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B meTogmyeckom nocobum M3noxeHa MeToamnka n nocneaoBaTeribHOCTb pacyeTa
3NeKTpoMarHuiTa ans KOMMyTauMOHHbIX annapaToB HU3KOro HanpsiKeHns
NOCTOSIHHOrO TOoKa. PaccmaTtpumBatoTcs BONPOCh! pacyeTa MarHUTHOW Lenw,
ONTUMMU3ALUN KOHCTPYKTUBHBIX MapaMeTpoB, pa3paboTka KOHCTPYKLMMK U1
TennoBble pacyeTbl 0OMOTKWN 3reKTpoMarHuTa.

[Mocobue paccumTaHo gnsa cTyaeHToB, obyvarowmxea no cneyuansHoctsam 1002,
1004 “OnekTpocHabxeHne”; MOXeT ObiTb MCNOb30BaHO NPU BbINOMHEHUN
pacyeToB ANIEKTPOMArHMTOB B YCITOBUSAX MPOM3BOACTBA.

Puc. 6, Tabn. 12, cnucok nutep. 10 Ha3B.
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BBepneHue

HacToswee nocobrne npegHasHayYeHo M5 BbINOSTHEHUS KYPCOBOro NpoekTa no
ancuunnuHe “Onektpuyeckue annapatbl”. [na pacyeTta BbibpaH Hanbonee
LLIMPOKO PacnpoCTPaHEHHbIN 3NEMEHT ANEKTPUYECKMX annapaTos,
obecneymBaoLLNN UX HAOEXHOE (PYHKLUNOHMPOBAHNE — ANIEKTPOMArHUT. YUnThbiBas
AOCTaTOYHYIO CINOXHOCTb M FPOMO3KOCTb pacyeTa MarHUTHbIX Lienewn,
npeanaraeTcs MHXeHepHbI MeTo pacdeTa, KoTopbl 6asnpyeTcsa Ha 605bLoM
aKcrepumMmeHTanbHOM N TeOpeTUYECKOM MaTepuane, ncnonosyemom B [1,2,3].

B npeanaraemon metoguke Ha 6a3e NPOCTENLLNX COOTHOLLEHUIW, ONpeaensoLLInX
pacyeT MarHUTHbIX Lenen, nonyyeHbl ONTUManbHble KOHEYHbIE pe3yrnbTaTbl NyTEM
BBeAEHMS psaaa aKkCcnepuMeHTarnbHO onpeaensieMblx napameTpoB. Pa3spaboTka
anekTpomarHuTa npegycMaTtpuBaeT BbINOMHEHWE NpeaBapuUTESIbHONO pacyeTa,
NO3BONAIOLLErO NPUHATL OCHOBHbIE KOHCTPYKTMBHbIE NapaMeTpbl, U
OKOHYaTEeNbHOro NPOEKTHOro pacyeTa. [llocobue npegHasHayYeHo Anst CTy4eHTOB
cneumnanbHocTen 1002, 1004 “OnekTpocHabxeHne” n MoxeT 6bITb NCMONb30BaHO
NPON3BOACTBEHHbLIM MEPCOHANIOM, CBA3aHHbLIM C 3KCMyaTtaunen n peMOHTOM
9NEeKTPOMarHUTHbIX annapaToB.

1. 3apaun, o6 bLeM NpoeKTa u UCXOoAHbIe AaHHble

Llenbto pa3paboTku KypCoOBOro npoekTa ABnAeTcs npakTnyeckoe npuMeHeHmne
CTyAEHTaMN TEOPETUYECKMUX 3HAHUI, NOMYYEHHbIX NPU U3yYEeHUU OUCLUNITNHDI
“AnekTpuyeckne annapartbl” NyTEM peLleHNA KOHKPETHbIX MHXEHEPHbIX 3agay U
npnobpeTeHne MU HaBbIKOB B NPOEKTUPOBAHUN OCHOBHbIX 351IEMEHTOB
9NEeKTPUYECKNX annapaTos.

PacyeT anekTpoMarHMTa arneKkTpu4eckoro annapara BbINONHAETCA B 06beme
TEXHUYECKOrO NpoeKTa ¢ pa3paboTKoN 3CKM3a KOHCTPYKLIMM SreKTpoOMarHmTa,
pacyeTa OCHOBHbIX €ro 3N1IEMEHTOB U TEXHWYECKUX MNoKasaTenen.

B mMeToanyecknx ykaszaHusix garoTcs pekoMeHgauumn no BbiNONTHEHNO pa3aenos
npoekTa. C Lenbio pasBUTUS CaMOCTOATENBbHOCTU U YMEHUS MPUHUMATb
NHXXEHEpPHble peLleHns npeanonaraeTcs LWMPOKOe UCMoNb3oBaHne y4ebHon
CNpaBOYHOM M HOPMATUBHOW NUTEPAaTYpPbl, @ Takke NPaKTUYECKOro onbiTa
pa3paboTKM 3NeKTPOMarHUTHbIX YCTPOMCTB NpW NPoBeAEeHNMN HEOOXOANMbIX
pacyeToB 1 060CHOBAHMM MOMYYEHHbIX Pe3ynbTaToB.

NccnenoBaTenbckas TeMaTuka NpoekTa onpedensieTca npenogaBaTenemM B
NHONBMAOYaNbHOM 3a4aHuN.

KypcoBou NpoekT npeactaBnseTca B BUAE NOACHUTENbLHOW 3arnncKu,
odopmrieHHon B cooTBeTCcTBUM € TpeboBaHuamun FTOCT [4], koTopast AoKHa
cogepxaTb:



cofepXaHue;

BBeOEHUE;

NCXOOHblE JaHHbIE;

pacYeTHO-TEKCTOBYIO YacTb C pa3buBkon Ha pasnensl;
rpadon4ecKyro 4acTb;

BbIBOZbI MO pe3ynbTaTtamM NpPOeKTUPOBaHUS;

nepeyeHb UCMNOSIb3yeMOon nutTepaTypbl.

Nooakwn -~

[‘padmyeckas 4acTb NpeacTaBsieTcsa O4AHUM JINCTOM vyepTexen popmata A2 ¢
pa3paboTKon yepTexa NPOEKTUPYEMOro arieKTpoMarHuTa B maclutabe 1:1 B Tpex
(OABYX) NpoeKuusx.

rlpl/IHI/IMaeMble peweHna n ncnoJibdyemble pacHeTHbI€ Bblpa>KeHUA
060CHOBbLIBaAOTCHA CChISIKON HAa UCTOYHMUK.

NcxoaHble aaHHble Ans pa3paboTkm npoekTa anektpomarHuTa (OM) npmseaeHbl B
NpUNoXeHnn 1 HaCToALWEro MeToanYeckoro nocobus 1 3agatoTcs B 3agaHum
HOMepaMn BapuaHTOB 1 Tabnuu.

NMocnenoBaTenbHOCTL U METOAMKY pa3paboTKM NPOeKTa SN1EKTPOMAarH1Ta,
N3MNOXXEHHYI0 B HACTOSALLUMX METOOANYECKUX YKa3aHUsX, crieayeT paccmaTpuBaTth
Kak pekomeHaaTenbHY, KOTopasi MOXXET KOPPEeKTUPOBaTLCSA pa3paboTymkom B
COOTBETCTBUWN C HAKOMIEHHbIM OMbITOM M HOBbIMU METOAMKaMWN pacyeTa.

2. O6wWwan xapaKkTepucTuKa MeToAMKM pacuyeTa arieKTpoMarHuTa, Bbioop
MCXOAHbIX AaHHbIX

OneKTpoOMarHMTHbIE YCTPONCTBA BXOAAT B COCTaB 3HAYUTESIbHOM YacTu
KOMMYTaLUMOHHbIX annapaTtoB (0COBEHHO HM3KOro HanpsKeHUst), pene, yCTpOUCTB
ANCTAHLMOHHOIO ynpaBieHns, TOPMO3HbIX U NOABEMHbIX YCTPONCTB. [oaTomy
BOMPOCHI pacyeTa 1 NpoekTMpoBaHus, obecrneymBarone HagexxHoCTb U
9KOHOMWYHOCTb UX paboTbl, ABNAOTCA akTyanbHoOW 3agaden. OgHako npu
KaXKyLLLleNcs NpOoCTOTe KOHCTPYKLUMN NOMHbIN y4eT BCeX pakTopoB, BIUAIOLLMX Ha
paboty OM B aHanuTnyeckon opme, NpuemMremMon asns MHKeHEpPHbIX pacyeTos,
BCTpeYaeT 3aTpygHEHNA B CBA3M CO CITOXXHOCTbBIO 3N1EKTPOMArHUTHbIX U TEMNSTOBbIX
npoLeccoB B arieMeHTax annapata. Npegnaraemas ans ucnosib3oBaHuA B
KypPCOBOM MNpoeKTe MeToanka pacdeta OM OCHOBbLIBAeTCA Ha UCMNONb30BaHUN
YMNPOLLEHHbIX pacyeTHbIX hopmyr, obecneymBaroLmx NpuemMnemMyo TOYHOCTb 3a
CYET NPUMEHEHUNS YCTAHOBMNEHHbIX 9KCNEPUMEHTANbHO Psiaa KOPPEKTUPYHOLLNX U
KOHCTPYKTUBHbIX KO3dhpnumeHToB. O4eBMOHO, YTO pEKOMEHOYEMbIE 3HAYEHUS
3TNX KOI(PPULMEHTOB HENb3A cunTaTb 6E3YCrOBHBLIMK, @ HA06OPOT, TPedyoLWnMHK
AanbHeunwen onTMMm3aunmn ¢ y4eTOM HaKOMMEHHOro onbiTa NPOEKTUPOBAHUS.

