HU3BECTHKHHI

TOMCKOI'O OPJEHA OKTABPLCKOWM PEBOJIIOLIMM U OPJEHA TPY]IOBOTO
KPACHOTO 3HAMEHM TIOJIMTEXHUYECKOI'O MHCTUTYTA um. C. M. KUPOBA

Tom 229 1972

MOJEJNb HAODE)KXHOCTU BUTKOBOM HU3OJAULUHU
BCbiITHBIX OBMOTOK B NMEPHUOJ MPHUPABOTKH

A. TI. MATAJIMC, 3. K. CTPEJIbBULIKUM

(TIpeacTaniena HayuyHbIM CeMHHApOM Kadeapbl 3J€KTPHYECKHX MallHH H OT/AeJ0M
snexTpuyeckux mammn HHUM A9M)

[IpoBenennsnlii TOMCKMM NOJHTEXHHYECKHM HHCTHTYTOM aHaJH3 KadecT-
Ba BHTKOBOH H30J/IIIlMH TNOKa3aJ HajJauuyue OOJbIIOr0 KOJHYECTBa CJaa0bIX
MECT NPOBO/OB, HMEIOIINX HEeAONYyCTHMO HH3KOe NMPOOHBHOE HaMpsizKeHHe.

YcsioBuMCSl HasblBaTh OTKA30M BHTKOBOHl H3OJSIHH XOTS Obl OJHH
3JEKTPHYECKHII NPOoOOHl MeKAy COCeAHHMMH BHTKAMHU OOMOTKH MaUIWHBI, T. e.
BHTKOBOE 3aMblKaHHe B paboueM HJH INEePEeXOAHOM pexkKHMe.

OTka3 NpOUCXOAHT, €CcaH XOTS Obl B OJJHOM MeCTe HaNpsKeHHe MeXK1Y
COCEJIHMMH BHTKAMH INPEBLICHT NPOOHBHOE HANpsizKeHHe H30JSIHOHHOrO Tpo-
mMexyTka. OCHOBHOH NPHYHHON OTKa3a $BJASETCS HaJHuHe IPOBOJHHUKOB
C TMOBPeXJACHHON H30JslHeH, KoTopble Mbl OylaeM Ha3biBaTb Ae(eKTHbIMU
NPOBOJAHHKAMH.

OG6MOTKa MallHHBI NPEACTABJASAETCS COCTOSLIEH M3 MHOXKECTBA 3JeMeH-
TOB. SJIEeMEHTOM SIBJASETCS] H30JSILHOHHBII NMPOMEXYTOK MeXAy COCEeIHUMH
NPOBOJHHKAMH JJHHOM [ 5 ;B HaNpaBJEHHH OCH NPOBOJHHKA. DJIeMeHTapPHBIIl
y4YacToK B 061LeM cJyyae HMeeT NPOOHBHOE HANPsKEHHE

Uan == Ua e U.rn (1)
rae U, — npo6uBHOe HaNpsd:KeHHe 5MaJeBblX CJ0€B COCeJIHHX IPOBOJHHKOB;

U 51— npoGuBHOe HamNpsiKeHHe NPOMEXKYTKAa MeXKJAy H30JHPOBAHHDBIMII

NPOBOJHHKAMH, 3aNOJHEHHOTO BO3AYXOM HJH IPONHTBIBAIOIIHM
COCTaBOM.

Ilesabio nesenusi OOMOTKH Ha 3J€MEHTapHble YYACTKH FBJSETCS MOJyye-
HHE TaKOH JJIHHBI yuacTka l;; , B NpeJesax KOToporo npoOHBHOe HalpsiAe-
HHEe MOXKHO CUHTaThb HeM3MeHHBIM. [/ CylleCcTBYIOIIHX B HaCTOsIee BpeMsd
TOJILMH M NPOOHBHLIX HANPSKEHHH 35MaJeBOro MOKPLITHA [POBOJHHKOB
KPYIJIOrO CE€YeHHsI MOXKHO CUHTaTh, UTO [sy =1 M.

DaeMeHTapHble YYacTKH OyaeM KJaacCHQUUUPOBATL IO HAJHYHIO HJIH
OTCYTCTBHIO OT/J@JbHbIX CJOEB B €ro COCTaBe.

