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BBEJAEHHUE

VYueOnas mucnuminHa «TeopeTnyeckue OCHOBbI KOHCTPYUPOBAHUS, TEXHOJIO-
run u HagexHocTw» (TOKTuH) 3anumaer ocoboe MecTo B y4yeOHOM ILJIaHE CHEIH-
anpHOCTEN «lIpOoekTHpOBaHKE U MPOU3BOACTBO PATUOIIEKTPOHHBIX CPEICTB», «Mo-
JETUPOBAHNE U KOMIIBIOTEPHOE NMPOEKTUPOBAHUE PATUOIIEKTPOHHBIX cpencTBy. OHa
SBJISIETCSL KaK OBl CBSI3YIOIIEH 00I1e00pa30BaTeNbHBIX U OOIIEHHKEHEPHBIX JUCITUII-
JIMH CO CIEUHAIBHBIMU JUCUUILIMHAMH. E€ poip B MOATOTOBKE CHENMAIMCTA OYEHD
BEJIMKA: CTYACHT JOJKEH OCMBICIUTH OOJBIIOE YHCIIO HOBBIX TEPMHUHOB U MOHSTHH,
UMEIOIIUX MPSAMOE OTHOIIEHUE K MPOEKTUPOBAHUIO, B TOM YHCIIE€ C UCIOJIb30BAHHEM
MOJENNPOBAHUS HA OCHOBE MAaTeMaTUYECKHX MOJEIIEN W COBPEMEHHBIX KOMIIBIOTE-
pOB, MPOU3BOJICTBY, HAJIEKHOCTU M OLIEHKE KauecTBa KOHCTpykuuid POY. Ilpuuem
9TU TEPMHUHBI U NOHATHS OCHOBAaHbl HA 3HAHUU MPUKJIAIHBIX MATEMATUYECKUX METO-
10B. [1oaTOMYy MJIs1 MIOHMMAaHUS HOBBIX TEPMUHOB U ITOHATUM OYE€HBb BAaYKHBI 3HAHUS U
HABbIKH, IIOJIYYEHHBIE TTPU U3YUYECHUH TaKUX JUCLUUILIMH, KaK “Bpiciias MaTemaTuka’,
“Teopust BEpOATHOCTEW M MaTeMaTH4ecKasl cTaTucTuka’, “»IIpukiianHas maremaTu-
Ka”, “OCHOBBI AITOPUTMHU3ALMHA U IPOTpaMMUpoBaHus”, “OCHOBBI paIHO3TIEKTPOHH-
KU ¥ Jp.

Y4eOHasi AMCUMIUIMHA HU3Y4YaeTcss B OJHOM CeMecTpe. YUeOHBIMU IUTaHaMU
CHEUANTbHOCTEN MPEAYCMOTPEHBI ayIMTOPHBIE 3aHATHS B BUJIE JIEKUUH, J1abopaTop-
HBIX pabOT U MPAKTUYECKUX 3aHATUI. DOpMa OTYETHOCTHU MO YUEOHOU TUCUUIIIIUHE —
sk3ameH. B mporecce nzyuenus yueoHoit mucuurminael TOKTuH ctynent nomken
BBIITOJTHUTH U 3aIlUTUTh KYPCOBOM MTPOEKT.

VYyebnas aucuumuinHa «HxenepHoe obecniedeHue HAAEKHOCTH PaTUOIIICK-
TpoHHBIX cpeactBy (MOH POC) BkitoueHa B yueOHBIN I1aH crienuaibHOCTH «IIpo-
EKTUPOBAHUE U IIPOU3BOJCTBO PALUONICKTPOHHBIX CPEACTB» U SABIISIETCSA PAa3BUTHUEM
pasznena « TOKTuH», nocBsAIIeHHOr0 OCHOBaM TEOPHUHU U METOJIAM OLIEHKH MOKa3aTe-
JIell HAJIe)KHOCTU DJIEMEHTOB U KOHCTpyKUMii POY. CTyneHTbl NOMKHBI U3YYUTh
IpaKTHYECKUE MOAXO0AbI K o0ecnieueHuto HanéxHocTu POY Ha sTamax mpoektuposa-
HUs, IPOM3BOJICTBA U IKCIUTyaTanuu. JlaHHas QUCHUIUIMHA TAK)KE U3y4daeTcsl B OJHOM
cemecTpe. Y4YeOHbIM IUIAHOM CHELUATbHOCTH MPEAYCMOTPEHBI ay IUTOPHBIEC 3aHATHS
B BHUJIC JICKITMH, 1a00paTOPHBIX paboT, a A7 CTYJEHTOB 3209HOM (HhOPMBI O0yUEHHUS -
TaK)K€ BBINIOJIHEHUE JIOMAIIHEW KOHTPOJIbHOM paboThl. @opMa OTUETHOCTH MO yueo-
HOM JTUCIUILUIMHE — DK3aMEH.

Hannas yueOHO-MeToAuueckass pa3paboTKa MpeaHa3HadeHa MJisi CTYJIEHTOB
cneuuanbHocTel «IIpoekTupoBanue m npousBoactBo POCy» u «MonenupoBaHue u
KOMITIbIOTEpHOE TNpoekTupoBanue POCy» Bcex GopM o0yueHus, OJHAKO IOJe€3HA U
CTyJCHTaM JPYTUX CHEUUATbHOCTEN.



1. YYHEBHASA JUCIHHUIIVIMHA «TEOPETUYECKHUE OCHOBbBI
KOHCTPYUPOBAHUS, TEXHOJIOTUUA U HAJEXKXHOCTH»

1.1. Heap u 3a5a4u y4eOHOM JUCHMIIHHBI

Hannas yueOHasi JUCUHUIUIMHA MpPETycMaTpUBAeT M3yYEHHE OCHOBHBIX IOHS-
TAA U METOAOB, UCIOJIb3YEMBIX ISl PACUETHO-AHAIUTHYECKOTO U IKCIIEPUMEHTANb-
HOTO MCCJEAOBaHUSA KOHCTPYKIMH, TEXHOJOTHUM U HAJAEHKHOCTU PATUOIIEKTPOHHBIX
cpencts (POC) B mporecce MX KOHCTPYKTOPCKO-TEXHOJIOTMYECKOTO MPOEKTUPOBa-
Hus. Lenb yueOHON AMCHHUIUIMHBI — IOMOYb CTYJEHTaM OCMBICIUTh TEPMUHOJIOTHIO,
OCHOBHBIE TMOHATHUS, IPUOOPECTH, a B JaJIbHEHIIEM pa3BUTh HABBIKM IMPUMEHEHUs
YKa3aHHBIX METOJIOB.

B pesynbrare ocBoeHus Kypcea « TeopeTuueckne OCHOBbI KOHCTPYUPOBAHMS,

TEXHOJIOTUHN U HAJIC)KHOCTW» CTYACHT J0JIKeH 3HATh:

® BEpPOSATHOCTHBIE METOJIbl OMHCAHUS TOYHOCTH MU CTAOUJIBHOCTH MapameTpoOB
POC, TexHONOrn4ecKux NpoLeccoB;

® OCHOBBI TEOPUH, METOJIbl IUIAHUPOBAHUSA U 00pabOTKU ¢ nmpumeHeHMeM OBM
PE3yJIbTaTOB IMACCUBHOI'O ¥ AKTUBHBIX (PaKTOPHBIX IKCIIEPUMEHTOB;

® TEOPETHKO-MAaTeMaTHYECKUE MPOOIEMbl HAJEKHOCTH, MOJIEIN OTKa30B, METO-
JIbl pacueTa HaJIe)KHOCTH C UCO0JIb30BaHreM DBM;

e METOJbI ONTUMM3ALINH, B TOM YHCIIE C pUMeHEHNEM DBM;

® OCHOBBI MHMBHUAYAJIbHOIO IIPOrHO3UPOBAHMS TEXHUYECKOTO cocTostHUS POC;

® BUJBl U XapaKTEPUCTHUKU CUCTEM MAacCOBOTO OOCITYXUBAaHUS B TEXHOJIOTHH
POC;

® [PUHUMIIBI U aJTOPUTMBI CTATUCTUYECKOTO MOJAEIMPOBAHUS MMAPAMETPOB KOH-
CTPYKUMI U TEXHOJIOTUYECKUX MPOLECCOB C UCTOJIb30BaHneEM DBM.

[Ipoiias moArOoTOBKY MO JUCHUILUIMHE, CTYAEHT JA0JI2KEeH YMeTh:

¢ IPUMEHATh BEPOSTHOCTHBIC METOJBI JUIS aHajdu3a TOYHOCTH M CTAOMIBLHOCTH
napameTpoB POC 1 TEXHOIOTMYECKUX MTPOLECCOB;

+¢ BBIMOJHSTH BEPOSTHOCTHOE OMHMCAHUE IMapaMEeTPOB IEMEHTOB U TEXHOJIOTHYE-
CKHX OTepaluii Mo pe3yJibTaTaM SKCIIEPUMEHTOB;

¢ CTPOUTHh MAaTEeMaTUYCCKUE MOJEITH yCTPOWCTB M TEXHOJOTHYECKUX MPOIIECCOB
POC meromamu minanupoBaHusi (HaKTOPHBIX IKCIIEPUMEHTOB;

+¢ BBIMOJHSTH PAcUYCThl M OLICHKY HAJS)KHOCTH MpOoeKTUpyeMbix POC, B ToM umc-
JI€ ¥l IPU HAJIMYHUH PE3E€PBUPOBAHUS;

% (opMyIUPOBAThH 33Ja49X ONTHMHU3AIINHN, BBIOJHATh UX MOATOTOBKY JIJISl perie-
HUS MaTEMaTUYECKUMU METOIaMU;

%* MOJICJIUPOBATHh KOHCTPYKIIUU M TEXHOJOTUICCKUE MPOIIECCHI C YIETOM BEPOSIT-
HOCTHOT'O PacCesiHUs TapaMeTPOB;

+* OCYIIECTBJIATH BHIOOP METO/a MHAWBHIYaIbHOTO IMPOTrHO3UPOBAHUS ISl OICH-
KM KaueCTBa 3JIEMEHTOB U ycTpoiicTB POC.



1.2. Coaepxanue TUCHUILUIMHBI, METOAUYECKHE YKAZAHUA U
KOHTPOJIbHbIE BONIPOCHI

Beeoenue

OOwas XapakTepUCTUKAa KOHCTPYKUUN TEXHOJOTHYECKUX MPOLECCOB U3rOTOB-
nenus, HanexxHoctu POC; cTpykrypa uepapxum kKoHcTpykuuii POC, cTpykrypa Tex-
HOJIOTUYECKUX MPOIIECCOB B pajuoanmapaTocTpoeHuu. OCHOBHbBIE TPOOJIEMBI paino-
anmnapaToCTPOCHUs - KOMIUIEKCHAsE MUKPOMUHUATIOpU3alusi, 00eCrieYeHne BhICOKON
HanéxHoctn POC, CHW)XEHHE TPYHOEMKOCTH TEXHOJIOTMYECKUX MpoueccoB. Poub
MHXEHEPAa-KOHCTpYKTOpa-TexHosora POC B pemeHnn npoOieMHbIX BOIPOcoB. Me-
CTO M 3HAYEHHE MPUKIIAJHBIX MATEMAaTUYECKUX METOJO0B IIPU PEIICHUH MH)XEHEPHBIX
3a/1a4 B KOHCTPYMPOBAHUH, TEXHOJIOTUU U HanexHocTu POC.

Pazoen 1. Oowaa xapakmepucmuxa napamempoas,
cucmemHbvie Memoovl 6 KOHCmpyupoganuu u mexnoaozuu P2C

Brixoansie u mepBuuHblie napamerpbl. KoHcTpykTtopckue mnapamerpbl POC:
Macca, rabapuThl, KOd(PGUIIMEHTHI 3aNI0JIHEHUS TI0 Macce, 00bémy, Tomanu. Koad-
(bUIMEHTHI yBEIMYEHHS 110 Macce, 00BEMY, TUIOMIAAN U UX UCIOJIb30BaHUE MPH MPO-
€KTUPOBAHUU KOHCTpYKIU POY.

Ennnuunbsle 1 KOMIUIEKCHBIE nOoKa3zaTein kadectBa POC. Moaenn KoMIjiekc-
HbIX TMoka3atened kadectBa. Konctpykuusa POC um TEXHOIOTHMUECKUN MpOrpecc Kak
cucteMbl. MeToabl olleHKH ypoBHs kadecTBa POC. CylHOCTh U cOAEpKaHUE CHUC-
TEMHOTO MOJX0/1a K MPOEKTUPOBAHUIO KOHCTPYKIIMI U TEXHOJIOTUYECKUX MPOLECCOB
uszroroBnenus POC.

Memoouueckue ykazanus

[Ipu n3ydyennn yueOHOro MaTepuaia 3TOro paszesia He0OXOAUMO MOHATh, YTO
KkadyecTBO POY — 310 MHOrOrpaHHoe cBoMCTBO. /I ONMcaHus TE€X WM UHBIX CTOPOH
3TOr0 CBOKCTBA NPUTOAHBI €AMHUYHBIE MMOKa3aTenu. CI0BO «EAMHUYHBIN) O3HAYAET,
YTO IOKa3aTellb JAaET MPEACTABICHUE O KAKOM-TO OJHOM CBOMCTBE, HAIIPUMEDP CTOU-
MocTHu. Clenyer NOHSTh, YTO KOMILIEKCHBIN MTOKA3aTeNb HAIEKHOCTH OJTHOBPEMEHHO
TaéT MpeCTaBlIeHUe O JIBYX U 0oJiee CBOMCTBax, ompenaestonux kadecrso POY. B
OOJBIIMHCTBE CIy4aeB KOMIUIEKCHBIM MoKa3areiab kauyecTBa (0003HaUMM Kak K) sB-
JII€TCSI MAaTEMATUYECKUM BBIPa)KEHUEM, MOCTPOEHHBIM M3 €IMHUYHBIX [MOKA3aTeleu,
U HE UMEET KOHKPETHOTO (PM3HUECKOT0 CMbICTIA, HAIIPUMEP

s (1.1)

rJ€ m - YUCJIO0 €AMHUYHBIX MMOKa3aTesel, MPUHATHIX BO BHUMAHUE;
0,; — K03 PUIMEHT, MMOKa3bIBAOITUI BeC (BAXKHOCTh, 3HAUUMOCTh) i-T0 €AUHNY-
HOTO TTOKa3aTess JJIs JaHHoro Buja POY;
k; - 3HaYeHHWE €IMHUYHOIO IMOKa3aTelsd KauecTBa.



Jliist Toro 4to0bl BOCIOJIB30BAThCS BbIpakeHueM (1.1), 3HaueHus k; JOJKHBI
OBITh MOJCTaBJICHbl B HOPMUPOBAaHHOM Oe3pa3MepHOM HcuucieHuu. Ha mpakTuke
pacmpocTpaHeHa HOPMUPOBKA, IIPU KOTOPOM JMANa30H peadbHbIX 3HaYeHUM k; mnepe-
HocuTca Ha oTpe3ok (0...1). [IpuyeM enrHUIIa COOTBETCTBYET JyUIlIEMY CIIy4aro, a
HYJIb — Xy/IIEMY C TOYKU 3peHusl (HYHKIIMOHUPOBAHUS M MOTPEOUTETHCKIUX CBOWCTB
POVY. IloaToMy HEOOXOAMMO OCMBICIUTH MEPBYI0 (opmyny BoipakeHuit (1.12) B
[1,c. 13].

CrnenyeT Takke MOHSTh, YTO KOHCTPYKIHUH U TeXHOJIornueckue npoueccbl POC
MPOSIBJISIIOT TpU3HAKu cucteM. [loaTomy st ux mpoekTupoBanus dHPEeKTUBEH MO-
X0J1, KOTOPBIM MPUMEHSIOT JJIsi IPOCKTUPOBaHUs cucteM BooOie. [Ipoexktupyemoe
YCTPOMCTBO WJIM TEXHOJIOTMYECKUM MPOIECC paccMaTPUBACTCS KaK CHUCTEMa, CO-
cTosilasi U3 COCTaBHBIX yacTell (moacucteM). B To ke BpeMs 3Ta cuctemMa BXOIUT
KaK 4acTh B COCTaB 0oJjiee CJIOKHOM cucTeMbl (cymnepcuctembl). B xauecTBe cymep-
cucTembl Juisi KoHCTpykuuii POC moryT BhICTynaTh, Hanmpumep, KOHCTPYKTHBHBIC
€AMHUIIBI 00Jiee BHICOKOTO YPOBHS U BHeHsA cpeaa (puc.l.1).

[Ipu u3ydyeHun cucrem-

HOTO IMOAXO0Ja HEO0XOIUMO

Cynepencrena Mpiep: UMETh B BHUJY, YTO OH IPEIO-

POV, BHemHsS cpea naraeT  (IPUMEHHUTENIBHO K

T MPOCKTUPOBAHUIO  KOHCTPYK-
uuii POC) cnenyroiee:

[Ipoextupyemoe biok POC
YCTpOICTEO ¢ DAacCMOTpPEHHE aJbTEp-
(cucTema) HATUBHBIX TNIyTE€W MOJIYYEHUS

CONOCTABUMBIX  BAapUAHTOB;

3TO B TEPBYIO OYepe/Ib KacaeT-

COCTABHEIC YACTH (DYHI;?CIE:I?:II’HHG 3B, c1 BBHIOOpPA KOMIIOHOBOYHBIX

(HO,I[CI/ICTGMBI) CXEM, MaTcpuaioB, KOMILICK-

TYIOIIUX 3JIEMEHTOB, BHepre-
TUYECKUX HCTOYHHUKOB;

¢ KOJIMYCCTBCHHYIO OILCH-

Ky KOMIUIEKCHOTO IOKa3aTems

Ka4yecTBa KOHCTPYKLHUH C yde-

TOM BECOBBIX KO3((UINCHTOB

Puc.1.1. Ympouiennas cxema cBsizu
MPOEKTUPYEMOI CHCTEMBI C MOACUCTEMOM
U CyNIEpPCUCTEMON

€IUHUYHBIX IT0KA3aTEICH, YKa3aHHBIX 3aKa3YUKOM;

¢ HCNOJIb30BAaHWE MOJEIEH M MMUTALMU IS UCCIENOBAHUS KOHCTPYKTOPCKHX
peuieHuii, a He COOPKY U UCCJIEAOBaHNE PeabHbIX YCTPONCTB;

¢ [PUMEHEHUE BEPOSTHOCTHO-CTATUCTUYECKUX METOJOB JJIsl OLICHKHU TEX pellie-
HUM, HA PE3YJbTAT KOTOPHIX OKA3bIBAIOT BIMSHUE CIIYyYANHBIE TAPAMETPHI;

¢ HCHOJIb30BaHUE MPHU BHIOOPE U OIIEHKE pElIeHUs COBPEMEHHOTO MaTeMaTuye-
ckoro anmnapara u OBM.

OCHOBHBIMH JIUTEPATYPHBIMU HUCTOUYHMKAMHM JIJII U3YUYEHUS] CUCTEMHOIO IOJI-
xoja sBistores [ 1, 3, 4].



Konmponwvnwie éonpocut

B 4ém cocToUT cMBICIT BBIXOHBIX U IEPBUYHBIX TapaMeTPOB?

Kak cooTHOcATCS MOHATHS «BHYTPEHHHE WM BHEUIHWE mapameTpsl POVYy, mmu-

POKO HCIIOJIB3yEMbIE IPU aBTOMAaTU3UPOBAHHOM IPOEKTUPOBAHUH, C IOHATHEM

«TIEPBUYHBIE TAPaMETPhD»?

3. Kakwue BbIBOJIbI MOKHO CAEJIATh O KOHCTPYKIHUH POY 1 €€ cOCTaBHBIX YacTAX C
MOMOIIEI0 K0P DUITMEHTOB 3aMOJTHEHUS IO Macce, 00bEMY, TUIOMIAIMN?

4. Kak npu npoektupoBanuu POY ucnonb3oBaTh K03 GUIMEHTH! YBEIUUEHHUS 110
00bEMY, IoIIaau, Macce?

5. UTo MOXKHO CKa3aTh 0 KauecTBe POY ¢ MOMOIIBIO € AMHUYHBIX U KOMILIEKCHBIX
noKaszaTesen Kkayecra?

6. Kak npu oneHke ypoBHs kadecTBa POY MOXKHO ydecTh €IMHUYHBIE ITOKA3ATE-
JI¥, HE UMEIOIIME SIBHO BBIPAKEHHOM KOJWYECTBEHHOW MEPBI, HAIIPUMED XYy-
N0’KeCTBeHHOE odopmileHue (au3aiin)?

7. B 4éM cOCTOST CYHIHOCTh M COAEPKAHUE CUCTEMHOrO MOAXOAA K IMPOEKTUPO-

BaHUIO KOHCTpYKIM POV (TexHonmornyeckux npoueccon)?

N —

Pazoen 2. BepoamnocmHuoe onucanue napamempos 6
Koncmpyupoeanuu u mexnonouu P2y

Tema 2.1. Bepoamnocmuoe onucanue napamempos,
paccmampueaemvlx 8 0omoeibHOCmu

Cny4aiiHblil XapakTep MapaMeTpOB, BEPOSTHOCTHOE OIKMCAHUE IMAPaAMETPOB.
CpenHue 3HaYeHUs M AUCHEpPCUU (CpeaHUE KBaJIpaTUUECKUE OTKIOHEHHUS) mapameT-
poB. Mojienu 3akOHOB pacrpeeneHus napamerpoB. HopmanbHast Mozielb, «IpaBuiio
TpEX CUTM». Y CEeUeHHAsi HOpMaJibHasi MOJIEIb.

XapakTepucTuka Jpyrux Mojiejel 3aKOHOB paclpe/iesieHHs: paBHOMEPHAsT MO-
Jieb, SKCIIOHEHI[MaIbHAsI MOJENb, MOJENb Beitbyina, norapudmudyecku HopMaibHas
MOJIEJTb.

Tema 2.2. Bepoamnocmuoe onucauvue coO80KYNHOCMU
napamempoe

[IyT BEPOSTHOCTHOIO ONMCAaHHS COBOKYIHOCTH IapameTpoB. MHOromMepHbIe
U YCIIOBHBIE (PYHKIIUU pacTpeeieHus. 3aBUCUMbIC U HE3aBUCUMBIC TTApaMETPHI.

Koppensuus mapamerpoB. KoppemnsiimonHoe mose napamerpoB. Koaddurment
JMHENHOM Koppeisauu. [lomoxurenbHas U oTpunaTesbHas KOPPEISILUH.

BepoATHOCTHOE omnumcaHMe 3aBHCHMBIX IapaMeTpoB. KoppermsinuoHHbIE MaT-
puubl. [Ipumep KopperAMOHHON MaTPHULLBI.

Tema 2.3. DxcnepumenmanvHoe onpeoeieHue 8eposimHOCMHO20
ONUCAHUSL NAPAMEMPO8

OcHOBHBIE 3a/Jlaud MaTEMaTUYECKOM CTaTUCTHKU. [loHsATHE BBIOOPOUYHBIX
XapaKTEPUCTHUK: BBIOOPOYHOTO CPETHEro 3HA4YeHHs, BbIOOPOUYHOTO KoddduimeHTa
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Koppessiiuy U T. A. OLUeHKH napaMeTpoB U OCHOBHBIE TPeOOBaHMsI, IIPEIbABISIEMbIE
K OLICHKaM MapaMeTpoB. TOYeUHbIE U MHTEPBAJIbHBIC OLICHKM KOJMYECTBEHHBIX Xa-
PaKTEPUCTUK MapaMETPOB: MAaTEMAaTUYECKUX OXUIAHUN U CPEIHUX KBaIPaTUYECKUX
OTKJIOHEeHUH. OnpeneneHne TOYeYHbIX U MHTEPBAJIBHBIX OLEHOK. Ompenenenne Tpe-
OyeMoro 4uciia HaOIIeHU TapaMeTpoB (TUTAHUPOBAHUE HAOTIOACHUI).

Onenka ko3(dduuneHToB napHoi Koppensauuu. OmnpeneneHUEe 3aKOHOB pac-
IpelesieHns] NapaMeTPOB MO OMNBITHBIM JaHHBIM. ['MCTOrpamMMa M CTaTUCTUYECKas
¢yHkuusa pacnpeneneHus. Ponp uncia HaOmoaenuil. [IpoBepka cTaTHCTHUECKUX TH-
note3, Kpurepuu cornacusi. BepostHoctHast Oymara (ceTka) U ee UCHOIb30BaHue AJis
INPUHATHS THUIIOTE3 O 3aKOHAX pachpenesieHus: napamerpoB. [Ipumep omnpeneneHus
3aKOHA pPACHpPEACIICHUS NTapaMeTpa.

[IpuMeHeHne BEPOSITHOCTHOTO OIMCAHUS ITAPAMETPOB ISl PELIEHUST UHKEHED-
HBIX 3a7a4. PekomMeHaanuu 1o MCIOJb30BaHUIO MOJENEW 3aKOHOB pacCHpeAcIICHHUs
napameTpoB. [Ipumeps! IpuMeHeHUsT MOAEIIEH 3aKOHOB PaCIIPEACIICHUS ISl PELLICHHUS
WHKCHEPHBIX 3a7ad.

Memoouueckue ykazanus

Haunnas usyuenue yueOHOro Matepuasia JaHHOTO pa3jiesnia, peKOMEHAYeTCs U3
Kypca «Teopuss BEepOATHOCTEW M MAaTeMaTHU4eCKas CTATUCTHUKA» BCIIOMHUTH TaKHE
MOHATHSA, KaK CIIy4YaiHbIC BETHUMHBI, PYHKINS pacIpeeeHUs U MIIOTHOCTh pacipe-
JIEJICHUS CIIyYalHBIX BEJIMYHMH, BEPOSATHOCTH NONAJAHUS CIIyYalHOW BEJIWYUHBI Ha
3aJlaHHbI Y4YacTOK (JIMara3oH), YHUCIOBBIE XapAKTEPUCTUKU CIIyYailHOW BETWYMHBI:
MaTeMaTH4YECKOE OXKUIAHUE, JUCIIEPCUs, CpEHEE KBAaIpaTUYECKOE OTKIOHEHHE. Pe-
KOMEHAYETCSI TAK)KE MOBTOPUTH TEMbBI: HOPMAJIBHBIA 3aKOH PACHPENEICHHS U OIpe-
JICJICHNE 3aKOHOB pacIpe/ie/ICeHNs HA OCHOBE ONBITHBIX JAHHBIX. B mocienHem ciy-
yae 0co00e BHUMaHUE HY>KHO 0OpaTUTh Ha NOPSAJOK NOCTPOECHUS TUCTOTPAMM M CTa-
TUCTUYECKUX (PYHKUMH pacrpeneieHus CaydyailHbIX BEJIMYMH, a TaKXE BbIPABHHBA-
HUE CTATUCTUYECKUX PSAOB, IIPOBEPKY TMIIOTE3 O 3aKOHAX PaCIpeleseHus C IIOMO-
IO KpUTEPHUEB cornacus. B kauecTBe oOuiei muTepaTypbl MO yKa3aHHBIM BOIIPOCaM
pekomenayercs [10], B [1, 3, 4] 3Tk BOpocCkl pacCMOTPEHbI IPUMEHUTENBHO K POY
Y DJIEMEHTAaM.

Crenyer MOHATH, YTO MApPAMETPBI, C KOTOPBIMU NPUXOIUTCSA HWMETh JIEJ0 B
KOHCTPYUPOBAHUU U TEXHOJIOTMU POY, B cuily OOBEKTUBHO NEHCTBYIOLIMX MPUYHUH
ABJISIOTCS CllydanHbIMU. [IoHATHE CIIydalHOCTH IIPU 3TOM HE O3HAYAET ITOJHBIN "Xa-
oc". C omHOM CTOPOHBI, pa3zdpoc (paccemBaHUe) MapaMeTPOB OTPAHUUUBACTCS Tpe-
JEIbHBIMU OTKJIOHEHUSIMH — JIOITyCKAMH, C APYTOM — CIIy4YalHOCTh ITapaMeTPOB IPO-
SBJIETCS IPU PACCMOTPEHUU BBIOOPKH OJHOTHITHBIX M3JEIHUI, MaTepruagoB UHCTPY-
MEHTa, pealu3aluil npoueccoB. B mpenemax moss nomycka 3Ha4€HHE CIy4alHOIO
napamMeTpa MOKET IOJUYMHATHCA TOMY WM MHOMY 3aKOHY pacIpeiciieHUs. 3aKOH
MOJKET OBbITh 3aJaH CJIEAYIOIMMU (PYHKUUSMU: MJIOTHOCTBIO PACIPENETICHUS W(X),
Ha3bIBa€MOM WHAYE TUIOTHOCTBIO BEpOSITHOCTEH; (yHKIMEH pacripenencHus F(x).
['paduku >THX QyHKIUH B Cllydae HOPMaJIbHOI'O 3aKOHA paclpeaesieHus napaMmerpa
MOKa3aHbl Ha puc. 1.2.



Cnengyer 3HaTh, 4YTO NPUMEPHO B

WY j‘ 90...95 mponeHTax ciyyasx napamMeTrpbl B
KOHCTPYUPOBAaHUM M TeXHOJorun PIY
pacmpeneneHbl MO 3aKOHaM, OJU3KUM K
HOpMaibHbIM. [lo3TOMY wu3y4YeHUIO HOp-
> MaJbHOM MOJENN (HOPMAJIBHOTO 3aKOHa
| x pacmpenesieHus) B NPUMEHEHUM K OIuca-
M) HUIO MMApaMETPOB CIEIYET YJEIUTh 0C000€
Fiv) a BHUMaHwue. [Ipyn 3TOM HEOOXOAMMO OCMBIC-
R - JUTh “TPABUIIO TPEX CUTM’, MOCKOJBKY UM
IIUPOKO TOJIB3YIOTCSI B MHXKEHEPHOU MpaK-

0,5 THUKE.
. - Pexomennyercs mo pabore [2] o3Ha-

X

M) " KOMHTBCA € IPUMEPAMH MPUMEHEHHS HOp-
MaJbHOM MOJENM MPHU PEIICHUH WHXKEHEP-
HBIX 3a1a4. Hago 3HaTh, 4TO B TEX cliydasx,
KOrJa 3aKOH paclpelle]ieHUusl MapameTpa
HEW3BECTEH U HET OCHOBAHUU MPUHSTH T'U-
[I0TE€3y O HOPMAJIBHOM MOJIENH, CIEIYET MOJIb30BATHCSI PABHOMEPHON MOJENBIO, TaK
KaK OHa SABJISIETCS TPEAEIIbHBIM (HauXyAIIMM) CIIy4aeM paccerBaHUs MapaMeTpPOB Ha
MIPaKTHKE.
JIy1st BEpOATHOCTHOTO OMHCAHMS CIIy4aifHOTO mapaMerpa (0003HaYuM ero uepes

X) UCTIONB3YIOTCA CIAEAYIOIINE XapaKTEPUCTHKU:

e cpeaHee 3HaUYCHHE napamerpa, M(x);

® CpeaHee KBaJIpaTUYECKOE OTKIIOHEHHE MapaMeTpa, G(X), uiau aucnepcus, D(x);
HEOGXOIMMO IIOMHHTB COOTHOIICHHE D(X)= 6°(X);

® 3aKOH paclpeielieHHs NapameTpa B IMpeAesiax IMoJisl JOIYCKa, HalpuMmep,
IUIOTHOCTh paclpeiesieHus: mapaMmeTpa, w(x), B 3TOM cllydae X — He TOJIbKO paccMmar-
pUBaeMbIi TapaMeTp, HO U €ro TeKYIlUe 3HAYEeHHUsI, TaK Kak W(X) eCTb (DyHKIIHS.

Cpennee 3HaueHue M(x) OOBIYHO COOTBETCTBYET HOMHUHAJIBLHOMY 3HAYEHUIO

rapamMerpa, yKa3blBaeMOMY B TEXHUYECKOW JTOKYMEHTALMU. B MHKEHEPHOU IIPAKTHU-
ke uHpopMmanusa o pazdpoce mapameTpoB, Kak MPaBUIIO, 337ACTCs XapaKTEPUCTUKON
d(x) — monoBuHOM moJsi nomycka. [Ipu M3BeCTHOM BHJI€ MIIOTHOCTH pacIpeesieHUs
napamMeTpa JErkKo MeperTH OT XapaKTepUCTUKH O(X) K XapakTepucTuke o(x). Jlomycku
Ha TapaMeTphl, AJIS KOTOPBIX OMpaBJaHa TUIOTE3a O HOPMAIBHONW MOJAENH, OOBIYHO
YCTaHABIIMBAIOTCSI HA OCHOBE ‘‘TIpaBWJIa TPEX CUTM’, MIOATOMY AJISl ONPEJEICHUS Xa-
PaKTEPUCTUKH G(X) B TAKUX CITy4YasXx MOKHO TOJIb30BaThCs BHIPAKEHUEM

o(x)~ 5(3’“) . (1.2)

Puc. 1.2. I'paduku pynkuuit w(x)
u F(x) npu HOpMaIbHOM 3aKOHE pacIipe-
JIeTICHUS TTapaMeTpa

JIJIsi BEpOSITHOCTHOT'O OIMCAHHUS 3aBHCHMBIX ITapaMeTpPoB (IBYX Wiu Ooiee)
IIOJIB3YFOTCSl BEPOSTHOCTHBIM OIMCAHHUEM IapaMeTPOB, PaCCMaTPUBACMBIX B OT/IC/b-
HOCTH, T.€. Xapakrepuctukamu M(x; ), o(x; ) u w(x; ), a Taxoke KodppuuueHTaMu
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NapHOW KOppEJSIIIMM MEXAYy 3aBUCUMBIMU Iapamerpamu. PaccMarpuBas moHsTHE
KOPpEISILUA MEXIy NapamMeTpaMu, CIEIYEeT OCMBICIUTH MPUMEP KOPPETUPOBAHHBIX
MapaMeTPOB U3 “KU3HU : 3aBUCUMOCTb MEXJTy MAacCO U POCTOM JIOJICH.

