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1 HEJIX U 3AJAYU OCBOEHUA JUCHUIIIMHBI

Lenp AMCUMIIIMHBL: U3y4EeHUE METOJIOB OILICHKHM, aHaju3a M HAJAECKHOCTH MPOTrpaMMHOIO
obecnieuenust u ACY ¢ yueTom ux creuupuxanuu

3ana4yu TUCHUIUIMHBIL
— U3yuYeHHUE OCHOBHBIX METOJIOB PELICHMs 3a/1a4 110 OCHOBHBIM pa3jieiaM JUCIUILINHBI;
— (opmupoBaHuE YCTONYMBBIX HABBIKOB PEIICHUS MPHUKIIATHBIX 33/1a4.

2 MECTO JUCHHUIIVIMHBI B CTPYKTYPE OOII BITO

JlucuminHa OTHOCUTCS K (peepaibHOMY KOMIIOHEHTY LIMKIIA crienuanbHbIX aucuuruind (C/]
®.9) rocymapcTBeHHOT0 00pa30BaTEILHOTO CTaHIAPTa BHICIIETO MPO(HECCHOHATHFHOTO 00pa30BaHUs
no crneuuaibHoctu 230102.65 «ABTOMaTU3MpOBaHHBIE CUCTEMBbl 00pabOTKH HHPOpMALUU U
yrnpasieHus» (KBaqudukanus (CTENEHb) «HHXKEHEPY).

JUis ycrentHoro OCBOCHMS TaHHOM JUCHMIUIMHBI HEOOXOIUMBl 3HAHUS, YMEHUS U HABBIKH,
MIPUOOpPETEHHBIE B PE3YJIbTaTe€ OCBOEHUS TUCLUIUIMH LIMKJIA OOIIMX MaTEMaTUYECKUX U €CTECTBEH-
HOHAYYHbIX AUCUMIUIMH: MaTemaruueckuid anamu3 (EH @.01.02), anrebpa u reomerpus (EH
®.01.01), Teopus BeposITHOCTEH, MaTemMaTU4yecKas CTAaTHUCTHKa U ciydailHele mnpouecchl (EH
®.01.06)..

3HaHMsI, YMEHUS U HaBBIKH, IPUOOpPETEHHbIE B PE3yJIbTaTe€ OCBOEHUS JAHHOW TUCIUIUIMHBI
HEOOXO0IMMBI Ul YCIIEIIHOTO OCBOEHUS (pelepalibHbIX U PErHOHANbHBIX TUCIUIUIMH MaTeMaThye-
ckoro u ecrectBeHHoHayuHoro (EH), a taxxke obmenpodeccnonanproro (OI1/]) mukioB rocymap-
CTBEHHOTO0 00pa30BaTEJIbHOTO CTaHIapTa BBICHIETO MPO(ECcCHOHAIBHOTO 00pa30BaHUs MO CHEIH-
anpHOCTH 230102.65 «ABTOMAaTU3UpOBAaHHBIE CUCTEMBbI 00pPaOOTKM MH(POPMALUU U YIPABICHUS
(xBanmudukaus (CTENEeHb) «UHKEHEP)).

3 TPEBOBAHUA K YPOBHIO OCBOEHUA COAEP KAHUSA JTUCIHUITJIMHBbI

B pe3ynbrare 0cBOEHUS TUCHUIUIMHBI 00YUYaIOUIUICS JOJIKEH JEMOHCTPUPOBATh CIIEIYIOIINE
pe3ynbTaThl 00pa30BaHUS:

1) 3HaTh: HaIEKHOCTh, 3PrOHOMUKY U KauecTBo ACOUnY.

2) YMeTh: IpUMEHSTh METO/Ibl HAaJEKHOCTH, SproHOMUKU U KayectBa ACOUnY s perme-
HUS IPAKTUYECKUX 3a7a4.

3) Bnagers: MeTo1aMu pelieHus 3aja4 HaJeKHOCTH, SproHOMUKHU U KadectBa ACOUnY.

4 CTPYKTYPA U COAEP KAHUE JUCLHUIIJINHBI

OO6mast TpyA0€MKOCTh AUCIUIUTHHBI cocTaBisieT 105 gacos.

B pamkax gaHHOW TUCHUIUIMHBI PAacCMaTPHUBAIOTCS CIEAYIOIIME TUAAKTUUYECKUE €IMHULIBI:
OCHOBHBIE MOHTHS TEOPUU HAJICKHOCTH; SJIEMEHTHI, MOJEIH, (PYHKIIUU, CUCTEMbI; OCHOBHbIE pac-
YEeTHbIE MOJIEH ISl OLIEHKHU TOKa3aTesiell HaJeKHOCTH amIaparypbl, OpraHu3alus U NpoBeCHHE
UCIBITAHUN Ha HAJIEKHOCTb, MOJIEIM HAJEKHOCTU IIPOrpPaMMHOr0 obOecredeHus, MeToabl olecre-
YEeHUs HaJIe)KHOCTH; BUJIbI N30BITOYHOCTH, XapaKTepUCTHKa yesoBeka kak 38eHa ACOMNY, ocHOBbI
sproHoMuyeckoro odecneuenus pazpadorku ACONY, obecrnieueHre 3proHOMHUYECKOrO KauecTBa,
ONTHUMAJIbHBIE 3a/1a4l 3PTOHOMHKH, SPrOHOMHYECKas SKCIEPTH3a; KaYeCTBO IPOrpaMMHOro obec-
[IEYECHUSI: TECTUPOBAHKE, BEPUPUKALS, BATUIAIIMSL.
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5 COAEP)KAHUE PA3JIEJIOB U TEM JUCHUIIJINHBI

5.1 Jlexkuun

5.1.1 Paznen 1. OcHOBHBIE OHATHUS TEOPUH HAJIEKHOCTU

Teopust HaE)KHOCTH KaK HayKa U Hay4yHas AucuuiuinHa. OnpeseneHue NOHATUS HAaJEeKHOCTb.
[Tonarue orkasza, knaccudukamnus BUAOB oTkaza. HamexxHocTs U coxpaHsieMocTs. TepMuHo-
JIoTUs TeOpUH HaJexKHOCTH. Kitaccuukanys TEXHUUECKUX CUCTEM

5.1.2 Paznien 2. DneMeHThl, MOI€TH, PYHKLIUHU, CUCTEMbI

[loHATHE cHCTEMBI U DJIEMEHTA B Y3KOM M IIMPOKOM cMbIcaax. Moaenu. @yHKIuu

5.1.3 Paznen 3. OcHOBHBIE pacueTHBIE MOJEIHN ISl OLICHKH MOKa3aTesIed HaJIeKHOCTH arlia-
paTypsl

[TonaTue Moenu HaIeKHOCTH anmaparypsl. Buabl, mpumepsl.

5.1.4 Paznen 4. Opranusanus U NPoBEACHUE UCTIBITAHUNA HAa HAJIEKHOCTh

[IpuHIMIBI TECTUPOBAHUS: OCHOBHBIE OIIPENIEICHUSI; MHTErpalus MOAyJIel; BOCXOIAIIEee Tec-
THUPOBAHUE; HUCXOIIEE TECTUPOBAHNE; METO/| CaH/IBUYa

5.1.5 Paznen 5. Mojaenu HafeKHOCTH MIPOTPAMMHOTO 00€CTICUeHUS



[ToHsTHE MOECIIN HAICKHOCTH aImaparypsl. Buabl, mpumepbl

5.1.6 Pazgen 6. Meroanl obecrieueHus] HAAEKHOCTH

Buner n30sITOUYHOCTH

5.1.7 Paznen 7. Xapakrepuctuka deigoBeka kak 38eHa ACONY

OcHoBBI ’proHomudeckoro obecrneuenust paspadotkn ACOUNY, obGecnedeHue 3proHOMUYE-
CKOTO Ka4yecTBa, ONTHMAJLHBIC 33J]Ja4d dPTOHOMHUKH, SIPTOHOMHUYECKAs IKCIIEPTH3a; Ka4eCTBO
MIPOrpaMMHOT0 OOecrieueHus: TECTUPOBaHNE, Bepru(UKaLKs, BaTUAALNS

5.2 JlabopaTopHbIe 3aHATHS

5.2.1 JIaboparopnas padota 1. Onpenenenue XxapakTEPUCTUK MPOCTEHIIIETO TIOTOKA

5.2.2 JlabopatopHas pabota 2. OueHka moka3aTene HaJe)KHOCTH 00BEKTa MO IKCIICPUMEH-
TaJIbHBIM JAHHBIM

5.2.3 JlaGoparopHas paborta 3. Onpenenenue mnokasareneil HaASKHOCTH B TIEPHO/L TIpoIiecca
AKCTUTyaTaIllil CUCTEM

5.2.4 JlaGopatopHas pabdota 4. Pa3paboTka aaropuTMoB pacueTa CTPYKTYPHBIX CXEM HaJexkK-
HOCTH

5.2.5 JlabopatopHas pabota 5. Pa3paboTka alropuTMOB pacueTa HaJAS)KHOCTH TMPU PE3EPBU-
poBaHuHA

5.2.6 Jlaboparopnas padota 6. PacueT CTpyKTypHOI HaIe)KHOCTH CUCTEM

5.2.7 Jlaboparopnast pabota 7. OnpezeneHue HaJeKHOCTH CUCTEMbI CO CTPYKTYpPHON H30BbI-
TOYHOCTBIO

6 CAMOCTOSATEJIbBHASA PABOTA

Ne Tpynoem-
1/ Paszpen nucuunnmHb dopma (BHI) CAaMOCTOSITENbHOM pabOThl | KOCTb B 4a-
i cax
1 OcHOBHbIE IOHSTHS TEOPUU Brinosinenue nabopatopHoii paboThl, 6
HAJEKHOCTH oopMmIIeHHE OTYETa
) DnemMeHTsl, MoJieny, GyHKIMY, | BoimonHnenue nabopatopHoii paboThl, 6
CUCTEMBbI opopMIIeHHE OTUETA
OCHOBHBIE pacYeTHBIC MOJIEITN .
8 Brimonnenue nabopatopHoit paboThI,
3 | s OLIEHKH MOKa3aTeliel Ha- 6
odopmIIeHHE OTYETa
JCKHOCTH armapaTypsl
4 Opranuzanys u IpoBeJeHHE Brinosinenue nabopatopHoii paboTsl, 6
WCTIBITAaHUI HAa HAJCKHOCTh odopmieHre OTYeTa
5 Monenu HaieKHOCTHU TIPO- Brinosinenue nabopatopHoii paboThl, 6
IPaMMHOTO 00eCTIeYCHHUs odopmIieHHe OTYETa
6 Mertoipl oO6ecrieueHus Haiex- | BoinonHenue nabopaTtopHoil paboThl, 6
HOCTH oopMmIIeHHE OTYETa
7 XapakTepucTuKa 4esloBeKa Brinosinenue nabopatopHoii paboTsl, 6
kak 3BeHa ACONY odopMIIeHHE OTYETA
[Ipomexkyrounas arrectauus | [loarotoBka K s3k3amMeHy 18

7 MATPULIA KOMNIETEHIU

JUis IUCUUIUIMH TOCYIapCTBEHHOTO 00pa30BaTeIbHOIO CTaHJapTa BHICIIETO MpO(decCHOHab-

HOro oOpaszoBanus cneuuanbHocTd 230102.65 «ABTOMATHU3UPOBAaHHBIE CUCTEMbI OOpPaOOTKH HH-
¢dbopmanuu u ynpasieHus» (kpandukanus (CTeNeHb) «MHKEHEP») KOMIIETEHIIMH OTCYTCTBYIOT.



8 OBPA3OBATEJIBHBIE TEXHOJIOI'U

OO6pazoBarenbHbIN MPOLIECC MO0 AUCLMIIMHE CTPOUTCS HAa OCHOBE KOMOMHAIMM CIIEAYHOIIMX
00pa3oBaTEbHBIX TEXHOJIOTHH.

WuTerpanbHyto Mozienb 00pa30BaTeIbHOrO Mpoliecca Mo JUCHUILUIMHE (GOPMUPYIOT TEXHOJIO-
MU METOJIOJIOTMYECKOTO YPOBHS: MOJAYJIBbHO-PEUTHHIOBOE OOY4YE€HHME, TEXHOJIOTHUSI MO3TaIHOTO
(dbopMHUpOBaHMSI YMCTBEHHBIX JAECUCTBUM, TEXHOJIOTUS Pa3BUBAIOLIETO OOYyUEHUs, FIEMEHThI TEXHO-
JIOTUU Pa3BUTHS KPUTUYECKOTO MBIILICHUS.

Peanusanus 1aHHON MOJENIN MPEAIIoIaraeT UCIOJIb30BaHUE CIEAYIOINX TEXHOJIIOTMI cTpaTe-
TUYECKOTO YPOBHS (3a[Ial0IIUX OpraHU3allMOHHBIE (OPMBI B3aWMOJICHCTBUA CYOBEKTOB 00Opa3oBa-
TEJIBHOTO TpOoIiecca), OCYLIECTBISIEMbIX C HUCIOIb30BAHUEM OIpPEAEICHHBIX TAKTHUECKUX Mpolle-
Ayp:

— JIeKUMOHHBbIE (BBOAHASI JIEKIMS, HWHQOpPMALMOHHAs JIEKLHs, O0O030pHas JeKUus, JEeKIus-
KOHCYJIbTAIHS, TPOOIeMHAs JISKIIHS);

— nabopaTtopHble (yriryOJIeHHE 3HAHWUM, TMOJYYECHHBIX HA TEOPETUUYCCKUX 3aHATHIX, PEIICHUE 3a-
faq);

— TPEHUHIOBbIE ((POPMUPOBAHUE ONPEACIEHHBIX YMEHUN U HAaBBIKOB, (POPMUPOBAHUE AJITOPUTMU-
4EeCKOI'0 MBILLICHHUS);

— AKTUBU3AIMM TI03HABATEIbHOW JEATEIHOCTH (IIPUEMBbI TE€XHOJOTHMHM Pa3BUTHUSI KPUTUYECKOTO
MBIIIJIEHUS] Yepe3 YTEHHE U MUCbMO, paboTa C JIUTEepaTypoH, NOJrOTOBKA MPE3eHTAUN [0 TeMaM
JOMaIHUX padoT);

— caMOyIpaBJieHUs (caMOCTOsITeIbHAs paboTa CTYJICHTOB, CAMOCTOSITEIIBHOE N3YUCHHE MaTeprana).

PekomenyeTcss ucnosib3oBaHre MH(OPMALMOHHBIX TEXHOJIOTUH MPH OPraHU3allMd KOMMY-
HUKALIUU CO CTYAEHTaMU JJIsl peACTaBIeHUsI UHPOPMAIUK, BbIIa4Yl PEKOMEHIAlUi U KOHCYJIbTU-
POBaHMS 10 ONIEPATUBHBIM BOIIPOCaM (3JIEKTPOHHAS [10YTA), UCIIOIb30BaHUE MYJIbTUMEIUA-CPE/ICTB
MIPU TIPOBEICHUH JICKITMOHHBIX M MPAKTUYECKUX 3aHATHM.

VY aenpHBIN Bec 3aHATUH, MPOBOJUMBIX B MHTEPAKTUBHON (hopMe COrjacHO TpeOOBaHUSIM TIo-
CYJapCTBEHHOI'0 00pa30BaTENbHOIO CTaHAapTa BBICIIEro MpodeccnoHaqbHOro 0O0pa30BaHMs IO
cnenuanbHocT  230102.65 «ABTOMAaTHU3UpOBAaHHBIE CHUCTEMBI 00pabOTKM HHOpMaLMM U
yrnpaBieHus» (KBaau(pUKalus «MHKEHEpP») JOJKEH COCTaBJIsATh He MeHee 18 yacoB ayJMTOPHBIX

MHATHIH:
®opma (Bua) oOpa3oBarenbHbIX TeXHOJIO- | KoauuecTBo

n/ Paznen nucuyIInHbL N

0 A JacoB

1 OcHOBHBIE IOHATHUS TEOPUH MynbTuMenna JeKIuu 4
HaACKHOCTH

) DOneMeHThl, Mojienu, GyHKIWY, | MyabTUMeana JeKIuu 4
CHCTEMBI
OcHoBHBIE pacueTHbIC MOJIeN | MynbTUMeana JEeKIHN

3 | 114 OIICHKH IOKa3arteleil Ha- 4
NEKHOCTH armapaTypbl

4 Opranu3zanus u MpoBeACHNE MynbTuMenna JeKIuu 4
HCIBITAHUN Ha HAJC)KHOCTD

5 Mopenu HaIe)KHOCTH TIPO- MynbTuMenna JeKIuu 4
rPaMMHOTO 00eCTIeueHUs

6 Mertompl obecrieuenust HaASK- | MynbTuUMeana JICKITUN 4
HOCTH

7 XapakTepucTrKa 4eoBeKa MynbTuMenna JeKIuu 6
Kak 3BeHa ACONY
Bcero no pazgenam 30




9 OHEHOYHBIE CPEJACTBA JiIsd TEKYHWEI'O KOHTPOJISA YCIEBAEMOCTMU,
IMPOMEXYTOYHOMN ATTECTAIIAU IO UTOI'AM OCBOEHUS JUCHUILIUHBI U
YYEBHO-METOJINYECKOE OBECHHEYEHUE CAMOCTOSITEJIbHOM PABOTHI
CTYJAEHTOB

9.1 OueHouHble cpeAcTBa JUIsl TEKYIIETO KOHTPOJIS yCIIEBAEMOCTH
9.1.1 UnauBuayasibHbIe 3aaHUsI JUIs1 BBIIIOJIHEHUS J1a0OPaTOPHBIX paboT
9.1.2 NHnuBuIyaibHbIE 3aaHUS JIJIS1 BHITIOJHEHHS] OTYETOB

9.2 OueHouHblE CpeACTBa JUIsl MPOMEKYTOUHON aTTecTalluu

Bomnpocsl k 3x3ameny

1.ITokazarenu HagexHoctu ACOUnY

2.1ToToKM O0TKa30B

3.OcHOBHBIE [TOKA3aTEH J0JITOBEYHOCTH

4.KoMmIuieKCHbIE MOKa3aTenu HaJIe)KHOCTH (KOA((ULIHUEHT TOTOBHOCTH, KOA(PHUIIUEHT omepa-
TUBHON TOTOBHOCTH)

5.KommiekcHble oka3aTrenau HaledHOCTH (KO3(PPUIIMEHT TEXHUYECKOTO UCTIOIb30BaHMS)

6.Pacnipenenenue Beiibymia

7. 2OKCIOHEHIIMATILHOE pacnpeiesieHue

8.Pactipenenenue Panes

9.Pacnpenenenue ['aycca

10. OkcrmyaTaius annapaTHBIX CPEJCTB

11. Texuuueckas TOKyMEHTaLHs

12. Paboyee MecTO U yCIIOBUS IKCIUTyaTalluK

13. Cuctemuslii 6510k

14. Ilnate! pacmupeHus

15. HaexHOCTD U SKCIUTyaTalys IPOTPpaMMHOTO 00ecTIeyeH s

16. OkcmyaTarus u 3amura OC

17. OkenmyaTtanus U 3amuTa (aiaos

18. Bupycsl

19. ApxuBupOBaHUE AAHHBIX

20. lepparmenrtanus, onTUMHU3ALMS U KOPPEKLIHS TUCKOB

21. MoaepHu3anus annapaTHeIX U MPOTrpaMMHBIX CPEACTB (OCHOBHBIE MPUHIMIIBI U TEXHUKO-

SKOHOMHUYECKOE 000CHOBAHUE)

22. MoaepHuU3alus CUCTEMHOTo OJ10Ka

23. MoaepHH3anus JUCKOBOM aMsITH

24. MopaepHH3aIys BUAEOOACHCTEMBI

25. MoaepHH3a1us BUAECOTOICUCTEMBI

26. MopaepHu3aIys MporpaMMHOTO 00€CTICUeHUSI

27. Bpemennast u36b1TouHocTs [10

28. Undpopmanmonnast u3dpitouHocts 110

29. Ilporpammuas u36srTouHocTh 110

30. CpenctBa obecnieuenust HagexxHoctu ACOMuY nmpou3BOJICTBEHHOTO0 HazHadeHHs (Cpen-

CTBa, 0a3upyroluecs Ha BpeMEHHON U30bITOYHOCTH )

31. CpenctBa obecrnieuenus HagexxHoctu ACOUMY mpou3BoACTBEHHOTO Ha3HAYCHUS (Cpe-

CTBa, Oaszupyromuecs Ha HHOOPMAITMOHHOW H30BITOYHOCTH)

32. CpenctBa obecrnieuenus HagexxHoctn ACOUMY mpou3BoACTBEHHOT0 Ha3HAYCHUS (Cpe-

CTBa, 0a3upyroLIKecss Ha IPOrPaMMHOM H30bITOYHOCTH)

33. CpenctBa obecnieuenust HagexxHoctu ACOMuY mpou3BOJICTBEHHOrO HazHadeHHs (cpen-

CTBa, 00ECIEeUnBaOLINE YCTOMUNBOCTh K OLIHOKAM)



34. OcHOBBI PproHOMHYECKOTO oOecrieueHus pazpabotkn ACOUnY. XapakTepucTuka 4eno-
BEKa KaK 3BEHa CUCTEMbl «UEJIOBEK - MaIMHA»

35. DproHoMuka anmnapatHbIX U IporpaMmHusbix cpeacts ACOUnY

36. Opranuszanusi KOMIIbIOTEPU3UPOBAHHBIX pA0OYUX MECT

37. Opranu3zanus nuajora yenoBek-OBM

38. TpeboBanue k UHTEpPENCY MOIB30BATEINS

39. XapakTepucTuka MaTeEMaTHUYECKUX MOJIETIEH B 3prOHOMUKE

40. Marematnyeckoe MOJEIUPOBAHUE JESITEILHOCTU YEJI0BEKa-oneparopa

41. MoaenupoBaHHe CUCTEM «UEJIOBEK-MaIlIMHa» B )PrOHOMUKE

42. DproHoMHuecKas IKCIepTHU3a

43. MeTo/bl 5prOHOMUYECKOM OIIEHKU MPOMBILIUIEHHBIX U3EIUN U MPOEKTHBIX PELICHHUH
44. Cnenuduka OICHKU MTPOEKTa paboveil CHCTEMBI U €€ pean3aIiun

45. OcHOBHBIE XapaKTepucTuku kauecta 110

46. Monenb obecrieueHus KauecTBa

47. loxkymentupoBanue 11C

48. TectupoBaHue (OCHOBHbIE OIIPEICIICHNS)

49. TectupoBaHue (IPUHLIUIIBI)

50. DTansl TECTUPOBAHUS

51. Ctpareruu TecTUpOBAHUS

52. MeToibl MHTErpalKA CUCTEMBI

53. KOoMIUIEKCHOE TECTUPOBaHUE

54. AKCMOMBI TECTUPOBAHUS

55. IInanupoBaHue Ipyu TECTUPOBAHUH

56. YrpasieHue npu TeCTUPOBAHUN

57. Meroas! pykoBojacTBa U kauectBo ACONnY (opranuzanus u noadop Kaapos)

58. Meroab! pykoBoacTBa U kauectBo ACOUnY (mporpamMmmucTt-OubanoTexapb)

59. Meroas! pykoBoacTBa U kauectBo ACOUnY (6purajipl nporpaMMHCTOB)

60. Meroab! pykoBoacTBa U kauectBo ACOUNY (mpuHIUIBI XOPOILIEro pyKOBOICTBA)

9.3 YyeOHO-MeTOqMUECKOE 00eCieueHNne CaMOCTOSITENbHOM paboThI
9.3.1 Kaprouku ¢ 3aJaHUsIMH U METOJAMYECKUMHU YKa3aHUSIMH IO BBINIOJHEHHUIO JJabopaTop-
HBIX padoT
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JIeKIIHOHHBINA KypC

Tema 1. OcHOBHBIE TOHATHS TEOPUHU HAZIE)KHOCTU. KpuTepun HageKHOCTH CH-
cTeM — 2 .
§1. OcHOBHbBIC IOHATHUS TEOPUHU HACKHOCTH

Onp. Haodescnocmsp — 310 CBOUCTBO 00BEKTA BHIMOIHATH 3aJaHHbIE PYHKIIUH,
COXpaHsIsl BO BPEMCHH 3HAUCHHUS YCTAHOBJICHHBIX SKCIUTYaTAllMOHHBIX IMOKa3aTescH B
3aJIaHHBIX TIpejieiaX, COOTBETCTBYIONINX 3aJaHHBIM PEKUMaM M YCIIOBHSM HCITOJb-
30BaHUS, TEXHUYECKOTO 00CITy)KMBaHUS, PEMOHTA, XpaHEHUS U TPAaHCTIOPTUPOBAHUS.

T.0., HAICI)KHOCTD SABISACTCS BHYTPCHHHUM CBOHCTBOM CHCTEMBI, 3aJI0KCHHBIM
IIPY €€ M3TOTOBJICHUHU M MPOSBIISIONIUMCS TIPH SKCILTyaTalli. DTO CBOMCTBO IPOSIB-
JISIETCS TOJIBKO BO BpEMEHHU M 0e3 0oJiee MM MEHEE TUTEIILHOTO HAOJIFOICHHSI HEMb-
35 cllelaTh 3aKIIOUCHUS O HAJIC)KHOCTH CHCTEMBI. XapaKTEPUCTHUKHA HAJAC)KHOCTH 3a-
BUCAT OT yCIIOBUH 3KCIUTyaTallld, TIO3TOMY TIPH ONPEICICHUHN WX 3HAYCHHH HE00X0-
JTUMO YYHTHIBATh €€ OCOOCHHOCTH.

CBolicTBa HaJICKHOCTH M3/CIIHAS H3yJalOTCs TCOPUEH HAICKHOCTH.

Onp. Teopus naodesxchocmu — 3TO CUCTEMa ONPEICIICHHBIX UJEH, MaTeMaTH-
YECKUX MOJEJICH W METOJIOB, HAIPABJICHHBIX Ha pEIICHUE MPOOJeM IpeIcKa3aHus,
OIICHKW M ONTHUMU3AIMKM Pa3IMYHBIX TOKa3arelield HaJeKHOCTH. [ KOJIM4YeCTBEH-
HOM OILICHKW HAJS)KHOCTH MPUMEHSCTCS PsI TOKa3aTeseii, BEIOOP KOTOPHIX 3aBHCHT
OT KOHKPETHOTO THIa W 00JIACTH MPUMEHECHHUS CUCTEMBbL. B OCHOBE 3THX XapaKTepH-
CTHK JIKAT TOHITHUS O ABYX BO3MOJKHBIX COCTOSIHHSIX 00BEKTa MU CHCTEMBI: pado-
TOCITIOCOOHOM M HEPAOOTOCITOCOOHOM.

Onp. Pabomocnocodnuvim HA3bIBACTCS TAKOE COCTOSIHHE OOBEKTA, MPHU KOTO-
POM OH CITOCOOEH BBITIOJIHATH 3aJaHHbIC (PYHKITUU C TapaMEeTPaMH, YCTaHOBICHHBIMH
TpeOOBaHUSIMHU TEXHHUYECKOW NOKYMEHTaluH. B mpormecce GyHKIMOHUPOBAHUS BO3-
MOXEH Iepexo 00beKTa U3 paboTOCIIOCOOHOTO COCTOSIHHSI B HEPAOOTOCIIOCOOHOE
COCTOSTHHE U 00paTHO.

C 3TUMU TIepeX01aMH CBSI3aHBI COOBITHSI OTKa3a M BOCCTAHOBJICHHUS.

Onp. Omka3z — 310 COOBITHE, 3aKITIOYANOIIEECS B HAPYIICHUU pabOTOCIIOCO0-
HOCTH.

Onp. Boccmanosnenue — 310 coOBITHE, 3aKITIOYAIOIICECS B TIEPEX0/ie 0O0BEKTa
13 HepabOTOCIIOCOOHOTO COCTOSIHMSI B PaOOTOCIIOCOOHOE B pe3ybTaTe YCTPaHCHUS
OTKa3a.

T.o., 0TKa3 CBs3aH C HapylmIeHHEM TPEOOBAaHWUH TEXHUYCCKOW JOKYMCHTAIIWH,
COOTBETCTBYIOIINX PabOTOCITOCOOHOMY COCTOSTHUIO 00bekTa. OJIHAKO HE BCAKOE Ha-
pylieHrue TpeOOBaHUH MPUBOIUT K OTKA3y; BO3MOXKHBI TAKXKE COOBITHS, Ha3bIBACMBIC
HeucnpaBHOCThIO. [Ipu Heucnpaenocmsax paboTococOOHOCTH OOBEKTAa B 3HAYH-
TEJIBHOW CTENIEHU COXPAHSCTCS, U TOJIBKO YACTUYHO HAPYIIAIOTCS BTOPOCTCIICHHBIC
TpeOOBaHUS.

[To moTHOTE MEPONPUATUH, KOTOPBIE HEOOXOIUMO IMPOBOIUTH JJISI BOCCTAHOB-
JICHUS, Pa3IMYAIOTCS OTKA3bI:
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l. ycmoiiuuewvle, 151 ycTpaHeHUs KOTOPBIX TpeOyeTcs MPOBEACHHE CIElUaTbHBIX
MEPONPUATUI 110 BOCCTAHOBIICHHUIO PAa00OTOCTIOCOOHOCTH;
2. choni — >TO CaMOYCTPAHSIIONIUICS OTKa3, HE TPeOYIOUIUH BHEIIHEr0 BMEUIaTeNb-
CTBA JIsl 3aMEHbI OTKA3aBIIMX KOMIIOHEHT. CaMOyCTPaHSIOUIUICS 0TKa3 XapaKTepu3y-
€TCsl IOCTaTOYHO OBICTPHIM BOCCTAaHOBJIEHHMEM PabOTOCIOCOOHOCTH 0€3 BHEIIHETO
BMeEIIATEIbCTRA;
3. nepemeosrcarowguiica omka3 NPeACTABIsSIET cOOOH MHOTOKPAaTHO MOBTOPSIOUIUECS
coou, ISl IOJTHOTO YCTPAHEHHSI KOTOPBIX TPeOyeTCsl BHELTHEE BMEIIATEIbCTBO.
CopepsxaHue MOHATUS HAZACKHOCTU PACKPBIBAETCS COBOKYIMHOCTBIO TaKUX IO-
HATUN KaK:
- fe30mKa3ZHOCmb XapaKkTepu3yeT CBOMCTBO 00BEKTa COXPAHATH pabOTOCIIOCOOHOCTh
0e3 BBIHYXJACHHBIX MEPEPHIBOB. DTOMY MOHATUIO COOTBETCTBYET U3MEPSIEMBIN MOKa-
3aTenb JIUTENbHOCTH HapaOOTKU ((PYHKIIMOHMPOBAHHUSA) 10 MEPBOrO OTKa3a, €Clu
MOCJIe ATOTO MPEKPALIAETCs IKCIUTyaTalusl 00bEKTa, UM CpeHEE BPEMS MEXKIY CO-
CEeIHUMH OTKa3aMH, €Clidi OOBEKT MCIOJIb3YETCS MHOTOKPATHO C BOCCTAHOBJIEHUEM
nocJie Kaxxaoro otkasa. Kpome Toro, 3To cCBOMCTBO 00BEKTa MOKHO U3MEPSATH BEPO-
ATHOCTBIO 0€30TKa3HOW pabOThl B TEUEHHE 3aJJaHHOTO0 MHTEpBajla BPEMEHU U UHTEH-
CUBHOCTBIO OTKA30B B €IMHUILY BPEMEHHU;
- 80CCMANHABNUBAEMOCHIb YUUTHIBAET CIIOCOOHOCTh OOBEKTAa K MPENyHpeKICHUIO,
OOHApY’KEHUIO U YCTPAHEHUIO OTKAa30B. DTO CBOWCTBO 3aBUCHUT OT XapakTepa caMmoro
00BEKTa, a TaKXKe OT YCJIOBHUM ero skcruryatauud. OCHOBHBIM H3MEPSEMbIM TOKa3a-
TeJeM SIBIISIETCS BpeMsl BOCCTAHOBIICHUS, KOTOPOE BKJIIOYaeT B ceOst Bpemsi oOHapy-
KEHUSI OTKa3a, BpeMs €ro JIOKaJu3allluu, BpeMsl YCTpaHEHUsS OTKaza W BpeMsl Ipe-
MyCKOBOM MpoBepku padboTocrnocoOHOCTH. Bee cocrapinsroniyie BpeMeHn BOCCTaHOB-
JIEHUS 3aBUCSIT OT METOJIOB, MPUMEHIEMBIX MPHU SKCIUTyaTallMu, OT CTENEHU aBTOMa-
TU3AlMM BOCCTAHOBUTEIBHBIX PabOT, KOJIMYECTBA U YPOBHS KBaIU(UKALIMK CHelHa-
JIMCTOB, BOCCTAHABIIMBAIOIINX PAOOTOCIIOCOOHOCTh OOBEKTA;
- COXPAHAEMOCHID;
- 00712086€4HOCHIL CUCHIEMDBL.
[To BO3MOXXHOCTH BOCCTaHOBJICHHSI pabOTOCIIOCOOHOCTH B Ipolecce IKCILTya-
Taluu 0OBEKTHI ACNITCS Ha:
- Hegoccmanaegnugeaemule 00bEKMwl, KOTOPHIE HE JIOMYCKAIOT PEMOHTA UM 3aMEHbI
OTKa3aBIIMX KOMIIOHEHT U He 00JaJal0T CaMOBOCCTAHABIMBAEMOCTbIO BO BPEMSsI BbI-
noJiHeHus cBouX (PpyHkImil. Takue 0ObEKThI UM CUCTEMBI MOTYT AKCILTyaTUPOBATHCSA
b0 710 MEepPBOTO 0TKa3a, JMOO 10 MOJHOTO BBHIMOJHEHUSI CBOUX (PYHKUHUH, JT1OO 10
MOMEHTA JIOCTH)KEHUSI HEKOTOPOTO MPEJEIbHOTO COCTOSIHUS, MOCIE YEero OHU CHH-
MaloTCsl € AKCILTyaTaluu. J[IuTenbHOCTh BOBMOXKHOTO MOCIEAYIOIIEr0 peEMOHTA MpU
ATOM HE YUYMTHIBAETCH.
- occmanaenueaemvle 00beKmMyl JOMYCKAIOT PEMOHT U 3aMEHY OTKa3aBLIUX KOM-
MOHEHT WM 00J1aJJal0oT BO3MOXKHOCTbIO camoBoccTaHOBieHUs. [Ipu sTom cymiect-
BEHHYIO POJIb UTPAET JJUTEIBHOCTh MPEOBbIBaAHMS B HEPAOOTOCIIOCOOHOM COCTOSIHUU
U MPOBEACHUS BOCCTAHOBUTEIBHBIX palbOT. PeHTabenbHOCTh BOCCTAHOBIICHUS U JI0-
nycTUMasi JUIMTEbHOCTh BOCCTAaHOBUTEIBHBIX Pa0OT 3aBUCAT OT KOHKPETHOIO Ha-
3HAYEHUS U YCJIOBHM dKCIUTyaTalluu CUCTEMBbl. B HEKOTOpBIX clydasX NpU HATUYUU
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NPUHUUANAAIBHOW BO3MOKHOCTH BOCCTAHOBJIEHHSI OHO MOYKET OKa3aTbCs YEpPECUYp
JIOPOTUM U CIIOKHBIM, B pE3yJIbTaTe Y€T0 0OBEKT 1IEJIECO00Pa3HO pacCMaTpUBATh KaK
HEBOCCTAHABJIUBACMBIH.

§2. Kpurepuu Ha/1e’KHOCTH CHCTEM

Omnp. Kpumepuu — 5T0 1OKa3aTeiy, MO3BOJSIIONINE OIICHUTH MPEINOYTUTEIb-
HOCTh T€X WJIM UHBIX PEIICHUH MPU CO3aHUU M KCILTyaTallil CUCTEMBI 1O CTEIICHU
JTOCTHKEHHUS OCHOBHBIX IIEJICH C YUETOM 3aTpaT, IPU KOTOPHIX ATH LEIU JTOCTHTAIOT-
csl.

[lpu mccnemoBaHWM HAIEKHOCTH OCHOBHAS IIENIb COCTOHMT B pa3paboTke 3¢-
(EeKTUBHBIX METOJOB U 00ECIICYCHHUH JITUTEIHHON PabOTOCTIOCOOHOCTH CHCTEM C 3a-
JTaHHBIMH (YHKIIMOHAIBHBIMH XapaKTePUCTUKAMHM. {711 3TOro He0OXOAMMO YCTaHO-
BUThH KOJIMYECTBCHHBIE TIOKA3aTENN, XapaKTePU3YIOIIUEe HE TOJIbKO (akT paboTocmo-
COOHOCTH CHCTEMBI, HO M CTCIICHb COOTBETCTBHUS PaOOTOCIIOCOOHOCTH OCHOBHBIM
TpeOOBaHUSIM, OTPAKCHHBIM B TEXHUYCCKOHN JOKYMCHTAIIHH.

Kpurepun, ucronb3yemMbie B TCOPUU HAICIKHOCTH, SBIISFOTCS BEPOSTHOCTHBI-
MU, CTATUCTHYECCKUMHU U B TOM HJIM HHOM BHUJIE YYUTHIBAIOT BPEMEHHBIC TIOKa3aTeIH.

I. Jlns HeBOCCTaHABIMBAEMBIX CHCTEM OCHOBHBIM KPHTEPUCM SIBIISCTCS O/1l-
meabHOCMb Hapabomku 00 nepeozo omkaza T. BeposTHOCTHBIE XapaKTEPUCTUKU
sToii CB B HECKOJIBKUX (popMax MOTYT paccMaTpUBATHC KaK KPUTEPHUH HAJICKHOCTH.
Beposamnocmuio 6e3omkaznoii padomut Ha3bIBaeTCS BEPOSTHOCTH TOTO, YTO TPH 3a-
JAHHBIX YCJIIOBHSX dKCIUTyaTallMd B TCUCHUE MHTEPBAJIa BPEMCHH { HE BOZHUKHET OT-
Ka3a, T. €. cucteMa OyaeT paboTocrnocoOHa:

P(t)=P(T > ¢). (1)

CoOOTBETCTBEHHO, 8€POAMHOCMbIO OMKA3A SIBISICTCS BEPOSTHOCTH TOTO, YTO B
TEUCHHUE 33JJaHHOTO BPEMEHH TPOU30UIET XOTS OBbI OMH OTKA3:

0() = P(T<i)=1-P() . 2

Yacmoma omka3zoe o(t) eCTh IIOTHOCTH paclpeeNieHus] BpeMeHH paboThI 10
MEPBOTO OTKAa3a:

a(t) = Q1) =~ P'(t); P(t)= [a(x)dx. 3)

HHuTerpanbHbIM KPUTEPUEM SBISIETCS WHMEHCUBHOCHb OMKa306 A(t), KoTopas
XapaKkTepu3yeT IIOTHOCTh paclpe/esieHnss HapaOOTKH 10 TEPBOTO OTKa3a, paccy-
TaHHYIO TPU yCIIOBUH, YTO JI0 PAaCCMOTPEHHOTO MOMEHTa BPEMEHH CHCTEMa IMpopa-
6oTasna 6e30TKa3HoO:

alt) dinP(t)
Mt)="2=— : 4)
P(¢) dt

[lepeunciieHHbIE TTOKA3aTENN CBS3aHBI MEXKAY COOOH, U MX TIPUMEHEHHUE OTpe-
aensercs crenupuKoil KOHKpeTHOH cuctembl. [Ipu aTom npeanonaraercs. Yto Hava-
JI0 SKCTUTyaTalliy WK MPOBEPKH COOTBETCTBYET HYJIEBOMY MOMEHTY BpeMeHu. Eciu
HCCIIEyeTCsl CUCTeMa, KOTopasl mpopaboTaia B TEYCHHE HEKOTOPOTO BPEMEHH £y, TO
UCTIONB3YIOTCSl YCJIOBHBIE TIOKA3aTeNd HAACKHOCTH. B 3TOM ciydae BEepOSITHOCTH




14

0€30TKa3HOW pabOThl YYUTHIBAET, YTO OTKA3a HE OBLIO B TEUEHHE MOMEHTA BPEMEHU
to:
Pty +1)
Plty,t)=P(T >ty +t/T >ty)=—". (5)
Plty)

AHAJIOTUYHO MOXHO IPEICTaBUTh APYTU€ XapaKTEPUCTHUKH, OIMCBIBAIOILNE
HaJIeKHOCTh NIl HEBOCCTAHABIMBAEMBIX CUCTEM IIPU YCIOBHU YTO OHM YyXkKe (PyHK-
LUOHUPOBAJIA B TCUEHUE BPEMEHH /).

II. [l oueHKH HaJeKHOCTH BOCCTaHABIMBAEMBIX CHUCTEM, KPOME BEPOSTHO-
CTHBIX XapaKTEPUCTHK HApaOOTKH 10 MEPBOro OTKa3a, HEOOXOJUMO 3HATh XapaKTe-
pUCTUKN (DYHKIIMOHUPOBAHM IIOCIE OTKa3a B IIPOLECCE BOCCTAHOBICHUA. B pe3yis-
TaTe KPUTEPUM HAJCKHOCTH BOCCTAHABIMBAEMBIX CUCTEM YYUTBHIBAIOT BO3MOYKHOCTb
MHOTOKPATHBIX OTKAa30B M BOCCTaHOBJIICHHN. OCHOBHBIE IIOKAa3aTENM HAJCKHOCTH B
3TOM CJIy4ae XapaKTEpU3yIoT:

- pacrpeieneHue HapabOTKHU 0 i-T0 OTKa3a: Fl-(z‘)z P(Tl- < z‘) ;

- pacnpeieJIeHHe BPEMEHH J10 [-T'O BOCCTAHOBJICHMS: Vl-(z‘)z P(T 6 < z‘);

- BEPOATHOCTh BOSHUKHOBCHHMSI /1 OTKA30B JI0 JOCTHIKEHUS JIJTUTCIHHOCTH Ha-
paboTku t: Py(?).
Kpome Toro, 0TKa3pl MOKHO XapaKTepU30BaTh CPEIHUM dHuciIoM H(f) 3a Bpems
{, HHTEHCUBHOCTHIO (MTapaMeTPOM) IOTOKA OTKA30B
dH (¢)
lt)=—"
dt

1 HapaOOTKOM Ha OTKa3

IIponiecc BOCCTaHOBIEHUSI JOCTATOYHO ITOJHO OMMCHIBAETCS IOKa3aTEIsIMU,
MOJAOOHBIMU TIOKA3aTEeNsAIM, XapaKTEPU3YIOIIUM OTKa3bl: BEPOSITHOCTHIO BOCCTAHOB-
JIEHUA 3a BPEMS f; TUIOTHOCTBIO PACHPEEIICHUS] BPEMEHNU BOCCTAHOBIICHUS U CPEJl-
HUM BpPEMEHEM BOCCTaHOBJIEHUsA. KpoMe TOro, MCIoJb3yrOTCA MOKA3aTENIN CPEIHETO
Yyciia BOCCTAHOBJIEHUN 32 HEKOTOPOE BPEMS M MAPAMETP MOTOKA BOCCTAHOBJIEHUU.

B nepeuncneHHbIX MOKa3aTeIsaX MPOLECChl OTKA30B U BOCCTAHOBICHUN MOTYT
paccMaTpuBaThCs Kak He3aBUcUMble. OObEeIMHEHUE XapaKTEPUCTHUK OTKA30B U BOC-
CTAHOBJICHUN TPOU3BOJUTCS B KPUTEPUH Kodghuyuenm 2omoenocmu K(t). 10T
MOKa3aTeNlb XapaKTepU3yeT BEpOITHOCTh 3aCTaTh B 3aJJaHHBIII MOMEHT BPEMEHU BOC-
CTaHaBJIMBAEMYIO CUCTEMY B pabOTOCIIOCOOHOM COCTOSIHHH. 3HaueHue K03 huineH-
Ta TOTOBHOCTH COOTBETCTBYET JI0JI€ BPEMEHH IOJEe3HON pabOThl CUCTEMBI HA OCTa-
TOYHO OOJIBIIOM MHTEPBAJIE, COJIEPHKAILEM OTKa3bl U BOCCTAHOBIICHHS.

JI7 OLIEHKM HAJEKHOCTH CTaperolIer M pa3pyllarolIecs anmaparypsl B TEO-
pUU HAJIE)KHOCTH BBOJMTCS Psijl TTOKa3aTesed, KOTOpble HE MPUMEHUMBI K CIIOKHBIM
KOMIUIEKCaM nporpaMMm. K HUM OTHOCSTCS MOKA3aTesld HaJCKHOCTH, CBSI3aHHBIE C
XpaHEHUEM, TPAHCIIOPTUPOBAHUEM, PEMOHTOM U CTapeHHEM OOBEKTOB.
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Tema 2. OnpeeneHue HaAEKHOTO MPOTPaMMHOTO obecriedeHus — 2 d.
§1. Onpenesenue HAEKHOTO MPOTrPAMMHOI0 o0ecredeHust

[Ipu ananu3e HaJIEKHOCTH MPOTPAMMHOTO 0OECIIeYeHHUsI BOZHUKAET Mpoodiiema
OTpEeNIeNICHNsI: YTO TaKOe OITMOKA B MPOTPAMMHOM OOECIICUeHUH M YTO TaKOe HaIeXK-
HOCTh TIporpaMMHOro obOecrneueHus? HeoOXoaumMo JOTOBOPUTHCS O CTaHAAPTHOM
OTpeNIeNICHUH, YTOOBI M30€XKaTh TaAKUX CUTYyaIlui, KOTJa IMOJIb30BaTellb YTBEPKIACT,
4TO OOHAPYXKWI B CHCTeME OIMOKY, a pa3paboruuk orBeuaer: "Her, cuctema Tak u
ObLIa 3aymMana'.

Hp. Cucrema pa"Hero oOHapyXKeHHsS OaumMCTHYeCKMX cHapsioB Ballistic
Missile Early Warning System gomkHa Obuia HaOMrOaTh 32 OOBEKTaMU, ABUKYIIIH-
Mucs o HarnpaieHuto k CoenunennbiM IllTatam, u, ecu 0OBEKT HE OMO3HAH, Ha-
4aTh TOCJIEIOBATEIILHOCTh 3AlIUTHBIX MEPOINPHUATHH - OT TMOMBITOK YCTAaHOBUTH C
00BEKTOM CBsI3b JO TEepexBaTa M, BO3MOXKHO, OTBETHOro yaapa. OjgHa W3 paHHHUX
BEpPCU CUCTEMBI OIIMOOYHO MpuHsiIa JIyHy 3a cHaps, JETAIIUA HaJl CEBEPHBIM I10-
nymapueM. Ommb6ka g 310? C ToYKH 3peHus noib3oBares (MuHucTepcTBa 000po-
Hbel CIIIA) - na. C Touku 3peHus pa3paboTurKa CUCTEMBI - BO3MOXKHO, U HeT. Pa3pa-
OOTUMK MOXET HACTauBaTh Ha TOM, YTO B COOTBETCTBUHU C TPEOOBAHMSIMU WU CIie-
UpUKAIUAMU 3aIIUTHBIC JEUCTBUS JOJKHBI ObITh HAYaThl 110 OTHOIICHHIO K JTI000-
MY JABIKYIIEMYCSI OOBEKTY, MOSIBUBIIEMYCS HaJl TOPU30HTOM U HE OTIO3HAHHOMY KakK
MUPHBI JIETATEIIbHBIN ammapar.

Jleno B TOM, 4TO pa3HbIE JIOJIU MMO-Pa3HOMY IMOHMMAIOT, YTO TaKOE OIIMOKA B
nporpaMMHoM obecniedeHuu. [Ipexae dyem mpucTynaTh K OOCYXKICHHIO METOJIOB
YCTpaHEHUsI TaKUX OIMMOOK, ClIeyeT JaTh olnpejeeHrue omuoku. (s Hauana mpo-
aHaJU3UPyEM HEKOTOPHIE OTIPEICIICHHUS.

Omnpenenenue 1. CornacHo OTHOMY M3 OMpPENEICHUN, npocpammuoe obecne-
yeHue cooepicum owubKy, eciu e20 nogedeHue He coOomeemcmeyem cneyupuxkayu-
Am. DTO OmpejeieHue CTpaJacT CYIIECTBEHHBIM HEIOCTaTKOM: HESBHO Mperosara-
€TCs, uTO CcrHeuuduKaluu KOPPEeKTHhI. Takoe MNpennoaokeHue peako ObIBaeT
CIIpaBeIJTUBBIM, TaK KaK MOJTOTOBKA CrelM(pUKAIUN - OJUH U3 OCHOBHBIX UCTOYHH-
KOB o1mmOoK. Ecnu moBeieHre nporpaMmMHOro MpoIyKTa HE COOTBETCTBYET €ro CIie-
nudukamnusaM, ommbka, BeposiTHO, uMmeeTcs. OaHaAKO, €CJIM CUCTeMa BeJIeT ceOsl B CO-
OTBETCTBHH CO CIEHUPUKAIUSIMU, Mbl HE MOXKEM yTBEPKIaTh, YTO OHA HE COJACPIKUT
OIHOOK.

Onpenenenue 2. Bropoe onpeneneHue riacutr, 4To npocpammHoe obecneye-
Hue codepacum owuUoOKy, eciu e20 nogedeHue He COOmeemcmayem CneyuduKayuim
npU UCNOIL306AHUU 8 YCMAHOBIIEHHbIX NPU pa3padbomke npeoenax. ITo ONpeaesIeHue
emie xyxke npenpiaymero. Ecnu cucrema ciiydailHO MCTONB3YeTCs B HEMPEIyCMOT-
PEHHOM CUTYyallud, €€ MOBEJACHUE JOJDKHO OCTaBaThCsA pa3yMHBIM. Eciiu 3TO He Tak,
OHAa COACPXKUT OIMMOKY. PacCMOTpUM aBHALIMOHHYIO CUCTEMY JAUCIIETUYEPHU3AINH, KO-
TOpasi MPOCJIEKUBACT U KOOPAUHUPYET JIBMKCHUE CAMOJIETOB HaJ HEKOTOPBIM TIeo-
rpaduyeckum parioHom. I[Ipenmnonoxxkum, 4To, COTJIACHO crelrudUKaAUsIM, CHUCTeMa
JOJDKHA YOpaBisITh ABMKeHueM 10 200 camoseToB ogHOoBpeMeHHO. Ho ogHaX bl 110
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HEMpeaABUACHHBIM 00CTOsITeNIbcTBAM B pailioHe nosiBuiics 201 camoner. Ecnu mose-
JI€HUE CHCTEMbl HEPAa3yMHO - CKa)KeM, OHa 3a0bIBaeT 00 OJHOM W3 CaMOJETOB WM
BBIXOJUT U3 CTPOSI - CUCTEMA COJIEPKUT OLIMOKY, XOTSI OHA UCIOJIb3yETCsl BHE Tpejie-
JIOB, YCTAHOBJICHHBIX MPU MPOCKTUPOBAHUU.

Omnpenenenue 3. CoriacHo TPEThEMY OMPEACICHUIO, OUUOKA UMeemcs mo-
20a, K020a npocpammHoe obecneyenue gedem cebsi He 8 COOMBEEMCMEUU C OPUYU-
anvbHOU OOKyMeHmayueu u noCmasileHHbIMU NOAb308aMent0 UHCMPYKYUAMU. ITO OM-
pelelieHne TakKe CTpaJlaeT HECKOJIbKUMU M3bsSHAMHU. BO3MOXXHBI CHUTyallud, KOrjaa
nporpaMmHoe obOecrieueHre BeAeT ce0sl B COOTBETCTBUU ¢ OPUIIUATBHBIMU UHCTPYK-
LUSMH, HO OIIMOKM BCE-TaKM MMEIOTCS, TaK KaK OHM MOTYT COJEpXaThCsi U B IMpPO-
rpamMMe, U B MHCTpYKUIMsIX. [pyras npobiiema BO3HHUKAET M3-3a TEHJEHIUU OIHUCHI-
BaTh B MHCTPYKIIUSAX JJIsl MOJIb30BaTENEH TOJIBKO 0XKUAAEMYIO U IJITAHUPYEMYIO pabo-
Ty ¢ cuctemoi. [Ipennonoxum, 4To B MHCTPYKIIMH ISl TTOJIH30BATENEH CUCTEMBI TO-
Boputcs: "llocime BBOJAa HOBOW KOMaHAbI, HAKMHUTE OJWH pa3 kiaBuiny "Beoa".
[Ipennonoxum, 4TO MOJB30BATEND CIYyYalHO HAXKMMAET KiaBuiny "BBoa'" ABaxkasl u
cUCTEMa MPOrpaMMHOI0 00€cTeueHusl BBIXOJIUT U3 CTPOs, IOTOMY UTO €€ pa3padboT-
YUKW HE MPEyCMOTPENH Takou cuTyaruu. Cucrtema, O4EeBUIHO, COACPKUT OLIUOKY,
HO MBI HE MOKEM YTBEP)K/IaTh, YTO OHA BeJET ceOsl HE B COOTBETCTBUM C MHCTPYK-
[UASIMHU.

Onpenenenue 4. CornacHo NOCIEIHEMY ONPEEICHUIO, KOTOPOE MHOIIA MC-
MOJIb3YETCS, OuUOKA Onpedensiemcs, KaKk HeCnoCOOHOCMb CUCeEMbl 0elicCm808amy 8
COOMBEMCMEUU C UCXOOHBIM KOHMPAKMOM UlU nepeyHem mpeboeaHull noiv3osanie-
751, XOTSL 3TO OMNpeEJeIeHUE JTyUlle TpeX MPEbIIYIINX, OHO TaKkKe COAEPKUT HEeJ0C-
taTku. Ecnu no TpeGoBaHUAM MOJIb30BATENS CUCTEMA JJOJDKHA 0OOecrieunBaTh  Cpe-
HEe BpeMs MexaAy OTKa3aMu  M3-3a OLIMOKM B MPOrpaMMHOM obecreue-
Huu Ha ypoBHe 100 yacoB, a u1s JEUCTBYIONIEN CUCTEMBI ATOT NTOKa3aTenb paBeH 150
yacam, CUCTEMa BCE K€ MMEET OIIMOKHU (IMMOCKOJBKY €€ CpeHee BpeMsl MEXy OTKa-
3aMH KOHEYHO), HECMOTpPS Ha TO, YTO OHa MPEBbIIIAET TPeOOBaHUS MOJIb30BATEIS.
Kpome Toro, nucbMeHHO corjiacoBaHHbIE TPEOOBAHUS MOJIL30BATENS PEIIKO JE€TalH-
3MpOBaHbl HACTOJILKO, YTOOBI OMHUCHIBATH MOBEJIECHUE MPOTPAMMHOI0 OOeCleYeHUs
IIPU BCEX BO3MOXKHBIX 00CTOATEIbCTBAX.

Onpenenenue S. [lpuBeaem onpeneneHue oMMOKA B MPOrpaMMHOM obOecre-
YeHHUH, peliaroniee NepeurcieHHble Bhile mpodiemMbl. B mporpammuom obecneuve-
HHMHU HMeeTcsl OIIUOKA, ec/iu OHO He 8bINOJIHAEm MO20, YMo NOAb308AMeNI0 PA3YMHO
om Hezo odcudoams. OTKa3 NPOrpaMMHOI0 00ecleYeHUsl - 3/Mo NpossieHue 8 Hem
owubku. Peaknueit nonp3zoBaresns Ha 310 onpenenenue Oyner: "Touno!" Pazpabot-
YUK IPOrpaMMHOr0 OOecleyeHus: MOXKET Bo3pa3uTh: "OmnpenesneHrne HelnpaKkTUYHO.
OTkyzna MHE 3HaTh, YTO MOJIb30BATENIO pa3yMHO 0xkuaarh?" Ecinu pa3paboTuuk mpo-
IrPaMMHOI0 O0OECIEYEHUsI X0UeT CHPOEKTUPOBATH XOPOIIYIO CUCTEMY, TO OH BCErjaa
JOJKEH MOHUMATh, YTO UMEHHO €€ TOJIb30BaTelisiM "pa3yMHO oxuaate'". CioBo "pa-
3yMHO" ynoTpeOIeHO B ONpeeieHUH AJi TOro, YTOObI UCKIIIOUUTh CUTYallUuH, KOT/a,
HampuMep, K TepMUHATy HHPOPMALMOHHO-TIOMCKOBOW CHUCTEMbl NMyOJIUYHOU OuUO-
JMOTEKH MOAXOAUT YEJIOBEK U MPOCUT OMPENeTUTh 00bEM CBOETrO BKJIaJa B MECTHOM
Oanke. [lox "momp3oBarenem" MOHMMAETCs 00O 4YENOBEK, BBOASIIUNA HHPOpMa-
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LIUIO B CUCTEMY, UCCIEAYIOIINIA BBIXOAHbIE JaHHBIC UM B3aUMOJIEUCTBYIOIIHMA C CHUC-
TEMON KakUM-TO HMHBIM 00pa3oMm. bojblias cucrema mporpaMMHOro obOecrneueHus
OyJeT UMETh MHOT'O Pa3JIMYHBIX MOJIb30BATENCH, B TOM YHCIe, OOIIAIONIUXCS C CUC-
TEMOH yepe3 yAaleHHble TepMuHaibl. KpoMme HUX, MOIb30BaTENIIMU OYIyT IPOrpam-
MUCTBI U aIMUHUCTPATOPbI CUCTEMBI.

W3 npuBeeHHOro onpeieseHus OIMOKH MOXKHO clieaTh CIETYIOUIUe BaKHbIE
BBIBOJIbL: OUUOKU 8 NPOCPAMMHOM 0DecnedyeHul sA61110mcs He MoaAbKO GHYMPEHHUM
€20 CGOUCMEOM, a Hanuyue owubox ecmv QYHKYUs, KAK CAM020 RPOSPAMMHO20
obecneuenusl, maxk U 0ACUOAHUIL €20 Nob3osameieti. ITO 3HAUMT, YTO, KaK Obl JJOJITr0
Mbl HA TECTHPOBAJIMU MpOrpamMMmy Wiu "Joka3biBaau" MPaBUIBHOCTH €€ crelnuduka-
1IMH, MBI HUKOTJ]a HE CMOKEM HalTH B Hel Bce omUOKU. MOKHO 0OHApYyX UTh HEKO-
TOpbIE OMOKU (HampuMep, O€CKOHEUHBIN IUKI), HO, 0 cCaMOil mpupojie OMHOOK B
MPOrpaMMHOM OOECIIEYeHUH, HUKOT]a HEJb3sl PACCUUTHIBATh HAWTH BCE OIIMOKH.