KoHcTpykums 3M B ocHOoBHOM onpeaensieTcs TpeboBaHMem co3gaHust
Heo6X0oaUMOW 3NEKTPOMAarHUTHOWM CUMbl NPY onpeaeneHHbIX YCNoBUAX Harpesa u



OXNaxaeHnsa KaTyLLKK1, TO eCTb 3aBUCUT OT pa3MepoB MarHMTONpPoBOAa, Hannyus
paboymx n Hepaboumx 3a30poB, pasMepPoB U OOMOTOUHbLIX AAHHbIX KaTyLLKW.
OcTanbHble 3f1eMeHTbl KOHCTPYKLUN B MEHbLUEN CTEMNEHN BNUAIOT Ha paboTty OM.
NMoaTomy LenecoobpasHO BBECTM HEKOTOPbIE XapaKTepHble ANnA NPUHATON
MeTOOUKN pacyeTa NOHATUS:

e a0p0 OM — yacTb 3M, cocTosiLasa n3 BTArMBalOLLEN KaTyLLKK, y4acTKa
MarHMTONPOBO4a, OXBaTbIBAEMOrO €10, U MOSIIOCHOIO HAaKOHEYHMKA;

o ONpeaensioWnin pasamep sapa anekTpoMmarHuTa — gnameTp cepaevHnka OM
—dg;

e pacyeT gapa anekTpomarHmta — onpegeneHve pasmepa sapa mu
OOMOTOYHbIX JaHHbIX KaTYyLLKW.

. [Mpeonaraemas metoguka npegnonaraeT Tpy atana pacyeta OM.

1. NpegBapuTenbHbIN pacyeT ¢ NCNOSIb30BaHMEM YIPOLLEHHbBIX COOTHOLLEHWUHN,
npegycmaTtpuBarowmni B NepBoM NpnbnmkeHnn onpeaernieHne pasmepon
MarHMTONpoBOAa, KaTYyLUKN, CEYEHNSA N YMcna BUTKOB OOMOTKN.

2. Pa3paboTka no gaHHbIM NpeaBapuTeSibHOIroO pacyeTa KOHCTpyKUumMmM OM ¢
NPUMEHEHMEM OCHOBaHHbIX Ha OMbITE MPOEKTUPOBaAHUS U (PU3NYECKOM
MOAENNPOBaHUM pAaa KOHCTPYKTUBHbBIX KOIMULNEHTOB 1 NapaMeTpPoB.

3. NpoekTHbIN pacyeT OM, npegycMmaTpuBaloLLNn OKOHYaTENbHOE YTOUYHEHNE
NOJSTy4YEHHbIX B NpeaBapuUTESIbHOM pacyeTe napameTpoB, FreOMEeTPUYECKUX
pa3MepoB, 0OOMOTOYHbIX AAHHbIX, OLEHKa COOTBETCTBUS TEMNEPATYPHbIX U
9HEepreTUYECKMX NnapameTpoB CyLECTBYIOLLMM HOPMaM.

Pacquy ANEeKTpoMarHnTa AoJiKeH npeallecrtBoBaTb aHanm3 KMHEMAaTU4YECKON
CXeMbl MEXaHN3Ma, C KOTOPbIM 3JTIEKTPOMArHUT Cco4rieHeH, C uernblo onpeneneHns
PE3YINBbTUPYIOLLNX XapaKTepUcTuk I'IpOTVIBO,EI,GMCTBWOLLI,VIX cuin nnnm MOMEHTOB,
KOTOpble Heob6xoanmo npeoaoneTb npun ABNXeHNUN AKOPA.

B pe3ynbTate fomkeH BbiTb YCTAaHOBIEH 3a30p MO X04Y SKOpS, NP KOTOPOM
9NEKTPOMArHnTy NpUxXoanTca passuBaTb HanborbLlyo paboTocnocobHOCTb Ass
npeogoneHnsa npotmeoaencteytowen cunol (F,). Takon 3a3op B ganbHenLWem
NPUHATO Ha3bIBaTb KPUTUYECKUM (S ), @ COOTBETCTBYHOLLYIO SNEKTPOMArHUTHYIO
cuny Kputunyeckom cunon (Fo). [ns obecneyeHns HagexHon paboTbl KpUTUYecKas
cuna OOfMKHA HECKOSbKO MpeBbilaTh COOTBETCTBYIOLLYIO 3TOMY 3a30py
NPOTUBOAENCTBYIOLLYIO CUITY

Fo=I< ) Fn,

roe K=1,2 + 1,5 — koadhpunumeHT 3anaca, npuHMMaeMbIn ONst CaMblX
HebGnaronpusTHbLIX YCNOBUIN 3KCnyaTauumn (MOHMKEHMNE HaNPSXXEHNSA Npu
HarpeTon KaTyLuke).



3Ha4yeHus Kputnyeckomn cunol F, (Kr) n kputnyeckoro 3asopa d , (CM) ABNATCS
OCHOBHbIMW UCXOAHbIMU JaHHBIMKU pacyeTa OM.

Kpome Toro, Heobxoammo 3HaTb ycrnoBusa pabotbl M (MpoaomMKUTENBHBLIN,
KpaTKOBPEMEHHLIN), poa Toka, HanpskeHne U, yacTtoTy f, Tmn skops OM
(MpsiMOXo40BOW, NOBOPOTHbLIN, BpaLLaLWNNCA), UCMOSNTHEHME KaTyLKN (TOKOBbIE,
HanpsXeHUs, HaMOTaHHbIe Ha Kapkac, TpyOy, cepaeyvHuk, beckapkacHble 1 Tak
aanee).

3adaHHbIA TUN 3NeKTpoOMarHnuTa n UCxXoaHble AaHHble ANns ero pacyerta ans
npeanucaHHOro CTyAeHTy BapnaHTa npmeegeHsl B npunoxenuu 1. [ina ctyneHToB
6e30TpbIBHbIX hOopM 06y4YeEHNA HOMEP BapuaHTa COOTBETCTBYET CyMMeE ABYX
nocnegHunx undp yv4ebHoro wmndpa. Scknsbl npeanaraembix K paspaboTke
9JIEKTPOMAarHnToB npuBeaeHbl Ha puc. 2.1.

[Mpwn aTOM NpeanonaraeTcs, YTO ANEKTPOMArHUTbl OTKPbITOro NCMOSTHEHUS, AN
NPOLOIMKUTENBHOIO pexnma paboTbl. KaTylwka HaMmaTbiBaeTCsl Ha NaTyHHYO Tpyoy
TONMWMHOM 1 MM, Ha Topuax 0BMOTKM MMeeTCs MO OAHON M30NALUMOHHOM LWanbe 13
TEeKCTonmTa TOmNWMHOM 2 MM. [N yCTpaHeHns 3anunaHus SKopsa nog nontoCHbIMU
HaKOHEYHMKaMN MarHMTONPoOBOAa YNOXEeHbl HEMarHUTHblE MeTannyeckme
npokrnagku TonwmnHon 0,3 Mm.

B npouecce pa3paboTkm npoekta HeO6XOANMO BbINOSTHUTL CeayLWNn 06bem
pac4yeToB:

onpeaennTb OCHOBHbIE Pa3Mepbl SNIEKTPOMarHmTa;

paccumtatb 0OMOTOYHbIE AAHHbIE KaTYLUKW;

paspaboTaTb YepTex ANeKTPOMarH1Ta;

onpeaennTb MakCuMarsibHy TeMmnepaTypy No cevyeHuto KaTyLwkm IM;
oueHuTb noTpebnaemyto OM MOLLHOCTb B paboyem pexunme, pacxon
aKTMBHbIX 0OMOTOYHLIX MaTepuanoB, BEC 3M1EKTPOMarHnuTa, CTOMMOCTb

MCMNOJIb3OBAHHbLIX MaTepmnaros.
a)

kN =

a

Puc. 2.1. 3cKn3bl aNeKTPOMarHMToB: a) MOBOPOTHOro; 6) NPSAIMOXOA40BOro



3. NpenBapuTenbHbIM pacyeT Aapa 3NeKTpoMarHuTa

3.1. [lns npoBeaeHns pacyeTta HeobxoaAMMo 3a4aTbCs HEKOTOPLIMU NapameTpamm
1 6e3pasmMepHbIMU KO3 ULIMEHTaMM NPeaBaPUTENBHOMO pacyeTa:

a) NPUHATb UCMNOJSTHEHME KaTYLLKK, Krnacc ee N3onsumMm u B COOTBETCTBUUN C 3TUM
A0NyCTUMOE MpeBbILIeHne TeMnepaTypbl KaTyLUKN OTHOCUTENBHO OKpYXKatoLlen
cpenbl (NpunoxeHue 2)

g="C.

