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BBE/JIEHHUE

B yueOHoM mnaHe cnenuanbHOCTEN «MoaenupoBaHre U KOMIIbIOTEPHOE MPOo-
EKTUPOBAHUE PAUOINEKTPOHHBIX CpeAcTB» U «lIpoekTrpoBaHuEe W MPOU3BOJICTBO
PaIUOdJIEKTPOHHBIX CPEACTBY» JUCHUILIMHA «TeopeTnueckne OCHOBBI KOHCTPYHPO-
BaHud, TexHosoruu u Hajxexuoct» (TOKTuH) 3anumaer ocoboe mosnoxenue. OHa
Npu3BaHa JaTh CTYJEHTY 3HaHUS M CPOPMUPOBATH HABBIKM aHAIU3a KOHCTPYKTOP-
CKO-TEXHOJIOTUYECKUX PEIICHUH, HEOOXOIUMBbIE IJII BOCHPUATHS  MOCIETYIONTUX
CHenuaNbHBIX AUCHUIUIMH. OT CTENEHW YCBOEHHs y4eOHOTrO MaTepualia IO Kypcy
TOKTuH BO MHOroM 3aBHCHUT yCI€X B M3YYEHUM OCHOBHBIX JAUCIHUIUIMH CIICIAAIIb-
HOCTH, (DOPMUPOBAHNY HABBIKOB aHAIM3A W TIPUHSTHS HHXCHEPHBIX PEIICHUH.

B yue6Hoil mporpamme kypca TOKTuH noHuMaHuio U OCMBICIIEHHIO OCHOB-
HBIX MOJIOXKEHUM HTOW JUCHHUIUIUHBI COCOOCTBYIOT JIEKIIMU U J1aOOpPATOPHBIC 3aHS-
tusi. KypcoBOMy MpPOEKTYy M MPAKTUYECKUM 3aHSTUSIM OTBOJUTCS OCHOBHAS POJIb B
GbOpMUPOBAHUU U 3aKPEIJICHUU MPAKTUYECKUX HABBIKOB BHIOOpA M aHalW3a MHXKe-
HEpHBIX pemieHnil. CHekTp paccMaTpuBaEMbIX MPU KYPCOBOM MPOEKTUPOBAHUM 33/1a4
BECbMa IIUPOK.

KypcoBoe nmpoekTupoBaHre UMEET UEIbI0 HE MPOCTO PEUIUTh MPEITI0KEHHYIO
3amauy. Moxer ObITh, Aaxke Ooyiee BaKHBIM SBISIETCS] (OPMHUPOBAHUE U PA3BUTHE
HAaBBIKOB  MH)XEHEPHOI'O  aHaiM3a, CHHTE3a U  BbIOOpAa  KOHCTPYKTOPCKO-
TEXHOJIOTUYECKUX PEIICHUH, OTBEYAIOIMUX ONpeneNEHHbIM TpeOoBaHuAM. B 3Toii
CBSI3M TEMA KypPCOBOI'O MPOEKTA, MPEXKIE BCETO, JOJHKHA PACCMATPUBATHCS KAK IPHU-
Mep, Ha OCHOBE KOTOPOTO (hOPMHUPYIOTCSA M Pa3BUBAIOTCS MPAKTUUECKUE HABBIKU CTY-
JICHTA.



1. HEJb KYPCOBOI'O TPOEKTUPOBAHMUA

[{enb KypcoBoro npoektupoBanus 1mo kypcy TOKTuH:

e (opmupoBaHue U 3aKpeIJICHUE HABBIKOB MPUMEHEHHUS TPHUKIAJTHBIX MaTeMa-
TUYECKUX (TEOPETUUECKUX) METOAOB JUIsl PEIICHUs 3a7a4, CBA3aHHBIX C aHAJUTHUYE-
CKMM M 3KCIIEPUMEHTAIBHBIM HCCIEAOBAHUEM KOHCTPYKLHHI, TEXHOJOTMU U HAJIEXK-
Hoctu POC;

® COBEpIICHCTBOBAHHE MPUEMOB NOCTAHOBKU MHKEHEPHO-TEXHUYECKUX 33/1a4 B
BU/JIE, IPUTOTHOM JIJIS1 X JAJbHEHIIEr0 MAaTEMATUUECKOTO PEIICHUS;

® Dpa3BUTHE YMEHHMU alrOPUTMU3ALMNH, NMPOrPAMMHUPOBAHUS U PELICHUS HWHXKE-
HEPHO-TEXHUYECKUX 3a/1a4 ¢ moMouipo IBM.

2. TEMATHKA KYPCOBBIX ITPOEKTOB

TemaTuka KypcoBBIX MPOEKTOB BeCbMa pa3HooOpa3Ha, OXBATHIBAET BCE pasje-
76l yueOHOM AuciuIuinHbl. Kak mpaBuiio, KaKIelil CTYJEHT Y4eOHOUM TrpyMibl MOoJTy-
YaeT 3aJjaHue, KOTOPOE OTIMYAETCS OT APYTUMX HE TOJBKO KOHKPETHBIMU MCXOAHBIMHU
JTAHHBIMH, HO U (DOPMYITUPOBKOMN TeMbl. ITO TIO3BOJISIET PAa3BUBATH Y CTYJ/IEHTOB Ha-
BBIKM CAMOCTOSITEJILHOTO PEIICHUS] NMOCTaBJICHHBIX 3a]a4, YMEHUE HAXOJUTh pelle-
HUE€ B HECTAHAAPTHBIX CUTYALUSIX, YMEHBIIAET BEPOSITHOCTh 3aMMCTBOBAHUS U MC-
MOJIb30BAHUSI METOJOB U MOAXOJ0B, IPEAJIOKEHHBIX IPYTUMHU.

Bcé mMHOroo0Opasue 3agad, mpeajiaraéMblX B KauyeCTBE TEM KYpPCOBBIX MPOEK-
TOB, MOXHO Pa3EIUTh HA JABE FPYIIIIbI:

® AHAIUTUYECKUE;
® OJKCIIEPUMEHTAIBHO-PACUYETHBIE.

B aHanuTHuyecKkux TeMax MCXOJHBIE JAaHHbBIE, XapaKTePU3YIOIINE KOHCTPYK-
TOPCKOE WM TexHosiornyeckoe pemenue POC, 3ananbl (MOTHOCTHIO WIIM YaCTHUYHO)
U 3a7]a4a COCTOMUT B TOM, YTOOBI aHAIIMTUYECKUMH TPUEMaMU WU MOJIECITUPOBAHUEM
Ha OBM 1noay4uTs peleHre B COOTBETCTBUU C TEMOM KypCOBOTO MPOECKTA.

OKCHEPUMEHTAIbHO-PACUETHBIE TEMbl MPENAIOIAraloT BHAyYaje IMOJyYEeHHE
IKCIEPUMEHTAIBHBIX JTAHHBIX 00 MHTEPECYIOIIeM OOBEKTe, MPOIECCe MM BapHAHTE
KOHCTPYKTOPCKO-TexHoJorndeckoro pemenus POC, a 3aTeM mMareMaTH4ecKyro 00-
paboTKy NOJy4eHHOW MHGOPMALMK C LIEJIbIO JOCTHXKEHUS Pe3ysbTara, mpeaycMmar-
puBaeMoro GopMyJIHpPOBKOW TEMbI KypCOBOr0o IMpoeKTa. Takue TeMbl mpejararoTcs
OOBIYHO CTYJIEHTaM, MPOSBISIONIMM MOBBIIMICHHBIM HHTEPEC K HCCIEI0BATEIbCKOM
pabote Ha kadeape. Tembl KypCcOBBIX MTPOEKTOB 3TOTO BUAA (HOPMYIUPYIOTCS U MO/I-
OuparoTcsi mpernojaBareseM, OCYIIECTBISIONIMM PYKOBOJCTBO KYPCOBBIM IPOEKTH-
pPOBaHHEM CTYyJCHTA.

TeMy KypcOBOro mpoekTa clielyeT paccMaTpUBaTh Kak IMpPUMEpP HHKEHEPHOM
3a/1a4, peliasi KOTOPYIo, CTYJIEHT OCMBICIIMBAE€T OCHOBHBIE MOHATHUSL U, KPOME TOTO,
pPa3BUBAET M COBEPIICHCTBYET HABBHIKM WHXEHEPHOTO aHalW3a PEIICHU B 00JIacTH
KOHCTPYUPOBAHUSI, TEXHOJIOTUU U HAJIEKHOCTU C UCIIOJIb30BAHUEM MPUKIIAIHBIX Ma-
TEMaTUYECKUX METOJIOB.



OcHOBHas macca CTYJIEHTOB IIOJy4YaeT TEMbl PACUYETHO-aHAIUTHYECKOTO Xa-
paktepa. Huke npuBeneH nmepeyeHb 3TUX TEM.

1. IToctpoenne Ha DBM marematuueckoi monenu POY ¢ ucnonb3zoBaHueMm
pEe3yJIbTaTOB MACCUBHOTO KCIIEPUMEHTA.

2. O1reHKa TOYHOCTH BBIXOJHOrO MapaMerpa KOHCTpyKuuu POY (umm TexHo-
JIOTUYECKOTO mpouecca) MerogqoM MonTe-Kapio ¢ ucnonb3oBaHHEM MaTeMaruye-
CKOI'0 MOJEJIMPOBAHUS.

3. CpaBHuUTENbHAs OLEHKA TOYHOCTU BBIXOAHOTO MapaMeTpa, MOJIyYeHHOU MO
Merony Monrte-Kapio u paccunTaHHOW BEPOSITHOCTHBIM METOAOM.

4. CpaBHuUTENbHAs OLIEHKA CTAOMJIBHOCTH BBIXOJHOro mnapamerpa POY (umm
TEXHOJIOTUYECKOI0 TMpoliecca), NoJaydeHHOM MeroaoM Moute-Kapno u paccuuran-
HOH C YYETOM BEPOSITHOCTHOTO PACCEUBAHUs TEMIIEPATYPHBIX U BPEMEHHBIX U3MEHE-
HUI NIEPBUYHBIX TAPAMETPOB.

5. YcraHoBi€eHUE 3KCILTyaTallMOHHOTO JOIYCKa Ha BBIXOJHOM MapaMmeTp KOH-
ctpykuuu POY (miam TeXHOJOrM4ecKoro npouecca) MoaenuposanueM Ha 9BM tou-
HOCTH U CTa0MJIBHOCTH MMapaMeTPOB JIEMEHTOB MJIM TEXHOJIOTHYECKUX OTepaIuil.

6. Obecnieuenue ¢ ucmnojb3oBanueM DBM TpebGoBaHU K TOUHOCTH BBIXOTHO-
ro napamerpa POV (wnm TeXHOJIOIrHYeCKOro npouecca).

7. OOecnieuenue ¢ ucnoiyib3oBanueM DBM TpeOoBaHuii K cTaOUIBHOCTH BbI-
XOAHOTO napamerpa POY.

8. CpaBHuTENIbHASI OIIEHKA MoKazaTeynel Oe30TkazHOCTH POV, mosydeHHBIX
pacy€THBIM CIIOCOOOM M METOJOM MOJenupoBaHus Ha DBM 0Tka30B 31€MEHTOB (C
y4€TOM BHE3AIIHBIX OTKA30B).

9. Omnpenenenue nokaszarenei 0e30TkazHOCTH POY ¢ yyeTom BHE3amHbIX OT-
Ka30B M Pa3HbIX 3aKOHOB UX pacmpeneneHus (pacu€THbIM CIOCOOOM M MOJIETUPOBa-
HUEM OTKa30B dJieMeHTOB Ha DBM).

10.0uenka napamMeTpuyecKoil Haie)KHOCTH PDY ¢ ncnonb30BaHUEM MOJIEIIN-
pPOBaHMS IOCTENIEHHBIX OTKA30B 3JIEMEHTOB Ha DBM.

11.0nenka HanexxHoctd POY ¢ yuyeroM BHE3alHBIX M MOCTEIEHHBIX OTKA30B
METOJIOM MOJICJIMPOBAHUS OTKA30B 3JIEMEHTOB Ha DBM.

12.0uenka noka3aresied 0€30TKa3HOCTH (YyHKUHMOHAIBHOro y3na POV mpu
HAJIUYUU TOCTOSIHHOTO PE3EPBUPOBAHUSI C IOCJIENI0BATEIbHBIM COCIMHEHUEM 3Jie-
MEHTOB B y3J€ (pacuy€THbIM CIOCOOOM M METOAOM MOJEIMPOBAHHUS OTKA30B Ha
OBM).

13.0uenka noka3areneid 0€30TKa3HOCTH (yHKUHOHANIbHOro y3na POV mnpu
HAJIMYMUK TOCTOSIHHOT'O PE3EPBUPOBAHUS C NMapaJIeIbHbIM COECIUHEHUEM JIEMEHTOB
B y3Jj1€ (pacy€THBIM CIIOCOOOM U METOJIOM MOJICIIMPOBaHUs 0TKa30B Ha DBM).

14.0Onenka mokazartenel 0e30TKa3HOCTH (YHKIMOHAIBHOTO y3ia PDY mnpu
HaJIMYUU TIOCTOSIHHOTO PE3EPBUPOBAHUS CO CMEIIAHHBIM COCIMHEHUEM 3JIEMEHTOB B
y371e (pac4€THBIM CIIOCOOOM M METOJIOM MOJICIMPOBaHUs 0TKa30B Ha DBM).

15.CpaBHenue nokasareneir 6e3oTkazHoct POY npu Hanmuuuu pesepBupoBa-
HUSl 3aMEIICHUEM, MOTYYEHHBIX PAaCYETHBIM CIIOCOOOM U METOJIOM MOJEIHPOBAHUS
0TKa30B Ha DBM (pe3epB HEHArPYKEHHBIN ).



16.0Ouenka nokazareneil 6e3oTkasHocTd POY npu Hanuuuu pe3epBUPOBAHUS
3aMEIICHUEM, TMTOTYYCHHBIX PACYETHBIM CIIOCOOOM M METOJIOM MOJICTHPOBAHUS OTKa-
30B Ha OBM (pe3epB 00s1eruéHHBIN).

17.0uenka nokazareneil 6e3oTkazHoct POY npu Hanuuum pe3epBUPOBAHUS
3aMEILEHUEM, MOJYUYEHHBIX PACUETHBIM CIIOCOOOM M METOJIOM MOJEIUPOBAHUS OTKa-
30B Ha DBM (pe3epB Harpy>XKeHHBIH ).

18.0nenka mokazatesnei 6e30TkazHOCTH POY npu HanW4uM MOCTOSSHHOTO pe-
3epBUPOBAHUS U PE3EPBUPOBAHUS 3aMelIeHUEM (METOJAOM MOJETUPOBAHUS OTKa30B
s1eMeHTOB Ha OBM).

19.1Tporuo3upoBanue 3KCIuTyaTaluoHHbIX cBoKMCTB POC (31eMeHTOB WM yCT-
POICTB) METOIOM 3KCTPANOJISALNH.

20.Onpenenenne mHboOpMaTUBHBIX MapameTpoB POC (sraemMeHTOB wiH yCT-
POMCTB), UCIIOJIB3YEMBIX UISI HHAUBUAYAJIbHOIO MPOrHO3UPOBAHMS HAJEKHOCTH Me-
TOJIOM pacro3HaBaHus 00pa30B.

21.MupuBuayanbHoe mporHo3upoBanve HajaéxHoctu POC (saeMeHTOB wiun
YCTPOMCTB) METOJIOM pacrlo3HaBaHUs 00pa3oB.

22.Peunienre 3aJaydl ONTHUMAJIBHOIO PE3EPBUPOBAHUSI METOJIOM LIEJIOYMCIIEH-
HOT'O IPOrPaMMHPOBAHUS.

23.0nTuMu3anys KOHCTPYKTOPCKOTO WIIM TEXHOJIOTHYECKOro pemeHus POY ¢
MOCTPOEHUEM 1IEIEBOM (PYHKIIUU.

24.CpaBHeHUE PE3yJIbTATOB ONTHUMHU3ALMN KOHCTPYKTOPCKOro peuieHus POY,
MOJIYYEHHBIX METOJaMU TUHAMUYECKOr0 MPOrPaMMHPOBAHUS U CIyYallHOTO MOKCKA
Ha OBM.

25.01€eHKa OCHOBHBIX XapaKTEPUCTUK CHUCTEMBbI MacCOBOTO OOCIIYyKMBaHHSI C
0TKa30M MojenupoBaHueM Ha OBM mpoleccoB MOCTyIJIEHUSI U OOCITyKUBaHUs 3asi-
BOK.

26.011eHKa OCHOBHBIX XapaKTEPUCTHUK CHUCTEMBI MACCOBOI'O OOCIYKMBAHUS C
O’KHJIaHUEM MojenupoBaHrueM Ha OBM mnporeccoB MOCTYIUIEHUS U OOCITyKUBaHUA
3asIBOK.

27.011eHKa OCHOBHBIX XapaKTEPUCTHUK CUCTEMbI MaCCOBOIO OOCITY>KUBaHHS
CMEUIaHHOTO TUIAa MojelMpoBaHueM Ha DBM mpoueccoB NOCTYIIEHUS U 00CITYKH-
BAaHUS 3a5IBOK.

3. OCHOBHBIE TPEBOBAHUA, ITPEABABJIAEMBIE
K KYPCOBOMY ITPOEKTY

3.1. 3aganue HA KypCcOBO€ IPOEKTUPOBAHUE

Kaxxnomy cTyneHTy BbLAaeTcs 3ajaHue Ha KypCOBOE IPOEKTHPOBaHUE. 3a1a-
HUE BKJIIOYAET:

®  TeMy KypCOBOI'O MpPOEKTa;

®  JCXOJIHbIC JAHHBIE;

®  [epeueHb BOMPOCOB, MOICKAIINX TPOPAOOTKE CTYACHTOM;



e  [epeyeHb pazpabaTbIBa€MOro rpauueckoro MaTepuaia;

e  MH(pOPMALIMIO O JAT€ BBIJIAYU 3a/IaHUSI, KOHCYJIbTAHTaX KypCOBOTO MPOEK-
Ta, KOHTPOJIbHBIX CPOKAX €ro BBINOJHEHHS.

Bce 3aanns no remaM pac4eTHO-aHATUTUYECKOTO XapaKTepa, EPEUNCICHHbIC
B pa3fl. 2, MOMENIeHbl Ha MarHuTHbIE Hocutenu DBM (mucku) U JIeTKO MOTYT OBITH
MOJIyYEHbl HA SKpPaHE MAMCIUIes] WIM HaleyaTaHbl C MOMOIIbI0 YCTPOMCTB IE€YATH
OBM. [lns aToro Heooxoaumo mo 3amnpocy IBM BBecTH HOMEp TEMBI U MOCIECIHNE
7Be MUQPPHI HOMEpA Y4eOHOU TPy

XapakTep UCXOAHBIX JAHHBIX M UX MOJHOTA 3aBUCST OT TEMbI KYpCOBOI'O IMPO-
exkta. Hanpumep, nns tembl Ne 5 (cMm. pa3zl. 2) UCXOJHBIMU JTaHHBIMU MOTYT OBITh:
BUJI MAaTE€MaTUYECKOM MOJIENIM PaIUOdICKTPOHHOrO ycTpoiictBa (POY), HoMuHAaB-
HbIC 3HAYCHUS MEPBUYHBIX MTapaMEeTPOB, JOMYCKU Ha MEPBUYHbBIC MapaMeTphbl, AUara-
30H pabouux Temmneparyp POV u T.1. ®opma npeacTtaBieHUs UCXOIHBIX JAHHBIX U
CTENEHb MX MOJHOTHI (JJOCTATOYHOCTh) MAKCUMAJIbHO TPUOIUKEHBI K YCIOBHUSIM HH-
KEHEPHOU JIeATeTbHOCTH Oyayiiero cneruanicta. OCoOOEHHOCTBIO ITUX YCIIOBUM SIB-
JSIETCS TO, YTO OOBIYHO MCXOJHBIC TAHHBIEC HA MPOEKTUPOBAHUE 3a/Ial0TCS C MO3UIIMU
3aka3ynka POY u yacto HOCAT 00U XapakTep.

B nepedenp BOmpocoB, MOIeKaIUX MPOPAOOTKE CTYJAECHTOM, BKIIFOUAIOT CJie-
ayrouiee:

® TIOCTaHOBKY 3aJja4M, perIaeMoi B KypcoBOi paboTe;

e 0030p METOJIOB, C IOMOLIBI0O KOTOPBIX MOKHO PELIUThH MOCTAaBJIEHHYIO 3a-
nady, 1 000OCHOBaHUE METOJIa, UCIOJIb3yeMOro ISl pelieHus 3aaaud. Ecnu ucnosb-
3yeMbIil METOJ] yKa3aH B (OPMYJIHPOBKE TEMbI KYpCOBOT'O MPOEKTA, TO Mociie 0030pa
METOJ0B IPUBOJUTCS KPATKOE MOSICHEHUE 3TOTO METOAA;

e pemieHre cHOPMYITUPOBAHHON 3aJa4M; MPU STOM YKa3bIBa€TCs, YTO pela-
eTcs ¢ moMoIbio IBM: 3aaua B 11€J10M HJIM €€ 4acTh,

® aHaJMU3 Pe3yJbTaTOB PEUICHUS;

® BBIBOJBL.

B kauectBe pa3padaTbiBaeMOro rpaduueckoro Marepuasia yKa3blBaloT:

® DJICKTPUYECKYIO (MPUHIUIUATBHYI0, GQYHKIMOHATBHYIO WA CTPYKTYPHYIO)
CXeMy paccMaTpuBaeMoro GyHKIHOHAIBHOTO y3i1a POV unm ke ananor 3Toil cxembl
B 3aBHCHUMOCTHU OT TEMbI IPOEKTA - CTPYKTYPHYIO CXEMY TEXHOJIOIMYECKOro MpoLec-
ca WJIM JK€ CXEMY, OTPaXKaroU[yl0 CTPYKTYpYy U (DyHKIIMOHHUPOBAHUE CUCTEMBI MAcCO-
BOI'0 0OCITy’)KMBaHUS U T. [1.;

® CTPYKTYPHYIO CXEMY aJrOpUTMa pelieHus 3a1a4u Ha DBM;

® CXeMy, MOKa3bIBAIIIYI0 MECTO MCIOJb3YyEMOIO0 METOJAa CPEeau APYruX Me-
TOJOB, C IOMOILbIO KOTOPBIX TAKKE MOKHO PELIUTH IMOCTABJICHHYIO 3a/1a4y.

3.2. OT4eTHBIE JOKYMEHTHI KYPCOBOI0 MPOEKTA U OCHOBHbIE
TPe0OBaHUs, NpeabsBIsieMble K HUM

OT4eTHBIMH JTOKYMEHTAaMU KypCOBOI'O MPOEKTa (TEMbI NEPBOW I'PYIIIbI) SIBIIS-
I0TCA: TIOSICHUTEINIbHAS 3aMKMCKa, Ipa@UUecKuil MaTepua, pacleyaTkyu Iporpamm, mo-
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Jy4E€HHBIE C MOMOIIBIO YCTPOMCTB neyatu OBM, ninm xonmu 3TUX MpOrpaMm, BOC-
IIPOU3BEJCHHBIE HA Oymary ¢ 3KpaHa JIHUCILIES.

Yuciio U XxapakTep OTYETHBIX JOKYMEHTOB [0 TEMaM BTOPOW IpymIibl (dKCIe-
PUMEHTAJIbHO-PACUETHBIE TEMbI) ONPENEISAIOTCS HAYYHBIM PYKOBOJAUTEIEM PaOOThI
CTYJCHTa W IpPENoAaBaTesieM, OCYLUIECTBISIONIUM PYKOBOJACTBO KypCOBBIM MPOEKTH-
pOBaHUEM.

Iloachumenvnan 3anucka

[TosicHuTeNnbHAS 3aMKcKa JTOJKHA OCBETUTH BOMPOCHI, MOJIeKAIUE MPOPadOT-
K€ COTrJIaCHO 3aJJaHUI0 Ha KypCOBOE€ MpoeKTHpoBaHUe. UTOOBI MpHUIaTh NOSCHUTEIb-
HOM 3aIMCKe 3aKOHUEHHBIN BUJ, B HE€ HEOOXOIMMO BKIIIOUUTH 3a/laHue Ha MPOCKTH-
pOBaHUE U BCIIOMOTaTeNIbHBIE Pa3Jeibl (COAEepKaHUE, BBEICHHUE, CIIMCOK JIUTEPATyPhl
U T.J.).

CrpykTypa NOSICHUTEIbHOW 3aIUCKU:

® TUTYJIBHBIN JIUCT (PUHATOTO B YHUBEPCUTETE U Ha Kadeape oOpasia);

® 33/IaHUE HA KYpPCOBOE ITPOEKTUPOBAHMUE;

® COJIepXKaHUE;

® BBEJICHHC;

® pa3jielnibl, JalIIMe OTBET Ha BOMPOCHI, MOJAJIEKAIINE MPOPabOTKE COTIacHO
3a/IaHUI0 Ha KypCOBOE MPOEKTUPOBAHUE;

® 3aKJIFOYECHUE;

® JIUTEPATYPA;

® [IPUIIOKEHHUS.

Jluct «Conepxanue» ohopmMIIsIETCs CIETYIOMUM 00pa3oM.

[lepeuncnsitoTcst Bce pasziesibl, a TAKXKE MOAPA3AEIIbl U MyHKTHI (MIPU UX HaJIH-
Y1H) MOSACHUTEIBHOMN 3alUCKU U YKa3bIBAETCS HOMEP CTPAHHUIIbI, C KOTOPOM HAaYMHa-
eTcsl TOT WIM UHOM pazzaen (moapaszzeln, myHKT). [Ipu aToMm ciegyer UMeTh B BUY,
4TO pazzieibl (MoApa3aesibl, MyHKThI), OCBEUIAIONIME BOIIPOCH, MOAJIeKAIINe Mpopa-
OOTKE COrjlacHO 3aJ]aHMIo, JODKHBI HMETh HyMepaluio. BBenenue, 3akitoueHue, Jm-
TepaTypa U NPUJIOKEHUS TAKXKE SIBISIIOTCA pa3jeiaMu MOSICHUTEIBHON 3alMCKU, OJI-
HAKO HE HyMEPYIOTCS.

BBeaenune 10KHO 1aTh OTBET HA BOIPOC, KAKOBBI POJIb U MECTO B KOHCTPYH-
poBannu u TexHosnorun POC 3amad, paccMarpuBaeMbIX B KypCOBOM IIPOEKTE, a TaK-
e 00OCHOBATh LIETECOOOPA3HOCTh PEUIEHUs 33aJa4d METOAOM, YKa3aHHbIM B 3aja-
HUU Ha IPOEKTHUPOBAHUE.

Yucno pa3aesoB, a npu HE0OOXOAUMOCTH NOJPA3/IEIOB U MMyHKTOB, OCBEIIA0-
IIMX BOMPOCHI, MOJJIEKAIUX POPAOOTKE COTJIACHO 3a/IaHUI0, 3aBUCUT OT TEMBI Kyp-
COBOro mpoekTa. Mx xonnyecTBo u Ha3BaHUsA (GOPMYIHPYIOTCA CTYJEHTOM B MPOILIEC-
C€ HaAIlUCAHUS MOSICHUTEIbHOM 3aIHUCKU.