N3yyast yueOHBI MaTepuaj 3TOTr0 pasjena, ClIeyeT UMETh B BUY, YTO B UH-
YKEHEPHOU IPAKTUKE UCIOJIb3YIOT BEPOSTHOCTHOE ONMMCAHUE KaK MapaMeTpa B CBOEH
pa3MEpHOCTH, TaK U OTHOCUTEJILHOTO OTKJIOHEHHUS MapaMeTpa, BbIpakaeMoro o0bId-
HO B mpoueHTtax. CienyeT MOMHUTh, YTO BUJ KPUBBIX IJIOTHOCTEH pacrpeiesieHUs
IUIS TapaMeTpa B CBOEW pa3MEpPHOCTH W(X) U JJIsl €r0 OTHOCUTEIbHOM MOrPEIIHOCTH
w(Ax/x) coxpaHseTcsl, U3BMEHSIOTCS JUIIb YHCIOBbIE XapaKTEPUCTUKH: CpEJIHEE 3Ha-
YeHHE U CpeJHee KBaJpaTUyecKoe OTKIOHEeHHe. [lepexoa oT BepOSATHOCTHOrO omnuca-
HUS [apaMeTpa B CBOEH Pa3MEpPHOCTH K BEPOSITHOCTHOMY OMNHMCAHHUIO €r0 OTHOCH-

TEJNBHOM MOTIPEIIHOCTH WIUTIOCTPUPYETCS HAa IPUMEPE PE3UCTOPA C COIIPOTUBICHUEM

R=30 kOm £10% (puc. 1.3).

Kak ocHOBHas nuTeparypa 1o Bepo-
W(R), wAR/R) patypa Mo Bep
A STHOCTHOMY OIMCAHHUIO CIIyYallHBIX Ta-
pameTpoB pekoMenayrorcs [1, 4], B
KAueCTBE JIOMOJIHUTEIbHBIX HCTOYHUKOB

moJjie3Hsl [ 7, 8].

KOHmpo./'leble eonpocnl

£7 ;0 3|3 R. kOm 1. ITosicuuTe, KaK IIPOSIBIISIECTCS

> CIy4alHOCTh IApaMeTpoB  dJie-
MEHTOB, KOHCTPYKIIMI, TEXHOJIO-
TMYECKUX IPOLECCOB, CBOMCTB

MaTEpPHAJIOB, XapaKTEPUCTUK WH-
Ay OT BEPOATHOCTHOI'O OITMCAaHHA I1a-

pameTpa R K BEpOSITHOCTHOMY OIU- CTPYMCHTA U T.1I.
canuo napamerpa AR/R 2. UTO MOHMMAKT TMOJ BEPOATHOCT-

HBIM OMIMCAaHUEM HapameTpoB?

3. Kak mapaMeTpbl m U1 G HOPMAJIIBHOW MOJENH PACIPEACIICHUS CIIyYalHON BEJIH-
YUHBI CBSI3aHbI C €€ YMCIOBBIMHU XapaKTEPUCTUKAMU: MATEMATHUYECKUM OKHU-
JaHueM (CpelHUM 3HAY€HHEM) U CPEHUM KBaJIpaTUYECKUM OTKIOHEHHUEM?

4. Ilosicuute, B YEM COCTOUT CYTh «IIPABHJIA TPEX CUTM» M KaK UM MOJIb30BATHCS
Ha MPaKTHKE.

5. [IpuBenuTe U3 00aCTU KOHCTPYUPOBAHUS U TexHoJoruu PDY mpumepsl na-
pameTpoB, I KOTOPBIX ONpPaBJaHa rUnore3a (MPEAroOKEHHE) O PaBHO-
MEPHOM MOJIENIH 3aKOHA PACTIPEIECICHUS.

6. Kak ciieryer nmoctynarb Ha NPaKTHKE B CIydasx, €CIU JUIS IapaMeTpa HET Oc-
HOBAHUU IPUHATH TUIIOTE3y O HOPMAJIbHOW WJIM PAaBHOMEPHOM MOJENIAX 3a-
KOHa pacrnpeaeineHus?

7. Kak ¢ moOMOLIbI0 KOPPEIALMOHHOIO MOJIA MapaMeTPOB MOXHO CII€NaTh BBIBOJL
O CHJIE KOPPETSLMOHHOM CBSI3U MEXKIy IMapaMeTrpamu’?

8. B 4éM cOCTOUT OTIIMYME OTPULIATENBLHON KOPPEISIIAN OT MOJIOKUATEIIHLHON ?

9. IlpuBenuTe mpUMeEpbl KOPPEIUPOBAHHBIX MMapaMETPOB B KOHCTPYUPOBAHUU U
texHosiorun POC.

I I "
-10 0 +10 AR/R,%

Puc. 1.3. Mnmroctpanuus k nepexo-

11



10. Yro mpencraBisieT co00il KOppenslMOHHAs MaTpHIla MMapaMeTpoB U Kak €ro
MOJIb30BAaThCS HA MPAKTUKE?

11. Kak moHuMarh TEpMHUH “BBIOOpOYHAS XapaKTEpUCTHUKA , HaMpUMep ‘‘BbIOO-
POUHBII KO3 GULIUESHT Koppensuun’?

12. YTo mMOHMMAIOT MOJ TOYEYHBIMU U MHTEPBAJbHBIMU OLIEHKAMH [apaMETPOB,
XapaKTEepUCTUK?

13. Kak Ha mpakTUKE ONPENENINTh TOUYCUHBIE OLICHKH MATEMATHUYECKOrO OKHUAa-
HUS U CPEJTHETO KBaJAPATHUYECKOTO OTKIIOHEHHS apameTrpa’?

14. TlosicHuTe, KaKk ONpeneanuTh TpeOyeMoe YHCiIo HaOI0eHUH napaMeTpa, uyTo-
Obl MO pe3yJibTaTaM MaTeMaTU4YeCKOW OOpabOTKHM rapaHTUPOBATH CpPEIHEE
3HAYEHUE MapameTpa ¢ OMMOKOM, HEe TPEBBIIIAIOIICH 3aJAHHYO.

15. TlosicauTe mpoueaypy SKCHEPUMEHTAILHOTO ompeaeieHus koddduiueHta
NapHOU KOPPESLUUA MEXKY IapaMeTpamu.

16. OnuiuTe nporeaypy NOCTPOSHUSI TUCTOTPaMMBbl pacTpe/IeICHUs apameTpa.
Kak HeoOxoauMo pa3OuTh Auamna3zoH HAOMIOIaeMbIX 3HAUYECHUN MapameTpa,
YTOOBI MOCTPOCHHUE TUCTOTPAMMBbI 3HAUUTENIBHO YIPOCTUIOCH?

17. U3 xakux cooOpakxeHUil HEOOXOIMMO BBIOMPATh YUCIIO WHTEPBAIOB IMPHU TO-
CTPOCHUM THCTOTpaMMBbl pacrpeiesieHus napamerpa?

18. IlosicuuTe, 4TO TaKOE BEPOSITHOCTHAS CETKA (IPyroe Ha3BaHUE — BEPOSTHOCT-
Has Oymara), v Kak e€ MCIIOIhb30BaTh HA TIPAKTUKE IS PUHATHS THIIOTE3bI O
3aKOHE paclpe/iesieHus mapaMeTpa.

19. IloueMy 11 3aKOHA PABHOM BEPOATHOCTH IMOHSITHUE BEPOSITHOCTHASI CETKA HE
MMEET CMbIciIa?

Pazoen 3. Mamemamuueckue mooeau paouo31eKmpoOHHbIX YCMPOUCE U
MEXHO102UYUeCKUX NPOUeccos

Tema 3.1. Mamemamuueckue mooenu u cnocobbl Ux noay4eHus

XapakTepuCTUKa MOJIENIEH, HUCIIOJIb3YEMBIX B KOHCTPYKUHUH M TEXHOJIOTHH
POC (rpaduueckue, pusznyecknue, MaTeMaTUYECKUE).

IToHsATHA MaTeMaTUYECKUX MOJENEH, KOPPEIALMOHHBIC TOJs 3aBUCUMBIX I1a-
paMeTpoB. PerpeccuoHHble MOJied. YpaBHEHUE MHOKECTBEHHOM perpeccuu. JIu-
HEWHBIE PETPECCUOHHBIE MOJEIIH.

Merton HaMMEHBIIMX KBAJIpPaTOB KaK MAaTEMAaTHYECKHM anmapar HOCTPOCHUS
perpeccuoHHbIX Mozeneit. Haxoxaenne nmpuommKaronmx MaTeMaTUueCKuX Mojienen
B BUJIC dJIEMEHTapHbIX (yHKIUU. Vcronb30BaHUEe MaKeTOB MPUKIIAIHBIX MPOrpPaMm
s OBM.

CrocoObl TOJly4eHHs] MaTeMaTH4eckux wmojened POV, texHomormueckux
npotieccoB. [laccuBHbIC U aKTUBHBIEC (DAKTOPHBIE IKCIIEPUMEHTHI.

[IpumeHeHrne MacCUBHOTO (PAKTOPHOTO AKCIIEPUMEHTA JJIS MOTYy4YEHUsT Mare-
MaTudeckux mozeneir POV u rexnomornueckux nporeccoB. O6paboTka pe3ynbTaToB
skcniepumenTa Ha OBM. Mcnonb3oBanue sl MOJIyYEHUsS MaTeMaTUYECKUX MOJENei
nakeToB npukiaaHeix nporpamm mias OBM (MATHCAD, MATHLAB u ap.).
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Craructuyeckas 3HAYMMOCTh KO3 (UIIMEHTOB ypaBHEHUs1 perpeccuu. OlLeHka npu-
TOJTHOCTH TOJTYUYEHHBIX MOJENIeH ISl IPaKTHKU.

Tema 3.2. Ilonyuenue mamemamuyeckux mooenetl ¢ NOMOUbIO
AKMUBHBIX (PaKMOPHBIX IKCNEPUMEHMO8

OcCHOBHBIC 3a7aud MaTEMaTUYECKONW TEOPUHU TIIIAaHUPOBAHMS SKCIIEPHUMEHTOB.
OCHOBBI TEOpPHHM ITUTAHUPOBAHUS AKTUBHBIX (DAKTOPHBIX AKCIIEPUMEHTOB. [lomHBIN
dakTopubiii skciepumenT (I1DI) Tuna ko, Marpuna rnjaiaHupoBaHUs U €€ CBOUCT-
Ba. [ImanupoBanue 1O u ero BeinonHenue. [lapaniensHble ONBITH, MPUHILIUI PaH-
nomu3anuu onbIToB. Craructuueckas oOpaborka pesynsraToB [1D3. Hcnonb3osa-
HUE TTAKETOB MPUKIAIHBIX TporpamMm ajst OBM.

Hpo6usrii pakTopuslit sxcriepumenT (D). [Tnanuposanue JIDD, BoinonHe-
Hue onbIToB JIDD 1 06paboTka Ux pe3yIbTaToB.

Memoouueckue ykazanus

Cnenyer MOHSTH, UYTO MOAEIUPOBAHUE KOHCTPYKIUA U TEXHOJIOTUUYECKUX TPO-
IIECCOB MO>XKHO paccMaTpUBaTh KaK CJIEIACTBUE CUCTEMHOTO MOAX0/1a K MPOECKTUPOBA-
HUIO KOHCTPYKLMI M TEXHOJIOTUYECKUX TpoueccoB. [IInpokoe MUCroabp30BaHUE B UH-
JKEHEPHOW MPAKTUKE TMOJYYWIN MAaTEMATHYECKUE MOJEIU YCTPOMCTB M TEXHOJIOTH-
4eCcKHX IporeccoB. Heo0XoMMo UMETh B BHIY, YTO IOJ] CIIOBaMH MaTeMaTHYeCKast
MO/I€JIb YCTPOMCTBA WJIM TE€XHOJIOTHYECKOTO MPOIecca MOHUMAKT MaTeMaTHYECKOe
BBIPAKEHUE, MTOKA3BIBAIOIIEE, KAK BBIXOJHOW MapamMeTp yCTPOMCTBA MU TEXHOJIOTH-
YECKOT0 Mpolecca 3aBUCHUT OT MPHUHATHIX BO BHUMAHHUE MEPBUYHBIX MapaMeETpPOB.
Nuorpa aist 6osibliiei onpeieIeHHOCTH BMECTO TePMHUHA “MaTeMaTH4ecKas MOJEIb
YCTPOMCTBA WIJIM TEXHOJOTUYECKOTO Ipolecca’ ynoTpeOastoT TEPMUH “MaTeMaTuye-
CKasi MOJIEJIb BBIXOJHOTO MapaMeTpa YCTPOMCTBA UM TEXHOJIOTUYECKOrO Mpolecca’.
Ho 31€ech Takke MMEIOT B BUlY MAaT€MaTUUYECKOE BBIPAXKEHHE, CBA3BIBAIOIIEE BBIXO/I-
HOW MapaMeTp YCTPOMCTBA MJIM TEXHOJOTHMYECKOIrO Mpolecca ¢ MEPBUYHBIMU Tapa-
METpaMH.

MaremaTH4eCcKue MOJEIN YCTPOWCTB U TEXHOJIOTMYECKUX ITPOLIECCOB MOJIY-
YaOT B MHKCHEPHOW MPAKTUKE YaIlle BCETO B BHUJIE MOJIUHOMOB, IPU 3TOM HCIOJIb-
3yIOT ITACCUBHBIC U AKTUBHBIC SKCTIEPUMEHTHI.

B maccuBHBIX 3KCIEpUMEHTaX AKCICPUMEHTATOP HAOJII0MaeT 3HAYCHHS IIep-
BUYHBIX TApaMETPOB Xi,...X; (k - YHCIIO yYUTHIBAEMBIX NEPBUYHBIX TapaMETPOB) U
(bUKCUPYET COOTBETCTBYIOIIUE 3TUM 3HAYEHUSAM YPOBHU BBIXOJHOTO napamerpa. Us3-
MEHEHHE 3HAYEHUN NEPBUYHBIX NAPAMETPOB JOCTUTAETCS IyTEM 3aMEHBbI YCTPOUCTBA
(3K3eMIUIsipa) WIK pealii3alii TEXHOJIOTUYECKOro mpoliecca.

[ToHsIB poJIb M MECTO MACCUBHBIX IKCIIEPUMEHTOB B TOCTPOEHUM MaTeMaTHUye-
CKHX MOJIeJIe, HEeO0OXOJIMMO OCMBICIUTh MPUYUHBI, KOTOPHIC ‘“‘BBI3BAIM K KU3HU
MOSIBJICHUE TEOPHUM IJIAHUPOBAHUS aKTUBHBIX (PAKTOPHBIX IKCIIEPUMEHTOB: HEOOXO-
JTUMOCTb COKpAIllEeHUs] YHUCJa OIBITOB, HEOOXOAMMBIX ISl TMOCTPOCHUS MOJCICH;
CTpEMJICHHE YIPOCTUTh MPOIEAYPYy MaTEeMaTHUUEeCKOM O0OpabOTKU Pe3yJbTaTOB dKC-
MIEpUMEHTA.
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VYyeOHast mporpaMmMa MpeaycMaTpuBaeT M3yuyeHUEe aKTUBHBIX (PaKTOPHBIX HKC-
NEPUMEHTOB, B KOTOPBIX (haKTOPhI BAPHUPYIOTCS HA JIBYX YPOBHSIX: HUKHEM U BEpX-
HeM. MeTouyeck peKOMEHIyeTCsl BHauyajie M3YYUTh M OCMBICIUTH MOJIHbIE (haK-

TOPHBIE SKCIIEPUMEHTHI THIIA «ok ”, a 3aTEM TIEPEUTH K PAaCCMOTPEHUIO TPOOHBIX (hak-
TOPHBIX SKCIIEPUMEHTOB.

B kauecTBe OCHOBHOM JIMTEpATYpPHI MO pazjaeny pekomenaywrtes [1, 3, 4]. Bo-
IPOCHI IPUMEHEHUS MOJHBIX U JPOOHBIX (PAKTOPHBIX PKCIEPUMEHTOB Ha JOCTATOY-
HOM YPOBHE paccMOTpeHbI Takxke B [7, 13]. B kauecTBe JOMOITHUTENBHON JIUTEPATY-
Pbl MOKHO UCTIOJIB30BaTh [12].

C mpumepamu CTaTUCTHYECKOW 00pabOTKU Pe3yIbTaTOB IMACCHUBHBIX IKCIIEPH-
MEHTOB MOKHO O3HAaKOMHThCA B [7, 9]. Ilpmmepsl craTucTHueckoil oOpabOTKH pe-

3y.]'H>TaTOB AKTHUBHBIX (1)aKTOpHBIX BKCHepI/IMCHTOB J0CTATOYHO ITOJIHO paCCMOTpeHBI
B[1,2,4,7,12, 13].

KOHmPOJleble 60NRPOCHL

1. Uro nmoHumaroT noj rpaguyueckuMu, GU3NYECKUMH U MaTeMaTUYECKUMHU MO-
nensiMu 00beKTOB WK nponeccos? [IpuBeanTe npuMepsl yKa3aHHBIX MOJIETCH.

2. YTo MOHMMAIOT TOJ| PErPECCHMOHHON MOMAeNbl0? 3amuimuTe B OO0IIeM BUIE

YPaBHEHUE MHOXECTBEHHOW JINHEMHON PETPECCHH.

. IlosicHuTe Ha3HayeHNEe U CyTh METOJIa HANMEHBIINX KBaJAPATOB.

4. TlosicHuTe, KaK Mo pe3yJbTaTaM 3KCIEPUMEHTOB HAXOJAT MPHUOIIKAIOIINE Ma-
TEMaTUYECKHUE MOJEIIH B BUJIE€ AJIEMEHTAPHBIX (QyHKIUM.

5. B uéM CcyTh U AJis pelIeHus KaKuX 3a/1a4 UCHOJb3YIOTCS (PaKTOpHbBIE SKCIEPH-
MEHTHI B KOHCTPYUPOBAHUH U TEXHOJIOTHH POY?

6. YKaxuTe OTIIMYUTEIbHbIE OCOOCHHOCTH MACCUBHBIX M aKTUBHBIX (PAKTOPHBIX
AKCIIEPUMEHTOB.

7. Onumure 3Tanbl NpoueAypbl MPUMEHEHHS] TAaCCUBHBIX (PAKTOPHBIX KCIEPH-
MEHTOB JUIS [TOJIy4YE€HHs] MaTEMATUYECKUX MOJEIICH.

8. TlosicHuTe, Ha KakoW OCHOBHOM BOIPOC JOJDKHA JaTh OTBET MPOIEAypa IMpo-
BEPKU CTATUCTHUYECKON 3HAUYMMOCTU KO3(PPHUIMEHTOB MaTeMaTH4YeCKOW MoJe-
JIH.

9. B uém 3aKI04yaroTcsl MPEeMMYIIEeCTBA aKTUBHBIX (PaKTOPHBIX IKCIEPUMEHTOB B
CpPaBHEHHUU C MACCUBHBIMU (PaKTOPHBIMH IKCIIEPUMEHTAMHU?

10.1TosicHuTe, Kak Mpu IUIAHUPOBAHWU aKTHBHBIX (DAKTOPHBIX 3KCIEPUMEHTOB OT
napaMeTpa B CBOEH pa3sMEPHOCTH MEPEUTH K €ro KOJAUPOBAHHOMY ITPEICTaBIIC-
HUIO.

11.Ykaxxute OCHOBHBIE CBOMCTBA MaTpHUL IIaHUpoBaHus 11DD.

12.TlosicHuTe, Kak MJIAHUPOBATHh M BBIMOJIHATH ONBITH [IDPD. UTO MOHUMAIOT MO,
paHIOMU3aIMEN ONIBITOB.

13.B uém 3akmrouaercs ocobeHHOCTh JIDPD U KakoBO WX MPEUMYIIIECTBO B CpaB-
HeHuu ¢ [1P3?

14.KakoBa mociiejoBaTeIbHOCTh CTATUCTUYECKONH 00pabOTKH pe3yIbTaTOB aKTUB-
HBIX (PaKTOPHBIX IKCIEPUMEHTOB?

(8}
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Pazoen 4. Ananuz mounocmu u cmadunrbHOCMU
6bIXOOHBIX NAPAMEMPOB PAOUOITIEKMPOHHBIX YCIPOIICE U
MEXHO102UUeCKUX NPOUeccos

Tema 4.1. Buowr 0onyckos u ux ucnonv3osarue 0 ONUCAHUS MOYHOCIU U
CMAabUILHOCMU NAPAMEMPOS

CepuiiHONIPUTOJHOCTh KOHCTPYKIMKA POY u €€ KoimuecTBEeHHas OLICHKA.
[IponieHT BhIXOJAa FOAHBIX K IKCIUTyaTalluy YCTPOMCTB. BUIBI TOITyCKOB B KOHCTPYH-
poBaHuu U TexHojoruu POY. [Ipon3BoACTBEHHBINH, PEMOHTHBIA M SKCILTYy TAIIMOHHBIN
IOMyCKU. TeMneparypHbIi AOMYCK M JONYyCK cTapeHus. CHMMETpUYHBbIE U HECUM-
METPUYHBIE, TBYCTOPOHHUE U OJHOCTOPOHHUE JIOMYCKHU. XapaKTEPUCTUKH, UCIIONb-
3yeMble JJisl 3aJlaHus JO0MycKa. TOYHOCTh M CTaOMJILHOCTH MmapameTpoB. Omnucanue
TOYHOCTH U CTAOMJILHOCTH IMapaMETPOB AJIIEMEHTOB. XapaKTEPUCTHKH, HUCIIOIb3Yye-
MBbI€ JIJISl ONIUCAHUSI TOYHOCTU U CTAOMIILHOCTH BBIXOJHBIX MApaMETPOB YCTPOUCTB H
TEXHOJIOTUYECKUX IPOLIECCOB.

Tema 4.2. Memoowl ananuza mouHocmu u cmabduibHOCmMuU
BHIXOOHBIX NAPAMEMPO8

VYpaBHEHUsT NPOU3BOJACTBEHHBIX MOTPEIIHOCTEH BBIXOJHBIX MapaMeTpOB.
VYpaBHeHUs a0COIOTHONW U OTHOCUTENBHOW MPOU3BOACTBEHHBIX Norpemuocrei. Ko-
3¢ GULMEHTBI BIUSHUS IEPBUYHBIX MapaMeTpoB. MeToibl aHaan3a TOYHOCTH BBIXO/-
HBIX mapaMmeTpoB. KolnyecTBEHHbIE XapaKTEPUCTHKHU, UCIOIb3YEMbIE ISl OLEHKH
TOYHOCTH BBIXOJHBIX NapameTpoB. OO0mias XapakTepuCTUKAa METOIOB OIpeAeSICHUs
IIPOU3BOJICTBEHHBIX JIOMYCKOB Ha BBIXOAHbIE MapaMmeTphl. OmnpeeneHue Mmpou3Bo-
CTBEHHOTO JOIyCKa MCXOJs W3 HAMXYALIEro Cilydas pacCeMBaHUs IEPBUYHBIX Iapa-
MeTpoB. [Ipumepsl.

AHanu3 TOYHOCTHU BBIXOJHBIX MMApaMETPOB BEPOSITHOCTHBIM METOAOM (C yde-
TOM BEPOATHOCTHOI'O pPAacCEMBaHUsl MEPBUYHBIX IMapameTpoB). Beibop kputepues
OLICHKM TOYHOCTH BBIXOJIHBIX IIaPAMETPOB IPH HCIIOJIB30BAHUU BEPOATHOCTHOTO Me-
Toia. PacueTHble COOTHOLIECHHMSI, HCIOIb3YEMBIE I OLEHKH TOYHOCTH BBIXOJHBIX
napameTpoB. [Ipumepsl aHann3a TOYHOCTH BBIXOJHOIO IMapaMeTpa BEPOSTHOCTHBIM
METOZOM.

AHaJIM3 TOYHOCTH BBIXOJHBIX IMapaMeTpoB meTtonoM Monrte-Kapno. Hasnaye-
HUE U CYHIHOCTb MeTojia. Mcronb3oBaHWe MaTeMaTH4ecKoro u (pu3m4eckoro Moje-
JUPOBAHMUSL.

AHanu3 cTaOMJIBHOCTH BBIXOJHBIX MapamMeTpoB POY u TexHOIOrn4yeckux mpo-
neccoB. CTaOMIIBHOCTh BBIXOJHBIX MapamMeTpOB W MPHUHIIUI €€ OIEHKU, YpaBHEHHE
OTHOCUTEIBHOM IOTPEIIHOCTH BBIXOJAHOIO IIapaMeTpa C y4eTOM JEHCTBHS IKCILTyTa-
LUMOHHBIX (pakTOpoB. OmpeneneHue TemrnepaTypHbIX JOIMYCKOB M JIOIYCKOB cTape-
HUS1, UHKEHEPHBIE pacYE€THbIE POPMYJIBL.

VYcTaHOBIEHUE 3KCIUTYTAIIMOHHBIX JOIMYCKOB; (DaKTOPbI, MPUHHUMAEMBbIE BO
BHUMaHKeE. MeToAMKa yCTaHOBJIEHUS SKCIUTYyTAMOHHOTO tonycka. [Ipumepsr.

CrniocoOb1 omnpenenenusi K03PGUIUEHTOB BIUSHUA. AHATUTUYECKUE CIIOCOOBI,
IpUMEPBI. DKCIEPUMEHTAIIBHO-PACYETHBIN C10CO0.
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Memoouueckue ykazanus

BakHelmMMy MOHATUAMHM AJI1 OCMBICIMBAHHUS Y4e€OHOIO Marepuaja 3TOro
pasziena SIBISIFOTCS Takhe, KaKk TOYHOCTh U CTaOMJIBHOCTH BBIXOJHBIX IMapamMeTpoB
YCTPOMCTB WJIM TEXHOJOTMYECKHUX MPOLIECCOB. DT MOHATHS HEPEIKO OTOXKIECTBIISA-
I0TCSI WM CMELIMBAIOTCSA, YTO 3HAYUTEIIBHO 3aTPyAHSAET BOCIPUATHE METOJLOB MH-
KEHEPHOTO aHaJIM3a TOYHOCTU U CTAaOMIIBHOCTH BBIXOJHBIX mapameTpoB. [loa Touno-
CTBHIO BBIXOAHBIX MAPaMETPOB MOHUMAIOT CTETEHb MPUOIMKEHHUS] HICTUHHOTO 3HaYe-
HUs BBIXOAHOT'O MapameTrpa K €ro HOMUHAJIbHOMY 3HAYEHHIO IIPU OTKJIIOHEHMSX Iep-
BUYHBIX IAPAMETPOB, COOTBETCTBYIOIIUX IPOU3BOJACTBEHHBIM IMOrpemHoCTsIM. OT-
KJIOHEHUSI, 00YCJIOBJIEHHBIE TPOU3BOICTBEHHBIMU MOTPEIIHOCTSMHU, TAK)KE HA3bIBAIOT
HAaYaJbHBIMU WM TEXHOJOTHMYECKUMH OTKJIIOHEHHSIMHU, HAIpUMEp, TOYHOCTb PE30-
HAaHCHOM 4acToThl f, LC-KOHTYypa 3aBUCUT OT pa30poca NHIYKTUBHOCTH U EMKOCTH.

CrabuIbHOCTD XapaKTepU3yeT CTENEHb HEU3MEHHOCTH (IIOCTOSIHCTBA) BBIXOJ-
HOTO TapaMeTpa BO BPEMEHH M B YCIOBHUSX BO3JCHCTBUS (PaKTOPOB OKpY:Karolien
cpenbl (TeMneparypsl, BIaKHOCTH U T.1.). Eciu mapameTp HE3HAYUTENbHO MU3MEHS-
eTCs BO BPEMEHH U MPHU BO3JCHCTBUH (PAKTOPOB CPEJbl, TO TOBOPST O €ro BBHICOKOU
ctabuibHOCTH. Ecniu mapaMeTp 3aMeTHO M3MEHSAETCS B YKa3aHHBIX YCIOBUSIX, TO TO-
BOPSIT O HU3KOM CTAOMIJIBHOCTH 3TOTO mapamerpa. Hepenko moHsiTHE CTaOMIBHOCTU
BBIXOJHOTO MapaMeTpa MyTAalT C TAKUM MOHITHEM, KaK MapaMeTpuyuecKas HaIex-
HOCTb YCTPOICTBA, MO/l KOTOPOM MOHUMAIOT CBOMCTBO YCTPOMCTBA COXPAHSThH 3HAYE-
HUE CBOETO BBIXOJIHOTO MapamMerpa (0JHOTO WM HECKOJIBKUX) B 3aJJaHHBIX Tpejieax
B OIIPEACIICHHBIX YCIOBUSAX IKCILUIyaTalli U B TE€YEHUE 3aJaHHOTO BPEMEHU

Hepenko OTOXIECTBIAIOT WM MyTAIOT MEXAY coO0N moHsATUs pazdpoca (pac-
CEUBaHHUs, OTKIIOHEHUS) MapameTpa M Jolycka Ha mapamerp. Cieayer 3HaTh, 4YTO
pa3bpoc mapamerpa OOYyCIOBJIEH Pa3IMYHBIMU MPUYMHAMH (YUCTO MPOU3BOJICTBEH-
HbIMU TIPUYMHAMU, JEHCTBHEM (PaKTOPOB CpEbl, MPOLIECCaMU CTapeHUs U T.J.) U
MOXKET OBITh JOCTaTOYHO OoybmM. C TOYKH 3pEHHS 3a/a4d MPaKTUKH, pa3Opoc ma-
paMeTpa BCEra OTPAHUYMBAECTCA XAPAKTEPHUCTUKOM, HAa3bIBAEMOM noIyckoM. Ecin
JOIYCK Ha MapaMeTp YCTaHOBJIEH, TO JaJiee BCTAET BOIIPOC, KaK €ro 00ecrneunThb, TaK
KaK pa3dpoc napaMeTpa MOXKET MPEBbIIATh YCTAHOBIECHHBIN JTIOMYCK.

Tenepbp 00paTuMcs K OLIEHKE TOYHOCTH M CTaOMJIBHOCTHU BBIXOJIHBIX MapameT-
poB. B KauecTBe KOJIMYECTBEHHBIX OLIEHOK TOYHOCTU MOT'YT HCIIOJIb30BAThCS CPEAHEE
3HAYEHUE M CpEJHEE KBAAPaTHUYECKOE OTKIOHEHWE BBIXOJIHOrO mnapamerpa. [Ipume-
HUTEJIBHO K CTAOMIIBHOCTH B KAaYE€CTBE TAKUX XapaKTEPUCTUK MOTYT OBITH CpellHEee
3HAUEHHE BBIXOJHOTO MapaMeTpa ¢ y4eTOM JEUCTBUS paccMaTpuBaeMoro (akrtopa u
CpelHee KBaJpaTHUeCKOe OTKIOHEHHUE MapaMmerpa, 0OyCIIOBICHHOE JEHCTBUEM ATOTO
dakropa.

Ha npakTuke 4acTo BMECTO XapaKTEPHUCTHK, BBIPAXKEHHBIX B Pa3MEPHOCTH Ca-
MOTO IIapaMeTpa, UCIOJIb3YIOT OTHOCUTENIbHBIE OTKJIOHEHMS apaMeTpa.

B npoMBIIIUIEHHOCTH B Ka4eCTBE OLIEHKH TOUYHOCTH MCHOJIB3YIOT OOBIYHO MPO-
W3BOJICTBEHHBIN 10IyCK. CTaOMIIBHOCTD )K€ OLICHUBAETCS MO OTIEIbHBIM JKCILTyaTa-
IIMOHHBIM (paKTOpaM C TOMOIIBIO TEMIIEPATYPHOTO JOMYCKa, A0MycKa CTapeHHs U JIp.
(B 3aBUCHMOCTH OT TOT0, Kakue (aKTOpbl IPUHUMAIOTCSI BO BHUMAHUE).
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B kadecTBe KOMILJIEKCHOM OIIEHKA TOYHOCTU U CTAOMJIBHOCTU BBIXOJHOTO Ia-
pamMeTpa MOXKET pacCMaTpPHUBATHCS AIKCIUTyaTallMOHHBIN 1onmyck. OH OrpaHUYMBaET
paz0poc BBIXOJHOTO MapaMmeTpa, 0O0yCIIOBIECHHBIM MPOU3BOJCTBEHHBIMU MOTPEIIHO-
CTSIMU TIEPBUYHBIX MTAPAMETPOB, a TAKXKE JIEUCTBUEM DKCIUTyaTallUOHHBIX (DAKTOPOB U
MPOLIECCOB CTAPEHUSI.

[Ipu ycTaHOBIEHUHU NOMYCKOB HAa BBIXOJIHBIE TApaMETPhl B MHKEHEPHOU MpaK-
THUKE MOCTYIAIOT TaK: PaCCYUTHIBAIOT, KAKOW Pa30pOC BBIXOJIHOTO MapameTpa MOXKET
MMETh MECTO NIPU 3aJ]aHHOUN BEPOATHOCTH, a Jlajiee JOIMYCK MOJaratoT paBHbIM 3TOMY
pazOpocy. Ecnu nmoTpebutesnst JOMyCK yCTpauBaeT, TO 3ajlaya YCTAHOBJICHHS JOMTYCKa
pemeHa. Jlomyck OyJeT rapaHTUpPOBATHCS C TAKOW K€ BEPOATHOCTHIO, C KOTOPOU
olieHUBAJICA pa3Opoc mapameTpa. B nmutepaType, MOCBSIIEHHON aHAIN3y TOYHOCTH U
CTAOMJILHOCTHU BBIXOJHBIX MapaMETPOB, B CBSA3U CO CKa3aHHBIM IIUPOKO MCIOJIb3YyET-
Csl TEpMHH “‘pacueT I0myckoB” [5].

