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Pazaen 5. OBGECIHHEYEHUE HAJEXXHOCTH

YCTPOMCTB HA DTAIIAX IPOEKTUPOBAHMUAI,

HPOU3BOJCTBA U DOKCIIIIYATAIIUU

5.1.00mas XapakTepuCcTHKAa METO/I0B NMOBbIIIEHUA
Hajaéxuoctu PIC Ha 3Tane npoeKTUPOBAHUSA

N3BecTHO, uTO Hané€xHocTh POV 3akianpiBaeTcss Ha 3Tale MNPOEK-

TupoBaHusa. Eciu OyaeTr 3aj10keH HEJOCTATOYHBIM ypOBEHb HAaJIEXHOCTH,
TO 3Tambl U3TOTOBJECHUS (NMPOU3BOJCTBA) M IKCIJIyaTalMu 3agady obec-
NeYeHus HaAEXKHOCTHU HE peliar.

OCHOBHBIMU MECTOAAMHU, 06eCHe‘-II/IBaIOIHI/IMI/I Tpe6OBaHI/IH K ITOKa3a-

TCIAM HaI[é)KHOCTI/I Ha 3Tanc IMNPOCKTUPOBAHUA, ABJIAIOTCA CICAYIOIIUC!

l.

2.

~

YaaduHoCTh KOHCTPYKTHUBHOTO HcnoyJiHeHUus POY (ygadHocTh KOM-
MMOHOBKH).

Bei6op s KOHCTPYKIIMM BBICOKOHAIAEKHBIX KOMIIIEKTYHOMIUX
DJIEMEHTOB U M3JEJHUU U 3alllUTa HUX OT BO3IAEHCTBHUSI AeCTAOUIIH-
3upyromux GpakTopoB.

[IpaBUABbHBII BBIOOP BJIIEMEHTOB C TOYKH 3PEHUS UX YCTOWUYHUBOCTHU
U CTOMKOCTU K JAeHCTBHUIO (aKTOpPOB OKpyx arouieid cpeasl. OdeHb
Ba)XHO O0OECHeYyuTh KaKue-TO 3amachl MO TeMIeparype, YPOBHIO
MEXaHUYECKUX BO3AEUCTBUU U T.1.

[IpaBUnAbHBIN BBIOOP IIMEKTPUUECKUX PEKUMOB pPabOTHI IJIIEMEHTOB.
HenonycTumMo Mcnonb30BaTh 3JEMEHTHl ¢ KO3()(UIIMEHTOM D3JeK-
Tpudyeckod Harpy3ku K,>1.

[IpaBunpHBIl BHIOOp MaTepualoB KOHCTpykinuu. CTapeHue marte-
pHUalioB JIOJI)KHO OBITH TaKHUM, 4YTOOBl MX JOJTOBEYHOCTH (pecypc,
CPOK cnyXObl) oTBe4Yasa TPeOOBaHUSAM HAAEKHOCTH.
Ncnonb3oBaHue JJisi M3TOTOBJIEHUS KOHCTPYKIUU MPOBEPEHHBIX
COBEPUIEHHBIX TEXHOJOTUUYECKUX NPOLUECCOB.

[IpaBunabHBIN (yJauHBI) BIOOD IIEKTPUUYECKUX CXEM.
HNcnonp30oBaHue pe3epBUPOBaHUA. ET0o MOXHO paccMaTpuBaTh Kak
KpalHIOI MEpy, TaK KaK pe3epBUPOBAHUE HAPSIAY C MOBBIIIEHUEM
HaJAEKHOCTH yXYALIAET LENbId psiag APYTUX MOKa3aTeleill KauecTBa
(yBenuuuBawTCs TabapuThl, Macca, CTOUMOCTH).

5.2. AnpuopHoe (Ha4YaJibHOE) OTPAaHUYEHHE HATPY3KH
PJIEMEHTOB KaK MeTO/J NOBBLIMICHUSA HAAEKHOCTH PDY

3KCHepI/IMeHTaHBHO YCTAHOBJICHO, 4YTO 3aBHCHUMOCTb HMHTCHCHBHO-

CTH OTKa30B 2JIEMEHTOB A OoT K03 punuenra narpysku Ky npu Gukcupo-
BAHHOW TeMIIepaType ¢ HOCHUT SIBHO HEJIHMHEUHBIKM Xxapaktep. Hampuwmep,
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IPUMEHUTEIBHO K PE3HCTOpPaM MNOCTOSHHOTO CONPOTHUBIICHUS 3aBUCH-
MOCTb UMEET BHUJ, NOKa3aHHbIA Ha puc.5.1.

=70°C

A A 1 =50°C I[Ipu nmpoekTHupoBaHHMH am-
napaTtypsl cTpeMmsaTca obecre-
YUTh TEMJOBOM pEXUM Tak,
4yT0o0OBI neperpeB B POY cocras-
asn He Oomee AT = 20°C. C
yu4€TOM MaKCHUMaJbHBIX pabo-
YUX TEeMIlepaTyp, periaMeHTH-
pyembix aas POV B cramgaprax
(TOCT 15150-69), nonyuaeTtcs,
4YTO MAaKCHMaJlbHas TeMIleparTy-

> pa Ha KOpIycax 3JIEMEHTOB CO-

0 0,4 0,6 K. crasiusget 50...70°C.

U3 rpapuxkoB (cMm. puc.
Puc. 5.1. I'pa¢duk 3aBHCHUMOCTH HHTEHCUBHOCTH pag ( b

OTKA30B 3JIeMEHTOB A OT K03 duunenra 5.1) BUJHO: 4TOOBI HE MPOHUCXO-
narpysku K, IUIIO0 PE3KOr0 BO3pacTaHUs HH-

TEHCUBHOCTH OTKa30B, HE0O0XO-
IUMO, 4ToOBl BheIMOJHsJIOCH ycinoBue K, < 0,4...0,6. Ha sTomM ocHOBaH
NPUHIIUI HAYaJIbHOTO OTpPaHUYEHUS KOIPPUIIMEHTOB BJIEKTPUUYECKON Ha-
TPY3KH 2JIEMEHTOB. B MpOMBIIMIIEHHOCTH CYIMECTBYIOT pEKOMEHIAIUU TI0
BbIOOPY 3HaueHu# K N pa3iMYHBIX BHJOB JIEMEHTOB Ha OCHOBE 3TOTO
NpUHIIKIIA.

MakcumanbHO€ NpelenbHOe 3HaueHue Ky yka3blBaeTcs B JOKYMEH-
tanuu Ha dneMeHTH (TY). Ecnu ke TpeOyeTcss CIpOeKTHPOBATH ammapa-
Typy HOBBIIIICHHOTO YPOBHS HaJA&XHOCTH, TO MBI JOJDKHBI TaKXe NPUHATH
BO BHHMAaHHME PEKOMEHJIALIUU O MpeJeIbHBIX 3HaUeHUsIX K ¢ yuéToM He-
JUHEUHOCTH 3aBUCUMOCTHU A = @(Ky).

5.3. Bbi0op k03¢ PUINEHTOB HATPY3KH C YYETOM
NMPOU3BOJACTBEHHOIO pa3dpoca mnapaMeTpoB 3JIEMEHTOB U
NUTAIMIMX HANIPAKEHUN

s POY maccoBOro m CEpUWHOTO MPOM3BOJICTBA pealbHBIE KOA(D-
bUIMEeHTH HATPYy3KW OJHUX U TEX XK€ DJIEMEHTOB MOTYT 3aMETHO OTJIH-
yaTtbca. OTnuyue oO0BSICHAETCS MPOU3BOJACTBEHHBIM pa3Opocom mapamer-
pPOB 3JEMEHTOB M MUTAKMIMUX Hamnps>keHui. IIpm mpoexkTHpoBaHUM ammna-
paTtypbl AJs MacCcOBOrO U CEpPUHHOrO0 MPOU3BOJACTBA HEOOXOIMMO BO
BHUMaHUE MPUHITHh HE TOJbKO 3HaueHUs K, HalileHHbIE C YUETOM HOMHU-
HaJIbHBIX (CPEIHMX) HAarpy30K, HO U AKCTpeMalibHBIA pexuM paboOThl Ka-
xpaoro snemenrta (puc.5.2). I[lox 3TuM pexuMOM IJisi JaHHOTO 3JIEMEHTa
NOHUMAKT Takoe HeOIaronpusaTHOE coueTaHue pazdpoca, Kak mapameTpa
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3TOrO 3JIEMEHTA, TaK U MapaMeTpPOB COCEJAHUX BJIEMEHTOB U NUTAKUIUX
HAMpsHKEHUH, MPU KOTOPOM KOd(h(UIMEHT HATrpy3KH paccMaTpPUBAEMOTO

QJICMCHTA MPUHHUMACT MAKCHUMAJbHOC 3HAYCHHUC.

