HA3BIBAETCS pa3MeEIlIeHNUe U3 N
9JIEMEHTOB MO N 351eMeHTOB [7, 8]. Tak Kak Kaxxaas nepecTaHOBKa CO-
JIEPIKUT BCE N 3JIEMEHTOB UCXOHOTO MHOXKECTBA, TO pa3JINUHbIC TIEpe-
CTaHOBKHU OTJIMYAIOTCS PYT OT APYyra TOJIBKO MOPSAKOM CIEeTOBAHUS
3JIEMEHTOB, T. €.
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n! n!
n —
P.A, —=n!

- o

IIpumep 1.2.5. PacCcTaBUTh YETHIPE KHUTY HA IIOJIKE MOKHO P, = 1 x
x 2 x 3 x 4 =24 cnocobamu.

Ecnu cpenn n 571€MEHTOB €CTh N 3JIEMEHTOB OJHOTO BUJA, N, —
3JIEMEHTOB JPYroro BUAA, ..., N; — JIEMEHTOB 1-T'0 BUJA, TO YUCIIO Ie-
PECTAaHOBOK C TOBTOPEHUSMH HAXOUTCS 110 (hopMyJie

n!
Pn(nl, nz, ceey Ili) =
n;!n,!..n;!

Ipumep 1.2.6. CKOJIBKO Pa3IUIHBIX IIECTU3HAYHBIX YHCETT MOX-
HO 3a1ucaTh ¢ moMolibio udp: 2, 2, 3, 3, 4, 4. B nanHoM ciyuae n = 6,
n=2,n=2n=2T.€.

6! 1x2x3x4x5x6

= =90.
22121 IxZx1Ix2ZxIxZ

P (2,2,2) =

Couemanusn

JlaHO MHOECTBO, COCTOsIIee U3 N 37eMeHTOB. CoyeTaHreM U3 n
371eMeHTOB 110 m 3jieMeHTaM (0 < m < n) Ha3bIBaeTCs JIF00O0E TTOAMHO-
’KECTBO, KOTOPOE COJIEPKUT M PA3ITMUHBIX JIEMEHTOB HCXOTHOTO MHO-
JKecTBa. Pa3TMyHbIMU MOJIMHOKECTBAMU CUUTAIOTCS TOJIBKO T€, KOTO-
pble OTINYAIOTCS IO COCTaBY AJIeMEHTOB [8, 27].

OG6o03HAYMB YKCIIO covyeTanuii uepe3 Cp', MOIyInM

m
:AH B n!

Cy =
m! ml(n-m)!’

n

Ilpumep 1.2.7. B 6purame 25 yemoek. Hamo HalTH dyeThIpex ye-
JIOBEK JiJ1s1 paboThI B HOUHYIO cMeHY. CKOJIBKUMHU CIIOCOOAaMH 3TO MOXK-
HO clienaTh?
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Tak kak Mmopsa0K BEIOPAHHBIX YEThIPEX pa00OUYNX HE UMEET 3HaUe-
25! _ 25x24x23x22
41(25-4)! 1x2x3x4

Yucno coueTaHuit ¢ TOBTOPEHUSIMH U3 N 3JIEMEHTOB TI0 M HAXO-
uTcs 1o hopmyiie

=12 650.

HUSI, TO UMEEM Cgs =

m _ m _(n+m-1)!
(Cn )HOBT - Cn-%—m—l - m'(n—l)' .

Ipumep 1.2.8. Haligure uyncio 6pocaHmii Tpex OJMHAKOBBIX KyOH-
KOB. YHCII0 pa3nuyHbIX OPOCAHUI TPEX OIMHAKOBBIX KyOMKOB PAaBHO

!
_ 8! :8><7><6=56
3(8-3)! 1x2x3

3 3 3
(C6)nosr Cor3-1 =C3

C uncnamu Cj' CBSI3aHO (YHKIMOHAIBHOE TOXKIECTBO, KOTOPOE
Has3bIBaeTcs popmynoit burnoma Horomona

(a+b)" =Cpa" +Cha" b +...+ Cla" ™Mp™ + Clan(mhpmet 4

+..+Cpb",

npu a = 1 umeem:

A+b)" =C+Clb+...+C™b™ +...+C"b".

Ilpumep 1.2.9. Paznoxuts 1o popmyite buaoma HproToHa BhIpa-
xenue (1 +b)’.

(1+b) =1+7b+C3b* + C3b> + CIb* +C3b° + CSb° +CIb7 =1 +
+7b + 21b% + 35b% + 35b* + 21b° + 7b0 + b'.

1.3. OcHoBbI Teopuu rpacoB

Bnepsbie TepMuH “rpad” ObuT ynoTpebiieH BEeHIEpCKUM MaTeMa-
tukoM JI. Kenurom B 1936 r. Ho Hauayio teopuu rpadoB OBLIO 1MOJIO-
xeHo JI. Diimepom B 1736 1., KOT1a OH pelIniI 3ajady O KEHUIcOeprc-
KHUX MOCTaX M Hallle]l KpUTEPH CyIeCTBOBAHUS B Tpade CIIeIMaIbHOTO
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MapuipyTa (3inepoBa nukia). Ho kak Mmatematndeckasl TUCIMILIAHA
Teopus rpadoB chopMupOBaIACH UMEHHO B MepBOi TpeTn XX B. ITa
TEOPHSI PACIIONATaeT armapaToM PElIeHHs pa3IMUHbIX MTPUKIIAIHbIX 3a-
Jlad M3 Pa3HbIX 00IACTe HAYKN U TEXHUKH, HAIIPUMED, CETEBOE TNTAHUPO-
BaHue u ynpasienue [10, 21]. B nacrosiee Bpemst Teopust rpagoB —
OJIMH U3 HauboJiee OBICTPO PA3BUBAIOIIMXCS PA3/IEIIOB MATEMATHKH.

Ipemnomnoxum, 4To V — 3T0 He IMyCTOe KOHEYHOE MHOKECTBO, a V@ —
3TO MHOJKECTBO BCEX €r0 JBYX3JIEMEHTHBIX MO IMHOKeCTB. MHOXecTBO E
SABJISETCS TIPOU3BOIILHBIM TOJMHOKeCTBOM MHOkecTBa VP, T. 6. E < V@,

Tornaa rpadom (G) HazeiBaeTcs napa MaHoxkecTB (V, E), T.e. G =
= (V, E), rme VG — MHO)ecTBO BepinH rpada, a EG — MHOXeCTBO
ero pedep [10, 21, 25]. JTroboe pedbpo rpada onpeaensiercs mapoi ero
BepiuH. Eciu Bce maphl BepIIMH yIopSa0UeHHBIE, TO Ipad Ha3bIBACT-
Csl OpPUEHTUPOBAHHBIM (ero pedbpa 0603HAUAIOT CTPEIKAMH ), B TPOTHB-
HOM CITy4ae OH — HEOPHUEHTUPOBaHHbIN. Eciu B rpade ecTh opueHTH-
pOBaHHBIEC U HEOPUEHTUPOBAHHBIE PeOpa, OH HA3bIBACTCS CMEIITAHHBIM.
OpueHntupoBaHHbIM rpad G MOKHO 33/1aTh KaK OTHOIICHHE, T. €. ITO/I-
MHOECTBO MPSMOTO TPOU3BEICHUSI MHOXECTBA €ro BEpPIIMH V camo
Ha celst

GcVxV.

B 3TOM Cityyae MHOXECTBO BCEX JABYXIJIIEMEHTHBIX MOJIMHOKECTB
V® 3amensieTcs nekapToBbIM mpousseaeHueM V x V = V2 [10].

I'padpr 00BIYHO M300paKAIOTCS B BUAEC PUCYHKOB, Ha KOTOPBIX
BEPIIMHBI 0003HAUAIOTCS KPYXKKaMU (TOUKaMmu), a pebpa — oTpe3ka-
M (cM. puc. 1.3.1, 1.3.2, 1.3.3).

(2)
O=a o

Puc. 1.3.1. HeopueHTHpOBaHHbI Puc. 1.3.2. OpreHTHUpPOBaHHDbIH
rpadg rpadg
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Puc. 1.3.3. CMewaHHbI¥ rpag

Ilpumep 1.3.1. Tlyctb 3amano muoxectso V = {1, 2, 3}. Torma
V@=1{(1,2),(1,3),(2,3),(1,1),(2,2),(3,3),(2, 1), 3, 1), (3, 2)}.

E=1{(1,2),(1,3),3,2).

IMpenmnonoxuB, YTO MOPSIIOK BEPIIUH UMEET 3HAUEHUE, TTOJTyda-
€M CJICIYIOINI OpUeHTHPOBaHHBIN rpad (puc. 1.3.4).

Haiee BepmMHbI rpada Mbl OyaeM o6o3HayaTh OykBamu V, V,,
Vi, ..., V,,apebpaey, e, ..., e,. Boobiue roBopsi, 1e Bepuintsl V, 1 V;
OIIPENENISIOT Pedpo €y, T. €. ¢, = (V; V) (puc. 1.3.5).

N B 3TOM cityuae oHU OyAyT KOHLEBBIMH BEpUIMHAMH pedpa €.
Ho xoHnieBble BepIHbI peOpa He 00s3aTEIbHO pa3iInyHbl, T. €. Ha-
YyajbHas M KOHEYHAas BEPIIUHBI MOTYT COBIAaTh. B aTOM cityuae peo-

po craHoBuTCs netiiei (cM. puc. 1.3.6).
D

Puc. 1.3.4 Puc. 1.3.5 Puc. 1.3.6
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I'pad, nmerormmii meTM, ©HOTAA
‘6 °‘ Ha3bIBAIOT ncegdoepaghom (cM. puc. 1.3.7).

Mexnay aByms BEpUIMHAMU MO-

4 JKET TIPOXOAUTh U HECKOJBKO pedep
(OpMEHTHPOBAHHBIX U HEOPUEHTUPO-

° ° BAHHBIX), MX HA3BIBAIOT NAPALIC/IbHbIMIL.

A rpad, nveroruii Takue pedpa, Ha3bl-
Puc. 1.3.7 BaroT Mmywmuepaghom (cMm. puc. 1.3.8).

Puc. 1.3.8

Mynbrurpad — sro nmapa (V, E), rie V— MHOX)ecTBO BepiinH, a E —
CceMeiiCTBO MOAMHOKeCTB MHOXkecTBa V@, YoTpebienue TepMuHa “ce-
MEHCTBO” TOBOPUT O TOM, 4TO 3]IEMEHTHI MHOXkecTBa V) MOryT mo-
BTOPATHCS (BO3MOXKHBI ITapajiienbHble peopa) [10].

Ecnu rpad He nMeeT neTens U mapasuieibHbIX pedep, ero Ha3bIBa-
10T TpocThIM (cM. puc. 1.3.4). I'pad G HazpiBaeTcs rpadom Mmopsijika n,
eciu oH coJiepkuT n BepinH. Ha pucynke 1.3.9 umeem rpad BocbMoro
nopsiaka [21].

I'pad, xoTophIli He UMeeT pedbep (COCTOUT TOIBKO U3 BEPILUH),
Ha3bIBaeTCs IMycThIM (cM. puc. 1.3.10).

I'pad, He MMeroImMii BepIIH, Ha3bIBaeTCsl HOJIb-rpadoMm. [IBe Bep-
LIMHBI HA3BIBAIOTCSI CMEKHBIMU, €CITM OHU SIBJISIIOTCS. KOHLIEBBIMU BEp-
HIMHAMM KaKoro-To pedpa (Hampumep, BepmMHbl V, 1 V;; V, u V, Ha
puc. 1.3.9).
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S

Puc. 1.3.9

OROCRACRCO,
ONONO

Puc. 1.3.10

Ecmu nBa pedbpa mMeroT o011y KOHIIEBYIO BEPIIIUHY, TO OHU SIB-
JISIOTCSA CMEXKHBIMHU (Hanpumep, pebpa €, u €,; €, u €4 Ha puc. 1.3.11).

Eciun umeroT B BUly pa3Hble 3JieMeHThI rpada (BepInuHb U ped-
pa), TO UCTIOJIB3YIOT MOHSATUSI HHITUJCHTHOCTH, T. €. PeOPO WHIIU/IEHT-
HO CBOMM KOHIIEBBIM BEpIIMHAM (Hampumep, pedpo €; MHIHUIEHTHO
BepmnHam V, u V;, em. puc. 1.3.11).

Yucio MHIMICHTHBIX BepIuHEe pedep Ha-

3BIBAETCS CTETICHBIO (BaJICHTHOCTBIO) 3TOM BEPIIIH- €1 °
Hbl U ob6o3Hauaercsa d(V;). Hanpumep, crenens °
BepLMHbI V, Ha puc. 1.3.11 pasna 3 (d (V,) = 3) €3
[10, 21, 27]. €4

Bepiuuna crenenu | Ha3bIBaeTCs BUCSUYEH, ° °
BEpIINHA CTETICHU HOJIb — W30JIMPOBAHHOM, a

METJIA IIPHU BEPIIUHE I[O6aBJ'IH€T B CTEIIeHb 3TOH

BEPIINHBI JIBOMKY. Puc. 1.3.11
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Hanpumep, sBepmmna V, na puc. 1.3.12 aBnsercs BUcAUEl, Bep-
mmHa V, — W30IMPOBAHHOM, a cTeneHb BepmHbl V, paBHa 4 (d(V)) =
4 — nBa peOpa u meTs).

Puc. 1.3.12

I'pad HA3BIBAIOT MOJHBIM, €CIIH JIBE JTFOOBIE €r0 BEPIIMHBI CMEXK-
Hble (cM. puc. 1.3.4).
IIpuBenem 6e3 nokazaTeabCcTBa JBE TeopeMbr [10].

TEOPEMA 1.3.1. Cymma cmeneneii sepuiun epagha pasua yogoet-
HOMY YuUCty e2o pebep.

VY rpada na puc. 1.3.12 umeercst 7 pedep, a cymma CTerneHel ero
BepIIMH paBHa 14.

TEOPEMA 1.3.2. Yucno gepuiun neuemnoii cmenenu 6 10oom 2pa-
e uemmno.

Hamnpuwmep, y rpacda, nzodpaxennoro Ha puc. 1.3.12, Takux Bep-
muH ase (V, u V).

MokeT oka3aTbCs, UTO OJIMH U TOT ke rpad uzodpaxkaercs pas-
HbIMU prcyHKaMu. ['oBopsT, uto nBa rpada G, u G, uzoMopdHeL, eciu
CYIIECTBYET TaKO€ B3aUMHOOIHO3HAUYHOE COOTBETCTBHE MEX/Yy MHO-
’KECTBAMU MX BEPUIMH V| U V,, UTO BEPIINHBI COEANHEHBI peOpamMu B
OJIHOM U3 Tpa)OB B TOM M TOJIBKO TOM ClIydae, KOTJa COOTBETCTBYIO-
1€ UM BEPIINHBI COeAMHEHBI B Apyrom rpade. Ecnu pedpa opuentu-
POBAHBI, TO UX HAIMPABIEHUS TAKKE TOJDKHBI COOTBETCTBOBATH APYT
Apyry.

Ha puc. 1.3.13 npuseaen npumep nzoMopdHbIx rpagos [10].

34



B

Puc. 1.3.13

B Tex ciyuasix, Korja HeoOX0IMMO pa3inuaTh N30MOop(dHbBIE rpa-
(bbI, TOMEUAIOT UX BEPIIUHBI U (Wy1n) pedpa (cM. puc. 1.3.14).

Puc. 1.3.14

Mapwpymeot, uenu, nymu, yuxaot [10, 21, 25]

MapupyT B rpade — 3T0 KOHEUHas YepeayIOIascs MOCIeA0Ba-
TEJIbHOCTh BEPIIMH M peOep, OKaHUMBAIOMIAACA HA BEPIINHE, IPUYEM
OJIMHAKOBBIE BEPIIMHBI U pedpa B MapIIPyTe MOTYT HOBTOPSATHCH.
Hanpumep, mapupyr Ve, V,e5 Ve, Vieg Ve, V, Ha puc. 1.3.15.

MapuipyT Ha3bIBaIOT OTKPBITBIM, €CIIA €r0 KOHEYHbIE BEPIINHEI
pa3IMYHbI, B IPOTUBHOM CIIy4ae OH SBJISAETCS 3aMKHYTHIM, HAIIPUMED,
mapmpyT Ve, V,es Ve, Vieg Vee, Ve,V Ha puc. 1.3.15.
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Puc. 1.3.15

MapupyT Ha3bIBAIOT LIENbIO, €CIIM BCe ero pedpa pasnuunel. Liens
ABJIIETCS OTKPBITOH, €CIIN €€ KOHEUHbIE BEPIIMHBI PA3JIMYHbL, B ITPO-
TUBHOM CJIy4yae — OHA 3aMKHYTasl.

Ha puc. 1.3.16 V¢, Vie; Vse53 V€5 Vieg V, — OTKpBITas 1IETIB, @
Ve Vse,Vie,V,e, Ve,V — 3aMkHyTas enb.

OTKpBITYIO LIeNb HA3bIBAIOT ITyTEM, ECIIU BCE €€ BEPIIMHBI PA3IHy-
nbl. Hanpumep, V,e4 Vie, Ve, Vi Ha puc. 1.3.16.

Puc. 1.3.16

3aMKHYTYIO LIeNlb HA3bIBAIOT LIMKJIOM, €CIIM BCE €€ BEPILUUHBI 32
MCKIIIOYEHHEM KOHLEBBIX PA3IMYHBI, HANpumep, Ve, Ve 3 Ve, Vi Ha
puc.1.3.16.
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Hee necosnanatomue sepiuntbl V; 1 V; B rpadge G HasblBaroTCs
CBSI3HBIMU, €CIIH CYILECTBYET MapupyT V; — V..

I'pad G HA3BIBAIOT CBSI3HBIM, €CJIH [IBE €TI0 JIIOOBIE HECOBIIA/1A0-
111 BEPUIMHBI MOTYT OBITh COEAMHEHBI MapiipyToM. Hampumep, cBsi3-
HBIMU SBJIsIIOTCS Tpadel HA puc. 1.3.15 u puc. 1.3.16, a HeCBS3HBIM —
rpad, n306pakeHHsIit Ha puc. 1.3.17.

Puc. 1.3.17

Jlepesvsi u nec

Bonbiyto poins B pa3snuyHbIX OTPACISX HAYKU UMEIOT CBSI3HBIC
ALMKJINYeCcKHe (He UMEIOIINE LIUKIIOB) rpadbl, KOTOPhIE HA MHOXKECTBE
V Bepumn umerot E = (V — 1) pebep, 1. e. G = (V, (V - 1)). Otu rpadbt
HOCAT Ha3BaHue nepeBbes [10, 21]. 3ametum, uto (V — 1) — 310 MUHU-
MaJIbHOE KOJIMYECTBO pedep I TOro, YTOOBI rpad OBLT CBSI3HBIM.

[TpumepamMu ApeBOBUAHON CTPYKTYPHI SIBIISIOTCSI TeHEaI0TUUec-
KHif rpad), cxeMa BEepTUKAJIN YIIpABIECHUS JTI000N OpraHu3aiuu, CoBO-
KYITHOCTb BceX (aitnoB, pa3meneHHbIX Ha Aucke [I9BM. [Tpumep ne-
peBa npuseneH Ha puc. 1.3.19.

Hecssi3nblii rpad), KOMIIOHEHTAMUA KOTOPOTO SIBIISIOTCS JIEPEBbS,
Ha3bIBaeTcs JiecoM (cM. puc. 1.3.18).
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Puc. 1.3.18

Puc. 1.3.19

Mampuywl epagos

1. Mampuua unyudenmnocmu. Paccmorpum nipoctoii rpad G (6e3
NeTesb U MapajuieIbHbIX pedep), UMEIOUTNI n BepIrH 1 m pedep. Emy
COOTBETCTBYET MATPHULIA UHIIMJICHTHOCTU pa3Mepa n X m, T. €.

Ay = [ayl, roe i=Ln; j=1,m.
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Kaxnplii o71eMeHT 9TON MaTpULBI &;; B Clly4ae OPUEHTUPOBAHHO-
ro rpada omnpeaensercs ciemyomuM oopa3om [10, 21]:

1, ecnu peOGPO j MHIIMJIEHTHO BEPIIMHE 1 U UCXOAUT U3 HEE;
a; = 7 —1, ecu pe6po | MHIMICHTHO BEPLIMHE 1 M BXOJUT B HEe;
0, ecniit peOPO j HE MHIIMIEHTHO BEPIIUHE 1.

B ciiyuae nHeopueHTupoBaHHOTrO Tpada uMeeM:

1, eciu peGpo j MUHIUACHTHO BEPILIUHE 1;

0, ecnrt peOPO j HE MHIIMIEHTHO BEPIIUHE 1.

Paccmotpum KoHKpeTHBINH npumep. IMeeM opueHTHPOBAHHBIN
rpad, umeromuii 5 BepmuH 1 7 pedep (cMm. puc. 1.3.20).

Puc. 1.3.20

EMy cooTBeTcTBYET MaTpHIla UHIIMIEHTHOCTH pa3mepa 5 x 7 cre-
JIyIOIIEero BUJIA:

1 1 0 0 0 0 0
-1 0 -1 1 0 0 0
AIZ
-1 1 0 1 1 0
5%x7
-1 -1 0 -1
O 0 0 0 0 -1 1

B ciryuae 3aganus mynbturpada (uMeeT napasuiesbHble pedpa) MaT-
pHIa MHIUACHTHOCTH ONPEIEIISIeTCs 1O MTPUBEICHHBIM BBIIIIE ITPABUIIAM.
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Hanpumep, Halinem MaTpHIly HHITUIEHTHOCTH JUTs Tpada, n300paskeH-
Horo Ha puc. 1.3.21.

Hckomas matpuiia umeeT pasmep (4 x 9)
U BBITJISUT CIIEAYIOIIMM 00pa3oM:

1 1 -1 1 1 -1 0 0 0
A=[-1 -1 1.0 0 0-1 1 0
4x9/ 0 0 0 -1 -1 0 0 0 1

00 0 0 0 1 1 -1 -1

Puc. 1.3.21 2. Mampuua cmexncnocmu. 1lycts 3aman
ncepaorpad (MMeer TMETIIH), COACPKAIIUN n
BEpIIMH U M pebdep.
Martpuueii cMexHOCTH 3TOro rpada A  Ha3bIBAeTCs MaTPHLIA pas-
Mepanxn,T.e -
A = (ay), 1=Ln, j=Ln.
JIro00it 211eMEHT 3TON MATPULBL &;; B CIy4ae OPHCHTHPOBAHHOTO
rpacda omnpenensercs cuenyomum oopazom [10]:
1, ecrm Bepumnbt (V;V;) € ¢, 1 pebpo HCXOJIST U3 BEPIINHEL V3
a; =
0, B IpOTUBOIIOJIOKHOM CIIydae.
B ciyuae, ecniu rpad G HEOPpUEHTUPOBAHHBIHN, TO JIFOOO SIIEMEHT
€ro MaTPHIIBI CMEKHOCTH OTpPEIeTIseTCs TaK:
1, ecnu BepiumHbI V; i V; IPEHALIEKAT PEOPY €;
ij
0, B TpOTUBOIIONIOKHOM CITydae.
Matpuna A B 3TOM cityyae OyJeT CAMMETPUYHOM OTHOCUTENIBHO
IJ1aBHOM AMaroHasu.
PaccmoTpuM koHKpeTHBIN npumep. HaiigeM MaTpuily cMexxHOC-
™ 11 rpada, n300paxeHHoro Ha puc. 1.3.22.
Hckomast MmaTpuiia CMeKHOCTU UMeEET pasMep 4 x 4 1 BBITJISITUT TaK:

0
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Puc. 1.3.22

B Tom ciyudae, ecniu rpad xpome meTenap MMEET MapasulelbHbIe
pebpa, maTpua A  HaXOJUTCS 110 CIEAYIOUMM IpaBuiaM [7].

Ecnu 3agan opreHTHPOBAHHBIN I'pad, TO KaXABIH SJIEMEHT €ro
MAaTpPHULbI CMEKHOCTH HAXOAUTCS TaK:

2 gucna pe6ep, BBIXOOAIINX N3 BEPLINHBI Vi 1 BXOAIIUX B

BepiiiHy Vi

0, B IpOTUBOIIOJIOKHOM CIIydae.
B cinyuae HeopueHTUpOBaHHOIO rpada nmeem:

2 uncia pedep MeXay CMEXHBIMU BEPIIMHAMU YV, U Vi;

0, B IpOTUBOIIOJIOKHOM CIIydae.

Haiinem matpuily cMexxHOCTH 15 Tpada, n300pakeHHOro Ha

O=0

Puc. 1.3.23
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JanHomy rpady COOTBETCTBYET MaTpHUIIA CMEKHOCTH pasMepa
4 x 4, umeromas BU/;

S = O =
S = O
— NN O O

Packpacku

3ajaum packpacku BepIIMH WK pedep rpada 3aHUMaeT BaXKHOE
MECTO B TeOpuHU IpadoB, YTO CBSI3AHO C CYIIECTBOBAHUEM OOBEKTOB,
KOTOPBIE MO KAKUM-TO MPUUYMHAM MOTYT ObITh OOBEMHEHBI B OJIHY
CpyIIIy.

IIycts G = (V, E) —rpad, k € N. [IpousBonbHas pyHKIIUS BUAa
f: VG — {1, 2, 3, ..., k} Ha3pIBaeTCs BepIIMHHON k-pacKpackoid, uim
npocto k-packpackoii. Packpacka Ha3bIBaeTCsl MPaBUIHLHOM, €CITH IS
JIFOOBIX CMEKHBIX BEPLIMH V; 1 V; BbITONHsIeTCs HepaBeHeTBO f(V)) # (V).
I'pad, 115 kOoTOpOTO CymniecTBYET MpaBuiIbHas kK-packpacka, Ha3bIBa-
etcs k-packpammBaeMbiM. B onpenieniennn packpacku BMECTO MHOKe-
crea {1, 2, 3, ..., k} MOXHO B34Th MPOU3BOILHOE K-3]IEMEHTHOE MHO-
xectBO. [IpaBunbayio k-packpacky rpada MOXKHO TPAKTOBATH KaK
OKpalIMBaHUE KaXkIOW ero BEPIIMHBI B OAWH U3 k 1[BETOB, IpU 3TOM
CMeKHbIE BEPIIMHBI JOJDKHBI OBITh OKpallleHbl B pasHbie 1seta. [Ipu
k-packpacke MoxeT ObITh HCIIONIb30BaHO U MeHee k 1iBeToB. [1paBuiib-
Hyto k-packpacky rpada G MOXHO paccMaTpuBaTh Kak pa30HeHUE
V,UV,U...UV,=VG, t<k mnoxecrsa Bepmnt VG Ha He Ooee yeM
k HemycThIX KIIaCCOB, KaXKIIbIH U3 KOTOPBIX SBIISIETCS HE3aBUCUMbBIM
MHO)ecTBOM. Kitacchl 3TOro pa3domeHust Ha3bIBAIOTCS IIBETHBIMU KJIAC-
camu. MuHnMaibHOe uncio k, mpu kotropoMm rpad G ssisercs k-pac-
KpalIMBaeMbIM, HA3bIBAETCS XPOMATHUYECKUM YUCIIOM 3TOr0 rpada u
obo3nauaercs X(G). Ecm X(G) =k, To rpad G HazweiBaeTcs k-xpoma-
taeckuM. IIpaBmrsHas k-packpacka G mpu k = X(G) Ha3bIBaeTCSI MU-
HuMaJjbHoH [10, 27].

Ha puc. 1.3.24 npuBeaeHa ogHa U3 MPaBWILHBIX 4-pacKpacok,
MIpUYEeM MEHBIITUM YUCJIOM I[BETOB 3TOT I'pad pacKkpacuTh Helb3s [10].
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Puc. 1.3.24

Ilnockue u nnanapuvie epagpui

B HeKOTOpBIX ciTydasx HeOOXOIMMO 3HATh, MOYKHO JIM H300Pa3UTh
rpa¢ Ha IMJIOCKOCTHU TaK, YTOOBI €ro N300paxKeHue yI0BIETBOPSIIO He-
KOTOPBIM YCIIOBHSIM, HallpUMEpP, B PAIUOIIEKTPOHUKE IIPU U3TOTOB-
JIEHUU MUKPOCXEM ITPOBOJHUKH 3JIEKTPUUECKOIO TOKA HE JTOJKHBI I1e-
pecekatbes. Takast ke 3aa4a BO3HUKAET MPU MPOESKTUPOBAHUM JKe-
JIE3HOAOPOXKHBIX Tpacc, KOra HexelaTelbHbl nepeesnbl. [loaTtomy
BBOJIMTCSI IOHSITHE TIIIOCKOTO Tpada.

ITnockum Ha3bIBAIOT rpad), BEPIIMHBI KOTOPOTO SIBIISIIOTCS TOYKA-
MU IIJIOCKOCTH, a pedpa HEMPephIBHBIMU TUIOCKUMHU JIMHUAMHU O3 ca-
MOIIEpECeUEeHN M, COEMHSIIOUMMUA COOTBETCTBYIOLIME BEPILINHBI TaK,
YTO HUKAKHUeE JIBa pedpa He UMEIOT OOIUX TOUYEK, KPOME HHITUACHTHON
uM o6ouM BepiuHsI [10].

IIpumeps! mrockux rpadoB mokas3aHsl Ha puc. 1.3.25.

JTro0oti rpad, n30MOPQHBIN IIIOCKOMY I'pady, Ha3bIBACTCS NIAHAD-
moim [10]. Ha puc. 1.3.26a npuBesieH miockuii rpad, a Ha puc 1.3.260 —
IIaHapHbIN rpad, nzoMmopdHsii rpady Ha puc. 1.3.26a.

IIpoGaema packpacku TIaHapHBIX rpadoB SIBISETCS OJHON U3
CaMbIX 3HAMEHHUTBIX B 3TON Teopuu. [lepBoHauanbHo Bomrpoc Gpopmy-
JIUPOBAJICS TaK: IOCTATOYHO JIM YEThIPEX KPACOK /IS TAKOM packpac-
KM TIPOU3BOJIBHON reorpaduyeckoil KapThl, MPU KOTOPOH JTI0ObIE 1BE
COCeIHUE CTPaHbl OKPAIIEHbI B pa3Hble LiBeTa. PaccmaTpuBaloTcs TOJIb-
KO T€ KapThbl, B KOTOPBIX IPAHULIA JIOOON CTPaHbl COCTOUT U3 OJAHOMN
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3aMKHYTOW JIMHUH, 4 COCETHUMH CUMUTAIOTCS CTPAHbI, UMEIOIINe 00-
Y0 TPAHUITY HE HYJIEBOU JJIUHBI.

ITo3nnee nmousiTue KapThl CHOPMYIUPOBAIN TAK: KapTa — 3TO
CBSI3HBIN IUTOCKHH MyJIbTUTpad 6€3 MOCTOB (pedpo rpada Ha3bIBAETCS
MOCTOM, €CJIM €T0 yJIaJeHHEe YBEIMYMBAET YUCIIO KOMIIOHEHT rpada,
MOCTaMHU SIBJISIIOTCS peOpa e u t B rpadax Ha puc. 1.3.26a u 1.3.260).

B 1879 r. anrnuiickuii Mmatematuk A. Kamm chopmynupoBai ru-
IOTE3Y YeThIPEX KPACOK TaK: BCAKAs KapTa 4-packpaiimBaeMa.

YacTo Moab3yrTCes IpyTroi (hOpMyITUPOBKON: BCIKUH TJIaHAPHBIN
rpag 4-packpamninBaem.

B 1890 r. P. XuByn nokasaj, 4To eciu 4 3aMEHUTh Ha 5, TO TUIIO-
Te3a JIErKO JOKAa3bIBAETCs, T. €. BEpPHA TEOpEMa: BCAKUN IUIAHAPHBIN
rpad S-packpanrmBaeMm.

Diineposul yenu

Kak MbI yXke ynmoMuHalu, ¢ 3a/1aud O KEHUI'COEPICKUX MOCTax
Havajack Teopus rpados. Ha puc. 1.3.27 nokasan miaH pacrnosoxe-
HUs ceMu MocToB Ha peke [Iperons B ropone Kenurcoepre (npine Ka-
JIUHUHTPA). 3a7a4a COCTOUT B TOM, UTOOBI MPOUTH KaXIbIH MOCT TIO
OTHOMY pa3y M BEPHYThCS B HCXOAHYIO TOuky [10, 21, 25].

pexka Ilperonp

Ik f

Puc. 1.3.27

Tak Kak CylecTBEHHBI TOJIBKO MEPEX0/Ibl YePe3 MOCTHI, IIaH I'o-
poZla MOKHO CBECTH K M300pakeHHIo rpada, B KOTOpoM pedpa cooT-
BETCTBYIOT MOCTaM, a BEPIINHBI — PA3JIMYHBIM Pa3/eICHHBIM MOCTa-
MM ydacTKam ropoja (cm. puc. 1.3.28).
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Puc. 1.3.28

JI. Diinmep oOpaTuics k oOIIei 3amaye,
Kacarolencss Teopun rpadoB: B KaKUX CITy-
Yyasix B KOHEUHOM Irpad)e MOKHO HANTHU TAKON
LIUKJI, B KOTOPOM KaxkJoe pedpo rpaga yua-
CTBOBAJIO OBl OJIUH pa3?

Ecnu takoil nuki (3aMKHYyTas 1elb)
€CTh, OH Ha3bIBAETCSl DUIEPOBBIM, a rpad,
coAepKaIuii ero — DUIepPOBBIM rpadoM.

JI. Diinep chopmynmupoBalr U gokaszai
TeopeMy: KoHeunvlii epag) G asnsemcs Jilne-
PO8bIM 2paghom moeda u mobko moeod, Koz-
oa: a)epag snsemcs cesa3HvIM, 0)cmenenu
8Cex e20 epuiut yemHole.

W3 Tteopemsr JI. Diiniepa ciemyeT, 94TO 3aada O KEHUTCOEPTCKUX
MOCTax He UMeeT pemreHus (rpad Ha puc.1.3.28 He DititepoB, Tak Kak
CTETEHU BCEX €ro YeThIpeX BEepLINH SIBISIOTCS HedeTHbIMU d(A) = 5;
d(B) = 3; d(C) = 3; d(D) = 3).

Ecnu 0606mmTs 3aaauy JI. Diinepa, To HA0 UCKATh HAUMEHBIIIEE
YHCIIO HE TIEPECEKAIOMIMXCS IO pedpaM 1eneit N;, KoTopble HEOOXO0AH-
MBI JUISI TOT'O, YTOOBI MOKPBITH KOHEUHBIN CBSI3HBIN rpad G, T. €. BKIIIO-
yaromwuii Bce ero pedpa B nienu N;. Pemenne sToii 3a1aun cBOAUTCS K

3amade JI. Ditnepa.

3agauu ANnsa caMoOCTOATENIbHOro peweHuUn

1. dano: X = {-5, 17, 22, 34, 101}

Y = {-17,0, 22, 34, 102, 505}.

Haimu X J Y, XN Y, X\Y, Y\X, XAY.

2. dano: X = (—0;5]; Y = [-7,607).

Haimmu X J Y, XN Y, X\Y, Y\X.

3. Hokaxwure, uto oTpe3ku [0, 1] u [0, 5] paBHOMOIITHEL.

4. Nano: X ={1,2,3}; Y = {7, 8}

p=1{(1,7),(1,8),(2,8), 3,7}

ITocTpouTs MaTpuIly U rpad OTHOIIEHUS p.

5. CxonpKkuMu criocodamu B otaene, cocrosmeM u3 100 derosex,
MO’KHO BBIOpAaTh HAYaIbHUKA U €r0 3aMecTUTeNei?
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6. Ectb 1iecth BU10B KOHBEPTOB 0e3 MapoK. CKOIBKUMU CIIOCO-
0aMu MOKHO BBIOPATh KOHBEPT U MapPKY JIJIsl OTIPABKU MUcbMa?

7. VI3 nBeHaiiaTh 4enoBeK HAJIO BBIOPATH MSTh U PA3MECTUTH UX
Ha 3aHYMEPOBAHHBIX CTYJIbSX (M0 OJJHOMY YelIoBeKYy Ha cTyI1). CKOJb-
KHUMH CITIOCOOAMU 3TO MOXKHO CIeNaTh?

8. CKOJTBKUMU CITOCOOAMU MOKHO IMOCAJUTDh 32 CTOJ YEeThIpEX
MY>KUMH U YEThIPEX KEHIIUH TaK, YTOOBI KEHIIMHBI U MY>XUUHBI HE
CUJIEITH PsIoM?

9. CKOJIBbKO Pa3IUYHBIX BOCBMU3HAYHBIX YHCE MOKHO COCTABUTh,
ucnonb3ys mugps 3, 4, 5?

10. HaiiTi MaTpuIbl HHIUACHTHOCTH JIJIs1 ABYX T'PaoB:

10.1 10.2

11. HaiiTu MaTpuIbl CM@XKHOCTH JiJis rpadoB:

11.1 11.2

-~

©
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Bonpocbl ana camonpoBepku

. Kakue cnocoObl 3a1aHNs MHOKECTB BbI 3HaeTe?

. Kaxoe MHOXeCTBO Ha3bIBAETCS YHUBEPCATHHBIM?

. Kakoe oTHomenue HazpiBaeTcst OMHAPHBIM?

. Uto Ha3bIBAETCS YMCIOM COUYETAHUN U3 N 3JIEMEHTOB 110 mM?
. UTo Ha3bIBAETCS YMCIIOM pa3MelIeHUH U3 N 3JIEMEHTOB 1Mo m?
. Urto Ha3bIBaeTCsl IEPECTAHOBKOW M3 N 3JIEMEHTOB?

. Kakue rpadpr Ha3pIBatoTcs n30MOpPGHBIME?

. Kakue rpadsl Ha3biBaroTCst DepoBbIMU?

. Uro Takoe cTeneHb BepiinHbl rpaga’

10. Kakwue rpadbl Ha3bIBalOT I€PEBhIMU?

11. Yro rakoe k-packpacku rpada?

12. Kakue rpadsl Ha3bIBAIOT TJIAHAPHBIMU?

O 0 31O\ D Wb~
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2. dneMeHTbl TUHEUHOM
M BEKTOPHOMW anrebpbl

JluneitHas anreOpa — 3TO YaCTh MaTeMAaTHKH, MOCBSIIIEHHAS B
OCHOBHOM TEOPHUH MATPHI] U CBSI3AHHOU C HEIO TEOPHUH JIMHEHHBIX TTpe-
00pa3oBaHUH, BEKTOPHBIX TpocTpaHcTB. OHA BKITIOUAET TEOPHIO (OPM,
TEOPUIO MTHBAPUAHTOB, TEH30PHYIO alredpy.

B maHHOM 1MOCOOWH MBI PACCMOTPUM TIOHSITHE MATPHIIBI,  TAKKE
ee MPUMEHEHUE JUTsI PEIIeHUs CHCTEM JIMHEHHBIX allre0pandecKux ypas-
HeHnuit (CJIAY), paccMOTpUM OIPEACIIUTENH, BEKTOPBI, COOCTBEHHBIE
YHUCITa ¥ BEKTOPHI MATPHII.

2.1. MaTpuubl, onpegenuTenu U UX CBOMCTBA

Martpuiieil Ha3bpIBaeTCA MPSIMOYTOJIbHAS TaOIuIla pa3zMepoM m
(urcito cTpok) Ha n (YUCIO CTOJIOIOB), 3aIOJTHEHHAS! HEKOTOPBIMHU
MaTteMaTHuecKuMu oobekTamu [28]. Mbl Oyaem paccMaTpuBaTh MaT-
PHIIBI, 3JIeMEHTAMU KOTOPBIX SIBIISIOTCS JCHCTBUTEIbHBIC YHCIIA.

Kak npaBuiio, MaTpuibl 0003Ha4YalOT OOJBIIUMHU OYKBaAMH
(A, B...), a ux 3jeMeHTHI MaJICHPKUMU OYKBaMHM C JIBYMSI MHACKCAMHU,
YKa3bIBAIOLINMU HOMEP CTPOKH 1 HOMep cTonbua (ay;, by, ...), T. €. mpsi-
MOYTOJIBHYIO MATPHILy pa3Mepa m x N 3aIUCBIBAIOT CIEYIOIINM 00-
pasom:

a1 A a1y a1 ap a1y
A=lay 8y o 8w |=|321 3p . @ |=
Aml Am2 qmn Aml Am2 qmn
;. ap ajp
=221 ;. ¢ gy =(aj) =[a;]=a;||, i=Lm, j=Ln.
Aml adm2 qmn
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Ecnu Mbl 3aMeHUM CTPOKM MATPHUIIBI €€ CTOJI0IaMu (CTONOIIBI
CTPOKAMH), TO MOJYYUM TPAHCIOHUPOBAHHYIO MATPUILY, KOTOPYIO
0003HaYaIOT 3ar1aBHOM OyKBOH ¢ nHIeKcOM T HaBepxy:

a4 ami
T _
Al=lap Ay . am
dip Aoy Amn

Paccmompum nexomopwie munvt mampuy [19, 29].
Ecnu uncino cTpok MaTpHilbl paBHO YHCITY €€ CTOJIONOB, TO MbI
UMEEM K8AOPAMHYI0 MAMPUYY:

an a4 an
A=|82 A - Am
ap) App 4pn
DJIEMEHTBI &}, A5y, ..., Ay, HA3BIBAIOTCS 21A6HOT OUAOHATLIO, & NX
CyMMa — 3TO CJIeJl MATPULIBL.
ONEMEHTHBI 4, Ay, |, ---» &, COCTABIAIOT NOOOUHYIO OUALOHATD.

Ecnu Bce anieMeHThbI MATPHUIIBI, KPOME 3JIEMEHTOB, CTOSIIIHX Ha 2/1d6-
HOU Quazonanu, PpaBHBI HYJIIO, TO MbI UIMEEM OUACOHANLHYIO MAMPULY:

dy; 0 0
D= 0 d22 O
0 o0 d

Ecnu Bce HeHymieBbIe 371eMEHThI AUATOHAIBHOW MATPHIILI PABHHI 1,
TO MBI UMEEM COUHUYHYIO MAMPUYY:

10 .. 0
E=0 1 .. 0}
00 .. 1

Ecnu HeHyeBbIe 3JIeMEHTHI PaCIoaratoTcs BhIIIE TIIaBHOM aua-
TOHAJIU, TO UMEEM GEPXHION MPeYOJbHYI0 MAMpuyy, a €CIu HUKE —
HUCHION MPEY2OabHYIO MAMPULY:
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0 b b ¢ 0 0
B= 2 M EC=ley oy 0
0 0 by by [ |2I2om T
———————————————— c, C c
0 0 0 bnn nl n2 nn

Martpuna pazmepa m x 1 — 3T0 MaTpuIa-cToiOeln, a MaTpuiia
pasmepa | x n — maTpuLa-cTpoka:

a;
a
A= b B=(b,b,...b,).

Ay

Pacemompum nuneiinvie onepayuu nao mampuyamu [13, 19, 29].

Jist CIHOKEHMST ABYX MATPHI[ HEOOXOAUMO, UTOOBI OHU MMEITH
OJMHAKOBBIC Pa3Mephl.

CymMy aByX MaTpui obo3HauuM A + B, a ee a1eMeHTHI paBHbI

a; + by, T. e
a;;p  ap a1 b;; by by
4 Ay - B (|02 by . b |=
Amt Am2 Amn bml bm2 bmn
ajp+byy  ap+bp aj, +byy,
=|221tby  Ap+by . 80 tbon
Ami +bm1 Am2 +bm2 Amn +bmn

2 3\ (7 5\ (9 8
Hanpuvep, | _y ¢ "3 _4)7|2 2f

Crnooicenue mampuy obaadaem ciedyouumu CeoUCMeamu.
I.A+B=B+A.
2.(A+B)+C=A+B+CO).
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3. s 1r00BIX IBYX MATPHUIl OAMHAKOBOTO pa3Mepa Becerja cyle-
CTBYET €IMHCTBEHHAs MaTpula Z takas, utro A + Z = B. Torna Z ectb
pasauia Matpurl Bu A, 1. e. Z = B — A. DneMeHTHI MaTpUIlbl Z paBHBI
b — ay.

Ilpoussedenuem mampuysvt A = (aij) Ha ynciao k € R HaspiBaercs
MaTpuiia

ka;; kap, ka,,
kA =| ka,; ka,, ka,,
ka,, ka,, ka .,

u s 3 -1 15 -5
ampumep, 5x = .
PHMEP 0 6 0 30

J1st yMHOKEHUS ABYX MATpHUIl HEOOXOIMMO, YTOOBI OHU OBLIN
corracoBaHHbIMH. MaTpuiibl A 1 B Ha3pIBaIOTCs coenacosantvimu, eClu
YHCIIO CTOJIOLIOB MAaTPUILIBI A PAaBHO YUCITY CTPOK MaTpulibl B.

[TycTh 3aaHBI MATPUIIBI:

a1 41 e Ay o o
A=lay ay .. Ay |=(@y), rei=Lm, j=Ln;

Aml Am2 qmn

by, by by, B B
B=|by by by, |=(bj), rae j=1Ln, k=1,p;

by by o by,

Torna npousBenenreM mMatpuilbl A Ha maTpuily B HasbiBaercs
matpuua C pasmepa m x p, 3JIEMEHTEHI C;, KOTOPO HaXOAATCA 110 (Hop-
MyJie

n
Cix = 225Dk
=

W3 onpenenenust mpousBeIeHUs MAaTpull cieayer, yto A x E =
=ExA=A.
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Ilpoussederue mampuy 0d1a0aem CaAeOVIOUWUMU CEOUCIBAMU.
I.LAAxB)xC=Ax(BxC).

2.(A+B)xC=AC+ BC.

B obmiem ciiyuae A x B# B x A.

PaccMOTpUM KOHKPETHBIN TPUMEP YMHOKEHUS ABYX MATPHIL:

3 1 -2 4 5 17 17
4 0 S5ix| 3 10|=|11 40|
7 -6 9) (-1 4 1 11

J1s KBaipaTHOW MaTPHIIBI pa3Mepa n X N BBOAUTCS TTOHSITHE OTI-
penenuTens.

Onpedenumenem Keaopamuoti Mampuysl IOpsiiKa n x n (ompesne-
JUTEIIEM MOPSAKA N) HAa3bIBAETCA ajredpandyeckasi CcyMMa BCEBO3MOXK-
HBIX MTPOU3BE/ICHUI 3JIEMEHTOB MATPUIIbI, B3SIThIX IO OJITHOMY U3 KaX-
JIO¥ CTPOKH, TIO OJTHOMY M3 KQ)KIOTO CTOJIONA U CHA0)KEHHBIX 3HAKAMH
TUTFOC ¥ MHHYC IO HEKOTOPOMY OTIPEACTICHHOMY ITPaBHITy. JTO MpaBU-
710 MBI chopmyaupyem moszsxke [15, 29].

OrnpenenuTtenb NOPsIKa N MATPHUIIBI

ap ap A
A=lay 8y . 3y
adnt Ap2 Ann

ar;p  ap a1
detA=lay ay .. @
adpnl Ap2 Ann

ITpuBeneM Jerko 3amOMHHAIONIMECS TTIPABUJIA JUIS BEIYHCIICHUS
OIPEJICITUTENICH BTOPOTO M TPEThEro Mopsakos [3, 19]:

arp  ap

= a8y — Ay dyy,
ar; ap
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3 -6
2 1

HpI/I BBIYUCIICHUU OITPEACIIUTECIIA TPETHCT O IMOPAAKA COCTABIIAIOTCA
TpU IPOU3BEACHUA CO 3HAKOM IIJIFOC U TP CO 3HAKOM MHHYC.

) ©

=3x1-(6)x2=15.

3 43
305 3
i 33 31 2 3

a;;p 4 a3
ay; Ay Ayl T apapdsy t ajapady toapaay - a;panay -

a3; d3zp 4ds3

—adsdyy —dszdndpy

2 0 1
-3 4 7 =2x4x(8)+0x0x7+1x6x(-3)-0x4x1-
0 6 -8

—(-8)(-3)x0-2x6x7=-64—-18 -84 =-166.

Cohopmynupyem ceoticmsa onpedenumeneti [3, 19].

1. ITpu TpaHCIOHMPOBAHUHN MATPHIIBI €€ OTIPEIACTUTENIb HE MEHSI-
eTCsL.

2. Ilpu nmepecTaHOBKE CTPOK (CTOJIOLIOB) 3HAK OMPEACTTUTEIS Me-
HSIETCSI HA TTPOTUBOIOJIOKHBII:

all a12 cese aln 321 322 ces a2n
321 822 - Aon| =720 12 - An |
anl an2 a‘nn anl an2 ann
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3. Eciu Bce 31eMeHTBI CTPOKH (CTOJIOIA) MaTPHUIIBI paBHBI HYITIO,
TO €€ OTPE/ICITUTENIb PABEH HYJIIO:

a4 an arp  an a1
0 0 0 | |0 0 0 |=0
an aApp Ann adnp App Ann

4. O01muit MHOKUTENb BCEX 3JIEMEHTOB CTPOKH (CTOIOIA) Ompe-
JCIIUTEIISI MOXHO BBIHOCHUTD 3a €0 3HAK:

ka;;, a;p .. ap, aj;; A, ... ap
kay 2z ... @m|=k-@y ay .. ay) rmekeR.
kanl ) Apn anl Ap2 Ann

5. OnpenenuTenb paBeH HYJII0, €CITU BCE 3JIEMEHThI MUHUMYM JIBYX
€ro CTPOK (CTOJIOIIOB) MPOTOPIIMOHAIBHBI:

all 312 cee aln
kall ka12 kaln :O, k e R.
an1 an2 am

6. Ecimu xaxnplif 2JIeMEeHT CTPOKHU (CTOJIOIA) OIpeneTuTeNs eCTh
CyMMa ABYX Cllara€MbIX, TO TaKon ONPEACIIUTECIIb MOKHO IPEACTABUTD
B BUJIC CyMMBbI JIBYX OIPEICIUTENICH, Y OJHOTO U3 KOTOPBIX COOTBET-
CTBYIOIIAs CTPOKA (CTOJIOLI]) COCTaBJICHA U3 MEPBBIX CIIAraeMbIX CyM-
MBI, & y IPYrOoro — U3 BTOPBIX:

aj +byp ap+byy ooa byl ja ap A
e N S 4m P21 82 - 4| *
an) ano Apn adpnl A2 Ann
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7. 3HaueHWe ONPEIeITUTEIIsI HE M3MEHHUTCS, €CITH K 3JIEMEHTaM ero
CTpOKHU (CcTOJIOIA) MPUOABUTh COOTBETCTBYIOIINE JIEMEHTHI APYToit
CTPOKH (CTOJIONA), YMHOKEHHBIE HA OJTHO U TO )K€ BEIIECTBEHHOE YHC-
J10:

a;+ka, ap+kay, ... oa, +ka,,
da1 B2 e 4m =
any ) Ann

arp  ap a1
=la a a

21 %22 - % 2l ek e R

adnl An2 Ann

JlaguM ToHsSITHE MUHOPA U anredpandecKkoro gonoiaHeHus [3, 19].
PaccMoTpum MaTpuily pazMepa m x n:

all a12 “en aln
A=lay 2y . .
aml am2 amn

Beimenum B Hell kK pasnuyHbIX CTPOK M K pa3nuyHbIX CTONIOLOB,
npuyeM | < k < MUHMMaJIBHOTO 3HAYSHMS U3 M U N.

DIEMEHTHI BBIJIEIIEHHBIX CTPOK M CTOJIOLIOB 00pa3yrOT KBapaT-
HyI0 MaTpuly nopsaka k. Onpenenurtens BbIAEIEHHON KBaJIpaTHOM
MaTpuLbl Mopsaaka k Ha3pIBAIOT MUHOpOM k-20 TTIOPAAKA MATPULIBL A.

Ecnu B BbIAIETIEHHYIO KBAIpAaTHYIO MAaTpUIly Hopsaka k Bkiode-
HbI CTPOKM U CTOJIOLBI MCXOTHOM MAaTpPHIIbl, UMEIOIINE OJMHAKOBBIC
HOMEpA, TO TAKON MUHOP HA3bIBAETCS TVIABHBIM.

[TonHoe 00o3Hauenne MuHOpa k-ro nopsizika cieayrouiee:

TR P
ook

M

b

r7ie 1 — HOMepa BBIIETICHHBIX CTPOK;
j — HOMEpa BBIJIEIICHHBIX CTOJIOIIOB.
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OO61ee ynciIo MUHOPOB MopsiAKa k mMpsiMOyTroJIbHOW MaTpPHIIBI
pa3Mepa m x n MOYKHO HalTH 1o GopMmyiie

Ny =Ck xCf

rae len — YHCIIO COYeTAaHUH U3 m 1o k;

CX — ancno coueranmit m3 n mo k .
Yuciio MUHOPOB NEPBOT0 MOPsAKA COBHAAAET C OOLIMM YUCIOM
3JIEMEHTOB MCXOIHOW MaTpPHUIIbI

—c! L _
N, =C, xC, =mxn.

PaccMoTpuM KOHKpPETHBI TpUMeED:

5 31
A= .
&0 6 2}

OO011ee 4MCIO0 MUHOPOB MEPBOTO MOPSAKA JAHHON MaTpHUIBI A
paBHO N, = Clz X Clz =6 . Hanpumep,

s o

MakcumanbHbI MOPSJIOK MUHOPOB JaHHOW MaTpUIlbl paBeH
JIBYM.
OO011ee 4MCI0 MUHOPOB BTOPOTO MOPSIIKA PABHO

1 2) 5 1
; M =
& 3] Lo 2

N, =C3xC3=3.
1 2) 5 3
M p—
& 2] Lo 6
1 2) 31
M = |
2 3) |6 2

PaccmoTpum Tenepb KBaApaTHYIO MATPUILY pa3zMepa nh X n.

b
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A= 4y 42 a2,
831 3 - A3n
an n2 Ann

BbruepkHeM B Hell BCe 3JIEMEHTHI i-i CTPOKH U j-To crojbna. Oc-
TaBILIUECS AIIEMEHTBI 00Pa3yI0T KBAAPATHYIO MAaTpHILy pa3mepa (n— 1) x
x (n — 1). OnpenenuTenb 3TOM MaTpulbl OyaeT MuHopoM (n — 1) mo-
pSIIKa UCXOTHOW MATPHIII A.

Hanpumep, BbluepkHEM B MaTpHIle A TIEPBYIO CTPOKY M BTOPOM
CTOJIOCI U TOJIYYUM CIICAYIOIUN MUHOP (n — 1) mMopsiaKa UCXOMHOM
MaTPULIBL:

ar; a3 Ao
My =las as .. ax
adpnr Ap3 Apn

MuHOp 0003HaUaeM IO HOMEpPY 3JIeMEHTa, KOTOPBIA CTOUT Ha
MIepPeCeUeHN BbIUEPKUBAEMOU CTPOKHM M BBIUEPKUBAEMOTO CTOJIONA.
B Hamem cirydae 9TO 371€MEHT a .

Aneeopauieckum 0ononnenuem s1emMeHma a;; KBaApaTHOH MaTpH-
LBl TIOPSIAKA N HA3BIBACTCS YHMCIIO, BBIYUCIsIEMOE 110 opmyne Aj; =
=(-1)y*) Mij, T. €., €CJIM CyMMa HOMEPOB CTPOKH U CTOJI0IIa — UeTHas,
anreOpandeckoe JTOMOJIHEHUE OyJIeT COBMAIaTh C COOTBETCTBYIOIIMM
MHUHOPOM, a €CITM HeYeTHasl, TO aJre0pandeckoe JOTOJTHEHNE 1 MUHOD
OyayT UMeTh pa3Hble 3HAKHU.

Hcnonb3ys nousaTue anredpandeckoro JOMOTHEHHUS, MOXKHO cop-
MYJIUPOBATh 0011Iee MPABUIIO BEIUMCIIEHUS OTPEACTUTENEH N-ro Hopsi/I-
Ka. OH BBIYMCIISETCS C TOMOIIBIO (DOPMYJT PA3IIOKEHUS IO 3JIEMEHTAM
KaKOH-TMOO0 CTPOKH MIIH KaKOTO-T100 cToj1011a. Beero cymectByeT 2xn
(hopMyIT pas3oKeHus ONIPEIeITUTENS (110 AIIEMEHTaM N-CTPOK M N-CTOJI-
omos) 3, 19, 29].

Hanpumep, npuseneM pasziokeHHe 110 3JIeMEHTaM IepBOH CTpo-
KM 1 BTOPOT'O CTOJIONA:
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ay Ayp .. Ay | TapAjtapAptotagA TapA, Tt

KaxnpIit 3meMeHT cTpoku (cTosbua) yMHOXKAeTcs Ha COOTBET-
CTBYIOIIIEEe aJIre0pandeckoe JOMOJIHEHUE.

Teopernyecku ¢ TOMOIIBIO (POPMYIT pa3IoKEHUsT MOKHO BBIYHC-
JIUTh OTPEACIIUTEh KBAAPATHOW MAaTPHIILI JTIOOOTO TOPSIAKA, HO pe-
AJTBHO 3T (OPMYJIIBI UCTIONB3YIOTCS ISl HAXOXKICHUS OTIPeIeIUTENeH
He BblIIe 4-r0. O0beM BBIYUCIICHUI MOKHO HECKOIBKO COKPATHUTb, €CITH
UCIIOJIB30BATh CBOMCTBA OIPEACTUTEIEH.

N3 hopmyn paznosxkeHus ClieayoT IpruBeIeHHbIE HAMU BBIIIIE ITpa-
BUJIa BBIYUCIICHUS OHpeIIeHI/ITCHCﬁ BTOPOTO U TPETHET'O MOPAAKOB.

PaccMoTpuM KOHKpETHBIE TPUMEPBI BBIUMCIIEHUS OIIPEISIIUTENCH.

2 5 1
-1 6 3 6 3 -1
3 -1 6=2x(=D"! +5x (=2 +1x (=D =
x(=1) 3 5 x(=1) 47 x(=1) A
4 3 7
=2(-7-18)— 5(21 —24) + (9 — (-4)) = 50 + 15 + 13 = -22.

B nanHoM npumMepe Mbl pa3iioKUIM OIIPEIEITUTENb 10 3JIeMEHTaM
IIEPBOH CTPOKHU.

B - O W

4
3
f
1

W = N

1
4
3
2

K sTomy ompenenurento cHaYaia IpUMEHUM CBOHMCTBO HOMeED 7.
[lepByro CTPOKY OMpeNeuTeNIsl YMHOXKHM TOCIeI0OBaTEIbHO Ha (—4);

(-3); (-2) u cnmoxum co 2-i; 3-it u 4-ii ctrpokamu. B pesynbTare mo-
JIYYUM:
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1 2 3 4
0 -7 -10 -13
0 -2 -8 -10/
0 -1 -2 -7

ITosyueHHBII ONpeeUTeNTb PA3I0KIM O 3IeMeHTaM 1-ro crosoua:

1 2 3 4

-7 -10 -13
0 -7 —-10 -13 -
—Ix(-D"-2 -8 -10|
0 -2 -8 —10
-1 -2 -7

o -1 -2 =7

K nonydyeHHOMY OmnpenenuTeo BHOBb IPUMEHUM CBOWCTBO HO-
Mep 7. YMHOXHUM MOCIIeI0BATEIbHO TPEThIO CTPOKY Ha (—2) M Ha (—7) 1
CJI0’KMM €O BTOPOI U nepBoii crpoukamu. [lomyunm:

0 4 36
0 -4 4
-1 -2 -7

IMocnenHuii onpeaenuTeNlb Pa3ioKUM IO 3JIEMEHTaM IIEPBOTO
cronoria, T. €.

0 4 36

3+1 36
0 —4  4=(-1)x(-1) 4:—[16—(—144)]=—160.
-1 -2 -7

Tenepb paccMOTPUM 0OPATHYIO MATPHILY U IMPABUIIO €€ BIYHCIIe-
HUSI.

KBanpatnas matpuna A Ha3bIBACTCS 8bIP0OIHCOCHHOLL, €CITU €€ OTI-
peaenuTens paBeH Hy o, T. €. detA = 0. B mpoTHBOIOI0KHOM ClTydae
(detA # 0) maTpunia A sBisieTCsl HEBBIPOXKIeHHOH. JIt000i Hegbipodic-
OeHHOU MaTpHIle A COOTBETCTBYET €IMHCTBEHHAsl OOpaTHAasI MaTpUIa
A~!, mpu4eM BBIONHAETCS PABEHCTBO

AlxA=AxAl=E.
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IIpuBeneM aaropuT™ HaxoXAeHUS 0OpaTHOW MaTpuibl [13, 19].

1. Berancnuth onpenenuTeb MAaTPUIhl A 1 YOeIUTHCS, YTO OH He
paBeH HYJIIO.

2. CocTaBUTh MaTpuLly A, U3 anredpandyeckux JONOIHEHHUH MaT-
puibt A:

All A12 cese Aln
A=Ay Axp - A
Anl An2 Ann

3. CocTaBUTh MPUCOEAMHEHHYIO MaTpHIly (B), morydaemyro TpaHc-
IIOHMPOBAHUEM MATPULIBI A

A Ay o Ay

T
B=Ai=|Ap_ Aypn - Am
Aln A2n Ann

4. Beraucnuth 0OpaTHYIO MAaTPUILy IO popMmyIie

An Ay Ay
detA detA ~ detA

-1- I xB= & ﬂ h
detA detA _detA ____detA
Aln A2n Ann
detA detA det A

5. IIpoBepka MoJly4eHHOTO pe3yibTaTa:

AxAT=A1TxA=E.

Tenepb paccMOTpUM KOHKPETHBIE IPUMEPBI Ha OOpalieHne MaT-
puiL.

Hpumep 2.1.1. 1ano:

3 2
A= .
Haiitu: AL
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Haxomuts A~! 6yaemM B COOTBETCTBMHU C MPUBEJEHHBIM AJITOPHT-
MoM. Halinem omnpenenurenb UCXOIHONW MAaTPHUILIBL:

detA =

2
s =3x5-(-1)x2=17,

T. €. detA # 0, mosTomy y matpuibl A ecth o6paThHas Al
Tenepp Haiiem anredpanvecKkoe T0MOITHEHUE:
AL=5AL=1A,=-2A,,=3.
CocraBuM U3 HaliIeHbIX aIreOpanyeckuX JOMOIHEHHI MaTpUILy A .

A, Ay, (-2 3)

Haiinem Matpuny B (Tpancnonupyem maTtpuiy A ):

B=AT= All A21 _ 5 =2
"lan Ay, L1 3

Brruncnsiem ob6paTHyIo MaTpUIly

5 2
- xB:LX(S 2] 77|
detA 17 (1 3 1l 3
17 17
[TpoBepuM MpaBUILHOCTH BBIUMCIIEHUSI OOPATHOM MATPHIIBL:
5 2 15+2 _6+6
AxAlz(s Z]Xﬁ AT ﬁ:(l 0]
-1s5) L3y 5,5 2 5o 1)
17 17 17 17 17 17

T. €. obpatHas Matpuna (A1) Berunciena BepHo.

Ipumep 2.1.2. 1aHo:

1 -2 4
A=|2 1 =71

3 -4 2
Haittu: A1
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Beruucnsiem OIMPCACIINTCIIb MATPUILIbI A:

1 -2 4 |1 =2 4
detA=|2 1 -7|=0 5 -15
3 -4 210 2 -10
YMHOKaeM MEPBYIO CTPOKY TOCIIE0BATEIbHO Ha (—2) n HA (-3) u

CKJIQZIBIBAEM CO BTOPOM M TPEThEN, 3aTEM ITOJIyUEHHBIN ONPEAEIINTEND
packiIabIBaeM I10 3JIEMEHTaM [1ePBOro CToIoua:

1 -2 4 s is
0 5 —15=1x10*D 0‘:—50+30=—20.
0 2 -10

detA # 0, T. e. ucXxomHas MaTpulla A — HEBBIPOXKICHHAS U y Hee
ecThb 0OpaTHast MaTpHIIA.

Tenepp Haiinem anredpanyeckue JOMOJHEHUSI BCEX 3JIEMEHTOB
MaTpuubl A:

An=l VT 06 AL =P T2 s
11__ 2_ H 12 — 3 2_ H
An=l o “2 A,
13 3 _4_ ] 21 _4 2— 5
U L T Lo-1

22 3 - b} 23 — _4_ )
Ay =| 10 A ! 4—15-
31 — _ - ’ 32 — 2 _7 s
A=l T2s

33_2 1_
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N3 HaliieHHbIX anreOpanyecKux JAOTOTHEHHWI COCTAaBIIsIeM MaT-
puny A:

—26 -25 -11
A= -12 -10 -2|
10 15 5

Haxomum mMatpuiy B=A[ :

-26 -12 10
B=|-25 -10 15|
-11 -2 5

Boruncnsiem ob6paTHy0 MaTpUIly:

26 1210
26 -12 10} [20 20 20

A=t yp=Ll o5 _jo 1s5|| B 10 15
det A -20 20 20 20
-1-25) 11 2 s

20 20 20

JenaeM MpoOBEePKY MPaBUIIBHOCTH BBIYUCIIEHUS 00PATHON MaTpH-
el A x A1 = E:

2% 1210

1 -2 4) (20 20 20 1 00

2 1—7x§m—1—5=010.
20 20 20

3 -4 2 11 2 3 0 0 1
20 20 20

M3 NpOBEPKU CIIEAYET, YTO 0OpaTHAS MATPULIA BHIUMCIIEHA BEPHO.
VIMEIOT MECTO ClIeyIONINe PABEHCTBA:
detA! = (detA) 1;
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(AHT=(AT)
AxBxCx..xF)1T=F1lx. . . xC!xB!xAl

Pane mampuy

JIrobas mMatpuiia KpoMe CBOETO MOPSIKA JTOJIKHA XapaKTepHu30-
BaThCA €I1Ie OJTHUM TTOKa3aTeIeM, KOTOPBIA yCTaHABINBAET KOJTUYECTBO
ee He3aBUCUMBIX CTPOK U CTOJIOIIOB. DTOT MOKA3aTelb U HA3BIBAIOT
panrom mMatpuusl. Jlagum ero onpezaenenue [13, 19].

Paneom (r(A)) mampuyst A Ha3bIBAIOT HAUBBICIIUK MOPSIAOK OT-
JIUYHBIX OT HYJISI MUHOPOB 3TON MaTpuilbl. PaHT nMeeT robast Mat-
puIa.

PaHr MaTpuiisl cuMTaETCS PABHBIM HYJTIO, €CJTH BCE 3JIEMEHTBI MAT-
PHUIIBI PABHBI HYJIIO.

JIst MaTpHIl BRICOKOTO MOPSJKA pa3paboTaHbl CleUaIbHBIC
BBIUMCIUTEILHBIE METOJIbI OTIPEACIICHUSI paHra, HalpuMep, METOIbI
YKOPJIAHOBBIX MCKITIOUeHMI. 13 TpUBEICHHBIX BBIIIE CBOMCTB Ompe/ie-
JIUTENIEH CIIeyeT, 9TO PaHT MATPHUIBI HE U3MEHSETCS: TIPH €€ TPAHCIIO-
HUPOBAHUU, ITPU MTEPECTAHOBKE KAKUX-TNOO CTPOK WIIHM CTOJIOIOB, TPH
YMHOXEHHH Ka)K0TO 3JIEMEHTA CTPOKH WJIM CTOJIOIA HA OTHO M TO XKe
YHUCITO, TIPHU CIIOKEHUH 3JIEMEHTOB KaKOW-TO CTPOKH (CTOI011a) C COOT-
BETCTBYIOIIMMH 3JIEMEHTAMH JPYTOil CTPOKH (CTONIOIA), yMHOKESHHBI-
MU Ha JIEUCTBUTEIILHOE YHCIIO.

be3 moxazaTenbcTBa MpUBEIEM TeOPEeMY U ClIeICTBUA u3 Hee [19].

TEOPEMA 2.1. Ecau pane mampuywt pagen k, mo cywecmegyem k
JIUHETIHO-He3ABUCUMBIX CMIPOK, OM KOMOPLIX JUHEHO 3a8UCIN 6Ce OC-
manbHwle CMpOKU MAMPUYBI.

Cneocmsue 1. Ecau panr matpuilsl paBeH k, To oHa nmeer k u-
HEHHO-HE3aBUCUMBIX CTOJIOIOB, OT KOTOPBIX JTUHEHHO 3aBUCST OCTATb-
HBIE CTOJIOIIBI.

Cneocmeue 2. MakcuMallbHOE YHUCIIO JIMHEMHO-HE3aBUCUMBIX
CTPOK MaTpPUIIbI COBIMAIAET C MAKCUMAaJIbHBIM YUCIIOM JTUHEHHO-HE3a-
BUCHUMBIX CTOJIOIIOB U paBHO PaHTy MaTpPHIIHI.
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2.2. CucteMbl IMHEHHbIX anrebpanueckux
ypaBHEeHHUH

PaCCMOTpI/IM CHUCTEMBI TUHEHHBIX aﬂre6paI/IquKI/IX ypaBHeHI/II?'I
(CIIAY).
JInnelinast cucremMa m ypaBHeHI/Iﬁ C N HEU3BECTHBIMU — 3TO CHUC-
TEMa BHUaA:
allxl + a12X2 +...+ alnxn = bl

a.21X1 +322X2 +...+aann =b2

_________________________ 2.1
amlxl +am2X2 +...+aman = m
B(2.1)i=Lm, j=1,n,aa; — Ko3pduLneHTsL;
X1, X9, ..., X, — HEU3BECTHBIE;
b, b,, ..., b, — cBOOOIHbIE YJIEHBI.
Cucremy (2.1) MOXHO 3amucaTh B MATPUYHOM BUJIE:
AX =B,
a;p Ay a1
rone A=|a, a, a,, | — MaTpula CUCTEMBI; (2.2)
Aml aAm2 Amn
b,
by
B=| ” | — BekTOp CBOOOHBIX WICHOB;
b
Xy
X
X =| .7 | — BEKTOp HEU3BECTHBIX.
X

Pemennem CJIAY HasbiBaeTcs J100asi COBOKYITHOCTh N YHCEN
(X}, X5, ..., X)), KOTOpast 0OpallaeT Kax/10¢e ypaBHeHUe cucTemsl (2.1) B
BEPHOE PABEHCTBO.
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JIrobas CJIAY Buma (2.1) MOXKET UMETh OJHO pelleHue, 0ecKo-
HEYHOE MHOYKECTBO PEIEHHI, HU OJHOTO PEIICHHUS.

Ecmu CJTAY mmeeT XOTs ObI OJTHO pellieHHe, TO OHA Ha3bIBACTCS
cosmecmnoti. Ecmn CJIAY He uMmeeT pelieHuid, TO OHa — Hecogmecm-
Has.

Ecim Bce cBoOoanbIe wienbl CJIAY (2.1) paBHBI HyIIO, TO CHUCTE-
Ma Ha3bIBACTCS 00HOPOOHOI, a €CITA XOTs OBl OJWH U3 CBOOOTHBIX UJIe-
HOB CHUCTEMBI HE PaBEH HYJII0, TO OHA HA3bIBACTCS HeoOHopoOoHoil. Cuc-
TeMa OJTHOPOJIHBIX YPABHCHUI BCEr/1a COBMECTHA, T. €. OHA UMEET XOTS
OBI OJTHO peleHne (xj =0).

Iepen pemmennem CIIAY nano yoeautcs B ee coBMecTHOCTH. [1o-
TOMY TIpUBe/ieM 0e3 Joka3zaTelbcTBa TeopeMy Kponekepa-Karmemm,
KOTOpasi MO3BOJISIET ITO CEIATh.

HomomauMm MaTpuiry A cucteMsl (2.2) CTOJI01IOM CBOOOTHBIX UJIe-
HOB. B pe3ynbrate 3TOro mojgydyum MaTpHiIly mopsaka m x (n + 1), ko-
TOPYIO Ha3bIBAIOT paclIMpeHHON MaTpuiei cucreMsl (C):

aj;; A ... ab;
C=lay 2y .. ayby
Aml Am2 Amn bm

UYepes r(A) u 1(C) o6o3naunmM panru MaTpuil A u C COOTBETCTBEHHO.
Tereps chopmymmpyeM Teopemy [19].

TEOPEMA 2.2. Jinss moeo umoowt CJIAY euda (2.2) bvina cosmec-
mMHa, He0OX0OUMO U DOCAMOYHO, 4MooObl pane mampuywl cucmemvl (r(A))
ool pasen paney pacuiupernoi mampuysi cucmemnt (r(C)), m. e. r(A) =
1(C). 30eco 603moorcnol 06a cayuas: 1) ecau r(A) = r(C) = n, ede n —
yucno nHeuzgecmuvix ¢ cucmeme (2.1), mo CJIIAY umeem eourncmeennoe
pewenue; 2) ecau v(A) = r(C) <n, mo CJIAY umeem beckoneuroe mmo-
HCeCMmeo peuletull.

CJIAY MOXHO pemaTh WIH MPSIMbIM, UM UTEPALUOHHBIM Me-
TOJOM.

B npsMpIx (TOYHBIX) METOAX PELICHHE CUCTEMBI (2.2) HAaXOAUTCS
3a KOHEYHOE YUCIIo apudmernyeckux aeictsuil. K npsMsiM MeTonam
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oTHOCATCs MeTon ['aycca m ero MoaudUKaIUud, METOI KBAIPATHOTO
KopHs1, metos1 Kpamepa u ap.

HrtepaninoHHbIe METOIBI (METOIBI TOCIIEAOBATETLHBIX TTPHOIIHKE-
HUIA) COCTOSIT B TOM, UTO peIlIeHre CUCTeMBI (2.2) HaXoauTcs Kak lim
(npenen) npu k — oo nocienopatenbHbx npudmmkenuii XK, roe k —
HoMep urepaiii. OObIYHO 32 KOHEUHOE YMCIIO UTEPALIMI 3TOT IIpe/e
He jocTuraetcs. Kak mpaBuiio, 3aaeTcss HEKOTOpOe Majtoe Yuciio € > ()
(TOYHOCTB) W BBIYHMCIIEHUS TIPOBOJISATCS O TEX MOP, ITOKa He Oyjaer
BBITIOJTHEHO YCIIOBHE:

(k) _ (D)
‘Xj Xj ‘ <E&.

K urepanmoHHsiM MeToaM OTHOCSTCA: MeTOJ Skobu, MeTon
3eitensi, METOJ pellakCcaii, METO MUHUMAJIBHBIX HEBSI30K, METO/I
cKopelitero ciycka u ap. [1, 24].

B npennaraemoM yueOHOM MOCOOMH MBI pACCMOTPUM TIPSIMbIE
Metobl: Metoa ['aycca u meton Kpamepa.

Paccmorpum meron ["aycca pemmernst CJIAY. OH cocTouT n3 1ByX
maroB. Ha nepBom 1mare Mbl IPUBOAMM MCXOJIHYIO CUCTEMY ypaBHe-
HUN K BEpXHEMY TPEYTOJIbHOMY BUY, 4 HA BTOPOM IIIare HaXxoJIUuM He-
M3BECTHBIC (X;), HauMHAast ¢ mocmenuero [1, 17].

[Tpeanonoxum, 9T0 MbI UMEEM CUCTEMY N YPABHEHUH C N HEU3Be-
CTHBIMH U OHA SIBJIIETCS COBMECTHOM, T. €.

a;X; +a;pXy +...+a, X, =b;
ay1X] +299Xy +...+85,X, =b, (2.3)

anlxl +an2X2 +...+anan =bn

Hckirouaem HEU3BECTHOE X1 U3 BCCX ypaBHeHHfI, HadynHada CO BTO-
poro. ,Z[J'IH 3TOro M3 BTOPOI'O ypaBHCHHSA IMOYJIICHHO BBIYTEM IICPBOC,

a
YMHO)KCHHOC Ha 21 , U3 TpeTBCFO ITIOYJICHHO BBIUTCM HCpBOC, YMHO-
ar

a
xkeHoe Ha 3L m 1. 1., mpuueM a,, # 0; eciu a,; = 0, To HepecTaBisieM
a
1

MecTaMu ypaBHeHUs cucteMbl (2.3). ITocie sTtoro cucrema (2.3) mpu-
MET BUJ:
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+ A X, = bl

abX; +.adix, =by, (24)
1 1 1
alx, +..+al)x, =b
M _ a b(l) —b, - a1 b
rae aj =aj — 1»(1,7j=2,3,...,n).

ar ar
B cucreme (2.4) uckiirouaeM HEU3BECTHOE X, M3 BCEX YpaBHEHMI,

HaduHasd C TPETbEro, T. €. BEAYIIUM 3JIEMCHTOM CTAHOBUTCA azz * 0

€CJIM OH paBeH HYJIIO, TO MbI TIEPECTABIISIEM YpaBHEHUE MeCTaMHu. 3a-
TEeM U3 TPEThETO YpaBHEHUS CUCTEMBI (2.4) MBI BBIUUTAEM BTOPOE, YM-

a{)

HOXEHHOE Ha KOA(PPUIUEHT —=- (1) ,

N3 YETBCPTOT'O YPABHCHUS CUCTCMbI

a

Ay
(2.4) MBI BBIUMTAEM BTOPOE, YMHOKEHHOE Ha KOA(PGUITUESHT — ;v (1) LAT. .

B pe3ynbpTaTe MBI [TOJIy4aeM CIEAYIOIIYIO CUCTEMY ypaBHeHI/m.

allxl +a.12X2 ++a13X3 +"'+a11’1 n zbl

a(zlz)xz +a(l)x3 +...+a(21r)1 N —b(l)

) 2.5
agz)x3 +.. +a(2) =b§2) (2:3)
a5123)x3 +. +a(2)xIl =b512)
al) 2D
rre al?) =al) =820 b _p® T2y

1] (1) a2]’ i i (1)
az

AHAJOTUYHBIN MPOIIECC MBI MPOJI0JDKaeM aajee © Ha (n — 1) — M
1are MpUXoJUM K CJIeIyoIel cucTeMe ypaBHEHU:

allxl +312X2 +a13X3 +...+a1n n =b1

alx, +allxs +...+alx, =bY) e
a@xs +...+aPx, =bP )
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TakuMm 00pa30M UCXOIHYIO CHCTEMY YpaBHEHUM (2.3) MBI ITpuBe-

JIM K BEpXHEMY TPeyroJbHOMY BUIy (TIepBbIi mar meroaa ['aycca 3a-

BepieH). Bropoii mar (oOpaTHBIN XO/) 3aKII0YAETCS B PEIIEHUH CHUC-

TeMbl ypaBHeHUH (2.6). OH OCYIIECTBIISIETCS CISIYIONUM 00pa3oM: U3
D

MOCJIEHErO YPABHEHUS CUCTEMBI (2.6) HAXOAUM X, = ——, HCIOJIb-

(n-1)°
nn

3ysl HAliZIGHHOE 3HAYEHME X, U3 IPEAIIOocaeHero (n — 1) ypaBHeHUs CH-
creMbl (2.6) HAXOIUM X, |, 3aTeM U3 (n — 2) ypaBHEHHE CUCTEMBI (2.6)
HAXOJUM X, , U T. JI. JIO X;.

AnroputMm ['aycca cOCTOUT U3 OJTHOTHUITHBIX OTNEPAINi, KOTOPbIE
JIETKO MPOTPAMMUPYIOTCSI.

Pemmmm, ucnone3ys meton ["aycca, cuctemy ypaBHEHUI.

Ipumep 2.3
3X1 +X2 _5X3 =8
12X1 +X2 —3X3 =24 (27)
—ISXI +4X2 + OX3 =-42
Hcknrounm X, U3 BTOPOTO U TPETHETO YPaBHEHMI cUCTEMBI (2.7).
JJ1s1 3TOr0 YMHOKUM TepBO€ YpaBHEHUE MTOYWIEHHO HA 4 U BBIUTEM U3
BTOPOT0, 3aTEM YMHOXKHUM TIEPBOE YpaBHEHHUE HA (—5) U BBIUTEM M3 Tpe-
Thero. B pesynbpTraTe MoyYnM CIIEAYIONYI0 CUCTEMY YPaBHEHUI:
3x; + X, —5x3 =8
Ternepp UCKITIOUNM U3 TPETHETO YpaBHEHUS CUCTEMEI (2.8) Hen3Be-
CTHOE X,. [IJ1 3TOr0 yMHOHUM ITO3JIEMEHTHO BTOPOE YPABHEHHE CHC-
Tembl (2.8) Ha (—3) 1 BBIYTEM U3 TPETHEr0 YpaBHEHHS CUCTEMEI (2.8).
B pesynbTaTe mony4yum CIeAyIoyo CUCTEMY YPaBHEHUI:
3X1 +X2 —5X3 =8
—3%, +17x3=-8 (2.9)
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W3 cucremsl ypaBHeHuit (2.9) mocrenoBaTeIbHO HAXOAUM HEU3-
BECTHBIE X, HAUMHAS C TIOCIEHErO (X5), T. €. X3 = —1:

_I7x;+8 3

3

8—x3+5x
. 3 3
X5 ;X 2.

3

Teneps paccmorpum Meton Kpamepa nist pemennst CJIAY.
PaccmoTpum cucremy ypaBHeHwmii (2.3), KOTOPYIO 3anuiieM B MaT-

PHYHOM BH/Je
AX =B,

(2.10)

Ecmm onpenenurens matpuiibl A (det A) He paBeH HYJIIO, TO CY-

mecTByeT AL,

Jomuoxum ciesa cuctemy (2.10) na A1, monyunm:
A1 AX = A!B, tak kak A'A = E, To umeem EX = A!B, a tak
kak EX = X, To okonuaTensHo noayunm X = A~' B (2.11), unu B pas-

BEPHYTOM BHJIE:

*1 A A
11 21
Ll L NS
DT qea| A2 A
X Aln A2n

b,
A1’11 b
CAn || (2.12)
Ann b
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W3 (2.12) cnenyer:

! detA (2.13)

. - A b +A b+ +A b,
! detA
Yucrenun paBeHCTB (2.13) ecTh pa3ioKeHus 110 3JIeMeHTaM 1, 2, ...

N-ro CTOJIOIOB OIPEAEIIUTENIs, TOIy4eHHOro u3 det A 3aMeHOi B HEM
1,2, ..., n cTONOIOB CTOJIOIOM CBOOOIHBIX YJIEHOB, T. €.

b, ap Ay app ap b,
Ar=|by 2y .. ax| Ay=|ay ay .. by
bn ano Apn adnl Ap2 bn

Taknum 006pa3oM, HEM3BECTHBIE X; MOKHO HAMTH TIO popMyJIE:

X, =—1—, 2.14
' detA ( )
raei=1,2, ..., n[l9].
Pemmm cuctemy ypaBHeHuit, ucnonnsys metoq Kpamepa.
Ipumep 2.4.
3X1 —4X2 + 5X3 = 0
2X1 +5X2 —X3 =1
CHauana HalieM OIpeIeTuTeIb UCXOTHON CUCTEMBI:
b-2 2 si 13 8 |3 -4
detA=[3 —4 5=1 +2 +2 =-21-26+
5 5 1 5 -1 2 -1 2 5

+46=-1.
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3aTeM HaxXOgUM

0 -2 2
-2 2
A=0 -4 5= =-2;
-4 5
15 -1
10
12
Ay=3 0 5=- =L
35
2 1 -1
1 -2 0
)
Ay=[3 -4 0= =2
3 -4
2 51

Y ONpeJeNIsieM HEU3BECTHbIE X;; 1= 1, 2, 3:

A1 . A2 1: A3

= = = = XA, = =
detA > detA > detA

X1
2.3. CobcTBEeHHbIE UMcna U COOCTBEHHbIE
BEKTOpPbI MaTpUL

ITpobGiema coOCTBEHHBIX YMCENl UT'PAET CYLIECTBEHHYIO POJIb HE
TOJIBKO B JIMHEHHOH anredpe, HO U B APYTUX pasjenax MaTeMaTUKH, a
TaKXe BO MHOTHX MPUKJIAIHBIX 00JIacTAX (B MEHEIKMEHTE, MICHXOJIO-
U, opuctpyaeHimn) [12].

ITyctp 3amana kBagpaTHast MaTpuna A pasmepa (n x n), 3JeMeH-
TaMU KOTOPOM SIBIISIIOTCS AeficTBUTeNbHbIe yncia (R) u BekTop Heus-
BECTHBIX X pa3zmepa (n x 1):

X1
all a12 cee aln

X2

A=lay ayp .. By X=|
adnl A2 Ann

X
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[Tpennonoxum, 4To A — 3TO HEKOTOPOE HEU3BECTHOE JICHCTBU-
TeJIbHOE YHCIIO.
Ecnu A 1 HenyieBoi BeKTOp X YAOBIETBOPSIIOT YPABHEHUIO

AxX=AxX, (2.15)
TO A Ha3bIBAETCSl COOCTBEHHBIM YMCIIOM MJIM COOCTBEHHBIM 3HAUCHUEM
MaTpuibl A, a X — cOOCTBEHHBIM BEKTOPOM 3TOH e MaTPHIIbI, COOT-
BeTcTBYIOINM A [12, 15].

[Ipeo6pazyem ypaBHeHue (2.15) k cienyromemMy BUIY:

AxX—AxX=0,(ARE-A)xX=0, (2.16)

rae E — enuHuyHas MaTtpuiia.

A-aj —ap at
Martpuna (AE-A)=| —a,; A-a,, .. —a,, | Ha3pIBaercs
—ay —an2 }\’_ann

xapaxkmepucmuyeckot mampuyeti [18].

Tak kKak 1Mo YCIIOBHUIO BEKTOP HEM3BECTHBIX X HE paBEeH HYJIIO, TO
CpeIM €ro KOOPAMHAT X, Xy, ..., X, JIOJZKHA OBITh XOTsl ObI OJTHA HEHY-
neBast. st TOro 4ToObI cCTeMa JTMHEWHBIX OJTHOPOIHBIX YPaBHEHHIA
(2.16) nmerna HeHyJIeBOE pellieHre, HEOOXOAUMO U JOCTATOYHO, YTOOBI
ONPEIENUTENb ITOM CUCTEMBI OBLIT paBEeH HYJIIO (3TO CIIEAYET U3 Teope-
Mbl Kponekepa-Karnemnnn).

IMoatomy moydaem:

7\,—311 _alz cee _all’l
det(AE—A) = __—_3_2_1__7:_—_3_2_2__:-____—_512_11_ =0. (2.17)
—ap ) )\‘_ann

Yucno A = Ay, rae k=1,n, OyaeT coOCTBEHHBIM YHCIIOM TOJIBKO B
TOM citydae, eciau matpuua (A E — A) — BbIpoxIeHHas.

VpaBaenue (2.17) Ha3bIBaeTCs XapaKTEPUCTUUECKUM ypaBHEHU-
eM MaTpullbl A U TpeAcTaBisieT coboil anredpanyeckoe ypaBHEHHE
CTEINEH! N OTHOCHUTEIBHO A [18]:

dethE-A)=A"+p A"+ p A2+ . +p, =0. (2.18)
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VpaBHeHne UMEET N KOPHEH A, A,, ..., A,. MHOXECTBO BCEX KOp-
Heli (2.18) Ha3bIBACTCS CIIESKTPOM MAaTPHUITHI A.

3ametruM, uTo ypaBHeHue det (A — AE) = 0 uMeer Te ke KOpHHU,
4yTO U ypaBHeHue (2.17), T. e.

det (A — LE) = (—1)" det (AE — A).

Kaxomy coGcTBEHHOMY 3HAUEHHIO CIIEKTPpa MaTPULIbI A CTABUTCS
B COOTBETCTBHE COOCTBEHHBII BEKTOP, ONPEIEIEHHBII C TOUHOCTHIO 10
CKaJIsIpHOro MHOXUTENA. Eciy A, ecTh KpaTHBIN KOPEHb XapaKTepuc-
TUYECKOr'0 YPaBHEHMUsI, TO JUJIsl IIPOU3BOJIBHOM KBaIpaTHON MaTPHULbI
YHCIIO0 COOTBETCTBYIOUINX COOCTBEHHBIX BEKTOPOB MOXKET OBITh HE PaB-
HO KpaTHOCTU KOpHS. C reOMeTpUYeCKOi TOUKH 3pEHHSI COOCTBEHHBII
BEKTOD OIPENENISET B IPOCTPAHCTBE HEKOTOPOE HAIIpaBJIeHUE (IIPSIMYIO,
MIPOXOJSIYIO Yepe3 Hayalo KOOPAUHAT), KOTOPOE B pe3yJIbTaTe Ipe-
00pa30BaHMs HE U3MEHSIETCS U B/IOJIb KOTOPOTO IIPOCTPAHCTBO UCIIbI-
THIBAET PACTSDKEHUE WU cxkaTue B A pas [3, 18].

[MomHOM A" + p,A"~! + .. + p = 0 HA3BIBAIOT XapaKTePUCTHYEC-

kuM nosimHoMoM. Koaddunuents! p, (k = I,_n) MO’KHO BBIYMCIIUTH I10
CIIETYIOIIUM PEKypPPEeHTHBIM (popmynam [29]:

p1 =—SpA
2p, =—SpA” —p;SpA
3p; =—SpA’ —p,SpA® —p,SpA (2.19)
4p, =—SpA* —p;SpA” —p,SpA® —p;SpA
np, =—SpA” —p;SpA™ .. —p, SpA
n
3nech SpA = Zakk — cJIel MaTpUIlbl (CyMMa 3JIEMEHTOB, CTO-

k=1

AIIUX HA TT1aBHOM Tuaronanu Matpusl A). 3ametum, uro P, = (-1)" x
x detA. ITpu oTbICKaHUU COOCTBEHHBIX YMCET JJAXKE JIJIT MATPHI] HEBBI-
COKOTO TMOPSIAKA HEN30eKHO OOJIBIITOE KOJTNYECTBO BEIYUCIICHUN. J1J1st
001I1ero citydast Hellb3s IMPEAJIOKUTH ONTHUMAaIbHBIN CIIOCO0 HAXO0XK/1e-
HUs CO6CTBCHHBIX YUCCII U CO6CTBCHHBIX BEKTOPOB MaTpHIIbI.
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PaccmoTtpum cityyaii, Korjga COOCTBEHHBIE UMCIIA HAXOAATCS Cpa-
3y MCXOJs M3 BUJA MaTPHLEI (MCXOJHAs MaTpula JU0O JuaroHab-
Hasi, TMOO BEPXHAA WIIM HIXKHsASA TpeyronbHas). B sTom ciydae co0-
CTBEHHBIE YUCTIA A, Ay, ..., A, COBIATAIOT C JJIEMEHTAMH ITIABHOM AMa-
TOHAJIM UCXOJHOM MaTpULbI (4, 5y .., dp).

[TycTh 3a1ana BepxHsisl TpeyrojabHas MaTpuia A pasmepa (n x n):

anp ap a1
0 a a

A= 22 2n
0 Oay .. a5
0 00 a

Torna nmeewm:
A—a; —ap e —ay,

A—ay ... —a,,

det(LE — A) = Q L[ FOe—a)(ay)
=y,

x..x(h—a,)=0.
Ortcroza BUAHO, YTO COOCTBEHHBIE UNCIIA PABHBL A = a;;, Ay = 8y,
Ay =ag,.

C nosiBinenneM DBM nosyuuin pacnpocTpaHeHUe UTepALMOHHbIE
METO/Ibl HAXOXKIEHUSI COOCTBEHHBIX YUCE, KOTOPHIE HE MUCIOJIb3YIOT
BBIYUCIIEHUE XapaKTepucTuyeckoro nojnuoma. K atum cnocobam ot-
HOCSITCS: CTEIIEHHON METOJ, MeTOoJ oOpaTHbIX nrepauuii, QR-anro-
putM, MeTo BpamieHuit Axoou, QL-anroputm u npyrue. [Ipuuem rmpu-
MEHEHIE KOHKPETHOIO UTEPALlMOHHOIO METO/a 3aBUCUT OT BUAA UC-
X0JIHOM MaTpuubl A [1].

Tenepp paccMOTPUM KOHKPETHBIE ITPUMEPBHIL.

Ilpumep 2.5. lana matpuna A pa3mepa (3 x 3):
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Haiitu cobcTBeHHbIE YCia 1 COOCTBEHHbBIE BEKTOPBI MATPHUIIBI A.
W3 ycrnoBus 3ajjaun BUAHO, UTO MaTpuiia A SIBISIeTCS BEpXHEH
TpeyronbHOi Matpuilei. [103TOMy COOCTBEHHBIMU YMCIIaMU JaHHOMN
MaTpPHILI OYAYT 3JIEMEHTHI €€ IJIaBHOM JTUaroHau.
A+4 -4 -1
detlhE—-A)=10 A-1 0 =A+HA-D)(A-1)=0=>A,=
0 0 A—1
=4, h=r=1
Tenepp HalileM COOTBETCTBYIOIINE HAWIEHHBIM COOCTBEHHBIM
yuciaM coOCTBEHHbIE BEKTOPHI. JlJIsl 3TOr0 MBI UCHOJIb3yeM ypaBHe-

Hue (2.16).
Hna A, = —4 nonydaem:

(4E-A)x X, =0, (2.20)
Xy
rae X, =| X, |
X3
Hanee packpoem MaTpuuHoe ypaBHeHHE (2.20)

1 0 0) (-4 4 1 X 0
-40 1 O 0 1 Of|x|x,]|=|0]

0 0 1 0 0 1 X3 0
B pesynbrate nomyunm
0 -4 -1)(x 0 —4x,-x3=0
0 -5 0]|x,|=|0]|nmm <-5x, =0
0 0 -5 X3 0 _5X3 =0

Tax kax MaTpula 3TOM CUCTEMBI BBIPOX/ICHA, TO OHA UMECT HCHY-
JICBBIC PCIICHUS, KOTOPBIC UMCIOT BUI:
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S|
X;=| 0 |, x,#0,x; € R, T. €. MBI IOTy4nII1 UCKOMBIE COOCTBEH-
0
HBIE BEKTOPBI IS A;.
Hna h, = Ay = 1 momyuaem:
X1
(E-A)X, =0, rne X,=|x,| uiu B n1oaApobHOH 3anucu
X3
5 =4 1)\(x;)=(0
0 Ofx,|=0}
0 0 0){x3)=0
B pe3ynbrate nonyuaem:
5X; —4x, — X3 = 0 nnm
X5y = 5X| — 4x,,
T. €. 3TO YpaBHEHHUE UMEET HEHYJIEBBIC PEIICHNUsI, KOTOPbIC U OYIyT HC-
KOMBIMHM COOCTBEHHBIMU BEKTOPAMM JIJIS A,.
OTU pelieHus 3auilieM B BUIE:
S|
X, = 24 x2 20 R
2 =1 Xp , X X7 » X, Xy € K.
5X1 — 4X2
B zakmroueHue npuBeaeM ABa MoJIe3HbIX mpasuia [18]:

1. Cymma coOCTBEHHBIX UMCETI MATPHUIBI A paBHO CJIeTy 9TOM MaT-
pULBL, T. €.

n
i=1

2. IpousBeneHne COOCTBEHHBIX UUCENT MATPHUILI A paBHO OIpe-
JIEITUTENIO 3TOM MAaTPHULIBL:

H 7\"i = det A
i=1
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2.4. HekoTopbie cBefieHUAA O BeKTOpax

Ludposble 1aHHBIE, UCTIOIB3YeMblEe B 9KOHOMHUKE, MOYKHO TIPe-
CTaBUTh B BUJIE CITUCKOB YMCEN, KAXKI0E€ U3 KOTOPBIX UMEET OIpese-
JIEHHBIN CMBICII.

Hanpumep, ciicky 11eH pa3IMuHbIX TOBAPOB B Mara3mHax, o0be-
MBI TPOJYKIIMY PAa3HBIX BUJIOB, BBITYIIEHHBIX KAKUM-TUOO MPEAITpHs-
THEM 3a TOJ, U T. 1. B MaTemaTuke Takue ynopsiio4eHHbIe CIUCKHU YH-
CeJl Ha3bIBAIOT BeKTOpaMu. JlaaumM ompeeseHre n-MepHOro BEKTopa
n=1,2..).

Ynopsoouennvuii nabop n wucen X, X, X, ..., X, Ha3bl6aemcs n-mep-
HbIM 6eKmopom. Mbl OysieM 0603HaUaTh BEKTOPHI 3arJaBHBIMU OyKBa-
MM CO CTPEJIKAMH HaJl HUMH, T. €.

X (X, X9, X3, ..., X)), UACKA X, Xy, X3, ..., X, €CTb KOOPIUHATHI BEK-
TOpa, a n — ero pasmMepHocTh [12, 13].

Jlsa n-mepuvix 6eKmMopa HA3bIBAIOMCS PABHBIMU, €CIU UX COOMEENT-
cmeylouue KoopOuHambvl paghbvl, HAIPUMEP:

X(2,3,7,12; Y =(2,3,7,12)= X =Y.

BexTop, Bce KOOPAMHATBI KOTOPOIO HYIIU, HA3bIBAETCS HOJIb-6€K-
mopom 1 obo3Hauaercs 0.

Anrebpanyeckoii cyMMOI IBYX N-MEPHBIX BEKTOPOB X = (X15 Xgy oees

X,) " Y = (Y15 ¥2» ---» ¥,,) HA3BIBAETCS BEKTOP X+Y , Kaxkaas KOOpJau-
HaTa KOTOPOI'o paBHA anredpanvecKoil CyMMe COOTBETCTBYIOIIMX KO-
OpauHAT BEKTOPpOB X U Y, T. €.

X+Y =X 2y, X £y, o X, 2 Y- (2.21)

IIpoussedenuem Oeiicmsumenvro2o yucia K Ha n-MepHbIi BEKTOP
X = (X, X, ..., X,,) Ha3bIBaeTCs N-MepHbIi BekTop k X , Kax1as Koop-
JMHATa KOTOPOTO paBHA MPOM3BEAECHMIO Yucia kK Ha coomeemcmeyio-
Wyt Koopounamy eekmopa X , T. €.

kX = (kx,, kxy, ..., kx,). (2.22)
MHOXECTBO N-MEPHBIX BEKTOPOB, JIJISI KOTOPBIX OTPE/IEICHBI
JIEUCTBUS aJire0pandecKkoro cioxeHus (2.21) 1 yMHOKEHHS Ha YHUCIIO
(2.22), HA3BIBAIOT N-MEPHBIM BEKTOPHBIM IIPOCTPAHCTBOM M 00O3Ha-

yaroT R" (B ci1ydae n = 1 OHO COBITAIa€T C MHOXKECTBOM JICHCTBUTEb-
HBIX uncel R).
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B ciayuae n = 2 u n = 3 ©MeeM COOTBETCTBEHHO 1ByMepHOe (R?) u

TpexmepHoe (R?) BekTopHbIE MpOCTpaHCTBA. A IByMEPHBIE U TPEXMED-
HbIE BEKTOPBI UMEIOT FT€OMETPUUECKYIO MHTEPIPETALIUIO: OHU N300pa-
JKAFOTCSl HATTPABJIEHHBIMU OTPE3KaMU Ha IJIOCKOCTH M B TIPOCTPAHCTBE
[3, 12, 13].

IIycts B R™ 3amanbt BEKTOPEL X = (X}, Xy, ooy X)), Y = (Y1, Yos oo

Vo) Z =(2), 25, ...,2,); k e R;t e R.

IIpuBeneM cBOICTBA JTUHEWHBIX ACHCTBHI BekTOpamu [3, 12]:
DX+Y=Y+X;

) X+(Y+2)=X+Y)+Z;

3) X+0=X;

4) kt(X) = k(tX);

5) k(X +Y)=kX +kY;

6) (k+t)X =kX +tX;

7) 0X =0,

8) k0 =0;

9) X -Y =X+ (-])Y.
Humna (nopma) Bektopa X = (X, X5, ..., X,) B IpocTpaHcTBe R"

HaXOAUTCS IO popmyJie

| X |= /ixf. (2.23)
i=1

Hanpumep, 3a1aH BeKTOp X = (5, 3,-2).
Hcnons3ys (2.23), HalijieMm, 4TO ero JJIMHA paBHA

|X |=4/5% +3% +(=2)? =/38.

Bsenem nonstue CKaJIIpHOI'O IIPOU3BECACHUSA B JICMCTBUTEIIBHOM

npocrtpancTse R™.
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Cranspuvim npoussedenuem 06yx 6ekmopog X = (X, Xy, ..., X)) U

Y = (Y» ¥o» --» ¥) BR? (X, € R, y; € R", i=1,_n) Ha3bIBAETCS YHCIIO,
rojrygaemMoe 1o opmynawm [3, 12, 13]:

n
X, Y) =2 %35 (2.24)
i=1
(X,Y) = X|x|Y|xcosa, (2.25)
IJIe 0. €CTh YT'OJI MEXK/y N-MEPHBIMHU BEKTOPAMHU XuY (Bcmyyaen =2
un = 3o OyIeT yIriIoM Mexk/y HallpaBJIEHHBIMU OTPE3KaMU Ha IIIOCKO-
CTH M B IIPOCTPAHCTBE, a MPU N > 3 BeKTOPHl X U Y SBJISIOTCS MaTe-
MaTUYECKUMU a0CTPaKITUSIMHM).

N3 bopmyisl (2.25) caeayeT, 4To yroia Mexy N-MEpHBIMU BEKTO-
pamu X u Y paBeH

cosa = EX’YB == XEYI +x2y22 +"2'+Xr;yn 5 (2.26)
IXIAY T x24xd ot x2fy2+y3 4.4y
- = i
Ecnu yron mexnay BektopamMu X U Y paBeH PR TO CKaJIsIpHBIE
TIPOU3BENCHUS TUX BEKTOPOB PABHBI HYJIIO, T. €.
. n

i=1

Ilpumep 2.6

Hanpumep, 3aJaHbl BEKTOPBI:

X =(2,3,7); Y =(1, 6, 5) B 3-mepHoM npocTpanctse R3. Haiitu
YTOJI MEXK1y HUMHU.

ITo dbopmyite (2.26) momydum:

A
R e P vpev Fev T N T8
\/X1+X2+X3\/y1+y2+y3 4+9+4941+36+25
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55 55

~ 0,887097;

A
a=(X,Y)~27°29'21,"5
CkansipHO€ Mpou3BeIeHHe B TpocTpaHcTBe R o0nagaer crnemyro-
UMM CBolicTBamH |3, 12]:

1) (X,X)>0 (IIpu 3TOM PaBEHCTBO HYIIIO OYIET TOIBKO B TOM CITy-
yae, ectt X =0);

2) (X.9)=(Y.X);

3) (kKX +tY,2)=k(X,2)+t(Y,Z).

3nech X,Y,Z — BekTopbl B R™, a k u t — JelCTBUTEIBHBIC YHCTIA.

ITpoctpancTBo R", B KOTOpOM BBEICHO MOHSITHE CKAJISIPHOTO TIPO-
nu3BeaeHUs 10 (hopmyie (2.24), Ha3bIBACTCS €8KAUIOBBIM N-MEPHLIM NPO-
cmpaucmeom 3, 12].

3apauM ANA CaMOCTOATENIbBHOIO pelleHHUs
1. HaifTu npou3BeaeHus MaTpHLL:
5 6 -1) (6 -1
1.I.|-3 9 O0|x|5 4|
18 4 7) (2 0

1.2. x| 7 10|
4 3 -8 -6 0

10 -3 8) (11 10 O
13.]-5 4 3|x| 4 -3 5|
-7 2 8 6 2 -7

82



2. BbIUMCIUTH ONPEACTUTENHU:

5 4 -1 0
2 -4 7 6

2.1. .
10 0 —-11 5
-3 -7 8 11
7 -10 4 3
1 -118 0
2.2. .
2 -4 3 5
-4 -3 915

0 -10 3 7
6 13 -8 -7
4 -3 5 2
8 -1 4 3

2.3.

3. Haiitu MmaTpuLbl, 00paTHbIE TaHHBIM:

10 -3 5
3.1 6 8 7|
-2 1 4
32.12 -3 6|
7
7 -6 5
3.3. 1 4 2|
-10 11 8



4. HaliTu paHTH MaTpPHIL;

5 -3 4 1
4.1. 8 =7 12 4|
-15 9 -12 -3

2 11 -7 4
-6 4 -2 -12

4.2. .
3 -6 8 -6
9 2 4 18
5 4 -3 7
43.12 -1 0 6}
0 -3 7 1

S. Petmute CJIAY meronamu Naycca u Kpamepa:
X4 +2X2 +X3 =3
2X1 _3X2 _X3 =0

X1 +2X2 +X3 =1

X1 +X2 + 2X3 =0

6. Haiitu coOcTBeHHbIE YKClIa U COOCTBEHHBIE BEKTOPHI MATPHIL;

1 05
6.1.10 1 1|
2 -1 1



0
6.2.] 2 1 0}
5 -2 4
2 37
63.]1 2 4]
1 13
2 12 -4
64.]-1 -3 1|
-1 -12 6

7. Dano: X = (1,-5, 6,7, 10);

Y =(-2,7,8, 11, -6). o
Haiitu yron mexnay Bektopamu X 1 Y .
8. lanbl 1Ba NEPUEHANKYIIAPHBIX BEKTOPA
X=@3,x,7)nY =(1,6,38).

Haiitu koopauHarty X,.

BOHPOCbI ANA CaMOMNPOBEPKH

1. UTo Ha3pIiBaeTcs MaTpuileii? Tumsr MaTpwuir.

2. IlpaBuiio u cBOMCTBA CIIOKEHUSI MATPHUILI.

3. [IpaBuiio U OCHOBHBIE CBOMCTBA NIEPEMHOKEHUSI ABYX MATPHULI.
4. Kax HaiitTi MaTpuily, oopatHyto 3ajganHoi? JIrodas im MmaTpu-

11a ©UMeeT 00paTHYIO?

5. Uto Ha3pIBaeTCs ONpeneuTenem?

6. Uto Takoe paHT MaTPHIIbI?

7. Kak onpenenuts, coBMecTHa nu 3aganHas CJIAY?

8. B xakux cinyuasx ogHopoanbsie CJIAY umeror Hynesbie pe-

mexHus?

9. B uem cyTh utepaimoHHbIX MeTOoA0B permeHus CJIAY?
10. B uem cocTout meton I'aycca pemenuss CJIAY?
11. B uem coctout meton Kpamepa pemenus CJIIAY?

85



12. Kakue uncna Ha3bIBAIOTCS COOCTBEHHBIMU 3HAUYCHUSIMU MAT-
purbI?

13. Yro Takoe cieq MaTpHUIIb?

14. Kakoe ypaBHEHHE Ha3bIBAETCS XapAKTEPUCTUUECKUM ypaBHe-
HHUEM MaTpUIIbI?

15. laTh ompeneneHre n-MEPHOTO BEKTOPHOT'O MTPOCTPAHCTBA.

16. Uto Ha3BIBaeTCSI HOPMOM BekTOpa?

17. Kak HailTH yrojl Mexay ABYMsI BEKTOPAMH B N-MEPHOM BEK-
TOPHOM TPOCTpaHCTBE?

18. Kakoe n-MepHOe MpOCTPaHCTBO HA3BIBAETCS €BKJINIOBBIM?
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3. ®yHKUKMHU U nNpeaenbl

3.1. HekoTtopbie cBefeHUA 0 hpyHKLUAX

B mt060ii 065acTit HAyKH MBI BCTPEUAEMCsl C PA3JIMUHBIMU BEJIH-
ynHamu. [To BenmMUnHOM MTOHUMAIOT BCE TO, UTO MOYKET OBITH U3Mepe-
HO ¥ (MJIM) BBIYMCJICHO W BBIPAXKEHO YUCIIOM WJIM YUCIaMH [2].

B ecrecTBeHHBIX, TEXHUYECKMX U TYMAaHUTAPHBIX HAYKaX UMEIOT
JIETIO C pa3IMYHBIMU BEJITMUMHAMU, HAIIPUMED, CKOPOCTBIO, CUJION, TEM-
nepaTypou, ce0eCTOUMOCTBIO, BAJIOBBIM BHYTPEHHUM IPOTYKTOM KaKOM-
OO0 CTpaHbl, KOJTMYECTBOM MPECTYIJICHUH B KAKOM-TO PETHOHE U JP.

B MaTemaTnke KOHKpETHbIE BETUUMHBI HE YUAaCTBYIOT, T. €. B Heil
paccMaTpUBAIOT BEIMYMHBI BOOOIIE, HE TPUHUMAsl BO BHUMAaHHUE UX
(bU3UYIeCKUI CMBICIT.

Bce BenmnmumnHBI MOKHO pa3/IeUTh Ha IEPEMEHHBIC U TTIOCTOSTHHBIC.

Ilepemennoit Ha3pIBACTCS TaKas BEJIMUMHA, KOTOpAas MPUHUMAET
pa3IMYHBIC YMCIOBBIC 3HAUEHUs. BenmnumHa, KoTopast He MEHSIET CBOE
YUCIIOBOE 3HAUCHUE, HA3BIBACTCS NOCMOSHHOLL.

Bce mporecchl XxapakTepu3yoTcs B3aHMOU3MEHSIEMOCThIO He-
CKOJIBKUX TTIEPEMEHHBIX BEIMYUH, a 3TO MPUBOANT K BaKHEHIIIEMY TTO-
HSTUIO MAaTEMAaTHKN — (QYHKIIMOHATBHOM 3aBUCUMOCTH [2, 22].

YacTo o7HU U Te K€ BEJTMYMHBI MOT'YT B OJJHUX CITy4asix ObITH Tie-
PEMEHHBIMHU, & B IPYTUX — MOCTOSTHHBIMHU.

Hanpumep, B popmyite F = ma Benmuumabl m (Macca) u a (yCKope-
HHE) MOTYT OBITh KaK MOCTOSIHHBIMU, TaK U TIEPEMEHHBIMU.

Ho cymectBytoT 1 pyHIaMeHTabHBIE TOCTOSIHHBIC, KOTOPBIE CO-
XPaHSIOT CBOE 3HAYEHUE, IO KpalHel Mepe B Halel MerarajakTuke.

m,;m,

Hanpumep, B 3axkoHe BceMUpHOTO TsiroTeHusi F = G——= Beju-

I.2

3
M
apHa G = 6, 672 x 101! —— — dyHzamMeHTaNIBHAS IIOCTOSIHHASL.
KT+ C
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YcTaHOBJICHHE U OTMCAHUE CBSI3eH MEXKIY BETMYMHAMHU — OHA
13 OCHOBHBIX 33/1a4 MATEMaTHYECKOT'0 aHAJTN3a, KOTOPBI BKITIOUAET B
ceOsl psAl MTUCIUIUIMH: TEOPHIO TPeaesioB, auddepeHImanbHoe U UH-
TerpaIbHOE UCUUCIIEHUS, TEOPUIO PsAI0B U Jp. [2]. HexoToprie cBeme-
HUS U3 9TUX JUCHUIUINH MbI PACCMOTPHUM B 1. 3—7.

Teneps puBeeM olpeziesieHue (PyHKITUU OJTHOTO HE3aBUCHMOTO
apryMeHTa.

Benuuuna y nasvisaemcs ¢yHkyueil BETUMUYNHBI X HA MHOYKECTBE
omnpeneneHus D, ecin KakoMy 3HaUeHHIO X € D 110 KaKOMy-TO 3aK0-
HY ITOCTABJIEHO B COOTBETCTBUE OJHO (HECKOJIbKO, OECKOHEYHO MHOTO)
snauenue (3uauenuit) y [2, 20].

B nepBoM cityuae pyHKIUS Ha3bIBA€TCS OJHO3HAUHON, HATIPUMED,
y=x+ 1 (cm. puc. 3.1).

Bo BTOpOM ciiyyae — MHOTO3HAYHOMU, HAMpuUMep, y = Arcsin X
(cm. puc. 3.2).

v

v

| —

4
y

|
\

T
\

—T
]
\

Puc. 3.1 Puc. 3.2

Benmnunny x u3 obactu D MoxkHO OpaTh MPOU3BOJIBHO, TOITOMY
OHa Ha3BIBAETCS apeyMeHmMoM, WA He3d8UCUMOLl nepemerHot. Bemuuu-
Ha y OyJIeT 3aBUCETh OT BLIOPAaHHOMW BEJIMUUHBI X, TIO3TOMY €€ Ha3bIBa-
0T 3A8UCUMOLL NepeMeHHOU, WU (yHKYUell.

Oo6macte D MOXeT OBITH JIFO0O0, HO, KaK ITPaBUJIO, UCITOJIb3YIOT-
csl 00JIACTH IBYX BUOB:
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1) MHOXECTBO 1I€JIbIX HEOTPHUIIATEIHHBIX YMCEN UM KAaKHe-TO va-
CTH 3TOTO MHOXKECTBA;

2) OIMH WM HECKOJIbKO MHTEPBAJIOB (KOHEUHBIX MM OeCKOHeY-
HBIX) YHCIIOBOW OCH.

B nepBoM cityuae umeeM (hyHKIUIO LETOYUCICHHOTO apryMEHTa,
a BO BTOPOM — HETIPEPBIBHOTO.

Tot ¢akT, 4yTo BenMunHa y €CTh (PYHKIUS apryMEHTa X, OOBIYHO
3aIMUCBIBAIOT TaK: ¥ = f(X).

MHo3kecTBO Bcex 3HAaYeHUH (PyHKIMN y 0003HaunM uepes E.

DyHKIMIO MOXKHO 3a71aTh C TIOMOIIIBIO TaOJIUIIBI, B BUE I'paduka
(TperMyIIeCTBOM 3TOrO Crocoda SIBISETCS ero HArJIsIHOCTb) HIIH
aHanutuyecku (popmyoit). [Tociaennuit cnocob sSBIsSETCS CaMbIM pac-
MPOCTPAHECHHBIM.

Bce ¢pyHkmm MokHO pa3aeuTh Ha JBa Kilacca: JIeMeHTapHBIC 1
HE3JIEMEHTAPHBIE.

K onemenmapnviv ¢hynxyusiv OTHOCSATCS OCHOBHBIE 3JIEMEHTAPHBIC
GbyHKIIH:

y=x"(neR),y=a*(@a>0,a=1);

y=log,x(a>0,a=#1),y=sinx,y = cosx;

y = tgX, y = Cctgx, y = SeCX, y = COSecX;

y = arcsinx, y = arccosx, y = arctgx, y = arcctgx

1 (PyHKITMH, TTOJTyYeHHBIE U3 OCHOBHBIX 3JIEMEHTAPHBIX (YHKITHIA
MPU MOMOIIA KOHEYHOTO YnCiia apu(PMeTHIeCKNX ACHCTBUN U KOHEU-
HOTO YHCIIa omniepanuii B3aTusl GYHKIMKA OT (DYHKIIUU M 33JTaHHBIC O/I-
HOM popmytoii [22].

Hanpumep:
y 6sin2x—5x3.y 2x* Y 8X—7x3‘y e -5
= 5 = 5 = 5 = UT. .H
\/14ctgx+2 \/1—x4 tg2x In4x

Bce gpynkimu, He moaxosime o/ 1aHHOe oIpesiefieHUe, 3JIeMEeH-
TapHBIMHU (QYHKIUSIMH HE SIBIISTIOTCS.
Hanpumep, pynkims

-1 mpu x<0
f(x)=< 0 mpu x=0
1 opu x>0
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HE SIBIISIETCS 3JIeMEHTapHOU (DyHKIIMEW, TaK Kak 3ajaHa TpeMms
dbopmymamu [6, 22].

Oyukius f(n) = 1 x 2 x 3 x ... x n = n! He OyAeT IIEMEHTAPHOIA,
TaK KaK KOJMYECTBO ONepaluii YMHOXEHHUS, KOTOPOE HYKHO COBEp-
MUTH 715 ostyueHus f(n), He OyaeT sIBISATHCS KOHEUHBIM.

3.2. Npepen nocnepoBaTeNIbHOCTH.
MNpeaen ¢pyHkuuu. BoiuucneHue npegenos

ITpex e yeM mepeiT K ONpeneeHnIo mpeesia, HAITOMHUM, YTO
B MaTEeMaTHUKE UCIOJB3YIOTCS TPH BHIAa OECKOHEYHOCTEH +o0, —00, oo,
BeckoHeYHOCTD He SIBISETCS YUCIIOM, OHA MTOKA3bIBAET, KAK MEHSETCS
repeMeHHast BeJIMYMHA, KOTOpasi KOHEUHA B JIIOOOH MOMEHT BpEMEHHU.

Tenepsb gaauM MOHATHE TTOCIIEIOBATEIBHOCTH U €¢ TIpe/iea.

Tocredosamenvbocnvlo HA3bIBAETCS MHOYKECTBO YHUCET, KOTOPOE
MIEPEHYMEPOBAHO C IIOMOIIBIO EITBIX YHCEIT U PACIIONOKEHO B TIOPSI/I-
Ke BO3pacTaHus HOMepoB [2].

Ecnn 3a1aHa mocne1oBaTeabHOCTD Y|, ¥y, Y3, ..., TO TEM CAMBIM
JT000MY 1IEJIOMY HEOTPUIIATEIIbHOMY 3HAUEHUIO N TOCTABJICHO B COOT-
BETCTBHE 3HaueHue y, = f(n).

Ny 1 1 1
Hanpumep, 4jieHbl reOMETPpUUECKON Mporpeccu —, —, —... SIB-
39 27
JISTFOTCS TIOCIIEIOBATEIbHBIMU 3HAUCHUSMU (PYHKITUU
1
f(n) = 3_ns
ramen € N.

MoXeT cIyduThCsl TaK, 4TO C yBeJIMUEHHEM n 3HadeHus y, = f(n)
Oy/eT HeOrpaHUYEHHO MPUOIIIKATHCA K KAKOMY-TO YHCIY a. B aToM
clTydae TOBOPSIT, UTO YKCIIO a SBJIseTcs mpeaesnioM Gynkiuu f(n) memo-
YUCIEHHOIO apryMeHTa N WU MOCIEJOBATEIBHOCTH Y1, Yo, «oos Ypp» ---

npu n — oo ¥ mumryT lim f(n)=a, wm limy, =a
n—oo n—oo
Yucro a sBasieTcs MpeesoM MOCIeA0BATENBHOCTH Yy, ¥y, -.or Yy

... ecau st Ve > 0 MoxkHo Haditk Takoe N > 0, uto myis Bcex f(n) ¢
HoMepaMu n > N cIpaBeIJIMBO HEPABEHCTBO [2.22].
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If(n) — a < ¢. 3.1)
I/ICHOHBBYH MPUBEACHHOC OIIPCACIICHUC, JOKAXKEM, UTO ITOCIICOO-

1 23 n
BATCIIBHOCTDb s 7T 75 «+es — 5 .-« UMECT IIPECACIT aBHBIﬁ 1
2737477 n+l PEASTL P
COFHaCHO OHpeHeHCHHIO NMECCM.

-ll<e=

<s:>n+l>l:>n>(l—1j=N.

n+1' € €

Taxum 06pa30M, MBI JOKa3aJid, 4TO JJId JIF000TO Harepea 3agaH-

1
HOro £ > 0 MoxHO Halith Takoe N=——1, yto nmpu Bcex n > N Gyzner
€

BBITOTHATHCS (3.1), a 3TO 03HAUaeT, yTo 1 €CTh IMPeAeII NCXOTHOM ITOC-
JIeIOBATEIIBHOCTH.

Teneppb paccMoTpuM GYHKIHIO Y = f(X) HEMPEPBHIBHOTO apryMeH-
Ta X ¥ MPEANOJIOKUM, UTO X HEOIPAHUUEHHO MPUOTUKAETCS K YUCITY
Xo (X = X,). IIpu 3TOM MOXKET 0Ka3aThbCsl, UTO COOTBETCTBYIOLIEE 3HA-
yeHne f(X) HeOrpaHMUYEHHO MPUOIMKAETCS K HEKOTOPOMY YHUCITY b.
B sTOM Ciyuae roBopsT, uTo unciio b ects npeaen GyHkimu f(x) mpu x — X,

A

y

y = f(x)

b+e

b /
b-¢ ,/
S|

0 Xx—0x0x+9 xr

Puc. 3.3
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ChopmyaupyeM onpeaelieHue npedeia yHKyuu.

Yucno b naseiBaerca npenenom Gpynkuuu y = f(x) npu x — X,
eciu 171 Ve > 0 MOKHO HalTH Takoe & > 0, uTo JUIs BCEX X # X, YIA0B-
JIETBOPSIOLINX YCIOBUIO [X — X(| < §, OyAeT cripaBeUInBO HEPABEHCTBO:
[f(x) — b| < € [2, 20]. 3ameTn™m, 4TO PYHKIUS HE 0OSI3aTEIIBHO JIOJIXKHA
OBITH ONpe/IeieHa B IIPEAEIBbHOM TOUKE X, OHA JOJKHA OBITH OIpese-
JIeHa JIUITh B HEKOTOPOW OKPECTHOCTH ITOM TOUYKH.

Tor dakt, yto b — npexen pynkuun y = f(x) npu x — X, 3a11CHI-

Baercs Tak: lim f(x)=b. /laHHOE HAMU ONPEACIICHUE UILTIOCTPUPYET-
X—X(

cs puc. 3.3.

I/ICHOHL?,YH IIPUBCACHHOC OIIPCACIICHUC ITPCALIIA, JOKAXEM, UTO

2_
lim > =2 —.
x—=3 X —3

Ha ocHoBaHum onpesienneHus UMeeM:

2_ —
X 9—6<s:> (x=3)(x+3)

X —

6<8:>|x—3|<8:6. (3.2)

X —

Taxum oO6pa3om, MBI JOKA3aJIM, YTO UCXOAHAsT (PyHKIUs Oyaer
OTJIMYAThCS OT 6 MEHBIIIE, UeM Ha €, eClIu OyIIeT BBITOIHATHCS Hepa-
BeHCTBO (3.2). B manHOM citydae € = d.

ITpuBeneHHOE OTpeesieHue He TaeT crioco0a BEIYUCIICHUS ITpejie-
710B. Hike MBI paccMOTPUM HEKOTOPBIE U3 3TUX METO/IOB.

Janum nmoHsaTHe O JIEBBIX U MTPaBbIX Ipeaenax GyHkimn y = f(x) u
TOYKaX €€ pa3phiBa.

Ecmu f(x) - b, npu X — X, Tak, 4TO X IPUHUMAET TOJILKO 3HaUe-

HUSI, MEHbIIUE X, To muuyT lim f(x)=b; u Ha3bBaOT b, n€sbIM
X—Xg—

npeoeiom.
Amnanornyno, ecmu f(x) — b, nmpu x — X, Tak, 4To X NPUHUMAET

TOJILKO 3HAYEHMs, OOJIbIINE X, TO muIIyT lim f(x)=b, uHa3bBaIOT
X—Xg+

b, npaswvim npedenom [2, 20].
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['eomeTpryeckast WILTIOCTPAIIHS JIEBOTO U ITPABOTO IPEJIEIOB TaHa
Ha puc. 3.4.

A
' T\.y/f(x)\
y = f(x) > by
7
by
0 X0 X -
Puc. 3.4

N3 puc. 3.4 caenyer, 4To B TOUKe X, pyHK1MA y = f(X) umeeT pas-
pbiB. OH HOCUT Ha3BaHUE Pa3pbiBa MEPBOrO pojaa (B TOUKE pa3pbiBa
IIepBOro poJia JIEBbIH U MpaBblii Ipeessl He paBHbI (b, # b,) 1 KoHeu-
HbI). Bce ocTanbHble TOUKM pa3pbiBa HA3BIBAIOTCS TOYKAMH pa3pbIBa
BTOpOTO poja [2, 20]. [Ipumepamu pa3pbIBOB BTOPOTO POJa SBIISIOTCS
OCCKOHEUHBIE pa3phIBHI (CM. puc. 3.5).

A |
o1 Yo y==
lim —=+o0 X
x—>0+ X
.1
lim —=-o0
x—>0-X
1 0 X
B touke x = 0 pyHKIIHSA Y =—
X
uMeeT OECKOHEUHBIN pa3phIB.
ITpeamnonoxum, 4To apryMeHT
¢dbyaknmm y = f(X) HeorpaHHYEHHO
BO3pacTaer (X — ), T. €. SIBIISIETCS
0OECKOHEYHO OOJIBIIINM apTyMEHTOM. Puc. 3.5
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MoeT oKa3aThCsl, UTO IIpH 3TOM (DyHKIU f(X) cTpeMuTCs K He-
KOTOpOMY Iipeeny b (cMm. puc. 3.6).

y
N7 AN
NANANV/ \/ \ b,g/ \/ AN

Puc. 3.6

®OyHkIM y = f(X) crpeMuTcs K mpenelty b mpu X — oo, ecru yist Ve > 0
MOXHO HaiTu Takoe N > 0, uTo /17151 BceX 3HAYCHMH X, YIOBIETBOPSIO-
X HepaBeHCTBY x| > N, OyneT BoImonHATHCS ycnoBue |f(x) — b <
[2, 20, 22].

Termepb paccMOTPUM ClTydaii cTpemMieHus GyHKIUN y = f(X) k Oec-
KOHEYHOCTH IIPH X —> X,

@ynxuya y = f(X) CTpeMUTCA K OECKOHEUHOCTH IIPU X —> X5, €CIIH
g VM > 0 MOxkHO HalTH Takoe 6 > 0, 4TO JJIs BCEX 3HAYEHUH X # X,
YIOBJIETBOPSIOUIMX YCIOBHUIO |X — X| < O, BBIIOJIHAETCS HEPABEHCTBO
[f(x)| > M [2, 20].

DTO ompe/eeHne WILTIOCTpUpyeTcst puc. 3.7.

Hanomuum, uto ¢pyHKmms y = f(X) Ha3pIBaeTCs OrpaHUYCHHON B
JTAHHOM 00J1aCcTH U3MEHEHUsT apryMeHTa, eciu cymectByer N > 0 Ta-
KO€, UTO JJI BCEX 3HAUYEHUU X, MPUHAJICKAIINX PACCMATPUBAEMOU
obmacTu, OyaeT BhIOIHATHCS HepaBeHCTBO [f(x)| < N. Ecnu Takoro unc-
na N HeT, To y = f(X) SBIsSETCS HEOTPAHUUYEHHOM B TAaHHOH 00acTH.

Hanpumep, GyHKIHS y = sinx sBIISIETCS OTpPAHUUYSHHOW Ha CBOCH
obyracTu onpefeNeHus x € (—oo; +oo) (cM. puc. 3.8).

|sinx| <1, T.e. N=1.
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A
’ \
M
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Puc. 3.7 Puc. 3.8

Hamum omnpeseneHrne OECKOHEYHO MaJIOW BEJTMYUHBI.
DyHK1Ms O(X) HA3BIBAETCS OECKOHEUHO MAOTE TTPU X —> X WITH X —> 00,

eciu XILHQO ax)=0 yy )}g{}o a(x)=0

Hanpumep, pynkuus y = (x — 3)3 npu x — 3 ecTh 6ECKOHEYHO

Manas Beln4uHa, Tak kak lim(x —3)° =0,
x—3

TTocTositHHOE OYEHBb MaJIOE YHCIIO HE ABJISIETCS OECKOHEUHO MaJIOHN
BeNMUUHOM. EMHCTBEHHOE YKCII0, KOTOPOE paccCMaTPHUBACTCS B Kave-
cTBEe OECKOHEUHO MaJIoil BEIWYHMHBI, 3TO HOIb. CBsI3b OECKOHEUHO Ma-
JIBIX U OECKOHEUHO OOJIBIIMX BETMYMH MOYKHO MPOCIIEAUTD M3 TEOPEMBbI

3.1: eciu o(X) — OECKOHEYHO MaJlas BEJIMYUHA, TO — OeckoHeu-

o(x)

HO OOJIbIlIasl BEIMYMHA, H HA000pOT [2].
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CpasHenue 6eckoOHeuHO ManblX

Ecin lim o(x)
X=X X)

=0, To ou(X) ecTh OECKOHEUHO Majiasi 00Jiee BbI-

COKOTO TopsiaKa, ueM B(X).

3
Hanpumep, lim X o,

x—0 X
. oux)
Ecomn lim ——= =0, TO ou(X) ecTh OECKOHEYHO MaJtast 0oJjiee HU3-
X=X B(X)

KOTO Topsjika, yeM [(X).
2

Hanpumep, lim X—5 =0,

x—0 x
. a(x)
Ecou lim——==C,rae C € R, To au(X) 11 B(X) — OeCKOHEUHO Ma-
x>0 B(x)

JIBIC OAHOTO ITOPsAJAKaA.

Hanpuwmep, lim3—X =3.

x—1 X
. oux)
Ecmm lim ——==1, 1o a(X) 1 B(X) ecTb SKBUBAJICHTHBIE OECKO-
X=X X
HEYHO MaJble.
. tgx
Hampuwmep, lim 2% 1
x—>0 X

Tenepsb MPUBEIEM 0CHOBHbIE CEOLICMBA NPedesos, KOTOPhIe OyaeM
WCIIOJIb30BATh MIPU UX BBIUKCIEHUU [2, 9, 16].

1. IIpenen anredOpamdecKoll CyMMBl KOHEUHOI'O Yucia (DYHKIIMA
paBeH anreOpanveckoil CyMMe MpeAesioB OT 3TUX (PYHKITUH, T. €.

lim (£,(x) £f,(x) £ ... ££, (x)) = lim £;(x) £ lim f,(x)%...
X—Xg X0 X0

x lim £, (x).
X—X(
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2. Ilpenes MOCTOSIHHOW BEIIMYMHEI PaBEH CaMOM ITOCTOSIHHOM Be-
JINYWHE, T. €.

IimC=C,rne C € R.

x—0

3. Ipeaen mpou3BeeHUST KOHEYHOTO YKciIa GYHKIUN paBEH Mpo-
U3BEICHUIO TIPENICIIOB 3TUX (DYHKIIHA, T. €.

lm (£,(x) -5 (x) oo £, (x)) = lim £,(x)- lim £5(x)-... lim £, (x).
X—Xq X—X X—Xq X—X

Creocmeue. TTOCTOSTHHBII MHOXHTENTb MOKHO BBIHOCUTD 3a 3HAK
npesena, T. €.
lim Cf(x)=C lim f(x), rme C € R.
X=X

X=X

4. Ilpenen yacTHOTO ABYX (PYHKIMN PaBEeH YACTHOMY HMX Ipejie-
JIOB, €CIIU TIpe/iell 3HaMeHATeN sl HE paBeH HYJIIo, T. €.

lim f,(x)

00 _xome £, (x) # 0.
X—X( fz(X) ll)m f2 (X) X—>X(
X—X

5. IIpenen 1enoii MOTOKUTETHHOM CTeNeHN (YHKIIMN PaBEH TOU
JKe CTETeHU Tipejiesia 3TON (GyHKIINH, T. €.

lim [f(x)]" =[ lim f(x)]",rmen e N.
X—Xg X—Xg

6. IIpenern 1emoi MoJIOKUTEIIPHON N- CTeNeHn KOPHS (hyHKITUN
paBeH KOPHIO N-i MOJIOXKUTEIbHON CTENEeHU pesena 3Tol QyHKINH,
T. €.

X=X

lim %/f(x) =%1Ln2 f(x), rmen e Z*.
0

ITpuBenem nBa 3aMevaTeTbHBIX MPeesia, KOTOPhIE MOKHO UCTIONb-
30BaTh MPU PEIICHUU MIPEJIEIOB;
. sinx
1) lim =1;

x—>0 X

X
2) lim [1 + l) =¢ (OCHOBaHME HaTYpPAIIbHBIX JIOTAPU(PMOB).
X—>00 X
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CTpeMJ’IeHI/IC K OEeCKOHEUHOCTHU BCCraga MOXHO 3aMCHUTL CTPEM-
JICHUCM K HYJIIO U HaO60pOT. 3aMeHUM BO BTOPOM 3aMCUaTCIIbHOM

1 1
npeaene —=y, a x =—. Torna coriiacHo treopeme 3.1 mpu X — oo y— 0
X y
U BTOPOH 3aMeuaTeNbHbIN Mpe/iesl IpUHUMAET BUT:
1

lim(1+y)Y =e.
y—=0
Kpatko paccmMoTpuM NoHATHE HENpPEpbIBHOCTH GyHKIMU. s
3TOr0 HAIIOMHUM, 4TO IIpHUpalieHueM GyHKIHMU y = f(X) B TOUKe X, Ha-
3pIBaercs BenuuuHa Ay = Af(x) = f(x, + Ax) — f(x,) [2, 16], roe Ax ecTb
npupalieHue aprymenta (cMm. puc. 3.9).
A ®yuknms y = f(X) Ha3pIBaeTCs
Y / y=f(x) HeNnpepvisHOll B TOUKE X, €CIN OHA
/ ompe/esieHa B HEKOTOPOM OKpecT-
v / HOCTH 3TOH TOYKHM M €CIIU BBIOJI-
Yo Ay HSETCS CTIeIyIOIIee PABEHCTBO:
lim Ay =0. (3.3)
Ax—0
Ax Hoxaxem, HalpuUMep, UTO
0 J X0 X ~ (QyHKLUMS y = cOS X HeNpepbIBHA B
11000 TOYKE X, CBOEH obmacTu
OIpeJesIeHusI.
CornacHo onpeaeneHuo He-
Puc. 3.9 IPEPBIBHOCTH (DYHKIMH B TOUKE X,
MOJTYYHM:
Xo T AX —X, «sin 20 +AX + X _

Ay =cos(X(+AxX) — cosx, = —2sin

+A
=—2sin%sin2x0—x;

Ax—0 Ax—0 2

22Xy +AX

. . . .2 A
lim Ay = lim (—2sm%smmj =

— 2 lim sin X lim sin 0.

Ax—0 2 Ax—0
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ITonb3ysick BBIpakeHUEM JJIsl TIpuparieHus GyHKIuu, GopMmyry
(3.3) MOXHO TIEpenucaTh TaK:

lim [f(x) +Ax) - f(x()]=0, nmn lim f(xq+Ax)=f(x().
Ax—0 Ax—0

O0603Ha4nM X, + AX = X, TOrJa X OyJIeT CTPEMUTHCS K X, IpU AX — 0,
1 OKOHYATEIHHO MOJTYYUM:

Xlinxl0 f(x) =1(xg). (3.4)

Takum o6pasom, pyHkuus y = f(X) HepepbpIBHA B TOUKE X, €CIIU
OHa ompe/eNieHa B HEKOTOPOI OKPECTHOCTH 3TON TOYKH U Ipene GpyH-
KUY IIPU CTPEMJIEHUH apryMEHTa K X, CyLIECTBYET U PABEH 3HAUCHUIO
(byHKIIUM B 3TOM TOUKe [2].

3ameTuM, 4TO (PYHKLMS SIBISIETCS HEIPEPBIBHON Ha HEKOTOPOM
WMHTEpBaJje, €ClIi OHA HEMpPepPbIBHA B KAXKIOH €ro TOUKe, a BCE OCHOB-
HbIE JIeMEHTapHbIe (DYHKIIMU HEMPEPBIBHBI HA T€X UHTEPBaJax, B KO-
TOPBIX OHU OIPE/IEIICHBI.

IIpuBeneM OCHOBHBIE cgolicmea HenpepuleHbix (yrkyuii [9].

1. AnreOpandeckasi cyMMa KOHEYHOT'O YHCIIa HEITPEPHIBHBIX (hyH-
KITMI eCTh (DYHKIIHSI HEMTPEPhIBHAS.

2. ITpoun3sBeeHrE KOHEYHOT'O YKMCIIa HEMPEPhIBHBIX (DYHKINH €CTh
(bYHKIIMS HeTpepbIBHAS.

3. YacTtHoe IBYX HENpepbIBHBIX (YHKIMHA ecTh (DyHKIMS Herpe-
pBIBHAS B Te€X TOYKaX, B KOTOPBIX JICTTUTEIh HE PABEH HYJIIO.

4. Ecu y = f(u) 1 u = @(X) — HenpepbIBHBbIC (GYHKITMH CBOUX ap-
TYMEHTOB, TO CITOXHast GyHKIHS y = f(@(X)) TakkKe HempephIBHA.

5. Eciu ynkuus y = f(x) HenpepbIBHA U UMeeT 0OpaTHYIO (PyHK-
U0 X = ¢(y), TO OCeIHsI TaKKe HelpephIBHA.

Ecnu ¢ynkus y = f(x) HenpepsiBHA, TO B popmyiie (3.4) MOKHO
TTIOMEHSITh MECTaMM 3HaKU GYHKITUHU U Tipesena [16], T. e.

lim f(x)=f lim x. (3.5)

X—Xq X—X

®opwmyia (3.5) o3HagaeT, YTO eciIv (PYHKIHS HEeIIPEePhIBHA, TO IS
OTBICKaHUS IIpeJiesia Ha/l0 BMECTO apryMEHTa X MOJCTaBUTh MPEEib-
HOE 3HAYEHME X;. DTO NPABMUJIO HEIPMMEHUMO B TOM Cllydae, Korja
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[IPU OACTAHOBKE NPEAETILHOIO 3HAUEHUS MBI [10JIy4aeM HEOIIPEACIICH-
0 o
HOCTH BHA: 6; —; (0-00); (00 —00); 17 00; o u mp.
o0

Tenepb npuBeIeM KOHKPETHbIE IPUMEPbI BBIUUCIEHUSI HEKOTOPBIX
MIPEEIIOB.

Hpumep 3.2.1
x*+2 4742 18

lim = —=18.

x—>4 X -3 4-3 1

Ipumep 3.2.2

x> -1 . (x=DX*+x+D) .,

lim = lim =lim(x"+x+1)=3.
x—1 x —1 x—1 x—1 x—1

Ilpumep 3.2.3

. 6x°-3x%+2x-4
lim s 2 5 .
x>0 7x”> +6Xx" —5x"+7

Ecnmu MOACTaBUTh MPEACIIbHOC 3HAYCHUEC, TO ITOJIYUYHUM HEOIIPECIC-

o0

JICHHOCTDb ( j , IOOTOMY JId pCLICHUSA HO,I[O6HBIX IIPHUMCPOB UCIIOJIb-

o0
3yIOT CIIEAYIOIIMHI MPUEM: IEIUM YUCIUTENb U 3HAMEHATEIb Ha X B
MaKCHUMAaJILHOM CTeNeHH, B JaHHOM cilydae Ha X°. Torna momyunm:

6 _ 3.2 4
X—>0 7+§_i3+ls 7+0-0-0
X X X
Ipumep 3.2.4
24 x—A2-x . [V24x—2-x [V2+x+42-x
lim = lim =
x—0 5x x—0 5x \/2+X+\/2—X
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2 V2

~ lim 24+x-2+x ~ lim _~N2
x50 SX(V2+x +4/2+x) | x205(:/2+x +4/2+x) 10’

Hpumep 3.2.5
6
2X §~2x~é X
1im(1+3j =1im(1+3j3 o lim(1+ij3 )
X—>0 X X—>0 X X—>0 X

(ITpenen B KBagpaTHBIX CKOOKAaX — 3TO BTOPOM 3aMeuaTeIbHbIN

TIpesIen).

Ilpumep 3.2.6
. l—-cosx . |1-cosx Il+cosx
lim = lim X =
x50 x2 x>0 x?2 1+ cosx
. 1—cos® x . sin? x
= lim =1 =

2 =m= -
x20x“(14+cosx) x20x“(1+cosx)

S1 1 1
=| lim - lim =—.
x>0 X x>01+cosx 2

Ilpumep 3.2.7
lim [M} — lim FlogS(l + x)il -
x—0) X x—0 X

1 1
=limlogs(1+x)* =logs lim(1+x)* =logse.
x—0 x—0
Tax kak norapupmuueckas QpyHKIIMS HETPEPHIBHA, TO MOKHO BOC-
MOJIb30BaThCs (hopmydtoi (3.5).

Ipumep 3.2.8
. sin8x
lim .

x—>0 X
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I[aHHBIﬁ IPpEacia MOKHO CBECTU K IICPBOMY 3aMCUATCIIBHOMY IIPEC-

. y
JTy IIyTEM 3aMEHBI IEPEMEHHOI, T. €. 8X =y = X = g PHX — Oy—0.

Torna monyunm:

lim 38X _ i g S0Y gy SNY _g.
x—>0 X y—0 y y—0 y

Ipumep 3.2.9. TloacrapnsieM npeJeibHOE 3HaUEHUE (00) BMECTO X
U TI0JTy4YaeM:

x° 00
um(%i :(Z ~0.
x—o\ 3 X 3

Hpumep 3.2.10
sin x . . sinx
6 . 6+ lim 6+ lim —— 640
111’1’1 X+smx — hm X — XD© X—w X — + —
- COS X ) . COSX -
Xoe XTEOSX Xy lim1— lim % 1-0
X X—>0 Xx—0o X

. sinx . COSX
lim =0; lim =0.

Xx—0 X X—o X

lim sinx 1 lim cosx He CTpeMSTCS HU K KaKOMY Mpeeily, OHH
X—>00 X—>0

kose0moTes Mexay —1 u +1, mosTtoMmy nmeem:

sin X COSX

lim =0 Ilim =0.
X—o X X—o X
Hpumep 3.2.11
b x+1
2XH 3 (3) o
lim TR = lim " = 1=3.
X—>00 + X—0
BERE



Ilpumep 3.2.12
lim In(3+x)—1In3 _ 1im11n(3”):
x—0 X x—>0X 3

1 3

= lim 1n(1+§J" = lim 1n[1+§j3" _
X0 3 x—0 3

Ipumep 3.2.13. 1151 TOro 4yToOBI YOPAaTh UPPALMOHATHHOCTD B
3HaMeHaTejae, YMHOXXAaeM U JeJIUM HCXOJHOE BBIpa)K€HUE Ha

(Wx+8+4):

64 —x2 [64 x2 \/x+8+4}

= lim
x—>8\/x+ -4 o8 \x+8-4 x+8+4

:lm(64—x WX +8 +4):

x—>8 x+8-16

_ lim(_(x —8)(x +8)(Wx +8 +4)J _
x—8

x—8
= —lin}g(x +8)(Vx +8 +4)=-128.
X—>

Ilpumep 3.2.14

arcsinx

lim

x—0 X
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H€06XO)II/IMO CBECTH JIaHHBIN Ipeacia K rI€EpBoMy 3aMCHATCIIbBHO-

My mipezaeny. Jiis aToro genaemM 3aMeHy NepeMeHHOi, T. €. arcsin X =y,
X =siny, npu x — 0y — 0. Torga moryaum:

arcsin X |

lim = lim —
x=0 X y—0siny

104

3agauM ana CaMoOCTOSATENIbHOIO peweHuUn

1. Haiftu obmactu onpeseieHust (pyHKITUIA:

1.1. y=\/2X2+7x—5;

1.2.y = logs(6cosx — 2);

4 3
13, y= X +6x° —8x+2 :
x?-5
1.4,y =5x3 - 16x> + 2x 7.
2. Hatitu nipeaensl pyHKIIMIMA:

4 3 2
2.1. lim 55" 6’; T ° .
x>0 7x” +11x" +2X° —6X

12x° —4x% —5x +2

22, lim—

x—o 4x

—x+7x> 418

2.3, lim 230X .
x—0 32X

3.2
2.4, hmu;
x>0 x? 4+8x

25 1im 3arcsinx :

x—0 11x

2.6. 1im*/;_— V2-X .

x—1 x—1



X—>00 X

2.7. lim (1 +lj ;

2.8. lim (-5x% = 7x +18);

X—>0

2_
29. limw;
Xx22x° -3x+42

2.10. lim(x —Vx2=3);

X—>®0

_ 2
211 lim8=%.
x—4 x> — 64

2.12. lim S0

x—0  tg5x

Bonpocbl ana camonpoBepku

1. Yto Ha3pIBaeTcs PyHKLIMEH OOHOM HE3aBUCUMOM ITepeMeHHO?

2. [lepeuncnuTh OCHOBHBIE 3IEMEHTAPHBIE (DYHKITUH.

3. Kakue ¢yHkiun HaszbpiBaroTcs neMentapubiMu? [IpuBenure
MPUMEPHI.

4. Yro takoe npezen pyHkumu y = f(x) npu x — x?

5. Haifte onpeseneHne mpaBoro 1 JIeBOro MpeenoB GyHKuun y = f(x).

6. [lalite ompeneneHue mpesena mocjaeqoBaTeIbHOCTH.

7. Kakas pyHKIIMS Ha3bIBAETCSl OECKOHEYHO OOJIBIIION BEIMYNHON
IIPU X —> Xy U X — Fo0?

8. KakoBa cBsI3b MKy OECKOHEYHO OOJIBIIION 1 OECKOHEYHO Ma-
JIOW BeTUYMHAMM?

9. ChopmynupoBaTh MpaBuia MpeaeIbHOro Mepexoia B ciaydyae
apupMeTHIeCKUX JCHCTBUI.

10. B uem cocTouT MpaBUIIO MPEACIIBHOTO NEpexoa sl Hempe-
ppIBHOH (pyHKIIUM?
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4. OcHoBbl auddepeHLHaNnbHOro
UCUYKUCNIEHHUA

HuddepennnanbHoe UCUUCICHUE — 3TO Pa3/Ie]l MATEMATUYECKO-
ro aHallu3a, CBSI3aHHBIM B OCHOBHOM C MOHSTHSIMH IIPOU3BOIHON M
nuddepernrana GyHKINM.

4.1. NMpousBogHasa nepBoro nopsaka.
Auddeperumnan. NMpounssoaHas
BTOPOro nopspaka

Ilpoussoonoii hynxyuu y = f(X) Ha3pIBAeTCS MpeIe] OTHOIICHUS
npupaiieHus GyHKINN K MPUPAIIEHUIO apryMeHTa MPU ITPOU3BOJIb-
HOM CTPEMIICHHH TTOCJICTHETO K HyITro [2, 20, 22].

y =) =W o i LEEAO =)y Ay
dx Ax—0 AX Ax—0 AX

d
T. €. Mpou3BoaHas GpyHKIuu f (X)(f ’(x),y',d—y] ecTh HeKOTOpast (PyHK-
X

1M, TIOJIyYE€HHAs 110 OINpeAeSIEHHBIM MpaBUjaM U3 3aJaHHOU (PyHK-
IIUH.

3HayeHue NMpoU3BOAHON QyHKIMH Y = f(X) B KAKOH-TO TOUKE X,
0003HaYaI0T OOBIYHO TaK:

f(xy) nmn y', _ %y

MexaHu4ecKuil CMBICI TPOU3BOIHOM — 3TO MPE/Ie CPETHEN CKO-
pocTH 32 6ECKOHEUHO MaJIbI MPOMEKYTOK BPEMEHH.

I'eomeTprueckuil CMbICT MTPOU3BOTHOMN BBITEKAET M3 CIEAYIOIIEH
Teopemsl 4.1: eciu 3HaUeHWE ITPOU3BOIHON OT yHKIMHU y = f(X) mpu
X = X, paBHO f'(X;), TO IpAMas1, IpoBeieHHas Yepe3 TOUKy M (X, ¥,) ¢
yIJIOBBIM KO3(duiuuenToM, paBHbIM f'(X,), ABIsSEeTCS KacaTelbHOH K
rpaduky QyHKIMU B TOuke M.
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I'eoMeTprUeCcKHii CMBICI IIPOX3BOIHOM WIITFOCTPUPYETCs Ha puc. 4. 1.

A

y = f(x)

yi M,
Ay
yO M()
Pl A .
0 X0 AX X1
Puc. 4.1

IIposenem uepes Toukn M, 1 M, cekylyro, TAHI'€HC yIja o, 00-
Pa30BaHHOI'O MEXKAY CEKYILIEH U MOJIOKUTEIbHBIM HAIIPABIEHUEM OCH
0X, paBeH:

A

tgo = _y_

Ax

bynem nepemeriath To4ky M, 110 KpuBOIi B CTOPOHY TOUKU M, T. €.
ycrpeMuM Ax K Hymto. [IpenenbHbIM 3HAaUeHHEM ceKyllei Oy1eT Kaca-
TelbHasd, Ipoxoadmas yepes Touky M,,. Torna nomyunm [2, 16, 17]:

. . A
y'= lim tgo= lim A tgo.
Ax—0 Ax—0 AX

YcTaHOBUM CBSI3b MEXJy HENPEPBIBHOCTBIO U AU(QepeHImpye-
MocThIO pyHKIMH. OHA BUAHA U3 ClleAyomiel Teopemsl 4.2: ecnu GyH-
ks quddepeHninpyemMa B HEKOTOPOM TOUKE, TO B 3TOM TOUKE OHA
HernpepbiBHA. OOpaTHOE YyTBepXKAeHUe HeBepHO. B kauecTBe mpumepa
Bo3bMeM QyHKINIO ¥ = [X|. Ee rpaduk mokas3as Ha puc. 4.2.
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y =X

v

Puc. 4.2

W3 "ero BumHO, uTO B Touke X = 0 gaHHas QyHKIUS HE MMeEET
OINPENCIICHHON KACATEIbHOM, 4 3HAUUT, HE UMEET B 3TOM TOUKE U IIPO-
W3BOJHOI.

W3 onpesenenus mpou3BOIHOM CIIeyeT Coco0 ee BEIYMCIICHUSI.

Haiinem nmpou3BoHy0 QyHKIHU y = X", T/Ie n € Z, UCXOMs U3
onpeeseHus! MPOU3BOTHOM.