O603HaunM:

A — cobbiTHE, COCTOSIIIEe B TOM, YTO OJAHH CJIOH 3MaJju 3JeMEHTapHOTO

yuyactka nospexiaeH. B npaspuefimem Oyaer MokasaHo, 4TO IIO-
BpexKeHHe SKBHBAJEHTHO OTCYTCTBHIO cJsos. BeposTHOCTbL 3TOrO

cobuitust P{A} = p.

7\ —— COGbITI/Ie, cocTodllee B TOM, 4YTO MeEXKIy H30JHPOBAHHBIMH IPO-
BOOHHKAMH HMeeTcd 3a3op, 3aM0JHEHHbI i BO3AyXOM HJIK INPOII-

THIBAIOIIUM JaKoM. BepositHocTh 3toro cobweitusi P{B}=1—&.
B — cobbiTHe, cOCTOsIlee B TOM, 4TO HM30JHPOBAHHLIE NPOBOAHHKH Ka-
catotesi. BepoaThoctb 310ro cobuitust P{B} = g.
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HQ_JI'HOG npocrpanctso cobuthii: AAB, AAB, AAB, (AAB), AAB, AAB,
AAB, (AAB). X BeposiTHOCTH TpHBeLeHbl B TabJHlle.

B B
Tun aa. XapaxkTepHucTHKa
yyacrka 3]. yyacTka
a 6
1 AA (1—p) g (I—p)* (1—g)
2 AA uan AA “2p(1—p) g 2p (1—p)(1—g)
3 A4 pg p*(1—g)

O6uree uynca0 3J€MEHTAPHBIX YUYaCTKOB BHTKOBOI H3OJSIIHH IOJCYHTHI-
BaeTcsl ¢ y4eTOM TOTO, UTO KaxKAblli NPOBOJHHK TEOPETHUECKH MOXKET Ka-
caTbCsl C IIECTbIO COCEJHHMMH NPOBOAHHKAMH, €CJH OH HAXOAHTCS B Cepey-
He nasa, MJAM C YETbIPbMfA COCEJHHMH NpPOBOJHHKAMH, €CJIH OH IpHUJeraer
K KOPTYCHOH H30JSIHH Na3a.

N= (2'&’uap + 3w, — 3) Ly -2, (2)

3J

T1€ W,,p — YHCIO NPOBOAHUKOB B HAPYXKHOM CJ0€ CEKIIWH;
W,, — YUCJAO NPOBOJHHUKOB BO BHYTPEHHHX CJOSIX CEKIWH;
[, — CpeiHsia AJHHA BUTKA;
2 — UMCJO I1a30B B MalllHHE.