[Ipu ocBOoeHHMM METOJOB pacdeTa JOIMYyCKOB OCHOBHOE BHUMaHHE HEOOXOIUMO
YACIUTh METOJIy pacyeTa ¢ Y4€TOM BEPOSITHOCTHOI'O PacCeHBaHUs IEPBUYHBIX Iapa-
METpPOB (KpaTKO BEPOATHOCTHBIN MeToa) U metoxy Monte-Kapino. B kauectBe nuTe-
patypsl MO 3TUM Bompocam pekoMmenaywtcs [1, 4, 5, 7]. C npumepamu pemieHus
MPAKTUYECKUX 3a/1a4 110 ONPEACIICHUIO JOITyCKOB MOKHO O3HaKOMUThCS B [1, 2, 5, 7].
MeTtonbl onpeneneHuss K03(QQGUIMEHTOB BIHMSHUS MOAPOOHO paccMOTpeHsl B [1, 5].
Meton MonTte-Kapno onucan B [1, §].

[Toxxonpl, Kcnosib3yeMble AJid pelieHus 3aiad oOecreueHus TpeOOBaHMM K
TOYHOCTH U CTAOMJILHOCTH BBIXOJIHBIX TTapaMeTpoB, uznaratorcs B [1, 5].

KOHmPOJleble 60NRPOCHL

[S—

C moMouIpl0 KakuX KOJMYECTBEHHBIX XapaKTEPUCTHUK MOXKET OBITh OlLlEHEHa

CEPHUIHONPUTOJHOCTh KaK CBOMCTBO KOHCTPYKIUI?

2. B u4éM oTimnuMe 3KCILTyaTallMOHHOIO JIOMYCKA OT MPOU3BOICTBEHHOIO?

3. IlpuBenute mpuMepsl JOIMYCKOB: CHMMETPUYHBIX U HECUMMETPUYHBIX, JIBYX-
CTOPOHHUX U OJHOCTOPOHHHX.

4. Ykaxwurte, ¢ MOMOIIbIO KaKMX XAPAaKTEPUCTUK MOXKET OBbITh 3a/aH JOIMYCK Ha
napamerp.

5. B 4éM coCcTOUT OTIAMYME MOHSTHH TOYHOCTh U CTAOUIIBHOCTH, HAIIPUMED BbI-
XOJTHOTO nlapameTrpa’?

6. Kak Ha mpakTHKe KOJMYECTBEHHO OMNMCHIBAIOT TOYHOCTh U CTAaOWUIBHOCTH Ia-
paMeTpoOB 3JIEMEHTOB?

7. Tlosicaure cMmbica KO3(G(UUIUEHTOB BIUSHUS, BXOAAIUX B YpaBHEHHUE OTHOCH-

TEIbHOW NMPOU3BOJCTBEHHOM NOTPEMIHOCTH BBIXOIHOTO TapaMeTpa.

Kak Ha mpakTHke MOKHO onpeaenuTh KO3 GUIUEHTh BIUSHUS?

9. Tlosicuute mpouenypy omnpeaenacHus: KodPQGUIUESHTOB BIMSHUS SKCIIEPUMEH-
TaJIbHO-PACYETHBIM CIIOCOOOM.

10. Ykaxxute OCHOBHBIE METO/IbI ONPEIEICHNs PONU3BOACTBEHHBIX JOIIYCKOB BbI-
XOJIHBIX MMapaMeTPOB.

11.B uéMm cyTh, KakoBbl JOCTOMHCTBA M HEAOCTATKM METOJla «MHUHUMYyMa-

MaKCHUMyMa»?

*x
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12.C nmomoIpio Kakux pacdyE€THBIX XapaKTEPUCTUK (POPMUPYIOT MPOU3BOACTBEH-
HbII JIONMYCK B CJIy4a€ HCHOJb30BAHUS PACUETHO-AaHATUTUYECKOTO METOJA C
Y4ETOM BEPOSITHOCTHOTO PACCENBAHUS IEPBUYHBIX [TApaMETPOB?

13.KakoBa npoluieaypa npuMmeHenus: meroja Mounrte-Kapio i1 o1ieHKH TOYHOCTH
BBIXOJIHBIX IMAPAMETPOB C MCIOJb30BAHHEM MaTeMaTU4YeCcKuX Mojeneit POY
WJIM TEXHOJIOTHYECKUX MPOIECCOB?

14.B 4ém cocTOUT OCOOCHHOCTH OIEHKH TOYHOCTH BBIXOJIHOTO MapameTpa METo-
noM Monte-Kapiio B ciayyae HCHOJIB30BaHUS (DPU3UYECKOTO MOJETUPOBAHUS
KOHCTpYKLui POY?

15.TlosicHuTe MPUHITUIT KOJIUYECTBEHHON OIEHKU CTAaOMJIBHOCTH BBIXOJIHBIX TIa-
paMeTpoB.

Pazoen 5. Ocnoevl meopuu naoesxicnocmu. Memoowt oyeHKku
nokazameineil HA0EHCHOCMU PAOUOIIEKMPOHHBIX YCIMPOUCME

Tema 5.1. Ocrosbl meopuu HAOEMHCHOCMU

[IpoGnema Hanexxnoctu POY, ee BO3HMKHOBEHHE U CYIIHOCTh. OCHOBHBIE TO-
HATHSI U ONPENEIICHHS], UCIIOJIb3YEMbBIE B TEOPUU M MPAKTUKE HANEHKHOCTU TEXHUYE-
CKHMX Hu3JeNnil. be30Tka3HOCTh, PEMOHTONPUTOAHOCTD, TOJITOBEYHOCTh U COXpaHse-
MOCTb KaK CBOWMCTBa, IOCPEACTBOM KOTOPBIX IPOSBIIAECTCS HANEKHOCTD U3EIHIM.

Otkassl 1 ux kinaccudukanus. [Ipuunnel otkazos POY.

Mogenu (cxeMbl) COeIMHEHUS 3JeMEHTOB B POY ¢ Touku 3peHus HaaeXHO-
CTH.

MatemaTuyeckre MOJIEIN 3aKOHOB pacipeie]IeHUsl BpEMEHH J0 OTKa3a (Hapa-
OOTKH 10 OTKa3a), XapaKTepUCTHUKA HKCIIOHEHIMAIBbHON MOJIeau U Monaenu BeilOyi-
na. HopmanbHbIl 3aKOH pacipeeIeHUs BpEMEHH 10 OTKa3a.

[Toka3zaTenu (KpuTepun) HaAEKHOCTH 31emMeHToB B POYVY. Ilokazarenu 0e30T-
Ka3HOCTH. BeposiTHOCTh 6€30TKa3HOU pabOThl U BEPOSATHOCTh OTKa30B. DYHKIMS Ha-
JNEKHOCTU. DKCIIOHEHIMAIbHBIM 3aKOH HAJIeKHOCTH. VIHTEHCMBHOCTH OTKa30B, A-
xapaktepuctuka POY. Cpennsis HapaboTka 10 oTKa3a (cpelHee BpeMs 0€30TKa3HOM
pabotel). ['amma-niporieHTHas HapaboTKka 10 oTkaza. CpenHss HapabOTKa Ha OTKas3.

[Tokazarenu pemoHTONpUroaHocTH. CpeaHee BpeMs BOCCTAHOBIICHUSI U BEPO-
ATHOCTb BOCCTAHOBJIEHMSI. [ aMMa-IIPOLIEHTHOE BPEMSI BOCCTAHOBJICHUS.

Pecypc u cpok city’0Obl Kak BpEMEHHbIE MOHITHSI, C TOMOIIbIO KOTOPBIX CYIAT
0 posiroBeyHocTu. [loHsiTve mpenenbHOro cocrosinus musaenuu. Kpurepuu mnpenens-
HbIX cocTosinuii. KonmnuecTBeHHBbIE MokKa3arenu aojiroBedyHocTu. CpegHuil pecypc,
ramMmma-npoUeHTHbIN pecypc. HazHaueHHBId M yCTaHOBJIEHHBIA pecypchl. CpenHuii
CPOK CiIy>O0bl. ['aMMa-pOLEeHTHBIN CPOK CIy:kO0bl. Ha3HAUeHHBIN U yCTaHOBIICHHBIN
CPOKH CITy>KOBI.

ITokazarenmn coxpansemoctd. CpenHuMii CpOK coxpaHseMocTH. ['amma-
MPOLIEHTHBIN CPOK COXPAHIEMOCTH.

KoMmmnekcHble mokaszarenn Hag&KHOCTU. DKCIUTYTalUOHHBIE KO3(P(PUIUEHTHI
HasexkHoCcTU. Koa(puimeHTsl TOTOBHOCTH, ONEPATUBHON TOTOBHOCTH, TEXHUYECKOTO
HCIIOJIb30BaHUsA, IPOCTOS (110 BUHE OTKA30B).
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Tema 5.2. Haoesxcnocmo sniemenmos POC

MHTEeHCUBHOCTh OTKA30B KaK OCHOBHAs XapaKTEPUCTUKA HAJIEAKHOCTHU IJIEMEH-
ToB. OnpejieieHne HHTEHCUBHOCTU OTKA30B IO pe3yJibTaTaMm ucnbiTaHuil. Koaddu-
IIUEHTHI 3JIEKTPUUECKON HArpy3Kku 3seMeHToB. OmnpezaeneHue K03QPHUIIMEHTOB JIeK-
TPUUYECKOI HArpy3ku 37aeMeHTOB. CpaBHUTEIbHAS XapaKTEPUCTUKA HAIEKHOCTHU dJie-
mMeHTOB POC. Yyer BIusHUS HA HAJACKHOCTD JIEMEHTOB JEKTPHUUECKOTO pexuMa U
yCIIOBUH HX pabOTHI B COCTAaBE yCTPOUCTB.

Tema 5.3. Oyenka nokazameneu HadexcHocmu npoekmupyemvix POY

OCHOBHBIE pacueTHBIC COOTHOIICHUS TSI BEPOSTHOCTU 0€30TKa3HON paboThl U
CpeIHETO BpeMEHU BoccTaHOBIEHHUS. OpPUEHTHPOBOUHBIA pacyeT MoKa3aTelel Ha-
nexxHocTH. Pacder mokasaresneil HanexxHOCTH POY ¢ ydeTtoM K03(pHUIIMEHTOB AJIeK-
TPUUYECKON HArpy3KU M YCIOBHI paOOTHI 2JIEMEHTOB B COCTaBE YCTPOUCTB. [Ipumepsr
OIICHKH TMOKa3aTeJe HaIe)KHOCTH MPOeKTUpyemoro POV,

Pacuer mokasareneii HagexxHocTH POY mipu pas3HBIX 3aKOHAX pacmpeaeiieHUs
BpPEMEHH 0 OTKa3a 3eMeHTOB. [lapamerpuueckas HagexxHocTh POY. [locteneHnHbie
OTKa3bl U MPHUYMHBI, 00YCIIaBIMBAIOIINE WX MOsBICHUE. [[pUHIMIBI OLIEHKH mMapa-
METPUYECKOU Hale:)KHOCTH POY.

Tema 5.4. Memoowl nosviuenus HaoescHocmu POY

OO0mast XxapakTepUCTUKa METOJOB MOBBITIIeHUsT HanéxHocT POC. DkcruryTa-
IIMOHHAs HaJgeXKHOCTh POYVY.

PesepBrupoBaHne Kak METOJ MOBBIMIEHUs HaaexkHOCTH POY. Buawl pesepBu-
poBanus. KpartHocts pesepBa. XapakTEpUCTHMKA IMOCTOSHHOTO PE3EPBUPOBAHUS.
Onenka nokasarenei 0e30TkazHocTH POY npu Hanu4uu MOCTOSIHHOTO pe3epBUPOBA-
Hus. [Ipumep.

XapakTepucTuka pe3epBUpoBaHUsl 3aMelieHneM. HenarpykeHHbli, 00ierdyeH-
HBII U Harpy>keHHbIM pe3epBbl. OneHka 0e30TKkazHOoCTH POY npu Hanuuuu pesepBu-
pOBaHUs 3aMEILICHUEM.

Memoouueckue ykazanus

[Ipuctynas kK U3yd4eHHI0 y4eOHOro MaTrepuaia 3TOTo pasjelia, peKOMEHIyeTCs
o3HakoMuThes ¢ cucremoit 'OCToB o Hanéxnoctu, u ocodoenno ¢ 'OCTowm, ycra-
HABJIMBAIOIIUM OCHOBHBIE TepMUHBI U NOHATUS HaAexkHocTu ('OCT 27.002-89). Ilo
['OCTam nmubo no yuebnou nurepatype [1, 3, 4, 6, 8, 11] HeoOXoaUMO B MEPBYIO
ouepe/ib 03HAKOMUTHCSI ¢ TAKUMHU TOHSTHSIMH, KaK HaJIeKHOCTh, OTKa3, HapabOTKa,
paboToCIOCOOHOCTh, 0€30TKa3HOCTh, PEMOHTOIPUTOAHOCTD, JOJTOBEYHOCTh, COXpa-
HseMocTh. OOpaliaeM BHUMAaHHE Ha TO, YTO 0€30TKa3HOCTh, PEMOHTOIPUTOTHOCTD,
JOJITOBEYHOCTh U COXPAHSIEMOCTh - 3TO CBOWCTBA, Y€PE3 KOTOPHIE MOXKET MPOSIBISATh-
cst Han&KHOCTh n3nenuil. [loquepkuém, uTo paboTOCIIOCOOHOCTH 3TO HE CBOWCTBO, a
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BUJI TEXHUYECKOTO COCTOSIHUSA, NIPU KOTOpoM wuzaenue (dnement, POY) cnocobHo
BBITIOJIHUTH (DYHKITMH, YKa3aHHbIE B TEXHUUECKOWU JJOKYMEHTAIUH.

Crnenyer Xopomio pa3o0paTbcsi C TAKUMU BPEMEHHBIMU TMOHSATUSMH, KakK pe-
cypc u cpok ciykObl. [Ipu 3TOM He 00OUTHCH 0€3 OCMBICIMBAHUS MOHATHUS «IIpe-
JIEITbHOE COCTOSIHUE M3JEIUS» KAaK COCTOSIHMS, PYU KOTOPOM JaIbHEUIIEe UCIIOIb30-
BaHME M3JCIUsS 110 HA3HAUYCHHUIO HEBO3MOXKHO JIMOO HEIleIecoo0pa3Ho Mo coodpaxke-
HUSIM 0€30MacCHOCTH, SKOHOMUYECKUM U IPYTUM MPUYUHAM. 3a0CTPUM BHUMaHUE Ha
TOM, YTO PECYpPC — 3TO CyMMapHas HapaOOTKa OT Hayaya dKCIUTyaTaluy U3LENIHs 10
MOMEHTA HACTYIUICHUS MPEACIHHOTO COCTOSIHUS MPU HEOOXOAUMOCTH € MEPEePhIBAMU
JUISL PEMOHTA U TEXHUYECKOTo 00ciyxuBaHus. Cpok ciry>kObl OTJIMYAETCS OT pecypca
TEM, YTO 3TO KaJeHAapHAas MPOIOKUTEIHHOCTD.

Crnenyer nmoHsTh, 4yTo 0TKa3 POV mo cBoeil Gpuznueckoi npupoje — coObITHE
CIIy4aifHOE, TTO3TOMY JUIsl ONUCAHUsSI OTKA30B MCIOJIB3YIOT MaTeMaTHYECKHUM anmapaT
TEOPUU BEPOSTHOCTH. A B KauyecTBE IapaMeTpa, XapaKTepU3YIOILIEro OTKa3, OepyT
HapaOoTKy u3aenus 10 otkasa. [lox HapaOoOTKO#M BOOOIIE B TEOPUU HAJIEAKHOCTH TO-
HUMAIOT MPOJIOJDKUTEILHOCTh pabOThl U3/IEHs, BRIPAXKEHHYIO B Yacax, [UKIIaxX Ie-
PEKIIIOYEHUS WM JPYTUX €AMHUIAX B 3aBUCUMOCTH OT BUJA U HA3HAUYCHUS U3JETUs,
a HapaboTKa J0 OTKa3a — 3TO CyMMapHasi HapaboTKa OT Hadaja BCTYIJICHUS U3CIUS
B paboTy (9KCIUTyaTaIuio) 10 MOMEHTAa HACTYTUICHUS MTEPBOT0 OTKa3a.

Oco6o crnenyetr ocMbIcTuTh TeMy «KonrmdecTBeHHBIC TTOKA3aTeNu HAIEKHOCTH
snemeHToB U POVY» [1, c. 138 - 147], npuuem ocoboe BHUMaHHUE HEOOXOIUMO 00pa-
TUTh Ha OTJIMYME TaKUX TMOKazaTesel, Kak cpefHsis HapaboTka 0 OTKa3a (Ha3bIBae-
Masi CPETHIM BPEMEHEM 0e30TKa3HOU paboThl, €Ciin HapabOTKa BBIPAXKACTCSI BPEMe-
HEM) U HapaboTKa Ha oTka3. CleyeT XOpollo OCMBICIHUTD MMOKA3aTEeNH, ¢ TOMOUIBIO
KOTOPBIX CYZAT O TAKOM CBOWCTBE, KaK JOJITOBEYHOCTh. Hamo 4€Tko moHATH pas3iu-
Yue MEXJY CpPEIHUM PECYpCOM M CPEAHUM CPOKOM CIIY>KObI, TaMMa-IPOIEHTHBIM
pPECYpCcoOM M raMMa-IMPOLIEHTHBIM CPOKOM CIIyObl. CieayeT OCMBICIUTH MOHSTHS
“Ha3HAYCHHBIN pecypc” W “Ha3HAYCHHBIM CPOK ciyxOb1”. [lomuepkHéM, 4TO Ha3Ha-
YEHHBIN pecypc (CPOK CIY>KObI) — ITO TaKOE 3HaYEHHUE pecypca (Cpoka CIIyx Obl), TpH
JTOCTUKEHUN KOTOPOTO U3JIETUE CHUMAETCA C IKCIUTyaTalluk HE3aBUCHUMO OT €r0 TeX-
HUYECKOTO COCTOSTHUS.

Crnenyer 3HaTh, YTO B pAJIE CIy4aeB HMCHOJIB3YIOT TaKUE MOHSTHUS, KaK ycCTa-
HOBJICHHBI PECYpC U YCTAHOBJIEHHBIN CpOK ciykObl. [lon ycTaHOBIEHHBIM pecyp-
COM (CPOKOM CIIy»Obl) MIOHHUMAIOT TaKOU pecypc (CPOK CiTyKObl), KOTOPBIA rapaHTH-
pyeTCsl ¢ BEpOSITHOCThIO ramma, paBHoi 100%. Crnenyer 3HaTh, 4TO ISl JIEMEHTOB,
KOTOPBIE ABJISIIOTCSI U3JAETUSIMA HEPEMOHTUPYEMbBIMHU, TTOHSATHUSI “‘YCTaHOBIICHHBIN pe-
cypc”’ U “yCTaHOBJICHHBIN CPOK CIIyKObI” TEPSIOT CMBICH. OOBACHIETCS 3TO TEM, UTO
OJIHUM U3 KPUTEPUEB MX MPEACIBHOTO COCTOSHUS, U CIEJ0BATEIbHO, TMOJHOIO HC-
YepIbIBAaHUS pECypca U CpoKa CITY>KOBI SBJISIETCSl OTKa3. A, KaK U3BECTHO, OTKa3 — CO-
ObITHE CITy4allHO€ U MOXKET MPOU30UTH B JHOOOM MOMEHT BpEMEHH, JaK€ B MOMEHT
BitoueHust POY. Unoe neno mis koHcTpykuuii POY: B cinyuae otkaza POY pemon-
TUPYETCS U CHOBA UCIIOIB3YETCS M0 HAa3HAYEHUIO — U TaK JO MOMEHTAa HACTYIUICHUS
MPEAECIbHOTO COCTOSHUS.

20



[Ipu paccmoTpeHnr 3aKOHOB paciipesiesieHus HapaOoTKu 3J1eMeHToB u POY 1o
OTKa3za 0co00e BHUMaHUE HEOOXOIUMO YAEIUTh IKCIIOHEHI[MATbHOMY 3aKOHY, ILIOT-
HOCTb pacrpeziesieHus (W) JUisl KOTOpOro 3a1aéTcs BepakenueM (puc.l.4)

w(t) o w(t)= /Ie_’“, (1.3)

N rJe ¢t — TeKylllee 3HaueHne HapaboTKu (BpeMe-
HU pabOThI);
\ A\ - mapameTp pacupeneaeHusl.

Hano ocMbICIUTE HIMPOKO HCMOJIb3YyE-
> MO€ B TEOPUM U MPAKTUKE HAJAEHKHOCTH TOHS-
THE ‘“OKCIOHCHIMAIBbHBINA 3aKOH HAACKHOCTH .
Yrotpebiisisi JaHHOE TOHATHE, UMEIOT B BHUJY,
4TO BpeMs JI0 OTKa3a (B 00IIeM ciaydae Hapa-
00TKa 70 0TKa3a) Wi, 4YTO TO KE caMoe, BpeMs
WCIIPABHOM pabOThI M3EIHUS PACIIPEACIICHO 10 SKCIIOHEHIINAIbHOMY 3aKOHY.

MaremMaTth4ecku “SKCIOHEHIIMAIbHBIM 3aKOH HAJIC)KHOCTH 3aJaeTCsl BhIpaxke-
HHUEM

f Hapa06ortka, ¢

Puc. 1.4. DxcroneHansLHOE
pacnpeneneHue HapaOOTKH IO OTKa3a

P(t)y=e ", (1.4)

riae f, - 3amaHHoe (MHTEpECyroliee) BpeMs padoThl U3IEIHs;
P(t;) — BepossTHOCTH 0O€30TKa3HON pabOThI W3/AEIUs 3a BpeMms ¢, (Ha MHTEpBaJe
Bpemenu 0... 1,).

BaxxHo pazoOpatbcsi, moueMy MHTEHCUBHOCTh OTKAa30B ObLla BhIOpaHa B Kaue-
CTBE OCHOBHOM CHPaBOYHOM XapaKTEPUCTUKHU HAAEKHOCTH 2jieMeHTOB. B [1] moka3za-
HO, YTO TIPH SKCIIOHEHIIUAJIbBHOM paclpeeiCHUU BPEMEHH JI0 0TKa3a HHTEHCUBHOCTD

OTKa30B dJieMeHTa (0003HAYHMM KaK A,) MOCTOSHHA W YHUCIEHHO PaBHA MapaMmerpy A
pacnpenenenus Buna (1.3). CrnenoBaTenbHO, B TEXHUUECKOW JOKYMEHTAIMU U CIIpa-

BOYHHMKAX HAJCKHOCTh JIEMEHTOB MOXET OBITh 3aJjaHa OJIHUM YUCIIOM A, - UHTCH-
CUBHOCTBIO OTKa30B. JTO OOCTOSITENIbCTBO, & TAKXKE TO, UTO IKCIOHEHIMAIbHBIN 3a-
KOH HEIJIOXO OMHUCBIBAET OTKa3bl 31eMeHTOoB POV, mpenonpenenunyn ero MmupoKoe
HCIIOJIb30BaHUE HA MPAKTUKE.

[Ipu 03HaKOMJIEHUHU C HAJEKHOCTBIO 371eMeHTOB POY HeoOxomumo oOpaTuTh
BHUMAaHHE Ha OCOOCHHOCTD 3alMCH B TEXHUYECKOW IOKYMEHTAIlMU U CIPaBOYHHMKAX
JAHHBIX O HAJIEKHOCTU HEKOTOPBIX 3JIEMEHTOB KOMMYTAUUH [2]: AJIsI COEIUHUTENEH
(pa3bEMOB) - 3HaUYECHHE MHTEHCHUBHOCTH OTKAa30B, MPUXOASAIIEECS HAa OAWH IITBIPEK
IIPU HOMHUHAJIBHOM TOKE YE€PEe3 IITHIPh U YUCJIE COWICHEHUN (pacujieHEeHHI), yKa3aH-
HbIX B TY; 115 pene, repkOHOB — 3HAY€HHE MHTEHCUBHOCTU OTKA30B, MPUXOIAIIEECs
Ha OJIHY KOHTaKTHYIO TPYIIY IPU HOMHUHAIBHOM DJICKTPUYECKOM PEXKUME; IS
TyMOJIEPOB, KHOMOK, MEPEKIII0YATeNIe — 3HAUeHUE WHTEHCUBHOCTU OTKa30B, IIPUXO-
JsIeecss Ha OJIMH KOHTAKT MPU HOMHUHAJIBHOM JJICKTPUYECKOM PEXKUME U UHUCIIe
KOMMYTAIIMOHHBIX IUKJIOB, YKa3aHHBIX B TY, u T. 1.
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[Ipu npopaboTke Bompoca O MepecueTe CIPaBOYHBIX 3HAYEHHH MHTEHCHUBHO-

CTE OTKa30B AJEMEHTOB (A,) HA KOHKPETHBIN dJEKTPUUECKUN PEKUM U YCIOBUS pa-
OO0THI PEKOMEHIyeTCsl 320CTPUThH BHUMAHUE HAa MOJIENU Tiepecuéra BUaa

AM9)=2]1alx)), (1.5)
j=1

rne  A($)- HHTEHCHUBHOCTh OTKA30B 3JICMEHTA C YYCTOM DJICKTPUICCKOTO PEIKUMA H
yCJIOBHI paboOTHI (CHMBOJI ¢ B 0003HaYeHUU A(¥) MOAUEPKUBAET 3TO);
a(x;) - IONPAaBOYHBIA KOOPOHUIUMEHT, YYHTHIBAIOLINK BIUSIHKE (aKTOpa X ;

M - YUCJIO YYUTHIBAEMBIX (PaKTOPOB.

N3yunB MeTOIIbI OLEHKHU IOKa3aTeliel HaJeXHOCTU MPOEKTUpyembix POV ¢
UCTIOJIb30BAaHUEM HMHTEHCUBHOCTEH OTKAa30B 3JEMEHTOB, HEOOXOAMMO IMOHAThH, YTO
TOYHOCTbH PAaCUYETOB B IEPBYIO OUEPEIb 3aBUCUT OT JOCTOBEPHOCTH CIPABOYHBIX 3HA-
YEHUI MHTEHCHBHOCTEN OTKA30B 2J1EMEHTOB (Ay) M OT TOTO, HACKOIBKO IS DIIEMEH-
TOB BBITNOJIHSETCS MPUHIUIT CTATUCTUYECKONW YCTOMYMBOCTH IOKA3aTenen HaaEKHO-
CTH. BbINonHeHNe 3TOro NpuHIMIA 03HAYAET, YTO C TEYEHUEM BPEMEHHU B IIPOLIECCE
W3FOTOBJICHHSI AJIEMEHTOB MX CTaTUCTUYECKHE XAPAKTEPUCTUKH HANEKHOCTH (Ccpel-
Hee 3HaueHUe U pa3dpoc MHTEHCHBHOCTH OTKA30B) COXPAHSIOTCS ISl pa3HbIX Map-
TAi. ECM 3TOT mpHHIMIT HapyIlaeTcs, TO MOKa3aTesn HaaexHocTtu POY mpwm ske-
IUTyaTalud MOTYT 3HAUYUTEIBHO OTIMYATHCS OT PACUETHBIX 3HAUECHHI.

[Ipu paccmoTpenun mMetofoB aHanu3a Oe3oTkazHoctd POC mpu Hanmuuuum pe-
3epBUPOBaHUs HEOOXOJIMMO YCBOUTH JBa mpaBuiia. [Ipyu mocTossHHOM pe3epBUpOBa-
HUU XapakTep OTKA30B 3JIEMEHTOB — OOPBIB WJIM KOPOTKOE 3aMbIKAHUE UTPAET MPHUH-
IUIUAIBHYIO POJb C TOYKU 3PEHHUS HAJEKHOCTH PE3EPBUPYEMOr0 YCTPOWCTBA B Ie-
JIOM B TOM CJIy4ae, €CJIU 3JIEMEHTBI PE3EPBUPYEMOTO y3J1a COEAUHEHBI JIEKTPHUUECKHU.
[Ipu pe3epBUpOBaHUY 3aMEIICHUEM XapaKTEP OTKA30B AIeMEHTa ((PyHKIHMOHAIHHOTO
y371a, 0J0Ka U T.M.) HUKAKOW POJIM HE UTPaeT, TaK KaK OTKA3aBIIUN 3JIEMEHT OTKIIIO-
4aeTcsl OT DJIEKTPUYECKOM CXEMBbl, a BMECTO HEro IMOJKIIOYAETCS PE3EpPBHBIN 3Jie-
MEHT.

B kadecTBe nmuTepaTypbl MO paszAeiny peKoMeHayrTcs no3unuu [1, 3, 4] oc-
HOBHOU JIUTEpaTypsl U no3unuu [6, 8, 11] nononuurensHoi nureparypsl. C merozaa-
MU aHanuza Oe3oTkazHocTH POC mpu HamWuuu pe3epBUPOBAHUS MOMKHO O3HAKO-
muthed B [1, 6, 8, 14]. Ilpumeps! pacu€ra HaaéxxHocTu npuBoasircs B [1, 2,4, 6]. C
MapaMeTPUUYECKON HAZEKHOCThIO, METOJAOM M HPUMEpPOM €€ pacu€ra MOXKHO O03-
HaKOMUTHCS B [1].

KOHmPOJleble 60NRPOCHL

1. Yepe3 kakue CBOWCTBA MOXET MPOSBISTHCA HAAEKHOCTh KAK KOMILIEKCHOE
CBOMCTBO KOHCTpYKIMH POV, nx smemMeHTOB?

2. IlosicHute TepMuH «HapaOOTKa» U YKAXUTE, YTO MOHUMAIOT IO HapaOOTKOMH
110 OTKa3a.
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3. B uém cocTouT oTIMYMUTENIbHAsE OCOOEHHOCTh BHE3AIHbBIX U MOCTENEHHBIX (Ma-
paMeTpUYECKUX) OTKa30B?

4. llosicHuTe, YTO MOHHUMAIOT IMMOJ KOHCTPYKTHMBHBIM, HMPOU3BOIACTBEHHBIM, JKC-

IUTyaTallMOHHBIM U JErpaJlalliOHHBIM OTKazamMu POY.

KakoBbl OCHOBHBIE TPUYUHBI OTKa30B POY?

6. YKaxuTe NMpUMEpPHOE KOJIMYECTBO OTKa30B (B MPOIIEHTaxX), 00YCIOBIECHHOE
OIIMOKaMH MPOEKTUPOBAHUS, TPOU3BOACTBA U 3KCIuTyaTtauuu POY.

7. Kakue cxembl (MOJAEIN) COCAMHEHUS 3JeMEHTOB B POV ¢ Touku 3peHust Ha-
JNEKHOCTHU UCIIOIB3YIOT HA IPAKTUKE?

8. Kakue Mojnenu 3akOHOB pacrpejielieHus IIUPOKO HCIOJB3YIOT Ha IMPAKTUKE
JUIsl OMCaHUs BpeMeHU (HapaOOTKM) U3ACNIHM 10 0TKa3a?

9. B 4éM COCTOUT CYTh «IKCIIOHEHIIUAILHOTO 3aKOHA HAAEKHOCTI?

10. HazoBute rpynmnbl mokas3aTeseil, UCIOJIb3yEMbIE HA MPAKTUKE JJISl ONUCAHUS
HaJIEKHOCTH 3JIEMEHTOB U KOHCTPYKIUid POY.

11.Ha3zoBuTe mokasaTenu, ¢ MOMOIIbI0 KOTOPBIX MOYKHO INOJIYYUThH IPEICTABIIC-
HUE 0 0€30TKa3HOCTH JIEMEHTOB M KOHCTPYKIU POY.

12.C nomolipio Kakux MoKa3areiaen CyasT O PEMOHTOIPUTOIHOCTA KOHCTPYKIIUI
POV?

13.Kakue BpeMEHHbIE MOHSTHUS UCIOIb3YIOT IJI OMUCAHUS JOJTOBEYHOCTH KaK
CBOMCTBA 3JIEMEHTOB U KOHCTPYKIUi POY?

14.Kakne BpEMEHHBIE MOHATHUS WCIIOJIB3YIOT IS ONMMCAHUS COXPAHSAEMOCTH KaK
CBOMCTBA 3JIEMEHTOB U KOHCTPYKIUi POY?

15.B 4éM cocTouT OTIIMUKE CPOKA CITYkKOBI OT pecypca?

16.TlosicauTe, 4TO MOHUMAIOT MOJ MPEACIbHBIM COCTOSTHUEM W3NS, YKAKUTE,
HaIlpuMep, BO3MOXKHBIC KPUTEPUU TPEACIIbHBIX COCTOSHUM TAKOTO AJIE€MEHTa
POV, kak OUMOJISIPHOTO TPAH3UCTOPA B METAJUTMUYECKOM KOPITyCE.

17.Yem ornuyarotrcss Apyr OT Jpyra CIEIYIOIIHE MOKa3aTeau HaAEKHOCTH: 95-
NPOLIEHTHAs HapaboTKa 10 OTKasza, 95-MpOIEHTHBIA pecypc, 95-MponeHTHBIH
CPOK CITY>KOBI, 95-TIpOIICHTHBIN CPOK COXPAHIEMOCTH?

18.B uém cocTouT oTiIMUMe MoKa3aTeis «HapaboTKa Ha OTKa3y» (MOJIHOE HAa3BaHUE
«cpenHsisa HapaOOTKa Ha OTKa3») OT MOKa3aTeNsl «CpelHss HapaboTKa 10 OTKa-
3a»?

19. Hapucyiite THDIUYHYIO A-XapakTepucTUKy POY, noscHure pu3nyeckuii cMbICa
e€¢ oOnacTedl — nepuoaa NpUpadOTKH, NMEpPHOJia HOPMAIbHOW 3KCIUTyaTalllH,
00JIaCTH CTAPEHUS U YKAKUTE UX IPUMEPHYIO MPOJOJKUTEIBHOCTD.

20.YTo MMEIOT B BUAY, KOI/Aa TOBOPAT: “IJISl DJIEMEHTOB CIIPABEIJIMB IKCIIOHEH-
[MAAJILHBINA 3aKOH HaAEKHOCTH ?

