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BBEJIEHUE

B y4eOHOM mocoOMHM PAacCMOTPEHBI OCHOBHBIE BONPOCHI KYpPCOBOTO
MPOEKTHPOBAHUS CHIIOBBIX MACISIHBIX TpaHC()OpMATOpPOB OOIIEro Ha3Haye-
uust |- 111 rabaputoB (morrrocts g0 6300 kBXA u Hanpspkenne mo 35 kB
BKJIFOYMTENIbHO) C IIOCKOW MArHUTHOW CHCTEMOH W PEryJaupOBaHHEM Ha-
OPSDKEHUS TPU MOJHOM OTKIFo4eHun Tpanchopmaropa ot ceru ([IBB).

K cunoBeiM TpaHChOpMaTOpaM NPEXBSABISIIOT JKECTKHE TEXHHKO-IKO-
HOMHUYECKHE TpeOOBaHHUS BCJIEICTBUE UX OCOOOH pOJM B Tpolecce Iepe-
Ja4yl DIIEKTPOIHEPTUU. DKOHOMHYHOCTH TpaHC(OpPMATOPOB B IKCILTyaTa-
UM ONPEAENSIeTCs MOTePSIMH MOLIHOCTH XOJOCTOTO XOJa M KOPOTKOTO
3aMbIKaHus, pernamentupoBanHeiMU ['OCT. 3amaHHbIE MOTEPH MOXHO IO-
JTY4YUTh TPU PALMOHAJIGHOM COOTHOIICHHH OCHOBHBIX pPa3MEpoOB TpaHC-
¢dopMaTopa; HCHOJIB30BAaHMM COBPEMEHHBIX MArHUTHBIX, MPOBOJHHUKOBBIX
U M30JSIIIMOHHBIX MAaTepUalioB, TPaMOTHOM BBIOOpE YIENbHBIX Harpy3oK
aKTHBHBIX MaTepPHaJIOB.

[IpoextupoBanue TpaHcopMaTopa BKIIOYAET MPOPaOOTKY MPOEKT-
HOTO 3aJaHusl, SJEKTPOMArHUTHBIH W TEIJIOBOW pacdeTsl, pa3paboTKy
KOHCTPYKIIMH II0 pe3ylibTaTaM pacdyeToB. B mporecce KypcoBOrO MpPOEK-
TUPOBAHUS CTYACHTHI 3HAKOMSTCS C METOAMKAMH PAacueroB, MOJIYYaroT
npeAcTaBlieHHe 00 OCHOBaX HMH)XEHEPHOTO TPOCKTUPOBAHUS CHIIOBBIX
TpaHCOPMATOPOB, H3Y4alOT NPHMEHSEMble B TpaHC(HOPMATOPOCTPOSHUU
MaTepHaibl U WX CBOWCTBA. DTO IMO3BOJISET YSCHUTH BIHMSHAE OCHOBHBIX
pa3sMepoB, SIIEKTPOMArHUTHBIX HArpy3oOK, CBOWCTB MPUMEHSEMBIX aKTHB-
HBIX MaTepHANOB Ha TEXHHMYECKHE XapaKTEpUCTHKH TpaHcpopmaropa. Pas-
paboTKa KOHCTPYKUUH TpeOyeT H3ydeHHsS CHCTEM OXJIaXKIEHUS M OYHCT-
KA Macia, IpuOOpOB CHTHAM3AIMH, 3AIIUTHl U APYTUX BCIOMOTATENbHBIX
YCTPOMCTB MAaCISHBIX TpaHC(HOPMATOpPOB.

OO0o03HaUeHHE THIA MPOEKTHPYEMBIX TpaHC(OpPMATOPOB:

™ - Sy/Ug
|

TpexdasHblii TpaHCcPOpMATOp

C €CTECTBEHHOHN LUMpKYJSIIMEH Macia U BO3ayXa
HOMHUHAJIbHAS IIOJIHAS MOIIHOCTE, KBXA

—— HOMHUHaJIbHOE JMHEWHoe HampsbkeHue BH, xB.

KypcoBoii mpoeKkT cOCTOMT W3 pacueTHOH W rpaguyeckod YacTei.

CocTaB pacUYeTHO-MOSCHUTEINbHON 3aNUCKH: TU-
TynbHBIA suct (mpunoxenue 1); 3amaHre Ha KypCOBOM MPOEKT (HIpHIIOKe-
uue 2); rpaduk BeImoNHEHUS mpoekta (mpuiokenue 4); colepikaHue; pac-
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YeTHass 4acTh; CIHCOK HCIIOJNB30BAHHBIX HCTOYHHUKOB.

3ajaHue Ha KypCOBOW IPOEKT COCTABHUTH IO TPHIIOKEHHIO 3 B CO-
OTBETCTBHHU C 3aJJaHHBIM HOMEpOM BapuaHTa. CTyJeHTaM IHEBHOH (OPMBI
o0ydeHHsT HOMep BapHaHTa M TpadUK BBIONHEHHS NPOEKTa BBIJACT IIpe-
nonaBarenb. CTyIeHThl 3a04HOTO (pakyiabTeTa BHIOMpAlOT HOMEp BapHaH-
Ta 10 ABYM MOCIEOHMM HU(ppam ydeOHOro mudpa.

PacuerHas wacTe NOJDKHA comep)KaTh HEOOXOAMMBIE TOSCHEHHS,
(OpMyITBl, YHCIEHHBIE BEIMYMHBI, 3CKU3bl CEUEHHs CTEP)KHS, MarHUTOIPO-
BOJa, PAcCHONOXKEHHs OOMOTOK, CXeMBI OTBOJOB B oOMmorke BH, anemen-
TOB CHCTEMBl OXJIaXIeHMs, Oaka ¢ yKa3aHHEM OCHOBHBIX pa3MmepoB. Pac-
YeThl JOJDKHBI OBITH BBIOJHEHBI B MEXIYHApOAHOH CHUCTEME EIWHHII U3-
Mmepenust pusnueckux BenmdauH (CH). Jlomyckaercs mpuMeHEHHE KpaTHBIX
W JONBHBIX €JUHHI] OT UCXOOHBIX enuHul m3MepeHus CH.

[Ipu KOHCTPYKTHBHOW pa3paboTKe TpaHCHOpMaTOpa W BBHITOJHEHUH
rpadMuecKol 4acTH MPOEKTa CJleqyeT IOMOJHUTENHHO HCIOJb30BaTh HC-
TouHukd /1-7/ Mo TMpUBeNEHHOMY B KOHIIE MOCOOWS CIIHCKY JIUTEPATypHI.

F'padpuueckas YacTh COUEPKHUT TPH JIMCTa 4YepTexkei ¢op-
mara Al (594" 841 mm).

Jlucr 1 (mpunokenwe 5): OcroB Tpancdopmaropa B cCOOpaHHOM BH-
Je C JeTalsIMH KpeIUIeHus (IpMOBble OanKu, CTSIKHBIC MIMKIBKH, Opec-
cyromye 0aHAaXH W TONyOaHIaXH, YCTpOMCTBa Uil MOXbeMa W YCTaHOB-
KA aKTHBHOM YacTH) B IBYX mpoekuusx B Maciirabe 1:1- 1:5 ¢ ocHos-
HBIMH pa3Mmepamu. [I7aH cOOpKM MarHUTONpPOBOJA M TaOiMIa C pa3Mepa-
MU TAKETOB CTAJII B CEUSHHSAX CTEPXKHS M SpMa. YCTaHOBKa OOMOTOK Ha
OITHOM CTE€p)KHE C BEPTHUKAIbHBIM M TOPU30HTANBHBIM pa3pe3aMd B Mac-
mrade 1:1-1:2. Ha veprerke n300pa3suTh KOHCTPYKIIHIO OOMOTOK BBICIIE-
ro (BH) u musmero (HH) mampspkeHuil, UX TJIABHOW M MPOJOJBHON H30-
JSIIIMM C OCHOBHBIMH pa3Mepamu. [loka3zaTh B yBENWYEHHOM MacluTade
2:1- 51 crpoeHue BUTKA, XO/a, KaTymkd win 4actu oomorok BH u HH.
[Ipu Gonburoll BBICOTE OOMOTKH WIIM MAarHUTONPOBOJA CIENaTh Pa3pbiB B
CpelHEl 4YacCTHu.

Jluct 2 (mpunokenwue 6): O6umii Bun TpaHchopMaropa B MacIiTa-
6e 1:1-1:10 ¢ ocHOBHEIMH pa3Mmepamu Oaka, rabapUTHBIMH pa3MepaMu
TpaHchopMaropa ¥ Mo3uIUsAMH crenupukamun. CrnenupuKanuo MOXKHO
BKIIIOYHUTh B PAaCUETHO-TIOSCHUTEIBbHYIO 3anmucky. Ha ¢poHramsHOl M 60-
KOBOW MPOEKIMSIX HauepTUTh Oak Oe3 mepernHeid m OOKOBOW CTEHOK, Je-
TalbHO TIOKa3aTh BHYTPEHHEE YCTPOMCTBO: YCTAHOBKY MarHUTOIPOBOJAA C
00MOTKaMH, KpeIuieHHe OTBOIOB; ycTaHOBKY BBogoB BH m HH, pacmmu-
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puTens, mepexirouarens oTBeTBieHHid oOMoTkn BH u nmpyroit apmarypsl.
Ha Buzme cBepxy moka3aTh yCTaHOBKY BCIIOMOTaTE€ILHOTO 00OpYIOBaHHSA
U YCTPOWCTB OXJIQXKICHUS.

Jluct 3 (npunoxenue 7): Beomst BH u HH; cxemy obmorkum BH ¢
PEryJIHpOBOYHBIMU OTBETBIICHHSAMHU [UISl PETYIUPOBAHUS HAMPSDKEHHS.

Bce acku3bl 1 4epTexH cieyeT BBIIOJHATH C MOMOIIBI0 YEPTEKHBIX
uHCTpyMeHTOB. [Ipu opopMiieHHH NpoeKTa PYKOBOJICTBOBAThCsA TpeOoBa-
musimu ECKJ] u crangapra npenmpusatus CTIT KI'TY 01.01.2005.

1. PACHET OCHOBHBIX SJIEKTPUYECKUX
BEJIMUMH TPAHCO®OPMATOPA

Jns 2MeKTpOMarHUTHOTO pacueTa TpaHcdopmaTopa HEOOXOAUMO OIl-
OIPEJICNIUTh OCHOBHBIE DIIEKTPUYECKHE BEIMYHMHBI. MOIIHOCTh Ha OIHY (a-
3y U CTep)KEeHb, HOMHHAIbHBIE TOKH W HANpPSDKEHHS, COCTABISIIOLINE Ha-
NPSDKEHUS] KOPOTKOTO 3aMBIKaHMs, HCIIBITATEIbHBIE HANPsHKEHUS OOMOTOK.

Momutrocts omuoro crepxus (¢aser) Tpancdopmaropa, KBXA,

S=Sy=S,/m, (1.1)
roe Sy - HOMHUHAJIbHAS II0JHAs MOIIHOCTE, KBXA;

m - uucio ¢a3 Tparchopmaropa.

Homunaneneiit nunelinsii Tok oomMorok BH w HH Tpexdasunoro

Tpanchopmaropa, A,
1=s,/(J3U,), (12)

rne Uy - HoMUHaNbHOE JIMHEHHOE HampsbkeHue oOMOTkH, KB, Sy B kB*A.
dazubie TOkM, A, Hanpsbkenus, B, mism oomorok BH u HH Tpex-
¢asHoro Tpancdopmaropa:
- Ipu coenuHeHnu oOMOTOK B "3Be3ny"
lo =1, (1.3)

Us=U,/{3; (14)

- U COCAMHCHHHU OOMOTOK B TPCYrOJbHUK
6 n yT "

lp=1/43. (15)

Up=Up. ( 16 )
AKTI/IBHaSI COCTaBJIAOIIAsA HaprDKCHI/ISI KOpOTKOFO 3aMBbIKaHUA, %,
u,= P /(10" s4) , (17)

rae P - IOTepU KOPOTKOrO 3aMblKaHus, BT;
Sy - HoMHMHaNbHAs TOJHAS MOIIHOCTH TpaHchopMmaropa, KB,
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PeakTvBHAS COCTABIIAIONIAS HAMPSKCHUS KOPOTKOTO 3aMBIKAHUS TIPH
3agaHHoM Uy, %0,
2 2
up=F ug . u, . (1.8)
Tabnuya 1.1
HcnpITarensHble HANPSDKEHHWS U CHITOBBIX MACHSHBIX TpaHC(hHOpMaTopoB

Krnacc mampsokenns, kB mol| 3 6 10 151 20 | 35

Haubomnbiiee pabouee
HanpsbkeHue, kB

12 |36 |72 | 12,0| 17,5 24,0| 40,5

HcnpiTaTensHoe HampspkeHHe
gacroro 50I'm U, , kB

50 |18,0 | 25,0| 35,0| 45,0| 55,0 85,0

Knaccom HampspkeHus: TpancopMaropa CYUTAOT KIACC HAampsKe-
Husi oomorku BH. Kiiaccom HampspkeHuss 0OMOTKHM HAa3bIBAIOT €€ JIUTEIlb-
HO JOMyCTHMOE pabouee HampspKeHHE, KOTOPOE PaBHO HOMHUHAILHOMY Ha-
MPSDKEHUIO CETH, B KOTOPYIO BKIFOUaeTcs oOMorka. KaxaoMmy kiaccy Ha-
MPSDKEHUST COOTBETCTBYIOT HCIIBITATENbHBIE HampsbkeHus npu 50 'y u uMm-
nyiascHoe. [l ompeneneHus pa3MepoB TIIABHON M30JIALMU CIIEAYET BbI-
Opatp ucmbITaTedbHble HampspkeHuss ooMorok HH w BH mo Ttabm. 1.1.

2. PACYET OCHOBHBIX PASMEPOB TPAHCO®OPMATOPA

2.1. BBIBOP MATEPHUAJIA U KOHCTPYKIIMM MATHUTHOW CUCTEMBI

MarauTHasi cucreMa SBISIETCS KOHCTPYKTHBHOH M MEXaHMYECKOH
OCHOBOH TpaHc(opMaTopa. MarHUTONPOBOABI COBPEMEHHBIX TpaHC(OpMa-
TOPOB COOMpPAIOT M3 PYJIOHHOW XOJOAHOKATAHOW aHU3OTPOITHOM HIEKTPO-
TexHuyeckoi cramu mapok 3404, 3405, 3406, 3407, 3408 rtonmmuoi 0,35;
0,3; 0,27 mm. [Inst yMeHbLIEHUS TPYAOEMKOCTH HM3TOTOBIEHHS U CTOUMOC-
TH MAarHUTONPOBOAA B OOJNBIIMHCTBE CHJIOBBIX TPaHC(HOPMATOPOB HCIIOJNb-
3ytoT Oonee pemeBble Mapku cranmu 3404 n 3405 ¢ TOMUMHON JHCTOB
0,35 u pexxe 0,3MM. MarHuTONMpPOBOIBI TPaHCPOPMATOPOB C MHUHHUHAJB-
HBIMH TIOTEPSMH XOJOCTOTO XOJla COOMPAIOT W3 JIUCTOB CTald TONIIHUHOH
0,27 MM win U3 OoJsiee JOPOTHX BBICOKOKauecTBeHHbIX craned 3406- 3408.

Jnst yMeHbIIEHUs] MOTEePh Ha BUXPEBBIE TOKH XOJOJHOKATAHBIE CTa-
T W3TOTABIHMBAIOT C ABYCTOPOHHHM TEPMOCTOMKHM BJIEKTPOU3OJISIIHOH-
HBIM TOKpbITHEM. [lpu MomHocTsaX Tpanchopmaropos Oonee 32000 kB>A
JUISL YCWJICHHS M30JISALMHU TOBEPX TEPMOCTOMKOTO MOKPBITHUS HAHOCAT OTUH
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croit maka. 30JMOHHBIE TTOKPBITHS YMEHBINAIOT YHCTYIO IUIOLIAb CTa-
N, YTO YYUTHIBAIOT KOd(duIHeHToM 3amonHeHus cranu Ks, umcienHo
PaBHBIM OTHOIICHHIO YHCTOTO CEYEHHs CTATH K IMOJHOMY CEYEHHIO IIa-
kera. JlIs XONOZHOKATaHBIX CTalied C TEPMOCTOMKHM MOKPBITHEM:

-npu toimmue jucroB cramu 0,35 mm k3 =0,97;

-npu tonmmue JuctoB craau 0,3mm k3 =0,96;

-npu TtoimmHe JuctoB cramu 0,27 mm k3 = 0,95.

[Ipu mpeccoBke cTep)KHEW PAacKIMHUBAHHEM C BHYTpEHHEH OOMOT-
kot (St £ 630 kB>A) ykaszannsie Bbinie 3HadeHus Kz ymenpmmmts Ha 0,01

[Iman MMXTOBKM MarHUTONPOBOJAA cieAyeT BbIOpaTh mo puc. 2.1.

a) Honooicenue 1 Tonoxcenue 2 6) Honooicenue 1 Ilonoocenue 2

8) Ilonoocenue 1 Ionosicenue 2 2) Honooicenue 1 Tonoosicenue 2

il

Puc.2.1. CxeMbl IUXTOBKU MarHUTOIPOBOJIOB

Haumenplive moTepu M TOK XOJOCTOrO Xoja obecredrBaeT Hambo-
Jiee CJIOXKHAS TEXHOJOTMYECKH IMMXTOBKA C IIECThIO KOCBIMH CTBIKAMU
(puc. 2.1,a). TexHojormyecku Mmpoiie cOOpKa MArHUTHOH CHCTEMBI C de-
TBIPbMSI KOCBIMH M JIByMsI OpsMbIMH crhikamu (puc. 2.1,6) ¢ Gonee BbI-
COKHUMHU TOTEPSIMA U TOKOM XOJIOCTOro xoma. CpemHedl MO TEXHOJIOrHY-
HOCTH WM BEIMYUHE MOTEPh U TOKA XOJOCTOTO XOJa SIBISETCS CXema C
KOCBIMH CTBIKAMH B YETHIPEX YIriax U UYepPeAyIOIIUMHUCS MPSMBIM U KO-
CbIM CThIKaMH Ha cpemHem crepxHe (puc. 2.1,B,r).

CrepxHHM U spMa IUIOCKOW CTEP)KHEBOM MarHUTHOM CHUCTEMBI B TIO-
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nepedHom cedeHun (puc. 2.2) umeror Gopmy CrymeHdaroi (Gurypsl, co-
CTaBJICHHOM W3 MAKEeTOB IUIACTHH CTand. JlMamMerp OMHCAHHOW BOKPYT CTY-
neH4aToil Gurypsl okpyxHoctr d Ha3bIBACTCS AUAMETPOM CTEPIKHS U SIB-
JSIeTCsl OJHUM K3 OCHOBHBIX Pa3MepoB TpaHchopMaTopa.

a; C C

: : : CrepxeHb
| | | —
| | |
az : Ao 'Bepxuee spMo !
LTSS . I I ;
H | - | / |
m | m| lo {(IO) D!
| allling (1 ;
i ! 0}(lo i
|| ]| L i i
| : g [T 1 [T
412 : ;azz L ;HI/DKHCC APMO :
; d O6MbTKa BH :
! [ i
! i
| !
i

Puc. 2.2. OcHoBHBIEe pa3mepsl TpaHcopmaTopa

upuny makeToB, 00pa3yIOLIMX CTEPKEHb, BHIOMPAIOT TakK, YTOOBI
MOJyYUTh HauOOJIbIIee CEUEHHE CTEPXKHS MPH MHUHUMAIBHBIX OTXOJaX
crami. YuClo CTymeHed B CeYeHHH CTEP)KHS PaBHO YUCIY IAaKEeTOB IUIac-
THH B OJHOH IOJOBUHE Kpyra. YBEIMYEHHE YMCIA CTyNEHEW MOBBIIIAeT
ko>hduUIMEnT 3anmonHeHus Kpyra Kyp IIIomameio cTymeHuaTol (urype,
YTO YMEHBIIAET AMAMETPHI, MacCy M CTOMMOCTh OOMOTOK TpaHC(OpMaTo-
pa, HO YCIOXKHSIET TEXHOJOTHIO HM3TOTOBIEHHS MAarHUTOMPOBOA.

[IpexBapurensHO ciexyer BIOpaTh Mo Tabdm. 2.1 4KCIO CTyneHed u
koadurtnent Kgxp I8 3aMaHHONW MOIHOCTH TpaHC(hOpMaTopa.

Koo duumenT 3anojHeHHs CTalbl0 IUIOMIaAW KPYra, OIKMCAaHHOTO
BOKPYT CTYIEHYaTOH (DUTYpBI CEYEHHsI CTEpXKH,

K. = kepxKs . (21)
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Tabruya 2.1
Juamerp ¥ 4HCIO CTyNeHeH cTepkHs, Kod(D(UIMEHT 3amoiHeHus Kpyra

be3 mpeccyromeit C mpeccyromeit
Mouraocts | OpUeHTHPOBOY- TUIACTHHBI TIaCTUHOM
TpaHcdop- | HbI AMAMETD | Yycno | Kondduuu- |Uncrno | Kooddury-
S}“ﬁ”}%’; crepikus d, M cryre- | eHr Kxp cryre-| eHr Kxp
Heit Heit
1 0,636 - -
1o 16 no 0,08 2 0,786 - -
3 0,851 - -
16 0,08 4 0,861 - -
25 0,09 5 0,890 - -
ot 40 o 100 0,10-0,14 6 091-092 | - -
or 160 0,15-0,18 6 0,913 - -
0,2 7 0,918 6 0,884
no 630 0,22 8 0,928 7 0,901
or 1000 0,23-0,26 8 0,925 7 09
0 1600 0.25- 0,29 8 0,928 7 0,9-0,91
or 2500 0,30-0,34 9 0,929 8 0,912
no 6300 0,34-0.38 9 0,913 8 0,89-0,9
10000 0,38-0,42 11 0,922 10 0,907
16000 0,43-0,50 14 0,927 13 0,912
25000 0,50 - 0,56 15 0,927 14 0.914
32000 0,58 - 0,67 16 0.929 15 0,918
80000 0,68-0,75 16 0.931 15 0,92

Opumeuvanus 1 Ilpu nuamerpe crepxkus a0 0,22 M crepxHH Tpec-
CYIOT pacKIMHUBaHHEM C OOMOTKOW, CEUEHHE CTEepXKHS 0e3 KaHana.

2. Tlpu mmamerpe crepxkHs Oonee 0,22 M cTepKHH TpeccyroT OaHmaxa-
MH, cedeHHe cTepxHs auamerpoM oT 0,36 M W BbIlle MMEET MPOAOJIBHBIE
OXJIXKJAIOIINE KaHAIBL.

3. B xooduunente Kxp yuTeHO HamMumMe KaHAJIOB B CEYEHUH CTEPKHS.
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Croco® TPeccoBKH CTEp)KHEH MOXHO IMpeJBAPUTEIBHO BBIOPATH,
MOJNB3YACH MpUMedaHusMHu K Tabid. 2.1. Bomee moapoOHO crocoOsl mpec-
COBKU CTepxHed paccmorpeHsl B /1-4/.

3HavYeHHsI PacyeTHOM MarHUTHOW HWHAYKIMH Bc B CTEPXKHAX TpaHC-
¢dopmaropa ¢ yZOBIETBOPUTEIEHBIMU MOTEPSIMH M TOKOM XOJOCTOrO XOJa
npu ONM3KOM K MHUHUMAJbHOMY pacxojie CTajld NPHUBEACHBI B Tadl. 2.2.

Tabruya 2.2
Pexomennyemass MHAYKIHS B CTEpXKHAX TpaHcdopmaropoB Bc, T

M MormHocTh TpaHcdopMmaropa Sy, KB°A
apra cram no 16 | 25-100 | 100 u Gonee
3404, 3405, 3406, 3407,3408 | 1,5-155] 1,55-1,60 155-1,65

2.2. BBIBOP MATEPHAJIA 1 KOHCTPYKIIMI1 OBMOTOK

OCHOBHBIM DJIEMEHTOM OOMOTOK TpaHchopMmaropa SBISETCS BHUTOK.
B 3aBUCHMOCTH OT BENMYMHBI TOKa BHTKA OOMOTKH HAMaTHIBAIOT OIXHUM
WIH HECKOJIbKUMH H30JMPOBAaHHBIMH TPOBOJAMH KPYIJIOTO WM TMPSIMO-
YrOJILHOTO cedeHus. [ oOMOTOK MacCisHBIX TpaHC(OpMAaTOpOB HpUMeE-
HSIOT MEIHBIA WIM aJFOMUHUEBBIA OOMOTOYHBIA TpoBOJ Mapok I[1b u
AIIb, m30nMupOBaHHKIA JIeHTaMH KaOeJIbHOH OyMaru Kjacca HarpeBOCTOM-
koct A (105° C). CopTameHT OOMOTOYHBIX TPOBOIOB KPYIIIOro ceue-
HUS TpuBeneH B TaOi. 2.3, MpSMOYroJIbHOrO cedeHus B Ta0n. 2.4. Jlns
ydeTa HEIJIOTHOCTH HaMOTKH OOMOTOK, OTKJIOHEHHH ouamerpa MpoBOja
W TONIIMHBI W30JSIHMU OT HOMUHAJBHBIX, pa3Mepbl KaTYIIEK CIEAYeT CHHU-
TaTh MO TONIIMHE W30JALMH, YKa3aHHOW B CKOOKax.

B tpancdopmaropax ¢ kiaccoMm HampspkeHus 10 35 kB Bkiroun-
TENbHO TPUMEHSIOT KOHIIEHTPUYECKHE OOMOTKH, TO ecTb o0MoTkM BH m
HH BBINONHAIOT B BHAE LWJIMHAPOB, KOHIEHTPHYECKH PACIIOIIOXKEHHBIX
Ha crepxkue (puc. 2.2). O6srano obmorka HH pacrnonoxena BHyTpH, a
obmotka BH - cHapyxwu.

Tun odmorok BH u HH BwIOuparoT mo Tabn. 2.5 B coOTBETCTBUHU
C HOMHUHAJIBHBIMH MOUIHOCTBIO, HANIPSHKEHHEM M TOKOM OJHOTO CTEPKHS.

Ecmu x TpanchopmaTopy NpembsABISIIOTCS KakKHe-TUOO crenuaibHbIe
TpeOOBaHUs, ClenyeT BHIOMpaTh HauOoJee OTBEYAIOIIWil 3TUM TpedoBa-
HUSM THI OOMOTKH. EciM BO3MOXHO NpHMEHEHHE ABYX Pa3UYHBIX TH-
MoB OOMOTKH, CIIeNyeT OTJaBaTh NpeanodreHue Ooljiee MPOCTOMY M Je-
[IEBOMY B IPOM3BOJACTBE THIY OOMOTKH. B Tex ciydasx, korma 3TO BO3-
MOXHO, ciefyeT BeInonHATH oOMoTku BH u HH omnoro Tuma.
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Tabnuya 2.3
PazMeprl MeqHOrO W aMIOMHUHHEBOTO OOMOTOYHOTO IIPOBOZA
kpyrioro cedeHuss mapok [Ib u AIIb ¢ TomumHON H30IAIMM
Ha nee croponsl 2d = 0,30 (0,40) mm

N N N N

S 2|88 2| 2 g8 2| % gs 2 2 |gs
IR i
= | 5 |5¢g 2| 8|Egl 2| 8|Eg 2| 8 |Eg
= 2 § = = 2|18 =] £ 218 =| & 2 8 =
= | O | Sls T =53 a7 =5 3 |5
Mapxa I15 - mems | 1,70 | 2,27 | 4,0 [3,00(7,07 | 25 |5,00] 19,63 1,5
118 [Looal 60 | 180|2545| 35 |315(7.795 20 |520] 21.22] 1.5
125 | 123 | 55 |190(2805 35 3350881 | 20 [\ T n
’ ’ > 1200314 | 30 |355(9,895 2,0 .
Mapxku I1B - menb, | 5 17 1353 | 30 |3,75 11,06 1,5 | HOMAHAA
AlIB - amoMunnii | 5 94 1394 | 30 [4,00 (12,55 1,5 |5,30| 22,06/ 1,5
1,32 (1,37 | 50 [236 (4,375 2,5 |4,10|13,2 | 1,5 | 6,00/ 28,26 1,5
1,40|1,51 |50 (250|491 | 25 |425(142 | 1,5 | 8,00/ 50,24 1,0
150|177 | 45 | 2655515 25 |450(159 | 15

1,60 |2,015| 4,0 (280 6,16 | 25 |475(17.7 | 15

IMpumeuanus 1 IIpoBox Bcex AUAMETPOB BBIMYCKACTCS C H30ILLMEH
Ha ase croponsl Tommuuoi 2d = 0,30 (0,40); 0,72 (0,82); 0,96 (1,06);
1,20 (1,35) mm.

2. Pa3mepbl KaTyIeK CYUTATh 10 TOJIIMHE WU3OJSALUH, YKAa3aHHOH B
ckoOkax. Bre Ck0OOK mMmpuBeqeHA HOMHHAIIBHAS TOJIIMHA H3OJILHH.

3. YBenuueHne Macchl 3a CYET M3OMSALUM JAHO I MEIHOrO IMPOBOIA C
2d =0,30(0,40). Mns amomuuueBoro mposoma AIIB ngaHHbIe TaOMMIBI 1O
YBEIUYEHHIO MacChl yMHOXuTh Ha 3,3. JlaHHBIC 10 YBEIUYEHHIO MACCHI
npoBoaoB ¢ ycuieHHoi msomsinuedn 2d > 0,30 (0,40) mpusenenst B /1/.

2.3. OTIPEJIEJIEHUE PA3MEPOB TJIABHOU M3OJIAIIMUA OBMOTOK

W3zonsiunio HaxXomsIIMXCS IIOA HAMpsHKEHHEM dYacTeldl Mexay coOoi
U OT 3a3eMJICHHBIX YacTeil TpaHc(hopmaropa BBHIIOIHIIOT U3 TBEPIBIX
JMJIEKTPUKOB - SJIEKTPOU3OIISIIOHHOTO KapTOHA, KaOelbHOH Oymaru, na-
KOTKaHEH, JiepeBa U IpYruxX MarepuasioB. B macmsHbpIx TpaHchopmaTopax
4aCTH M30JELUOHHBIX NPOMEXKYTKOB, HE 3aHATBIE TBEPIBIM JUAIIEKTPU-
KOM, 3aIOJIHEHBI KHUIKUM IHAJIEKTPUKOM - TPAHCPOPMATOPHBIM MAacioM.
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Tabnuya 2.4
PasMeprr U ceyeHHS MEIHOTO W ATIOMHHHEBOTO OOMOTOYHOIO MPOBOJA Mmapok IIb u AIIb (pasmepsl a u b - B MM, ceueHHs - B MM 2)
Menubiit mpoBon mapku I1b - Bce pa3smepsl TaOIMIBI, 38 HUCKIIOYCHHUEM npoBoga ¢ pasmepom b, paBupiM 17 u 18 mm
AnromuHueBblii ipoBox Mapku AlIB - Bce pasmepsl TaOIUmbl BIOpaBoO U BBEPX OT >KUPHOM YEPTHI
b #1140 (1,50 | 1,60 | 1,70 | 1,80 | 1,90 | 2,00 | 2,12 | 2,24[2,36/2,50[2,65 2,80| 3,00| 3,15 3,35| 3,55 3,75| 4,00 4,25| 4,50| 4,75| 5,00, 5,30| 5,60 & b
375504/ - | 579 - |639 - |714/ - |804 - [883 - S e R
4,00| 539| 579| 6,19| 6,44| 6,84| 7,24| 7,64| 812| 8,60/8,899,45/10,1 07 - |- |-1-1-1-1-1-1-1-1=-1-1400
425| 574 - | 659 - | 729 - |814| - |916| - [101] - ma - |- - - - === - |425
4,50| 6,09| 6,54 6,99 7,29| 7,74| 8,19| 8,64| 9,18| 9,72/10,1/10,7|11,4 121)130/136] - | - | - | - | - | - |- |- |- |- |450
475| 644 - | 739 - |819 - |914| - |103|- [11,3 - 128 - (184 - | - | - | - |- |- |- |-1|-1-1]47
5,00 6,79 7,29| 7,79| 8,14| 8,64| 9,14| 9,64| 10,2 | 10,8 |11,312,012,7, 13,5/14,5/152(16,217,2 - | - | - | - | - | - | - | - | 500
530| 7,21| - |827 - |98/ - |102| - |115|- [127 - 143 - |162 - 183 - | - | - | - | - |- |- |- |530
560| 7,63| 819| 8,75 9,16| 9,72/ 10,3|10,8 | 11,5 | 12,2 |12,7/13,5(14,3 15,1|16,3/17,1/ 18,20 19,3/ 20,4{21,5| - | - | - | - | - | - | 560
6,00 819| - | 939 - |104| - |116| - |131|- [145 - 163 - |184 - |208 - (232 - | - | - |- |- | - |600
6,30| 8,61| 9,24| 9,87/10,4]11,0 | 11,6 |12,2 | 13,0 | 13,8 |14,3/15,2/16,2 17,1] 18,41 19,3/ 20,6 21,8/ 22,8/ 24,3/ 25,9 27,5 - | - | - | - | 630
6,70 9,17| - |105| - [11.,7| - |130| - |147|- [162 - 182 - |206 - [232 - [259 - (293 - | - | - | - | 670
7,10| 9,73|10,4 | 11,2 | 11,7 12,4 | 13,1 | 13,8 | 14,7 | 15,5 |16,2/17,2/18,3 19,3| 20,8 21,8] 23,2 24,7 25,8 27,5/ 29,3/ 31,1/ 32,9/ 34,6| - | - | 7,10
750[10,3| - |11,8| - [131| - |146| - |164| . [182 - 205 - |23 - |26 - |29 - |329 - [366/ - | - | 750
8,00[11,0|11,8|12,6|13,2]14,0|14,8|15,6 | 16,6 | 17,6 |18,3/19,5[20,7, 21.9| 23,5 24,7 26,3 27,9| 29,1| 31,1/ 33,1/ 35,1| 37,1| 39,2 41,5/ 43,9| 8,00
850(11,7| - |134| - |149| - |166| - |187| - [20,7 - 233 - [262 - |296 - [331 - |37.4 - |4L6 - |467] 850
9,00{12,4 | 13,3 |14,2 | 14,9 15,8 |16,7 | 17,6 | 18,7 | 19,8 |20,7[22,0[23,3 24.7| 26,5/ 27,8| 29,6| 31,4| 32,9] 35,1 37,4 39,6/ 41,9) 44,11 46,8/ 49,5 9,00
950{131| - |150| - |16,7| - |186| - |209]| - [232 - 26,1 - |294 - [332 - |37, - |419 - |466 - |521 950
10,00( 13,8 | 14,8 | 15,8 | 16,6 [ 17,6 | 18,6 | 19,6 | 20,8 | 22,0 |23,1|24,5(26,0 27 5| 29,6/ 31,0| 33,0| 35,0| 36,6| 39,1| 41,6 44,1 46,6| 49,1) 52,1} 55,1110,00
10,60/146| - |168| - |[187] - [20,8| - |234| - |26, - 201 - |328 - |37 - |415 - |468 - |521 - |585/10,60
11,20(15,5 16,6 | 17,7 | 18,7 | 19,8 | 20,9 | 22,0 23,4 | 24,7 |25,927,5/29,1 30,8| 33,1| 34,7| 37,0 39,2| 41,4| 43,9] 46,7| 49,5/ 52,3 55,1 58,5/ 61,9111,20
11,80| - - |187] - |209]| - |232| - |261|- [29,0 - 325 - 366 - 41,3 - |463 - |522 - |581 - |65211,80
12,50 - |18,5(19,8(20,9|22,1|23,4|24,6|26,1|27,6 [29,0:30,732,6 34 5| 37,0| 38,8| 41,3| 43,8| 46,0 49,1| 52,3 55,4| 58,5 61,6) 65,4| 69,1/12,50
13,20| - - - - |234] - |260| - [292] - 325 - 364 - 41,0 - |463 - |51,9 - |585 - |651 - |7311320
14,00| - - - - |24,8]26,2|27,6|293|31,0]32,534,5/36,6 38.7| 41,5| 43,6| 46,4| 49,2| 52,0| 55,1/ 58,6/ 62,1 65,6| 69,1) 73,3/ 77,5(14,00
15,00 - - - - - - 1296 - |332]- |37,0 - a5 - 46,7 - |527 - |59,1 - |666 - |741 - |8311500
160 - |- |- |- |- |- |316|336]35537,239441,9 44,3| 47,5 49,9 53,1| 56,3| 59,1/ 63,1 67,1 71,1| 75,1| 79,1) 83,9 88,7/16,00
17,00| - - - - - - - - - A 47 - [532] - |594] - |67 - |756] - |84 - |94,3|17,00
18,00 - - - ] ] ] ) ) A I R I - |53,1|55,8| 59,4 63,0| 66,6| 71,1| 75,6| 80,1| 84,6| 89,1| 94,5/ 99,9|18,00
IMpumevganus: 1. [IpoBoxa BHIMYCKAETCS C TOJIMMHOM HM30JSIUMA HA JIBE cropons 2d = 0,45 (0,50); 0,55 (0,62); 0,72 (0,82); 0,96 (1,06); 1,29(1,35);

1,35 (1,50); 1,68 (1,83) u 1,92 (2,07).