HOMHWHAaIbHBIN KCTpEMaJILHBINA
OnaronpusITHOE OMHHAT JKcTpeMal
COYETaHUE peHUM POHIM
\ J \
/ Z ~
T T T T T T T >
0,3 0,4 0,6 0,8 1,0 K

Puc. 5.2. Biausinue pa3opoca napamMeTpoB 3JIeMEHTOB
HAa KO3(pPuuMeHT HATPY3KH

3aMed4eHo, 4YTO B
OCHOBHOM JJs KaXJI0TO
IIEMEHTa HMMEET MECTO
cBO€ HeOJarompusaTHOE
coueTaHue pa3bpoca ma-

paMeTpoB, NpUYEM naHa-
na3oH, B KOTOPOM OKa-
3BIBAIOTCH peasbHbIE
3HayeHus K, pasindeH

JUISl pa3HbIX 3JIEMEHTOB.
IIpu mnpoexkTupona-

HHUH amnmapaTypbl HEOOXOJMMO MPHUHSATH BO BHUMaHUE 3HaueHUs K, ¢ yué-
TOM JKCTPEMaJbHBIX PEXKUMOB pabOTHl PJIEMEHTOB. DTHU 3HAYEHUS MOTYT
OBITh HalIEeHBl KaK pacuy€THBIM METOJOM, TaK M DKCIEPUMEHTAIbHBIM
cmocoOOM C HCHOJBb30BAHUEM MAKETOB yCTpoicTB. UTOOBI HE HOMYyCTHUTH
omubKy mpu BeIOOpe 3MeMeHTOB mo K, oT pa3zpaborumka TpeOyOT Tak
Ha3bIBAEMYI «KapTy dJJEeKTpUUYEeCKuX pexumoB». OOpaszen odpopmiueHus
Takoi kapThl umeeT Buj (Ttabdn. 5.1).

Taomuma 5.1
Kapra anexkTpruueckux pexxumoB
. KoHTposinmpyembie napaMeTpsl pexuma
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IT1,I12,I13 — mapaMeTpbl 3JieKTpuueckoro pexuma. Kak mnpasuio,

HaJIW4IUC KapT OJBJICKTPHUUCCKHUX PCKUMOB KOHTPOIHUPYCTCA 3aUHTEPCCO-

BaHHBIMH OpraHU3allusAMU

5.4. Pacyér HOpPM HaAEKHOCTH HA COCTaBHbIe yacTu PIY

HopMa Haﬂé}KHOCTI/I — OTO Tp€6OBaHI/I€ K ITOKa3aTCJIIAM HaI[é}KHOCTI/I

KOHKpeTHOHU yactu POYVY.
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[Ipounenypy ompeneinenuss TpebOBaHUM K MoKazaTeasiM Hal&XHOCTHU
cocTaBHBIX 4yacTteil POV, ocHoBhIBasich Ha 3aJJaHHOM TpeOOBAaHUM K Ha-
néxnoctu POVY B menom, Ha3pIBalOT pacy€TOM HOPM HAJIEXKHOCTH.

Ha nmpakTuke npu BBIIIOJHEHUHU 3TOTO pacuyé€Ta NPUHUMAKT BO BHH-
MaHUE CTPYKTYPHYIO CIIO)KHOCTh COCTaBHBIX yacTted PDY (konumuectBO
3J1eMEeHTOB N) U NOJB3YIOTCS NPEINOJIOKEHUEM 00 HX IKCIHOHEHIHUANb-
HOM 3aKOHE HaJEXHOCTH.

IIpumep.
1 o 2 —
N1:450, N2:250, N3:300, T
P(t=10004) =0,9. 3
Pi(t) =7 Py(t)—? Pi(t)-7?

Pemienue.

1. lIpenmonaraem, uto GyHKIUOHATbHBIE YacTu B POY u sneMeHTH
B cocTaBe (QYHKIIMOHAJIBHBIX YaCTCH C TOYKH 3PCHUS HANEKHOCTH COCMIU-
HEHbl mocienoBaTesibHO. [IpMHMMas BO BHUMaHUE MPEIAINOJOXKEHHE 00
DKCHOHEHIMAJIbHOM 3aKOHE HaAEXKHOCTU PDOY, MOXHO 3anucarth:

P(t)=e™",
rac A — CyMMapHasad UHTCHCUBHOCTb OTKAa30B 3JICMCHTOB POV B OCJIOM,
= —Inp(1)/t = 1n0,9/1000=1,05-10"* 1/u;
A= A>xNpsy,

rae A,; — HHTEHCUBHOCTh OTKa30B 3JieMeHTa, TpeOyemas nis obecrede-
Hus HajaéxHocTu POV B nenowm;
Npry — KOJIMYECTBO 2JIEMEHTOB B PDOY.
B JaHHOM IMPpHUMCPC Npgy = N1 + N2 + N3.

Aow= A /Npsy = 1,05-10"* /(450+250+300)=1,05-10"" 1/u.
2. O‘{GBI/I,I[HBIM ABJIACTCA BBIPAXCHUC
A= AiTAtAs,

rjae A; — OTHOCUTCS K COOTBETCTBYIOUIUM OJIOKAM.

OnpexnensieM cyMMapHble HHTEHCHUBHOCTHU OTKAa30B 3JIEMEHTOB 0JI0-
koB 1, 2 u 3. Ilonyuum
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M= houN1=4,74-107 1/u;
A= 2,63-107 1/u;
A3=3,16-107 1/u.
3. Haxoaum tpebyeMbie BEpOSTHOCTU 0€30TKa3HOU pabOThl OJOKOB:

Pi(t)=€¢""=0,954:
Po(£)=0,974;
P+(£)=0,969.

5.5. CxeMoTeXHUYECKHNE METOAbI MOBBINICHUSA
Hajgéxxkagocrtu PIY

PagukanpHbiM criocoOOM MOBBIMIEHUS HAAEKHOCTU CXEMOTEXHHUYE-
CKMMHU METOJaMUu SIBJISIETCS UCIOJIb30BaHUE pPE3E€PBUPOBAHUS U BCTPOCH-
HBIX CUCTEM aBTOMAaTH4YeCKOTro auarHoctupoBanus POY. Onnako 310 3a-
METHO yXyJIIaeT HEKOTOPbhIE TEXHUKO-IKOHOMHUYECKHUE MoKa3aTtenan (Mmac-
cy, rabapuThl, CTOUMOCTb), TOPTOMY MCIOJb30BaHUE YKA3aHHOTO IMOJIXO-
na sBIsieTCs B OOJNBIIUHCTBE CJy4YaeB BHIHYXKJICHHOW MEpOil.

B oOmem cinyyae npu BrIOOpE CXEM HAJ0 HCXOJIUT U3 CIEIYHOIHUX
COOOpakeHM:

1. Cxema noMKHa MMETh MHUHHMAJIbHOE KOJHYECTBO DIEMEHTOB.
Oddext BrUrpema B HaAEKHOCTA B 3TOM clydae OOBSICHIETCS C MOMO-
b0 OCHOBHOTO Pacu&€THOTO0 COOTHOIIECHUSA g 6e30TKa3HocTu POVY:

PPBV(ts):Pl(Q) Pz(ts)‘ ‘PN(t3)' (51)

Tak kak P;(t;) < 1, To 4eM MEHbIIE€ COMHOXHUTEJNEW B BBIPAXKEHUH,
TeM OoJibllie YPOBEHb Oe30TKa3HoCcTH PDY. BBenaeHne B cxeMy JOMOJIHH-
TEJIbHBIX 3JIEMEHTOB BCErJa JOJKHO ONPaBIbIBATHCS YJIYUYLUIEHUEM KaKUX-
TO cBoMcTB POY, HanpuMep MOBBIIIEHHEM NOMEXO3AIUIMEHHOCTH, YIyd-
HIEHWEM TeMIEepaTypHOU CTaOUIBHOCTH.

2. Brixonusie mapameTpsl PDY gomxHBI OBITH MalOKPUTHUYHBI K
3aMETHBIM M3MEHEHHUSM NapaMeTpPOB 3JIEMEHTOB. DTO CYUIECTBEHHO MO-
BBICUT yPOBEHb MapaMeTpuueckoil HanéxHocTu. HexenarenabHo HCHOJIb-
30BaHUE cXeM, TpeOyrmux mnogdopa napaMeTpoB PJIEMEHTOB.

3. Cxema JoJKHa yCcTOMYMBO paboTaTh B WIMPOKOM Juama3oHe
U3MEHEHUN NUTAKIHUX HanpsxeHuil. Hago cTpeMHUThcAd HMCHOIB30BaTh
CXeMbl, He TpeOylonue CTa0UIU3UPOBAHHUS HCTOYHUKOB MUTAHUS, YC-
noxHsapmux POY B nenom.



94

4. Hano m3berarp ucnonb3oBaHus cxeM (IO BO3MOXHOCTH), Tpe-
OYIOIMHUX MOACTPOCUYHBIX U PETYJIUPOBOUYHBIX 3JIECMEHTOB.

Ha mnpakTuke He Bcerjga yjaetrcs BbIOpaTh CXeMy, OTBEYAIIYIO
BCEM yKa3aHHbIM TpeOoBaHusiM. [Ipuxoaurcs HaxOAUTh pa3yMHBIH KOM-
OpPOMHCC MEXJY YKa3aHHBIMU TPEOOBAHUSIMHU.

