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NOJSIIOCOB 1 3yOLI0BOW 30HbI AKOP4, a TakkKe crpaBovyHas MHopmauma B BUge
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[Mocobue npegHasHaveHo ans ctyaeHtoB MNPO cneumansHoctn 150700
“JlokOMOTMBBI”, BbINOSHSAOLLNX KYPCOBOW MPOEKT MO AUCUUNINHE “OnekTpudeckmne
MaLUVHBbI”.

[anbHEBOCTOYHbIN FOCY4apCTBEHHbIM YyHUBEPCUTET nyTen coobuwenuns (ABIryric),
2003

Kynbuunuknn B.B., 2003
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BBEOEHUE

B obwwem ob6beme npon3BoacTBa SJ'IeKTpOTeXHVI‘-IeCKOVI NPOMbILLITIEHHOCTHU
ANeKTpn4eckme mallnHbl 3aHMMalT BeayLlee MecTto, a Nod3TomMmy
JKCnnyataunoHHbIE CBOMCTBA HOBbIX ANEKTpN4eCKnx MmallmH MMEeT BaXXHOe
3Ha4yeHune onsa aKoHoMmukn Poccuu.

npoeKTVIDOBaHVIe ANEeKTpn4ecknx MmalmH oCHoBaHO Ha 3HaHUK NpPoLeccoB
ANEeKTpomMmexaHn4ecKkoro npeo6pa3OBaHV|;| SHEeprnm n onbiTa MH>XXEHEepPOoB-
ANEeKTpoOMeXaHNKOB, YMEKLLUNX MPUMEHATb BbIHUCITUTESIbHYIO TEXHUKY.

[Mpy NPOEKTUPOBAHUN SMEKTPUYECKNX MALUNH KOHCTPYKTUBHbIE 3NTEMEHTbI LOMKHbI
ObITb paccyMTaHbl Tak, YTOOblI NPU N3rOTOBMEHMM MaLUVMH TPYAOEMKOCTb U pacxoa
MaTepuanoB ObinNM HAMMEHbLUMMM, a NPWU SKCMyaTauumn OHN OOIMKHbI 0bnagaThb
ONTUMaIbHbIMW SHEPreTUYECKMMI NoKasaTensiMm C y4eTOM COBPEMEHHOTO
MUPOBOrO YPOBHS U3rOTOBIEHMS, a Takke TpeboBaHMIA rocyAapCTBEHHbIX U
oTpacneBbIX CTaHOAPTOB.

Bbicokasi TpyA0EMKOCTb pac4eToOB 3NIEKTPUHECKMX MaLUWH HE NO3BONSET
NpoBOANTb yrnybreHHble nccnegoBaHus, oONTUMM3NPOBATL PasfnyHbIE
napamMeTpbl U XapaKTEPUCTUKK, CO3aaBaTb pearbHble NPOEKTbl ANTEKTPUYECKUX
MaLKnH. [poMo3akne pacyeTHble OpMyIibl HE Aat0T BO3MOXHOCTU YBUAETb
3aKOHOMEPHOCTM CMOXHbIX NPOLIECCOB, NPOTEKALLNX B 3NIEKTPUYECKMX MALLUNHAX,
a Takke CcO30aHUSA BbICOKOHAAEXHOW TEXHMKN Ha YPOBHE NyYLLMX MUPOBbIX
obpa3suos.

Bce ot 3agaum moryT ObITb YCMELLIHO peLleHbl NEPEXOAOM OT TPaAULMOHHbIX
METOA0B NPOEKTUPOBAHUA K HOBbIM TEXHOMNOIMMAM, OCHOBaHHLIM Ha OpraHu3aumm
nHdopmMaLumoHHoro ananora 3BM — yenosex.

Llenb HacTosilero nocobusi — BOCNOMNHUTbL HEAOCTATOK y4eOHON NuTepaTypbl Mo
NPOEKTUPOBAHMIO SNEKTPUYECKMX MALUMH NOCTOSHHOMO TOKa, NPeAoCTaBUTb
BO3MOXHOCTU CTYAEHTY 3a04HOMN hopMbl 06y4EHMS NPOSIBUTL MaKCUMYM
CaMOCTOATENBHOCTM NPY MOATOTOBKE MPOEKTA.

Hanuuune npumepa 3Ha4YMTENbHO YMEHbLUIAET TPYAOEMKOCTb Npu paboTe Hag,
NPOEKTOM, CO3aaeT YCMNoBUS Asi TBOPYECKOro M OCO3HAHHOMo noaxoaa C
NCNONb30BaHMEM KOMMbIOTEPHbLIX TEXHOMOMN NPU pac4yeTe MarHUTHOW Lenu u
paboymx xapaKkTepuCcTuK aBuraTens NocTosiHHoro Toka. OgHako Takon nogxon
BOBCE He MCKIYaeT UCMoNb30BaHNe CTYAEHTOM CNpaBOYHUKOB, KypHaroB,
KaTanoroB 1 aTnacoB YepTeXen TUMOBbIX MPOEKTHbIX PELLUEeHWIA B ABUraTensx
NMOCTOSIHHOIO TOKa.



MCXOOHbIE OAHHBIE

Paccuntatb 1 paspaboTaTb KOHCTPYKLMIO ABUraTensi NOCTOSIHHOIO ToKa C
napameTpamu:

e HOMMHAaNbHOM MOLLHOCTbIO P, = 18,5 kBrT;

e HOMUHanbHbLIM HaNpPsA>XeHNeM ceTu U, =440 B;

e HOMMHaNbHOW YacTOTOW BpaLleHNS n, = 3000 06/MuUH;

« poaom Bo3byxaeHnsa — HesaBucumbiM - U, = 220 B;

e UCMONHeHMeM no crnocoby 3awmnTtbl — IP44, no cnocoby oxnaxaneHusa —

ectecTtBeHHbIM (IC0141);
e PEXUMOM pPabOThbl — ANUTENbHbIM;
e KIlTacCcoM M30S15UumM NO HarpeBOCTOMKOCTU — F.

1. BbIBOP INMABHbIX PASMEPOB U OBMOTKWU AKOPA OABUIATENA

HoMuUHanbHbI ToK Lt , A, aBuratens (npegBapuTenbHoe 3Ha4YeHne)
paccymTbiBaeM rno popmyre

_P,-10°
Ty Uy ,

L

roe "h— npegsapuTtenbHoe 3HaveHne koaddULMEHTa NONE3HOro AeiCTBIS
asuratens, Bbibrpaem no [4, puc. 1.1 (kpusas ans mawvH cepum 2N, Th= 87 %)),

_185.107

= 2 _4833A
" 087-440 . _

ONeKTpoOMarHMTHY0 MOLLHOCTb ABuratens, KBT, onpegensiem no goopmyne

100 + 7, 100 + 87

P, =P, - 185 — ' =19.882 kBT
27, 287

[ns 3agaHHbIX NapamMeTpoB ABuratens Bbicota ocn BpaweHmna h = 180 mm (cm.
NpunoXxeHue B 3afaHNN Ha KYpCOBOW NPOEKT), a HapyXHbln anameTtp D, kopnyca
asuratens, m,

D,=2h-8.10°=2.0,18-8.10°=0,352 m.

Cepua mawmH NocTosiHHOro Toka 2[1 B gana3oHe mowHocten ot 1,5 oo
30 KBT nmeeT 4ncro rnasHbiX nontocos 2p = 4. [uameTp akops D MOXHO NPUHATL
paBHbLIM BbicoTe ocu BpaweHus h, T.e. D~h =0,18 m.

Torpa pacyeTHas AnvHa sikopst 55, M, onpeaensieTcs Kak



61P,, -107
as A'Bs D’ n,

ffa =

roe %6=0,63 — pacyYeTHbIN KOIAMUUNEHT MOSIFOCHOIO NEPEKPbITUSA

[4, puc. 1.5]; A'= 229 10* AIM — nuHeiHas Harpy3ska skops [4, puc. 1.3];

Bi= 0,6 Tn — marHMTHaA MHOYKUMS B BO3a4yLLIHOM 3a3ope [4, puc. 1.4].

MoactasuBe NPUHATbIE 3HAYEeHUNA, NOJNTY4YUM paCHETHYIO ONMMHY AKOPA

p 6.1-19882.10°

5 = 7 5 =015m

063-22-10" -0,6-018° -3000
B mawmnHax nocToaHHOro Toka npu anametpax akopa 4o 200 MM OTCyTCTBYIOT
paguanbHble BEHTUNSUMOHHbIE KaHanbl. PacyeTHas AnuHa skops paBHa NoOSTHOM
AJNIVHE cepAeyHuKa SIKOps, a OTHOLLEHME OfIMHbI MarHMTONPOBOAA SIKOPS K €ro
anameTpy

[TonyyeHHoe 3Ha4yeHne HaxoauTtca B npegenax ot 0,4 go 1,25, 4To cooTBETCTBYET
MaLlnMHaM obLLEenPOMbILLIIEHHOrO MPUMEHEHUS.

[NontocHoe geneHne

T = G2 = SO =0141m
2P :
PacuyeTHas LUMPMHA NOJTIKOCHOIro HakoOHe4YHKa
bd=ad.=0,63.0,141 =0,088 m.

[na yMeHbLUeHUsT peakunm SKops BO3AYLIHbIM 3a30p NOA rfaBHbIMWU MOMKCaMU
BbIMNOJSTHAETCS 3KCLEHTPUYHbIM. Torga AencTBuUTeNbHas WMPUHA MOSOCHOIO
HaKkoHe4HWKa b, paBHa pacyeTHoW WnpuHe bd

b = bd = 0,088 m.

[Mony4yeHHble pa3mepsbl AgBuratensa ceognm B Tabn.1.1.



Tabnuuya 1.1

(MaBHble pa3mepbl ABUraTens

BbicoTa o
Hapy>xHbIn PacuetHas | [lontocHoe LnpwuHa
ocu Yuncno HOvameTp
anameTp, ONVHa [Kops, | aenexHue, MOMOCHOrO
BpalLLleHnd, | MONKCcoB y SKops, M M M HAKOHEYHMKA. M
M J
0,18 4 0,352 0,18 0,15 0,141 0,088

[nsa Boibopa 06MOTKM onpeaensiemM ToK B skope asuratenda I, A,
[=1,(1-Kp),
roe 3HadeHune koadpduumeHTta K; = 0,03 npuHumaem no [4], Toraa
1=48,3(1-0,03)=46,9 A.

B cooTtBeTCcTBUM C pekomeHgaumnamm [1] npm Tokax sskops Ao 600 A Bbibnpaem
MNPOCTYI0 BOSTHOBYKO OOMOTKY C YNCIIOM NnaparnfesibHbIX BeTBen 2a = 2, rae ToK
napansnesribHon BeTBMU

,=1-%7 5454
2 2 |

[MpenBapuTenbHoe Yncno 3 gEKTUBHBIX MPOBOAHMKOB OBMOTKN SIKOPS

_mDA _314-180-107.22-10"
I, 2345

N = 530

Yncno nasos sSKOpst 4OIMKHO HAXoAMUTLCA B Anana3oHe OT Znyin 40 Zmax, F4e

7D nD
Liay = —— Zmin
t1min , t1max ,

a npegenbl 3ybuosoro wara tymin = 10 MM U1 tynax = 20 MM 3aBUCAT OT BbICOTbI OCHK
BpaLleHus asuratens [4].

Torpa

-3 -3
7 314180107 o0 o 314180107

10.107° 20-107°




[MprHMMaem ymcrno nasos skopa Z = 39 Ha OCHOBE NMporpamMmbl ONTUMMU3aLUK
napameTpoB ABuraTtensi ¢ ncrnosnb3osaHnem Excel 2002.

Torga 3y6uoBbin war ty, Mm

= n D _ 314 -180 _ 1449 MM
Z )
a 4mcno adpPEKTUBHbIX MPOBOLAHUKOB B Nasy
N 530
N,=—=—=1358
=739 0

B cmmmeTprnyHOM ABYXCIOMHOM 0BMOTKE 3TO YUCIO AOSTKHO BbITb YETHLIM.
[MpuHsB Np = 14, yncno NPOBOAHUKOB B OOMOTKE SIKOpsi onpeaensieM Kak

N=NrnZ=14.39 = 546.

; Puc. 1.1. CeueHune nasa akopsi: 7 — KNH Na3oBbIn; 2 — N30NsaUna
/ MexagycrnomnHas; 3 — nsonsaums nasosas

by el

B cootBeTCcTBUM C pekomeHaaumamun [1] npu gnameTtpax skopst 4o 200 mm
BblOMpaem nony3akpbITyH0 KOHCTPYKUMIO Nasa oBarnbHOM (OOpMbI C
napannensHbiMy cTopoHamu 3y6uoB. OBMOTKY BbINOSTHAEM BCbINHOW U3
3ManMpoBaHHbIX NPOBOAOB KPYrioro cevdeHns, o6pasyowmx MAarkme cekumnm.
CeyeHne nasa sikopsa npmBeneHo Ha puc. 1.1.

Paamepbl 1 YMCIO CrOEB N30MALMKM B MAa30BOMN YacTn OOMOTKKN sSKopst ABUraTens
npuBeaeHbl B Tabn. 1.2.

Uncno KONNEKTOPHbIX NIIACTUH MPU Pas3fIMYHOM KONUYECTBE 3NIeMEHTapPHbIX Na3oB
B OQHOM pearnbHOM BblOvpaem nyTem cpaBHEHUS HECKONbKMX BapuaHToB (Tabn.
1.3).



Tabnuuya 1.2

N3onsauma naszoBorn Yacty 06MOTKM SKops

OAHOCTOPOHHSAS
MaTepunan TonuwwuHa, Yucno
N3onauymsa TONWMHA n3onsaumu,
knacca F MM cnoes MM
MexgycnonHas Nmnpodnekc 0, 25 2 0,5
[MasoBas NMmnoodonekc 0, 25 2 0,5
Tabnuya 1.3
BbI6op yncna KonnekTopHbIX geneHumn
Yuncno Hucno Yncno BuTKoB Hanpsbkenne mexay
Homep KOJ1TEKTOPHbIX KOJ1MEKTOPHbIMUA
ANneMeHTapHbIX _ B Ccekuunun
BapnaHTa nasos u nnactuH K = W.. = N/2K nnactnHamm
n up Z ¢ Ukep = 2PUW/K, B
[MepBbIn 1 39 7 451
BTopown 2 78 3,5 22,5
TpeTtun 3 117 2,33 15,04
UeTBeEpTbIN 4 156 1,75 11,28

[ns cepuinHbIX MawunH 6e3 KoMneHcaunoHHOM 0BMOTKM [1] HanpskeHne mexay
KOnnekTopHbiMK nnactuHamu Uy o, He AOMMKHO npesbiwaTh 16 B, uto
COOTBETCTBYET MUHMMASIbHOMY KOSIMYECTBY KONIEKTOPHbIX NNacTuH Kqin

< _2pU, _4-440
rmin -

= =110
Uy 16

MakcumanbHOe YMCOo KOMSTEKTOPHBIX MNAaCcTUH onpeaensaeTcsa MUMHUMaribHbIM
3Ha4YeHneM KoJneKkTopHoro aenenvda ty,= 3,5 mm [3]

nD,
t.