2. Pa3smepbl KaTylIeK CYMTATh 10 TOJIIIMHE W30JISIUU, YKa3aHHOH B ckoOkax. BHe cko0Ok mpuBeneHAa HOMUHAJBHAS TOJNIIUHA W3O0JISLUU.
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Tabnuya 2.5
OCHOBHBIC CBOWCTBA M HOPMAJBHBIC MPEHACIbl TPHUMEHEHHS Pa3IMYHBIX THIOB OOMOTOK MACISHBIX TPaHC()OPMATOPOB
[Tpume- [Ipenensl mpuMeHeHUs!, BKIIOYUTEIHHO Yueio
HEHMeE Ha M napai- Cxema
are- | IO MOII- | IO TOKY 1o o peryiu-
CTOpOHE
Tull 0GMOTKEL P OcHOBHBIE OcHOBHBIE pran HOCTH Ha HATIS- | CEHEHHIO JIETIBHBIX poBaRUA
8 |k AOCTOMHCTBA HEAOCTAaTKH o6motoxk | TPaHchop-| crepikens | oxemmo | Butka | TPOBOT 0
% g § Martopa I, A UkB | 17, mm2 | HOB JKEHHS
[<2)
= |o
21 S, kBA or| 10
Lunuaapudeckas § Tpocras TexHONO- Mesm Ho 630 | Or 1518 | Jo 6 | Ot 504
OZHO- W JIBYXCJIOW- HH TUs U3TOTOBNEHUS, | Maras MexaHudec- no 800 1o 250
Had 13 MpoBOJA " |xoporee oxmaxzae- | Kas IPOYHOCTH 1|48 -
MIPSIMOYT OJIEHOT'O Hie Anromu- | Jo 630 | Ot 10-13 | Mo 6 | Or 6,39
CEeYeHHUA HUl no 600-650 o 300
LwiHHApHaecKas Xoporee 3amnonHe- |YMeHbIIEHHE TOBEPX- Mep Or 630 [Or15-18 no| 10u 35 | Or 5,04
MHEOTOCIOMAAS 13 HHME€ OKHAa MAarHUT- |HOCTH OXJIaXIEHHS I10 no 80000| 1000-1200 1o 400 Puc
IPOBOJA IIPSIMO- BH | HH | koit cucremsr, CPaBHEHHIO C 0OMOT- 1| 48 37a.6
YLOIBHOrO CEYeHHs MpoCTasi TEXHOJIO- |KaMH, UMEIOIUMU pa- Antomu- Ho Ot 10-13 10| 10 35 | Ot 6,39 e
Ul W3TOTOBJIEHHUS |OHAJbHBIE KaHAJIbBI HUl 25000 1000-1200 o 500
VYXyaAueHue TeriooT- -
Llunusgpuyeckas /:[aq};f i VMGHEICHIE Menp Ao 630 | Or 3631%3 Ho 35 |01 1"139;14 1] 2
MHoOrocnoiiHas u3 |BH | HH Ipocras TexHoIMIO- MexaHHHZfKOﬁ o 7o 70 42, Puic.
TUS U3TOTOBJICHUS
0BOJA JIOTO 3.7
ggqemfﬂ Pyt HOCTH € POCTOM Amomn-| Jlo 630 | Or 23 | Jlo 35 |OTL137 | | 2.6
MOIIHOCTH HUM 1o 125-135 1o 50,24
Bunrosas onHo-, Bricokas MeXaHU- |Bopee BRICOKAs CTO- Mem | Or 160 Ot 300 Ho 35 | Or 75
ABYX- M MHOTOXO- | .. |  |HeCKAd MPOYHOCTE, |jyocTh MO CpaBHe- W BBIIIC | ¥ BBIIIE W BBIIIC 12-16
JoBas U3 IPOBOJA HAJIEKHAA 30N~ |pppo ¢ LUIMHApH- 4 | 6o- -
IpAMOYT'OJIBHOT' O s, Xopomiee OX- yecKOM 0OMOTKOM Amomu- | Ot 100 Ot 150-200 Z[O 35 Or 75 Jice
CeUYCHHS TaKICHUE HU U BBIIIE | H BBIIIE U BbIIIE
HenpepbiBHas Ka- Bricokas snektpu- |Heo6xomumocTh me- Mem | Or 160 | Or 15-18 | Or 3 |Or 504
Tymeynasd u3 npo- |BH | HH [4eckas u MmexaHu4e- |peKIafKUd IOJIOBUHBL W BBINIC | W BBIIIC 70 220 | u Bblwe 1| 35 Puc.
BOJa MPSAMOYTOJIb- CKasi IPOYHOCTb, XO- [KaTyIIEK TPH HAMOT- Amomy-| Or 100 | Or 1013 | Or 3 |Or 6,39 3.7,B,r
HOPO CEHCHUA POUICE  OXJIK/ACHUC |KE HUM | W BBINIE | W BBIIIE 10 220 | u BeIIIE
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Wzonsiunio Kakaoil OOMOTKH OT JAPYrHX OOMOTOK M OT 3a3eMJICH-
HBIX YacTell Ha3bIBAIOT TNIABHOW m3osinued (puc. 2.3).

Bo3moxHBIE yTH pa3psana Spmo

7 ] A

3
'c‘i T T MexnaybhazHas

MeperopoaKa

l12
lo2

CrepxeHb

‘ HHH 1

01 da da
aol ail a1 ao

a2

Puc. 2.3. T'maBras mn3omanus oomMorok BH u HH

Wzonsiumio mexny oomorkamu BH u HH ocymiecTBisiOT KeCTKUMH
OyMaxHO-0AKETUTOBBIMU [UJIMHAPAMHA WM MATKHMH [WIMHIPAMH K3
AIIEKTPOU3OJIHOHHOr0 KapToHA. BeicTymbl 1mauHapoB i1, 2 3a BeicOTY
(oceBoit pasmep) ooMorku (puc. 2.3) HUCKIFOYAIOT Pa3psiibl MO MOBEPXHOC-
TH UWIMHAPAa MEKAY OOMOTKAMH HIM ¢ OOMOTKH Ha CTEPIKCHB.
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[Ipu ucneiTaTensHOM HampspkeHHH 85 KB M30Msmuio 0OMOTOK OT
sSpMa YCHJIMBAIOT IIaii0aMu W MOAKIAAKAMU W3 JJIEKTPOKAPTOHA.
Mexny oomorkamu BH cocemHux crepikHEH ycTaHABIMBAIOT MEXK-

nydasHble MEPeropoakd M3 dIIEKTPOKAPTOHA.

MuHMMaNbHBIE U30JIAIMOHHBIE PACCTOSHHUS U pa3Mepbl OCHOBHBIX
M30JIIMOHHBIX JIETalel TJIABHOW WM30JSIIMM MACIsSHBIX TpaHC()opMaTopoB
JUIS. MCIIBITaTEIbHBIX HanpspkeHuit 5 - 85 kB mpuBeneHsl: it 00OMOTOK
HH - B Ta6n. 2.6, mut oomorox BH - B Tatdm. 2.7.

Tabruya 2.7
MuHrMaNbHBIE U30JIAIMOHHBIE paccTosHUs oOMoTok BH
Momrnocts | Ucnbitatens-| BHor |Mexny BH| Beictyn |Mexny BH
TpaHcdop- | Hoe Hamps- |spma, MM | 1 HH, mm | imnuaa- (u BH, MM
maropa )kenne BH palyg2,
Sy, KBXA U yen, KB lgo |d,, | @12 | di2 Mﬁ ax [d22
25-100 (18,25 u 35| 20 | - 9 25 10 8 -
160-630 |18, 25 u 35| 30 | - 9 3 15 10 -
1000-6300 (18, 25 u 35| 50 | - 20| 4 20 18 -
630 u BbIIIE 45 5| 2 2 | 4 20 18 2
630 u BbIIIE 55 50| 2 20| 5 30 20 3
160-630 |85 (mpum.1l) | 75 | 2 27 | 5 50 20 3
1000 - 6300 | 85 (mpum.l1) | 75 | 2 27 | 5 50 30 3
Boimre 6300 85 80 | 3 30| 6 50 30 3

Tabruya 2.6

MuHuMabHbIe M3O0JSIMOHHBIC paccTosiHus oomoTtok HH

MormHoCTh UcnsiTarensHoe HH HH ot crepxns, Mm
TpaHcdopMmaropa | HanpsbkeHne HH | oT sipma d |
Su, kBA U yen » KB lo1, MM o1 |8y1| dor |ly1
25-250 5 15 Kapron| - 4 -
2”05

400 - 630 5 To xe | - 5 -
100 - 630 5* Hpuusre | 4 6 |15 |18
1000 - 2500 5 PaBHBIM 4 6 |15 |18
630 - 1600 18, 25 u 35 lo2 nuis 4 6 |15 |25
2500 - 6300 18 25 u 35 |obmorok | 4 8 |175| 25
630 u BrbIIE 45 BH o 5 10 |20 30
630 u BhIIIE 55 Tabm. 2.7 5 13 |23 45
Bce momnoctn 85 6 19 |30 | 70

Hpumedanue * ]IS BUHTOBBIX OOMOTOK.

Npumewanus 1 [ng mummHgpudeckux odoMorok ¢ U ., = 85kB
MHHHMAJIbHOE H3O0JIMOHHOE PACCTOSHUE Ao = 27 MM; TOJIIUHA DJIEKT-
pocTraTudeckoro 3kpaHa ¢ m3omsinueir 3 mMm. Ilpu pacderax NMpUHUMATH
a1 = 30 mMm.

2. Ilpu wanmmuuu mpeccyromux Kounen /1-4/ paccrosiHue OT BEpXHEro sip-
Ma lg2 MPUHMMATH YBETWYEHHBIM TPOTHB IaHHBIX Tabi. 2.7 IS TpaHc-
¢dopmatopoB 1000 - 6300 kB>A na 45mm; ans Tpanchopmaropor 10000 -
63000 kBA Ha 60MMm. PaccrosiHue oT HipkHero sipma mo Tabm. 2.7.

Wzonsiunio coceHUX BUTKOB MEXKIY CO0OH, MEXKIY CIOSIMHU BHT-
KOB, MEXJY KATYIIKaMH OJHOW OOMOTKM HAa3bIBAIOT IPOMOJIBHON M30JIs-
nueit 0OMOTKH.

JlocTaTouHast U3OJALMS BHTKOB OOBIYHO OOCCIICUMBACTCS COOCTBEH-
HOH m3oJmiIHeil 00MOTOYHOrO MpoBoaa (mpuMmedanus K Tadn. 2.3 u 2.4).
JIOTIOJIHUTENFHYIO U30JISIHUI0 MEKJY BUTKAMU MPUMEHSIOT TOJBKO JUIS
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BXOIHBIX (KpaifHux) KaTymiek oOMOTOK (a3. ToNIuHY H3OISALUH TIPOBO-
noB I1b u AIIb juis OONMBIIMHCTBA KAaTYIIEK C HOPMAJbHOW W3OJSIUCH
MOXHO BbIOpaTh 1m0 Tabi. 2.8. OcrajbHble pa3Mepbl NPOAOILHONW H30IIs-
OUU OOMOTOK ONpEAENSIOT IpH pacuyeTre oOMOTOK TpaHcdopmaropa.

Tabruya 2.8
TonmuHa HOpManbHOW BUTKOBOM M30JsIMM IpoBogoB Mapok I1b u AIIb

UcneiTatensHoe Hampsixe-

TonmuHa M30JALMM Ha JBE CTOPOHBI 20, MM
Hue oomotku U ., kB

585 Iposon xpyrnoro ceuenus 0,30 (0,40)

IMposon mpsimoyronsroro ceuenus 0,45 (0,5)

HNpumeuvanus 1. B ckoOkax yka3aHel pacdeTHBIE Pa3Mephl C yde-
TOM JIOIIYCKOB Ha OTKIIOHEHHE Pa3MEpOB MPOBOAA W TOJIIUHBI H3OJIIHH.
2. IIpoBox MOXET MMETh H3OJALUIO OOJNbIICH TOMIMHBI (CM. MpUMeda-
Hus K Tabm 2.3 u 2.4).

24. OIIPEAEJIEHUE AOUAMETPA CTEPXHS W BBICOTBI OBMOTOK

Ha nuamerp cTepkHS MarHMTHOW CHCTEMBI BIIHSIOT:
1. [llupuHa NPHUBEISHHOrO0 KaHAja PACCEsHUS, MM,

ap= ant (aata)/3 (2.2)
31ecy Ai2 - M3OJSALUOHHBIA MPOMEXYTOK Mexay obmorkamu BH u HH
(puc. 2.3), MM, ompeaensaOT M0 Tab. 2.7 sl UCHBITATEIBHOIO HAMPsDKe-

uuss oomotku BH; BTOpoe crmaraemoe - cyMMapHbIi IPUBEACHHBIA pajv-
anmbHBIA pa3mep (mpuBemenHas mmpuHa) oomorok BH u HH, mm,

(ar+ @) /3 »k¥S ~ 10, (23)
rae S - MomHOCTH TpaHcOpMaTOpa Ha OAMH CTEPKEHb, KBXA;
k- koa¢p¢ummenr, onpemensemsiii mo Tabm 2.9 B 3aBUCHMMOCTH OT

MOIIIHOCTH, MaTepuana oOMOTOK W HampspkeHus: oOMoTku BH.
2. Koaddurment b - oTHOmIEHHE CpemHell ITUHBI OKPYXKHOCTH Ka-
Hana Mexay oomorkamu P dip k Beicore obmorku | (puc. 2.2)

b =pdy/l. (24)
B ¢opmyne (2.4) tho B M, | B M. 3Hauenus b s TpexdasHbIx BYX-
00MOTOYHBIX TpaHCc(OpMAaTOpOB KiaccoB HampspkeHHus 6- 35 kB ¢ marau-
TonpoBojamu u3 crajeir mapok 3404, 3405 npu tommmue snmcros 0,35;
0,3mm u mapyknusx Bce = (1,6-1,65) Tn npusenenst B Tabdm. 2.10.
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Pekomenayembie 3Ha4deHusI D obecmednBarOT MPOCKTUPOBAHHE TpaHC(Op-
MaTOpPOB C 3aJaHHBIMHU TOTEPSMH, HANPSDKEHHEM KOPOTKOTO 3aMBIKAHUS,
OMM3KOM K MHUHUMAJBbHOM CTOMMOCTBIO aKTHBHBIX MAaTepUaliOB, JOCTaTOY-
HO TMPOYHBIX NPHU KOPOTKUX 3aMBIKAHUSIX.
Tabruya 2.9
Koaddurment K mit ompemeneHuss MpUBEASHHON NIIHPHHBI OOMOTOK
MAacJSIHBIX Tpex(as3HbIX IBYXOOMOTOYHBIX TpaHcdopmaTopoB [16EB

Marepuan 0OMOTOK Mens ‘ AnroMuHAR

MorurHocTth TpaHcdop-

Kiace nampspxenust (oomorku BH), kB
Matopa Sy, KB>A

6ul0 | 35(200 | 6110 | 35(0)

Ho 250 0,63 0,65- 0,58 0,79 0,81-0,73

400 - 630 0,53 0,65- 0,58 0,66 0,81-0,73
1000 - 6300 0,51-0,43| 0,52-0,48| 0.64-0,54| 0,65-0,6

10000 - 80000 - 0,48 - 0,46 - 0,60 - 0,58

Mpumeuanue: s tpanchopmaropos ¢ PIIH 3xauenus K, momy-
YeHHBbIC W3 Ta0JMIBI, YMHOXKUTh Ha 1,1.
Tabnuya 2.10

Pexomennyemsie 3HaueHus b

Matepuasn 0OMOTOK Menp ‘ Amomunuit
MorHoCTs TpaHCchOp- Krnace nampspkenust (oomorkun BH), kB
maropa Sy, KBA 6 u 10 35 (20) 6 u 10 35 (20)
25-100 18 -24 - 12 - 16 -
160 - 630 18-24|18-24| 12-16| 12-15
1000 - 6300 20-26(18-24| 13-17| 12-16
6300 - 16000 - 17-20 - 11-13
JluaMerp CTep)KHS MpPEeIBAPHUTEIBHO, M,
4 Sapb K
d=0,0902 | —F—F"— (25)
f up Bc 2 kC 2 .

31eck S- MOIIHOCTH TpaHC(OpMATOpa HA OIUH CTEP:KEHb, KBXA; ap 10
dbopmyne (2.2), mM; kK03DGULKEHT TPUBEICHHS HICATLHOIO MOJS pacces-
Hus Kk peansHoMy Kp» 0,95; uacrora cerm f =501 ; Up - peakTuBHas
COCTABIISIOIIAs HANPSHKEHUS] KOPOTKOTO 3aMbIKaHUs, %, B¢ - MHAyKIHSA B
crepxne, Ti, Ke - ko3QQUIMEHT 3al0IHEHUs CTalbl0 IUIOWAAH KPyra.



20

Omnpenenenustii mo (2.5) nuamerp d cienyeT CpaBHUTH C OPUEHTH-
POBOYHBIMHU AuaMeTpaMu crepxkueidl B Tabm. 2.1. Ecmu muamerp d orim-
gyaeTcss OT TabMUYHBIX 3HaYeHUi Oomee ueMm Ha (5-7)%, cremyer BHuUMA-
TENPHO MPOBEPUTh HMCXOIHBIC NaHHBIE, MOBTOPUTH pacdyer d mo (2.5) u
Py HEOOXOMUMOCTH HM3MEHHUTh B HYKHYIO CTOPOHY muamerp crep:kus d.

[Mocne uero cnemyer BbIOparh Omwkaiimuii x d muamerp dy mo
IIKane HOpMalu30BaHHBIX auamerpos Oy, m: 0,08; 0,085; 0,9; 0,95; 0,1;
0,105; 0,11; 0,115; 0,12; 0,125; 0,13; 0,14; 0,15; 0,16; 0,17; 0,18; 0,19;
0,2; 0,21; 0,22; 0,23; 0,24; 0,25; 0,26; 0,27; 0,28; 0,29; 0,3; 0,31; 0,32
0,33; 0,34; 0,35; 0,36; 0,37; 0,38; 0,39; 0,4; 0,42; 0,45; 0,48 u ompene-
uth ko3 duument b 7, coorsercTByromuii BeIOpaHHOMY auameTpy Oy,

bu=b(ds/d)?. (26)
3HaueHne by MOMKHO HAXOAWUTHCS B MpeAenax, yka3aHHeix B Tabm. 2.10.
B mpoTtuBHOM ciydae ClieqyeT, BapbUpys B HEOONBINUX Mpeaenax Kodg-
Guuuent b, uanyknuio Be B (2.5) u numamerp crepxkus dy B (2.6), mo-
outhcst momamanus by B rpamwisl, 3amanasie B Tabm. 2.10.
Cpenuuii quameTp KaHaia MEXKIy OOMOTKaMHU MpPEIBAPUTENBHO, M,
d=dy + 2ag+2a;+ap) 10 3. (2.7)
3necy quamerp Oy B M; @1 ¥ @12 - MUHUMAJbHBIE M3ONSALMUOHHBIE TIPO-
mexytku (puc. 2.3) mo Tabn. 2.6 u 2.7 COOTBETCTBEHHO B MM; paIHalib-
HbIil pasmep obmorku HH (puc. 2.3) mpemBapurensHo, MM,

4ra.
a1 = kki\/S " 10. (2.8)
3neck S mo gopmyne (1.1) B kBXA; xosdpdumuent K mo Tabm. 2.9; xo-
s¢ppunment K1=1,1 s tpanchopmaropoB mMomHocThO 10 630 KBXA

BKJIIOYMTENLHO, Ipu Oombiux MmomHocTax Ki=1,4.
Bricora 00OMOTOK MpEIBapUTENBHO, M,

l=pdw/by. (29)
AKTHBHOE CEYCHHE CTePXKHs (JYHCTOE CEUYCHHE CTAajH), M2,
2
o= ke %H_ (2.10)

[Ipu okOHYATENHHOM pacueTe MarHUTHOM CHCTEMBI CEUEHHME CTEpiK-
Hs [Ic Moxer ObITh ckoppextupoano Ha 0,5-3,0%. B mpouecce pac-
gera OOMOTOK W MAarHWTHOM CHCTEMBI TMpPEABAPUTENHbHO HAaWJEHHBIE pa3-
MepBl MOTYT OBITh W3MEHEHbI. [103TOMYy MpPU OKOHYATENHLHOM OINpenesne-
HUHU TApaMeTPOB KOPOTKOT'O 3aMBIKAHUS, XOJOCTOIO0 XOJa W TEIJIOBOM
pacuere TpaHchopMaTopa CIIEAYeT HCIOJIb30BaTh PeajlbHbIE pa3Mephl
00MOTOK M MarHUTONPOBOJA, OMpeleNsieMble B pa3zenax 3 U 5.
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3. PACHET OBMOTOK HH U BH

OCHOBHBIM 3JIEMEHTOM BCEX OOMOTOK SIBJSICTCS BUTOK. DJIEKTPOBH-
Kymias cuia (HampsDKeHHe) OMHOTrO BHTKA, B,

ug =4,441 B 11 , (31)
rae B mo Tabm. 2.2, Tm; I1c 1o ¢opmyre (2.10) B m% f = 50 I'm.
B 3aBHCHMOCTH OT TOKa HArpy3KH BHTOK BBITIOJIHSIOT OJHHM IIPO-

BOJIOM WM TPYIIOH MAapauIeIbHBIX IPOBOIOB KPYIJIOTO WJM MPSMO-
yroneHoOro cedenus (puc. 3.1).

OceBoii KaHal Hunmuuap
5 ,’f L
(2] 1 W5
=z W)
A | (P |
A | e
Bz 1 I s §
EE=ET } |
9 a0 9 o B E
} 3
T EsE[C _ —q- B
A9 T g
g, s
0) e)
Puc. 3.1. Ceuenue BuUTKA Puc. 3.2. PaqnanbHble U OCEBBIE KaHAJBI

KonuvecTBo mpOBOIOB BBIOMPAIOT HCXOMAS M3 CEYCHHS BHTKA, COP-
tameHTa mpoBoga (Tabm. 2.3, 2.4) ¥ TEXHOJOrMM HAMOTKH KaTYIIEeK: Mpo-
BOJ OONBIIOrO CEYCHUS TPYAHO YKIAAbIBATh, a U3JIMIIHES KOIUYECTBO
MapajuieNbHBIX MPOBOJOB YBEIUYMBACT 00BEM H3OJALHH HPOBOJHUKOB U
pasMepsl 0OMOTKH. BerefcTBHE 3TOr0 YBEIMYHMBACTCS PACXOA IPOBOJA,
CTajdd MarHUTONPOBOJAA M CTOMMOCTh TpaHchopMaropa.

Psin BUTKOB, HAMOTAHHBIX Ha IMIMHAPUYECKYIO MMOBEPXHOCTH, HAa3bI-
BAlOT CiioeM. [ pymiy MOCIeI0BAaTeIbHO COSIMHEHHBIX BHTKOB, KOHCTPYK-
THBHO OOBCIUHEHHBIX M OTIACICHHBIX OT APYTHX TAaKUX K€ TPYIII, Ha3bl-
BaIOT KaTymikoi. OOMOTKAa MOMET COCTOSTh W3 OJHOW, JIBYX WU He-
CKOJNBKUX KAaTYIIEK.

Bo Bcex Tumax OOMOTOK pasiHYaOT OCEBOE - MapajlIeibHOE OCH
CTEpXKHS M pagHaibHOE - BAOJNb JTH000ro paauyca HampasieHus (puc. 3.2).
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ITpoBoa HPSAMOYTrONBHOTO CeueHHs HamaThiBaroT mwiamms (puc. 3.3,a)
win Ha pebpo (puc. 3.3,6). B mepBom cnydae Gosbinuii pasmep MpoBoxa
b pacnonarator B oceBom HampamneHuH, BO BTOPOM - B pajuanbHoM. Ha-
MOTKa Ha pedpo MEeHEee TEeXHOJOTHYHA M YBEIMIHBACT J00aBOYHBIC IIOTE-
pu B obmotke. [losromy pexoMmeHmyercss n3berarb HaMOTKH Ha peOpo, a
B Cllydae e€e NPUMEHEHHS HCIOJIb30BaTh MPOBOA C COOTHOLICHHEM IOIe-
peuanoro ceuennst 1,3<b/a < 3,0.

Mexay oOMOTKaMH, KaTyIIKaMH, CIOSMH WIH BUTKAMU [EIal0T Ka-
HaNBl JUIT OXJaXIeHus W wm3ojsuu (puc. 3.2). YcraHOBKA a0, IMIIMH-
JPOB, TEPErOpPONOK M3 DIEKTPOKAPTOHA YIydIIaeT H3OJLIIHI0 OOMOTOK.

Pa3mepbl OXJTaXIAONIMX KAHAIOB, MPOBOJA U KATYIIEK OOMOTKH
3aBUCAT OT HArpeBa, XapaKTEPU3yeMOro IUIOTHOCTHIO TEILIOBOrO MOTOKA
0, paBHOM OTHOLICHHIO MOTEph B OOMOTKE K IUIOLIATU IMOBEPXHOCTU
oxnaxkaenus. [1o yclnoBHsM JOMYCTUMOrO HarpeBa MpUHUMAOT ( He 0o-
nee 1400 Br/m? mas o6MoTok m3 Mexmoro u Ha (20 —25) % MeHbIre
Ui 0OMOTOK M3 QFOMHHUEBOIO IMPOBOJA.

Tabauya 3.1
3Hauenue kosddumuenra Ky
MormHoc , KBXA
Koo dpumment wHocts S,
25 - 100 160 - 630 1000 - 6300
Ky 0,97 0,96 - 0,93 0,93- 0,85
CpeaHsis IIOTHOCTh TOKA B OOMOTKaX, A/Mm 2,
P ug
Jop =Ciky; ——— 102 . (3.2)
A Sy dyy

3necy ko3dpdunuent Cp = 0,746 nns odomorok m3 memHoro u Cp = 0,463
a1 0OMOTOK M3 alIOMUHHUEBOTO IpoBoia; Ky - kosduiuent, yaursisa-
oluii o6aBounsle norepu (tabum. 3.1); P« - morepu KOpoTKOro 3amblka-
Hust, BT; Up - HanpsbkeHue oguoro Butka no ¢opmyne (3.1), B; Sy - Homu-
HAIlbHAS MOIIHOCTh TpaHcdopmaropa, KBXA; dio- mo dopmyne (2.7) B Mm;
3HaueHne Jcp MODKHO OBITH B MpeAeniax, yKa3aHHBIX B TaoOi. 3.2.
OpHEHTHUPOBOYHOE CEUCHHE BUTKA KaXIOW OOMOTKH, Mm?,

:Ii , (3.3)

Jep
rae |4 - dasHBIi TOK COOTBETCTBYMOMIEH OOMOTKH.
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Tabnuya 3.2
CpenHsis TUIOTHOCTE TOKa B 0OMOTKax Jcp, A/Mm 2
MomHocth Sy, KBXA 25-630 1000 - 6300 | 10000 - 16000
Mennslii TTpOBOJ, 1,8-35 22-35 20-35
AITOMUHUEBBIA TIPOBO] 1,1-25 15-26 15-27

Hcxons W3 OpUEHTUPOBOYHOTO CEYEHHs BHUTKA [/, KOHCTPYKTHBHBIX
0COOEHHOCTEH W YCIOBHH OXJaXIE€HHSA OOMOTKH MOAOMpArOT 1o Tabiu-
nam 2.3, 2.4 HeoOX0IUMOE YHCIO TPOBOJOB U HMX CEUCHUE.

Pasmep mpoBoja B paaualibHOM HAaNpaBICHHMH OTPAHUYEH JIOMYCTH-
MOW BEJTMYMHON H0OABOYHBIX IOTEPh B OOMOTKAaX OT MAarHUTHBIX IOTO-
KOB PacCessHUS M 3aBHCHUT OT YHMCIIa MPOBOAOB OOMOTKHM B paguaIbHOM
HanpaslieHHH. BBIOpaHHBIA paauaibHBIM pa3Mep MPOBOAA NOJDKEH OBITH
MeHplIe npenensHoro mo tabm. 3.3. Ilpu sToM n00aBOYHBIE MOTEPH HE
TpeBBICAT 5% OT OCHOBHBIX JJIEKTPUYECKUX IOTEPh B OOMOTKE.

Tabruya 3.3

[IpenenbHble panuanbHble pa3Mepsl MPOBOJA

Yucnao cnoeB (IPOBOJOB) B paavaIbHOM HAIPaBICHUH
Marepman 1 T 5 T3 | 4[5 [6 [ 7 [8 |9 ]10
00MOTKH

PanuanpHBIl pazmep mpoBoma Apyyy » MM

Menp 90163534540 | 38]36[34]32|30
Amomunmii [11,8| 80 | 6,7 | 56 [50 | 48| 45(40] 3838

BriOpanHOe cedeHHe MPOBOJA WM TPYIIBI MapauieNbHBIX MPOBO-
JIOB JTOJDKHO OBITH ONM3KO K MpEABapUTENBHO paccUUTaHHOMY 1o (op-
myne (3.3) ceuenuto BuTKa 1.

VY pacnonokeHHbIX Ommke K crepkHio oomorok HH ycnmoBus ox-
JMaXICHUS XyKe, 4eM Yy HapyXHbIX oOMOToKk BH, BHeEIHsS MOBEpXHOCTH
KOTOPBIX CBOOOJHO oOTekaercs MacioMm. [[is yMEHBIIEHHS MOTEph MOII-
HOocTH M HarpeBa oOMorkn HH moxHO yBemnunth Ha 3-7 % peanbHOE
cedyeHHe BHUTKa [/; M Ha CTOJNBKO XK€ YMEHBIIUTh IUIOTHOCTh TOKa J; B
obmorke HH mo cpaBuenuto ¢ HaiimenHsiMu mo dopmynam (3.2), (3.3).