BeposiTHOCTD NMOBpPEXKAEGHHST 3JeMEHTAPHOTO yuacTKa ONpeessiercss 1o
JAHHBIM HCIHBbITAHHH TNPOBOAHHUKOB, BBIHYTBIX H3 OOMOTAHHOH HENpPONHTaH-
Hoii MamuHbl. [Ipo6uBHOe HanpsizkeHHe TOBPEXKAEHHOTO YydacTka Tpenl-
cTaBJasieT co00fl MpoOHBHOE HaNpsizKeHHe BO3AYUIHOTO CJOSI COOTBETCTBYIO-
el TOMIIMHBL (TOUHEee, HaNpsiKeHHe MEepPeKPLITHS M0 MOBEPXHOCTH COOTBET-
CTBYIOLLEH JJIHHBI) H, CJeA0BaTeJbHO, 3HAYHMO OTJHYAETCs OT NMPOOHBHOTO
HANPsKeHUs: 3MaJeBOro CJosi. AT0 OOCTOSITENbCTBO MO3BOJISIET OTKA3aThCs
OT TPYAOEMKOIO IIOJYYEHHSI THCTOTpaMM NPOOHMBHBIX HANpsi2KeHHH U yAOB-
JETBOPHTbCS OMHApHOH KjaaccupUKaUuein H3OJSILHH: TOBpeXKJeHa HJIH HC
noppexaeHa. B stom cayyae HcnblTaHus NPOBOASITCS NMPH (HUKCHPOBAHHOM
ACTILITATEJbHOM HANPSKEHHH, UYTO 3HAUYHTEbHO yNpoulaeT MpOoUeaypy HCHbI-
TAaHUH W TOBBLILIAET NPOM3BOAMUTEJLHOCTb TPYAAd. YpPOBEHb HCNBITATENbHOTO
HanpsizKeHus U pa3Mep- 2JeKTPOAOB AOJKHbl OblTb BbIOpaHbl TaKUMH, YTOOHI,
C OJHOH CTOPOHBI, NPOO6HBAJOCh GOJBIIHHCTBO NMOBPEXKAEHHBLIX NPOBOJHUKOB,
a, ¢ Jpyrod CTOPOHBLI, BEPOSITHOCTb TPOGOA HENOBPEXKAEHHbIX Y4aCTKOB
O6bl1a HeBeanka. Heob6xoaumo umerb B BHAY, UTO NPOOHBHOE HaNpSIXKEHUE
BO3pacTaeT IIPH YBEJHUEHHH AHaMeTpa IPOBOAHHKA, €CJU HCIBITAHUS TPO-
BOASITCS HaA IVIOCKOM 3JIGKTPOJAE, M NpPH YyBEJHUYEHHH AuamMerpa IPOOHHOK,
€CJIH HCNBITAHHS NPOBOASITCS B ApoOH. [IpuumHOil yBesuuyeHHs TPOOHBHOTD
Hanpsi2KeHusl SBJSETCS YBeJHYEHHE JUIMHBI IEePEeKPbITHA 10 IOBEPXHOCTH.
[Ipun o6oux mMeToaax HCNLITAHHUS BBISIBJASIOTCSI NPAKTHUECKH BCe MOBPEXKIEH-
Hbi€ YYacTKH, HO IapaMeTpbl NPOOMBHOTO HANpSIKEHHST MOTYT pas3/n4aTrhbCs
II0 BbillIeyKa3aHHLIM IIPHYHHAM.

HcenbiTanusi NPOBOJHHKOB HA IJIOCKOM 3JIEKTPOJAE AOCTATOYHO XOPOIIO
HMHTHPYIOT YCJIOBHSI NPo6os HA coceAHHil nNpoBoAHHK. OnHako npu 3ToM
B OOJIBIIMHCTBE CJaydyaeB INPOHCXOAHUT IEPEeKPbITHE 1O NOBEPXHOCTH 3MaJiH,
YTO TPUBOAMUT K OOJBIIUM NPOOHBHBIM HaNPSAXKEHHSAM, COM3MEPHMBIM C MpPO-
OHBHBIMM HANIPSKEHHAMH HEMOBPEXkKAEHHBIX CJI0eB 3MaiH. DTOT MeTO peldb-
SIBJISIET BbICOKHE TpeOOBaHHSI K TOYHOCTH HM3MEpeHHsI M NOANep:KaHHs CTa-
OUJIBHBIX YCJOBHI ombiTa. I'opa3fo MeHee 4YyBCTBHTEEH K TOYHOCTH H3Me-
peHHii MeTOJ HCNBbITaHHi B ApOoOH, NOCKO/IbKY NPOTHBHblE HANpPSKEHHs cJa-
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ObIX MEeCT CYIIECTBEHHO MeHblIe NPOGHBHBIX HAMpPSI)KEHH 3Maau H pacro-
3HaBaHHE MOBPEKACHHBIX H HENOBPEXKAEHHBIX YYaCTKOB He MPEeACTaBJIseT
Tpyaa.

Besnunna neekTHOCTH, NMoJydeHHAs] NPH HCHOBITAHUSX B APOOH, JOJIAK-
4a ObITb yMeHblleHa B 5—6 pas, Tak Kak B JaJjbHelilleM pacyer JedekTHO-
CTH BeJIeTCs Ha OJIMH COCEeIHHUI NMPOBOJHHK.