6) NPy HOPMUPOBAHHON TeMMepaType OKpyXatoLlen cpeabl v o=35° gonycrumas
TemnepaTypa KaTyLLKM

vg= g +35"

3.2. B cOOTBETCTBMA C MPUHATLIMU 3HAYEHUAMN Yene Haxoaum:

a) Koa(pPUUMeHT TennooThaum ¢ Hapy>XHOW NOBEPXHOCTU KaTyLwku [4], BT/rpag
2
cMm

h=hy=9,3 - 10(1+0,0059 .0 y);
6) yaenbHOe conpoTuBIieHne NpoBoAa HarpeTon KaTyLUKK
P:ﬂg:ﬂu(1+ﬂn'rg)s

roe p ,=0,0162 Om - MMZ/M — yOenbHoe ConpoTUBEHNE MeLHOro NpoBoaa npu
0°C:

a 0=0,00393 1/rpaa. — TemnepaTypHbI KOIPPULNEHT;

B) KO3AhUMUMEHT TennoodbmeHa ¢ BHyTPEHHEN NOBEPXHOCTU KaTyLwkK: hg= o h, rae
o - KOO MPUUMEHT, YYMTbIBAKOLLNA TEMNOOOMEH MeXOY N BHYTPEHHEN
NOBEPXHOCTbLIO KaTyLUKN U CEPAEYHNKOM U 3aBUCALLNIN OT UCMNOSHEHUS KaTyLWKn (o
=0,9 — ansa 6eckapkacHon, baHxunpoBaHHoON; oo =1,7 - ANA KaTyLWKN, HAMOTaHHOW
Ha TpyOy; a0 =2,7 - ANA KaTyLWKW, HAMOTaHHOW Ha cepaeydHuk; o =0 - NS KaTyLUEK,
NMEIOLLMX N3ONALMOHHBIA KapKac, NNOX0 NPOBOAALLNN TENMO).

3.3. Vlcnornb3ysa HaKoMNEeHHbIN OMNbIT MPOEKTUPOBAHUS, MPUHATL 3HAYEHUS
6e3pasmMepHbIX KOHCTPYKTUBHbBIX KO3GMULMEHTOB C Y4ETOM HanuMyus Ha
cepaedHuKe NoftCHOro HakoHeYHuKa no Tabnuue 3.1, puc. 2.1, roe

A
n=—= : JIT:@: : |8_

dc dc m:,S'Il.



Tabnuua 3.1

PekoMmeHOyeMble 3HaYeHUs1 KOHCTPYKTUBHbBIX KO3 ULIMEHTOB

McnonHeHue [MoCTOAHHBIN TOK [MepeMeHHbIN TOK
oM
MapameTp 6e3 NontCcHOro C nontocHbIM
HaKOHEeYHWKa HaKOHEYHNKOM
n 0,4-0,6 0,7-0,9 0,5-0,8
B 2,0-8,0 4,0-7,0 2,0-4,0
T 1,0 1,6 -2,0 0,8-2,0

3.4. |_|pl/IH$ITb npeaBaputesibHoe 3anofiHeEHME OKHa KaTyLUKM MeTarsJsioM nposoa

:SM.W
H-A

fs

roe S, — cevyeHne nposoga obMOTKM, CM2; W — ymcrno ButkoB 06moTku; Hm A —
BbICOTa M WMpuHa katywku (puc. 2.1); f,=0,4 = 0,6 B 3aBUCUMOCTM OT MapKu
nposoda un cnocoba yknagku nposogos. Bnocneacteum TpebyeT yTOUHEHUS.

3agaeMcst BO3MOXHbIM CHKEHUEM HanpsixeHust B ceTn X=0,85.

3agaemcst BO3MOXXHbIM CHUMDXXKEHMEM MarHMTHOro noteHuuana B ctanu v B
Hepabounx 3a3opax (CHmkeHne MC). B paunoHanbHO NOCTPOEHHbIX
KOHCTpyKUmMsx nageHne MAC B ctanu marimtonposoga coctaenset 10 + 20%, aB

Hepabounx Bo3ayLHbIX 3a3opax 5 +10% o1 BenuynHbl nonHon MAC kaTywku (|

o= W) _qes 07

I-W)

roe | - W, — MOC, npuxogsiasca Ha OCHOBHOM pabounii 3a30p.



3.4. PacyeTt aapa anekrpomMarHuTa:

a) NpnBbNMXKeHHOe 3Ha4YeHne NHOYKUUN B BO3AYLLUHOM 3a30pe MOXHO NonyyuTb [1],
ncnonb3ys 6e3pasmepHble KOHCTPYKTUBHbIE KOI(PULMEHTBI B BUAE

4107 J2F.)

B.;. 5 4
/30y da - Ans npsiMoxodosoro M,
o o 48107 I
u} 5 A
w3 8 - ANSi NOBOPOTHOTO AM,
.- 210° p [1+1)
1" "7 2., . 2. 2. :
me  PXUfarmialleaneehg, (3.1)

Micxoana U3 onbiTa NPoeKTUPOBaHUSA, 3HaYeHe HayKuum B,, kKak npasuno, He
[OMKHO NpeBocxoaunTb B, < (0,6 +0,8) - 107 B6/cm?;

6) B CBA3KN C HanM4Ynem NOJsIKOCHOro HaKoOHEeYHUKa NpomMcxoauT “BblinyynsaHue”
MarHMTHOro NOTOKa B 3a30pe (CUMNoBbIe NIMHUKM NOMS UCXOOAT HE TOSTbKO 13
rOpM30HTasIbHOW NITIOCKOCTU NOSIFOCHOIO HAKOHEYHMKA, HO U U3 ero BOKOBbIX
CTOPOH). 3HaveHne KoadhdmumneHTa “BbliNy4YMBaHNA", yYUTbIBAIOLLIETO 3TO SABJIEHNE
ana M gaHHoro Tuna, onpegennts No opmyne

2,08
.
X (3.2)

5221

roe y =dg/d o — HEKOTOPbIN TEKYLLUNI NnapameTp.

Onpepensaowmin pasmep sagpa afekTpoMarHMTHoro anemeHTta d; (gquameTp
cepaeyHmKa) MOXHO HanuTu 13 3aBucnumMmocTu [1]

Fo_ 288%

o G (3,3)

Tak kak coBmecTHoe pelueHne (3.2) u (3.3) 4ocTtaTo4yHO rpoMo34Ko, HE0BXo4MMO
MCcnonb3oBaTb rpadoaHanMTUYECKNn MeTon, ANsl Yero NPOM3BECTM pacyeT U
NOCTPOEHME rpadnka 3aBMCUMOCTM



Fo _
a—%—f(}:)

(3.4)
3agaBasACb MPOM3BOSIbHbIMU 3HAYEHUAMUN . .
PesynbTaTthl pacyeTa cBectu B Tabnuuy 3.2.
Tabnuua 3.2
K pac4yeTty 3aBucmmoctu (3.4)
X 12 y° y° g2 Fo/d o MpyMeyaHue

N ..

Mo pac4eTHbIM JaHHLIM NOCTPOUTL 3aBUCUMOCTL (3.4) 1 Ha NONYyYEeHHOW KPUBOW,
WHTEPNONUPYA, HAUTWN 3HAYeHne y , COOTBETCTBYIOLLEee 3a4aHHON BenninHe Fo/d
o>, YTO MO3BOMSIET MOMNYYMTb ONpedensioLWMi pa3Mep siapa snekTpomarHuTa d,

CcM: dc=9 o %
3.5. OnpeaeneHne OCHOBHbIX NapamMeTpoB a4pa afekTpoMmarHmta
1. Mabaputbl agpa IM:

o LWIMpUWHa KaTywkn A=n - dg;

e BbICOTA KaTyLwwkn H=m - d;

AVaMeTp NontoCHOro HakoHeyHuka d,=t - d¢.