B 3akiar0ueHun HeoOX0IMMO MPUBECTU OCHOBHBIEC BBHIBOBI MO BBHIMOJIHEHHOM
pabote, yKazaTh, B KAKOM CTENEHU MOJyUYEHHbIE PE3YJIbTaThl COOTBETCTBYIOT COBpE-
MEHHOMY YpPOBHIO KOHCTpyHpoBaHusi u TexHosoruu POC, chopmynupoBarh peko-



MEHJIAITUU TI0 COBEPIIICHCTBOBAHUIO PACCMATPUBAEMOTO B KYpPCOBOM TPOEKTE perlie-
HUSL.

B pazgene «Jlutepatypa» cieayeT NMEPEUYHUCIUTh TOJIBKO T€ JIUTEPaTypHBIC
UCTOYHUKH, KOTOPBIC UCIIOJIB30BAIMCH CTYICHTOM IIPH BBITIOJHEHUH KYypCOBOTO IPO-
€KTa U Ha KOTOPhIE UMEIOTCS CCBHUIKH B TTOSICHUTEIHLHOM 3aITUCKE.

B npuiioxkenne 10DKHBI OBITH MOMEIIEHBI TEKCTHI Iporpamm st 9BM, B Tom
qHCIe C TOCICAYIOUIMMH pe3yiIbTaTaMu 00pabOTKH WH(OpPMAINH, pacredaTaHHbIC
Ha ycTpoicTBax medatd OBM, u apyrue marepualibl, MOSCHSIONIUE T€ WM WHBIC
CTOPOHBI KypCOBOTO MTPOEKTA.

TpebGoBanus k 00bEMyY MOSICHUTETHLHOM 3aMMCKH TAKOBBI.

[TosicHuTenpHas 3amucKa JOJKHA OBITH HAMKMCAaHA KPaTKO, TEXHUYECKHUM S3bI-
koM. O0bEM €€ NOoKEeH OBITh MO BO3MOXKHOCTH MHUHHUMAIBHBIM, HO JOCTATOYHBIM
JUTSI TIOCTAHOBKH 3a/1a4d, apTyMEHTAIlMU BBIOMPAEMBIX METOJOB, MOSCHECHHS pellle-
HUM, TOHUMAaHUS OCHOBHBIX BBIBOJIOB. 3ampeniaeTcs: 1yoIupoBaTh MaTepra, puBe-
JICHHBIA B KHUTaX U METOAMYECKUX pa3pabOTKax, C MEbI0 MPUIAHUS MTOSICHUTETHHOM
3anucke 0oJpuIero 0obEMa.

I'pagpuueckuit mamepuan

I'padmyeckuii MaTepuan MOKEH OBITh BBIMOJIHEH B COOTBETCTBUU C JCHCT-
BYIOLIMMHU CTaHJapTamMu. PekoMeHnyeTcsi ucnonb3oBaTh Qgopmarbl A3 unn A4.
CTpyKTypHYIO CXeMy ajlrOpuTMa penieHus 3aaaun Ha OBM B OONBIIMHCTBE Cy4yaeB
HE yAa€Tcsl BBIIOJIHUTH HA OJHOM JHCTe (hopmaTa A3, MO3ITOMY MOYKHO HCIIOJIB30-
BaTh HECKOJBKO IMOCIEAYIONIUX JUCTOB hopmaTa A3, a mHorma u gopmara A4. Ot1o
IO3BOJIUT MOMECTUTh Ipaduueckuil Marepuan B IOSCHUTENIBHYIO 3alMCKy I0CIie
pyOpuxu «lIpunoxxeHus» u npeacTaBUTh BCE OTUETHBIE JOKYMEHTBI KypCOBOTO IPO-
€KTa B KOMIIAKTHOM BUJIE.

3.3. Onucanue padoT, BHINMOJHEHHBIX ¢ IpUMeHeHueM IBM

OnucaHue paszienoB, BBIIOJHEHHBIX C NpUMeHeHneM OBM, HomkHO BKIIO-
YaTh:
IIOCTAHOBKY 3aJ1a4yu, pemaemoit Ha OBM;
JITOPUTMHU3ALIUIO 33]1a4U;
CIIUCOK MJACHTH(UKATOPOB;
yKa3aHue 00 UCIOJIb30BAHHOM aJITOPUTMUYECKOM sI3bIKE U THIIE DBM;
® pe3yibTaThl PEUIeHUs, NOJyYeHHbIe ¢ moMoulbio OBM, u ux ¢usznueckyro
MHTEPIIPETALHIO.

IMocTanoBKa 3a7aun MpeaIOJIaraeT ONpeneseHne UCXOAHBIX JaHHBIX, HEOO-
XOJUMBIX JJI pelieHus 3afaun Ha DBM, KOHKpeTH3alMo BBIXOJAHBIX JAAHHBIX (pe-
3yJlbTaTOB) U (OPMBI UX IMPEACTABICHUS Ha BBIXOJIHBIX ycTpoiicTBax DBM, a taxxke
4ETKYI0 (POPMYIMPOBKY caMOM 3aJauH.

AJITOPUTMM3ALHUA — OTO COCTABJICHHE CTPOTO YIOPAAOYEHHOM IIOCIEAO0Ba-
TEJIBHOCTH JAEUCTBUN (IIpaBMil) MO 00pabOTKE MCXOIHBIX JAAHHBIX C IIEJIBIO MOTyYe-
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HUs pelleHus 3anadyu. [[ns ynoOcTBa coCTaBiIeHUS NPOrpaMM Ha BXOJHBIX SA3bIKaX
OBM pa3pabatrbIBatoTCsi CTPYKTYpHBIE CXEMbl QJITOPUTMOB PEIICHUS 3aJauH, T.C.
BBIYHMCIIUTEIbHBIN aJTOPUTM pEeLIEHUs 3aJlauM MpeacTaBisercs B rpadguueckoi dop-
Me. BeluncanTeNnbHbI aITOPUTM — 3TO OOBIYHO COBOKYITHOCTh MAaTEMATHYECKHUX BbI-
paxxeHuit (popmys) M JIOTHYECKUX TMEPEXOJ0B. AJTOpUTMHU3AIMS 3aJa4d JOJDKHA
JIaTh OTBET HA BOIIPOC, KAKOB BBIYMCIIUTEIIBHBIN AJITOPUTM PELICHU 3aaa4u Ha DBM.

CTpyKTypHas cxema ajiropurMa peiieHus 3aaadyu Ha OBM — ato rpaguyeckoe
IPEICTaBICHUE BBIYUCIUTEIBHOIO aJIFOPUTMA; pa3padaTbIBaeTCs A oOecredeHus
yZ00CTBa HallMCaHUs MPOrpaMM Ha BXOJAHBIX s3blkax OBM. C nenbto pa3BuTHs Jio-
TMYECKOTr0 MBIIUICHHUSI BO BCEX KYpPCOBBIX MPOEKTaX JTOJKHBI ObITH pa3paboTaHbl U
IIPE/ICTABIIEHbI CTPYKTYPHBIE CXEMBI AJITOPUTMOB peleHus 3a1a4 Ha OBM. Otu cxe-
MBI JOJKHBI OTBEYaTh TPEOOBAHUAM ACHCTBYIOLIMX CTaHAapToB. HazHaueHue QpyHK-
[IMOHAJIbHBIX YacTeil (OJIOKOB) WM MX TPYMHH JOJKHO OBITH TOSCHEHO B TEKCTE, Ha-
IpUMep TaK, Kak MOoKas3aHo B Tadu. 3.1.

Tabmuna 3.1
[losicHeHHE CTPYKTYpPHOM CXEMBI AITOPUTMA
MoieapoBanust POY
Howmepa dynkimo- Haznauenue
HAaJIbHBIX YacTen

CocraBieHue CnMcKa HIAeH-
THGUKATOPOB COCTOUT B IPHUCBOE-
HUHA KaXJIOM INEPEMEHHOM, yd4acT-

3,12,13 Opranusauns WKIa 0 | gyjoniell B pemaeMoi 3anade, uMe-
uHACKCY I Mnjexcom HH, TOJ KOTOPHIM II€pEMEHHas Oy-
YYUTBIBAIOTCA IICPBUYHBIC eT (1)1/11“ UDOBATE B IIDOIDAMME
napameTpsl x;, i=1,..., n A ypup porp )
Cnucok MaAeHTU(PUKATOPOB CIENYET
odopMuTh 110 IpUMeEpy TabdI. 3.2.
Tabmuua 3.2
Cnmcok nIeHTU(PUKATOPOB
OGo3HaveHue Crnucoxk  uaeHTU(HUKATOPOB
napamerpa TTosicHenue napaMerpa MOHO COCTaBJISITh U JO pa3padoT-
B (opMy- | B Ipo- B opmyInax, cootHonie- | KA CTPYKTYPHOH CXEMBI aJITOPUTMA.
Jax, cOOT- | rpamMme HUAX B s3TOoM cnydae (QyHKUMOHAJIbHBIE
HoweHuAX | At SBM YaCTU CTPYKTYPHOU CXEMBbI MOI'YT
: .. | OBITH TIOSICHEHBI C YYETOM HICHTH-
{7 11J] Hapabotka POY B j-i1 Y A o
peanH3aImK buKkalMy napamMeTpoB  peraeMoi
Tep TSR Cpexnee Bpems Gesotkas- | 3a/1a4u. FIMeHa napamerpam y100HO
HOit pabotel PDY NpUCBAaMBaTh HCXOAs W3 (u3nye-
- S§ [TepemenHast 1yist HaKoI- CKOH WM JIOTHYECKOH CYIIHOCTH
JICHIA CyMMbI BpEMCHH nepeMeHHbIX. Hampumep, ymo0HO
0e30TKa3HOI PabOTHI BCEX
HapabOTKy Ha OTKa3 OO03HAYUTH
cMozieNIpoBaHHbIX POY
Kak 7, MHAEKCHI JUIsl TIEPEMEHHBIX —
Kak [, J, Ku T.1.
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[Iporpammel juist OBM, ncnone3yemsble IIPU BBIIIOJIHEHUN KypCOBOT'O IPOEKTA,
PEKOMEHAYETCSl NNCATh HA OAHOM M3 AJTOPUTMHYECKUX SI3BIKOB, KOTOPBIM Ipe-
UMYILECTBEHHO YJIEISETCS BHUMAHUE NMPU 00YyUYEHUHU MO CHelUalIbHOCTAM «Moaenu-
POBaHHE U KOMIIBIOTEPHOE MPOECKTUPOBAHUE PATUOIIEKTPOHHBIX cpeacTtB» u «lIpo-
EKTUPOBAHUE U ITPOU3BOJICTBO PAJAMOIIEKTPOHHBIX cpenacTB»: Ilackane, Cu, beiicuke
U Jp.

PesyabTarhl pemenus 3a1a4y Ha OBM nomxHbI ObITh 00513aTENBHO NpPUBE/E-
Hbl B IOSICHUTEJIBHOM 3alUCKe (C LEIbI0 UX JaJIbHEHIIEro aHalln3a), Jaxke B ciydae,
€CJIM Ha paclieyaTke, IMOJyYEHHOM C IOMOLIBIO ITeYaTarolero ycrpocrsa 9BM, atu
pe3yJbTaThl MpeicTaBiIeHbl B ynobountaeMoil popme. PacneuaTka Tekcra mporpam-
MBI W pE3yJIbTATOB PELICHHs 3a7aud, T.C. IPOTOKOJ BBIIOJHEHUS MPOrPaMMBI,
JOJKHBI IIOMEIATHCS B IIPUIIOKEHUE.

PDu3nyeckass HHTEPHPeTAlUs PE3yJIbTATOB PEIICHUS 3a1a4d BBIITOIHACTCA C
y4eTOM crienu(UKH 3TOM 3a/1a4ll U pacCMaTPUBAEMOT0 00BEKTa UITH TPOIiecca.

[Ipu onucanuu pasnenoB (pacyeToB, MATEMATHYECKOTO MOJIEIUPOBAHMUS), BbI-
NOJIHEHHBIX € NMOMOUIpI0 OBM, Hea0omycTUMO, HE 3amucaB pe3yJIbTaTOB PELICHUS U
HE C/IeJIaB B TEKCTE HEOOXOAUMbIX MOSICHEHUH, aJlpecoBaTh YUTATENS MOSCHUTEIBHOM
3aIIMCKM K paclieyarke, MOJyYEHHOM C MOMOUIBIO IE€YaTarouux ycTpoiucts DBM.
IIpumMepHBIM KpUTEpUEM YAAYHOIO IOSICHEHUs pPacdyeToB, BBINOJHEHHBIX Ha OBM,
SBJISICTCS ITOHATHOCTh MCXOJHBIX JaHHBIX, METOJA aHAJIU3a U PE3yJIbTATOB PELICHU
3aJa4M, WX JIOTUYECKOM 3aBepllieHHOCTH 0e3 oOpalleHus K pacledarke, pUBEeH-
HOU B IPUJIOKEHUH.

4. PEKOMEHJAILIMUUA 110 BBINTIOJIHEHUIO KYPCOBOTI'O ITPOEKTA
4.1. IlnaH BbINOJIHEHUS MPOEKTA

[Iporiecc BBITIOIHEHHSI KYPCOBOTO MPOEKTAa MOKHO YCIIOBHO Pa30MTh Ha TaKHUe
ATAIbI:

1. O3HakOMJIEHHE C OCHOBHBIMH TOHSTHSIMHU, BXOJISIIUMH B (DOPMYIHUPOBKY
TEMbI KYpCOBOI'O MPOEKTA.

2. TlocranoBKka pemaemMon 3a1aumu.

3. O0630p BO3MOXHBIX METOJIOB PEIICHUS MMOCTABICHHON 3a/1a4i, 000CHOBaHUE
U CUCTeMaTh3aIus, T.€. KpaTKoe MOSCHEHUE METO/Ia pelleHus 3aaauu. Eciu ucnosb-
30BaHUE METOJa OMNpEeiCHO 3aJaHueM Ha MPOEKTUPOBAHHE, TO OOOCHOBaHUE HE
BBITIOJTHSICTCS.

4. Pemenue 3agaun Ha DBM, B ToM uncie:

e pa3paboTKa CTPYKTYPHOU CXEMBI aJITOPUTMA PEIICHUS 3a/1a4K;

® COCTaBJICHHE CTHCKA UACHTU(UKATOPOB;

® HamuMCaHUE MPOTPAMMBI Ha SI3bIKE TPOrPAMMUPOBAHUS;

e oOTJIaJgKa mporpammsl g DBM, Bkitodas BBINOJHEHUE TECTOBOM 3adaydu
(KOHTPOJILHOTO BapHaHTA).

5. Ananuz pe3yJbTaToOB PEIICHHUS.
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6. @opMyIMpOBKa BBIBOJOB

7. OdopmiieHrne OTYETHBIX JTOKYMEHTOB KypCOBOTO MPOEKTa M MOJArOTOBKA K
ero 3aluTe.

[Ipy mmaHUPOBAaHWU CAMOCTOSITENILHOM pPabOTHI PEKOMEHIYETCS BOCIOJIB30-
BaTbCs JJAHHBIMU O IPUMEPHOM TPYIOEMKOCTH YKa3aHHBIX 3TanoB (Tadu. 4.1).

Tabmuua 4.1

Howmep stama 1 2 3 4 5 6 7
Tpynoemkocts, % 3...5 15 5 45...50 | 5...10 5...10 | 20...30

Crnegyer NMOMHUTH, YTO HU3-3a HEAOCTATOYHOI'O OMbITa PabOTHI CTYyJIEHTa C
OBM 10 70...90% Bpemenu stana 4 («Pemenue 3amaun Ha 9BM») MOXeT 3aHATH
oTJagKa nporpaMmmsl 1jist OBM.

4.2. C yero HaunmHaThL?

[TonyuuB 3ajaHue Ha KypCOBOE MPOECKTUPOBAHUE, CTYJEHT YAaCTO B TEUCHUE
HECKOJIbKUX HEJNIeNIb HE MOXET €ro OCMBICIUTH. [IpoucXoauT 3To u3-3a OTCYTCTBUS
JOCTaTOYHOTO O00BeMa 3HAHUHW IO TEME KypCOBOTO MpoeKkTa. Bo MHOTMX ciydasx
CTYJICHT HE3HAKOM AK€ C TEPMUHAMH U MOHATUSIMU, BXOISAIIMMU B (DOPMYJIUPOBKY
TE€MbI KypCOBOTO TMpoeKkTa. [I0aToMy y CTyJI€HTOB, MOJYUYUBIINX 3aJ]aHUE HAa KypCO-
BOE MTPOCKTUPOBAHUE, HEPEIKO BOZHUKAET BOMPOC: C YEr0 HAUUHATH?

Pexomennyercs nocrtynate Tak. He BHUKas 1TOKa B UCXOJIHBIE JAHHBIE KypCO-
BOI'O MPOEKTA, MO JINTEPATYPHbIM UCTOUYHUKAM O3HAKOMUTHCS C TEPMHUHAMU U TOHS-
TUSIMU, TIPUCYTCTBYIOIIMMU B OPMYJIHPOBKE TeMbl. Jlasee cienyeT neTanbHO BbIsC-
HUTh (PU3NYECKUI CMBICII OCHOBHBIX TOHSTHI, UX BIMSHUE HAa (PYHKIIMOHUPOBAHHE
00BEKTOB WJIM TPOIIECCOB, MOMBITATHCS Pa3o0paThcs ¢ TeMH (aKTOpamu, KOTOPHIE
OKa3bIBAIOT BIMSHUE HAa UHTEPECYIOIINE XapaKTePUCTUKH (TIOKa3aTean) 00beKTa WK
npoiiecca. Bo3bmeM, k npumepy, TeMy Ne 10 «OneHka napameTpuiyecKoi HaJIeKHO-
ctu POY ¢ ncnonp3oBannem MonenupoBanHus Ha OBM mocTeneHHbIX OTKa30B dJie-
MEHTOB». BHauajge HeoOXOIMMO O3HAKOMHTBLCS C IOHATHEM Oe30TKaszHOocTH POV,
YTOUYHHUTh, KAKUE MOKA3aTeIM UCMIOJB3YIOTCS Il KOJIUYECTBEHHOTO ONMHUCAHUsI 0e3-
OTKa3HOCTH Kak cocTaBiisitoiiei Haa&xkHocTu POY. 3aTteM HeoOxoaumo pa3zodparhcs,
YTO TAKOE MOCTETNEHHBIE OTKAa3bl, KAK OHU MPOSIBJISIOTCS M KaKOBO MX BIIHUSHUE Ha
oe3orkazHocth POY. [lanee crnenyeT BbIACHUTH NpUUYMHBI ((haKTOphI), 00YCIOBIH-
BAIOIME MOSIBJIEHUE TOCTENEHHBIX OTKa30B. [lociie 3TOro yxe MOKHO NEPENTH K
PacCMOTPEHUIO METOJOB aHAJIM3a U MOJIECJIUPOBAHMSL.

Nrak, korna OCHOBHbBIE NOHATHS [0 TEME KypPCOBOTO IIPOEKTA YCBOEHBI, OIpe-
JIeJIeHbl BiMsIoNMe (akToOphl U BBISICHEHO WX 3HA4YCHHE ISl (PYHKIIMOHUPOBAHUS
KOHCTPYKIIMU WJIU MIPOIIECCA, MOXKHO NEPEXOJIUTh K PACCMOTPEHUIO METOJIOB aHAJIN3a
MHTEPECYIOIINX XapaKTepUCTUK (Tlokazareneit). Ecnu o01mas MeTouka onpeaeieHus
XapaKTePUCTUK OCMBICIIEHA, TO MOKHO BBINOJHATH cienyromuil atan: «IloctanoBka
perraeMoi 3agaun» (cM. moapasa. 4.1).
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4.3. IlocTanoBKa 3a1a4H

DTOT ATanl SABIAETCS JIOCTATOYHO BaXKHBIM. OT yJauHOM MOCTAaHOBKHU 3a/1aud U
e€ MPaBWJIBHOTO MOHUMAHUS BO MHOTOM 3aBUCHUT YCHEX JAJbHEHIIETrO BBIMOJHECHUS
KypcoBOro mnpoekta. HempapuibHas WM HEKOPPEKTHAsi TOCTAaHOBKA 3aJlayu 4ypeBaTa
TEM, YTO CTYJICHT MOXET 3aTPaTHUTh MHOT'O BPEMEHH BITYCTYIO M3-3a TOTO, YTO JINOO
ero JaJbHEHIMEe NeUCTBUS MPUHIUIIHAIBHO HEBEPHBI, TUOO UM JEIaeTCsl MOIMbBITKA
pelieHus 3aa4i He TeEM METOJIOM, KOTOPBIA yKa3aH B (hOPMYJIIMPOBKE TEMBI IIPOCKTA.

ITocTaHOBKA 3a71a4 OOBIYHO BKJIFOYACT:

® OTIpe/IeIICHNE MCXOMHBIX JTaHHBIX, HEOOXOAMMBIX NJIs PEIICHUS paccMaTpH-
BacMOM 3aJauH;

® yTOUHEHHUE (KOHKPETU3AIIMIO) IMOKa3aTeNiel, XapaKTepUCTUK, KOTOPbIE JOJIK-
HbI OBITH MOJYYEHBI B pE3yJIbTaTE PEIICHUS JaHHOM 3a/1auu;

¢ hOpMYITMPOBKY peIIacMoi 3a/1aumu.

Onpeoenenue ucxoOHvIX OAHHBIX

[Ipyn npoekTHpOBaHMM KOHCTPYKLUMH M TEXHOJOTMM HM3roTOBIICHHMS POY cre-
LIMAJIMCThI, KaK IIPAaBUJIO, CTAJIKUBAIOTCSA C HEXBATKOW MCXOJHBIX NAaHHBIX. B TO ke
BpeMsI HEKOTOPbIE MCXOJIHBIC TaHHBIE MOTYT OKa3aTbcsi HEBOCTpeOOBaHHBIMU. O0B-
SCHSIETCSI 3TO TEM, YTO MCXOJHBIE JAHHbIE OOBIYHO 3aJAI0TCS C MO3UIIMKM 3aKa34MKa,
KOTOPBIN yKa3bIBaeT oOlue TpeOOBaHUSA W LENH U T€ JaHHbIE, KOTOpPbIE JJI HEro
BaXXHBI B MEpBYI0 ouepenb. OnpeaenieHne HeAOCTAIMUX (711 MPOEKTUPOBAHUS) UC-
XOJIHBIX JAHHBIX JIOKUTCS HA IIJIEYH IPOCKTUPOBILHUKOB.

B 3amaHusAx Ha KypcoBO€ POEKTUPOBAHUE XapPAKTEP UCXOIHBIX JAHHBIX NPU-
OJIMKEH K pealIbHbIM CUTYyallMsIM, T.€. HE BCE UCXOJHBIE JAHHbBIE, HEOOXOIUMBIE Is
pelIeHns 3a/1a4i, BKJIIOYEHBI B 3aJJaHNE, 4 HEKOTOPBIE U3 HUX 3aJaHbl B HEIBHOM BH-
ne. Hanpumep, AJist OlIeHKH TOYHOCTH BBIXOJHOTrO napamerpa POY merogom MonTe-
Kapno HeoOxoaumMo 3HaTh OCHOBHBIE KOJIMYECTBEHHBIE XapaKTEPUCTUKH MapaMeTpa
AJIEMEHTAa: MaTeMaTHYecKoe OKuaaHue (0003HAuMM Kak m) M CpeaHee KBajapaTuye-
CKO€ OTKJIOHEHHUE (0003HAUYUM KaK ¢). DTH XapaKTEPUCTUKH B UCXOJHBIX JAHHBIX HE
3a1aHbl, HO yKa3aHbl THUIl AJIEMEHTA, HOMUHAJIBHOE 3HAYEHHE IapaMeTpa U JOIYCK.
CiieoBaTesbHO, KOJMYECTBEHHBIE XapAKTEPUCTUKH M U ¢ TTapaMeTpa JJIEMEHTa MO-
I'YT OBITH (XOTsI ObI MPUMEPHO) MOJTYUYEHBI ITyTEM aHAIU3A.

WNnm xe ewe npumep. B 3aganusix Mo oneHKEe TOYHOCTU U CTAOMIIBHOCTU BbI-
XOJIHBIX IAPaMETPOB KOHCTPYKUMN PDY 3amaHbl TUIBI 31€MEHTOB, HOMHUHAJIbHBIE
3HAYEHHUs [1apaMeTPOB, AOIYCKH Ha IapaMeTpbl. 3aKOHBI K€ paclpeiciIeHHs Iapa-
METPOB U UHPOpMAIUs O TEMIIEPATYPHBIX KO3(PPHUIMEHTaX TapaMeTpoB, a TaKkKe KO-
s ¢punmeHTax cTapeHus B 3aJjaHUsIX B OCHOBHOM OTCYTCTBYIOT. OZHAKO 3TU JIaHHBIE
MOTYT OBITh MOJY4Y€Hbl HAa OCHOBE aHanu3a. B 4acTHOCTH, 3aKOHBI pacHpeeseHus
napaMeTpoB MOTYT ObITh BEIOpAHBI UCXO/ISl U3 BUJIOB JIEMEHTOB U IIMPHUHBI MOJIA J10-
nmycka, a mHGoOpMaIHs 0 TeMIepaTypHbIX KodddumuenTax u kodpduimentax crape-
HUSl NOJIy4eHa M3 HOpMaTHUBHO-TexHUYeckoi nokymeHntaumu (HT/l) Ha yka3aHHbIE
Tunsl dnemMeHToB. B xauectBe HT/] Ha snemenTsl Moryt paccmarpusatbest ' OCTHl,
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texHuueckue ycnoBus (TY), macnopra, 3TUKETKH, CIPABOYHHUKU U T.n. Ha otnens-
HbIE THIIbl AJIEMEHTOB B 33JJaHUSAX HE YKa3aHbl Ja)ke HOMHUHAJIbHBIEC 3HAYEHUS U J0-
NyCKW Ha mapaMeTpbl. Ho 3aTO yKa3bIBaIOTCS THUIIBI AJIEMEHTOB, HAIPUMEP CTAOMIIH-
TpoHn KC139A. A HyxHbIe JUisl pacueTa JaHHbIE MOTYT ObITh B3SAThl U3 CIPABOYHU-
KOB, T.€. UCXOJHBIE TaHHBIE, 10 CYTH, 3aJJaHbl B HESIBHOM BHJIE THUIIOM JJIEMEHTA.

[TosryyeHne HEIOCTArOUIMX MCXOJIHBIX JAHHBIX - JOCTaTOYHO OTBETCTBEHHBIN
MOMEHT. VcKakeHHe 3TUX JaHHBIX MOYKET CYIIECTBEHHO OTPAa3UThCA HAa KOHEUYHBIX
pe3ysibTaTax M BIOCJIEACTBUU NPUBENET K HEOOXOAMMOCTH CYIIECTBEHHOH N0paboT-
KM KypCOBOT'O IIPOEKTA.