. A . Ax)" —x"
y= lim 2Y _ lim Mz
Ax—>0 AX  Ax—0 AX

_ -1 _
x" +nx" lex+Mxxn 2% (AX)? + ...+ (Ax)" —x"

~ lim 2 -
Ax—0 AX
Ax(nxn_1 + @ X" 2 XAX + ...+ (Ax)n_lj
Ax—0 AX

. - . n(n-1 - . - -
= lim nx"" + lim (—)xxn ZXAX +...+ lim (Ax)" =nx"7
Ax—0 Ax—0 2 Ax—0

Hrak, (x*)' = nx" !, nanpumep (x%)' = 8x.

MOXHO 10Ka3aTh, YTO MOJydYeHHAs (GopMyla BepHA IS BCEX
xeR[22].

W3 npuBeIeHHOT 0 IIPUMEPA BUIHO, YTO UCIIOJIL30BATh OIPE/IEIIe-
HHUE TPOU3BOIHOM JUISl €€ BHIYMCIIEHUS N0 JOCTATOUHO TPYI0EMKOE.
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[TosToMy ropasno mpoiie, UCIONb3ysl OmpeeleHue MPOU3BOIHOM,
BBIBECTH MPOM3BOJAHBIE OCHOBHBIX JIEMEHTAPHBIX (PYHKIUH U cdop-
MyJIUPOBATh MpaBuia TudQepeHInpoBaHUs alIredpandeckoi CyMMblI,
MPOU3BEACHUS], YACTHOTO (PYHKIUHN, CIOKHONU (PYHKIIMU, OOpaTHOM
¢byukiun. [To momyyeHHBIM (hOopMysIaM U TpaBUIIaM MOXKHO OyeT Ha-
XOJIUTh TTPOU3BOJIHBIE JIFOOBIX 3JIEMEHTAPHBIX (PYHKIUH [2].

Ilpou3soonvle 0CHOBHBIX dNleMeHMAPHBIX (hYHKYULL

1
(x") =nx""L; (Inx)'=—; (log, x)'= ;
X xlna
(@) =a'lna;  (e%) = e (sinx)' = cosx;  (cosx)' = —sinx;
1 .
(tgx)'= — (ctgx)'=— — (arcsinx)'= ;;
cos” X sin” x 1— x>

;; (arctgx)'= ! 55 (arcetgx)'=— ! -
V1=x2 1+x 1+x

JlomoTHUM TaOIHIy TPOU3BOAHBIX TPOU3BOAHBIMY OT THIIEPOO-
JIMYECKUX U 0OPATHBIX THIEPOOTNIECKUX (PYHKITUN, KOTOPBIE HE SIBJIS-
IOTCSI OCHOBHBIMU 3JIEMEHTAPHBIMU (DYHKITUSMU, HO YACTO MCIOIb3Y-
FOTCSI B PA3IMYHBIX MTPHIIOKEHUSX [2, 22].

K runep6onnyeckum (QpyHKIHMSM OTHOCSTCSI TUIIEPOOTUYECKHE
cunyc (sh x), kocunyc (ch x) u Tanresc (th x), KoTopble HaXOAATCS 10
dhopmyam:

(arccosx)'=—

X —X X —X X —X
e —e e" +e shx e" —e
shx=———; chx=———; thx=—-=———.
2 2 chx eX4e™*

Bce atn pyHKIIMU ompesiesieHbl HA MHOXECTBE JICHCTBUTEIBLHBIX
yucelnr (R) u cBsa3anbl Mexay co0O0# CIIEAYIOMUMH COOTHOIIEHUSIMU:

ch2x — sh2x = 1; ch2x = ch2x + sh?x; sh2x = 2shxchx; ch’x =;2;
1-th"x
sh?x = ﬂ
1-th%x
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®yHkun, odpaTHbIe K shx, chx, thx sBIArOTCS 00paTHBIMU T'H-
MepOOTNUECKUMU (PYHKIUSAMU B 0003HAYAFOTCS:

Arshx (apea-cunyc runepoonmyeckuii), Archx (apea-KocuHyc ru-
nepooymmueckuii), Arth (apea-TaHreHc TUNEpPOOJINUECKUIA).

Arshx = ln(x FVx?+ 1);

Archx = ln(x +/x? —1);

1+x

Arthx = lln
2

—X

ITpousBoaHBIE TUTIEPOOIIMUECKUX U OOPATHBIX THITIEPOOTNIECKIX
(byHKIIUI HAaXOAATCS IO hopMyIaM

1

(shx)' = chx; (chx)' = shx; (thx)'= h12 ; (Arshx)'=
ch”x

b

x“+1

L. (Arthey=—"

x° -1 1-x

(Archx)'=+ 5

Ilpasuna oupgepenyuposanus

1. AnreGpandeckoit CyMMBbI (DyHKIIUH.

) L&) ... £f(x) =f'X) ££'x) ... £f(X).

2. IlpousBeneHus (PyHKIIHUA.

(f,(x) x £5,(x))' = f,'(x) x £,'(x) + f,(x) x £,'(x).

Wcxopas u3 aToro nmpaBwiia, i Tpex QYHKIUN TOTyIrM:

(f,(x) x £,(x) x £5(x))' = (£;(x) x £5(x))" x £5(x) + £;(x) x £(x) x £5'(x) =
= 1£'(x) x [,(x) x f5(x) + £5'(x) x £;(x) x £5(x) + £5'(x) x {;(x) x £5(x).

3. YacTHOro ABYX (DYHKIIHIA.

( fi (%) ] _hHG)xfH(x) - fzz(x) <Hx). f,(x)#0.
f2 (X) [fZ (X)]
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4. Cito’)XHOM (PyHKITUH.

Chopmynupyem TEOPEMY 4.3: npouzsoonas cnoocnoii hynxyuu
DpasHa npou3soOHol 3a0aHHOU YHKYUU NO NPOMEIHCYIMOYHOMY AP2YMeH-
my, YMHONCEHHOU HA NPOU3BOOHYIO IMO20 AP2YMEHMA NO He3ABUCUMOL
nepemennoti, T. €. ecimn 'y = f(u), a u = j(x)u y = f(j(x)), TO cornacHo
JTAHHOHW TeopeMme:

Y= f(u)xu(x)—ﬂxd“
du dx

AHAJIOTUYHO BBIBOJIUTCS (pOpMyJIa MpU JTIOOOM YHCIIE TPOMEKY-
TOYHBIX apPTyMEHTOB, T. €. MPOU3BOJIHAS CIOXHOW (PyHKLIMU paBHA
MPOU3BEACHUIO IPOU3BOIHBIX OT (PYHKIMI €e COCTABIISIONINX.

Hanpuwmep, HaiieM Npou3BOAHYIO (QyHKINH

y = cos?4x.

= 2cos4x(—sindx)4 = —8cos4x x sindx = —4sin8x.
5. IlpousBoaHas o6paTHON (PYHKIIMM HAXOIUTCS IO (popMyIie

1 1

Yy (X)=—— wm x'(y)=—
x'(y) y' (%)
00paTHBIX PYHKIIMIT OOpaTHBI IO BeMnynHe. B kauecTBe mpumepa Haii-
JIeM ITPOU3BOIHYIO (DYHKIIHHI

, T. €. IIPONU3BOJIHBIC OT B3AaUMHO

y = arcsinx = X = siny e—EE
Y 272

1 1
cosy \/l—sinzy _\/l—xz

Ipumepwi HaxooicOeHUs: NPOU3BOOHBIX

X,' = COSy = Yx =

.2
. Insin” x
Ipumep 4.1. 'y =log,, sin?x =———
In2x
IIpexie yeM HANTHU MPOU3BOJHYIO OT 3aJIAHHONW (PYHKIIUU, MBI
MEepelIy K IPyroMy OCHOBAHHIO U TeMePhb HAMIeM MPOU3BOJIHYIO UC-

XOJIHOU (DYHKITMU IO TTPABHITY TPOU3BOJIHONM YACTHOTO.
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) 1 .
5 2sinxcosxIn2x — — 21Insin’ x

r_ sin” x 2x

(In2x)?

_ 2ctgxIn2x — x 'Insin? x

(In2x)?

y

Ipumep 4.1.2. y = x5

Jannast GyHKIIMSI HA3BIBAETCS CIIOKHON MOKA3aTeTbHOU (PyHKIIU-
eil. UToOBI HAMTH MTPOU3BOIHYIO OT TaKOH (PyHKIIMH TTpoIoTapupMU-
pyeM ee JIeByIO ¥ IPaBYIO YacTH, a 3aTeM npoiuddepeHnpyemM mnomiy-
YEeHHBIE BBIPAXKEHUS, IOMHS, UTO Y €CTh (DyHKIHUS OT X [2].

Iny = sinx Inx;

1, 1.
—y' =cosx Inx +—sinx;
y X

, sin x
y =y[cosxlnx+ j;
X

i sinx
y' =x""*| cosxInx + )
X
Hamum nousatue nuddepeHnrana GyHKIIH.
Ecnu 3amana HenpepbiBHas yHKIMs y = f(X), nMeromas mpous-

BoaHyo0 f'(x)= lim Ay , TO UMEEM:
Ax—0 AX

A
A_y =f'(x)+o(x), rae oX) — OECKOHEYHO Majiasi BeIUYUHA MTPH
X

Ax — 0.

Hanee nonyyaem:

Ay = f(X)AX + o(X)AX.

Jlugcheperyuanom (OT TATHHCKOTO CIIOBA differentia — pa3HOCTB)
(GYHKIIMM Ha3bIBAETCS TJIABHAS YaCTh MPHUPAIICHUS 3TON (YHKIINH,
JIMHEHAs! OTHOCUTENIBHO MPUPAIICHUS apTyMEeHTa X, T. €.

dy = f\(x) x AX.
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I'eomeTpuueckuii cmbicn nuddepeHnraia BUASH U3 puc. 4.3.

y =f(x)

M;
< /

M dy
% R
0 X X1 X
Puc. 4.3

Huddepentnan GpyHKIMI reOMETPHUUECKU N300 pakaeTcs mpupa-
LIEHUEM OPAMHATHI KacaTelbHOW, IpOBeNeHHON B Touke M(X, y) mpu
JMAHHBIX 3HAYEHUSX X, AX [16, 22].

PaccmoTpum yHKIMIO y = X.

Just Hee momyunM, uTo dy = AX, a TaK KaK y MOKHO 3aMEHUTH Ha
X IO yCJIOBHUIO, TO UMeeM dx = AX.

CnenosatenbHo, auddepennran Gpyakinn pasen dy = y'dx. Ot-
crofia cienyet opmyna

_dy

Y dx

Janum noHsiTue npou3BOAHOM BTOpOTo nopsaka. [peamnonoxum,
YTO HaM 3ajiaHa QyHKus y = f(X), nMeromas mpou3BoaHyo y' = f(x).

ITpousBogHas ot pyHkmu {'(X) TakKe ABIsAeTCS GYHKITUEH, ¥ €CTN
oHa auddepeHnrpyemMa, To OT Hee MOXKHO B3ATh MPOU3BOAHYI0. OHa
Oy/zeT Ha3bIBATHCS IPOU3BOJIHON BTOPOTO MOPSIKA:

o A0 - ().
—0 AX

y' =)= k)= li
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Ipumep 4.3. y = 3x? + sin’x.

y' = 6x + 3sin’x cosx

y" =6 + 3(2sinx x cos?x — sin’x).

C nomouibio NMepBoil U BTOPON MPOU3BOAHBIX MOXKHO HCCIIEHO-
BaTh (PYHKIIMIO HA IKCTPEMYyM (max, min), HAXOAUTh TOUKH Ieperunda

1 YUACTKH BBIITYKJIOCTU U BOTHYTOCTHU (I)YHKLII/II/I

4.2 Hekotopbie cBeAeHUA O (PYHKLUAX MHOTMUX
nepemeHHbix. [loHATHe O yacTHOM
NPOU3BOAHOM

Panee mbl paccMoTpenu GyHKIMM, KOTOPbIE 3aBUCETIN OT OJHOIO
HE3aBHUCUMOT0 aprymMenTa. Ho B IeHCTBUTETBHOCTH Yallle MPUXOIUT-
Csl IMETD JETI0 C (PYHKUMSIMH, KOTOPBIE 3aBUCST OT ABYX, TPeX U O60JIb-
LIET0 YMCIIa HE3aBUCUMBIX aPTYMEHTOB.

Hanpumep, momaas npsMoyroibHIUKa cO CTOPOHaMH a u b Oy-
et pyHKLIueH OByX He3aBUCUMbIX apryMeHTOB. DyHKLUS 3Ta UMEET
BUI S, = a x b, re a u b MOryT ObITh JTIOOBIMI IEHCTBUTEIBHBIMU
MOJIOKUTEIbHBIMHU YNCIAMH, TAK KaK U CTOPOHBI MIPSIMOYTOJIbHUKA, U
€ro IUIOLIAb HE MOTYT OBITh OTPULIATEIbHBIMH BETUYMHAMM.

[Tonoxxenne kakoro-nubo oObEeKTa Ha MOBEPXHOCTU IUIAHETHI
onpeAessieTcs TpeMsi KOOpAUHATAMU: HIMPOTOM, JOJATOTON U BBICOTOH,
T. €. ABJIeTCS PyHKIMEN TPeX HE3aBUCUMBIX apT'yMEHTOB.

[Tonoxenune xocmuueckoro annapara (KA), auxyierocs mno
HEBO3MYILEHHOM 3JUTUNITUYECKOH OpOUTE BOKPYT 3eMild, ecTh (DyHK-
LM IECTU ApPTYMEHTOB (TpeX KOOPAUHAT (X, Y, Z) U TPEX COCTABIISIO-
IUX CKOPOCTH (X,V,Z)). DTa QyHKIIMOHAIbHAS 3aBUCUMOCTh UMEET
CIEAYIOIUMN BU;

F=0(x,y,2,X,Y,2).

B rymanuTapHbIX Haykax, HAllpUMEpP B IOPUCHPYACHLIUU U KO-
HOMUKE, )KECTKO AETEPMUHUPOBAHHbBIE (DYHKIIMOHAIbHBIE CBSI3U BCTPE-

YarTcs HevacTo. Tam HCITIOJIB3YIOTCHA MHOFO(I)&KTOPHI)IG CTaTUCTHYCC-
KHC B3aMMOCBA3H BHUAA:

Z =1(x}, Xy, ..., X)) + Af(AX}, AX,, ..., AX) + €(Y5 Yoo ooos Vi)

LIe X;, Xy, ..., X, — YYTCHHbIE HAMU IIPU3HAKH, 110/ BIUSHUEM KOTO-
pbIx MeHsieTcst GyHKIMS Z;
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AX,, AX,, ..., AX, — OIIMOKM yYTE€HHBIX TPU3HAKOB;

Y1s Y2» «oes ¥y — HEYUTEHHBIE HAMM ITPU3HAKH, KOTOPBIE MOT'YT BJIM-
SITh Ha QYHKITUIO Z.

Cnayaja paccMOTpUM (QYHKIIUIO IBYX HE3aBUCUMbBIX apTyMEHTOB
x ny. [lepemenHas BemunHa 7 Ha3bIBaeTCS (PYHKIMEH MMEPEeMEHHBIX
BEJIMYMH X ¥ Y HA MHOKeCTBe D, eciii KaKJ0i TOYKe 3TOr0 MHOXKECTBA
COOTBETCTBYET OJTHO OTIPEeACIICHHOE 3HAUCHHUE BeJIUnHbI Z [2, 3, 6, 20].

MmuosxectBo D HazbiBaeTcs 001acThio onpeienienust GyHKIuu Z.
OOBIUHO OHA IPECTaBIIIeT CO00M YacTh mIockocTh X0y, orpaHUYCH-
HOW OJTHOU WJITM HECKOJIbKMMU JIMHUSAMU. TOT hakT, uTto Z ecTh (yHK-
[[MsI HE3ABUCHUMBIX apPTYMEHTOB X U Y, 3aMUChIBAIOT TaK:

7 =1(x,y).

DyHKIMS IBYX apTYMEHTOB MOXET 3a/1aBaThCS CIISTYFOIIUMHU CITO-
cobamu:

1) aHamUTHYECKHUM, T. €. TPUBOIUTCS GOpMYJIa, IPU TTOMOIIH KO-
TOPO MO 3a/IaHHBIM 3HAUEHUSM aPTyMEHTOB X U Y HAXO/IAT 3HAUCHUS
dbynkumnn Z. Hanmpumep:

1 .
Z=EX}’; Z =sin*(x +2y); Z=3/sin®x—Iny; Z* = x>+ y°.

2) TAaOMUYHBIM, T. €. JUIS HEKOTOPOTO KOJMYECTBA Map apryMeH-
TOB (X, y) IPUBOAATCS 3HAUCHUS (PYHKLIMH (Z).

3) rpaduaeckuM.

I'padukom dyHKIIUU TBYX He- SR Y2 | . Yn
3aBUCHUMBIX apPTYMEHTOB B CHUCTEME X
MNPsIMOYTOJIBHBIX KOOPAMHAT Ha3bl- X Zun | Zi | Zin
BAeTCss MHOXECTBO TOUEK, abcumc- | Xy | Zoy | Zoo | ... Zon
CBbI M OPAMHATHI KOTOPBIX SIBISIOTCS
3HAYEHUSIMU X U Y, & AlMUINKATHl —
COOTBETCTBYIOIIMMH 3HAUCHUSIMU Z.
I'padukom GyHKUIMM IBYX Hempe-
PBIBHBIX apTYMEHTOB OOBIYHO CIIYXKHT IMOBEpXHOCTh. Hanpumep, rpa-
bukom dynkumu Z = x> + y? sBisercs napabosiou] BpaleHus (CM.
puc. 4.4).

Teneps nagum onpeaeneHue GyHKIUN N HE3ABUCUMBIX apTyMEH-
TOB X, X, ..., X

Xn Zl’ll Zn2 e an

n*
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v

Puc. 4.4

Ilepemennasn senuuuna
W HazbIBaeTCsl yHKIHMEH ITe-
PEMEHHBIX BEJIMYMH X1, X,, ...,
X, ECTIM KaXJI0M paccMaTpu-
Ba€MOW COBOKYITHOCTH 3TUX
BEJIUYUH COOTBETCTBYET
OJHO OIpENETIEHHOE 3HaYe-
Hue W.

Tot daxr, utro W ecthb
(yHKIMS apIyMEHTOB X, X,,
...» X, 3AIIACBIBAIOT TaAK:

W =1(x, Xy, .oy X))

T'eomeTpuueckasa ui-
nroctpanus GyHKIUN OT n
HE3aBUCHUMBIX ApPTYMEHTOB
TepsET HATISAHOCTh MPHU
n>2,

IIpu uccnenoBaHUM MOBEPXHOCTEN 2-ro Mnopsaka 4acTo Ipume-
HSIFOT METO/JI CEUEHU I, KOTOPBI 3aKJII0YAETCSl B TOM, YTO OIPEesIEHHe
BM/1a TIOBEPXHOCTH 110 €€ YPABHEHUIO MPOU3BOJUTCS IIyTEM U3YyUEHUSI
KPUBBIX, 00Pa30BaHHBIX IIPH CEUEHUU ITOM MOBEPXHOCTH TIOCKOCTSI-
MU, IIapaJuIeTbHBIMU KOOPIANHATHBIM IUNIOCKOCTSIM.

HamuMm ompeneneHue mpenena GyHKIIMA IBYX HE3aBUCHMBIX ap-

TYMEHTOB.

Yucio b HaspiBaeTcs npeaenom pyHkimu Z = f(X, y) Ipu X — X, U
y = ¥, €CIH IJIs BCEX 3HAYEHUH X M y JOCTaTOUYHO MaJlo OTIMYAI0-
HINUXCA OT X, Y, COOTBETCTBYIOLIME 3HaueHHUs QYHKIMU f(X, y) Kak yroj-

HO MaJjIo OTJIMYAIOTCS OT umciia b [6, 22].

Tor ¢akr, uro b ects npenen pynkuun Z = f(x, y) npu x — X, 1

Y — Y, 3aIUCBIBAIOT TAK:

lim f(x,y)=b.
X=X,
YY,

TCHCpB BBCACM ITOHATHUSA HACTHBIX ITPOU3BOAHBIX ITO HE3aBUCUMbIM

apryMEHTaM.
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PaccMoTpuM QyHKITMIO BYX HE3aBUCHUMBIX apTyMEHTOB X U .
Z = f(x, y). [Ipeanonoxum, 4To y = const  pacCMOTPUM 3Ty (PYHKIIHIO
KaK (DyHKIIUIO OJTHOTO HE3aBUCHMOTO apI'yMEHTa X.

Ecnu sta dynkims nuddepenunpyema, To CyImecTBYeT Mpeaes

o FH A Y) ~F(x,y)
Ax—0 AX

=1, (x,y).

HwxHuii mHaekc (X) yka3plBaeT Ha TO, UYTO MPOU3BOAHAS OepeTcs
10 apryMEHTY X.

YacTHoM MpOou3BOAHON 110 X OT ¢yHKIMU Z = f(X, y) Ha3pIBaeTCs
(YHKITUS TIEpEMEHHBIX BEJIMUMH X U Y, KOTOPas TOJIy4aeTcs Ipu Jud-
(hepenumpoBanuu f(X, y) 1o X B IPEAIIOI0KEHUHN, YTO Y = const.

OHa 0603HavaeTCs TakK:

Z AxY)

b 9 M

ox  0x *
APTryMEeHT y CUMTAETCSl TOCTOSIHHBIM TOJIBKO B Tpo1iecce audde-
pennpoBanus. ITocne HaxoXkIeHUsT YACTHOW MPOU3BOIHON (PyHKIIMS

/4
x OyJeT 3aBUCETh OT JIBYX apI'yMEHTOB X U Y.

AHAJIOTUYHO OIpPENeTNM YaCTHYIO TPOU3BOAHYIO 110 Y OT (PyHK-
uu Z = f(x, y) npu X = const KakK Mpeen:
lim f(Xa y+ AY) B f(X, Y)
Ay—0 Ay

= (X, ).
Ona o0o3HaUaeTCs Tak:
9z AHxy)
2 2 y .
oy 0y
ITpu HaAXOKIEHUH YACTHBIX TPOU3BOIHBIX UCIOJIB3YIOTCS (hOpMY-

76l ¥ mpaBuiia quddepeHmpoBanus GyHKIIUA OJHOTO HE3aBUCUMOTO
aprymeHnrta. PaccMOTpuM KOHKpETHbIE TPUMEPHI.

Ilpumep 4.4
Z = 5x3cos y.
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oz =15x> CosYy; oz =—5xsin y.
ay

Hpumep 4.5
Z = 6x*tgy + 5xIny;

63—2—24% + Slny;
ox  2tgy + Slny;

oz 6x*  5x

— =t

0y cos“y Yy

AHAJIOrMYHO MOXKHO ONPEIEUTh YACTHbIE TPOU3BOHBIE OT JIFO-

60ro uncia He3aBUCUMBIX APTYMEHTOB.
Hanpumep, nmeeM (GyHKIIMIO N HE3aBUCUMBIX NTEPEMEHHBIX

W =1f(x}, X5, ... X)-
Haiinem yacTHyIO IPOU3BOIHYIO IO aPIyMEHTY X;:

X ) = (X, X0, X))

oW . (X +AX,X5, X5, ..
~ im 14 1-X2,X3
O0X|  Ax;>0 Ax,;
AHaJIOrMYHO ONPEEIIUM YaCTHYIO IIPOU3BOIHYIO 10 APIYMEHTY X,
oW o T(x,Xy +AXH, X5, ou X ) — F(X,X, oy X

N im ( 1>22 2523 n) ( 1>42 n) UT. L
8X2 AXZA)O AX2

Ilpumep 4.6

W = 2x,cos x,Inx;.

oW oW .

——=2c0sX,Inx;; ——=-2x;sinX, Inx;;

0X, X 5

OW _ 2Xx;cosX,

0X3 X3
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Juggheperyuposarue cnodichvlx @yHKyull

ITycTs nMeeM (hyHKITHIO IBYX HE3aBUCHMBIX apryMeHTOB Z = f(u, v),
MIpUYEM apryMEHTHI SIBJISFOTCS (PYHKIIMSMH HE3aBHCHMBIX ITEPEMEHHBIX X
ny,T.e.u=0X,y);v=y{X,y),T.e.

Z =1lo(x, y), y(x, y)I.
B sTom citydae yacTHble pou3BoaHbIe GYHKIMK Z M0 apryMeH-

TaM X M 'y OyIyT BBIUYUCIATHCS 110 hopmyiiam [2, 22].
oL GZ ou 0Z ov

—+t—X—;

8x6u6x8v8x
6Z@Z€u826v

ayauayavay'

Ilpumep 4.7
Z = &> x sin(5x + y).
u=3xy;v=5x+y.
z = ¢" x sinv.
8_Z =y x 3 i 3xy = e3xy
e x 3y x sin(5x +y) + ¥ x cos(5x + y) x 5 = e¥¥(3y x

x sin(5x +y) + Scos(5x +y)).

%z _ e™ x 3x x sin(5x +y) + e¥¥ x cos(5x +y) = e¥¥(3x x sin(5x +

+y) + cos(5x +y)).

Ilpumep 4.8

Z = sin(x%y?) x In(3y + x?).
u = x3y2

v =3y + x>

z = sinu Inv.

sin(x y )

(674 32102 L2 2
—=cos(X"y")3x“ xy” xIn(By +x“) +
0x By +x’ )

s1n(x )

oL 32003 2
—=cos(x"y)2yx” xInBy + x°) + ————=
ay Gy +x’ )
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4.3. HekoTopble NpunoxxeHUs
AnddepeHLHaNnbHOro UCYUCNEHHUA

4.3.1. ®opmyna Tesinopa

Ilycts HekoTOpas GpyHKIMS y = f(X) IMeeT Bce MPOU3BOIHBIE 10
(n + 1)-ro mopsiaKa BKIIOYUTEIIBEHO HA HEKOTOPOM HWHTEpBaJIe, BKITIO-
YarolleM TouKy X,,. Haiinem MHorounen y = P, (X) cTeneHu He BbIlIE 1,
3HayeHHe KOTOPOIo B TOUKE X = X, PABHO 3Ha4eHMIO PyHKIMU y = f(X)
B ATOM TOUKE, & 3HAUECHHUE €0 MPOU3BOIHBIX /10 N-T'0 MOPSAKA B TOUKE
X = X, PaBHbI 3HAYE€HUSAM COOTBETCTBYIOLIMX IPOU3BOJHBIX OT (PyHK-
M y = f(X) B 3TOH TOUKe, T. €.

P, (xo) = f(x); P,'(x) = F(x0); Py (x¢) = F'(xo);

P "(xp) = "'(Xp); ... P,M(xg) = f(xy). 4.1

Hckombrii MHOTOUIEH (O0JTee moapoOHO cM., Hampumep, [20, 22])
OyJIeT UMETh BU/I;

e BTX0) 0 (x=x0) 4,
Py (x)=f(xo) +——— 1 (x) + 12 (x0)+
. \3 _ 4.2)
SOTX0) e +—(X o))y,
Ix2x3 Ix2x3x..xn
Yepes R, (x) 0603HaunM pa3HOCTh 3HAUEHUI TaHHOU (yHKIIMU Yy
= f(X) 1 MHOTOUJIEHA, HAXOIUMOTO 110 hopmyite (4.2), T. e.
R, (x) = f(x) - P, (x),
orcroza f(x) = P (x) + R (x) nim

2
£(x) =f(x0)+@f’<x0)+%f"(x0)+

3 n 4.3)
X=X X=X
+@f"'(x0) +... +@f<“)(x0) +R,(X),
3 n!
rae R (X) — 9To ocTaTOuHBII WileH, KOTOPBI MOXKET ObITh 3aIIUCaH B
pas3HbIx hopmax.
MBI nipuBe/ieM Tak HazbiBaeMyto (popmy Jlarpamka, KoTopasi UMeeT BUJT;
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(X _ Xo)n+1
(n+1)!
31eck M € [X, X] 1 e MOKHO ITPENCTaBUTDh B BUAE 1| = X, + A(X —X,),
rae 0 <A < 1. Tornma dopmyna a5 OCTATOYHOTO YIeHA IPUMET BU/I:

R, (x)= £ (). (4.4)

(X _ XO)I’H—I

(n+1)!
A popmyna

R, (x)= £ X + (X —Xg)].

2
f(x)=f<x0)+(’“1—,"°)f'<x0>+%f"(x0>+

3 n
P TN g BTXO)

_ n+l
+%-f(m”[xo + (X —Xg)]

Ha3biBaetcs hopmyoit Teiinmopa mist pyHKmn y = f(x).
Ecnu B popmyie (4.5) mpunsatse X, = 0, TO OHA IPUMET BUL:

X2 3
f(x)= f(0)+ f(0)+ f”(0)+ f’"(O)+ A+

Il
f(“)(O) £ (k). (4.6)
@+

3nech 0 < A < 1, a popmyiy (4.6) yacTo HA3BIBAIOT (HOPMYJION
Makiopena. Terepp Haliiem pasioxkenue GyHKIIUUA y = e* 1o ¢op-
Mmyie (4.6):

f(x) =¢e* f(0) =1;f(x) =% £(0) = 1; f'(x) = ¥

f'(0) = 1, ..., fI(x) = & f™(0) = 1.

DTHU TaHHBIE MMOJICTABIIsIEM B popmyiy (4.6) u moirydaem:

2 3 n n+l
X X X X X
et =l .+ M orme0<a<l.

o2 3 n!  (n+1)
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Ecau |x| < 1, To, B3s5B n = 8, HalijleM OIICHKY OCTaTOYHOI'O YJIeHa

1
R, <53 . A ecnu x = 1, To moydum HopMyITy ISl TPUOITHKESHHOTO

BBIUMCIICHUS Yucia e [22], T. e.
e=1+1+l+l+l+...+lz2,71827.
I3 4 8!

311ech BEpHBI ITEPBBIC YETHIPE 3HAKA ITOCIIE 3ATISITON, TAaK KaK OITHO-
3
Ka He MPEBOCXOMUT YHCa -, I 107>, 3ameTuM, 4TO Kakoe Obl HU

Xn+l

— ™50 npun - o, T. e
(n+1)!

OBLJIO X, OCTATOUHBIN wiIeH R, =

lim R, =0. [TosTomy mipu VX, B3SB TOCTATOYHOE YUCIIO WICHOB pa3-
n—w

JIO)KeHus, 110 opMyie (4.6) MbI IOJIyIuM e* ¢ JIF000i HeOOXOTUMOM
CTETIEHBIO TOUYHOCTH.

4.3.2. lNpasuno Jlonurans

JlaHHOE MpaBUIIO IOMOTAET PACKPHIBATH HEOIIPEIETIEHHOCTH BU/IA:

0 «
0 €ro CyTh BbIpaxkaeTcsi Teopemoii [2, 20, 22].

TEOPEMA JIOIIUTAIJIA 4.4. ITycmo ¢pynxyuu £f(X) u o(x) npu
X —> X( UL X —> 00 COBMECTHO CIMPEeMAMCS K HYI0 UNU K OeCKOHEeUHOCTU.
Ecnu omuowenue npouszso0Hslx 3mux QyHKYuil umeem npeoes, mo oni-
HouwleHue camux YHKYutli moaice umeem npeoei, KOmopblii pageH npeoe-
JIy OMHOWEHUSI NPOU3BOOHBIX, T. €.

tim L) i f',(x); (4.7)
X—>X (p(X) Xaxo(p(X)

fim 2% _ i f:(x). (4.8)
X—>0 (p(X) X—0 (O (X)
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Teneps paccMOTPUM KOHKPETHBIE MPUMEPHI TPUMEHEHUST ITOTO
npaBuia.

Ipumep 4.9

b
limM: limH—X=l.
x—0 X x>0 1

Panee Mbl CBOIMIM 3TOT MpeAeT KO BTOPOMY 3aMeUyaTeIbHOMY
Ipezety U MOIb30BAINCH TEM, UTO INX SBIISIETCS] HEMPEPBIBHOM QyHK-
1ueil. 3aMeTuM, 4TO MPOCTOTA B3STUSL JAHHOTO IMpeeia KaKylasics,
Tak Kak auddepeHIupoBaHne (GyHKIMA caMO OMHUpPAETCs HA 3HAHUE
npesenos [2].

Hpumep 4.10

. sin7x . Tcos7x 7
lim—=lim——=—.
x—02sin3x x50 6¢cos3x 6
IHpumep 4.11

1
. 2

hmwzhml_—le.
x—0 3x x—0 3 3
Ipumep 4.12

o x2-5x+6 .. 2x-5
lim = lim =-1.

x52x2 —3x+2 x-522x-3

3&MCTI/IM, qTO €CIIn HpOI/ISBO,[[HbIe YUCIIUTCIIA U 3HAMCHATCIISA O/1-
HOBpeMeHHO CTpeMﬂTCH K HYHIO NJIN K 6CCKOHCLIHOCTI/I, MOJXHO HpI/I-
MCHSATD IPaBUIIO Jlonmuransg CIIc pa3, a B CjIydyac HCO6XOI[I/IMOCTI/I u
aaJiee.

Hpumep 4.13

Cosxt o33 +2x-6 C20x° —9x% +2
lim 7 3 = lim 3 =
x>0 7x" +20x° —=T7x+12 x->028x” +40x -7
. 60x%>-18x .. 120x-18 .. 120 5
=hm——lm—=hm———

=11 =—.
X—00 84X2+40 x—o 168X x—>© 168 7
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Ipumep 4.14

= lim 6cosg =6.

lim = lim
X—>0 l X—>00 X—>0 X
S
X X
lim — = lim — =+x

Dopmyisl (4.7) u (4.8) cripaBeyTUBLI TOJIBKO B TOM CiIydae, eciiv
Ipe/ielt, CTOSIIUI cripaBa (KOHEUHBIN WM OECKOHEUHBI), CyIIeCTBY-
et. [IpuBegeM npumep, Korjaa OTHOIIEHNE (GYHKIIUH UMEeT Tpee, a
OTHOIIIEHNE UX MMPOU3BOIHBIX HE CTPEMUTCSI HM K KAKOMY TIPE/IEITy.

Ilpumep 4.15

lim(—XJrsmxj - lim[1+ Smx):l.
X—>00 X X—>00 X

IIpenen mpon3BOIHBIX paBEH:

. (x+sinx) . l+cosx

lim = lim ,

X—>00 X X—>00 1
IpHu X — oo — Mpeaen kKonednercs Mexay 0 u 2, MoITOMY OTHOIIIEHUE
MPOU3BOAHBIX (PYHKIIMI HE UMEET Mpejena, T. €. K JAHHOMY IIpUMepy
npasuiio JlonuTans npuMeHNTh Helb3s. OHO He SIBIISIETCS] yHUBEPCaTIb-
HBIM.

ITpu momomu npasmia JlonuTanas MOKHO PAacKpbIBATh IpYrue

HeonpeeleHHOCTH, Harpumep: 0 x oo; oo — 0; 1%; oo¥; 00, D1 cnyuan

0 o
CBOJIITCS K pACCMOTPEHHBIM HAMHU HEOIPEICIIEHHOCTSIM —, —.
o0

PaccmoTpuM HEKOTOpBIE TPUMEDBHI.
Ilpumep 4.16

lim x° In 5x. D70 cinyuaii 0 x oo,
x—0
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IIpeobpazyem naHHBIN Mpesen K BULY

. In5x . o
lim — > T- € Mbl IIPUBEIH HCXOHBII MPEAEI K CIyHato — . Te-
x—0 0

X3

Mepb MOXHO IPUMEHUTD NpaBuiio Jlonurans:

1 \
lim X i 5x T lim{—x—j

=0.
x—0 L x—0 _i x—0 3
X3 X4
Hpumep 4.17

. 3x 2 N o
lim ——— |, T. €. UMeeM ciiyuaif oo — oo, MicXoHbIl mpeen
x>\ x—=1 Inx
npeodpaszyeM K BUILY

3xInx —-2x+2

0
, BUIHO YTO MBbI HpI/II_LIHI/I K CJIyLIaIO — , IIO3TO-
sl (x—D)Inx 0

MY IPHUMCHACM ITPpaBUJIO Jlommurans:

3x
3xInx -2x+2 . 3lnx+?—2_
x—1 (x—l)lnx x—1 lnX+X_1
X
. 3lnx+1 1
=lim————=—=o0.
)Hllnx+1—— 0
X
Ilpumep 4.18

1

lim(cos2x)*, T. e. uMeeM caydait 1%
x—0
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PaccmoTpum nipenen

1
. -~ .. Incos2x .0
lim In(cos 2x)* = lim ————, a 370 ciIyyail —, MO3TOMY K IOC-
x—0 x—0 X 0
JIeIHEMY IIpeiely pUuMeHUMO npaBuiio Jlonurans.
1

Incos2x _ [im 082X

(—sin2x)-2

lim = lim(-2tg2x) = 0.

x—0 X x—0 1 x—0
[ToaTomy HMCXOAHBIN Npenen
1
lim(cos2x)* = e’ =1.
x—0

Hpumep 4.19
lim x "X

, T. €. umeeM ciydaii 0°,
x—0

. . . Inx
PaccmoTpum npenen lim In x"* = lim 7xInx = lim ——, . e. npu-
x—0 x—0 x—0 1

7x
o0
IUTK K ciydaro — . Temeps K mocieaHeMy npuMepy IIpUMEHsIeM TIpa-
o0

Bruio Jlomumrass.

1
fim X — fim — X Jim (=7x) =0.
xaoi xao_i x—0

7x 7x2

TTo3TOMY MCXOIHBIN IIPENET PABEH:
limx"* =e® =1.
x—0

4.3.3. AcuMmnToThbI

Ipsmas L nazvisaemes acumnmomoti epagura ¢yuxyuu y = f(x),
eciiu paccmositue & om nepemertol mouku A ¢yHkyuu 0o 5moti npsimoit npu

yoanenuu mouxu A 6 beckoHeyHocmb cmpemumcst Kk Hyaro (CM. puc. 4.5)
[2, 6, 22].
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Paznmnuaror BepTHKaIbHBIC N
ACHMITTOTHI (TIapaJlyIeIbHBIE OCH y
Oy) 1 HaKJIOHHBIE.

CHauaja paccMOTpPHUM Bep-
TUKAJIbHbIE aCUMIITOTHI.

W3 onpeneneHus acCUMIITO-
THI CJICITY€T, YTO €CIIU

lim f(X) =$o0, uun
X—>Xg+

Iim f(X) =200, yim
X—>X(—

lim f(x) =00, TOo MpsimMas x =X,

X=%o Puc. 4.5

SIBJISIETCSI ACUMITTOTOHN (DYHKITUH

y = f(x) u Hao6opoT, ecnu mnpsAmas X = X, €CTb ACUMIITOTa KPUBOMH
y = f(X), TO CyIIeCTBYIOT yKa3aHHbIE BBIIIE MPeAebl. 10O ecTh 115 Ha-
XOJKJIEHUs] BEPTUKAJIbHBIX aCUMITOT HAJ0 HAMTH TaKUE 3HAUYEHUsS X = X,
pu NpUOIMKEHUU K KOTOPBIM (DyHKIHS y = f(X) cTpeMutcst k 6ecko-
HeuHoctH. Hanmpumep, pyHkims y = tgx nmeer 6€CKOHEUHOE YHUCIIO

i 3n Sm
BEPTHKAJIBHBIX aCUMIITOT (CM. pHC. 4.6) X = iE; X = i;; X = i;

v

N3
o3

Puc. 4.6
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Terepb paccMOTPUM HAaKJIOHHBIE aCUMITTOTHI. [1pearnonoxum, 4ro
dbysKUs y = f(X) IMeeT HaKJIOHHYIO aCUMIITOTY y = ax + b (cM. puc. 4.7).

Puc. 4.7

Hawm HyxHO HaitTu ko3 dunmerTs! a u b. Touka A(X, y) npuHai-
nexuT rpapuky pyHkumn y = f(x), a rouka B(x, y;) — acumnrote. Inu-
Ha oTpe3ka AC — 3TO pacCTOSIHHE OT TOYKU A JI0 ACUMIITOTHI U T1O

ycropuio lim (AC) =0 (4.9). O603HaunM Yepe3 oL yroJl HAaKJIIOHA aCUM-
X—>+00

NITOTHI K MTOJIOKUTETbHOMY HarnpasieHuto ocu 0x u u3 A ABC naiigem:
(GO}
cosa.

(AC) =(AB)cosa. = (AB) =

Tak kak o ¢g u oo = const, To B crity (4.9) umeem lim (AB)=0
X—>+®0

(4.10), Tax kax (AB) = |y —y,| = [f(x) — ax — b|, To (4.10) npunnMaer
CHEAYIOLINN BUA!
lim (f(x)—ax—-b)=0. (4.11)

X—>+00
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CrnenoBaTenbHO, €CIIU y = axX + b €CTh aCUMITTOTa, TO BBITIOJTHSET-
cs (4.11) u HaoGopoT, ecnu mpu ko3 puIeHTax a U b BBITOIHSISTCS
(4.11), To psimast y = ax + b sBisieTcs acuMnToTou. Terepp Haiiaem
koaddunmeHTs a U b. N3 (4.11) nomyuaem (BBIHOCHM X B (opmyJie
(4.11) 3a ckoOKnu):

lim x(@—a—gjzo.

X—>+00 X X

Tak xak X — +oo, TO

. f(x b . b
lim ( )—a—— =0, a Tak KaKk b ectp uncio, o lim —=0,
X—+o\ X X X—+00 X

. (f
Mo3TOMY Tojay4yaeM lim [&— a) =0, w a= lim m (4.12)

x40\ X Xx—+0 X

Ilonyuns a u3 (4.11), Haxoaum b 1o hopmyite
b= lim (f(x)-ax). (4.13)
X—>+00

CrieoBaTenibHO, €CITU y = ax + b gBJIsieTcss aCUMIITOTOH, TO a 1 b
HaxoasaTcs 1Mo popmynam (4.12) u (4.13). Ecnu XoTs1 Ob1 OUH U3 IIpe-
nenoB (4.12) wm (4.13) He cymecTByeT, TO ¢hyHKIUA y = f(X) HaKIIOH-
HOM acHUMIITOTHI He uMeeT [22].

Bce npuBeieHHbBIE pacCy X IeHUSI CIIPABEJTUBBI M TTPU X —> —o0. Tax
KaK aCUMIITOTUUYECKOE U3MEHEHUE (DYHKIIMM MOXKET OBITh Pa3TuIHbIM
MIPU CTPEMJICHUH X K MMOJIOKUTEIBHON M OTPULIATEIHHON OECKOHEUHO-
CTH, TO HAJIO Pa3JelbHO pacCMaTPUBATh CIIy4aul X —> —00 U X —> +0,
Eciu cymecTByeT acMMIITOTA B TIEPBOM CJIydae, TO €€ Ha3bIBAIOT JICBO-
CTOPOHHEH, a BO BTOPOM CJIydae — MPaBOCTOPOHHEH.

Ecnu nmpu x — —0 1 X — +oo nipesiensl (4.12) u (4.13) coBnaaaror,
TO JIGBOCTOPOHHSISI U TIPABOCTOPOHHSISI ACUMITTOTHI SIBIISIFOTCSI 4aCTsI-
MM OJHOM U TOH XKe IMPSIMOM.

3aMeTHM, 4TO eclii (DYHKIIMS IpOOHO-pallioHalIbHAasI, TO IPH Ha-
XOXKICHUH a M b cpa3y MOXKHO paccCMaTpUBATh IPOU3BOJIBHOE CTPEM-
JICHUE K OECKOHEYHOCTH.

PaccmoTpuM mpuMepbl HAXOXK/IEHUST HAKJIOHHBIX ACUMIITOT.
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Ipumep 4.20

X3

2x* -1
Taxk kak manHas pyHkIuMs IpoOHO-palIMOHABHAS, TO Cpa3y pac-
CMaTPUBAEM MTPOU3ZBOIILHOE CTPEMJIEHHE X K 00.

a= 1im—2= lim = lim =—.
x>0 x(2x° —1) x-©2x7 —x x>0, 1 2
<2
3 3 2
b= lim| — Ll im & X(fx D_
x—o| 2x* -1 2 xoo - 2(2x° —1)
3 3 1
_ 1 2x7 —2x X _ X _p
X—»00 4X2 -2 x%oo4_i
%)
IToatomy monydyaem Y =EX-
Hpumep 4.21
y = 2x + Inx.
1
a= lim 2% i 20 gim X 2oy fim X 22
X—>+00 X X—>+00 X—>+00 X X—>+00

(no npaBuny Jlonurans);

b= lim (2x+Inx—-2x)= lim Inx =00,
X—>+00 X—>+00

W3 nocnegnero PaBCHCTBA CIICAYCT, YTO UCXOOAHAasd (bYHKL[I/IH Ha-
KJIOHHOM aCUMIITOTHI HE UMEET.

130



4.3.4. UccnepoBaHue (pyHKLUM
C NOMOLLbIO NPOU3BOAHBIX NEPBOro
M BTOpPOro NopsiAKOB U NOCTPOEHHUe UX rpadMKoB

IMpuBenem psig TeopeM, MO3BOJISIFOIIMX HAXOAUTh: YYACTKU MO-
HOTOHHOCTH (BO3pacTtaHus, yObIBaHUS ) (DYHKIIUH, SKCTPEMYMBI (PyHK-
WU, YIACTKH BBITTYKJIOCTH U BOTHYTOCTH (DYHKIIMH U TOUKH rieperuda.

Cuauana chopmyIupyeM J0CTATOYHBIA TPU3HAK MOHOTOHHOCTH
[2, 16]:

1) ecnu f'(x) > 0 Ha HEKOTOPOM MHTEpBaJe, TO f(X) Ha 3TOM UHTEP-
BaJie BO3pacTaeT;

2) ecimt f'(x) < 0 Ha HEKOTOPOM MHTEpBAE, TO f(X) HA 3TOM UHTEP-
BaJie yObIBaET;

3) ecnu f'(x) = 0 Ha HEKOTOPOM MHTEPBAJIE, TO f(X) HA 3TOM HHTEP-
BaJie TIOCTOSIHHA.

I'eomeTpuueckast HHTEPIIpETALIAS ITOTO NMPU3HAKA MTOKa3aHa Ha
puc. 4.8.

y A
y = f(x)
N(x2, y2)
y = f(x)
" P(x3, y3)
a B -
0 X1 X3 X2 X
Puc. 4.8

tgoa =y'(x=x;) <0;tgB =y'(x =x,) > 0; y'(x =x3) =0.
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Baxnyto ponb B uccineoBaHUU (PYHKITUN UTPAIOT TOUKH, OTIEISI-
IOIIIM€ MHTEPBAJIBI €€ BO3PACTAHMS OT NHTEPBAJIOB €€ YObIBAHUS. DTH
TOUYKH HOCSIT HA3BAHUE IKCTPEMYMOB (DYHKITMH WIIH €€ JIOKATIbHBIX MaK-
CUMYMOB M MUHMUMYMOB. CJI0BO “JIOKaJIbHBINA~ O3HAYAET, YTO TOUKA
OyaeT MakCUMaJIbHOHN (MUHUMAJIBHOM) JTUIIb HA KAKOM-TO UHTEpBAJIE.

Tenepsp npuBeeM OlNpeneIeHHe:

1) Touka M(X,, y;) €CTh TOYKa JOKAJILHOTO MaKCUMyMa (DyHKLIUK
y = f(x), ecsin f(x,) — HanbomnbIee 3HaueHne PyHKUMHU y = f(X) B HEKO-
TOPOM OKPECTHOCTU TOYKU M(X,, y,);

2) Touka N(X,, y,) €CTh TOUKa JOKaJIbHOIO MMHUMYMa (DyHKLIUU
y = f(x), eciu f(x,) — HauMeHblIee 3HaUeHnE PyHKIMU y = f(X) B HEKO-
TOPOIl OKpecTHOCTU TOUYKHU N(X,, ¥,).

OyHKIMS HA CBOE 00JIACTHU OIpeieNIeHUsI MOKET UMETh HECKOITb-
KO 3KCTpeMyMoB. Haunboubiliee 1 HanMeHblllee 3HaYeHUs (PYHKIUU ee
o0acTu onpeieIeHus OOBIYHO HA3BIBAIOT A0COMOTHBIM MAKCUMYMOM
1 a0COIIOTHBIM MUHIUMYMOM.

[TonsiTe sxcTpemMyma GYHKIIMN WLTIOCTpUpyeTcs puc. 4.9.

A
]

v N V=000

Val/ \B

& & & 4
(max) (mix) (max) (mix)

\
S
g
v

Puc. 4.9
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Teneps chopMympyeM HEOOXOTUMBII TPU3HAK IKCTpemyMa [2, 16]:
eciu e mouxe (A, B, C, D na puc. 4.9) ¢pynxyus y = (&) docmueaem sxcm-
pemyma, mo ee npouzsoo0Hast 8 Mol mouke oo pasta nymo (A, B, D),
auobo ne cywecmeyem (C).

[TpuBeneHHbIN TPU3HAK HE SBISETCS JOCTATOUHBIM, T. €. U3 TOTO
(akTa, YTO MPOU3BOAHAS B JAHHON TOUKE paBHA HYJIIO WU HE CyIIIe-
CTBYET, ellIe He CIIEAYeT, YTO ITa TOUKA €CTh IKCTPEMYM (PYHKIUH.

HenocraTouHocTh JaHHOTO MPU3HAKA MPOUIUTIOCTPUPYEM MPH-
Mepom 4.22. PaccMOTpuM (DYHKLHMIO Y = X U HalJIEM ee 3KCTPEMYM,
UCIIOJIb3YS MPUBEICHHBIN MPU3HAK (HalAeM MPOU3BOIHYIO JTAHHOM
(hyHKIIMH, TPUPABHSIEM €€ K HYJII0 U HalJIeM KOOPAMHATHI KCTPEMY-
Ma, eCJI OH CYIIECTBYET).

L mn a2 x=0 .
y'=3x%5 3x"=0= of HKCTPEMYM JTaHHOU (pyHKLIUU B CO-
y =

OTBCTCTBHH C HCOGXOIH/IMBIM IIPU3HAKOM.

Ho u3 rpaduka pynkuuu y = x3 (cMm. puc. 4.10) caeyer, 4To 3KCT-
pemymMma B Touke ¢ KoopauHatamu X = 0, y = 0 y 1aHHOM (YHKIUH HET.
CdopmynupyeM Tenepb AOCTa-
TOYHBINA MPU3HAK IKCTPEMyMa: TOUKaA
(A, B, C, D na puc. 4.9) ecmov mouxa
akcmpemyma Qyukyuu y = f(x), ecau
npoussoonas smoi pyuxyuu y' = f'(x)
npu nepexooe X uepe3 KpUMuieckyo
0 X MOYKy (MouKy, e0e npoussooHas pasHa
HYJII0 UIU He CYyuecmeyen) Mmensem

3HaK. Ecau 3Hax meHsemcst ¢ nuoca Ha

muryc (A, C na puc. 4.9), mo umeem jo-

KAJIbHbII MAKCUMYM, ( €CU 3HAK MeHsl-

Puc. 4.10 emcsi c munycananmoc (B, Duapuc4.9),

Mo umeem JOKANbHbIL MUHUMYM.

3amerum, uto GyHKIMS y = f(X) JODKHA OBITH HEMPEephIBHA HA WH-
TepBale, CoJepKalleM KpUTHueckyto Touky. Hampumep, (mpumep 4.23)
npou3BoAHasl (QYHKIUU
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2 :
Y=—%> ¥ T3 MeHseT 3HaK IpHu rnepexoe yepe3 Touky x = 0,
X X

HO 9KCTpeMyMa B Hel He UMeeT, TaK KaK B 3TON TOUKe OHa pa3pbIBHA [2].
Bepnemcs k npumepy 4.22 v npoBepuM, YAOBJIETBOPSETCS JIU TaM
JIOCTATOYHBIN NMPU3HAK 3KCTPEMYyMA.
Bunno (cm. puc. 4.11), uto npousBoaHas GyHKIMH Y = X He Me-
HSIET 3HAKA IIPU Mepexo/ie X uepes3 Touky X = (), moaTomy JaHHask PyHK-
1IMSI HE UMEET IKCTPEeMyMa B TOoUuke ¢ KoopauHatamu X = 0,y = 0.

+ R + y' N
/" 0 /" y X
Puc. 4.11

B kadectBe emie ogHOTO TIpuMepa (npumep 4.24) paccMOTpuUM
(byHKIUIO

y=3x>+6x>—x + 2.

y' =9x2+ 12x -1

9x2+ 12x-1=0

x; = 0,06; x, = -1,4.

y' =9(x-0,06)(x + 1,4).

ITpuMeHsIst JOCTATOUHBIHM MPU3HAK SKCTPEMYyMa, HaXOMM, YTO B TOU-
ke X = —1,4 — MakcumyMm, a B Touke X = 0, 06 — MuHUMYM (CM. puc. 4.12).

+ . - + y
-1,4 0,06
/ \ /y' X

max min

B
>

Puc. 4.12

Touku 3KCTpeMyMa MOKHO HAXOIUTh U C IOMOIILIO0 BTOPOU MPO-
n3BoHOH. [71s1 3TOr0 chopmMynmpyeM BTOPOI TOCTATOUHBIN MPU3HAK
SKCTPEMYMA: HEeKOMOPAs MOYKA ¢ KOOPOUHAMAMU Xy, V) 0Y0em mouKoil
axempemyma gynkyuu y = f(x), ecau f'(x,) =0, a f"'(x,) #0, npu smom
ecmu f'(x,) > 0, mo oannas mouka 6yoem mouKoi MUHUMYMA QYHKYuU
y=f(x), aecruf"(x,) <0— mouxoii makcumyma; 6 mom ciydae, eciu
J"(x,) =0, oannvui npusnax ne npumenum [2, 16].
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Hcnons3yeM npuBeIeHHBIN IPU3HAK TS HAXOXKJIEHUS IKCTPEMY-
MOB QyHKIMH ¥ = 3x3 + 6x> — X + 2 Ha npumepe 4.24.

y'=18x + 12.

y'(x=0,06) =18 x 0,06 + 12~ 13,1.

y'(x=-1,4) = 18(-1,4) + 12~ -13,2.

CrnenoBatenbHO, B Touke X = 0, 06 ucxoanasi pyHkuus OyaeT UMeTh
MHHUMYM, a B TOYKE X = —1, 4 — MaKCUMyM.

Teneppb MokaxxeM, Kak MPUMEHSATh BTOPYIO IMPOU3BOIHYIO IS
HaXOXXICHUS YIACTKOB BBITYKJIOCTA M BOTHYTOCTU (DYHKIIMU H €€ TO-
yek neperuoa.

CHauasna npuBefeM COOTBETCTBYIOIINE OINPEIEICHUSI.

I'pagpux ougppepenyupyemoti pynkyuu y = f(x) nazvieaemcs 6oe-
HYMbIM (8 NOJLOIHCUMETIbLHOM HANPABLEHUU OCU OPOUHAM ) HA HEKOMOPOM
UHmMepease, eciiu Ha SMoM UHMEPBAie OH PACNOJIOIICEH 8bllie KACAMEbHO,
nposedertoll 8 1000t mouke 2paguxa 6 smom urmepsaie (cM. puc 4.13).

A
y

y = f(x)

v

0 X1 XA X2 X

Puc 4.13

I'pagpux oughpepenyupyemori pynaxumm y = f(X) Ha3bIBAETCS BbI-
MYKJIBIM BBEPX (B MOJIOKUTETHHOM HAMPABICHUN OCH OPMHAT) Ha He-
KOTOPOM MHTEpBaJie, €ClIM Ha 3TOM MHTEPBAJIe OH PACIIOIOKEH HIKE
KacaTeJIbHOM, IPOBEACHHOM K 110001l MouKe paghura 6 5mom uHmepeae
(cMm. puc. 4.14).
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A
y
B
y = f(x)
0 X1 XB >I(2 -
Puc. 4.14

Touku, OTAETSFOIIME YIacT-
KU BBIITYKIOCTU (PYHKIMH OT y4a-
CTKOB €€ BOTHYTOCTH (1 HA00OpOT),
HA3bIBAIOTCS] TOUKAMU Tieperuoa.

Teneps chopmynupyem Te-
opemy 4.5: ecau emopas npous-
600Hast pyHryuu y = f(x) écrody
Ha HeKOMOPOM UHMEPBALe MeHb-
we Hyas, mo pyukyus y = f(x)
Ha 9MOM UHMEP8ae — GblNYK-
Jas; ecau 8mopas npou3800HAs
Qynxyuu y = f(x) 6crody ma me-
Komopom unmepeaie 00abuie
Hynsa, mo yukyus y = f(x) na
9MOM UHMEPBALe — BOCHYMAsL
[2, 16, 20].

ITpuBenem Takxe HEOOXOAMMBIN MPU3HAK CYIIIECTBOBAHUS TOUKH
neperuda: eciu mouka ¢ KOOPOUHAMAMU X, Y, A6AMCs MOUKOL nepe-
euba pynxyuu y = f(x), mo emopas npouszsoouas 0auHou GyHKyuu 6
9moil mouxe b0 pasua nyao, oo e cyuecmayem [2, 16].

HenoctaTogyHOCTh TaHHOTO MpPHU3HAKA MBI MPOWLIIOCTPUPYEM
npumepoM (ipumep 4.25).

Paccmorpum dyHkimio y = x*. Bocrons30BaBIIKCh TPUBEIEHHBIM
BBIILIE IIPU3HAKOM, IIPOBEPHM, €CTh JIM Y 3TON (DYHKIIMU TOUKHU Ieperuoa.

y

A
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Puc. 4.15

v

12x2=0=

v =4x3 y" = 12x2

x=0
IIOJKHA OBITH TOUKOI

nepernba 1mo HeoOXOAUMOMY MPU3HAKY, HO
€CIIi B3TJIHYTh Ha rpaduk 3TOoH (HyHKIINU
(cM. puc. 4.15), BUgHO, 4TO B TaHHOM TOYKE
reperuda HeT.

[Toatomy chopmyaupyeM JOCTATOUHBIH

MpU3HAK CYIIECTBOBAHMS TOYKH Ieperuoda:
MOYKA ¢ KOOPOUHAMAMU X, V) ANAEICA TOY-
Kot nepecuda ¢yuxkyuu y = f(x), ecau f"'(x),



MeHsiem 3HAK NPU nepexooe X Yepes X, ec/iu 3HAK MeHAeMCs ¢ MUHYca Ha
NJI0C, MO C1e6a 0N OAHHOT MOYKU NEAHCUM YHACIOK GbINYKA0CU, d Chpa-
8a — YUACMOK 802HYMOCMU, A eCIU 3HAK MEHAEMCs ¢ NACAd HA MUHYC,
mo naodopom [2, 16].
[TpumenuM maHHBIN MPU3HAK K QYyHKIUU 13 TpuMepa 4.25.
Bunno (cm. puc. 4.16), 4TO AOCTATOYHBIN MPU3HAK HE BBIMOIHS-
€Tcs, IO3TOMY B TOUKe ¢ KoopauHaTaMmu X = 0, y = 0 meperuda Her.

v

Puc. 4.16

Tenepb MPUMEHUM JTOCTATOYHBIN IMPU3HAK CYIIIECTBOBAHUS TOY-
KU nieperuoda K GyHKIMU 13 npumMepa 4.24.

y'=18x+12; 18x + 12 =0; x=—£=—g.
18 3
B naHHOM ciyyae JOCTATOYHBIN ITPU3HAK CBUJIETEILCTBYET O TOM,
~ 2 3
YTO TOYKA C aOCLIMCCOM 73 | ABIAeTCs ToUKOH nepernba GyHKImu
y =3x3 + 6x> — x + 2 (cMm. puc. 4.17).
_ R + yu N
N 2 y X
3
Puc. 4.17

ITpuBenem cxemy, o KOTOPOH yIOOHO TPOBOIUTH UCCIIEIOBAHUE
byukmii [2]:

1. Haxoxaenue obiactu onpeserneHns (PyHKIIUU, TOUYEK ee pas-
PbIBa, MHTEPBAJIOB €€ HEIIPEPBIBHOCTU N BEPTUKAJIbBHBIX ACUMIITOT.

2. IpoBepka pyHKIINHN HA YETHOCTh, HEYETHOCTb, IIEPHUOTUIHOCTb.

3. HaxoxaeHue Touek nepecedeHus rpapuka GyHKIINU ¢ OCSIMH
KOOpAMHAT (€CI 3TO He TPeOyeT OOJIBIINX BEIYUCITMTEIBHBIX 3aTPAT).
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4. HaxoxIeHre NHTEPBAJIOB MOHOTOHHOCTU M TOYEK 3KCTPEMY-
Ma (QyHKITUH.

5. HaxoxjieHue y4yacTKOB BBIITYKIIOCTH, BOTHYTOCTH (D)YHKITUHU U
TOUEK ee Teperuoa.

6. HaxoxeHne HaKJIOHHBIX aCUMITTOT.

7. IMoctpoenue rpaduka GyHKINUU IO Pe3yIbTaTaM MPOBEACHHO-
r'0 MCCIIeOBAHUSI.

Hpumep 4.26
Tenepb B COOTBETCTBUU C IIPUBEACHHON CXeMOH uccieayeM QyHk-

2
L0 y =

x-2

Hannast pynkmust onpeneneHa Ha Bceil ocu 0X 32 UCKITIOYEHHEM
TOUKU X =2, T. €. X € (—0; 2) U (2; +oo). [Ipsimast X = 2 gBysieTCSI BEPTU-
KaJIbHOM aCUMIITOTOMN NaHHOU (DYHKIMH, TaK KaK

2 2
lim =to0;  lim —

X2+ X —2 x—>2-X—2

DOyHKIMS HE SBIISIETCS HA YeTHOM, HU HEUETHOM, HU NIEPUOTNYEC-
KoM, Tak Kak f(—x) # f(x), f(—x) # —f(x), f(x + T) # f(x), rme T — nepuos,
a rpaduK JaHHOM (PYHKIIMU MPOXOJUT Yepe3 HAa4ajIo KOOPpUHAT.

Termepp HalizeM ITEPBYIO MPOU3BOIHYIO UCXOAHOHN (DYHKITUU 1 HAHA-
JIEM YYaCTKU MOHOTOHHOCTH U 9KCTPEMYMBI.

= —00,

;L ?_x(x—?_)—x2 B
x-27  (x-2%
xX2—4x=0;x(x-4)=0;x=0;x = 4.
Touky X = 2, rae He CyUIecTBYeT IepBasi MPOU3BOIHASI HICXOIHOM

(YHKIIMM, Ha 9KCTPEMYM MOKHO HE NMPOBEPSITh, TAK KAaK B 3TOH TOUKE
cama (hyHKIUSI UMeeT OECKOHEUHBIN pa3phIB.

x2 —4x

+ - + y'

q
q
v
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CnenoBatenpHO (cM. puc. 4.18), B COOTBETCTBUU C JOCTATOYHBIM
MIPU3HAKOM 3KCTpeMyMa JaHHast (YHKIUS IMEeT MaKCUMYM B TOUKE C
koopauHaTaMu X = 0, y = 0 ¥ MUHUMYM B TOYKE C KOOPJIMHATAMH X = 4,
y = 8.

Tenepp HaiieM BTOPYIO MPOU3BOAHYIO U OMPEIEIIUM YYACTKH
BOTHYTOCTH, BBIIYKJIOCTU U TOUKU Ieperuda, ucrnoiib3ys teopemy 4.5
Y JOCTATOYHBIN MPU3HAK CYIIECTBOBAHMS TOUKH Ieperuoa.

o 2x=4)(x-2)? -2(x=2)(x* —4x) _
g (x-2)"

_(x=2)[2x-4)(x-2)-2x> +8x] _ 2x* —4x—4x+8-2x" +8x _
(x-2)* (x-2)°

__ 8
(x-2)*

BuHo, 4TO BTOpas MpoOU3BOAHAS HUTJIE HE 0OpaIaeTcsl B HOJIb,
cleloBaTeNbHO, JJaHHAs (DYHKIUS HEe MMeeT Todek reperuda. Hamo
TOJIBKO TIPOBEPUTH, MEHSIET JIU BTOPAS MPOU3BOIHASI UCXOTHON (hyHK-
IIUU 3HAK MPU MEPEX0JIe X Yepe3 TOUKY OECKOHEYHOTO pa3phiBa X = 2
(BTOpAsi MpOM3BOIHAS 32 TaHHON (DYHKITH TAKXKE HE CYIIECTBYET B TOY-
Ke X = + 2).

"

v

N 2 U vy x

Puc. 4.19

[Toatomy (cm. puc. 4.19) cieBa OT TOUKH X = 2 UCXOAHAS (PYHKITHS
Oy/eT BBINYKIION , a CIIpaBa OT TOYKHU X = 2 — BOTHYTO.

Ternepb MpoBEepUM, UMEET JIU UCXOIHAS (PYHKIIUSI HAKJIOHHBIE
ACUMIITOTBHI, JIJISI 3TOT0 Bocoyb3yeMmcs popmyitamu (4.12) u (4.13) (Tak
Kak 3aJlaHHast QyHKITUS SBIISIETCS IPOOHO-pAITMOHATILHON, MOYKHO pac-
CMaTPHUBATh MPOU3BOJILHOE CTPEMIIEHUE X K OECKOHEUHOCTH).
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. x2 . x? 1 1
a= lim = lim = lim = =1.
x2® (X —2)X x>0 X2 —2x xaool_ 2 1-0

X

2 2_ 2
b= lim| X —x |= gim X2 2
x—o| X =2 X—>0 X=2 x>0 X —2
=1imi=i=2.

X

IMostomy mpsiMast y = X + 2 ABJISIETCS HAKJIOHHON aCUMIITOTOMN
UCXOHOM (DYHKIIHH.

Temneps 1o pe3ysbTaTaM MPOBEICHHOTO UCCIETOBAHUS TOCTPOUM
rpaduk 3aganHoi pyHkuuu (cMm. puc. 4.20).

3agauu Ansa caMoOCTOATENIbHOro peweHuUn

1. HalitTi mpou3BOIHbIC CIACAYIOMMX (DYHKITHIMA:
1.1,y = log,, ., (5sin8x — e**);

1.2,y = (tg5x)cos3x;

1.3.y = e x In6(2x* + 7x);

» y_\/S cos? 5x —x° )
o l6tg>7x
1.5,y = 65122 x x8 + In24x;
1.6. y= oledx o 7cos22x'
2. HaiiTu BTOpBIE TPOU3BOJIHBIE CIIEAYIOMNX (PYHKITUIA:
2.1.y = 6x* + 4sin3x;
2.2,y =e™ x tg5x;

_In6x

2.3. - )
Y 4x>
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y=x+2

DN

-

t —
> N0~ O n I N A

—

Puc. 4.20
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2.4,y = 5x8 - 16x° + sin2x.
3. UccnenoBaTh GyHKIIUU U ITIOCTPOUTD UX I'pa(uKH:
3.1,y = 2x*—8x2 + 3;

370, y=§x3 —2x? +3;

3.3.y =2x2-10;
3.4.y=2x3-9x2 + 15x — 6;
3.5.y=3x-x%
X
3.6. y= .
x? +16
, 0z 0z
4. Hatitu — u — , eciiu (pyHKIUSI Z UMEET BUI;
ox Oy
4.1. Z = x3 x sin?y;
42.7 =xY;

43. Z=+2x% +y?;

4.4.7 = tg(y) - 223,
4.5. Z = arctg(x® + 5y°);

4.7. Z=4tg°x> —In?y®.
5. Ucnionp3ys npaBuito JlomuTans, HAUTH Mpeenbl (GyHKITUI:
5.1, fim V22X * L

ol 2ox -1

3 2
5.2. 1imW;
x>0 8x" —15x“ —10
1
5.3. lim(cos3x)X;
x—0
tg8x

54. lim ;
x—0 tgl2x
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5.5. nan’;;
x=>1]—x

5.6. lim(l— ! )
x>0\ X X —1

BOHPOCbI ANA CaMONPOBEPKH

1. laTh ompeneneHne Mponu3BOAHON GyHKIUN y = f(X).

2. KaxoBbI reoMeTpUUECKUI U MEXaHUYECKUI CMBICIIBI IIPOU3BO/I-
HOM?

3. Kak HaliTH IPOU3BOJIHYIO CIIOKHOU (PYHKITUHN?

4. Jlates onpenenenne nuddepernnana Gyakuu y = f(x).

5. Kaxkoii reomeTpruyeckuii CMBICTT uMeeT auddepeHnan?

6. UTo Ha3bIBaeTCS MPOU3BOIHON BTOPOTO MOPSAAKA OT (PYHKIIMH
y = f(x)?

7. B ueM COCTOUT NOCTATOUHBIN MPU3HAK IKCTpemMyma?

8. Kakue Toukn Ha3bpIBarOTCSI TOUKaMHU Iiepernda gpyskimn y = f(X)?

9. Uto HaA3BIBACTCS aCUMITOTON QpyHKIMHU y = f(X)?

10. CchopmynupoBaTts paBuiio JIomuTams U MPUBECTH TPUMEPBI
€ro MpUMEeHEHUSI.

11. Yto Ha3bIiBaeTcs GyHKIMEH IBYX HE3aBUCHUMBIX IEPEMEHHBIX?

12. Yro HazbiBaeTcs rpadukoM GYHKIIMH IBYX HE3aBUCHUMBIX I1e-
peMeHHBIX?

13. Yro HazpiBaeTcs npeaenom pyHkuuu Z = f(x, y) mpu x — X, 1
y = Yo?

14. JlaTp ompeneneHrne YaCTHBIX MPOU3BOAHBIX (QYHKIHMH IBYX
HE3aBUCUMBIX apTYMEHTOB.
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5. OcHosBbl UHTErpasbHOro UCHUcC/NIeHuUusA

HHTerpaapHOE HCUMCIIEHUE — 3TO Pa3Jiell MaTeMaTHUECKOro aHa-
JM3a, B KOTOPOM HU3YUYaloTCsl CBOMCTBA M CIIOCOOBI BEIUUCIICHUSI MHTET -
pajoB U UX MPUMEHEHHE.

WurerpupoBanne — 3T0 jelictBue, oopatHoe auddepeHmpona-
Huto. Hampumep, ¢ ero moMoInpio HaXOAUTCs CKOPOCTh TeJla 10 3a-
JAHHOMY YCKOPEHHIO.

5.1. NepBoo6pasHasn
M HeomnpeaeNieHHbIH UHTErpan

Llepsoodpasmoii 0nst hynkyuu y = f(X) Ha HeKOMOPOM NpoMedIcym-
Ke Hazvieaemces yukyus F(Xx), npouzsoouas Komopoi pagHa ucxooHoii
Gyuxyuu, m. e. F'(x) =f (x).
W3 sToro onpesenenus cieayer, 4To Jrodas GyHKIUS 110 OTHO-
IIEHUIO K CBOEH MTPOU3BO/IHOM SIBIIsIETCS TIepBOOOpa3Hoii [2, 16].
PaccMotpum npumep y = x°. [lanHas QYHKLUS CIY>KUT ITPOMU3-
!
6 X6 6

BOJHOM /17151 QYHKLIUN yZ%,TaKKaK e =x"u X?—1000 =x’,

!

6
X
WIK B OOIIIEM BUIE ?+ C| = XS, rae C = const.

6
X
W3 manHoro mpumepa BUIHO, YTO Jt00ast PyHKLIUS o +C | 0y-

JeT NepBooOpa3HOi At PYHKIMH y = X°.
Tenepb npuBeneM HOPMYITUPOBKY OCHOBHOW TEOPEMBI O TIEPBO-
00pa3HbIX.
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TEOPEMA 5.1.1. Jliobas nenpepvisnas (hynxyus umeem deckomey-
HOe MHOJICeCmBo NepeoodpasHblx, npudem odvle 06e U3 HUX Opye Om
opyaa omauuaomcsi NOCMOsIHHbIM clazaemvim [2, 22].

Dopmyna F (x) + C ucuepripiBaeT MHOXKECTBO BCEX IIepBooOpas-
HBIX UCXOJIHOM (yHKIMU. ['eomerpruecku BeipaxeHue F (x) + C ecthb
CEMENCTBO KPUBBIX (CM. puc. 5.1.1), Kaxkaast U3 KOTOPBIX ITOJTydaeTCs
IyTEeM CJIBUTA OJTHOW M3 KPUBBIX BAOJB ocH (y.

y 4
F(x) + 3C
F(x) + 2C

/ F(x) + C

F(x)
/ /

/ >

an X

Puc. 5.1.1

3ameTuM, 4TO TIEPBOOOPA3HYI0 MOKHO HAXOIUTh HE TOJIBKO T1O
MIPOW3BOHOM, HO U 1O auddepeHIray.

Tenepb maauM onpezeseHre HEOMpeAeICeHHOT0 HHTerpaa.

Omuickanue nepgooodopasHblX HA3bIBACMCS HEONPeOeeHHbIM UHMee-
puposanuem, a 8vlpajiceHue, 0Xeamvigaroujee cOBOKYNHOCMb 6cex nep-
8000pa3HbIX 0151 OaHHOU QyHKYUU f(X), HA3bI8AEMCS HeONPeOeaeHHbIM
UHME2PAIOM U 0003HAYACMCsL MAK:
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Jfodx,

rae f(X) — moapIHTErpaibHas QyHKITUS;

f(x)dx — MoOJBIHTETpATLHOE BBIPAKCHHE;

X — IEpEeMEHHAs] UHTETPUPOBAHUSI.

3ameTtuMm, uTo f(X) Ha ydyacTke MHTETPUPOBAHUS TOJDKHA OBITH
HETpephIBHA.

— 3HaK MHTerpaJa.

Takum 006pa3zomM, HeOMpeaeeHHbI UHTErpall €CTh CEMEUCTBO
¢byukuuit F(x) + C, 1. e.

[f(x)dx = F(x) + C [2, 6].

Haxoxnenmne Bcex nepBooOpa3HbIX I JaHHOW (yHKIMH f(X) 1
Ha3bIBAETCS HEOIIPEIEIIEHHBIM UHTErpUpOBaHueM. TepMuH Heorpee-
JICHHOE MHTETPUPOBAHUE MMOSIBIIICS, IOTOMY UTO HE YKa3bIBACTCS, Ka-
Kasi IepBoOOpa3Hasi IMEETCs B BUILY.

Cpa3sy ckakeM, 9TO HHTETpUPOBAHNE 3HAUUTEIIHHO CII0KHEE TUd-
(hepenumpoBanus. AuddepeHunpoBaHue TIO0BIX 3JIEMEHTAPHbBIX (PYH-
KIIMI TPOU3BOJAMUTCS 110 ONpPEIeIEHHBIM TIpaBUaM, a UHTETPUPOBa-
HUe TpeOyeT B KaKJIOM KOHKPETHOM Cllydyae MHAMBUIYAIbHOTO MO~
xona. Pazymeercs, ectb 001I1e METOIBI MHTETPUPOBAHUS, HEKOTOPHIE
U3 KOTOPBIX OYAYT pacCMOTPEHBI aasiee. 3aMETUM, UTO NPOU3BOIHAS
OT JIF000M 371eMeHTapHON (PYHKIMU ecTh (YHKIUS dIIEMEHTapHas, a
PO HEOTPEIEIEHHBII HHTETpal OT IEMEHTApHOMN (DYHKLIMU 3TOTO CKa-
3aTh HEIb3s, T. €. IepBOOOpa3Has OT IEMEHTAPHOU (PYHKIIUUA MOXKET
0Ka3aTbCs U HE NIPEICTAaBUMOI € TOMOUIbI0 KOHEUHOI'O YMCIa 3JIEMEH-
TapHbIX QyHKumii. [1po Takue ¢GyHKIIUN rOBOPST, YTO OHU HE UHTET-
pUpYEMBI B 3JIEMEHTApHBIX QyHKIMSIX. [IpruMepaMu Tak Ha3bIBaeMbIX
HeOepYILIUXCSl UHTETPAJIOB SBIISIOTCS:

dx Isinxdx. ICOSXdX- Jexdx je‘xzdx U Ip.

b 9 9 ;
Inx X

X X

J' dX . J-
\/ 1+x°

N3 OIMPEACIICHUA HCOIIPCACIICHHOI'O NHTETpajia CIICAYCT, 4YTO

([ f(x)dx)=£(x)

d([ f(x)dx) = f(x)dx (5.1.1)
['(x)dx = [df (x) = f(x)+C
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Hatinem HeompeneieHHbIe HHTETPAIbl OT OCHOBHBIX 3JIeMEHTap-
HBIX ()YHKIIMIA, UCTIOJIB30BAB JIJIsl 3TOTO TA0JIUILy TPOU3BOIHBIX OT OC-
HOBHBIX 3JIEMEHTAPHBIX PYHKIHH (cM. ri1aBy “OcCHOBHI nuddepeHIm-
AJIbHOTO MCUYHUCIIEHUS”).

Hanpuwmep, (sin x)' = cos x. [lepenuiiem 3T0 paBeHCTBO B BUJIE

dsinx

1 =c0sX = dsinx = cosxdx.
X

ITpounterpupyeM o0e 4acTH MOCIEIHEr0 PaBEHCTBA U C yUETOM
TpeTbeit popmymsl (5.1.1) momyunm

stinx =Jcosxdx:>sinx+C=Jcosxdx.

OTO U eCTh TaOJIWYHBINA HHTETPaJ.

ToyHO Tak ke MOJIy4YaloT U APYTrHe TaOIMYHbIE HHTETPAIbl OT
OCHOBHBIX JIEMEHTAPHBIX (PYHKIIHIA.

[MpuBenem Tabmuiry 5.1.1 uHTErpasoB OT OCHOBHBIX 3JI€MEHTAp-
HbIX pyHKIMH. CripaBellIMBOCTb MPUBEIEHHBIX (POPMYJI JIETKO MPOBe-
puthb nudhepeHIITPOBAHUEM.

Ta6auua 5.1.1

n+1
X
1+C, n=-1;

1) jxndx =

2) Idlen|x|+c;

aX

3) [a¥dx=—+C;

Ina
4) _[exdx=ex +C;
3) Jcosxdx=sinx+C;

6) Jsinxdx =—-cosx+C;

dx
7) | —5—=tgx+C;
) ‘[coszx
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dx

8) ISinzxz—ctgx+C;

9) ngilzarctgx+C;

10) J‘\/ld_x7=arcsinx+c;

1) J‘\/%:lner\/E iC

K Tabmume 5.1.1 nobaBum GpopMyIIbl HHTETPUPOBAHUS TUIIEPOO-

JIMYECKUX U OOPATHBIX THUIEPOOTNIECKUX (PYHKIIMIA:

12) [chxdx =shx +C;

13) [shxdx = chx +C;

dx

14) =thx +C;
Ichzx
dx
15) =cthx + C;
J.shzx
dx 1
16 =Arthx+C=—In
dx
17) _[ =Arshx+C=1n
x2+1
dx
18) I =Archx +C=1n
x2 -1

1+x e

1-x

x+\/x2+1
x+\/x2—1

+C;

+C.

O6bpenunenue hpopmya 17 u 18 u maet popmyny 11 ocHOBHOI Tab-
muner 5.1.1. 3ameTuMm, uto kpome Tadmuibl 5.1.1 cymecTByoT Tabim-
I[bI UHTET'PAJIOB OT 3JIEMEHTAPHBIX U CIEUUAbHBIX QYHKIUH (bpbiu-
xos FO. A., Mapuues O. H., [Ipyonuxos A. I1. Tabmuiibl HeoTpe/IeIeH-
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HBIX uHTerpaioB. — M.: Hayka, 1986; MuTerpans! u psapl. B 3-x To-
Max. — M.: Hayxka, 1986.)

3amada “B3ITUS HEONPEACICHHOTO MHTETpajla U COCTOUT B TOM,
4TOOBI TPE0OPa30BATH €r0 K TAOJIUIHOMY.

Ceoticmea Heonpedenennozo unmezpana

1. HeompeneaeHHBIN HHTETpalI OT aJIredpandecKoi CyMMbI KOHEY-
HOT'O YMCJIa HEMPEPBhIBHBIX (QYHKLUUN paBeH airedpandeckoil cymme
HEOTIPE/IeJICHHBIX HHTETPAJIOB OT 3TUX (PYHKLUI, T. €.

[(f,(x) £ £,(x) + ... £ (x))dx = [f,(x)dx * [f,(x)dx * ... + [f (x)dx.

2. I1oCTOSTHHBIM MHOUTEIb MOABIHTErPAJIbHON (DYHKIIUA MOX-
HO BBIHOCHUTb 3a 3HAK HEOIpEIEJIeHHOIO UHTerpana, T. €.

[kf(x)dx = k[f(x)dx, rae k € R.

3. JIrobast popMyia UHTETPUPOBAHMS COXPAHSIET CBOM BUJ IIPH
MOJICTAHOBKE BMECTO HE3aBUCUMOU ITepeMEHHO JTIF0001 muddepeHIu-
pyemoii dyHkImH oT Hee, T. e. eciu [f(x)dx = F(x) + C, o u [f(u)du =
F(u) + C, rae u = u(x) — mobas quddepenumpyemast GyHKIUS OT X.

B cuny npasuna (3) Tabauna 5.1.1 Oyjaer cripaBelyIMBOI He3aBH-
CHMO OT TOTO, SIBIISIETCS JI IEpeMEHHasi HHTETpUPOBAHUS HE3aBHUCH-
MO IIepeMeHHON WK JTr0001 nuddepeHIpyeMoit GyHKITUEH OT Hee,
T. €. Tabmmma 5.1.1 cpasy 3HAUNUTEIpHO pacmupsercs [2, 22].

Memoosl unmezpuposanusn

1. HemmocpencrBeHHOE MHTETpupoBaHue. Mcnonb3yercs Tabimia
5.1.1, cBOliCcTBa HEOTIPEICTICHHBIX HHTETPAIOB U Pa3IUIHbIE Tpeoldpa-
30BaHUS MOBIHTETPATTEHOTO BBIPAKEHUSI.

Ipumep 5.1.1

5 =

I[Zsinx +3x° -
cos” X

jdx=2_[sinxdx+3_[x3dx—5j dx

cos” X
3 4
=—2cosx+zx —5tgx +C.

Hpumep 5.1.2

—dx =

J-3X3 +4x% +7x
2x
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=§Ix2dx +2JXdX +ZJ.dx =lx3 +x? +Zx +C.
2 2 2 2

Ilpumep 5.1.3
sin2x 2sinX cosx .
J dx=J. dx=2J.s1nxdx=—2cosx+C.
COSX COSX
Ilpumep 5.1.4
[sin®xdx = [Bocromb3yemcs bopmyioii Os2X = cos2X — sinx, cos2x =
S5 2 I—cos2x
= 1 — 2S1n X, siIn XxX=——-. HOCHC,Z[HCC BbIPpAXXCHUEC IMTOACTABJISIEM BMCC-
1—cos2x

TO TIOJIBIHTET PATTLHON (PYHKIINU] = J.de =
1 1 1 1
= —(J- dx — ICOS 2xdx)=—x ——x —J-COS 2xd2x. [3amernm, uto d2x = 2dx,
2 2 2 2
1 1
3aMEHsIeM 2X Ha y, T. €. 2X =y, Torja nojxy4um| = EX - ZICOS ydy =

1 1.
= 5 X — Z siny+C = [Bo3spamaemcst K IpesKHEMY apryMeHTy] =

=lx—lsin2x+C.
2 4

Taxum obpazom, B mpumepe S.1.4 MbI UCMONTB30BAIU €IE OJIUH
METOJ MHTEIPUPOBAHUS (3aMeHa IePEMEHHON), KOTOPBIH Ooee mo-
POOHO PACCMOTPUM HUXKE.

2. laTerpupoBaHue 110 4acTsM. ITOT METOJ clieayeT u3 hopmy-
7161 TudGepeHINPOBAHNS TPOU3BEACHUS IBYX (DYHKIIHIA.

[Tycts u(x) u v(x) — auddepeHmpyembie GyHKIIUN apryMeHTa X,
TOI/1a UMEEM:

(uv)' = u'v + v'u mim

d(uv) = vdu + udv

udv = d(uv) — vdu.
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HHTerpupyem o0e 4acTh MOCIIEIHETO PABEHCTBA U MOJIydaeM:
[udv = uv - Jvdu. (5.1.2)

D10 ¥ ecTh (popMyia UHTETPUPOBAHHUS TIO YACTSIM.

JlaHHbI# crtocod COCTOUT B TOM, UTO IMOJIBIHTETPAITLHOE BhIpaKe-
HUE MPEJCTABIIIETCS B BUE TPOU3BE/ICHUS IBYX MHOKUTENEH u u dv 1
3aMEHSIETCS IByMSI UHTETPUPOBAHUSMHU: 1) OThICKAHUE V U3 BbIpaXKe-
Hus 11 dv; 2) oThICKaHME MHTErpaja oT vdu.

CwmbICTT criocoba COCTOUT B TOM, UTO 3TH JIBA UHTETPUPOBAHUS
BBITIOJTHUTSH JIETUe, YeM “B3STh” MCXOJHBIM UHTErpal [2, 6, 22].

PaccMoTprM KOHKpETHBIEC TPUMEPHI U TPUMEHEHUS JAHHOTO Me-
TOJA.

Ipumep 5.1.5

Ilnxdx:{uzlnx,dV=dX:>V=x,du=d—X}=xlnx—jxd—xz
X X

=xInx-x+C.

B manHOM nipuMepe BEIOOP U ¥ dV TPOU3BOIUTCS OHO3HAYHO, HO
Tak ObIBaeT HE BCEr/a.

Ilpumep 5.1.6
_[xexdx=[u=x;du=dx;dv=exdx;V=Iexdx=ex]=
=xe* —Iexdx =xe* —e* +C,
2
HO eciiu mpuHITH [u = e¥; du = e*dx; dv = xdx; sz ], TO
2
X X x 1 2 X o
IXG dX=E ¢ =3 I x“e"dx , 1. e. MbI TIOJTyYrM GOJIEE CIIOKHBIN HHTET -

paJi, 4eM UCXOJIHBIH.
breiBaroT ciyuam, korma ¢opmyny (5.1.2) Hago MPUMEHSITh He-
CKOJIBKO pas3.

Ilpumep 5.1.7
[exsinxdx = [u = sinx; du = cosxdx; dv = e*dx; v = Jexdx = e¥] =
= e%sinx — Je*cosxdx = [K unrerpay Je*cosxdx omstb mpuvennm GopMyTy
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(5.1.2) m momyunm: u = cosx; du = —sinxdx; dv = e*dx; v = ¢*] = e*sinx —

— (e*cosx + Je*sinxdx) = e*sinx — e*cosx — [e*sinxdx.
ITepeHeceM Je*sinxdx B JIEBYIO YACTh PABEHCTBA H MOJTYUHM:

2Je*sinxdx = e*(sinx — cosx) + 2C (IIOCTOSIHHAS MOKET OBITh JTIO-

0011, Bo3pbMeM ee paBHOI 2C);
e X
Iex sin xdx = 5 (sinx —cosx)+C.

Ipumep 5.1.8
JVl—xzdx =

=lu=vl-x*;dv=dx=>v= Xdu— (2x)dx (x)dx
\/1 x? \/1 x2

—xfl-x? - j(f_)dx HQLI _

J_jJ_ u_

=X\/1—X2 —j\/l—xzdx+arcsinx.

[Tepenocum f\/l —x%dx B JIEBYIO YaCTh U ITOJIyYAEM:

2[V1-x?dx =xv1-x? +arcsinx +2C
J l—xzdx=%\/1—x2 +%arcsinx+C.

3. Meroj 3aMmenbl niepeMeHHO. Ero mpuMeHstoT B TOM ciyvae,
€CIIM UCXOJIHBIA UHTErpall CJI0KHO MM HEBO3MOYKHO C ITIOMOUIBIO aJl-
redpanvecKux U MHbIX TPeoOpa3oBaHUi CBECTH K OTHOMY WJIX HECKOJIb-

KUM TaOJIUYHBIM UHTErpajam [2, 16].
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Crioco0 3aKITF0uaeTCs B CIIEMYIOIIEM: 3aMEHSIETCSI HOBOM ITepeMeH-
HOM Takasi 4yacTh MOJBIHTETpaJbHON (QYHKIMH, TIpH TuddepeHInpo-
BaHUHM KOTOPOH MOJIydyaeTcsi OCTaBIIAsICS YaCTh MOIABIHTEIPATBHOTO
BBIpAXXEHUS (HE CUMTAsi IOCTOSIHHOT'O MHOXHUTENsl, HA KOTOPBIil Bce-
I/1a MOYKHO YMHOKUTB WJIH PA3/ICIUTh IOJBIHTEI PAIBHOE BBIPAKEHHE).

MeTtoa 3aMeHBI TIEpEMEHHON OCHOBaH Ha cienyroiieit Teopeme
5.1.2: nyemo nHekomopast hyukyust ©(t) = x onpedenena u ougpeperyu-
pyema na Hekomopom npomedcymie [a, b], nycme X — mHodcecmso
3HaueHutl 5mot GynKyuu, Ha Komopom onpeoeiera pyukyus f(x). Toe-
oa, eciu na muoxcecmeae X ynxyus f(x) umeem nepsoobpasnyro, mo na
ompeske [a, b] cnpasednusa popmyna

[fx)dx | 0, = Ife()e'(t)dt. (5.1.3)

B HEKOTOPBIX CITyyasix JIydllle UCIIOIb30BaTh 3aMEHY IIepeMEHHOM
He B BuJie X = (1), a t = y(x)[2, 16, 22].

[TpuBeneM KOHKpETHBIE TPUMEPHI.

Ilpumep 5.1.9

Haiitu [(5x — 6)*°dx.

B sTOM MHTErpaje MOXHO pa3joKHUTh MOABIHTETPATIbHYIO (DYHK-
LU0, UCTIONB3Ysl OuHOM HbIOTOHA, HO 3TO OYJET CIUIIKOM JITUHHO,

t+6 dt
MMOATOMY JIeJIa€M 3aMEHY NEPEMEHHOM: t=5Xx -6 = X = T dx =% —,

MoJxy4aem

[(5x—6)"dx =+ [10dt =~ L
5 5 01

WJIK, BO3BpalasiChb K nepBOHaqaanoﬁ nepeMeHHoﬁ X, UMCCM:

91
J.(SX _ 6)90 dx :M +C.
455
Ipumep 5.1.10
dx 1 dx N
J' 3 J' 5 = [[emnaem 3aMeHy IIePeMEHHOM
1611663 +16) 16 (1
16
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y=%:3x=4y3dx=mw]:

dy 1
=—arctgy+C =
16 94241 4 0%

1
[Bo3Bpaiaem nepeMeHHYIO X U IoJiydaeM| = Zarctg( j +C.

Ipumep 5.1.11

dx 1 dx 1 dx _
.[ <2 I 2 4 2 4 2
+2x+5 T(x+D)"+4 47 (x+1)"+4 4 (XHJ 0
4 2

+1

X
= [Teneps genaeM 3ameny nepementoil t=—— =2t -1 =x = dx =

2dt 1
5 =arctgt+C=
+1 2

arctg[xglijC

Hpumep 5.1.12

[BosBpaliaem nepeMeHHyIo X 1 IojtydaeM] =

2x2dx _g 3x2dx
x>+7 3'x*+7

= [Bamernm, uto d(x3 + 7) = 3x3dx] =

:gjd(x3+7)

3 = [[denmaem 3aMeHy NepeMeHHo# y = X3 + 7] =
37 x7+7

:2dy 2

1n| | + C =[Bo3Bpalaem rnepeMeHHYIO X U Tojydaem] =
3y 3

gln‘x3 + 7‘ +C.
3
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Ilpumep 5.1.13
2‘/;dx

i

1

2Jx

= [3amerum, 4To d(\/; )= dx]= ZIZ&d\/_ = [Tenepn

2}’
JIeIIaeM 3aMeHY [IEPEMEHHOIM Vx = y]= 2I2ydy =2 E + C = [BosBpammaem
n

2\/;+1
In2

+C.

MEePEMEHHYI0 X] =

Ilpumep 5.1.14

[esin2xsin2xdx = 2[esi"2sinxcosxdx = [3amerum, uto dsin’x =

. 1 2 . ~
= 2sinxcosxdx] = j ¢S Xdsin? x = [Temnepb nemaeM 3aMeHy MepeMeHHO
t = sin?x] = Je'dt = ' + C = [Bo3BpaiiaeM nepeMennyio x] = esin2 + C.

Humeepuposanue payuonanshwix opooeii

JIrobast paumonanpHas ¢yHkims R(X) MoxkeT ObITh MpeacTaBiie-
Ha B BHJE ApoOH, T. €.

P(x)
Q(x)’

rae P(x) u Q(X) — MHOTOYJICHEL.

Ecnu crenens uncnutens (m) OOJIbIle WIM paBHA CTETIEHU 3HAMe-
HaTens (n), To pazaenus P(x) Ha Q(X), Mbl mosryyuM MHOrowieH P (x) u
B ocTaTKe MHOrouneH P,(x) He Bbite (n — 1) crenenu, T. €.

@ _ P, (x) .
Q(x) Q(x)

Hurerpuposanue P (x) npoxoaut 6e3 npodiem.

R(x)=

P (x)+
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Hano mpounTerpupoBaTh NpaBUIbHYIO PALIMOHAIBHYIO JPOOb,

P, (X)j‘

CTCIICHDb YHCIINTCIIA KOTOpOfI MCHBIIC CTCIICHU 3HAMCHATCIIA (%

P, (x N .
L) MOKHO IIPEACTABUTHL B BUAC CYMMBI ITPOCTCUIIINX I[p06eI/I
Q(x)

JABYX BUIOB!

1

(x—a)i ’(xz +px+q)i ’

rae A;, B;, C;,— nocrosnnsle(2, 20, 22].
Kaxaomy MHOXUTETIO (X — a)X B mpeacTaBleHuy 3HaAMEHATENs

Q(X) COOTBETCTBYET B Pa3lIOKECHUH APOOH 1;2(()()) Ha cjlaraeMble CyM-
X
Ma k mpocreiimumx npobeit Buaa:
A =+ Ak‘lk c A
(x—a)" (x—-a)" (x—a)

Kaxnomy Muo)uUTENIO (X2 + pX + q)' COOTBETCTBYET CyMMa t IIpo-
cTedmux apobeit Buma:

Bx+C, N B_x+C., - Bix+C;

(x2 +px + q)t (x2 +Ppx + q)H (x2 +px+q) '
P, (x)
HMwmeet MecTo clieayrolee pas3iioKeHue Jpoou w Ha ciarae-
X
Mble [2, 22]:
P& _ Ay Agol Ay n Bix+C,

A (- - ) o prr)!

B,_x+C,_ B x+C
t-1 = I 1 1

— gt > . (5.1.4)
(xX“+px+q) (xX“+px+q)
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Ilpumep 5.1.15

dx [
J‘\/X— = [[enmaeM 3aMeHy MepeMEHHOM, 0003HAYUM e*+1 = y,
e” +1

toraa monyunm X + 1 = y> = eX =y? — 1 = Ine* = ln(y2 —1),x=In(y2-1),

== [ = =
y -1 y(y" -1 -1 1)(y+1)
Jpo6b . MpaBUIbHAS panroHa bHas Apoos. Pas-
(y-D(y+D
JIO)KHUM €€ Ha IpocTeiiue apoou (cm. 5.1.4):
1 A B

= + ,

(y=Dly+D) y-1 y+l
rae A u B— HensBecTHbIE KO3(PPUIIMEHTHI, KOTOPhIE HEOOXOIUMO Hali-
TH.

OcB00OXIAsCh OT 3HAMEHATEIISI, UMEEM:

I=A(y+1)+By-1)

l1=Ay+ A+ By-B.

[MpupasHuBas K03GPUUMEHTHI IPH Y U Y', TOJTyYUM CUCTEMY YPAB-
HeHUM 11 onpeneieHuss A u B.

0=A+B|=>A="B | |
1=A-B 1=—2B:>B=—E nHA=—.

Toraa noxyunm: ?

1 05 05
(y-D(y+D) y-1 y+I

2J- (y_l(;z/y_'_l) _ 2(%1 ydil1 _%j ydj_llj Id(y 1) J~d(yy++11) _
Bamerum, uto d(y + 1) =dyud(y—1) =dy]=InJy- 1| -Inly +1| + C =

W UCKOMBI MHTErpall IPUMET BUJIL:

y—1 e +1-1
In +C = BepHeMcs K HCXO/IHOI nepemerHoii eX] = 1 +C.
y+1 [Bep s P ] Vet +1+1

157



Humezpuposanue mpueonomempuueckux ynkyuil

X

2

MO>KHO ITpeoOpa3oBaTh B MHTETpa OT pallMOHAIbHON yHKIIMHU[2, 22].
Hcnonp3ytoTcs cinenyrommue TpUroHoOMeTpHYecKue GopMyJibl:

UnTerpan Buza [f(sinx, cosx)dx ¢ TOMOIIBIO MOACTAHOBKH U = tg

X
. 2tg5 2u
sinx = = 7
1+tg2§ 1+u
2 X
1-tg 5 1-u?
COSX = =

= >
1+tg2§ l1+u

2du

U3 paBeHcTBa X = 2arctgu nmeem dX = 7

1+u

B pesynbTate ykazaHHOHN MOJICTAHOBKY UCXOAHBIM HHTETPAI IIpe-
obpasyercst K BULY:

2
If(sinx,cosx)dx =If(liu2 ,Lruz]liduz
u u u

b

T. €. IOABIHTCIpAJIbHAs (I)YHKLII/UI palioHAaJIbHAa OTHOCUTCIIBHO U.

Hpumep 5.1.16
dx X
I . [IpyMeHM MOICTAHOBKY U = tg— U MOJIy4aeM:
COSX 2
J. dx = I 2du =2 I du = [Bocnosnb3yemcs opmyitoii (16)
COSX > (l—uz) 1-u?
(1 +u )72
(I+u”)
1+tg X
n3 Tabmanet 5.1.1] = In It+u +C=1n—)2( +C.
—u
1-tg—
£2
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C ITOMOIIIbI0 YKa3aHHOW TOACTAHOBKH XOPOIIIO “OepyTcs’’ UHTET-
dx

acosx +bsinx +C )
UnTterpuposanue dynkuuit [f(sinx, cosx)dx ¢ mOMOIIbIO MOICTA-

paibl BUAa I

X
HOBKH U =tg 7, BCErJIa NPUBOIMT K YCIIEXY, HO B CUIly CBOEH o01IHOC-

TH OHA HE BCErja SBIISCTCS ONTUMAJIbHOM.

5.2. OnpepeneHHbIH UHTErpan

K nonsaTHIO onpeneneHHoro HHTerpajia MOKHO IPUNUTH, paccMaT-
puBas pa3IudHbIe 3a4a4u, HAIIPUMEP, HAXO0XKIEHHE IIOIIAaAN INIOCKON
(Gurypsl, BoIYUCIEHHE pAOOThI IEPEMEHHON CHIIBI, OTIPEIETICHHE Ty TH
10 3aJaHHOM IEPEMEHHON CKOPOCTH.

Haiinem muomanp KpUBOJIMHEHHON Tpameuuu, T. €. GUTypHI,
KOTOpasi orpaHuyeHa ocbto OX, rpaKoM HENPEPBIBHOU (PyHKLIUU
y = f(X) 1 ABymMs IpsIMBIME X = a 1 X = b (cM. puc. 5.2.1). IToka Oynem
CUNTATh, YTO KPUBOJIMHENHAS Tpallelus paclojoxeHa HaJl ocbio OX,
T. e. f(x) >0

A
y
5 V=10
f(M
A (M)
f(M3
f(M>
f(MV
0] a=x0Mi x1 Mz x2 M3 x3 ananXn=b=X

Puc. 5.2.1
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Pazpgenum oTpesok [a, b] Ha n 4acTMUYHBIX OTPE3KOB: [X, X,],
X, X1 o [X, 1 X,

B Toukax nenenust orpeska [a, b] mpoBeneM npsiMble, mapaieib-
Hele ocu Oy, U pa300beM KpUBOJIMHEHHYIO Tparnenuio aABb Ha n yac-
TUYHBIX Tpanenuil. B Ka»Ja0M U3 4aCTUUYHBIX OTPE3KOB BO3BMEM IIO
IPOM3BOJILHOM Touke M|, M,, ..., M| (HEKOTOpbIE U3 ITUX TOYEK MO-
T'yT COBIAJATh C TOUKAMHU JCIICHHS OTpe3Ka [a, b]).

UYepes Touku M, M,, ..., M, nmpoBelieM NpsMbIe, Napajlle/IbHbIe
ocu Oy no nepeceueHusi ¢ pyHkuuen y = f(x). OTpe3Ku 3TUX TPSIMBIX
f(M)), f(M,), ..., f(M,)) ectb opauHatsl rpaduka pynkuun y = f(x). B3ss
YACTUYHbIE OTPE3KH 332 OCHOBAHUSI, TOCTPOUM Ha HUX N MPSIMOYTOJIb-
HHMKOB ¢ BbIcoTaMHM, paBHbIMU f(M)), f(M,), ..., f(M,). B pe3ynbrarte
MBI TTOJIyYUM CTYTEHYATYIO GUTYPY, COCTOSIIYIO UX N MPSIMOYTOJIbHU-
koB. Tak Kak Iiomaap J000ro U3 MpsiMOYroJIbHUKOB Oy/IeT paBHA
f(M,)(X;—X; ), i =1,n » TO IUIOILA/b CTYTIEHYATON GUIYpPbI MOXKHO Hali-
TH 110 (hopMyJIe

SCTyl‘I = fMD(x; = xg) + f(My)(X, — X)) + ... + TM (X, =X, ) =

n
= Zf(Mi)(Xi —Xj_1)- (5.2.1)
i=1
Ilpu HeorpaHWYEHHOM YBEJTMUEHUM KOJUYECTBA YACTUUHBIX OT-
Pe3KOB (N — ©) U MPHU CTPEMJIEHUU JIJIUHBI HAKOOJIBIIIEr0 U3 HUX K
HYJIIO cTyneH4aTtast ¢purypa OyJaeT HeOrpaHMUYEHHO MPUOIMKATHCS K
KpUBOJIMHEHHOU Tparennu aABb, T. e. momyumnm:

S = lim if(Mi)(xi—xi_l). (5.2.2)

KP- Tpar. max(x;—xj_;)>0;5;

3Has MI011a1b KPUBOJUHEHHOW TPATICIIMH, MbI MOKEM HaXOJIUTh
TJTOIIAIHA JIFOOBIX TIOCKUX (DUTYP (3TOT BOIIPOC MBI MTOaApoOHEe pac-
cmoTpuM HIpke). K Beipaskenuto Bua (5.2.2) mpuBOIAT U ApYTrUe 3a1a-
YH (HaX0X/1eHUe pabOThI MEPEMEHHOM CHITbI, BBIYMCICHUE ITyTH I10 3a-
JTAHHOHU MIEPEMEHHOM CKOPOCTH).

Tenepb pUBeIEM CTPOTOE OTMPEIACTICHIE ONPEICIICHHOT'O HHTET-
pana.
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BriepBrie 11t HempepbIBHOM (DYHKIIMM OHO OBLTO JaHO B 1823 1.
(bpanmysckum MatematukoMm Korm, a mo3jiHee HeMEKUI MaTeMaTHK
Puman nokaszan, uro onpenenenne Ko npumenumMo k 6osee mupo-
KoMy Kiaccy (yHKIui [2, 22]. DTO MO3BOJUIO €My BIIEPBBIE JaTh B
ob1eit hopme onpeneneHne HHTerpajga U yCTaHOBUTD YCIIOBUE €r0 Cy-
LIECTBOBAHUSI.

PaccMoTpuM HempephIBHYIO Ha oTpe3ke [a, b] dyHkiuo v = f(x)
(f(x) He 00s3aTeNBHO MOJIOKKUTEITBHA Ha [a, b]). OTpe3ok [a, b] pa30u-
BAETCs HA N YaCTMYHBIX OTPE3KOB TOYKAMHU A = X, X[, Xy, ..., X, = b,
OpUYEM X < X; < X, < ... < X.

Bo Bcex yacTuuHBIX OTpe3Kax [Xo, X1, [X}, X,], ..., [X, _, X,] OepyT-
csl IPOU3BOJIBHO Touku M, M,, ..., M, HaxoxsTcs 3Ha4eHus PyHK-
uun y = f(x) B atux toukax f(M,), f(M,), ..., f(M,).

CocrasisieM cyMMy BUja

n

n n
L, =2 f(M)(x; = xi) = D f(M))Ax,, (5.2.3)
i=1 i=l
rae AX; = X, —X;_ ;.
3aTeM HAXOUM IpeieN HHTerpajabHOM CyMMBI (5.2.3) pH cTpeM-
JIEHUM K HYJIIO JUIMHBI HAauOOJIBILIETO YACTUYHOI'O OTPE3Ka, T. €. IPHU
max Ax; — 0.
n
I= Iim I 6= lim zf(Mi)AXi' (524)

max Ax; =0 T max Ax; =05

B paccmoTpenHoO Hamu 3a1au€ O KPUBOJIMHEMHOM Tpaneuu mpe-
nen (5.2.4) onpenensieT ee miomaas. B obiiem ciryyae oH Ha3bIBAeTCS
OIpeICIICHHBIM UHTETpajoM OT (GyHKIMH f(X) B Ipeaenax oT a 1o b u
YUTAETCS: MHTErpalt oT a 110 b f(X) mo dx, T. e. corstacHO onpeaeIICHUIO
MBI ITOJTy4aeM:

n b
lim > f(M;)Ax; = [f(x)dx. (5.2.5)

max Ax; >0

CyMmmMma B BeIpakeHuH (5.2.3) Ha3bIBAaeTCS N-I MHTETPAITBHOMN CyM-
Moti [2, 20, 22].

Kak u B HeonpeenieHHOM nHTerpate f(X) — ecThb IMoAbIHTerpaTbHAS
dbynkis, f(x)dx — moabpIHTETpaIbHOE BBIpaXKEHHE, TIEPEMEHHAS X —
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repeMeHHasi MHTErPUPOBAHUS, OTPE30K [a, b] HA3BIBAETCS MHTEPBAIOM
WHTErPUPOBAHMS, & YUCIIA & U b HUKHUM M BEPXHUM IpeesilaMu COOT-
BETCTBEHHO.

OmnpeneneHHbli UHTEr Pl €CTh HEKOTOPOE YHCIIO0, 4 BEIMYNHA €TI0
3aBHCHUT TOJIBLKO OT BUAa PyHKIMU f(X) 1 OT uncen a u b. 3amMeTnm, 4To
IUIOWIAlb KPUBOJIMHEMHOM TpAIlELIUU — 3TO F€OMETPUUECKUNA CMBICIT
ONpe/IeJICHHOTO MHTerpaja. BeruncieHue onpeneneHHOro HHTerpana
C TIOMOIIBIO COCTABIJICHUSI HHTETPAIIbHBIX CYMM BHUa (5.2.3) BBI3BIBACT
CEepbEe3HbIC MPOOIIEMBI JTaKe B CAMBIX IIPOCTHIX CITydasix, IIO3TOMY IS
UX HaXOXKJICHMSI UCIIOIB3YIOT APYTOi croco0, KOTOPBII MBI PacCMOT-
PUM HIDKE.

Teneps npuseaem 0e3 JOKa3aTENbCTBA TEOPEMY CYIIIECTBOBAHUS
OTIPEICIICHHOTO MHTErpaia.

TEOPEMA 5.2.1. Eciu ¢pynxyus f(x) nenpepwisna ¢ ompesxe [a,
b], mo ee n-s unmeepanbHas CymMma CMpemMumcst K npeoery npu cmpem-
JIeHUU K HYJI0 HAUOOIbUIEe20 YACMUYHO20 UHMepsaid. DTOT Mpeel, T. €.

b
OTPEJICIIEHHBIN UHTETpal _[f (x)dx, He 3aBUCUT HU OT criocoba pa3ou-
a
eHus [a, b] Ha YaCTUYHBIC HHTEPBAJIbI, HU OT BBIOOpA B 3THX HHTEPBa-
J1aX MPOMEXKYTOUYHBIX TOYEK [2].

Csoticmea onpedenenno2o unmezpana
1. UaTerpan ot anredpanyueckoii CyMMbl KOHEYHOTO uncia GyHK-
U paBeH alre0pandeckoil CyMMe MHTErPalioB OT 3TUX (DYHKIIMIA, T. €.

b b b b
[ () £ 65 (x) £+ £, ())dx = [ £ (x)dx + [ £ (x)dx £ ... % [ £, (x)dx.

2. ITocTOSHHBIN MHOKHUTENb MOABIHTEIPAIBHON (DYHKIIUU MOX-
HO BBIHOCHUTbD 3a 3HAK MHTErpaia, T. €.

b b
[kf(x)dx =k [f(x)dx,k e R.
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3. Ecim MnepeCTaBUTb MECCTaMU IMPEACTIbI MHTCTPUPOBAHUA, TO NH-
Terpajl UBMCHUT TOJIBKO 3HAK, T. €.

b a
[f)dx =—[f(x)dx.
a b

4. Eciu mHTEpBajl MHTET PUPOBaHUs [a, b] pa30ouUT Ha JIBe YacTH [a,
clu|c, b], To

b c b
[f(x)dx = [f(x)dx + [ f(x)dx.

5. Ecin ynkuusa f(X) B MHTEpBalie UHTEIPUPOBAHUS HE MEHSET
3HAKa, TO MHTETPaJI MPEICTABIISET COOOI YUCIIO TOTO K€ 3HAKA, UTO U
(byHKIIHS.

6. 3HaUeHHUe OIpe/ICTICHHOT0 MHTerpaa 3aKII0YeHO MEXITy Mpo-
M3BEJCHUSIMU HAMMEHBIIIETO U HanOOoJIbIIero 3HaueHnit hynkimu f(x)
Ha JUIMHY UHTEPBaJla UHTEIPUPOBAHMUS, T. €.

b
m(b —a) < [TO)dX < M(b—a),a <b,

rine M u m — HanboJbIee 1 HAMMEHbIIIee COOTBETCTBEHHO 3HAYCHUS
¢dbynkiuu f(x) Ha oTpe3ke [a, b] (cMm. puc. 5.2.2) [22].

v

Puc. 5.2.2
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7. Ecnu B xakmo#t Touke X oTpeska [a, b] y(x) < f(X) < 9(x), TO
b b b

Jwx)dx < [f(x)dx < [@(x)dx, a <b.

a a a

8. BHyTpH mHTEpBaja HHTETPUPOBAHUS [a, b] €CTh XOTs ObI OAHO
3HAYeHHUE X = A, JUIsl KOTOPOTO BBIMOIHACTCS CIIEAYIOIIEe PAaBEHCTBO:

b
If(x)dx
Tooa T

Dopmyna Hviomona-Jletionuya
ITpuBenem 6e3 nokaszaTenbcTBa GOPMYIUPOBKY TEOPEMBI.

TEOPEMA 5.2.2. 3nauenue onpedenentiozo unmezpana pasmHo pas-
HOCMU 3HAYeHUTl 11000t NepP8ooOPA3HOTE 0M NOOBIHME2PATLHOU (DYHKYUU,
B3MBIX NPU BEPXHEM U HUIICHEM NPeOenax unmezpuposanus, m. e. [2,22]

b
[£(x)dx = F(x)|, =F(b) - F(a). (5.2.6)

Wnun nnave: 3HaYeHUe OINPEIETICHHOTO HHTErpasia paBHO MPUpa-
IIEHUIO JTI000H ITepBOOOPA3HON OT MOABIHTErPATIbHOM (DYHKIIUU B UH-
TepBaJie UHTEIPUPOBAHUSI.

®opmyna (5.2.6) naet yaoOHbIi crtOCOO BBIUMCIIEHUS OTIPEIEICH-
HBIX MHTEPBAJIOB, €CJIM U3BECTHA TIEPBOOOPA3HAS ITOBIHTETPAITLHON
(GbyHKIIMH, T. €. HEOOXOUMMO HAWTH JIIOOYIO TIEPBOOOPA3HYIO IO bIH-
TerpajabHON (PYHKIMH U MTOJICTABUTH B HEE MPe/IeNIbl HHTEI PUPOBAHUS.

[IpuBeeM KOHKPETHBIE TPUMEPBHI.

Ipumep 5.2.1

Z =5 —e%) =5 -1).

3 3
jSede = SIede =5e*
0 0
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BU:

Ilpumep 5.2.2

K K
4 [ T nj J3-42
Ismxdx =—CO0SX| =—| cos——cos— |=—.
. n 4 6 2
p 6
Hpumep 5.2.3
j- dx
x+s = [3ameTum, uto d(x + 5) = dx] =
Td(x +5) 7
= [=—==Inx+5|, =In(7+5)~In(3+5) =

X+5

12 3
=1nl12-1n8 =In(—) =In(-).
(8) (2)

Memoo unmeezpuposanusi o Yacmsm 6 onpeodeIeHHOM Unmezpae
dopMyJia THTETPUPOBAHUS 1O YACTSIM B 3TOM ClTydae Oy/1eT UMETh

b b
Iudv=uv|: —Ivdu. (5.2.7)
a a

PaccMoTpuM KOHKpETHBIE TPUMEPHI.

Ilpumep 5.2.4

.2 . . .
sin” xdx = [u = sinx; du = cosxdx; dv = sinxdx; v = [sinxdx =

oc—|a

T
- jad

r 2
. LT
= —C0SX] = —sInxcos x|§ + _[cosz xdx =—(sm5c055—sm000s 0)+
0
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(1-sin® x)dx =0+ [dx — [sin? xdx.

S — |3
o'—.w\:l

+
oS3

T

2
22
HepeHOCI/IM ISIH xdx B JICBYIO UaCTb PaBCHCTBA U OKOHYATCIIb-
0

HO IIOJIy4YacMm:

T
- ad

S — a3

2 [sin? xdx :x|05 = Isinz xdx I
0 4
Ipumep 5.2.5
2 dx x2| x2 ?
lenxdx= u=1nx;du=—;dv=xdx;v=jxdx=— =— Inx| —
X 2 2

2.2
_Lpxidx (412-—huj——jxm; 2m2-0-L. X =
27 x 2 2 2

=m4—1@2—ﬁ)=m4—3.
4 4

Memoo 3amenvl nepemeHHO 6 onpedeseHHOM uHmezpae

Beruncnenue onpeaeeHHOro HHTErpaza METO0M 3aMEHBI Tepe-
MEHHOH MPOBOAUTCS TAK K€, KAK U MPU HAXOXKIEHUU HEOTIPeeSIEHHO-
r'0 UHTErpasa, 3a UCKIIIOUEHUEM TOTO, YTO B JAHHOM cllyyae HeT HeoO-
XOJMMOCTH BO3BpAIIATHCS K IEpBOHAYANIbHON NiepeMenHoii. Ho Hao
MOMHUTB, YTO, 3aMEHSIS NIEPEMEHHYIO TOJI 3HAKOM HMHTEerpaya, Haao
MEHSTh U TIPEJIeTbl UHTETPUPOBAHUS.

PeriiM KOHKpeTHBIE TPUMEPHI.
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Ilpumep 5.2.6

4 4
xdx :l Zxdx = [3amerum, uro d(x> + 8) = 2xdx] =

ox2+8 25x% 48

1 } d(x* +38)

29 x*+8

Jlenaem 3aMeHy TepeMEHHOM, 0603HaunM y = x* + 8. Temneps He-

=2%48=12 |:42+8:24
; x=4

2

00X0MMO MTOMEHSITh IPEEIIbl UHTEIPUPOBAHUSL: y|

N OKOHYATCJIbHO ITOJIydacM:

4 2
lIM:l rdy _ 1||| YL n24-m12)-
22 x> +8 212 2

24

=—ln—=—1n2.
2 12 2

Hpumep 5.2.7

2 2
IX 1+ x2dx =1J‘2x 1+ x2dx = [3amerny, uro d(1 + x2) = 2xdx] =
1 1

=%f\/1+x2d(l+x2).
1

Tenepp 3aMeHsieM [IEPEMEHHYIO U Ipe/iesibl MHTerpupoBaHusi t = 1 +
+ x2:

b
=1+12=2 |:1+22:5
b

x=2 U OKOHYATECJIIbHO ITIOJIy4acEM:

g

x=1
é5
2 _

—I\/1+x dx(1+x%) == jyde—
%(\/5_3_\/2_3):%(5\/3—2\/5).

wIN

1
2
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Ilpumep 5.2.8

I—dx = [3ameTuM, uTO dtgx =
0 Cos” X cos’ x

1= j (2 + /tgx )dtgx.
Tenepb AcJIa€M 3aMCHY HepeMeHHOI/I U MCHJACM MPEACITIbI MHTCI -

pupoBaHusa tgx = t, tg% =1; tg0 = 0 B pe3ynbTaTe MoIydaem:

1 1 11
(2+ftgx)dtgx = [(2+~/t)dt =2[dt + [ t2dt =
0 0 0

1

oSte—n|3

3
=2t|i)+zt2 =2+
3
0

[SSR )

Ll
>

5.3. HekoTopbie cBeaeHUss O HECOBCTBEHHbIX
MWHTerpanax

PacnipocTpanum noHsiTHE ONpPENENICHHOrO UHTErpajia Ha ciydai
0ECKOHEYHOT'0 MHTEepBaJIa UHTETPUPOBAHUS.

[Tpeanonoxum, uto pyHkuus y = f(xX) HermpepbIBHA HA UHTEPBAJe
[a; + ). Torma MoxHO HAWTU MHTErpaa OT GYHKIMH f(X), KOTOPBIN
B3ST 110 JIIOOOMY MHTEpBaIy [a, b], rae b > a.

b
Wnrerpan f f(x)dx TeM syurie BeIpakaeT 3HAUEHHE, KOTOPOE HAJI0
a
MIPUHSTH B KAUeCTBe MHTerpasia oT pyHKImH f(X) B UHTEpBaIe [a, + ),
yeM Ooubine b.
[Tycts b HEOrpaHMYEHHO BO3pACTaeT, TOTIa €CTh ABE BO3MOKHO-
b
CTH: WK _[ f(x)dx mpu b — +oo MMeeT Mpeaes, WK JaHHBIH HHTErPa

a

npejenna He UIMEET, a 3TO 03HAUYAET, YTO OH WIIM CTPEMHUTCS K OECKOHEeY-
HOCTH, WJIM KOJIEOJIETCS, T. €. HE CTPEMUTCSI HU K KAKOMY TIPEIeTy.
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Tenepb naaum onpezeeHre HECOOCTBEHHOTO HHTErpasa.
Hecobcmeenmnvim unmezpanom ot GhyHkImH f(X) B MHTEpBase [a, + o)

b
Ha3bIBaeTCs MPeeI MHTerpaia I f(x)dx mpu b — . DT0 3anucHIBAET-

a

csl CIEeYIOIIMM 00pa3oMm:

0 b
[f(x)dx = Jim [f(x)dx. (5.3.1)

Ecmu npenen (5.3.1) cymecTByeT, TO HeCOOCTBEHHBIN MHTErpaJjl Ha-
3BIBACTCS CXOOSAUUMCSL, & €CTTU HE CYIIIECTBYET, TO pacxoosuumcs [2, 22].
Ecimu nepBoo6paznas ¢pynkiums F(X) st moapHTerpanbHon (pyHK-
1y f(X) U3BeCTHA, TO MOYKHO OTIPEIENTUTh, CXOTUTCS HECOOCTBEHHBIN UH-
terpast wiu HeT. Mcrionbzyem hopmyity Hetorona-JIeitbnuiia u nomydnm:

Tof(x)dx = blirfoo(F(b) —F(a)) = F(+x)—F(a).

ITostomy, eciu ipeaen nepBooOpa3noit F(X) mpu b — +oo cyre-
CTBYET, TO HECOOCTBEHHBII MHTETpajl CXOIUTCS, a €CIIU TPeJIelT He CY-
HIECTBYET, TO UHTETPAJ PACXOIUTCS.

AHAJOTUYHO OlpesesiseTcss HeCOOCTBEHHBIM MHTErpajl B UHTEP-
Basie (—o; b):

b b

[f(x)dx = lim [f(x)dx =F(b)—F(-o0).

—0 A0

Ecmu ¢pyukius f(X) onpenenena u HEeMpepbIBHA B MHTEPBAJIE
(—00; +00), TO TTOJTYUUM:

+00 C +00
[fx)dx = [f(x)dx+ [f(x)dx.
—00 —00 [¢]
Ecnu o0a uHTerpana B MpaBOW YACTH TMOCIETHETO BBIPAKEHUS
+00
CXOHSITCS, TO UHTErpall If (x)dx cxomuTcs, a ecnu XOTs Obl OIMH U3

—00
+00

HHUX PACXOIUTCA, TO U I f(x)dx pacxomutcs [2, 22].

—0o0
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Ecau n3BectHa nepBoodpasHas F(X), To

+00
[£(x)dx = F(+0) — F(—0).
—00
Cxonsmuecss HecOOCTBEHHBIE MHTETPAITBI UMEIOT OIPeIeIIEHHBIH
reomMeTpuueckuii cmpici. Hampumep, rpaduk ¢pyakmuu y = f(x) orpa-
HUYMBAET KPUBOJIMHEHHYIO TPAIEIUI0 ¢ OECKOHEYHBIM OCHOBaHHEM
(cMm. puc. 5.3.1).

y =f(x)

0 b x

Puc. 5.3.1

+b
Eciu HecoOCTBeHHBIN MHTETpal _[ f(x)dx cxomuTcs, TO 3aIITPH-
—00
XOBaHHas! PUTYpa UMEET IUIOIA/b, KOTOPAsl PAaBHA 3TOMY HHTETpaITy.
A eci UHTETpall PACXOAUTCS, TO TOBOPUTH O IUIOIIAAN (PUTyphI HETb3s1.
Teneps mpuBeeM KOHKPETHBIE MPUMEPHI PelieHrs] HeCOOCTBEH-
HBIX MHTETPAJIOB.

Ilpumep 5.3.1

o0
_2 o
Boruncnum J e “*dx =[[lenaem 3aMeHy MEPEMEHHON —2X =y = >X
0

= —% =>dx = —% . 3aTteM MeHsieM npesenbl uHTerpupoBanus y(0) =

0; y(o0) = —0. Tora nomyunm] =
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1 0 1 1 1
—— | efdy=—| &’d =—ey‘ =—le'——|=—,
fe=giow=el -]
< -2X 1
T. €. HECOOCTBEHHBIN MHTErPAl _[e dx cxomurcs U paBeH —.
0

Ilpumep 5.3.2

3dx = 3Id—x = lnx|;O = In(o0) — In(5) = oo, T. €. TAHHBII UHTETPAIT
5 X 5 X
pacxoauTcsl.

Ilpumep 5.3.3

0

8 b V2
[sinxdx = lim [sinxdx = lim (—cosx)|,, =— lim (cosb —=~-).
. b b—w ki b—ao 2

4 4

4

. 2
Benuuuna | — lim| cosb 5 HE CTPEMHUTCS K ONPENETIEHHOMY
b

npeneny npu b — oo (koyiebyercs), 3HaUnuT, HECOOCTBEHHBII MHTETrpal
PacxoIuTCs.

Ilpumep 5.3.4

+o0 +o
I3exdx =3¢

—0 —0

= 3[e°O —%) =00, T. €. JIAHHBI MHTErPAJl Pac-
e
XOJTUTCSI.

YacTo Ba)XHO 3HATH HE KOHKPETHOE 3HAYEHUE HECOOCTBEHHOTO
WHTETpajia, a CXOJAUTCS OH WIIA PACXOIUTCS. [{JIs1 3TOTO MCIIOIB3YIOTCS
NPU3HAKU CPABHeHUs, KOTOPbIE MBI M IIPUBOIUM.

1. Ecim juist VX(x > a) BeimostasieTcst HepaBeHCTBO () < f(X) < o(x)

o0 o0
eciau _[ @(x)dx cXxomMTCs, TO CXOIUTCS U If (x)dx , Ip¥ 3TOM BBITIOJIHS-
a a

€TCsl HepaBEHCTBO [2, 22]:
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Tf(x)dx < T(p(x)dx.

o0

Hanpumep, npoBepum, CXOIUTCS JTX HHTErPAIl .[2—
1 X7 (2+¢e")

dx

1 1
Mpux21, —————<—.
x“(2+€e*) x

Tenepp paccMOTPUM, CXOAUTCS JIM HECOOCTBEHHBIN HHTErpal:

0
Tdx 1 .
— =" = —(—-1)=1, T. e. JaHHBIM MHTETpaj CXOIUTCH.
1 X X 1 o0
T dx
IMosTomy o mpusHaky 1 cxomurest I— U €r0 3HAYEHUsI MeHbIIE 1.

1X(+e)

2. Ecimm mist VX(X > a) BeimtoJtHsieTcst HepaBeHCTBO 0 < @(X) < f(x),

IpuIeM I(p(X)dX PacXOaUTCs, TO PACXOIUTCS 1 f f(x)dx [2, 22].

a a

o0
X+5
Hanpumep, mpoBepuM CXOIMMOCTb HHTETpajia Iﬁdx
1 VX

X + X 1
OueBUAHO, UTO —— > —— = ——.
/X3 /X3 Jx

Tenepb PacCMOTPpUM, CXOOAUTCA JIN HEeCOOCTBEHHBIN HHTCrpall

1
b
= 11m X 2dx = lim 2\/;‘ =2 lim (\/B—l) =00, T. €. JaHHBII
b—o0 1 b—w

J. \/_ b—>oo

X +
uHTterpai pacxoautcs. [loaTomy 1o npusHaKy 2 pacxoauTcst Iﬁdx
1 VX
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0
3. Ecnin HecoOCTBEHHBIN MHTErpall I |f (x)|dx CXOIUTCS, TO CXO-
a
o0
JIATCS U UHTETpal _[ f(x)dx. ITocneauuii UHTErpaI B 3TOM CIyvae Ha-

a

3bIBAE€TCS A0COJIFOTHO CXOOAIINMCH.

© .
sinx
B xauecTBe mpuMepa mpoBEepUM CXOAMMOCTh HHTErpajia I —dx
1

sin X
Ha unrepsare [1; o) mogbiHTerpagbHast GyHKIIHS

3 3HAKOIIC-
X

peMeHHasl.
sin X

X3

<

BI/II[HO, qTo 3| TCHEpB PacCMOTPpUM, CXOOUTCS JIN HEC-
X

COOCTBEHHBII MHTErpaj

o0

1 x? 2x?

= _l[i - 1) = l, T. €. JAaHHBIA UHTETPajl CXOIUTCA.
2

sin X

0
[TosTomy no npusHaky 1 cxoaurcs _[ dx, a ciegoBaTeNnbHO, O

1

X3

sin X
3

0
MPU3HAKY 3 CXOUTCS U UHTErpal _[ dx.

1

IIpu Mcnonb30BaHUM MPU3HAKOB CPABHEHUS HAJ0 UMETh 3aIrac

(hyHKLMH, HeCOOCTBEHHbBIE MHTETPAJIbI OT KOTOPBIX UIIH CXOATCS, I

pacxomsTcs, U Pe3yabTaT 3TOT HAM M3BECTEH 3apaHee. DTH QYHKIIMU
MBI OYyJIEM UCIIOJIB30BATh B KAUECTBE P(X).

173



5.4. HekoTopble NpunoXxeHUs
onpefeneHHOro MHTerpana

5.4.1. BoluncneHue nnowagen NNOocKux curyp

Tak kaxk omnpeaeneHHbI MHTErPaT OT HEMPEPbIBHOW HEOTpHUIIa-
TeIbHOW (DYHKIIMM paBeH IJIOMIA U COOTBETCTBYIONIEH KPHUBOJIUHEH-
HOU Tparienuu, a Iioiaab 000 IMITOCKoN (PUTyphl MOXKHO MpecTa-
BHUTh KaK CyMMY U (MJIM) PA3HOCTH ILIOIIAIeH KPUBOJIMHEHHBIX Tparie-
LIUH, TO, CIIeI0BATENIbHO, ONMPEAETICHHBIN HHTETPa MOXKHO HCIIOJIB30-
BaTh TSI BEIYUCIICHUS TUIOMAIEeH TIIOCKUX duryp [2, 16].

Ecou ¢pysknus y = f(X) wm miockas urypa ABCD naxomsitcs

b
Bbile ocu Ox (cMm. puc 5.4.1 u puc. 5.4.2), To Mbl UMeEM S| = If(x)dx u

a

b
S, = [(£,() £, (x))dx.

a

y1 = fi(x)

ATy =hx)

"\

Puc. 5.4.1 Puc. 5.4.2

Ecimu ¢pynknus y = f(X) HaX0AUTCS TOJTHOCTHIO WITH YaCTHYHO 10T
ocbio 0x (cM. puc.5.4.3 u puc. 5.4.4), TO MBI TIOJTy4aeM:

b b c
Sy =|[f(x)dx|; Sy = [f(x)dx +|[f(x)dx|.
a a b
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v

Puc. 5.4.3 Puc. 5.4.4

Eciau ¢pyakius x = ¢(y) wiun wiockas purypa ABCD npuseraror
k ocu Oy, TO MbI UMeeM (cM. puc. 5.4.5 u puc. 5.4.6):

b b
S5 =[o(y)dy: S =[(@1(y)—92(y))dy.

A y Ay
b B C
X2 = @a(y) X1 = @i(y)
a A D
0 X o %
Puc. 5.4.5 Puc. 5.4.6
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3ajaun Ha BBIUMCIIEHHUE TUTOMIACH ITOCKUX (PUTYp MOXKHO perniaTh
MO CIIEAYIOIIEH cXeMe:

1. B cOOTBETCTBUU C yCIOBUSIMH 33/1a4H JICTAIOT CXEMATUUECKUMA
YepTeK.

2. Vlckomyro 1011k MPEACTABIISIOT KaK CYMMY U (WJIH) pa3HOCTh
IJIOLIAIe KPUBOJIMHEUHBIX TPAIICL.

3. HaxonsT penienbl HHTETpUPOBAHUS.

4. BRIYHCISAIOT IUIOMIAAN KaXXIOW KPUBOJMHEHHON Tpamnernuu u
HCKOMYIO TUIOIA b (PUTYPHI.

Ternepp paccMOTpUM KOHKPETHBIE ITPUMEPBI BBIUUCIIEHUS IIJI0111a-
nei miIockux Guryp.

Hpumep 5.4.1

Borumciire mwioma b GUrypbl, OrpaHAYEHHOM TUHUAMHE: X = 4 — y2,
x = 0.

CHayana 1mo yCIOBHUSIM 33Jlaud CTPOUM CXEMATHYECKUN YepTex
(cm. puc. 5.4.7).

X' =4 — y> — napa6omna. Haii-
JieM ee BepluuHy: X' = -2y, y =0, x =
= 4 (max) ¥ TOYKH TIEpPEeCeUCHUSs C
~ X=0(y) ocpt0 Oy. 4-y?>=0,y=2,y=-2.

Yy, =21y, = 2 ABIAI0TCS Ipe-
JielaMM MTHTETPUPOBAHUS.
01/ 7 T s i Tenepsb HalieM UCKOMYIO ILIO-
wajp. Tak kak napaboyna cUMMET-
— pUYHA OTHOCUTENIBHO OCH ablucc,
TO MO’KHO 3aIUCaTh.

2 2
Puc. 5.4.7 S= [(4-y )dy=2[(4-y* )y =
-2 0
Jh 8) 32
2y
=2/ 4y| —=— |=2|8——|=—KB. en.
i . [ 3) 3
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Ilpumep 5.4.2

Bbrumcaum miomans GUrypbl, OrpaHMYEHHON JTMHUAMHU: y = X —
—-6x+8y=0

TTocTponm cxeMaTHIecK i YepTek UCKOMOM (pUrypsbI (cM. puc. 5.4.8).

Kpuast y = x> — 6x + 8 N
ecTh mapaboJjia, BETBU KOTO-
poil HanpaBieHbl BBepx. Hali-

JIEM €€ XapaKTepPHbIE TOUKHU. 2+
y' =2x - 6;
y' =0; T \ /y=x276x+8
2x-6=0; | |

v

x =3,y =-1(min). 0 ) 4 X
Haijizem Touku mepece- 1T

yeHus1 apaboibl ¢ ockio 0,
KOTODBIE SBIISIOTCS MTpe/esa-
MU UHTETPUPOBAHMUSL.

x2—6x +8=0; Puc. 5.4.8

D=36-4x1x8=4;
X =ﬂ=4; X, =g=2.

2 2

Tenepb HAXOIUM UCKOMYIO TUTOLIAb (3HAK MOJTYJIsI CTABUTCS, TAK

Kak (purypa HaxoauTcs moj ocbio OXx).

4 4

4 3 2
=I(x2—6x+8)dx=x— _ 6] +8x|4=
3 2 2
2 2 2
‘(%—gj 316-4)+8(4-2)|= ‘——36 16‘ ‘——20‘ — KB. €I
Hpumep 5.4.3

Berurcnure miomaab GUrypbl, OrpaHUYSHHOH JIMHUSIMU: Xy = 6,
x+y-7=0.

ITocTponm cxemaTHUecKuii UepTex (cM. 5.4.9) 1 HaiIeM ITpeeITh
UHTETPUPOBAHMS.
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6
—=T7-X
X
6-7x+x2=0,x#0
D =25;
Xl =1
X2 =6
—t———+— > (Ipeaejibl UHTErPUPOBAHUA).
0] 1 2 3 4 56 7\ X (p pHp )
Puc. 5.4.9
Teneps HAXOAUM UCKOMYIO TUIOIIAb.
6
6 2
6
S=J(7—X——jdx=7x|l6 X —6lnx|16 =
1 X 2

1
=(42—7)—(18—%}—6(ln6—ln1)=35—17,5—6ln6=

=(17,5-6In6) xB. ex.

5.4.2. BoiuncneHue ANUHbI AYrU

ITycts B mockoctu xOy ypaBHeHHeM y = f(X) 3agaHa KpuBas JIn-
Husl. Beraucnum mmuHy 1yru AB 3TO# KpUBOH, 3aKITFOUCHHON MEXITY
MPSIMBIMK X = a 1 X = b (cM. puc. 5.4.10).

Ha nyre AB BosbMeM TOuku A, A, A,, ..., A,, ..., B c abcuuccamu
Xg = a, X}, Xy, -0y Xj, .., D= X, [IpoBeniem xopnet AA [, AJA,, ..., A, B,
JUINHBI KOTOPBIX COOTBETCTBEHHO 0003HauuM Al;, Al,, ..., Al . B pe-
3yJbTaTe NMOJIyYyuM JIoManyo A, A A,, ..., A | B, kotopas Bnucana B

n
nyry AB. Jlmna oToit oMaHoi Oyner pasua 1, = > Al;. A munoii (1)
i=1
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y A
As A
A}/.\.S\\An,l
y = f(x)
B
Oxo=éx1xz X3 X4 X5 Xn_1 xn=b=x
Puc. 5.4.10

nyru AB HazbIBaeTcs mpesies, K KOTOPOMY CTPEMUTCS [UTMHA BIIMCAHHOM
JIOMAHOM, KOTAa JJIMHA €€ HAUOOJIBILIETO 3B€HA CTPEMUTCS K HYJIIO, T. €.

I= lim Y AlL.

max AL >0

B kypcax MaTeMaTH4YeCKOro aHajau3a I0Ka3bIBAeTCs (CM. HAIIpH-
Mep, [2, 20]), uTo eciau Ha oTpe3ke [a, b] pyHkIUs f(X) 1 ee Mpou3BoI-
Has f'(X) HempepbIBHBL, TO ITOT MPEAET CYIIECTBYET U AiuHa Ayru AB

HaXoAUTCs 10 hopMyJie

b b 2
1= [{1+[f' (0P dx = | 1+(g—yj dx. (5.4.1)
X

PaccMoTprM KOHKPETHBIN TpUMED.

Ilpumep 5.4.4
2
N . X 3 .
Haiinure nnuHy 1yru KpUuBoH y = 55 oTceueHHOH ochio OX.
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CHauana rmocrpouM rpauk UCXOIHOM (YHKIIMU U HalieM a U b
(cm. puc. 5.4.11)

y' =X.

minx=0;y=—%.

Haxonum a u b.

2
X 3.,
2 2
x2 =3

X=i\/§

Teneps 1o popmyiie (5.4.1) HAXOIUM UCKOMYIO JITTUHY JTyTH.
A \/5

1= I 1+x%dx = [Tak kax ucxoaHas mapa-

5

0oJla cMuMMETpHUYHA OTHOCUTEIBHO ocu Oy, TO

V3
nojy4aem| = ZJ. V1+x2dx.
-3 +43 R 0
1\t1/ ; X
5\/2 3 5 1
14 Haiinem 11=J. I+x7dx=—.
0 2

Puc. 5.4.11 . 3
HOJ’IyLII/IB]_LII/II/ICSI ONPEACIICHHBIN NH-

Terpajl MOKHO OpaTh HECKOJIBKHMH CIIOCOOAMHU, HAIpUMep, TOJICTa-
Y eV
. e’ +e .
HOBKOM X = shy, riue shy = — runepOoINUeCKUi CUHYC, MU

METOAOM MHTETPUPOBAHUS 110 YACTIM, KOTOPBIM MBI U BOCIIOJIb3Y-
emcsi. HamoMuuMm, uyto ¢popMyiia UHTETPUPOBAHUS IO YACTSIM HMe-
eT BU:
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b , b
Iudv = uV|a - Ivdu.
a a

B namem Cl1ydyac UMEEM

1+x%;dv=dx = v=x;
X

V1+x?

Toraa noxyunm:

V3
1, = I 1+dex={){\/1+x2

0

du= dx.

0 o A1+x? B

:{2\/—_\?& J {2\/— I x2 +1 f dx JZ
0 V1+x? \/1+x 0 \/1+x2
—2\/_—IV1+X dx+j

BB x2dx J_

\/1+x

SIBJISICTCS TAOIMYHBIM (cM. hopmyay 17 paz-

(MaTerpan I dx
V1+x?
nena 5.1). OH paBeH:

dx

X+VX2+1
J‘\/xz+1

B Hamewm cnyyae nomydaem:
g dx

NE)
x+\/1+x2
'([ \/1+X2

IMostomy 1, npumeT BUA;

NE)
L =2v3- [VI+x7dx+In(v/3 +2).
0

=Arshx+C=1In +C.

=In

=In(/3 +2).

0
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V3
HepeHOCI/IM — | V1+ X2 dx | HaleBO U OKOHYATEIIBHO mojrydacm:
0

NE)
1=21; =2 [ V1+x*dx =243 +In(v/3 +2).
0

5.5. MpubnunxeHHOe BbluUCNEHHUE
onpeaeneHHbIX WHTErpanos

B Tex crmyuasix, Koraa MmojabIHTerpaibHast QYHKIUS UMEET CIOXK-
HBII BUJI U HESICHO, KaK ee MpeoOpa3oBaTh K TAOJIMYHOM, UITH JKe TIep-
BOOOpa3Has MOABIHTEIPAIBHON (DYHKIIMHM HE BBIPAYKAETCS Yepes3 die-
MEHTapHbIe (PYHKIMH, TPUMEHSIOT MPUOIIKEHHbIE METObI BEIUMCIIE-
HUS OTIPE/ICIEHHBIX HHTETPAJIOB.

[TpuBenemM HECKOIIBKO CIIOCOOOB MPUOIMKEHHOT'O HUHTETPUPOBa-
HUSI, UCXO/IS U3 OTIPEICNICHHSI UHTEerpaia Kak Ipe/esa CyMMBI.

1. @opmyna npamoy201bHUK08
ITyctp Ha [a, b] 3amana HenpepsiBHas ¢pynkuus y = f(x). Hamgo
b

BBIUHCIIUTH _[f(X)dX- Ortpe3oxk [a, b] paznenum ToukaMu a = X, X;, X5,
a

...» X, 1, X, = b Ha n OAMHAKOBBIX YacTell JAJIMHBI AX, IJIe Ax =

0o
(cMm. puc. 5.5.1).
3navenus pyHkuun y = f(X) B TOukax Xy, X;, X,, ..., X, |, X, 000-

3HAYUM 49€PE3 Yo, Y15 Yoo o5 Yn_ 1> Ynr
Tenepb COCTaBUM ABC CYMMBbI:

S| =y Ax+y Ax+y, Ax+...+y, | Ax (5.5.1)

S, ecTh cyMMapHas IUI0IIA b IPSIMOYT OJIbHUKOB, JIEKAIIUX HUXKE
y = f(x).
S, =y, Ax+y,Ax+ ... +y, AX. (5.5.2)
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y 4
y = f(x)
V4
Y3 Yn
yi y2 Yn-1
Y0

0 a=x0 xi X2 X3 X4 Xn-1 b =Xn Tx

Puc. 5.5.1

S, ecTb cyMMapHas IUI0ILAAb IPSMOYTOJbHUKOB, JI€KAIIHX BbIILE
y = f(x).

Wctuanas mromans GuUrypsl, orpaHndeHHas y = f(x), yIoBier-
BOPSAET yCIIOBHIO S| < S < §,.

ITosToMy MOXHO 3amucaTh NpUOJIMKEHHBIE paBeHCcTBa [1, 16]:

b

b-a
[f(x)dx = - (Yo+ Y1 +Y2 +ont Yot)- (5.5.3)
a
b b-a
If(x)dxz " (Y1 +Y2+Y3 4+t Yy) (5.54))
a

IIpubmmkennsie paBeHcTBa (5.5.3) 11 (5.5.4) 1 ecTh (hOPMYJIHI ITPSI-
MOYTOJIBHUKOB. OmrbKa, KOTOPYIO MbI COBEpIIIAeM ITPU BHIYUCIICHUH
uHTerpajaoB mo ¢opmyiam (5.5.3) u (5.5.4), OymeT TeM MeHbIIe, YeM
6omp1ie n. 1j1st TOro 4TOOBI ONPEIENUTh, CKOJIBKO TOUYEK ACTICHUS HAJ10
B35ITh, YTOOBI BRIUUCIIUTh UHTErPaJ C 3aJaHHOW TOYHOCTBIO, HAJIO UC-
TOJIB30BATh (DOPMYITY OLIEHKH ITOTPEITHOCTH, KOTOPAs ITOIy4aeTCs IIPH
MPUOIIMKEHHOM BBIYUCIICHUN MHTerpaja. s MeTona npsMoyroib-
HUKOB OHa uMeeT B [9]:
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(b-a)’M
2n ’
re M= max|f'(x)|.

a<x<b

ITpuBeneM KOHKPETHBIN MpUMeEp.

o <

Ipumep 5.5.1
Hcnonb3yst MeToA IPSIMOYTOJILHUKOB, BBIUUCITUM MPUOTHMKEHHO
WHTETpaj

6
d
I—X, B3aB n = 10.
2lnx

3aMeTuM, UTO 3TOT UHTErpajl OTHOCUTCS K UMCITY HeOepyIuXcs,
T. €. OH HE BbIPAXKAeTCs B JIIEMEHTAPHBIX (DYHKIUSX.

1
y=f(x)=—
Inx
b—a:6—2:0,4.

n 10
Wcnonp3yem mits pacuera popmyiry (5.5.3).

| |
443y = _1142: Y, =—— =097
Y0 o M Y2728

y3 = In;,2 =0,860; y, = 1n1,6 =0,78L y; =ﬁ=0,72l;

Yo =g~ 07T Y7 =g T 0038 Y = 1n15,2 =0.607:

Vo = ln15,6 =0,581.

Teneps 1o popmyiie (5.5.3) umeem:

S, = 61?1—); ~0,4(1,443 + 1,142 + 0,971 + 0,860 + 0,781 + 0,721 +

2
+ 0,675+ 0,638 + 0,607 + 0,581) = 3,369.
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2. @opmyna mpaneyuii

Bornee Tounoe 3HAYEHME OTIPE/IEIEHHOTO MHTErpasia, uem 1o (5.5.3)
u (5.5.4), MBI MOJIy4uM, 3aMEHUB UCXOMHYIO (pyHKIMIO y = f(X) Toma-
HOU juHuel (cM. puc. 5.5.2).

A

y
An—l B
/—-‘_‘?_—
o y = 1)
/ Yn -1
Az/
A
v yn
A y2
i
: v
0 a=xo x1 X Xn-1 Xn=Db X
Puc. 5.5.2

Taxum 00pa3oM, TUIOIAIh KPUBOJMHEHHOH Tpareinnu aABb Mbr
3aMEHUM IUIOMAAbIO (PUTYpPhI, COCTOSLIEH U3 MPAMOYIOJIbHBIX Tparie-
muii: aAA X, XA AX,, ..., X, A, Bb. X miomaau 6ynyT paBHbI:

n-1

Yo+ ¥ Ax: Yit¥yo AX: . Yo11Va AX.
2 2

ITosToMy OIpeaeneH bl HHTErpayl MPUOIMKEHHO OYIET paBeH
[1, 16]:

b

J‘f(x)dxz(yo Y AX + 17Y) AX + -+ Yn-1+Y¥n ij
a 2 2 2

nin

b

jf(x)dxzu(WTy“AHyl ty, +---+yn_1j. (5.5.5)
n

a
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®opwmyia (5.5.5) HocuT Ha3BaHKUe (POPMYIIBI TPATICIIHIA.
dopmysa OIEHKH MOTPEIIHOCTH, MOJIyYaroIIencs: Ipu mpuoIu-
’KEHHOM BBIYMCJICHUU UHTErpaja, B TOM cirydae umeet BUI [9]:

(b-a)’M,

<
] 12n>

rae M = max |f"(x)|.

a<x<b

[MpuBeaeM KOHKPETHBIN MPUMEP BBIYMCICHUS OIPEIEICHHOTO
uHTerpana o gopmyie (5.5.5.)

Ipumep 5.5.2
Hcnonp3yst MeTo 1 Tpanenuu, TpruOIMKEHHO BBIYUCIUM UHTET Pal

4 x

e

I—dx, npuHsB n = 10. DTOT uHTErpai, Kak U MHTErpa npeablyiie-
X

1

eX
ro IpumMepa, BisgeTcs Heoepymumcs. B manHom ciydae y =f(x)=—;
X
b-a = ﬂ =0,3.
n 10

o! o3 o6
=—=e~x2,718; =——=2,823; =——~=3,096;
Yo 1 Y1 13 Y2 16

9 b

eL9 eZJ 625
=8 23519y, =S %4102 yi=S—~4873:
Y3 1.9 Y4 2.2 Ys 25
2.8 3.1 3.4
e e’ e’
— S A5873 y, =S 7161y =—— ~8813;
Y6758 Y173 Y8734
—£~10932- —i~13650
Yo 37 »7345 Y10 4 > .

b

Teneps 1o popmyiie (5.5.5) monydaem:

4

j idx ~03

2,718 +13,650
| X 2

+2,823+---+10,932) ~17,813.
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3. @opmyna napadon (popmyara Cumncona)

Ilycts Ha oTpe3ke [a, b] 3amana HenpepbiBHAS QyHKIUS y = f(X).
Pazgenum [a, b] Ha yeTHOE ymncio yacTeit n = 2m. CyHoCcTh criocoda
3aKJIFOYAETCS B TOM, UTO OTPE3KH MPSIMBIX, OTPAHIMUUBAIOIINX JJIEMEH-
TapHbIEe TPATIEIIUU CBEPXY, 3aMEHSIIOT JyraMH NapadoJl, OCH KOTOPBIX
napasuieabHbl ocu 0y (cM. puc. 5.5.3).

yA

y =1f(x)

I 4

0 a=X0XlI X2 Xn=b

Puc. 5.5.3

VpaBHeHHs TaKuX nMapaboll UMeroT B y = cx> + dx + p. Koag-
¢bunueHTsl ¢, d, p MO’)KHO OJJHO3HAYHO HAWTHU IO TPEM TOUKAM, €CIIU
abcuuccesl UX pas3iauyHsbl. lyru napaboi mpoBOIsT yepes Kax1yto Tpoi-
Ky Touek. KpuBonuneitnyio Tpanemnuio aABb 3amenstor cymmoit mio-
el KpUBOJIMHENHBIX Tpaneunii, OrpaHUUeHHbIX AyraMu napado.
[Tnomanpe nmepBoil U3 TakUX MapabOJIMYECKUX Tpameuuid paBHA:

S =%(y0 +4y, +y,), maomaab BTOpo paBHa: S, =% (y, +4y, +
+Yyy) UT. O
Hckomas popmymna Cumricona nmeet Bus [1, 16]:
® b-a
JECOM == [y + 7, + 20y + Y+ ¥y ) H Ay F Y3t
a
+ ¥, )l (5.5.6)
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dopMyia OLEHKH MOTPEUTHOCTH, MOIyYalolIelcs mpu npuoIIm-
YKEHHOM BBIYMCIICHUU UHTErpaja, B 3TOM cirydyae umeet Bua[9]:

| n|S (b—a)5M2 ’
180(2n)*

rae M, = max £ (X)‘.

a<x<b

[Tpumenenue hopmysl (5.5.6) 3HAYNTETHHO MOBBIIIAET TOYHOCTh
BBIYMCIIEHUS OIPE/IEJIEHHOI0 UHTerpasa.

Meton npsIMOYroJIbBHUKOB SIBJISieTCS Haubouiee MPOCThIM U Hau-
MEHEE TOUHBIM CIIOCOOOM.

Bei6op cnocoba npuOIMKeHHOTO UHTErPUPOBAHUS 3aBUCUT OT
MOJBIHTETPATIbHON (DYHKIIMH U TPeOYeMO TOYHOCTH pacyera.

[IpuBeneM KOHKPETHBIA IPUMEP BBIYMCIEHUS ONPEAEIEHHOTO
UHTeTpasa 1mo gpopmyne (5.5.6).