Crnenyromuii TEpMHUH, KOTOPBINA CIIETYET YETKO ONPEIEIUTh, - 3TO HAJIEKHOCTh
nporpaMmHoro obecnedenus. [IpoaHanusupyeM onpeneiaeHue, COriiaCHO KOTOPOMY
HAJIEKHOCTh €CTh BEPOSITHOCTh TOTO, YTO MPHU (PYHKIIMOHUPOBAHUU CUCTEMBI B TeUe-
HUE HEKOTOPOro Mepuojia BpeMeHU He OyleT OOHapy>KeHO HHM OJHOW OIIUOKH.
OCHOBHOM HEIOCTaTOK TaKOro ONpPENENECHUs — ATO TO, YTO B HEM HE YYTEHO pa3-
JUYHME MEXIY OUIMOKaMU pa3HbIX THUIOB. PaccMOTpUM aBHALIMOHHYIO CUCTEMY JIHC-
neT4yepu3auu ¢ AByMs OIMOKaMHU B MPOTPAMMHOM OOECIIEUEHHMH: M3-32 OJHOU Te-
psieTcs clieq] camoJieTa Ha JAMCIUIee, a APyras COCTOUT B TOM, YTO B COOOIIEHHUH OIle-
paTopy HempaBWILHO Teuyaraercss oaHo cioBo (Hanpumep, TPAHCAMMEPUKAH-
CKHWM Bmecto TPAHCAMEPUKAHCKUI). [To cBOMM MOC/IEACTBHAM 3TH OIIMOKH
JaJIeKO0 HE OJMHAKOBBI, OATOMY HAJI€KHOCTh JIOJDKHA OBITh OINpejesieHa Kak (yHK-
1[Us1 HE TOJIBKO YaCTOTHI OIIMOOK, HO U UX cepbe3Hocmu. B COOTBETCTBUU € 3TUM Ja-
IUM CJIEYIOLIEE ONPEECIICHUE.

Hane:xHOCTH MPOrpaMMHOIo o0ecredYeHusl ecmbs eposimHOCb €20 pabombl
0e3 omKazoe 6 meuenue onpeoeseHHo20 Nepuooa 8pemMeHl, paccyumanHas ¢ y4emom
cmoumocmu O NoAv3osamenia Kaxcooeo omkasa. TakuMm o0pazoM, HalEeXKHOCTb
MPOrpaMMHOro obecredeHus sABisieTcss QyHKIMeH Bo3AeHCTBUS OMMUOOK Ha MOJIb30-
BaTeJsl CUCTEMbl, OHa HE 00s3aTeNIbHO HANpPsIMYIO CBSI3aHA C BHYTPEHHEHW OIEHKOMU
KauecTBa MporpaMMHoOro obecnedeHus. Jlaxe KpyImHblil npocyeT B MPOESKTUPOBAHUU
MOXKET OKa3aThCsl HE CIMILIKOM 3aMETHBIM sl mojb3oBarens. C apyroi CTOPOHBI,
TpUBHAJIbHAS OLIMOKAa MOXET MMETh KatacTpoduueckue nocieactBus. Hampumep,
MEPBBIA 3aIyCK KOCMHUYECKOro Kopabiis Ha BeHepy moreprien Heyaady u3-3a TOrO,
yto B oneparope DO nporpammbl Ha DopTpane Oblia mpomnyiieHa 3anstas. Hagex-
HOCTb HE SIBJISIETCS BHYTPEHHHM CBOMCTBOM MpPOrpaMMbl, OHA BO MHOT'OM CBsI3aHa C
TeM, KaK IporpaMma HCIOJIb3yeTCsl.
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Tema 3. [IpoGrembl HaIEAKHOCTH IPOTPAMMHOT0 oOecreyeHust — 2 4.
§1. IIpoOiembl HaJeKHOCTHM NPOrpaMMHOI0 olecrneYeHUs

[IporpaMmsbl AJis1 BBIYMCIUTENBHBIX MAllMH MOKHO pPa3AeUTh HA TPU OCHOB-
HBIX THIA:
1. K nepBoMy oTHOCSATCS IPOrpaMMbl, pazpadaTbiBaeMble JJIs pEHICHUS] HHKEHEPHBIX
Y HAay4HO-UCCJIEN0BATENbCKUX 3a1a4. OHU XapaKTEpU3yIOTCS HETOJIHBIM HCIOJIB30-
BaHHUEM PECYPCOB BBHIYHCIUTEIbHBIX CUCTEM U OTHOCUTEIHHO HEOOJIBIINM BpEMEHEM
KU3HEHHOTO LMKIA. J[IUTeNbHOCTh pa3pabOTKU 3TUX MPOrpaMm OOBIYHO HEBEJIHKA.
Nx skcrmyaTanyss HOCHT SMHU30AUMYECKUM M KPATKOBPEMEHHBIN XapakTep, OTCYTCT-
BYIOT JKECTKHE OrPAaHUYEHUS HA TONYCTUMYIO IJIMTEIbHOCTD OKUIAHUS PE3yJIbTATOB,
MIPAKTUYECKNU BCETJAa MMEETCS BO3MOXHOCTBH JIOCTATOYHO CTPOTrO IMPOKOHTPOJIUPO-
BaTh BBIXOJIHbIE JAHHBIE U MPU HEOOXOJUMOCTU MOCTABUTHh KOHTPOJIbHBIE DKCIEPH-
MeHThl. K 3TOMy THIy mporpamMM NpakTHYeCKH HE NMPUMEHUMBI OCHOBHBIE MOHSATHS
TEOPUHU HAJEHKHOCTH.
2. Bropoil Tin npeacTaBieH CIOXKHBIMU KOMIUIEKCAMU MpOorpamMm Juisi HHGOpMaIu-
OHHO-CIIPABOYHBIX CUCTEM M CHUCTEM aBTOMAaTH3aluu 00pabOoTKu MH(pOpMAIUH, KO-
TOpble (YHKIMOHUPYIOT BHE PEATbHOTO BPEMEHHU (CUCTEMBI OPraHU3aLMOHHOTO TH-
na). Ilepuoa ux skcmiayaranuu OOBIYHO 3HAYMUTEIBHO MPEBBIMIAET JJIUTEIBHOCTD
pa3paboTKH, OJHAKO B XOJE DKCIUTyaTallkd OHU MOTYT pa3BUBATHCA U OOHOBISATHCS.
COOTBETCTBEHHO M3MEHSIOTCS XapaKTEPUCTUKA KOMIUIEKCOB MPOrpamMM M COIMPOBO-
Kaaromias ux JokymeHTanus. [IporpamMmbl 3TOro THMa MOKHO KJIacCH(UIMPOBATH
KAaK CHCTEMBI, 1 UMEETCSI BO3MOKHOCTh IPUMEHATh K HUM TOHATHUSI TEOPUHU HAIEK-
HOCTH. J[J11 TAKUX KOMIUIEKCOB MPOTrpaMM TE€XHUYECKUMH JOKYMEHTaMH MOTYT OBITh
ornpejeneHbl GYHKIUN U XapaKTEPUCTUKHU, a TaKKe MPOMEKYTOK BPEMEHH, Ha KOTO-
POM JTOJKHBI COXPAHATHCS 3aJaHHBIE MIOKA3aTENH B COOTBETCTBUH C ONPENECIEHUAMU
TEOpUU HAACKHOCTU M TPEOOBAHMSIMHU TEXHUYECKOW JOKyMeHTauuu. M3meHeHue
KOMILIEKCOB MPOTPaMM B MPOLECCE PA3BUTHUSA U MOJECPHU3ALNUNA CUCTEMBI IPUBOIAUT K
TOMY, 4TO COAEPKAHUE W 3HAUYECHUS IIOKA3aTele HaJeKHOCTH OKa3bIBAIOTCS He-
CTallMOHAPHBIMHU.
3. K TpeTeeMy THIly OTHOCSTCA KOMIUIEKCHI IPOTPAaMM aBTOMAaTHYECKOTO WJIA aBTO-
MAaTU3UPOBAHHOI'O YIIPABIICHHUS, HENOCPEICTBEHHO BXOASUIME B KOHTYp YIPaBJICHHUS
1 (YHKUMOHUPYIOIIME B peajlbHOM Maciutabe BpemMeHU. Takue KOMIUIEKCHI IMpo-
rpaMM OOBIYHO MPAKTUYECKHU MOJHOCTHIO HCIOJB3YIOT PECYpChl BBIUMCIUTEIBHOM
MAalIUHBI 110 TaMSATH U TPOU3BOAUTEIILHOCTH, CHA0XKAIOT MOAPOOHOM TOKyMEHTaluen
Y DKCIUTYaTUPYIOTCS MHOTHE OBl U AK€ AECATUIIECTUSA. DTH KOMIUIEKCHI ONPEAEIs-
IOT CTENIEHb aBTOMAaTU3allMy MMPOU3BOJICTBA B MPOMBIIUIEHHOCTH U Ka4€CTBO YIIpPaB-
JeHUs 00bEKTaMU B HApOJHOM XO3SMCTBE M BOEHHOM TexHuke. Komruiekcsl mpo-
rpaMM 3TOro TUMa o0Jaal0T BCEMU XapaKTEPHBIMU YepTaMU MPOMBIIIIIEHHBIX U3/1e-
Ui, K HUM B HaumOOJbLIEH CTENEHW MPUMEHUMbI OCHOBHBIC MOAXOABl M MOHATHS
TEOPUHU HAJEHKHOCTH.

CtaOuiabHOCTh JJIMTEIBHOM JKCIUTyaTalliu, Hajduyhe TpeOOBaHWN TeXHUYe-
CKOM JTOKYMEHTallud U BO3MOXKHOCTb J€(PEKTOB B KOMIUIEKCAX MPOTrpamMM, BBI3bI-
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BaIOIIUX COOM M OTKa3bl MpU (HYHKIIMOHUPOBAHUH, MO3BOJISIOT aHATM3UPOBATH MOKa-
3aTeIM HAaJIe)KHOCTU MPOrpaMM BTOPOTO U TPETHErO THUIOB. PeanibHasi HaJAEKHOCTH
MIPOrPpaMMHOTO 0OECIIeUeHUsI HEPEKO OKA3hIBACTCS HUXKE, YeM HaJACKHOCTH armrmapa-
TYPHBIX CPEJCTB, U ONPEACISIET HAJCKHOCTh (DYHKITMOHUPOBAHUS CUCTEMBI B 11€JIOM.

HanexxHocTh anmapatypbl B TEXHUUYECKHMX CHCTEMAaX OINPENENSIETCS B OCHOB-
HOM JIByMs (pakTopaMu: HaJEKHOCTHIO KOMIIOHEHT U OIIMOKAaMHU B KOHCTPYKIIHH,
JOMYIIEHHBIMU TIPU MPOCKTUPOBAHUU WM U3TOTOBIECHUH. OTHOCUTEIHLHO HEBBICOKAS
HaJIe)KHOCTh KOMIIOHEHT, WX I1yOOKash B3aMMO3aBUCUMOCTb U CIIOCOOHOCTBH K pa3py-
HICHHIO, CTAPEHUIO WJIM CHUKEHUIO HAJEKHOCTH B MIPOIECCE IKCIUTyaTallMu MPUBEIN
K TOMY, 4TO 3TOT (haKTOp OKazaJcs MPEeBATUPYIOIIUM JIJIsl HAIS)KHOCTH OOJIBIITUHCTBA
KOMIUICKCOB alapaTypbl. DTOMY CIIOCOOCTBOBAJIA TAKXKE OTHOCUTEIHLHO HEBBICOKAS
CJIO’)KHOCTh MHOTHX T€XHUYECKHX CUCTEM, BCJICICTBUE YEro, OIIMOKU MPOEKTUPOBa-
HUSI TPOSIBIISUIMCH PEJKO U ByaJIMPOBAINCH OTKa3aMU KOMITIOHEHT.

OnHako ecTh CUCTEMBI, TJe 3TH JiBa (akTopa COM3MepuMbl. Tak, Hampumep,
HaJIe)KHOCTh MEPBBIX 00pa3I[0B BHOBH CO3/1aHHON DBM 00BIYHO 3HAYNTEILHO HUXKE,
YeM CEpUUHBIX K3EMILISIPOB TOU ke IBM mocie HECKOJIBKUX JIET BbITYCKa. JTO SIB-
JIE€TCSL HE TOJBKO CIICICTBUEM YJIYUIICHUS TEXHOJOTUHU MPOU3BOJICTBA, HO U PE3YJIb-
TaToOM OOHApY)XKEHHUsS M YCTPAaHEHHUS MHOKECTBA JIOTHYECKUX U TEXHUUECKUX OIIMOOK
npoekTupoBanus. Eciau omumOKku MpOEKTUPOBAHMS YCTPAHSIOTCS HE TOJBKO B U3Je-
JIMSX, BBIITYCKAaEMbIX 3aBOJIOM B JIAHHOE BPEMs, HO U B U3ACIUAX, PAHEE BBIMTYIICH-
HBIX C OIIMOKaMU U HAXOJAIIUXCS B DKCILIyaTallud, TO B PE3yJbTATe IMOBBIIIACTCS
HaJIe)KHOCTh BCeX m3nenui nanHoro tuna. Ilocne mopabotku DBM omnpenenstomeit
CTAaHOBUTCSI TEXHUYECKasl HAJIC)KHOCTh KOMIIOHEHT, U TTOCTEIIEHHO JOPaOOTKH H3-3a
OImM1OOK MPOESKTUPOBAHUS MPEKPAIIAFOTCS.

HanexXxHOCTh CIIOKHBIX MPOTrpaMMHBIX KOMIUIEKCOB OIPENECIACTC TEMU XKE
nByms (akrtopamu. OgHAKO CTENEHb MX BIWSAHUS MHas. XpaHEHHE MPOTpaMM Ha
MAarHUTHBIX HOCUTEJAX MPU OTCYTCTBUU BHEIIHETO BMEIIATEILCTBA XapaKTEPU3YyeTCs
BBICOKOM HAJIE)KHOCTHIO. J{ake Mpu MHOTOJIETHEW AKCIUTyaTallid MaJIOBEPOSITHBI CHU-
Tyally UCKKEHUS MPOTpaMM B pe3yJibTaTe cTapeHus HocuTeneu. [Ipesanupyronmm
JUTSL HAZICKHOCTH KOMIUIEKCOB MPOTrPaMM SIBIISETCS BTOPOU (HAKTOP — OMIMOKH Mpo-
€KTUPOBAHUS.

OtMeueHHbIe (DAKTOPHI, ONIPEAESIAIONINE HAJCHKHOCTh CUCTEM, PA3JIMYAIOTCS 110
CBOEU MpUpOJiE, MPOSBICHUIO U METOaM ycTpaHeHusa. OTKa3bl KOMIIOHEHT ammnapa-
Typbl, OOYCJIOBJICHHBIC CTAPCHHEM WJIW pa3pylieHUEM 3JIEMEHTOB, B OOJBITHHCTBE
ciy4daeB TpeOyroT uX 3aMeHbl. BoccTaHoBUTENbHBIE pabOThI M OCOOCHHO 3aMEHa
KOMIIOHEHT anmnapaTypbl TPYJAHO aBTOMAaTU3UPYIOTCS U COXPAHSAIOT NPEUMYIIECTBEH-
HO PYYHOM XapakTep. DTO ONPEeAesieT JITUTEIbHOCTh BOCCTAHOBIICHUS, KOTOpAs U3-
MepsIeTCI MUHYTaMH U YacaMH.

[IposiBneHue omuOOK MPOCKTUPOBAHMS OOYCIOBICHO KOHKPETHBIMU CHUTYa-
[ASAMHU U COYETAaHUEM JaHHBIX, MOJJIekKaIuX o0padoTke. Bo3Hukaromuii B pe3ynbTa-
T€ OTKa3, KaK MPaBWJIO, HE CBA3aH C (PU3MYECKUM pa3pyIICHUEM alllapaTypbl U HE
TpeOyeT MPOBEICHUs] PEMOHTHBIX padoT. Takue OTKa3bl B MPOTPAMMHBIX KOMILICK-
cax, KaK, Halpumep, 3alMKIMBaHUE UM UCKKEHUE (CTUPAHKE) MAaCCUBOB JAHHBIX O
BHEIIIHEH 00CTaHOBKE, MOT'YT OBITh YCTPAHEHBI MPOrpaMMHBIMU MeToaamu. [ToaTomy
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IIPOLIECC ONEPATUBHOIO BOCCTAHOBJIEHUS IIPU OTKa3aX B KOMIUIEKCAX IPOrpaMM pea-
JU3yeTCsl MPEUMYIIECTBEHHO aBTOMATU3MPOBaHHBIMU MeToAamu. [Ipobiema BoccTa-
HOBJICHMSI TIPU OTKa3aX MEPEXOJUT B MpoOJeMy MpeoOpa3oBaHUs OTKa30B B aBTOMa-
TUYECKU ycTpaHsembie cOou. [Ipu 3ToM He ycTpaHseTcs IpUYMHA OTKa3a U B TaKOM
KE CUTYyallMu OTKa3 JOJIKEH MOBTOPUTHCS, OAHAKO MOBTOPEHUE NAHHBIX, IPUBOJS-
X K OTKa3y, MaJOBEpPOSITHO, U HapabOTKa Ha OTKa3 MOXET ObITh YAOBIETBOPH-
TEJIBHOM, TeM OO0Jiee UTO €ro MpOosiBJIEHUE CBEJEHO K KpaTKoOBpeMeHHoMY cOoro. Ha-
KOIUIEHHE CBEJIEHUN O cOOAX M OTKa3zax B MporpamMMmax MO3BOJSET UX YCTPAHUTH B
nepuoj npoGuiIakTHYecKux pador.

[lonsiTue omMOOK MPOEKTHUPOBAHUSA U, B YACTHOCTH, OMIMOOK B Mporpammax
TaK e, KaK MOHATUS HaJACKHOCTH, TPYIHO CPOpMYyIUpOBaTh 0€3 yueTa UCIOIHEHUS
MPOrpaMM U Pe3yJIbTaTOB UX (PYHKIIMOHMPOBaHUSA. B TEXHHUECKUX YCTpOMCTBaxX BO
MHOTHX CIy4dasX UMEETCs ITATOHHOE U3JIENINE, C KOTOPhIM CPAaBHUBAIOTCS aHAJIOTUY-
HbI€, BHOBb U3TOTOBJICHHBIE. Takoe CPaBHEHHE MO3BOJIAET B CTATUKE BBISIBUTH OIINO-
KM TUPAXUPOBAHUSI U U3TOTOBJIEHUS WIM HEUCIIPABHBIE U Pa3pyLIMBIIAECS KOMIIO-
HEHTBI; TIPU 3TOM OIIHUOKHU MPOEKTUPOBAHUS COXPAHSIIOTCS COOTBETCTBYIOLUIMMU 3Ta-
JIOHHOMY M31e1uI0. TUpaKnpoBaHHUE MPOrPaMM MOXKET ITPOU3BOJUTHCS OYEHb TOYHO,
a X (pU3MYECKOe pa3pylleHNUE MAJIOBEPOSITHO U JIETKO ycTpaHuMO. OIHAKO ISl BbI-
ABJICHUS OIIMOOK MPOEKTHUPOBAHUS MPOTPaMM HEBO3MOXHO CO37aTh aOCOIIOTHBIM
ATaJIOH, CPABHUBASI C KOTOPHIM KaXXJIyl0 MPOrpaMMy B CTaTHKE, MOKHO ObLIO Obl 00-
HapY>KUTh OTJIMUKE U KIacCU(PUIMPOBATh €ro kak omuoOky. B mpouecce otnaaku u
UCIIBITAHUIM KOMIUIEKCA MPOrpaMM YCTPAHSAIOTCS MHOTHE OMIMOKH, M TPOrpaMMbl
ACUMIITOTUYECKH MPUOIMKAIOTCS K UICaTbHBIM - 0€301H1004YHbIM. OJHAKO CTENeHb
NpUOIMKEHUSI OCTA€TCS HEUW3BECTHOM, M KONMUU MPOrpaMM COAEpPKaT OUIMOKU 3Ta-
JOHHOM mporpaMmmbl. [lpu aHanuze nmokazartesneil HaJeKHOCTH JTIOOBIX CUCTEM B MeEp-
BYIO O4epe]lb UCCIEAYIOT ATH MOKA3aTeNly ¢ MO3UIMH MOJIb30BATENS - BHEIIHETO a0o-
HEHTa CUCTEMBI. [[1s1 monap30BaTeNsl BaXKHbI XapaKTEPUCTUKU OTKA30B M BOCCTAHOB-
JIEHWW, MEXaHU3M MX BO3HUKHOBEHHMS M YCTPAHEHUS UMEET BTOPOCTENEHHOE 3Haye-
HU€. AHAJIN3 IPUYUH OTKA30B BAXKEH JJISI CO3JATENS CUCTEMBI MJIM SKCIUTYyaTal[MuOH-
HUKA JIJIs TPOQUIAKTUKY aHATOTHYHBIX OTKA30B U CKOPEHILEero UX yCTpaHEHHUS.

[Iporpamma 11000¥ CI0KHOCTH M Ha3HAYEHUS NMPU (PUKCUPOBAHHBIX HCXOAHBIX
JAHHBIX U a0COJIIOTHO HAJEKHOW anmapaType HCHOJHSAETCS MO 3aJaHHOMY Mapuipy-
Ty U JA€T Ha BBIXOJI€ ONPENEICHHBIA pe3ylbTaT. MHOIMOKpAaTHOE MCIOJHEHHUE IPO-
rpaMMBbl TIPU 33IaHHBIX YCIOBUSAX JACT HEU3MEHHBIM pe3ynbrar. OJHaKo KOMOMHA-
TOPHBIN XapaKTep MCXOJHBIX JAHHBIX M HAKOIJIEHHOH mpu 00padoTke nHboOpMaInH,
a TaKKe MHOYKECTBO YCIIOBHBIX MEPEXOAOB CO3AAIOT OTPOMHOE YHUCIIO PA3IUYHBIX
MapuIpyTOB UCHOJHEHHUS JJI1 KaXJA0ro KOMIUIEKCa MpOorpaMM, KOTOpble OOBIYHO Ha
HECKOJIBKO MOPSAKOB OOJbIlIE YMCIa KOMaH] B porpamme. Takoe 4uciio BApUaHTOB
WCIIOJIHEHUS MPOTPAMMBbI HE MOXKET ObITh MMPOBEPEHO MOJHOCTHIO U3-3a OTPAHUYEHUN
Ha JJIUTENBHOCTD OTIAJAKU U 00bEM MPUEMOYHBIX UcTibITaHui. HexoTopsie Mapuipy-
Thl 00paOOTKM MH(POPMALIMK XapAKTEPUIYIOTCS MaJoil BEPOATHOCTHIO MCIIOIHE-
Hug. ONBIT OTJIAIKU U SKCILTyaTallUH CJIOKHBIX KOMIUIEKCOB ITPOTPaMM IOKA3bI-
BaeT, YTO MPHU OTIAJKE HEBO3ZMOXKHO MTPOBEPUTH BCE BapuaHThl 00paboTku nHpOpMa-
LMW, U JaXKe TOCJIE HECKOIbKHUX JIET JKCIUTyaTallid BCTPEUYAIOTCS HENPOBEPEHHBIC
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COYETaHMS UCXOJHBIX JaHHBIX, PU KOTOPHIX pabOTAONINI KOMIUIEKC MPOrpaMM J1a-
€T HEBEpHbIC pe3ynbTaThl. [10J00HBIE WCKaXKCHHS PE3yIbTAaTOB C TOUKH 3PEHUS
MOJIH30BATENSI PACCMATPHUBAIOTCA Kak cOOM MM OTKasbl. Bo3MOXkHA TeHAEHIIMO3HAS
MpOBEpKa KOMILUIEKCA MPOrpaMM B MIPEIETbHBIX U KPUTHIECKUX YCIOBHUSIX, KOTOPHIC
MOTYT MCKYCCTBEHHO CO3/1aBaThCsl 3aKA3UYMKOM TPH HCIBITAHUSIX U MPHEMKE CUCTE-
Mbl. Takue ycrnoBHsi MOTYT aBaTh CYIIECTBEHHO MCKa)KCHHBIE U YXYAIICHHBIC TIOKa-
3aTeN HaJeKHOCTH (YHKIIMOHWPOBAHUS MPOTPAMMHOTO 00ECIEYeHHS IO CpaBHE-
HUIO CO CPEIHUMHU THUIOBBIMHU YCIOBHSMH dKciuTyatanuu. [logoOHas mpoBepka 1o
CYIIECTBY SBISICTCSI PACIIMPEHHEM TpPEOOBAHMI TEXHWYECKOTO 3aJlaHUsl B TMEPHO/T
WCTIBITAHUH BCJICJCTBHE TIOBBIIICHUs 3allpOCOB 3aKa3uuka. B To ke Bpems Takue
TpeOOBaHMs SBISIOTCS M3MEHCHHEM WM PAaCIIUPECHHEM 3aKa3a W CBSI3aHBI C yBelnde-
HHEeM oO0beMa pabot. [loaToMy BaXkKHO COTIIACOBBIBAThH C 3aKa3YNKOM METOAMKY U yC-
JIOBHS UCTIBITAHUN KOMIUIEKCOB MTPOTPpaMM Ha HaJICKHOCTH C yUYETOM UCIBITAHUHN UX B
KpUTHUECKUX pexkumax. CreayeT OTMETUTh TIyOOKYI0 B3aMMOCBS3b HAJIEKHOCTHU
IporpaMM W HaJCKHOCTH BBIYUCIUTENBHBIX cucTeM (BC), Ha KOTOpBIX OHHM HCTOJ-
ustorcesi. Hapexxnocts anmapatypsl BC He MokeT OBITh UCCIIeIOBaHA U U3MEpeHa 0e3
JUTUTETbHOTO HCIOJHEHHUsS HEKOTOPOro KOMIUIEKCa MporpamM. 3aMeHa KOMILIEKca
nporpamM, ¢ TIOMOIIBIO KOTOPOTO MPOBEPsIETCsl HAACKHOCTH anmapatypsl BC u yc-
JIOBUU WCTIBITAHUH, TPUBOAUT K M3MEHEHHUIO XapaKTEPUCTUK HAJEKHOCTH BCIIEICT-
BUE PA3NMUYUil B HMIMPOTE W TIIyOMHE MPOBEpKH ammaparypbl. Kpome Toro, mpose-
PAIOIINE TPOrpaMMBbl COZIEP)KAT HE BBISBICHHBIC OMIMOKH W Pa3UYarOTCS MOMEXO-
YCTOMYMBOCTHIO K COOSIM M K YaCTUYHBIM OTKa3aM amnmapaTypsl. Pa3aenuTs npuauHbl
OTKa30B M MCKa)XCHUU BBIXOJHBIX PE3yJbTaTOB Ha OOYCIIOBJICHHBIC TOJHKO ammapa-
TypOH MU TIPOTpaMMaMU B PsiZI€ CITydaeB OKa3bIBAETCS OYEHB CIOKHO. [ToaTomy st
OLICGHKH TOoKazaresnei HagexHoctd BC Mexay pa3paboTuynkaMu anmapaTypbl U MPo-
rpaMM U 3aKa3uyuKoM, KpOME TpaBUJ MPOBEPKU HA HAJIEKHOCThH, COTIACOBBIBAIOTCS
COCTaB U XapaKTEPUCTHKH TECTOBBIX MPOTPaMM, IO KOTOPHIM MPOU3BOJAUTCS MPOBEP-
ka. Oco0eHHO CJI0XHA 3Ta 3a/1a4a B HayaJle SKCIUTyaTalluu KOMIUIEKca MporpaMM Ha
BHOBb pa3paboranHoi BC.

FOEEALO A130HIHIHAIIHE]
-
-— -7

Bpenta

Puc 1.1. 3aBucuMoCTh UHTEHCUBHOCTH OTKA30B OT BPEMEHH IPH pa3paboTKe U IKC-
TTyaTaluu Juisl annapaTtHbixX (1) 1 mporpaMMHBIX KOMILIEKCOB (2)
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Yacrora nposiBIeHUs: OMMUOOK B KOMIUIEKCAX MPOrpaMM B 3aBUCHUMOCTH OT
BpEMEHU MoA00HA YacTOTe 0TKa30B anmnapatypsl (puc. 1.1). OTka3sl u3-3a oumoboK B
nporpaMmax BHadajleé YMEHBIIAIOTCS BCJIEACTBHE UX OOHApYXEHUS U YCTPAHEHHS B
mpolecce 0TIIaKU. DTOT MEPUOJI 10 CBOUM XapaKTepUCTHUKaM (HO HE MO (PU3NUECKOM
CYIIIHOCTH) MOXO0X Ha mepuo "mpupaboTku" B anmaparype. Jlanee cienyer nepuosa
AKCILTyaTalluK, KOTOPBIA XapaKTepU3yeTcss MOCTOSHHON MHTEHCHUBHOCTBHIO OTKAa30B
U3-3a IPOrPaMMHBIX OIIMOOK, €CJIM OHU HE KOPPEKTUPYIOTCsA. Moaudukaius npuBo-
IUT K TIOSIBJICHUIO BTOPUYHBIX OLIMOOK, KOTOpPbIE Tak)Ke HEOOXOIUMO YCTpPaHATh, U
MOCJIe HECKOJIBKUX TOPabOTOK KOMIUIEKC MPOrpaMM MOPaJIbHO yCTapeBaeT U MoJyie-
KUT 3aMEHEe, YTO OTpakeHO Ha puc. 1.1 B Buae Bo3pacTaHHUs UHTEHCUBHOCTU HCKa-
KEHUI B KOHIIE MHTEPBAIA KU3HHU.

Bricokasi cTOMMOCTh MPOEKTUPOBAHUS M, B YACTHOCTH, OTJIAJAKU CIOXKHBIX
MPOrpaMMHBIX KOMILUIEKCOB HE MO3BOJISIOT CO3/1aBaTh MPOrPaMMBbl C TapaHTUPOBAH-
HBIM OTCYTCTBHEM OMIMOOK M aOCOIIOTHO YCTOMYMBBIX K JIIOOBIM BO3MYILEHUSIM. J{J1s
Ka)KJIOTO THUIIA CUCTEM JOJIKHBI YCTaHABIMBATHCS CBOM pallMOHAJIbHBIE U HEOOXOH-
Mble 3HAYEHUS TOKa3zaTejed HaJeKHOCTU MPOrpaMMHOro oOecreyeHusi, COu3MepH-
MbI€ C MOKa3aTeIsIMU HAJCKHOCTH anmnapatrypbl. 3aTpaThl Ha 00ecleYeHne HaJIeKHO-
CTH JIOJ>KHBI COTOCTABIISATHCS C BO3MOKHBIM YILIEpPOOM BCIIEICTBUE OTKA3a CUCTEMBI C
JAHHBIM KOMIUIEKCOM MPOTPaMM.

Tema 4. OCHOBHBIC TTOHATHUS TCOPHUHN HAJACKHOCTHU KOMIIJICKCOB IIPOrpaMM.
Tunel 0TKa30B nporpaMmMHOTO obecrieueHus — 2 4.

§1. OcHOBHbIC IOHATHUS TEOPUHU HAICIKHOCTH
KOMILIEKCOB IIPOrPamMM
[IpuMeHEHNE OCHOBHBIX MOHATUN TEOPUU HAAEHKHOCTH K MPOEKTUPOBAHUIO U

OLICHKE KayeCcTBa CJIOKHBIX KOMIUIEKCOB IIPOrpamMM MO3BOJSET aJanTUPOBATh U
pa3BHUBaTh ATy TEOPUIO B HANPABJICHUM aHAJIN3a HAJIEKHOCTH MPOTrpaMMHOro obec-
nedeHus. B pesynbrare K HacTosIEMYy BpeMeHU chopMHUpOBaIICA IPEAMET UCCIIENO0-
BAHWUI U COOTBETCTBYIOIIEE HAYYHO-TEXHUUYECKOE HAMPABIEHUE - HAJEHKHOCTD CIIOXK-
HBIX KOMILUIEKCOB MpOrpaMM, (GyHKIMOHUPYIOIIUX B peajbHOM MacuiTabe BpeMeHH,
WIM HaJEKHOCTh MPOrpaMMHOro odecrieyeHusi. TpeOoBaHUs pa3pabOTKU KPYIHBIX
MPOrpaMMHBIX KOMIUIEKCOB BBIIBHUHYJIW MPOOJIEMY HaJASKHOCTU UX (DYHKIIHOHUPO-
BaHMS B pa3psll CaMbIX akTyalbHbIX. K 3aauam aHanm3a HaJAEKHOCTH IPOrPaMMHOIO
o0ecrnedyeHns: MOKHO OTHECTH CIIEYIOIINE:

* popMyNIHpOBaHHE  OCHOBHBIX  MOHSATUH, HCHOJIB3YEMBIX  IPHU UCCIEIO-

BAaHUM MapaMETPOB M TOKAa3aTeNell HaAEKHOCTH IPOTPaMM;

* BBISIBJICHUE U MCCIIEJOBAaHUE OCHOBHBIX (PAKTOPOB, OIPEACISIONINX XapaKTe-

PUCTUKHU HAJEHKHOCTH CIOKHBIX IPOTPAMMHBIX KOMILIEKCOB;

*BHIOOp M OOOCHOBAaHHME KPUTEPUEB HAJAECKHOCTH KOMIUIEKCOB MPOrpaMMm

Pa3JIMYHOIO TUIA U HA3HAYCHUS;
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* UCCIIEOBAHNE XapaKTEPUCTUK HCKAXKEHUM MCXOAHBIX HAHHBIX OT pa3iny-
HbIX  THUIOB  HWCTOYHMKOB W  HMX  BJIMSHUS HAa  HAJEKHOCTb (PYHK-
LMOHUPOBAHUS KOMIUIEKCOB IPOTPaAMM;

* KcclieJoBaHUE OMMOOK B MPOrpaMMax, TMHAMUKHA UX U3MEHEHUS MPU OTIAJKE U
MOJEPHU3ALMH U BIUSHHS HA HAJIEKHOCTB;

* pa3paboTKa U HMCCIENOBAHUE METOJIOB CTPYKTYPHOI'O CHHTE3a CIIOKHBIX KOM-
IJIEKCOB MPOrPaMM, MOBBIIAIOIINX UX HAJAEKHOCTD;

* HCCJIEIOBAHUE METOJOB U CPEACTB KOHTPOJSA U 3aIIUThl OT MUCKAXKEHUN BBIYHC-
JUTEIBHOTO MPOLECCA U TAHHBIX B IAMATH IIyTEM BBOJIa PA3JIMUYHBIX BUJIOB W3-
OBITOYHOCTH W [OMEXO3AlIMIIEHHOCTH,  O0EeCleYMBaIOIINX aBTOMATHU3a-
LU0 U COKpAIlleHUE BPEMEHH BOCCTAHOBIICHUS;

* pa3paboTKa METOJIOB MPOTHO3UPOBAHUS XaPAKTEPUCTHK HAJEKHOCTU KOMILIEK-
COB IMPOTPaMM C YYETOM HX CIO0KHOCTH, CTPYKTYPHOTO MOCTPOEHUS U TEXHOJIO-
MU IPOCKTUPOBAHUS;

* pa3paboTKa METO/IOB CO3/1aHUsl KOMIUIEKCOB IPOrpaMM C 3aJaHHOW HaJeKHO-
CThIO (PYHKLIIMOHUPOBAHUS U CPEJCTB 3aLIUTHI OT COOEB M OTKA30B C YYETOM BaXK-
HOCTH PEIIAEMBIX CHCTEMOM 3a1a4.

Pe3ynbTaThl penieHus 3TUX 3a/1ad SBISIIOTCS OCHOBOW CO3/IaHUSI COBPEMEHHOM
BBICOKO?(D(EKTUBHOM TEXHOJOTUU MPOEKTUPOBAHUS MPOrPAMMHOTO OOECIICUEHHSI C
3aIaHHBIMH TOKA3aTeJSIMU HAJEKHOCTHU. J[JI1 UX pelIeHHs] UCIOJIb3YIOTCS pe3yJibTa-
Thl SKCIEPUMEHTAIBHOTO HMCClE0BaHus (AKTOPOB M XapaKTEPUCTUK, pa3paboTaH-
HBIX U pa3pabaThIBA€MbIX KOMIUIEKCOB MporpamMM. MMEIOTCS MONBITKH CO3JaHUA
AHAJIUTUYECKUX MOJENEN W METOAOB OIPEIEICHUS HAJIEKHOCTU MPOrpaMMHOIO
oOecrnieuenusi. Vcnonb3zoBanue u 00beIMHEHUE PE3YIbTATOB IKCIIEPUMEHTAIBHBIX U
TEOPETUYECKUX HMCCIEAOBAHUNA HAJEHKHOCTU CIIOKHBIX KOMIUIEKCOB IPOrpaMM IIO-
3BOJIMJIO 3QJIOKUTHh OCHOBBI TEOPHUM M METOJOB MPOEKTUPOBAHUS HAIEHKHOTO IpPO-
rpaMMHOro oOecrieyeHusl. YTOUHUM (yHIAaMEHTaIbHbIE NMOHATHUS TEOPUU HAJEHKHO-
cTH (cOOi, 0TKa3, BOCCTAHOBJICHHE, HAJICKHOCTh U T.JI.) MPU UX UCHOJIb30BAHUU JJIS
aHaJIKM3a XapaKTepUCTUK (PYHKIIMOHUPOBAHMS KOMIUIEKCOB MPOTPaAMM.

[Tonsatue omxaza 6 annapamype CB3aHO C HapylLIEHHEM PabOTOCIOCOOHOCTH
U3JIETUs U €ro COOTBETCTBUSI TpeOOBaHMAM TEXHHUYECKOW HokyMeHTauuu. [loteps
paboTOCIIOCOOHOCTH MMOAPA3YMEBAET HANMUNE (PU3UUECKOTIO pa3pyLICHUs dJIEMEHTOB
WM KOMIIOHEHT U3JIeusi, KOTOpoe TpeOyeT uX peMOHTa WM 3aMeHbl. [ ycTpane-
HUSl OTKa3a, Kak MpaBHJIO, HEOOXOAMMO BMEIIATEIbCTBO CIIELUAIUCTOB PEMOHTHOM
Opurazpl, KOTOPbIE PEMOHTHPYIOT OTKA3aBIIME KOMIIOHEHTHI JTUOO 3aMEHSIOT UX HC-
MpaBHBIMA. BO3MOKHO BOCCTaHOBJIEHHE, KOTJAa HCIIOJB3YIOTCS PE3EPBHBIE KOMIIO-
HEHTBI, KOTOPbIE aBTOMATHUYECKHA MOJKIIOYAIOTCS BMECTO OTKa3zaBIIMX. OAHAKO U B
ATOM Clly4yae 3aMEHEHHbIe KOMIIOHEHTHI cojepaT (pu3nvyecKkue HapylleHus, He Mo-
3BOJISIFOIIME HCIIOJIB30BaTh UX 0€3 pEMOHTA.

PaccmoTrpum crnenuduky HapyuieHus paboTOCIOCOOHOCTH MPOrpamMM B Mpe-
MOJIOKEHUH abcooTHOM Oe3oTkazHocTu anmapatypbl BC. OTka3 npu UCHOTHEHUU
KOMILJIEKCA MPOTPaMM MOKET MPOSBUTHCS BCIEACTBUE:

* HApYLIEHUs KOJOB 3allMCU KOMaH/I B MAMSTH MPOTPaMM;
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* CTUpaAHUS WM UCKAXKEHUS JAHHBIX B ONIEPATUBHON WM JOJTOBPEMEHHOM MaMsi-
™ BC;
* HapyIICHUs HOPMAJBHOT'O X0/a BEIYMCIUTEIBLHOTO MpoIlecca.

[lepeuncnennble HMCKOXKEHUS MOTYT JCHCTBOBaTh coBMecTHO. OTKa3 Mo-
KET TPOSIBISATHCS B BUJIC MPOTPAMMHON OCTAHOBKHM WJIM 3allUKIMBAHUS, CUCTEMATH-
YECKOIro MPOMycKa UCIOJHEHUsT HEKOTOPOM TpyIibl KOMaHJ, OJHOKPATHOTO CHUCTE-
MAaTUYECKOTO MCKa)KEHUsS JaHHBIX W T. A. [IporpaMMHbIe OTKa3bl MPUBOMSAT K TIpe-
KpaIlleHUIO BbIIa4u a0OHEHTaM WHOOpPMAIMU U YHPABISIOMMNX BO3ICUCTBUN HIM K
3HAYUTEIIbHOMY HCKOKECHHUIO €€ COJICp)KaHHs W TeMIla BbIJayd, COOTBETCTBYIOIIUX
HapyIICHUIO0 Pa00OTOCIIOCOOHOCTH KOMILIEKCA MPOTPaMM.

OCHOBHOM MPUYMHON HApyIIEHUsS pabOTOCIIOCOOHOCTH MPOrpamMM Mpu 0e30T-
Ka3HOCTH anmapaTypbl SBISETCS KOH(JIMKT MEXAy HCXOIHBIMU JaHHBIMH, IOJjIe-
KaUMUA 00pabOTKe, U XapaKTePUCTUKAMU MPOTpaMMBbl, OCYIIECTBISIONICH ATy 00-
paboTky. [Ipu 3TOM MOJ MCXOMHBIMU JAaHHBIMHU TMOHUMAIOTCSI KaK BHOBb MOCTYIHB-
IMe CoOOIeHUs, TaK W BCsA MHMOpMaIMs, HAKOIUICHHAs 3a BpeMsl MPEeIbIIyIIero
(GyHKIIMOHUPOBaHUA MporpaMm. VcxoaHbie gaHHBIE MOTYT HaXOJIUThCS B 0OJIACTH,
OTpeIeNIIeMON TEXHUYECKUM 3aJJaHueM, OJHAKO BHE 00JIacTH, TPOBEPEHHOM MpHU Te-
CTUPOBAHUU U HMCHBITAHUSAX MporpaMMbl Ha HaaexkHocTh (ob6mactu Il u IV Ha puc.
1.2).

¥

Puc. 1.2. [IpocTpaHCTBO UCXOAHBIX TAHHBIX:
00J1aCTh MPEeIoIaraéMbIX JaHHBIX - IITpuxoBka "///",
00J1aCTh TECTOBBIX JTAHHBIX - ITpUXOBKa "|||",
00J1aCTh peanu3yeMbIX JaHHbIX — TpuXoBKa "\\"

PaboTocniocoOHOCTh KOMILJIEKCa MPOrpaMM MOKHO TapaHTUPOBATh MPH HC-
XOJHBIX JAHHBIX, KOTOPbIE UCHOJIB30BAIUCH IPU TECTUPOBAHUU U UCTIBITAHUAX. [Ipu
nonajaHuu JaHHbIX B o0acTu II wiu IV Bo3MoxkHO HapylieHne paboTocrnocoOHOCTH
13-3a HE BBISIBJICHHBIX B MPOrpaMMe OIIHUOO0K, KOTOPHIE MPOSIBISIOTCS TOIBKO MPH Ta-
KMX HCXOIHBIX JaHHBIX. KpoMe TOoro, peanbHbl€ UCXOAHBIE NTAHHBIE MOTYT UMETh
3HAYCHUA, OTIIMYAIOIIUECSA OT OINPEAEIAEMbIX TEXHUYECKAM 3aJaHUEM U OT MPOBE-
PEHHBIX MPHU UCTBITaHUSIX mporpamMm (ob6sacte III). Tlpu Takux HCXOTHBIX JAHHBIX
(GYHKIIMOHUPOBaHUE MPOTpaMM TPYJIHO TpejcKa3aTh 3apaHee, U BEPOATHBI aHOMa-
JIMH, 3aBEPIIAIOLINECS OTKA3aMHU.

[Tonsitue "cOoit" B TEOpUM HAZIEIKHOCTH TPAKTYETCS KaK CaMOYCTPaHSIOIIUNCS
OTKa3, HE TPEOYIONUI BHEIIHEr0 BMENIATEIbCTBA JJIsl 3aMEHbI OTKa3aBIIUX KOMIIO-
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HeHT. TakuM oOpa3om, MOHIATHS cOOM W OTKAa3 MPUMEHUTENILHO K amnmapaType OTJIH-
YarOTCS CTETICHBIO (PH3UYECKOTO pPa3pylICHHS KOMIIOHEHT U HEOOXOAMMOCTHIO HX
3aMmeHbl. OTCIOZa CIeAYeT CBSA3h ATOTO COOBITHS C BPEMEHEM BOCCTAHOBJICHHS: COOU
yCTpaHseTcsa "MTHOBEHHO", a 0TKa3 ycTpaHseTrcsa "moiaro". OQHaKo OTCYTCTBYET YeT-
KOE OIpeIeJICHHEe BPEMEHHOTO MOPOra, MO3BOJISIONIETO Pa3eiiaTh COOM U OTKa3bl U
CBSI3BIBATH ITH MOHATHSA ¢ (PYHKIIMOHAIBHBIMUA HAa3HAYCHHUSAMHU W MapaMeTpaMu aHa-
au3upyemoii cucteMbl. [IpeBanupyromel octaercs kiaccupukanms, 0a3upyromascs
Ha y4eTe CTeNeHNU (PU3UIECKOTo pa3pylICHUS U Pa3IMYHBIX METOJaX YCTPAHCHHUS Ha-
pYIICHHU pabOTOCIIOCOOHOCTH —amnmapaTyphl.

[Tpr KOH(MIUKTaX MCXOMHBIX JAHHBIX U XapPAKTEPUCTHK MPOTPaMMBbl OTCYTCT-
ByeT ¢usmueckoe paspymenne anmapatypsl BC u He TpeOyercs 3aMeHBI WIH
pPEeMOHTa MaTepHATbHBIX KOMIIOHEHT. BocCTaHOBIEHHE TIOCTIE MTPOTPaMMHOTO OTKa3a
B TMIPHUHIIAIIE BCET/Ia MOXET OBITH OCYIIECTBJICHO MPOTPAMMHBIMH CpEICTBaMH 0e3
BMEIIATEeIhCTBA YETOBEKa. JTO MPUBOAUT K U3MEHEHUIO METOJ/la pa3fiesieHus: COObI-
TU# oTKa3a u c60s1. OCHOBHBIM MPHUHIIMIIOM KJIACCU(PUKALIMU COOEB M OTKAa30B CTaHO-
BUTCSl TOKa3aTelb IMTEILHOCTH BOCCTAHOBJICHHUS TIOCIE HCKaKEHUS IMPOTPAMM,
JaHHBIX WM BBIYMCIUTENIBHOTO Tporiecca. [Ipu s3ToM HeoOXoaumMo paccMaTpuBaTh
BCIO BpEMEHHYIO IIIKaJly W YCTaHaBIMBaTh IIOPOTOBOE 3HA4YCHHE BPEMEHHU
pasaenenus ¢ [Ipu ATUTENBHOCTH BOCCTAHOBJICHHSI, MEHBIIICH ITOPOTa ¢, aHOMATHH
pu (YHKIIMOHUPOBAHUH MTPOTPaAMM OTHOCST K COOSIM, a TIPH BOCCTAHOBJICHHH, IIpe-
BBIMIAIONIEM 110 JJIUTEIBHOCTH IMOPOrOBOE 3HAYCHUE f;, HCKAKEHUS COOTBETCT-
BYIOT OTKa3y. Ilpm »53ToM paccMaTpuBalOTCS MCKaKEHUS, KOTOPhIE HAPYIIAIOT
paboTocmocoOHOCTh KoMITIekca porpamm. Kiaccudukamust mporpaMMHBIX cO0OEB U
OTKa30B TI0 JUIUTEIHLHOCTH BOCCTAHOBJICHHUS MPHUBOAWT K HEOOXOTUMOCTH aHaIH3a
TUHAMUYCCKUX XapaKTEPUCTHUK aOOHEHTOB-TIOTPEOUTENICH JaHHBIX U BPEMEHHBIX Xa-
pPaKTepUCTUK (YHKIIMOHUPOBAHUS Tporpamm. I[Ipu B3aMMOJEHCTBUHM KOMILIEKCA
nporpaMM ¢ aOOHEHTOM CYIIECTBEHHBI CIEIYIOIINE JUHAMHYECKUE TTapaMeTphl CHC-
TEMBI:

. WHEPLIIMOHHOCTh  OOBEKTa,  SBISAIOMICTOCS  WCTOYHUKOM  WIIH TIO-
TpebureneM uHGOPMAIIIHY;

* CpemHee BpeMs M 4YacToTa (TeMIl) pelleHus 3a7adyu 1o o0paboTke uHdopma-
LMY JUIST TAaHHOTO a0OHEHTA;

* HeoOXoaumas IIUTEIBbHOCTh OTKJIMKAa WU BpeMs peakiuun BC ot MmomeHTa
MOCTYIUICHUST ~ MCXOJMHBIX  JAaHHBIX JIO MOMEHTa  Bblgaun oOpaboTaH-
HBIX PE3yJbTATOB;

* CpeaHUH WHTEPBAJI BPEMECHU MEXKIY OJHOTHUITHBIMU COOOIICHUSIMH, ITOCTY-
MAKIMMU Ha 00pabOTKy KOMILIEKCY MPOTrpaMM.

[lepeuncnennpie TapaMeTpbl KOPPETUPOBAHHBI U  MOTYT CIIYXHTh OC-
HOBOH IS YCTAaHOBJICHUS TIOPOTOBOT'O 3HAUCHUS #;; TPHU KIACCUPUKAIIUU COOEB U OT-
Ka30B. IHEpIIMOHHOCTh 00BEKTa YIIPABICHUS WK MOTpeOuTeNs HHPpopMalum, odpa-
OaTpIBacMOl JTAHHBIM KOMIUJICKCOM TPOTPaMM, SIBIIICTCS NMEPBUYHBIM ITOKA3aTelIeM,
KOTOPBIN HCITOJIB3YETCS JUIsl OTIPEICIICHUS TEMITa BHITIOJHEHUS MPOTPaMM U BPEMEHH
peakuy KOMIUIEKCa TpoTrpamM, T.. JHHAMHUYECKHE XapaKTEPUCTUKH OIPEACISIOT
TEMIT BBIPAOOTKHU YIPABISIIONIUX BO3JECHCTBUIA M MOCTYIUICHUsS 00paOOTaHHBIX JaH-
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HbIX. CHIDKCHHE TEMIIa PEIICHMS 3a7a4 BEJACT K YXY/IIICHUIO XapaKTEPUCTHK (HYHK-
[IMOHUPOBAHUS O00BEKTa U MPH HEKOTOPOM TEMIIe ero paboTOCmOoCOOHOCTh HapyIIa-
€TCsI, YTO DKBUBAJICHTHO OTKa3Yy.

IIpy HOpPMANBHOM TEMIIe PeLIeHHs 3a1aun yrpasierus ¢ (puc. 1.3) oTkIoHe-
HUSl 00BEKTA OT TPACKTOPUH, PACCUUTHIBAEMON KOMILIEKCOM MPOTPaMM, HAXOSATCS B
JOMyCTUMBIX Tipenenax. s mo0oro oObeKTa CyIIeCTBYET MOMYyCTUMOE  BpeMs
OTCYTCTBHS YIPABIAIONIMX BO3JACHCTBUH ¢, IPU KOTOPOM JOCTUTACTCS TPEICITh-
HO€ MCKa)XEHUE O] BBIXOJIHBIX JaHHBIX. J[JIsT MEHee WHEPIMOHHOTO 00BEKTa, JOMyC-
TUMOE UCKaXKEHUE O] — O» IOCTUTAETCS 3a MEHBIIIEE BpeMi Ijp < [, T.€. BPECMCHHAasd
30Ha MepepbIBa Bbl1auu MH(POpMALMU U HapyUIeHUs1 paboTococoOHOCTH (30Ha COOST)
TEM IIUpEe, YeM HWHEePIUOHHEEe 00BEKT. TakuM 00pa3oM, yCTaHOBUB MOPOTOBOE 3Ha-
YeHHe O OIMMUOOK OOpabOTaHHBIX [aHHBIX, MOKHO OIpPENEIUTh HHTEPBAJ BPEMEHU
{7 COCTOSHUS KOMILJIEKCa POrpaMM, KOTOPBIN pas3zeisieT coObITus c6osg u oTkaza. B
HEKOTOPBIX THIAX CUCTEM TaKOE€ MOPOrOBOE 3HAUCHUE BPEMEHH omnpeensercs QyHK-
[IUOHAJILHBIMU XapaKTEPUCTUKAMH PEIIAEMBIX 3a/lad, OJHAKO OIpPEICISIONINMHE SB-
JSIOTCS. AMHAMHUYECKUE XapaKTePUCTHUKN UCTOYHUKOB U MOTpeduTeneii mHpopMaIum.
JUTs WIUTIOCTpaIiii B3aUMOCBSI3€H MEXIy NMEPEeYUCICHHBIMH MapaMeTpaMu B TaOul.
1.1 npuBeIeHBI BPEMEHHBIC XapaKTEPUCTUKU OCHOBHBIX THIIOB CHCTEM YIIPABJICHUS U
00paboTKN MH(OpPMAIK IO BPEMEHU PEIICHHS 3a/1a4, HEe0OOXOIMMOMY BPEMEHHU OT-
KIIMKa U CPEHEMY WHTEpPBaIly BPEMEHH MEXIY OJHOTHUITHBIMU COOOIICHUSAMH. Tam
K€ JIaHa OLIEHKA MOPOTOBOT0 BPEMEHU BOCCTAHOBJICHUS pabOTOCIOCOOHOIO COCTOSI-
HUS, TIPU TIPEBBIIICHHN KOTOPOTO CIeNyeT (PUKCHPOBATh OTKA3 CHCTEMBI. DTO BpeMs
COOTBETCTBYET BPEMEHH PEIICHUS 33a/7a4 U MPOTMOPIMOHATHHO HEOOXOIUMOMY BpE-
MEHH OTKJIMKA MPpU 00paboTKe COOOIeHNI OT aOOHEHTA.

§

)

Puc. 1.3. TpaekTopun BO3MOXKHOTO JIBIDKEHUSI 00BHEKTOB
¢ 6omboi (1) u manoi (2) UHEPITMOHHOCTHIO

B paac pa60T OTMCYACTCSA OTCYTCTBHC TOXIACCTBCHHOCTH MOHATUH IMpaBHJIb-
Had W HAACKHAA IIPOTPaMMBI. ITonsiTue HpaBHHBHOﬁ nporpaMmMbl paCcCMATPUBACTCA
CTaTU4YCCKH, BHC BPCMCHHOI'O q)YHKHHOHPIpOBaHI/IH. HpaBI/IJ]bHaﬂ nmporpamma
JOJIZKHa obecrieunBaTh BBIXOIHBIC JAHHBIC, COOTBCTCTBYIOIIUC 3TAJIOHHBIM, B obnac-
TH U3MCHCHHA MCXOAHBIX JAdHHBIX, 3a1aHHBIX Tpe60BaHI/I${MI/I TCXHHUYCCKOI'O 3aJaHus
nim CHCI_II/I(l)I/IKaI_II/II/I. CreneHn MNPaBUJIBHOCTH IIPOTPaMMBbI MOKHO XapaKTCPU30BATb
BCPOATHOCTBHIO IIOIMATaAHUA B 0071aCTh HCXOOHBIX HAHHBIX, KOTOpas IIpeaycCMaTpuBa-
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Jach TpeOOBaHUAMU crienu(DUKALIMU, OAHAKO HE OblIa MpoBEpeHa MpHU TECTUPOBAHUU
u ucneiTanusax (II u IV na puc. 1.2). B 310#t 007aCTH UCXOJHBIX JAHHBIX HE FapaHTH-
pyeTcs MOoJydyeHUEe STaJOHHBIX Pe3yJbTaTOB M3-32 BOZMOXHBIX OMIMOOK B MPOrpam-
Me, He OOHAapyKEHHBIX MpU oTiaake. TakuM oOpa3oM, MPaBUIBLHOCTH MPOrPAMMBI
ornpejensieTe, COBMEIICHUEM COOBITUM: MOMaJaHueM HCXOAHBIX JAaHHBIX B 00J1acTb,
3aJIaHHYI0 TPEOOBAHUAMU ClieUU(PUKALUNA, HO HE TMPOBEPEHHYIO MPHU TECTUPOBAHUU
U UCTIBITAHUAX (BEPOSTHOCTH Py v Pry), U HAIMYMEM OUIMOKU B MporpaMMe mpu 00-
paboTKe TakuX JaHHBIX (BeposITHOCTh  P,). [IpaBuiabHOCTH MporpamMmbl HE OIpee-
JieHa BHE 00JacTH JaHHbBIX, 3aJJaHHON crielu(PUKAIUIMH, U HE 3aBUCUT OT JUHAMUKH
(YHKUMOHUPOBAHUS B PEaIbHOM BPEMEHHU.

Hapexnasi nporpamma j0mxHa 00ecrieyuBaTh HU3KYIO BEPOSTHOCTh OTKAa3a B
npouecce QyHKIMOHUPOBAaHUA. bbICTpas peakiusi Ha UCKaXEHUs PorpamM, JaHHBIX
WM BBIYMCIUTENBHOTO MPOIECCa U BOCCTAHOBJIEHHE PabOTOCIIOCOOHOCTH 3a BpeMs,
MEHbIIEE MOPOroBOr0, MO3BOJISIIOT 00ECHEUYUTh, BHICOKYIO HAIEKHOCTH IPOrPaMM.
[Ipu 5TOM HempaBuiIbHAs MPOrpaMMa MOXKET (PYHKIIMOHUPOBATH a0COIIOTHO HAIEK-
HO. JIeWCTBUTENIBHO, €CIU IIPYU IOSBICHUN PEaJbHbIX MCXOIAHBIX JAHHBIX, IIOIAJAk0-
mux B obnactu Il u IV (cM. puc. 1.2) u cTUMyIUpyrOIUX HEMpaBUIbHbIE PE3yIbTa-
Thl, OHU HE MPHUBOJAAT K OTKa3aM, TO Takas MporpamMma (pyHKIMOHHPYET HaJI€KHO,
XOTsl M HE BCErja IPaBUIIBHO.