K Max

roe D= (0,65+0,8) D =(0,65+0,8) 0,18 = (0,117 =+ 0,144) — HApy>XHbIN
AnameTp Konnekropa, M.

[MpnHUMaga n3 ctangapTHoro psaa [3, 4] D= 0,14 m, nony4nm



3,14-0,14-10°
3,5

=125

KFI"IEI}{

CnepoBatenbHO, YMCIO KOSMNEKTOPHbIX NIIACTUH JOMKHO HAaXOANTbCA B Npegenax
oT 110 go 125, npu atom oTHoweHue (k — 1)/p 4OMKHO ObITb LEenbIM YACIIOM.

Bcem ycnosusm ygoBsnetBopseT TpeTun BapuaHTt. B geuratensax c
NONy3aKpbITbIMM Na3amMun 1 BCbIMHOM OOMOTKON M3 KPYrioro nposoga MOXHO
NPUMEHATb CEKUUM C pa3HbIM YMCIIOM BUTKOB [1], pacrnofnioXXeHHbIX B O4HOM nasy
Uy = 3, U cpeaHum 3HavyeHnem W, = 2,33. Hncno BUTKOB B CEKLMAX OOHOrO rnasa
bynet 2 -3 - 2.

YTOYHMM NNHEWHYIO Harpys3ky

A NI,  546-2345

- = 22653A /M
nD  314.-180-107°

KoppekTupyem AnuHy sikopsi, M,

25 =452 = 01522000
A 22653

=0146m
Toraa konnekTopHoe aeneHue ty , Mm,

7D, 314-014-10°
K 117

t, = 3,76 MM

Mpn gnameTpe konnektopa 140 mm napameTp t x 4ormkeH 6bITb HE MeHee 3,5 MM
[1], yTO coOTBETCTBYET MNONYYEHHLIM pe3ynbTaTam.

Bbluncnum okpy>KHYH CKOPOCTb KOmnekTopa

_nDcny, _314:014-3000 00

Vi
60 60

NonHbIM TOK Na3a
I,=13N,=23,45.14 = 328,3 A.

I'Ipep.BapMTeanoe 3Ha4eHune NIIOTHOCTU Toka B 0bMOTKe AKopA

| _Aj_19-10"
" A 22653

= 839-10° a/m?



roe Aj=19. 10" A%/m® - npou3BeaeHne NIMHENHON Harpy3kn Ha NSIOTHOCTb TOKa,
npuHumaem no [4, puc. 1.3] ana obnactn F.

MNpeaBapuTenbHoe ceveHne adpdeKkTUBHOro NpoBoaa

j 839.10° .G = 2795 MM°
Bbibnpaem n3 [4, Tabn. 2.4] kpyrnein nposog N3T-155 ceyenunem 3,14 MM 1
AnameTpom 2 MM. Mo TeEXHOMOrMmM N3roToBNEHUS BCbINMHbIX 0BMOTOK AnamMeTp
N30NMPOBAHHOIO NPoBoAa He AOMMKEH npeBbiwaTh 1,8 MM. 3ameHsiem
3(ppeKTMBHLIN NPOBOL ABYMSI 3fIEMEHTAPHbIMU, a NpeaBapUTeENbHOE ceveHne
afieMeHTapHoOro Nposoda onpeaennm no opmyne

_ I, _ 2345
ja Nap 8,39'105 .2

ds 5 =1397-107° m*

. Qo = 1397 MM

rae Nsp = 2 — YUCIOo ANeMeHTapHbIX NPOBOAHMKOB.

Mo ceveHunto anemeHTapHoOro nposoga m3 [4, Tabn. 2.4] sBeibnpaem nposog MN3T-
155 ceuyeHnem 1,767 Mm? .

[MapameTpbl 0OMOTKM siIKOpsi NpeacTasfeHbl B Tabn. 1.4.

Tabnuuya 1.4
MapameTpbl 0OOMOTKKN SKOPS
OuameTp
Tun KoHCTpyKuna Hucno Yncno | Mapka | ronoro Avawetp StcpekTusHoe
3pPhEKTUBHBIX N30NMPOBAHHOIO ceyeHune
0O6MOTKM nasa nasoB |NpoBoja |nNpoBoaa, 2
NPOBOAHNKOB MM nposoga, MM | MpoBoAa, Mm
Mpoctaa | [Mony3akpbITbin A9T-
BOJTHOBasi | OBarnbHOWM 546 39 155 1,5 1,585 2 01,767

opmbl

2. PACYET FrEOMETPUM 3YBELLIOBOM 30HbI U OBMOTKU AKOPA

Ansa pacyeTta reomeTpum 3y6LLOBOKM 30HbI SKOpS (pyc. 2.1) npeaBapuTenbHO
BbIGMpaeMm BbICOTY na3sa no [4, puc. 3.1] hy==26,5+107 M.



Puc. 2.1. Ockns 3y6L0BOW 30HbI SKOPS
BbicoTy wnuua hy, nasa skopsa U3 TeXHONOMMYECKNUX CoOobpaxeHun cnenyet

npvHUMaTh paBHoi 0,5 + 0,8 MM, T. €. hy, = = 0,8 « 107> m. LLIMpuHy wnvua by,

NPMHUMAaEM paBHOMN by=du+ (1,5 + 2) mm, rge dy,— AnameTp
N30NIMPOBAHHOrO 3f1IeEMEHTaApPHOro NpoBoaa, T. €.

bu=(1,585+1,5)10°=3+ 10" m.
LLnpuHa 3ybua npeaBapuTenbHO
_ Bty
B, K.

b,

roe B, — gonyctnmmoe 3Ha4deHue MarHMTHOW MHOYKUMN B 3@aBUCUMOCTU OT HYaCTOTbl
nepemMarHm4mMBaHuA f

_pn_ 2-3000

_ _100T
60 60 4

J

CTeneHu 3alnTbl U cnocoba oxnaxageHnsa npuHMMaeMm cornacHo [4, Tabn. 3.1], B,
= 1,55 Tn; K. — k0oapdunumeHT 3anonHeHnst naketa sikopsi ctaneto, K. = 0,95.

Torpa

 06-1449.107
i 155.0,95

=59.10% m

Onpegenum 6ynbLWNK U MEHBLUWW PaguycChl U Iy, M,



~_n[D-2h,)-Zb, 314 180-107 - 2.08-107 )-39.59.107
- _ _

2(Z+7) 2(39+ 314)
=3916-107 m;
, _mD-2h,)-Zb, 314(180-10° - 2.265-10°)-39.59-10° _
2[Z-7) 2(39-314)
=2352-107 m.

PaccTosiHve mexay LeHTpamun paguycos

hy=h,—hy—r—r,=26,5.10°-0,8.10°-
3916.10°-2,352.10°%=19,432 .10 wm.

[Mnowaab nasa B lWUTamMmne

S, = % i +12 )+ (e + 12 )y = 3’—;4 (39167 107 + 23527 .10°F |+
+(3916-107% + 2352.107 )19432.10% - 15455810 m2,
[Mnowaab cevyeHmsa Nna3oBon N30NALUN
Sis=bus (2nri+ o+ 2 hy),
roe b,; — OOQHOCTOPOHHAS ToNwWwKMHa n3onsaumm (tabn. 1.2), b,,=0,5. 103 m.

Sus=0,5.10°(2.3,14.3,916.10° + 3,14 .2,352. 107 +
+2.19,342.10°) = 35,329 . 10° m?.

|_|J'IOLLI,a£I,b na3oBoro KimnMHa m VI3OJ'IFILI,VIOHHOI7I NPOKIagkn Mexagy CcrnoamMmu OOMOTKM
S, = (0,003 4 0,005) r4; S,= 0,005 r; = 0,005 . 3,916 . 10° = 19,58 . 10 m?.
[Mnowaab NonepeyHoro ceyveHns Sy o, 3anonHeHHas 0OMOTKOM

Sno=S,— Sy —S.= 154,558 .10° - 35,329.10° -
~19,58.10°=99,639.10°m>

Onpenenum KoadUUMEHT 3anofTHEHNS nasa

_ 2 dﬁa Nan Up Wl:
Sn.n

K,

rae d,, — AMaMeTp 13onMpoBaHHoro nposoga (Tabn. 1.4), dys = 1,585 . 10° M?



2(1585-1077)° 2-3-233

K., -5
99,639 - 10

0,7

3HayeHne 3Toro KoadduuneHTa ans cepunHbIX MaliMH NOCTOSIHHOIO TOKa
HaxoguTtca B npegenax 0,6840,72. Ecnu koaddUUMEHT 3anonHEHUS Na3a He
yKnagblBaeTcsl B peKoMeHayemMble npefensl, To creayet U3MeHUTb
reoMeTpuyeckne pasmepsbl nasa uiam N3MeHUTb NITIOTHOCTbL TOKa OBMOTKN SIKOPS1.

MuHUManbHoe cedeHune 3y6LIoB SKops

S, = %rxa b, £5 K, :3;—90,53-5,9-10‘3 -146-1077 -0,95 = 5026 - 10" m”

I'Ipep,BapMTeanoe 3Ha4YeHme 34C N MarHUTHOIro NOTOKa Ha MNoJitoC

_60akE,
E, =U, K. pNn,

roe K, = 0,89 — Bbibupaem no [4, Tabn.1.1]; a — ymcno nap napannenbHbIX BETBEW,
a =1 ons BONHOBOW OOMOTKMW.

o __ 60-392
E, =440-089=392B. " ° " 2.546.3000

=0718-102 B6

Okpyrnss npegBapuTesribHOE 3Ha4YeHNe MarHMTHOrO NOTOKa, NoONy4YnM o 1= =
0,72 .10 B6.

MarHuTonpoBoA AKOPS BbINOSTHAEM U3 XONOAHOKATAHOM 3NIEKTPOTEXHUYECKOMN
ctanu mapkm 2312 [1, 3] u npoBepsemM 4ONYCTMMOE 3HAYEHNE MHOYKUUKN B 3yBLax
AKopS

. =
_ s 072:10 =1432Tn

8, 5026-10°°

[MNonyyeHHoe 3HayeHune B, = 1,432 Tn cooTBeTCTBYET CEPUMHLIM MaLlUHaM
3a4aHHOro ncnonHenus [4, Tadn. 3.1].

PacueTHble napameTpbl 3y6LIO0BOIM 30HbI SKOPS cBOAMM B Tabn. 2.1.



Tabnuya 2.1

MapameTpbl 3y6L0BON 30HbI AKOPS

LLnpurHa BonbLion Pacctoshue
3ybuoBbin | BbicoTa 3 g a LnpurHa BbicoTa AINVC Manbin Mexay
war, MM | nasa, Mm yM“L/'; ’ wnya, Mm wnmua, Mm P ﬁMy ’ paguyc, MM | LleHTpamu,
MM
14,49 26,5 59 3 0,8 3,916 2,352 19,432
n Mnowaab Mnowane | Mnowane, KoadbdbunumeHt | MarHuTHbIN | MMHMManbHoe | MarHuTHas
nowagb nasoBoro | 3aHMMaemast
> |n3onauum, - 3anonHeHns NOTOK Ha ceyeHue WHOYKUMS B
nasa, Mm 2 KrnnHa, obmMoTKON, 2
MM 2 2 nasa nontoc, B6 | 3ybuos, Mm 3ybuax, Tn
MM MM
154,558 35,329 19,58 99,639 0,7 0,72:10 5026 1,432

CpeaHsist AnvHa NonyBUTKa CeKUMM OOMOTKM SIKOpS, M,
ga.cp= fn"'f n»

roe / ,— onuHa noboson yactm Butkamnpu 2p =4/ ,=1,251=1,25-0,141 =
=176,25 - 102 m [3]; ¢ »—nonHasa gnnHa cepaeyHnKa SKopsa NPy OTCYTCTBUN
paguanbHbIX BEHTUNSUNOHHLIX KaHanoB / =/ = 0,146 m,

( acp=176,25- 107 + 146 - 10° = 322,25 -10° m.
[MonHas anvHa NPoOBOAHNKOB 0OMOTKM sikopsi [4]
Lya= N 7 acp = 546 - 322,25 - 10° = 176 m.

CornacHo NOCT 183-74 ansi oBMOTOK C KNnaccoM HarpeBOCTOMKOCTU F pacyeTHas
Temnepartypa npuHumaetca 115 ° C. Torga conpoTnBneHme o6MOTKN SKopS

LMEI
(2a)° g,

Ry =28

roe Pé— yaenbHoe conpoTuereHne meam npu paboden temnepatype 115 ° C,

pg = TS
41 Om? M [3, Tabn. 4.1].

176

_ = 0,303 Om
41-10° .4.2.1767-10°

a

Macca mean obMOTKK siKkops

Mua = 8900 Ly 02 = 8900 - 176 - 2 - 1,767 - 10° = 5,35 «r.



KOHCTpyKTMBHbIE NapameTpbl 0OMOTKM AKOpsi CBEAEHbI B Tabn. 2.2.

Tabnuya 2.2
KOHCTpYKTMBHbIE NapameTpbl 0OMOTKN AKOPS
OnuHa ConpoTusneHve
106080 OnuHa lNonHas gnuHa 06MOTKM Now Macca megu
nonyBuUTKa, M 0BMOTKM, M _ P 0OMOTKM, KI
YacTtu, M t=115°C, Om
0,17625 0,3225 176 0,303 5,535

[nsi npocTon BOSTHOBOM OOMOTKM Pe3ynbTUPYIOLLMIA Lar no KonnekTopy v,

CK-1_117-1_

Y=y
P 2

58

[MepBbl YaCTUYHbIN LLAr No SIKOpPH Y+,

roe € — ykopodeHume mninn yaoJimHeHune Lara oBbMOTKN.

MNpun ykopodeHun wara obMOTKM YMeHbLIAeTCa ANMHa BblneTa noboBbIX YacTen 1
obLas AnuHa cekummn, a Takke ynydwaetcs kKommyTtaund. Beibupaem obMoTKy €
YKOPOYEHHbIM LLarom

BTopoun yacTn4HbIN Lwar no sikopto Yo,
Yo=Y -Y,=58-29 =29.
3. PACYET MATHUTHON LIEMNA

[ns pacyeta MarHUTHOW Lienn ABUraTensi NOCTOSIHHOro Toka Heo6XxoaMMo 3HaTb
pa3mepbl BCEX y4aCTKOB MarHMTonpoBsoaa, nnowanm nx Ce4eHns N MarHUTHble
NOTOKN 3TUX y4aCTKOB. MarHuTHyt0 cMcTteMy MallnHbl MOCTOSIHHOIO ToKa
NpeacTaBrisioT COCTOSALLEN U3 2P CUMMETPUYHbBIX MarHUTHBIX Lienen, Kaxaasa na
KOTOPbIX UMEET psL OOHOPOOHbIX YH4aCTKOB: 3y6L0B sikopsi, BO34YLLHOMo 3a3opa
nog rnaBHbLIMW NOSIKOCaMU, CeEpAEYHMKa rMaBHOro Nostoca, 3asopa Mexay
rfnaBHbIMKU NONCaMnN U CTAHUHOMN.