Ipumep 5.5.3
Ucnonesys popmyny Cumrcona, NpuOIMKEHHO BBIYHUCIUM HH-

COSX

n

2
Terpai j dx, mpunsB n = 10. 3aMeTUM, YTO ITOT HHTETPAJI, KaK U

T

4

HUHTETrpaJibl U3 ABYX IMPEAMICCTBYIOMIUX IIPUMEPOB, SABJISACTCA He6epy-

mumcs. B namnom ciyuae y=f(x)=—x, b-a_3 4 -
X 3n 30 120

n_T
b-a o2 4 =©
n 10 40
o lln 127
COS— COS—— COS——
Yo=— 4 ~0,9003; y, = cho ~0,752; y, = %40 ~0,624;
4 40 40
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13w 14n 15n
COSE COSE COST
y3 = 31 ~0,512; y, = Tan ~0,413; ys = 5 ~0,325;
40 40 40
167 171 18n
COSTO COSTO COST
V6 = T6n ~0,246; y; = 7n =0,175; yg = 8n ~0,111;
40 40 40
191 i
COS*0 COS—
Y9= 19 ~0053 ylo— E =0
40 2

ITo popmyme (5.5.6) momyunm:

T
2
[T dx = [0,9003 + 0 + 2(0,624 + 0,413 + 0,246 + 0,111) +
I x 120

4

+

4(0,752 + 0,512 + 0,325 + 0,175 + 0,053)] = 0,287.

3agauM gns CaMOCTOAITENIbHOrO peleHuUn

1. MeTto10M HENOCPEACTBEHHOI'O NHTErPUPOBAHUSI HAWTU UHTET -
paJsl:

1.1. IX X A2 1. j[sx + jdx 1.3. J(8x® + 3sinx)dx;

1-x2
PR L
(1-x)1+x)
2. HalitTm mHTErpabl, UCIIOJIH30BAaB METO]] 3aMEHBI IIEPEMEHHOM:
3xdx 7dx

wes IR
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2.1. [3x(6x2 — 7)%dx; 2.2. [Stgxdx; 2.3. |
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3. HaiiTu MHTerpasl, UCIOIb30BaB METOJ MHTEIPUPOBAHUS 1O
YaCTAM:

3.1. Jarctgxdx; 3.2. [Sarsinxdx; 3.3. [x%sinxdx; 3.4. [x3e *dx.

4. BeryuciuThb omnpeiesieHHble UHTETPaIbl:

T

(SR

4.1.

o'-—.w\:—i

T

5\/ & Inx

45, j—d 46J‘ bxdx

sin’ x

4
dx; 4.7. Iex sin xdx; 4.8.
0

A=A

5. UccnenoBaTh Ha CXOAMMOCTh HECOOCTBEHHBIE UHTET PAJIBIL:

+00 2dX +00 dX +00 2XdX
;53 | ——= 5.4. .
_'[ 1+ x2 '[

j(5x+1)dx 5.2. j

2
Co X741

6. HaI/ITI/I IJIo1aab q)urypbl, OrpaHMYEHHON KPUBOH y = X3, mpsi-
Mmoii y = 10 u ockio Oy.

7. BoI4ucuTh miomaan Guryp, OorpaHuYeHHbIX JTUHUSAMU:

71.y=x%y*=x;72y=Inx,x=¢,y=0;73. y =x%y=1;74.
y=x%y=2x>-1.

8. BBIUMCIHTH JUIMHY YT TOJYKyOMUecKOl mapabonsl y> = x3,
OTCEKaeMOM MpsMoii X = 5.

9. Haiitu 1nMHy Iyr¥ KpUBOW y = 2Jx orx=0mox=1.
3

10. HaiiTu ayiuHy 1yrvl KpUuBOM x :gy2 ory=0m0y=3.

11. OnpenenuTs JUIMHY OKPYKHOCTH X> + y? = 25.
12. Ucnionb3yst popmyiay IpsIMOYTOJIbHUKOB, BEIYUCIUTH UHTET-

, puHsB n = 10.

- I\/1+x
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13. Ucnonw3yst ¢opmyny Tpameimuu, BEIYUCIUTH WHTErPa

6
2
Ie * dx, npunss n = 10.
0
14. Ucnonb3ys ¢popmyny CUMIICOHA, BBIYUCIUTH MHTErpall

sin X

dx, mpunss n = 10.
X

oS A

BOHPOCbI ANnA CaMOMNPOBEPKH

1. Kakas ¢hyHKIIUS Ha3bIBae€TCs MIEPBOOOPA3HOI?

2. B ueM cocTouT cyTh MeTOZa MHTETPUPOBAHUS IO YACTSIM?

3. B ueM cocToUT cyTh METO/1a 3aMEHbI [IEPEMEHHOMI?

4. KakoB T€OMEeTPUYECKUIM CMBICIT ONPEIETICHHOIO UHTerpaia?

5. B yem cocTout cyTh METO/1a 3aMEHBI TIEPEMEHHON B OTIPE/IEIICH-
HOM HHTerpaie?

6. B kakux ciydyasx MpUMEHSIOT MPUOIMKEHHBIE METOTBI MHTET-
pupoBaHus?

7. B yem 3axiovyaeTcs CyTh IPU3HAKOB CXOJAMMOCTH HECOOCTBEH-
HBIX UHTETPAJIOB C OECKOHEYHBIMHU ITpeieamMu?
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6. AuddepeHunanbHbie ypaBHEHHUSA

6.1. OcHOBHble NOHATUA U ONpeaeneHUus

Hugpdepenyuanvnvivu Ha3pIBaIOTCS YPABHEHUS, KOTOPBIE COJEP-
KaT UCKOMYIO (DYHKIIHIO, ee TIPOU3BOIHbIC U (Win) mauddepeHIraIb
Pa3IMYHBIX OPSIKOB, HE3aBUCUMBbIC nepemerubie [22].

Teopus nuddepeHmanbHbIX YpaBHEHUI MOSBUIACH B KOHIE
XVIII Bexa B pe3ynbTaTe pelieHnst HeKOTOPBIX 3a/1a4 MEXaHUKHU U (u-
3uku. Tepmun “auddepennmanpubie ypaBuenus ™ Bsen [, JIeiOoumi.

HuddepeHninanbHple ypaBHEHUS IeATCs Ha qudepeHITnaiIbHbIC
YPAaBHEHMSI B YACTHBIX MPOU3BOIHBIX, HEU3BECTHAS (YHKIIUS B KOTO-
PBIX 3aBUCHT OT JIBYX M OOJIBITIIETO KOJTMIECTBA HEN3BECTHBIX, U HA OOBIK-
HOBeHHBIE AU(QepeHIanbHble YPABHEHUS, HEU3BECTHAS (DYHKIIMS B
KOTOPBIX 3aBUCUT OT OJTHOT'O apPTyMEHTA.

B nanHoM noco6uu Mbl KpaTHO PACCMOTPHUM OOBIKHOBEHHBIE TU(-
(bepeHnaIbHbIe YPABHEHMUS.

OOwuii Bug 0OBIKHOBEHHOTO AU PepeHInaIbHOrO ypaBHEHUS
cnemyromuii [2, 22]:

dy &%y d%
dx dx?’ 7 ax®

HawuBbIcinii mOpsiIOK MPOU3BOIHBIX, BXOISAIINX B 1D dHepeHIIn-
aJbHOE YpaBHEHME, HA3BIBAETCS €r0 TOPSIIKOM.

Hanpumep, 2xy" + 5xy' — 7y = 0 310 nuddepeHinaaIbHOe ypaBHE-
HUE BTOPOTO TOPSIIKA.

Pemute muddepennnanbHoe ypaBHEHHE — 3TO 3HAYUT HAWTH
Takyo (PYHKIUIO, MOJICTAHOBKA KOTOPOU B 3TO JupdepeHraiLHoe
ypaBHEHUE MIPEBPAIIAET €r0 B TOXIAeCTBO [16].

JTro6oe nuddepenninanpHoe ypaBHEHHE UMEET OECKOHEYHOE MHO-
’KeCcTBO pernreHu. ['eoMeTpruYeckr OHM M300paxaloTcs CeMEHCTBOM
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UHTETPaIbHBIX KPUBBIX. M 3Ty COBOKYIMHOCTH PEIICHUN HA3BIBAIOT
o61MM pertieHreM auddepeHInaTbHOTO YPABHEHUS 1 3aIMUChIBAIOT TaK
[2,22]:

y=0kx,C;,C,, ..., C).

A pemieHusi, coepKaliue KOHKPETHbIE 3HAUEHUS ITOCTOSTHHBIX,
Ha3bIBAIOTCS YACTHBIMU PelIeHUsIMHU T epeHIInanIbHbIX ypaBHEHUH.

6.2. IucddepeHunanbHbie ypaBHEHUSA
nepsoro nopsaka

Jlughghepenyuanvroe ypasrenue nepeoeo nopsioka — 3To ypaBHEHUE,
CBSI3bIBAIOIIIEE HE3aBUCUMYIO ITIEPEMEHHYI0, HEU3BECTHYIO (DYHKIINIO, ee
MPou3BOAHYI0 U (Mn) nuddepenumar [2].

Ero o0muit Buj ciemyromuii:

d
F(x,y,y") =0 wm F(x,y,—y) =0.
dx
Eciu 310 ypaBHEHHE MOXHO Pa3/IeIUTh OTHOCUTEIIBHO MPOU3BO/I-
HO1 (y'), TO OHO MPUMET BU/:

y' =1fx,y).
Oommee pemeHue 3Toro auddepeHInaIbHOTO YPaBHEHHUS UMEET
CIICAYIOIINI BU/I:

y = o(x, C).

7151 TOro 4TOOBI MOJIYyUYUTh KOHKPETHBIC YaCTHBIC PEIICHUsI, HaJl0
3a/1aTh HaYaJIbHBIC YCIIOBUS, T. €. yKa3aTh Mapy COOTBETCTBYIOIIUX IPYT
Jpyry 3Ha4eHU aprymeHTa (X,) u GyHKIuu (y,). O6BIYHO 3TO 3aIUChI-
BaeTCs TaK: y|, _ x, = Yo [2, 22].

3amaBasi HauaJbHBIC YCIOBUS, MBI U3 CEMEUCTBA MHTET PATHHBIX
KPUBBIX BBIJEIISIEM KaKyI-TO KOHKPETHYIO KPUBYIO.

Bompoc 0 ToM, B kKakOoM ciTydae MOXHO YTBEPKIATh, UTO YACTHOE
pemenue nugpepeHInanbHOr0 YpaBHEHUS, yIOBICTBOPSIOIIEE 33 aH-
HOMY HA4aJIbHOMY YCITOBHIO, CYIIIECTBYET, & TAK)KE SIBIISIETCSI € IMHCTBEH-
HbIM, craHoBUTCA sicHbIM U3 TEOPEMBI 6.1: eciu 6 ougpgpepenyuans-
HoMm ypasuenuu V' = f(x, y) @yuxyus f(x, y) u ee uacmuas npouszeoonas
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of(x,y) N
M T HEeNnpepsvleHbl 6 HEKOMopou oonacmu D na ninockocmu xOy,

codepoicaujeti mouxy (X, y,), mo cyujecmsyem eouncmeennoe peuleHue
9moeo oupgepenyuanvrnoco ypasnenus y = ¢ (Xx), yoosiemeopsioujee
yenosuio npu x = x,uy = y,[22].

IMpuBeneHHas Teopema Obli1a BliepBbie cHhOpMYIUpPOBaHA U JOKA-
3aHa Komm. [ToaTomy 3a/auy HaX0XK/I€HUSI YaCTHOTO PEIIeHus 110 3a-
JAHHBIM HaYaJIbHBIM YCIIOBHMSIM Ha3bIBAIOT 3aaaueii Korm.

6.2.1. AndcdepeHunanbHbie ypaBHEHHUS
nepBoro nopsiika c paspaensiowuMucs
nepeMeHHbIMH

B obmewm ciyuae onn umerot Bua: f(x)f,(y)dx + f3(x)f,(y)dy = 0.
Paznenum 06e yactu 3Toro muddepeHmaIbHOTO YpaBHEHUST Ha
npoussenenue f,(y)f;(x), mpeanonaras, 4To OHO HE PABHO HYJIIO.

fi (0f (y)dx n f3(x)fy (y)dy —0.
fLEE  HEK)
Hamnee monyuaem:

@dx_ f4(Y)d

EM bW

B nmonyuennom auddepeHnraIbHOM ypaBHEHHH TIpU dX CTOUT
TONBKO (DYHKIUSA OT X, a npu dy CTOUT TOJIBKO (PyHKLHUS OT Y, T. €.
nepeMeHHbIe pasnerneHbl. MHTerpupyeM JIEBYIO U MPaBYIO YacTH MOC-
JISTHETO PABEHCTBA U TOJTydaeM:

j@dx=—jwdy+0
f3(x) f,(y)
DTO W eCTh OOIMI MHTErpall UICXOIHOTO AU GepeHIInaTbHOTO
ypaBHeHuUs [2, 6].
PaccMOTpuM HECKOTBKO KOHKPETHBIX 3a1a4.

Ilpumep 6. 1. Haiitn yacTHOE pereHne mudhepeHIInaIbHOTO YpaB-

=10
Henus xdx + ydy = 0, ecin HayaIbHOE yCIIOBUE TAKOBO: Y|, _»

194



ydy = —xdx,

2 2
Jydyz—jxdx:y?z—%+cl,

y>+x2=2C,.
Tak Kak MOCTOSHHAS MOXKeT ObITh H000H, To npumem 2C, = C2.
Torna nomyuum oOIee peleHre UCX0JHOro auddepeHnnanTbHoro
ypaBHeHus y? + x2 = C2,
C reomMeTpuyeckoil TOUKHU v 4
3pEeHMs 3TO peLIEHHE IPECTaBIIsA-
eT co0oil ceMelicTBO KOHLIEHTPH-
YECKUX OKPYKHOCTEH C LIEHTPOM B

Hauajie KoopauHat u paguycom C

(cMm. puc. 6.1). /\
Haiinem teneps uacTHoe pe- Q J

HIEHUE IS 3aJAHHBIX HAaUYaJTbHbBIX

YCIIOBHI, T. €. BBIIEJIUM U3 cEMEH-
CTBa OKpyKHOCTel onny. ITomy-
yum 102 + 22 = C2 = >C2 = 104,
C=+/104.

ITosToMy yacTHOE peleHue
uMeeT B y- + x> = 104. Puc. 6.1

v

Ilpumep 6.2. Halitu oO1ee
penienre quddepeHINaIBPHOTO YpaBHEHHUS:
l+y' +y+xy =0.

HepennmeM €ro B BUJC:

1+ﬂ+y+xﬂ=0;
d dx

X

(1+y)+ﬂ(1+x)=0.

dx
[IpaByro u JeByI0 YacTH JOMHOXaeM Ha dx:
(1+y)dx+dy(l +x)=0.

IIpaByro u neByro yactu aeinuM Ha (1 + x) = 0:
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m+dy=0‘

I+x
[TpaByro u neByto yactu genum Ha (1 +y) # 0:
dx L dy
I+x 1+y
dy _ dx
1+y 1+x

Tenepb UHTErpUpyEM IPABYIO U JIEBYIO YACTH:

dy _
'[1+y_

dx
_J-1+x’

d(1+y)__ d(1+x)
I I+y - I l+x

In|1 +y| =-In|1 + x| + InC;

1n|1+y|=ln ¢ ;
1+x
l+y= ;
Y 1+x
YZL_I.
1+x

HOHy‘I@HHOE BbIPAXCHUC U €CTh O6H_ICC PCUICHUEC UCXOJHOT'O I[I/I(b-

(hepeHIMaTbHOTO YpaBHEHHUSI.

Ipumep 6.3. Haiitu obiee pemenre audQepeHInanbHoro ypas-

HEHUS:
2xyy' = y2—1.
[Nepenuiuem €ro B BUJIE:
dy _ »
2xy—=y" —-1.
y dx y
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Paznenum npaByto u neByro yact Ha X # 0:

2 —_—
2ydy = ¥ =Ddx.
X

PasnenuM mpaByro ¥ JIeByro yactu Ha y> — 1 = 0:
2ydy _dx
y -1 x

Tenepb TPOMHTErpUPYEM IIPABYIO U JIEBYIO YACTH MOJTYYEHHOTO
BBIPAKECHUS:

2ydy _ rdx,
R,

y* -

Injy? - 1| = In|xC];
y>—1=xC;
y>=xC+1;

y=+xC+1.

ITonydyennoe ypaBHEHHUE U €CTh OOIIEe PEIIEHNE UCXOHOTO AU -
(hepeHIMaTbHOTO YpaBHEHHUSI.

2
I—d(y i = ln|x|+ln G
1

Ilpumep 6.4. Haiitu yactoe permrenne qudpepeHIinaibHOro ypas-
Henus (x% + 4)y' — 2xy = 0, ecay 3a1aHO ClIeyIOLIee HAUYaIbHOE YCIIO-
=5
Bue: Y, .

[Mepenumem ucxonnoe nuddepeHnnanbHoe ypaBHEHHE TaK:
(x* +4)ﬂ -2xy=0.
dx

JIOMHOXHMM MpPaByIO U JIEBYIO 4acTH Ha dx:
(x*> + 4)dy — 2xydx = 0.
Paszienum npaBylo U JIEBYIO YaCTH Ha X + 4:

_ 2xydx _

dy 0.

x> +4
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Paznenum npaByto u neByro yact Ha 'y # O:

d_y_ 2xdx
y x2+4 ’
d_y_ 2xdx
y X2+4‘

Tenepsb UHTErpUpyeM 00€ YACTH MOJTYUEHHOTO BBIPAKEHUSI:

dy _ ¢ 2xdx
e

d(x? +4)
Injy|= | ———=;
nfy| I 24

Injy| = In|x? + 4| + InC;

Iny| = In|C(x> + 4)];

y=C(x2+4).

[ToydeHHOE ypaBHEHHE U €CTh O0I1Iee PelIeHne HCXOTHOTO -
(bepeHnaIbHOTO YpaBHeHUs. ['eOMeTpruiecKr OHO MPEeACTaBIISET CO-
001 ceMelicTBO mapabort.

ITo 3agaHHBIM HaYaIBHBIM YCIIOBUSIM Hai/1IeM 4aCTHOE pelIeHuE,
T. €. BBIJICIIUM KOHKPETHYIO apaboiTy U3 MOJIyYeHHOTO CeMeHCTBa.

5=C(1°+4)=>>5=5C=>>C=1.

[To3TOMY YaCTHOE pElIeHNe UMEET BUJL: y = X> + 4.

Paccmotpum HeKoTOpBIE Kiacchl TudGepeHIInaIbHbIX ypaBHEHUH,
KOTOpBIE CBOIATCS K AU(PepeHIINATbHBIM YPABHEHUSIM C Pa3IEIIsIo-
IIMMHCS TT€PEMEHHBIMH.

6.2.2. OpgHopopaHbie auddepeHLHanbHble YpaBHEHUS

@ynxyus f(x, y) Ha3pIBae€TCsS OMHOPOTHON (PYHKIIMEH N-TO M3Me-
PEHMSI OTHOCUTEIIBHO apryMEHTOB X U Y, €CJIM IpH JitoooM k cripase-
JIUBO pasercmeo [22]

f(kx, ky) = k" f(x, y).

Hanpumep, pynxuus f(x, y) = 2xy — 3y? SBISETCS OJHOPOIHOM
(byHKIMEH BTOPOTO U3MEpPEHHs, TaK Kak

2 (kx)(ky) - 3(ky)* = k*(2xy — y?).
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X2 —y?
X

A pynkmus f(x,y) = €CTh OTHOPO/THAS (DYHKIIHS HYJICBOTO
(k) —(ky)* _x* -y’
(kx)(ky) Xy
JuddepeHnmnanbHoe ypaBHEHHUE MIEPBOTO MOPSIKa

U3MEpEHUs], TaK Kak , T. e. f(kx, ky) = f(x, y).

dy _ 6.1
= f(x,y) (6.1)

Ha3bIBACTCS OAHOPOIHBIM OTHOCUTEIBHO X U Y, eI pyHKIus (X,
y) SIBJISIeTCS. OTHOPOIHOM (DYHKITMEH HYJIEBOTO M3MEPEHUSI OTHOCUTENb-
HOXHY.

1
ITo ycnosuro umeem f(kx, ky) = f(x, y), momoxum k =—, Torma
X

monryunm f(x,y)=f [I,XJ, T. €. OAHOPOJIHAS PYHKIUS HYJIEBOT'O U3Me-
X

PEHMS 3aBUCHUT TOJIBKO OT OTHOLIEHUs apryMeHToB. Torna nuddepen-
nuajgbHoe ypaBHeHue (6.1) mpumer BUI:

dy _ f(l,l). (6.2)

dx X

CrenaeM 3aMeHy MEPEMEHHBIX, 0003HAYMB U :1, T. €.y = UX,
X

C du
Toraa y'=u'x+u=—x+u.
dx

ITocne moacranoBku AuddepeHimaibioe ypaBaenue (6.2.) mpu-
MET BUJ;:

d—ux=f(l,u)—u, (6.3)
dx

T. €. MBI IPUILIK K U] PepeHIIIaATBHOMY YPABHEHHUIO C Pa3IeIIOIu-
Mucs nepemeHHbIMU. [Ipeobpasys (6.3), moaydnm:

199



du _dx

_— = 6.4

f(l,bu)—u x ©4)

WHuTterpupys ode yactu (6.4), mojrygaem:

I—du = ln|x| +C. (6.5)
f(Lu)—u

Tak kak mocrosiHHass C MOXeT OBITh JTF000#, MOKHO 3amucaTh
(6.5) B BUIC

du
'[f(l,u)—u

WuTterpupys (6.5), moirygaeM u, 3aTeM jiejlaeM 0OpaTHYIO 3aMEHY

=ln|x|+In|Cl|=1ln|Cx|

u= X, MoJIy4yaeM UCKOMOe 0011iee perieHne oJHOpoIHOro nauddepeH-
X

HUAJIBHOTO YPaBHCHMUA. HpI/I HaJIMYMHN Ha4daJIbHBIX yCJ'[OBI/Iﬁ MOXHO
HAMTHU U YaCTHOE PCLICHUC.

Ilpumep 6.5. Haiitu obiee perienue quddepeHnaibHOTO ypas-
HCHUA:

xy'—y = y(Iny - Inx);

dy X—-y=Yy Y|

dx X

OO0e yacTu MOCIeIHEr0 PABEHCTBA Pa3/IeINM Ha X, TOTJ[A TTOIYYUM
dy ¥ _ ¥yl

dx x x |x

b Y inf¥41],

dx x X

T. €. ©ICXOAHOC umbtbepeHuHaanoe YPaBHCHUEC ABJISACTCA OJHOPOAHBIM.

Ju1s1 ero pelleHus UCIoNb3yeM 3aMEHY U = RN y=ux=y =ux+u.
X

ITocne 3amensl muddepeHaIbHOE YpaBHEHUE IPUMET BUL:
u'x +u=u(lnu + 1);
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d—ux =u(lnu+1)—u
dx

du
—x=ulnu;

dx
du _ dx
ulnu  x

HMurerpupyem o6e yacTu mocjaeHero paBeHcTBa:

J‘ du _ d_X

ulnu X

J-dlnu =ln|x|+lnC;
Inu

In(Inu) = In|Cx];
Inu=Cx = u=e.

_ y Yy  Cx
JenaeMm oOpaTHy!O 3aMeHy U=~ u mojy4daeM: —=C€ WU
X X

y =xe®™ — 3T0 u ecTh 061IEe PelIeHre UCXOHOTO AudPepeHIraTbHO-
ro ypaBHEHUSI.

=1
HpeI[HOJ'IO)KI/IM, YTO 3adaHbl HAYAJIbHBIC YCIIOBUS: y|x—2 . Torpa

HaXO0JIMM YaCTHOE PEelIeHre 3aJaHHOTO Au(depeHIInaTIbHOTO ypaBHe-
HUSL:

—_
) =]
N | —

122 o Lo e L) Cocmes o=
2 2 2
T. €. HACTHOC pemeHI/Ie NMECT BU.

111l
—X
y=xe 2
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6.2.3. JlunenHble gudcpepeHLUanbHbIE YPABHEHUA
nepeoro nopspaka

K nuneitnpiv muddepeHnnaabHbIM ypaBHEHUSIM OTHOCSATCS Tn-
(depeHIMaIbHbIe YPAaBHEHUS BUIA:

y' + px)y = q(x), (6.6)
T. €. IMHEHHOEe OTHOCUTEILHO HEU3BECTHOM (DYHKIIMU U €€ IIPOU3BOTHOM.

B (6.6) p(x) u q(x) — u3BecTHBIC (PyHKIIMU apryMeHTa X [2, 22].

Huddepennmanpaoe ypaBHeHHE (6.6) cBOAMTCS K IBYM nudde-
pEHIIMANIBHBIM YPAaBHEHUSIM C PA3ACIISIONIUMUCS TTEPEMEHHBIMHU C IO~
MOIIBIO CIIEAYIONIETO IPHEMa.

IIpencraBuM QyHKIMIO Y B BUJE TPOU3BENCHUS NABYX (YHKIIUMA
y = uv. OHON U3 3TUX PYHKIIMH MOXKHO PACTIOPSAUTHCS MPOU3BOJIb-
HO, a BTOpAas TPy 3TOM JIOJDKHA OBITh OIpesie/ieHa B 3aBUCUMOCTH OT
MEPBOH TaK, YTOOBI UX MPOU3BEICHUE YAOBIETBOPSIIO UCXOTHOMY TUb-
(bepeHmaabHOMY ypaBHEeHHIO. CBO0OO01 BEIOOPA OAHOM M3 (PYHKIIMI
U ¥ V HAJ0 BOCIIOJB30BATHCS IS yIpouieHus auddepeHnnaaTbHOro
ypaBHEHUS, MMOTYyUAIONIErocs MOcie 3aMeHbI.

N3 pasencrBa y = uv noiyuuMm y' = u'v + v'u. DT0 BeIpa)keHHE
MOJICTaBUM B (6.6) 1 TOTyIuM:

u'v + v'u + p(x)uv = q(x);

u'v + u(v' + p(x)v) = q(x).

B xauectBe v BeIOEpeM KaKoe-HUOYIb YaCTHOE perieHue audde-
PEHIIMAIIBHOTO YpaBHEHHUS:

v+ p(x)v =0. (6.7)

Toraa a1t HAXOXACHUS U MBI ITOTYYUM U PepeHIINaTbHOE ypaB-
HEHHE:

u'v = q(x). (6.8)
N3 muddepennmanpaoro ypaBuenus (6.7) HAXOIUM V:
dv

—=-pxX)v=> dv_ —p(x)dx.
dx \Y%

Huterpupyem o0e 4acTu MOCIEIHEr0 BhIPAKEHUS:
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& Tpodx;
v
1n|v| = —Ip(x)dx; (6.9)
v =e [P

ITox HeonpeneneHHBIM HHTETpAIOM B (6.9) TOHMMaeTCs KaKas-To
Oo7IHA MepBOOOpa3Has OT PYHKIHMH P(X), T. €. V €CTh BIIOJIHE OIpee-

neHHast GYHKIMS OT X.
Teneps, ucronb3ys HalieHHOEe 3HaYeHne GpyHkuuu v us (6.8), Ha-

X0UM (PYHKIIHIO U:

d d
du_a09 U x)efptx = du = q(x)elptxdx,

dx v dx
HuTerpupyem o0e 4acTu MOCIEIHEr0 BBIPAXKEHUS U MTOTydaeM:
u = [q(x)e/P®dxdx + C. (6.10)

B (6.10) niist pyHKIIMU U OepyTCs BCe IEPBOOOPA3HBIE.

3Has GYHKIMH U ¥ V, HAXOJUM UCKOMYIO (DYHKIIHUIO Y:

y = uv = e JP@dx([q(x)e/PMdxdx + C). (6.11)

Bripaxenue (6.11) u ABIIsIeTCS OOIITUM peIICHUEM JTUHEHHOTO TUD-
(dbepeHInaIbHOTO YPaBHEHHSI TIEPBOTO TIOPSIKA.

Ilpumep 6.6. Hatitu oO1iiee perieHune TMHeHHOTO TrddepeHInaIb-

HOTO ypaBHEHUS y'—3z =x°.
X

Hcnonp3yem moACTaHOBKY y = UV = y' = U'v + v'u ¥ IOJIy4uM:

' ' 3 3

u'v+vu—-—uv=x-;
X

' ' 3 3
uv+uy v——yVv |=X".
X
B kauecTBe v BbIOEpEM KaKoe-TO YacTHOe perenue auddepeHi-

3 .
aIIbHOTO ypaBHEHUsT vV'——v =0, TorJa u MOXHO HalTH u3 quddepen-
X
LIMAJILHOTO ypaBHEHMS U'V = X3,
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Haxonum dyukimio v:

dv 3 dv

——Zv=0=>—=

dx x dx

EIVN d—"_s— _3j—:>1n|v| 3n|x=v=x’
X \'%

3Has v, HAX0UM (i)yHKLII/IIO u

d—uv=x3:>d—ux3=x3;
dx dx
d—m=1:>du=dx;

X

u=x+C.

3Has GYHKIIUU U U V, HAXOJIMM UCXOIHYIO (DYHKIIHIO V:

y=uv=x}x+CQC). (6.12)

Ot0 (6.12) 1 ecTh oO1IEE perieHne UCXOAHOTo U hepeHInab-
HOTO YpaBHEHHS.

Jluneiinvle ouggheperyuanvhvle ypasHerus nepeo2o nopsoka ¢ no-
CMOSIHHBIMU KO (hpuyuenmamu

OO6umwii BU TakuX U depeHINaTbHBIX YpaBHEHHI CleTy ommii [16]:

y'+ay=b, (6.13)
rae a, b € R.

Juddepennmanbioe ypaBHenue Buja (6.13) permaercs pasnene-
HUEM MEPEMEHHBIX, T. €.

dy =b-ay=> dy =dx.
dx b-ay

HMHTerpupyem JIeByIO U IPaByIO YaCTH OCIIEIHErO BbIPaKEHUs U

MOJIy4aeM:
oy =Jan=— [
b- ay a’ b-ay
In|b —ay| = —ax—aC;

=x+C :—éln|b—ay|=x+Cl;
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b —ay = e e 2Cy;
—ay = ¢ ¢ 3Ci _b;
b

y=-
a a

Tak xax HoCTOsSIHHAsI MOJXET OBITH JI00ass, 0003HAYUM

I _ax -
Ze e aC1+

1 _,
C=—e1y rojrygaeM oO1ee pernerue nudepeHnuaaIbHOTO ypaB-

a
HeHus (6.13):
y=Ce 2 (6.14)

a
Ilpumep 6.7. Hatinem oO1ee perrenue qudQepeHImaibHOTO ypaB-
HeHus: y' + 2y + 5= 0.

W gy 5o B

dx (—2y—5)

dy o
oy 1o
_lIdGQy—S

2 2y -9)

1
—51n|—2y—5|=x+C;

9

=x+C;

In|-2y - 5| = -2x - 2C;
2y -5 =¢e¥e €
2y =e e +5;

1 oy 5
Lo 220 _2

T 2

3apauM ANA CaMOCTOATENIbHOrO pelleHUs
1. Haiitu oGmue permenus quddepeHImaibHbIX YpaBHEHUM:
a)(x + 5)dy —(y + 10)dx = 0;
205



6) (3xy? + 2x)dx + (2y + x%y)dy = 0;

B) y'= o
x> -4
r) 25inxdx+&=0;

N

1) 2ycosxdx — sin’xdy = 0.

2. Ilpeamnonoxum, 4TO TEMI U3MEHEHUS MPOU3BOIUTEIbHOCTH
Tpyna xapakrepusyercs pynkuueii f(t). Haiitu pynkumio npoussoau-
TEJIbHOCTHU TpyAa y = y(t), eciu

5t =0
a) f(0)=—=—; ¥l

Vte+4

Int =
6) (0 ="": ¥l

t=e’

3. Haiitm oOmue pemreHUs OJHOPOIHBIX Au(dhepeHInalIbHBIX
YPaBHEHUI:

a) (y - x)dx + (y + x)dy = 0;

6) xdy — ydx = /x> + y2dx;

B) (6y + 4x)dx + (3y + 8x)dy = 0;

r) XCOSX(de +xdy) = ysinz(xdy —ydx).
X X

4. Haittn o6mue pereHus JMHEHHbIX TudepeHInanbHbIX ypaB-
HEHUI U YaCTHBIE PEIICHUS TaM, I7Ie 3a/1aHbl HaYaIbHbIE YCIIOBUSL:

2x
2

a) Y+ y=1L

0) y'-Tytgx = X ;
COSX

2

X
, €
B) 2xy'3x%y = —— [
X+
X
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, 1 X2 +7 =e’
r) 2Xy+1nX Y Inx ~ |":e'
5. Haiftu oOmme pemenus nuddepeHnanbHbIX ypaBHEHMIA:
a)y' -2y +7=0;
6) 3y'-6y +9=0.

Bonpocbl ans camonpoBepku

1. Kakoe nuddepeHninanpHoe ypaBHeHUE Ha3bIBaeTcs quddepen-
IIUAJTbHBIM YPaBHEHHEM IMIEPBOTO MOPsiIKa?

2. Uto Takoe oO1ee pemreHre nudhepeHIINaIbHOTO ypaBHEHUS
MEPBOTO MOpsiaKa?

3. YTo TaKO€ YaCTHOE PELLIEHUE U B YEM CYTh HaUaJIbHbIX YCIOBUHI
Ut nudepeHInanbHOro ypaBHEHUS IEPBOTo Mopsiaka?

4. 1ath (pOpMYyIUPOBKY TEOPEMBI CYIIECTBOBAHMS U €IMHCTBEH-
HOCTH pelieHus qudpepeHIINaTbHOTO YpaBHEHUS IEPBOTO MOPSIKA.

5. Uto sABISETCS TeOMETPUIECKON WILTIOCTpAIel 00IIIero u yac-
THOTO penieHui muddepeHImaIbHOTO YpaBHEHUS TIEPBOTO MOPSIKa?

6. Uto Takoe quddepeHImaabHOe ypaBHEHUSI TIEPBOTO MOPSIKA C
pa3IENSAIONIMMUCS NTEPEMEHHBIMU M KaKUM METOJIOM €ro MOXHO pe-
LIUATH?

7. Kakue muddepeHnmaibable ypaBHEHUS TIEPBOTO MOPS/IKA Ha-
3BIBAIOTCS OJTHOPOTHBIMH, KAKOB VX METOJ] PEIICHUS?

8. Kakue muddepeHnmanpable ypaBHEHUS TIEPBOTO MOPSIKA Ha-
3BIBAIOTCS INHEHHBIMU, KAKOB UX METO/I pelIeHus?

9. Kakue nuddepeHmanbHble ypaBHEHHS MEPBOTO MOPSIKA Ha-
3BIBAIOTCS] OOBIKHOBEHHBIMU? KakoB ux oOmmii Bua?

10. Kakne QpyHKIIMM HA3bIBAIOTCS OTHOPOIHBIMHU (DYHKITUSMH N-
ro u3MepeHus’?

11. Kak Halitu oO1ee pereHne TMHEHHOTo uddhepeHIInaTbHOTO
ypaBHEHHUSI IEPBOTO MOPSAKA C TOCTOSHHBIMU KO3 duImenrammu?
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7. Papbi

7.1. Yucnosbie papgbi

0
Boipaxenue (7.1) Wy + w, + ..+ W, + ... = D w,, THE W, Wy, ...
n=1
W, ... — YIEHBI PAJIa, ABJISIOLIMECS HEKOTOPBIMU YUCIAMHU, HA3BIBAIOT

YUCTIOBIM PSOOM.

b

o0
J1st mroGoro YmMcIIoBOro psaa ng MOJKHO TOCTPOUTH IOCIIC-
n=1
JOBATEIbHOCTD €r0 YACTUYHBIX CyMM S,
S, =w,
S, =w, +w,
S;=w; +w, +w,

S,=w;tw,+wy;+ .. +w,n=12,3..

Ecnu cymectByer koHeunslit mpenen S= lim S, To ero Ha3biBa-
n—o

10T cymmoti psioa (7.1) 1 TOBOPAT, UTO 3TOT psia cxoautces. Eciau atoT
Mpe/iell He CYIIECTBYET, TO TOBOPSAT, 4To psia (7.1) pacxoauTcst U CyM-
MbI He umeer [3, 11, 22].

ITpuBeaeM KOHKPETHBIC PUMEPHI.

Hpumep 7.1
. I 1 1 1
lapmonunueckuit psg 1+ 5 + 3 +—+...+—+... PACXOJUTCH.
n
Ipumep 7.2

I'eoMmeTpuueckas nporpeccust w + wq + qu + ...+ wq" i
(w # 0) cxonutes ipu |q| < 1u pacxonutes npu |q| > 1.
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Ecmm|q<1,Tow+wq+wg+..+wq" '+.. = 1l
—-q
Ilpumep 7.3

. . 1 1 1
OO000ITIeHHBIT TAPMOHUUYECKUH PSJT —+—+...+—+... CXOmUT-
r 2 n
canpu a > 1 upacxoaurcs rpu a < 1.

Ilpumep 7.4

1 1 1

—t+—+—+.+—+...=e-1,

no2r 3 n!
T. €. IAHHBIN PsIJT CXOUTCS U €ro cyMMa paBHa (e — 1).

IIpu uccnenoBaHuM PsiIOB OJTHUM M3 BaXKHEUIIIUX BOIPOCOB SIB-
JIIETCSl BOITPOC O TOM, CXOJIUTCS M3YHYaeMbIi psil win pacxoaures. Jla-
Jiee MbI PACCMOTPHUM JOCTATOYHBIE TPU3HAKU, HA OCHOBAHUHU KOTOPBIX
MOXHO pemuTh 3TOT Bompoc. Celuac ke MpuBeaeM HEOOXOIUMbII
MPU3HAK CXOJIUMOCTH PSIOB, T. €. YCIIOBUE, TPU HEBBITIOJTHEHUU KOTO-
pOro psiipl pacxoasiTCs.

TEOPEMA 7.1. Ecau psio cxooumcsi, mo e20 n-ii YjieH cimpemumnics
K HYJII0 NPU He02PAHUYEHHOM go3pacmanuu n [2, 22].

CJIIEACTBUME: ecau n-it wieH psga He CTPEMHUTCS K HYJIIO TIPU
n — oo, TO psia pacxoautcsi. HanmpumMep, rapMOHUUYECKUNA PsIJT U3 TIPU-
Mepa 7.1 pacxonures, HECMOTpPs Ha TO, 4YTO lim 1/n=0;.

n—oo

OCHOBHBIE CBOMCTBA CXOISIINXCS YUCIOBBIX psifoB [11]:

1. CX0IMMOCTh YUCIIOBOTO PsiIa HE HAPYIIUTCS, €CIIU ITPUITUCATD
WM OTOPOCUTH KOHEUHOE YHCIIO €r0 YJICHOB.

2. Ecnu uneHbl cxonsiimerocs: psijia YMHOKUTh Ha OJIHO U TO XKe
quciio k, To ero cXxoauMOoCTh He HAPYIIUTCS.

3. dBa cxomammxca pagau; +u, + ... tu, +...=S;;v, v, + o+
vy t..=5,
MOJKHO MTOUWIEHHO CKJIAbIBATH (MJIM BBIYUTATH), TAK 4TO P (u; £ v,) +
+(u,tvy + ...+ (u,£v,) + .. OyIeT CXOOUTHCH, a €ro CyMMa OyzeT
paBHa S, + S,.
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Lpusnaku cxoo0umocmu noa0HCUMENbHbIX YUCA06bIX Psi0os [2, 11, 22]
[TpuzHaku cpaBHEHUS:
1. Ecnu Bce 4ieHsl psioB

u tu,+..tu .. (7.2)

vitv, oty (7.3)

HeoTpuuaTelbHbl U U, <V, ,n =1, 2,3, ..., To U3 cxogumocTu psaa (7.3)
ciemyer cxoqumocTs psia (7.2). 3 pacxogumoctu psina (7.2) cieayer
pacxoaumoctsb psiaa (7.3).

2. Ecim Bce wiensl psiaoB (7.2) u (7.3) MOJOXKUTEIbHBI M CYIIE-

.u
crByeT lim —=C, 0 < C < +00, TO 3TH PSAIBI CXOASATCS WIIA PACXOMSIT-
n—o VIl
Csl OTHOBPEMEHHO.
IIpumep 7.5

1 1 1 .
Psn 5 + 7 +...+ 3 +... PACXOJUTCS, TAK KAaK T/APMOHUYECKUH PsIJT
n

! (1 1) . n 1

l+—+..+—+... pacxomgurcs u lim| —:— |= lim —=—.

2 n n>o\2n n) now2n 2
Hpumep 7.6

Pan 1+L+L+...+

1
NANE Jn

(HauMHasi CO BTOPOTO) OOJIbIIIE COOTBETCTBYIOIIUX YJIEHOB TapPMOHU-

+... paCXodgMuTCid, TaK KaK €ro 4JICHbI

1 1 1 .
yeckoro psaga 1+ ) + 3 +...+—+..., KOTOPBI PACXOIUTCH.
n

Ipusnax Kowu
Ecnu Bee wiensl psga wy + w, + ... + w, + ... HEOTpULATEIbHBI U
cymectByer lim §w, =b, o npu b < 13T0T psix cxoaurcst, a mpu b > 1
n—o

pacxoautcs (mpu b = 1 maHHBINA TPU3HAK HE 1a€T BO3MOYKHOCTH Cy-
JIUTH O MMOBEJICHUU PSIA).
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Ilpumep 7.7
Hccnenyem cxoauMocTh psna:

1 (2} (3) n )"
—H| =]+ =]+t +
35 7 2n+1

[TpumeHsieM k qaHHOMY psiy npusHak Korm:
n

n
( 2n + lj

Ilpusnax /lanamoepa

Ecnu Bece unensl psga w, + w, + ... + W + ... IOJOXHUTENbHBI U

. n 1
= llm =— W BHUAUM, UYTO OH
nso2n+1 2

lim Yw, = lim 1
n—o n—o

CXOOUTCH.

o Wi
cymectByeT lim —*=1, 1o mpul <1 3toT psin cxoautcs, a mpu 1 > 1
n—o W,

9TOT psig pacxoautes (pu | = 1 gaHHBINA TPU3HAK HE 1a€T BO3MOXKHO-
CTHU CYJIUTh O MTOBEJCHUU Psiaa).

Ilpumep 7.8
Hccnenyem cxonumocTts psia:
1+ 1 + ! !

+...+ +
1.2 1.2:3 1-2-3-...-n
IIpumensiem k nanHomy psay npusHak Jlamambepa:

|
lim Yo+l — [im ! : ! = lim —% =
now W, noel 1:2-3-.-n(n+1) 1:2:3....n) noe(n+1)!

n

= limLzo
n—oon+1

U BUJIUM, YTO OH CXOOUTCA.

Hnmezpanvnoui npusnax cxooumocmu Kowu
Ecmn w, = f(n), n = 1, 2, 3, ..., rae f(n) — 3HaueHue npu X = n
HekoTOopou (pyHKImH f(X), HEMPEPHIBHOH, MOI0XUTEILHON U HE BO3-
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pacraromeit npu x = 1, To pag w; + w, + ... + w + ... cxoguTcs Uin
PacXOAMTCs B 3aBUCMMOCTH OT TOI'O, CYLUIECTBYET MIJIM HET KOHEUHBIN

b
lim [f(x)dx.
1

b—w

Ipumep 7.9
Hccnenyem cxoaumocTs psiaa:

1 1 1 1
1—2+2—2+3—2+...+n—2+...

IIpumensieM K TaHHOMY psiIy MHTErpalbHbIN npu3Hak Komu,

1
nonoxus f(x)= R
X

b b b
lim [f(x)dx = lim d—’2‘= lim (—lJ = lim(l—lj =—lim(%—lJ =1
1

b—>o0 b X b—ow\ X b—o\ b b—

" BUJIUM, YTO OH CXOOUTCA.

Abcomomnas u YCaosHask cXxoo0uUMocmv psioos

UYucnosoii pagw, + w, + ... + w, + ... (7.4) Ha3bIBaeTCs aOCOMIOT-
HO CXOSIIIIUMCSI, €CITU CXOJUTCS Psifl, COCTABICHHBIN U3 aOCOTIOTHBIX
BEJINYMH €T0 YJICHOB!

(Wil +|w,| + ...+ w, |+ ... (7.5)

AOCOIIFOTHO CXOISIIUIACS P Bcerna cxoautes. Ecim psan (7.4)
cxonuTcs, a psi (7.5) pacXoauTcs, TO TOBOPST, UTO psf (7.4) CXOOUTCS
yciosHo [11, 22].

Onpeodenenue: psfl, MOJOKUTEIbHBIE U OTPULIATEIbHbIC UJICHBI
KOTOPOTO CIeIYIOT APYT 3a APYrOM MOOUYEPETHO, HA3BIBAETCS 3HAKO-
YepeayIoIIMCs.

Teneps npuBenem TEOPEMY 7.2 JleiiOHuma, KoTopas IpuMeHsI-
eTcsl 17151 3HAKOYEPEAYIOLIUXCsl PANOB: pad Wy — W, + Wy — W, + ... +
+ (=D tw, + .., 20e 6ce W, > 0, cxooumcs, a e2o cymma noi0dNCumens-
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HA U He npeeocxodum nepeoco 4jiend, ecjiiu 6ce e20 4j1eHbl MaKoebl, 4no

W >W,>wy > >w, > u limw, =0 [2, 11, 22].

n—>0

CaolicTBa aOCOIOTHO U YCIOBHO CXOSIIIUXCS PSIOB:

1. Eciiu psin cxoguTest aOCOJTFOTHO, TO HOBBIA PsIJT, TTOTYyUESHHBIN
U3 HEro MepecTaHOBKOM YJIEHOB, TAK)KE CXOAUTCS U UMEET Ty JKE CyM-
MY, UTO U UCXOHBIHN DS,

2. Ecnu psig cXxoauTest yCIIOBHO, TO KAKOE OBbI UMCIIO S HU B3SITh,
MOYHO TaK MEePEeCTaBUTh WICHBI B 3TOM PsIly, YTOOBI cymMMa Mipeobpa-
30BAHHOTO Psijia ObUTa paBHA UMEHHO S.

3. Ecnu psix cXOAUTCs YCIIOBHO, TO MOKHO TaK IIEPECTaBUTD YJie-
HBI B 3TOM PSIAY, YTO HOBBIH psii OyIeT pacXxoIUThCS.

7.2. PyHKUHOHANDbHbIE pAAbI

Beipaxenue Buaa:

W, (x) + Wy(x) + .. + W (x) ... = iwn(x), (7.6)
n=1

rae W (x), Wy(x), ..., W (X), ... — HekoTopble (QyHKLIUH, ONPEEIeH-
HbIEe Ha OJHOM M TOM e MHoxecTBe D, HazbiBaeTcsi (PyHKIIMOHAb-
HBIM psiioMm [2, 11].

MmuoxectBo E < D Bcex 3HaUeHMi X, ITPH KOTOPHIX (hYHKITHOHAITb-
HbIH psijx (7.6) cxonutes (Kak YUCIIOBOM Psifl), HA3bIBAETCS 00JIACTBIO
cxoauMocTH 3Toro psyta. Dyukius S(x), x € E sBusieTcst cymMmmoit psiia

(7.6), ecn S(X) = MM 8, (%), pre S (x) = W, (x) + W,(x) + ... + W, (x).

Ecmu pyaknus S(x), x € P(P ¢ E) sBasercs cymmoit psaa (7.6), To
TOBOPST, YTO 3TOT PSi CXOAUTCS Ha MHOKecTBe P k ¢pyHkmmm S(X).

DOyHKIMOHATBHBIN PsIJT HA3BIBAETCS PABHOMEPHO CXOSIIIMMCS Ha
MHOXecTBe P k dyHkumm S(x), ecnu uist V uncna € > 0 cymiecTByeT
takoilt Homep N, uto npu n = N cpasy s Bcex X € P BbinonHsieTcs
HEPABEHCTBO

IS(x) =S, (x| < g [11].

Ecimu pyHkumoHanbHblil psif cxonuTces Ha MHOXkecTBe P, To Ha
39TOM MHOKECTBE CXOJAMMOCTb HE 00s13aHa ObITh pABHOMEPHOM, HO Ha
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HEKOTOPOM ITOIMHOKECTBE MHOXKECTBA P CXOIMMOCTh MOKET OKa3aThCs
PpaBHOMEPHOIA.

[TpuBeneM npusnax pasnomepHoii cxooumocmu Beiiepuimpacca:
eciu WwieHbl pyHKIMOHAIBHOTO paga W (x) + W,(x) + ... + W (X) ...
yIOBJIETBOPSAIOT HAa MHOXkecTBe P HepaBencTBam |[W (X)|<W, (n=1, 2,
3, ...), rue W — ujieHbI cxoasierocs yncinoBoro paga W, + W, + ... +
+ W, + ..., To QyHKIIMOHAJIBHBIN PsJI CXOANTCA Ha MHOKecTBe P pas-
HoMepHoO [11].

Ipumep 7.10
P sin X N sin 2x - sin nx
1 —
12 22 n?
In nx 1
cxoauTtcs Ha P = (—o0; +00) paBHOMEPHO, TaK KaK Bceraa 3 < — u
n n

s}
1
psn 2—2 CXOJIUTCHL.
n=1 n

Ecnu dpynxuun W (X) HermpepbIBHEBI Ha [a, b], a cocTaBneHHblil 13
HUX pag W (X) + Wy(x) + ... + W (X) ... cXoauTCcsi pPABHOMEPHO Ha 3TOM
oTpe3ke K pyHKIUU S(X), TO:

1) yukuus S(x) Ha [a, b] HenpepbIBHA;

b b b b
2) [S(x)dx = [W;(x)dx + [ W, (x)dx +...+ [ W, (x)dx +...

Ipumep 7.11

1
Pagl+x+x2+..+x" 1+ . . Ha OTpE3KE [O’E} CXOIUTCS paBHO-

1
MEpPHO K (PyHKIINU 1_x > MooTOMY
-X

b2 b2 b2
Ixdx + .[xdx+...+.[xn71dx+...=.[
0 0 0 0

214



1 1 1

—+ +...+

2 2x2? nx2"

Ecnu ¢pynxumn W (X) MMEIOT HEPEPhIBHBIE IPOU3BO/IHbIE HA OT-
pe3ke [a, b] 1 Ha 3TOM OTpe3Ke:

1) pan W (x) + Wy(x) + ... + W (X) ... cxoauTces K QyHKInHU S(X);

2) paa W' (x) + W'y(x) + ... + W' (X) ... cXoauTCsl pABHOMEPHO, TO
S(x) nmeeTt Ha [a, b] HEMPEPBIBHYIO TPOU3BOAHYIO U

S'x) = W' (x) + Wiy(x) +...+ W' (x) + ... [11, 20, 22].

+...=In2.

7.3. CteneHHble paAbl
DyYHKIIMOHATIBHBINA PsiJT

oy + 0 (X — Xg) T 0y(X —Xp)? + ...+ o (X — X))+

o0
+..= Do, (x—x¢)", (7.7)
n=0
rae o, (n =0, 1,2, ...) M X, — HEKOTOPbIE YUCIIA, HA3BIBAIOT CHIENECHHbIM
DAOOM C LIGHTPOM B TOUKE X,,.

B03MOKHBI ClleyoIye TpU CIydast:

1) crenennoil pan (7.7) cxonuTcs TOJIBKO IIPH X = X, (B€311€ Pacxo-
JUAIIAICS Psi);

2) crertenHo psn (7.7) cxogutces (MpuyueM aOCOTIOTHO) ITpH Vv 3Ha-
YeHUsIX (BCIOTY CXOISIIIMICS Psi);

3) cymectByeT unciao R > 0 takoe, uro psp (7.7) cxomgurcst abco-
JTOTHO IpH X — X| < R u pacxogures npu [x — x,| > R (R — paauyc
cxoquMocTu psaa). R = 0 mis Bcroy pacxojsierocs psjga u R = oo
JUTSL BCIO/LY CXOJISLIETOCs psiza.

WuTepBan (x, — R, X, + R) Ha3bIBaIoT HHTEPBAJIOM CXOAUMOCTHU
crerieHHOTO psifa (7.7). [Ipu 3TOM Ha KOHIIAX HHTEpBaIa CXOUMOCTH
CTETIEHHOM PsIIT MOKET KaK CXOJUTHCS, TAK M PACXOTUTHCS.

Ilpumep 7.12
Haiinem nHTEpBAJI CXOIUMOCTU CTENEHHOTO Psijia:
X x2 x"

+ ot
I1x2 2x2? nx2"
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n n+l
X X
ITonoxum, W, =&; Wi =Lﬂ.

nx2" (n+1)x2"

Toraa o mpusnaky Jlanambepa nmeem:

n+l

Ix[""xnx2" x|, n |x]|

lim Wi = lim

n—oo Wn n—»o0 (n+1)2n+1|X|n 2 noon+1 a 2

b

CIIeZIOBATEITBHO, JAHHBIN CTETIEHHOM PSi/T CXOAUTCS a0COIOTHO TIPH
[x| < 2 m pacxoauTes mipH |X| > 2, a pagnyc ero CXOJAUMOCTH paBeH 2
(R=2).

Hccenenyem cxoamMocCTh psiia Ha KOHIIAX MHTEpBaa CXOIMMOC-

TH: TIPH X = 2 s T+§+§+M+H+m pacxoaurcs, a IMpu X = —2 psifg

1 1 1

1
_I + 5 - 3 +..+ (D" H +... cxoautcs ycnoBHo. I[ToaTomy BHYTpu

uHTepBaia [-2, 2) psia cXOAUTCS aOCOTIOTHO U HEAOCOIIOTHO CXOAUTCS
B KOHIIE X = —2 3TOTO MHTEpBAaJIA.

OcHosnvie ceoiicmea cmenerHwix psioos [2, 11]

1. Ecniu creneHHON psifl HE SBIISIETCS BCIOAY PACXOISIIIUMCS, TO
ero cymMma HelpepbIBHA B KaKIOW TOYKE 0OJIACTH CXOUMOCTH.

2. CrerieHHOU psiT BHYTPH €ro 00JIaCTU CXOJIUMOCTH MOYKHO MH-
TErpupPOBATH MTOWIEHHO, TAK YTO €CIIU

oy + oy (X) = Xg) F 0p(X —Xp)? + ..+ o (X = X)" + .. = S(X),

x e E,

TO

2 3
X—X X—X
oco(X—XO)Jr(xl( 0) +(x2( 30) +
n+l
X —X
o x=%0)

+
" n+l1

+...= TS(x)dx.
0

3. CreneHHOU psJT BHYTPH €r0 MHTEPBaAJia CXOJAMMOCTH MOYXHO
nuddepeHIUPOBATH MOUJIEHHO, TAK YTO €CITU
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oy + o (X = Xg) F (X —Xp)? + .o F o (X = Xp)" + ... = S(X),

x e (xp—R,x,+R),R>0,

TO 0 + 204 (X — X() + 30,(X —X)? + ... + no, (X —Xxy)" '+ ... = S'(x),

x € (x,— R, x5 + R).

DTO CBOMCTBO COXPAHSET CUITY M [UIs KOHI[A MHTEPBAJIA CXOJUMO-
CTH, €CITH TOJILKO MOCIEIHUIA PSAJI HA 9TOM KOHIIE CXOIUTCA.

4. Eci CTeIeHHOM PsiT

oy + oy (X) = Xg) F 0(X = Xp)? + .o F o (X — X)) F
He SBJISETCS BCIOMY PACXOMAIIMMCS, TO €r0 CyMMa S(X) MMeeT BHYTPU
MHTEPBAIA CXOMMOCTH IIPOM3BOIHBIE BCEX MOPAAKOB. I1pH 3TOM

$"(xo) _ 8™ (xy)

oy = S(Xp); o = S'(Xg), 0y = TR o,

IR

n!

Pasnoowcenue ¢pynxyuii 6 cmenenmvie psiovl
Ecmu gyaknms f(x) mMeeT ponu3BOIHBIE BCEX MTOPSIKOB IIPU X =
X TO CTETIEHHOM szl

f(x 0)+f( 0) (x—Xo)2 +...+

LI x)
|

f'l
(X =Xg)+ —S'(O)

(x—%x¢)" +... (7.8)

Ha3pIBaloOT psagoM Teinopa ansa pynkumn f(x). Ipu x, = 0 moiy-
YaloT YaCTHBIN ciiyuait psaa Teiinopa
O, 0 2, £

£(0)+ T X+T!X +...+Tx +o, (7.9)

KOTOPBIN 4acTO Ha3bIBaIOT psgoM MakiopeHa [m. 4.3.1, 2, 11, 22].
Jtst Toro uto6sr psaxa (7.8) cxoamncs k dynkiuu f(x), HeoOxoau-

MO M JI0CTaTO4HO, 4ToObI lim R (x)=0, rae R (X) — ocraTounsit
n—oo

yieH psiaa Teiopa.

[TpuBenem Teopemy, KOTOpasi MO3BOJISET YCTAHABINUBATH, CTpPE-
MuTes 11 R (X) K HyJTI0 TpU HEOTPAaHUUEHHOM BO3PACTAHUH N WU HET,
T. €. pa3jaraercs jqu ¢pyHkius f(X) B psx Teistopa Miin He.
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TEOPEMA 7.3. Ecau ¢hynuxyus f(X) 60 6cex mouxax mexomopozo
uHmMepBana, cooepaicaueo mouKy X, umeem (n + 1)-10 npouseoonyio f

*(x), mo ocmamounvii unen R (X) 051 1106011 mouru 5mozo unmepeaia
umeem 6uo

(X _ Xo)l’l+1

_ e(n+)
R,(x)=f"""(n) (n+1)]

, TJI€ 1 3aKJIIOYEHO MEXAY X, U X [2]

(cM. Taxoke TIaBy 4).
IMpuBeaeM pas3iiOKEeHHs B CTEIIEHHON PSiI HEKOTOPBIX (OYHKIIHIA:

2 n

1+§+X—+...+X—+...:e", X € (—o0; +o0);
o2 n!

3 5 2n-1
D)™ 4 =sinx, x € (co; +o0);
o3 s (2n—1)!

2 4 2n
1—x—+X——...+(—1)n +...=C08X, X € (—o0; +00);

2 4 (2n)!
3.5 2n+1
X X
X——+——...+(=D" +...=arctgx, |x|<1;
3 5 D 2n+1 gx.
2 .3 4 n
X X 1 X
Xt (=Dt =In(x +1), x € (<15 1
Y3 (=D " (x+1) L1]

Pasnoxum B psg Maxknopena ¢ynknuio sinx. s aToro Haxo-

JIUM TIOCJIEIOBATEILHO 3HAYEHUS €€ TPOU3BOHBIX PA3TUIHBIX ITOPSIJI-
KOB B TOuke X = 0:

f(0) = (sinx), - , = 0; £(0) = (cosx), -, = 1.

'(0) = (-sinx), - , = 0; f"(0) = (—cosx), -, = 1.

f9(0) = (sinx), _ , = 0; f5(0) = (cosx), -, = 1.

f0(0) = (-sinx), = , = 0; f7(0) = (~cosx), -, = -1 U T. 1.

ButHO, 4TO 3HAYEHMS TIPOM3BO/IHBIX IIOBTOPSIOTCS M 00pa3yIoT Tie-
puoanyeckytro nocneaosarenbHocts 0, 1,0, -1, 0, 1, 0, -1, ... JTrobast ipo-
n3BOJIHAST (DYHKIIMHU SINX MO aOCOJIFOTHOM BEJIMUMHE HE MPEBOCXOAUT 1.
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ITostomy psiag MakitopeHa a1st popMYJITbI SINX CXOAUTCS K HE Ha BCei
YUCII0BOH ocH [2].

3agauM gns CaMOCTOATEJNIbHOro peleHuUn

1. C momMoIbi0 MPU3HAKOB CPABHEHUS UCCIIEIOBATH CXOJIUMOCTh
PSIOB:

11 ZSZH ,122

nln

ke 1
13, Seos

2. UccnenoBaTh CXOIUMOCTH PSIIOB € MOMOIIBIO TTpu3Haka Jla-
nambepa:

1 1 1
3 + 3 + 3
(In2)*  2!(In3)°  3!(In4)

2.2.

3. WccnenoBaTh CXOAUMOCTD PAA0B C IIOMOIIBIO ITPU3HAKA Komm:

s £ S22

n=0

4. McenenoBaTh CXOJMMOCTD PSIIOB C TIOMOIIBIO HHTETPATBHOTO
npuszHaka Komu:

4122 422

n= 151’1 +2

2

5. HCCHCHOB&TB a6COJIIOTHYIO WJIM YCIIOBHYIO CXOMMOCTb PSJIOB:

L ZCOZZH Z( 1.)

n=l
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0 (_anl‘ 0 (_l)n
53 X 54 2oy

6. Haiitu nHTEpBaIBl CXOMUMOCTH CTEIIEHHBIX PSITOB:

0 (X+5)2n 0 (X_2)2n—1
6.1, 5—311 5 6.2. Z—n3 :

n=1

Xl’l

6.3. (D" 64 x+ 20 + 4 4 Bx
n=1

Bonpocbl ana camonpoBepku

1. Uto Ha3bIBaeTCs YUCIOBBIM PSIOM?

2. YUto Takoe cymma psima? ath ompeeneHre CXOASIIErocs u
pacxosiierocs psaoB.

3. B ueM cocToOUT HEOOXOIUMBIN MTPU3HAK CXOJIUMOCTH psia?

4. B uem cyTh npuznakoB Jamambepa u Komn?

5. B yem cyTb uHTerpanbHoro npusHaka Komu?

6. Kaxoii psin Ha3pIBaeTCSl 3HAKOUEPEAYIOIUMCS?

7. B ueM cymHOCTB npu3Haka JletiOrma?

8. Uto Ha3bIBaeTCsI aOCOIOTHOM U yCIIOBHON CXOIMMOCTBIO psiga?

9. Kakoii psan HazpiBaeTcsi pyHKIIMOHATIBHBIM?

10. YTo HasbIBaeTCcsl 00JIACTHIO CXOAUMOCTHU (PYHKIIMOHAIBHOTO
psna?

11. Kaxoii psig Ha3bIBaeTCSl CTEIIEHHBIM?

12. KakoBbI OCHOBHBIE CBOMCTBA CTEIICHHBIX PSAOB?
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Paspgpen ll
OCHOBbl UH®POPMATUKH

8. Metogonornueckue OoCHOBbDI
UHPOPMATUKH

8.1. O6beKkT U npeameT UHPOPMATHUKH

8.1.1. OcHOBHble NOHATUSA U onpefeneHus

Byayun 1oCcTaTOYHO CIOKHBIM ITPOLIECCOM, aBTOMATU3AIIMS JIIO-
0011 AeITeTbHOCTH YeJIOBEeKa MPH PEIIEHNN MPAKTUYECKUX 3a1a4 J10JI-
JKHA UMETh Hay4HOE — MPEkKe BCEro METO0JIOrHIecKoe — obecre-
yenue. Kak yxxe ObUIO OTMEYEHO BO BBEACHHH, HAYKOHW, U3ydaIOIEH
HanboJsee o0IIMe 3aKOHOMEPHOCTH BHEIPEHUSI CPEJICTB aBTOMATH3A-
UM (KOMITBIOTEPHU3AIIUK) BO BCe C(pephl KMU3HU OOIIECTBA U IOCIE/I-
CTBUSI 3TOTO, siBisieTcss nHpopMmaTuka. B pamkax naHHOW HaydHOM
JUCLMIUTUHBI ABTOMATH3ALUs TPO(PECCHOHAIBHON e TETIbHOCTH OIl-
peensieTcst Kak MpOoLEece CO3/1aHMsl, BHEAPEHUS U UCIIOJIb30BAHUS TEX-
HUYECKUX, TPOTPAMMHBIX CPEJICTB U MATEMATHUUYECKIX METOJIOB, OCBO-
OOKIAIONINX YEIOBEKA OT HEIIOCPECTBEHHOT'O YUaCTHS B IIOJYUCHUN,
MpeoOpa30BaHUU U Tepeaayue SHEPrUU, MaTepUaioB U (W) nHpOpP-
Maluu B MpodeccnoHaIbHON AeaTenbHocTU. OCHOBHBIE BU/IBI aBTO-
MaTU3UPYEMOi MPO(ecCHOHAIbHOM 1S TETbHOCTH: IIPON3BOICTBEHHbIE
MIPOIIECCHI, TPOEKTUPOBAHUE, 0OyUeHUE, HAyYHbIE UCCIIEIOBAHMS, YII-
paBneHre. OCHOBY aBTOMATHU3AIMH MTPOPECCHOHAIBHON JIeATEIIbHOC-
TH B COBPEMEHHBIX YCIIOBUSX COCTABIISIFOT CPEICTBA 3JIEKTPOHHO-BHI-
yucnurenbHoi Texuuku (OBT) u cs3m.
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Becbma BayKHBIME 1 OCOOEHHO MHTEPECHBIMU TSI IIUPOKOTO KPyra
CHEIMATUCTOB B 00JIACTH OPTraHU3aIMOHHOTO YITPABJICHUSI TTPE/ICTAB-
JISTFOTCSI OCOOCHHOCTH A8MOMamu3ayuil ynpasieH4ecKoli 0esmenbHoCmu
Kak IMpoliecca CO3JaHusl, BHEAPEHUs U MCIIOIb30BAHMS TEXHUYECKUX,
MPOTPAMMHBIX CPEIACTB U MAaTEMATUYECKHX METO/OB, IIpeIHA3HAYEH-
HBIX JJI1 aBTOMAaTU3UPOBAHHOTO cOOpa, XpaHeHus, OUCKa, mepepa-
0OTKM U nepeiaun HHHOPMAIUHU, UCTIONIB3YEMON ITPH YITPABJICHUU IP-
raTUYEeCKUMH CUCTEMaMHU, B XOJI€ pealin3allid HOBBIX MH(pOpMAIIMOH-
HBIX TEXHOJIOTUH yrpaBiieHus. L{enpio aBTOMaTH3amMm ypasieH4Yec-
KO JesTeIbHOCTHU [2] sBIsieTCs MOBbIIeHnEe 3(PPEeKTUBHOCTU yIpaB-
JIeHHs (KavyecTBa yNPaBIIEHYECKUX PEIIEHUH, ONepaTUBHOCTH, ITOBbI-
LIEHUS TPOU3BOUTEIBHOCTH YIIPABIEHUECKOTO TPy U T. 1.).

HNudpopmaTuka n3ydaeT 1e71, CIIocoObI U CPEACTBA aBTOMATH3a-
IIUU JIeATEIIbHOCTU JOJKHOCTHBIX Jinil Ha 6a3e DBT npu ynpaBieHnn
MepCOHAIIOM, pa3pabOTKe HOBBIX CHCTEM, COBEPIIICHCTBOBAHHH BUJIOB,
(hopM u crtocoOOB yIpaBieHus, 00YUeHUH MepCOHAA.

Kak u Besikast npyrast HaydHasi JUCLMIUIMHA, HHOPMATHKA UMe-
€T CBOI OOBEKT U MpeIMET.

B kauectBe oOvexma ungopmamuxu BHICTYNIAET aBTOMATU3UPO-
BaHHas nHpopmanmonnas cuctema (AUC), npeacrapisiomnias codoi
COBOKYITHOCTh T€XHUYECKHX, IIPOTPAMMHBIX CPEICTB M OpraHU3alIld-
OHHBIX MEPONPUATHUH, TPEeAHA3HAUEHHBIX /1151 aBTOMATU3alIMU1 UH(DOP-
MaILIMOHHBIX MIPOIIECCOB B MPO(ecCUOHANBbHON AedaTeTbHOCTU. OCHOB-
HbIM TexHuueckuM cperctBoM AUC sBnsercs 9BM.

Hcrnonw3ys TepMuH ungopmayusi, Mbl, Kak MPaBUIO, HE 3aTyMbl-
BaeMcCs O TOM, YTO OHA cO00# mpeacTasisieT. Hamo oTMeTHTB, 4TO BOTI-
pOC 3TOT SBJISIETCS TOCTATOYHO CIOXKHBIM (OH OyneT moapoOHee pac-
cMoTpeH B 1. 9.1). Jlo HacTOSIIIEro BpeMeH! B HayKe He BhIPAOOTaHO
CTPOTOTO ompeeeHus MoHsAThusa nHpopmaiuu. ['oBopst 06 nudopma-
uroHHbIX nporeccax B AWC, Mbl moka 6yjeM moHUMATh 1o HHPOP-
Malell HEKOTOPYI0 COBOKYITHOCTh JAHHBIX (TEKCTOBBIX, UHCIIOBBIX,
rpaU9IecKnx) U CBSI3eH MEKITy HIMH.

ITox nepepadboTKoOl MHGOPMALIMHI TOHUMAIOTCS BCE BO3MOXKHBIC
nH(MOPMAIIMOHHBIE TTPOIIECCHI, COMTPOBOXKAAIONTNE MPO(PECCHOHAITBHYIO
NeATeNIbHOCTh: cOop MHpOopMaIUU, XpaHeHne UHPOPMAIIUH, TTOUCK
nHopmMaiuu, npeacTaBieHrue HHPOPMAIIMK HA ONpeAeTIEHHOM HOCH-
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TeJie B ONPEeIEHHOM BUJIE (BU3yalIbHOM, rpapuueckoM, TEKCTOBOM,
3BYKOBOM), ITOJTyYeHNE HOBOW MH(OpMAIINK (HAIIPUMED, B pe3yJIbTaTe
MPOBEACHUS PAcYeToB), repenavya HHGOpPMAIMU MO KaHaJlaM CBSI3H
pa3IMYHBIM apecaTaM H JIp.

AWC nomkHa paccMaTpUBATHCS KAK HHCTPYMEHT B pPyKax JOJIK-
HOCTHBIX JIMII, PEATU3YIONINX MepepaboTKy MHGOPMAIIMHU B TIpoIecce
podecCUOHATILHOM eI TeTbHOCTH. MOXKHO CKa3aTh, YTO HAJTUYHE 3TO-
T'0 MHCTPYMEHTa (PaKTUIECKHU OTIPEIesieT HOBYIO TEXHOJIOTHIO OCYIIIe-
CTBIIEHUSI MPOQECCHOHATILHON JIeITeIbHOCTH.

Iousatue mexnono2us o3HavaeT KOMIUIEKC 3HAHUHI O CIIOCO0AX,
npueMax Tpyaa, Habopax MaTepuaJIbHO-TEXHUYECKUX (aKTOPOB, CIIO-
co0ax MX COeIMHEHUS JUIsl CO3MaHUsI KAKOTO-TMO0 MPOIYKTa WM OKa-
3aHus ycrryru. [IpuMeHUTeThbHO K TPOMBIIIIIICHHOMY ITPOM3BOJICTBY HC-
TMOJIB3YETCS TIOHSITUE NPOU3BOOCIBEHHAS UHOY CIMPUATIbHAS MEXHOIO2USL.

[TpumMeHeHVe TOHATUS MexXHO102Us K THPOPMAITMOHHBIM ITPOIIeC-
caM MPUBEIIO K BOSHUKHOBEHUIO MTOHSITHS UHPOPMAYUOHHAS IMEXHOI0-
eusi — COBOKYITHOCTb 3HaHMI O crocob6ax aBTOMaTHU3UPOBAHHOM Iie-
pepaboTku uHpopMamu ¢ ucnoiibzoBanueM DBM nis aBromartusa-
U YIIPABICHYECKOM IeATEIbHOCTH. Ba)kHO OTMETHUTBH, UTO pe3yibTa-
TOM peau3aIyy JTF000i NHHOPMAITMOHHON TEXHOJIOTHH SIBIISIETCS CO-
3maHue MHQOPMAIIMOHHOTO MPOAYKTa (HalpuMep, MporpamMMbl Ha
OBM) unu okazanue nHGOPMALMOHHON yciayru (Hampumep, Gopmu-
pOBaHUE CIIPABKU B OTBET Ha 3aIpOC MOJIb30BaTeNsd OaHKa JaHHBIX).

Co3znanue HOBBIX HH(POPMALIMOHHBIX TEXHOJIOTHIA U BHEIPEHHUE UX
B NMPO(eCCHOHAIIBHYIO IS TEIBHOCTD SIBISICTCS OJTHON M3 OCHOBHBIX
3a1a4 HHPOpMATHKUA. IMEHHO ITOATOMY B KA4eCTBE npeomema uH@op-
Mamuku TIeTIeCO00Pa3HO PacCMaTpPUBATh UHDOPMAYUOHHbIE MEXHOIL0-
2uu, OTIPEIENISIONINE palMOHaIbHbIE CITOCOOBI pa3pabOTKU U IpHUMe-
nenus AVC.

Kaxnas AVC obecrieunBaeT peanu3aliio HEKOTOpoi nHpopma-
IIMOHHOW TEXHOJIOTUH MepepadoTKH HHPOPMAIIUU B TIpoliecce mpodec-
CHOHAJTBHOM JIeTeIbHOCTH. Takum 00pa3om, B KauecTBe 3a71a4 HHPOp-
MAaTHKH MOKHO pacCMaTpUBATh CO3JaHNE HOBBIX MH(POPMAITMOHHBIX
TeXHOJIOTUH U peanusyronmx ux AVMC wim nepeHeceHne M3BECTHBIX
MH(OPMAILIMOHHBIX TEXHOJIOTHI M3 OJTHON 00JIaCTH YeT0OBEUECKOMH Jie-
SITEJIbHOCTH B JIPYTYIO.
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8.1.2. Knaccucukauus aBTOMaTU3IUPOBAHHbIX
MH(OPMALMOHHBIX CUCTEM

B kauectBe ocHOBHOro kiaccupukannonHoro npuzHaka AUC
1enecoo0pa3Ho paccMaTpUBaTh OCOOEHHOCTH aBTOMATU3UPYEMOM
NpOQeCcCHOHAIBHON IeATENBHOCTH — Ipoliecca NnepepadboTKu BXO-
HOHM MH(pOPMAIUH 7151 TTOJIy4YeHus: TpebyeMoil BBIXOJHON MHpOopMa-
uuu, B Koropom AWC BeICTynaeT B Ka4ecTBE HHCTPYMEHTA JOJIKHOC-
THOTO JIMLA WU TPYIIbI JOJDKHOCTHBIX JIUI], YYACTBYIOLIUX B yIIPaB-
JICHWM OPraHU3allMOHHON cucTeMoi [54].

B cooTBeTcTBMM € TPEUIOKEHHBIM Ki1acCU(UKAIIMOHHBIM IPU3HA-
KOM MOJKHO BBIACINUTH cienyromue kinaccel AWC (puc. 8.1.1):

ANC
. CIIrP \ {AI/IIBC
Hcoop P,  H WUPC |

-[CATIP]

[comp o] [{riouc]

L[ CTITIP On ML

Puc. 8.1.1. Knaccudmkaums AUC

® ABTOMAaTH3UPOBaHHBIC CUCTeMBI yiipaBiieHus (ACY);

e cucTeMbl noaepkku npuHsTus pemenui (CITIIP);

® ABTOMATU3UPOBAHHbIE HH()OPMAIMOHHO-BBIUUCIUTEIHHBIE CH-
crembl (AWBC);

® AaBTOMATU3UpPOBaHHBIE cucTeMbl 0OyueHus (ACO);

® ABTOMATU3UPOBAHHBIE UHPOPMAIIMOHHO-CITPABOUHBIE CUCTEMBI
(AHUCC).

PaccmoTpum ocobennocTu kaxaoro kinacca AUC u xapakrepuc-
THKH BO3MOXHBIX BU0B AVC B X cocTaBe KakI0ro Kiracca.
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Asmomamusuposanmsie cucmemyl Ynpasienus

ABTOMATHU3UPOBAHHAS CUCTEMA YIIPABJICHUS MMPeHA3ZHAUEHA /IS
ABTOMATH3AIIMN BCEX MJIM OOJBIIMHCTBA 3aJlau yIpaBlIeHUs, periae-
MBIX KOJIJIEKTUBHBIM OPTaHOM YIpaBJieHUs] (MUHUCTEPCTBOM, JIMPEK-
LU, TTpaBIeHUEM, CITy>)KOOH, TPyNIION yIipaBiieHus U T. 1.). B 3aBucu-
MOCTH OT 00bekTa yrpasienus paznmnuaioT ACY nepcoHajioM M TexX-
Huueckumu cpeactBaMu (ACYIT u ACYTC). ACY saBnsieTcss opraHu-
3aIIMOHHON U TEXHUYECKON OCHOBOM pean3aliii pallioHaIbHON TeX-
HOJIOTMH KOJUIEKTUBHOTO PEHICHUS 3a/1a4 YIPABJICHUS B PA3IMUHBIX
ycIoBusIX. B aTol cBsI3M pazpaboTka palimoHaIbHON TEXHOJIOTUU Opra-
HU3AITMOHHOTO YIIPABJICHUS SIBJIIETCS OTMPENEIISIONIUM 3TAllOM CO3/a-
Hus moboit ACY.

ACYVII obecrieynBaeT aBTOMAaTU3UPOBAHHYIO epepabOTKy HMH-
hopmaiuu, HeOOXOIMMON /IJIs YIIPABJICHUS] OpraHu3alueld B MOBCe/I-
HEBHOW JIeATEeIbHOCTH, 4 TAK)Ke MPU MOJATOTOBKE U PeATM3AINH TTPO-
rpamMM pa3BUTHS.

ACYTC npeaHa3HadyeHbl )T peaju3aliii COOTBETCTBYIOIINX TEX-
HOJIOTUYECKUX TTpoiieccoB. OHU SBIISIOTCS 110 CyTH IIEPETATOYHBIM 3Be-
HOM MEXY JTOKHOCTHBIMH JIMITAMH, OCYIIECTBIISIONIMMU yIIpaBie-
HUE TeXHUYECKUMU CUCTEMAaMU, U CAMUMHU TEXHUUYECKUMH CUCTEMAaMH.

B nacrosimee Bpemst ACYTC nHanum mmpoxoe pacnpocTpaHeHne
BO BCEX Pa3BUTHIX rocyaapcTBax. OOBICHIETCS 9TO TEM, UTO yIIpaBIIe-
HUE CYIIECTBYIOIINMI HOBEHIITMMHU TEXHOJIOTHISCKIMHU ITPOIeccaMu O6e3
npumeneHnss ACYTC cTaHOBUTCS TPAKTHUECKH HEBO3MOKHBIM. UTO
kacaetcst ACVYII, To B HacTosiee BpeMs TaKHe CUCTEMBI IIIMPOKO HUC-
MOJIB3YIOTCS B CTpaHax 3amaja U HeMpPephIBHO BeIyTCsl paboThI TIO CO-
3IAHUIO0 HOBBIX CUCTEM, B TOM YHUCIIe Ha 0a3e JOCTIKEHUN B 00J1aCTH
HMCKYCCTBEHHOTO MHTEJICKTA.

Cucmemvl n00OEPIHCKU NPUHSINUS PEUUEHUTI

Cucrembl noaaep:xku npunstus pemenuit (CIIIIP) sasiorcs
JIOCTATOYHO HOBBIM KitlaccoM AVC, Teopus co3maHust KOTOPBIX B Ha-
CTOSsIIIee BpeMsI MTHTEHCUBHO Pa3BUBAETCS.

CIIITP nmpeana3HaveHa It aBTOMATH3AIUN IESITEIIbHOCTA KOHK-
PETHBIX JIOJPKHOCTHBIX JIUI[ IPU BBIMTOJIHEHUH UMM CBOUX JOJDKHOCT-
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HBIX ((pYHKIIMOHAJIPHBIX) 00sSI3aHHOCTEH B IIPOIIECCE YIIPABIICHUS TIep-
COHAJIOM U (WJIM) TEXHUUECKUMH CPEICTBAMU.

Brrgensitorcst 4eTbipe KaTeropuul JOJDKHOCTHBIX JIMIL, JAesTelb-
HOCTb KOTOPBIX OTJIMYAETCS PA3IUYHON criennuukoi rnepepaboTKu
nH(pOpPMALIUU: PYKOBOJIUTENb, TOJDKHOCTHOE JIMIIO anmnaparta yrnpas-
JIEHUsI, OTIEpATUBHBIN IEXKYPHBII, OITepaTop. B COOTBETCTBUH C YETHIPH-
MsI KATETOPUSIMU JIOJDKHOCTHBIX JIMIL pa3nuuaroT U uetbipe Buaa CITITP:
CIIITP pykoBomutens (CIIIITP P), CIITTP qomkHOCTHOTO JIvIIa arma-
parta ynpasneHus: (CIIIIP A), CIIIIP onmepaTUBHOro IeXypHOTO
(CIIITP 1) u CIIIIP omepatopa (CITITP Om).

PaccmoTpum cnienpuky ASSITETBHOCTH JTOJKHOCTHBIX JIMII, OT-
HOCSIIIUXCS K KaXXIOW BbIJICJICHHOM KATErOPUMU.

K kaTeropuu “pykoBoauTe b’ OTHOCATCS TOJDKHOCTHBIC JIUIIA, Ha
KOTOPBIX BO3JIOKEHO yMpPaBJICHUE MOJIYNHEHHBIMH JOKHOCTHBIMU
TUnaMu (Moapa3/eleHus MU OPraHu3allui) U MPUHSTHE PELICHUNH B
nporecce pykoBojacTBa. OcHOBHAs GopMa IEATEIBHOCTH PYKOBOIU-
TeJsl — JIeJI0BOE OOILEHHE.

JesTebHOCTD JTOJDKHOCTHBIX JIWI, OTHOCSIIUXCS K KATerOpUH
“pYKOBOIUTEND, XapaKTEPHU3YETCS CICIYIOMIUMU 0CODCHHOCHISMU

e [IpU IEHTPAIM3AIMN MPUHATHUS PEIIEHUH PEe3KO BO3PACTAIOT
00BeMbI HTHGOPMAIINH, YMEHBIIIAETCS BPEMSI HA 00 yMbIBAHUE U aHA-
JIU3, PACTYT CIIOKHOCTH KOMITJIEKCHOTO y4eTa BceX (haKTOPOB;

e BEITMKA JI0JIS TEKYIIUX 33/1a4, HE TIO3BOJISIFOIINX COCPETOTOYNTh-
Cs Ha CTPATETUUECKUX TIETISX;

® B IIpoIIecce eI TeTbHOCTU ITPeob1aIatoT MPUEMBbI, 00YCITOBIICH-
HBIE MPUBBIYKAMHU, OTIBITOM, TPAJAUIUSIMU U APYTUMU HedopManzye-
MBIMU OOCTOSTEIHLCTBAMU;

® TIPU MIPUHSITUU PEIICHUsI PYKOBOJIUTEIb HE BCETa B COCTOSTHUN
OTHUCATh M JaXe MPEICTABUTh JOCTATOYHO MOJHYIO YMO3PHUTEIHHYIO
MOJIETh CUTYAlIH, & BRIHY)KJICH HCIIOIb30BATh JIMIIIb HEKOTOPOE IIPeI-
CTaBJICHUE O Helf;

® JIeATEILHOCTh PYKOBOUTEINS B 3HAUUTEIILHONU MEPE 3aBUCUT OT
TeMIIepAMEHTa U CTHJISI ACSITEIbHOCTU, OT CTETICHH 3HAHUN MPUYUH U
CJIEJICTBUH, ICHOCTH IPECTABIICHNS B3aUMOCBSI3ei, 00beMa NMEIOIIIEH-
cst ”HPOPMAITIH.

226



Ilepeuncnennble 0COOEHHOCTH ACSITENHBHOCTH IOJKHOCTHBIX JIUIT
KaTeTOpUU “pPyKOBOIUTEIIL” OOYCIIOBINBAIOT KPAWHIOK CIO0XHOCTh
ABTOMATH3AINH UX JIESITEILHOCTH, KOTOPAsl CONEPKUT OOJIBIIOE KO-
JIMYECTBO HE(POPMAJIbHBIX 2JIEMEHTOB, IPEX/IE BCETO TAKUX, KaK OIle-
paTUBHOE U CTPATETNUECKOE YIIPABIIEHUE, a TAKKE IPUHITUE PELLICHUH.
Hcxons n3 ocoOeHHOCTEMH eI TeNbHOCTH PYKOBOIUTENS, MOXKHO chop-
MYJIMPOBATH CIIEYIONTNE OCHOBHBIE Mpedosanist, IPeIbsiBIsSIEMbIE K
CIIIIP P:

1) Hanmuune MUPOKON NHPOPMAITMOHHON 0a3bl C BO3MOKHOCTBIO
OTIEpPaTUBHOTO MOMCKA TpebyeMoii nH(popMaLny;

2) HATJISITHOCTH IpeacTaBieHus nHpopManuu B popme, aIanTu-
POBAHHOH K 3alpocaM KOHKPETHOT'O JOJKHOCTHOIO JIMUA (TEeKCTa,
Ta0aull, rpaduKoB, IUarpaMm U T. 1.);

3) oOecrieueHue ONEpaTUBHON CBSI3M C APYTMMH UCTOYHUKAMU
uH(OpMAIIMU B CUCTEME YIPABJICHUS, 1 OCOOEHHO C HEMOCPEACTBEH-
HBIMH TTOMOIITHUKAMU;

4) HaMuMe JUAJIOTOBBIX MPOrPAMMHBIX CPEICTB OOeCIeUeHUs
TIPUHSTUS PEIIeHN Ha OCHOBE (hOPMaTbHBIX (MAaTEMATHUUECKUX) Me-
TOJIOB;

5) mpoctoTa paboThI TPU MOBBIIIEHHON HAJACKHOCTH TEXHUYEC-
KUX U TPOTPAMMHBIX CPEJICTB;

6) obecrieueHre BO3MOKHOCTH HAKOIUIEHUS B maMsITH DBM oribI-
Ta ¥ 3HaHWH (B pamKax nHTeiekTyaababix CIIITP).

HeobOxonumo otMeTutsh, uto TpeboBaHus 2, 3 U 5 ABISIOTCS YHU-
BepcajJbHBIMU U OTHOCATCS KO BceM Buaam CIITTP.

B HacTosmee Bpemst TpeboBanus 1, 2, 3 1 5 MOTyT OBITH ITOJTHOC-
THIO YJIOBJIETBOPEHBI C UCTIOIH30BAHNEM U3BECTHBIX HHPOPMAITMOHHBIX
texHosiorui. Uto kacaercst TpeboBanuii 4 1 6 (HATUUHUST TPOTPAMM-
HBIX CpEICTB OOecreueHUs pellleHuid U HaKOIUIeHUs B namsitu DBM
OINBITA U 3HAHUI), TO UX YIOBIETBOPEHHUE COCTABIISIET OCHOBHYIO T€O-
peTrueckyro mpo0diieMy, Bo3HUKarolyo 1pu co3ganuu CIIIIP P.

K kateropuu “momKHOCTHOE JIUIIO amapaTta yIpaBiIeHus] OTHO-
CATCS CIIEIIMATUCTBI, 3AHUMATOIIMECS AHATTUTHIECKOUM paboTOM Mo mo/1-
TOTOBKE PEIICHU PYKOBOIUTEIS M MX TOKYMEHTAIIbHBIM 0(OPMIICHH-
eM. OCHOBY JA€SITEIbHOCTU 3TOM KATErOPUHU JIMIl COCTABIISIET OIICHKA
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PA3JIMYHBIX BAPUAHTOB PELIeHUs (TPOBEIECHHE OLIEHOUHBIX PACUETOB)
U pa3paboTKa IPOEKTOB PAIUYHBIX JOKYMEHTOB.

O dekTHBHOCTh (PYHKIIMOHUPOBAHHMS allllapaTa yIpaBJICHUS BO
MHOTOM OMPEAETSETCS MPOIYKTUBHOCTBIO IESATEIBHOCTH CHEIHAINC-
TOB, 0OCOOEHHO B BOTIPOCax co3/anusi HoBoU nudopmaruu. J1omst TBOp-
YeCKOro Tpyza B UX paboTe JOCTATOYHO BbICOKA. FIMEHHO 3TH crienu-
AJIMCTBI O0ECIEeUNBAIOT IPAKTUYECKH BCIO MH(OPMALIMOHHYIO MTOArO-
TOBKY JUISl IPUHATHS pelleHns pykoBoauTeneM. OHHU SBIISIOTCS OCHOB-
HBIMH MCITOJTHUTEIISIMU JIOKYMEHTOB, OTIPEIENss X Ka4eCTBO.

CIIITP A noikHA Mpex/ie BCEro Co3AaTh JOJDKHOCTHBIM JIMLIAM
YCIIOBHS TS TIJIOIOTBOPHOT'O BEACHUS AHATMTUYECKON pabOTHI U CBe-
JIeHUs] K MUHUMYMY JO0JIM PyTUHHBIX paOoT (Mouck uHpopmaimu, opop-
MJICHHE TOKYMEHTOB, IIPOBECHNE OTIEPATUBHBIX PACUETOB U T. II.).

Oco0eHHOCTH AeSTeTbHOCTH JOHKHOCTHBIX JIUIT allllapaTa yrpas-
JICHHSI OTIPENIEIISIFOT CIIEMYIOIIe OCHOBHBIE mpebosanusi k CITITP A:

1) obecnieyeHne onepaTUBHOTO MOMCKA U OTOOPaKEHUS BCEel MH-
(dhopmanuu, HeOOXOAUMOM 711 MOJTOTOBKHU pelIeHuit 1 (hopMupoBa-
HUSI TPOEKTOB IOKYMEHTOB B IPEeiaX ero KOMIETEeHTHOCTH;

2) obecrieueHUE BO3MOKHOCTH BEICHUS ONIEPATUBHBIX PACYETOB U
MOJICTTUPOBAHUS JIUTSI OIICHKH CUTYaIluu U TIOJITOTOBKU BapUAHTOB pe-
LIEHUI;

3) obecnieyeHre BO3MOKHOCTH aBTOMATU3UPOBAHHOM MOATOTOB-
KM IIPOEKTOB JOKYMEHTOB (TEKCTOB, rpauKOB, TUArpamMm M T. II.).

K ocnoBHbM 311ementam CIIIIP A cienyer oTHecTu cpeacTsa Be-
JICHUSI OTICPATUBHBIX PACUETOB U MOJICIIMPOBAHUS, IIOCKOJIBKY UMEHHO
9TH CPENICTBA B HAMOOJIBINEH CTENIEHN 00SCIIEeYMBAIOT MTOBBIIIEHUE (-
(hEeKTUBHOCTHU M KAUeCTBA YIPABIICHHMS.

K kaTeropun “onepaTUBHBIN 1eKypPHBIA~ OTHOCATCS AOJIKHOCT-
HBI€ JIU1IA, BBITOJIHSIOMNE 005 I3aHHOCTH MO ONIEPATUBHOMY PYKOBO/I-
CTBY OPraHM3allMOHHON CUCTEMOI BO BpeMs AEKYpCTBAa Ha COOTBET-
CTBYIOIIMX MTyHKTAaX YIPABJICHUS B TEUEHUE OTPEIEIICHHOTO BPEMEHH.

OCHOBHBIMU 0COOEHHOCMAMU IEITETLHOCTU OTIEPATUBHBIX JIEKYP-
HBIX SIBJISIOTCS:

® OTHOCHUTEJIbHO Y3KUI KpPYT pelaeMbIX 3a71ay;

® XKEeCTKasl perjiaMeHTalus AesITeIbHOCTU B OOJIBIIMHCTBE Bapu-
AHTOB CKJIaJbIBAIOLLEICS OOCTAaHOBKH;

228



® )KECTKUI INMUT BPEMEHU Ha IIPUHATHE PEILICHUH 1 BBIIIOJIHEHUE
PA3JIMYHBIX ONEpPALMA.

[lepeunicieHHble OCOOEHHOCTU JESITENBHOCTU OINEPATUBHBIX Ji€e-
JKYPHBIX ONPEIENIOT B KaueCcTBe OCHOBHBIX mpebosanuii K CITITP [
obecrnieueHre ONnepaTUBHOIO MPeIOCTaBIeHUsl MH(popMauu, HeoOXo-
JMMON ONEpaTUBHOMY JI€KYPHOMY B 3apaHee OIpE/IECIIeHHbIX CUTYa-
LUsAX, @ TAKXKE 0OecIeueHNe ONEPATUBHOIO aHAJIM3a CKJIaAbIBAIOIIEH-
cs1 cutyauuu. [Tocnennee TpeOoBaHNe MOKET OBITH OOECIIEUEHO C HC-
MOJIb30BAHUEM TEXHOJIOTUU IKCIIEPTHBIX CUCTEM.

K xarteropum “omepatop” MOryT ObITh OTHECEHBI JOJKHOCTHbBIE
JIMIIA, BBITOJIHAIONINE TEXHUUECKYIO paboTy 1O 3apaHee ONpee/IeHHO-
My anroputMmy. OCHOBHasi OCOOEHHOCTD AEATEIbHOCTH OIepatopa —
OTCYTCTBHE HEOOXOIMMOCTH TPUHUMATD CIIOYKHBIE PEIIIEHUS B ITPOIIecce
ceoeit nesitenbHOCTH. CIITIP On nomxHa obecnieunBaTh BO3MOXKHOCTD
paboThl TOMHKHOCTHOTO JIMIIA CO CIPABOYHON MHpOpMALIMEl 1 aBTO-
MaTU3UPOBAHHON MOJATOTOBKU TEKCTOB JTOKYMEHTOB.

Asmomamu3zuposarinvie UHDOPMAYUOHHO-BLIYUCTUMEIbHBIE CUCTIEMb]

AWBC npenHa3zHaueHbl 1JIsl PEIIeHUs CIOXKHBIX B MaTeMaTH4ec-
KOM OTHOIIIEHUH 33124, TPEOYIOMNX OOIBIINX 00BEMOB CAMOH pa3HO-
oOpaszHoit nHpopmanuu. TakuM 00pa3oM, BUAOM ACATEILHOCTH, aB-
tomatusupyembiM AVBC, sBisiercss mpoBeneHre pa3inyHbIX (CI0XK-
HBIX U “00BEMHBIX ) pacYeTOB. DTU CUCTEMBI UCIIOIb3YIOTCS 17151 0Oec-
MEUYEHUS] HAYYHBIX UCCIEIOBAHUN 1 pa3paboTOK, a TAKKe KakK IMOJCHC-
teMbl ACY u CIIIIP B Tex ciaydasix, Korja BeIpaOOTKa yIpaBlieHYEC-
KHMX PEIIeHUH TOHKHA OMTUPATHCS HA CIOKHBIE BEIYMCIICHUSI.

B 3aBucuMocTH ot crienuduKy 00J1aCcTH JeITEIIBHOCTH, B KOTOPOM
ucnonb3ytorcst AUBC, pazinnuaror crietyonue BUAbl ’TUX CUCTEM.

Hngpopmayuonno-pacuemmnvie cucmemot (HMPC)

NPC — 3710 aBTOMaTH3MpOBaHHAs MH(GOPMAIIMOHHAS CHUCTEMA,
TpeTHa3HAYCHHAS TSl 0OECTIeUeHHsT OTEPATUBHBIX PACUETOB U aBTO-
MaTH3alnuyu oOMeHa nHpopManmein MexXIy paboYnMNu MECTaMH B TIpe-
Jenax HEKOTOpOW OpraHu3aluy Uin cucteMbl opranuzauuit. UPC
OOBIYHO COIPSITAETCS C aBTOMAaTU3HPOBAHHOM CUCTEMOM YIIpaBIICHHS
U B paMKax IOCIIETHEl MOXKET pacCMaTpUBAThCs KaK ee IMOACUCTEMA.
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Texunueckoit 6a3oii UPC sBiIsArOTCS, Kak IpaBUjIo, CeTU OOJIb-
X, MaJIbIX U MUKPO-OBM. MPC uMeroT ceTeByI0 CTPYKTYPY M MOTYT
OXBATHIBATh HECKOJIBKO JIECSITKOB U JAXXE COTEH pabOo4MX MECT pas-
JINYHBIX ypoBHEU uepapxuu. OCHOBHOM CIIOKHOCTBIO MPHU CO3IaHUU
HPC aBnsieTcsa obecnieueHre BBICOKON ONIEPATUBHOCTH PACUYETOB U 00-
MeHa MH(GOPMAIIMH B CUCTEME TTPU CTPOTOM pa3rpaHUUEHUU JOCTYIa
JTIOJDKHOCTHBIX JIUIL K CITy)KeOHOH nHpopMaiuu.

Cucmemvt agmomamuzayuu npoexmuposanus (CAIIP)

CAIIP — 310 aBTOMATHU3MpPOBaHHAS HH()OPMAIIMOHHAS CUCTEMa,
MpeHa3HaYeHHAs Il aBTOMATU3AIIUU AESITETbHOCTU TTOApa3AeIIeHU I
MPOEKTHOM OpraHu3aIMy WIK KOJIJIEKTUBA CIIEIUATUCTOB B MPOIIecce
pa3paboOTKu MPOEKTOB U3JIETUN HA OCHOBE MPUMEHEHUS €IUHON WH-
(hopmanmmoHHOM 0a3bl, MATEMAaTHICCKUX U TpahUUECKUX MOJIENEH, aB-
TOMATH3UPOBAHHBIX MTPOECKTHBIX M KOHCTPYKTOPCKUX mporeayp. CAITP
SIBJISIETCS OHOM M3 CUCTEM MHTETPATbHONM aBTOMAaTH3aIUX ITPOU3BO/I-
CTBa, 00ECIIEYNBAIONINX PEATM3AINI0 aBTOMATU3UPOBAHHOTO ITUKJIA
CO3JIAaHUSI HOBOTO M3/IENIHSl OT MPEANPOEKTHBIX HAYUHBIX HCCIIEIOBA-
HUI JI0 BBITyCKa CEpUHOTO 00Opa3sia.

B o6mactu 3xoromuku CAIIP MOryT UCITONIB30BaThCS IPH IIPO-
eKTHPOBAHUU 9KOHOMUYECKUX MHOOPMAITMOHHBIX CHCTEM U UX JIEMEH-
toB. Kpome Toro, texnonorust CAITP moxer obecnieunth co3paHue
ABTOMATH3UPOBAHHON CUCTEMBI OTOOpaKeHUsT 0OCTAHOBKH HA IKpaHE
B IPOIIECCE BEICHUSI IKOHOMUYECKUX OMepalllil Uik B XOJIE JIeTTOBBIX
WP Pa3IMUHBIX TUIIOB.

LIpobaemro-opuenmuposartvle umumayuorusie cucmemnvl (IHOHUC)

[TOUC npenHazHaueHbl A1 aBTOMATU3AUNA pa3paboOTKU UMH-
TAIMOHHBIX MOJIeJIE B HEKOTOpOU mpeaMeTHol obnactu [39]. Hampu-
Mep, €CITU B KauecTBe MPEAMETHON 00IaCTH B3STh pa3BUTHE ABTOMO-
OusecTpoeHus, TO JTI00asi MOJIeNb, co3AaBaeMasl B 9TOH MPEIMETHOM
00J1aCTH, MOKET BKJIIOUATh CTAHAAPTHBIE OJIOKH, MOACTUPYIOIIUE Jie-
SITEJILHOCTD MPEANPUITUNA, TTOCTABISIONNX KOMIUIEKTYIOIIHNE; CO0-
CTBEHHO COOPOYHBIE TPOU3BOJICTBA; COBIT, OOCITY’)KUBAHUE U PEMOHT
ABTOMOOWIICH; peKiaMy M Jp. DTU CTaHAAPTHBIE OJIOKK MOTYT CTPO-
UTHCS C PA3TUYHON JieTau3aluell MoIeTUPYEMbIX IPOIIECCOB U pas-
JIMYHOM OIIepaTUBHOCTHIO pacuyeToB. I1onp3oBaTens, padoTas ¢ [IOUC,
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CcoO00IIaeT el, KaKast MOJIeNIb eMY HyKHa (T. €. UTO HEOOXOIUMO YUECTh
MpU MOJISIUPOBAHUU U C KAKOH cTeneHbto Tounoctn), a [IONC asro-
MaTuuecku GOpMHUPYET UMHUTAIIMOHHYIO MOJIelb, HEOOXOAUMYIO
10JIb30BATEIIO.

B cocras nporpammuoro obecrieuenus [IOMC Bxoast 6aHKu Tu-
noBeIx Mojenelt (BTM) nmpeameTHbIX 061acTel, TIIAHUPOBIINK MOJIE-
JIel, 0a3bl JAHHBIX MPEAMETHBIX 00IacTel, a TAKXKe CPeACTBA IUATO-
roBoro obmenus nmonp3oatens ¢ [IOVC.

ITOUC sBnsieTcs nocratouno cinoxHoit AVC, peannsyeMoit, Kak
MPABUIIO, C UCTIOJIB30BAHUEM TEXHOJIOTUU UCKYCCTBEHHOTO MHTEJIICK-
Ta Ha BBICOKOIPOU3BOIUTEIbHBIX DBM.

Mooenupyrowue yenmpor (MI])

MII — aBTOMaTH3MpPOBaHHAS HH(POPMAIIMOHHAS CUCTEMa, IIPE/I-
CTaBJISOIIAast COOOM KOMIIUIEKC TOTOBBIX K MCIOJIb30BAHUIO MOJIETIEH,
00bETMHEHHBIX €IMHON MPEIMETHON 001acThi0, MHPOPMALMOHHON
0a30if 1 I3BIKOM OOIIEHHS C TTOJTb30oBaTeIIMu [39].

MILI, Tak xe kak u [TOVC, npenHazHadyeHbl i oOecrieueHUs
MPOBEICHUS UCCIEAOBAHUI HA pa3IMYHbIX MoesaXx. Ho B oTiauuue ot
TTONC MI] He obecrieunBalOT aBTOMATU3AIUIO CO3TaHUS UMUTALIH-
OHHBIX MOJIEJICH, a MPEIOCTABISIOT MTOJb30BATEII0 BO3MOXKHOCTH KOM-
(hopTHOI pabOTHI C TOTOBBIMU MOJICITSIMHU.

MII MOTYT SBIATHCSA CHCTEMaMH KaK KOJIJIEKTUBHOTO, TaK U UH-
JIUBUIYATFHOTO UCITOJIb30BAHUS U B IPUHITUIIC HE TPEOYIOT JIJI CBOSH
peanu3anuy MOIHbIX DBM.

Asmomamuzuposannvie cucmemvt 0oyuenus (ACO)

TpamuimoHHble METOABI OOYUEHUS CIIEIIUATNCTOB B PA3IMYHBIX
obmnacTsx mpodeccnoHaIbHOM AEITETHHOCTH CKIIAIbIBATTUCH MHOTUMU
JECATUIICTHSIMH, B TEYCHHE KOTOPBIX HAKOILICH OOJIBIION OIBIT.

OnHako, KaK CBUICTEIIbCTBYIOT MHOTOUUCIICHHBIE UCCIICTOBAHMSI,
TPaJMIIMOHHBIE METO/IbI OOYUYCHHSI 00IaJal0T PSAOM HEIOCTATKOB:
MACCUBHBIN XapaKTep YCTHOTO M3JIOKEHHSI, TPYIHOCTh OpraHU3aINK
AKTUBHOM pabOThI CTYJAEHTOB, HEBO3MOKHOCTh yUeTa B TIOJIHOM Mepe
WHANBUIYATBHBIX OCOOEHHOCTEN OTAETBHBIX O0yUYaeMbIX H T. 1.
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OHUM U3 BO3MOXKHBIX ITyTeH MPEO0JIEHUS ITUX TPYIHOCTEH SB-
nsercs cozganne ACO — aBTOMAaTU3UPOBAHHBIX MH(OPMAITMOHHBIX
CUCTEM, IIPeIHa3HAUEHHBIX /ISl aBTOMATU3ALIMH TOJITOTOBKH CIeIra-
JIMCTOB C y4acCTHEeM WM 0e3 yJacTHs IMpernoaaBaTeis 1 ooecreunBaro-
UX 00y4eHUe, TOATOTOBKY YUYEOHBIX KyPCOB, YIIPABICHHUE ITPOLIECCOM
00yueHUs U OlIEHKY ero pe3ybTaToB [39]. OcHoBHbIME BugamMu ACO
SIBJISIFOTCS] aBTOMATU3NPOBAHHbBIE CUCTEMBI IPOTrPAMMUPOBAHHOTO 00Y-
yeHus (ACIIO), cuctemsr obecrieuenus jaenoBsix urp (ACOJIN), Tpe-
HaXXepsl ¥ TpeHakepHble kKoMminiekchl (TuTK).

ACIIO opueHTHpOBaHBI HA 00y4YeHHE B OCHOBHOM IO T€OPETH-
YeCKHM paszenaMm KypcoB u aucuuiuinH. B pamkax ACIIO peanmusy-
I0TCS 3apaHee MOATrOTOBJICHHbIE KBATU(PUIIMPOBAHHBIME IIPEIOIaBa-
TEISIMH “KOMITbIOTEPHBIC Kypchl” . I1pu 3TOM yueOHBIN MaTepral pas-
JIeNsieTcsl Ha TOPIUU (J03bI) U JUISl KAXI0HM MOPIUUK MaTeprala yKas3bl-
BaeTCsi BOBMOJKHAS peakius 00ydaemMoro. B 3aBucuMocT# oT 1elicTBHiA
00yuaeMoro M ero OTBETOB Ha IocTtaBiieHHble Borpockl ACIIO ¢op-
MUPYET OUEPEIHYIO J03y MPENCTaBIsIeMO HHPOpMAIIUH.

Haubomnpuryro cnoxxnocts nipu co3gannu ACITO cocraBusieT pasz-
paboTka “KOMIIBIOTEPHOTO Kypca” IJISi KOHKPETHOM JUCITUILIMHBI.
HMmeHHOo mo3ToMy B HacTOsIIee BpeMs HAanOOoJIbIiee paCIpOCTpaHEHHUE
MOJIYYMIIM ““KOMITBIOTEPHBIC KYPChI MO TPAAUIIMOHHBIM, OTpabOTaH-
HBIM B METOJMYECKOM IUTaHE JUCHUIUTUHAM ((U3HKe, dJIEMEHTAPHOM
MaTeMaTUKe, XUMUHU U T. J11.).

ACO/IN npeaHa3HaueHa /IS TTOJATOTOBKU U TIPOBEJACHUS JETIO-
BBIX UTP, CYIIHOCTh KOTOPBIX 3aKJIIOYAETCS B UMHUTALIMHU MPUHSITHUS
JIOJDKHOCTHBIMU JIMIIAMU UHAWBUAYATBHBIX U TPYIIIOBBIX PEIICHUN B
PA3IMYHBIX TTPOOJIEMHBIX CUTYAIIUSIX MIYTEM UTPHI MO 3aJJaHHBIM TIpa-
BUJIAM.

B xone nenosoit urpet Ha ACO/IU Bo3nmararoTcs cieayromnme 3a-
Javu:

e XpaHEHUE U MPEAOCTABJIICHHE 00yUyaeMbIM U PYKOBOJUTEIISIM
WUTPBI TeKyIIel nHpopMaluu o TpobJIeMHON cpefie B mpoliecce Aemo-
BOW UTPHI B COOTBETCTBUU C UX KOMIIETEHITUEH;

¢ (hopMUpOBaHUE IO 3aTAHHBIM MTPABIIAM PEAKITUHU TPOOIEMHOM
Cpelibl Ha JEHCTBUS 00yUaeMblX;
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e 0OMeH MH(poOpMaIeld MEXIy YyIaCTHUKAMU UTPHI (00ydaeMbl-
MU U PYKOBOJIUTEISIMUA UTPHI);

® KOHTPOJIb U 0000I1IeHNE AeCTBUI 00ydyaeMbIX B IIpoliecce Jie-
JIOBOM UTPBI;

® [IPEIOCTaBJICHUE PYKOBOAUTEISIM UTPbl BO3MOKHOCTH BMelIa-
TEJIbCTBA B XOJ1 UTPBI, HAIIPUMED, TSI CMEHBI OOCTaHOBKHU.

Texunueckoit 6a3oit ACO/IU SBISIOTCS BBICOKOTIPOU3BOIUTEITh-
Hble DBM unu okanbHble BEIYMCIUTENbHBIE ceTH. MeTomomorniec-
kot 6azoit ACO/I, xak mpaBuMIIO, SIBJISETCS UIMUTAIIMOHHOE MOJICITN-
poBaHue Ha DBM.

TuTK npennazHaueHsl uisi 00y4eHUs NMPAKTUYECKUM HaBbIKAM
paboThl HA KOHKPETHBIX paboumnx MecTax (0oeBbIX mocrax). OHU sIB-
JSIOTCS CPEJICTBAMU WHIUBUIAYAIBHOTO (TpEHAXXephl) U TPYIIIOBOTO
(TpeHa)kepHbIE KOMILUIEKChI) OOYUYEeHMSI.

TuTK saBagroTCS JOCTATOYHO JOPOTOCTOSIITUMHU CPEACTBAMU 00Y-
YeHHUs, a UX co3AaHue TpebyeT OobIIuX 3aTpaT BpeMeHu. OQHAKO UX
Ype3BbIYANHO BBICOKAS 3 (EKTUBHOCTD MPU OOYUEHUH TAKUX CIela-
JUCTOB, KaK JIETYUKH, KOCMOHABTBI, BOAUTENIN, ONEPATOPHI CUCTEM
YIPABJIEHUS | T. JI., IO3BOJISIET CYMTATH UX JIOCTATOYHO TIEPCIICKTUB-
ueiMu Bugamu ACO.

Aemomamusuposaniuvie UHDOPMAYUOHHO-CNPABOUHBLE CUCHIEMBL
(AUCC)

ANCC — 370 aBTOMATU3MpPOBaHHAA UH(OPMALIMOHHAS CUCTEMA,
npeAHa3HaYeHHas1 JyIsl coopa, XpaHeHUs], TOMCKA U BblIauu B Tpedye-
MOM BHUJIE TOTPeOUTEISIM HHPOPMAIIMK CITPABOYHOTO XapaKTepa.

B 3aBucuMoctu ot xapaxkTtepa padboTsl ¢ uHpopManMel pa3nnya-
10T crneaytoue Buasl AUCC:

® ABTOMATU3UPOBAHHBIC apXUBHI (AA);

® AaBTOMATHU3UPOBAHHBIE CUCTEMBI JienonpousBoacTBa (AC/);

e apTOoMaTH3npoBaHHbIe cipaBoyHUKH (AC) 1 kapToteku (AK);

® ABTOMATHU3WPOBAHHBIE CUCTEMbI BEACHUS 3JIEKTPOHHBIX KapT
MectHOCTH (ACBOKM) 1 nip.

B Hacrosmee BpeMs pazpaboTaHO OOJIbIIOE KOJIMYECTBO Pa3HO-
BunHocteit AUCC u ono nponosmkaet yBennunBathes. AMCC co3na-
I0TCS C UCMOJIb30BAaHUEM TEXHOJIOTUHU 06a3 TaHHBIX, JOCTATOYHO XOPO-
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10 pa3paboOTaHHON M MOIYYMBIIEH IMIMPOKOE pacipocTpaHeHue. s
coszmanus AVCC, xak mpaBuiIo, He TpeOyeTCsl BRICOKOTIPOU3BOIUTEIIb-
Hasl BBIYUCITUTEIIbHAS TEXHUKA.

[TpoctoTa co3ganus AMCC u BBICOKHIA TOJTOKUTETBHBIN 3(hexT
OT MX IIPUMEHEHHSI OTIPEICTIIIN UX AKTUBHOE UCIIOJIb30BAHUE BO BCEX
chepax mpodeccuoHaTLHOH (B TOM YUCITE U YITPABICHUECKON ) IeITeIIb-
HOCTH.

8.1.3. MecTo MH(pOPMaALMOHHBIX U pacuyeTHbIX 3aAad
B cOCTaBe nporpamMmmHoro obecneueHus IBM

CormnacHo omnpeneneHuto, qanuomy B 1. 8.1.1, AUC npeacrasis-
eT co00if COBOKYIMHOCTh TPEX B3aUMOCBSI3aHHBIX KOMIIOHEHTOB: TeX-
HUYECKUX CPEACTB, MPOTPAMMHBIX CPEJICTB U OPraHU3AIMOHHBIX Me-
porpusitii. [1oa TeXHUUEeCKMMU cpecTBaMu IToHUMarTess 9BM, ycr-
poMcTBa BBOJAA W BBIBOJIA UH(POPMAIIUU (IUCIUIEH, TIeHATAIOIINE YCT-
poiicTBa, rpadornocTponTeNnn, CKaHEPHI, IIIOTTEPbl, MOHUTOPHI U T. 1.),
YCTPOMCTBA JTIOJITOBPEMEHHOTO XpaHeHUsI HH(DOpMAIUU (HAKOTUTETN
nH(pOPMALIUN PA3IMYHBIX THUIIOB), CETEBOE OOOPYAOBAHUE U KaHAJIBI
cBs3u. Texunueckue cpeacra AWMC camu o cebe He B COCTOSIHIM pe-
IIUTh KaKyro-1u0o 3amaqy. st toro uroosr AVMC Havanma GyHKIIMO-
HUpOBaTh, B 9BM Heo0X01MMO BBECTU MTPOTPAMMY, OMHUCHIBAIOMIYIO
AJTOPUTM PabOTHI TEXHHUECKUX CPEICTB IO nepepaboTke nHpopma-
LIMM B UHTEPECAX PELIEHNs] KOHKPETHOM MPAKTUYECKON 3a/1aUH.

COBOKYIMHOCTh MAaTEMATUUYECKUX METOJ0B, AJITOPUTMUUYECKUX
SI3BIKOB U JITOPUTMOB, XapaKTEPU3YIOLIUX JIOTUUECKUE U MATeMAaTH-
yeckue BO3MOKHOCTH DBM, Ha3bIBaeTcss MaTeMaTHUeCKUM obecriede-
HueM DBM. ANropuT™msl, BXOJSIIME B MaTEMATUUECKOE OOecTIieueHue,
peaymmsytorcs B DBM mim anmapaTHO, WIHM MPOrpaMMHO. Anmapart-
Has peali3alysi aAITOPUTMOB IIpeAroaraeT Hauuue B cocrase 9BM
TEXHUUYECKUX YCTPONCTB, IPe0oOPA3YIOLINX BXOIHbIE CUTHAJIBI B BBIXO/I-
HBIE 110 JKECTKOMY, HEM3MEHSIEMOMY aJITOPUTMY.

Kowmreke mporpamm, onucaHuii U MHCTPYKIUH, obecrieunBaro-
IIUX CO3/IAaHUE U OTJIAJIKY MPOTPAMM U pelieHue 3aja4u Ha DBM, Ha3bl-
BaeTcs HporpaMMHbIM obecrieueHreM DBM. I1o cymiectBy, mporpamm-
Hoe o0ecreueHrue — 3TO 3alMCAHHOE Ha BXOJHOM si3bike DBM marte-
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MaTuueckoe ooecrieuenrne DBM. OHO U TO e MaTeMaTHIecKoe 00ec-
NevYeHne MOXeT ObITh Pealn30BaAHO JIJIs1 PA3IMUHBIX TUITIOB DBM pas-
JIMYHBIM MPOTPAMMHBIM OOECIIeUeHHEM.

[Tockonbky MaTeMaTHYECKHE METOJIBI M AJITOPUTMBI HEPAa3PhIBHO
CBSI3aHBI C TPOTPAMMaMH, UX PEaU3YIONIMMU, Ha TTPAKTUKE BMECTO
TEPMUHOB ‘“‘MaTeMaTH4ecKoe obecrieueHre” U “mporpaMmMmHoe odecrie-
YeHHe” YaCTO HMCIOJb3yeTCs TEPMUH “MATEMATUUECKOE U ITPOTpaMM-
Hoe oOecrnieuerue” (MIIO).

ITpu aranmm3ze cocraa MI1O DBM Oyaem BeCTH pedb O TpOTpaMM-
HoM obOecrieueHuu (ITO), Tak kak aHAJIOTMYHBIA COCTaB UMEET U COOT-
BETCTBYIOIIIEE MATEMATHIYECKOE OOecTicueHuE.

BapuaHT TUIIOBOM CTPYKTYpPBI IPOTrpaMMHOTI0 odecrieueHust 9 BM
npescTaBiieH Ha puc. 8.1.2 [53, 54].

[IporpammHoe obecrieueHue

(ITO) BM
[
I |
OO01ee mporpaMMHOE CnenmanbHOE MPOrpaMMHOE
obecrieueHue obecrieueHue
[ |
OOmee Oomee CnenuanbHOe CnenuanbHoe
cuctemHoe I10 npukiagHoe I10 cuctemHoe I10 npukiaagHoe I10

Puc. 8.1.2. Ctpyktypa nporpamMmHoro obecneuenns IBM (AUC)

[Tporpammuoe obecrieuenne IBM coctouT U3 ABYX 4yacTeii: 00-
[IEr0 MPOrPaMMHOTO OOECTeUYeHUs U CHEeUUATbHOTO MPOrPAMMHOTO
obecrieueHusl.

Oo6mee nmporpammuoe obecrieuenue (OITO) mpeacrapisieT coooi
KOMIUJIEKC MPOTpaMM, MpeHA3HAYEHHBIX JiIsl oOecrieueHus: paboThl
OBM B pa3nuuHbIX PEeXKUMAX U CHWIKEHUS TPYJAOEMKOCTH CO3AaHUS U
OTJIA/IKU ITPOTPAMM I10JIb30BaTENEH.

OcHoBuble pyHkiuu OTTO CBOASITCS K CIETYIOIINM:

® ABTOMATHUYECKOE YIPABIIEHUE BBIYUCIUTEIBHBIM MPOIIECCOM B
pPa3IMYHBIX peXUMax padboTel 9BM npu MUHMMAaIIBHOM BMEIIATEIh-

235



CTBE omepaTopa, MPOrpaMMUCTA, KOHEUHOTO MOJIb30BATENS B 3TOT
MPOIIECC;

e o0ecreueHre BO3MOKHOCTH MOJITOTOBKHU MPOTPAMM K PEIICHUIO
Ha OBM c nomMol1po cpeacTB aBTOMATU3ALMHI [TPOTPAMMUPOBAHUS;

e palMoOHAIBHOE pacipeeneHue pecypcoB 9BM mpu ogHOBpe-
MEHHOM PEILIEHUU HECKOJIbKHUX 33744, YTO 3HAYUTEIHHO MOBBIIIAET
3(PeKTUBHOCTH UCITOIb30BaHusI DBM;

e pasrpaHUyueHUE IOCTYIA PA3IMYHBIX MTOJT30BATENeH K TAHHBIM, Xpa-
HUMBIM 1 00pabaTheiBaeMbIiM B DBM, 1 obecriedeHne 3aIiuThl TaHHBIX;

® KOHTPOJIb, IMATHOCTUKA U JIOKANIU3a1us HeucrnpasHocTeit OBM
uT. I

ITo naznauenuto u GyHKIMOHAIBHBIM ocobeHHocTsIM OITO ne-
JIUTCS Ha JTBE B3aMMOCBSI3aHHBIC YaCTH: 00IIIee CUCTEMHOE TIPOTrpaMM-
Hoe obecrnieuerue (OCIIO) u ob1riee MpUKIIaIHOE IMPOTPaAMMHOE 00ec-
neyenue (OIIITO).

B cocras OCIIO Bxoasr onepanronHas cuctema (OC), cucteMbl
nporpammupoBanus (CIT) u mporpamMmbl KOHTPOJISI U JUATHOCTUKHU
coctosinusg OBM.

OrnepalimoOHHON CUCTEMOM Ha3bIBAETCSI KOMIUIEKC IPOTPAMM, OCY-
IIECTBIISIONINX YITPABIICHHE BEIYUCITMTEILHBIM ITPOIIECCOM, OOeceun-
BAIOMINX CBSI3b MOJIb3oBaTess ¢ DBM Ha aTamax 3amycka 3a/1ad u pea-
JU3YIOIIMX Hanbosee 0011Me anropuTMbl 00paboTKU HHPOpMaLMK Ha
nanHoit OBM. I'maBuas ¢pynkuuss OC — obecnieuenue 3¢hHekTUBHOM
paboTsl 9BM 1 Beex BHEIIHUX YCTPOUCTB (MOHUTOPOB, YCTPOUCTB BBO-
JIa-BBIBOJIA U T. JI.) B Pa3JIMYHBIX PeKUMaX PAOOTHI.

ITox pexrMoM pabOThI TOHUMAETCS CIIOCO0 OpraHN3aIIUHN BBITION-
HeHns DBM 3amaHus WIM HECKOJIBKUX 3a/IaHUi ogHOBpeMeHHo. Oc-
HOBHBIMH PEXUMaMU pabOTHI SBIISTFOTCSI: MOHOTIOJIHHBIN, MHOTOITPOT -
PaMMHBIH (MyJTBTUIIPOTPAMMHBIN) U PEKUM Pa3/Ie/IeHUs] BPEMEHH.

B monononvrnom pexume Bee ycrpoiictBa OBM 3aHATHI BBIIIOIHE-
HUEM TOJBKO OJIHOTO 3aJaHUs, SBJISIOIIETOCS OCHOBHOUW €IMHHIICH
pabotel DBM. 3ananne MOKeT BKIIIOUATh HECKOJIBKO ITYHKTOB, BBITIOJI-
nmsgembix OC mocienoBaTenbHO. Hampumep, 3a1aHre MOXET BKITFOUATh:

1) TpaHCIALMIO TPOTPAMMBIL;

2) KOMIIOHOBKY OTTPAHCIMPOBAHHOW MPOTPAMMBI;

3) 3amycK MporpaMMmai.
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ITpu MoHOIOIEHOM pexxuMe Bee pecypcbl DBM ncnonb3yrores mo
Mepe HaJoOHOCTHU [JIs1 OTpabOTKM OUEepeJHOro MmyHkKTa 3agaHus. C
TOYKH 3peHus 3arpy3ku DBM 3ToT pexxuM HaumeHee 3QPeKTUBEH, TaK
KakK B Ipoliecce oOpaboTKU OJHOTO 3aIaHUsl Pa3InUHble YyCTPOUCTBA
OBM paboTarT ¢ HCOIMHAKOBOM HArpy3KOW WM BOOOIIE IMPOCTau-
BAIOT 3HAYMTEIBHYIO YacTh BpeMeHU. OJHAKO 3TOT peXuM HamboIiee
y10O€H Jis MOJIb30BaTENs, TAK KaK BpeMsl pelleHUs 3aja4r IIPU 3TOM
MHMHHUMaJIbHO. B HacTosilee BpeMsi MOHOIIOJIbHBIA pexXuM Hauboliee
HMIUPOKO UCMOJIb3yeTcss B MUKPO-OBM (Tipesk/ie Bcero nepcoHanbHbIX
OBM).

7151 yBeTM4eHu st MPOU3BOIUTEIBHOCTH U 3PPEKTUBHOCTH UCTIOIb-
30BaHMs DBM 3a cuer opraHuzauuu napauieIbHONH padoThl OCHOB-
HBIX yCTPONCTB DBM NpUMEHSETCS MY IbMUnpoepamMmHblli PEXUM pa-
OOTHI.

B atom pexnme OC npuHUMAET K UCIIOJTHEHUIO CPa3y HECKOJIBKO
saganuii. [1pu gocraTouHo G60JBIIOM KOJIMYECTBE OJJHOBPEMEHHO Ha-
xonsmuxcst B namsitu DBM 3amaHuii JaHHBIA pexXuM O0ecTieunBaeT
MPAaKTUYECKHU TOJIHYIO 3arpy3Ky Beex ycrporicts OBM.

MynbTUIPOrPaMMHBIN PEKUM SBJISIETCS OCHOBHBIM B paboTe
9BM cepuit EC u CM (takue 9BM no-npexHeMy UCIIOIb3yIOTCS BECh-
Ma mupoko). Kpome Toro, oH HaXOAUT YACTUYHOE MPUMEHEHHE U B
IT5BM BbICOKOI MTPOU3BOIUTEILHOCTH, YTO TTO3BOJISIET TTOIB30BATE-
JI0 OJTHOBPEMEHHO BBecTH B DBM Heckonbko 3anannii. [Ipumenenue
MYJIBTUITPOTPAMMHOTO pekruMa Ha “6opimx”’ IBM mo3Bonmio obec-
MEYUTh MAKETHYIO 00pabOTKY 3a/1a4, IPpU KOTOPOH MOJIb30BATEINH I1e-
penaBany 3alaHue OTepaTopy, onepaTop GOpPMHUPOBAT AKETHI ITUX
3aJaHUi, TpoIycka ux yepe3 9BM u 3aTeM Bo3BpaInas noiab30BaTe-
JISIM Pe3yJIbTaThl PEHICHHS Cpas3y Mo BCEM 3aJaHUSIM, COCTABIISIIOITIM
OYepeHON TaKeT.

[TakeTHast 06paboTKa 3aJaHUI MO3BOJISIET CYIIECTBEHHO MOBBI-
CUTB A3PPEeKTUBHOCTH pabOTHl DBM, HO KpaliHe Hey1T00Ha AJIS O30~
BaTesIs, MMOCKOJIBKY OH CBs3aH ¢ DBM He HemocpeACTBEHHO, a Yepe3
ornepaTtopa. Hanmnune 3Toro mpoMexyTo4yHOTo 3BeHa MPUBOJIUT K CY-
IIECTBEHHOMY YBEJIMUEHUIO CYMMapHOTO BPEMEHH PEllIeHUsI 3a/]aUd Ha
DBM.
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Jus mpubmkenus nonbzoBatenst K 9BM u ycrpanenus onepa-
TOpa KaK MPOMEKYTOUHOTO 3BeHA MEXTy ToJib3oBarteieM u DBM Oblin
coznanbl OC, peanusyrolue 0coObIi BUI MYJIbTUIIPOTPAMMHOIO pe-
KuMa — pearcuma pazoenerusi epemeru. OCHOBHBIM CPEICTBOM CBSI3H
nonp3oBateseit c O9BM cranm qucruien. Peanuzanus pesxuma paszerne-
HUS BPEMEHU IPUBOJIUT K TOMY, YTO IOJIb30BATENN MTOIY4atOT CBSI3b C
OBM noouepeaHo Ha HEOOJIBIION MPOMEXKYTOK BpeMeHu. Ecnu 3ToT
MIPOMEXYTOK BPEMEHU HEBEJIMK U HEBEITMKO KOJIMYECTBO OJJHOBPEMEH-
HO padoTaronmx MoJIb30BaTENeH, TO KK pa00OTAIONIUI MOJIB30-
BaTeNb HE OYJIET ONIYIIATh IepephIBOB cBsi3u ¢ IBM. Takum ob6pazom,
co3/IaeTcsl BIeYaTICHHUE, YTO MOIb30BATENb pa0OTAET OJIMH HA HEKO-
TOpoit Boobpaxaemoit DBM.

HenocratkoM pexuma pasaeneHrs BpeMEHHU SIBJISIETCS] YMEHblle-
HUE CKOPOCTHU BBIYMCIIEHUI MTPOMOPUHUOHAIBHO YUCITY OJHOBPEMEHHO
paboraromux nosb3oBateneir. OgHAKO, HECMOTPSI HA 3TOT HEAOCTa-
TOK, PEXKUM pas3/ielieHUs] BPEMEHU SIBJISIETCS] OCHOBHBIM PEKUMOM pa-
0OTHI Bcex COBpeMeHHbIX DBM, 00CTyKUBAIOIINX HECKOIBKO MOJIb30-
BaTeJen.

OcHoBHbIMHU 371eMeHTaMu OC SIBIISIIOTCS POLIECCOP SI3bIKA YITPAB-
JICHUSI, CYTIEPBU30P U (aiioBas cucrema.

Ipoyeccop szvika ynpaegienus TPEACTABISIET COOON TporpaMmy,
MpeHA3HAUYCHHYIO JIJII PACTIO3HABAHUS M MPEOOPA30BAHUS KOMAH]]
MoJb30BaTess 1 oneparopa 9BM B mMalllmHHOE MpeACTaBIIeHUE C 1ie-
JIBIO UX TTOCJIEAYIONIe 00 pabOTKH.

OCHOBHBIMH (PYHKIIUSIMU CYNepsu30pa IBISIFOTCS CIIETyIOIne: KOH-
TPOJIb 3arPY>KEHHOCTH Pa3IMUHbIX ycTpoiictB DBM 3amanusimu, pac-
NpejesieHue ONepaTUBHON MaMSITH MEXAY 3aJaHUSIMH, 3aIUTa OJTHO-
BPEMEHHO pelllaeMbIX 3aJaHui (3a]1a4) IPyr OTHOCUTEIIBHO Jpyra, 3a-
IyCK oTepaluii BBoAa-BbIBoAA U T. . [1o cBoeMy MecTy B mporpamm-
HoM obecrnieueHnn DBM cyrniepBU30p 3aHUMAET MOJIOKEHUE TTOCPE/I-
HUKa MEX]y anmnapaTHeiM oOecrieueHueM 9BM u Bcem pyrum mpo-
rPaMMHBIM OOECIIEUEHHUEM MAIIIMHBI.

Daiinosas cucmema oopaszyercsi IporpaMMamMu, KOTOPBIE MOJIeP-
JKUBAIOT BEACHUE BCEH COBOKYIHOCTH (haiijioB (HaOOpOB JaHHBIX) B
DOBM. OcHOBHBIMH (YHKIIUSIMH 3TOU CUCTEMBI SIBIISTIOTCS: TIOUCK Tpe-
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OyeMbIX (aitioB, Mmogudukanus nHpopManuu B dainax, nepeMerre-
Hue (aiisoB, KonupoBaHue (aiiaos, yaajaeHue (haiios.

Cucmemvl npoepammuposanusi IpeAHAZHAYCHBI IS 0OeCTICUCHM S
CO3/IaHMS U OTJIAJKU MPOrpaMM IMOIb30BaTeNeH, HATMCAHHBIX Ha Ka-
KoM-100 si3b1Ke mporpammupoBanus (ITACKAJIb, C, C++ , ®OPT-
PAH wu 1. 1.). B HacTosmiee BpeMs )Tl 3TUX 1IeJIeH IMUPOKO UCTIOIb3Y-
IOTCSI TAK HA3bIBAEMbIE CPE/IbI MPOTPAMMUPOBaHUS (pa3paboTKu Mpo-
rpaMm) — Harpumep, TpoayKTsl pupmel Borland DELPHI uinu Builder
C++ , mo3BoJSIONINE OBICTPO CO3/IAaBATH KAUECTBEHHBIC TPUITOKECHHUSI.

[Tporpammsel konmpons u ouaznocmuxu coctostaust IBM npennas-
HAYEHBI JJ1 OCYIIECTBICHUS HEMTPEPBIBHOTO KOHTPOJISI pA0OOTHI OCHOB-
HbIX ycTpoiicTB DBM, a Takike oucKa HeMCIIpaBHbIX OJIOKOB U Y3JI0B
DBM B ciiyuae 0OHApYKEHUSI OTKA30B UJIM YCTOWUYUBBIX COOEB.

Oo6mee npukitagHoe nporpammuoe odecrieueHus (OITI1O) Bkiro-
YaeT: MaKeThl MPUKIIAJHBIX TPOTPAMM, CUCTEMBI YIIPABICHUS 0a3aMu
JAHHBIX, THTETPATOPHI U ApyTrue (1og00HbIe) TPUKIIAIHbIE TPOIPAMM-
Hble cucTeMbl. Oco0eHHOCThIO 00BeKkTOB OIIITO sBiIsIeTCS TO, UTO 3TU
cpefcTBa He TPeOYIOT OT MOIb30BATENICH MPU PEIICHUN UMHU KOHKPET-
HBIX MPAKTUYECKKX 3a7a4 Ha DBM mpoBeeHus onepaiuii, CBSI3aHHbIX
C IPOTPAMMHUPOBAHUEM.

Ilon nakemamu npuxaaouvix npoepamm (I1T111) moruMaeTcst coBo-
KYITHOCTB TOTOBBIX K PEIICHUIO MTPOTrpaMM, 0O0bETUHSIEMBIX B ITAKET 11O
eIMHOMY COJIEP)KATETbHOMY MPU3HAKY C TTIOMOIIBIO TOMOJTHUTEITHHOM
yIpaBISIONIel mporpaMMbl. JlaHHAs MporpaMMma aBTOMATH3UPYET U
VIOPOIIAeT CTAHAAPTHYIO CXEMY HCIOJIb30BAHUSI TOTOBBIX MPOTPAMM
Ha 9BM. OcHOBHBIMH (DYHKIIUSIMH YITPABIISIONIEH TPOTPAMMBI SIBJISI-
I0TCSI CTIeTYIONIHE: MOJIIepPKaHue TUAIOrOBO (IpyKecTBeHHOM) dhop-
MBI MMOJYYeHUs] NH(OOPMALIUU OT MOJIB30BaTeNs (OOBIYHO ITO PEXKUM
MEHIO), BBI30B COOTBETCTBYIOIIUX IIPOTPAMM U3 TTAKETA C LIETBIO pellie-
HUS UMW COACPKATEIBHBIX 3a/1a4, TTOCTABIIEHHBIX MOJIb30BATEIIEM,
BbIJ]aua MOJIb30BATEIIIO BBIXOJIHBIX IAHHBIX IO PEIICHHBIM 3a/1a4aM B
yno0HoIi popme.

B nHacrosimee Bpemst IIIII1 Hapsioy ¢ cucreMaMu yIipaBiieHUs Oa-
3aMH JIAHHBIX SBIISIIOTCS CAMOM pacnpocTpaHeHHOH (hOPMOI TPHUKJIIA/I-
HOTO TPOTPAMMHOTO MTPOAYKTA TSI MACCOBOTO ToJb3oBaTens. Cpenn
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[IITIT BBIAENSIIOTCS TAKETHI TPEX TUIIOB: MPOOIEMHO-OPUEHTUPOBAH-
HbIE, UHTETPUPOBAHHBIE U UHCTPYMEHTAJIbHBIE.

IIpobaemno-opuenmuposanivie naKempl CTPYKTYPHO SIBIISIOTCS
HanOosee mpocTbIMU. OHU COCTOSIT U3 MPOTPaMM, KOTOPbIE HAlIE/IEHBI
Ha peleHre (UKCHPOBAHHOIO YHUCIA 33/1a4 U3 OTHOCUTEIBHO Y3KOM
npeaMeTHoOM obnactu. Ilpu 3ToM Kakaoil yacTHOM 3ajJaye COOTBET-
CTBYET BIIOJIHE OMpEJeIeHHAs MporpaMMa ee peileHus. B dyHkimm
YIIPaBIISIONIEH TPOrpAMMBI BXOAUT PACIIO3HABAHUE B 3aIIPOCE MOJIb30-
BaTeNlsl UMEHU M aTpUOYTOB TOW 3a/1auu, KOTOPYIO OH BBIOUpAET IS
pELIEeHHUs], M 3aIlyCK COOTBETCTBYIOILIEH MPOrpaMMbl Ha UCIIOJIHEHHUE.

HUnmezpuposannvle nakempl IPOrpaMM SIBIISIIOTCSI PaACIIMPEHUEM
[IITII nepBoro Tuma MyTeM UX HapallMBaHUsl TAKUMH IPOrpaMMaMH,
KOTOPBIE aBTOMATU3ZUPYIOT BCE (UM OOJIBIINHCTBO) COMYTCTBYIOIINX
onepanuii, BHITOIHSAEMBIX JTUIIOM, TTOJIb3yIoUMcs nakeToMm. K unciy
YKa3aHHBIX MTPOrpaMM HanboJsee 4aCTO OTHOCSATCS TEKCTOBBIN peak-
TOp, CUCTeMa YIpaBJIeHUus] 0a3aMy JTAHHBIX, TpapUUIecKril peJaKkTop,
peke 3MeKTpoHHas Tabnuua u ap. B oTnnume oT caMOCTOSITENbHBIX
BEpPCUH 3TUX MPOrpaMM JIaHHbIE BEPCUU Ha3BaAHHBIX IPOrPaMM HOCST
VIPOIIEHHBIA XapakTep, JOCTATOUHBIM JUIIb JIJIs1 PelIeHus 3a1a4 U3
COOTBETCTBYIOIIEH MpeIMETHON 00IacTH.

Hnempymenmansmvie nakempl IporpaMm OTIMYAIOTCS OT PACCMOT-
peHHbIX Bble ABYyX TUNOB III1IT oTcyTcTBMEM B HUX TPOTpamM, CTPO-
'O OPUEHTHUPOBAHHBIX HA PELIEHNE KOHKPETHBIX IIPAKTUUECKUX 3a1ad.
JaHHble akeTbl COCTOAT U3 MPOrpamMM, Kaxaas U3 KOTOPbIX MOKET
paccMaTpuBaThCsl KAK HEOOXOUMBIN 3JIEMEHT pEeIlIeHUs 3a/1a4 U3 He-
KOTOPOH npenMeTHoM obnactu. Takum 00pa3om, pU UCIIOIb30BAHUH
nmaHHbIX TIITIT momp30BaTenb B CBOEM 3aIPOCE YKA3BIBAET CTPYKTYPY
3JIEMEHTOB, KOTOpas peaanu3yeT NPUKIaIHYIO 3a/1auy. Y IpaBIsionas
MporpaMmMa IMakeTa Ha OCHOBE 3aJaHHON CTPYKTYpbl 2JIEMEHTOB CO-
3/1a€T COOTBETCTBYIOINIYIO PA0OUYI0 TPOTPpAMMY pelleHus TpeOyeMoit
MNPUKIATHON 3aJ]a4 U 3aTEM Iepenaet el ynpasjieHue. B nocnenHee
BpeMSs OSBUJIMCH TaK Ha3biBaeMmble nHTeINIeKTyanbHble [TI1I1, koTo-
pble OyayT paccMOTpeHsl B 11. 10 HacTosIIero yueOHuKa.

O6mbekTrr OITO, Kak MpaBUiIo, TOCTABIISIOTCS TPOMBIIIEHHOC-
ThIO COBMECTHO ¢ DBM. DT0 HOCUT yHUBEpCAILHBIN XapaKTep B TOM
CMBICIIE, UTO MO3BOJISIET CO3/AATh JIO0YIO TPOTPaAMMY, COBMECTUMYIO C
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anmnapaTHbIMU U BBIYUCIUTEIbHBIMU BO3MOXXHOCTSMH KOHKPETHOM
OBM, u npoBectu Ha Helt pacueTsl. OITO 1o cyiecTBy SBISETCS HHCT-
PYMEHTOM CO3JaHUsI CIEIUATIbHOTO MPOTPaAMMHOTO obOecredeHust
(CITO) — xowmruiekca mporpaMm, MpeaHa3HAUYEHHBIX ISl PEIICHUS
KOHKPETHBIX YIPABJIEHYECKUX, UCCIEIOBATEIBCKIX WU MPOU3BOJ-
crBeHHBIX 3a7a4. KonkpetHoe conepxanne CI1O nmoaHocThIO OTipee-
nset Busl KoHkpetHoit AVC 1, KOHEYHO, 3aBUCHUT OT €€ THUIIA.

CIIO, Tak e kak u OIlO, kak IMpaBWIO, COCTOUT U3 JIBYX YaCTCH:
CIEIMAIIBHOTO CHCTEMHOT O ITporpammHoro obecrieyenus (CCIIO) u cre-
IUAJIBHOTO MTPHKIIAAHOT O Iporpammuoro odecnieuenus (CII1O). CCITO
BoinosiHseT B AUC ¢ynkiun, ananornynsie pynkuusm OC B OITO.

Heo6xomumocts CCITO B BEIYUCTUTEIBHBIX KOMIUIEKCAX 9KOHO-
MUYECKOT0 Ha3HAUYEHUsI OOyCIOBIMBAETCS ABYMsI TpUYMHAMU: obec-
neYeHneM TPeOOBaHUS MOJIIEPIKKU OCOOBIX (CIIENUAIbHBIX) PEKUMOB
MPOBEJICHUS BEIYMCIUTEIBHBIX PA0OT B TUX KOMIUJIEKCAX (CBA3AHHBIX
MPEXK/IE BCErO C JIOTIOJHUTEILHOM 3aIUTON 00pabaThiBaeMoi HHPOP-
MaIlim); HeOOXOUMOCTBIO yIIpaBiieHUs (DYHKIIMOHUPOBAHUEM CIICITHU-
aJIbHBIX (HETPAJIMIIMOHHBIX) BHEIITHUX YCTPOUCTB (HarpumMep, J1eMOH-
CTPAIIMOHHBIX TA0JI0).

CIIITO mpeacraBisieT cOOOH KOMITIEKC TPOTPaMM, Kaxaas U3
KOTOPBIX peaju3yeT TOT WIK HHOW alTOPUTM TiepepaboTku nHpopma-
1y, JlaHHbIe TpOTpaMMBI PUHSTO HA3BIBATH 3aJlauaMH U, XOTS 3TO
Ha3BaHWE HEJTb3s IPU3HATD YAAYHbIM, OHO B HACTOSIIEE BpeMsl SBJIs-
eTCs OOMIETTPUHATBIM. 3aJaud SIBJIISIFOTCS OCHOBHBIMU 3JIEMEHTAMHU
AWC, B TOM 4nce 1 9KOHOMHYECKOTO HAa3HAUYEHUSI, TTIOCKOIbKY OHHU
OTPENEISIOT €€ BO3MOXXHOCTH KaK CPEJCTBA aBTOMATHU3AIINH JIESTEb-
HOCTH JIOJDKHOCTHBIX JIUI] TIPU YIIPABICHUH TIEPCOHAIIOM.

B nanbpreitmem B yueOHUKe OyayT Oojiee MOAPOOHO paccMOTpe-
HbI BOITPOCHI co3anus u ucroiap3oBanus CIIITO kak ocHOBHOrO 3J1e-
menta AVC.

8.1.4. Knaccudukaumus uHpopMaLMOHHbBIX
M pacueTHbiX 3aAay

Bce 3amaun, Bxomsmmue B CITTTO, MoxHO KiaccupuuupoBaTs Mo
HECKOJIbKUM IPU3HAKAM:
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e XapakTepy nepepaboTku nHpopmanuu;

® HA3HAUYEHUIO;

® YPOBHIO TPUMEHEHUSI.

Heob6xoanmocTh mpuBeIeHHOM HUKe KIIacCU(PUKALIUN OTIPeaes-
eTCsl pa3Iu4yreM TPeOOBaHMH, MPEIbSIBIAEMbIX K 3a/auaM KakI0To
KJ1acca.

Ocnoénvim Kaccu(UKAITMOHHBIM HPUSHAKOM, TIO KOTOPOMY BCE
3agaun, Bxoasme B CIIIO, genstcst Ha 1Ba pa3IMYHBIX Kilacca, siB-
JSETCS Xapakmep nepepabomku uHgopmayuu. B 3aBUCHIMOCTH OT Xa-
paxTtepa nepepaboTKu MHDOpMAIUY 3a/1auu ACTATCS HA uHpopmayu-
OHHble VI pacuemmble.

Hnghopmayuonnoii 3aoayeti (M13) Ha3pIBaeTCS 37I€MEHT CHELIUAIIb-
HOTO MPUKJIATHOTO MpoTrpaMMHOro obecriedenuss DBM (mporpamma
Ha DBM), aneopumm nepepabomiu ungopmayuu Komopozo He npuso-
oum K co30anuio HOBOU UHDOPMAYUL, He COOePIHCAUETiCs 8 UCXOOHO.
[Tpumepom nHPOPMALIMOHHBIX 33]]a4 MOTYT CITY)KUTh 3aJJa4H: TIOUCKA
nHpopmaru, xpansieics B namsatu 9BM, odopmienus (rmeyaTn)
OyXraJaTepcKuX 1 yIpaBIeHYECKUX TOKYMEHTOB, HAHECEHHsI HHPOpMa-
IIUU Ha KapTy " T. 1. TakuM oOpa3om, nHGOpMAITMOHHBIE 3aaYH OCY-
IIECTBJISIOT MIPOIIECCHI cOOpa, XpaHeHHs, TOUCKa NH(OPMAIIUHU U TIpe-
00pa30BaHMs €€ U3 OJTHOTO BUA B APYroi 06e3 M3MEHEeHHsI CYIIeCTBa
9TOM MH(popManuu u 6€3 co3aaHusg HOBOK HHPOPMAIIH.

HNudopmarmonusle 3ajauu SBISIIOTCS B HACTOSIIEE BPEMS OJTHH-
MU U3 CAMBIX MTPOCTBIX, UMEIOIIMX XOPOIIIO Pa3BUTHIE CPEACTBA CO3/1a-
HUS, U 1OCTaTOYHO 3 pexTuBHbIMU teMeHTaMu CITITO mpu aBTOMa-
TU3AINH IS TEITBHOCTH JIOJDKHOCTHBIX JIUIl. OHU TTO3BOJISIOT MTOJTHOC-
THIO MCKITFOUNTD WJIM 3HAYUTETLHO YIPOCTUTH MPEKIEC BCETO PYTHH-
HBIE MPOIIEYPhl B ACATEIHHOCTH JOHKHOCTHBIX JIMII (XpaHEeHHe, TO-
WCK, COPTUPOBKA UH(POPMAIINU, COCTABIICHUE IOKYMEHTOB U UX THPa-
KUPOBAHUE U T. JI.) U TEM CAMBIM COKPATUTh HEOOXOJAMMOE KOJIMYe-
CTBO TIEPCOHAJIA, 3aHATOT'O B OCHOBHOM TEXHHYECKOH JIEATEIIbHOCTHIO
(MAIIMHUCTKH, IEITOTPOU3BOIUTENH, PAOOTHUKHN OMOIMOTEK, apXUBOB
U T. I.).

Pacuemmnoti 3a0aueii (P3) Ha3pIBaeTCS SIIEMEHT CIEIUAIBHOTO MTPH-
KJIQJHOT'O IIpOorpaMMHOT0 obecneueHuss OBM (mmporpamma Ha 9BM),
aneopumm nepepadbomKu UHGopMayuy Komopo2o NPUeOOUN K O30aHuUI0
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HOBOT UHGOPpMAYULU, HENOCPEOCBEHHO He COO0ePUCAUelics 8 UCXOOHOI.
K pacueTHbIM 3a/1auaM OTHOCATCS CIIEAYIONINE: aHATIU3 UTOTOB XO351H-
CTBEHHOMH JIeSITeIbHOCTH, pacyeT nokaszatesnei 3(h(HeKTUBHOCTH 9KOHO-
MUYECKOM ONepalfu, pacueT 3apaboTHOH ATl COTPYAHUKOB U T. 1.

B cBoto ouepenn, pacuemmsvie 3a0auu OAPAACISIOTCS HA 8bIUUC-
JIUmMenbHble 3a0auu I MAmemMamuyeckue Mooenu.

Boiuucnumenvroti 3a0aqeti (B3) Ha3pIBaeTcsl pacueTHas 3aj1aya,
AIITOPUTM MepepadoTKH HHGOPMAIIMHI KOTOPO MMOCTPOEH Oe3 UCTIOJTh-
30BaHUsI METOJIOB MATEMATHIECKOTO MOJIenmupoBanust. OOBIYHO ajro-
PUTMBI BBIYUCITUTEIIBHBIX 33724 U36CCINHbL 00 HAYANA UX PA3PADOMKU
U, KaK TIPABUIIO, HOPMAMUBHO 3aKPenieHbl B TUPEKTUBAX, HACTABIICHU-
ax, cripaBoyHukax, [OCT u 1. . [IpumepaMu BBIYMCIUTENBHBIX 3a-
Jlay SIBIISIIOTCS 3aa4M: pacyeT MOJTOXOQHOTO HAJIoTa, pacueT ImoKasa-
Teneld GUHAHCOBOW OTYETHOCTH, pacuyeT HOPMATHBHOTO pacxoja
CPEZICTB, MOABEIEHUE UTOTOB PAOOTHI (PUPMBI U T. II.

Mamemamuueckoit modenvio (MM) Ha3bIBaeTCS pacueTHas 3aj1a-
ya, aJrOpUTM IepepaboTku uHboOpMalMu KOTOPOH OCHOBAaH Ha HC-
MOJIb30BAHUU T€X WJIM MHBIX METOJ0B MATEeMATHYECKOI'O0 MOJEIUPO-
Banus. Kimaccudpukamnmro snmemento CIIITO mo Ha3HAYEHUIO U YPOB-
HIO TIPUMEHEHUS TIPUBENIEM TS TeX 3a7a4, KOTOPbIe UCIIOIb3YIOTCS B
[EeJISIX aBTOMATH3aIMU YIIPABICHUYECKOW NEeATeIbHOCTH (OCTaTbHBIC
OyJIyT pacCMaTPUBATHLCS HUKE).

Ilo naznauenuro nHPOPMAIMOHHBIE W pACUETHBIE 3a]jau ACIITCS
Ha wmammbvie U UCCe008amenbCcrue.

LlImammoti Ha3pIBAIOT UH(OOPMALIMOHHYIO WIM PACUETHYIO 3a/a-
4y, OQUIHATHHO BKIIOYSHHYIO B TUTTOBOH ITMKJI YIIPaBJICHHS OpraHu-
3alUed U UCHOTIb3YEMYIO O0THCHOCTTHBIMU IUYAMU annapamos ynpaegJe-
HUsL 8 npoyecce CyAHceOHOU OesimenbHOCHI.