Hwke mpuBeneHbl METOAMKH pacyeTa pPa3iHYHbIX THUIIOB OOMOTOK
HH u BH, coorBercrByromme ux “riaBHoMy’ mpumeHeHuro (Tadm. 2.5).
B KoHIe KaXIOro MyHKTa pacyeTa KOHKPETHOrO THIa OOMOTKH IpHBE-
JIeHbl HEOOXOAMMBIE M3MEHEHHS B METONMKAX pacyeTa OOMOTOK JjIs CIy-
Yyasg UX “BO3SMOXXHOIO" NPHMEHEHHS.
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3.1. PACYET OBMOTOK HH
Pacuer 0OMOTOK TpaHCOpMaTOpa HAYMHAIOT C OOMOTKH HH3ILIErO

HaNpPsDKEHHS, PacroiaraeéMod MexXIy cTepyHeM u oOMorkoii BH.
Yucno BUTKOB omHOW (a3sl oomotrkn HH

- Ugy
4441 B I, '
riae Ugpi - HomuHanpHOe (asHoe HampspbkeHue oomorku HH, B;
f - vacrora Hampspkenust cerd, paBaas 50 I'im;
B¢ - uanykuus B crepxHe, Tn, mo Tabn. 2.2
¢ - miomans cedenus crepxus no (popmyne (2.10) B M2
INomydyeHHoe 3HAUEHHE W OKPYIJIIOT A0 OMrpKaifIero Lenoro 9mc-

Wy (34)

na, Haxomat Hampspkenue (3JC) omHoro BuTka, B,

Ug _Ya , (35)
Wy
U JCUCTBUTENBHYIO WMHAYKLHUIO B CTEpKHE, 11,
u
B.=— 8 | 3.6
© 444111, (36)

JanpHeWmmi pacdyer 3aBUCHUT OT BBIOpaHHOro mo Tabm. 2.5 Tuma
oomorkun HH.

3.1.1. PACYUET [ABVXCJIOMHON IUJIMHIPUYECKON OBMOTKU U3
[IPOBOJIA TIPSIMOYTOJILHOTO CEUYEHUS

Yucao BUTKOB B ONHOM CIO€ ABYXCIOHHOW 0OMOTKH (MOXET OBITH
JIPOOHBIM)
Wy
We1 —7 . (37)

OceBoil pazMep BUTKA, MM,
_ b
hgq Wey 1 10° . (38)
3mecy Beicota oomorku |,= (1—0,01), rme |, M, mo dopmyre (2.9).

ITo pacuerHOoMy 3HaueHuio hpi, mMpenBapHTENBHO HAWJACHHOMY IO
dopmyne (3.3) ceuenuro BuTKa /71 U COPTaMEHTY OOMOTOYHOTO TPOBOAA
(tabm. 2.4) moxbuparoT MPoBOAA MPSAMOYTOJBHOTO CEYCHHUS.

B aByxcioiino#i oOMOTKe Oonblmii pasmep mpoBoaa b mpu nHamor-
ke Ha pebpo (puc. 3.3,0) orpaHuvYeH YCIOBHSIMU OXJIQKACHHS M J100aBOY-
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HBIMH TIOTEpPsIMUA OT mojied paccesuus. OObruno mpunuMaior b £ 7,1 Mm
st MexHoro mpoBoma U b £ 8,6 MM - I aFOMHHHEBOTO.

a( aol aol

A
ﬂ a1

}

N

IS

H .

b¢

a(

NE

SAMERRARARRNNVRNNNRNNNY

- b
a an aiu

a) HaMomKa  G) namomxka
nrawims Ha pebpo
Puc. 3.4. K ompeneneHuo paadaibHBIX
Puc. 3.3. CiocoObl HAaMOTKH pa3mMepoB OOMOTKH

C menblo yMeHbLIEHUS J00ABOYHBIX MOTEPh PEKOMEHIYETCS BECTH
HaMOTKy mpoBoga mramms (puc. 3.3,a). Uncno mapauienbHbIX MPOBOIOB
NpYU HAMOTKE IUIAIIMS He NOJbKHO ObiTh Oonbmie 4 — 6. Bce maparens-
HbIE MPOBOJA MMEIOT ONWHAKOBHIE pa3Mephl IOMEPEYHOTO CEYEHHS U YK-
TMaIpIBAIOTCS OJMH 32 JPYIMM B OCEBOM HAIPABIICHUH.

BeiOpannblii paguanbHbiii pasmep a win b mposoma (puc. 3.3) He
IOJDKEH MpEBBINATh pazMmep apqy B Tabdim 3.3. Ilpu sToM mobaBodHBIE
MOTEPH MOLIHOCTH B IMPOBOJAHMKAX OOMOTKH OT MAarHUTHBIX ITOTOKOB
paccesHus HE MPeB30UAYT 5 % OT OCHOBHBIX DIIEKTPUUECKUX IIOTEPb.

BriOpanHbIe pa3Mepbl MPOBOAOB 3aMUCHIBAIOT N0 (opme:

. a'b
at¢ b¢
rae @ u b - pasmepsl npoBoga 6e3 M3OMALKH B MM;
a u b' - pasmepsl npoBosa B mM30IANME B MM;
Ngq - YUCJIO IAPAJUICNBHBIX IIPOBOJOB BHTKA.

Mapka mposoga  Ngi

Pa3MepLI IpoOBOJA B M3O0JIILHH, MM,
al=a+2d,

bt=b+2d. (39)
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B ¢opmynax (3.9) a u b-pasmepsr npoBoga B mm; 2d - pacuernas Tos-
IIMHA W30JIALUU HA JIBE CTOPOHbBI, MpuHMMaeMas 1o Tabi. 2.8 B Mwm.
2
ITonHoe ceueHne BUTKA W3 Np1 MapaUICBbHBIX MPOBOIOB, MM

1y =ngy 1 pp (310)

rae [lp - cedyeHne OJHOrO MpoBoJa Mo Tadu. 2.4 B MM 2

PeanmpHas 1utotHocTh ToKa B obmorke HH, A/mm 2,

Jl:“ﬂ. (3.11)

PaccunTtannbie Mo peanbHBIM pasMepaM MpoBOJa CedeHHe BUTKA [11
W TUIOTHOCTH TOKa J1 JIOJDKHBI OBITh ONM3KH K IpEIBapUTENbHO HaieH-
HeIM 10 opmynam (3.2), (3.3).

OceBoit pasmep (BbICOTa) BUTKA, MM,

hgy =ng1hyp (3.12)

31mech Np1 - 9KMCI0 MapaiedbHBIX TPOBOIOB; hizp- BeIcOTa OmHOrO MpoO-

BOJHHUKA B HW3OJIIAM, MM, NpH HamoTke tmramms hpp=Db', npu Hamorke

Ha pebpo hpp=a, rme @ u b' - pasmepsr mpoBosa B u3OIALINH, MM.
OceBoii pazmep oomorku HH, M,

|, =[hgy (Weq +1) +10] 1073 (3.13)

3meck hp1 - BeicOTa BUTKA, MM; W(C1- YUCIO BHTKOB B CJIO€ OOMOTKH.
JIByXCIOWHYIO HMUIHHIPHYECKYIO OOMOTKY BBIMONHIIOT C OXJIAXK/a-
IOIIMM KaHAIOM MEKAY CIOsAMH win Oe3 Hero. PamwanbHelid pasmep 00-
Motk (puc. 3.4), Mm,
& =2byp 3y, . (3.14)

3meck byzp - meHCTBUTENBHBINA paaHaibHBIA pa3Mep MPOBOJA B OJHOM
cnoe B MM; bpp=4a npu Hamorke mmamms u bpp =b' npu HamoTKe Ha
pebpo, e @ u b' - pasmMepsl MPoBOAa MPSMOYTOJIBHOIO CEYEHUS B HU30-
JSAUUU B MM. MUHHMMAIBHBIA pa3Mep OXJIKIAMOIIEro KaHala aii B MM
BBIOMpalOT U3 cronbua "oOMoTka-oOMoTKa" Tpadbl "BepTHKaIbHBIC KaHa-
e’ B Tabn. 3.4, npuHMMas JUIMHY KaHalla PaBHOW IjIuHEe OOMOTKH |1.
Ecmn byp £ 3,6 MM mis menHoro win bpgp £ 4,3 MM 11 alFOMUHUEBOIO
MPOBO/Ia, TO OXJAKIAOIIMNA KaHAT MEKIY CIOSIMH MOXET ObITh 3aMEHEH
JKECTKOM MEKIYCIOMHOM H30JILUEH - IBYMSI CIHOAMH SIIEKTPOU3OJIALUOH-
Horo kaprtoHa TommuHo#M 0,5 mm. [Ipu orcyrcTBuM KaHana pasmep aig
MPUHUMAIOT PAaBHBIM TOJIMUHE MEXAYCIoWHON m3omsuuu 1,0 M.
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Tabauya 3.4
Pasmep oxmakgaromux KaHajoB
BepTukaibHble KaHaJbI lopusonTanbhbre
KaHaJIbI
Jnuna kananma |OOmortka- | O6Mmorka- | Oomotka-| [nuHa |OOMoTKa-
win 0OOMOTKHM | OOMOTKA, | MJIMHJP, |CTepXeHb, | KaHaia, | OOMOTKa,
[, MM MM MM MM MM MM
o 300 4 -5 4 4-5 o 40 4
300 - 500 5-6 5 5-6 40 -60 5
500 -1000 6 -8 5-6 6-8 60- 70 6
1000 - 1500 8-10 6-8 8-10 70- 80 7

BHyTpeHHuii auamerp OOMOTKH, M,
Dg=d, +2ay " 1073, (3.15)

rae dy - HOpMaNU30BaHHBIA JHAMETP CTEPIKHS B M;

a01 - paccTosHUE MEXAy OOMOTKOW W CTEp:KHEM Mo Tabn. 2.6 B mMM.
HapyxHeiii nuametrp 0OMOTKH, M,

D= Dg+2a, " 1073, (3.16)
rae Df - BHyTpeHHUH Iuamerp OOMOTKH B M;

a1- paiualibHBIA pa3Mep OOMOTKH B MM.
2
[Monuast moBepxHOCTh oxiaxkaeHus oomotrkun HH, M~

Iy, =0,75K p (Df + Df 1. (3.17)

3nech ko3 dumuent K =6, eciiu mMexay ciosMu OOMOTKH €CTh OXJIaXK-
naromid kaHan U K =3, eclim KaHalm OTCYTCTBYET, BCcE pa3Mephbl B M.

[ocne ompeneneHust mMoTepsr KOPOTKOrO 3aMblkaHus B oOmoTke HH
(pasmen 4) cmenyer HAWTH IUIOTHOCTH TEIIOBOTO MOTOKA Ha IMTOBEPXHOC-
™ 06MOTKH, B1/M 2,

P k
o = ocH1 ta1 (3.18)
I
rae Poch1 - ocHoBHBIe motepu B obmorke HH mo dopmyne (4.5) B Br;
Kn - xoabduiueHt, yquThIBAIOIIN 100aBOYHBIC MMOTEPH B OOMOTKE
HH or noneii paccesuus mo ¢opmyne (4.11).
[Mony4ennoe 3uadenue ; He nomwkHO mpeBbimats 800 - 1000 Bt/m

npu MeaHoM mposoxe obmotku u 600 - 800 Br/m? IIPU AITIOMHUHUEBOM.

2
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3.1.2. PACYET BMHTOBOIl OBMOTKU

BuHTOBYI0O OOMOTKY BBIMOJNHSIOT TOJBKO HM3 MPOBOAA MPSIMOYTOJb-
HOT'O cevyeHus. B 0gHOX0JO0BOW BHMHTOBOH OOMOTKE BHUTKHM PaclojararoT
OIMH 3a JIPYTMM B OCEBOM HANpaBICHWM IO BUHTOBOW JMHUHU. CeueHHe
BUTKAa COCTOMUT M3 CEUEHHH HECKOJBKUX IMapaJuIeNbHBIX MPOBOJOB, HAMO-
TaHHBIX IUTalIMs B oxuH psix (puc. 3.5,a) B pamuanbHOM HampaBICHUA
00OMOTKH.

b- b

A

||

6) ceuenue sumxa

a) 00HOX0008as U3 UWECU BUMKOS 8) 08YXX0006as U3 NAMU GUINKOG

Puc.3.5. Bunrosas oOMOTKa

Ecnu ceyeHue BHUTKA BEIMKO U YHCIO IPOBOJOB BUTKA 3HAUUTEIb-
HO, TMapajuiefibHbIe MPOBOJA BUTKA [T HA IBE TPYIIbI WIH X0j1a, 00-
pa3ys IBYXXOIOBYIHO 0OMOTKY (puc. 3.5,0).
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B penkux cimyyasx, HampuMmep B TpexdasHbIX TpaHchopmaTopax
momHocTeio 1600 kB>A mpu Hanpspkenun HH 0,4 kB u ¢daszHoM Toke
oomotku 2300 A, MOXKET OBITh HMPUMEHEHA YEThIPEXXO0J0Bas OOMOTKA.

OOBIYHO BHUTKH OOMOTOK Ppa3elsfOT paauaibHBIMH KaHAJIAMH
(puc. 3.6,a,6). Ho mHOrma xaHajbl OemarOT depe3 JBa BHTKA WM JBa
xoma (puc. 3.6,8) mmu ke OOMOTKY HAaMaThIBAIOT O€3 KaHAJOB, TaK 4TO-
Obl BHUTOK IUIOTHO mpuiieran Kk BUTKY (puc. 3.6,r).

al ai
o L \AAAIAA v vy G244 |
K ' 7:4':4':4-' ’
A A | A | B2 d
o [ |4\ b D\UNA|A| 2
a a a
a) 6) * onn 08YXX0008bIX 0OMOMOK
ai ai
o'} |G| A|A|A|A]_|» o) |G| {1
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S R A (711117
b’ 11/4;, - - - 1 | i
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0)

2) * ona 08yxx0008bIX 0OMOMOK

Puc. 3.6. CeueHre BUTKA BHUHTOBOH OOMOTKHU

B BHHTOBOII OOMOTKE AJisi BBIPAaBHHBAHUS IOJHBIX COMPOTHBIICHHN
napajijieJbHBIX MPOBOJOB BO HM30€KaHHE HEPAaBHOMEPHOT'O DPAaCIpeleNeHHs
TOKa MPOU3BOMIT TPAHCIO3UIUIO (MIEPEKIIANKY) IPOBOJIOB.

B omHOX0/10BOM OOMOTKE NMPUMEHSIOT KOMOWHAIIUIO JBYX BHUOB
TPAHCIIO3UIMH - TPYIIIIOBYIO, KOr/la BCE MapajuielibHbIe MPOBOAA AETATCS
Ha JBe WK Oojiee TPYNI W HM3MEHSETCS B3aUMHOE PACIONOKEHUE ATUX
rpynn 0e3 W3MEHEHUs PaCIOJIOKEHUsI TPOBOJOB B TPYIIE, U OOIIYIO,
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MPU KOTOPOH H3MEHSIETCS B3aMMHOE PACIOJOKEHHE BCEX IPOBOJOB.

B aByxx0moBOil 00MOTKE KpOME STOro MPHMEHSIOT 0oJjiee COBep-
[ICHHYIO PAaBHOMEPHO PACHPEICICHHYI0 TPAHCIIO3UIMIO, C KPYTOBBIM Iie-
pEeMEIeHHEeM TMPOBOMOB B CCUCHUM BUTKA, TAK YTOOBI KAXKIBIH MPOBOJ
moOBIBaJl BO BCEX BO3MOXKHBIX MOJOKeHUsIX (Oomee moapodbHo oM. /1/).

Beibop urcia x0q0B OOMOTKHM 3aBHCHT OT OCEBOr0 pasmepa (BBICO-
TBI) OJHOTO BUTKA, MM, OIPEACISIEMOro CHavyaia IS OJHOXOIOBOM 00-
motku (puc.3.6,a) ¢ yd4eToM TPAHCIO3UIUU:

© 103
hBlzIli - hgq. (3.19)
w + 4
3meck BbicOTa OOMOTKHM |1 paBHA mMpeaBapUTENbHO HaiimeHHOU 1o (op-
myne (2.9) mmume |, M; hg1- oceBoil pasMep OXJIAKAAIOIIEr0 KaHala MEkK-
ny sutkamu, MM. OO0braHO hg1=0,1a;, HO He Menee 4 mMm. Pasmep ai B
MM ompenernsitor mo dopmyne (2.8)

MakcuManbHO BO3MOXKHBIA OCEBOW pa3Mep BUTKa OTHOXOIOBOH 00-
MOTKH PaBeH MaKCHMalbHOMY pa3mepy 0OMOTOYHOro mpoBoaa (Tabim.2.4)
B M30JILIMU, TO €CTh HE MOXET NpeBblmarh 16,5Mm s memHoro u
18,5MM s amoMUHUEBOTO MPoBoAa. Eciau monyueHHas no (opmyse
(3.19) Boicora BuTKa hp1 OoJblIe yKa3aHHBIX 3HAYEHUU, TO HEOOXOIMMO
NPUMEHHUTHh ABYXXOJOBYI0O 00MOTKY. OCeBOM pa3Mep BHTKA ABYXXOJOBOM
00MOTKH ¢ paguanbHbiMH KaHamamu ( puc. 3.6,0), M,

1,7 108

hgy =—=—- hgq; 3.20
B1 W+ 1 K1 ( )

0003HAUCHUST U Pa3MEPHOCTh BENUYHH Te ke, 4ro u B ¢opmyrne (3.19).

OceBoii pa3Mep BUTKa JBYXXOJ0BOW 0OMOTKM cocraBiser ot 16,5
10 45 mm. Ilpu hpq 3 (35-45) MM HCHONB3YIOT YETHIPEXXOMOBYIO 00-
MOTKY.

OpueHtupoBoyHOe ceueHue BuTka [71 HaxomaT mo ¢dopmyie (3.3).
MuHIMaTPHOE YHCIIO MapajuIeIbHBIX MPOBOMOB B OIHOXOMOBOI 0OMOT-
K€ - YeThIpe, B ABYXXOMOBOIl - BOCEMb, B UYCTHIPEXXOIOBOII - IECTHAIATH.
Bce mapasenbHbIe MPOBOJA MMEIOT OAMHAKOBBIC Pa3Mephl M IUIONIA[Ib
nornepeyHoro cedeHus. CedeHHs MPOBOJA BBIOMPAIOT C yY4ETOM BO3MOXK-
HOCTH Pa3MEIIEHUS €ro IO BBHICOTE BHUTKA U OXJAXKICHUS OOMOTKU IMpU
JOIYCTUMOM YpPOBHE J00ABOYHBIX IOTEPh. B 0OMOTKaxX ¢ paauaibHBIMU
OXJIKAAIOIIMMY KaHAJTAMH MEXIy BCEMH BUTKAMH U XOJAMHU 3HAYCHUE
OoINbIIIEr0 U3 IBYX pa3MepoB MPOBOJA MPSIMOYTOJIBHOrO CeUYeHHUs D, mm:
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- I OJHOXOJOBOM OOMOTKH
bEhg;-2d ; (321)
- IS ABYXXOJOBOM M YETHIPEXXOMO0BOH OOMOTOK
bE [hgy- (Ny - Dheq]/ny - 2d (3.22)

rae hgi1 - oceBoil pasmep OXJTaXIAIOIIEr0 KaHaya, MM;
Ny - YKCIO XOMOB OOMOTKH, B JABYXXOJOBOW Ny =2, B YETHIPEXXO-
IOBOH Ny =4,
2d - IBYCTOpOHHSS TOJIIMMHA W3OJAIKAH MPOBOJa Mo Tabm. 2.8 B M.
[To ycnoBusM OXJIaXJCHUS TPU JIOMYCTUMOM YPOBHE J0OaBOYHBIX
MOTeps pasMmep MmpoBoga b, mm,
£k3—g .
ky Icp
3meck K3 - KOO GHUIIUEHT, YUUTHLIBAIOIINE 3aKPBITHE HM30JAIIHOHHBIMH Je-
TAIAMH YacTH OXJIAKIAEMOW TOBEPXHOCTH OOMOTKH; IJii BHHTOBBIX 00-

(3.23)

MoToK K3 =1,0; Q - IIIOTHOCTh TEIUIOBOTO IMOTOKA HE MODKHA IPEBHIIIATH
1400 B1/m?; uncnoBoit koo umnment k2 = 10,7 mas measoro u ko= 17,2
IUIsL aTFOMUHHUEBOTO MPOBOAA; Jcp - IVIOTHOCTh TOKA B OOMOTKE, Ompere-
nennas mo dopmyne (3.2), Alvm?.

Ecnu Beruncnennsii o dopmyne (3.23) pasmep b mpesbimaer no-
MyCTUMBIC 3HAa4YeHUsl, onpenenennbie mo ¢opmynam (3.21) u (3.22), B nBa
u Oomee pa3, TO B OJHOXOAOBON OOMOTKE IETAIOT PaauaibHbIC KaHAIBI
Yepe3 [Ba BHUTKA, a B JBYXXOJOBOH HE NENAIOT KaHAIBl MEXKIY XOHaMU
(puc. 3.6,8). B aTux cimydasx KaHam MEXIy BUTKAMU WIA XOJaMU 3aMe-
HSIOT M30JSIIUOHHOM mpokiankoi Tommuoi 2 0,5 mm.

BunTOBBIE OOMOTKM HMHOTJA BBIMOJHSAIOT 0€3 KAHAIOB C IUIOTHBIM
MPUICTAHUEM BHUTKOB M XOJOB, €CJIH IUIOTHOCTh TOKa B MEIHOM IIPOBO-
e OOMOTKHM He mpeBbimiaer 2,5 Alvm?, a B amomunneBoMm - 1,8 A/mm>.
BeicoTy BuTKa Takod 00MOTKU ompesessor mo ¢opmynam (3.19) wm
(320) Ipu hg1=0.

Pamuanbubiit pasmep ai oomorku (puc .3.6), MM,

a =alngy /ny ; (3.24)

r7ie @' - MCHBIIMK pa3Mep MPOBOAA B H3OJLSIIHMH, MM,
Np1- YUCIIO TMapaJUICTbHBIX MPOBOIOB BUTKA,
Ny - YKCIO XOMOB OOMOTKH: B OJHOXOIOBOW Ny =1, B JBYXXOJOBOM
Ny =2, B 4eThIpEXXoJoBoU Ny = 4.
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[IpenenpHOe 3HaYeHHE paJUaAFHOTO pa3Mepa OOMOTKH ONPEICISIOT
U3 YCIIOBHS OXJIAXKICHUS, MM,

ksq

B (3.25)
k, &

arp
3mecy k3 = 0,8 - KO3 (HUITHEHT, YIUTHIBAIOIINK 3aKPHITHE M30JIAITHOHHBIMU
JIETANIIMU YaCTH OXJIAXJaeMOM MOBEPXHOCTH OOMOTKH; IJIOTHOCTh TEIUIO-
Boro moroka (= 1400 Br/m?, xospduument kp = 10,7 mis MemHoro u
ko =17,2 mis aqrOMHHHEBOTO IMPOBOAA; Jcp- IUIOTHOCTh TOKAa B OOMOTKE,
onpezenennas mo popmyre (3.2), A’

PaguanbHbiii pazmep MmpoBOJa @ W YHCIO Np1 MapaJUielbHBIX IMPO-
BOJOB OOMOTKH BBIOMPAIOT TaK, 4TOOBI OOIIMH paauaibHBIA pasmep ee
a1, BbuncieHHbll Mo (opmyne (3.24), He mpeBBINIAT MPEASIHHOTO 3HA-
4YeHus app, BeraucieHHoro mo Qopmyne (3.25). Ilpu sToM paguanbHbIR
pasMmep mpoBoja 0e3 M3OSALMU g, MM, AOJDKEH OBITh MEHBIIE JOMYCTHU-
MOTO djor7, 3aBUCAIIET0 OT YMCIA MapaulelbHBIX HMPOBOAOB B OJHOM
xozme oOMoTku. Pasmep ajop ompeneneH W3 YCIOBHS, YTO AOOaBOUHEIE
MoTepu B OOMOTKE HE MPEBBICAT JIOMYCTUMBIX 5% OT OCHOBHBIX 3JIEK-
TPUUECKUX TOTEphb. [[Jis BUHTOBBIX OOMOTOK C pajMajbHBIMH KaHAJaMH
Mexay xoaamu u BUTKaMu ajorr = (1,15 - 1,25) apyy. [nsa obmorok 6e3
paIuagbHBIX KaHAJIOB C IUIOTHBIM IIPUJIETAHHEM BHUTKOB aj011 = Apj .
JlonmycTUMBIN pafyalibHBIH pasMep NPOBOAA dpyj; CIEAYET ONPENENUTh
mo Tabin. 3.3, UCXOAsS W3 YHCIAa MPOBOJOB B OJHOM XOie OOMOTKH.

[MomoOpaHHbIe pa3Mephbl MPOBOJOB 3aMKCHIBAIOT B BUJE:

a'b
a¢ bt '’
rje Ng1- YKCIO MapaJUIeNIbHBIX MPOBOJOB BUTKA,
a, b - pasmepsl mpoBoaa 6€3 W3OJALKH, MM, ONPEAEAOT Mo Tabm.2.4
a, b'- pasmepsr mpoBonma B m3omsinuu o dopmyae (3.9), Mm.
[MonHoe ceueHue BUTKA OOMOTKH, MM
Iy =ngy I pp, (3.26)

Mapka nposoma " Ng;

rae [lgp- cedeHue OIHOTrO MPOBOAA, MPUHATOE TO Ta0m.2.4, MM 2,
PeanpHas TIOTHOCTE TOKa B OOMOTKE, A/MMZ,

leﬂ. (3.27)
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OceBoii pasmep (BeicoTy) |1, M, OmpeccoBaHHON IMOCTE CYIIKH
TpanchopMaTropa OOMOTKH, ONPEIENAIOT MO CleAyonmM (Gopmynam is:
- OZIHOXOMIOBO# OOMOTKH € pamuajibHbIMH KaHamamu (puc. 3.6,a)

l, =[ b&wg +4) +khyy(wy +3) | 1073; (3.28)

- OZIHOXOMIOBOI OOMOTKH C KaHanamu 4epe3 aBa Butka (puc. 3.6,8)
I ={ bw +4) +k[hey (2 +2) +hy =1 }10°% (329)

- IBYXXOIOBOM OOMOTKU C pajuansHbiMu Kanamamu (puc. 3.6,0)

I, ={ 2bQw, +1) +khe; 2w, +1) } 1073; (3.30)

- IByXXO00BOI 0OMoTKH Oe3 kaHama Mmexay xogamu (puc. 3.5,B)

Iy ={ 208w, +1) +k [ wy +hg (W +D] }7 107 (3.31)

- YETHIPEXXOJA0BOH OOMOTKH C KaHAJTaMH MEKIY XOJaMHU M BUTKAMU

l, ={ 4b (W +1) +k hy, (4w, +3)} 7 10°3; (332)

- YETHIPEXXOJ0BOH OOMOTKM C KaHaJaMH 4Yepe3 [Ba XOja

I, ={4b' (wy +1) +k[ ey (2w, +1) +2hy (wy +1) ]} 1073, (3.32a)

B dopmynax (3.28) - (3.32a) kosdpdunuent k= (0,94 - 0,96) yuu-
TBIBACT YCAAKY MEKKATYIICYHBIX MPOKJIAJOK MOCIE CYIIKH U OMPECCOB-
kK 06MoTkH, hg= (1- 1,5) MM - TOMmMHA MPOKIANOK; BCE Pa3sMephl B MM.

OceBoii pazmep OOMOTOK IOJHOCTHIO 0€3 paJualibHbIX KaHAJOB C
IUIOTHBIM TIpHiIeraHueM mpoBoaoB (puc. 3.6,8) mMoxHO Haiith mo (opmy-
mam (3.28), (3.30) u (3.32), mpumsas hki1=0.

OceBoil pa3Mep BHUHTOBOW OOMOTKH |1 CBEpUTH C IPEABAPHUTEIHHO
onpeneneHubiM 110 Gopmyie (2.9). [lpu pasnuue pasmepor Gonee (5-7)%
NPUHATH APYroil pasMep mpoBoja mo Tadi. 2.4 ¥ MOBTOPUTH pacyer.

Paguaneuelii pasmep oomorku (puc. 3.6), MM, a1 = a' Ngi/ Ny, rae
a'- pasmep mpoBoxa B m3ominuu mo dopmymam (3.9), MM; Ngi- 9uCIo
mapajulenbHBIX TPOBOJOB BUTKA; Ny - YHCIO XOMOB OOMOTKH, B OJHOXO-
JOBOM Ny =1, B ABYXXOMOBOW Ny =2, B YETHIPEXXOMOBOH Ny =4.

BuyrpeHHuil nuamerp OOMOTKH, M,

D{=dy +2ay 107, (333)
rae dm - HOpMaTM30BaHHBIA HAMETP CTEPKHI B M;
ap1- IIMPUHA KaHAla MEXAy OOMOTKOW u crepxHem (Tabm. 2.6) B MM.
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HapyxHapiii muametp OOMOTKH, M,
Dg=Df+2a 107, (3.34)

o o /
TZe a1 - paAHalbHBIA pa3Mep OOMOTKH, MM, BHYTpeHHHI muamerp D1, M.
[TnoTHOCTE TEMmIIOBOrO TOTOKA (, Br/m?, Ha TIOBEPXHOCTH!
OOMOTKH C paJuallbHBIMH KaHaJlaMH MEXIY BCEMH BHUTKAMH

KJqy g wy k
q=— L KA (3.35)
kg (bC+ay)

OJTHOXOZOBOW OOMOTKHM C KaHaJlOM Yepe3 JBa BUTKA, JABYXXOIOBOH 00-
MOTKH Oe3 KaHaja MEXKIy XOIaMH U YeTBIPEXXOJOBOW C KaHAJaMH dYe-
pe3 IBa xozma

Ky (2b¢+ &)

00MOTKH 0€3 paguajIbHbIX KaHAJOB C INNIOTHBIM IIPUJIETAHHUEM IIPOBOJOB

(3.36)

q:ﬂbi,lfkﬂ. (3.37)

k;ny a

3necy koapdurnment k= 10,7 ans memnoro m K=17,2 - nust amoMuHMe-
Boro mposona; kodpounuent k; =21,4 mis memHoro mposoma u Ki =
34,4 - 1 amoOMUHUEBOTO; J,- peanbHas MJIOTHOCTh TOKa B odmorke HH
B AIMMZ | g1- ¢da3upiii Tok ooMotku HH B A; 4mciIO BUTKOB B OJHOM
xozie oOMoTkH WK =1 st omHOXO0moBOM oOMoTku, WK = 0,5 - anst nByx-
X010Boit 1 WK = 0,25 s uerbpexxomoBoii; Ky - koo duuneHT, yduTh-
Batomuii podasounsle morepu (Ky=1,05); k3 - koaddunuent, yaursiaro-
Uil 3aKPBITHE OXJIAKIAEMON MOBEPXHOCTH OOMOTKH H30JSILUOHHBIMU
neramsivu (k3 = 0,75); a u b - pasmepsl mpoBoma 6e3 m3omsIuK B MM; &
u b - pasmepsr mpoBopa B m3omsiimu mo dopmynam (3.9) B MM; aj- pa-
JMANBHBIA pa3Mep OOMOTKH B MM, Ng1- YHCIO MApPAIUICIbHBIX POBOIOB
BUTKA; MNx - YUCJIO XOJOB OOMOTKH.

IMonydeHHoe 3HadeHHe ( He JOKHO mpesbimats 1400 Br/m® mms
06MOTOK 13 MegHOro mposoga u 1100 Br/M? - U3 alrOMHHHEBOTO.

3.2. PACYET OBMOTOK BH

B oOmorke BH BBINONHSIOT OTBETBIICHHS Ui PEryJUPOBAHUS Ha-
OpsDKEHMsT yTeM mnepekioueHus 6e3 Bo3Oyxaenus (IIBB) mocne orkiro-
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yeHus: Bcex oOMoTok or cerd. CormacHo ['OCT mpemycMoTpeHO TSTh
orBerBienuit Ha +5; +2,5; 0; -2,5; -5% or HOMUHATBLHOTO HATIPSAKEHHUS.
Hanbonee yacto mpuMeHsieMble CXEMBbl BBIIIOJHEHHS PETyIHPOBOYHBIX
OTBETBIICHUI TpHBEIeHbl Ha puc. 3.7.

A X1 A

X2

X3

A A
iy ?
A6
A4
X1 A
X2
'Y 2 A3
X4 X3 X3 AS
Q ]
X4 X4 A7
- an ) X5
g X X
a) 0) 6) 2)

Puc. 3.7. CxeMBl perylmMpoBOYHBIX OTBETBJIeHHI B oOMorke BH
IIPU PETyIUPOBAHUM HAIpsHKeHUs 0e3 BO30YyXKIeHHs

==y

CxeMy peryaupOBOYHBIX OTBETBJICHHH BBIOMPAIOT MO MOLIHOCTH H
HOMHUHAJILBHOMY HANpsDKEHUIO TpaHCcPopMaTopa C y4eTOM THIA U CXEMBI
coemunenust oomotkn BH (Tabm. 2.5).