[IpaBunbHas mporpamma omnpejeneHa B 00J1aCTH UCXOHBIX JaHHBIX, 3aJaHHBIX
TpeOOBaHUSIMU TEXHUYECKOTO 3aJlaHus. B peanbHBIX YCIOBUSX HMCXOJHbBIE JAHHBIC
MOTYT nomnajaarh B oosnacts Il (cM. puc. 1.2), He mpoBepeHHYIO MPU OTIATAKE U HE CO-
OTBETCTBYIOIIYIO TpeboBaHusIM crnenudpukanuu. B pesynbrare, (opmanbHO mpa-
BUJIbHASL TpOrpaMMa OKa)KeTCs HEHAJIeKHOM M3-3a OIIMOKU MpHU 3aJlaHud 00J1acTh
VM3MEHEHUs UCXOJIHBIX JaHHBIX. ECIIM BOCCTaHOBJIICHHUE NPOUCXOIUT 3a BPEMSI, MEHb-
1€ OPOTrOBOT0 MEXAY OTKa30M U cO0eM, TO TaKhe COOBITHUS HE BIMSIOT HA OCHOB-
HOM MoOKa3arenb HaJEKHOCTU — HApabOTKy Ha oTka3. ClenoBaTelbHO, OTKa3 Mpu
(YHKUMOHUPOBAHUM MIPOTPAMMBI SIBJIIETCS MOHSATUEM JMHAMUYECKUM M MPOU30MIET
IIPU COBMEILIEHUU CIAEAYIOMMNX COOBITHH:

- IOSABJIICHME HA BXOJAE NPOrpaMMbl JaHHBIX, [ONALAIOUIMX B HENPOBE-
pEHHBbIE MpU TecTUpoBaHWMU U HcnbITaHusx odnactu Il wmu IV (BepositHocTH Piyy
u Pry);

- 00paboTKa 3TUX JaHHBIX KOMIIOHEHTaMH MPOrPaMMBbl, COIEPKAIIMMU OIIUOKY, J0-
CTaTOYHYIO JJIs MOSIBJICHUSI CUTYaIlUU O0TKa3a (BEPOSATHOCTH Fy);

- JUIATEJIbHOCTH BOCCTAaHOBJICHUs II0CJI€ BO3HUKHOBCHHUS CHUTyallud OTKa3a,
MPEBBIILIAET TOPOTOBOE 3HAUEHUE (BEPOATHOCTD Py).

[IpaBunbHas M HaleKHAs MPOrPAMMBI Pa3IUYAOTCS OOJACTIMU M3MEHEHHS
MCXOJHBIX JaHHBIX, KOTOpPbIE OMpPENEIsAIOT CTeneHb HempaBuibHOCTU (0Omacth II)
WU cTerneHb He HaaexkHocTH (oOmacth I1I). B HexoTopoii obiacty U3MEHEHHS HC-
XOJHBIX JTaHHbIX (00mactTh V) mpaBUIBHOCTh M HAJEAKHOCTH MPOrPaMMbl KOPPEIH-
POBaHHBI. DTO COOTBETCTBYET TaHHBIM, OINPEAEICHHBIM TEXHUYECKUM 3aaHUEM, HO
HE NMPOBEPEHHBIM NPU TECTUPOBAHUU. OAHAKO U IIPU TAKUX UCXOJHBIX JAHHBIX, €CIIH
BOCCTaHOBJICHHE TI0ciie cOO0sl MPOU3BOAMUTCS ONEPATHBHO, MPOTpaMMa MOXKET UMETh
BBICOKHE [T0KA3aTEIN HAJIEKHOCTH.
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OtcyrcTBHEe (DU3MUECKOTO pPa3pyLICHUST KOMIIOHEHT (PYHKIMOHUPYIOIIETO
KOMILJIEKCA MTPOrpPaMM TMO3BOJISET MOJAOUTH K MPOLIECCY BOCCTAHOBIICHUS WHAYE, YEM
Uil annapatypbl. Tak Kak HEeT HEOOXOJMMOCTHM PEMOHTA M 3aMEHbl KOMIIOHEHT C
y4acTUEM YeJIOBEKa, MOXKHO JIOOMTHCS BBICOKOW aBTOMATH3AIlMM BOCCTAHOBJIEHUS
nporpamMmbl. ['1aBHOM 3adadeil CTaHOBUTCS BOCCTAHOBJIEHUE 3a BpEMsi, HE IMPEBbI-
miaromiee MmoporoBoro 3HaueHus: Mexy cooem u otkazom. [Ipu aBromartuzaiuu mnpo-
[[eCCa U COKpAILIEHWU BPEMEHU BOCCTAHOBIIEHHS OTKa3bl MOXXHO MpPeoOpa3oBaTh B
cOOU U TeM CaMbIM YIYYIIUTh MMOKA3aTEIN HAJIEKHOCTH (PYHKIMOHUPOBAHMS CHCTE-
MBI.

Jlist pemieHust 3TOM 3alayi B KOMIUIEKCE MPOrpaMM JOJKHBI OBITH CPEZCTBa,
MO3BOJIAIOIUE:

* IPOBOJUTH CUCTEMATHUYECKUN KOHTPOJIb U OOHAPYKUBATh aHOMAJIUU COCTOSIHUS
MpOrpaMm, TaHHBIX U Mpoliecca PYHKIIMOHUPOBAHUS;

* IMarHOCTUPOBATH OOHAPYKEHHbIE UCKAKECHMUS;

* BoIpa0aThiBaTh pEIICHUs M BbIOMpaTh METOAbl M  CPEICTBA ONEpaTHB-
HOTO BOCCTAHOBJICHUS;

* peanu30BbIBaTh  ONEPATUBHOE  BOCCTAHOBJIEHHE  HOPMAaJIbHOM paboTocmo-
COOHOCTH;

* pErucTpupoBaTh KaXKIbl MpoHCIIEIINNA cOOW MM OTKa3, 0000IIaTh JaHHBIE
UCKOKEHUW IS BBISIBJICHUS CIIy4aeB, TpeOyoluXx T0pabOTKU MpOorpamMmm
WM anmnapaTyphl.

Peanuzanus Takux cpefCTB OCYIIECTBIISIECTCS 32 CUET BBEICHUS U30BITOYHOCTH
B MPOTrpaMMbl, TaHHbIE U Tpolecc (YHKIMOHUPOBAHUS KOMIUIEKca mporpamm. U3-
OBITOYHOCTH MOKHO Pa3/IeIMTh Ha:

* IPOTPaMMHYI0, BKIIIOYAIOIIYI0 BCE MPOrpaMMHBIE KOMITOHEHTHI, peHAa-
3HaYEHHblE  JJIsI  KOHTPOJs,  OOHapyXeHUsl  JIMarHOCTMKHM U BOCCTa-
HOBJIEHUSI PpabOTOCIOCOOHOCTH KOMIUIEKCA IPOrpamm;

* H)OPMALIMOHHYIO, 3aKIIOYAIOIIYIOCS B JyOJIMPOBAaHHOM XPAHEHHM JTAHHBIX
Ha Pa3JIMYHbIX CPEACTBAX 3alIUTHl HH(OPMAIUY;

* BPEMEHHYI0, COCTOSILIYI0 B BBIICIIEHUH HEOOXOJUMBIX PE3EPBOB BPEMEHHU
BC nHa wucnosHeHue mnporpamm, 00ECrEeYUBAIOIIUX ONEPATUBHBIN KOHTPOIb U
BOCCTAHOBJICHHE.

[lepeuncnennbie BUABI U30BITOYHOCTH HCIOIB3YIOTCS COBMECTHO M TPEOYIOT
JOTOIHUTENBbHBIX pecypcoB BC no 06beMy onepaTUBHON MaMsTH, MaMsITH KOMaH]l U
npousBoautenbHocTH. [Ipu Bo3pactanum pecypcoB Ha 5-10% HagexHOCTh (DYHK-
IMOHUPOBaHUS (HapaOOTKa Ha OTKa3) KOMILUIEKCa MPOrpaMM BO3pacTaeT Ha OJMH-
JIBa TIOPSAJIKA.

§2. Tunbl 0TKa30B MNPOrPpaMMHOrO oObOecredYeHust
OTtka3bl 1 cOOM MO CTENEHU WX BIUSHUS Ha QYHKIMOHUPOBAHHE KOMILIEKCA
IIPOrpaMM U Ha BCIO CHUCTEMY YIIPABIICHHS B LIEJIOM JEISATCS HAa TPU KPYIHBIE TPyII-
TIBIL:
* HCKaXEHHS BBIYMCIUTEIBHOIO IpOLEecCa M JAHHBIX, BBI3BIBAIOIINE TOJIHOE
MpPEeKpalleHUe BBIMOJIHEHUS (QYHKIUNA CHUCTEMOM YIpaBi€HUS Ha JJIUTENbHOE



29

WU HEOTPENIeICHHOE BpeMsl, - OTKa3, B 3HAYUTEIBHON CTEMEHU OOECIEHUBAIOIIUMA
pe3yabTaThl MPEABIAYIIET0 (HYHKIIMOHUPOBAHUS;

* HCKaXXEHHUs, KPAaTKOBPEMEHHO IMpephIBalOImKe (PYHKIMOHUPOBAHUE CUCTEMBI
U MaJI0 HCKa)XawollMe HAKOIUICHHBIE JaHHbIC, W BbIJIABA€MbIC PE3YyJIbTATHI, -
YaCTUYHBIN OTKa3 WM JUITUTEIbHBIN cOOM, B HEKOTOPOU CTENIEHU OOECIICHUBAIOIINI
MPEBIAYIINE PE3YIbTATHI;

*  HCKaXEHWs, KpPAaTKOBPEMEHHO W  Majo OTPAXKAIOIMIMECS  Ha BBIUUCIIU-
TETLHOM  TIpoliecce M 00pabaThiBaeMbIX JIaHHBIX, - COOH, MPAKTHUYECKH  HE
00€CIICHUBAIOIINE  PE3yJbTaThl (YHKIIMOHUPOBAHUS KOMIUIEKCA MPOTPaMM.

B 3aBucuMocTu OT riyOMHBI KOHTPOJISI U IJIMTEILHOCTH 3ara3blBaHus B 00-
HapyXEHHUM OTKA3a, a TAK)KE B 3aBUCUMOCTH OT Kau€CTBA CPEACTB, OCYIIECTBISIONINX
BOCCTaHOBJICHUE, OJJHU U T€ K€ CUTyallUM WMCKaKCHUW BBIYMCIUTEIBHOTO MpoIlecca
WJIU JTaHHBIX MOTYT OBITh OTHECEHBI K Pa3HBbIM THUIIAM OTKa30B WM cOoeB. Hanboinee
TUMMUYHBIMUA TIOJTHBIMU OTKa3aMu TpH (YHKIIMOHUPOBAHUHU CIIOKHBIX KOMILJIEKCOB
MPOTPaMM SIBJISIFOTCS :

* 3alMKJIMBAHMUE, T. €. MOCJIEAOBATEIILHO MOBTOPSIONIEECS WCIOJHEHUE TPYIIIbI KO-
MaH/]I, KOTOpOe He MpeKpaliaeTcs 0e3 BHEIIHETO BMENIaTeIbCTBa, OJIOKUPYS  (YHK-
IUOHMPOBAHUE BCEX OCTAJbHBIX MIPOrpaMM JAHHOTO KOMIUIEKCA;

* octaHoBka OBM u nojHoe npekpaileHne peneHus GyHKIUMOHATBHBIX 3a/1a4, TIPH
ATOM MOXET COXPAaHUTHCS BO3MOXKHOCTH IIpUEMa U BbIJaud UHGOPMALUU U
BBITIOJIHEHUS HEKOTOPBIX (DYHKIUMH, CTUMYJIUPYEMBIX MPEPHIBAHUSIMH;

* 3HAYUTEIHLHOE UCKAKEHUE WM TTOJIHAS TOTEPSI HAKOIICHHBIX TAHHBIX O COCTOSIHUU
BHEIIIHMX a0OHEHTOB M Mpolecce uX PyHKIIMOHUPOBAHHS;

* IMpEeKpalleHHWEe WIM HEAOMYCTUMOE CHIDKEHHE TeMIla PEIIEHUS HEKOTO-
PBIX 3a/1a4, MPOIMYCK WM MOTepss HeoOpaOOTaHHBIX T'PYII COOOIICHUN BCIEIACTBHE
neperpy3ku 9BM wnnu BC no nponyckHol criocOOHOCTH.

OTU 0TKa3bl CYIIECTBEHHO BIUSIOT HAa BBITIOJIHEHHUE OCHOBHBIX (DYHKIIUN KOM-
IIJIEKCOM TpOrpamMM. B HECKOIBKO MEHbIIEH CTENEHNW HAa BBIYMCIUTEIIbHBIN MPOIECC
1 00pabaThiBaeMble JaHHBIC BIUSIOT UCKAXKEHUS, IPUBOIAIINE K CICIYIOIIUM TUIIaM
YAaCTUYHBIX OTKA30B MJIH JUIMTEIILHBIX COOEB:

* HCKOXEHUE 3aJlaHHOM IMOCIEI0BaTEIbHOCTH BbI30BA MOANPOTrPAMM, MPUBOMAS-
mee K MPOMYCKY HCIIOJIHEHMS OTIENIbHBIX MOANPOrpaMM WIM KX YacTed, 4YTO B
CBOIO Ouepellb, MOXET MPHUBECTM K HEMPABWIBHOMY WJIM HEMOJHOMY pelle-
HUIO HEKOTOPBIX 3aJad M K HCKaXXCHUIO BBIXOJHBIX PE3YJIbTATOB;

* HCMOJb30BaHHE W 00pabOTKa HWCKaXXEHHBIX MCXOJIHBIX JaHHBIX, OTpaxkaro-
1IMECs Ha JIOTUKE PEIICHUs 3a/1a4 U MPUBOISAIIME K UCKAKEHUIO OTIAEIbHBIX HAKOII-
JICHHBIX Y BBIIaBAE€MBIX JaHHBIX.

OTHU TUIBI UCKAKEHHUI 3aKIIOYAIOTCAd B KPATKOBPEMEHHOM HAPYIIEHUH HOP-
MaJIbHOT'O BBIYMCIIUTEIFHOTO Mpolecca JIMO0O B UCKAKEHUU UCXOIHBIX, TPOMEKYTOU-
HBIX WU PE3YJbTUPYIOIINX JaHHBIX, B 3aBUCUMOCTH OT TTOBTOPSEMOCTU U TITyOUHBI
pacIpoCTpaHEHUsI UCKAXKECHHS KBATU(UIIMPYIOTCS KaK YaCTHYHBIC OTKa3bl JUOO Kak
cOOM ¢ JUTMTENILHBIMHU IOCJIEACTBUSIMU.

B HauMeHbIIe# CTENEHN HAa HANEKHOCTh (DYHKIIMOHUPOBAHUS BIUACT TPETHH
TUIl COOEB, KOTOPhIC HE3HAYMTENILHO HCKaKaloT oOlue pe3yibrartbl. He Hapymras
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MPAKTUYCCKU JOTUKH (PYHKIIMOHUPOBAHMS KOMIUIEKCA IPOrpaMM, Takue cOOW McCKa-
’KaloT MPEUMYIIECTBEHHO OT/IC/IbHBIE 00pabaThIiBacMbIC U PE3YIbLTUPYIOIINE JTaHHBIC.
[Tpy mOCTYIIEHNN aHAJIOTMYHBIX JAHHBIX B IMOCJICIYIONINE MOMEHTHI BPEMCHH MOX-
HO JIMKBHJIUPOBATH MOCJICACTBUS COOCB, HE TIPOBOS CIICIIMATBHBIX BOCCTAHOBUTEIh-
HBIX paboT.

Tema 5. OcHOBHBIC (paKTOPBI, BIHSIONINE HA HAJIC)KHOCTH IIPOTPAMMHOTO
obOecrieueHus — 2 4.

§1. OcHoBHbIE PaKTOPBHI, BJAUSIOIINE HA HAIEKHOCTH
NMPOrpamMMHOro odecredeHust

OmHY ¥ TE K€ TUITBI COOEB M OTKA30B MIPH UCIIOJHEHUH KOMILIEKCOB MPOTpaMM
MOTYT OBITh BbI3BaHBI PA3IMYHBIMU (PaKTOPaMHU, KOTOPHIC MOXHO pPa3/IClIUTh Ha TPH
rpynnsl (Tadun. 1.2).

B mepBy1o rpynmy BXoasaT (haKTOPbI, HEIIOCPEACTBCHHO BBI3BIBAIOIIME COOM
WJIM OTKAa3 TIPH UCIIOTHEHUH TPOTPaMMBbl, TPUYUHAMH KOTOPBIX MOTYT OBITh:

* HCKaXCHHS MCXOJHON WH(GOPMAIUH, TIOCTYHAIONIEH OT BHEITHUX a0OOHCHTOB;
* CaMOYCTPaHSIOIINECS OTKA3bl HJIM COOU B aIapaType BEIYUCIUTEILHON CUCTEMBI;
* HE BBISBJICHHBIC ONTHOKH B KOMILJICKCE ITPOTPAMM.

Ko BTOpoii rpynmne GakTopoB OTHOCITCS apXUTEKTypa KOMIUICKCA POrpaMMm
U CTPYKTYpHOE TOCTPOCHHE KOMITOHEHT. CTpyKTypa MporpamMM OIpEaeiseT BO3-
MO>XHOCTb PaCHIUPCHHS MOCJICICTBHA UCKAKEHUH MHPOPMAIUHA WIIA BBIYACIUTEb-
HOTO TPOIIecca, BIHMICT Ha BEPOSTHOCTH MPEBPAIICHHS NCKAKCHUS B OTKa3 U Ha Bpe-
MsI BOCCTAHOBJICHHSI TIOCJIE OTKa3a.

Tperbs rpynna (GakTopoB BIUSCT HA JJIUTEILHOCTH BOCCTAHOBJICHHS U TITy-
OWHY TTOCJICICTBUA OT BO3HHUKAIONIUX OTKAa30B. B 3Ty rpymmy BXoasT (GakTopsl, oOri-
pEACISAIONINE Ka4eCTBO KOHTPOJIS BBIYMCIUTEIBHOIO Tpoliecca U 00pabaThiBaeMbIX
JAHHBIX, 3alla3/IbIBAHUC B OOHAPY)KEHUH HMCKaKCHHM, Ka4eCTBO KJIACCH(PUKAIINK HC-
KOKCHUW W JUTUTEIBLHOCTh MPOSBICHUS UX MOCieACTBH. OHM ONPENeIIoT, IPEXKIIe
BCETO, JUINTEILHOCTh BOCCTAHOBJICHUS, BpeMsI HApAOOTKU HA OTKa3 U CIIOCOOCTBYIOT
OBICTPOH JIOKATU3alNK UCKaXEHUH. PaccMOTprM OCHOBHBIE 0COOCHHOCTH (PAaKTOPOB,
MPUBOASAIIUX K cO0SIM WK OTKa3aM (Taoum. 1.2).

HckakeHust UCXOHOW MHGOPMAIMHU B OOIBIIMHCTBE CydaeB HETIOCPEACTBEH-
HO HE BJIMSIOT Ha HAJIEKHOCTh UCIIOTHEHUS MporpaMM. MckakeHHbIC JaHHBIC MOTYT
00pabaThIBaThCS U SABISITHCS MPUIUHON OMIMOOK B Pe3yiibTaTaX, BbIIaBACMbIX BHEIII-
HUM a0OHEHTaM WJIM HakarummBaeMbIX B maMsaTH BC. OqHako HEKOTOPBIC MCKaKEHUS
BBIBOJIST 32 00J1aCTh JIONMYCTHUMBIX 3HAYCHUH TepeMeHHBIX (cM. puc. 1.2). IIpu atom
BO3pacTacT BEPOSITHOCTh TOTO, YTO MCKAKCHHAS BEJIMYMHA OyaeT oO0padaThIBaThCS
HEKOTOPBIM COUYETAaHUEM KOMaH], MPUBOIAIIMM K O0TKa3y JU00 K COO (PYHKITMOHH-
poBaHMUSI.

[TprurHaMK MCKaKCHHH JTaHHBIX, MMOCTYIAOIINX OT BHEITHUX a0OHEHTOB, MO-
I'YT OBITh:



¢ HUCKaXXCHUS NAHHBIX Ha IICPBUYHBIX HOCHUTCIIAX I/IH(l)OpMaI_II/II/I;

¢ IIyMBI U cOOM B KaHaJIaX CBSI3H IIpu riepeaavuc COO6IJ.[€HHI>1 I10 JIMHUAM CBA3U,

* cOOM M YaCTUYHBIE OTKA3EI B arIaparype nepcaadu i rnmpucmMa I/IH(l)OpMaI_II/II/I;
¢ IIOTCpU HIIN HCKAKCHUA COO6H.ICHHI>1 B OI'paHUYCHHBIX 6y¢)epHBIX HAKOIIUTCIIAX

BBIUMCIIUTEIBHOM CUCTCMBI,
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* OIIMOKHU B HOKYMCHTAX, HUCIIOJb3YCMbIX IJIA IIOATOTOBKH JAaHHBIX, BBOIWMBIX B

BBIYUCIIUTCIBHYIO CUCTEMY.

Taoauua 1.2

q)aKTOpBI, BJIIMAIOIIMEC HA HAACKHOCTD q)YHKHHOHI/IpOBaHI/ISI

KOMIIJICKCOB IIPpOrpaMm

DaKTOpBI, ONPEAEIAIO-

MCTOJIBI MMPOCKTHPOBAHUA

MCTOIIBI ITIOBBIIICHUSA HA-

IUE HAIC)KHOCTh HAJCKHBIX  KOMILUICKCOB JSKHOCTH TIPOTPaMM
IPOrpaMm

Ocob6ennoctu  00bekTOB | CTpyKTYpHOE  TpoekTH- | KoHTposb COCTOSIHUS

yIpaBJIieHUs U a0OHCHTOB | pOBaHWE TMPOTpaMM H | U (GYHKIMOHUPOBAHUS

BC: JTaHHBIX: MIPOrPaMM.

- TpeOOBaHUA K TMOKa3aTe- | - CTPYKTYpHOE NpOeKTH- | Micronb3oBanue  W30bI-

JISIM HaJIEKHOCTH; pOBaHHE  TPOTPAMMHBIX | TOUHOCTH:

- WHEPIIMOHHOCTh OOBEK- | MOJIYJICH; - MPOTPaMMHOM;

TOB; - CTPYKTYpHOE TPOCKTH- | - ”H)OPMAIIMOHHOM;

- HEOOXOIMMOE BpEMsI pe- | pOBaHHE KOMIIJIEKCOB | -BPEMEHHO.

axuuu BC; nporpaMMm M B3auMojei- | Kontpoib porpamm,

- cpenHuUil Temn oOMeHa
COOOIICHUSMU.
XapakTepUCTUKH  HCKa-
KEHUI MCXOAHBIX JaH-
HBIX:

- HCKaXXeHusi, 0O0yCJIOB-
JICHHBIC B3aMMOJICHCTBU-
eM uenoBeka ¢ BC;

- HUCKaxeHus uHPpopMma-
MM B CUCTEMax Tepeja-
YU TaHHBIX;

- UCKQ)KCHHSI JTAaHHBIX TIPH
HAKOIUICHUH W XPaHCHUH
B BC.

XapaKTepUCTUKHA OIMIUO0K
B IIporpaMmax U UX Mpo-
SIBJICHHS

CrarucTuyeckue Xapak-
TEPUCTUKHU ONIUOOK U WC-
KaKCHMU:

- Iporpamm;

- MACCHUBOB JIaHHEBIX;

CTBHSI MOJYJIEH;

- CTPYKTYypHUpOBaHHE Mac-
CHBOB JIJaHHBIX;

- KOHTPOJIb BBHITIOJTHECHUSI
NpaBWJI  CTPYKTYypUpPOBa-
HUSL.

TectupoBanue mporpamm:
- IETepMUHUPOBAHHOE;

- CTATHUYECKOE;

- KOHTPOIb TPOITYCKHOH
CIIOCOOHOCTH B peajibHOM
BPEMCHH.

HUcnbeiranua u onpenene-
HUE HAJCKHOCTH IIPO-
rpaMM:
-9KCTIEPUMEHTAIILHOE OTI-
penencHre HaIeKHOCTH B
HOPMAJIBHBIX  YCJIOBHUAX
(GYHKIIMOHUPOBAHUS;

- (opcUpOBaHHBIC HCIIBI-
TaHUS Ha HAJEKHOCThH
Iporpamm;

JAHHBIX U PELICHUE 3a0a4
npu  NPOPUIAKTUIECKUX

paboTax:

- [PEACTapTOBBIA KOH-
TPOJIb;

ONEPATUBHBINA KOHTPOJIb.
IIporpammHoOE BOCCTa-
HOBJICHUE:

- BOCCTaHOBJICHHE TEK-

CTOB IIPOrpamM;

- BOCCTaHOBJICHHE HCKa-

KEHHBIX TaHHBIX;

- KOPPEKTUPOBKA BBIUHC-
JIUTEJIBHOIO IIpoliecca.
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- BBIUYMCIIUTEIBHOTO TPO- | - PACUETHO - DIKCIEPH-
ecca. MEHTAJIbHBIE METOJBI OIl-
XapaKTepUCTUKU KIIACCOB | pEICIICHUsT  HaJe)KHOCTH
OILLINOOK: POrpPaMM.

- POTPAMMHBIX;

- aJITOPUTMUYECKUX;

- CUCTEMHBIX.

JInsi mpencTaBieHUs WCXOAHBIX JIAaHHBIX Pa3IMYHOTO BHAA HMCHOJIB3YIOTCS
MaciTaObl BETUYUH U Pa3psIHOCTb, OINpEIeNIeMble MPUPOAOH U PUBHIECKON CYIII-
HOCTBIO KaXJ0M mepeMeHHoi. PaccMOTpUM 0COOCHHOCTH OCHOBHBIX THUIIOB JIaHHBIX,
MOCTYMAIOIIUX B BBIYMCIUTEIBHYIO CHUCTEMY, M CIEUM(PUKY UX ONMUCaHUs. 3HAYU-
TeJbHAs YacTh JIAHHBIX MPEACTABIsCT COOOM KBAaHTOBAHHBIE PE3YJIbTaThl U3MEPCHHUS
HETMPEPHIBHBIX (PU3NUECKUX XapaKTEPUCTUK. Takue BEIUYUHBI CBS3aHBI YCIOBUSIMH
JIaAKOCTH, T. €. YCIOBUSIMU MaJIbIX U3MEHEHUM MPOU3BOHBIX 3TUX MEPEMEHHBIX IO
BPEMEHHU WJIM IO APYTUM MapameTpaM. Pa3psaHOCTh TakKUX NEPEMEHHBIX OMpeaes-
€TCSl TOYHOCTBIO UX U3MEPEHHS 1 B OOJBITUHCTBE CIy4aeB HAXOAUTCS B JUANIa30HE 2
— 4 GaiitoB. O0NacTh ONpeAesieHus KaKI01 MepeMEHHO ABIIIETCS 3aMKHYTOW U OJ1-
HOCBsI3HOW. Hampumep, npu uU3MepeHHH KOOPAWHAT OOBEKTOB C MOTPEUTHOCTHIO
0,01% xoopaunara koaupyercs 14 — 15 nBonunsiMu paspsagamu. JJist uccienoBaTens
MPEJICTABISICT MHTEPEC HCKAXKEHHUE TOJHOW BEIWYMHBI U3MEPEHHOW KOOPAMHATHI.
[ToaToMy 1esnecooOpa3HO OLIEHMBATh BEPOATHOCTh HMCKAaXKEHHUS CJIOBAa COOTBETCT-
BYIOILIETO pa3Mepa.

B cooOlmiennsx oT ynpaBiisieMbIX 00bEKTOB COACPKUTCS TAKXKE M KOJOBasl MH-
dbopmarius, xapakTepu3yolas COCTOSHUE OTIIEJbHBIX KOMIIOHEHT o0bhekTa. Kaxmas
KOJIOBasi YaCTh COOOIIEHHS] COOTBETCTBYET OINPEICICHHOMY YCTPONCTBY MJIM HEKOTO-
pomy Habopy cocTosiHuN. Takas JIOTMYECKH CBS3aHHAs YacTh MOXKET COAEPKaTh
ckaTble JaHHbIe B npeaenax | Outa (#a - HET, BKIIOUEHO - BBIKJIIIOYEHO) WK Ooliee
CJIOKHBIE CBEJICHUS, KOJUPYEMbIE€ HECKOJIBKUMHU OUTaMu Wiau naxe Oantamu. Ctatu-
CTUYECKUM aHAJIN3 MOKA3bIBAET, UYTO MOJIABJISIONIEE OOJBITMHCTBO JTOTUUECKUX U KO-
JIOBBIX MEPEMEHHBIX KOJUPYETCs B Tipejenax 4 out — 1 Oaiita.

JI1s HEKOTOPBIX TUIIOB CUCTEM 3HAYUTENIbHAsl 4acTh WHGOpPMAIUU SBISCTCS
CUMBOJILHOM, OMUCHIBAIOIIEH JIOTUUECKH CBSI3aHHBIE TEKCTHI, JIMOO cojepKalieit ae-
catuunble udpel. CTaHIapTHOE KOAUPOBAHUE TAKUX JTAHHBIX MPOU3BOJIUTCS B Mpe-
nenax 1 Oaiita Ha cuMBOJ. TakuM 0Opa3oM, UCXOJHBIC JaHHBIC MPEUMYIIIECTBEHHO
UMEIOT 00beM, KpaTHBIN 1IeJIOMY YHUCITy OaiToB. BO MHOTHMX BBIYMCIUTEIBHBIX CHC-
TeMax uHTepdelc ¢ BHEIIHUMU aOOHEHTaMH, Kak W mpolecc o0paboTku uHbopMa-
LIUH, TIOCTPOEH Ha GaWTOBOM, CTPYKTYpHOI ocHOBe. [103TOMY 17151 OLIEHKH MTOKa3aTe-
Jiel TOCTOBEPHOCTU MCXOJIHOW MH(OpMAIIMK JIJI1 KOMILIEKCOB MPOrpaMM B KaueCTBe
HauOoJee 11e1eco00pa3Hoi eUHUIBI CIeAyeT BbIOpaTh BEPOSITHOCTh MCKaKeHHs |
OauT.

B noaroroBke u BBOJE€ UCXOAHBIX NaHHBIX B BC yuacTByeT 4enoBek. 1o npu-
BOJIUT K TOMY, YTO COOTBETCTBYIOIAsl YacCTh JAHHBIX XapaKTEPU3YETCS HEBBICOKOMU
JIOCTOBEPHOCTHIO C BEPOSTHOCTHIO OIMMOKH OKOJIO 10" Ha 1 Gaiit. B aBTOMaTHUe-



33

CKUX YCTPOWCTBAaX MOJATOTOBKHU M Nepenadyd MHGOpMALMU BEPOSTHOCTh OIIMOKU MO-
J)KET OBITh 3HAUUTEIHHO HU)KE U JTOCTUraTh 3HAUECHUS 10° — 107, OnHako u mpu
TaKoOW JOCTOBEPHOCTH JaHHBIE HE BCETa MPUTOJHBI JJIs1 00paboTKK 0€3 mpoBese-
HUSA KOHTPOJIA M NPEABAPUTEIBHOM CEJNEKUUMU U MOTYT OCTaBaThCS CYLIECTBEHHOM
MPUYUHON OTKa30B WM cO0eB Mpu ux obpadotke. [loBbllIeHNE JOCTOBEPHOCTH HC-
XOZHOM MHPOPMAIIMN MOXKET MPOU3BOJUTHCS 32 CUET UCIIOJIB30BAHUS U30BITOYHOCTH
MIPU MOATOTOBKE NMEPBUYHBIX JAHHBIX U Mpu BBoJEe X B BC. DTa N30bITOUHOCTH HC-
MOJIb3yeTCsl 11 OOHAPYKEHUSI UCKAKEHUN Y UCKIIOYEHUS JIOKHBIX JaHHBIX, a B OT-
JENbHBIX CIy4asiX U JJIsl HCTIPABIIEHUs OIIHOOK.

CamoycTpaHsomuecs: 0TKa3bl 1 COOU B anmapaTrype BhIUUCIUTEIBHBIX CUCTEM
ABJIAIOTCS (DAKTOPOM, CYIIECTBEHHO BIUSIONIMM Ha HAJEKHOCTh (DYHKIIMOHUPOBAHMS
KOMILUIEKCOB TIpOrpaMM. 3a TOCJIEIHHE TOAbl 3HAYUTEIBHO BO3POCIA HAJIEKHOCTH
BBIYMCIUTENBHBIX CUCTEM. CYIIECTBEHHO CHHM3WUJIACHh BEPOATHOCTH IOJHOTO OTKa3a
anmapatypsl BC. CyllecTByIOT CUCTEMBI, XapaKTEPU3YIOLIUECS CPEAHUM BPEMEHEM
HapaOOTKHU HA OTKa3, UCUUCISEMBIM JIECITKAMU ThICSAY YacOB, OJIHAKO JUIsI OJHOIPO-
neccopubix OBM HapaboTka Ha yCTOMYMBBIM OTKa3, Kak MPaBHIIO, U3MEPSETCS COT-
HSIMH YaCOB.

3HAUUTEIBHO Yalle MPOUCXOJAT COOM UM TPYJHO OOHApy)UBaeMble KpPaTKO-
BPEMEHHBIE OTKa3bl. BONBIIMHCTBO U3 HUX BBIABISIETCA M YCTPAaHSAETCA CPEACTBAMH
anmapaTypHOro KOHTPOJIS U HE BIMSET HAa MCHOJHEHHE nporpamM. OJTHAKO HEKOTO-
pasi yacTh arnmapaTypHbIX cOOEB MOKET MPUBOAUTH K UCKAKEHUSIM MCIIOJHEHUS TPO-
rpaMM WU K UCKKEHUSM nepeMeHHbIX. [[puunHamu Takux cO0eB U OTKA30B SABJIS-
IOTCSI IPEUMYLIECTBEHHO BHELIHHUE BO3JEKUCTBUA Ha anmnapaTypy BC, Biustomue Ha
HapylICHUE KOHTAKTOB M MPONAaJaHUE CUTHAIOB, WIM WHAYCTPUAIbHBIE AJIEKTpUYE-
CKH€ TTOMEXU. DTO MPUBOJIUT K TOMY, YTO OOHaApyKMBaeMble TeCTaMH COOM U CaMo-
YCTPAHSIOIIHUECS OTKA3bl MPOUCXOAAT HA OJUH - IBa MOPSAKA Yalle, YeM yCTOMYHBBIC
oTka3bl. Emé vaie npoucxoasT cOou, KOTOphIE HE yaeTcs OOHAPYKUTh U 3apUKCH-
poBaTh MpH (HYHKIHMOHUPOBAHUHU KOMILIEKCA MTPOrpaMM B MPOLECCe HOPMAIbHON 00-
paboTku uHboOpMalMK U ynpaBieHus. Takue cOOU MPOSBISIOTCA B ClydyalHbIE MO-
MEHTBHI BpEMEHH, U MPAKTUUYECKH HEBO3MOXKHO JTOOUTHCS UX MOBTOpsieMOocTH. Tpya-
HOCTb UX PErUCTPAllMM U U3YUYEHHs, a TAK)KE€ HE 3aMHTEPECOBAHHOCTb (PUpPM, IIPOU3-
BoAsX DBM, B BBISIBICHUHM XapaKTEpPUCTUK COOEB MPUBOJAT K TOMY, YTO JIOCTO-
BEPHBIE JIAaHHBIE O HUX MPAKTUYECKH OTCYTCTBYIOT. TeM HE MEHee, NCKaKEHUs Tepe-
MEHHBIX U MpoIlecca UCHOIHEHUs POrpaMM Hu3-3a cOOeB ammapaTypbl HHOTJA MPH-
BOJAT K 3aIMKJIMBAHHIO, OCTAHOBY WJIM UCKA)KEHUIO MACCUBOB JIaHHBIX.

Ecnu cpegnee Bpemsi HapaOOTKM Ha YCTOMYUBBIN OTKa3 B OJAHOIPOLIECCOPHOM
OBM cocrasnsger 100 4, To HHTEpBaJIbl BpEMEHU MEKYy OOHAPYKUBAEMBIMU COOSIMU
U CaMOYCTPAHSIOIIMMUCS OTKAa3aMH COCTaBJIAIOT OkoJio | 4. Emie vamie npoucxonst
cOOU, KOTOpbIE HEBO3MOXKHO 3aperuCTPUpPOBATh, HANPUMEP HCKAKEHUS MIIAIIINX
pa3ps0B NEPEMEHHBIX, SBISIOMIUXCS PE3YIbTATOM U3MEPEHUs MIaIKUX GU3HUECKUX
BenuuuH. [lpu cpeqnem GwictponeiictBun OBM 100 Thic. onepanuii B CEKyHIy 3TO
COOTBETCTBYET BBINOJHEHUIO NPOU3BOJIBHOM OINEpallMd C BEPOATHOCTBIO UCKA-
skenns okono 107 — 107,
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Wmerotuiicst onbIT co3AaHUs HAJEKHBIX KOMILJIEKCOB MPOTpaMM MPUBOAUT K TOMY,
YTO 3al[UTa OT NPOrPAMMHBIX OLIMOOK OJIHOBPEMEHHO OOecnedMBaeT 3allUTy OT
cO0EB U CaMOYyCTpaHSIOIIUXCS 0TKa30B amnmnapatypsl OBM. He BoisBieHHbIE OITMOKH
B KOMIUIEKCAX MPOTpaMM SIBJISIIOTCS OCHOBHOM NMPUYMHON HEHAJEKHOCTU (PYHKIMO-
HUpOBaHMs. B mponecce oTianku OCHOBHAs 4acTh OMIMOOK B Mporpammax oOHapy-
KUBAETCS, U YCTPAHATCS, OJJHAKO BCErJa €CTh PUCK MPOMYyCcKa HECKOJIBKUX OLIMOOK.
Jliobas oTnagka «MOXKET MOKa3aTh HAMYKE OUIMOOK, HO HE MOXET JI0Ka3aTh UX OT-
CyTCTBHE». B mpornecce TeCTUpOBaHUSA U OTIAIKH CIIOKHBIX KOMIIJIEKCOB IIPOrpaMM
MPAKTUYECKH HEBO3MOXHO BBINOJTHEHUE AOCOIIOTHO MOJHBIX MPOBEPOK, rapaHTH-
PYIOIIMX OTCYTCTBUE HEMPOBEPEHHBIX KOMIOHEHT MPOrPaMMbl U MOJHOE BBISBICHHE
BCEX BO3MOXHBIX OIIMOOK. B pe3ynbrare B CIOKHBIX TPOrpaMMax BCEr/la CyIIeCTBY-
€T HEKOTOPOE KOJIMYECTBO HE BBISBICHHBIX OMIMOOK. Pa3HOOOpa3ue peanbHbIX coue-
TaHUW 3HAYEHUI NEepeMEHHBIX B UCXOJHBIX JaHHBIX, 00pabaThIBa€MbIX MPOTrPaMMOii,
CO3JaeT CUTYyAallMH, IPU KOTOPBIX MOCIEACTBHS OTACNIBbHBIX OMMOOK B MpOrpaMMax
MIPOSIBIISIIOTCSl @aHAJIOTUYHO TIOCIEACTBUSIM cOoeB B ammapatype OBM. Eciu ynaercs
3a(UKCUPOBATh YCIIOBUS, MPU KOTOPHIX OOHAPYKEHBI OTKA3bl MIM HUCKAKEHHS pe-
3yJIbTaTOB, TO BO MHOTHX CITy4asiX MOKHO BBISIBUTb M OIIMOKY B IpOTrpaMMe.

[Ipu oOveme kommiekca porpamMm 100 Thic. komana naxe 10 He BBISBICHHBIX
OLIMOOK MOTYT MPUBOAUTH K 3aMETHBIM MCKXKEHUSIM PE3yJIbTaTOB M OTKa3zaM. Jlei-
CTBUTEIIHO, IPH  BEPOATHOCTH OWKMOOK B mporpamme 10 ) mpm  pasHOBepo-
ATHOM BBITIOJIHEHHMM BCEX KOMaHJl B KOMIUIEKCE MPOrpaMM U MpU ObICTPOIEHCT-
Bur OBM 100 ThIc. onepanuii B CeKyHIy HEMPaBUIbHBIE KOMAH/IbI UCIIOIHSUIMCH OBl
B cpeaHeM 10 pa3 B cekyHay, T. €. 10 pa3 B cekyHly oOHapy:kuBajcs Obl 0TKa3, coou
WU HUCKaXeHHe pe3ysbTaToB. OIHAKO pacIpeiereHUue BEPOATHOCTEN HCIOIHEHUS
MapuipyTOB B IpOrpaMmax OTIWYaroTcs oT paBHOMepHOro. OCHOBHBIE HanboJjee Be-
POSITHBIE MapuIPyThl 00pabOTKU MH(OpMALMK B MPOrpaMMme MPOBEPSIIOTCS U OTJa-
KUBaIOTCS HauOosiee TuiaTenbHO. [1o3TOMYy KOMaHABI C OIIMOKAMM HCIIONHSIOTCS
MPEUMYIECTBEHHO MPHU MPOXOXKJICHUU 10 MAJIOBEPOSTHBIM MapUIpyTaM, MO KpaHen
Mepe, Ha OJMH - J[Ba MOpPsAKa pexe, YeM B MPUBEICHHBIX BhIlIe olleHKax. Kpome To-
ro, He Kaxjaas omuOKa B MporpamMMme BBI3bIBACT COOM WJIM OTKa3 MPU UCIOJHEHUU
nporpamMmbl. KomyecTBO He BBISBICHHBIX OLUIMOOK B Hayaje peryyspHON IKCIUTya-
TallMM KOMIUIEKCA MPOrpaMM MOXKET ObITh cymiecTBeHHO Ooibine 10. B pesynbraTe
BEPOSITHOCTh MCKaXKEHHUS U3-32 OUIMOOK B CJOXKHBIX KOMILIEKCaX IMporpamm, Io-
BHIMMOMY, HaXoauTcs Ha ypoBHe 10 ™ - 107 Ha 0/1HY MCIIOHEHHYIO KOMAHTY.

Bricokoe OwicTponeiicTBue coBpeMeHHbIX BC, cioXHOCTh U 00JbIIONH 00BEM
(GYHKUMOHUPYIOIMX KOMIUIEKCOB MPOrpaMM, a TakKe OTPOMHOE pa3HOOOpas3ue uc-
XOHOW MHPOPMAIMK TPUBOAAT K TOMY, YTO JaXK€ Majoe KOJUYECTBO HE yCTaHOB-
JIEHHBIX B MpOrpaMme OMIMOOK MOKET 3HAYUTENIbHO CHIXKATh HAAEKHOCTb MPO-
rpamMmHoro obecnedenusi BC. TloaTomy pa3zpabotka npouaakTUUeCKUX MepOIpHusi-
TUM, HaMpaBJIEHHBIX HA MPEIOTBpalleHre OMKOOK B MporpaMmax, MeTo10B oOHapy-
KEHUS U UCIIPaBIEHUS OMMOOK, a TAK)Ke METOJIOB U CPEJICTB aBTOMATUYECKOM 3alllk-
ThI OT MOCJIEICTBUI MPOSBICHUS OMIMOOK U METOJI0B OBICTPOrO0 BOCCTAHOBJICHUS SIB-
JSIeTCS. OCHOBHOM Mpo0sieMol oOecreueHus] BHICOKOW HA/IEKHOCTH CIIOXKHBIX KOM-
IJIEKCOB TMPOTPAMM.
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Ha HanexHOCTh (YHKUMOHUPOBAHHUS MPOTrPAMMHOTO OOECIEUEHUs BIHSET
CTPYKTYpa M TEXHOJOTHs pa3pabOTKH KOMIUIEKCOB mporpamm. B 3aBucumoctu ot
CTPYKTYPHOI'O TIOCTPOEHHSI KOMILJIEKCa MPOrpaMM IMOCIEICTBUS OIIUOKH MOTYT ObITh
JIOKAJIM30BaHbl B HEKOTOPOM HEOOJBIIOM YYacTKE MPOrpaMM U JaHHBIX JUOO pac-
IPOCTPAHUTBHCS HA 3HAYUTENIBHO OOJIBIIEE PACCTOSHUE OT MECTa PaCIOJIOKEHUs
omn6ku. CTporoe uepapxmueckoe MOCTPOCHUE KPYIMHBIX KOMIUIEKCOB MPOTrpaMM Ha
0a3e eAMHOO0Opa3HO O(POPMIICHHBIX 3aKOHUYEHHBIX MPOTPAMMHBIX MOJYyJel obecrie-
YUBAET CHU)KEHUE BEPOATHOCTU OLIMOKM B KaXJI0W KOMaH/E MPOrpaMMbl U CHHKAET
BO3MOXHOCTh PacHpOCTpaHEHUs! MOCIEACTBUN OMIMOOK 3a Mpejeibl MPOrpaMMHOIO
MOZYJISI U UCTIOJIb3YEMBIX B HEM MAacCUBOB JaHHBIX.

B nporpammax cyniecTByrOT KOHCTPYKIIMHM ITOTEHIMAJIBHO HEHA/IE)KHBIE U CIIO-
coOHbIE MPUBOJUTH K OTKa3aM MpU HEOONBIINX UCKAKEHUSIX BBIYMCIUTEIBLHOTO MPO-
1[ecca WIM MacCUBOB AaHHbIX. Hanmpumep, HHUKIBL, BBIXOJ U3 KOTOPBIX OPTaHU30BaH C
IIOMOIIBIO CTPOTOr0 CPaBHEHHUS MEPEMEHHON LUKIIA C HEKOTOPBIM MMapaMeTpOM, MO-
I'yT cTaTh "0€CKOHEUHBIMU" MPU U3MEHEHUH 3TOTO MapaMeTpa Wi I1ara BHYTpH TeJla
LUKJIA. 3HAYUTENbHO 00Jiee YCTOMYMBBIM SIBISIETCS LUK, UMEIOIIMI OpraHu3aiuio
BBIXOJIa NPH AOCTH>KECHUHU YHWCIIAa MPOXOXKICHUI LMKIOM 3aJaHHOro 3HaueHus. He
OTJINYAKOTCSl YCTOMYMBOCTBIO K MCKa)KEHUSIM BBIYMCIEHUN POTrpaMMHbIE KOHCTPYK-
1IUH, cojiepKalinue 0e3yclIOBHBIN NEPEXo] M0 coAepkumMomy siueiiku (oneparop GO
TO). JIroboe nckakxeHHe MEepeMEHHON B 3TOM sSUeiike MOXKET SBUTbCS  MPUUYUMHOU
OTKa3a BCIIEJCTBUE IEpeajpecalii B IPOU3BOJbHBIE MECTA NMPOrPAMMBbI WIIH B
MacCUBbI JIaHHbIX. Ha MoTeHUnanpHyI0 HAaJIEKHOCTh (DYHKIIMOHUPOBAHUS CIOXKHBIX
KOMILUIEKCOB TIPOrpaMM BIIMSAET TAKXKE CTPYKTYPHOE pACHpPEEIICHHE OINEpPaTUBHOM
NaMATH JJIs JIOKAJIbHBIX U TT00aIbHBIX NepeMeHHbIX. [ oGecreyeHus: ycToiunBo-
CTH IIPU MPOU3BOJBHOM BBI30BE MOANPOrpaMM M CHUKEHHUS BEPOSITHOCTH pa3pyllie-
HUSl JAHHBIX, 1EJI€CO00pa3HO BBIACIATH 30HbI JJOKATBLHON MaMsATH IS KaXI0W MOA-
MPOrpaMMbl TUOO TSl IOJMPOTrPaMMBbl OJTHOTO HEPAPXUUYECKOTO  YPOBHS.

Takum oOpazom, npu GpopManu3auu MpaBUil CTPYKTYPHOTO OCTPOSHUS MO/~
MPOrpaMM M BCEro KOMILJIEKCA, BEIOOPE SI3bIKAa MPOTrPAMMUPOBAHUS M OCHOBHBIX J0-
MyCTUMBIX KOHCTPYKIIHMI B MporpamMmax cieAyeT y4YUThIBaTh KpoMme 3(hPEeKTUBHOCTU
MIPOrpaMMHUPOBAHUS NOTEHUUAJIBHYIO CKIOHHOCTh PEKOMEHAYEMBIX KOHCTPYKLIHM K
JIOKAJIM3allMU U CHUKEHUIO BPEIHBIX MOCIEACTBHUM J1I000H OMIMOKH UK anmnapaTHOro
c6osi. CTporoe MOAYJIBbHO-MEPAPXUUYECKOE IOCTPOECHUE KOMILIEKCOB IMPOrpaMM U
MAaKCUMAJIbBHO BO3MO>KHasi aBTOHOMHOCTb 30H ONEPATUBHOW MaMATH 3HAYUTEIIHHO
MOBBIIIAIOT HAJIEKHOCTh (PYHKIIMOHUPOBAHUS TAKUX KOMIUIEKCOB.

KouTponb ¢yHKUIMOHUpOBaHHS U OOecleueHue YCTOMYMBOCTH K OIIMOKaM
KOMILJIEKCOB MporpaMM. HalekHOCTh BOCCTaHABIMBAEMBIX OOBEKTOB OMpEEseTCs
JUIUTETLHOCTHIO HapaOOTKUM Ha OTKa3 M JUIMTEIBLHOCTHIO BOCCTaHOBIEHUsA. B mpo-
rpaMMax OTCYTCTBYIOT KOMIIOHEHTBI, KOTOPBIE pa3pylaloTcsa GU3n4ecku U TpeOyroT
IUIsl BOCCTAHOBJIEHUS 3aME€HBI U peMOoHTa. [I03TOMy BpeMsi BOCCTaHOBJIEHHUS HE 3aBU-
CUT OT 00BbE€Ma TEXHOJIOTHYECKUX PabOT, pEMOHTHBIX OpHraj, OT WX 3aHSATOCTH, OT
HaJIU4YUsg MHCTPYMEHTA, KOMIUIEKTYIOIUX U3Aenuid u aApyrux paxtopon. [Ipu ucka-
KEHUN BBIYUCIUTEIBHOIO MpOLECCa WM JAHHBIX 337a4a COCTOMT B MaKCHMaJlbHO
OBICTPOM OOHAPYKEHUU UCKAKEHUS, B TOUHOU KiacCU(pUKAIIM BO3MOXKHBIX MOCIE-
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CTBHM HCKa)KEHUS, a TaKXKe B TMPOBEACHUH MEPOIPHITHIA, 00ECIEUYNBAIOIINX ObI-
CTpO€ BOCCTAHOBJICHHE HOpMajbHOTO (yHKIHOHHpoBaHUSI. CpeicTBa KOHTPOJIS U
o0ecrieueHrne YCTOMYMBOCTH K OIMMOKaM MpOrpaMM M JaHHBIX JOJKHBI 00eCTIeUHn-
BaTh ONEpaTHUBHOE OOHAPY)KEHUE U JIOKAIM3ALUIO MCKaKEHUs, IPeAoTBpalias pac-
[IUPEHUE WX TIOCTEACTBHIA 10 YPOBHS JUIUTEIBHBIX OTKAa30B B (PYHKIIMOHWPOBAHUU
KOMIUIEKCOB TIPOTpamMM.

B cuctemax pealbHOTO BpEMEHU JOMYCTUMBI HEKOTOPBIE MEPEPHIBBI B 00pa-
0OTKEe NaHHBIX W BbIIaue YIPAaBIIOMINX BO3AEHCTBUI. KpaTkoBpeMeHHbIE me-
PEPBIBBI B IOMYCTUMBIX MpeeiaX KIacCu(QUIMPYIOTCs Kak ciydaiiHbie cOOM U TpaK-
TUYECKH HE BIUAIOT Ha 3G(HEKTUBHOCTH BCEH CHUCTEMBI. TakuM o0pa3oM, Tak ke Kak
IpY aHajJIM3e HaJEKHOCTH amlapaTypbl, pasjieieHue c0os U OoTKaza Oasupyercs Ha
JUIATEIBHOCTH  BOCCTAHOBJICHHS TOCie WX mposiBieHus. OIHAKO TpH Mpo-
rPaMMHOM BOCCTAaHOBJICHHH 3TO Pa3/ieJICHHE MOKHO MPOBECTU Oojiee 4eTKO, OCHO-
BBIBaSICh Ha BPEMEHH JOMYCTHMOTO MpephIBaHUsS (DYHKIMOHUPOBAHUS MPOTPAMM H
OTCYTCTBHS BBIJAY HH(POPMAIIMH U YIIPABISIFOIINX BO3JCHCTBUI BHEIIHUM a0OHEH-
TOM.

BBenenue cpeacTB KOHTPOJIS W 0oOecredeHHs] YCTOWYMBOCTH K OIIMOKaM B
nporpaMmax Mo3BOJIIET CKOMIIEHCHPOBATh MX HETIOJHYIO OTJIAJIKY, a TAK)Ke CHU3UTD
BJIMSIHHE BO3MYIIEHUH Ipyrux TUMOB. OJHAKO TOJIBKO CPEICTBAMH KOHTPOJIS H
o0ecriedeHns MPOrpaMMHON YCTOWYMBOCTH K OIMIMOKaM HEBO3MOXXHO IOCTUTHYTh
BBICOKOH HaJC)KHOCTH (PYHKIIMOHUPOBAHUS KOMILUIEKCOB MporpaMM. Bo3HHKaeT ori-
TUMH3AIMOHHAs 3a/laya paclpelleIeHus] PecypcoB Ha OTJIAJKy M obOecredeHue yc-
TOWYUBOCTH K OIITMOKAM, TapaHTUPYIONINX 33JaHHYIO0 HAJCKHOCTHh () YHKIIMOHHPOBA-
HUSI KOMITJICKCOB MPOTPaMM IIPU MUHUMAIIBHBIX CYMMapHBIX 3aTpaTax. Takum oOpa-
30M, TaK K€ Kak B anmapaTypHBIX KOMIUIEKCAX, 3a/laHHasl HAJC)KHOCTh MOXKET OBITh
JOCTUTHYTA TIOBBIIIICHUEM HAaJC)KHOCTH KOMIIOHEHT (OTJaJKOW MOAMPOTpaMM), BBe-
JCHUEM W30BITOYHOCTH i1 KOHTPOJISA U pe3epBUPOBaHUs (KOHTPOIb B 0OecIiedeHHe
YCTOMYMBOCTH K OIIMOKaM KOMIUIEKCa MpOrpaMm) JHMOO COBMECTHBIM COalaHCHPO-
BaHHBIM ITPUMEHEHUEM ATHX METOJIOB MOBHIIICHUS HaICKHOCTH.

Crnenyer moJ4epKHYTh CYIIECTBEHHOE Pa3IMune METOAOB U CPEICTB KOHTPOJIS
COCTOSIHHSI U O0ECTieueHHEe YCTOWYMBOCTH K OIIMOKaM TpoIiecca MCTIOTHEHHS MPO-
rpaMM U TIpoIlecca 3alucCy, XPaHeHUs W UCIIOJIb30BAaHUS MacCHBOB JaHHBIX. cmo-
HEHHE TPOTPaMM - TIPOIeCC TUHAMUYECKUH, U €T0 UCKaKEHIE HEOOXOIMMO BBISBUTH
OMEPaTHBHO C MUHUMAJBHBIM 3amna3abiBaHieM. CTONb K€ ONEPaTUBHO KEIATEIHHO
BOCCTAaHABIIMBATh BBIYHCIUTENBHBIN Tiporiecc. [loaToMy cpeacTBa KOHTPOIIS TOJKHBI
OpPTaHUYECKU BXOJUTH B COCTaB HMCIIOJHSIEMBIX MPOTpaMM U THOKO pearupoBaTh Ha
mo0ble aHOMAJIMK TpU 00pabOoTKe JaHHBIX. XpaHEHUE U UCIOJIb30BaHUE 00paboTaH-
HBIX JaHHBIX XapaKTepU3YyeTCs MEHBIICH NUHAMUYHOCTHIO U3MEHEHHS, a Pl 3a7ad
MOKHO paccMaTpuBaTh Kak cTaThueckue. CTaTHYECKUMU SIBISIOTCS TaKXKe 3a7adu
3alIUTHl OT HECAHKIIMOHWPOBAHHOTO JOCTYMa M OT MpeAHAMEPEHHBIX HCKaKCHUMN
MAacCUBOB JaHHBIX MPH MX JOJTOBpEMEHHOM XpaHeHUH. OIHAKO 3aJa4d M METOJbI
3alUTHl JAaHHBIX B MPOIECCE UX ONMEPATUBHONW OOpaOOTKM M 3amlHCH JJsl JOJITOBpe-
MEHHOTO XpaHEHUS SBISIOTCS JUHAMHUYECKUMH. DT OCOOCHHOCTH MPOIIECCOB OIpe-
JENSAI0T HEOOXOUMOCTh MPUMEHEHUS IS KOHTPOJSI M 3allUThl PAa3IMYHBIX BUIOB
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M30BITOYHOCTH. I[JISI KOHTPOJIA U 3allIUThI UCIIOJTHCHUA IMPOrpaMM IIPUMCHACTCA IIPC-
HUMYHICCTBCHHO BPCMCHHAS M30BITOYHOCTD U OIICPATUBHBIC MCTOIbI BOCCTAHOBJICHUSI.
I[JISI 3alllIMThl JaHHBIX B HauOOJIbIIIEH CTEIEHU MPUMCHAIOTCA MCTOAbI UX ITOMEXO03a-
IMUTHOTO KOAWPOBAHUA U I/IH(i)OpMaI_II/IOHHaSI N30BITOYHOCTD.

Tema 6. Kpurepuu HageKHOCTH CHOKHBIX MPOTPAMMHBIX KOMIUIEKCOB — 2 4.

JI1s1 OLIEHKU HAJEAKHOCTHU MTPOrpaMM, Kak U MPU UCCIIEIOBAHUM XaPaKTEPUCTUK
anmapaTrypsbl, Kak IpaBUJIO, IPUXOJNUTCS OIPAaHUYNBATHCS MHTErPAIIbHBIMU ITOKAa3aTe-
JsIMU HapaOOTKM Ha OTKa3 U CPEHUM BpEMEHEM BOCCTaHOBJIEeHMs. Onpesenenue oc-
TaJbHBIX TOKa3aTeJel COMPSKEHO ¢ OOJBIIUMU TPYAHOCTIMH, KOTOPbIE 00yCIOBIe-
HBI TEM, YTO JJISI ONPEIEIICHNs TTOKa3aTeNEeN HaIe)KHOCTH KOMIUIEKCOB IIPOrpaMM He-
00XOJIMMBI JJIUTEIbHBIE SKCIEPUMEHTHI WU CJIOXKHBIE PACUEThl MPU ONPEEICHHBIX
HCXOJIHBIX JaHHBIX.