YcTaHoBJIeHHe 3aKOHA pacnpejeeHHs] PACCTOSHHE MeXKAy MPOBOMHHKA-
MH H pacuer BEPOSATHOCTH MJOTHOTO KaCaHHUs HAMH NPOHU3BEAEHO METOdAMH
TEOPHH MacCOBOTO OOCIYyXKHBAHHS. AHAJIOrOM BEPOSITHOCTH HYJEBOrO OKH-
Jlanks npH 00CJAyKHBAHHUH KJHEHTA B OYepelIu SIBJISETCS BEPOSTHOCTb IJIOT-
HOTO KacaHHus, a BPeMsi MPOCTOsi NPHOOpa aHaJOrHYHO PACCTOSIHHIO MEXKIY
NPOBOJHHKAMH.

BeposaTHOCTb MJOTHOrO KacaHus

g="Y, (3)
rae W — quHeiiHblit K03((UUMEHT 3aNO/HEHHsA Masa.
W = 0,93 V Kaoms (4)

Kian — KO3(UUHEHT 3alloJHeHHs CBOOOJHOH MJOLIANAH 1a3a, HCIOJb-
3yeMblii B IIPAKTHKE 3J€KTPOMArHMTHOrO pacuera.
3aKOH pacnpejeseHdst PacCTOSHHI MeKAY H30/IHPOBAHHBIMH TNPOBOJ-
HHKAMH

YVx)=1—(1—Y) e, (5)

rjie A -—4HC/I0 DNPOBOJHHUKOB HAa €JMHHUIY JHHEHAHOro pasMmepa masa
(BBICOTBI, LUIMPHUHBI).

[TpoGoit 3/seMeHTapHOro ydyacTka NPOHUCXOAHT NOJ AEHCTBHEM KOMMY-
TAlHOHHOrO nepeHanpsizkenuss V, BeJMYMHA KOTOPOro 3aBHCHT Kak OT pas-
HOCTH HOMEPOB COCEIHHX BHUTKOB IO cXeMe OOMOTKH, TaK U OT BEJHUHHLI
HMIyJabca nepeHanpsikeHuss (aspt ooMoTkH. Ham nHeo6xogumo omnpeneautn
BEPOSITHOCTH COOBITHSA

P{V>Usl, (6)
rjie X
V= _(-Q) Vq,;
w

Uan = Ual + U32 + Un;

Aw — pa3HOCTh HOMEPOB COCEJHHX BHTKOB IO CX€Me OOMOTKH;
W — 4KUCJO0 BUTKOB (Pashl;
V — Be/MYMHA HMIYJbCAa KOMMYTAllHOHHOIO TNepeHanpsikeHHs (asbl;

U, — npoOGUBHOE HamnpsyKeHHe OJHOTO 3MAJeBOTO CJ0s;

U,y — npob6uBHOE HANMpPsiK€HHE BTOPOr0 3MAJeBOro CJO%;

U, — upoOHBHOE HANDPSMKEHHE NPOMEXKYTKA MEXAY H30JHPOBAHHBIMH

MPOBOJHUKAMH.

drta 3ajaya JAOCTATOYHO CJOXKHA, TaK Kak BeauuuHs Vg, Us, Aw,
u U, aBJASIOTCSA CaydaliHBIMM, pacopeje/IeHHBIMH MO0 Pa3JH4HbBIM 3aKOHAM.
CiyyaeH W TUIl 3J€MEHTAapHOIO yuacTKa.

JIONOJIHUM MPOCTPAHCTBO COOBITHI, MNEePeUHCJAeHHBIX B TabJaune, coObl-
tuaMu I1 u II, 0603HAYaOUIMMH COOTBETCTBEHHO NPOOOH HJIH HENpoOoi
snemenrapuoro yuactka. Co6bitne AABII, manpumep, 3ak/aio4aercs B TOM,
YTO 3JIeMEHTapPHBIH Yy4acCTOK, COCTOSIIIMH H3 OJHOrO HEMNOBPEXKIEHHOro sMa-
JIEBOTO CJIO M M3 OJHOro MOBPEXKAEHHOro 3MaJjeBOro ¢/10s, IJOTHO Kacalo-
UHXCS APYT C APYroM, MNPOOHUT KOMMYTAalLHOHHbIM nepeHnanpsxkenueMm. Hawm
NPEICTOUT BBIUUCANTD CJAEAYIOLUHEe BEPOATHOCTH:

P{AABIT} — BeposTHOCTH NPo6OS yyacTKoB Tumna | a,
P{AABII} — BeposiTHOCTb TIPOGOST yyacTKoB THMA 1 O,
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P{AABII} — BeposiTHOCTb IPOGOS yuacTKOB THHA 2 a,

P{AABII} — BeposiTHOCTb MpOGOsSI y4aCTKOB THMNA 2 6,

P{AABII} — BeposiTHOCTb POGOST Y4aCTKOB THIIA 3 &,

P{AABII} — BeposiTHOCTb NIP06OST yYaCTKOB THNA 3 6.

JInsi BBINMOJHEHHsS] MOCTABJEHHOH 3ajauyd HEOOXOAHMMO ONpeaeauTh 3a-
KOHBbI pacnpejieieHHsl NEePeYHCAEHHbIX BbIIIE CJAyYaiHbIX BEJHUYHH HJIH HX
YHCJIOBblE XaPaKTEePHCTHKH.

OnpenenuM Ttenepb 3aKOHBl pacnpefeeHus NPOOHBHBIX HaMpPsiKEHHUIT
Pa3JIMUYHBIX THIIOB 9JEMEHTAPHBIX Y4aCTKOB.

TexHosornueckuii mnpouecc HaHECEHHSI 3MaJeBOl  H3OJSIHH COCTOUT
B MHOTOKPaTHOM HpPONYCKAaHHH MPOBOAA uepe3 KaJHuOpPbl YBEJTHYHBAIOLIErOCst
nuamerpa. Kaxkapiii HOBBI CJIOfi pacrnoJsaraeTcsi OTHOCHTENBHO LEHTpa Mpo-
BOZA 3KCLUEHTPHYHO, OJHAKO CYLIeCTByeT MHHHMaJbHasi OJHOCTOPOHHSS
TOJILIIHHA CJI0sI, OOYCJIOBJEHHAs CMAuMBAaIOIUM CBOMCTBOM JiaKa.

JI1si ycTaHOBJIEHHST MUHHUMAJbHOH OZHOCTOPOHHEH TOJIUIHHBI 3MaJieBOrO
TIOKPBITHST OB HCCJIE0BAHBl NMPOOHBHbIE HANPSKEHHST 3MaJIeBOro MOKpbI-
Tus nocJae 1, 2, 3, 4, 5 1poxonoB uepe3 Kaauop.

WccnenoBantsi mokasaJnu, UTo pacrnpejesneine MPOOHBHOTO HaMpsizKeHHUS
OJIHOTO CJIOSI He SIBJISIETCST PABHOMEPHBIM, KaK 3TO MOMKHO ObLIO MpPeanoJo-
JKHUTb TPH OTCYTCTBHH cMauyMBaHus. OUeHKa MHHHMAJbHOI TOJIIMHBI OJHOTO
caosi paer 3nadenue 1, 2 ... 1,5 MK, 4TO COOTBETCTBYeT MHHHMAJbHOMY IpO-
OUBHOMY HaINPsAKEHHIO

U e = 200...250 8.
[Ipy yBesMueHMH 4YHCJAa CJA0EB paclnpeleseHde CYMMBl TPOOHBHBIX

HANPsDKEHH CI0eB aCHMMITOTHUECKH CTPEMHUTCS K yCEUEHHOMY HOPMaJb-
HOMY C IapaMeTpamu

Uer;va‘l‘(Ui_‘U;mn)r:rUi;
°2U= —;—(Ui_ UMHH)z; (7)

UMHH = rUM}{H
U MJIOTHOCTBHLIO

= TIYe
f(U) == CH-—]/%———'QXP [—u‘)—]» U>U5mu
™ Gy

%30 ®)
rae
C, — HOPMHPYIOUIHH MHOXKHTEJb;
r — YJYUCJIO l'IpOXOﬂ.OB HpH 3MaJIHpOBaHHH HpOBOLLa.