5.6. KBazupesepBupoBanue

Hns cnoxubix POY He Bcerga tpeOyercs BblOJdHEHUE (QYHKIHNA B
noaHoM o0béme. Ilpu NpOEKTHUPOBAHUU TAKUX YCTPOUCTB HEOOXOAUMO
npeaycMOTPEeTh BO3MOXXHOCTh HACTPOMKHM (amamnTaluu) ycCTpoOHCTBa Ha
BBINMOJIHEHUE TpeOyeMbiXx GYyHKIUN B HY ) kHOM 00bEMe. Torma ocraBmascs
U30BITOYHOCTh MOXKET MCIOJb30BAThCS Ui pe3epBUpoBanHus. Takoil cno-
co0 MOBBIIIEHUS HAAEKHOCTU HA3BIBAIOT KBA3UpPe3ePBHPOBAHMEM.

[Tosscuum mpumepom. Ilyctp s BeimodHeHUS (GYHKIHUNA B MaKCH-
MalbHOM 00BEME OT mepenartuuka Tpebdyercs momHocTh P. Torpa nns
obecreuyeHUss 3TOW MOIIHOCTH HAaJ0 NPEAyCMOTPETh HE OJUH NMEpeaaTUuK,
a HampuMmep Tpu ¢ MomHOCThI0 (1/3)P kaxpgoro. Ecim B KOHKpETHOM
ciiyyae [Jisi BBINONHEHUS GYHKIUH TpedyeTcs MOUIHOCTH He Oonee
(1/3)P, To 3TO OoOecmedynBaeTCs OJAHUM MEpPEeIaTYNKOM, JBa JIPYTUX Ke
MOTYT HUCIIOJIB30BAaThCA AJIS PE3EPBUPOBAHUS U KPATHOCTh pe€3€pBa B 3TOM
cayuyae coctaBuT 2:1. OgHako ciaeayeT 3HATh, YTO PE€3€PBUPOBAHUE BO3-
MOYHO JHIIb B CJydasx, Korjga He TpeOyeTcs BBINMOJHEHUS (QYyHKUUU B
NOJHOM MJIM MOYTH MOJHOM 00BEME.

5.7. O0mas xXapakTepuCTHKAa METOAO0B oO0ecreYeHn s
HAIEKHOCTH HA 3Tamne MPOU3BOJACTBA

Kak orMeuanoch, Ha A0J0 OMHUOOK MPOU3BOACTBA MPUXOIUTCS 10
30-40% Bcex oTkazoB PDOVY. [losatoMy cineayeT 3HaTh, 4TO MpOLECC NPO-
M3BOJICTBA JOJIKEH OBITh OpPraHM30BaH TakKUM o0O0pa3zom, 4TOOBI TMOJHO-
CThIO pe€aju30BaTh YpOBEHb HaaéxkHocTH POV, 3amoXeHHBIM Ha 3Tame
NPOEKTUPOBAHHUS.

MeponpusiTus, cBsi3aHHbIe C oOecrnmedeHHEeM HaAEXKHOCTU Ha dTame
NPOU3BOJCTBA MOXHO CBECTH K CIEAYIOIIUM OCHOBHBIM IpyInmnam:

1. Ctporoe cobntonenne pa3pabOTaHHOW TEXHOJOTUHU HU3TOTOBJICHUS

POV wu coBepumeHCTBOBaAaHME TEXHOJOTMM NPOU3BOACTBA. 311€CH
JOJI’KHOE€ BHUMAaHHUE HYXHO yJAEIUTh aBTOMAaTH3al[MU MPOU3BOJ-
CTBA, MO3BOJAKIIECHA B 3HAYUTEIbHOU CTENEHU CHU3UTH BIUSHHUE
Ha HaJEXHOCTh CYOBEKTUBHOTO (pakTopa.
2. BXOOHOUW KOHTPOJb KOMIJEKTYIIUX 3JIEMEHTOB U MAaTEPUATIOB.
3. TpenupoBka 3neMeHTOB U POYVY.
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4. OrOpakoBKa MOTEHIMAJIbHO HEHAJEXKHBIX JJIEMEHTOB METOJaMH
HEpa3pylamIinero KOHTPOJIS.

5. OT60op »ieMeHTOB TpebyemMoro YpOBHSA HaAEXKHOCTH METOJaMHU
WHIWBUAYAJIbHOTO MPOTHO3UPOBAHHUS.

Yto kKacaeTcss TEXHOJIOTUHU U3TOTOBJIEHUSA, TO CleAyeT He 3a0bIBaTh,
4TO JII0OOE OTKJIOHEHHUE TEXHOJOTHMYECKOro Nnpoiecca OT HOPMBI BbI3bIBa-
€T OTKJIOHEHHUE KAaKUX-TO IapaMeTpoB uiau cBoiictB POY. HetouHoe coB-
najgeHue pexuMoB 00pabOTKM MaTepuanoB, MPONUTKH, MOHTAXKHO-
cOOpOYHBIX pabOT U APYIrUX TEXHOJOTMYECKUX ONepaluil BHaYajge MOXKET
HE BBI3BATh 3aMETHBIX OTKJIOHEHHUU BBIXOJAHBIX IapaMETPOB, HO B IOCIEN-
CTBUHU 00s3aTEJIbHO CKaXXeTCsd Ha JOJIOBEYHOCTU (YMEHBUIEHHUE pecypca
U CpoKa ciyxXObl), a Takke NpUBEAET K YXYALUIEHUIO TaKOW COCTaBISIO-
mei HanEXHOCTH, KaK 0€30TKa3HOCTh.

5.8. TpeHnpoBKa Kak cnocod OTOPaKOBKH
NMOTEHIHAJbHO HEHAIEKHBIX 3JIEMEHTOB

TpenupoBka — Takoil crmoco® OTOPAaKOBKM HEHAJAEKHBIX 3JIEMEHTOB,
OpU KOTOPOM 3JEMEHTHI 3aCTaBISIOT padoTaTh B TAKUX YCIOBHUAX U (UJIN)
JJIIEKTPUUYECKUX PEXKUMaX, IPU KOTOPHIX IMOTEHUMAJIBHO HEHAaJAEKHbIE
3JIEMEHTBl OBICTPO OTKa3bIBAIOT, @ XOPOIIHWE 3JIEMEHThl IPHU 3TOM HE IO-
BpeXJIalTcsa U UX pabouuili pecypc NpakTUYECKU HE pacxoayeTcs.

Buael TpeHUMpPOBOK pPa3jJM4arOTCss B 3aBUCHUMOCTU OT YCIIOBHHU HC-
NOJb30BAHUSA DJJIEMEHTOB NpPHU BBINOJHEHUHU NPOLENYypbl TPEHUPOBKH U
HaJIMYUS UJIHA OTCYTCTBUS MPHU 3TOM BJIEKTPUUYECKOTrO pexuma. Bo MHOTHX
cllydyasiX TPEHUPOBKY BBINOJHSIOT B YyCIOBUM HAJUUYUS JIMIIb HNOBBIIICH-
HOW Temueparypbl. Ee Ha3pIBalOT TEPMOTPEHUPOBKOIA.

Ecnn ucnonp3yercs TONBKO IJIEKTPUUYECKUN pEXKUM, TO TPEHUPOBKA
Ha3bIBAETCS IJIEKTPOTPEHUPOBKOM.

B psane ciydyaeB MCHOAB3YKOTCS COBMECTHO NOBBILIEHHBIE TEMIEpPA-
TYypbl U JJIEKTPUYECKUU PEXKUM. TpPEHUPOBKY B ITOM CJIydyae Ha3bIBAIOT
JJIEKTPOTEPMOTPEHUPOBKOM.

Bos3nukaeT Bonpoc, Bcerjga jau TpeHUpPOBKa 1eiaecoodpaszna. [us ot-
BETa Ha Hero obparumcs K pacmnpenesieHUo BeiliOynna, KOToOpoe MOXHO
paccmaTpuBaTh Kak 0000IIEHHBIN 3aKOH paclnpejesieHuss BpEMEeHHU J0 OT-
Kaza 31eMeHToB POYVY.

IInoTHOCTH pacmpeneseHUuss BPEMEHHM JO OTKa3a B Cllydyae 3aKoHa
BeitOynna umeer Buj

w(t)=ppePle o (5.2)

rone p,pB — napaMeTphl pacrlpeieICHHs;
B — kKoddunueHT Gopmal.
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N3BecTHO, YTO HMHTEHCHUBHOCTb OTKa30B Kak (QyHKIUS BpEMEHHU
IIPEACTABIISIETCS BBIPAXKECHUEM

MO =w(1)/P(1); (5.3)

C yuérom BbIpaxeHus (5.2)
p B
P(t) = [w(t)dt =™ (5.4)
0

CnengoBaTenabHO,

A7) = ppeP. (5.5)

[TocTtpoum rpaduku anas BEeJIUYUHBI A(f) IPH pa3IMUYHBIX 3HAYCHUSIX
koddpunuenta Gopmel B (puc. 5.3). AHanuszupys rpaduKku, MOXHO CJe-
JaTh CIEAYIONINE BHIBOJIBI.