2. NpeaBapuTenbHble napameTpbl KaTtywku [1,5] - Heobxoanmas MIAC, As

9-10°
Iw = de- 4.7
pXT de’Cr_ ans npsimoxogosoro M (npx); (3.5)

3
rov = 33510

qﬁ(ﬂt dc' V) dC / C1

- ons nosopotHoro AM (nos);  (3.6)

- ceyeHwe npoBoaa o6MOTKM (pacyeTHoe), cM?:



2,82p,(1+n) 2

Sm = Ugxe nlldcfcl (10%):

(3.7)

141p (1+n) 2

5 Uxe Jdcfcl (108)

(3.8)

y d=_/ i
AnameTp npoBoaa (pacyeTHbIN), CM: A5m/T
BbibupatoT 6nuxkanwmnm pasmep nposoga mapku MNM3J1 (npunoxeHue 4), a UMEHHO:
anameTp no meau (PakTU4eckun), guameTp no n3onsaumm (akTuy4eckun), ceveHme
no meaun S'y (pakTnyeckoe);

- YACJ10 BUTKOB

W 2f3AH
S (Ans npx.) Ha OBe KaTyLLUKK
(3.9)
W fzAH
S (ans no..)
(3.10)

PesynbTaThbl NpeaBapuUTENbLHOro pacyeTa criegyeTt ceectu B Tabnuuy 3.3
Tabnuuya 3.3

Pe3ynbTaTtbl NpeaBapuTENbHOro pacyeTa NPOEKTUPYEMOro ariekTpomMarHuTa (Tmn )

OCHOBHbIE pacyeTHbIE NapameTpsbl Ea.nam. 3HayeHunsa
Kputnyeckasa cuna F, Kr
Kputnyecknn 3asop 6 , CM
Onpegenatowmin pasmep sapa d. CM
NHaykuna B 3a3ope B, B6/cm?

n



m
Marnutogsuxywas cuna (MOC) AB
2
CeueHne npoBoga MM
Yncno BUTKOB B

4. Pa3paboTKa KOHCTPYKLIMM INEeKTpoMarHuTa

PaspaboTka KOHCTpyKunn OM npon3sBognTca No AaHHbIM NpeaBapUTENbHOro
pacyeTa B COOTBETCTBMU C TPEOOBAHMSAMUN TEXHONOMMYHOCTN KOHCTPYKLINN,
HaOeXHOCTU ee aKkcnnyatauun. B npouecce ackusHom npopaboTkm npoekTa
YTOYHSOTCSA reOMeTpUYEeCcKne pasmepbl MarHUTONPOBOAA M KaTyLLKN C y4ETOM
OKPYTrNEHNSA 0O KOHCTPYKTUBHBIX pa3MepPOB U MCNONb30BaHNSA CYLLECTBYHOLLNX
COpTaMEHTOB Ha MaTepuarnsi.

4.1. \cxogHbIMY J@HHBIMKW MPOEKTHOrO pacyeTa ABMATCA pe3ynbTaThl
npegBapuTenbHoro pacyeta OM:

- KpuTnyeckaa cuna F=F, (Kr) n Kputnyecknin 3asop o o,

- NOSTydeHHbIe B NpeaBapuTenbHOM pacyeTe onpeaenstowmnn pasmep 9OM d., cwm;
ceyeHue meTanna npoeoga S/, cm nu MAC (katywek) IW, As;

- NPUHATBLIE 3Ha4YeHns Be3pasMepHbIX kKoadduuneHtoB m, n, t, B,
onpegensaowue rabapuTtbl anekTpoMmarHnta. CKOppeKTUPOBaHHbIE B MPOEKTHOM
pacyeTte pas3mepbl OM 6yaem cHabxatb nHaekcom wtpux (‘); d.; A’ n 1.4. OanH n3
BapMaHTOB pabo4ero ackmn3a anekTpomarHuTa npueeaeH Ha puc. 4.1.
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Puc. 4.1 Pabounin 3CKkM3 aneKkTpomarHuTa: a) C NOBOPOTHbLIM SIKOPEM; 6) C NPAMOXOA0BbIM

AKopem

4.2. YunTtbiBas MMEKLWMNCS ONbIT MPOEKTUPOBAHNA SITIEKTPOMArHUTHbIX YCTPOWUCTB,

MOXXHO pekoMeHOoBaTb CreayloLwmi Nopsaok AanbHenLWwero pacyera:

e YTOYHUTb pasmepsbl dc, UCxoaa U3 coobpakeHust OKPYrieHns nosy4yeHHoro
paHee pa3Mmepa 40 KOHCTPYKTUMBHOIO pasmMepa Unn MMeoLLerocs
copTaMmeHTa matepuana d.’, cwm;

e MNPUHATb KOHCTPYKTUBHO pa3mepbl BbICOTbI MOSIKOCHOIO HAaKOHEYHMKA A 1 U
paccTosiHne OT CKOBbl MarHMTONPOBOAA A0 KaTyLKK (MNn Mexay ABYMS

kaTywKammn) A ,, KOTopoe onpeaensieTcs yaobCTBOM 3aMeHbl KaTyLUKW, HO He

MeHee 5 =+ 10 MM, A 1= CM, A = CM;



e YTOYHWUTb pasmepbl KaTywkn, cm H'=m.d;, BoicoTy kaTywkun H,=H+2A 4, rae

A 4- 1,5+ 2,5 MM, lWIMpUHA HaMoTkK, cM A'=n. d;’, LUMPUHY KaTYLLIKN, CM
AK'=A’+A 5+A ¢.

A 4, A 5, A - NPUHMMATb KOHCTPYKTUBHO B COOTBETCTBMM C BbIGOpOM cnocoba
N3onaunmn 1 ToNWmMHON Kopnyca katywku (1,5 + 2,5 mm);

e ONpeaenuTb AnameTp MOSKCHOro HaKOHEYHMKa, cM d,'=t d.’ HapyXHbIn 1
BHYTPEHHUW AnameTp KaTywkn, cm D= d/+2A,, Dg'= d..

4.3. [lo nony4yeHHbIM B N. 4.2 pasmepamM U UCMOSNHEHNIO KaTYLLKN ONnpeaenuTb ee
noBepxHocTb (1) oxnaxaeHusi C y4eTOM BO3MOXHOMO pasnnyns TennooTaaydm Ha
€e y4acCTKax (I_IEH’ I'IBB, I'IT):

- BokoBasi Hapy»XHasi NOBEPXHOCTb, cm? Mgp=m. D'y.H;

- bokoBasi BHyTPEHHSAS MOBEPXHOCTb, cm? Mgg=n. Dg.H;

- TopLeBas NoBepxHoCTb, oM? My=2(D,’-Dg’){E,

__p.tDil
fg==
roe 2 - ANVHa cpefHero BUTKA.

4.4. OnpenennTb KOHCTPYKTUBHbIE NapameTpbl MarHMTonpoBoaa.

LLinpuHa marHmutonpoBoda “B” (SKopsl) He AOSMKHA 3HAYMTENBHO NPeBbILAaTb
HapYXXHbIW AnameTp KaTywek: B=D, +2A 3, rae A 3=2 + 5 MMm.

CeueHune ckobbl MarHuTonposoa S, (NOBOPOTHbIN M) BO n3bexaHus
HaCbILWEHU He JOMKHO ObiTb MEHbLLE CevyeHUss cepaeyHmnKa, CMy:

T4
Sagsc:_(j_cj

azs_a

TonwwmHa ckobbl MmarHuTonposoaa (a) E , CM, HO HE MeHbLUe 4 MM.



CeyeHune skopsa MarHMTonpoBoaa MOXeET ObITb MPUHATO HECKOSBbKO MEHbLUE
9KBMBASIEHTHOrO Ce4YeHNs1 OCHOBHOIO 3a30pa, cm? Sa=(0,7+1,0) Spo’, rae

g, a7

IT=
4 - 9KBMBaJlieHTHOE ce4veHune rnosmtoCcCHOro HakoOHe4YHuKa.

TonwmHa aKkopsa e onpeaensaeTcs ero ce4eHneM 1 LWMPUHON, CM

. = DHK
EBE

HO HE MeHbLIE 4+ 6 MM Mo 0006pa>|<eHmo ero MexaHm4eckou NMPOYHOCTN.

BbicoTa cepgeyHuka H,' onpegensieTca BblcoTon KaTywkn H,'. [Mpu oTcyTCcTBUM
MONKCHOrO HAaKOHEYHMKA BbICTYMNAOLNN KOHEL, cepaedHnka NpUHUMatOT paBHbIM A

=2+ 5 MM.