21.1IpuBennre npuMepbl KOMIUIEKCHBIX MOKa3aTeNne HaaEKHOCTH.

22.IlosicHuTe, MOYeMy MHTEHCUBHOCTh OTKa30B Oblla BbIOpaHa B KaUyeCTBE OCHOB-
HOHM CIIPaBOYHOW XapPaKTEPUCTUKHU HANEKHOCTU DIIEMEHTOB, KaKOBBI €€ pas-
MEPHOCTb U IPUMEPHBIC 3HAUEHUS JJIs1 COBPEMEHHBIX AJIEMEHTOB POY.

23.Yto moHUMAIOT 1MOJ KOI(PGHUIIMEHTOM AJIEKTPUUECKOM HArpy3KH dJEMEHTa U
KaK 3TOT Kod(puimeHT BimsieT Ha HaAEKHOCTH? Kakue 3Ha4YeHHs] 3TOTO KO-
s dunmenTa cieayeT CIoIb30BaTh HA IPAKTUKE?

()
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24.]laiiTe CPaBHUTEIBbHYIO XaPAKTEPUCTUKY HAJAEKHOCTHU DJIEMEHTOB C YUETOM UX
BUJIOB. YKaXUTE, KAKUE BUbI DJIEMEHTOB SBJISIOTCS BBICOKOHAIEKHBIMU, Ka-
K1e Han0oJiee HeHAEKHBIMH.

25.00bscHUTE, TOYEMY HaAEKHOCTh MHTErPalbHBIX MHUKPOCXEM Ci1a00 3aBUCUT
OT CTENEHU UHTETPaLUU.

26.1losicHnTE, IOYEMY Ha MPAKTHKE BO3ZHUKAIOT 33Ja4M INEepecdy€ra CIPaBOYHBIX
MHTEHCUBHOCTEN OTKAa30B JJIEMEHTOB HA KOHKPETHBIM AJIEKTPUUYECKUN PEKUM
U ycioBus padoTsl. Kakas Moaens (BelpakeHUe) nepecuéra noxyyuia pacipo-
CTpaHEHHE Ha MPAKTUKE?

27.11osicHuTe mpUHIMUIT pacyéra HaAEKHOCTH KOHCTpYKUMH POV, OCHOBBIBasICH
Ha DJIEKTPUYECKOM CXEME M CIIPABOYHBIX JTaHHBIX O HAJENKHOCTH KOMILIEK-
TYIOIIHUX AJIEMEHTOB 10 BHE3AITHBIM OTKAa3aM.

28.KakoBbl 0COOEHHOCTH OPUEHTUPOBOYHOI'O pacyéTa mokaszaresieid Hai€KHOCTH
POV, uto 30€CH TpUHUMAETCS BO BHUMAaHHE?

29.B 4éM oTiiMuMe YTOYHEHHOTO pacy€Ta mokaszaresiel HaaEéKHOCTH, BBITIOIHSIC-
MOT'O Ha 3aKJIIOYMTENbHBIX CTaAUSAX MPOECKTUPOBaHUA KOHCTpykuuu POV, or
OPUEHTUPOBOYHOTO pacuéra?

30.Ha3oBute mnpuunHbl, OOYCIOBIMBAIOIIME  MAapaMETPUUYECKYI0 HaAAEKHOCTD
POV, u nosicHuTe NpUHIUI OIIEHKH 3TOW HAIEKHOCTH.

31.Y10o noOHMMAIOT O IKCILTyaTallMOHHON HAaJEKHOCThIO POY?

32.B uém coctouT cyTh pe3epBupoBaHusi? KakoBbI 0COOEHHOCTH MOCTOSHHOTO
pe3epBUPOBAHUS U PE3EPBUPOBAHUS 3aMEILIEHUEM, OOLIEr0 U pa3eiabHOro pe-
3epBUPOBAHUSA?

33./laliTe XapaKTEpPUCTUKY IOCTOSHHOTO PE3EPBUPOBAHUS, YKAKHUTE E€r0 JI0CTO-
MHCTBA, HEJOCTATKU U 00JIACTh MPUMEHEHHS.

34.Ha yém ocHOBaH MPUHIIMI OLIEHKU 0€30TKAa3HOCTU pe3epBUpyeMbIXx POY mpu
HaJIMYUU MMOCTOSSHHOTO PE3EPBUPOBAHUS U BIUAHUS HA HAAEKHOCTh XapakTepa
0TKa3a 3JIeMEHTOB («OOPBIBY» WM «KOPOTKOE 3aMbIKaHUE»)?

35. [laiiTe XapaKTEpUCTUKY pPE3E€PBUPOBAHUS 3aMEUIEHUEM, YKAXKUTE €r0 IOCTONH-
CTBa, HEJOCTATKU M 00JacTh npuMeHeHus. [losicHuTe, 4To UMEIOT B BUAY, KO-
r7a ynoTpeossitoT ClIOBa: «XOJOJHOE Pe3epBUPOBAHUEY», TEIMJIOE PE3epBUPO-
BAHUEY, «rOpsAYEE PE3CPBUPOBAHUC).

36.00bscHUTE, MOYEMY PE3EPBUPOBAHME 3aMEIICHUEM HE WCIOJIB3YIOT B apud-
METUKO-JIOTHYECKHUX U 3alIOMUHAIONINX yCcTpoiicTBax DBM.

37.Ha 4éM OCHOBaH NPUHLHUII OLEHKH OE€30TKa3HOCTU pe3epBupyemMoro POV B
CJIy4yae HaJlM4yusl pe3epBUPOBAHNS 3aMEIICHUEM ?

Paszoen 6. Ilpozno3uposanue mexHuueck020 COCMOAHUA ITNEMEHMO8 U
PAoOU0INEKMPOHHBIX YCMPOIICME

[TonsiTe MPOTHO3UPOBAHUS U €ro Kiaccudukamus. IBpUCTUUECKOE U MaTeMa-
TAYECKOE IPOrHO3MpOBaHME. ['pynmoBoe W MHIMBUAYAJIBHOE IPOTHO3UPOBAHUE.
ITpré€mpl BBITIOTHEHUS 3BPUCTUYECKOTIO IPOTHO3UPOBAHUS.

XapakTepuCcTUKa HHAUBUAYAIBHOTO IPOTHO3UPOBAHUSA C HCIOJIB30BAHUEM
METOJI0B 3KcTpanosuu. [Ipensicropus npouecca, mar nporHo3upoBaHus, MaTeMa-
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TUYECKas MOJIeTb MPOrHO3upoBaHus. OOpaTHOEe TporHo3upoBanue. [Ipuémel pere-
HUS 3a/1a4 WHIUBUAYATHHOTO TPOTHO3WPOBAHUS C MCIOJIB30BAHUEM METOIOB JKCT-
panonsaiun. Beibop Mozeneit mporao3upoBaHus. MeTo | «B3BEIICHHBIX HAMMEHBIITNX
kBapaToBy. [IpuHIUI onpeneneHus omMrOOK MPOTHO3UPOBAHUS.

OO0mas xapakTepUCTHKA UHAUBUAYATLHOTO POTrHO3UPOBAHMS PACIIO3HABAHH-
emM 00pa3oB. MHpopMaTuBHBIC MapaMeTphl, MPOTHOZUPYIOIIEE MPaBUIIO, pEIIaroas
GyHKIUS, TOPOT Pa3eICHus KJIacCOB. XapaKTEPUCTUKU OIMMUOOK MPOTHO3UPOBAHUS
B METOJIaX WHIWBHUIYATHHOTO MPOTHO3UPOBAHUS PacIiO3HaBaHUEM 00pa3oB. Beposit-
HOCTH TIPUHSATHUS TPABWIBHBIX U OMMOOYHBIX PEIICHUHA, PUCKU IMOTPEOUTEIS M U3TO-
TOBUTEIIS.

Drarbl pemeHus 3a1a4 HHANBUIYaIbHOTO MTPOTHO3UPOBAHUS PACIIO3HABAHUEM
00pazoB. OOyuaromuii SKCIEpUMEHT U o0ydeHue. IK3aMeH, BBIOOpP Mmopora paszjee-
HUs KmaccoB. OlEHKa BEPOSTHOCTEH MPHUHSTHS MPABWIBHBIX U OMIMOOYHBIX pele-
HUI, PUCKOB MOTPEOUTENII U M3rOTOBHUTENS. [[pOrHO3MpPOBaHNE OTHOTHUITHBIX H3[e-
JIVA, HE YYaCTBOBABIIHUX B 00YUaIOIIEM SKCTICPUMEHTE.

MeToapI TOCTPOSHUS MPOTHO3UPYIONINX mpaBuil. OOmas xapakTepucTHKa Me-
To/10B. [IpuMep mocTpoeHus MpOrHO3UPYIOIIETro MpaBua.

Pexomennanuu 1o BeIOOpPY WH(MOPMATHUBHBIX MapameTpoB (TIPU3HAKOB) IS
anemeHToB POY.

Memoouueckue ykazanus

B »TOM pa3zgene ocHOBHOE BHUMaHHE HEOOXOMMO YAECIUTh METOIaM MaTeMa-
TUYECKOTrO MPOTHO3UPOBAHMUS, PUYEM AKIIEHT CIEAYET CIeNaTh HA MHINBUIYaIbHOE
nporHo3upoBanue. [Ipu TakoM NPOrHO3MPOBAHUN KOHTPOIUPYIOTCS KaKUE-TO Mapa-
METpPbl KOHKPETHOTO IK3EMIUISIpa U3JIeTUsl U MPUHUMAETCS pelieHue (JenaeTcs mpo-
T'HO3) O COCTOSIHUU B OYAYIIEM 3TOIO K€ IK3EMIUISIPA.

N3y4das uHauBUAYyalbHOE TPOTHO3HPOBAHUE, CIEAYET UMETh B BUY, YTO HaHU-
OOJIBIIIKE TPYAHOCTH BBI3BIBAET OCMBICIIMBAHUE MHAUBUIYATBHOTO IPOTHO3UPOBAHUS
pacro3HaBaHreM 00pa3oB. ITO MPOTHO3MPOBAHKWE OCHOBAHO HA WCIIOJIb30BAHWUU WH-
(GbOopMaTUBHBIX TTAPAMETPOB, KOTOPHIE JIJIsi KPATKOCTH Ha3bIBAIOT Npu3Hakamu. [lon
UH()OPMATUBHBIM MapaMeTpoM (MMPU3HAKOM) TTOHMUMAIOT TaKOW MapaMmeTp, 3HAYCHHE
KOTOPOr0 B MOMEHT BpeMeHHU ¢ = 0 HecET uH(pOpPMAIIUIO O COCTOSTHUU AJIEMEHTa WU
KoHCTpYyKIuu POY B Oymymiem. B kadectBe mpumepa HHGOPMATHBHOTO TapameTpa
OUWTOJNIIPHOTO TPAH3WCTOPAa MOXKHO MPUBECTH OOPATHBIN TOK KOJUICKTOPHOTO Tepe-
X0Ja. 3aMEUYEHO, YTO YEM BBIIIE 3HAYEHUE ITOTO MapaMeTpa B MOMEHT BpeMeHHU ¢ = (),
TE€M HUXKE B CPEIHEM HAJEKHOCTh TPAH3UCTOPA.

NunuBuayanbHOE MPOTHO3UPOBAHUE C  HCIOJIB30BAaHUEM OJHOTO MH(MOpMa-
TUBHOTO MapameTpa (pu3HaKa) MOXKET AaTh MHOro OomuOoK. [ToaToMy Ha mpakTuke
UCIIOJIB3YIOT COBOKYMHOCTh MPU3HAKOB. COBOKYIHOCTh NPHU3HAKOB, U3MEPEHHAS B
MOMEHT BpemeHu ¢ = (0, oOpasyeT kak Obl 00pa3 KOHTPOJIHMPYEMOTO IK3EMIUISIpa, a
3a/1aya WHIUBUIYaJIbHOTO MPOTHO3UPOBAHUS 3aKJTFOYACTCS B TOM, YTOOBI MMPABUIBLHO
pacmo3HaTh 3TOT 00pa3, T.€. MPABWIBHO MPUHATH PEIICHUE O HAIEKHOCTH KOHTPOJIH-
pyemoro sk3eMinsipa B Oyaymem. [loaToMy WHIMBHIyalbHOE MPOTHO3WPOBAHUE C
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UCIOJIb30BaHUEM MH(OPMATUBHBIX MMapaMeTpoB (MPU3HAKOB) M HA3bIBAIOT «IIPOTHO-
3UpPOBAaHUE PACIIO3HABAHUEM O0PA30BY.

PaccmaTtpuBas nponeaypy MoCTpOEHUs NPOTHOZUPYIOIIMX MPaBUil JJIsl pele-
HUS 3a/lad WHAUBUIYAJTBHOTO MPOTHO3WPOBAHUS PACIO3HABAaHWEM O0pa30B, HYKHO
YAEJIUTh BHUMAHUE CIy4ar0 MPOTHO3UPOBAHUS, MPU KOTOPOM MPOTHO3 MOJIYy4YarOT B
BU/JIE pa3eneHus (KaaccuuKaimm) 3JIEMEHTOB Wi KOHCTpyKiuid POY Ha nBa knac-
ca B 3aBUCUMOCTHU OT YPOBHS HaJAEKHOCTH B 3aJaHHBIN Oyayluii MOMEHT BpEMEHHU
tnp: Ky — Kitace Han€KHbIX 9K3eMILIIpOB, K; — Kitacc HEHaIEKHBIX 9K3EMIUISIPOB.

OCHOBHBIMH JINTEPATYPHBIMU HMCTOYHUKAMU JUIsl U3YUYEHHUs MaTepuana 3TOro
pasnena sBisroTcs pabotsl [1, 4, 7]. C obmuMu BompocaMu MPOrHO3UPOBAHUS Ha-
nexHOCTH POY M0XHO 03HAKOMHUTBCS B padoTe [6].

KOHmPOJleble 60npoCobl

1. B 4éM COCTOUT OTIIMYME MATEMATHYECKOTO MPOTHO3UPOBAHUS OT DBPUCTHYE-
CKOT'0, UHAUBUIYaJIbHOTO — OT TPyIIIOBOTO?

2. B 4éM CyTh METOJa 3KCIIEPTHBIX OLEHOK, UCIOJIB3YEMOTO IIPU ABPUCTHUECKOM
IIPOTHO3UPOBAHUM TIApaMETPOB M XapakTepucTHK PJY, TexHoIormueckux
MPOLECCOB?

3. UTO MOHMMAIOT MOJ MPEABICTOPUEH, IIaroM MPOTHO3UPOBAHUS, MaTeMaTHUye-
CKOW MOJIEJIbIO MPOTHO3UPOBAHUS B CIy4Yae WHANBUIAYAIBHOTO MPOTrHO3UPOBA-
HUA napameTpoB POY ¢ ucnonp3oBaHuEeM METOJIOB AKCTpanoisanuu? B kakom
BU/JIE TIPU 3TOM IOJTy4arOT IPOTrHO3?

4. Kakoe NporHo3upoBaHHE IPH UCIOJIB30BAHUU METOJOB SKCTPAIOJISILIMM Ha3bl-
BalOT 0OpaTHHIM?

5. Kak BpIOMparOT MaTeMaTUYECKyI0 MOJEIb IPOTHO3UPOBAHUS MIPH UCTIOIH30Ba-
HUU METOJIOB 3KCTPAITOJISILINM ?

6. Ha 4€m ocHOBaHa «MIEOJIOTUS» MHAMBUIAYAIBHOTO NMPOrHO3UPOBAHUS PACIIO-
3HaBaHUEM 00pa30B, B KAKOM BHUJE IIPHU 3TOM MOJIY4YalOT IPOrHO3 00 3JIEMEHTE
WJIN yCTPOKCTBE?

7. YrTo noHMMAIOT 0/ MH(MOPMATUBHBIM TapaMeTPOM?

8. IloscHUTE MPOUCXOXKIECHNUE Ha3BaHUs BUAAa NMporuo3uposanus: «IIpornosupo-
BaHUE PacClo3HABAHUEM 00PA30BY.

9. YTo mOHMMAIOT MOJ MPOTHOZUPYIOIIUM IPABUIIOM B METOJE€ MHIWBUAYAIBHO-
T'0 MPOTHO3UPOBAHUS Pacrio3HaBaHUEM 00pa30B?

10. O kakux ommbOKax MPOrHO3UPOBAHUS B METOAAaX WHJIUBHUAYATILHOTO MTPOTHO3M-
pPOBaHMSI pacro3HaBaHUEM 00pa30B CYJSAT C MOMOIIBIO MOHSATHUS «PUCK H3TOTO-
BUTEJIS», @ 0 KAKUX — C IOMOIIBIO OHATHUS «PUCK MOTPEOUTEIS» ?

11. JlaiiTe XapakTepUCTUKY OCHOBHBIX 3TAIOB IPOLEAYPHI IOCTPOCHHUS IPOTHO3H-
PYIOLIEro IMpaBuiIa.

12.TlosicHuTe Ha3HAYEHUE U CYTh 00YYaroIIero SKCIepuMEeHTA.

13. HazoBUTE OCHOBHBIE METO/ABI TIOCTPOEHUS MPOTHOZUPYIOLIUX IIPABUJL.

14.B 4éM COCTOWUT NMPUHIUIINAIBHOE OTINYUE HEMAPAMETPUUYECKUX METOJOB I0-
CTPOEHUS MTPOTHO3UPYIOLINX MPABUI OT MAPAMETPUUECKUX ?
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Pazoen 7. 3a0auu onmumuzayuu 6 KOHCMPYUPOBAHUU U
MEXHO102UU PAOUOINEKMPOHHBIX YCHIPOIICHE

[Tonsarue 3agau ontumuzanuu. lleneBas GyHKIUS U ONTUMUBUPYEMBIC Mapa-
MeTpbl. OrpaHUYCHUS, HAKIIAIbIBAEMbIE HA KOHCTPYKTOPCKO-TEXHOJIOTHUYECKHE Ta-
pameTpsl. MaTemaTuyeckas IOCTAHOBKA 3a]1a4 ONTUMHU3ALINH.

OO6muit mopsAOK pemieHus 3aaad onTuMu3anuu. CrocoObl MOCTPOSHUs 11eie-
BOM (yHKIIMM, METOJ TJlaBHOTO kputepus. Kparkas xapakrtepuctvka maTeMaTHye-
CKMX METOAOB pElIeHHUs 3a/ad OnTUMHU3aluu. JIMHeHOEe U HEJIMHEITHOe MaTeMaTH-
YECKOE MPOrpaMMHUPOBAHUE.

Pemenne 3amad ontuMu3alud METOJOM AUHAMUYECKOTO IPOrPaMMHUPOBAHMUS.
AJITOPUTM ONTUMH3ALHUKA METOJIOM CIIy4allHOTO MOMCKA U €ro peanu3anus Ha OBM.
CroxacTuueckue 3aa4il ONTUMU3ALMU (ONITUMU3AIUSA IPU HAJWYUU MIOMEX) B KOH-
CTpyHpOBaHUU U TexHosioruu POY. DkcnepuMeHTanbHbIE METOAbl PELICHUS 3a]a4
ONTUMU3AIMU B KOHCTPYUPOBaHUU U TexHoJorun POY. Mcnons3oBaHue MaremaTu-
YECKON TEOPUHU IUIAHUPOBAHUS SKCIIEPUMEHTA.

[Ipumeps! pemenns 3a1a4 ONTUMA3ZALNH.

Memoouueckue ykazanus

[IpucTynuB K M3ydeHHIO y4eOHOro Marepuaja 3TOrO pasjieia, OY€Hb Ba)KHO
OCMBICIIUTh  TIOHATHE  3aJad  onTuMmu3anud.  Kaxaoe  KOHCTPYKTOPCKO-
TEXHOJIOTUYECKOE  PEIICHHWE II03BOJSET JIOCTUYb  OIPEACICHHBIX  TEXHHUKO-
HPKOHOMHUYECKUX MoKa3areneid POY, B kauecTBe KOTOPBIX NPUMEHUTEIBHO K KOHCT-
pykiuu POY moryt ObITh, Hampumep, HaJeKHOCTb, Macca, rabapuThl, CTOUMOCTb.
KoHncTpykTopckoe perienue, mapameTpbl KOTOPOro O0OECHEeUnBalOT MOJyuYeHUE JKC-
TPEMAIBHOTO 3HA4eHHUSI PYHKUMU F (MUHMMaNIbHOTO MM MaKCUMAJIBHOIO B 3aBUCH-
MOCTH OT TOT'O, YTO JYYUIE), BbIPAKAIOUIEH BaXHEHIINN TEXHHUKO-3KOHOMUYECKHIA
IIOKA3aTeIb WM COYETAHWE TAaKMX IOKA3aTeNIel, Ha3bIBAKOT ONTHUMAJIBHBIM PEIICHU-
eM. THOr1a TOBOPSIT, UTO TAKOE PELIECHUE ABISAETCA KBA3UONTUMAIBHBIM, UMEs B BU-
Ny, 4YTO B JE€HCTBUTEIBLHOCTH 3TO pEUIEHUE BecbMa OJM3KO K HawimydieMy. DyHK-
LU0

F=F(x,...,x,) (1.6)

HA3BIBAIOT IEJICBON (DYHKIMEH, MHOTJA €€ TaKKe HA3bIBAIOT KPUTEPUEM ONTHUMHU3A-
UM, KPUTEPUEM KadecTBa, KpUTEPHATLHON QyHKIMEH u T. 1. [lapameTpsl KOHCTPYK-
TOPCKOTO PEIICHUsI X, Xy, ...X,, ONTUMAIbHBIE 3HAYCHHS] KOTOPBIX HEOOXOIMMO OTI-
pEeNeNuTh, Ha3bIBAIOT ONTHMHU3UPYEMBIMU TTapaMETPaMH.
CrnenmyeT yCBOUTH, YTO, BBITIOJIHSS TIOCTAHOBKY 3aJ]a4i ONTUMHU3AIINN, HE00XO0-

JTUMO Y€TKO yKa3aTh:

¢ KaKoil TEXHUKO-d)KOHOMHUYECKHUH MOKa3aTeNb (UM UX COUYETAaHUE) BHICTYIIAET B
poJIU 11eIeBOM (QYHKINU;

¢ Ha KaKWe TEXHUKO-dKOHOMUYECKHE TIOKA3aTeIu M3 YKCiIa HEe BONIICANIUX B IIe-
JeBYI0 (DYHKIIMIO HAJOKEHBI OTPAHUYCHUS U KAKOB XapaKTep dTUX OTPaHUYCHUN;
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¢ Kakue MapaMeTpbl KOHCTPYKTOPCKOIO pelleHus OyIyT BBICTYyNaThb B POJU
ONTUMHU3UPYEMBIX U KAaKOB XApaKTEp OrpaHWYEHUW, HAKIIAIbIBAEMBIX HA 3TU Tapa-
METPBHI.

be3 yeTkoro BbICICHUS YKAa3aHHBIX COCTABJISIIOIIUX HEBO3MOXHO BBIIOJIHUTH
MOCTAaHOBKY 3aJ]a4¥ ONTUMHU3AIUU.

Hy>XHO TOMHHUTB, 4TO KOHCTPYKTOPCKOE PEIICHNE XapaKTePU3yeTCs OOIBIITUM
yucaoM mapameTpoB. OJHaKO B KaueCTBE ONTHUMU3ZUPYEMbBIX BBIOMPAIOT TOJBKO TE,
KOTOpbIE B HAUOOJIbILIEH CTETIEHH BIMSIOT HA 3HAYEHHE 11eJIeBO PyHKIUU F 1 PyHK-
WA, 3aJaI0lMX OTPAHUYCHHS] HA TEXHUKO-3KOHOMHMYECKHE IOKa3aTelid, KOTOPhIE
Ba)KHBI, HO HE BOIILUIA B F.

Crnenyer Takke ocob00€ BHHUMAHHE YIEIHTh OCMBICIMBAHUIO MPOLEAYPHI pe-
IICHUS 3a7]a4 ONTUMU3AIMY, HAYWHAs C BBIOOpA 11eJ1IeBOM (DYHKIIMU U 3aKaHYMBas Ma-
TEMATUYECKUM PEIICHUEM 3aa4i, KOPPEKTUPOBKOM PE3YyJIbTATOB PEIICHUS C YUETOM
0COOEHHOCTEM 3a/lauu onTuMU3auu. ONpeeieHHyI0 TOMOIIb B 3TOM BOIPOCE OKa-
XKeT rmocodue [14].

[Ipn paccMOTpeHHH MaTEMATHYECKUX METOJIOB PELICHHS 3a/1a4 ONTHUMHU3ALNU
PEKOMEHAYETCS CIENIaTh aKIEHT Ha METObI CIy4YailHOrO MOKCKA, KaK MPEICTaBIISAIO-
IFe 0COOBIM MHTEPEC I MpakTHIecKuX 3a1ad. C 3TUMH METOIaMH MOKHO O3HAKO-
MuThcA B [1, 14].

B kadyecTBEe OCHOBHOM JIUTEpATyphl MO pa3ieny B LEJIOM PEKOMEHAYIOTCS pa-
ootsl [1, 3, 4, 7]. Kak nonosnHuTtenbHast tuTeparypa nose3eH uctounuk [7]. Co cro-
XaCTUYECKUMU 3aJlayaMy ONTUMHU3AIMUA MOKHO O3HAKOMUTHCS B [7]. Pemenue 3amau
ONTUMU3AIMHA METOJOM JUHAMUYECKOTO MPOTrPaMMHUPOBAHUS PacCMOTPEHO B [1, 4].

KOHmPOJleble 60NRPOCHL

1. Kakoe KOHCTPYKTOPCKO-TEXHOJOTUYECKOE PEIICHUE CUUTAIOT ONTUMAJIBHBIM,
C IOMOIIIbIO KAKOTO KOJIMYECTBEHHOTO KPUTEPHUS CYASIT 00 3TOM?

2. YTo MOHUMAIOT MO/ 1IeNIeBOi PyHKIMEH (MHAUYE — KpUTEPUEM ONTHUMAIbHOCTH)
Y ONITUMU3UPYEMBIMH MTapaMeTpamu?

3. Ha kakue TeXHUKO-DKOHOMUYECKHUE nokazarenu POY HakmaasiBaroTCs orpa-
HUYCHUS?

4. Kakwue napameTpbl KOHCTPYKTOPCKO-TEXHOJIOTMUYECKOTO PEIICHUS TOJIKHbI

paccMaTpUBaThCS B KA4€CTBE ONTUMU3UPYEMBIX ?

[TosicHUTE MOPSIAOK PELICHUS 3aa4 ONTUMU3ALUU.

B 4ém coctout cyTh BeIOOpa 11€1€BOM (DYHKITUH METOJIOM TJIABHOTO KpUTEpHUsI?

7. HazoBurte ocHOBHBIC (paKTOPHI, BIHUAIOIINE HA BEIOOP MaTEeMaTHIECKOT'O METO-
Jla pEIICHUS 3a71a4 ONTUMU3AIHAH.

8. Kakwue 3aaun MOKHO peliaTh ¢ MOMOIIbIO JUHEHHOTO U HEIMHEHHOIO MaTe-
MaTU4YECKOTO MPOrpaMMHUpPOBaHUs?

9. B 4éM COCTOMT NMPUHIMITHAIBHOE OTIINYUE TUHAMAYECKOTO TPOTPaMMHUPOBa-
HUS OT MOJYYEHHUS ONTUMyMa METOJIOM OOBIYHOTO Iepedopa BapuaHTOB pe-
MICHU?

10. Kakue 3a1aun ONTUMHA3aLAA UMEET CMBICH PELIATh, HCIIOJIb3YSI METOJ CIIydam-
HOTO TTorcka Ha OBM?

N
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Pazoen 8. Cucmemul Maccoeozo 00CaAyHcueanus 6 MexHoa102uu
Paou031eKmpoOHHBIX YCMPOUICE

[loHsiTHE U OCHOBHBIE XAPAKTEPUCTHUKU CHCTEM MAaCCOBOTO OOCITYyXUBaHUS
(CMO). AGcontoTHasi 1 OTHOCHUTENIbHAsI TPOITYCKHBIE cTOCOOHOCTH. [loTOKM COOBI-
TUH (3a51BOK) U KX MaTeMaTU4yecKoe onucanue. [Ipocreiiiirie moTOKM U UX CBOMCTBA.

Buasr CMO B Texnonoruun POC. CMO c otka3om (B obciyxuBanun), CMO c
OXHUJaHueM. XapakTep OrpaHUYEHUM, HAKJIaJbIBAEMbIX HA MPOLIECC OXKUIAHUS 3as-
BOK B ouepenu. «Hucrtas» CMO c¢ oxuganuem, CMO cMmeniaHHOro TUMa.

Marematuueckoe onucanue CMO c oTkazoM. MareMaTtuueckoe OINUCAHUE
“guctoit” CMO c oxuaanueM. Matematudeckoe onucanne CMO cmeniaHHOro Tumna
C OTpaHMYCHHUEM JUIMHBI Oouepeqd. YCTAaHOBUBIIUUCS DPEXUM (DYHKIIMOHUPOBAHUS
CMO. Hcnons3zoBanue Ghopmys DpiiaHra Jjis OnpeaesieHus] BEpOSTHOCTEH COCTOS-
Huit CMO.

[IpuMeps! perieHus: TUIOBBIX 3a/1a4.

[IpuHIMIIBI UMHUTALIMOHHOTO MOJETUPOBAHUS Mporecca (GyHKIHOHUPOBAHUS
CMO.

Memoouueckue ykazanus

Crnenyer NOHATH, UTO MPOTEKAHUE MHOTMX TEXHOJIOTMYECKUX IPOLECCOB U3T0-
ToBieHUsT POY Moxer paccMarpuBarbesl Kak (DYHKIIMOHMPOBAHUE TAaK HA3bIBAEMbIX
cucTeM MaccoBoro odciyxuBanus. Pabora 1060t CMO cocToUT B TOCTYIUIEHUU Ha
e€ KaHaJbl 3a4BOK U UX 00ciyxuBaHuu. B TexHonoruu POY B kauecTBe kaHaIOB 00-
CIIy’KUBaHUS MOTYT pacCMaTpUBaThCA pabouue MecTa, TEXHOJOTH4Yeckoe o0opyno-
BaHUE U T. M. 3aBKU Ha KaHaJbl OCTYNAIOT OJIHA 32 JPYroil B HEKOTOPHIE, B 00IIEM
cilyyae ciydaiiHble, MOMEHTHI BpeMmeHHu. [locie Toro, kak 3asBka 00cCiyXKeHa, KaHal
OCBOOOX/IaeTcs U rOTOB AJI IpueMa cienyromei 3asBku. [Ipu paccmorpenuu xa-
paktepuctuk CMO B nepByro oueperb HEOOXOAUMO yAEIUTh BHUMAHUE TaKUM Xa-
pakTepUCTUKaM, KaKk a0COJIIOTHAsI U OTHOCHUTEINbHAs MPOITyCKHAsi CIOCOOHOCTH, BEPO-
SATHOCTb HEOOCITY’)KMBaHUs 3asiBOK U BepoATHOCTh npoctosi CMO. Ilpu ananuze mno-
ToKa rnoctynaronux B CMO 3a8BOK aKIIEHT peKOMEHIyEeTCS CAENATh HAa IPOCTEUIINX
norokax. Mx mojiHoe Ha3BaHHE — MPOCTEUIINE CTALIMOHAPHBIE ITyaCCOHOBCKHUE IOTO-
Kd. {715 TakuX MOTOKOB YMCIO 3asBOK, MPUXOMASIIUXCS HA 000N (PUKCHPOBAHHBIH
uHTepBal BpeMeHu Tt (puc.l.5), pacnpeneneno no 3akony IlyaccoHa st nuckper-
HBIX BEJIMYUH.

@

0 T Bpewms, ¢
« > At )" _
< > Pim/r)= 20D o-ar
m!

BepostHOCTBH TOrO, 4TO 32 Bpems
T MPOU30MAET POBHO M COOBITUM, paBHA:

»
»

. (7

Puc.1.5. IloToK nocTynarmmux 3asiBOK

rie A - MIOTHOCTh MOTOKA 3asBOK (CpeaHEe YMCIIO 3asiBOK, IPUXOIALINXCS Ha €U-
HUILLy BPEMEHH).
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Baxneiiniee cBOMCTBO HpOCTCﬁHICFO IIOTOKA - €ro CTAlMOHAPHOCTD. Ono 03-
Ha4YacCT, 4YTO XaPaKTCPUCTUKA IIOTOKA A HE 3aBUCHT OT pacCMaTpuBacMoro BpCMCHHO-

ro MHTEpBajia 7.

Crnenyer 3allOMHUTh, YTO IPOCTEUIINI MOTOK UTPAeT B TEOPUU MACCOBOIO 00-
CIIy’KMBaHMSI TIPUMEPHO TAKYIO K€ pOJib, KaK HOPMAJIbHBIA 3aKOH pacIpeaesiCHUs
IIpU BEPOSTHOCTHOM OMNHMCAaHWM IAPAMETPOB B KOHCTPYMPOBAHUU U TEXHOJOTHHU
POY.

Cnenyer ocMbicauTh Buasl CMO B Texnosnoruun POV (puc.1.6). IlynkrupHas
JMHUSA Ha cxeMe o3Hadaet caenyromee: CMO cmemaHHoro Tuna sBisieTcs CUCTEMON
C OXHUIAaHHUEM 3asIBOK B OYEpPE/IH, U, Ka3aJI0Ch Obl, 3asIBKU HE JIOJKHBI IOJIy4aTh OTKa3
B 00CIY’>KMBaHUH, OJJTHAKO M3-3a HAJIMYMS OTPaHUYEHUIN Ha MPOLECC OXKHUAAHUA 3as-
BOK B OYE€pEIH BO3MOXHBI CIIydau HEOOCIyXKUBaHUA 3asBOK, T.e. CMO cMmemanHoro
TUIIA TposABISIET Takxke npusHaku CMO ¢ oTkazom.