[Ipenmono-
KUM, YTO TpPEHHU-
pPOBKa BBITTOJHSIIETCS
B TCYECHUE HWHTEpBa-
B<1 na Bpemenu (0; t),
Toraa u3 rpaduKoB
B>1 BUHO:

I. TIpu B > 1
CpelHsIsi WHTEHCUB-
HOCTh OTKa30B Ha
UHTEpBaJie BpEeMEHH
(t1; t), paBHOM HH-
tepBany (0; #;) oka-
3bIBAE€TCS BBIIIEC HE-
KeJlu B ciydae, Ko-

MO

N
7

0 h b ¢ raia TPEHUPOBKA HE
Puc. 5.3. 3aBUCHMOCTHL HHTEHCHBHOCTH BBIIIOJIHAJACH OBI.
OTKa30B OT BpeMeHH PadoThl H03TOMy B cllyyae,

korna B > 1 TpeHu-
pOBKa HE yJyullIlaeT, a Ha000pOT yXyamaeT HaaEKHOCTb DJIEMEHTOB.

2. Illpu B =1 cpeaHsiss HHTEHCUBHOCTh OTKAa30B Ha MHTepBale (f; t,)
COBIAJla€T C HHTEHCHUBHOCTHbIO OTKa30B Ha uHTepBaiue (0; ¢;). Cnenosa-
TEJbHO B 3TOM Cjlydae TPEHUPOBKA HE YyJyullaeT, HO U HE yXyJIIaeT Ha-
nE€xHOCTh 3leMeHTOB. C yuyéToM TOro, 4To TpEHUpPOBKaA TpeOyeT 3arpar,
e€¢ mpoBeJeHHE B ATOM cliyyae Heneiecoobpas3no. Iloatomy ans Takux
3JIEMEHTOB KaK PE3UCTOPbl U KOHJAEHCATOPHI, BpeMs A0 OTKa3a KOTOPBIX
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HEMJIOXO OMNHMCHIBAETCS IKCIOHEHIUAJIbHBIM paclpelelieHueM, IPOBOJAUTH
TPEHUPOBKY HE UMEET CMbICIIA.

3. Illpu B < 1 cpeaHsAs UHTEHCUBHOCTHh OTKA30B Ha UHTEepBaie (f;; )
HUXe, Hexxeau Ha untepnane (0; ), T.e. TPEHUPOBKA B 3TOM CJIy4yae MO-
BbIIIAE€T HAaJAEXHOCTh PJIEMEHTOB M, CJIEJ0BATEIbHO, €€ MPOBOJUTH UMEET
cmbicin. HamoMuuM, uto pacnpenenenueM BeiiOynna npu B < 1 Hemioxo
OMUCHIBAIOTCSA OTKa3bl OOJBIIMHCTBA TUIMOB MOJYHNPOBOJAHUKOBBIX TMpPHU-
6opoB u UMC. Ilpuuém pans Ge-npubopos = 0,4, Si-npubopos — =
0,6. CnegoBaTtensbno, B, = 0,5 mo Bcel Mmacce npuOOPOB.

[Tonpo6Ho ¢ TeopeTHUYECKHMM OOOCHOBAHHMEM TPEHUPOBKU MOKHO
03HAKOMHUTHCS B §5.33 yuebHuka [1].

Jlerko moka3aTh, UTO MPU HOPMaJbHOM 3aKOHE pacrpejeleHus Bpe-
MEHU [0 OTKa3a MHTEHCHUBHOCTh OTKa30B yBeiuuuBaeTcs. CiaenoBaTelib-
HO, TPEHUPOBKA B 3TUX CJIyyasiX HE yJIYyUYIIUT YPOBEHb HAAEKHOCTHU 3JieE-
MEHTOB, MO3TOMY AJisI TaKuX 3J1eMeHTOB, Kak DJIT, KHHECKOIbI, 3IE€MEH-
Thl KOMMYTallUM, MEXAHUYECKHE DBJIEMEHThl TPEHUPOBKY MPOBOJAUTH HE
CleNyeT, T.K. OHa HE MOBBICUT YPOBEHb HAJIEXKHOCTHU, a NPUBEAET JUIIb K
BbIpaboTKe pabouero pecypca 3JI€MEHTOB.

5.9. lIpakTUYeckue NPUEMBbI TPEHUPOBKH
NMOJYNPOBOJHUKOBBIX NPUOOPOB

Ha npakTtuke muUpoOKO HCIOAB3YIOT TpeHUPOBKY aisd bT, nmpuuém
BBIMOJHSAIOT JAU00 TEPMOTPEHUPOBKY, JHUOO DIEKTPO-TEPMOTPEHUPOBKY.
Pexe BBIMONHAKOT 3JEKTPOTPEHUPOBKY.

[lepen npoBeneHHEM TPEHUPOBKU BBIOOPKY MHOJTYHPOBOIHUKOBBIX
npuOOPOB NPOBEPSAIOT HA COOTBETCTBHUE TPEOOBAHUIM TEXHUYECKHX YC-
aoBuit (TY). Dx3emnusapsl, He oTBeyawmue TpedboBanusiMm TY, cpa3y oT-
OpakoBbIBaroTcs. [lociae 3TOro BBHIMOJHAIT TPEHUPOBKY B T€YEHHUE ONpe-
NEeJIeHHOro BpemeHH. llocime 3aBepmeHus TPEHUPOBKU BCE DK3EMILIAPDI
BBIOOPKHM CHOBA MPOBEPSIOT HA COOTBETCTBUS TpeOoBaHUIM TY. DieMeH-
Thl ¢ ¢u3dudeckum oTkazom (mpoboit, K3) u, He oTBewarmue Mo mapa-
MeTpaM TpeboBanusMm TY, orOpakoBbiBalOT. OcTaBmuecs 3JIEMEHThl CUHU-
TAKTCS HAAEXHBIMH M NMOCTYNAOT 1yd cOopku yctpoicTB. Ilpu 3Tom Ha-
N0 MOMHHUTH, YTO B Cllydae TEPMO- U DIEKTPO-TEPMOTPEHHUPOBKHU, NEPEN
u3MepeHueM (PYHKIMOHAJIbHBIX MapaMETPOB 3JIEMEHThl BBIJEPKHUBAIOT B
yCIIOBUSAX HOpManbHOU Temnepatypsbl 0,5-2 gaca.

Huxe npuBoAsiTCS TUNOBBIE CXEMBI MOJauud OOPATHBIX HANPSKEHUU
Ha  KOJUIEKTOPHBIA IMEpexoJ B  CJIydae DdIEKTPO- U  DIEKTPO-
TEPMOTPEHUPOBKU (puc. 5.4).
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]
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Puc. 5.4. TunoBbie cXxeMbl MOJXa4YU OOPATHBIX HANPSAKEHU I

—) -

7

i

Rs=1xOm

DKCIEPUMEHTAJIbHO YCTAHOBJIEHO, YTO NPU BBIIOJHEHUHU DIEKTPO-
TEPMOTPEHUPOBKH B CJydae MNOJa4yud HAa KOJUJIEKTOPHBIM NEpExXoha Mpe-
nenbHo aonyctumMoro nmo TY nHanpsikeHus U,s UCHBITAHUS YCKOPSIOTCH
npumepHo B 10 pas.

I[Ipy BBINOJNHEHUH DIIEK-

R, R TPOTPEHUPOBKHU BO MHO-
< TUX CIydYasiX HCHOJB3YIOT
Qé cxemy (puc. 5.5). Ilpu-

4éM CONPOTUBIEHUA R, U
R, BBIOMpaTCS TaKuMH,
4TOOBI MOIIHOCTH, pac-
ceuBaeMas Ha KOJJIEKTO-
pe TpaH3ucTOpa, HE Ipe-
BbIIIAJIA NPEAEIbHO J0-
nyctuMmyto o TVY.

Bo MHoOrux ciaydasix cTpeMsATCS O0OECHEeYUTh MaJeHHE HANPSKCHUS
Ha pe3ucrope R,, paBHoe nojioBuHe Uy. B gaHHOM ciaydyae MOIIHOCTb,
pacceuBaeMas Ha TPAH3UCTOPE, pa30rpPeBaAET KPUCTANI, YTO PABHOCUIBHO
NEUCTBUIO YUCTO TEMJIOBOMU HATPY3KE.