OnpeneneHue UCXOAHBIX JaHHBIX PEKOMEHIYETCS BECTH B TAaKOW MOCIEA0Ba-
TEJILHOCTU:

® COpPUEHTHPOBATHCS B METOJIEC PELICHNUS 3a0a4H;

® COCTaBUTh MEPEUEHb UCXOAHBIX JIAHHBIX, HEOOXOUMBIX ISl PEIICHUs pac-
CMaTpUBAaEMOM 3aJ1a4M, ¥ IOMETUTH T€ TaHHBIE, KOTOPbIE OTCYTCTBYIOT B 3aJJaHUU;

® OTCYTCTBYIOLME MCXOJAHbIE JaHHbIE pa3OUTh Ha JIBE IPYIIbL: T€, KOTOPbIE
MOTYT OBITh OIPEJEIICHBI 10 CIPABOYHHUKAM, U T€, KOTOPbIE JOJHKHBI OBITh MOJTYUYEHBI
IIyTEM aHAJIM3a WX KE C IIOMOIIbIO IOBEPOYHBIX PACUETOB;

® JUISl K&KJOM IPYIIIbI MONBITATECS MOJIYYUTh HEOOXOAUMbIE UCXOHBIE JaH-
HBIE.

Ecnu cnpaBouHble JaHHBIE Ha KAKOW-TMOO 3JIEMEHT OTCYTCTBYIOT B CIEIMa-
JM3UPOBAHHON J1abopaTopuu yHUBEpcuTeTa (KabuHeTe cTaHAapTU3allii), TO JAOIYC-
TUMO BOCIIOJIb30BaThCSl CIIPAaBOYHBIMU JAHHBIMU Ha DJIEMEHTHI, aHAJIOTMYHBIE pac-
cmatpuBaeMoMmy. llpusHakom ananoruu (OJU30CTH) 3JIEMEHTOB MOXKET OBITH WUJCH-
TUYHOCTh KOHCTPYKTOPCKO-TEXHOJIOIMYECKUX ITPU3HAKOB: MAaTEPUAJIOB, TEXHOJIOTHU
U3TOTOBJICHHUS, TUIIOpAa3Mepa U T. 1I.

IIpyn ycTaHOBIEHMM 3aKOHOB paCIpEENICHHUs] MapaMeTpa TaKHX 3JIEMEHTOB,
KaK pe3UCTOpBl U KOHJIEHCATOPBI, HEOOXOAUMO Cpa3y MOMNbITAThCS BBIACHUTH, KAKUM
oOpa3om Oblja Moyly4eHa napTus 3JIEMEHTOB C JAHHBIM JIOIYCKOM MapaMeTpa: ecTe-
CTBEHHBIM XOJIOM TE€XHOJOTMYECKOTO MPOLEcca WM K€ IyTeM 0TOOpa 00J1ee TOUHBIX
351eMeHTOB. JlJI1 OTOOpaHHBIX 3JIEMEHTOB B OOJBIIMHCTBE CIy4aeB ONpaBAaHa UIO-
T€3a 0 paBHOMEPHOU Mozenu. Eciau orOop He MpoU3BOAWICS, TO CIEIYyET NOMHUTD,
YTO B KOHCTpyupoBaHuu U TexHonorun POC npumepno B 95% ciyyaeB mapameTpsl
pacrnpeeneHbl Mo 3aKoHaM, OJIM3KUM K HOPMaJbHOMY, U, CJI€I0BAaTEIbHO, ONpaBIaHa
TUIIOTE3a O HOpMaIbHOM Mozenu. OQHAKO €CIIM UMEIOTCS COMHEHHUS B CIIPABEIJIMBO-
CTH THIIOTE3bl O HOPMAJILHOM MOJIENH, TO CIEAYET BCE-TAKHU I0JIb30BATHCS TUIIOTE301
O PaBHOMEpPHON MOJEIH, T.K. OHA OTPAXKaeT NMPAKTUYECKHU XYALIUNA CIlydaidl C TOYKH
3peHus pa3dpoca napaMeTpos.

IIpy BO3HMKHOBEHUU 3aTPYJHEHUI B ONPEICIICHUH HEAOCTAIOIINUX HCXOIHBIX
JAHHBIX PEKOMEHJYeTCsl He 00palaThes cpa3y K MPEenoJaBaTellio, a elie pa3 OCMbIC-
JUTh PEIIAeMyI0 3aJa4y U NONBITaThCS CAMOMY HAWTH BBIXOJ M3 CO3JABILIErO I0JIO-
xKeHust. Takol MoJxo/a CrocOOCTBYET Pa3BUTHIO JIOTMKH MBIIUIEHUS, IPUBUBAET Ha-
BBIKM CaMOCTOSITEJIbHOTO PELICHNs MHXKEHEPHBIX 3a1a4.
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Ymounenue evixoonvix pesyiomamoes

KoHKpeTHBIE XapaKTepUCTUKU U MOKA3aTENH, MOJIEkKALIIUE OIIPENAEIEHUI0, MO-
I'yT OBbITh yKa3aHbl B 33/laHUM HA MPOEKTHUPOBaHUE. B Ipyrux ciaydyasx OHHU JOJIKHBI
OBITh YTOUHEHBI HA OCHOBE aHayIn3a (POPMYJIUPOBKU TEMBI KypPCOBOT'O MPOEKTA C yye-
TOM CYIIIHOCTU CBOWMCTB, KOJIMYECTBEHHBIMH XAPAKTEPUCTUKAMH KOTOPBIX HHTEpE-
cyrorcsi. Hanmpumep, eciim TeMoil KypcoBOro npoekra sBisieTcsi « OleHKa TOYHOCTH
BBIXOJ/IHOTO IapameTpa...», TO He0OXOIUMO pa300paThcs, KAKUMHU KOJUYECTBEHHBI-
MU [TOKA3aTeIsIMU MOKET OBITh ONKMCAaHA TOYHOCTh KaK CBOMCTBO, a 3aTEM YTOYHMTb,
KaKH€ U3 3TUX MOKazaresie OyayT onpeesiThes B PoLecce NPOEeKTUPOBAHUS.

Ecnan Tembl KypCOBBIX MPOEKTOB MPENyCMATPUBAIOT IIOJIYYEHHUE ITOKA3aTelen
0€30TKa3HOCTH, TO HEOOXOAMMO BBISICHUTH, KaKU€ U3 INOKa3aTesel SBISIOTCS Bax-
HeHImmMu 1t paccmaTtpuBaeMoro POY, u nanee cnenarb BBIOOp TeX, KOTOpbIE OyayT
ONPENEIATHCS NPU NPOESKTUPOBAHNHN C YUETOM XapaKTepa UCXOAHBIX TAHHBIX, 3a7aH-
HBIX B 33JIaHUH U MOJyYEHHBIX Ha JTaIle OCTAHOBKH 3aJa4H.

Dopmyauposka 3a0auu

B HesBHOM BHIe QopMyIMpoBKa 3amaud TIpenonpezaesieHa (popMyITUpOBKOH
TEMBI KypcoBOTO npoekta. OIHaKO TOocje TOT0, KaK OMpe/e/IeHbl NCXOJHbIC TaHHBIC
¥ YTOYHEHBI T€ MOKA3aTeIH, KOTOPhIE OYAYT OMpPEAesaThCS, MOCTAHOBKA 3aJla4l MO-
XKeT ObITh chopMyTupOBaHa 00Jiee TOYHO U KOHKPETHO.

4.4. Bb100p 1 000CHOBaHHE METO/1A pellIeHNs 321a4H

Ecnu meton pemeHus 3agauu ompeaeneH (opMyIUPOBKONW TEMbI KypCOBOTO
IPOEKTa, TO CTYACHTOM JOJDKHA OBITh BBIMOJHEHA CHCTEMATH3alUsl 3TOr0 METOa.
CucremaTu3anus BKIIOYACT:

e oIpezeseHue 00JIaCTU MPEUMYILECTBEHHOTO UCIIOJIb30BAHUS METO/1A;

® BBISICHEHHE XapakTepa, 00bE€Ma U MOJHOTHI TPEOYEMBIX UCXOAHBIX JaHHbIX;

® YTOYHEHHE BUJA MOIYYaeMbIX BBIXOJHBIX PE3YyJIbTATOB;

e 3amuch GOpPMYJI, MATEMATUIECKUX BBIPAKEHUH, UCIIOJIb3YEMbIX AJIs pacué-
Ta WJIM BBITIOJHEHUS MOJCIUPOBAHMS M OMpPEEICHUS MHTEPECYIOIUX MOKa3aTemne,
XapaKTePUCTHK;

® [IEPEYHUCIIEHUE JOCTOUHCTB U HEJOCTATKOB METO/A.

Ecnu meton pemienust 3aauu He yKa3aH B (QOPMYJIUPOBKE TEMbI KypPCOBOI'O
IIPOEKTa, TO €ro HeoOXOAUMO BHIOPATh U 00OOCHOBATH ATOT BHIOOP. IIpu BrIOOpE Me-
TOJla pPeLIeHUs 3aJaud HeoOXOUMO B MEPBYIO OUepe/b NMPUHATH BO BHUMAHUE CJie-
IyIoIe 00CTOSTENhCTBRA:

e xapaktep (00bEM, MONHOTA) TPEOYEMBIX UCXOHBIX JaHHBIX;

® TOYHOCTb I10JIy4a€MbIX BbIXO/HBIX PE3YJIbTATOB;

® IIPOCTOTA;

® BO3MOXHOCTb aJITOPUTMHU3ALNH U puMeHeHns OBM;
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® JUINTEIBHOCTh MPOLEAYPHl IPUMEHEHUSI METOJa JIsl PEUICHUS MMOCTAaBJICH-
HOM 3aJa4H.

[Ipennourenue ciueayer OTAaBaTh TEM METOJIaM, KOTOPBIE MO3BOJISIOT MOTY-
YUTh JIOCTATOYHYIO TOYHOCTH PELICHUS U JIETY€ MOAAAIOTCS aJrOPUTMU3ALMU TPU
peanu3zanuu ux Ha OBM.

4.5. Pemienue 3agauu

[Tpu onucanuu 3TOroO 3Tana HE0OXOJUMO Cpa3y yKa3aTh, UTO PEIIajoch C IO-
Mompo OBM: 3anaua B nenom unu ke ee yactb. Eciam ¢ momompero OBM pemena
4acTh 3a/1a4M, TO 3TO PELICHHUE JOHKHO OBITh JJOTUYECKH YBSI3aHO C OCTAJIbHBIMU CO-
CTaBHBIMM 4YACTSAMHU pemaeMor 3anauu. lIpu ommcanumm pemenwns 3amaum Ha OBM
HEO0OXO0IMMO PYKOBOJICTBOBATHCS TPEOOBAHUAMU, IPUBEAEHHBIMU B opa3 . 3.3.

[Ipu pemennu 3anay Ha OBM CTyIEHTBI HEPEAKO CTAIKUBAOTCA C TAKUMU CH-
tyanusmu. Hanucana nporpamma Ha OBM. Tlocne Habopa nporpaMMsl C TOMOIIBIO
KJIABUATYPbl M 3aIlyCKa €€ ]ISl BBINOJHEHUS BBIABIIAIOTCS T€ WJIM UHBIE OIIMOKH.
OmubKy yCcTpaHsIOTCs, U 3allyCK MPOrpaMMbl OCYIIECTBIISETCS BHOBb. BBIABISAIOTCS
HoBble omMOku. [Iponecc ornanku npogomkaerca. Ho BOT, HakoHel, HACTyaeT Mo-
MEHT, Korja omubok yxe HeT. CTyneHT noiydaeTr penieHue. OQHAKO pe3yJbTaThl
pelIeHus] YIUBISAIOT, UM TPYJIHO MHOTJA JaTh Jake (PU3NYECKYI0 WHTEPIpETAIHIO.
[TpousoiiT 3TO MOXKET MO AByM mnpuyuHaMm. JInbo Obuta gomymieHa omuOKa TpH
BBOJIE 10 3aMIpOCy MPOrpaMMbl HCXOJIHBIX JaHHBIX, IUOO B Ka3aja0Ch Obl OTJIaKEHHOU
IporpaMMe UMEIOTCSI CMBICIIOBBIE OITHOKH.

JUIsl MCKITIOYEHUsT OIIMOOK, CBSI3AHHBIX C BBOJOM HMCXOJHBIX JAHHBIX, PEKO-
MEHJIyeTCs B IIPOrpaMMe IOCJIE ONEPATOPOB BBOJA MCXOJIHBIX JAaHHBIX IPETyCMOT-
PETh OIepaTopsl BBIBOAA ATUX JAHHBIX HA IIPUHTEP, JUCIUIEH U T. M. JJIS UX BU3YyaJlb-
HOTO KOHTPOJIS.

BrlisiBieHHe CMBICTOBBIX OLIMOOK CiOXHee. B psjae ciyyaeB CMBICIOBBIE
OIIKMOKK MOTYT OBbITh BBISBIIEHBI IPOBEPKOM TekcTa mporpammbl. Hampumep, ecnu
3a/1aya npegycMaTpuBaia ornepanuio

EXP (B(D*D(D)),
a omn004YHO HAOpaHO
EXP (B()+D(I)),

TO MaIIMHOM OIMOKa BHISIBJICHA HE Oy/AeT, HO JIETKO MOXKET ObITh OOHapy’KeHa Mpo-
BEPKOM TEKCTA POTrPaMMBI.

JI71st BBISIBJIIEHHSI BCEX CMBICJIOBBIX OLIMOOK HE00X0auMo Ha DBM BbIIOIHUTH
KOHTPOJIbHBIN BapuaHT (MpOBEpOoUHbI CYET). KOHTpOJBHBII BapuaHT COCTOUT B
IIPOBEJCHUN BCEX BBIYMCIICHUN BPYUYHYIO JUIS IPOCTEUILEr0 YHUCIOBOIO MpUMEpa U
CPaBHEHUU IIOJIYUYEHHOTO pe3ysbTaTa ¢ TeM, KOTopslid BeiiacT OBM. Ilpu orcyrcr-
BUU CMBICJIIOBBIX OLIMOOK pe3yibTaTbl OyIyT OJMHAKOBbl. B KkadecTBe 4MCIOBOIrO
npuMepa OoObIYHO OepyT HpUMeEp € KPYIJIbIMH HMCXOJIHBIMM JAaHHBIMM (BO MHOTI'HX
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clIy4dasiax - eI[I/IHI/II_IaMI/I), €CJIM JaK€ 5TU AAaHHBIC JIUIIICHBI (1)PI3PI‘-I€CKOFO cMmeicna. Eciu
AJIroOpruTM M IporpaMma HC UMCHOT OH_II/I60K, TO OHHU CHPAaBCIJIMBBI IJIs JIFOOBIX HC-
XOAHBIX JaHHBIX.

4.6. AHay1u3 pe3yJIbTATOB PEICHUS U BHIBOAbI

IIpu aHanu3e pe3ysibTaTOB PELIECHUS HEOOXOAMMO HOIBITAThCS CHENATh Clle-
ayrouiee:

® JCIOJIb3Ys 3HAYCHUS HAUACHHBIX IOKA3aTEeJIed WM XapaKTEPUCTHK, OLe-
HUTHh KaueCTBEHHBIA ypoBeHb POY mnn 3¢(eKTUBHOCTh TEXHOJIOTHIECKOTO MPOIIEeC-
ca;

® JaTh OTBET Ha BOIPOC O CTENEHU OJM30CTU HAMJIEHHBIX MMOKa3aTeslel K 1o-
Ka3aTeJsIM COBPEMEHHBIX POY 1 TEXHOI0rHUeCKuX MpOLECCOB;

® BBUICHUTH NPUYHMHBI, OOBICHSIOIIME OTHOCUTEIBHO HEBBICOKHM YPOBEHb
IoKasareJei;

® CjenaTh CPABHUTEIBHBIN aHAIN3 CTETEHU BIMSHUS PA3IUYHBIX (DaKTOPOB
Ha 3HA4YE€HUS MHTEPECYIOIMX ITOKa3aTeIeH;

® HAMETUTh, KAKHE YCOBEPLIEHCTBOBAHUS MOYKHO BHECTH B POY wmim TexHO-
JIOTUYECKUH ITPOLIECC C LEIBIO ITOBBIICHUS 3HAYCHUN HAlJICHHBIX II0Ka3aTeei;

® OLICHUTb, KAK MOBJIMAIOT IPEIIaracMble U3MEHEHUS HA DKOHOMUYECKHUE I10-
kazarenu POY uinu TeXHOJIOrnuecKruii mporiecc.

BbiBoabI JOKHBI B KOHIIEHTPUPOBAHHOW (pOopME MOJIBECTH UTOT IMPOLECCY
aHaJIM3a Pe3yJbTaTOB PELICHUSA C OTPAKEHUEM OCHOBHBIX CBOMCTB PAaCCMaTpUBAEMO-
ro KOHCTPYKTOPCKO-TEXHOJIOTHUECKOTO pemeHus POY. PexomeHnyercs OCHOBHBIE
BBIBOJIBI C(DOPMYITHPOBATH B BUIE OTAEIHHBIX ITYHKTOB.

C TOUYKM 3peHUs NOCTPOCHMS IOACHUTEIBHOM 3aIIMCKU BBIBOABI JOITYCKAECTCS
IIPUBECTH B pA3AEE «3aKTIOUYCHHE.

4.7. OpopMiIeHHE KyPpCOBOI'0 NIPOECKTA U NPEACTABJICHHE €r0 HA IPOBEPKY

OdopmieHre KypcoBOrO MpOeKTa COCTOUT B HAaIMCAHUM NOSICHUTEIbHOU 3a-
IUCKU U BBINOJIHEHUU Tpaduueckoro martepuana. CoxeprkaHne MOSCHUTENBHOM 3a-
IIMCKH JOJDKHO OTPa)KaTh BCE BOIPOCHI, KOTOPHIE COMIACHO 3aJaHUI0 HA MPOEKTHUPO-
BaHUE MOJJIeKaT MpopaboTKe, a rpaduIecKuil MaTepual - HOJHOCTbIO COOTBETCTBO-
BaTh [IEPEYHIO, YKA3aHHOMY B OTOM 3aJIaHHM.

IIpy mocTpoeHnn CTPYKTYphl MOSCHUTEIBHON 3aIIUCKU PEKOMEHIYETCs I10JIb-
30BaThCs YKA3aHUSIMH, IPUBEICHHBIMU B nojapasa. 3.2. OCHOBHBIE NpaBuia HaNUCa-
HUS TEKCTa, 0OpMIICHHS TaOJNIl, PUCYHKOB U T.[. CTYACHTY B OCHOBHOM YK€ 3Ha-
KOMBI. B mopsike HanmoMuHaHUsl 3TUX MPABHII PEKOMEHAYETCSl 0OpaTUTHCS K MPHIIO-
KEHUI0 WM cTangapty [17], rae 3Tu npaBuia NpUBEIEHBI B KOHIIEHTPUPOBAHHOM
BUJIE.

I'padprueckuit matepuan A0IKEH ObITh BBINOJIHEH B COOTBETCTBUU C TpeOOBa-
HUSIMU JIEUCTBYIOIIMX CTaHAAPTOB. IIpy BBINOJHEHNN CTPYKTYPHBIX CXEM aJITOPUT-
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MOB pelieHusi 3ajadyd Ha OBM HeoOXoAuMO MOJb30BaThCsl YKa3aHUSIMU CTaHJapTa
[18] He3aBHUCHMO OT TOTO, TJ€ MOMEIIAETCS 3Ta CXeMa: Ha OTAEIHHOM JHCcTe Tpadu-
YECKOr0 MaTepuaia WM )K€ B TEKCTE MOSCHUTEIbHON 3aIUCKH.

[loguepkHeM, 4TO OTYETHBIE JOKYMEHTHI MO KYpCOBOMY IPOEKTUPOBAHMIO
(mosicHUTENbHAS 3amucka U Tpaduyeckuil maTepuan) JOJDKHBI B 1I€JIOM OTBEYaTh
TpeOOBaHUSIM, YKa3aHHBIM paHee, U 0043aTEIbHO COACPKATh CIeAyIOlIee:

e pH(OpPMAIUIO O MOJYYEHUH MCXOAHBIX JAHHBIX, KOTOPbIE HY>KHBI JIJISI BbI-
IIOJIHEHUSI KyPCOBOTO IPOEKTA, HO HE YKAa3aHbI B 3aJaHUN HA MPOECKTUPOBAHUE, C ap-
TYMEHTAlUEN UX MOJIyYEHUS: aHAJIU3, CChUIKH Ha CIIPABOYHUKH, IIOBEPOUYHBIE pacué-
ThI 4 T.I1.;

® 3anKuCh U, NMPU HEOOXOJUMOCTH, MOSICHEHUE (POpPMYJI, MATEMaTHUYECKUX U
(WIK) JIOTUYECKUX BBIPAKEHUM, UCIOIB3YEMbIX JIJIsi BHIMOJHEHHUS PACUETOB, UMUTA-
IMOHHOIO MoJenupoBaHus Ha DBM, onpejaesieHUs UHTEPECYIOLIUX IOKa3aTelel u
XapaKTEPUCTHK C UCIIOJIb30BAaHUEM PE3YJIbTATOB MOAECIUPOBAHUS: CPEIHUX 3HAUEHUN
BBIXOJHBIX NapaMeTpoOB, IOIYCKOB, IOKa3aTene Oe30TKa3HOCTH, XapaKTEPUCTHUK
cucreM MaccoBoro oociyxkuanus (CMO) u T. 1.;

® TIOJHBIA CIHCOK HJICHTU(DUKATOPOB, MCIIOJIH30BAHHBIX B MPOTpaMMe ISt
OBM; ecnu KakoW-TO MACHTU(PHUKATOP BBHINOIHIET BCIIOMOraTeabHYy0 (DYHKIIHIO, TO
3TO TOXE HAJO yKa3aTh, peKoMeHayemas ¢popMa CHUCKa UACHTU(UKATOPOB JOIHKHA
COOTBETCTBOBATHL Ta0I. 3.2;

® BbBIBOJ| Ha IeYaTh MOJHON MHPOpPMALUU O MATH—CEMU peanu3aiusax POV,
CMO wu T.n., HAaIlpUMEP B CIy4ae MOJEIHPOBaHUS Haa&xkHOCTA PIOY ¢ yuérom
BHE3AITHBIX OTKA30B — 3HAUYCHUN HapaOOTKH JI0 OTKa3a Kaxa0ro snementa POY B Toi
WIM WHOW peanu3alu W HapaboTKu 10 oTkaza POY B menoMm B 3TUX Xe
peanuzauuax; npu MoaenupoBaHun CMO HeoOXoauMO NpUBECTH MHPOPMALMIO O
NOCTYIJIEHUM U OOCIYKMBAHUM CEMH—JIECATH 3asBOK IMPU HOMHHAJIBHOM YHUCIIE
KaHaJIOB OOCIIy)KUBaHUS U, MPUHUMAsA 3TO BO BHHMAaHME, MOKa3aTh HA BPEMEHHBIX
oCsIX peanbHOE (IPU MOJAEIMPOBAHUM) pACIpEeIeHUe 3asgBOK IO KaHajgaMm, HX
o0cy’KMBaHUE, MONAaJaHuE B OUY€pEb, IOJYyUYEHHUE OTKa3a B OOCITYKUBAHNH;

e oOocHoBaHue TpeOyemoro uwucina peanusauuii POY wumm  yucna
CMOJICTMPOBAHHBIX 3asBOK, cMeH (rpu MozaenupoBanun CMO) c ykazaHuem
BBIOPAHHOT'O YKCJIa pean3aluil;

e YETKYIO 3aIIMCh MOJYYEHHBIX PE3yJIbTATOB (@ HE CChUIKY Ha MPOTOKOJ pado-
ThI IPOTPaMMBbI, TOMEIICHHBIN B MPUIIOKEHHUE) U UX (DU3UIECKYIO TPAKTOBKY: aHAIIN3
Y BBIBOJIBI O TOM, PEAJIbHBI JIM 3TU PE3YJIbTaThl, OTBEYAET JIU 3TO COBPEMEHHOMY pa3-
BUTHUIO TEXHUKH, IPEIIOKEHNS 110 YCOBEPIIEHCTBOBAHUIO McciaenyemMbix POY, npo-
reccos, CMO;

® [IEpEUYCHb AIEMEHTOB EKTPUUECKON MPUHIUIUAIBHON CXeMbl, O(POPMIICH-
HBI B COOTBETCTBUHU C TpeOOBaHUAMM; ISl 3TOrO CTYJIEHTY HEOOXOAMMO BHIOPATH
TUIIBI U TUIIOPA3MEPhbl TACCUBHBIX 3JIEMEHTOB, a MPU HEOOXOJUMOCTH 3a/1aThCS HO-
MUHAJIbHBIMHM 3HAYEHUSIMU U JOIyCKaMH MapaMeTPOB JIIEMEHTOB;

e IS TEM, NpeAaycMaTpuBarommx ucciegoanne CMO, HeoOXoauMO TTpUBecC-
TU CTPYKTYypHYI0 cxemy CMO, npu 3TOoM cxemy HE0OXOJIUMO COCTaBUTh TaK, YTOOBI
u3 He€ ObUIM MOHATHBI BUJI CUCTEMBI U Mpoliecc €€ GyHKIMOHUPOBAHMUS;
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® CTPYKTYPHYIO CXEMY, U3 KOTOPOM YETKO BHUJHO MECTO METOJA, UCIIOJIb30-
BAHHOI'O B KYpPCOBOM IPOECKTUPOBAHUHU [JI PELICHUs IMOCTABJIECHHOMN 3a1a4M, CPEAU
JIPYTUX METOJOB, C TOMOIIBIO KOTOPBIX, B IPUHLMIIE, MOKHO PELIUTH JTY KE 3a7a4y.

B ciyuae HECOOTBETCTBHS MOSICHUTENBHOW 3alUCKU U TpaduyuecKkoro marte-
puaia 3TUM TpeOOBAHMIM KypPCOBOM MPOEKT He MPUHNUMAETCS HA MPOBEPKY.

[To pe3ynbraraM MPOBEPKU MOSICHUTEIBHOM 3aMUCKU U IpapUUyecKoro mare-
puana mpenojaBareieM IIPUHUMAETCS PELICHUE O JIOMYCKE CTYJAEHTa K 3aluTe Ipo-
exta. [Ipy HEOOXOAMMOCTH TIPOEKT BO3BpAIIAETCS Ha JOPAOOTKY ISl yCTPaHECHUS
YKa3aHHbIX 3aMEYaHUM.