CMO

I
v v

CMO c oTkazoM CMO c oxpmanueM

Her

HanoxxeHsl 1 orpaHWYcHUsS Ha
OXXUAaHue B ouepean?

Ha y
I > CMO cmeragHoro “Uupcras” CMO
THIIA C OXKHAJAHUEM
" \
C C orpannueHueM Bpeme- C orpanuueHueM Bpe-
OrpaHHICHHCM HU HAXO0KIECHUS 3a9BKU B MEHU HAXO0KIECHUS 3a-
AJTMHBI 09CPEN odepeaun sBki B CMO

Puc. 1.6. Bugst CMO B TexHomoruu PDY

PaccmarpuBas maremarnueckoe onucanue CMO, peKoMeHIyeTcsl cienaTh ak-
1eHT Ha CMO c otkazom, "guctyro" CMO c oxunanuem, CMO cMelaHHOro THma ¢
OrpaHUYEeHHEM UIMHBI odyepeau. [Ipu 3ToM HaA0 OCMBICIUTH NOHITHE YCTAHOBHBIIIE-
rocs pexxuma ¢pyHkuronuposanuss CMO, pa3zoOpaTbcs ¢ KpUTEPUEM €ro HacTyILIe-
HUS, IOHATH 001aCTh MPUMEHEHMS pacUETHBIX (hopMyJ1 DpaHra.

B kauectBe OCHOBHOU nuTepaTypsl pekomeHaytored [1, 3]. Y3 nonoaHuTens-
HOM JIUTEPATYPbl B ONPEACIEHHON CTEMEHU UX MOTYT 3aMeHuTh [7, 10]. C kputepuem
HACTYIUICHHs YCTAaHOBMBILETOCS peXUMa U IPUMEPAMU PELICHUs 3aJa4 MOKHO 03-
HaKOMUTHCS B [2].
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Konmponwvnwie éonpocut

1. IlpoTekaHue KakMX TEXHOJOTMYECKUX IPOLIECCOB M3rOTOBIIEHU POY MoxkeT
paccmatpuBaThes kKak ¢pynkiuonuposanune CMO? [pusenure npumepsr CMO
B TexHosoruu POY.

2. HazoBute ocHoBHble Xapaktepuctuku CMO u mnosicHute ux (U3HYECKUI
CMBICIL.

3. OOwscHute, noyemy s ogHou u To ke CMO mpu 3HAYEHUU BEPOSITHOCTH
HeoOCTy)KMBaHUS, OTIIMYHOM OT HYJII, UMEET MECTO OJIHOBPEMEHHBIN MPOCTOM
BCEX KaHAJOB, T.€. HEHYJIEBOE 3HaUY€HUE BEPOITHOCTH nipocTtoss CMO.

4. Yto mMOHMMAIOT MOJ MPOCTEHIINM CTAllMOHAPHBIM ITYaCCOHOBCKUM (KpaTKO —
IPOCTEHIIINM) TOTOKOM 3asiBOK M KAKUMHU CBOMCTBAMHU OH JIOJIKEH 00J1aaTh?

5. Yro maér nus npakTUKU CBOMCTBO CTALMOHAPHOCTH MPOCTEUIETO MTOTOKA 3asi-
BOK?

6. KakuM 3aKOHOM pacnpesieleHUs] ONMCBIBAECTCS CIyYaillHOE BPEMSI MEXIy IpH-
XOJIOM JIBYX COCEIHHX 3asIBOK B CIy4ae IPOCTEUIIEro MoToKa?

7. Ilepeuncaure ocHoBHBIE BUIBI CMO. O0BsicHuTe, noueMy CMO ¢ oxuanuem
B Clly4yae HaJu4Msl OrpaHUYEHUS Ha MPOLIECC 0’KHUJIaHUS 3asiBOK B OYepe]ln Ha-
3BaHa ciaoBaMu «CMO cMENIaHHOTO TUIIaY.

8. B kakoM ciyyae mpaBOMEpHO NPUMEHSATh QOpMyJibl DpilaHra Jyisl omnpesene-
Husi coctossHuii CMO 1 OCHOBHBIX €€ XapaKTEPUCTHK: BEPOSITHOCTA HEoOCTy-
KUBAHUS 3a5BOK, OTHOCUTEIHHON MPOMYCKHON CHOCOOHOCTH U BEPOSITHOCTH
npoctoss CMO?

9. UYTo MOHMMAIOT MO YCTAaHOBUBIIUMCS pekuMoM ¢GyHKIroHupoBanuss CMO u
B KaKHMX CIIy4asX PEXUM MOXET pacCMaTpHUBAThCS KaK MPAKTUYECKU YCTAHO-
BUBIIUICA?

Pazoen 9. Cmamucmuueckoe mooenuposanue napamempos
KOHCMPYKUUIL U MEXHOI02UYUECKUX NPOUECCO8

[ToHsiTHE MUMUTALMOHHOIO (CTATUCTUYECKOI0) MOJAEIUPOBAHUE U €r0 POJib B
KOHCTpyHpoBaHuu U TexHonoruu POC. MoaenupoBaHue CilydailHbIX MapaMeTpoB.
MopenupoBaHue CilydyallHbIX YMCEJ C HOPMaJbHBIM paclpenencHueM. MeToasl 1mo-
Jy4YEeHUs CIy4YalHbIX YUCEN C JI0ObIM 3aKOHOM paclpeeieHUs .

MoznenupoBaHue JUCKPETHBIX CIIyYalHBIX BEJIMYUH. MoaenupoBaHue Cirydyan-
HBIX YKcel ¢ OMHOMUHAIBHBIM paclipesieJieHueM U pacnpeaenenuem [lyaccona.

MopnenupoBaHue KOPpEJIUPOBaHHBIX CIyYalHBIX [1apaMETPOB ¢ HOPMAIbHBIMU
pacupeneneHussMA. lloydeHne KOppeaupoOBaHHBIX CIy4YalHBIX IApaMETPOB C JIIO-
ObIMH 3aKOHAMH PacHpeIeIICHUS.

Meron MonTe-Kapino kak MeTon BEpOATHOCTHOIO MOJENUpoBaHusa. Peann3za-
must Metoga Ha DBM, cTpykTypHas cxema ajaropurma, BbIOOp YHCIa peamu3aiiuii
CMOJIENTMPOBaHHOrO npouecca (o0bekra). TouHocTh METOA.

[IpyHOMNBI ¥ ANTOPUTMBI MOJEIMPOBAHMS HANECKHOCTH PaTUOIEKTPOHHBIX
ycTpoucTB. [lepcnekThBEl MCIIOIB30BaHUs B KOHCTPYUPOBAHUMU U TEXHOJOTMH POY
MIPUKJIATHBIX MATEMAaTUYECKUX METOOB.
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Memoouueckue ykazanus

[Ipuctymas k u3yueHHI0 y4eOHOro maTepualia 3TOro paszjena, HeoOXO0IUMO
MOHSTh, YTO MPHU OIEHKE TOYHOCTU U CTAOMIILHOCTH BBIXOIHBIX MapaMeTpOB, OIpe-
JIEJICHUU TOoKa3aresie HaAEKHOCTH KOHCTPYKIMI POY, HaxoxXIeHnn XxapakTepucTUK
CHCTEM MacCOBOTO OOCITY)KMBaHUs, a TAK)Ke MPU PEIICHUU pssia APYTHX 3a71ad B 00-
JIACTU KOHCTPYUPOBaHUA U TexHoJoruu POY aHanuTuyeckue pacyéThl OKa3bIBAIOTCS
TPYAOEMKUMHU JIMOO BOOOIIE HEMPUTOAHBIMU. VIcronb30BaHUE Ke HKCIEPUMEHTATb-
HBIX METOJIOB CBSI3aHO C OOJIBIIMMU 3aTpaTaMu U CTAHOBUTCA YKOHOMHUYECKH HEOII-
paBlaHHbIM. B mom00HBIX cilyyasx IeaecooOpa3sHO HCIOJIb30BaTh MMUTAIIMOHHOE
MOJICJIMPOBAHUE MAPaMETPOB U XAPAKTEPUCTUK PIY, TEXHOJIOrHMUECKUX MPOILIECCOB,
CMO u T.71., BRIIOJHAEMOE C UCITOJIF30BAaHUEM MaTEMaTHUECKUX MOJICIICH.

Heobxoaumo 4€TKO MOHSATH, YTO MPU MMUTALUOHHOM MOJCIIUPOBAHUU BOC-
MIPOU3BOJIATCS CIy4ailHble 3HAUEHUSI apaMeTpPOB U CBOMCTB POV, TexHOIOrHUEeCKnX
npoueccoB, CMO. [Ipu 3ToM NpUHUMAIOT BO BHUMAHUE BEPOSTHOCTHBIE XAPAKTEPH-
CTUKH MapaMeTPOB: CPEIHHUE 3HAYEHUS, CPEHUE KBAJPATUUECKUE OTKIOHEHHUS U 3a-
KOHBl pachpe/esieHusl. BBINONHSAS MHOTOKpPaTHO MMUTALMOHHOE MOJEIHPOBAHUE,
yAa€Tcs MOJYyYUTh CTATUCTUUECKUU MaTephasl (CTAaTHUCTHKY) O MOBEAECHUU HHTEpE-
CYIOIIMX BBIXOJAHOTO MapaMeTpa, XapaKTepUCTUKE, CBOMCTBE. [loaToMy BmMecTO Tep-
MHHA «MMHUTAllHOHHOE MOJEIUPOBAHUE» WHOTJA UCIOJIb3YIOT TEPMUH «CTATUCTUYE-
CKOe MojienMpoBaHue». MaremaTuueckass 00paboTka pe3yabTaTOB MOJIEIUPOBAHUS
MO3BOJISIET TTOJIYUYUTh CPEAHUE 3HAUEHUSI UHTEPECYIOIIMX BEIUYUH U BO3MOXKHBIE OT-
KJIOHEHUS BEJIUYUH OT CpeJHUX 3HaueHuu. [Ipu HEOOXOAMMOCTH MOXKHO MO100paTh
oAXOo/sIIee MPUOIMKEHNE 3aKOHA pacIipe/ie]ICHUs UHTEPECYIONICH BeTUYHHBI.

Cnenyer 3HaTh, YTO MOCKOJBbKY TPU UMUTAIMOHHOM MOJICIMPOBAHUU BOCIIPO-
M3BOJSATCS BEPOSTHOCTHBIE CBOMCTBA MMAPAMETPOB U XapaKTEPUCTHUK, TO TAKOE MOJE-
JMPOBAHNE HA3bIBAKOT TAKKE BEPOSITHOCTHBIM. [Ipr IMUTALIMIOHHOM MOJAEIUPOBAHUU
MOJIYyYalOT PeaIn3aliu Clly4allHbIX MapaMeTpoB, XapakTepucTuk. [loaTomy Hago mo-
HAThb, YTO CaMO MOJEJIHMPOBAHUE CBOJUTCA K T€HEPUPOBAHUIO CIyYallHBIX YHCEI,
VMMEIOIINX ONPENCIEHHBIE 3aKOHBI PACTIPEACICHUS.

JIJist MONTydeHus CITy9aifHbIX YUCEeNl C JTF0OBIM 3aKOHOM PACTIPEIEICHUS UCTIOIb-
3YIOT CIydalHble 4YHCla r, paBHOMEpHO pacnpeaenéHusie B untepnaie (0...1), Ha-
3bIBAEMbIE CTAHJAAPTHBIMU PABHOMEPHBIMU YHUCIaMU, U (MJIM) HOPMAJIBHO pacripesie-
JEHHBIE CITy4YalHbIC YUCIA X, C MapaMeTpaMu HopMabHOro 3akoHa m = 0, ¢ = 1, Ha-
3bIBAEMbBIE CTAHIAPTHBIMUA HOPMAJIBHBIMH 4MciaMu. [[1oTHOCTH pacnpeneneHus yu-
Cell ¥ U X; UMEIOT BUJ, TOKa3aHHBIN Ha puc. 1.7.

w(r) W(Xy)

» T I T »

0 1 -3 0 +3
a 3]

Puc.1.7. I'paduku uioTHOCTEH pacnpeaeneHus CTaHAPTHBIX CIyYalHBIX YUCEIT:
a — PaBHOMEPHBIX; O — HOPMaJIbHBIX
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Hano noHats, mouemy yucia x; B OCHOBHOM 3aHMMAIOT jAuara3oH (-3...13).
Jlnst 3TOro Hajmo OOpaTUTHCS K «HpaBUiIy TpEX curm». CienyeTr 3HaTh, YTO BEPOST-

HOCTB IIOIIaZlaHUA YHCJId Xy B YKa3aHHLIﬁ AUAIIa30H HC paBHA CAWMHUIIC. I[ax(e OJdHO
SHAYCHUC Xy, 3dMCTHO BBIIICAIICC 3a OTOT AUAIIA30H, MOXKCT CYINCCTBCHHO MCKA3HUTh

pe3yabTaThl MoaeaupoBaHus. [103TOMy MpHU UCHOJIB30BAHUU YHCEN X; Ha MPAKTHKE
MX 3HAYEHHUS HAJI0 UCKYCCTBEHHO OrPaHUYMBATH YHCJIaMUA MUHYC 3 U ILUTIOC 3.
NmuTanimoHHOE MOAECIMPOBAHUE C MCIIOJIb30BAHUEM MATEMATHUYECKHX MO/IE-
Jiel BBIMIOJHSETCS, Kak mpaBwio, Ha DBM. Maremartuueckoe obecriedueHUE COBpe-
MeHHBIX DBM conepKuUT B CBOEM COCTABE BCTPOEHHBIE B SI3bIKM MPOTPAMMHUPOBAHUS
(GYHKIIUU MMOJYyYEeHHUS CTaHJApTHBIX paBHOMEpHBIX uucen r . Cienyer He 3a0bIBaTh,
yto B [lackane 310 BcTpoeHHas GyHKIus random. CTaHaapTHBIE HOpMaJIbHbIE YHCTIa

Xy TIOJIy4aroT 1o GopmyJe

Xy = —F7=—, (1.8)

r7Ie 7 — KOJUYECTBO CTaHJAPTHBIX CIYYaHBIX YKCel 7, 00baHO 7 = 12 unu 20.
C BBIBOJIOM 3TOi (POPMYJIIBI MOKHO O3HAKOMHUTHCS B [1].
CrnydaiiHble yHciia ¢ IPYTUMH 3aKOHAMU PaclpeeeHus, B TOM YUCIIE U paB-

HOMEpHBIM B JIMaNa3oHe OT a 10 b (0603HauMM Kak X, ;™" ) 1 HOPMATBHEIM C JIFO-

OBIMH 3HAYEHHAMH TIAPAMETPOB 71 U ¢ (0603HAYNM KaK X, , "™ ), HoNydaror ¢ To-

MOIIIbIO aHATTUTUYECKUX TTpeoOpa3oBaHuil unucen r M (Win) unucen x, (cm. tabdim. 9.1

B[1]):
X )P =p(b—a) + a; (1.9)
X" = x, 0+ m. (1.10)

PexoMenayeTcst MOnbITaTbCs MOHATH MPOUCXOKIACHUE 3TUX (PopMy.

[Ipu uccnenoBaHUM TOYHOCTU U CTAOMJIBHOCTH BBIXOAHBIX mapameTpoB POV,
TEXHOJIOTUYECKHUX MPOILIECCOB, OMpPENIEICHUU MoKazareneld HaaE&KHOCTU KOHCTPYK-
uui, xapakrepuctuk CMO peanuzyrot meroq Monte-Kapiio. C ero nomomisto noiy-
YalOT CTaTUCTUKY 00 M3MEHEHUH MHTEPECYIOLIEro rnapameTpa Win XapaKTepUCTUKHU.
[TosTomy Meroa MonTe-Kapino Ha3bIBalOT METOJAOM CTATUCTUUYECKUX UcTbITaHUU. Co
CTPYKTYpPHOW CXEMOM ajaropuTMa peanusanuu Merojga Ha OBM B npeanonokeHuu
UCIOJIb30BAaHUSI MaTEMaTHYECKUX MOJIENe 00BEKTOB M MPOILECCOB MOKHO O3HAKO-
MuTheA B [1, ¢. 285]. B aT0if cxeMe B 3aBUCUMOCTH OT peIiaeMoi 3aa4u MPUHITUTIH-
QJIBHO MEHSETCA JUIIb MaTeMaTH4ecKasi MOJIENb, C IOMOIIBI0 KOTOPOM MO COBOKYTI-
HOCTH CIyYalHBIX MMapaMeTPOB, MOJYYEHHBIX MPU MOJICTUPOBAHUM, HAXOAT 3HAYE-
HUE WHTEPECYIONIEH XapaKTEepUCTUKH (TapaMeTpa, MoKa3aTes) B TOM Wi MHOM pea-
JU3aIi 00bEKTa, MPOLIECCa, CUCTEMBI.

VYueOHbIil MaTepuai 3Toro paszjeia noapoOoHo uznaraercs B [1].
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Konmponwvnwie éonpocut

1. YTto moHUMAIOT TMOJ UMUTAIIMOHHBIM (CTATUCTUYECKUM) MOJEIUPOBAHUEM U
KakoBa B HEM pPOJIb MAaTEMAaTHYECKUX MOJIEJIEM KOHCTPYKIUK, HAJIEKHOCTHU
POV, TexHosornueckux npoueccoB?

2. YTo npuHUMAIOT BO BHUMaHUE MIPU MOAEIUPOBAHUY CIYyYaNHBIX [TAPAMETPOB?

3. Kakwue ciydaiiHble 4MClia HA3bIBAIOT CTAHJAPTHBIMA PABHOMEPHBIMU, a KaKUE
CTaHJAPTHBIMU HOPMaJIbHBIMU?

4. Kak monenupoBaTh Ha DBM ciyudaiiHble uncia (mapameTpbl) ¢ HOpMalbHbIM
3aKOHOM pacrpeaeneHus?

5. Kak nomydars Ha DBM ciyuaiinblie uncia ¢ 1I00bIM 3aKOHOM pacmpeieseHus ?

6. IlosicHuTe, KaK MPUMEHSATH METOJT 0OPAaTHOTO MPeOoOPaA3OBAHMS JIS TIOTYICHHUS
dbopMy, ¢ MOMOIIBIO KOTOPBIX MOXKHO TeHepupoBaTh Ha DBM ciydaitHbie
4yucia C JII0OBIM MHTEPECYIOIIMM 3aKOHOM Paclpe/IeICHUS.

7. Kak mMoxHO MoaenupoBaTh Ha DBM koppenvpoBaHHbBIE CIydaiiHbIE MapameT-
PbI C HOPMAJIbHBIMU 3aKOHAMU PaCpeIeICHU?

8. IloscHuTe nmpuHIMN MOJenupoBaHus Ha OBM KoppenupoBaHHBIX IMAPaMETPOB
¢ JII0OBIMU (3apaHee U3BECTHBIMU ) 3aKOHAMU PACTIPEICTICHHUS.

9. Onummwure, kKak ¢ nomoubio Meroga Monre-Kapino u ncnosib3oBaHreM mate-
MaTthdeckol Monenu POY MOXKHO HcclieoBaTh BBIXOJHBIE MapameTphbl YCT-
pOMCTBA.

10.TlosicHuTe MPUHIIUIT UMUTAUOHHOTO MAaTEMaTHYECKOTO MOJICIMPOBAHMS Ha-
néxHoctu POY.

11.Kak ompegensitor konuuecTBeHHble xapakrtepuctnku CMO, wucnonb3ys pe-
3yJIbTaThl MOJETUPOBAHUSA?

1.3. Ilepeuyenn J1a6OpaTOPHBIX padoT

1. WccnenoBanue ¢ ucnosip3oBaHueM OBM BEpOATHOCTHOrO OMMCaHUs MHapa-
MeTpoB aneMeHToB POC (moiyueHue myTeM 3KCIepUMEHTAIbHBIX UCCIICOBAaHUN Be-
POSITHOCTHOT'O OIMCAaHMS 3aBUCUMBIX MapameTpoB 3jieMeHTOB POC: maccuBHBIN 3KC-
nepuMeHT, o0paboTka pe3ynbraToB Ha DBM, moctpoeHue rucrorpamm, MpoBepKa
CTaTUCTUYECKUX THUIIOTE3, MPUHATHE PEIICHUN O 3aKOHAX pacHpeiesieHus mapamer-
pOB).

2. TloctpoeHre MaTeMaTUYECKUX MOJENIEH paguO3JIEKTPOHHBIX YCTPOWCTB Me-
TOJaMH TEOPHUH IUIAHUPOBAHUS HKCIIEPUMEHTA C UCIOJIb30BAaHUEM TOJHOTO (haKTOp-
HOro 3KcnepumenTa (mianupoanue [1DD, npoBeneHrne akTUBHOIO 3KCIEPUMEHTA,
cTaTucThueckas oOpaboTKa pe3yiabTaToB ombiTOB Ha DBM, moctpoeHue MaremaTu-
YECKOU MOJIeTN).

3. Ilpumenenue apobHOoro gaxkropHoro ’kcrnepumenTa (D) mis moctpoeHus
MaTEMaTUYECKUX MOJIeNIEH paauO0dJIEKTPOHHBIX YCTpONCTB (miiaHnupoBanue (DD,
IIPOBEJICHUE dKCIEPUMEHTa, 00paboTKa pe3ysbTaToB OnbITOB HA DBM, mocrpoenue
MaTEMaTUYECKON MOJIETH ).

4. HccnenoBaHrne OTKIOHEHUH BBIXOJHOIO IIapaMeTpa pPaguo3JEKTPOHHOIO
ycTpoiicTtBa MmetooM Monte-Kapio ¢ ucnonb3oBanuemM (HU3NIECKOTO MOJACIUPOBA-
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HUsl (MMHUTALMST OTKJIOHEHHUI MapaMeTpoB AJIEMEHTOB, PETUCTPAIUs BBIXOJHOIO Ma-
pameTpa, craTucTuyeckast oopadoTka pesyiabTaToB Ha OBM, ycTaHOBiIEHNE 3HAYCHUS
MIPOU3BOJICTBEHHOTO JIOMyCKa HA UCCIIETyEeMbIil BEIXOAHOMW MapameTp).

5. HccnenoBanue HaJaeKHOCTU MoJeaupoBaHueM Ha OBM 0TKa30B 31€MEHTOB
(BBIOOp yCIIOBUI MOJETUPOBAHUS HAAEKHOCTH SJIEMEHTOB, MOJICTUPOBAHUE OTKA30B
u 00paboTka nHpopmanmu Ha IBM, dusznueckas MHTEpHpeTaInsl MOTYYCHHBIX pe-
3yJbTaTOB).

6. Ontumuszanusa coctaBa POY npu Hanuumum pe3epBUpPOBAHUS 3aAMEIICHHEM
(mocTpoeHue 1esIeBor (PYHKIMH, ONPEIEICHUE OTPAaHUUYECHHI, BHECEHUE JTOTIOJHEHUN
B TUIIOBYIO nporpammy g OBM, pemenune Ha 9BM 3anaun ontumuzanuu, pusnge-
CKas UHTEpIpETaLHs U KOPPEKTUPOBKA PE3YIbTATOB).

7. UccnenoBanue mpolecca (PyHKIMOHUPOBAHMS CUCTEMBI MaccoBOro o0ciy-
KUBaHUs MojienrpoBanreM Ha DBM (Bb16op Buga CMO u yciaoBHil MOJIeTUPOBAHMS,
mozenupoBanue ¢yHkuuonupoBanuss CMO, duszndeckas UHTEpIIpeTaIUs pe3yibTa-
TOB).

8. IlpumeHeHune MeToja HaMMEHBIIMX KBAAPATOB ISl BbIOOpa Mojelied Mmpo-
THO3UPOBAHMS B 3aJayaX WHIMBUAYAJIBHOTO MPOTHO3UPOBAHUSA C MCIOJIb30BAHUEM
AKCTPAIOSAUUK (UCCIEA0OBAaHUE METO/Ia HAMMEHBIINX KBaapaTtoB Ha DBM, mporHo-
3UpOBaHUE PabOTOCIIOCOOHOCTH OJTHOMIapaMeTpuueckux POY).

Onucanue nmabopatopHbix padot 1 - 3 npusBeaeHo B nocodbuu [13], mabopaTtop-
HBIX paboT 4 - 7 — B mocobuu [14]. [Ins BeIMOJHEHUSI HA YUEOHBIX 3aHATHUSIX CTYACH-
TaM MpeaaratoTcsi HEKOTOPbIE U3 YKa3aHHBIX PadoT.

1.4. KypcoBoii nmpoekT

TeMy KypcOBOro mpoekTa clIelyeT paccMaTpUBaTh Kak IMPUMEpP HUHKEHEPHOUN
3a/1a4d, pelrasi KOTOPYyIo, CTYJIEHT OCMBICIIMBAE€T OCHOBHBIE MOHATHUSL M, KPOME TOTO,
pPa3BHBACT W COBEPIICHCTBYET HABBIKA WHKEHEPHOTO aHalIM3a PEIIeHUN B 001acTH
KOHCTPYUPOBAHUSI, TEXHOJIOTUU U HAJIEKHOCTU C UCIIOJIb30BAHUEM MPUKIIAIHBIX Ma-
TEMaTUYECKUX METOJIOB.

Tembl KypcOBBIX padoT, IpeIaraeéMbple CTyICHTaM:

1. OueHka TOYHOCTH BBIXOJHBIX MapaMEeTPOB KOHCTpyKuM POV (umm TexHo-
JIOTMYECKOTO mpouecca) MeronoM MoHrte-Kapno ¢ ucrnonbs3oBaHneM maTemMaTUde-
CKOI'0 MOJICJINPOBAHMS.

2. OreHKa BEpOSTHOCTHBIM METOJAOM TOYHOCTH M CTAOMIBHOCTH BBIXOJHBIX Ia-
paMeTpoB KOHCTPYKIMK POY (WM TEXHOIOTHYECKOTO MpoIecca) U YCTAaHOBJICHUE
Ha OCHOBE 3TOT'0 3KCIUTYTALIMOHHOT'O JOITYCKa.

3. CpaBHuUTENbHAs OLIEHKA TOYHOCTH BBIXOAHOTO MapameTpa, MOJTYYEHHOTO IO
Metony Monte-Kapno u BEpOSITHOCTHBIM METOJOM.

4. OueHka cTaOUIBHOCTH BBIXOJHOTO napamerpa POY (Minu TeXHOIOrM4ecKoro
Ipolecca) U yCTAHOBJIEHWE Ha OCHOBE 3TOr0 TEMIIEPATypHOTO JIONMYCKa M JOIYyCKa
CTapeHHs.

5. Obecnieuenue ¢ ucnonbzoBanueM IBM TpeGoBaHMII K TOUHOCTH BBIXOJHOTO
napamerpa POV (mi1m TexHOJI0rn4ecKkoro mpouecca).
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6. OOecrnieuenue c ucnonb3zoBanueM OBM TpeGoBaHuil K CTaOUIBLHOCTU BHI-
XOAHOTO Mmapamerpa POY.

7. Omnpenenenue nokasarenen 6e30TkazHOoCcTU POY ¢ ydyeToM BHE3aNmHBIX OTKa-
30B (MojenupoBanreM Ha DBM 0TKa30B 2JIEMEHTOB).

8. Ompenenenue nokasareneit 6e30Tka3HocTH POY ¢ yuerom BHE3ammHbBIX OTKa-
30B W pa3HBIX 3aKOHAX WX pacrmpeneneHus (MonenupoBanneM Ha IBM oTkasoB aie-
MEHTOB).

9. Ompenenenne monenupoBanneM Ha DBM mokazateneit 6e30Tkaznoctu POY
C YU€TOM IMOCTENEHHBIX OTKA30B.

10. Onpenenenne moaenupoBanreM Ha OBM nokazateneit 6e30TkazHOCTH POY
MIpU HAJIMYWU PE3EPBUPOBAHUS (C YKa3aHUEM €r0 BHUJA: MOCTOSHHOE WK PE3€PBUPO-
BaHHEM; €r0 OCOOCHHOCTEH).

11. UunuBHuyanbHOE MPOrHO3MpPOBaHKME (YHKIMOHAIBHBIX MapameTpoB POY
(271IEMEHTOB WJIM YCTPOMCTB) C UCIIOJIH30BAHUEM METOO0B SKCTPATIOISAIUY.

12. Ontumu3anuss KOHCTPYKTOPCKOTO WM TEXHOJIOTHYECKOTo permieHus POY
METO/IOM JUHAMUYECKOTO TPOrpaMMHUPOBAHHSL.

13. CpaBHEeHHME PE3yIbTATOB ONTHMH3ALHUKN KOHCTPYKTOPCKOro pemieHus POY,
MOJIYYCHHBIX METOJIaMU JUHAMUYECKOTO MPOTrPAaMMUPOBAHUS U CIyYaHOTO MOUCKA
Ha OBM.

14. OnieHKka OCHOBHBIX XapaKTEPUCTUK CHCTEMBI MAacCOBOrO OOCTY>XMBaHHS (C
yKa3aHUEM Bua U €€ 0COOEHHOCTEN) MoienupoBanieM Ha OBM nponeccoB mocry-
TUICHUS 1 OOCTY)KUBAHMUSI 3aSBOK.

OcHoBHbIE TpeOOBaHUs, NPEABSIBISIEMbIE K KypCOBOMY IMPOEKTY, PEKO-
MEHJIALIMM T10 €TO BBHIMNOJHEHUIO U UCIOJb30BAHUIO JINTEPATYPHBIX UCTOYHUKOB IIPU-
BEJICHbI B METOJIMYECKUX YKazaHusX [15]. 3mecy moguepkHeM, 4TO OTUYETHBIE JIOKY-
MEHTBI 10 KYypCOBOMY IMPOEKTUPOBAHUIO (MOSICHUTENbHAS 3amnucka U rpaduyecKuii
MaTepHall) JODKHBI B 1IEJIOM OTBEuYaTh TpeOOBaHUAM, yKa3aHHbIM B [15], u o0s3a-
TEJIBHO COJIEPKATh CIIEAYIOLIEE:

* YHGOPMAIIMIO O MOJIYYECHUU UCXOAHBIX JAHHBIX, KOTOPbIE HY>KHBI JIJIsl BBITIOJI-
HEHHsI KypCOBOT'O IPOEKTA, HO HE yKa3aHbl B 3aJaHUM HA IIPOCKTUPOBAHUE, C apry-
MEHTalMeN UX MOJy4YeHNs (aHAIN3, CChUIKM HA CIIPABOYHUKU U T.I1.);

" 3aIUCh U NPU HEOOXOAUMOCTH MOsACHEHUE (GOopMyll, MAaTEMATUYECKUX U (WIIH)
JOTUYECKUX  BBIPAKECHUH,  MCHOJIB3YEMBIX  JUIA  BBIIIOJIHEHUS  PacCyETOB,
MMUTALMOHHOIO MOJENUpoBaHus Ha DBM, omnpeneneHns MHTEPECYIOMMX BEIUYHH
(cpenHux 3Ha4YE€HHMI BBIXOJHBIX [apaMETPOB, JOMYCKOB, MOKa3aTeled Haa&XHOCTH,
xapaktepuctuk CMO U T. 1.) ¢ UCIIOJIb30BAaHUEM PE3YJIbTATOB MOACIUPOBAHUS;

" TIOJIHBII CIUCOK MAEHTU(UKATOPOB, UCIIOJIB30BAaHHBIX B porpamme st IBM;
€CJIM KaKON-TO MAEHTU(UKATOP BBIMOJIHSAET BCIIOMOTaTeabHYI (YHKIHIO, TO 3TO
TOXKE HAJI0 yKa3aTh, peKOMeHayeMas (opMma Crucka UIACHTU(PUKATOPOB JI0JKHA CO-
OTBETCTBOBATH puc.1.8;
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O6o3HayeHne apameTpa

[Tosicnenue mapametpa

" BBIBOJl Ha I€YaTh IOJHOMN
uHpopManmu o 5 - 7 peanuzamusax

B (opmy- | B mporpam- POV, CMO wu T.1., HanpuMmep B
Jax, Coort- g%ﬁm ciaydae MOJICIUPOBAHUS HaJIEK-
HOTeriAY —{  moctu PDY ¢ yuéroM BHE3aIHBIX

0 /] Hapa6otka PDVY B j-ii .
OTKa30B - 3HA4YeHHWH HapabOTKH

peanu3anuu

Tep TSR Cpemee Bpems Ge3oT- 70 OTKa3a KakKIOTO OJIEMEHTa
Ka3HOM paboTsl PAY POV B TOM Wim nHOM peanuzauuu
- SS [lepeMeHHast 1Sl HAKOII- U HapabOTKM 10 oTkaza POY B

JICHUA CYMMbI BPpECMCHU
0e30TKa3HOI PabOoThI
BCCX CMOJCIINPOBAHHBIX

POY

IEJIOM B 3THX K€ pealu3aiusx;
npu mojenupoBanun CMO Heo0-
XOJIUMO TPUBECTH HH(OOPMAIIUIO
O TIOCTYIUICHHH W OOCTYKMBaHUU
10 3asBOK NOpu HOMHUHAIBLHOM

quciie KaHaJIoB O00CIIy)KMUBaHUS W,
OpUHKMMas 3TO BO BHHMAaHHUE,
NoKa3aTh Ha BPEMEHHBIX OCAX
peasibHOe (NIpU  MOJCIMPOBAHMM) paclpeiesieHHe 3asiBOK [0 KaHajlaM, uX
oOcityUBaHUE, [T0NaIaHKe B OUepe/lb, OJTyUEHUE OTKa3a B 00CITyKUBAHUU;

» oOocHOBaHWe TpeOyemoro uwuciaa peanuszanmuii POY  wmm  gucna
CMOJICIUPOBAHHBIX 3asBOK, cMeH (mpu wmoaenupoBannun CMO) ¢ ykazaHueMm
BBIOPAHHOTO YHCIIa peaTn3aluii;

" YyETKYIO 3aMUCh MOJTYYCHHBIX PE3yJbTAaTOB (2 HE CCBUIKY Ha MPOTOKOJ PabOTHI
IpPOrpaMMBbI, TOMEIIEHHBIA B TPUIIOKEHUE) U X (PU3HUECKYIO TPAKTOBKY: aHAIIU3 U
BBIBOJIbI O TOM, PEATIbHBI JIU 3T PE3YJIbTAThI, OTBEUALT JIK TO COBPEMEHHOMY Pa3BH-
TUIO TEXHUKH, IPEUIOKEHHS IO YCOBEPIIEHCTBOBAHMIO UccienyeMbix POY, npornec-
coB, CMO;

" [epedyeHb DJEMEHTOB JIEKTPUUYECKOM NPUHIUIHAIBHON CXeMBbl, O(QOpPMIIECH-
HBI B COOTBETCTBUU C TPEOOBAHUAMM; JUIsl 3TOTO CTYJIEHTY HEOOXOAMMO BBIOPATH
TUIIBI U TUIIOpa3Mephbl TaCCUBHBIX 3JIEMEHTOB;

" s TeM, npenycmarpuBaronux ucciegosanne CMO, HE0OXOAMMO MPUBECTH
CTpyKTypHY10 cxemy CMO, npu 3ToM cxeMy HEOOXOAMMO COCTaBUTh TaK, YTOOBI U3
Heé ObuTn oHATHBI B CMO u nponece €€ GyHKINOHUPOBAHUS;

" CTPYKTYPHYIO CXE€My, U3 KOTOpPOW 4€TKO BHUIHO MECTO METOJA, UCIOJIb30BaH-
HOTO B KYPCOBOM IPOEKTHPOBAHUH JJIsl PEIICHUS MTOCTaBICHHON 3a/1a4uu, CPeau ApPY-
T'HX METOJIOB, C TOMOIIBIO KOTOPHIX, B IPUHITUIIE, MOKHO PEIIUTH ATy XKe 3a7ady.