[Ipu peanuzauuu TEPMOTPEHUPOBKU BO3HUKAET BOIMPOC, B YCIOBHUIX
Kakoil TeMmepaTypbl JOJKHA HAXOOUTCA BHIOOPKA MOJYNPOBOJAHUKOBBIX
npubopoB. M3BecTHO, 4TO AEUCTBHE 3JIEKTPUUYECKON HArpy3Kd paBHO-
CUJIBHO HEKOTOPOM DKBUBAJIEHTHOW TeMIEpaTrype, pa3orpeBarwllel Kpu-
crami. Paznocte AT Mexay TeMmmneparypou kKpucramia I, U TeMmmoepary-
pou okpyxawmen cpenabl T,., BbI3bIBAKOIIasl TAKOE K€ JCUCTBUE, KaK H
MOIIHOCTh, pacceruBaeMas Ha TPAH3UCTOPE, ONPEAEIACTCA BbIPAKEHUEM

Puc. 5.5. Cxema 1J1s1 BbIINIOJIHEHH S 3JIEKTPOTPEHUPOBKHU

AT= R, Ky Prax, (5.6)

rae AT= T, — Ty
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R, — TEIUIOBOE COINPOTHUBIEHHE KpPHUCTANI-OKpYyXamwluas cpena,
OPUBOJAMMOE B JOKYMEHTAaUUHU NOJYNPOBOJHUKOBBIA IMpH-
oop, [R.] = °C/Br;

K, — K03 PuUUHMEeHT 3IEeKTPUUYECKON HATPY3KHU MO MOLIHOCTH;

Prh.x — MakcumalnbHO JONyCTHMAas pacceruBaeMas MOIIHOCTh MpPH
TEeMIEpaType, paBHOM 3HAYECHUIO [.

[Ipu TepMOTpPEHUPOBKE BO3HUKAET CJIENYyIOllasi CUTyalus: Meperpen

AT HeoOXoauM A CO3JaHUSA YCIOBUH, COOTBETCTBYIOHIUX pabouemy
BIEKTPUUYECKOMY pEXHMY, a JalibHEelllee NOBhIILIEHUE TeMIepaTypbl BbI-
3bIBA€T YCKOpEeHHE HapaOoTKku. EcTecTBEHHO, BO3HUKAET BONPOC, N0 Ka-
KUX TpeJes OB MOXHO MOBBIIIATH TEMIEpaTypy NpHU peaau3aluud TepMo-
TPEHUPOBKU. DKCIHEPUMEHTAJIbHO YCTAHOBJIEHO, YTO MNPUMEHUTEIBHO K
KPEMHHUEBBIM IOJYNPOBOJAHUKOBEIM Npubopam g0 Temmeparypsl +160 °C
Bcerjaa co0im1aeTcss yCJIOBUE aBTOMOJEJIbHOCTH OTKAa30B, T. €. MEXaHU3M
OTKAa30B TaKOM ke, KaK U B HOPMaJbHBIX YCJIOBHUSAX 3KCIJIyaTalluu, TOJb-
KO OTKa3bl IO BPEMEHU MPOUCXOIAT paHbIIE.

[Ipu Gonee BBHICOKHMX TeMIEpaTypax C MOMOUIbK THIIOBBIX METOIUK
HaJ0 J0Ka3aTh, YTO aBTOMOJEJIbHOCTh OTKAa30B HE Oy/eT HapylleHa.

B ycnoBusiX HNpakTHKM TakK )€ BO3HHKAET BONPOC O IJIHUTEIbHOCTHU
TPEeHUPOBKU. Bo MHOrux ciaydasx oHa ONpenenseTcs, UCXOAsS U3 DKOHO-
MHUUYECKUX 3aTpar, HEOOXOIMMBIX Ha MPOBEJEHHUE TPEHUPOBKHU, JIMOO J0O-
Jed MOJNYyNPOBOJAHUKOBBIX MPUOOPOB, KOTOPHIE MOJIKHBI OCTarbcs pabo-
TOCMOCOOHBIMU MOCJIE€ OKOHYAHUS TPEHUPOBKH.

5.10. Texnosorunueckud nporou PIY

B cimoxubie POY, kak npaBuiio, BXOAAT 3JE€MEHTHI C pa3JIMYHBIMHU 3a-
KOHAMH pacHIpelneleHuss BPEMEHHM 0 OTKa3a, MO3TOMY Al Takux POV
BCErja CylmecTBYeT nepuoa npupaboTku Ha A-xapakrtepuctuke (puc. 5.6).
B ycnoBusix npousBoactsa POV craparoTcs yiitu u3 nepuoga npupaboTKu
(o6macte 4 Ha puc. 5.6). C 3Toil 1HeAbIO yCTPOUCTBA MPUHYIAUTEIBHO 3a-
CTaBJISIOT NPUHYAUTEIBHO paboTaTh B TEUEHHE ONPEAEIECHHOIO BPEMEHHU.
B npouecce Takoil paGoThl HEKOTOPHIE IK3EMIISPbl OTKA3bIBAIOT, MOJABEP-
raloTCs PEMOHTY U Jlajiee CHOBa CTaBATCS B paboTy.

YKa3aHHYI0 NpolUeaypy Ha3blBaAlOT TPEHUPOBKOH POY uam TexHomno-
TMYECKUM MPOTOHOM.

TexXHOTOTrMYEeCKU NPOTOH IMO3BOJSAET YBEIMUYUTh HANEKHOCTH YCT-
poMCTB, mocTynammux norpedurento. BozHukaetr Bonpoc, KakoBa JOJIK-
Ha OBITH AJUTEIBHOCTb TEXHOJOTHUYECKOTro nporoHa. K coxanenuro, niu-
TEJIBHOCTh MepuoAa NpUpabOTKHU AJIS pa3HBIX YCTPOWCTB pa3jivyHa U HE-
U3BECTHA.

OnTuMaibHOU SBJSETCA JUIMTEIBHOCTh TEXHOJOTMYECKOrO MPOTroOHa,
COOTBETCTBYIOIIAsl OKOHUYAHUIO Mepuoia npupabotku (Touka B Ha puc. 5.6).
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MOA

A
I — mepuon mpupaboTku;
II — mepuon HOpManbHOU
JKCIJIyaTalluH;

IIT — o6macTh cTapeHUs.

III

~

7
HapaboTKa ¢

Puc. 5.6. Tunuunasa A-xapaxktepuctuka PIOY

B p€ajJlbHBIX YCIHOBHAX AJIUTCIBHOCTb TCXHOJIOTIHMYCECKOIo HIporoHa
BO MHOTHX cCly4dadXx onpcacisaeTCsda O9KOHOMHUUYCCKHUMHU (baKTOpaMI/I. Bri-
MOJIHSASL TE€XHOJOTHUYECKHUM IIpOroH, HHOT A HpI/I6€FaI-OT K YCKOPCHHBIM
HCIIBITAHHUAM C LOCJIbIO COKpAaNICHUA BPCMCHU TCXHOJIOTHYCCKOI'O IIPOTOHA.

5.11. OTOpakoBKa 3JIeMEHTOB METOAaMHU
HHANBHU/AYAJbHOI0 NPOTHO3MPOBAHUSA HAEKHOCTH

Ha npakTuke HaxoasT NpPUMEHEHHE METOJAbl, OCHOBAHHBIE Ha HC-
NO0JIb30BAaHUU HUH(POPMATHUBHBIX MapaMeTpoB. DTHU METOJbl MHAye Ha3bI-
BAIOTCS MeTOoJdaMH pacmno3HaBaHus o0Opa3oB (cMm. [1]). [lon madopmarus-
HbIM NOHUMAETCS TAKOW 3JIEKTPUUYECKHUN HapaMeTp 3JIEMEHTa, 3HAYECHUE
KOTOpOoro B MOMEHT ¢ = 0 HecéT mHPpOpManHui0 0 HaAEKHOCTH KOHKPETHO-
ro 3K3emmispa.

Jis Toro 4TtoObBl mapaMeTp MOT paccMaTpUBaTbCcs B KAa4eCTBE HH-
GbopMaTUBHOTO HEOOXOAUMO, YTOOBI MEXAY 3TUM MMapaMeTpPOM U YPOBHEM
HaJAEXKHOCTHU DJIEMEHTA UMeJia MECTO KOppeNsiiuoHHas cBA3b (puc. 5.7).

Jyiss BBIMOJMHEHUS HHIUBUAYAJb-

A YDOBEHD
< HOT'O MPOTHO3UPOBAHUS MCHOJIb3YETCH
HaJEKHOCTH 8
NPOTHO3HUPYIOIIEEe TNpaBUiIO, OOIMUN
" . BUJ KOTOPOTO
S . j e Ky, ecinu F[xl(’),...,xk(’)] > Po;
"o j e Ky, ecnu F[x;,....x,"" < P,
>
x(=0) rIe j — paccMaTpUBAEMbIU IK3EMILIAD;
Puc. 5.7. Koppeasiuusi Me:k1y ypoBHEM K| — xnacc Hag€XHBIX DK3EMIIA-
HAXEKHOCTH M IIAPAMETPOM X pOB Ha MOMEHT BPEMEHH [, —3aJaHHOE
BpeEMs NPOTHO3UPOBAHUS,
K, — xJjlacc HEHaJeXHBIX DK3EMIJISIPOB HAa MOMEHT BPEMEHHU Iyp;

F — pemaromas QyHKIUSA, MTOACYUTAHHASA AJS j-TO dK3EMIIIAPa;
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) )

x1”,...,x,” — 3HayeHuss ”HPOPMATUBHBIX TapaMETPOB j-TO IKIEMIIJIS-
pa B MoMeHT BpeMmeHu =0 (oOpa3 j-ro 3Kk3eMmisipa);
k — Yucia0 MHPOPMATUBHBIX MapaMEeTpPOB, HCIOJIb3YyEMBbIX

JUIsL IPOTHO3UPOBAHUS;

Py — MOpOTr pa3AejeHUus KIacCOoB; MpeacTaBisieT cOOON uuc-
70, BRIOMpaeMoe 3KCIHEPHUMEHTaJIbHO M3 yCIOBUS JyU-
HIEr0 pa3/ieeHUs BBIOOPKH 3JIEMEHTOB Ha KJIACCHI.