O6blyHO r = 6—7;
U: — cpennee NpoOHBHOE HAaTPsizZKeHHUeE (-ro CJI04.
[Ipu ucnbiTaHUH TPoBoJAAa B APOOH M B CKPYTKAaX MNPOOOiH MPOUCXOAHUT
B HauboJee caabom MecTe, T. €. B TOUKe, oOJajaolleili MHHHMAaJbHOH TOJI-
MHON 3MaJieBoro cjosi. [lostomy pacnpenenenne NpoOHBHOTO HaNpsKeHHA

HEMOBpPEXKJAEHHOTr0 INpoBoaa ABJSAETCA  paclpeaeseHueM  3KCTpeMaJbHbIX
3HAYEeHHUH YyCE€UEHHOTrO0 HOPMaJIbHOTO pacnpeaeaetus ¢ IJI0THOCTBIO

f,m(Un)=C.‘,nf(U)[1~ i f(U)dU]”—l; e

Unun

le’I (Un) e O; U <L UMHH! (9)
C = _1_
R T e

4. 3aka3s 6523, 49



31ecb n—uHCIO y4acTKOB Ha OTpe3Ke NPOBOAA, B Npejesax KOTOPbIX
npoOUBHOE HaNpsiXKeHHe MOXKHO CYHTATh HEH3MEHHBIM.

®opmyna (9) moxKer ObITb MCNOJB30BAHA JJs ONpPEJEJEHHS UHCAA
y4acTKOB 1, NPOOHBHOE HaNpsiKeHHe KOTOPBHIX He KOPPEJTHPOBAHO MEXAY
Co0O0MH, H ITMHBI 3JIEMEHTAPHOrO yuacTka [ 5; . Takum nytem YCTaHOBJIEHO,
4TO lsn A= 1 MM.

BepoaTHocTe nmpo6ost yyacTKoB THma | a npH BO3AENCTBHH KOMMYTa-
IIMOHHBIX TepeHanpsKeHHH MOKeT ObIThb NOJCYMTaHA CJAEeLYIOUIHM 00pa3oM.

[T/10THOCTD BEPOATHOCTH NPEBbIIIEHHS KOMMYTALHOHHBIM II€peHanps-
JKeHHeM TNPOOHMBHOIO HAaNPSKEHHS 3MaJieBbIX CJ0EB SIBJASIETCSH INJOTHOCTBHIO

KOMIIO3HIIUH
AU =V —U,. (10)

Tax kak V u U, pacnpejejieHbl HOPMaJbHO, TO M MX Pa3HOCTb pac-
npeje/seHa HOPMaabHO C NapaMeTpamu

AU=V —U,;
iy = oy + oy (11)
Beposithocth TOrO, uto AU >0 paBHsieTCs
(ee] e o . =
P’ {AU > 0} =f———~1—.: exp[—w} dU=F(-A—U>. (12)
aav V2= 205u U

[IpoGoii 3maneBoro cJos NPOHCXOAHMT B TOM CJyyae, Korja BeJHYHHA
AMIYJbCa TepeHanpsiZKeHHs TpeBblllaeT TPOOHBHOE HAaMNpsiXKeHHe CJ04,
OJlHAKO TNPH 3TOM BeJHUYHHA MMIyJbCa TepeHanpsKeHHs JOJKHA IpeBbi-
maTh MHHHMaJbHOe TPOOMBHOE HANpPSXKEHHe CJOos.

Hrax, BeposSITHOCTb OTKa3a 3JeMeHTAapHOro yuactka tuna la npu enmu-
HHYHOM BO3JEHCTBHH HMIyJbCa KOMMYTAIlHOHHOTO TNepeHanpsiXKeHUsi paBHa

g1 =P {AU > 0}-P" {V > Uy}, e
rue it
PV 3 Ui} 255 (X‘—U—) 3 3

gy

/

BEPOSATHOCTL IIPEBbILIEHHsT HMIIYJAbCOM II€pEeHANpsIKEHHSI MHHHMAaJbHOTO

NPOGUBHOTO HATIPSIXKEHHST 3MaJeBOr0 CJIOA.
Cpennsas BepoOsSITHOCTb NMpoGOsi 3JeMeHTapHOro ydyacTKa NOJACYHTHIBAeT-
CSl C YUeTOM pacrnpejesieHHsi BEJIHUHHBI NepeHanpsiKeHHs No KaTylike