PacuyeT MarHMTHOW Lenn 4OCTaTOYHO NPOBECTU Ha OAWH MOSIOC, TakK Kak
3aMKHYTbIA KOHTYP MarHUTHbIX JIMHUIA Napbl NOSIFOCOB ABMSAETCA CUMMETPUYHbLIM
OTHOCUTENBbHO reOMeTPUYECKON HEeNnTpanu.

Pa3mepbl macHUMHoOU yenu. MNpeasapuTtenbHOe 3HaYeHNe BHYTPEHHETO
AvameTpa skops u anameTp Bana Dg, M,

D, = 02731 —0273/185 _496.107m.
- 3000

BbicoTa cnnHkm sikops (cm. puc. 2.1)

180107 -496-107
2 2

~265-10% =387-10 7 m

[na cepaevYHUKOB rnaBHbIX MNOSIHOCOB NPUHUMAaEM cTanb Mapkn 3413 TOMLWNHON
0,5 MM 1 KoahpnUMeHT 3anonHeHns ctanbto no [3, Tabn. 6.11]
K= 0,95.

dopma HakoHeYHMKa Nontca onpeaensieTca BUaomM BbiIOpaHHOro BO34YLIHOMO
3a3opa Mexay rnaBHbIMY NoftocaMmmn u akopem. [ns ymeHbLleHNs BANAHNA
peakumm SKops U MOHMKEHUS YPOBHS MAarHUTHOIO LyMa MalUWHbl BbIMOSHAEM
9KCLEHTPUYHbIN 3a30p, NPU KOTOPOM LIEHTPbI paguycoB SIKOPS 1 NMOSIKOCHOWN Oyrn
He coBnagatoT. [eomMeTpus NONKCHOro HaKOHEYHNKa NpMBoANTCA Ha puc. 3.1.

[nnHy cepaedHuka rnaBHOro nositoca /  NpUHMMaeM paBHOW AJSINHE SKOPA
(.=0s=146.10" m.

[leficTBUTENbHASA LUMPKUHA MOSOCHOTO HAKOHEYHMKA MPU 3KCLIEHTPUYHOM 3a30pe
paBHa pacyeTHOI WUpUHe bg = 88 . 10™ M.

LLInpnHa BbICTyNa NonCHOro HakoHeYHuka (puc. 3.1)

br = (0,0720,15) bs = 0,15 . 88 . 102 =13,2 . 10°° wm.
LLinpnHa cepaeyHmka rmaBHOro nostoca
Gr ¢6H

""B. K, ¢

rae o r— KoadpUUNEHT paccesaHus rnaBHbIX Noncos, ¢ r = 1,2 [4]; B, —
MarHuTHas MHOYKUNSA B cepaeyHuKe rnaBHbIX NOSIOCOB, MPUHUMAETCS B
3aBUCMMOCTM OT UCNOSTHEHNS MaLnHbI No Tabn.B-1 (Mpunoxexne B), B, = 1,4 Tn,



12-0718-1072

= =443-107" m
14-095-146-107°

r

[Mpn onpegeneHnn pasamepoB CTaHMHbI ABUraTenst NOCTosiHHOro Toka (ctanb Ct. 3)
MarHuTHas MHOYKUNSA B CTaHWHE O0SMKHa ObIThb B npegenax Be = (1,141,2) Tn ans
ncrnonHeHnsa mawuHel IP44, 1C141 [3].

CeuyeHune CTaHWHbI onpepnendeTca Kak

-2
g _ 0@ _12:0178-107 o000 105 0

© 2B, 211

PacquHaﬂ OJIMHa CTaHUHDbI
le=/0.+04D=146.10"+0,4.180.10°%=218.10" m.

BbicoTa cTaHUHbI

S. _3916-107

—1796-107 m
£.  218.107° ’

h. =

BHYTpeHHUI gnameTp CTaHUHbI
d.=Dy,—-2h,=352.10%-2.17,96.10°%=316,08.10° m.

BbicoTa rmaBHoOro nontoca

rge 0 — npegBapuUTesibHad BeJInd4nHa BO3QYyLLUHOINo 3a3opa no rnaBHbIMA
nontocamu [4, puc. 5.2], § = 1,8 . 10° m,

316,08-107 -180-1077

h, 5

~3-18-10"7 =6264-10 7 m

Pa3mepbl rmaBHbIX NOMOCOB M CTaHUHbLI ABUraTensa NOCTOSAHHOrO Toka
npeacTaeneHbl B Tabn. 3.1.



Tabnuya 3.1

Pa3Mepr rmaBHbIX MOJIKOCOB U CTAaHWUHbI ABUIaTENA

[nnHa nontoca, BbicoTa nontoca,

WnpwuHa nontoca, WnpuHa BbICTYNA

MM NOJIOCHOIro HaKOHEYHUKa, MM
MM MM

146 44,3 62,64 13,2

lNpodormkeHue mabn. 3.1

BbicoTa cnnHku [lnnHa cTaHuHbI, BbicoTa cTaHuHbI, BHyTpeHHU onameTp
SKOPA, MM MM MM CTaHWHbI, MM
38,7 218 17,96 316,08

PacyemHble cedyeHus1 MazHUmHou yenu. CeyeHne BO34yLIHOro 3a3opa
S6=b,/5=88.10".146.10°=12,85.10° m*
[nnHa ctanu akops
(a=108K;=146.10.0,95=138,7.10° m.

MarHMTonpoBo SIKOpPS C OBalnbHbIMM Na3aMu BbINOSTHAEM 6e3 akcmarnbHbIX
KaHanos [3], a ceyeHne CNUHKN SKops onpenenum Kak

S;=/ch;=138,7.10°.38,7.10°=5,32.10° m".
CeuyeHue cepaedHuKa rmasHoro rnosoca
S;=K;,5b,=0,95.146.10°.44,3.10°=6,144 .10 m>.

[MonyyYeHHble aHHbIE PACYETHbLIX CEYEHUN MarHUTHOWM Lenu MalluHbl CBOAUM B
Taobn. 3.2.

Tabnuya 3.2
Pac4yeTHble ceyeHnsa MarHMTHOWU Lenm
CeuyeHne CeuyeHne CeueHune CeueHune cepaeyHmka CeuyeHue
BO34YLLUHOro 3y6bLOB SIKOPA, | CMIUHKN SKOpS, rmaBHOro Nontca, CTaHWHbI,
3asopa, M M2
M2 M2 M2

12,85.10° 502.10° 532.10° 6,144 .10 3,91(:33 0



CpedHue OnuHbl Ma2HUMHbIX JIUHUU. Pac4yeTHbI 3a30p B MaLUMHE onpeaensem
C y4ETOM 3KCLEHTPUYHOCTU, MM,

620,758 1+ 0,255 5,

roe o 4 — BO34yLUHbIN 3a30p nof cepemHoun nontca, 8 1 =6 =1,8 Mm; 6 2 —

BO3AYLLHbI 3a30p MO KPasiM MonocoB, npuHMMaeTesa (22 3) 0 4, 0 2=381=5,4
MM.

=0,75.1,8+0,25.5,4 = 2,7 mm.

[nsa yyeTta BnmsiHUS 3yB4aToCTh sikops onpeaenum Ko MuuneHT Bo34yLLHOro
3a3o0pa 4n4a nasoB oBanibHOM popmbl [4]

t + 108" 1449.107 +10.27-107°
Ksa = ;= = —~ — =108
ti-by,+106" 1449.10~ -3.10™ +10-27-10

Pac4yeTHasa gnuHa Bo3gyLLHOro 3asopa
L6=Kss, =1,08.2,7.102=2,916.10" m.

CpeaHsist AnvHa MarHUTHbIX NUHUIA B 3ybLax sikopst Ans Nas3oB oBanbHOW opMbl

[4]
L,=h,—02r,=265.10°-0,2.3,916.10°=25,71.10" m.

Cpep,H;m ANnNHA MarHUTHbIX JIMHUA B CMIMHKE AKopA

_ _mPo+hj) h 314 (496107 +387-107 ) 387-10°

J =54-107 M
4p 2 4-2

CpefgHsasa gnnHa MarHUTHbIX JIMHUIA B CEpAEYHUKE TNTaBHOMo nostoca
L.=h,=62,64.107° m.
BosayLwHbI 3a30p Mexay rnaBHbIM MNOSIKOCOM U CTAHUHOM
Len=2¢,.10"+1.107",
rae / . = 18 — gnvHa cepaeyvHurka rnaBHOro nomntca,
Len=2.146.107° .10 +1.10%=0,129. 107 m.

Cpe,EI,HFIFI ANNHA MarHUTHbLIX IMHUA B CTaHUHE



_ an-3 .10 -3 R
L -7Bshe) he _ 314 [352-10% -17.96-107 ) 17,9610 0422
4p 2 4-2 2

CBoAHble AaHHble NO ANUHE MarHUTHbLIX NMHUA NpuBoaATcs B Tabn. 3.3

Tabnuya 3.3
CpeaHsas AnnHa MarHUTHbIX NIUHUIA
Mexgy
B B cnunHke B cepaeyHuke MOSIOCOM U B
B 3ybuax y
BO3yLLUHOM SKopS, rmaBHbIX CTaHWNHOWN, CTaHWHe,
SKOPS, MM
3asope, MM MM NontCcoB, MM MM
MM
2,916 25,71 54 62,64 0,129 122

MazHumHasi uHOyKUUs1 8 pac4emHbIx cedeHusix. MarHUTHas MHAYKUMS B
BO34YLLUHOM 3a30pe

_ &, 0718107

B, ~=0558Tn
S;  1285.10
MarHuTHas MHOYKUNA B CMUHKE AKOPA
a2
g = 2w _ OM810° _4p0n 1

}7 28, 2.532.107°

MarHnTHaa nHQYKUMA B 3ybLax sSKops, B CepaeYHUKe raBHOro nonca U CTaHnHe
ObInn BbluMCHEHDbI paHee. CBoAHbIE AaHHbIE MO pacveTy MarHUTHOW MHAYKUMN
npeacTaBneHbl B Tabn. 3.4.

Tabnuuya 3.4
MarHuTHas MHOYKUNA B PAaCHETHbLIX CEYHEHUAX
YyacTtkm MmarHMTHOM uenu
MEA;;:L?J:?-?H Bozi};g:bm 3ybubl akopa | CnvHka akops anoejl_ls}glglae CtaHuHa
0,558 1,432 0,675 1,4 1,1

MazHumHoe HanpsikeHue y4yacmkoe Ma2HUmMHou yenu. MarHmtoasuxyuias
cuna (MAc) BO3QYLLHOro 3a3opa Ang HOMUHANBHOro pexmnma



F5,=0,8B5,L510°=0,8.0,558.2,916.10°.10°=1301,7 A.
MarHuTHOe HanpsikeHue 3yBLoB AKops
F,=H; L,

roe H, — Hanps»KeHHOCTb MarHNMTHOrO Noss B 3ybuax, onpeaensiemMmasi no KpMBOK
HamarHunumnBaHus [4, Tabn. 9.1] ana ctann 2312. MNMpn MarHUTHOM NHOYKUUMX B
3ybuax B, = 1,432 Tn HanpsKeHHOCTb MarHUTHOIO MO HAaXoAUTCS Ha
nepeceveHuun yncen 1,4 (pag cnesa) n 0,03 (BepxHun psg), H, = 1180 A/m,

F,=1180.25,71. 102 =31 A.
MarHuTtHoe HarnpgaxeHne B CrIMHKe AKOPA
Fj = Hj Lj,

rae Hj — HanpspkeHHOCTb MarHMTHOrO Mons B CnvHke akops. Onpenensercs
Mo KpMBOW HamarHuumsaHus ana cranu 2312 [4, tabn. 9.1]. Ecnn B;. 0,7 Tn, 1o H;
=137 B;=137.0,675 = 92,5 A/m,

F,=925.54.10 °=5A,
MarHuTtHoe HarpdaXxeHune rnaBHoro rnoJsioca
Fr=HL,

raoe Hr — HanpsiKeHHOCTb MarHUTHOIO Mo B cepAeYHUKE rnaBHOro nostca.
OnpepgendaeTca No KPMBOWM HaMmarHMumBaHua ansa ctanun 3412 [4, Tabn. 9.2],
a npu B; .0,7 Tn — no dopmyne H; = 147 . B;, H; = 320 A/m, Toraa

F,=320.62,4.10°=20A.

MarHuTHOe HanpsikeHue B BO34YLLUHOM 3a30pe MeXAy rMaBHbIM MOSHCOM U
CTaHuHON, A,

Fen=0,8 Ben Len« 10°,

roe Bcp — MarHMTHaa MHOyKUMs B BO34YLLHOM 3a30pe MexXay rfaBHbIM NOSHCOM U
CTaHuHon, B, =B, =1,4Tn,

Fern=0,8.1,4.0,129.10°.10°= 144 A.
MarHuTtHoe HaripdaxXeHmne CtTaHunHbI, A,

Fe=HcL,



roe He— HanpskeHHOCTb MarHUTHOIO NONs B CTaHWHE, onpeaenseTcs No KpnBowm
HamMmarHn4YnBaHus ans maccmeHon ctanu Ct.3 [4, Tabn. 9.3], H. = 1090 A/m,

Fo=1090.122.10° =133 A,

CymmapHas mac, A, Ha Nonc Ans HOMUHANBLHOroO pexxuma paboTbl ABuraTens
NMOCTOAHHOIO TOKa

Fo=Fo,+F,+F+F +F.,+F,=1302+31+5+20+ 144 + 133 = 1635 A.
Mac nepexoaHoro crost
F6,=Fo,+F,+F;=1302+31+5=1338 A.

CBoAHble JaHHble MO pacyeTy MarHUTHbIX HAMPSPKEHUIN Ha yYacTKax MarHUTHON
Lenu Ans HoOMUHanNbHOro pexuma asuraTtens npeacTtaBneHsl B Tabn. 3.5.

AHanorn4yHelM obpasom NPoBOANM pacyeT MarHUTHOM LEenn Ans PEXUMOB,
OTNNYaKLWMXCA OT HOMUHAMBHOIO, T. €. MPU 3HAYEHMSAX MarHUTHOrO NOTOoKa

B BO34yLHOM 3a3ope: ® = n 5 ,,, n npuHnmaem 0,5; 0,75; 0,9; 1,10; 1,2

(Mpy HanMuMnM nporpammbl paccuinTbiBaeM Ha OBM). PesynbTaThl pacdeTa cBOgMM
B Tabn. 3.6.