B03MOXHOCTH OBICTPOTO aBTOMAaTUYECKOI'0 BOCCTAHOBIJICHUS M HEIMOJIHOMU MO-
Tepu GYHKIMOHATBHBIX XapaKTEPUCTHUK MPU OTKA3aX NMPUBOAUT K MPEAINOUYTUTEIHHO-
CTH aHaJlM3a HaJEKHOCTH KOMILUIEKCOB MPOTpaMM MpPH YaCTUUHBIX ("MATKHUX'") OTKa-
3aX M cOOSIX C COXpaHEHHUEM OCHOBHBIX (PYHKIUN CUCTEMBI. ITH OCOOEHHOCTH KOM-
MJIEKCOB MPOrpaMM MPUBOJAST K HEOOXOAMMOCTHU aHajau3a (Hapsay ¢ OTKa3aMu U cOo-
SAMH) XapaKTepUCTUK MCKAKEHUHM Pe3yJbTaTOB, ONPEACISIONIMX JOCTOBEPHOCTh pe-
3yJlbTaTOB (PYHKIIMOHUPOBAHUS MPOTPAMM MPU HAITUYUU COOEB U OTKA30B.

OneHka JOCTOBEPHOCTH pE3YJIbTaTOB W HAJEKHOCTH (DYHKIIMOHUPOBAHUS
KOMIUIEKCA IPOrpaMM IpeACTaBiseT cO00M CIOXKHYIO 3a7auy n3-3a "MPOKIATUS pa3-
MepHOCTHU". ECTECTBEHHBIM CTAHOBUTCS CTATUCTUUYECKUI MOAXOJ K aHAIN3Y HaJEK-
HOCTH (PYHKUMOHUPOBAHUS U CTATUCTUYECKAs OLEHKA JOCTOBEPHOCTU PE3YJIbTATOB.
KauectBo oTnaaku ornpeaensercss 4acCTOTOM OTKAa30B M 3HAYEHUSIMH OIIMOOK B BbI-
XOJHBIX pe3yJbTaTax, MOJYYEHHBIMU 32 CUET HE BBISBICHHBIX OHIMOOK B MPOrpam-
Max U UCKa)KEHUH UCXOIHBIX JAHHBIX.

PaccMoTpuM omMOKH, MPUBOASIINE K MCKAXKEHUSIM BBIXOJIHBIX PE3yNbTaToOB. B
ATOM CJlydae KpUTEPHUEM KadecTBa OTIAAKH IPOrpaMM MOKHO CUYUTATh BEIUYUHY
JIOTIOTHUTENIbHON OIIMOKU 0; B j - X pe3ysbTarax peuieHus 3a7auyd 3a CUeT IpOoIy-
IIEHHBIX MPU OTJAJKE OMMOOK M OLICHUBATH CTENEHb OTIAIKUA MPOrpaMM CTATHCTH-
YecKH cienyromuM oOpa3oMm. IlycTe mpu AIUTENBPHOCTH OTIAAKHU T BEIUYMHA Pi(7)
€CTh BEpOSATHOCTh HAJIMYHUS B MPOrpamMMe OLIMOKU k - TO TUIA, KOTOpasi IpH UCIIOJ-
HEHHUH IPOTPaMMbl BHOCHT B PE3YJbTHPYIOIIYIO j - 10 NEPEMEHHYIO JTOMOJIHUTENb-
Hyto omnOKy Ay. Torna 3HaueHue omMOKYU B j - i IEpeMEHHON MOKHO MPEICTaBUTD
BBIpa)KEHUEM

o,(7)= épk(r)%,

rac m - mMOJIHOC YKUCJIO TUIIOB, HC BBIABJICHHLIX B IIPOrpaMMe OIIHNOOK.
HpI/IBeJICHHBIM BBIPAKCHUCM IJIA OIIPCACIICHUA CTaTUCTUYECKOH OIIMOKHU B pe-
SYJbTHUPYIOIINX BCJII/ILII/IHan - I'O TUIIa MOKHO ITOJb30BAaTHCA IIPHU OJIM3KUX 3HAYECHH-



38

SIX BJIMSTHUS PA3IUYHBIX OMMOOK Ha 3 PEeKTUBHOCTh cucTeMbl. Eciin 01uHaKOBBIE 110
3HAYCHUIO OITMOKHM B PA3JIMUHBIX BBIXOJHBIX JAHHBIX Pa3IUdaroTCsl MO CBOEMY BO3-
nercTBri0 Ha 3(P(GEKTUBHOCTh CUCTEMBI, TO 3TO BJIMSHUE B KaXKJOW j-OM BEJIMUYMHE
MOXXET OBITh YYTEHO HEKOTOPHIM YCIOBHBIM  BecoM X, @opManbHasi  OLEHKA
3HaueHu X; u Ay 3atpyanurenbHa. CyniecTBYIOIME METO/IbI OLIEHKM OCHOBAaHBI Ha
AKCTIIEPTHOM OIPOCE MPU YCIOBUM MIPEABAPUTEILHON KiIacCU(PUKAIIMK 71 TUIIOB OIIH-
00K B mporpammax (MHIEKC k) U g BBIXOJHBIX BeJIMUUH (MHIEKC j). Pe3ynbTaTom sB-
JsieTcst o01as cpeaHEB3BEIICHHAs] OMMOKa (PYHKIIMOHUPOBAHUSI CUCTEMBI BCIIEICT-
BHE€ HETIOJHON OTJIAIKU MTPOTPAMM:

q q m
G(T): leaj(f): Z)Cj Pk(T)Akj .
j=1 j=1 " k=1
[ToTepu > PeKTUBHOCTH YIIPABIAIONIUX TPOTPAMM 3a CUET HETIOJHOU OTIaIK!
MOXHO CUHTATh MPSMO MPOMOPIUOHATEHBIMU (C KO3(POUITUEHTOM J) CPETHUM KBaJI-
paTUYECKUM OIMOKAM B BBIXOJHBIX pe3yJbTaTax:

£(r)=6,(c)=6 31, "’fm)%.

j=1 k=

Taxkum oOGpa3zoM, oIleHKa YPOBHS OTJIAJAKU (DYHKITMOHUPOBAHUS MPOTPAMM MO-
KET MPOU3BOAUTHCA IO 3HAYCHUSM TMOTEPh M3-3a HE YCTPAHEHHBIX OIMHMOOK B MpPO-
rpamme. OTHAKO MPU TaKOW OIIEHKE TPYIHO YUUTHIBATH OMIMOKH, MPUBOSIIHIE K OT-
ka3zaMm. TodHOe omnpeseneHre MoJHOro KOJUYeCTBa OMMOOK B MporpamMMe MPsSMbIMU
METO/IaMH M3MEpEHUs HEBO3MOXKHO. Becbma mpobieMaTHUHO onpeiesieHUEe BEpOsIT-
HOCTEH OmMOOK Kaxaoro tumna. MiMeroTcss ToJIbKO KOCBEHHbBIC MYTH CTATUCTUUYECKOM
OIICHKU WX TOJIHOTO KOJIMYECTBA UM BEPOSITHOCTH OIIMOKU B KaXJA0W KOMaHE Mpo-
rpammbl. Takue OIEeHKH 0a3HpyIOTCS Ha MOCTPOCHUH MaTeMaTHYECKHX MoJieliel B
MIPETIOJIOKEHNUN KECTKOW KOPPEISAIUUA MEXKIY OOIIMM KOJIMYECTBOM U MPOSBICHUS-
MU OIIMOOK B KOMILUIEKCE MPOTpaMM IOCJIE €ro OTIaJKh B TEUCHHE BPEMEHH 7, T.C.
MEXy CJICIYIOMMUMU Tapamerpamu (puc.1):

A4

Pucynok 1. 3aBUCHMOCTh CyMMapHOI'0 KOJMYECTBA OLIMOOK B KOMILIEKCE MPO-
IpaMM 71y, KOJIMYECTBA BBISBISIEMbIX B €IMHUILY BPEMEHU OLIUOOK dn/dt i MHTEHCUB-
HOCTH OTKa30B KOMIUIEKCA MPOrpaMM A OT BpEMEHU OTIAAKHU T

¢ CYMMAapHbIM KOJIMYCCTBOM OIITHOOK no B KOMIUICKCC IMpOorpaMM HJIM BCPOATHO-
CTBIO OIITMOKH B KaX(HOﬁ KOMaH/JIC ITPOTrpaMMBbl,
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* KOJINYECTBOM OIIMOOK, BBISBIIIEMBIX B €IMHUILY BpEMEHU dn/dt B mpouiecce Tec-
TAPOBAaHMUS M OTIAJAKA IMPU TOCTOSHHBIX YCWIMSAX Ha €€ IPOBEICHUE;

* HHTEHCUBHOCTBIO OTKa30B A YMCIOM MCKaXXEHUHN PEe3yJIbTaTOB Ha BbIXOAE KOMILJIEK-
ca mporpaMm BCJIEACTBUE HE BBISIBIEHHBIX OLIMOOK IPU HOPMATbHOM ()YHKIIMOHUPO-
BaHUU CHCTEMbI B €AMHUILY BpeMeHHU. YacToTa MposiBICHUS OMMNOOK mpu (yHK-
HMOHUPOBAHUU TPOrpaMMbl 00bEMOM R KOMaHJ M 4acTOTa UX OOHAPYKEHUsS MPU
OTJaJKe 3aBUCAT OT OOIIETr0 KOJUYECTBA OUIMOOK B MPOTpaMMe 71y UIU OT BEPOSITHO-
CTU ommOKu B koMaHne Py = ny/R. Haubosee 1OCTYIIHO IJIsi U3MEPEHUsT KOJIUYe-
CTBO OIIMOOK B MPOTpaMMe, BBISBISEMbIX B €IMHUILY BPEMEHHU B MPOLIECCE OTIIAKH.
Bo3moxHa HenmocpenCcTBEHHAas perucTpanus OTKa3oB M Hanbosee KPYIMHbIX HCKaxKe-
HUW pEe3yJIbTaTOB, BBIABISEMBIX CPEICTBAMHU OIEPATUBHOIO KOHTPOJS B IpPOLECCE
HOPMAJIbHOTO ()YHKIIMOHUPOBAHUSI CUCTEMBI. MOXKHO MPEANONI0XKUTh, YTO BCE TPU
MOKa3arTessl CBSA3aHbl HEKOTOPHIMU KO3 GUIIMEHTaMH MPONOPLUHUOHATBHOCTH, 3HAYE-
HUS KOTOPBIX 3aBUCAT OT HHTEPBAJIA BPEMEHH, HA KOTOPOM MPOU3BOAUTCS COMOCTAB-
nenue, ot 6picTponeiicTBus BC, ot 3 (peKTUBHOCTH CpeACTB aBTOMATH3ALUU OTIad-
KU ¥ OT HEKOTOPBIX IpYrux napameTpoB. [Ipu ¢pukcrupoBaHHBIX yCIOBUAX pa3paldoT-
KU U (PYHKIIMOHMPOBAHUS HEKOTOPOTO KOMIUIEKCAa MpOrpaMM 3TH KO3()(PHUIIMEHTHI
MMEIOT BIIOJIHE OomnpenenéHHble 3HaueHus. s npyroit mogoOHo# cuctembl K03 du-
LUEHTHl MOTYT HECKOJIbKO U3MEHHUTBCS, OJJHAKO OLIEHKH, IPOBEIAEHHBIE JIJI1 HECKOJIb-
KHX MOJI00OHBIX KOHKPETHBIX CUCTEM, MO3BOJSAT MPOrHO3UPOBATH 3TU XapaKTEPUCTH-
KU M, CIEJOBaTENIbHO, HAJEKHOCTh (PYHKIIMOHUPOBAHUS MPOrPaMMHOI0 obecreye-
HUS B 3aBUCUMOCTH OT JJIUTEIBHOCTH OTIAJKU U psifa Apyrux (paxtopos. YObIBaHUE
OIIMOOK B KOMIUIEKCE MPOrpaMM M MHTEHCUBHOCTU MX OOHapyXeHus He Oecrpe-
nenbHbl. [locne oTiaaku B TeUeHHE HEKOTOPOTO BPEMEHHU T ' MHTEHCHMBHOCTh OOHa-
PY’KE€HHS OHIMOOK MPU CaMbIX >KECTKUX YCJIOBHUSX TECTHPOBAHUSA CHMXKAETCS Ha-
CTOJIbKO, YTO KOJUJIEKTHB, BEIIIUNA pa3pabOTKy, MOMNaAaeT B 30HY HEUYBCTBUTEIBHO-
CTH K omunOkaM u oTkazam. Co3gaeTcst mpeacTaBlieHue O MOJTHOM OTCYTCTBUU OILIH-
00K, 0 HEBO3MOXKXHOCTU M OECUENBHOCTU MX MOUCKA, BCIAEACTBUE YErO YCUJIUS Ha OT-
JaJKy COKpAIIatoTCsl, © UHTEHCUBHOCTh OOHAPYKEHUsl OMOOK eé Oobllie CHUXa-
eTcsi. JToM NpeaenbHOW MHTEHCUBHOCTH OOHApYXEHUS OTKa30B A ' COOTBETCTBYET
HapaboTKa Ha oTka3 1 ' (puc. 2), mpu KOTOPOM MpeKpamiaeTcs yiaydllleHHe XapakTe-
PUCTUK HAJEKHOCTU KOMIUIEKCA MPOTPaMM Ha dTanax OTJIAJKW U UCIBITAaHUN Yy 3a-
Ka34yuKa.

K R
T.f ——————

Do it s i

! T > T

Pucynok 2. 3aBucuMocTh HapaOOTKu Ha oTKa3 T’
OT JJIMTEIBbHOCTH OTJIAJIKH T
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[Ipu cepuitHOM BBIITYCKE CHUCTEM C JaHHBIM KOMILIEKCOM MporpaMm Onarojaaps
3HAYUTEIbHOMY PACUIMPEHUIO YCIOBUM SKCIUTyaTallid, BO3MOYKHO, HEKOTOPOE BO3-
pacTaHue CyMMapHOM (10 BCEM 3K3EMIUISIpaM CUCTEMbI) MHTEHCUBHOCTH OOHapyKe-
HUSL OIIMOOK. DTO MO3BOJSET MOAHATH HApaOOTKY Ha OTKa3 0 3HaueHus 7" mpu mpo-
BEJICHUU SKCIUTyaTalluu U TPOBEPOK B TeueHue BpeMenu t”. Takum o6pa3zom, MOKHO
ONPENENATh U MPOTHO3UPOBATh HAJEKHOCTh KOMIUIEKCA MPOrPaMM B 3aBUCHUMOCTH
OT JUINTEIbHOCTU OTJAAKH M TUPAXUPOBAHUs mporpaMM. {1 mosydeHHs: KOHKPET-
HBIX OLIEHOK HEOOXOJMMBbI UCXOJIHbIE JaHHBIC, KOTOPbIE MOT'YT OBITh MOJYYEHBI Y-
TEM aHalii3a Ipouecca pa3padOTKU W dKCIUTyaTallid aHAJOTUYHBIX CUCTEM M yTOY-
HEHBI ITPU CO3JJaHUHU KOHKPETHOTI'O AHAIM3UPYEMOTO KOMILUIEKCA IMPOTrPaMM.

Kak yxe oTmeuanoce, 3a1aHHYI0 HapaOOTKy Ha OTKa3 MOKHO JAOCTUTHYTh HE
TOJIBKO TTyTEM YCTPAaHEHHUS OLIMOOK B KOMILIEKCE IPOrpaMM, HO M MTyTEM 3aIUThI OT
ux nposiBiaeHus. Cokpamias BpeMsi BOCCTAHOBJIEHUS 10 HEKOTOPOTO YPOBHS, CIEIU-
(buryeckoro sk Kaxka0M CUCTEMBI, OTKAa3bl MOKHO IpeoOpa3oBaTh B cOOM U TEM ca-
MBIM TIOBBICUTbH HAJIEKHOCTh CUCTEMBI U, PEXkKIE BCEro, HapabOTKy Ha OTKa3.

JlJisi aBTOMaTHYEeCKOro OOHapyeHUsI OTKa30B, WX Kiaccu(ukaluyu U BOCCTa-
HOBJICHMSI JaHHBIX WJIM BBIYMCIMTEIBHOTO Mpollecca HEOOXOAUMO CO3/IaHHUE COOT-
BETCTBYIOLIUX IMPOrpamMM. ODTU NPOTrpaMMBbl JOJKHBI ONEPATUBHO PEarupoBaTh Ha
aHoMaJIuK (YHKIMOHUPOBAHUSI KOMIUIEKCA POrpaMM U OBICTPO OCYLIECTBISATH BOC-
ctaHoByieHne. CpelcTBa ONMEPAaTUBHOIO KOHTPOJIS M BOCCTAHOBJIIEHUS TPeOYIOT 3a-
TpaT Ha UX pa3paboOTKy U PECYpPCOB AJIsl PETYIAPHOTO (PYHKIMOHUPOBAHUS B BHIYHUC-
JUTENbHON cucteme. [l NOCTHKEHUS 3aJaHHBIX XApAKTEPUCTUK HAJEKHOCTU 3a-
TpaTbl HA OTJAJKY KOMILJIEKCA MPOrpaMM MOTYT OBITh HECKOJBKO COKpAIICHbI, €CIH
BBECTH B CUCTEMY CPEACTBA ONEPATUBHOIO KOHTPOJS U BOCCTAHOBJIIEHHUS MPOTPaMM-
HBIMM METOJaMH. 3aTpaThl Ha 3TU CPEJCTBA TeM OOJblle, YyeM OoJbllie OCTanIoCh
OLIMOOK B MPOrpaMmax U YeM HUXKe 3aTPaThl HA OTIAIKY.

Takum oOpazom, eciu 3a7aHa HEKOTOpasi HapaOOTKa Ha OTKa3, TO YBEIUYCHHE
JUTUTENBHOCTH OTJIAJIKU NMIPUBOJUT K YBEJIMUEHHUIO 3aTpaT Ha Hee C, U OJTHOBPEMEHHO
ITO3BOJISIET COKPATUTh 3aTPaThl HA ONEPATUBHBIA KOHTPOJIb M BOCCTAHOBJCHHE B
npouecce oskcruryarauun  C, (puc. 3). CyiiecTByeT HEKOTOPOE ONTUMAIBLHOE 3Ha-
YeHHe JUIUTEIbHOCTH OTJIAJIKH T , IPU KOTOPOM 3aJaHHasi HaJIeKHOCTh 0OecreurBa-
€TCs MPU MHUHHMMAaJbHBIX CyMMapHbIX 3aTpaTax. Bo3HHKaeT sKkcTpemanbHas 3ajada
ONpeeNeHusl Ty JJIs 3aJaHHOM HAJEKHOCTU (DYHKIIMOHUPOBAHUS KOMILJIEKCA MPO-
rpamMm. [lpu u3MeHeHun TpeGoBaHUM K BEJIMYMHE HApAaOOTKH HA OTKa3 JOJKHA W3-
MEHATHCS TIIyOMHA KOHTPOJIS U XapaKTePUCTUKU BOCCTAHOBJICHUS, YTO OTPAXKEHO HA
puc. 3 nyHKTHpOM. COOTBETCTBEHHO MU3MEHUTCS ONTUMAIILHOE BpEMS OTJIAJIKU, IIPU
KOTOpPOM CyMMapHble 3aTpaTbl MUHMMasibHBI. [IpuBeleHHbIE B JaHHOM maparpade
KAuE€CTBEHHBIE 3aBUCUMOCTH MEK]y MOKA3aTEIMU HAJAEKHOCTU U MYTH UX OLICHKHU
WTIOCTPUPYIOT creu(UKy KPUTEPUEB HAIECKHOCTH KOMIUIEKCOB mporpamm. Tpya-
HOCTb PEAJILHOTO OINPEIEICHUS YHUCICHHBIX 3HAYCHHI XapaKTEPUCTUK HAJIEKHOCTH
OTrpaHUYMUBAET HAOOp MPUMEHSIEMbIX KPUTEPUEB HAJIEKHOCTH ISl aHAJIU3a KOMILJIEK-
COB TIPOrpamM.
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ik =

Pucynok 3. 3aBucumocTh 3atpat Ha oTiaaky C, Ha OnepaTUBHBIM KOHTPOJb U BOC-
cranoBieHue C, u cyMMapHbIX 3aTpat Cx OT BPEMEHHU OTJIAJKH,
obOecrnieunBalOmMX 3aJaHHYI0 HapaOoTKy Ha otka3 7 (1) wim 7' (2)

OT1oT HabOp B HACTOAIIEE BPEMsI BKIIOYAET B ce0s cpellHee BpeMs HapaOOTKU
Ha OTKa3 [, BpeMsi BOCCTaHOBIEHUA f, U KOIPDUIHUEHT TOTOBHOCTH K.
Jliist npumenenus GyHKIMU paclpeiesieHus: oKazarenel HaJexKHOCTH U 0oJjiee TOH-
KUX KPUTEPUEB HAJEAKHOCTH TPEOYIOTCS OOJIBLION AKCIIEpUMEHTANIbHBIN MaTepuan u
JNadbHENIINE UCCIIEIOBAHNS PEAIBHBIX XapaKTEPUCTUK HAJEKHOCTH IPOTPAMM.

Tema 7. Monenu HaJiIe)KHOCTH MMPOTPAMMHOTO obecriedeHus — 2 d.

JI71s1 OTIeHKH 3HAYCHMM TToKa3aTesel HaJe)KHOCTH MPOrPaMMHOTO 00eCIIeUeHMS
(ITO) mo pe3ynbTaTaM TECTHUPOBAHUS U DKCIUTyaTalldd KOMIUIEKCOB MpPOrpamMM HC-
MOJIB3YIOT MaTEMaTUUYECKUE MOJENM HallexkHOCTH. [log MaTeMaTHyeckoil MOJEINbIO
HaJIe)KHOCTU MOHUMAIOT BBIPAXKEHHUE, CBSI3BIBAIOIIECE 3HAUEHHUE OJHOTO M3 MOoKa3are-
JIed HAJIE)KHOCTH C HEMOCPEICTBEHHO HM3MEPSEMBbIMU MPU TECTUPOBAHUU CUCTEMBI
napamerpamu. Hampumep, B kauecTBe mokazaTesiell HaJeKHOCTH MOTYT BBICTYNATh
BEPOSITHOCTh 0€30TKa3HOr0 (YHKIHMOHMPOBAHMS, CpPEAHsIs HapaOOTKa Ha OTKas,
dbyHkius pucka u T. 1. OTHUM U3 TJIaBHBIX TPEOOBAaHUM K MOKA3aTENIsIM HaJIe)KHOCTH
[1O siBnsiercs ynoOCTBO MX UCHOJIb30BaHUs. 3HAUEHUS MOKa3zaTesel OyyT 3aBUCETh
ot HaOmomaembix nipu TectupoBanuu [1O orkazoB. Otkazom IIO Gynem Ha3bIBaTh
ero JoOyr HeaJeKBATHYIO PEaKIMI0 Ha BBOJ JAHHBIX WJIM BBIBOJ] HEBEPHOT'O pe-
3yJbTaTa BHIYUCIICHUHN B PE3YJIbTATE UCIIOTHEHUS MPOTrPAMMBI.

MaremaTtrdeckre MOJIENIH, UCTIOJIb3yEMbIE JJIs1 OLICHKU TTOKa3aTelieil HalexKHO-
CTU 00OPY/IOBaHMS B KJIACCHUECKON TCOPUM HAICKHOCTH, HE TIOAXOJAT ISl pacuera
nokazaresei Hagexxuoctu [10. 31o o0ycaoBIECHO TEM, YTO MPUYHUHBI BO3SHUKHOBEHUSI
OTKAa30B 3TUX 00BEKTOB UMEIOT pa3Hylo npupoay. HamexxHocts 000pynoBaHus 3aBH-
CHUT OT JIBYX (haKTOpPOB: OT MPOU3BOJACTBEHHBIX JePEKTOB 000pyIoBaHUs U (haKkToOpa
CTapeHus U M3Hoca ero jneraneil. Kak mnpaBwino, Npou3BOJACTBEHHBIE JIE(EKTHI
000pyI0BaHUS SBJISIIOTCS JIETKO OOHApYKMBAa€MBIMHU, U Takoe JaepeKTHoe 00opy-
JIOBaHUE OpaKyeTCs, IMOITOMY OCHOBHBIM (DaKTOpPOM, BIMSIOINIMM Ha HaJIexk-
HOCTh 000OpYyIOBaHUs, ABISETCSA (PAKTOP CTAPEHUS U U3HOCA €ro JIeTaleH.

Ha nanexxnocts 10 Brnustor Te ke pakropel. OgHako puznyeckoe XpaHCHHE
MpOrpamMM Ha MarHUTHOM HOCHUTEJNIE XapaKTEPU3YETCsl OUEHb BRICOKOW HAJEKHOCTBIO,
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MO3TOMY MPHHSITO CUUTATh, YTO TOKa3aTesnu HaaexkHocTH IO OT BpeMeHU He 3aBH-
cat. CrnenoBaTenbHO, Ha HaJeKHOCTh [1O BAMSIOT TOJBKO HAIMYUE U XapakTep Mpo-
W3BOJCTBEHHBIX Je(EKTOB MporpamMMmbl, TO ecTh omunbok [10. N3 cka3aHHOTO BBITE-
KaeT, 4TO MECTO M BPEMs BO3HHUKHOBEHHS OIIMOKH HEBO3MOXKHO MPOTHO3UPOBATE.
Jliist pacdera mokazaTtenel HaJleKHOCTH MPOTpaMM 3a MOCIEHUE IeCATUIIETUS ObLIO
pa3paboTaHO Hemauo Mojelied HaJAeKHOCTH.

CymiecTByroniye MaTeMaTH4eckiue MOJIEIH MO3BOJISIOT OLEHUBATH XapaKTepu-
CTHKH OIMMOOK B MPOrpaMMax U MPOTHO3UPOBATh WX HAJIEKHOCTh MPHU MPOSKTUPOBA-
HUM ¥ JKCIUTyatanud. MoJIeJn UMEIOT BEpOSTHOCTHBIA XapaKTep, U JOCTOBEPHOCTh
MPOTHO30B 3aBUCUT OT TOYHOCTH MCXOJHBIX JAHHBIX U TIIYOWHBI MPOTHO3UPOBAHUS
10 BpEMEHHU. DTH MaTeMaTHYEeCKHE MOJICTN TpeIHa3HAYCHBI ISl OICHKH:

- MOKa3zaTeliel HaJeKHOCTH KOMIUIEKCOB IMpPOrpaMM B MPOLIECCE OTIAIKH;

- KOJIMYECTBA OIIMOOK, OCTABIINXCS HE BHISIBICHHBIMH,

- BpEMEHHU, HEOOXOUMOTO Jii OOHAPYKEHUS Cleayole omuOKy B (DYHKIIMOHHU-
pyromen nporpaMmme;

- BpEMEHH, HEOOXOIUMOTO JIJISl BBISIBIICHHUSI BCEX OMIMOOK C 3aJaHHON BEPOSTHOCTEHIO.

Hcnonb3oBanue Mozenei mo3BossieT 3p(HEKTUBHO U LieJIeHANPaBICHHO MPOBO-
IUTh OTIAIKy M UCTIBITAHUS KOMILJIEKCOB MPOTPaMM, TIOMOTAET MPUHSITHh PAIIHOHAIb-
HOE pEIICHHEe O BPEMEHH MPEKPAIICHNUS OTIaJ09YHBIX paboT. Maiblii 00beM BHIOOPOK
peaNbHOr0 KOJIMYECTBAa OOHAPYKEHHBIX OUIMOOK U 0OJIBIION pa3dpoc BpeMeHu 0OHa-
PYXXEHHSI TTOCJIeIOBATENBHBIX OIMIMOOK MPH 3aBEPIICHUH OTIAJAKU HE TO3BOJISIOT IO-
CTPOUTH BBICOKOTOUHBIE MaTeMaTtuueckue mozenu. [loaTomy menecooOpazHo npume-
HSTh MPOCTEUIITNE MOJEIH, TOYHOCTh KOTOPBIX OJIM3Ka K TOYHOCTH, 00YCIOBICHHON
WCXO/JHBIMU JTaHHBIMHU.

Monenn HagexHocTd [1O SBISIOTCS IMIUPHYECKUMH MOJEJISIMH - 3TO MO-
JeNN, KOTOPhIE MCTOIB3YIOT Pe3yIbTaThl TECTUPOBAHUS MPOTPAMMEI B Ka4eCTBE HC-
XOMHBIX MaHHBIX. Moaenu HanmexHoctu 11O moapasnensioTcs Ha TUHAMHYECKHE U
cratndyeckue. JluHaMu4eckasi Moaesb - 3To Mojens HanexHoctu 110, koTopas sB-
asieTcst pyHkuuen ot BpemeHH. [Ipu 3ToM moapazymeBaeTcs, 4TO TEKCT MPOTPaMMBI
napajjielbHO C HUCHbITaHUSAMU JopadatbiBaeTcs. CTaTuyeckasi Moaesib - 3TO MO-
nenb HagexxHocTH 110, koTopast He H3MEHsIETCsl BO BpeMeHH. [[uHaMI4ecKrne MOJeln
HagexxHoctu [1O B cBOIO ouepenb MOKHO Pa3leiuTh Ha HETPEPHIBHBIC MOJEIH Ha-
JSKHOCTH U CTyIEHYaThle MOJIETH HaJae)kHOCTH. HempepbIiBHAsE MoJ€e/Ib HA/IEKHO-
CTM - 3TO MareMaTU4yecKas MOJieNb, MOKa3aTellb HaJeXHOCTH KOTOpOMl sBIseTCA
CTpOTr0 MOHOTOHHOW (hyHKIIMEH oT BpemeHH. [lepBeiMu MoaensimMu HaaexHoctu [10
OBUTH HETIPEPBIBHBIC MOJICNH, T. K. OHU OBLIM CO3/JaHbI MO0 aHAJIOTUU C MOJACIISIMU Ha-
AexxHOCTH 00opynoBanus. CTynmeHYaTasi MOJAeIb HATEKHOCTH — ITO MaTeMaTHde-
CKasi MOJeIb, MOKa3aTeNlb HAJICKHOCTH KOTOPOH OCTAETCS MOCTOSHHBIM Ha KaXJIOM
u3 uHTEepBanoB TectupoBanus [10, HO U3MEHsIETCS OT MHTEpBala K UHTepBany. [lpu
00OCHOBaHUHU MaTEMaTHYECKHX MOJEIICH BBIABUTAIOT HEKOTOPHIE TUIIOTE3HI O XapaK-
Tepe MPOSBICHHSI OMMOOK B IPOTpaMMHOM 00eCIiedYeHHH. DTH THIIOTE3bI alpoOHpo-
BaHbBI IIPU 00pabOTKEe JAaHHBIX pealbHbIX pa3dpaboTok. PaccMoTpum Gosee moapoOHO
HECKOJIbKO KOHKPETHBIX MOJIETICH.

1.1. DkcnioHeHIMaIbHAs MOJIEIIb
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IKCHOHEHIMAJIBHAA MOJEJIb - JTO MaTeMaThyecKas MOJECIb HageKHOCTHU
MporpaMMHOT0 0OecCTeYeHusl, OCHOBaHHAasi Ha TUIIOTE3€, YTO KOJIMYECTBO OIIHUOOK,
0oOHapy»XEHHBIX Ha HEKOTOPOM MHTEpBaJie BPEMEHHU, paclpeiesieHo no 3akoHy Ilyac-
COHa. DTa HeNpephIBHAS JUHAMHUYECKAs MOJEIb HaJI)KHOCTHU SIBJIACTCS MOJICTBIO 13-
MEHEHHSI KOJIMUeCTBa OmMOOK B MpoOrpaMMme B Ipoliecce oTiaaku. Mojens 6azupy-
€TCsl Ha MPEJINOJI0KECHHUIX, KOTOPBIE 3aKTI0UAIOTCS B CICTYIONIEM
1. JItoOble omMOKHU B IporpaMMe SIBJISIFOTCS HE3aBUCUMBIMU U TIPOSIBIISIIOTCS B CITY-
JalilHblE MOMEHTHI BpPEMEHU C TIOCTOSHHOM CpeaHeld MHTEHCUBHOCTBIO TIPH
OTCYTCTBUM KOPPEKTUPOBOK Ha BCEM HHTEpBajie BpeMEHH (YHKIIMOHUPOBAHUS
MporpaMMbl. OTO CBOWCTBO ONpEACISeTCS HaJIudueM OOJBIIOro 4Yucjiaa pas-
HOPOJIHBIX JAaHHBIX, HEOOXOAUMBIX JJIS UCTIOJHEHUSI TPOTpaMM, 4YTO TMPUBO-
IUT K BHEIIHE CIy4alHOMY BBIOOPY MapuipyTta, Mo KOTOPOMY HCIOJTHSETCS
mporpaMma B KakJIoM KOHKPETHOM CITydae.

2. Tunel UCTIOTHSAEMBIX B IpOrpaMMe KOMaH I IIepeMeIlIaHbl, U BpeMsi pabOThl MEXKIY
omuOKaMU OMpPEACNSeTCs CPEeIHUM BPEMEHEM BBIMIOJHEHUS KOMAaH/bl Ha JIAHHOM
OBM u cpelHUM YKCIIOM KOMaH]I, UCIIOIb3YEMbIM MEXKy OlIMOKaMu. DTO O3Hayda-
€T, YTO WHTEHCHUBHOCThH MPOSBJICHHUS OIINOOK MPHU peaTbHOM (G yHKITMOHUPOBA-
HAM  TPOrpaMM  3aBUCUT  OT  cpeaHero owvictpozaeiicTBus 9BM u mpaktu-
YECKHM HE 3aBUCHUT OT PACHpPEICIICHHUS TUIIOB KOMaHJ Ha MapuIpyTax oOpabOTKU JaH-
HBIX MEXTY OIIMOKAMH.

3. [loTeHIMaIbHOE MHOXKECTBO TECTOB MPH OTJIAJIKE IOHKHO TOKPHIBATh BCE  MHO-
’KECTBO  pPEAIbHBIX  HMCXOJHBIX JIAaHHBIX TMPU  HOPMaAIbHOM (DYHKIIMOHUPO-
BaHMM KOMIUIEKCAa TMporpamMMm. BpIOOp OTIag04YHBIX TECTOB JOJKEH OBIThH MIPEI-
CTAaBUTEJIbHBIM M CIIy4alHBIM, C T€M, YTOOBI UCKIIFOYUTH KOHIICHTpAIMI0  HeoOHa-
PY)KEHHBIX  OIIMOOK JIJI1  HEKOTOPHIX  pPEaTbHBIX YCIOBUM (DYHKIIMOHUPOBA-
HUS TporpaMMmbl. B pesynbTaTe OTCYTCTBYIOT allpHOpPHBIE JaHHBIC JJISI HC-
KYCCTBEHHOT'O TIOBBIIICHUSI HWHTEHCUBHOCTH OIIMOOK, W paclpelesieHue dYacTo-
Thl TIOSIBJICHUS OIIMOOK BO BPEMEHU CJICAYET CUUTATh PABHOMEPHBIM M HE 3aBH-
CSILIIMUM OT BHEIIHHUX (PAaKTOPOB.

4. Ommbka, ABISIOMAACS NPUYUHON  HCKaXEHUS  Pe3yJIbTaToB, GUKCUPYET-
Ci W WUCIPaABIACTCS TIOCJIE 3aBEpIICHHS TECTUPOBaHUS JHUOO BOOOIIE  HE
oOHapyxuBaeTcs. B mepuom TecTupoBaHUs UM OTJIAJAKHU Ojlarogapsi TMOBBI-
IIEHHOMY BHHUMAHHUIO K HMCKOKCHHUSIM PE3YyJIbTaTOB MEHEE BEPOSITHO MPOIYCTUTh
omuOKy, 4YeM B MEPUO]i HOPMAJIBHOM IKCIUTyaTaluy nporpamMmel. OJIHAKO MpU THpa-
KUPOBAHUU IIPOTpaMM U PE3KOM YBEJIMYEHHUM YUCJIa  TIOJIb30BaTelIe B TEUCHHE
HEKOTOPOTO BPEMEHHU, BO3MOXKHO, 3HAUYUTEIbHOE BO3pAaCTaHHE WHTEHCHUBHOCTH 00-
Hapy>KMBAE€MbIX OIIUOOK.

5. KonmnuecTtBo OmMOOK, TOSIBISIOMIMXCS B HEKOTOPOM HHTEpPBaJIe BPEMEHH,
pactipeneneHo 1o 3akoHy Ilyaccona. B pesynbrare MIMTEIBHOCTH HENPEPBIBHON
PabOTHI MKy UCKOKCHUSIMH paclpeiesieHa SKCITOHEHIIUAIBHO.

6. KonudyecTtBO 0OHApyXMBa€MbIX U HCIPABISIEMBIX OIIMOOK B €IWHUILY BPEMEHHU
MPOMOPIMOHATILHO HMX O00IIeMy KOJMYECTBY B TMporpaMme Ha JaHHOM HH-
TepBajie BPEMECHH.
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[IpenmnonoxuM, 4TO B Hayasle OTIAJKH KOMIUIEKca mporpaMM mpu T = 0 B HeM
conepxkanock N, omubOok. [locne oTnaaku B TeUeHHE BPEMEHHU T OCTANOCh 7 OIIH-
OOK U yCTpaHeHO n omuOoK (n,+n = Np). Ilpu 3TOM BpeMs T COOTBETCTBYET JJIU-
TETBHOCTH UCTIOTHEHHs IporpamMM Ha DBM mist oOHapykeHusl OMMOOK U HE YUHUTHI-
BaeT MPOCTOM MAIIMHBI, HEOOXOAMMBIE NJIsi aHAJM3a PE3yJbTaTOB M TPOBEICHUS
KOppPEKTUPOBOK. KanenmapHoe Bpems OTIAJOYHBIX M HCHBITATENbHBIX PabOT ¢ pe-
QJIBHBIM KOMIIJIEKCOM MPOTpaMM 3HAUYUTEIBHO OOJIBIIIE, TAaK KaK MOCIe TECTUPOBAHUS
mporpamM, Ha KOTOPOE 3aTpadrBacTCsl MAIIMHHOE BpeMs 7, HEOOXOIUMO BpeMs IJis
aHalM3a pe3ysbTaTOB, Ha OOHAPYKEHHE W JIOKAJTM3AIMIO0 OMIMOOK, a TaKKe Ha HX
yctpanerne. OIHAKO IS OTPECNICHUsT XapaKTEPUCTUK HAJE)KHOCTH CYIIECTBEHHA
TOJILKO JJTUTEILHOCTh HEMOCPEACTBEHHOTO (DYHKIIMOHUPOBAHMSI KOMIUIEKCAa TpOo-
rpamm.

[Ipr MOCTOSHHBIX YCWIHMSIX Ha OTIAJKy MHTCHCHBHOCTH OOHApY)XKCHHS HCKa-
KCHHI BBIYMCIUTEIBHOTO TMpoIlecca, MPOrpaMM WM JaHHBIX IMPOMOPIHOHAIBHA
YHCITy OCTABIIMXCS OMMOOK B KOMIUIEKCE Mporpamm. Takoe MmpeanoiokeHne ecTeCT-
BEHHO W TPOBEPEHO aHAIM30M PEANbHBIX XapaKTEPUCTUK Ipolecca OOHAPYKEHUS
OmMOOK. DTOT aHAJINU3 MO3BOJIWI YCTAaHOBHTH CHUIIBHYIO KOPPEIAIHAI0 MEXKIY 3HAUe-
HMSMU n, ¥ dn/ d . Torna,

dnld = K}.= Kn=K(N, - n),
riae kod(duupentst K u K yIUTHIBAIOT MAcIITab H3MEHEHHS BPEMEHH, HCIIONB3Ye-
MOTO IJIsl OMHCAHUsl Tpolecca OOHApY)KEHUS 3HAYCHHWI Ha BXOJE MPOBEPSIEMOTO
KOMILIEKCA M JPyrHe mapaMeTphl. SHadeHne kod(duimenta K MOXKHO ONPENCINTh
KaK M3MEHEHHUE TeMIla TMPOSBICHUS MCKXCHHI MPHU Mepexoie OT (yHKIIMOHUPOBA-
HUS IPOTPaMM Ha CTCIHATBHBIX TECTaX K (PYHKIIMOHUPOBAHUIO HA HOPMAJBHBIX HC-
XOJHBIX JaHHBIX. B Hauane OTIaaKu 3TO pa3Inyue MOXKET OBITh 3HAUYNUTEIBHBIM, OJI-
HAKO TIPU 3aBEPIICHUHM TECTOBHIC JaHHBIC COBIAJAIOT C HCXOAHBIMH JTaHHBIMU
mpH  HOPMAIIBHOI 9KcIuTyaTamuy. [Ipu stom K pasHo exummue (K = 1).

Taxum 00pa3oM, HHTEHCUBHOCTh OOHApYKEHHUs OMIMOOK B TporpamMme U abco-
JIOTHOE KOJIMYECTBO YCTPAHEHHBIX OIMTMOOK CBS3BIBAIOTCS YPaBHECHUEM

dn/dt + Kn = KN,.

Ecnu mpeanonaokuTe, 4TO B Hadane OTIaaAKu mpu 7 = 0 OTCYTCTBYIOT OOHapy-
’KCHHBIE OITMOKH, TO pEIICHUE YPaBHEHUSI UMEET BHUI:

n = Ny[1 - exp(-K7)].

KommuecTBO ocTaBmIMXCS OMIMOOK B KOMIUIEKCE MPOTPaMM

ny = Ny exp(- K1)

MPOINOPLIMOHATIEHO UHTEHCUBHOCTU OOHApYXeHUS dn/dt ¢ TOUHOCTBIO 10 KO3 duiiu-
eHTa K.

HapaGoTka Ha 0TKa3, KOTOPBIA paccMaTpuBaeTCs Kak OOHApyKHMBaeMOe MCKa-
’KCHHE TIPOTpamMM, TaHHBIX WM BBIYMCIUTEIBHOTO MpoIllecca, Hapymatoiiee paboTo-
CIIOCOOHOCTh, paBHA BEIUYHMHE, OOPAaTHON WHTECHCHUBHOCTH OOHAPYKCHHS OTKA30B
(omn6oK):

T:ﬁ:
dn KN,

exp(K r).
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Ecnu yyecTs, 4TO 0 Havajga TECTUPOBAHUS B KOMILIEKCE IPOTPaMM CoJIepKaloch Ny
OLIMOOK, M TOMY COOTBETCTBOBAJIa HapaboTKa Ha oTKa3 7, , TO GYHKIHIO HAPaOOTKU
Ha OTKa3 OT JJIUTEILHOCTH MPOBEPOK MOXKHO MPEJCTABUTH B CICAYIOIIEM BHUJIC:

T'=T,exp

N, OT 0
Ecnmn n3BecTHBI MOMEHTHI 06H3py>KeHI/ISI OIIIHOOK t, 1 Ka)KI[BII\/i pa3 B 3THU MO-
MCHTHI O6HaPY)I(I/IBaeTC$I N JOCTOBCPHO YCTPAHACTCA OOHA OIIII/I6K8., TO, HUCIIOJIb3Y:
MCTOA MAaKCHUMAJIBHOI'O HpaBJIOHOI[O6I/ISI, MOXHO ITOJYYUTH YPABHCHHC IJIA OIIPCAC-
JICHUS 3Ha4YCHMS HAYaJILHOTO YHCJIa OIIHOOK NO:

niti
i 1 _ i-1
AN =G0y S Sy,

i=1 i=l

d TAKKC BBIPAKCHUC JISI pacdCTa KOG)(i)(i)I/ILII/ICHTa MMPOINOPpHIUOHAIIBHOCTH

K = "

n

n
NoXt; = > (i =1);
i=l =l

B pe3ynpraTe MOXKHO pacculTarh YHCIO OCTABIIMXCA B MPOTpPaMMe
OLIMOOK U Cpe/lHIOI HapaOoTKy Ha oTka3z 1 = 1/A, T. e. MOJy4YUTh OLEHKY BpEMEHHU
10 0OHapyKEeHMs CIEAYIOUIEH OMMOKH.

B mpouiecce oTiiagku ¥ UCHBITAHUS MPOTPAMM JIJIsl TIOBBIIIEHUST HApaOOTKU Ha
otka3 oT 7T} a0 T, HE0OX0qUMO OOHAPYKUTH U yCTPaHUTh An omnbok. Bennunny An
MO>KHO ONPEJEIUTh, BBIPA3UB YUCIO OOHAPYKMBAEMbBIX OLIMOOK Yepe3 JIUTEIbHOCTD
HapaboTku Ha oTKa3. Torna

An= NI, TL - TL
1 2
AHaJTOTUYHBIMH HECJIOKHBIMU TPEOOPa30BAHUSIMU TIOJIYYUM BBIpaKEHUE IS
omnpeAeseHus 3aTpaT BpeMeHHn At Ha MPOBEACHUE OTIIAJKUA, KOTOPHIE TO3BOJISIIOT YCT-
paHuTh An OMIUOOK U COOTBETCTBEHHO MOBBICUTH HAPAOOTKY Ha OTKa3 OT 3HAUYCHUS
T, no T»:
AT = Mlnﬁ .
I
JanpHeilmas aeranu3anus MOAECIN HAJAEKHOCTH KOMIIJIEKCOB MPOTPAMM CBs-
3aHa C YTOYHEHHEM COJICp>KaHUS U 3HaA4eHUs KOd(PDUIIMEHTA MPOTOPIIHMOHAIBHOCTH
K. B nporniecce TecTUpOBaHUS BHIOMPAIOTCS UCXOJIHBIE JAHHBIE ISl ACTATBHOM MpPO-
BEPKH KOMILUIEKCA IMPOrPaMM, YTO MOBBIIIAET BEPOSATHOCTh OOHAPYKEHHUS OIMUOOK 110
CPaBHEHHUIO C YCIOBHSIMU HOpMaJIbHOM 3KcmutyaTanuu. C 0THOW CTOPOHBI, TPH 0OHa-
PYKEHHHU Ka)XJ0Tr0 OTKa3a 4acTO BBISBIISIETCS HE OJHA OIIMOKa, C IPYrod CTOPOHBI
HEKOTOPbIE KOPPEKTUPOBKUA MPOrpaMM MOTYT BHOCHTBH JOMOJHUTEIbHBIC OIIUOKH.
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Hanpumep, niist ooHapysxenust ogHoi omnOku tpedyercs 0,61 mporona tecra, a s
MPOBEPKH MOCIE KOPPEKTUPOBKH MporpaMmbl TpeOyeTcs 1,35 mporoHoB TECTOB.

Crnenyer NMOTYEPKHYTh CTATUCTUYECKUN XapaKTep MPHUBEJACHHBIX COOTHOLIE-
Huil. HepaBHOMEpHOCTH BBIOOpa MapIIPyTOB HMCHOJHEHHUS MNPOrpaMMbl IMPU HOP-
MaJIbHOM 3KCIUTyaTallid, pa3HOe BIMSHUE KOHKPETHBIX OMIMOOK B MporpaMmax Ha
HAJKHOCTh UX (YHKIIMOHUPOBAHUS, a TAK)KE CPABHUTEIHHO HEOOIbIIINE 3HAUCHUS 7
1 An, 0cOOEHHO Ha 3aKJIIOYUTENbHBIX 3Tanax OTJIaIK1, IPUBOJAT K TOMY, YTO (IIIOK-
Tyallil COOTBETCTBYIOIIMX HM3MEHEHUHM HapaOOTKM HAa OTKa3 MOTyT OBbITh BeCbMa
3HAYUTEITHHBIMHU.

Pa3BuTneM »KCIOHEHIMATBLHON MOJIETN ONMMCAHMS KOJIMYECTBA OMIMOOK SIBIIS-
€TCsl MOJIEJNb, YUUTBIBAIOIAS YUCIIO KOMaH A R B UCHBITBIBaEMOi mporpamme. B aTom
cllydae U3MepsieTcsl He a0COI0THOE KOJIMYECTBO OUIMOOK B IIPOrpaMMe, a  KOJu4de-
CTBO OLIMOOK Ha OAHY KOMaHAy mporpammsl Py, = ny /R. 310 no3Boisser yaoOHee
CpPaBHUBATh XapaKTEPUCTUKU IporpamMm Oosiee Wik MeHee OJIM3KuX 1o oobemy. [lpu
pasznuunu o0beMa nmporpaMm Oosiee 4YeM Ha MOPSJOK MPOrpaMMbl MOTYT CTOJIb CHIIb-
HO Pa3IMYyaThCs MO CIOKHOCTH, YTO OTHOCHUTEIBHOE KOJIMYECTBO OOHAPYKHUBAEMBIX
oMOO0K, OyAeT pa3nuyarbcs B HECKOJBKO pa3. Takum oOpa3om, yyeT KOJIMUYECTBA
OLIMOOK HAa OJIHY KOMaHAy P, criaxuBaer, HO HE KOMIEHCUPYET MOJHOCThIO pa3-
JUYHME CTATUCTUYECKUX AAaHHBIX JJIsl IPOrpaMM pa3Horo o0beMa u cioxkHocTH. [Ipu-
BEJICHHBIE BbIIIE OCHOBHBIE BBIPAKEHUS MPAKTUYECKU COXPAHSIOTCS, TOJBKO B HEKO-
TOpPBIX MECTaXx BMECTO a0COJIOTHOIO KOJMYECTBA OMIMOOK CIEAYyeT MCIOJIb30BaTh
3HaYEHUE KOJIMYECTBAa OLIMOOK, HOPMUPOBAHHOE HA OHY KOMaHJly B IIPOrpaMMe.

1.2 Mozenb 4acTOThI MOSBJICHUS OUTMOOK

Mopeb 4yacToThl NMOSABJIECHUSI OIIMOOK - 3TO MaTeMaTHuecKash MOJeNb Ha-
J€KHOCTU MPOrpaMMHOr0 oOecreueHusi, OCHOBaHHasi Ha TMIOTE3€, YTO YacToTa Io-
SBJICHUS OIIHUOOK U3MEHSETCS MPOMOPIIMOHAIIBHO KOJIMYECTBY OMIMOOK B MpPOrpaMme
U BPEMEHHM TECTUPOBaHUSA. DTO CTyNeHYaTas JWHAMHUYECKas MOJENb HaJeXKHOCTH
ITO. Mopenp 6a3upyeTcst Ha CAEAYIOMIMX IPEINOI0KEHUAX.

1. Yactorta mnosBiIeHHS OMIMOOK JMHEHHO 3aBUCUT OT KOJMYECTBA OCTABIIUXCS
B IporpaMmMe OHmMOOK M OT TMepHoJa BPEMEHH MEX]Iy MOMEHTaMu 00-
HapY>KEHUs JBYX MOCJIEI0BAaTENbHbBIX OIIMOOK.

2. IHTEeHCUBHOCTH OOHAPY>KEHUs OMMOOK MOCTOSTHHA MEXTY MOMEHTAMU MOSIBJICHUS
OIMOOK W UW3MEHSeTCs Tociie OOHAapYy>KEHUs U  MCIPABICHUSA OUYEpEeTHOU
omnOku. Takasg MoJenb TaKKe HA3bIBAeTCsl MOAENBI0 pocTa HajxexHocTH 10,
TaK KakK MpEeJIoJiaraeTcsi, 4To Mo mMepe OOHApYKEHHMsS U UCHPABICHHUS  OUIMOOK
BpeMsi MEXAY IOCIe0BaTeIbHO OOHAPY>KEHHBIMU OLIMOKAMH BO3pPACTaET.

3. [NosiBneHue Bcex OMMOOK MPOrpaMMbl PABHOBEPOSITHO U HE3aBUCUMO.

4. Bce ommMOKY UMEIOT OJJMHAKOBYIO CTENEHb CEPhE3HOCTH.

5. BpeMs HemnpepbIBHOW pabOThl MEXAYy OTKa3aMH paclpeaesieHO SKCIIOHEHIIH-
QJIBHO.

6. [Ipu wucnbiTanusax 10 Haxoautcss B cpene ONU3KOM K peasbHBIM YCIOBHSIM.

7. OmubKku TporpaMMmbl TMOCHE€ UX OOHApPY>KEHUS He3aMeJJIUTEeIbHO KOPPEKTH-
PYIOTCSl, IPUYEM ATO HE MPUBOAUT K BHECEHUIO HOBBIX OLTHOOK.
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Torpa, yactora nposiBieHUs OMKUOOK 3aBUCUT OT BPEMEHU UCIBITAHUS #; MEXK-
Iy MOMEHTaMU 0OHApY>KeHHsI OCTIEA0BATENbHBIX i - U U (i — 1) - i omnboK:

i(fi):K[No _(l _1)]‘fi
rae Ny - HaYalbHOE KOJIMYECTBO OMUO0K; K — KO3 PUIIMEHT MponopLHOHaTbHO-
CTH, 00ecTieunBarONINi paBEHCTBO €AUHUIIE TUIOMIAAN MO KPUBOU BEPOSITHOCTU 00-
Hapy>KeHUsl OMHOOK.

Cnenyer oOpaTuTh BHHMAaHME Ha OTJIMYME JAHHOW MOJEIH OT
skcnoHeHmanbHoM (1.1). OHO 3akimoyaeTcs B MOSIBICHUU MHOXKHTENS f;, B BbIpaXke-
HUU JIJI 4acTOThI OTKaza. Jjisi OlleHKH HaJeKHOCTH (HapaOOTKH Ha OTKa3) MOJyqaeT-
Csl BBIpa)KE€HUE, COOTBETCTBYIOIIEE pacnpeneneHuto Penes:

;2
— ; i
T(;)=exp| - K[No - (i D] |.
2
OTcroa IIOTHOCTH paclpeeieHus] BpeMeH! HapaOOTKU Ha OTKAa3:
.

_ ] _ . . )

() ==T'(t;) = K[No == D] - exp| = K| No = (i =)

Hcnonb3ys GyHKINIO MAKCUMAJIBHOTO MPABA0NOA00uS, MOIYYUM OLICHKY JJi 00111e-
ro KojgudecTna ommbok Ny U korpdunuenra K:

2 no 1
Ny = £+Z(l—l)ti2 —

A g
i=1
1 2 1

Ny = Z . .
LI
i=1

B pe3ynbrare 00pabOTKH 3KCIIEPUMEHTATBHBIX JAHHBIX IO MOMEHTaM OOHApYXEHUs
OLIMOOK ¢ MOXET ObITh MOCTpOCHA (PYHKIMS, MO3BOJISIIONIAS MPOrHO3UPOBATH Ha-
JIEKHOCTh KOMIUIEKCa IPOrpaMM M OXXKHMJIaeMO€ BpeMsi OOHapy>KEeHHUs CIeAYIoIeH
omnOKku. Jta QYHKIMS OTIMYAETCS OT MPUBEICHHON paHee SKCIOHEHIIMATIbHON MO-
N€IH, TaK KaK pa3InyaroTCsl UCXOAHBIE THUIIOTE3bl O XapaKTepe U3MEHEHUS 4acTOThI
MOSIBJICHUS] OIIMOOK B Mpoiiecce oTiiaaku. st Beioopa Hanbosee ajekBaTHOU Mojie-
T HEOOXOJMMO HCCIIEIOBaTh peajbHble MPOLECCHl OOHAPYKEHHS M YCTPaHEHUS
OLIMOOK MpHU pa3pabOTKe KOMIUIEKCOB MPOrpaMM Pa3IU4HbIX TUIIOB C OOJIBIION cTa-
TUCTUKOMN BBISIBJICHUS OMIHOOK.
1.3 Monens Beitdymia

Mogean Beii0yaiia - 5To MaTeMaTH4ecKass MOAENb HAJEHKHOCTH IPOTPaMMHO-
ro o0ecreueHus, B KOTOPOil PyHKIUS TUIOTHOCTH pacipeesieHuss HapaOOTKH Ha OT-
Ka3 OIKCHIBAETCs pacnpeseneHrueM Beitbymna. 1o cTyneHyaTas AMHAMUYECKas MO-
nenb HagexxHoctu I10. Ee ocHOBHast 0COOCHHOCTh B TOM, YTO OHAa OMHUCHIBAET Kak
YMEHBIIECHNUE, TAK U YBEJINYEHUE NHTEHCUBHOCTH OTKAa30B IPU YCTPAHEHHUH OYEpeEn-
HOM OIMOKK B MPOLIeCcCE€ TECTUPOBAHUS.