4.5. Mo NpUHATBLIM pa3amepamM MarHUTONPOBOAA ONpeaensoT CPEAHION ONTUHY

CUNOBBLIX JIMHUWN SAKOPSA £aK | apma £ap (cm. puc. 4.1): £ = CM, £3r = o,

YTOYHUTb pa3mMepbl 3a30p0OB B MECTaX HEpPA3PbIBHbIX AeTanen oTAeNbHbIX
y4acTKOB MarHMTONpoBoAa, TO eCTb Hepaboumx 3a30pOB B MECTE COYSIEHEHUSA
MOSIFOCHOrO HAKOHEYHMKa U cepaeyHUKa (S wp1, O wp2), CEPAEYHMUKA U CKOObI.
YKasaHHble 3a30pbl onpenenstoT, UCXOAs N3 HENMOTHOro npuneraHng
nosepxHocten ctanu (2 X 0,005 cm), HanMuMs aHTUKOPPO3UNHBIX MOKPLITUN (2

X 0,015 cm), HemarHuTHbIX Npoknagok (0,03 cm), n npuHumatoT B npegenax 0,05 =+
0,015 cm.

B noOBOpPOTHbLIX cMCTEMax HaNTKU cpeaHuin 3a30p B 061acTn pacnofioXXeHNsa TOUKK
BpaLLEeHMs1 SKOpPSA NpU KPUTUYECKON BENNYMHE OCHOBHOIO 3a3opa o o (CM. puc. 4.1):

=a + + Ar +05 '
2¢, , roe f.matArtA d“. [lna npaAMOXo40BbIX CUCTEM d 4=0 .

PesynbTaTbl pacyeTa KOHCTPYKTUBHbBIX NapamMeTpoB, NpoekTupyemoro OM,
cnefyet ceectu B Tabnuuy 4.1.

4.6. Mo NpMHATLIM B MPOEKTHOM pacyeTe pasMmepam paspabaTtbiBaemoro OM
HeobxoanMO BbINONHUTL pabounn YyepTex B MmacwTabe 1:1 coopmata A3 ¢
npunoxeHmem cneumdukaumm getanen 3M. Homepa no3mumnin coctaBHbIX YacTen
N30enus ykasblBatoTCA Ha Norkax NMMHUKA BbIHOCOK YepTexa.



Tabnuua 4.1

PesynbTaTthl pacyeTa KOHCTPYKTUBHbLIX MAapaMeTPOB NPOEKTMPYEMOTO
anekTpomarHuta (Tun )

OcCHOBHbIE pacyeTHble NapamMeTpbl
Kputndeckasa cuna F=F,(2F,)
Kputnyeckun 3asop d ,
Onpegenawowmin pasmep sgpa IM d.
Bbicota obmoTkn H’

BbicoTa kaTywkn H/’

LUnpuHa katywkn A,

LLUnpnHa HamoTkn A’

HapyxHbln gnameTp kaTywkn D,/
BHyTpeHHU gnameTp Katywkn Dy’
BokoBas HapyxHasi noBepXHOCTb gy
BokoBas BHYTpeHHAA NoBepXHOCTb [gg
LLInpnHa ckoBbl MarHMTONpoBOAA B
TonwmHa ckobbl a’

TonuwmHa akopa e

CeyeHune ckobbl S,

CeueHune skops Sg¢

N T.A0.

En.nawm.
K
CcM
CcM
CcM
CcM
CcM
CcM
CcM
CcM

cm?

cm?

CM
CM

CM

cm?

cm?

[MpumeyaHna

5. NNpoeKTHbIN pac4yeT OCHOBHbLIX NapaMeTpPOB 3NIeKTPOMarHmTa

5.1. o 3Ha4eHunto KpuTUYeckon cunol F,, BENMYMHE 3a3opa d o N NPUHATOMY
pa3|v|e£)y cepaeyHuka d;’ onpenennutb YyTOMHEHHbIE 3HAYEeHUsT MHOYKUUK B 3a30pe

B6/cm”:



B, = 03910 ' ——~
™ & de - nna npsimoxogosoro OM,

™ &'d: - s nosopoTHOro AM,

roe € ' — YTOMHEeHHoe 3HavyeHne KoadpduumeHTa Bbiny4YMBaHUA, onpeaeneHHoro
ANs KPUTUYECKOro 3a3opa

g =1+ 208/ 7y ‘e X =d./6,

|_|OJ'Iy‘-IeHHbIe pe3ysibTaTtbl CPaBHNUTb C AaHHbIMU NPeABapPUTESIbHOIO pacyeTa un
caenaTtb BbIBOA.

5.2. [ins ganbHenwmnx pacyeToB HY>XHO 3HaTb, Kakas YacTb MarHMTHOrO NOTOKa
MarHMTONPOBOAa NPUXOANTCA HA MarHUTHbIN NOTOK paccenBaHus.
PacceunBatoLascs B OKpy»xatoLLlyto cpefly YacTb MarHMTHOrO NOTOKa OLEeHMBaeTCs
C NomoLLbo KoadhdurumeHTa paccenBaHna (6) Npy KPUTUYECKOM MONOXEHU
sKopsi. [1ns aToro npeaBapuUTeNibHO HYXXHO ONpeaenmTb NPoOBOAMMOCTb OCHOBHOIO
BO34yLUHOro 3asopa, IH

_ M, * (dln)z _ L, (El't'dlc)z
48, 48, (5.1)

Go

roe  do™ 8 7 des hukTuBHBIN ArameTp paGoyero BO3AYLIHOM 3a30pa C yYeToM
MOSIOCHOIO HAKOHEYHMKA W1 BbIMyYBaHUS.

[anee cnenyet onpeaenuTb NPOBOANMOCTb Hepabounx Bo3ayLLUHbIX 3a30p0oB, H

_!'f"'o'ﬂ'd::)z

Grp =
Bup (5.2)

rae BenuynHa Hepabodero 3asopa (A ) onpeaenseTcs no ackudy M n coctout
n3 HemarHuTHom npoknagku (0,03 cm), HeNOTHOCTEN NpUNEraHns 3a cyeT
HepoBHoOCTen 06paboTkmn nosepxHocTn ctanu (0,005 cm Ha couneHeHne
9NIEMEHTOB MarHMTOMNPOBOAA) 1 HaNM4YMst aHTUKOPPO3nnHoro nokpbltna (0,0015
cm). CnegyeT yunTbiBaTh ABa Hepaboumnx 3asopa.



[Mpn onpegeneHnn obLien npoBoaMMOCTM paboumx n Hepaboumx 3a30poB As
npsaAMoxodoBbix OM nonb3yTca COOTHOLLEHMEM (C Y4€TOM OBYX
nocnegoBaTtesibHO paboTatoLwmnx paboymx 3a3opos), MH

G 0,5Go" Gup
0G0 ™ Gup. (5.3)

[Ans noBopoTHbIX QM He0OX0aMMO y4eCTb AONOSTHUTENbHO NPOBOAMMOCTb
cpeaHero 3a3opa B 00M1acTy pacnonoXeHUs TOYKU BpaLleHust AKops S 5, [H

_Mo'Sa_ Mo'B-2fc_21g°Bfe

G
Y G %0 oo (5.4)

Torga obuwas nposogmmocTb G (puc. 4.1.) no BceM TpeM Bugam BO34YyLUHbIX
3a30p0OB ONpeaennuTcs U3 COOTHOLLIEHUS

e Go GHp Ga
Go Gupt Go " Ga* Gup Ga (5.5)

rlpVIBe,D,eHHaﬂ Nno MarHMTHOMY NMOTOKY NPOBOAUMOCTb HaxogunTcA N3 COOTHOLLEHUA

g Hy
2 (5.6)

Gy =

roe H' - nonHas BbicoTa KaTyLWKH; g - yaelibHad NpoBOONMOCTb YTEYKN.

[na npsmoxogosoro OM ¢ aBymsi cepaeyHMkamm

(5.7)
[na nosopoTHoro OM
. 27,
gn[1+ fgz_ﬂﬁ(djm,sd;] .

B aTux BblpaxeHusax< - pacctosHne Mexay OCAMM KaTyLIKU UM MEXKOY OCbIo
KaTyLUKM M OCbtO ipMa.

Tenepb MOXHO onpeaennTb 3HauyeHnst KoadpduumeHTa paccesiHia ons
KPUTUYECKOTO MOJIOXKEHMS SKOPS



G+GF
a=
g . (5.9)

5.3. OnpegenuTb 3Ha4YeHNe MHOYKUUKN B CTanu cepaedHuka, B6/cm?

Be=Bo 0o 7] (5.10)

Mony4yeHHoe 3HaYeHne MHAYKUMM He AOIMKHO NPEBbLILWATh Npeaeria HacblLWeHUs
MCnonb3yemMon Ans MarHUTonposoaa ctanu (npunoxeHue 3).

YTOYHUTL 3HaAYEHNE MHOYKLUMW B CTarnnm AKop4A

Bk = Bo—%
SSIK (5.11)

r !
So = ﬂ(E .T-.dC)ZM
roe - 3KBMBAIIEHTHOE CeYeHne OCHOBHOrO 3a3opa.