1 L= oty s §
= kV,— U kV,—U
ia f pr e Sl ) i, 15
q f <l/xzc%,’c+og) ( ¢ v /( K)* dKx (15)
0

BeposTHOCTb mpo6osi XOTS Obl OJAHOrO 3J€MEHTapHOro yyacTka THINA
] a B MamuHe NPy €IWHHYHOM HMIyJbCe TNepeHanpsiZKeHHs paBHa

gi=1—(1— q)Ne, (16)

rie
]vla::(1 _p)ng

DToll BEPOATHOCTBIO MOXKHO mNpeHeOGpeub BCJIEACTBHE ee MaJocTH I0

CPaBHEHHIO C BEPOSITHOCTbIO MPOGOS 3JeMEeHTapHbIX yyacTKOB THHa 3.
BeposaTHOCTb NPO0OsI yUyacTKOB THHA 3 NPH BO3AEHCTBHH KOMMYTAIHOH-

HBIX TIepeHanpsiKeHHil NMOACUNTBIBAeTCs Mo aHajJoruunbiM Gopmynam. I[Tpen-

BApHUTEJIbHO BBIYHCJIHM INdpaMeTpPLI HpO6HBHOrO HanpsxeHuss BO3AYLIHbIX

H JJAKOBLIX NPOMEXKYTKOB. ToamuHb BO3AYUIHBIX U JIAaKOBBIX IPOMEXKYTKOB
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paBHbI TOJIIHHAaM JIBOMHOTO 3MaJIeBOTO CJOSI H, CJAEI0BATeJbHO, pacnpene-
JIEHDBI I10 ycequHbMy HOPMAaJbHOMY 3aKOHY C napaMeTpaMH

3 &= b, (17)

BMHH == 2"3MHH.
Beanunna 6 MoxKeT OBITb B3ATa H3 CIIpaBOYHHKA, a CpeaHee KBaJapa-
THYECKOE OTKJOHEHHE JBONHON TOJIIHHBI PACCUHTHIBAETCS 1O (OpMYyJIe

2,43
Vér
[TpoGuBHOE HANpsKeHHEe BO3JAyXa B TOHKHX CJOSX, COMVIACHO 3aKOHY

[Tamena, JMHEHHO 3aBHCHT OT TOJILIHHBI, 3a HCK/IIOYEHHEM HauyaJbHOTrO
yuactka §=0—0,008 mm npu aTMochepHOM AaBJIEHHH

fo Rt

(18)

rae 6 — B MM. U (3) = 300 4 7000 3, (19)

MunnmanbHoe 3HaueHHe NPOOGHBHOTO  HAMPSIXKEHHS BO3AYIIHOrO IpO-
MexXKyTKa cocTaBasieT Uy, = 327 BOJBT.

Benencrsue nnHeHOCTH MOXKHO cuntaTh U, pacnpeneseHHbIM HOPMaJib-
HO C mapamerpamu

Us = 2E,3,
A
oy = 12V6r (20)
H OJOTHOCTbLIO
U—U,)?
f( )—}/2 T ex p[—g——g-?——}; U > 327 ¢

fU)=0; U<327s. 1)

BeposiTHOCTH NpeBbIIEHHS MMIYJALCOM NepeHanpsixKeHus NpOOMBHOTO
HanpsiKeHHsl 3JeMEHTApHOTrO ydacTka THma 3

ro (U — AD)? AT
g by i gy b G SNV I e ; 9
{ ) B[VQn Owexp [ f ] ( ) e

205y osU
rie c:; Vod S TR
AU ==Ll
oay = oy + o (23)

BeposiTHOCTL 1PO6OST 3/7eMEHTAPHOTO yyaCTKa THNA 3 HPH BO3JEHCTBHH
eJIMHUYHOTO HMMIyJ/bCa NepeHanpsKeHus

V — U
gs = F( ) ( ) (24)
= \%aU oy
V"" U\!HH
rie F<—> — BEPOSITHOCTb MPEBLIIIEHUS HMIIYJALCOM nepeHanps-
oy