HImammnsie UP3 nogpasnenstorcs Ha 00HOyposHesble (UCTIONb3Y-
eMble B 3BEHBSIX yIPABJIEHUS OJHOTO YPOBHSI, HAIPUMEP — 3a1aun
TIPENIIPUSATHS) U MHO20YPO8Hegble (NCTIONb3YeMble B 3BEHBSIX yIIpaBIIe-
HUS HECKOJIBKUX YPOBHEH, HATIPUMEP — Ha MPEANPUATAN, 00 beIIHe-
HUH U B MUHUCTEPCTBE).

Ocnosnvimu ocobennocmsamu wmamuvtx VIP3, HemocpeacTBEHHO
CIIEIYIONIUMU U3 X HA3HAUYCHMUS, SBISIIOTCS 8bICOKASL O0OCHIOBEPHOCHTb
Pe3yIbmamos pacueToB U onepamusHocns ux noayyenus. Kpome toro,
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MITATHBIE 33/1a4M JIOJDKHBI 00ECTIeYUBATh NPOCIOMY U yY00OCmeo 06-
weHus ¢ nob3osamesieM B Tipolecce ero padotsl Ha DBM.

Hccneoosamenvcikoti Ha3pIBaeTCS MHPOPMALIMOHHAS WA pacyueT-
Hasl 3a/1a4a, UCNOIb3yemas O0JHCHOCMHBIMU TUYAMU NPU NPO8edeHUl
HAYYHO-UCCIe008AMENbCKUX PAOOM, 000CHOBAHUU NEPCNEKIMUBHBLX NPO-
2PamMm pazeumusi, NPOSHO3UPOBAHUs IKOHOMUUECKUX CUMYayuli u m. n.
Kak npaBuio, ucciegoBanus IPOBOJSATCS C UCIIOIb30BAHUEM MaTeMa-
TUYECKUX MOJIETICH.

HccnenoBaTtenbckue MOJIEIN HE UMEIOT KECTKUX TPeOOBaHUM 1O
OTIEPATUBHOCTH PAOOTHI, TOITOMY OHHU IMO3BOJISIIOT 00ECIIEUHTh IITH-
POKUI yUeT pa3aIudHbIX (PakTOPOB Mpu MojienupoBannu. Kpowme Toro,
HCCIIeI0BATENBCKUE 3aJaUH JOJKHBI 00ecrieunBaTh JIETKOCTh U3MEHe-
HUS (Tp1 HEOOXOAMMOCTH) AJITOPUTMA CBOEH PA0OTHI B XO/I€ UCCIIE0-
BaHuii. [1pu 3TOM TPyAHO 00ECIIEUUTH MPOCTOTY U yI0OCTBO PaOOTHI C
3aavueit. MccnenoBaTenbckue 3aa4u B pse ClIydaeB MOTYT paccMaT-
pUBATHCS B KA4eCTBE TPOTOTHUITOB ITATHBIX 3aJ[a4, XOTS 3TO BO3MOXK-
HO Jajieko He Bcerja (mogoOHee 0O 3TOM OyJeT CKa3aHO HUXKE —
B 1. 8.2.2).

BOHPOCbI Ana caMonpoBepKH

1. Uto sBnsieTcs 00beKTOM MHDOPMATUKH?

2. UTo sBisieTcs Helbio J1I0001 MHPOPMAIIMOHHON TEXHOIOTHH?

3. Kakoii mpu3HaK JIeXHUT B OCHOBE KJIACCU(PUKALIUN aBTOMATU3H-
poBaHHBIX HHGOPMAMOHHBIX cucteM? Becromuute 3Ty Kiaccuduka-
LU0,

4. JlaiiTe ompenelieHUe MaTeMaTUUecKoro obecreueHuss DBM
(AUC).

5. aiiTe onpenenenue mporpaMmmuoro ooecrieueranss OBM (AUC).

6. HazoBuTE OCHOBHBIEC COCTABIISIFOIIUE OOIIIEr0 CUCTEMHOTO ITPO-
IPAMMHOTO O0ecIieueHusl.

7. Ha3oBUTEe OCHOBHBIE COCTABJISIONINE OOIIEro MPUKIATHOTO
MMPOTPaMMHOTO OOECTICUCHHUSI.

8. B kakux ciydasix u KeM pa3pabaThIBAIOTCS 3JIEMEHTHI CIEIIH-
aJILHOTO CUCTEMHOTO IMPOrPaMMHOTO obecrieueHus?

244



9. Ilosicuute MecTo NH(GOPMALIMOHHBIX M PACUETHBIX 3aJa4 B CO-
crase IporpaMMHOTo obecrieueHuss 9BM (AUC).

10. B ueM npuHIMNIHATIBHOE pa3/IMyune AITOPUTMOB UH(pOpMaLU-
OHHBIX U PAaCYETHBIX 3a1a4?

11. Kakue nHbOpMAIIMOHHBIE U PACUETHBIE 3a/1a4l HA3BIBAIOT
MTATHBIMHU? UCCIIEIOBATEIHCKUMU?

8.2. OpraHusauUMOHHbIE OCHOBbI
NPOEKTUPOBAHUS 3/IEMEHTOB CNeLUaibHOro
nporpaMMHoro obecneueHus

8.2.1. OcHoBHble TpeboBaHUA K MH(POPMALIUOHHDIM,
pacyeTHbIM 3afjla4yaM U UX KOMMIeKcam

HNudopmarmonnslie, pacyeTHble 3a1a4i 1 ux komruiekcol (MP3 u
K) cocrapnsitor ocHoBy 060t AUC, onpenenstoT ee BO3MOXKHOCTH
M0 aBTOMATHU3AIH TPOGECCUOHATBHOM IeaTeTbHOCTU. BBUIY 0c000i
BXXKHOCTH M 3HAYMMOCTH 3THUX 3JIEMEHTOB CIEIUATIBHOTO MPOTrPaAMM-
Horo obecrieueHus (CIIO) ux pa3paboTKa OpraHM3yeTcs B COOTBET-
CTBUU C TpeOOBAHUAMU (eepaIbHBIX YKA30B, 3aKOHOB, LIUPKYJISIPOB,
nupexktuB, 'OCT u gpyrux pykoBoAsimiux 10kyMeHToB [13, 14]. [Tepe-
YUCITUM 3TH TpeOOBaHUS, a 3aTEM PACCMOTPHUM KaXJ10€ M3 HHUX MO[I-
pobHee.

® JIOCTOBEPHOCTD pe3ynbTaToB ucnoyb3zoBanus NP3 u K;

® OTIEPATUBHOCTD MOJIYUYEHUS PE3yIbTATOB;

e cootBercrBue MIP3 u K ypoBHI0o pykoBo/iCcTBa;

® CUCTeMHBIH MOJIX0/1 K co3nanuto u npuMmenennto CI10;

e obecrieyeHne 6e30macHOCTH 0OpabdaTeiBaeMoil HH(GOPMAIIUH.

Hocmosepnocmp pe3ynvmanmos

[Tox 1oCTOBEPHOCTHIO pe3yIbTaTOB Uctionb3oBaHus UP3 (pacue-
Ta, MOAETUPOBaHNUs1) Oy/IeM MOHUMATh COOTBETCTBUE 3HAUYECHUH Mapa-
METPOB, TIOJIy4Ya€MbIX B PE3YJIbTATE PELICHMs 3a/1auH, UX TPeOyeMbIM
(“MCTUHHBIM) 3HAYCHUSIM.
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Bo3MoxHBIMU npuuunamu nedocmogepHocmu MoOIy4aeMblX B IPoO-
LIECCE PACUETOB PE3yJIbTATOB SIBIISIIOTCS:

® HEaJeKBATHOCTh IIPUMEHSEMON MaTeEMaTUYECKONH MOJENN Olle-
paruu (mpotiecca, SBJICHUS);

® HU3KAsl TOUHOCTH BBIUNCIICHUH;

e OoIMOKHU B allrOpUTME MepepadoTKN MHPOPMAIIMH, B COOTBET-
CTBUU C KOTOPBIM paboTaeT 3a1a4a;

e OLIMOKH MTOJIB30BATENS IIPU NIPOBEJIEHUN PACUETOB;

e ommOKu (cOom) B pabote DBM.

[Ton adexsamnocmpio B TEOPUU CUCTEM MTOHUMAETCS CTENIEHb CO-
OTBETCTBUSI UCIIOJIB3YEMOM MaTeMaTUYECKON MOJIENIN PealbHOMY IIPO-
ueccy (cucreme, o0bekTy). CliegoBaTeNbHO, U OLIEHKH aJeKBaTHOC-
TH MAaTEMATHUYECKOW MOJIEI HEOOXOIUMO MPOBECTU PEaTIbHYIO Olle-
paluio, OCYIIeCTBUTh MATEMATHUYECKOE MOJECIINPOBAHUE ITOM XKe orle-
panuu B TeX )K€ YCIOBHSX U CPABHHUTH peasibHbIC Pe3yJIbTaThl Olepa-
LMY C Pe3yIbTaTaAMH MOJICTTMPOBAHUS, UCIIOJIb3YSl HEKOTOPBIH MoKa3a-
TeJb, HAIPUMEp MoKa3atenb d3ppekTuBHOCTH onepauuu. Ecnu pe3yb-
TaThl peajbHON onepauu OyIyT XOPOILIO COTTIACOBBIBATHCS C PE3YJIb-
TaTaMHU MOJEIIUPOBAHUS, TO 3TO O3HAYAET, UTO MCIOJIb3yeMasl MaTe-
MaTH4YeCcKas MOJIENTb B TAHHBIX YCIIOBUSX ITPOBEICHHS OTICPAIINH SIBIISI-
eTcsl aJIeKBATHOW peallbHOMY Tpolieccy (cucreme, 00bekTy). Baxkno
OTMETUTb, UTO B ITOM CJIy4ae MOKHO KOJIMYECTBEHHO OIIEHUTDH aJeK-
BATHOCTb MOJIETIM B paMKax CYKJIEHHUI THIa “pe3yIbTaThl MOJIEIUPO-
BAHMS PACXOJSTCS C peasIbHbIMU He Oosiee ueM Ha 10 mpo1eHToB”.

DopManbHO OLIEHUTH AJIEKBATHOCTh MOJIENIA HE BCEI/la yIaeTcs,
IMOCKOJIbKY HE BCET/Ia BO3MOKHO MTPOBEJICHNE PEaIbHON OTepaIiu It
CpPaBHEHHMS C Pe3yIbTaTAMH MOJICIMPOBAHUS (HAPUMED, IS IKOJIO-
TUYECKUX WM KPYITHOMACHITAOHBIX 5KOHOMHUYECKUX Mojernei). B Ta-
KHMX YCIIOBHUSIX MOJI AJIEKBATHOCTBIO MIPUHSATO MOHUMATh CTETIEHb J10Be-
pusl JOHKHOCTHOTO JIMIA K pe3yIbTaTaM MOJETUPOBAHUS, UCIOJIb3Y-
€MBIM TSI IPUHSATHS perieHnid. [1pr 3TOM HEBO3MOKHO BBECTH ITOKa-
3aTelb, OOBEKTUBHO XapaKTePU3YIOUINI CTENeHb aJeKBATHOCTU MO-
nmenn. Moaenb MOXKeT OBITh MITH aIcKBATHOM, MIN HeaJleKBaTHO. J1o1T-
YKHOCTHOMY JIMILy CIIeIyeT C/Ie/IaTh BBIBOJ 00 a/IeKBATHOCTU MOJIENIU Ha
OCHOBAHUU aHAJIM3a €€ CyILeCTBA U MOJHOTHI yueTa B Heil Bcex (akTo-
POB, BIUSIIOUIMX HA TPOBEACHUE ONIEpALIMU B KOHKPETHBIX YCIOBUSX.
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Huskas mounocmyo ebiuucienuti TaKKe MOXKET CTaThb NPUUMHOMN
HEJIOCTOBEPHOCTH IIOJTy4aeMbIX Pe3yJIbTaToB pacuera. CyllecTBYIOT [BE
BO3MOJKHBIE TPUYMHBI BO3SHUKHOBEHHUS OLIMOOK BBIYMCIEHMI: METO-
TUYecKre OMMOKM M OMMOKU OKpyTieHHus. MeTonnueckue OmmnoKu
CBSI3aHBI C UCIIOJIB30BAaHUEM MPUOIMKEHHBIX YUCIEHHBIX METOI0B (Ha-
MpUMep, MPU UCIIOIB30BAHUU METO/a YUCIEHHOTO MHTETPUPOBAHUS
nmn nuddepeHumpoBanus GyHKIUN). OMMOKN OKPYTIICHUH CBSI3aHbI
C TeM, uTo uucia B OBM npenctaBisioTcs BCeraa ¢ HEKOTOPO TOUHO-
CTBIO, OTIpENEISIEeMON KOJIMUECTBOM 3HAUAIIUX ITU(P B 3aMMUCH YUCIIA
(st coBpeMeHHBIX DBM Takue ommOKu MPaKTUYECKU BCEria CBs3a-
HBI C HEBEPHBIMU JICHCTBUSMU MPOTPAMMUCTOB, B YACTHOCTU — IIPH
BbIOOpE (hopMATOB 0O0paOATHIBAEMBIX JAHHBIX).

OwinbKu 6 aneopumme nepepadbomru ungopmayuu, B COOTBETCTBUH
C KOTOpBIM paboTaeT DBM, ABIAIOTCS JOCTATOYHO PEAKUM UCTOUYHU-
KOM HEIOCTOBEPHOCTH PE3yJIbTATOB PACUETOB M, KaK MPaBUIIO, ObIBA-
IOT CBSI3aHBI C TEM, YTO B AJITOPUTME 3aa4M HE YUUTHIBAIOTCS BCE BO3-
MO>KHbIE BapUAHThl UCXOAHBIX JAaHHBIX. [Ipn HEKOTOPBIX BapHaHTax
WCXO/HBIX TAHHBIX MOTYT BOSHUKHYTh CUTYalLlM1, KOTJa aJITOPUTM 3a-
na4yu paboraer ¢ ommbOkamu. [ToaToMy IpH co3aHUHU aTrOpUTMA 3a-
a9l HEOOXOAMMO TIIATEIHHO MPOAHAIIM3UPOBATH BO3MOKHEIE 3HA-
YeHMsI MICXOJIHBIX JAHHBIX U OTPEIENIUTh UX JIOMyCTUMBIC 3HAUYCHMS.
BersiBiienue ommoboK B anropurMe nepepadboTki nHGOpPMAIUH SBIISET-
Cs OAHOM M3 BAXKHEHIIUX LEJEeN NPU NMPOBEACHUN KOHTPOJIBHBIX pac-
4yeToB Ha 3Tare npueMku U u P3.

OuwubKu nonvzosameliss IpA MPOBEIEHUN PACUETOB SIBIISIOTCS HA
TIEPBBIIA B3IJISIT OMTMOKAMU, KOTOPBIE HEBO3MOKHO UCKITIOUHTH 33 CUET
CO3aHUS CTENUATBHBIX aJITOPUTMUYECKUX U TIPOTPAMMHBIX CPEIICTB.
Tewm He MeHee CyIIECTBYIOT CIIOCOOBI YMEHBIIIEHUSI BO3ZMOKHOCTEH 115
MOSIBJICHUS] TAKUX OLIMOOK (KOHEYHO, UMEIOTCSl B BUY HEIlperIHaMe-
peHHBbIe, “ciayvaiinbie” omuoku). Peus uaet o mporpaMMHOM KOHTPO-
JIe BBOJIMMOM TTOJTh30BaTeIeM HHPOpPMAIUU. DTa NHHOPMALIUST MOKET
BKJIFOUATh 3HAYCHMS MMapaMeTpoB WM KoMmaHAbl. Kak mpaBuiio, mpu
BBOJIE MTApaMETPOB MOKHO IMPOTPAMMHO IMMPOKOHTPOIMPOBATH JTOITYC-
TUMOCTb 3HAUY€HUs BBOAMMOIO MapaMeTpa, MpUUeM OrpaHUYEHUs! Ha
3HAYEHMS [TApAMETPa MOT'YT ObITh KaK ITOCTOSIHHBIMM, TAaK U U3MEHSThCS
B 3aBHCHMOCTH OT 3HAaYeHUI Apyrux napamerpos. Hanpumep, B 3a1a-
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4e MIaHUPOBAHMS TPAHCIIOPTHON OMEpalluy MO JOCTaBKe NoTpeduTe-
JIM KaKOW-TMOO0 MPOJYKIIMH JOMYCTUMBIE 3HAUYEHUSI CKOPOCTH JIBU-
KEHUSI 3aBUCSAT OT TUIOB TPAHCHOPTHBIX CPEJICTB, YUACTBYIOIIUX B
omnepaluu, U COCTOSTHUS JOPOT Ha MapIIpyTax JBUKEHUSI.

Yro kacaeTcs KOHTPOJIST KOMaH]l, BBOJUMBIX TTOJIb30BATEIEM, TO
OH MOET BKJIIOUATh MPOBEPKY JOMYCTUMOCTH JaHHON KOMaHIbl Ha
KOHKPETHOM 3Tare padoThI C 3a/1aueii (HarpuMep, MpoBepKa HaTHIUS
BCEX HEOOXOIMMBIX UCXOAHBIX JJAHHBIX TIEPe/] BHIMOTHEHUEM KOMaH/TbI
Hayaja pacyera), a TaK)Ke Bblauy Ha 3KpaH MOHUTOpA 3aIpoca s
MTOJITBEPXKACHUS TTOJIb30BATENIEM HAMEPEHUS BBITIOJTHUTh KaKYI0-THO0
BaXKHYIO KOMaH]1y (HAIIpUMeD, MPU YHUUITOXKEHUN KAKUX-THOO TAaHHBIX
Ha 3KpaH MOHUTOPA BBIBOJIUTCS BOMPOC TUTA. BbI IeHiCTBUTETHLHO XO-
TUTE YHUUTOXUTb ITU JaHHbIe? U TpeOYyeTCsl YTBEPAUTEIILHBINA OTBET
TTOJTB30BATENIS TSI BBITTOJIHEHHST KoMaHbl). KpoMe Toro, ocobo oT-
BETCTBEHHBIE KOMAH/IbI MOTYT MPEyCMATPUBATH 3aIIPOC Ha TIOITBEP-
KIIEHUE TTOJTHOMOYHMH Ha X MIPOBeeHNEe (HAaIIprMep, BBOJ ITAPOJIs).

Owubku (coou) 6 pabome DBM MOTYT NOBIUATH HA JOCTOBEP-
HOCTH PE3yJIbTATOB PACUETOB, €CIIM OHU HE CEJIEKTUPYIOTCS TeXHUYEC-
KUMH CPEJICTBAMM U ONIEPAlMOHHON crcTeMoi. EMMHCTBEHHBIM Cpefl-
CTBOM HCKITFOUCHUS HECEIICKTUPYEMBIX OIITMOOK (cO0eB) B pabote DBM
SIBJISIETCSI TOBTOPHOE pelieHue 3aa4uu. [loaTtomy Hanbosee OTBETCTBEH-
HBIE PacueThl JOKHBI AyOIUpoBaThes Ha Apyro 9BM u (wim) ¢ uc-
MOJIb30BAHUEM JIPYTOM 3aJa4, UMEIOIIEH aHAJIOTUYHBIN aJIrOPUTM.

Onepamugnocmy pe3yibmamos

[Ton onepamusnocmoio moiryueHus pe3ynbraToB pacueToB Ha P3
MTOHUMAETCSI BOBMOKHOCTD TPAKTHUUECKOTO MCIIOJIH30BAHUS PE3YIIbTa-
TOB UX pelIeHUs (PacueToB, MOACTUPOBAHNS) JIMOO B PeaIbHOM PUT-
Me paboThI JOIKHOCTHBIX JIMIL, TUOO 3a 3aJaHHOE BpeMsl. 3a1aua o0-
najnaer TpeOdyeMol ONnepaTUBHOCTBIO PEILIEHUsI, €CIIU BpeMsl pabOThI
MOJIH30BATENS C HEll oOecreynBaeT CBOEBPEMEHHOE ITPUMEHEHHE T10-
Jy4aeMbIX pe3yJbTaTOB B MPO(ECCHOHAIBHON NeATeIbHOCTU. Bpems
pabomyl ¢ 3a0ayeti BKIIOYACT BpeMsl Ha HACTPOUKY (IIpH HEOOXOIMMO-
CTH) NIPOTPAaMMHOI0 oOecrnedyeHus (a MHOIAAa — M TEXHUYECKUX
CPEACTB), IOArOTOBKY MCXOJHBIX JaHHBIX, BBOJ UX B DBM, nposene-
HUE PACUETOB W BBIIAYy PE3yJIbTATOB B BUJIE, YIOOHOM JIs TaJTbHEH-
IIETr0 UCIOJIb30BaHUSI.
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Takum 06pa3oM, ONepaTUBHOCTH MOIYUYEHHS! PE3yJIbTATOB pac-
YETOB SIBJISIETCSI HHTETPAIbHON XapaKTEPUCTUKOM, KOTOPAask BKIIOUAET
B ce0s1 HE TOJILKO CKOPOCTh BBIYMCIIEHUH 10 AITOPUTMY 3aJ1a4M, HO U
CKOPOCTh BBOJIA UCXOAHBIX JAHHBIX, & TAKXKE MOJIy4eHUE PE3yTbTATOB
B BUJIE, HE TpeOyIoIIeM KaKoi-1100 10MOIHUTEIbHOM 00paboTku (T1e-
penuchIBaHus, TiepereyaTbiBanus u T. 11.). [loaromy ipu coznanuu MP3
HEOOXOIMMO TPEAYCMATPUBATh MUHUMAIBHO HEOOXOIUMBIH 00BEM
HUCXOJIHBIX JTAHHBIX, BBOJIUMBINA MOJIb30BATENIEM MIPU UCIIOIb30BAHIHI
3a/1a4d, a Takke ya1o0CTBO UX BBOJA.

Coomeemcmaue yposHI0 PyKOBOOCHEA

ITon TpeboBanuem coorercTBust MP3 u K ypoBHIO pykoBOICTBA
TTOHUMAETCS:

® HCITOJIb30BAHUE B HUX MH(GOPMALIMH C ICTAIIM3AMEH U TOYHOC-
THIO, KOTOPBIMU pacrojaraeT JaHHOE JTOJDKHOCTHOE JIUITO (JOJDKHOC-
THBIE JINIA), paboTaroIee C 3aJauek;

® TIpe/ICTABJICHUE PE3YJIbTATOB B HATJISIAHOM (IIPUBBIYHOM JIJIsI
MOJTb30BATENS ) BUJIE, COOTBETCTBYIOIIEM (POPME U COACPIKAHUIO Pealhb-
HBIX JOKYMEHTOB;

e IIpUMEHEHHUE TTOKa3aTeNIe, UMEIOIINX 1T KOHKPETHOTO JTOJIK-
HOCTHOTO JIMIA SICHBIA TEXHUYECKUI, ONEPATHUBHBIA M (HU3NUCCKUI
CMBICIT (TaK Ha3bIBAEMBIX MPAHCNAPEeHMHbIX TIOKA3aTeNe).

Cucmemolii n00x00

TpeboBaHMEe CUCTEMHOTO MOAXOa O3HAUAeT, UTO BCE CO3/1aBac-
mbie IP3 1 K 10/DKHBI OBITh COCTABHBIMHU 3JIEMEHTAMM OOIIEN CUCTE-
MBI 33J1a4, T. €. OHU JIOJDKHBI OBITH COTJIACOBAHBI MEXKTy COOOM 110 T1eTn
Y HA3HAYCHUIO, COCTABY YUUTHIBAEMBIX (JAKTOPOB M OTPAaHUUYCHUH, CO-
JIepKaHUIo0 ¥ popMaM BXOJHBIX U BBIXOJIHBIX JIOKYMEHTOB, TTOKa3aTe-
JIeH, KpUTEpUEB 1 HOPMATUBOB, CTPYKTYPE U COJIePKaHUI0 HHPOPMa-
LIMOHHOM 0a3bl, MPUHITUIIAM 3aIIUTHI 00padaThIBAEMOM HH(GOPMAITUH.

Obecneuenue bezonachocmu un@dopmayuu

TpeboBanue obecneueHus: 0€30IIaCHOCTH 00pabaThIBaEMOI MH-
dbopmaiuu 3aKI0YaeTCs B UCKITFOUEHUH BO3MOKHOCTH YHUUTOXCHHUS
WM MCcKakeHuss nHpopManmu, odpabaTteiBaeMoii Ha DBM, a Takke
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BO3MOXHOCTU HECAHKIIMOHUPOBAHHOT'O [TOJIy4€HUS 3TON HHPOPMALIH
HE JIONMYLIEHHBIMU K Hell JIMIIaMU. BblllonHeHne 1aHHOro TpeOoBaHUs
JIOCTUTAeTCs OCYILECTBICHUEM KOMIIJIEKCA OPraHU3aLIMOHHBIX MEPOII-
PUSTUI U TEXHUYECKUX MEp.

8.2.2. NMpuHuUNbI pa3paboTKK cneuuanbHOro
nporpaMmHoro obecneueHus

[Tomumo ocHoBHBIX TpeOoBanmii k co3gaBaembiM MP3 u K pyxo-
BOJIAIIMMHU (HOPMATUBHBIMH) JJOKYMEHTAMHM OIpEIETIEHbI U OCHOBHBIE
MPUHIINIIBL PA3pPa0OTKH U TOJIEPKAHUS B PA0OTOCIOCOOHOM COCTOSI-
Huu 351eMeHToB CITO. PykoBOJCTBO TaHHBIMU MPUHITUIIAMH SIBJISIETCS
00s13aTeNIbHBIM U MO3BOJISIET co3AaBaTh U npumensat) MP3 u K.
ChopmynupyeM 3TU TPUHLIUIIBI TPUMEHUTEIBHO K CPEICTBAM aBTOMa-
TU3AIUU HanboJIee CIIOKHOM 00J1acTH MpodeccnoHaTbHOM AeITeTbHOC-
TH — YIPABIIEHUIO CIIO’KHBIMH Y€JI0BEKO-MAITMHHBIMU CUCTEMAaMH KO-
HOMMYECKOTO HA3HAUCHUS:

® [ICHTPAIM30BAHHAS Pa3padOTKa MO eIMHOMY IUIAHY U 3aMBICITY
Ha 00IIUX UH(POPMAIIMOHHBIX U MATEMAaTUYECKUX OCHOBAX;

® KOHKPETHOCTh IIPeIHA3HAUEHHUSI CO3/1aBAEMBIX 3aa4 U UX KOM-
IIJIEKCOB;

® HEIOCPEICTBEHHOE PYKOBOACTBO M yUacTHE B CO3/IAHUU 3a]1a4
MIPEeINPUATHH U GUPM (OpraHU3alnii), B MHTEpecax KOTOPhIX OHH CO-
31a10TCS;

e o0ecrieyeHre BOZMOXHOCTHU MEPECTPOMKH 3a/1au B MPOIIECCe UX
9KCIUTyaTallUU IPUMEHUTEIbHO K KOHKPETHOU 0OCTaHOBKE;

® HEINpepbhIBHOE COMPOBOXKACHMUE pa3paboTanHbix M u P3 u ux
KOMIUIEKCOB MPEACTABUTEISIMA 3aKa3UNKa U pa3paboTunKa.

Lenmpanuzosannocmos paspabomxu

[Mpunuun yenmpanuzosannoti paspabomku MO €IUHOMY IUIAHY U
3aMBICTy Ha OOHIMX MH(POPMAIMOHHBIX U MATEMATUYECKUX OCHOBAX
ucnons3yercs npu cozgannu MP3 u K B pamkax egunoit ACY. Orot
MPUHIINI TOJKEH HEYKOCHHUTEIIBHO COOIOIAThCS MPU CO3/IaHUU 3a-
Jlad, pe3ylbTaThl PElIEHUs KOTOPBIX MCIOIb3YIOTCS BO BCEX WIJIM He-
cKkoIbKHX 3BeHbsIX ACY (Hampumep, 3a7a4, UCIOJIb3yEMBIX VISl aBTO-
MaTHU3alUHU YIIPABICHUS OTPACIbIO 9KOHOMUKHU B MUHUCTEPCTBE).
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J1st oOecnieueHus IeHTpaIM30BaHHON pazpadotku MP3 B opra-
HU3ALIMK (POPMUPYETCS U YTBEPKAAETCS IEPCIIEKTUBHBIN TUIaH CO3/a-
Hus snemenToB CI1O. B nepcniekTHBHOM TUTaHE YKa3bIBAIOTCS: HA3Ba-
nue MP3, ee 3aka3unk u pazpabOTUUK, a TAKIKE CPOK CO3/IaHUS 3a/a-
yn. [lepcnekTUBHBIN TUTaH, KaK MPaBUIIO, pa3padaThiBaeTCs Ha MATh
seT. Ha ocHOBaHMM NEepCIEKTUBHBIX IUIAHOB pa3padaThiBatoTCs FO10-
Bble TUIaHbl co3nanust U u P3.

Ilpuanun neHTpanmu3oBaHHOU pa3padotku U u P3 moorcem we
yuumul8amucsi MOAPA3JCICHUSIMU OPTraHU3aIUi, CO3IAI0IUMU OHO-
YPOBHEBBIE 3a]1a4UU, PeTHA3HAYCHHBIE [IJIs1 IPUMEHEHHS B paMKax JaH-
HOTO TMOJpa3/e/IeHus] U UCMOJb3YIolue aBTOHOMHbIe DBM (Hampu-
Mep, nepconanbubie DBM, He Bxomsmme B ACY). Ipu atom noapas-
JIeJICHUs] OPTaHU3alMK BBICTYAIOT B poiu 3akazunka CMIIO u ocy-
LIECTBIISIIOT pa3padoTKy (coBepiieHcTBoBaHue) U u P3 Ha ocHoBanumn
CBOMX TEPCIEKTUBHBIX TIaHOB. OTMETHM, YTO C HACHIIIIEHUEM arla-
paTtoB ympasieHus coBpeMenHoit BT crnenoBaTh 3TOMY NMPUHIUITY
CTAHOBMTCS BCE TPYJHEE, U HA IEPBOE MECTO IIPU €0 peaIn3aluu Bbl/I-
BUTAIOTCSl OPTraHNU3AIIMOHHBIE MEPOTIPUSATHSI.

Konkpemnocmv npeonasnauenus

[TpuHLUn KOHKpemHOCcMU npedHasHaueHus CO3aBaAEMbIX 3a1ad U
UX KOMIUJIEKCOB MPEANOaraeT HeoOX0AMMOCTh pa3paboTKH 31eMeH-
toB CIIO, ciennaibHO NpeAHA3HAYEHHBIX /U1 aBTOMATU3aLIUM pellie-
HUS KOHKPETHBIX 3344 YIPABJICHUS.

Ha npakTuke 10CTaTOUYHO 4aCTO BCTPEUAIOTCS CUTYyaAllUM, KOTAa
co3faeTcd 3ajaua JJ1s IPOBEACHUS HAYYHbIX UCCIe008aAHUL NI B Yued-
HbIX Yesisix, a 3aTeM MPEAITPUHUMAIOTCS TTOMBITKY BHEAPEHUSI 3TOU 3a-
na4yu (Kak MpaBUIIO, C HEKOTOPBIMU JOPAOOTKAMU) B TOM MM MHOM
OpraHu3alMH.

OaHaKO IMOCKOJIbKY UCCIIEI0BATEIbCKUE U yUeOHbIE 3aJaUH CO3/1a-
IOTCSI B LIEJISIX TPOBEACHUS HAYUHBIX UCCIIEIOBAHUIN MITH OOYUYEHM S, OHI
He MOTYT 3h(PEKTUBHO MCIOIB30BATHCS, a 3a4aCTYIO SIBISIFOTCS TIPO-
CTO HEMPUTOHBIMH TSI aBTOMATU3ALUH YIIPABIECHUS pPeaTbHBIMU
npennpuatusMu 1 upmamu. McecnegoBartenbekue 3agauu, obaanas
00BIYHO BBICOKMMU MOKA3ATEISIMU JOCTOBEPHOCTH PE3yJIbTATOB, Yac-
TO UMEIOT IUIOXYIO ONEPATUBHOCTh PACUYETOB U a0yl 3proHOMMY-
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HOCTB (He OTBEUAIOT TPeOOBAHUSM y100CTBA U TPOCTOTHI pAOOTHI 101~
YKHOCTHBIX JIUII C 3a/1aueii). YueOHbIe 3a1a4l UMEIOT BBICOKYIO oTepa-
TUBHOCTbH PACUETOB U 3PTOHOMUYHOCTh, HO JIOCTOBEPHOCTb TOJTyuae-
MBIX Pe3yJIbTaTOB, KAK MIPaBUIIO, SBJISETCS HEJOCTATOYHOMN IS UCTIOJIb-
30BaHUS IPU aBTOMATU3AIMH YIIPABICHUS HA MPAKTUKE.

Taxum o6pa3zom, UccaeToBaTEIbLCKUE U YUeOHBIE 33/1aUM HYX/1a-
IOTCSI B CYILIECTBEHHOU MepepadoTKe Mepe/1 X BHEIPEHUEM B IIPOMBbIIII-
JeHHOCTh. JlaHHas mepepaboTKa SBISIETCS JOCTATOYHO TPYIOEMKOH,
MIPUYEM 3aTPaThl HA JOPAOOTKY 3a/1a4i COM3MEPUMEI C 3aTpaTaMU Ha
CO3/1aHME HOBOM 3aJauH.

[TosTomy Oosee npaBUIbHBIM sIBiIsieTCs Iy Th, Koraa MP3 cozna-
eTCs CneyuaIbHo AJ1 ABTOMATH3ALUH 1S TETTbHOCTU PYKOBOIUTEIS WIIU
JIOJDKHOCTHBIX JTUIL TPESANPUSTHS WA (PUPMBI TIPH PEIICHUH KOHKPET-
HOU 3a7a4M yrpaBiieHHUs repcoHanom. [Ipu 3Tom, KOHEUHO, HEOOXO-
JTUMO UCTIOJIb30BaTh OTIEIbHBIC MAaTEMAaTHUIECKHUE allTOPUTMBI, (hpar-
MEHTBI IPOTpaMM, a TAKXKE OMBIT CO3IAHMS U UCIOJIb30BAHUS HCCIIe-
JIOBATEIbCKUX M YUEOHBIX 3a/1au, SIBISIONIMXCS MIPOTOTUIIAMU pa3pa-
O6atpiBaecMbIx NP3,

Henocpedcmeennoe pykogoocmeo 3aunmepecosaniblx npeonpusimuii
u hupm (opeanuzayii)

[TpuHIUIT HEnocpeocmeenno2o pykogoocmea u yyacmusi B co3nia-
Huu UP3 u K npennpusituit u dupm (opranusanuii), B MHTepecax Ko-
TOPBIX OHU CO3/IAI0TCS, ABIISICTCS BAXKHEUIIINM MPUHIIUIIOM, JICKAIINM
B oCHOBe Bceil TexHonoruu coznanust CITO u oGecrieunBaronmm co-
3[IlaHNMEe KaUYeCTBEHHBIX 3314 [IUIS1 aBTOMATU3AIUHU YIIPABJICHUS TIEPCO-
HaJIoM (pUpM.

PaszpaboTunku 3a1a4uu, Kak MpaBUiIo, MIIOXO MPEACTABIISIOT cede
crermuUKy yIpaBIeHHUs TIEPCOHAIIOM, a TAK)KE POJIb CO3/1aBaeMOi 3a-
Jlaud B MpoIlecce YIpaBIeHNs U TpeOOBaHUsI, TPEAbSIBIIsIEMbIC K HEH.
YuyeT 3T0# crenuPUKN U COOTBETCTBYIONIUX TPeOOBAHUM K 3agaue
TOJDKEH TPOBOIUTHCS B MPOIIECCe Pa3pabOTKH ee ONepaTUBHOM TO-
CTAHOBKH, SIBJISIFOIICICS COBMECTHBIM TOKYMEHTOM 3aKa3unKa 1 pas-
paboTuuka.

HenpepbIBHBIIM KOHTPOJIH CO CTOPOHBI 3aKa34MKa Ha BCEX ITamnax
coznanust M u P3 mo3BosseT n30exaTh HEMPaBUIIBHOTO TOJTKOBAHUS
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pa3paboOTUNKOM MOJIOKEHUN U TPeOOBAHUIN ONEPaTUBHOMN MTOCTAHOB-
KM 3a/1a41, CBOEBPEMEHHO yCTPAHATb HEOCTATKU U TEM CAMbIM YCKO-
PUTB CO3AaHUE U YIYUIIUTh KAYECTBO CO3/1aBAEMBIX 3a/1a4.

Kpowme Toro, yuactue B pa3paboTKe OniepaTUBHOM TOCTAHOBKH U
KOHTpOJISI pe3yJIbTATOB OTHENbHBIX 3Tanos co3ganus MP3 nossonut
JOJDKHOCTHBIM JIMLIAM, JJIsI KOTOPBIX CO3/JaeTcs 3ajaua, Iyoxe Io-
HSATb MEXaHMU3MBI repepaboTku uHpopmanuu B 3agave. [lonnmanue
JOJKHOCTHBIMU JIMLIAMM 3TUX MEXaHM3MOB OOECIEUUT I'PAMOTHOE U
a¢ddekTUBHOE MPUMEHEHNE 3a/1a4 B MPOIIECCEe PEIIeHUs 3a/1a4 yIpaB-
JICHUS.

Bosmoorcnocms nepecmpoiiku

[TpuHLMI 0GECTIEUEeHUS 803MOACHOCIU NepecMPOTiKY 3214 B ITPO-
LIecce WX DKCIUTyaTalliu MPUMEHUTEIbHO K KOHKPETHON 0OCTaHOBKE
npeamnonaraet, 4to npu cozmpanun MP3 neobxomumo 6oiiee MOIHO
y4ecTb BO3MOKHbIE U3MEHEHU I 0OCTAHOBKH, BHEIIIHUX YCIIOBUH, a TaK-
K€ U3MEHEHHUs XapaKTePUCTUK U YCIOBUIM MPUMEHEHHUs CO3/1aBaeMOoi
MPOAYKLNHU, KOTOPBIE BBI30BYT HEOOXOIUMOCTh KOPPEKTUPOBKHU all-
ropuT™MOB 1 nporpamm UP3.

Komneuno, 3apanee nmpe1rycMOTpeTh U OTOBOPUTH KaKHUE-TNO0 KOH-
KpETHBIE U3MEHEHHS (KPOMe TUTAHOBBIX — HAIPUMEDP, MOJIEPHU3AIINH
MPOAYKIUU UM JOTOBOPHBIX OrpAaHMYEHUI) HEBO3MOXHO. Tem He
MeHee Ipu pa3paboTKe 3a7ad HEOOXOJUMO yUYUTHIBATH BO3MOJKHBIE
HAIpPaBIIEHUS! U3MEHEHMSI TeX UM UHBIX IapaMeTpoOB U CO37aBaTh Ta-
KHe 332/1a41, KOTOPBIE ITO3BOJIMIA OBl C MUHUMYMOM 3aTPaT MPOBOIUTH
X KOPPEKTHPOBKY.

Henpepuisroe conpososrcoenue CI10 3axazuuxom u paspabomuuxom

Henpepuigroe conpososicoenue pazpadotanubix MP3 u K npencra-
BUTEIISIMU 3aKa3UMKa ¥ pa3pabOTUNKa SIBIISIETCSI OCHOBHBIM YCIIOBUEM,
00ecreynBarOIINM TOIePKAHUE 33]1a4 U UX KOMITJIEKCOB B TOTOBHOC-
TH K TIPUMEHEHNI0. B QpyHKIMIO mpecTaBUTENe 3aKa3dnKka Mpu Co-
nposoxaennu MP3 u K Bxoaut obecneueHne paboTocrnocoOHOCTH
UCTIONIB3YEMBbIX 3a/1au, a TAK)Ke aHAJIM3 Mpoliecca UX IKCIUTyaTallH 1
BBIPa0OTKA MPEATIOKEHHI 110 X COBEPLICHCTBOBaHMIO. [1pencraBuTe-
M pa3paboTuuka rnpu conpoBoxaeHuu MP3 ycrpaHsioT HepocTaTKy,
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BBISIBJISIEMbBIE B IIPOLIECCE IKCIUTyaTallMM, U IPOBOAAT COBEPIIEHCTBO-
BaHME 3a/1a4 B TUIAHE MOBBIIIEHUS MX 3KCIUTyaTallMOHHBIX XapaKTepu-
CTHK.

[TepeunciienHble BbIlIE OCHOBHBIE TPUHIIMITBI U TPEOOBAHUS SIB-
JISIFOTCSL HOpMATUBHOM 6a30i ipu paspabotke u npumenenuun CI10 B
AUC (puc. 8.2.1).

LleHTpann3oBaHHOCTH IlepcnexTiBHOE JocToBepHOCTH
pa3paboTKu LEHTPAJIN30BaHHOE
IJIaHUPOBaHUE
KonkperHocts Opranuzanus OnepaTuBHOCTb
IIpeHa3HAYCHUS comnpoBoxaenus [10
Vyacrue 3akazumnka ITpumenenue CooTtBercTBHE
Ha BCeX JTamnax COBPEMEHHBIX YPOBHIO
pa3paboTKn TEXHOJIOT Ui PYKOBOJCTBA
IIPOrPaMMHUPOBAHUS
Bo3moxHOoCTh PazpaboTtka CucTeMHBII
nepectpoiiku CI1O TIOJIHOM MOJIXOJ
JOKYMCHTAIIUN
HenpepsiBHOCTB ITpumenenue
CONIPOBOKAECHUS COBPEMEHHBIX OGecneuenue
CTIIO 3aka3unkoM METOJI0B 6e30I1acHOCTH
1 pa3paboTUUKOM MOJIETIMPOBAHUS uHpopmarmn
MMPUHLUIIbI OPI'’AHU3ALIMOH- TPEBOBAHU A
PA3PABOTKU HBIE K CI1IO
1 UCITOJIb3OBAHU A MEPOITPUATHA
CIIO

CIIELHUAJIBHOE NIPOTPAMMHOE OBECITEYEHMUE (CI1O)

Puc. 8.2.1. Tpeboeanus k CMO v npuHLmMnbl ero pas3paboTku
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Koneuno, ypoBHu obecrniedeHust 3TUX TpeOOBAHUHN CyIIECTBEHHO
3aBUCAT OT KJlacca 3aJa4M, ee Ha3HAYeHMUs] 1 0COOEHHOCTEN TpUMeHe-
Hus. B 3aBUCHMMOCTH OT cylllecTBa U OCOOEHHOCTEW NMPUMEHEHHUs CO-
3aBaeMbIX 3aJa4 [epeueHb TPEOOBAHMI K HUM MOKET PACLIMPSITHCS
uim cyxxatbcsi. DopMupoBaHre KOHKPETHBIX TPeOOBAHMI K co3/1aBae-
MBIM 3aJa4aM OCYLIECTBIISETCSI COBMECTHBIMU YCUIIUSIMU IIPEACTABU-
Tesel 3aKa3uyMKa U pa3paboTuuka Ha 3Tane pa3paboTKU TEXHUYECKO-
r'o 3a/1aHUsl U YTBEPKAAETCS 3aKA3UUKOM.

8.2.3. OcHOBbI anropUuTMHU3aLUU 3aaau

Oran AJITOPUTMU3AIINUU SABJIACTCA BAKHBIM 3TAIIOM CO3OaHUA UH-
(hopMaIMOHHBIX U pacueTHBIX 33/1a4. CYITHOCTh 3TOTO 3Tara COCTOUT
B pa3paboTke 0OOOIICHHBIX U ACTAIBHBIX aJITOPUTMOB CO3/1aBaEMOM
3agaun. Kak yxe oTMe4asaoch, IpU TPAJIUIMOHHOM (KJIACCHYECKOM)
MO/IXO/IE K CO3/IaHUIO 3JIEMEHTOB IIPOTrPAMMHOTO 00eCTICUCHUS TAHHBII
9Tall 3aHUMACT MPOMEXKYTOUYHOC IMOJIOKECHUE MCXKIAY dTallaMU ITOCTa-
HOBKH 3aJ1a4¥ ¥ TpPOrpaMMUpOBaHKueM (KoaupoBaHueM). PazpaboTan-
HBIC aJITOPUTMBI 33]Ia4U BXOJAT B COCTaB JOKYMEHTOB, KOTOPBIE T0JI-
JKHBI TIPENICTABISATHCS Pa3pabOTUMKOM 3a/1aud 3aKa3uuKy. AJITOpuUT-
MBI 331491 UCTIOJIb3YIOTCS IOJDKHOCTHBIMU JIMIIAMH, PAOOTAIOIIIUMU C
3a7a4ei, UIs ee U3yUeHUs U OTICHKU KayecTBa MOJTy4aeMbIX pe3yJibTa-
TOB TP €€ TPAKTHUECKOM HCITOTb30BAHHH.

Iousmue aneopumma

Pemmenne MHOrMX BOIIPOCOB MPAKTUKH CBA3AHO C BBIITOJIHEHUEM
HEKOTOPOM MOCIIeA0BATEIbHOCTU OT/IEIbHBIX JEHCTBUI (3j1eMeHTap-
HBIX onepaiuii). Ecinu ob1ee KoarmuecTBo TaKUX onepanuii He sBJseT-
Cs1 MAJIbIM, & [1OCJIEI0BATEIbHOCTh UX BBIIIOJIHEHUS MOXKET ObITh epe-
MEHHOH B 3aBUCUMOCTH OT UCXOAHOI'O COCTOSIHUSI U TPOMEKYTOUHBIX
pe3yJabTaToB, TO BAPUAHThI 00BEIMHEHMSI ITUX 3JIEMEHTAPHBIX Ollepa-
UMHA B €IMHbIE COBOKYITHOCTH, HAlleJICHHbIE HA PELICHUE OIlpeselieH-
HBIX 3a/Ja4 IPaKTUKU, MOTYT MPEACTABISATh CAMOCTOSITENIbHBIN HHTe-
pec. B aTom ciyuae uenecoodpa3Ho BBEACHUE MTOHSTHUS aJITOPUTMA.

Ilon aneopummom MoHUMAETCs COBOKYIHOCTb MPEINUCAHUI 1
MpaBujl, KOTOPbIE OJTHO3HAYHO ONPEAEIISIOT COAePKaHUe U MMOCe/10-
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BATEIHHOCThH JIEUCTBUN UCIIOTHUTEISI U BBIITOJHSSI KOTOPBIE 32 KOHEY-
HOE YHMCJIO IIaTOB MM JIOCTHTAeTCs TPeOyeMbIi pe3yabTar [9]. DieMeH-
TapHbIE OTEepaIii, KOTOPBIE BHIMOJIHIET UCIIOJHUTENb, PEaN3ysl all-
TOPUTM, HA3bIBAIOTCS NYHKMamMu WA waeamu aneopumma. Ilpouecc
COCTAaBJICHUS AJITOPUTMA HA3BIBAETCS AJITOPUTMU3AIUCH.

CyI1eCTBEeHHBIM B TOHSTUU AJITOPUTMA SBIISIOTCS CIEAYIOLIIE €ro
0COOEHHOCTH.

1. B moHsiTUM aniropuTMa HE KOHKPETU3UPYETCS MCIIOIHUTED,
MOATOMY UM MOJXKET SIBIIATHCS KaK TEXHHUECKOe (KMOEpPHETHUECKOe)
YCTPOMCTBO, TaK U YEIOBEK WM KOJUIEKTHUB.

2. IlonsTue anroputMa TpeOyeT OJJHO3HAYHOTO BOCIIPUATHUS HC-
MOJIHUTEJIEM COCTABIISIIONIMX aJIrOpUTMa (IIPH BBITOJIHEHUH AT OPUT-
Ma B OJTHUX M TEX K€ UCXOIHBIX YCTIOBUSIX PA3TUIHBIMU HCITOJTHATEIIS-
MU JOJIKEH TOJIy4aThCsl OJUH M TOT e Pe3ysIbTar).

3. Aaroput™m mepecraer ObITh aITOPUTMOM, €CITU TTPEAIHIChIBaC-
Masi UM MOCIe0BATEIbHOCTD AEUCTBUH SIBIISIETCS (MITH MOYKET SIBIISITh-
Csl TIPU OIpEAETICHHBIX YCIOBUSIX) OECKOHEUHOW. AJIITOPUTM BCerja
KOHEYEH.

[TonsTHe anropuTMa HE IETATU3UPYET XapaKTep BBIMOTHIEMBIX
B €r0 paMKax orepaiuii (IeicTBUit). DTH Orepauy MOTYT IIPOBOTUTh-
sl KaK Ha/I MAaTePHATBHBIMUA OOBEKTAMM, TaK M HAJ JaHHBIMH (MH(DOP-
Marieit). AITOpUTMBI IMOCJIETHETO THUIIA COCTABIISIOT OCHOBY MH(OP-
MALIMOHHBIX TEXHOJIOTUH U ABIISIOTCS IPEAMETOM ITOCIEAYIOLIEro pac-
CMOTpEHHUSI.

[TpuMepsl AITOPUTMOB TIPUBEICHBI HUXKE.

B xauecTBe mepBoro nmpuMepa mpeAacTaBUM aJITOPUTM JEHCTBHIA
Tierexoaa Mpy Mepexo/ie yIuibl. JJaHHbI aarOpuT™M OPHUEHTUPOBAH
Ha BBIMTOJTHEHUE €r0 YEJTOBEKOM U MPEyCMATPUBAET BHITIOJTHEHUE KAK
WH()OPMAITMOHHBIX OTIEpAIUi, TaK U IEUCTBUI MaTepUATbHBIX OObEK-
TOB.

Hmak, aneopumm nepexoda ynuypi.

IT. 1. Onpenenuts, ABISAETCS JIU MTEPEXO.T YIIPABIIEMBIM (T. €. yC-
TAaHOBJIEH JI1 Ha HeM cBeTodop). Ecim cBeTodop mmeeTcs, mepeiTH K
1. 3, eclI OTCYTCTBYET — K II. 2.

I1. 2. Ecnu mepexo/ sIBIsIeTCSl HeYIPaBIIsieMbIM, CIIEAyeT TOCMOT-
peThb HAJEBO W, €CIM OTCYTCTBYIOT JIBHXKYIIUECS MO JAHHOW MOJIOCE
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(mostocam) MalIMHbI, BBIMTH Ha cepeanny noporu. Ecinm nBuxkynimecs
MAaIllHbl MEIAIOT Mepexoy, MPoNnycTuTh ux. [locMoTpeTs HampaBo
U, €CIIK OTCYTCTBYIOT ABUXKYIIMECS IO TaHHOH mosoce (Tojiocam) Ma-
IIUHBI, 3aBEPIIUTH TEPEeX0/T YIUIbl. Eciu ABMKyIInecs MaIliuHbl Me-
AT MEPEXOY, MPOMYCTUTh UX M TIOCIIE 3TOT'0 3aBEPIIUTH MTEPEXO/I.
ITocne atoro nepeiitu k 1. 4.

I1. 3. Ecnu mepexo IBiisieTcsl ympaBIIsieMbIM, CIeIyeT yOoeauThes,
TOPUT JIU 3eJIeHBIN cuTHaJ cBeTodopa. Eciu “ma”, mepetitu ynuity. Ecim
“HeT”, )KIIaTh €ro MOSBIICHUS, ITOCIE Yero nepetu yauiy. ITocre sTo-
ro NepelTH K 1. 4.

I1. 4. Tlocne nmepexoaa MPOAOIIKUTH 3aIJIAHUPOBAHHBIC IEUCTBUS
(anropuTM 3aBepIICH).

3aMeTuM, YTO NMPUBEJIEHHBIN AJITOPUTM MTPUTOJIEH, BOOOIIIE TOBO-
P, JIUIIb TIPU BBITOJIHEHUM HECKOJIBKUX YCIOBUH. Bo-mepBbIX, mpu
HCIIOJIb30BaHMM “B paliOHE OIEepallit IO Mepexoay’’ IPaBOCTOPOHHE-
0 JOPONKHOTO ABWKEHUS (CM. 1. 2). BO-BTOPBIX, TpY HATUYUU TaKOM
PETYIUPOBKU CBeTO(Opa, KOTOPAs MO3BOJISET MemexoAy (YyCreTh) re-
pEUTH yIUIly 10 U3MEHEHHUS IIBETa CUTHAjla — B IPOTUBHOM CIIydae
clelyeT B M. 3 IPeIycCMOTPETh OCTAHOBKY Ha cepe/lnHe yIuIlbl (“ocT-
poBke 6e3omacHocTH ). B-TpeThuX, HAKOHEI, IIPU BBIMTOJTHCHUN BCEMU
YYACTHUKAMU JIBYKEHUS (TIPEkKe BCErO — BOJUTEIISIMU) MPABUIT J10-
POXHOTO JBIKeHUS. TakuM oOpazoMm, ciieyeT MPU3HATh, YTO MpaK-
TUYECKH BCET1a aJITOPUTMBI IPEICTABIISIIOT COO0M MOIeTN IEHCTBUH B
HEKOTOPBIX YCIIOBUSIX, KOTOPBIE MOTYT OTPaXaTbh CyObeKTUBHBIE ITPE/I-
MOYTEHUSI CBOUX ABTOPOB M KOTOPBIE CIIETyeT YeTKO OonpeneauTh. Tak,
HampuMep, POJIUTEIN BITpaBe MOTPeOOBATH OT JIeTEH MePEXOaUTh Y-
IIBI TOJIBKO B T€X MECTax, IJie YyCTAaHOBJIEHBI CBETO(OPHI, UYTO yIIpoIa-
€T AJICOPUTM JICUCTBUN.

Ha puc. 8.2.2 mpencrasiieH aaropyuTM JjIs TPOBEICHUS pacUyeToOB,
KOTOPBIE PEATM3YIOT CIEAYIONTYI0 MATEMATHIECKYIO 3aBUCUMOCTh:

A+B, eciou B>A;
A-B, ecim B<A.

Ha puc. 8.2.3 npencrasieH alroputM, KOTOPBIX MO3BOJISIET yIIO-
psmounTs 1o yopiBaHmto 3HaueHni K uncen B Maccuse nanHbix C(1:K).
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HAYAJIO

TTpoussectu BBOA mapaMeTpoB A u B

A v

Y=A-B Y=A+B

IIpownssectu BBOI mapameTpoB Y, A u B

v

Puc. 8.2.2. Anroput™m BbluUCNEHHS PYHKLMK

[

Ci1K) /

Puc. 8.2.3. Anroput™ ynopsgo4yeHus MaccvMBa Uncen
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AIITOpUTMBI, TIpeACTaBIeHHBIE Ha puc. 8.2.2 u 8.2.3, MOTyT OBIThH
peann30BaHbl KaK YEJTOBEKOM, TAK U TEXHUUYECKUM CPEICTBOM.

Heobxoaumo oO6paTuTh BHUMAHKME HA TO, YTO aJITOPUTM, MPE/-
CTaBJIEHHBIN Ha puc. 8.2.3, sBisieTcs He €IUHCTBEHHO BO3MOKHBIM.
Cy1iecTByeT MHOTO BapUAHTOB AJITOPUTMOB YIOPSAOUEHUS YHCEIl B
MaccuBe. TakuM obOpasom, npu pa3zpaboTKe ajlropuT™Ma BOZHHKAET
npo0OiieMa BeIOOpA JIYUIIETO 10 KaKOMY-IH0O0 KPpUTEPHUIO (IIpaBUiIy)
aIrOPUTMA U3 MHOXECTBA BO3MOYKHBIX.

Dopmbl 3anucu anreopumma

K Hacrosimemy BpeMeHH chOpMUPOBAIUCH M HALIUTUA HIMPOKOE pac-
MPOCTPAHEHUE IIeCTh PA3IMIHBIX (POPM 3aIHCH aITOPUTMOB [6, 9, 10].
Taxkumu popmamu SIBISIOTCS:

e TaOIMUHAS;

® CJIOBECHAS,

® 3aIMCh AITOPUTMA B BUJE OJIOK-CXEMBI;

e oriepaToOpHas;

e (popMma, UCHoIb3yIOLIAs IICEBIOKO/IbI;

® SI3bIKM TPOTPAMMHUPOBAHUS.

Tabnuunas Gopma 3amucy alIrOpPUTMA YacTO HCIIONB3YeTCs IS
BeZieHus yueTHoH nokyMenTauuu. [Tpu pazpadotke nporpamm Ha 9BM
Takas (popMa MpakTUYECKOro MpUMeHeHHs He HaxoauT. OaHako Tad-
Jau4Has GpopMa MpeacTaBlIeHUs! aIrOPUTMaA YacTO BBICTYIIAET B BUIE
UCXOJIHON MHPOPMAIIMH O MEXaHU3ME BBIITOTHEHHU S JeHCTBUI Ha MTpaK-
tuxe. Kpome toro, Takast popma 3ammcu aaropurMoB Moyduia “Ho-
BYIO J)KM3HB" C MOSIBJICHHEM U IIUPOKUM PACIPOCTPAHEHUEM TaOINY-
HbIX mporteccopoB (Excel; Lotus 1-2-3). ITpumeps! Tab1uaHOM (HhOpPMBI
3aIMKUCH aJITOPUTMA MPEJICTaBIeHbI Ha puc. 8.2.4 u 8.2.5.

Yuem nocmynnenus momopnoeo macra (MM ) na cknao I'CM

Komauectso Bec KomuuectBo
Howmep IOJIyYEHHBIX " Bcero % MM
MM B MOJIyYEHHOT O
3aKasza oouek ¢ MM, 6 MM, T B Tape
T ouke, T [ MM 6e3 Tapsl, T
3.7/12 10 0,2 15 15 25%

Puc. 8.2.4. TabnnuHas popma 3anucu anropuTMa B yUeTHOM LOKYMEHTaLuM
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N a b c a2 Jo | A=a2-b | B=A/Ve | sin(B)
1 4 16 9 16 3 0 0 0

Puc. 8.2.5. TabnuuHas copma 3anucu anropuTMa BblUUCIEHHS
apUPMETUYECKOTO BbIPaXKeHHs

Cnogecnas hopMa 3aIUCH aIrOPUTMA MPEAIoNaraeT ero onuca-
HUE C TIOMOIIBIO CJIOB U NpeioxkeHni. MiIMeHHO B clioBecHOM dopme
3amMcaH MPUBEICHHBIN B HAYaJIe ITyHKTA aJIFOPUTM IEePEeXoa YIULIbI.

Hannast hopMma siBiisiercst HanboJiee MPOCTON U €CTeCTBEHHOMN J1TsI
caMoro MIMPOKOro Kpyra moaei. Hanbosmbiee pacripocTpanenue sta
(dhopMa HAXOIUT HA HAYAIBHOM J3Tarle pa3pabOTKH MPOTPAMMHBIX CH-
cTeM IIpHu (POPMUPOBAHUN OCHOBHBIX 3JIEMEHTOB MX 3aMBbICTIA, a TAKKE
MIPH ONMCAHUU TMHAMUKHU B3aUMOJCHCTBUSI OCHOBHBIX OJIOKOB (MOY-
neif). HeoOxoqumMo MMeTh B BUIY, UTO CIOBeCHas popMa 3aIiCH J10-
MYCKAET 3aIUCh JII0OOOTr0 CKOJIb YTOJAHO CIOKHOTO aJrOpUTMA.

Henocratkamu cioBecHO# GOPMBI 3aMUCH aJITOPUTMA SIBIISIIOTCS
€e TPOMO3/IKOCTh ¥ OTCYTCTBHE HATJISIITHOCTH JIJISI CIIOKHBIX aJITOPUT-
MOB.

bok-cxempi anTOPUTMOB TMOJTYYHIIA OOJBIIIOE PACTIPOCTPAHEHUE
Oyrarogaps HaTJISTHOMY M KOMITAKTHOMY TTPEICTABIICHUIO aJITOPUTMOB
B rpaduueckoii popme. Kaxkmomy myHKTy (11ary) aaropurma B OJ10K-
CXeMe CTaBUTCSI B COOTBETCTBHE OTIEIbHBIN OJ0K. Biioku mexmy co-
0011 COeIMHSIIOTCS CTPEITKaMU, KOTOPBIE OMPEIEIISIOT MOPSAOK peau-
3alMU JeWCTBUI, MPeTyCMOTPEHHBIX B KaxaoM Osioke. [TpuHsATHI or-
peleNieHHble CTaHAapThl rpaduueckoro u300paxkeHus OJIOKOB MpH
OTIMCAaHNH NHPOPMAITMOHHBIX aITOPUTMOB. OCHOBHBIMU U3 HUX SIBIIS-
I0TCSl TAaKUE reoMeTpudecKkue (QUrypshl, Kak MpsIMOYTOJIbHUK, POMO,
napajuIeIorpaMMm, Tparenus, OBaj 1 JIp.

B npsimoyronpHIKE MOMENIAIOTCS AEUCTBUS MO 0€3yCIIOBHOM I1e-
pepaboTtke nnpopmanuu. bioku B Buze poMOOB OMUCHIBAIOT IIPOBEP-
KY Pa3IU4YHBIX YCIIOBUH, CBI3aHHBIX C TEKYIIMM 3HAYEHUEM Tepepada-
ThIBaeMo# MH(popmaru. OBanbl 0003HAYAIOT HAYAIO U OKOHUYAHUE
paboTsl anroputMa. 1 3anucu 1eicTBUi BHYTpU OJIO0KOB UCIIOIB3Y-
eTCSI €CTECTBEHHBIN S3BIK MJIM MAaTEMATUYEeCKasi CHMBOJIUKA.

[Tpumeps! 3amucH aITOPUTMOB C UCIOJIB30BAHUEM OJIOK-CXEM
npeacTaBieHbl Ha puc. 8.2.2 u 8.2.3.
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Onepamopnas popMa — 3T0 3aIUCh AITOPUTMA B BUJE YCITOBHBIX
OYKBEHHO-LU(POBBIX CUMBOJIOB-OIIEPATOPOB, I'PaPUUECKUX 3HAKOB-
CTPEJIOK M 3HAKOB MpenuHanus. OnepaTopsl MOAPA3AEIAIOTCS Ha OC-
HOBHBIE — apu(MeTHIeCKHe, JIOTHIECKHE U BCIOMOTaTeIbHbIe — BBO-
Jla-BbIBO/IA, OCTAHOBA M 11p. JJIsi onepaTopoB ONMpEIeNICHHbIX THIIOB
MIPUHUMAIOTCS OJTMHAKOBBIC 0003HAYCHHUS B TIPE/IeIaX BCETO aJrOpUT-
Ma. Hampumep, A — apudmerudeckuii onepatop, P — moruveckuit
oneparop, I1 — onepatop BBoga-BbIBOJIA, Sl — omepaTop ocTaHOBA U
T. 1. OnepaTopsl B 00I1IEM CIIydae MOTYT COCTOSITh U3 COUETaHUs He-
CKOJIBKUX OYKB.

3anuch alropuTMa B ONEpaTOpHON Gopme MPOU3BOAUTCS C CO-
OJTFO[IEHUEM CIIETYIOIINX TTPABILT:

e BCE ONEPaTOPBI 3aIUCHIBAIOTCS B OJJHY CTPOKY;

® KQXKIBII U3 OTIEPATOPOB CHAOXKAETCS MHIIEKCOM, YKa3bIBAIOIIINM
MOPSAKOBBII HOMEp onepaTtopa (HyMepalusi onepaTopoB CKBO3Has);

® €CITM CUMBOJIBI ONIEPATOPOB CTOSIT PSIOM, TO 3TO 3HAYUT, YTO
orepaTop, CTOSIIMI ClipaBa, MOJyJyaeT ypasieHHe OT orepaTopa, CTo-
SIIIETO CIIEBA;

® eCJIM OTIEPATOP, CTOSILLIUI CIIpaBa, He MOJIy4YaeT YIpaBJIeHUe OT CTO-
SIIIETO CJIeBA OINEPATOPA, TO MEXKIY HUMH CTABUTCS TOUKA C 3aISITON;

e Iepeiaya yrnpaslIeHUsl OllepaTopy, He CTOsIIEMY clipaBa, 000-
3HAYAETCS CTPEIIKOM.

ITpumep 3anmcu B onepaTopHOii popMe aaropuT™Ma onpeaeaeHus
KOPHEeM KBaJApaTHOI'O0 YpaBHEHUS IIpe/ICTaBlIeH Ha puc. 8.2.6.

T6 14
I1,TL,AP, A AL S,
17 15

I1;, — onepaTop BBOJA MCXOIHBIX JAHHBIX (a, b, C);
I1, — onepaTop ne4yaTu UCXOIHBIX JAHHBIX;

A, — onepatop pacuera Bennuunbl D = b? — 4ac;

P, — oneparop nposepku ycinosus D > = 0;

A5 — onepaTop pacueTa JeHCTBUTEIbHBIX KOPHEI;
A — omepaTop pacyeTa MHUMBIX KOPHEH;

I1, — omepaTop BbIBOJA HA I€YATh 3HAYEHUH KOPHEIH;
Sy — omepaTop ocTaHOBA.

Puc. 8.2.6. OnepartopHas copma 3anucu aaroputma BblYUCIIEHUS
KOPHEW KBAApaTHOrO ypaBHEHHA
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OnepaTtopHas popma 3alucu aJIrOPUTMOB SIBIISIETCS CAMOM KOM-
naxTHoW. OJIHAKO, B CUITy MAJION HATJISZTHOCTH COACPKAHUS ICUCTBUH,
BBIIIOJIHAEMBIX KaXIbIM OIIEPATOPOM, ITPU pa3zpaboTKe MPOrPAMMHBIX
CHCTeM paccMaTpuBaeMas popma MpUMEHSIETCS PEIIKO.

Ilcesookoo mpencrasisietr coboii cucteMy 0003HAYSHMI U TPABHII,
MpeIHa3HAYCHHBIX IS €AMHOOOPA3HOM 3aITUCH PA3IMYHbIX aJITOPUT-
MOB. I1ceB1OKOIbI 3aHUMAIOT POMEXKYTOUHOE ITOJIOKEHNE MEKIY €C-
TECTBEHHBIM U (pOpMaIbHBIM SI3BIKOM. B I1ceB10KO/I€ HE TPUHSTHI CTPO-
TUe CHHTaKCUYECKHe TTpaBuJa JIJTs 3aIiCH KOMaH/[ B OTIINYHE OT (pop-
MaJIbHBIX SI3BIKOB (SI3BIKOB MPOrpaMMHUpPOBaHUs). DTO objeryaer 3a-
MMCh AJITOPUTMA Ha CTAJIUH €r0 TPOESKTUPOBAHMS U 1a€T BO3MOYKHOCTD
UCIOJIB30BaTh OoJiee MHUPOKUI HabOp KOMaH[, pacCYMTAHHBIN Ha
abcrpaktHOro ucnonHuTens. OgHAKO B MCEBAOKOJIE UMEIOTCS HEKO-
TOpPBIE KOHCTPYKIIMH, TIPUCYIIHE (hOPMaTBHBIM SI3bIKaM, 4TO 00Jerya-
€T TIepeXo/] OT 3aITUCH Ha TICEBIOKO/IE K 3aITUCH HA TOM VI MTHOM $I3bI-
Ke IPOrpaMMHPOBAHMS. B 4acTHOCTH, TICEBIOKO/, TAK K€ KaK U SI3bIK
MPOTPAMMUPOBAHUS, UMEET KIIIOUEBbIE CIIOBA C YETKUM CMBICIIOM, OII-
PEIETAOIINM HEKOTOPYIO MOCIIEI0BATENBHOCTD ACHCTBUM.

[Tpumep 3anmcy ¢ ICMOB30BAHKEM TICEB/IOKOA AIITOPUTMA, PealTi-
3YIOILIETO [TOJICUET YMCIIa CHMBOJIOB B KOJIOTpaMMe, IIpUBe/ieH Ha puc. 8.2.7.

HAYAJIO AJITOPUTMA

3aIicaTh B CUETUYHUK CJIOB 0

YCTAHOBUTH YKA3aTellb HA TIEPBYIO 3aMUCh TEKCTA;
ITOKA cumBoin ectb “ . ” IIOBTOPSATDH

HAYAJIO ITIOBTOPEHU A

ECJIN cumBo ecThb mIpoden
TO cueTuuk ci10B yBEIUUYUTD HA 1;
IIEPEBECTH YKa3aTellb Ha CIIEAYIOIINI CUMBOJI;

KOHEL ITOBTOPEHUM A
B34Th 4UCIIO B CYETUHKE CIIOB B KAUECTBE PE3YyJIbTATA;

KOHEL AJITOPUTMA

Puc. 8.2.7. 3anucb anropuMtMa ¢ MCnosib30BaHUEM MNCEeBROKOAA
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B nacrosiiee BpeMs UIst 3aITUCH CPABHUTEIHHO HECTIOKHBIX aJIr0-
PUTMOB JOBOJIBHO YaCTO MCHOJB3YIOT S3bIKU IPOrPAMMUPOBAHHUS (KaK
IPaBUIIO, BBICOKOTO YPOBHs). O4eBUIHBI IO KpaiiHEei Mepe /1Ba Henlo-
CTaTKa Takod (pOpMBI 3aIUCH: MUCKITIOUUTEIIBHO HU3Kasl HATJISTHOCTD
(KpoMe TPUBHAIBHO MIPOCTHIX AJITOPUTMOB) U HEOOXOIMMOCTD 3HAHUS
UCIIOJIb3YEMOT0 sI3bIKa MporpamMmupoBanus. [IpuBenemM mpocTenTmii
npuMep pparmeHTa mporpaMMbl IepeBoa 10JIIapoB B pyOIIH, CO3/1aH-
HOI1 B cpenie mporpammupoBanus Borland C++ Builder (s13p1xk — C++):

/* Tlporpamma nepeBojia JI0JIapoB B pyosm */

{

int DollarsNum; RateValue ; // UcxonHble qaHHbBIE

int Result ; // Pezynbrat

DollarsNum = StrTolnt (Dollars->Text) ;

RateValue = StrTolnt (Rate->Text) ;

Result = DollarsNum * RateValue ;

Labell->Caption = IntToStr(Result) ;

}

B pesynbraTe BBINOJHEHHUS TAKOW MPOTPAMMBI B TI0JIC HAJITHCH
Labell mosBuTCS cymMmMa B pyOIIssX — pe3ylabTaT IePeBOa 3HAUCHUS
oyt BBoa Editl Dollars (CyMMBI B goiutapax) o Kypcy, 3aJJaHHOMY
B noJjie BBoja Edit2 Rate.

Cmpyxmypul aneopummos

PaccMmoTpenHbIe BhIIIE MPUMEPHI 3aUCH AJITOPUTMOB YKa3bIBa-
10T Ha TO, YTO KaX/IbI{ U3 HUX, B KaKoil ObI (hopMe OH HU OBLT 3aTICaH,
MpeACTABISET COOON HEKOTOPYIO CTPYKTYPY, COCTOSILYIO U3 OT/IEb-
HbIX 0a30BbIX KOMaH/. JlaHHbIE KOMAH/Ibl B 3aBUCUMOCTU OT CBOEH
CJIO’)KHOCTH AEJATCS HA IIPOCThIE U COCTABHBIE.

[Tpocrast kOMaHAa COOTBETCTBYET OJIHOMY 3JIEMEHTAPHOMY LIAry
anroputMma. [IpuMeHUTENbHO K alropuTMy puc. 8.2.2 TAKUMU 3JIEMEH-
TapHBIMH KOMaHIaMH SIBJISTFOTCS koMaHael Y = A + Bu Y = A - B.
ITpocTbie koMaHIBI B OJIOK-CXeMax U300 paxaroTcs B BUje OJ10Ka, nMe-
IOIIEr0 OJIMH BXOJ M OJIUH BBIXOI.

M3 cOBOKYMHOCTH MPOCTBIX KOMaH/ 00pa3yloTCsi COCTABHbIE KO-
MaH/Ibl, KOTOPBIE UMEIOT CIIOKHYIO CTPYKTYpY. M3 BCeX CIOKHBIX KO-
MaH/I 11eJIeCO00Pa3HO BBIACTUTH TPU OCHOBHBIX THIA!

263



® KOMaH/a CJICIOBAHUS;
® KOMaH/Ia BETBIICHUS,

e KOMaH/a IMOBTOpeHUs (ITUKIIA).

Komanpna credosanus obpazyercst u3 IpoCThIX KOMAH]I CIIEAYIO-
HIUX CTPOTO OJiHA 3a npyroi. Ha puc. 8.2.8 mpencrasiena 0j10k-cxeMa
KOMAaH/IbI CIIe/IOBAHMSI.

C oMOIIbI0 KOMAH/IbI 8eMmeIeHUs OCYIIIe-
CTBIISIETCSI BBIOOP OJTHOT'O U3 HECKOJIBKUX BO3-
MOJKHBIX BApPUAHTOB JCHCTBUI B 3aBHCHMOC-
TH OT BBITIOJTHEHHSI HEKOTOPBIX ycimoBuid. Ko-
y MaH/la BETBJICHUS MOJET MCIOJH30BATHCS B
COKpaIlleHHOH (popMe, KoT1a TTPH BLITIOJTHEHUH
YCITOBHS BBITTOJIHSETCS OJHO JIEHCTBUE, a TIpU
* HEBBIMTOJIHCHUH YCIOBUS BOOOIIEC HUKAKUX
JIEUCTBUI HE BBIMOJIHSETCS.

| Ha puc. 8.2.9 npencrasiena 61ok-cxema

y KOMAaH][ BETBJICHHS B ITOJTHOH (&) M COKpaIlleH-
MpocTas komaHga K HOI1 (6) popwme.

Komanna eéemenenus (yuxna) peanusyer

l BO3MOJKHOCTh MHOTOKPATHOTO BBIMTOJTHECHUS

OJTHOM M TOM JK€ COBOKYITHOCTH OIPEJICIICHHBIX

nerictBuit. Imerotcest ABa Tumna KOMaH1 TOBTO-

MpocTas komaHaa 1

MpocTtasn komanaa 2

Puc. 8.2.8. bnok-cxema

CHUS.
KOMaHAbl CnefoBaHus
Ra Her fa Her
Ycnosue Ycnosue
Oencteue 1 Hencteue 2 Hencteue 1
a) 6)

Puc. 8.2.9. Komanab! BeTenenus B nonHow (a) u cokpatieHHol (6) hopme.
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e KOMaH/1a MMOBTOPEHUS C IIPETYCIOBUEM;

e KOMaH/1a TIOBTOPEHUSI C TOCTYCIIOBUEM.

HcrnonHeHne KoOMaH/I IIOBTOPEHUS C 1pedyci08uem COCTOUT B TOM,
YTO CHaYaJIa IIPOBEPSIETCS YCIIOBUE, KOHTPOJIMPYIOIIee HEOOXOUMMOCTh
MOBTOPEHMUS ICUCTBUI, & 3aTEM BBIIOJHSIIOTCS COOTBETCTBYIOLINE ACH-
ctBUsl. OCHOBHON OCOOEHHOCTHIO KOMAH/bI TOBTOPEHUS C IIPETYCIIO-
BHUEM SIBJISIETCS TO, UTO ACUCTBUS MOTYT HE BBIITOJIHUTHCSI HU pasy, eciiu
pu oOpaIeHn K KOMaH Ie ITOBTOPEHMS ITPOBEPKa YCIIOBUS JTACT OT-
pULATEIbHBIN pe3yIbTaT.

[Tpu BeITTOTHEHUN KOMAH/IbI TOBTOPEHUS C HOCIMYCI08UeM KOHT-
pOJIb HEOOXOAMMOCTH OUYEPETHOTO MOBTOPEHUSI MMPOBOJAUTCS TOCIIE
BBITIOJTHEHU S IEUCTBUIN. B oTiIMure OT mpeabiayIeit KoMaHabl, KOMaH-
Jla TIOBTOPEHUS C MOCTYCIIOBUEM MPEAYCMATPUBAECT BBIMOJIHEHUE JACH-
CTBUH XOTS ObI OWH pa3.

Biok-cxemMbl KOMaH]T MTOBTOPEHMS C TIPEAYCIOBHEM (a) ¥ TTOCTYC-
noBueM (0) peacTasieHsl Ha puc. 8.2.10.

'V
Het OencTteue
Ycnosue
Oa
Het
Ycnosue
Hencteune
L 1
Oa
a) 6)

Puc. 8.2.10. KomaHap! nostopenusa (uukna) ¢ npeagycnosuem (a)
1 noctycnosuem (6)

Co3zanuemM aJiIropUTMOB ITPOTPAMMHBIX CUCTEM 3aBEPIIIACTCS ITAIT
UX TEXHUUYECKOTO MPOEKTUPOBAHMS, 32 KOTOPBIM CIIEAYyeT 3Tan pado-
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4ero MpOeKTUPOBAHMS, TIPEAHA3HAYCHHBIN ISl HAITMCAHUS U OTJIAJIKH
nporpamm Ha 9BM B COOTBETCTBUM C pa3pabOTaHHBIMU aJITOPUTMAMH.
B 3akimroueHne OTMETHM TPU BaXKHBIX OOCTOSITENbCTBA. Bo-1ep-
BBIX, IIPU CO3aHUN UH(POPMAIIMOHHBIX M PACUETHBIX 3aj1au, KaK Ipa-
BUJIO, CHaYaJ1a pa3pabaThIBAIOTCS 0000ueHHble, & 3ATEM — 0emajibHble
aJITOPUTMBI, TI0 KOTOPBIM U OCYIIECTBIISIETCS COOCTBEHHO MPOTrpaMMHU-
poBanue (kogupoBanue). [Ipu 3TOM i1 3amucu 0OOOIIEHHBIX U JIe-
TaJIbHBIX aJITOPUTMOB MOTYT UCIIOJIB30BATHCS pa3IMuHbIe (hOpMBIL. Bo-
BTOPBIX, MEPEUUCIICHHBIC BBIIIC TUITOBbIC KOHCTPYKIIUU aJITOPUTMOB
JIETJIM B OCHOBY OJIHOU M3 JTOBOJILHO IIIMPOKO TTPUMEHSIEMBIX TEXHOJIO-
Ui CO3MIaHUSI TIPOTPAMM — CHIPYKIYPHO20 NPOSPAMMUPOSAHUsL, TIO-
3BOJISIIOIIETO pa3padaThIBATh BEChMa HATJISIHBIC IPEBOBU/IHBIC aPXU-
TEKTYPBI TTPOTPAMM, KOTOPbIE JIETKO UHUTAIOTCS U — IPH HEOOXOIU-
MOCTH — MOJUPUIUpPYIOTCcsa. HakoHell, B-TpeThUX, CYIIECTBYIOT 00-
Jiee COBpeMeHHbIe cpeacTBa anropurMmusanuu 3agad (CASE-cpeacrsa),
B KOTOPBIX JJISI 3aIMICU AITOPUTMOB MCIIOJIb3YIOTCS CIIeIUAIbHBIC U~
arpaMMbl pa3IM4HOro BUAA (CM. I1. 8.3 HACTOSIIEro YUeOHUKA).

8.2.4. CopepxxaHue pabor Ha 3Tanax
co3laHUA UH(OPMALIMOHHDIX, PaCYeTHbIX 3aAay
M UX KOMMJIEKCOB

[Mopsimok cozmanust MHPOPMAIIMOHHBIX, PACYETHBIX 33149 U UX
komriutekcoB (MP3 u K) onpenenen denepanbabiMu 3akoHaMu Poccutii-
ckoil denepany, a TaAKKEe FOCYIapCTBEHHbIMU CTaHIapTaMu. B co-
3MQHUU 33/1a4 U UX KOMIUIEKCOB YYaCTBYIOT JIBE€ CTOPOHBI: 3aKa3UUK U
pa3pabotuuk. Ecinu pazpaboTUMKOB HECKOJIBKO, TO CPEU HHUX OIpe-
JIETSIETCS 20/106HOL pA3padOmMyuK (UCHOIHUMENb) U COUCHOTHUMEU.
Bo3MokHO Takke CylecTBOBAHUE HECKOIbKUX 3aKa3yuKos. Toraa cpe-
JTN HUX BBIIEISIETCS 20106HOU 3AKA34UK, & OCTATbHBIC 3aKa3UNKH Ha3bl-
BAIOTCS CO3AKAZUUKAMU.

ITpouecc cozganust UP3 u K B npuHLMIIE OAMHAKOB U BKIIIOUAET
CIIeTyIoNIe 3Tarnbl [54]:

® pa3pabOTKU TEXHUYIECKOTO 3aTaHUS;

® 5CKM3HOTO NMPOSKTUPOBAHUS;

® TEXHHMUYECKOTO MPOSKTUPOBAHUS;

e paboyYero MPOeKTUPOBAHMSL.
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ITo pemenuro 3aka3unka, ChOPMUPOBAHHOMY B TEXHUUECKOM 3a/1a-
Hunm (13), gomyckaercss 00beIMHEHNE OT/ICIIBPHBIX 3TAIIOB Pa3pabOTKH,
M3MEHEHHE UX COJIEpXKaHMs WM BBeJeHUe Apyrux sramnos. [Ipogomku-
TEITLHOCTD 3TAIIOB, @ TAK)KE YPOBEHb, C KOTOPOT'O HAUMHAETCS pa3padboT-
Ka 3a/1a4 M UX KOMITJICKCOB, ONPEACISACTCS B KaXKIOM KOHKPETHOM CITy-
Yae, UCXO/ISl U3 UMEIOIIErOCs HAyIHO-METOINUECKOTO 3a/1el1a TI0 JTAHHOM
npobneme. Kaxxaplii aTan 3aBepiuaercst B IOpsIKe, ycraHoBIeHHOM T13. B
YACTHOCTH, UTOTH KaKJIOTO 3TAIa pacCMaTPUBAIOTCS 3aKa3UUKOM.

JlJ1s TOBBIIIICHHST OTIEPATUBHOCTH B3aUMOCHCTBUS 3aKa3unKa U
pa3paboTurKa, HEMPEPhIBHOIO KOHTPOJIS 32 A TEIbHOCTHIO pa3paboT-
YHKa JKEeJIATEIbHO U3 COCTAaBa 3aKa3bIBAIOIICH OpPraHU3allui BhIJICIIUTh
COTPYJIHUKA, KOTOPOMY MOPYYACTCI HAYYHO-TEXHUYECKOE U OPraHu-
3alIMOHHOE COMTPOBOXKACHKE BCeX BUOB paboT no coznannio MP3 u K.
DTOT COTPYAHUK HA3BIBAETCS COTPYIHUKOM COIPOBOXK/ICHUS.

Dman pazpadomku mexHuuecKo20 3a0anus

T3 sBAsSETCS UICXOTHBIM TOKYMEHTOM, YCTAHABJIMBAIOIITIM OCHOB-
HO€ Ha3HayeHue, TEXHUUECKUE XAPAKMePUCMUKU 1 mpebosaHus,
NPEbSIBIIEMbIE K CO3IaBAEMBIM 3a/1a4aM M UX KOMITJIEKCAM, a TAKKe
nops00K pabom Ha BCEX 3TAIax U cpoku ux mposeneHus. T3 dopmupy-
€TCSl 3aKa3YMKOM COBMECTHO C Pa3pabOTUNKOM.

st mpoBeieHUsT pabOT Ha 3TOM JTare 3aKa34MK MOXKET CO37a-
BaTh paboune TPYIIbl U3 CBOUX IMPEACTABUTENEH, MPeICTaBUTENCH
pa3paboTunuKa U APYTUX CIEIHATIUCTOB (IKCIIEPTOB) B 3aBUCHMOCTH
OT XapaKTepa CO3aBaeMbIX 3a/1a4 U MOJIEIIEH.

[Tpu pazpabotke T3 ocymecrsisiercs:

® IIPOBEJICHUE UHDOPMAYUOHHO20 00CIed06atusi 00BEKTA aBTOMA-
TU3AIMN ¥ YTOUYHEHUe (PYHKUIMN W 3a/7a4 yIpaBJIeHUs, MOIISKAIINX
aBTOMATHU3aIINN;

e onpeodenenue HEOOXOIUMOTO cocmasa xomiuiekca 1 u P3;

e pa3paboTKa onepamusHbiX NOCMAHOBOK 3A0ad;

e (hopMuUpoBaHue 3adanus (onpeielicHre pa3padoTUNKOB, CPOKOB
U MOPsiZIKa CO3AAHMS 3a/1a4 U MX KOMIUIEKCOB, CPOKOB, 00'bEMOB U I10-
psiaka puHaHcupoBaHMs pabOT, Mep MO OXpaHe ABTOPCKUX MPAB M JIp.)
U UCXOOHBIX OAHHDIX.

[TpoBenenne nHGOPMALMOHHOTO OOCIEAOBAHUS OOBEKTA ABTO-
MaTHU3aLMU U yTOYHEHUE (DyHKIMIA 1 33444 YIIPABICHUS, ITOJISKAIINX
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ABTOMATHU3AINH, SIBIISIIOTCS HEOOXOJUMBIM 3JIEMEHTOM 3Tara paspa-
6otku T3. INpu uHBOpMATMOHHOM OO0CIEAOBAHUM AHATU3UPYETCS
npotecc PyHKIIMOHUPOBAHUS 00bEKTA ABTOMATHU3AIIMH T10 TIepepadoT-
Ke MH(OopMaLIUU 1 OTIPEAEIISIOTCS T€ AIIEMEHTBI 3TOTr'0 Ipoliecca, KOTo-
pble MOTYT WJIHM JTOJDKHBI OBITH BO3JIOXKEeHBI HAa DBM. OmauM u3 pe-
3yJIbTATOB MHPOPMAIIMOHHOTO 0OCIEIOBAHUS SIBIISIETCS COCTaB KOMII-
JIeKca 3a]1a4d, KOTOPbIE JOJKHBI OBITh Pa3pabOTaAHBI.

OCHOBHBIM TOKYMEHTOM, COJIEPKAIIKUM BCIO MH(POPMAIIHIO O CO-
3/1aBaeMoi 3a1aue (UM KOMITIEKCe 3a/1a4), ee Ha3HAaYeHUH U TpeboBa-
HUSIX K HEH, SBIISIETCS ONepamustas ROCMAano8Kd 3a0auu (Ui KOMIIeK-
ca 3a0ay ), KOTopasi opopMIIIETCS KaK obs3amebHoe npuiodicenue k T3,

T3 B 11e710M ¥ OTIepaTUBHBIE TTOCTAHOBKH 33724 TIOAMUCHIBAIOTCS
TOJIOBHBIM Pa3pabdOTUYMKOM, COTTIACOBBIBAIOTCS C OPraHU3aLUsIMU-CO-
HCIIOJIHUTEIISIMU, allllapaToM yIpaBJIeHUs, HA KOTOPOM OyleT BHe-
IPSATHCS 3a7a4a, U ymeepaicoaromes 3axkazduxom. IlpoBeneHue paspa-
OOTKHM 32/1a4 U UX KOMIUIEKCOB 0e3 yTBepkaeHHoro T3 He qomyckaer-
csi. B mporecce manpHeimmx padot no cozganuio AWMC wm ee are-
MEHTOB ITPY HEBO3MOKHOCTH BBITIOJTHEHUSI TPEOOBAHUI OTIEPATUBHOM
MTOCTAHOBKHM OHA MOKET KOPPEKTUPOBATHCS € pA3peuleHus: 3aKa34uKd
Ha JIF0OOM 3Tarre co3nanus u BHeapeHus NP3 u K.

Dmanvt ICKU3HO20 U MEXHUYECKO20 NPOEKMUPOBAHUs

ITocne yrBepkaeHus 3aka3uukoM T3 pa3zpaboTUMK MPHUCTYIAET K
aTaIry 3cku3Horo npoektupoBaHus (A1), KOTOPkI YaCTO OOBEIUHSIOT C
stanoM Texundeckoro npoekruposanus (TII). Ha stanax sckusnoro u
TEXHUUECKOT'O MPOSKTUPOBAHHS OCYIIIECTBIISIFOTCS CIIIYIOIINE ICHCTBUSI:

® OTIpe/IeIICHUE NPUHYUNOE HOCIPOEHUS, COCTABA U CTPYKTYPBI TEX-
HUYeCKUX U nporpammubix cpeacts MP3 u K (satan OI1);

e ompeAeleHue 0000uernHo2o areopumma GYHKIHOHUPOBAHMUS,
Ha3HAYEHUS U MOpsIKa paboThl AIEMEHTOB 3a/1a4 U UX KOMIUIEKCOB
(atam D1I1);

® OIIPENICIICHUE COOePIAHCAHUS U OOUWUX XAPAKIMEPUCTIUK UHDOpMayU-
OHHBIX C6s13¢ll MK Ty DJIEMEHTaMH 3a/1a4 (KOMITUTEKCOB 3a1a4) (3tam JI1);

® OIpEIENICHUE COCmasga HeoOX00UM020 NPOPAMMHO20 0becneye-
Hust (ITO) mist co3manus 3a1a49 u ux komriekcos (3tam I11);

® BLIOOD UCNONB3YEMBIX MAMEMAMUYECKUX Meno008 U MaTeMaTh-
YecKoe OMHMCaHue MOJIeNIe 9KOHOMUYEeCKUX onepanuii (atar DI1);
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® OIIEHKA BO3MONCHOCHIU 8bINOIHEHUSI OCHOBHBIX MPeD0B8aHULl OTIe-
paTUBHOI MMocTaHOBKH 3a1auu (3tar DI1);

® pa3paboOTKa 0eMmaibHbIX A120pUMMO8 3a1ad U KOMILIEKCOB, UX
MH(POPMAIIMOHHOTO U JIMHTBUCTHYEeCKOTO obecnieuenus (atam TTI);

® [POSKTUPOBAHUE U pa3padonika Heooxoo0umvix 6as oarxolx (3tar TT1).

Anroputmsl U u P3 u K pa3zpabatsiBatorcsi B CTpOroM COOTBET-
CTBHHM C yTBEPXKJICHHBIM T3 M onepaTUBHBIMU ITOCTAHOBKAMU 3a7a4 1
SIBJISIIOTCSL OTIPEACTISIONIMME JIOKYMEHTaMU JUTS TIOCIIEYIOIIEro HAIl-
caHus rporpamMMm. CXeMbl aJITOPUTMOB M ITPOTPAMM BBITTOJTHSIOTCS B
COOTBETCTBUU C HOPMATUBHBIMH TPEOOBAHUSIMH.

Oman paboyezo npoekmuposanus

Ha srane pabouezo npoexmuposanus B COOTBETCTBUU ¢ pa3pado-
TaHHBIMU paHee aJITOPUTMAMH OCYILECTBIISIETCS pa3paboTka mpo-
rpamm, MX OTJaJKa U SKCIepUMEHTAaIbHas IPOBEepKa (UCIbITAHUS) Ha
OBM u odopmieHrne JOKyMEHTAIIMU IO pa3paboTaHHOH 3a1aue (Win
KOMIUIEKCY 3a]1a4).

Ilepen cnaueil oTIaX€HHBIX NMPOIPAMM 3aKa34MKYy pa3pabOTUUK
MPOBOJIUT UX UCIIBITAHMSI C LEJIBIO MPOBEPKH COOTBETCTBUS MMPOIPAMM-
HOTO npojykTa TpedoBanusiM T3. B nporiecce ucibITaHnii MPOBEPSIOTCS:

® 00CM06epHOCMb Pe3yIbMamos PacueToB B PAa3IMUHbIX BapHaH-
TaX UCXOJHBIX JAHHBIX M, B YACTHOCTHU, aJeKBATHOCTh MaTeMaTHyec-
KHX MOJEJIEH orepanuii;

® Xapaxmep GIUAHUS PA3IUYHBLX UCXOOHBIX OAHHbBIX HA PE3yJIbTATHI
pacueTa (MOJCITUPOBAHNS);

® HAOeNHCHOCMb TIPUMEHSIEMBIX TEXHHYECKUX U MPOTPAMMHBIX
CPEICTB 3aLUTHI JAHHBIX;

® OnepamuHOCb OIYYEHHBIX PE3YJIbTATOB PACUETOB;

® y0o6cmeo pabompi ¢ IBM B mpoliecce pacyera Wi MOJISTIMPOBAHUS;

® Kauecmeo pa3pabOTAHHBIX AJITOPUTMOB U IPOTPAMM U T. [I.

IIpoBepka docmoseprnocmu pe3yibmaniog TPOBOAUTCS HA Bapu-
AHTaX MCXOJHBIX AHHBIX C peajbHON WM ydeOHOU MHpopMarmei,
obecreunBaroINX POBEAEHNE BCECTOPOHHEH OLIEHKU IMOJy4yaeMbIX
pe3yJIbTATOB IIYTEM CPABHEHMsI C pe3yIbTaTaMu IIPOBEIEHHBIX peajb-
HBIX 3KOHOMUYECKHUX onepanuil. {i1s okoHUaTeIbHON OLEHKH 10CTO-
BEPHOCTH PE3YJIBTATOB PACUETOB (MOIEIUPOBAHUS) MOT'YT IPUBJIEKATh-
Csl KOMIIETEHTHBIE 3KCIIEPTHI.
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Bce paboThl 1o mpoBepke rOTOBHOCTU MPOTPAMMHOTO MPOAYKTA
MIPOBOMSITCS Ha MexXHuuecKkoli baze pazpabomyuka. B pabote mo npo-
Bepke (ucnbiranuio) UP3 u K yuactByer coTpyAHHUK COITPOBOKIACHMUS.
OO00O0IIIEHHBIE Pe3yIbTAThI IKCIIEPUMEHTATBHON MPOBEPKHU pa3pado-
TaHHBIX 3aJ1a4 ¥ KOMIUIEKCOB MPE/ICTABIISIOTCS] 3aKAa3UMKY BMECTE C
OTYETHBIMU MaTepUAJIAMU 1O MPOTPAMMHOMY U3EIIUIO, TOJITOTOBJICH-
HOMY K cliaue.

Ha xaxnyro MP3 u B 1iennom koMIuieke 3a1a4 oopMIIsSeTcs: OT-
YeTHAs TOKYMEHTAITUS B YEThIPEX JaCTSIX:

Yactp 1. OnepaTruBHas TOCTAHOBKA 33aa4H.

Yactb 2. AITOpPUTMBI 3aJ1aUH.

Yactp 3. Onucanue nporpammsl. MHCTpyKIUs onepaTopy-npo-
TPaMMUCTY TI0 ee MpuMeHeHn 0. [IporpaMMbl Ha MarHUTHBIX HOCHUTE-
JIAX ¥ X pacrevaTKy (TeKCThl IPOrpaMM).

Yacts 4. MHCTpYKUHUS TOTKHOCTHOMY JIMILY TIO UCIIOJIb30BAHUIO
3a1a4M (KOMIUIEKca 3a/1a4).

Kaowcoas uacmes TOKYMEHTAIUN 0QOPMASeMcst OMOENbHOU KHUOU
(unu Heckoabkumu kHueamu ). Yacrtu 1, 2, 4 UCIIOIB3YIOTCS CIIeMaInC-
TaMHU afmapaTra yInpaBieHUs MMPU U3YYSHUU CYIIHOCTH 3aJa4d U I10-
psnka paboTsl ¢ Hell. B BerunciurenbHbii eHTp (BLL) cooTBeTCTBYIO-
1Ieil Opra’Hu3aiy JOKyMEHTAIUS [IepeIaeTcsl B TTIOJTHOM oObeMe.

ITomMuMoO yka3aHHOW OTYETHOM JOKYMEHTAIUM IIOCIIE 3aBeplie-
HUS KQXKJIOT0 9Tarna pa3paboTku 3a1auu (KOMIUIEKCa) pa3paboTunKoOM
BBIITYCKAETCS U MPEACTABIISETCS 3aKa3UYUKY OTUYEeT. DTUM oOecrieunBa-
eTcsl OOBEKTUBHBIN KOHTPOJIb 3a XOJA0M co3aaHus 3agad. [lopsaok,
CPOKWU BBIITYCKA U COJIEPKAHUE TAKUX OTUETOB OTOBAPUBAIOTCS B TEX-
HAYECKOM 3aJlaHWU. AHAJIN3 OTYETOB W BblJaya 3aKIIIOUEHUH MO pe-
3yJbTaTaM KaxIoro stana padboT NpoU3BOJAUTCS, KaK MPABUIIO, MPU
AKTUBHOM yYaCTHUU COTPYIHUKA COTTPOBOK/ICHUS.

[TpuBeneHHbBIE BBIIIE 3TATBI CO3AAHUS 38124 (KOMILJIEKCOB 3a/144)
U OTYETHOCTH B IPOIECCe UX CO3[IaHMsI HE SBISIOTCS CTPOro o0s3a-
TeJIbHBIMU (KpOME IOKYMEHTAIIUU 110 TOTOBBIM 33/1a4aM U KOMITJIEK-
caM 3a/1a4) M 3aBUCAT OT 00beMa U CIIOKHOCTH CO3/1aBAEMOM 3a/1a4M
(xoMmrekca 3a1a4). B mobom cirydae 00s3aTeIbHBIM JIOKYMEHTOM SIB-
nsercst T3, B KOTOpOM oroBapuBaeTcsi Kak COAEep:KaHUe ITAIIOB CO3/1a-
HUS 3a7a4, TaK U COCTaB JOKYMEHTOB, pa3padaThiBa€MbIX Ha KaKIOM
JTare.

270



8.2.5. Nopsapok BHeapeHUs UH(POPMALIMOHHDIX,
pacuyeTHbIX 3aflay U UX KOMMIEKCOB

ITpuem B sxcrutyaranuio pazpadoranubix MP3 u K ocyiecrsisiercs
IO MMPUKA3Y WIN AUPEKTUBE 3aKa3YMKa. DTUM IIPUKA30M 3aKa34MK Ha3HA-
YaeT KOMUCCHIO 110 TIPUEMKE TOTOBOTO IIPOTPAMMHOTO TPOTYKTa, OIIpe-
JIETISIET €€ COCTaB M 33/1a4H, a TAK)KE CPOKU U TIOPSJIOK ee pabOThI.

B 3amaun komuccuun BXOUT:

® M3yYUTH JOKYMEHTAIIMIO MO 3a7a4e (KOMIUIEKCY 3a7a4), Mpe/-
CTaBJICHHYIO pa3pabOTUUKOM, OTIPEACTUTH €€ KaueCTBO, COOTBETCTBHUE
TpeboBanusaM T3 U APYruM HOPMATHUBHBIM JOKYMCHTAM;

® YCTAHOBUTH COOTBETCTBUE AJTOPUTMOB U MPOTrpamMm Tpebosa-
HusiM T3 1 onepaTUBHON NTOCTAHOBKE 3a/1a4H;

® IIPOBEPUTH JIOCTATOYHOCTh MEp IO OOECIIeYeHNI0 Oe30ITacHOC-
TH 00paboOTKM MH(POPMALIUKM U ¢ BbIJAaYd Ha aBTOMAaTU3MPOBAHHBIC
paboune MecTa JOIKHOCTHBIX JIHIL;

® [IPOBECTH KOHTPOJIbHBIE pacueThl Ha BHEAPSEMOU 3a7a4e C 11e-
JIBIO TIPOBEPKH:

e pabOTOCIIOCOOHOCTH MPOTpPaMM, TOCTOBEPHOCTH, MOJTHOTHI U
KavyecTBa IMOJIyYaeMbIX pe3yJIbTaTOB B IIIMPOKOM THANIa30HE UCXOTHBIX
JTAHHBIX;

® IIPAKTUYECKOUN MPUTOTHOCTH ¥ 3(PPEKTUBHOCTH UCTIOJTB30BAHUS
321491 B JIEATEITLHOCTH PYKOBOIUTENS MO YIPABICHHUIO TIEPCOHAIOM;

® TEXHOJIOTMYHOCTH, TPYJIOEMKOCTH U BPEMEHHBIX XapaKTepuc-
THUK OCHOBHBIX 3TaIoB MOATOTOBKH M BBOJA UCXOJIHBIX JaHHBIX, IPO-
BEJICHUSI PACUETOB U BBIIAUN PE3YIHTATOB;

® TIOATOTOBUTD MPEIOKEHNS O BHECEHUH U3MEHEHUI B METOJIH-
Ky paOOThI JOJDKHOCTHBIX JIUIL C UCIIOJIb30BAHMEM PE3yJIbTaTOB MPU-
MEHECHHMSI 3a1a4H;

e Mpu HEOOXOIUMOCTH OIPENENIUTh MepeueHb padoT U MPOIOII-
JKATEJTPHOCTD 3Talla OMBITHON JKCIUTyaTallny 3a/1a4yu (KOMIUIEKCa), a
TaK)Xe COCTaBUTh TUIaH-33/IaHKE Ha €€ IPOBE/ICHUE.

[TpuBeneHHBIN BBIIIE TIEpEUEHb 3a1a4 KOMHCCHH IO PEIICHHTO 3a-
Ka34MKa MOXET OBbITh PaCIIUpEH.

ITpu mpuemke 3a1auu (KOMIUIEKCA) TOJIOBHOU pa3pabOTUIUK 00s3aH:

e He TO3/IHee YeM 3a JBa Mecslla 10 Havyayia paboThl KOMUCCUU
MPEICTaBUTh 3aKA3UUKY U OpraHU3aIINIM, OTIPE/ICIICHHBIM 3aKa34MKOM,
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110 OJTHOMY 3K3eMITISIPY TOKYMEHTAIIUU B COITIACOBAaHHOM C 3aKa34u-
KOM 00BbeME;

® IIPEJICTAaBUThH ITAJIOHHBIC ITPOTPAMMbBI C KOHTPOJIBLHBIMH BapH-
aHTAMU PeIIeHU Ha MaIMHHBIX HocuTensix B BLI, Ha xoTopoMm mia-
HUpYeTCs BHeJIpEeHUe 3a/1auu (KOMIUIEKca);

® BBITOJIHUTHh KOHTPOJIbHBIE PACUYEThI IO YKA3aHUIO 3aKa3UnKa U
MIPUHSTH YYaCTUE B aHAJIN3€E TOJYUYEHHBIX PEe3yJIbTaTOB.

® YCTPaHUTh HEAOCTATKHU, BBISBJICHHBIC B IIPOIIECCE IIPUEMKH 3a-
Jlaun (KOMILUIEKCa).

ITo ykazaHuIO 3aKa3urKa B IIpUEMKe 3a1auu (KOMIIIEKCa) MOTYT
MPUHSTHh yU4acTUE 3aMHTEPECOBAHHBIC OpTaHU3AIUU (MIPEANIPUSITHS,
(bupMBI), T/IE MITAHUPYETCS UCTIOIB30BaHNE BHEIPSEMBIX 33/1a4 U X KOM-
IJIeKCOB. B 3TOM ClTydae 3anHTEepecOBaHHBIC OpPraHU3AIINN O0s3aHBbI:

® IPUHATH YYaCTHE B IMOJTOTOBKE KOHTPOJIBHBIX BAPUAHTOB pe-
LICHUI;

® OLIEHUTH BO3MOXHOCTH 33/1a4H, 00ECIIeYUTh TPOBEPKY ee pabo-
TOCITOCOOHOCTH B YCIIOBHUSIX, COOTBETCTBYIOIUX OCOOCHHOCTSIM pado-
THI JJAHHOTO MPEANPUSTHUSI;

® TIPEICTAaBUTDH 3aKa3YMKy B YCTAHOBIIGHHBIE UM CPOKH TIPEIJIO-
JKEHUSI M 3aMEYaHUS O Pe3yJIbTaTax IMPOBEPKHU 3a1a9M (KOMILIEKCa).

BLI, Ha KOTOPOM IUTAHUPYETCS BHEAPEHHUE 3a/1a9H, ITPETOCTABIISI-
€T TEXHUYECKUE CPE/ICTBA, yUACTBYET B KOHTPOJIbHBIX PEIICHUSIX U ITPO-
BepSET IKCILUIYaTAIMOHHO-TEXHIUUECKNE XapaKTEPUCTUKH 3a]1a4H (KOM-
IJIeKCa).

ITo pesynbpraTaM pabOTHl KOMHUCCHS ITPECTABIISICT 3aKa3UNKY aKT
I10 TIpUeMKe 3a1a4u (KoMrutekca). Komust akTa KOMUCCHU BBICBLUTAETCS
B a/IpeC TOJIOBHOTO pa3paboTYnKa U SBIISIETCS 3aKTIOUCHUEM 3aKa3un-
Ka Ha BBITOIHeHHOE T3.

MP3 (unmm nx KOMIUIEKC) IOMYyCKAeTCs K ITATHOW KCIUTyaTalllu,
€CIi OHa OTBevaeT TpeboBanusM T3 u gBisieTcss pabOTOCIIOCOOHOM B
peabHBIX YCIOBUIX PO eCcCHOHAITBHOM esiTennbHocTr. MIP3 (mnmn nx
KOMIUTEKC) TPUHUMAETCS B OTIBITHYIO 3KCILTyaTaI|I0, €CJIN B XOJI TTPU-
€MKH BBISIBIICHAa HEOOXOAMMOCTh B €€ TOPa00TKaX, HE OKA3hIBAIOIINX
CYIIECTBEHHOTO BJIMSHUS HAa JOCTOBEPHOCTH PE3yJIbTATOB PACUETOB.
Cxema metoauku BHeapenus MP3 u ux KOMITJIEKCOB MpeAcTaBIeHa Ha
puc. 8.2.11.
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[puka3 (mupexTuBa) 3akazunka
o npueme UP3(K)

!
4{ [onroroska k npuemy MP3(K) }7
[

[ ]
3aka3uuk Pazpaboranx

CO37aeT KOMHCCHIO  IIO
npuemy HWP3 u K; npu-
BJIEKaeT  3aHHTEPECOBAH-
HBIe OpraHu3auu (Ipu
HEOOXOJMMOCTH)

MIpEACTaBIseT JTOKYMEHTa/
LUI0; TIPEJACTaBIAET 3Ta
JIOHHBIE TTPOTPAMMBI;
MPE/ICTABISAET PE3YIbTAThI
KOHTPOJIbHBIX PacyeToB

—| Odopmnenue pesynsratoB npuema NP3 (K) l—

e aHaNM3 IOJHOTHI M KadecTBa MOKYMEHTAIlMH II0
3ajade;

® YCTaHOBIEHHE COOTBETCTBHS  alITOPUTMOB U
HporpaMM TpeOOBaHUSIM TEXHUYECKOrO 3a1aHus;

® IpoBEpKa JOCTATOYHOCTH Mep MO O0ECIeUYeHUIO
6e3onacHocTH HH(pOpMALINY;

e 1poBepka pabOTOCIOCOOHOCTH MPOTpPaMM B HIMPO-
KOM JIalia30He UCXOMHBIX JAHHEIX, JOCTOBEPHOCTH,
MOJTHOTHI U Ka4eCTBa MOTy4aeMbIX pe3ylIbTaToB;

® TIPOBEpPKAa TEXHOJIOTUYHOCTH, OIEPaTHBHOCTH W
TPYZIOEMKOCTH pabOTHI ¢ 3a1adeit;

® TIOJITrOTOBKA IPEIJIOKEHUI O BHECEHNN N3MEHEHUH B
HOPSIIOK  PabOThl TOJDKHOCTHBIX JIMIL C  HCIIONb-
30BaHUEM 3aJIa4H;

e pa3paboTKa IIaHA-33/IaHUSI Ha ONBITHYIO JKCIUTya-
TaIMIO 33/1a4H (TIpU HEOOXOAUMOCTH)

v

4| IIpuem UP3(K) B sxcrmyararuo Ii

® [OArOTOBKA aKTa KOMHCCHM O IIpHEME 3a/laud
(xoMIUTeKca 3a/1a9);

® [IOATOTOBKA JHUPEKTHBHl 3aKa3uMka O MpHeMe
3a7a4n (KOMILIEKca 3a/1a)

e  OpraHM3alys OIBITHOH SKCIUTyaTallnu

Puc. 8.2.11. Cxema meToAuKK npuemMa 3/€MEHTOB CreLuanbHOro
nporpammHoro obecneueHus
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Jlns opraHu3anuy ONbITHON 3KCIUTyaTalluy 3aKa3uuKOM YTBEPK-
JaeTcs MJIaH-3aJaHne, B KOTOPOM YKa3bIBalOTCS:

® CPOKHU OIIBITHOM 3KCILIyaTalNH;

e cofiepKaHue U MOPSIOK PabOTHI;

® MepBI 110 00ecreYeHNI0 0€30ITaCHOCTH 00pa0OTKU HHPOPMALIIH;

e CrI0COOBI OLIEHKU 3P PEKTUBHOCTH MPUMEHEHUS JaHHOH 3a1a4n
(koMmILIeKCa) B IPaKTHUYCCKOU paboTe MPeaITpHUsITHS.

B xozne onbITHOH 3KCIUTyaTallun OpraHu3yercss 00ydeHue nepeo-
HaJjla OpraHU3aIH MTOPSAKY pabOTHI C 3a/1aueii (KOMIUIEKCOM), U3yde-
HUE ee BO3MOXKHOCTEH U IpOBeIeHHEe OIIeHKH 3(p(PeKTUBHOCTHU ee MpH-
MeHeHHUs. B mpakTHKe TOJKHOCTHBIX JIMIL B PEATIbHBIX YCIOBUSAX 9KCII-
JyaTaluy OIICHUBAETCS HA/IeKHOCTh CPEJCTB U METOJIOB 3aIUThl UH-
(hopmanmu, MpoOBOASATCS BCe HEOOXOAUMBIC TOPaOOTKH 3aJauH.

I'omoBHOM pa3zpaboTumk 00si3aH y4acTBOBATh Ha BCEX 3Tamax
OTIBITHOM 3KCIUTyaTaIlu! U YCTPAHITh HEJOCTATKH, BBISBIICHHBIC KaK B
Mpoliecce MPUEMKH 381241, TaK U B IIPOLECCE OMBITHOM 3KCIITyaTaI1H.

OmnsiTHas 3kciutyatauus MP3 1 ux KOMIUIEKCOB 3aBepllaeTcs ak-
TOM, pa3padaThIBAEMbIM OpraHU3aIeld, B KOTOPOU JTOJKHA UCTIONb-
30BaThCs 3a/1aua. AKT ITOIMCHIBACTCS BCEMU YYACTHUKAMHM OIBITHOM
9KCIUTyaTallUU U TIPEJCTABIISETCS 3aKa3UNKY.

[Tpuem 3a1aun (KOMILIIEKCA) OCYIIECTBIISIETCS 1O IUPEKTUBE (TIPU-
Ka3y) 3aKa3uuka. [{upexTrBoii (mpruKa3oM) yCTaHABIMBACTCS MOPSIOK
MIPUMEHEHHUS 3a1a41 (KOMILIEKCa) COOTBETCTBYIOIIMMHU TOJKHOCTHBI-
MU JIMLIAMH.

8.2.6. MNopsapok ucnonb3oBaHUss HH(POPMALIMOHHDIX,
pacuyeTHbIX 3aa4 U UX KOMIMJIEKCOB B NpaKTHKe
pa6oTbl annaparta ynpaBieHus

ITpumenenne UP3 u K opranusyercst 1 ocyecTBIseTcsl HA OCHO-
BaHUU yKa3aHUM pyKOBOJIUTENS IPEANPUSITHUS, PACIOPSIKEHUH BbIILIE-
CTOSILUMX OPraHu3aluil U APYruX PyKOBOISAIIUX JTOKYMEHTOB.

JoxymeHTsl, perinameHTupyromue npumenenne MP3 u K, gomx-
HBI BKJIIOYATH!

e [Ie]IM M CPOKU NMPUMEHEHUS KaXI0H 3a/1auu;

® MOPSIOK MPOBEJICHNUS PACUETOB (MOJIETTUPOBAHUS) B PA3IIAYHBIX
CUTyaLUsIX, HOArOTOBKU UCXOIHBIX TaHHBIX, AHAJIN3A [IPOMEKYTOUHBIX U
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KOHEUHBIX Pe3yJIbTATOB, BbIIAYM UX COOTBETCTBYIOIINM JIOJDKHOCTHBIM
JIMIAM U UCTIOIB30BAHUS PE3YJIbTATOB PEIICHUS B ITPOLIECCE YITPABIICHHUS;
® [TOPsIJIOK 0OOOIIEHUS OTbITA MPUMEHEHHUS 3314 U X KOMILIEK-
COB, Pa3pabOTKU U peau3aliy MPEeaIokKEHUN 0 COBEPILIEHCTBOBA-
HUIO METOJIOB PA0OTHI C UCIIOIB30BAHIEM PE3YIBTATOB PACUCTOB;

® CITUCOK COTPYAHHUKOB, BBIICJICHHBIX JUTSI OTIEPATUBHOTO COIIPO-
BOJKJCHUS 3a/1a4 U UX KOMILJIEKCOB;

® TIepeUCHb MEPOTIPUITUH IO UCKITIOUCHHIO YTEUKU MHpOopMaun
B IIpOLIECcCe TPOU3BOICTBA PACUETOB U aHAIM3A UX PE3YJIbTATOB (IIPH
HEOOXOIUMOCTH);

® [TOPSJIOK TTOATOTOBKHU U IOTYCKA TIEPCOHAIA OPraHU3alliy K pa-
0o0Te c 3a/1aueil U UCTIOTb30BAHUIO PE3YIbTATOB PACUETOB, a TAKXKe
MOPSITOK MPOBEICHNSI HEOOXOAUMBIX MEPUOIUUECKUX TPEHUPOBOK C
3TUMHU COTPYTHUKAMU;

e [iepeueHb MEPOIPUATHH 1O MOAAEPKAHUIO B pabOTOCIIOCOOHOM
COCTOSIHUM CPEACTB MPOrPaMMHOI0, TEXHHUYECKOTO M JIPYTMX BHJIOB
obecreueHusl.

OTBETCTBEHHOCTh 32 BHEAPEHHE, OCBOCHHE TIEPCOHATIOM, TTpUMe-
HEHUE, COBEPIICHCTBOBAHME 3a/1a4 U UX KOMIUIEKCOB, a TaKke obecrie-
yeHue 0e30macHOCTH HHGOPMAIIMH B IIpoliecce ee 00padOTKK Bo3jIara-
€TCsl Ha PYKOBOJIUTEIISI COOTBETCTBYIOIIEH opraHn3aiuu. OTBeTCTBEH-
HOCThH 32 TIOJJIEP’KaHUE 3a7]a4 U UX KOMIUIEKCOB B pabOTOCIIOCOOHOM
COCTOSIHMM BoO3JaraeTcst Ha HauanmbHuka BLI (eciim TakoBoit umeercs).

OnepaTUBHOE COMPOBOKICHNE 3224 U UX KOMIUJIEKCOB OCYyIlle-
CTBJISIETCS BBIICTICHHBIMHU JJISI TOU LEJIN COTPYAHUKAMU OPTraHU3aIuu
U BKITIOUYAET:

e T10//IEP)KaHKe IIPOTPAMM U CPEACTB UX MH(DOPMAITMOHHOTO 00ec-
TeYeHus B pabOTOCIIOCOOHOM COCTOSIHUM;

® [IO/ITOTOBKY MPEIIOKEHUH 110 COBEPIICHCTBOBAHUIO ONIEPATUB-
HBIX ITOCTAHOBOK, AJITOPUTMOB M HHCTPYKIIHIA 11O NCTTOJTb30BAHMIO 33]1a4
Y X KOMITIEKCOB B CBSI3U C U3MEHEHHEM CaMOI 9KOHOMUYECKOM (T1ou-
TUYECKOH) OOCTAHOBKHM U B3TJISAJI0OB HA MPOBEJCHIE SKOHOMHUYECKOIO
aHaJlM3a, MOSIBIIEHUEM HOBBIX TEXHUYECKMX M MPOTPAMMHBIX CPE/ICTB,
HOBOHW OPraHM3allMOHHON CTPYKTYPhI OpraHU3aIliK, OTPACITH | T. 11.;

® TTO/ITOTOBKY PEKOMEH/IAITNI 10 COBEPIICHCTBOBAHUIO METOIH-
K¥ pabOTHI MepCOHAIa OPTaHU3AIMU C UCIIOJIB30BAHNUEM pa3paboTaH-
ubix UP3 u K.
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B nporecce skcrutyaTanmm 3a1a4 1 uX KOMIUIEKCOB pa3paboTuuk
OCYIIECTBIISIET HAYYHO-TEXHUYECKOE COMPOBOXK IEHUE (ABTOPCKUI HA/T-
30p), KOTOPOE BKITIOYAET COBEPIICHCTBOBAHIE MATEMATHUECKUX METO-
JIOB, JICOPUTMOB, NTPOrpaMM U MH(POPMAITMOHHOTO OOeCrieueHus B
LEJISIX TIOBBIIIICHUS OTIEPATUBHO-TEXHUYECKUX XapaKTePUCTHK 3aa4 1
UX KOMILJICKCOB.

Bonpocbl ana camonpoBepku

1. HazoBuTe 1 mosicHuTe OCHOBHBIE TpeOOBaHUS K MH(MOpMAIH-
OHHBIM U PACUYETHBIM 3aJa4aM U UX KOMITJIEKCAM.

2. HazoBuTe ¥ MOSICHUTE OCHOBHBIEC TIPUHITUIIBI CO3/TaHUsI HHPOP-
MAITMOHHBIX U PACUETHBIX 3a]1a4 U UX KOMIIJIEKCOB.

3. [losicHUTE MUATEKTUYECKYIO CBSA3b MEXKIy Ha3BAHHBIMU TPeOO-
BAHUSIMH U MPUHITUTIAMH.

4. JlaifTe ompe/enieHue aJiropuT™Ma.

6. BcmomuuTe hopmbl 3amucu anroputMoB. Kakas 13 HUX Ha Balll
B3IJISI, SIBJISIETCS HanOoJIee MpOoCTOM (MOHATHOHN, HATIISAHOM)?

7. B uem cyiiecTBO onepaTopHOii (hOPMBI 3aITUCH AITOPUTMOB?

8. Ilouemy cerojiHs MOXHO TOBOPHUTH O JOCTATOUHO ITUPOKOM
pacrpocTpaHeHU! TaOJMYHOU POPMBI?

9. Kakue paboThl MPOBOMSITCS HA 3TANax CO3/IaHUsSI 3JIEMEHTOB
CITO AMC? sTanmax 3CKU3HOI'O U TEXHUYECKOTO IMPOCKTUPOBAHUS?

10. Uro yka3beIBaeTcs B akTe O NpueMe MHPOPMAIMOHHOM (pac-
YETHOMW) 3a7aun’?

11. KTo HeceT OTBETCTBEHHOCTD 3a MPABUIBHOE UCIIOJIb30BAHNE
CHEIMaIbHOrO MPOrPAMMHOTrO oOecreueHust?

8.3. NoHatne o CASE-texHonoruax

3a mocienHue IeCITUIETHS CPOPMUPOBATIOCh HOBOE HAIpaBIIe-
Hue B mporpammoTtexuuke — CASE (Computer-Aided Software/System
Engineering) — B JOCIIOBHOM IepeBOjic — pa3padboTKa MpOrpaMMHO-
ro 00ecreueHHs CHCTEM TIPH MOIEPIKKE (C IOMOIIBIO) KOMITBIOTEPA.

276



B Hacrosee BpeMs He CyIIECTBYET OOIIENPUHATOTO ONPEENIEHUS
CASE, 3TOT TepMUH UCHOJIB3YETCS B BECbMa LIMPOKOM cMbicie. [lep-
BOHauajibHOe 3HaueHue TepmuHa CASE, orpaHndyeHHOEe BOIIPOCAMU
ABTOMATHU3ALIMU Pa3pabOTKH TOJIBKO JIMIIL IIPOTPAMMHOI0 obecreye-
nus (I1O), B HacTosiee BpeMst TpHOOPENO HOBBIN CMBICII, OXBATHIBA-
FOIIUH TIpoliece pa3pabOTKH CI0KHBIX aBTOMATH3UPOBAHHBIX HH(OP-
MaimoHHbIx cucteM (AUC) B nenom. Teneps noa tepmunom CASE-
CpeICTBa MOHUMAIOTCS MPOrPAMMHBIE CPEICTBA, MOIIEPKUBAIOIIIE
Mpo1ecchl co3aanus u compoBoxaenus AVC, Bkaodass aHaln3 U
bopmynupoBKy TpeOOBaHUH, MpoeKTHpoBaHUEe npukiagHoro 10
(mpusosxeHuit) 1 0a3 JaHHBIX, FTeHePALMIO KO/Ia, TECTUPOBAHME, TOKY-
MEHTUPOBaHUE, 00ecIIeueHne KauecTBa, KOH(UTYpaLMOHHOE yIIpaBIIe-
HUE U yIIpaBJIeHUe IPOEKTOM, a Takxke Apyrue rnpoiieccel [23, 24]. CASE-
cpencTBa BMecTe ¢ cucTeMHBIM [1O 1 TEXHHUECKUMU CpeICTBAMU 00-
pas3yroT nonyio cpedy paszpaborku AVC.

CASE-cpencTBa mo3BOJISIOT HE TOJTBKO CO3/1aBATh “TIpaBUIIbHBIE”
MPOJYKThI, HO U 00ECIIeYnBATh “NPABUIIBHBIN MPOLIECC UX CO3AHMUSI.
Ocnognas 1ienmbs CASE cocTouT B TOM, YTOOBI OTACIUTH MTPOESKTUPO-
Banue [1O oT ero KoaupoOBaHUs 1 MOCIEAYIONINX ITAMIOB Pa3pabOTKH.
ITpu ucnonszoBanuu CASE-TeXHOIOT M N3MEHSIOTCS BCe ITAIbI )KU3-
HEHHOI'O ITMKJIa IIPOrpaMMHOTO oOecrieueHus (moapobHee 00 3TOM
OyJIIeT cka3aHO HIDKE) MHPOPMAIITMOHHOM CHCTEMBbI, ITPH 3TOM Hau0O0JIb-
1I1e€ U3MEHEHUS KaCcaroTCsl 9TAllOB aHAIN3a U IPOoeKTUpoBaHus. bosb-
muHCTBO cyiecTByomux CASE-cpeacTB OCHOBAaHO Ha METOJ10JI0TU-
X CTPYKTYPHOIO (B OCHOBHOM) MJIM OOBEKTHO-OPUEHTUPOBAHHOI'O
aHaM3a U MPOEKTUPOBAHUS, UCIIOIB3YIOMINX CHEIM(PUKALINNA B BUIE
JTUarpaMM WM TEeKCTOB /IS ONMCAHUS BHEUTHUX TpeOOBaHMI, CBsI3ei
MEXIy MOJEISIMU CUCTEMbl, TMHAMHUKU MOBEIEHUSI CUCTEMbI U apXu-
TEKTYPbI IPOrPAMMHBIX CPEJCTB. Takue METOI0IOTUN 00ECTIEYBAIOT
CTPOroe M HATJISAHOE OMUCAHHME MPOSKTUPYEMOM CUCTEMBI, KOTOPOE
HAaYMHAETCs C ee 001Iero 0630pa 1 3aTeM ACTAIU3UPYETCs, TPUoope-
Tasi UEPAPXUUECKYIO CTPYKTYPY CO BCE OOJIBILINM YNCIIOM YPOBHEH (yMe-
CTHa QHAJIOT U C TPAJIULIMOHHOM pa3paboTKoi cHauaga 0000IEHHBIX,
a 3aTeM — JICTATbHBIX AITOPUTMOB IPOTPAMM).

CASE-TexXHOJIOTUH YCTEIIHO MPUMEHSIOTCS JJISI TIOCTPOSHUS
MPAKTHUYECKN BceX THMOB cucteM [10, oHAKO YCTOWUYMBOE MOJIOXKe-
HUE OHU 3aHUMAIOT B CIIEAYIOUINX 00IACTAX:
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e o0OecrnieueHune pazpabotku aenoBoro u kommepueckoro 10, rae
mupokoe npuMeHeHre CASE-TexHOI0THi 00yCI0BIIEHO MAaCCOBOCTHIO
3TOM MpUKIagHON obnactu, B koTopoir CASE nmpuMeHsieTcsl He TOJIb-
Ko 1151 paspaborku [1O, HO U [Tt CO31aHMsI MOJIENIEeN CUCTEM, TTOMOTa-
IOLUX PellaTh 3aaYl CTPATErHYeCKOr0 MIIAHUPOBAHMS, YIIPABICHUS
(mHAHCAM U OTpeAeTeHHs] MOJIUTUKU (UpM, OOyUeHHS TepCOoHAIA U
Jp. (3TO HAMpaBJIEHUE MOTYUUIIO CBOE COOCTBEHHOE Ha3BaHME — OU3-
Hec-aHaIu3);

e pazpaboTka cucteMHOro u ynpasistomiero [10, rie akTuBHOE
npumenenne CASE-TexHoOruil cBsi3aHO C OOJIBIION CIIOKHOCTBIO
JAHHOM MPOOJIEeMATUKH M CO CTPEMIIEHHUEM MTOBBICUTH 3((HEKTUBHOCTH
pabor.

CASE — ne peBosronius B mporpaMMOTEXHHUKE, a Pe3yIbTaT ec-
TECTBEHHOT'O IBOJIIOIIMOHHOTO PA3BUTHUS BCEH OTPACIIH CPEJICTB, HA3bI-
BAEMbIX paHee WHCTPYMEHTAIBHBIMU WM TexHojoruueckumu. C ca-
moro Hayajga CASE-TexHOIOTH pa3BUBAIIUCH C LENBIO MPEOI0TICHUS
OTPAaHMUYEHHH MPU MCIIOIB30BAHUH CTPYKTYPHBIX METOOJIOTHI MpO-
ektupoBanus 60-70-x TT. TpONIOro BeKa (CIOKHOCTH MOHUMAHWS,
OO0JIBIIION TPYAOEMKOCTH U CTOMMOCTH MCIIOJIL30BAHUS, TPYAHOCTH
BHECEHUS] U3BMEHEHUI B TPOEKTHBIE CTIEIM(PUKAIIIN U T. /1.) 34 CUET UX
ABTOMATH3AIMN U UHTETPALUM TOAJACPKUBAIONINX CpeacTB. Takum
o6pazom, CASE-TexHOIOTHM HE MOTYT CUMTATHCS CAMOCTOSITEIIbHBI-
MU METOJIOJIOTUSMH, OHU TOJIBKO Pa3BUBAIOT CTPYKTYpPHBIE METOJIO-
JIOTHH ¥ AeNaloT 6osee 23(pPEeKTUBHBIM UX MPUMEHEHHE 34 CYET aBTO-
MaTH3aIUH.

ITomumo aBTOMATH3AIIMN CTPYKTYPHBIX METOAOJIOTHIA U, KAK CIIe/I-
CTBHE, BO3MOXHOCTH MTPUMEHEHHUSI COBPEMEHHBIX METO/IOB CUCTEMHOM
u nporpammuoi nmwkenepun, CASE-cpenctBa o6mamaror credyrouu-
MU OCHOBHBIMU OOCMOUHCINGAMU.

e YIy4IIAIOT KauecTBoO cosznaBaemoro [10 3a cuer cpencts aBTo-
MaTHYeCKOTO KOHTPOJIS (MPeXk e BCEro, KOHTPOJIS IPOEKTA);

® TIO3BOJISIIOT 32 KOPOTKOE BpeMsl CO3/1aBaTh MPOTOTHUIT OyayIe
CHUCTEMBbI, YTO MTO3BOJISIET HA HAYAJIBHBIX 3TANax pPadOT OLEHUTDh OXKU-
JTAEMBIN PE3yIbTAT;

® YCKOPSIOT MPOIIECC MPOEKTUPOBAHUS U PA3paOOTKH;
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® OCBOOOXK/IAIOT pa3paboTurKa OT pyTUHHON paboThI, TO3BOJISS
€My LIEJTMKOM COCPEIOTOYUTHCS Ha TBOPUYECKOHN YacTH pa3pabOTKH;

® TIO/IJIEP)KUBAIOT PA3BUTHE U COMTPOBOXKICHUE PA3PA0OTKHY;

® [TO/IJICP’)KUBAIOT TEXHOJIOTUHU IIOBTOPHOT'O UCTIOIB30BAHUS KOM-
ITOHEHT pa3pabOTKU.

IMosiBenuto CASE-texnonornu u CASE-cpe/icTB mpe/iecTBo-
BaJIM WCCIIEIOBAHUS B O0JACTH METOJIOJIOTUU MPOTPAMMHUPOBAHUS.
[TporpammupoBanue 06peso 4epThl CACTEMHOTO MOAX0/a C pa3padoT-
KOU U BHEJIPEHUEM SI3BIKOB BHICOKOT'O YPOBHSI, METOJIOB CTPYKTYPHOTO
U MOAYJIBHOTO MPOTPAMMHUPOBAHUS, SI3BIKOB MPOEKTUPOBAHUS U
CPEICTB UX MOJIEPKKH, (HOPMATBHBIX U HEPOPMAIIbHBIX SI3bIKOB OITH-
CaHUH CUCTEeMHBIX TpeboBaHuil u cnenduranuii u T. 1. B 70-x u 80-x
rr. XX B. cTaja Ha MPaKTUKE MIPUMEHSTHCS CTPYKTYpPHAsI METOJ10JI0-
TUsl, IPEAOCTABIIAIONIAS] B PACIIOPSIKEHUE pa3pabOTUMKOB CTPOTHE
dbopmanmmzoBanHbie MeTo bl onucanuss AVUC u mpuHUMaeMbIX TeXHU-
yecknx pemennii. OHa OCHOBaHA Ha HATTISITHON rpaduvyecKoi TeXHU-
Ke: JUTSl OMUCaHMs pa3auyHoro pojaa mojeieit AVC ucmonb3yoTces
CXeMbl U quarpaMMbl. HarmsimHOCTh M CTPOTOCTh CPEACTB CTPYKTYP-
HOT'0 aHAJTU3a MTO3BOJISIA Pa3pabOTIYMKaM U Oy TyIIUM MOJIb30BATEISIM
CHCTEMBbI C CAMOTO Havaja He)OpMaJbHO yU4aCTBOBAThH B €€ CO3/IAHNH,
00CYXIaTh M 3aKPEIIATh TOHUMAaHUE OCHOBHBIX TEXHUYECKUX pellie-
Huil. OIHAKO HIMPOKOE MPUMEHEHHE 3TOW METOJO0JIOTUU U CIIeIoBa-
HUE ee PeKOMEHIALUsIM MpHu pa3paborke koHKpeTHbIX AVC BcTpeua-
JIOCh TOCTATOYHO PEIKO, MOCKOJBbKY IPU HEABTOMATU3MPOBAHHOMN
(pyuHOIf) pa3pabOTKe 3TO MPAKTUUYECKH HEBO3MOXKHO. DTO U CIIOCO0-
CTBOBAJIO MOSIBJIEHUIO MPOTPAMMHO-TEXHOJIOTHYECKUX CPEJICTB 0CO00-
ro kimacca — CASE-cpencts, peamusyromux CASE-TexHOI0THIO CO-
3nanus u conpoBoxaenus AVC.

Heob6xomnmo oTMetuTh, 4To ycrnemHoe npumenenue CASE-
CPEICTB HEBO3MOKHO 0e3 MTOHMMaHus1 06a30BOM TEXHOJIOTHH, HA KOTO-
poii 3tu cpencTBa ocHoBaHbl. Camu 110 cebde mporpammubsie CASE-cpen-
CTBa SIBJISIIOTCS CPEOCMBAMU ABMOMAMU3AYUU TIPOIIECCOB MPOECKTUPO-
BAaHUS U COMPOBOXKIEHUS MHPOPMAIIMOHHBIX CUCTeM. be3 moHnMaHus
MeTozgoioruu nmpoektupoBanus MC nepozmorxHo npuMeHenne CASE-
CpEeJICTB.

279



8.3.1. )KusHeHHbIH LUKN NnporpaMMHOro obecneueHus
MH(pOPMALUOHHON CUCTEMbI

OnuuM n3 6a30BBIX MOHATUN METOJOJOTUM MPOESKTUPOBAHUS
AWC sBnisieTcs TOHATHE HCUZHEHHO20 YUKJA €€ TIPOTPAMMHOTO 00ec-
rieueHust (KL ITO). XKL ITO — 370 HenpephIBHBIN MPOIIECC, KOTOPHII
HAYMHAETCS C MOMEHTA IIPUHSTHS PEIIeHUsI O HEOOXOIUMMOCTH €T0 CO-
3aHMSI U 3AKAHYMBAETCS B MOMEHT €TI0 IIOJIHOTO U3BSITHS U3 IKCIUTya-
Tauu [6].

Crpyktypa XKL ITO 6a3upyercst Ha Tpex rpyIIax MpoIECcCOB:

e ocnosuvie iponieccsl KL T1O (mpuoOpetenue, mocraBka, pa3pa-
00TKa, IKCIUTyaTaIHsI, COTPOBOKICHHUE);

® gcnomozameinvhble TPOLIECCHI, 0OECTIEYNBAIOIINE BBIMOTHEHUE
OCHOBHBIX MPOLIECCOB (JOKYMEHTUPOBAHUE, YIIpaBIeHHEe KOHPUTypa-
nueit, obecrieueHrne KavuecTBa, BeprupuKaius, aTTecTamus, oleHKa,
ayauT, pelieHre mpooIieM);

® OpeaHu3ayUOHHble TIPOIIECCHI (YIIPaBIICHUE IIPOSKTAMM, CO3aHUE
UHPPACTPYKTYPHI POEKTA, OTPe/IeICHNE, OTICHKA U YIIyYIlIeHHEe CaMO-
ro X1, oOyuenwue).

Paspabomka BxmoyaeT B cedst Bce paboThl 1o cozpanuio [10 u
€ro KOMIIOHEHT B COOTBETCTBHH C 3aJaHHBIMU TPeOOBAHUSIMHU, BKIIIO-
yast opopMIICHHUE TTPOEKTHON U IKCIUTYaTAIlMOHHOM JIOKYMEHTAIIHH,
MTOATOTOBKY MaTepuajoB, HEOOXOIUMBIX Il POBEPKU PabOTOCIIO-
COOHOCTH M COOTBETCTBYIOIIETO KAYeCTBA IMPOTPAMMHBIX IMPOIYKTOB,
MaTepHaaoB, HEOOXOAUMBIX Ui OpraHU3aIMKH OOyUYeHHsI IIepCOHalIa
u T. 1. Pazpabotka I10 Britouaer B ce0s1, Kak MpaBUiIO, aHAIM3, IPO-
eKTUPOBAHUE U peaIn3aluIio (IpOrpaMMUPOBAHUE).

Drenayamayus BKIIOUaeT B ce0s paOOTHI IO BHEAPEHUIO KOMIIO-
HeHTOB [1O B 3KCIUTyaTanuio, B TOM 4uclie KOHGUrypupoBaHue 6a3
TAHHBIX U PaOOUYNX MECT MOJIb30BaTeNel, 0OecTieYeHne IKCILTyaTallt-
OHHOH JOKyMEHTallueH, MpoBeJACHNE 00yUeHHs TIepcoHaNIa U T. 1., U
HETIOCPEICTBEHHO IKCITTYaTAIUIO, B TOM UKCIIE JTOKATN3AIUIO MPOOIeM
W yCTpaHeHUEe MPUYMH UX BOZHUKHOBeHUsI, Moupukanuio [1O B pam-
KaxX yCTaHOBJICHHOTO PErjiaMeHTa, MOATOTOBKY MPEIOKEHUHN TI0 CO-
BEPIIIEHCTBOBAHUIO, PA3BUTHUIO U MOJIEPHU3AIINH CUCTEMBI.

Vnpaenenue npoexmom cBsI3aHO ¢ BOIIPOCAMU TUIAHUPOBAHMS U
OpraHm3anuu padoT, CO3MaHMs KOJJISKTUBOB Pa3pabOTYNKOB U KOHT-
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pOJIsl 32 CPOKAMU M KAYECTBOM BBITIOJIHSAEMBIX paboT. TexHnueckoe u
OpraHM3alMOHHOE 00ecreYeHne MPOEKTa BKIIIOYAET BHIOOP METO/IOB
U UHCTPYMEHTAIBHBIX CPEJICTB JIJIsl Pealnu3alluu MpOeKTa, ompe/ere-
HUE METO/IOB ONUCAHUS TPOMEXYTOUHBIX COCTOSTHUI pa3zpaboTKu, pas-
paboTky MeTon0B u cpeacTB ucneiTanuii [10, obyueHnue nepconana u
T. 1. ObecrnieyeHre KayecTBa MPoeKTa CBA3aHO ¢ mpobiemamu Bepudu-
Kauuu, npoBepku 1 rectupoBanus [10. Bepugurayus — 310 npoiiecc
OMpeieJIeHs] TOTO, OTBEYAET JIU TEKYIIIee COCTOSIHUE Pa3padoTKH, J0-
CTUTHYTOE HAa JTAHHOM JTarie, TpeOoBaHUsIM 3TOTo 3tana. Ilposepka
IO3BOJISIET OLIEHUTh COOTBETCTBUE NTAPAMETPOB pa3pabOTKHU € UCXOI-
HbIMU TpeOoBaHUsAMHU. [IpoBepka 4aCTUUHO COBHAHAET C MeCMuUposa-
HueM, KOTOPOE CBSI3aHO C UACHTU(UKAIIMEH pa3Inunii MEeXIy AeCTBU-
TEJIBbHBIMUA M OXXMJIAEMbIMH PE3yJbTATAMHU U OLIEHKON COOTBETCTBHS
xapakrepuctuk 1O ucxognsiM TpeboBanusiM. B mporecce peanuza-
MM TIPOEKTa BAXXHOE MECTO 3aHUMAIOT BOMPOCH! MACHTU(]HUKAIINH,
OTMCAHUS M KOHTPOJISI KOHPUTypALIMU OTJIEITbHBIX KOMIIOHEHTOB U BCei
CUCTEMBI B LIEJIOM.

Vnpasnenue xougpueypayueii IBASETCS OAHUM W3 BCIIOMOTATEb-
HBIX TIPOIIECCOB, MOIEPKUBAIOIINX OCHOBHbBIE MPOIIECCHI KU3HEHHO-
ro nukia [10, npex/e Bcero mpoiecchl pa3paboTKu U COMPOBOXKIE-
Hus [10. ITpu coznannm npoexktos crnoxxubix UC, cocTosiimmx u3 MHO-
TUX KOMIIOHEHTOB, KQX/IbIA U3 KOTOPHIX MOKET UMETh Pa3HOBUIHOC-
TH WJIU BEPCUU, BOBHUKAET MpoOieMa yueTa Uux cBs3ei u QyHKINHA, Co-
3IaHus YHUDUIIMPOBAHHOM CTPYKTYPHI M 00ECIIeUeHUST PA3BUTHU S BCEH
CHCTEMBI. YIIpaBlieHUue KOH(UTYpalliel O3BOJISET OPraHU30BaTh, CH-
CTEMATUYECKU YUUTHIBATh U KOHTPOJINPOBATH BHECEHNE U3MEHEHUN B
ITO na Bcex cramusx XXI. OOmue TpUHIUITEI U PEKOMEHAAIINN KOH-
(burypanmoHHOTO yueTa, MIIaHUPOBAHUS W yIpaBlieHUs KoHdUrypa-
uusimu I1O otpaxens! B cranpapre ISO 12207-2.

Kax eIt mporiecc xapakTepusyeTcsl ONpe/IeJICHHbIMY 3a1a4aMu
1 METOJIaMHU MX PEIICHUsI, UICXOIHBIMU JJaHHBIMH, TIOJTyY€HHBIMU Ha TIpe-
JBIIYIIEM 3Tare, ¥ pe3yiabTaTaMu. Pe3ynbraTamMu aHanusa, B 4aCTHO-
CTH, SIBTISIOTCS (DYHKIIMOHATIBHBIE MOJIENN, MH(POPMAIIMOHHBIE MOIEITH
u cootBeTcTBytonme uM auarpammel. KL ITO HocUT uTepaiimoHHbIH
XapakTep: pe3yIbTaThl OUEPEHOTO ITAIA YACTO BbI3bIBAIOT U3MEHEHHMS
B ITPOEKTHBIX PEUICHUSIX, BBIpAOOTAHHBIX HA 0OJIee pAHHUX JTaIax.
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CymectBytomue moenu XKL onpenenstor mopsiIoK UCIIOTHEHUS
9TAIoOB B XOJIe pa3pabOTKH, a TaAKXKe KPUTEPHH TIepexoaa OT ITara K
aTamy. B COOTBETCTBUM C 3TUM HaMOOJIbIIIEe PACIPOCTPAHEHHE TTOJTY-
yuiIM Tpu cieayrowue mogenu KL

o kackaonas modens (19701980 rr.) — mpeanonaraet nepexo,1 Ha
CIIEAYIOUINI 3TAIl MOCIIE MOJIHOTO OKOHYAHMS PA0OT IO MpeablayIe-
My 3TaIy;

® 1I0MANHASL MOOETb ¢ NPpoMmedcymodrbim kormpoaem (1980-19851r.) —
UTeparmoHHas MOJETb pa3padOTKU IO C IUKJIAMU OOpaTHOHN CBSI3H
MeXy ranamu. [IpenmyIiecTBo Takoi MOIEIH 3aKII0YaeTCs B TOM,
YTO MEKITAITHBIE KOPPEKTUPOBKU OOECIIEUNBAIOT MEHBIIYIO TPYAOEM-
KOCTb I10 CPaBHEHHIO C KACKaJHOW MOJENbIO OJHAKO, BPEMsl >KU3HU
Ka)KIIOTO U3 3TAIOB PACTATUBAETCS HA BECh IEPHOJT Pa3pabOTKH;

o cnupanvras modev (1986—-1990 rr.) — nemaeT ymop Ha HadajIb-
Hble aTanel JKL: ananu3 TpeOoBaHMIA, TPOSKTUPOBaHUE criennduKa-
LU, TpeIBapUTEIbHOE U JeTalbHOE MpoeKkTupoBanue. Ha stux sra-
Max nNpoBepsieTcs U 000CHOBBIBAETCS PEAIU3YeMOCTh TEXHHUUECKUX pe-
HIEHUN MyTeM CO3AaHus MPoTOoTUIoB. Kaxaplif BUTOK CriMpajy cOOT-
BETCTBYET IMO3TAITHON MOJIEIH CO3aHus (parMeHTa Wiu BEpCUH IPO-
TPAMMHOTO W3IENHs, HA HEM YTOUHSIIOTCS IEM M XapaKTEPUCTUKH
MIPOEKTA, OTIPENIEISIETCS €0 KAYeCTBO, INTAHUPYIOTCSI pabOTHI ClIeIyIO-
1Iero BUTKa cnupayiv. Takum oOpa3oM yriryOmsioTes M IoCIeq0BaTeNb-
HO KOHKPETU3UPYIOTCS AETalld MPOEKTa U B Pe3ysIbTaTe BbIOMpaeTCs
000CHOBAHHBII BapUaHT, KOTOPBIN JTOBOJUTCS 10 peaIU3aluu.

CrnenMamcTaMy OTMEUAIOTCS CIIEAYIOLIUE NpeuMyuecmsea Criv-
paTbHON MOJIEIH:

® HAKOIUICHWE W TTOBTOPHOE HMCIOJb30BAHNE IMMPOTPAMMHBIX
CPEICTB, MOJIENICH ¥ MIPOTOTHUIIOB;

e opueHTaIMs Ha pa3Butue U moaudukaiuio [10 B mporecce ero
MPOCKTUPOBAHMSI,

® AHAJIN3 PUCKOB M M3/IEPKEK B IMPOIECCE MPOSKTUPOBAHMUS.

I'maBHas ocobennocTh nHaycTpun cozaanus [10 cocrout B KOH-
LEHTPAIUH CIIOKHOCTH Ha HaualbHbIX Tanax JKL (ananm3, mpoexTu-
pOBaHUE) IIPU OTHOCUTEIILHO HEBBICOKOM CITO)KHOCTH U TPYTOEMKOCTH
MOCITIETyIONIMX 3TanoB. boyee Toro, HepeleHHbIE BOMPOCHI U OIIHUO-
KM, TIONYIIICHHBIC HA 3TalaX aHaIu3a U TPOCKTUPOBAHUS, TOPOKIAIOT
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Ha MOCIICAYIOIUX 3TAallaX TPYAHBIC, HaCTO HEPA3ZPCIINMbBIC HpO6J’ICMI>I,
N B KOHCYHOM CUCTC IIPHUBOIAT K HECYCIICXY BCCTO ITPOCKTA.

8.3.2. RAD-TexHONOrMM co3faHUA NPUNOKEHHUH

OaHUM M3 BO3MOJKHBIX MOJIX0/IOB K pa3padoTke 11O B pamkax
cnupanbHoil moaenu XKL siBnsieTcst mosiyuuBIasl B MOCIeIHEE BPEMsl
HIMPOKOE PACTIPOCTPAHEHNE METOIO0IOTHSI OBICTPOI pa3padboTKu Mpu-
noxennit RAD (Rapid Application Development). [Tox aTum Tepmu-
HOM OOBIYHO TOHUMAaeTCs npotiecc pazpadbotku [10, cogepkaimmii Tpu
JJIeMEHTA!

e HeOOIIBITYI0 KOMaHAy pa3padboTunkoB (ot 2 mo 10 yern.);

® KOPOTKUIA, HO TINATEIBHO IPOPAOOTAHHBIN TPOU3BOICTBEHHBIN
rpaduk (ot 2 10 6 Mec.);

® [TIOBTOPSIIOLLUICS LUKII, IPU KOTOPOM Pa3pabOTUMKU IO Mepe
TOT0, KaK MPWIOXKEHUEe HAUMHAET 00peTaTh GopMy, 3ampaliuBaoT U
peanu3yIoT B MPOIYyKTe TPeOOBAHMS, TTOIYUCHHbBIE OT 3aKA3UMKAa.

Komanna pazpaboTunkoB T0MKHA TTPEICTABISTE U3 ce0s TPYIITY
Mpo¢ecCHOHANIOB, UMEIOIIMX OIBIT B aHAJIN3E, IPOSKTUPOBAHUH, Te-
Hepatmu koja u tectupoBanuu [10 c ucrionszoBanuem CASE-cpencts.
UsieHbl KOJUIEKTUBA JIOJDKHBI TaKXKe YMETh TpaHC(OPMHUPOBATH B pa-
Ooure MPOTOTHUIIBI MPE/IOKEHNSI KOHEYHBIX MOIb30BATEICH.

Kusuennsni nuki [1O o metoxonornu RAD cocrout u3 yeThl-
pex dasz:

® qHAIU3 U NIAHUPOBANUE MPeDOBAHUIL;

® NpoeKMuUposanue;

® nocmpoenue;

® gHeopeniue.

Ha dasze ananuza u naanuposanus TpeGOBaHMIA TOTB30BATENN CH-
CTEMBI OTIPEACTISIOT (DYHKIIUU, KOTOPHIE OHA TOJDKHA BBITIOJIHSTD, BbI-
JeTISAI0T HanboJsee MPUOPUTETHBIE U3 HUX, TPeOyIolue NpopaboTKU B
MIEPBYIO OYepe/ib, OMUCHIBAIOT WH(DOpMAIMOHHBIE TOoTpeOHOCTH. Ot-
peneneHue TpeOOBAHUIN BBITIOIHSIETCS B OCHOBHOM CHJTAMU TI0JIH30Ba-
TeJiel 1Mo pyKOBOJICTBOM CIEIMATUCTOB-Pa3padoTunKoB. Orpannyu-
BAETCsI MACIITAO MPOEKTA, OMPEAEIISIIOTCSI BPEMEHHBIE PAMKH JIJIST KAXK-
noit n3 mocnenyromux (az. Kpome Toro, onpesensercs caMma BO3MOXK-
HOCTb peau3alliu JaHHOTO MPOEKTa B YCTAHOBJIEHHBIX paMKax (u-
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HAHCUPOBAHUS, HA JAHHBIX AIlapaTHBIX CpeACTBaxX M T. M. Pe3ynbra-
TOM JaHHOH (pa3bl TOHKHBI OBITH CIUCOK M TPUOPUTETHOCTH (DYHKITHI
oynymeit AVC, npenBapuTenbHble (DYHKIIMOHAIbHBIC M HH(pOPMAITH-
oHHble Mojienu UC.

Ha dasze npoexmuposanus yacts nonbp3oBaTesaeil IpuHIMAET yda-
CTHE B TEXHHMYECKOM MPOEKTUPOBAHUU CHUCTEMBI O]l PYKOBOACTBOM
crienajincToB-pa3padorunkoB. CASE-cpencTBa MCIIOIB3YIOTCS IS
OBICTPOTO TMOJyYEeHHUs] pabOTAIONIUX MTPOTOTUIIOB MPUIOKEHUH.
[Tonp30BaTeNMN, HETIOCPEICTBEHHO B3aUMOJICHCTBYS C HUMH, YTOYHSI-
10T U TIOMOJIHSIIOT TpeOOBAHMS K CUCTEME, KOTOpbIE HE ObLIN BBISBIIE-
HBI Ha TIpeablayieit gase. bonee moapoOHO paccMaTpUBAIOTCS TIPO-
LIECChl CUCTEMBl. AHATIM3UPYETCs U, MPU HEOOXOAUMOCTU, KOPPEKTH-
pyetcst GyHKIIMOHAIIbHAS MoIenb. KaKIblil poliecc paccMaTpuBaeT-
cs1 netanbHo. [Tpr HEOOXOAMMOCTH TSI KXKAOTO AJIEMEHTaAPHOT O MTPO-
1ecca Co3/1aeTcsl YaCTUIHBINA TPOTOTHIL: IKPaH, TUAJIOT, OTYET, YCTpa-
HSIOIINI HESICHOCTHU MJIN HeoHO3HauYHOCTU. Omnpenenstorcs TpedoBa-
HUS pa3rpaHUyueHus 1ocTyna K JaHHbIM. Ha aToit ke dase npoucxo-
JIUT OoTpejiesieHne Habopa HeOOXOIMMOM TOKYMEHTAIUH.