5.4. OnpegenuTb MarHUTOOBWXKYLLYIO CUNY KaTywku OM, Heobxoanmyto ans
npoBeaeHns nNoToka B pabo4ymx 3asopax

(IW):: = N"BD&
Ho (5.12)

rae N — uncno paboymx Bo3gyLUHbIX 3a30POB; A4S NPOBEeAEHMS NOTOKa B
Hepabounx 3a3opax

. By
IW)o= App—2
- Whap Pho (5.13)

Heobxogumas MIOC onsa npoBeaeHUsi NOTOKa B CTanuy BblYUCNSETCS MO

HaNWAEHHbIM 3HadYeHuamMm nHaykumm B.' (5.1) n By (5.12) n onpegeneHHon no

ackm3y OM anuHe yyactka cepaedHuka ey akops <=( ¢ y4eToM Hannuus
NOSIIOCHBLIX HAKOHEYHUKOB, puc. 4.1). NMpn aTOM crnegyeT UCNofb3oBaTh KPUBLIE
HamMarHM4nMBaHus NPUHATOrO Matepmana MarHutonposoga (npunoxexve 3) aAns
HaXOXOEeHUS HanNpPs>KeHHOCTW NOSs, COOTBETCTBYIOLEN MHAOYKLMM B MeTanne

(TW)er=Hedsp+ Hsmred s (5.14)

O6wwee 3HavyeHne MIAC kaTyLwkum



(TW) = (TW)o+ (TW )}y + [TW g _ (5.15)

LlenecoobpasHo cpaBHUTL NONYyYEHHYIO B pe3yrnbTare npoekTHoro pacyeta MAC
(IW)" (5.15) c nonyyeHHoun B npeaBapuTensHomMm pacyete (IW) u cgenatb BbIBOA,.

6. OnpeaeneHne NPOEKTHbIX NApPaMeTPOB KaTyLUKU aNIeKTpoMarHuTa

CpaBHeHne MC npoekTHOro n npeaBapuTenbHOro pacyeta no3BondeT YTOUYHUTb
ceyeHue 1 YMUCIOo BUTKOB KaTyLlku SM.

6.1. OnpegennTtb obLiee ceveHne mean (Nnposoda) 06MOTKM

(rw)

SM:SMW (6.1)

[vameTp npoBoaa 0GMOTKM

d = 45m/ 7 _ (6.2)

[Mocne 4vero cneagyet nogobpatb 6nvkanwmin no FOCT (npunoxeHune 4) gnameTp
nposoaa 6e3 nsonauunn d'; onpegenuTs AnameTp nposoaa ¢ nsonauuen d'y u
ceyeHne nposofa S'yp,

Onpenenutb KO3(PULMEHT 3anonHEHUsT OKHA HaMOTKW f,, Ans naeansHon
LuaxMaTHOM yKnagku nposoaos f,

2
7 | d
fan=fwm=—F%|—
2*5[‘11] . (6.3)

YuunTbiBasi HEpaBHOMEPHYIO YKNagKy NPOBOAOB NPU HAMOTKE, BbIMOSIHEHHOM Ha
asTomare (K;=0,9), Heo6xoAMMO HaNTK pearnbHbl KOIPDULMEHT 3anonHeHus f':

f's= Ky (fsn).

6.2. YTOYHNTb NPOEKTHOE YNCNO BUTKOB

w=i3aH

SM - npu oaHoit KaTylLKe, (6.4)



Vo 2 H
SM - npu HanMuMK OBYX KaTyLLEK . (6.5)

6.3. OnpeaennTb CONPOTUBIEHNE OHOWM KaTyLIKN, OTHeCeHHoe K 0°C

~4
' 10 L D '
Ro = 0 Py

Sm , (6.6)

_Du*Ds
D == —— =
rope ¢ 2 - cpedHuit AMaMeTp KaTyLku p ,=0,0162 OM MM?/M - yaernbHoe
conpotueneHne meau npu 0°C, W’ - Yncno BUTKOB OQHOM KaTyLLKW.

[MoTpebnsemast MOLHOCTb Ha OAHY KaTyLUKY

a r o r
R'o ynm AR’ Npwv HaNU4YUU OByX KaTyLlek. (6.7)

_Ps
L™y 2
YaenbHble noTepy B eanHuLEe obbema KaTyLLKK1, CM , Bt/cm?, roe
-Iiuir = 1 1
™DepA H _ 561em 06MoTRM, oM.
7. PacueT TennoBOro pexumMma ooMoTKu

7.1. TennoBon pexxmum oBMOTKN 3aBUCUT OT 3HAYUTENBHOIO YnCna KOHCTPYKTMBHbIX
dakTopoB N PU3NYECKNX CBOMCTB MaTepuanos, UCMNOSb30BaHHbIX B 06mMoTke 3M:
cnocoba HaMoTKM, TOMLWMHBLI M30MSLMN NPOBOAA & M ero Matepuana, Hanuyus
N30MSALUNOHHBLIX NPOKNagoK A , pa3mMepoB 3anoSIHEHHOIrO BO3YyXOM (/1akoMm)
npocTpaHcTBa O6MOTKM | 1 Ap. PacnonoxeHne aTnx afieMeHToB B 0OMOTKE MOXXHO
NUNNICTPUPOBATL SKBMBASIEHTHOWN KAPTUHOW, NPpUBELEHHON Ha puc. 7.1.

\ o

Nt
) e

:
N

Puc.7.1. OkBMBaneHTHasa cxema pacrofioXXeHNA 31EMEHTOB M30MsaLUUN B 0OMOTKE

Dl T el



[nsa kaxxgoro NnpuBeAeHHOro anemeHTa obmMoTku (puc.7.1) xapakTepHo
onpefeneHHoe 3HavyeHne TENNOeMKOCTU A , NOJTyYeHHOEe 3KCNepuMeHTarbHbIM
nyTem 1 npuBegeHHoe B Tabnuue 7.1.

Tabnuua 7.1

PekomeHgyemMble 3Ha4YeHUs KoappULNMEHTOB TENTONPOBOLAHOCTU

NcnonHeHue KoadbhULMEHT TEMNonpoBogHOCTM, BT/CM rpag . 107
KaTyLUKM 6e3 nponuTkm NPONUTKa NTAaKOM | KOMMayHAUpPOBKa
A 1 (0,69-0,71) 1,15-1,25 1,34
A2 (0,25-0,3 1,4-2.2 1,4-1,6
A3 (0,5-0,8) 1,25-1,3 1,4

[MpuBeaeHHOe 3HavYeHne KoadppurumeHTa TenSIoNPOBOAHOCTU AN U30SSUUK BCeN
KaTywku *=onpenenuTb no [1], BT/rpag. cm

B 20421+ A
MM 2 9t A 7.1)

roe 26 =d4-d — TonuwmHa n3onsauum Nposoaa; A - ToMLWUHa Npoknaakn; 2i —
9KBMBaneHTHada TomnLwmHa y4actka 06MOTKM, 3an0fIHEHHOIO BO34YXOM UMK fTakoM
(komnayHOoMm), KoTopasi onpegenseTca cnocobomM HaMOTKM KaTyLKn (psagosas,
LIaxmaTHasi) cocTaBnsieT Bennuuny 0,852 0,952 107 cm.

OKBMUBASIEHTHbIN KO3 MULMEHT TENNONPOBOAHOCTM O BCEN KaTYLUKN
onpeaensietca Kak A =Ks,; 4, rae K3 HeKoTopbIN 3KCnepUMEHTanbHO
ornpenesieHHbIN , KOPPEKTUPYIOLLNIN KO3 MPULIMEHT, XapaKkTepnsyoLmin
TEXHOSOMI0 BbIMOSIHEHMIO OOMOTKKM, onpeaensemMbl No rpaduky 3aBUCUMOCTU
Ks=f(f3), npnBeaeHHOMY Ha puc. 7.2.