Jlopabomka npoekma

[Ipu nopa®oTke MpoeKTa MOJHOCTHIO COXPAHAIOTCS MepBble peJaKuuu (Ba-
PHMAHTBI) MOSACHUTEILHON 3aIIUCKU U TpaUiYecKoro MaTepraia co BCeMH OTMeYeH-
HBIMM 3aMeYaHUSIMU B TEKCTE 3alUCKU U Ha JHMCcTax rpaduyeckoro marepuania. Jlo-
paboTKa COCTOUT B M3JI0KEHWU HOBOTO BHJIEHUS TOJIBKO T€X BOIPOCOB aHAIU3a, MO-
JeIMPOBAHUA U T.I., IO KOTOPBIM JIaHbl 3aMe4yaHusi, U (Wih) U300pakeHue TOJIBKO
TEX YYaCTKOB CXEM, I'JIeé UMEIOTCS HETOUYHOCTHU WU TpyOble HapylIeHus IEHCTBYIO-
muX cTanaapToB. Hampumep, ecnm gaHbl 3aMeyaHus MO 3aMOJHEHUI0 OCHOBHOW Hajl-
nucH (IITaMIia) IEKTPUYECKOW CXEMBI, TO B Ka4y€CTBE JOPAOOTKU JOCTATOYHO IPHU-
BECTH JIMIIIb OCHOBHYIO HAJIUCh UM AK€ 4acTh €€ C HOBBHIMH MPaBUIHHBIMU 3allH-
CsIMU. DTO e OTHOCUTCS U K JOpabOTKE BOMPOCOB aHanlu3a, MojenupoBanus. OTse-
Ty Ha KXl MyHKT 3aME€UaHUil cIeayeT JaBaTh Ha3BaHUE 1Mo TUly «OO0CHOBaHME
yucia peanu3anuii (1opadotka)» mim xe «Jlopaborka mo 3ameuyanuto 1 (o6ocHOBa-
HUE YHuCla peajiu3aluil)y», eclid 3aMeyaHusl yKa3aHbl B BUJE MEpPEYHs MyHKTOB, Ha-
npumep, Ha aucte «CoaepxaHue» WIM TUTYJIbHOM Jincte. CTpaHUIlbl, HA KOTOPBIX
OPUBOJUTCA JOpa0dOTKa MO 3aMEuYaHUsAM, HEOOXOJAMMO MOJAIIUTH B Haydaje MOSICHH-
TEJIBHOM 3alUCKU Cpasy IOcCIe JIMCTa «3aJaHue Ha KypCOBOE IMPOEKTUPOBAHUEY. JTO
MO3BOJIUT MPENOAABATEN0 OBICTPO CHeNaTh 3aKIOYEHHE O TOM, B KaKOH CTEleHU
CTYJEHT YCTpaHWJ 3aMeYaHusl.

4.8. IloaroroBka K 3amuTe MPOEKTA

CTyaeHTsl 3alIMIIAI0T KYPCOBOM MPOEKT Nepes KoMUccueH, chopMupoBaHHON
pacnopsbkeHueM 1o kageznpe. UneHbl komMuccHM OeceayroT €O CTYAEHTOM IO pas-
JUYHBIM BOIPOCAM, CBSI3AHHBIM C BBIIIOJIHEHUEM KypCcOBOro npoekra. CTyAeHTy MO-
KeT OBITh MPEUIOKEHO CIIeNaTh AOKJIaJ [0 BBIIOJHEHHOU paborte. B noknane HeoO-
XOJUMO OCBETUTH IOCTAaHOBKY 3aJaud, 0OOCHOBAaTb METO]| PEIICHHUs, IPUBECTH OC-
HOBHBIE pEe3yJbTaThl PEIICHUs 3aJaud, cliejaTh UX aHalIu3 U cHOpMyIHpOBaTh OC-
HOBHBIE BBIBOJIbI 11O paboTe.

IIpy moAroToBKE K 3alIUTe KypPCOBOIO IPOEKTA CTYIEHTY PEKOMEHIyETCs
BHUMATEJIbHO MPOCMOTPETh MOSCHUTENIbHYIO 3alUCKy U Tpaduyeckuil marepuan u
BBISICHUTb, BCE JIU MPUBEACHHbBIE LU(POBBIE, TEKCTOBbIE WM I'paduyecKkue Marepua-
JIbI OH CMOXKET IIOSICHUTH BO BPEMS 3aLUTHI IPOEKTA.
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5. PEKOMEHJIALIMH 11O UCITOJIB30OBAHUIO
JIMTEPATYPHbBIX HCTOYHHUKOB

Tabmuma 5.1

Howmep Te-
MBI KypCoO-
BOT'O IIPO-
€KTa

Howmep nurepaTypHOT0 HCTOYHHKA
JUIS. O3HAaKOMJICHUSI C OCHOBHBIMH
MOHATUSIMH, HW3YYEHHUS METO/I0B
pelieHus U (UIu) MOACTUPOBaHUS

1,2,5

O|(0[Q| NN | |W (N[~

B Tabn. 5.1 mpuBeneHs! nurepa-
TYpHBIE HUCTOYHUKH, KOTOPBIMH PEKO-
MEH/IyeTCsI TTOJIb30BATHCS TPU BBITIOJ-
HEHUH TEM KYpPCOBBIX MPOEKTOB B CO-
OTBETCTBUU C MX HyMepalueu, mpuBe-
JIEHHOU B pasn. 2 (cM. c. 6-7). Yka3bl-
BAIOTCA JIUTEpATYpPHbIE UCTOUHUKH, pe-
KOMEHJyeMble Kak JjIsl TpeaBapUTEIb-
HOT'O O3HAKOMJICHUSI C TEMOH KypCOBO-
ro MPOEKTa, TaK W JIJIs IETAJIbHOTO pac-
CMOTpPEHHUSI METOJIOB aHaJIu3a, pacuera
WM MaTeMaTU4YeCKOro MO/IeIupoBa-
HUSL.

OOmuMHU  TUTEpaTypPHBIMU  HC-
TOYHUKAMH, TTOJIC3HBIMHU JIJIST U3yUCHHS
METOJI0OB MaTEMaTHUYE€CKOTO MOJEIIUPO-
BaHUSl YCTPOMCTB W MPOLIECCOB, SIBIIS-
1otcs pabotel [1, pa3n. 9; 14; 15].

Jns  mosiydeHus  CIPaBOYHBIX
JIAHHBIX O MapaMeTpax MOJTYNPOBOHU-
KOBBIX TPUOOPOB ¥ HMHTETPATBHBIX
MHUKPOCXEM MOTYT MCIOJIb30BaThCS UC-
TOYHHKH [19 - 23].

Crangmaptom [18] HeoOxomumo
MIOJIb30BAThCS TIPH BBITIOJTHEHUU CTPYK-
TYPHOM CXEMBl QJITrOpPUTMa PCIICHHS
3aga4yd Ha DOBM.

6. HIOACHEHME BBIIIOJIHEHUSA HEKOTOPBIX PA3JAEJIOB
KYPCOBBIX IPOEKTOB

6.1. YTOouHEeHHE NCXOAHBIX TAHHBIX

Ecin o0bexkTOM HCClieoBaHMs MPHU MPOEKTUPOBAHUM BBICTYHAeT (DyHKLHO-
HaJbHBIN y3en1 POY, To Bo3HMKaeT HEOOXOAMMOCTh BBISICHUTH IO JIUTEPATypE WU
TEXHUYECKUM YCIJIOBUSAM CIIPABOYHBIE JaHHBIEC O MapaMeTpax JIEMEHTOB U UX ITPOU3-
BOJICTBEHHOM, MHAa4€ TEXHOJIOTHYECKOM, pa3zopoce. J{js MHOTHUX THUHOB MOJIYIPOBO/I-
HUKOBBIX MPUOOPOB U MHTETPAIBbHBIX MUKPOCXEM, a B HEKOTOPBIX CIydyasx W IS
JOPYTHUX 3JIEMEHTOB HOPMa Ha IMMApaMeTpbl 3aJaETCA B BHUJIE HUIKHETO WJIM BEPXHETO
IIPEAEIBHOTO OTKJIOHEHUS napamerpa. Hanpumep, ains onepanuoHHBIX yCUIUTENEH
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3aMUCH MOTYT OBITh TAKUMU: «BXOJHOE COMPOTUBIICHHE HE MeHee ... KOM», «k0dd-
GUIMEHT ycuIeHus He MeHee ...». [ OMMmOoNsSpHBIX TPAH3UCTOPOB MOKHO BCTpE-
TUTbH 3alUCU BHUJIA «OOpaATHBIN TOK KOJUIEKTOpa HE Oosiee ... MKA», «k0d3pUITUEHT
nepejavyr TOKa B CXeMe C OOIIUM SMUTTEPOM HE MEHEE ...» U MPU HEOOXOJIUMOCTH
YKa3bIBACTCs MIEKTPUUYECKUN PEKUM U3MEPEHU NTapaMeTpoB. B npuBeEHHbBIX 3amu-
CSIX MHOTOTOYHE (...) O3HaYaeT KOHKPETHOE YUCIIO.

JI71st TOro 4TOOBI BHIMOJHATH MAaTEMAaTHYECKOE MOJICTMPOBAHUE YKA3aHHBIX I1a-
paMEeTpoB WM Pacdy€T KakKuxX-TO Mokazareneir POY ¢ ucnonb3oBaHueM 3HaAYEHUN
ATUX MapaMeTpoB, HEOOXOAUMO 3HaTh OCHOBHBIE KOJMYECTBEHHBIE XaPAKTEPUCTUKH
KaXKJI0TO MapameTpa: MaTeMaTudeckoe oxuaanue (0003HaYuM €ro Kak 71) U CpeliHee
KBaJIpaTUYECKOE OTKJIOHEHHE (0003HAYMM uepes3 o). [lokakeM, Kak MOKHO MOJTYyYUTh
OpPUEHTUPOBOYHbIE 3HAUCHUS m U ¢. CllenaeM 3TO Ha MPUMEPE BXOJHOTO CONPOTUB-
neHust Ry, onepaunonHoro ycunurens 140Y /9. [l Hero, cornacHO CIPaBOYHUKY
[19 ], Rsx coctaBnset He meHee 300 kOm.

Jlerko yOemuThCs, 9TO ATO 3HAYCHUE SIBISICTCS HIDKHUM TPEIETHHBIM OTKIIO-
HEHHEM. Bocmosib3yeMcsi TUMOTE30 O HOPMAJIbHOM 3aKOHE pachpeAesieHus Mapa-
W(Ray) Metpa Ry, Torma 3nauenune Ry = 300 xOm

MOKHO paccMaTpuBaTh Kak TOYKYy  m-30
(puc. 6.1) u, cienoBareabHO, MOXKHO 3aIlu-
catb ypaBHenue m - 30 = 300. Ho sToro He-
JOCTaTOYHO, YTOObI HAWTH HEU3BECTHBIC Xa-
pakTepuctTuku m u o. IlosTomy n0monHu-
TETHHO BOCIOJB3YEMCsI CIASAYIOIMHUM 00CTOs-

| | | > TEJILCTBOM. M3BECTHO, 4TO 111 mapamMeTpoB

300 750 1200 R,,, kOm  IOJYIPOBOJHUKOBBIX NPHUOOPOB M HHTE-

T T > IPAJIbHBIX MHKPOCXEM B OOJBIIMHCTBE CIY-
m-3c m m3c qacB CIIpaBCAJIMBO CJICAYIOMICC OTHOIICHUC!
Puc. 6.1. UnmrocTparus K onpeneeHuto % — 0,1."0’3 .

BCPOATHOCTHOT'O OIMUCAHUSA

napameTpa R ..
p pa fox [Ipuuém 3HauYeHUs OTHOIICHMS, OIU3-

kue k 0,1, xapakTepHsl sl MapameTpoB,
UMEIONIMX HEOOMBINON MPOU3BOJCTBEHHBIN pa3opoc (MoTpediseMblii TOK, YPOBEHb
JIOTUYECKOM €IMHMIIBI U JIp.), a 3HaueHwus1, Onuskue k 0,3, — /Ui mapaMeTpoB, UMEIO-
mux OonblIoN pa3dpoc (0OpaTHBIE TOKU p-n MEPEXOJ0B, HANPSDKEHUE HACHIIICHUS
KOJJIEKTOP—MHUTTEp U Jp.). B manHom npumepe, npuHsaB otHomenue (o/m) = 0,2,
MOKHO COCTaBUTh CUCTEMY JIBYX YPABHEHUI C JBYMSI HEU3BECTHBIMHU:

m - 30 = 300;
g =02

PemuB 3Ty cuctemy ypaBHEHUMN, OJIYYUM 3HAYEHUSI M U G, KOTOPBIMU MOYHO
MOJIb30BAThCSl B JalbHEUIIEM MH)XCHEPHOM aHaJIU3€ — MPU MOACIUPOBAHUU WM B
pacuérax: m = 750 kOm; o = 150 kOm.
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B KypcoBbIX IpoeKTax, MpeaycMaTpUBAIOIIMX aHAJIU3 CUCTEM MAacCOBOro 00-
CIIy’KUBaHHUsI, UHPOpMALUs O XapaKTepe MOCTYIIEHUS U 00CITyKHBaHUS 3asiBOK MO-
KeT ObITh 33J]aHa B HESIBHOM BHJIE, HAIPUMEP, 3aMUChI0 «IKCIIEPUMEHTAIBHO C UC-
noJib3oBaHueM HaOmoeHus 20 3asBOK JUIsl BPEMEHHU ! MEXy MPUXOJO0M JBYX CO-
CEJTHUX 3asBOK MOJIy4eHO: cpeanee 3Hauenue M(¢)=10 mun 50 c, cpenHee KBaapaTH-
YecKoe OTKJIOHEHHE a(2)=9 MuH 45 c». Ucnonb3ys 3Ty mHbopMaluio, He0OX0AUMO
IIPUHATH PELICHHUE O 3aKOHE paclpeleseHus BpeMeHu {. BuaHo, 4To B JaHHOM cily-
yae M(t) 1 o(t) OTIIMYaIOTCA HE3HAYUTENIbHO. I BO3MOKHO, UTO 3TO PACXOKJIECHUE SIB-
JISIeTCSl CJIEICTBHEM OrPAHMYEHHOIO YHCJa HaOII0JaeMbIX 3asBOK. B TO ke Bpems
U3BECTHO [6], 4TO IJIsi AKCIIOHEHIIMAIBLHOTO 3aKOHA pacIpeiesieHus JT00ro mapa-
MeTpa (0003HAYMM Kak X) CIpaBeUIMBO paBeHCTBO M(x)=c(x). IlosTomy B Hamiem
clydae HY>KHO JI0Ka3aTh, YTO pacXoxaeHue Mexnay M(t) u o(t) sBnseTcs CaeacTBUEM
OTPAaHUYCHHOTO YrCia HaOMI0IaeMbIX 3asBOK. JIJIst 9TOTO A1 BenmuuuHbl M() HEeoO-
XOJIMMO ITOCTPOUTH TOBEPUTENIbHBIN HHTEPBAII ]y(M), COOTBETCTBYIOIIUMN TOBEPUTEIIb-
HOI BeposiTHOCTH Y. [lpu pemennn nogo6HbIX 3a7a4 00b19HO BbIOMpatoT y=0,95. Jlo-
BEPUTEIBbHBIM MHTEPBAN [, MOKHO IIOCTPOMTH METOJIOM, ONHUCaHHbIM B [1, ¢. 33-
36]. Ucnonw3ys popmyiy (2.24) yuebHuka [ 1], monyuum

1,=(6 mum 34 c; 15 mum 06 c).

IV(M) Kak BugHO 13 puc. 6.2, B JaHHOM
A Cly4ae JIOBEPUTENIbHBIM WHTEPBAI IV(M)
I/ - \l > M), c HAKpbIBAET TOUYEYHYIO OIEHKY BEJIMYHU-
394 650 906 HbI o(t). ClenoBaTebHO, PACXOKICHUE
M, M M, Mexny M(t) u o(t) sBISETCS CTATUCTHU-
o* YECKM HE 3HAYUMBIM U MOXKET OBbITh
o , 00 C MPUHATA TUNOTE3a 00 SKCIOHEHIHAIIb-

585 HOM 3aKOHE pacipeie/ICHUs] BDEMEHH /.
Ecim nmoBeputTenbHbIE HMHTEpPBAI
Puc. 6.2. K BOpocy 0 CTaTHCTHYECKOM Iy(M) HE HAKpBIBAET TOYEYHYIO OLICHKY
pacxoxaeHun Bennaut M(t) n o(t) BEJIMYMHBI 0(1), TO 3TO €U HE SBISCTCS

OCHOBAaHHEM Cpa3y OTOPOCUTH THIOTE3Y
00 SKCIOHEHIIMAILHOM 3aKOHE paCIpelIeNIeHUs BPEMEHH ! MEXIy MPHUXOJOM JBYX
COCeHUX 3adBOK. B Takux ciydasiX Hy»KHO MOCTPOUTH JIOBEPUTEIIbHBIM UHTEPBAT U
JUIsl BEJIMYUHBI 0(?), HAIpUMEP METOAOM, OMUCAHHBIM B [6, pa3n. 14]. Eciu noBepu-
TeJbHbIE UHTEPBAJIbl, IOCTPOCHHbIC JI1 BeIuYuH M(?) v o(t), He IEPEKPHIBAIOTCS, TO
TOI'/Ia HET OCHOBAHUM JJIsl BPEMEHU { IPUHSATh SKCIOHEHIMAIbHBIN 3aKOH pacrpesie-
JeHus. B 3ToMm ciydae juisl NPpUHSTHUS 3aKOHA PacIpeiesICHUs] HY>KHbI IPYTHE MOIXO0-
JIbl, HAIPUMED aHaIN3 HAaOJII0/1aeMbIX 3HAUCHUH .
Bri0op 3akoHa pacnpeneneHust s BpeMeHU 0OCITY>KUBaHUs 3asBOK JIEJIA€TCs
aHAJIOTUYHO.
B Texnudeckoi moxkyMeHTanuu Ha sieMeHThl POY Hepenko umHbopmanus o
kod(ppunmentax crapenus (KC) u remneparypubix kodddunuentax (TK) 3amaéres
HE B SIBHOM BUJIE, a, HAIPUMEp, B BUJE 3alUCU «MU3MEHEHUE EMKOCTH KOHJIEHCATOPOB
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npu skcrutyatanuu B Tedenne 2000 1 He 6oee uem Ha MUHYC 5%)». 3anuch 03HaYa-
€T, YTO peabHOE OTHOCUTEIBHOE U3MEHEHHE EMKOCTH SBJISETCS CIIyYalHOUN BEIUYH-
HOU U OyneT HaxonuTbes B quanasone 0...5%. UToOsl pelnTh HHXKEHEPHYIO 3a/1a4y,
HE0OXO0JIMMO 3HATh cpe/iHee 3HaueHue (MaTtemarndeckoe oxxkunanue) M(KC) u cpen-
Hee kBasipaTuueckoe otkioHeHue o(KC) unm xe nonoBuny noss paccenBanus o(KC)
BennunHbl KC. W3 mpuBeAEHHOM BBIIIE 3alMCH JIETKO ONPEACIUTh 3TH XapaKTepH-
ctukd. Tak, corjiacHoO 3amucH MpeAesibHble 3HAUEHUS] OTHOCUTEIBHOTO OTKJIOHEHHUS

€MKOCTH COCTAaBJISIIOT:
(Ej 5% (E) — 0%.
C min C max

Torga npenensHbiMu oTKIIOHEHUsIMU KC eMkocTr OynyT 3HaYeHUS:

AC/C), -
KC,_. _ ¢ Juin _ =3 =-2,5-10" % 1/u;
(" 2000
AC/C
w(KC) KC, .. =( i _ 0 =0% 1/9,
A (" 2000
KN KN Cpennee 3HayeHUE U TOJIOBU-
Hy noJisi pacceuBanuss KC MoOxHO oOI1-
penenuTh Kak (puc. 6.3)
> KC_ . +KGpax 3
_ " min _ ) o .
KCo MEC) KCo KC M(KC)= > =—1,25-10 > % 1/a;
| | - S(KC)=KC,,,x — M(KC)=
-5 -2,5 0 KC-107 % l/u

_ 3. -3
Puc. 6.3. Pactipenienienne Ko3¢duumenTa =0-(-1,25-107)=125-10 = % 1/4.

crapenus (KC) éMkocTn KOHACHCATOpa
[IpunsiB THIIOTE3y O HOpPMAJIb-

HOM pacnpeaeneanu KC, MOKHO ONpenenuTh cpeHee KBaIpaTUIECKOe OTKIIOHEHHE:

o(KC) ~ ~0,417-107° % 1/u.

S(KC) 125107
33

[Tonyuennsie xapaktepuctuku M(KC), 6(KC) umn o(KC) cnpaBemyiuBel Ajis
BpemeHu pabotel 0...2000 4. Ecnu B 3aJaHuM Ha NPOEKTHPOBAaHUE BpeMsi pabOThI
6onpe 3nadenus 2000 4, sanpumep 10000 4, TO MpeANOIOKUB, YTO 32 TMPEACIAMU
BpemeHu 2000 4 3aKOHOMEpPHOCTh U3MEHEHHUs EMKOCTHU OyneT Takod ke, B Jajb-
HEHIIeM aHaJu3€ WIM MPU MOJAEIMPOBAHUU MOKHO IOJIb30BATHCS MOJYYEHHBIMU
sHaueHusiMu M(KC), 8(KC) unu o(KC).

Eciu B TexHuuecKkoi JoOKyMeHTaluu Ha aieMeHThl nHpopmarus o KC nmu TK
Cpasy 3aJaHa HIDKHUM M BEPXHUM IPEICIIbHBIMUA OTKIOHEHHSIMH, HAllpUMEp, 3a-
IOUChI «TEMIEPAaTypHBId KO3(PPUIMEHT EMKOCTH KOHIEHCATOpa  COCTABIISET
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(-4...+1)-10” % 1/°C Bo BcéM amamazone pabounx TeMrepaTyp», TO XapaKTePUCTUKU
M(TK), &(TK) unu o(TK), HeoOxoaumeble 15t aHAIU3a U (WIK) MOAEIUPOBAHUS, MO-
I'YT OBITh TaK)KE MOJTYUYEHBI C UCTIOIb30BAHUEM OMMCAHHOTO MOAX0/A:

M(TK)=-1,5-102% 1/°C; &(TK)=2,5-10" % 1/°C; o(TK)~0,833-107 % 1/°C.
6.2. Umutanuonnoe moaeauposanue PI3Y u CMO na OBM

[Ipyn uMHUTAIMOHHOM MOZENUPOBaHUU B namsatu DBM BocrpousBoasTcs ciy-
yallHblE 3HAYEHUS MapaMETpPOB, OT KOTOPBIX 3aBHUCIT BBIXOJIHBIE XapaKTEPUCTUKHU
POV (TOYHOCTH BBIXOJHBIX ApaMETPOB, MOKA3aTeIn HAAEKHOCTH), XapaKTEPUCTUKHU
npouecca wiu CMO. [Ipuuém ciyualinbple 3HaY€HUS MTapaMEeTPOB MOJIYYarOT C y4é-
TOM HMX BEpPOSITHOCTHOI'O ONUCAHUs (CpPEeIHUX 3HAYEHUH, CPEIHUX KBAJIPATHUYECKUX
OTKJIOHEHH, 3aKOHOB pacmpesesieHus, Ko3(pPHUIMEeHTOB KOPPEIAluu ¢ APyTUMHU Ta-
pameTrpamiu). IlomydeHHble peanu3alny CIy4ailHbIX [MapaMeTpoB MPEACTABIIAIOT CO-
0ol yKciia, TO3TOMY HMHTa-
LIMOHHOE MOJIEJIMPOBAHUE CO-
CTOUT B T'€HEPUPOBAHUU CITY-
Y YaWHBIX YUCEIL.

J=1 Jns nmomydeHus: 3HaYCHUS
BBIXOJIHOW  XapaKTEPUCTUKH
POV (umum mpormecca) HEoO-
XOIUMO HMMETh MaTeMaTuhye-
’ CKyro mojzenb POY wnm npo-
i 1ecca. 3Ha4YECHHE XapaKTepu-
CTHKH, COOTBETCTBYIOILIEE
KOHKPETHOMN peanuzanuu
Her i=i+1 POV wunm nporecca, monyua-
I0T IyTE€M MOJACTaHOBKU pea-
Jla JU3alMUN  CIIydyalHBIX Iapa-

MCTPOB B MATCMATHUYCCKYIO
Ornpezenenre mokaszaTelis, XapakTEPUCTUKU WK CO- 6.4 M
ObITHs 11 j-1 peanuzanuu POY, npornecca wm CMO MOZCIb (pI/IC. . ) HOI'O-
10 3HAYEHUSM CIIy4alHBIX TapaMeTPoB X1,...,X, KpaTHO IOBTOPAIOIICCCA

VMUTAIMOHHOE MOJEINPOBA-
HHUE II03BOJIUT IIOJIYYUTH O
POY wumu mnpouecce cratu-
Tla CTUYECKHII Marepuan (Ha-

omonenusi). Matematudeckas
Onpenenenne 3Ha4€HUI HHTEPECYIOIUX XapPAKTEPUCTHK, 00paboTKa 3TOr0 CTaTHCTH-
APpYyrux rokazarteJeit mo pe3yjibTaTaM MOACIUPOBAHUSA 4eCKOro MaTepI/Iaﬂa JIacT OT-
BET Ha BOIPOC O CpEIHEM
3HAYEHUU MHTEPECYIOLEN
XapaKTEPUCTUKH, CTETIICHU
pacceuBaHus JTOM XapakTe-

Puc. 6.4. CtpykTypHas cxema ajropuTMa MaTeMaTu4ecKkoro puctuku. (Cxema, NpPUBEIEH-
moaenupoBanus POY, nponecca nmn CMO na 9BM

BBoa HCXOIHEBIX JaHHEBIX

ry

—X; C y4ETOM MaT€MaTUYECKON MOJEIIH

Her

j=it1

BriBoa pe3ynbTaToB
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Hasg Ha puc. 6.4, apisercsa oOued U WUIIOCTPUPYET NMpUMEHEeHHe meToaa MoHTte-
Kapmo mns mmurannonnoro moxenuposanuss POY, npoueccos, CMO. Ilpuuém mns
CMO pe3yabTaToM j-i peanusaiiuu siBiIseTCs COObITUE, COCTOAIIEE B O0CTYKUBAHUU
WM HEOOCTY>KMBAaHUU 3asIBKH, a ITapaMeTpaMHu, BIUSIONIUMU Ha 3TO COOBITHE, — Bpe-
Msl [IOCTYIUIEHUS U BpeMs oOciykuBaHus 3asBku. Ha puc. 6.4 3anuck «—x;» o3Haya-
€T MOJYyYEHHUE 3HAYEHUs (IUCKPETHOIO OTCUETA) i-T'O CIIyYaHOIo napamerpa s j-il
peanuzanuu POV, npouecca, CMO. B kauecTBe MaTeMaTU4eCKOM MOJEIN TTapaMeT-
pa BbIcTynaeT GopMmysia onpeeieHus: ero 3HaueHusl ¢ Y4ETOM BIUAIOMIMNX (HAaKTOPOB
(HampuMep, MPOU3BOJICTBEHHOr0 pa30poca, TeMIlepaTypbl, XapakTepa OTKaza Jjie-
MEHTa — BHE3aIHbI{, TOCTENEHHBIA U T. J.) U BEPOSITHOCTHOTO OMUCAHUS (CPEIHEro
3HAUEHHUS, CPEIHETO KBaJIPaTHUYECKOTO OTKIIOHEHHS, 3aKOHA pachpeneieHus, Kodd-
(GUIIMEHTOB KOPPETSIUU C APYTUMH TapaMeTpaMu).

Nunexcom i Ha cxeme (cM. puc.6.4) yUuThIBatOTCS MapaMeTpbl, KOTOPBIMU OII-
penensoTCs MHTEPECYIONINE IMoKa3zareln, Xxapaktepuctuku (mist POY, mpouecca)
win coOwitust (s CMO), unnekcom j — camu peanuzanuu POY, mponecca wim
CMO, n — 4uciio mapaMeTpoB, ONPEAESISAIOIUMX UHTEPECYIOMIMM MoKa3aTelb ) (s
POV, npouecca), unu codsitue (st CMO), N — uucio peanuzauuii POY, mporiecca
unu CMO.