B kauecTBe OCHOBHOW (YHKUIMM B MOJIETIM pAacCMaTpUBAETCA pacrpeeieHue
BpeMeHU HapaboTku Ha oTka3 7(¢). Ecnu ommbka He ycTpaHsieTcsl, TO UHTEHCUBHOCTD
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OTKa30B SIBJISIETCS] MTOCTOSIHHOM, YTO MPUBOAUT K SKCMOHEHIMAIBHOM MOJAENU s
pacnpeeneHus:
1(t) = exp(-At).
OTcroa INIOTHOCTH pacnpeiesieHus] HapaOOTKU Ha 0TKa3 OMPEEseTCsl BRIpaKEHUEM
Ab) = 2re™,
rae t>0, A>0u 1/1 - cpenHee BpeMs HapaOOTKU HA OTKa3.
Jljist annpoKcUMaIui M3MEHEHHUs! YaCTOThl OTKa30B OT BPEMEHU MPU 0OHAPYKEHUU U
YCTPaHEHUHU OMHUOOK UCTIONB3yeTCsl QYHKLUS CIEAYIOIIEro BUaa:
ME) = 251
[Tpuuem, ecnu 0 < f < 1, TO UHTEHCUBHOCTh OTKa30B CHUKAETCS TI0 MEpe OTIAJKU
WM B IIPOLECCE IKCITyaTallH;
ecnu ff > 1, TO MHTEHCUBHOCTH OTKA30B YBEJIMUYMBAETCS IO MEPE OTIIAJKU WIH B MPO-
1ecce IKCITyaTalllu;
ecnu f =1, TO MYHTEHCUBHOCTh OTKa30B MIOCTOSIHHA BO BPEMEHHU.
[Ipu Takom Buje QyHKIUU A(f) MIOTHOCTh (GYHKUMHU pacipeiesieHus HapaOOTKU Ha
OTKa3 OMHUCHIBACTCS JABYXIIapaMETPUUECKUM pacrpeeneHuem BelOymna:

f@O)=2p-tP exp(-1-17).
JlanHasi MaTeMaTH4ecKas MOJIeNIb MCIIOJIb30BajlaCh B IMPOIECCE MPOSKTUPOBAHUSA M
AKCIUTyaTallu HEKOTOPBIX CUCTEM, JIJIsi KOTOPBIX ompeseneHbl KodhhuuueHT 4 u f.
Pacnpenenenne BeliOymia 10CcTaTOYHO XOpOIIO OTpa)kaeT peajbHble 3aBUCUMOCTH
Mpu pacuy€éTe BPpEeMEHU HapaOOTKH Ha OTKA3.
1.4 Cratuctnueckas Moaeiabp Muiuica

CrartucTudeckass MOJACNIb - 3TO MareMaTHyecKash MOJEeIb HaJeKHOCTH IPO-
IPAaMMHOT0 00€CTICUeHHS, KOTOpasi CTPOUTCS Ha CTATUCTUYECKOM aHATU3€ KOJIUYECT-
Ba OMOOK B TMporpamme. PaccMOTpuM CTaTUCTUYECKYIO MOJEb, pa3paOO0TaHHYIO
Musicom. B Hell He HCTIONIB3YETCSl HUKAKUX MPEINOI0KEHUN 0 TTOBEJACHUN (DYHKIIUU
pucka. OTa MOJENb SABJISIETCS CTATUYECKOM, TaK Kak HajexxHOCTh [1O B Hell He u3Me-
HSETCS BO BpeMeHH. MoJieslb CTPOUTCS Ha TBEPJIOM CTAaTUCTHYECKOM (DyH1aMeHTe.
Cuauvana mporpamma "3acopsieTcs" HEKOTOPHIM KOJIMYECTBOM HM3BECTHBIX OIIHMOOK.
OTU OMIMOKU BHOCSTCS B MPOTpaMMy ClydalHBIM 00pa3oMm, a 3aTeM JeaeTcs Mmpe-
MOJIOXKEHUE, UTO JIJIsi €€ COOCTBEHHBIX U BHECEHHBIX OIMMOOK BEPOSITHOCTH OOHApY-
KEHUS TIPH TTOCIEAYIONEM TECTUPOBAHUU OJIMHAKOBA M 3aBUCHUT TOJIBKO OT MX KOJIH-
gyecTBa. B pesynpraTte oOHapyXuBaeMble MPHU OTIAIKE OMMOKH COCTOST U3 OIMIMOOK
JIByX THUIIOB: paHEe HEU3BECTHBIX U UCKYCCTBEHHO BBEJEHHBIX, U3BECTHBIX TOJBKO
CIIEIUAJIUCTAM, MTPOBOASIIUM IKCIIEPUMEHT. TPyAHOCTH UCKYCCTBEHHOTO BBOJIA CTa-
TUCTUYECKUX OIMMOOK CTUMYJIUPOBAIN Pa3BUTHE METOJIa, MPU KOTOPOM OIITUOKH HE
BBOJIATCS, @ TOJIbKO TMOMeUaroTcsl (Kaxkaas peaqbHO OOHapyxkeHHas omuOka). [Ipu
MOCJICAYIONICH PerucTpalii OTKa3a MPOU3BOIUTCS TUATHOCTHKA: OTHOCUTCS OIMOKa
K TpyIIe paHee 0OHAPYKEHHBIX OITUOOK WJIU SIBJISIETCS COBEPIICHHO HOBOW. TecTu-
pysl IpOrpamMMy B T€UEHHUE HEKOTOPOTO BPEMEHH U COPTUPYS COOCTBEHHBIE M BHE-
CEHHBIE OIMOKH, MOXHO OLICHUTH N - MepBOHAYATILHOE YUCIIO OITUOOK B MPOTPaMMeE.
[Ipeamnosioxkum, 4To B MPOrpamMmy OBLJIO BHECEHO S OIMIMOOK, IMOCIE YeTO pa3peIieHo
HayaTh TecThpoBaHue. [lycTh mpu TecTUpOBaHUU OOHAPYXKEHO 7 + V OIIMOOK, MPH-
4eM, 71 - YUCJI0 HalEHHBIX COOCTBEHHBIX OIIMOOK, & V — YHUCJIO HalJIEHHBIX BHECCH-
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HbIX omnbok. Torna onenka g N Mo METOy MaKCUMaJIbHOrO MpaBaonoaoous Oy-
JIeT TaKOU:

N=sn/v.

Hanpumep, ecnu B nmporpammy BHeceHO 20 omMOOK U K HEKOTOPOMY MOMEHTY Tec-
TUPOBaHUS OOHAPYKEHO 15 cOOCTBEHHBIX M 5 BHECEHHBIX OLIMOOK, 3HaueHue N
MOXHO OIleHUTh B 60. B aelictButenbHOCTH N MOXKHO OIICHUBATh IOCIIe OOHApyxe-
HUSL KaxaoW omuOku. Mujuic mpenjaraeT BO BpEMs BCETO MEpUo/ia TECTUPOBAHUS
OTMEUaTh Ha rpaduKe YUCIIO HAaACHHBIX OIIMOOK U TEKYIINE OLUEHKH IS V.

Bropas yacTe Mojenu cBsi3aHa C BBIABMKEHUEM M IpoBepkoi rumote3 o6 N. Ipu-
MEM, 4TO B MpOrpaMMe UMeeTcs He Oojiee k COOCTBEHHBIX OIIMOOK, U BHECEM B Hee
emie s ommOok. Tenepb mporpamMma TeCTUpyeTCs, MOKa He OyayT oOHapy eHbI BCe
BHECEHHBIE OLIMOKU, TPUYEM B 3TOT MOMEHT MOJCYUTHIBACTCS YUCIIO OOHAPYKEHHBIX
COOCTBEHHBIX OMUOOK (0003HAUYMM €ro 7). YpoBeHb 3HAUMMOCTH C BBIUUCISAETCS TI0
cienytouieit popmyse:

C=1,0pun>xk,

C=s/(s+x+1),mpun<k.

Benunuuna C siBnsieTcss Mepoid AOBEpUs K MOJENIU. ITO BEPOSTHOCTh TOTO, YTO
Mojielib Oy/IeT MPaBUIIBHO OTKIIOHSTH JIOKHOE Tpenonoxenue. Hampumep, ecinu Mbl
YTBEPKJAEM, YTO B IIporpamMme HeT omudok (k = 0), u, BHeca B mporpammy 4 ommo-
KM, BCE UX OOHApyXKMBaeM, HE BCTPETUB HHU OJHOM mcxoaHou ommbdku, To C = 0,8.
UYtoOb1 nocTtiyb ypoBHS 95%, HaM HaJ0 ObUIO OBl BHECTH B IporpamMmy 19 ommbok.
Ecnu Mbl yTBepkaeM, 4To B Iporpamme He 0oJiee TpeX UCXOAHBIX OIHUOO0K, U, BHECS
IeCTh OIMOOK, OOHAPYKMBAEM UX BCE U HE 0oJiee TpeX UCXOJIHBIX, YPOBEHb 3HAUM-
MocTH paBeH 60%. @opmyna nis C umeeT oA codor MPOYHbIE CTATUCTUYECKHE OC-
HOBaHUS, BbIBeJeHA OHa MUJUICOM.

Otu nBe Gopmyiibl U 00pa3yIoOT MOJIE3HYI0 MoJeb omKbOoK. [lepBas mpenckasbiBaeT
YHCJIO OIIMOOK, @ BTOpasi MOXET HUCIOIb30BaThCS ISl YCTAHOBIIEHUS JOBEPUTEIBHO-
ro ypoBHs nporuo3a. Cinaboctb 3Toi popMyiibl B ToM, uTo C HElb3s MpeACcKa3aTh 10
TeX Mop, MoKa He OyayT 0OHapYyKEHbI BCE BHECEHHBIE OIIMOKH, @ 3TO MOKET HE TPO-
M30MTH JI0 CaMOro KOHIA ATana TeCTUpOBaHMs. UTOOBI CIIPaBUTHCS C 3TOH TPYIAHO-
CTBhIO, MOKHO MoauduuupoBats Gopmyny mias C tak, yToObl C MOXHO OBUIO Olie-
HUTH MOCJIE TOTO, KaK HalJIEHO j BHECEHHBIX OIIUOO0K (f < §):

C=1,0pun>k, (3.22)
C=¢/G-1))/((s+x+1)/(x+j)),npun=<«.

B npenpinymem npumepe, rae k = 3, a s = 6, eciu HaiieHsl 5 U3 6 BHECEHHBIX OIIIH-
0ok, BenmmunHa C omyckaercst ¢ 60 no 33 %. Eme oqun rpaduk, KOTOpblil moje3HO
CTPOUTH BO BpEMs TECTUPOBAHUS, - TEKYIllee 3HAUYEHUE BEPXHEU IpaHUIIbl K ISl HEe-
KOTOpPOTO (PMKCUPOBAHHOIO IOBEPUTEILHOTO YpOBHs, Hampumep 90%.

1.5. IlpoBepka MaTeMaTH4YECKUX  MOZEIEH

O6ocHOBaHHEM MaTeMaTHYECKUX MOjeNIeld 3aHUMANIUCh Psijl 3apyOeKHBIX aBTOPOB:
Hamilton P.A., Musa [.D., Sukert A.N. Umu xoHTposupoBaauch 1 00padaThIBaINUCh
AKCIIEPUMEHTATbHbIE JaHHbIE NHTEHCUBHOCTU OOHApY>KEeHUsI OUIMOOK dn/dt Ha Guk-
CUPOBAHHOM HHTEpBaJie BPEMEHU, KOJUYECTBA OOHAPYKEHHBIX OLIMOOK 77 UM Hapa-
00TKM Ha 0TKa3 7 B 3aBUCUMOCTH OT BpEMEHH (PYHKIIMOHUPOBAHMSI IPOrPaMM Ha BbI-



50

YUCITUTEIBHON cucTeMe. XapaKTePUCTUKH, MOJTYyUYCHHBIC TI0 pacyeTaM C MCIOIb30Ba-
HHUEM MaTEeMaTHYEeCKUX MOJIEJeH, COMOCTABISIIUCh C TOJYYEHHBIMU JKCIIEPUMEH-
TaJbHBIMU 3HAYCHUSIMH U TIPUMEHSUTUCH JIJIsI MPOTHO3UPOBAHUS TMOKAa3aTesie ¢ Io-
CJICAYIOIINM aHAJTU30M OTKJIOHEHHH OT SKCIIEPUMEHTAIBHBIX JAHHBIX.

B onHoli u3 paboT npuBeeH NpUMep aHaln3a dSKCIOHEHITUabHOU Moaenu. Omnpee-
JISICS. ¥ TIPOTHO3UPOBAJICS MHTEPBAJI BPEMEHU MEXK]y MOCJIEI0BATEIbHBIMU OTKa3a-
MU TMPU HEMPEPHIBHOM () YHKITMOHUPOBAHUU KOMILJIEKCA TPOTpaMM B 3aBUCHMOCTH OT
KOJIMYECTBA n OOHAPYKEHHBIX U YCTPAaHEHHBIX OIMIMOOK. Bpems Ha jokanuzamnuio u
YCTPAaHEHUE OTKa3a HE YUYUTHIBAIIOCh, U CPENICTBA JJIsl ONEPATUBHOTO BOCCTAHOBIIE-
HUS HEe TpuMeHsuch. CymmapHoe BpeMs G YHKIIMOHUPOBAHUS porpamm,
HEO0OXO0UMOe I JOCTUKEHUS 3aJaHHOM HapaOoTku 7, COOTBETCTBYET ILIOIIAIH
MoJ KPUBOH, KOTOpas OrpaHWYEHA BEPTUKAIIbIO, HUCXOJAIICH U3

3HA4YCHUS] Ha KPUBOMW IS 3ajaHHOrO 7'. 3amaBasicb HEOOXOIUMBIM 1 ’, MOKHO OIle-
HUTh CYMMAapHYIO JUIUTEIBHOCTh (YHKIIMOHUPOBAHUS MPOTpaMM M YKCJIO OIHOOK,
KOTOPO€ HEOOXOJIUMO YCTPAHUTH JJIs JOCTHXNKEHUS 1. DKCIepUMEHTAIbHbBIE TaHHBIC
JIOCTATOYHO XOPOIIIO COBMAAAIOT ¢ TEOPETUUECKUMU (KpuBas Ha puc. 1).

B npyroit pabote ObLIM HCCiIeNOBaHBl OMIMOKU B YETHIPEX KOMILIEKCAX MPOTPaMM,
KK U3 KOTOpbIX uMen o0beM 100-120 Thic. komana. Komriekcsl mporpamm
MpeaHa3HAYAIUCh Il 0OpabOTKH PaguoIOKallMOHHONW HMHGOpPMAIlMd B pPealbHOM
MaciTade BpeMEeHHU | JJIsl YIpaBJICHUs Ha KOMaHIHBIX MyHKTaX. B Tp&x koMriekcax
MpOrpaMM KOJIMYECTBO BBISBICHHBIX OMMOOK N, COCTaBIsIO OKoJIO 1,5-2 ThIC. B Ka-
AKJOM, YTO COOTBETCTBOBANIO 1,5-2 % uuncia koMana. B ogHOM U3 KOMILIEKCOB MpO-
rpamMM JI0JIs1 OMIMOOK ObLIa HAa TOPSAJOK MEHbBIIE. DKCIePUMEHTAIbHbIE JTaHHBIC
CpPaBHUBAJINChL C TPEeMsI TEOPETUUYECKHUMHU MOACISIMU. MoJeln COOTBETCTBOBAIU
MIPUBEJICHHBIM pPaHEE SKCIIOHCHIIMAIBHON MOJEIM M MOJIENHM YaCTOThI MOSIBJICHUS
omuOOK, a TakKXK€ HECKOJIbKO MOIU(MUIIMPOBAHHON MOJEIM YaCTOThI IOSIBICHUS
omuOok. [lapaMeTpbl Mozenei oOmpeaessuIuCh METOJaMH  HAaWMMEHBIIUX KBaj-
paToB ¥ MaKCHUMaJbHOTO MPAaBAOMNOA00MS MO YHUCTY OIIMOOK, BBISIBICHHBIX 32 JICHb
1 3a Heaento. HenenbHbINM MHTEpBAT HAKOIUICHUS OIMMOOK IMO3BOJISIET MPOTHO3UPO-
BaTh TOYHEE, @ BCE TPU MOJENIU OJU3KU MO JOCTOBEPHOCTU. [IpOrHO3BI KOJMUYECTBa
omuOOK HamboJiee UHTEPECHBI MPHU UX MAJIOM KOJIMYECTBE U OTHOCUTEIBHO PEJIKOM
OoOHapy»XeHNHU, OJTHAKO B ATOM 00JIACTH BO3pacTaeT JAUCIEPCHUs TPOTHO3ZUPYEMOM Be-
JUYUHBI U TPYIHO OTJIATh MPEANOYTEHNE OJTHON U3 UCCIICIOBAHHBIX MOJIETICH.

B tpeTheit paboTe 115 OLIEHKH JIOCTOBEPHOCTH MOJICNICH aHATU3UPOBAIIOCH KO-
JUYECTBO OMIMOOK M, BBISBICHHBIX MpU (YHKIIMOHUPOBAHUU KOMIUIEKCOB
IporpaMmM B T€YeHUE BpeMEHH 7. 3HaueHuss N, u K omnpenensinch METOJ0M Mak-
CUMAJILHOT'O TIPaBIOMOAOOUS JJIsi KaXKA0To u3 16 -mcciegoBaHHBIX BapUAHTOB CO3-
nanus 0oibpux nporpamm. [IpuMep u3MeHeHUs: KOJIMUECTBA BBISBICHHBIX OITUOOK B
3aBUCUMOCTH OT BpPEeMEHH (DYHKIIMOHHUPOBAHMS OJHOTO M3 KOMIUIEKCOB IPOTpaMm
npejcTaBiieH Ha puc. 2. 13 rpaduka ciemyer, 4To 3KCIOHEHIMATbHAS MOJICNIb XOPO-
10 aMMpOKCUMHUPYET KOJIUYECTBO OMIMOOK BO BCEM MCCIICIOBAaHHOM MHTEpBaJe Bpe-
MenH. [Ipu 3HaueHusx n > 288 OTKIOHEHHE PEabHOTO KOJIMYECTBA OMIMOOK OT pac-
YEeTHOTO coCTaBIIsieT 0koJjio 21%.
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Puc. 1. HapaGoTka Ha oTka3 7 B 3aBHCHMOCTH OT KOJUYECTBA OOHAPYKCHHBIX
OIMMOOK 7(TOYKHU — SKCTICPUMEHTAJIbHBIC TaHHBIC, KpUBAsi COOTBETCTBYET IEPBO
MO/ICIIH )

Puc. 2. KonnuecTBO BBISBICHHBIX OIIMOOK 7 B 3aBUCHMOCTHU OT JJIMTEIIBHOCTH

Tema 8. MCTOIIBI IMPOCKTHPOBAHUSA HAICKHOT'O IIPOTrpaMMHOTO oOecreueHus — 24.

Tepmun "mpoextupoBanue" 0003HAYAET Pa3IUYHbIE BHUIBI JEATEIBHOCTH IO
CO3JaHUI0 MPOrPaMMHOT0 oOecredeHus, HauuHas ¢ onpeneseHus TpeboBaHUil U 3a-
KaH4YMBasl HAITMCAHUEM TEKCTa MPOrpaMMbl U ee TecTupoBaHueM. OH MoJpa3yMeBaeT
HaJIM4Khe HECKOJbKUX CTaAuil MPOEKTUPOBAHMS, OXBATHIBAIOIIMX BECh KU3HEHHBIN
LUK CO3JaHusl MPOrpaMMHOro obecneyeHusi. PaccMOTpuM HEKOTOpbIE MPUHIUIIBI,
oO1ue A BceX CTaAuil MPOEeKTUPOBaHUS.

OCHOBHBIMM NPUYUHAMH OLIKOOK MIPOTPAMMHOTO 00ECIICYEHUS SBIISIOTCS:

- OoJblIasi CIOXKHOCTh MPOTPAMMHOTO OOEecredeHHs, HampuMmep, IO CpaBHE-
HUIO ¢ annaparypoi 9BM;

- HEempaBWIBHBIA TEpeBOJ MHPOPMALUU M3 OAHOTO NPEJCTABICHUS B JIpyroe Ha
MaKpOypOBHE U MUKPOYpPOBHE.

Ha makpoypoBHe, ypoBHE MpOEKTa, OCYUIECTBISIETCS Mepeavya u npeoodpaszo-
BaHUE Pa3JIMYHbIX BUAOB UMH(MOPMAIIMU MEXKIY OPraHU3aLUAMHU, TOJIpa3IeICHUSIMU U
KOHKPETHBIMHU MCTIOJHUTEISIMU Ha BCEX 3Tamnax >ku3HeHHoro mukia [10. Ha mukpo-
YpOBHE, ypOBHE HCIOJHUTENS, MPOU3BOJAUTCA MpeoOpa3oBaHue WHGOpPMAIUMU IO
CXeMe: MOJIyYUTh MHPOPMALIMIO - 3alIOMHUTH - BBIOpaTh U3 MaMsITH (BCIIOMHUTH) -
BOCIIpou3BecTH uHMOpManuio (TepeaaTh).

HcTounukamu omubok (yrpo3amMu HaJeKHOCTH) NPOrPaMMHOI0 0OecrieUeHHs
SABJISIFOTCSL:

- BHYTPEHHHE: OIIMOKM NPOECKTUPOBAHMS, OIIMOKH aJIrOPUTMHU3ALUU, OUTUOKU
MPOrpaMMUPOBAHMS, HEIOCTATOYHOE KA4yeCTBO CPEJCTB 3allUThI, OITMOKU B J0-
KyMEHTAIIHH,
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- BHEIIIHHWE: OIMOKHU MOJIb30BaTeNel, COOM M 0TKa3bl anmapaTypsl DBM, uckaxeHus
uHpOpMaIlMl B KaHajaxX CBSI3M, W3MCHEHHUS KOH(PUTYpPAIUU CHCTEMBI.

MeToapl MPOSKTHPOBAHUS HAJC)KHOTO MPOTPAMMHOTO OOECIIEUeHHUSI B COOT-
BETCTBUM C UX IEISIMU MOXKHO Pa30UTh Ha TPU TPYMIBI: MPEIyNPEKISHUE OITHOOK,
oOHapy’keHue oMHOOK U oOecrieueHne YCTOMUMBOCTH K OIIMOKaM.

Ilpexynpexaenue omudoK

IIpenynpe:xkaenne OMMUOOK - 3TO METOABI MPOCKTHUPOBAHUS, MO3BOJIIOIINE
MUHUMHU3UPOBATh WM UCKIIOYHUTH TOSIBICHHE OIMIMOOK B MPOTpaMMHOM oOecrede-
HUU. MeTOobpl MpeaynpekaeHUs OMMUOOK KOHIEHTPUPYIOTCS Ha OTACTHHBIX dTamax
mporecca MPOSKTHPOBaHMS TMPOrpaMMHOro obecredeHus. VX MOXHO pa3OHWTh Ha
CIIEAYIOIINE KaTeTOpUH:

1. MeTozpl, TO3BOJISIONINE CIIPABUTHCS CO CIIOKHOCTBIO CHCTEMEI.

2. Meroapl JoCTHXKEHHS ~ OONbIIEd TOYHOCTH TpH  TepeBojae nHpopma-
M.

3. Metoas! ynyunienus ooOMeHa nHpopManuen.

4. MeToasl HEMEMJIEHHOTO OOHAPYKEHUSI M YCTPAHEHHS OMMOOK Ha KAKJOM IIIare
(oTame) TPOEKTUPOBAaHMSA, HE OTKJIAAbIBas HMX HA JTal TECTHPOBAHHS IPO-
IPaMMBI.

CHOXHOCTh CHUCTEMBI SIBJISICTCSI OJHOW W3 TJIABHBIX NMPUYUH HU3KOH HAJIEHKHO-

CTH TIporpaMMHOro obecrieueHusi. B o0mem ciaydae, CI0KHOCTh OOBEKTa SIBISIETCS
GyHKIMEeH B3auMMOACHCTBHS (KOTUYECTBA CBS3CH) MEXAYy €ro KOMIIOHEHTamH. B
60opbOe co CI0NKHOCTHIO MPOTPAMMHOTO 00ECIICUEHUSI HCHOJIB3YIOTCS JBE KOHIICTI-
UK
1. Hepapxuueckas cmpyxmypa. epapxus Mo3BOJSET pa30UTh CUCTEMY 10 YPOBHSAM
noHUMaHus (abcTpakiuy, yrnpasieHus ). KoHIenus ypoBHel MO3BONISIET  aHAIH3H-
poBaTh CHCTEMY, CKpbIBas HECYIICCTBCHHBIC [UJIsl JaHHOTO YPOBHS JETalIH
peanm3anuy APYyruX ypoBHeH. Mepapxus mo3BOJIsSE€T TOHUMATh, TPOSKTUPOBATH
Y OIMCHIBATH CJIOKHBIC CUCTEMBI.
2. Hesasucumocmv. B COOTBETCTBHM C OJTOM KOHIENUIWEH, UIsI MUHUMH3a-
1012078 CIIO)KHOCTH, HEOOXOAMMO MaKCUMajJbHO  YCHJIUTH HE3aBUCUMOCTH
AIIEMEHTOB CHUCTEMBI. DTO O3HAYaeT TaKyI0 JEeKOMIIO3UIIMIO CHCTEMBI, YTOOBI &
BBICOKOYACTOTHAsI JWHAMHKA OblJla 3aKII0YeHa B OTACIBHBIX KOMIIOHEHTaX, a
MEKXKOMITOHEHTHBIE B3aWMOJCUCTBUSA (CBSI3HM) OMHUCHIBAIA TOJHKO HH3KOYACTOTHYIO
JTMHAMHKY CUCTEMBI.

[Ipenynpexnenre OMMOOK — JIYYIIUH MyTh MOBBIMICHUS HAAEKHOCTH TPO-
rpaMMHOro obecneuenus. s ero peanusaiuu 1eaecoo0pa3Ho UCHOIb30BATh METO-
UKy MPOSKTUPOBAHUS, COOTBETCTBYIOIIYIO CIIUPAIBHON MO YKHU3HEHHOTO IHKJIa
nporpaMMHOro obecnedenusi. OHa mpeaycMaTpUBaET MOCIEA0BATEIEHOE TOHKEHHE
CJIO)KHOCTH Ha BCEX dTalax MPOEKTHPOBaHUA. MeToJuKa BKIIOYAET CIEAYIOLINE OC-
HOBHBIE JTallbl: aHaJN3, MPOCKTHPOBAHHNE, BHEIPECHUE M COMPOBOXKICHUE.

Ha srtane ananuza HeoOX0AMMO ONpENENUThb, YTO JOJDKHA AENaTh NMPOEKTHU-
pyemasi cuctemMa. DTOT 3Tall BKIIo4YaeT B cels cienyroue maru. O6cnenoBaHue
o0beKTa M ompeneneHue TpeOoBaHUi moisib3oBaTeneil. dopMmynupoBaHue Ieneil u
MPUHIUIIOB TIOCTPOSHUSI CHUCTEMBI, OOECIICUMBAIOIINX BBIMIOJHEHUE TPEOOBAHUIA
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noyib3oBaTesied. Pa3paboTka apXUTEKTypbl - JAEKOMMO3UIUSA (YHKIMOHAIHHON
CTPYKTYpPBl 00BEKTa C UCIOJIB30BAHUEM METOI0JIOTHU CTPYKTYPHOTO aHalln3a U Mpo-
extupoBaHus. Pa3zpaboTka mMonenu (QyHKIMOHUPOBaHUS OOBEKTa MO METOAO0JOTUHU
auarpaMM IMOTOKOB JaHHBIX, KOTOPbIE OMHUCHIBAIOT MPOLECCHl MPeoOpa3oBaHUs HH-
dbopmarnuu OT ee BBOAAa B CUCTEMY JI0 Mepeayll KOHEUHbIM T10JIb30BaTEIISIM.

Ha stane npoexmuposanus onpenensercs, Kak cucreMa Oyner padoTarb. ITOT
3TaIl COCTOUT U3 CIEAYIOUMX 1aroB. PazpaboTka cucTeMsl Kilaccu(UKALUU - OIpe-
JieJIeHre MHOTOMEPHOI'O MPOCTPAaHCTBa pellieHuit cuctembl. PazpaboTka nHpopmaiu-
OHHOM MOJIENIN CUCTEMBI -MIPOCKTUPOBAHUE JIOTHUECKOW U (DPU3UYECKON CTPYKTYpPHI
0a3bl TaHHBIX CHCTEMbI C TTOMOIIBIO UarpamMm "CyIIHOCTb - cBs3b". CHHTE3 CTpYK-
TYpbI IPOrPAMMHOT0 00€CTIEUeHHUs: B MPOTPaMMHbBIE MOJYJIM CUCTEMbI 00bEIUHSIOT-
csl pyHKLMH, BBIMOJIHSEMbIE, KaK MPaBUIIO, OJHUM I0JIb30BAaTEIEM CUCTEMbI Ha Orpa-
HUYEHHOM MOJAMHOECTBE HMH(POPMALMOHHON Mojenu cuctembl. [IpoekTupoBanue
Moaynel -pazpaboTka cnenu@uKanuii, ONMUCHIBAIOIIMX CBI3U MEXAY MOAYISMHU, U
IIPOEKTUPOBAHKE JIOTUKH MoAyJiel. [IporpamMmMmupoBanre Moayield ¢ UCIOJIb30BAHU-
€M METOJIOB CTPYKTYPHOTO M OOBEKTHO-OPUEHTUPOBAHHOTO MPOrPAMMHUPOBAHUS.
WuTerpanus - cOopka KOMIIOHEHTOB CHUCTEMBI U €€ TecTupoBaHue. Pazpaborka meTo-
JAMYECKOr0 00EeCreueHus: PyKOBOACTB I0JIb30BATENEH, HHCTPYKIMM MO 3KCILTyaTa-
LU, TEXHOJIOTHYECKUX HHCTPYKIUH.

Oran 6HeopeHus aBTOMATU3UPOBAHHOW CHCTEMBbI YNPABICHUS HA KOHKPETHOM
00BEKTE BKIIOYAET Cieayromue Buabl padot. CTpyKTypHO-()YHKIIMOHATBHBIN aHaTU3
00BEKTa U PEUHKUHUPHUHT ero OuzHec-mpoieccoB. KoHdurypupoBanue cuctembl
M0/l MPOTPAMMHO-TEXHHUYECKYI0O W OpPraHW3alMOHHO-DKOHOMUYECKYIO CTPYKTYpY
00BEKTa, pa3rpaHUYeHHE NpaB AOCTYIA M0JIb30BaTeel K pecypcaM. Knaccudukanus
O0OBEKTOB y4eTa U yNpaBleHUs U UACHTUPUKALNS UX TapaMeTpoB. AfanTaius BX0o/I-
HBIX UHTEep(ECcOB U HAacTpoiiKa 0JaHKOB BBIXOAHBIX JOKyMEHTOB. Pa3paboTka anro-
pUTMOB Ou3Hec-npoieccoB. O0yueHne nojb30BaTeNield, BBOJ CUCTEMbI B ONBITHYIO U
MIPOMBIIIJIEHHYIO 3KCILTyaTaluIo.

Conposoowcoenue OOBENUHAET TNPOMBIIICHHYIO JKCIUIyaTallMl0 U pPa3BUTHE
cucteMbl. Ha 3TOM 3Tame ocymecTBiIseTcsl MOMCK U MCIPaBICHUE OLIMOOK, YCTpaHe-
HUE 3aMeyaHul, (PYHKIUMOHAIBHOE PACIIMPEHUE CHUCTEMbl HA OCHOBAaHUU JOIOJIHH-
TeJIBHBIX TPEOOBAHUI MOJIb30BaTENEH. B 3aBUCHUMOCTH OT BHJ1a BBIMOIHIEMBIX paboT
OCYLIECTBIISIETCS EPEXO] HA OAUH U3 IPEABIIYIINX ITAIIOB IPOCKTUPOBAHUS CUCTE-
MBI.

O4eBUAHO, UYTO MpEAYNpexACHUE OMMOOK - ONTUMAIbHBIA MYTh K JOCTUXKE-
HUIO HAJIKHOCTH MporpammHoro otecrnedenus. Jlyumuii croco6 obecrneunTh Ha-
JEXKHOCTh - MPEXkJIEe BCEro HE NONMYCTUTh BO3HMKHOBEHMS OmMOOK. OgHAKO, rapaH-
TUPOBAaTh OTCYTCTBUE OIIMOOK HEBO3MOXHO HHMKOTJa. J[pyrue Meronabl OmMparoTCs
Ha MPENOoI0KEHUE, YTO OIIMOKH BCe-TaKu OYIYT.
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Tema 9. O6Hapyx)eHue ommook. O0ecrneueHrue yCTOMYMBOCTH K OIITMOKaM — 24.

O0Hapy:keHHe OMIMOOK — 3TO METOJIbI MPOCKTHPOBAHMS, HAIIPABICHHBIC Ha
pa3paboTKy AOMOJHUTENBHBIX (YHKIUH MPOrpaMMHOTO OOECIeUYeHHsI, TOMOTaro-
X BBISIBUTH OMUOKW. Ecnu mpeamonarate, 4TOo B MPOTPaMMHOM OOECICYCHUH
olMOKH Bce ke OyayT, To jayumias (mociie NpeaynpekIeHusi OMO0K) CTpaTerus -
BKJIIOUHUTH CPEJICTBA OOHAPYKEHHSI OLITMOOK B caMO MPOrpaMMHOE 00ecrieueHue.

BONBIIMHCTBO METOOB ATOW TPYMIBI HAMPABJICHO, MO BO3MOXKHOCTH, HA HE-
MeJyIeHHoe oOHapykeHue cbooeB. HemennenHoe oOHapyX eHUE MMEET JBa MPEUMY-
[IeCTBa: MOKHO MUHUMHU3HMPOBATH KAaK BIWSHUE OMIMOKH, TaK W MOCIEAYIOIIUE 3a-
TPYAHCHHS /ISl YEIOBEKa, KOTOPOMY MPHUACTCS UCKaTh MHPOPMAIUIO 00 3TOH omuno-
K€, HaXOJUTh €€ MECTO B MPOrpaMMe M HCTPABIATh. MeToabl 0OHAPYKEHHUS OMIHOOK
0a3upyIOTCs Ha BBEJCHUU B MPOrPaMMHOE 00ECIIEYCHHE CHCTEMbI Pa3IMYHBIX BHIOB
M30BITOYHOCTH: BPEMEHHOW, WH(GOPMAIMOHHONW M IMPOTPaMMHOIA.

Obecnieuenne yCTONYHBOCTH K OIIMOKAM

ObecrieueHre yCTOMYMBOCTH K OIMOKAaM - METOJIbI IPOSKTHPOBAHMS, HATIPAB-
JICHHBIE Ha MCTIPABJICHHUE OMTMOOK M WX MOCIEJCTBUI U obecreunBaromiye ¢yHKIno-
HUPOBAaHWE CHUCTEMBbl NpU Haduuuu omuOok. Clenyromuid mar mociie Toro, Kak
omuOKa oOHapyxeHa, MO0 OHa caMa, JUOO ee MOCJIECICTBUS JOJIKHBI ObITh UCITPaB-
JIeHbl TMpOrpaMMHBIM oOecrieueHueM. McnpaBieHue omuOOK caMOl CHUCTEMOH -
TUTOZOTBOPHBIN METOJ MPOCKTUPOBAHUS HAJCKHBIX CUCTEM ammapaTHOro obecrede-
Hus. HexkoTopele ycTpoiicTBa ciocoOOHBI OOHAPY)KUTh HEHUCIIPaBHBICE KOMIIOHEHTHI U
MEPEeNUTH K MCIIONH30BAaHUIO WICHTHYHBIX 3aacHBIX. AHAJIOTHYHBIE METOIBI HEIPH-
MEHUMBI K IPOTPAMMHOMY 00ECIIEYCHHIO BCIIEACTBHE TTTyOOKUX BHYTPEHHUX Pa3iiv-
YHid MEXITy COOSIMH amnmaparypbl ¥ olrOKamMu B porpammax. Eciiin HEeKOTOpBIiA po-
TPaMMHBIA MOJYJb COACPKHUT OMNOKY, UACHTUYHBIC "3amacHbie" MOAYIH Takke 0y-
YT COIEPKATh Ty e OLINOKY.

MeToBI ATOM TPYIIIBI CTABIT CBOSH LIEIbI0 00eCTIeYnTh (yHKIITMOHUPOBAHUE
MPOrPaMMHOM CHCTEMBI IIPU HATMYNH B HeW ommOok. OHM pa30MBaOTCS HA TPU TMOJI-
TPYMIBL JUHAMHYECKass H30BITOYHOCTh, METO/IbI OTCTYIUICHUS U METOJIbI M3O0JISALUN
OLLINOOK.

1. MlcToku KOHUENUUN OUHAMUYECKOU U30bimoyHoCcmy JIeKaT B IPOSKTUPOBAHUHU all-
napatHoro obecrnedeHusi. OIUH U3 MOAXOI0B K THHAMUYECKONW U30BITOYHOCTH - ME-
TOH 2onocosanus. JlaHHble 00pabaThIBAIOTCA HE3aBUCUMO HECKOJIBKUMH WIEHTHY-
HBIMH YCTPOWCTBaMHU, U PE3yJIbTaThl CpaBHUBAIOTCS. Ecim GONBIIMHCTBO yCTPOWCTB
BBIPA0OTAIO OAMHAKOBBIN PE3yNIbTaT, ITOT PE3yNbTaT U CUUTACTCSA MPaBUIBHBIM. U
OIIATh, BCIEACTBUE 0CO00I MPUPOIBI OMUOOK B MPOrPaMMHOM OOECTICUECHUH OIIHO-
Ka, UMEKMAascsi B KONWUU MPOTrPaMMHOTO MOAYNS, OYAEeT TaKXkKe MPUCYTCT-
BOBaTh BO BCEX JIPYTUX €T0 KOMUAX, TOITOMY Hes TOJOCOBAHUS 3/1eCh, BUTUMO, HE-
npuemsiema. [Ipennaraemplii HHOTIa TIOJIXO/ K PELICHUIO 3TOM MpoOJIEeMbl COCTOUT B
TOM, YTOOBI UMETh HECKOJIBKO HEUJCHTUYHBIX KOTHA MOAYJS. DTO 3HAYUT, YTO BCE
KOIIMH BBIMIOJHAIOT OJHY M Ty ke (QYHKIHIO, HO TUOO peau3yroT pa3IudHbIe allro-
PUTMBI, TUOO CO3/1aHbl Pa3HBIMHU pa3zpaboTyMKaMH. DTOT MOJAX0J] HE Bceraa s dex-
TUBEH TIO CJIEIYIONIMM MpUYMHAM. YacTo TPYAHO MOJIYYUTh CYIIECTBEHHO pa3HbIC
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BEPCUU MOJYJISA, BHIMOJIHSIONIME OJMHAaKOBbIe (QyHKIMU. KpoMe TOro, BOZHUKAET He-
00XOJUMOCTh B JIOMOJIHUTEILHOM MIPOrPaMMHOM OOECIEYEHUU JI OpTraHu3aluu
BBIITOJIHEHUS 3TUX BEPCUI MMAPAIIIENBHO WJIU MOCIEA0BATEIBHO U CPABHEHHUS PE3YIIb-
TaTOB. DTO JOMOJIHUTEIBHOE IPOrPaMMHOE 0OECTieueHHEe MOBBIIIAET YPOBEHD CIIOXK-
HOCTH CHCTEMBI, YTO, KOHEYHO, IPOTHUBOPEUYUT OCHOBHOW HJEE€ NPEAYNPEKIACHUS
OLIMOOK -CTPEMUTHCA B MEPBYIO 0Yepe/lb MUHUMHU3UPOBATH CIIOKHOCTb.

Bropo#i moaxon kK AMHAMUYECKOW M30BITOYHOCTH - BBIMOJHATH 3allacHbIE KO-
A MOAYJEN TOJBKO TOrJa, KOT/a MOJIYYEHHBIE C TIOMOIIBIO OCHOBHOM KOIHMH pe-
3yJbTaThl MPU3HAHBI HENPABUIBHBIMUA. ECIM 3TO NMPOUCXOIUT, TO CHCTEMA aBTOMa-
TUYECKHU BBI3BIBAET 3allaCHYIO0 KONUIO. ECiIM U ee pe3ynbTaTbl HENPAaBUIIbHBI, BbI3bI-
BaeTcs Jpyras 3anacHas KOmus U T. 1. ITOT MOJX0Jl TaKKe CTpagaeT O00JbIINHCTBOM
MIEPEYUCIIEHHBIX paHee HenocTaTkoB. Kpome Toro, BIOMHE BEPOATHO, UYTO €CIIH pe-
CypCHI Ha pealin3aluio MpoekTa GUKCUPOBAHBI, TO MIPU peaau3aluu "3anacHbix" Bep-
CUHl Ha MPOEKTUPOBAHUE U TECTUpPOBAHUE OYAET BBIJCIICEHO MEHBIIE PECypCcoB, YeM
MO>KHO OBUIO BBIJIETUTH, €CNK Obl pealn30BbIBAJIACH JIMILb OJIHA KON U JUHAMUYe-
CKas U30BITOYHOCTh HE MCMOJIb30BaJIaCh.
2. Bropas noarpymma MeToJ0B 00ecriedeHns] YCTOMYMBOCTH K OIIMOKaM Ha3bIBAETCS
METOAMH OmMCMYNJieHuss WIA COKPAIIEHHOr0 OO0CTyKUBaHUS. DTH METOAbl IPHUEM-
JeMbl OOBIYHO JIMIIb TOT/IA, KOT/Ia AJI CUCTEMBI IPOIrPAMMHOTO 0OECTIeUeHUs BaxK-
HO OJIarOMoOJy4YyHO 3aKOHUUTH paboTy. Hampumep, ecnm ommOka  oOKa3bIBaeTCA
B CHCTEME, YIPABISAIOUIEH TEXHOJOTMYECKUMH MPOLECCAMU, U B pE3YyJIbTATE 3Ta
CUCTEMa BBIXOJMT U3 CTPOS, TO MOXKET OBbITh 3arPY’)KEH W  BBIIIOJIHEH  OCOOBIN
dbparMeHT nOporpaMMbl, IPU3BAHHBIN MOACTPAXOBaTh CHUCTEMY U 00ECHEeUUTb
0e3aBapuilHOE 3aBEpIICHHE BCEX YIPABISEMBIX CHCTEMOM MpoLEeccOB. AHAIOIUY-
HBbIE Cpe/CcTBa HEOOXOJUMBbI B ONEPALMOHHBIX cucTeMax. Eciu onepanuoHHas cuc-
TeMa OOHApyKMBAET, YTO OHA BOT-BOT BBIMJAET U3 CTPOs, OHA MOXET 3arpy-
3UTh aBapUUHBIA (PparMeHT, OTBEYAIOLIUN 3a OIMOBEIICHHE IMOJIb30BaTENEH y Tep-
MUHAJIOB O MpEJACTOosAlmeM c00e U 3a COXpaHEHHUE BCEX KPUTHUUYECKUX s
CUCTEMBI JaHHBIX.
3. Tlocnemnsis moAarpymnmna - METoAbl uzoaayuu owud6ok. OCHOBHAsA UX Hlled - HE
JaTh MOCJEACTBUSAM OIIMOKM BBIMTH 3a TpENebl KaK MOKHO
MEHbIIEH YacTH CUCTEMbI TporpaMMHOro odecneuenus. Ecnu ommbka BOSHUKHET, TO
HE BCSl CHUCTEMa OKa3bIBaeTCs HEPAOOTOCIIOCOOHOW, a OTKIIOYAIOTCS JIUIIb OTIENb-
Hble (DYHKIMH B CUCTEME JTMOO HEKOTOphIE €€ MmoJib3oBaTenu. Hanpumep, BO MHOTHX
ONEpallMOHHBIX CUCTEMAX M30JHUPYIOTCA OIMIMOKM OTAENbHBIX MOJb30BaTeNel Tak,
4TO cOOM BIMSET JMIIb HA HEKOTOPOE MOAMHOMKECTBO IMOJIb30BaTENEH, a cucTemMa B
1EeJI0M MpoAoKaeT GyHKUMOHUPOBaTh. B TeneoHHBIX MepeKitouaTeabHbIX CHCTE-
Max JJis BOCCTAHOBJIEHHUS MOCJE OMMOKH, YTOOBI HE PUCKOBATH BBIXOJIOM W3 CTPOS
BCEU CUCTEMBI, IIPOCTO PA3PbIBAIOT TeIe(OHHYIO CBs3b. Jpyrue MeTolbl U30JSLUU
OLIMOOK CBSI3aHBI C 3alIMTON KaXKIOW M3 MpOrpaMM B CHCTEME OT OMIMOOK JPYTrux
nporpamm. OmubOka B NPUKIAJAHONW MpOTrpaMMe, BBIMOJHIEMOW MO YIpaBiICHUEM
ONEPALIMOHHON CUCTEMBI, JOJKHA OKa3bIBaTh BIMSAHUE TOJIBKO HAa ATy MPOTPaMMYy.
OHa He IOoyKHA CKa3bIBaThCS HA CaMOW OINEPAllMOHHOW CUCTEME WIIM JAPYTHX Ipo-
rpamMMmax, GYHKIHOHUPYIOIIHUX B 3TOM CUCTEME.
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Ha 6a3e meTon0B o0OecredeHns yCTOMYMBOCTH K OMIMOKaM, HAIpaBICHHBIX Ha
MUHUMH3AIUIO yiiepda Mpu TOSBICHUU OIIMOOK, pa3padaThIBaIOTCS CPEACTBA IO-
BBINICHUSI HAJCKHOCTH TPOTPAMMHOTO OOECIMEYCHHUs, PEAU3YIONIUe BBIMOTHCHHE
CIeAYIOMUX (PyHKIIHM.

Meton oOunamuyeckoil uzbbimoyHocmu pean3yroT CPEICTBA:
IMHAMHYECKOTO HM3MEHEHHs KOH(HUTypaIuy;
MOBTOPHOTO BBITIOJIHEHUS omeparuii. MeTon omcmynienus: peanu3yroT CPeICcTBa:
- 00paboTku omuoboK;
- COKpAIIEHHOTO 0OCTY)KMBAHUS B CIIydae OTKa3a OTACIbHBIX (PYHKIIUN CUCTEMBI.
Merton uzonayuu owubok peannu3yroT Cpe/ICTBa:
- KOHTpPOJIS JEUCTBUM I0JIb30BATENEH;
- 00paboTKU cOOEB anmaparypsbl;
- aHanM3a KOPPEKTHOCTH JIaHHBIX;
- KONMUPOBAaHUS M BOCCTAHOBJIICHUS JaHHBIX.

BaxxHoe 00CTOSATEIHCTBO, Kacaroleecs BCEX METOAO0B, COCTOUT B TOM, YTO 00-
Hapy)XCHHE OIMMOOK M 0OecreyeHne YCTOMUYMBOCTH K OMIMOKaM B HEKOTOPOM OTHO-
[ICHUH TPOTHUBOIOIOKHBI METOJaM MpenynpekKAcHus OmnOoK. B wacTHOCTH, 3TH
METOJIbI TPEOYIOT TOMONHHUTEIBHBIX (YHKIHUHA OT caMoOro MporpaMMHOTO obecreye-
HUs. TeM caMbIM HE TOJIBKO YBEITMYMBACTCS CIOKHOCTh TOTOBOM CHCTEMBI, HO H TO-
SIBIISIETCS BOSMOXXHOCTh BHECTH JOTIOJTHUTEIBHBIE OIIMOKH TMPH pead3aliH dTHX
¢bynkmmii. Kak npaBuio, METOIbI MpeAyNpekIeHUs 1 0OHAPYKEHUS OMUOOK TIpUMe-
HUMBI K JJIOOOMY MPOrpaMMHOMY MPOEKTY. MeToabl o0ecredeHnss YCTOMYNBOCTH K
oImMOKaM TPUMEHSIOTCS HE TaK IMHUPOKO, 3TO, OJHAKO, 3aBUCUT OT OOJIACTH TPUIIO-
keHus. Ecm paccMaTpuBaeTcsi, CKaXKeM, CUCTeMa PeaTbHOTO BPEMEHH, TO SICHO, YTO
OHa JIOJDKHA COXPAaHUTH PAa0OTOCTIOCOOHOCTH M TIPU HAJIMYUU OIIHOOK, a TOT/1a MOTYT
OKa3aThCsl JKeIaTeNbHBIMA U METOJIBI UCIIPABJICHUS U O0ECTICUYCHUsI YCTOMYMBOCTH K
ommbkam. K cucreMaMm Takoro THUMa OTHOCATCS TeJICPOHHBIE MEPEKITI0YATEIHHBIC
CHCTEMBI, CUCTEMBI YIIPABICHUS TEXHOJIOTUICCKIUMH MPOIECCAMH, a3POKOCMHUYECKIE
Y aBHAIMOHHBIC JUCIIETYCPCKUE CHCTEMBI U ONEPAlMOHHBIC CUCTEMBI ITUPOKOTO Ha-
3HAYCHMUSI.

Tema 9. Busibl H30BITOYHOCTH TPOrPAMMHOTO OOecrieyeHus — 24.

B mporniecce mpoekTupoBaHUs HEIOCTATOYHO CO3/aTh MPAaBHIBHBIC MPOrpam-
MBI, BbIJIAIONIME HEOOXOIUMbIC JaHHbIC MPU HCAbHBIX UCXOIHBIX JTaHHBIX U a0co-
JIOTHOM OTCYTCTBHU BO3MYIIeHUH. Tpedyercs pazpabaThiBaTh HaJACKHBIC MPOrpam-
MBI, YCTOMYMBBIE K PA3JIUYHBIM BO3MYIICHUSAM U CIIOCOOHBIE COXPAHSITh TpeOyemoe
KaueCcTBO 00pabOTKH B peabHBIX YCIOBUSIX (YHKIIMOHUpOBaHUA. B 00X cuTya-
IUSX JOJOKHBI OBITh HCKITIOUEHBI KATaCTPO(QUUECKUE MOCTAEACTBUS U JJTUTEIbHBIE OT-
Ka3bl WIH, B KpallHEM cCilydae, WX BJIMSHUE HAa BHEIIHUX a0OHEHTOB JOJKHO OBIThH
MUHHUMAaJIbHBIM.

Kommiekchl nmporpamm B mnpoiiecce QyHKIIMOHUPOBAHUSI HAXOAATCS MO/ BO3-
JEUCTBHEM IIIYMOB - BO3MYILCHHUHN Pa3IMUHBIX THUIIOB W MPOUCXOXACHUS. (s cHu-
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KEHUS UX BIUSHUS NPUMEHSIOTCS (PUIBTPHI, MO3BOJISIONME OOHAPYKUBATH UCKaXKe-
HUS1, BBIOMPATh WX, YCTPAHITh WM YMEHbIIATh BpeAHbIE MociencTBUs. PazHooOpa3ue
BUJIOB MCKaXCHUN TMPUBOIUT K HEOOXOAUMOCTH MOCTPOEHUS CUCTEMBI (UIBTPOB,
KaXK/IbIM U3 KOTOPBIX BEIOMPAET HEKOTOPHIE BHUJIbI UCKAKEHUH.

Peanuzanust puibTpoB OCHOBaHA HAa MCMOJIB30BAHUM U30BITOUHOCTH. M30BITOYHOCTD
- 3TO MPOLIECC, KOTOPBIN UCIIONB3YETCS JIsl OOHAPY>KEHUS OIUMOOK U BIPAOOTKHU Mep
M0 CHW)XEHHUIO MX MOCJIEACTBUM NpH (YHKIMOHUPOBAHUU KOMILJIEKCOB MPOTPAMM.
N30bITOYHOCTh HMCIOJIB3YETCS JJIE KOHTPOJSl MCKAKEHHUH Kak camMoro mporecca
(GYHKUMOHUPOBAHUS KOMIUIEKCA NPOrpaMM, Tak U o0padaThIBa€MbIX UM JAHHBIX.
OcHoBHast 3ajaya BBOJIa M30BITOYHOCTH COCTOUT B OTPAHMYEHHM aBAPUUHBIX TO-
CJIEJICTBUI OT BO3MYILIEHHUI, COOTBETCTBYIOLIUX OTKA3y CUCTEMBI.

JltoOble aHOMaNKMK MPU UCHOJHEHUU MPOrpaMM HEOOXOAMMO OJIOKHpPOBATH U
OTpaHUYUBATh MO MOCIEJCTBUSAM Ha YPOBHE COOs C MAKCUMaJIbHO OBICTPHIM BOCCTa-
HoBJIeHHEeM. He 00s13aTenbHO Bcerja ycTaHaBIMBATh NMPUUYMHY HCKaXXEHUs, T1aBHAs
3aJlaya CBOAMUTCS K OBICTPOMY BOCCTAaHOBJICHUIO HOPMAJIBHOTO (PYHKIIMOHUPOBAHMSL.
JJist TOr0 B KOMIUIEKCHI TPOrpaMM BBOJAT CPEACTBA, PEIIAIOIINE CIEeAYIOUIUe 3a1a-
gy (puc. 1.):

O6HapykeHHe CKaKEHHH [POrpamM, AaHHBIX WK BEIMHCIHTENBHOrO
npotuecca

Y
Cenexuns v xnaccudukanma MCKaXKEHUH N0 BOIMOMKHBIM MOCAEACTBHAM

A 4
IToaroToBKa pelieHus 115 BOCCTAHOBNEHHS

v

IpoBeneHue BOCCTAHOBHUTENBHLIX ONEpaLnii

v

Peructpallia 1 HAKOIIEHHE JaHHBIX 00 UCKAKEHHAX B BOCCTAHOBIEHHAX
MporpamMMbl

Puc. 1. DTansl obecrieueHus HaJC)KHOCTU KOMIIJICKCOB IIPpOrpaMm

- OmepaTuBHOE OOHAPYKEHHE MCKAKEHUW MPOrpamMM, BBIYUCIUTEILHOIO Mpolecca,
MIPOMEKYTOUYHBIX WU PE3YJIbTUPYIOMINX IAHHBIX;

- CEeJNEeKUMI0 M paclo3HAaBAaHUE HCKa)XKEHUM, OLEHKY BO3MOJKHBIX ITOCIE/-
CTBUM [l (DYHKITMOHUPOBAHUS KOMIUIEKCA MPOrpamMm;

- TpUHATHE pEelIeHHUs W BHIOOp oOmepanuil s BOCCTAHOBJICHHS HOPMaIbHO-
ro (QyHKIIMOHUPOBAHUS;

- PErucTpanuio U HAKOIJICHUE JAHHBIX O BBIABICHHBIX HUCKAKEHUSIX U ONMEPATUBHO
MPUHATBIX Mepax Uil WX JIMKBUAAIIMUM WM OrpaHUYCHUS 00JaCTH BIIUSHUS.
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Jliist oGecrieyeHus 3aluThl BEIUMCIUTEIBLHOTO Ipolecca U MHPOpMaluu mpo-
IrpaMMHO-aJTOPUTMUYECKUMHU METOaMU MCTIOIB3YIOTCS MPOrpaMMHasi, HHpOpMaIu-
OHHAasi ¥ BpPEeMEHHasi M30BITOYHOCTb.

Bpemennass u30BITOYHOCTH

[lon BpeMeHHOH WH30BITOYHOCTBIO TTOHMMAETCS MPOLIECC, HCIONb3YIOUINN
4acTh IPOU3BOAUTENLHOCTH DBM 111 KOHTPOJIS UCTIOJIHEHHSI M1 BOCCTAHOBJICHUS pa-
060TOoCIOCOOHOCTH cHUCTeMBbl mocie cOos. Ilpu mpoexkTupoBaHUMM KOMILIEKCA MPO-
rpaMM JIOJKEH MpeaycMaTpUBaThCs 3amac MPOU3BOAUTENBHOCTH, KOTOPBIM Oyner
UCTIONB30BAThCS  JJIi  KOHTPOJS W TIOBBIMICHUS HAJE)KHOCTH (QYHKIIMOHUPOBAHHUS.
3HaueHNe BpEMEHHOW M30BITOYHOCTH 3aBUCUT OT TPEOOBaHMI K HAJC)KHOCTH (PYHK-
LIMOHUPOBAHUS CUCTEMBI U cocTaBisieT oT 5—10% mpou3BOAUTENILHOCTH OAHOIPO-
neccopaoit 9BM 110 Tpex- 1 4eThIPEXKPATHOTO AYOJIUPOBAHUS MPOU3BOIUTEILHOCTH
OBM B MaXOpPHUTApHBIX BBIYHCIUTEIBHBIX KoMIUiekcax. [lpu QyHKuMoOHMpOBaHUHU
KOMILJIEKCOB MPOTpaMM B peajbHOM MaciuTabe BPEMEHHU pe3epB BPEMEHU JUJIsi KOH-
TPOJIS U BOCCTAHOBJICHUSI BBIUMCIUTENBHOTO Tpolecca U HHGOpMAaIMi HE yCTaHAaB-
JUBaeTcs 3apaHee. [ AMarHOCTUKU MCKa)KEHUM W orepanuii BOCCTAaHOBIICHUS Tpe-
Oyercsi B oOmieM ciydae HEOOJBIIONW MHTEpBaJ BPEMEHU, KOTOPBIM BbIAEISETCS 3a
CUET pe3epBa WM COKpALICHUSI BPEMEHM pellieHus PyHKIMOHAIbHBIX 3a1ad. [locne
BOCCTaHOBJICHHSI PE3€PB BPEMEHM CUMUTAETCS IMOJHOCTBIO MOMOJHEHHBIM.

NudopmannonHas  uM30bITOYHOCTH

Nudopmannonnas u3dbITOYHOCTD - 3TO MpoIecC TyOIUPOBAHMS YaCTH JaH-
HBIX BBIUMCITUTEIHHOW CHCTEMBI 17151 00ecTieueH s HaIeKHOCTH U KOHTPOJISI TaHHBIX.
N30bITOYHOCTh UCTIONB3YETCA JIJIsl 00ecreueHus: JOCTOBEPHOCTH BXOJHBIX U MIpOMe-
KYTOUHBIX JaHHBIX, KOTOpPbIE B HAMOONBIIEH CTENEHW BIHUSIOT HAa HOPMaIbHOE
(GYHKIIMOHUPOBaHWE KOMIUIEKCAa MPOTrpaMM, a TaKXKe MAHHBIX, KOTOpbIE TPeOyIoT
3HAYUTEIBLHOTO BPEMEHU BOCCTAHOBIICHHUSA. J{JI1 BOCCTAHOBJIEHUS TaKUX JAHHBIX Tpe-
OyeTcsi uX JJIUTENbHOE HaKomeHne u oopadoTka. MHbopmalimonHast u30bITOUHOCTh
CIIOCOOCTBYET HE TOJBKO OOHAPYKEHUIO MCKaXKEHHS AaHHBIX, HO U YCTpPaHEHUIO
omnOokK. JlaHHbIE 3aUIIAIOT JBYX- U TPEXKPATHBIM JYOJIMPOBAHUEM C COOTBETCT-
BYIOLIEH NHUCHMUIUIMHON KOHTPOJSI COXPAHHOCTU M IMEPUOJUYECKHUM OOHOBJICHHEM.
Jlniss MeHee BaXKHBIX JTaHHBIX HHQOpPMAIIMOHHAS N30BITOYHOCTh UCTIONB3YETCS B BUJIC
MOMEXO03AIUTHBIX KOJOB, MO3BOJIAIOIIMX TOJIBKO OOHApYXHBaTh UCKakeHUs. Mcka-
KEHHbIC JJAHHBIE MCKIIOYAIOTCA U3 00pabOTKH, U MPOUCXOAUT X €CTECTBEHHOE 00-
HOBJICHHE B Ipoliecce MOociaeaAyomero GyHKIMOHUpoBaHus. MHOTHE JTaHHbIE BbIYKC-
JUTEJIbHON CUCTEMBbI HE 3allMIIAI0TCS BCIACACTBUE UX YACTOTO OOHOBIICHHUS WM Clla-
00ro BIMSHUS BO3MOXKHBIX MCKAXCHHH Ha pEIICHHE OCHOBHBIX ()YHKIIMOHAJIHHBIX
3ajad.

I[Iporpammuasi  M30BITOYHOCTH

IIporpammHasi M30BITOYHOCTD - ITO MPOIIECC, UCTIONB3YEMBIH 11 KOHTPOJIS
u obecrieyeHus] JOCTOBEPHOCTH BaXXHBIX (DYHKIMH ympaBiieHUsSs W 0OpaOOTKH WH-
dopmaruu. IlporpammHas M30BITOYHOCTh Oa3UpPyEeTCSs HAa BBIIIOJHEHUH CHCTEMOM
CIeAyOmMuX PyHKIMMA:

- B3aUMHOE HEJI0BEpHUE DIIEMEHTOB CUCTEMBI;
- HeMeIJIEHHOE OOHApYXEHUE U PETUCTPALIMS OLINOOK;
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- BBINIOJIHEHUE OJIMHAKOBBIX (DYHKIIUM pa3HBIMU MOJYJISIMUA CUCTEMBI U COIOCTABIIEC-
HUE PEe3yIbTaTOB 00pabOTKH;

- KOHTPOJIb U BOCCTAaHOBJICHHWE JIaHHBIX C MCIOJIB30BAHUEM JPYTUX BHJIOB U3-
OBITOYHOCTH.

