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TEOPETHYECKOE PACINPEILEJIEHHE
NMPOBUBHOI0O HANPSA)XEHHUS BHUTKOBOW H3O0JISILUH
OBMOTOK 3JIEKTPHYECKHX MAIWIHWH

9. K. CTPEJIbBHUIIKHH

(Pa6ora mpejcTaBjieHa Hay4YHBIM CeMHHapoM Kadeap SJeKTPHYeCKUX MalluH U oOLiei
9JIEKTPOTEXHHKH )

IIpu aHanu3e M3MEHEHHsT KauyecTBa IIPOBOAA HA DA3JHUYHBIX Y4yacTKax
TEeXHOJIOTHUECKOro Ipolecca H3roTOBJEHHSI OOMOTKH BO3HHKaeT 3ajaya
onpejeneHuss Ae(MEKTHOCTH, T. €, AOJH cJabblX MecT, o (opMe KpHBOII
pacnpesenenus npobuBHoro HamnpsikeHus. Ilockonabky naxke npu cpaBHH-
TeJibHO HeOOJbIIOH HaneXHocTH oO0MoTok mnopsaaka 0,9 noas nedekTHBIX
OTpe3KoB NpPOBOJa CTAHAAPTHOM AJHHBI cocTaBiaser 10—*--10—5 a pasym-
HOe 4YHcJa0 00pasloB NpPH HCIBITAHUM He JOJKHO IpPeBbIIaTh HECKOJbKO
COTeH WITYK, To (opMa/jbHOe NpPHMEHEHHe B KauecTBe COTJacylOUIUX KpH-
BBIX TEOPETHYECKUX pacnpeﬂeneﬂnﬁ tuna IlupcoHa u skcTpamossinust HX
B 00J1aCThb MaJblX 3HAUeHHH NPOOWUBHBIX HANpPSIKEHUH MOXKeT NPUBECTH K
HoJblIHM OIIHOKAM.

B nmomo6HBIX Caydasix BO3MOXKHOCTH (OPMaJbHOrO MOAXO/AA HCUEPIbI-
BAIOTCS, IO3TOMY CJeAyeT PacCMOTPeTbh MeXaHM3M, JexKallluil B OCHOBE
(popMHpOBaHHsI CAYYalHBIX 3HAUCHHH NPOOUBHOTO HaNPSIXKEHHUS.

BeiGop mnoaxojsiuero pacnpejeneHdss MOXKeT 0Ka3aTbCsi CJA0XKHOH 3a-
navel, MOCKOJNbKY AaHAJUTHYECKHH BHJ paclpefeseHus 3aBUCHT OT Mexa-
HHU3Ma OTKa30B KOHKPETHOTOo YcTpoicTBa. B pesyabrate GoJblioil 3Kcme-
pUMEHTaJibHO#I pabOoThl TIOKA3aHO, YTO CYLIECTBYeT HeO0OJIbllIoe KOJHYECTBO
pacnpejeseHnii BePOSITHOCTEH, BO3MOXKHOCTb HPHMEHEHHs KOTOPBIX IOYTH
yHHUBepcaJbHa. BpiBox OCHOBBIBaeTCs Ipezkjae BCero Ha INPUHIHUIE HAXO0XK-
JAeHuss npocTeinmnx (QYHKIHMOHAJbHBIX BHAOB pacnpezenenus. OcHoBaHueM
TAaKOro TNMOJAXO0JAa CJAYXKHUT TO OOblUHOe OOCTOSITeNbCTBO, UTO HPOCTBIE Mpej-
TOJIOXKEHHUsT MO3BOJISIIOT MOJYUUTh ILUPOKO NPUMEHHMble pe3yJabrarhl [l1.

[eiictBuTenbHO, 00pa3oBaHue IJIEHKH 3MaJIeBOrO IOKPBITHS NMPOH3BO-
JAMTCSI IyTeM HPOCTOi ONepaluy — IPONycKaHHeM INPOBOJAA uYepe3 KaJsauop,
a HaHeceHHe MOBPEXKJIEHHI — B pesy/bTaTe yAapa MOJOTKOM IO JIOGOBBIM
YacTAM M HPHIPECCOBKU NMPOBOJA B 11a3y C IOMOULbIO YK/IaJ0YHOU IJIACTHHAI
¥ BCTPEUHOTO KJIMHA.