Tabnuuya 3.5

Mac Ha ydyacTkax MarHMTHOM Lenm

YyacTkm MarHMTHOM uenu

3asop
MarHunTtHoe . - Mexay Mac
HanpskeHme, BosgywHbin | 3ybubl  CnunHka | [MaBHbIN CTanvHa | MOMocoM CymmapHas NEPEXOHOro
A 3asop AKOpSA | SKopsl | MOMoC " mMac cros
CTaHVHON

1302 31 5 20 133 144 1635 1338

F/ Fa 796% 19% 03% 12% 81%  68% - 81,8%



Homep
napametpa
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Tabnuya 3.6

Pacuert XapakKTepUCTUKM HamarHm4mBaHms

PacueTHas
Benu4ymnHa

3ac
MarHuTHbIN NOTOK

MarHuTHas
NHOYKUMS B
BO34yLUHOM 3a30pe

Mac Bo3gyLiHoro
3asopa

MarHuTHas
NHOYKUMS B 3ybuax
SAKOPS

Hanpsi»keHHOCTb
MarHMTHOro nons
B 3ybuax akop4

MarHuTtHoe
HanpskeHne
3ybuoB

MarHuTHas
NHOYKUMS B CMINHKE
sAKOpSt

HanpsikeHHOCTb
MarHMTHOro nons
B CMUHKE AKOPS

MarHuTtHoe
HanpskeHne B
CMNUHKe

SAKOPS

MarHuTHbIN NOTOK
rmaBHOro nosnkca

B6.107 0,359 0,538 0,646 0,718 0,79

UmncnoBble 3Ha4yeHus

EanHuua
“3MepeHmns

05 075 09d5 10 1,1d5 1,23
¢8H qDBH H d)SH H H

B 196 294 ' 352,8 | 392 432,2 4704
0,86

Tn 0,279 0,418 0,502 0,558 0,614 0,669
A 651 976,5 1171,6 1302 1432,2 1562,4

Tn 0,716 1,074 1,289 (1,432 1,575 1,718

Alm 102 282 | 520 (1180 2700 | 8900

A 262 7,25 13,37 31 69,42 228,8
Tn 0,337 0,506 0,607 0,675 0,742 | 0,81

Am 46,2 693 83,16 92,5 113 145

A 249 3,74 | 4,45 5 6,1 7,83

B6 0,431 0,646 0,776 0,862 0,948 1,034



Homep
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PacuyeTHas
BenuYnHa

MarHuTHast UHayKuus B
cepAedHuKe rrnaBHOro Tn
nontca

HanpsikeHHOCTb
MarHuMTHOro nosns
B cepaeyHuke
rnaBHOro nostca

MarHuTHoe HanpsxeHue
cepAeydHuKa rrnaBHoro A
nontoca

MarHuTHast MHayKuus B
BO3[yLUHOM 3a30pe
MeXay rMaBHbIM
MOJSIFOCOM U CTaHMHOMN

Tn

MarHuTHoe HanpsikeHne
BO3AYLUHOro 3a3opa
MeXay CTaHUHOW U
rnaBHbIM MOSOCOM

MarHuTHas MHAYKUMSA B
CTaHWHe

HanpspkeHHOCTb
MarHuMTHOro nosns B Alm
CTaHWHe

MarnuTtHoe HanpdaxeHune
B CTaHUHE

CyMma MarHuMTHbIX
HaNpsKeHU BCEX
Yy4aCTKOB MarHUTHOM
uenm

CyMma MarHuTHbIX
HarnpsPKeHWn y4acTKoB A
nepexogHoro cros

EavHuua
nameperns | 0,5 ®3 | 0,75 d5 | 0,9 dS

OkoHyaHue mabin. 3.6

Yncnosble 3Ha4eHNs

H H H H

0,7 1,05 1,26 1,4

103 182 261 320

6,45 11,4

16,35 20

0,7 1,05 1,76 1,4

72 108 129,6 144

0,55 @ 0,825 0,99 1.1

443 703 911 1090
54,04 | 8576 | 111,14 133
888,6 | 1192,6 | 1446,5 1635
656,1 @ 987,5 1189,4 1338

1,0 ®3

1,1 ®3

) 1,295,
1,54 1,68
438 732

27,44 | 45,85
1,54 1,68
158,4 @ 172,8
1,21 1,32
1315 1670
160,4 = 203,7
1854 | 2221,4
1507,7 = 1800

Hpumeanue. Bce pac4yeTHble NapamMeTpbl, KpOMEe HanpA>XeHHOCTU MarHMTHOIro NoJfiA 1
MarHUTHOro HanpsXXeHnAa B CTalibHbIX y4HaCTKax, npdamMonponopunoHanbHbl MArHUTHOMY

MOTOKY B BO34YLUIHOM 3a30pe ABUratend n ornpenendrTcd 4epea npornopuuio.

Mo pacyeTHbIM faHHbIM Tabn. 3.6 CTPOMM NEPEXOAHYHO XapaKTEPUCTUKY
B6 = f (F6 4) (puc. 3.1, kpuBas 2).
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4. PACYET HE3ABUCUMOW OBMOTKN BO3BYXXOEHUSA

[Mpwn Harpyske gBuratenst No4 4eNCTBUEM peakuum SKopsi MarHUTHOE norse B
BO3YLLUHOM 3a30pe Nnoj O4HMM KpaeM nostoca yMeHbLaeTcs, a nog Apyrmm —
Bo3pacTaeT. PacyeT pasmarHmymearoLLero 4ENCTBMA NONEePEeYHON peakunm aKops
BbINOSTHAEM MO NepexoaHon xapakrtepuctuke (puc. 3.1).

CornacHo noctpoeHuto, Toukm d u f onpegenatoT 3Ha4YeHNAa MarHUTHOM MHOYKLUUK
Bd min U B max NO4 Kpasimn NOSIHOCOB U OTKNaAdbiBaeM OT opAuHaThl ab Ha
paccTtosaHumn 0,5 Ab,, raoe opanHata ab paBHa HOMUHaNbLHOMY 3Ha4Y€eHUI0
MarHUTHOW MHOYKUMWN B BO34YLIHOM 3a3ope B ..

CpeaHee 3Ha4YeHne MarHUTHOM MHAOYKLUMK B BO3AYLLIHOM 3a30pe onpeaensieM no
dopmyne npubnumxkeHnsa keagpaTypbl

Bcp _ B‘Srnin + 4BBEH + Bﬁma}{ _ 0162+4- 2’558+ U =0515Tn

Ha nepexooHoln xapakTepuctuke oTknagbisaem opanHaty 8 b, paBHyto Bg,. B

aToM cryyae abeumcca bP' onpenensiet pasmarHnumBaroLLee AencTere peakLmm
akops. C yyeToM npuHaToro macwrtaba nonyumm Fqq= 120 A, a Heobxoammas
MOC He3aBucnmom obMoTKM BO3OYXaeHUs



Fe=Fa + Fqq=1635+ 120 = 1755 A.

OO6MOTKY rnaBHbIX MOIOCOB BbINOSTHAEM U3 KpYrioro nposoda mapku MN3TB, a
n3onauuno obmMoTkn cm. Ha puc. 4.1 n B Tabn. 4.1 [1].

[nsa onpegeneHns pasmepoB KaTyLky (06MoTka BO36Y>XAEeHMS) BbINONHUM 3CKN3
rnaBHOro nostoca gsuratens (puc. 4.2).

Pa3mepbl 06MOTKM raBHOro nontca npusoaaTcs Ha puc. 4.3.

Cpe,D,HﬂFl ANMHa BUTKa 0OMOTKM rnaBHOro nontca

ng.B=2(br+€F)+n(bKT+2AI/I3)7

roe by — WnpmHa KaTywkm npuHnmaetca no [4, Tabn. 10.1] B 3aBMCUMOCTH OT
AnameTpa skops, b= 0,03 m; A ,; — TONWMHA N30MALMM KaTyLwkK (Tabn. 4.1)
NAOC OAHOCTOPOHHMI 3a30p MEXAY KaTyLUKOW M NOMOCOM, KOTOPbIA NPUHUMaeTCs

paBHbIM (0,5+ 0,8) 10> npu AnameTpax sikopsi 40 0,2 M, A o= (0,25 + 0,5) 10 m
=0,75.10° m,

leps=2(44,3. 10° + 146 . 10'3) +
+3,14(30.10° +2.0,75.10°) = 479,21. 107 m.
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Puc. 4.2. PasmelueHne odbmoTok rnaBHoro (1) Puc. 4.3. Paamepbl 06MOTKM BO30YKAEHUS
1 go6aBo4HOro (2) Noncos rmaBHbIX MOMOCOB



Tabnuuya 4.1

N3onauus 0OMOTKM rnaBHbIX MOMNKCOB

Mo3nuus

Ha puc. HasHauyeHue MaTtepwuan knacca B, F To”“';:"‘“:'Ha’ l:,:lggg
4.1
1 N3onauuns
cepaeyvHuka JnokcnaHas cMmorna 1 -
(Hanbinexue)
JlakoTkaHecntogonnacTt
N3onauma katyLiku FUT. NICB. MCM 0,25 1
3 CTeknsHHaa neHta
N3onauma kaTyLku nac 0,1 1 BnonHaxnecTta
4 CTeknoTekcTonuT
Pamka CTAd 0,5 1

Mnowanb cevyeHns NpoBOAHUKOB HE3ABUCHMMOM 0OMOTOKM BO3OYXOEHNS Mpy
nocrnenoBaTenbHOM COeAMHEHUN KaTyLLUEK, M2,

K, m2PF, 2,
T, U,

roe K; — koaddmumneHT 3anaca mac obmoTkm Bo3byxaeHus, K;= 1,1+ 1,2;

M — KO3 PULNEHT, YUNTbIBAKOLLNN YBENNYEHNE COMPOTUBIIEHUS Meau Npu
yBenudeHun Temnepatypbl o 115 ° C, m = 1,39; Uy — HanpsbkeHne B o6MoTKe
BO30OY>XAEHUS, Us= U, =220 B,

:1,1-1,39-4-1755-4?9;21-10'3
57-10F . 220

B

=041-107° m’

Mo [4, Tabn. 2.4] Bbibupaem, cornacHoO Ce4YeHunto n?oaop.Hl/lKa Js, KPYrnbii npoBoA
Mapku MN3TB. OunameTp ronoro nposoga 0,71 . 10™ M, gMamMeTp U30SIMPOBAHHOIO
nposoga 0,77. 10 m, ceueHune nposoga 0,396 . 10° m?.

[ns pacyeTa ymMcna BUTKOB HE3aBMCUMOW 0OMOTKM BO3BYXaeHNA 3adaemcs
MIIOTHOCTLIO TOKa Jg, KOTOpas aAnst MalwuH NOCTOAHHOIO ToKa ucnonHeHus 1 P44

HaxoauTcs B npeaenax (2+ 3) 10° A/m2. Mpunumaem J, = 3,0 . 10° A/m2. Toraa
4YNCMO BUTKOB OOMOTKM BO3OYXOEHUS HA NOSOC

F. _ 1755
J.9 3.10°.0396.10°°

= 1477

E




HoMWHanbHbIN TOK BO36YXOeHUS

I, :F_B:@:mg A
W, 1477 |

[MonHas anvHa obMoTkM BO36yXaeHUs
Le=2pP Lepa We =4.479,21.107 . 1477 = 2831 m.
ConpotuBneHne odbmMoTkn Bo3byxaeHus npu temnepartype 6 =20°C

Le 2831

= = = 12542 Om
57-10°q, 57-10°.0396-10°°

E

ConpotuBneHne obmMoTkn Bo3byxaeHus npu temnepatype 6 = 115°C
Reyn=m Rg =1,39.125,42 = 174,33 Owm.
MakcumanbHbI TOK OOMOTKM BO30YXAEHMS

U, 220

I = =B =1754 A
BMEECR, 12542

KoadhdbnumeHT 3anaca K, gormkeH 6biTb He MeHee 1,1

Ip e We 1754 -1477

K. =
: F. 1755

=1476

YTO yOoBNeETBOPAET yCI1OBUIO.
Macca mean He3aBUCMMON 0OMOTKM BO3BOYXaeHUs
Mus=289.10°Lsqs =8,9.10°.2831.0,396 . 10° = 9,98 «r.

MapameTpbl 06MOTKM BO3OYXaAEHUA NpeacTaBneHbl B Tabn. 4.2.

Tabnuuya 4.2
MapameTpbl 06MOTKM BO3OYXaEHUSA
Mapka | LUupuHa @ Beicota | CeueHue lunametp [AvameTp Yucno = [onHas Macca
NPOBOAA | KaTYLUKW, | KaTyLUKK, NPOBOAA, ' W30NMPOBAHHOMO ronoro BUTKOB | ANWHA Meau
MM MM MM2 npoBoAa, MM npoBoAa, MM obMOTKM, M | OOMOTKY,

Kr

NnaTe 30 40 | 0,396 0,77 0,71 1477 2831 9,98



5. PACYET WLETOK U KOJIJNIEKTOPA

[na npocTo BONMHOBOW OOMOTKU LUMPUHY WETKM b ,, pekomeHayeTcs BbibupaTthb B
npegenax (2 ~ 4)t . MNpuHnmaem

by=4t,=4.376.10°=1504.10"m.

B gBuratensix co cpegHMun 1 3aTpygHEHHbIMU YCNOBUAMM KOMMYTaLUK
NPUMeEHSoTCA WeTkn mapkn 3l 14, ¢ nnoTHocTbio Toka Jy, = 11 Alcm?,
CraHgapTtHble pa3mepbl no NOCT 12232.1-71 by, - |y, » hy, BoiGrpaem un3s [4, Tabn.
11.1], Mmm,

by «ly +hy = 16.32.40.
LLnpuHa weTkm by, onpenenseT WMpKHY 30HbI KOMMYTaUuUK b 4, T. €. LUMPUHY oyrv

OKPY>XHOCTM NOBEPXHOCTM SIKOPS, B rpaHMLIaX KOTOPOW HaXOA4AaTCs KOMMYTUPyeMble
cekuun, m,

t, P D,

b, = [b—”*+ u, —E+ EKJtKE

rge €  — ykopodeHume 06MOTKM AKOPA B KOINNMEKTOPHbIX AeJIeHUAX NpUHNMaeTCA
BCerga co 3Hakom nriroc

2D 314-180

t, =

=1449mMm

Torga wupmrHa 30HblI KOMMYyTaLUK

[16-10'3 5 018

+3-05+ 0,25] 3,76-10 014" 3383-107 m

2K

376-107°

OTHoLeHue b 4/(t — b ;) He gomkHo npesbiwatb 0,55+ 0,7, rae BepxHue rpaHuLbl
9TOro OTHOLLEHNA OTHOCATCS K MaluMHam ¢ guaMmeTpom sikops 4o 0,2 m,
a HWXKHME 3HaYeHMs1 MPUHUMAKOTCA Npy guameTtpax sikopst 6onee 0,4 m.