Ha ocHoBe o0mieit cxemsl (cM. puc. 6.4) MOTYT pa3padaThiBaThCsl CTPYKTYPHBIE
cxeMbl aropuTMoB MozenrpoBanus POY unun CMO B COOTBETCTBUU ¢ KOHKPETHOMN
TEMOW KypcOBOro mnpoekra. OnucaHue MaTeMaTHYECKHUX MOJEINIECH, MCIIOJIb3YyEMbIX
JUTSI TIOJTYy4YEHUS TOKa3aTelisd, XapaKTEPUCTUKU WM COOBITHS B j- peanu3anuu POV,
npouecca uau CMO, npuseneHo B 1ad. 6.1.

Tabaunra 6.1
MaremaTrueckue MOIeTN 0OBEKTOB U TIPOIECCOB MOACITUPOBAHUS
HHrepecyromee
OOBbEKT CBOMCTBO WJIU Xa- 1
(1po- pAKTEPHCTHKA OKa3zaTesb, Xapak- Hosererne c
- SICHEHU TH
Lecc) POV, mponecca, 6T€pPICTHKa o MaTeMaTHYECKOU }1;10 enu
Mo1e- CMO, onpesensie- BIT.I/IUG, MOJTy4acMbIC it
JIMpoBa- MBIC 110 pE3yJibTa- BJ -Iilgp;ajéﬁ%lﬂﬂ
HUS TaM MOJCIMpPOBa- ?
HUS
POY, 3HayeHHEe BBIXOJHOTO | BeIpaxeHue, CBS3bIBAIOIIEE BBIXO-
TEXHO- TouHOCTE napamerpa y, o0y- HOU mapaMeTp y ¢ NEPBUYHBIMU Tapa-
J'IOFI:I‘Ie- BBIXOHOLO CJIOBJICHHOE Ha4ajlb- | METPAMH X ...,Xn: V=0(X],...,X,), A€ N
CKUH mapameTpa HBIM (TIPOU3BOJICT- — UHCIO TIEPBUYHBIX MapaMeTpoB,
npouecce BEHHBIM) Pa30pOCOM | BXOZSIINX B BBIPAXKEHUE JJIS
POY, 3HayeHNe BBIXOIHOI'O
TEXHO- napamerpa ¢ y4€rom
J'IOFI:I‘IG- CTabIIBHOCTE BIUSTHUS TeMnepaTy- To e
CKUH pBl U C YYETOM BIIHSI-
npouecce HUSI CTapEHUS
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[Iponomxenue tad. 6.1

HHrepecyroniee
OOBbeKT | CBOMCTBO WM Xa-
(1mpo AKTEDHCTIKA ITokazarens, Xxapak-
P parrep TEPUCTHKA UJIH CO- [losicuenue cytu
necc) | POY, npotiiecca, .
ObITHE, TIOJTyYaeMbIE MaTeMaTH4eCKON MOJIEIH
moze- | CMO, ompenense- .
JUpPOBa- | Mble MO pe3yJbTa BJ-H peasusattii
P besy P3Y, CMO
HUS TaM  MOJEJINPOBa-
HUS
POV, 3HayeHue BBIXOJHOTO
TEXHO- napamerpa ¢ y4€Tom
DKCIUTyaTalloH-
Joruye- . HavaJbHOTO pa3dpoca To xe
o HBII 101y CK
CKUH napaMeTpoB, TeMIIe-
IpoLEecc paTyphbl, CTapeHus
bezoTkazHocTh ¢ | BpemMs 10 oTkasa | f; = min[tl(’), tz(’),..., t,,(’)], rJe ti(’) -
POV y4€ToM BHe3anHbIX | POY B j-ii peanuza- | BpeMs 10 OTKasa i-ro 3JeMeHTa B j-il
OTKa30B uu () peamuzauuu POY; i=1, ..., n; n — Ko-
JMYECTBO JEMEHTOB B POY
bezoTkaznocts ¢ | 3HaueHue (QyHKIMO- | Beipaxkenue, cBs3biBamomee  (pyHK-
y4€TOM TOCTENEH- | HaJbHOrO MapaMeTpa | [IMOHAIbHBIA MapaMeTp ) ¢ Mapamer-
PV HBIX OTKAa30B Y C y4€TOM Hayallb- | paMu 3JIEMEHTOB X1, e esXn'
HOro paszOpoca mapa- | y=0(xi....,x,), TI€ # — YUCIIO TapaMeT-
METPOB, TEMIIepaTy- | pOB, BXOJAIIMUX B BEIPAXKECHUE JIJIS Y
pBlL, CTapeHus
= min[tl(’), tz(’),..., t,,(’)], TJe ti(’) -
BpeMsl O OTKa3a i-ro 3JIEMEHTa B j-i
Bpewms no orkaza .
. peamuzauuu POY; i=1, ..., n; n — Ko-
be3oTkazHoCTh ¢ POY j-it peanuzanuun
.. JUYECTBO 3JeMeHTOB B POVY. Bripa-
y4€TOM BHE3aNHbIX | (7)), 3HaYEHHE QyHK-
POy KEHHE, CB3bIBaoNIee (YyHKIIMOHAIb-
Y TIOCTENEHHBIX [IMOHANILHOTO Mapa- .
HBIM MapameTp y ¢ mapaMeTrpamu dJe-
OTKa30B MeTpa y jid 3aman- | T (x1...x0), e k
HOT'O BPEMEHH 1, LK YOI Xk,
YHCIIO MapaMeTpoB, BXOJSAIIUX B BbI-
paxeHue i y
Jlormueckue U apupMeTHYECKUE BbI-
be3oTkasHoCTh B paxeHusi, MOKa3bIBAIOUIUE, KakK 0
ciIydae IOCTOsIHHO- 3HAYCHUIM tl(’), tz(’),..., tm(’) U Xapak-
IO pe3epBUPOBAHUS Bpewms 110 otkasa TEpPY OTKa30B 3JIEMEHTOB OINPEICIUTh
POY Pe3CpBIp POY B -1t peanusa- py () P!
C BIIMSIHUEM Xapak- T ( t) tj, TI€ ;" — BpEMs 4O OTKasa I[-I'0 3JIe-
Tepa OTKa3a dJie- / MEHTa B j- peanmsauuu POY; i=1, 2,
MEHTOB .., M; M — KOJHWYECTBO DJIEMEHTOB
pe3epBUPYEMOrO y3i1a
t = min[t,", £79,..., t,7], roe ¥ —
BpeMs 10 OTKasa i-ro ysia B j-U pea-
Be30TKa3HOCTE B mu3anun POV, BKiroyas OCHOBHOW M
m
clIy4ae pe3epBUpo- Bpems 1o otkaza »
yHac pescpprp DEMA AL pesepeHbie dmementer; ) =Y (),
P2y BaHMs 3amenieHueM | POV B j-if peanusa-

(pe3epB HeHarpy-
YKEHHBIN)

i (%)

I=1
rae (¢;); — BpeMs 10 0TKa3a OCHOBHOTO
(I=1) u (m-1) pesepBubIixX (=2, ..., m)
AJIEMEHTOB JJisl i-T0 y371a (puc. 6.5)
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Oxonuanue tadi. 6.1

HBIN)

HNHurepecyromee
OOBEKT | CBOMCTBO MK Xa-
[Tokazarens, xapak-
(npo- paKTepUCTUKA
TEPUCTHKA HITH CO- [MosicHenue cytn
1ecc) POV, nporecca, N
OBITHE, ITOTyIaeMbIe MaTeMaTHYeCKOU MOJICITH
MoJe- CMO, onpenensie- N
JIMpOBa- | MBbIE 10 PE3yIIbTa B.J-H PeaTIsain
POV, CMO
HUS TaMm MOJEIUPOBa- i
HUS
Be3orka3zHoCTh B = min[tl(’), tz(’),..., t,,(’)], TIe t,-(’)- BpeMst
ClTydae pe3epBHPO- Bpems 10 oTkaza | 10 OTKasza i-ro y3ja B j-H peaju3aiui,
POV | Banus samemenuem | PDV Bj-ii peammza- | i=1, ..., n; n - Konmu4ecTBo y3i0B B POY.
(pe3epB oberueH- uuH (t) Marematuueckass MOJENb ONPEIeICHUS

ti(’) onucaHa B ojapasa. 6.11

be3oTka3zHoCTh B

HBI)

= min[tl(j), tz(f),..., t,,(j)], e #)- Bpemsi
JI0 OTKasa i-To y3Jla B j-il pealn3aluu;

ciydae pe3epBUpo- Bpewms 1o otkaza t=max[(t)1, ()., (E)m], THE ()1,
POV | Banums 3amemenuem | POV B j-ii peanmmza- | ()2,..., (t)m — BpEMs 10 OTKa3a OCHOB-
(pe3epB HarpyxeH- uu (1)) HOTO (%;)1 U (m-1) pe3epBHBIX 3JIEMEH-

TOB i-TO y371a (cM. puc. 6.5); i=1, ..., n;
1 — KOJIMYECTBO y3J10B B POY

be3oTkazHoCTh B

Bun Marematrueckoil MojJenu omnpene-
JISIeTCsL CII0cOOOM COEIUHEHUS DJIEMEH-

ciyuae nocTosHHO- | Bpems o otkasa | o PE3EPBHPYEMOTO Y3Ta B CIyHae Mo-
POy ro pesepsupoBanus | POV B j-ii peanuza-
CTOSHHOTO PE3€PBUPOBAHMS U XapaKTe-
U pe3epBUPOBAHUS i (t)
POM Harpys>KeHHus pesepBa IIPU pe3epBU-
3aMeleHHeEM
POBAaHUHM 3aMEICHAEM
MaremaTuueckue MOJAEIH ONpeeNsoT-
OTHOCHTENbHAS ®dakT obcayxupanus | ¢ BUIOM CMO (c oTkazom, «dHuCTas ¢
CMO NPOTIYCKHAS CMo- | WM Heobemyxkupa- | OKWIAHUEM, CMENIAHHOTO THIA), Mpa-

cobrocts CMO (q) HUS CMO]-ﬁ 3aBKH BUJIOM paclnpCACICHUA 3a4BOK 10 KaHa-

maMm CMO

i -1 y3en POY
Fl —[—1—

=2 T-|:|_T \. m DJICMECHTOB

..................

Puc. 6.5. Cxematnueckoe n3o0paxxeHue
pEe3epBUPOBAHUS 3aMELICHUEM:
/=1 — ocHOBHOM 31eMeHT; [=2, ..., m —
pE3epBHBIE AIEMEHTBI; 711 — BCETO dJIe-
MEHTOB PE3epPBUPYEMOTO y3ia
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BOABIIMHCTBO TEM KYpPCOBBIX MPOEK-
TOB MpEAyCMAaTPUBAET MOJYyYECHHUE pelle-
HUS C HUCIOJb30BAHUEM PE3YJIbTATOB MO-
nenupoBaHus PDY,  TexHOnornueckoro
npouecca unu CMO. Ilpu BbITIOTHEHUN
ATUX MPOEKTOB HEOOXOIMMO MPEKIE BCe-
IO BBISICHUTh, KAKUE MapaMeTpbl (BEIUYH-
HbI), UMEIOIIME oTHOUEHue kK POY, npo-
ueccy unu CMO, SBASIOTCS CIy4YailHBIMMU.
OTO MO3BOJUT OPraHU30BaTh IMPOLEAYPY
IIOJIyYEHHsI CIy4alHbIX 3HAYEHUM Dapa-
METpOB U onpeaensaTs st POY, nponecca
nmn CMO wuHTEpecyonme XapakTepu-
CTUKHU U UCCJIEI0BATh UX MIOBEJCHHUE.




6.3. Onpenesnenue TpedyeMoro 4uciaa peaan3amnuii

[Toxxon x ompeneneHuto Tpedyemoro uucia peanusanuii POY wnu mporecca
(panee 0603HaYeHO Kak N) 3aBUCHUT OT TOTO, YTO MPEACTABISET COOON MHTEPECYIO-
M TTOKa3aTelb (BBIXOAHAS XapaKTEPUCTHUKA): CPEAHEE 3HAUCHNE KaKOW-TO BEITUYH-
HBI UJIM BEPOSITHOCTD ONPEIETEHHOTO COOBITHS.

Ecnu nHTepecyomumii nokasaTenb MpeACTaBIsIeT cO00W cpeiHee 3HaUYeHue Ka-
KOM-TO BEJIMYMHBI, HAIPUMEP, CPEHEE 3HAYEHHE BBIXOJHOTO MapameTpa ISl TeM,
peIyCMaTPUBAIOIIMX aHAIN3 TOYHOCTH W CTAOMJIBHOCTU BBIXOJHOIO IapaMerpa,
WIH cpeiHee BpeMsi 0€30TKa3HON padoThI ISl TeM, MPEeyCMaTPUBAIOIIUX OTpe/iee-
HUE TMOKa3aTesne 0e30TKa3HOCTH, TO JJisl omnpeaesieHus N MOKHO BOCIIOJIb30BaThCS
dbopmyoii [1, c. 36, 108]

N> —tyzazz(y) ,

" 6.1)

rae t, — K03(p(QUIHMEHT, 3aBUCSILUI OT JOBEPUTEIBHOI BEPOATHOCTH Y (Tabi. 6.2);
o6(y) — cpennee kBagpatudyeckoe oTkioHeHHe (CKO) BBIXOAHOTO MapaMmeTpa Uiu
BpeMeHu 0e30TKa3zHOM paboThl, B obmiem ciaydae — CKO ciyvaitHol Be-
anarHbl (0003HAYEHO KakK )'), MPEACTaBISIONIEH paccMaTpUBaeMblil MOKa-
3aTenp 1 j-i peanusanuu POY, npouecca;
A — nomyctrMas olmMOKa B ONPEETIeHUN CpeaHero 3Hauenus (M) paccMarpu-
BAaEeMOI0 MOKa3aTels 0 pe3ysibTaraM MOJeIpoBanus (puc. 6.6).

Tabnuua 6.2
3HaueHus K03 (HULMEHTA £, B 3aBUCUMOCTHU OT JOBEPUTEIBHOM BEPOSITHOCTH Y
Y 0,80 0,85 0,90 0,95 0,99 0,9973 0,999
Ly 1,282 1,439 1,643 1,960 2,576 3,000 3,290

3HaueHue 6(y) OOBIYHO HEM3BECTHO. B ATOM ciiydae BBIMIOJIHSIOT HEKOTOPOE
o *
yucio peanusanuii POY wim nponecca Ny u noacuuthiBarot olieHKy CKO o (y) mo
Kiaccuueckoit opmye [1, c.32]

Ny

A Sl-mf
o=\

(6.2)
sk
M M
Puc. 6.6. Cmbicnt nomycTumMoii 1€ y; — 3HAYEHUE pPacCMaTPUBAEMOIO I10KA3aTeis B
omuoOKU A:

Jj-i peammsanuu POY wnm npouecca;

M*(y) — OIIEHKa MaTEMaTHYE€CKOTO OXKUJaHUs (CpeHe-
ro 3Ha4Y€HHMsI) TMOKa3zaTess, MOJy4YeHHas C UC-
II0JIb30BaHuEM N| peanu3anuu.

[Ipuuém B KauecTBe 3HaueHHs N; HEOOXOJIUMO
B3sTh Kak MUHUMYM 500-1000 peanuzanuii, MoCKoJIb-
KY BBINIOJIHSIETCS MaTEeMAaTUYECKOE MOJICIMPOBAHKUE U 3aTPAaThl MUHUMAJILHBI U CJ1a00
3aBUCAT OT yKciia peanusauuid. [Toacunras onieHKy () o BeipaxeHuto (6.2) npose-

M - UICTUHHOE MaTEMAaTHYECKOE

OKHJIaHUE (CpeHEe 3HAUCHUE)

nokasareis; M - OLGHKa Mate-

MaTHUYECKOI0 0’KUJAaHUS TOKa-
3aTens
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psAroT, BINOJHSAETCS JI ycioBue (6.1). Ecau ycnoBue BBINOJIHAETCS, TO CAEIAHHOE
YUCJIO peann3anuii N| yKe HOCTaTO4yHO. B IMpOTMBHOM cCilyyae MpOBOIAT AOTIOJIHU-
TENBHOE YHCIIO PeaTH3allHii, YTOYHSIOT 3HAYCHHE G (V) M CHOBA MPOBEPSIOT YCIOBHE
(6.1), u Tak 40 TeX MOp, MOKa YCIOBUE HE OYyAET BBHINOIHEHO.

[Ipu onpeneneHn JOMOIHUTENBHOTO YKHCIIA pealn3alnii BHaYalle HAXOAT Be-
mnunny AN=N-N,, rae N — 3HadeHue, MOJTYyUYeHHOE MpH IpoBepke ycioBus (6.1), a
3aTeM OKPYIJISIIOT €€ B OOJIBIIYIO CTOPOHY A0 Onmkaiiiiei Teicaun. Bo Bcex ciydasix
KEJIaTeNbHO, YTOOBI BHIOUPAaeMOe TOMOJHUTEIBLHOE YHCIIO peaan3aluii OblIo O0JbIIe
HavgenHou BennyuHbl AN Ha 10-20%.

Ha tpebGyemoe uuncio peanuzarnuit N 3aMETHO BIHUSIET JOIMyCTUMAs omuOKa A,
cM. popmyiny (6.1). 3naueHue A, Kak MpaBUIIO, 3aKa3YUKOM HE yKa3biBaeTcs. Brioop
STOW BEJIMYMHBI JOJDKEH OBbITh CeNiaH pa3pabOTUMKOM, T.€. CTYAEHTOM B MpoIiecce
KypPCOBOI'O POEKTUPOBAHUSI.

Ecnu mHTEpeCcyOmUMH NTOKa3aTes MU SIBJISIFOTCSI MATEMATHYECKOE OKUJAaHUE
U CpellHEe KBaJpaTHUECKOe OTKIOHEHHE G()) BBIXOJHOrO napamerpa POY umnm tex-
HOJIOTMYECKOTO TMpoIiecca, TO BhIOOp 3HaueHUss A MOXKET ObITh caenaH Tak. Mcxonas
U3 HavYaJIbHBIX CBEJCHUMN WJIM ke IO pe3yibTaTaM o0paboTku N, peanuzaiuii omnpe-
NS0T npuMepHoe 3HaueHue M(y). Jlanee, npuHuMasi BO BHUMaHue (QYHKIIMOHAIb-
Hoe HazHaueHue POV wunm npouecca u Gpu3ndyeckuil CMbICI BBIXOJHOTO MapameTpa ),
ONPEENSIOT, KaKoe 3HAYeHHUE TMOJOBUHBI MOJIs AoIycka d(y), yCTaHaBIMBAaEMOE Ha
ATOT MapameTp, MOKET ObITh MPUEMJIEMBbIM JIJIsi pakTUKU. B kadectBe A ciemyer
B35ITh TaKOE 3HaYeHHE, KOTopoe kKak MUHUMYM B 20...100 pa3 mensIe d(y):

A< (0,01...0,05)5(»). (6.3)

[Ipennosioxum, 4To y €CTh BBIXOJHOE HAIPSIKECHUE UCTOYHUKA MUATAHUA Ulyy.
o *
[To pesynbTatam 06pabotku N, peanuzauuii nomydeno M (y) = 4,95 B. HUcxons u3
CIIyK€0HOr0o Ha3HAaYeHUs Beau4rHa 0()’) J0JIKHA COCTABIITH He Oosee 5%:

8(1)<(5/100)-4,95=0,25 B.

Torna
A<(0,01...0,05)-0,25=(0,0025...0,0125) B.

Ecnu unTepecyromumM nokasareneM sIBISIETCS cpefHee BpeMs 0€30TKa3HOU pa-
001l Tp, TO MOXKHO HOCTyHaTh Tak. BHauase onpenenuTs NpUMEpHOE 3HAYEHHE
(mopsAN0K) BeIU4uHbI 1, HAIIPUMEDP, UCXOMA U3 KAKUX-TO HAYAJIbHBIX CBEACHUHN WIIH
e 10 pe3yibraram oopadbotku N, peanmm3anuii POY. Jlanee B kauecTBe 3HAUCHUS A
B34Tb He Oonee 1-2% Benunuuubl 1, Ecnu 3HaueHue N OKa3bIBaeTCA UPE3MEPHO
6ompmm (N—50 ... 100 TeIC.), TO A MOXET OBITh YBEIMYEHO, HO B JIIOOOM ClTydae
OHO JOJDKHO cocTaBisATh He Oonee (5...10)% Bemuunnuel T, IIpennonoxum, 4To
oLeHKa BenuuuHel T, cocraBuna 6709 4. Torma 1-2% or 3Hauenus T, COCTaBIAIOT
67- 134 4. CiienoBarenbHO, B KayecTBe A MOKHO B3sTh 3HaueHue 100 4. He cnenyer
Opatb 3HaueHuss A=85 wiu 65 4. OObIYHO BBIOMpaAIOT Kpyrisle yucna. [Ipu Gosnee
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KECTKHUX TPEOOBAHUAX K TOUHOCTH T, MOXKHO B3ATh A=50, 20 nim 10 4. bparts 3Ha-
yeHne A menblie 10 4 HE UMeEeT CMBICTIA.

OnucanHbli MeTONT BBIOOpaA A 11€51eC000pa3HO UCIOJIB30BAaTh B TEX Clydasx,
KOTJla OLICHKA CPEJHEro 3HAYCHHS ) HE MOXET ObITh CJieJlaHa MO0 MaTeMaTU4YeCKOM
mozaenu POY wnum nmpouecca 10 Hayana MOAEIMPOBAHUS M3-3a HAIMYHS KOPPEIALNU
MEXIy NEPBUYHBIMU MTapaMETPaMH WIH 110 IPYTUM HPUYUHAM.

Ecnu cpennee 3HaueHue nmapaMmerpa MOXKET ObITh PACCUUTAHO 110 MaTeMaThye-
CKOM MOJIeNH, TO MPH OINpPECIICHUH YuCia peaan3alnii He0OX0AMMO Y4YeCTh JI0MycC-
TUMYIO OLIMOKY B ONPENECICHUH CPEIHEr0 KBaJAPaTUYECKOrO OTKIOHEHUs o()). DTa
omuOKa MOXKET OKa3aThCs MPUHIIMIUATBHBIM (DAKTOPOM TPHU yCTAHOBIICHUH B JAJTb-
HEWIlIEeM JONyCKa Ha BBIXOAHOM Mapamerp. Yucno peaimsanui B 3TOM ClIydae CO-
riacHo [6, ¢.323-324] MmokeT ObITh HAMICHO U3 YCIIOBHS

208N +12 (24, ) A’
" N(N-1) a(y)) o*(»)

(6.4)

rae A, — 1omycTuMas onMOKa B ONPEAEICHUN CPENHEr0 KBaJAPaTUYECKOrO OTKIIOHE-
HUSI BBIXOAHOTO napamerpa POY wnm mpouecca.

3nauenue A BbIOupatoT Tak. [IpuHuMas Bo BHMMaHWE (YyHKUHMOHAIbHOE Ha-
3HaueHue POY u duzudeckuii CMbICI BBIXOAHOTO MapaMeTpa y, ONpelelsaoT, Kakoe
3HaY€HHUE MOJOBUHBI NOJIA A0MycKa O()’), yCTaHABIMBAEMOE Ha ATOT MapameTp, SBJIs-
eTcsl IpUeMIIEMbIM JJIsl IpakTUku. B kauecTtBe A GepyT 3HaueHHe, OTBEYalolee yc-
noButo (6.3). [Tocme 3TOro ¢ UCMoaBp30BaHNEM BhIpAKECHUS (6.4) yTOUHSIOT V.

B kypcoBbIx npoekTax mo oueHnke 6e3oTkazHoctu POV u onpenenenuto xapak-
tepucTuk CMO npuxonuTcs onpenensaTh Moka3aTesu, MpecTaBisionme co0oi Be-
POSITHOCTH COOBITHIL: BEPOSITHOCTh Oe30TKazHOM paboThl POV 3a 3amanHOE Bpems
P(t,), BEpOATHOCTb HEOOCTYKUBAHUS Pyeos U BEPOATHOCTD IPOCTOA Prpoey CMO. D1
BEPOSITHOCTU OMPENEIAI0T, UCHOJIb3ysl pe3ysibTaThl Bcex N peanuzaunii POY wim
BCEX CMOJEIMPOBAaHHBIX 3asiBOK, nocrynaromux B CMO. Ilone3yrorcs, no cyrtw,
KJIACCHUECKON (POPMYJION IJis1 BRIUMCICHUS CTATHCTUYECKON BEPOSITHOCTH, Ha3bIBae-
MOM TaK>K€ 4acToToMu [6]:

m

P (A4)= — (6.5)

rae P'(4) — craTicTHyecKas BEPOSTHOCTD COOBITHS A: Ge30TKa3HOi paGoTsl POY 3a
Bpems 1, HeoOcyxuBanus 3aaBku CMO unu nipoctos CMO 3a unTepe-
CYIOIIMI Mepuo BpeMeHH, HarnpumMep pabodyro CMEHY;
n — 00Ilee YUCII0 MPOU3BEIEHHBIX ONBITOB (B HAIIIEM CIIy4ae peaju3aliuii);
M — YHCIIO OMbBITOB, B KOTOPBIX MOSBUIIOCH COOBITHE A.

Ecnu paccmarpruBaemblie BEPOSITHOCTH HE CIUIIKOM BEJIMKU U HE CIIUIIKOM Ma-
JIbl, @ YUCJIO PEAIN3ALUMNA CPABHUTEIBHO BEJIMKO, TO JJIA ONPEACIICHUS HYXKHEU Py u
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BepxHeH P, TOBEpUTENbHBIX TPaHUIl JUid BepoaTHOCTH P(A4) cripaBeanuBbl (popMyIsl

[6, c. 333]
Pra-p*
n
Pa-p"
Py =P s1, 0P (6.7)
n

rae t,— Ko3(Q@UIUEHT, COOTBETCTBYIOUIMI JOBEPUTEIBHON BEPOSTHOCTH Y
(cM. Tabm. 6.2);
P’=P(A).
B popmynax (6.6), (6.7)

(6.8)

rae AP - pacCcTOSHHME OT TOYEYHOM OLEHKH P’ [I0 IPaHMI] JOBEPUTEILHOIO HHTEPBAIA.

~r * ~r

[TpunsB ommbky A ot 3ameHbl BepositHOCTH P(A) wactoroii P (A4), paBHOM

3HaueHuto AP dhopmyms (6.8), TpeOyemoe yucio peanuzamnuii N MOKHO OTPEEIUTh
Kak

2 ¢ .
Nﬁﬁ%ﬁﬁ. (6.9)

B sTOoM ciiyyae BBINOJIHSIOT HEKOTOpoe 4ucio peanusaunit POY, mpouecca
unn CMO N, ¥ IOJICUUTHIBAIOT OIIEHKY P’ 110 KIIaCCHYeCKOit dbopmyite (6.5).