PaccranoBka 3HaKOB >, < B 3alIUCAHHOM IMIPOTHO3UPYOIICM IIPABHIIC

NOHSITHA U3 puc. 5.8.

AK3EMILISAPHI AK3EMILISAPHI
Kkiacca K» Kiacca Kj

NS 777777

Hamomuum, [1],
4YTO TNPOTHO3UPYIO-
niee TMnpaBUIO IO-
Ay4yarwT C TOMO-
1193 %) npeaBapu-
TEIbHOTO HCCIEN0-
BaHUS BbIOOPKHU WH-
Tepecylomero Tumna
JIIEMEHTOB  00BEé-

MOM 71 9K3EMILISAPOB
(puc. 5.9).

I
PPy ‘
Puc. 5.8. BoiOop nmopora pa3aejieHusi KJaccoB
X1 —> %
L O6yarompuit O6yuenne —>| Dx3amen
Xk | —| sKcnepuMeHT y T
/]\ YJIy4IlI€HUE IIPOTHO-
Inp 3UPOBaHUSA

NunuBunyansHoE
MPOTHO3UPOBAHKE
HOBBIX 3K3EMILISIPOB

Puc. 5.9. Oransl pPeIlI¢eHUdA 3a1a9Y1 METOAOM paCnmo3HaABaHUuA oﬁpasoB

5.12. O0mas xapaKTepUCTHKA METOJA0B MOCTPOECHUS
NPOTrHO3MPYKOIEro NpaBuJja

YCI10BHO A2TH MCTOABI ACIATCA HAa ABC I'PYIIIIBIL:

® [apaMeTpHUYECKHE;
e HemapaMeTpUUYECKHUe.

B nmapaMEeTpUYCCKHUX MECTOAaX MNpCAIIOJarardOT M3BCCTHBIMU 3aKOHBI
pacupecaciICHUA I/IH(l)OpMaTI/IBHLIX mapaMCTpPoOB AJIA KJIaCCa Kl n AOJisa KjJaac-

ca K, (puc. 5.10).

[To pe3ynbTaTaM xe 00ydaromero 3KCNeprUMeHTa HaAXOAAT MapaMeT-
pBl 3TUX 3aKOHOB paclnpeleicHus. B mpakTuke mojydyusa pacnpocTpaHe-
HHUE cllydyall TUIOTE3hl O HOPMAaJbHOM 3aKOHE pacupejeieHus uHopMma-

THUBHBIX IIapaMCTPOB B KJIaCcCax.
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w A B Hemapamerpuyeckux
w(xi/Ky) METOJaxX HUCXOOAT U3 IIpeano-
CBIJIKA, YTO 3aKOHBI paclipe-
neneHuss MHPOpPMAaTUBHBIX TMa-
paMeTpoB B KJlaccax ampuop-
HO HE€ WM3BECTHBI. MeToabl OC-
HOBAHbl HAa HCIIOJb30BAHUHU
>xl~ DBPUCTUYECKUX AJITOPUTMOB.
Puc. 5.10. Pacnpenenenue [To pesynpratam obywaromero

HH(BOPMATHBHOTO APAMETPa IKCIEpUMEHTA HaXOJAT BeJU-
qyuHbl (KOA(hGUIMEHTHI), BXO-

JA0IHUC B 3TU aJITOPUTMBEI.

w(x,/K.)

5.13. MeToa CTATHCTHYECKHX PEelICHUH

[IpencraBuTeneM nmapaMeTpUUYECKUX METOJJOB SBISETCA METOJ CTa-
TUCTUYECKUX PEIIECHUNW B MPEAINOJIOXKEHUH, YTO pacnpenesieHne uHdop-
MaTUBHBIX IapaMeTpoB B kiaccax K; u K, NOOUUHAETCA HOPMAaJbHOMY
3aKOHY.

Pemarmas ¢gyHKIUS B 3TOM METOJ€ MpeAcTaBisgeT co00il OTHOIIe-
HUE MPaBaOMOa00us, onpeaeasieMoe I j-T0 dK3eMIIIpa Kak

AU w(x /K)o w(x K 5.7
wx K)o w(x P TK) '

BripaxeHue cnpaBeqJIMBO AJS ciydasi, Korja MHPOpPMATUBHBIE Ia-
paMeTpsl Xi, ..., X; SBISIOTCS HE3aBUCHMBIMH, CJI€JO0BATEIbHO, HEKOpPPE-
JAUPOBAHHBIMUA. DTUM NPEANOJOKEHUEM YaCTO IMOJIB3YIOTCS, pemas Mmpu-
KJIaJHblEe 3a/]a4H.

Jlns toro, uTo6nl mojacuntaTh AY) HEOGXOAMMO IO KaXIOMY IpHU-
3HaKy (MHPOPMATUBHOMY MapaMeTpy) UMEThH CIEAYIOMYI0 HHPOPMALHUIO:

(K1) (K1) (K2) (K2)
m; , O; , M; , O s
(K1) (K2) :
rage m; , m; — MATEMATHUYCCKOEC OXHUAAHUC [-TO HpI/ISHaKa B KJIaCcCaXx
Rl )41 Rz;
(K1) (K2) .
(O , O — Cpe,Z[Hee KBa,Z[paTI/I‘{eCKoe OTKJIOHCHHUC I-TO HpHSHaKa

B kjaccax K; u K.

Yka3aHHbIE XapaKTEPUCTUKU OMNPEAEHSIIOT, HUCIOJIb3Yys PE3yJbTAThI
oOyuaromero skcnepumenTa. C momouibto Tabi. 5.2 mokaxem, Kakue xa-
PAKTEpUCTUKHU W KaK MOJy4yaTh MO pe3yjabTaTaM O0O0ydYarwIlero 3KCIepHu-
MEHTAa B CJIyyae IByX NPU3HAKOB X| U X;.
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Tabnuma 5.2
PesyabpTaThl 00yvaromnero 3kcnepuMeHTa
Howmep gmeMn— x; mpu t=0 Knacc Ha mo-
nsipa o0y4aro- MEHT f
meil BHIOOPKH X1 X2 1P
1 73 1,2 K,
2 52 0,9 K,
ni 61 1,7 K]
nit+1 37 2,1 K,
n 43 2,0 K>
Benuuunsl ml(Kl) u 01(1(1) MEePBOTO MpU3HAKA HAXOJSAT, UCHOJb3YS

K2
HOMCpA JK3CMIIIIAPOB C IMCPBOIO IO 71 CTOJI6Ha X1. Benuuunsl ml( ) 151

K2
6,*? mepBoro mpu3HaKa HAaXOIAT, HCIONb3ys HOMEpa DK3EMIUIAPOB C
ni+1 mo n cronbua x;. Cronben x, UCMONAb3YyETCA aHAJOTUYHO JJI MOJIY-
(K1) (K1) (K2) (K2)
YEeHUS BEIUYHH M, ', O ump, ~’, Gy .
[ToncunTaHHBIE XapAKTEPUCTUKH «M» U «G» HYXKHBI IJsI TOrO, 4TO-
Obl 3amMcaTh HOpPMaJbHBIM 3aKOH paclpenesieHus TOro MM HMHOTO HH-
dopmaTuBHOTO Mapamerpa (x;) B B knacce K; unu knacce K,. Hanpuwmep,
IUIs IpU3HaKa x| B kjacce K, 3TOT 3aKOH 3alMIIETCA Kak

(xl_m§K2) )2

1 26 K2)
wx,/K,))=——s——e . (5.8)
( 1 2) Gng) T

['paduueckas wunnocTpauus pacnupeieseHUuid aias NpU3HAKA X
npejactaBieHa Ha puc. 5.11.
Jlns onpenenenns suadenus AY)
nonb3ywTcs Bbipaxenuem (5.7). Ecum
w(x1/K) IS KakKoro-to HOBOIO JK3eMIuispa,
0003HAaYEeHHOTO0 KakK [-i DJK3eMIIsp,
AY > 1, To mo pe3yapTaTaM MpPOTHO3H-

w(x1)
A

wx/Ky) pPOBaHHUS ATOT IK3EMIUISIP JOJIKEH OBITh

oTHeceH K kiaccy Ki. Ecom A < 1, To

> [- BK3eMIIsIp JOJKEH OBbITh OTHECEH

D m & K kjaccy K,, T.e. NpPOTrHO3HpYIOIIEE

NIpaBUJIO UMEET BUN
Puc. 5.11. Pacnpenenenus

MHPOPMATHBHOIO MapaMeTpa 2D > 1, 1eK,;
B KjJaccax K, u K,

2D <1, 1ekK,.
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3aMedeHo, 4To 3Hauenue A" H3MeHsETCS B OUCHB IMHPOKOM IHAMa-
30HE, MOPTOMY Ha MPAKTUKE BO MHOTHX ClIydyasiX MOJIb3YIOTCS HE 3Haye-
auem A", a snauennem InA"=L"). B sTom cnyuae mporunosupymomee mnpa-
BUJIO 3aMMHUCHIBACTCS B BUJC

leK,, ecnn LY > 0;

leK,, ecniu L < 0.