PaccmorpuM MareMaTHuecKde aJrOPHUTMBI, MOJEJNHUPYIOIINE 3TH Olle-
panuu.

TexHosornueckuii Npoilecc HAHECEHUS] 3MAaJeBOH MH30JSLUH COCTOUT B
MHOTOKPATHOM INPONYCKAaHWH NPOBOJA uYepe3 KanauOphl YBeJHuMBaAIOLLErocs
aunamerpa. Ilockonbky pasmax KosebGaHuii mpoBoda A0 Kaaubpa 3HaA4YH-
TeJbHO 0OOJIblie 3a30pa MexX/Jy BHYTpPEHHeH MOBEPXHOCTbIO Kaaubpa MU Npo-
BOJIOM, TO TOJIIHHA OJAHOCTOPOHHEN H30JISILIUU NMPU OAHOM HPOXOjJe KoJjebd-
Jdercs B untepsaJge [0; 2 8], rae 6 —cpeausiss TonmuHa caosd. IIpuBenennbie
CBeJeHMs] A&lOT OCHOBaHHE MPHUHSATH pachpejieseHHe OJHOCTOPOHHEH TOJI-
UIMHBI OZHOTO cJ0osi paBHOMepHBIM B uHTepBase [0; 2 8. Ilpu yBennuenud
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YHC/ia CJ0eB pAaclpesiesieHHe CyMMbl NPOGHBHBIX HANpPSKEHHH CJI0eB acHM-
INTOTHYECKH HOPMAJbHO C NapaMeTpaMu

Mmy=10 U 6,2 = .

rle T — YUCJO CJIOEB.

Ilpu ucnbiTanuu npoBoja B ApoOH U B CKPYTKaxX MpPoOOH MPOHCXOMHMT
B Touke, oOJsanawoileii HauMmeHbluei TonuuHoi. [loaTomMy pacmpenenenue
NPOOUBHOTO HANPSIKEHUSI HENOBPEXKIEHHOTO mpoBOJa B 3THX caydasx Oy-
JleT pacnpeieseHHeM SKCTPEMaJbHBIX 3HAYEHHH HOPMAJbHOTO pacmpee-
Jenus {2].

Jnst 3KcnepuMeHTaJJ bHOH NPOBEPKH OBIIH CHSATHI paclpeeeHusi Ipo-
OMBHBIX HanpsiKeHud nmposofa II9BA & 0,87 B caenymomux ciaydasx:

a. JIBa HW30JUpOBaHHBIX TNPOBOJA, MOJOXKEHHbIE KpecT-Hakpecr. Pac-
npejneseHrie HopMaJibHOe ¢ Iapamerpamu: my=16 k8, ¢,=29 xs.

6. M3onupoBaHHBI NPOBOA C TOJBIM, IIOJIOKEHHbIe KpecT-HaKpecT.
Pacnpenenense HopmanbHOe ¢ Tapamempamu: m,==8 k8, oy=2 K8.

B. M3oa1upoBaHHbli npoBoa AJAMHOH 125 mm B npobu  auamMeTpom
2,5 mm.

Pacnpenenenne coOTBETCTBYeT paclpe/e/eHHI0 3SKCTpPeMaJjbHbIX 3Ha-
JeHuit pacnpepesneHust & npu ob6beMe BbIOOPKH Npp=120.

r. CkpyTka AauHoi 125 mm M3 ABYX H30JHPOBAaHHBIX NpOBOJAOB. Pac-
npejiesieHHe COOTBETCTBYET paclpeeseHHI0 3KCTpeMaJsbHBIX 3HAUeHHH pac-
npenenenuss a npu oobveme BbIOOPKH Ngp=130.

. : n
XapaKTepHo, UTo B IOCJeJHEeM cJaydyae d—p—z chp, T. €..MOZKHO CUH-
. Ynp

TaTh, 4YTO NPOOUBHbIe HANPSIXKEHHs] COCEIHHUX YYaCTKOB B CKPYTKe He KOp-
pPeJUPOBAHBI MEXKAY COOOM.