ITocie meTambHOTO OMPEIETICHIS COCTaBa IMPOIIECCOB OIIEHUBACT-
Csl KOJTMYECTBO (DYHKITMOHAIBHBIX 3JIEMEHTOB pa3padaThIBaeMOH CHC-
TEeMBI M IPUHUMaETCs perieHne o paszaeneHun AVC Ha TOICUCTEMB,
MO//IAIOIIMECS PeaIu3aluu OJHON KOMaH/10i pa3pabOoTYUKOB 3a Mpu-
emsiemoe st RAD-nipoekToB Bpemst — nopsinka 60-90 aueii. C uc-
nonb3oBaHueM CASE-cpencTB mpoekT pacipeaessieTcs MexKay pasind-
HBIMH UCTIOJTHUTEIISIMU (AETIATCS PAOOTHI IO CO3MaHMIO (DYHKITMOHATb-
HOM Mojienn). Pe3yabraTomM naHHOM (ha3bl TOJKHBI ObITh:

e 00mIas nHGOPMAITMOHHAS MOJIETTh CUCTEMBI;

o (DyHKITMOHATIbHBIE MO/JIEJIM CUCTEMBI B IIEJIOM U MTOJCHCTEM, pea-
JIM3YEMBIX OTACIbHBIMA KOMaH/IaMHU Pa3pabOTUYNKOB;

e TOUHO onpenerneHuble ¢ moMoInsio CASE-cpencTs untepdeico
MEXTy aBTOHOMHO pa3padaThIBAEMBbIMHU MOJACUCTEMAMH;

® TIOCTPOCHHBIE MMPOTOTHUITBI IKPAHOB, OTUETOB, TUAJIOTOB.

Bce Momenu 1 MpOTOTHIIBI TOJDKHBI OBITH ITOJTYYESHBI C TIPHIMEHE-
HueM Tex CASE-cpencTs, KoTopble OyyT UCTIOJIB30BATHCS B JaIbHEH-
ieM TpU MOCTPOCHUH crcTeMbl. JlaHHOe TpeOoBaHME BBI3BAHO TEM,
YTO B TPAJUIIMOHHOM MOAXO0/E TIPH Iepeaade NHPOPMAIIMH O MPOEKTE
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C 9Tamna Ha 3Tall MOXKET MPOU30UTH PaKTUUECKH HEKOHTPOIMPYEMOe
UCKakeHHe NaHHbIX. [IpuMeHeHne equHON cpeabl XpaHeHus uHGOP-
MaIi O IPOEKTE TO3BOJISIET U30EKATh ITON OTTACHOCTH.

B oTimune ot TpaauUMOHHOTO MOAX0AA, TP KOTOPOM HCIIOb-
30BaJIMCh crieln(puyeckre CpeacTBa MPOTOTUITMPOBAHMUS, HE TIPEIHA3-
HauYeHHBIE JJISI TTOCTPOCHUS PEaTbHBIX MPUIIOKEHUH, a MPOTOTHUIIBI
BBIOPACKIBAIIUCH MTOCJIE TOTO, KAK BBIMOJIHSUIM 3a/1auy YCTPAHEHUS He-
SICHOCTEH B IIpoeKTe, B moaxojie RAD kaxIplii IpOTOTHII pa3BUBACTCS
B 4acTh Oyaymieii cucreMbl. Takum oOpa3oM, Ha cenyronyo dasy me-
penaercst 6oJee MoMHAS U MOJIe3Has UH()OPMALIUS.

Ha daze nocmpoenus BpIoIHSIETCS HETIOCPEACTBEHHO camMa ObIc-
Tpas pa3padborka npwioxenus. Ha mannoit ¢ase pazpadboTunku mpo-
U3BOJSIT UTEPATUBHOE TIOCTPOEHUE PEATbHON CUCTEMbl HA OCHOBE T10-
JIy4EeHHBIX B ITpeAbIayIel paze Moieneid, a Takke TpeboBaHui HedyH-
KIIMOHAJIBHOTO XapakTepa. [IporpaMMHublii ko1 YacTUIHO (PopMUpy-
€TCsI TIPU TIOMOIIM aBTOMATUYECKHX T€HePaTOPOB, MOIYyUAIOIINUX UH-
dbopMannio HEMMOCPEACTBEHHO M3 PEMO3UTOPHS (aHTII. repository —
xpanunuiie, ckinan) CASE-cpencts. Koneunble moap30BaTen Ha 3TOM
(baze OIIEHNUBAIOT MOJTyYaeMble PE3yJIbTAThI U BHOCIT KOPPEKTUBBI, €CITH
B Mpoiiecce pa3paboTKU cUCTeMa TepecTaeT yIOBIETBOPSThH OIpee-
JIEHHBIM paHee TpeboBaHUsIM. TecTUpOBaHUE CUCTEMBI OCYIIIECTBIISIET-
Csl HEMOCPEJICTBEHHO B IIpoOLIEcce Pa3paboTKH.

ITocne okoHuaHust pabOT KaXI0W OTAEITBHON KOMaHAbI pa3pa-
OOTYHUKOB MPOU3BOIUTCS MTOCTETIEHHASI HHTETPALIUS TAHHOW YaCTH CH-
CTEMBI C OCTATIbHBIMU, POPMUPYETCS MOJIHBINA MPOTPAMMHBIN KO/, BbI-
MOJIHSIETCSl TECTUPOBAHME COBMECTHOW pabOTHI JAHHOW 4acTH MpH-
JIOKEHUSI C OCTAIIbHBIMU, & 3aTeM TECTUPOBAHUE CHCTEMBI B IIEJIOM.
3aBepiaercs (PU3MUECKOE MPOESKTHPOBAHUE CUCTEMBI CIIEAYIONIUM 00-
pazom:

e orpenensieTcss HEOOXOIUMOCTh PACIIPEICTICHUS JAHHBIX;

® IIPOU3BOJINTCS AHAJIN3 UCIOJIb30BAHUS JAHHBIX;

® TIPOU3BOIUTCS (PUBNUECKOE TPOCKTUPOBAHUE Oa3bl JAHHBIX;

® OTIPEIEISIIOTCS TPEOOBAHMS K alllIapaTHBIM Pecypcam;

® OIIPE/IEISIOTCS CIIOCOOBI YBETMYCHUS POU3BOIUTEIIBHOCTH;

e 3aBepIIaeTcs pa3padoTKa JOKyMEHTAIUN MTPOEKTa.
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PesynbraTom ¢asel sBISETCS TOTOBASI CUCTEMA, yIOBIETBOPSIO-
11ast BCEM COTJIACOBAHHBIM TPEOOBAHUSIM.

Ha da3ze sunedpenus mpousBoauTcss o0ydeHUE I0JI30BATEICH,
OpraHM3alMOHHBIE U3MEHEHHS U MapaljIeIbHO C BHEAPEHUEM HOBOM
CHCTEMBI OCYIIECTBIISIETCSl paboTa C CYIIeCTBYIOIIEH CUCTEMOH (110 TTOJI-
HOTO BHeIpeHUs: HOBoM). Tak kak ¢as3a MocTpoeHus: TOCTATOYHO He-
MPOAOIDKUTENBHA, MTIAHUPOBAHNE U TIOJITOTOBKA K BHEAPEHUIO JTOJIXK-
HBl HAUMHATHCS 3apaHee, Kak MPaBuilo, Ha dTarle MPOEeKTUPOBAHUS CH-
creMmsbl. ITpuBenenHas cxema pa3padotku AVC He sSBIsieTcs a0COIOT-
HOH. BO3MOJKHBI pa3nInuHble BapUAHTHI, 3aBUCSIINE, HATIPUMED, OT
HavaJIbHBIX YCIOBUM, B KOTOPBIX BEJETCs pa3paboTka: pazpadaTbiBa-
eTCs JIM COBEPILICHHO HOBAsl CUCTEMA; ObUIO JIM MPOBEIeHO MHpOpMa-
MOHHOE 00CIIeJOBAHNE OPraHU3aIMK U CYIIECTBYET JIM MH(pOPMAITH-
OHHAsI MOJIEJTb €€ JeSITEIbHOCTH; CYIIECTBYET JIU B OPraHU3aI[uu HEKO-
topast AUC, koTopast MOKeT ObITh UCIIOJIb30BaHA B KAYeCTBE HAYATIb-
HOTO TPOTOTHUITA UJIN TOJDKHA OBITH MHTETPUPOBAHA C pa3padaTbiBae-
MOH U T. M.

Creyet, OIHAKO, OTMETUTh, UTO MeToaoiorus RAD, kak u Jito-
Oas Apyras, He MOXET MPETEHA0BATH HA YHUBEPCATBLHOCTh, OHA XOPO-
1a B IEPBYIO OUEPelb I OTHOCUTEIIBHO HEOOIBIIINX ITPOCKTOB, pas-
pabaTbIiBaeMbIX JIJ11 KOHKPETHOTO 3aKka3unka. Eciu ke pazpabaTsiBa-
eTCSl TUTIOBAs CHCTEMa, KOTOpasi He SIBISIETCS 3aKOHUYEHHBIM MTPOJTyK-
TOM, a TIPEJCTABIISET COOOM KOMIUIEKC TUTTOBBIX KOMITOHEHT, LIEHTpa-
JM30BAHHO COMPOBOXIAEMBIX, aAAITUPYEMBIX K MPOTPAMMHO-TEXHH-
yeckuM miatpopmam, CYB/I, cpencTBam TeeKOMMYHUKAIIMK, Opra-
HU3AIIMOHHO-9KOHOMHMYECKUM OCOOEHHOCTSIM OOBEKTOB BHEJIPEHUS U
WHTETPUPYEMBIX C CYIIECTBYIOIUMHU pa3pab0TKaMH, Ha TIEPBBIN IJIaH
BBICTYNAIOT TaKHe IMOKAa3aTeIu MPOEKTa, KaK YIPaBIsIeMOCTh U Kaye-
CTBO, KOTOPBIE MOTYT BOMTH B MMPOTUBOPEUHNE C TPOCTOTON U CKOPOC-
ThIO pa3paboTku. Jjisi TAKUX MPOEKTOB HEOOXOAMMBI BBICOKHH ypO-
BEHb TIAHUPOBAHUS U KECTKasl TUCHUIIINHA TPOCKTUPOBAHUS, CTPO-
roe cjieJloBaHue 3apaHee pa3paboOTaHHBIM ITPOTOKOJIAM U UHTEpQei-
caM, 4TO CHIIKAET CKOPOCTh Pa3pabOTKH.

Merononorus RAD HenmpuMmennMa U1si TOCTPOEHUS CIIOKHBIX
pPACYETHBIX MPOrpaMM, OTIEPAITMOHHBIX CHCTEM MJTU IMPOTPAMM YIIPaB-
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JIEHUSI KOCMUYECKUMU KOPAOIISIMH, T. €. IPOrpaMM, TPEOYIOIINX HAITH-
caHMs 0OJIBIIOr0 00beMa (COTHU THICSY CTPOK) YHUKAJIBHOTO KO/Ia.

He nmoaxonsar mist paspabotku mo merogonorun RAD npunoxke-
HUS1, B KOTOPBIX OTCYTCTBYET SIPKO BhIpaKeHHasl MHTepQeiicHas 4acTh,
HarJsIHO OIpeNesolasi JIOTUKY paboThl CUCTEMBI (HallpuMep, Ipu-
JIO’KEHUST PeaIbHOTO BPEMEHM) M MPWIOKEHUSI, OT KOTOPBIX 3aBUCHT
0e30MacHOCTb JII0JIel (HAapuMep, YIIpaBIeHHE CAMOJIETOM UJTU ATOM-
HOM 3JIEKTPOCTAHIIMEH), TAK KaK UTEPATUBHBINA MOAXO0/ Mperoiara-
€T, UTO TMepBbIe HECKOIBKO BEPCUM HABEPHSKA HE OYJYT MOJTHOCTHIO
paboTOCIIOCOOHBI, YTO B JTAHHOM Cllydyae UCKIII0UaeT OCHOBHbIE ITPUH-
nuIbl MeTogosiorun RAD:

e pa3pabOTKa MPUIIOKEHUN UTEPALIMSIMU;

® HE0Os13aTENIbHOCTD MOJIHOTO 3aBEPIICHHS PA0OT Ha KaXKIOM U3
9TANoOB KU3HEHHOTO 1TUKJIA;

e 00s13aTENIBHOE BOBJICUEHHE MTOJIb30BATENEH B ITpoliecc pa3padboT-
ku AUC;

e Heobxomumoe npumenenne CASE-cpencTs, obOecrednBarommx
LEIOCTHOCTD MPOEKTA;

e MPUMEHEHUE CPEJICTB yIpaBiIeHUs] KOHpUTypalue, odierdaro-
IIUX BHECEHHME U3MEHEHUH B MPOEKT U COMPOBOK/CHUE TOTOBOM CHC-
TEMBI;

® HEOOXOIMMOE UCIIOIB30BAHIE TEHEPATOPOB KOJIA;

® JICTIOJTb30BaHME TPOTOTUITMPOBAHMSI, TIO3BOJISIOIIIEE TOJTHEE BbI-
SICHUTB U YIOBJIETBOPUTD MOTPEOHOCTH KOHEUHOTO TTOTB30BATENIS;

® TECTUPOBAHUE U PA3BUTHUE ITPOCKTA, OCYIIECTBIIIEMbIE OJTHOBPE-
MEHHO C pa3pabOTKOI;

e BeJIeHUE Pa3pabOTKH HEMHOTOUHMCIICHHOM XOPOIIIO YITPaBIIsIeMO
KOMaH/JI0 MpodeccruoHanos;

® 'PAaMOTHOE PYKOBOJICTBO Pa3pabOTKON CHCTEMBI, YETKOE TUIa-
HUPOBAHUE ¥ KOHTPOJIb BBIITOTHEHUS padoT.

8.3.3. CTpyKTypHbIH MeTOA pa3paboTKU NporpaMMHOro
obecneueHus

CyIHOCTB CTPYKTYpHOTO Toaxoaa kK paspadorke AVC 3akiro-
qaeTcs B ee dekomnozuyuu (pa30bMeHnn) Ha aBTOMAaTU3UpyeMble (DyHK-
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LIUU: cUcTeMa pa30uBaeTcsl Ha (PyHKLMOHAJIBHBIE OJCUCTEMBI, KOTO-
pble B CBOIO OYepelb AEATCsS Ha NOA(DYHKLUHU, OApa3IesieMble Ha
3aaaun u Tak jpanee. IIpouece pa3OueHuss NpoaosKaeTcsl BIUIOTh 10
KOHKPETHBIX Tpoueayp. I1pu 3ToM aBTOMaTH3MpyeMas cucteMa coxpa-
HSIET 1IETTOCTHOE MPEJICTABIIEHNE, B KOTOPOM BCE COCTABIISIONINE KOM-
IMOHEHTHI B3aUMOYBsi3aHbl. [1pu pazpadoTke cucTeMsl “CHU3Y-BBEpX”
OT OTJENBHBIX 3a]1au KO BCEH CHUCTEME IIeIIOCTHOCTh TEPSIETCS, BO3HU-
KaloT mpobJeMbl TpU UH(POPMALIMOHHON CTHIKOBKE OTAEIBHBIX KOM-
MTIOHEHTOB.

Bce meTononorun cTpyKTypHOTO aHaiiu3a 0a3upyroTcs Ha psife
0OIIMX MPUHIUIIOB, YACTh U3 KOTOPBIX PErJIaMEeHTHPYET OPraHU3ALUIO
paboT Ha HayaiabHBIX dTanax KL, a yacTe ncnonb3yeTcst Ipu BbIpa-
0OTKEe peKOMEHJAINI Mo opraHu3aiuu pabot [6]. B xadecTBe nByX
0a30BBIX TPUHIIUIIOB UCITOJIB3YIOTCS CISMYIOININE: TIPUHITUTI “pazdeisii
u eracmeyti” M MPUHLIHAT Uepapxuiecko2o ynopsioouusanus. 11epBorit
SIBIISIETCS] TPUHITMIIOM PEIICHUS TPYIHBIX MPOOJIEM ITyTeM pa30neHus
VX Ha MHOXECTBO MEHBIIINX HE3aBUCHMBIX 3a7a4, OoJyiee JIETKUX IS
IIOHUMAHUA U pelIeHns. BTopol MpUHIUII JEKIIAPUPYET, UTO YCTPOU-
CTBO 3TUX YaCTel TaK)Ke CyIIECTBEHHO ISl TOHUMaHHUsI. Y POBEHb ysiC-
HEHMsI TPOOJIEMBI PE3KO MOBBIIIAETCS IPH MIPEICTABICHUN €€ YacTeil B
BUJIE IPEBOBUIHBIX HEPAPXUUYECKUX CTPYKTYp, T. €. CUCTEMA MOXKET
OBITH MOHATA U MIOCTPOEHA 110 YPOBHSIM, KaX/Iblif U3 KOTOPBIX 700aB-
JISieT HOBBIE J1eTaJIH.

Brinenenue 1Byx 6a30BbIX IPUHLIMIIOB MHKEHEPUU IIPOIrPAMMHOIO
obecrieyeHsl He 03HAYaEeT, YTO OCTAJIbHbIE IIPUHLIMIIBI SIBJISIOTCS BTO-
pOCTENeHHBIMU, UTHOPUPOBAHHUE JIIOOOTO U3 HUX MOXKET MPUBECTU K
HETPeACKa3yeMbIM MOCIEACTBUSAM (B TOM UYHCIIE U K HEYCIIEXy BCEro
npoekta). OTMETUM OCHOBHBIE U3 TAKUX MPHUHIUIIOB.

1. [Tpunuun ab6cmpacuposanus — 3aKI0OYACTCS B BBIACTICHUN CY-
IIECTBEHHBIX C HEKOTOPBIX MO3UIUI ACTIEKTOB CUCTEMBI 1 OTBJICUEHUE
OT HECYIIECTBEHHBIX C IIeJIbIO MPEACTABIECHUS MTPOOIEeMbl B TPOCTOM
o01eM BujE.

2. IpuHuun gopmanuzayuu — 3aKIH0YAETCI B HEOOXOIUMOCTH Clle-
JTIOBAHHUIO CTPOTOMY METOJIMIECKOMY TOAXOTy K PEIICHUIO TTPOOIIEMBI.

3. [MpuHUn ynpsamoeiéanus — 3aKI0OYAETCS B COKPBITUN HECYIIIE-
CTBEHHOM Ha KOHKPETHOM 3Tare HHPOPMALIMH: KaXk/1asi 4acTh “3HaeT”
TOJIBKO HEOOXOAUMYIO el HH(POPMAIIHIO.
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4. TIpUHIUTT KOHYENMyaipHoti 00WHOCHU — 3aKITIOYAeTCs B clie-
JIOBaHUU equHOM pritocoduu Ha Beex atarax KL (CTpyKTypHBIi aHa-
JIN3 — CTPYKTYPHOE MPOEKTUPOBAHUE — CTPYKTYpPHOE MPOrPaAMMU-
pOBaHuE — CTPYKTYPHOE TECTUPOBAHUE).

5. ITpuHIUI nOHOMBI — 3aKITIOYAETCA B KOHTPOJIE IPUCYTCTBUS
JIMLIHUX 3JIEMEHTOB.

6. [IpuHnumn nenpomugopeuusocmu — 3axiovaeTcs B 000OCHOBAH-
HOCTH U COTJIACOBAHHOCTH 3JIEMEHTOB.

7. TIpUHUMI Jl02uYecKoil He3a8UCUMOCHU — 3aKITIOUAETCS B KOH-
LIEHTPALMM BHUMAHHUSI HA JIOTUYECKOM NMPOEKTUPOBAHUU ISl oOecrie-
YEHUS HE3aBUCHUMOCTHU OT (PU3NYECKOTO MTPOESKTHPOBAHUSI.

8. [IpuHuum Hezagucumocmu 0aHHbLX — 3aKITIOYAETCS B TOM, YTO
MOJIENIN TAHHBIX JIOJKHBI OBITH MPOAHATIU3UPOBAHBI M CTPOEKTUPOBA-
HBI HE3aBUCUMO OT MPOIIECCOB MX JIOTHYECKOH 00pabOTKH, a TaKKe OT
uX PU3NUECKON CTPYKTYPBI U pacIpeiesIeHusI.

9. [lpuHLUTI cMpYKMYpUposanusi OaHHbIX — 3aKITIOYAETCS B TOM,
YTO JaHHBIE JIOJKHBI ObITh CTPYKTYPUPOBAHBI U UEPAPXUUECKU Opra-
HU30BAHBI.

10. ITpuHIUII docmyna KoHeuH020 Nob308ame)isi — 3aKIIF0YaeTCs
B TOM, UTO IMOJIb30BATENb IOJDKEH UMETh CPEACTBA TOCTYIA K 0a3e 1aH-
HBIX, KOTOPbIE OH MOJKET UCIOJIb30BaTh HEMOCPEACTBEHHO (0e3 mpo-
rpaMMHUPOBAHUS).

CobiroieHre yKa3aHHbIX IPUHLUUIIOB HEOOXOAMMO MPU OPraHu-
3auuu pabot Ha HaualbHbIX 3Tanax KL HezaBucuMo oT Tuna paspa-
6ateiBaemoro [0 n ncnonb3yeMbIx TP 3TOM MeTo1010THit. PykoBo-
CTBYSICh BCEMH MPHUHITUIIAMHA B KOMIIJIEKCE, MOKHO Ha 0oJjiee paHHUX
CTaJIUSX Pa3pabOTKU MOHSTH, YTO OyJIET MpeACcTaBIATh cOOOI co3a-
Baemas cucreMa, OOHaApYKUTh MPOMAxXu U HEJOPAOOTKHU, YTO B CBOIO
odepenp 001erunT padboThl Ha mocienyromux 3tanax KL u monusut
CTOMMOCTB pa3paboTKHU.

B cTpykTypHOM aHanu3e UCMOIb3YIOTCS B OCHOBHOM JIBE TPYIIITHI
CPE/CTB, WLIIOCTPUPYIOMUX (DYHKIMU, BBITIOJTHSIEMbIE CUCTEMOM, U
OTHONICHMS MEXy TaHHBIMHU. Kaxx10# TpyIre cpesicTB COOTBETCTBY-
10T OMpeeNIeHHbIE BUAbI MOJIENIel (auarpaMm), Hanbojee pacrnpocT-
PaHEHHBIMM CPEAN KOTOPBIX SIBISIOTCS CIEIYIOLIHUE:
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o SADT (Structured Analysis and Design Technique) — TexHuka
(TEeXHOJIOTUSI) CTPYKTYPHOTO aHAJIN3a U MPOEKTUPOBAHMS, UCIIOIb3Y-
1011151 COOTBETCTBYIONINE (PYHKIIMOHAIIbHBIE JUATPAMMBI;

e DFD (Data Flow Diagrams) — nuarpaMMbl TOTOKOB JTaHHBIX;

e ERD (Entity-Relationship Diagrams) — auarpammsl “cyui-
HOCTb-CBSI3b;

o STD (State Transition Diagrams) — aquarpaMMbI IIEPEXO0B CO-
CTOSTHUU.

Ha craguu npoextupoBanus AVC monenu pacumpsoTcsi, yTod-
HSIOTCSI ¥ IOTIOJHSIOTCS TUaTPaMMaMHU, OTPAXKAIONIMMHU CTPYKTYPY
MPOTPaMMHOT0 obecriedeHus: apxutektypy I1O, CTpyKTypHbIE CXeMBI
MPOrpaMM U JUArpaMMbl SKpaHHBIX (OpM.

IlepeuncrnenHble MOJIEIM B COBOKYITHOCTH JIAIOT MOJHOE OIHCA-
Hue AVC He3aBUCUMO OT TOTO, SIBJIIETCS JIM OHA CYIIECTBYIOIIEH WK
BHOBB pazpabatbeiBaeMoii. CocTaB AuarpaMM B KaKI0OM KOHKPETHOM
ClTydae 3aBUCHUT OT HEOOXOIUMOM MOHOTHI ONUCAHUS CHCTEMBI.

Memooonoeus SADT

Metononorus SADT pa3paborana Jlyrimacom Poccom. Ha ee oc-
HOBe pa3paboTaHa, B YaCTHOCTH, u3BecTHast MeTogosiorust IDEF0 (Icam
DEFinition), koTopas SBJISICTCSI OCHOBHOH YacThio mporpaMmbl ICAM
(MHTerpanus KOMIbIOTEPHBIX U MPOMBIIICHHBIX TEXHOJOTHH), TIPO-
BojmMoii 1o naunmatuse CLLIA. Meromonorus SADT npencrasnsier
€000 COBOKYITHOCTh METOJIOB, MIPABUII U MPOLEAYP, MpeIHa3HAUCH-
HBIX JIJI TOCTPOEHUs (DYHKIIMOHATBLHON MOJIeTN 00BEKTa KaKOW-T100
npeaMeTHo# oonactu. MyHkmoHanpHas moaenb SADT oTobOpaxkaeT
(OYHKIIMOHATBHYIO CTPYKTYPY OOBEKTA, T. €. MPOU3BOAUMBIC UM JICH-
CTBHUSI M CBSI3U MKy 3TUMU JAcHCTBUAMU. OCHOBHBIC 3JIEMEHTBI 3TOM
METOOJIOTUN OCHOBBIBAIOTCS HA CIICAYIOINUX KOHIICTIIIHAX:

e TpadruecKoe MmpeacTaBiIeHne 0JI0YHOT0 MOIeTupoBanus. [ pa-
(uka 6110k0B u Ayr SADT-nuarpaMmmsel oToOpakaeT GyHKIUIO B BUIE
Ooxa, a mHTepQeichl BX0Aa/BbIX0/1a MPEACTABIISIOTCS JyraMu, COOT-
BETCTBEHHO BXOJISIIIIUMHU B OJIOK U BBIXOJSAIIMMU U3 Hero. B3anmoei-
CTBHE OJIOKOB JIPYT C JPYTOM OIMCHIBAETCS ITOCPEICTBOM MHTEpdeiic-
HBIX JIyT, BBIPAXKAIOUIUX “OrpaHUYeHUs”, KOTOPbIE B CBOIO OU€pEIb
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ONPENENSIOT, KOTAa U KaKUM 00pa3oM (PYHKIIUU BBITIOJHSIIOTCS U YII-
paBiIsIIOTCS;

® CTPOTOCTh M TOYHOCTh. BbinonHenue npasuwn SADT tpeGyer
JIOCTATOYHON CTPOTOCTH M TOUHOCTHU, HE HAKJIA/IBIBAS B TO JK€ BPEMsI
Ype3MEPHBIX OTpaHWYEHUN Ha AeiCcTBHS aHaauTnKa. [Ipapuina SADT
BKJTFOYAIOT:

e OrpaHUYEHHE KOJIMUYECTBA OJIOKOB Ha KaXKIOM YPOBHE JEKOM-
Mo3uIuu (mpaBmwio 3—6 OJI0KOB);

® CBSI3BHOCTH TUarpamm (Homepa OJIOKOB);

® YHUKATBHOCTh METOK U HAUMEHOBAHUH (OTCYTCTBHE TTOBTOPSI-
FOIITUXCSI UMEH);

® CUHTaKCHUECKHe TIpaBwmiia Jyis rpaduku (OJIOKOB U JyT);

e pazJieJicHre BXO0B U YIIPABJICHUH (MPaBUIIO OTIPE/ICIICHUS POTN
JTaHHBIX).

® OT/IEJIEHUE OPTaHU3AIUN OT (QYHKIINH, T. €. UCKITIOUCHUE BIIHS-
HUS OPTaHU3AIMOHHON CTPYKTYPbI Ha (YHKITMOHAIBHYIO MOJIENb.

Mertogonorust SADT MoKeT UCIOJIB30BATHCS I MOJICITUPOBA-
HUS IIMPOKOTO KPyra CUCTEM M OTIpeeIeHIs TpeOOBaHMIA 1 (DyHKITHH,
a 3aTeM JyIs pa3paboOTKU CUCTEMBI, KOTOpast YAOBJIETBOPSET TUM Tpe-
OoBaHUSIM M peanusyeT 3Tu GyHKIuH. {15 yke CyIecTBYIOIUX CUC-
teM SADT MoeT ObITh HCIIONIB30BaHA JIJIg aHaIu3a (PYHKILMHA, BbI-
MOJTHSAEMBIX CUCTEMOM, a TaKKe JJIs yKa3aHWs MEXaHU3MOB, TTOCPe/I-
CTBOM KOTOPBIX OHU OCYIIIECTBISIOTCS.

Pesynpratrom npumenenus metoosnorun SADT siBisieTcst mooen,
KOMOpas. cOCMount u3 Quazpamm, (pazmenmos mexKcmos u 2ioccapus,
UMerwux ccoliku opye Ha opyea. JlnarpaMMbl — TJIaBHbIE KOMITOHEH-
ThI MoJienu, Bce pyHkimn AVC u untepdeiichl Ha HUX MPeICTaBICHBI
Kak 010KM 1 1yru. MecTo coelMHEHUsI AYTH C OJIOKOM ONPEAeIisieT TUIL
uHTepdeiica. Yapasisonas nHbopMalus BXOJUT B OJIOK CBEpPXY, B
TO BpeMs Kak MHQpOpMaIms, KOoTopasi moasepraercs oopadboTke, mo-
KazaHa C JIeBOW CTOPOHBI OJI0Ka, a Pe3yIbTAaThl BBIXO/1A MMOKA3AHbI C
MpaBOi CTOPOHBI. MeXaHU3M (YeIOBEK WIM aBTOMATU3UPOBAHHAS CH-
cTeMa), KOTOPBIM OCYIIECTBIISIET ONEPAIUIO, MPEACTABIISIETCS TyTOi,
BXOJIsIIeH B 010K cHU3Y (puc. 8.3.1).

OpnHol u3 HanboJee BaXXHbIX ocoOeHHOCTel meTomonoruun SADT
SIBIISIETCS TIOCTETIEHHOE BBEJICHHE BCE OOJIBININX YPOBHEH JIeTaTU3aINH
110 Mepe CO3/IaHMsI [uarpaMm, oTOOpaKaromuX MOJETb.
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Vnpasnenue

v

Bxogpr ——» Dynkuus —— Brixomsl

1

MexaHu3m

Puc. 8.3.1. DyHkuroHanbHbIA 610K M UHTepdbencHble ayru

IToctpoenne SADT-Momenn HaunMHASTCS ¢ TIPEACTABICHUS BCEH
CHUCTEMBI B BUJIE MPOCTEHIEH KOMIIOHEHThI — OJHOTO OJIOKa W YT,
n300paxaromux nHTepence ¢ PyHKIUIMH BHE cucTeMbl. [Tockonbky
eIMHCTBEHHBIN OJIOK MPEACTABIISIET BCIO CUCTEMY KaK €IMHOE I1IeTI0e,
MMsl, YKa3aHHOE B OJIOKE, SIBJISIETCSl OOIIMM. DTO BEPHO U I UHTEP-
(beliCHBIX IyT — OHU TAKXKe MPEJCTABIISIOT MOJHBIA HAOOP BHEIITHUX
UHTEP(ENHCOB CUCTEMBI B LIETIOM.

3aTeM OJIOK, KOTOPBIN MPEACTABIISET CUCTEMY B KAUECTBE €MHO-
ro MOAYJS, ACTAIM3UPYETCS Ha APYro auarpamme ¢ MOMOIIbIO He-
CKOJIBKUX OJIOKOB, CO€IMHEHHBIX UHTep(EHCHBIMU TyraMu. DTH 6110~
KU TIPEJICTABIISIOT OCHOBHBIC MO YHKIIMY UCXOAHOH dyHKIMU. JaH-
Has JIGKOMITO3HIIUS BBISBIISIET MOJIHBIA HAOOp MOAMYHKIMMI, Kaxaast
13 KOTOPBIX MPEJCTABIIEHA KaK OJIOK, IPaHUIIBI KOTOPOTr'O OIpeere-
HbI nHTepdericHbiMu ayramu. Kaxmas w3 oTux moadyHKIUA MOXKET
OBITH JCKOMIIO3MPOBaHA MTOJOOHBIM 00pa3oM ISl OoJjiee AeTaTbHOTO
MpeACTaBIEHUS.

Bo Bcex cimyuasix kaxxaast moAQpyHKIHS MOXKET COAEPKATh TOJIBKO
T€ 3JIEMEHTHI, KOTOPBIE BXOAAT B UCXOAHYIO (hyHKIHMIO. Kpome Toro,
MO/IENIb HE MOYKET OMYCTUTh KAKUE-TUOO0 3JIEMEHTHI, T. €., KaK yKe OT-
MEYaJIoCh, TAK HA3bIBAEMbIN POAUTENBCKUN OJIOK M ero nHrepderchb
obecrieunBaroT KOHTEeKCT. K Hemy Henb3s HU4ero 100aBuTh, U U3 HETO
HE MOXeT ObITh HUUETo YAaJIeHO.

Monens SADT npencrasisieT coOoi cepuio JuarpaMm ¢ Corpo-
BOJUTEIIBHOM TOKYMEHTAIMeH, pa30uBaIONINX CIOKHBII OOBEKT Ha
COCTaBHBIE YACTH, KOTOPBIC MPE/ICTABICHBI B BUjae ONOKOB. [eranun
KaXJ0TO U3 OCHOBHBIX OJIOKOB IMOKA3aHbI B BUJE OJIOKOB Ha APYTUX
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nuarpammax. Ha xaxaowm mare AeKOMITO3UIuu OoJjiee oOmas quar-
paMma Ha3bIBaeTCs POIUTEIHCKON ISl OoJiee IeTaIbHOM auarpam-
MbI (puc. 8.3.2 u 8.3.3).

l Bonee obiiee npeicrapieHue

A0

Bonee neranpHoe NpEACTABIICHUC

—> —|—>3_|_"
f T

A0

Ora guarpamMma

P . el | Y
SBIISETCS “POINTEIIEM —
9TOU AUArPAMMBI p2

v

\—’ 43—
A4

41 v
422 v
423 —>

A42

Puc. 8.3.2. Ctpykrypa SADT-mMopenu (mekomnosuuus auarpamm)
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Ora ynpasisiomas ayra NepeHOCUTCs ¢ pOIU-
TEIbCKOM AUAarpaMMBbl

j JleranbHast
B auarpamma

| 23
—
Orta BXOJHas aAyra nnepeHOCUTCA
C POIUTENBCKOM IMArPAMMBL g Jlyra TpoaoIIKaeTes

Ha POJUTENBCKOM
Al2 Juarpamme

21

Poaurennckas JuarpamMmma

— .

22

Poputenbckuii 6110k

S
I N

Al

Puc. 8.3.3. Uepapxua guarpamm

Hyru, Bxoasiye B OJIOK U BBIXOJSILNE U3 HErO Ha AUarpaMmme
BEPXHET'O YPOBHS, IBJISIFOTCSI TEMH K€ CAMBIMHU, YTO U AYT'H, BXOASLINE
B IMarpaMMy HUKHETO YPOBHS U BBIXOSIINE U3 HEE, IOTOMY UTO OJIOK
U AuarpaMma IpencTaBiIsOT OJHY U TY K€ 4aCTb CUCTEMBI.

HekoTopsle nyru npucoequHeHsl K OJ10KaM AMarpamMmbl 000MMH
KOHIIAMH, Yy APYTUX K€ OJAUH KOHEI| OCTAETCs HENPUCOEIUHEHHBIM.
HenpucoennHeHHble Ayrd COOTBETCTBYIOT BXOJaM, YIIPABICHUSIM U
BBIXOJIaM POJMTENBCKOIO 0JI0Ka. MICTOUHMK WM IOJIy4yaTelnb 3TUX
MOI'PAHMYHBIX 1yT MOKET ObITh OOHAPYKEH TOJIBKO HA POIUTEIBCKOM
nurarpamme. HemprcoeqnHeHHbIE KOHITBI JOKHBI COOTBETCTBOBATH
JlyraMm Ha UCXOAHOM nuarpamme. Bce rpaHMyHbIe 1yTr'yl JOJIKHBI IIPO-
JOJDKATHCS HA POAMTEIBCKOM TuarpaMme, 4ToObl OHa ObliIa TOJTHON U
HENIPOTUBOPEUUBOA.
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Ha SADT-gunarpammax He yKa3aHbl SIBHO HHU IOCJIEIOBATENb-
HOCTb, HU BpeMsi. OOpaTHbIE CBA3U, UTEPALMH, TPOI0DKAIOIINECS ITPO-
1IECCHI ¥ TIEpEKPhIBAFOITHECS (TI0 BPEMEHH ) (PYHKIIMHU MOT'YT OBITh H300-
pakeHbl ¢ noMoulpto Ayr. OOpaTHbIe CBSI3U MOT'YT BBICTYIIATh B BUJE
KOMMEHTAPUEB, 3AMEUAHUM, UCIIPABIICHUN U T. 1.

Kak Obu10 0TMEUEHO, MEXaHU3MBI (IyTU C HUYKHEH CTOPOHBI) I0-
Ka3bIBAIOT CPEJICTBA, C MIOMOLIBIO KOTOPBIX OCYILECTBIISIETCS BBINOJI-
HeHMe (pyHKIMH. MeXxaHnu3M MOeT OBbITh YETTOBEKOM, KOMIIBIOTEPOM
WUIIN JTIOOBIM JPYTUM yCTPOMCTBOM, KOTOPOE MOMOTAET BBIMOJIHSTH
JAHHYIO (YHKIIMIO.

Kaxnprit 6110k Ha guarpamme nMeet cBoit HoMmep. biok m1ro60ii
JUarpaMMbl MOKET ObITh Jlajiee ONMCAH IUarpaMMON HUXKHETO YPOB-
Hs, KOTOpAasi, B CBOIO OUYEPE/Ib, MOXKET OBIThH Jajiee JeTaTU3NPOBaAHA C
MOMOIIBIO HEOOXOIMMOr0 uncia auarpaMm. Takum o6pazom Gpopmu-
pyeTcs uepapxust quarpaMmm.

Jns Toro 4toObI yKa3aTh MOJIOKEHUE JII000H TuarpaMMbl WU
6J10Ka B Me€papXuu, UCTIOIb3YIOTCSI HOMepa nuarpamm. Hampumep, A21
SBIIAETCS IUAarpaMMOM, KOTOopasi IeTaau3upyeT 0670k | Ha guarpamme
A2. Ananornyno, A2 neranuszupyet 6s0k 2 Ha nuarpamme A0, KoTo-
past sSIBIIIEeTCS caMO BEpXHEH uarpaMMon MOJEIH.

OHUM U3 BaXXHBIX MOMEHTOB TIpu npoektupoBannu MC ¢ momo-
ubio Metononorun SADT siBisieTcst TOUHas COINIACOBAHHOCTD THUIIOB
cBsizelt Mexxay GyHkuMsMH. Paznuyaior no kpaiiHeil Mepe ceMb TUIIOB
CBSI3BIBAHUS:

OTHOCUTEIbHAS
Tun cBsi3n
3HAYMMOCTD
CryyaiiHast 0
Jlornueckas 1
Bpemennas 2
IIponenypuas 3
KoMMmyHuKkanmonHast 4
TTocnemoBaTenpHas 5
DyHKITMOHATBHAS 6

Hwke KaIplii TUIT CBSI3U KPATKO OIPeIeNieH ¥ TPOMLIIOCTPUPO-
BaH C MOMOIIBIO TUITUUHOTO TipuMepa u3 SADT (tadm. 8.3.1).
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Tunbl cBA3HOCTU ANA (PYHKUUH U [AAHHbIX

Ta6auya 8.3.1

3Hauu
MOCTb Tun cBs3HOCTH Hnst pysHKumit J1st maHHBIX
0 CnyyaiiHas CryyaiiHast CnyyaiiHas
DyHKINH OHOTO U TOTO XKe [anHble oxHO-
MHOJKECTBA WJIU THIA (Ha- T'O U TOTO Xe
1 Jlornueckas «
pUMep, “pernaKTUpoBaTh MHO>ECTBa
BCE BXOJIBI”) WJIN TUTIA
Jannble, nc-
DyHKINH OHOTO U TOTO XKe
neproaa BpeMeHH (Hampu- HOML3YCMBIC B
2 Bpemennas « KaKOM-JIH00
Mep, “onepannuy MHAIHAIIN-
» BPEMEHHOM
3auu’)
HHTEpBaje
JanHbie, uc-
DyHKIMH, padoTalomnye B TOJTb3yeMbIe
OIHOM U TOH e (aze uiu BO BpeMs Of-
3 ITpouenypnas A b « Bpemd ol
uTepaluu (Hampumep, “nep- HOH U TOH Xe
BBIIf IPOXO/ KOMIMWISATOPA™) (bazpl
HUTEpaIN
Jlannble, Ha
KOTOPBIE BO3-
KommyHnukanu- DyHKINH, UCTIOIb3YIOIINE .
4 JIEHCTBYET O/1-
OHHAS OJTHU U T€ K€ JTaHHBIE
Ha U Ta Xe Jesl-
TEJIbHOCTh
aHHbIE, TIpe-
DyHKIUY, BBIIOIHSIOUINE A - 1P
oOpazyemsie
ITocnenoBaTens- TocIe1oBaTeIbHbIE IPe0d-
5 rnocienoBa-
Hast pa3oBaHUS OJHUX U TEX JKe
TEITHHBIMU
JTaHHBIX
(bYHKIISIMEI
DyHKIMH, 00beANHSIEMBIE [annrle, cBs-
6 DyHKUMOHATBHAS | 71 BBITIOJIHEHUS OTHOM 3aHHBIE C OJI-
GbyHKLIMI HOI1 hyHKUMeH

(0) — Tun cryuaiinoti CBI3HOCTU: HAaUMEHee kenaTelnbHblid. Ciy-
yaliHas CBS3HOCTh BO3HMKAET, KOT/1a KOHKPETHAS CBSI3b MEXKy (DyHK-
LMSIMU MaJjla WM MOJHOCTbIO OTCYTCTBYET. DTO OTHOCUTCSI K CUTya-
LM, Korjaa uMeHa JaHHbiX Ha SADT-ayrax B oqHOH [uarpaMme uMe-
I0T MAJIYIO CBA3b JIPYT C APYTOM.
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(1) — Tun noeuueckoti cBI3HOCTH. Jlornyeckoe CBSI3bIBAHME MTPO-
HCXOAMT TOT1a, KOT/1a JaHHbIE U (YHKIIMM COOUPAIOTCS BMECTE BCIEI-
CTBUE TOI'0, YTO OHU MOMNAJAIOT B OOLIMI Ki1acc WX HabOp 3JeMeH-
TOB, HO HEOOXOAMMBIX (PYHKIIMOHAJIbHBIX OTHOIIEHUN MEX1y HUMH He
OoOHaApYKUBAETCH.

(2) — tun gpemennoii cBA3HOCTH. CBSI3aHHBIC IO BPEMEHHU JIEMEH-
Thl BO3HMKAIOT BCIIEACTBUE TOIO, YTO OHM MPEACTABISIOT (QyHKLUH,
CBSI3aHHBIE BO BPEMEHHU, KOI'/1a JaHHBIE UCIIOIb3YIOTCSI OTHOBPEMEHHO
WK (PyHKIIMK BKITFOYAIOTCS TTApaJIeIbHO, & He TIOCTIeI0BATEIBHO.

(3) — tun npoyedypnoii cesiznocTH. [IpouenypHo-CBsI3aHHbIE JJ1e-
MEHTBHI MOSIBIISIOTCS CTPYNITUPOBAHHBIMU BMECTE BCIIEICTBUE TOTO, UTO
OHM BBIMOJHSIOTCS B TEUEHUE OJTHOM M TOMU e YacTH LIMKJIa WIH MPo-
ecca.

(4) — I KoMMYHUKAYUOHHOT CBSI3BHOCTU. JlnarpaMmbl JIeMOHCT-
PUPYIOT KOMMYHHKAIIMOHHBIE CBSI3M, KOTJa OJIOKU TPYHIUPYIOTCS
BCJIEZICTBHE TOTO, YTO OHM MCHOJB3YIOT OJIHU M T€ K€ BXOJHbIE JaH-
HbIE /WM TPOU3BO/ISAT OJTHU U T€ e BBIXOHBIC TaHHBIE.

(5) — Tun nocredosamenvroii cBsI3HOCTU. Ha nuarpammax, nuMetro-
X [TOCIIEOBATEIbHBIE CBS3H, BBIXO OMHOU (DYHKITUH CITY)KUT BXO/I-
HBIMH JTAHHBIMH IS ClTeAytomiei pyHKmuu. CBsI3b MEXKTy 3JIeMEHTAMH
Ha JIMarpaMMe sIBJIsieTcs OoJiee TECHOM, UeM Ha paCCMOTPEHHBIX BBIIIE
YPOBHSX CBSI30K, IOCKOJIBKY MOJICIIUPYIOTCS IPUYUHHO-CIIEACTBEHHBIE
3aBUCHUMOCTH .

(6) — tun ¢ynkyuonanvroti cBA3HOCTU. Jnarpamma orpaxaer
MOJIHYIO (DYHKITMOHATBHYIO CBSI3HOCTH IIPH HAJIMYWU TTOJTHOW 3aBHUCH-
MOCTH OIHOU (pyHKIMM OT npyroi. Jlmarpamma, KOoTopas SIBISIETCS
YICTO (PYHKIIMOHAIBHON, HE COACPKUT UYKEPOIHBIX HIEMEHTOB, OT-
HOCSIIMXCS K MOCIIEIOBATEILHOMY WIIM OoJiee ci1aboMy TUITY CBS3HOC-
Ti. OJHUM U3 COCOOO0B omnpeAeneHusT GPyHKIHOHAIbHO-CBI3aHHbBIX
JMarpaMM SIBJISIETCSl PACCMOTPEHUE ABYX OJIOKOB, CBSA3aHHBIX 4Yepes3
YIIPABIISFOIINE TYTH.

Mooenuposarue nomoxkos 0annvix (npoyeccos)

OCHOBHBIM CPEJICTBOM MOJEITUPOBAHUS (PYHKITUOHATIBHBIX TPeOO-
Banuit AVIC sBsroTcs nuarpaMMebl oTokoB ganHbiX (DFD). C ux mo-
MOIIBIO 3TU TpeOOoBaHUs pa30oUBAIOTCS HA (PYHKIIMOHATIBHBIE KOMIIO-
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HEHTHI (ITPOIIECChI) U MPENICTABIISIIOTCS B BUJIE CETH, CBSI3aHHOM MOTO-
KaMu JIAaHHBIX. [ TaBHAS 11e7Tb TAKUX CPEJICTB — MPOJAEMOHCTPUPOBATH,
KaK KaXKJbIi Mpoliecc mpeodpa3yeT CBOU BXOJ/IHbIE JIAHHBIE B BBIXO/I-
HBIE, 4 TAK)KE BBISIBUTH OTHOIICHUSI MEXKIY ITUMH IPOLECCAMU.

Jst uzo6paskennst DFD TpaguiinoHHO UCTIONB3YIOTCS IBE pa3Iny-
uble nomayuu: Vionana (Yourdon) u I'eitna-Capcona (Gane-Sarson) —
puc. 8.3.4.

Hepapxus Hotauus Hotauus
nuarpammel | Momana I'eitna-Capcona
IToTox umst UM
JTAHHBIX > £
UMst HOMEp
ITpouecc
HOMEp UM
Xpanunuiie AMs [ [wMs
Buemnsis umst UM
CYIIIHOCTh

Puc. 8.3.4. Mpeacrtaenenne Hotaumit Mopara u MeitHa-CapcoHa

B cooTBeTcTBUM ¢ METOI0IOTHEN MOJIETTb CUCTEMBI OIIPEAeIsIeTCs
KakK uepapxus quarpaMm oTokoB maHHbIX (11 nmu DFD), orucer-
BAIOIUX ACHHXPOHHBIN Mpolece Mpeodpa3oBaHus HHHOPMAITUH OT ¢
BBOJIa B CHUCTEMY 10 BBIJAuM TOJIb30BaTEeNt0. JluarpaMmMbpl BEpXHUX
YpOBHEHN HepapXxuu (KOHTEKCTHBIC JUATPAMMBI) OINPEACIISIIOT OCHOB-
HbIe TTpoliecchl Ui nojcucteMmbl UC ¢ BHENTHUMU BXOJJAMU U BBIXO/1A-
Mu. OHH AeTAIM3UPYIOTCS TTPU TOMOIIU AMATPAMM HIDKHETO YPOBHSI.
Takast 1eKOMITO3UIINS TTPOJOIKAETCS, CO3/aBasi MHOTOYPOBHEBYIO
HepapXUIo JuarpaMm, J0 TeX MOp, MoKa He OyIeT TOCTUTHYT TaKou
YPOBEHb AEKOMITO3UIIMU, HA KOTOPOM IPOIIECCHl CTAHOBSITCS 3JIEMEH-
TapHBIMU U JETAJIU3UPOBATH UX JlaJiee HEBO3MOXKHO.
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Hcrounnku nHpopMaIuu (BHEIIHNAE CYIITHOCTH) MIOPOKIAIOT UH-
(hopMmanmoHHbBIE TTOTOKU (TTOTOKU JAaHHBIX), IIEpeHOCsINe HHpOopMa-
IIUIO K MTOJCUCTEMaM WU TiporieccaM. Te B CBOIO ouepeb peodpasy-
0T MHPOPMALIMIO ¥ TOPOXKAAIOT HOBBIE IIOTOKH, KOTOPBIE IEPEHOCST
UHGOPMALUIO K IPYTUM MPOLEcCaM WIIH MOACUCTEMAaM, HAKOMTUTEISIM
JMAHHBIX WIM BHEUTHUM CYIIHOCTSIM — IMOTpeOUTENsIM MHPOPMAIIH.
Takum 00pa3oM, OCHOBHBIMU KOMITOHEHTAMHM JTUATPAMM ITOTOKOB JTaH-
HBIX SIBJISTFOTCSL:

® BHCIITHUE CYIITHOCTH;

® CHCTEMBI/TIOICUCTEMBI;

® MIPOIIECCHL;

® HAKOIUTEJIN JAHHBIX;

® [IOTOKH JIAHHBIX.

Buewmnsisi cywnocme nipeacTaBisieT coO0l MaTepuaIbHBIN Mpej-
MeT WM (pU3UvecKoe JIMIO, MPEeICTABIISIIONIee COOOH MCTOUYHUK WIIH
MPUEMHHK MH(OPMALIUU, HAPUMED, 3aKa3UMKH, ITEPCOHAII, TOCTaB-
IIMKH, KITMEHTHI, cKiIa. OnpeneneHne HEKOTOPOTO 0OBEKTa MITH CUC-
TEMBI B KAYECTBE BHEIITHEH CYIIIHOCTH yKa3bIBAET HA TO, UTO OHA HAXO-
JUTCS 3a TIpenesiaMu rpanuil ananmusupyemont AVC.

IIpoyecc nipencraBiseT co00 MpeoOpa3oBaHUE BXOIHBIX TTOTO-
KOB JIAaHHBIX B BBIXOJIHBIC B COOTBETCTBHH C OIPEICIIEHHBIM aJITOPUT-
MoM. PUBHUECKHU TPOIIECC MOXKET OBITh peaTM30BaH Pa3IMUHBIMHU CIIO-
cobaMu: 3TO MOXKET OBITh MOApa3/eieHe opraHu3auuu (OTAesn), Bbl-
MOJTHsOIIee 00pabOTKy BXOJHBIX TOKYMEHTOB U BBIITYCK OTUYETOB,
MporpaMma, anmnapaTHO Pealn30BaHHOE JIOTHYECKOE YCTPOUCTBO H T.
1. B pazmu4HBIX HOTAIMSIX MPOIIECC MOXKET M300pakaThCs HA Uar-
paMMax mo-pasHoMmy. Homep mporiecca ity Xut juist ero uaeHTuduka-
uuu. B rmose nMeHn BBOIUTCS HAMMEHOBAHME TTpOIlecca B BUJIE TIPEI-
JIO’)KEHUSI C AKTUBHBIM HEIABYCMBICIICHHBIM TJIATOJIOM B HEOIIpE/IeNIeH-
HOU (hopMe (BBIUMCIUTD, PACCUYUTATH, IPOBEPUTH, ONPEAETUTD, CO-
311aTh, IMOJYYUTH), 32 KOTOPBIM CJICIYIOT CYIIECTBUTEIIbHBIC B BUHU-
TEJIBHOM TaJIe)Ke, HaIIpUMep:

e “Bpectu cBeneHus o KineHTax”’;

e “BpimaTe nH(GOPMAILIUIO O TEKYIIUX pacxoaax’”;

e “IIpoBepuTh KPEAUTOCIIOCOOHOCTD KJIMEHTA .
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Hcrnonp30BaHKe TAKUX I71arojioB, Kak “oopabdoTats”’, “MoIepHH-
3UpPOBaTh”’ WIH “OTPEIaKTHPOBATh O3HAUaeT, KaK IIPaBUjIO, HEOCTa-
TOYHO TI1yOOKOe MOHMMAaHUe JAHHOTO Mpoliecca U TpedyeT MalbHel-
HIEro aHaJIu3a.

B nocnennee Bpemsi IpUHSATO UCTIOIB30BATh €IIIe U 1MoJie pu3ndec-
KO peanu3auuu, HHGOPMAIMS B KOTOPOM IMOKa3bIBAET, KAKOE MO/~
paszeneHre opraHu3aliuu, IporpamMma Wiu arnmapaTHoe YCTPOUCTBO
BBITIOJIHSET JJAHHBIN MPOIIECC.

Xpanunuwe (HAKOTIMTENTh JaHHBIX ) TIPEJCTaBIsIeT coO0 abcTpak-
THOE YCTPOMCTBO ISl XpaHeHUs! MHPOpMALUU, KOTOPYIO MOXKHO B
0001 MOMEHT IMOMECTHTh B HAKOIUTENb U Yepe3 HEKOTOPOE BpeMst
U3BJIeUb, MIPUYEM CIIOCOOBI MOMEIEHUS U U3BJICYCHHSI MOTYT OBIThH
JOOBIMH.

Haxkornurenb TaHHBIX MOXKET OBITh peaJIn30BaH (PU3MUECKHU B BUIIE
MUKpOdUIIH, SMHUKA B KAPTOTEKE, TAOIHIIBI B OTIEPATUBHON MAMSITH,
(baiia Ha MAarHUTHOM HOCUTeElNE U T. . HakonuTenb JaHHBIX UIEHTH-
¢dbunmpyetcst 6ykBoi “D” u mpou3BoJIbHBIM uKciioM. MMs HakomuTe-
J151 BBIOMpaeTcs U3 cooOpakeHHst HauOoJIbIIe HHPOPMATUBHOCTH JIS
MPOCKTUPOBIIIHKA.

HaxommTens m1aHHBIX B 00IIEM ClTydae SBJISIeTCS ITpooOpa3oM 0y-
Jy1eit 6a3bl JAHHBIX, ¥ OTIMCAHNE XPAHSIIINXCS B HEM TAHHBIX TOJDKHO
OBITH YBSI3aHO € HH(DOPMALMOHHOM MoenbI0. [I0TOK TaHHBIX ompere-
JisieT “HGOPMAIIUIO, TIepeaBaeMyto yepe3 HEKOTOPOe COSIUHEHUE OT
HMCTOYHUKA K TPUEMHUKY. PeabHbIN MOTOK JAHHBIX MOXKET OBITh UH-
dbopmarmeii, nepegaBaeMoin o Kaberro MeXTy TByMs YCTPOHUCTBAMH,
TIePEChIIIAeMBIMH T10 TIOYTE MMChbMaMH1, MATHUTHBIMU JIECHTAMU WA J¥IC-
KEeTaMH, IEPEHOCUMBIMHU C OJTHOTO KOMIThIOTEpA HA IPYTOH | T. JI.

Ilomoxk dannwbix HA AUArpaMMme U300pa)kaeTcsl JIMHUEH, OKaHYH-
BaIOIIEICS CTPETTKOM, KOTOpas TOKa3bIBaeT Hampasienue. Kax bl mo-
TOK JIAHHBIX UMEET UMSsI, OTPAKAIOIIEE €ro COJACPIKaHME.

ITepBbiM marom npu noctpoennn uepapxun DFD saBmsgercs mo-
CTpOEHUE KOHTEKCTHBIX AruarpamMm. OOBIYHO ITPU TPOESKTHPOBAHHUH OT-
HOCHUTETHHO MTPOCThIX AVC cTpOonTCS €eMMHCTBEHHAS KOHTEKCTHAS [TU-
arpaMma co 3Be3/1000pa3HO TOMOJIOTHEN, B LIEHTPE KOTOPOW HAXO-
JIUTCSI TAK HA3bIBAEMBIH TJIABHBIN TTPOIIECC, COSUHEHHBIN ¢ TPUEMHU-
KaM{ ¥ UCTOYHUKAMU UHPOPMALIUU, TTOCPEACTBOM KOTOPBIX C CHUCTe-
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MOW B3aMMOJECHCTBYIOT MOJB30BATENN U JIPYyTrUe BHEIIHUE CUCTEMBI.
Hast cnoxxubix AWC crpoutest nepapxust KOHTEKCTHBIX guarpamm. [1pu
9TOM KOHTEKCTHAsl IMarpaMMa BEPXHErO YPOBHS COJEPKUT HE equH-
CTBEHHBII IJIaBHBIN MpoIecc, a HAOOP MOJCUCTEM, COEIUHEHHBIX TO-
TOKaMu JaHHBIX. KOHTEKCTHBIE TuarpaMMBbl CIIEIYIOIIEro YPOBHS Je-
TATM3UPYIOT KOHTEKCT U CTPYKTYPY MOACUCTEM.

Hepapxust KOHTEKCTHBIX IMATPaMM OIpeAeIisieT B3aMMOICHCTBHIE
OCHOBHBIX (PYHKIIMOHAIIBHBIX MojcucteM mnpoektupyemoit AUC kaxk
MEXTy COOOM, TaK M C BHEITHUMH BXOTHBIMH M BBIXO/THBIMHU TOTOKAMHM
JAHHBIX 1 BHEITHUMH O0BEKTAMU (MCTOYHUKAMU U IPUEMHUKAMH UH-
dbopmanum), ¢ kKoTopsiMu B3aumoaencTsyer AUC.

Pa3paboTka KOHTEKCTHBIX JUArpaMM pelaeT mpooieMy CTporo-
ro omnpeneneHus (GyHKIMoHanbHOU cTpykTyphl AWMC Ha camoii paH-
HEeHW CTaJnu ee MPOEKTUPOBAHMUSI, YTO OCOOEHHO BAKHO JIJISI CJIOKHBIX
MHOTO(YHKIIMOHAIIbHBIX CUCTEM, B pa3pabOTKe KOTOPHIX YIACTBYIOT
pa3Hble OPraHU3alMi U KOJJIEKTUBBI pa3paboTYMKOB.

[Tocre mocTpoeHust KOHTEKCTHBIX AUATPAMM ITOIY4E€HHYIO MO/IETh
CIIeZlyeT MPOBEPUTH Ha MOTHOTY UCXOIHBIX JaHHBIX 00 00BEKTaX cHc-
TEMBI M U30JIMPOBAHHOCTh OOBEKTOB (OTCYTCTBHE MH(POPMAITMOHHBIX
CBsi3el ¢ ApyruMu oobekTamu). 1 Kak 10 IOJICUCTEMBI, TIPUCYTCTBY-
IOIe Ha KOHTEKCTHBIX JAMAarpamMmax, BBITOIHICTCS €e IeTaTn3alus
npu nomouu DFD. Kax b1t npouecc Ha DFD, B cBoro ouepenp, mo-
keT ObITh AeTanusupoBad npu nomowmu DFD nin munucneuunduka-
uuu. [1pu geranuzaiy JOJKHBI BBITIOJHATHCS CIEYIOIINE npasuia;

® [IPABWIIO OAIAHCUPOBKU — O3HAYACT, UTO [P JETATU3AIUH MO/~
CHCTEMbI HJIM IIPOIIecca IETATU3UPYIONIAs TuarpaMma B KauecTBe BHe-
ITHUX ICTOYHUKOB/TIPUEMHHUKOB JAHHBIX MOYKET IMETh TOIHKO T€ KOM-
MOHEHTHI (TI0JICUCTEMBI, TIPOTIECCHI, BHEITHUE CYITHOCTH, HAKOTTUTEIIH
JIAHHBIX), C KOTOPBIMU UMeeT NHGHOPMAITMOHHYIO CBSI3b JACTAITU3UPYE-
Masi IOJICUCTEMa WJTH MPOLIECC HA POJIUTEILCKOM TarpamMmme;

® NIPABUJIO HYyMepayuyu — O3HAYACT, YTO MPU ACTATU3AINHU MIPO-
LIECCOB JIOJKHA MOAIEPKUBATHCS UX Mepapxuueckas Hymepanus. Ha-
MIPUMEDP, MPOIIECCHI, METATM3UPYIOIIHE TIPollecC ¢ HoMepoM 12, momy-
yaroT HoMmepa 12.1, 12.2, 12.3 u 1. 1.

Munu-crnenudukaus (OIMMcaHue JIOTUKY IIpoliecca) T0KHa Gop-
MYJIMPOBATh €r0 OCHOBHBIC (DYHKIIMHM TAKUM 00Pa30M, UTOOKI B AaThb-
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HEeHWIleM CHEeUaIuCT, BBIMOJHSIIONUN peaan3aiuio NpoeKTa, CMOT
BBITIOJIHUTD MX WM Pa3pabO0TaATh COOTBETCTBYIONIYIO MPOTPAMMY.

Munu-crienuduxanys sBisieTcsi KOHEYHON BEPIINHON UepapXuun
DFD. Peuienue o 3aBeplieHnn AeTAIM3ALMH [TPOLIECCa U UCIIO0JIb30Ba-
HUU MUHU-CIICIM(PUKAIUNA TPUHUMACTCS aHAIIMTUKOM, UCXOJIs U3 Clie-
JYIOIIMX KPUTEPHUECB:

® HAJIMYMS Y MPOIECCa OTHOCUTEIBHO HEOOIBIIOTO KOJINYECTBA
BXOJIHBIX M BBIXOJHBIX TOTOKOB IAHHBIX (2-3 MOTOKA);

® BO3MOYKHOCTH OIMCAHUS TpeoOpa3oBaHus JaHHBIX IIPOIiecca B
BHJIE TIOCJIE/IOBATEILHOTO AJITOPUTMA;

® BBIMOJIHEHUST TTPOIIECCOM €TMHCTBEHHOW JIOTUUECKON (PYHKITUN
npeoOpa3oBaHusl BXOJHON HHPOPMAIIMK B BBIXOIHYIO;

® BO3MOIKHOCTH OIHMCAHUS JIOTHKH MTPoILiecca MPU TOMOIIM MUHH-
crieruukanuy HeboapIoro oobeMa (He 6oiee 20-30 cTpok).

ITpu nmoctpoenun nepapxun DFD nepexonuTs K nerann3anuu
MPOIIECCOB CIIEAYET TOJIBKO MOCTE OMpPENeICHUs COJEPAKAHUS BCEX IM0-
TOKOB W HAKOTIUTENEH JAHHBIX, KOTOPOE OIMUCHIBACTCS MPU TTOMOIITU
CTPYKTYP AaHHBIX. CTPYKTYPBHI TAHHBIX KOHCTPYUPYIOTCS U3 dJIEMEH-
TOB JJAHHBIX U MOTYT COJIEPKaTh aJlIbTEPHATUBBI, YCIIOBHBIC BXOX/IC-
HUS U UTepallid. YCIOBHOE BXOXJICHUE O3HAYAET, UYTO JAHHBIH KOM-
IMOHEHT MOXET OTCYTCTBOBATh B CTPYKTYpe. AJIbTepHATHBA O3HAYACT,
YTO B CTPYKTYPY MOXKET BXOJIUTH OJWH U3 MEPEUUCIICHHBIX IJIEMEHTOB.
HTtepanus o3Hauaet BXOXKACHME JIFOOOTO UMCIa 3JIEMEHTOB B YKa3aH-
HOM JuanaszoHe. st KaXKaoro 3JIeMeHTa JAaHHBIX MOXKET YKa3bIBAThCS
€ro TUII (HENPEPBIBHBIC WITH JUCKPETHBIC TaHHBIC). [1J1 HeMpephIBHBIX
JIAHHBIX MOYKET YKa3bIBAThHCS CIMHMIIA U3MEpeHUs (KT, CM U T. I1.), JIH-
arma3oH 3HAUCHU, TOYHOCTH TpEACTaBIcHUS U popma (HU3NIECKOTO
KoIupoBaHus. [ TUCKPETHBIX TAHHBIX MOXET YKa3bIBATHCS TAOIH-
11a IOMYCTUMBIX 3HAYCHUIA.

ITocrne mocTpoeHnst 3aKOHYEHHOH MO/JIEIIN CUCTEMBI €€ HEOOX 011~
MO gepupuyuposams (IPOBEPUTH HA MOJHOTY W COTJIACOBAHHOCTH). B
TTOJTHOW MOJIEITH BCE €€ OOBEKTHI (TTOICUCTEMBI, TPOIIECChI, TOTOKH JaH-
HBIX) JTIOJKHBI OBITH MTOJPOOHO OTMHMCAHBI U JETATM3UPOBAHBI. BhIsSB-
JIEHHBIE HEIeTATU3UPOBAHHBIE OOBEKTHI CIICTyeT ACTATN3UPOBATh, BEP-
HYBIIUCh HA MPEAbLAYIIUe aru pa3paboTku. B cormacoBaHHON MoO-
JIeJT 17151 BCEX MMOTOKOB JIAHHBIX ¥ HAKOTIUTENIEH JAHHBIX JIOJKHO BBI-
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MOJIHATBCSA IMPAaBUJIO COXPAHCHUA PIH(i)OpMZlI.IPIPI: BCC ITOCTyIaromme
Ky):[a-J'II/I6O JAaHHBIC JOJIKHBI OBITH CUUTAHBI, 4 BCC CHUTBIBACMbIC JaH-
HBIC JOJI’)KHBI OBITH 3aITMCAHEI.

Moodenuposarue oamnHvlx

L]ens MOIeTMPOBAHUS JTAHHBIX COCTOUT B 00eCrieYeHnu pa3pabdboT-
ynka AUC koryenmyanvHoii cxemoti 6aszvl 0anHblx B PopMe OTHOM MO-
JIEJIM UJIM HECKOJbKUX JIOKAIBHBIX MOJIENIeH, KOTOPbIE OTHOCUTEIIHHO
JIETKO MOTYT OBITh OTOOpa’keHBI B JIIOOYIO CUCTEMY 0a3 JaHHBIX.

Hawubonee pacnpocTpaHeHHBIM CPEICTBOM MOJIETUPOBAHUS JaH-
HBIX SIBJISIIOTCS AMarpaMMabl “cyiiHocTh-cBs13b” (ERD). C ux nomoribio
OTPEAETISIOTCS BaKHbIE JUIsl MPEAMETHON 0071acTH 0OBEKTHI (CYIIIHOC-
TH), UX CBOMCTBa (aTpuOYTHI) U OTHOIICHUS IPYT C APYroM (CBSI3U).
ERD HenocpencTBeHHO UCTIONTB3YIOTCS IS POSKTUPOBAHUS PETISIIN-
OHHBIX 0a3 TaHHBIX (CM. II. 9.1.4).

Hotammss ERD 6b11a Bnepsoie BBeAena I1. Uenom (P. Chen) u
noJTyunsia AanbHeliee pa3BuTe B padborax bapkepa.

Memoodonoeus IDEFI

Meton IDEF1, pa3paborannsiii T. Pameem (T. Ramey), Taxxke
ocHoBaH Ha noaxoje I1. Yena u mo3BoisieT MOCTPOUTH MOJIENb J1aH-
HBIX, DKBUBAJIEHTHYIO PEJISILIUOHHON MOJEIU B TPEThE HOPMAJIbHOMN
¢dopme (cm. 1. 9.2.5). B HacTos1ee BpeMs HA OCHOBE COBEPILIEHCTBOBA-
Hus metonosioruu IDEF]1 coznana ee HoBasi Bepcusi — METO0JIOTHS
IDEF1X, koTopas pa3zpaboraHa c yueToM TaKuX TpeOOBaHUH, KaK MPO-
CTOTa U3YUYEHUS U BO3MOXHOCTh aBToMatu3anun. IDEF1X-guarpam-
MBI UCTTOJIB3YIOTCS psiioM pacripoctpaneHHbix CASE-cpencts (B yacT-
Hoctu, ERwin, Design/IDEF).

8.3.4. MeTogonorun NpoeKTUpPOBaHUA
nporpaMMmHoro obecneueHus

CoBpeMeHHbIE METOAOJIOTUH U peau3yIolue UX TEXHOJOTUU
IMOCTABJIAIOTCS B 2JieKTpoHHOM Bue BMecTe ¢ CASE-cpencrBaMu u
BKJTFOYAIOT OMOIMOTEKH TTPOIIECCOB, MA0I0HOB, METOIOB, MOJIENIEH 1
JPYyTUX KOMIIOHEHT, ITpeIHa3HaYeHHbIX 17151 TocTpoeHus [10 toro kimac-
Ca CHUCTEM, Ha KOTOPbI OPUEHTUPOBAHA METOIOJIOTUS. DJIEKTPOHHbIE
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METOO0JIOTUU BKJIIOUAIOT TAKXKE CPEICTBA, KOTOPbIE JOJIKHBI obecrie-
YUBATh UX AJIANTAIMIO U1 KOHKPETHBIX MMOJIb30BaTeNel U pa3BUTHE
METOJIOJIOTUHU TIO Pe3yIbTATaM BBIMOTHEHUS KOHKPETHBIX ITPOEKTOB.
ITpouecc aganrauuy 3akjrodyaeTcsl B yAaJ€HUU HEHYXHBIX IIPO-
necco, aercTBuit XKL u 1pyrux KOMIIOHEHTOB METOA0JIOTUHU, B U3MeE-
HEHUU HENOJXOSIIUX WIA B J0OABJIEHUN COOCTBEHHBIX MTPOLIECCOB U
JIEWCTBUH, a TaK)Ke METOJIOB, MOJIENIel, CTAHJIAPTOB U PYKOBOJICTB.
Hacrpoiika METOg0I0THN MOXKET OCYIIECTBIISATHCS TAKXKE 1O CIIETYI0-
UM acriekTam: 3Tansl 1 onepanuu JKL, yuacTHUKY MpoeKTa, UCTIOb-
3yemble Mojienu KL, mogaepxuBaemMble KOHIENIIUU U JIP.
DNEeKTPOHHBIE METOI0JIOTUU U TEXHOJIOTUH (M TOIACPKUBAIOIIINE
nx CASE-cpeacTBa) COCTaBISIOT SJIPO KOMIUIEKCA COTJIACOBAHHBIX
MHCTPYMEHTAIBHBIX Cpe/iCTB cpebl pazpadorku AVC.

Memoodonoeuss DATARUN

OpHol 13 Hambosee pacmpOCTPAHEHHBIX B MUPE 3JIEKTPOHHBIX
MeTojonoruii siBisiercs metoaoiioruss DATARUN. B cooTBercTBHM C
neti JKLI TTO pazbuBaeTcst Ha cTa UM, KOTOPBIE CBSI3IBAIOTCS C PE3YJIb-
TaTaMU BBITIOJTHEHUSI OCHOBHBIX ITPOIIECCOB, OTIPEACIISIEMBIX CTaHAaP-
toMm ISO 12207. Kaxayro cTaanio TOMHUMO €€ Pe3yIbTaTOB JTOJIKEH
3aBepHIATh IMIIaH Pa0OT Ha CIEYIONIYIO CTA/IHIO.

Cranust popmuposanuss mpebosanuii ¥ TNIAHUPOBAHUS BKITIOUAET
B ce0s1 ACMCTBUS 110 OIPEJICIICHUIO HaYaJIbHBIX OIIEHOK 00beMa U CTO-
MMOCTH ITpoeKTa. J{0mKHBI ObITh CHOPMYTUPOBaHBI TPEOOBAHUS U IKO-
HOMHMUECKOe 00ocHOBaHue 11t pa3pabotku AVC, GyHKIIMOHATIbLHbBIE
Moenn (Moaenu OM3HEC-TIPOIIeCCOB OpraHU3AIlNK) U UCXOTHASI KOH-
LeTITyaIbHAsI MOJIENTb JJAHHBIX, KOTOPHIE JAIOT OCHOBY JIJTSI OTICHKH TEX-
HUYECKOW peann3yeMOoCTH MpoekTa. OCHOBHBIMH Pe3yJIbTaTaMK 3TOU
CTaJINU JIOJDKHBI OBITH MOJIEN! JIESI TETbHOCTH OPTaHU3aITuH (MCXO/THBIE
MOJIENIA TIPOIIECCOB U JJAHHBIX OPTaHU3AIUHN), TPeOOBAHUS K CUCTEME,
BKJIIOUasi TpeOOBAHUS IO COMPSHKEHUIO ¢ cytiecTByromumu AUC, mc-
XOJIHBIN OU3HEC-TUIaH.

Craausi KOHYenmyaibHo020 POEKTUPOBAHMIS HAUMHAETCS C JIeTalb-
HOTO aHaju3a MEePBUYHBIX JAHHBIX U YTOYHEHUS! KOHIIENTyaTIbHOU
MOJIENIN JIAHHBIX, ITOCJIE YETO MPOEKTUPYETCSl apXUTEKTypa CUCTEMEI.
ApXUTEKTYypa BKIIIOYAET B ce0s pasjiesieHue KOHIENTYyIbHON MOJIeTN
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Ha 0003puMble noaMoaenu. OLeHnBaeTCsl BO3MOKHOCTb UCIOJIb30Ba-
Hus cyniecTByomux AVC n BIOMpaeTcst COOTBETCTBYIOIIUI METOT UX
npeoOpaszoBaHus. ITocne nocTpoeHus NpoeKTa yToYHsIeTCss MCXOIHBIH
OusHec-TuIaH. BBIXOTHBIMU KOMITIOHEHTAMH 3TOM CTAIUU SIBISIOTCS
KOHIIETITyaJIbHASl MOJIENIb TaHHBIX, MOJIEIb APXUTEKTYPbl CUCTEMBI U
YTOYHEHHBIN OM3HEC-TIJIaH.

Ha craguu cneyuguxayuu npunoxxeHuii poosKaeTcs Mpolecc
CO3/IaHMS U AeTalu3aluu npoekta. KoHuenTyanabHas MOJENb TaHHBIX
npeoOpa3yeTcst B peIsIIIMOHHYI0 MOIETh TaHHBIX. OTpeaesseTcs CTpyK-
Typa MPUIIOKEHUS, HEOOXOIUMBbIe MHTEP(ENCHI MPUITOKEHHUS B BUIE
9KPAHOB, OTUETOB U MAKETHBIX MIPOLIECCOB BMECTE C TIOTMKOH HX BBI30-
Ba. MoJienb JaHHBIX YTOUHSETCS] OU3HEC-MPAaBIIIAMHU U METOIAMM IS
Ka)XII0M Tabmuibl. B KOHIIE 3TOM cTaauu MPUHUMAETCS OKOHYATEIh-
HOE pelIeHne o criocobe peanu3anuu nmpuioxkeHuit. [To pesyiapraTam
CTaJINH JOJDKEH OBITH MOCTpoeH MpoekT AVC, BKITIOUAIOIINN MOJIEITH
apxutektypsl AWC, nanubix, GyHKIMH, nHTEpdeicoB (C BHEITHUMHU
CHCTEMaMU U C MOJIb30BATENSIMHU), TpeOOBaHMI K pa3zpadaThIBaeMbIM
MPUJIOKEHUSIM (MOJIENTA JaHHBIX, MHTEPQEcoB U GyHKINIT), TpeOOoBa-
HUl Kk qopaboTkaMm cymiectByromux AUC, TpeboBaHuli K UHTETPALIMK
MIPWIOKEHUI, a TaKKe chOPMUPOBAH OKOHUATEIHHBIN IIAH CO3TaHUS
ANC.

Ha craguu paspabomku, unmeepayuu u mecmupoganus 10IKHA
OBITH CO3/1aHa TecToBasl 0a3a JMaHHbBIX, YACTHbIE M KOMILIEKCHBIE TEC-
Thl. [IpoBoauTCs pa3zpaboTka, NpOTOTUIIMPOBAHUE U TECTUPOBaHUE 0a3
JTAHHBIX ¥ MPUIIOKEHUI B COOTBETCTBUH C TPOEKTOM. OTIIaKUBAIOTCS
uHTEP(]EHCHI C CYIeCTBYIOIMUMHU cicTeMaMu. OnichIBaeTcs KOHPUTY-
panus texymeit Bepcun [10. Ha ocHOBe pe3yibTaTOB TECTUPOBAHMUS
MPOBOANUTCS ONTUMM3ALMs O0a3bl JaHHBIX U NpuitoxxeHuit. [Tpumoxe-
HUSl IHTETPUPYIOTCS B CUCTEMY, IIPOBOIUTCS TECTUPOBAHKE MTPUITOKE-
HUHI B COCTaBE CUCTEMbI U UCHBITAHUSI cUcTeMbl. OCHOBHBIMU PE3YJib-
TaTaM¥ CTQ/INH SIBIISTFOTCS] TOTOBBIE TIPUIIOKEHUSI, TPOBEPEHHBIE B CO-
CTaBe CHCTEMbI HA KOMITUIEKCHBIX TECTaX, TEKYIIee ONMcaHue KOHPUTy-
pamuu 110, ckoppekTupoBaHHas TI0 PE3yIbTaTaM UCIBITAHUN BEPCHS
CHCTEMBI U IKCIUTyaTAllMOHHAS IOKYMEHTAIUsl Ha CUCTEMY.

Craaus gnedpenus BKIIOYAET B ceOst NEHCTBUS MO YCTAHOBKE U
BHEAPEHUIO 6a3 NaHHBIX U NMPUI0KeHUH. OCHOBHBIMM pe3yIbTaTaMU
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CTaJMM JOJIKHBI OBITh TOTOBAs K 9KCIUTyaTallUM U NEPEHECEHHas Ha
MIPOrpaMMHO-aNNapaTHYIO I1aTGOpMy 3aKa3unlKa BEPCUSI CUCTEMBI,
JOKYMEHTALUsl COIPOBOXKIAEHUSI U AKT IPUEMOYHBIX UCIBITAHUI IO
pe3ynabTaTaM OMBITHON SKCIUTyaTalUH.

Cranuu conpogoicoeHus u pazeumusi BKIIIOYAIOT ITPOIIECCHI U OTIe-
pauuu, CBSI3aHHBIE C PErUcTpaluei, JUAarHOCTUKONW U JIOKAJIN3alUel
OLINOOK, BHECEHUEM U3MEHEHUI U TECTUPOBAHUEM, ITPOBEICHUEM J0-
paboTOK, THPAXKUPOBAHUEM U PACIPOCTpaHEHHEM HOBBIX Bepcuii 10
B MECTa ero IKCIUTyaTalluu, IEPEHOCOM MTPUIIOKEHUN Ha HOBYIO TIIAT-
dbopmy u MaciiTabupoBanueM cucteMbl. CTaaust pa3BUTHs (hakTUdec-
KU SIBJISIETCSl TOBTOPHOM UTepalueil craauu pa3paboTku.

Metononoruss DATARUN onupaetcst Ha 1Be MOZAETH, WIK Ha
JIBA TIPEICTABIICHUS:

® MOJIE]Tb OpraHU3AIINH;

e mozenb AVC.

Metononoruss DATARUN 06a3supyercs Ha CUCTEMHOM TOJIXOJIE
K OMUCAHUIO JIesATebHOCTH opranuzaiuu. [loctpoenne moneneit Ha-
YMHAETCS C OMUCAHUS MTPOLIECCOB, U3 KOTOPBIX 3aTEM U3BJIEKAIOTCS Iep-
BUYHBIE JJaHHBIE (CTAOMITbHOE TTOJIMHOXKECTBO JaHHBIX, KOTOPBIE Opra-
HU3AIMs TOJDKHA MCIIOJIB30BATh ISl CBOEH nesiTennbHOCTH). [lepBuu-
HBIE JaHHBIE OTIMCHIBAIOT MPOIYKTHI MJIH YCITYTH OPTaHU3AIUH, BBIITOJI-
HsE€MBbIe Oomepaly (TpaH3aklUuKu) U noTpedisieMmble pecypebl. K mep-
BUYHBIM OTHOCSATCS TaHHbIE, KOTOPbIE OMMCHIBAIOT BHEUIHHE U BHYT-
PEHHME CYLIHOCTH, TAKUE KaK CIIy>Kalllue, KJIMeHTbl UM areHTCTBa, a
TaKXXe JaHHbIE, IOJYYCHHBIE B Pe3yJIbTaTe MPUHSITHS pEIIeHUH, Kak,
HarpuMmep, rpaduk padboT, IeHbl Ha TTPOTYKTHI.

Ocunosnoit npunuun DATARUN 3akitouaercst B TOM, 4TO Tep-
BUYHBIE JAHHBIE, €CIIM OHU JOJKHBIM 00pa30M OpPraHM30BaHbl B MO-
JIeNlb JaHHBIX, CTAHOBSITCS OCHOBOM JUISl MPOEKTUPOBAHUS APXUTEKTY-
pet AUC. Apxurektypa AUC 6yner 6osee cTabUIbHOMN, €M OHa Oc-
HOBaHA Ha TIEPBUYHBIX JAHHBIX, TECHO CBS3aHHBIX C OCHOBHBIMU JIEJIO-
BBIMU OTIEpAIMsIMU, OTIPEACIISIONIMME MPpUpOoIy Ou3Heca, a He Ha Tpa-
JTUITMOHHON (PYHKIIMOHAIEHON MOJETIH.

Jlrobass AUC npeacrasiser co0oit HAOOP MOyJICH, UCIIOJIHSIC-
MBIX IIPOLIECCOPAMHU U B3aUMOJAEUCTBYIOIIUX ¢ Oa3aMu TaHHbBIX. ba3bl
JAHHBIX U MPOLIECCOPBI MOTYT PACHoOJlaraTbCs LIEHTPATU30BAHHO UIIU
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ObITH pacnpeneraeHHbIMU. COOBITHS B CUCTEME MOTYT HHUIIMMPOBATH-
Csl BHEIIIHUMHU CYIITHOCTSIMU. Bce TpaH3akIMKM OCyIIeCTBIISIIOTCST Yepe3
00BEKTHI WIM MOJIyJIN UHTep(delca, KOTOpbIE B3AaUMOJIEHCTBYIOT C O/1-
HOH min Oostee 0a3aMu TaHHBIX.

IMoaxon DATARUN npecneayet dse yenu:

® ONPEACTIUTDb CAOUNLHYIO CMPYKMYPY, HA OCHOBE KOTOPOii Oy-
net crpoutbess AVC. Takoil CTpyKTypO# SIBIISIETCS MOJICIb JaHHBIX,
MOTYYEeHHAs U3 IEPBUYHBIX JAHHBIX, TPEJACTABISIONUX (yHIAMEHTAIb-
HBIE MTPOIIECCHI OPTaHU3AIINN;

e cnpoexmuposams AVIC Ha OCHOBAaHUM MOJEIH TaHHBIX.

OOBexThI, GopMHUpPYyEMbIe HA OCHOBAHUU MOJETU JAaHHBIX, SBIIS-
I0TCs O0BEKTaMU 0a3bl JTAHHBIX, OOBIYHO pa3MellaeMbIMH Ha CEpBepax
B cpenie KiueHT/cepBep. OObeKTh HHTEpdelica, OnpeesieHHbIE B ApXU-
TEKTYype KOMITBIOTEPHOH CUCTEMBI, OOBIYHO Pa3MeIIaloTCsl Ha KITMEHT-
CKOM yacTu. MoieiTb TaHHBIX, SBIISIONIASCS OCHOBOM /TSl criennduka-
LMY COBMECTHO HUCIOJIb3YyEeMBIX OOBEKTOB 0a3bl JAHHBIX U PA3TUUHBIX
00BEKTOB UHTEPeiica, obecrieunBaeT conpoBoxaaemocts AVC.

B nipornecce pazpabotku AVC cozmaercs psit MOJieIei:

e BPM (Business Process Model) — mMozenb nporeccoB (Ou3Hec-
IIPOIIECCOB);

e PDS (Primary Data Structure) — cTpykTypa IMepBUYHBIX JaH-
HBIX;

e CDM (Conceptual Data Model) — xoHuentyaipbHass MOJIEIb
JIAHHBIX;

e SPM (System Process Model) — mMoiei1b po1eccoB CUCTEMBI;

¢ ISA (Information System Architecture) — apxuTekTypa nHpOp-
MaIIMOHHOHN CHCTEMBI;

e ADM (Application Data Model) — mopenb JaHHBIX TPUTTOKE-

HUS;
e [PM (Interface Presentation Model) — mMozenb npeacTaBieHus
nHTEepdeiica;
e ISM (Interface Specification Model) — momens cienmdukammm
uHTEepdeiica.

CASE-cpenctBo Silverrun obecrieunBaeT aBTOMaTHU3AIUIO ITPOBE-
JICHUS TPOEKTHBIX paboOT B COOTBETCTBUM C METOJOJOTHEH
DATARUN, a taxske co3manue 3Tux Mmoaeieii. [IpemocrasiseMas 3Tu-
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MU CPEJICTBAMH Cpela TPOEKTUPOBAHUS JIA€T BO3MOKHOCTh PYKOBO-
JIATEJIO0 TTPOEKTa KOHTPOJIMPOBATH MPOBEJIeHUE paboT, OTCIEKUBATh
WX BBITMIOJIHEHUE, BOBPEMsI 3aMeuaTh OTKIOHEHHUS OT rpaduka. Kax-
JbIiA YYACTHUK IIPOEKTA, MOAKIIOYUBIINCH K 9TOH Cpelie, MOXKET BBIsIC-
HUTb COACP)KAHUE U CPOKU BBIINOJHEHHUS MOPYYEHHOU eMy paboThI,
JEeTAIbHO U3YYUTh TEXHUKY €€ BBIIIOJHEHHS B THIIEPTEKCTE 11O TEXHO-
JIOTUSM W BBI3BATh MHCTPYMEHT (MOIysb Silverrun) ajis peaibHOIO
BBITIOJTHEHUST paOOTHI.

NudopmanmonHas cucrema co3aaeTcs MoCiIeI0BaTEIbHBIM ITOCT-
poeHMEeM psiia Mojesel, HauMHAasl ¢ MOJIeNId OM3HEC-IIPOLIECCOB U 3a-
KaH4YMBasl MOJIENIbIO TPOTPAMMBbI, aBTOMATU3UPYIOIIEH 3TH MPOLECCHI.

CosnaBaemast AVIC noimKHA OCHOBBIBATKCS HA (DYHKIMSIX, BBITIOJN-
HsIeMBIX opranu3anueii. [loaToMmy nepBas cozgaBaeMasi MOJIETb — 3TO
MOJIeTh OM3HEC-TIPOIIECCOB, IMTOCTPOECHUE KOTOPOM OCYIIECTBIISIETCS B
moayse Silverrun BPM. [lyist 9T0 Momen# MCIob3yeTcsl Crieruaib-
Hast Hotauuss BPM. B nponecce ananuza u cneunduxanuu OusHec-
(hyHKIUI BBISBISIOTCS OCHOBHBIE MH(POPMAIIMOHHBIE OOBEKTHI, KOTO-
pble TOKYMEHTUPYIOTCSI KaK CTPYKTYPbI JAHHBIX, CBSI3aHHBIE C MOTO-
KaMU M XpaHWIUIIAMHU MOJeTu. MIcTOuHnKamMu ISl CO3MIaHus CTPYK-
TYyp SBJISIOTCS HCIIOJIB3yeMbIe B OpPTraHU3AINH JOKYMEHTHI, JOJIKHOCT-
HbIe UHCTPYKIINH, OTMCAHUS TIPOU3BOICTBEHHBIX ONepaluii. DTH JaH-
HbIE BBOJSITCS B TOM BUJIE, KAK OHH CYIIECTBYIOT B A€ITEIbHOCTU Opra-
Huzauu. Hopmanusanus u ynageHue n30bITOYHOCTH TPOU3BOAUTCS
MO3Ke MPU MOCTPOSCHUU KOHUENTYATbHONH MOJIEIN JJAHHBIX B MOTyJIe
Silverrun ERX. ITocie co3manus Mojaean OM3HEC-IPOIIECCOB HH(OP-
MaIusi COXpaHSETCsl B PETIO3UTOPUHN TTPOCKTA.

B mporecce obcnenoBanus pabOThI OpraHU3AINH BBISIBIISIFOTCS 1
JIOKYMEHTUPYIOTCSI CTPYKTYPBhI MEPBUUYHBIX JAHHBIX. DTH CTPYKTYPHI
3aHOCSITCS B peno3utopuit Moayiiss BPM nipu onrcanuu nupKyIupyro-
WX B OpraHu3allii JTOKYMEHTOB, COOOINEHU, TaHHBIX. B Moaenn
OM3HEC-TIPOIIECCOB MEPBUYHBIE CTPYKTYPHI TaHHBIX CBS3aHBI C MOTO-
KaMU ¥ XpaHWINIIAMHA HHpOpMaIin.

Ha ocHOBe cTPYKTYp NEPBUYHBIX JJAHHBIX B MOjTyJIie Silverrun ERX
cozflaeTcs KoHIenTyanbHas Mojienb JaHHbiX (ER-Momens). Ot cTpyk-
TYp MEPBUYHBIX JJAHHBIX KOHIIENITyaTbHAsI MOJIEb OTJIMYAETCS y1alie-
HHUEeM M30BITOYHOCTH, CTAHAAPTHU3AIMEH HAMMEHOBAHUN MOHSATUN U
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HOpMaju3amuei. Otu omnepaiuu B Moayiae ERX BoIMoNHSAIOTCS TpHu
MOMOIIM BCTPOEHHON 3KCHMEPTHOM cucTeMsbl. Llenp KOoHIenTyaabHOI
MOJIENIA JAHHBIX — OIMHUCATh UCIIOJIB3YEMYIO HHpopMalno 0e3 aera-
JIell BOBMOXKHOM peayin3anuu B 6a3e JaHHBIX, HO B XOPOIIIO CTPYKTY-
PUPOBAHHOM HOPMAJIM30BAHHOM BH/IE.

Ha ocnoBe Mo/ienn Gu3HeC-IpoOIIecCCOB U KOHIIENTYyaIbHOU MOJIe-
JIX JaHHBIX npoektupyetcs apxurektypa AUC. Onpeaenstorcs: BXoO-
JISIIME B CUCTEMY MPUIIOKEHUS, JIJIsI KAXKIOTO TMTPUIIOKEHUS crienndu-
LUPYIOTCS UCTIOIB3YEMbIE TAHHBIC U peasn3yeMble PYHKIIUU. A PXUTEK-
typa AUC co3naercs B Moayie Silverrun BPM c ucnionbs3zoBanuem crie-
nunaipHoi HoTanuu ISA. OcHOBHOE cojiepKaHuEe ITONH MOJCITH —
CTPYKTYpPHbIE KOMIIOHEHTBI CUCTEMbI U HaBUTalus Mex 1y HuMu. KoH-
LenTyaabHasi MOJETb TAHHBIX PA30MBAETCsS HA YACTH, COOTBETCTBYIO-
1IUE BXOJSIIUM B COCTAB CUCTEMBbI ITPHIIOKEHUSIM.

Ilepen pa3paOoOTKOM MPUIIOKEHUH JOJDKHA OBITH CIIPOCKTUPOBA-
Ha CTPYKTypa KopropatuBHoi 6a3bl ganHbix. DATARUN mnpenro-
JlaraeT UCIoJib30BaHue 0a3bl JaHHBIX, OCHOBAHHOMN Ha PEJISIIUOHHOMN
Mojenu. KoHuenrtyanpHas MOAeNb JaHHBIX IIOCIe HOpMalu3aluu Iie-
PEHOCHTCS B MOJIYJIb PEISAIMOHHOr0 MozenpoBanus Silverrun RDM
¢ nomo1iblo cnenraabHoro mocra ERX-RDM. Ilpeo6pazoBanue mo-
nenu u3 popmata ERX B popmar RDM mpoucxoaut aBToMaTHYeCKU
0e3 BMelaTenbCcTBa nosib3oBartens. Ilocne npeobpazoBanus dpopma-
TOB IOJTy4aeTCs MOJEIb PEISIITUOHHON 0a3bl JAHHBIX. DTa MOJIENb JIe-
tanusupyercst B moayie Silverrun RDM onpenenenneM ¢pusnyeckoii
peamu3arnuu (tunoB gaHHbIX CYB/I, Kitodeii, HTHAEKCOB, TPUTTEPOB,
orpaHUYeHUH menocTHocTH). [IpaBuna o0pabOTKH JaHHBIX MOXKHO
3a71aBaTh KaK HETIOCPEACTBEHHO Ha s13bIKe TporpammupoBanus CYB/I,
TaK ¥ B JICKJIapaTUBHON opMe, He MPUBSI3aHHON K peanu3anuu. Moc-
ThI Silverrun k pensunoHHbM CYB/] nepeBoasT 3TH AeKkiIapaTUBHbIE
MpaBujia Ha SI3bIK TPEOYyEeMOM CHUCTEMBI, UTO CHUXKAET TPYJOEMKOCTh
MIPOrpaMMHUPOBAHMS TPOIIEIYP cepBepa 0a3bl JAHHBIX, & TAK)KE IT03BO-
JSET U3 OHOM CIIelU(pUKAIINI TeHEPUPOBATH MPUIIOKEHUS IS pas3-
veIX CYB/I.

C MOMOIIbIO MOJEITA CUCTEMHBIX MIPOIIECCOB AETATBLHO JTOKYMEH-
TUpPYETCs MOBEJIEHNE Kaxxaoro npuwioxenusd. B moayne BPM cospna-
€TCsl MOJIETb CUCTEMHBIX ITPOIIECCOB, OTIPeIEIoNIas, KakuM oopa3zom
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peann3yroTcst OM3HEC-IIPOLIECCHI. DTA MOJIENb CO3/1AE€TCS OTAEIBHO IS
Ka)KJI0r0 NMPUJI0KEHUS U TECHO CBSI3aHA C MOJIENBIO JAHHBIX MPUTIO-
JKEHHUSL.

[Tpunoxenue cocTtout U3 UHTEPHEHCHBIX OOBEKTOB (IKPAHHBIX
¢dbopm, 0TyeTOB, Npouenyp oopadoTku gaHHbIX). Kaxnpiil uatepdeiic
cucTeMbl (3KpaHHast popma, OTYeT, Mpoleaypa oO0paboTKU JaHHBIX)
UMeEET JIEJI0 C ITIOAMHOKECTBOM 0a3bl JaHHBIX. B Moenu naHHbIX Npu-
noxeHus (co3ganHo# B Mmoayiie RDM) co3naercs moacxema 6a3bl JaH-
HBIX JUISl KQXIOT0 MHTEpdelica 3TOro MPUIOKEHUS. Y TOUHSIFOTCS TaK-
’Ke MpaBuiia 00pabOTKM JAHHBIX, CeUU(UIHBIC AT KaXI0r0 HHTEp-
(etica.

Moens npeacTaBiieHus HHTEpQeiica — 3TO ONMMCaHUE BHEITHETO
BHJIa MHTepdeiica C TOUKH 3pSHHSI KOHETHOTO TTOJIH30BATES CHCTEMBI.
DTO MOXeET OBITh JOKYMEHT, TTOKA3bIBAIOIINI BHEITHUN BUI JKpaHa
WM CTPYKTYPY OTHYETa, WIM 9KpaH (OTYET), CO3MAHHBII C TTOMOIIBIO
OJTHOT'O M3 CPECTB BU3YaAJIbHON Pa3pabOTKu MPUIOKEHUN — TaK Ha-
3BIBAEMBIX A3b1K06 yemeepmozo nokoenus (4GL — Fourth Generation
Languages). Tak kak 00JbIIUHCTBO A3bIKOB 4G L M03BOJISIIOT OBICTPO
co3/1aBaTh paboTaromue MPOTOTUITHI TTPUIIOKEHUH, ITOJIH30BATEIb
MMeEeT BO3MOXKHOCTh YBUAECTh PAOOTAIOIIMI MTPOTOTUI CHCTEMBI Ha
PAaHHUX CTAIUSX TTPOESKTHPOBAHMUS.

ITocne co3manus moacxeM pensiiuOHHON MOJENu sl MPUIToXKe-
HUN MPOEKTUPYETCs AeTalbHas CTPYKTYpa KaKIOTO MPUIIOXKEHUS B
BU/IE CXEMbI HAaBUT ALK SKPAHOB, OTYETOB, IPOLIEAYp NaKeTHOI 0Opa-
0oTku. Ha manHOM 111are 9Ta CTpyKTypa ACTAITU3UPYETCS 10 YKa3aHUS
KOHKPETHBIX CTOJIOIOB M TaOIHIl 0a3bl JAHHBIX, IPABUI UX 00paboT-
KW, BIJIa 9KpaHHBIX GOpM 1 0TYeTOB. [lomydeHHast MOENb MeTaabHO
JOKYMEHTUPYET MPUIIOKEHUE U HEMOCPEICTBEHHO HUCIOJIb3YETCsl JUIs
MPOTPAaMMUPOBAHUS CHELU(DULIINPOBAHHBIX UHTEP(EHCOB.

Jlanee ¢ MOMOIUIBIO CPEJICTB pa3pabOTKU MPUI0KEHUIH MTPOUCXO-
TUT (PU3MYECKOE CO3TaHIe CUCTEMBI: TPUIIOKEHHS TPOT PAMMHUPYIOTCS
Y UHTETPUPYIOTCS B MHHOPMALIMOHHYIO CUCTEMY.

Xapaxmepucmuxa cospementvix CASE-cpedcme
Cospemennbie CASE-cpencTBa 0XBaThIBAIOT OOLINPHYIO 00JIACTh
MOJIEP)KKM MHOTOYHUCIIEHHBIX TEXHOJOTHH mpoekTupoBanus UC: ot
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MPOCTBIX CPEJICTB aHATIM3A U JOKYMEHTUPOBAHMS 0 TOJTHOMACIITAO-
HBIX CPE/ICTB aBTOMATU3AIIUU, TTOKPHIBAIOIINX BECh KU3HEHHBIN 1TMKJI
ITO [14].

Haubonee Tpynoemkumu sranamu pazpadbotkn AVUC sBistoTcst
9TaIbl aHAJIU3a U MPOEKTUPOBaHUS, B ipoliecce KoTopbix CASE-cpe-
CTBa 00€CIeunBaIOT KAYeCTBO NPUHUMAEMbIX TEXHUYECKUX PEIICHHMA
U MOJrOTOBKY MPOEKTHOH JoKyMeHTanuu. [1pu 3ToM 00bIyI0 poiib
UTPAIOT METO/Ibl BU3YAJIbHOTO MPEICTABIICHUS THPOPMAIUU. DTO TIPpe/I-
ToJIaraeT MOCTPOCHHUE CTPYKTYPHBIX WIIM HHBIX TUArPAMM B PEaTbHOM
Macitabe BpeMeHH, NCTOIb30BaHNE MHOTOO0pa3HOH 1IBETOBOM MaJINUT-
PBI, CKBO3HYIO IPOBEPKY CUHTaKCUYeCKUX npasuil. ['paduueckue cpen-
CTBa MOJETUPOBAHUS MTPEIMETHOM 00JaCTH MO3BOISIOT pa3paboTyu-
KaM B HarJIsTHOM BHJIE M3ydaTh cymiecTByromyio AUC, nepectpau-
BaTh €€ B COOTBETCTBHM C MOCTABJICHHBIMH IIETISIMA U UMEIOITIMHUCS
OTpaHMYCHUSIMHU.

B paspsn CASE-cpencts nonagatoT Kak OTHOCUTEIBHO JICIICBBIC
CHCTEMBI JUIsl IEPCOHATBHBIX KOMITBIOTEPOB C BeChbMa OTpaHUYCHHBbI-
MU BO3MOXKHOCTSIMH, TaK U IOPOTOCTOSIIINE CUCTEMBI JUIsI HEOJTHOPO/I-
HBIX BBIYUCITUTEIIBHBIX TUTATPOPM U OTIEPAITMOHHBIX cpel. Tak, coBpe-
MEHHBIN PBIHOK MPOTrPAMMHBIX CPEACTB HacUUThIBaeT okoo 300 pas-
mmuHbix CASE-cpencTs, HanOoJ1ee MOIIHBIC U3 KOTOPBIX TaK WA MHAYE
HCIOJIB3YIOTCS MTPAKTUYECKH BCEMU BEAYIIMMH 3aTa{HBIMKU (prupMamu.

O6b1uH0 k CASE-cpencTBaM OTHOCAT J1I000€ TPOrpaMMHOE Cpe/l-
CTBO, aBTOMATHU3UPYIOIEee Ty WU MHYI0 COBOKYIHOCTH IMPOIIECCOB
)u3HeHHoro nukia [10 u obrmanmaromiee CaenyONMMA OCHOBHBIMU
XapaKTEPHBIMHU 0COOCHHOCMISAMU:

® MOIIHBIMU TpaUUECKIMH CPEACTBAMU TSI ONTUCAHUS U TIOKY-
MeHTupoBanusi AVC, obecnieunBaromuMu ya00HbIi nHTepdeiic ¢ pas-
paboTUNKOM M Pa3BUBAIOIINE €TI0 TBOPUYECKUE BO3ZMOKHOCTH;

e yHTEerpanueit oraenbHbix KomnoHeHT CASE-cpencts, obecre-
YUBAIOIICH YIpaBIsieMOCTh IIpolieccoM paspaborku AVC;

® JICTIOJIb30BAaHUEM CITEIUAIBHBIM 00pPa30M OPTraHW30BAHHOTO
XPaHWINIIA TPOCKTHBIX METAIaHHBIX (PETIO3UTOPHS).

HNuterpupoBannoe CASE-cpencTBo (MM KOMIIJIEKC CPEJICTB,
noaaepsxkuBaronux moyHeii XKL ITO) comepkuT clieayroiue KOMIIO-
HEHTBI:
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e perto3utopuit, sistoruiics ocaoBoit CASE-cpencrsa. On 1oit-
KeH obecreunBaTh XpaHEHUE BEPCUH MPOEKTA U €ro OT/IEIbHBIX KOM-
MMOHEHTOB, CAHXPOHU3AITUIO MOCTYIIIICHUSI UHPOPMALIMK OT PA3TUIHBIX
pa3paboOTYMKOB MPHU FPYIIIOBOI pa3pabOTKe, KOHTPOJIb METAIaHHbBIX
HA MOJHOTY ¥ HETPOTUBOPEUNBOCTH;

e rpauyecKre CpeICTBA aHAIN3a U MPOEKTUPOBAHMS, 0Oecreun-
BAIOIIUE CO3/IAHNE U PEJAKTUPOBAHUE NEPAPXUUECKU CBS3AHHBIX JH-
arpamm (DFD, ERD u ap.), o6pasyromux moaenu MC;

e cpeJicTBa pa3pabOTKH IMPHIIOKEHHH, BKITFoUas si3biku 4GL 1 re-
HEPATOPHI KOJIOB;

e cpe/icTBa KOH(GUTYPALIMOHHOTO YIIPABIICHUS;

® Cpe/CTBA JOKYMEHTUPOBAHMS;

® CpEIICTBA TECTUPOBAHUS;

® CpPEIICTBA YIPABJICHUS TPOCKTOM;

® Cpe/ICTBa peMH)KMHUPUHTA.

Bce cospemennnie CASE-cpencTBa MOTYT OBITH KTacCH(DUITMPO-
BaHbI B OCHOBHOM I10 THNaM M Kateropusim. Knaccuduxanus no tu-
naMm orpaxkaeT GpyHkunoHaiabnyio opuentanuo CASE-cpencTs Ha Te
vy uHble mporneccsl XK. Knaccuduxkanus mo kareropusiM onpeens-
€T CTeTNIeHb UHTETPUPOBAHHOCTH 1O BBITIOJTHSIEMBIM (DYHKIIUSIM U BKJTIO-
YJaeT OT/IebHBIC JJOKAJIBbHBIE CPE/ICTBA, PEIIAIONIe HeOOIbIINE aBTO-
HOMHBIE 3a/1a4u (tools), Habop YACTUYHO UHTErPUPOBAHHBIX CPEICTB,
OXBATBhIBAIOIIMX OOJBIIMHCTBO 3TANOB *U3HEHHOTO nukia AUC
(toolkit) ¥ MOTHOCTHIO MHTETPUPOBAHHBIE CPEACTBA, MOAIEPKUBAIO-
e Bech XKL MC u cBsi3anHbIe 001MM perio3utopueM. [Tomumo 3to-
ro, CASE-cpencTBa MOXKHO KiIacCU(DUIIMPOBATH MO CIEAYIOUUM MTPH-
3HAKaM:

® IPUMEHSIEMBIM METOIOJIOTUSAM U MOJIeNsIM cucteM U B/1;

e creneHu uarerpuposanHoctu ¢ CYB/;

® JIOCTYIHBIM TIaATGOpPMaM.

Kiraccudukarys rmo TummaM B OCHOBHOM COBIAAET C KOMITOHEHT-
HbIM coctaBoM CASE-cpe/icTB 1 BKITIOUYAET CIICTYFOIINE OCHOBHBIC THUITHI
(mocrie Ha3BaHUS CPEACTBA B CKOOKAX ykazaHa (pupMa-pa3padoTyuuK):

o cpeocmsa ananusa (Upper CASE), npeaHa3zHaueHHbIE 115 TTOCT-
poeHus M aHaln3a Mojiesei mpeametHoii oonactu (Design/IDEF (Meta
Software), BPwin (Logic Works));
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o cpeocmea ananuza u npoekmuposarnus (Middle CASE), monnep-
KUBAIOIMEe HAanOoJIee pacpoCTpaHECHHBIE METOIOJIOTUN TTPOEKTUPO-
BaHMSI Y UCTIOJIb3YIOIIUECS ISl CO3/IaHUs MIPOSKTHBIX CIEITU(pUKATIHIA
(Vantage Team Builder (Cayenne), Designer/2000 (ORACLE),
Silverrun (CSA), PRO-IV (McDonnell Douglas), CASE.Ananutux
(MaxpollpomkekT)). BbIX0OM TaKUX CPEJICTB SBIISIIOTCS CIICIIM(pUKA-
UM KOMITOHEHTOB U MHTEP(HEHCOB CUCTEMBI, aPXUTEKTYPhI CUCTEMBI,
aJTOPUTMOB U CTPYKTYP JAHHBIX;

® cpedcmea npoekmuposanus 6a3 OanHvlx, 00ECIICUNBATOIITNE MO-
JENTMPOBAHNE JAHHBIX U TEHEepaIMIo cxeM 0a3 JJaHHBIX (KakK MpaBuiIo,
Ha s3p1ke SQL) m1st Hanbonee pacnpocrpaHeHHbIXx CYB/I. K Hum ot-
Hocstcss ERwin (Logic Works), S-Designor (SDP) u DataBase Designer
(ORACLE). Cpencra npoeKTHpOBaHUs 0a3 JaHHBIX UMCIOTCS TAKKE
B coctaBe CASE-cpencte Vantage Team Builder, Designer/2000,
Silverrun u PRO-1V;

® CpeJICTBA pa3pabOTKK MprIokeHUH. K HUM OTHOCSTCS cpejicTBa
4GL (Uniface (Compuware), JAM (JYACC), PowerBuilder (Sybase),
Developer/2000 (ORACLE), New Era (Informix), SQL Windows
(Gupta), Delphi (Borland) u ap.) u reHepaTopbl KOJIOB, BXOISIIUE B
coctaB Vantage Team Builder, PRO-IV u wactuuno — B Silverrun;

® CpPeOCmea peuHICUHUpUHed, 00ECTICYNBAOIINE AHAIIN3 TPOTPaMM-
HBIX KOJIOB M CXeM 0a3 JaHHBIX U (OPMUPOBAHKUE HA UX OCHOBE pas-
JIMYHBIX MOJENIel U MPOCKTHBIX crernudukanuii. CpencrBa aHaan3a
cxeM B/l n ¢opmupoBanmns ERD BxomsT B cocraB Vantage Team
Builder, PRO-1V, Silverrun, Designer/2000, ERwin u S-Designor.
B oGacTu aHanmM3a MporpaMMHBIX KOJIOB HAaMOOJIbIIIee PacIpoCcTpa-
HEHHe I10J1y4aroT 00beKTHO-oprueHTHpoBanHbie CASE-cpencTsa, odec-
MIEYNBAIOIIIE PEUHXMHUPHUHT Tporpamm Ha si3bike C ++ (Rational Rose
(Rational Software), Object Team (Cayenne)).

BcrnioMorareibHbIe TUITBI BKITFOYAIOT:

e CpeJCTBa IJIAHUPOBAHUS W ylpaBjeHUus npoektom (SE
Companion, Microsoft Project u ap.);

e cpecTBa KoHuUrypauronsoro ymnpasienus (PVCS (Intersolv));

e cpeacTBa TectupoBanus (Quality Works (Segue Software));

e cpesicTBa JokyMmeHTupoBanus (SoDA (Rational Software)).
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Ha ceromHsmHui 1eHh pOCCUNUCKUN PHIHOK IMTPOTPaMMHOTO 00ec-
TIeYeHMS pacroiaraeT clieAyromuMu Hanoosee pa3sutbiMu CASE-cpen-
CTBaAMH:

« Silverrun;

* Designer/2000;

» Vantage Team Builder (Westmount I-CASE);

* ERwin + BPwin;

* S-Designer;

* CASE.Ananmuruk.

Kpowme Toro, Ha phIHKE TOCTOSTHHO MOSIBIISIIOTCS KAK HOBBIE JIJIS OTe-
YeCTBEHHBIX ToJb30Batenelt cucremsl (Hanpumep, CASE/4/0, PRO-1V,
System Architect, Visible Analyst Workbench, EasyCASE), Tak u Ho-
BBIC BEPCHH U MOAM(PHUKAIINU TTEPEUNUCITICHHBIX CUCTEM.

OxapaxTtepusyeM oCHOBHbIE Bo3MOxkHOCTH CASE-cpencTs Ha ipu-
Mepe UMEIOIIIeH MMPOKOEe PaCcIIpOCTpaHeHHe CHCTEMBI Silverrun.

CASE-cpenctBo Silverrun amepukanckoit ¢pupmber Computer
Systems Advisers, Inc. (CSA) ucnonp3yercs Julsl aHAIN3a U MIPOSKTH-
poBanus AUC OuszHec-ki1acca 1 OPUEHTUPOBAHO B OOJIBIIEH CTEIIEHU
Ha criupalibHyo Moaensb JKLI. OHO mpuMeHUMO TSl TTOAIEPIKKH JTIO-
00i1 METOIO0JIOTHH, OCHOBAHHOW Ha pa3lebHOM MOCTPOCHUU (PYHK-
IUOHATBHOM U MHGOPMAIITMOHHONM MOJIeTIeH (InarpaMM MOTOKOB JaH-
HBIX U JUArpaMM “‘CYIIHOCTh-CBSI3b ).

Hacrpoiika Ha KOHKPETHYIO METOI0JIOTHIO 00eCIIeYBaeTCs BEIOO-
poM TpeOyemoii rpadpruecKkoii HOTAIIMK MOJIENIeH 1 Habopa MpaByJI IIPO-
BEPKHU MPOEKTHBIX crienupuKaimii. B cucreme MMerOTcsi roToBbIE Ha-
CTPOWKH JIjIs1 HanboJtee pacrpocTpaneHHbIX MeTootornii: DATARUN
(ocHOBHast MeToIoJIOTHS, TIoIepkuBaemast Silverrun), Gane/Sarson,
Yourdon/DeMarco, Merise, Ward/Mellor, Information Engineering. [{yst
KaXJ0TO TIOHSTHUSI, BBEICHHOTO B ITPOEKTE, UMEETCSI BO3MOXKHOCTh J10-
OaBieHMs] COOCTBEHHBIX omucarteneidl. Apxutektypa Silverrun mo3so-
JISIeT HApaIBaTh Cpey pa3pabOTKH MO Mepe HEOOXOIUMMOCTH.

Silverrun uMeeT MOIYJBbHYIO CTPYKTYPY U COCTOUT U3 UETBIPEX
MOJIyJIeH, KaXKIbIi N3 KOTOPBIX SIBIISIETCS CAMOCTOSITEITBHBIM TTPOTYK-
TOM M MOKET MPUOOPETATHCS U MCIIOIh30BATHCS O€3 CBSI3H C OCTaJIb-
HBIMH MOOVISAMU.

Mooy nocmpoenust mooeneti busnec-npoyeccos B GopMe TrarpaMm
noTokoB gaHHbIX (BPM — Business Process Modeler) mo3Bossier Mo-
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JENUPOBATH (PYHKITMOHUPOBAHKE 00CIIelyeMON OpraHu3aluy Ui CO-
3naBaeMoit AWC. B monyine BPM obGecnieueHa BO3MOKHOCTb paOOTHI
C MOZENSIMU OOJIBIIION CIOKHOCTU: aBTOMATHYeCKas IepeHyMepalus,
paboTa ¢ JepeBOM MPOLECCOB (BKIIOYAsl BU3YaTbHOE NIEPEeTACKUBAHUE
BETBEH), OTCOeTMHEHNE U MPUCOESTUHEHHE YACTEeH MOIENIN 7151 KOJIIEK-
TUBHOW pa3paboTku. [[narpamMmbl MOTYT M300pakaTbCs B HECKOJIb-
KUX MpeIonpeie]IeHHbIX HOTalusIX, Bkiaouass Yourdon/DeMarco u
Gane/Sarson. MImeeTcst Takyke BO3MOXXHOCTh CO3/1aBaTh COOCTBEHHBIC
HOTAIMU, B TOM YHUCIIe T0OABISATh B YMCIIO M300pakaeMbIX Ha CXeMe
JIECKPHUIITOPOB OIPENIEIEHHBIE ITOIb30BATEIEM TOJIS.

Monynb konyenmyanvnoeo mooeauposanus 1aHHbix (ERX —
Entity-Relationship eXpert) oGecrieunBaeT mocTpoeHne Mojaesei JaH-
HBIX “CyIIHOCTb-CBSI3b”, HE MPUBSI3AHHBIX K KOHKPETHOW pean3aiiu.
DTOT MOJTyJIb UMEET BCTPOEHHYIO 3KCIIEPTHYIO CUCTEMY, TTO3BOJISIOILY IO
CO3/1aTh KOPPEKTHYI0 HOPMAJIWU30BAHHYIO MOJENb JAHHBIX MMOCPE/I-
CTBOM OTBETOB Ha CO/IEPKATEIIbHbIE BOIIPOCHI O B3AMMOCBSI3H JTAHHBIX.
B03MOXHO aBTOMAaTHYECKOE IMOCTPOCHUE MOJENN TaHHBIX U3 OIMHUCa-
HUM CTPYKTYpP AaHHBIX. AHAIU3 (PyHKIIMOHAJIbHBIX 3aBUCUMOCTEH aT-
puOyTOB J1aeT BO3MOKHOCTH IIPOBEPUTH COOTBETCTBUE MOJIETIU TPpeOo-
BAHUSIM TPeThell HOPMAIIbHOU (POPMBI 1 0OOECTIEUNTh X BBITTOJTHEHHE.
ITpoBepennas Monensb nepeaaeTcs B Moayib RDM.

Monyns pensiyuornnozo modearuposanus (RDM — Relational Data
Modeler) mo3BosseT co3aaBaTh JETAITM3UPOBAHHBIC MOJIEIH “‘CyIII-
HOCTH-CBSI3b ™, TIPETHA3HAYCHHBIE JIJIs peaTn3alluy B PEISIIIMOHHOM Oa3e
JIaHHBIX. B 3TOM MoJylile TOKYMEHTHUPYIOTCS BCe KOHCTPYKIUH, CBSI-
3aHHBIE C TOCTPOCHUEM Oa3bl JAHHBIX: MH/IEKCHI, TPUTTEPHI, XPAHUMBbIE
npoueaypsl 1 T. 1. [mbkast n3MeHseMasi HOTAIMSI U PACIIUPSIEMOCTD
PeTIO3UTOPUSI TO3BOJISIIOT PA0OTATH I10 JTF000# MeTog0I0TUH. BO3MOXK-
HOCTb CO3/1aBaTh nojicxeMbl coorBeTcTBYeT noaxoay ANSI SPARC k
MIPEICTABIICHUIO CXeMBI 0a3bl TaHHbIX. Ha s3bIKe moacxeM MoaeIupy-
IOTCSI KaK y3JIbl pacnpe/ielieHHON 00paboTKH, TaK U MOJb30BATEIbC-
KHE TIPEICTABICHUS. DTOT MOJYJIb 00ECIIeYnBAET MPOSKTUPOBAHUE U
MOJTHOE JIOKYMEHTUPOBAHUE PEIISIITUOHHBIX 0a3 JaHHBIX.

Meneoacep penozumopus padoueii rpynms (WRM — Workgroup
Repository Manager) mpuMeHsieTcsl Kak CJI0OBapb TaHHBIX IS XpaHe-
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HUS O0IIel 1y Bcex Mozenielt mHpopMaIliu, a Takke o0ecreunBaeT
MHTETpaIMIo MOTyJIel Silverrun B eIMHYIO Cpey TPOSKTUPOBAHUS.

[TnaToii 3a BRICOKYIO THOKOCTh M pa3zHOOOpa3ue u300pasuTellb-
HBIX CPEICTB MOCTPOCHUS] MOJENEH SBISIETCS TAKOW HELOCTATOK
Silverrun, kak OTCYTCTBHE JKECTKOT'O B3AUMHOTO KOHTPOJISI MEXKIY KOM-
MMOHEHTAMH Pa3JIMYHBIX MOJIENeH (HarmpuMep, BO3MOKHOCTH aBTOMa-
TUYECKOro pacnpocTpaHeHus: usMeHeHuil Mexxay DFD paznuunbix
ypoBHe# aexommosuiun). Crieayer, 0JIHAKO, OTMETUTh, UTO 3TOT He-
JOCTATOK MOKET UMETh CYIIECTBEHHOE 3HaUEHHE TOJIBKO B CIIydae uc-
1oJib30BaHus Kackaauou moaemu KL ITO.

JIs aBTOMAaTUYECKOM TeHepaluu cxeM 0a3 JaHHbIX y Silverrun
CYIIECTBYIOT TaK Ha3bIBa€MbIE MOCTHI K HanOO0JIee paclpoCTpaHEHHBIM
CVYB/: Oracle, Informix, DB2, Ingres, Progress, SQL Server, SQLBase,
Sybase. [Ins nmepenaun JTaHHBIX B CPEACTBA Pa3pabOTKU MPHIIOKESHUN
nMeroTcs MocThl K si3pikaM 4GL: JAM, PowerBuilder, SQL Windows,
Uniface, NewEra, Delphi. Bce MOCTBI M03BOJISIOT 3arpy3uTh B Silverrun
RDM unbpopMmaimio u3 karajaoros coorBercTByrommux CYB/I wim s361-
k0B 4GL. DT0 n0o3BOJISIET TOKYMEHTUPOBATH, IEPENPOECKTUPOBATH WIIH
MEPEHOCUTHh HA HOBBIE TIATHOPMBI YK€ HAXOJSIIHNECs B IKCIUTyaTa-
1u 0a3bl TAHHBIX ¥ MPUKJIAHbIE cucTeMbl. [1pu ucnonp3oBaHuu Mo-
cra Silverrun pacupsieT CBOi BHYTPEHHUM PEIO3ZUTOPUN Crieluud-
HBIMH JJTS 11eJIeBOM cucTembl aTpuOyTamu. [1ocie onpeaenenns 3Haue-
HUN 3TUX aTPUOYTOB IeHepaTOp MPUIIOKEHUI MEPEHOCHT MX BO BHYT-
PEHHHIT KaTayior cpeabl pa3padOTKU MU UCTIOIb3YeT MPH TeHePAINH
kona Ha si3bike SQL. Takum 06pazom, MOKHO ITOJTHOCTBIO ONPEAETIUTD
spo 6a3bl TaHHBIX C UCIIOIb30BAHMEM BCEX BOZMOXKHOCTEH KOHKPET-
Hoit CYB/l: TpurrepoB, XpaHUMbIX MPOLEAYDP, OTPAHUUEHH CChLIOY-
HOH nenoctHoctu. Ilpu cozpanum npunoxkeHus: Ha sizbike 4GL man-
HbIE, TIEpEHECeHHbIE U3 peno3utopus Silverrun, UCOIB3YIOTCS JIMOO
JUISl aBTOMATUUECKON TeHepaIiui MHTEPPEHCHBIX 00BEKTOB, JIMOO ISt
OBICTPOTO UX CO3/IAHMSI BPYUHYIO.

Jns oOMeHa TaHHBIMH C JIPYTUMH CPEJACTBAMHM aBTOMATU3ALINH
MPOEKTUPOBAHMUS, CO3/IAHUS CIIEITUATIU3UPOBAHHBIX MIPOIIEYp aHAIH-
3a U TPOBEPKU MPOCKTHBIX CIIeU(PUKAINI, COCTaBIICHUS CIICIINATU3H-
POBAHHBIX OTYETOB B COOTBETCTBUU C PA3IMYHBIMU CTaHAAPTAMHU B
cucteme Silverrun nmeetcst Tpu croco0a BbIJaun MPOSKTHON UHPOP-
MaIliu BO BHEITHUE (QaliyIbl:
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e crucTeMa OT4eTOB. MOXKHO, OIpENIENINB COAEPKUMOE OTUETA 110
PENO3UTOPHIO, BBIIATH OTYET B TEKCTOBBIH (ailsl. DTOT (haiin MokHO 3a-
TEM 3arpy3UTh B TEKCTOBBIN PEIaKTOP WIN BKIIIOUUTD B IPYTOM OTUET;

e cucTeMa dKcropra/umnopra. s 6os1ee NOTHOrO KOHTPOJIS Hal
CTPYKTYpOH (paiilIoB B CUCTEME IKCITOPTA/MMITOPTA UMEETCSI BOSMOKHOCTD
OTIPENIETISITh HE TOJIBKO COJIEPKMMOE 3KCIIOPTHOTO (aiiia, HO M pa3ieu-
TEJTN 3aIrCce, TI0JIeH B 3aITMCsX, MapKephl HaYalla M KOHIA TeKCTOBBIX
nosieid. Daiibl ¢ yKa3aHHOU CTPYKTYPOH MOKHO He TOJBKO (hopMupo-
BaTh, HO M 3arPy’XaTh B PEMO3UTOPUI. DTO JAET BOZMOKHOCTh OOMEHHU-
BAThCS JAHHBIMU C pa3nu4YHbIMU cuctemamu: npyrumu CASE-cpencrsa-
Mmu, CYB/I, TeKCTOBBIMU pelaKTOPaMHU 1 ANIEKTPOHHBIMU TaOIUIIAMY;

® XpaHEeHHUe pero3uUTOpus BO BHEIHUX (aitnax yepe3 ODBC-npaii-
Bephl. [l 1ocTyna K JaHHBIM PENoO3UTOPHs U3 HauboJiee pacipocT-
PaHEHHBIX CHCTEM YIpaBJIeHHs 0a3aMM TaHHBIX oOecrieueHa BO3MOXK-
HOCTh XPaHUTH BCIO MPOEKTHYIO MH(POPMAIUIO HEITOCPEICTBEHHO B
dhopmate atux CYB/I.

I'pynmoBas paboTa mogaepkuBaeTcs B cucreme Silverrun aBymst
criocobamu:

® B CTAHAAPTHOMN OJHOIIOJIB30BATEIIBCKON BEPCUN UMEETCS MeXa-
HU3M KOHTPOJUPYEMOTrO pasfeseHus U clIusiHus Mofaeneil. Paznenus
MOJI€b Ha YaCTHU, MOXKHO Pa3/laTh MX HECKOJBKUM PAa3pabOTUMKAM.
[Tocne neranpHON 1OPaOOTKU MOAETN OOBEIUHSIOTCS B €IUHBIE CIIe-
IU(pUKALTIT;

e cereBas BepcHs Silverrun Mo3BoJI€T OCYILECTBIISTh OJHOBpE-
MEHHYIO TPYIIIOBYIO0 pabOTy ¢ MOJAEISIMH, XPAHSIIUMUCS B CETEBOM
penosutopun Ha 6aze CYB/] Oracle, Sybase nnu Informix. [1pu aTom
HECKOJIBKO Pa3paboTUMKOB MOTYT paboTaTh ¢ OAHOM U TOH ke MoJie-
JIBIO, TaK KaK OJIOKUPOBKA OOBEKTOB MPOUCXOIUT HA YPOBHE OTAEIb-
HBIX 3JIEMEHTOB MOJIEIIH.

Nwmerotes peanmzanmu Silverrun Tpex matdhopm — MS Windows,
Macintosh u OS/2 Presentation Manager — ¢ BO3MOKHOCTbIO OOMeHa
MPOEKTHBIMM JAHHBIMU MEX1Yy HUMHM.

[Tomumo cuctems! Silverrun, ykakeM Ha3HAaYeHUE U IPYTUX IO-
nynsipabix CASE-cpencts u ux rpymi.

Vantage Team Builder npezacrasnsier co60ii HHTETpUPOBAHHBIN
MPOTPAMMHBIN TTPOIYKT, OPUEHTUPOBAHHBIN HA peaTM3aIlnio KacKa/l-
Hoit moaenu XKL ITO u mognepsxky nmomHoro KL ITO.
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Uniface 6.1 — npoaykTt ¢pupmbr Compuware (CLIIA) — npeacrag-
JseT coOoM cpely pa3paboTKH KPpyMHOMACIITAOHBIX MPUIOXKEHUN B
apXUTEKType “KIMEeHT-cepBep”.

CASE-cpencrBo Designer/2000 2.0 ¢upmbr ORACLE siBnsieTcs
unterpupoBanHbiM CASE-cpencTBom, oOecriedynBaonuM B COBOKYII-
HOCTH CO CpeacTBaMu pa3paboTrku npuioxenuit Developer/2000 mos-
nepxky nmoanoro KL ITO gns cucrem, ucmonb3yromux CYBJ]
ORACLE.

[Taketr CASE/4/0 (microTOOL GmbH), BKiTI0Uatouii CTpyKTyp-
HBIE CPEJICTBA CUCTEMHOI'O aHAIN3a, IPOSKTUPOBAHUS U NMPOTPAMMHU-
poBaHus, 0OecreunBaeT MOAAEPKKY BCEro )U3HEHHOTO IIMKIa pa3pa-
00TKH (BIUIOTH IO COMPOBOXK/ICHUS), HA OCHOBE CETEBOT'O PEIO3UTO-
Ui, KOHTPOIUPYIOIIETO IETOCTHOCTD ITPOEKTA M MOAIEPIKUBAIOIIETO
COTJIACOBAHHYIO pabOTy BCEX €ro yYaCTHUKOB (CHUCTEMHBIX aHAIIUTHU-
KOB, TPOEKTHPOBIIUKOB, TTPOTPAMMUCTOB).

Jokanvhvle cpedcmea

IMTaker ERWin (Logic Works) ucrnosnb3yercs nmpu MojaeIupoBa-
HUU U CO3/IaHUM 0a3 JaHHBIX MPOM3BOJIHHOM CIIO)KHOCTH HAa OCHOBE
JUarpamMM “CyliHOCTb-CBsI3b”. B Hacrosiee Bpems ERWin siBnsercs
HanOoJ1ee MOMyJIIPHBIM ITAKETOM MOACTUPOBAHUS TAHHBIX OJ1aromaps
nojaepxkke mupokoro cnekrpa CYB/I cambIX pa3inyHbIX KJIaCCOB —
SQL-cepBepos (Oracle, Informix, Sybase SQL Server, MS SQL Server,
Progress, DB2, SQLBase, Ingress, Rdb u 1p.) u “nacronsueix” CYB/]
tuna xBase (Clipper, dBASE, FoxPro, MS Access, Paradox u nip.).

BPWin — cpenctBo (pyHKIIMOHATEHOTO MOICITMPOBAHUS, peaju-
sytomee Meroaonoruio IDEF0. Moaens B BPWin npencrasisier co-
6011 coBokynmHOoCTh SADT-auarpamMmm, Kaxaasi U3 KOTOPBIX OIKUCHIBA-
€T OT/ICTIbHBIN MPOIIeCcC, pa30MBast €ro Ha MIATU U MOITPOIECCHI.

S-Designer 4.2 (Sybase/Powersoft) npencrasisier co6oit CASE-
CPEICTBO /TS MPOESKTUPOBAHMS PEIIAIIMOHHBIX 0a3 JaHHBIX. [To cBonM
(hYHKIIMOHATBHBIM BO3MOXKHOCTSIM U CTOMMOCTH OH 0530k kK CASE-
cpenctsy ERWin, oTiimuasice BHEIIHE UCTIOIB3YEeMON Ha AMArpamMmax
HoTarmel. S-Designor peanusyeT cTaHIapPTHYIO METOIOJIOTHIO MO/Ie-
JIUPOBaHUs AAaHHBIX U reHepupyeT onucanue b/l mua takux CYB/I,
kak ORACLE, Informix, Ingres, Sybase, DB/2, MS SQL Server u ap.
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CASE. Anamutuk 1.1 (OHTeKC) SBISETCS MPaKTHYCCKH €IMHCTBEH-
HBIM B HACTOSIIEEe BPeMsl KOHKYPEHTOCIIOCOOHBIM OTEUECTBEHHBIM
CASE-cpenctBoM (pyHKIIMOHAIBHOTO MOJICIUPOBAHUS U Peau3yeT
IMOCTPOEHUE TUATPAMM MMOTOKOB JJAHHBIX B COOTBETCTBUU C OTUCAH-
HOU paHee METOJOJIOTUEN.

Obvexmuo-opuenmuposanuvie CASE-cpedcmsa

Rational Rose — CASE-cpencrBo ¢pupmbel Rational Software
Corporation (CIIIA) — npenHa3HAYEHO JIJIT aBTOMATHU3AIUU 3TAIIOB
a”anuza u npoextupoBaHus 10, a Takxke s reHepaluu KOJA0B Ha
PA3IMYHBIX SI3BIKAX U BBIMYCKA MPOEKTHOM qoKyMmeHTanuu. Rational
Rose ucronp3yer CHHTE3-METO10JI0THI0 OO BEKTHO-OPUEHTUPOBAHHO-
T'0 aHaJIN3a U MPOSKTUPOBAHMS, OCHOBAHHYIO Ha MTOAXO0/IaX TPEX BEIy-
IUX CIEIUAIMCTOB B JaHHOW oOyactu: byua, Pam6o u J[»xexkoOcoHa.
Pa3paboranHass UM yHUBEpCcabHAsT HOTAIUS ISl MOJICTUPOBAHUS
00bekToB (s1361k UM L — Unified Modeling Language — yHuBepcaib-
HBII S3bIK MOJICTMPOBAHMUS) SBIISETCS B HACTOSIIEE BpEMS U, OUEBU/I-
HO, OCTaHeTCsl B OyaylieM OOUIENPHUHSTHIM CTaHAAPTOM B 00JIaCTH
00BEKTHO-OPUEHTUPOBAHHOTO aHAJIN3a M IPOeKTHpoBaHus1. KoHkpeT-
HbIi BapuaHT Rational Rose ompenensieTcst S36IKkOM, HA KOTOPOM
reHepupyrmoTcs koasl nmporpamm (C++ , SmallTalk, PowerBuilder,
Ada, SQLWindows u ObjectPro). OcHoBHoli Bapuant — Rational
Rose/C++ — no3Bousier pa3pabaThiBaTh MPOESKTHYIO JOKYMEHTALIUIO
B BUJIE IMATrPAMM U CIeIU(UKAIINNA, & TAKIKE TEHEPUPOBATH TPOTPAMM-
Hble koabl Ha C++ . Kpome Toro, Rational Rose comepxuT cpeactsa
PEVHKUHUPHUHTA TTPOTPaMM, 00eCTIeYNBAOIINE TOBTOPHOE MCIIOTB30-
BaHME MPOTPAMMHBIX KOMITOHEHT B HOBBIX IIPOEKTAX.

Cpeocmea Konghueypayuonnoeo ynpaenenus

Llenp xonpurypanmonnoro ynpasienus (KY) — obecrieunts ym-
PaBIsIEeMOCTb U KOHTPOJIMPYEMOCTb IPOIIECCOB Pa3pabOTKH M COMPO-
Boxaenus [10. [list aToro HeoOXoamMa TOYHAS U JOCTOBEpHAsl WH-
dopmarnus o cocrostHuM [1O 1 €ro KOMITOHEHT B KaXKIbIii MOMEHT Bpe-
MEHH, a TAK)Ke O BCEX MPEANOIAraeMbIX U BbIITOTHEHHBIX U3MEHEHUSIX.

Jns perenust 3aga4 KY npumensitorest MeToabl M cpefcTBa odec-
MeYrBaIONINe UACHTU(DUKALIUIO COCTOSHNS KOMIIOHEHT, Y4eT HOMEHK-
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JATypbl BCEX KOMITOHEHT M MOJIU(MUKAIIUN CHCTEMBI B 1I€JIOM, KOHT-
POJIb 32 BHOCUMBIMU U3MEHEHHUSIMU B KOMITOHEHTBI, CTPYKTYpY CUCTe-
MBI 1 ee (DYHKITUH, & TAK)Ke KOOPAMHUPOBAHHOE YIIpaBJICHUE pa3BUTHU-
eM (QYHKIUN 1 yITydIlIeHUeM XapaKTePUCTUK CUCTEMBI.

Haubonee pacnpocrpanenusiM cpeactsom KV sasnsiercss PVCS
¢upmsl Intersolv (CIIA), Bkitouaromiee psiji CaMOCTOSTEIbHBIX TTPO-
nyktoB: PVCS Version Manager, PVCS Tracker, PVCS Configuration
Builder u PVCS Notify.

Cpeocmesa 00Ky Menmuposanus

s co3manus fokyMeHTanuu B npouecce pazpabotku AVC uc-
MOJIB3YIOTCS pa3HOOOPA3HEIE Cpe/icTBA POPMUPOBAHUS OTUETOB, A TAK-
K€ KOMITOHEHTBI M3AaTeNIbCKUX cucTeM. OOBIYHO CpeAcTBa JOKYMEH-
TupoBaHus BcTpoeHbl B KoHKpeTHble CASE-cpencrBa. MckmoueHuem
SIBIISTFOTCSL HEKOTOPBIE IMAKETHI, TTPEIOCTABIISIONINE JTOTTOTHUTEIbHBIHA
CepBHC MpHU JOKyMeHTUpoBaHuu. M3 Hux Hanbosee akTUBHO UCIOJIb-
3yetcst SODA (Software Document Automation).

ITpoaykTt SoDA npenHazHaveH AJisl aBTOMATU3AIUN pa3paboTKu
MpoeKTHOH JJokyMeHTanu Ha Beex ¢azax XKL [TO. On no3BoseT as-
TOMATUYECKH U3BJIEKATh Pa3HOOOpa3HYI0 HHPOPMAIIHIO, TIOTy4aeMYIO
Ha Pa3HBIX CTAUSAX Pa3paOOTKH IPOEKTA, U BKIIOYATh €€ B BBIXOIHBIC
JOKYMEHTHI. [Ipr 3TOM KOHTPOIMPYETCs] COOTBETCTBUE JOKYMEHTALIUI
MIPOEKTY, B3aUMOCBSI3b IOKYMEHTOB, 00ECIIEYMBACTCS UX CBOEBPEMEHHOE
oOHoBreHue. Pe3ynbTupyromas JOKyMeHTalusi aBTOMAaTH4eCcKu (hopMu-
pyeTcst U3 MHOXKECTBA HCTOYHUKOB, YMCIIO KOTOPBIX HE OTPaHUYCHO.

[Taker BKTIOYAET B ceOs rpaduvecKuil peaakTop IS MTOATOTOB-
KM 11a0JIOHOB JOKYMEHTOB. OH TO3BOJISET 3a/1aBaTh HEOOXOIMMBIIA
CTUIIb, POH, MPUPT, OMPELISITh PACTIOIOKEHUE 3aT0JIOBKOB, pe3ep-
BUPOBATh MeCTa, rJe Oy/leT pa3MmeriaTbcs U3BJIeKaeMasi u3 pazHoo0-
pa3HbIX KCTOYHUKOB MHpopManus. MI3aMeHeHrss aBTOMaTUUECKH BHO-
CSITCSI TOJIBKO B T€ YACTH JIOKYMEHTAIINH, HA KOTOPBIE OHU TTOBITUSIIA B
mporpamMmme. ITO COKpaIaeT BpeMs OArOTOBKH TOKYMEHTAIINH 32 CUET
OTKa3a OT NepereHepalnu BCel JOKYMEHTALIUH.

SoDA peanuzoBaHa Ha 0a3e n3gaTeabckoi cucteMbl FrameBuilder
Y TIPEIOCTABIISIET MTOJIHBINH HAOOP CPE/ICTB MO PEIAKTUPOBAHUIO U BEP-
CTKE BBIITYCKAEMOU IOKYMEHTAIUH.
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HToroBBIM pe3yibTaToM padboThl cucTeMbl SODA sBIIsieTCs TOTO-
BBIH JOKYMEHT (WM KHHTa). JJOKyMEHT MOKET XpaHUThCS B (aiiie
dhopmarta SoDA (Frame Builder), koTopblii moirydaeTcs B pe3yibTaTe
reHepaluu JOKyMeHTa. BbIBO Ha MevaTh 3TOro JOKyMEHTA (MJIM €ro
YacTH) BO3MOXEH U3 cucteMbl SODA.

Cpena ¢yukimonnposanust SODA — OC tuna UNIX nHa pabo-
yux craHimsax Sun SPARCstation, IBM RISC System/6000 naun Hewlett
Packard HP 9000 700/800.

Cpeocmea mecmuposaHusi

[Tox TecTupoBaHMEM TOHUMAEGTCS MPOLIECC UCTIOTHEHUS TPOT paM-
MBI C 11eJIbI0 OOHApYXeHUs olnOoK. Perpeccnonnoe rectupoBanue —
9TO TECTUPOBAHHE, MPOBOJAMMOE MOCIIE YCOBEPIIEHCTBOBAHUS (yHK-
U MPOrpaMMBbl UM BHECEHHS B HEe U3MEHEHUH.

OnHo u3 HanboJiee pa3BUTHIX CpeACTB TecTupoBaHus QA (HoBoe
HazBanue — Quality Works) npezcrasiser co00i UHTerpUpOBaHHYIO,
MHOTOITIAT(HOPMEHHYIO CpeLy 1715l pa3pabOoTKH aBTOMATU3HUPOBAHHBIX
TECTOB JII00OT0 YPOBHS, BKITIOUAS TECTHI PETPECCUU TS TPUITOKEHHIA
¢ rpaduyeckuM UHTEPPEHCOM MOIH30BATENS.

QA mo3BoJIsIeT HAaUMHATH TeCTUpOoBaHUE Ha Jr00o# daze XKII,
MJIAHUPOBATH U YIPABISTH MPOIECCOM TECTUPOBAHUS, OTOOpaXKaTh
M3MEHEHHS B IPUJIOKEHUH ¥ TIOBTOPHO MCIOJIB30BATH TECTHI /7151 00-
Jee ueM 25 pa3IuyHbIX MIaT(GopM.

B zaxmouenne mpusenem npumep komriuiekca CASE-cpencts,
obecneynBaromero noaaepxky noiaxHoro KL ITO. Henenecoodpasno
cpaBHMBaAThH OoT/AeNbHO B3sThie CASE-cpefcTBa, MOCKOIBKY HU OJTHO
13 HUX HE PelIaeT B I[eJIOM BCe MPOOJIEMbI CO3IAHUS M COTTPOBOKICHUS
ITO. D10 noaTBepkIAETCS TAKKE TTOJIHBIM HAOOPOM KPUTEPUEB OLICH-
KM ¥ BbIOOpaA, KoTOophle 3aTparusatoT Bee 3tansl XKL I10. CpasHu-
BAThCSI MOTYT KOMIUIEKCHI METOIOJIOTHUECKH U TEXHOJIOTHYECKH CO-
[JIACOBAHHBIX WHCTPYMEHTAIBHBIX CPEACTB, MOACPKUBAIONINE TTOJI-
Hb1i XKL I1O n obecrieueHHble HEOOXOIUMOM TEXHUUECKON U METO/ U~
YeCKOU MOIJIEPKKON CO CTOPOHBI (PUPM-TTOCTABIIIMKOB (OTMETUM, UTO
panroHaIbHOE KOMIUIEKCUPOBAHNE HHCTPYMEHTAIIBHBIX CPEACTB pas-
pab6otku [1O AVC siBnsieTcst BaKHEHIIUM yCIOBHUEM OOecreueHust Ka-
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yectBa 3Toro [1O, mprueM 5To 3aMeuaHue CrpaBeIuBoO 7151 BCEX Mpe-
MeTHBIX obJacteit). Ha cerogusimmnuii nens Hanbosee pa3BUTHIM U3 BCEX
MOCTABIISIEMBIX B POCCHIO KOMIIJIEKCOB TAKOTO POAA SIBIISIETCS KOMII-
JIEKC TEXHOJIOTUH U MHCTPYMEHTANIbHBIX cpelicTB coznanus AUC, oc-
HOBaHHBIN Ha MeTomonoruu u texnoimorun DATARUN. B cocras
KOMIUIEKCa BXOAST CIIEAYIOIINE NHCTPYMEHTAIbHbIE CPEICTBA!

o CASE-cpeacrro Silverrun;

® CPEJICTBO pa3pabOTKu NpuioxeHuii JAM;

e MocT Silverrun-RDM <-> JAM;

® KOMILIIEKC CPeJICTB TecTUupoBaHus QA;

e MeHeDKep Tpanzaknmii Tuxedo;

® KOMIUIEKC CPEJCTB IJIAHUPOBAHUS U yIIpaBJeHUs: TpoekToM SE
Companion;

® KOMIUIEKC CPEJCTB KOH(pUTrypaunoHHoro ynpasienusi PVCS;

e 00bekTHO-OpueHTUpOoBaHHOe CASE-cpenctBo Rational Rose;

® CPE/ICTBO JOKYMEeHTHpoBaHUS SODA.

Bonpocbl ana camonpoBepku

1. [Mosicuute cymuocts CASE-TexHOMOTHIA.

2. Ha3oBuUTE OCHOBHBIE 3TATIBI )KU3HEHHOTO IIUKJIA TIPOTPaaMHO-
ro obecneuenus (JKLI I10).

3. Ha xakux rpynmnax npoueccoB 6azupyercs K1 I10?

4. Kakue 371eMeHTHI UCITOJIb3YIOTCS B MeToojiorun RAD?

5. YUto ABIISIETCS pe3yaIbTaTOM IpUMEHEHHS MeTotojiorur SADT?

6. M300pa3uTe OCHOBHBIE HOTALIMU JUATPAMM ITOTOKOB JaHHBIX
(DFD).

7. Ha xaxue monenu onmpaetcst Mmetogoiorus DATDRUN?

8. Kakue KOMITOHEHTHI BXOJAT B JII000€ COBPEMEHHOE MHTETPU-
poBarHoe CASE-cpencrtso?

9. B 4eMm CymIHOCTh OOBEKTHO-OPHEHTHPOBAHHOTO TOAX0Aa K
npoektuposanuio [10 AUC?

10. ITpuBeaute npumep o0bekTHO-OpueHTHpOoBaHHOTO CASE-
cpelcTBa.
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9. LleHTpanu3oBaHHasa U pacnpepeneHHas
06paboTka AaHHbIX

9.1. MpUHUKUNBI NOCTPOEHHUA U 3Tanbl
NpoeKTUpPOBaHUA 6a3bl AAHHbIX

ABTOMATH3UPOBAHHBIE HHPOPMALIMOHHO-CITPABOYHBIE CUCTEMBbI
(AWCC) B HacTosIIIIEE BpEeMS MOJIYYUIIA BeChbMa NTUPOKOE PACIIPOCT-
paHEeHHe, YTO CBSI3aHO MPEX/IE BCETO CO CPABHUTEIBHON MTPOCTOTOM
HX CO3/1aHUS U UCKITIOUUTEIBHO BBICOKUM 3(()EKTOM OT BHEPEHUS.
MeTom0I0rnIecKoi 0CHOBOW MH()OPMAIIMOHHBIX TEXHOJOTUH, pea-
au3zyemblx B AUCC, gBIsiI0TCS KOHUENUUU YeHMpaau308aHHoU
(B pamkax pa3paboTku 0a3 u OAHKOB JAHHBIX) U pacnpeoesenHoll
(B paMKax co3gaHust ”HPOPMAILIMOHHBIX CETeH, B TOM YUCIIe U C pac-
MpeieICHHBIMU OaHKAMHM TAHHBIX B y371aX) 00paboTK1 HHPOPMALIUH.
CoBpeMeHHbIE KOMIBIOTEPHBIE CETU OyAyT JOCTATOYHO MOJIPOOHO
paccMoTpeHsl B 11. 9.3. HacTosmuii 1 mocinenyonui MyHKTHI ITOCBSI-
IICHBI BOITPOCAM MPOSKTUPOBAHUS M UCMOIB30BaHUs 0a3 M OAHKOB
JTAHHBIX.

9.1.1. OcHOBHblIE MOHATHA H OonpeAeNeHHsA

B nayke ogHuUM U3 HanboOee CIIOKHBIX JJI CTPOTOTO OIpe/ee-
HUs sIBJIsieTCs noHATue “uHpopmanus”. CoriacHO KUOEpHETHIECKO-
My noaxojy [15] “uHpopmanus — nepBoHayaabHOE COOOIIEHUE TaH-
HBIX, CBEJIEHUH, ocBeoMIIeHre U T. I1.”. KubepHeTuka BbIBeIa MOHS-
THe MH(OPMAITNH 32 TIPEIeITbl YeJIOBEUECKON peur U IPYyTrux GopM KOM-
MYHUKAIIUN MEXKTY JIIOJAbMU, C853AJ1d €20 € YCJIeHaANPAasieHHbIMU CUCHIe-
mamu 11000i npupoovt. UadopMaius BeICTyACT 8 mpex (hopmax:

e Ouonozudeckoil (OMOTOKM; CBSI3M B TEHETUYECKMX MEXaHU3MaX);

® MawuHHoU (CUTHAJIBI B SJIEKTPUYECKUX IIETISIX);

® coyuanvbHoli (IBVKEHNE 3HAHUHN B OOIIIECTBEHHBIX CUCTEMAX).
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WHupIME crioBaMH, “UH(OpPMAIUS — CBSI3b B JIFOOBIX IIeJICHAIIPAB-
JIEHHBIX CUCTEMaX, OINPEEIISIONasi X 1eJIOCTHOCTh, YCTOWYUBOCTb,
ypoBeHb (yHKIIMoHnpoBaHus [49]. CoaepikaHrue U 0OCOOCHHOCTH WH-
(hopMaIuu pacKpbIBAIOTCS YKa3aHUEM JICUCTBHIM, B KOTOPBIX OHA y4a-
CTBYET:

o xpanenue (Ha HEKOTOPOM Hocumiese HPOPMAIIUN);

® npeobpazosanue (B COOTBETCTBUU C HEKOTOPBIM A120PUMMOM);

e nepedaua (C TIOMOIIBIO nepedamuuka U npueMHUKd 1mo HEKOTO-
PO stuHuu ces13u).

B cooTBeTCcTBUM € 3THM XKe MOAXOAOM — “‘Oanmblie — ¢hakmul u
uoeu, IpeICTABIICHHBIE B )opManu308anHoM 6ude, IO3BOJISIONIEM nepe-
0asamv WU 06pabamvleany UX MPU MOMOIIU HEKOTOPOTO npoyecca u
COOTBETCTBYIOIINX MexHuueckux ycmpoticms” [13].

TonkoBelii cioBaps 1o uHpopmatuke [49, 53] onpenensier moHs-
tus “nHpopManus’” u “maHHbIE” HECKOJIBKO MHAYE:

“unghopmayusi — 1) co80KYynHOCMb 3HAHULL O PAKMUYECKUX OAHHBIX
U c65351X MedcOy Humu, 2) B BBIYUCITUTETBHON TEXHUKE — codepaicarie,
npuceausaemoe 0anHviM MOCPEICTBOM COTJIALICHUN, PACTIPOCTPAHSIO-
IIIUXCS HAa 3TH JJAHHBIE; 0aHHble, TIOIICKAIIHE 6600) 6 DBM , xparumbvie
6 ee namamu, oopabamvieaemvle Ha IBM u vidasaemvie novzosame-
aam”; “Oanmnvie — ungopmayus, IPEACTaBICHHAS B BHJIC, NPU2OOHOM
07151 00PAdOMKU AGMOMAMULECKUMU CPEOCIBAMU NPU BO3MONCHOM YUAC-
muu yenosexa’”.

Kax jerko 3aMeTuTh, MPUBEIECHHBIC OMPE/IEICHNS BBIHYXKICHHO
HCIIOJNIB3YIOT TAKHE CIOXKHO OIPEIENseEMbIE TTOHATUS, KaK “‘¢ghaxmul”,
“uoeu’” u, ocoOOEHHO, “3narnus’.