Cxemy puc. 3.7,a IPUMEHSIOT IS PEryJUpOBAHUSA HAPSOHKCHUS B
Tpanchopmaropax MOUIHOCTHIO 70 160 kBXA ¢ MHOroCnoiHON IMIUHAPH-
yeckoi oO0MOTKOM. [Ipu OONMbIIMX MOIIHOCTAX MEXaHUYECKUE CUJIbI, JIeH-
CTBYIOIIME HA OTHAENbHBIE BUTKH MPU KOPOTKOM 3aMBIKaHWU TpaHc(hopma-
TOpa, MOTYT OBITh ONACHBIMH U PEryIHpPOBOYHBIC BUTKH 0OMOTKM BH
PEKOMEHIyeTCsl pa3MellaTh B HAPY)KHOM Clioe OOMOTKH CHMMETPUYHO
OTHOCHUTEJIBHO CepeHBl €€ BBICOTHI, HampuMep 1o cxeme puc. 3.7,0. B
HEMpephIBHOW KaTymeuyHol oOMOTKe Ha HampsbkeHune no 35 kB perymu-
POBOYHBIE KaTYIIKK Pa3MEIIAlOT B KoHIE (a3pl Mo cxeme puc. 3.7,B.
Cxema puc. 3.7, C peryJupoOBOYHBIMH KATYIIKAMH B CepeAWHE OOMOTKH
NMpUMEHNMa JUIl HEMPEpPBIBHBIX KATYHIEYHBIX OOMOTOK Ha HANpsDKEHHUE
or 3 mo 220 kB. Ilpu coenunenun oomorku BH B "TpeyrompHuK" cxemy
peryaupoBaHusi Mo puc. 3.7,B HE MPUMEHSIOT.
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Yucno BUTKOB 00MOTKM BH mpu HOMHHAIBHOM HAalpsHKEHUU

Wouy :wl%, (3.38)
o1
rae Upiu Ugp - HomuHanbHBIE (azHble Hampspkenuss oomorok HH u BH.
Yuciio BUTKOB Ha OJHOW CTYIEHH PEryIUpOBaHHS
_25%U,,
100% ug
rae Ug- HampsDKEHHE OJHOro BUTKa O0OMOTKH, B, mo dopmyne (3.5).
Yucao BUTKOB OOMOTKHM Ha orBerBieHuax +5; +2,5: 0; -2,5; -5%
OT HOMMHAJBHOI'O HAMPSDIKEHUS COOTBETCTBEHHO PaBHO Wop + 2Wp;
Wo + Wp, Worr; Wop - Wp; Woy - 2Wp.
IIpeaBapuTensHO TUIOTHOCTh TOKa B oOMorke BH, A/mMm 2
J,=23cp - 4, (3.40)
rae Jep 1 J1 HaxomiIT coorBercTBeHHO 10 popmynam (3.2) u (3.11), (3.27).
Ceuenne BuTKa 06MOTKH BH, MM 2,

Wp (3.39)

1, = laz , (3.41)
Jz
rae lg2 - HomuHaeHBIN (azHelli TOk oOMOTKH BH B A.

Bxonusie Butku (karyriku) oomorku BH mpu HOMHHAIBHOM Ha-
npsokeHnd 20 KB 1 BbIlIEe BBINONHSIOT C YCWJIEHHOW HM30JIUEH, MPEempoT-
Bpamammeil npodol H30JLUUK MEXAY BUTKAMH TPU BO3JIEHCTBUU Ha
00MOTKY HMITYJIBCHBIX IE€pEHANpsHKEHUMH.

Y HenpephIBHOW KaTyIIEYHON OOMOTKM B KOHIIC WM Havaje Kaaou
(a3pl yCTaHABIMBAIOT BXOAHBIC KATYIIKU C YCHJICHHOW H3oisuueit. s
TaKWX KaTyIIeK HM30JBILUI0 MPOBOJAA NMPUHHMAIOT mo Tabi. 3.5.

Tabmuma 3.5
Hzonayus 6umroe 6X00HbIX KamyuweKk KamyuweuHblx 0OMOMOK
Knacc HcneiTaTrensHoe W3omsiuuss BUTKOB 2d, MM,
HaTPSHKEHUS, HaTpsHKEHUeE, BXOJIHBIX KaTYIIEK
kB kB nepBast BTOpAst
20 55 0,96 (1,06) -
35 85 1,35(1,5) 1,35(1,5)

HNpumeganus 1. B ckoOkax ykasaHa pacdeTHas TOJIIMHA H3OJISIUH.

2. llpn HommHanpHBIX HampspkeHusx 20 m 35 kB 1Ba kpailHUX KaHana
MEXKAY KaTyIIKaMH BBEpXY W BHHU3Y OOMOTKH HE MeHee / MM KaKIbIi.

37

Jnsi TOBBILICHUS DIIEKTPUYECKOH MPOYHOCTH MHOT'OCIONHBIX IIH-
JMHAPUYECKUX OOMOTOK M3 MPOBOJA KPYTJOro W MPSIMOYTOIBHOTO cede-
HUSL TPUMEHSIOT MEKIYCIOMHYIO M30JSIHI0 M3 Ka0embHOH Oymard ToJj-
umwmHoi 0,12 mM. Uwucno crnoeB kaOenbHOM OyMaru MeXIy IBYMS CIOS-
MH BUTKOB ONPEAENSAIOT 110 CyMMapHOMY pa0odeMy HaIlpsHKEHUIO IBYX
cmoeB oomotku (tabi. 3.6).

BricoTy MexaycnoWHOW HM3OMALUU [UIs YBEJIMYEHUS IyTH paspsizia
MO MOBEPXHOCTH MEKAY CIOSMH AealoT OOoJbIe BBICOTHI CJIOS BHTKOB.

Tabruya 3.6
MexaycioiiHas H30JA1HsS MHOTOCIOWHBIX HMIMHIPUIECKIUX OOMOTOK

CymmapHoe pabodee| THCIO Tommuuua |BeICTynl MeXaycIOHHOM
HANPSDKEHHE JBYX CIIOEB | MEXCIIOMHOM |M30JALMA HA TOPLAX
cioes oOMoTku, B |KaO€nbHOM| m30msuuu  (0OMOTKHM (Ha OfHY CTO-

Oymaru dc, MM |pOHY), MM

Ho 1000 2 0,24 10
1001 - 2000 3 0,36 16
2001 - 3000 4 0,48 16
3001 - 3500 5 0,60 16
3501 - 4000 6 0,72 22
4001 - 4500 7 0,84 22
4501 - 5000 8 0.96 22
5001 - 5500 9 1,08 22

[Ipumeuanue: B Tabmiue mpuBeleHBl JaHHBIE Ui TpaHcpopmaTopa
MomHocTeio 10 630 kB>A BkmounrensHo. [Ipu momHOocTH or 1000 KkB>A
W BBIIIE MEKIYCIOWHYIO W30JLUI0 MPHUHUMAIOT 1O STOH e Talmuie,
Ho d¢ He menee 0,48 mM; BeICTyn m3onsiun He meHee 20 MM.

JIasi 3aiuThl OT WMIYJIbCHBIX TMEPEHANPsDKEHUH B MHOTOCIOMHBIX
IMHAPUIECKUX 00MOTKax kiaccoB HampsbkeHus 20 u 35 kB mpumens-
10T anektpudeckue dkpanbl (puc. 3.8,r). Dkpan mpencraBisier coboil He-
3aMKHYTBI LUIHHADP U3 ATOMUHHEBOro jucTta toiuwHoi doxp = 0,5 MM,
YCTAHABJIMBAEMBI TIOJ BHYTPEHHHUM CJIOEM OOMOTKH. DKpaH H30JIHPYIOT
OT BHYTPEHHErO CII0OsI OOMOTKH OOBIYHOM MEXIYCIOWHON H3ONSIUel |
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PEHHEMY CJI0I0 OOMOTKH. 3.2.1. PACYET MHOTOCJIOMHON IWJIMHAPUYECKON OBMOTKH
U3 MPOBOJA KPYIJIOITO CEYEHMS

B Ttpanchopmaropax momHocThiO 0 630 kKBXA yacTo mpuUMEHSIOT
MHOT'OCJIOWHBIC IWJIMHAPUYECKUE OOMOTKHM U3 MEIHOTO WM AIOMUHHE-
BOTO IIPOBO/Ia KPYIJIOTO CeYeHUs B KauecTBe oOMoTok BH ¢ Hampsbke-
muem ot 3 nmo 35kB u odomorok HH ¢ nampsbkenuem ot 3 mo 10 kB.
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Puc. 3.8. YerpoiicTBO, M30IIUST U BapHAHTHI BBIMOJHEHUS MHOTOCIOWHBIX
UWIMHAPUIECKUX OOMOTOK M3 MPOBOJAA KPYIJIOTO CEYSHHUs

HamoraHHbIE M30JMPOBAHHBIM IMPOBOJOM CJIOW OOMOTKH COCAMHSIOT
MOCIIeIOBaTeNIbHO. Benencreue 3Toro Mexay MepBBIM BUTKOM KaKOTO-JIH-
00 CJIOS W JeKAIIMM PSJIOM MOCISIHUM BHTKOM CIICAYIOIIEr0 CJIOS BO3-
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HUKaeT 3HAYUTENbHOE HAIPsDKEHHE M COOCTBEHHAs HM30JILUS BHUTKOB MO-
JKET 0Ka3aThCsl HEAOCTaTO4HOM. i oOecreveHus SJIEKTPUYECKOW MpoU-
HOCTH OOMOTKH IMPUMEHSIOT JIOTIOJHHUTENbHYI0 H3OJSIHMI0 CJI0EB OOMOT-
ku (puc. 3.81). B kauecTBe MEKIYCIOHHOW HM30ISIMN OPUMEHSIOT Ka-
OclbHYI0 Oymary, MOJIOKEHHYIO B HECKOJIBKO CJIOCB.

Jnst yBenWYeHUs] MyTH BO3MOKHOTO pPa3psiia MEKAY CIOSMH IO
TOPLEBOH MOBEPXHOCTH OOMOTKH BBICOTY MEXAYCIOWHON H3OJISLUH JIe-
natot Ha (10 - 25) MM Gombliie BBICOTHI CIIOS 0OMOTKH. BhIcOTy citoeB
OOMOTKH BBIPaBHHBAIOT C BBICOTOW MEKIYCIOMHON W30JLUU CBEPHYTHI-
MH B KOJBLIO TIOJIOCKAMH IJIEKTPOKapTOHA (OOpTHKAMHU) TOJIIMHOHN, paB-
HOU TommuHe ciaos oomotku (puc. 3.8,r). BOpTHKY MPUKPEIUSIIOT K Kax-
JIOMY CIIOK0 OOMOTKH. BpicoTa OOpTHKa paBHa BBICOTE BBICTYIIA MEXIY-
CIIOMHOM W30JS1IMHU, MOATOMY O00pa3yeTcs pOBHas M TBepHas OrIopHas
MMOBEPXHOCTh OOMOTKH.

[IpoBOMHNKN BHYTPEHHHX CIOEB OOMOTKH, HE CONPHUKACAIOIINECS C
MaclloM, HarpeBaroTCs CUIIbHEe, YeM IMPOBOJHHKH HAPYKHBIX cioeB. s
WHTEHCHU(HKALUK OTBOJA TEIUIa CTPEMSTCS YBEIHMYUTH OOIIYIO IIOBEPX-
HOCTh OXJIXKIEHHS M YMEHBLIUTh TONWHY OOMOTKH. OOMOTKY IemnsT
HA JIBe KaTYIIKUA OCeBBbIM (BEepTHKaNbHBIM) KaHamoMm (puc. 3.8), mo KoTo-
poMy HupKyaupyer Macio. Kanam oOpa3oBaH peliKaMH M3 DIEKTPOKAap-
ToHa WiM u3 AepeBa (B oOMoTKax Ha Hampspkenue He Oonee 10 kB).

[Io opueHTHPOBOUYHOMY CEUYEHHMIO BUTKa [/, M COpPTaMEHTy MpPOBO-
na (tabm. 2.3) BEIOMPAOT MPOBOJ MOIXOMSAIIEIO CEUCHHS WM Ba - TPU
OJIMHAKOBBIX NapauleNbHBIX MPOBOA ¢ AuamerpoM Oe3 msonsiuuu d, 1

/

B momsinuu dz, MM (puc. 3.8,r). Pa3mepbl mpoBoga 3amMCHIBAIOT TaK:

. . d;

Mapka mpoBoma Ng, —=
dg
rae Ngop- YHCIO IMapajuIeNbHBIX IPOBOJOB.
[IOJHOE CeYeHHe BUTKA, MM 2,

Iy =1 ;p Ny, (342)
rae I1p - cedeHne OHOrO MPOBOAA MO Tabi. 2.3 B MM>.

PeanpHast IUIOTHOCTH TOKa, A/MM 2,
|
J,=-22 3.43
2= ( )

rae | g, - HoOMuHanBHEIA (a3l TOok oOMoTKH BH, A.
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Yucno BUTKOB B CIIOE
WCZ:|2'103 1
Ng, d§

3necs |, =(l4- 0,0), rme ;- Bbicota odmorkn HH, M, onpexnensemas

(3.44)

IUIsL IBYXCJIOMHBIX IMJIMHAPUYIECKUX 00MOTOK 1o (opmyne (3.13), mms

BuHTOBBIX 00MoTOK HH mo dopmymam (3.28) - (3.32a); ngz- uncno ma-

paiyIeNbHBIX MPOBOJOB BUTKA; AWAMETp MpoBoja B m3omsuuu d§, Mm.
Yucno cioeB B 0OMOTKe

Nop =——— (345)
We2
[JIe YUCIO BUTKOB Woy M Wop ompenensior mo ¢opmymnam (3.38), (3.39).
IMTonyuyenHoe 3HaueHHE MNg, OKPYIIIIOT 10 OKaiiero OONbLIEro 4ucia.
Pabouee HampspkeHue ABYX cioes, B,

Ucy, =2Wg5 Ug, (3.46)
rie Ug- HalpsbkeHHe ofHoro Butka no ¢opmyne (3.1), B.

B coorBercTBuM ¢ pabounM HampspKEHHEM JBYX cioeB mo Tadi. 3.6
BBIOMPAIOT YHCIO CIOEB U OOIIYIO TONIIMHY KaOempHO# Oymaru B H30Is-
MU MEXAY CIOSMH OOMOTKIL

JInsg ymydiieHus: OXJaXAeHHs OOMOTKY BBINOJHSIOT B BHJAE ABYX
KOHLIEHTPUYECKUX KaTyIIeK C OCEeBBIM MACISIHBIM KaHAJIOM MEXIy HHMH
(puc. 3.8). Uncio cinoeB BHYTpEHHEH KaTYIIKH IIPH 3TOM HPHHHMAIOT He
6onee 1/3—2/5 or obuiero umcna cinoeB 0OMOTKH. MHUHUMANBHYIO IIH-
pUHY BEpTHKAIbHOI'O0 MAacISHOrO KaHala ab, BBIOMPAIOT U3 CTONOIA
“oOMoTKa-o0MOTKa” Tpadsl "BeprukanbpHbie KaHadbl' B Tabid. 3.4, NpHUHAB
IIMHY KaHajla PaBHOH BBICOTE OOMOTKH |,.

Pamuaneubiii pasmep oomotku 6e3 skpana (puc. 3.8,r), MM,

a; =df ncy +dc (N - 1) +ak,, (3.47)
rae d§ - Imamerp NMpoBOAA B H3ONALMH, MM;
d¢ - TonmuHa MeKAycaoHHOM m3onAmuu no Tabn. 3.6 B MMm.
Pamuanbubiit pasmep o0MoTKH ¢ 3kpanoM (puc. 3.8,r), M,
as =a, +dyp +2d¢ (3.48)
3mech TONIUHA 3JIEKTpHdYecKoro skpaHa d,cp =0,5MM; TommuHa Mex-
mycnoiHo#l msomsanuu de mo Tabm 3.6 B MM.
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MuHUMaIbHBIM pafualbHBIA pasMep &y, OCEBOIO KaHalla MEXIY
oomorkamu HH u BH u TtonumHy d;, H3OISLMOHHOrO LMIMHAPA BHI-
OMpAIOT MO HCHBITaTeNbHOMY HampshkeHnto oomMorkum BH u3 Tabm. 2.7
(puc. 2.3).

Buyrpennnii muamerp oomotku (puc. 3.8,a), M,

D§ = Df+2a,,” 107, (3.49)
rae Df - mapyxusiii muamerp oomorku HH, m.
Hapyxwueiii muamerp oomotku (puc. 3.8,a), M,
- 0e3 skpaHa
D§ =D +2a, 107 (3.50)
- C JKpaHOM
DS =Dg +2a5” 107, (3.51)
Pasmepsl a;5,8,,a5 B dopmynax (3.49) —(3.51) B mm.

Paccrosaue mexny obmorkamu BH cocemnux crepxkHed aj,
(puc. 2.3) maxomsar mo Ttabm. 2.7.

[ToBepXHOCTh OXJaXAEHHs OOMOTKH, Pa3JeNieHHOW Ha JBE KaTyIl-
KH BEPTUKANBHBIM OXITAXKIAIOIIMM KaHatoM (puc. 3.8,a), M2,

Iy =kkzp (DS +DE)I,. (352)

Ecmu mepBast karyiika OOMOTKM HAMOTaHAa HEMOCPEACTBEHHO Ha
m3omsinoHHbli mHAp (puc. 3.8,6), To k=45 u k3 =0,83, eciu Ha
peiKu, PacroJOKEHHBIE HA W30JLIMOHHOM ImuHape (puc. 3.8,8), TO
k=6,0u ks = 0,8 Bce pasmepbl B M.

[ocne ompeneneHus MOTEPh KOPOTKOTO 3aMbIKAHHS AL OOMOTKH
BH (pasgen 4) ceyer HaiiTH IUIOTHOCTh TEIIOBOrO MOTOKA, BT/m?,

P
q:Lszﬂz, (3.53)
I,
rae Pycyo - norepu B odomorke BH mo ¢dopmyne (4.6), Br;
K 2~ Koo duument, yauTbiBatommii 106aBOYHbIE TIOTEPH B

obomorke BH mo dopmyne (4.12).
Ionydennoe 3HadeHHe O He DOKHO mpesbimars 1000 Br/m? mms
06MOTOK 13 MegHoro mposoga u 800 Br/mM?- U3 alrOMHHHEBOTO.
[Ipu pacuere nmnunHapuyeckoir ooMorkn HH cnemyer npuHsATH
Wp =0. Urgekc "2" B 0003HaueHMSAX BEIMYMH U (OpPMyIax 3aMEHHTbH

Ha "1". BHyTpeHHUI W HapyXHbIH JUaMeTpbl OOMOTKH CIENyeT paccdu-
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teiBath 1o Qopmynam (3.15), (3.16) wmm (3.33), (3.34) Bmecro Gopmyr
(3.49) - (3.51). Bricory oomotku B (opmyne (3.44) mpuHATH paBHOMN
npenBapuTeNnsHO Hahpenuoi no ¢opmyne (2.9) Beicore |, M. IlnotHOCTH
TEIJIOBOrO TOTOKAa paccuurars mo (opmynam (3.17) u (3.18).

3.2.2. PACYET MHOTI'OCJIOMHOM IMJMHIPUYECKOM OBMOTKU
U3 TIPOBOJA TIPIMOYTOJIBHOTO CEYEHHUSA

Jns tpancdopmaropoB momuOoCcThi0 630 KB>XA 1 Gosiee B kauecTBe
oomorok BH n HH na nampsbxenuss 10 u 35 kB mpuMeHSIOT MHOTOCION-
HYIO0 OHJIMHAPUYECKYI0 OOMOTKY M3 MPOBOJAA NPSAMOYTOJBHOIO CEYECHHS.

A (yBemuueno)
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Puc .3.9. YerpoiicTBO, M30IAUMS W BapHaHTHl BBITIOJHEHHS MHOTOCIOHHBIX
WTHHIPUIECKAX OOMOTOK M3 IMPOBOAA MPSAMOYIOIBHOTO CEYSHUS
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HamoranHble M30JMPOBAaHHBIM MPOBOAOM cion 06MoTkH (puc. 3.9)
COCIMHAIOT MOCIEN0BATENbHO. BCeACTBUE 3TOr0 MEXKAY IEPBBIM BUT-
KOM KaKOro-Ju0o CII0S U JIOKAIIUM PSIOM IOCIEIAHHM BUTKOM CIIEIYIO-
[IEro CI0S BO3HUKACT 3HAYUTEIHPHOE HANMPSIKCHHE W COOCTBEHHAS H30JIs-
[T BUTKOB MOXKET OKa3aThCs HemocTarouyHoi. [t obecredeHus siek-
TPUYECKON MPOYHOCTH OOMOTKM MPHUMEHSIOT JOMOIHUTEIBHYIO H30JLIIIHIO
cnoeB oomoTku (puc. 3.9,r). B kauecTBe MEKIYCIOWHOH H30JIHMU PHU-
MEHSIOT KaOenpHyr0 OyMary, HAMOTaHHYIO B HECKOJBKO CJIOEB.

Jlast mpeoTBpaleH st pa3psiaa MEXAY COCEAHUMHU CIOSIMHU BBICOTY
MexaycioiHol usominun aenaror Ha (10 - 25) MM Gosibllie BBICOTHI CIIOS
0o6moTkH. Iyl BRIpAaBHUBAHUS TOPLEBBIX MMOBEPXHOCTEH OOMOTKH, BUTKU
KOTOPOil HAMOTaHbl 1O BUHTOBOW juHMU (puc.3.9,r), K BepxHeMy U
HIDKHEMY BUTKAaM Ka)KOrO CIIOSl MPUKPEIULIIOT BBIPE3aHHOE U3 Oymax-
HO-0aKENMMTOBOTO IMIMHIpPA OMOPHOE Pa3spe3HOe KOIbBIIO.

ITpoBOAHUKH BHYTPEHHHX CIIO€B OOMOTKH, HE COIMPUKACAIOIIUECS C
MacjoM, HArpeBalOTCs CHIbHEE, YeM IPOBOAHUKH HAPYKHBIX cioeB. s
MOJYYCHUS] JOCTATOYHON MOBEPXHOCTH OXJIAXKICHUS B OOMOTKE [ENaroT
OWH WM [Ba OCEBBIX (BepTUKaNbHBIX) KaHama (puc.3.9), M0 KOTOpHIM
uupKynupyer macio. Kanam obpa3oBaH pefikaMu U3 3IIEKTPOKapTOHA
win u3 nepesa (B oOMorkax Ha HampspkeHue He Oomee 10 kB).

OmnpenennB NpeABapUTENILHO IUIOTHOCTh TOKAa J, M CEYeHHE BHUTKa

I, mo dpopmynam (3.40) u (3.41), BeiOuparor mo Taba. 2.4 OmUH WU
JIBa-TPU MapajuIeNIbHBIX IPOBOJA MPSAMOYTOIBHOTO CEYEHHUS ¢ OO0LIMM
ceyeHreM Om3KkuM K I75.
CyMMapHBIH paguaibHBI pa3Mep NMPOBOJOB OOMOTKH, HEOOXOAHU-
MBI 711 TIOJy4EHHs IIOJIHOTO CEYEHHUs BCeX BHUTKOB 00MOTKM BH, mm,
a, = 1T (Wayy +2Wp) ,

10°3. (354)
koc 12

3nech [T, - ceueHne BUTKA B MM’ 9HCIO BHTKOB Wy H Wp BBIYHCISIOT
no ¢opmynam (3.38) u (3.39); Koe » 0,93- koadduunent, yuurbiBaro-
MU U30JALHI0 TPOBOJOB B OCEBOM HAMPABICHHH OOMOTKH; BBICOTA 00-
morkn BH,m, |, =(I;- 0,01, rae |;- Beicora oomorkn HH B M, om-
penemsieMast IS OJHO- U JBYXCJIOMHBIX IWIMHApUYecknx obomorok HH
no opmyne (3.13), ans BuaTOBBIX 0OMOTOK HH mo dopmymam (3.28) -
(3.32a);

[penenbHO AOMYCTHMBIA pagMANbHBIA pa3Mep OOMOTKH IO YCIOBH-
M OXJIQXKACHHS, MM,
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_ksq
kJZ

3nech K;- koaddurment 3akpeitus moBepxHoctH, pasubii 0,8; (- mpe-

JleNbHas IUIOTHOCTh TEIUIOBOro moToka He Gomee 1400 Br/m?% koaddu-

ment K= 10,7 ans memuoro mpoBoga; K= 17,2 - mis aJrOMHHHEBOTO;

Jo - JIOTHOCTH TOKA B OOMOTKE, BhIYMCIeHHas 1o ¢popmyre (3.40).

Ecnu pasmep a1, Berumciennbii mo dopmyne (3.54), okaxercs
Oonbie, yeM a1, BeruucieHHbI Mo (opmyne (3.55), To oOMoOTKY ciemy-
€T pa3[eNuTh HA JBE WM TPH KOHIICHTPUYECCKUE KATYIIKK TaK, 4TOOBI y
KaXIOW M3 HHUX PaJualbHBId pasMep Ob1 He OOblle MpeaesnbHO JOIyc-
tumoro mo ¢opmyne (3.55). Illupuna oceBOro kanajga MEKAY KOHIICH-
TpuyeckuMu Kartymkamu (puc. 3.9,r) as, » 0,01l,, Ho He MeHee 5mMm.

ay (355)

PeanbHble ceueHHs MPOBONOB BHIOMPAroT MO Tabn. 2.4 W 3amuchIBa-
or e Mapka InpoBozia Ng, ab
Pra IPoROIa T2 "¢ e
IIe Ng,- YUCIO MAapajuleNbHBIX IPOBOJOB BHUTKA;
a u b- pasmepsl mpoBogoB 6€3 H3OIALKH B MM;
al u b(- pasmepsl mpoBoaoB B m3omsinuu 1o ¢dopmyie (3.9) B mm.
PeabHOE CEUEHHE BHUTKA, MM 2,
1Ty =ngy I pp, (3.56)
rae I1;p - CedeHne OTHOrO MPOBOMA, MM 2,
PeanbHoe cedeHue BUTKa /7, AOKHO OBITH NPHOJIM3UTENHHO PABHO

BBIYKCIICHHOMY panee 1mo ¢Gopmyne (3.41).
PeanpHas IUIOTHOCTE TOKa B 0OMOTKE, A/MM 2,

Jzzléé, (357)

3neck | p, - HOMuHANBHEIA (a3HBI TOk B oOMmoTrke BH, A; I, B MM 2,
Yucio BUTKOB B CIIOE

17100
Ngy b¢

3nech |,- nimHa oomorku BH, M; Npp - uncno mapajuiensHBIX IIPOBOJOB

We2 1, (3.58)

BUTKa; b(- pasmMep mpoBoma B H3OJISAIKH, MM.
Yucmo ciioeB B OOMOTKE
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+2
N, =—2n T%p (359)

We2
[JIe YUCIO0 BUTKOB Woy U Wop ompenersitor mo ¢opmynam (3.38), (3.39).
3HaueHHe Ng, OKPYMIIOT 10 ONIDKaWIiero OOJBLIErO YHCIHA.
Pasmep a BbIOpaHHOTO MPOBOjAA HE JOMKEH OBITH OOJblIE 3HAYe-
HUS @ppy; B TalI. 3.3, 3aBUCALIETO OT 4HCIa CI0eB Ncp. Ilpn atom

n00aBoYHBIE MOTEPH B OOMOTKE HE MPEBHICAT 5% OCHOBHBIX MHOTEPb.
Pabouece HampspkeHHE JBYX CIOEB OOMOTKH, B,

Uca =2WcoUp, (3.60)

rae Wc 2 - 9MCI0 BUTKOB B ciioe oOMoTkH 1o ¢opmyne (3.58);

Ug - HanpspKeHue BuTka no ¢opmyne (3.5), B.

[To pabodyeMy HamNpsHKEHUIO JBYX CJIOEB M JaHHBIM TaOid. 3.6 BbI-
OUparoT YUCIO0 CoeB U o0y TonmuHy dc kabenbHOU Oymaru B H30-
JSIMAA MEXKIY CIOSIMH OOMOTKH.

Pammaneubiii pasmep oomotku 6e3 skpana (puc. 3.9,r), MM.

a; =alng,; +dc (Ncy - 1) +ab, ni . (3.61)
3meck pasMep mposoja al M TommuHA u3omsuuu de B MM, Nc2 - 9uCio

cioeB; ab, »0,01l,, MM, HO He MeHee SMM; Ny - YUCIO OCEBBIX KAaHAJOB.
Hnst knaccoB HampspkeHuss 20 u 35 kB pagmanbHbld pazmep 00-
motku (puc. 3.9,r) yBenMUMBACTCA 3a CYCT JKpaHA M JBYX CIOCB MEXK-
JyCTIOWHOW HM30JIIMU HAa 3 MM.
PammaneHbiit pasMep OOMOTKH C SKPaHOM, MM,
a, =a, +30, (3.62)
B Qopmyne (3.62) Bce pa3mMepbl B MM.
BHyTpeHHuii nuamerp OOMOTKH, M,
D§ =Df+2a, 107 (3.63)
rae Df- mapyxssii nuamerp obmorku HH B M;
ay,- MUHMMaIbHBIA paanaibHbIi pa3Mep oceBoro kaHama (puc. 2.3)

mexny oomorkamu HH u BH, mm, BeiOuparoT mo Tabm. 2.7;
HapyxHpiii muametrp OOMOTKH, M:
- 0e3 skpaHa
D§ =D +2a, 107 (3.64)
- C DKpaHOM
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D§ =Dg +2a5” 107, (3.65)
rae D% - BHyrpeHHu# auamerp oOMOTKH, M;
a,, ab- paguambHBIA pasMep OOMOTKH B MM.

[IOBEPXHOCTh OXJIAKICHHS, M2, ONPEIENIIOT Mo (GopMyIIe:
g =3kgnp (D§+D,)1, , ( 3.66)
rae Ks- ko3 duIMeHT, yJYuTHIBAIOMMK 3aKPBITHE YacTH IOBEPXHOCTH 00-
MOTKH M30JsIiMOHHBIMH fetaisamu (Kg =0,8); Nn- uncno xoHueH-

TpUYeCKUX KaTyimek ooMmorkun BH; Bce pasmepsl B M.

[ocne ompeneneHust MOTEPh KOPOTKOT'O 3aMBIKAHUS Ui OOMOTKH
BH (pasmen 4) ciegyer HAiiTH IUIOTHOCTH TEIIOBOIO MOTOKA, B/m?,

Poci2
q=—""5k s , (3.67)
oy A

3nech Pycpyp-norepu B oomotke BH no dopmyne (4.6), Br; K ;,- kooddu-

LMEHT, YYUTHIBAIOIIUKA 100aBouHbIe moTepu, o ¢dopmyre (4.11).
IonydenHoe 3HaueHHe (| He OMKHO mpesbimaTh 1400 Br/m? s

06MOTOK u3 Memnoro u 1100 Br/mM? - U3 alrOMUHHEBOrO MPOBOIA.
Ilpu pacyere odomorku HH mpumsate Wp =0, J, =Jcp. UHOEKC

"2" B o0O3HaueHMWsX BeIMYMH M (opmylax 3ameHuTh Ha "1". BHyrpen-
HUH W HAPYKHBII AUaMETphl OOMOTKH CIEIYyeT PacCYUThIBaTh 1O (op-
mynam (3.15), (3.16) wm (3.33), (3.34) Bmecto dopmyn (3.63), (3.64),
(3.65). Beicory oomotku |1 B dopmynax (3.54), (3.58) npumsate paBHO
npenBapuTeNnsHO Hahaenuoi no ¢opmyne (2.9) Beicore |, m. IlnorHoCTh
TEIJIOBOrO TOTOKAa paccuurats mo (opmynam (3.17) u (3.18).

3.2.3. PACYET HEITPEPBIBHOI KATVYIIIEYHOM OBMOTKU

Karymieunass 0OMOTKa COCTOMT M3 PACHOJIOKEHHBIX B OCEBOM Ha-
MpaBICHUN OOMOTKH W TOCJEJOBATENbHO COCJMHEHHBIX KAaTYIIEeK, HaMo-
TaHHBIX B BHUIE IJIOCKMX CHHUpAJIel ONHMM MM HECKOJBKHMU Mapajuiellb-
HBIMH TIPOBOJAMU TMPSIMOYronbHOro cedenus (prc.3.10)

Karymku pasneneHbl paguajibHBIMHA KaHalaMH, 00ecleurBaOIIUMHU
M3OJSIIIMIO KaTYIIeK M OXJaKAeHHe oOMOTKH. B oOMorkax Tpanchopma-
TopoB MOITHOCTBIO 10 6300 KB>A MOXHO MPUMEHSATH CIBOCHHBIE KaTyII-
KA C paJualibHBIMH KaHaJlaMH 4Yepe3 JABe. B 3ToM ciyyae MOJNOBHHY pa-
JHMAJbHBIX KaHAJIOB 3aMEHSIOT pa3pe3HbIMH MIali0aMu Mo ABe IIaid0bl 00-
med TonmuHoW 1,0 MM. DTOT mpueM HauboJiee 4YACTO MCHOJB3YIOT JUIS
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00MOTOK W3 aJIOMHHHEBOTO MPOBOJA.
([ ] N ] ||||]|:[b( B Tpanchopmaropax MOIIHOCTBIO Ha

MmN, === A omuH crepxkens g0 110 kBXA momyc-
he THMO BOOOIIE HE JenaTh MEKKaTy-

lo]

1IN | | [T LLICYHbIC KAHAJBL.
Karymeunyro 0oOMOTKY Ha3bIBa-
III]” [N ] I”HhKAT 10T HENpephIBHOW, €l OHa HaMoTa-
Ha OJHUM WIM HECKOJIBKHMH (IBYMs-

— Tpemst) MapauielbHBIMU HPOBOJAMHU
0e3 paspbiBa MPOBONOB. Butku yis
peryNnUpOBaHUs HampsDKEHHS B 00-
Motke BH u BuTKM c ycuieHHOMN
W30JSIIIMEH pacroyiarafoT B OTIeEllb-
HBIX KaTYIIKaXx .

MexKKaTryedHsle KaHallbl 00pa-
30BaHbl IITAMIIOBAHHBIMU U3 3JIEKTPO-
— W3OJSIIIMOHHOTO KapTOHA IPOKJIAIKa-

/!
D>

Puc. 3.10. HenpepbiBHasE KaTy- MU 4, KaK mokazaHo Ha puc. 3.11.
nreqHas oOMoOTKa

19 3

25

1 — yununop; 2 —rxamywxu;, 3 — petixu; 4 —medckamyuieunvie nPOKIAOKU.