[Tpuuém 3naueHue N, He0OXOAMMO B3ATh 1O MeHbIel Mepe paBHbIM 500-1000
peanu3aiusM, MOCKOJIbKY BBIMOJHIETCS MaTEMaTHUYEeCKOe MOJEIUPOBAaHUE M, Kak
OTMEYaJIOCh paHee, 3aTpaThl MUHUMAJIbHBI M C1a00 3aBUCAT OT YMCJIa Peau3alMil.
[ToncuntaB OUEHKY P’ 1o BbIpakeHUI0 (6.5), MPOBEPSAIOT, BHIMOJIHSIETCS U YCIOBUE
(6.9). Eciin ycnmoBue BBINOJIHAETCS, TO CAEJIAHHOE YUCIIO peann3anuii N; yKe Jocta-
TOYHO. B NpPOTMBHOM cCilyyae BBINOJHSIOT JOMOJHUTENBHOE YHUCIO peau3aluii,
YTOYHSIOT 3HA4YeHHe P M CHOBa IPOBEPAIOT yciaosue (6.9), H Tak 10 TeX 1op, Moka
yCJIOBHUE HE OYJIET BBIIIOJIHEHO.

[Ipu omnpeneneHny AOMOJHUTEIBHOIO YHUCJIA peaju3alui CleayeT pPyKOBO-
JNCTBOBAThCS TOJAXOJOM, ONMCAaHHBIM paHEe MPHUMEHUTENBHO K ompeneneHuro N B
CJly4yae CpeJIHEro BpeMeHH 0€30TKa3HOM paboTHhl.

[Ipu BeIOOpE 3HAueHUsT A=AP HE0OXOIUMO NPHUHITH BO BHUMAHHE CMBICT H
JMaIa3oH MPUEMIIEMBIX I MIPAKTUKUA 3HAYEHUI BEPOSITHOCTH P(A), BIusiHuE €€ U3-
MEHEHUW Ha BO3MOYKHBIC TEXHUYECKHE M IKOHOMHUYECKHE MOTEepU MpU (PYHKIIMOHH-
poBarnu POY unu CMO. B nepBoM mpuOIMKeHnn IpHu BEIOOPE A MOXHO PYKOBO-
JICTBOBAThCS YCIIOBUEM

A <(0,001...0,01). (6.10)
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®opmyiioi (6.9) MOKHO NOJIB30BATHCS MTPHU OOJIBIINX (ITOpPsIIKA COTEH) N, eciu
TOJIbKO BEPOSTHOCTh P HE CIIMIIIKOM BEJIUKa U HE CJIUIIKOM Majla, B YaCTHOCTH, KOTJa
npousBeaeHust PN u (1-P)N nopsinka 10 unu 6osee [6].

Ecnu uwnTepecytoiye BEPOSITHOCTH CIMIIKOM BEIHUKWA WU CIUIIKOM MaJibl
(xoTss O6b1 01HO W3 mpousBeaeHud PN unu (1-P)N MeHbIle ecsSITH), TO HY>KHO HC-
M0JIb30BaTh I10JIX0/JI, ONMKUCAHHBIN B [0, C. 334-336], WM MOJIb30BAThCS CTATUCTUYE-
CKMMHU TaOJHIlaMU, IPUBEJACHHBIMU B [16].

B cnydasx, koraa npu npoBeaeHun N; peanusanuii coobITe 4 HE MPOU3OIILIO0
HU pa3y (HampuMep OTKa3 3asBKE B OOCIYKMBAaHUM), TPEOYEeMOE YHCIIO peaTu3amuit
N MOXHO ONPEIeTNUTh, MOIL3YICh HOPMYIION

P =1-y1-y, (6.11)

rae P, — BepXHsisl rpaHuLa BEpOsTHOCTU P(A); HUXKHSA JOBEpUTENbHAs rpaHulia Py B
ATOM CJIy4yae, ECTECTBEHHO, paBHA HYJIIO.
[TpuauMmas B kadectBe P, 3HaueHue A, u3 popmynsl (6.11) momygaem

N> nd=y) (6.12)
In(1—A)

Ecan OLICHKAa HHTGpCCYIOHICﬁ BCPOATHOCTH OKA3bIBACTCA paBHOﬁ CAUHUILIC, TO
HWXHAA JOBCPUTCIIbHAA I'PpaHUIA P g OIIPCACIIACTCA KaK

P, =X1-y. (6.13)

3HaueHnue N B 3TOM ciiydae JOJDKHO TakKe OTBEUYaTh YCJIOBHIO (6.12).

6.4. AHa/1M3 TOYHOCTH BBIXOAHOI0 mapamerpa MeroaoM Monre-Kapio

JUis TeM, mpenycMaTpuBaroOIUX OLEHKY TOYHOCTH U (MJIM) CTaOMJIBHOCTU BbI-
X0JHOro mapaMerpa MetojgomM Mounrte-Kapio, Heo0X0IMMO PYKOBOACTBOBATHCS YK-
PYIHEHHOW CTPYKTYPHOI cxemoil mojaenupoBanus POY, nokazanHoil Ha puc. 6.7.

B Tabmn. 6.3 npuBoauTcs nosicHeHrne QyHKIIMOHATBHBIX YaCTEH 3TON CXEMBI.

3anuck i<j Ha puc. 6.7 U B Tabn. 6.3 03HaYaeT, YTO UHTEPECYIOTCS HEMOBTO-
PAIOIIMMUCS COYETAHUSIMU Nap MEPBUYHBIX [TAPAMETPOB, IPUUEM I7].

MaremaTnueckoe MOAENUPOBAHUE NIEPBUYHBIX ITAPAMETPOB C YYETOM HX IPO-
U3BOJICTBEHHOI'O Pa30poca JIOJKHO BBIMOIHATHCS C UCIOJIb30BAHUEM BEPOSATHOCTHO-
ro OMMCaHUS 3TUX MapaMeTpoB B BUAE MATEMATHUYECKHX OXKHUJAHUU m;, CPEIHUX
KBaJIpaTUYECKUX OTKJIIOHEHUH G;, 3aKOHOB paclpeaeaeHus w; U Ko3(pPpuuueHTon nap-
HOM Koppesauud ry; (1,j=1,..., n), Tae n — 4uciIo NepBUYHBIX IIapaMETPOB.

Ecnmu nomyck Ha nepBUYHBIA ITapaMeTp CUMMETPUYEH, TO MATEMAaTHYECKOE
OKHJIaHUE M; MOXKHO IPHUHSITh PAaBHBIM HOMUHAJIBHOMY 3HAYEHUIO Xjyoy. [IpH HECHM-
METPUYHOM JIOITYCKE M1; ONIPEAEIIAETCS KaK
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BBog MCXOAHBIX TaHHBIX:
n, N, mi;, O, ©j, l=l,n, Tij,

ij=1,...,n; i<j
2 \ 4
Jj=1
3 \ 4
i=1
4 VL

[Tonyuenue x; ¢ y4éToM BEpOATHO-
CTHOTO OMHCaHUus U KO3 huiueH-
TOB IIAPHOU KOPPEJIALUN

6
i=i+1
Her
Ha

Brruucnenue y; mo MaTeMaTu4eCcKou
MoaeTu y=0(X1....,X,)

8 Her
0 j=j+1

a

Cratuctrueckas 00padboTka
pE3yJIbTaTOB MOJICIIMPOBAHUS U
OTIPEICIICHUE MHTEPECYOIUX
XapaKTEePUCTHK

Ileuatn
pe3yJIbTaTOB

Puc. 6.7. YkpynHEHHas CTpyKTypHasl CXeMa MaTeMaTH4YECKOTIO
MOJIETIMPOBaHMUs TOYHOCTH BBIXOHOTO MapameTrpa POY
Merogom Monte-Kapno

BBIPAKEHUIO

X = (xiB — X )I’ + X,

m ="t (6.14)
2
TIC Xy, Xis — HIDKHEE U
BEpXHEE IIpeACiIbHBIC
OTKJIOHEHHUS I-r0 Ma-
pamMeTpa.
3HavyeHue G; B CIy-
yae HOPMAaJbHOTO 3a-
KOHa pacrnpejieNeHust
MOXHO OTPEACIUTh IO
BBIPAKEHUIO
o ~% (615
3
rjae o, — IOJIOBHHA II0-
s Jomycka  (uMHaue

paccevBaHus) i-TO
NEePBUYHOTO TMapaMeT-
pa.

[Ipu paBHOMEpHOM
3aKOHE  pacrpenerne-
HUS TIEPBUYHOTO TIa-
pamerpa:

0,
=——. (6.16
O-l \/5 ( )
MaremMaTudeckoe

MOJENUPOBAHUE TIEp-
BUYHBIX [TAPaMETPOB B
cillydya€ HOPMAaJIbHOIO
3aKOHA  paclpenelie-
HUS  BBINOJHAIOT 1O
BBIPAKEHHIO

x, =0z, +m, (6.17)

B ClIy4ae 3aKOHa paB-
HOM BEPOSITHOCTH — 11O

(6.18)

TJi€ z,; — peaau3alusl CTaHJapTHBIX HOPMAJIbHO pachpeAei€HHbIX CIy4YalHbIX YUCET;
B yueOHUKE [1] 3TH unciia 0003HAYaIOT TAKXKE KaK Xy;
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7 — peanu3alys paBHOMEPHO paclpeAeNEHHBIX CIyJyalHbIX YUCEN B JAHUANa30He
0...1).
Peanuzanuio (T.e. OTHO 3HAUYECHUE) CTAHJIAPTHBIX YUCEIN Z,; = X;; PEKOMEHIYETCs
nostyyats 1o gopmye [1, c. 268]

12
z, = .1, —6, (6.19)
i=1

r7i€ [ — MHJEKC y4ETa paBHOMEPHBIX YUCETI 7.
IIpu ucnonb30BaHUM YKCEN Z; UX HY>KHO IPUHYJIUTEIBHO OTPAHUYUBATh YCIIO-
BUEM -3 > z,> +3, TaKk KaK P UCTIOIB30BaHUM (HopmMyIibl (6.19) cyiecTByeT BeposIT-
HOCTb TOTO, YTO Z; 3HAYUTEJbHO BBIMJIET 3a Mpejeinl Auana3zoHa (-3...+3), 4To Mo-
KET CYIIECTBEHHO UCKa3UTh PE3YJIbTAaThl MOACIHUPOBAHUSI.
Tabmuma 6.3
[NosicHenne QyHKIIMOHAIBHBIX YaCTeH YKPYITHEHHON CTPYKTYPHOM CXEMBbI MATEMAaTHIECKOTO
MOJIETTMPOBAHU TOYHOCTHU BBIXOAHOTO napamerpa POY meronom Monte-Kapio

Howmep ¢yHK-
UOHAJIBHOMU Ilosicuenue
4acTu
1 BBoa MCXOQHBIX TaHHBIX: M;, G; © W; — CpEIHEE 3HAUCHHUE, CPE/IHEE KBaIpaTHyie-
CKO€ OTKJIOHEHHE MEPBUYHOIO MapaMeTpa U CBEICHHS O 3aKOHE €ro pacrpese-
nenus; i=1,..., n (n — KOJINYECTBO NEPBUYHBIX IAPAMETPOB); 7y, I,j=1,..., n; i<J;
N — KOJIMYECTBO pean3aliiii BEIXOJHOTO apaMeTpa (BBOJIUTCS, €CITH €T0 3Ha-
YEHUE OMPEJICTICHO 10 Haualla MOJICIMPOBAHUS; B IPYTUX CIIydasiX BBOAUTCS
BBIOpaHHOE 3HaUYeHHE N|, HeOOX0auMoe i onpeaesieHus N)
3,5,6 Opranuzanysa UKIa M0 UHAEKCY iI. MHAEKCOM i yYUTHIBAIOTCS MEPBUYHBIC Ta-
paMeTpsl x;; i=1,..., n
2,8,9 Opranuzanus quKiIa 1o UHAEKCY j. MHAEKCOM j yUUTBIBAIOTCS pealn3allii BbI-
XOZHOTO mapamerpa y;, j=1, ..., N
4 [Tonyuenue 3HaYeHHS i-TO CIyYalHOTO MapaMmeTpa (IUCKPETHOTO OTCUéTa X;),
COOTBETCTBYIONIETO j-i peanu3anuu POY
7 Omnpenenenne 3Ha4€HUs y, COOTBETCTBYIOUIETO j-i peanusanuu POY. Haxonsar
MyTEM MOJCTAHOBKHA B MaTEeMaTHYECKYI0 Mojielib PDY (MHaue MaTeMaTHYECKYIO
MOJIeNIb BBIXOAHOTO napamerpa POY) nabopa 3nauenuit x; (i=1,..., n), noay4eH-
HOTO0 U4 j-il peanuzauun POY
10 Cratuctuueckass 00paboTka pe3yJIbTaTOB MOJEIMPOBAHUS M OMNpEIeIICHUE HH-
TEPECYIONINX XapaKTEPUCTHUK /ISl BBIXOAHOTO MapaMeTpa
11 BbiBos1 Ha eyath MHTEpecyomel nHpopMaun

[ToacTaBisst moJly4YeHHbIE 3HAUEHUSI IEPBUYHBIX APAMETPOB X; B MaTeMaTH4e-
cKyro Mojienb POY (MaTtemaTtrueckoe BbIpa)KeHUE NI BBIXOJHOIO IIapameTpa y), mo-
Jy4aroT pean3aliy BBIXOJHOTO apamerpa POY:

Y15 V2, oo VN
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Nurepecyromue nokaszartenu (cpennee 3HaueHue — M(y) u cpeaHee KBaapaTu-
YECKOe OTKIJIOHEHHE — G()’) ) BBIXOJHOTO MapameTrpa ) ONpeAeisioT ¢ MOMOIIbIO CTa-
TUCTUYECKON 00pabOTKHU, UCTIONB3YSI (POPMYJIbI

L Z[y,—M(y)]
M(y)=ﬁz_:yj; o(y)=\+ N (6.20)

IZie y;— 3HaYCHHME BBIXOJHOIO IapaMeTpa, IOoIy4eHHOE B j-U peanusanuu POY.

6.5. AHaau3 cTa0MJIBHOCTH BBIXOJHOT0 TapaMeTpa

[IpyHIMNIMANBHOE OTIMYME ITUX IPOEKTOB OT IPOEKTOB, MPELyCMaTpHUBAIO-
IIMX AHAJIU3 TOYHOCTH BBIXOJHOIO INApameTpa, COCTOUT B IOJYYEHUH CIy4YalHBIX
3HAYEHUH NEPBUYHBIX MapaMeTpPOB: UX HAJO0 IMOJy4aTh C Yy4ETOM Kak IPOU3BOJCT-
BEHHOr0 pa30bpoca, TaKk U W3MEHEHHUM, BBI3bIBAEMBIX JEHCTBUEM (PAKTOPOB OKpY-
KAIOLIEN Cpeibl WM MPOLIECCaMU CTapEeHHUsI (BPEMEHEM ).

MopenupoBanue M3MEHEHUN NIEPBUYHBIX MAPAMETPOB, BBI3BIBAEMBIX JICUCTBU-
€M BHEIIHMX (PAaKTOPOB (B MPOEKTaX MPUHUMAETCA BO BHUMAHUE TOJIBKO TEMIIEpaTy-
pa) U BpPEMEHHM, OCHOBAHO Ha CIEAYIOUIEM IPUHIMIE: CIy4alHOW BEJIMYUHOM,
UMEIOLEH MPSAMOE OTHOLIEHHE K TeMIEpaTypHbIM M3MEHEHHUSM IMEPBUYHOTO Mapa-
MeTpa, SBJISETCA TeMIEpAaTypHbId KOA(UIMEHT, K BpEMEHHbIM M3MEHEHHUSIM — KO-
3 PuUIUEeHT cTapeHus apaMeTpa.

Tak kak 3aKOH pacupeneseHus TeMIlepaTypbl HEU3BECTEH, TO 3HAYCHUE IIep-
BUYHOTI'O IapaMeTpa ¢ y4€TOM TEMIEPATYPHBIX U3MEHEHHUU X; JJIA j-U peanu3alnuu
POV onpenensercs: BolpaxkeHueM

x, = x" l+iAt ,

(nau)

rae x;' — 3HA4eHHE i-TO MEPBUYHOTO MapaMeTpa, MOIyIeHHOE ¢ YIETOM IPOU3BO/I-
CTBEHHOTO pa3dpoca, T.e. Ha4YaIbHOE 3HAYCHHE IMapaMeTpa;
0; — CMOJCIMPOBAHHOE 3HAYEHUE TeMIepaTypHOro kKoddduimenTa mis i-ro
NEPBUYHOTO MapaMeTpa, pa3MepHocTh: [o;] = % 1/°C.

At =ty - 20°C, (6.22)

e ., — TEMIIEpATyPa OKPYKAIOLIEH CPEJIBL.

3HaueHus: K03(PUIMEHTOB o; MPU MOJECIUPOBAHUU MOJTYUYAIOT B MPEANOI0NKE-
HUM HOPMAaJIbHOTO 3aKOHA MX PACIpeNeeHUs], UCHOb3ysl (GOpPMYJIbl, aHAIOTHYHBIE
BbIpakeHuto (6.17).

[Tpu momyuyenun Af¢ mo BbIpaxeHHIO (6.22) U ero MOJACTaHOBKE B (popMymy
(6.21) B KauecTBe f., HEOOXOIUMO PACCMAaTPHUBATh BEPXHEEC U HIKHEEC 3HAUCHUS JHa-
nazoHa pabo4MX TEMIEpaTyp M aHAJIW3 BECTH IO ABYM BeTBAM. HeoOXoaumo Takxke
y4ecTb, UTO TEMIIEpaTypHble KO3(PPUIMEHTH NEPBUUYHBIX MapaMETPOB BO MHOTHUX
Cillyyasix MOTYT HMETh pa3Hble 3HAYeHUs B OO0JAacCTH MOJIOKHUTENIbHbIX (Ooblle
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+20°C) u orpuratensHbIx (Mense +20°C) Temmeparyp. SHagenns x. " (i=1,..., n)
s obeux BeTBe B j-i peanmmzanuu POY Oepyr ommnHakoBbiMH. OKOHYATENIbHOE
perieHre 00 0o0IIeM TeMIlepaTypHOM JIONYCKE MPUHUMAIOT C Y4ETOM pPE3yJIbTaToB,
IIOJIYYEHHBIX B KOXKI0W U3 BeTBeH. [Ipu 3TOM pekomMeHyeTCs 0ab30BaThCs puc.6.8.

T}7<<T A, T)f% Iy ﬁf/\ /RT A,

AtZ A:Z AtZ

Puc. 6.8. [IpuHIIMTIBI MPUHATHS pelIeHUs 00 00IIeM TeMIepaTypHOM
JIOITyCKE BBIXOHOTO MapaMeTpa:
A, As. - TEMIIEPATYpHBIE JOIMYCKHU, OTYUYEHHBbIE AJIs1 00IacTel MOI0KUTEIBHOM (+)
Y OTPHULIATETILHOM (-) TemmiepaTyp; A — 0OIINIA TeMITepaTypHBIN JOITYyCK

[Ipu ucnonp3zoBanuu puc. 6.8 HEOOXOIUMO MOMHUTH, YTO TEMIEPATYPHBIC J10-
NyCKH A, U A, HA YUCIOBOM OCH MOTYT MEHATHCS MECTAMM.

3HaueHre TMEePBUYHOTO MapaMeTrpa ¢ Y4ETOM MPOU3BOACTBEHHOrO paszbpoca u
MPOLIECCOB CTapeHUs (BPEMEHHBIX U3MEHEHUI) B j-il peannzauuu POY onpenensercs
BbIpaKEHUEM

C.
o =X 1+ —=A7 |, .
X er x,( 100 T] (6.23)

I7Ie ¢; — CMOJICJIMPOBAHHOE 3HAYeHHE Kod(D@UIMeHTa cTapeHus, MOJIYyYEHHOE IS
[-T0 IEPBUYHOIO MapaMeTpa, pa3MepHOCTh: [¢;] = % 1/4;
At — paccMmaTpuBaeMblii HHTEPBAJ BPEMEHHU.
3HaueHUS ¢; IPU BBHIIOJHEHUH MOJICTUPOBAHMS TIOIYyYalOT B MPEANOI0KEHUN
HOPMAaJILHOTO 3aKOHA pacmlpeeieHuss 3TUX KO3 UIIMEHTOB, UCTIONb3Ys (POpMyIIbI,
aHaJOTUYHbIE BhIpaxkeHuto (6.17).

6.6. YcTaHOBJIeHHE IKCILIYaTAIIMOHHOTO IOIYCKA
Ha BBIXOJAHOW mapametp PIY

OCcOOEHHOCTBIO TEM ATOr0 HAIpPaBJICHMS SBJSETCA TO, YTO 3HAYEHUS MEPBUY-
HOTO napameTpa ¢ y4€TOM IMPOM3BOJCTBEHHOIO paz0poca, TeMIlepaTypHbIX U Bpe-
MEHHBIX U3MEHEHHUH B j-I peann3aunu POY onpenenstorcs BeIpakeHUEM

xy = x0 14 Ziary Sar (6.24)
100 100

(nau)

r7e X; ~ — 3HA4E€HHE [-T'0 MEPBUYHOr0 MapameTpa, CMOJAEIUPOBAHHOE C YUETOM MPO-
U3BOJICTBEHHOIO pa30poca, T.€. HauaJbHOE 3HAUEHHUE MapaMeTpa;
o;, ¢; — CMOJICJIMPOBAHHBIC 3HAUYECHMSI TEMIIEPaTypHOTO KOdPduiimeHTa u Kodg-

(1)I/IIII/I€HTa CTapCHU:A, IOJTYUYCHHBIC JJIA I-TO IMCPBHUYHOI'O ITapaMeCTpa,
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At =t - 20°C; t., — TEMIEpATypa OKPYKAIOLIEH CPENBbI;
AT — paccmaTprBaeMblil HHTEpPBAJI BPEMEHH.

3HaueHus o;, ¢; TP MOJCIUPOBAHUH TONYYAIOT B MPEANOI0KEHUH HOPMab-
HOTO 3aKOHa pacrpejaesieHus Ko3(UIMEeHTOB, UCIOJb3Ys (OPMYJIbI, aHATOTUYHBIE
BbIpakeHuto (6.17).

[Ipu ucnonws3oBanuu Gopmynsl (6.24) HEOOXOAUMO MPUHITH BO BHHMAaHUE
BEpXHEE M HIDKHEE 3HAYCHHUS JUana3oHa pabodmx Temreparyp. B xauectse f., Ha1o0
B3STh MpeeibHbIC 3HAUCHUSI TEMIIEPATyp B 00JIACTAX MOJOXKUTENbHBIX (> +20°C) u
orpunareiabHbix (<+20°C) Temneparyp U aHajau3 U3MEHEHUs MEPBUYHBIX U, CIIE0Ba-
TEJIBHO, BBIXOJHOI'O IapaMEeTPOB BECTHU IO JBYM BeTBAM. [Ipuuém eciu temmnepartyp-
HbIe KOA((PHUIIMEHTHI TEPBUYHOTO MapaMeTpa UMEIOT pa3HbIe 3HAYEHHUS B 00JIACTSIX
HOJIOKUTENBHBIX M OTPHUIATEIbHBIX TEMIEPATyp, TO 3TO HAZO0 Y4YECTh IPU MOJEIH-
POBaHMM 0; M WCIOJB30BAHUU €T0 3HAUYCHUSA B HYKHOH BeTBH. CMOJEIMPOBAHHBIC
spauenmst x;"" 1 koodduuEeHToB cTapenus ¢; (i=1,..., n) w1 06eux BeTBeil B j-if
peanuzauuu POY OepyT 0qMHAKOBBIMU.

OxoHUYaTeIbHOE PEIICHUE O BO3MOXXHOM JKCILTyaTallMOHHOM pa3dpoce BbI-
XOJTHOTO TIapaMeTpa, a CIeI0BaTeNbHO, M 00 YCTAaHOBIIEHUH SKCILTYyaTallMOHHOTO JI0-
IIyCKa IPUHUMAIOT C YYETOM PE3YJIbTATOB, IIOJYYECHHBIX B KaXKI0U U3 BeTBEU. IIpuH-
IIUI YCTAHOBJICHUS HKCILTYyaTallMOHHOTO JOMyCKa ¢ YYETOM Pe3yJIbTaTOB MOIEIUPO-
BaHUS, MOJYYEHHBIX B 00€MX BETBSIX, aHAJOTUYECH WILTIOCTPAUsIM puc. 6.8.

6.7. MoageaupoBanue HaaéxHocTH POY ¢ y4éToM BHe3allHBIX 0TKA30B

IIpn MonmenupoBaHHUU CIIEAYET PYKOBOIACTBOBATHLCSA CTPYKTYPHOM CXEMOHU all-
ropuTMa, MPUBEIEHHOTO Ha pUC. 6.9.

@OyHKIMOHANIbHAS YacTh 1 cxemsl (cM. puc. 6.9) npenHasHadyeHa uisi MOATO-
TOBKM K paboTe TeHepaTropa pPaBHOMEPHO pacHpeleiaEHHBIX 4YHMCeNl B JMANa30He
(0...1), dbynkunoHanbpHas 4acTh 8 — ISl OTMpe/IeIeHUs] BpeMeHu 110 oTka3za POV B me-
JIOM ISl j-M peajv3alny, OCHOBBIBASICh HA 3HAUYCHUSX BPEMEHU 1O OTKA3a 3JIEMEHTOB
B OTOM peanu3auuu. THAEKCOM i yUUTBHIBAIOTCS 3JIEMEHTHI, @ UHIAEKCOM j — peajin3a-
mun POY B nenom. Hasnauenue npyrux (QyHKIMOHANBHBIX YacTell CTPYKTYpHOU
CXEMBbI MOHATHO W3 3amuced B sueiikax. C moapoOHBIM MOSICHEHUEM CXEMBI MOYKHO
03HaKOMHTHCS B [ 1, Ta6d. 9.9].

[Ipu MonenupoBaHuuU ISl KaXKJI0ro 3aeMeHTa POY nonyyaroT ciydaitHoe Bpe-
Ms 10 OTKa3a ¢; ¢ y4€TOM 3aKOHa paclpeieIeHUs] 3TOr0 BpEMEHHU, UCTIONb3ys (popmy-
7b1, ipuBenéHHbIC B [1, Tabn. 9.1, c. 270]. OcHoBHBIE (OPMYJIbI, UCTIONB3yEMbIC TIPU
BBITIOJIHEHUH KYPCOBBIX MPOEKTOB, MpHUBENIEHBI B Tabu. 6.4. IIpuHATHl cieayromue
0003HaYCHUS:

t — BpeMs J10 0TKa3a, N0Jy4aeMoe IPU MOJEIUPOBAHNH;

¥ — peanu3anys (3HaueHNe) paBHOMEPHO paclpeAesIEHHbIX CIIyYailHbIX YHCEIl B
nuanazone (0...1);

Xy — peann3anus (3HayeHue) CTaHAAPTHBIX HOPMAJIbHO paclpeleaEHHbIX CIy-
YalHbIX 4Kcell ¢ mapamerpamu m =0, ¢ = 1.
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0...1)

A\ 4

2
/ BBOI UCXOMHBIX TAHHBIX /

A 4
3 =1
4 A 4
> i=1
5 A 4
> t;
7 Het 6
| i=i+1 0
Ila
8 .
t=min(ty,...,t,)
\ 4
9
Ilevars j,¢
11
Her 10
nEEA »
JHa

12 OrnpezenieHne UHTEPECYIONTUX MOKa-

3aTeneu 6630TK33HOCTI/I, HCIOJIb3YA
PE3YJIbTATBI MOJACTIUPOBAHUA

A\ 4

13
/ IleyaTp pe3ynbTaTOB /

Puc. 6.9. CtpykrypHas cxema MOJEIUPOBAHUS
Hané&xHoctH POY na OBM

3HAaYCHHUECM ’Y-HpOHCHTHOﬁ Hapa6OTKI/I J0 OTKa3a.