B nanwneitmeM noo ungopmayueii 6yoem nonumans moobwvle ceede-
HUsL 0 NPOYeccax u s18IeHUsIX, KOmopwvle 8 Mot uiu uHot gopme nepeoa-
10MCest MeHCOY 00beKMamu MamepuaibHo20 Mupa (J00bMu, HCUBOMHbI-
MU, pacmenusimu; asmomamamu u op. ).

Ecnmu paccMOTpeTh HEKOTOPBIN 00beKm MamepuaibHo2o mupda,
nH(pOpMAIUI O KOTOPOM TIPENCTABIISIET UHTEpEC, U Had.irodamens (B
poau kotoporo u Beictynator AUC), cnocodbrnozo ¢uxcuposams 31y
“H(pOpPMAIIHIO B OMPE/IEIICHHON, MOHITHOU NpyruM (gopme, TO TOBO-
pAT, 9TO 6 namsmu ( “cosnanuu’’) Hadmodamensi Haxo00amcsi OaHHbIe,
OTUCBIBAIOIINE COCTOSIHUE 00BeKTa. Takum 00pa3om, dannvimu 6yodem
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HA3b18aMb YOPMATUZ0BAHHYIO UHDOPMAYUIO, NPUSOOHYIO O/t NOCAEOVIO-
weti 0o6pabomxu, XpaHeHus u nepeoadu cpeocmsamu aAgmoMamu3ayuu
npogeccuoranbHoll 0esimeabHOC.

HNudopmarmio B 9BM M0XHO XpaHUTh B BUAE PA3THYHBIX JaH-
HBIX (YUCIIOBBIX; TEKCTOBBIX; BU3YyaJbHBIX U T. I1.). Boyee Toro, ais
OTMCAHUSI OJTHOM U TOM ke MHPOPMAIIMH MOXKHO TTPEITIONKUTh pa3Iny-
HbIE BAPUAHTBI UX COCTABA U CTPYKTYPhl. UHBIMU CIIOBAMMU, Hpasomep-
HO 2080pumsb 0 modenuposaruu ¢ AU C unghopmayuu o HeKomMopom mMHo-
Jicecmae 00beKMo8 MamepuaIbHO20 MUpa CO80KYNHOCIbIO 83AUMOCES1-
3AHHBIX OAHHBIX.

Hngpopmayuonnoe obecneuenue (information support) AMUC — co-
BOKYITHOCTh €IMHOU cucmeMbl Kaaccupurayuu u Koouposamus MHHOp-
Maluy; YHU(PUIIMPOBAHHBIX CUCHIeM OOKYMEHMAayuu N UCNOIb3YeMbLX
maccusos ungpopmayuu [53, 54]. B manpHeiimeM Hac OyAeT UHTEpPECO-
BaTh MIMEHHO TOCIICTHAN aCMEeKT JAHHOTO OIPE/IeIICHUSI.

B aTo0li CBAI3M 6 Kauecmese enagnwvix 3a0ay co30anus. UHPOPMAYUOH-
no2o obecneuernus AVIC MOXHO BBLIEINUTD:

® BO-TIEPBBIX, OnpedeseHue cocmasa u CmpyKmypvl OAHHbIX, TOCTa-
TOYHO “XOPOIIO” OMUCHIBAIOIINX TPeOyeMyo HHGOPMAIIHIO;

® BO-BTOPBIX, 000CHO8AHUE CNOCOO08 XPAHEHUsL U nepepadomKu OaH-
HBIX C UCITOJIh30BaHNuEM DBM.

[Tpomnecc cozpanust THGOPMAIIMOHHOTO OOECTeUeHUsT BKIIOUaeT
HECKOJIbKO 3TaIl0OB, PACCMOTPEHHUIO KOTOPBIX NTOCBsILIeH 11. 8.2.4. B naH-
HOM IYHKTE OCTAHOBHMMCS HA TIOHSATUSIX U OTIPE/ICIICHUSIX, CBSI3aHHBIX C
TEXHOJIOTHel OAHKOB JIAHHBIX.

[Ipexnae yem onpeneuTh MOHATHE “OaHK JAaHHBIX , HEOOXOUMO
OCTAHOBUTBHCS Ha JIPYrOM KJIIOUEBOM TOHSATHH — “TIpeAMETHAas 00-
JIacTe”.

[Mon npeomemnoti ob6n1acmoio (I10) 6yaem noHUMaTh urgopmayuio
00 00vexmax, npoyeccax u AACHUSX OKPYAHCaIoujeeo mupd, KoTopas ¢
MOYKU 3PEeHUs. NOMEHYUATLHBIX NOIb308ameell 00IHCHA XPAHUMbCS U
0bpabamvleamves 6 UHGOPMAYUOHHOL cucmeme. B 3TOM ompe/ieIeHUn
0co00e BHUMAHHUE CIIEAYET YACTUTh BaXKHOCTH POJIU MOTEHIIMATBHBIX
notpeduteneit nHpopmarmonueix pecypcoB AUC. UmenHo ator ac-
MEeKT 0OYCIIOBIIMBAET U CTPYKTYPY, U OCHOBHBIE 3a7]a4H, U BOOOIIIE 11e-
J1IecOOOPa3HOCTh CO3/IaHMS TOTO I MHOTO OaHKa.
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bank oannvix (bul) — unopmayuonrnas cucmema, BKITFOYAFOIIAS
B CBOM COCTaB KOMNIEKC CNEYUATbHBIX MeMO0008 U cpedcms 0ist noddep-
AHCAHUSL OUHAMUYECKOU UHPOPMAYUOHHOU MOOeU NPEOMEmHOT 00aacmu
¢ Yenvio obecnedeHuss UHGOPMAYUOHHBIX NOMPeOHOCmell NoNb308ameell
[15, 39]. OueBuanoO, uto bH/I MOXKET paccMaTpUBATHCS KaK CIEHAATh-
Hasi oOecreunBaromias MoJACUCTeEMa B COCTaBE CTapIlei 10 UepapXxuu
AUC.

Iloooepoicanue ounamuueckoit modeau 110 mpemycMaTpuBaeT He
TOJIBKO XpaHeHue WHPOPMAIIMHA O HEW U CBOEBPEMEHHOE GHECeHUe U3-
Menenuil B COOTBETCTBUH C peaTbHBIM COCTOSTHUEM O0OBEKTOB, HO U 00ec-
MeYCHNEe BO3MOXKHOCTH yUeTa U3MEHEeHUll cOCMasa 3TUX 0OBEKTOB (B
TOM YHCIJIE TIOSIBIICHNUE HOBBIX) U ¢6513€li MEXKIY HUMH (T. €. U3MEHEHUH
CaMOM CTPYKTYPbI XpaHUMOM MHGPOPMALIHH).

Obecneuerue UHDOPMAYUOHHBIX NOMPEOHOCMEN (3aNpoco8) NoJb30-
samejieti UMEET JBa acriekTa [45]:

e onpedenenue epanuy KoukpetHo#t 1O u pazpabomra onucanus
COOTBETCTBYIOIIEH MH(GOPMALIMOHHOM Modenu;

e pazpabomka bn/l, OpueHTUPOBAHHOTO HA 2 Pexkmusnoe ooCy-
JACUBAHUE 3aNPOCO8 PASTUIHBIX KATETOPUI TTOJIB30BATENICH.

C TOUKM 3pEHMUSI Ye1e80il HANPaBIeHHOCMU NPOPecCUOHATLHOT Oesi-
menbHOCMU TIPUHSITO BBIICISTH ISITh OCHOBHBIX KATETOPUH TOJTb30Ba-
Tenen [43]:

® AHAJINTHUKY;

® CHCTEMHBIE ITPOTPAMMHUCTHI;

® IIPUKJIATHBIC TTPOTPAMMUCTHI;

® aIMUHUCTPATOPBHI;

® KOHEUHBIE MTOTH30BATEIH.

Kpome Toro, paznuuaror mojib30BaTeNen nOCIOSHHbIX U PA30BbLX;
MOJIb30BaTeNeH-1700¢il U TIOIh30BaTeeH-3a0ay; TIOJIb30BaTeNeH C pas-
JIUYHBIM YPOSHeM KOMNEMEHMHOCMU (npuopumemom) A ap., IpuueM
KaXKIIbII KJTacC TOJIb30BaTENeH TIPEIBSIBISET COOCTBEHHBIE Crielnpu-
YecKre TpeOOBaHUs K CBOEMY OOCTYKUBAHHUIO (ITPEXIE BCETO — C TOU-
KU 3PEHHUsI OpraHu3aluu auanora “3ampoc — oteer”). Tak, Hanpu-
Mep, MOCTOSIHHBIE TI0JIH30BATENH, KaK MpaBuiIo, oopamaroTcs B bu/l ¢
(bUKCUPOBAHHBIMHU 110 (OPME (TUITOBBIMH) 3aITPOCAMU; TTOTH30BATEIIH-
3a71a4¥ JOJDKHBI UMETh BO3MOXKHOCTD MOJIy4aTh HHpopmalnio u3 bu/l
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B COTJIAaCOBAaHHOM (popMe B yKa3aHHbIC 0OJIACTH MAMSTH; TIOJIb30BaTe-
JIM C HU3KUM IPHOPUTETOM MOTYT MOJIy4aTh OTpaHHUEHHYIO YACTh UH-
dbopmanuu u 1. 1. Hanmmame ctoss pa3HooOpa3HOTo cocTaBa moTpedu-
Tee napopmanuu motpedbosaio BkIoueHus: B buJl cienmanbHOTO
JJIEMEHTA — C/108apsi OAHHBIX, O YeM OYAET CKa3aHO HIIKE.

YPpoBeHb CIIOKHOCTH U BAXKHOCTH 3a/1a4 MH(HOPMAIIMOHHOTO 00ec-
neueHust AVIC B paMkax paccMaTpuBaeMOW TEXHOJIOTUHU OIPEIeseT
s ocrosuvix mpebosanuii k br/l [53]:

® adexeamHnocmy MTHGHOPMAIIMHI COCTOSIHUIO ITPEIMETHOM 00J1aCTH;

o ObicmpoOeiicmeue 1 nPoU3BOOUMeaIbHOCD;

e npocmoma u y0oocmeo UCIOIb30BAHMS;

® Macco80cmb UCTIOIb30BAHUS;

o 3quuma HGOOPMAaLINHY;

® 6O3MOICHOCTb pacuUperus Kpyra pelraeMbIX 3a/1ad.

(OTMeTuM, UTO BCe HA3BAHHBIC TPEOOBAHUS MOKHO MPEIbSIBUTH
U K JII0OO0MY (pUHaHCOBOMY OaHKY.)

ITo cpaBHEHUIO C TPAaJUITMOHHBIM OOECIIEUEHUEM MOHOIIOJbHBI-
MU (aililaMu KaxJI0ro MPUIIOKEHHS [IEHTPAITM30BAHHOE yITpaBieHUE
naHHbBIME B BH] UMeeT psi0 eaoicHbix npeumyuecms:

e CoOKpawjerue uzobimMouHOCnY XPAaHUMBIX TAHHBIX;

® ycmpaneHue npomusope usocmu XpaHUMBbIX TaHHBIX;

® MH020ACNeKMHOe UCNOIb306aHUe TAHHBIX (MPU OJHOKPATHOM
BBO/JIE);

® KoMNIeKCHAsE onmumusayus (C TOYKUA 3PEHUS yIOBIETBOPEHUS
pa3HOOOpa3HbBIX, B TOM YHCIIE U IIPOTUBOPECUUBBIX, TpeOOBaHUM “B
1esom”);

e obecreueHne O3MONCHOCU CHIAHOAPIMU3AYUL;

e obecreueHrue 803MOHNCHOCMU CAHKYUOHUPOBAHHO20 O0CMYNA K
JIAHHBIM H JIp.

Bce HazBaHHBIC MPEUMYINECTBA, 110 CYIIECTBY, CBSI3aHBI C TAKUMU
OCHOBOIIOJIATAIOIIMMHY npuHyunamu Kouueniuu buJl, xak unmeepayus
JAHHBIX, YeHMPAIU3ayus ynpaesieus MU U 0becneyeHue He3aeucumoc-
mu NPUKIAAOHBIX NpoepamMm 00paOdOTKU JAHHBIX U CAMHUX JaHHBIX.

CtpykTypa THIOBOTO BH/I, yIOBIETBOPSIOIIETO IIPEIbSBIISIEMBIM
TpeboBaHusIM, NpeacTaBieHa Ha puc. 9.1.1, rae:
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e BC — BBIUMCIUTENIBHAS CUCTEMA, BKIIOUAIONIAS TEXHUUYECKHE
cpencrBa (7C) u obmiee mporpammHoe obecnieuenue (O110);

e HJ/[ — 6a3bl JaHHBIX;

e CVE/] — cucrema ynpasinenust b/I;

e ABJ] — anMuHucTpaTop 0a3 JAHHBIX, a TaKXKe OOCITyKUBAIO-
LU nepconan v c1o8apb OAHHbIX.

Bbank 1aHHBIX

Fﬁ
| BC | BJ{ CYB], ABJ1

ono ‘ ClioBapb JaHHBIX Ilepconan

Puc. 9.1.1. OcHoBHble komnoHeHTbl BH/,

[TonpoOuee ocranoBuMcst Ha coctasisitomnx bu/l, mpencrapis-
IOIIUX HAMOONBIINKI uHTepec. b/] — cogokynnocms crielalibHbBIM 00-
PA30M 0p2aHU308aHHbIX (CMPYKMYPUPOBAHHBIX ) OAHHBIX U C8513€ti MEXK-
ny aumu. MasiMu cnoBamu, B/ — 3T0 Tak Ha3zpIBaeMoe damonoeuyec-
xoe (ot anrn. data — AaHHBIE) npedcmasienue uHpopmayuu o npeo-
memmuoti ooracmu. Ecou B coctaB bu/l BXoauT 0ona b/, 6aHK IPUHSTO
HA3bIBATh JIOKAIbHbIM; €CITU B/ HeCKOIbKO — uHme2pupo8antbiMm.

CYB/1 — criennaabHBIA KOMIUICKC IIPOTPAMM U S3BIKOB, TIOCPEI-
CTBOM KOTOPOI'0 OPTaHU3yeTCs LIEHTPaIM30BaHHOE yIIpaBieHue 6asa-
MU JAHHBIX U 00ECTICUNBACTCS JIOCTYI K HUM.

B coctaB s060ii CYEB]] BXOOAT s3bIKU 08X MUNOE:

® SI3BIK ONUCAHUsL OAHHBIX (C €TO TIOMOIIIBIO OTMCHIBAIOTCS MiUNbl
TAHHBIX, KX CIPYKMYpa N C6s13u);

® SI3BIK MAHUNYAUPO0BAHUs OaHHbIMU (€TO YaCTO HA3BIBAIOT 3bIK 3aM-
pocos k BJI), npeqHa3HAYCHHBIN JJIsI OpraHu3alud padOThI ¢ TAHHbBI-
MU B UHTEpecax BCeX TUIIOB MOJIb30BATENCH.
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Crnosaps dannwix pelHa3HAYUCH U XpaHEHUS €IMHOOOPa3HON 1
LHEHTPATM30BAHHON unopmayuu 060 gcex pecypcax 0anHbix KOHKPET-
HOT'o OaHKa:

® 00 oO0vekmax, ux ceoticmsax u omuowenuax s nauuoi I10;

® 0 Jannblx, XpaHUMBIX B b/ (HaMMeHOBaHME; CMBICTIOBOE OIHCA-
HUE; CTPYKTYpA; CBSI3U U T. I1.);

® 0 BO3MOIICHBIX 3HAYUEHUSAX U POpMamax PEJICTABICHUS JAHHBIX;

® 00 ucmounuxkax BOSHUKHOBEHUS JAHHBIX;

® 0 K00ax 3awumvl U pazepanudenuy 0ocmyna moiab30BaTeei K
JTAHHBIM U T. TI.

AOomunucmpamop 06a3 0anuwblX — 3TO JIAIO (CPYIITA JIUIT), peal-
3ymonnee ynpasienue bJ{. B atoit cBszu cam bu/l MoxHO paccMmaTpu-
BaTh KaK AMOMAMU3UPOSAHHYI0 CUCEMY YIPasieHus OA3aMu OGHHbIX .
®yukuun ABJl SBISIOTCS TOITOCPOUYHBIMM; OH KOOPJIUHHUPYET BCE
BUIIBI pa0OT Ha dTanax coznanus u npumeneHuns bu/l. Ha craguu nmpo-
extupoBanusi ABJ] BbICTymaeT Kaxk UCOJIOT U TJIABHBI KOHCTPYKTOP
CHCTEMBI; Ha CTA/IUU IKCIUTyaTallMi OH OTBEYAET 32 HOpMabHOE (yH-
KimoHnupoBanue bu/l, ympasisier pekuMoM ero paboThI U oOecrevu-
BaeT 0€30MaCHOCTh JTAHHBIX (TTOCTIeTHee 0COOEHHO BasKHO TP COBpe-
MEHHOM YPOBHE Pa3BUTHS CPEICTB KOMMYHUKAIIHH).

OcHosubie pynxuun ABJI [15, 54]:

® pelaTh BOMPOCHl OPraHu3aluy JaHHbIX 00 o0bexTax [10 u ye-
TAHOBJIEHUU CBSI3eH MEXIY 3TUMH JAHHBIMU C LEJbI0 OO0BEIMHEHUS
nH(pOpMAIUU O Pa3IMYHBIX OOBEKTAX; COTIACOBBIBATH ITPE/ICTABICHUSI
MOJIH30BATEIICH;

® KOOPJIMHUPOBATH BCE IEHCTBHS 110 MPOSKTUPOBAHMIO, PeaTh3a-
LUK ¥ BeJieHU o B/1; yuuThIBaTh TEKyIUeE U MePCIIEKTUBHBIE TpeOOBa-
HUSI TIOJIB30BaTeNeH; CIIeANTh, YTOOBI B/ y10BIETBOPSIIN aKTyaThHBIM
MOTPEeOHOCTSIM;

e peraTh BOMPOCHI, CBsI3aHHbIE ¢ paciupenueMm bJl n3-3a uzme-
Henwns rpanul [10;

e pa3pabaThIBaTh U PEAIM30BBIBATH MEPHI IO OOECIIEUEHUIO 3a-
IIUTHI JAHHBIX OT HEKOMIIETEHTHOT'O MIX UCTIOJIb30BaHUs, OT COOEB TeX-
HUYECKUX CPEJICTB, IO 00ECTIEUEHUIO CEKPETHOCTH OTPEIeJICHHOM yac-
TH JJAHHBIX ¥ Pa3TPAHUYEHUIO IOCTYMA K HUM;

® BBLITIOJIHSTH PA0OTHI 1O BEACHUIO CIIOBAPS JAHHBIX;
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® KOHTPOJIMPOBATH N30BITOYHOCTD U TPOTUBOPEUNBOCTH JIAHHBIX,
UX TOCTOBEPHOCTb;

® CIIEIUTH 3a TeM, 4ToObl bH/I oTBevas 3aJaHHBIM TPeOOBaHMSIM
10 TPOU3BOIUTENBHOCTH, T. €. YTOOBI 00pabOTKa 3aIIPOCOB BBIITOIHS-
JIach 32 MPUEMIIEMOE BpeMS;

® BBINOJHATH NMPU HEOOXOIUMOCTH U3MEHEHHS] METOJ0B XpaHe-
HUS TaHHBIX, ITyTEH TOCTyIa K HUM, CBs3el MEKIY TaHHBIMU, UX (op-
MATOB; OIPENEIATh CTeIEeHb BIUSHUS U3MCHEHUH B JAHHBIX HA BCIO
b/I;

® KOOPJAMHUPOBATH BOMPOCHI TEXHUYECKOT'O 0OECIIeUeHHs CHCTe-
MBI alMmapaTHBIMU CPEACTBAMH, UCXO1 U3 TPEOOBAHMIM, TpeIbsBIIsIC-
MbIx B/I k 060pynoBaHMIO;

® KOOPIMHUPOBATH pabOTHI CUCTEMHBIX ITPOTPAMMHUCTOB, pa3pa-
OaTHIBAOIIUX JOTIOIHUTEIIEHOE TTPOTPAMMHOE OOeCTIedeHUE IS yITyd-
IICHUS IKCITYaTAIIMOHHBIX XapaKTEPUCTHK CHCTEMBI,

® KOOPAMHUPOBATH PAOOTHI MPUKIAJIHBIX TPOTPAMMUCTOB, pa3-
pabaThIBAIOUINX HOBbIE MPUKIAJAHBIE TPOTPAMMBI, U BBIIOIHATH UX
MPOBEPKY U BKIIoUeHue B coctaB [1O cuctemsbl u T. 1.

Ha puc. 9.1.2 npencrasien TunoBoii coctas rpymmsl ABJL, oTpa-
KAIOIINI OCHOBHBIC HATIPABIICHUS JESITETLHOCTH CIICITUATICTOB.

AJXMUHHCTPATOP 023 TaHHBIX

I'pynna Ikenept 1o JKcnepr Mo
CONPOBOXK- NPUKJIAAHBIM CHCTEMHBIM
eHHus nporpaMmMam BOIpocam
IKcnepr no Ikenepr 1o I'pynna
SI3bIKAM BomnpocaM KOHTPOJISI
3anpocoB IKCILUTYaTAIMH padorsl BJ|

Puc. 9.1.2. Tunosow coctas rpynnbl AB/J]
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9.1.2. OnncarenbHas Mogenb npeaMeTHOH obaacTu

IIpouecc nmpoextupoBanus b/l sBisercsa BecbMa cinoxHbIM. [1o
CyTH, OH 3aKJIIOYAETCS B OMPEEIICHUH MEePeUHs JAHHBIX, XPAHUMBIX
Ha (QU3NUECKUX HOCUTENSX (MATHUTHBIX JIMCKAX U JIGHTaX), KOTOPbIE
JIOCTATOYHO TOJIHO OTPaXaloT MHPOPMAIIMOHHBIE MOTPEOHOCTH T0-
TEeHIIMAJIBHBIX MoJib30BaTene B koHkpeTHoit [10. IlpoextupoBanue
B/l nHaunHaeTcsl ¢ aHaIM3a MPEAMETHOM 00JaCTH U BO3MOKHBIX 3aIl-
pOCoB mosb30BaTenei. B pe3yiapraTe 3TOro aHaianza ompenesieTcs
MepeveHb JAHHBIX U CBSI3eH MEXIy HUMH, KOTOPBIE aJ€KBATHO — C
TOUYKH 3pEeHHS Oyaymmx nmorpedurerneir — orpaxkaror [10. 3asepra-
eTcst mpoekTupoBanue b1 onpenenennem Gopm 1 cmoco00B XpaHEHUS
HEO0OXOIMMBIX JaHHBIX Ha (PU3NYECKOM YPOBHE.

Bech mportiece mpoektupoBanus b/] MoxxHO pa3OoUTh HA Psij] B3au-
MOCBSI3aHHBIX 9TAIOB, KaX/IbII N3 KOTOPBIX 00J1a1ae€T CBOMMH OCOOEH-
HOCTSIMH U MeTojaMu nipoBenenus. Ha puc. 9.1.3 mpexacrasieHsl Tu-
TTOBBIC JTAITBI.

Ha stane ungonocuueckoeo (ungpopmayuonno-noeuveckozo) mpo-
eKTUPOBAHUSI OCYLIECTBIISCTCS MOCTPOCHUE CEMAHTHUECKON MOJIENH,
ONUCHIBAIOLIEH CBEeIEHUS U3 MPEIMETHON 00J1aCTH, KOTOPBhIE MOTYT

MpegmeTHas MHdopmaumoHHbIe
obnactb noTpebHocTn
nonb3oBaTenemn

OT1an
MocTpoeHmre MHAOMOrMYecKom WHonoru4eckoro
MOZENV NpeaMeTHO o6nacTu NPOEKTMpOBaHNA

—_  PE———
BbiGop CYBA
A2

MocTpoeHne KoHLENTyanLHoM Jran
Mozenm AanHbIx (1) [AaTomnorM4eckoro
3 NPOEKTUPOBaHUS

[NocTpoeHue cuanyeckomn
Mogenu aaHHbix (Or)

Puc. 9.1.3. Jtanbl npoektuposanus bll
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3auHTEpecoBaTh nmojap3oBateneit b/1. CemanTuyeckas Mmojaens (semantic
model) — npencrasiaeHue coBokynHocTH o I1O moHsATwHii ... B BUIE epa-
¢a, B BepIIMHAX KOTOPOT'O PACHOJIOKEHBI NOHANIUSL, B TEPMUHAIIBHBIX
BEpIINHAX — JJIEMEHTAPHBIC IIOHATHUS, & 0yeu TIPEJCTABIISIIOT OMmHOUle-
HUSL MeHCOY NOHAMUSMU.

Chauasa u3 00beKTUBHOM peannbHOCTH BhiemseTcs [10, 1. e. ouep-
YUBAIOTCA ee rpaHullpl. Jlornueckuii ananus Boiaenennon 110 u mo-
TEHIIMATBHBIX 3aIPOCOB MOIB30BATENIEH 3aBEPIIACTCS TTOCTPOCHUEM
nHpomorudeckout mozenu [10 — nepeuns ceenennii 00 oobekTax I10,
KOTOpPBIC HEOOXOUMO XpaHUTh B BJI, 1 CBA3SIX MeX /Ty HUMU.

Ananu3 nHGOPMAIMOHHBIX TOTPEOHOCTEH MOTEHIIUATBHBIX
MOJIH30BATEJICH UMEET JIBA ACIIEKTA:

® BO-TIEPBBIX, onpedeietiue COOCTBEHHO ceederuii 00 oovexmax I10;

® BO-BTOPBIX, AHAIU3 BO3ZMONCHBIX 3anpocos Kk BJ[ n TpedoBaHU
10 ONEPATUBHOCTH MX BBIOTHEHUSI.

AHann3 BO3MOKHBIX 3aIpocoB K B/l 1MO3BOMISICT YTOYHUTD CBSI3U
MEXJ1y CBEJICHUSIMH, KOTOPbIe HEOOXOAUMO XpaHHUTh. [1ycTh, Hanpu-
Mep, B B/ 110 yueOHOMY Ipolieccy MHCTUTYTa XPaHSTCs CBeJIeHUs 00
y4eOHBIX IPYIIaX, YUTAEMbIX Kypcax 1 Kadeapax, a TakKe CBSI3U “yueO-
HBIC T'PYIIITbI — YUTAEMbIe KypChl” M ““UMTaeMble KYPChl — Kadeapsl”.
Toraa 3anmpoc 0 TOM, MPOBOJIUT JIX HEKOTOPast Kadenpa 3aHsITHS B KOH-
KPETHOU yueOHOU TpyIiie, MOXET OBbITh BBITTOJIHEH TOJBKO IyTEM ITe-
pebopa Bcex YMTaeMbIX B JJAHHOM IPyIIIe KYpCoB.

XpaneHue 60IbIIOTO YKcia cBsi3el ycinoxuser b/l u npuBoaur K
YBEIIMUEHUIO MOTPeOHON maMsiTh DBM, HO 4acTo CylIeCTBEHHO YCKO-
psieT MoucCK HykHOH nHpopMmaruu. [loaTtomy paspadorunxy b1 (AB)
MPUXOJIUTCS TPUHUMATH KOMITPOMHUCCHOE PEIIeHHUE, ITPUYEM MPOIIeCC
OTIpEJICIICHHS TIEPEYHST XpAaHUMBIX CBSI3eH, KaK MPaBUIIO, UMEET UTepa-
LIMOHHBIN XapakTep.

Hamonoeuueckoe MpOESKTUPOBAHUE TIOIPA3ICIISETCS HA JI02UUECKOEe
(mocTpoeHre KOHLENITYaIbHOM MOJACIIN TaHHBIX) U usuyeckoe (IIOCT-
poeHue GU3NUECKON MOJIENH) MPOEKTUPOBAHHUE.

I'maBHoOI 3agaueii torunueckoro rnpoektuposanus (JIIT) B/ siBis-
€TCs TIPE/ICTABJICHUE BhIICJICHHBIX HA MPEbIIYIIEM 3Talle CBEICHUI B
BH/IE TAHHBIX B (hopMaTax, nmoauepxuBaeMbix BeiopanHoit CYB/I.
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3amaua pusnueckoro mpoektupoBanus (PIT) — BrIOOP ciocoba
XpaHeHUsl JAHHBIX Ha (U3MUECKMX HOCUTEISIX U METOAO0B JOCTyIa K
HUM C UCIOJIb30BaHUEM BO3MOXKHOCTEH, npeaoctanisiembix CYB/I.

HUngonocuneckas modensv “cywpocmo-cessv” (entity — relationship
model; ER-model) I1. Yena ( P. Chen) npedcmasnsiem coboti onucameiio-
Hyto (Hegpopmanviyio ) moodenv IO, cemanmuuecku onpeoenstousyio 8 Heti
cywHocmu u ces3u [44].

OTHOCHUTEeIbHAS TPOCTOTA U HATISAAHOCTH onucanus [10 mo3Bo-
JISIET UCTIOJIB30BATH €€ B ITPOIIeCCe AUATIOTa C TOTEHIIMATBHBIMHU ITOJT30-
BaTEJISIMU C CAMOTO Havajia nH(oJornyeckoro npoexkruposauus. [1o-
crpoenue uHdonornueckor momenu I1. Yena, kak u 1000 Apyrou
MOJIEINH, SIBJISIETCSI TBOPUECKUM MPOIIECCOM, TOITOMY €AMHON METO -
KU ee co3nanus HeT. OJTHAKO TPH JIFOOOM TOIX0/Ie K TOCTPOCHHIO MO-
JICITA MCITOJIb3YIOT TPU OCHOBHBIX KOHCTPYKTUBHBIX 3JICMCHTA!

® CYIIHOCTBH;

e aTpuOyT;

® CBSI3b.

Cywnocms — 3TO COOMpPATEIILHOE ITOHITHE HEKOTOPOTO TTOBTO-
pstronierocst 00beKTa, MPOIecca UITH SBJICHUS OKPYKAIOIIEro MUpa, O
KOTOPOM HEOOXOJMMO XpaHUTh UHpopMaluo B cucteme. CylHOCTh
MOJKET OIPEAeIITh KaK MaTepHajbHbIe (HaIIpUMep, “CTyleHT”, “Tpy-
30BOM aBTOMOOMIIB” M T. II.), TAK M HeMaTepHaJIbHbIE OOBEKTHI (Ha-
puMep, “3k3aMeH”’, “IipoBepKa” U T. I1.). [ TaBHOI 0COOCHHOCTBIO CYIII-
HOCTH SIBJISIETCS] TO, YTO BOKPYT Hee COCPeIOTOUYEH COOP MHPOPMALINH
B koHKpeTHOH I10O. Tun cywmocmu onpenenser Habop 0OHOPOOHbIX
00beKmMo8, & IKIEMNIAD CYWHOCMU — KOHKPemHblil 00bekm B Habope.
Kaxnas cynHocTs B Mogienu Yena umenyercs. st uaeHTUGUKAITAN
KOHKPETHOTO JK3eMIUISIPA CYIIIHOCTU M €Tr0 ONMUCAHMS UCTIOJIb3YeTCsI
OJIVH WJIX HECKOJIBKO aTpUOYTOB.

Ampubym — 3TO TOMMEHOBAHHASI XapaKTePUCTUKA CYITHOCTH,
KOTOpasi MPUHUMAET 3HAYCHUS U3 HEKOTOPOTO MHOXKECTBA 3HAUCHMIMA
[46]. HammpuMmep, y CYIITHOCTH “CTYyIEHT MOTYT OBITh aTpUOYTHI “da-
Muas”, “ums”, “oTuecTBO”, “HaTa poskaeHus, “cpeaHuil 0anI 3a Bpe-
Msl OOy4deHus” | T. II.

Cés3u B MH(OJIOTUIECKON MOJICITH BBICTYITAIOT B KAUECTBE CPE/I-
CTBa, C TOMOIIBIO KOTOPOT'O MPECTABIISIFOTCS OMHOUEHUS MENHCOY CYUY-
nocmsamu, nmeromuMu Mecto B [10O. IMpu anammse cBsI3el MEXIy CyIII-
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HOCTSIMM MOTYT BCTpeUaTbCsl OMHAPHBIE (MEXIY ABYMSI CYLIIHOCTSIMU)
U, B O0LIEM cllyyae, n-apHble (MEKAY N cylHOCTsIMM) cBsi3u. Hamnpu-
Mep, CYIITHOCTH “oTell”, “MaTh” U “peOeHOK” MOTYT HAXOAUTHCS B TPE-
XapHOM OTHOIIEHUU “ceMbsi” (“SBISETCS WIEHOM CeMbU”).

CBS134 1OJDKHBI OBITh TOUMEHOBAHBI; MEXKTy IBYMS TUIIAMU CYIII-
HOCTEU MOTYT CYIIECTBOBATH HECKOJIBKO TUIIOB CBS3EH.

HaubGonee pacnpocTpaHeHbl OMHApHBIE CBSI3U. YUUTBIBAsI, 4TO
TI00YI0 N-apHYIO CBSI3b MOKHO MPEACTABUTH B BHUJIE HECKOJIBKUX Ou-
HApHBIX, TOAPOOHEE OCTAHOBUMCS IMEHHO Ha TaKHX CBSI3SIX MEXIY
JByMsI TUTIAMU CYIIHOCTEH, YCTaHABIMBAIOIIMMU COOTBETCTBUE MEXK-
Ty MHOKECTBAMHU IK3EMILISIPOB CYIIHOCTEH.

PaznuuaroT yeTbipe TN CBS3EH:

® CBsI3b OJIUH K oiHOMY (1:1);

® CBsI3b OJIMH KO MHOTUM (1:M);

® CBsI3b MHOTHE K ofHOMY (M:1);

e CBsI3b MHOTHE KO MHOTUM (M:N).

CBSI3b 00un K 00HOMY OTIPEACSeT TAKON TUII CBSI3U MEXIY TUIa-
MU CyIIHOCTeH A u B, mpu KOTOPOi KaX10My 3K3EMIUISPY CYLITHOCTU
A COOTBETCTBYET OJIMH U TOJIBKO OJIMH 9K3EMIUISIP CYIIHOCTH B, 1 Ha-
060poT. Takum 006pa3zoM, UMest HEKOTOPBIN IK3EMIUTAP CYITHOCTH A,
MOYXHO OJIHO3HAYHO WACHTU(UIIMPOBATH COOTBETCTBYIOIIMI €My K-
3eMIUISIp CyIIHOCTU B, a 1o sk3eMIunsipy cymiHoctd B — sk3emruisip
cymnoctu A. Hanpumep, cBsi3b Tuna 1:1 “numeer” MoxkeT ObITH ompe-
JiefieHa MEeKAY CYIIHOCTSIMU “aBTOMOOWIIB” M “JIBUTATENb , TAK KaK
Ha KOHKPETHOM aBTOMOOWIJIE MOXKET OBITh YCTAHOBJIEH TOJIBKO OIMH
JIBUTATEIb, K TOM JIBUTATE]h, ECTECTBEHHO, HEJIb3sI YCTAHOBUTH Cpasy
Ha HECKOJIPKO aBTOMOOWIIEH.

CBSI3b 00uH KO MHO2UM OTIPENEIIAET TAKOM TUII CBSI3U MEX/1y TUIIA-
MU cymHocTeld A u B, 151 KOTOpOi 0THOMY 9K3EMILISIPY CYIIHOCTH A
MOeT COOTBETCTBOBATH (), 1 MJIM HECKOJIBKO 3K3EMIUISIPOB CYLIHOCTU
B, HO Ka)XTOMY IK3EMIUTSAPY CYITHOCTH B COOTBETCTBYET O/IMH IK3EMII-
ns1p cyuHocTH A. TIpn 3TOM 0THO3HAYHO UACHTU(DHUIIMPOBATH MOXKHO
TOJIBKO IK3EMIUISP CYITHOCTH A TI0 9K3eMIuTsipy cyriHoctu B. [Tpume-
poM cBsizu Tuna 1:M sBisieTcsl CBSA3b “YUUTCS” MEXKAY CYITHOCTSIMHU
“yueOHas rpynma” u “ctyneHT”’. st TaKOM CBSI3U, 3HAST KOHKPETHOTO
CTY/IEHTA, MOKHO OJIHO3HAYHO UIEHTU(UIUPOBATH yUeOHYIO IpyIIIy,
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B KOTOPOW OH YUYMTCS, U, 3Hasl y4eOHYIO IpYIITy, MOXHO OIlpejie-
JIUTH BCeX OOy4aroIUXcsl B HEM CTyIEHTOB.

CBs13b MHO2UE K 00HOMY TIO CYTH 3KBUBAJIEHTHA CBSA3M OJUH KO
MHOTUM. Pasnuyne 3akimioyaeTcst IUb B TOM, C TOYKH 3PEHUS KaKOM
cymHocTH (A win B) nannas cBsizb paccMaTpUBAETCSL.

CBs3b MHO2UE KO MHO2UM OTIPEIEISIET TaAKOW THUIl CBSI3U MEXKIY
TUIIAMU cylIHOCTEH A 1 B, Ipu KOTOPOM KaXI0My 3K3EMILISPY CyLL-
HOCTH A MOXeT cooTBeTcTBOBATH 0, 1 MJIM HECKOJIBKO 3K3EMILISIPOB
cymHocTH B, 1 Hao60poT. I1pu Takoi CBsI3U, 3HAS 3K3EMIUISIP OJTHOMN
CYLIHOCTH, MOKHO YKa3aTh BCE 3K3eMIUISIPbI IPYroi CYIIHOCTH, OTHO-
CSIIIIMECS K UCXOTHOMY, T. €. MIACHTU(PHUKAIIMS CYIIIHOCTeH HEyHUKaIb-
Ha B 000MX HallpaBieHusX. B kauecTBe npumepa Takoi CBSI3U MOKHO
paccMOTpeTh CBSI3b “U3ydaeT” MEXKAY CYIIHOCTSIMHU “yueOHas TUCIUTI-
nuHa” ¥ “yueOHas rpynmna’.

PeanbHo gce cses3u asnsomes 08ynanpasieHHbiMU, T. €., 3HASI IK3EMII-
JISIP O/THOM M3 CYITHOCTEH, MOKHO MACHTU(DUIIPOBATH (OTHO3HAYHO WU
MHOTO3HAYHO) JK3eMILIAP (3K3eMIUIIPbl) JAPYrodl CYIIHOCTH.
B HekoTOpBIX cllyyasix LIeNnecoo0pa3HO paccMaTpUBATh JIMIIb OJHOHAII-
PaBJIEHHBIE CBS3U MEKITY CYIIIHOCTSIMU B LIEJISIX 9KOHOMHUU pecypcoB DBM.
Bo3MOXHOCTD BBEZICHUS] TAKUX CBSI3€H MOJTHOCTBIO OTpeessieTcst iH(op-
MAaITMOHHBIMU MTOTPEOHOCTSIMU TIOJIb30BaTeNIel. Pasmuaror mpoctyio u
MHOT'O3HAUHYIO OJTHOHAIIPABIICHHBIE CBSI3M, KOTOPBIE SIBIISIOTCS] aHAJIO-
ramu cBszeit Tvna 1:1 u 1:M ¢ ydeToM HampasieHus: MASHTH(DUKALIY.
Tak, 47151 MpOCTOI OTHOHATIPABIEHHOM CBsA3M “cTapocTa’ (“sBisieTcs cTa-
pOCTOI”) MEXAY CYHIHOCTSIMU “yueOHas rpymma’” U “CTyJeHT MOXHO,
3Has1 yueOHYIO TPYIIITY, OJJHO3HAYHO OIPEJACIUTh €€ CTAPOCTY, HO, 3HAS
KOHKPETHOTO CTY/ICHTA, HEJIb351 CKa3aTh, SIBJISIETCSI JTU OH CTAPOCTOMN yueO-
Hol rpymmbl. [IpuMepoM MHOTO3HAYHON O/THOHATIPABIIEHHOM CBSI3U CITy-
JKUT CBSI3b MEXKIY CYIITHOCTSIMH “TIAllUEHT” U “00Ne3Hb”, JJIs1 KOTOPOH
MO>KHO JIJI51 K&KAO0TO MAaIIMeHTa MOXKHO YKa3aTh €ro 00JIe3HU, HO HeJIb3sI
BBISIBUTDH BceX oOJaaTeniell KOHKPETHOTro 3a00IeBaHUSI.

BBeneHue oTHOHATTPABIIEHHBIX CBSI3EH O3HAYAET, YTO B pe3yJIbTa-
T€ aHAJIN3a MMOTEHIIMAIBHBIX 3AIIPOCOB MOTPEOUTENCH YCTAHOBIEHO, YTO
MOTPeOHOCTH B UHPOPMAIINH, aHATOTUYHOM MPUBEACHHOH B IBYX IOC-
JIETHUX MpUMepax, y Mojb3oBarteseii He Oyaer (1 oHu He OyayT (op-
MYJIMPOBATh COOTBETCTBYIONIME 3anpockl K B/1).
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I'pacduyecku TUIIBI CYIIIHOCTEH, aTPUOYTHI U CBSI3U MIPUHSTO H300-
paxaTh MPAMOYIOJIbHUKAMH, OBaJJaMU U POMOAMU COOTBETCTBEHHO.
Ha puc. 9.1.4 npencraBieHbl MPUMEPBI CBSA3EH pa3IMUHBIX THIIOB; HA
puc. 9.1.5 1 9.1.6 — ¢pparmMeHTH UHPOJTOTHUESCKUX MOJENIEH “CTy IeH-
TbI” (03 ykazaHusi aTpuOyTOB) U “yueOHbIN mpoliecc pakynprera”.

1 1
S
1 M

M N

HByHaHpaBHCHHbIC CBA3HU

1 M
o< s o] oncan]

OI[HOHaHpaBHGHHHC CBA3U

Puc. 9.1.4. MNpumepbl cBsizei Mexay CyLLHOCTSAMM

Kadbegpa HUP

CryneHt

1 1
.
n n

CeMbs CneumanbHoCcTb

Puc. 9.1.5. ®parment ER-mogenu “Crynento”
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Puc. 9.1.6. ®parment ER-mogenu
“YyebHbiit npouecc dakynbrera”

HecmoTpst Ha TO uTO MocTpoeHne NHPOIOTHIECKON MOJIETHN €CTh
MPOIIECC TBOPUYECKUIA, MOXKHO YKA3aTh 08d OCHOBONONAAIOWUX NPABUILA,
KOTOPBIMHU CIIEYET MOJIb30BAThCS BceM MpoekTupoBiukam b1 [15, 44]:

o [IPU TIOCTPOCHUU MOJICITU Q0.I)CHbL UCHOIb308AMbCS MObKO MPU
Muna KOHCMpYKMUGHbIX dNeMEHINO0B. CYUHOCHIb, AMPUOYM, C8513b;

® KAXNCObIL KOMNOHEHM UHGDOPMAYUU O0NNCEH MOOCIUPOBAMbCS
MOALKO 0OHUM U3 NPUBCOCHHDIX 6blULe KOHCHIPYKIMUBHBIX JJIeMEHINO0E JUTsl
HCKITIOUEeHUSI N30BITOYHOCTH ¥ MTPOTUBOPEUNBOCTH OIHUCAHMUSI.
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Mogpemuposanue 110 wauunarom ¢ svibopa cywmocmeii, He00X0-
JTUMBIX J71s1 ee onrcanusi. Kaxxaas cylHoCcThb JOJKHA COOTBETCTBOBATH
HEKOTOpOMY 00BeKTy (vnu rpymme oobekToB) 110, 0 KoTOpoM B cHc-
Teme OyaeT HakarmuBaThes nHpopmanus. CyiecTByet npobiema Bbl-
0opa KOHCTPYKTUBHOTO 3JIEMEHTA JIIsl MOJISITUPOBAHMS TOW UITH UHOU
“nopuun’ WHPOPMAIIMK, YTO CYIIECTBEHHO 3aTPY/HSET IpoIece To-
cTpoeHust Mojienu. Tak, nHpopMAaIHIO O TOM, UTO HEKOTOPBIHN CTYJEHT
BXOJUT B cocTaB yuebHoil rpynmsl (YI), MOKHO B MOJIeNH MpecTa-
BUTh:

® KaK CBSI3b “BXOJIUT B COCTAB” JIJIs CYIITHOCTEH “cTyaeHT” U “YI7;

® KaK aTpuOyT “MMeeT B cocTaBe “‘cryjaeHTa” cynHocTH “YI’;

® KaK CYIIHOCTH “cocTtaB Y.

B aTux ciryuasix mpuxoauTcsi paccMaTpUBATh HECKOJIBKO BapHaH-
TOB U C y4eTOM MH(POPMAIIMOHHBIX MTOTPEOHOCTEH IMOIB30BaTENEH pas-
ouBaTh [10 Ha Takue pparMeHTHI, KOTOPBIE C X TOUKHU 3PCHHUS TIPE/I-
CTaBJISIIOT CAMOCTOSITENIbHBII HHTEpeEC.

ITpu moaenupoBanuu IO creayer obpamath BHUMaHUE HA CY-
LIECTBYIOIINIA B HEM TOKyMEHTO0O00pOT. UMEHHO TOKYMEHTHI, LIUPKY-
mupytomue B [TO, MOKHBI SIBISTHCS OCHOBOM IS (POPMYITHPOBAHUS
CYIIHOCTEH. DTO CBSA3aHO C IBYMS OOCTOSTEIILCTBAMU:

® BO-TIEPBBIX, ITH JIOKYMEHTHI, KaK MPABHIIO, TOCTATOYHO ITOJTHO
OoTpaxkaroT MH(pOpMalMIo, KOTOPYIO HeoOxoauMo xpaHuTs B b/1, mpu-
YeM B BUJIE KOHKPETHBIX JIAHHBIX;

® BO-BTOPBIX, co3/laBaeMasi HH(QOPMAITMOHHASI CUCTEMa JIOJKHA
MIPEIOCTABIISATH TOJIB30BATEIISIM IMPUBBIYHYIO JIJI1 HUX HH(POPMAIIHIO B
MIPUBBIYHOM BHJIE, UTO B TTOCIIEIYIOIIEM CYIIIECTBEHHO OOJIETYUT BBOJI
B/I B akcIutyaTaIuio.

ITpu onucanun aTpuOYyTOB CYIIHOCTH HEOOXOAUMO BBIOPATH psid
ampubymos, no36015I0WUX 0OHOZHAUHO UOSHMUDUYUP OBATNb IK3EMNIAD
cywrocmu. Co80KYNHOCMb UOCHMUDPUUUPYIOWUX ampudyImos HA3bI8A-
FOM KJII04OM.

[ToMrMO MASHTUPHUITMPYIOUTNX UCTIOIB3YIOTCS U ONUCAMEbHbIe
ampubymel, IpeTHa3HAYCHHBIE 7151 00JIee TIOJTHOTO OTIPEICICHHS CYIII-
Hoctel. Yncao aTpubyToB (MX THUIT) ONIPEACISICTCS €AMHCTBEHHBIM 00-
pa3oM — Ha OCHOBE aHaJIN3a BO3MOXKHBIX 3aITPOCOB MOJIb30BATEIICH.
CyliecTByeT psii peKOMeHAalLMi 1mo “pabote ¢ arpudyramu’ [15, 44],
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HanpuMep, MO0 MCKIIIOUYEHHUIO TMOBTOPSIONIUXCS TPYI aTpHOYTOB
(cm. puc. 9.1.7). Bce oHn HalpaBiIeHbI Ha yIIy4IlleHUEe KadecTBa HH(O-
JIOTUYECKOW MOJIEITH.

.\ CryneHt

%

Mepexon MoBTopstowascs

1 M
/P pebeHka

Puc. 9.1.7. MNpuMep UCKNtOUEHUs NOBTOPAIOLLENCA rpynnbl aTpubyTOB

Pe6eHok

LomkHOCTb
Yucno pgeten

ITpu onpenienieHnn CBSI3eH MEXKIY CYITHOCTSIMU CITEAYET U30eraTh
cBsi3elt Tuna M:N, Tak Kak OHU IPUBOJIAT K CYIIECTBEHHBIM 3aTpaTam
pecypcoB DBM. YcTpaHeHHe TakuX CBsI3el IIpeaycMaTpUBaeT BBeJIe-
HUE JAPYruX (JOMOJHUTEIBHBIX) JIEMEHTOB — CYIIHOCTEH U CBSI3EH.
Ha puc. 9.1.8 npuBeaeH npumMep UCKIIIOUEHUS CBSI3U ““MHOTHE KO
MHOTHUM .

B 3axiroueHre mpuBeAeM THIIOBYIO MOCEIOBATEILHOCTh PaboT
(eHcTBUI) IO MOCTPOCHUIO MH(OIIOTUUECKON MOJICIIH:

o guioenenue B 110 cywnocmei;

® 8geOeHUe MHOdCeCMBa ampudynos sl KaKION CYIITHOCTH U BbI-
JICTICHUE U3 HUX KAIOUEBHIX;

® UCKTIOUEHUe MHOIICeCMBA NOSMOPSIOWUXCS ATPUOYTOB (ITpU He-
00XOIMMOCTH);

o hopmuposanue cés3eti MEXAY CYyITHOCTSIMU;
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Yye6Hoe oTA. 4—6 + Yu. gucumnnuHa

— Mepexon ——

VYuutes no
IU1aHy

—_ Y4yebHblIii nnaH
T 1
N

Yy. aucumnnuHa «é Copepxut

YyebHoe oTA.

Puc. 9.1.8. Mpumep vckntouerus cesasu tuna M:N

e uckmoyenue ceszeii muna M:N (Ipy1 HEOOXOIUMOCTH);

e npeobpaszosanue ceszeli 8 00OHoHanpagaenvle (10 BO3MOXKHOCTH).

[Tomumo monenu YeHna cymiecTBYIOT U Apyrue MHGOIOTHIeCKre
Mmozenu. Bee onu npencraBigroT coboil onucatenbHble (HehopMaib-
HbIE) MOJEIHU, UCIIOIb3YIOIINE PA3INYHbIe KOHCTPYKTUBHBIE 3JIEMEH-
ThI M COIVIAILEHUS IO MX MCIIOJIb30BAHUIO s IperacTaBieHust B b1
unpopmanuu o [10. MubiMu c1oBaMu, nepBbiid 3Tam nocrpoeHust b1
BCEI/Ia CBSI3aH C MOJAEIMPOBAHUEM IIPEIMETHOH obacTu.

9.1.3. KoHyentyanbHble MOg4eNnn faHHbIX

B otnmuuue ot nndomornveckoit moaenu 10, onuckiBaromei mo
HEKOTOPBIM MPABWIAM CBEJIEHUSI 00 00BEKTaX MATEpUATIHLHOTO MUPA
U CBSI3U MEXYy HUMH, KOTOpbIe cieayet umethb B B/, konyenmyanvnas
MoOenb onucvisaem xpauumvle 6 IBM Oannvie u ces3u. B cuiry aToro
Kascoas Mooeib OAHHbIX HePA3PbIBHO C8A3AHA C A3bIKOM ONUCAHUS OaH-
morx koukpetHoit CYBJ] (cMm. puc. 9.1.3).

ITo cyiecTBy, MOJIE€Tb TAHHBIX — 3TO COBOKYITHOCTH TPEX COCTAaB-
nsrorux [15, 44]:
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® munog (cmpykmyp ) TaHHBIX;

® onepayuii HaJl JTAHHBIMU;

® oepanudeHuil IeIIOCTHOCTH.

Hpyrumu cioBamMu, MOJIENIb JAHHBIX MIPEACTABIIsIET cCOOON HEKO-
TOPOE MHTEIJIEKTYaIbHOE CPEICTBO MPOEKTUPOBIIUKA, TIO3BOJISIONIEE
peanu3oBaTh MHTEpIpeTanuio cBeAacHuit o [10 B Bume popmannzoBaH-
HBIX JIAHHBIX B COOTBETCTBUU C OTPE/ICIICHHBIMU TPeOOBAHUSIMH, T. €.
CPEICTBO a0CTPaKIMK, KOTOPOE TaeT BO3MOKHOCTD YBUIETH “Jiec” (MH-
(hopMarmoHHOE CoiepykaHNe TaHHBIX), a HE OTIIEIbHBIC “IepeBbs” (KOH-
KpEeTHBIC 3HAUCHUS JJAHHBIX).

Tunvt (cmpyxkmypul) OaHHbLX

Cpenu mMHUPOKOTO MHOKECTBA OIpPEneIeHN, 0003HAUATOITNX
THIIBI CTPYKTYP TAHHBIX, HANOOJIee pacIpoCTpaHeHA TEPMHUHOIOTHS
KOJACHIJI (COnference of DAta SYstems Language) — MexayHa-
POJIHOM acCOLMAIINHU IO S3bIKAM CUCTEM 00pabOTKU JaHHBIX, CO3qaH-
Hoit B 1959 1.

B cooTBeTcTBUM € 3TOI TEPMUHOIOTHEH UCMIONIB3YIOT MATh TUIIO-
BBIX CTPYKTYD (B TIOPSI/IKE YCITIOKHEHUS):

® vj1eMeHm TAHHBIX;

® gepeeam TAHHBIX;

® 3anuUch,;

® 1Habop,

® 0a3a OAHHDIX.

Hanum xpatkue onpeneieHus 3Tux cTpyktyp [15, 44, 45].

Dnemenm oanHbiX — HaVIMEHBINIAs TOUMEHOBAHHAS €TUHUTIA JTaH-
HBIX, K KoTopoii CYB/l MoxeT aapecoBaThbCsl HEMTOCPEACTBEHHO U C
MTOMOIIIBIO KOTOPOH BBIMOIHSAETCS TOCTPOEHUE BCEX OCTATIBHBIX CTPYK-
Typ JaHHBIX.

Aepeeam oanmbix — TOUMEHOBAHHAS COBOKYITHOCTb 3JIEMEHTOB
JTAHHBIX, KOTOPYIO MOKHO pacCMaTpUBaTh Kak eQMHOE 1ieoe. Arpe-
raT MOXET OBITh TPOCTHIM MJTH COCTABHBIM (€CITH OH BKITIOYAET B ceOs
JIpyTUe arperarsbl).

3anuce — MOMMEHOBAHHASI COBOKYITHOCTb 3JIEMEHTOB JIAHHBIX U
(unm) arperaToB. Takum oO6pa3oM, 3aIIUCh — 3TO arperart, He BXO/s-
LU B Ipyrue arperatsbl. 3aluch MOXKET UMETh CIIOKHYIO HepapXxuyec-
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KYIO CTPYKTYPY, ITOCKOJIbKY JIOMYCKAET MHOTOKPATHOE MPUMEHEHHE
arperamum.

Habop — nouMeHoBaHHAas1 COBOKYITHOCTD 3aITUCEH, 00pa3yIoux
JIBYXyPOBHEBYIO MepapXUUECKyIO CTPYKTypy. Kaxapiii Tun Habopa
MpeJICTaBIsAeT cOO0M CBSA3b MEXY JABYMS THIaMu 3anuceid. Habop
ONPEIETSETCS IyTeM OOBSIBICHUS OHOTO TUIIA 3aITUCH “‘3aIMChIO-BIIA-
JIeNbIeM”, a IPYTUX TUIIOB 3aIicet — “3amucsamMu-wieHaMmu . [Ipu aTom
KaXIbIi 9K3eMIUISIp Habopa TOIHKEH CoIepKaTh OJMH IK3eMIUISIp “3a-
MUCU-BIIAJIENbIA” 1 JTI000€ KoMn4yecTBO “3anuceii-uwieHoB”. Ecim 3a-
MUCH MPEJICTABIISET B MOJIEIH JAHHBIX CYIIHOCTh, TO HAOOp — CBSI3b
MeXy cylHocTsMu. Hampumep, eciu paccMaTpuBaTh CBS3b “YUHT-
cs1” MEX/y CYILIHOCTSIMU “yueOHas rpynmna’ ¥ “CTyIeHT”, TO IiepBasi u3
CYILITHOCTEH OOBABIISIETCS “3aMUChIO-BIIaieIblieM” (OHA B 9K3EMILISIpE
Habopa o/Ha), a BTOpas — “3aMMChIo-4JIeHOM (MX B 3K3eMIUISIpEe Ha-
0opa MOXET OBITH HECKOITBKO).

basa oannbix — NMOUMEHOBAHHAS! COBOKYITHOCTD 3K3EMILISIPOB
3amuceil pa3IMvyHOro THUIIA, COAEpIXKallas CChUIKM MEXKAY 3aIUCIMHU,
MpeICTaBICHHbIE 3K3EeMIUISIPAMHI HAOOPOB.

OtMmeTnM, 9TO CTPYKTYpbl BJ] cTpOSITCS HA OCHOBAHHMHM CIIETYIO-
IIIUX TJIAaBHBIX KOMITO3UIIMOHHBIX TTpaBuiI [15, 44]:

e b/] MOXeT colepKaTh J1i000e KOIU4ecmso munos 3anucetl u mu-
nos8 Habopos;

® MEXY 08y M MUnamu 3anuceii MOXeT ObITh ONPEAEIICHO J11000e
KOAu4ecmso Habopos;

® mun 3anucu MOXET OBITh 61adenbyem U 00HOBPEMEHHO UJIeHOM
HECKOJIBKUX TUIIOB HaOOPOB.

CrnenmoBaHue TaHHBIM MTPABWJIAM TIO3BOJISIET MOJIEIUPOBATH JaH-
HBIE O CKOJIb YroAHO cinoxHoi [10 ¢ TpedyeMbIM YpOBHEM MOJTHOTHI U
JleTaTn3aIIHH.

PaccMmoTpeHHbIE TUITBI CTPYKTYP TaHHBIX MOTYT OBITH MIPEICTAB-
JIEHBI B pa3IMuHON (hopMe — rpadoBoii; TAOIMUHOMN; B BUIE HCXOTHO-
IO TeKCTa SI3bIKa OMHMCaHMs JaHHBIX KOHKpeTHOU CYB/I.

Onepayuu nao danuvimu
Omnepanuu, peanuzyembie CYB/I, BkItouaror cerexyuto (TIOUCK)
JIAHHBIX; Oeiicmeuss Ha TaHHBIMHU.
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Cenek1Mst TaHHBIX BBIIOJIHSAETCS C TOMOLIBIO KPUTEPHSI, OCHOBAH-
HOI'0 Ha UCIOJIb30BaHUU JIMOO JIOTMYECKON MO3ULIMU JAHHOIO (3J1e-
MEHTa; arperaTa; 3aIllucu), 1100 3HaUeHUs JAHHOT O, TMOO CBS3el MEXK Ly
TaHHBIMU [46].

Cenexiusi Ha OCHOBE JIOTUYECKOM MO3UIIMH JAHHOTO 0a3upyeTcs
Ha yHOPSIIOYEHHOCTH JTaHHBIX B MaMsTU cucTeMbl. [Ipu 3TOM Kpure-
puu nIorcka MOTyT (OPMYJINPOBATHCS CIEAYIOLIUM 00pa3oM:

® HATH cIeayollee JaHHOE (3aMKCh);

® HAWTH IpebIIyIIee JAHHOE;

® HAMTHU N-¢ JaHHOE;

e HaliTH 1epBoe (IIOCIeAHEE) TaHHOE.

DTOT THII CENEKIINH HA3BIBAIOT ceeKyueti nocpeocmeom mexyuet,
B Ka4eCTBE KOTOPOH HCIOIB3YETCS] MHAUKATOP TEKYIIETO COCTOSHUS,
aBTomatnuecku noanaepxuBaembiii CYB]] u, kak mpaBuiio, yka3biBa-
FOIIINI Ha HEKOTOPBIN 3K3eMIuTsIp 3anucu b/I.

Kpurepuii cenexuuu mo 3Ha4eHUSIM JAHHBIX (OPMUPYETCS U3
MPOCTBHIX WM OyJIeBBIX yCIoBUd oTOOpa. [Ipumepamu mpocThIx ycio-
BUI ITONUCKA SIBIISIIOTCS:

o VY _JIUCUUITIIMHA = MEHE/DKMEHT;

e BO3PACT > 20;

o JIATA <19.04.2002 u T. 1.

Bynesoe ycnoBue ordopa hopmupyercs myTeM 00beIMHEHUS TPO-
CTBIX YCIIOBUI C IPUMEHEHUEM JIOTHYECKUX Ollepalivii, HAIIpuMep:

o (IATA_POXIEHHMA < 28.12.1953) U (CTAX> 35);

¢ (YYEHOE_3BAHME = IOLLEHT) MJI1 (YUEHOE 3BAHUE =
=ITPO®ECCOP) u . 1.

Ecnau monens manHBIX, mogaepkuBaeMas HekoTopoit CYB/I, mo-
3BOJISIET BBINOJIHUTD CEJIEKIUIO TAHHBIX 1O CBSI35IM, TO MOXHO HalTH
JTAHHBIE, CBSI3aAHHBIE C TEKYILIUM 3HAY€HUEM KaKOT0-In00 TaHHOTO [46].
Hanpumep, ecniu B MOZIEIN JaHHBIX peajM30BaHa IBYHAIIpaBJIEHHAs
CBSI3b “YUMTCSl” MEXKAY CYyIIHOCTSMHU “CTYIeHT U “yueOHas rpynmna’,
MOYKHO BBISIBUTH YU€OHBIE IPYIIIbI, B KOTOPBIX YUATCS IOHOIIU (€CIIH B
COCTaBe OMMCAHMUS CTYACHTA BXOJUT aTpUOYT “Tionn”).

Kax mpaBuiio, 6ombmuHCcTBO coBpeMeHHbIX CYB/] mo3Bosiior
OCYILECTBIIATh Pa3IU4YHble KOMOMHALIUY OIMCAHHBIX BBIIIE BUJIOB Ce-
JIEKLIMU TaHHBIX.
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Oepanudenus yeaocmmocmu

Ozcpanuyenust yeaocmuocmu — JOTUUECKHE OTPAHUYEHUSI Ha JIAH-
HbIE — MCIIONIB3YIOTCS i oOecreueHrs] HeMpOTUBOPEUUBOCTH JIaH-
HBIX HEKOTOPBIM 3apaHee 3aIaHHBIM YCJIOBUSIM ITPU BBITIOJTHEHUH OTle-
pauuii Hag HUMU. [1o cyTH, orpaHMUYeHHs IIETOCTHOCTH — 3TO HAOOp
MPaBUJI, UCIOJIb3YEMBIX MPU CO3JAHUU KOHKPETHON MOJENN TaHHbBIX
Ha 0a3ze BeiOpanHoit CYB/I.

Paznuuarot eénympennue u senvie OrpaHUUYCHUSI.

Oepanuuenus, 00ycio8aeHHble 803MOICHOCMAMU KOHKPEMHOU
CVHB]I, nazvigaiom @HYMpPeHHUMU 02PAHUMEHUSMU YeIOCTTHOCINU. DTU
OTpaHUYCHUS KAcaroTCsl TUMIOB XPAHUMBIX JAHHBIX (HAIIpUMEp, “TeK-
CTOBBIH 3JIEMEHT JTAHHBIX MOXKET COCTOSITh He O0Jiee ueM u3 256 CUMBO-
JIOB” WITH ““3aITMCh MOKET cojaepkaTh He 0osee 100 moeir”) u morryc-
TUMBIX TUIOB cBsizeil (Hanpumep, CYB/ MoxeT nmoaaepxuBaTh TOJIb-
KO TaK Ha3bIBaeMbIe (DYHKITMOHATBHBIE CBSI3H, T. €. cBsi3u Tuma 1:1, 1:M
umu M:1). BoneimmHcTBO cymiectByronmx CY B/] moaiepkuBaroT mpex-
Jle BCero MMEHHO BHYTPEHHUE OTpaHUYEHUS LIeJT0CTHOCTH [46], Hapy-
HICHUS! KOTOPBIX MPUBOJISIT K HEKOPPEKTHOCTH JIAHHBIX U JIOCTATOYHO
JIETKO KOHTPOJUPYIOTCSI.

OrpaHudeHus, 00yCIIOBIICHHBIE 0COOCHHOCHISAMU XPAHUMBIX OAH-
HbLX 0 KoHkpemuotil 110, nazvlearom A8HbIMU 02PAHUYEHUSIMU YETIOCTTHOC-
mu. ITU OrpaHUUEHUS TAKXKE MTOJICPKUBAIOTCS CPEICTBAMU BBIOpAH-
Hoit CYB/I, HO oHU GopMUPYIOTCS 00s3aTeNIbHO C y4yacTUEM pa3pa-
6otunka b/l myTem onpezaeneHus (MporpaMMHUPOBAHUS ) CIIELIMAIBHBIX
TpoIeTyp, 00ECIIEUNBAIOIINX HEITPOTUBOPEUNBOCTD JaHHBIX. Hampu-
Mep, €CITH 3JIEMEHT JTaHHBIX “‘3a4eTHasl KHIDKKA™ B 3aIllUCH “CTYACHT
OTIperieNieH KaK KJII0Y, OH JIOJDKEH OBITh YHHKAJIbHBIM, T. €. B B]] He
JIOJDKHO OBITH JIBYX 3aIMCEe C OJMHAKOBBIMU 3HAYEHUSIMU KJIIOYA.
Jpyroii mpuMep: MycTh B TOH K€ 3aIUCH MPEAYCMOTPEH 3JIEMEHT “BO-
E€HHO-YYeTHas CIEIUAIbHOCTD U JIJISi HEr0 OTBEACHO 6 JACCITHUHBIX
uudp. Toraa apyrue mpencTaBlIeHUs 3TOTO dJIEMEHTa JaHHBIX B BJ]
HEBO3MOXHBI. C TOMOIIIBIO SBHBIX OT PAHUYSHHI TIETTOCTHOCTH MOKHO
OpraHMu30BaTh KaK “IPOCTOI” KOHTPOJb BBOAUMBIX JaHHBIX (TIPEKIe
BCETO Ha MPeMET MPUHAJICHKHOCTH JIEMEHTOB TaHHBIX (PUKCUPOBAH-
HOMY M 3apaHee 33/ITaHHOMY MHOKECTBY 3HAUCHHI: HATTPUMED, STIEMEHT
“ydyeHOe 3BaHME” HE JOJDKEH IPHMHUMATh 3HaUYCHUE “TIOYETHBIN I0-
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LIEHT”’, €CITH PeUb UACT O POCCUUCKUX YUEHBIX), TaK M OOJICE CIIOKHBIE
MpoIeaypsl (HaIIpuMep, BBEICHHE 3HaUYCHUS “‘TIpodeccop” 3jeMeHTa
JIAaHHBIX “yUeHOe 3BaHWe” B 3aIlHCh O IIpeIoIaBaTelie, MMEIOIEM BO3-
pact 25 JeT, T0JDKHO TpeboBaTh, N0 KpaliHel Mepe, TOTOIHUTETBLHO-
IO TTOJTBEPKICHUS).

DyieMeHTapHas eIMHULIA JAHHBIX MOYKET OBITh peaTn30BaHa MHO-
’KECTBOM CIIOCOOOB, YTO, B YACTHOCTH, IIPUBEIIO K MHOTOO0OPa3HIO 13-
BECTHBIX MOJIeJIel TaHHBIX. MOIeTh TaHHBIX OIpeNeNsieT IpaBuia, B
COOTBETCTBHUH C KOTOPBIMH CTPYKTYPUPYIOTCS AaHHbIe. OOBIUHO OTTe-
panyu HaJ JAHHBIMU COOTHOCSITCSI C UX CTPYKTYPOH.

PasznooOpasue cymecTByONMX MoJIeIe JaHHBIX COOTBETCTBYET
pa3zHooOpa3uio obacTelt MPUMEHEHUS U TIPEIMOYTESHUH MTOIh30BaTe-
JIeH.

B crnenmanbHOM nUTEpaType BCTpPEUAETCsS OMUCAHHUE JTOBOJBHO
OOJIBIIIOrO KOJIMYECTBA PA3IMUHBIX MOJICNICH JAHHBIX. XOTSI HANOOJIb-
1Iee pacrpocTpaHeHHe MOJTYyYrITN Hepapxuueckas, cereBas u, beccrop-
HO, PeJISIIMOHHAS MOJICIN, BMECTE C HUMU CJIEIYeT YIIOMSHYTh U HEKO-
TOpBIE JIpyTHE.

Hcnonp3ys B KauecTBe KIaCCU(UKAIMOHHOTO IPU3HAaKa 0COOCH-
HOCTH JIOTUYECKOM OpraHu3aliy JaHHBIX, MOXKHO MPUBECTH CIICIYIO-
U TIepeUeHb N3BECTHBIX MOJICTICH:

® yepapXuuecKasi MoJieb JaHHBIX;

e ceTeBasi MOJICIb JIAHHBIX;

® peIISIIIMOHHAS MOJIENTh TAHHBIX;

e OMHApHAS MOJCIb JJAHHbIX;

® CeMaHTHYECKasl CETh.

PaccMoTprM OCHOBHBIEC OCOOECHHOCTH TIEPEUNCIICHHBIX MOJICIICH.

Hepapxuueckas mooenb danHbix

Haubonee naBHO ncnonb3yeMoii (MOKHO CKa3aTh, KIIACCUYECKOH )
SIBIISIETCSI MOJIENTb TAHHBIX, B OCHOBE KOTOPOU JICKUT UEPAPXUYECKASL
cmpykmypa muna depeesa. JlepeBo — 310 oprpad, B KXy BEpIINHY
KOTOPOTO KpOMe NepBOH (KOPHEBO) BXOIUT TOJIBKO OJHA JIyTra, a U3
1000 BepIIMHBI (KpOME KOHEUHBIX) MOKET UCXOAUTH MPOU3BOJILHOE
quciIo ayr. B nepapxuyeckoii CTpyKType NOTUYMHEHHBIN 3JIEMEHT JaH-
HBIX BCEI/1a CBSI3aH TOJIBKO C OJJHUM HUCXOJHBIM.
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Ha puc. 9.1.9 nmokazaH ¢pparMeHT 0OBEKTHON 3aITMCH B U€pAPXHU-
YEeCKON MOJIETTN TaHHBIX. YacTo UCIOIB3yeTCs TAKKe “YHOPSIOUCHHOE
JIepeBO”’, B KOTOPOM 3HAYUM OTHOCUTEITbHBIN MOPSITOK TIO/IIEPEBHEB.

Tpaucnopr

Kenesno- Boaubrit
JIOPOKHBIN TPaHCIIOPT
TPAHCIOPT

IMaccaxupckue || Tpysosble
ITaccaxupckue I'py3oBble cyla cyna
noeszaa rnoeszaa [

Cyxorpy3nsle | | HamuBHbie
cyna cyna

Puc. 9.1.9. ®parmeHT Mepapxrueckorn MoLeNH AaHHbIX

Jocmouncmea TaKoOM MOJIEIIM HECOMHEHHBI: IIPOCTOTA MPEICTaB-
JICHUSI TIPEIMETHOM 00JIaCTH, HATJISITHOCTD, YIOOCTBO aHaIM3a CTPYK-
Typ U IpoCTOTAa MX onrcanus. K neoocmamkam cneayer OTHECTH CIIOXK-
HOCTh JT0OABJICHHS] HOBBIX M yIaJICHUS CYIIECTBYIOIIUX TUIIOB 3aIlH-
ceif, HEeBO3MOXXHOCTb OTOOpaXeHUsI OTHOIIEHUN, OTINYAIOIIUXCS OT
HepapXUUECKHX, [POMO3/IKOCTh OTTUCAHUS K MH(OPMAITUOHHYIO U30bI-
TOYHOCTb.

XapakTepHbIe MPUMEPHI peaTu3allii HepapXUIECKUX CTPYKTYDP —
s3p1k Kobomr m CYB/] cemeiictBa IMS (co3gana B pamMKax IPOEKTa
Bbicasikn Ha JIyny — “Amnomnon”) n System 2000 (S2K).

Cemesas Mooenb OAHHbIX

B cucreme 6a3 manubix, npeminoxeHusix CODASYL, 3a ocHOBY
OblTa B3sITa ceTeBas CTpyKTypa. CyIiecTBeHHOE BIIMSIHIE Ha pa3paboTKy
9TOM MOJIENIHN OKa3alin 0oJiee paHHHE ceTeBbIe cucTeMbl — IDS 1 Acco-
nuatuBHei I1J1/1. HeobXoauMocTh B Mpoliecce MOIYYSHHUST OJHOTO
oTyeTa 00pabaThIBaTh HECKOJIBKO (haiijioB 00yCI0oBUIIA 1IelIeco00pas-
HOCTb YCTAHOBJICHUS TIEPEKPECTHBIX CCHUTOK MEXy (haitiamu, 4To B
KOHIIE KOHIIOB U IIPUBEJIO K CETEBBIM CTPYKTypaM [54].
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CeteBast MOJIeNb JAHHBIX OCHOBAHA Ha IPEACTABIECHUH MH(MOP-
Malnu# B BUJe oprpada, B KOTOPOM B KKAYIO BEPIIMHY MOXET BXO-
IUTH NPOU360.bHOe Yucio 0ye. BepmmHam rpaga cormocTaBIeHbl THITHI
3arnucel, 1yram — cBsizu Mexay Humu. Ha puc. 9.1.10 npencrasieH
IIPUMEDP CTPYKTYPBI CETEBON MOJIENIN JaHHBIX.

Kad. “Menemxment” Kad. “Oxonomuka”

N TN

VYu. qucumiinHa VYu. nucuumivaa || Yd. JMCIUIIIMHA
“YnpasneHue “MenemxmenT” “IxoHOMHMKA”
IepcoHaIoM” l

V 4 l
CTyIeHTBI CTyneHThI CTyIeHThI
(dakynpTera ¢bakyabTeTa IOPUANYECKOTO
MEHE/DKMEHTA 3KOHOMUKHU (daxynbpTeTa
TypusMa U YIPaBJICHUS

Puc. 9.1.10. ®parmeHT ceTeBor MOLeNM AaHHbIX

Ilo cpaBHEeHMIO C MEpPAPXUUECKUMH CETE€BbIE MOJENN 00JIa1atoT
PSIIOM CYIIECTBEHHBIX NpeuMyujecms: BO3MOXKHOCTh OTOOpaKeHUs
MPAKTUYECKH BCErO MHOTOO0Pa3Hsl B3AMMOOTHOIICHNH OOBEKTOB ITPe/I-
METHOM 00J1aCTH, HEMOCPEICTBEHHBIN JOCTYII K JTIOO0H BepIINHE CETH
(6e3 ykazaHusl Apyrux BEpIIMH), Majias HHPOPMAIIMOHHAS U30bITOY-
HOCTb. BmecTe ¢ TeM B ceTeBON MO/1e7IM HEBO3MOKHO 10CTUYb IIOJIHOM
HE3aBHCHUMOCTH JTaHHBIX [54] — ¢ pocTOM 00beMa HH(pOpMAIIUK CeTeBas
CTPYKTypa CTAHOBHUTCS BECbMa CIIOXHOM JUIsl OTIMCAHUS U aHATIN3A.

H3BectHO [62], UTO MpUMEHEHUE HA MPAKTUKE UEPAPXUUECKUX U
CETEBbIX MO/IeNIEH JAaHHBIX B HEKOTOPBIX CITydasx TpeOyeT pa3paboTKu
U COMPOBOXK/IEHUS 3HAYUTEIBHOTO 00beMa KOJa MPUIIOKEHHS, YTO
MHOTIa MOKET CTaTh JJIs1 UH(POPMALIMOHHON CUCTEMBI HEMOCUIBHBIM
OpeMeHeM.

Pensiyuonnas mooenv danmvix
B ocHOBe pensuMoHHON MOJIENN TaHHBIX JIeXaT He T'paduuecKue,
a maodauuHble Memoobl U cpeocmea npeocmasieus OaHHbLIX 1 MaHUITY-
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nupoBaHus umu (puc. 9.1.11). B pensiinoHHON Mojenu a1t oToopa-
’KeHUs UH(pOopMaIMK O MPeIMETHON 00JIaCTH UCTIOJIb3YeTCs Ta0INIIa,
Ha3beIiBaeMas “‘omuouienuem”. CTpOKa TaKOW TaOJIUIBI Ha3bIBACTCS
Kopmesicem, cronioen — ampudymom. Kaxaplii aTpuOyT MOXKET IIpU-
HUMAaTh HEKOTOPOE MOJAMHOXKECTBO 3HAUEHUHN U3 ONpeeIeHHON 00-
J1acTh — domena [42].

TTone 6a3b1
JIAaHHBIX
(aTpubyt

CYIIHOCTH)

TMepBuunbIit Kommuectro
S Mecto
00y4aeMbIxX
Bys pacnonoxeHus
(cTyneHToB)
MIY r. MockBa 26 170

uM. M.B. JlomoHocoBa

Homen
(MHOXECTBO
BO3MOXHBIX
3HAUCHUI
XapaKTePUCTHKU
00beKTa)

T'ocynapcTBeHHbBIN
yaap r. CaHKT-

TEXHUYCCKHHI 12 150
[etepOypr
YHHBEPCUTET

h'd
Koprex (BekTOp pasmMepHOCTH K, BKITIOUATOIIIIT
110 OTHOMY M3 BO3MO>KHBIX 3HAUCHUI K TOMEHOB)

Puc. 9.1.11. ®parmeHT pensiuMoHHON MOLENHU LaHHbIX

Tabnuunas opranuzaius b/] mo3BoisieT peain30BaTh e BaKHEH-
iee npeumyuecmeo iepe APyraMu MOJEIISIMU TaHHBIX, & UMEHHO —
BO3MOHOCTh UCITOJIb30BAHMS TOUHBIX MATEMAaTHIECKUX METOJ/IOB Ma-
HUITYJIMPOBAHMS JAHHBIMM, U TIPEXK/IE BCErO — armapara peisiuoH-
HOU anreOpbl M UICUUCIIEHUS OTHOIIeHU [54]. K npyruM mocTonHCTBAaM
PEeSIIUOHHON MOJENTN MOXHO OTHECTU HATJISTHOCTD, ITPOCTOTY U3Me-
HEHUS JJAHHBIX 1 OPTaHU3aIMU PA3TPAHUUYCHUS TOCTYNA K HUM.

OCHOBHBIM HeOOCHAMKOM PEIIAIIMOHHON MOJIEIH JTAHHBIX SIBJISCT-
cst “H(OpMAaIIMOHHAS N30BITOYHOCTD, YTO BEJET K MEPEPaACXOly pecyp-
COB BBIYUCITUTEITBHBIX CUCTEM (OTMETHM, UTO CYIIECTBYET PsiJl TPUEMOB,
ITO3BOJISIONIUX B 3HAUNTEIIBHOM CTENEHN N30aBUThCSI OT 3TOTO HEAOCTAT-
Ka — cM. 1. 9.2). OmHaKO UMEHHO PEITSIIIMOHHAS MOJIENTh TAHHBIX HAXO-
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JUT Bce OoJllee MUPOKOE MPUMEHEHNE B MPAKTUKE aBTOMATU3AIIUN UH-
(hopmanmoHHoTo obecreueHus: MPodecCHOHATBHON JeSITETLHOCTH.
Ilonmapssroriee 6ombiHCTBO CYB/I, OpHEHTHPOBAaHHBIX HA MIEPCO-
HaibHBIe DBM, SBIISIOTCS CUCTEMaMU, TOCTPOSHHBIMU HA OCHOBE PEJISIIH-
OHHOM MOJIEJTN JJAHHBIX — TaK Ha3bIBaeMbIMU ““pertsiiioHHbIME CYB/T”.

Bunapnas mooenv danHwblx

Bunapnast Mozienb JTaHHBIX — 3TO rpadoBasi MOJIENb, B KOTOPOU
BePULUHDL ABTIAIOMCS NPEOCMABICHUAMU NPOCbIX 00HO3HAYHBIX AMPU-
bymos, a 0yau — npeocmagieHusMu OUHAPHBIX C8s3ell MedHcOy ampuoy-
mamu (puc. 9.1.12).

YUEBA Bericiee
yueOHOe

3aBCICHUC

CryneHT <3

Puc. 9.1.12. MNMpumep GUHAPHOIO OTHOLLEHHS

Bunapnas mozaens He moyumsia 0co00 MUPOKOTO PACIPOCTPa-
HEHUS, HO B psiJie CIIydaeB HAXOJUT MPAKTUUYECKOe MPUMEHEHHE.

Tak, B 0077aCTH UCKYCCTBEHHOT'O MHTEIIJIEKTA YK€ TABHO BEAYTCS
WCCIIEOBAHMS C LIEITBIO MPEICTABIECHUS MHPOPMALIUH B BUE OMHAPHBIX
oTHouIeHui. PaccMoTpum Tpuamy (Tpoiiky) “o0beKT — aTpudyT — 3Ha-
yeHue” (6osee moapoOHO 00 3TOM OymeT ckazaHo B 1. 10.2). Tpuama
“KysznenoB — Bo3pact — 20” o3Ha4aeT, 4To Bo3pacT Hekoero KysHe-
1moBa paBeH 20 rogam. OTa ke HHOOPMAIUS MOXKET OBITh BRIpa)kKeHa,
HanpuMmep, 6uHapabsiM oTHoweHrneM BO3PACT. I[louarue OunapHo-
IO OTHOUICHHUS MOJIOKEHO B OCHOBY TaKMX MOJEJIeH JTaHHBIX, KaK, Ha-
npumep, Data Semantics (aBrop A6puan) u DIAM II (aBrop Cenko).

BunapHble MO/IeM TaHHBIX 00J1a1af0T BO3MOYKHOCTBIO MPECTaB-
JICHUS CBSI3€ JTFO0O0H CIIOKHOCTH (M 3TO MIX HECOMHEHHOE IPEUMYIIIECTBO),
HO BMECTE C TeM UX OPUEHTAITUS Ha ITOJIb30BaTelIs HemocTaTouHa [53].

Cemanmuueckas cemv
CeMaHTHUYECKUE CETU KakK MOACIN JaHHBIX ObLITH MMPEAIOKCHBI
HUCCIICA0OBATECIISIMUA, pa6OTaBIHI/IMI/I Haa pa3jiIndYHbIMU HpO6H€MaMI/I uc-
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Kycemeenno2o unmeiekma (cM. 1. 10). Tak ke, Kak B ceTeBOU n OU-
HapHOU MOJENsX, 0a30Bble CTPYKTYPbl CEMAHTUUECKON CETU MOIL'YT
OBITH MpeACTABICHBI TpadOM, MHOXKECTBO BEPIIUH U IyT KOTOPOTO
ob6pa3syer ceTb. OIHAKO CEMaHTHUUECKHE CETH IIPEHa3HAUYEHBI [U14 ITPe/I-
CTaBJICHUS U CUCTeMAaTU3aIuy 3HaHUI caMoro o01mero xapakrepa [53].

Taxum 006pa3om, ceMaHTUYECKON CEThI0 MOKHO CUUTAThH JIIOOYIO
rpadoBYyIO MOJIENb (HAITpIMep — IMOMEYeHHBIH OMHAPHBIHN rpad) mpu
YCIOBUH, YTO U3HAYAJIBHO YETKO OIpeJesieHO, YTO 0003HAYaIOT Bep-
IIMHBI U IYTU U KaK OHU MCIIOJIB3YIOTCS.

CeMaHTHUYECKHE CETU SIBJISIOTCS OOTaThIMM UCTOYHUKAMU HJICH
MOJETUPOBAHUS TAHHBIX, YPE3BbIUAHO TOJIE3HBIX B TUTAHE PEIICHUS
MpOOJIeMBbI MPEJACTABIICHUS CII0XKHBIX cuTyanuii. OHU MOTYT OBITh HC-
TTOJTb30BaHbI HE3ABHUCUMO WJIM COBMECTHO C MJIESIMH, TIOJI0KEHHBIMH B
OCHOBY JIPYTUX MoJieiei TaHHbIX. IX HHTEpeCHO 0COOEHHOCTBHIO SIB-
JIIETCSI TO, UYTO PACCTOSHUE, N3MEPEHHOE Ha CEeTH (CEMaHTUYECKOe pac-
CTOSIHUE WJIM METPHUKA), UTPAET BAXHYIO POJIb, ONpenessis OJIU30CTh
B3aMMOCBSI3aHHBIX MMOHATHIA. [1pn 3TOM nperycMoTpeHa BO3MOKHOCTD
B SIBHOU (popMe TTOAUEPKHYTh, UTO CEMaHTHYECKOE PACCTOSIHUE BEITH-
ko. Kak mokazano Ha puc. 9.1.13, CIIEHUAJIBHOCTD cooTHOCUTCS
¢ mmuHocThio IIPEITOJIABATEIJID, u B TO ¢ Bpems IIPEITOJ]JABA-
TEJIHO npucym; POCT. B3auMocBsi3b JIMUHOCTU CO CHEUATIbHOCTBIO
OYeBHU/IHA, OJHAKO M3 ITOT'0 HE OOS3aTENIHLHO CIEeNyeT B3aMMOCBS3b
CITELHMAJIBHOCTH u POCTA.

Crienyet cka3aTh, UTO MOJIEIISIM JAHHBIX THIIA CEMAHTHYECKOHN CeTH
pu BceM OOraTcTBe MX BO3MOXKHOCTEH MPU MOAETUPOBAHUU CIOXK-
HBIX CUTYaIlMi MPHUCYIIa YCIOXKHEHHOCTh U HEKOTOPasi HEAKOHOMUY-
HOCTh B KOHLIETITYAJIbHOM IU1aHe [53].

9.1.4. PenaynoHHas mogenb BaHHBIX

Kaxk 6p110 oT™MeueHo B 1. 9.1.3, B oCHOBe peNsiiMOHHON MOJAeIN
JAHHBIX JIOKUT UX MPEJCTABICHUE B BHJIE TAOJUII, UTO B 3HAYUTEIb-
HOMU cTerneHu oberyaet paboTy npoektTuposiuka b/] u — B mocnemy-
OIIEM — MOJIB30BATEIISI B CHJTYy TPUBBIYHOCTH U PACIPOCTPAHECHHOCTH
TaKoOro BapuaHTa UCIOJIb30BaHus HHpopMmanuu. JlanHas Mojeb Obuta
npemnoxena J. @, Kommom (E. F. Codd) B Hauane 70-X IT. mpoumioro
BEKa U BMECTE C UEPAPXUUCCKON U CETCBON MOCIISIMH COCTABIISICT MHO-
JKECTBO TaK Ha3bIBAEMBIX seuKkux Mojeiac. MOXKHO cka3aThb, UTO ce-
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MMPETIOJABATEJIb

HepeJIeBAaHTHO
CIIEHMAJIBHOCTD > POCT

Puc. 9.1.13. CooTHOLIEHWEe NOHATUM B CEMaHTHUUYECKOW CeTH

TOJTHSI UMEHHO 3Ta MO/JIeITb UCIIOJIB3YETCs BO BCeX Hanboee pacipocT-
panenubix CYB/I.

Omnpenenenue 110001 MOAETN AaHHBIX TPeOYeT onucanus mpex
9/1eMEHMO8:

e OIIpeieNIEHUE Munos (cmpykmyp) OaHHbIX;

e ompezieIeHue onepayuti Hao OAHHbLIMUL

® OIIpENIeNICHUE 02PAHUYeHUL] YeI0CHHOCIU.

CHauaa pacCMOTPUM CTPYKTYPbI TAHHBIX U OTPaHUYEHUS 11eJ10-
CTHOCTH, a 3aTeM OoJiee MOoAPOOHO OCTAHOBUMCS Ha ONEPAIUSIX Pesi-
LMOHHOW anreOphl.

Tunvt (cmpykmypot) OaHHbIX

PaccMoTpenue aToro Bompoca TpeOyeT BBEICHHS OIpPeIeIICHUI
HECKOJIbKUX OCHOBHBIX ITOHSTHU.

MHosicecmso 603MONCHBIX 3HAUEHUTI HEKOMOPOTL XAPAKMEPUCIIUKU
obvexma Hazvisaemcs 0omernom (aHri. domain — o0acTh):

D, = {d;, dy, ... dii}-

Hamnpuwmep, B kauecTBe JOMEHA MOKHO paccCMaTpPUBATh TAKHE Xa-
PaKTEpUCTUKH CTYACHTA, KaK ero (pamuius, Kypc, pocT u T. IL.:

Dyype = 11.2,3,4,5,};

D paviums = {VIBaHOB, Iletpos, Cunopos, ...};

Do = 1160, 161, 162, ..., 190}.

O4eBUIHO, YTO MOKHO COITIOCTABUTH MOHATHS “aTpudyT” MHPO-
JIOTUYECKOM MOJIEIH MPEeIMETHON 00nacTu U “I0MeH” PeIsuOHHOM
MOJICNTH TaHHBIX. BO3MOXHBIC 3HaUEHUSI XapaKTEPUCTHK OOBEKTOB
MOTYT IPUHUMATh YMCIIOBBIE WIM TEKCTOBBIC 3HAUEHUS, & UX MHOXe-
CTBa MOTYT OBITh KaK KOHEUHBIMH, TaK U OCKOHEUHBIMU. OTMETHM,
YTO B Cllyuae KOHEYHOCTH IOMEHA MOXXHO OPraHM30BaTh IPOBEPKY
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SIBHBIX OIPaHMYCHHIT LEIOCTHOCTU: B HAIIEM IpuMepe AoMeH Do .
OIPEJIENSET, UYTO BCE CTYICHTHI JOJDKHBI IMETh pocT oT 160 mo 190 cm,
a HOMep Kypca He MO>KET IPEBBIIIATS .

BexTop pasmeprocTu k, BKIIOUaIOHIii B ce0s1 10 0OTHOMY U3 BO3-
MOYKHBIX 3HaU€HUH k TOMEHOB, Ha3bIBAeTCI Kopmedicem. s npuse-
JICHHOTO BBIILIE IPUMEpA KOPTEKAMH SBIISIOTCS:

(1, iBaHoB, 172);

(3, Cumopos, 181);

(5, YTkuH, 184).

YacTto KoMM4ecTBO KOPTekKel B Tabjuile (OTHOIIEHNWN) Ha3bIBa-
10T KapOUHANbHBIM YUCTIOM, & KOIMYECTBO ATPUOYTOB — CHIENEeHbIO.

Ecnu B kopTex BXOIAT 3HAaUEHUS BceX XapakTepucTHk oobekTa [1O
(T. €. aTpuOYTOB CYIIHOCTH WH(OJIOTUUECKON MOJEN), eMy MOKHO
COTIOCTABHTH TAKYIO TUTIOBYIO CTPYKTYPY JaHHBIX, KaK 3anucb (00BbeK-
THas 3aITUCh).

Hexapmoswvim npoussedenuem k TOMEHOB Ha3bIBAETCS MHOXKECTBO
BCEX BO3MOKHBIX 3HAUEHUN KOPTEKENU:

D =D, xD, x ... xD,.

ITycTh 1151 TOTO XK€ TpUMepa OIpeieieHbl TPU JJOMEHA!
D1 = {la 4}3

D, = {HUBanos, Ilerpos};

D; = {168, 181}.

Torma ux AeKapTOBBIM ITpOU3BeIeHUEM OyaeT MHOXeCTBO D, co-
CTOsIIEee U3 BOCbMH 3aITUCEN:

(1, iBanos, 168)
(1, VBanos, 181)
(1, TIetpos, 168)
(1, Tetpos, 181)
(4, VBanos, 168)
(4, UBaHos, 181)
(4, Tletpos, 168)
(4, Tletpos, 181)

D:D1XD2XD3:
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ITpu yBenuyeHUH pa3sMEPHOCTHU J000r0 U3 JOMEHOB yBEIINYNBA-
€TCS ¥ pa3MEPHOCTD UX JeKapTOBa Mpou3BeAcHMs. Tax, ecliv B IepBOM
JIOMEHE OIpeIeICHbI TPU JIEMEHTA

D, = {1, 4, 5}, nekapToBO IPOU3BEJECHUE NUMEET B!

(1, ViBanog, 168)
(1, ViBanos, 181)
(1, Ietpos, 168)
(1, TIetpos, 181)
(4, Usanos, 168)
(4, UBanos, 181)
(4, Tlerpos, 168) |
(4, Iletpos, 181)
(5, VBanos, 168)
(5, UBanos, 181)
(5, Iletpos, 168)
(5, Ilerpos, 181)

D=D1XD2XD3=

HHpIMK clTOBaMU, I€KapTOBO IIPOU3BEICHUE — MHOXECTBO BCEX
BO3MOJKHBIX KOMOUHAIINI 3JIEMEHTOB MCXOIHBIX IOMEHOB.

Hakownen, BaxHelIiee onpeaenenue: omuouteruem (relation) R,
OIpe/IeNIeHHbIM Ha MHOXkecTBax JoMeHoB Dy, D,, ..., D,, Ha3bIBaroT
NOOMHOICECMBO UX OeKAPMOBA NPOU3BCOCHUSL!

RcD=D,; xD,x..xD,.

DneMeHTaMU OTHOILIEHUS SBIISIIOTCS KOPTEXH. OTHOIIEHNE MOKET
MOJIETUPOBATH MHOKECTBO OJTHOTUITHBIX OOBEKTOB (CYIIIHOCTEN ), TTPH-
YEeM 3K3EMIUISIP CYIIIHOCTH MOXET MHTEPIPETUPOBATHCS KAK KOPTEXK.
C MOMOIIbIO OTHOIIEHUSI MOKHO MOJIETTUPOBATH U CBSI3H, B KOTOPBIX
HaxoasaTcss 00bekThl [10 (cymHocTH B e MHPOIOTUUECKONW MOJIETIN).
ITpu 3TOM KOPTEkK TAKOTO OTHOUICHUS COCTOUT U3 UACHTHU(PHUIIMPYIO-
LIMX aTPUOYTOB CBSI3bIBAEMBIX CYLIHOCTEM.

Takum 06pa3om, MOHITHE OTHOIIEHUS TO3BOJISIET MOJIEIIUPOBATH
JIaHHbIC W CBSI3U MEXJAYy HUMH. B CHUIly 3TOTO MOXXHO ONpPEAEIUTh

353



pensyuonnyro o6asy oannvix (PBJ[) kax co80KYNHOCHb IK3eMNIAPOE KO-
HeYHbIX OMHOUECHUII.

Ecau yuecTb, 4TO pe3yiabTraT 00paboTku mobdoro 3ampoca k PBJ]
TaK)Ke MOYKHO MHTEPIIPETUPOBATH KaK OTHOIIIEHUE (BO3MOYKHO, HE CO-
JieprKalee H1 OJTHOro KOPTexXa), TO BOZHUKAET BOBMOYKHOCTh ITOCTPO-
eHusl THOOPMATTMOHHON CUCTEMBI, OCHOBHBIM HHCTPYMEHTOM KOTOPOM
OyneT anrebpa oTHOIIEHUH (pensimoHHas anreopa). JIroboii 3ampoc B
TAaKOM CUCTeMe MOXeT OBITh NMpeACTaBlIeH B BUIE (POPMYJIBI, COCTOS-
el U3 OTHOMICHUH, OObEIMHEHHBIX ONEePALMSIMH PESIIMOHHON al-
reopel. Co3gaB CYB/I, obecrieunBaroNIyr0 BBITIOJHEHUE 3TUX OTepa-
LU, MOXHO pa3padaThiBaTh HHGHOPMAIIMOHHBIC CUCTEMbI, B KOTOPBIX
000 3anpoc nompeodumelisi NPopAMMUpPYemcesi opmynoi.

Oczpanuyenus yeaocmuocmu

OTHoI1IEHNE MOXKET OBITh MTPEACTABICHO TabIuLIeH, 00Ia aroen
OTIpE/IeTICHHBIMU CBOMCTBAMHU (KOTOPBIE, TIO CYTH, U OTIPEACTISIOT BHYT-
pEHHUE OTPaHUYCHHMS 1IEIOCTHOCTH JAHHBIX) [54]:

® KaXJasi CTpoKa TabJIUIIBl — KOPTEK;

® TIOPSIZIOK CTPOK MOJKET OBITH JIFOOBIM;

® TIOBTOPEHUE CTPOK HE JIOMYCKAETCS;

® TIOPSIOK CTOJIOIIOB B OTHOIIIEHUU (PUKCHPOBAH.

[TonsTre “oTHOIIEHNE” BeCbMa CXOXeE C ITOHITHEM “(dailn naH-
veIx . [loaToMy B mampHelIIEM Oy 1eM UCTIOT30BATh CIIETYIONIYIO TeP-
MUHOJIOTHIO: OTHOIIEHNE — (Dailsl; KOPTEeK — 3aMUCh; JOMEH — IIOJIE.
W nentudukanms KOHKPETHOM 3anucH (paiisia oCcyIecTBIsSeTcs Mo KITko-
4y (Habopy 1noseil, 1o 3HaYeHUIO0 KOTOPOT'O MOKHO OJJHO3HAYHO HJICH-
TU(GUIIPOBATH 3aMUCh). B (haiine MoKHO onpeAeTuTh HECKOJIBKO KITIO-
yeil. OJINH U3 HUX, BKIIIOYAIOIINNA MUHUMAIBHO BO3MOKHOE JIJIs1 UJIeH-
TU(DUKAITIY 3aTTUCH YKCIIO TIOJIEH, HA3BIBACTCS NePEUUHbIM KIIOUOM.

IIpuMeHNTEIBHO K MOHATHIO “(hailyl JaHHBIX BHYTPEHHUE Orpa-
HUYEHUS LIEJIOCTHOCTU (POPMYIUPYIOTCS CIEAYIOMUM 00pa3oM:

® KOJIMUECTBO MMOJIeH ¥ UX MOPSAO0K B (haiisie JOIKHO ObITh GUKCH-
POBaHHBIM (T. €. 3anucH ¢aisia T0IKHBI UMETh OJMHAKOBBIE ITTUHY U
opmar);

® KXXJ0€ I10JI€ JJOJKHO MOJEIUPOBATh 3JIEMEHT JaHHbIX (Hede-
JUMYIO €IMHUIYy JaHHBIX (PUKCHPOBAHHOTO (GopmaTa, K KOTOPOMY
CYB/I MoeT aapecoBaThCs HETIOCPEICTBEHHO);
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e B (haiisie HEe T0JHKHO OBITH MOBTOPSIOIINXCS 3AMICEH.

CYB/, ocHoBanHble Ha PB/I, moamepkuBaroT U SBHBIE OTPaHU-
4yeHHsl 1eIocTHOCTH. Ha mpakTrke OHM ONpenensitoTcst 3aBUCUMOCTSI-
MU MeXAy aTpudytamu (cM. 1. 9.1.2).

9.1.5. Onepaynn pensaynoHHol anrebpbi

Ornepanuu pensuoHHOM anredppl JISKAT B OCHOBE SI3bIKa MAHMITY-
nupoBanusi ganubiIMU CYBJI, ocHoBanHbix HAa PM/I. OTu oneparuun
BLINOTHAIOMCSL HAO patinamu, N pe3yTbTaTOM X BBITIOJIHEHUS TAKKE SIB-
JIIETCS ¢haiin, KOTOPBIM B O0IIIEM CITyuae MOXKET OKA3aThCs U ITyCThIM.

I1pu onucanun onepanuii peiasnOHHON alnre0pbl Oy1eM UCIIOb-
30BaTh 00O3HAUCHHUS:

o N® (UD1; UD2) — uMs UCXOAHOTO (IIEPBOTO UCXOTHOTO; BTO-
poro ucxogHoro) ¢aiina (painon);

o OP — ums (daiina-pesyapraTa.

HexkoTopsle onepanyy HaKJIaIbIBAIOT HA UCXOTHBIE (paiiyibl orpa-
HUYEHUS, KOTOPBIE B ONPEIETICHHOM CMBICIIE MOYXXHO PacCMaTpUBATH
KaK BHYTPEHHUE OTPaHMUYEHUS 1IeTTOCTHOCTH.

Ilpoexmuposanue

dopmarnpHas 3aI1Ch:

@®P = proj [cniucok nmen nosei] (D).

Ornepanysi He HAKJIAIBIBAET OFPAHUUEHUN HA UCXOJHBIN (paii n
MpeaycMaTpUBAET CIEAYIOIINE IeHCTBUS:

o 113 1@ uckinroyaroTcs Bee 1oJsl, UMEHa KOTOPBIX OTCYTCTBYIOT B
CHHICKE UMEH IT0JICH;

® 13 MMOJyUYeHHOT 0 (aiiyia yaaIsitoTCs MOBTOPSIONINECS 3aITUCH.

Hpumep. Iycts UD (KAAPDBI) conepxut 4 moms:

KAJIPBI

HOMEP JOJDKHOCTD DOAMUIINA /4
01 WHXKEHED TleTpoB 34170
02 WH)KEHED Topun 11280
03 CT. MH)KEHEP Cupnopos 34170
04 Had. 1exa DomuH 27220
05 Had. [exa Huxomnaes 11280
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u Tpe6yeTC$[ BBIITOJIHUTD OIICPALIUIO
@P = proj [T1/51] (KAJIPBI).
TOFZ[EI ITOCJIC BBIIIOJIHECHHA OIICpallu MMOJIYUHUM PE3YJIbTAT

oP

/4
34170
11280
27 220

3aMeTuM, 4TO C IMOMOILbBIO IPUBEAECHHON OlepaliMi MOKHO BbIsI-
BUTb, B KAKUX MOYTOBBIX SIIUKAX paboTAIOT COTPYIHUKH, HHPOpPMa-
1Us1 O KOTOPBIX COIEPXKUTCS B JTaHHOM (paiire.

Cenexyust (8b100p)

DopMasibHAS 3AIKCh:

@®P = sel [ycinosue] (D).

OTta omnepauus Takxke He HakilaAplBaeT orpaHuyeHuii Ha UD. B
(haitnn pesynbraTta 3aHocsTcs Te 3amucu u3 D, koTopsle yA0OBIETBO-
PSIOT YCIOBHIO TTOUCKA. YCIOBHE MPEACTABISIET COOOM JTOTrHYecKoe
BBhIpaXKEHUE, CBsI3bIBatoNIee 3HauUeHus noyuei .

Ipumep. Ilycts s npuBeaeraHoro Beime M® KAJIPbI TpebyeT-
csl BBISIBUTH coTpyaHuKoB [1/5 34 170, umeromumx 10JKHOCTD ““CT. UH-
skeHep”. s oTpabOTKM TAKOTO 3aMpoca JOCTATOYHO BBIMOJTHUTH

oTepaIuio:
OP = sel [AOJDKHOCTD = “cr. umxenep” U I1/5 = “34 170”]
(KAJZIPBI).
oP
HOMEP JOJDKHOCTD OAMUIINSA I/
03 CT. UH)KCHEP Cuopos 34170

OtMmeruMm, 4TO AaHHAsS Oonepauusi He u3MeHsieT cTpykTypy UD.
Kpowme toro, npu takoii ¢opManbHOM 3aITUCH OTIepaIMK MTpeArnoara-
ercs, utro CYB/l moanepxuBaeT oTpabOTKY CIOXKHBIX (COCTaBHBIX)
3aMpPOCOB, B MPOTUBHOM CIlydyae MPHUIIIOCH Obl COCTABHOE YCIIOBHUE
MOUCKA OTpadaThIBATh MTOCIEIOBATEIHHO — CHAauajla BBIIBUTH COTPY/I-
HUKOB, IMEIOITUX JIOJDKHOCTD “CT. MHXKEHEDP’, a 3aTeM — U3 HUX BbIJIe-
JIUTH TeX, KTo pabotaet Ha [1/5 34 170 (wnmu HaoOopot). MUHorna Ta-
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KOH (TOCIIe10BATENIbHBIH) MTOPSIIOK TOMCKA UMEET OTPe/IeIEHHbIE TTpe-
MMYIIIECTBA — IPEX/IE BCEro B T€X CIIydasix, KOTJa Ha CIIOKHBIH 3a1l-
POC 1aH OTPHUIATETbHBIN OTBET U HEMOHSATHO, YTO IOCITY>KUIIO TPUYHU-
HOH 3TOr0 (B HAIleM IMPUMEPE — WJIM HET COTPYIHUKOB B TOJDKHOCTH
“CT. MH)KeHep”, WJIM HUKTO U3 HUX He “paboraer” B ykazaHHoM [1/41,
WJIM TaKoro mpeanpusitus Boodue “Her” B /).

Coedunenue

dopmarnpHas 3aM1Ch:

OP = D1 » < UD2.

(crircok Tosteit)

B pensiumonHoii anredpe onpeneneHo HECKOJIbKO OIepaiuii co-
enMHEeHUs. MBI PACCMOTPHUM TaK HA3bIBAEMOE eCrecmeenHoe coeouHe-
Hue.

VciioBreM BBITTOTHEHHS TAHHOM OTIEpAIMU SIBIISICTCS HAIU4Ue 6
COeOUHsIEMbIX Datiiax 00H020 UlU HECKOJIbKUX 0OHOMUNHBIX NoJieti, TI0
KOTOPBIM M OCYIIECTBIISIETCS COSMHEHME (ITH TOJIS1 YKA3bIBAIOTCS B
CITMCKE; €CIIM CIHCOK ITyCT, COeIUHEHUE OCYIIECTBIISIETCS IO BCEM O/I-
HOTHIIHBIM I10JISIM).

B daiin pesynbrata 3aHOCATCS 3aKMCH, SIBIISIONIMECS TAK Ha3bIBa-
€MBIMU KOHKaTEHAIIMSIMU (aHTJ1. concatenate — CIETUISITh, CBSI3bIBATH)
3anuceit ucxoiHbIX (aitnos. MusiMu cioBamu, B @P momnanaror 3anu-
cu D1 u UD2 ¢ coBnagarouMy 3HaYSHHS TI0JIEH, 110 KOTOPBIM OCY-
LIECTBIIsIeTCs coenuHeHue (“cuerka’).

Ilpumep. Ilycte momumo ¢aitna KAIPbI umeercs daiin LIEX, B
KoTopoM yka3zanbl nopsakossiii HOMEP cotpynnuka (kak u B mep-
BoM ¢aitiie) u1 HOMEP_ILIEXA — HOMep 11exa, B KOTOPOM JaHHBII
COTPYJHUK paboTaer.

HEX
HOMEP HOMEP_LIEXA
01 11
02 2
03 11
04 2
05 11
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TOFZ[EI ITOCJIC BBIIIOJIHCHHUA OIICpallnun
®P = KAJIPBI » < 1IEX

IIOJIYy4YuM
0] o
HOMEP JOJDKHOCTD OAMUITNA /4 HI&)EQE AP -

01 WH)KEHED [letpoB 34170 111

02 HWH)KEHED T'opun 11 280 12

03 CT. UH)KCHEP Cuopos 34170 111

04 Hady. Iexa DomuH 27220 112

05 Hady. Iexa Huxkomaes 11 280 111

Crnenyer oOpaTuTh BHUMaHUE, 4TO B (popMaTe KOMaHIbI HE YKa-
3aHbl 1oJs coequHeHus. Cle10BaTeIbHO, OHO OCYIIECTBIISIETCS IO
enuHCTBEHHOMY onHoTunHOMY noto (HOMEP).

Ilpumep. Ilycth TpeOyeTcs BBIICHUTH, B KakoM Iiexe /s 34 170
pabotaet cT. mHX)eHep CHUIOPOB.

st 5TOr0 TpedyeTcs BBITTOTHUTD OIEpPALIHH:

®P1 = sel [JIOJIZKHOCTD = “cr. umxenep” U1/ =“34 170" U
DOAMUIINSA = “Cunopos”] (KAZIPbI);

OP2 = ®P1 » < 1IEX;

®P = proj [AOJDKHOCTb, ®AMWUJINA, T1/51, HOMEP_LIE-
XA]OP2 (AOJXKHOCTD).

B pesynbrate nomyuum:

oP
HOMEP_
JOJDKHOCTD DOAMUIINA /s L[EXA
CT. MHXKEHEP Cunopos 34170 1
Obvedunenue

dopMalibHas 3aMKCh:

OP = UD1 | UD2.

YcoBueM BBITIOJIHEHUSI OTIEPALIAH SIBJISIETCS 0OHOMUNHOCHb (00U~
HAKO08ASL CMPYKMYPA ) UCXOOHBIX (Datiios.

358



B ¢paiin pe3yapraTa 3aHOCATCS HEMOBTOPSIIOLIMECS 3aIIUCH UCXOI-
HBIX (paiIIoB.

Ipumep. Ilyctb B B nmerorcs nBa ¢aitna: YU_JI_ KA®E/PBI_1
u YU_JI_ KA®E/IPBI_2, B KOTOPBIX COEPKATCS TaHHBIE O YUTAEMBIX
kadenpamu Ne 1 u Ne 2 yueOHBIX TUCIMITIMHAX:

YU A KA®EIPHI 1

HOMEP_IMCHUITJIMHBI YYEBHAJ_T'PVIIITA
2011-12 99/3B. 3-02
5300-43 96/9U. 6-01
5140-11 98/9B. 4-03

YU_JI KA®EJIPHI 2

HOMEP_IMCHUITJIMHBI YYEBHAS_TI'PVIIIIA
5110-15 97/9W. 5-02
5413-23 98/9B. 4-01
2010-19 01/9M. 1-03
5300-43 96/91. 6-01

Torz[a ITOCJIC BBIINIOJIHCHHUA OIICpallnun O6”be)lI/IHeHI/IH
®P = VU_JI KADEJIPBI1 J YU_JI KADEPLI2.

MOJTyYUM JaHHbBIE 00 YUeOHBIX JUCITUTUIMHAX, YATACMbBIX O0CHMHU
kadenpamu:

oP
HOMEP_IMCHUITJIMHBI YYEBHAS_T'PVIIIIA
5110-15 97/91. 5-02
5413-23 98/9B. 4-01
2010-19 01/9M. 1-03
5300-43 96/91. 6-01
2011-12 99/9B. 3-02
5140-11 98/9B. 4-03

HarmoMHauM, 4To TIOCTIeTIOBATENTEHOCTD 3amnucei B patinax b1 ponm
HE Urpaert.
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Pasnocme (sviuumanue )

dopmabHas 3aIHCh:

OP = UD1 - NUD2.

YcoBueM BBITIOJIHEHUSI OTIEPALIAH SIBIISIETCS 0OHOMUNHOCHb (00U~
HAaKO08as CMPYKMypa,) ucxXooHvlx Qaiinos.

B ¢aiin pesyabraTa 3aHOCATCS 3aIUCH ITEPBOTO UCXOTHOTO (haii-
J1a, KOTOPBIX HET BO BTOPOM.

Ipumep. B ycnoBusiX npeablIylero NpuMepa BbIIIOJIHUM Olepa-
A0
OP = VU_J_KA®EJPBI1 - YU_JI_KADEJPbI2.

[Tonyurm maHHbBIe 00 yUeOHBIX TUCIUTIIMHAX, YATAEMBIX Kade-
poit Ne 1 6e3 yuactus kadenpsr Ne 2.

oP
HOMEP_JIMCHUITJIMHBI YUEBHAJ_T'PVIIIIA
2011-12 99/3B. 3-02
5140-11 98/9B. 4-03
Ilepeceuenue

PopmainpHas 3a11Ch:

OP = NP1 N UD2.

YCcoBHEM BBITTOIHEHHSI ONIEPALIUH SIBIISIETCS 00HOMUNHOCHTb (00U-
HAK08Asl CMPYKMYPA) UCXO0OHBIX Paiinos.

B pesynbrupyromuii gain 3aHOCATCS 3aMUCH, TPUCYTCTBYIOIINE
B 000MX MCXOIHBIX (pailnax.

Ipumep. Nns yxe uzBectHwuix (aitioB YU_JI_KADEPbI1 u
YU_J_KA®E/IPbHI2 BbIOIHIM ONEpALIUIO ITEPECceUeHUs

®P = VYU_JI_KA®EJIPbI1 N YU_I_KA®DE/PHI2.

[Tonyunm maHHBIE O COBMECTHO UMTAEMBIX 00erMH Kadeapamu
JIMCHUTIIINHAX:

oP

HOMEP_IMCHUITJIMHBI YUYEBHAS_T'PVIIIIA
5300-43 533
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[enenue

dopMasibHas 3aIKCh:

OP = UD] + UD2.

Jl7151 BBIOJTHUMOCTH OTepalliy AETICHUs] HEOOXOAMMO, YTOOBI 6
nep8oM UCXOOHOM ¢hatinie ObLIO 00bULE NOAET, YeM 80 BIMOPOM, U 0TI KAIIC-
0020 NOJIsL BMOPO20 UCXOOHO20 Allna cyuecmaosano 00HOMUNHOE eMy
nojie 8 nepeoM UCX00OHOM ghatine.

B ¢aiinm pe3ynpTaTa, COCTOSIIUN U3 ITOJIEH MEPBOTO MCXOTHOTO
daiina, He BXOASIIUX BO BTOPOM, 3aHOCSATCS T€ 3AIUCH, KOTOPBIE CO-
2NACYIOMCSL CO BCEMU 3ANUCAMU BTOPOTO UCXOTHOTO (haiisa.

IIpumep. Ilyctb B B/] xpansrcs nsa ¢aiina, cogepxaliue 1aHHbIE
00 yueOHOI uTepaType, BBITYIIEHHONH HEKOTOPOd Kadeapoi:

ABTOPBI
ABTOP HA3BAHUE roga M3JAHUA
HBaHon Teopust BeposITHOCTEH 1997
IlerpoB MeTo bl ONITUMH3AIHHI 1998
IlerpoB Teopust BeposiTHOCTEH 1997
HBanos MeTobI ONTUMHU3ALIUN 1998
Cuopos MeTo bl ONITUMH3AITIHI 1998
IlerpoB KoHIenimu ecTecTBO3HAHUS 1996
Cuopos HccnenoBanue ornepaluii 1999
V3JAHUSA
HA3BAHUE roa M3AAHUA
Teopust BeposiTHOCTEH 1997
MeTo1bl ONTUMHU3ALIAN 1998

ITocie BBIMOTHEHMS OTIEpAIMHK JIETICHUs TIepBOro (aiijia Ha BTO-
poii (a oHa BO3MOXHa, Tak Kak B ¢aitiie ABTOPbBI umerorcs Bce mosst
tdaitmta U3JAHMS) nonyunm tanHbIe 00 aBTOpax (CoaBTOpax), Ko-
TOpBIE TPUHSIIN YYaCTHE B HATUCAHUU BCEX KHUT, HH(POPMAIIHS O KO-
TOPBIX XPAHUTCSI BO BTOPOM (haiise:

oP

ABTOP
HMBanon
Iletpos
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Yunoorcenue

dopMasibHAS 3AIMKCh:

®OP = UD1 x ND2.

VcnoBueM BBITIOJTHEHUS OTIEpAllUl YMHOKEHUS SIBJISIETCS 0mcym-
cmeue 8 UCXOOHBIX (PaLliax noaeil ¢ 0OUHAKOBLIMU UMEHAMU.

B caitn pesynbrarta, comepkaniyii moysi 000uX UCXOAHBIX (haii-
JIOB, 3aHOCSATCS BCE BO3MOYKHBIE KoMOnHanuu 3amnuceit D1 u UD2.

Ilpumep. Ilyctb B Bl XpaHsTCcs faHHBIE 00 WH)KEHEpaX W cTap-
mx nkeHepax (B ¢paiiiax CTAPIIME_MHXEHEPBI u MHXKEHE-
PbI cooTBeTCTBEHHO).

CTAPIIME_MHXEHEPbI

JOJDKHOCTbD OAMUIINA

ct. mmxenep L1 MBanoB

cT. umxeHep 112 IletpoB

NHKEHEPBI

JOJDKHOCTbD OAMUIINA
nrkeHep 111 CugopoB
nmkenep 111 JleoHnioB
uxkeHep 113 JAmutpuen

TpebyeTcst MONyYUTh JAHHBIE O BOBMOXKHBIX BAPHAHTAX KOMILIEK-
TOBAHUSI JIS)KYPHBIX CMEH YITPABJICHUS TPEINPUITHEM B COCTABE OJI-
HOT'O CTapIIero MH)KeHepa U OJIHOTO MHIKEHepa.

ITockonbky nmena mojei B UP1 u MD2 coBmagaroT, HEOOXO M-
MO B OJTHOM M3 HUX (Harmpumep, B UMD2) rmoJ1st mepenMeHoBaTh (HaIpu-
Mmep, BMecto JJOJODKHOCTD — JOJDKHOCTbI1; BMecto PAMMU-
JINA — OAMMUIINAL). Torma nocsie BBITTOJTHEHHS OTIepaIlun

O®P = CTAPIIME_MH>XEHEPbBI x UHXXEHEPbBI

IMOJIYUYHM:
(0] o
JOJDKHOCTD OAMUIINA JOJIDKHOCTB1 OAMUIINAL
cr. nmkenep 111 HBanos nmxerep 111 Cuopon
cr. umxkeHep 111 HBanoB urkeHep L1 Jleonnnon
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cr. umxenep L1 WBaHoB umxeHep 113 JAMutpuen
cT. umxeHep 112 [letpoB nmxenep L1 Cunopos
cT. umkeHep 112 IleTpoB urkeHep L1 Jleonnnon
cT. umkeHep 112 [letpos umxkenep 113 JAmMutpres

C noMoI1IbI0 MPUBE/IEHHBIX BbIIIE BOCBMU OMEPALUNA PEISIIMOH-
HOM anreOphl MOKHO HAWTH OTBET Ha JIr000# 3anpoc Kk b/I, ecimu, xo-
HEYHO, MHTEPECYIOIIHE MMOJIb30BATENs JAHHbIC B HEel XpaHsarcs. Tuno-
8ble 3anpocbl MOTYT OblMb 3aNpoPaMMUPOSAnbL 3apanee U OTpadaThI-
BAThCS KaK MpoLeAypsl (TpaH3akuuun). QOopabomrka yHuKaibHulx (He-
MUNosvIX ) 3anpocog NOIKHA TPEAyCMATPUBATD ONepamusHyio paspa-
00mKy TIOCIEeI0BATEILHOCTH HEOOXOIUMBIX OTepaldii U MOCIEAYI0-
IIYIO €€ peaTn3aIiuio.

Bonpocbl gna camonpoBepku

1. Jaiite onpenenenue nmoHatus “uHdopmanus’.

2. Naiite onpeaeseHne MOHATUS “AaHHBIE .

3. BcnoMHuUTE M OXapakTepu3yiiTe OCHOBHBIE 3JIEMEHThI OaHKa
JAHHBIX.

4. 1151 yero co3gaercs ClIoBapb JaHHbIX?

5. HazoBute 3tansl co3nanus 0a3bl JaHHBIX.

. ue 371eMeHThI BXoaaT B Mozenb 1. Uena?

6. Kakue sneme 0 onens I1. Yena?

7. Haiite onpeneneHue MOHATUS “KOHLENTYyajlbHasi MOJEIb JaH-
HBIX .

8. Kakue Mozieny JaHHBIX IPUHSITO HA3bIBATh BETMKUMU?

9. Jaiite onpeeneHsi OCHOBHBIX MOHSITHIA PESIIIMOHHON anreOpsl.

10. Kakum TpeOOBaHUSAM TOHKHO yIOBIETBOPSTH OTHOIIICHHE?

11. Kakue onepaiuu pensiiuOHHON aiareOpbl He HAKIAIbIBAIOT
OrpaHUYEHUHN Ha UCXOJIHBIE (paiisl (haitr)?

9.2. Hopmanusauus ¢arnos 6a3bl gaHHbIX

B npenpyaymmx nyHkTax (aiiabsl paccMaTpUBAIIUCh KaK CBOEOO-
pa3Hble XpaHWIUIIA JAHHBIX U CBSI3€H MEXIy HUMH, IpU4YeM ObLIO
MOKa3aHO, YTO MPH COOIIOCHUH ONPEIeIEHHBIX MPABWI 3TU (haIbI
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MOKHO CUMTATh OTHOIICHUSMHU U MPUMEHSITh K HUM OIEpaIlUM Peis-
IUOHHON anreOpbl. OTKPBITHIM ITOKA OCTAJICS BOIPOC O TOM, KaKue
(atinel XxpaHuTh B b/l 1 kakue B HUX TOJIKHBI OBITH ITOJIS, YTOOBI UMETh
MO/JIeJIb PEAMETHOM 00JACTH C ONPEACIIEHHBIMU MOJIOXKUTETbHBIMHU
CBOMCTBaMH.

9.2.1. lNonHas gekoMno3nymusa ¢haina

Ipumep. TlycTb umeeTcss HICXOIHBIN (aii, B KOTOPOM XPaHSTCS
JTAaHHBIE O COTPYTHUKAX, OCYIIECTBIISIBIINX YIIPABIEHUE HETPEPHIBHBIM
MPOU3BOJACTBEHHBIM IIUKIIOM MPEANPUATHUS B KAUECTBE ONIEPATUBHOT'O
nexypaoro (O0) unu ero momomtauka (ITO) n mmerommx HOMepa
pabouux TeiaedoHoB, ykazaHnuble B tosie TEJIEDOH:

no

AEXYPCTBO COTPYAHUK TEJIE®OH
T10/1 HBaHoB 3-12
OJ1 Cuyopos 3-12
OJ1 DomuH 8-44
1o CeMuH 8-44

Haiinem nse npoexkuuu UO:
I[P1 = proj [AEXYPCTBO, COTPYIHUK] (M D);
[Md2 = proj [COTPYAHUK, TEJIE®OH] (UD).

a1
AEXYPCTBO COTPYAHUK
oA Banos
on Cunopos
OJ1 DomuH
noa CeMun
o2
COTPYAHUK TEJIE®OH
HBanoB 3-12
Cugopos 3-12
DomuH 8-44
CeMuH 8-44
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Hetpyano ybeauTbest, 4TO cCOeIMHEHNE ITUX JIBYX MPOEKINI 00-
pa3yeT UCXOIHBIN (haiiir:

[d1 » <« T[1D2 = UD.

ITonnoii dexomnosuyueti ¢atina Hazvl8aemcsi COB0KYNHOCIb NPOU3-
B0ILHO20 YUCIA €20 NPOEKYUL, COCOUHEHUE KOMOPIX UOCHMUUHO UCXOO0-
HOMY ¢hatiny.

I'oBopst 0 monHOM JilekoMno3unuu gaiia, cielyeT UMETh B BUAY
06a 00CMOAMENLCMEA:

® BO-TIEPBBIX, Y OJTHOTO U TOTO e (haiija MOXKET OBITh HeCKOIbKO
NOJHBIX 0eKOMNOZUYULL,

® BO-BTOPBIX, He BCAKAsL COBOKYNHOCIb NPOoeKyutl (hatina oopazyem
€20 NOHYI0 0eKOMNOZUYUIO.

st mocnenHero npumepa HaijaeM apyryro npoexuuto Nd:

[®3 = proj [AEXXYPCTBO, TEJIE®OH] (D).

T1®3
JIEJXYPCTBO TEJIEDOH
IO 312
oJ1 312
o] 8-44
TIO/] 8-44

B pesynbrate coemunennst [1D2 u I1dD3 momyunM daiin pe3yapraTa
[1D2 » < [ID3 = OP = UD:

(0] o
JAEXYPCTBO TEJEDOOH COTPYIHUK
o4 3-12 HBanos
1o, 3-12 Cuoopos
(O 3-12 Uesanos
(O 3-12 Cunopos
oA 8-44 DomuH
OJ1 8-44 Cemun
1o, 8-44 DoMun
j§(0)I 8-44 CemuH

B ®P xypcruBoM BbIIETICHBI 3AITHCH, KOMOPBIX He ObL10 8 UCXOOHOM
Qaiine.
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MeTo/1bl aHATIM3a, TO3BOJISIIONINE OTIPEIEINTh, 0Opa3yeT I JIaH-
Has COBOKYITHOCTbH MTPOEKIUH (haiiyia ero noiaHyro I1eKOMITO3ULINI0, OY-
JIyT PACCMOTPEHHI B 11. 9.2.4.

B03MOHOCTh HaXOXICHUSI MMOJIHOW JACKOMITO3UIUH (haiiia cra-
BHUT BOIIPOCBI O TOM, 6 KAKOM 6ude Xxpanumv oanuvie ¢ BJ? /laem nu
O0exomnozuyus (ailna kaxue-moo npeumywecmsa’? B kakux ycnogusix smu
npeumywecmea nposigasiomesn? H m. n.

9.2.2. pobnema gy6bnuposaHns HHpopmaLmuu

B nexomopuix cuyyasx 3amena ucxoonoz2o gaiinia e2o noaHoil de-
KOMNOo3uyueti no380.Jsem uzoexcams 0y0oaupo8arus UHGOpMayuu.

Ipumep. Tlycts B ucxogHom daiine (kak u B mpumepe B 1. 9.2.1)
XPaHATCS JAHHBIE O COTPYIHUKAX, ISKYPUBILIUX B COCTABE OMEPATUB-
HOM rpymiibl ynpasienus npeanpustueM (JATA — mata nexypcersa;
TEJIEDOH — pabouwnii TeneoH COTPyTHUKA).

no
JATA COTPYAHUK TEJIE®OH
11.01 WBaHoB 3-12
15.01 CuopoB 4-21
24.01 CuyopoB 4-21
30.01 Cunopos 4-21
1.02 WBaHoB 3-12

PaccMoTtpuM aBe mpoekunu daiina:
[Md1 = proj [AATA, COTPYIAHUK] (ND);
NP2 = proj [COTPYAHUK, TEJIED®OH] (UD).

a1
AJATA COTPYIHUK
11.01 WBaHoB
15.01 Cunopos
24.01 Cuyopos
30.01 Cuyopos
1.02 WBaHoB
o2
COTPYAHUK TEJIE®OH
HBaHoB 3-12
Cunopos 4-21
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JanHble TpoeKIuu 00Ppa3yIoT MOJIHYIO JIEKOMIIO3UIIUIO UCXOTHO-
ro ¢aitma. B I1d2 HOMEp pabouero TenedoHa KaKaoro COTPyIHUKA
YIOMUHAETCSI OTHOKPATHO, TorAa Kak B UMD — cTONbKO pa3, CKOJIBKO
3TOT COTPYIHUK 3aCTyNaj Ha AeKYPCTBO. OUEBUIHO, UTO ISl HAILIETO
npumepa pasouenne M@ Ha mpoeKIuu Mo3BoIIsieT n30exaTh 1y0mu-
pOBaHMS HHPOPMAIIHH.

YcrpaHenue nyOaupoBaHUusS HHPOPMAILIUU 8AJCHO NO 08V M NpU-
YUHAM:

® YCTPAaHUB IyOIUPOBAHNE, MOKHO IOOUTHCS CYUYECIMBEHHOU IKO-
HOMUU RAMSINU;

® eCIIM HEKOTOPOE 3HAUEHHE TMOJISI IOBTOPSETCS] HECKOIBKO pas,
TO NPU KOPPEKMUPOBKE OAHHBIX HEOOX0OUMO MEHSIND COOEPIHCUMOE BCEX
9mux nosieil, B IpOTUBHOM CIIydae HAPYIIUTCS EJIOCTHOCTD JIAHHBIX.

Jl1st Toro 4ToOBl HAWTH KPUTEPHUI, ITO3BOJISIOMINN 0OBEKTUBHO
CYJIUTH O 11eJIECO00Pa3HOCTH UCIIOIB30BAHUS TIOJTHOW JIEKOMIIO3UIINH
(haitita c TOUKM 3peHrs UCKITFOUCHHUS TyOJIMPOBAHUS HHPOPMAIIUU, 80C-
NOIb3YeMCsl NOHAMUEM nepsudHo2o Karoda. HamoMHUM, 4TO nepeuunsim
KJIIOYOM HA3bIBAION MUHUMATIbHYIN HAOOp noeti ¢atina, no 3Ha4eHusIm
KOMOPBIX MONCHO 0OHO3HAUHO uoeHmuguyuposams 3anucy. Ecnm 3Ha-
YeHHe MEePBUYHOTO KIIF0Ua HE OTPE/IENICHO, TO 3aMUCh HE MOXKET OBIThH
romereHa B daiin B/I.

MO3HO ITOKa3aTh, 4TO IS HAIIETO MpUMepa MPOSKITUU

[d1 = proj [AATA, COTPYIHUK] (UD);

[IdD2 = proj [AATA, TEJIE®OH] (D)

00pasyroT noJyiHyto aekommno3uiinio MM, oqHaKo OHU HE UCKITIO-
YaroT JyOIUpOBaHUS UHPOPMAIUH.

[TpuunHa 3TOTO 3aKIIIOYAETCS B TOM, YTO 00€ TpUBEACHHbBIE TTPO-
EKIIMH COJICPIKAT IEPBUUHBIN KITFOY UCXOHOTO (paiiia (TAakOBBIM B pac-
CMOTpeHHOM mpumMepe sijisteTcs moite JIATA, eciii, KOHEUHO, COTPY/I-
HUK HE MOYET OJTHOBPEMEHHO HaXOJUThCS B JIBYX U OOJjiee OrepaTHB-
HBIX I'PYIIAax).

MOHO JT0Ka3aTh, YTO 0YOIUPOGAHUEC UHGOPMAYUU HEU3DEIHCHO,
ecnu npoexyuu, TOPOKAAIOIINE MOJTHYIO ACKOMITO3UIUIO, COOepaHcam
00WuUTi nepsudHbLE K104 UICXOAHOTO (aiina.

PaccmoTpum rcxoaHbIif ait:
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no

FX FY FZ
X y z
x' y Z

" IBC €I'0 IMMPOCKIHNH:

I1d1
FX FY
X y
X' y
Id2
FY FZ
y z

Jltst Toro uroOnl BTOpast 3anuck MM oTianyanack OT IepBOi (B
MMPOTUBHOM city4ae umenu Obl B daiiine b/l nBe oquHakoBbIe 3aucH,
YTO HEIOIMYCTUMO), OHA (hOPMaATIbHO TODKHA OBITH IPEACTaBICHA Ol
HUM U3 CEMU BApUAHTOB:

(Xla Y, Z), (Xs y's Z), (Xa Y, Z'); (X'a y'> Z), (Xs y's Z'); (X" y" Z'); (X" Y, Z')'

Ilycte FY — mepBuuHbIi Kitrod. J1J1st Toro 4ToOb! AyOIupoBaHus
nHpopmatuu He 06110, BTOpas 3arch M® noiwkHa ObITh WK (X', Y, Z),
W (X, Y, Z'), HO 3TO IPOTUBOPEUUT TOMY, UTO FY — nmepBuUHBII KITIOY.
CrienoBaTeNnbHO, 11 TOTO YTOOBI NyONMpoBaHUs MHpOpMALUU HE
ObLI0, HEOOXOIUMO MCKIIIOUUTh HAJIMUKE NEPBUYHOrO KJII0Ya UCXOM-
HOTO (aiiia B MPOEKIUIX, 00pa3yIoIUX ero MOJHYIO TeKOMITO3UIINIO.

Jpyrumu ciioBaMu, €Cli CYIIECTBYET TaKas MOJIHAS KOMITO3UIIUS
(aitna, koTopast 00pa3oBaHa MPOCKIUSIMHU, He UMEIOUUMU NEPEUUHO20
KII0Ya UCX00H020 ¢hatina, TO 3aMeHa UCXOTHOTO (aiina 3TO| 1eKOMITO-
3uIMe uckiIovyaeT aybaupoBanue nHbopmaunn. Eciu ke monHas
JEKOMIO3UIIMS (paiisia conepKuT MPOeKLUU, UMEIOIUe OO TepBUY-
HBIN KJTI0U UCXOAHOTO (aiiyia, TO 3aMeHa ero MOJHON AEKOMITO3UIUEH
HE UCKJTIIouaeT 1yOnupoBaHus UHPOPMALIUU.

9.2.3. [lpobnema npucoefUHEHHBIX 3aNHCEH

PaccMoTpuM yke ucnonb30BaHHBIN B 1. 9.2.1 npumep. Ilycts B
UCXOJHOM (haityie XpaHsATCs JaHHBIE O COTPYAHUKAX, ACKYPHUBIIUX B
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cocraBe ornepaTuBHOM rpynmbl npeanpusatus (AATA — mata gexyp-
crBa; TEJIE®@OH — pabouwnii TeaedoH COTPYIHUKA).

No
JATA COTPYIHUK TEJED®OH
11.01 HBanos 3-12
15.01 Cunopos 4-21
24.01 Cumopos 4-21
30.01 Cuyiopos 4-21
01.02 HBanos 3-12

PaccMoTtpum aBe nmpoekunu daiina:
[Md1 = proj [AATA, COTPYIHUK] (UD);
[Md2 = proj [COTPYIHUK, TEJIE®OH] (D).

I1d1
JATA COTPYIHUK
11.01 BaHoB
15.01 Cunopos
24.01 Cunopos
30.01 Cunopos
01.02 BanoB
I1d2
COTPYJHUK TEJIEOOH
MBanos 3-12
Cunopos 4-21

B D nonte IATA sIBISIETCS KITIOUOM U HE MOXKET OBITH ITyCTHIM.
Kax nmoctynuTh, eciiu HyKHO 3alIOMHUTH JJAHHBIE 1 HOMEP pabouero
TenedoHa HOBOTO COTPYIHUKA, KOTOPBIH ellle He IexKypuJl (HarpuMmep,
o CmupHOBe ¢ HOMepoM TejiedoHa 7-35)? 3amucaTh 3T naHHbie B 1D
HeNb3s1 (IEPBUYHBIN KJTIOU HE MOXKET OBITh ITYCThIM), HO MOYKHO ITOMe-
CTUTH 3T cBefieHus B mpoekiuto [1D2. IMpu arom D2 popmanbHO
nepecraet O6bITh npoeknuent UD, xots coenunenue [1PD1 u [1D2 maet
HUCXOMHBIN (haiin (0e3 cBeneHmit 0 CMUPHOBE).

3anucu, sHocuMbLe 8 OMOCTbHBIE NPOCKYUU UCXOOH020 (Datila, HA3bl-
saromes npucoeounennvimu. TpencraBinenne ¢aiiia B BUAE €ro MOTHOM
JIEKOMIIO3UIIMA MOJXET MO3BOJIUTh PEHIUTh MPOOJIeMy MPUCOETMHEH-

369



HBIX 3aMKCEH, HO BAXXHO MMOMHUTh, UYTO coedunenue npoexyuti HD mo-
Jicem npusecmu K ux nomepe.

Lenecoobpasznocms npedcmasnenust UD 6 sude nonoil dekomnosu-
Yuu ¢ TOYKU 3PEHUS pEIIeHUs MPOOIEMbI IPUCOESANHEHHBIX 3AITNCeH,
KaK U Ipo0eMbl AyOIMpoBaHus UH(POPMALIU, HOJHOCTbIO Onpeoeis-
emcsi Hanuduem uiu omeymemaeuem 6 npoekyusix U ooujeeo nepguuno-
20 KaI0Ya.

ITycte B U® BJI XxpaHsTCca JaHHbIE O COTPYIHUKAX, UCITOJIHSIO-
X o0s3aHHoCTH B AieskypHoM pacuere (HOMEP_P — nomep B cocta-
Be exypHoro pacueta; TEJIEDDOH — Homep pabouero Tenedona).

o
HOMEP_P COTPYJIHUNK TEJIEOGOH
1 MBaHoB 3-12
2 CuagopoB 4-21
3 Domun 8-61

Ecnu cuurath, 4TO OAMH U TOT ke COTPYAHUK HE MOXKET HCIOJI-
HSTh 00S3aHHOCTU HECKOJILKUX HOMEPOB JIEKYPHOTO pacyeTa, TO B
KauyecTBe MIEPBUYHOIO KITI0Ua MOXHO HctojibzoBath HOMEP_P. I1o-
HYIO JEKOMITO3HUIMIO UCXOIHOTO (haiiyia COCTABIISIIOT MPOEKITUU:

Ind1
HOMEP_P COTPYIHUK
1 BanoB
2 Cuopos
3 Domun
o2
HOMEP_P TEJIEDOH
1 3-12
2 4-21
3 8-61

B kayecTBe mpHCOEAMHEHHBIX 3aMMCEeld MOKHO PACCMATPUBATH
aubo0 noOaBiieHHe HOBOT'O HOMEpa JIeKYPHOTO pacueTa U hamMmimu
COTpPYIHHUKA, TNOO HOBOT'O HOMEpA pacyeTa u TeraedoHa 6e3 ykazaHus
(hamMmwK COTpyAHUKA, OJHAKO 3Ty MHGOPMAIIMIO MOKHO BHECTH U B
N ® nyrem popMupoBaHUS 3aIIUCEH THITA
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HOMEP_P COTPYAHUK TEJIE®@OH
4 CMupHOB
N
HOMEP_P COTPYIHUK TEJIE®GOH
4 7-35

Taxkum obpazom, npeacrtasienne D B Buae MpOEKIUH, COIEp-
KaAIUX OOIMNA MEePBUUYHBIA KO MCXOJHOTrO (aiiyia, He JaeT mpe-
HUMYIIECTB C TOUKH 3PEHUS pelIeHUs TPOOIeMbl TPUCOENHEHHBIX 3a-
TTUCEN.

O06001masi ckazaHHOE, MOXHO chopMyTHpoBaTh odIee TpedoBa-
HUe K (ailny, npencraBieHe KOTOPOTro B BUJE MOJTHOM JEKOMIIO3U-
MU HE UMEET CMBICIIA.

Tosopsim, umo ¢atin Haxooumcsi 6 nsumoii HopmabHot hopme (5 HD ),
eciu Yy He2o Uiu Henl Hu OOHOT NOIHOU 0eKOMNOZUYUU, UTU HEeM HU 0OHOT
NOJHOU 0EKOMNOZUYUU, 8 KOMOPYIO 8X00UTU Obl NPOEeKYUl, He uMeroujue
00We20 NepeutHO20 KIo4d UCX00H020 (paiiia.

Ecnu ¢daitn ve Haxoaures B S HD, nmeercss BO3MOKHOCTh n30e-
XKaTh TyOnupoBaHus HHGOPMAIIMH U TTOTEPH ITPUCOSTNHEHHBIX 3aITh-
CeH, IepexoIsg OT UCXOMHOTO (haiiia K TaKOU ero MOJTHOUW IEKOMITO3U-
MU, KOTOpasi o0pa3oBaHa MPOEKIUIMH, HE COJACPKAIIMMH TEPBUY-
HbIN Kito4u. Ecnu mostydeHHble TakuM 00pa3oM (Gaiiibl TpOeKInii He
HaxoxsTces B 5 HD, To Kaxayto U3 HUX MOKHO 3aMEHUTh IIOJIHOM Jie-
KOMIIO3ULIUEN U T. 1.

Ipoyecc nocnedosamenvHo2o nepexooa K NOJHbIM 0CKOMNOZUYUIM
gaiinos bJI nazvisaemes nopmanuzayueii gaiinos bJI, rmaBHas 11e7b KO-
TOPON — UCKIIIOUEHHE AYOIMPOBAHMS UHPOPMALIUU U TTIOTEPH MPUCO-
€IMHEHHBIX 3aIUCEH.

9.2.4. ®yHKkyHOHanbHasa 3aBUCHMOCTb nonek ¢haiina

ITpu oOcyxaeHUN B MPEABIIYIINUX MyHKTAX TOJIHOW JEKOMITO3H-
1uu (haiisa OCcTajICcs OTKPBITBIM BOTIPOC O TOM, NPU KAKUX JHCe YCILIOGUSX
HEKOmopble NpoeKyur UCX00H020 (haiiia oopasyom e2o NOJIHYH 0eKOM-
nosuyuro. ECTECTBEHHO, CYIIECTBYET BO3MOYKHOCTbD B35ITh KOHKPETHBIIH
(aliin, 3aI0THEHHBIN TaHHBIMU, U HETIOCPEACTBEHHO MPOBEPUTH, 00-
pa3yroT JIU T€ WM UHBIC €ro MPOESKIIMKM MPU COCTUHEHUN WCXOHBIN
¢daitn. OmHAKO TaKOW MyTh HE SIBJISIETCS KOHCTPYKTHBHBIM, TaK Kak,
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BO-TIEPBBIX, MOXKET OKa3aThCsl JIOCTATOYHO MHO20 6APUAHINOE pa3due-
HUsL UCX00HO020 (hatisia W, BO-BTOPBIX, YTO O0JIee BaXKHO, Heml 2apanmuu,
umo npu 000ae1eHUU 3anuUceti 8 UCX0O0HbLIL aill e2o npoexkyuu 6y0ym no-
npedicHeMy COCmasisamy NOJIHYI0 0eKOMNOZUYUIO.

OueBnIHO, HEOOXOANMMO CHOPMYIHPOBATH KPUTEPHIA, TO3BOJIS-
TOIIUIN Jae JJTsl HE3aTIOJTHEHHOTO (haiijia, UCXO/s 13 BOBMOXKHBIX 3Ha-
YEHMI eT0 TOJIeH, CYUTh O BO3MOYKHOCTH TTOJIyUEHUS TIOJTHOH JIEKOM-
Mo3UIMK (aiiaa U3 TeX WIM UHBIX ero MPOoeKIuit. Takoi Kpumepuil
CMPoOUMCcsi Ha NOHAMUU ()Y HKYUOHAIbHOU 3a8ucumocmu noJjieti gaiina [34].

ITycmv X u Y — Hexomopowie Henepecexkaroujuecs co80KYNHOCMU
noaeti ¢gatina. I'ogopsm, umo Y naxooumcs 8 ¢h)yHKYUOHANLHOU 3A8UCU-
mocmu om X moeda u moabko moeod, Ko20a ¢ Kaxcovim 3HadeHuem X
C6513aH0O He Doiee 00H020 3HaueHus Y.

JIroObIe nBe 3anucu (aitia, cogepxaire ogMHAKOBbIC 3HAUCHUS
X, TOJDKHBI COJIEP)KaTh OAMHAKOBBIC 3HAUYEHUs Y, TPUYEM 3TO Orpa-
HUYEHHUE JIEHCTBYET HE TOJILKO Ha TEKYIIUE 3HAUYCHUS 3arucel ¢aiina,
HO ¥ Ha BCE BO3MOJKHBIC 3HAUCHUSI, KOTOPBIE MOTYT MOSIBUTHCS B (paii-
jie. BMecte ¢ TeM OJIMHAKOBBIM 3HAUEHUSM Y MOTYT COOTBETCTBOBATH
pa3nuyHbIe 3HaUeHUS X.

PaccmoTpum yike 3Hakombli mpumep. ITycts B UD nmeroTcs mosis:
[ JEXYPCTBO | JOKHOCTh | ®AMMWIMA | TEJIE®OH |

[Tone TEJIE®OH naxoautcs B GyHKIIMOHATBHON 3aBUCUMOCTH
ot nonieit JIOJDKHOCTD u ®AMUIINUSA (cuntaem, 4To B JAHHOM
(aiine He OyaeT XpaHUTHCS HHPOPMALIUS O COTPYIHUKAX-OAHODAMUITb-
I[aX, UIMEIOLIUX OJUHAKOBBIE JOKHOCTH). [IOHATHO, YTO OIUH U TOT
e HoMmep pabodero TeneoHa MOTYT UIMETh HECKOJIbKO COTPYIHUKOB,
T. €. 110 3HaueHuto noiist TEJIE@OH Henb3st 0JHO3HAYHO ONPEEIUTh
JIOJDKHOCTD M (PAMIIIMIO COTPYIHHUKA.

Ilycmv X cocmoum uz necxonvkux noaeil. I'osopsm, umo Y naxo-
oumcsi 8 NOHOU PYHKYUoHanbHoul 3asucumocmu om X, ecau Y ¢pyuxyuo-
Hanvho 3asucum om X u QYHKYUOHATLHO He 3a8uUcum om a006020 noo-
muoosicecmsa X', ne cosnaoaowezo ¢ X (X' X) [54].

B ycnoBusax npeasiayiero npumepa nosie TEJTEDOH naxomut-
Cs B TIOJTHOW (DYHKIIMOHATLHOHN 3aBUCIMOCTH OT COBOKYITHOCTH ITOJICH
JOJDKHOCTD u ®AMMNIIM A, nocKkoabKy OHO HE 3aBUCUT (PyHKIIU-
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oHanbpHO HU OT nojst JOJIDKHOCTD, uu ot ot ®PAMUIINA “mo
OTJIEIBHOCTH .

Teneps MOXHO CPOPMYITUPOBATH KPUTEPHUH (ITPABUIIO), IO KOTO-
poMy cleayeT UCXOIHBIN (haii pa3dbuBaTh Ha MPOEKIIMH TS MTOTyYe-
HUS €0 MOJIHON IEKOMITO3HIIMH (3TO YTBEPXKIEHUE HA3BIBAIOT Heope-
Moil Xuma).

[TycTh uMeroTcst mpu Henepecexaowuecs cO80KYNHOCMU NOJEt Uc-
xoonoeo ¢aiina: H, J, K. Eciu K ¢pynxyuonanvro s3asucum om J, mo
npoexyuu proj [H, J] (MD) u proj [J, K] (MD) oopaszyrom noanyr oexom-
NO3UYUIO UCXOOHO020 ¢hailna.

Jlokaxem 3To yTBepxkaeHue. BBesem BcrioMmoraTenbHbIN (haii

ND1 = proj [H, J] (UD) » < proj [J, K] (UD).

ITokaxeM, uto xadcoas 3anuce U® npucymemeyem ¢ UP1, u na-
obopom.

A. Bo3pMeM mpou3BOIIbHYIO 3anmuch ucxomHoro ¢aina: (h, j, k).
OueBuaHO, yTO ee yacTh (h, j) mpuHAUIEKUT NEpBOI MpoekIuH, (j, k) —
BTOpOi npoekiuu UD. [To onpeaeneHuio onepaiuy COeTUHEHUS MOXK-
HO YTBepXAaThb, 4To 3anuch (h, j, k) momkHa npucyTcTBOBaTH B (haiiie
Nodl.

Bb. Bo3pMeM IpoM3BOIBHYIO 3aITUCh BCIIOMOTATEIBHOTO (haiina:
(h', j', k"). CormacHo onpenencuuio ¢aiina D1 MokHO 3anucaTh: proj
[H, J](UD1) = proj [H, J] (MD). CnenoBatenbHo, B paitie UD momx-
Ha HaXOJMUThCS XOTs ObI ofHa 3amuch tumna (h', j', k"), rae k" moka He
onpezaeneno. [To anamoruun moxHo 3anucats: proj [J, K] (MD1) = proj
[J, K] (MU®D). CnenoBatenbHo, B (aitiie D qoimkHa HAXOIUTHCS XOTS
on1 omna 3amuck Trma (h", j', k'), rae h" moka He onpeneneHo.

Taxum o6paszom, B ucxomuom ¢aitie D qomxHbI comepKaThCs
zarucu (h', j', k") u (h", j', k'). Ho mockonbky K pyHkimmonansHo 3aBu-
cuT oT J, MOXHO 3aKirounTh, uyTo K" = k' 1, cnenosarenpHo, B D
umeetcs 3amuck (h', j', k'), KOTOpyro MBI onpeAenuin Kak MPOU3BOJIb-
Hyto 3anuce UD1. Joxazamenvcmeso 3axonyeno.

Bepuemcs x npumepy. [Tycts B U® uMeroTcs moms:

[ JEXYPCTBO | JOIKHOCTb | ®AMUWIMSA | TEJE®OH |

Taxk xax nosre TEJIE®OH nHaxoauTcs B pyHKIITMOHAIIBHOM 3aBUCH-
moctu ot nonei JJOJIDKHOCTD u ®AMMNIINS, MOXKHO 3aKIIFOUUTD,
4yTO noJiHyto aekommosunuio Md creqyer uckaTth B BUE TPOSKIUNA;
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[MD1 = proj [AEXKYPCTBO, JOJDKHOCTDb, PAMUIIN A (UD);

P2 = proj [AOJIKHOCTb, PAMUIIN A, TEJTEDOH] (D).

Jtst aToro mpumepa Moxxao obo3Haunth: H = [JIEXKYPCTBO];
J = [AOJIKHOCTb, DPAMUIINVA]; K = [TEJIED®OH].

Taxum 00pa3zoM, ¢ noMowbio NOHIMUS PYHKYUOHATLHOU 3A8UCU-
Mocmu noaeti (haiiia MOAHCHO NOJLYYAMb e20 NOJHble 0eKOMNO3UYUuU Oe3
AHATU3A XPAHAWUXCAL 6 hatine OaHHbIX euje Ha dmane npoeKmupo8aHus
bBJI, umo éecoma sasicro Ha npakmuxe.

9.2.5. HopmanbHbie ¢hopmbl ¢hatina

Kaxk 6pu10 11OKa3aH0 B 111, 9.2.2 11 9.2.3, Mpu HEKOTOPBIX YCIOBH-
sIX 3aMeHa (paiiia ero MoJHOM JEKOMITO3UIIUEH TTO3BOJISIET UCKITIOUHUTh
nyOonupoBaHue HHGOPMALUU U PEIIUTh MPOOIEMY MPUCOETUHEHHBIX
3ammceit. TakuM ycIIoBHEM SIBIISIETCS OTCYTCTBHE B IMTPOEKIUSIX, 0Opa-
3YIOLIMX [TOJIHYIO J€KOMITO3ULIMIO (aiiia, 001Iero NeEpBUYHOIO KIItoua
ucxonHoro gaina. Teopema Xurta co3gaeT OCHOBY [UIsl IIOCTPOEHUS
Pa3JIMYHBIX MOJHBIX JAEKOMIIO3ULMI U MO3TOMY MOXET CIY)KUTb OC-
HOBHBIM MHCTPYMEHTOM B Ipolecce Hopmanuzayuu ¢haiinoe B, mon
KOTOpPOH MOHMMAIOT IPOLIECC MOCIEI0BATEILHOTO MIpUBEIeHUs (aii-
noB BJ1 ko Bce Oojiee COBEPIIEHHOMY BHJTY, ITO3BOJISIONIEMY PEIINTh
MPOOIIEMBI TyOTMPOBaHUS HHPOPMAIIUN U TIPUCOSTUHEHMS 3aITHCEH.