Puc. 3.11. PacnionoxeHne KaTylIeK, PeeK W MEKKATYyIIEYHBIX IMPOKIAIOK
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[Ipoknanky 3akperisIIoT MpOoceYKaMU Ha KpalHeH MIMpOKOM Moiioce
peiiku 3 (puc. 3.11) u3 amekTpokapToHa. Pefiku ycTaHaBIMBAIOT MO 0Opa-
3YIOIIUM OyMa)KHO-0aKeNUTOBOrO IMIMHApPa 1, HA KOTOPOM HaMaTHIBAIOT
00MOTKY. OpHEHTHPOBOYHO YHMCIIO PEeK MPUHMMAKOT 1o Tabm. 3.7.

[lepexon mpoBoja M3 OAHOM Ka-

TYIIKH B APYLYIO JENAIOT B MPOMEKYT- Tabnuya 3.7
Kax MEeXIy NpokmaakamMu. Yucimo BUT- Bribop umcna peek

KOB B KaXJOH KaTyIIKe MOXET ObITh
KaK IeJbIM, Tak ¥ JpoOHbIM. B moc-
JeTHeM cllydae B 3HaMeHaTele ApooH

MomHOCTs TpaH- Yucio
chopmaropa, KBXA | peek

YKa3bIBAlOT MOJIHOE YHCIIO PeeK, B YMC- no 100 6

JMTENe YMCIIO PEEK, OXBAYEHHBIX He- or 100 o 630 8

HOJHEIM BHUTKOM. ot 1000 no 1600 8-12
Karymku ¢ pasHbIM YHCIIOM BHT- or 2500 mo 10000 | 12- 16

KOB - OCHOBHbBIE, PEryIIMPOBOYHEIE, C

YCUJIGHHOW H30JIUeH - Ui ynoOcTBa

0003Ha4aT pasnuuHeiME OykBamu andasuta (B, I, JI coOTBETCTBEHHO).
IInotHOCTH TOKAa J, U OPHEHTUPOBOYHOE CEUEHUE BUTKA OOMOTKH

I1, naxopar no Qopmynam (3.40) u (3.41). K sTomy cedeHmro BUTKa IIO

copramenty (Tabi. 2.4) momOuparoT OJWH WM JBa-4eTHIPE MapajulebHBIX

mpoBOJA OAWHAKOBOro ceueHus. Pasmep mposoga b, MM, mo ycroBusam

OXJTAKIACHUA U OOIIYCTUMOMY YPOBHIO I[OGaBO‘IHI)IX NOTEPh HE OOJIKEH
NpEBbIIIATh 3HAYCHUSA, MM,

LSl
kJs
rae Kz - koo uipeHT 3aKppITHA MOBEPXHOCTH, MpuUMepHO paBHbii 1,0;

g - npeneibHas TMJIOTHOCTh TEIIOBOro motoka He Oonee 1600 Br/v?;

Kk - uucnosoit xosddunment; K =10,7 gt memmoro u K =17,2 ms

AJIIOMUHHEBOI0 IIPOBOJA,
Jo - INIOTHOCTE TOKA B OOMOTKE, Alvm 2
Ecmu pasmep byax Hodydaercs OMM3KMM K NPENENIbHOMY IO COp-

byax = (3.68)

TaMEHTy TalOJl. 2.4 WM BBIXOOUT 3a 3TH NpeNenbl, TO B KaTYIIEYHOW 00-
MOTKE MOXKHO BbIOpaTh JAeHCTBUTENbHBIH pasmep mposoxa DE 05byax »
CIBOWTH KAaTYIIKHd M CHeNaTh pajuaibHble MaclsHble KaHAJIbl 4epe3 JBe
KaTYIIIKH.

OOBIYHO HY)KHOMY CEUEHHIO BUTKa B COPTAaMEHTE OOMOTOYHOrO
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IPOBOJA COOTBETCTBYET HECKONBKO CEUEHHM C Pa3IUYHBIM COOTHOILICHH-
€M CTOpPOH @ M D, 4To JaeT BO3MOKHOCTH IIMPOKOIO BapbHPOBAHUS
OpH pa3MELICHUM BUTKOB B Karymike. JIos HomydeHus Oojee KOMIIAKT-
HOH KOHCTPYKLIHM OOMOTKH PEKOMEHIYETCS BBIOMpAaThb U3 COPTAMEHTa
Oojee KpyHIHbIE CEUECHHS IIPU MEHBIIEM YHCIIE apaulelbHBIX MPOBOJIOB
C HauOOJIBIIMM BO3MOXHBIM DE Dyax -

Yucno Npy mapauienbHbIX MPOBOMOB BHTKA W PAAMANbHBIA pa3Mep
npoBona a 0e3 m3omsanuu (puc. 3.11) BbIOMparOT Tak, 4TOOBI pasmep a
OBLI MEHbILE JIONMYCTUMOIO djorr, 3aBHCSAILIEr0 OT 4YHMCNa IPOBOJIOB B
Karyiuke (B pajualbHOM HAIpaBieHHH) N2 Wocy, TOe Wocy onpele-
0T o gopmyne (3.75). Pasmep ajon ompeneneH W3 yCIOBHS, YTO
100aBOYHBIC MOTEPH B KATYIIKE OT MOTOKOB PACCESHHS HE IPEBBICIT
JIOIYCTUMBIX 5% OT OCHOBHBIX JIIEKTPHYECKUX MOTEepb. [t KaTyied-
HBIX 00MOTOK ayorr = (L,15- 1,25) apyyy. IlpenensHblil paguanbHblil pas-
Mep HpOBOJA dpyy CHCAYeT OMpeAenuTh Mo Tabm. 3.3, McXoAas U3 Yucia
NOpPOBOJIOB B Karymke Nz2  Wocw.

BriOpanHbIe pa3Mephbl 3alUCHIBAIOT Tak:

a'b
at¢ b¢'

rac nBZ- YHCJIO NapajlJIeIbHBIX ITPOBOJOB BHTKA,

Mapka mpoBoga Ng,

a , b- pasmepsl mpoBoma 0e3 M3ONSAIUU B MM,
a(, b(- pasmepsr mpoBoga B m3omsinuu mo ¢dopmyne (3.9) B mm.
[lonHOE CedeHue BUTKA, MM 2,
Iy =ngy (3.69)
rae Il p - npunsToe 1o TaOm. 2.4 CeueHHe OJHOTO MPOBOAA B MM 2,

PeanbHass TIOTHOCTE TOKa B OOMOTKE, A/MMZ,
|
J, =22 (3.70)

rae |4, - HoMuHaNpHEIM (a3l TOok 0OMOoTKH BH B A;
I1,- ceyeHue BUTKA B MM .
BbicoTa KaTymiku B 3TOH OOMOTKE, MM,
hgar =b¢,
rge b(- pasmep mpoBoma B m3ominuu no dopmyne (3.9), M.
Yucno Karyllek Ha OZHOM CTEPXKHE JUIl OOMOTKH C KaHaJaMu
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MG)KI[y BCEMU KaTyIHKaMI/I OpI/IeHTI/IpOBO‘IHO
I, 10 +h
nKATZ:%. (3.71)
kat + Nk

JIisi CIBOGHHBIX KATyIIEK ¢ InaiidaMu B JIBOMHBIX U C KaHaJlaMH
MEXIy IBOMHBIMH KaTyIIKaMHU

2(1, " 10% +hy)
2hyar +hy +dyy
B ¢opmynax (3.71), (3.72) 1, =I;, rme |- peanpnas nmuHa oomorkn HH

mo ¢opmynam (3.13) wimm (3.28) —(3.32a), M; oceBoii pa3mep (BbICOTA)
kaHanma hyg =(4- 6) Mm; TonuiuHa 3aMeHsrOMMX KaHan maio d; =1,0 Mmm.

NkaT2 = (3.72)

3HaueHUE Ny, OKPYIIIIOT A0 OMIpKaifliiero MEHbIIEro YEeTHOTO YHUCIHIA.
UYuciio BUTKOB B KaTyllKe

+
Wipr, = NoH +2Wp (3.73)

NkaT 2

[ YUCIO BUTKOB Woy U Wp ompenensiior mo ¢opmynam (3.38), (3.39).

Ecni umMcnio BUTKOB PEryaMpOBOYHOTO OTBETBIICHUS Wp, HaiJieH-
Hoe 1o Qopmyne (3.39), MeHblIe WM PAaBHO Wyatop, TO IS BBIIOJHE-
HHSL PEryIUPOBOYHBIX OTBETBICHUH TOCTATOYHO YETHIPEX PEryIUPOBOY-
Helx Karymek (tumal’). Ecim Wp 3 Wyaro, TO YHCIO PEryIHpOBOYHBIX
KaTYIIEK yABAaWBAIOT, & YHCIO BUTKOB B K&KIOW W3 HUX MPUHUMAIOT
paBHbIM 0,5Wp mpu yciosum, uro 0,5Wp £ Wity .

B o6motke na Hampsbkenne 20 kB BBINONHSIOT ¢ YCHJICHHOW H30-
jmnueit nBe KpaiiHue KaTymku (Nyc =2), Ha HampspkeHue 35 kB - ue-

ThIpe (Nyc =4). Yucno BUTKOB B KaTyIIKe ¢ yCHICHHOH wm3oismued ([I)

PeanbHOE YMCIIO BUTKOB B OCHOBHBIX Karymikax oOMoTku (tuma B)

Wy - 2Wp - Nyc W
Wor :( 2H P~ Nyc yc), (3.75)
(Nkat2 - Np - Nyc)
[ YUCIO BUTKOB Woy U Wp ompenensiior mo ¢opmynam (3.38), (3.39).
Np - 9uciao perynupoBouHbix Katymrek (I);

Nyc- YUCIO0 KaTylmleK C YyCHJIeHHO# uzomsiueit ([I).

Beicora (oceBoii pasmep) |,, M, oGmoTkH:
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C KaHaJlaMu MC)KI[y BCCMHU KaTYIHKaMI/I
l, ={ byar, +Klhg (Nkar2 - 2) +hpl} 207, (3.76)

¢ maiidaMu B JBOWHBIX M C KaHAJIAaMU MEXAY IBOMHBIMH KaTyIIKaMH

n n , R
I ={ barz +kIh (FET2 - ) +h + =52 d ]} 1077 (377)

3necs b(- pasmep mpoBoxa B H30JBIIUU, MM; Ngy472- YACIO KaTYIIEK; KO-
3 ULHEHT, YIUTHIBAIOIIMNA YCaaKy OOMOTKH MOCJIE CYIIKA H OIPECCOB-
ku k=0,94- 0,96; hyp- BeicoTa KaHalla B MeCTe pa3pbiBa OOMOTKH M

pasMeleHnsT PeryIupoBOYHBIX KaTymek, paBHas 8, 10, 12mm mis oOmo-

TOK kiaccoB Hampspkenus 6, 10, 35 (20) xB; Tommunza mait6 d,;; =1,0Mm.
IMonyuennas no ¢dopmynam (3.76), (3.77) Beicota |, oomorkn BH

JOJDKHA OBITH IPUMeEpHO paBHa BeicoTe odmorku HH, To ectp |, » g

(pa3uuna BbICOT OOMOTOK He Oojee 5MmMm) .
Pammaneupiii pasmMep 0OMOTKH, MM,

a, =aWgocy Ngs- (3.78)
3nmeck al- pasmep MpoBOJa B M3OISALUH, MM; Wgcp - UHCIO BHTKOB OC-
HOBHOW Karymku (B), momosnHeHHoe n0 OmikaiIero Iejoro 4ucia;
Ngy - YMCIIO MapalyIeNbHbIX MPOBOJOB B BHUTKE.

BHyTpeHHuii nuamerp OOMOTKH, M,
D§ = Df+2a,,” 107, (3.79)
rae Df- puemnmit muamerp oomoTtku HH, M;

a,,- paguaIbHBIl pa3Mep OceBOro kaHama mMexay obomorkamu HH u

BH (puc. 2.3) o Tabn. 2.7, Mm.
HapyxHpiii muametp OOMOTKH, M,

D§ =Ds +2a, 107, (3.80)
TJIe a2 - pauaibHBIl pa3Mep OOMOTKH B MM.
[TnoTHOCTE TemaoBOr0 TOTOKA (, BT/M 2, OOMOTKH:
C KaHaJaMH MEXIY BCEMH KaTyIIKaMHu
Ky 3o 1o W, k
_ %1 J2 1e2 WocH zzz; (381)
ks (bC+a,)

¢ maiibaMu B JBOWHBIX M C KaHAJIaMU MEXAY IBOMHBIMH KaTyIIKaMH
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_ 2 ky Jp 1o Woch Kz
K3 (2bC+a,)

3necs Ky =10,7 mst MexHoro mposoga oomorok, Ky =17,2- mis amomn-

(3.82)

HHEBOTO; J, - IIIOTHOCTh ToKa, A/MM%; | 4, - asubiii Tok o6MoTk BH
B A; Wpgy - UMCJIO BUTKOB B OCHOBHBIX KaTyIIKax; KOI((HIMEHT, ydu-
THIBAIOIIMI 100aBOUHBIE mMOTEpH K 72 =1,05; ko3¢ ¢uiueHT, ydUTHIBAIO-

OIMH 3aKpBITHE OXJIKAAEMOW IOBEPXHOCTH KATYIIKH H30JSALHNOHHBIMHU
neramsimu, K; =0,75; b(- pa3mep npoBoja B H30JSILKH, MM; 8, - PaaAUab-
HBI pa3mep OOMOTKH B MM;

[lo ycnoBusiMm HarpeBa OOMOTKH 3HaY€HHE TEIUIOBOTO IIOTOKA HE
nomkHo mpebiate 1400 Br/m? JUIi OOMOTOK M3 MEIHOrO IMPOBOAA U
1100 Br/mM? s 0OMOTOK W3 aTFOMHHHEBOTO MIPOBO/IA.

[Ipu pacuere HempepbIBHOH KarymedyHod oOMoTkn HH mpunATH
Wp =0, np=0, J, =Jcp. Uuaekc "2" B 0003HAYEHHAX BENHYHH H
¢dopmynax 3ameHuth Ha "1". BHyTpeHHMII M HapyXHbBIH AuamMeTpbl 00-
MOTKH ClefyerT paccuuteiBath o ¢opmynam (3.15), (3.16) wm (3.33),
(3.34) Bmecro dopmyn (3.79), (3.80). Beicory obmMoTKH B (hopmyiaax
(3.71), (3.72) npuHATP paBHOW MPENBAPUTENBHO HaieHHON 1O (opmyse

(2.9) Beicore | , M. IINOTHOCTH TEILIOBOrO MOTOKA paccuuTaTh MO (HOpMy-
mam (3.81) u (3.82).

4. OITPEJEJIEHUE IMTAPAMETPOB KOPOTKOI'O 3AMBIKAHUSA

4.1. OTIPEAEJIEHUE TIOTEPH KOPOTKOI'O 3AMBIKAHUSA

[oTepsiMmu KOPOTKOTO 3aMBIKaHHs ABYXOOMOTOYHOTO TpaHcdopmaro-
pa Ha3bIBAIOT MOTEPH MOIIHOCTH IPH YCTAaHOBICHWH B OJHOW W3 0OMO-
TOK TOKa COOTBETCTBYIOLIETO HOMHHAIFHOW MOIIHOCTH M 3aMKHYTOW Ha-
KOPOTKO Jpyroii oOMOTKe.

INotepu xopoTtkoro 3ambIKaHusi Py B TpaHchopmaTope mompasmerns-
0T Ha CIEAYIOIINE COCTABIISIONINE:

- OCHOBHBIE JEKTpHUYeCKUe NMOTePU Pycrpq U Pycyo, 00ycnoBneHHbIE
Tokamu B oobmorkax HH u BH,;

- nobaBouHble moTepu B oOmMorkax HH m BH OT BUXpEBBIX TOKOB,
WHIYKTUPOBAHHBIX IOJIEM PacCesHus;

- OCHOBHBIE NIOTEPU B OTBOAAX OT OOMOTOK Porg1 U Porp o)
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- IOTEpPU B CTEHKaX 0aka M JAPYrMX METAJUIMYEeCKUX IETalsX TPaHC-
(opmaTopa, BBI3BAaHHBIC MAarHUTHBIM IIOJEM paccesHus oOMOTOK, Py.
Cpenuuii muamerp, M, oomorok HH u BH coorBercTBeHHO:

Dep1 :@§ (41)
Dcpo :@’ (42)

rae Df, D DS, D§ - cOOTBETCTBEHHO BHYTPEHHHE U HapYXKHBIE AHAMET-

pet oomorok HH u BH, M, Halinennsie B pasnene 3.
Macca meramna, kr, oomorok HH u BH coorBercTBeHHO:

Go1 = kDepy Wy 17,7 1072, (4.3)

Goz =k Depp Wy 17,7 10°%, (4.4)
rae K=84 mns memnoro u K=254 mis amoMUHHEBOTO TPOBOJA,
11, w II, - CeueHns BUTKOB oomorok HH u BH, mm 2;

Dcp1 u Dcp2 - cpennue nuamerpbl 0OMOTOK, M.
OcHoBHble morepu, B, B oomorkax HH u BH coorBercTBeHHO:

Poc1 =k I{ Gy, (45)

Pocr 2 =k 35 Gy, (4.6)

rne K=24 gms memmoro u K=12,75 njis amoMHHHEBOTO MPOBOMA;
J; u J, - pealibHas IUIOTHOCTh TOKa, A/MM 2 B o6mortkax HH u BH;
Gor 1 Gg, - Mmacesl Meramma oomorok HH u BH, kr.
Macca meramna oomotrku BH ¢ ydeToM BUTKOB BEpPXHUX CTyIeHei
peryJiupoBaHusi, Kr,
Goar = K Depy (W +Wp) 17,7 1073, (47)

rae 00O03HAYCHHsS M Pa3MEpPHOCTH T€ ke, 4To u B (opmynax (4.3), (4.4).

[onnas macca meramia OOMOTOK TpaHC(OpPMAaTopa, KT,
Gos =Go1 *+ Gozrr - (4.8)
Hns pacuera nobaBouHbIX moTeph B odMorkax HH m BH ot mo-
Toka paccesHus Pp (puc. 4.1) HEOOXOIUMO ONMpeAeNuTh KOIPPUIMEHTHI,
VYUTHIBAIOIINE 3aMOJHEHUE BBICOTHI OOMOTKH MAaTepHaioM NpPOBOJA!
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- JUIA OGMOTOK n3 mpoBOAa MPAMOYIrOJIbHOI'O CCUCHUA
bppm .,
b="t "k, 103 (4.9)

- 1st OOMOTOK M3 TIPOBOJA KPYIJOTO CEUYCHHUS
dm , .3
blzl—kp 10°°. (4.10)

B dopmynax (4.9) u (4.10) b;p- pasmep HpoBoia HIPSIMOYTONBHO-
rO CeYeHHs B OCEBOM HampasjieHun oomortku (puc. 4.1), mMm; d - quamerp
OpOBOJA KPYIJIOTO CEYCHUS, MM; M- YKCJIO IPOBOAHHUKOB B OCEBOM Ha-
npasieHnu odMorku (puc. 4.1); |- Beicora oomotky, M; Kp =0,93- 0,98-
KOO UIIMECHT TPUBEACHUS TIOJSI PACCESHUS .

Yucno MpOBOAHMKOB B OCEBOM HAIpaBiCHHU (BIOJb) OOMOTKH M
IV [ATHHIPUYECKIX OOMOTOK PaBHO MPOU3BEICHUIO YKCIA BUTKOB B
ClI0E HA YHCJIO TAPAJUICIBHBIX MPOBOJHHKOB B BUTKE M=nNg1 Wc1 HIH
M= ng2" Wc2. B karymednoit 06MOTKE M=Nga7,. B BUHTOBBIX 0GMOT-
Kax IM [ojy4arT mepeMHO)Kas 4YHMCIO BUTKOB W, Ha YHCIO XOZOB Ny
00MOTKH.

JInst M30IIMpOBaHHOrO HpoBoAa b u b; Bcerna MeHbIe eIUHUIIBL

Koa¢ punmenTs!, yuutsiBaronye g00aBOYHbIE TOTEPH B OOMOTKE
HH kj;; u B oomorke BH K5, paccunteiBator mo popmymnam:

- Uit 0OMOTOK W3 NPOBOJA MPSIMOYTOJIBHOTO CEYEHUS

kg =1+kb®n®aj, 10°*, (4.11)
- s OOMOTOK M3 TPOBOJA KPYIJIOTO CEYCHHS
ky =1+k b/ n*d*" 10°%. (4.12)

3nech k03(h(GUIUEHT i TPOBOJOB MPSIMOYrOJBHOIO CEUCHHS U3 MEIH
k=0,095, uz amomunus k =0,037; koadpdummenT s MpOBOJOB KpPYT-
jgoro cedeHus u3 meau Ky = 0,044, u3 amomuHusa k; =0,017; xoaddu-
mweHtel b ub 1 mo popmynam (4.9) u (4.10); ayp- pasmep npoBoma mpsi-
MOYTOJIBHOTO CEYCHHS B PAAuaJbHOM HANpaBieHUH (IOMEpeK) OOMOTKU
Ha puc. 4.1, mM; d - fuameTp TMpoOBOIA KPYIIJIOTO CEYECHHUS, MM; N - YHCIO
MPOBOJHUKOB B paguaibHOM HampasieHuu (momepek) obmorku (puc. 4.1).
Yucmo N paBHO: YKCITYy CIOEB Neq1 Wi Ne B MIWIMHIPUYECKHX OOMOT-
Kax; YHCIy MapajuieJbHbIX MPOBOJAOB B OMHOM XOJE B BHHTOBBIX OOMOT-
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Kax Ng1/ Ny ; TPOW3BENEHWIO YKCJIa BUTKOB KATYIIIKH HAa YHCIO MMapa-
JIENBHBIX IPOBOJOB B BHUTKE JUIA KaTyIIEYHBIX OOMOTOK Wocy Np2.

Q) npo6o0 Kpyeno2o cedenus 6) nPoBOO NPAMOY20IbHO20 CEeHeHUs.
anp
& brp
|

-
[ ]
[ ]
[ ]

M IpOBOJIOB

00

e
N MIpOBOJIOB N IpoBOJAOB

Cmpenkoil noxkazamo HanpasieHue TUHUL nomoxa pacceanus Dp .

Puc. 41. K onpenenennto 100aBOYHBIX TOTEPh B 0OMOTKaxX

Jns pacduera OCHOBHBIX moTeps B oTBogax obomotok HH m BH om-
pEeNeNsAoT AJIMHBI MPOBOIHUKOB W MacChl MeTajuia OTBOA0B. CedeHue or-
Boga [lgrg oOmorku HH mmu BH paBHO cedeHuIo BHTKAa COOTBETCT-
BYIOIIEH OOMOTKH.

OOmiast yIMHA OTBOJOB, M, JIJISl COCJUHEHUS OOMOTOK B «3BE3Jy»

lorg » 7,57 | (4.13)
n Ml COCAUHEHHSA B <TPECYIOJIbHUK»
lorg »147 I, (4.14)

rae |- ImMHa COOTBETCTBYIOIIEH OOMOTKHM, ompeaenseMas B pasnene 3, M.
Macca meramia orBomoB oomMotrku HH wimu BH, xr,

- s 106
Gorg =loms ot 9~ 107" (4.15)
3nech ammHa 0TBONOB lorp B M; ceuenme 1y B MM IUIOTHOCTH Ma-
Tepuana o6Morok ¢ =8900 kr/m® mms meam u g = 2700 xr/m® s anmo-

MUWUHUA.
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OcHoBHBIE TIOTEpH, BT, cooTBercTBeHHO B OoTBOomax HH um BH:
_ 2
Pore1 =k J1 Goreai (4.16)

Porez =k 35 Gora - (4.17)
3nech k=24 ms menubix u K =12,75 sl allOMHHUEBBIX IPOBOIOB
0OMOTOK; IUIOTHOCTH Toka Ji 1 J2 B oomorkax HH u BH B A/mm?;
Mmacca oTBofOB Ggorgy B Gorp2, ompenenseMast Ias KakAOH OOMOTKH
mo dopmyne (4.15), B kr.

[lorepn B creHkax 0aka W IPYrux CTaNbHBIX AETAsAX TpaHchop-
Maropa, BT,
P; =k Sy, (4.18)
rae K- koaddunrent, BeiOupaemblii mo taodm. 4.1;
S, - HOMHHaNIBHAs MOIIHOCTH TpaHc(opMmaropa, KB,

Tabnuya 4.1
3nauenne kodddunmenra K B popmyne (4.18)
Kosddumment HomunanbHast MOITHOCTH, KBXA
mo 1000 1000 - 4000 6300 - 10000
k 0,15 - 0,2 0,25- 0,4 04 - 0,45

[TonHble MOTEpH KOPOTKOTO 3aMbIKaHus, BT,
P =Poch1 K1 + Pochz Kg2 + Poter + Porez + Ps (4.19)
IMTorepu KOPOTKOrO 3aMbIKaHUs, MOdydeHHbie Mo (opmyne (4.19),
He JOJDKHBI OTJIM4aThcs Oosiee yeM Ha 5% or 3HaueHus PK B 3aJaHUuN
Ha TMPOEKTHPOBAaHWE TpaHchopMaropa.

4.2. PACUET HATIPSDKEHUS KOPOTKOI'O 3AMBIKAHUSA

HanpsbkeHneM KOPOTKOTO 3aMbIKaHHSA Uy ABYXOOMOTOYHOTO TpaHC-

(dopMaTopa Ha3BIBAIOT HAIPSHKEHHE, KOTOPOE CIEeNYeT IOIBECTH K OTHOHN
13 OOMOTOK NP 3aMKHYTOH HaKOPOTKO JIPYroil 0OMOTKe, 4TOOBI B 0OEHX
00MOTKaX yCTaHOBHJIMCh HOMHUHAJIBHBIE TOKH. [IpM 3TOM mepekirodarensb
orBeTBIIeHN 00MOTKM BH 1t perynupoBaHusi HampspKeHHS TOJDKEH Ha-
XOIUTHCA B TOJOKEHUH, COOTBETCTBYIOIIEM HOMHHAJIBHOMY HANPSDKEHHIO.

HanpsxeHre KOPOTKOTO 3aMBIKaHUS ONpEAeNsieT MaJeHUe HaIpsKe-
HUS B TpaHCOpMaTope NPU HArpy3ke, €ro BHEIIHIO XapaKTEPUCTUKY H
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TOK KOPOTKOTO 3aMBIKaHHUS. Ero paccuMThIBalOT B NPOLEHTaX OT HOMH-
HaJIFHOTO HAamNpsDKEHUS MEPBUYHOM OOMOTKHM M YUYHUTHIBAIOT MPH TOAOOpE
TpaHcopMaTopa Ha MapaJuleJbHYI0 pPadoTy.
AKXTHBHAs COCTaBIISIIONIAsl HAMPSOHKEHUS KOPOTKOTO 3aMblKaHus, %0,
u, = P , (4.20)
10S,

rae B, - morepu koporkoro 3ambikanus 1o ¢opmyne (4.19), B,

S, - HOMHHa/IBHAs MOIIHOCTb TpaHcdopmaropa, KBA.
Jna ompeneneHusi peakTUBHOW COCTaBIISIIO-
$B e HarpspKeHUS KOPOTKOT'O 3aMBIKaHUS He-

a;|a12|ay 00X0oauMo paccuuTath psan koddduimeHToB.
YucnoBoit koaddunueHt
A
B IR O N d
<10 T p=P%2 (4.21)
(""‘\*IIIL’”‘ ; |
! \ 1
i A ol %L s rze | - nanGonbimas Beicora oOMoTkn HH
:+|: v Eé‘B“ ! i —:“ wmm BH, nonmyyennas mno pacuery
Y:I:::I:I:YEYE B pasnene 3, M;
I [ | ] (v
"dj: : :@,- Y E " di2 - cpennuit auaMeTp KaHaia MEXIy 00-
{IREID i MOTKaMH, M,
- >t 7 " AR
2l ”
__>-"J?L‘\‘_,' Dy +D2(
dy, = (422)

7/

Puc. 4.2. Tlone paccesaust 3gecs Df, D% - COOTBETCTBEHHO HapyXKHBIi

IIByX OOMOTOK nuamerp ooMorku HH w BHyTpenHuit nma-
Merp obmotku BH B M.
lupuHa NpUBEJEHHOT'O KaHaja paccesHUs Mo puc. 4.2, MM,

+
aP:a12+al—;‘2, (4.23)

rae a;, - MIMpUHA KaHala MeXAy OOMOTKaMH IO Tabm. 2.7 B MM,
&y, 8, - paquansHele pasMmepsl oomMorok HH u BH B Mym;

Koaddunuent, yunThiBaonuii OTKJIOHEHHE PEealbHOrO IO pac-

CCiAHUA OT HUACAJIBHOI'O0 BCICACTBHUC KOHEYHOW BBICOTHI OGMOTOI(,
1

kp=1-s(l-e S), (4.24)
rae koddduimeHt
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a +ta, +ta, ., R
s=27%2 "2 - 193 (4.25)
pl
rae pasMmepsl 1o puc. 4.2 a;, 8,3y, B MM, aiuuHa oomotok | =11» 12 B M.

PacuerHblii pasmep |y, MM, ONpenessIONMi pa3iuyhe MO BbICOTE
oomorok HH u BH (puc. 4.3), 3aBucut or tuma obomorku BH u cxemsr
perymupoBanusi HanpsokeHusi. IIpu Bbramcnenuu |, ciemyer cumrarhk, 4TO
TpaHcopMaTop paboTaeT Ha CpeJHel CTYNeHH pPEeryJupOBaHUS HaMpsDKe-
mus BH, xorma gepes 2Wp BUTKOB OOMOTKH HE MPOXOAMT TOK HATPY3KH.
B HempepblBHOI KaTylmIeyHOH OOMOTKE PErylInpOBOYHBIE BUTKH Pacioio-
KeHbl B cepenuHe BoicoThl oOMoTku BH (puc. 4.3,a) u B 3TOM ciyuae

v =n(bt+nthy )+ hgp, (4.26)

3nech N =2, ecnu B 00OMOTKE YeThIpe peryaupoBounbix Karymku (I) u
N=4, ecan perylIMpoBOYHBIX KaTyllek BoceMb; b(- pasmep mpoBoja B

mominuy ooMoTkr BH, MM; pasmepbl paauanbHbIX KaHanoB hy u hyp,
MM, olpeaeseHsl B myHkTe 3.2.3; B OOMOTKax C KaHAJlAMH MEXKIy BCEMH
KaTymkaMd N(=1, mpu cABOeHHBIX Karymkax N(=0,5.

v | B MHOrocioiHoOW LUINH-
1 I‘X —)2( Jpudeckoil oomotke |y =0,
15/2 TaK KaK peryIupOBOYHBIC
BHUTKA OOBIYHO pa3MEIICHBI B
I1 |‘X I l» l1 I, HAPYKHOM CII0€ OOMOTKH, IO
: Bcell ee Boicore (puc. 3.7,a,0).
| ¢ Upes3BpluyalfHO PEOKO B
2/2 Iy TpaHchopMaToOpax MOIIHOCTBIO
) no 160 kB*A nmomyckaercs He-
a) 6) 6) PaBEHCTBO BBICOT OOMOTOK
HH u BH mno puc. 4.3,0,8,
Puc. 4.3. K pacuery |y TOr/1a

Iy =[li- 15, (427)
Koo dunuent, yuuTeiBaromuii B3aMMHOE PaCIOJIOKEHHE OOMOTOK
HH u BH (puc. 4.3).
1%

— X 103, (4.28)
ml,ap Kp

kq =1+
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3nech pasmepbl |y u 8p B MM; M=3 Npu pacnojokKeHUH OOMOTOK MO
puc. 4.3,a,8 1 m=0,75- no puc. 4.3,6; |,- Beicora oomorkn HH, Mm,.

OOBIYHO kq Haxonutcs B mpexaenax or 1,01 no 1,06.
PeakTuBHas cOCTaBIAIONIAs HANPSHKEHHUS KOPOTKOTO 3ambIkaHus, %0,
_7,9f Stb ap kp kq .

Up = 5
Ug

10" 4.

(4.29)

3mecy f - gacrora ceru, paBHas 50 I'y; S(- MomHOCTh OHOW (a3bl
tpanchopmaropa, ompexaemsiemas mo (opmyne (1.1), kBXA; mmpuna ka-
Hama paccesHust ap - mo dopmyne (4.23), mm; b, Kp, Ky - koop@uuuents:

no ¢opmynam, coorBerctBeHHo, (4,21), (4,24) u (4.28); ug - HampsDKEHUE
onHOro BuTKa, B, mo dopmyne (3.1).
Hampspkenue KOPOTKOro 3ambikaHus, %0,

Uk :\/uf, +u% . (4.30)

3HavyeHne Uy , nosydeHHoe 1o ¢opmyine (4.29), He NOHKHO OTJIH-
4aThcsi OT Uy B 3aJaHMM HA IPOEKTHpOBaHHWE TpaHchopmaropa Ooiee
gyeM Ha *5%.

B Tex cmydwasx, Koraa HOJNy4eHHOE 3Ha4eHHE Uyg HE BXOAUT B
yKa3aHHbIE ITpeelibl, M3MEHSIOT MHAYKIUI0 B Wi aumamerp crepikHs
d,, . HeOonpumx OTKJIOHEHHH Uy B HY)XHOM HAaIlpaBJIeHHMHM MOXKHO JIOC-

THYb, M3MEHHB IIHHY 00MOTOK |, m |2. Ecmun uy MeHsle 3agaHHOTO,

1
clienyeT yBelM4uTh ap B (Qopmyne (4.23) 3a cuer a,.