KosmmuecTBeHHbIE — TTOKa-
3arenu Oe3oTkazHoctu POY
MOJIyYarOT MYyTEM CTaTUCTH-
yecko oOpaboTku Bcex N
3HAYCHUW BPEMEHU JI0 OTKa-
3a POY ¢, j=I, 2,..., N.
Cpennee Bpemsi 10 OTKasa
(cpennee Bpemsi 0e30TKa3-
HOW paboTel) POV ompene-
JISTFOT KaK

1
To =20 (625

BepositHocTs  6e30TKa3-
HOM paboThl 3a 3aJaHHOE
BpeMs f; HAXOJAT IIO BbIpa-
KEHUIO

P(t,) = —N']]z(%), (6.26)

rae N(t;,) — KOIU4ecTBO pea-
mu3aiui POY, nns KoTopeix
0Ka3ajloCh ;< t,.

HAnsa  onpenenenus -
MPOLIEHTHOM HapabOTKU [0
OTKa3a MOHO UCII0JIb30BaTh
CJIEAYIOIIUI alropuT™m. 3Ha-
yenus t (j = 1, 2, ..., N),
MOJIyYEHHbIE TPU MOJIEIHU-
pOBaHUM, pacCIONarapT 0
BO3pacTtanur. B wurore mno-
JTy4aroT MacCuB
T\>T5>>..>Ty . DneMeHT noxa
Homepom (y/100)N  »sToro
MaccuBa OyAeT  SABISTHCS

[Ipy BBINOJIHEHUH AHAIMTHYECKOTO pacdyéTa MOXKET BO3HHKHYTH CIIOXK-
HOCTb C ompezencHueM nokasarens I, ®opmyna (5.43), npuBoaumas B y4eO-
Huke [1, c. 162], cnpaBenyivBa JuIb JJIsl Cydasi SKCIIOHEHIIMAIBHOTO pacripeielie-

HUS BPEMEHU JI0 0TKa3a BCeX 3JIeMEHTOB POY.
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Tabnuua 6.4

@DopMyIIbI TOJIy4EHUSI BpEMEHHU JI0 0TKa3a

IIpn pa3HBIX 3aKOHaX pacrpe-
NICTICHUS] BpEMEHU 0 OTKas3a cClie-

3aKon pactpe- | Oosmase. AyeT I0JIb30BaThcs 001men hopmy-

JIEJICHUS Bpe- HHE mapa- CDOpM}:na MOJTyYEHUS noi [1, c. 146]

MCHH O0 OTKasa CJIy4auHOro 4uciia —

METpPOB 3a-
[1, c. 270, BpPEMEHHU [0 OTKa3a ! w
Ta611.9.1] KOHa
T, =[P@ad, (6.27)
- A 1

3KCHO£I€HHI/I t=——1In(l—r) 0

aJIbHBIN y)

Beiibyma o B P xo- .5 | rAe P(f) — BeposSTHOCTH Oe30TKa3-
shument | ¢ = {—lln(l _ r)} HOM paboTHI 32 BpeMS £,
dopmbI P [ToaToMy BHayasne sl KaxIa0ro

y i-ro anementa POV c¢ yuérom ero

Hopmainbnsiit m, o 1=xy0+m

3aKOHA pacIpeeICHUsI BpEMEHU 10

Torapubmu- | m, o OTKa3a HEOOXOIUMO B OOIEM BHJIE
’ =exp(xyoc + m)

YeCKH HOp- m= m[In(?)] MOJIYYUTh BBIPAXKEHUS VISl BEJU-

MaJbHBII o=o[In(?)] yuHbl p{f). Pexomenayercss BocC-

noib3oBathecsi popmymnoit (5.9) u
nozapasz. 5.20 yueOHuka [1]. B cmyyae HOpManbHOTO 3aKOHA paclpeiesieHUs] Bpeme-
HU JI0 OTKa3a clieayeT BOCIOIb30BaThcsl Takxke 1.2.2.2 [1, ¢. 20]. 3arem, npuHsB BO
BHMMaHUe BeIpakeHue (5.34) yuebnuka [1, c¢. 158], cineayer moay4uTh BhIpaKCHHE
s P(f) m moncraButh ero B dopmyiny (6.27). IlomyueHHbIH onpenenéHHbIA UHTE-
rpaj MOXKHO BBIYHCIIUTH, UCIIOJIB3Ysl, HanpuMmep, npukiaanon mnaket MATHCAD.

6.8. MoaeaupoBanue napaMeTpu4ecKkoi Hage:kHoCcTH PIOY

[Ipu BBIMOJHEHUH TPOEKTOB 3TOTO HAMpPaBJICHHUS HAA0 pa3zoOpaThCs C yMHpo-
MIEHHON CTPYKTYpHOM CXeMOHW airoputMa mojenupoBaHus (puc. 6.10). Dta cxema
COCTaBJICHA Ha OCHOBE OOIIEH CXEeMbl MAaTEMATHYECKOTO MojenupoBanus POY (cm.
puc. 6.4). IIpuHATO BO BHUMaHHUE TO, YTO AHAJIM3 HYKHO BBIMOJIHATH IO JIBYM BET-
BSIM, TaK KaK M3MEHEHUS BBIXOJIHOTO IMapaMeTpa MOTYT OBbITh pa3HBIMHU JIJIsI 00JIacTen
HOJIOKUTENbHBIX (+) W oTpuuarenbHbIX (-) TemmepaTyp. [loscHeHHe OCHOBHBIX
(YHKIIMOHATBHBIX YAaCTeH CTPYKTYPHON CXEMbI MPUBEICHO B Tab. 6.5.

[Iponiecc mopenupoBaHusi JJisi MPOEKTOB 3TOr0 HAIpPABJICHUS MPAKTUYECKU
AHAJIOTMYEH TOMY, KOTOPBIA pean3yercs B TE€Max, CBSI3aHHBIX C YCTaHOBJIEHUEM
AKCIUTYaTAallMOHHOTO JIOMyCKa Ha BBIXOAHOM MapamMeTtp (cM. mojpasa. 6.6). OnHako B
3TOM Cily4ae, MOJyYMB 3HAUYEHHUE BBIXOJHOIO MapaMeTpa ¢ YYETOM €ro HayaiabHOro
(MpOM3BOJCTBEHHOI'0) PACCEMBAHMS U OTKJIOHEHUMH, 00YCIOBICHHBIX TEMIEpPaTypon
U BPEMEHEM £,, COBIAJAIONINM cO 3HaueHueM At B dhopmyie (6.23), 11 KaxI0u 13
BETBEH aHANM3a OMPEAEIISIOT BEPOATHOCTh COOBITHS BUIA

Vmin <Y < Ymax) WK (&j < (ﬁj < (ﬂj

y y y

(6.28)
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! v
11 13
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15 Het
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Jla
| |
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|
v
18
Pnan->PnaD+
Her
Ha
19 ) 20

Pnap(t3)=Pnap(t3)—
|

Pnap(ts)zpnap(t3)+

vy

BeIBOI pe3ysibTaToB

21

Puc. 6.10. YnpoméHHas CTpyKTypHasl CXeMa aJroOpuTMa MOJIEIHMPOBAHUS
MapaMeTpU4ecKor Han&kHOCTH POY



B nepaBencTBax (6.28) HI>KHUE UHAEKCHI “min” U “max’’ 03Ha4aroT HIKHEE U
BEPXHEE JIOIYCTUMBbIE 3HAYEHUSI BBIXOJHOI'O IMAapaMeTpa y WU €ro OTHOCUTEIBHOIO
OTKJIOHEHHUS Ay/y, BBIPA)KaeMOro 0ObIYHO B MPOLEHTAX.

Tabmuna 6.5

Haznauenne GpyHKIIMOHATBHBIX YaCTEH CTPYKTYPHOU CXEMBI

Homep  ¢yHk-
[MAOHAJILHON IlosicHeHUE
4acTu

2 MogenupoBaHue Ha4aJIbHOI'O 3HAYEHHUs i-IO IEPBUYHOIO Ilapamerpa B j-U
peanuzanuu POY, BeimoHsIEMOE ¢ YYETOM €ro MpOor3BOACTBEHHOTO JOMYyCKa

4,7 I'enepupoBanue TemmepaTypHOro KodhGuiMeHTa i-ro IEPBUYHOTO IMapaMeT-
pa B j-i peanuzanuu POY cOOTBETCTBEHHO /I 001aCTeil OTPUIIATEIBHBIX (-)
U TIOJIOXKUTENBHBIX (+) TeMIeparyp

5,8 [Tonyuenue 3Ha4eHHs i-rO MEPBUYHOTO MapaMmeTpa B j-i peanuszanuu POY c
y4€TOM TEMIIEpPaTyPHBIX U3MEHEHUN COOTBETCTBEHHO JJIsi o0nacTel oTpHIla-
TENbHOH (-) ¥ MONOKUTENBHOU (+) TeMmepaTyp

10 ['enepupoBanue KOd(pPUIMEHTA CTAPEHUS [-T0 MEPBHYHOTO Mapamerpa B j-i
peanuzanuu POY

11,13 [TosmydyeHue 3Ha4YeHMs i-ro MEPBUYHOIO NapaMmerpa B j-i peanusauun POY ¢
y4€TOM JIONOJHUTENBHO €r0 U3MEHEHUI 13-3a BIUSHUS IPOLECCOB CTApEHMUSI,
HNPOMCXOAIINX B TEUEHUE BPEMEHU /5

12, 14 OmnpeneneHne 3Ha4€HUs BBIXOJHOIO IapaMeTrpa y A j-i peanuzanuu POY
COOTBETCTBEHHO I 00JIaCTeH OTPHIATEIIBHON (-) M TOJOXKUTEIBHOH (+)
Temreparyp. BeimonHseTcs myTéM MoACTaHOBKM 3HAYEHUH X1, X2, ..., Xy, [1O-
JYYEHHBIX JJI1 9TOW peanu3aluu ¢ y4€TOM NPOU3BOACTBEHHOTO pa3dpoca,
TEMIIEpaTyPHBbIX W3MEHEHUH M M3MEHEHUH HM3-3a MPOIIECCOB CTAPEHUS B Te-
YeHHE BPEMEHHU f;, B MaTeMaTH4ecKyto Moaens POY Buna y=o(x; ...,x,)

16, 17 Omnpenenenne BEPOITHOCTH, C KOTOPOW FrapaHTUPYETCs] OTCYTCTBUE B TEUEHUE
3aJJaHHOTO BPEMEHH f; MOCTETNIEHHOTO OTKa3a MO BBIXOJAHOMY IapameTpy ,
COOTBETCTBEHHO JJisi O0JIaCTEH OTPUIATENBHBIX (-) U TOJOXHUTEIHHBIX (1)
TeMIepaTyp. ITH BEPOATHOCTH MPEICTABISIIOT COO0N BEPOSITHOCTH COOBITHSI,
ONKUCHIBAEMOT0 HEpaBeHCTBaMHU (6.28)

18, 19, 20 Bb160p UTOroBOro 3Hau€HUsl BEPOSTHOCTH, C KOTOPOW TapaHTUPYETCS OTCYT-
CTBHE B TEUECHHE 3aJJaHHOTO0 BPEMEHH #; TOCTEIIEHHOT0 OTKa3a MO BBHIXOJHOMY

napameTpy y

BepostHOCTh COOBITHS, ONMUCHIBAEMOTO HEpaBeHCTBaMH (6.28), HaXOIAT MO
AQHAJIOTUM C ONPECIICHUEM BEPOSTHOCTU OE30TKa3HOU padOThI 32 BpEMS £, C YUETOM
BHE3AITHBIX OTKA30B U UCIOJIb30BaHUEM BbIpaxkeHus (6.26).

B kauecTtBe MCKOMOTrO 3HAa4€HUsI BEPOSITHOCTH, C KOTOPOM TapaHTUPYETCS OT-
CYTCTBHE€ NOCTENEHHOI0 O0TKa3a POY, npuHUMaroT MeHbllIee 3HAYEHHUE U3 YUCET, T10-
JIYYEHHBIX B Ka)KJIOU U3 BETBEM.
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6.9. MoaeaupoBanue HajexkHocTH PIY ¢ yueToM BHe3alHBIX
U MOCTENEeHHbIX 0TKA30B

[Tpu BBINOJIHEHUM MPOEKTOB 3TOTO HAINpPaBICHUS HEOOXOJUMO PYKOBOJICTBO-
BaTbCSl PEKOMEHJALMAMH, PUBEAEHHBIMU B nioapasa. 6.7 u 6.8. Otkazom POV B j-u
peayiM3aluy B 3TOM Cilydae CIEIyeT CUMTaTh HAPYIIEHHE XOTA Obl OJJHOTO M3 clie-
OYIOIIUX yCIOBUM:

Ymin Sy] Symax; th ts- (629)

6.10. MoaeanpoBanue HagxéxxkHocTH POY npu Hanuunu
NMOCTOSTHHOIO Pe3epBUPOBAHUS

[Ipu BBIMOTHEHUH MOJAEIUPOBAHUS B MPOEKTaX STOTO HAINPABJICHHS HEOOXO-
JTUMO JJISI KaXJ0T0 3JIEMEHTA PEe3epBUPYEMOTO y3Jia ONMPENCITUTh CIydaiiHOe BpeMs
JI0 OTKa3a W XapakTep OTKa3a AJIeMEHTa — «KOPOTKOE 3aMBbIKaHHUE» WJIH «OOpPBIBY.
Peanuzanuio (3HaueHue) CyyailHOr0 BPEMEHHU J0 OTKa3a MOJIy4aloT ¢ YYETOM 3aK0-
Ha pachpeleieHus BPEMEHH A0 OTKa3a M MapaMeTpoB STOr0 3aKOHA, HCIOJb3Ys
dbopmyel Tabm. 6.4.

XapakTep oTKa3za MOXET ObITh MOJIYUYeH CleayrouuM oopazom. OObIUHO 3a/1a-
ETcs WK KakuM-1u00 00pa3oM OmpeenseTcsi COOTHOIICHHE MEXy OTKa3aMu THIIa
«KOPOTKOE€ 3aMbIKaHME» U THMa «oOpbB». [Ipeamonoxum, 9To 3TO COOTHOIICHHE
paBHo 1:4. Torga untepsan (0...1) genum Ha 1+4=5 paBHBIX yacTel. Y CIOBHO MeEp-
Bomy oTpe3ky (0...0,2) mpunuceiBaeM OTKa3 TUIA «KOPOTKOE 3aMBIKAHUE», a YEThI-
pém octaBmmmcs otpeskam (0,2...1) — oTkas Tuna «oOpsiB» (puc .6.11).

['enepupyeMm cTaHAapTHOE paBHOMEP-
K3 OB HOE YMCJIO 7 U B 3aBUCHMOCTH OT €ro 3Haue-

f\/\\ HUS, TOJYYEHHOTO B JaHHOW peaju3allui,

| | | | | > 7  [pUHUMAaeM peUIeHHE O XapaKTepe OTKasa

0 02 04 06 08 1,0 aneMeHTa. Hampumep, eciam  TOTyYeHO

Puc. 6.11. TipHHIHI MOJEHPOBAHYS r=0,476, TO 3TO 03HAYAET, YTO XapPaAKTEP OT-

XapaKTepa OTKa3a SEMEHTA: Ka3a JUIg JAHHOTO DJIEMEHTa JOJIKEH OBITh

K3 — kopoTtkoe 3ambikanue; OB - 06psiB ~ MPUHAT Kak «oOpbIB», B ciaydae r=0,172 —
KaK «KOPOTKOE 3aMbIKaHUEY.

Jliist onpeiesieHrst BpeMeHH J0 0TKasza pe3epBUPYEMOro y3iia B j-i pean3aiuu
HEO0OXOMMO MOJYYUTh MAaTEMATHYECKYIO0 MOJEJb, KOTOpas MoKa3biBaja Obl, KaK 10
3HAUEHUSM BPEMEHM JI0 OTKa3a M XapaKTepy OTKaza 3JEMEHTOB B j-U peanu3aiuu
NPUHUMATh PEIICHHE O BPEMEHH JI0 OTKa3a y3Jia B IIEJIOM B ATOM peanu3anuu. Mare-
MaTU4ecKas MOJIEb MPEACTABIIAET AITOPUTM, COCTOSIIIIMNA U3 TIOTUYECKUX U apudme-
TUYECKUX COOTHOIIEHUH, 3aBUCAIIMX OT CIOco0a COCMMHEHHUS DJIEMEHTOB PE3epBU-
pyeMoro ysina.
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6.11. MoneanpoBanue 0e3oTrkaznoctu POY npu nanuyun
pe3epBUPOBAHUA 3aMellleHHeM

MatemaTryeckoe MOJIEIMPOBAHKE BPEMEHH JIO OTKa3a JUIs 3JIEMEHTOB pe3ep-
BUpyeMoro POV B 3TuX Ciydasx 3aBUCHT OT PEKMMa HATrPY)KEHHs PE3ePBHBIX dJIe-
MEHTOB JI0 BCTYIUIEHHS UX B PabOTy BMECTO OCHOBHBIX. B Cllydasx Harpy»kKeHHOIro
HEHArPY)KEHHOI'O PEKUMOB TOJYYarOT peanu3andy (3HayeHus) BPEMEHH 0 OTKas3a
JUISL KKJIOTO U3 71 DJIEMEHTOB I-I'O PE3EPBUPYEMOro y3ia (CM. puc.6.5), 0JHAaKO Ma-
TEMATHYECKUE MOJIENHN TIOJyYEHUs] BPEMEHH JI0 OTKa3a i-I'0 Pe3epBHPYEMOro y3ia B
1IEJIOM JIJIS TUX PEKUMOB HArpy>KeHUs pa3inyHbl (cM. Tab. 6.1).

B citydae 06€r4€HHOrO pesKMMa PE3EPBHBIX dJIEMEHTOB [-I'0 PE3EPBUPYEMOTO
y3J1a JUUIsi OCHOBHOTO 3JIEMEHTA TI0JIYYal0T Peau3aliio (3HaueHNE) BPEMEHH JI0 OTKa-
3a TOIBKO B paboueM pexume (£,),™%; =1, a mis (m-1) pesepBHBIX (CM. puc. 6.5) —
BpeMs 10 OTKa3a B obieraéunoMm (1) °° u pabouem (1), pexumax, I=2,..., m. Ma-
TEMaTHYECKask MOJIEIIb, UCIIOIb3yeMast ISl ONPEJICIICHUs: BDEMEHH JIO OTKa3a [-r'o y3-
na B j-i peanusanuu ¢, IpeacTaBaseT COOOM CIENYIONIEE BHIPAKEHHE:

m
j (pab)
t =), + (), (6.30)
=2
rae (¢,)™” — Bpems 10 OTKa3a [-ro sneMeHTa (PE3EPBUPYEMOTO i-ii OCHOBHOM 3Jie-

MEHT) B pabo4eM pexrumax.
Cymma B BoipaskeHHH (6.30) 10/mKHa yYUTBIBATh TOJIBKO Te ciaraembie (t, )™,

1

0 9 0 ]
s koropsix (£)° >(,)™ u (¢,)° Gonbie sHauenus £, momyuerHoro Kk MOMeHTY
IIPEATIONAraeMOro BCTYII-

1 it yzen 2 i ysen n—iysen  jeuus B pabory [-ro sie-

I T T MeHTa; [=2, ..., m.
- e 4} Bpems 10 oTkasa
. =1 ________________ e - PDY B nenom B j-ii pea-
m site- t t JIM3ALAN TIPU JTIOOOM pe-
wenron 4 /=7 )KUME HarpyKeHus pe-
P RCITITEEE 3€PBHBIX DJIEMEHTOB OII-
i=m T_:_T pPEICISAIOT B MPEIIONO-

JKEHUH, 4YTO Yy3JIbl B De-
3€PBUPYEMOM  YCTPOWCT-
BE€ COEQUHEHBI IOCIEHO-

Puc. 6.12. CxemaTuueckoe n300pakeHHe pe3epBUPOBAHUS

3aMEIIEHHEM:
/=1 — ocHOBHOI1 3n1eMeHT; [=2, ..., m — pe3epBHBIC PJICMCHTHI; BaTeslbHO  (puc. 6.12).

m — BCETO 3JIEMEHTOB PE3EPBUPYEMOTrO Y3, Marematudeckass MOJIEIb

N — KOJIMYCCTBO Y3JIOB B P9y B OTOM Cﬂyqae HUMEET BU]T

t=min[t,”, £,7,..., 1,7, (6.31)

e 1 — Bpemst o oTKasa i-ro y3ia B j-if peanusauun POY; i=1, ..., n (cM. puc.6.12).

[Tonw3yscey BeipaxkeHueM (6.31), ciaeayeTr ydyuThIBaTh, YTO B PE3EPBUPYEMOM
POV HekoTOpBIE Y3761 MOTYT M HE PE3EPBUPOBATHCS.
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6.12. MoaeanpoBanue 0e30TkazHocTu POY npu Haiu4um moCcTOAHHOTO
pe3epBUPOBAHUSA U Pe3ePBUPOBAHMS 3aMelleHHEeM

31ech 04eHb BaXKHO Pa300paThCsi ¢ MOCTAHOBKOM 3aauu. [[1s 3Toro Hajgo BHa-
yaje COCTaBUTh CTPYKTYPHYIO CXEMY, KOTOpasl MoKa3biBajia Obl COCTaB U CIIOCOOBI
coequHeHUs U (MJIM) B3aUMOJICUCTBUS AJIEMEHTOB W YacTeil pe3epBupyemoro POYVY.
Janee cienyetr pyKOBOJACTBOBATHCSI peKOMEHAausAMu noapasa. 6.10 m 6.11.

6.13. MoaeaupoBanue npouecca pynkuuonuposanusas CMO

Bnayane HeoOXOOMMO COCTaBUTh CXeMy, KOTOpas IOKasbiBaia Obl COCTaB
CMO u e¢ dbynkunonupoBanue. Hamo HaliTh mpuémpl, KOTOPBIE TTO3BOIHIIA OBl H30-
Opa3uTh cxeMy Tak, 4YToObl ObL1 siceH Bua CMO u NMOHSITHO, HA KaKOW KaHal 3asBKa
NOCTYIHT, €CIH CBOOOJHO HECKOJIBKO KaHAIOB, Korjaa 3asBka mokuHeT CMO wnu
OyZeT mocTaBiieHa I OKHMJAHUA B OYEpelp M T.N. JTO IMO3BOJUT B JAJbHEUIIEM
ObIcTpee pa3pabdoTaTh CTPYKTYPHYIO CXEMY alropuTMa MOJEIMPOBAaHHUS Ipolecca
¢bynkunonuposanuss CMO. Ilepen pa3paboTKoil 3TOM cXeMbl HYy’KHO OCMBICIUTH CaM
npouecc pynkuuonupoBanuss CMO, nocTpouB AJis 3TOr0 AUArPaMMbl MOCTYIUICHUS
u o0ciyxuBaHus 3asBok. Hanpumep, B ciiyuae CMO cMmelanHoro Tumna ¢ orpaHuye-
HUEM JJIMHBI ouepean (PyHKIIMOHMPOBAHUE CUCTEMBI MOXET OBITh OCMBICIEHO C TO-
Mol1bIo puc. 6.13.

I I I I I I I IToctymnnenue 3asBOK,
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Ouepenp,
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BpewMms ¢

v

Puc. 6.13. mmoctpanus nporecca pynkuuonupoBanuss CMO cMmenranHoro
TUIIa C OTPAaHUYCHUCM JJIMHBI OUCPCaU YHUCIIOM m=2 B CJIydac IBYX KaHAJIOB
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Nnnroctpauuu, nogo0Hele puc. 6.13, MOryT ObITH HNPHUBEACHBI M ISl IPYTUX
BuaoB CMO.

Peanuzanueii B cinydae moaenupoBanusi CMO siBisieTcst mpouece nocTyIieHus
1 00CITy)KMBaHUS 3asiBKU. Pe3ynbTaToM peann3anuu siBIsieTcsl COObITUE, COCTOSIIEE B
o0CIy’>)KUBaHUM WIM HEoOCIyX)uBaHUU 3asiBKU. B ciyuae CMO cmemanHoOro tuma
3asBKa MOKET HEKOTOPOE BpeMsi HAXOIHUTHCS B OYEPEIU U B KOHEYHOM UTOre JINOO
OBITH 0OCTyKeHHOU (3asiBKU 4 1 5 Ha puc. 6.13), 1100 MOIy4uTh OTKa3 B 00CITYKH-
BaHWM B CJIy4ae, Korja JUInHa ouepeid JOCTUTIIA mpejena (3asBka 6 Ha puc. 6.13).

Baxupim BompocoMm mipu monenupoBaHun CMO sBnsieTcss BBIOOp MIpaBHiia
pacnpeneneHus 3asBOK 110 KaHajlaM B ciiydae, Korja cBoOOHbI JBa U 0oJiee KaHaJOB.
B mpocreiiiiem ciiyyae kaHaia, Ha KOTOPBIM MOCTYNUT 3asBKa JUIsl OOCITY>KWBAHMS,
MOKET BBIOMPATHCS CIydYalHbIM 00pa3oM, HCHOJb3ys PAaBHOMEPHO pacnpeeiEéHHbIe
ciydaiinple yucina. [Ipu ucnoiab30BaHUM CTAaHAAPTHBIX PABHOMEPHBIX YHCEN 7 BEIOOD
KaHajla MOKET OBbITh CIENaH 0 aHaJOTMU C ONPEIEICHUEM XapaKkTepa OTKasza 3Jie-
MeHTa (cMm. nogpasza. 6.10). Ilpu Gonbmiom uucie peanmmzanuii CMO, T.e. B ciydae
00JIBILIOTO YMCTIa 3a8BOK, BCE KaHAJIbl B KOHEUHOM HUTOT€ OKaXXyTCs 3arpy>KEHHBIMU
IpUMEPHO OJMHAKOBO. Eié Oosiee paBHOMEPHYIO 3arpy3Ky KaHajioB 0oOecleurBaeT
IPABUJIO, COTJIACHO KOTOPOMY OYepe/iHas 3asBKa IMOChUIA€TCS Ha TOT CBOOOJIHBIN Ka-
HaJI, KOTOPBIM K TEKYILIEMY MOMEHTY BPEMEHHU ObLII MEHEE BCETO 3arpy>KEH.