Mpu BbIOpaHHbIX pa3Mepax LLEeTOK 3TO OTHOLLEHWe COCTaBuUT

b,,  3383.107°

- = 0,63
t-b, 141.107 -88.107°

MoBEPXHOCTb COMPUKOCHOBEHWS LLIETKU C KOMMEKTOPOM Sy, M2,



Su=buyly=16.10°.32.10°=512.10" m°,
Yncno WeToK Ha OAVH LWEeTOYHbIN 6onT

oI 4833 _ 0420

408,y 25121071110

MNpuHumaem Ny, = 1, 1 Toraa NOBEPXHOCTb CONPUKOCHOBEHMSA BCEX LLETOK C
KONNEKTOPOM

Sy =2pNySy=4.1.512.10"=20,48.10" m°.
[lencTtBuTenbHasa NIOTHOCTb TOKA MO LWeTKaMu

_ 2L 2483 o0 407t A2

“ TS, 2048-10°

AKTUBHas OJTMHa KOJJeKTopa
0«=Ny(lu+8.10%+10.10°=1(32.10°+8.10°)+10.10°=50.10" m.

[MapameTpsbl WETOK U KONMekTopa agsuratens ceoamm B 1adn. 5.1.

Tabnuuya 5.1
[MapameTpsbl LWETOK K KOSNEKTopa
Pasmepbl LeTok OTHOLLEHME Yneno . nuHa
LEeToK Ha ”OTHOCT'; KONnrekTopa,
tpHa, ANvHa, MM | BblCOTa, MM bi oonT ToKa, A/M MM
MM ’E—bp
16 32 40 0,63 1 4,72 .10 50

6. PACYHET JOBABOYHbIX MOJIFOCOB

CeppaeyHuk obaBOYHbIX MOMOCOB COBUpaETCs N3 LWTaMNoOBaHHbLIX JIUCTOB
aHM30TPOMNHOM ANeKTpoTexHMYeckon ctanu 3411 (npu gnameTpe sKkopsi MeHee
0,16 m 13 ctanu CT1.3) TONWMHOM 1 MM U NPSAMOYroSfibHOM (POpMbl MONEPEYHOro
ceveHuns (puc. 6.1).



d-H.

hﬂh]

AH Puc. 6.1. dopma ceveHnsa nobaBo4HOro nontoca

MarHutoaBmxyLwiasa cuna, A, obMoTkM 0GaBOYHbIX MOMKOCOB ANA MaLLVH
MOCTOSIHHOIO TOKa 6e3 KOMMeHCcaLOHHOW 0GMOTKM onpeaenseTcs BblpaXeHnem

F,=(12+14)A
2,
MpuHMMaem

F,= 1,3!1% =13-22653-0,141-05= 2076 A

Yumcno BUTKOB 0OMOTKM Ha OAWH J0DOaBOYHbIN NOMOC

=F.ﬂ. a,
I

W,

rae a; — Y1cno napannenbHbiX BeTBen 06MOTkM AobaBoyvHOro nontca, a; = 1 (npu
Toke B akope 1 <1000 A),

W _ 20761

=0 4426
469 .

]

W, =44

[MpeaBapuTenbHOe cedeHmne 0OMOTKM 40BaBOYHbIX NOMOCOB, M2,

- I
A=
ag Jg

roe J,— cpegHee 3HayeHne NNOTHOCTU TOKa npu ucnonHexuu 1IP44, J, = (2+ 3) .
10° AIM?,



46.9 &
q,=—" _=156-10"° m
A 1.3.10°

B cootBeTCTBUM C pekoMmeHaaumamm [1] npu 92> 8.10° m? 0OMOTKY [06aBOYHbIX
MOJIHOCOB BbINOMHAOT M3 NPOBOAA NPAMOYrofibHOro ceveHna mapkm MNCL
(M301IMPOBAHHbLIN ABYXCNONHOM OOMOTKOW CTEKNOBOSIOKHOM C MOAKITENKON U

NPONUTKOM KaXX4Ooro Crosi HarpeBOCTOMKNM fTakoM) C COOTHOLLEHMEM CTOPOH 1,4 +
1,8.

Pasmepbl nposoaa BbibMpaem no [4, Tabn. 2.5]. HomnHanbHbI pasMmep NpoBOSIOKK
no 6onbLlen ctopoHe b = 5 MM, N0 MeHbLLEN CTOPOHe a = 3,35 MM, pacyeTHoe

cevyeHne 9a= 16,2 MM?, 4To BornbLLE NPeABaPUTENILHO MPUHATONO CeYEHMS

0OMOTKM J0OaBOYHbIX MOSTHOCOB Ua = 15,6 MMZ.

N3onauma oOMoTkn Aob6aBoYHbIX NOMKOCOB aHanorMYHa n3onsaumum ooMoTKm
rnaBHbIX NoncoB (cM. puc. 4.1 n Tabn. 4.1). PasmeLleHune nNonocos
npeacTasBrieHo Ha puc. 4.2.

Mpn gnameTpe akops D > 0,132 m gnnHa cepaevHmka no6aBovHOro nostoca
paBHa OfnHE AKOops

(2= 10,=0,146 M.
Cpe,D,Hﬂﬂ ANMHA BUTKa 06MOTKM J0BaBOYHOro nositoca, M,
gﬂ.cpzz(b'q+€'q)+n(bKT.,D,+2AVI3)1

roe b , — wvpuHa gobasoyHoOro nostoca, NpUMHUMaeTcsa B 3aBUCMMOCTH OT
AnameTpa akops no [4, puc. 12.1], b ,=9. 1073 M; D rq — LUMPUHA KaTYLLIKK
006aBOYHOIO Nonkca, bwa=16b,=16.9.10°=144.10°M; A s —
OAHOCTOPOHHMI pa3Mep 3a3opa Mexay cepaevyHMkom gobaBoyHOro nosoca u
KaTyLLKOMW C Y4eTOM M30S1IUnnN cepaeyHmKa, A we= (1,77 2,2) 102 m npu gnameTtpe
skopsa 0o 0,5 m,

(aop=2(9.10%+146.10%) + 1 (14,4.10°+2.22.10°) = 375,76 . 10° m.
NonHasa OnnHa NpoBOOHNKOB 0OMOTKMU OONOJTHNTENbHOIO NOJ1KuCca
L,=2p gop Wy =2.2.375,76.10°. 44 = 64,63 m.

ConpotuBneHne odbmoTkmn ob6aBOYHbIX NontocoB npu Temnepatype 20 ° C



_ L, _ 64,63
57-10°a% q, 57-10°.1.162.10°°

= 0,07 Om

il

ConpoTtuBneHne obMoTkn gobaBOYHbIX NOMOCOB Npu Temnepatype 115° C
Rp115 = 1,39 R;=1,39. 0,07 = 0,097 Owm.

Macca mean o6MOTKM AONOSTHUTESNbHBIX NOSIHOCOB

m , =8900 L, 92=8900.64,63.16,2.10° = 9,26 «r.
MapameTpbl 4OO6ABOYHbIX NOMKOCOB NpMBeAeHbI B Tabn. 6.1.
Tabnuuya 6.1

MapameTpbl 4OGABOYHbLIX MNOMOCOB

Mapka Paamepbl
cranmm | Mapka |Uncno CeyeHue nposona Jél,nvma ConpoTuBneHue Macca
ronuMHa, | Nposona | BuTkos npﬂlvloyrozanoe, 00OMOTKN, npwu Meau,
’ MM b, | a, M t=115°C, Om Kr
MM MM | MM
4311 nca 43 16,2 5 3,35 64,63 0,097 9,26
A=1
MM

7. PacyeTt notepb U KoachcpuLmMeHTa NONe3HOro AeMcTBUS ABUraTens
NOCTOSAHHOTO TOKa

B mMalmHax NoCTOSAHHOro TOKa pas3nu4yaloT OCHOBHbIE U 06aBoYHbIE NnoTepu. Ecnu
OCHOBHbIE MOTEPU CBSA3aHbI C ANEKTPOMArHUTHBIMU U MeXaHUYEeCKUMMU
npoueccamu B asuraTene, To 4o6aBoYHbIE NOTEPU ABMAKTCS pe3yfbTaToM
AOMNONTHUTENbHbIX NPOLIECCOB.

nekTpuyeckme notepun B 0bMoTKe sikops
Pua=1°R, =46,9° . 0,303 = 666,48 Br.
OnekTpuyeckme notepun B 0bMoTke 4006aBOYHbIX NOMNKCOB
Pug =1 2Raq1s = 46,92 . 0,097 = 213,36 BT.
OnekTpuyeckne nNoTepun B He3aBMCMMON 0O6MOTKe BO3BYXaeHUs

Pues =Ug I =220.1,19 = 261,8 BT.



OneKkTpMnYecKme NoTepu B NEPEXOOHOM KOHTAKTE LLLETOK Ha KOMeKTope

roe 2A Uy, — nepexogHoe nageHne Hanps»keHus Ha napy weTtok Mapku 314 npu
pekomeHayemMon NNOTHOCTM ToKa BblibMpaem no [1, Tadbn. INM-35]. C yuyetom
NEeNCTBUTESNLHOI NNOTHOCTM Toka Jy, = 4,72 . 107 A/M? npuHumaem 2 A Uy, = 2,5 B,

Pow =2,5.46,9 = 117,25 Br.
[MoTepwn Ha TpeHne WEeTOK O KonnekTop, BT,
PT-LLL =a SLLI pmeK,

rae py, — AaBneHne Ha weTky Boibupaem no [1, Tabn. M-35]. Ans weTkn mapku
ol14p,=37? 10* Na; f — koadbpurumeHT TpeHus, f = 0,2,

Pr.y=20,48.3.10%.0,2.21,98 = 270 Br.
CyMmapHble MexaHu4eckue notepm, BT,
PMeX = PT'LL[ + PBeH + PTI'I’

roe Pgeyt Prp — NOTEPM HA BEHTMNAUMNIO M TPEHME B NOALLMMHUKAX, onpeaensem no
[4, pnc.13.1] 4na mawuvH ¢ BEHTUNATOPaMK, YCTAaHOBMIEHHBbIMW Ha Bany MallUHbI
(cemenctBo KpuBbIX), Pgey + Pty = 0,4 kBT,

Puex =270 + 400 = 670 Br.

Macca ctanu cnnHku AKOpA

[D-2n, 7 - DF],

m =78-10° 2 . =78-10° x

'31,1-*4“18!:]-1[3‘3 - 2.25,5.10-3)2 _ (49,6-10‘3)2}

4 1387-1077 =116 «r

x

Macca ctanu 3y6LoB SKops C OBanbHbIMW Na3aMu

m, = ?anmbz[m N ;rﬂ ¢.,=7800-39-59.1077 x

. _3 - _3
216-10 ;2352 19 J}13&?-11:1‘3=5,61a|<;r.

x[19,432-1ﬂ_3 + [3’

MarHuTHbIE NOTepn B CNUHKe sikops, BT,



Pi=mjp,
roe p; — yaenbHble MOTepu B CRMHKe sikopsi, BT/Kr, 1 onpenensoTcs BblpaXeHneM

f

i
Pi = 2,3 Pinjso [%j B]?

roe p1oso — YA bHbIE NOTEPU B CTanu npu yactote nepemarHnymsadunsa 50 'y m
MarHUTHoW MHayKkummn 1 Tn, p1oso = 1,75 BT/Kr; B — nokasaTenb cTeneHn n 3aBucuT
OT Mapku ctanu, JLI00 B = 1,4 [mpun. B, Tabn. B-6].

100Y" 5
Pj= 23175 ﬁ 0675 = 733 Bt /kr

Torp,a MarHuTHbl€ NOoTeEPU B CMNNHKE AKOPA
P, =11,6.4,84 = 56,144 Br.
MarHuTHble noTepu B 3ybuax akops, BT,
P,=m;p,

roe p; — yaesibHble NoTepn B 3y6u,ax AKOpA, onpenendem U3 BblpaKeHud,

f Y 100Y"
P. =23 P [%] B2=23.175 [ﬁ] 1432° = 2178 Bt /«xr

a MarHuUTHble NOoTepun B 3ybLax gKkops
P,=5,618.21,78 = 122,36 BT.
Ho6aBoyHble noTepun, BT, onpegensem kak
Pros = 0,01 Uy 14,

rae 1, — HOMVHanNbHbIV TOK ABUraTens NOCTOAHHOrO Toka, A,

[,=1+1,,=46,9+ 1,19=48,09 A,
a nobaBoYHbIe NOTEPU

P.s =0, 01.440.48,09 = 211,6 Br.

Cymma notepb



o P = PM.a + PM.,EI,+ PM.B + Pe.u.|,+ PT.LIJ,+ PBeH + PT.I‘I +
+ Pj+ P, + Py = 666,48 + 213,36 + 261,8 + 117,7 + 270 +
+400 + 56,14 + 122,36 + 211,6 = 2318,9 Br.
[MoTepu xonocTtoro xoga
Po=Pj+ P,+ (Prn+ Pgen) + P 1= 56,14 + 122,36 + 400 + 270 = 848,5 Br.
MowHocTb, noTpebnsemas asuratenemM NOCTOSAHHOMO TOKa,
P,=P,+aP=18500 + 2318,9 = 20819 Br.

HomuHanbHbIN TOK, NOTpebnaemMbi ABuraTtenem,

Iy, :E:M:w,wﬂ
U, 440

HomuHanbHbIN TOK B 0OMOTKE SIKOpS

Law=114—1e0 =47,47 — 1,19 = 46,28 A,
YTO COOTBETCTBYET NpeaBapuUTEnbHO BbIGpaHHOMY TOKY akopsi 46,9 A.
KoadhdbnumeHT nonesHoro 4encTBnsa asuratesnsi NOCTOSHHOMO ToKa

P 100 18500

— = 100= 8856 %
R,+ZP 18500+ 23189

‘rl:

[aHHble pacyeTa NoTepb B ABUraTene NoCTOsIHHOroO ToKa cBeAeHbl B Tabn. 7.1.

Tabnuuya 7.1

[MoTepun n kKO3PPMUMEHT NONE3HOro AENUCTBUA OABUraTens

Motepu Macca
MarHuTHblE KoacbcpuumeHT | MoTpebnsemas
OnekTpuyeckue | MexaHuyeckue [Jo6aBoyHble | CymmapHbIe | XONOCTOro
notepu B rnonesHoro MoLLHOCTb, | CrinHka | 3ybubl
notepu, Bt notepu, Bt notepu, BT | notepu, BT xoaa, , o
cranu, Bt BT neunctaus, % Bt AKkops, | AKops,
KT KT
1235,44 670 270,49 2116 848.5
517 % 28 % 11.3 % 8.8 % 2318,9 36.6 % 88,56 20819 11,6 5,618

lNpumeyaHue. B 3HameHaTene ykasaHa Aons aTUX NoTepb OT CyMMapHbIX.