4.3. ONPEJEJIEHUE MEXAHUYECKUX CUJI B OBMOTKAX
N HATPEBA OBMOTOK IIPU KOPOTKOM 3AMbBIKAHHUA

BHe3anmHOe KOpPOTKOE 3aMBIKaHHE BTOPUYHOW OOMOTKH TpaHcdop-
Maropa - 3TO aBapUNHBIM PEXHUM, KOTOPBIM COIPOBOXKIAETCS MHOTIOKpAT-
HBIM YBEIIMYEHHEM TOKOB B OOMOTKaX IO CPaBHEHHIO C HOMHHAJbHBIMH
TOKaMH, TOBBIIIEHHBIM HArpEBOM OOMOTOK U yJapHBIMH MEXaHHYECKUMH
CHJIaMH, ACHCTBYIOIIUMH Ha OOMOTKH. [IpoBepka OOMOTOK Ha MeXaHH-
YECKYI0 IMPOYHOCTh IMPU KOPOTKOM 3aMBIKAHMM BKJIIOYAET:

- pacueT MaKCHMaJlbHOTO TOKa KOPOTKOTO 3aMbIKaHWs TpaHc(opmaTopa,
- OTIpeJieNieHNe MEXaHWYECKUX CHI MEeXAY OOMOTKaMH M UX YacTsAMHU,
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- OMpECIICHUE MEXaHUYECKUX HANPSDKCHUU B M3OJISAIMOHHBIX OIMOPHBIX
U MEXKKATYIIEYHbIX KOHCTPYKIUSX W B MPOBOJAX OOMOTOK.
JlelicTBytoIIIee 3HAYEHHE YCTAHOBUBILIEIOCS TOKA KOPOTKOTO 3aMbl-
kanaus B oomorke HH ummm BH, A,

100
IKy:I(pu—, (4.31)

K
rae | 4 - HOMMHAIBHBIM TOK COOTBETCTBYIOIIEH OOMOTKH, A;
@

Uy - HAaTIpsDKEHHE KOPOTKOTO 3aMbIKaHUS, %0.

B pesynpraTe B3aMMOAEHCTBHS TOKa B OOMOTKAaX C MAarHHTHBIM IIO-
neM 0OMOTOK (IOJieM pacCesiHust) BO3HUKAIOT JJIEKTPOMArHUTHBIC CHIIBI,
OKAa3bIBAIOIINE MEXAaHUYECKOE ICUCTBUE HAa OOMOTKH.

B HavanpHBII MOMEHT KOPOTKOTO 3aMbBIKAHUS TOKH 3HAYUTEIHHO
MPEBBIIIAIOT YCTAHOBUBIIKMECS 3HAYCHHS 33 CUCT alepHOMMYCCKON COCTaB-
msroredt. [1o3ToMy MexXaHWYECKHE CHIIBI B OOMOTKAaX B HECKOJBKO pa3
MPEBBIIAIOT CHIIBI MPU YCTAHOBUBIIEMCS TOKE KOPOTKOTO 3aMbIKAHUSL.

Haubonpliee MrHOBEHHOE 3HAYCHHE TOKAa KOPOTKOTO 3aMbIKAHUS, A,

i =141Ky |y s (4.32)

rae Ky - KooQUIHeHT, y4UTHIBAIOIMI anepHoJHYeCKyI0 COCTABIIIONIYIO
TOKa KOpOTKOFO 3aMBbIKaHHA,

p ua

U (4.33)

MexaHUUYeCKUEe CUJIbI, BO3HUKAIONIME MPU KOPOTKOM 3aMbIKaHUH
MEXKJIy OOMOTKAMHM W WX 4YacCTSMH, MOTYT IPHBECTH K Pa3pyIICHUIO 00-
MOTKH, K AedOpMalui WX Pa3pbiBy BUTKOB WM Pa3pPYIICHUIO OMOPHBIX
KOHCTpyKImit. [ToaToMy OOMOTKA JMOKHA OBITh MEXaHUYECKU MPOYHOM,
YTO JOCTUTACTCS €€ MAaKCHMAaJIbHOM MOHOJIMTH3AIHUCH. IOMKHMOM BHTKOB
U OMpeccOoBKOW Bcell 0OMOTKHM, MPONHUTKOM OOMOTKH JakamMu. Kpome sTo-
ro, HeOOXOAMMO 1O BO3MOXKHOCTH YMEHBIIIATh MEXaHUYECKHE CHJIBI, ISt
yero oomMorkd BH m HH BBIMONHSIOT OOMHAKOBOH BBICOTBI C CHMMET-
PUYHBIM [0 OTHOIIEHHUIO K cepeluHe BbIcOThI 00MoTkM BH pacmomnoxe-
HUEM OTKIIIOYAEMBIX PEryJUPOBOYHBIX BHUTKOB.

[Ipu paccMOTpeHMH MEXaHMYECKOTO JEHCTBUS AJIEKTPOMATHUTHBIX
CHJI, Pa3JielIbHO OIICHUMBAIOT OCEBBIC CHJIbI, CKUMAIOIINE OOMOTKY B OCe-
BOM HANpAaBIICHUM, W PaJUaIbHBIC CHJIbI, PACTATHBAIOIIME BHEIIHIOW 00-
MOTKY, M3THOAIOIIME M CKUMAIONIUE MPOBOJAa BHYTPEHHEH OOMOTKH.

MarHuTHOe ToJie paccessHus OOMOTOK YCJIOBHO MPECTaBJISIOT B

ky =1+€
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BUJIE CYMMBI IIPOJOJIBHOIO M IONEPEYHOr0 MArHWTHBIX mojeidl. WHayk-
) B [MOHHBIE JINHUK TPOAOJbHOro mojis B
AA —>—'e HAINpaBJieHbl MapayjiebHO OCH OOMOTKH,

>

|
o

: ] nonepeunoro B(- panmansro. Hamuune

; HOIIEPEYHOr0 MOJS 3aBUCHT OT COOTHO-

i, Fp [ICHUSI BBICOTHI M CYMMApPHOHN IIHPHHBI

D= (ay +ay, +a,) ooMorok. UeM BbIIIE U
yKe 00OMOTKa, TeM MEHBIIE IOIEPedHOe
MarHUTHOE TOJIE.

CormacHo HampaBJCHUIO TOKOB HA
puc. 44 u mpaBWy JEBOW PYKH Mexa-
HU4eckue cuibl Fp, 00ycnoBieHHbIE
M I B HPONONBHEIM IIOJIEM PACCESHUS, OYXyT

Y JeficTBOBaTh Ha OOMOTKH B paauajbHO-
MPOTHBOIMOJIOKHBIX HAIPABICHHUAX, CKH-
Puc. 4.4. TlpononeHoe u mo-  Masg oomorky HH wu pactsirmBas oOMmoT-

1
JAN

IIEPEYHOE MAarHuT- ky BH.
HBIE TIOJSI pacces- PaguaneHas cuia, melcTByrommas Ha 00-
HUS 0OMOTOK motrky BH, H,
D . ;A
Fp :0,628kpplﬂ (i Wapy )2 107 (4.34)
2

3neck Kp- xoadduirent, BeraucieHHslit mo Gopmyne (4.24); Dep, - uuc-
JIO BUTKOB W cpennuil nuamerp oomorku BH B M; I,- oceBoii pasmep
(Bbicota) obmorkn BH B M; Haubonbumii MrHOBeHHBIN (ymapHbBIi) TOK
ik mo dopmyne (4.32) B A; W,y - uncino BUTKOB oOMoTkH BH.

Ha obomorky HH neiicTByeT pammanbHas cuia, paBHAs MPUIIOKCEH-
Holt k obmorke BH cmne F,, HO NpOTHBONMONOKHOTO HAMpaBJIEHHS.

INonepeynoe moie paccesHHs, HANpaBlIeHHE KOTOPOrO B BEPXHHUX
U HIDKHUX IIOJIOBMHAX OOMOTOK IIPSIMO IPOTHUBOIIOJNIOXKHO, 00pasyeT Me-
xaHudeckue cuibl FSe (puc. 4.5), cxumaromye oOMOTKH B OCEBOM Ha-
npasiernu. OceByto cumy FSc, H, onpenemstror mo ¢opmyrne:
ap .

ch“,::Fpi 10°3. (4.35)

3necy Fp-pagmanpHas cuna B H, @, - mmpuHa NPUBEIEHHOIO KaHaia
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paccesHmsi, ompeaesiemas mo Qopmyne (4.23), mm; | - peansHas cpemmsis
JNIMHa OOMOTOK B M.

PaBHOMepHOe pacripeneneHre BUTKOB IO BBICOTE 00OEMX OOMOTOK
BCTpEYaeTcsi TOJIbKO B MHOTOCTOWHBIX IMIMHIPUYECKHX OOMOTKaX Ha
cropone BH, xorma oTkimroyaeMble PEryJIHpPOBOYHBIC BUTKH PACIONAraroT-
C TIO BBICOTE BCETO HAPYIKHOTO CIOS OOMOTKM Tak, KaK ITOKa3aHO Ha
puc. 3.7,6. Bo Bcex Apyrux ciiydasx BO3MOXHO B3aMMHOE PaCIOJIOKECHHE
00TeKaeMBbIX TOKOM dYacTeil oOMoTok, mpu kotopoM |y * O (puc.4.3) u
BO3HHUKAET BTOPOE IMOMEPEYHOE MTOJIe, BBI3BIBAIOIICE JOMOIHUTEILHYIO OCe-
BYIO CHIY F(")C, H,

F@C:ﬂ’lo'3. (4.36)
I @kp m

3/ech pacCcTOSHHE OT CTEPXKHS MAarHUTOIMPOBOJA JIO CTEHKU Oaka
TpancopmaTopa, M,

|¢:%+55, (4.37)

rae DY, - napyxusrit guamerp obmorku BH B M;

d}, - HoOpMaNIM30BaHHBIA JMaMETp CTEp)KHSA TpaHcdopmaTopa B M;

S; - paccrosHue or obmoTkM BH nmo cremkm 6aka, M, mo Tabm 4.2.
Pacuer F§: Benyr npu Hamboiee HEONArompUSATHBIX YCIOBHUSX, KOTJA
TpaHchopMaTop paboTaeT Ha HU3IICH CTYNEHH PEryJIHPOBAHUS HAIpsKe-
HUA U obecroueHo 4Wp BUTKOB. Paccrosaume |y, MM, Ui HenpepbIBHOI

KaTYIIEYHOH OOMOTKH C pa3MeEIIeHHEM PEryJHpPOBOYHBIX KATYIIEK B Ce-
peauHe ee BBICOTHI ompeneistor mo ¢opmyne (4.26), npunumas N =4
OpU YeThIpeX peryaupoBounbix Karymikax (I) m n=8 mpu BockMu Ta-

KX KaTymkax. B apyrux cmydasx npuHEUMAOT |y :| [, - I2|. Koappuun-
eut kp ompenemsitor o ¢dopmyine (4.24). Koapduimenr m u3z puc. 4.5.

Tabnuya 4.2
Paccrosamne or obmorku BH no crenku Gaka

PaccrosiHue ot HcnpiTaTtensHoe HampsbkeHHEe OOMOTKH
oomotkn BH 10 BH, kB
CTeHKH 0Oaka, M 10 25 35 55 85

S 0,06 0,06 0,084 0,12
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Bzaumuoe
TOJIOKEHUE Coyqait F& > Fe Jpyrue
00TeKaeMBIX ciIydau
TOKOM 4ac- O6MmoTka 1 O6MoTKa 2
Tell 0OMOTOK
a) Foc Foc=0 Fy=0 Foc Foc=0 Fz=0
1 |2
I \L Fex= F(l)c ¢ Fox = F;)c —
BECHS
I T Fz=0 ?‘ Fg=0
6) m=1\ |Foc Foc Fa=Foc|Foc Foc Fa=0
lx
R e ol [ o =
Fox=Foct 2 Fewx=Foct
HoN% 2
)
iR
// /
6 m=4 EEL . E.=0 |, 5/:”: Foc-Foc FO/6I\iO|T;5/a 2
X \#OC\# oc Fag ';OC Fhe cm_ A oc
1 @ Fex=Foc+Foc = /
gl B Fa= 0 || Fox=Foe-Foc
L _ 74 _ L
@ k\ ,1\ Fsz=0 4\ ¢ Fa=Foc-Foc Fy=0
/) /
2) m=4 Fa=Foc-Foc 96M0T1f/a 1
Ly F,/OC Foc Foc Foc Fg=0 | Foc>Foc
1 2 2 M 4\ _ ‘“ I Fex=Fbe+ Foe EAL
Fex=0 / /
O B Fox=Foc-Foc
i Fg=0 —
I§){ * ¢ FH_FOC_FOC 4\ 4\ F,q: 0

Puc.4.5. CxeMbl OKUMAIOIIMX OCEBBIX CHJI JUIS PA3JIUYHBIX CIIy4acB
B3aMHOI'0 IIOJIOKEHUSA OOTEKAEMBIX TOKOM YacTeil OOMOTOK
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Ilocne ompenenenus Fp, F§c u F&: crexyer HaiiTu MakcumaibHOE
3HAYCHHE CKUMAIONIeH cwibl B oOMoTke Fcy M JeiicTByroliei Ha sSpMo
cunbl Fg. DTH cuibl HAXOMIT UL KaXIOH M3 OOMOTOK B 3aBUCHMOCTH
or coorHomenns cun F&c m F& u B3aummuoro pacnonoxxenus oOMOTOK,
BOCIIONIb30BaBIIMCE pHC. 4.5, Tae uudpoit 1 obo3Hauena obmorka HH, a
mudpoit 2 oomorka BH.

OceBble CKUMAOIINE CHIIBI BOCIPUHUMAIOTCS OOBIYHO MEKKATY-
[ICYHBIMA ¥ OTMOPHBIMH MPOKJIAIKAMU U3 JIIEKTPOU3OIAIHOHHOIO KapTo-
Ha (puc. 3.11). Ha puc. 4.6,6 moka3aHbl OMOPHBIC MMOBEPXHOCTH, BOCIPHU-
HUMAIOIME OCEBbIE CHJIBI, I YHCIa MOPOKIaZoK N = 8.

n:8\ \?

T Fox.p Fox.p T

a) cunel, cocumaiowue o6Momky — 6) ONOpHvle NOBEPXHOCMU O0OMOMKU

Puc. 4.6. K onpeneneHuro MexaHMYECKHX HANpPsDKEHHH B 0OMOTKax

Jlnst OLIEHKW MEXaHMYEeCKOW MPOYHOCTH OOMOTKH BBIYHCIIIOT Ha-
OpSDKEHHUE CKATUS B MPOKJIAJKaX MEKKATYIICIHOW (MEKBHUTKOBOW) U
OMOPHOW H3OJSIIUK M HAMPsDKEHHWE HAa pPaspbiB OOMOTKL

Hanpsokenue cxaTust Ha ONMOPHBIX MOBEpXHOCTX, MIIa,

_ Fex

) 4.38
nab ( )

S cx

roe Fox - oxumaromas cwmia, H;
N - YKCIO TPOKIAAO0K MO OKPYKHOCTH OOMOTKH, PaBHOE YHCITY
peex (tabmn. 3.7);
a- paguaibHBId pasMep OOMOTKH, MM,
b - mmpuna onopuoit mpoknanku, paeHas (40 - 60) Mm.
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B dopmyny (4.38) moacTaBisiOT MaKCHMAalbHOE 3HAYEHHE CHKH-
Maromeil oceBoil cuibl Feyx, BbuuciaenHoe no ¢opmynam puc. 4.5. B
cyyasx, korma Fg> Fox, cnenyer moncraBimsith B dopmyny (4.38) cu-
ny Fg, BeruucneHnyro no ¢opmyiam puc. 4.5.

B tpancdopmaropax momrHocteio a0 6300 KBXA BKIIOYUTENBHO
HAMPSOKCHHE CXKATHA Scyx HE MOmKHO mpesbimars (18 - 20) MIla.

JIasi OLIEHKH MEXaHWYECKOW MPOYHOCTH OOMOTKH OIPEACIAIOT Ha-
OpsDKEHHe COKarus BO BHyTpeHHedl obmorke (HH), BosHmKaroriee mon
BO3JICHCTBUEM paUalibHOW CHIBL Fe p.

Cuna, coxuMaromas BHYTpeHHIOI0 o0Motky (puc. 4.6,a), H,

Foxp = Fp/ 2p . (439)

Hanpsxenne cxatust B mpoBoxe BHYTpeHHe#d oOmotku, MIla,

S cok.p =Fore , (4.40)
w7
rje W - YUCJI0 BUTKOB OOMOTKH, JUIsi KOTOPOH OmpejelicHa CHUIIa;
[T - IONIab TOTEPEYHOT0 CEUeHHs OJHOrO BHTKA B MM .

Jnst obecriedeHysi CTOMKOCTH 3TOW OOMOTKHM IIPH BO3AEHCTBUU pa-
JUAITBHBIX CUJI PEKOMEHIYETCSl HE JIOMYCKaTh Scx.p B MEIHBIX MPOBOJAX
6omee 30 u B amomuHueBbIX Oomee 15 Mma.

Temmeparypa oOMOTKH uepe3 tx CEKyHH IMociie BOBHUKHOBEHUS KO-
poTtkoro 3ambikanus, °C,

‘]K:—
u
k(—5)2 -t
(92t

670t 4 H (4.41)

rae ty - HanOonbIas MPOJOKUTEIFHOCTE KOPOTKOTO 3aMBIKAHUS HA BbI-
BOJIaX MACIITHOTO TpaHcdopmaropa, OpHHHMAaeMas OpU Hamps-
xeHun He Oonee 35 kB mpumepHO paBHOH 4 cekyHaaMm;
k - koo dunment, pasubiii 12,5 mas meausix u 5,5 a8 amoMHHT-
€BBIX IPOBOJIOB OOMOTOK;
Uy - HamlpshKeHHe KOPOTKOro 3aMblkanus 1o gopmyie (4.30) B %;
J - IIOTHOCTH TOKA B PACCMATPHBAEMOH 00OMOTKE, A/MM ;
Jy - HauanpHas Temreparypa OoOMOTKH, npuHMMaemas pasHoit 90°C.
BrruncnenHoe 3HaueHUe TeMmeparypsl Jx JOJDKHO YIOBJIETBOPSATH
yenoButo Jx £ 250°C mns mennoro u Jx £ 200°C mns anroMUHHEBOTO
MpoBOjia OOMOTOK.
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5. PACUET MATHUTHOM CUCTEMBI TPAHC®OPMATOPA

[Ipu pacuere MarHMTHOW CHCTEMBI OIPENETAIOT pa3Mephl MaKETOB
CTaJll W aKTUBHBIE CEUEHMS CTEPXKHS M SpMa, BBICOTY CTEpKHs, pPaccro-
SITHUE MEXJly OCSIMH CTEp>KHEH, Maccy CTEp)KHEH, sipM U BCEro MarHMWTO-
mpoBoza. Ilo pesynapraraM pacyeroB MarHUTHOM CHCTEMBI ONpPEAEISIOT
MOTEPH B CTAId M TOK XOJOCTOTO TOKa TpaHcdopmaropa.

5.1. OTIPEJEJIEHUE PA3MEPOB Y MACCHI MATHUTHOW CHUCTEMBI

[omepednoe ceyeHue CTep)KHEH W ApeM MpeiacTaBisieT coOol cTy-
MEeHYaTyr0 (QUrypy, COCTOSAIIYIO M3 IMAaKeTOB IUIACTHH SJIEKTPOTEXHHUYEC-
kot cramm (puc. 2.2, 5.1). Uucmo crymeHeift N B CCYCHHH CTEPIKHS IPH-
HUMAIOT PaBHBIM YHCIY BEpIIMH YIJOB MMAaKeTOB B OJHOW YETBEPTU cede-
uus (puc. 5.1) Wwin YKuCIy MAKeTOB CTANX B MOJOBHHE KPYyra IHAMETPOM
d, ommcannoro BOKpyr (GUrypbl cedeHus crepxkHs (puc. 2.2).

Uncao u pasMepsl MAaKeTOB CTAM CTEPIKHSA BBIOMPAIOT PYKOBOJICT-
BYSCh PSAOM TMPOTHBOPEYMBBIX YCIOBUU. JIJIi yMEHBIIGHHS JHaMerpa
CTEpXKHS, pa3MepoB OOMOTOK M CTOMMOCTH aKTHBHBIX MaTEpPHAalOB Keja-
TENbHO YBEJIMYHMBATH YHCIO CTYIEHEH N, 4ToObl MpuOIM3UTH (GopMy ce-
YeHUs K KPYr'y M IIONYYUTh HaWOONBIIYIO IUIOLIAJb CEYEHUS CTEPIKHS.
Ho ¢ yBennyenumem 4yucia CTyNeHEH yBEIWYMBAETCS YHCIO IUIACTHUH CTa-
MM Pa3HOM WIMPHHBI, OTXOABI MPH PACKPOE SJIEKTPOTEXHHUYECKOW CTaid U
TPYZOEMKOCTh COOpKHM MarHUTONpoBojda. Takke NPUXOAUTCS OTCTYNATh
OT ONTHUMAJBHBIX Pa3MEPOB MAKETOB CTajd BCIEICTBUE HEOOXOAMMOCTH
00pa3oBaHMs BEPTUKAIBHBIX KAHAJIOB, CHYKAIIUX I OXJIKICHUSI H YC-
TAQHOBKHU JIeTajiell MOMepeYHOl MPEeCCOBKU CTEPIKH.

B Tabm. 5.1-5.3 nmpuBeneHsl pa3Mepbl MONEPEYHOTIO CEYEHUST CTEpIK-
Held, COOTBETCTBYIOIIME YKa3aHHBIM BbIIe TpeOoBaHWsAM. YuCio cryme-
Hell N B CEYCHHM CTEP)KHS, IMHPUHY IUIACTHH & U TOJIIMHY [TakeToB b
crexyer BbIOpaTth mo Tabid. 5.1-5.3 mis ompeneneHHoro B pasaene 2
HOPMAJTM30BaHHOI0 JHaMeTpa CTepkHS Op.

Crepxxan guamerpoM a0 0.22 M BKIFOUHTENHHO MPECCYIOT PAaCKIH-
HUBaHHEM C BHYTpEHHEHl OOMOTKOMW, 3a0uBasi JepeBSHHBIC TUIAHKH MEX-
Ny CTyNEHYaThIM CTepKHeM H o0MOTKoW. CTepKHH auamerpoM Oolee
0,22 M 00BIYHO TPECCYOT OaHmaKaMH W3 CTEKJIONEHThI [2-4/.

Uucno u pasmepbl makeToB craim B Tadu. 5.1 - 5.3 manel mis asyx
BapHAHTOB OCEBOM MPECCOBKM MarHurompoBoaa /2-4/:

1. Bepxuue u HIKHHE SPMOBBbIC OAajKi CTSICHBAIOT BEPTUKAIBHBIMU
[INAJIbKAMH, PACIONOKEHHBIME CHApYXH oOMOTOK (0e3 mpeccyroreit



2 0,080| 433 44,8 280,8 |0,120| 1049 106,5 | 1050

0,085| 50,8 51,6 356,4 |0,125| 112,3 1153 | 1194

IIJIACTHHBI).

2. Bei)XHI/Ie W HIDKHHE SPMOBBIE OajKM COEIUHSIOT CTAIBHBIMH IIpec- 0,095 96,7 58,2 4264 10,13 1219 124.9 1299
CYIOIIUMHU IUIACTUHAMH, YCTAaHOBJIEHHBIMM BMECTO KpalHHUX Ha CTEp)KHE 0,090 62,9 63,7 4880 10,14 1415 144,0 1620
Y3KHX TIAKETOB CTal. BCIeACTBHE ATOr0 YHCIO THaKeTOB N U ceUcHHe 0,100 720 732 59,8 | 0,15 161,7 165,9 2040
CTaJId CTEPXKHA YMEHBIIAETCA II0 CPaBHEHUIO C IIEPBBIM BApUAHTOM OCE- 0,105 9.3 80,1 6830 10,16 1835 188,3 2470

0,110 86,2 89,7 790,2 | 0,17 | 208,5 2141 2908

BO mpeccoBku cTepkHsA. CoequHEHHE SPMOBBIX OaJOK MPECCYIOILINMHU 0115| 939 95.4 8128 |018| 2328 2376 3452

IUTACTHHAMH TIPUMEHSIOT AL CTepkHel ¢ amamerpom Oonee 0,18 m.
dopMa MONEPEYHOro CEYECHUS spMa B CpPENHEH 4YacTH MOBTOPSET

cedeHune cTepykHsA. JlIs yInydIIeHUs MPEecCOBKH sSpMa SPMOBBIMH OalkaMu

KpailHHe MaKeThl CTalM spMa JeNarT Oojee IMUPOKUMHU, OObEAMHSS JBa-
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IllupyHa NOACTUH ¢ M TONLIMHA IIAKETOB 0, MM, CTanM MAarHMTHBIX

TpU TakeTa B OoAuWH. Tak, s u300paxkeHHbIX Ha puc. 5.1 nByx Bapuan- O6o3HadeHus: d - quaMerp CTEpXKHS, 8y - MIUPHHA KpalHEro HapyXHOIO
TOB ceueHus crepkHsa auamerpoM 0,24 M kpaliHuil DakeT spMa B IIep- Kep -KOD(GUUMEHT 3amonHenns Kpyra s CTepKHeH
BOM BapuaHTe mmeer pasmepsl (6+5+8)" 135, a Bo BropoM BapuaHTe CTepKeHb Spmo
(5+8) " 135mm. &j. o3 .
[Mnomans TOMEPETHOrO. CEUCHHs CTEPHKHA WM SpMa ONpenenseTcs S 5| mpeccyromeit | npeccyromei ny | ay N T ——
CYMMHUPOBAaHHEM IUIOLIA/IE BCEX MAKETOB CTAM COOTBETCTBYIOIIETO ce- 8 % mactumel | rracrumoii MM,
YEHHUs, ONpeNesieMbIX MPOU3BEICHHEM pa3MepoB makera a b. Tlpu Ha- = )
JUYMH  TPOAOJBHBIX OXJAKIAMOMINX KAHAIOB (CMOTpH MpUMEYaHHS K 5| MNe Kicp Ne Kicp 310 300 295
Tabm. 5.3) u3 ToMMHBI D COOTBETCTBYIOIIMX IAKETOB CTEPKHS U sApMa 0,31 9 |0930| 8 |0905| 7 190 - 39 i
UCKIIIOYAIOT IIHPUHY OXJIAXKTAOMIMX KaHAMOB. [loNMHBIC IUIOMIAAM IIOIe- 032] 9 [0928| 8 |0911] 7 195 40 . 22
peunoro cedenus crepkHi [Ipc m apma Ilpg npuseneHsl B Tabn. 5.4 IpH  LUHMpHHE
(mo pasmepam makeroB B Tabm. 5.1) u Ttabm 5.5 (mo pasmepam makeToB 305 320 310
B Tabm 5.2, 5.3). B stux sxe Tabnuumax yka3aH o0beM yrna Vy Marau- 033] 9 |0932| 8 |0g00| 7 205 N 20 N
TONpoBOA. 034 9 |0931| 8 |0913| 7 195 50 - 19
Tabnuya 5.4 Mpyd  IIHPUHE
[Mnomanu ceuenust crepxusi [lpc, spMa [lpg u obbem yrima Vy 350 340 325
IJIOCKOM IIMXTOBAHHOW MAarHMTHOM cucTeMbl Oe3 mpeccyromieil 035 9 lo93| 8 lo903| 7 215 _ 41 _
IJTACTHMHBI TIPH pa3Mepax MakeroB mo Tabum. 5.1 0:36 9 0:913 8 0:894 7 | 195 | 223) i 35
| d, M |H¢pc, CM2 |H¢p,q ,CM2 |Vy, CM3 | d, M |H¢pc, CM2 |H¢p,q ,CM2 |Vy, CM3| pu  [IUPUHE
368 360 350
0,37/ 10 |0,920f 9 |0902| 8 200 - 37(3) -
0,38/ 10 |0,913| 9 |0,899| 8 215 | 47(3) - 27
Opy  [IHPUHE
380 | 355 | 325




0,39‘ 10 ‘0,925‘ 9 ‘0,904‘ 8 ‘210

0,40| 11
042 11

0,910
0,906

8
8

215
250

0,920| 10
0,926| 10

41(3)

37

27

IpU  LIUPUHE

410 | 395 | 368
54(3) | 24
46(3) | 38 17

Npumeyanusa 1. B MarHUTONpPOBOIAaX C MPECCYIOIIEH IMIACTHHON

2. KpaiiHuii makeT sipMa MMeeT WIHNPHHY &g U TOJIIUHY, PABHYIO CyMMeE
MAKETOB CTEpKHA MPHU OTCYTCTBUHM Mpeccylomiei rmactunsl. [lpu ee

3. B ckoOkax ykazaHa MIMpWHA OXJIAKJIAIOIIEr0 KaHAia B MM.
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Tabnuya 5.3
CHUCTEM C TMPECCOBKOM CTep)KHEell OaHma)»xaMu U3 CTEKJIOJICHTHI.
nakera sApma; Ne U Ng - YUCIO CTYNEHENM B CEUEHUSAX CTEPXKHSA U ApMa,

CTEPIKHA b, MM: IpU IIAPHUHE IUIACTUH &, MM

IUIaCTUH A, MM

280|270 | 260 | 250 | 245|230 | 215| 210 | 195 | 190 | 160 | 155 | 135
28| - (18] - 10| 9 - |10 - 9 |10 | - 7
- 124 - |14 - |11, 7 - 8 - - 112 ] 5
IUIACTUH 8, MM
20512751270 265)| 250|245 | 230 | 225|205 | 195 | 165 | 155 | 135
34 |17 | - 9 - |11 - |10] 9 - |11 - |10
5 - 19| - | 12| - | 10| - - |14 - ]111] 6
IUIACTHH 8, MM
315295280 | 270 | 260 | 250 | 235| 230 | 215 | 195 | 180 | 155 | 135
3|18 |11} - |12 | - | 13| - 9 - |11 - |12
- |26 - 16| - |10 - 9 - | 18] - 9 7
IUIACTHH 8, MM
3353251310295 2751250230 215| 200|170 | 155|135 | -
38| - | 2311|1212 | 9 - |110| 10| - 7 -
- 124112 10| - | 23| - | 13| - - 115] 6 -

310290 | 265|240 210 /180|140 | - - - - - -
1012 (13|11 (10| 9 9 - - - - - -
IUIACTUH 8, MM
350 [325|295|270|250 | 215|195 /175|155 - - - -
182019 (12| 9 |12 | 6 6 | 4 - - - -
15|17 |16 |12 | 7 |12 ] 6 - 9 - - - -

HUCKJIIOYUTh MOCHEIHUN MMAaKET CTEP)KHS C HAMMEHBIIEH IIMPUHOU d.
romuwmH Tpex (d=0,31-0,39 M) unu uersipex (d = 0,4-0,42 M) kpaiinux
HAJIMYMKM YKUCIO OOBEIUHEHHBIX MAKETOB SPMa YMEHBIIUTh HA EJAUHUILY.
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Tabnuya 5.5

[Mnomanu ceuenust crepxHs [lpc, spMa [lpg u obbem yrma Vy
IIMXTOBAHHOW MAarHUTHOW CHUCTeMbl O€3 TMpecCyrolledl u ¢ mpec-
Cylolllel IUIAaCTHHOW C pa3MepaMH MakeroB mo Tadi. 5.2, 5.3

d M

be3 mpeccyromieit miacTUHBI

C mpeccyrotiei miacTuHON

2 2 3
H@C, CM H@,q ,CM Vy, CcM

3

2 2
HQ)C, CM |H<p,q,CM | Vy, CM




0,19 262,8 267,3 4118 252,3 253,3 4012
0,20 288,4 296,2 4811 2779 2734 4685
0,21 319,2 327,2 5680 308,4 311,6 5522
0,22 353,0 360,5 6460 342,5 343,7 6334
0,23 387,7 394,0 7482 376,9 378,4 7342
0,24 419,3 425,6 8428 407,9 409,4 8274
0,25 456,2 462,6 9532 446,2 448,6 9392
0,26 490,6 507,1 10746 478,0 488,5 10550
0,27 532,6 543,4 12018 515,8 518,6 11758
0,28 570,9 5911 13738 556,2 566,6 13480
0,29 612,4 622,8 14858 594,0 596,4 14554
0,30 657,2 675,2 16556 644,6 654,2 16336
0,31 702,0 715,8 18672 683,0 689,4 18312
0,32 746,2 762,4 20144 732,7 743,9 19880
0,33 797,1 820,8 22382 770,1 779,2 21828
0,34 844,8 860,8 23732 828,6 8374 23416
0,35 903,6 927,6 26814 868,6 876,0 26118
0,36 929,2 948,8 27944 910,3 917,5 27574
0,37 988,8 1003,8 | 30606 969,8 975,8 30228
0,38 1035,8 | 1063,4 | 33074 | 1019,6 | 1037,6 | 32716
0,39 1105,2 | 11236 | 35966 | 1080,0 | 1085,8 | 35438
0,40 1155,6 | 1167,6 | 39550 | 1143,2 | 1150,4 | 39284
0,42 12829 | 13150 | 46220 | 1255,0 | 1270,0 | 45528

2
AxTtuBHOE ceuenue crepxkHsi [Ic u spma Ilg,m",
|
Ilc = k3H¢pC 10 ; (51)
s oqm-d
H,q = k3H¢p,q 10 . (52)
. 2
3aecy mnomanu ceuennit [lpc u Ilpg B cM~ mo tabmmmam 5.4, 5.5,
ks - koo durment 3amonneHus craipio. Jus craneil ¢ TEPMOCTOWKUM MO-
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kpeitieM npu tommuue juctoB 0,35; 0,3; 0,27 xosdpduument Kz coorser-
crBerHo paseH 0,97; 0,96; 0,95. Ilpu npeccoBke CTep)KHEH pacKIMHUBAHH-
eM ¢ BHyTpeHHed obmorkoit (d£ 0,22 M) ykaszanHsle 3HaueHus K; crmeny-
er ymenpmuth Ha 0,01. Eciim s ycuneHHs: M30JALMU JIMCTOB CTallM TO-
BEPX TEPMOCTONKOrO MOKPHITUS HAHECEH OJWMH CIOH Jyaka, K3 yMmeHbmiaoT
npomonauTensao Ha 0,005,

JnuHa crepkHs Tpancdopmaropa, M,
le=1,+ (1o+175) 1073, (5.3)
3meck | 2 - Boicora o6MoTku BH, M, paccuntannas B pasmene 3; Ilo, Iﬂo-
paccrosituss OoT 00MOTk BH COOTBETCTBEHHO 10 BEPXHET0 M HIIKHETO
sipMa, MM, BBIOMPAIOT B 3aBUCHMOCTHA OT KJIacca HANPsDKEHHS M CIocoba
0CeBOM TpeccoBKM 0OMOTOK /2-4/.