[Tpu npoBeeHNN HOPMATM3AIIMN HA KaXKIOM IIIare poBepseTCs
MIPUHAUICKHOCTD (haiia HeKOTOpo HopMmanbHOU Gopme. Ecnu on
MPUHAJICKUT ITON HOpMaIbHOH (hopme, MpoBepsieTCsl, HAXOAUTCS JIU
OH B cienymolei, u T. 1. 10 5 H®. I1punaonescnocme gaiina nexomo-
poti hopme 3a0aem HeoOX00uMble, HO HEOOCAMOYHbIE YCA08UsL OJISl HA-
Xodtcoenus: 6 caedyloweti no Cmapuuncmasy gopme.

Eme pa3 momyepkHeM OCHOBHOE JOCTOMHCTBO MEXaHU3Ma HOp-
MaJu3aiuy (paiioB ¢ MOMONIBIO UCCIIeIOBAHUS (DYHKITMOHAIBHOM 3a-
BUCUMOCTH TOJIeN haiiaa: o3moxicHocmb nposedenus d2moil onepayuu
Ha smane npoexmupoganus bJ/l.

[Tepeuncnum ocHOBHBIE HOpMaJIbHBIE (GOPMBI (haiiinos [54].

ITepBas HopmanbHas popma (1 HD)
Daiin naxooumes ¢ 1 H®, ecau kasicooe e2o noae seisnemes amo-
MapHvim (T. €. He COACPKUT OoJiee OHOTO 3HAUCHUS) U Hi OOHO U3 KII0-
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yeeblX noJetl He sigisiemcst nycmoim. 110 CyIecTBy, MpUHAIIICKHOCTh
(atina 1 HO® o3HavaeT, 9TO OH COOTBETCTBYET ITOHITHUIO OTHOIIICHUS 1
€ro KIJIIOYEBbIE IT0JIST 3aI10JTHEHBI.

Ipumep. TTpUHIUNHATIBHO CYHIECTBYET BO3MOXHOCTb XPaHUTH
uHGOPMALUIO O MPOPECCOPCKO-TIPENOIABATETLCKOM COCTaBe Kade-
PBbI B CITEYIOIIEM BU/IE:

JOJDKHOCTbD OAMUIINA
3aBEAYIONIMH BanoB
npodeccop IletpoB, CugopoB
JIOLICHT DomuH
IIPENOIaBATEND Cemun, Casus, Degopon

OpnHako Takol (aiin He Haxoautes B 1 H® (tak kak moje DA-
MUJIN S He sBisieTcsl aTOMapHBIM).

Bropas mHopmanpHas ¢popma (2 HD)

Daiin naxooumes 6o 2 H®D, ecnu on naxooumes ¢ 1 H® u ece e2o
noss, He 6X005uue 8 NePEUYHDBILL K0, C853aHbL NOJHOU (YYHKYUOHATL-
HOU 3A8UCUMOCTIBIO ¢ NePEUUHBIM KITOUOM.

Tpetss HOpMaspHas dopMma (3 HD)

Daiin naxooumes ¢ 3 HD, ecau on naxooumes 6o 2 H® u nu 00no u3
€20 HEeKII04esblX NoJIell He 3a8UCUM (YHKYUOHATIbHO O 1100020 0pY2020
HEeKIIOYe8020 NOJIA.

Hopwmanbenas ¢opma boiica — Kopgna (ycunennast 3 HD)

Daiin Haxooumcesi 8 H® boiica — Koodoa, eciu nrobdas ¢yHxkyuo-
HATIbHASL 3A8UCUMOCTIL MEAHCOY €20 NOJAMU CBOOUMCS K NOHOU )YHKYUO-
HALHOT 3A8UCUMOCIU O NEPEULHO20 KIHOUA.

MoxHo nokaszatb [54], uto paccmompennvie H® noouunsiomes
NPABUILY BII0IHCEHHOCU O 803PACMIANUI0 HOMEPOS, M. e. eciu gatinl Ha-
xooumcs 6 4 H®, on naxooumes u 6 3 H®, 2 HO, 1 H®, u naobopom
(cMm. puc. 9.2.1).

[ToMuMO OTMMCAaHHBIX BBIIIE HOPMAIBHBIX (POPM HCIIOIB3YETCS
uemsepmas H®, ocnosannas na nousmuu 0000uennoii ¢yHKyuonais-
Hoti 3asucumocmu [46]. Ha nmpaxtuke, npuess Bce Daiiibl k Hopmab-
Hoti popme Botica— Koodoa, mosicto ¢ 6060t 0o1etl y8epeHnocmu ym-
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®daiin B 1 HO

daiin Bo 2 HO
®daiin B 3 HO

®aiin B ycunennoit 3 HO
®daiin B 5 HO

Puc. 9.2.1. CooTHolieH1e HopManbHbIX hopM harios

sepoicoamn, wmo oHu Haxoosmes u 6 5 H®, m. e. umo nopmanuzayus
¢gatinos b/ 3asepwena.

Ormernm, urto cymectByomue CYB/] (Hanpumep, MMPOKO pactipo-
crpanenHast CYB/I Access u3 nmakera MS Office) comeprkaT cpenctsa st
aA8MoOMamMu4ecko20 8bIN0IHeHUs. onepayuil Hopmanuzayuu (ToA0OHbIE Mac-
Tepy MO aHaJu3y TaOJIMIl), XOTS Ka4eCTBO 3TOr0 aHAIM3a 3a4acCTYIO
TpeOyIOT MOCIIEAYIONIero BMenaTenbcTBa pazpadborunka bJ1 [16, 59].

Heob6xogumocTs HopManm3anuu ¢aitsioB b/l (kpome pereHus yxe
paccMOTpeHHBIX TPOOIIeM UCKITIOUEHHUS Ty OJTMPOBAHUS U TIOTEPH TTPH-
COEIMHEHHBIX 3aIrceil) OompeesseTcs enie no KpaiHeld Mepe 08yms
obcmosimenvcmeamu [43]: BO-NIEPBBIX, pa3yMHbIM HceNaHUeM 2PYNnupo-
8amb 0aHHbIe NO UX COOEPIHCUMOMY, UTO TIO3BOJISIET YIIPOCTUTH MHOTHE
npouenypsl B B/l — oT opranuzanuu pasrpaHudeHust JoCTyma Jo mno-
BBIIIIEHUS OTICPATUBHOCTHU TIOVCKA JTAHHBIX; BO-BTOPBIX, CHIPEeMICHUCM
paspabomamsv B/ 6 6ude mHodcecmea YHUDUUUPOBAHHBIX OIOKOB, UTO
MOXeT 00JIerYNTh MOACPHU3AINIO OTACTBHBIX YacTeil 0a3bl, a TaKKe
UCIOJIb30BaTh Tabnuupl ogHoi b/l B npyrux.

Baxxabim HanpaBiienreM coBepiieHcTBoBaHus CY B/ siBnsieTcst ux
WHTEJUICKTyaJIn3a1us [cM., Harmpumep, 27], 4To moapoOHee OymeT pac-
cMoTpeHo B 1. 10 yueOHuKa.

BOHPOCbI A1 CaMOMNpPOBEPKH

1. UTo Ha3pIBAIOT “TIOJTHOM JEKOMITO3UIINEH (aiira’?
2. B uem cocrout npobiiema qyoaupoBanus napopmanuu’?
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3. B yem cocTouT nmpobiieMa mpuUCcCOeUHEHHBIX 3aTUCei”?

4. Jlaiite onpenencHue GyHKIIMOHATBLHON 3aBUCUMOCTHU TOJICH
¢aiina. [TpuBeaure npuMepsl.

5. Haiite ompeneneHne MoHON (HyHKIIMOHAIBHOM 3aBUCUMOCTHU
nosieit daiina. [IpuBeauTe npumMepsl.

6. ChopmynupyiiTe Teopemy XuTa.

7. B uem upnes ee qoxasarenbcraa?

8. Uro Ha3wpIBaroOT “HopManm3anuei paiinos BJ1”?

9. Korga roBopsT, 4To (haiiyi HAXOAUTCS B NMEPBON HOPMAJIBHOM
dhopme?

10. Korga roBopsT, uTo (aily1 HAXOIUTCS B MATOW HOPMaJIbHOM

dhopme?

9.3. CoBpeMeHHble UH(hOpPMALUOHHbIE CeTH

B npenpinymux nynkrax (9.1 1 9.2) peus nuia o peanuzaluu KOH-
LEMINH [IEeHTPATU30BAHHON 00paOOTKM JAHHBIX B XOJ€ CO3IaHMS U
9KCIUTyaTaluu 6a3 u 6aHKOB AaHHBIX. HacTosmmii MyHKT MOCBSIIEH
PACCMOTPEHHUIO OCOOCHHOCTEN UCTIOIB30BAHUS IPYTrOM KOHIIETIIINYA —
KOHILICTIIIUY pACIIPEIeTIeHHON 00pabOTKH JaHHBIX, 3aKIIIOUAOIIEHCS B
MPUMEHEHUH PA3TUYHBIX KOMITBIOTEPHBIX CETEH.

JaauM HECKOIbKO OIpeIeIeHUH.

Cemp (aHT1. — network) — 1) CBSI3HBIN OpUEHTUPOBAHHBIN 2pag;
2) cpencTBo menedocmyna — CeTh Nepe/laun TaHHBIX, BEIYUCIUTEb-
Hasi CeTh.

Buvuucaumensias cems, cetb IBM (anri. — computer network) —
CeThb IepeIaun JAHHBIX, B OJTHOM UJIM HECKOJIBKUX y371aX KOTOPOii pas-
MenieHsl OBM.

Hngpopmayuonnas cemo (anri. information network) — cogokyn-
nocmos AU C, OObeAMHEHHBIX B €IUHYIO CETh C MTOMOIIBIO CPEJCTB I1e-
penaun ganHbIX. ([Top3oBaTens UMeeT JOCTYN K MH(GOPMAIIUU JTIO-
60it AWC.)

B nacrosiiee Bpemsi IIMPOKO UCTIOIB3YETCs ele OAMH (B onpese-
JICHHOM CTerneHu 0000IaIONNil) TEPMUH — KOMNbIOMEPHAs ceMb, TIPU-
MEHSIeMbBIN 111 0003HAUEHHS M BBIUMCIIUTEIBHBIX, U WH()OPMAIIUOH-
HBIX CETEH.
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Coznanue BC no3Bonmiio:

® PACHIMPHUTH KPYT periaeMbIX 3a1a4 00padoTKu nH(pOpMAIIUK;

e ITOBBICUTH HAJCKHOCTh pabOTHI 3a cueT ayonupoBanus DBM;

® CO371aTh HOBBIE BU/IbI HH(POPMAIIMIOHHOTO CEPBUCA;

® CHU3HUTHh CTOUMOCTH 00paboTKH MH(pOpMALINH;

e co37aTh OOJIBILINE pACHpEeNICHHbIC XPAHIWINIIA HHPOPMAITII
B TTOJITHOM CMBICJI€ KOJUIGKTUBHOTO MTOJTb30BAHMS U JIP.

OcHoBHbIE TpeOoBaHus k BC:

® OTKPBITOCTB;

® PECYPCOEMKOCTB;

® HAJIeKHOCTD;

® IMHAMHYHOCTb;

® KOM(pOPTHOCTB;

® 3AIUINEHHOCTD U JP.

Ha puc. 9.3.1 npeacraBneHa KOMIbIOTEPHAS CETh C TOYKH 3PEHUS
KOHEYHOTO IOJIb30BATENS: OH UCIOJIB3YET PECYPChl CETU, HE 3a1yMbl-
BasiCh O ee “ycTpoiicTe”.

deC)OpmaU;MOHHaH cpe%

naBMm 5

Puc. 9.3.1. KomnbioTepHas ceTb C TOUKU 3pEHUs NOJsb30BaTeNs
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CrpykTypa cetn n3o0paxkeHa Ha puc. 9.3.2.

nepeguu
OaHHbIX

KoMMyHUuKkauMoHHas
noacetb

Puc. 9.3.2. CrpykTypa KOMNbIOTEPHOM CETH

Bce n3BecTHbIE KOMITBIOTEPHBIE CETH 10 OPraHU3aLIMOHHOMY ITPU-
3HAKy M 10 IPEJOCTABISIEMOMY I1OJIb30BATENI0 MHOXKECTBY BO3MOX-
HOCTEH /17151 UCTIOJIb30BAHMSI MH(OPMALIMOHHBIX PECYPCOB MOKHO KJlac-
CHU(PHUIMPOBATH CIEAYIOIIMM 00Pa30M:

® JIOKaJIbHbIE BBIYMCIIUTEIIbHbIE CETHU;

e ceTh Internet (MaTEpHET);

e xoprnopatuBHele cetu Intranet (MuTpaner);

® CCTH AJIEKTPOHHBIX JTOCOK 00BsBIeHMI (ceTrn BBS);

® KOMITbIOTEpHBIE CETH Ha ocHOBe FTN-TexHOIOTMH.

B pamkax npuBegeHHON KiIaccu(PUKALIMU CYIIECTBYIOT, CO3/1AI0T-
Csl M pa3BUBAIOTCS CETH, OPUEHTHPOBAHHBIC HA HAYYHYIO, YUEOHYIO U
yueOHO-HAy4YHYIO NMpo0OieMaTuKy. BypHbIif pocT 1 moBceMecTHOE pac-
MPOCTPAHEHNE KOMITBIOTEPHBIX TEXHOJIOT U BHI3BIBAET HEOOXOAMMOCTD
OoJlee IETATbHOTO U3YyUYEHUs OPraHU3allii U MOCTPOEHUS COBPEMEH-
HBIX KOMITBIOTEPHBIX CETEH, a TaK)Ke PACCMOTPEHHS] BO3MOXKHOCTEH,
MPeAOCTABISIEMbIX UMH KOHEYHOMY I10JIb30BATEIIO.
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9.3.1. J/lokanbHbie BbIYHCANUTE/IBHBIE CETH

Jokanvnas svruuciumenvras cemwv (JIBC) [32] — ato cosoxynmocmp
MEXHUYECKUX cpedcme (KOMNbomepos, Kabeell, cemesvlx aoanmepos u
op. ), pabomarowux noo ynpasieHuem cemesoil ONepayuoHHON CUcmembl
U NPUKTAOH020 NPOCPAMMHO20 0becneyenus. BHyTpu olHOTO KabuHeTa,
3aHMsI UM B TIpezenax Hebompinoit repputopun JIBC nossomnser co-
eAMHUTH Mexay co0oii rpymmy [1IK mi1s coBMecTHOTO MCMOMb30BaHUS
uHpopMannoHHbIX pecypcoB. be3 JIBC mis obmeHa naHHBIMU MpU-
IUTOCH OBbI KOMMUPOBATH (DAl HA TUCKETHI WIIM JIPYTUe HOCUTEIN UH-
dbopMaiuu u nepenaBaTh UX APYroMy MoJIb30BaTEN0. Takol MeToxa
nepeHoca MHGOPMAIMU HA JUCKETAX HE IMO3BOJIAET HECKOJIBKUM
MOJIL30BATENISIM OJITHOBPEMEHHO paboTaTh C OJIHUMHU U TEeMU ke (aii-
namu naHubIX. JIBC npegoctasisieT Takyo BO3MOKHOCTb, €CITH UCTIOJTb-
3yeTcss MHOT'OIIOJIB30BATeNbCKOE MPHUKIAAHOE TPOrpaMMHOe odecrie-
YyeHHeE.

Kpowme ipocroro paszoenenus ¢aiinos, monb30BaTeIN CETH MO2YM
pasoeisime npuHmep, Hakonumesv 0as Komnakm-ouckos (CD-ROM ),
MOOeM, PaKCuMUTbHBIT annapam, cKauep uiu 0py2oe mexHu4ecKoe ycm-
poticmgo, cosmecmumoe ¢ ITK u nodoepaicusaioujee cemegoil pesicum pa-
0ombi. JIaHHOE OOCTOSITENILCTBO SIBISIETCSI OCOOEHHO BAYKHBIM IPHU J10-
CTATOYHO BBICOKMX IIEHaX Ha COOTBETCTBYIOIIME ycTpolicTBa. Takum
00pa3oM, TMOJIB30BATENIM MOTYT PA3eATh PECypChl KOMITBIOTEPOB H
nHDOPMAIMIO, HAXO/IACh HA yJAJIeHUU APYT OT APYyra; OHK MOTYT CO-
BMECTHO paboTaTh HaJ MPOCKTAMHU U 3aJlauaMu, KOTOPbIC TPeOYIOT
TECHOW KOOpIMHALMMU U B3auMojeincTsus. Kpome Toro, naxe eciu
KOMITBIOTEPHAS CeTh BBIWJIET U3 CTPOSI, BO3MOXKHO MPOJIOJIKEHNE pa-
00Tw! Ha Bamem [1K.

CymectByeT 0sa muna JIBC (1agHast BO3MOXKHOCTD TOJICPKUBA-
€TCsI COOTBETCTBYIOIIMMH OTIEPAITMOHHBIMI CUCTEMAMU): 00HOPAH208ble
cemu I cemu ¢ 6bloesieHHbIM cepeepom (paiin-cepsepom). OaHOPAHTO-
BBIE CETU HE MIPEYCMATPUBAIOT BBIJICTICHHE CIIEIIUATIbHBIX KOMITBIOTE-
POB, OpraHu3yIoNMX padoTy ceTr. Kaxkaplil moab30BaTelb, MOIKITIO-
4asiCh K CETH, BBIJIENISIET B CETh KaKUe-TU0O Pecypchl (IMCKOBOE MPO-
CTPAHCTBO, IPUHTEPHI) U MOJKITFOYACTCS K pecypcaM, MpeocTaBIICH-
HBIM B CETh JIPYTMMHM TIOJIB30BATEIISIMU. TaKkue ceTH MpOCTHl B yCTa-
HOBKE, HaJTaJIKe; OHU CYIIIECTBEHHO JICIIEBIIE CETEH C BBIICTICHHBIM Cep-
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BepoM. B cBoro ouepesb, CeTH ¢ BBIIEIIEHHBIM CEPBEPOM, HECMOTPSI Ha
CIIOKHOCTb HACTPONKU U OTHOCUTENIbHYIO JOPOrOBU3HY, [TO3BOJISIOT
OCYILECTBIISITh LIEHTPAJIN30BaHHOE YIIpaBjieHue. B jaHHOM citydae Bce
ITK, xpome cepBepa, HA3bIBAIOTCSI pa0OYMMH CTAHLIUSIMH.

Huwuxe nepeuncriensl ceMb 3a1a4 [28], KOTOpbIE perarTcs ¢ mo-
Moo [1K, paboTaromiero B cocraBe JIBC, u KoTOpble JOCTATOYHO
TPYJAHO PEUINTH C ITOMOIIbI0 oTaenbHoro ITK.

1. Pazoenenue ¢aiinos. JIBC mo3BonsieT MHOTUM TIOIb30BATEISAM
OTHOBPEMEHHO PabOoTaTh C OTHUM (PaHIOM, XPAHSIITUMCS Ha IEHTPaTb-
HOM (aitn-cepsepe. Hanpumep, Ha npeanpusitun win pupme HECKOJIbKO
COTPYIHUKOB MOTYT OJJHOBPEMEHHO HCIOJIb30BaTh OJIHU U TE€ XK€ PYy-
KOBOJAIIUE TOKYMEHTBHI.

2. Ilepedaua gatinos. JIBC 1103BOJII€T OBICTPO U HAZIEKHO KOITH-
poBaTh (haisbl T1000T0 pa3Mepa ¢ OAHON MAITUHBI HA APYTYIO.

3. Hocmyn k ungpopmayuu u ¢patinam. JIBC no3BoJiseT 3amMycKkaTh
MIPUKJIAHBIE TPOTPAMMBI C JIF0O0 U3 pabouux cTaHUUH, r1ie Obl OHA
HU ObLJIa PACIIOJIOKEHA.

4. Paszoenenue npukiaomuwvix npoepamm u 6az oanmnsix. JIBC nosso-
JSET ABYM TIOJIB30BATENISIM UCIIOIB30BATh OJHY M Ty K€ KOTHIO IpO-
rpammel. [1pu 3TOM, KOHEUHO, OHU HE MOTYT OJTHOBPEMEHHO PEeaKTH-
POBATh OJMH M TOT K€ JIOKYMEHT MJIU 3aIUCh B Oa3e TaHHBIX.

5. Oonogpemennbulli 6600 0anmviX 8 npuxiaonvle npozpammul. Cere-
BbI€ MPUKIIAIHbIE TPOIPAMMBI MTO3BOJISIOT HECKOJIBKUM IOJIb30BaTE-
JISIM OJTHOBPEMEHHO BBOAUTH JAHHbIE, HEOOXOAMMBIE AJ1 pabOThI 3TUX
nporpamm. Hampumep, BecTu 3anucu B 6a3e JaHHBIX TaK, YTO OHU HE
OynyT Memath Apyr Apyry. OJHAKO TOJIBKO CHeIMAIbHBIE CETEBBIE BEP-
CHH ITPOT PaMM TI03BOJISIOT OJTHOBPEMEHHBIH BBOT MHpopMarun. OObId-
HbI€ KOMITBIOTEPHbIE TPOTPAMMBI MO3BOJISIOT paboTaTh ¢ HAOOPOM
(aiiJI0B TOJIBKO OJTHOMY IOJIB30BATEIIO.

6. Paszoenenue npunmepa uau 0py2020 MexHu4ecKoeo ycmpoucmed.
JIBC no3BoseT HECKOJIBKUM MOJIb30BATEISIM Ha PA3JIUNIHBIX pabounx
CTAHIIMSIX COBMECTHO MCIIOJI30BATh OJNH UM HECKOJIBKO JOPOTOCTO-
SIIUX JTA3€PHBIX MIPUHTEPOB WA APYTHX YCTPOUCTB.

7. Dnexmponnas nouma. Bel MmoxeTe ncnonb3oBatsh JIBC kak mo-
YTOBYIO CIIy>KOy M pacchbulaTh CIIy>K€OHbIE 3AMUCKU, JOKIaabl, COO0-
IIEHU U T. I1. APYTUM I0JIb30BaTeNsIM. B oTnnune ot Tenedona smex-
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TPOHHAs MOYTA TMepeIacT Ballle COOOIIEHUE Take B TOM ClTydae, eciiv B
JTAHHBII MOMEHT a0OHEHT (T'pyIia aOOHEHTOB) OTCYTCTBYET HA CBOEM
paboyeM MecTe, pUYEM IS 3TOTO el He moTpedyercss Oymaru.

ITpu momomm kabenst kaxmasi paboyasi CTAaHIIUS COCTUHSIETCS C
JPYTUMU CTAHIIUSMU ¥ C cepBepoM. B kauecTBe KaOelst UCTIOIb3YIOTCS
“moncmulit” koaxcuanvhulii kabeaw (“toicteiii” Ethernet), “monxuii”
Koaxcuanvhoili kabemn (“troukuii” Ethernet), sumas napa, sonoxonmo-
onmuyeckuii kabens. B mocnennee Bpems Bee mupe npumensitorest JIBC,
B OCHOBE KOTOPBIX 15 cBsi3u Mexxy [1K ncnonb3yercst unghpaxpachwiii
cuenan. OueBuHO, uTO [TK B 3TOM CiTydae TOKHBI HAXOIUTHCS B TIpe-
JeNiax MpsiMOd BUAMMOCTH Ha HEOOJIBIIIOM PACCTOSHUU JIPYT OT ApyTa
(B mpenenax ogHoTo KabuHera). “ToJCThIi” Kabelb, B CBOIO OUepe/ib,
HCIIOJTB3YETCS Ha y4acTKax OOJIBINON MPOTSHIKEHHOCTH P TpeboBa-
HUSIX BBICOKOHM IMPOITYCKHON CIOCOOHOCTU. BOJIOKOHHO-ONTHYECKU
Ka0eJIb MO3BOJISIET CO3/1aBaTh MPOTSHKEHHBIC YUaCTKU O€3 peTpaHcIIs-
TOPOB IMPU HEJOCTHKUMOM C TOMOIIBIO APYTUX KaOeJel CKOpOCTH |
HaJeKHOCTH. OJTHAKO CTOMMOCTH KaOeIbHOM CeTH Ha ero OCHOBE BbI-
COKa, ¥ IMO3TOMY OH HE HaIlle]l IMOKa IMUPOKOTO PaclpOCTpaHEHUS B
JIOKAJIBHBIX CETSAX W MPHUMEHSETCsS B OoJiee MacIITaOHBIX ceTsX. B Ha-
CTOsIIIEee BPeMs JIOKAJIbHbIE KOMITBIOTEPHBIC CETH B OCHOBHOM CO3/1a-
FOTCsl Ha 0a3e “TOHKOro” KaOels Wi BUTOM ITaphl.

IMepBonauanpuo JIBC co3naBaiuck B CBOEM OOJIBIIMHCTBE 1O
npuHIUy “roHkoro” Ethernet. B ocHOBe ero — HECKOJIBKO KOMITbIO-
TEPOB C CETEBBIMU ajallTepaMH, COCIMHEHHBIE MMOCIIEIOBATEIILHO KO-
aKCHaJbHBIM KabeJieM, MpUUeM BCE CETEeBBIC aJalTePhbl BBIJAIOT CBOM
CUTHAJI Ha HETO OJTHOBPEeMEHHO. HelocTaTK! 3TOro MPUHIIMIIA BISIBU-
JIUCh TIO3XKE.

C pocrom pasmepos JIBC napasienbHas padoTa MHOTHX KOMITh-
IOTEPOB Ha OJIHY SIMHYIO IIMHY CTajla MPaKTHISCKH HEBO3MOXKHOM M3-
3a 3HAUMTEILHOTrO B3auMHoTo Biusaus [1K npyr Ha npyra. Cnyyaii-
HBIE BBIXOJIBI M3 CTPOSI KOAKCHAIBHOTO Kabels (HarpuMep, BHYTpEH-
HU OOPBIB JKUJIbI) HAZOJITO BBIBOJIUIIN BCIO CETh U3 CTPOS, a OIpeie-
JIUTh MECTO OOpBIBA WJIM BOZHUKHOBEHHUSI TPOTPAMMHON HEUCITPaBHO-
CTH, BbI3BaBIIIEH “3aBUCAHUE” CETH, CTAHOBWJIOCH TPAKTHUECKU HEBO3-
MOXHO.
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CeronHs Bce 6oblIee PACIPOCTPAHEHHUE MTOJIYYAOT TEXHOJIOT MU
O6ecnipoBoaHoOM ceTeBoit cBsa3u (WiHi u T. 1m.), OTKpBIBAIOIIUE IS
II0JIb30BATENEN COBEPIIEHHO HOBBIE TOPU30HTHI, NPEXK/IE BCETO — 3a
CUET YIPOLIEHUS! U YCKOPEHUS CO3[IaHUsI CETH U €€ UCIIOJIb30BaHUs B
HOBBIX c(pepax.

[Toatomy danvuetiviee pazgumue JIBC npoucxooum na npunyunax
cmpykmypuposanus. B 3TOM ciydae Kaxkaasi ceTb CKJIaJbIBAeTCs U3
Habopa B3aMMOCBSI3aHHBIX YUYAaCTKOB — CTPYKTYP.

OtnenbHas cTpykTypa (OTAenbHas padouast rpyrina) mpeacTaB-
Js1eT cOOOM HECKOJIBKO KOMIIBIOTEPOB C CETEBBIMU aalTepaMu, Kax-
JBII U3 KOTOPBIX COEAUHEH OTAEIbHBIM ITPOBOJAOM — BUTOM NTAPON —
C KOMMYTaTOPOM (HEKMM TEXHUUYECKUM paCIIpeeIUTeIbHbIM YCTPOM-
ctBoM). [Ipu HeobGxoaumoctu paszsutus k JIBC npocto no0asisitor
HOBYIO CTPYKTYPY (HOBYIO paboUyIo IpYIIY).

9.3.2. BcemupHasa HHpopmaynoHHasa cetb UHTepHer

Cerb Untepner (Internet) n3-3a UCMOJIb3yeMbIX BHICOKOCKOPOCT-
HBIX ONTUKO-BOJIOKOHHBIX U (MJIM) CITyTHUKOBBIX KaHAJIOB CBSI3M Yac-
TO Ha3bIBAIOT cemblo cynepmazucmpaneti, a n3-3a oOWiIns nuupopmanu-
OHHBIX PECYPCOB U ONEPATUBHOIO MPUMEHEHHUS B CETU HOBEHIIIHNX J10C-
TWKEHUH KOMITBIOTEPHBIX TEXHOJIOTUM — JIAXKE KUOEPHEMUUECKUM NPO-
cmpancmeom. OpraHu3allioHHo MHmepHem — 9mo cemb, C8:13bl16Ai0-
Was 8bICOKOCKOPOCHHBIMU KAHATAMU C8A3U OpY2ue cemu, Hanpumep cemu
omoenvHwix opeanuzayuti, IBC u op.

ITo nanubiM amepukanckoro ueHTpa nnpopmanuu NUA Internet
Surveys [62], BO BceM Mupe ceiiuac HacuuThIBaeTCs 148 MITH ITOJTh30Ba-
teneit nurepuera. M3 aux B Kanage n CIUA — 87 muH, B EBpornie —
33 myH. ITo onierxkam ROCIT (Russian Non-Profit Center for Internet
Technologies) u PocHUMUPOC (Poccutickuit HUW pazsutust o611ie-
CTBEHHBIX ceTell), uncio nonb3zopareneil Internet 8 Poccuun pocio npu-
ONM3UTENBHO CleaytonM oOpa3oM: sHBapb 1997 r. — 300 TbIC.; OK-
T96pb 1997 r. — 600 ThIC.; Mrob 1998 r. — 1 MmutH. YaBOeHUE Tpaduka
(obbeMa mepecbuIaeMOM CeThi0 MHPOPMALIUN) MO JAHHBIM MOCKOBC-
KHX KOMITaHWI-TIpecTaBuTeNeii cepBuca Internet (Tak Ha3bIBaeMbIX
MPOBANEPOB) MPOUCXOIUT KaX/Ible MOJIT0/1A, & KOJIMYECTBA MOJIb30-
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Bateneil — kaxzsle 2 roga. Henenbnas ayauropust IHTepHeT TOBKO
B MockBe coctapisieT rmopsiaka 440 ThIC. Yell.

J71s MOKITIOUEHHS K y1aJIeHHBIM KOMITBIOTEPHBIM CETSIM UCTIOJIb-
3y10TCsl TellehOHHBIE JIMHUM CBSI3M (UM OoJjiee coBeplieHHbie). [1po-
Liecc nepeaavyr JaHHbIX 10 Tele()OHHBIM JIMHUSAM MTPOUCXOIUT B (hop-
Me 3JIeKTPUYECKUX KOJIeOaHUI — aHajora 3ByKOBOTO CHTHAla, B TO
BpeMs KakK B KOMITbIOTEpe HHPOPpMALUS XpaHUTCS B BUe KOAOB. s
nepenayu UHGOPMAIUU OT KOMIIbIOTEpa uepe3 Telae(OHHYIO TNHUIO,
KOJIBI JIOJDKHBI OBITH MPeoOpa3oBaHbl B AJIEKTPUIECCKHE KOJICOAHMUS.
OTOT npouecc HazblBaeTcst MoAyIsiuus. JlJist Toro 4ToOBbl ajipecat cMor
MIPOYUTATH HA CBOEM KOMIIBIOTEPE TO, UTO EMY OTIIPABJICHO, HJIEKTPU-
Yyeckue KojiebaHust 06paTHO MpeoOpa3yoTCs B MAIITMHHBIE KObI — JIe-
MOJYJIUPYIOTCS. Y CTPOMCTBO, OCYIIECTBIISIOIIeE ITPeoOpa3oBaHUE TaH-
HBIX U3 IU(POBOH (HOPMBI, B KOTOPOI OHH XPAHSTCS B KOMITBIOTEDPE, B
AHAJIOTOBYIO (AJIEKTpUUECKHUE KOJIeOaHus1), B KOTOPOH OHU MOTYT OBbITh
nepeansl Mo Teje)OHHON JIMHUU, U O0OpAaTHO HAa3bIBAETCS MOOEMOM
(coxpamenno ot MOnynstop-JAEMoaynstop). Takum obpazom, oT-
nenpHblid 1K npu nmoMoiu crnennaibHOM TEIEKOMMYHUKALIMOHHON
MIPOTPAMMBI, YIPABIISIONMIEH MOIEMOM, CBSI3BIBACTCS 1O TelIe(OHHOM
JIMHUY C TIPOBANIEpOM, a JIaliee uepes MpoBaiiaepa — 10 BHICOKOCKO-
POCTHBIM KaHaJIaM CBSI3HM (OTNTUKO-BOJOKOHHAS MJIM CITyTHUKOBAS
CBsI3b) C HEOOXOAMMBIM agpecaToM B HTepHeTe.

Cetp Unrepner nosisunack B CLLIA B pe3ynbrate nccienoBaHus
METO/I0B MTOCTPOEHUS CeTeH, yCTOMUMBBIX K YACTUYHBIM ITOBPEKACHU-
SIM, TIOJTy4aeMbIM, HAIpUMep, pu O0MOapIUPOBKE WX aBHAIUCH, U
CIIOCOOHBIX B TaKHMX YCJIOBHSX MPOAOJDKATH HOPMAaJIbHOE (DYHKIIUO-
HupoBanue. B 1960-x IT. ucciaenoBaTenn HaYajd 3KCIEPUMEHTUPOBATH
C COCIMHEHNEM MHOXECTBA PA3IMYHBIX TUIIOB KOMITBIOTEPOB MTOCPEI-
CTBOM TeJIe)OHHBIX JIMHUM, TTOIB3YSICh POHAAMI ATEHTCTBA TTEPCIICK-
TuBHBIX uccienoBannii (ARPA) MunuctepctBa o6oponst CILIA. Co-
3manHas ceth nonyuria HazBanue ARPANET (Advanced Research
Projects Agency Network). Ona Obl1a peTHa3Ha4YeHA TSI OOJerde-
HUs oOMeHa MHpOpMAITNel MeXIy BOGHHBIMH BEJOMCTBAMH U HX CyO-
MOJIPSTYMKAMU IO PA3IIMYHBIM T'OCYAaPCTBEHHBIM POeKTaM. MHorue
BE/IyIUE CIEIUATNCTBI IO KOMITBIOTEPAM M3 IPOMBILIUICHHBIX Opra-
HU3aLMN U aKaJeMUi TOJYyYWIN AOCTYIl K JTaHHOHM ceTH Onaromaps
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CSNET (Computer Science Network) — nmpoekTty, co3gannomy Ha-
IMOHAILHBIM HayIHBIM (hoH10M (NSF), erie ofHIM rocy1apCTBEHHBIM
areHTcTBOM [34]. Bckope Bce BoeHHbIe BemoMcTBa CIHIA Opun 1mos-
kiroueHbl kK cett ARPANET, uro o3HaMeHOBaIo mepexo/l K ee mpak-
TUYeCKOMY ucnolib3oBaHuio. AreHTcTBo ARPA 3amanocs uensbio npo-
BEPUTh, MOXKHO JIU COCIMHUTH KOMITBIOTEPBI, PACIIOJIOKEHHBIC B pa3-
HBIX MECTax Ha 3HAYUTEILHOM PACCTOSHUU, ITPU MMOMOIIIU HOBOH TeX-
HOJIOTWH, IOJIYYUBIIIeH HA3BaHUE “Kommymayus naxemog” . Kommyma-
Yusi nakenos MO3BOJISIIA HECKOJIBKIM TTOJIB30BATENSIM UCIIOJIB30BATH
OJIVIH KaHAJI CBSI3H, TTIOCPEICTBOM KOTOPOTO ITAKEThI MOTJIU TiepeaBaTh-
Csl 110 CETH K aJipecary, I7ieé BOCCTAHABIUBAJIOCh X UCXOAHOE COAEp-
xanue. [Tpexse mist paboThI B CETH KAXIOMY KOMITbIOTEpPY TpeboBa-
Jlach OTHeibHas JTuHUA. Pa3paboTku, BeimonmHeHHbIe NSF, moMorian
CO3/IaTh BBICOKOCKOPOCTHYIO II00AIbHYIO CETh, JOCTYITHYIO JUTS BCEX
00pa3oBaTEIbHBIX YUPEKIACHUM, TOCYAAPCTBEHHBIX CITyXKaIUX, MEX-
JIYHAPOJHBIX MCCIIEIOBATEILCKUX OPTraHU3ai U T. M. DTa CeTh IO-
3BOJIWJIA CO3/IaTh MATUCTPAIh IS IepeJayu JAHHBIX U TTOJAKIIOUNTH K
HEH MHOXECTBO KOMITHIOTEPOB, COBMECTHO MCITOJIB3YIOIIUX OJTUH K TOT
)Ke KaHaj CBsI3U. JlaHHbIC pa30MBaIMCh Ha MAKEThl, KOTOPBIC Mepea-
BaJIMCh HA APYIYIO cTaHIMI0. KaX/10My makeTy MpuCcBauBalICs KOMIIb-
IOTEPHBIN 9KBUBAJICHT MECTA Ha3HAUCHUS (a/Ipec) U BpEMEHHAS METKa,
YTO MO3BOJISJIO MEepeaBaTh €ro B HyKHbIM MyHKT. Korma makers! goc-
TATAIM aapecara (IyCTh Jaxe U MO pa3HbIM MapIIpyTaMm), OHU COOU-
pauch MPUHUMAIOIIUM KOMITBIOTEPOM B CBSI3HOE COOOIICHHE.

Co3nanHasi HA OCHOBE HOBOUM TEXHOJIOTUHU cenb obecnequa He3d-
BUCUMYIO Nepedaty OAHHBIX MeHCOY NYHKMAMU HA3HAYeHUs: U Oald 803~
MOACHOCTIL KOMIBIOMEPAM COBMECHIHO UCNOIb308ANb OAHHbIE, d UCCe-
008amesim — 0OMeHUBAMbCsL INEKMPOHHbIMU co00wenusmu. COOCTBEH-
HO, U300pemeHnue 31eKmpoHHOl NOUMbl NPOU36ea0 pesoioyuio. J1o aTo-
ro nepeaavya JTOKYMEHTOB JOJDKHA ObLIa OCYIIECTBIISITHCS MPH TTOMO-
1 (PaKCOB, MOYTOBBIX KYPhEPOB MITH TOCYIaPCTBEHHOM MOYTHI. DJICK-
TPOHHAS MOYTA JaBalla BO3MOXHOCTh OTIIPABISATh MOJIPOOHBIE MTHCH-
Ma CO CKOPOCTBIO U TI0 IIeHaM Telle(hOHHOTO 3BOHKA.

ITo mepe pocta cetnt ARPANET npeanmpuumMunBbie CTYACHTHI pa3-
paboTaiu cnocod ee UCIOIb30BaAHUS 0Jist NPOBCOCHUs. KOHpepenyuil 6
peanvtiom gpemenu. CHauama 9TH KOH(GEPEHITMU UMETU HAYIHYIO TeMa-
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TUKY, HO CKOPO OHHM OXBATUIIU NPAKIMUUECKU Ce Chepbl unmepecos,
MOCKOJIbKY JIFOJIA OLIEHUJIN ITPEUMYIIECTBA BO3MOXHOCTH OOIIATHCS C
COTHSIMU WJIM JIaKe ThICIUYaMH cOOECeTHUKOB 10 BCEH CTpaHe, Mo3Ha-
KOMMBIIUXCS APYT C APYTOM IIPHU MIOMOIIH 3JIEKTPOHHON CBSI3H.

CeroniHs 3Ta CeTh CBSI3bIBAET KOMIIBIOTEPHI PA3IIUNYHBIX TUIIOB IO
BCEMY MUPY IPU MOMOIIM MPOTOKOJIA (CTaHAApTa MepeJayd NaKeTOB
uHbopMmanum), noyuniiero Hazpanue TCP/IP (Transmission Control
Protocol/Internet Protocol). B xonre 1970-x rr. ObITH CO30aHBI KaHA-
761 cBsi3u Meky ARPANET 1 moToOHBIMU € CeTSIMU B IPYTUX CTPa-
Hax. Tenepb MUp ObUT OMyTaH KOMIBIOTEPHOH “nayTHHON™ (0O1Ien3-
BecTHOe cokpatenrne WWW u oznauaer World Wide Web — Bcemup-
Has MayTUHA).

B 1980-x rr. 3Ta ceth ceTeit, moyunBIias ooiee Ha3BaHue “MH-
TepHeT” (Ha3BaHHWE MPOU3OILIO OT TepMHHA “internetworking” —
“MeKCeTEeBOE B3aNMO/CHCTBHE ), CTala pacTh ¢ (heHOMEHATLHOM CKO-
pocTbhio. ThICSUN MCCIIeAOBATEILCKUX OPraHU3alMi U roCcy1apCcTBEH-
HBIX BEJOMCTB, KOJIE[KEN M YHUBEPCUTETOB HAYaJIM OIKIII0YATh CBOU
KOMIIBIOTEPBI K 9TOM BCEMUPHOU CETH.

TumnoBoii agpec KOMIIBIOTEpA, UCIOJIB3YyeMOro B cetu MIHTepHeT,
BBITJISIAUT TAK: WWW.name.ru, rjc www — uHbopMarus oo oomenpu-
HSITOM COTJIAIIEHUH UCIIOJIB30BAHUS aIpecaTOM MPOTOKOJIA TIepeaadn
U IpHeMa JaHHbIX; name — (YCIIOBHOE MMsI — Ha3BaHHUE OpraHu3a-
UM, TTPEAOCTABIISIIONIEH UITU UMEIOIIEH CBOH aJipec B CETH); ru — reo-
rpaduyeckasi IpUBsI3Ka HAXOXKJICHHUSI KOMIIBIOTEPA B MUPOBOU ceTH
(ru — Poccust, com u su — Amepuka u T. J1.).

Kakwm criocob6oM npoucxonut noakiodenue kK Murepuery? Ectb
06a cnocoba nookmoverus. Ilepswiii, 6011€€ IPOCTON, — OMKPHIND Y NPO-
saiioepa ceprcoB Mutepueta (Internet Service Provider — ISP) cuem
0714 noyyenus oocmyna no menegonnoti iunuu. ISP moxer npenocra-
BUTb CUET, 0OecrieunBarouuii cBs3sb 1o nporokoiam SLIP (Serial Line
Internet Protocol) mu PPP (Point-to-Point Protocol).

Hpyeoii memoo nogkmodenust Kk HTepHETY — nodkiaroueHue no
6blOeNIeHHOU TuHULU. DTOT crIocob 6otee aPeKTUBEH JIj1s1 OOTBIINX Opra-
Huzanuid. TUI BBIJIEIEHHOW JTUHUU U CKOPOCTH CBSI3M 3aBUCHUT OT CITO-
coba ucnosb3oBaHus MHTepHETY B OpraHu3anuyl U TpeOyeMoro s
atoro auanazona. CyliecTByeT MHOKECTBO THUIIOB U CKOPOCTEH BhIjIe-
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JICHHBIX JIMHUW: OT JUHHUM CO CKOPOCThIO 56 KOUT/C 1m0 nmuHuii ISDN
(uMdpoBBIX ceTell ¢ UHTErPUPOBAHHBIMU CEPBUCAMM) U CUCTEM peTpaH-
CIISILIMM KaJpOB, & TAK)KE YACTUYHBIX I IMOJIHBIX JINHUH.

BHe 3aBucuMocTu ot criocoba nonydyenust gocryna k Marepuery
BaMm notpedyercs [P-anpec (IP — Internet Protocol) mist yuetnoit 3a-
nucu, odecneunBaroliei J1oCTyI K cetd. 1ot IP-agpec moxer Bblze-
JAThCS IpoBaiiiepoM b0 ounamuuecku (3To o3Havaet, uro IP-agpec
MOXET MEHATBCS KaXKAblil pa3 npu poctyne k MurepHery), nubdo cma-
muuecku (IP-ampec Bcerma octaeTcs OMHUM B TEM Ke).

Ha puc. 9.3.3 cxemaTuuHO NOKa3aHa OpraHM3alusl MEPEChUIKU
nanHbix B MHTEpHeTE.

OtnpasuTtens Monyyatens

TCP onpepenseT, Kak NpoMcxoant
nepenaya nHgopmauuu,

IP — kyaa cnefyet oTnpaBuTb

e UHOpMaLMIO. b

[ o o I
[ - VR

TCP-naket
IP-nakeTt

Kyna: 204.146.46.133
Appec web-cesepa OTtkyna:126.123.4.12

komnaHnuu Microsoft

Puc. 9.3.3. Opranuzaums nepegauv gaHHbix B MHTepHeTe

PaccmoTpum HekoTopele Bo3moxkHOocTU ceTu MHTepHet. Cyiue-
CTBYET BOCEMb OCHOBHBIX IIyTEH €€ UCII0JIb30BAHMUS.
1. DnexTpoHHas noyTa.
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2. OtnpaBka u noaydenue dainos ¢ momonrsio FTP (File Transfer
Protocol).

3. Urtenue u nocbuika TekctoB B USENET.

4. ITouck undopmanuu yepes GOPHER u WWW (World Wide
Web).

5. YianenHoe ynpaBjieHIE — 3aIIPOC U 3aIyCK TPOrpaMM Ha yaa-
JIEHHOM KOMITBIOTEDE.

6. MaTepHeT-nIeHKkuHT ¢ ToMotbio 1CQ.

7. Chat-pasrosop ¢ momorbio ceTd IRC u 351eKTpOHHOM TTOYTHI.

8. Buneoxondepenuun u urpossie popMbl padboTsl yepe3 Un-
TEpHET.

ITepen Oonee moAPOOHBIM PACKPBITUEM MPUBEICHHBIX BO3MOXK-
HOCTEH CJIeTyeT OTMETUTh, UTO Pa3BUTHE COBPEMEHHBIX KOMITBIOTEP-
HBIX TEXHOJIOTUH U pa3pabaThIBaeMOTO IPOTrPAMMHOTO 00eCTICYCHHUSI
MMeeT TEH/ICHITUIO COMMKEHUS YKa3aHHBIX BOBMOXHOCTEH M MHTErpa-
LMY UX B OJHOM IMPOrPaAaMMHOM MpOAyKTe. MHOXECTBO MPOrpaMm,
pa3pabaTbhIBaeMbIX I 9TUX IieNlel (TakuxX, HampuMep, kak Internet
Explorer, Netscape Communicator u ap.), oOecrneqrBaomux OTAeIb-
Hbele (GyHKIMu VHTEpHETa, HA3bIBAIOTCS Kauenmamu. OHA yIOOHBI B
WCIIOJIb30BAHUH W TIPEIOCTABIISIOT JAPYKECTBEHHBIN MHTepdeiic ms
rojip3oBatesiell MintepHera [38].

Inekmponnas nouma. OTnpaBKa U MOJYyYEHHE NMHCEM OCTAETCS
MoKa Hauboaee NONYIApHbIM UOOM ucnoiwzosanus VInrepuera. B pam-
kax MHTepHeTa MU 3JIEKTPOHHOW MOYTHI CYIIECTBYET CUCTEeMa
LISTSERYV, mo3ponstomias co3maBaTh TPYIIIBI TTOJIb30BaTENCH ¢ 00-
et rpynnoBo# agapecaiueii. Takum ob6pazom, MUCbMO, HATIPABIICH-
HOE Ha TPYIIOBO axpec, OyAeT MOIyYeHO BCEMH UJICHAMH TPYIIIHL.
Hanpuwmep, cymectsyer LISTSERV Netterain, 00 be1uHSIOIININ TPYIIITY
CIEIUAIUCTOB, 00yJaroIMX Mob3oBaHnto MaTepHeroM. OHn 00be-
JUHUITACH JIJTS TOTO, YTOOBI OOMEHSATHCS UJIESIMU WITH 3aJaTh BOTIPOCHI
CBOMM KOJIJIETaM, 1aTh 3HATh, YTO C HUMU MOKHO CBSI3aThHCS 10 3JICKT-
poHHOI nouTe. B cityyae, eciy M3BECTHO, UTO KOHKPETHOE JIUIO WITN
KOMITAHHS UIMEIOT ajipec B MIHTepHeTe, HO caM aJipec He U3BECTEH, CY-
IIECTBYIOT CIIOCOOBI y3HATh ero ¢ nomoiibsio cucteMbl NETFIND.
Anpec 27eKTpOHHOU ToUTH B MIHTEepHETe yacTo Ha3bIBAlOT e-mail.
TunoBoit ajpec BBITISIUT TAK:
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ignik@orc.ru,

rzie ignik — ompeieieHHOE MOIb30BATENEM UMSI ITPH OPTaHU3AINH JJIEK-
TPOHHOTO MOYTOBOTO SIIIMKA y MpoBaiinepa;

(@ — pa3nenuTenbHbIN 3HAK B JIEKTPOHHOM aJIpece, Ha3bIBAeMbI
“cobaka”;

OTC — 3apEeruCTPUPOBAHHOE MMS cepBepa MpoBaiijiepa B CETH
Hurepner.

Omnpaeka u nostyuenue ¢haiinos ¢ nomougpto FTP. I1pu pabote Bo3-
MOXHO ucrnoiab3oBanne FTP — o1HOTo 13 caMbIX pacnpocTpaHeHHbBIX
MMPOTOKOJIOB Nepeaaunt ¢ainos no Murepuer. B Hayane sTo 6bu1a Tep-
MHUHaJIbHas MporpamMMa ¢ KOMaHIHOU CTpoKoM, ceituac MuHorue FTP-
KJIMEHTBI OTJIMYAIOTCS YIOOHBIM MHTEP(EcOM U JOTIOTHUTEIbHBIMU
BO3MOYKHOCTSIMH, HAITPUMEP BO3MOKHOCTBIO “TOKadYKK’~ (haiiira mocie
00pBIBa CBSI3U C IIPOBANIEPOM.

Ymenue u nocotika mexcmos 6 USENET. USENET — ato ceTh
nH(pOPMAIIMOHHBIX cepBepoB B UHTepHETe, UacTO HA3BIBAEMOU cenbio
nosocmeii. B cetn Usenet mopsaka 500 000 Tak Ha3pIBaeMbIX KOH(De-
peHui (110 CyTH, 3TO KAaTaJloT, Ky/la CTEKAIOTCSl CO BCETO MUPa CO00-
LICHUS Ha OTpeiesieHHYIo TeMy). [IpakTiuecku Ha 1I00yIo TeMy B CETH
OTBeJIeHa CBOSI coOcTBeHHas rpynna. Kaxxaas oTaenbHas Tpymnmna ceT
USENET na3swsiBactcst menexonghepenyueti. CepBepsl 110 BCEMY MUPY,
OPraHU30BAHHBIE B OT/EIBHYIO CETh, TOCTOSHHO OOMEHUBAIOTCS MEXK-
1y coO00# nH(popMalneil, B pe3yIbTaTe MPOUCXOIUT €CTeCTBEHHOE 00-
HoBJIeHHe HOBocTel. Cpenu MHOKecTBa TenekoHpepentmeirt USENET
UMEIOTCSl KOH(PEPEHIINH, OTPAXKAIOIINEe HOBOCTH B HAyKe (110 OT/IEIb-
HBIM €€ 00J1acTsIM) U B 9KOHOMUKE. MHoeue menexongepenyuu pycughu-
YUPOBAHDI.

IHlouck ungpopmauuu ¢ Hnmepneme. 11onp30BaTeNIb 4aCTO HILET
nHpopmanuio B MaTEpHETE TMOO0 UTOOBI Y3HATH, IMEETCS JIU B MUPO-
BBIX MH(GOPMAIIMOHHBIX Pecypcax MHTEPECYIOIIHNI ero MaTepual 1o
COOTBETCTBYIOIIECH TeMe U MOJYYUTh K JAHHOMY MaTepHaIly TOCTYII,
b0 IpocTo “ocMaTpuBacTCs’ B MHPOPMAIIMOHHOM IIPOCTPAHCTBE.
7151 pabOTBI B 3TUX HEJISIX UCTIOIB3YIOTCS TAK Ha3bIBAEMBIE NPOCMOMp-
wuxu — Opay3epsl (OT aHTJI. browsing — OecIopsIOYHOE YTCHHE) —
CIIEIMATIbHO OPUEHTUPOBAHHBIE TPOTPAMMBI-KJIUEHTHI.
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Bce undopmarmonnsie onepaiuu B MHTepHETe BO3MOXKHBI OJ1a-
roaaps IeUCTBHIO CUCTEMBI IIPOTOKOJI0B, OCHOBHBIE U3 KOTOPBIX IPH-
BeZleHbI B Ta0:1. 9.3.1. MoHO cKka3aTh, YTO 3TH IIPOTOKOJIBI 00ECIICUn-
BaIOT COBMECTUMOCTh MH(OPMAITMOHHBIX CUCTEM, BXOsmInX B MIHTEp-
HET, Ha (PU3UUECKOM YPOBHE (K COKAJIEHUIO, 00 MX COBMECTUMOCTH Ha
JIOTUYECKOM YPOBHE FOBOPUTH HE MPUXOJAMTCS, UTO JAeT IMOBOJI IS
KPUTUKH II100aIbHONU CUCTEMbl — ¢ OypHBIM pa3BuTueM MHTepHeTa

2 <

€€ JaCTO CTaJIM Ha3bIBaTh “CBAJIKOM MHpOpMAIUN”, “MyCOPHOU IMOM”~
U T. II., 9YTO, 0€3yCIOBHO, BEPHO JIUIITh YACTUYHO).

Ta6auya 9.3.1
OcHogHble npotokonbl UHTepHeTa

TpancrmopTHbIE TCP — Transmission Control Protocol (mpoTtokor

MIPOTOKOJIBI yrpaBiieHuss — nepeqadyeid  JAaHHBIX) —  yIpaBIIseT|
epenayeil JaHHBIX MEXAY KOMIIbIOTEpAMH

[TpoToxomsr IP — Internet Protocol (mpoTokon MHTepHeTa) —

MapLIpyTU3aLUU oOecrieunBaeT — (paKTHUUECKYIO — Iepefavy — JaHHBIX,

oOpabaTpiBaeT  agpecalyio  JaHHBIX,  OIpeNelseT
HaMJTY4IINK My Th K aJipecaty

[IpoTokonsl NOAAEPKKU DNS — Domain Name System (oMeHHasi cucTeMa
CeTeBOro ajapeca IMEH) — OOeCIeUMBACT ONPEACIICHUE YHUKAJIBHOIO
a/ipeca KoMIbroTepa
[Tpotoxonsl FTP — File Transfer Protocol (mpoToxoin nepenayy|
MPUKIaAHBIX cepBepoB |paiimoB); HTTP — Hyper Text Transfer Protocol
(IIPOTOKOJ TIepejaydl TUIEPTEKCTa) — HCIOIB3YIOTCS
IUIst  MOJIyyeHWs JOCTyna K pas3lIM4HbIM  ycClyram
HTepHeTa
[ I1r030BBIE TPOTOKOJIBI EGP — Exterior Gateway Protocol (BHemrHwmif
[IUTFO30BBI TIPOTOKOJI) — IIOMOTaeT IiepenaBaTh II0
ceTH, a TakXke oOpabaThIBaTh AaHHBIE IS JTOKATHHBIX
ceTeit
[MouToBBIE TPOTOKOJIBI POP — Post Office Protocol (mpotokon mnpuemal
[TOYTHI);

SMTP — Simple Mail Transfer Protocol (mpoTokor
mepegayu NouThl)

3HayMTeNbHAS YACTh MUPOBBIX HH(OPMAIIIOHHBIX PECYPCOB ITPEa-
crasneHa B MIHTepHeTe. MOXXHO NOTPATUTH OIPEIETIEHHOE KOJIUYECTBO
BPEMEHHU, IIPOCTO MEPEX0/Is C OAHOTO caiima (cepBepa MuTepHer) Ha
JIpYroil u omnpenenss, Kakas HHPOpMAIMs UMEeTCsl B HATUIUH. -
CI)CKT B3pbIBA ITPOU3BEIIO B CBOC BPEMA IMOSABJICHUC TaAKUX CPCACTB YII-
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pasienus mouckom napopmaiuu, kak GOPHER u WWW.GOPHER
HCIOJIB3YET CUCTEMY MEHIO, TO3BOJISIIONTYIO TIOJIb30BATEISIM OCYIIECTB-
7ATh BbIOOD nH(popmanuu. Hanbosee pa3Butoe ceroiHs CpeaCcTBO It
noucka B Unrepuere — texHonoruds WWW. B nocneanee Bpems yac-
TO o/ MoHATHsIMU MHTEpHET U web Mmoipa3yMeBaroT OJHO U TO Ke.
TexHoorus web Mo3BoISIET CBOOOAHO TEPEMEIaThCsl cpeiu HHGOP-
MaITMOHHBIX PECYPCOB (OT OJTHOTO IOKYMEHTa Ha OJHOM cepBepe MH-
TEPHET K PYroMy JIOKYMEHTY Ha ApYyroMm cepBepe MIHTepHeTa) no xio-
YeBbLM CI0BAM 8 OOKYMeHmMAax, TOJCPKUBAIONINX CUCTEMY eUnepmex-
cma v ipotokost HTTP. Ilepexons! B MHTEpHETE MEXTY TOKYMEHTA-
MU (Web-CTpaHUIIaMU ) OCYIIECTBIISIOTCS C UCTIOJIb30BAHUEM THIICPTEK-
croBbIX cBs3eil, Tak Ha3piBaeMbIXx URL (Universal Resource Locators)
— YHUBEPCAJIbHBIX JIOKATOPOB pecypcoB. bolibiioe yncio opranusa-
LM, IIKOJI U JIIOAEH CO31aI0T COOCTBEHHBIE 31eMeHThI WW W, Tak Ha-
3piBaeMble Home Pages (;romaiiinue web-cTpaHuIlbl), KOTOPbIE MOTYT
UMETh THIIEPTEKCTOBBIC CBSI3U ¢ MH(DOpMaIel, Haxo IsIelcs Ha TOM
K€ KOMIThIOTEpE, WIIK KOTOpasi MOKeT ObITh HalijileHa Ha JTIIOOOM KOM-
npiotepe B cetu INTERNET. [ pa3paboTkn web-T10KyMEHTOB HC-
MOJIB3YIOTCS CIIEIUAIbHBIE PEJITAKTOPHI U SI3bIK PA3METKH TUIIEPTEKCTA
HTML. Web-0okymenm omauuaemces om 006141020 NMeKcmo8020 00K Y-
MEHMA B03MONCHOCINBIO NPEOCMABACHUSL 8 HeM MEKCMOBoLl uHphopmayuu
HA 9KpaHe KOMNbIomepa 8 cOYemaHuu ¢ 2paguuecKkumu u300paiceHusmu
(8 MoM uucne ¢ 803MONCHOCIIBIO AHUMAYUU U300pAdCEeHUTl), & TAKKE C
BUOUMBIMU 2UNEPINEKCIMOBIMU CCOUIKAMU Ha Opy2ue 00Ky MeHmbt UHTep-
HeTa.

HMHTepHET HACTOIBKO BEJUK U MOJIOH MHPOPMAIIMOHHBIX PECyp-
COB, YTO OCHOBHOH MPOOJIEMOii, C KOTOPOH CTATKUBAIOTCS TTOJIH30Ba-
TEJIH, SIBJIACTCS HOUCK HYJICHHIX UM JAHHBIX. B JTOTTOJTHEHUE K 3JICKT-
pounHoii noute, cucremaM WWW u USENET cymectBytoT u apyrue
MOJIE3HBIC UHCTPYMEHTBI, KOTOPbIC OBLIA CO3/JaHbl CIEIUAIBHO IS
ITOMOIIIHM Y TEHICCTBEHHUKAM I10 “UH(POPMALIMOHHOMY IIPOCTPAHCTBY .
Haubonee nonesnoit u3 vux sipnsercs cucrema FTP-knuent, no3Bos-
romast cpeau MHoxectBa FTP-cepBepoB (rMraHTCKUX XpaHUIIUI ap-
XMBOB MPOTPAMM U JOKYMEHTOB) OTBICKUBATh HEOOXOIUMBIE apXHBBI
U IIPOrPaMMBl.
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CreyeT Takke cKa3aTh, UTO MPOTPECC B KOMITBIOTEPHBIX TEXHO-
JorusiX OYpHO pa3BUBAET CIENUAIBHO OPUEHTUPOBAHHBIE HA MMOUCK
JTOKYMEHTOB TIOMCKOBBIE cUcTeMbl. [{J1st aTuX 1eneit B MIntepHere BbI-
TETISIOTCS Cneyuanbible cepeepbl — Mema-mauiuibl, 00eCTIeYMBaIOIINe
MMOUCK UH(OPMAITUH 10 OT/ICITBHBIM aJITOPUTMAM C SIBHBIMU U HESIBHBI-
MM KPUTEPHUSIMHU (TIO OTJIEITBHBIM CJIOBAM B JOKYMEHTE UJIU TI0 UX CJIO-
BocoYeTaHUsM). YHMCIIO TaKuX MaIlMH NMOCTOsIHHO pacteT. Hanbonee
M3BECTHBIE U3 HUX — MUPOBBIE cepBephl Altavista (www.altavista.com),
Yahoo (http://www.yahoo.com) u n1p. Cpeit pycCKOSI3bIYHBIX HAaUOO-
nee nonyssipabl “Anopt!” (http://www.aport.ru), “Cossesaue VHTtep-
Het” (http://www.stars.ru), SIndex (http://www.yandex.ru) u ap. Bob-
I11€ TOT'0, TOMCKOBBIE CEPBEPHI OOBETUHSIIOTCS 110 ONPEIETICHHBIM MTPH-
3HaKaM (10 TeMaM U UHTEepecaM) B CBOM CETH M NEPEIAI0T TOUCKOBEIC
3aIMpPOCHI IPYT Yepe3 Jpyra 1mo BCeMy MUPY.

Yoanenunoe ynpasnenue. 3ta BO3MOKHOCTH OUEHb MTOJIE3HA, KOT/IA
IIPY BBITTOJTHEHUU HEKOTOPOU pabOTHI HA OT/IEIBHOM KOMIThIOTEPE Tpe-
OyroTcst pecypchl Oonbinx cucteM. CyIliecTBYeT HECKOIbKO pas3iiny-
HBIX THUIIOB YJaJieHHOTO ympaBiieHus. HekoTopble U3 HUX pabOTalOT
Ha OCHOBE KOMaH/I, TOJaBAEMbIX MIOCIIEIOBATEIHHO IIAT 32 IIATrOM (Tak
Ha3bIBAEMBIX ping — nuneos). Takum 00pa3oM, UCIIOIHEHHE 3a1poca
YIAJIEHHOTO KOMIThIOTEPA 3aKIIIOUAETCS B TOM, YTOOBI HEKOTOPAs CIie-
nuduyeckas KoOMaHaa WIK UX MMOCIEI0BATEIbHOCTh OblIa BBITOJIHE-
Ha Ha HEKOTOPOM JIpyroM KomIbioTepe. bosee pa3BuTeie Bepcun 3ar-
POCOB caM¥ BEIOUPAIOT CUCTEMY U KOMITBIOTED, KOTOPBIE OYAYT K TOMY
MOMEHTY B ceTH cBOOOHBIMU. CYIIECTBYET TAKKE YAAJICHHBIN BbI30B
MIPOTIEYPBI, KOTOPBIH MO3BOJISIET TPOTPaMMe 3aITyCKATh IMTOAITPOTpaM-
My Ha JPYroM KOMITHIOTEPE M 3aT€M HCITOIb30BAaTh PE3yJIbTAT ee pa-
OOTHI.

Hnmepnem-neitdcunz ¢ nomowpro ICQ. Cucrema paauoneiKuH-
ra JJaBHO U3BECTHA U IIUPOKO UCHOIb3yeTcs BO BceM Mupe. B 1998 r.
pa3pabOTUNKU U3PANITBLCKONM KoMnanuu Mirabilis cozmanu crienuaib-
Hoe mporpammHoe obecrnieuerne 1CQ (I seek you — “s1 umny Tebst”)
nepeHeciu 803MOICHOCMU 8bI308d ADOHEHMO8 (netiddcuHe) 8 cemo
INTERNET. Ilporpamma monyuuiia Ha3BaHUE MHTEPHET-TICHIKepa.
V aboHeHTa UHTEepHET-TIEUKNHTA nMeeTcst YHUKaabHbIid [CQ-HoMep
(UIN), 1o X0TOpoMy ero MOKHO BbI3BaTh. CTaTh a0OOHEHTOM CETH
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JOCTaTOYHO MPOCTO — HEOOXOAMMO 3aPErUCTPUPOBATHCS HA CEPBEPE
http://wwp.mirabilis.com WM Ha PYCCKOSA3BIUHOM CEPBEPE WWW.icq.Tu.
Cepsepsl, nogaepxkusaromue [CQ, Takke 4acTo 0ObEIUHSIIOTCS B UH-
TepHET-NeHKUHTOBbIe ceTh. CepBHC IMO3BOJISIET BECTHU IIEPETOBOPHI (B
PYCCKOM s3bIKE IMOSIBUJIIOCH [1ak€ HOBOE CIIOBOOOpa3oBaHUE
“yaTuThed”, OT clioBa chat — “mpyskeckuii pasroBop, Oecena”) B
peaJlbHOM BpPEMEHM BJIBOEM MJIM MHOIUM IOJIb30BATEISAM
OJIHOBPEMEHHO, OOMEHUBATHCSA COOOIEHUSIMU, NIEPECHIIATE (haiiyibl U
T. 1. JIto60i1 yenosek, He nmeromuii [CQ, MOXeT mocnaTh IPyroMy ¢
ICQ coobmenue Ha ero ICQ-neiikep, MO0 3aii/ist B CETH Ha aJipec
http://wwp.mirabilis.com/****** e BMecTO 3Be3104€K €ro HOMED,
6o mociap e-mail Ha aapec *****@pager.mirabilis.com. Bnagenerr
ICQ mmeeT BO3MOKHOCTh 3a0JI0KMPOBATH IPUEM COOOIIICHUH C WWW-
neimKepa uitm ¢ e-mail-express.

Bo3zmoscnocme pazzosapueams ¢ muozumu oovmu ¢ nomougpio IRC.
IRC (Internet relay chat) — 30 cga3xa kpynuvix cemeii (Efnet, Dalnet,
Undernet u a1p.), B KaXA0¥ U3 KOTOPBIX COTHU YaTOB U JECITKU THICSIY
nonb3oBateneit. Odunmansubiit orcuet ucropun IRC Benercs ¢ 1988 r.
NmenHo torma ¢puHCKUH cTyaeHT J)kako, HEKOTOPOE BpeMsi Or0BO-
pYB Ha MHOTOJMHEHHBIX JJIEKTPOHHBIX JOcKax oObsiBneHuit (BBS),
3a/1a7ICs LENbIO CO3MIATh Heumo noxoaicee 8 Internet, Ho Honee 2nobao-
nozo macumata. Torna u nosiBunack nepsasi cetb IRC — Efnet. Ce-
ronus cepsepsl Internet, nogaepxusatomue IRC, o0bennHens! B enu-
HYIO CETh 110 BCEMY MUDY.

Kananer B IRC (channels) MoxHO cpaBHUTH C KOMHATAMH — BbI
“3axomuTe” Ha KaHaJ, M TOCIe ITOTO JIIodast Bama (pa3za MOXKET ObITh
yCITBIIIIaHA BCEMH, KTO HAXOUTCS Ha TOM )K€ KaHaJIe — BHE 3aBUCUMOCTH
OT TOT'0, YTO OJIMH Balll cCOOECETHUK KUBET B ABCTpAJIUH, a IPYroil — B
HOxno#t Adpuxe. [Tpu HeoOX0AUMOCTH BBl MOKETe OOIIATHCS TMYHO —
Ballle COOOIIEHNE YBUAUT TOIBKO TOT, KOMY BbI €0 MOCTAIH.

Buoeokongpepenuyuu u uzposvie gpopmut padbomot uepez Unmepnem.
Urposeie hopMbI pabOTHI (KOMITBIOTEPHBIE UTPHI, B YACTHOCTH) 3aHU-
MAaroT MHOTO BPEMEHH IOJIb30BaTeNel. IMEHHO KOMIIBIOTEPHBIE UTPHI
MOATAJIKUBAIOT pa3pabOTYMKOB HA CO3/1aHHME U BHEAPEHUE HOBBIX I1e-
PEIOBBIX KOMITBIOTEPHBIX TEXHOJIOTUN U anmapaTHOTO obecrieyeHus,
a B HEKOTOPBIX cepax AesITeIbHOCTU YeloBeKa, HaIpUMEP B IKOHO-

393



MUKE, UTPOBBIE (POPMBI SBIISIFOTCS IEHCTBEHHBIM CIIOCOOOM arpoba-
IIUU PE3YJIbTATOB — MOJICITUPOBAHUS TIOCIICICTBUIN IIPUHSITHIX yIIPaB-
JICHYECKUX perieHnid. Ha urpoBbIX MpUHIMIIAX PaOOTHI MPOBOISTCS
(MOAEMHMPYIOTCS) PA3IMYHbIE JICIOBbIe UTPbl. IrpaTh MOXKHO MPOTHUB
KOMIIBIOTEPA, MPOTHUB OJHOTO KOHKYpEHTa (U4eI0BEKa) C MOMOIUIBIO
MojieMa, TPOTUB MHOTUX KOHKYPEHTOB C IIOMOIIBIO JIOKAJIbHBIX CETEH
i yepe3 MHtepHer. it peaym3anuu 3Tux GopM Urpbl HEOOX0IuMa
pa3paboTKa CrenraIn3upoOBaHHOTO MPOTPAMMHOTO O0eCIeueHUs .
CylecTByeT MHOTO CEPBEPOB, KOTOPbIEC MPeTHA3HAYCHBIC UCKITFOUH-
TEJILHO JIJIS1 KOMITBIOTEPHBIX UTP, TakuxX Kak: Quake, Quake 11, Team
Fortress, Warcraft II, Starcraft u MuoxectBo apyrux. Mmetorcs cefie-
HUSI, YTO ceivac pa3padaThIBAIOTCS U UCIBITHIBAIOTCS CIIELUATH3HPO-
BaHHBIE CEPBEPHI, MPEIHA3HAYCHHBIC HCKITIOUMTEIBHO JIJIST MOJCTHPO-
BaHUs U OOCITy’)KUBAHUSI UTPOBBIX (POpM paboOThl B 3KOHOMEKE. [Iist
TOTO YTOOBI KAYECTBO UTPhI OBLIO MPUEMIIEMBIM, HEOOXOAMMO Obec-
MEYUTH CTAOWIIBHYIO U BEICOKOCKOPOCTHYIO CBsI3b ¢ IHTEpHETOM.

Hemaiyto mosib3y IpHHOCHT OpraHU3aIs MEK/I1y TOJIb30BaTEIsI-
MU cucmemvl 8udeokonghepenyuti. [lpuMeHeHre TaHHOTO BHUIA CEPBHCA
HauboJIee yIauHoO ISl TPOBE/ICHHS OTIEPATUBHBIX COBEINAHUI U cOopa
JIOKJIAJIOB OT MOJYNHEHHBIX, HAXOISIIUXCS HA 3HAYMTEIIBHOM PacCcTO-
SIHUU JIpYT OT Apyra. PaboTa B JaHHOM peXUME MTO3BOJISIET MOJIb30Ba-
TEINSIM BUAETH APYT APYyra U JaKe JeMOHCTPUPOBATH APYT APYTY pas-
JMYHBIE TIPEIMEThI, 00pa3lbl, TOKyMEHThI. BecbMa nepcreKTHBHBIM
0Ka3aJIoCh MPUMEHEHHUE BUACOKOH(DEPEHIMN B MEIUIIUHE — IPH
MPOBEICHUH KOHCYJIbTAIINI, KOHCHIIMYMOB U fae onepanuii. Coep-
IIEHHO OYEBHUIHA MEPCIEKTHBA X MCIOJIb30BAHUS U B 9KOHOMHUKE.

OObeMHEHNE CHCTEMbI BUICOKOH(PEPEHIINN C OHOBPEMEHHBIM
MPOBEICHUEM UTPOBBIX (POPM PabOTHI MPETOCTABIISET IS MOJIb30Ba-
TeJield HOBbIE BO3MOXHOCTHU MOJICIIMPOBAHHUsSI, OOMEHA U YTOYHECHUS
uHpopmanuu.

9.3.3. KopnoparnsHasa cetrb MHTPAHET

ITepeuens yciyr cetn IHTEpHET 1OCTATOYHO MIMPOK M pa3HOO0-
pazen [43]. XKenanue pa3pabOTUNKOB nepeHecmu OaHHbIe 803MONCHOC-
mu Ha OoabliUe BHYMPUBCOOMCIMBEHHbIE CeMmU, d MAaKdice 0becnedunis
COOMBEMCMBYIOWULL PEAHCUM 3AUUMBL BHYINPUBLOOMCMBEHHOT UHDOpMA-
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yuu BBI3BATIO HEOOXOIMMOCTD CO37IaHUSI HOBOM CETH, MOIy4YUBIIEH Ha-
3BaHue INTRANET (MHTPAHET). IlpakTtuka co3manus mo100HBIX
CeTel pacKpblIa TTIaBHYIO UX OCOOCHHOCTh: OO AMHUTH BO3MOXHOCTh
paboThI MONIb30BaTENIEH HAT OOIIMMHU MMPOEKTAMH C BBICOKUM YPOBHEM
cepuca Unrepnera. Urak, cemvs UHTPAHET — aomo ma aice cems
WntepHet, HO opeanuzosannas u pabomarowas 8 pamkax 0moenbHoll
opeanusayuu (kopnopayuu). Umenno nosromy cetb UHTPAHET n
HA3b18A10M1 CO8PEMEHNHOU KOpRopamusHoii cemvio. CyecTBYIOT pa3iny-
HBIE TUITBI CEPBUCOB (TIEpeUeHb YCIIyT), KOTOPbIE MOTYT 00EeCTIeYnBATh-
cs B cetu MHTPAHET. Paccmorpum naHHble BUABI cepBUca Ooliee
noapoOHee, TeM 0oJjiee YTO HEKOTOPBIE U3 HUX 110 CBOMM BO3MOYKHOC-
TsIM upe, ueM ycinyru Murepnera [46, 47].

Tloumosuvie cepsucovt. CyliecTBYIONIAS CETEBAs CPeJla B paMKax Kop-
Mopalny, Kak MpaBuilo, y>Ke pacrojiaraeT CpeJICTBAMH MEPECHIIIKH CO-
OOIIeHNIT MEXTy OTJEIHHBIMU KOMITBIOTEPAMU U pabOYNMHM TpyIIa-
MU BHYTPU OPTaHU3ALNN, HATIPUMED, UCTIONB3Ys Bo3sMoxHocTu JIBC.
Ecnu sTo He rak, o MHTPAHET npenocrasisier BO3MOKHOCTB Opra-
HU30BaTh JJIA MOJIH30BaTENeH KOpopauuu (yHKIIMOHNPOBAHUE TaH-
HOro cepBuca. s 3T0r0 HE0OXOAMMO BHIOPATH MOUTOBBIN IAKET,
MOJIICP>KUBAIOIINNA 3JIEKTPOHHYIO TIOUTY HA OCHOBE MHTEPHET-HABU-
ratopa (kimenta). [Ipu BEIOOpE MOYTOBOrO MaKeTa MOXKET BOZHUKHYTh
HE0OXOAMMOCTD B YCTAHOBKE JOTIOJIHUTEIBHOTO IpoTokoia SMTP mis
oOMeHa COOOIIEHUSIMH MEKAY BHYTPEHHEH CeThIO OpraHu3aluy 1 aj-
pecaramu MaTepHeTa. [{15 moamep:kaHus 3ITOTO CepBHCa TOTPeOyeTCs
BBIJICJICHHBIN JTUOO COBMECTHO MCIIOJIB3YEMBIN cepBep OpraHU3alluu.

Daiinoswvie cepsucel. I1pyn HAMMUUK B CETH KOPIOPAIIUU BBIJICICH-
HoOro (haityi-cepBepa, MOSBIISIETCS BO3MOXKHOCTh OpraHu3anuy Gaiso-
BOTO cepBHca (mpuema-nepenadn HpaityioB MeK/Iy MOIb30BATEISIMH CETH
MHTPAHET). Onnaxo mist padorst UHTPAHET Ha ypoBHE BO3MOX-
HoCTel ceTu VIHTepHET moTpedyeTcs yCTaHOBKA Ha CEPBEPHI KOpriopa-
LMY JOIOJIHUTEIbHOTO Iporpammuoro obecrieueHus (I10) mis mpe-
JIOCTaBJIEHUs JOCTyNa K ¢aityiam Ha 6aze nmpotokosia FTP. 9To moxer
MOoTpedOBATh MHCTAIUISAIIMK Ha CYIIECTBYIONUE (aIoBbIe CEPBEPHI U
(nmm) padouue cranuuu npotokoia TCP/IP u Habopa HeOOX0MMBIX
MPOTPAMM.
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Web-cepsucor. World Wide Web — HoBeiiimii Buj cepuca, ooec-
rreunBaeMblii B paMmkax MHTPAHET. C nenpio ucnons30BaHus JaH-
HOT'O CEepPBUCA BHYTPU OOJIBIION OPraHM3alMi U HAYAIOCh Pa3BUTHE
MHTPAHET-ceteii. Web-cepBuc MokeT oOecrieunBaThCs B KOpIopa-
LMY WM OTIENIbHBIM Web-cepBepoM, Uil Jis 3TOTO OyIeT UCIOIb30-
BaTbCS YKe CyIIeCTBYIONMH (haitnoBsiii cepsep. s apdexTruBHOIM pa-
06ot1el HeoOxoaumo I1O web-cepBepa. Takxke MOKET BO3HUKHYTh He-
00XOJIMMOCTh B PACHIMPEHUH MAMSITH WX JUCKOBOT'O MPOCTPAHCTBA
cepBepa. Kpome Toro, crieryet yuuThIBaTh, 9TO Ha pabOTy U ITPOU3BO-
JIUTEILHOCTD CEpBEPa MOTYT OKa3bIBATh BIUSHUE IPYTHE TPOTPAMMBI
WJIU 3arpy’kaeMble MOJIYJIM pabounx cTaHiui ceTu. JIro6ol aBapuitHo
3aBEPILAIOIININCS MPOLIECC OCTAHOBUT paboTy Kak (hailioBhIX cepBe-
poB, Tak u MUHTPAHET B niemom.

Ayouocepsuc. Onaum u3 npeumyinects ceteit MHTPAHET sBis-
€TCSI HA0eHCHOCINb U OOCIYNHOCHTb CEMEeB020 OUANA30HAd. ITO aeT BO3-
MoxHocTh pefoctaBnenuss MHTPAHET-ycnyr, koTopsie panee ObLIH
Ob1 HegocTynHbI B UHTepHEeT. OHON M3 TAKKUX YCIIYT SIBJISETCS Tepe-
Jladya ayIMOIaHHBIX MO ceTU. B umnciio ayamoyciyr MokeT BXOJUTh T1e-
penaya My3bIKH, KIMEHTCKUX KOMUN PeKJIaMHBIX COOOIIECHUN U JTaxe
BBIJIEPIKEK U3 KOPIOPATUBHBIX 3asBiieHni mim peued. Coznas B UHT-
PAHET-cetn web-ctpaHuily HOBOCTEM, MOXHO Pa3MeCTUTh Ha HeH
ay/IM03aIKCh COOOIICHUI PYKOBOAUTENS (HAUYAIbHUKA), CTABSIIETO U
YTOUHSIIOIIETO 3a/1auy MOJYUHEHHBIM, WU APYTYI0 HHPOPMAIIHIO.

AynuocepBuC ONpeAeseT BHIOOP 000pyA0BaHUS U ONEPAIIMOH-
HOW CHCTEMBI, C KOTOpOM OH OynieT padoTats. [loaTomy, eciu ucnosib-
30BaHME AYJMOCEPBHCA SIBJISIETCS] BAXKHOW KAUECTBEHHOHN XapaKTepuc-
tnkoii MHTPAHET-ceTn, MOXET BO3HUKHYTh HEOOXOAUMOCTD B ITe-
pecmoTtpe BeiOpanHoro MHTPAHET-cepBepa niu BKIIOUEHUS B CETh
JIOTIOJTHUTENIFHOTO, CIEIMATBLHO BBIJIEJICHHOTO cepBepa ISl yCTaHOB-
KM Ha HEM ayJIHOCePBUCA.

Buoeocepsuc. s opranuzanuu B cett MHTPAHET kadectBeH-
HOT'O BHJIEOCEPBHUCA HEOOXOIUMO 6b10€ICHUE CNEYUATIbHO20 8UOeOCePEe-
pa. Buneocepsuc He orpannueH nuamnazonom MHTPAHETa. Buneo-
cepBepbl MOTYT 00ecreunBaTh HECKOJILKO BHICOIIOTOKOB, YTO MO3BO-
JIUT OJHOBPEMEHHO OTOOpaKaTh HECKOJIBKO BHUJICOKIUIOB HA OJTHON
web-cTpanuiie. BUaeoKImme MOTYT coJiepKaTh CBeJIeHUsT 00 OTAeIb-
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HBIX ACTEeKTaX ACSITeIbHOCTU OPTaHU3aIMH, HOBBIX JIOCTIKEHUSIX, TEX-
HUYECKYIO MHPOPMALIMIO WM MTpeAHA3HAYATHCS JjIsl 00yUYeHUsI mepco-
Hala u T. 1.

Buneocepsepbl TpeOytoT GoJbIIe MOLIHOCTH, YEM TPaULIMOH-
HbIe Web-CepBepbI, 1 JIOJDKHBI YCTAHABIUBATLCS HA 6bI0ECHHOU MALUUUHE.
OO0beM IUCKOBOI'O IIPOCTPAHCTBA BUIEOCEPBEPA TOXKE SIBIISIETCS BaXK-
HBIM (PaKTOPOM, MTOCKOJIbKY BUJICOKIIUITBI CAMH T10 cebe sIBIIsItoTCs (paii-
namu Oompioro oowvema. Kak u aynmnocepsep, BujeocepBep ornpese-
JISIET anmnapaTHyo miaTopMy U OMEPAIIMOHHYIO CUCTEMY, C KOTOPOH
oH Oynet pabdorath. Eciu BugeocepBUC TaKKe SIBIISIETCS BaXXHOM yac-
110 ceTt MHTPAHET, kak u B citydae ayinocepBepa, TO MOKET BO3-
HUKHYTh HEOOX00UMOCHb 000A8IeHUS K Cemu CNeYUATbHO B8blOCTCHHO20
sudeocepeepa.

Ha ocHoBe Bcero ckazaHHOTO ClelyeT cKa3aTh elle 00 OJHOU U3
ocobennocreit MHTPAHETa, a umMeHHO TO, 4TO JaHHAS CETh IIO3BO-
JisieT 0e3 0coOBIX HA TO ycuinuid o0vennHuTh 11K, n3rorosneHnsie Ha
PAa3IUYHBIX AIllTapaTHBIX IJIATPOPMax 1 pabOTaFOIINe HA PA3TUIHBIX
OTeparmoHHbBIX cucteMax. [lociaenHee 0OCTOSITELCTBO B COUETAHUH C
niepeunciieHabiMu qoctonncreamu MHTPAHET-ceteli onpenenseT ux
MEPCIEKTUBHOCTD JIJISI MACCOBOTO MCMTOIB30BAHUS B PA3JIMUHBIX (B TOM
YHUCIIe — IKOHOMUUECKUX) OpraHU3aIMSIX.

9.3.4. CetH 3/1€KTPOHHbIX [OCOK OBBABAEHHIH

Dnexmponnas docka o6vasnenuii (Bulletin Board System, B nanb-
HetimmeM BBS) gusnuecku mpencraBisieT co6oti 00Cmamo4Ho MOousHblil
1IK co cneyuansHbiM npo2pammHbiM 0becnedeHuem, no3eoasioumumM yoa-
JIEHHOMY NO6308AMENI0 OUCIAHYUOHHO 00payamscs K cucmeme u 60
8pemsi cés3u (6 pedtcume on-line ) 3HAKOMUMBCSL ¢ DIEKMPOHHLIMU 00516~
aenusmu. OnHako cerogHs BBS — 310 yxe He mpocrasi cucrema oome-
Ha coodwenusmu, Kak 31To 0bu10 B 1980-X I'T., KOrga U BO3HUK 3TOT aH-
rautickuii TepmuH. CoBpeMeHHast BBS sigisiemces: MOWHbIM mMenekom-
MYHUKAYUOHHBIM Y310M, CNOCOOHBIM NPEe00CMasumy C80UM NOb308amMe-
JSIM WUPOKULE CReKMP YCye, 8 KOMOPOM camu no cede 31eKmponHble
00bs1681I€HUS 3aUACYI0 Uepaiom gmopocmenennyio poin [47]. Enie 60b-
IITUEe BO3MOYKHOCTH OTKPBIBAIOTCS Y MTOJI30BATENICH ITPU 0O beTMHEHIT
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BBS B eaunylo ceTh 0 TEMATHUYECKOMY, OPraHU3AIUOHHOMY, TEPPH-
TOPUAIILHOMY UJIM NHOMY ITPU3HAKY.

[Tpenocrapisiemast MOIB30BATEINIO UHPOPMAYUSL HA ITEKIMPOHHBIX
00cKax 00vsasnenull cmpoeo cmpykmypusuposana. Vicrions3yemoe Ha
BBS nporpammHuoe obecriedeHne mo3BoIIsieT BMECTE C TEM OCYIIIECTBUTH
OTIEPATUBHBIN MOUCK OOBSBIICHUI TIO KITFOYEBBIM CI0BaM, (hpazam, Te-
MaM COOOIIEHUH TN UX KOMOWHAIINH.

Kax npasuio, yzen BBS conepxut 605b1110€e KOIUUECTBO TIOJIE3-
HBIX MTPOTPAMMHBIX MTPOJYKTOB CAMOW Pa3HOM HATIPABIEHHOCTH, JIO-
THYECKU pa3OUTHIX 1Mo TemaTuke. PaboTas B cucteme B pekuMe on-
line, BO3MOXXHO O3HAKOMJICHHE CO CITUCKOM Ipe/jiaraeMbix (aiios.
[Tonb3oBatens BBS, B cooTBeTCTBUM C yCTAHOBJIEHHBIM [IJ151 HET'O YPOB-
HEM JIOCTyIIa Ha CTaHIIMIO, MOXeET “miepekadath”’ (download) Ha cBoit
KOMITIBIOTEP 3aMHTEPECOBABIIYIO €r0 MHPOPMAIIUIO: OT OTACIIbHBIX
COO0O01IIEeHNH O HEOOXOIUMBIX MTOIB30BATEINIO (GANIOB U TPOTPAMM WUITH
“3akavath”’ (upload) HekoTopyro uHpopmanuio. [Tomumo 3Toro, Ha
BBS nocrynubl meppumopuu auuHot u nyOIUUHOU NePenucKu MedrHcoy
noavzoeamensimu dannoi cmanyuu. Taxum ob6pazom, Ha BBS moxHO
pa3MeraTh 00IIMe COOOIIEHUS, PeKIaMy, 00bsBICHHS O po3bicke 110,
AHOHHMMHBIE MMOCIAHUS U IPYTYIO HH(pOpMAIIHIO.

3a HapyeHue ycraHaBiuBaeMbix Ha BBS mpaBui no Bosne Cuc-
memHo20 Onepamopa (B nanpHeimem CucO11) — OTBEUATOIIETro 3a pa-
0OTY CTAaHIIMU YEJIOBEKA — MOYHO JIMIIUTHCS TaIbHEHIIEro TOCTyIIa
k nanHoi BBS. Kaxapiit 3aperucrpuposanubiii Ha BBS nonb3oBatens
MOJIydaeT CTporo orpanudeHHbId CucOn cymounbiii nepuod epemeHu
0JIs1 peanu3ayuu c60UX HAMepeHuil U yceaanuti. ITOTo MHOTAa ObIBacT
HEIOCTATOYHO JAXe ISl TOTO, YTOOBI MPUHSATH CITUCOK JJOCTYITHBIX Ha
nanHoit BBS daiinos (tak HaszpiBaembiil Filelist). [Tpu ynoBnerBope-
HUM NIOJIB30BaTENIEM olpeieleHHbIX TpeboBaHuit CrucOI MOXKET n0gbl-
cumbw yposenv docmyna (Access Level) monb3oBaTens k gaHHoi BBS.

Cywecmgyem mnodncecmso kaaccugpuxayuii y3nos BBS. Onu 0b1-
BAIOT JIFOOUTEIBCKUMU WIIM MPOQPECCHOHATIBHBIMU, CTPOTO OPUEHTH-
POBAaHHBIMHU Ha OIPEAEIIEHHYIO TEMY HJIM COBOKYIHOCTH TEM,
KOMMEPUYECKUMH M OECTUTATHBIMH, 24-9aCOBBIMH U C OTPaHUYCHHBIM
BpeMeHeM paloThl (Kak MpaBuiio, paboTalomye HOYbIO; THEM Ke —
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3TO OOBIUHBINA I'OJIOCOBOM Tene(oH), OJTHOIMHEHHBIE 1 MHOTOJIMHEH-
HBIE U T. 1.

K nmpodeccnonanbHpIM CTaHIMSM OTHOCATCS KPYIIHBIE CETEBbIE
cepBepbl Wi 1ienble ceTi BBS, mogobusie Elvis, Izhma, Kiae, Simte,
Chci u ap., a Takke HeOOJIbIINE Y3KOCTICIIMATU3UPOBAHHBIE CTAHIIUH
i cetu. OcoGeHHocThIo ceTeit BBS siBisieTcs To, 4TO KaKIblii y3ei B
CEeTH I10J OOIMM ee Ha3BaHUEM UMEET CBOI NOPSIKOBBIM HOMED U, Kak
IIPaBUJIO, HEKOTOPYIO YACTh €AMHOI'O CEPBUCA, XapPAKTEPHOTO /17151 BCEH
ceTH B 11e710M. OT/AETbHBIE Y3JIbI CETH MOTYT UMETh ULTIO3bL 0151 bIX00d
Ha Opyeue cemu NI omoenavivle Y316l BBS. I'maBHbIe OTIIMYMS OpraHu-
30BaHHBIX TAKMM 00pa3oM ceTel 3aKIII0YaloTCs B MPEIOCTaBICHUH
JOCTYTA 10 UCTIOIB30BAHNIO HHPOPMAIIMOHHBIX PECYPCOB 3a AOOHEH-
TCKYIO miaTy, 24-4yacoBoi rpaduk padboTsl, 00IbIIONH BBIOOD
npemnaraemoro [10, coBMecTuMOCTh HaHHBIX BBS ¢ BHyTpeHHUMH
JIBC opranuzaiui, npyroii cepsuc. C OypHbIM pa3BUTHEM KOMIIbIO-
TEPHBIX TEXHOJIOTUN U MPOHUKHOBeHUEeM MHTepHeTa Bo Bce chepsl
oO11ecTBa MOTOOHBIN CepBHC MOSBISETCS U HA CEpBEpPaX BCEMUPHOM
MH(OPMALIMOHHOH CeTH.

9.3.5. KomnbiorepHbie cetn Ha ocHoBe FTN-texHonorwii

Hapsiny ¢ noctatouHo mmpokuM pacnpocrpaneHueMm Murepuera
1u MHTPAHETa 6oibioii momyIsipHOCTBIO MTOJIB3YIOTCS CETH, B OC-
HOBE KOTOPBIX MPY UCTIOIb30BAHIUN MHPOPMAIIMOHHBIX PECYPCOB JIE)KUT
HETOCPEICTBEHHBIN JIOCTYN K MHPOPMAIIMU TTO0 KOMMYTHUPYEMBIM —
yare Bcero Tele)OHHbIM — KaHajaM cBsi3u. boiee Toro, komnsromep-
Hble cemu Ha 0CHO8e mak Hazvieaemvlx FTN-mexnonozuii ovliu ceoeeo
pooa pooumensmu uoeil pazeumus coepemerHvlx cemeti VIHTEpHET U
MHTPAHET. B cBOe BpeMs MIMPOKOE pacIpoCTpaHeHHE IIEPCOHATIb-
HBIX KOMITBIOTEPOB U OBICTPOC BHEAPEHUE HOBBIX HETOPOTUX CPE/ICTB
CBsI31 (MOJIEMOB) C/IeJIajio BO3MOYKHOM Mepeaavy TaHHBIX 110 TellehOoH-
HBIM JIMHHUSM HATIPSIMYIO OT OJHOTO KOMITBIOTEpA K Apyromy, 6e3 mpo-
MEXKYTOYHBIX 3BEHBCB B BUJIE OOJIBINUX MAIIMH WX JOTIOJTHUTESIIbHBIX
TEXHUYECKHUX YCTPOMCTB; IMPU 3TOM YIAJICHHOCTD OTIPABUTENS OT aJl-
pecata uMena mainoe (WM BooOIe He uMmena) 3HaueHue. Kaxapii
MOJIb30BATEINb MEPCOHATBHOTO KOMITHIOTEPA TOJIYUHJI BO3MOXKHOCTD
CTaTh NPOQEeCcCHOHAIOM Ha COOCTBEHHOM KOMIIBIOTEPE U CaM Mpeaoc-
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TaBIISATh IPYTUM HHGOPMALIMOHHBIE yCIyTu. Tak co3aaBaiuch Komno-
fomepHble cemu nepeoasu OaHHbIX ¢ 000POBONbHBIM pacnpedeieHuem 00si-
3annocmeti no oomeny ungopmayueii. IlepBast Takast ceTb MOsSBUIACH
BCEro Yepe3 TpU Irojia rocie Bbixoaa Ha peiHOK nepBbix IBM PC. Oto
obu1a ceth Fidonet, 3amymanHass UMEHHO IS 00beouHenust nepcoHa.b-
HBIX KOMNbIOMEPOB, UCNONb3YEMbIX 6 KAUeCmee He3a8UCUMBLX MeleKOM-
MYHUKAYUOHHBIX CUCIEM.

HedopmanbHelii AyX ceTH MPOSIBUIICS YK€ B €€ Ha3BAHUU: CO3/1a-
Tenb cetr Tom JI)KeHHUHTC Ha3BaJI CeTh B UecTh cBoel cobaku Fido,
n3o0paxenue Kotopoit craino cumBosnioMm Fidonet. C camoro Hauana
CeTh HOCWJIA U HOCHUT JIH0OUMENbCKULL U HeKOMMePYeCKUull xapakmep.
YYacTHUKHU CETH TPATAT CBOU COOCTBEHHBIE IEHBI'M M BPEMSsl, UTOOBI
OHa paboTayia B MIHTEpEeCcax BCEX €€ MOTb30BaTEIICH.

Texnonorus Fidonet okazamachk cToIb MOMYJISPHOM, UTO Ha ee
OCHOBE TI0 BCEMY MUPY CO3[aHBI U (PYHKIIMOHUPYIOT OKOJIO THICSYH
JTIOOUTENBCKUX M KOMMEPUECKUX TEIEKOMMYHHKAIIMOHHBIX CEeTeH, co-
BMecTUMBbIX ¢ Fidonet mo mporpamMmmHOMYy OOecrieueH!I0, MHOTHE U3
HUX UMEIOT uu1to3vl (BOpoTa, KaHainbl qocryna) B Fidonet. Okono oOe-
CAMKA NOOOOHBIX cemeli OPUEHMUPOBAHDbL HA IKOHOMUYECKUEe, HAYUHO-
uccneoosamenvckue u yueonvie yeau. B cern Fidonet Taxxke cyiecTByer
0O0JIBIIIOE KOJIMYECTBO wii0306 ¢ cemvio VInTepHer. Eme Ha camom Ha-
YyaJbHOM 3TaIle pa3BUTUS B CTPYKTYpY ajapecoB Fidonet Oblia 3amosxe-
Ha UepapxuyHoCcmov U MHO20YPOBHEB0CMb, UTO TTO3BOJIWIO B JTaJIbHEH-
1eM pa3paboTaTh NPUHYUNBL OCYEHMPATUZ08AHHO20 YNPABTIEHUs U NOO-
0epatcKu pazeumusi cemi.

C MoMeHTa BO3HMKHOBeHMs Fidonet ee TeXHOJIOTHUYECKUE CTaH-
JapThI pa3pabaThIBAIMNCh CAMUMH YICHAMH ceTH. BHauase 310 ObutH
MPOCTO JOTIOTHUTENTbHBIE BO3MOKHOCTH, BBOJIUMBIE CO3/IATEIISIMU Tep-
BbIX Iporpamm i Fidonet, oJHaKoO cO BpeMEeHEM POCT CETH BBI3BAI
HE0OX00uMocmb boaee scecmroil cmandapmusayuu. Taxxke TOCTOSTHHO
POCITO KOJIMUECTBO TpeyraraeMpix wieHamu Fidonet n3menenuii u o-
OapieHuit k TexHosoruu Fidonet. (s perieHus BO3HUKIIUX MPO-
Onem ObLT co3naH Komumem no cmandapmam mexnono2uu Fidonet
(Fidonet Technology Standards Comittee, FTSC unu Fidonet Technology
Network, FTN ), KOTOPBI# 32 BpeMsl CBOEr'0 CyIIIeCTBOBaHUS pa3pabo-
TaJI HA OCHOBE MHOTOYUCIICHHBIX MPEUIOKEHHI YWIEHOB CETH HECKOIBKO
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JIECATKOB CTAHIaPTOB PA3IMYHBIX KOMIIOHEHTOB TexHostoruu Fidonet.
Pa3zpaboTka HOBBIX CTAHIAPTOB MPOJIOIHKAETCS U B HACTOSIIIIEE BPEMSI.

M3navansHo ceTh Fidonet nmpenHasHavanace 011 oomena auuHoil
9/IEKMPOHHOU NOYMOTU MeHCOY Y3NaAMU, NO CYMU, — MedHcOy onepamopa-
mu y3n06. Beckope Obuta paspaboTaHa mexHon102us 9X0KoHepenyui
(anamor tejexkoH(pepeHru B cetu MHTepHeT). JlaHHAS TEXHOJIOTHUS
MO3BOJIUJIA BIIEPBbIE OOBEIUHUTD MOUYTOBBIE SIIIUKU PA3PO3HEHHBIX
BBS unu ux cereit u co3nath OOIIYIO CUCTEMY 3JIEKTPOHHOTO OOMeHa
nHpopmarmeit. TexHOTOTHS 3X0KOH(DEPEHIINI Jaja MOITHBIN TOTYOK
pasButuio kak cetu Fidonet, Tak u camux BBS — pazpaboTtunku npo-
rpaMMHOTO oOecrieueHuss BBS u moutoBwix mporpamm Fidonet cranm
obecrieynBaTh B CBOMX MPOAYKTAaX BO3MOKHOCTh UHTerpanuu BBS u
y3noB Fidonet Ha ogHOM KoMmmbioTepe, U Fidonet crama moxoka Ha
“cerp BBS”: Ha Oombiieit wactu y3moB Fidonet 6bu11 pazsepHyThI BBS,
a 6ompmHCTBO BBS cTpeMuiiich moayduTh U OJTydaiu aapec B CETH
Fidonet. B nacrosiee Bpems nopsiaka 80% y3moB Fidonet mpemocras-
JISIOT JOCTYI K CBOUM PECypcam He TOJBKO IPYTUM y3JIaM CETU B aBTO-
MaTUYECKOM peXuMe, HO U mosib3oBaTelsM BBS B uHTepakTuBHOM
pesxxume. Onaxo Fidonet 6buia u ocmaemcst umenno cemuto 0t asmoma-
muuecko2o obMmena dannvbiMu, ¥ OOIBIIIMHCTBO KPYMHBIX y3110B Fidonet,
Yyepe3 KOTOPhIE TPOXO/ISIT OCHOBHBIE MaPIIPYThI PACITPOCTPAHEHHUS 10~
YTBI, He NOOOEPHCUBAIONT BX00sUUe 360HKU nob3osameneil BBS.

[TepBoe, uTO HEOOXOAUMO JIJISl TOTO, UTOOBI IOCTATOUYHOE KOJIH-
YEeCTBO TEJIECKOMMYHUKAIMOHHBIX Y3JI0B, 0ObEIUHEHHBIX B CETh, MOT-
71 OOMEHHMBATHCS MHPOPMAITNCH — ITO HaIuyue 8 cemu onpeoeieHHot
cmpyxkmypol. B Fidonet cmpyxkmypa onpedensiemes 6 nepgyio ouepeos
cemesvim adpecom y3na. Aapec y3ia B Fidonet (1 mo60it FTN-coBmec-
TUMOW CETH) IMEET YUCTIOBYIO (DOPMY M CTPOUTCS IO CXEME: 30HaA: CETh_
WJIW_perruoH/y3e1.TIOUHT.

V3en (Node) siBnsercss HauMeHbleld CTPYKTYPHOU equHMIIeH
Fidonet; B To sxe Bpemst 3T0 ocHOBHas eauauIa Fidonet.

IToiinm (Point) — monb3oBatens FTN-cetn, MpUKpEIUIEHHBIN K
y31y.

Cemb (Network) — 3To 0OBbEIUHEHHE Y3JIOB HEKOH JIOKAJIbHOM
reorpaduueckoii 00J1acTH, OOBIYHO OIpeaesieMoe 00JIaCThIO C YI00-
HOM (T. e. OecruIaTHO) TesteOHHOM CBSI3bI0 MEKIY Y3JIaMU CETH.
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Pecuon (Region) — 3T0 onpeseneHHas JOCTATOYHO KPYITHASI Teo-
rpadudeckasi 00JaCTh, BKIIIOUAIOIIAS Y3JIbI, KOTOPbIE MOTYT ObITh 00O'be-
JTUHEHbI JTM00 He OOBEIMHEHBI B CETH; TUIMMYHBIA PETHOH COACPKHUT
MHOYKECTBO y3JI0B, OOBETMHEHHBIX B CETH, M HECKOJIBKO HE3aBUCHMBIX
y3JI0B, He SIBJISIOUIMXCS YacThlo Kakoil-mnbo cetu. B anpec cetu, kak
MIPaBUJIO, BXOJIUT KaK COCTaBHAS YaCTh aJpec peruoHa, KOTOPOMY IpH-
HAJUIEKUT 3TA CETh.

3ona (Zone) — 3TO HamboJee KpyIHas CTPYKTYpHas €AUHHIIA
Fidonet, 6omnpias reorpaduueckas 001acThb, BKIIOUAIOIIAS MHOXeE-
CTBO PErMOHOB M OXBATHIBAIOIIAS OJTHY MIJIM HECKOJIBKO CTPaH U (MUJTH)
KOHTUHEHTOB. Fidonet nacuumvisaem wecmo 30n: 1 — CeBepHast Ame-
puka; 2 — EBpomna u teppuropusi 6siBiero CCCP; 3 — ABcTpanus u
Oxeanus; 4 — HOxnas Amepuka; 5 — Adpuka; 6 — Azus.

TaxM 00pa3oM, cereBast MPUHAJIEKHOCTH KOHKPETHOTO Y371, HATIPH-
Mmep 2:5020/113, ompenenstercst kak y3ei 113 cetu 5020 perriona 50 30HbI 2
Fidonet. ['eorpadguyeckoe MECTOIIOIOKEHNE Y37Ta MOYKHO TAKKe OTIpeie-
JIUTh U3 ceTeBoro aapeca: 2 — EBpona, 50 — Poccust, 20 — Mockaa.

Urax, ctpykrypy cetu Fidonet MoxHO npencraButh Ha puc. 9.3.4.

Fido|net (IC, IEC)
3oHa 3oHa .. 3oHa (ZC,ZEC)
peruoH pEerMoH ... peruoH peruon (RC, REC)
ceTh ... ceTh (NC, NEC)
y3en ... y3eln (SysOp)
MOUHT ... TIOUHT (Point)

Puc. 9.3.4. Crpykrtypa tnosow FTN coBmectumoli cetu
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B nmpaBoii yacTu pucyHkKa B COOTBETCTBHH C UEPAPXHUECKUM YPOB-
HEM TIPUBEICHO Ha3BaHUE JIOJDKHOCTH, BBIOOPHOH B CETH €€ UJICHAMHU
T Bcewt cetn — Humepuayuonanvrulii koopournamop (1C) u unmepna-
YuoHabHuIi Koopouramop sxoxougepenyuti (1IEC); miist 30HbI — 30HAIb-
motii kKoopounamop (Z.C) N 30HATbHbI KOOPOUHAIMOD IXOKOHpepenyuti
(ZEC); nanee — nannoHanbHbIN KoopauHaTOop (NC) 1 HALIMOHATBHBIN
koopauHaTop 3xokoH(pepenuii (NEC); cuctemusiii orrepatop (SysOp)
u Point.

ITo Mepe pa3BUTHSI CETH 1 CAMHUX MOJIEMOB BO3HHUKJIN M PA3BUIIUCH
gatinosvie kongepenyuu (File-Echo Conference), riue ¢ kauecmae
EMEHMAPHBIX eOUHUY BbICIYNAIU He co00wenus, a gaiiivl. Tem caMmbiM
YJIeH CETH, pa3padoTaBIIUA, IO €F0 MHEHUIO, TEHUAIBHYIO TPOTPaAMMY,
MOT pa3ociaTh ee oCPeICTBOM (GailioBOi KOH(PEPEHIIMH BCEM Ha Hee
TTOATIMCAHHBIM TToTh30BaTemsIM. [IpaBaa, exxeqHeBHbIN MOTOK (Traffic)
B TAKUX KOH(EPEHIIMSIX COCTABIISIET OT OJHOTO JI0 HECKOJIbKHUX Mera-
0alTOB B J€Hb, HO CYIIECTBYIOIINE HA JAHHBIH MOMEHT MOIIHOCTH
MO/JIEMOB MO3BOJISIIOT MOJJAEPKUBATH UX 0€3 0COOBIX HA TO YCHIIMH.
Yucno ke opUIMAITBHO CYIIECTBYIOIIMX Ha CETOJIHSIIHUN IeHb (ali-
noBbIX KoHGpepeHuit B cetn Fido npesviuaem 2000. s kaxmon us
HUX pa3pabaThIBAIOTCS onpedeieHHble Npasuia noJib306aHus KOHPEPeH-
LUCH, & NOIb306aAMeNU Cemu 20J10COBAHUEM 8bIOUPAIONT MOOepamopa —
OMBEMCMEEHH020 3d NOPSAOOK 8 (Patinosoil KoHepenyuu (IXoKoHpepeH-
yuu ). Ochosononaearowum npunyunom Fidonet sBiseTcs odecneuerue
B03MOIICHOCIU NEPeOayU OAHHBIX HANPAMYIO om 006020 y3aa Fidonet k
a000MY Opyeomy y31y. ITO 00ECICUMBACTCS PACIPOCTPAHCHUEM Cpe-
I BCEX Y3JIOB CETU CIUCKA-CIPABOYHUKA Y3JIOB, WU HOOIUCMA
(Nodelist). Hommuct npeacrasisier co00il CTpyKTypUPOBAHHOE TEKY-
niee onucanue y3iaoB Fidonet u o cyTu fena onpenensier camy CeTb.
AKTYyalbHOCTh HOJITUCTA MOICPKUBACTCS BBIITYCKOM €KEHEIETbHBIX
(haiiToB M3MEHEeHMI 1 JOOABIEHUH C PACCBUIKOM MX IO CETH.

C pacmupenuem Fidonet 1 pocToM ee TONyJIIPHOCTH TTOSIBHIIOCH
JIOCTATOYHO OOJIBIIIOE KOJIMYECTBO JTIOCH, CTPEMSIIIUXCS K OOIICHUIO
B Fidonet, sxemaronmx oTHpaBiIsasTh U MPUHUMATH MOYTY U (aiiiibl B
ABTOMAaTHUYECKOM peXHnMe, a He uepe3 BBS, HO He nMeronx BO3MOXK-
HOCTHU noiiepkuBath y3eln Fidonet. CormacHo nepBoHayaIbHBIM CTaH-
nmapram Fidonet m1st Takux moip30BaTeNei Ha y371ax, K KOTOPHIM OHU
MOKITIOYAJINCh, 00Pa30BBIBAIIUCE “ncesdo-cemu” (fakenets) ¢ mpowus-
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BOJIbHBIM HOMEPOM CETH; ITPU OTIIPABKE MTUCEM ITUX MOJIb30BATENEH C
y3na Fidonet B Hux moacrasisiics peanbubiii Fidonet-agpec y3ma-ot-
npaBuTens. B gajapHeleM cOCTaBUTENN CTAHAAPTOB OTKA3aJIUCh OT
9TOTO AJITOPUTMA B MOJIB3Y OOJIee YI0OHOTO, BBENS CUCIEMY NOUHIMOE.
[To¥HT, MOChIIAIOIINI TTOUYTY Yepe3 OMPEAETICHHBIN y3el, MOb3yeTCs
aJIpecoM y3i1a, K KOTOpOMY uepe3 TOUKY J100aBJIeH HOMep MOWHTa, Ha-
npumep 2:5020/113.1.

[To#iHT He 00s13aH COOTIOAATH TEXHUYECKUE MTPOIIETYPhI, yCTAHOB-
JieHHbIe I y3i1a Fidonet. MakTudecku MOMHT IPEACTABIISICT COOOM
nonp3oBateisi BBS, HazeneHHOro ceTeBbIM apecoM U UCIIOJIb3YIollie-
ro Fidonet-coBmecTnmoe mporpammHoe oOecriedeHne s paboThl C
noutoii. B Fidonet BeayTcst u pacnpocCTpaHSIOTCS CITUCKH ITOMHTOB
OT/IETIbHBIX CETeH B opMaTte, aHAIOTMYHOM HOJITUCTY.

[TosiBnenue Fidonet B Poccuu BecHo# 1990 r. 6b1UTO0 BIIOTHE B AyXe
ceTu — reppoii Fidonet-coBMeCTUMOI ITOUTOBOIM CUCTEMOI Ha TEPPHU-
Topuu Poccuu ObUT MOWHT OJHOTO U3 MOJBCKHUX Y3JIOB, PACIIONIOKEH-
Hbiii B HoBocubupcke (!). biaromapst Tomy 4To B CTpyKTYype aapecoB
Fidonet 3apanee ObLTO 3ape3epBUPOBAHO aAPECHOE MTPOCTPAHCTBO IS
Poccun, Ha Beet TeppuTOpPUE CTPAHBI CETh CMOTJIA Pa3BUBATHCS B 00IIb-
eN Mepe Kak eIMHOE IIEJIOE.

MOKHO ¢ yBEPEHHOCTBIO CKa3aTh, YTO MOYTH 3a JACCITh JIET Pa3-
Butus Fidonet B Poccuu craia He mpocTo CeThIO 3IEKTPOHHOU ITOYTHI,
a KpyIHEHUIIUM SIBICHUEM, OOBETUHSIIONIIM COTHHU THICSY YEJIOBEK BO
BceX KoHLax crpanbl. Poccuiickas Fidonet npennaraer monb3oBate-
JISIM PYCCKOSI3BIYHYIO Cpey [JIJIsl OOIIEHHUS MO CaMOMY HIUPOKOMY KpYy-
Ty BOIIPOCOB — OT CYI'yOO TEXHUYECKHUX /IO Y3KOHATPABIEHHBIX TEM,
BKJIIOYAsl 3KOHOMUYECKHE.

B 3akiroueHne JAaHHOTO MyHKTa OTMETUM, UTO JIAlIbHEIIee pas-
BUTHE aBTOMATHU3AIIMN HHPOPMALIMOHHOTO 00eCIIeYeHH s IeATeIbHOC-
TH JOJDKHOCTHBIX JTUI B JIFOOOH mpodeccnoHaabHOM chepe — B TOM
YHUClle U B 9KOHOMUYECKOW — HEMBICIMMO O€3 MPUMEHEHUS CETEBBIX
TEXHOJIOTUH — OT JIOKAJIbHBIX J10 I100aIbHBIX.

Bonpocbl ana camonpoBepKu

1. JaiiTe onpeieieHus TOHATUN “ceTh”, “BBIUMCIMTEIIbHAS CETh,
“nHpopMaLIMOHHAS CETh .
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2. YTo naer co3paHue KOMIBIOTEPHBIX CETEN MOJIb30BATENSIM?

3. Kakyro ceTh Ha3pIBAIOT JTOKAJIbHON?

4. KakoBbI €€ JOCTOMHCTBA U HEJOCTATKU?

5. Yto cerogus Ha3piBatoT MHTEpHETOM?

6. BcmoMHUTE OCHOBHBIE MYTU UCIOIB30BAHUS BO3MOXKHOCTEH
WurepHera.

7. IlosicHuTE HA3HAYEHNE OCHOBHBIX CETEBBIX IIPOTOKOJIOB.

8. Kakum oOpazom oprannsyercs nepefaya JaHHbIX B IHTEepHETE?

9. Ilouemy nHorna MHTepHeT Ha3bIBAIOT “MH(MOPMAIMOHHOU
CBAJIKON™?

10. IMoscuute naen opranuszamuu ceteit Uutpaner, BBS, FTN.
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10. OcHoBbI NoCcTpOEeHHUs
M UCNOJIb30BAaHUA UHTENNEKTYaJIbHbIX
MH(OPMALIMOHHBIX CUCTEM

10.1. MeToponoruvyeckue OCHOBbI TEOPUH
MCKYCCTBEHHOI0 MHTE/I/IeKTa

TepMUH “UCKYCCTBEHHBIN MHTEUIEKT OTHOCHUTCSI K TPYIIE Tep-
MHWHOB U TIOHSATHH, TTOJIYUYUBIINX BEChbMa IITUPOKOE PACIIPOCTPAHEHUE,
B TOM YMCIIE U Y HECHIEMAINCTOB. He mbITasich cpa3y 4eTKO U MOJHO
OTPENIEITUTh 3TO MOHSITHE, 3aMETUM, UTO OOJIBIIIMHCTBO JIIOJIEH TpaK-
TYIOT UCKYCCTBEHHBIN MHTEIUJIEKT KAK CPABHUMENbHO HOB0E HAYYHO-MEX -
HUYecKoe Hanpasienue, ¢ KOMopPbiM C853bl8aI0M HA0EHCObl HA PE3Koe ) Be-
JuYenue QYHKYUOHAbHBIX BO3MONCHOCEN MeXHUYeCKUX 00beKmMos, 6
YACMHOCIU 8LIYUCTUMENIbHBIX CUCIIEM, UCNOIbL3YEMbIX 68 Kauecmee
Cpeocms asmoMamu3ayuu pa3iudHslx cghep npogeccuonanbhotl desmel-
HOCMU 4eN08eKd: YNPABIeHUs], NPOeKIMUPOBAHUsL, NPOU3BOOCMEA, 00YYe-
HUS1, UHOYCIPUL 0OCIYHCUBAHUSL U PAZGACYEHUL U 1. T.

st Toro uToOBl METOIMUECKH BEPHO IMOJOUTH K OINPEIEICHUIO
OCHOBHBIX IMOHATHUU TEOPUU MCKYCCTBEHHOTO WHTEJJIEKTA, CHaJajia
KpPaTKO paCCMOTPUM OCHOBHBIE 3TAIIbI €TI0 UCTOPHH.

10.1.1. Kparkas ncropmueckas cnpaBka

HcTopusi MCKYCCTBEHHOTO MHTEJUIEKTA HACUMUTHIBAET BCETO He-
CKOJIbKO Oecsamuiemuti, XOTsI CO3AaTh “AyMAIOIIyIO MAIINHY ~ MEUTAJIH
MHOTHE TIOKOJieHus rojei. [1epBolilt MexXAyHAPOIHBIM KOHTPECC IO
HCKYCCTBEHHOMY MHTEJUIEKTY cocTosuics B CLLIA B 1969 1., emy nipen-
IIIECTBOBAJIN UCCIICIOBAHUS B Pa3HBIX CTPAHAX U HAIIPABJICHUSIX:

— B 1950-¢ rr. OBUIM HaYaTHl PA0OTHI TI0 MAUUHHOM) NEPe8Od) C
OJTHOTO SI3bIKA Ha JPYTOIA;
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—B 1957 1. ®@. Po3eHO1aTOM OBLIO MIPEIOKEHO YCImMpoicmeo Oist
PAcno3Hasanusi 006paz08 — nepcenmpoH, TOJIOKUBIIEe HAYAIO pa3pa-
0OTKe OOIBIIOro YHCja JPYTUX YCTPOUCTB IMMOJO00HOTO THUIA (B TOM
yucne u B CCCP — nanpumep, B Pure JI. 'openukom);

— B 1959 1. I'. Caiimon u A. Heroa51 pazpabortanu mporpammy
GPS (General Problem Solving programme) — yHUBEpCAJIbHBIN pe-
wiamenv, TpeAHA3HAUCHHBIN 17151 pa3pellieHHs] pa3InIHbIX 3a/1a4 U3 ca-
MBIX pa3HOOOpa3HBIX obacrei [12], u ap.

Kax sBCTByeT M3 MEepEeYUCIICHHBIX PUMEPOB, MEPBOHAYATIBLHO Ha
CUCTEMBI, CBSI3aHHBIEC C UCKYCCTBEHHBIM MHTEJIJICKTOM, ITBITAJIUCH BO3-
JIO)KUTh Pa3IMYHbIe, HO BECbMa YHUBEPCAJIbHBIC 3a/1a4H.

OIHaKO HAAEKIbI, TOPOKIACHHBIC MEPBBIMU YCIIEXaMH B JJAHHOU
00J1acTH, MMOJTHOCTHIO HE ONPABIAIINCE. 3aaua MAIIMHHOTO ITePEeBO1a
oKa3zajach TOpasio CIOKHEe, YeM MPEIIoIaraioch, U ee peaan3alus,
poTHO3MpoBaBIascs Ha 1960-e IT., OTOBUHYJIACH HA ABA JACCSATUIIC-
TUA (KCTaTH, TOpas3ao OoJbllee paclpoCTPAHEHNE TTOTYyYUIM aBTOMA-
TU3UPOBAHHBIE CJIOBAPH, IO3BOJISIIOIINE MTOJTYYUTh U3 HICXOTHOTO TEK-
CTa TaK HAa3bIBAEMBIN MOACTPOUHBIN MMEPEBOJI, a HE “TIePEBOTUNKH B
TTOJTHOM CMBICJIE 9TOTO CIIOBa). Y HUBEPCAJIbHBIN peraTess 3a1ad, J10-
BOJIBHO YCIICITHO JTIOKA3bIBABIINI JTOCTATOYHO MPOCTHIC JTOTUUECKHUE
TEOpeMBbI, OKazajcsl KpaiiHe Hed(D(PEKTUBHBIM MPU PEIICHUU JPYTUX
337144, B YACTHOCTH ITPU MHOTOYHUCIIEHHBIX MOMBITKAX aBTOMATHU3UPO-
BaTh TPy B mmaxMatsl. He ymaBanock Takxke 10cTaTouHO 3(h(HeKTHBHO
pacro3HaBaTh peaabHbIe H300PAXKEHHS yCTPONUCTBAMU MIEPCENTPOHHO-
ro THUIIA.

Bmecre ¢ TeM, HecMOTpsI Ha HEeyIa4d, 3TOT ITAI UMEN OOJIBIIIOE
3HAaYeHUE JIJIs1 NCKYCCTBEHHOTO MHTEJUIEKTA C TOUYKHU 3PEHUs IBYX 00-
CTOSITEIILCTB:

® BO-TICPBBIX, OH HOKA3AL 803MONCHOCU UCNOb308aHUss DBM ¢
ABMOMAMuU4eckoM pexcume TIPU PEIICHUH 33124, PAHEe pelaeMbIX TOJTb-
KO YeJIOBEKOM;

® BO-BTOPBIX, HA 3TOM 3Tare ObUTH 0mpabomansl pasiuyHbie cno-
CO0Obl U npUEMbL peuleHUsi UHMELIeKMY AbHbIX 3a0ay, XOTS CTPOT O Teo-
PUHU UCKYCCTBEHHOT'O MHTEJIEKTA eIIle He ObLIO.

PaboThl MO NCKYCCTBEHHOMY MHTEIUIEKTY MPOI0KAIIUCH, pa3pa-
0aThIBAJIUCh IITyOMHHBIC TEOPETHUECKUE BOIIPOCHI U MX MPOrpaMMHast
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peanuzanus. B yacTHOCTH, MHOTHE UCCIIEIOBATENH MTPOIOIIKIIN pas3-
paboTKy aJITOPUTMOB M MPOTPAMM IIAXMATHOH UT'PbI, 3aBEPIINUBIIICH-
cs B 1967 1. IepBBIM UeMIIMOHATOM MUpa IT10 IaxmaTtaMm cpeau DBM
(ero BeIMTpasia coBeTckas nmporpamma “Kaucca”, pazpaboraHHas B
Hncruryre npobnem ynpasienus AH CCCP). Otmetnm, 4To 10 moc-
JIeTHETO BPEMEHU MPOI0JIKAIOTCS TOMBITKHY PEIIUTD CIIOP O TOM, CIIO-
cobHa nu mporpamma Ha DBM nepeurpath yenoBeka (MHOTAA TAKOU
MIPOIIECC HAa3bIBAIOT COPEBHOBAHUSIMU “KPEMHHEBOIO” U “OCIIKOBOTO”
maxMatucToB). B wactHoctH, yemmon mupa I'. KacriapoB HeoqHOK-
pPaTHO UrpaJl C MIaXMAaTHBIMU ITPOrpaMMaMu, pa3paboTaHHBIMU B pa3-
HbIX crpaHax (CLLA, 'epmanum), ¢ mepeMeHHbIM ycriexoM. MHorue
CMELMAIMCTHI CBS3bIBAIOT yCIEX WJIM HEyJady 4yelloBeKa B UTPe C Ma-
IIMHOW C perjaMeHTOM TPOBEICHHS MaT4a: TIPH MPOBEICHUH OJUII-
NMapTUH YeJIOBEK, NCHCTBYIOMNN TTO MHTYHUIIUH, UMEeT OOJIbIIe IaH-
COB Ha BBIUTPBIII; TIPU OTPAHNYECHUN BPEMEHU HA TAPTHIO TSATHIO WIH
JBALIATHIO MATHI0 MUHYTAMU (“OBICTpBIE IAXMAThl’) BO3MOKHOCTH
OBM 10 npocuery BapuaHTOB B psJie CIyyaeB MMPEBBIILIAIOT YeIOBe-
YeCcKHe; CIIOKHEe OTAATh MPEUMYIIECTBO OJHON U3 CTOPOH IMpPH KJlac-
CUUYECKOU Urpe.

HoBoe pa3BuTie paOOThI 110 UCKYCCTBEHHOMY MHTEIUIEKTY ITOJY-
yun B 1980-e rr. Teopernueckuii 3a1em, CO3/1aHHBIN HA IEPBOM 3TATIE
Pa3BUTHS MHTEJUIEKTYaIbHBIX CUCTEM ITPU PELLIEHUU JOCTATOYHO “Mell-
KMX”~ 3a/1a4 (MallMHHBIE UTPHI B IIAIIKH, IIAXMaThl; COYMHEHUE CTHU-
XOB U MY3bIKU; IEPEBOJI U T. I1.), IPUBEJ K BaKHBIM ITPAKTUYECKUM pe-
3yJIbTaTaM — TAKUM, KaK CO3TaHUE IKCHEPMHBIX CUCHIEM, UHMELIeK-
MYAbHBIX PACUENHO-T02UYeCKUX U UHPOPMAYUOHHO-NOUCKOBLIX CUCTIEM,
UHMETLIeKMY AIbHBIX NAKEMO8 NPUKIAOHbIX npoepamm n T. 1. Kpome Toro,
MPAKTUUECKUE YCIIEXU B CO3JJaHUU CUCTEM UCKYCCTBEHHOTO MHTEJIJICK-
Ta BBI3BAJIM K JKU3HU HOBBIE MTPOCKTHI, B YACTHOCTH MPOEKTHI pa3pa-
6otk DBM crenytoiero (o HanboJjiee pacpoCTpaHEHHON KJIaCCH-
¢uKamu 5-T0) MOKOJIEHUS, KOTOPbIE JOKHBI YMETh OOIIATHCS C
MTOJIH30BATENIEM Ha €CTECTBEHHOM (WUTH OJTM3KOM K HEMY) SI3BIKE; pe-
IaTh HE BIIOJIHE CTPYKTYPHUPOBAHHBIC 3a/1a4UH; JaBaTh pa3yMHBIE CO-
BETHI 10 IIIMPOKOMY KPYTy IpOoOJIeM U T. JI.

BmecTe ¢ TeM criennanucThl MpoI0KalT 00CYKIaTh MHOTHE OC-
HOBOTIOJIATAIONINE BOMPOCHI, HATPUMEP, UYTO TAKOE MCKYCCTBEHHBIN
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HWHTCIIJICKT, I/ICKYCCTBGHHBII\/'I pa3yM? B UCM HX OTJIMYUA, UTO SABIACTCA
npeaAMETOM TCOPUN UCKYCCTBECHHOI'O MHTCIIJICKTA. 2

10.1.2. OcHOBHbIE NMOHATHUA
M onpepeneHUss TEOPHH MHTENIEKTYa/IbHbIX
HH(OPMAaLHOHHbBIX CHCTEM

CrieiyeT OTMETHTh, YTO CTPOTroro (popMaIbHOr0, HAYYHOTO) OTI-
penenieHus MOHSITUS “‘€CTeCTBEHHBIN MHTEIEKT , BOOOIIE TOBOPS, HE
cyiectByeT. B cuiy aToro emie TpyiHee onpeaenuTh MOHSITHE “HCKYC-
CTBEHHBIN MHTEIUICKT” . JIJ1 TOro YTOOBI PEIINTh 3Ty 3a]a9y, HE00XO0-
JIMMO YSICHUTH 3HAYE€HUE TAKUX TEPMUHOB, KaK UHMEIEKM, NCUXUKA,
co3uanue, pazym.

Humennexkm. Paznuyaior GopMynupoBKH TaHHOTO MOHSITHUS IO
HECKOJIbKUM HalpasjieHusm [21, 22]:

o unocodekyio;

® OHOJIOTHYECKYIO;

® TICUXOJIOTUYECKYIO.

B ¢unocoguu mom MHTENNIEKTOM TOHUMAIOT TTO3HAHUE, TTOHUMA-
HUE, PACCYIOUHYIO CITOCOOHOCTH K a0CTPaKTHO-aHATTUTUUECKOMY pac-
ynenenuto (I. Terenp), crmiocoOHOCTH kK 0Opa3oBanuto noustuii (M.
Kanr).

B ncuxonozuu o MHTEIICKTOM MTOHUMAIOT XapPAKTEPUCTUKY YM-
CTBEHHOI'O Pa3BUTHUS UHIUBHIYYMA, ONPEACIISIONIYIO €r0 CITOCOOHOCTh
LieJIEHAITPABIIEHHO AEWCTBOBATH, PALIMOHAIBHO MBICTIUTD U 3PPEeKTUB-
HO B3aUMO/ICHCTBOBATH C OKPYKAIOIIUM MHPOM.

B ouonocuu mon MHTEIEKTOM MTOHUMAIOT CTOCOOHOCTH a/IeKBaT-
HO pearupoBaTh (MPUHUMATDh PEIICHUS) B OTBET HA U3MEHEHUE OKPY-
JKaromiel oO0CTaHOBKH.

BaXXHO OTMETUTh: UHmMENIeKM — 21O CEOUCHBO OMOCIbHO20
cybvexma. B 4aCTHOCTH, MHTEIJIEKTOM MOXKET 00JIaaTh HE TOJBKO
YeJI0BeK, HO U 11000t 00bexm, 00J1aIatouii yKa3aHHBIMU BBIIIIE Kave-
CTBAMU — CIOCOOHOCTBIO K 00pa30BaHUIO TIOHSTUM, a0CTpaKTHO-aHA-
JIUTHYECKOMY MBIIIICHUIO, IIeJICHAIIPABICHHOMY JCHCTBUIO.

Pazym. B oTiivune OT MHTEIUICKTA pA3yM — Kameopus cyeyoo
yesoeeyeckas, OMMMPAIONAsICS Ha CO3HAHUE KaK BBICIIYIO (OPMY TICH-
XOJIOTHYECKOH AesITeIbHOCTU. [IpUHIIMTTNAILHBIM MOMEHTOM B OTIpe-
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JIEJICHUH pa3yMa, TaK jKe KaK U CO3HAHUs, SIBISETCS UX OOIIecTBEH-
HBIH, COITMATBHBIN XapaKTep, IOCKOJIBKY U TO U IPYroe moHsiTue chop-
MHPOBAJIUCH B PE3YJIbTATE COBMECTHOHN YeTTOBEYECKOH JESITEIbHOCTHU.

Yacto ucnosib3yroT COBMECTHO MOHSITHS paccydok u pazym. V-
TEPECHO, YTO B AHTHYHON (pustocopuu cUUTanoch, 4TO €ClIu paccy-
JIOK — CIIOCOOHOCTb PacCyKAEHUsI — IO3HAET BCE OTHOCUTENBHOE,
3eMHO€ U KOHEUHOE, TO Pa3yM, CYITHOCTh KOTOPOT'O COCTOUT B IieJie-
MoJaraHuM, OTKPBIBAET aOCOMIOTHOE, OOKECTBEHHOE U OECKOHEUHOE.
B HacTosiiiee BpeMsi ¢ pacCyJIKOM CBSI3BIBAIOT CITOCOOHOCTH CTPOTO:
1) onepupoBaTh MOHATUSAMU; 2) TPABUIIBHO KJIAcCU(UIUPOBATD (ak-
THI U SIBJICHUS; 3) IPUBOIUTH 3HAHUS B ONIpeIeJIeHHYI0 cucteMy. Omnu-
pasich Ha paccynoK, pa3yM BBICTYIIAET KaK TBOPUECKas I03HABATEb-
Hasl J1eSITEIbHOCTh, PACKPBIBAIOIIAS CYIIHOCTh JEHCTBUTEIHBHOCTH.
[TocpencTBoM pazyma MBIIUIEHHE CUHTE3UPYET pe3yIbTaThl MMO3HA-
HUSI, CO3A€T HOBBIE MJIEH, BBIXOMSIINE 3a MPEACIIbl CIOKUBIIUXCS
CHUCTEM 3HAHUS.

Cosnanue. DT0 IOHSITUE TAKKE TPAKTYETCS] PA3IMUHBIMU HayKa-
MM HEOJTHO3HAYHO.

C ToYKM 3peHus ¢urocoghuu CO3HaAHUE — CBONCTBO BBICOKOOpIa-
HU30BAHHOW MAaTEpPUHM — MO3ra, BBICTYIMAOIIEe KaAK OCO3HAHHOE Obl-
THE, CYOBEKTUBHBIN 00pa3 00OBEKTHBHOIO MUPA, CYObEKTUBHAS Peajlb-
HOCTb.

[pu coyuonozuueckom nooxooe CoO3HaHUE paCCMATPUBAETCS ITPEK-
JIe BCEr0 KaK OTOOpaXeHWE B JYXOBHOW JKU3HM JIIOJIEH UHTEPECOB U
MPEICTABICHUI PA3IMYHBIX COITMATIBLHBIX TPYIII, KIACCOB, HAIUN, 00-
IECTBA B 1IEJIOM.

B ncuxonoeuu coznanme TpakTyeTrcs Kak OCOOBIN, BBICIIMI ypo-
BEHb OPTraHU3AINH TICUXMUECKOM )KU3HU CYOBEKTA, BBIIEIISFOIIETO ceOs
13 OKPYKAIOIIEH TEHCTBUTEIBHOCTH, OTPAYKAIOILErO ATy NEUCTBUTEIb-
HOCTH B hOpME MCUXUIECKUX 00Pa30B, KOTOPBIE CIYXKAT PEryIsaTopa-
MM LieJICHAIIPABIICHHON aesaTelIbHOCTH [26]. BaxkHele hyHkIuei co-
3HAHUS SIBJISIETCS MBICJICHHOE MOCTPOEHUE JACHCTBUN U MpeBUJICHUE
UX TIOCJIEJICTBUN, KOHTPOJIb U YIPaBJICHUE TTOBEJACHUEM JINUHOCTH, €€
CIIOCOOHOCTH OTAABAThH ceOe OTUET B TOM, YTO MPOUCXOIUT KAK B OK-
py’Xarolem, Tak 1 B COOCTBEHHOM JTyXOBHOM MHUPE.
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Ilcuxuka. 1lcuxuka — 3TO CBOWCTBO BBICOKOOPraHMW30BAHHOU
MaTepuu — MO3Ta, SIBJIsIoIIeecst 0cO00H (hOPMOI OTpaskeHUsI JeHCTBU-
TEJIBLHOCTHU U BKIIIOYAIOIIEEe TAKUE TOHSATHSI, KAK OIIyIlleHUe, BOCIIPHSI-
THe, TaMSTh, YYBCTBA, BOJIS, MBIIIIeHHE U Ip. OTMETHM, UTO MBIIIIe-
HUE U TIaMsITh, KOTOPBIMU OOBIYHO XapaKTEPU3YIOT UHTEIJIEKT, BXO-
JISIT B TIOHSITUE TICUXUKU COCTABHBIMU YACTSIMHU.

B nicuxuke BBIJEISIIOT IBE KOMITIOHEHTHI: uygcmeenuyio (Ouryle-
HUS1, BOCIPUSITHE, SMOLIUN) U pAYUOHATBLHYIO, MBICIIUTENTbHYIO (MHTEIJICKT,
MBIIIIeHUE). JIpyrye cocTaBISIONIHE ICUXUKY — MAaMSTh U BOJTIO — MOXK-
HO pa3/ieJuTh HA MaMSTh YY6cné N TIaAMSTh Mblc/iell; BOIIO YY8cme W
BOJIIO Mblceti (AHCTUHKTBI M JTONT Tiepes, co00il 1 00IIecTBOM COOT-
BETCTBEHHO).

Hamnpumep, MOXHO MOMHUTD, KaK OEpPEeTCsl CIIOKHBIA MHTErpa
(MaMsATh MBICJICH), & MOYKHO TTOMHUTD OINYIICHUE HATIPSIKCHUS U yC-
TAJIOCTH TIPU U3YYECHUU CIoco0a ero B3SITHS (MMaMATh YyBCTB), KOTIa
BOJIS UyBCTB (MHCTUHKT CAMOCOXPaHEHUS, JKeJIaHUe OTIOXHYTh) 00po-
JIUCh C BOJIEH MbICel (CO3HAHMEM HEOOXOAMMOCTU U3YUYEHHUS ITOTO
crioco0a).

IlepeunciieHHbIe TTOHATHSI OOBIYHO TOAPA3JICISAIOT HA JIBE MapPhI
(cm. puc. 10.1.1):

® NCUXUKA U UHMENIeKN KaK ee COCTaBIISIONIAs;

® CO3HaHUe U pazyM KaK ero COCTaBIISIONIAs,

MpUYEM UHTEIJIEKT U Pa3yM — PACCYI0UHbIE, MBICIIUTEbHbBIE CO-
CTAaBJISIFOIIUE COOTBETCTBEHHO TICUXUKHU U CO3HAHMSI.

IICUXNKA CO3HAHUE

MHTEJUIEKT PA3YM

Puc. 10.1.1. CooTHoluEHHE NMCUXUKKU WU UHTENIEKTA; CO3HAHUA U pasyma

OCHOBHOE OTJIMYME BTOPO Mapel OT [IEPBON COCTOUT B TOM, UTO
OHa 00pa30BaIaACh B Pe3yJIbTaTe COLIMATILHON, OOIIECTBEHHOMN AesTeNb-
HOCTH JIFOZIEH, ¥ IO3TOMY COLIMAIbHAsI KOMIIOHEHTa — HEOTheMJIEMas
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U CYIIIECTBEHHAS YepTa CO3HAHMS U pasyMa (KJIaCCHYECKUM MPUMEPOM
MOJKET CIYKUTh IICUXUKa Mayriu U ICUXuKa “‘HOPMaJIbHBIX JeTel).

Ortcrona cieayer oueHb BAXKHBINA BBIBOJ. MPUHYUNUAILHO HEBO3-
MOHCHO MOOEIUPOBANTL COZHANUE U PA3YM 80 6Celi NOIHOME, TAK KAK NS
3TOTO MPHUIIIIOCH OBl “MOJIETMPOBATH HE TOIBKO UEJIIOBEKA”, HO U BCIO
CHCTEMY €r0 COIMAIbHO-OOIIECTBEHHBIX OTHOIICHUN. B TO ke BpeMs
MOJICTIUPOBATD UHMENIEKM KAK 00HY U3 KOMNOHEHM NCUXUKU 0MOelb-
HbIX UHOUBUOYYMOB BNOJIHE 803MOIICHO, XOTS U OYCHB CIIOXKHO.

K 3ToMy BBIBOTY “IIpUMBIKAET” €I11€ OJIUH: UCKYCCMBEHHbII UHME]I-
JIEKM — 21O MOOEIb PAYUOHATILHOU, MbICIUMENLHOU COCIMABISIIOUell ncu-
xuxu. He MoaenupyIoTcs SMOIUH, OIYIIEHHUS, BOJIS, TAMSITh UyBCTB U
T. I. MaIMHHOE COYMHEHUE CTUXOB U MY3BIKH — 3TO MOJCIIUPOBAHNE
JIUIIB JIOTHYECKON KOMITOHEHTHI IICUXMUECKON eI TeTbHOCTH, COIPO-
BOXKJTAIOIIEH 3TH BUIBI TBOpUYECTBa (COOIMO/IeHNe pu(dMBbI, pa3Mepa,
3aKOHOB KOMITO3MIIMH, TAPMOHUU U T. 11.). IMEHHO ¢ 3TUM CBSI3aHO
HEYIOBIIETBOPUTEIIbHOE TSI OOJIBIIIMHCTBA JTIO/IeH KaueCTBO MaIlWH-
HBIX “COYMHEHMI .

YuuThIBasi CKa3aHHOE, MOXKHO 3aKIIFOUMTh, YTO TOHSATHE “HCKYC-
CTBEHHBIN UHTEIIEKT 0O0BeTuHseT mpu opyaux [21, 22]:

— UCKYCCMBEHHbIIL DecClI08eCHbIll UHMEeIeK — MOJIENTb KOMIIO-
HEHTBI TICUXUKH JKUBBIX CYIIECTB, OTPAKAIOIIAS UX CIIOCOOHOCTH MPH-
HUMATh pEIIeHUs], U3MEHATh MOBEICHNUE U T. JI. HA YPOBHE MHCTUHK-
TOB, HE UMEIOIINX CIIOBECHOTO BRIPAKEHUSI (CAMOCOXPAaHEHHE, PA3MHO-
JKEHUe, IIPUCITOCOOIICHHE U T. 11.);

— UCKYCCMBEHHDBII CI08ECHbII UHIMEILIeK — MOJIENb PAITMOHATb-
HOM KOMITOHEHTHI TICUXUUECKOH JesTeIbHOCTH YeJIOBeKa 0e3 yJeTa ee
COLIMAJIBHOTO COJIEPKAHUS;

— UCKYCCMBEHHbII pa3yM — UCKYCCTBEHHBIN CJIOBECHBIN MHTEI-
JIGKT, JOTIOJHEHHBIN COIIMaIbHON KOMIIOHEHTOM.

B nanpHeiiieM, eciu He OyIeT CrieUAIBHBIX OTOBOPOK, 100 UC-
Ky CCMBEHHbIM UHMEILIEKMOM 0)0eM NOHUMAMb UCKY CCIMBEHMbIIL C108¢C-
MBI UHMETIIEeKMN.

[TpuBeneHHbIC OMPEAETICHISI OCHOBAHBI HA TEOPETUUECKUX PACCY K-
JICHUSIX ¥ B CUJTY 9TOTO HOCST JJOCTATOYHO OOIIUI XapaKTep.

CyIecTBYIOT 110 KpaiftHel Mepe mipu no0x00a K OTIPeIeTICHUTO 3TO-
T'O TOHSATHUS, HOCSIIUE TOPA3I0 OOIBIIYIO NPAKMUUECKYH) HANPAGIeH-
nocmy (puc. 10.1.2).
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ITonsiTue UCKyCCTBEHHOTO
UHTEJIEKTa

l l

ITo Beimonusaembim | | [lo mexanuzmam ITo orpacnam
byHKIMAM paboThI 3HaHUI

il =

Puc. 10.1.2. Mogxoap! K onpefseneHuto NoHATUS
“UCKYCCTBEHHBIN WUHTENNEKT”

JlocTaTouHO MOJTHBIM OMpe/IeIeHUeM MOHATHS “UCKYCCTBEHHBIH WH-
TEIDICKT ’ TIEPBOTO THIIA SIBIIIETCS CIeAyIoIee [22]: uckyccmeenmbiil uHmern-
JIEKI — 210 001aCb UCCIe008AHUL, 8 DAMKAX KOMOPLIX PA3padambléarom-
s MoOeu U MemoObl peuteHus 3a0ay, MpaouyuoHHO CHUMABUIUXCS UHINET-
JIEKMY ATbHBIMU U He NOOOIOUSUMUCS (hOPMATUBAYUU U ABTIOMANUZAYUL.

ITprMeHnTEeTbHO K JAHHOMY OIIPE/ICIICHUIO SIBIISIETCS CITpaBeIITN-
BBIM CYXJICHHE, YTO MHTEJJICKTYaIbHOW MOXET CUUTAThCS TaKas WC-
KYCCTBEHHO CO3JJaHHAsl CUCTeMa, ISl KOTOPOU BBITIOJIHSIETCS mMecm
Tovropunea, cCOCTOSIIIUN B ceayomeM: “VcnbpiTaTenb yepe3 MoCpeTHU-
Ka 00IIaeTCst C HEBUIUMBIM JIJTS1 HETO COOECETHIUKOM — YeJTOBEKOM HITH
cucreMoii. IHTeUIeKTyaIbHON MOJXKET CUMTAThCsS Ta CHCTeMa, KOTO-
PYIO UCTIBITATETh B MPOIIECCEe TAKOTO OOIICHUS He MOJicem OTINYUTD
ot yenoBeka” [54] (puc. 10.1.3).

Texuuueckoe

Yenosek o
—— > YCTPOHUCTBO

Hewnckaxarommii
MTOCPETHUK

Puc. 10.1.3. Cxema npoBefeHus Tecta TblopuHra
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B xauecTBe Apyroro omnpenaeneHus, 10CTATOYHO TOYHO OTPAXKAO-
IIEr0 XapakTep BTOPOro MOAX0/1a, MOXKET PACCMATPUBATHCS CIIE1YIO-
1IEE: UCKYCCMBEHHDBIL UHMENTEKI — 21O 001ACb UCCIe008aAHU, 8 KO-
MOPOTl U3YUAIOMCA CUCIEMbL, CIPOAWUEe PEe3YTIbIUPYIOWUil 861600 O0Jsl
3a0a4 ¢ HeU3BECMHbIM AN2OPUMMOM PEeUleHUsl Ha OCHO8E HepOpMaNU30-
8AHHOU UCXOOHOU UHGOPMAYUU, UCNOTLIYIOUWUE MEXHOTIOSUU CUMBOILHO-
20 NPOCPAMMUPOBAHUS U CPEOCMBA BLIYUCTUMETILHOT MEXHUKU CO Cneyu-
anvHoil (He QoH Hetimanosckoll) apxumexkmypoti [22, 54].

Haxkomner, Hanbosee MUTUPYEMBIM OTIPECTICHIEM TPEThEro THUITA
SIBIISICTCSI CIIEYIOLIEE: UCKYCCMBEHHbII UHMETLIeK — 910 001acmb 3HA-
HUtl, KOMopasi Haxo0um npuUMeHeHue Npu peweHul 3a0ay, C8sA3aHHbLX C
06pabomKoll uHopmayuy Ha ecmecmeeHHOM s3bIKe, AgmomMamu3ayuetr
nPoPaAMMUPOBAHUs, YNPABIEHUEM POOOMAMU, MAUUHHBIM 3DEHUEM, d6-
MOMAMu4eckum 00KA3amenbCmeom meopem, pasyMHbIMU MAUUHAMU
useaeueHust uH@opmayuu u m. 0. [54].

MOXHO paccMOTPETh U TAKOE — B OTPE/IETICHHOM CTeneHn 0000-
IalolIee — ONMPEACTICHUE: UCKYCCMBEHHbII UHMENIEKM — HAYYHAs OUC-
YUNIuHa, 3a0aveti KoOmopot A611emcs paspabomka MamemamuyecKux
onucanuti yHKyuti 4enogeyeckoeo (Cuo8ecno20) UHMeNIeKma ¢ Yeaplo
annapamypHoti, NPo2PAMMHOL U MEXHUYeCKOU peanu3ayuu dImux onuca-
HULL cpeocmeamu 8blHuUciumeibHot mexrHuxu [54].

B 3akmroueHne paccMOTpeHus! JAHHOTO MOIMYHKTa OTMETUM, UTO
B [TOCJIEHHIE I'Obl MHOTHE CIIELUATIUCTbBI COTJIACHIIUCH, YTO JUCKYCCUS
110 BONIPOCY 00 OIpe/eNeHnu caMoro TepMUHa “UCKYCCTBEHHBIN WH-
TEJUIEKT” MpuoOpena CXOJIACTUYECKUN XapaKTep, He JaeT KOHCTPYK-
THUBHBIX PE3yJbTATOB TEOPUU U MPAKTHKE M MOXKET OBITh OECKOHeU-
Hoii. [loaTomMy BMecTO TepMUHA “UCKYCCTBEHHBIM MHTEIJIEKT  IIpe/i-
JlaraeTcs UCMOJIb30BATh APYTol — “Ho6ast unpopmayuonnas mexuoo-
2Usl peuleHUsl UHHCEHEPHbIX 3a0ay”, YTO TOTYEPKUBAET TPUOPUTETHYIO
POJIb NOUCKA, AHAU3A U CUHMe3d UHGOpMayuu B CUCTEMAX UCKYCCTBEH-
HOTO MHTEJUIEKTA.

10.1.3. Knaccngpukayna HHTEenneKTyasbHbix
MH(OPMAaLHOHHbBIX CUCTEM

PaCCMOTpI/IM Knaccn(bnxaumo O9TUX CUCTEM, UMC B BULY, UTO, HC-
CMOTPA Ha 3HAYUTCIIbHOC YHCJIO IMOIBITOK IPOBECTU TAKYIO KJIACCH-
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dbukamnuro (cMm., Hampumep, [21, 22, 26, 27, 41]), HU ogHA W3 HUX, HA
Halll B3IJIsA], He siBJseTcs coBepiieHHoi. Ha puc. 10.1.4 npeacrasiena
KJIaCCU(PUKALMS CUCTEM HCKYCCTBEHHOIO MHTEJUIEKTA, MOIyYeHHas
MIyTEM COTOCTABIICHUS U 00OOIIEHNS N3BECTHBIX KJIACCU(PUKALIUN 3TUX
CHCTEM.

Ha pucynke o6o3nauenbr: COH — cuctembl 00111eTo Ha3HAUCHUS;
CC — cnenManu3upoBaHHbIE CUCTEMBI.

Hawubonee mmpokoe pacnpocTpaHeHne Ha TPAKTHUKE B HACTOsIIIEe
BpeMS TIOJIYUNIIH CUCIEMbL UCK)YCCIBEHHO20 UHIMENNeKMA, OCHOBAHHbLE
na 3uanusnx. Tlonarue “3HaHus” YIS 9TUX CUCTEM UMEET MPUHIUTIN-
anpHOe 3HauyeHue. [lon “suanuem” 6 cucmemax uckyccmeenno2o unmen-
JIeKMA NOHUMAEMCsl UHPOPpMayus 0 npeoMemHoil obaacmu, npeocmas-
JIEHHAS ONPeOeNeHHbIM 00PA30M U UCNONb3YEMAs 8 NPOYECCe TO2UUECKO20
év1600a. 1o cBOeMy conep)KaHHIO JaHHAsE HHPOPMAIUS SIBIISIETCS He-
KOTOPBIM HA0OPOM CYKICHHUI U YMO3aKITIOUSHH, OMTUCHIBAIOIIHNX CO-
CTOSIHME U MEXaHU3MBbI (JOTUKY) (PyHKUMOHUPOBAHUS B BHIOPAHHOM,
KaK MpaBUJIO, BECbMa OTPaHMUYEHHOM MpPeAMETHON 001acTH. YKa3aH-
HBbIE CYX/IEHUS U YMO3AaKIIOUEHHS BBICKA3bIBAIOTCSI IKCIEPTOM (cIie-
[IUAJTUCTOM) B 3TOH 001acTH TNOO OPMYITHPYIOTCS B pe3yJIbTaTe aHa-
JM3a JTUTEPATYPHI 110 JTAHHOMY TIPEIMETHOMY HATIPABJICHHUIO.