7.2. Janee HeobxoaAnMO NPOM3BECTU pacyeT TemnepaTypHOro pexuma 0bMoTKM
(kaTywKn).

Onpeaensowmm B paboTe matepmana KaTyLLKu SBNSieTC MakcuMarnbHas
TemnepaTypa HarpeBa ee 311IEMEHTOB, Tak Kak OT ee 3Ha4YeHUs1 3aBUCUT CPOK
cnyx06bl BCEX N30NALNOHHbLIX MaTepPUanoB N N3MeHeHne 3NYEeCKNX CBONCTB
MeTanna ooMOTKM.
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Puc. 7.2. 'paduk 3aBUCMMOCTM KoppekTupytoLwero koadduumnenTa Ks=f(f3)

OnpepeneHve MakcuMarnbHOM TeMnepaTypbl U TEMAepaTypPHOro Nons BHYTPU
KaTyLUKM NPW pearnbHbIX YCIOBUSIX €e HarpeBa B aHanuTuyeckon dopme
AO0CTaTOYHO CrOXHO [1,2] 1 NpaKTUYECKM HENPUEMMNEMO AN NHXEHEPHbIX
pacyeToB. [Mo3TOMy NCMNONb3YTCA NPUBNNKEHHBbIE METOAbI C YY4ETOM
NpMBNeYeHns psiga akcnepuMeHTanbHO NoMyYeHHbIX 3aBUcuMocTen. B aTom

crnyyae cpegHee LBCPJ N MaKcUMarnbHoe [E'M)I'IpeBbILLIeHI/Ie Temneparypbl
BHYTPEHHUX YacTen 0OMOTKM onpeaernstoT Mo OTHOLLEHUIO K TeMnepaType ee
NMOBEPXHOCTU (vn), npegnonarasi B nepsBoM npubnmkeHnn paBHOMepHoe
pacnpegeneHne UCTOYHMKOB Harpesa Nno cevyeHuto obMoTku. Ncnonb3sys
nonyyeHHyo ans M noCTOAHHOro Toka [4] aMnepuyeckyto NPUBNMKEHHYIO
dopmyny, TemnepaTtypy neperpesa Hapy>XHOM MOBEPXHOCTU KaTyLLKM

p = 35“)

OTHOCUTENBHO OKPY>KatoLLEen cpeabl ¥ ¢ MOXHO ONnpeaenuTb Kak

6rc= 84,5 T +25,41po 7505 ) -1 (7.2)



roe P, — MowHOCTD, n0Tpe6n$|emaﬂ KaTyLLIKOVI npu conpoTmeIieHnnn NpoBogoB

= ' ' + ']

obmoTku npu Temnepatype 0°C (6.7); Sox = [DH De - NOBEPXHOCTb
oxfaxaeHna Yepes HapyXHy 1 BHYTPEHHIOK BOKOBbIE NOBEPXHOCTU. TennoBbIM
MOTOKOM Yepes TopLEBbIE NOBEPXHOCTN MOXHO NpeHebpeyb n3-3a Hanndng
Kapkaca no Topuam (puc. 4.1); a =1,7 k0adDULUNEHT, y4NTbIBAIOLMIA POCT
TEennooTaadn ¢ BHYTPEHHEN NOBEPXHOCTM KaTyLUKM (CM. NYHKT 3.2).

2 I91'[ + Fcp
Torp,a TeMnepartypa nNoBepxHOCTU KaTyLUKA . I'IonyquHoe 3Ha4veHune

Temnepartypa NoBepxHOCTM YmcrneayeT CpaBHUTbL C 4ONYCTMMOM [v | Ans
npuHATOro Tuna mnsonauum (Mpunox. 2).

C poctaToyHOM cUon TOYHOCTH [1] MOXKHO cunTaTb, YTO CpeaHAaAda TemnepaTypa

Tena ons katywku Ha 1,5? 3° C 6yaeT npesbiath TemnepaTtypy 6oKkoBow ee
*".-"EF”:1 = Fn+(1>5 +3GC)

NOBEPXHOCTU

Tenepb MOXXHO HANTK CONPOTMBIEHME NPOBOAA KaTyLUKN Npu 3TOM TemnepaTtype,
Om

Rep= R0u+ﬁo'vcpq) (7.3)
roe o ,=3,9. 103 - TemnepaTtypHbii kKoaddmuneHT meTanna (mean).
[MoTpebnaemMbi HAarpeTom KaTyLLKOM TOK

1= Y9 [1=_Y
ch 2Rcp

- NS OBYX KaTyLUek . (7.4)

7.3. O6wyto MAC anektpomarHuta (AB) npu Temnepartype v ¢,q HanTn u3
(IW)=W’ge, - | AB (7.5)

PesynbTaT onpegenenus (IW’) MmoxHo cpaBHUTL € (5.15) n caenatb BbiBoAbl. [pu

atom (IW') = (IW)', ponyctum oTkntoveHne 5 + 10%. Janee onpegennts
MOLLHOCTb, NOTPeBHY0 Ans paboTbl aNeKTpoOMarHMTa B HarpeTomM COCTOAHUM

P=U.| (7.6)

Ha aToM npoeKTHLIN pacyeT napameTpoB OM 3akaHuUMBaeTCA.



8. Onpep.eneHwe CTOMMOCTHbLIX NOKa3aTtesneun ANeKTpomMarHumTta

B naHHOM pasgene npoekta npeanaraetcs onpeaennts cebectoumocTb
paspabartbiBaemoro nagenuns. CebectommMmocTb onpegenseTcsa no OCHOBHOM
3apaboTaHHOM nNnaTe NPoM3BOACTBEHHbIX pabounx (3,), 3aTpatamMm Ha MmaTepuarnsbl
1 nokynHole nagenus. OCHOBHYO 3apaboTaHHyo NnaTy onpeaennTb no
TPYAOEMKOCTU U3rOTOBIIEHNSA aHANOMMYHOIro U34ennsa Ha AENCTBYOLLMX
npeanpuaTusaX, Kotopas TapnudunumpyeTcs no TpeTbemMy paspsay (4acoas
TapudHas ctaBka B LeHax 1989 roga coctaenset 0,539 p.). Toroa 3apaboTtHas
nnaTta OCHOBHbIX NMPOM3BOACTBEHHbIX paboymx onpeaennTcs Kak

3o=1 ,1 5ty|3'q € y

roe 1,15 — koappuuneHT, yumTtbiBaroLWmUn NpeMmmnu; t,,, — TPyA0EMKOCTb

N3roToBMNEHNA O4HOro U3fenus, e — vyacosas TapudHasa craska; tys; > 1,3 + 1,5
HopMo4aca.

Pe3ynbTaTthl pacyeTa 3aTtpaTt Ha OCHOBHblE MaTepuanbl criegyeT CBECTU B
Tabnuuy 8.1.

Tabnuua 8.1
PacueT 3aTpaTt Ha OCHOBHble MaTepuarnsbl
HanmeHoBaHue Bec, Llena 1kr, p | CtoumocTb, [NpumevaHue
Kr p
CTtanb KOHCTPYKUMOHHas 8+9
Mapkm J pyo/kr
MpoBog 06MOTOUHBIN 23-25
pyo/kr

lMpoune matepwnarnsbl

Bcero

Bec ctanu marnutonpoBoga, kr: Qc=y .V, rae y ¢ =7,8. 10 kriem® — yOenbHbIn
Bec ctanu; V. — o6bem cTann MarHUTonpoBoAaa, cM® HaxoauTb no pabouemy
4yepTexy).

Bec obmoTouHoro nposoaa, kr Qnpe=g. L, rae g — pacyetHaa maca 1 M nposoga,
Kr/m; L =m DgpW e 102 — AnnHa obMoTo4YHOro npoeoaa, M; q ~ 0,4 0,5 Kkr/km.

CToMMOCTb NpoYnx maTepmarnoB (KpenexHble, U30NALMOHHbIE) NPUHMMATL B
pa3mepe 20?7 25% OT OCHOBHbIX.



Kpome TOro, npu ornpeanesieHnn cebecToMmMocTn Heobxoanmo y4ecCTb
AOMoJIHNTENbHO crneayriwne 3aTparthbl.

- gononHuTensHas 3apaboTaHHas nnata Npon3BoACTBEHHbIX paboumnx — 8% oT
OCHOBHoOM 3apnnatbl (3,);

- oTYncneHune Ha cou. CtpaxoaHue — 14% OT CyMMbl OCHOBHOW U
AONonHUTENbHOM 3apaboTaHHOM NNaThbl;

- pacxofpbl Mo aKcnyaTauum n cogepkaHuto obopyaosaHus — 11,9% oT 0CHOBHOM
3apaboTaHHoM nnathbl;

- uexosble pacxoabl — 20% OT oCHOBHOW 3apaboTaHHOW NnaThbl;

- obwesaBoackmne pacxoabl —47% OT OCHOBHOW 3apnnaTbl.

[MonyyeHHas cymMma COCTaBfisieT 3aBOACKY0 cebecToMmMocTb naagenus. lNonHas
cebecToMMOoCTb y4YnTbIBaeT AOMNOSTHUTESNTbHO HENPOU3BOACTBEHHbBIE pacxoabl —

2,5% oT 3aBoackon cebecToMMOoCTN.

PesynbTaTbl pacdeTa CTOMMOCTU dfieKTpoMarHmMTa cBectu B Tabnuuy 8.2.

Tabnuua 8.2
PesynbTaTbl pacdeTa CTOMMOCTU dfieKTpoMarHmTa
Bug v HaumeHoBaHuWe 3aTtpaTt En.vmsm. [MpumeyaHna
Buag megm obmotouHom Q,, Kr
CTtoumocTb mean odbmoTtoyHom Cy, p.
Bec ctanu anektpomarHuta Q. Kr
CtoumocTtb ctanu C; p.
3aTpaTbl Ha N3roTOBMEHNE anekTpomarHmta 3 p.
O6wasn ctoumocTb anekTpomarHuta C p.
Obwwmin Bec anektpomarHmta Q Kr

9. BbiBoAbl N0 pe3ynbTaTtam pacuyeTta

OCHOBHble NapaMeTpbl 3NEKTpOMarH1Ta, Nosly4YeHHble B pe3ynbTaTe NPOEKTHOro
pacyeTa, cnegyeT cBecTu B Tabnuuy 9.1. n caenatb BbiBOAbI NO UTOram
BbINOSIHEHHOrO NpoekKTa.