8. PACYET PABOYUX XAPAKTEPUCTUK OBUTATENA

[ns nocTpoeHnsa pabounx xapakTepUCTUK ABUraTens He3aBnUCMMOro Bo3byxaeHus
n, M, 14, P1y=f (P2) npn U, =440 B 1 Toke Bo3byxaeHus I ; = I gz, nonaraem, 4to
NoTepU XONoCToro xoaa Py He 3aBUCAT OT Harpys3kMu.

Mac peakumnn AaKkopsa N3MeHAETCA NpornopumnoHaribHO TOKY AKOPA

I
Fql:i = quH —

dH

1

roe Fqaw — MOC peakummn akops npu HOMUHaNbHOW Harpyske, A, onpegensercs no
puc. 3.1, Fgau = 120 A.

3Ac 06MOTKM sIKOpst NPY HOMUHANBHOM TOKe

E.=Ui—-Taw(Ra+Ry)—2AUy=
=440 — 46,28 (0,303 + 0,097) — 2,5 = 418,99 B.

HoMMHanNbHLIM MarHUTHbBIA NOTOK B BO34YLUHOM 3a30pe

_60aE, 60-1-41899

Py, = _ =0768-10° B6
PNn, 2-546-3000

Mo xapakTepucTmke XosioCcToro xoga (cm. puc. 3.1) onpegensiem
pesynbTUpyoLwy Mac oomoTkn Bo3byxaeHust Fa Ha nontoc npu P,

P, = 0,768 . 10 B6; Bg, = 0,59 Tn; Fo = 1760 A.
Mac obMOTKM BO3OYKAEHMSI NP HOMUHANBbHOW Harpyake
Fen = Fo + Fgqqy = 1760 + 120 = 1880 A.
HoMuHanbHbIN TOK BO3OYXaeHUA

_Fey 1880 _ o7
W, 1477

IElH
HomuHanbHbIN TOK ABUraTens
I1H =IaH +IBH =46,28 + 1,27 =47,55A.

MoTpebnsemasi MOLHOCTb NPU HOMWHASbHOW Harpy3ke

Pw=U,.14,=440.47,55=20922 Br.



[Mone3Hasa MOLWHOCTb Ha Bany ABuratens npm HOMMHanNbHOM Harpyake
Pow = Eu11a— Po— Ppos = 418,99 . 47,55 — 848,5 — 211,6 = 18886 Br.
KoadpdmumeHT nonesHoro oencreums

- Pay 100 = 18886
P 20922

1H

100 = 90,2 %

Bpawatowmm (nonesHbi) MOMEHT Ha Barny ABuraTerns

Pon _ 9571895 _goH.m

M, =957
n, 3000

YacToTa BpalleHnA aABUraTtenad rnpu nobon Harpy3ke oripeaesidaeTca BblpaXXeHnem

60aE
PN&,

AHanornyHbiM o6pa3omM NPoBOAUM pacyeT pabounx XxapakTepUCTUK ABUraTens

Ans 3HayeHun Toka sikops 0,1 IEIH; 0,25 IEIH; 0,5 IEIH; 0,75 IEIH; 1,25 Lay (npwm
HanMumMm nporpammbl Ha OBM). [1ns kaxkgoro 3HadeHus Toka Sskops onpeaensiem
Mo BblLLien3noxeHHon metoauke Fqq E, @, Fo, Fg, n, 14, P4, P, Mun , a
pesynbTaThbl pacyeta cBogum B Tabn. 8.1.



Tabnuya 8.1

Paboune xapakTepuCTUKK OBUraTensi MOCTOSIHHOrO Toka

06o3- Tok sikops, A

PacueTHbie HaveHnsi 0,11 .4 | 0,251 4 051 0751 1,01
napamMeTpbl aH aH aH

4,63 11,57 23,14 34,71 46,28 57,28

1,25 I aH

Tok Bo3OyxaeHus1, A Ig 1,27 1,27 1,27 1,27 | 1,27 1,27
Q4c sikops, B E 436,15 433,37 428,74 424,11 418,99 415,08
Mac peakumn skops, A Fad 12 30 60 90 120 150

MarHnuTHas MHOYKUnS B
BO34yLLUHOM 3a3ope, Tn

MarHuTHbIN NOTOK B 0,796.10- 0,792.  0,787. 0,774. 0,768.  0,758.
BO34yLLUHOM 3a30pe, B6 2 102 102 10-2 102 10-2

Mgac pesynbtupytowasa, A| Fa | 2080 2000 | 1960 | 1870 1760 | 1720

Mac obmoTkmM
BO36yxaeHus, A

Bs 0,637 0,633 0,626 0,619 0,592 0,59

Fas 2092 2030 | 2020 1960 | 1880 @ 1870
UacTtoTa BpalyeHus,
06/MunH

Tok gsuratens,A I 5,996 | 12,936 24,504 36,07 47,55 58,64

[MoTpebnaemas
MOLLHOCTb, BT

n 3007 3006 = 3007 3008 | 3000 & 3008

P4 2638 5692 10782 15871 20922 25801

None3Hasa

P, 1463 4454 | 9354 14146 18886 23188
MOLLHOCTb, BT

Bpawiaroinmm MOMEHT, H.

" M | 4,656 @ 14,18 29,77 45 60 | 73,77

KoadpdpmumeHT
Nosie3Horo n 55,4 78,2 86,7 @ 89,1 90,2 @ 89,8
pencteus, %

Mo gaHHbIM Tabn. 8.1 ctpoum rpadpukn pabounx xapakTepUCTUK ABUraTens u
YTOYHSAEM NPU HOMUHANbHOW MOLHOCTU P,, HOMUHarbHbIE 3Ha4YeHUs Toka I 4,
4acToTbl BpawleHus n,, nonesHoro momeHta M, n koaddunymeHTa none3Horo
aencrteuna m  (puc. 8.1).

B pesynbTate pacyeta 1 NOCTPOEeHMs1 pabounx xapakTepucTuk ABuratens
onpeaenMm napameTpbl HOMUHANBHOIO pPeXnMma:



e HOMWHanbHYyK MowHocTb P, = 18,5 kBT;

e Nosfie3HbIn MOMeHT M, =59 H. m;

e HOMUHanNbHbIN TOK I ,= 47,5 A;

e noTpebnsiemyto MoLlHocTb P4, = 21 kBT;

e KO3hPMUMEHT NonesHoro gencteuna n = 84,5 %;

e HOMUWHanbHbIN TOK BO30OYXaeHus I 5, = 1,27 A;

e HOMUHarbHbLIN TOK AKops 1 4, = 46,23 A;

e HOMUHanbHy YacToTy BpaweHus ny = 3000 06/MUH.

M, Hm 1% P+, kBT LA n, ofi/mun

a0 + a0+ 60 + 3000+ o

™+ 1004+ 25+ 50 + 25004 T]
N /

B0+ 80+ 20+ 40+ 20004

454+ 604+ 154+ 30+ 15004

304+ 404 104 201 10004

15+ 201 10 + 500+

h

Pu=18,5

0 ] ] 0 ] ; é 1-2 1-5 2.0 2.4 F;, kBT
Puc. 8.1. Paboune xapaktepucTnku aABuraTterns NoCTOAHHOrO He3aBMCMMOro Bo3byxaeHns (n
=84,5%;1,=47,5A; P, =21 kBT1; M,, = 59 MH; n , = 3000 06/M1H)

9. PACYET CTABUITU3UPYIOLLEUW OBEMOTKU

Ha rnaBHbIX Noncax MallnH NOCTOSAHHOIO TOKa, KpoMe 0OMOTKM napannenbHOro
NI HE3ABUCUMOIO BO3DYXXAEHUS, C LeNbtlo NOBbILLEHUS] YCTONYNBOCTY aBUratens
N YaCTUYHOWN KOMMEHCALUKM NONEPEYHON peakuumn sikopst yCTaHaBnmMBatoT
ctabunuaupyoLlyto o06MOTKy, KOTopast CoeanHSETCs nocneaoBaTenbHO C
0OMOTKOM AKOpPSt 1 OOMOTKOWM AOMNONHUTESNbHbLIX MOMNKCOB.



=~

h\,
Fi
&‘\ P Puc. 9.1. PacnonoxeHne o6MoTok Bo30yxaeHus: 1 —
naparnnenbHasa Unu Hesasuncumas; 2 — ctabunuampyrowlas

KOHCTPYKTMBHO nocnegoBaTesibHyt0 0OMOTKY BO3DYXXAEHUs pacnonaratoT Unu 'y
MONKOCHOrO HAaKOHEYHMKA, NN MEXAY CEeKLUMAMM KaTyLLEK rnaBHbIX Noncos. [Mpu
BblCOTe ocu BpalleHus go 200 mm [3] npuHuMaeTcs nepsbi BapuaHT (puc. 9.1).

Mgac ctabunusnpytoien obmMmoTku, A,

I
F. = quH =W, =2

[

roe ac — YMCrno napannesnbHblX BeTBEW cTabunuampytowen obmMoTtku, ac = 1;
W, — yncno BuTKoB ctabununaunpyrowen obmMoTkn

_quH _ 120
© 1, 4623

MpuHumaa W, = 3, nony4nm Mac ctabmnuampyroen obmMoTku
F.=3.46,23 = 138,69 A.
Mac obmoTkum BO36YXaeHUS
Fe=Fo + Fgaqn — Fc = 1710 + 120 — 138,69 = 1741,3 A.

MpuHMMaem ceveHne nposBoga 06MOTKN HE3ABMCUMOrO BO3BYXKAEHMS, KaK B
BapuaHTax 6e3 ctabunusnpytoien obMoTKM

gs= 0,396 .10° Mm% d=0,71.10°m; d);= 0,77 . 10° m
MNPV NAOTHOCTM ToKa Js = 3 . 10°° A/M2.
Yncno BUTKOB Ha MOmoc 06MOTKM HE3ABMCUMOIO BO30YXaeHMS

L 17413 1466

Jo 9. 3-10°%.0396.10°°F




MonHaa gnvHa obMOTKM BO30YXAEHMS
Le =2p { gcp. Ws =4 .479,21. 107 . 1466 = 2810 Mm.
ConpoTuBneHne ob6MoTKn Bo30YyxaeHus npyn Temnepatype 6 = 20 ° C

L 2810
57-10FPq, 57-10°-0,396-107°

R, = 1245 Om

ConpoTuBneHne o6MoTKM BO3BYxaeHus npu Temnepatype 6 = 115°C
Reyw =m . Rz =1,39.124,5173 Om.
AnvHa BuTKa ctabunusmpytoen o6MoTkm
lemlgep=0,4792 M,
[MonHas anvHa ctabununanpyowen obMoTKn
Le=2p W,/ :=4.3.0,4792 =575 m.

Pasmepbl 1 cedeHne NpoBOAHMKOB CTabunnmanpytowen obMoTKM NPUHMMaEM, Kak U
0bmMOoTKM A0BaBOYHbIX NOMOCOB. HOMMHArbHLIM pa3mMep nposoda No BonbLUen

CTOpoHe b = 5 MM, N0 MeHbLLEN CTOPOHE a = 3,35 MM, pacyeTHOE CevYeHmne
=16,2 MM°.
ConpoTuBreHne cTabunuanpytoLLeit o6mMoTkn npu Temnepatype 0 =20 C

L 5,75

= c_ - = 0,0062 Om
57-10°q. 57-10°.162.10°°

C

ConpoTuBreHne cTabunuanpytoLLein obmMoTkn npu Temnepatype 0 = 115 °C
Ren =1,39 R = 1,39 . 0,0062 = 0,0086 Om.
SAC SIKOpsS NP HOMUHAIbLHOW Harpyske

E.=U,—-1a (Ra+ Ry +Ra) —2A Uy, =440 - 46,23.
. (0,303 + 0,097 + 0,0086) — 2,5 = 418,6 B.

MarHuTHbIN NOTOK B BO34YLLUHOM 3a30pe Mpyv HOMUHAITbHOW Harpyske

by, = 6O0E, __60-4188 _ 4767102 B6
pNn, 2-546-3000




Mo xapakTepucTuke xonoctoro xoda (cMm. puc. 3.1) onpegensiem
pe3ynbTMPYHLLYI0 MAC 0OMOTKM BO30YxaeHUss Fo Ha nontoc npu

®g, = 0,767 . 102 B6; Bg, = 0,588 Tn; Fo = 1745 A.
Mpc obmoTkm BO36YXaeHUs NpU HOMUHANbHOW Harpyake
Fe=Fo + Fgpy — Fc = 1745 + 120 — 138,69 = 1726,3 A.
HoMuHarnbHbIN TOK BO36YXaeHUs

Lo R 17263 0,
W, 1466 |

MapameTpbl cTabunuampytowen obMoTkn ceegeHbl B Tabn. 9.1.

Tabnuya 9.1
MapameTpbl cTabunuampytowen ooMoTkm
[nnha HomuHanbHbIN Pasmepbl npoBoaa
Yncno ConpoTtusneHue, TOK
0BMOTKM, o
BMTKOB y M BOS6y>I;\,D,8HVIF|, b, MM a, MM , MM?
3 5,75 0,0086 1,177 5 3,35 16,2

Paboune xapakrepucTukmn gBuratensi Co ctabunuampytoLlen oGmMoTkom
pacCcYMTbIBAKOTCA aHANorMyHbiM 00pa3om, CBOAATCSA B TabNMYHy0 hopmy m
npeacTaBnsAlTCA B BuAe rpadmkos. 1o pesynbTatam cpaBHEHUsSI AenatoT BbIBOA O
BNUSIHUM CTabunuanpyoLen obMOTKN Ha XapaKTEPUCTUKM ABUraTens
MNOCTOSIHHOIO TOKa.

10. O®OPMJIEHUNE PACYETHO-NOACHUTEJIbHOWU 3ANMUCKU U
’PAOUYHECKOU YACTU NPOEKTA

OgbopmreHue nosicHumersnbHOU 3anucku. lNogacHUTenbHas 3anucka siBnseTcs
TEKCTOBbIM JOKYMEHTOM MPOEKTa U BKIIOYAET ONMUCaHMUE NPOEKTUPYEMOrO
ycTponcTBa ¢ 060CHOBAHNEM TEXHUYECKUX PELLUEHNIA, @ COOAEP)KAHME U
ocopMIrieHne ee OOMKHO oTBeYaTb TpeboBaHnaM EanHom cnctemsl
KOHCTPYKTOPCKOW OOKYyMeHTauumn, koTopble pernameHtmpytotca FOCT 2.105-95
“ObLwmne TpeboBaHUs K TEKCTOBLIM JOKYMEHTaM”.