[Ipu yknanke oOMOTKH HEKOTOpble 37€MEHTapHble Y4acTKH INOBpeXxna-
IOTCS ~— TIIPOUCXOJUT YMEHbIleHHe TOJMIIHHBL. Jl0JI0 TMOBpEeKAEHHbIX YydYacT-
KOB M 3aKOH pacmpejeseHusi JyOHHbl MOBPeX/JeHUH Ype3BbIYafHO TPYAHO
YCTAaHOBUTHL NyTeM NpsiMoro 3kcnepumerta. [losTomy Mbl moumwiu mo myTu
ampUOPHOTO BBICKA3bIBAHUST TPEANOJOXKEHHSI O 3aKOHE paclpeeseHust ¢
nocselyIouieil NMpoOBEPKOH Ha CorJacHe, ONSITb-TAKU UMes B BHAY Ipexie
BCero INpocThie pacnpenenenus. Takum oO6paszom OblIM MPOBEPeHLl MOKa-
3aTe/bHbIil U HOPMaJbHBIH 3aKOHBI, a TaKKe JeTepMHHHDPOBAHHAS. BEJIHUH-
Ha. HaubGosee MOAXOASIIMM OKa3aJscsi BapUAHT C myémlon NOBPEXKEHHUS,
pacnpeseJeHHodl HOPMaJbHO.

[TroTHOCTL pacnpeneseHust TOJILMHBL 3J€MEHTapPHBIX YYacTKOB IIO-
BpEXK/JEHHOro IIPOBOJA €CTeCTBEHHO HCKaTb B BHJE ’

¢ () = pen(d) + (1 —p) ¢y (4), (1)

rie P — BEPOSITHOCTb IOBPEXK/JEHHSI 3/JE€MEHTAapHOIO YyuyacTKa;

¢ (A), @u (A) — muoTHOCTH pacnpejeseHust TOJIIHHBL  COOTBETCTBEHHO
TIOBPEK/IEHHBIX ¥ HEMOBPEK/JEeHHbIX 3JeMEeHTapPHbIX yuacT-
KOB.

[Tapamerpnl pacnpenenenus ¢u (A) Ham usBecTHbl. [lapamerp p MOK-

HO ONpeeHTb CJENYIOUHM obpasoM. ITnoTHOCTh pacmpenesenusi nMpoOHB-

HBIX HampsKEHWl OTPe3Ka HENMOBPEXJEHHOTo NMPOBOAA B npo6n B TOUKe,

Jiexallell B NpaBoil YacTH KPUBOH paclpeeseHus:

(s b Usn _
& il : ; N-1 ‘
fy (Ugn) = Now (Gyn) 11— [ (Uyn) du} ™, (2)
H 0 o
rie Uyn — Moza: ; ‘ A
st moBpekaeHHOro mpoBoOJa IMJIOTHOCTb B 3TOH Ke TOUKE

6. UszBectus, 1. 172. 81



in (Uun) = N [pgn (1) + (1 — p) #q ()] X

U ny uﬂH

X [1—(1=p) § () du—pf ¢n(u)da] )
0 0
Kak Oypner nokasaHo HHXKe, p MaJjo, a
gn
§ on (u) du~1.
0
ITogenus (3) ma (2), HMeeM C Y4eToM CKa3aHHOro
17 (g g
N—1
1— [ oy (wdu—p
fn (unH) 2
iy (an) y
1— Cu (u) du
0 PR,
Orciona
;2 R =
p—_—[l——j‘vq:(u) dn”l— oo . (4)
0 T (Uny)

[IpoBeaenHble pacuerhl TNokKasanau, uTo, Bo-mepBbiX, p=0,010—-0,015,
a BO-BTOpPBIX, pacnpejeleHune @ (Up) CHIBHO CABHHYTO BJE€BO [0 CpaBHe-
HHIO ¢ pacnpeneneHueM @u (up). IlosTomy B oGsacTH MasabIX 3HAYEHHH U

?u(.u)xo;gcpu(u)duz(),
0

4TO JlaeT OCHOBaHWe 3aMeHHTb (popmynay (3) ee nmpubIHKEHHBIM BBIpaKe-
HUEeM

f () = Np @ (u) [l —p f on () du] . (5)

Xotst Bbipaxkewue (5) HMeeT BUJ IUIOTHOCTH pacHpeleseHHs 3IKCTpe-
MaJibHbIX 3HAYeHHH, HO BCJaeACTBHe Manoctu p B obaactu [0, u,gl, rae
Upn — MeJHaHa pacnpenenenus Qg (i)

[1—p f g (u)du] | <(1 —0,005)

u f; (up) c TouHocThiO MO MHOXHTeAs N, moBropsieT @ (u).