Puc.1.8. Pexomennyemas popma crivcka
UAEHTU(PUKATOPOB

1.5. Pexomenayemas sureparypa
OcnosHas

1. bopoBukoB C.M. TeopeTnueckre OCHOBbI KOHCTPYUPOBAHHUS, TEXHOJIOTUU U
HAJICKHOCTHU: Yuel. AJisi MHXK.-T€XH. cIiell. By30B.- MH.: Jluzaitn ITPO, 1998. — 336 c.
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2. boposukoB C.M., [TorpebnsikoB A.B. TeopeTudeckre 0CHOBbI KOHCTPYHUPO-
BaHUs, TEXHOJOTUM U HajexkHOoCcTU. COOpHUK 3a/1a4: Yuel. mocoOue AJid By30B. —
Mmn.: BI'VUP, 2001. — 124 c.

3. Kodanos F0.H. TeopeTtudeckne 0CHOBbI KOHCTPYHPOBAHUS, TEXHOJIOTUU U
Hagexxaoctu POC: Yueb. mis By30B. — M.: Panuo u cBsi3zb, 1991. — 359 c.

4. Aunmmn A.A. Teopernueckrue OCHOBBI KOHCTPYUPOBAHUS, TEXHOJIOTUH U Ha-
né&xaoctr DBA: Yueb. mocobue mist By30B. — M: Panno u cBsizp, 1983. — 312 c.

ﬂOﬂOﬂHumeﬂbHG}Z

5. ®omun A.B., bopucoB B.®., Uepmomenckuit B.B. [Jonycku B paanosiek-
TpoHHOM anmapatype. — M.: Cos. paguno, 1973. - 129 c.

6. IIupokoB A.M. HanexKHOCTb paguo3JICKTPOHHBIX YCTPOUCTB: Yuel. mocooue
1151 By30B. — M.: Beicur. mik., 1972, — 272 c.

7. JIeBoBHY A.E., ®posioB B.H. Teopernueckne OCHOBbI KOHCTPYUPOBAHUS,

TEXHOJIOTUM U HajexkHOCTH POA: Yueb. mocobue st By30B. — M.: Paguo u cBs3b,
1986. - 192 c.

8. ®ponos A.Jl. Teopernueckue OCHOBBI KOHCTPYUPOBAHHSI M HAJEKHOCTHU pa-
TMORJIEKTPOHHOM anmnapaTtypsl. — M.: CoB. paauo, 1970. — 488 c.

9. 3axwuraes JI.C., Kumbsn A.A., Pomanuko FO.11. MeTtoabl miuaHupoOBaHUS
U 00pabOTKU pe3ynbTaToB (PU3UUECKOro sKcrepuMenta. — M.: Aromusaar, 1978. —
232 c.

10. BenTuens E.C. Teopus BepositHocTel. — M.: Hayka, 1969. — 576 c.

11. Hagexunocth u 3¢ dektuBHOCTh B TexHuKe: CrnpaBounuk: B 10 1. T.2. Ma-
TEMaTUYECKUE METO/bl B TEOPUM HaAeKHOCTH U 3¢ddextuBHoctu / [lox pen. B.b.
I'menenko. — M.: Mammunoctpoenue, 1987. — 280 c.

12. Annep 1O.I1., Mapkos FO.B., I'panoBckuii 10.B. IlnanupoBanue skcnepu-
MEHTA IIPU MTOUCKE ONTUMAJBHBIX yciioBuil. — M.: Hayka, 1976. — 279 c.

Yyebno-wemoouueckue pazpabomxu

13. bopoukoB C.M., JlateimeB B.I'., Konbyn B.C. u ap. JlaGopaTopHslii
IPaKTUKyM 10 Kypcy «TeopeTndeckue OCHOBbI KOHCTPYMPOBaHHUS, TEXHOJIOTUU H
HaAEKHOCTU» JUIsl CTYACHTOB crnenuanbHocTH «lIpoekTnpoBaHue u MpOU3BOACTBO
POC»: B 2 4. Y.1/Ilox pea. C.M. bopoBukosa. — Mu.: BI'YUP, 1994. — 72 c.

14. boposukoB C.M., JlareimeB B.I'., Lpipenbuyk H.A. u ap. JlabopaTopHbrit
NpaKkTUKyM 10 Kypcy «TeopeTrnueckue OCHOBbI KOHCTPYHMPOBAHHUS, TEXHOJOTUU U

HaAEKHOCTU» Ul CTYJEHTOB creuuaibHocTu «lIpoekTupoBanue M MpOU3BOJCTBO
POC»: B2 4. 4.2/ Iloa pea. C.M. boposukoBa. — Mu.: BI'VYUP, 1997. — 65 c.

15. MeToanueckue ykazaHusi K KypcoBo pabore mo aucuuriuinae “TeopeTu-
YECKHE OCHOBBI KOHCTPYUPOBAHMS, TEXHOJIOTUU U HAJIEKHOCTH ISl CTYJEHTOB CIie-

uanbHocTH «IIpoexTupoBanue u npousBoactBo POCy / Ilox pen. C.M. bopoBuko-
Ba. — MH.: BI'YUP, 1995. — 31 c.
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2. YYEBHAS JUCHUIVIMHA «MH)KEHEPHOE OBECIIEYEHUE
HAJTEXKHOCTH PIC»

2.1. Heab 1 32124 y4eOHOMH TUCIHMILIMHBI

VYyeOHasi AMCUMIUIMHA MPEAyCMATPUBAECT M3YYEHHE METOJOB OOecreueHUs
HAJICKHOCTU  PaAUOdIEKTpOHHbIX cpeAcTB (POC) Ha »3Tamax mpoeKTUPOBAHMS,
IPOU3BOJICTBA U IKCIUIYyaTAllMM, B TOM YHUCJIE C MCHOJb30BAHUEM CTAaTUCTUYECKOIO
(MMUTAllMOHHOTO) MOJCIUPOBAHUS HAE)KHOCTH u3nenuid Ha DBM. llens yueOHO
JUCHUIUIMHBI — TIOMOYb CTYJICHTaM MPUOOPECTH, a B JaJbHEUIIIEM Pa3BUTh HABBIKU
MPUMEHEHUS PA3JIMUHBIX OPTaHU3AIMOHHO-TEXHUYECKUX MEPONPUSTUNA, HANpaBJICH-
HBIX Ha IOBEIIIeHNe HaaekHocTth POC.

B pesynbraTe 0CBOEHUS TUCUUIUIMHBI CTYACHT H0JI2KEH 3HATh:

® COJIEpKAHUE METOJOB TOBBIIMICHUS HAJEKHOCTH KOHCTPYKLUHM paguodJieK-
TPOHHBIX ycTpoicTB (POY);

® pe3epBHPOBAHUE KaK METOJI MOBBIIICHHS Hale)KHOCTH POY;

® HHXXEHEpPHbIE CHOCcOoObI oOecnieueHus HaaexkHocTu POY Ha sTanax mpoektupo-
BaHMS, IPOU3BOJCTBA U IKCIUTyaTalluu;

® METOJbI MAaTEMAaTHYECKOI'0 MOJACINpOBaHusA Ha DBM HaJCKHOCTH DIIEMEHTOB
u POY.

[Iporinst TOATOTOBKY IO JUCLUIUIMHE, CTYACHT J0JIKeH YMETh:

¢ TIPUMEHSATH TIPH MMPOSKTHPOBAHKH CITOCOOBI, TIOBBITIAIOIINE HAACKHOCTh POV

% BBINIOJIHATh WHAWBUIYyAIbHOE MPOTHO3WPOBAHUE I OTOOpA 3JICMEHTOB I10-
BBIIICHHOTO YPOBHSI HAJECKHOCTHU W IMPOTHO3UPOBAHUS NAPAMETPUUYECKUX OTKA30B
POY;

+¢ IUTAHUPOBAThH MPOBEJICHUE AICKTPOTCPMOTPEHUPOBKH JIII OTOPAKOBKU MOTCH-
AATBHO HEHAJIC)KHBIX 3JIEMEHTOB;

¢ TIPHUMEHATH PE3CPBUPOBAHKE ISl MOBBIMICHUS HaaexxkHocTH POC.

+¢ BBIMOJNHATH C UCIIOJIb30BaHHEeM DBM UMUTAIIMOHHOE MOJICIMPOBAHNUE HAJCK-
HOCTH 3JIEMEHTOB U YCTPOUCTB.

2.2. Conepskanue IMCUMILIMHBI, METOAMYECKHE YKAZAHUA
¥ KOHTPOJIbHbIE BONPOCHI

Pazoen 1. Obwan xapakmepucmuxa obecneyenus
Haoexcnocmu PIC

[Tokazarenn HagexHOCTH 3yeMEHTOB U POC. DakTopsl, ONpenensommue Ha-
NEXHOCTh 2eMeHTOB U POC. BiusiHHE 2JIEKTpUYECKOW Harpy3Kd M TEMIIEPATypBl.
OO01as xapakTeprcTUKa METO/I0B MOBBILIEHUS HaiexHOocTH POC.

OcHoBHbIE paboThI MO 0OecnedeHnto HajexHoctu POC Ha sTanax pa3paboTku,
U3TOTOBJICHUS, SKCILTyaTalluy, TNIaHOBBIX peMOHTOB. CocTaB paboT 1Mo 00eCeueHuo
HAJIe)KHOCTH Ha CTAaIUsAX HAYYHO-UCCIEAOBATEIBCKUX U OIBITHO-KOHCTPYKTOPCKUX
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pabotr (HOKP), cepuiiHoro usrorosieHus u 3kciuryarauuu. [IporpamMmma obecrieue-
HUS HAJEKHOCTH.

Memoouueckue ykazanus

[Ipuctymasi K U3y4eHUIO 3TOro pasjena, Heo0X0IUMO 1Mo y4eOHuKy [1] moBTO-
puTh pasaea 5. OCHOBBI TeOpUHU HAAEKHOCTH. MeToabl OlIEeHKH NMOKa3aTeel Ha-
JA€KHOCTH PATHOIIEKTPOHHBIX ycTpoiicTB. [Ipn 3ToM 0co00e BHMMAaHHWE HYKHO
yaenuth Teme «KonnmdecTBeHHbIE MOKa3aTenu HaAEKHOCTH POY U HX 31€eMEHTOB»
[1,c. 138 -141].

[Ipu m3yueHun yueOHOro marepuasia 3TOro paszzesia HeOOXOJUMO OCMBICIUTh
nepedyeHb padboT 1Mo obecneyeHro HaaEKHOCTH, BeIoJIHsIeMbIX Ha ctaauu HUOKP.

PaccmaTtpuBasi coctaB paboT o ob6ecriedeHu 0 HaEKHOCTH, BBITIOJHIEMBIX Ha
Pa3IUYHBIX CTaaAusIX co3nanus POY, HeoOXoauMO MOHATH HAa3HAUYEHUE, COJECPKAHUE
u ¢opmy cocrtapiienus «I[Iporpammel obecrieueHust HAIEKHOCTH» KaK TEXHUYECKOIrO
JIOKYMEHTa, MOJIeKAIIEr0 UCTIOTHEHUI0. DTOT TOKYMEHT COJEPKUT NIEPeUeHb opra-
HU3AIMOHHBIX M TEXHUYECKUX MEpPONPHUATHH, HANPaBICHHBIX Ha OOECleUYeHUe Ha-
NEKHOCTH, a TaKXKE CPOKM MX HMCTIOJHEHUs, (paMUINK OTBETCTBEHHBIX JIUII, CIIHCOK
I'OCToB, OCToB, apyrux HOpPMATHBHO-TEXHUYECKUX JTOKYMEHTOB, KOTOpPHIE HEOO-
XOIUMO 00s3aTeNIbHO TPHUHATH BO BHUMaHue. Crieayetr 3HaTh, uTo «IIporpamma
obecrnieueHus1 HAAEKHOCTU» MOXKET pa3padarbiBaThcs Kak Ha POY B 1ienom, Tak U Ha
COCTaBHBIC YaCTH, OTJICNIbHBIC 3TAMbBI U JaXKe TEXHOJIOTMYECKUE onepanuu. B kadecT-
B€ UCTOYHHUKA IO MPOpabdOTKe Bompoca pekoMeHayercs [4].

KOHmPOJleble 60RPOCHL

1. HazoBute ¢akTopsl, Haubosee CyIlIeCTBEHHO BIUAIOIMINE HAa HAJIEKHOCTD die-
MEHTOB U POY.

2. Ilepeuncnure moka3aTeiH, ¢ MOMOIIbIO KOTOPBIX CYIAT O 0€30TKa3HOCTH, pe-
MOHTOIIPUTOJJTHOCTH, JOJITOBEYHOCTH M COXPAHIEMOCTH KOHCTPpYKIUN POY.

3. VYkaxure OCHOBHbBIE pa0OTHI M0 OOECICUEHHUIO HAIEKHOCTH, BBITIOJIHIEMbIEC Ha
cragun HMOKP.

4. VkaxnTe KOHKPETHOE HA3HA4YCHUE, BO3MOYKHOE COAECPKAHUE M NPUMEPHYIO
dopmy «IIporpammbl obecrieueHUsT HaIEKHOCTU» KaK TEXHUYECKOTO JIOKY-
MEHTA.

Pazoen 2. Ovecneuenue naoexicnocmu PIC
Ha Imane NPOeKMUPOBAHUA

OOmas xapakTepucTHKa METOJOB MOBbIIEHUST HanexHocTn POC Ha srare
MPOEKTUPOBaHMs. Pe3epBUpoBaHME KaK METOJ TOBbIMIEHUs HaaexHoctn POC.
OO6mee u pasznenbHOE pe3epBUpOBaHUE U UX d(PPeKTUBHOCTD. DPPEKTUBHOCTD TO-
CTOSIHHOTO PE3epBUPOBAHUSA, PEKOMEHAAIIMU IO €r0 MCIOJIb30BaHUIO HAa MPAKTHUKE.
PesepBupoBanne 3amemnienneM. KpatHocTts pesepBa. JlyOmupoBanue u ero s dex-
TUBHOCTb. BiustHue kpaTHOCTH pe3epBa Ha Hazie:kHOCTh POC.
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VYyer BIUAHUA NEPEKIIOYAOINX YCTPOUCTB. [IpakTHyeckue cXxembl HCIOJIb-
30BaHUSl aBTOMATUYECKUX MEPEKIIOYAIOIINX YCTPOUCTB. MeTO bl OIICHKH TOoKa3aTe-
neit 6e3otkazHoctd POC ¢ y4eToM HaaeXHOCTH MEPEKITIOYAIOLIUX YCTPOMCTB.

ATpHOpHOE OTPaHUYEHHE IIEKTPUUECKON HArPy3KH DJIIEMEHTOB KaK MYyTh IO-
BBINICHUST HAJIS)KHOCTH. DKCTPEMAalbHBIA PEXKUM PabOTHI SJIEMEHTOB H €T0 CBSI3b C
Kod(ppunmeHTaMu JIEKTpUUYECKOW Harpy3ku. Beioop kodPuIMEeHTOB HAarpy3Ku C
y4e€TOM IIPOU3BOACTBEHHOTO pa3dpoca napaMmeTpoB AIEMEHTOB.

ObecnieueHrie 00JErYeHHBIX TEIUIOBBIX PEKUMOB 3JIEMEHTOB KaK OJIUH U3 CIIO-
co00B MoBbIIeHUST HajiexKHOCTH (PDY). Brusinue TemioBol Harpy3ku Ha 3JE€MEHTHI.
ObecnieueHne TETIOBBIX PEKUMOB MOTYPOBOAHUKOBBIX MPUOOPOB M MHTETPATHHBIX
MHUKPOCXEM KaK CII0COO MOBBIIIEHHS UX IKCIUTyaTallMOHHON HaaeKHOCTH. CHIKEHUE
YPOBHSI MEXaHMYECKOH Harpy3Kd Kak CHocO0 IMOBBIIIEHUS SKCIUTyaTallMOHHON Ha-
nexxuoctu POVY.

Obecrnieuenne pemonronpurogHoctu POY nmpu npoextupoBanuu. Jlerkocbem-
Hble OJOKH, (PYHKIIMOHAIbHBIE y37bl, 00ECNEUYeHne IOCTyna K dJIeMEHTaM; BbIOOD
KOHTPOJIBHBIX TOYeK. [IpuHIMNBI KOMIOHOBKKM POY ¢ yueToMm pasHOro ypoBHs Ha-
JIKHOCTH KOMITJIEKTYIOIINX 3JIEMEHTOB.

Memoouueckue ykazanus

N3yuas y4eOHBI MaTepuan dTOTO pasnesa, CieayeT 4€TKO IMOHSATh, 4TO Ha
ATarne NPOCKTUPOBAHUS HANEKHOCTh POY MOXKHO MOBBIIATH KaK CXEMOTEXHUYECKU-
MU, TaK U1 KOHCTPYKTOPCKO-TEXHOJOTUUEeCKUMHU criocodbamu. [Ipu BeIOOpe cxem Hyxk-
HO MCXOJMTh U3 CIEIYIOUIMX COOOpaKEeHUM.

1. DnexTpuyeckas NMPUHIMIHUATIBHAS CXeMa JOJDKHA OBbITh MPOCTOM M UMETh
MUHHUMaJIBbHOE KOJIMYECTBO JIEMEHTOB. D(P(EKT B BBIUTPHIIIC HAAEKHOCTH B ITOM
ClIy4yae MOKHO OOBSICHHUTH C MOMOIIBIO OCHOBHOTO PACUETHOIO COOTHOIIEHUS IS
BEPOSITHOCTU Oe30TKa3HOM paboThl POY (Ppyy) 3a 3a1aHHOE BpEMS £,

Proy(t:)=p1(ts) pats)...pa(8s). 2.1)

[TockomnbKy p;(t;) Bceria MEeHbIIIE €IUHUIILI, TO YeM MEHBIIE COMHOXHUTEIECH B

BBIPAKEHUU, UM KOJMYECTBO 3JIEMEHTOB B POY, Tem BbIlie BepOsSTHOCTD Ppsy(Z;).

Bcesikoe BBezieHME B KOHCTPYKIMIO POY MONMOTHUTENBHBIX 3JIEMEHTOB JTOKHO
OBITH ONpPaBJAHO YIYUYIIEHHEM KaKUX-TO XapaKTEPUCTUK YCTPOWCTBA, HAIIPUMED TO-
BBIIIICHHEM TEMIIEPaTyPHOU CTAOMIBHOCTH.

2. BrixoaHble TapaMeTphl CXEMbI JOJKHBI ObITh MAJIOKPUTUYHBI K M3MEHEHU-
AM MapaMeTPOB JIEMEHTOB. DTO IMO3BOJIUT CYIIECTBEHHO MOBBICUTH MapaMeTpUye-
ckyto Hané&xHOCTh POY. Cxemsbl, TpeOytomue moadopa mapaMeTpoB dJIEMEHTOB, TIPH-
MEHATH Heleaecoo0pas3Ho.

3. Cxema J0mKHA YCTOWYMBO pabOTaTh B MIMPOKOM JIMAITa30HE U3MCHECHHS TTH-
Tamux HanpsokeHuid. [lo BO3MOXKHOCTU clielyeT u30eratb CxeM, TpeOyroluX CTa-
OWJIM3UPOBAHHBIX UCTOYHUKOB MUTAHUS, 3aMETHO YCIOXKHAIOIUX POY.

4. Yucno opraHoB yIpaBleHUs] U PEryJUpPOBKU B POV NOMKHO OBITH MUHU-
MaJIbHBIM.

41



Ha nmpaktuke He Bcerna ynaércs BbIOpaTh CXEMbI, OTBEUYAIOIME BCEM IIEPEUNC-
JIEHHBIM TpeOoBaHMSIM. VHKEHEpY-KOHCTPYKTOpPY, MCXOAs W3 Ha3zHaueHus POV wu
0COOEHHOCTEM ero 3KCIuTyaTaluu, MIPUXOJUTCS BEIOMPATh KOMIIPOMUCCHOE pELICHUE.

[IpopabaTbiBasi MaTepuasl paszesna, CIeIyeT MOHATh CYIIHOCTh U 3((PeKTuB-
HOCTb OCHOBHBIX KOHCTPYKTOPCKO-TEXHOJIOTHYECKUX MPUEMOB, 0OECHeunBarOUIUX
nosbilieHre HanéxHocTu POY. B nepByro ouepens Hy)KHO oOpaTUTh BHUMaHHE Ha
CJIEIYIOIME TPUEMBL:

¢ BBIOOp DJIEMEHTOB U PEXKUMOB UX PabOTHI;

¢ BBIOOp MaTepuanoB KOHCTpyKuuu POY;

¢ BBIOOpP KOHCTPYKTUBHOTO McnoiHeHus POV, u npexne Bcero BapuaHTa €€
KOMITOHOBKH U [I€YaTHOTO MOHTAXa;

¢ y4€T nNcuxo(pU3nOIOrHIECKHX BO3MOXKHOCTEN oneparopa;

¢ yA00CTBO TEXHUYECKOTO OOCITYy>KMBAaHHS U PEMOHTA;

¢ yYCTpaHEHUE HEJAOCTATKOB MPOEKTUPOBAHUS, BBISIBIEHHBIX ITPU UCIIBITAHUSX.

B xauecTBe nuTepaTypsl O 3TUM BompocaM pekoMeHayroTes [2, 5]. C obecne-
YeHUEM HaJ&KHOCTH MEYaTHOIO0 MOHTa)Ka HA 3Tare MPOEKTUPOBAHMUS MOKHO O3Ha-
KOMUThCS B [11].

Konmponwvnwie éonpocut

1. Ilepeunciure OCHOBHBIE MEPOIPUATHUS, oOecreunBaromye Haa&KHocTh POY Ha
JTane NpOeKTUPOBAHUS.

2. Ykaxwure, U3 Kakux cCOOOpakeHHI Ha HTarne MPOEeKTUPOBaHUS HEOOXOIUMO BbIOU-
paTh IEKTPUUECKUE CXEMBI C LIENbIO MTOIYYEHHS BBICOKOM HanéxHoctu POY?

3. IlosicHUTE CYIIHOCTH KBAa3WPE3EPBUPOBAHUSA KAK METOJA IOBBILICHUS HAIEKHO-
ctu POYVY.

4. Ha3zoBute, B KaKuX CIy4asx IPUXOIAUTCS NIPUMEHATh PE3EPBUPOBAHUE U U3 KAKUX
coo0pakKeHU BEIOMPAETCS €r0 BHU/I: TIOCTOSTHHOE MUIH 3aMECILICHHEM.

5. Kak crnenyer BbIOMpaTh KpaTHOCTh pe3epBa B Clyyae MOCTOSHHOTO pe3epBUPOBA-
HUS [IPU BIUSHUM XapakTepa 0TKa3a 3JEMEHTOB («O0OPBIB» MU «KOPOTKOE 3aMbl-
KaHWEe») Ha OOIIYI0 HAJAEKHOCTh PE3EPBUPYEMOTO y3ia?

6. IlosicHuTe MOHATHE SKCTPEMANBHOTO pekrMa paboThl d1eMeHTa B cxeme POV u
ero BIHUAHHUE HA KO3(PPHUIIMEHTHI JICKTPHUUECKON HArpy3KH 3JIEMEHTOB.

7. YKaxXuTe OCHOBHBIE KPUTEPUU BHIOOpPA KOAI(PPUIIMEHTOB IIIEKTPUUECKON HArpys-
KM 3JIEMEHTOB IIPU IPOEKTUPOBAHUH POY.

8. Kak cienyet BbIOMpaTh 3JIEMEHTHI C YUETOM YCIOBUH SKCILTyaTaluu?

9. Ha3zoBute OCHOBHBIE CIIOCOOBI 00ECIIEUEHHSI TEMJIOBBIX PEXKUMOB C MMO3ULUHN TO-
BBIIIIEHUS HAJIEKHOCTH POY.

10. KakoBbI KpUTEpUHU BBIOOPA TETUIOBBIX PEKUMOB AJIEeMEHTOB POY?

11.Ilepeuncnnure OCHOBHBIE KOHCTPYKTHUBHBIE CIOCOOBI, OOECIEUNBAIOIINE HAIEXK-
HOCTh POV B yClI0BUAX HaMuyusg MEXaHUYECKUX BO3JACHCTBUM.

12. JlaliTe XapakTepUCTUKY OCHOBHBIX CIIOCOOOB, OOECHEUMBAIOLIUX PEMOHTOIPH-
rogHoctb POY Ha craauu npoeKTUPOBaHUS.
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13.1losicauTe, Kak Ha dTane NMPOEKTUPOBAHUS HANO BBINOJIHATH KOMIIOHOBKY B CIIy-
Yyae pa3JInyHOro YPOBHS HaJAEKHOCTHU AJIEMEHTOB B cocTaBe POY.

Pa3zoen 3. Ovecneuenue naoexcrnocmu PIC na
Imane nPou3600cmea

OO6mast xapakTepHCTHKa METOJOB MOBBIICHUS HaaexkHocTu POC Ha sTane
IIPOU3BO/ICTBA.

OTOpakoBKa MOTEHIIMAIBHO HEHAJCKHBIX JIEMEHTOB METOJIaMH 3JIEKTPOTEp-
MOTpPEHUPOBKHU. TeopeTuueckoe 06ocHOBaHKE I(H(PEKTUBHOCTH TPEHUPOBKH KaK Me-
TO/Ma OTOPAKOBKM MOTEHIIMAILHO HEHAJEKHBIX 3JIEMEHTOB (C MCIOJIb30BAaHUEM pac-
npenenenus BeitOymna). [IpakTudeckue mpuéMbl peanu3aiui dJIEeKTPOTEPMOTPEHH-
POBKH MOJYITPOBOJHUKOBBIX TPUOOPOB.

OTOpakoBKa MOTEHIIMATBLHO HEHAJEKHBIX AJEMEHTOB METOJO0M Hepa3pylllaro-
nero KoHTpousisi. OTOpakoBKa MOJYIMPOBOJHUKOBBIX NMpuOopoB mo Buay BAX wu
ypoBHI0 HU-mmryma. OTOpakoBKa pe3uCTOPOB M MHOTOCIIOMHBIX TMEUYATHBIX IUIAT 1O
MEPEXOJHBIM TEIUIOBBIM XAPAKTEPUCTUKAM M METOJIOM KOHTPOJISI YPOBHSI TPEThEU
TapPMOHHKH.

OT6Op 27E€MEHTOB MOBBIIIEHHOTO YPOBHS HAaJEKHOCTH METOJAaMU WHJIUBHUIY-
JIbHOT'O TIPOTHO3UPOBAHMS C UCIOJIb30BaHUEM MH(GOPMATHUBHBIX MapaMeTpoB (MpH-
3HaKoB). [Iporao3upyroiee mpaBuiIo U Mpoleaypa ero npuMenenus. OOydaromuii
DKCIEPUMEHT U €ro mnpoBefeHue. Ponp yCckopeHHbIX ucnbiTaHuid. DopcupoBaHHbIE
ucneiTanus. Omnpenenenrne K0dPQGUIMEHTOB YCKOPEHUSI MCTBITAHUN JIJISl MOIYTIPO-
BOJHHUKOBBIX ITPHOOPOB.

OTOOp 2JEMEHTOB MOBBHIIIEHHOTO YPOBHSA HAJCKHOCTH METOJAaMU WHIUBHIY-
aJBbHOTO MPOTHO3UPOBAHMS C HCIOJb30BAHUEM METOJIa CTATUCTUYECKUX PEIICHUHU.
OTHomIEeHUE MPaBAONoOAo0Us U ero mocTpoeHue. VMcnonb3oBaHue HOPMaIbLHOTO 3a-
KOHA pacIpeeeHus IPU3HAKOB.

NHnuBuayanbHOE NPOTHO3UPOBAHUE C MCIIOJIB30BAaHUEM METOAA MOTEHUMAIb-
HbIX (yHkuuii. HopmupoBanue npusnakoB. [loreHnuanst u ux onpeaeneHue. OnTu-
MU3aLMs TPOrHO3UpYoLero npasuia. O61acTh MPUMEHEHUS METOA.

NHnuBuayabHOE MPOTHO3UPOBAHHUE C HCIOJIB30BAHHEM METOAA MOPOrOBOM
goruku. CyTh MeTOZa. AJITOPUTMBI PeoOpa3oBaHUsl MPU3HAKOB B JIBOMYHBIA KOJI.
CriocoObl orpezesieHts MOPOroBeIX ypoBHEH (MOoporoB) npusHakoB. Mudopmaimon-
HBIM MTOAXO0/ K OMpEIeTICHUIO TTIOPOTOB MPHU3HAKOB. BecoBbie K03 GUITUEHTHI TBONY-
HBIX YUCEJ U CIOCOObl WX Ha3zHA4YeHHs. [[pUHIMMBI TOCTPOEHUS MPOTHOZUPYIOITIX
IIPaBUJI METOJIOM MOPOTOBOM JIOTUKU C YYETOM BEPOSTHOCTEN MPaBUIIBHBIX pellle-
HUH, PUCKA TIOTPEOUTEINSI U PUCKA U3TOTOBHUTENA. VIcTonb30BaHMe MPOTHOZUPYIOIITIX
IpaBWI B BUE JIOTHUECKUX Tabmmil. [locTpoeHne Tornaeckux TabInIl 1711 BBITTOTHE-
HUSI TPOTHO3UPOBAHUA.

NudopmaTuBHBIE TapaMeTpPHI - MPU3HAKHU, UX CBSI3b C d3P(HEKTHBHOCTHIO HH/IH-
BUJIyaJIbHOT'O MPOTHO3UpPOBaHUs. MeTo/ibl BhIOOpa Mpu3HaKOB. Mcroian30BaHue KOp-
peISIIMOHHOrO aHanu3a u uHpopmaTuBHbiX Mep Kynnbaka u lllennona. Pexomena-
IIUU TI0 BBIOOPY MpHU3HAKOB J1st 35ieMeHToB POC.
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[Iporuo3upoBanue napaMeTpuuecko Haa&kHOCTH 3aeMeHTOB POC ¢ ncnomnb-
30BaHUEM METO]Ia UMUTAIIMOHHBIX Bo3AelcTBUN. IMuTanmonnsie ()akTophl U UX BbI-
6op. Mcnonp3oBanue TemmepaTypsl B KaueCTBE MMUTAIMOHHOTO (akTopa. YpaBHE-
HUS CBA3M UMUTALMOHHOTO (pakTopa ¢ HapabOTKOW (BpemMeHeM padoThl) 3J1€MEHTOB.
[Tporienypa mony4deHust ypaBHEHHS CBSI3M M €TO MCIOJb30BaHUE AJIsI IPOTHO3HPOBa-
Hus. Onpenenenue omuOOK MPOrHo3upoBaHus. Mcnonb3oBaHue mapaMeTpoB 3JIEK-
TPUYECKUX PEKHUMOB IMOIYIPOBOJIHUKOBBIX NMPUOOPOB B KAYECTBE MMHTAIIMOHHBIX
(hakTOpOB.

Memoouueckue ykazanus

Kak ormeuaercs B [1], Ha momro sTama npousBoacTea npuxoautcs a0 30...40%
Bcex 0Tka3oB POY. I1oaToMy HYKHO YETKO YCBOWUTH, YTO MPOLIECC MPOU3BOJICTBA
JOJKEH OBbITh OPraHU30BaH TAaKUM 00pa3oM, YTOObI OOECHEYUTh 3aJ0KEHHBIM Ha
3Tane NPoOeKTUPOBAHUS YPOBEHb HANEKHOCTH POY.