B tpancdopmatopax momHocthio Menee 1000 kB>A mnst oceBoit
CTSDKKH OOMOTOK HCIOJB3YIOT BEPTHUKAIBHBIC MIMIIbKH, COCIHHSIOIINE
BEpXHHE M HWXKHHE SPMOBbIe Oanku. B sToM ciyuae o u 1" ompere-
JSI0T U3 ycnoBus wu3onsnuu obmorku BH or sipma u mpuHHMaroT pas-
HeIMH pa3mepy | o2 mo Tabm. 2.7 (puc. 2.3).

B tpancdopmatopax momHocThio cBbime 1000 kB>XA oOMoTKH B
OCEBOM HAIPABICHUHM CTATHBAIOT MPECCYIOMIMMH KOJNBIAMH M HAKUMHBI-
MH BHHTaMH. [Ipy BepTHUKAIBHOH CTSHKKE MArHUTONPOBOAA IPECCYIOLIH-
MH IUIACTHHAMH OCEBYIO CTSDKKY OOMOTOK TAK)Ke BBIMOJHSIIOT MPECCYIO-
[MIUMA KOJbLIAMH sl TpaHchopmMaTopoB Bcex MoinHocTel. [Ipu Hamuuuu
npeccyrommux Konen | g =1 g2 mo Tabm. 2.7, paccrosHue M0 BEPXHETO sp-
Ma cllefyeT BBIOpaTh COTJACHO NPHMEYaHuio 2 K Tabm. 2.7.

PaccrosiHue MeXIy OCIMHU COCETHUX CTEPIKHEH, M,

C=DJ +ay,"107%, (54)

rae Dg - BHeUIHU# auamerp oomorku BH, M;
apo - paccrosHne Mexay ooMoTkamu BH cocemnux crepxueil mo
TabmI. 2.7, MM.

3nauenne C okpyrisror go 0,005 m.

Macca cranu B CTEp)KHSX M sIpMax IJIOCKOW HIMXTOBAaHHOW CHCTeE-
MBI ONPEIENSETCS CYMMHPOBAHMEM MAacC IPSMBIX YYacTKOB M YIJIOB. YT-
JIOM Ha3bIBaeTCs YacTb MAarHUTHOW CHCTEMBI, 3aKJIIOYCHHas B o0O0BeMe,
00pa30BaHHOM IIepecedeHHEM OOKOBBIX MPH3MATHYECKUX IOBEPXHOCTEH
OHOTO SipMa W OJHOTO CTEpP>KHS.

Macca cranu yriia mpu MHOTOCTYNEHYaTroil (opme cCedeHwus, KT,
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Gy =x3Vy Gr” 1075 (55)

. 3
rae Vy - 00beM yria MarHuTHOW cucremsl mo Tabi. 5.4, 5.5, cMm

3 N
Ocr = 7650 kr/m ~- IIOTHOCTh TPaHCHOPMATOPHOU CTAIIH.
Macca cramu AByx spM TpexdaszHoro Tpanchopmaropa, Kr,

Gy = 4CI ;G + 2Gy, (5.6)



rae C - pacCTOSHHE MEXAY OCAMH CTEpXKHEH, M; cedeHue [lg B M
Macca cramu cTep>KHEH, KT,

Ge =3[0, (Ic+ay, 10°%-6y], (5.7)

2 o

3nech [Ic - akTHBHOE CEUEHHE CTEPIKHS, M ; IUIOTHOCTH TpaHC(OpMAaTOPHOI

cramu Qer = 7650 xr/m 3 nHa cTepkHS |c B M; aig- IIUPUHA CPEIHETO
Makera CTalu sipMa, MM, paBHas aic no tabm. 5.1-5.3 (puc. 5.1).
ITonHas Macca MarHUTHOH cHcTeMbl TpaHcdopmaropa, Kr,

Gy =Gy +G,. (58)

ITocne ompeneneHus Maccbl MarHUTOIPOBOJAA M €ro 4Yacreil paccuu-

TBIBAIOT TIOTEPH M TOK XOJOCTOrO XOJa.

5.2. OIIPEJEJIEHUE IIOTEPH XOJIOCTOI'O XOJA TPAHC®OPMATOPA

Pexxum pabotel TpaHcpopMaTOopa HpU MHUTAaHUU OT CETH OIHOH 00-
MOTKH W Pa30MKHYTOH ApYyrod OOMOTKE HAa3bIBaeTCS PEKUMOM XOJOCTO-
ro xona. IloTepu MOIIHOCTH B PeXHME XOJOCTOrO Xoja Tpanchopmaropa
pY HOMHHAJIFHOM CHHYCOWAAJILHOM HANpPsDKEHHH M HOMUHAJIBHOM YacTo-
TE€ Ha3bIBAIOT TOTEPSIMHU XOJOCTOrO XOJa.

[Motepu xomocroro xoma TpaHchopmaropa Py ciaraimoTcs U3 Mar-
HUTHBIX TMOTEPh HAa TUCTEPE3UC M BHUXPEBBIC TOKA B MarHUTONPOBOIE, MO-
Tepb B CTAJIBHBIX JJEMEHTaX KOHCTPYKIUHU TpaHcdopmaropa OT IMOTOKOB
paccesHusl, DIEKTPUYECKUX IOTepPh B MEPBUYHOM OOMOTKE OT TOKa XOJIOC-
CTOrO XOAa M AMDIIEKTPUYECKUX TOTEPh B H3OJILIUH.

JudaekTpuyeckie IOTePH B HM3ONAIMU JOCTAaTOYHO BEIHKH TOJNBKO
npu BbIcOKuX uacrorax (10 %10 I'n) u BBICOKMX HampspKeHHsX. B cuio-
BBIX TpaHcopMaTopax MNpoMbIlIUieHHOW YacToThl 50 'l MX MOXHO He
VYUTHIBaTh. DJEKTPUUECKHE MOTEPU IPH XOJOCTOM XOJ€ HE IMPEBBIMIAIOT
1% or Py u umu 0ObiyHO mpeHeOperaror. [loTepu B CTaNbHBIX 3JeMEH-
TaX KOHCTPYKIMHU MPH XOJOCTOM XOJi€ OTHOCHUTEIHHO HEBEIUKH M yUHUTHI-
BAIOTCSl BMECTE C JAPYTUMH J00aBOYHBIMH TOTEPSIMH.

MarHuTHbsIe TIOTEPH B AKTUBHOM CTaJld MarHUTONPOBOJA COCTABIISIOT
OCHOBHYIO 4acTh IOTEPh XOJOCTOro xoxa. I[lpw ompeneneHnd MarHUTHBIX
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MOTEPh TOJB3YIOTCS 3aBUCHMOCTBIO YIENBHBIX MOTEPh B OJIEKTPOTEXHH-

YEeCKOM CTand p OT aMIUIUTYABl MArHUTHON WHAyKiud B (Tabu. 5.6).

MarHuTHyl0 MHAYKLIUIO B CTepkHE Bc U spMe Bg, ONpEAessitoT 1o
HanpsDKeHHIo BUTKa Up, B, ¥ OKOHYaTenbHO paccyuTaHHBIM B paszgene 5.1
AKTUBHBIM CEYEHHSIM CTepxkHS [Ic U spma H,q,MZ,

Ugp
Bo=— 52—, 5.9
€444t (59)

u
B, =— 8 5.10
144110, (510)

Tabnuya 5.6
VYaensHbIE MOTEPH B CTATM p I XOJOMHOKATaHBIX CTajien
3404 u 3405 npu pasnuuHbiXx uHAyKIESXx u dacrote f=50TT1g

p, Br/kr p, Br/xr
B, Tn | 3404, | 3404, | 3405, | B, Tn | 3404, | 3404, 3405,
0,35MmMm| 0,3MMm | 0,3 Mm 0,35 mmMm| 0,3Mm | 0,3 MM

128 | 0,763 | 0,731 | 0,694 | 162 | 1,353 | 1,278 | 1,194
1,30 | 0,785 | 0,755 | 0,715 164 | 1,411 | 1,326 | 1,238
132 | 0,814 | 0,779 | 0,739 166 | 1,472 | 1,380 | 1,288
134 | 0,843 | 0,803 | 0,763 168 | 1,536 | 1,440 | 1,344
13 | 0,872 | 0,827 | 0,787 1,70 | 1,600 | 1,500 | 1,400
138 | 0,901 | 0,851 | 0,811 172 | 1,672 | 1,560 | 1,460
1,40 | 0,930 | 0,875 | 0,835 174 | 1,744 | 1620 | 1,520
142 | 0,964 | 0,906 | 0,860 176 | 1,824 | 1692 | 1,588
1,44 | 0,998 | 0,937 | 0,869 1,78 | 1,912 | 1,776 | 1,664
146 | 1,032 | 0,968 | 0,916 1,80 2,00 1,86 1,740
1,48 | 1,066 | 0,999 | 0,943 1,82 2,09 1,95 1,815
150 | 1,100 | 1,030 | 0,970 1,84 2,18 2,04 1,89
152 | 1,134 | 1,070 | 1,004 | 1,86 2,27 2,13 1,97
154 | 1,168 | 1,110 | 1,038 1,88 2,36 2,22 2,06
15 | 1,207 | 1,150 | 1,074 | 1,90 2,45 2,30 2,15
158 | 1,251 | 1,190 | 1,112 1,95 2,70 2,53 2,39
160 | 1,295 | 1,230 | 1,150 | 2,00 3,00 2,82 2,63

Mpumeuanue YaenbHele moTepu i cramd Mapku 3405 ToimuHOR
0,35 MM mpuaHuMatTe 1o Tpade mis cramu 3404 tommmHoW 0,3 MM.
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VYnenbHele moTepu B Tabmuue 5.6 maHbl s ciiydas, KOrJa BEKTOp
MarHUTHOW WHAYKUWUM B WM HampaBleHWE MarHUTHOrO IMOTOKa @ COB-
majgaer ¢ HampaBlIeHHEM NPOKATKH cTaid. [Ipy OTKIOHEHHWH MarHUTHOTO
MOTOKA OT HaINpaBJIEHUs IPOKATKH BO3HUKAIOT J00aBOYHBIE IIOTEPH B
CTalli ¥ YBEJIMYMBAIOTCS MArHUTHBIE TOTEPH.



[InacTuHBl CcTepKHEH M SIpM W3 XOJOJHOKATAHOW CTAJM BBIPE3AIOT
TaK, 4TOObl HampaBiieHHe NOTOKa @ B MarHUTONPOBOJE COBMAAAJ0 C Ha-
MpaBJeHWEM NPOKATKH CTald. B yrmax MarHUTONpoBoxa C MPSAMBIMH CTHI-
KaMH IUTACTHH SpMa M CTEPXHS MO pHC. 5.2,a Yyrol MEeXKAYy BEKTOPOM HH-
nykuun B u HampaBineHuem mpokatku cramu m3MeHsiercs or 0 mo 90
TPaaycoB, YTO MPHUBOIUT K YBEIMYSHHUIO MAarHUTHBIX TOTEPh B 3aIITPUXO-

BaHHOM 30He. Ilpu KochIX
Hanpasnenne mpokatku B sipMax CTBIKaX MO puc. 5.2,0 3a-
IITPUXOBaHHAs 30HA HECOB
MaJieHUs HaNpaBJICHUH Mar-
HUTHOTO TIOTOKA M IMPOKATKH
CTall MEHbILIE, YeM MpHU
OpsIMBIX CThIKax. Crenosa-
TENIFHO, YBEJIMYCHUE MAarHuT-
HBIX TIOTEPb 3aBUCHT OT
qucina KOCBIX U TMPSMBIX

B B

;
><

% = CTHIKOB B MarHUTOIPOBOJIE

o ?‘, (puc. 2.1) u MoXkeT ObITH yu-

= g TeHo kodduuuenTom Ky,

[}

2 m XApaKTEPU3YIOIIUM YBeJHYe-

é 5 HUE TIOTEPb B yrjax Mar-

s g HuTONpoBoAa (Tabim. 5.7).

T 2

Tabnuya 5.7

Koadduruenr Ky yBemuueHus moTeph B yriiax ¢ KOCBIMH M HPSMBIMH
creikamu TacTuH cranu mo puc. 2.1 opu B=0,9-17Tn u f=50Tn

Yucno yrinos co| 3uauenue kodddunmenta Ky Ust MapoK craid C
CTBIKaMH TOJIIIMHON JIHMCTOB
Kocwi- | Ilps- . 3404; 0,30 mm; .
Do P | 3404035 Mm 05, 035 vt | 3205 03 wu
6 - 8,58 8,75 8,85
5* 1* 9,38 9,6 9,74
4 2 10,18 10,45 10,64
Npumeuanue * KoMOMHUpOBaHHBIN CTHIK 1Mo puc. 2.1,B,r.
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Peska miacTMH CTajM, 3aKaTka W Cpe3aHHe 3ayCeHIEB, NPECCOBKa
CTep)KHEH M SpM MarHUTHOM CHUCTEMBI, PACIIMXTOBKA M 3alIMXTOBKA
BEPXHEro spMa JUIsl HACAJKH OOMOTOK HAa CTEP)KHH TaKXKe YBEIUYHBAIOT
norepu B cranmd. OOmiee yBelNMYEeHHE MArHUTHBIX TOTEPh U3-3a TEXHOJIO-
THYeCKUX (DaKTOPOB YYHUTHIBAIOT KOI(PPHUIMEHTOM J00aBOYHBIX TOTEPh

K7 (1abn. 5.8). B Tabmuue npusenens! 3HaueHus kodddunuenta Kppy
IUIsL  OTOMOKEHHBIX M HE OTOMOKCHHBIX IacTHH. OTXKUT IUIACTHH MAarHu-
TOOPOBOJA IIOCIE PE3KH M 3aKATKH 3ayCCHICB YMEHBIIACT J00aBOYHBIC

MOTEpPH.

Tabnuya 5.8

Koadpuiment nobaBounsix morepb Kpz ans cramu mapok 3404 u 3405

Sy, kKBXA Jo 250 | 400 — 630 | 1000-6300|10000 u 6onee
IInacTUHBI OTOXKKEHBI 1,12 1,13 1,15 1,20
Ilmactuael He OTOXIKEHBI | 1,22 1,23 1,26 1,31

HOTepI/I XO0OJOCTOTrO XO04a B MaFHI/ITOHpOBOIIe CTE:p)KHeBOFO THIIA, BT,
Py =Ky pc(Ge +0.5ky Gy ) +Kyp g (Gg - 6Gy +0,5k ;y, Gy) (5.11)

3necy koaddunuentsl Ky u Kpy mo tabmunam 5.7, 5.8; ynensHsle more-
pu B CTepkHE pc u spMme pyg B Br/kr ompepemstor mo Ttabdn. 5.6 B 3a-
BUCUMOCTH OT WHAYyKIMA Bc u Bg; maccel crepxkueir Ge, apm Gg u
yrma Gy MarHuTonpoBoja B KT.

[TonyyenHoe 3HaueHWE TMOTEPh XOJIOCTOrO0 Xoma Py HE IOIKHO
MpEeBBINIATh 3aJaHHOr0 Oonee vem Ha 7,5%.

5.3. OIIPEAEJIEHUE TOKA XOJIOCTOI'O XOIOA TPAHCOOPMATOPA

Tok mepBuuHONH OOMOTKHM TpaHchopMmaropa B PEKHME XOJIOCTOTrO
X0/a MpH HOMHHAJBHOM HANpPsHKEHWH W HOMUHAJIBHOM YacTOTe Ha3blBa-
€rcsi TOKOM XOJIOCTOTO XO[ia.

AKTHBHAsI COCTaBISIONIAs TOKAa XOJOCTOTO XOJa 3aBHUCUT OT IIOTEPb
xoJoctoro xofa Py. PeakTuBHas COCTaBIAIONIA OMpPENENseT PEaKTUBHYIO
HAMarHUYMBAKOIYI0 MOMHOCTE Qy, MoTpediisieMyto TpaHchOpMaTOpOM
W3 CeTH W PAacXOJyeMyl Ha CO34aHHe MAarHUTHOTO IIOTOKa B MAarHUTO-
MpoBOAE TpaHcopMmaTopa.

Tok XONOCTOro XoJa W €ro akTHBHYI0 W PEaKTUBHYIO COCTaBJIIIO-

mye OmpenenstoT B % OT HOMHMHAIBHOTO TOKA NEPBHYHOM OOMOTKH.
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AKTHBHAs COCTaBIAIOLIAs TOKA XOJIOCTOro Xxoxa, %o,

. Py

0q= X, (5.12)
10S,

rae Py - motepu xoiocroro xona B BT;



S/ - HOMHHaIIBHAasE MOIIHOCTh TpaHcopMaTopa B KBXA.

PeakTHBHYIO COCTaBISIONIYI0 TOKA XOJOCTOTO XOIa OMNPEACISAIOT II0
HaMarHM4uBaoueid MourHoctu TpaHchopmaropa Qy. ns 3Toro mMarHur-
HYIO CHCTEMY JeNST Ha YeThIpe ydJacTKa - CTep)KHH, SApMa, 3a HCKIoYe-
HUEM YTJOB MAarHUTONPOBOJA; YIIbl M HEMarHWTHBIE 3a30pbl B MECTax
CTBIKOB IUIACTHH CTAJIM CTep)KHEH W sipM. HamarHmdmBaromasi MOIIHOCTb
Qx paBHa cymMMe HAMarHMYMBAIOIIMX MOIIHOCTEH BCEX YYaCTKOB.

Hamaramumsatomass MomHOCTh Qy 3aBUCHT OT MarHUTHBIX CBOWCTB
CTali MarHUTHOM cUcTeMbl. PaccMOTpeHHbIe B pasnene 5.2 KOHCTPYKTHB-
HBIE€ U TEXHOJOTHYeCKHe (aKTOphl YBETUYMBAIOT PEAKTHBHYIO MOIIHOCTb
Qx B Oonbiieil Mepe, 4eM TOTEPU XOJIOCTOrO xofa Pry.

VYBenmuueHne HaMarHUYWBaIOIIEe MOLTHOCTH YYHTBIBAIOT CIEAYIOIIH-
MU KO3 (DUIIUECHTaMU:

1. k/Tg—KOS(I)(I)I/ILII/IeHT, YUUTBIBAIOIIMI BJIMSHUE PE3KH PYJOHA CTa-
MM Ha TUIACTHHBI M cpe3aHus 3ayceHueB. [ crameit mapox 3404, 3405
C OTKHIOM IUIACTHH k/T,ZZ: 1,2; 6e3 oTKHWra IJIaCTHH - k/T,ZZ: 1,55.

2. k//Tg—KOI-)(I)(I)I/ILII/IeHT, VUUTHIBAIOIIMI (OpPMY CeUeHHs spMma, CIIo-
co0 MPEeccOBKH CTEP)KHEH W SPM MarHUTHOM CHCTEMBI, PACHIMXTOBKY U
3alIMXTOBKY BEpXHEro spmMa Npu Hacagke oOMoTok. [Ipm MomrHoCTsIX
tpanchopmaropos 10 630 kBXA  k”77 = 1,06; or 1000 mo 6300 kB -
k"77=1,07, 10000 kB>A u Gomee - k' 77 = 1,15.

3. kry - k03pduuenT, yYIUTHIBAOIINN YBEIUYCHHE HAMArHUYHBAO-
el MOIIHOCTH B YrjaX MarHUTHO#N cuctembl (Tabi. 5.9).

Tabruya 5.9
3nauenust kodpdunuenra Kry mias cramu mapok 3404 u 3405 TommuHoi

0,35 u 0,3 MM mpu MarauTHEIX MHAYKIWSX oT 1,4 10 1,8 Tnm u f=50Tn

Uucino yrioB co CTIKAMHU Wanykuus B, Tn

Kocbimu [IpssmpiMu 1,4 1,5 1,6 1,7 1,8
6 - 26,0 | 2795 | 27,95 26,0 22,1
5* 1* 32,25 | 34,83 352 | 3325 | 27,85
4 2 38,5 4,7 42,45 | 405 33,66
Npumeuyanue: * KoMOMHUpOBaHHBIA CTHIK 1O puc. 2.1,B,r
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4. Kyypr - k0o GUIUEHT, YYUTHIBAIOIINK YBEIUYCHHE HaMarHU4KUBa-
BalOlleld MOIIHOCTH B yriax MarHUTHOW CHCTEMBI B 3aBUCHMOCTH OT

[IMPUHBI [UIACTHHBI BTOPOro makera ap (tabim. 5.10).
Tabauya 5.10

3nauenus kodhounmenta Ky s XOMoAHOKATaHOW CTailu

Wnaykius IIMypyna muacTUHBI BTOPOrO HAKeTa d2 , MM
B, Tn 50 | 100 | 200 | 300 | 400 | 500 | 600 | 700

08-10 (130 | 125|120 | 1,17 | 1,15 | 1,14 | 1,13 | 1,12
11w 19| 1,40 127|121 | 1,18 | 1,16 | 1,15 | 1,14 | 1,13
12w 18| 150 | 130 | 122 | 1,19 | 1,17 | 1,16 | 1,15 | 1,14
13w 17| 170 | 1,138 | 1,25 | 121 | 1,18 | 1,17 | 1,16 | 1,15
14w 16| 200 | 150 | 1,35 125 | 1,20 | 1,19 | 1,18 | 1,16

15 300 | 200|150 | 135 | 1,30 | 1,25 | 1,20 | 1,18

TTonHass HaMarHWYHMBAIOIIAsT MOIIHOCTE, KB>A,
Qx = k}/z k%/z Ac (G +0,5ksy Ky Gy ) + k}/z k}ﬁz qq(Gy - 6Gy + (5.13)
i A
+0,5Kry Ky Gy ) + Ky (n3HP A3zp L 3p + N3gcoc Yskoc M sroc )

rne Gce, Gy, Gy - Macchl cranu CTepKHEH, pM M yriia MaHUTONPOBOJIA, KT
dc,, Qg - yaeNbHbIe HAMAarHUYMBAIOIIUE MOIHOCTH JUIsl CTallv
crepkHei u sipM o Tabm. 5.11, BXA/kr;
N3P, N3KkOC - YACIIO TIPSIMBIX M KOCBIX CTHIKOB IUIACTHH CTald SPM

U CTep)KHeW aJs BBIOpAaHHOTO MO pHC. 2.1 TaHy MIHX-
TOBKH MAarHUTOIIPOBOAA;

Qsrzp, Qskoc - YACIbHAS HaMarHUYUBAIOIIAss MOIIHOCTh JIJISL 3a30POB,
ompenensemas u3 Tabm. 5.11 no uHayknusm Bcpp B
NpsIMBIX U Bcroc KOCBIX CTBIKax, BXA/M 2;
II31p , IT3x0C - TOMAAbp 3a30pa (CTBIKA) COOTBETCTBEHHO IS TMPSMBIX
M KOCBIX CTBIKOB, M.
Jlns mpsMBIX CTBIKOB IUIOMIAJb 3a30pa B CThIKe [/3;7p paBHA ILJIO-
IIad CEUYCHHUS B CTEpXKHE [/, WHIYKIHMIO B CThIKE Bcyp MOXHO TpH-
HATh PAaBHOM WHAYKIMU B crepxHe Bc . I8 KOCBIX CTBIKOB C YIJIOM

pEe3Ku TUTaCTHH 45° mnomans 3a30pa B CThIKe [13r0C = \/EHC, HWHJYK-

M B CThIKE Bcgoc = BC/\/E .
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Tabauya 5.11
[MonHas ymenbHAs HAMAarHWYHWBAIOIIAS MOIIHOCTH B cranmud (, BXA/kr u
B 30HE HIMXTOBAaHHOIO CTHIKA (3, BXA/M 2, s cranu Mapok 3404 u
3405 tommunuoi 0,35u 0,3 MM mpu pasmudgabix HHAyKIHSX u =501

Hamaramausatorass MorHocTs ¢, BA/kr ds, BA/m 2
rnyi- M M
st B, apka CTai W ee¢ TOJIIHHA apka craim
Tn 3404, 3404, 3405, 3405, 3404 3405

0,35mm | 0,3Mm | 0,35Mmm | 0,30 MM

1,00 0,548 0,540 0,533 0,525 1000 900

1,20 0,752 0,742 0,732 0,722 4000 3700
1,22 0,782 0,768 0,758 0,748 4680 4160
1,24 0,811 0,793 0,783 0,773 5360 4620
1,26 0,841 0,819 0,809 0,799 6040 5080
1,28 0,870 0,844 0,834 0,824 6720 5540
1,30 0,900 0,870 0,86 0,850 7400 6000
1,32 0,932 0,904 0,892 0,880 8200 6640
1,34 0,964 0,938 0,924 0,910 9000 7280
1,36 0,996 0,972 0,956 0,940 9800 7920
1,38 1,028 1,006 0,988 0,970 10600 8560
1,40 1,060 1,040 1,020 1,000 11400 9200
1,42 1,114 1,089 1,065 1,041 12440 10120
1,44 1,168 1,139 1,110 1,082 13480 11040
1,46 1,222 1,188 1,156 1,123 14520 11960
1,48 1,276 1,238 1,210 1,161 15560 12880
1,50 1,330 1,289 1,246 1,205 16600 13800
1,52 1,408 1,360 1,311 1,263 17960 14760
1,54 1,486 1,431 1,376 1,321 19320 15720
1,56 1,575 1,511 1,447 1,383 20700 16800
1,58 1,675 1,600 1,524 1,449 22100 18000
1,60 1,775 1,688 1,602 1,526 23500 19200
1,62 1,958 1,850 1,748 1,645 25100 20480
1,64 2,131 2,012 1,894 1,775 26700 21760
1,66 2,556 2,289 2,123 1,956 28600 23160
1,68 3,028 2,681 2,435 2,188 30800 24680
1,70 3,400 3,073 2,747 2,420 33000 27000
1,72 4,480 4,013 3,547 3,080 35400 28520
1,74 5,560 4,953 4,347 3,740 37800 30840
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PeakTuBHas cocTaBisIOmas TOKa XOJIOCTOro Xxoxa, %0,
. _ Qg
lop =70 (5.14)
10S,
rae Q y— monmHas HaMarHMYMBAroIas MOIIHOCTH TpaHcdopmaropa, B,

Sy —monHas HOMMHAJbHAs MOIIHOCTH TpaHcopmaropa, KB>A.
ITonueri TOK XoJg0CTOro Xxoja, %,

o=y i5a+iop - (5.15)

[MonmydeHHOEe 3HAYEHHWE TOKAa XOJIOCTOTO XOJa HE JIOJDKHO IPEBBI-
mare 3aaaHHoro Oojee uyem Ha 15 9%, TO ecThb MOJIOBHUHY JOMycKa pas-
petennoro I'OCT (mo I'OCT 11677-85 pasperiennsiii monyck +30%).

Brimie u3noxkeHa YIOpOIIEHHAas METOIWKAa pacdera MOoTeph U TOKa
Xo5ocToro xoja. bomee TouHBIA MeTon pacuera paccMorpeH B /1.

Koaddunuentr nonesnoro nedcrBus Tpanchopmaropa, o.e.,
i Py + Py

S, 10°+P, +P,
rne Py, Pk - moTepu KOPOTKOTO 3aMBIKaHHUS M XOJOCTOTrO Xoia, BT;
Sy - monHasT HOMHWHANIbHAsT MOIIHOCTH TpaHcdopmaropa, KBXA.

h=1 (5.16)

6. TEIIJIOBO PACUET TPAHC®OPMATOPA

AKTHBHYIO 4acTh TpaHchopmaTopa (MarHUTOMPOBOA C
00MOTKaMH) YCTaHABIUBAIOT B CTaJbHON 0ak. bak 3akphIBaroT
KPBIIIKOH W 3alMBalOT B 0ak TpaHc(hOpMAaTOpHOE MAcCio IS
JTYYIIEr0 OXJIAKICHUS OOMOTOK W MAarHUTOMPOBOJA.

Bo Bpemsi paboTBI B aKTHUBHBIX YacTiX TpaHchopmaTopa -
00MOTKaX M MarHUTONPOBOJE - BOSHUKAIOT IOTEPH, BBIACISIONINECS B
Buze Tera. OOMOTKM W MarHuTHas CUCTeMa TpaHcopmaTopa
HarpeBaloTCsl, MOCTE-TIEHHO IOBBIIIAs CBOIO Temieparypy. C pocTom
TEMITEPaTypbl BO3HUKAET TEMIIEPATYPHBIA mepenan (pa3HOCTh
TEeMIIepaTyp) MEKIy OOMOTKON WIM MArHHTHOH CHCTEMOW U
TpaHcpopMaTOpHEIM MacioM. C TOSBICHHEM TeMIIepaTypHOro
nepenajga HauMHAETCS Iepelada Teia OT Ooliee Harpe-TOW aKTUBHOM
gact K OoJiee XOJIOJHOMY MAcCIy.

Benen 3a akTUBHBIMH YacTSAMH HarpeBaercs Macio U
MeTaJuTiuec-Kuii 0aKk M BO3HUKAEeT TEeMIepaTypHBIN Mepemnag MexIy
BHEITHEW MO-BEPXHOCThIO 0aka M OKPYXKaroIIMM BO3AyxoM. Temo c



MOBEPXHOCTH 0a-Ka Tepenaercs BO3AYXY MyTeM JIY4eUCITyCKaHUS H

konBekmuu. C yBe-
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JTMYEHUEM TEeMIIepaTypbl OOMOTOK W MarHMUTOIPOBONA BO3PACTAIOT
TEMIIe-paTypHbIEC Tepenaabl MEKAY aKTHBHBIMH YacTSMH, MacloM,
0akoM U OK-PY)KaIOUIMM BO3IyXoM. lIpomopuuoHanbHO
TEMIIEPAaTypHBIM IMepernajaM yBEIUYHBACTCS KOJIMYECTBO TeIlIa,
oTnaBaeMoe Bo3Ayxy. Korma Bce BbI-mensiomieecss B TpaHchopMaTope
TEIJIO PacCeMBAETCS B OKPYKAIOIIEM BO3JyX€, NAIbHEHIINHA Harpes
aKTHBHBIX YacTell mpekpamaercs. Temre-paTypbl aKTHBHBIX 4acTed U
MIPEBBILICHUS] TEMIIEPAaTyp HE HU3MEHSIOTCH.

BonpIInHCTBO CHIIOBBIX TpaHC(HOPMATOPOB PadOTaOT C
JUTUTEITFHON MaJION3MEHSOIIecS Harpy3Koi, HE IPEBHIIIAIONIEH
HOMHUHAJbHON MoI-HocTu. [loaToMy TerioBoil pacder
TpaHC(POPMATOPOB BBIIONHAIOT U PEKMMa HOMHHAJIBHOW Harpy3KH.

3aaua TEIJIOBOTO pacdyeTa 3aKIIoYaeTcs:

1. B onpeneneHun mnepemnagoB TEMIIEPATypbl BHYTPH OOMOTOK H
Mar-HUTHOH CHUCTEMBI M MEXAYy OOMOTKaMH, MarHUTHOH CHCTEeMOH u
MacIioM.

IZl 2. B nozxbope KOHCTpYKLHWH,

pOB 0aka M CHCTEMBI OXJIAXKICHHS,
00ecIeunBaloMX HOPMAJBH YO

Hampasnenue
Teronepeaaun

I
- \ OTJIauy BCEX MOTEPh TNPH
Typax
’ 00MOTOK, MarHUTHOH CHCTEMBI H
a ||
[Zl HE TPEBBIIAIONINX JIOMYCTHMBIC
parypel.
d 3. B moBepoyHOM pacuere mpeBbIiIe-
h HUI TeMmIeparypsl OOMOTOK, MarHUTHOM
X CHCTEMBl M Maclla HaJ OKPYKaIOoLINM
BO3IYXOM.
a Haubonee BaxeHn pacuer

TCIIO-

BOTO0 pexuMa OOMOTOK, TaKk Kak B
Puc. 6.1. K pacuery BHYyTpeH-

HEro mepernaja TemIe-
nepatypsl B 0OMOTKax

Beiaemsiercst (60 —80) % moreps

SHEp-
rud. OT TemmepaTypbsl 0OMOTOK
3aBHCHT
TEIJIOBOM M3HOC M3O0JALUU H
clenoBa-

TENbHO CPOK HOPMaJbHOU
SKCILTyaTalluu TpaHcpopmaropa. [loaToMy Mpu MpakTHYECKUX
YIPOIIEHHBIX pacueTax HaXoJiT CpeAHUE Iepernajsl TeMmIeparyp B
00MOTKaX ¥ MEeXAYy OOMOTKa-MH M MaclioM, He ONpeleNsis Nepernanbl
TeMIlepaTyp sl MarHUTOIIPOBOJA.