Tabnuua 9.1

Pe3ynbTaTbl NPOEKTHOrO pacyeTa aneKkTpoMarHuTa

OcHoBHbIE NapamMeTpsbl
Pabouee HanpsikeHne U
[MoTpebnsaembin ToK |
MoTpebnaemasa mowHocTb P
NogbemHasa cuna F
Yncno sutkoB odbmoTkn W
Marnutogsuxywas cuna IW
[nnHa nposoga obmoTkmM L
[nameTp nposoaa d
Paboyas Temnepatypa 06MOTKM Vv ¢,
ConpoTtusneHne Harpeton obMoTKM R,
OOwwmn Bec anekTpomarHmTta Q

[MonHas cebecToMMOCTb ArNeKTpoMarHmnTa C

En.nam. [MpumeyaHnsa
B
A
BT
Kr
BUT
ABnT

MM
°C
Om

Kr



[MpunoxeHue 1

NcexoaHble gaHHble Ans pacyeTa anekTpomarHuta

BapwuaHTbl Tun Kputnyeckun Kputndeckaa | HanpskeHue

NcxoaHbIx anekTpomarHuta = 3asop, CM cuna, Kr | CeTu NOCT. TOKa ,

AaHHbIX B

S o Fo U

1 Mpx 1,0 4,5 220
2 Mo. 1,0 4,5 220
3 Mpx 1,5 5,0 110
4 Mo. 1,5 5,0 110
5 Mpx 1,3 6,0 75
6 Mos 1,3 6,0 75
7 Mpx 0,8 7,0 45
8 Mos 0,8 7,0 45
9 Mpx 1,0 6,0 85
10 Mo. 1,0 6,0 85
11 Mpx 1,3 50 110
12 Mos 1,3 5,0 110
13 Mpx 1,5 4,0 220
14 Mos 1,5 4,0 220
15 Mpx 0,8 4,5 110
16 Mos 0,8 4,5 110
17 Mpx 1,0 5,0 95
18 Mos 1,0 5,0 95
19 Mpx 1,3 55 48
20 Mos 1,3 55 48
21 Mpx 1,5 6,5 60
22 Mo. 1,5 6,5 60
23 Mpx 1,3 7,0 50



[MpunoxeHune 2

[onycTumble TemnepaTypbl Harpeea NpoBoga 06MOTKM

XapakrtepucTmka n3onsaumm u MpepenbHO gonyctnmoe HonycTtumoe
TEXHOJSIOrNA NMPOMUTKU 3HaueHune °C npeBbilLEeHne
Temnepatypsbl

TeMmnepartypa npesbilLEeHUE Vv
oc=350

1 2 3 4

[MpoBof ¢ xnonyatobymakHom 90 55 45 -50
NI LLENKOBOW M3onsumen (knacc
Y). KaTywka He nponuTtaHa

[MpoBoAa ¢ amaneBon U3onsunen, a0 55 45 - 50
BymaxHble npoknaaky KaTtyuwka
He nponuTaHa

MpoBop ¢ x/6 nsonaumen 105 70 60 - 65
LLUESTIKOBOW U 3ManeBown,

BymaxkHble npoknagku (knacc A ).

KaTywka nponntaHa Macrom unm

nakom

[MpoBoa ¢ amaneBon U3onsauneEn 120 85 70-75
(knacc A ). Katywka

KOMMayHaMpOBaHHas, NnponnuTaHa

HarpeBOCTOMKMMWN COCTaBaMu

[MpoBOA4 CO CTEKNOBOSIOKHUCTON 190 95 80 -85
nsonsauunen. Katywka nponutaHa

CUHTETMYECKMMM CMonamm (Knacc

B).

[MpoBOA4 CO CTEKNOBOSIOKHUCTON 155 120 100 - 105
nsonsauunen. Katywka nponntaHa

cocTaBamu NOBbILLEHHOWN

TennocTonkocTtu (knacc F ).

[MpoBO4 CO CTEKNOBOSIOKHUCTON 180 145 120 - 135
nsonsauunen. Katywka nponutaHa

KPEMHUMNOPraHN4eCcKMmMmn cMornamm

(knacc).



[MpunoxeHue 3
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O6moTouHble npoBoaa kpyrnble (no NOCT 6324-52)

OuameTtp, CeueHne Bec 1

MM

1
0,05
0,06
0,07
0,08
0,09
0,10
0,11
0,12
0,13
0,14
0,15
0,16
0,17
0,18
0,19
0,20
0,21
0,23
0,25
0,27
0,29

MM

2
0,00196
0,00283
0,00385
0,00503
0,00636
0,00785
0,00950
0,01131
0,01327
0,01539
0,01767

0,0201
0,0227
0,0255
0,0284
0,0314
0,0346
0,0415
0,0491
0,0573
0,0661

KM, K

3
0,01746
0,0252
0,0342
0,0447
0,0566
0,0698
0,0845
0,1005
0,1180
0,1368
0,1571
0,1788
0,202
0,226
0,252
0,279
0,308
0,369
0,436
0,509
0,587

[MpunoxeHue 4
Tabnuua 1

OuameTtp, CeueHne Bec [Ounametp, CedeHne Bec

MM

4
0,47
0,49
0,51
0,53
0,55
0,57
0,59
0,62
0,64
0,67
0,69
0,72
0,74
0,77
0,80
0,83
0,86
0,90
0,93
0,96
1,00

MM

S}
0,1735
0,1886
0,2043
0,221
0,238
0,255
0,273
0,302
0,322
0,353
0,374
0,407
0,430
0,466
0,503
0,541
0,581
0,636
0,679
0,724
0,785

1 Km,
Kr

6
1,542
1,676
1,816
1,961
2,11
2,27
2,43
2,68
2,86
3,13
3,32
3,62
3,82
4,14
4,47
4,81
5,16
5,66
6,04
6,43
6,98

MM

7
1,30
1,35
1,40
1,45
1,50
1,56
1,62
1,68
1,74
1,81
1,88
1,95
2,02
2,10
2,26
2,44
2,63
2,83
3,05
3,28
3,53

MM

8
1,327
1,431
1,539
1,651
1,767
1,91
2,06
2,217
2,38
2,57
2,78
2,99
3,205
3,46
4,01
4,68
5,43
6,29
7,31
8,45
9,79

1 Km,
Kr

9
11,80
12,73
13,69
14,68
15,71
16,99
18,32
19,71
21,1
22,9
247
26,5
28,5
30,8
35,7
41,6
48,3
55,9
65,0
75,1
87,0



MpogomkeHune npunox. 4 Tabn.1
0,31 | 0,0755 0,671 1,04 | 0,849 7,55 3,80 11,34 100,8
0,33 0,0855 0,760 1,08 @ 0,916 8,14 4,10 13,20 117,4
0,35 0,0962 0,855 1,12 0,985 8,75 4,50 15,90 141,4
0,38 0,1134 1,008 1,16 1,057 | 9,40 | 4,80 18,10 160,9
0,41 10,1320 1,173 1,20 1,131 10,05 5,20 21,2 188,8
0,44 0,1521 1,352 1,25 1,227 10,91



TonuwmHa n3onauum (C AByX CTOPOH) ANst pasnuyHbiX Mapok 06moTouHbIX npoBogos (no NOCT 6324-52,

7262-54, 2773-51, 7919-60, 10288-62) Ha megHble npoBoga 1 TY Ha antoMUHUEBLIE NPOBOAA

Mapka JluaMeTpsl KpyIJIbIX IIPOBOAOB, MM

nposo-noB | 0,05- 0,09  0,1-0,19 | 0,2-0,25 0,27-0,29 | 0,31-0,35  0,38-0,49 | 0,51-0,69 | 0,72-0,96 | 1-1,45 1,5-2,1

I15J1 0,015 0,020 0,025 0,04 0,04 0,04- 0,05 0,05 0,06 0,07- 0,08 = 0,08-0,10
I[1I2J1y - 0,035 0,04 0,06 0,06 0,06- 0,07 0,07 0,08-0,09 0,1-0,11 | 0,11-0,13
I19B-1 0,025 0,010 |0,03-0,04 0,04 0,04 0,04 0,05 0,06 0,7- 0,8 0,08- 0,1

[19B-1 0,030 0,03-0,04 | 0,04- 0,05 0,05 0,05- 0,06 ' 0,06- 0,07 | 0,07- 0,08 0,09 0,11 0,11-0,13

2,26- 5,2

0,10

0,13
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