OnucanHas npoleaypa NPpUMEHEHHUS MeToJla CTAaTUCTUYECKUX pe-
IEHUU OBbIJT OCHOBaHA HA JABYX MPEAMNOJIOKEHUAX:
1. UadopMaTuBHBIE mapaMeTphl SBISIOTCS HE3aBHUCHMBIMHU, CJEJO-
BaTEeIbHO, U HEKOPPEIHUPOBAHHBIMHU (0OpaTHOE — HE BEPHO).
2. 3akoHBI pacmpeaeseHus NPU3HAKOB (MHPOPMATUBHBIX MapaMmeT-
poB) B knacce K| u K, COOTBETCTBYIOT HOPMAJIbHBIM.

Ecnau npuHsAT, BO BHUMAaHUE KOpPpENsSUHUI0 MHPOPMATHUBHBIX Mapa-
METPOB, TO MAaTE€MAaTUYECKHUU ammapar B METOJE CTATUCTUYECKUX pelIe-
HUU 3HAYUTEIBHO YCIOXHIETCS U IPUMEHEHUE METO/1a BO3MOKHO JUIIb C
ucnonp3oBanueM OBM, T. K. NpuUXOAUTCS BBINOJHATH ONEPALUHA C MAT-
pULIAMHU.

B npoMBIIIIIEHHOCTH CYUIECTBYIOT PYKOBOISAIIME TOKYMEHTBHI, pe-
KOMEHAYIOINE METOX AJII MCIOJNb30BaHUA INPUMEHUTEIbHO K M3AEIUAM
JJIEKTPOHHOM TEXHHUKHU. PyKoBoOAsImKMe TOKYMEHTBHl TakKXe MpeayiararoT
NOJIb30BaTENsIM COOTBETCTBYIOIIEE MPOrpaMMHOE oOecreueHue.

5.14. MeToa NOTEeHUUAJbHBIX PYHKI U

SIBnsieTcd ONHUM M3 METOJOB MHAMBUAYAJIbHOTO NPOTHO3UPOBAHUS
HaAEXKHOCTU MO MHOOPMATUBHBIM MapaMmeTrpaMm usaenus. B atom Mertone
HCIIOJIB3YETCsI TaKoe HeJMHeWHoe mnpeoOpa3oBaHUE NPOCTPAHCTBA HH-
dbopMallMOHHBIX TapaMeTpPoOB, KOTOpOoe MmoauyepkuBaeT (yCHIHWBAeT) pas-
JICJICHUE KJIacCOB.

B sTom MeToae aJis HOBOTO /-TO 3K3eMILIsIpa OMPEAEISIOT CyMMap-
HbIM NMOTEHLHUAJ (; s, HABOAUMBIM HAa HEr0 BCEMH JIK3EMILISIpaMH, y4yacT-
BOBABIMIMMHU B oOydaromeMm 3KcnepuMmeHTte. [Ipuuém, cUuTamOT, 4TO JK-
3eMnasipbl kiaacca K; oOydarmieid BbIOOPKM HAaBOJST HAa HOBBIM 3K3EMII-
JSP MOJIOKUTENbHBIW, a IK3EMILIAPHl Knacca K, — OTpULATEIbHBIN MMOTEH-
nuai.

[Iporuo3upyromiee NpaBuio B 3TOM METOJE 3alUCHIBACTCA BbIpaxe-
HUEM

leK;, ecnn ¢;y > 0;

leK;, ecnm ¢;y < 0.
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I'paduueckas uHTEpHIpEeTAMs MEeTO A MOHATHA U3 puc. 5.12.

Tak kak uHDOpMaTHBHBIE
mapaMeTpel X;, KakK MpaBHIoO,
UMEIOT pa3Hyl pa3MepHOCTb H
U3MEHSIOTCS B Pa3IUYHBIX JHa-
ma3oHax, TO TMpPU peajau3anuu
METO/a TMONB3YIOTCS HOPMHUPO-
BAaHHBIMU 3HAYCHHSIMH HUHOP-

MAaTUBHBIX MAPAMETPOB Xyopu ,-(]);
Puc. 5.12. K nosicHenuio i=1, ..., k; j=1, 2, ..., n.. Hop-
MeTOJa MOTEHIHANLHBIX (PYHKIHI: MHUPOBKY BBIIIOJHAKT C UCIOJb-
K1 K2
<Pl( ), (Pl( )—HOTCHHHMH, HaBOIUMBbIE Ha 30BaHHUECM BBIPAXKCHUI
HOBBIH /-i1 3K3eMILIsSIP, COOTBETCTBEHHO , .
IK3eMILIAPOM KJacca K u ki1acca K X opu i(])=xl-(’)/0,~, (5.9)
riae x,-(]) — 3Ha4YeHHWe [-ro MHPOPMATUBHOTO MapaMeTpa IS j-TO DK3EMII-
JsApa B pa3MEPHOCTHU IapaMmeTpa Xx;;
G; — CpeIHEKBaJpaTUYECKOE OTKJIOHEHHuE i-T0 HH(POPMATUBHOTO

napamMeTpa, HOCYHUTAHHOE C HMCIOJIb30BAHHUEM BCEX 3K3CMIIIA-
poB oOydJarIe BEIOOPKH.

5.15. MeToa IMCKPUMHUHAHTHBIX QyHKIMHT

B sToM MeTOoAe cTpOAT AMHUIO (MJIOCKOCTH MJIU NOBEPXHOCTH), pa3-
NEJAIIMY0 3K3eMIusapsl kinacca K; u K,, npudém 3Ty pa3Iensiouyro Ju-
HUI0O WU NOBEPXHOCTH NOJYYalOT B JIMHEMHOM HIM HEJIWHEHHOM BHJIE.
MartemaTudeckywo QYHKIHIO, ONHCHIBAIOUIYI0O JTUHUIO (MMOBEPXHOCTH) U
Ha3bIBAKOT JUCKPUMHUHAHTHOU. [[ns €€ mojydyeHUs UCHOJb3YIOTCS IK3EM-
nisapsl kiaccoB Ky u K, oOyyaromeid BelOOpku. Bo MHOTHX ciiydasix AucC-
KPUMHHAHTHYIO0 QYHKIHIO MOJYYalOT B JUHEHHOM BUJE.

['paduueckas uHTEp-

JICKPHM. npeTamus MeToAa HIII0-
(byHKUHA crpupyercs puc. 5.13.

Henoctatok meTtona:

CIIOXXHOCTh MOJIYYEHUS

pa3aensomen byHKIUU
npu OOJILIIOM 4YHUCJIE HH-
GbopMaTUBHBIX MapaMeTpPOB

Puc. 5.13. I'paduyeckasi muHTEpnpeTanus

MeToa IUCKPUMHHAHTHBIX (PYHKIUIi: (k = 3), ocobenHno B ciy-
X — 3x3emmuspsI Kiaace K, yasgiX HEJIUHEUHOCTU ITOU
0 — JIK3eMILISIPBI Kiaace K, q)yHKIII/II/I.
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5.16. MeToax mOporoBoi JOruKH

B panee paccMOTpEHHBIX METOAAX JJId PECIIECHUS 3aa4yd UHAUBUIY-
QJIBbHOTO NMPOTHO3UPOBAHUS HCIIOJb30BAIUCH HENPEPBIBHBIE OTCUYETHI HH-
dbopmaTuBHBIX TapaMeTpoB. Takue OTCUETHI ABIASIOTCS U3OBITOUYHBIMU JJIs
NPUHATHUSA PELUICHUS O KJIACCe dK3EMIIsIpa.

B mMmerome moporoBoil JNOTMKH HENpepbIBHBIE OTCUYETH UHPOpMa-
TUBHBIX TapaMeTpPOB NpeobpaszyeTcs B IBOUUYHBIN Ko (uncaa «0» u «1»)
U B JajJbHEWIIeM ONEpUPYIOT 3HAYEHUSMHU ABOUUYHBIX 4ucesd. B utore
NPOTHO3UPYIOIIEE MPaBUIO MOXET OBITh MPEJCTABIECHO MPOCTOW JOTH-
YyeCcKOM Tablimmei, moka3bpIiBalIleil, KaKOi KOMOHMHAIMU JBOWYHBIX YH-
CeJ COOTBETCTBYET TOT MJM HMHOM KJjacc 3K3eMmisgpa (IpuMepoM SIBIS-
ercs Tabn. 5.3). KonumyectBo cTpok TaOMUIBI HE MNpEeBBIIIAET YHUCTA
T=2%, rne k — umcao MHQOPMATHBHBIX MapaMETPOB, CIEIOBATENHHO, H
JBOUYHBIX CUTHAJOB.