OdopmneHne NOACHUTENBHOM 3annCKM MOXKET ObITb BbINOMHEHO HAa NULLYLLEN
MaLUMHKe LWPUATOM BbICOTON HE MeHee 2,5 MM (fleHTa YepHoro uBeTa),
PYKONMUCHBbIM YepTexHbiM wpudTom no NOCT 2.304-81 BbicoTom BykB 1 umdp He
MeHee 2,5 MM TyLWbto (YepHUIamMmn unm Nactomn) YepHoro useTa unm B



KoMnbloTepPHOU BepcTke B peaakrtope “Word” 14-m kernem yepes 1,2 nHtepsana
wpudotom Arial Cyr.

[MOAACHMUTENBLHYO 3anNUCKy BLINOSHAOT HA OQHOM CTOPOHE Benon HeENMMHOBAHHON
6ymarn popmata A4 (210. 297) c pamkoin. PaccTtosiHne oT kpasi CTpaHuubl 40
NHUK pamku creea 20 MM, a cripaBa, CHU3Y U CBEPXY — 5 MM.

Ha nepBomM TEKCTOBOM SINCTE BbIMOSHAT OCHOBHYH HaANuCh (WTamn) no gpopme
2 OCT 2.104-68 (puc. 10.1), a Ha Bcex nocrenyowmx nuctax — no gopme 2a
(puc. 10.2).

PaccTtosiHMe OT paMKn 0 rpaHuL TekcTa B Havare U B KOHUE CTPOK — HE MeHee 3
MM, @ OT PpaMKn O BEPXHEN UM HXKHEWN CTPOKK TeKkcTa — He MeHee 10 mmMm.
AB3auHbIN OTCTYN AoMmKeH 6bITb OOMHAKOBBIM NS BCEro TeKCTa U paBHATbCA 15—
17 MM (NATb 3HAKOB).

20 i 10 23 15 10 120
< <4—pq4—p > N
50

- >
WMaw | TMCT | Mo gk, | [loan. | Aata
Pazpat. S | [ TweT | NueT | TveTos
Mooe. 5 %
U.KDHTFI. 15 I’ISI |? I18
TE. \

Puc. 10.1. OcHoBHasi Hagnucbk nepeBoro TekctoBoro nucta (dopma 2 FOCT 2.104-
68)

PaccTosiHne mexay 3arofioBKOM M TEKCTOM AOSTHKHO COCTaBnATb 15 MM
(2,4 nHTepBana npu KOMMNbLITEPHOWN BeEPCTKe). PaccToaHne mexay 3arofioBkamu
pasgena v nogpasgena, a Takke mexay crtpokamm tekcta 8—10 mm (1,2

WHTepBana).
20 7 10 23 15 10 110 10
4 < >
7 " Muct |
Wsm | TWcT |Me gok. | Mogn. | Aata 8

Puc. 10.2. OcHoBHas HagnNucb Af1s BCeX NocrnenyoLwmx IMcToB
nosacHuTenbHoun 3anuckn (oopma 2a NOCT 2.104-68)



Mpumep BbINOMHEHMS NUCTA TEKCTOBOrO AOKyMeHTa NpuBoanTCs B npun. A.

Cmpykmypa nosicHumersibHoU 3anucku. [epBbIM IMCTOM NOSACHUTENBHOM
3anucKun SBNSEeTCa mumyribHbil, B KOTOPOM NPMBOAUTCA NOSTHOE HAUMMEHOBaHME
NpoeKTUpyeMon anekTpuyeckon mawuHel (npun. b). [lanee cnenyoT codepxaHue,
BKIOYaloLLLee HAMMEHOBaHWS pasfesioB C ykasaHneM HOMEpPOB CTpaHuL, U
BBeZeHne, oTpaxatoLlee obLlee cocTosiHue Bonpoca. [lepsble Tpu NncTa He
HyMepyromcs.

Hymepauus TekcTta nosACHUTENbHOW 3annuckn Ha4YnMHaeTCs COo CTpaHuubl 4 n
AO0IKHa ObITb CKBO3HOW. NMpn HEOBGXOANMOCTM TEKCT pasaensaioT Ha pasaens! U
noapasaensl. Pazgensl 4OMKHbI UMETb NOpsSiAKOBblIE HOMepa, 0603HAYEHHbIE
apabckmumm undpammn 6e3 ToUKM 1 3anncaHHble ¢ ab3alHoro oTcryna.
[Mogpasagernesl 4OMKHBI MMETb HYMepauuio B Npefenax Kaxaoro pasgena. Homep
nogpasaena CocTouT N3 HOMepPOB pa3gena v nogpasgena, pasgerneHHbIX TOYKON.
B KoHUe HOoMepa nogpasgena Toyka He CTaBUTCS.

Pasgensl 1 nogpasaernbl OMKHbI UMETb 3arofiloBKu, KOTOpble criegyeT nucaTb
CTPOYHbIMU BykBamMu (KpOMe NepBOM NPONMCHON) 6e3 TOYKM B KOHLE. [NepeHoChI
CNOB B 3arofnioBkax He Ooriyckaromcsi

B KOHLe TEKCTOBOro JOKYMEHTa NPMBOANTCA CNUCOK NuTepaTypbl. BoinonHeHne
crnuncka u cebifnikm Ha Hero B Tekcte — no FOCT 7.1-84 “bubnuorpadunyeckoe
onucaHue gokymeHTta”. Cnncok nuTepaTtypbl BKIIOYAKT B cogepXaHue
NOSICHUTENBLHOW 3arnCKN.

U3noxeHue mekcma u pacyemal. [1py N3NOXEHUM TEKCTA JOIMKHbI MPUMEHSITLCS
Hay4YHO-TEXHUYECKME TEPMUHBI, 0603HaUYEHMs N onpeaeneHns, yCTaHOBMNEHHbIE
COOTBETCTBYIOLLUMMM CTaHAAPTaMU, a Npu UX OTCYTCTBMM — OOLLENPUHSITLIE B
Hay4YHO-TEXHUYECKOW nuTepaType.

YcnoBHble 6yKBeHHbIe 0603Ha4veHus, V|306pa>KeHVI$| NN 3HaKMN OOJTKHbI
COOTBETCTBOBATb NPUHATbLIM B ,D,eVIICTByPOU.leM N rocyaapCrTBEHHbIX CTaHOapTax.

[MpMeHeHne B OAHOM JOKYMEHTE pa3sHblX CUCTEM 0603HaYeHUsT PU3NYECKNX
BENIMYMNH He JonyckaeTtcsd. EanHuua gomsnyeckon BENMYMHBbI OQHOIO U TOrO Xe
napameTpa B npegenax AokymeHTa AofmkHa ObITb NOCTOsIHHOW. He gonyctumo
OTAENATb €ANHULY PU3NYECKON BENNUYUHBLI OT YACIIOBOrO 3Ha4YeHust (MepeHOCUTb
Ha pasHble CTPOKM UIN CTpaHULbl), KpOMe eanHUL, (Pn3NYeCKnX BENNYNH B
Tabnuuax. Mexay nocnegHen undpon ymcna n o6o3HadveHneM eaNHULbI
dM3n4EeCKON BENUYNHBI CregyeT OcTaBndaTb npoben.

YuncnoBble 3Ha4YeHUs1 NapamMeTpoB creayeT ykasbliBaTb C TPEMS 3HaKaMu nocne
3an4aToun, a ApobHble Yncna Heob6xoanmMo NPMBOAUTL B BUAE AECATUYHbIX APOOEN.

YpaBHeHusa aAna pacyeTa OOMKHbI OblTb NpeacTaBneHbl cHavana B obliem suae (B
BGykBEHHOM 0603Ha4YEHNN) CO CChISTKOM Ha NuTepaTypHbIA UCTOYHNK. DOpMYyIbl



BbIHOCSITCS HUXKE CTPOKM C TEKCTOM CMMMETPUYHO NEBOW U NpaBoy rpaHuL, TEKCTa,
a B Ka4ecTBe CUMBOIOB CrnealyeT NpMMeHsATb 0603HauYeHUs, yCTaHOBMNEHHbIe
cTaHaapTamu.

[MOACHEHMS CMMBOSIOB N YNCITOBbIX KO3 (PULMEHTOB, BXOOALWLNX B PpOpMYITy, eCrnu
OHW He MOSICHEHbI paHee B TEKCTE, LOMMKHbI ObITb NpMBEAEHbI HENOCPEACTBEHHO

noa dpopmyrion. NossCHeEHWEe Kaxxaoro cMmMmBona criefyeT gaBaTb C HOBOM CTPOKU B
TOW NocnegnoBaTesibHOCTU, B KOTOPOW CUMBOSbI NPUBEAEHbI B doopmyne (npun. A).

dopmynbl, criegyowmne ogHa 3a Apyron U He pasaeneHHble TEKCTOM, pasgenatoT
3andaTon.

Mocne pacwmndpoBKM CUMBOMOB NOACTaBNSATCS YACIOBbIE 3HAYEHUS
bU3nYECKNX BENMMYNH 1 NPUBOAMUTCS OKOHYATENbHbIA OTBET.

[MepeHocnTb POpMYrbl Ha CNeayoLLY CTPOKY 4OMYCKAeTCs TONbKO Ha 3HaKax
BbIMNOSTHAEMbIX Onepaunn, NpMYEeM 3HaK B Ha4vane crnegyowen CTpokn NoBTOPSIIOT,
a npu nepeHoce opMysibl Ha 3HaKe YMHOXEHUS MPUMEHSAIOT 3HaK “? ”.

dopmyrbl AOMMKHBI HYMEPOBATLCA CKBO3HOW HymMepauumen apabekumm umdpamm,
KOTOpbI€ 3annCbiBaloT Ha YpoBHE (DOPMYribl CnipaBa B KPYriibix CKObKax B
npenenax rpaHuubl Tekcta (npun. A). lonyckaeTtca Hymepauusi opmyn B
npegenax pasgena, B 3TOM crny4vyae Homep oopMynbl COCTOUT U3 HOMepa pasgena
N NOPALKOBOro HoMepa (opMyrbl, pa3faesieHHbIX TOYKON.

Cchbinikn B TEKCTE Ha NOPSiAKOBbLIE HOMepa PopMyI A4atoT B KPYrfibiX CKobKax, a
CCbIfIKW Ha nnTepaTypHble NCTOYHUKN AOSMKHbI NPUBOOUTBLCS MO TEKCTY B
KBagpaTHbIX ckobkax. Apabckummn umgpamm NUWYT HOMEP UCTOYHMUKA B
COOTBETCTBUKN C NEPEYHEM UCMNOSNb30BaHHOW NuTepaTypbl, Hanpumep [2].

CcbinaTtbcs cnegyeT Ha AOKYMEHT B LIENIOM UMK ero pasaenbl U NPUNoXeHUs.
Ccbinka Ha nogpasaenbl, NyHKTbI, Tabnuusl 1 UNNOCTPaUMM He AonycKkaeTcs, 3a
NCKNIOYEHMEM Noapasaenos, NyHKTOB, Tabnuy U MNNCTpauun 4aHHOro
AOKYMeHTa.

Tabnuubi u unnrocmpayuu. Llndposon matepran odopmnaoT B BUAe
Tabnuubl, KOTOPYIO pa3mMeLlatoT No4 TEKCTOM CO CCbINIKOW Ha 3Ty Tabnuuy, Unn Ha
cnefyoLlen ctpaHuue.

HassaHne Tabnuupbl OMKHO OTpaXKaTb €e codepKaHne 1 NoMeLLaTbCa Hag,
Tabnuuen nocne Homepa Tabnuupl (Npun. A). Tabnuubl HymepytoTcs apabckumm
undpamm. [lonyckaetca Hymepaumsa Tabnuy B npegenax pasgena, U B 3Tom
cny4vae Homep Tabnuubl COCTOUT U3 HOMepa pasaena v NOPsSAKOBOro Homepa
Tabnmubl, pasgeneHHbIX TOYKOMN.

BbicoTa cTpok Tabnuubl 4omkHa ObITb HE MeHee 8 MM.



3aronoBku rpad 1 CTPoK crieayeT nucaTtb C NPONMUCHON BYKBbI, @ NOA3aroNoBKU
rpad — co CTPOYHOW BYKBbI, €CNN OHM COCTaBNSAT OAHO NPEANoXeHue ¢
3arofioBKOM, UM C NPOMUCHOW BYKBbI, ECNN UMEIOT CAMOCTOATENBHOE 3HaYEHME.
B kOHLIe 3aronoBKOB M NOA3aroyioBKOB TabnuL, TOYKU He CTaBAT.

na COKpaweHNA TeKCTa 3arosyioBkoB 1 noa3arosioBkoB rpacb oTAesibHblE MOHATUA
3aMEeHAT 6yKBeHHbIMVI 0603Ha4YEeHUS MU, ECNN OHWN MNOSACHEHbI B TEKCTE UMK
npmBeneHbl HAa UNJKCTPaUnAXx.

Mpu OTCYTCTBUM OTAENbHbLIX AaHHbLIX B TAabnuvue cneayeTt CTaBUTb NpoYepk (Tupe).

Lindpel B rpacdhax tTabnuvuy pacnonaratoT Tak, YTobbl pa3psabl Yicen Bo BCeu
rpadpe 6611 pacnonoXeHbl OANH NOL4 APYrMM, €CIi OHU OTHOCATCH K O4HOMY
nokasarento. B ogHon rpade, kak npaBuno, Ao0mMKHO 6biTb cobnoaeHo
OANHAKOBOE KONMMYECTBO OECATUYHbBIX 3HAKOB A9 BCEX 3HAYEHUI BESNTUYMH.

NnnocTpauum (pacyHeTHbIe CXEMbI U 3CKM3bl) BbINOMHAOT KapaHgalom (nacton,
TYLWbIO) YEPHOro LBeTa B Macwitabe, obecneymBatoLem YeTKoe NpeacTaBrieHne o
NPOEKTUPYEMON ANEKTPUYECKON MaLLUHE.

KonunyecTtso VIHJ'II-OCTpGLI,VIVI AOIMKHO ObITb AOCTATOYHbIM AS151 MOACHEHUS
nanaraemoro Tekcra. Pacnonaratot NNoCcTpaunn Kak no TeKCTY (BO3MO)KHO
6nvxe K cooTBeTCTBYHOLWLMM HYaCTAM TeKCTa), TaK 1 B KOHUE ero. BknensaHue
VIJ'IJ'II-OCTpGLI,VIﬁ, Bblpe3aHHbIX N3 HaquO-TeXHquCKOVI nimTepartypbl N
BbIMOJIHEHHbLIX KalrilbKMpoOBaHMEM, HEQOMYCTUMO.