Crnenyer 3HaTh, UTO MEPONPUSITHS, CBSI3aHHBIE ¢ OOECNEYCHUEM HAJIEKHOCTH
P3OV Ha sTane npous3BoACTBa, MOXKHO CBECTH K CIEAYIOIIUM OCHOBHBIM I'pYINaMm:

¢ cTporoe coOmrofieHne pa3paOOTaHHOW TEXHOJOTUU HM3TOTOBIEHUS KOHCTPYK-
uuu POY, coBepiiieHCTBOBaHKME TEXHOJIOTHM MPOU3BOJICTBA; 3/1€CHh JOJKHOE BHHMA-
HUE HYXHO YJI€JIUTh aBTOMATH3allMKU MPOU3BOICTBA, MO3BOJIIONIEH B 3HAUUTEIHHOMN
CTEMEHU YMEHBIIIUTh BIMSHUE CyOBEKTUBHOTO (pakTopa Ha oOecreyeHue HaJExKHO-
CTH;

¢ BXOJHOU KOHTPOJIb KOMIUIEKTYIOIINX 2JIEMEHTOB U MaTEPUAJIOB,;

¢ TPEHUPOBKA DJIEMEHTOB U KOHCTPYKIUH POV

¢ 0TOpaKoBKa MOTEHIMAIBHO HEHAIEKHBIX JIEMEHTOB METOJIAMHU HEepaspyliaro-
IIEr0 KOHTPOJIS;

¢ 010Op 31EMEHTOB TpeOyeMol HaAEKHOCTU C MOMOIIBIO METOJ0B MHAUBUIY-
aJbHOTO MPOTHO3UPOBAHUS.

Yro kacaeTcsi TEXHOJIOTUU U3TOTOBJICHHMS, TO CIEAYET HE 3a0bIBaTh, UTO JIHOOOE
OTKJIOHEHUE TEXHOJIOTUYECKOTO MPOLECCa OT HOPMBI BbI3BIBAET OTKIIOHEHHE KAKUX-
1160 mapamerpoB wiH cBoiicTB POY. Herounoe coOmoneHne pexxuMoB o0OpabOTKH
MaTepHaJIOB, MPOMUTKU, CYIIKH, MOHTaXKHO-COOPOUHBIX PabOT U APYTUX TEXHOJIOTH-
YECKUX OMepaluii BHaA4Yajie MOXKET HE BbI3BaTh 3aMETHBIX OTKJIOHEHHU BBIXOJHBIX
napaMeTpoB POV oT yCTaHOBIEHHBIX JOMYCKOB, HO BIOCIEICTBUM HEU30EKHO MPU-
BEJET K YXYJALIEHUIO JOJTOBEYHOCTHU: COKPAILIEHUIO pecypca U cpoka ciayk0bl. Kpo-
M€ TOT'0, 3TO 0053aTEIFHO CKAXKXETCSI M Ha TAaKOM COCTABIISIONICH HAIEKHOCTH, KaK
0€30TKa3HOCTb.

TeopeTuueckoe 000CHOBAHHWE TPEHUPOBKU KaK METOAa OTOPAKOBKH MOTEHIIU-
aJIbHO HEHANIEXKHBIX AJIeMEHTOB u3naraercs B [1, ¢. 208 - 211]. IToreHnmansHO HEHA-
NEXKHBIMU 3JIEMEHTAMHM CUUTAOTCS T€, KOTOPhIE MOTYT OTKa3aTh PaHbIIE 3aJaHHOTO
BpEMEHU PabOTHI.

Crnenyer OCMBICIUTH CyTh TPEHHUPOBKU KaK TaKOro METO/Ja OTOpPaKOBKH, MPHU
KOTOPOM 3JIEMEHTBI «3aCTaBIJISIIOT» Pab0OTaTh B ONPEACIEHHBIX YCIOBUSX OKPYKalo-
e Cpeibl U AJIEKTPUUECKUX PEKUMaX, BBIOPAHHBIX TAKUM 00pa3oM, YTOOBI B MPO-
1ecce paboThl OBICTPO BBI3BATH OTKA3 MOTEHIIMATBLHO HEHAJEKHBIX SJIEMEHTOB, a XO-
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pOIINE AIEMEHTHI IIPH 3TOM HE JOJKHBI MOBPEXKAATHCSA U UX pabounii pecypc mpak-
TUYECKHU HE JIOJDKEH pacxojoBarhes. B [1] mokazano, yTo TpeHUpPOBKa Iiesiecooopas-
Ha TOJIBKO JUJISl TAKUX 3JIEMEHTOB, HHTEHCUBHOCTh OTKA30B KOTOPBIX YMEHBIIIAETCS CO
BpeMeHeM paboThl (HapaboTtkoif). [ns anementoB POV 3to mmeer mecto mpu pac-
npeneaeHuy HapaboTKH 10 OTKa3a Mo 3akoHy BeiiOymna ¢ koadduurieHToM Gopmel
B<1. K takum syeMeHTaM OTHOCUTCS 0OJbIlas YacTh MOJYIPOBOJAHUKOBBIX MPUOO-
POB M MHTETPAIBHBIX MHUKpOCXeM. JlJI1 HUX Ha IPAKTHUKE UCIOJIB3YIOT 3JIEKTPOTEp-
MOTPEHHPOBKY.

JUis TakMX 3JIEMEHTOB, KaK PE3UCTOPBI U KOHJEHCATOPbI, HapaboTKa A0 0TKa3a
KOTOPBIX ONMCBIBAETCS SKCIHOHEHIMAIBHBIM PACIPEIACICHUEM, TPEHUPOBKA HE
YIIy4IlIaeT, HO U HE YXYyJIUIAeT HaIEXHOCTb. B 3TOM cilydae BBIIOJIHATh TPEHUPOBKY
HE UMEET CMbICiIa, MO0 BBHIUTPHIIIA B HAIEKHOCTU HET, @ BPEMs U CPEICTBA TPATATCS
¥, KPOME TOT0, HAIIPACHO PACXOYyETCs pECypC 3JIEMEHTOB.

JUis 5IEMEHTOB KOMMYTAIIUH, AIEKTPOHHO-ITY4YEeBBIX TPYOOK, KHUHECKOIIOB, Me-
XaHUYECKUX 3JIEMEHTOB U JPYTHUX 3JIEMEHTOB, ()YHKIIMOHUPOBAHUE KOTOPBIX COMPO-
BOXK/IA€TCS 3aMETHBIMH IPOLIECCAMH M3HOCA U CTapeHMs, TPEHUPOBKA BpeaHa, MOO
IIpY €€ NMPOBEACHUU HAAEKHOCTD HIIEMEHTOB YXYALIACTCS.

TpenupoBka, BeIodaHsAEMAas 711 KOHCTpYKuui POV, Hanpasnena Ha TO, 4TOObI
yiTH 13 obaactu (mepuoaa) npupadboTku (oomactu A Ha puc. 2.1).

4 VHTEHCHBHOCTB OTKa30B, A(t) W3 puc. 2.1 BupHO, 4TO HOCTymarouias
notpeobutento npoaykuus (POY), npomenmas
)\ A TPEHUPOBKY, OyIeT HMeTb Oojee BBICOKUI
( YPOBEHb HAAEKHOCTU (MEHBIIYI0 HHTEHCHB-
\ B HOCTh OTKA30B), HEXKEIU NPOAYKUMS, HE MPO-
Hiemas TPEHUPOBKY, NHTEHCUBHOCTh OTKa30B
KOTOPOH COOTBETCTBYET BPEMEHU f, OJIU3KOMY
K Hymto. s POY B nenoMm TpeHuUpoBKa BbI-
NOJIHAETCSI OOBIYHO B BHJIE TEXHOJIOIMYECKOTO
Puc.2.1. A-xapaktepuctuka POY MPOTOHA, COCTOSIIETO B TOM, 4TOo PDY Heko-
TOpOE€ BpEMsl HAaXOJIUTCA B paboueM pexume U
(W) B YCNOBUSIX BO3ACHCTBUSL KAKOW-TO HAarpy3ku (MEXaHUYECKOW, TEIJIOBOU WU
T.I.). TeXHOJIOrHMYecKuil MpPOroH IMO3BOJISIET MNPUOMU3UTBCA K Touke B Ha A-
xapakrepuctuke POVY. K coxxanenuto, HapaboTka (BpeMsi), COOTBETCTBYIOIIAs] OKOH-
YaHMIO Tleproa npupadboTku (Touke B Ha puc. 2.1), 11 pa3nsix Buaos POY nHe oau-
HAKOBa U HE U3BECTHA.

OTHOCHUTENIBHO BXOAHOTO KOHTPOJIS 3JIEMEHTOB CJIEAYET 3HaTh, YTO OH MCKIIIO-
YaeT U3 JaJbHEHIINX TEXHOJOTMYECKHUX OINEpaluil 3JIEMEHTHI, HE COOTBETCTBYIOIIME
TEXHUYECKUM YCJIOBUAM. OJTHAKO OH HE BBIABIISIET 3JEMEHTBI, UMEIOIINE CKPBITHIE
neQeKThl, T.€. NOTEHIHAIBHO HEHAJEKHbIE SK3eMIUIIpbl. B 3TOM miane Oosiee mpu-
BJIEKATEJIbHBIMU SIBJSIOTCS METOJbl HEPA3PYIIAIOIIEr0 KOHTPOJS, a TAKXKE METOJbI
WHIAUBUYJIBHOTO MPOrHO3UPOBAHMS C UCIOJIB30BAHMEM MH(DOPMATUBHBIX NapaMeT-
POB, HHAU€ Ha3bIBA€MbIE METOAAMH PACIIO3HABAHUS 00PA30B.

Metoasl 0TOpakoOBKM 3J€MEHTOB U y37I0B POY ¢ ucnons3oBaHueM Hepaspy-
IIAIOIIETO KOHTPOJIS u3naratorcs B [7 - 9]. PaccMmaTpuBas 3TU METO/1bl, HEOOXOAUMO

n

0 Hapabotka (Bpems), ¢
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OCMBICIIUTh UX (PU3UYECKYIO OCHOBY W MPHUHIMIBI. Tak, 0TOpaKoBKa MOIYIPOBOIHH-
KOBBIX MPUOOPOB MO mM-XapaKTEPUCTUKE OCHOBaHA Ha ciedyromem. M3BecTHO, 4To
JUIS TIPSIMOTO TOKA [y, MPOTEKAIOLIETO YEPE3 p-71 IEPEXO, CIIPABENIMBO BBIPDAKCHHE

Inp ~I1,exp(Ulmo ), (2.2)

rae [y - TeIIoBOU TOK Wi OOpATHBIN TOK HACHIIICHUS;
U - npsmoe HanpspKEHUE HA p-n MIEPEXOE;
m - kod¢pdunuent Hakmona BAX B momynorapudmuueckom maciirade, Wiy,
KaK MPUHATO €ro Ha3bIBATh, M-XAPAKTEPUCTUKA;
@: - TEIUIOBOM MOTEHLIMAJ, paBHbIA MPH KOMHATHOM TeMIEpaType MpuOIU3u-
teabHO 0,025 B.

3HaueHne Ko3(pPUIMEeHTa m 3aBUCUT OT COBEPIICHCTBA CTPYKTYpPBI p-n Tepe-
X0Jla, KauecTBa 0a30BOM 00JIaCTM M OMHMUYECKHUX KOHTakToB. [0 cremeHu oTianuus
3HAYEHUS M OT TEOPETUYECKOIO JJI PAa3HbIX AMANa30HOB TOKOB CYJIAT O KadyeCTBE
MOJyPOBOIHUKOBOTO mpubopa. [logpodHO ¢ OTOpaKOBKOH MOIYIPOBOJAHUKOBBIX
PUOOPOB MO M-XaPaKTEPUCTUKE MOKHO O3HAKOMUTHCA B [7, 8].

[Tporno3upoBanue HaAEKHOCTU p-n MEPEXOJOB MO BUAY MPSAMON U 0OpaTHOM
BeTBell BAX OCHOBaHO Ha CpaBHEHHMM PEAJBHOTO BUAA 3TUX BETBEW C ATATOHHBIMHU
XapaKTEepUCTUKAaMU. 3aMETHOE OTIMYMe NpsAMou U (uiau) oOpaTHoM BeTBel BAX oT
ATAJIOHHBIX XapaKTEPUCTHK SIBISIETCA CJIEICTBUEM HAJIWYUS J1€(PEKTOB B CTPYKType
nepexoja u (Win) Ha MOBEPXHOCTH KpucTajuia. [IporHo3supoBanue Haj€KHOCTHU IO-
JYyTPOBOJTHUKOBBIX MPUOOPOB MO BUAY MpsSMOM U oOpaTHOM BeTBe BAX moapobHO
paccMmotpeHo B [7, 9].

B oOmiem criekrpe mrymMoB MOJYHPOBOJHUKOBBIX MPUOOPOB BaxHYI0 HMH(DOP-
MaIuio O HaJIE&KHOCTU HECEeT KOHTAKTHBIN WJIM, KaK €ro emeé Ha3bIBaIoOT, (IIHKKEp-
IIyM, WIK U30BITOUHBIN 1IyM. CriekTpasibHas III0THOCTh MOIIHOCTH 3TOT0 IIyMa 00-
paTHO MPONOPLUUOHAIBHO YacTOTe (puc. 2.2), B CBSI3U C YEM €r0 Ha3bIBAIOT LIyMOM
G 4 tuna 1/f. IlpyunHON Takoro mryma SIBISIIOTCS pas-

JUYHOTrO poja AePeKThl B CTPYKTypax MOJyHpOBOA-
HUKOBBIX MPUOOPOB.

AHanu3 Npu4YvH BO3ZHUKHOBEHHUS (DIMKKEp-IIymMa
MOKa3bIBAET, YTO €0 U3MEPEHHE B 00JIACTU HU3KHUX
gactoT (HY) moxkeT OBITH MCIOJB30BAHO JJISI MPO-

, THO3MpPOBaHHSA HAIEXHOCTH IIOJIYNPOBOJHUKOBBIX
0 ,  1puOOpOB, a B psifie CIIy4acB U MHTETPANIbHBIX MUK-
Puc.2.2. 3ammenmiocrs crex. | POCXEM: [To3TOMy HYXHO YETKO YCBOUTBH, YTO HC-
TpaTbHOM MoTHOCTH Moo 1O/IP30BAHHE HY-mryma ABJIACTCH 3¢ (HEeKTUBHBIM Me-
CTH HIyMa OT 9ACTOTHI f TOJOM MPOTHO3UPOBAaHUS HAAEKHOCTU MOJTYNPOBOA-
HUKOBBIX TpuOOpoB. Jlyis AeTtanbHON mpopaboTKu

ATOr0 METOJIa MIPOrHO3UPOBAHUS peKOMEHayeTcst oOpaTtuthesa K [7, 9, 10].

OKCHEPUMEHTAIBHO YCTaHOBJIEHO, YTO MO 3HAYEHHIO MEPEXOJIHOI0 TEIIOBOIO
CONPOTHUBJIEHUS MEKIY KPUCTAJUIOM TPAH3UCTOPA U €r0 KOPIyCOM MOKHO ITPOTHO-
3UpPOBATh HAJEKHOCTb. DK3EMIUISPhI, HIMEIOUIUE MOBBIIIEHHOE 3HAYEHHE TEIIOBOIO

46




CONPOTHUBJIEHUS MTEPEXO-KOPITYC, ABISIOTCS MeHee Haa&KHbIMU. OCHOBHAsI TPUYHUHA
YBEIMYEHHs TEIUIOBOIO CONPOTHUBIICHUS 3aKJIOYACTCS B HEKAaYECTBEHHOW Hallanke
WU TIPUKJIEHKE KPUCTAJUIOB, YTO YXYALIAET OTBOJ TEIlla OT KPUCTAJUIA U BBI3BIBACT
€ro neperpes npu padoTe TpaH3UCTOpA.

[IepexonHble TEMIOBBIE XapAKTEPUCTUKM MOYKHO TaK)K€ MCIIOIB30BaTh W IS
IPOTrHO3UPOBAHUS HAAEKHOCTU PEe3UCTOPOB. JlePeKThl B pe3UCTUBHOMN TICHKE, KOH-
TaKTaX apMaTypbl, B KEPAaMUYECKOM OCHOBAHUU BIIMSAIOT HA XapaKTep U3MEHEHUS CO-
IIPOTUBJIEHUS NIPU NOAAYE HA PE3UCTOP KPATKOBPEMEHHOW MMITYJbCHOW ITOBBIIIEH-
HOW Harpy3KH, BbI3BIBAIOLIECH OBICTPOE YBEIWYEHHE TEMIEpPAaTyphl PE3UCTHUBHOTO
cnos. Jns 0e3neexTHhIX pe3UCTOPOB M3MEHEHHE CONPOTHUBICHHS BO BPEMEHH HO-
CUT JIMHEWHbIN Xapakrtep. [Ipu Hanuuuu nedeKToB MMEET MECTO 3aMETHOE OTKJIOHE-
HUE€ OT JIMHEWHOCTH. MeToabl IPOrHO3UPOBaHUS HANEKHOCTH DJIEMEHTOB I10 Iepe-
XOJIHBIM TETUIOBBIM XapaKTEPUCTUKAM PACCMOTPEHBI B [7, 9].

KauecTBo (Hag&XHOCTh) PE3UCTOPOB, MEPEXOAHBIX KOHTAKTHBIX CONPOTHUBIIC-
HUM MHOTOCJIOWHBIX II€YATHBIX IUIAT M APYTMX KOHTAKTHBIX COCIMHEHUN MOYXKHO
IIPOTHO3UPOBATh C IOMOILBIO YPOBHS TpeTbel rapMoHuku. Hanpumep, npu nopaude
Ha PE3UCTOP MACATBHOTO CHHYCOMJAJIBHOIO HANPSUKEHUS KpHUBas TOKA, MPOTEKAO-
IIEr0 Yepe3 Pe3nucTop ¢ AePeKTaMd KOHTAKTHOTO TuIa, uckaxkaercsa. CTerneHp ucka-
KEHHUsI, a, CIIEIOBATENbHO, U JE(PEKTHOCTU PE3UCTOPA MOKHO OLIEHUTH MO 3HAUYEHUIO
TpPEeTheil TAPMOHUKH B TOKE, MPOTEKAIOIIEM depe3 pe3ucTop. OTOpakoBKa pe3UCTo-
POB M MHOIOCIIOMHBIX II€YATHBIX IUIAT II0 IEPEXOIAHBIM TEIJIOBBIM XapaKTEepH-
CTUKaM U METOJOM KOHTPOJISI YPOBHS TPEThEW FapMOHUKH paccMoTpeHa B [8, 9].

Ilepen m3ydyeHUEM NPAKTUYECKOTO NPUMEHEHHsS METOIO0B WHAUBUIAYAIBHOIO
IPOTHO3UPOBAHMSI C UCIIOJIb30BAHUEM HH(POPMATHBHBIX MAPAMETPOB PEKOMEHIYETCS
1o y4eOHHKY []] BCHOMHHUTBH MX TEOPETUUYECKYIO0 OCHOBY. [IpopabaThiBasi mpakTuye-
CKHME IPUEMBI MHIMBUAYAIBHOTO IIPOTHO3UPOBAHUSA, CIEAYET OCMBICIUTD CYIIHOCTh
UH(OPMATUBHBIX MapaMeTpoB, UOO MO WX 3HAYEHUIO B MOMEHT BpeMeHHu ¢t = 0 mpu-
HUMAIOT PEUICHHE O COOTBETCTBUH IK3EMIUISIpa TPEOOBAHUIO HAAEKHOCTH, BIIOTH JI0
MHTEPECYIOIIEro OyAyIIero MOMEHTa BPEMEHH ¢ = fy,, . VI3 IuTepaTypHBIX MCTOYHU-
KOB JUI1 U3Y4YEHUs IPAKTUYECKOTO IPUMEHEHUS METOA0B UHIUBUAYAJIBHOI'O IIPOTHO-
3UpoBaHus pexkomenayrrtcs [1, 6, 13, 14]. MeTon cTaTUCTUYECKUX pELIEHUH MOJ-
poOHO paccMoTpeH B [14, 6]. C MeTO10M NMOTEHIIUATBHBIX (PYHKIIMI MOKHO O3HAKO-
MUTBCS B [6]. MeToa moporoBoil JOTMKK JAOCTATOYHO MOJHO HM3J0KEH B [1], a ero
MPaKTUYECKOE MTPUMEHEHHUE PAaCCMOTPEHO B [ 14].

JIns MHAMBHIyadIbHOIO MPOTHO3UPOBAHUS MTAPAMETPUUECKON HAAEKHOCTH I10-
JTYTPOBOJHUKOBBIX MPUOOPOB MEPCIEKTUBHBIM SIBJISETCS UMUTALMOHHOE MOJEIUPO-
BaHUE MX HapaOoTku. OHO MO3BOJISIET MO PEaKLUUU SK3EMIUIIPa HA UMHUTALMOHHOE
BO3JICHCTBUE PUHATH PEIIEHUE O COOTBETCTBUU 3TOT0 3K3EMILUIAIpa TPEOOBAHUIO Ma-
pamMeTpudecKol HaAE€KHOCTU MO HHTEpECyIleMy (QyHKUHOHAIBHOMY MapaMeTpy.
Jlnis 00111ero 3HakOMCTBa ¢ UMMUTALlMOHHBIM MOJICITMPOBAHUEM pEKOMEHAyeTCs pado-
Ta [12], a ¢ ero npakTUYECKUM IPUMEHEHHEM MOXKHO pa3o0pathes B [14].
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KOHmPOJleble 60NnpoOCohl

1. Ilepeuncnure OCHOBHBIE MEpONPUATHUS, OOECIEUNBAOIINE HAAEKHOCTh POY
Ha JTaIre Mpou3BOJICTBA.

2. Yto mOHMMAIOT MOJI TPEHUPOBKOW DJIIEMEHTOB, B KaKUX Clydasx e€ 1eaecoo0-
Pa3HO BBIMOJIHATH?

3. Ilouemy s 21E€MEHTOB C YKCIOHEHLMAJIBHBIM 3aKOHOM PACIPENEIICHUS Bpe-
MEHH J0 0TKa3a Helesiecoo0pa3Ho NPUMEHSATh TPEHUPOBKY ?

4. KakoBbl IpakTHYECKHE CIIOCOOBI (IPUEMBI) BBIITOJIHEHHS AIEKTPOTEPMOTPEHHU-
POBKH MOJIYIPOBOJHUKOBBIX MPUOOPOB?

5. Uem oOmscHsaeTcs 3((PEKTUBHOCTh TEXHOJOTMYECKOTO MPOTOHA — MPUHYIU-
TenpHOM HapaOboTku POY B ycnoBusix npousBoacTBa?

6. Uto Takoe m-xapakTEpPUCTHKA MOJYIPOBOJHUKOBBIX MPUOOPOB M Kak €€ HcC-
H0JIb30BAaTh AJIs1 OTOPAKOBKU NOTEHUUATBHO HEHAAEKHBIX K3EMILISIPOB?

7. Ha 4ém OCHOBAaHO NPOTHO3MPOBAHUE HANEKHOCTU IOIYIPOBOIHUKOBBIX IIPU-
OO0pOB C TTOMOIIBIO MPSIMOM 1 oOpaTHOM BeTBel BAX?

8. Uto Takoe GuKKep-IIyM (MHa4Ye — myM Tumna 1/f) u Kak ero uCroib30BaTh s
IPOrHO3UPOBAHMSI HAAEKHOCTHU MOTYIIPOBOJHUKOBBIX MPUOOPOB U MHTETPAIIb-
HBIX MUKpOCXeM?

9. IlosicHuTe, Kak MCHOJIB30BAaTh NEPEXOAHBIE TEIIOBBIE XAPAKTEPUCTUKHU JUIS
POrHO3UPOBAHMS HAAEKHOCTH TMOTYHIPOBOJIHUKOBBIX NMPUOOPOB U PE3UCTO-
poB?

10.B 4éM cocTOMT MPUHLIMI POTHO3UPOBAHUS KayecTBa (HaAEKHOCTH) PE3UCTO-
POB, EPEXOIHBIX KOHTAKTHBIX COCIMHEHUN MHOI'OCIIOMHBIX IEYATHBIX IUIAT,
M€K U T.II. C IOMOIIBIO YPOBHS TPEThEN TAPMOHUKHN?

11.Ha 4éM OCHOBaH MPUHLKI TPOTHO3UPOBAHUS HANEKHOCTH JIEMEHTOB U y3J10B
POV ¢ nomomibto HHPOpMATUBHBIX TapaMeTPOB?

12.11losicHuTe, KaKk B YCIOBHSIX IPOM3BOJCTBA OPraHU30BaTh MPOLEIYypy OTOOpa
3JIEMEHTOB TPeOYEMOI0 ypOBHS HaAEKHOCTU C MOMOULIBI0 METO/a MHIAUBUAY-
aJIbHOTO MPOTHO3WPOBAHUS 110 UHPOPMATUBHBIM TapaMeTpaM.

13.Ha 4émM OCHOBaHO HMHIMBHIyaJbHOE IPOTHO3WPOBAHUE HAIEKHOCTH SJIEMEH-
TOB METOJIOM CTaTUCTUYECKUX PEIIECHUI?

14.B uém cocTonT 0COOCHHOCTH METO/1a TOTECHITUATHHBIX (YHKITHIA?

15.KakoBbl OTJIMYUTENbHBIE OCOOCHHOCTH WHAMBHUIYAJIbHOTO MPOTHO3HUPOBAHUS
HaJEKHOCTH METOI0M ITOPOTOBOM JIOTUKU?

16.Yrto npencrasusier coOoi jlornyeckasi Tadiuia, UCroyib3dyemas Ajs IpOrHo3u-
POBaHMS METOAOM MOPOTOBOU JIOTUKH?

17. Kak Ha mpakTHUKE MOYKHO ONPENEIUTh MH(OOPMATUBHBIE MapaMeTpPbl JIEMEH-
TOB U y3710B POY?

18. Kakue KOIM4eCTBEHHbIE KPUTEPUHU MOKHO HUCIIONIB30BATh JUUISl OLIEHKH CTEIICHU
MH(POPMATUBHOCTH MTapaMETPOB?

19.I1osicauTe, HAa Y€M OCHOBAHO MHIMBHUAYaIbHOE IIPOTHO3UPOBAHUE ITAPAMETPH-
YecKOM Hal&XKHOCTU TOIYNPOBOAHUKOBBIX MPUOOPOB METOJOM HMHUTAIMOH-
HBIX BO3JECHCTBUM.



Pa3zoen 4. Obecneuenue naoexcrnocmu P3C
Ha Imane IKCRIyamayuu

OO6masi xapakTepUCTHKa METOJIOB MOBBINICHUsT HaaexxHocTH POC Ha stame
AKCILTyaTaluH.

Obecnedyenre nmapameTpuyeckond HajaexxHoctu POY meromamu MHAMBUAYasb-
HOTO TIPOTHO3UPOBAHMS IKCTPAMOISIUEH C UCIOJIb30BAaHUEM OOpPaTHOTO MPOTHO3U-
poBanusi. Kputnueckue ypoBHM (PYHKIIMOHAJIBHBIX MapaMeTpoB. [lomydeHue Touex
NPENBICTOPUN U UX YUYET IPH IMOCTPOCHUH MATEMATHYECKUX MOJEINIEH NMPOTHO3HPO-
BaHUS. MeTo B3BELIEHHBIX HAMMEHbBILINX KBAJPAaTOB U €r0 UCIOJIb30BaHUE IIPU IO-
CTPOEHHH MaTEMaTUYECKON MOJEIN IPOrHO3UPOBAHUS.

[IpakTrueckue MpUEMBI MHAMBUYAIBHOIO MPOTHO3UPOBAHUS pabOTOCIOCO0-
HOCTH MHoromapamerpudeckux POY. Ucnons3zoBanne Meroga 000OIIEHHOTO napa-
meTpa. HopmupoBaHue napameTpoB, TPUHIMIBI MOCTPOEHUs OOOOIIEHHOIo mnapa-
MeTpa. Maremarnueckue Mojieau 0000IIEHHOTO apaMeTpa U UX UCIIOJIb30BaHUE IS
MPOTHO3UPOBAHUS TAPAMETPUUECKON HAZEKHOCTH POY.

Memoouueckue ykazanus

[TpopabartbiBasi ATOT pazfen yd4eOHOW MPOrpamMMbl, CIeAyeT 3HaTh, YTO HaH-
OOJIBIITYIO CJI0KHOCTh MOXKET BbI3BAaTh T€Ma MO 00ECIICUCHUIO MapaMeTPUIECKON Ha-
néxHoctu POY MeToioM MHIMBUIYaIbHOTO MPOTHO3UPOBAHMS SKCTPAIOJSALMUEH C
UCIIOJIb30BAaHUEM OOpAaTHOTO MPOrHo3upoBanHus. [loaToMy BHauajge HEOOXOAMMO TIO
y4eOHUKY [1] MOBTOPUTH TEMY, B KOTOPOH PacCMOTpPEHbI MPUEMBI BBHITTOJHEHUS WH-
JUBHUIYaJIbHOTO MPOTHO3UPOBAHUS C UCIIOJIB30BAHUEM SKCTPAMNOJIALMHU, B TOM YUCIIE

BBIOOpD MaTeMaTHUYECKUX Mojelei
4 30Ha OTKa30B
V' nporuo3upoBanusa. Cuegyer 1o-
HSATh, YTO MPU OOPATHOM TPOTHO-
3UPOBAaHUU MOJYyYalOT HE 3Haye-

Vo “\ HUE (PYHKIIMOHAIHHOTO MapamMer-
\ pa POV (o6o3HaueHo kak y) B Oy-

* (v V)
Yu ! = — AYUIUi 3aJaHHBI MOMEHT BpeMe-
30Ha OTKA30B HU, @ MOMEHT BpeMeHU (fo), KO-
y rra dSTOT TMapameTrp JIOCTHTHET

v
~

tork KPUTHYECKOTO, T.€. OTKa3HOrO,

YPOBHS: HIKHETO (V) WU BEpX-

Puc. 2.3. K Bompocy 06 06paTHOM HEro () B 3aBUCHMOCTH OT (hu-
MPOTHO3UPOBAHUH 3WYECKHX OCOOCHHOCTEH M 3aKo-

HOMEPHOCTH €r0 U3MEHEHMUSI.

Jlyist ompeneneHusi MPOTHO3HOTO 3HAYECHUS f,p; HEOOXOAMMO MO MPEIBICTOPUU

(ckupHast TUHUA Ha puUC. 2.3) BBIOpATh MATEMATUYECKYIO MOJIEIbh MPOTHO3UPOBAHUS

(1) U 1anee PElINTh OTHOCHTEIBHO { yPaBHEHHE BHAA ¢(f) =) , HIH (1) =y 5 B 3a-

BUCHUMOCTH OT TOTO, K KAKOM KPUTHYECKON IpaHUIle UMEET MECTO TCHACHIUS IBUKE-

Hug napametpa y. [logpoOHO ¢ 3agauamu 0OpaTHOrO MPOTHO3UPOBAHUS MOKHO O3HA-
KOMUTBCS B [6].
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PaccmarpuBas 3agadun 0OpaTHOTO MPOTHO3UPOBAHUS, HEOOXOAUMO MOHSTh, YTO
nocJieqHue HaOII01aeMble 3HAUEHUS TPEABICTOPUN SBIISIOTCS OOJee MEHHBIMU IS
BBIOOpA MAaTEMAaTHYECKON MOJIeNM MPOrHO3upoBanus ¢(t). [loatomy npu BeIOOpE ¢ (1)
B O0IIEM Cily4yae MpeArnoYTUTENIbHEE MCIO0JIb30BaTh HE KIACCHMYECKHN METOJ Hau-
MEHBIIINX KBaJPaTOB, a METOJ| B3BCIICHHBIX HAMMEHBIIIUX KBAJPaTOB, JJis MOHHMA-
HUS KOTOPOTO peKoMeHayeTcst oopatutbes k [1, ¢. 217].

JIJisi 03HAKOMJICHUSI C MHAMBHUIYAJIbHBIM MPOTHO3MPOBAHUMEM pabOTOCIIOCO0-
HOCTH MHOToOnapameTpudeckux POY u ocMbicanBaHus cIOCOOOB BBITIOJHEHHUS 3TOTO
MPOTrHO3UPOBAHMS, C TOM YHUCIE C UCIOJIb30BAHUEM METOJIa 000OIIEHHOTO apameT-
pa, pekoMeHnayercs [6].

Konmponwvnsie éonpocul

1. Vkaxute ocHOBHBIE criocoObl oOecnieueHus HanéxHoctu POV Ha stame skc-
IUTyaTaluu.

2. IlosicHute, Kak NPUMEHATh OOPATHOE MPOTHO3UPOBAHUE AJI IPEJICKA3aHMs
MOCTETICHHBIX (MHAUe — MapaMeTPUIECKUX) 0TKa3oB POY.

3. Kak npuMeHsATh METO/ B3BEIIEHHBIX HAUMEHBIINX KBaJApaTOB AJis BbIOOpa Ma-
TEMaTHUYECKUX MOJeNIell MPOTHO3UPOBAHUS MO MNPEAbICTOPUU (PYHKIIMOHAIIb-
HBIX nTapameTpoB POY?

4. YkaxuTe BO3MOXKHBIE CIIOCOOBI MPOTHO3UPOBAHUS PAOOTOCTIOCOOHOCTH MHO-
rornapamerpudeckux POY npu skcrutyaranuu.

5. Kak Ha npakTuke BBITOJIHUTH TPOTHO3UPOBAHUE TOCTENEHHOTO OTKa3a MHOTO-
napaMeTpuyeckoro POY?

6. IlosicHuTe cymHOCTh MeToAa 00O0OIIEHHOIO MapaMeTpa, YKaXUTE CIy4yau €ro
1€J1€CO00Pa3HOT0 UCTOIb30BAHMUS.

7. Kakue MaremaTHueckue MoAeau OOOOLIEHHOrO MapaMmeTpa HCHOJIb3YIOT Ha
MpaKkTuKe?

Pazoen 5. Cmamucmuueckoe mooenuposanue
ypoenusa naoexcnocmu PIC

Craructuyeckoe (MMHUTALMOHHOE) MOJEIMPOBAHUE HAJEKHOCTH U €ro pojb
OpyU MNPOEKTUPOBAHUHU, CIOCOOBI BBITIOJIHEHMS], UCIOJIb30BAHUE MaTeMaTHYECKUX
MoZEeNel. AJIITOPUTMBI MOJTYYEHHS! CTaHAAPTHBIX HOPMAJIbHBIX U PABHOMEPHBIX YH-
celn.