TabGnuma 5.3
[TporHO3UpYIOIlEe NPABUIIO B BUJE JOTMYECKONH TaOIMIIbI
Homep xom- | Jlsonunoe uucino, coorsercrByromee x; | [Iporaosupye-
OWHAIIUY JBO- MBIH KJIacC K-
WYHBIX YHUCEII X1 X2 Xk 3eMILIsIpa
1 1 1 1 K,
2 0 0 1 K,
3 0 0 1 K,
T 0 0 0 K,

HeTrpyano noHATH, 4TO
OIMUOKH  MNPOTHO3UPOBAHUS
onmpenesnsaTcs 00JIacThiO Me-
PEKPBITHS KJIACCOB IO Kax-
A0My HHPOpPMAaTHUBHOMY Ia-
pameTrpy. Hemoctratkom wMe-
TOoJa SIBJISETCSA TO, YTO OH HE
MoXeT paborath ¢ HHPOpMa-
TUBHBIMHU MapaMeTpaMmu, IJs
KOTOPBIX HMEET MecTo (-
Puc. 5.14. Mnmocrpauus 3¢ dexra GexT BIOKCHHOCTH KIIACCOB

BJIOKEHHOCTH KJIACCOB (puc. 5.14). DkcnepumeH-
TAJIbHO 3aMeYeHo, 4YTO B

3TOM cllydyae cpeaHHe 3HadyeHHs MHOOPMAaTUBHOTO MapaMeTpa B Kiaccax
K, n K, npumepHo coBnagawmT (cMm. puc.5.14).

(K2) X

K1
m D= m
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5.17. O0umas xXapaKkTepucTUKa MeTO/I0B NMOBbIIIECHUA
Haaé:xkHoctu POC Ha 3Tanme 3kcnmiayaranuu

OCHOBHBIMU METOJAMHU HAa 3TOM 3Tale SBIASIOTCH:

1. Ctporoe coOnAeHNE YCTAHOBJIEHHBIX MPaBUJ AKCIJIyaTalUuu.

2. CBOEBpEMEHHOE BBINMOJHEHUE NPOPUIAKTUUYECKOTO OCMOTpa U
MJIAHOBOTO TEXHUYECKOTO0 OOCHYyXHBaHUS, MNPEAYCMOTPEHHBIX
TEXHUYECKOU JOKYMEHTAIMECH.

3. Ilpencka3zaHve MOCTENEHHBIX OTKA30B METOJAMH NPOTHO3HPOBA-
HUS DKCTpamojsinued mapaMmeTrpa M 3abmaroBpeMeHHas 3aMeHa
YCTPOUCTB, Y KOTOPBIX MOXET BO3ZHUKHYTH MOCTENEHHBIN OTKA3.

5.18. [IporHo3upoBaHue MOCTENMEHHBIX 0TKA30B
METOAOM IKCTPANmoOJAAUuM (caydai
OJHOMAPAMETPHUYECKHUX YCTPOIMCTB)

Ecnu ¢ynkmus, Bo3zmaraemas Ha PDOY, B OCHOBHOM ompeaenseTcs
OMHHUM BBIXOJAHBIM MapaMeTpPOM, TO MpoOJEeM C MPOTHO3ZHMPOBAHHUEM TO-
CTeNEHHOTO OTKa3a JJs 3Tux POV He cymecTByeT, Tak KakK IS HUX
MOYHO HCTOJBH30BaTh 00paTHOE MPOTHO3UPOBAHUE METOJIOM IKCTPAIOJIs-
nuu napametpa (puc. 5.15).

o

BAR \
O6uacTh 0TKa30B
* * * > >
-------------------------- — HWXHHUH U BEPXHUU
Vs TPEIBICTOPHS Yu©s Ve P
OTKa3HbIC
AKCTPATTOJISIIHS
YPOBHH V;
Yuom X t1,..., ty — MOMEHTH HAaOIIONEHUS
| - Y B mpolecce
ya b-------- e mmmmmmm— - Ss KCIyaTamuu
H
| (Bpems)
1
1

tl tk tOT

Puc. 5.15. O06paTHoe NpOrHo3MpoOBaHUE METOAOM IKCTPANOJISILIUH T1A-

[Ipy TakOM MPOTHO3UPOBAHUU OMPEAEISIIOT BpeMH tor, TP KOTOPOM
DYHKIHOHATBHBIH TapaMeTp j-ro sk3eMmuspa y? mocTHrHeT HMXKHETO
UM BEPXHEro OTKa3HoOro ypoBHA. 3aMeHy »sk3emmisipa (PDY) HyxHO
HpOI/I3BOI[I/ITB HE B MOMEHT [,;, @ 3a0JarOBpeMEHHO B MOMEHT BpPEMEHH
fsan. JI DTOTO MOXKHO HAiMTH HUMKHIOK JOBEPUTENBHYIO TPAHULY for'
IJIsl BPEMEHH fo.

(1)

ZL3aM = z-OT
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5.19. [IporHo3upoBanre padoTOCNOCOOHOCTH
MHOTOnmapaMeTpuyecKMX YCTPOiicTB

Ha npakTuke BO MHOrux ciyuasx paborocnocobHocTs POV ompe-
NEsII0T HE OJHHUM, a HECKOJbKUMHM (YHKUMOHAJIbHBIMU (BBIXOJHBIMHU)
napamerpamu. B mpomecce skcmayaranuu POY 3T GyHKUMOHAIbHBIE
napamMeTpbl U3MEHSIOTCS, NMPUUYEM KaxXIbld Mo-pa3HoMy. Bo3Hukaer Bo-
npoc, Kak NIPOTrHO3UPOBATh PA0OTOCHOCOOHOCTh TAKUX YCTPOMCTB.

C Touku 3peHHUs MOTepu pabOTOCHOCOOHOCTH IJIsi TAKUX YCTPOMCTB
MOYKHO BBIJIEJIUTH IBA clydas:

1. IToteps pabGotocmocobnoctu (oTka3) POY Bo3HukaeTr mpu goc-
TH)XKEHUU HUXKHEro MM BEPXHEro OTKA3HOTO YPOBHSA XOTS Obl OTHUM H3
(GYHKIMOHAIBbHBIX TapaMeTpoB (Hanboiee XxapaKTEepHBIN caydai).

2. IloTepsa paboTocnocoOHOCTU (OTKa3) MPOUCXOIUT B cClydae J10C-
THKEHHUS OTKA3HOTO YPOBHS IOCJEJAHUM U3 OCTABIIMXCS (PYHKIMOHAJb-
HbIX ITapaMEeTpPOB.

[IpuMEHUTENBHO K MEPBOMY CJydal OTBET HAa MHTEPECYIOUIHUN BO-
IpOC MOXXHO MOJIYyYUTh, PEUIUB AJS KaXA0T0 U3 (PYHKIMOHAJIbHBIX Napa-
METpPOB 3ajadyy oOpaTHOTro MPOTHO3MPOBAHMSA, HUCIOJIb3Ys METOJ 3KCTpa-
nojsiuuu napamerpa. Kak npuHumaercs peunieHne o BpeMeHu oTtkaza POY B
I[EJIOM — MOHSITHO U3 puc. 5.16.

y* L /L AL L L AL AL L AL LS

1 1 N

f I for1 ~ 1

yz N
MNL AL ALl Al Ll AL L L

Y [77/7 7777/ 72777/ 777777

| |
f I for2 t

N
PV AL AL AL Ll L ALLALSL

e
e
o

v b s
| |
A1 Ik

>
Lot m !
Puc. 5.16. O0paTHoe NpOrHo3upoBaHUe METOA0M
IKCTPANOJANMH M MApaMeTPOB
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Ha pucyHke npuHsTH Takue 0003HAYCHUS:

y* — HWXHUH M BEepXHHUH OTKa3HbIE YPOBHU (YHKIHUO-
HaJIbHBIX MMapaMeTPOB;
01(t),...,0,(t)— MaTemMaTH4YeCKHE MOJIEJIH TPOTHOZUPOBAHUS JJid
(GYHKIIMOHANBHBIX MAPAMETPOB Vi, ..y Vs
fi, ..., ty — MOMEHTHl BPEMEHHU HaONIOAECHUS QPYHKIUOHAIbHBIX
napamMeTpoB Vi, ..., V, IpHU 3Kcnayatanguu POY;
— TMpOrHO3upyemoe BpeMs oTkaza POY mo j-my
GYHKIIMOHANBHOMY MapaMeTpy.
N3 puc. 5.16 BUAHO, 4TO B JaHHOM NpPUMEpPE

tOTj

tOT poy — mMin {tOTla tOTZa"'a tOT m} = ZLOTZ'