MnnocTpauum HymepytoT apabckumm umdpamm CKBO3HOM HyMepaunen u
obo3HauvatoT “PucyHok 17, a npu Hymepaumu B npegenax pasgena — “PucyHok 1.2
Mpn HeoBXOANMOCTM UNACTPaUUN MOryT UMETb HaUMMEHOBaHME U
NOSAACHUTESbHbIE AaHHble (NO4PUCYHOYHbIN TeKcT). Crnoeo “PucyHok” u
HanMeHOBaHue NoMeLLaloT Nocne NOACHUTENBHOrO TEKCTA.

Hanpumep: PucyHok 5 — Kapkac 06MoTKn TpaHcdopmaTopa.

I'pagbuku, npunoxeHusi u cnucok numepamypsbl. ['padmkm PyHKUMOHANBHbIX
3aBUCMMOCTEN JOMNYCKaeTCs BbINONHATL 6€3 WKan 3Ha4YeHnin BENUYNH, rae ocu
KoopauHaT cnegyeT 3akaHuymMBaTb CTpenkaMmn, a 0603HayYeHust pasmMeLlaTb B6rmsn
CTPErnKu.

rpa(bVIKI/I OOJTKHbl UMETb KOOPAOMHAaTHYIO CETKY. Ocu KOOpAOMHAT BbIMNMOJMHAKOT
cnnowHbIMU JIMHNAMW, a NTMHUN KOOp,D,MHaTHOVI CETKN — TOHKNMW CNJ1OLLHbIMUA
JIMHNAMMN.

MnnocTpaTnBHbIN MaTepuan, 4ONOSTHALWNI TEKCT, Tabnuubl 6onbluoro opmaTta
NN TEKCT BCMOMOraTesibHOro Xxapakrepa gonycKkaeTcsa AasaTtb B BUae
NPUNOXEHUS.



anﬂO)KeHVIFI OCbOpMJ'IﬂI-OT KaK rnpoaosikeHne JoKyMmeHTa Ha nocriegyrLwmnx ero
JINCTax Unn BblMyCKakoT B BUAE CaMOCTOATESNIbHOIO AOKYMEHTA. an/IJ'IO)KeHVIFI
pacnonarakoT B NopsAagkKe CCbIJTIOK HAa HUX B TEKCTE.

Kaxxgoe npunoxeHue crieqyet HaunHaTb C HOBOMW CTPaHuLbl C yKadaHMeM HaBepXy
nocepeauHe ctpaHuubl criosa “TlpunoxeHune” n ero o6o3Ha4yeHns, a Nog HUM B
ckobkax anst 06s3aTenbHOro NPUNOXEHUS NULYT CNoBo “0bsi3aTenibHoe”,

a ans nHpopmauynoHHoro — “cnpaso4vHoe”. MNpunoxeHne JOMKHO UMETb
3arofioBOK, KOTOPbIV 3anuUcbiBalOT CUMMETPUYHO OTHOCUTESTBHO TEKCTa C
nponucHon BykBbl OTAENbLHOW CTPOKOW. NMpunoxeHne obosHavaloT 3arnaBHbIMU
ByKBamMmn pyccKoro andasnTa, HaunHas ¢ A, 3a ncknoveHvem byks E, 3, 1, O, U,
b, bl, b.

Cnuncok nutepatypsbl (bubnmorpadunyeckmnin Cnmcok) B KypCoBOM NpPoeKTe
COCTaBnsieTcsa No Mepe CChINTIOK Ha UCTOYHMKN. CNUCOK nuTepaTypbl cnegyeT
pasMeLlaTb B KOHLE NOACHUTENBHOW 3anncku nepen npuoXeHneM.

Ipaghuyeckas 4acmb npoekma. JTOT pas3aenl NPoeKkTa BbINOMHAETCS
KapaH4alloM COorfacHO rocygapCTBeHHbIM cTaHgapTamM Ha dpopmaTe A2 1 OSKeH
cogepxatb ABe NpoeKumn aBuraTesia NOCTOSAHHOro Toka (npun. M) ¢ ykasaHnem
rabapuTHbIX N pacyeTHbIX pa3MepoB, a Takke cnocoba KpenneHns gsuratens Ha
MecTe ycTaHoBku. Kpome Toro, Heob6xoanmMo npeactaBuTb NPOLOSbHbIN U
nonepeyHbln paspesbl ABUraTens NoCTOSIHHOINO TOKa C yKa3aHMeM pa3mMepoB U
pacnonoXxeHns o6MOTOK rnaBHbIX U 406aBOYHbIX NOMOCOB. Ha yepTexe
Heob6xoanuMOo NpMBECTU crieunrkaunio aNeMeHTOB ABUraTens ¢ ykasaHnem
MapKu ctanu, Tuna npoeoga v Ap. napaMeTpoB MO COOTBETCTBYIOLLNM
rocygapcTBeHHbIM CTaH4apTaMm.

UepTex BbiNonHaeTca B MmacwTtabe 5:1, 4:1, 2.5:1, 2:1, 1:1, 1:2, 1:2.5.



NMPUNOXEHUE A

10|
1 BuiGop marHiTonpoBo a TpaHcopmaTopa ——

1.1 PacyeTHaa MOWHOCTE 0 5

. 1

KoHcTpykuma MarHuTonpoBoaa BoibUpaeTcA Ha OCHOBE pPacyeTHON
MOLWHOCTA TpaHchopaTopa S, BA, KoTopan npu cymMmMapHOW MOLLHO-
CTW BO BTOpUYHbIX 0BMmoTrax Ao 100 BA, onpeaenneTtca BbiparkeHNEM

ol g

15-1?‘

N sp:%(sﬁsg){n%} BA (1.1)
10

b rae n = 0,79 — koadpchymeHT nonezHoro AeNcTBNA TpaHcdopMma-
TOopa NPUHUMAETCA B COOTBETCTBUN ¢ [8].

MoacTaenan npuHAToe 2HaYeHue B (1.1), nonydum

1 1
S, = ~(30+15)[ 1+ —— | = 51BA.
= 5130 )[+0?9]

Ha ocHoBaHun perkomengauni [9] npuHuMaem ana nNonyveHHOI
PAcCYETHOA MOLWHOCTH OpoHeBoOi TpaHcthopMaTop ¢ NIEHTOYHOW
KOHCTRYKUUeW cepagyHnka cepun LU, a B kavecTBe Matepuana ebibu
paemM cTanb XonogHokaTaHylo mMapki 3411 TonwmuHol neHtol 0,35 mm.

Ana  npuHATOW KOHCTPYKUWM MArHATONPOBOAA N0  PacYeTHOI
MOWHOCTN B cooTBeTCTBMA ¢ [9] npUHUMAasM OPWEHTUPOBOYHbIE
3HAYEHUA MArHUTHOW MHAYKUWK, NNOTHOCTK ToKa, koadhcpuyneHTa

10

Mt

KT 1807.00. 428.T13

Mam | MucT | Me gok | Moan | Aata 4




OkoH4YaHue npwn.

3anonHeHUA okHa u KkoadhpUyMeHTa 3anoNHEeHWA MarHMTONMPOBOAA,
a pesyneTaTtel cEOAUME Tabn. 1.

Tabnuya 1 — MarHuTHaA MHAYKLWMA, NNOTHOCTE TOKa U KoadhpuneHTI

MarHuTHaA Koah MUKMEHT Koach MUKMEHT
WHIYHLNG [NOTHOCTL TOKA OKHA CTanu
B.=165T jop = 2,7 Ahana? Ko = 0,29 K., = 0,93

1.2 CeuyeHne cTepskHA 1 pasMepbl OkHa

CeueHre cTepKHA MarHWTONpoBoAa TpaHcchopmatopa, Q.., MM?
onpejennm Ha ocHoee ypaeHeHuA [10]

c 18 «-10°
QET: E : , (12)
KCT f Bc-r Jl:p

rae C = 0,7 — nocToAHHbIA KoachdhulmneHT ana bpoHeeoro TpaHcopma
Topa; « = 2,5 — OTHOLWEHWe Macchl CTaNN K Macce Meau nNpu pacyeTe
Ha MUHWUMYM BECa.

MoacTaBWE NPUHATEIE 3HAaYeHKA B (1.2), nonyqmnm

= 564 MM° .

07 J51-25-105
"~ 09375016527

KoacppyLeHT OTHOWEHWA cedYeHWA cTep:kHA K nnowgan oOKHa
cepaeuHUKa

KT 1807. 00.428.T13

Mzt | TcT | Mo gox | Tloan | Hata

et
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NMPUINOXEHUE B
(cnpaBoyHoE)
[NapaMeTpbl ABuratens

Tabnuua B.1 — MarumMtHas nHaykums B cepaedHuKe rnaBHbIX NOSIKOCOB U B
CTaHWHEe U3 MaCCUBHOW CTanu B 3aBUCUMOCTM OT UCMONMHEHUSA MaLLMHBbI

1 P22 1 P22 1 P44 1 P44 1 P44
cnonHeHne mawuHbl
1 CO1 1C017 1 C37 1 C0141 1 C0141

MarHuTHas HOYKUUS B cepaeYHuKe

rnmasHbIX nontocos B, Tn 16+1,7 16+17 16+1,7 14+15 11325—
MarHuTHas nHaykumsa B ctaHnHe B,
Tn AyKL, “ 112+13 12+1,3 12+1,3 1,1+-1,2  1,0+1,1

Tabnuua B.2 — Pa3amepbl 06MOTOK rmaBHOro nontca agsuratensd noCTOSIHHOro Toka

OuameTp sikopda D, m 0,09 0,106 0,11 0,132 0,156 0,18
LLnpynHa kaTywku b, M 0,023 | 0,032 0,034 | 0,025 | 0,025 0,03
BbicoTa KaTywkn h , M 0,019 0,018 @ 0,023 0,03 0,038 0,04

Tabnuua B.3 — Mapka npoBoga 1 KOHCTPYKLUS OOMOTKM

CeueHue, MM? Mapka npoBoga Tun obMOTKM

MHorocnomHas katyLika, NpoBOgHUKN

6
<8.10 M3TB, MOT-185, MCA -\ bvrmoro ceuerms

MHorocrnonHas KkaTyLika, NpOBOHUKMN
>8.10° N3TBM, MATN-155, NCL | NPSMOYrONbHOrO CeHeHNs C OTHOLLEHNEM

cTopoH 1,4 + 1,8



Tabnuua B.4 — PekomeHagyemMble cTaHOapTHbIE pa3Mepbl LLETOK
B 3aBUCMMOCTM OT AnameTpa sKops

HOunameTp akopa D, mm 70-100 100-200 Csblwe 200
CranpapTHas wupuHa 8 10 12,5 16 20 o5
LeTKn by, MM
CranpgapTHas anvHa 10 12,5 16 25 25 32
LWLETKN |y, MM 12,5 16 20 32 32 -

OkoH4aHue npun. B

Tabnuuya B.5 — [MNOTHOCTb WETOK B LLIETOYHOM KOHTaKTe

Mapka | HanmeHoBaHue Mepexoaroe | MnotHocTk CkopocTb, fasnexve O6nacTtb
LLEeTKM | rpynnbl MapokK naneHne Toka, m/c Ha LIeTKY, NPUMEHeHUs!
HanpskeHns Alcm klMa
r3 1,9 11 25 20-25 MaLumHbl C
obneryeHHbIMU
611M pacpuTHbIE 2,0 12 40 20-25 yCcnosusiMu
KOMMyTaLmm
6110M 2,0 15 90 12-22
ar4 2,0 12 40 15-20 MaluuHbl ¢
3aTpyAHEHHbBIMU
ars 2,4 10 40 20-40 ycnosuaMu
AnekTporpadu- KOMMYyTaLMK
or4 | TMPoBanibe 2,5 11 50 20-40
ar74 2,7 15 50 17,5-25

Tabnuua B.6 — yaenbHble NOoTeEpn K NokasaTesib CTENEHU 3 Ans pasHbiX MapokK
ANEKTPOTEXHNYECKON CTanu

Mapka ctanu 2013 2312 2411
P1 050, BT/Kr 2,5 1,75 1,6
KoadgpdpmumeHT 3 1,5 1,4 1,3



Tabnuua B.7 — N3onaumsa obMoTKKN sikopst ABuraTenen NoCToOAHHOIO Toka
(na3bl oBasrbHbIE NOMNY3aKpbITble, 0OMOTKA ABYXCrONHAs BCbINHasN 13
Kpyrmnoro aManupoBaHHOro nposoga HanpshkeHnem go 600 B)

MaTtepwan knaccos OOHOCTOPOHHSAA
BbicoTa ocu U TonwwmHa, Yucno
3onauums TOMLWMHA
BpaweHna h, mm MM cnoes
BuF n3onaummn, Mm
MexgycnonHas |[neHkocTeknonnact
MasoBas N3odonekc 0,35 1 0,35
80-112
lNneHkocTeknonnact
N3odonekc 0,35 1 0,35
MexgycnonHas |[neHkocTeknonnact
132-200 MasoBas N3odonekc 0,25 2 0,5
lNneHkocTeknonnact

N3odonekc 0,25 2 0,5



NMPUNOXEHUE I
(o6si3aTenbHoOE)
KOHCTpyKuUmMs aBuratens NOCTOSAHHOIO TOKa
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PucyHok. O6wmin Bng asuratens nocToOstHHOro TOKa € BbICOTOM ocu BpaleHusa h = 160 mm; co cteneHbto 3awmnTtel IP44; cnocobom
oxnaxgenuna JC0141; 7,5 kBT, 220 B, 1500 06/MvH: a — npogornbHbIv pa3pes; 6 — nonepeyHbI paspes:

1 — Ban; 2 — KpbilKa NOALNNHUKOBAA HapyXHas; 3 — KonbLo AN pasmMeLleHns 6anaHCMpoBOYHbIX rPy30B; 4 — LUMT NOALUMMHUKOBLIN; 5 —
Konnektop; 6 — TpaBepca; 7 — obMoTkoaepKaTenb:

8 — obMmoTKa akopst; 9 — cepaeYHuK SKops;

10 — o6bmoTKa 006aBOYHbIX NontocoB; 171 — cepaeyvHmk gobaBovHOro nontca; 12 — cepaeyHuk rmaBHoro nontca; 13 — ctaHuHa; 14 —
napannenbHas obMoTKa rnaBHbIX NonocoB; 15 — 6aHgax NnoboBor YacTn 0OMOTKM SAKops: 16 — BEHTUNATOP BHYTPEHHUN; 17 — KpblLUKa
NOALUNNHUKOBAA BHYTPEHHSAS; 18 — BEHTUNATOP HapYXHbIN; 19 — KOXKYX HapYy>XHOro BeHTunstopa; 20 — WnT NOAWNNHUKOBBIN; 27 —
Kopobka BbIBOAOB:

22 — yLWKO TpaHCMnopTHoe
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