Meton Monte-Kapiio kak npakTUYeCKUU IIPUEM peaIn3alii CTATUCTHYECKO-
ro moxenuposanus. IIpomenypa mareMarndyeckoro MOJEIMPOBAHUS IO METOLY
Mounte-Kapio. VcnonszoBanune IBM, onpenenenue TpedyemMoro 4yucia peaausanui
nporiecca uinu oobekra. Craructuueckas o0padboTka pe3yabTaTOB MOJICTUPOBAHMUS.

MopenupoBaHue HaAeKHOCTU 31eMeHToB U POY. CnocoObl MoxenupoBaHus
HagexxHoctu POY npu orcyrcTBuM pesepBupoBanus. MopenupoBanue POY npu
HaJW4YUU NOCTOSIHHOTO pe3epBupoBaHusa. MoaenupoBanue POY npu nHanmnumm pe-
3epBUpOBaHusA 3amenieHueM. CTPYKTypHBIE CXEMbI aITOPUTMOB, HCIIOJIb30BAHUE
OBM.
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Memoouueckue ykazanus

[Ipu npopaboTke yueOHOro Marepuana 3TOro paszzesia HeoOXOAUMO BHaydaje
NOHATH POJIb U T€ MPEHUMYIIECTBA, KOTOPbIE NAET HCIOJb30BAHUE MOJEINPOBAHMS
IIpU pellieHnuH 3a7a4 odecrieueHus: HanéxHoctu POY. Jlns aToro pekoMeHyercs mno-
BTOPUTH BBOJHYIO 4acTh pa3zena 9 B [1], NOCBAMIEHHOIO CTATUCTUYECKOMY MOJIEIH-
POBAHUIO C UCIOJIb30BAHUEM BEPOSTHOCTHBIX MAaTEMAaTUYECKUX MOJIeeil 00bEKTOB U
IIPOLIECCOB.

Cnenyer MOHATH, YTO CIy4alHOW BEIMYMHOW, OMpEACSAIONIed YpPOBEHb Ha-
NEKHOCTH U3JENIHUNA U MTOIy4aeMOM TP MOJAEIIMPOBAHUH, SIBJIIETCA BPEMS 10 OTKa3a,
B o0uieM ciayyae — HapaboTka /10 oTka3za. [loaTomy mpu MMHUTAlMOHHOM MOJIEIHPO-
BAaHWUHU MOJYYarOT PEATU3alMKU 3TOW CIy4alHOW BEJIMYUHBI, IPU 3TOM IPUHUMAs BO
BHMMaHUE €€ BEPOSATHOCTHBIE CBOMCTBA: CPEIHEE 3HAUCHHE, CTENIEHb PACCESIHUSA OT-
HOCUTEJIBHO CPEAHETO, 3aKOH PaCIPEACICHUS.

JIucKpeTHbIe OTCUETHI BPEMEHU /0 OTKa3a MPEACTABISIOT co0oi uucina. Ilo-
3TOMY MMHUTAllHOHHOE MOJEIMPOBAHUE CBOAUTCS K ITOJTYYECHHIO CIYyYaWHBIX YHCEIL.
N3 xkypca TOKTuH [1, c. 265, 266] Hag0o BCIOMHUTH, YTO 3/1€Ch OCOOYIO pOJIb UTpa-
I0T CTaHJApPTHBIE PABHOMEpHBIE YHMCNIA (CllydailHble paBHOMEPHO paclpeeiEéHHbIC
ymucia B auanaszone 0...1) u ctanaapTHbIE HOpMaIbHBIE YUCIIA, SBIISIONIMECS peaju-
3al[UsIMH CTaHJIAPTHOM HOPMAJIBHO pAaCcHpeIeIEHHON CIIy4yaillHOW BEJTMYUHBI (CpeHee
3HaueHue m = 0, cpenHee KBagpaTuueckoe oTkiIoHeHue ¢ = 1). Ciy4vaiiHble yucia,
pacmpeiei€HHbIE 110 APYTUM 3aKOHAM, MOIYYaroT MyTEM aHATUTUYECKUX Mpeodpazo-
BaHMUW yKa3aHHBIX ynces. Tak, 4yucia, pacnpeaen€éHHble 0 SKCIIOHEHIUAIbHOMY 3a-
KOHY, MOJIYy4aroT 1o ¢hopmyrie

z:-%ma—m, (2.3)

I7ie A — HapaMeTp SKCIOHEHIHUAJIBbHOTO PacipeeleHus], YUCICHHO COBIAJAIOIUN CO
3HAYEHNEM UHTEHCHUBHOCTH OTKA30B.

Ecnu A ecTb MHTEHCHUBHOCTH OTKAa30B AJIEMEHTOB OIPEAEIEHHOIO THUIA, TO
YHUCIIa ¢ TPEACTABIAIOT COO0N peanu3aluu cydaiiHoOW HapaOOTKHU O OTKa3a 3JIeMeH-
TOB 3TOTO THUIIA.

Co cTpykTypHOU cxeMoi MozenupoBanusi POY 06e3 Hanuuus pe3epBUpPOBAHUS
U C YYETOM TOJILKO BHE3AMHBIX OTKA30B MOXKHO O3HaKoMuThcs B [1, c¢. 291 - 293].
NHrepecyroniyie KOJTWYECTBEHHBIE IMOKA3aTeNM HAAEKHOCTA HAXOJAT MyTéM oOpa-
OOTKH Pe3yJIbTaTOB MOJICTUPOBAHMS, TOJIYYEHHBIX MPU OOJBIIOM YHCIIE peann3alui
POY. OcHoBHBIEC pacyETHBIE COOTHOILICHUS TPUBOAATCS B [1] .

OOpaiaeM BHUMaHHE Ha TO, YTO MPU CTATUCTUYECKOM MOJenupoBanuu POY,
UMEIOIINX pPEe3epBUPOBAHME (3aMEIICHUEM WM TOCTOSHHOE), HauboJjee CIOXKHBIM
ATAriOM SIBJISIETCSl MOJIyYEeHHE MaTeMaTH4yeckoil monenu oTkaza POY. C momonisio
3TOM MOJIENM MO 3HAYEHUSIM HApabDOTOK JI0 OTKa3a 3JIEMEHTOB, MOJIYYEHHBIX B KOH-
KpeTHOU peanusanuu POY, onpenenserca Bpems 1o otkaza POY B nenom s sTon
peanu3anuu.

MopenupoBaHue napamMeTpUIECKON HAJEKHOCTH BKIIOUYAET TAKUE ITAIBI:
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¢ TOJIyYEHHE HAyaJbHbIX (TEXHOJOTHYECKUX) OTKIOHEHUN MapaMeTpOB AJIEMEH-
TOB (MEPBUYHBIX IMapaMETPOB, OMPEICISIONINX HHTEPECYIOMUN (yHKIIMOHATHHBIA
napametp POY);

¢ [IOJIy4YEHHE TEMIIEPATYPHBIX U3MEHEHUN MEPBUYHBIX MMAPAMETPOB MyTEM I'€HE-
pUPOBaHUsI CIyYalHBIX 3HAYECHUN TEMIEPATypPHBIX KOI(PEHUIIMEHTOB 3TUX MapaMeT-
POB U y4€Ta npeaesIbHBIX padounux Temreparyp POY;

¢ [IOJyYEHHE U3MEHEHUN MEpPBUYHBIX IApaMETPOB, BBI3BIBAEMBIX IIPOLIECCAMU

CTapeHUs B TeUEHHE 3aJJaHHOT0 BpeMeHH paboThl POY (1,); muIst 3TOTO reHepupyroTes
Clly4aiiHble 3HaUYeHUST KOA((PUIIMEHTOB CTapeHUs MEPBUYHBIX MApPaMETPOB U C yUé-
TOM 3 PACCUUTHIBAIOTCS BPEMEHHBIC U3MEHEHUS ATUX TTapaMeTPOB;

¢ ONpeAciICHUE 3HAYEHUW MEPBUYHBIX NTapaMETPOB B MOMEHT BPEMEHH #; C y4é-
TOM HAYaJIbHBIX OTKJIIOHEHHM, OTKJIOHEHUM, BBI3bIBAEMBIX JIEUCTBUEM PabOUYUX TEM-
nepaTyp U CTApEHUEM B T€UCHHUE BPEMEHU PaOOTHI Z;;

¢ I[IOJICTAHOBKY HAWJIEHHBIX B NPEABIAYLIEM IIYHKTE 3HAYEHUW NEPBUYHBIX Ia-
paMeTpOB B MaTeMaTUYECKYIO MOJIENb, MOKA3BIBAIOIIYI0, KAK UHTEPECYIONINI (PyHK-
MOHAJLHBIN MapameTp POY cBs3aH ¢ nepBUYHBIMU NTapaMeTpaMu; B pe3yJibTaTe Mo-
Jy4aroT 3HauYeHHE (PYHKIMOHAIBHOTO MapameTrpa g TOM WIM WHOW peanu3aiuu
POY;

¢ CpaBHEHME MOJYYEHHOTO 3HaYeHUs (PYHKIIMOHAILHOIO ITapaMeTpa ¢ HOpMOU 1
MIPUHSTHE PELICHUSI O COOTBETCTBUMU WJIM HECOOTBETCTBUM PDY, cMOAeInpOBaHHOTO
B JJAHHOUW peanu3aiu, TpeOOBaHUIO MapaMeTPUUECKON HAJEKHOCTH ISl BpDEMEHH 1.

IIpu onmcanum coaep:kaHusg 3TaNOB MOJCIHMPOBAHUS NMPUHAT BO BHUMAHHUE
BOKHEUIIHMI (HaKTOp OKpY’KaroIIeH cpeapl — Temiieparypa. MojaenupoBaHue Tapa-
METPUYECKON HAAEKHOCTHU JIaK€ B DTOM CIIydae YCIOXHSETCA TE€M, UYTO BIIMSHUE
TEMIIEPATYPbl MOXKET CKa3bIBaThCS HEOJMHAKOBO ISl MoJokuTenbHol (o1 +20 °C u
BhIIIE) U oTpunaTenbHOi (0T +20 °C u Hmke) obnacrelt Temreparyp. [ToaTomy mpo-
LEeypy MOACIUPOBAHUS I KaXI0M peanuzanur POY npuxoauTcs BECTH MO ABYM
BETBSM, a MPU aHAJIN3E PE3YJIbTATOB MOJICTUPOBAHUS IIPUHUMATh BO BHUMaHUE XY/I-
IIMH CIIy4Yayd ¢ TOYKH 3PEHUS TapaMEeTPUIECKON HAIEKHOCTH.

Konmponwvnwie éonpocut

1. TTosicHUTE, KaKye MPEeUMyIecTBa Ja€T UMUTAIIUOHHOE MaTEMAaTUYECKOE MO/Ie-
JMPOBAHKE NP PEIICHUH 3a/1a4 obecrieuenus Haa&xHoctu POY.

2. YTo MOHMUMAIOT MOJ CTaHJAPTHBIMU PABHOMEPHBIMU M CTaHJAPTHBIMU HOP-
MaJbHBIMU CIIyYaWHBIMU YKCIIAMH U KaKOBa UX POJIb B MOJICIIUPOBAHUM CITY-
YailHBIX TapamMeTPOB?

3. TloscHuTe npouenypy CTaTUCTUYECKOTO MMHUTALMOHHOTO MOJAECIMPOBAHUS Ha
9BM nanéxuoctu POV ¢ ucnoinr30BaHnneM MaTeMaTHYECKUX MOJEIIEH.

4. Kak ompenensarb KOJIMYECTBEHHBIE MOKA3aTeNn HAIEKHOCTU POV, ncnonb3ys
pe3yJbTaThl CTATUCTUYECKOTO MOJACIUPOBAHUSA?

5. Kak Ha mpakTuke onpeaensaTh TpedyeMoe unuciio peanuzainuii POY npu cratu-
CTUYECKOM MOJICITMPOBAHUU ?
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6. IlosicHuTe CTPYKTYpHYIO CXeMy alroputMa mojaeivdpoBanus Ha OBM Hanéx-
HocTu POV (6e3 Hamuuus pe3epBUPOBaHUs) C YIETOM BHE3AMHBIX OTKA30B.

7. B uéM cocTouT 0COOEHHOCTh MOJAENUpOBaHUs HaaExHOCTH PDY mo BHeszan-
HBIM OTKa3aM IPU HAIMYUU PE3EPBUPOBAHMS?

8. YKaxuTe NOCIEeI0BATEIbHOCTh IPOLEAYPHl MOJEIUPOBAHUSA NapaMeTpuye-
cKo¥ Haaéxuoctu POY.

2.3. IlepeyeHs 1a00paTOpPHBIX padoT

1. IIpoBepka MpaBUIILHOCTH BBIOOpA IJIEMEHTOB JICKTPOHHOTO Kackaja 1mo Kodg-
dbuLeHTaM 3IEKTPUUECKON HArpy3KHU.

2. OT6op OUIONSAPHBIX TPAH3UCTOPOB C 3aJAHHOM TMapaMeTpUUYeCKor HaAa&KHO-
CThbIO METOJAMH WHAUBUIYAJIBHOTO TPOTHO3UPOBAHUSA C UCIIOJIBL30BAHUEM HMMTAIIN-
OHHBIX BO3JEUCTBUMN.

3. UnauBuayanpHOE MPOTHO3UPOBAHKME HAJMEKHOCTH OUITOJSPHBIX TPAaH3UCTOPOB
METOJIOM ITOPOTOBOM JIOTHKH C HCIIOJb30BAaHUEM OOYYalOIIero SKCIEePUMEHTa, CMO-
nenrpoBaHHOro Ha OBM.

4. NaauBHAyaIbHOE MPOTHO3UPOBAHKUE HAJICKHOCTH SJIEMEHTOB METOJIOM CTaTH-
CTUYECKHX PEIICHUM C UCHOJIb30BAHMEM OOYYaIOIIEro SKCIEPUMEHTA, CMOJEIUPO-
BaHHOTO Ha OBM.

Cryaentam 3a04HOW (QopMbl OOy4EeHHs] Tpeajaraercsl BBIIOJHUTH OIHY W3
yKa3aHHBIX paloT.

2.4. KoutpoJsbHas padora

Hcxoouwvie oanuwvle

1. Homep BapmaHTa 3JI€KTPUYECKON MPUHIIUIUATBHOU CXeMbI (PYHKIIMOHAIBHOTO
y37a (1o Tabiu. 2.1 wim yuebHomy nocobwuto [2, c. 39 - 41]).

2. KonnyecTBO aHaJOTUYHBIX (PYHKIIMOHAIBHBIX y3710B B POV ( cormacHo tabnu-
1€ IPUIIOKECHUS).

3. Ycnosus skcrutyatanuu no 'OCT 15150-69 nns ucnonHeHUWs, yKa3aHHOTO B
Ta0IUIE TPUITOKEHHUS.

4. 3amanHoe (uHTEpeEcyroliee) BpeMs padbotel POY ¢, = 1000 .

5. TpebGyemoe 3HaueHHE BEPOATHOCTU Oe30TKa3HOM paboTsl POY 3a Bpewms ¢, (co-
IJIACHO Ta0JIMLIE IPUIIOKEHUS).

6. 3agaHHOe BpeMs BoccTaHoBIieHHsT POY 1, =25 u.

7. TpeOyemoe 3HaueHHE BEPOSTHOCTU BOCCTaHOBJIeHUS POV 3a Bpems 1, HEe Me-
nee 0,95.

8. IleperpeB B Harperoi 30HE (MO pe3yibTaTaM pacu€ra TEIJIOBOTO peKHMa
POY) AT,=22 °C.

9. Cpenuuii neperpeB Bo3ayxa BHyTpu POV (1o pe3yiibraraMm pacyeTa TEIIOBOIO
pexuma) AT, =18 °C.
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KoHnkpeTtHbie icxogaabie qaHHbIC i .1 - 3 1 5 OepyTcst CTyIeHTOM 13 Tal-
JAUIbl (CM. TIPUIOKEHUE) MO ABYM MOCIEAHUM HHU(PpaM HOMEpa 3a4ETHOW KHIDKKH.
CryneHTsl, UMEIOIIEe HOMEpP 3a4€THOM KHMKKH, MpEBbIIAtONIMil yncino 32, Oepyt
ANEKTPUUECKYIO CXeMY (PYHKIMOHAJIBHOTO y3Jla W HCIOJB3YIOT JOMOIHUTEIbHYIO
uH(pOpMAIMIO COTJIACHO BapuaHTy | Tabi. 2.1, ocTalbHbIE HCXOIHBIE JAHHBIE — B CO-
OTBETCTBHUHU C TIOCJIEAHEH 1Tudpoit HoMepa 3a4EéTHON KHUKKH.

Taomuna 2.1
Bapu-
AT Cxema JlononHuTenbHas HHOOpMALIHS
1 [IponopumoHaIbHO—MHTETPUPY FOIITHI Hanpsi>keHne BXOAHBIX UMITYJIbCOB
bunsTp Usx. inn=0...100 B;
R1 0-4
U \ — CKB)XHOCTb () =
BX. UMII / I I J_
Cl1
@ i
2 JudbdepeHnmanbHbIN yCHIIUTEb BrixogHoe HanpskeHue
R1 RA
UBXI UBI;IX = L [1 + R_4jUBX 2 R_4 UBxl )
U 1+ R2 Rl R1
R2 BBIX R3
UBX2
DAI ngl, Usz = 0...0,1 B
R3
3 [TonmocoBoit puibTp Pe3onancHas yacrora
lC 1 R3 fo = 1 R1+R2 :
R1 o 27 NV RIR2R3CI1C2
DAl
— Ux=0,1...02B
Usx R2
4 WNHBepTUPYIOITNI YCUIIUTEITH Koaddumuent nepenaun
R2 __R2 1 )
I R R2 R2 R3(, R2)
I+ — 1+—
— +R1+ BX+RBX[+R1J
R1 1+
DAl |y Koy
() BBIX
K,y 1 Ry — K03(DUUHCHT YCHIICHHS U
Usx BXOJHOE conpoTuBiieHne DA1;
R3 Ux=0,1...02B
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[Tponomxenue tadm. 2.1

aBI?fH_ Cxema JlononHuTenbHAsA HHPOPMALIUS
5 I'eneparop Yacrora
Rl e 0,23
|:| 2R3
CIRl/n| 1+ ——
DAl R2
)
—_—C1
R2
o
6 HcTOYHMK OIIOPHOTO HAIIPSKEHUS BrIxonHOE HanpskeHUE
+ UHI/IT R2 R2
_:'_ Upix =Ucrwi (R_3 + lj 5
R1 )} DAl Usix
A U,y — HampspkeHue cTaOuin3anuu
anemeHra V1
7 JobpoTHOCTH
1 R5(R2 + R1
0= —(1 + >( + R1) ] ;
2 R1R2
Ux=0,1...02B
8 HeunnBeptupyromuii ycuinTenb Kosdduuuent nepenaun

R2
1
|
) DAl Ui
Uy —

K:R1+R2;
R1

Ux=0,1...02B
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Okonuyanue tadim. 2.1

SI:?H_ Cxema JlononHuTenbHas HHGOpMAITUS
9 CyMMaTOp—BBIYUTATETD BrIxonHOE HanpskeHUE
R1
ul > |:| RS R5 R5 R5
R2 R5 UBHX:EUI-FEUZ-FEU:S—EU"-;
[ 1
o 1 ]
R3 Ul, ... ,U4=0,15B
B>+
R4 DAl Ui
U4 P
R6

Tunel aKTUBHBIX 9JICMCHTOB, 3HAYCHUS ITapaMCTPOB PE3UCTOPOB U KOHACHCA-

TOPOB yKa3aHbl B Ta0J. 2.2.

Tabmuua 2.2
Ba- [TepBuuHBIil mapameTp (JIEMEHT CXEMBI)
PolR, [ R2, [ RS, [ R4, [R5, [l | Upy, |Ten VI [ Tun DAL

kOm | kOm | kOMm kOm | kOm MKD B DA2
7,5 7,5 3,0 20 4,7 0,68 15

Dol dion | £5% | £10% | £2% | £5% | £10% | =10% | KC133A | K140VIT
8,2 6,8 2,7 18 4,7 0,68 15

2| 45% | £10% | £5% | £10% | £20% |+20% |59 | <C1O8A K140V
8,2 5,6 1,8 20 3,6 0,47 15

3 £20% | £5% | £20% | £10% | £5% | £10% | +10% | KC190A | KI4OVAS
6,8 6,8 3,3 24 4,3 1,0 12,6

Tl t20% | £20% | £10% | £10% | #10% | £20% | +5% |KCIATA | KIAOVID
6,8 9,1 3,0 16 3,3 0,75 15

Sl 5% | 120% | 5% | +20% | £5% | £10% | +10% | RC1O8A | KI40VAT
6,2 6,8 3,0 16 4,7 0,68 12,6

O | £5% | 20% | £5% | £10% | +10% | +20% | 5% |KCI47A [KI40VID
6,8 4,7 1,5 24 4,7 1,5 12,6

Tl £10% | £20% | +20% | £10% | £10% | £20% |+10% | <C1A7A | KI40VID
7,5 3,6 1,5 18 4,3 0,68 15

8 | £5% [£10% | £5% | £10% | £10% | +20% |45% | KC190A JKI40VAL
8,2 7,5 3,3 20 3,6 0,47 15

P |59 | £5% | £10% | £20% | £5% | £10% | £10% | NC120A | KI40VAS

Ipumeuyanus: 1. Conporupienue pesucropa R6 npuHsaTh paBHbIM 3 KOM£10%, EM-

KocTb KoHaeHcaTopa C2 — paBHo#t 0,47 mx®D+10%.
2. JlonmyckaeTrcst ©ICIIOJIb30BaTh UHTETpaibHble MUKpocxeMbl cepuid 140 u KP140.
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Pacuemnas wacmw pa6OI’I1bl

1. Onpenenuts nokazarenan 6e3oTkazHocTu POV ¢ yuetoM kodhPuiimeHToB 3i1ek-
TPUYECKON HArpy3ku (K;) ¥ yCJIOBHM paboThI aeMeHTOB B coctaBe POY. I[lpu yuere
yCJIOBUI pabOTHI HEOOXOIMMO MPUHSITH BO BHUMAHUE CIeyIonue (GaKTOphI:

a) TemnepaTtypy (MakCUMAaJIbHYIO);
0) OTHOCUTENBHYIO BIa)KHOCTD;
B) BIIMSIHUE MEXAHUYECKUX BO3JEHCTBUI.
Pacuery nojnexar cieayroomue noka3aTean 0€30TKa3HOCTH:
a) HapaOoTka Ha oTKa3 7T;
0) 95-niporieHTHas HapaOOTKa JI0 0TKa3a 1y—9s0;

B) BEPOSTHOCTb 0€30TKa3HOM pabOThI 3a BpeMs /.

2. Ecnu HalilcHHOE 3HAYEHUE MoKazarelsi 0€30TKa3HOCTH HE OTBEYaeT TpeOoBa-
HUSIM, YKa3aHHBIM B MCXOJHBIX JaHHBIX, TO HEOOXOIUMO MPUHATH MEPHI IO oOecte-
YEHUIO HAJICKHOCTH.

3. Paccunrats cremyromme moka3aTeian pEMOHTONPUTOTHOCTH:

a) cpenHee BpeMsi BOCCTaHOBIICHUS T;
0) ramMmMa- TIPOIIEHTHOE BPEMsI BOCCTAHOBIICHUS TpH ¥ = 99%);
B) BEPOSTHOCTH BOCCTAHOBJICHHS 32 BpEMS Ts.
4. Ecnu moslydeHHOE 3HAUYCHUE TMOKa3aTessi BOCCTAHABIMBAEMOCTH HE OTBEYACT
TpeOOBaHUSIM, YKa3aHHBIM B HCXOJHBIX JIaHHBIX, TO CJIEAYET MOMBITATHCSA MPEIIo-
KUTh MEPOIPUATHUS TTO 00ECIIEYSHUIO PEMOHTOIIPUTOTHOCTH.

PeKOMeHayeMa}Z NnoC1e008amelbHOCMb 6bINOJIHEHUS pa60mbl

1. BeIMOTHUTS OPUEHTUPOBOYHBIA pacyueT TMoKazaTene O0e30TKa3HOCTH (CM.
npumep 5.3 [13, c. 56 - 58]).
2. BBITIOTHUTE pacyeT moka3areiield 6€30TKa3HOCTH ¢ YUETOM Ky U YCIOBHUH pado-
ThI JIEMEHTOB B cocTaBe POV, T.e. yTouHeHHBIN pacyeT mokasareneil 0€30TKa3HOCTH
(cm. mpumep 5.4 [13, c. 58 - 62]). [ns yero HeoOX0IUMO:
2.1. BeIMOTHUB 3KCIIpECC-aHAINA3 DJIEKTPUUECKON CXeMbl (YHKIIMOHATBLHOTO Y3-
J1a, OLIEHUTh NPUMEPHBIN YPOBEHBb AJIEKTPUYECKON HArPY3KU Ha DJIIEMEHTaX
(cm. Tabn. 5.3 [13, c. 60]).
2.2.BpiOpaTh THUIIBI TACCUBHBIX AJIEMEHTOB U C YYETOM pe3yJbTaToB I. 2.1 BbI-
OpaTh THUIOpa3Mephbl AMEMEHTOB. THUIOpa3Mepbl ONpPenessoTCs HOMUHAb-
HBIM WJIA TPEIeJIbHO-AOMYCTUMBIM 3HAYEHUEM OCHOBHOM AJIEKTPUYECKOU
XapaKTepUCTUKU 3JIEMEHTA, HAlpUMep I PE3UCTOPOB — MOIIHOCTBIO pac-
CEUBaHUS, JUIsl KOHJICHCATOPOB — JIOMYCTHUMBIM HAIPSKEHUEM Ha OOKIIaKax
U T.J.
2.3.Ouennth 3Ha4eHUST KOADPUIIMEHTOB IIEKTPUUYECKON HATPY3KH DJIIEMEHTOB C
norpemHocTbio 10 20...30%. Ilpu 3TOM NpHUHATH BO BHUMAHUE 3KCTPEMAIIb-
HBIM pexuM pabOThI KQXKIOTO AJIEMEHTA.
2.4.OnpenenuTh TeMNEpaTypy Ha KOpIycax 3JEMEHTOB C YYETOM IEpPETrpPEBOB

AT, n (wm) ATy (eMm. 1. 2 nmpumepa 5.4 [13, c. 60 - 61]).
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2.5.Ouennth nokazatenu O6e3oTkazHoctr POY anamornuno mm. 3 - 7 mpumepa
5.41[13,c.61].
2.6.IIpu HEOOXOAMMOCTH TPUHATH MEPHI MO O0ECMEUYEeHUI0 ToKa3aTensa 0e30T-
Ka3HOCTH, YKa3aHHOI'O B UCXOJIHBIX JTAHHBIX.
3. BbInmonHUTH pacyer mokaszaTesieid peMOHTOMPUTOAHOCTH (CM. Mil. 8 - 9 mpuMe-
pas5.4[13,c. 61 -62]).
4. Tlpu HE0OXOIUMOCTHU MPUHATH MEPHI MO0 0OECIICYCHHIO (TTOBBIIICHUIO) PEMOH-
TorpurogHoctu POY.

2.5. Pexomenayemas sureparypa

OcHosnas

1. bopoBukoB C.M. TeopeTuyeckre OCHOBBI KOHCTPYUPOBAHUS, TEXHOJIOTUU U
HAJEKHOCTU: Yuel. uisl CTy[A. MHXK.-TE€XH. crell. By30B. — MH.: J{uzaitn [1PO,1998.—
336 c.

2. Yaunauu P.b. [lpaktuyeckoe oOecrieueHHe HAJEKHOCTH MPU MPOCKTUPOBA-
Huu. — M.: Paguo u cBsa3b, 1985. — 112 c.

3. JlurBunckuit U.E., IIpoxopenko B.A., CmupnoB A.H. Ob6ecneyenue 06e30T-
ka3HocTh MOA Ha stane npousBoacTBa. — MH.: benapycs,1989. — 191 c.

Jlononnumenvnas

4. Pexkomennauuu. Hagexxnocts B TexHuke. ObecnieueHre HaJexKHOCTH U3JICTUH.
O6mue TpedoBanus. P 50-109-89. — M.: U3n-Bo ctannaptos, 1989. — 15 c.

5. IIumonok H.A., Penkun B.®., bapsunckuii JI.JI. OCHOBBI T€OpUN HaIEKHO-
CTH MW JKCIUTyaTanuu paauodyiekTpornHoit texuuku /Ilog pen. H.A. Illumonka. — M.:
Cos. paamno, 1964. — 552 c.

6. I'ackapoB /[.B., I'omunkeBuu T.A., Mosranesckuii A.B. IlpornosupoBanue
TEXHUYECKOTO COCTOSIHUS M HaAEKHOCTU PaJNo3JIeKTpOHHOM anmapatypsl / [lox pen.
T.A. I'onuukeBuua. — M.: CoB. paano,1974. — 224 c.

7. YepnsbimeB A.A. OCHOBBI HaJIEXKHOCTHU TMOIYITPOBOJAHUKOBBIX IPUOOPOB U HH-
TerpajbHBIX MUKpOcXeM. — M.: Pangno u cBa3b, 1989. — 256 c.

8. JManmmmn H.C. Hepaspymaroniuii KOHTpOJIb KadyecTBa NPOIYKIIMU PAAHOIIIEK-
TpoHukH. — M.: U3a-Bo crangapros, 1976. — 240 c.

9. Hepaspymarommii KOHTposb d5eMeHTOB U y3510B POA /Ilox pen. B.E. bepau-
yeBckoro. — M.: Cos. paguo, 1976. — 296 c.

10. IIpsaukoB B.C. IIporHo3mpoBaHue OTKa30B MOJYIPOBOJAHUKOBBIX MPUOO-
poB. — M.: DHeprus, 1978. — 112 c.

I1. Mensenes A.M. HaaéxHOCTh U KOHTPOJIb KadeCTBa MEYATHOTO MOHTAXKA. —
M.: Paguo u cBs3b, 1986 . — 216 c.

12. bopoBukos C.M., lllepba A.U. [IporHozupoBanue mnapameTpuuecKoil HaJIexk-
HOCTH TOJIYIIPOBOJHUKOBBIX MPUOOPOB METOJAOM HMHUTAIIMOHHBIX BO3JIEUCTBUM //
CoBpemMeHHBIE TPOOJIEMBI MPOCKTUPOBAHKS W TPOU3BOJCTBA PATUOICKTPOHHBIX
cpenct: CO. matepuanoB MexayHap. Hayd.-TexH. ceMuHapa 29-30 mas 2000 r. —

Hosomononk: I1II'Y, 2000. — C. 265-267.
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Yuebno-memoouueckue pazpabomku

13. bopoBukoB C.M., ITorpe6usikoB B.A. TeopeTndueckre 0CHOBbI KOHCTPYHUPOBa-
HUS1, TEXHOJIOTUHU U HagexkHocTu: COopuuk 3anad. — Mu.: BI'VUP, 2001. — 124 c.

14. JTaGopatopHblif IpakTUKYM 10 Kypcy «HkeHepHoe obecrieueHne HaaEKHO-
ctu POC» nmna cryaeHToB cneuuanbHOCTH «IIpoekTHpoBaHWe W MPOU3BOACTBO
PBC»/ C.M. boporuxkos, B.I'. JIateimes, T.B. Mansimesa u ap.; [lox pen. C.M. bo-
poBukoBa. — Mu.: bI'VUP, 2002. — 48 c.

Cnpagounuku

15. Hecrepenko b.K. MHTerpanbabie onepanvoHHble ycunurenu: CIpaBoyHOE
nocobue no npuMeHeHuto. — M.: DHeprousaart, 1982. — 128 c.

16. Hudposbie u ananoroBbie Mukpocxembl: CrpaBounuk / C.B. SIkyOoBckui,
JL.U. Huccenscon, B.W. Kynemosa u nap.; [lox pea. C.B. Sxy6oBckoro. — M.: Paano
1 cBs13b, 1989. — 496 c.

17. Unaterpanbapie Mukpocxembl: CrpaBounuk / b.B. Tapabpun, JI.®. JlyHuH,
1O.C. Cmupnos u ap.; [lox pen. b.B.Tapabpuna. — M.: Paguo u cBs3p, 1983. — 528 c.
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ITPUJIOKEHUE

Br100op MCXOIHBIX JaHHBIX 711 KOHTPOJIBHON pabOThI

IMocnennue ne | Bapuant snektpu- | Kommgecto ogno- | Mcnonuenue Tpebyemast Bepo-
Qpel HOMEpa YECKON CXEMBI TUNHBIX QyHKIHO- | PDY mo SITHOCTH 6€30T-
3a4E6THOM KHUXK- (byHKuHOHaﬂbHoro HaJIbHBIX y3/10B B TOCT Ka3HOU paOoThI

KA y3ma o Tabm.2.1 cocrase POY 15150-69 POV 3a Bpems £,

01 2 55 YXII12 0,95

02 3 55 YXII3 0,95

03 4 70 YXII3.1 0,95

04 5 70 YXII 4 0,95

05 6 55 YXJ14.1 0,95

06 7 30 YXJ14.2 0,95

07 8 90 YXII5 0,95

08 9 40 YXII5.1 0,95

09 2 60 Vi 0,90

10 3 60 V1.1 0,90

11 4 75 y2 0,90

12 5 75 v 2.1 0,90

13 6 60 V3.1 0,90

14 7 35 Y5 0,90

15 8 95 Y5 0,90

16 9 45 X1 0,90

17 2 65 XJI1.1 0,92

18 3 65 X2 0,92

19 4 80 XJ2.1 0,92

20 5 80 XJ3 0,92

21 6 65 XJ3.1 0,92

22 7 40 XI5 0,92

23 8 100 XJI5.1 0,92

24 9 50 YXII 1 0,92

25 2 58 YXII1.1 0,96

26 3 58 YXII12 0,96

27 4 73 YXI12.1 0,96

28 5 73 YXII3 0,96

29 6 58 YXJI3.1 0,96

30 7 33 YXI14 0,96

31 8 93 YXI14.1 0,96

32 9 43 YXJ14.2 0,96
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