CriocoObl MOTyYeHUs ¥ TIPEICTABICHUS 3HAHUI B MHTEepecax Mpo-
eKTUPOBAHUS CUCTEM MCKYCCTBEHHOI'O MHTEIIJIEKTA B HACTOSIIEE Bpe-
M$1 COCTABIISIIOT IPEAMET CPABHUTEIBHO HOBOI'O HAYYHOTO HaIlpaBie-
HUSl — WUHXXCHEPUU 3HAHUI.

dopma IpeacTaBICHUs 3HAHUH UMEET OTINYNE OT (GOPMBI TIpe/I-
cTaByeHHS JaHHBIX. OOBITHO (CM., HaTIpuMep, [53]) noo darnvivu 6 AUC
ROHUMAIOMCS haKmbl U udeu, NPeoCcmagientble 8 POPMAIU308aHHOM BUOE,
nozeosowue (b)) nepeoasanv, Xpanumv wiu 06padbamvleans 3mu
paxmol u udeu npu NOMowU HeKomMopo2o npoyecca. B otnuuue ot gaH-
HBIX 3HAHUS [IPEII0JIaraloT COCPEAOTOUEHUE HE TOJIBKO (PaKTOB U UJei
B YKa3aHHOM BBIIIIe CMBICIIE (TAaK HA3bIBAEMBIX IMEPBUYHBIX JAHHBIX),
HO W JOTIOJTHUTEIBHBIX TAHHBIX, KOTOPBIE OMUCHIBAIOT (MHTEPIIPETHU-
PYIOT) TIEpBUYHBIE TAHHBIE C TOYKHU 3PEHUS CISTYIOIINX COCTABIISIO-
LIUX: TOTO, YTO COOOM MPEACTABIISIOT ITH JaHHbIE, KAKUE MEXy HUMU
HMMEIOTCS CBSI3U, KaKHe AeUCTBUS C HUMHU M KaKUM 00pa3oM MOTYT Bbl-
MOJIHATBCS U T. 1.
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B cucremax, ocHOBaHHBIX Ha 3HAHMSX, IIpeAIIOaraeTcs, YTo uc-
XO0OHbIe 3HANHUS CNOCOOHBL 8 COOMBEMCMBUU € 3ANPOCAMU NOTb308AMENel
K cucmeme nopodtcoams Hosvle 3uanus. Ilpu aToM cama npoyedypa no-
DPOSHCOCHUS HOBBIX 3HAHULL HAZBIBACTNCS NOUHECKUM 8bIBOOOM (UNU NPO-
cmo 6v16000m ). TepMuH “JIornyeckuii” 37ech HeCIydaeH ¢ IByX TOUEK
3penusi. CucTeMbl, OCHOBAHHBIE Ha 3HAHUSIX, MOACTUPYIOT MBICTIUTEIb-
HYIO J€SITEJIbHOCTb JIFOJEH JIUIIb HA JJOTNYECKOM (a He Ha (pU3NO0JIoru-
YECKOM) YPOBHE U, KPOME TOTO, OCHOBHBIM MaTeMaTHUECKUM armapa-
TOM, JIS)KAIIUM B OCHOBE CHCTEM 3TOT'0 THUIIA, SIBJISICTCS alapar MaTte-
MATHYECKOMN JIOTUKHU.

K cucremam uCKycCTBEHHOTO MHTEIIEKTA, OJHOCTHIO OCHOBAH-
HBIM Ha 3HAHUSX, OTHOCSATCS JBa KJIacca CUCTEM: dKCHepmHuble cucme-
Mbl I UHMeJIeKNY aibHble naxenvl npukiaonvix npoepamvm (UIIIIIT).
OCHOBHBIC UJCH 3TOTO HATPABJICHUS YACTUYHO (WIIM JTaKe B 3HAUU-
TEJIPHOW YaCTH) Peau3yrTCs U B IPYTUX CUCTEMaX MCKYCCTBEHHOTO
MHTEIIJIEKTA, B YACTHOCTU, POOOTOTEXHUYECKUX CUCTEMAaX pacro3Ha-
BaHus u Ap. (cM. puc. 10.1.4).

Hawubonee nocrnegoBaTenbHO uaen, Ha KOTOPBIX Oa3UPYIOTCS CU-
CTEMBI UCKYCCTBEHHOTO MHTEJIEKTa, OCHOBAHHbBIE HA 3HAHUSIX, BOTLIIO-
IIEHBI B 9KCTMIEPTHBIX CHCTEMaX, KOTOPBIE JOCTATOYHO TOJIPOOHO pac-
cMoTpensl B 1. 10.3.

[Tox UIIIIIT noHuMaroTCst uHcmpymenmanshvie NaKemvl NPUKIA0-
HbIX NPOCPAMM, 8 KOMOPLIX MEXAHU3M COOPKU 0OMOEIbHbIX HOONPO2PAMM
(pewtenus yacmuvlx 3a0av) 6 00wy NPoepamMmy peulerust mpeodyemot
3a0aqu 0cyujecmensaemces agmomMamudecku, Ha 0CHO8e MeXaHu3Ma J102u-
YeCcKo20 8b1800d.

B camoopeanusyiowuxcs cucmemax peannsyercst IOIMbITKa OCyIIe-
CTBUTh MOJETUPOBAHUE MHTEJUIEKTYAJIbHOHN /EATEIbHOCTH YeIOBeKa
(vt1 GoJtee MPOCTHIX KUBBIX CYIIECTB) HE HA JIOTUYECKOM, a Ha pu3suo-
JI02UHEeCKOM YPOGHe pabomul 201061020 M032d. B TaHHOM cilyyae MO3T
YeJI0BEeKa MOJICIIUPYETCS Cenmblo UOCAbHbIX HelipoHo8. B cOOTBETCTBIM
¢ noxazanHoi ¢on Heitmanowm [37] Teopemoit Ipu BO3IEHCTBUU Ha
TaKyI0 CETh HEKOTOPBIX pa3APaKUTENIEH OHA HAUNHACT BEIPA0AThIBATD
aJIeKBATHYIO PEAaKIIUIO, T. €. CIIOCOOHA K caMOOOYUEHHIO ITyTeM caMo-
opranmuzauuu. HecMoTps Ha 3HAUUTENBbHYIO TEOPETUYECKYIO MEPCIeK-
TUBHOCTB JIAHHOT'O (MCTOPUYECKH MEPBOI0) HANpaBIeHUs B 001acTH
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HUCKYCCTBEHHOT'O MHTEIJIEKTA, MPAKTHUYECKH 3HAYUMBIX Pe3yJIbTaTOB
9TOT MyTh Noka He faj. [lociennee oObsICHIIETCS TEXHUUECKOU Hepea-
JIN3yEMOCTBIO Ha COBPEMEHHOM YPOBHE JIOCTATOYHOT O UM CIIA B3AUMO-
CBSI3aHHBIX HEMPOHOB B UCKYCCTBEHHO CO3/1aBAEMOM CETH.

B T0 xe Bpemsi JaHHOE HallpaBJIEHUE TIO3BOJIUIIO TIOJIyUUTh BECO-
MbI€ PE3YyIbTATHI B 00JACTH UCCIEAOBAHUS BO3MOKHOCTEN CO3MaHUS
KOMITBIOTEPOB CBEPXBBICOKOTO OBICTPOICUCTBUS U TEM CAMBIM TTOBBI-
IaTh BO3MOXKHOCTH CHUCTEM HCKYCCTBEHHOT'O MHTEJUIEKTA, CO3/laBae-
MBIX Ha PYrUX NpuHIunax. Kpome Toro, peanabHbie pe3yIbTaThI MO-
JIY4EHBI B CO3/IaHUU HEHPOCUCTEM pacno3Hasanus o0pazos.

OcHoBHas ues, jJexaiiasl B OCHOBE CO3/JaHUs HelipoceTeid, ba3u-
pyetcst Ha Teopeme Maxk-Kamtoka u [Tuttea [37], koTopas yTBepKaa-
eT: TOOYI0 BBIUUCIIUMYIO (DYHKITHIO MOYKHO PEaIM30BaTh C TIOMOIIBIO
cemu uOeanbHvIX Helporos. DKCIIEPUMEHTHI TTOKA3bIBAIOT, UYTO Peau-
3a1ust 3TUX (PYHKIIUH TAKHM ITyTeM MOYKET OCYIIECTBIIATHCS 3HAUNTEITb-
HO ObICTpee, YeM Ha TPaJuLIMOHHOM KoMIibioTepe. KommbioTeps! HO-
BOM apXWUTEKTYpPbl, BOIUIOIIAIOLIME JAHHYIO UEI0, MOJyUYUIId Ha3Ba-
HUE HelpoKOMNbIOMepbi.

TpeTbe HanpaBieHne pa3padoTKH CUCTEM UCKYCCTBEHHOT'O MHTETI-
JIEKTA CBS3AHO C peann3aliueit 26pucmuiecko2o nooxood K moCTPOCHUIO
TakuX cUCTeM. [ TaBHON OCOOEHHOCTHIO, XapaKTEPHOH ISl JTAHHOTO
HAMpPaBJICHUSs, SIBJIICTCS TIOJIHBIM 0MKA3 0N C1e008AHUsL NPUHYUNY aHA-
Jl02UU NPU MOOETIUPOBAHUU MEXAHUZMA UHINETNEKINY ATbHOT 0esiMeIbHOC-
mu (HU Ha JIOTMYECKOM, HU Ha (hPU3HOJIOTMYECKOM ypoBHE). MeToio-
JIOTMYECKOM OCHOBOM CHUCTEM IBPUCTHUECKOTO MOUCKA CIYKUT TO YT-
BEPXKJICHUE, UTO JII00AsI MHTEIUIEKTyalIbHAS AeSITEIbHOCTh HAUNHACTCS
C HEKOTOPBIX TAHHBIX U 3aBEPIIACTCS MOJYIEHUEM OIPEIEIEHHBIX pe-
3yJIbTaTOB TAK)KE B BUJIC JAHHBIX. ECIIM TeXHUUECKOe YyCTPOUCTBO IM0-
3BOJISIET MO AHAJIOTUYHBIM UCXO/THBIM JIAHHBIM MTOJyYHUTh SKBUBAJICHT-
HBIE PE3YJIbTATHI, TO OHO MOYET OBITh OTHECEHO K KJIACCY MHTEIIIICKTY-
aIIbHBIX (CM. MIEPBOE OMPE/IeNIEHNE UCKYCCTBEHHOT0 MHTeIIeKTa). [1pu
9TOM MEXaHM3M NepepabOTKHN HCXOAHBIX JAHHBIX B PE3YJIbTATHI HE OTO-
BapUBAETCS M, BOOOIIE TOBOPS, MOXKET OBITh COBEPIIIEHHO WHBIM IO
CPaBHEHHUIO C pealibHbIM. Cucmembl 51020 Muna 8bInoaHsI0N QyHKYUU,
KOMopwvle mpaouyuoHHO NPOU3BOOSAMCIL YEI0BEKOM, 0OHAKO Peaiu3yom
Ux OpyeuMu cnocooamu.

418



Iupokoe pacrpocTpaHeHre TAHHOE HAPABJICHHE ITOTYYUIIO TPU
pelIeHUN Pa3IMIHBIX Ueposbix 3aday (IIaxXMaThl, MAIIKKA U T. 11.). O-
HAKO MOAXO/bI, IPUCYIIIME ITOMY HAMPABIECHUIO, HAIILIIN TPUMEHEHHE
U B JIPYTUX CUCTEMaX MCKYCCTBEHHOI'O MHTEJUIEKTA, B YACTHOCTHU CUC-
memax oowenuss (0COOGHHO B YaCTH PEUEBOTO OOIIEHUS), cucmemax
pacnoznasanusi, pooOOMomexHuuecKux cucmemax u ap. B To xe Bpems
CJIe/lyeT 3aMEeTUTh: CrielU(UKa IBPUCTUYECKOTO MMOJIX0/1a TAKOBA, YTO
peyenmol cO30aHUs NPO2PAMM OJisL peuleHus: UHMEIeKMYalbHbIX 3a0ay 8
00HOIL 001aCcMU NPAKMUKU, KaK TIPABUIIO, HeNpUMeHUMbL 8 0py20ti 001a-
cmu, a BOBHUKAIOINIAs HEOOXOIUMOCTh U3MEHEHUS XapaKTepa yueTra
(haKTOPOB MPHU pENICHUH MTPUKJIATHBIX 33124 BbI3bIBAET CYIIECTBEHHYIO
MEPECTPONKY MPOTPAMMBI B TIEJIOM.

ITpu pa3padboTKe HHTEIICKTYAIbHBIX POOOTOTEXHUUYSCKUX CUCTEM
OCHOBHAs 3aJlauya COCTOMUT B PEIICHUM TCOPETUUYCCKUX U MPAKTHYIEC-
KHX BOIIPOCOB OpPeaHU3AYUU YeNeCO0OPAZHO20 NOBeOeHUsI NOOBUINICHBLX
PO60MOB, CHAOICECHHBIX CEHCOPHLIMU U IPPEKMOPHLIMU (UCHOTHUMETb-
Hotmu) mexanuzmamu [54]. TlpuHIMnuaabsHOe OTIANYUE POOOTOTEXHU-
YECKUX CUCTEM OT CUCTEM MCKYCCTBEHHOT'O MHTEIIJIEKTA IPYTHX THUIIOB
3aKITIOYAETCS B TOM, UTO 3TU CUCTEMBI He MOAbKO 80CHPUHUMAION UH-
popmayuro uz okpyxcaroueco mupa A BbIpabATHIBAIOT HA €€ OCHOBE
OIPEJICIICHHBIC OLICHOYHBIC BBIBOJIBI, HO M, COO0Pa3ysch ¢ 3TUMU BbI-
BOJIAMU, BHOCAN UBMEHEHUSL 8 OKPYIHCATOWUTL ( AHATUZUP VMBI UMU ) MUP.

K HacrosiiemMy BpeMeHH B MPAKTHKE HAXOJIST MPUMEHEHHe poOOTO-
TEXHUYECKHE CUCTEMbI C OTHOCUTEIBHO MTPOCTBIMU CEHCOPHBIMU U 3(phek-
TOPHBIMU MEXaHU3MAMU, KOTOPBIE CITOCOOHBI BBIMTOIHSTH ACHCTBHS TOJTb-
KO B IMPOCTHIX cpefiaxX ¢ 3apaHee 3a(hMKCHPOBAHHBIMHU CBOMCTBAMU.

OcHoBa po0OIEMBI paciio3HaBaHus 00pa30B WK B OOJIee IIHIPO-
KOM KOHTEKCTE — MAIIIMHHOE 3PEHUE 3aKTI0UaeTCs B TPUaHUH CHCTe-
Me CIIOCOOHOCTH pa3pelieHus 3aaa4 npeoopas0saniis 02pOMHO20 KOIU-
Yecmea CeHCOPHLIX OanHbIX (HATTPUMED, MPUCYTCTBYIOIINX B TEJICBU3H-
OHHOM HM300pa)XeHUN) K OMHOCUMETIbHO KPAMKOMY U OCMbICICHHOMY
onucanuio Habaroaemoil npooremuot cumyayuy. CoaepKaHueM TaKo-
IO OINMCAHMUS, KaK IMPAaBUJIO, SBIISIETCS TOT MUHUMAITBHBIN (CaMbIi Xa-
paKTepHBIN) HA0OP JaHHBIX, KOTOPbIE OTINYAIOT U3YYAEMYIO CUTYya-
LU0 OT CTaHJapTHOU. OCHOBHAS CITIOXKHOCThH TAKOTO OTTUCAHUS CBS3a-
Ha C OTBETOM Ha CJIEAYIOIINE BOMPOCHL: KAKUE OOBEKTHI UMEIOT MECTO
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B HaOJIIOTa€MOM KaJIpe; KaKHe U3 HUX SIBJISTFOTCS KIIOUEBBIMU IS BBI-
SIBJICHHOU CUTYaIlM{; YTO HAJIO NMPHUHSTH 32 CTAHAAPTHYIO CHUTYyallHIO
JIJTSI BBISIBIICHHBIX KITFOUEBBIX OOBEKTOB; B UeM OTJIMUHE pacCMaTpHUBa-
€MOH CHTyallMu OT CTaHAAPTHOMW; OTKYJa MMEePBOHAYAIBLHO MOJIyYaTh
Ha0OPBI CTAHAAPTHBIX CUTyaluid. TPYAHOCTH, C KOTOPBIMU CTATKUBA-
€TCSl TpaKTUKA MIPU PEIICHUN KaXKI0H U3 MEePEUnCICHHBIX 3a/1a4, yKa-
3BIBAIOT HA TO, YTO, KaK M B ClIydae POOOTOTEXHUUYECKUX CUCTEM, JaH-
HO€ HampaBjieHHEe HaXOIUT pPeain3allui0 TOJIBKO B CaMBIX IPOCTHIX
cyyJasx.

B nanpHeiimemM OyaeM paccCMaTpUBATH CUCHIEMbL, OCHOBAHHbIE HA
3HAHUAX, KAK TOJIYYUBIIE HAUOOJIbIIEe MPAKTUIECKOE Pa3BUTHE U
pacmpocTpaHeHHEe B Pa3IMYHBIX OTPACIISIX MpodeccHoHaIbHON es-
TEeITbHOCTH, B TOM UHCJIE U B 5KOHOMHKE, YTO O0YCIIOBIIMBACT HEOOXO-
JIIUMOCTB 0oJIee TOAPOOHOTO PACCMOTPEHHUS Memod08 NpeocmasieHus.
snanuil B naMsatua DBM.

Bonpocbl ana camonpoBepku

1. BcmoMHUTE OCHOBHBIE 3TAITbI PA3BUTHS TCOPUH UCKYCCTBEHHO-
IO MHTEJIJIEKTA.

2. KaxoBO COOTHOIIIEHUE ITOHITUH “TICUXHUKA — UHTEIUIEKT, “CO-
3HaHUE — pazyMm’?

3. laiiTe ornpeiesieHIE MOHSATUSM “UCKYCCTBEHHBIN O€CCIIOBECHBIH
UHTEJUICKT, “MCKYCCTBEHHBIN CJIOBECHBIN MHTEIICKT”, “MCKYCCTBEH-
HBII pazym”.

4. BcnoMHHUTE KITaCCHU(UKAITNIO CUCTEM HCKYCCTBEHHOTO MHTEI-
JICKTA.

5. Kakne CMU oTHOCATCS K KITacCy CHCTEM, OCHOBAaHHBIX Ha 3Ha-
HUsx?

6. B uem cMmbicit Teopembl Mak-Kasnoka u Ilurrca?

7. IlpuBeauTe NpuUMepbl CUCTEM 3BPUCTHUUECKOTO ITOUCKA.

10.2. Metoabl MOfeNMpoOBaHUA 3HaAHUH

Bhliire yoxe 4aCTUYHO paccMaTPUBAIUCh TAKUE IIOHITHS, KaK “3Ha-
HUS” ¥ “CHUCTEMBI, OCHOBAHHBIE HA 3HAHMAX , 1 OTMeYajIach UX ocodas
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3HAYMMOCTb B TECOPHH UCKYCCTBEHHOTO MHTEIIIeKTa. ClienaeM ere 0IHO
BeChbMa Ba)KHOE 3aMEUaHue: B HACTOSIIEE BpeMsl B 001acT pa3padoT-
KH CUCTEM MCKYCCTBEHHOT'O MHTEJUIEKTA CIIOKMIIACH CIIEAYIONIAs AKCH-
OMa: HUKAKOU CAMbII CAONHCHBIU U U30WPEHHBII AN2OPUMM U36JICHUEeHU
unpopmayuu (Max HazvLleAEMbIL MEXAHUIM JI02UHECK020 8bI800d ) U3 UH-
MeLNeKMYAIbHOU CUCEMbL He MOJICEN KOMNEHCUPOSamb “uHpopmayu-
OHHYI0 DedHocmb ™ ee 6a3bl 3HAHUIL.

10.2.1. 3HaHMuA M UX cBoHCcTBa

HecMmoTps Ha mmpokoe paclpocTpaHeHne U UCIIOIb30BAHUE 10~
HATUSA “3HAHUS B Pa3IMYHbIX HAYYHBIX JUCLUIIIIMHAX U HA IPAKTHUKE,
CTPOIOT0 ONPEAeNIEHUs JaHHOTO TEPMUHA HET.

JOBOJIbHO 4aCTO UCIOJIB3YIOT TAK HA3bIBAEMbIH npacmMamuyeckull
Nn00X00: TOBOPSAT, UTO 3HAHUSL — MO (POPMATUZ08AHHAST UHDOPMAYUS,
HA KOMOPYIO CCOLAAIOMCA U/UNU KOMOPYI0 UCNOIb3YIOM 8 npoyecce 102U-
ueck020 6b1600a. OTHAKO TAKOE OIPE/IEIIEHNE OIPAHUYEHHO: OHO (PUK-
CHPYET CO3HAHUE HA YK€ CYILECTBYIOLINX METOAX IIPEICTABICHUS 3HA-
HUH 1, COOTBETCTBEHHO, MEXaHMU3MaX BBIBOJIA, HE JaBasi BO3MOKHOCTH
npeacTaBuTh cebe apyrue (“HOBbIE™).

Bo3moskeH u npyroil moaxoa: NONBITATbCS HA OCHOBE OIlpejieie-
HUS YK€ PACCMOTPEHHOTO MOHSITHS “Odanubie” (cM. T1. 9.1) BBIIBUTH UX
CBOWCTBA M 0OCOOEHHOCTH, CHOPMUPOBATH JOTOJIHUTEIbHbBIE TPeOOBa-
HUSI K HUM U YK€ 3aTeM MEePEUTH K MOHSITHUIO “3HAHUS .

Hanomuum, 4to oannvivu nasviearom gopmanuzosannyio ungop-
Mayuro, npueoory0 015 nociedyoweti 06pabomxu, Xpanenus u nepeoadu
cpeocmeamu agmomamu3ayuu nPogeccUuoHaIbHOl 0esamenrbHOCHU.

Kakwue xe cBoiicTBa “mpeBpamaioT’ naHHble B 3HaHusg? Ha
puc. 10.2.1 mpeacTaBIIeHBI IECTh OCHOBHBIX CBOWCTB 3HAHUM (4aCTh U3
HUX TIPUCYIIA U JAHHBIM).

Kpartko oxapakTepusyeM 3TU CBOKCTBA.

1. Buympenusas unmepnpemayus (MHTEPIPETUPYEMOCTb). ITO
CBOICTBO Mpenmnonaraer, 4To B 9BM xpansTcs He TOIbKO “coOCTBEH-
HO (caMm) JaHHBIE”, HO M “JaHHBIC O JAHHBIX ', UTO ITO3BOJISIET COMIEP-
KATEIbHO MX UHTEpHpeTupoBarth (cM. puc. 10.2.2). Mimes takyto uH-
(hopmanmio, MOKHO OTBETUTH Ha BOTIpockl Tumna “I e nHaxoautes HITO
“Oneprusa”?” unu “Kakue npeanpusiTus BBITYCKAIOT KOCMHYECKYIO
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aKTUBHOCTb
Hanu4me ceMaHTUYecKow /C)
METPUKM

WKanuposaHue

/O

BHELUHAS
CTPYKTypa cBsi3eit

BHYTPEHHSIS!
CTPYKTYpa cBsi3ei (

CBOUCTBA

BHYTPEHHsIS! SHAHUN

MHTepnpeTaums

f

OAHHBIE

Puc. 10.2.1. CsoucTBa 3HaHWM

texHuky?”. I1pu 3TOM B 1epBoii cTpoke Tabauis! Ha puc. 10.2.2 HaxoasT-
csl “laHHBIC O IAHHBIX (METaJlaHHBIE), 4 B OCTAJILHBIX — CAMU JJAHHBIE.

Mecro
IMpennpusitue Yo BBIITyCKAET
HaXOKICHUS
3aBoz uM. XpyHUUyeBa Mocksa KocMmuueckyto TexHuky
HITO “Dueprus’” Kopones KocMmuueckyto TexHuky
HITO “KomeTta” MockBa KOHCTPYKTOPCKYIO TOKYMEHTAITAIO

Puc. 10.2.2. UnniocTpauus CBOWCTBA BHYTPEHHEW MHTEpnpeTaluu

2. Hanuuue snympenneit cmpykmypul cés3ell.

[Ipenmonaraercsi, 4To B KauecTBe MHMOPMAILIMOHHBIX SIUHMII UC-
MOJIL3YIOTCSl HE OT/IENIbHBIC TaHHBIE, A MX YIOPSIOUYEHHbIE ONpe/esIeH-
HBIMU OTHOIIEHHUSIMH (POAOBUIOBBIMU, TPUYMHHO-CIIEICTBEHHBIMHU U JIP. )
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CTPYKTYPHI (3TH OTHOIIEHUS HA3bIBAIOT Kitaccuuiupyommumu). [1pu-
Mep: GpaKkyIbTeT — Kypc — y4deOHas rpyInna — CTYJeHT.

3. Hamume guewneti cmpykmypol cesizell.

BHyTpeHHsIs cTpyKTypa CBsI3€i MO3BOJISIET OMMCHIBATH OTACTbHBIN
00BeKT (monsiTue). OHaKO 0OBEKTHI (MMOHATHS) CIOCOOHBI HAXO/IUTh-
Cs M B IPYTUX OTHOIIEHUSX (BCTyNaTh B CUTYATUBHYIO CBs3b). [1pu-
Mep: 00BeKTHl “Kypc ['ocyaapcTBEHHOTO YHUBEPCHUTETA YIIPABICHUS
M. C. OpmxoHuKUI3e” U “ypoXkail OBOIIEH B COBXO3e ““3apeyeHCKHit”
MOTYT HAXOAUTBCS B CUTYaTHUBHOM CBSI3M “TIPUHUMAET yJacTue B yOopke™.

4. BO3MOXHOCTb WUKAIUPOGAHUSL.

IIpenmonaraet BBeIeHUE COOTHOIIEHUI MEXK/Ty pa3TUIHBIMU WH-
(hopMaITMOHHBIMU EAMHUIIAMH (T. €. UX U3MEPEHUE B KAKOU-THOO TKa-
JIe — MOPSAIKOBOM, KITACCU(PUKAITMOHHON, METPUUECKOMN U T. T1.) ¥ yIIO-
psAnodeHne MHPOPMAIIMOHHBIX €IUHUI TyTeM W3MEpPEHHS MHTCHCHUB-
HOCTH OTHOIIIEHUI U CBOMCTB.

[Mpumep: “97/9U. 6-01 yuebHas rpymma 3aHUMAET MIEPBOE MECTO
Ha Kypce 10 YCIIeBAeMOCTH .

5. Hanmuuue cemanmuueckoit mempuxu.

[IxanupoBaHue MO3BOISIET COOTHECTH HH(POPMAIIMOHHBIE €TUHU-
1B, HO TIPEK/IE BCETO /ISl TOHSTUN, UMEIOIINX “KOJIMYECTBEHHOE TOJI-
KOBaHMe (XapakTepucTUKH). Ha mpaxTuke JOBOJIBLHO YacTO BCTpeva-
IOTCSI TIOHSITHS, K KOTOPBIM HEMPUMEHUMBI KOJTMYECTBEHHBIE IIKAJIBI,
HO CYIIECTBYET MOTPEOHOCTh B YCTAHOBIIEHUU MX OJIM30CTH (HAIpH-
Mep, IMOHITUS “MCKYCCTBEHHBIH MHTEUICKT M “HUCKYCCTBEHHBIM pa-
3ym”). Cemanmuxu KI1aCCUPUIUPYIOTCS CICIYIOMNUM 00pa3oM:

® 31naueHue, T. €. OOBEKTUBHOE COACPKAHUE;

® KOHMEKCMYAIbHbIl CMbIC, OTIPEEIISIEMBI CBS3SIMU TAHHOTO
MIOHSITUS C IPYTUMHU, COCEICTBYIOIIMMU B JAHHOM CUTYaIlNH;

® JIUYHOCMHDIL CMbICT, T. €. 0OBbEKTUBHOE 3HAYEHUE, OTPAKEHHOE
Yyepe3 CUCTEMY B3TJIS0B IKCIEPTa;

® NpazMamudecKuti CMoicjl, ONPENEISIEeMbI TEKYIIUM 3HAHUEM O
KOHKPETHOM cuTyanuu (Harpumep, ¢ppasza “mHbopmaims moiaydeHa”
MOJKET UMETh KaK HEraTUBHYIO, TAK U TTO3UTHUBHYIO OIICHKY — B 3aBU-
CUMOCTH OT TOTO, HY’)KHO 3TO ObUIO Uu HET) [22].

6. Hanwumne axmugnocmu.

JlaHHOE CBOMCTBO npuHyunuaivHo omauyaem TOHSATHE ‘3HaHUE”
oT noHsTUs “manHble”. Hanmpumep, 3HaHUS YeloBeKa, KaK MpaBuilo,
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AKTHUBHBI, TTOCKOJIBKY €My CBOWCTBEHHA MMO3HABATENIbHAS AKTUBHOCTD
(obHapyKeHHE TPOTUBOPEUHNH B 3HAHUSIX CTAHOBUTCS MOOYAUTEIIHHOM
MPUYUHON UX MPEOJIONICHUSI U TIOSIBIIEHUS HOBBIX 3HAHUI;, CTUMYJIOM
AKTUBHOCTH SIBJIIETCS] HEMOJIHOTA 3HAHMI; BhIpaxkaeTcs B HEOOXOIu-
MOCTHU MX TIOINOJIHEHUs). B oTMune OT JMaHHBIX 3HAHUS TTO3BOJISIOT
BBIBOJIUTH (ITOJTyUaTh) HOBBIC 3HAHUSA. Byayun aKTUBHBIMH, 3HAHUS
MO3BOJISIIOT YEJIOBEKY pellaTh He TOJIBKO THUIIOBBIC, HO W MPHUHITUITH-
aIIbHO HOBBIE, HETPAIUIIMOHHbBIC 3aa4H.

Kpome nepeuncieHHbIX, 3HAHUSIM TTPUCYIIU TAKUE CBOWCTBA, KAK
omonumus (CIOBO “Koca” MOKET UMETh TPH CMBICTIA, CBSI3aHHBIX C OII-
peneNeHus IMU: IEBUYbS; TIeCUaHast; OCTpasi) U CuHoHuMus: (3HAHUS “TIpe-
MO/IaBATENb YATACT JICKIHIO ™ U “CTYACHTHI CIYIIAIOT JIEKIIUIO BO MHO-
TUX CIIy4asix SIBJISIOTCS CAHOHUMAaMMU) U JIP.

KrnaccupunupoBath 3HaHUS MOXKHO 10 CAMBIM Pa3JIMYHBIM OC-
HOBaHUSIM.

ITo criocoOy cymecTBOBAHUS pa3INYaAIOT (haxmbl (XOPOIIO U3BEC-
THBIE OOCTOSITEILCTBA) U 38pucmuKy (3HAHUS U3 OTBITA SKCIIEPTOB).

ITo cnocoby ucnonvzosanus B 3KCIEPTHBIX CUCTEMAX — ¢haxmu-
yeckue 3nanus (PaxThl) — 3HaHUS TUNA “A — 310 A”; npasuia — 3Ha-
HUS U1 npuHsaTus pemenuid (“Ecnu ... — To ...”"); memasnanus (3Ha-
HUS O 3HAHUSIX — YKa3bIBAIOT CUCTEME CIIOCOOBI UCTIOIb30BAHUS 3HA-
HUH U OTIIPEIETSIOT UX cBoiicTBa). Kitaccnmyeckumu nmpuMepamu MeTa-
3HAHMU SBIISIIOTCS HAPOJHBIE TTOCIOBUIILI M TTOTOBOPKH, KaXXaas U3
KOTOPBIX XapaKTepHU3yeT 3HAHUS (PEKOMEHIAINH I10 IeITEIIHHOCTH) B
MIMPOKOM KJIacCe KOHKPETHBIX CUTyaluil (Hampumep, MOCIOBUIA
“CeMb pa3 OTMEPb, OJIUH — OTPEXKb’ IPUMEHUMA HE TOJILKO B CPEJIe
XUPYPIroB WU MOPTHHIX).

ITo ¢opmam npedcmasnenus 3HAHUS TTOAPAICISAIOT HA deK1apd-
mughvle (GaKThI B BUE HAOOPOB CTPYKTYPUPOBAHHBIX TAHHBIX) U PO~
yeoypanvivie (AITOPUTMBI B BHJIE TIPOLIEAYyp 00paboTKH (GaKkTOB).

ITo cnocoby npuodpemenus 3HaHUS TOAPABIEISIOTCS HA HAYUHbIC
(ToJTy4eHHBIE B X0JIe CUCTEMAaTHYECKOTO 00yUeHUS U/WITH U3yUeHUsT) U
arcumetickue, obimogule (IIOJyYSHHBIE B “XO/€ JKU3HU ).

Hanum emne psii onpeaeeHui, 4acTO BCTPEUYAIOIINXCS B JIMTEpa-

Type [21].
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Hnmencuonanvnvle 3HaHUST — 3HAHUS, XapaKTepU3YIOIINe HEKO-
TOPBIN KJTacC OOBEKTOB WIIM OTHOCSIIUECS K HEMY.

DremencuonanbHvle 3HAHUS — 3HAHUS, OTHOCSIIIMECS K KOHKPET-
HOMY OOBEKTY U3 KaKoro-mmbo kiacca (pakThl, CBEJIEHUS, YTBEPXK/Ie-
HMSI U T. 1.).

3aMeTHM: OTHOILICHHS] MHTEHCUOHAIBHBIX M 3KCTEHCHOHAIBHBIX
3HAHUN — 3TO POJAOBHUIIOBBIE OTHONIeHUs. Hampumep, nonsitue “rex-
HOJIOTHYECKAas oTepalys’ — 3TO HHTEHCHOHAJI, a TIOHATHE “TTaiika” —
9TO IKCTEHCHOHAJI, TaK KaK IMaifka — O/IHa U3 TeXHOJIOTUIECKUX OTIe-
pauuii. OYeBUAHO, YTO ITH NOHAMUS OMHOCUMeNbHbl. TakK, TOHITHE
“maiika”, B CBOIO O4Yepe/lb, MOXKHO CUNTATh HHTEHCHOHAJIOM TI0 OTHO-
IICHUIO K MOHATUAM “Taiika cepebpom” u “naiika omoBom”. Kak mpa-
BUJIO, TAKOT'O pOjia 3HAHMS OTHOCSITCS K JICKIIapATHBHBIM.

Du3suueckue 3HAHUSI — 3HAHUS O PealbHOM MUpE.

Menumanvhvle 3HAHNUS] — 3HAHUS 00 OTHOIIEHUSAX OOBEKTOB.

Mup 3a0auu — COBOKYITHOCTb 3HAHUH, UCIOJIb3yEMBIX B 3a]a4e.

Mup nonvzosameisi — COBOKYITHOCTb 3HAHUH ITOJIb30BATES.

Mup npoepammsl — COBOKYITHOCTb 3HAHUM, UCIIOJIb3YEMBIX B IIPO-
rpamme.

Mopgonoeuneckue u cunmarxcuyeckue 3SHAHUS — 3HAHUS O TIPABU-
JIaX MOCTPOEHUS CTPYKTYPhI OIUCBIBAEMOTO SIBJICHUS MJIH OOBeKTa (Ha-
npuMep, MpaBujIa HaUcaHus OyKB, CJIOB, IPEUIOKEHUN U Ap.).

Cemanmuyeckue 3HAHUSI — 3HAHUS O CMbBICJIE U 3HAUEHUN OTIUCHI-
BAEMBIX SIBJICHUN U OOBEKTOB.

Ilpaemamuueckue 3HAHUST — 3HAHUS O MPAKTUYECKOM CMBICIIE
OTIMCHIBAEMBIX OOBEKTOB U SIBIIEHUI B KOHKpeTHOH cutyaruu. (Hampu-
Mep, penKas MOHeTa Il HyMU3MaTa M (puiiaTenrcTa UMeeT pas3iind-
HYIO TParMaTUIeCKyIo IIEHHOCTb. )

Ilpeomemuvie 3HaHUS — 3HAHUS O MPEAMETHON 00JIaCTH, OOBEK-
Tax U3 3TOU 00JACTH, UX OTHOIICHUSX, IEHCTBUSIX HAJl HUMU U AP.

10.2.2. Knaccugpnkayms
MeTo40B MOAENHPOBAHHA 3HAaHHH

Z[J'IH TOTO YTOOBI MAHUITYJIUPOBATH BCEBO3MOXXHBIMU 3HAHUSIMU
N3 pCaIbHOTO MHUpa C ITOMOIIBIO KOMIIBIOTECPA, HCO6XOI[I/IMO ocyuie-
CTBUTB UX ManﬂuPOGQHue.
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[Ipu npoeKTUPOBaHUM MOJIENN MPEACTABICHUS 3HAHUHN CIIeAyeT
YUECThb 068a mMped06aHus:

® 00HOPOOHOCHIbL NPEeOCMABICHUSL,

® IPOCMOMa NOHUMAHUSL.

Beimonnenue 3Tux TpeGoBaHUN TO3BOJISET YIPOCTUTH MEXAaHU3M
JIOTUYECKOTO BBIBOAA U MPOLIECCH MPHUOOPETeHMs 3HAHUN U yIpaBiie-
HUS UIMH, OJTHAKO, KaK IMPABUJIO, CO31ATENISIM HUHTEIUICKTYaIbHOM CHC-
TEMBbl MPUXOIUTCS UATH Ha HEKOTOPHIH KOMIPOMHUCC B CTPEMIICHUH
00ecreunTh OIMHAKOBOE TOHMMAaHUE 3HAHUN U IKCIIEPTAMH, H HHKE-
HEpaMH 3HAHUU, U TIOJIb30BATEIISIMH.

Knaccudukamms MeTo10B MOJIETMPOBAHUS 3HAHUN C TOUKH 3pe-
HUs TOJX0/1a K UX IpeacrasieHuto B OBM nokaszana Ha puc. 10.2.3.

Mopenun
npeacTaBneHns
3HaHUN
Ha ocHoBe aBpucTnyeckoro Ha ocHoBe TeopeTuyeckoro
noaxona nogxoaa
e Ha 6a3e dopmanbHon
TPOWKON dop
TOrVKM NpeanKaToB
NPOAYKLUMOHHbIE Ha 6ase «4enoBeYvecKomn»
NOTVKM
cpenmosble Moaenu mogansHon
NOTMKN
ceTeBble MOZJenM MHOTO3HauYHoOWM
TIOTMKMN

Puc. 10.2.3. Knaccudmkauus mopenen npefncrasieHUss 3HaHWK

JamuM oOIIyr0 XapaKTepUCTHKY OCHOBHBIX METOJMOB IPEICTaB-
JICHUS 3HAHHUU.

Moodenu na ocroge 38pUCIIUYECK020 NOOX00d
1. Ilpedcmasnenue 3nanuti mpotixoi “06vexm — ampudym — 3na-
yenue”. OINH U3 TIEPBBIX METOI0B MOJICIMPOBaHMs 3HaHM. Kak mpa-
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BHWJIO, WUCITOJIb3YETCS ISl IIPEICTABIICHUS (haKmuuecKux 3HAHUL 8 Npo-
cmetuux cucmemax.

[Tpumepsr:
OOBEKT ATpudyT 3HaueHne
CTyneHT VcneBaeMocTh OTJINYHUK
Hdom LBeT Bbenbrit
IMamuent Temnepartypa Hopmanbnas

OueBUIIHO, UTO IJII MOAEIUPOBAHMS 3HAHUM Jaxe 00 OJHOM
00BeKTe (HarmpuMep, o0 “cTyfeHTe” Win “nomMe”) u3 mpeaMeTHOI o0a-
CTU HE0OX00UMO XPAHUNDb 3HAYUMEIbHOe YUCI0 TAKUX “TPOeK”.

2. IIpooykyuonnas modens (MOICIH IIPABUIT;, MOJICITb ITPOTYKIINH —
OT aHrJ1. production — U3roTOBJICHUE, bipabomia). B HacTosIIee Bpe-
Ms HanOosee mpopaboTaHHAS U PACIPOCTPAaHEHHAS! MOJIEb IIPECTaB-
JIeHUsI 3HAHUH, B YaCTHOCTH — B AKCIEPTHBIX CUCTEMaX.

Mogens npenycMaTpuBaeT pa3padoTKy CUCTEMbI TPOTYKIIMOHHBIX
MpaBuil (MpaBWil MPOAYKIIUH ), UMEIOIINX TUITOBOM BU/I:

ECIIMA N1A, 1N .. A, TO B, WJIHU B, NJIA ... UJIX B,
rzae A; ¥ B, — HEKOTOpbIC BBICKA3BIBAHMS, K KOTOPBIM IIPUMEHEHBI JIO-
ruyeckue onepauuu M u MJIN. Ecnu Bbicka3blBaHUs B JIEBOM 4acTH
MpaBuia (ee 4acTo HA3BIBAIOT aHmeyedeHm — YCIOBUE, TIPUUNHA) HC-
TUHHO, UCTMHHO 1 BBICKA3bIBAHHE B IIPABOM YACTH (KOHCEK8eHm — Cle[i-
CTBHE).

ITonHoTa Ga3wl 3HAHMI (0a3bl MPaBHUII) ONPEACIISICT BO3MOKHOC-
THU CUCTEMBI 110 YAOBJIETBOPEHUIO MOTpeOHOCTEH noib3oBaTenei. Jlo-
TUYECKUN BBIBOJ B MPOIYKIIMOHHBIX CUCTEMaX OCHOBAH Ha IMOCTpOe-
HUHU MPSIMOM ¥ 0OpaTHOM 1IEITOYEK 3aKITIOUEHUI, 00pa3yeMbIX B Pe3yJib-
TaTe MOCIe0OBATEIbHOTO ITPOCMOTpA JIEBBIX M MPABbIX YacTel COOT-
BETCTBYIOIIUX MPABWI, BIUIOTH /10 MOJIyYeHUS OKOHYATEIIBHOTO 3aK-
JTIOYCHMS.

Ilycts B HEekoTOpoOi obmactu nmamsit (b3H) XpaHATCS Cliemyro-
IIMe NpaBuiia (Cy>KICHHS):

e paBwiio 1 — ECJ/IH B cTpaHe NIPOUCXOIUT MaJeHHUE Kypca Ha-
LIMOHAJILHOM BaJIIOTHI,

TO matepuaabHOE IMOJOKEHUE HACEIICHUS YXY/IIIACTCS;

e npaBusio 2 — ECJIH oObeMbl MPOU3BOJICTBA B CTpaHE MMa1AI0T,
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TO xypc HaIMOHATILHOU BAJTIOTHI CHUKAETCS;

e mpaBwiio 3 — ECJIH MaTtepuallbHOE TOJIOKCHHE HACEICHHS
yXyIaercs,

TO B cTpaHe BO3pacTaeT ypOBEHb CMEPTHOCTH.

Ecnu Ha BXOA cUCTEMBI MOCTYNUT HOBBIN (hakT “B crpane 3naun-
TeJIbHBIA YPOBEHb IMaJIeHUsI 00bEMOB MPOU3BOJCTBA”, TO U3 MPABUII
MOYHO IIOCTPOUTB LIETIOUYKY PACCYKICHUH U cPOPMYIMPOBATH JIBA 3aK-
JIOYCHUSL:

¢dakT 1 — npaBuiio 2 — npaswio 1 — 3akioueHue 1 — npaBuio
3 — 3aKIIoueHue 2,

rje 3akiaodeHre 1 (MpoMexyTOUHbIN BBIBOA) — “MatepuanbHoe mo-
JIO)KEHHE HACeJICHHS yXyAIaercs’; 3akitoueHre 2 (OKOHYATEIIbHBIN
BbIBOJI) — “B cTpaHne Bo3pacTtaeT ypoBeHb CMEPTHOCTH .

OTMeTHM, 4YTO B COBPEMEHHBIX IKCIIEPTHBIX CUCTEMaXx B Oa3e 3Ha-
HUH MOTYT XpPaHUTBCS THICAYU MPABUI, & KOMMEpPUECKass CTOMMOCTD
OJIHOT'O HEBBIBOJIUMOTI'O (HOBOT'0, JOTIOJTHUTENIBHOI0) MIPaBUIa BECbMa
BBICOKA.

['maBHBIMH TOCTOMHCTBAMU MPOIYKIIMOHHBIX CHCTEM SIBIISTFOTCS
MIPOCTOTA MOMOJIHEHUS U U3BSTUS IPABUJI; IIPOCTOTA peau3aiiiy Me-
XaHM3Ma JIOTUUECKOTO BBIBO/IA M HATJISTHOCTh OOBSICHEHHI pe3yIbTa-
TOB PA0OTHI CUCTEMBI.

OCHOBHO¥ HEJTOCTATOK TTOAOOHBIX CUCTEM — TPYAHOCTH obecrie-
YEHUSI HETPOTUBOPEUNBOCTH ITPABIII ITPU UX OOJIBIIIOM YHCIIE, YTO TPe-
OyeT CO3[aHus CIeUAIbHBIX TPaBUJI (TaK HA3bIBAEMBIX METAIIPABUII)
pasperieHnst BO3HUKAIOIINUX B XOJI€ JIOTHUYECKOTO BBIBOJIA TPOTHBOPE-
yuii. Kpome Toro, BpeMst GOpMUPOBAHUS UTOTOBOTO 3aKITFOUEHUS MO-
JKET OBITH JOCTATOYHO OOJIBIIINM.

3. @peiimosas modenp. CpaBHUTEILHO HOBAs MOJIENb MPEACTaB-
nenns 3HaHui. Camo nmousTue “dpeiim” (anri. frame — pama, pamka,
CKeJIeT, CI'YCTOK, CpyO M T. 11.) ObLIO BBeAeHO B 1975 r. MapkoM MuH-
ckuM (M. Minsky, CILIA).

®peliM — 3TO MUHUMAJIbHAS CTPYKTypa MH(pOpMAIUK, HEOOXO-
JUMast JIJIs1 TIPEeICTABIICHHS] 3HAHUM O CTEPEOTUITHBIX Kjlaccax 0OBeK-
TOB, SIBJICHUH, CUTYyaluii, mporieccoB U Ap. C momoinbio (peiiMoB MOXK-
HO MOJICTTUPOBAThH 3HAHUS O CAMBIX PA3HOOOPA3HBIX OOBEKTAX WHTE-
pecyrolei ucciaenoBaTesIs IpeAMETHOM 001aCTU — BaXKHO JTUIIIb, UTO-
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OBI 3TN OOBEKTHI COCTABIISIIN KIIACC KOHIENTYATbHBIX (TTOBTOPSIOIINX-
Csl, CTEPEOTUITHBIX) O0OBEKTOB, MpolleccoB U T. 1. [Ipumepamu ctepeo-
TUIHBIX )KU3HEHHBIX CUTYallUi MOTYT CIIY>)KHTh COOpaHue, COBEIIAHUE;
c/1ayva 9K3aMeHa WM 3a4eTa; 3aluTa KypcoBoit pabots! u ap. [Tpume-
PBI CTEPEOTUITHBIX OBITOBBIX CUTYyalluii: OTBE3/] B OTITYCK; BCTpeya ro-
CTeif; BBIOOD TeIeBU30Pa; PEMOHT U 11p. [IpuMeps! CTepeOTUITHBIX 1O~
HSITUI: alITOPUTM; IecTBUE; MeToauKa 1 1p. Ha puc. 10.2.4 mpencras-
JIeH (ppeiiM TeXHOIOTHYECKON onepanun “coequHsaTs” [21].

Dw \

\ / Dx

.

CoeanHaTb

I

Dy Dz

—> “obbekT”

- > “cyBbekT”

— - — - > “nocpeacTeoM
yero ?”

Puc. 10.2.4. ®peim cutyauun “coepmusats”

Jannsrii ¢peiiMm onucbiBaeT cutyanui “‘CyObekT X COeauHSET
00BeKT Y ¢ 00BekTOM Z criocodbom W”. Ha pucyHke 0003HaUCHBI:

BepiuHbl X, Y, Z, W — ciomwi (aHri1. slot — mpopes; 11eib; myc-
TOTA — COCTaBJISIFOIIUE peiima);

JIyTU — OTHOIICHUS;
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Dy, Dy, D,, Dy, — Tak na3eiBaemble wanyuy — 00IaCTH BO3-
MO>KHBIX 3HAUEHUI COOTBETCTBYIOIIUX CIOTOB.

HanonHss cnoTbl KOHKPETHBIM COAEPKAHUEM, MOKHO MOJIyUYUTh
(bpeiiM KOHKPETHOU cuTyaluu, HapuMmep: “PaTnoMOHTaXHUK COeIU-
HSIET MUKPOCXEMY C KOHJEHCATOPOM CIIOCOOOM Naiku”. 3amoyiHeHue
CIIOTOB HMIAHIMSMU HA3BIBAIOT akmugusayueti pperma.

C nomo1upo GppeiiMoB MOKHO MOJENINPOBATH KAK MPOLIEAYPHBIE,
TaKk M JekiaapatuBHble 3HaHusA. Ha puc. 10.2.4 npencrasieH npumep
TIPENICTABIICHHS TIPOIIEAYPHBIX 3HAHUN.

Ha puc. 10.2.5 npuBenen npumep ¢ppeiiMa “TexHoIornu4YecKas ore-
paius’”, WUTIOCTPUPYIONINI TPEACTABICHUE IeKIapaTUBHBIX 3HAHUN
JUTSL PELIeHUs 3a4a41 MPOEKTUPOBAHMS TEXHOJIOTUUYECKOT O ITpoIiecca.

TexHonornyeckas onepauus

Wms onepaummn

CocTtaB onepauuun

Tpebyemoe obopynoBaHue LWaHLm

cnoTtos

Tpebyemble MaTepuarnsi

Mmsa nocnepytowei onepaumm

Puc. 10.2.5. ®peiim noHstus “texHonorvyeckas onepauus’
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ITo copepkaTeabHOMY CMBICTY (bpeiima BeiAeIsIOT [21]:

o (hpEHMBI-TIOHSITHUS;

o (hpeliMbI-MEHIO;

o (ppeiiMBbI ¢ HepapPXUUECKU BIOKEHHOU CTPYKTYPOIA.

Dpeiim-nonsimue — 310 (ppeiim Tuna M. Hanpumep, dppeiim “orme-
pamus” conepkut oObeIMHEHHbIe CBsI3KON M nMeHa ciioToB “uTo je-
JaTh”, “4To 3TO AaeT”’, “Kak Aenath’, “KTo aenaer”’, “rie aeaaTh” U T. 1.,
a ¢gpeiM “mpeameT” — CIOTHI ¢ UMEHAMH “Ha3HaueHue”, “dopma”,
“Bec”, “uBeT” U T. 1.

Dpetim-menio — 310 ppeiim tina UJTH. OH CITy)XHUT 711 OpraHu-
3aIH MPOLIEYPHBIX 3HAHUH ¢ TOMOIIIBIO onepaTopa “BriOpaTh”. Ha-
npuMep, GpenM “4To nenaTh’”’ MOKET COCTOSATD U3 O0BETMHEHHBIX CBSI3-
kot MJIH cnoToB “peinTh ypaBHeHHE , “TIOJICTABUTH IAHHbBIE”, “yTOU-
HUTh 33724y’ U T. 1., IPUYEM KaXIbIi U3 3THX CIOTOB MOYKET UMETh
HECKOJIbKO 3HAUYCHUU.

Dpetiv ¢ uepapxuyecKu GLONCEHHOU cmpyKmypoti peroaaraer,
YTO B HEM B KaUeCTBE 3HAUYEHUH CIIOTOB MOYKHO HCIOJIb30BATh UMEHA
Ipyrux ¢ppeiiMoB, CIOTOB U T. [., T. €. HCIIOIb30BATh HEPAPXUUECKYIO
CTPYKTYPY, B KOTOPOH KOMOUHUPYIOTCS IpyTrHe BUIBI GpeiiMoB (B UTO-
e MOJIyYaIOT TaK Ha3bIBA€MbIC (petiMbl-CyeHapuu).

3HaYeHUs CIIOTOB MOTYT COJIEP)KATh CCBUTKHM Ha TaK Ha3bIBAEMBbIE
npucoeounenmvie npoyedypsl. Pa3znmuyaroT 1Ba BUIA MPUCOCIUHEHHBIX
MpoLeayp:

— MPOUEAYPbI-0eMOHDL;

— TIPOIICIYPhI-CIy 2.

[TporemypoI-demorsl TPUCOSTUHSIIOTCS K CJIOTY U AKTUBU3UPYIOTCS
MIPU U3MEHEHUN MH(OPMAIIUU B 3TOM CJIOTE (BBITTOIHSIIOT BCIIOMOTa-
TeJIbHBIE ONEPallUA — HATIPUMED, AaBTOMATUUECKU KOPPEKTUPYIOT UH-
(hopMaIuio Bo Bcex APYruX CTPYKTypax, TJie UCIIOIb3YeTCsl 3HAUCHHUE
JaHHoro ciota) (cM. puc. 10.2.6).

[TponenypsI-c1yeu aK TMHBU3UPYIOTCS TIPU BBITIOTHEHUH HEKOTOPBIX
YCIIOBHI OTHOCHUTEIIFHO COJIEPKMMOTO CIIOTOB (YacTO MO 3ampocy).
JaHHbIe MTPOLIEAYPHI OMPEISISIOTCS MOIb30BATENIEM MIPU CO3TaHUH
¢dpetima. Hanpumep, Bo dpelime “YueOHast ayauTopusi” MOXKHO Ipe-
nycMoTpeTh cinoThl “JnmuHa” n “Illupuna”, a mo ux 3HAYEHUSIM BbI-
YUCIISTH 3HAUCHHE CI0Ta “TUIOmaab” .
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[Tpotnenypsi-aeMOHbBI

1. | IIpouenypa “Ecau — nobasiaeno” BemoinHsiercs, koraa HoBas
(IF — ADDED) HH(pOpMAITUS TOMEIAETCS B CIIOT

2. | Ipouenypa “Ecnu — ynaneno” BemonHsiercs, koraa nHGopMaIus
(IF — REMOVED) yIISIETCs] U3 CIIOTa

3. | IIpouenypa “Ecnmu — Hy)HO” BrimounHseTCs, Koraa 3anmpaniuBaeTcs
(IF — NEEDED) HH(pOpMaIHs U3 yCTOTO CI0Ta

Puc. 10.2.6. Tunbl npucoenmHeHHbIX Npoueayp

DpeiiMBbI MO3BOJISIOT UCIIOJIH30BAThH MHOTHE CBONCTBA 3HAHUN U
JOCTATOYHO IIMPOKO ynoTpedstorcesi. X JoCTOMHCTBA M HETOCTAT-
KM CXOXH C IOCTOMHCTBAMH U HEIOCTATKAMHU CEMAHTUYECKHX CETei,
KOTOPBIE OY/IyT pACCMOTPEHBI HUXKE.

4. Mooenv cemanmuueckoii cemu (Moneiab Kynnnana).

Cemanmuueckas cemv — 3TO HANPAGIEHHbII 2pagd ¢ NOUMEHOBAH-
HbIMU 8epUIUHAMU U Oyeamu, TIPUYEM p3/b6l 0003HAYAIOT KOHKPETHBIE
00vekmbl, a dyeu — omuoutenus medicoy numu [21]. Kax ciemyer us
ompe/eNieHus], JaHHas MOJENb MPeICTABICHUS 3HAHUM sBiIsieTcs 0o-
jiee oOIIeli TT0 OTHOIICHHIO K (PpeiMOBOM Moen (MHBIMU CIIOBAMHU,
(bpetiMoBast MOJIeIb — YaCTHBIH CITydail ceMaHTHUeCKo ceTn). CemaH-
TUYECKYIO CETh MOYXHO MTOCTPOUTB 7S TFOOOH MPeIMETHOM 001acTh 1
JUTSL CAMBIX PA3HOOOPA3HBIX OOBEKTOB U OTHOILLIECHHIA.

B ceMaHTHUYECKUX CETSAX MCIOIB3YIOT TPHU TUIIA BEPIIUH:

® BEPIIUHBI-noHAMuUst (OOBIYHO 3TO CYIIECTBUTEIIBHBIC);

® BEPIIMHBI-cOObIMUsL (OOBIYHO ITO IJ1Ar0JIbI);

e BEpIINHBI-ceolicmaa (TpuaraTeIbHbIe, Hapeuusl, OTPE/IeIICHN).

Jyru cetr (ceMaHTHUYECKHE OTHOIICHUS ) TOIPA3IEIISIOT Ha YeThIPe
KJjlacca:

o unzsucmuyeckue (MajexxHble, TIarojibHble, aTPUOYTHUBHbBIE);

o noeuneckue (U, HJIH, HE);,

® MeopemuKo-mHodHcecmaenHvle (MHOXKECTBO — TOJIMHOXKECTBO,
OTHOIIEHUS 1IeTIOTO U YaCTH, POJOBUIOBBIE OTHOIIICHHUS);

o KgaHmuguyuposanmvie (ONpenesseMble KBAHTOPAMHU OOIIIHOCTH
V ¥ cyliecTBOBaHUs 3).
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(HamomMHuM, 4TO K6aHMOpbl — ITO J02UUecKUe Onepamopbol, epe-
BO/ISAIIME OJIHY BBICKA3bIBATENbHYIO (OPMY B IPYTYIO U TIO3BOJISIIOIIHIE
YKa3bIBaTh 00bEM TeX 3HAUECHUH MPEMETHBIX IIEPEMEHHBIX, /1151 KOTO-
PBIX TaHHAS BbICKa3bIBaTeIbHAS (hopMa ucmunna.)

[TpuBenem nBa mpumepa.

Ha puc. 10.2.7 npeacrasieHa ceMaHTUYECKas! CETh ISl IPEI0-
xeHus (curyarun) “CryaeHT TaOypeTKUH TOOPOCOBECTHO M3ydaeT
HOBBIH T1aH cueToB Ha 2005 1. epen caaveil sKk3aMeHa Mo JTUCIUTLIIU-
He “Byxrantepckuii yuer”.

YyTO Aenaet?

KTO?
’ TabypeTkun F—{ CTYJIEHT

yTo?

n3yvdacrt

Koraa?

’nnaH cyetoB 2002 r. ‘

Ilepen cnaueii sx3ameHa

J100POCOBECTHO no nqucuuruinie “Byxyuer”

Puc. 10.2.7. CemaHThueckas ceTb s npennoxenus (cutyaumm)

Puc. 10.2.8 conmeput pparMeHT CEMaHTUYECKOUN CETH ISl O-
HATUS “aBTOMOOMIL” (0Oo3HaueHus: IS-A — “ecrp, sBusgeTCS”;
HAS-PART — “umeer uactp”).

W3 npuBeneHHBIX MPUMEPOB MOHATHO, MIOYEMY MHOTHE CIielna-
nucThl 1o MU cunTaroT gpetiv uacmmuvim ciyuaem cemanmuyeckoil cemu
€O CMPO20 CMPYKNYPUPOBAHHBIMU SHAHUSMU.

OCHOBHOE JIOCTOMHCTBO METOJIOB MOJICJIUPOBAHUS 3HAHMM C TIO-
MOIIBIO CEMAHTUUECKUX CeTel U (PpeiMOB — YHUBEPCAIIBHOCTh, y100-
CTBO TIPEACTABIICHUS KaK JIEKJIAPATUBHBIX, TAK U MPOIETyPATbHBIX
3HaHuil. UMeroT MecTo U 1Ba HEAOCTATKA:

— 2POMO30KOCMb, CLONCHOCTb TIOCTPOCHUS U U3MEHEHUSL,

— nompeobHocms B Pa3HOOOPA3HBIX npoyedypax 0opadbomxu, CBs-
3aHHAs C pa3HOOOpAa3ueM TUIIOB YT U BEPIIIHH.

B pamkax peanuzamuu meopemuuecko2o no0xo0a TpUMEHSIOT J10-
2uuecKue Mooeau, IPeKJIe BCero MCIOb3YIONINUEe TPEICTABIICHUS 3HA-
HUI B CHCTEME J102uKu npeduxkanos. IlpenMylinecTBa TAKOro moaxoaa
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.
> ABTOMOOHIIB |

7\
IS-A v HAS-PART | IS-A
I'py3oBoit Tpascumucens JlerxoBoit JIBurarenbHas
aBTOMOOMIIb aBTOMOOWIIh YCTaHOBKa
A
v HAS-PART IS-A IS-A v HAS-PART
Kyzos “3UJI” “Bonra” biok
LITNHIIPOB

Puc. 10.2.8. ®parmeHT ceMaHTHUECKOM CeTH NoHATUs “aBTomMobunb”

OYEBUW/IHBI: IMHCTBEHHOCTh TEOPETUUECKOT'O OOOCHOBAHUS U BO3MOXK-
HOCTb peaJIM3aIi CUCTEMBI ITyTeM BBe/IeHUs (HOPMaIbHO TOUHBIX OII-
penenieHuid U MPaBUJI TTOJIYYeHUsT BbIBOIOB. OHAKO B MOJIHOW Mepe
MPETBOPUTD B KU3Hb JIAHHBIN MOIX0/1 IaXKe JJIs1 “TIPOCTHIX 33724 OKa-
32JI0Ch BeChbMa CIOXKHO. [103TOMY MOSIBUIUCH nonwvimku nepetimu om
Gopmanvroli 102uKY K MAaK HA3bI8AeMOT Yel08euecKotl no2uke (Mo1ab-
HOW JIOTMKE, MHOTO3HAYHOU JIOTHKE U JIP.), MOJIEITN KOTOPOI B OOJTb-
IeH WJIK MEHBIIEH CTENeHN YUYUTHIBAIOT “UeloBeUYecKuil (hakTop”, T. €.
SIBJISIFOTCSI B OTIPEICTICHHOM CMBICTIE KOMITPOMUCCHBIMHU B TUTAHE UCTIOJTb-
30BaHMS U TCOPETUUECKOTO, U IBPUCTUUYECCKOTO MOIXO/IOB.

OueHb KOPOTKO OCTAHOBHUMCS Ha CTABIICH KIIACCHUECKOM MpeIu-
KaTHOW MOJICIU MPEACTaBlIeHUs 3HaHuii. [IepBbie MOMBITKHA UCTIOJIH30-
BaTh TAKYIO MOJAEIIb OTHOCATCS K 50-M IT. mponuioro Beka. Jlaaum He-
CKOJIBKO OIIPENCIICHUN.

[TycTh UMeeTCs HEKOTOPOE MHOIHCECTNBO 00bEKIMOE, HA3hIBAEMOE
npeomemmnoii ooracmoio. Berpaxenne P(x, X,, ..., X, ), raex;,1=1,...,n—
Tax Ha3bIBAEMbIE ITPEIMETHBIC IepeMeHHbIe, a P mpunuMaet 3Hauenus 0
uiu 1, Ha3BIBACTCS JI02UUecKoll (hynKyueti Vit npeouKamoM.

Ipenukar P(x, X,, ..., X,) 31a€T OTHOILEHUE MEXKLY SJIEMEHTAMHU
X Xy, .-, X B ODO3HAYAET BBICKA3BIBAHUE, UTO “X{, X,, ..., X HAXOAATCSI
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MeXay coboii B oTHomennu P(x). Hampumep, ecnmu A — MHOXKECTBO
LIeJIbIX ymcell, a P(a) — BbICKa3bpIBaHUE “‘a — MOJIOKHUTEITLHOE YUCIIO”,
ToP(a)=1npua>0uPa)=0mnpua<0.

N3 nono6GHOro poaa 37eMeHTapHBIX BHICKA3BIBAHUI C TOMOIIBIO
JI02UHeCKUX C85130K 00PABYIOT 00Jiee C0MHCHbIE BbICKA3bIBAHUSL, KOTOPBIE
MOTYT IPUHUMATH T€ K€ 3HAaUeHUs — “UCTUHA™ U “JI0Xkb”. B KauecTse
CBSI30K UCIIOJB3YIOTCS KOHBIOHKYUS, OUILIOHKYUSL, UMIAUKAYUS, OMPU-
yaue, IKBUBANECHMHOCID.

IMpeaukat OT n MepEeMEHHBIX HAa3bIBAIOT N-MECHIHbIM.

Oonomecmmuvie (yHapuvie ) IpeIUKATBI OTPAXKAIOT CBONCTBA onpe-
0eneHH020 0OveKxma NI Kiacca 0ovekmos. Muoeomecmuvie TIpeauKa-
ThI TO3BOJISIIOT 3aIMChIBATD OMHOWIEHUs, KOTOPBIE CYLLIECTBYIOT Medic-
0y 2pYnnotil dJ1eMeHmos.

Ecnmu a — toxe npenukar, To P(a) — nmpeaukat 2-ro nopsaka, u
T. JI. 10 N-TO TIOPSI/IKA.

[TpuBenem npuMepsl pa3InYHBIX MPEAUKATOB.

1. YHapuslii npeaukat (BeickasbiBanue) “Peka Brnagaer B Kacrmii-
ckoe Mope” uMmeeT 3HaueHue 1, ecnu “Peka” = “Bonra”, u 3nauenue 0,
eciu “Pexa” = “Jlnerp”.

2. IByXMECTHBIHM IIPEIMKAT “X| HE MEHBLIE X, MOXKET UMETh 3Ha-
yeHue 1 mam 0 B 3aBUCMMOCTH OT 3HA4YEHMH X; U X,. Ecnu 3nauenue
TIpeIUKATa 1MOodHcOecm8enio pagho 1 Ipy JII0OBIX 3HAUEHUSX MTPEIMET-
HBIX TIEPEMEHHBIX, OH HAa3bIBACTCSI 1MA8MON02Uell.

B anmapat ucuncienus npeIuKkaToB BXOIAT TAKIKE CUMBOIbL (PYH-
Kkyuit (0OBIYHO 00O3HAUaeMble JIATUHCKUMHU OykBamu f, g, h u T. 1.),
3a/1aBA€MbIX Ha MHOJKECTBE MPEAMETHBIX IMEPEMEHHBIX, U KE8AHMOpPbl
obwHocmu ¥ M cyujecmeosanus 3.

3. [IpencraBiieHue ¢ MOMOILBIO TPEIUKATA 3HAHUH, 3aKITIOUEHHBIX
B Teopeme [Mudaropa: P {g [f(x), f(y)], f(z)}, tne npenukat P — “ObIThH
paBHBIM”, pyHKIHUA g(X, y) = X + y; pyHkuus f(x) = x2.

HMuorma ucnons3yercs Takasi Gpopma 3aucu:

PABHBI[CYMMA (KBAJIPAT(x), KBAIPAT(y)), KBAIPAT (z)].

IIpenuxat P paBen 1, ecnu X, y, Z— COOTBETCTBEHHO JIJTMHBI KaTe-
TOB U TUIIOTEHY3bI MPSIMOYTOJIBHOTO TPEYTOJIbHUKA.

Kak yxe oTMeuanocs, mpeauKaTsl yI0O0HbBI A1 OMUCAHUS 0eKId-
pamueHwlix 3HaAaHUH (PaKkTOB, COOBITUH U T. 11.). IX enasmnwie 0ocmoun-
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CMBA — 803MOIAICHOCTIb PEATUIAYUL CINPO2020 6b1600A 3HAHULL (NCUHUCTIE-
HUS TIPEIMKATOB) U CPABHUTENbHAS KoMnakmHuocmy mooenu. K coxa-
JIEHUIO0, TTPEIMKATHI MAJIO IPUTOIHBI JIJI51 3AITUCH POYEOYPAIbHbIX 3HA-
Huil. Kpome Toro, OIBIT MOKA3aJ1, YTO YEIOBEUECKOE 3HAHUE IO CBOEH
CTPYKTYpE MHOTO CIIOKHEE CTPYKTYPHI SI3bIKOB MPEIUKATHOTO THIIA,
II03TOMY TpeOyeTcs ClIeNaIbHbIC HABBIKU H0020HKU CTPYKTYPhI pealb-
HOT'0 3HAHUSI TOJT CTPYKTYPY MOJIEIH (KaK IPaBUII0, 3HAYUTEIIHHO 00e/1-
HSAIOILEH UCXOIHbIC 3HAHUS).

Bonpocbl ana camonpoBepKu

1. MaiiTe onpeaeneHne NOHATUS “3HAHUS .

2. HazoBure cBOIiCTBA 3HAHUM.

3. IlosicHuTe CBOMCTBA 3HAHMI: HAJIMUME BHELIHEH CTPYKTYpPbl
cBsI3el; mKanmmpoBanue. [IpuBenuTe mpuMepsl.

4. Kak BbI HOHUMAETE CMBICII CBOMCTBA “‘HAJIMYUE CEMAHTHUECKOMN
METPUKHU?

5. B ueM cMBICII CBOWICTB OMOHUMUHN ¥ CHHOHUMWHY 3HAHUA?

6. Kakoe cBOMCTBO MPUHIMINAIBLHO OTIWYAET 3HAHUS OT JAaH-
HBIX?

7. BcmtoMHUTE OCHOBHBIE MOEIIM 3HAHUI.

8. IlpuBenute mpUMEpPHL: TPOAYKIITMOHHBIX MOJIEICH 3HAHUIA; ce-
MAaHTHUYECKUX CETEM.

9. UTo moHUMAIOT IO TEPMUHOM “‘(hpeiim™?

10.3. 3tanbl NPOEKTUPOBAHUSA 3KCNEPTHbIX CUCTEM

10.3.1. CTpyKTypa  HazHayeHHe 3KCNepPTHbIX CHCTEM

B Hacrosiee BpeMs cpeu BCeX CUCTEM MCKYCCTBEHHOTO MHTEJ-
nekta (M) HanbobIee pacnpocTpaHeHue (IT0 HEKOTOPBIM OIICHKAM,
10 90%) nmomyunnu osxcnepmuvle cucmemsl (AC) pa3IUUHBIX THUIIOB.
OOBsICHEHHE 3TOMY HAXOJUTCS B CAMOW MCTOPHH PA3BUTHSI TEXHOJIO-
MU UCKYCCTBEHHOIr0 UHTeIIeKTa. B 1960-x rr. cienuanucTel B o0sac-
1 W mbITamuch mMoodenuposams coxHCHbI NPOYecce MblulieHus, OThIC-

436



KHUBask oougue mMemoovl peuenus WupoKo2o Kuaccad 3a0aq N peaansyst ux
B yHUsepcanvHulx npoepammax. Kak yxxe orMeuyanoch, O0bIIas 4acTh
TaKUX MOMNBITOK OblJIa HEYAAYHOM.

Hanpueiiimme uccnenoBanus B 1970-e rr. ObUIM CKOHIIGHTPUPOBA-
HBI Ha pa3pabOTKe 08X epynn mMenooos:

® METOOB npedcmasiienus: 3a0ay (B CTpeMJICHUN CHOPMYIUPOBATD
pelaeMyro IpoojeMy Tak, YTOOBI e€¢ ObIIO JIerde PelInTh);

® METOJIOB NnoucKka (6vl600a) omeema (B CTpPEMIICHUH CO3/1aTh J0C-
TaTOYHO XUTPOYMHBIE CITOCOOBI YIIPABJICHUS XOJIOM pEIIeHUs 3a1a4H,
obecrneunBarone MpueMIeMblid pacXo MAIIMHHBIX PECYPCOB).

OmHaKo U 3Ta CTpATErus He MPUHECTIA PEAIbHBIX YCIIEXOB.

Tonbko B koHue 1970-X rr. ObUT COENAH NPUHYUNUATLHBII 861800
aphexmusHoCcnb nPopamMmbL nPuU peuieHur UHMELIeKNY AlIbHbLX 3a0aY 8
OobLeti cmeneny 3a8ucum om 3HaHuti, KOTOPHIMUA OHa 00JIaaeT, a He
TOJIBKO OT UCTIOJIB3YEMbBIX (POopManu3mos u cxem 6viooa. YToObI crie-
JATh CUCMeM) UHMEIeKMYAbHOU, €€ HY)KHO CHAOIUTD MHOMCECMBOM
BbICOKOKAYUECMBEHHBLX 3HAHUL 0 HEKOMOPOoU npeomemHoti oonacmu. IT0
ITOCITYKMJIO OCHOBOM HOBOM KOHUeNnUuu pa3zputusi cucreMm MU — co-
3IAHUS CHEYUATIUZUP OBAHHBIX NPOSPAMMHBLX CUCIIEM, KAICOAsl U3 KOMO-
PBIX ABTISIEMCsL KAK Obl IKCNEPMOM 8 HeKOMOpPOtl Y3KOt npeOMemuoti 00-
snacmu. Taxue mporpaMMbl B JajibHENIIEM U cTaiu Ha3biBaTh DC.

Orpomublit uuTEepec kK DC 00yCI0BIEH TPeMsi OCHOBHBIMH 00CTO-
SITEIbCTBAMH [22]:

e OC OpUEHTUPOBAHBI HA PEILICHUE WUUPOKO20 KpYed 3a0ay 6 paHee
He ghopmanuzyemvlx 00.1acmsx, KOTOPhIE CYUTAINCH MAJIOIOCTYITHBIMU
TS MCTIONTh30BaHusI DBM;

e OC mpemHa3HAYCHBI 0151 pelleHUst 3a0ay 8 OUAN02080M PEHCUME
CO CIEeUUATIUCTAMH (KOHEUHBIMHU MOJIB30BATENISIMU), OT KOTOPBIX HE
TpebyeTcst 3HaHUSI TPOrPAMMUPOBAHUS. DTO PE3KO paclInpsieT chepy
WCMOJIb30BAHUS BBIYMCIUTENBHON TEXHUKH, KOTOpPAsl B JAHHOM CIIy-
4yae BBICTYITACT KAK UHCIMPYMEH NOOKPenaeHus: (Nno00epicku) TaMsITH
CIHEeMAIIACTA U YCHIICHUS €TO CIIOCOOHOCTEH K JIOTHYECKOMY BBIBOJY;

e CreluaIncT, ucrnoiap3yromuil 9C nas peleHus cBOUX 3aad,
ModHcem 0ocmueams, a UH020d U NPegocxo0ums no pe3yabmamam 603-
MOMHCHOCMU IKCNEPMO8 8 0aHHOU 00.1acmuy 3HAHUM, YTO TTO3BOJISIET pe3-
KO NOBbICUMb K8ATUDUKAYUIO PAOOBLIX CHEYUATUCTOE 3 CUET aKKyMYy-
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nsumu 3Hanui B 9C, B TOM 4YHCIie 3HAHUN 9KCIIEPTOB BBICIIEH KBAJIU-
bukanum.

Csoe Hazanue IC MOIYUUITH 10 08YM NPUYUHAM:

o H(GOPMAIINIO (3HAHUS) JIJIS1 HUX MOCTABIISIOT 9KCHEPNIbL;

e OC BBIIACT pewienus, anaioeuytvie TeM, KOTopbie (hopmMyaupy-
10T 9KCHEepmbl.

[TonsTHe “3KCcnepT” 3aCITyKUBAET OTIACIBHOTO OOCYXKICHMUS.

ITo . Yotepmeny, sxcnepm (anrin. domain expert — 3HaTOK, CIIe-
IIUAJTACT B 00J1aCTH, chepe MeSITeTbHOCTH) — 4e/108¢K, KOTOPBIH 3a TOIBI
00y4eHHUs U MPAKTUKH HAYUWICS 4pe38bluatino I¢exmusno peraTthb
3a0aqu, OTHOCSIIUECS K KOHKpemHOll npeomemnuoti oonacmu [54]. Tnas-
HBIM B 3TOM OIIpE/IEIICHUH SIBJIsieTCs TpeOOBaHME K SKCIEPTY, KOTOPOe
npeabsBiseTcs u K DC: aghghexmusrocnmo peuierusi KOHKpenmmvix 3a0a4
U3 Y3KO0il npedMemuotl 0oaacmu.

B cootBercTBUm ¢ onpenenenuem I1. [I>xonca [54], “oxcnepm —
3TO YenogeKk, KOTOPbIN O1aronaps 0Oy4eHUIO U OTIBITY Modcem 0enams
Mo, 4mo Mul 6ce, OCMAbHble 100U, 0elamb He yMeeM; FKCIepThl pabo-
TAIOT HEe MPOCTO MPO(PECCUOHATIBHO, HO K TOMY K€ y8epeHHo U dghgex-
MugHo. DKCIIEPTHl 00JIATTAIOT 02POMHBIMU NO3HAHUSMU U TIOTB3YIOTCS
PA3IMYHBIMU HpUemMamu u ya108Kamu JUTsi TIPUMEHEHUs CBOMX 3HAHUN K
npobyieMaM U 3a/IaHUSIM; OHHM TaKKe YMEIOT ObICIpo nepegopouiums
maccy HecywecmsenHou ungopmayuu, 4To0bsl JOOpaThCs A0 INIABHOTO,
1 XOPOIIIO yMerom pacno3Ha8ams 8 npooiemax, ¢ KOmopvlmu Cmaikusd-
10MCsl, npuMepsbl mex MUno8blx NPood.IeM, ¢ KOMOPLIMU OHU YIHCe 3HAKO-
Mbl. B OCHOBE MOBEICHUSI OKCTIIEPTOB JICKHUT COBOKYHNHOCHb NPAKMUYEC-
KU NPUMEHUMBLX 3HAHULI, KOMOPYIO Mbl 0y 0eM HA3bIBANb KOMNEeHMHO-
cmoio. T1oaTOMY pa3syMHO MPEANIONOKHUTE, YTO IKCHEPTHI — ITO T
JIIOJTN, K KOTOPBIM HAJI0 00PATUTBCS, KOTIA Mbl Jicesiaem NPOsiUnb KOM-
NeMEeHMHOCHb, 0eaWYI0 803MONCHBIM MAKOE NOBEOeHUe, KAK Y HUX .

OtmeTnM, 4TO B 0OOOUX OMpPEACSIEHUSX MO TICPKUBAIOTCS UCTOY-
HUKHU 3HAHUHN 9KCIIEPTOB — OOYYEHHE U MPAKTUKA (OIBIT).

TaxuMm 00pa3zom, MOXXHO TaTh Cieayroliee onpeaenenue: moa IC
TTOHUMAETCSI NP OPAMMHASL CUCHIeMA, BBITIOTHSIIONIAS IEHCTBUS, AHAI0-
2U4Hble TeM, KOTOPBIE BBITIOJHSET 9KCHepn B HEKOTOPOU MPUKIATHON
MpeIMETHOM 00IacTH, JieNtast OMpeeNIEHHbIE 3aK/II0YeHls B XO/1€ Bblaa-
YU COBEMO8 U KOHCYTbMAYULL.
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Kaxkoso xe HazHauenne IC? B taba. 10.3.1 mpuBeaeHbl OCHOB-

HBIE 00JIaCTU UX IPUMEHEHHMS (B TTOPsIKe YMeHbIeHus uncia 9C, uc-
TTOJIb3YEMBIX B IAHHOW 00JIacTH).

Tabauya 10.3.1
OcHoBHble 06nactu npumeHeHus IC

Ne O6nactp mpumenenust DC
i
1 IIpoekTHpoBaHUE IKCHEPTHHIX CHCTEM
2 MeuIMHCKHN THarHo3 ¥ KOHCYIJIBTAIMH 110 JICUCHUIO
3 KoncynpTarmu u okazaHue IOMOIIH OJIb30BATEINIO 110 PEIISHHUIO 331a4 B pa3-
JIMYHBIX PEIMETHBIX 00JIacTsIX
4 ABTOMAaTHYECKOE MPOrpaMMHPOBAHHE, MPOBEPKA U aHAIIM3 MPOrPAMMHOTO
obecneyeHus
5 IIpoexTupoBanue cBepXOOIBIINX HHTETPATIBHBIX CXEM.
OOyueHue B pa3InuHbIX OPEAMETHBIX 001acTsIX
6 TexHuueckas TMarHOCTHKA U BEIPa0OTKA peKOMEHaluii 0 peMOHTY 06opy-
JIOBaHUS
7 [TnannpoBaHye B pa3IUYHBIX IPEAMETHBIX 00IacTsX.
AHanu3 JaHHBIX B PA3JIUYHBIX IPEJMETHBIX 00aCTAX (B TOM YHCIIE U CTATH-
CTHYCCKHUH ).
HHTtepnperanus reoJorn4eckux JaHHBIX M BIPaOOTKa PEKOMEHJalui o 00-
HapY>KEHUIO MOJIE3HBIX HCKOMAEeMBIX
8 Wnrepnperanys JaHHBIX U INIAHAPOBAHHE SKCIIEPUMEHTA B X0JI€ HayIHBIX
HCCIICIOBaHUIA B 00J1aCTH OUOJIOTHH.
Pemenne 3a1a4, CBsI3aHHBIX ¢ KOCMUYECKUMH HCCIIEJOBAaHUSIMU
9 ObecneueHue HayYHbIX HCCIEIOBAHUI B XUMHH, BBIPAaOOTKA PEKOMEHAALMN 10
CHUHTE3Y COEIMHEHUN
10 | YnopasneHue IpOeKTHPOBAHHEM, TEXHOJIOTHIESCKIMH IIPOLECCAaMH U TIPOMBIIII-

JICHHBIM IIPOU3BOJICTBOM.
AHanu3 ¥ CHHTE3 IeKTPOHHBIX CXEM.

dopmupoBaHHe MaTeMaTUIECKUX MOHATHI, TpeoOpa3oBaHUe MaTEMaTHUECKUX
BBIPAKECHUN

11

Ananmmz PHUCKOB B IOJIUTUKE 1 SKOHOMUKE

Crpykrypa tTunosoit OC npeacrasiena Ha puc. 10.3.1.
Ha pucynke o6o3Hauenbl: CO3 — cucreMa, OCHOBaHHas Ha 3Ha-

Husx; JITT — nuarBuctuueckuii mpoueccop; PIT (B/1) — pabouas ma-
MATh (0a3a maHHbIX); B3H — 06a3a 3Hanuii; MJIB — MexaHu3M (Maru-
Ha) norudyeckoro BeiBoAa; KII3H — KOMIOHEHT NMpUOOpeTeHUs 3Ha-
Huii; KOO — KOMITOHEHT OOBSICHEHHUH.
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Nonb3oBaTenb B3H

UHxeHep
3HaHU M

MIB

o et

KO6

Puc. 10.3.1. CrpykTypa 3aKCcnepTHOW CUCTEMDI

Jaaum KpaTKylo XapaKTEpUCTUKY CTPYKTYPHBIX 3s1eMeHTOB DC.

CO3 mnpencrapiaseT coO0M MPOrpaMMHYIO CUCTEMY, COCTOSIITYIO
n3 Tpex anemeHToB: b3n, MJIB u PII (B).

b3u — vacte OC (CO3), npeaHa3HaueHHAS IS 2eHepayuu u noo-
0epIHcanusi OUHAMUYECKOU MOOdeU 3Hanutl 0 npedmemnoi odaacmu (B
Ka4e€CTBE BO3MOXKHBIX MOJEJIEN 3HAHUA MOTYT MCIIOJIb30BATHCS pac-
CMOTpeHHble Bbllle — B I1. 10.2.2 — npoJyKLUHOHHbIE, CETEBbIE WU
(bpeliMoBBIE MOJIEIN).

MJIB —ugacts OC (CO3), peanu3yromas aHaiu3 MOCTYITAIOICH B
OC u nMmeromelics B Hell ungopmayuu u ¢popmuposarue (8v1800) Ha ee
OCHOBE HOBbIX 3AKIIOYEHULL (CYIHCOeHUT) 8 OMBem HA 3aNpocC K CUcheme.

PIT (/1) — wacts DC (CO3), mpeanaznadeHHas s ungopmayu-
OHHO020 0becnevenus pabomul MJIB, Ipexe BCETO B YACTH XPAHEHUS U
00pa0OTKM MOCTYNMUBIIMX (HOBBIX) (PaKTOB (CYKIEHUN) U TTPOMEXKY-
TOYHBIX PE3YJIHTATOB JIOTUYECKOTO BbIBOMA (TToapoOHee cM. 1. 10.4).

JIIT mpenra3HaueH 11 00eCIIeueHUs KoM@PopmHo2o unmepgheiica
Medicdy Koneunvim noavzosamenem u IC. B HeM peann3yroTcs npoyedypbl
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MOpGoN02UUeCK020, CUHMAKCUYECKO20 U CEMAHMUYecK020 KOHMPOs
MOCTYMAIONIUX B CUCTEMY 3aMPOCOB U MPHUBEJACHNUE UX K BU]TY, “TIOHST-
HoMmy” DBM. Ilpu BbIade OTBETHOU MH(MOPMAIIMH OCYIIECTBIISICTCS
oOpaTHas orepanus — 3aKII0YeHUE “TIePEBOTUTCS HA 02PAHUYEHHbLE
ecmecmeeHHblli 361K, IOHATHBIA KOHEUHOMY 110J1b30BaTes 0. OTMETUM,
yto B nepBbix DC JIIT orcyrcTBOBA, TaK Kak OOIICHHUE C MALIMHOM
OCYIIIECTBIISUIOCH Ha (CTporo) popmaIbHOM sI3bIKe. B manmpHelieM (oco-
OeHHO Tipu Tepexojie kK DBM mstoro mokoseHus) 3raunMocts JIIT B
coctaBe DC OyzeT BO3pacTaTh.

KII3H npennaznaueH s obecnedeHus: pabomvl UHMHCEHePa 3HAHUL
N0 NOO0EPHCAHUIO MOOeNU 3HAHUL, A0eKBAMHOU PeabHOt NPeoMemHol
obnacmu (renepaunu b3H, ee TecTUpOBaHNUs, TOTIOTHEHUST HOBBIMU 3HA-
HUSIMH, UCKJTFOUSHHSI HEBEPHBIX (CTABIINX TAKOBBIMM) 3HAHWIA U T. 11.).

Hannune KOG, obecnieunBaromiero mo 3anpocy mojab30BaTens
8bI0AUY UHGOPMAYUL 0 X00€ U UCX00e JI02UHEeCK020 8bI800d, TIPUHITUIIN-
anpHO oTianyaeT DC OT BceX APYrMX IpOrpaMMHBbIX cucteM. [leno B
TOM, YTO B OOJIBIIMHCTBE CIyYaeB KOHEYHOMY I10JIb30BATEINO0 HEIO0-
CTATOYHO COOOIIUTE JIMLIb KOHeuHoe 3axmouerue IC, KOTOPOe OH 10J1-
KeH (MOJET) UCIIOIB30BaTh B CBOEH MPO(eCCHOHAIIBHOMN e TeTbHOC-
. ['opazno Gombliee J10Bepre BHI3BIBAET Y HErO KOHEUHBIN 651600,
NnOOMBEPHCOCHHBIN NOHAMHBIMU NPOMENCYMOUHBIMU PACCYHCOCHUIMU.
Kpowme Toro, ¢ nomoursio KO6 MoxkHO opranu3oBaTh mpoiiecc ooyue-
HUSl KOHEUHBIX Mojb3oBaTeneit pabore ¢ 9C. B obyuaronmx 9C KOO
Urpaer erie 0osee BAXKHYIO POJIb.

Baxxubim kitaccom CO3 siBisieTcst KJ1acc MHTEIJIEKTYaJIbHbIX T1a-
ketoB npukiIaaHbeix nporpamm (ITIIT). CTpykTypa Takoro makera
npuseaeHa Ha puc. 10.3.2.

Nurennexktryanbpubie [T garoT BO3MOXHOCTh KOHEUHOMY
MOJIL30BATENIIO PEIIATh MPUKJIAHBIC 33/1a4H 110 X OMHCAHUSIM U HC-
XOJTHBIM JAHHBIM 0€3 npocpammuposanus — eenepayus ( “‘coopra’) npo-
epammol “noo 3a0avy’’ ocyuecmeiiemest AgMoMamu4eck Mexanuzmom
Joeudeckoeo evigooa. b3u B unTennexkryanpaom [T moxer crpouts-
s IO JTI0OOMY M3 U3BECTHBIX IBPUCTUUECKUX METOJIOB (4ACTO UCIIOb-
3YIOTCSl CEMAHTUUECKHE cemu U (hpeiimpl), TUIL Obl HacTpauBaeMas
MUJIB nporpamma 6bu1a 3¢hpekTUBHA JJ1s1 pellieHus TOCTABIIEHHOM 3a-
JIauu.
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KO6

DakTbl
MnB KN 3H
YnpaBnsawwas E3u
nporpamma
I I
|
| FeHepauus
MpuknagHbie |
nporpaMmmbl | PO TrpaMM bi
|
|

Puc. 10.3.2. CrpyKTypa UHTENNEKTYya/IbHOIrO MakeTa MPUKAALHbIX MPOrpamm

10.3.2. Knaccugpukayms, atanbl U cpegcrea pa3paborku
3KCNepTHbIX CHCTEM

CyIIecTBYeT MHOIICECHB0 NPU3HAKOE, TIO KOTOPBIM MOYHO (BECh-
Ma yciioBHO) knaccuduiupoBats IC [49]. 1o cmenenu croscrnocmu
pa3IUyaIoT nosepxHocmusle U 2nyounnvie IC; IO cmeneHu c8513aHHOC-
muy TpaBWI NpoayKIuoHHbIe DC MOAPA3ACSAIOT HA C8A3HbIe U MALO-
ceA3Mble, TIO MUNY npeomMemuoll 06aacmu BbIIEISIOT cmamudecKkue, Ou-
Hamuueckue u IC peanvrozo epemenu u T. 1. [Iponecc cozmanust IC
3aHUMAaeT HEeMaJI0 BPEMEHHU, IT03TOMY OIpENIeICHHbII UHTEpeC Mpe/l-
crasisteT kimaccupuramus OC no cmadusim paszpadbomxu — IPUMEHN-
TeIbHO K mpoayKinoHHbiM DC n3o00paxkeHa Ha puc. 10.3.3 (3ameTum,
YTO AHAJIOTMYHBIE CTAJAMH B CBOEM KU3HEHHOM IIMKJIE UMEIOT MPAKTHU-
YEeCKU BCE — JIOCTATOYHO CIIOKHBIE — MPOTPAMMHBIE CUCTEMBI).

Macmra6el pazpabotku DC npeaonpeeniin co3AaHne cneyu-
ANIbHBIX UHCIMPYMEHMATbHbIX (aANNapamHlx u npoepammHbiX ) cpeocms,
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Mo crapuam pa3paboTku

Ba3a 3HaHuUi cope pXuUT:

[leMOHCTpPaLMOHHbIN NpOTOTM N 10 - 100 npaBun;

200 - 500 npaBun;

UccnepoBaTtenbCKuMit npoToTUn

DeiicTByOWMA NpoTOTUN 500 - 1000 npaBun;

MpoMblWwneHHbIN 06 pasey 1000 -1500 npaBwun;

1500 - 3000 npaBun.

KomMmepueckui o6 pasey

Puc. 10.3.3. Knaccudukauma akcnepTHbIX CUCTEM NO CTaauaM pa3paboTku

CUCTEMATU3UPOBAHHOE IIPEJICTABIIEHNE KOTOPBIX COCTABIISET COlepKa-
Hue puc. 10.3.4.

UHcTpyMeHTanbHble cpeacTBa pa3paboTku 3C

AnnapaTHble NporpammHbie

Anroputmunyeckue
fA3blKM NpOrpaMMuUpoOBaHua
(C, Nackanb, ®opTpaH,..)

WUHTennekTyanbHble
— pab6ouue

cTaHuuu CUMBONbHbIEe
A3bIKM NPOrpaMMMPOBaHUs +—
(MnUcn, SmallTalk,...)

NocnepoBatenbHble

| cumBoOnbHble 3BM A3bikn
(MUCN - MawuHbL; WHXEeHep UM 3HaHUmn 1
MPOMNOT- MmawuHbl) (nPONoOr, oPs-5 LOOPS)

Cucrtembl aBTOMaTU3NpO-
poBaHHOWN pa3paboTku 3C

MapannenbHble (KEE, ART, AGE,...)

— CUMBOJNbHbIE

3BM O6onouku 3C
(EMYSIN, EXPERT, ...)

Puc. 10.3.4. NHcTpymeHTanbHble cpeacTBa pa3paboTKU 3KCNEPTHbIX CUCTEM
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CnemyeT OTMETHTh, UTO nepsoHauaipHo padpadborka DC ocyire-
CTBIISITIACH HA MPAOUYUOHHBIX ANOPUMMULECKUX A3bIKAX TIPOTPAMMHU-
pOBaHUS ¢ pealn3anueii Ha yHugepcanvtvix I BM. B nanbHeiieM ObLIn
CO3IaHBI KAK CHeYUaIU3uUpo8anHsie annapamuvle u npocpammuble cpeo-
cmea, TaK v cpeocmea agmomamu3ayuu npopammuposanus. I1osBumch
u oooaouxu IC, KOTOPBIE O 3alyMKE aBTOPOB JIOJDKHBI OBLIN CyIIle-
CTBEHHO yIIPOCTHUTH (M YACIICBUTH) pa3pad0TKy cucteM. OJIHAKO 6 1no.J1-
HOU Mepe 3mu Hadedcobl He onpasdanucy (Kak mokasajlo AajbHeuIee
pa3BUTHE MPHUKJIAIHBIX TPOTPAMMHEIX CPENICTB HE TOJIBKO B 00IACTH
HCKYCCTBEHHOTO MHTEJUIEKTA, U HE MOTJIU OIPABIATHCS ). DTO CBA3AHO
C MPUHYURUATLHOU CTLONCHOCIBIO UCNO0Ab306aHUs KonkpemHotl D C (axe
BecbMa 3(p(PEeKTUBHON B CBOEH MpeAMETHON OOJIACTH) JJIST PElIeHUs
COBEPUIEHHO UHBIX 3A0ad, 2 IMEHHO TAKUM ITyTEM CO3aBaINCh TIEPBhIC
obomouku IC. Emme donee npodremamuunbvimu IPeICTaBISIOTCS TTOIBIT-
KM CO3/IaHMS TaK HA3bIBAEMBIX YHUBECPCAbHBIX 000104eK, TIPUTOTHBIX
JUTSI IPUMEHEHUS “‘BO BceX™ MPEAMETHBIX 00IaCTsX.

ITpu cozpanuu IC Hauborvuiyro mpyoHocmes npeocmasgisem pas-
pabomia cogepuienHoil 6aszvl 3Hanuil, T. €. MOJISIIMPOBAHNUE 3HAHUH IKC-
MEPTOB O HEKOTOPOU mpeameTHON obnactu. Pazpaborka mo00i mo-
JIeITH — B TOM YHCJIE U MOJCIH 3HAHWI — MPENICTaBIIsIeT COOOM MOI-
HOCTBIO He (pOpMaTM3yeMbIii TIPOIIECC, COMEPIKAIIUN 21eMeHMbl MBOP-
yecmea u cmpo2o opmanvivx oeiicmesuii. Y CHOBHOE COOTHOIIICHUE “HC-
KyccTtBa” M “Hayku” mpu cozganuu IC npeacrasieHo Ha puc. 10.3.5.

Paszpaborka DC BKIIIOUYAET HECKOJBKUX 3TAnoB [38], OCHOBHOE
CoJlep’KaHMe KOTOPBIX TPUMEHUTEIHHO K TPOTYKIIMOHHBIM CUCTEMaM
oTpaxeHo Ha puc. 10.3.6.

[Tporienypsl yTOYHEHUSI, TIEPETIPOCKTUPOBAHUS U nepedopmy.iu-
posanust He s8ASI0OMCS 005A3aMebHbIMUY, OHU XapaKTEpHBI I pa3pa-
OOTKM 1OCTATOYHO cI0KHBIX DC U, KaK MPaBUIIO, npeonoaazarom npo-
sedenue Heckoavkux umepayuti. OTMETUM, UTO MEPEUNCIICHHBIC 3TATIBI
paboT (MaeHTUPUKAINS — KOHIENTyaTn3anus — (popmamuzamms —
peanu3amus — TeCTUPOBAHUE), KaK U CTaAUU pa3pabOTKu (CM. puc.
10.3.3), aBusitoTcs 00sI3aTEIbHBIMU MPH CO3AaHNU JTI000M TPOTrpamMmm-
HOM CHUCTEMBI.

OueBuiHO, uTO paspabomka IC s6asemcst KOLLIEKMUSHLIM MPY-
00M, B KOTOPOM MIPUHUMAIOT YUaCTUE PA3TUIHbIC CIIeNUaIUCThI. [{eH-
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3HaHus o MNO

I
I
Hocurtenu
KcnepTbl |
MHdopmauum I
A |
AHanus v npu- |
obpeTteHue 3H | — «MUckyccTBO»
| !
®dopmanusa- % Mopenu I
LMA 3HaHWIA 3HaHUI v\:\
I I
B3H }
I | «Hayka»
Paspa6oTka /
o6pasua 3C | O6onoyku AC :
I
I
3C

Puc. 10.3.5. CooTHolweHWe chopManbHbIX U HedhopMasibHbIX NpoLesyp
npu paspaborke 3C

Meped opmynupoBaHue

MepenpoekTupoBaHue
A
Kak oxapak- | Tpe6oBaHUA YTouneHne
Tepu3soBaThb 1 4
BaXHble MoHaTuA
acnekTbl Kakne noHa-
3HaHMA? THA Heo 6xo- A 4
AUMBI ANA CTpykTypa
WaoeHtndu- peweHuns? Kak cdop- 1
Kaum s ManbHo X
npeAcTaBUThH
Kouuenrya- 3HaHUA? Kakue Npaeuna
nm3sayua npaBuna
®opmanu- BonnowawT 1
3aums 3HaHuA?
Kak nop-
Peanusauus TBEpAUTb
npasuna?
TecTupoBaHue

Puc. 10.3.6. Jtanbl pa3apaboTKu 3KCNEPTHOW CUCTEMDI

445



TpajJbHOE MECTO B CXeM€ B3aUMOJICUCTBUS YYACTHUKOB co3nanus DC
3aHUMAeET uHocenep sHanuti (aHTI. knowledge engineer). MiMeHHO OH
OpraHM3yeT Bce BaXKHEUINEe paOOThI U OCYIIECTBIISIET MX KOOPIUHA-
uio. EMy npuHajie:xxuT npaBo 6s160pa munoesix Uil — Ipu He0O0Xo-
JUMOCTH ¥ HAJIMYUU COOTBETCTBYIOIIUX PECYPCOB — 3AKA3A HOBbLX
uncmpymenmanviulx cpeocms paspabomrku IC. OH paboTraer ¢ npe/-
METHBIMH KCIIEPTaMH, TEHEPUPYET, TECTUPYET, YTOUHSET U MOTIOTHSET
0asy 3HaHwmii 1 T. 1. HammpasneHnus B3anMoeicTus cozaareieit 9C (3ot
MIPOIIECC MHOTAA Ha3bIBAOT uepoti [38]) mpencrasiens! Ha puc. 10.3.7.

Pa3paboTuuk
MHCTPYMEHTa

NMpeameTHbIN
akcnepT

cospaert
L
onpawwuBaer npumMeHsieT
R
Cpeactsa KoHeuHbIN
e Hinwenep ac noneb3osatens
nocTpoeHus a3 MW
ac
mcnonb3lyet
paspabaTbiBaer,
yTOuHSAET,
TecTupyet no6aenset

nHdopmauuo
TexHU4Yeckumn

nepcoHan

Puc. 10.3.7. Cxema B3aMMoOAeHCTBUSA cO3paTesiel IKCMNEepPTHONW CUCTEMDI

Kak siBcTByeT U3 BBINIEU3IIOKEHHOT0, pazpaboTka DC — croorc-
HblLl, 0opo2ocmoswuti 1 oaumenvHosiii Iporecc. Ilociaennee o0cTosATEIb-
CTBO WuTROCTpUpyeTcs puc. 10.3.8, Ha KOTOPOM MPUBEICHBI YCIIOBHBIE
3aTpaThl BpEMEHH Ha CO3/TAHKME CUCTEM JIJTSI PEIICHUs TPOOJIeM pas3iny-
HOH cioHOCTH [38].

CyniecTByeT psijl TIOJIXO/IOB K OLIGHKE TOTO, K020d Jice paspadom-
xa DC sensiemes payuonanvroti [21, 22, 26]. Ha mam B3rnsaa, Haubolee
KOHCTPYKTHUBEH 11oaxo11 JI. YoTrepMmeHa, KOTOPbIit OCHOBAaH Ha IIPOBEPKE
803MOICHOCIU, ONPABOAHHOCTIU U PA3YMHOCIMU NOCMPOCHUS CUCIEMDL.
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Bpewms,
yenosekKo-net
30T

4 - 6 yenosek

251

20+

3 - 5 yenosek

151

10+
2 - 4 yenoBseka

ymepeHHO TpyaHas OYeHb
TpyAHas TpyAHasn
NMpo6nemHaa o6nactb

Puc. 10.3.8. 3artpatbl BpeMeHU Ha CO3[aHWE IKCNEPTHOW CUCTEMDI

[Tpu aTOM IpemIaraercs cCuuTaTh, uto paspadomra 3C 603modic-
Ha TP COBMECTHOM BBITIOJTHEHUH CIIEAYIOIINX OCHOBHBIX YCIIOBHI:

e 33/71a4a He TPeOYeT 00uedocnyntpvix 3SHAHUN;

e pellieHue 3a/1a4u TPEOYET TOIBKO UHINENICKINY AIbHbIX TeUCTBUIA;

® cywecmayrom NOJINHHbBIE (KOMITETEHTHBIE) OKCHepnbl,

® SKCIIEPTHI CHOCOOHBL ONUCAMb 80U Memodbl (TPUEMBI, YIIOBKU 1
T. I1.) PELLICHUS 3aa4H;

® DKCIIEPTHI eOuHOOYUHbl B CBOUX PEIIeHMsIX (WU, IO KpaiHen
Mepe, UX MHEHHUS “XOPOIIO” c021aACO8AHDL);

® 33/1a4a TMOHATHA U ““HE CIIMIITKOM ™~ TPYyIHA.

Paspabomrka DC onpasdana, eciv BBIIIOTHSETCS XOTs OBl OJTHO U3
CIEAYIOLINX OCHOBHBIX YCIIOBUIA:

® TIOJTyUCHHE PEIICHUSI 3aJIaUU 6bICOKOPEHMADEbHO;,

® YCTIOBEUCCKUH 0nblm peuietus 3a0ayu 10 pa3IMYHbIM TPHYUHAM
ympayen;

® YUCI0 IKCNEepmog B paccCMaTpUBAEMOU MPEIMETHOW 00JacTh
Mano;
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® onplM PEIIeHUS 381K 60CMPeO08Al 80 MHOZUX MECINAX;

® OnblM HYKHO PUMEHSITD 680 8PANCOCOHBIX UeN0BEKY VCI0BUIX.

Haxkownen, pazpabomxa 3C pazymna, ecii COBMECTHO BBITIOJIHSI-
I0TCSI CIIEYIOLME OCHOBHBIE YCIIOBUSI:

e 3a/1aua TpeOyeT aspucmuyeckux pelieHuit;

e 3a/1a4a TPEOYET onepuposanuis CUMEOIAMU;

e 3a1a4a “He cauwkom” npocma,

® 33/1a4a MPEJICTABIISIET NPAKMUUECKULl Unmepec,

® 33/1a4a UMEET Pa3MepHOCHIb, TOTYCKAIOUTYIO Pearu3ayuro.

[Tpu Bceit yclIOBHOCTH U CyOBEKTUBHOCTH ITPOBEPKU HATUY NS T1e-
PEUUCIIEHHBIX OOCTOSITENICTB MOKHO ITO-HOBOMY B3IJISIHYTh Ha IpH-
YUHBI CTOJIb LIUPOKOHN MPEICTABUTEILHOCTH NIepeuHsi obacTell npu-
MeHeHus IC.

B 3akiroueHrne HAMOMHUM O TPUHIUMITMATIBHON BaKHOCTH COBEP-
neHcTBa 0a3bl 3HaHUH 1151 3 dexkTruBHOCTH DC. ApyruM BaxkKHEHIIINM
COCTaBHBIM 3JIEMEHTOM JIIOOOM CHCTEMBI, OCHOBAHHOM Ha 3HAHUSX, B
ToM unciie u DC, SIBISETCS Mexanuzm roeudecrko2o evisoda (MJIB). O6-
CYXJIEHUIO OCHOB (hyHKIMOoHUpoBaHus MIJIB nns pasnuuHbix moje-
JIeH TIpe/ICTABJICHNs 3HAHUH TTOCBSIIIEH CIEAYIOIINN TyHKT.

BOHPOCbI A1 CaMOMNpPOBEPKH

1. K xakoMy KJ1accy CHCTEM HCKYCCTBEHHOTO MHTE/UIEKTa OTHO-
csaTes akcrepTHble cucteMbl (DC)?

2. ITouemy 3TH cucTEMBbI IOJIYUHIIM TAKOE HAa3BaHUe?

3. JlaiiTe onpenenenrue TEpMUHY “IKCTIepT” .

4. I300pa3ute CTPpyKTypy IKCIEPTHONU CUCTEMBI.

5. INosicHuTe HA3HAYEeHUE OCHOBHBIX AJIeMeHTOB DC: IMHTBUCTH-
YeCKOro IMpolieccopa; 0a3pl 3HAHMIT; paboyel MmaMsaTH; MeXaHu3Ma JIo-
TUYECKOTO BBIBOJIA.

6. Kakue snemenTsl DC He SIBIISIIOTCS 00s3aTeIbHBIMU?

7. Kakum o6pa3zoM nomnosiHseTcs: 6a3za 3HaHUI?

8. Bcmomuute knaccudukanmro IC.

9. Hazosure atamnbl cozmanus IC.

10. Kakwue crienmaancThl y4acTBYIOT B co3panuu DC?
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10.4. OcHOBbI NOCTPOEHUSA U UCNOJIb3OBAHUSA
MeXaHW3MOB JIOrMYECKOro BbiBOAA

Mexanusm noeudeckoeo 6vi600a — HeoTbemnemas yacms CO3
(DC), peanuzyrowas dynxyuu 6v1600a (opmuposarus) ymMo3axioue-
Hutl (HOBbLX cyicOeHUli) HA OCHOBE MH(PpOPMAIIUU U3 0a3bl 3HaHuil (b3H)
u paodoueti namsmu (PII).

Kak crienyet u3 onpenenenus, 115 padbotset MJIB HeoOxommMa kak
“monroBpeMeHHas” nHdopmaims, conepxaiiascs B bB3H B BBIOpaHHOM
npu pazpabotke DC Bue, Tak 1 “Tekymas’, onepaTuBHas nHpopma-
nust, nocrynaromas B PIT nmocne o0pa®oTku B IMHIBUCTUYECKOM IPO-
1eccope 3arnpoca noip3oBarens. Takum obpa3om, B3H orpaxkaer oc-
HOBHBIE (JOJTOBPEMEHHBIE) 3aKOHOMEPHOCTH, TPUCYIIIHE TPEIMETHOM
obnactu. 3ampoc mojap30BaTeNs, Kak IpaBUiIo, CBSI3aH C MOSBIEHUEM
KaKHUX-TMOO0 HOBBIX (DaKTOB W/WIIM C BOSHUKHOBEHHUEM MTOTPEOHOCTH B
UX TOJIKOBAaHHH.

Ilepen paccmoTpenueM kKoHKpeTHbIX MJIB noguepkHem Heckoib-
KO 8AJNCHBIX 0OCMOSAMENbCMS:

e eournozo MJIB mitst npoussonvrvix CO3 (DC) He cywecmsyent;

o MJIB noanocmuio onpeoensiemcst MoOeavbio npeocmasieHust 3Hd-
Huil, TPUHITON B TAHHOU CUCTEME;

o cymiecTByroime MJIB ne sa81110mes cmpo2o (YuKkcupo8aHubimu
(“y3akonenHbiMu”) s kaxgoro tuna CO3 (2C).

10.4.1. MexaHH3M flOrMYecKOro BbIBOAA
B NMPOAJYKLMOHHbIX CHCTEMAX

M3 Bcex M3BECTHBIX MEXaHU3MOB BBIBOJIA JTAHHBIN MEXaHU3M SIB-
JIsieTCs Hauboee gopmanuzosannvim (IPEAONPEIEIIEHHBIM).

PaznuuaroT 1Ba TMIA JTIOTMYECKOrO BBIBOJA:

® npsmoil BBIBOA (IIpsIMasi HEMOYKaA PACCyKIEHUN);

® 0Opammbili BLIBOJ (OOpaTHAS LIEMOYKA PACCYKICHUN).

CylniHoCTh npsimMo20 TOTUUYECKOTO BBIBOJIA B MPOAYKIIMOHHBIX DC
COCTOUT B IMOCTPOCHUH Yenouku 66160008 (MIPOAYKLMA WU MPABUII),
CBSI3BIBAIOIINX HAUAIbHbIE (YaAKMbL € Pe3yabmamom 6b18004d.

B tepmunax “daxtel — npasuna” GopMUPOBAHUE IIETIOUKHU BbI-
BOJIA 3AKIIIOUACTCS 8 MHO2OKPAMHOM NOGMOPEHUU DNIEMEHMAPHBIX WA~
208 “‘conocmasums — GbINOJIHUMD .
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PaccmoTtpumM crienyrotuii npumep [54]. B 6aze 3HaHUI HEKOTOPOI
OC conepxkaTcs TpU IPpaBUIIA, a B paboyeli maMsITH 10 Hayayia BbIBOJA —
stk pakToB: B, C, H, G, E (cm. puc. 10.4.1a). I[TycTh Ha BXO CUCTEMBI
(8 PIT) moctynuin ¢gakt A. MexaHu3Mm BbIBOJA “IipocMaTpuBaer’ Jjie-
BbI€ YACTH IPABUJI C IEJIbIO0 HAXOXKJICHUS TAKUX U3 HUX, KOTOPbIE TO-
3BOJISIIOT U3BJIeUb HOBBIE (aKThl (Mpoueaypa “CoOmocTaBUThL”).
B Hamem npumMepe Ha OCHOBE TPeThero mpaBmiia BeIBOAUTCS pakt D.
IIponcxoauT 37eMEHTAPHBIN IIar “BBITOJHUTE — JAaHHBIN (DaKT 3a-
Hocutcs B PIT (puc. 10.4.16). I1ponenypy “comocraButh” 10 (pakTam
C u D BoisBisier paxt F. ITocne mara “oimonauts” B PIT momamaer
aToT (haxT (puc. 10.4.18). ITo paxram F u B BeiBOAMTCS hakT Z, U AaTTh-
Heimuit “npocmotp” npasuit b3H HOBOI MH(pOpPMALIUK HE TaeT.

a) 6) B)
A E A EH
G H Cé D
D B F
A A
F&B—z| ,/ |F&B—2Z| /' |F&B— 2!
C&D —F|/ C&D —F¢ C&D—F
A—D ¢ A —D A—D (koHeL,
BbIBOAA)
<—» — ‘COMOCTaBUTL”; e---» — “BbIMNOMNMHUTL”;

Puc. 10.4.1. UnnocTpaums npsMoM LENOYKKU PacCyaeHuH

Takum 06pa3oM, npsMasi IEMoYKa pacCyKIACHUN COCTOUT U3 Clie-
nyrommx paktos: A — D — F — Z. ubimu cioBamu, u3 ¢akta A Ha
ocHoBe umeromuxcs B b3u npasun “BeiBenien” gaxt Z.

OTMeTHM, 4YTO, HECMOTPS HA OUEBUJIHYIO TTPOCTOTY MPSIMOTO BbI-
BOJIa JIJIs TT0J1b30BaTelIss DC, OT KOTOPOTro TPeOyeTcs JIUIIb COOOITUTh
CHCTEME O BHOBb IIOCTYIMBILNX UIIH HUHTEPECYIOIIUX ero akTax, it b3u
CO BHAYUMENbHBIM YUCTOM NPABUL MOTYT BOBHUKHYTh JABE IPOOJIEMBI:
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® KOT/Ia 3d8epuiungb 6bl800;

® KaK 00ECIICYUTDb Henpomusopeuusocnis nPaguil.

[Tocnennee oOcTOsATETHCTBO TPeOyeT POPMUPOBAHMS U XPAHEHUS
B OC Tak Ha3bIBAEMBIX Memanpasui — MPaBUI “pabOThI C MpaBUiIa-
Mu”. Kpome Toro, mpsimasi ieroyka paccyxJIeH!ui nHoT1a TpedyeT 3Ha-
YUTEJIbHOTO BPEMEHHU.

MexaHu3M OOpPaTHOTO BBIBOJA MMEET COBEPIIEHHO MHOM ajro-
put™. Ero uues 3aKiovaeTcs @ npogepre cnpagediugocmu HeKomopoti
eunome3svl (HEKOTOPOTO CYXKICHUS, pakTa), KOTOpAs 8bl06UACMCS
noavsoeamenem u nposepaemcs IC. Ilpu 3TOM OCylIeCTBIISIETCS IPO-
BEpKa UCTUHHOCTH HE J1e6blX, a NpasbiX 4acTel MPOAYKIIMiA, a BOIIPOC
dbopmynupyercs Tak: “UTo HYKHO, YTOOBI ITpaBasi YaCTh JAHHOTO ITpa-
BWJIa OBIjIa CIIpaBeIJIMBa, M €CTh JIU HEOOXOIUMBIE Cy)XIeHUS B pabo-
veit mamsatu?” Ha puc. 10.4.2 moka3ana paboTa MexaHu3Ma oOpaTHO-
T'O BBIBOJIA JUISI TOTO XK€ IMpUMeEpPa, YTO TSI MPSIMOM 1IEMTOYKHU PaccykK-
JieHu# (B TIperoioxennn, uto ¢paxt A 3aneceH B PIT).

6 B
a) ) ) “Z “ecTb ?
F? D?
e —_— — “A” ecTb,
— obpaTHbI 1
BblBOJ 3a-
z D KOHYEeH.
HeT HeT HeT
F&B—Z F&B —Z F&B — Z
C&D—F C&D—F C&D—F
HYXHBbI HYX H bl HYyXHO A

Fn B CubD

Puc. 10.4.2. Unnioctpauus oBpaTHON LENOUKH PacCy><aeHWH

ITpu peanuzanuu 1aHHOTrO MexaHu3Ma rnornoiaHeHus: PIT HoBbiMu
(BbIBEICHHBIMU) (pAaKTAMU HE MPOU3BOJIUTCS, 4 JIUIIb TPOBEPSIETCS HA-
JIMYMe HEOOXOIMMBIX CYXKICHHI Ha ouepeHOM Iare anroputma. Kax
cnemyeT u3 puc. 10.4.2a), MockoibKy HermocpeacTBeHHo ¢dakta Z B PIT
HET, TPOU3BOAUTCS AHATIN3 TPABbIX YaCcTeH MPABHJI 10 IIOUCKA TAKOTO
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MpaBuiIa, KOTOPOe 00OCHOBBIBAET CIPABEAIUBOCT CyxKaeHus Z. UTo-
OBl pakT Z ObLI UCTUHHBIM, HeoOXoauMbl hakTel F u B. ®daxT B ecTb,
takra F Het (puc. 10.4.26). UToObI pakT B OBLI UCTHHHBIM, HEOOXO-
mumbl paktel C u D. ®@axt C ectb, pakta D — ner (puc. 10.4.2B).
Haxkonen, uto6s1 6611 cripaBeaiuB ¢akT D, Hy)kHO Hanmuume dakTa A,
u Tak kKak oH B PII umeercsi, oGpaTHblii BbIBOA 3aKOoHYeH. OKOHYa-
TEIbHBIM PE3yJlbTAT — Ha OCHOBaHUU uMmeronuxcs B DC mpaBuil u
(baxTOB TUMOTE32 O CIPABEUTMBOCTHU (haKTa Z MOATBEPIKIACTCS.

OdeBHIIHO, UTO OOpATHAS IETTOYKA PACCYKICHUH MPETbSIBISIET K
KBaJIM(pUKaK nosub3oBarens DC onpeaeneHHble TpeOOBaHUS — OH
TOJDKEH yMemb (opmyauposams “npasoonododHuie” cunomessl. B mpo-
TUBHOM CIIy4ae JIETKO MPEeICTAaBUTh BECbMa HEMPOIYKTUBHYIO paboTy
OC, IpoBePSIOIICH U OTBEprarolieil OIHy TUIOTE3y 3a APYrou (B Ka-
YecTBe MpUMepa aHAJIOTUIHOW CUTYAIIUU MTPEICTaBUM cebe Bpaua, cTa-
BSIIIETO OJIMH JIMATHO3 32 JIPYTUM M TOJIB3YIOIIEro MalreHTa jJeKap-
CTBAMHU OT CaMbIX pa3HbIX Oose3Heit). [1naToil 3a BbINOTHEHNE TAHHO-
ro TpeOOBAHMS CITY)KUT, KaK MMPABUIIO, COKPALIEHUE BPEMEHH PeaKluu
OC Ha 3ampoc noJib30BaTeNIs.

i1t oGecrieueHns1 yBepeHHOCTH TT0JIb30BaTes B IojTydaeMbIx DC
CYXKACHUSIX NOCAe 0OPAMHO20 8bl80OA YACHO NPUOE2am K npsamot ye-
nouxe paccyscoenuii. CoBIaJieHre pe3yIbTaToB pabOThI 000UX Mexa-
HU3MOB CIIY)KMT FapaHTHel MOJIy4eHUs! HCTUHHOTO BBIBOJIA.

10.4.2. [MoHaTHe O MexaHH3Me JIOrHYECKOro BbiBOAA
B ceTeBbIX CHCTeMax

MexaHu3M JIOTHYECKOTO BBIBO/IA B CETEBBIX CHCTEMaX OCHOBAH Ha
WCIOJIb30BAHUU JIBYX BEIYIINX MPUHIUIIOB:

® HACNIeO08AHUSL CBOLICING;

® CONnoCcmagenus N0 CO8NAOCHUIO.

IlepBrblit npuHLKI Oa3upyeTcsl HA yueTe BaXKHEeHIINUX cBsA3eil, oT-
pakaeMbIX B ceMaHTU4ecKoi ceTu. K TakuM CBSA35IM OTHOCSTCS:

® CBsI3b “‘ecmb”, “sensemcesn’” (aHri. IS-A);

® CBSI3M “‘umeem uacms”, “sensemcsi wacmoro” (aurin. HAS-PART,
PART-OF).

IMocnemoBaTeIbHO MEPEXO/Ist OT OJHOTO y37Ia CETH K IPYroMy IO
HAITPABIICHUIO COOTBETCTBYIOUINX CBSA3€H, MOYKHO BBISIBUTDH (U3BJICYD)
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HOBYIO HH(OPMAIHIO, XapaKTepU3YIOLIYIO TOT UIM MHOH y3ein. Ha puc.
10.4.3a) mokxa3aH MajbIii pparMeHT HEKOTOPOU CEMaHTHYECKOM CeTH 1
0003HaueHa TaK Ha3bIBaeMasi 6emes Haciedosanus ceoticms. VI3 atoro
(¢bparMeHTa MOKHO BBIBECTH 3aKiIO4YeHus Tumna “VBaH — 4venoBex”,
“y MBaHa ectb ronosa”, “myK4rMHa UMEET TOJIOBY” U T. II.

a)

IS-A IS-A
’ WBan MY)KYMHa H YEI0BEK ’7

HAS-PART

BeTBp HacnmemoBaHus cBOMCTBA l

0)
OCHOBHas CETh:

IS-A IS-A
’ WBan MY>KYHMHA H YEINOBEK ‘

BIIaJIeeT IS-A
44 aBTOMOOWIIb BA3 2105 ‘

Bomnpoc: uem Braneetr Ban?

BJIAAEET

Puc. 10.4.3. UnnocTpauus mexaHu3Ma IOrMUYECKOro BbiBOAA
B CEMaHTMYeCcKOM ceTH

IMpuHIMIT conocmasnenus no coénadeHuro OCHOBAH Ha TIPEICTaB-
JICHUH BOTIPOCA K CHCTEME B BUIE (hpazmenma cemManmuiecKkoli cemu ¢
UCTIOJIb30BAHUEM MeX dfce HA368anuil cyuHocmelil (y3108) u cészeil, 4To
U B OCHOBHOU CETH, U PeaIM3aIliy MPOLEAYPHI ““HaJI0XeHUs” BOTIpoca
Ha CETh U TIOUCKA TAKOTO €T MOJI0KEHUS, KOTOPOE COOTBETCTBYET OTBE-
Ty Ha Boripoc. Ha puc. 10.4.4 6) moMuMo ye U3BECTHOH CBSI3H “eCTh”,
MIPEJICTABICHO omHoweHue é1aderus (CBs3b “BrasneeT”’). Borpoc “Uem
BrajeeT MiBan?” ¢popmanusyercs ¢ moMoIbko y3na “MBan” 1 OTHOIIIE-
Hus “Brageer”’. Jlanee B mpocTeiiiieM ciydae OCYyIIECTBIISICTCS mepe-
00p y3710B ceTH, nMeromux uMs “MBan” (ecimy OHM UMEIOTCS) U TIOUCK
TaKOTO M3 HUX, KOTOPBIM UMEET CBI3b “BiaaceT . [lanee MOXeT OBITh
3a/1eWCTBOBAH ITPUHIIMIT HACIIEAOBAHKS CBOMCTB. OTBETAMU HA MMOCTAB-
JICHHBIN B IpUMepe Bopoc OyayT cyxaeHus “MBaH BiageeT aBTOMO-
owrem” u “VMBan Brageet (aBTomooOwmiem) BA3 2105”. TTousatHo, 4To
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B MPaKTHKE UCnob3oBaHus DC TAKOTO THIA MPUXOJUTCS Pean3o-
BBIBAThH 3HAUUTEIIBLHO 00J1€€ CILOHCHYIO NPOYedypy NOUCKA, BKIIOUAIOULYIO
NEMEHMbL CEMAHMUYECKO20 AHATU3A.

10.4.3. lMoHsaTHe 0 MexaHHU3Me JIOrHYE€CKOro BbiBOJa BO
¢perimoBbIX cHcTemax

Kax yxe ormeuanock B m. 10.2.2, oOb1yHO (hpeliMoOBasi MOCIb
3HAHUM MMEET CIIOXKHYIO UEPAPXUUECKYIO CTPYKTYPY, OTPAXKAIOIUIYIO
pealtbHbIe 00BEKTHI (IIOHITHUS) K OTHOIIECHUS (CBSI31) HEKOTOPOU IIPe/I-
MeTHOM obnactu. Mexanuzm no2udecko2o 6v1600a ¢ maxux IC ocrnosan
Ha 0OMeHe 3HAYeHUAMU MeHCOY 0OHOUMEHHBIMU CIOMAMU PA3TUYHBLX
Ppeiimos u 6bINOIHEHUU NPUCOCOUHEHHBIX Npoyedyp “eciu — 0obase-

Ho”, “ecau — yoaneno” u “‘ecau — Hyscrno”. YCIOBHASI cXeMa TaKHX
JIeWCTBUH ISl TPOCTEUIIIero BapruaHTa IpeacraBiieHa Ha puc. 10.4.4.

[ S

—
CoobuieHne 3HayeHune

Puc. 10.4.4. Unntoctpaumus mexaHusma BbiBOAA BO (DPEMMOBOM Mogenv

3amnpoc k DC B Bu/ie COOOIIEHUS MTOCTYAET B CTAPIIUH 110 Hepap-
xuu ¢peiim (Ha pucynke — ¢peiim A). Eciu oTBeTa Ha 3a1poc HeT HU
B OJHOM M3 CIIOTOB 3TOTO (hpeiiMa MM MX COBOKYITHOCTH, COOTBET-
CTBYIOIIHE COOOIIEHMS (3aIIPOChI) MEePeaaroTcss BO Bce PpeiMBbl, Ie
UMeeTcsl CIIOT (CIIOTHI), UMEHA KOTOPBIX COAEPkKATCS B 3aIIpoce WIH
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HEOOXOMMEI JJIs TOMCKA OTBeTa Ha Hero ((ppeiimbl B u D). Eciu B HUx
COJIEPKUTCSI ICKOMBIN OTBET, 3HaUYE€HHUE COOTBETCTBYIOIIETO CIIOTA I1e-
penaercs B CTapInii 1o uepapxuu ¢ppeim (u3 gppeitma D Bo ppeiim A).
Ecnu asis 9T0oro HykKHa TONOIHUTENbHASI UH(DOpMAaLus, TPeABAPUTEIb-
HO Tiepenaercs coodmenue (13 ¢ppeiima B Bo ¢dpeiim C) u nmoryuaercst
3HaueHue (u3 ¢ppeiiva C Bo ppeiim B). 3HaueHus, nepelaBaeMble B OT-
BET Ha cooOIeHus!, MO0 HEMOCPEACTBEHHO COJIEPKATCI B COOTBET-
CTBYIOIIUX CIOTaX pperMoB, TUOO OMPEENISIIOTCSI KaK Pe3yIbTaT BbI-
TTOJTHEHU S TIPUCOCIMHEHHBIX MPOTIEITYP.

B coBpemMeHHBIX GpeliMOBBIX CUCTEMAX, KaK MPABUIIO, IS ITOJIB30-
BaTeJIsl peaTn30BaHa BOZMOKHOCTD (OPMYAUPOBAMb 3aNPOCHL HA 53bl-
Ke, bauskom K peanvromy. UHTepdeiicHas mporpamma (JIMHIBUCTUYEC-
KHI MPOIIeccop) AOKHA “yMeTh” MO pe3ysbTaTaM aHalld3a 3ampoca
OTIPEeACNsTh, B KaKOH (Kakue) CIIOT (CJIOTHI) HEOOXOIUMO TTOMECTUTh
3HAaYeHUE (3HAYCHUS) IJT1 MHULIUATTN3AIMN aBTOMAaTHUECKOH ITPOIIey-
PBI ITIOMCKA OTBETA.

PaccmoTpum Gojiee KOHKPETHBIN MPUMEpP, WLIIOCTPUPYIOLINMA
pabory dpeitmoBoii DC, UCTIOIB3yeMOU B MOIpa3e/ieHuN, OpraHu3y-
IOIIIEM Hay4dHO-UcclienoBaTenbekyto padoty (HUP) B Hekotopom yu-
pexnenun. Ha puc. 10.4.5 npeacrasneHa uepapxusi CipaBOYHOM HH-
thopmaiuu 06 otuere no HUP (o nousitun, yzne “oruer no HUP”).

OTYET NO HNP

ABnaeTca

OTanHbI ot4eT no HUP

A

ABNaeTca

OTanHbIn oT4yeT
no HAP «3anue»

Puc. 10.4.5. Nepapxus noHsatus “Otuer no HUP”

455



Puc. 10.4.6 comepxut cTpyKTypbl oHsTuid “Otuer o HUP” n
“Orannsiii oruet mo HWUP”, a puc. 10.4.7 — cTpykTypy noHsATHS “IDTall-
Hbli oTdyeT 1o HUP “3anuB” co 3HAaUEHWSIMH HEKOTOPBIX CIIOTOB M

[IPUCOEAUHEHHBIMU POLIETYPAMH.

OTYET MNO HWUP

Aesmop:

Wucpp:

Hama :
ABINAETCA

Ob6bem:

OT1anHbiii otyet no HUP

Asmop:

Pykosogutens HAP (no ymonuanuio)

Wucpp:

Hama :

Obbem:

40 cTpaHuy (N0 ymonyaHuio)

Puc. 10.4.6. Crpyktypbi noHsatui “Otuet no HUP”
u “AranHbii otuet no HUP”

OTanHblii otyet no HAP «3anue»

MpucoeanHeHHbIE NpoLeaypbl

«Ecnu-po6asneHo»

«Ecnu-ynaneHo»

«Ecnun-no6asneHo»

«Ecnu-HyxHo»

Aemop: WeaHos N.U.

Lugpp: «3anue» ]
]

JHama : 31.03.2001 T

Obbem:

Puc. 10.4.7. CrpykTypa noHsatusa “stanbiv otuet no HUP “3anus”
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®peiiMmoBas cucteMa GyHKIIUOHUPYET CIEAYIONIUM 00pa3oM.
ITycts B OC mocTymnmuit 3ampoc OT IMOJTHOMOYHOTO ITOJIb30BaTeNs: “He-
oboxomnma uHpopmanus o xoje BeimoaHeHus HUP “3anus” (Hamom-
HUM, 4TO, KaK IMPABHUJIO, S3bIK UCXOIHOT O 3a1Ipoca OIM30K K €CTECTBEH-
HOoMY). MH(pOpManmst mpoXoauT yepe3 JIMHTBUCTUUECKUN MPOLECCOD,
AHAIIM3UPYETCs M B BUAE 3HaueHUs ““3anuB” BHOCUTCS B cloT lugp
y31a “Otamabiii otyeT 1o HUP “3amus”. /lanee HaunHatOT paboTaTh
MPUCOETMHEHHBIE TPOLIEAYPHI:

e IIporieaypa “ecnu — mo0aBieHo”, cBsI3aHHas co ci1oToM llugp,
BBITIOJTHSIETCS, TOCKOJIBKY B CJIOT OBUTO BBEAEHO HEKOTOPOE 3HAUEHUE.
OTa mpoleaypa OCyIecTBIIsSeT ITOUCK CBeJIeHU 0 pykoBoauTtene HAP
“3anuB” (B HateM npumepe — WM. M. UBaHOB) U BIUCHIBAET 3TO UMSI B
cioT Asmop y3aa “Dranseiii otyeT o HUP “3anus”;

e [IporieIypa “eciim — J00aBJICHO”, CBSI3aHHAS CO CIIOTOM A 81mop,
BBITIOJTHSETCS, TAK KaK B CJIOT OBUIO BIIMCAHO 3HAYCHHE. DTa MPOLIEY-
pa HAYMHAET COCTABISITh COOOIIEHUE, YTOOBI OTIIPABUTH €ro MIBaHOBY
N. U., Ho oGHapykUBaeT, YTO OTCYTCTBYET 3HAUEHUE coTa Jama,

e Mporieypa “eciii — J00aBJIeHO”, MpocMaTpuBas cioT Jama v
HaUs ero MyCThIM, aKTUBU3UPYET MPOLEAYPY “‘€CIIU — HYXKHO ', CBSI-
3aHHYIO C 3TUM clIoToM. [Iponeaypa HalaeT TEKYIIyIO 1aTy, UCIOb-
3ys kKajeHgapb DC, BpIOepeT OMDKaNIIyIo K Hell (HO OOJIBIIYI0) AaTy
npeacrapieHus otueta (B HaweM rnpumepe — 31.03.2003) u Bnuiet ee
B cloT /lama,

e IIpolieaypa “eciiu — 100aBJIeHO”, CBSI3aHHAS CO CIIOTOM A8mop,
HaMJIEeT, YTO OTCYTCTBYET ellle OJHO 3HAYeHHEe, HeoOxoanumoe s hop-
MUPOBAHUS BBIXOJIHOTO COOOIIEHMS, & UMEHHO — 3HA4YeHUE CI0Ta
Obvem. Jaunpiii cioT (y3ma “DranHbeiii otdyer mo HUP “3anus™) He
UMeeT MPUCOCAMHEHHBIX TPOIIEAYD, ITOITOMY MPUXOAUTCS OpaTh 3Ha-
YEeHHE 10 YMOJYAHUIO U3 OJHOMMEHHOTO CJIOTa OOIIeH KOHIICTIIINH
“Drannoro otyera o HUP” (B Hamem npumepe — 40 crpanun).

Tenepp 9C MoxkeT ChOPMHUPOBATH BBIXOAHOE COOOIINCHHE THIIA:
“Oranubii otyetr 1o HUP “3anuB” momkeH ObITh IpeacTasicH KBa-
HoBbiM WM. W. k 31 mapta 2003 r. [Ipeanonaraemelii 00beM oTUeTa —
40 crpannir” w/wmm “WBanos U. W.! [1pencraBbTe 3TAHBIN OTYET O
HUWP “3amuB” o6vpemom He 6onee 40 ctpanuir k 31 mapta 2003 1.”.
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Ecmu B kakoil-mmb0 MOMEHT 3HaueHue cioTa Aemop (B HaleMm
npumepe — MBanos U. U.) Oyxet yaaneHo, To cpaboraer mporieaypa
“ecin — yIaJieHO” M CHCTeMa aBTOMaTH4YecKu oTiipaBut Msanosy U. U.
YBEIOMJIEHHE O TOM, UTO OTYET He TpedyeTcs.

10.4.4. MexaHH3M flIOrH4ecKOro BbIBOAA
B AHarHOCTHYEeCKHUX cHcTeMax balecoBCcKoOro THna

Junarnocruueckue IC MUPOKO MPUMEHSIOTCS B Pa3IMYHBIX 00-
JIACTSIX YEIIOBEUECKOM AEATEIIbHOCTH (MEAUIIMHE, TEXHUKE, SKOHOMHUKE
u ap.). Kak mpaBuito, B HUX UCTIOJIB3YIOTCS 1P OOYKYUOHHbIE MOOETU 3HA-
HUM 0 TIpeaMeTHON objiactu. OIHAKO, €CIIM UMEeTCsl BO3MOXKHOCTD
HUCIOJIb30BAHUS B MPABWIAX CTATUCTUYECKUX HAHHBIX O MOHITHUSIX U
CBSI3SIX M@Ky HMMH, BECbMa II€JIECO00Pa3HO MPUMEHUTh U3BECTHYIO
meopemy batieca nnsa nepecuera anocTEPUOPHBIX BEPOSITHOCTEH MO
pe3yanaTaM HpOBCpKI/I HaJIn4yus T€X NJIN UHBIX CUMIITOMOB.

HpI/IMeHI/ITeHbHO K TEXHUYECCKUM IUATHOCTUYECCKUM CUCTEMAM
HCIIOJIB3YETCS ClieAyromas cxema (hopMaTn3aiiu:

® 0OBEKT UMEET MHOXKECTBO BO3MOYXHBIX HeUCHPAGHOCMET

S, S, o, Sy

® KaXXJI0M HEUCIPABHOCTU MPUITUCHIBACTCI AnpUOpHAs 8eposim-
HOCMb

P(S,), P(Sy). ... P(S,): 2. P(S1) =1
i=1

® KQXKJIAsl HeUCHPABHOCTINb NPOSIBAAENICS YePe3 CUMNINOMDbL

C,.C, ...,C,

MpUYEM KaKas HeMCITPAaBHOCTh XapaKTEPU3YeTCs “CBOMMH~ CUM-
IITOMaMH U3 “0011ero” CIMcKa;

® U3BECTHBI YCI08HbIE 8EPOANHOCHIU TIPOSIBICHUS CAMIITOMOB ITPU
KaXJI0M HEUCIPABHOCTU

P(Cj/Si), i=1,2,..,.m;j=1,2,..,n

Toraa MOXHO ONMPEIEITUTH ATTIOCTEPUOPHBIE BEPOSITHOCTH HAJIHU-
YUl HEUCITPABHOCTHU IPU JAHHOM CUMIITOME:

P(C,/Si)-P@S;) _ _P(C,/S;)-P(S;)
P(C)) ,

PES;/C)) = -
Y P(C,/S))-P(S))
i=l
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MpUYeM IIPH pacueTe aloCTEPUOPHON BEPOSITHOCTH YUUTHIBACTCS, HA-
01100aAJICs NPU UCHBIMAHUU OAHHBIN CUMIINOM UTU HEM.

3Has nepeurciIeHHbIe BEPOSITHOCTH, JIETKO Pean30BaTh MPOIie-
Iypy MPOBEpKU Haubosiee BEPOSITHBIX CUMIITOMOB, IIPUYEM IIPOBEPKA
OYepeTHOTO CUMIITOMA JTOJDKHA COMTPOBOKAATHCS MIEPECUETOM 3HAUe-
HUH 6cex arloCTepUOPHBIX BeposiTHOCTEH. J1J1st MOTyYeH s allpUOPHBIX
U YCJIIOBHBIX BEPOSITHOCTEH HEOOXOIMMO 00Ppa00TATh CTATUCTUYECKHE
JaHHBIE (IPU UX HAJWMYNUH) WX MOJIYIUTh U 00padoTaTh IKCIEPTHYIO
nHPOPMALIHIO.

Ha puc. 10.4.8 npencrasiieHa WUTIOCTPALIMS OITMCAHHOTO IMOJIXO0-
na. Ha puc. 10.4.8a) noka3aHbl UCXOJHbIE allpUOPHBIE BEPOSITHOCTH
HaJIM4Msl HeucrnpaBHocTel. Kak nmpaBuino, 3a1aeTcsi HEKOTOPBIN ypo-
BEHb BEPOSATHOCTH P | PeBBILICHIE KOTOPOIO CBUACTEIBCTBYET O He-
00XOJIMMOCTH MPOBEPKU UMEHHO TeX HEUCITPABHOCTEH, JIJISI KOTOPBIX
1 HaOJII01aeTCA NpeBbIIeHNE (B HaleM npumepe — S;). [lanee npose-
pseTCs HATM4Yre TOTO CUMITTOMA, JUIsl KOTOPOTO BEPOSTHOCTH €T0 MPo-
SIBIIEHUS TIPU 1-i HEMCIIPABHOCTU HAMOOIIbIIAs (HAIPUMEP, CUMIITOMA
C, Ha puc. 10.4.80).

P(S)) P(S):P(S,/C,)
2P(S,/C)
_______ DS p | YD P ¢
P(S) GO ! E—
P(S,) (S,)
sy FEC)
P(S.) !
(S,/C)
s, S, S S, 8808 S sS
a) 6)

Puc. 10.4.8. Unnioctpauus anroputma paboTbl avarHocTuyeckon IC
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P(S):P(S,/C)

tPS,/C)
dp(s,/C)
P c
1 P 1
1
(S.)
5/C) C,

oH|PS /G

S Ky

B)
Puc. 10.4.8. Unnoctpauus anroputMa paboTbl avardHoctuyeckon 3C

ITo pesynbTaTam MpOBEPKU MEPECUUTHIBAIOTCS] BCE AlTOCTEPHOP-
HbIE BEPOSITHOCTH U BBISIBIISIIOTCS] T€ U3 HUX, KOTOPBIE MPEBBIIIAIOT 3a-
JIaHHBIA ypoBeHb. I10 HUM ompenensieTcs: ouepeaHOl MpoBepsIEMbIil
cumnToM (Ha puc. 10.4.88) — cumnrom C,) u T. 1. 3aMeTUM, 4TO B
pe3yabTaTe nepecyera anoCTepuoOpHasi BEPOSTHOCTh TOU WIIM MHOU
HEUCITPABHOCTH MOJKET KaK YBEJIMUYUTHCS, TAK U YMEHbITUThCs. [Tocre
HECKOJIBKUX IIaroB JIAHHBIM aJITOPUTM MPUBOJAUT K ToMY, uTo DC He-
KOTOPbIE HEUCIIPABHOCTH, AIIOCTEPHUOPHBIE BEPOSITHOCTU KOTOPBIX CTa-
JIA OYEHb MaJbIMHU, OTOpAchIBaeT (MepecTaeT yUYUThIBATE), a Jpyrue
NpeiaraeT UCIPaBUTh.

PaccmoTpum koHKpeTHBIH npumMep — ¢parment DC quarHoctu-
YeCKOro TUIIA, TPeTHA3HAYEHHOH JIIs TOMCKA HEHCIIPABHOCTHU B aBTO-
MOOuUJIe TIPH CIIEAYIOIMINX UCXOTHBIX JTAHHBIX:

® ABTOMOOMITH MOYKET UMETh UEThIPE HEUCITPABHOCTH:

— S| — HeucrpaBHa aKKyMyJIsATOpHas OaTapes;

— S, — OTCYTCTBYET TOIJIMBO;

— S; — “oTchIpeno” 3axUraHue;

— S, — 3aMacIeHbl CBEYH;

® CIMIITOMAMH HEHCIIPABHOCTEH SIBIISFOTCSI:

— C, — daper He TOPAT;

— C, — yka3zaTenb TOIUIMBA HA HYJIE;

— C; — aBTOMOOMIIb HE 3aBOJUTCH;

— C, — crapTep IpoBOpaYMBAETCH;

— Cy — nBurarens paboTaeT HeEyCTOMUUBO, “UMXaeT
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® 3HAUEHHSI AIIPUOPHBIX BEPOSTHOCTEH:

P(S,) = 0,4; P(S,) = 0,2; P(S;) = 0,3; P(S,) = 0,1;

® 3HAUCHHUSI YCIIOBHBIX BEPOSITHOCTEH MPOSIBIICHUI CHMIITOMOB ITPU
HAJIMYUU HeucnpaBHOCTEeH nmpuBeaeHsl Ha puc. 10.4.9. 3nakom “+”

oboznauensl Beposithoct P(C; / S;), 3Hakom “—7 — BepOsTHOCTH
P(C;/S;)-
Cj C1 Cz C3 C4 CS
S; + + + — + — + —
S, 1 0 0,9 0,1 1 0 0 1 0,1 0,9
S, 0,1 0,9 1 0 1 0 0,9 0,1 0,1 0,9
S; 0,1 0,9 0,1 0,9 0,7 0,3 0,9 0,1 0,1 0,9
S, 0,1 0,9 0,1 0,9 0,8 0,2 0,9 0,1 1 0

Puc. 10.4.9. 3HauyeHus yCNOBHbIX BepOSTHOCTEM
NPOSIBNIEHUSA CUMMTOMOB MPH HANMUUU HEUCTPABHOCTEM

Peaymzanust onmmcanHOTrO BBIIIE aTOPUTMA IS TTOCTIEA0BATETBHO-
CTH CUMITTOMOB “‘(hapbl TOpIT” — “yKa3aTelb TOIUIMBA HE Ha HyJle” —
“crapTep MpoBOpaYMBacTCs’” — “aBTOMOOWMIIL 3aBOAUTCS — “JBHTA-
TeJIb “yuxaeT’ MpHUBEACT K cieayromemy 3akiaoueHuio DC: “Ilpocy-
LIMTE 3aKUTaHue, IpoBepbTe cBeun . dpyras mocienoBaTelbHOCTb
CHUMITTOMOB “(hapbl He TOPSIT” — “aBTOMOOMIIb HE 3aBOUTCA — “‘cTap-
Tep He MPOBOpaunBaeTcs” — “ykazaTesb TOIUIMBA HE Ha Hyse” —“BU-
raTtenp He ynxaer’ mnpuBeneT DC K peKoMeHAaWHu “3aMEHUTE aKKy-
MYJIATOpHYI0 Oatapeto”. Eciu mpu mpoBepke CUMIITOMOB OKa)KeTCs,
4yTo “dapsl TOpAT”, “yKazaTenb TOIUIMBA HA HYyse , “aBTOMOOWIIb HE
3aBOAMTCA”, “cTapTep MpOBOpaYMBaeTCs , ““IBUraTeNlb HE YMXaeT , pe-
xoMmenmanus DC, ecTeCTBEHHO, TaKoBa: “3ajeliTe OeH3uH”.

[ITupokoe pacnpocTpaHeHue quarnoctuyeckux DC B pa3InyHbIX
00I1acTAX eSATEIIBHOCTH OTIPEIEIISETCS PSIIIOM 0OCTOSITETBCTB.

Bo-nepsvix, BOBMOKHOCTBIO OOecTieueHus1 OJTM30CTH alPUOPHBIX
Y YCIOBHBIX BEPOSTHOCTEH, UCIOJIb3YEMBIX B aJTOPUTME, K “HCTHH-
HBIM~~ 3HAYEHUSIM.

Kak nmpaBuio, npu rpaMOTHOM y4eTe OnbITa paboThl CHeUaIINC-
TOB IO YCTPAHEHHUIO COOTBETCTBYIOLIMX HEUCIIPABHOCTEH XOpoliune
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OLIEHKM Ha3BaHHBIX BEPOSITHOCTEN MOT'YT OBITh IOJIyYEHBI 110 PE3YIIb-
TaTaM 0OpabOTKHU CTATUCTUYECKUX JAHHBIX.

Bo-6mopbix, cpaBHUTENBHONM MPOCTOTON obecnedyeHus auajgora
MOJI30BATENSI C CUCTEMOU Ha SI3bIKE, OJIM3KOM K €CTECTBEHHOMY, I10-
CKOJIBKY MPOMEXKYTOUHBIE U UTOTOBBIE 3aKitoueHus: IC, OCHOBAHHBIE
Ha GOPMABHBIX IIATAX AIITOPUTMA pabOThI, JIETKO HHTEPIIPETUPYIOT-
Csl B IIOHSITHBIE BCEM PEKOMEHIALINH.

B-mpembux, BO3SMOKHOCTBIO BbIAAYM IIOJIB30BATEINIO (KaK ITPAaBH-
J10, TIO 3aITPOCY) MPOMEXKYTOUHBIX Pe3yJbTaTOB JUATHOCTUKH HEHCII-
PaBHOCTH, T. €. MOsCHeHUs pekoMeHaauuii DC, 4To B MOAABISIOLIEM
OOJIBIIMHCTBE CIIy4yaeB 00JeryaeT uX BOCIPUSITHE.

Haxkoner, BO3MOKHOCTBIO TOCTOSIHHOTO y4eTa TeKYILIero OnbITa
MOJIb30BATENIEH U MPOCTOTON KOPPEKTUPOBKH (ITPH HEOOXOIMMOCTH)
MO/IEJIM 3HAHUH O TTPEIMETHON 00JIACTH.

B zakimouenue paszzgena oTMETUM, YTO B yUeOHUKE PACCMOTPEHBI
JIMIIb METOI0JIOTUYECKHE OCHOBBI IOCTPOEHUS M UCIIOJIb30BAHUS CHC-
TE€M HMCKYCCTBEHHOI'0 MHTeUIeKTa. [IpakTuka coBEpIIEHCTBOBAHUS
MH(OPMALMOHHBIX TEXHOJIOTUN MPEACTABIISIET BCE HOGble HANPABIEHUS.
NpUMEHEeHUs. UHIMENeKMYAlbHbIX cpedcms. Tax, Hampumep, Hapsay ¢
WHTEIJICKTYJIbHBIMU MTaKETAMU MPUKIIAIHBIX TPOTPAMM TOSIBUIIHCH
TaK Ha3bIBAEMBIC UHINELIeKMYabHble 0a3bl 0arHblX [27], B KOTOPBIX
WCIOJIb3YIOTCS JOCTUKEHUS TEOPUU UCKYCCTBEHHOTO MHTEIIIEKTA KakK
JUTSL OpraHU3aliy XpaHeHUsI THPOPMaIIMU O TPeIMETHON 00J1acTH, TaK
U JUIS1 YIOBJIETBOPEHUST MHPOPMAIIMOHHBIX TOTPEOHOCTEH MOJIb30Ba-
Tened. JlpyruM mpuMepoM MOJXKET CIYKHTh pa3paOoTaHHas CIielua-
auctamMu MHCTUTYTa YeITOBEUECKOTO W MAIIMHHOTO TO3HAHUS MPH
yauBepcutete 3anagHoit @uopuasl (CILIA) mexnonoeus xpanenus u
npeocmasgieus noab308amesam ungopmayuuy, TOIYIUBIIAS HA3BaHUE
CMap (anrn. Concept Map — kapTta HOHSTHII), ABISIOIIASICS OTHUM
U3 BApUAHTOB MPUMEHEHMS CeMaHTUUYecKuX ceTei. C MoMOIIbIO 3TOM
TEXHOJIOTUU MOKHO OCBAMBATh OOJBIINE 00BEMBI CIIOKHOCTPYKTYPH-
pOBaHHOI'O MaTepuala, pemas pa3jIndHble 3a0a49H (B TOM YHCIIe U 3a-
Ta4yn 00ydeHHs CrennaucToB). Eie oHIM mpuMepoM SIBIISETCS U3-
BECTHAS KOHYenyusi “uHmeieKmyaivHo2o ooma (dcuiuwa)”, mpu3BaH-
Hasl pallMOHAJIbHO UCIIOJIb30BATh CPEACTBA HCKYCCTBEHHOT O NHTEIJIeK-
Ta IIPU BCECTOPOHHEM 00eCIIeYeHUH YIIpaBlIeHUs! ObITOBBIMU CHCTEMA-
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MU (HAYMHAsI OT PEryJIMPOBAHUS MOAAYHN JIEKTPOIHEPTUU U BOJBI U
3aKaHYMBAsl BKIIOUEHUEM/BBIKITIIOYEHIEM MUKPOBOJHOBOW €YU WIIN
TeneBu3opa B 3ajaHHoe Bpemsi). CyllecTByeT MHOKECTBO MOA0OHBIX
MIPUMEPOB, TOITBEPKAAIONINX TJIABHBIM BBIBO: MALUCIPAILHbIM 1Y~
mem CO8PEMeHHOU A8mMoMamu3ayuy npogeccuoHarbHoll 0esmeabHoCmu
Ji00ell A8I5emcs ee UHMEJLIeKMY aiu3ayus.

BOHPOCbI ANA CaMONPOBEPKH

1. KakxoBo Ha3HaueHHWEe MeXaHU3Ma JIOTHIeckoro BeiBoaa (MJIB)?

2. IlosicHuTE CYyLIHOCTD MPSIMOM LENOUKHU paccysxaeHui ajist MJIB
npoAayKUuoHHbIX DC.

3. IosicHuTe CYIIHOCTh OOPATHOM LENOYKH PACCYXKIECHUH 111
MUJIB npoaykiuorHbIX DC.

4. Kaxne nmpuHIUIEI jJexaT B ocHoBe MJIB DC, ucnons3yromnmx
JUUIS MOJISIIUPOBAHUS 3HAHUI CEMaHTHUYECKYIO CETh?

5. [IpuBeauTe mMpUMEp UCTIOIB30BAHUS TPUHIUIIA HACTIETOBAHHUS.

6. B uem cmbicit pabotel MJIB ¢peiimoBbix DC?

7. ChopmynupyiiTe mocTaHOBKY 3a1auu 1 MJIB nuarnocruyec-
kux DC (J12C) batiecoBckoro Tuma.

8. KakuM 06pa3om MOKHO ONMPEJeTUTh UCXOHbIC JaHHbIE (arl-
PUOpHBIE U YCIOBHBIE BEPOSITHOCTH) JUTsl paOoThl aToro MJIB?

9. B uem mocrounctBa Takux JI2C? HegocTtaTkm?

10. OueHuTe BO3MOXHOCTH MAIIMHHOM peain3allMi U3BECTHBIX
BaM MJIB. ITonwrTaiitecs pamxupoBats MJIB o sToMy mpusHaky.
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