[Ipouecc ¢ynkunonupoBanuss CMO, wutoctpupyemsblii puc. 6.13, ¢ momo-
IbI0 TPUEMOB MporpaMmMupoBaHus uist OBM MoxeT ObITh peain30BaH MO-pa3HOMY.
Hamnpumep, BHayasie MOKHO Cr€HEpPUPOBATh TPEOyeMOe WM OYeHb OOJIBLIOE YMCIIO
3as1BOK. 3aT€M MOJyYUTh MAacCCUB CIy4alHbIX 3HAYCHUI BpEMEHU 00CITyKHUBaHUS 3asi-
BOK, pa3Me€p MaccHuBa JOJDKEH ObITh HE MEHEE YHMCIIa CT€HEPUPOBAHHBIX 3asBOK. A
nociie 3toro ¢ yuértom Buja CMO opraHu3oBath MpoLEaypy paclpeiesieHus 3asBOK
[0 KaHaJlaM U UX 00CITy’)KHBaHUE, a TaKXkKe YUET TeX BEIMUUH, KOTOpbIE MOTPeOyoTCA
JUTSL OTIpEIENIEHHs] OCHOBHBIX XapakrepucTuk CMO no pe3ynbTaTaMm MOJAEIUPOBAHUS.
Ho moxHo noctynate u no-apyromy. CreHepupoBaTh 3asiBKY U Bpemsi €€ 00CITyXKu-
BaHus. Mcronb3ys BEIOpaHHOE MPAaBUIIO paclpesesieHus 3as8BOK M0 KaHaiaM, OTIpa-
BUTH €€ Ha CBOOOJHBIN KaHaJ, €CJIM TaKOBOW MMEETCS, WK MOCTaBUTh B Ouepe/b B
clly4ae BO3MOKHOCTH, WJIM K€ CJIeNaTh BBIBOJ, YTO 3asiBKA MOJy4aeT OTKa3 B 00CIy-
KUBaHUU. ECTECTBEHHO, MO pe3yibTaTaM OOCIIyKUBaHUS 3asiBOK JOJHKEH MPOHU3BO-
TUTHCS YUET T€X BEJIMYMH, KOTOPbIE MOTPEOYIOTCS MOCIe OKOHYaHUSI BCETO MOJIEIH-
pOBaHMUs 1JId MOJICYETA MHTEpecyeMbIX XapakTtepuctuk CMO.

['enepupoBaHue 3asiBOK COCTOUT B ONPEACICHUH MPOMEKYTKA BPEMEHU MEKIY
IIPUXOJIOM JIBYX COCEHUX 3asBOK. B cilyyae mpocTeiiero noToka 3asBOK 3TO BpeMsI
pacmpezieNieH0 M0 3KCHOHEHIIMAIbHOMY 3aKOHY C MapamMeTpoM A, (pU3UYecKH mpen-
CTaBJISIOIIMM COO0l CpeiHee YHMCIIO 3asBOK, OCTYNAIOLIMX B €AUHUIYy BpeMeHu [1].
B 3TOM ciydae nis onpeznenieHrs BpEMEHM IIPUXOJa OYepEeaHON 3asBKU MOXKET HUC-
M0JIB30BaThCs TiepBas hopmysa Tabdi. 6.4.
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Hutepecyromue xapakrepuctuku CMO omnpezenstor, oOpadaTeiBasi pe3yibTa-
Thl MOJEIUPOBaHUs. BeposTHOCTh HEOOCTY)KUBAHUS 3aBKU OLIEHUBAIOT KaK

HEo0

N
P —

HEOO
NCMO

; (6.32)

A€ Nyeog — YUCIO 3a8BOK, IMOJYIUBIINX OTKa3 B 00CITY)KUBaHUU;
Ncmo — 0011Iee unciio 3asBoK, nmporneamux yepes CMO.

BepostHocth ipocTosi CMO xapakTepus3yeT CPEIHIO JO0JII0 BPEMEHH 3a UH-
TepeCcyIomuil nepuoja (Hampumep, CMEHY, HEACNI0, MECsI]), B TEYEHUE KOTOPOTO
CMO 6ynet npocrauBath. [Ipoctoem CMO cunutaroT 0JJHOBPEMEHHBINA MPOCTON BCEX
ka"ayoB. BepostHocTs nipocTost CMO moACUUTHIBAIOT 110 BRIPAXKEHUIO

t

PHpOCT = ﬂ’ (633)

tCMO

TIE fnpocr — CyMMapHOe BpeMs npoctost CMO (Bcex KaHAIOB OJJHOBPEMEHHO) B Tede-
Hue oOuero BpeMeHu (pyHkiuonupoBanus CMO;
femo — obee Bpems yuakimonupoBanus CMO.

OTHOCHUTEIbHYIO MPOMYCKHYIO CHOCOOHOCTD ¢ ONPEIENSIOT KaK

q= 1- PHeo6- (634)
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[MPUJIOXXEHUE
OCHOBHBIE ITPABHJIA
O®OPMJIEHUA NOACHUTEJBHOMN 3ANIMCKH

1 OBIIME TPEBOBAHUA

1.1 OdopmieHne MOSCHUTEIBHOW 3alMCKU JOJDKHO COOTBETCTBOBATH NMPUBEACHHBIM Ipa-
BUJIaM, a IS TIOJIOXKEHUH, He PaCKPBITBIX B 3THX MpaBuiiax, — rpedosanusm 'OCT 2.105-95.

1.2 TlosiCHUTENbHYIO 3allUCKy MOXHO IHCATh OT PYKH PY4YKOH (hHOJIETOBOro, CHHETO WU
YEPHOTO I[BETa WJIU K€ BHITIOTHATH JIFOOBIM MEYaTHBIM CIIOCOOOM Ha MUIIYIIEH MalluHKE U C UC-
MOJIb30BAaHWEM KOMIIBIOTEpPA W MPHHTEpPa HAa OJHOHN CTOpoHE JucTa Oenoit Oymarm (opmara A4.
JIUCTBI 3aMCKU TOJKHBI UMETh CIEAYIOIIME Mouist: JeBoe — npuMepHo 30 MM, mpaBoe — 10 mwm,
BepxHee — 20 MM, HIbkHEe — 20 MM.

1.3 MamuHONUCHBIN TEeKCT meyataercs yepe3 1,5 untepBana. LIBeT mpudTa nomkeH ObITH
4EPHBIM, BbICOTA OyKB, IU(P U APYTUX 3HAKOB MULIYIIECH MAIIMHKA — HE MeHee 1,8 MM.

1.4 TIlpu ucronb30BaHUU TEKCTOBBIX pefakTopoB IBM BbeicoTa OykB (Kerjb) At OCHOBHO-
ro Tekcta coctasisieT 13 win 14, 1jisi JOMOTHUTENBHOTO TEKCTa (MPEIUCIOBHS, CHOCKH, MOAPUCY-
HOYHBIE TIOJIMUCH, TaOIUIIBI, TUTEpATypa, HyMepalus CTPaHULI, IPUIOKEHUS U T.1.) — 12 MyHKTOB.
Pexomenayemast rapHuTypa At OCHOBHOTO TekcTa - Times New Roman. Tekct, HaOupaemblii Ha
[I9BM, neuyaraercs yepe3 OAMH NHTEPBAIL.

1.5 TekcT NOSICHUTEIBHON 3aMMCKH JEIUTCS HA Pa3/ielibl, a P HEOOXOAUMOCTH — Ha IMOJI-
paszenbl U MyHKThL. 3arojOBKH pa3/iesiOB BBIPABHUBAIOTCS IO LIEHTPY TEKCTA. 3arojlOBKHU MOJpa3-
JIEJIOB M IyHKTOB MMIIYTCs ¢ ab3ana. [lepeHochl 0B B 3arosioBkax He Jomyckarorcs. Touka B
KOHIIE 3aroJIOBKa HE CTaBUTCS. 3ar0JIOBKHU JIOJKHBI OTHEIATHCA OT TEKCTa M JIPYT OT Apyra OJHOM
cTpokoi. [loguepkuBaTh 3aroJIOBKU HE Oy CKAETCS.

1.6 Pa3pemiaercs UCmonb30BaTh KOMIIBIOTEPHBIE BOZMOXHOCTH AKLEHTUPOBAHUSI BHUMAHMS
Ha OnpeenEHHbIX TepMUHAX, (opMyIiax, BEIBOAAX, MPUMEHSS AJIS 3TOr0 MPUQTH pa3HOU rapHH-

TYpPHI.

2 HYMEPAIIUA

2.1 Crpanuisl ciieqyeT HyMepoBaTh apaOCKuMu mudpamu, coOI0as CKBO3HYI0 HyMepa-
LU0 B IIPEZENIax BCEU MOSCHUTEIBHON 3anmucku. Homep pexkomeHayercs CTaBUTh B IIPABOM BEpX-
HeMm yriy. Jlomyckaercss Homep ctpaHulbl npoctaBiath mo ['OCT 7.32-2001 B meHTpe HUXKHEU
gacTH JucTa 0e3 TOYKU. TUTYIBHBINA JIUCT U ONaHK 3aJaHHs BKIIOYAIOTCS B OOIIYI0 HyMepaluio
CTpaHUIl OSICHUTEIbHOMN 3alMCKH, HO HOMEpPa CTPAHHUILl HA HUX HE MPOCTaBIISIOT.

2.2 Pa3pensl 1OMKHBI UMETh MOPSAIKOBYI0 HyMEPALUIO B MPEAEIax BCEil MOACHUTENBHOM 3a-
MUCKU 1 0003HaYaThbcsi apadbckumu udpamu. B koHIlE HOMepa pa3zena Touyka HEe CTaBUTCS, Ha-
npuMep: 1 AHAIHM3 MCXOAHBIX JAHHBIX HA MPOEKTHPOBaHHUe (NEPBBIM pa3zesl MOSCHUTEIbHON
3anucku). BBeneHue, 3akiioueHue, JaUTepaTypa M NPUIIOKEHUS He HymepyloTcs. s HazBaHMi
pa3aesnoB JOMyCKAeTCsl IPUMEHEHHUE MPOMTUCHBIX OYKB.

2.3 Tlompasmensl HyMepyrOTCs apaOCKkuMu IudpamMu B mpeenax Kaxaoro pasaena. Homep
Io/Ipa3/Jiesia COCTOMT M3 HOMEpA pas3jiesia U HOMepa Iojpas3zeiia, pa3aesIEHHbIX TOYKOW. B koHIe
HOMEpa TOo4yka He cTaBHUTCs, Hampumep: 1.2 Xapaktep moctyiieHus 3assBok B CMO (BTopoit
IIO/Ipa3 el IEPBOTO pa3zeia).

2.4 TlyHKTHI HyMEpYIOTCS apaOckumu nudpamu B mpeneniax Kakaoro mojpasnaena. Homep
MyHKTa COCTOUT M3 HOMEPOB pa3jienia, Moapas3zesia u MyHKTa, pa3fAeJEHHbIX TOUKaMu. B koHIle HO-
Mepa TOYKa He cTaBUTCA, Hampumep: 1.2.2 3akoH pacnpeaejieHHsi BpeMEeHH MOCTYIUICHUs 3asi-
BOK (BTOpPOM IMyHKT BTOPOTO MOJpa3/ieia NepBOro pasieia).

2.5 Wmmoctpanuu 0003Ha4al0TCs CJIOBOM PHCYHOK M HyMepyIOTCS TOCIE0BaTEIbHO apal-
CKUMH II(paMu B mpenenax pasnena. Homep wuirocTpanuu T0MHKEH COCTOSTh M3 HOMEpa pasfena
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U TIOPSJIKOBOTO HOMEpa WIUTIOCTPALMM, pa3feiEHHBIX TOUKOM, Hampumep: Pucynok 1.2 (BTopoii
PUCYHOK TepBOTo pasnena). HoMep miutrocTpaiy MoMemaeTcsi HIKe pUCyHKa U MOSICHUTEIHHOTO
TEKCTa.

2.6 Hnmoctpauuu, pacrnojoKEHHbIE Ha OTAENbHBIX CTPAHULAX MOSICHUTENIbHOW 3aIllCKH,
BKJTIOYAIOTCSl B OOIIYI0 HyMEpauuio cTpanuil. Miumoctpanus, pa3mepbl KOTOpoi Oombine gopmara
A4, yunThIBaeTCS KaK OJIHA CTPAHULA.

2.7 Tabnuubsl HyMEpYyIOTCS MOCIEAO0BAaTEIbHO apaOCKuMu LudpamMu B Ipeaenax pasfiena.
CneBa Hajg Tabnuiei nomeniaercs Haanuch Tabdauna c ykazanueM Homepa. Homep Tabmuist 1o-
JKEH COCTOSITh U3 HOMEpA pa3jiesa U NOPSAIKOBOr0 HOMEpa TabUIbl, pa3elEHHBIX TOUKOH, HAaIlpH-
mep: Tabdauma 1.2 (Bropas Tabnuia neporo paszaena). Ecnu B 3amucke TONbKO o/HA Ta0iHIA, TO
IIpU MEPEeHOCe YacTH TaOIMIBI Ha JAPYroul JMCT BBepXy copasa nuinytes cioa Ilpomoskenue
Tabaunbl. Ecnu B 3anucke HECKOJIBKO TabmuIl, To numryTcs cioBa Ilpomoskenue Tad/. U yKasbl-
BaeTcs HoMep Tabmuipl, Hapumep: [Ipoaoskenue Tadu. 1.2.

2.8 ®opMmynbl HyMepyloTcs apabckumu mudpaMu B npeaenax pasaena. Homep dhopmynbl
COCTOMT M3 HOMEpA pas/iesia U MOPSIKOBOrOo HoMepa (GopMyJibl B pas3jese, pa3ieia€HHbIX TOYKOM.
Homep popmynsl yka3piBaeTCsi B KPYTIIBIX CKOOKaX C MPaBOil CTOPOHBI JIUCTA HA YPOBHE (OPMYIIBI,
Harpumep: (3.1) - nepBast popmysia TpPEThETO pas3zena.

3 WJVIIOCTPALIMA

3.1 Wmmoctpanust J0/DKHA OBITH PACIONOXKEHA TaK, YTOOBI ee ObUIO yI0OHO paccMaTpHUBaTh
0e3 MoBOpOTa MOSCHUTEIIFHOM 3aIMCKU MU C IOBOPOTOM IO YacoBOH cTpenke. MimrocTpanus pac-
TI0J1araeTcst MOCJIe EPBOI CCHUIKM Ha Heg.

3.2 Kaxnas wutoctpanys 10/DKHA UMETh HauMeHoBaHue (Ha3BaHue). [Ipu HeoOXxoaumocTn
HUIITIOCTpalusa cHa0KaeTCsl MOSACHUTEIbHBIM TEKCTOM. HOMep HWIUTIOCTpAall MOMCIIACTCA HUXKE pH-
CYHKa M TIOSICHUTEIIBHOTO TeKCTa (1o neHtpy). [Ipumep pucynka — pucyHok 3.1.

4 VIHTEHCUBHOCTB OTKa30B, A(t) 4 TABJIAIbI

KOTOpBbIN moMemaercs 3a ciaoBoMm Tabauma, Ha-

B npumep: Tadauuna 2.1 — [osicnenune pyHKIMO-

\ HAJIBHBIX YacTell CTPYKTYpPHO#H cXxembl. 3aro-
/ JIOBOK HE mojauepkuBaetcs. Tabnuua pacrosara-

''''' €TCs IOCJIe MEPBOM CCBUIKM Ha HEE M JOJDKHA

OBITh pa3MeleHa Tak, 4YToObl €€ OBLIO yIO0OHO

,\ \( A 4.1 Tabjuia JI0MKHA HMETh 3arojoBOK,

n

0 Hapa6otka (Bpemsi), ¢ -
yuTaTh 0€3 MOBOPOTa MOSCHUTEIBHOH 3alucKu
A — nepuoy npupa6oTky; B — nepron WM C IOBOPOTOM II0 YaCOBOH CTpEJIKE.
b
HOPMAJIBHOMN KCILTyaTaLiH 4.2 3aronoBku rpad TabIUI] JOJKHBI Ha-

PucyHok 3.1 - JIam6a-xapaktepuctuka PDY ~ THHATHCS C NPOIHCHBIX OYKB, TOJ3ar0JIOBKU —
CO CTPOYHBIX, €CJIM OHU COCTAaBIIAIOT OJHO Mpea-

JIO)KEHHE C 3arojJOBKOM, U C IPONMCHBIX, €CIU
OHHU CaMOCTOsITeNIbHBIC. JleleHne mo AuaroHaiu B TaOnMuax He jJomyckaeTcs. Beicota cTpok Tab-
JUI A0/bKHA OBITh HEe MeHee 8 MM. ['pacda Ne m.n. B Tabnuily He BKIIIOYAETCS.

4.3 Tlpu mepeHoce TabIMIl HA IPYTOW JIUCT 3ar0JIOBOK MOMEMIAeTCS TOJIBKO HaJ MEePBOM Ya-
cThto. Tabnuia ¢ 60IBIIMM KOJIMYECTBOM Ipad AETUTCS HAa YACTH, KOTOPBIE MOMEIIAIOTCS OJIHA MOJT
Jpyroil B mpenenax oaHOW cTpaHMubl. [Ipu mepeHoce TaOnMIBl B KaKAOH 4YacTU MOBTOPSIETCS
«IImankay TabauIsl (MIpU IEPEHOCE CTPOK) WM «OOKOBHK» (TpHU TiepeHoce rpad).

4.4 TloBropsromuiics B rpade TeKCT, COCTOSIINIA U3 OJHOTO CIIOBA, JOIYCKAETCsl 3aMEHSTh
KaBbIUKaMH, a U3 JIBYX CJIOB — IIPHU MEPBOM MOBTOpEHUHU cioBaMu «To ke», a anee KaBblYKAMM.
CTaBUTH KaBBIUKH BMECTO TIOBTOPSIFOIIMXCS U], 3HAKOB, MATEMAaTHIECKUX CHMBOJIOB, 0003HAYE-
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HHUSI MAapOK MATEpHAJOB M TUIIOB 3JIEMEHTOB, HOPMATUBHBIX JOKYMEHTOB HE JAOIyckaercs. Ecin
1n(ppoBbIe WM UHBIE JaHHBIE B CTPOKE OTCYTCTBYIOT, TO B HEl cTaBUTCS mpodepk. [Ipumep Tabmu-
LIbI IPUBENEH HIKE.

Tabauua 4.1- Uadopmanms 00 3j1emMeHTaX

Ba- JIEeMEeHT YJIeKTPUYeCKOH NMPUHIUNNATBHON CXeMbl
pH- Tun DAL,
aur | R1,kOm | R2,kOm | R3,kOm | Cl,Mmx® | U_, . ,B | Tun V1 DA2
7,5 7,5 3,0 0,68 15
Vldion | +5% | £10% | £10% |+l0% |KC133a | K40V
8,2 6,8 2,7 15
2 +59, £10% +50, - +5 9, KC168A | K140Y 11
8,2 5,6 1,8 0,47 15
3 t20% | #5% | £20% | £10% |10y | KC1S6A JKI0VIS
5 ®OPMYVYJIbI

5.1 3HaueHue KaxJOro CHMBOJIA JA€TCs ¢ HOBOM CTpokH. [lepBas cTpoka MOsSCHEHUs HA4du-
HaeTcs co cioBa rae 0e3 aeoerouns. [locie Gpopmymsl cTaBUTCS 3amsTasi, HOCHIE KaXIOW CTPOKH —
TOYKA C 3aIITOM, ITOCJIE IOCIEAHETO CI0BA — TOYKA.

5.2 ®opmyna B TEKCTE BIHCHIBACTCS B BHIE OTICIBHOW CTPOKU. Bhime u Hibke HopMyIisl
OCTaBJIIETCS OZJHa CBOOOIHAS CTPOKA.

[Ipumep:

BeposiTHOCTD HeoOCTy:KUBaHUSA 3asIBKU Py ONIpeaessiercs no gopmyie

P = M 2.1)

HeoO ’
N CMO

e Nyeog - YHUCIO 3a5IBOK, He 00CIY’KEHHBIX CHCTEeMOH MaccoBoro oocay:xkuBauus (CMO);
Ncmo - 001ee YHCJI0 3asiBOK, CMO/IeJIMPOBAHHBIX U npomeamux yepes CMO.

6 CCBIJIKHN

6.1 CchlIKu Ha JUTEPATypHbIE HCTOYHUKH YKa3bIBAIOTCS MOPSIKOBBIM HOMEPOM (110 CIIMCKY
HMCTOYHHKOB) B KBa/IpAaTHBIX CKOOKax, Haripumep: B padore [3].

6.2 CcbUIKM Ha WITIOCTPALMU yKa3bIBAIOTCS MOPSIKOBBIM HOMEPOM HILTIOCTPAlLlMU, HAIpH-
Mep: Ha pucyHke 1.2.

6.3 CcbulkM Ha TaOIMIBl YKa3bIBAIOTCS MOPSAKOBBIM HOMEPOM TaOJIMIIbI, HATPUMEpP: B Ta0-
Jaune 1.2.

6.4 Ccbulku Ha (HOpMyJIbl YKa3bIBAIOTCS MOPSAIKOBBIM HOMEPOM (OpPMyIbI B CKOOKaxX, Ha-
npumep: B popmy.ie (2.1).

6.5 B NOBTOpPHBIX CCBUIKaX Ha WJUTIOCTPALIMU U TaOJMIBI YKa3bIBA€TCS COKPALIEHHO CJIOBO
CMOTPH, HarpuMmep: cM. Tadauny 1.3.
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7 JIUTEPATYPA

7.1 Cnucok auTepaTypsl AOJKEH COJEpXKaTh MEPEUYeHb UCTOYHHKOB, MCIOJb30BAHHBIX MpU
BBINOJIHEHUHM KYpPCOBOTO NpOeKTa. VICTOYHMKM pacnojararoTcsi B IMOPSAAKE MOSBICHHS CCHUIOK
B Tekcre. CBeneHHss 00 HMCTOYHMKAX JOJDKHBI JaBaThCS B COOTBETCTBHHM C TpPEOOBaHHSIMHU
I'OCT 7.1-84. Ilpumepsr:

Kauru

1 bopoBuxkos C.M. TeopeTnueckne 0OCHOBbI KOHCTPYMPOBAHMSA, TEXHOJIOTHH U HATEHK-
HOCTH: Y4eO. Il CTyA. HHXK.-TeXH. cnell. By30B.- Mu.: /Iuzaiin [1PO, 1998. - 336 c.

2 Indposbie m anajgorospie mMukpocxembl: Cnpasounnk / C.B. Sky0oBckuii,
JI.LU. Hucceancon, B.U. Kyuaemosa u ap.; llox pea. C.B. SIky6oBckoro. — M.: Paano u cBs3b,
1989. — 496 c.

Cratbu

1 bopoBukoB C.M., lllep6a A.U. IIporuo3upoBanue HAAEKHOCTH MOJTYNPOBOIHUKO-
BbIX IPHOOPOB METOI0M MMHUTAIMOHHOT0 Moaeauposanus // Jlokaaasl BI'YUP: ssekTponu-
Ka, MaTepHaJibl, TeXHOJI0ruHu, nHpopmaTuka. — 2003. - T.1.- Ne 2. —C.113-117.

2 bopoBukos C.M., Illep6a A.A. MeToauka MHANBUAYAJIBHOI0 NIPOTHO3UPOBAHUSA M-
paMeTpH4ecKOoil HAIEKHOCTH OMNOJsIpPHBIX TpaH3ucTopos // U3B. besop. unx. akaa. — 2001. —
Ne 1(11)/3. — C. 235-238.

I'OCTor

1 Hapéxnoctb B TexHuke. OCHOBHbIe TOHSATHS, TEPMHUHbI H OIpeaeIeHU.
I'OCT 27.002-89. — M.: U3x1 — BO ctangapTos, 1990.

201041

2 T'OCT 27.002-89. Hané:xkHocTh B TexHUKe. OCHOBHbIE NOHATHS, TEPMHUHBI U ONpe/ie-
Jenust. — M.: U3x — Bo ctangapros, 1990.

7.2 B cBeneHHAIX 00 MCTOUHUKAX MOXHO OIYCKaTh OTJIEJbHBIC 3JIEMEHTHI MPU YCIOBHH, YTO
OCTABIIIMICS HA0Op JIEMEHTOB OOECIEYUT MOWCK MCTOYHMKA B OMOJIMOTEKE WM IPyTrux (poHmax.
Tak, B cBeleHUsIX HA KHUTY JOIMYCKAeTCsl He YKa3bIBaTh €e 00bEM (KOJIMUYECTBO CTpaHuil). B cBeze-
HUSIX Ha CTaThIO MOKET OBITh HE YKa3aHO €€ OCHOBHOE 3arjaBue, HO MPU 3TOM 00s3aTENbHO yKa3a-
HHUE CTPaHMII, Ha KOTOPHIX OHa OnyOJrKoBaHa. Eciy mpuBeeHO OCHOBHOE 3arjiaBue, TO CTPAHUIIBI
MOTYT HE YKa3bIBaThCSl.

7.3 B cBemeHusix 00 HMCTOYHMKAX JONYCKAeTCs COKpAIlaTh Ha3BaHHs JKypHAJOB, H3/a-
TEJLCTB, MECT (TOPOJIOB) U3/IaHUK B COOTBETCTBUU C TIpaBuiaamu, npuBeaeHHbIME B ['OCT 7.12-93.

8 NPUJIOKEHUA

8.1 Marepuain, TONMOJHSIOMMWN TEKCT MOSCHUTEIBbHOW 3alMCKH, JOMYCKAeTCsl MPUBOIUTH B
npuioxkeHusx. [IpunokeHus M MOTYT OBITh TEKCTBI MporpaMm uisi OBM, MOSCHEHUsT IPOrpaMM,
HAIMCAHHBIX Ha S3bIKaX MPOTrpaMMHUpPOBaHUs, TaOnuubl Oonbiioro gopmarta u T.4. [Ipunoxenus
0(OPMIISIFOT KaK MPOJIOJDKEHUE MOSICHUTENFHOW 3aMUCKH HA MOCIEIYIONNX JIMCTaX U BKJIIOYAIOT B
00IIyI0 HyMEpaIfo CTPAHHII.

8.2 Kaxnoe npuioxeHue cieayeT HauuHaTh C HOBOM CTpaHMIBI C YKa3aHHMEM HaBepXy IIO-
cepeauHe cTpaHulbl cioBa IlpuiaoxkeHue M mociieoBaTeNbHOTO €ro o0o3HaueHuss OyKBamMu
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PYCCKOTO WJIM JIATUHCKOTO aj(aBuTa, a o] HUM B CKOOKaX MHIIYT XapakTep MpuiioxkeHus (00s3a-
TeJIbHOe, PEKOMEH/yeMoe MU CIIPaBOYHOe)

8.3 Pucynku, Tabmuipl 1 GOpMYIBl B PUIOKEHUSIX HYMEpPYIOTCS apabckumu nudpamu B
npezenax KaxJa0ro npuioxeHus, Hanpumep: Pucynok A.1, Tabamnna A.2, (A.1).

9 COJIEP)KAHUE

9.1 ConepxaHue BKJIIOYACT BBEACHHE, HANMEHOBAHUE BCEX PA3/CIIOB, MOIPA3ICIOB U ITyHK-
TOB, €CJIM OHM MMCIOT HAaMMCHOBAHHE, 3aKIFOYCHUE, CIIUCOK HMCIIOJIb30BAaHHBIX JIUTEPATYPHBIX UC-
TOYHUKOB U HAMMCHOBAHUC HpI/IJ'IO)KeHI/Iﬁ [} YKa?:aHI/IeM HOMepOB CTpaHI/III, C KOTOpI)IX HAYMUHAKOTCSA
9TH COCTABHBIE YACTH MTOSCHUTENLHOM 3aIIUCKH.

9.2 Copnep:xaHue COCTABISETCS Ha OTACIBHOM JIMCTE. B MOSICHUTENBHON 3amucKe 00BEMOM
MeHee 10 cTpaHHIl coepKaHUE TOMYCKAETCS HE COCTABIISTh.
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