’KE€HHMA MHHHMAaJbHOTO NPOOGHMBHOTO HaNpsIXKEHHs] BO3-
JYUIHOTO NPOMEXYTKA.
Cpeansis BepOATHOCTb NPOOOSI 3JEMEHTAapHOr'O0 y4acTKa IOACYHTHIBA-
eTcs 1o q)opmy.ne aHaJOru4YHOi (15),

K U —K"—UMHH
qs=3fF(Vx:_5 >.F("————V — )(1 — k). (25)
Vx sl o
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Murerpan (25) He siBasieTcst TaOMHUHBIM M AJsT NPAKTHUYECKUX BBHIUHC-
JIEHHH MOXET OBITb 3aMeHEeH CyMMO#H

—r 3% \ { i\2
= F)F,(@)|{1—— 26
i = B0 @ (1= (26)
rae Ya

F () = F( e ML, (27)

Vizczv,c -+ Mzsjl

: -VK_MUMHH
Fy(i) = F (‘_w—) . (28)

;

CymMmupoBanue ynobHee npoBoautb ot i =M pno i =0. [Toasoe uuncao uie-
HOB psifla 10cTaTtouHo B3sATb M =10 ... 20, npuyeM CyMMHPOBaHHE MOXKHO
NpeKpPaTHTh YXKe Ha NOJIOBHHE, TaK KaK [ (i) OBICTPO yMeHblIAeTCs ¢ yMeHb-
uienreM i. [IpakTHueckn B 3KcIyaTauHu BeisiBAsieTcs okKoJso 20% caabbix
MecT.

OnpeneuM HHTEHCHBHOCTb OTKA30B B NePHOJ NPHUPAOOTKH.

Cpentee uncsao n1ehekToB B 00MOTKe

a = N;, = Ngp. (29)
D70 YHCJIO HEBEIHKO: JJIsI ACHHXPOHHBIX JIBHratesaeil 2—4 ra6apurtos
a=02..20.

O06o3HauuM yepe3 X uHCIO AedeKTOB B AaHHOH MawuHe. Pacmpenesne-
HHe uKcsaa nedeKToB Mo MalluHaM NoAuuHsAeTcs 3akoHy Ilyaccona

a.x
P(x)=—=— e-q, , (30)

x!

Jloas MaluuH, He uMEIWHX AedEeKToB,
P{0)=¢". (31)

BuTtkoBasi u3onAUMs ITHX MallHH HE MOXKET OTKas3aTb B MEPHOM MpH-
paboOTKH.

M HTeHCHBHOCT OTKA30B NPEACTABJSET CyMMY HHTEHCHBHOCTEH OTKa30B
MamuH, umerounx 1, 2, 3, u 1. 1. gedekToB. BecoBble KO3(DPUIHEHTBI CYyMMbl
onpenensitores no ¢opmyJae (30).

BeposiTHOCTh OTKa3a MaIlUMHBI, HMelollell OAUH AedeKT NpH eAHHHUHOM
UMIYJbCe NepeHanpsaKeHus

’

QV=1, x=1 = {3a. (32)
.BepOHTHOCTb OTKa3a MAaUIUuHBI 34 v I/IMl'ly./IbCOB HGpGHaHpH}KQHHH
Qux=1—(1— gsa)". (33)

BepositHOCTb OTKa3a MalIMHBL, UMEIOIIeH X 1e(EeKTOB 3a v UMIYJbCOB Nepe-
HaMNpsIZKEHUs

Q,, 5= 1 — (1 — gso)*. (34)
I/IHTeHCI/IBHOCTb OTKa3a B 3aBHCHMOCTH OT v
(o] x a ,
2 =e—2 N L 211 (1 = gi)l. 35
() %{x!av[ (1 — q2a)*"] (35)

J1si mpakTHYeCKHX DacyeTOB MOXKHO BOCIOJb30BATHCS NPUOIHKEHHO
«popMyJi0fi HHTEHCHBHOCTH OTKa3a Ha OJHO BKJIIOUEHHE B MHTEpBaJje OT v
a0 v+ Av.