[Ipu ucnonp30BaHUM METOJAa B3aUMHOI'O HEIOBEPHUS KOMIIOHEHTHI CHUCTEMBI
MIPOCKTUPYIOTCSI, UCXOAS U3 MPEANOIIONKEHUSI, UTO IPYTUe€ KOMIOHEHThI U UCXOIHBIC
JaHHbIE coaepxkaT omuoku. [lepen Hauasom 06pabOTKH MPOrpaMMHBIE KOMITOHEHTHI
JIOJKHBI IPOBEPUTH KOPPEKTHOCTh BXOHBIX TTApaMETPOB U UCXOHBIX JAaHHBIX U T0-
MBITATHCA OOHAPYXUTh B HUX omUOKU. B ciydae oOHapykeHus: ommoku uHbopma-
IS O HEH mepeaeTcs APYruM MOIYIISIM CUCTEMBI WU MOJIb30BATENIO IS TPUHSATHUS
pelieHus.

JIs1 TIOBBINIIEHUS HAJEKHOCTH BBITIOJHEHUS BaXHBIX (YHKIIUHA CHUCTEMBI B
KOMIUIEKCaX MpOorpaMM MPUMEHSIOTCS HECKOJIBKO BapUAHTOB MOAYJEH, pasjinyaro-
IIUXCSl METOJIaMH PEIISHUS 3aa4M WK aJITOPUTMOM pealiu3allii OJHOTO U TOTO Ke
MeTona. Tem caMbIM, TOSIBISIETCS BO3MOXKHOCTh COTIOCTABJISATh Pe3yJIbTaThl 00paboT-
KM OJIMHAKOBBIX MCXOJHBIX JAaHHBIX Pa3HBIMH MOJYJISIMH U UCKIIOYATh HUCKAKCHHE
Pe3yIbTaTOB, 00YCIOBIEHHOE MPOTPAMMHBIMU OIITMOKAMH WJIH COOSIMU B CUCTEME.

[IporpamMmmHasi U30BITOYHOCTh TAKXE HEOOXOAUMA JIJIsl peau3aliuu MporpaMm
KOHTPOJISI U BOCCTAHOBJICHUS JTAHHBIX C MCIOJIb30BaHHEM HH(POPMAIMOHHON H30bI-
TOYHOCTH U JJIs1 (QYHKIIMOHUPOBAHUSI CPEJICTB 3aIUThI, UCTIOJIB3YIONUX BPEMEHHYIO
M30BITOYHOCT.

CrnemyeT OTMETHTh TICHXOJIOTHYECKHE TPYAHOCTH BBEICHHS H30BITOUHOCTH
JUIsl 00ecreueHrs] HaIS)KHOCTH MporpaMM. TpaguliuOHHBIN TIIYOOKUM ONITUMHU3M CO-
3/1aTeliel KOMIUIEKCOB MPOTPaMM OTHOCHUTEJIBHO BO3MOXXKHOCTH COOCTBEHHBIX OIIIH-
OOK M BHEIIHUX BO3MYIICHUN MPUBOJAUT K MACCOBOMY NPEHEOPEIKEHUIO METOJaMU
MPOTPaMMHOM 3aIIUTHl WM UX HE3HAYUTEIHLHOMY HUCIIOIB30BaHUI0. DTOMY CIIOCO0-
CTBYET TaK)K€ OTPAaHUUYEHHOCTh PECYPCOB BBIUUCIUTEIBbHBIX CUCTEM. M30BITOUHOCTD,
HeoOXoauMast JiJisi o0ecTieueHUsT HaJASKHOTO (PYHKIIMOHUPOBAHUS KOMILJIEKCOB IPO-
rpamMM, JIOJDKHA ONPEACNISIThCS Ha HayaldbHBIX 3Tamax MPOCKTUPOBAHMS U IICJICHA-
MIPaBJICHHO UCIIOJIB30BATHCA JIJIsl pEIISHUS 3a7ad KOHTPOJS U BOCCTAHOBJICHHUS.

Tema 10. Opranuzanus 1 TPoOBEJCHUE UCTIBITAHUN HAa HAAEKHOCTH 110 — 2.

IlpyHuMDBbI W 3aJa4YM  CTATHCTHYECKOr0 TEeCTHPOBAHMSA NMPOrpamMm

JleTepMUHUPOBAHHOE TECTHUPOBAHME IO3BOJSET MPOBEPUTH NPOrpaMMbl IPHU
OTPaHUYECHHOM KOJIMYECTBE (PUKCHPOBAHHBIX HMCXOJHBIX AaHHBIX. PeanmbHoe (yHK-
LHMOHUPOBAHUE KOMILIEKCOB MPOTrpaMM IMPOXOAUT B cToxacTuueckon cpene. [loato-
My CIIO’KHBIE KOMIUIEKCHI MpPOTpaMM HEO0OXOJMMO MOJABEPraTh CTATUCTHUYECKOMY
TECTUPOBAHUIO JJI PACIIUPEHUsI YCIOBUUA (YHKUMOHUPOBAHUS M JUISl MOJy4YEHUS
0oJiee TOCTOBEPHBIX JAHHBIX O HaJEXKHOCTH mporpamm. CratucTuyeckasl MmpoBepka
IIPOrpaMM MpeCIIeyET ABE LEINU:
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- oOHapyxeHue omHOOK B KOMIUIEKCE MPOTpaMM, OTJIAJKY MporpaMM U obecreye-
HUE XapaKTEPUCTUK KOMIUIEKCa IpPOorpaMM B COOTBETCTBHHM C TPeOOBaHUSIMHU
TeXHUYECKOro  3ajaHus  (KOMILIeKCHAasi OTJIAIKA MPOrpaMM);
- UICTIBITAaHUE KOMIUIEKCAa TporpaMM B pEalbHBIX YCIOBHUSX U JIEMOHCTpa-
1IMS 3aKa3YUKY MMOJTHOTHI BHITIOJHEHUS TPEOOBAHUIN TEXHUYECKOTO 3aJaHMUS.

CratucTU4eCcKUe MPOBEPKU MPOBOASATCS KOMIUIEKCHO ISl TIOJIYYEHUS pa3jind-
HBIX XapaKTEPUCTUK MPOTrpaMM, B TOM YHCJIE HAICKHOCTU. Jlanee paccMaTpUBaIOTCS
o0IIMe METObI U 3aJlaud CTAaTUCTUYECKOTO TECTUPOBAHUS ¢ HEKOTOPBHIM aKIIEHTOM
Ha 0COOCHHOCTH, HEOOXOAUMBIE JJIS MOJYYEHHUS HAJIC)KHBIX KOMILIEKCOB IIPOTPaMM U
omnpejieNieHus nokaszarenei HajaexHocTH. CTaTuCTUYeCKON MpoBepke Hauboliee IIn-
POKO TIOJIBEPTarOTCs CI0HBIE TPYIIIBI MPOrpaMM, Tak Kak UX HEBO3MOXKHO C HE0O-
XOJIMMOU JIOCTOBEPHOCTHIO MPOBEPUTH METOAaMU (HOPMATU30BAHHOTO KOHTPOJIS U
Mo JIETEPMUHUPOBAHHBIM TecTaM. CTaTUCTUYECKYIO TPOBEPKY U OTIAIKY ACIAT Ha
JIB€ YaCTU: OTIAJKY MO CTATUCTUYECKUM XapaKTEPUCTUKAM BBIXOJHBIX PE3YyJIbTaTOB
peanu3aiu TECTOB U OTJIAAKY IO CTaTUCTHUYECKUM XapaKTePHUCTHUKAM JIUHAMUKU
(YHKIIMOHUPOBAHUS KOMILUIEKCA MPOTPaMM U HMCIOJb30BAHUS UM BBIYMCIUTEIBHBIX
pecypcos BC.

[lepBast yacTh CTAaTUCTHYECKON OTJIAJIKK MPETyCMaTPUBACT MOJyYEeHHUE U aHa-
JIU3 BBIXOJHBIX PE3ylIbTaTOB (YHKIIMOHUPOBAHUS TPYHI U BCEr0 KOMIUICKCA TMPO-
rpamMM IIPU U3MEHEHUU HMCXOJHBIX MEPEMEHHBIX B COOTBETCTBUU CO CTATUCTUUYECKH-
MU 3aKOHAMH pa0OThl UICTOUYHUKOB WH(OpMAIMU. ITU PE3yIbTaThl IPOBEPSIOTCS 110
UX 3aKOHaM paclpeiesieHuss U NapameTpaM STUX 3aKOHOB HAa COOTBETCTBHUE 3TaJO-
HaM, MMOJYYEHHBIM Pa3JIMYHBIMU METOJIAMU WJIM 3aJlaHHBIM TPEOOBAHUSIMU TEXHUYE-
ckoro 3aganusi. CTaTUCTUYECKOE€ W3MEHEHHE MCXOJHBIX JaHHBIX pacIIUpseT
JMara3oH BO3MOXKHBIX COUETaHUI MEPEMEHHBIX U COOTBETCTBYIONIUX UM JIOTHUECKUX
MapuipyToB o06pabotku nHbopmanuu. B pe3ynbraTe yBelInuMBaeTcs rIyOWHA MPo-
BEPKH MPOTPaMM [0 CPAaBHEHHUIO C TOU, KOTOPYIO YAA€TCSl TOCTUTHYTH MPHU JTCTCPMHU-
HUPOBAHHOM TecTupoBaHuHU. OTKIOHEHHE MTapaMeTPOB WM 3aKOHOB pacIpe/eeHuUs
BBIXOJIHBIX JAHHBIX OT JTAJIOHHBIX SBJIACTCS MPU3HAKOM HaJWYUsl B IMpOTrpamMmax
omuOO0K, KOTOPhIE MOJJICKAT BHISIBICHUIO U JIOKAJIU3AIIMK BCEMU JTIOCTYITHBIMUA METO-
JTaMU U, TIPEKJIE BCETO, C TTOMOIIBIO JETEPMUHUPOBAHHOTO TECTUPOBAHUSI.

CrartucTudeckasl OTJIaJika MO XapaKTepUCTUKAM TUHAMHKU ()YHKIIMOHHPOBA-
HUS TIPOTrpaMM U UCTIONb30BaHus MU pecypcoB BC mpeaycmaTpuBaeT IpoBEpKY Xa-
PAKTEPUCTHUK IIPOrpaMM IO BPEMEHHU UX peau3ailiu, Mocae0BaTeIbHOCTH BKIIFOYE-
HUS, pealbHOMY HCTOJb30BAHUIO MAaMATH U BHEMHUX ycTporctB BC u T. 1. O1a oT-
JazKa AoJbkHa obecriednBaTh 3PQGEKTUBHOE TUHAMHYECKOE HCIIOJIb30BAaHUE pPECYp-
coB BC u BBISBIIATH CUCTEMHBIE OMMOKHU, 00YCIOBIICHHBIE MPEBBIIICHHUEM MTOTPEOHO-
CTH B pecypcax i pealu3alui KOMIUIEKca MpOorpaMM MO CPABHEHHIO C MMEIOIIH-
MUCsI, TIPU PA3JIMUHBIX pexKUMax (PyHKIIMOHUPOBAHUS BHEITHUX aboHeHTOB. [Ipu3Ha-
KOM HaJIM4Ms OMMOOK MOXKET OBITh MOBBINIEHHAs] YaCTOTAa BbI30Ba HEKOTOPHIX IMOJI-
MporpaMm, 4acToTa oOpaleHusi K 30HaM MaMATH U JPyrue TUHAMUYECKHE XapaKTe-
PUCTHKU TpoIecca UCTIOTHEHUs TporpaMM. OmmOKy TaKoro TUIa MOTYT OOHApYXKH-
BaThCsl MyTEM aHAJIUTUYECKOT'O pacyeTa CTATUCTHUYECKUX XapaKTEPHUCTUK OTIaKH-
BaeMOTro KOMIUJIEKCa MPOrpaMm (IO UCIOIb30BAHUIO TPOU3BOJAUTEIILHOCTH U APYTUX
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napametrpoB) BC uinu myTeM KOHTPOJIS MCIOJBb30BaHUS MPOU3BOAUTENHLHOCTH BC
IIpU NpoBepKe (DYHKIIMOHUPOBAHMS MPOTPAMM B peaibHOM MaciiTabe BpeMEeHH B yC-
JIOBUSX, OJIM3KUX K OTMPEICIIIEMbIM TEXHUYECKUM 3a/JaHHEM.

CTaTuCTHYECKUMH METOJaMU OOHAPY>KMBAIOTCS NPUHIUIIHUAIIBHBIC aJTOPUT-
MHUYECKUE U CUCTEMHBIC OIIMOKH, JIJII YCTPAHEHHUS KOTOPBIX TPeOyeTcsl 3HAUUTENb-
Has JopaboTKa WM 3aMeHa MmoamporpamMM. J[Jis 3Toro Meroja OTIaJKd YAAeTCs aB-
TOMAaTU3UPOBaTh B OCHOBHOM (POPMHUpPOBAHHE TECTOB MCXOJHBIX JaHHBIX U CTATH-
CTUYECKYI0 00pabOTKy pe3ynbTaToB (PyHKIIMOHUPOBaHUS MporpamM. Bee ocTanbHbIC
3a/1aud 10 OOHAPY)KEHHIO, BBISIBIICHUIO U HCIPABICHHUIO OIIUOOK TMOKa PEIIaroTCs
BPYYHYIO.

OCHOBHBIM MPUHITUTIOM CTATUCTHUYECKON OTJIAJIKU KOMIUIEKCOB MPOTPAMM SB-
JIIeTCSI TIOCIIEIOBATENIBHOE HEPAPXUUECKOE YCIOKHEHUE 3a1ad, YBEIMYCHHE 00bema
COBMECTHO ()YHKIIMOHUPYIOIIUX MPOTPaMM, aHAIM3UPYEMOU U mpeoOpazyemMoul hH-
dbopmanuu. [1o ypoBHIO CIIOKHOCTH, CTETICHU CBSI3M C peajbHbIM MacIITaboM BpeMe-
HU U (DYHKIIMOHMPOBAHHUEM ammapaTypbl MPOIECC OTIAIKH KOMILIEKCOB MPOrpaMm
MOXHO Pa3eUTh Ha CICAYIOIINE TAIbI:

- aBTOHOMHAs OTJIaJKa OTACIbHBIX (DYHKIIMOHATIBHBIX U CTAHJAPTHBIX MOAIPOrpaMM
B CTaTHKE;

- KOMIUIEKCHAs OTJIaJiKa TPyl (PYHKIIMOHAIBHBIX IPOrPaMM B CTaTHKE;

- KOMIUIEKCHAas OTJIaJiIka KOMIUIEKca MporpaMM B JAWHAMHUKE 0€3 MOJKIIoue-
HUS K BHEIIHUM a0OHEHTaM;

- KOMIUICKCHAsl OTJaJKa B peajbHbIX YCIOBUSX (DYHKIIMOHUPOBAHMS C BHEITHUMHU
a0OHEHTaMHU.

Crnenyer moauepKHYTh, 4YTO OOHAPYKEHHE U JIOKAIM3alusl OIMOOK MPHU aBTO-
HOMHOM OTJIaJIKE OCYIIECTBIISICTCS 3HAYUTENHHO MPOIIE W OBICTpPEE, YeM MpPU KOM-
TJIEKCHOM oTiajke. K KOMIUIEKCHON OTIaJKe ClieayeT MepeXoauTh TOJIBKO TOT1a, KO-
r7la UCIOJIb30BaHbl MPAKTUYECKH BCE JIOCTYIHBIE METOJbl aBTOHOMHOW OTJaJKU M
obOecrieueHa YBEpEHHOCTh B Pa0OTOCIIOCOOHOCTH MOJANPOTPAaMM M COOTBETCTBHE MX
3a/IaHHBIM TPEOOBAHUSIM.

CratucTuyeckasi KOMIUIEKCHAsl OTJaAKa MporpaMm

OcHoOBHas 3a7ia4a CTaTUCTUYECKON OTJIAJKU KOMILJIEKCa MPOTpaMM COCTOUT B
3aBEPIICHUU Pa3padOTKH BCETO M3JEIUS U B JOBEJACHUU €r0 XapaKTepUCTUK JO 3Ha-
YeHUH, 3aJaHHBIX TPEOOBAHUSIMHU TEXHUYECKOTO 3a1anus. JIJisi peleHus: 3Toi 3aaauu
JTOJDKHO OBITh:

- TNPOBEPEHO CONpsDKEHHWE W B3aUMOJICWCTBHE 1O  Ieperadam yIpaBlie-
HUS ¥ HHGOPMAIIUU BCEX MOMPOTPAMM, BXOISIIHNX B KOMIUIEKC;

- oOecrieyeHO TOJydyeHHE B IMpolecce (PYHKIMOHUPOBAHUS  BCEX XapaKTe-
pUCTUK (B TOM 4YHCJIE XapaKTEPUCTUK HAJCKHOCTH), 3aJaHHBIX TPEOOBAHUIMU
TeXHUYECKOr0  3aJaHus, a TakkKe  BCIOMOTraTelibHbIX, 000CHOBAHHBIX MPHU
MOATOTOBKE TEXHUYECKOTO MPOEKTa;

- MPOBEPEHa MOJHOTA U COCTaB TEXHUYECKON JOKYMEHTAIIMU U TOYHOE COOTBETCTBUE
€€ U3JICNIUIO - KOMIUIEKCY MPOTPaMM.

BaxxHelmuM TpUHUXANOM KOMIUIEKCHOM OTJIAIKH SIBJISETCS IOCIEIOBATEIBHOE 3a-
BepIIeHUE OTPAaOOTKH (DYHKIIMOHAIBLHO 3aKOHYEHHBIX TPYII IPOrpaMM U UX COMpsI-
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KEHHWE B COOTBETCTBUM C HEpPApPXMUECKON CXeMOil KoMmruiekca B IieioMm. Kaxnmas
(YHKIMOHAIBHO 3aKOHYCHHAS TPYIIa MPOrpaMM JIOJDKHA MPOXOJHUTHh OTIIAJIKY "OT
MPOCTOr0 K CJIOKHOMY'" /0 YpPOBHS, MO3BOJISIIOIIETO MPOBEPUTH YIOBIETBOPEHUE
TpeboBaHUN TexHUYecKoro 3aganusi. Cpeau 4acTHBIX KPUTEPUEB BHUMAHHE CIICTYET
yIETATh TEM, K KOTOPBIM HanOoJjiee YyBCTBUTEIIBHBI TTapaMeTphl, 3a(pMKCHPOBAHHBIC
B TEXHUYECKOM 3aJIaHHH.

CraTuyeckasi KOMIUIEKCHAasl OTJIAJKa JIOKHA OOeCreYnMBaTh MPOBEPKY M
KOPPEKTHUPOBKY COMPSDKEHUS aBTOHOMHO OTJIaKCHHBIX IMOANPOTpaMM 1o MHGBOpMa-
IIUU U TI0 YIIPaBJICHUIO B HEKOTOpPbIE (PUKCHPOBAaHHBIC MOMEHTHI BpeMeHH. [Ipu 3TOM
HE TMOJHOCTBIO YYUTHIBACTCS JUHAMHUKA TOCJIEIOBATEIIBHOTO BKIFOYEHHUS MOJICUCTEM
U PCIICHHS Pa3IMYHbIX (DYHKITMOHAIBHBIX 3a]lad BO BpeMeHHU. [1o cpaBHEHHIO ¢ aB-
TOHOMHOM OTJaJKOH 00BEeM OJHOBPEMEHHO (YHKIMOHHUPYIOIMIMX MPOrpaMM yBEJu-
YUBAETCS, OJTHAKO, 10 CYIIECTBY, B KaXJIblii MOMEHT BPEMCHH CTAaTUYCCKH MPOBEPSI-
eTcsl ompejeneHHas (yHKIHUOHANbHAs Tpymmna nporpamM. [Ipu oObeme komIuiekca
nporpamMm 100 TBIC. KOMaHJ B CHUCTEMY BKIIFOYAIOTCS COIPSDKEHHBIC TPYMIBI MPO-
rpaMMm 00beMOM B 5—15 ThIC. KOMaH]I.

[Ipu cratuyeckoil KOMIUIEKCHOW OTJIaJKE B3aMMOJCHCTBHE MOINPOTPaMM
MOJIJIC)KHUT TIPOBEPKE M KOPPEKTHPOBKE O€3 BKIIFOYCHHS UX B KOHTYD YIIPaBICHUS U
0e3 o0paboTku MH(pOpMAIMU pealbHBIX 00BEKTOB. Peakiiusi aOOHEHTOB Ha TOCTY-
MAOIIKNE JaHHBIE C YYETOM BPEMEHHBIX XapaKTePUCTHK HE paccMaTpHUBAETCS, YIPO-
IICHHO UMHUTHUPYIOTCS MIPOIIECCHI M IIPOrpaMMbl OOMEHa C BHCIITHUMH a0OHEHTaMHU.

JIuHaMu4YecKasi KOMILUIEKCHAsl OTJIajika 0e3 peajbHbIX a00HeHTOB. Ha sToM
JTane OCYIIECTBIACTCS AMHAMUYECKash MPOBEpKa B3aMMOJCUCTBUS TPU PEUICHUU
pa3TUYHBIX (DYHKIIMOHAIBHBIX 33/1ad BO BpeMEHH. BHenHue a00OHEHTHI UMUTHPYIOT-
Csl CIEIUAIBHBIMH MPOTPAMMaMHK JTUOO TEXHUYCCKUMH YCTPOMCTBAMHU, MOJICIUPYIO-
IIUMU TTOCTYTAIONTYI0 HHPOPMAIIHIO U 00BEKTHI yrpaBiieHus. CllydailHble MOMEHTBI
BPEMEHH TOCTYIUICHHUS! COOOIICHUH U 3asBOK Ha BKJIFOUEHUE OMPEACICHHBIX MOMPO-
rpamMM, U3MEHEHUE UHTCHCUBHOCTEH MOTOKOB 3asABOK, CIY4alHBIA COCTaB HAKOTIJICH-
HOW MH(MOpPMAIMU U BpPeMs pPEIICHUs KaXXIOW 3aJladyd MPUBOAAT K CIydyalHOMY Xa-
paKkTepy MOAKIIOUCHHS U YCIOBHH B3aMMOJEHCTBHS TOAMPOrPAMM, YTO IMOJJICHKHUT
KOHTPOJIIO U OTJIaJKe Ha JaHHOM J3Tane. Ero ciemyer paccmaTpuBaTh Kak dTall, 3a-
BEPIIAIOIMINK KOMIUIEKCHYIO OTJaJKy M OO0eCIeUMBAIONMIUM TOJTYyUYeHHE OCHOBHBIX
CTAaTHCTHYCCKUX XapaKTEPHUCTUK CHCTEMBl Ha ypOBHE TpPEOOBaHUN TEXHUYCCKOTO
3a/1aHus.

OCHOBHBIMHU 33/1auaM¥ TUHAMUYECKONW KOMIUICKCHON OTJIaJKu IporpamMmm 0e3
peanbHbIX A0OOHEHTOB SIBJISIFOTCS
- TIpOBEpKa W OTJIaJIKa HAYAJIBHOTO PEXHUMa BKJIIOUCHHS KOMILJIEKCA MporpamMm
MIPY OTCYTCTBUHU WH(GOPMAIIMH OT BHEITHUX a0OOHCHTOB;

- TpoBepKa W OTJIAaIKa B3aMMOJICHCTBHUS (HYHKIIMOHATBHBIX MPOTPaMM C TIOJIPO-
rpaMMamMu oOMeHa nHpopMaIuei u ¢ IPyruMu MPEPHIBAOIIMMH ITOIIPOrPaMMaMHu;

- MpoBepKa W OTJIaJKa B3aUMOACHCTBUSA rpynn  (YHKIMOHAIBHBIX IOIIIPO-
rpaMM TpU  Pa3IMYHOM  MOCJIEAOBATEIBHOCTH MX BKJIIOYEHHS B CHCTEMY B
CTATUCTUYECKOM PEKUME HOPMAIBLHOM 3arpy3KH;
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- IpOBEpPKAa M OTJIaJKa B3aUMOJCHCTBUSA IPOIPAMM B KPUTHYECKUX PEKUMAX
BC, mnpu meperpyske, 3ama3iblBaHUAX, I[OTEpEe COOOIIEHHM U 3asiBOK Ha
BKJIIOUEHHE MOANPOrpaMM U MPHU COYETAHUSAX MCXOJHBIX JIaHHBIX, HauboJee omac-
HBIX JUIsl (PYHKIIMOHUPOBAHUS CHUCTEMBI;

- TpoBepka W oOecleuyeHue  HaJIeKHOCTH  (YHKIMOHHPOBAHUS KOMILJIEKCA
MpOrpaMM IpH UCKaKEHUW WHPOpMalMK BHEIIHUX a0OHEHTOB, MPU HAJIUYUU OIIH-
OOK B mporpaMMax u npu c00six 1 oTkazax komrnoneHT BC;

- poBepKa u obecrnieueHne 3HPEKTUBHOCTH CUCTEMBI MIPEICTAPTOBOTO U ONEPATUB-
HOTO KOHTPOJIS, @ TAKXKE CPEICTB BOCCTAHOBJICHUS (DYHKIIMOHUPOBAHUS IPOTPaMM U
B3auMojencTBus KomnoHeHT BC.

[locnenoBaTenbHOE MOJIKIIOUEHHE U HAapallMBaHUuE 00beMa porpamm JJis Ju-
HaMUYECKOM KOMIUIEKCHOW OTJIAJKU OCYIIECTBISAECTCS C UCIIOJIB30BAHUEM JIBYX CTpa-
teruii. [Ipu mepBoil Kk cucTeMe BHa4asIe MOJKIIOYAIOTCS HE3aBUCUMBIE U CJ1a003aBH-
cuMble (PYHKIMOHAJIbHBIE MporpamMMbl. VX HapamuBaHue UIET B MOPSAKE yBEIUUE-
HUSl B3aMMO3aBUCUMOCTH. Takasi MmocienoBaTeIbHOCTh MO3BOJISIET COKPATUTh 00beM
UMUTUPYEMOU HH(OpMALUU U TOTPEOHOCTH B pa3pabOTKE UMUTATOPOB U Mozelnei. B
psijie ciydaeB 1iesiecooOpa3Ha CTpaTerus, UCIob3yloas MPU3HaKu B3aUMOIEHCTBHS
nporpamMm. C MOMOIIBI0O UMHUTATOPOB CTPEMATCS OOECHEYUTh BO3MOXKHOCThH CTAaTH-
CTHUYECKOT0 BBOJA BHEIIHEW MH(OpMAIUU C MOCIEA0BATEIbHBIM YBEIUYEHUEM 00b-
€Ma U YCJIOXKHEHHEM COCTaBa BBOAMMBIX IaHHBbIX. (DYHKIMOHAIBHBIE IIPOIPAMMBI
MOJKJIIOYAIOTCS B 3aBUCUMOCTH OT MOCTYMAIOIIUX COOOIICHUH Ui (HOPMHUPYEMBIX
3a5BOK.

Ilepen otmagkod COCTAaBIAETCS BPEMEHHAs JuarpaMma BKIIOYEHUs TPYIII
(GYHKUMOHANBHBIX MPOTrpaMM U CXE€Ma M3MEHEHHs cOocTaBa MH(OpPMAIUH, WCIOJNb-
3yeMoil B3anMOJIeUCTBYIOIUMH TporpamMmmamu. Ilponecc koHTposis uHTepdeiicHon
uH(OPMAIUH SBISETCA CAMBIM CIIOKHBIM MPU TUHAMUYECKOW KOMIIEKCHOM OTIaaKe
B CBSI3M C pa3HOOOpa3ueM MOCIEA0BATEIbHOCTEN BKIIOYEHHUS IPOTPaMM B PeaIbHOM
MaciTabe BpeMeHH.

Tema 11. I[I/IHaMI/ILIeCKaH KOMIUICKCHAs OTJIaAKa C PCAJIbHBIMHU a0OOHEHTaMU. — 24.

DTOT 3Tall AUHAMUYECKOUN OTIAJKU MpeAHA3HAUYCH ISl 3aBEPIICHUS OTIAIKH C
Y4E€TOM CTaTUCTHYECKUX XapaKTEPUCTUK amnmapaTypbl, HICTOUHMKOB WH(OpMAIMU U
BHEIIHNX a0OHEHTOB. B quHaMuike (QyHKIIMOHMPOBAHUS CHUCTEMBbI YTOUHSIOTCS Xa-
PAKTEPUCTUKU MPOIECCOB YIpaBiIeHUS U 00pabOTKH MH(OPMAIINH, BBISIBIISIOTCS He-
YUTCHHBIC CTATUCTUYECKUE OCOOCHHOCTH (YHKIIMOHUPOBAHUS BHEIIHUX aOOHEHTOB,
MIPOBEPSETCS BHITIOJTHEHUE TPeOOBaHUIN TEXHUUECKOTO 3a1anusi. OTiaagka HOCUT UTe-
PALlMOHHBIM XapaKTEP C BO3BPATOM HA MPEABIAYIIME dTalbl BIUIOTh A0 JTETEPMHUHU-
poBaHHOU oTHaaku. OOBEM pabOT OMpPEAeIISIETC KAYECTBOM M TTOJIHOTOM OTJIAJKHA Ha
npeapaymux 3ranax. OH 3aBUCUT OT JJOCTOBEPHOCTH MMHUTALIUM XAPAKTEPUCTHUK pe-
aJbHBIX A00HEHTOB U JIOTUKH MX (DYHKIIMOHUPOBAHUS, CTOMMOCTH U BO3MOKHOCTH
MPOBEICHUSI CTATUCTUYECKUX SKCIEpUMEHTOB. CTENeHb HEAJAEKBATHOCTH MOJAEIEH
onpenenseT He0OX0 MBI 00beM TUHAMUYECKON KOMIUIEKCHOU otianku. [Ipu aTom



64

B pe3yibTaTax (yHKIIMOHUPOBAHUS OOHAPYKUBAIOTCS HEKOTOPHIE OCOOCHHOCTH, KO-
TOpBIC TIPEXKAEC BCEro 0OYCIOBICHBI OTJIMYUEM PEAKIMH peaJbHBIX aOOHEHTOB OT
3QJI0KEHHOH B  MOJCNH, a TakXe IMPOSBICHUEM Pa3IMYHOIO POJia HEYYTEHHBIX
MOMeX M BO3MYIIEHHUH TP B3aUMOJICCTBUM C peaJIbHBIMH aOOHEHTaMU.

[Ipu TmIaTeNnbHOW OTNIAJIKE C UMHUTATOpPAMHU ATOT ATall OTIAIKH CBOJIUTCS K
KOHTPOJILHOM TPOBEPKE U KOPPEKTUPOBKE MPOTPAMM B COOTBETCTBHH C OTKJIOHE-
HUSMHU CTAaTUCTUYECKUX XAPaKTEPUCTUK PeabHBIX 00BEKTOB OT MPEIIOJIaraBIInxcs.
Onnako B psjie cliydaeB 3aTpaThl HAa CO3/IaHUE aJ€KBATHBIX MOJIeNIed U UMUTATOPOB
MIPECTABIISIOTCS MTPOCKTUPOBIIUKAM U3JIUIIHUMU, TaK KaK OHU MCXOJSAT U3 MPEIo-
JoKeHUsT (MMPaKTHYECKU BCErjia HEBEPHOI0), YTO B pa3pabOTaHHBIX M MPOIISIIINX
MIPEIIECTBYIONINE ATAMbI OTIAIKH IIporpaMMax OTCYTCTBYIOT omuOku. LleHTp Tske-
CTU JTUHAMHYECKOW KOMIUJIEKCHOW OTJIaIKH MEPEHOCUTCS Ha ATall OTIAJAKU C peallb-
HbIMU a0OHEHTaMH, YTO CJIOKHEE M JIOPOKE M HE MOXKET 00€CTIeUUTh BapbUPOBAHUE
MIEPEMEHHBIX BO BCEM JIMAMa30HE UX U3MEHEHHUs, OCOOCHHO MPH Te€X 3HAYCHUSIX, TIPU
KOTOPBIX CO3/JAI0TCSI KPUTHYECKHE U OTIACHBIC CUTYAIIUH.

Ha »3ToM sTame mpoBepsroTCsS M OTIAXHBAIOTCS CPEJCTBA MPEICTapTOBOrO U
OTIEPATUBHOTO KOHTPOJIsA, OOECIEUMBAIOIINE MOMEXOYCTOMYMBOCTh M HAJIC)KHOCTH
(YHKIIMOHUPOBAHUS KOMILUIEKCA MpOorpaMM. DTH 3a1a4i TPYJHO PEUIUTh C UMUTATO-
paMu U MOJIETISIMH, TaK KaK HanbOojiee HeHaJAC)KHbIC 3BEHbsI KOMILUIEKCA MPOrpaMM U
HMCTOYHUKH TTIOMEX HE BCErJa MOXKHO MPEIBUICTh 3apaHEe U OHU BBISBIIAIOTCS B MPO-
1ecce GyHKIIMOHUPOBAHUSI CUCTEMBI.

JInst cepuiHBIX CHUCTEM JMHAMHUYecKash KOMIUIEKCHas OTJIaJika OOecreynuBaeT
OTpabOTKYy TEXHUYECKHX YCIOBHUH (B TOM YHCIIE MMOKa3aTelie HaJle)KHOCTH) Ha KOM-
IJIEKC MPOrpamMM, T0 KOTOPhIM 3aka3zuuk npuHuMaetr BC ¢ komiiekcom nporpamm. B
rporiecce OTIAIKH HEOOXOIUMO MOATOTOBUTh U UCIIBITATh HEKOTOPBIE TECTHI, BKIIIO-
JaeMble B TEXHUYECKHE YCJIOBUS U obecneunBaromue nposepky BC. Crnenyer orme-
TUTh, YTO HA BCEX ATalax OTJIaJKU MPOUCXOAUT YTOUHECHHE 3a]1a4 CUCTEMBbI, METOJ0B
WX PEIICHUS, CIIOCOOOB MX aJTOPUTMUYECKOW U MPOrPAMMHOMN peaau3aiuu, napa-
METPOB TEXHUYECKOTO 3aJ[aHUs.

Tema 12. Ctatuctuyeckasi mpoBepKa NJIUTEILHOCTHA UCTIOJTHEHUSI KOMILIEKCa
MpOrpaMM | MPOIMYCKHOU CIIOCOOHOCTH CUCTEMBI — 2.

Jlist pemieHust 3a/1a4 B peajbHOM MaciiTabe BpeMEeHH HEeOOXOJIMMO CTaTUCTH-
4eCcKOoe COOJII0JIEHUE BPEMEHHOIO OaaHca MEXly TEMIIOM BbI30Ba MPOTrpaMM U JUIH-
TEJIBHOCTHIO UX UCHIOJIHEHUS. TemMn BbI30Ba (PYHKIIMOHAIBHBIX MPOrPaMM 3aBHCUT OT
MHTEHCUBHOCTH TMOCTYIICHUS COOOIIEHUI HAa 00pabOTKy M OT 3aJaHHBIX MEPUOJIOB
pelieHns NepUOANYECKNX 3aJad. 3arpy3ka MEHSEeTCSI M B HEKOTOphIE MO-
MEHTBI BpeMEeHU MPou3BoAUTENIbHOCTE BC MoOXeT oka3aThCsi HEO0CTaTOYHOM JIJIs1 00-
paboTKu noctynaromux coodueHuid. ClIeaCcTBUEM ATOTO ABIAIOTCS OTKa3bl B oOpa-
00TKe M yXyJlUIeHHE NOoKa3aTesIed HaleXKHOCTH CUCTEMBI. 3aJja4a COCTOUT B OIpeEJie-
JIEHUU BEPOSTHOCTH, C KOTOPOW HApyUIAeTCs COOTBETCTBUE MEKIY MOTPEOHOCTHIO B
IIPOU3BOJUTEIBHOCTH U pealIbHBIMU BO3MOkHOCTsIMU BC. [y onpenenenus nokasa-



65

TeJel HaJe)KHOCTH KOMIUIEKCA MPOrPaMM, CBSI3aHHBIX C OIPAHUYEHHON MPOU3BOIU-
tenabHOCThIO0 BC, HE0OX01uMO:

- ONpeAeNuTbh CpeJHUE 3HAUYCHUS HHTEHCHUBHOCTH IOCTYHAIOUIMX COOOIIe-
HUW ¥ pacnpeeNieHus] INIOTHOCTA MOTOKOB JJIsi Pa3JIU4HbIX TUIIOB COOOIIEHUI;

- OMNpEAeNUTh JJIUTEIbHOCTh PEIICHUS] KaKI0H U3 (YHKIMOHAJIBHBIX 3a]1a4, 00pa-
0aThIBAIOIIUX COOOIICHUE WIIM BKIIIOYA€MbIX MEPUOTUUECKY;

- ompenenuth 3arpy3ky BC B HOpManbHOM peXuMe MOCTYIUIEHHUS co0O0IIe-
HUWA, a TaKXe paclpelesicHue 3Ha4eHUH M JUIMTENbHOCTEN NEPETPY3KU;

- OINpEeNeNuTh BIUSAHHE MPOMycKa B 0OpabOTKE COOOIIEHUN M CHUYKEHHUS TeMIla
pelIeHUs] TNEepPUOJUWYECKHMX 3aJady Ha TMOKa3aTelu HaJIeXKHOCTU (PYHKUIHUOHU-
pOBaHHA KOMIUIEKCA IMPOTrPaMM.

[lepeuncnennble 3a7aud MOTYT OBITh pEIEHbI B MPOLIECCE CTATUCTUUYECKUX
WCIBITAHUM M AKCIUTyaTallMM KOMIUIEKCAa IPOrpamMM, OJHAKO IPH 3TOM BEJIHMK PUCK,
YTO MPOU3BOANUTENBHOCTh BC OKa)keTcs HEJOCTaTOUHOW JJIsl PELIEHUS 3aIaHHOU CO-
BOKYITHOCTH 3aJ]a4 B peajbHOM MaciiTtade BpeMeHu. Kpome Toro, ycioBusi ucnbiTa-
HUWA WIM JKCIUIyaTalluM OIPAaHUYEHHOTO YHCIAa CUCTEM HE BCETa COOTBETCTBYIOT
pexkruMaM MaccoBoro npumeHeHus. [loaromy mpu skcnepuMeHTax TpeOyeTcs mpu-
HUMATh CIIEHHAJIBHBIE MEPBI JI CO3AaHUS PEAbHBIX U JOCTATOYHO TSDKEJBIX M0 3a-
rpy3Ke YCI0BUI (PyHKUIMOHUPOBAHUS KOMIUIEKCOB mporpamMm. OnpeneneHue npomny-
CKHOHM CIOCOOHOCTH IPH 3TOM MPOBOJUTCS HA 3aBEPILICHHOM KOMIUIEKCE IPOrpaMM.
B cnydae HecooTBeTCTBUS MpomyckHOM criocodHoctn BC peanbHbIM MOTPEOHOCTIM
pa3paboOTYMK OKa3bIBAETCS Iepe HeOOXOAMMOCThIO 3HAYUTENBHO IepepadaThiBaTh
rOTOBBIE, OTJIAJKEHHBIE U UCIIBITAHHBIE TPOrPaAMMBI.

JlocToBepHOCTH oOmpeseieHus: mponyckHoi crnocodbnoctu BC ¢ xomrmiekcom
MPOrpaMM 3aBUCHUT OT KOPPEKTHOCTH MOJIEJIMPOBAHUS MOTOKOB BHEIIHMX COOOIIIe-
HUW U OT JOCTOBEPHOCTH ONPENEICHUS JUIMTEIbHOCTEN UCTIONHEHN TporpaMM. [1pu
MTOATOTOBKE TEXHUYECKOTO 3aJaHUsl Ha KOMIUIEKC ITPOrpaMM CIEAYET COrIacoBaTh C
3aKa34YMKOM BHEIIHUE YCIOBHUS, B KOTOPBIX JOJDKHA paboTaTh cuctema. JlOJMKHBI
OBITH OTpEIETICHBl TEMIIbl PEIICHUS MEPUOANYECKUX 3a/1a4 U JOMYCTUMOE yBEJIHYe-
HUE€ TIEPUOJIOB IIPHU MOBBIILICHHOW 3arpy3Ke. OTU YCJIOBUS CIEAYET AETATU3UPOBATH
10 YPOBHS, MO3BOJISIIOIIETO  ONPENENIUTh ~ 3HAYEHHUs  MUHTEHCHUBHOCTEM  pe-
HIEHUS pa3JIMYHBIX 337]a4 B HOPMAJIbHOM DPEKHUME PabOThl CUCTEMBI, B pEXKUME J10-
IIyCTUMOM IIPEIEIbHOM 3arpy3kM U B DPEXKUME KPAaTKOBPEMEHHOW aBapUNHOU
MEepErpy3Ky U MOBBIIIEHHONW YaCTOTE OTKA30B.

Croxactuueckass MOJieJb BHEIIHEH OOCTAaHOBKM NPUMEHSETCS ISl OLEHKH
MPOIMYCKHON CIMOCOOHOCTH M HAJEXKHOCTH (PYHKIIMOHHUPOBAHUS CHCTEMbI IIPU KOM-
MJIEKCHOM OTNaJKe M UCHBITAHUSIX Pa3pabOTAHHOIO KOMIUIEKCA Mporpamm. ITa Mo-
JIeJib, COOTBETCTBYIOIIAss HOPMAJIbHBIM U TIPEIEIbHBIM YCIOBHUIM (PYHKIMOHUPOBA-
HUS KOMIUIEKCA IPOrpaMM, MOXKET MCIOJIb30BAaThCSl KAK OCHOBA JJIsl IOCTPOEHHUS Be-
POSITHOCTHOM MOJENM UCIIOJIHEHUS NMPOrpaMM IPU pacueTe MOKa3aTeNeld HaJekKHO-
ctyu. OHa MO3BOJISET OUECHUTh CPEAHUE U NPEACIIbHBIE 3HAYEHUS YUCIA peaN3aLnil
LIMKJIOB U BEPOSITHOCTH YCJIOBHBIX NEPEXOJOB B MOINPOTPaMMax, OMPEHEIISIOIIMX
MapHuipyTbl o0pabotku uHpopmanmu. s omnpeneneHusi NPOMYCKHOW CIIOCOOHOCTH
CUCTEMBI MOJIEJIb UCIIOJIb3YETCs Ha JABYX ATanax: B TpaHCHOPMHUPOBAHHOM BEPOSITHO-
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CTHOM BUJE JUISL ONPEAEIICHUS JUIMTEIBbHOCTEN UCIIOJIHEHUS IIPOrpaMM U B IEPBOHA-
YaJIbHOM - 1711 GOPMUPOBAHUST TOTOKOB HH(POPMAIIUH.

JUTUTENTbHOCTh MCHOIHEHUSI MPOTrpaMM 3aBUCUT OT 0oOpabaThiBa€MbIX MCXO/I-
HBIX JaHHBIX, B 3aBUCUMOCTH OT HabOpa 3HaYeHUN MUCXOAHBIX JAHHBIX OCYIIECTBIIS-
€TCsl MOCJIeI0OBAaTEIbHBIN BBHIOOP BETBEH MapuipyTa MCIOJHEHHs mporpammbl. Jlis
MOJIHOTO OMUCAHUS IJIUTENBHOCTEN MCIOJIHEHUsI MPOrpaMM HEOOXOIUMO UMETh Be-
POSITHOCTh Ka)JA0W KOMOMHAIIMU MCXOJHBIX JAHHBIX M COOTBETCTBYIOIIYIO €d -
TEJIBHOCTh MCIIOJHEHUS Iporpammsbl. Ilocie ynopsnodeHuss 3HAYEHUW IIMTEIIbHO-
CTEH I0Jy4aeTCs pacHpeleIeHUe BEPOSTHOCTENM MapLIPYyTOB B 3aBUCUMOCTHU OT UX
JUIMTENbHOCTEN. JUUIsl CIIOKHBIX TPYIII IPOrpaMM TPYAHO ONPEACIUTh BEPOATHOCTH
KaKJ0M KOMOMHAIIMKU UCXOJHBIX JAaHHBIX. [[0ATOMY Ha MpaKTHKE OrpaHUYUBAIOTCA
CpPEIHUMHU UM HauboJiee BEPOSITHBIMU 3HAYCHUSMH UCXOAHBIX JTAHHbBIX.

DKCIIEpUMEHTAIBHOE ONPEIEIICHUE JIMTENBHOCTEN HCIOJHEHUS IPOrpaMm
npou3BoauTcs Ha peanpbHol BC mnn Ha 9BM npu nHTEpnpeTauuy UCIOJHEHUS MPO-
rpaMM. IIpenMyiecTBOM IOCIEIHETO METOJAA SABIIETCS OTCYTCTBUE CIICLIMATIBbHBIX
IIPOIPAMMHBIX BCTABOK JJIS 3alIOMUHAHMU II0KAa3aHUN CYETUMKA PEAIbHOTO BPEMEHHU.
To4HOCTB OnpelesIeHUs JIUTEIBHOCTH UCIIOJHEHUS POrpaMMBbl 3aBUCUT OT TOYHO-
CTU UCTOJIB3YEMBbIX 3HAUCHUN JUIUTEIBHOCTEW HMCIOJIHEHNSI KOMaH/.

[TpuOnuxeHHble BPEMEHHBIE XapaKTEPUCTUKUA MOTYT OBITh MOJYYE€Hbl METO/Ia-
MH aHaJIUTHYECKOro pacyeta. OHAKO MPU aHATUTHYECKOM ONPENEIICHUH JIUTENb-
HOCTE€W TPYAHO YYECTh B3aMMO3aBHCHUMOCTb HAIIPABIICHUW YCIIOBHBIX II€PEXOJ0B,
BBIOMpPAEMBIX TIPU PEAIbHOM HCIIOJHEHUU MPOTrpaMMbl, U BO3MOKHOCTh M3MEHEHUS
3HAYEHUU BEPOSITHOCTEM YCIOBHBIX IE€PEXOJ0B, IPOUCXOLALIEI0 B XOIE pe-
aNbHOTO (PYHKIMOHUPOBAHMS MPOrpaMMbl. BeieacTBue 3Toro mpu aHaiuze MOAENH
MOT'YT YYUTBIBATHCSI MAapLIPYThl, HE CBSI3aHHBIC HU C OJHOM U3 BO3MOXHBIX B JEUCT-
BUTEJIBHOCTH peanu3zauui. OnpeneneHue JIMTENbHOCTEN HCHOJHEHUS IPOrpaMm
MOYKET IPOU3BOJAUTHCS aBTOMAaTU3UPOBAHHOW CUCTEMOM YHCIEHHOTO aHajau3a BEPO-
ATHOCTHBIX MOjIeJiel KOMIUJIEKCOB IporpamM. B3semienHas rpadoBas Mojenb Mpo-
IpaMMBbl SBJISIETCSI OCHOBHBIM BHJIOM UCXOJHOM MH(popmanuu 11 pacuera. [lo moxe-
JIA IPOTPaMMBbl CO31a€TC MAaCCUB JUIMTEIBHOCTEN UCIIOJIHEHUS OTAEIBHBIX OIIEpaTo-
POB, KOTOPBIE ONIPEAEISAIOTCA 10 KoAaM ornepaunii. MaccuB BEpOATHOCTEN YCIOBHBIX
NEPEXO00B 3aJaeTCs Pa3pabOTUNKOM Ha OCHOBE €T0 IPEACTABICHUs O IMHAMUKE pa-
O0TBI MPOTPaAMM.

Ilepen nmpoBeieHUEM CTaTUCTUYECKUX PACUYETOB JJIMTEIBHOCTEU IyTEM JKBU-
BaJICHTHBIX MpeoOpa3zoBaHUil HEOOXOIUMO YCTPAHUTh LUKIIBI B MOJEIU U C MOMO-
LIbIO DKBUBAJICHTHON Pa3METKH IIPUBECTU €€ K allUKInYeckomy Buay. [Ipu pasmerke
ucnoiib3yercst HepopmanbHas UHPOpPMALUs, YTO 3aTPYAHSIET €€ HEMOCPEICTBEHHOE
MpUMEHEHUE B aBTOMAaTUYECKON cucTeMme aHanuza. [Ipusenenue rpada nmporpaMMsal K
ALUKINYECKOMY BUY MOXKET HOCUTh MHOT'OJTAIIHBIN XapaKTep, NOCKOJIBbKY Ha MpakK-
TUKE BCTPEUYAETCS BIOXXECHHME OJHUX LUKIOB B JPyrue, U UX pa3MeTKa IMPOUCXOIUT
nocuenoBarenbHo. [10100HBIM 00pa3oM MOTYT aHaJIU3UPOBATHCA HE TOJIBKO aBTO-
HOMHBIE€ MOANPOTrpaMMbI, HO U UX KOMIUIEKCHI. J[JIs1 aHaIUTUYECKOro IOJIYyYEHUS
BPEMEHHBIX XapaKTEPUCTHUK KOMILUIEKCAa MPOrpaMM OH JOJDKEH pa3padaTbiBaThCs B
COOTBETCTBUHM C IIPABUIIAMU UEPAPXUUECKOTO CTPYKTYPHOI'O IPOCKTUPOBAHMUS.
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AHaTUTUYECKH WU DKCIEPUMEHTAIBLHO IOJyYEeHHbIE 3HAYCHUS JJIUTEIhHO-
CTEH MCTIOJHEHMS TPYII MPOTPaMM CIY>KAaT UCXOHBIMU JAHHBIMU JIJIsI OTIPE/IeTICHHUSI
3arpy3Ku BBIYUCIUTEIBHOW CUCTEMBI B Pa3IUYHBIX pekuMax (yHKIIMOHUpOBaHus. B
pe3ysIbTaTe yCTaHABIMBAETCS BEPOSATHOCTh OTKa3a B 00pabOTKe COOOIEHUN MK pe-
IIEHUU 3aJ1a4 IS KaXJI0ro pexuMa, KOTopasi IepeCcUUThIBAECTCS B 3HAYCHUS TTOKa3a-
Teneil HanexxHocTu. OKOHYATENbHBIE MPOBEPKH MOKa3aTeiaeil mMponmycKHON croco0-
HOCTHU TPOU3BOMATCS B PEaIbHBIX YCIOBUSIX (YHKIIMOHUPOBAHUS KOMILJIEKCA IMPO-
rpamM. OTKa3bl U3-3a MEePerpy3KH CIeAYyeT MePECUUTHIBATh C YYETOM YaCTOTHI UX I1O-
SIBJICHUS JJIs1 KOPPEKTHOTO OMpECICHUs MToKa3aTeNeld HaJIe)KHOCTH.

Tema 13. CtaTucTHUeCKUe UCBITAHUA — 24.

[locne 3aBeprieHUs] OTIIAIKM KOMILIEKC MPOrpaMM MPEIbBIACTCS 3aKa3uyuKy
JUTSL TPOBEPKH M IPUEMKHU B dKcIutyaTauio. OH moABepraeTcsi UCMbITAaHUSIM,  KOTO-
pble TPOXOJAT JBE CTaAUM: HCIBITAHUS TJaBHOTO
KOHCTPYKTOpa (TpeABapUTENbHbIC) U UCTIBITAHUS 3aKa3yuKa MPU Y4acTUH pa3padoT-
YUKOB (coBMeCcTHbIE). OCHOBHAS LI€Tb UCIIBITAHUIM COCTOUT B IIPOBEPKE COOTBETCTBUSA
pa3paboTaHHBIX NPOrpaMM TpeOOBaHUSM (B TOM YHUCIE MO HAAEKHOCTU (PYHKIIMOHU-
pPOBaHMs) TEXHUYECKOTO 3aJaHusl 3aKa3yuKa WU JAPYTUM PYKOBOISAIIMM JOKYMEHTaM
(I'OCT, OCT wu t. 1.). B nporiecce ucnbITaHui MPOBEPSAIOTCS JOCTOBEPHOCTh U Kaue-
CTBO TEXHUYECKOHN JIOKYMEHTAllMd Ha KOMIUIEKC MPOrpaMM U €€ MPUTOJHOCTH JJIs
CEpUITHOTO BBINTYCKA U3/ICIUI U UX IKCILTyaTalluu.
[Ipu ucHbITAaHUAX TJIABHOIO KOHCTPYKTOPA, KOTOPHIE MHOTAA COYETAIOTCA C 3aBEp-
[IEHUEM KOMIUIEKCHOM OTIaJAKu, TPOU3BOASTCS, MO CYIIECTBY TE e MPOBEPKHU, YTO U
HA COBMECTHBIX HUCIIBITAHUSX, TOJILKO B MEHbIIEM 00beMe. DTH MPOBEPKU 0hopmIIs-
I0TCS JIOKYMEHTAJIbHO U SBJISIIOTCS OCHOBAHUEM JJIsl IPEIbSBICHUS MPOTPaMM 3aKa3-
YUKy Ha COBMECTHbIE UCTbITaHUsI. COBMECTHBIE UCIIBITAHUS MPOBOJSATCS KOMUCCHUEH
3aKa3yMKa, B KOTOPOW YYacCTBYIOT TIJIaBHBI KOHCTPYKTOpP pa3pabOTKHM U BeayIHE
pa3pabotunku. KoMuccus mpu HCTBITAHUSAX PYKOBOJACTBYETCS CIEAYIOIIUMHU JOKY-
MEHTaMHU:
- YTBEPXKIEHHBIM 3aKa3UMKOM U COTJIACOBAaHHBIM C pa3pabOTYUKOM TEXHHUYE-
CKUM 33/IaHHEeM Ha KOMIUIEKC IIPOrpaMM;
- rOCy/1apCTBEHHBIMU U OTpacieBbIMU CTaHIapTaMu Ha MPOEKTH-
pOBaHME M UCHBITAHUS CIOXHBIX CHCTEM M HAa TEXHUYECKYIO JOKYMEHTa-
LHIO;
- MpOrpaMMOil HCHBITAHUN 1O BCEM TPEOOBAHMSIM TEXHUYECKOTO 3aJlaHusd U
- METOAMKAMU HCIBITAaHUM 1O KaxJAOMYy pasjielly TpeOoBaHUI TeXHUYE-
CKOT'O 3a/IaHus.

[Iporpamma uCHbITAHHUM SBISETCS MJIAHOM MPOBEJEHUSI CEPUU CTATUCTUUYECKUX
U JIETEPMUHUPOBAHHBIX SKCIIEPUMEHTOB U JOJDKHA pa3padaTbiBaThCs € MO3UIUU MHU-
HUMH3alUuU 00beMa SKCIIEPUMEHTOB IIPU COTJIACOBAHHOM C 3aKa34MKOM JOCTOBEPHO-
CTH IOJy4aeMbIX pe3ysbTaToB. [IJIs1 3TOro ONpenemnsioTcsl MOCIEN0BaTENbHOCTh U
00BEM KaXkJ0ro dKCIEPUMEHTA B MPOLECCE MPOBEIACHUS UCTIBITAHUN NIl POBEPKU
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BBITIOJTHEHUS TPeOOBaHUN TEXHUYECKOro 3ajaHus. [IporpaMma UCTHBITAaHUN JTOTHKHA
COJIEpKaTh CIEIYIONINE Pa3IeIIbl:

- OOBEKT WCIBITAaHWW, €ro Ha3HAYeHWE U TMepeueHb OCHOBHBIX JOKYMECH-
TOB, ONIPEICIIUBIINX €T0 Pa3pabOTKY;

- 1IeJIb UCIBITAHUM C YKa3aHHUEM OCHOBHBIX TpeOOBAaHHI TEXHMUYECKOTO 3aJlaHus,
MOJICKAIMUX TPOBEPKE, W OrpaHUYCHUN HA MPOBEJCHHUE UCIIBLITAHUMH;

- COOCTBEHHO TpOrpaMMy HCIBITAHUM, COJEpXKAIIyr OOIIYyI0 MPOBEPKY COCTaBa
CIIPOCKTUPOBAHHOTO KOMIUIEKCA TMPOTpaMM B  COOTBETCTBUM C TEXHUUYECKUM
3a/IaHUEM M TIOJTHOTOM TEXHUYECKON JTOKYMEHTAIlUU;, IPOTPaMMy CIIEIIUATIbHBIX MPO-
BEPOK 10 pasjenaM TeXHHUYECKOTO 3aJlaHusl U JIOMOJHUTEIbHBIM TpeOoBaHusIM, Hop-
MaJIM30BaHHBIM OT/ICJIbHBIMU PEIICHUSIMU;

-  METOAWKH WCIBITAaHUH, ONpEACAIoNe TOHATUS TPOBEPSEMBIX XapaKTe-
PUCTUK, VCIOBHS WX IPOBEPKH, CPEACTBA, HUCIOIb3yeMbIe I UCTIBITAHUH,
METOIUKH OOpabOTKM W OLEHKH pPe3yJIbTaTOB MO KaXIOMY pa3feiay Nporpam-
MbI UCTIBITAHUM.

CnoXHOCTh KOMILJIEKCA MPOrpaMM MPUBOIUT K HEOOXOJAUMOCTH TIIATEIHLHOM
(GhopMyJIUPOBKU YCIOBUN M 3HAYEHUM MapaMeTpoOB, MPHU KOTOPBIX JOHKHA MPOU3BO-
JTUTHCS TIPOBEPKA MO KaKJAOMY pasjelly MporpaMMbl UCTIBITaHUHN. J|OJDKHO OBIThH Ta-
PaHTUPOBAHO KA4YE€CTBO M3MEPUTEIIHLHOM ammapaTypbl U CPEJACTB aBTOMATH3aIlMH HC-
nbiTaHui. CrucremMa aBTOMAaTU3UPOBAHHBIX UCIIBITAHUN KOMILJIEKCOB MPOTPaMM OIlpe-
JICJICHHOTO Ha3HAYeHHUs TOYTH BCET/a YHHKalbHA. YHHUBEpCcalu3alus TaKuX CUCTEM
3aTpyJHEHa pasHoOOpa3reM TPeOOBaHUM TEXHMYECKUX 3aJaHUM, MOJICKAIINX MPO-
Bepke. OTHAKO OTNIeNIbHBIE KOMIIOHEHTHI UMUTATOPOB MUCXOAHON MH(MOpMAIIMH, MPO-
rpaMM oOpabOTKU Pe3yIbTaTOB, CPEACTB YMpPaBJICHUS CHUCTEMaMU aBTOMAaTH3alUU
WCIIBITAHUM MOTYT OBITh YHUDUIIMPOBAHBI M MOTYT HCIIOJIL30BAThCS B KauyeCTBE
CTaHJAPTHBIX MOAITPOTPAMM.