[Tocrenree obGcrositenbeTBO oueHb BaxkHo. OHO JaeTr HamM OCHOBaHHE
paccMaTpuBaTh 4acTh pacnpenenenus f; (up), Jexalyrio cjieBa OT MOJBI
Upn, KaK HEMCKaXKeHHOe pacrpelesieHue Qg (u) u, takum obGpas3om, HAUTH
napaMeTpsl pachnpeneneHuss @ (u).

O6paboTka 3KCIEepUMEHTAJbHOTO pacnpeieseHuss HOPOOMBHBIX Hampsi-
JKeHHH MpoBOJa, BbIHYTCTO W3 MAIIMH U HCHOBITAHHOTO B APo0H, MO3BOJHJIO
YCTAHOBHUTb, 4TO @ (U) SIBJISIETCS IJIOTHOCTBIO HOPMAJBHOTO pacmpejelne-
Kusi ¢ mapamerpamu m;=225 k8, o,=1,00 «8.

YMeHblIeHUE O MO CPAaBHEHHIO C Oy MOMKeT ObITb OOBACHEHO TEM, UTO
pasmepnl paboueil YacTH YKJaLOYHOTO HHCTPYMEHTA 3HAUHTEJIbHO Goblle
pasmepoB 3jeMeHTapHoro yuactka. I[lostomy npu mnoBpexaeHUH NPOHUCXO-
JUT TOJpaBEHUBaHUE TIIYOUHR TMOBPEXKIEHHS.
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[TnoTHoCTh pacnpeneneHuss NPOOUBHLIX HAMPSKEHHH 3A€MEHTapHbIX
YU4acTKOB B CKPYTKe Oy/ieT CMeChl0 TpeX MVIOTHOCTeH pachnpe/ie/ieHus.
1. Komro3uuuu pacnpejeneHuii NMPOOHWBHBIX HANPAXKEHHH [ABYX HEHo-
BpEXKEeHHbIX Y4acTKoB ¢ BecoM (1—p)?
1 (u — 2my)?
B (U)o BRD e
VQ"“Zl 22, ’

R Pl P

(6)

2. Komno3uuuu pacrnpefeseHHil NpOOUBHBIX HaNpsiKeHHH NOBPEXAEH-
HOTO M HEMOBpPexkKJAeHHOTO y4acTKoB ¢ BecoM 2p (1—p)

1 U — My — my)?
¢z(u):mexp[-— ( 2212 . ],
22 :
rae 3 & 0,2 + op’.

3. Komnosunuu pacnpejesneHdii NpoOUBHBIX HAMpsiZKEHUH IBYX NOBpe-
X/IEHHBIX YYacTKOB C BecoM P’

(7)

LA A, [_ (u — QmH)gjl
S Do B e
rae ¥y == Doy’

Huxkuuit npenen HajzexkHOCTH OOMOTKH, MOACUUTAHHOH B TPEAHOJO-
KEHHH TUIOTHON YKJIaJKH MPOBOJHHKOB:

8)

Upp — 2m
Ry (upp) = [1 — (1 — p)*F (.E_E_“ ' 9)
‘Upp — My — M ey ==, 2\ [T
e e el B L T

rae F (x) — dyukuust Jlannaca;
Upp — MAaKCHMaJibHO® HaNpsiZKeHue, MPUIOKEHHOE K Iape IPOBOJ-

HUKOB B MalIHHE;
N — YHuC/JI0 Map NMPOBOAHUKOB ITHHOH 125 mm B MallHHe.

JJUTEPATYPA

A JIno#nx M. JI unos. HagesHocTs, CoBerckoe paguo, 1964.

1
2. 9. Tym6 enb. CraTHCTHKA SKCTpeMaJbHbIX 3Ha4eHHH, Mup, 1965.

8*