Cy1iecTBYOIIME CPEACTBA aBTOMATH3AIMK TTPUMEHSFOTCS :

- JUIl  UCTBITAHUM OMNBITHOrO OOpa3la KOMIUIEKCa MpOrpaMM Ha COOTBETCT-
BHE TPeOOBAHMIM TEXHUYECKOTO 3aJIaHMS;

- I8 KOHTPOJS Ha 3aBOJIe-U3TOTOBUTENIC CEPUUHBIX 00pa3IoB KOMIUIEKCA
MporpaMM Ha COOTBETCTBHE YTBEPXKICHHBIM TEXHUYECKUM YCIIOBUSIM;

- JUIsI KOHTPOJs (PYHKIIMOHUPOBAHUS KaXKJIOT0 KOMIUIEKCA MPOrpaMM B Mpoliec-
Ce ero OKCIUTyaTalldkd M PpeIIeHHs 3aJa4 [0  YIOPaBJICHUIO peaJbHBIMU
oOBbeKTaMH uJM 00paboTKe HHPOPMALIHH.

[lepeuncienHble CUCTEMBI YMPOIIAIOTCS MO AWANa30Hy JOMYCTHUMBIX IPOBe-
POK, U €CJIM CUCTEMBI MEPBBIX JIBYX TUIIOB SIBISIOTCS YHUKAJIBHBIMH, TO TOCIICIHSISI
uMeeTcs B Kaxaou cucteme. OHOBPEMEHHO MPOUCXOIUT COKpAIEHUE JOIMYCTUMOM
JUTUTEIBHOCTH MPOBEPOK W UCIIOIB30BaHUS KOHTPOJIUPYIOMKX cpeacTB. Kaxknas mo-
CJIeAYIOIIasl CUCTEMa aBTOMAaTH3alluU MPOBEPOK JTOJDKHA O0ECleunBaTh IMOTyUYCHHE
pe3yibTaToB ObICTpee, ueM mpenbiaynias. CpeacTBa aBTOMATHU3AllMM UCTIBITAHUIN
JOJDKHBI o6ecrnieunBath (puc. 1.):

- (GopMUpOBaHUE U BapbUPOBAHUE UCXOAHBIX JAaHHBIX B COOTBETCTBUH C MPOTrpPaM-
MOH UCIIBITAHUM;
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- HCIIOJIHCHHUC IIPOBCPACMBIX IIPOI'PAMM C peFHCTpaHHGﬁ HCO6XOI[I/IMBIX JJIs1 aHaJIn3a
HCXOOHBIX, ITIPOMCIKYTOYHBIX U PC3YJIbTUPYIOIIUX JAHHBIX,
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- 00paboTKy pe3yabTaToB (YHKIIMOHUPOBAHUS KOMILIEKCA MPOTrpaMM U 0000IIeHHE
YJaCTHBIX PE3yJbTATOB B BHUJIC MHTETPATbHBIX XapaKTECPUCTHK.

Bo mMHOrMX ciydasx pa3pa0boTKa CpPeJICTB aBTOMATH3AI[MH UCITBITAHUN CBOIUT-
Csl K CO3JJaHHIO CIEIMATFHOTO KOMITJIEKCa MPOrpaMM, 00beM KOTOPOTO ® MOXKET B HE-
CKOJIBKO pa3 MPEBBINIATh 00bEM KOMIUICKCA MPOBEPSIEMBIX Iporpamm. Ilostomy pa-
OOTBI 1O CO3J]aHUIO MCIBITATSIIBHBIX KOMIUICKCOB M MX JKCIUTyaTalluu CJICIYeT Tia-
HUPOBATh 3aJ0JITO JO Hadajga MCHbITaHud. KOppEeKTHOCTh MOCTAaHOBKH SKCIICPUMCH-
TOB M BO3MO>XHOCTH CPEJICTB IO UX MPOBEJACHUIO CYIIECTBEHHO OMPEICIAIOT JOCTO-
BEPHOCTh U JTUTEIIHBHOCTh UCTIBITAHKH. [0 UTOraM COBMECTHBIX MCIBITAHUNA COCTaB-
JISIETCS aKT C ONMMMCAHMEM PE3yJbTaTOB MPOBEACHHBIX YKCIICPUMEHTOB U (DHKCHUPYETCSI
CTCTICHb COOTBETCTBUS PE3YJIbTATOB HCIBITAHUN TPEOOBAHUSAM TEXHHUYECKOTO 3aJ]1a-
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Hud. Kak yxe oTmMeyanoch, JUisl CI0XKHBIX KOMIUIEKCOB IPOrpaMM TPYJHO Ha Ha-
YaJIbHBIX ATamax MPOEKTUPOBAHUS MPEIyCMOTPETh U KOPPEKTHO CHOPMYIUPOBATH
BCE TpeOOBaHMS TeXHUUECKOro 3aanus. [loaToMy mpu 3aBeplIeHUU UCTIBITAHUHN Yac-
TO BBISIBJISIETCSI, YTO HEKOTOpbIE TPeOOBaHMSI TEXHUYECKOTO 3a/IaHMsI OKa3bIBAIOTCS
HEBBITIOJITHEHHBIMU U WHOTJA MPUHUUIHUAIBHO HE MOTYT OBbITh BBINIOJIHEHBI NPU ca-
MOM J100pOCOBECTHOM OTHOLIEHMM pa3paboTduka. B 3Tom ciiydae HeoOXoaum co-
BMECTHBIN MOUCK KOMIIPOMHMCCHOTO PEIICHMs 3aKa3uuMKa W pa3paboTyuKa MpH 3a-
BEPLICHUH UCTIBITAHUI U COCTABJICHHUH 3aKJIFOYEHUS.

Tema 14. OcoOEHHOCTH HCIIBITAHUS MMpOrpaMMHBIX CUCTEM Ha HAJACKHOCTD — 24.

N3nosxeHHbIE BbIIIE OOIIME MPUHIUIIBI U 3Tallbl UCIIBITAHUN TOJHOCTBIO MPH-
MEHHUMBI ISl CTATUCTUYECKOU MPOBEPKU HAIECKHOCTH () YHKIIMOHUPOBAHUS KOMILIIEK-
COB IIporpaMM. MeTo/Ibl UCTIBITAHUIN CBOJATCS K TPEM OCHOBHBIM I'PYIIIIAM:

- TOpsSMBbIE JKCIIEPUMEHTAIbHBIE METOABl ONPEAECIEHUs IOKa3aTeled HaJeKHO-
CTH CUCTEM B YCJIOBHUSX HOPMAJIBHOTO ()YHKIIMOHUPOBAHUS;

- (QopcupoBaHHbBIE  METOJAbl  HUCHBITAHWM  peajbHBIX CHUCTEM  Ha HAJCK-
HOCTb;

- PacyeTHO-3KCIIEPUMEHTAIbHBIE METO/bI, MPU HCIOJIb30BAaHUU KOTOPBIX PSAJ HC-
XOJHBIX JTaHHBIX MOJIY4aeTCs HKCIEPUMEHTAIIBHO, 4 OKOHYATENIbHbIE TOKA3aTENN Ha-
JEAKHOCTH PACCUUTHIBAIOTCS.

[IpsiMble SKCIEPUMEHTAJIBHBIE METOJIBI B PSJIE CIIy4aeB TPYAHO HCIOJIb30BATh
u3-3a OOJIBIIMX 3HAYEHUH BpEeMEHH HapaOOTKM HAa OTKa3 (COTHU M THICSYHM YacOB).
CI10KHOCTB BBIBIEHUSI M PETUCTPALMU OTKA30B, BBICOKAs CTOMMOCTBH JKCIIEPUMEH-
TOB MPU JJIUTEILHOM (DYHKIIMOHMPOBAHUU CIOXKHBIX KOMIUIEKCOB IIPOrpaMM MPHUBO-
IST K TOMY, YTO Ha UCHBITAHUSX 00bEM CTAaTUCTUYECKUX  BBIOOPOK  3apErUCTpH-
POBaHHBIX OTKa30B OKa3bIBaeTCs MaJbIM. lIpHu Takux 3KcriepuMeHTax TPYIHO ra-
paHTUPOBATh TPeOyeMyl0 MPEICTaBUTEIbHOCTh BBIOOPKM HCXOIHBIX JaHHBIX. Jlys
MOBBILLIEHUS TOCTOBEPHOCTH UCHBITAHUM HCIOJB3YIOTCS TaHHbIE 00 0OHApY X EHHBIX
olmMOKax Ha 3aBepUIAlONIMX 3Tanax oTiaajgku mnporpamm. OO6paboTka ATHUX JaHHBIX
pacmupser o0beM CTAaTUCTUYECKUX BBIOOPOK, COKpAIIAE€T HUCIBITAaHUS U TO3BOJISIET
MPOTrHO3UPOBATH MOKA3aTENN HAJIEKHOCTH KOMIUIEKCOB MpOrpaMMm 0ojiee KOPPEKT-
HO.

@opcupoOBaHHBIE METOJIBI UCIIBITAHUNA HA HAJAEKHOCTh MPOrpaMM OTJIMYAOTCS
OT TPAJUIIMOHHBIX METOAOB UCIbITAaHUH anmnapaTypbsl. OCHOBHBIMH (haKTOpaMH, BJIH-
AOUNIMMHA Ha HAJIE)KHOCTh KOMILJIEKCOB IIPOTPAMM, SIBIISIIOTCS MCXOJIHbBIEC TAHHBIE U UX
B3aMMOJIeiCTBHE C OMMOKamMu mporpamm uinu c6osimu B anmnaparype BC. [lostomy
(dbopcrupoBaHUE UCIBITAHUNA BBITTOJIHIETCS MOBBIIIEHUEM MHTEHCUBHOCTH MCKaXXEHUU
B COOOIECHMSIX M YBEIMYEHHEM 3arpy3kd KoMmIulekca mnporpamm. IlmanupoBanue
(bopcUpOBaHHBIX UCHBITAHUN MpeaycMaTpUBaeT MOCIENYIOIUN MepecueT MOoJy4YeH-
HBIX MOKa3aTesield HaJeKHOCTH Ha YCJIOBHUS HOpMajbHOrO (yHKUMOHUpOBaHUS. Jliis
ATOr0 HEOOXOAUMO HM3YUUTh 3aBUCUMOCTH HAJEKHOCTH HCHBITHIBAEMBIX MPOTPaMM
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OT UHTEHCUBHOCTH MCKaXEHUH U OT XapaKTEPUCTHK MEPErpy3Ku, CIOCOObI KOPPEKT-
HOTO TIepecueTa NMoJydaeMblX MoKa3areaeil Ha HopMaJbHbIE YCIOBHS dKCIUTyaTalllH.

OcoObiM BUOM (OPCUPOBAHHBIX MCHBITAHUM SIBISIOTCS CIEHAbHbIE MPO-
BEPKU CPEJICTB KOHTPOJISI U BOCCTAHOBIICHUS MPOTPaMM, AaHHBIX U BBIYMCIUTEIBHO-
ro npotecca. [Ipu 3ToM J0JKHBI UMUTUPOBATHCS 3aINIAHUPOBAHHBIE YKCTPEMAJIbHbIE
ycioBusl GYHKIMOHUPOBAHUS KOMILUIEKCA MPOrpamM, MPU KOTOPBIX CTUMYIHPYETCS
cpabaTbIBaHUE MCHIBITHIBAEMOIO CPEACTBA MPOrPAMMHOIO KOHTPOJIS UM BOCCTAHOB-
nenus. [Ipu Takux UCTIBITAHUSX OCHOBHAA 3ajJlaya COCTOUT B MPOBEPKE peann3aluu U
KauecTBa JIOTUKHU (PYHKIIMOHUPOBAHMSI CPEJICTB MOBBIIICHUS HA/I€KHOCTH.

dopcupoBaHHbIE METO/IbI UCIIBITAHUHN NMPOTPaMM MHOTJAa MPUMEHSIIOTCS 3aKa3-
YUKOM 0€3 MpeBapUTEIBHOrO COTIacOBaHUsl ¢ pa3pabOTYUKOM YCIOBUM TaKUX HC-
NBITAHUA U METOJMKH NIEepecueTa MoJiydaeMbIX MoKa3aTesie Ha HOPMaJIbHBIA PeXUM
dbyHkunoHupoBanus. B pe3ynbrare nmokazareian HaJAEKHOCTU OKa3bIBAIOTCS HUXKE 3a-
JaHHBIX TEXHUYECKUM 3agaHueM. [loaToMy BbIOpaHHBIE 3aKa3uMKOM (HOpCUpOBaH-
Hble yCJIOBUS (YHKIIMOHUPOBAHUS JTOJDKHBI ObITh BKJIIOYEHBI B COCTaB TpeOOBaHUU
TEXHUYECKOTO 3a/JaHMs MO JOMOJHUTEIRHOMY corjiamieHuto. B mobom cinydae npu
UCIOJIb30BaHUU (OPCUPOBAHHBIX METOJOB HUCIBITAHUI 3aKa34YUKOM HEIOMYCTHUMO
MIPOU3BOJIBHOE BApbUPOBAHME UCXOHBIX JJAHHBIX 3a MpejeslaMu TpeOOBaHUil  corja-
COBaHHOT'O 3a/IaHMS.

PacueTHO-3KCTIEpUMEHTANIbHBIE METO/bl OIpEAeNIeHUs HaJIeKHOCTH CIOXKHOMN
anmnaparypbl 0a3UpyroTCS Ha HKCIEPUMEHTAILHOM ONpEe/eJICHUH MoKa3aTele Ha-
NEKHOCTH KOMIIOHEHT (JeTaneil, MHKpOcXeM U T. [I.) | aHAJIUTHYECKOM pac-
YyeTe Ha/IeKHOCTU CUCTEM, MOCTPOCHHBIX U3 TaKUX KOMIOHEHT. [Ipu ananuze Hagex-
HOCTH MPOTrpaMM NMPUMEHEHHE PacueTHO-IKCIEPUMEHTAIBHBIX METO/I0B OI'PAaHUYEHO.
310 00YCIOBIEHO HEOJHOPOAHOCTHIO XapaKTEPUCTUK HAJECKHOCTU OCHOBHBIX KOM-
MOHEHT: MPOrPaMMHBIX MOJYJIEH, TPYIII MPOrpaMM, MAaCCUBOB JIaHHBIX U T. A. OqHa-
KO B HEKOTOPBIX CIIy4asiX PaCU€THBIM MyTEM MOKHO OLEHUTh HEKOTOPbIE XapaKTEpH-
CTHUKU HaJEKHOCTU KOMIUIEKCOB IporpaMM. Eciu skcneprMeHTalbHO ONpeeieHbl
XapaKTepUCTUKN MCKAKEHUS MacCUBa JaHHBIX MPHU (GYHKIUOHUPOBAHUHN KOMIUIEKCA
MPOrpaMm, TO aHATUTHYECKH MOKHO PacCUUTaTh HAJEKHOCTh XPAHEHUSI TAHHBIX MPU
TUIIOBBIX CXeMaX UX AYOJIMPOBAHHOIO XPAaHEHUS W ONEPATUBHOTIO BOCCTAHOBIICHMS
MpU UCKAXKEHUSAX. AHAIIMTUYECKH HAa OCHOBE DKCIEPUMEHTANIbHBIX MCXOIHBIX JaH-
HBIX MO’KHO OIIEHUTh M3MEHEHHE HApaOOTKU HA OTKAa3 MPHU BBEJACHUH METOJIOB OIle-
PaTUBHOTO KOHTPOJS M BoccTaHOBIeHUsl. CoyeTaHne SKCIEPUMEHTAIbHBIX U aHAJH-
TUYECKUX METOJ0B MPUMEHSETCS AJIA ONpPEAeNIeHUs MPOIMYCKHOU CITIOCOOHOCTH KOM-
TieKkca mporpaMMm Ha KoHkpeTHo BC u BiusHMS meperpy3ku Ha HaJEkKHOCTb €ro
(GYHKIHOHUPOBAHUSL.

Crnenyer BBIIEIUTH HUCIOJIB30BAHUE PACUETHO-OKCIIEPUMEHTAIBHOTO METo/a
UCIIBITAHUIM Ha HAAEKHOCTb NPU JUIMTEIIBHOM XPaHEHHWU MPOrpaMM HAa MarHUTHBIX
HOCHUTEJSAX. Pl KOMIUIEKCOB MPOrpaMM MOKET dKCIUTyaTupoBaThcsl B Teuenue 10-20
JeT. DKCHEPUMEHTAIBHO YCTAaHOBUTH HAJEKHOCTh XpPaHEHUS MPOrpaMM Ha TaKOM
MHTEpBaje HEBO3MOXKHO. KoHcepBUpyeMble KOMIUIEKCH MPOrpaMM HMEIOT 3TajlOH-
HYI0 BEpCHUIO MarHUTHBIX HOCUTENEH (IMCKH, JIEHTHI), KOTOPAsi C BHICOKON BEPOSITHO-
CTBIO JIOJDKHA COXPAHSTHCS B TEUEHHE HTOr0 BpeMeHHU. [ljisi 3TOro roToBUTCS He-
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CKOJIbKO KOIHM ATaJOHHOW BEPCHHM KOMIUIEKCA MPOTPaMM, KOTOPhIE MEPUOAUICCKU
KOHTPOJIMPYIOTCS, COMOCTABIISIOTCS M BOCCTAHABIMBAIOTCS. DKCIEPUMEHTATIBLHO OIl-
penensieTcss BEpPOSITHOCTh pa3pylIeHUs MporpaMM Ha OJIHOW KOMWU B TE€UYEHUE He-
OOJIBIIOr0 BpeMEHU (HENEH, MecsIia) MeXIy MOoCIe10BaTeIbHBIMU (pa3aMu KOHTPO-
ns1. [To 5TUM NaHHBIM PACCUUTBHIBAETCS YMCJIO HEOOXOIMMBIX KOIMHUH W TMEPUOJ UX
KOHTPOJISI 1 BOCCTAHOBJICHHUSI, TAPAHTUPYIOIINE 3aJaHHYIO0 BEPOSTHOCTh COXPaHEHUS
MPOrpamMM B TEYEHHUE YCTAHOBJICHHOTO BPEMEHU 'HKM3HU' KOMIUIEKCA.

[Tpu mpoBepke amnmapatypbl IPUMEHSIOTCS ONPEICIUTEIbHbIC U KOHTPOJIbHBIE
WCIIBITAaHUS. DTU K€ BHUJIBl HCIIBITAHUN MOTYT HCIOJIL30BATHCS TIPU OMPEICIICHUH Xa-
PAKTEPUCTHUK HAJEKHOCTU TporpamM. OnpeaeauTeIbHbIM UCIIBITAHUSM TTOABEpracT-
Csl OTBITHBIA O0Opasel] KOMILIEKca MPOrpamMM, JJisi KOTOPOTo MEePEeUUCICHHBIMU METO-
JlaMU OIIEHHUBAIOTCSI OCHOBHBIC TOKAa3aTeU HAJEKHOCTH. B OONBIIMHCTBE CilyuaeB
IIPU TOM TIOJYy4YalOT YCPEIHEHHBIC TOKa3zaTtelu (CpeaHIO HapaOOTKy Ha OTKa3,
cpeaHee BpeMsl BOCCTAaHOBJICHUS, KO UIIMEHTH TOTOBHOCTH U JAp.). DTU HUCHBITA-
HUS MPOBOJASTCS HAa OTPAHUYCHHOM HHTEpBajie BPEMEHU JUOO 10 MOJyUYEHHUs 3a/1aH-
HOT'O YHCJIa OTKA30B C ITOJHBIM BOCCTAHOBJIEHHEM I10CJIE KajXKJIOro OTKa3a. B oTaein-
HBIX CIIy4asix BO3MOXKHO ONPEICIICHUE JOBEPUTEIHHBIX UHTEPBAIOB JJISI HEKOTOPHIX
MoKa3aTesiel HaJeKHOCTU. 3HAUCHUS IOBEPUTEIbHBIX MHTEPBAJIOB 0o0Jiee MOJHO Xa-
PaKTepU3yIOT HAJIEKHOCTh MIPOTPaMM M MO3BOJISIOT KOPPEKTHEE CPaBHUBATH HAJEK-
HOCTh Pa3HBIX MPOrpaMM WJIM OJHOTO M TOTO K€ KOMILJIEKCa MPOrpaMM Ha Pa3HbIX
sTanax pa3padoTku. OCHOBHBIM MPEMATCTBUEM ISl TIOJYUYCHHS TaKUX IMOKa3zaTeseu
SIBJISIETCSL MAaJIbI 00bEM DKCIIEPUMEHTAIBHBIX TAHHBIX.

KoHTposbHBIE UCTIBITAHUS MPUMEHSIOTCS IS OIEHKH HAaJIe)KHOCTU KOMILICK-
COB MPOTPaMM MPHU UX TUPAKUPOBAHUU U CEPUHHOM BhIMycKke. CUUTAIOTCS U3BECT-
HBIMU OCHOBHBIE MOKA3aTeNId HAJIEKHOCTH, KOTOPHIM JIOJKEH COOTBETCTBOBAThH KaX-
IBIA KOMILIEKC mporpamM. [IpoBepka MpoOBOAUTCS AJiA MOJYYEHHUS TPEOYEeMBIX Xa-
PAKTEpUCTHK U UX CPaBHEHHMS C 3aJaHHBIMU. J[JI cokpalieHus: 00bemMa U IJIUTEIbHO-
CTH TIPOBEPOK MOTYT MPUMEHATHCS METOJIbI MOCJIEI0BATEILHOTO aHalinu3a. Y CTaHaB-
JIMBAIOTCS 3HAYCHMsI PUCKA pa3pabOTUYMKa M PUCKA 3aKa34uMKa M HCIIBITAHUS MPOBO-
JATCS 0 TIOJIYYCHHUSI XapaKTePUCTHUK HAJEKHOCTH, MO3BOJISIONIUX MPUHATH WU 3a-
OpakoBaTh KOMIUIEKC MporpaMm. M3MeHeHUs XapaKTepUCTUK KOHKPETHBIX BHEITHUX
a0OHEHTOB M YCJIOBHH JKCIUTyaTalluu Jake B Ipejenax TpeOOBaHUN TEXHUYECKOTO
3a/IaHUsl MOTYT MPUBOJUTH K OTOpPAaKOBKE KOMILJIEKCOB MPOrpaMM Ha KOHTPOJIBHBIX
WCIIBITAHUSX HAJEKHOCTU CEPUMHBIX 00pa3IoB, KOTJa OMBITHBIN o0pasel yCHENIHO
BBIJIEp)KaJI OTPEICIIUTEIIbHBIC UCTIBITaHUsI. B pe3ynbrate KOHTPOIBHBIX HCIBITAHUI
MOT'YT OOHapYKUBAThCSl OMTUOKHU MTPOCKTUPOBAHUS, TPEOYIOIIHE TOPAOOTKH BCeX 00-
pasioB KoMmIuiekca mporpamM. [IpoBelneHHE KOHTPOJBHBIX HUCIIBITAHUNA CBSI3aHO C
TEXHOJIOTHEH COMPOBOXKICHUS U MOAUGBUKAIIUYA NMPOTPAMM Ha MHTEpBaJe KU3HHU Ka-
KJOT0 MPOrpaMMHOT0 KomIuiekca. [loaTomy ympaBiieHHE HaJIe)KHOCTBHIO M YTOYHE-
HUE TIOKa3aTesell He MPeKpallaeTcs mocie OnpeaeIuTeIbHbIX UCTIBITAHUN OMBITHOTO
oOpas1a, a I0JHKHO MPOBOJUTHCS MPHU IKCIUTyaTallid CEPUMHBIX IK3EMIUISIPOB KOM-
MIJIEKCOB MPOTPaMM.
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Tema 15. Hane:xxHOCTh IPOrpaMMHBIX KOMITJIEKCOB MPH 3KCILTyaTaluu
Y CONIPOBOKIECHUU — 2.

[locne 3aBepilieHUs UCTIBITAHUN W CAA4M KOMIUIEKCA MPOrpaMM 3aKa3uHMKy OH

MOXKET TUPAXKUPOBATHCS U dKcIuTyaTupoBaThes 10-20 net. B 3T0# yacTu ®U3HEHHOTO
[UKJIA TPOrPAMM PACIIUPSIOTCS YCIOBHS MX UCIOJIb30BAHUS U XApAKTEPUCTUKHU HC-
XOJHBIX JJAHHBIX, BCJIEJICTBUE YETO MOTYT MOTPEOOBATHCS U3MEHEHUSI B IpOrpamMmax.
Kpome Toro, BO3MOKHBI UCKaKEHUST ~ IpOrpaMM B IIpollecc€ UX  XpaHEHUs
u PETyJISIpHOM 3KCIUTyaTaluu. DTH (PaKTOpbl CIIOCOOHBI 3HAYUTENBHO U3MEHSThH
JOCTUTHYTHIE MOKAa3aTeIu HAIeKHOCTH. /[ocTaTouyHO OJHOM, HE THIATENIHHO MpPOBe-
PEHHOM KOPPEKTUPOBKHU B MPOrpaMMe, JJi TOTO YTOObl CHU3UTh XapaKTePUCTUKUA
HapaOOTKU Ha OTKAa3 BCEro KOMIUIEKCA Ha OJIMH - J[BA MOPAJIKA.
Jlist coxpaHeHus U yIy4llIeHHs moKa3zaTejel HaJeKHOCTH KOMILJIEKCOB MpOorpamm B
npolecce JIUTEIBHOI0 COMPOBOXKACHUS HEOOXOIUMO YETKO PErjaMeHTHUPOBAThH Iie-
penady KOMIUIEKCOB MpPOrpaMM IOJb30BaTENsIM WM BBOJ KX B COCTaB CHUCTEM
ynpasinenus. LlenecooOpa3Ho HaKamMBaTh HEOOXOIUMbIE U3MEHEHUS B IIPOrpaMmax
U BBOJUTH UX Tpynnamu, GOpMHUPYs OUEpEIHYIO0 BEPCHIO KOMIUIEKCA MPOTpaMM C
M3MEHEHHBIMU XapaKTepUCTUKaMH. Bepcuu KoMIiekca mporpaMM MOXHO pa3/iesiuTh
Ha ATAJIOHHBIE U MOJIb30BATENIbCKUE (MM KOHKPETHOTO OOBEKTa ympaBlieHUs). JTa-
JIOHHBIE BEPCUU PA3BUBAIOTCA, OPAa0ATHIBAIOTCA U MOJEPHU3UPYIOTCS OCHOBHBIMU
pa3paboTyMKaMH KOMILJIEKCA MPOrpaMM WM CHEIUATUCTAMU, BBIACICHHBIMU I UX
conpoBoxJieHus. OHU CHA0XKalTCsI OTKOPPEKTUPOBAHHON TEXHUYECKON TOKYMEHTa-
1[1MeH, MOJHOCThIO COOTBETCTBYIOIIECH ITporpaMMaM, U TOYHBIM MEPEUYHEM BCEX U3Me-
HEHUM, BBEICHHBIX B JAHHYIO BEPCHUIO MO CpaBHEHHUIO ¢ mpenbiayuieit. Ilocne
oopMIIeHUSI OYEpEeTHON ATAJOHHOM BEPCUU OHA IMOABEPraeTcs HUCIBITAHUSM, OCO-
OCHHO TIIATENBHBIM B TOM YacTU MPOTPaMM, KOTOpas MOJABEPIriIach U3MEHEHUSIM.
Opnako HEOOXOMMBI TakKe 00IHUe MPOBEPKU PabOTOCTIOCOOHOCTH M COXPAaHHOCTHU
BCEX NPOrpaMM KOMILIEKCA, TaK KaK HEKOTOPblE HEKOPPEKTHHIE M3MEHEHUSI MOTYT
UMETh OTJAJICHHBbIE TPYIHO MpEACKa3yeMble MOCIE/CTBUS, Hapylawomue padboro-
CIIOCOOHOCTh HEKOPPEKTUPOBABIIUXCS  MPOTPAMM.

[lonb3oBaTeNbCKUE BEPCUM WM BEPCUU KOHKPETHOW CHCTEMbl YIPABICHHS
(bopMHPYIOTCS U3 3TAJOHHBIX 10 MHCTPYKIUSAM U MPaBUIIaM, COAEPKALIUMCS B JKC-
TUTyaTallMOHHOW JOKyMeHTaluu. JlomycTuMble M3MEHEHUsS OTpPaHUYEHbl U JIOKAIH-
3YIOTCS B BBIJICJICHHBIX KOMIIOHEHTaxX KoMmIuiekca. J[Jis KOPPEeKTHOCTH BBIMOJHEHUS
M3MEHEHU OHM CHA0XaloTCsi METOJMKAMHU IPOBEPKUM M TPABUIAMH MOATOTOBKHU
KOHTPOJUPYIOMUX TecToB. OTHOCUTENbHAS JIETKOCTh M3MEHEHUs OTIEIbHBIX IMPO-
rpaMM M KOMIUIEKTAIIMM BEPCUI KOMIUIEKCA CIIOCOOCTBYET MOSIBICHUIO Y MOJIb30Ba-
Teneil (0coOEHHO MalOKBATU(UIMPOBAHHBIX) CTPEMIICHHS K CaMOCTOSATEIBHOMY
"yiyuneHuo" KOMIUIEKCa MpOrpamMM 3a MpeesiaMy, pa3pelieHHBIMA UHCTPYKUUAMU
JUTSL TIOJIb30BaTeNIbCKUX Bepcuid. Takue M3MeHeHus: JOKHBI ObITh OpPraHU3allMOHHO
3a0JIOKMPOBAHBI MPABUIIAMH BHEJPEHUSI KOMIUIEKCOB MPOTPAaMM M TEXHUYECKHU Orpa-
HUYEHBI TIepeiaveil SKCIUTyaTallMOHHON TOKYMEHTAllui, MUHUMAIbHO HEOOXO0AUMOM
JUTSL IPABUJIBHOM TIOJTOTOBKH TOJIb30BAaTEILCKONM Bepcuu U pabothl ¢ Hell. Lleneco-
00pa3HO OrpaHUYMBATH JOCTYI MIMPOKUX MOJIb30BaTeNel K TEXHOJOTUYECKOU JOKY-
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MEHTAIIMH, CoJepKallell MmoapoOHbIe CBEICHHUS O COJIEPKAHUU U JIOTUKE (DYHKIIUO-
HUPOBaHUsI MporpamMm. Takue Mepbl B HEKOTOPOW CTENEHM MPEeaoTBpaIlaloT BO3-
MOXHOCTB PE3KOr0 yXYAIICHUS MOKa3aTelel HalleX)KHOCTU U JPYTUX XapaKTEPUCTUK
KOMIUJIEKCA MPOTrpaMM H3-32 HEKBATU(UIIMPOBAHHOTO  BMEIIATEICTBA  IMOJB30Ba-
TEJICH.

JI71s1 KOpPEKTHOT'O MU3MEHEHHMSI MPOTPaMM CIIeIIUaTMCTaMU, OTBETCTBEHHBIMH 32
COTPOBOXK/ICHHUE, HEOOX0IMMAa TEXHOJIOTHYECKas TOKYMEHTAIMs, 0oJiee TOJIHAs, YeM
AKCIUTyaTallUOHHAS. B TeXHOJIOTHYeCKON JOKYMEHTAlUM PACKPBIBAIOTCS BCE JETAIH
COJIEp)KaHMs MPOTPaMM M JIAHHBIX, MMO3BOJISIONINE HOBOMY KBUIM(PUIIMPOBAHHOMY
CHENUAIIUCTY TMOJHOCTHIO TOHATh (PYHKIIMOHMPOBAHUE MPOTPaMM M KOPPEKTHO HX
MoauduIpoBaTh. [ Kakaod o4epeIHOM ATaJTOHHON BEPCUU PETUCTPUPYIOTCS U
JTIOKYMEHTaJIbHO OPOPMIIIOTCS BCE M3MEHEHUS, KOTOPBIE MO3BOJISIIOT C(HOPMUPOBATH
KOMIUICKT TEXHOJOTUYECKON JOKYMEHTAIIMH, MOJHOCThIO aJIeKBaTHBIM JAHHOW HTa-
JOHHOU Bepcuu. TakuM 0Opa3oM, MOTYT COMTPOBOXKIATHCS 2—4 ATaTOHHBIE BEPCUH C
pa3Hoil HOMEHKJIaTypoi u3MeHeHuit. bosiee ctapeie Bepcuu 1eaecoo0pa3HO CHUMATh
C DKCIUTyaTallud U  COTIPOBOXKJICHHUS.

JInst coxpaHeHusl MoKaszaTesell HaJIe)KHOCTH KOMIUIEKCa MpOorpaMM B TEUCHHE
BCET0 JKMU3HEHHOT'O ITUKJIa HEOOXOIMMO HUCKITIOYUTh BO3MOXKHOCTh (DU3UUECKOro pas-
PYIICHUS TMPOrpamMM U JTOKYMEHTAIlUU ATaJOHHBIX Bepcuid. JJist 9TOro MpUMEHSIOTCS
METOJbI TYOJIMPOBAHUS U PETYJISIPHOTO KOHTPOJIS COXPAHHOCTH MarHUTHBIX HOCHUTE-
net uadopmanuu. Peructpanusi U HakoIICHUE BCEX U3MEHEHUM, BHITIOJIHEHHBIX Me-
KOy odopMiieHHEM OYepeaHBIX BEPCHUH, IMO3BOJISIET BOCCTAHABIMBATH ATaJOHHBIC
BEPCUU B aBapUUHBIX CUTYaIIMSIX HE TOJBKO Ha 0a3e KOIMU, HO U C UCIOJIb30BAHUEM
HECKOJIbKUX TIPEABICTOPHUH.

[TpomomKUTENBbHBIN KU3HEHHBIN UK KOMIUIEKCOB IMPOTpaMM HEOOXOAMMO
00ecreYnTh COXPAHHOCTBIO CPEJICTB aBTOMATH3aIMKU MTPOCKTUPOBAHMS, C UCIIOIb30-
BaHHEM KOTOPBIX CO3/aBaJIMCh dTajoHHBIE Bepcuu. B Teuenue 10-20 met HeoOxoau-
MO COXPaHSTh M YUUTHIBATh BEPCUM TEXHOJOTHYECKUX CPENICTB, C UCIOIb30BAHUEM
KOTOPBIX CO3/IaHbI BCE COMPOBOXKIAEMbIE BEPCHUH KOMIUIEKCA MpOrpamm, Ju00 mpu-
HUMATh CIICIMATbHBIC MEPHI JIJIs1 00eCTIeUeHUsI BO3MOYKHOCTH MTPOBEPKU U KOPPEKTH-
POBKH paHHUX BEPCUH ITPU U3MEHEHUU TEXHOJOTUUECKUX CPEJICTB.

Bonwiue 3atpathl, HEOOXOIUMBIC IS JOCTHKEHUS U MPOBEPKU BHICOKUX 3HA-
YeHUH ToKa3aTeel HaJeKHOCTU B CIOKHBIX KOMIUICKCAX MPOrpamMM, COUYETAIOTCS C
OTHOCHUTEJIBHOM JIETKOCThIO PE3KOTr0 YXYIIICHUS dTUX MOKa3aTesell Mpu KOPPEKTH-
poBkax mporpamMm. OTcrofia BO3HUKAET HEOOXOAUMOCTh OCOOCHHO TIIATEILHOMN MPO-
BEPKH BIIMSHUS Ha HAJACKHOCTH KAXKJIOTO0 M3MEHEHHUS IKCILTYaTHPYEMBIX MPOTPaMM.
JloxanbHble TTpOBEpKU U (HOPCHUPOBAHHBIC HCIIBITAHUS HAa HAJACKHOCTh, HAMpPaBJICH-
HbIE HAa KOHTPOJIb KOHKPETHBIX U3MEHECHHH, 0OBIYHO 00JIee YIKOHOMUYHBI, YeM I10JI-
HbIE MOBTOPHBIE UCTBITAHUS BCEro KoMIUIieKca mporpamMM. OgHaKO HEKOTOpPHIC Ta-
JIOHHBIE BEPCUU B TPOIIECCE COMPOBOXKICHHUS HEOOXOAMMO MEPUOIUYECKH TOABEP-
raTh IMOJHBIM KOHTPOJBHBIM HCIBITAHHUAM IS KOPPEKTHOTO MOJTBEPKICHHS JOC-
TUTHYTBIX MOKa3aTeei HaIe)KHOCTH.
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JlabopaTopHbie padoTHI

Jlabopamopnasa paboma Ne 1

Onpenesnenne XapakTepuCTUK NPOCTEHIIEro MOTOKA

Lenv pabomei: PazpaboTaTh aIrOPUTMBI PEIICHUH 3a7a4 M0 OMPEACICHUIO XapaKTe-
PUCTHK MPOCTEHIIEr0 MOTOKA C TPOU3BOICTBEHHBIM CIICHAPHEM.

Vkazanus k pabome:

1.

2.

W

Cectr ycioBue 3anad, c(hOpMYyJIUPOBAHHBIX HAa €CTECTBEHHOM Ss3bIKe, K (op-
MaJbHBIM CHMBOJIAaM U 0003HAYCHHUSIM.

[TpousBecTy pelreHne 3a1a4 B 3TUX (popMaabHBIX cuMBOIaX. [Ipu aTOM:

2.1. ITocTpouTh pelieHne 3a/1auu, €CIIA PEIICHHE U3BECTHO M yCIOBHUE 3aJ]a4d SIB-
JSIETCSI TOCTATOYHBIM JIJISl 3TOTO PEIICHHMS, & CaMO PEIlIeHHE aIeKBAaTHO 3aJaHHIO.
2.2. HaiiTi pemieHue, aleKBaTHOE 3aIaHUIO JUIS CIIydasi, KOT/la YCIOBHE HE SIBIIS-
€TCS JIOCTATOYHBIM, OJTHAKO W3 YCJIOBHS MOTYT OBITh HAaMJICHBI HEIOCTAOIIHC
JTaHHBIC.

[TocTpouTh AITOPUTM HAa OCHOBAHHUH PEIICHUS, TOJIYYCHHOTO B II. 2.

Hamnucats u otnaguth nporpamMmy Ha 6a3e anroputMa (. 3).

OdopMuth oT4eT 1O padoTe.

Xoo pabomui:

a) GhopMyIHUpPOBKA 33/1a4d Ha €CTECTBEHHOM SI3bIKE (TEKCT).

b) ®opmaimzarys ycloBUS 3a1ayd (BBeACHUE OOO3HAYCHUN M IMOSCHCHHHA K
HHM).

¢) Onmcanue penicHUui B TEPMHHAX MPUHATHIX 0003HAYCHUN (B TOM YHCIIC U 110
MYHKTY 2.2 yKa3aHui K pabore).

d) TlocTpouth OJIOK — CXeMy aJITOpUTMa HAa OCHOBE MPaBUJIa U PEIICHUHN.

¢) Hammcath mporpaMMy pemieHHs Ha aJTOPUTMUYCCKOM S3BIKE IO MOJYYCHHOM
0JI0K — cxeMe.

/) TlpuBecTH JIUCTUHT pabode MPOrpaMMbl B PE3YIIbTaThl PCIICHHS.

Ilpumep:

a) VIHTEeHCHMBHOCTb OTKa30B IIETOYHO-KOJUIEKTOPHOI'O Y3Jla T'eHepaTropa paBHa
1,1 - 10” 1/9ac. OnpexenuTs BEpOSTHOCTH TOTO, 4To Yepe3 60000 gacos pado-
Thl OTKaXET POBHO 7 HIETOYHO - KOJUIEKTOPHBIX y3710B. [IoTOK 0TKa30B cyu-
TaTh MPOCTEUIITUM.

b) A=1,1" 107 1/gac; = 60000 yac.; K = 7 — KOIMYECTBO OTKA30B; P(¢=K) -
HCKOMasi BEPOSITHOCTb.

¢) B cootrBercTBUU ¢ hopmynoil [lyaccona uckomasi BEposSTHOCTh paBHa:
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aK
P(§=K)=?!e ;
a=A-7;
_ _(/I-T)K AT
P(é—K)—T!e .

d) HOCTpOI/ITB U IMMPUBCCTH 0JI0K — CXCMY aJITOpUTMa PCHICHUSA B COOTBCTCTBHUH C
HpHBeHCHHOﬁ MMOCJICAOBATCIIBHOCTBIO IPUMCHCHUA q)OpMy.H.

e) Hanucatp nporpamMmy pCeuICHUS Ha aJITOPUTMHUYCCKOM A3BIKC I10 HOqueHHOﬁ
0JI0K — cXeme ¢ BBCIACHUCM JJAHHBIX, IIPUBCACHHBIX B YCJIOBUU 3a1a4H.

(A7) . (1L1-107-60000)
I 7

PasmepHocTh B pemieHun BolaepkaHa. [elictBurensHo. B uucnaurene gopmy-

abl [lyaccoHa, a Takke B IOKa3aTese CTEIEHU YKcia e nojydaercs 6e3pazmep-

Has BenuunHa: (1/g9ac-yac) = 1.
/) TlpuBecTH JIUCTUHT pabodei MPOrpaMMbl B PE3YIIbTaThl PEIICHHS.

P(E=K)= el,1-10‘3-60000 ~0,0054

Bonpocwi onsa camoxonmpos:

1. Kakoe cocrosinue TY Ha3biBaeTcs pabOTOCIIOCOOHBIM.

2. ChopmynupoBaTh OnpeacicHUE TOHATUS — OTKa3.

3. Kakoil NoTOK Ha3bIBAETCS MPOCTEUILINM.

4. CpoiicTBa MpOCTEUIIEro MOTOKA U UX XapAKTEPUCTUKH.

5. Cpenunee umncio coObITHI, HACTYNAIOIIMX B TPOCTEUIIIEM TTOTOKE.
3aoanue:

3agaya 1.

OrnpenenuTs MHTEHCUBHOCTh 0TKa30B HekoToporo TV, ecnu 3a 500 yacoB TY takoro
K€ TUIIA CPEIHEE YMCIIO OTKA30B 3a ITO K€ BpEMS PaBHO .
3agaya 2.
Ha aBromaTnyeckyio Teine(pOoHHYIO CTAHIMIO MOCTYMAET MPOCTEUILINNA MOTOK BEI30BOB
C UHTEHCUBHOCTHIO, paBHOU 0,8 (BBI30BOB B MUHYTY). HailTh BeposITHOCTH TOTO, YTO
3a IB€ MUHYTHI: @) HE MPUJIET HU OJTHOTO BbI30Ba; b) MPHUAET POBHO OJHMH BBI3OB; C)
MPUET XOTs Obl OJJUH BBHI30B.
3agaya 3.
ITotox Bb130BOB Ha ATC — myacCOHOBCKHMII HECTAIMOHAPHBIM C MHTEHCHBHOCTBIO
A(t), 3aBucsmeit ot Bpemenn Ha yuactke Bpemenu ot 0 yac. 10 6 yac. 40 MUH. UH-
TEHCUBHOCTD A(f) BO3pacTaeT Mo JIMHEMHOMY 3aKOHY:

Mt = bt +c,
npudeM Kk 0 yac. oHa paBHa 0,2 BbI30Ba B MUHYTY, a B 6 yacoB 40 munyT — 0,4 BbI30Ba
B MUHYTY, HaliTu BEpoSITHOCTB TOTO, 4TO 3a 10 MuUHYT OT 3 "wacoB 15 muHyT 110 3 ya-
COB 25 MHUHYT NPUJET HE MEHEE TPEX BBI30BOB.
3ameuanue:
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Eciau nHTEHCUBHOCTH MPOCTEHINETro MOTOKA A HE CTallMOHapHA (HE MOCTOsSHHA), a 3a-
BUCUT OT BpeMEHU A = A(f), TO BEpPOATHOCTh MOMAJaHUsI POBHO m COOBITUN Ha ydYa-
CTOK JUIMHBI 7, HAUMHAIOIIUKCA B TOYKE f) U KOHYAIOIIUWCA B TOYKE f) + T, UMEET

TAKIKC pacCIIpCaCIICHUC HyaCCOHa:
a m to +7

PE=m)y=—e " (m=0,1,2,...),rae a= [A(t)dt.

m! "

Jlabopamopnasa paboma Ne 2

Onpe):[e.ﬂeHI/le OCHOBHBIX XapPaKTCPUCTHUK HAACKHOCTH HEBOCCTAHAB/INBACMbIX
3JI€EMEHTOB I/IH(l)OpMaIII/IOHHI)IX CHCTEM

Llenv pabomur: PazpaboTaTh aNropuTMbI pelIeHUN 3a7a4 MO pacuyeTy OCHOBHBIX Xa-
PaKTEPUCTUK HAJAC)KHOCTH HEBOCCTAHABIMBAEMBIX 3JIEMEHTOB UH(POPMAIIMOHHBIX CH-
CTEM.

Yxazanus k pabome:

1. Cectu ycioBue 3aaad, cOpMYIHPOBAHHBIX Ha €CTECTBEHHOM S3bIKE, K (op-
MaJbHBIM CUMBOJIaM U 0003HAUYEHUSM.

2. TlpousBectH peuieHue 3a1ay B 3TUX GopMabHbIX cuMBoax. [Ipu sTom:

2.1. IlocTpouTs pelieHue 3aauu, €ciid peleHrue U3BECTHO U YCIOBHUE 3a/1auu SB-

JISI€TCSL JOCTATOYHBIM JUIsl 3TOTO PEIICHHUs, a CaMO PEIICHHUE aJIeKBAaTHO 3a/IaHUIO.

2.2. Hailtu penieHue, aJeKBaTHOE 3aJlaHUIO JUJISl CIIy4dasi, KOTa YCJIOBHE HE SIBIIS-

€TCsl JIOCTaTOYHBIM, OJTHAKO M3 YCJIOBHS MOTYT OBITh HaiIeHbl HEAOCTAIOIIHE

JaHHBIE.

[TocTpouTh AITOPUTM HAa OCHOBAHUH PEILIEHUS, TOJIYYEHHOTO B II. 2.

Hamnucats u otnaguTh nporpamMmmy Ha 6a3e anroputMma (. 3).

Odopmuth oTyeT 1o odpasiy:

Nk

Xoo pabomui:

a) GhopMyJIHUpPOBKA 33/1a4l Ha €CTECTBEHHOM SI3bIKE (TEKCT).

b) ®opmaimzars ycloBUs 3a1a4yd (BBEACHUE OOO3HAYCHUN M IMOSCHCHHHA K
HHM).

¢) Onmcanue penicHUui B TEPMHHAX MPUHATHIX 0003HAYCHHI (B TOM YHCIIC U 110
MYHKTY 2.2 yKa3aHui K pabore).

d) TlocTpouth OJIOK — CXeMy aJICOpUTMa HA OCHOBE TMPaBUJIa U PEIICHUHN.

¢) Hammcath mporpaMMy pemieHHs Ha aJTOPUTMHUYCCKOM SI3BIKE 1O MOJYYECHHOMN
0JI0K — cxeMe.

/) TlpuBecTH JIUCTUHT pabodei MPOrpaMMbl B PE3YIIbTaThl PCIICHHS.

llpumep:
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Ha skcrmyaranuio ogHoBpeMeHHO Obuio noctaBiieHO 300 OJHOTHUITHBIX 3JIEK-
TPOHHBIX HUPPOBBIX NMpubopoB. U3BecTHO, uTO Yepe3 100 yacoB oTkazano 27
puoOpoB, a enie uepes ciaeayromnue 100 yacoB oTkazano eme 34. onpeaeauThb
CTATUCTUUYECKUE BEPOSITHOCTH OE€30TKa3HOM paboThl M oTkazoB uepe3 100 u
200 yacoB, YCIOBHYIO BEPOATHOCTH O€30TKazHOU paboThl yepe3 200 yacos,
IpU yCIOBHUH, 4TO MpUOOpsI npopadoTanu yxxke 100 yacoB, a Takxke orpeje-
JIUTh CTATUCTUYECKUE 3HAYECHHSI TFIOTHOCTH BEPOSITHOCTH 0TKa30B uepe3 100 u
200 yacos.

p* (t) - CTaTUCTUYECKAsl BEPOSTHOCTh 0€30TKa3HOM pabOThI uepe3 ¢ 4acoB; g(f)

— CTAaTUCTHYECCKAsA BEPOSITHOCTbh OTKA30B 4Yepe3 { 4acoB; p * (ti /fj) - YCJIOBHAasA

BEPOSITHOCTh O€30TKa3HOM pabOThI Yepes3 ¢; YacoB MPHU YCIOBUH, YTO MPUOOPHI
npopaboTtann 0€30TKa3HO yXKe f 4acoB; f *(z‘) - CTaTHCTHYECKOE 3HAUYCHHE

TUIOTHOCTH BEPOSITHOCTH OTKA30B Yepe3 ¢ 4acoB; N — UMCIIO MOCTaBJICHHBIX Ha
AKCIUTyaTanuo npubopoB; An(f) — 4uciI0, OTKA3aBIIMX KO BPEMEHH ¢ MpHOO-
poB; N(f) — 4uciao mpUOOPOB, OCTABIIUXCA PAOOTOCIIOCOOHBIMHM K MOMEHTY
BPEMCHHU 1.

3amaya pemnraeTcsi B COOTBETCTBUH CO CJICTYIOIIUMHU BhIPAKCHHUSIMHU:

N N-NO o @) NP oy An()
P (t)_ N ,q(t) N’p (tl/t]) p(tj)’(tIZt])’f (f) N(z‘)'

[TocTpouTs U MpuBeCTU OJIOK — CXEMY AJTOPUTMA PEIIEHUSI B COOTBETCTBHUH C
MPUBEACHHON MMOCIIEI0BATENbHOCTHIO IPUMEHEHUS (POPMYII:
N—-N(=100) 300-27

#(£=100)= =0,91;
p*(t=100) N 300
pelt—200). NoNU=200) 300-27-34

300
g(e=100)="U=100) _ 27 4 59,
N 300

q(t=200)=1- p(t=200)=1-0,8=0,2;
An(t =2 4
N(t=200) 300-200

PaBMepHOCTB B PCIICHNHU BBIACPIKAHA.

HpI/IBeCTI/I JIMCTUHT pa60qeﬁ MMporpaMMmsbl U pE3yJIbTaThbl pCUICHUA.

~5,7- 10_4(1/qac).

Bonpocwi onsa camoxonmpos:

Aol

B uem 3akirodaeTcsi NPUHIINI Pe3ePBUPOBAHMUS.

UTo sBIsIeTCS OCHOBHOM XapaKTEPUCTUKON PE3ePBUPOBAHUS.
OcHoBHBIE 0COOCHHOCTH OOIIEro pe3epBUPOBAHUS.
OcHoBHBIE 0COOCHHOCTH PA3EIbHOIO PE3EPBUPOBAHUS.
[110THOCTH BEPOSITHOCTH OTKA30B.
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6. Kakne xapakTepHble y4acTKH MMEET KpHUBas MHTCHCHBHOCTH OTKAa30B HEBOCCTa-
HABJIMBAEMBIX TEXHUYCCKUX YCTPOMCTB.

7. Cpennee BpeMsi 6€30TKa3HON pabOTHI.

8. CpenHee cTaTUCTUUECKOE BpeMs 0€30TKa3HOU pabOoThI.

9. Kakoga 3aBucumoctb Mexay f(¢) u p(f), p(¢) u A(t), ft) u A(t), T n A(¢).

10.Kak 3aBucut p(t), f(t) u T ot A(f) ipu A(t) = A = const.

11.OcHOBHBIE pacyUETHBIC COOTHOIICHUS MEXKIY ITOKa3aTSISIMU HAJICKHOCTH IS
ciydas, korga t << T.

3aoanue:

3agaya 1.

B Teuenun 2000 yacoB HaOmromanu 3a 480 Bumeoagantepamu. OnpenenuTb CTaTH-
CTHUYECKYIO BEPOSITHOCTh 0€30TKa3HOM pabOThl 3TUX YCTPONCTB, €CJIU B TEUEHUU yKa-
3aHHOT'O CpOKa 3aperuCTPUPOBAHO 52 OTKa3a, NpuU4eM 12 U3 HUX NPOM3OLLIU B IEP-
BbIe 400 yacos.

3agaya 2.

Hailitu craructudeckoe pacmnpeiesieHue MIOTHOCTU BEPOSITHOCTH OTKA30B M CTAaTH-
CTHUYECKYI0 KPUBYIO UHTEHCUBHOCTH 0TKa30B 500 OnmoxoB nutanus 1 [I9BM, wuc-
MBITAHHBIX HA HKCILTYaTallMOHHOM PEXHUME JI0 MOJHOTO 0TKa3a BceX 010koB. OTKa3bl
0JIOKOB NMUTaHUA MOJACYUTaHbI yepe3 Kaxabie 100 yacoB, pe3yabTaThl CBEICHBI B Ta0-

JUILY.
No At; B yacax An; No At; B yacax An;
n/n n/n
1 0-100 9 16 1500 — 1600 3
0 At; B yacax An; No At; B yacax An;
n/n n/n
2 100 — 200 13 17 1600 — 1700 5
3 200 — 300 16 18 1700 — 1800 11
4 300 — 400 15 19 1800 — 1900 18
5 400 — 500 11 20 1900 — 2000 27
6 500 — 600 6 21 2000 - 2100 38
7 600 — 700 3 22 2100 — 2200 48
8 700 — 800 2 23 2200 — 2300 55
9 800 — 900 4 24 2300 — 2400 52
10 900 — 1000 3 25 2400 — 2500 46
11 1000 — 1100 2 26 2500 — 2600 42
12 1100 — 1200 5 27 2600 — 2700 31
13 1200 — 1300 3 28 2700 — 2800 15
14 1300 — 1400 3 29 2800 — 2900 7
15 1400 — 1500 4 30 2900 — 3000 3
3angaua 3.

Ha skcrutyatanuto 6bu10 noctaBieHo N = 67 oqHoTUIHBIX TY, 32 KOTOPBIMU BEIOCH
HaOmoaenue B Teuenre 400 yacoB. OmnpeaenuTh CTaTUCTUYECKYIO MHTEHCUBHOCTD
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OTKa30B A*(f) M CTaTHCTHYECKYIO BEPOSTHOCTh O€30TKa3HOM paboTel p*(f) B TOUKax
HAOJFOICHMS, €CJIH U3BECTHO, YTO KaK/Ible 50 4acoB OTKA3bIBAJIO 1O 2 YCTPOUCTBA.
3anaua 4.

BeposTHOCTh 6€30TKa3HOM paOOThI MPOBOJIOYHBIX COMPOTUBIICHUH ONPECISICTCS 3a-
KOHOM, BBIP@XEHHBIM (GopMyioit p(f) = e . Ha skcmiyaramuio moctasieso 500
corpotuBieHud. OnpenennTsh cpeHee KOJINIeCTBO O0TKa30B 4yepe3 50 gacoB Hapa-
00TKH.

3anaua S.

Ha ocHoBanuu rpadka MHTEHCUBHOCTH OTKa30B TY MOCTPOUTH I'paduK BEpOSTHO-
CTHU ero 0€30TKa3HOM padoThI.

00000
0,00006 /l
I:I,EIEIEIEIS'\ /

000004 \
0,00003 —a— HHTEHCHEHOCTE OTKAZ0E

0,00002 \0 + : +
0,00001

0
0 100 200 300 400 500 4A00 <700 800

3angaua 6.

I'paduk BeposiTHOCTH 0€30TKa3HON PabOTHI KEPAMHUYECKOTO KOHJEHCATOpa MOKa3aH
Ha pucyHke. Ha skcmmyaranuto 6b110 noctaBieHo 180 KoHAEHCATOPOB. OMPEACIIUTD
CpelHee KOJIMYECTBO OTKAa3aBIIUX KOHAeHcAaTopoB udepe3 300 4acoB M MHTEHCHUB-
HOCTh 0e30TKa3HOU paboThl uepe3 600 yacos.

pit)
1
]

0%

Ii]

04 N L

0.2 I—

1] 100 200 300 400 500 a00 ] d
3ameuanue:
«  An, ) o
H3BecTHO, 4TO A ’:—A' WNunekc «i» nipeacrabiseT coOol yka3aTeab WHTEpBaa.
t.

1 1
JIJist KOTOPOTo pacCYMTHIBACTCS MHTEHCUBHOCTh OTKa3a. [[ns pacuera mo mpuBeaeH-
HOU opMyIsie HEOOXOUMO 3HATh BeIUYUHBI An;, N;, Ati. OObIYHO U3 YCIOBUS 3a7a4U
M3BECTHBI KOJIMYECTBO OTKazaBmuX TY An; u BenuuuHa uHTEpBaja BpeMenu Af. Be-
JUYMHA N; IO CBOEW CYTH MPEACTaBIIAET COOOM MaTeMaTHYECKOE OKHIAHHUE YHCIIa
06e30Tka3HO mpopaboraBmux TY B Tedyenuwe i — ro uHTEepBaia BpemeHu. Hauboinee
OUYEBUJIHOM CTATUCTUYECKON OILIEHKON 3TON BEIIMYMHBI MOTJIO OBl CTaTh cperHeapud-
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S (N - An,)

% i—
Metnueckoe N, = =1

j . OI[HaKO CyCCTBYCT OLICHKA, KOTOpada C OOobIIICH

i

TOYHOCTBHIO COOTBCTCTBYCT 3HA4YCHHNIO MaTeEMaTN4Y€CKOIro OXKNJaHUuA
i—1 An.
k=1 2

Jlabopamopnasa paboma Ne 3

Onpeueneﬂue noxKasarteJjieil HaJe;KHOCTH B nmepuoa mpomecca IKCiiyaranuum Cu-
CTEM

Llenv pabomsi: Pa3paboTaTh aqropuTMbl ONpenesieHusl MoKa3zaTeneld HaJleKHOCTH B
TIepUO/I Mpoliecca IKCILTyaTaluu HHPOPMAITMOHHBIX CUCTEM.

Yxazanus k pabome:

1. Cectu ycioBue 3amad, cOpMYIHPOBAHHBIX Ha €CTECTBEHHOM S3bIKE, K (op-
MaJIbHBIM CHMBOJIaM B 0003HAYCHHUSIM.

2. IlpowusBectn penieHne 3aaa4 B 3TUX GOpMaIbHBIX cHMBOJaX. [Ipu aToM:

2.1. ITocTpouTh pelIeHne 3a/1a49u, €CIIA PEIICHHE U3BECTHO M yCIOBHUE 3aJ]a4d SIB-

JSIETCSI IOCTATOYHBIM JIJISl 3TOTO PEIICHHMS, & CaMO PEIlIeHHE aIeKBaTHO 3aJaHHIO.

2.2. HaiiTi penieHue, aieKBaTHOE 3aIaHUIO JUIS CIIydasi, KOT/la YCIOBHE HE SIBIIS-

€TCsl TOCTaTOYHBIM, OJHAKO M3 YCJIOBHSI MOTYT OBITh HalJEHBI HEIOCTAIOIIHEC

TaHHBIE.

[TocTpouTh AITOPUTM Ha OCHOBAHWH PEIICHUS, TIOJTYYCHHOTO B 11. 2.

Hanucate 1 otnaauTh nporpaMmy Ha 6a3e aiaropurma (. 3).

5. OdopmuTth oTueT 1Mo 00pasIy:

Rl

Xoo pabomui:

a) GhopMyIHUpPOBKA 33a/1a4d Ha €CTECTBEHHOM SI3bIKE (TEKCT).

b) ®opmaimzarys ycloBUs 3a1a4yd (BBEACHUE OOO3HAYCHUN M IMOSCHCHHHA K
HHM).

¢) Onmcanue penicHUui B TEPMHHAX MPUHATHIX 0003HAYCHUN (B TOM YHCIIE U 110
MYHKTY 2.2 yKka3aHui K pabore).

d) TlocTpouth OJIOK — CXeMy aJICOpUTMa HAa OCHOBE TIPaBUJIa U PEIICHUHN.

¢) Hammcath mporpaMMy pemieHHs Ha aJTOPUTMHUYCCKOM SI3BIKE 1O MOJYYECHHOMN
0JI0K — cxeMe.

/) TlpuBecTH JIUCTUHT pabode MPOrpaMMbl B PE3YIIbTaThl PCIICHHS.

llpumep:
a) Cucrtema coctouT u33 OJ0KOB. Y BCeX OJIOKOB CUCTEMBI MEPUOJT HOPMATIBLHOMN
OKCIUTYaTallil HAYMHACTCS OJJHOBPEMEHHO. DKCIUTyaTallHsl )K€ CaMOM CHCTEMBI
HAYMHAETCS C MOMEHTa Hadaja Mmepuojia HopMaldbHON dKCIuTyaTanuu. HTeH-
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3 3

CUBHOCTH OTKa30B OJIOKOB cUCTeMbI paBHBI: A; = 3,03-10™ wac™, 4, = 3,13°10
-1 3 -1 g

yac , A3 = 2,97°107 wac™. Jlna Bcell cHUCTEMBl XapaKTEPHO COOTHOIIEHHUE

Tp =0,58. Onpenenurts pecypc CUCTEMBI.

b) A1, A2, A3 — THTEHCUBHOCTH OTKa30B NEPBOTO, BTOPOT0, TPEThEro OJIOKOB CHUC-
TEMBI COOTBETCTBEHHO; 1" — cpe/iHee BpeMsl O€30TKa3HOI pabOThl CUCTEMBIL; £, —
peECYpC CUCTEMBI.

¢) 3amaya pemaeTcss B COOTBETCTBUU CO CIEAYIOIIMMM BBIpaXXKEHHAMH. Pecypc
CHCTEMBEI £, OyJIET paCCUUTHIBATHCS IO CPEIHEMY BpeMeHH 0€30TKa3HOM pado-
Thl cucTemMbl. CpelHUM BpeMeHeM 0€30TKa3HOM paboThl CUCTEMBI OYJIET CUH-
TaTbCsl cpefHee Bpems Oe30Tka3zHOW paboThl HammeHee HanexHoro Osoxa.
Haumenee HazeXHbIM OJIOKOM CUUTAETCS TOT, MHTEHCUBHOCTh OTKA30B y KO-
TOporo MakcumaibHa. 1o ycinoBHto 3agauu 3TO BTOPOM OJIOK, T.K. A, > Ay, A >

1
A3. Ilostomy: T'=T, =—. Pecypc cucremsl OyaeT paseH: ¢, = 0,587.
2
d) TlocTpouTh W PUBECTH OJIOK — CXEMY aJIrOPUTMa PEIICHHUS B COOTBETCTBUU C
MPUBEACHHON ITOCIICI0BATEIBHOCTHIO TPUMEHECHHS (POPMYIT:

T=T, :L:;z319,5(l{);
Ay 3,13-107°
t,=0,587=0,58 - 319,5 = 185(u).
PaBMepHOCTB B pe]_HeHI/II/I BBII[ep)KaHa.
e) IlpuBecTu TUCTUHT paboyel MPOrpaMMbl U PE3yJIbTATHI PEIICHUS.

Bonpocwi onsa camoxonmpos:

l.

SRRl

Kakue ocHOBHBIE BUbl MHTEHCUBHOCTEW OTKA30B MOT'YT UMETh TEXHUYECKHUE YCT-
pOKCTBA.

JlaiiTe ornpesenieHre KaJleHIApPHOMY CPOKY CITYXKOBI.

Yro Takoe pecypc, UeM OH OTIMYAETCS OT KaJleHIApPHOTO CPOKa CIIYKOBbI.

Buner pecypca.

UYro Takoe cpeaHul CpOK COXPaHAEMOCTH.

Kakoil xapaktep UMeeT MOBEAECHUE MHTEHCUBHOCTENH OTKA30B B HOPMAJIbHBIN Ii€-
PHOJI SKCIUTyaTalliy U B IIEPUOJ U3HOCA U CTAPEHHUS.

KakuM 3ak0HOM MOKET ObITh OMKCAHO paclpeiesieHue BpeMeHn 0e30TKa3HoH pa-
OOTHI B MEPUOJ] U3HOCA U CTAPCHHUS.

Kak omnpeznensiercst 0611ast BEposiTHOCTh 0€30TKa3HOM pabOThl TEXHUYECKOTO YCT-
POKCTBA C YYETOM BHE3AIHBIX U TOCTEIIEHHBIX OTKA30B.

3aoanue:

3agaya 1.

UcnpiTanus nadmonenus Benuch 3a 1000 Bentunstopamu ans [I9BM. Ucnbitanus
IIPOBOJISITCS. B PEKMME HOPMAJIBbHOW JKCIUTyaTallMH JO IMOJHOTO OTKa3a BCEX JIAMII.
Uucno 0Tka30B BEHTUIISATOPOB MOACYUTHIBAIOCH B KaXJA0M HHTEpBAJIC BpeMEHU Af =
500 gacoB. Pe3ynbTaThl HCTIBITaHUI 3aHeceHbl B Tabnuiy. [lonb3yschk n1aHHbBIMU Ta0-
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JIUIIBI TIOCTPOUTH TpaduK HYHKIIMH HHTEHCUBHOCTH OTKa30B OT BPEMEHU U TTPOBECTHU
aHaJIM3 3TOro rpaduka.

Wntepsan Bpemenu At, | Kon-Bo WntepBan Bpemenu Atr, | Kon-so | HutepBan Bpemenu At, | Kon-Bo
qac OTKa30B qac OTKa30B qac OTKa30B
0-500 60 3000 — 3500 40 6000 — 6500 20
500 — 1000 200 3500 — 4000 30 6500 — 7000 20
1000 — 1500 197 4000 — 4500 20 7000 — 7500 20
1500 — 2000 150 4500 — 5000 20 7500 — 8000 30
Wntepsan Bpemenu At, | Kon-Bo WntepBan Bpemenu At, | Kon-so | HutepBan Bpemenu At, | Kon-Bo
qac OTKa30B qac OTKa30B qac OTKa30B
2000 — 2500 128 5000 — 5500 20 8000 — 8500 20
2500 — 3000 72 5500 — 6000 20 8500 — 9000 10
3agaya 2.

WcnbiTanust Ha HaIG)KHOCTh B HOMUHAJIBHOM padodeM pexume noaepriauch 900 mna-
3€pHBIX TOJIOBOK JUCKOBOJOB BILIOTH JI0 OTKa3a BCEX 3TUX MpUOOpOB. JlazepHbie ro-
JIOBKU JTUCKOBOJIOB OTHOCSITCS K DJIEMEHTAM CTaperollero TUIa, UX OTKa3bl CUUTAIOT-
Csl HE3aBUCUMbBIMU, UMEIOT CIIyYaillHbI XapaKkTep U B X0JI€ UCHBITAHUS MOJCUUTHIBA-
muchk depe3 kKaxable 200 yacoB HapaOoTku. Pe3ynbTaThl MCHBbITAHUNA MPUBEICHBI B
tabnuie. OnpenenuTs CPEeAHIO HapabOTKY rOJIOBKH JUCKOBOAA 0 OTKa3a, MOCTPO-
UTh TpapuK BEPOSATHOCTH O€30TKa3HOU paboThl p*(f), rpad)uK BEPOSTHOCTH OTKa3a
q*(f), TpaduK ILUIOTHOCTH BEPOATHOCTH OTKa30B f*(f), TpapuK HMHTCHCHBHOCTH
0TKa30B A*(f) B COOCTBEHHBIX OCSIX KOOPJHMHAT M MPOBECTH aHAIN3 ITHX IpadUKOB.
Onpenenuts 0OIIYI0 BEPOSITHOCTh O€30TKAa3HOM PaOOThI JIa3E€PHBIX TOJOBOK JIHUCKO-
BOJIOB C YY€TOM BHE3AIIHBIX U MOCTENEHHBIX OTKa30B K MOMEHTY BpemeHu ¢ = 5800
4acoB OT HavaJla UCTIbITAaHU.

No At; B yacax An; No At; B yacax An;

n/m n/m
1 0-200 30 16 3000 — 3200 11
2 200 — 400 36 17 3200 — 3400 8
3 400 — 600 40 18 3400 — 3600 12
4 600 — 800 42 19 3600 — 3800 12
5 800 — 1000 35 20 3800 — 4000 21
6 1000 — 1200 27 21 4000 — 4200 39
7 1200 — 1400 18 22 4200 — 4400 52
8 1400 — 1600 16 23 4400 — 4600 61
9 1600 — 1800 15 24 4600 — 4800 74
10 1800 — 2000 13 25 4800 — 5000 82
11 2000 — 2200 15 26 5000 — 5200 80
12 2200 — 2400 12 27 5200 — 5400 56
13 2400 — 2600 11 28 5400 — 5600 25
14 2600 — 2800 10 29 5600 — 5800 23
15 2800 — 3000 9 30 5800 — 6000 15
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Jlabopamopnasa paboma Ne 4

Pa3paborka aqropurmMoB pacyera CTPyKTYPHBIX CXeM HA/I€:KHOCTH

Lenv pabomur: PazpaboTaTh alropUTMbl pacdeTa CTPYKTYPHBIX CXEM HaJEKHOCTH.

Vkazanus k pabome:

1.

2.

Nk

Ceectu ycioBue 3amad, cHOpMYIHPOBAHHBIX Ha €CTECTBEHHOM SI3bIKE, K (op-
MaJbHBIM CHMBOJIaM B 0003HAYCHHSIM.

[IpousBectu pemeHue 3a1a4d B 3TUX GOopMaIbHBIX cUMBOJax. [Ipu aToM:

2.1. IlocTpouTs pelieHne 3a1a4yu, ecial peluIeHne U3BECTHO U YCIOBUE 3aJauu 5B-
JsIeTCsl AOCTATOYHBIM JJISl 3TOTO PEIeHHs, a CAaMO PEeIIeHUE aJJeKBaTHO 3aaHUIO.
2.2. Haiitu pemienue, aJeKBaTHOE 3aJaHUIO JJIs Cly4asi, KOTJa ycJIOBHE HE SBJIS-
€TCsl TOCTaTOYHBIM, OJHAKO M3 YCJOBHSI MOTYT OBITh HalJEHBI HEIOCTAIOIIHEC
TaHHBIE.

[TocTpouTh AITOPUTM Ha OCHOBAHWH PEIICHUS, TIOJTYYCHHOTO B 11. 2.

Hanucate 1 otnaauTh nporpaMmy Ha 6a3e aiaropurma (. 3).

Odopmuts oTdeT no oopasuy:

Xoo pabomui:

a) GhopMyIHUpPOBKA 33/1a4l Ha €CTECTBEHHOM SI3bIKE (TEKCT).

b) ®opmaimzars ycloBUs 3a1a4yd (BBEACHUE OOO3HAYCHUN M IMOSCHCHHHA K
HHM).

¢) Onmcanue penicHUui B TEPMHHAX MPUHATHIX 0003HAYCHHI (B TOM YHCIIC U 110
MYHKTY 2.2 yKka3aHui K pabore).

d) TlocTpouth OJIOK — CXeMy aJICOpUTMa HA OCHOBE TMPaBUJIa U PEIICHUHN.

¢) Hammcath mporpaMMy pemieHHs Ha aJTOPUTMHUYCCKOM SI3BIKE 1O MOJTYYECHHOH
0JI0K — cxeMe.

/) TlpuBecTH JIUCTUHT pabode MPOrpaMMbl B PE3YIIbTaThl PEIICHHS.

llpumep:

Cl) I[aHBI CTPYKTYPHBIC CXCMbI HAICKHOCTHU



85

I

Omnpenennuts BEPOSTHOCTH O€30TKa3HOW pabOThl H300PaKEHHBIX CTPYKTYPHBIX
CXEM Ha/Ie)KHOCTH JJIs CIyJacB:
@) BEpOSTHOCTU 0€30TKa3HOM paboThl HE paBHBI MEXIy coboil: p; = 0,99; p,=
0,97.
b) BeposiTHOCTH 0€30TKa3HOM pabOThI paBHBI MeXay co0oi: p; = p, = 0,98.

b) p1, p» — BEPOSITHOCTH 0€30TKa3HOM pabOThl COOTBETCTBEHHO MEPBOTO U BTOPO-
T'O 3JICMCHTOB MPEJCTABICHHBIX CTPYKTYPHBIX CXEM HaJCKHOCTH, P, - BEPOSIT-
HOCTh 0€30TKa3HOH pabOThI CTPYKTYPHOM CXEMBI HaIC)KHOCTH.

¢) TlepBbIii pUCYHOK M300pakaeT MOCIIEI0BATEIILHOC COCTMHCHUE B CTPYKTYPHOM
CXeM€ HaJIC)KHOCTH, COCTOSIICH M3 JIBYX AJIEMEHTOB, BTOPOH - MapalljeIbHOE
COCIMHCHHE JIBYX JICMEHTOB B CTPYKTYPHOM cxeme HaAeKHOCTH. [ToaTomy:

® IS TIOCTICAOBATEIILHON CTPYKTYPHOM CXEMBI HaJC)KHOCTH la) IpH paBEHCTBE
BEpOSITHOCTEN Oe30TKa3HOU paboThl; 1) mpu HEpaBEHCTBE BEPOSTHOCTEH Oe3-
OTKa3HOH PabOThI UMEIOT MECTO BBIPAKCHHS

la)pe=p-p=p* 1) pe=pi - pa.

e U TApaJICIBbHONW CTPYKTYPHOM CXEMbI HAJEKHOCTH 2a) TIPH PaBCHCTBE Be-
posiTHOCTeN 0e30TKa3HOM paboThl; 2h) MPU HEPABEHCTBE BEPOSITHOCTEHN O€30T-
Ka3HOHW pabOTHl UMEIOT MECTO BBIPAKCHUS

20) pe=1-(1-p)y;2b) pe=1—q.= 1~ qi - ¢

d) Pemnth 3a1a4y, IMOCTPOUTh U IIPUBCCTHU 6J'IOK — CXCMY aJIroOpuT™Ma pCIICHUA B

COOTBCTCTBUHU C HpHBeHCHHOﬁ MMOCJICAOBATCIIBHOCTBIO ITPUMCHCHU A q)OpMy.H:
la)pe=p - p=p>=0,98-0,98 =0,9604; 15) p. = p; - p»= 0,99 - 0,97 = 0,9603.
2a) pe=1—(1 - p)> = 0,9996; 2b) p. =1 —g.= 1 — g1 - g» = 0,9997.

e) IlpuBecTu TUCTUHT paboyel MPOrpaMMbl U PE3yJIbTATHI PEIICHUS.

Bonpocwi onsa camoxonmpos:

1.

2.

YTo Takoe CTpyKTypHas CXeMa HaJeKHOCTH U YEM OHA OTJIMYAETCS OT NPUHIUIIHU-
anpHOM cxembl TY.

YTo Takoe CTpyKTypHasi cXeMa HaJEKHOCTH C IOCIEA0BATEIbHBIM COCAUHEHUEM
3JICMEHTOB.

YUTo Takoe CTpYKTypHAs CXeMa HAACKHOCTHU C MapajjieibHbIM COCIUHEHUEM JJIe-
MEHTOB.
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4. HanexxHOCTh NpU CTPYKTYPHOM CXEME C MOCJIEA0BATECIBHBIM COEIUHEHUEM dJIe-
MEHTOB

5. HapmexHOCTp mpU CTPYKTYPHOM CXEME C MapajuieIbHbIM COCAUHEHUEM DJIEMEH-
TOB.

6. Uto Takoe cinokHasg NPOU3BOJIbHAA CTPYKTYpHAs CXeMa HaI€KHOCTH.

7. HagexHOoCTh npH MPOU3BOJIBHON CTPYKTYPHOU CXEME.

3aoanue:

3agaua 1.

CucreMa CUTHAJIM3AIIUN COCTOUT M3 TPEX OJIOKOB: JaTYHMKA, dJCKTPOHHOTO YCUIIHTE-
7 ¥ cHrHajau3aTopa. M3BeCTHO, YTO HAACKHOCTh JAaTYMKA BBIIIC HAJAC)KHOCTH DJICK-
TPOHHOT'O YCHJIMTEIIS, a HAMMEHEE HaJIC)KHBIM arperaToM B CUCTEME SIBJISICTCS CUTHA-
JIU3aTop.

ANeKTPOHHE A

—  Harumk Y EHAMTENE CHrHanuzatop ——

OrnpenenuTh BEpOSITHOCTh OE30TKa3HONW pabOThl KaXKIOTO JIEMEHTAa CUCTEMBI U CHC-
TE€Mbl CUTHAJIM3AallUM B LIEJIOM, €CJIM U3BECTHO, uTo ¢1 = 0,05; g, = 0,001; g5 = 0,01.
3angaua 2.

OrnpenenuTh BEpOSTHOCTh 0€30TKa3HOM pabOThl CUCTEMBI, CTPYKTYpHasi cXeMa Ha-
JIEKHOCTH KOTOpOW H300pa)keHa Ha pHUCyHKe. BeposTHocTH 0€30TKa3HOM pabOoThI
AJIEMEHTOB PaBHBbI:

p1=p; p2=0,5p1; p3s = p1; pa = 0,75ps3; ps =p42; p = 0,998.

— 1] L4

3agaya 3.

OnpenenuTs BEPOATHOCTh MPOXOXKIAEHUS CUTHAja Ha ydacTke AB anekTpuyeckoi
CETH, €CIIM BEPOSATHOCTh MCIPABHOrO cocTossHUs pe3uctopoB R1, R2; R3 3a Bpems
MPOXOXKJICHUSI CUTHAJIa COOTBETCTBEHHO paBHbI 0,6; 0,8; 0,9.
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3anauya 4.

Ha pucynke npuBelieHa CTpYKTypHasl CXeMa HaJIeKHOCTH THIAa «MOCTHUK». Beposr-
HOCTH 0€30TKa3HOM paboThl 3JIEMEHTOB cucTeMbl paBHBL: p; = 0,98; p, = 0,98; p; =
0,99; ps = 0,97; ps = 0,98. Onpenenutb BEPOITHOCTh O€30TKa3HON PabOTHl CHCTEMBI.

Jlabopamopnasa paboma Ne 5

Pa3pa0orka ajiropurMoB pacuera CTPyYKTYPHBIX CXeM HaeKHOCTH
Lenv pabomur: PazpaboTaTh adropuTMbl pacdeTa HaJeKHOCTH IIPU pE3€PBUPOBAHUN.

Yxazanus k pabome:

1. Cectu ycioBue 3amad, cOpMYIMPOBAHHBIX HAa €CTECTBEHHOM S3bIKe, K (op-
MaJbHBIM CUMBOJIaM U 0003HAUYEHUSM.

2. TlpousBectu peuieHue 3a1ay B 3TUX GoOpMabHbIX cuMBoax. [Ipu sTom:

2.1. ITocTpouTh pelieHne 3a1auu, €CIU pEeUIeHHE U3BECTHO U yCIOBUE 3aJjauH SIB-

JSI€TCSI TOCTATOYHBIM JIJIsl 3TOTO PELIEHMs], & CaMO PEILIEHUE aIcKBaTHO 3aJaHUIO.

2.2. HaiiTu peuieHune, aeKBaTHOE 3a/laHUIO JUIs CiIy4dasl, KOIJla YCIOBHUE HE SBIIS-

€TCsl JIOCTaTOYHBIM, OJTHAKO M3 YCJIOBHS MOTYT OBITh HaiIeHbl HEAOCTAIOIIHE

JaHHBIE.

[TocTpouTh AITOPUTM HAa OCHOBAHUH PEILIEHUS, TOJIYYEHHOTO B II. 2.

Hanucate 1 otnaauTs nporpaMmy Ha 6a3e aiaropurma (. 3).

OdopmuTth oT4eT 110 0Opa3Ly:

Nk

Xoo pabomui:
a) GhopMyJIHUpOBKA 33/1a4l Ha €CTECTBEHHOM SI3bIKE (TEKCT).
b) ®opmanmzanmsi ycIOBUS 3adaud (BBeACHHE OOO3HAYCHHMH W TOSCHEHWH K
HHM).
¢) OmnucaHue pelieHni B TEPMUHAX MPUHATHIX 0003HAUEHUH (B TOM YHCIE U MO
MYHKTY 2.2 yKka3aHui K pabore).
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[TocTpouTh OJIOK — CXeMy aropuT™Ma Ha OCHOBE IIPABUIIA U PEIIICHHH.
Hamucate nmporpamMmy penieHus: Ha arOPUTMHYECKOM SI3BIKE 10 TOJTYYCHHOM
0J0K — cxeMme.

[TpuBecTH MUCTHHT paboYeii MPOrpaMMBI U pe3yIbTaThl PEIICHUS.

llpumep:

a)

b)

d)

e)

Texnuueckas cuctemMa COCTOMT M3 OJHOTO 3JIEMEHTa C BEPOSITHOCTHIO OTKa3a
g = 0,0007. OHa OJHOKpPATHO PE3EPBUPYETCSA AIEMEHTOM IMOJO0HOIO THUIIA C
BEPOATHOCTBIO 0€30TKa3HOH padoTsl p, = 0,99. Onpenennuts BEpOATHOCTH O€3-
OTKa3HOM pabOThl CUCTEMBI TIOCIIE PE3EPBUPOBAHMS U C/I€NATh BHIBOJIBI.

g = 0,0007 — BeposITHOCTh OTKa3a OCHOBHOW CHUCTEMBI; p — BEPOSITHOCTh 0€30T-
Ka3HOU pabOTBI OCHOBHOMW CUCTEMBI; p, = 0,99 — BepoATHOCTB 6€30TKa3HOM pa-
OOTBI PE3EPBUPYIOLIETO JJIEMEHTA; ¢, — BEPOSTHOCTh OTKA3a CHCTEMBI IIOCIE
PE3EpPBUPOBAHMUS; P, — BEPOATHOCTH OE30TKa3HOM PabOTHI CUCTEMBI IIOCIE Pe-
3epBUPOBAHUS.

Tak kak cuctemMa COCTOMT M3 OJHOTO 3JEMEHTA, TO €€ OJHOKPATHOE pe3epBHU-
pOBaHME HEJb3sl OTHECTH K 00IIEeMY WIH pa3JeibHOMY TUILY PE3epPBUPOBAHMUS.
OCHOBHOM 37IEMEHT BMECTE C PE3EPBUPYIOIIUM COCTABIT CTPYKTYPHYIO CXEMY
HAJIS)KHOCTU C MapajulesibHBIM COeAMHEHUEM 3ieMeHTOB. IloaTomy unckomas
BEPOSITHOCTb UIIETCS CIEAYIOUUM 00pa3oM:
pcp = 1 —-q cp;

dep = 4" 9ps

qp = 1 —Pp-

Pemuth 3amauy, MOCTPOUTH U MPUBECTH OJIOK-CXEMY aJTOpUTMa PEIICHHUS B
COOTBETCTBHM C MPUBEJACHHON IMOCIEI0BATEILHOCTHIO MPUMEHEHUS (OPMYIL
Pemrenre 3a1aun HaYMHACTCS C TIOCJICTHETO BBIPAXKEHUS MIPEABIIYIIET0 MyHKTA
B CBSI3U C T€M, YTO HIMEHHO TaKasl MOCIEe0BaTEIbHOCTh YCTAaHABIUBAET JIOTUKY
pELIeHHs 3a]]a4K — OTPeIeICHUS] HEU3BECTHBIX 110 MEPE MX UCIIOJIH30BAHUS
Pep =1 =g, =1-0,000007 = 0,999993;

9dep = q- 4, = 0,007-0,001 = 0, 000007;

q9,=1-p,=1-0,99=0,001.

W3 nony4yeHHOro pe3ysibTaTa BUIHO, YTO CUCTEMA MOCIIE Pe3epBUPOBAHUS Ja-
K€ MEHEe HaJeKHBIM 3JIEMEHTOM, YeM 3JIEMEHT OCHOBHOM CHCTEMbI cTajia 0o-
Jee Ha/Ie)KHOH, a 3(P(PEeKTUBHOCTh PE3ePBUPOBAHUS paBHA

g 0007
4, 0,000007

]Ianee CTPOUTCA HOI[pO6HaH 0J10K-CcXeMa aJIropuTtMa pCiuCHHU:A 3a1a4n.
HpI/IBOIII/ITCH JIMCTUHTI PCHICHUA 3ala4U.

Bonpocwi onsa camoxonmpos:

1. B yem 3akirouaeTcss IPUHUUIT PE3EPBUPOBAHUS.

2. Yro sBIAETCS OCHOBHOM XapaKTEPUCTUKOUN pEe3EPBUPOBAHUS.
3. OcHOBHBIE OCOOEHHOCTH OOIIETO PE3EPBUPOBAHMUSI.
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OcHOBHbIE 0COOEHHOCTH Pa3elIbHOTO PE3€PBUPOBAHUS.

Yro Takoe 3Q(HeKTUBHOCTH pE3EPBUPOBAHUS.

PacueT Hase:)kHOCTH MpH 0011IEM pe3epBUPOBAHUU

Pacuer Hazie:)KHOCTH NPU pa3ieIbHOM PE3EPBUPOBAHNUU.

Kak onpenenutb HEOOXOAMMOE KOJUYECTBO PE3EPBHBIX IJIEMEHTOB IMPHU OOILIEM

pEe3epBUPOBAHUM.

9. Kak onpenenuts HEOOXOAMMOE KOJUYECTBO PE3EPBHBIX AJIEMEHTOB IIPU pa3zelib-
HOM PE3EPBUPOBAHUM.

10.Yto Takoe 3¢ HEeKTUBHOCTH IPpU 0OILEM U pa3/ieIbHOM PE3epPBUPOBAHUU.

11.daTh cpaBHUTENBHYIO OLIEHKY OOLIETO U Pa3eIbHOTO PE3EPBUPOBAHHUS.

12.B yem 3akiatodyaeTcs 0COOEHHOCTH PE3EPBUPOBAHUS INEKTPUUECKUX CXEM.

13.YT0 Takoe KaHOHNYECKOE YPABHEHHE PE3EPBUPOBAHHON CUCTEMBI JJIEMEHTOB.

XN s

3aoanue:

3anauva 1.

CucremMa COCTOMT M3 TPEX PABHOHAIECKHBIX JIEMEHTOB C BEPOSTHOCTHIO 0€30TKa3-
HOU paboThl p; = pr = p3 = 0,9 KaXxKI0r0 3JIeMeHTa. DJIEMEHThl O0BEUHEHBI B CTPYK-
TYPHYIO CXEMY C MOCIEA0BaTENIbHBIM coeAnHeHrneM. OnpeeauTh BEpoSITHOCTh 0e3-
OTKa3HOM pabOThl CHUCTEMBbI 0€3 pe3epBUPOBaHUs, C OOIIMM OJHOKPATHBIM PE3EpPBU-
pOBaHHMEM; C pa3AelIbHbIM OJHOKPATHBIM pe3epBUpoBaHueM. OmnpenenuTs 3¢Pdek-
TUBHOCTb OOIIETO M Pa3AeIbHOIO PE3EPBUPOBAHMS, JaTh CPABHUTEIBHYIO OLIEHKY
o01Iero u pa3fenbHOro pesepupoBanud. [Ipu pemiennu 3amaun ydectb, YTO pe3ep-
BUPOBAHUE OCYILECTBISACTCA 3JIEMEHTaMM, aHAJIOTMYHBIMU 10 HAJIEKHOCTH AJIEMEH-
TaM OCHOBHOMW CHCTEMBI.

3anaua 2.

Pemute npenpaynlyto 3agady, HO AJis BEpOSITHOCTEH O€30TKa3HOW paboThI AjIeMEH-
TOB OCHOBHOM CHUCTEMbI, pABHBIX COOTBETCTBEHHO:

p1=0,9; p,=0,86; p3 =0,92.

3agaya 3.

OnpenenuTs HEOOXOIUMOE YHUCIO PE3EPBHBIX FJIEMEHTOB, €CIIM 3aJ]laHa BEPOATHOCTD
0TKa3a OCHOBHOTO 3JieMeHTa, paBHas ¢ = 0,1. JomycTtumas BeposITHOCTb pe3epBUPO-
BaHHOM CHCTEMBI 10JuKHA ObITh paBHa O, = 0,0001.

Jlabopamopnasa paboma Ne 6

OcBoenue AJTOPUTMOB IHArH0o3a U IMMPOruo3a

Llenv pabomer: PazpaboTath aaropuTMbl JTUArHOCTHUPOBAHUS COCTOSIHHUS TeXHUYeE-
CKMX CUCTEM M UX IIPOTrHO3a.

Yxazanus k pabome:
1. Cectu ycioBue 3amad, cOpMYIMPOBAHHBIX Ha €CTECTBEHHOM S3bIKE, K (op-
MaJbHBIM CUMBOJIaM U 0003HAUYEHUSM.
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[IpousBectu pemeHue 3a1a4d B 3TUX GOopMaIbHBIX cUMBOJax. [Ipu aToM:

2.1. IlocTpouTs pelieHne 3a4a4u, ecial peluIeHne N3BECTHO U YCIOBUE 33]a4u SIB-
JsIeTCsl AOCTATOYHBIM JJISl 3TOTO PEIIEHHs, & CAMO PEeIIeHUE aJeKBaTHO 3a/1aHUIO.
2.2. Haiitu pemienue, aeKBaTHOE 3aJaHUIO JJIs Cly4asi, KOTJa ycJIOBHE HE SBJIS-
€TCsl TOCTaTOYHBIM, OJHAKO M3 YCJOBHSI MOTYT OBITh HalJEHBI HEIOCTAIOIIHE
TaHHBIE.

[TocTpouTh AITOPUTM Ha OCHOBAHWH PEIICHUS, TIOJTYYSHHOTO B 1I. 2.

Hanucate 1 otnaauTs nporpaMMmy Ha 6a3e aiaropurma (. 3).

Odopmuts oTdeT no oopasuy:

Xoo pabomui:

a) GhopMyIHUpOBKA 33/1a4d Ha €CTECTBEHHOM SI3bIKE (TEKCT).

b) ®opmaimzars ycloBUs 3a1a4yd (BBEACHUE OOO3HAYCHUN M IMOSCHCHHHA K
HHM).

¢) OnmcaHue penicHUi B TEPMHHAX MPUHATHIX 0003HAYCHHH (B TOM YHCIIC U 110
MYHKTY 2.2 yKa3aHui K pabore).

d) TlocTpouth OJIOK — CXeMy aJICOpUTMa HA OCHOBE TMPaBUJIa U PEIICHUHN.

¢) Hammcath mporpaMMy pemieHHs Ha aJTOPUTMHUYCCKOM SI3BIKE 1O MOJYYECHHOHN
0JI0K — cxeMe.

/) TlpuBecTH JIUCTUHT pabodei MPOrpaMMBbl B PE3YIIbTaThl PEIICHHS.

llpumep:

a) llocTpouTh aNrOpUTM JUArHO3a COCTOSTHHM CHCTEMBI TOCIEI0BATEILHOTO TH-
ma, COCTOSIIIEH M3 TSATH JIEMEHTOB, HCIIONB3YysS METOJ TOJOBHHHOTO pa3due-
Hus (MIIP).

b) y{t) — u3MepeHHOe 3HaUeHUE MapaMeTpa; y; — MpU3HaK napamerpa;j =1, 2, ...,
5

—f 1 +—f2+{3++44F15]

c¢) Memoo nonosunnoco pazbuenus: cucTeMa COCTOUT M3 HEYETHOTO YHCIIa dJie-
MEHTOB, II03TOMY IEpBYIO HpoBepky B MIIP MoxHO aenare mociie BTOPOro
WIN TIocie TpeTbero anneMeHTa. [lycts 310 Oyzaer Tpetuit anement. bynem cum-
TaTh:

anz(t) € yid0p9
layi(t)gyidop‘

€ Vigop - OOJIACTH IOMYCTUMBIX 3HAYCHHUH Napamerpa y;, ai=1,2, 3,4, 5.

Yi=

AJNropuTM NOKMCKAa MECTa OTKa3a METOJOM MOJOBUHHOIO pa3z0ueHus, Mpu yc-
JIOBUH, YTO CHCTEMA BOOOLIE OTKa3aia, T.€. ys = 0, OyJIeT BBIMISAETh CIEAYIOUUM
obpaszom: eciu y3 = 0, TO IpoBepsAETCs JieBask OT TPETHETO IEMEHTA BETBb IIyTEM
J€JIEHUs €€ TomoiaM (T.K. B HEM CHOBAa HEYETHOE YMCJIO JIEMEHTOB, TO I IpO-
BEPKU MOKHO B3STh JIIOOOW M3 JIEMEHTOB, HAXOMSIIMUXCS ClIeBa OT TPETHEro) U
BbIOOpA, HAaLIpUMEp, MEPBOTO dJIEMEHTa; eciin y; = 0, TO 0TKa3aJ NEPBbIN JIEMEHT;
y1 = 1, To IpoBepsIETCA BTOPOM ANEMEHT; €CM ), = 0 — TO OTKa3aja BTOPOM diie-
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MEHT; €CJIU ), = 1, TO OTKa3ajl TPETUM AJIEMEHT; €Cliu V3 = 1, TO MPOBEPSIOT Mpa-
BYIO OT TPETBErO JIEMEHTA BETBb, ACIAT €€ IOINOJaM M IPOBEPSIOT YETBEPTHIN
3JEMEHT; eciii Y4 = 0, TO OTKa3ajd YETBEPTHIN BJIEMEHT; €CJH Y4 = 1, TO oTKa3al
MATBIN 3JIEMEHT.

BV ¥ N X
0, Hy 1
yl -;"’2 yg .;":1 J”j
Yy
F y4 y5
S B |
Yy ¥

T.o., Kak BUAHO U3 rpada, NOCTPOCHHOIO M0 AITOPUTMY MOHUCKA OTKA30B, OT-
Ka3 MepBOTo 3JIEMEHTa pacro3HaeTcs 3a aBa usMmepenus (y3 = 0, y; = 0), oTka3
BTOPOI0 3JeMeHTa — 3a Tpu u3mepenus (y; = 0, y; = 1, y, = 0), oTKa3 TpeThero
aneMeHTa — 3a Tpu usmepenus (3 =0, y; = 1, y, = 1), oTka3 yeTBepToOro — 3a jipa
u3mepenus (y; = 1, y4 = 0) 1 oTKa3 msaToro — 3a na u3mepenus (y3 =1, ys = 1).
3aoanue:
3agaya 1.
[TocTpouThs aNrOpUTM AMArHO3a COCTOSHUN CHCTEMBI MOCJIEI0BATEILHOIO THIA, CO-
cTosien u3 11 31eMeHTOB, UCTIOJB3Ysl METO/ TTOJIOBUHHOTO pa30OUeHHUs.



TecToBbIC 3a1aHUA

TecToBbIe 3aaHUs IO IPOBEPKE OCTATOYHBIX 3HAHUH MO JUCHIUTUTHHE
«Hagexnocte UC» mis crenmansrocreit 230201

20 3amaHuit

BpeMms TecTupoBaHus — 40 MUHYT

BAPHAHT 1

I/IHCprKHI/IHZ BCC 3a/laHUA UMCIOT OAHY U TY K€ (bOpMy —C BI)IGOpOM OJHOT'O OTBETA U3 YCThIPEX NPECAIOKCHHBIX

1. ®opmyna
P()=P(T >1)

OITMCBIBACT. ..

2. ®opmyrna

A(0) = d lndI;(t)

OITMCBhIBACT. ..

3. OCHOBHEBIE ITOHATHS HaJCKHOCTHU MPAKTUICCKU
HC MPUMCHHUMBI K. ..

4. CTpyKTypHl HaJIC)KHOCTHO - ()YHKIIMOHATBHBIX
CXE€M BKIIIOYAIOT B ceOsl. ..

5. HamexHOCTb CHOXXHBIX HPOrpaMMHBIX KOM-
IUIEKCOB ONpeaesercs. ..

6.HanexHOCTh IIpU CTPYKTYpPHOH cXeMe C Iocie-
JIOBAaTEJIbHBIM COEIUHEHUEM 3JIEMEHTOB OIpejie-
nsetcst hOpMYIIOi. . .

7. Tlo monHOTE MEpONpPHUATHHA, KOTOpbIe HEOOXO-
JIMMO TIPOBOJMTH JUIsi BOCCTAHOBJICHUS, pa3iiMya-
I0TCS OTKa3Hl. ..

1) BEpOSTHOCTH OTKAa3a

2) BEepOSATHOCTH 0€30TKa3HOH paboTHI
3) MHTEHCUBHOCTH OTKa30B

4) K03 PUIIEHT TOTOBHOCTU CUCTEMBI

1) BEpOSITHOCTH OTKAa3a

2) BEpOSATHOCTH 0€30TKa3HOI paboTHI
3) MHTEHCUBHOCTH OTKa30B

4) K03 PUIIEHT TOTOBHOCTU CUCTEMBI

1) CIOXHBIM KOMIUIEKCaM HpOrpamMM Uit MH(GOPMaIOHHO-
CIPaBOYHBIX CHCTEM

2) cucteMaM aBTOMaTW3alMu 00paboTKU WHQOpMAIHMHU, KOTO-
pble QYHKIIMOHUPYIOT BHE PEaIbHOTO BPEMEHH

3) mporpammam, pa3pabaThIBAEMBIM ISl PELICHHUS HH)KEHEp-
HBIX U HAy4YHO-HMCCIIE0BATENILCKHUX 3a/1a4

4) KOMILIEKCcaM IpOrpaMM aBTOMATHYECKOTO MM aBTOMAaTH3H-
POBaHHOT'O yNPaBJICHHS

1) u3mMepuTeIbHBIE KaHAJbI

2) UHEPIUHOHHOCTh 00BEKTa

3) mocnenoBaTenbHy0, NapauIeIbHYI0, MAKOPUTAPHYIO
4) pacueTHO - HKCIIEPUMEHTAIBHYIO

1) HaJgEeKHOCTHIO KOMIIOHEHT M OLIMOKaMH B KOHCTPYKIIHH,
JIOITYIIIEHHBIMU [P NPOEKTUPOBAHUY WM U3TOTOBJICHUN

2) Ka4eCTBOM TECTUPOBAHUS

3) YCIOBUSIMU TUPaXKUPOBAHUS

4) ypOBHEM pa3BUTHUS MOJIH30BATEIS

1) Pi(t):mz_llAjn
j=0
2 P =1-T1[1- 7 0]
j=1
5 B =1-T1 P ()
j=1

5 P(0)=T1F;0)
j=1

1) BoccTaHAaBIMBaEeMblE ¥ HEBOCCTAHABIMBAEMbIE

2) yCTOWYMBEIE U NTEPEMEKAIOIIUECS

3) cOou U YCTONYUBBIC OTKA3HI

4) ycTOWYMBBIE, CAMOYCTPAHSIONIHECS, TIEPEMEKAFOIIUCCS
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8. Mojienu HaIeKHOCTH MPOrpaMMHOro obecrie-
YEHHUS MMOJIPa3IessIFOTCS Ha. ..

9. IlmoTHOCTH BEPOATHOCTH MOMCHTA OTKa3a pac-
npeaciCHusd Panes umeeT Bu. ..

10. TIpemympexaeHue OMTMOOK B IPOrPaMMHOM
o0ecreueHUH IOCTUTaeTCsl 38 CYeT. ..

11. OOHapyxeHHe OHMMOOK B IPOrPaMMHOM
o0ecreueHuH JOCTUraeTcs 3a Cyer. ..

12. BpemeHHast M30BITOYHOCTH JOCTHTaeTCs 3a
cuer...

13. Obecnieuenre yCTOWIMBOCTH K OIIMOKaM J10C-
TUraercs 3a cyer. ..

14. Metoapl MPOEKTUPOBAHMS HAJIEKHOTO IMPO-
IPaMMHOI'0 00eCIeUeHMsI BKJIIOYAIOT B ceOsl. . .

15. DkcroHeHMagIbHast MOAENID SIBIISIETCS. ..
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1) sMIIpHYECKre U TEOPETUIECKHE
2) AMHAMUYECKHE U CTaTHCTHYECKUE
3) HenpepbIBHBIE U IUCKPETHBIE

4) HenpepbIBHBIE U CTyIIEHYAThIE

b £y =a80 o)
) f(t)= A

t2

t 26 2
3) (1) =57¢

(t-a)®

202
-e

1
4) f(f)—ﬁ

1) mepapxudeckoil CTPYKTYphl M HE3aBHCHMOCTH DIIEMEHTOB
MIPOrpPaMMHOTO 00ecedeHuUs

2) BpeMEHHOI N30BITOYHOCTH

3) U30JIAIMU ONITHOOK

4) MeTomoB OOpBOBI CO CIOKHOCTBIO, TOCTHXKEHUSI TOYHOCTH
TPH TlepeBo/Ie HHPOPMAIHMH, YAYUIICHHs 0OMeHa HHPOpMAaIU-
e, HeMeIUIEHHOT0 OOHAPY)KEHHS M YCTPAHEHHS OIIHOOK

1) nuHAMUYeCKON U30BITOYHOCTH

2) BpeMeHHOH, WH()OPMAIMOHHOM W MPOrpaMMHON H30BITOY-
HOCTH

3) U30JIAIMU ONTHOOK

4) noctmwxeHUst OOJNbILEH TOYHOCTH IMpHU IepeBoje MH(popMa-
Vit

1) ucnonb30BaHuUs YacTH MPOU3BOAUTEIbHOCTH DBM

2) B3aIMHOT'O HEJJOBEpPUS SIIEMEHTOB CUCTEMBI, HEMEJICHHOTO
O00HapY)KEHHsI U PETHCTPAIMU OLIMOOK, AyOINpOBaHUE BBHIIOII-
HEHUS! OJIMHAKOBBIX (YHKIMHA, KOHTPOJISI M BOCCTaHOBJIICHUS
JTAaHHBIX

3) nyOnupOBaHUS YACTH JAHHBIX

4) nmoctwxeHUsi OOJNbILEH TOYHOCTH IMpHU TepeBoje MH(popMa-
V20

1) JMHAMUYECKOW W30BITOYHOCTH, OOpPAOOTKH OIIMOOK, CO-
KpaIeHHOro 00CITyKHUBaHHSI, U3OJISIHNA OUINOO0K

2) uepapXuuecKoi CTPYKTYPhl U HE3aBUCUMOCTH DJIEMEHTOB

3) nyOnupOBaHUS YACTH JAHHBIX

4) UCTONB30BaHMUs YacTH MPOU3BOAUTEIbHOCTH DBM

1) mpsiMBbIe SKCTIEPUMEHTATbHBIC

2) npenynpexaeHue ommOoK, oOHapyKeHne omrook, odecre-
YeHHE YCTONYMBOCTH K OLITHOKaM

3) pacueTHO -3KCIEePUMEHTATbHbIC

4) MmeTozapl 60pBOBI CO CIIOKHOCTBIO

1) craTyecKol MOJIENTbIO

2) cTyneH4YaTol MOJENbIO

3) HenpepHIBHOIM JUHAMHYECKOH MOAENBIO
4) 4acTHBIM ciIy4aeM pacnpeneneHus Pames



16. Monens BetiOyiia sBinsercs. ..

17. TIpoliecc BBIMOIHEHHS POrpaMMbl (WJIH Yac-
TH TIPOrPaMMBbI) C HAMEPEHUEM (HJIH LEJIbIO) Haii-
TH OIIUOKHU €CTb. ..

18. ABTOpUTETHOE TOITBEPXKIEHUE MPABUILHO-
CTH TIPOTPAMMBI €CTh. ..

19. Meron cOopku, IIpU KOTOPOM cUCTeMa (IIpo-
rpamMmMa) coOMpaeTcs U TECTUPYETCSl CHU3Y BBEpX,
TOJNBKO «TEPMHUHATIBHBIC MOAYJII» (MOIYIIH CaMOo-
rO HIKHEr0 YpPOBHS, HE BBI3BIBAIOIIME IPYIUX
MOJIyJIeiT) TECTHPYIOTCSl aBTOHOMHO €CTb. . .

20. Meron cOOpKH, IPH KOTOPOM HIKHHE YPOB-
HU COOHMpPAIOTCSl U TECTHPYIOTCS CHU3Y BBEpX, a
MOJIYJIM BEPXHUX YPOBHEH CHauaya TeCTUPYIOTCS
U30JIUPOBaHHO, a 3aTeM COOMpaloTcd HHUCXOIS-

1) craTyecKol MOJIENTbIO

2) cTyneH4YaTol TMHAMUYECKOH MOJEIbIO
3) HenpepHIBHOIM TUHAMHYECKOH MOJAENIBIO
4) 4acTHBIM ciIy4aeM pacnpeneneHus Pames

1) Bepudukanms

2) BaJMIAIHS

3) cepTudukamus
4) TecTupoBaHue

1) Bepudukams
2) BaJHIAIHS
3) aTrecranus
4) TecTupoBaHue

1) merox caHaBUYa

2) MeToJ «OOJIBILIOrO CKauKa»
3)Bocxopsiee TECTUPOBAHUE

4) HUCXOJIIIIEe TECTUPOBAHHE

1) merox caHaBUYa

2) MeToJ «OOJIBILIOTO CKaYKa»
3) Bocxozd1ee TECTUPOBAHHIE
4) HUCXOJIIIIEe TECTUPOBAHHE

UM ME€TOAOM €CTh. ..

BAPUAHT 2

I/IHCprKHI/IHZ BCC 3a/laHUA UMCIOT OHY U TY K€ q)OpMy —C BI)IGOpOM OJHOT'O OTBETA U3 YCThIPEX NPECAIOKCHHBIX

1. ®opmyna
O(t)=P(T <1)=1- P(?)

OITMCBIBACT. ..

2. ®opmyna

a(t)=0'(1)=-P'(t)

OITMCBIBACT. ..

3. OcHOBHBIE MOHATHS HAAECKHOCTH
B HauOOJbIICH CTENCHH MPUMEHU-
MBI K. ..

4. Tlpu mnapamiensHOW CTPYKType
HAJEKHOCTHO - (YHKIHOHATBHOM
CXEMBHI. ..

1) BEpOSTHOCTH OTKA3a

2) BEepOSATHOCTH 0€30TKa3HOH paboTHI
3) UHTEHCUBHOCTH OTKa30B

4) K03 PUIHEHT TOTOBHOCTU CUCTEMBI

1) BEpOSITHOCTH OTKA3a

2) BEepOSATHOCTH 0€30TKa3HOM paboTHI
3) MHTEHCUBHOCTH OTKa30B

4) yacToTa OTKa30B

1) CIOXHBIM KOMIUIEKCAM TIPOrpaMM Uil HH(pOPMaIMOHHO-CIIPABOYHBIX
cucTeM

2) cucremMaM aBTOMAaTu3aluu 00paboTku MH(POPMALIUH, KOTOpbIe (PYHKIMO-
HHUPYIOT BHE PEaIbHOTO BPEMEH!

3) nmporpamMMam, pa3padaThiBa€MbIM [UISl PEIICHUS] HH)KEHEPHBIX M Hay4HO-
HCCIIEI0BATENbCKUX 3a1a

4) KOMIUIEKCaM TIpOrpaMM aBTOMAaTHYECKOI'O WM aBTOMAaTH3UPOBAHHOTO
yIIpaBJICHUS

1) oTka3 J000ro U3 BIEMEHTOB, PEATU3YIOMNX (YHKIUIO, TPUBOAUT K OT-
Ka3zy QyHKIUH

2) K O0TKa3y (YHKIMU MPHUBOMIUT JIMIIb COBMECTHBIH OTKa3 BCEX pealh3yro-
LIMX €ro AJIEMEHTOB

3) x oTka3zy (QyHKUMM TPHUBOAUT OTKA3 ONPEACIEHHOTO YHUCIa M3 peaju-
3YIOIIUX €€ 3JIEMEHTOB

4) k oTka3y (QYHKIUH MPHUBOIUT OTKA3 OJHOTO M3 PEATU3YIOIIUX €ro dJe-
MEHTOB

94



5. HanexxHocTh ammapaTypbl B TeX-
HUYECKUX CHCTEMax OIpe/elseT-
ci...

6.HagexHocTs mpH  CTPYKTypHOMU
CXeMe C MapauleIbHbIM COSANHEHU-
€M DJIEMEHTOB olpenensiercs ¢op-
MYJIOH. . .

7. OTKa3 9710...

8. JluHamuyeckue MoOIeInu HaIeK-
HOCTH IIPOrPAaMMHOI0 OOCCIICUCHHUS
MOXKHO pa3ieNuTh Ha...

9. IInOTHOCTH BEpOSTHOCTH MOMEH-
Ta OTKa3a pacnpezenenus BeiiOymna
UMeeT BUI. ..

10. Meroapl OOpHOBI CO CIOXKHO-
CThIO BKJIFOUAIOT B ce04. ..

11. Hudopmamuonnas u30bITOU-
HOCTb JOCTUTaeTcs 3a CYeT...
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1) HaJEKHOCTHIO KOMIIOHEHT ¥ OIIMOKaMH B KOHCTPYKIHMH, JOMYIICHHBIMA
IIPYU NPOEKTUPOBAHUY WIIM U3TOTOBICHUU

2) Ka4eCTBOM TECTUPOBAHUS

3) YCIOBUSIMU TUPaXKUPOBAHUS

4) ypOBHEM pa3BUTHUS MOJIb30BATEIS

D Pl(t):mz_llAjn
j=0
2 P = 1-T1[1- 7]
j=1
5 B =1-T1 P, (0)
j=1

5 P(0)=T1F;0)
j=1

1) coObITHE, 3aKIIOYaroIeecs B Iepexone 00beKTa M3 padoTOCIOCOOHOIO
COCTOSIHHSI B HEpabOTOCIIOCOOHOE

2) coOBITHE, 3aKITIOYAOIICeCs B HAPYIIICHUH pab0TOCIIOCOOHOCTH

3) Takoe cocTOsiHHE OOBEKTa, MPHU KOTOPOM OH HE CIIOCOOEH BBIMONHSITH
3ajlaHHbIe QYHKIUK C TTApaMETPaMH, YCTAHOBICHHBIMU TPEOOBAHMSIMHU TEX-
HHYECKOM JOKyMEHTAIIMN

4) cBOICTBO OOBEKTA HE BBINOJIHATH 3aJJaHHBIE (PYHKIIH

1) sMIIpHYECKHE U TEOPETUIECKHE
2) AMHAMUYECKHE U CTaTHCTHYECKUE
3) HenpepbIBHBIE U IUCKPETHBIE

4) HenpepbIBHBIE U CTyIIEHYAThIe

b F(6)=A8e0 o)
2 f(t)=A-e" )

! 252
3) f(2) =52¢

‘e

1
4) f(f)—m

1) nocTmkeHHe MepapXU4ecKod CTPYKTYpbl M HE3aBUCHMOCTH AJIEMEHTOB
MIPOrPaMMHOT0 00eCTICUCHHUS

2) BpEMEHHYIO M IPOrPaMMHYIO H30BITOYHOCTH

3) U30JIAIMIO OMTHOOK

4) meropl OOpPHOBI CO CIIOXKHOCTBIO, TOCTHIKEHHSI TOYHOCTH IIPH IIEPEBOJIE
nHpopmanuy, ymydieHuss oOMeHa MHpOpMaIpeil, HeMeUIEHHOr0 OOHapy-
JKEHUSI U YCTPAHEHHUs OITUOOK

1) ucnonb30BaHuUs YacTH MPOU3BOAUTEIbHOCTH DBM

2) B3aMMHOI'O HEJOBEPHUS AJIEMEHTOB CHCTEMBI, HEMEJICHHOI'O OOHapyxe-
HUS ¥ PETHCTpPAalMU OMIMOOK, JyOJMpOBaHHE BBITIONHEHUS OIMHAKOBBIX
(yHKIMH, KOHTPOJISI K BOCCTaHOBJICHHS JaHHBIX

3) nyOnupOBaHUS YACTH JAHHBIX



12. TIporpammuasi H30BITOYHOCTH
JIOCTUTAeTCs 32 CUET. ..

13. [Junamuueckas H30BITOYHOCTD
JIOCTUTAETCS 3a CUeET. ..

14. Metoapl HCHBITAHUI KOMIUIEK-
COB TMporpaMM Ha HaJEKHOCTh
BKJIIOYAIOT B ceOs. ..

15. Mogens 4acTOTHI
OILIMOOK SIBJIAETCH. ..

TIOABJICHUA

16. Monens Mumica sIBisercs. ..

17. TlompITKa HAWTH OIIMOKH, BBI-
TIOJTHSIS IPOTPaMMy B TECTOBOM, WIIH
MOJIETTUPYEMOM, CpeJie eCTh. ..

18. TlompITKa HAWTH OIIMOKH, BBI-
MOJIHSASL TpOrpaMMmMy B 3aJaHHON
peanbHOM cpesie ecTb. ..

19. Merox cOOpKH, IIpU KOTOPOM
cucreMa (mporpamma) coOupaeTcst u
TECTUPYETCS CBEPXY BHH3, H30IH-
POBaHHO TECTHUPYETCSA TOIBKO TO-
JIOBHOU MOZYJIb, €CTh...

20. Merox cOOpKH, NIPU KOTOPOM
KaKJIbIii MOIYJTb TECTHPYETCS aBTO-
HOMHO, TOCJIe Yero MOAYIH HHTEr-
PUPYIOTCSI B CHCTEMY Cpa3y, ecTb...

4) noctkeHus 00JbLIeH TOYHOCTHU TPH MEPeBO/Ie MHPOPMAIIH

1) ucnonb30BaHuUs YacTH MPOU3BOAUTEIbHOCTH DBM

2) B3aMMHOI'O HEIOBEPUS AJIEMEHTOB CHCTEMBI, HEMEJICHHOI'O OOHapyxe-
HUS ¥ PETHCTpPalMU OMIMOOK, JyOJMpOBaHHE BBHITIONHEHUS OIMHAKOBBIX
(yHKIMH, KOHTPOJISI K BOCCTaHOBJICHHS JaHHBIX

3) nyOnupOBaHUS YACTH JAHHBIX

4) noctkeHus 00JIbLIEH TOYHOCTH TIPH MEPEBO/Ie HHPOPMAIIH

1) nyOmupoBaHust YaCcTH AaHHBIX

2) uepapXuuecKoi CTPYKTYPbl U HE3aBUCHUMOCTH 3JIEMEHTOB

3) AMHAMUYECKOro M3MEHEHUS! KOH(QUIypaluu U IMOBTOPHOTO BBHITOJHEHUS
onepanuit

4) UCTONB30BaHMUs YacTH MPOU3BOAUTEIbHOCTH DBM

1) mpsiMbIe 3KCIIEpUMEHTAIbHBIE, PACYETHO-3KCIIEPUMEHTANbHBIE, (HOPCHPO-
BaHHbIE

2) mpeaynpexacHue OmUuO0K, OOHAPY)KEHHE OMIHOOK, 00eCIIeUeHUe YCTOM-
YMBOCTH K OIIMOKaM

3) nyOnupoBaHUE YaCTH TaHHBIX

4) MmeTozapl 60pBOBI CO CIIOKHOCTHIO

1) craTyecKol MOJIENTbIO

2) cTyneH4YaTol TMHAMUYECKOH MOJEIbIO
3) HenpepHIBHOIM JUHAMHYECKOH MOJAENBIO
4) 4acTHBIM ciIy4aeM pacnpeneneHus Pames

1) craTyecKol MOJIENTbIO

2) cTyneH4YaTol TMHAMUYECKOH MOJEIbIO
3) HenpepHIBHOIM JUHAMHYECKOH MOJAENIBIO
4) 4acTHBIM ciIy4aeM pacnpeneneHus Pames

1) Bepudukarms

2) BaJHIAIHS

3) cepTudukamus
4) TecTupoBaHue

1) Bepudukanms

2) BaJHIAIHS

3) cepTudukanus
4) TecTupoBaHue

1) merox caHaBUYA

2) MeToJ «OOJIBILIOTO CKaYKa»
3) Bocxozd1ee TECTUPOBAHHIE
4) HUCXOJIIIIEe TECTUPOBAHHE

1) merox caHaBUYA

2) MeToJ «OOJIBILIOTO CKauKa»
3) BocxozA1Iee TECTUPOBAHHIE
4) HUCXOJIIIIEe TECTHPOBAHHE
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Boimrcka u3 TOOCT BITO ... 3
Pabouast IPOTPAMMA .....oneitit ittt e e e et 4
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Buxropus Bragumuposna EPEMIHA
ooyenm Kagheopwvr Ungopmayuonnvix u ynpasiaowux cucmem Aml’y,
Kanouoam Qpu3uko-mamemamuyeckux HayK, 00yeHm

HanexHocts, spronomuka u kauectso ACOMUnY s cnennanbHOCTH
230102 «ABTOMAaTU3UPOBAHHBIE CUCTEMbI 00pa0OTKU MH(POPMAITUU U YITPABICHUS:
y4eOHO-METOAUYECKUI KOMITJIEKC JUCIUTIIIAHEI.

M3narensctBo AMIY.