6.1. TEIJIOBOU PACYET OBMOTOK

TemoBoii pacyer OOMOTOK HAYMHAIOT C OMpENeNIeHHs BHYTPEHHHX

nepenagoB Temmeparyp: o1 anst oomorku HH u Qo2 ans oomorku BH.
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[loxcuer BHYTpEHHEro mepernajaa TeMIepaTypsl B OOJBLIMHCTBE 00-
MOTOK W3 TMPOBOJAA NPSAMOYIOJbHOIO CEYEHHS YIPOINAeTCs TEM, YTO Kak-
JBIA TIPOBOA OAHOM WIJIM NIByMsI CTOPOHAMH CBOETO CEUYEHHS CONpHKaca-
ercst ¢ oxnaxparommM Mmaciaom (puc. 6.1). K Takum 0OMOTKaM OTHOCST-
¢ OOMOTKH C PaMalbHBIMU OXJIAKIAIOIUMH KaHamaMu (BUHTOBBIC, He-
OpEphIBHAS KATYIICUHAS) W OJHO- U JBYXCIOWHBIC IMIMHIPUYCCKHE.

BHyTpeHHHii mepenaa TemmepaTypel B TakuX OOMOTKax IMPaKTH-

YeCKA paBeH Mepernanay B H30/SIHU OJHOro mposoaa, °C,X

q, =39 103, (6.1)
| 3
31ech (] - IOTHOCTh TEIJIOBOrO MOTOKA, BT/M ’ Ha MIOBEPXHOCTU pac-
cMarpuBaeMoil 0OMOTKH, ompenensiemas B paszgene 3; d- TommuHa H30-
JAUUA TPOBOAA HA OJHY CTOPOHY, MM; | z3 - TEIIIONPOBOHOCTh H30JISI-
muu nposoaa, Br/(MXC), mo Tabi. 6.1.
Tabauya 6.1
VY ensHpIe TEMIONPOBOAHOCTH M30JSILMOHHBIX MaTepHalioB

Marepuan | y13, BT/(MXC)




Bymara xabenpHas cyxas 0,12
Bymara xabenpHas B Macie 0,17
Bbymara kabenpHas, NPOMUTAHHAS JTAKOM 0,17
DNEeKTPON30JIILIMOHHBIN KapTOH 0,17
JlakoTKaHM BIEKTPOU3OIALMOHHBIE 0,25

[Ipumeuganue: TeaonpoBOIHOCTh ANIEKTPOM3ONIALMOHHBIX MaTepHua-
JIOB 3aBHUCHUT OT TEXHOJIOTMH uX 00paborku. [Ipu mpomuTke, yBIaKHEHUU
U YIUIOTHEHUM BHEIIHMM JABICHHEM TEILIOIPOBOMHOCTh YBEJIMYUBACTCA.

a) a 0) as a 6) a
|

I I
1 A
m

Buyrpennuii nepemnan
TeMIlepaTypsl B MHOTO-
1 CIIOWHBIX IUIHHIPUYEC-

B J KHX OOMOTKaxX W3 IPOBO-
H Zk Ja KPYrJoro WIA TPSMO-

YrOJIbHOT'O CEYEHUsI C OT-

1 - usonayuonnviii MWUH()B? Jm- memnepa- KPBITBIMUA ITOBEPXHOCTIMU
mypa Haubonee Hazpemoll Yacmu 0OMOMKU; OXJIKEHHS BCEX KaTy-

Hanpasenexue menionepeoaiu
ek OOMOTKH TIO PHCYH-

Puc. 6.2. K pacuery BHyTpeHHero mepemaaa Ky 6.2, a,0, °C,
TEMIIEpaTypbl B MHOTOCJIOHHBIX OOMOTKaX
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vy

2
9y =22 106 | (62)
8l op
Ecin oOMoTKa WM BHYTPEHHsISI KaTylika OOMOTKM HaMOTaHa He-
MOCPEACTBEHHO HA H30JSIIIMOHHOM ImiuHApe (puc. 6.2, B) U UMEET TOJb-
KO OJHY OTKpPBITYIO IMOBEPXHOCTh OXJIAXKJEeHUs, Hambojee Harperas 30Ha
CABHUTAeTCS OT IIEHTpa cedeHHs OOMOTKH B CTOpoHY ImmHApa Ha 0,75a
OT HapYXHOM IOBEpXHOCTH.
IMonuelii BHYTpeHHUI mepenan B 5ToM ciydae, °C,

pa’

qozozsl “10° 6. (6.3)

cp

B ¢dopmynax (6.2), (6.3) p - ynemsHbie morepu, Br/m 3 B obbeme
00OMOTKH; @ - paJualbHbId pa3Mep KaTyHmKH MO puc. 6.2 B MM; ecnu 00-
MOTKa pa3jielieHa Ha [BE KATYIIKA OCEBBIM OXJIAXKIAIOIMM KaHAIOM, TO
a - paguanbHBIA pasmep Oonee mmpokod karymiku (puc. 6.2,6) B MMm;
| cp-cpemuss TeronpoBogHOCTs 00MOTKH, BT/(MXC).
VYaensHBIE TIOTEPU P, Br/m?,

OIPE/ICIIOT OTHOIICHUEM HJIeK-
TPUYECKUX TIOTEPh B IPOBOE
eMUHUYHOM JJTHHBI K 00BEMY, 3a-
HHMaeMOMY 3THM H30JMPOBAHHBIM
MIPOBOJOM BMECTE C MEXKIYCION-
HOM m3oisinueit (puc. 6.3):
- i OOMOTOK W3 IPOBOJIA
KPYIJIOTO CEYCHHUs
a) kpyenviii 6) NPAMOY2OIbHbILIL 3242
=K 10%; (6.4
nposoo nposoo P=K—F-— ; (64)
d’ +d¢)d’
( c)
- s OOMOTOK W3 TPOBOJA
OPSMOYTOJIBHOT'O CEUCHUS

J%ab
(@ +dc)b
3necsr K =1,68; K'= 2,14 nns menHoro mposoaa, K =2,71; K'= 3,44 -
VIS ATIOMHHHEBOTO; J - INIOTHOCTh TOKA B OOMOTKE, A/MM 2, pasMepsl

wc. 6.3) mpoBona 6e3 msomsiuu d, @, b u B wsommmu d’ | a’, b’ B MM;
p

d¢ - TommMHA MEKIYCITONHOW HM3OJSAIKH, MM, OINpEAcicHa B pasiene 3.
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Cpennsst TeronpoBogHocts | ¢p oomorkm, Bt/(MXC):
- U3 OPOBOJAA KPYIJIOrO CEUCHHS

Puc. 6.3. DiemednT o0beMa 0OMOTKHU

p= (6.5)

I'l,.(d +d
| gp = ic(d *de). (66)
| de+1.d
- U3 HpOBO,I[a HpHMOYFOHLHOI‘O CCUCHUA
Il . (at+d
| cp :M. (6.7)
| de- +1 . at

B ¢dopmynax (6.6), (6.7) TemionpoBOAHOCTh MEKIYCIOHHON H30IISI-
man | ¢ Br/(MXC); mo Tabn. 6.1, cpennss ycnoBHas TEMJIONPOBOIHOCTD
oomotku | 6e3 yuera mexmycrnoinol wuzossiun, B/(MXC):

- B 00MOTKax W3 MPOBOJA KPYIJIOTO CEYCHUS

| = | s , (6.8)
0,74/ (d’ - d)/d

-B 0OMOTKax W3 MPOBOAA NPSMOYTOJbHOTO CEUeHUS




ba’
2d b’
rae | y3 - TermnonpoBoaHOCT, M30MAIMU npoBoga 1o Tabiu. 6.1, Bt/(MXC);
dd aa bb'- pasmepsbl mpoBoxa (puc. 6.3) B MM;
2d - TonmuHA W30JSAMKAU MPOBOJA HA JBE CTOPOHBI, MM, 1O Tabi. 2.8.
Cpenuuii BHYTpeHHHI mepemnas TemmepaTypsl oomotkH, °C,

| =1, (6.9)

2
qOCPZEqO’ (6.10)

rjiae (o - BHYTPEHHUMN Tepenaj TeMIeparypbl B 0OMOTKE 1O (opMmyiam
(6.1) - (6.3) B °C.

IMepenansr TemmepaTypbl (oar1, Joir2 Ha MOBEPXHOCTH OOMOTOK

BH u HH 3aBucaT OT IJIOTHOCTH TEMJIOBHIX IOTOKOB (1 U (2, omperde-

JIIEMBIX TIpH pacdyere oOMOTOK B pasiene 3. OObYHO (oar1 U Qo2
PACCUUTHIBAIOT MO MPOBEPCHHBIM HA IMPAKTUKE SMIUPUYECKUM (POpMYIIiam.
JUis [WIMHAPUYECKUX OOMOTOK U3 MPOBOAA MPSIMOYrOJBHOTO WU
KpPYIJIOTO CEYCHHS W BHHTOBBIX OOMOTOK 0€3 paauanbHbIX (TOPH30HTAIb-
HBIX) KaHajoB Iepenaj TeMIeparypbl Ha IOBEPXHOCTH 0O0MOTKH, °C,

Qo =0,285q °°. (6.11)
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[lepenan TemmepaTypbl Ha HOBEPXHOCTHM BHHTOBBIX U KaTYIIEYHBIX
00MOTOK C paauanbHbIMU (TOPU3OHTANBHBIME) KaHamamu, °C,

Qonr =035k k, q%°. (6.12)
3nech Ki- ko3 uUIMeHT, YIUTHIBAIONINIA 3aTPYIHCHUES KOHBEKIHH Macia
B KaHaJlax BHYTpeHHHX 00MoOTOK: K1 =1 mms obmorok BH; ki=1,1 nns
oomorok HH; Kk - ko3 puiiuenT, yauThIBarOIINil BIUSAHIE OTHOCHTEIHHON
HIMPUHBI PAAMAIBHOrO (TOPH30HTAIBHOI0) OXJAXKAAOIIET0 KaHama Ha
KOHBEKIIMIO Macia, Ko ompenmenstor mo Tabm. 6.2 B 3aBUCMOCTH OT OTHO-
LICHHs BBICOTHI K rayOuHe KaHama (mmpune obmorku) hgla (puc. 6.1).

Tabauya 6.2
3uaueHust kodbduiuenra Ky B dpopmyne (6.12)

hx /a |0,07-0,08|0,08-0,09| 0,1 |0,11-0,12|0,13-0,14|0,15-0,19| 3 0,2
ko 11 1,05 1,0 0,95 0,90 0,85 0,80

[ocne ompexneneHns: BHYTPEHHEr0 W BHEIIHETO ITEPEnajoB TeMIlepa-
Typsl A1 00enx OOMOTOK IOJACYHTHIBAIOT CpeJHEe MPEBBIIICHHE TeMIlepa-
Typsl OOMOTKH HaJl CpeIHEH TeMIepaTypod oxaaxkiaromero macina, °C,

Qomcr =Yocp *Y0um » (6.13)

6.2. TEIUTOBOI PACUYET BAKA TPAHC®OPMATOPA
Bak TpanchopmaTopa JomkeH obOecreynBaTh NMPH MHHUMAJbHBIX
BHEIIHUX pa3Mepax XOpPOIIYI0 TEIJIOOTAayy, TMO3BOJISIONIYI0 OTBECTH B
OKPYXAaIIyI0 Cpely Bce TEIIO OT aKTHBHBIX 4acTeil TpaHcdopmaropa.

Tabauya 6.3
Tumel 6akoB CHIIOBBIX MAcCIISIHBIX TpaHc(hOpMaTopoB

[Ipenensl nmpumeHeHus 1o
MOIITHOCTH, KB>A

Tun Gaka

bak ¢ rmagkuMmu creHKaMu Jo 25-40

Ot 100 mo 6300

bak ¢ HaBecHbBIMU pajuaTopamu C
PSIMBIMU TPYOaMHu

bak ¢ HaBecHbBIMU pajuaTopamu C
THYTBIMH TpyOamu

bak ¢ BBapeHHBIMH OXJIaXKJAIOIIMMH
THYTBIME TpyOamu (TpyOuatslii)

Ot 2500 no 10000

Ot 40 no 1600
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[loTepr MOIIHOCTM W KOJWYECTBO OTBOJMMOTrO TeIlJia yBEINYHBa-
IOTCS C HOMHHAJILHOM MOLIHOCTBIO TpaHcopmaTopa. BemeacTBue 3Toro
C POCTOM Sy HEOOXOIWMO YBEIMYMBATh TEIJIOOTAAIONIYI0 MOBEPXHOCTH,
YTO JOCTUTACTCS YCIOKHEHHEM KOHCTpyKuuu Oaka. Tum Oaka Tpancdop-
MaTopa C €CTECTBEHHOH HUPKYJSAIMed Macia BeIOMparoT mo Tadi. 6.3.
B nacrosmee Bpems TpyOuaTeie 0aku NPUMEHSIOT PEIKO BCIEACTBHUE HC-
MOJIb30BaHMsl 00Jee TEXHOJIOrMYHBIX OAKOB C HABECHBIMH PaJHaTOPaMIL.

Pa3smepnr Oaka 3aBHCAT OT rabapuUTHBIX Pa3MEpPOB AKTHBHON YacTH
U MHHHMAJIBHO IOIMYCTUMBIX H30JALHOHHBIX PACCTOSHHUN OT OOMOTOK U
OTBOZIOB 10 CTEHOK Oaka (puc. 6.4).

Tabruya 6.4

JlonycTuMble HM30JSIIMOHHBIC PACCTOSHUS MEXTY
orBomamu, ooMorkoid BH u GaxoMm, MM

WN3omsauuonnoe | TommuHaa M30514- UcnbrtarenbHoe HampsHKEHHE
paccrosHue, MY OTBOJA Ha oTBOJa, KB




MM, (puc. 6.4) |omHy CTOpOHY, MM | Jlo 25 35 55 85
~ 0 25 33 50 -
2%, & 2 20 20 32 50
0 25 33 50 90

= % 2 20 20 30 50

[To tabn. 6.4 ompenensror HeoOXoAUMBIE IJIA pacueTa Oaka

MUHHU-MAJIBHBIC M3O0JLMOHHBIC PACCTOSAHHUA W pasMEPbBI OTBOAOB (pI/IC.

6.4):

Si - U30NAIMOHHOE PACCTOSIHUE OT M30JMPOBAHHOTO OTBoJa 0OMoTkM BH
(BHemHEH) 10 COOCTBEHHOW OOMOTKHM M PaBHOE €My pPacCTOsSHHE Sp
OT 3TOr0 OTBOJA JO CTEHKH 0Oaka, MM;

d; - nuamerp wm3onmpoBaHHOro orBoxa BH mpu kimaccax HampspKeHHS 10
35 kB sxmountensHo, di=20mm npu momrocTax g0 10000 kB>XA
u d;=25MM mpu GONBIINX MOIIHOCTSX;

S - MBONIIMOHHOE PACCTOSIHUE OT HEHM30JIMPOBAHHOTO WM H30JUPOBaH-
noro orBoga ooMorkn HH mo obmorku BH, mwm;

dz - muamerp wu3ommpoBaHHOro orsoxa oomorkun HH, MM, paBueii di mpu
Hanpspkennn oomotkun HH 3,15 kB u Gonee, mim pa3smep HEH30JH-
poBannoro orBoxa HH (ummmbr), paBubiii (10 —15) MM mpu Hampsi-

Huu ooMmotku 10 1 kB;
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Sy - u3onAIMOHHOE paccrosinue or orBoga HH 1o crenku Oaka, mMu;

S - IPUHUMAIOT PaBHBIM Sg MPU HCHBITATENFHBIX HAMPSDKEHUAX 10
85 kB wm onpenensor no Gopmyne Sy =S;+d, +S, (pesynbra-
TBI pacuera MpuBelAcHBl B TaOm. 4.2).

A
C C Hax
| i : H
B ! 1 1 i
el /; Hay
1 m—
| hey
n

a\ A\

Puc. 6.4. K ompeneneHno OCHOBHBIX pa3MepoB Oaka

MuHuMasbHble IUpUHA B U umHa A Oaka Tpex($azHOro TpaHc-
dopmaropa kmaccoB Hampspkenust 6, 10 u 35kB (puc. 6.4), M,

B=D",+(5,+S,+d, +S;+S, +d,)” 10°%; (6.14)

A=2C+D";+25,7 1073, (6.15)
rae D'/;- napyxubii aumamerp ooMorkn BH B M;
C - paccrosiHUe MEKIY ocsiMu crepikHed B M mo ¢dopmyne (5.4);

S1,S2,S3,S84,Ss,d1,d2 - pasmepsr o puc. 6.4 B MMm.
Bricota akTuBHON YacTu TpaHchopMmaropa, M,

— . -3
H, gy =lc+2hg +n" 1077, (6.16)
rae lc - BpICOTa CTEpXKHS MarHWTONpOBOA, M; hg- BeIcOTa spMa MarHuT-
HOM CHCTEMBI, paBHas IIMPHUHE I[EHTPATBLHOTO TAaKeTa CTald sSpMa dig,

B M; N - TOJIIMHA TOAKIamKW mox HmwkHee spmMo B MM (N = 30 - 50 mMm).
I'myouny Oaka, M, ONpEACNSIOT MO BBICOTE AKTMBHOW wactu H,y

0]
U paccTosHUI0 Hgg OT BepxHero spma a0 Kpeimku Oaka (puc. 6.4):
H=H,y +H g, (6.17)

rne H,y - BBICOTAa aKTUBHOM YacTH TpaHcdopmaropa B M;

Hgg - MUHUMaJIBHOE PAcCTOSIHHE OT BEpXHEro sfpMa J0 KpPBIIKU Oa-
Ka, HeOOXOJUMOE Il YCTAaHOBKHM M KpEIUJIGHUS BBOIOB, IIepe-
KJIFOYaTessl PerylupoBaHUsl HANpsHKEHUS W OTBOAOB, M, MPHHH-
MaroT no Ttabi. 6.5.

Tabauya 6.5
MuHUMaNBHBIE PACCTOSHUS OT SpMa 1O KPBIIIKH 0Oaka

Paccrosinue Hsy Kinacc nanpsbkenus TpaHcopmaropa, kB
OT sipMa J0 6 10 20 35
KppiIk baxa, M| g 16 0,16 03 0,4*




HNpumeuganue: * [Ipy TOpU30OHTAIIEHOM TOJOKECHUN TEPEKITIOYATENS
MEXIY SIPMOM U KpbIIKOi Oaka (peeunbie mepekirouarend tuma [ITP).

Ipu BeprukansHON ycraHoBKe mepekmoudarens Hgrx = 0,85 M (mepexstto-
garenu tuna [ITJI- 6, IITJI - O - 15).

[lo nalimeHHBIM pa3MepaM Oaka MPEABAPUTENHLHO ONPEACISIOT MO-
BEPXHOCTb H3JIy4CHHUS 'y w TpeOyeMyr0 M3 YCIOBHH OXJIaXKACHUS IO-
BEPXHOCTh KOHBEKIMH /1y, MCXOIS M3 KOTOPOH DACCUMTHIBAIOT CHCTE-
MY OXJIQXICHUS.

TTOBEpXHOCTh M3IydeHHsS 0AKa MPHOIMKEHHO, M

- g 0aka TMPSMOYrOJBHOTO CEYeHHs B IUIAHE

), =2(4+B)HK, (6.18)
- I 6a1<a OBAJIBHOT'O CCYCHUSA B IIJIAHEC
), =[2(4- B)+p B]HKk, (6.18a)

rne A, B, H - pasmepsl Oaka 1o pwuc. 6.4, m;
Kk - ko3 uIMeHT YIUTHIBAIOIINI OTHOLICHUE MEepPUMETpa MMOBEPXHOC-
TH W3JIY4eHHS K IOBEPXHOCTH TJIAOKOH dacTh Oaka u TpuOnu-
xeHHo paBHbid: 1,0 — qns rnagkoro Oaka; 1,5- 2,0 - nnst Gaka ¢
HaBeCHBIMH pamuaropamMu u 1,2 - 1,5- nns Gaka ¢ TpyOamu.
Heo0xonumMyt0 MOBEpXHOCTh KOHBEKIUH 'y NpUOTKEHHO OIIpe-
JeNSIOT M0 MOTEPSM MOIIHOCTH M JUIMTEIBHO JONMYCTHMBIM IIeperazam
TEMIIEpaTyp MEXKIy OOMOTKOH, MacjioMm, 0akoM U OKpPYKAroIIUM BO3IY-
XOM TPH YCIOBHH, YTO TeMIlepaTypa HaunOoiiee Harperoi OOMOTKH He
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MPEBBICUT MAKCUMAJBHO IOMYCTUMYIO ML M30JBIMU Kiacca A Temrepa-
typy 105 °C mpu temmeparype okpyxaromiero Bozayxa +40°C (I'OCT
11677-85).

[Ipu makcuMaibHO JomycTuMoW Temmeparype oomotku 105 °C
JUTI-TEIIBHO JOMYCTUMOE CpeHee MPEBBIIICHHE TeMIeparyphl
0OMOTKH HaJ BO3IYXOM IPH HOMHHAIILHOW Harpyske paBHo 65 °C.
CpenHee mpeBblllle-HUE TEMIIEPaTypbl Maciia, OMBIBAIOLIETO OOMOTKH,
HaJl BO3JYXOM IOJ-

)KHO OBITE He Ooutee, °C,
Qs =65- dowce: (
6.19)
rae (omcp- OoJpliee U3 ABYX 3HAYSHHH, MOJACYUTAHHBIX JUII OOMOTOK
BH u HH no ¢opmyre (6.13) B °C.

CpeznHee TpeBBIIEHHE TeMIlepaTypbl Oaka Han Bo3gyxoM, °C,

U5 =Amp - Ums (6.20)
rae (s - nepenan Temmeparypsl, °C, MEXAy MaclioM W CTEHKOW Oaka
(o6bruHO Q)5 He mpebimiaer 5—6 °C).
[omyuenHOoe 3HaYEHHE HOJDKHO YIOBIETBOPSATH HEPABEHCTBY
12" @pp +9u5) £60°C, (6.21)
orBevatonieMy TpeboBaHusM ['OCT, 4ToOBI MpPEBBHILICHHE TeMIEpaTyph
BEepXHHUX CJIOEB Maciia Haj Bo3ayxoMm He mpeBocxommio 60 °C. Ecnu He-
paBerctBO B (Qopmyine (6.21) He ymoBIETBOpSETCs, TO CIEAYyeT NPUHSTH
12" @gz *9,5) =60°C u onpenenutsh 3HaueHne Jss , °C,
U5z =950~ Qup - (6.22)
TpeBapUTENbHOE 3HAYCHHE TOBEPXHOCTH KOHBEKIMH 0aKa, M >,
_105(Px +Py)
2,50 5%
3neck Py, Py-moTepu KOPOTKOTO 3aMBIKaHHMS M XOJOCTOTO Xoxa, BT, mo
dopmynam (4.19) u (5.11); mosepHocts m3mydenus I1';, M2 1o Qopmy-
mam (6.18) wmmm (6.18a).
[To naiinenHomy 3HadeHuro 7 0% ONPENENA0T BUJ, YMCIO U pa3me-
PBl OXJKAAIOUIMX JJIEMEHTOB, KOTOpbIe MOAOUPAIOT TakK, YTOOBI HX CyM-
MapHasi TOBEPXHOCTb KOHBEKIMH [lx NpUONM3HTENsHO Obima pasHa I1'k.

1l - 11211, . (6.23)

6.2.1. IJIAIKUI BAK

Hns  tpanchopmaropoB MomHOCTEIO 10 40 KBXA  BKIIOYHTEIHHO
NPUMEHSIOT Tiajakue Oaku. TONIIMHA CTEHKH, JHA M KPBIIIKH Takoro Oa-
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ka He mpebimiaer (3 - 4) mm. IloBepxHocTH KOHBeKUMHU [lxry; W H3ITyde-

Hust [lyr; Tnagkoro 0aka paBHBI €r0 BHEUIHEH MOBEPXHOCTH.
DaKTHYECKAs MOBEPXHOCTh TEIIOOTAAUH, M2
- IPSAMOYT'OJIBHOTO 0aka

g =Hyry =2(A+B)H +0511p; (6.24)
- OBAJILHOrO 0Oaka
ey = yry =[2(A- B)+p B]H +0511p, (6.25)

3nece A, B, H - pasmepol 6aka (puc. 6.4), M, [Ixp - HOBEPXHOCTh KPBIIIKA
6aka, M % 0,5 - KOO(GHUIMEHT, yIHTHIBAIOIINI 3aKPHITHE YACTH IOBEPX-
Hoctu Kpbiuku BBogamMu BH u HH u pasmuunoit apmarypoil.



[IOBEPXHOCTh KPBILIKH, M
- TIPAMOYTONbHOrO Oaka

Hyp=A4B ; (6.26)
- oBaJIbHOT'O 0aka

Myep =[(4- B)B+%BZ], (6.26a)

B Qopmynax (6.26), (6.26a) Bce pasMepsl B M.

Ecmu (akrtuueckas TOBEPXHOCTh KOHBeKuMU I[lgry; MeHblne [7 /K,
HEOOXOAUMON TI0 YCIOBHSM OXJAXJICHHS, MOXHO YBEJIUYHUTH MOBEPX-
HOCTh KOHBEKIIMH, YBEJIMYHMB BHICOTY 0aka H (B pasyMHBIX Mpeeiiax).

[Tociie OKOHUYATENILHOrO OIpPEACICHHUS pa3MepoB 0aka U TOBEPX-
HocTelt Ttemnmootnaun Illgry; W Ilyrj cienyeT BBINONHUTHL TOBEPOUYHBIHN
pacder HpEBBINICHUI TemmepaTypsl 0OMOTOK M Macha (moapasmen 6.3).

6.2.2. BAK C HABECHBIMU PAJIUATOPAMU

[ToBepXxHOCTh TEIUIOOTAAYM Takoro Oaka oOpa3oBaHa B OCHOBHOM
Pa3BUTON TOBEPXHOCTHIO paJMaTOpPOB W 3HAYUTENBHO OOJbIIe, YeM Y
[NIAJKUX U TPYO4aThIX OaKoB.

Pamuarop (puc. 6.5, 6.6) cocrouT u3 ABYX KOJUIEKTOPOB (CTaTbHBIX
KOpOOOK), B KOTOpbIE BBAapEHBI BEPXHHUMH M HIKHUMHU KOHI[AMHU TPYOBL
Paguatop mnpucoemuHsror K 0Oaky TpaHchopmaropa (IaHIAMH CBOHMX
KOJUIGKTOPOB WJIM TPUBAPKOH MaTpyOKOB KOJJIEKTOpa K CTEeHKe Oaka
(momyctumo mpu Sy =100, 250 kBA).

B tpancdopmaropax momurocteio or 100 no 6300 kB*A wucmomnb-
3YIOT PagHaToOpbl C NPSIMBIMH BEPTHKAIBHBIMH TPYyOaMH OBAJIBHOTO Ce-
YeHusi ¢ pazMepamu oBana 72X 20 MM W TONIIUHON CTEHKH TPYOBI
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1,5mm (puc. 6.5). DT paguaTopbl BBIMYCKAIOTCS C OXHUM PSIOM TPYO
mo 7 Tpyd B psany u ¢ nByms pspamu no 10 tpyd B psmy. OCHOBHBIE
JIAaHHBIEC PaAJMATOPOB MpuBEACHbI B Ta0i. 6.6. Jlns pamuaropa ¢ omaHUM
psimom 1pyd pasmepst B u C (cm. puc. 6.5) pasubr 354 u 158 mm, mms
pamuatopa ¢ AByMs psgaMu TpyO - 505 m 253 MM COOTBETCTBEHHO.

Tabruya 6.6
OCHOBHBIE JaHHBIE PaJHaTOPOB C NPSAMBIMH TpyOamu mo puc. 6.5

Pasmep ToBepx- | Macca, «r Pasmep Tosepx- Macca, Kr
HOCTb HOCTb
A, M 2 A, M 2
Ixrp, M2| cTamu | macna Iyrp, M2 | cTama | macna

C oguuM psjioMm Tpyo 1,4 4,333 | 53,94 46
0,71 0,746 12,9 8,5 1,615 4961 | 67,14 53
0,9 0,958 |1535| 10,9 1,8 5613 | 73,94 57

C nBym™s psgamu Tpyo 2,0 6,253 | 81,98 64
0,71 2,135 | 34,14 24 2,2 6,893 | 89,18 72
0,9 2,733 | 41,14 30 2,4 7,533 | 95,68 78
1,115 3,533 | 50,14 38
Dpumeuanus 1l [Igrp- NIOBEPXHOCTh KOHBEKIMH TPYO, MOBEPXHOCTH
KOHBEKIIUU JIBYX KOJUIEKTOpOB Ilxx = 0,15 M2 NpU OJTHOM psJe TPYO,
Ixx = 0,34M2 npu JIBYX psijax.

2. MuHMManbHOE pacCTosiHME oOced (IaHIeB paauaTopa OT HIDKHETO |
BepXHEro cpe3oB Oaka c¢1 u ¢ coorBercrBenHo 0,085 u 0,10 wm.

B tpancdopmaropax momHocTeio oT 2500 mo 63000 kB>A mpume-
HSIOT JIBOWHBIE TpyOYaThle PaguaTopbl M3 YEThIpeX pPsI0B TPYO Kpyrio-
ro cedeHus, no 16, 18, 20, 22 TpyObl B psoy, W3OTHYTHIX IO KOHIIAM
U BBapCHHBIX B JBa MPSIMOYrOJbHBIX Kojuiekropa (puc. 6.6) wmm omuHap-
HBIe ¢ AByMs psgamu Tpyo (mo 16 TpyO B psimy), BBapeHHBIMU TOJIBKO C
OJTHOM CTOPOHBI KOJUIEKTOpoB. OOmiee 4ncino Tpyd y OOMHAPHOTO pajua-
Topa paBHO 32, Y JBOWHBIX pajuaToOpoB cooTBeTcTBeHHO 64, 72, 80, 88.
[Ipu HM3roTOBNEHHH PaAMATOPOB HCHOJB3YIOT TPYOBI nuamMeTpoM 51 MM u
toymuHoN crenku 1,6 wim 1,75 mMMm. YjaenpHas TemiooTaada ¢ IOBEpX-
HOCTH TaKHX PaJUaTOpPOB BBIIIE, YEM Y paauaropa ¢ MpsMBIMH TPyOaMmH,
HO KOHCTPYKLHMS MEHee TEXHOJIOIMYHA.

OcHOBHbBIE JaHHbIE HOPMaJbHOW CEpUU OAMHAPHBIX M JIBOMHBIX pa-
JMAaTOPOB C HM30THYTHIMH TpyOamu 1o puc. 6.6 mpusenensl B Tabm. 6.7.

C=253 8 60
B =505 195 _
/@ €2
LU EEE LR LT e
gl gkt g i il i =R 1ES a
O O e | I O



Puc. 6.5. TpyOuatslii paguaTtop ¢ NPSIMBIMH TpyOaMu

Tabnuya 6.7
OCHOBHBIE JaHHBIE TPYOYaThHIX PagHaTOpPOB MO puc. 6.6

OnuHapHBIA paguaTop JIBoiiHOW panuatop
Pasmep [ToBepXHOCTH Macca, kr | IToBepxHOCTS Macca, kr
4™ 11 M2 craad | mMacia 11 M2 cTalmd | Macia
KTPs KTPs
1,880 11,45 205 161 22,9 380 276
2,000 12,1 215 169 24,15 401 291
2,285 13,55 236 184 27,05 442 321
2,485 14,55 249 194 29,1 468 341
2,685 15,6 264 204 31,15 499 362
3,000 17,2 285 219 34,35 540 393
3,250 18,45 302 232 36,9 575 418
3,750 21 337 258 42,0 644 469
4,000 22,3 352 269 44,6 675 492
4,250 24,6 373 284 47,2 716 521

IIpumeuanue: 1l [IoBepXHOCTh KOHBEKIIMH ABYX KOJUIEKTOPOB OAMHApPHO-
ro pamgmaropa Illxx = 1,44 MZ, nsoinoro ITxx =1,32 m2. 2. PaccrosiHue ot
ocu marpyOka KOJUIEKTOpa JI0 JHAa ¢1 M KpBIMIKU c¢2 Oaka He menee 0,17 m.
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Puc. 6.6. JIpoiiHoit TpyGuateiii paguarop ¢ uuciom Tpy6 2 27 16 =64

[Ipu moxbope paaMaTOpOB ClenyeT ONpeNeNluTh Mo BbicoTe Oaka H
OCHOBHOH TIPUCOCAWHUTENbHBIH pasmep A (pacCTosHHE MEKIy OCIMHU
natpyOKOB WM IIEHTpaMu (IIAHIEB KOJUICKTOPOB paauaropa). Pasmep A4
onpenensitoT u3 HepaBeHcTBa AE£H - (¢ +C,), TAe c¢1 U c2 - MUHH-
MaJlbHbIE PACCTOSHHUS LEHTPOB (JIaHIEB paguaTopa COOTBETCTBEHHO OT
HIDKHETO W BEpXHEro cpe3oB Oaka. [[ns pagmaTopoB ¢ NpsSMBIMH TpyOa-
mu 1o puc. 6.5 ¢1=0,085m, c;=0,10m (tabmn. 6.6); ¢ U3OTHYTHIMH TpY-
bamu mo puc. 6.6 c¢1=c2=0,17 m (tabm. 6.7).

OnpeznenuB pasmep A, cieayer BbBIOpaTh pajguaTop MO TadIHIAM
6.6 mwnu 6.7 ¥ ompenenuTh MOBEPXHOCTh KOHBEKIIMM pPaauaropa, MpUBe-

JIEHHYI0O K TOBEPXHOCTH TJIAJKOW CTEHKH, M2,
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Hypyg =Ko Ugerp + g (6.27)

rae Kg - koadduuuent, yqauTsiBarOmuii yIydIIeHHE TEIIOOTIAYN KOHBEK-
LMel paauaTtopa Mo CPaBHEHHIO C BEPTHUKAJIBHOW TJIaJKON CTEH-
KOH; Ul pamuaTopoB ¢ mpsmbiMu Tpydamu (puc. 6.5) ko = 1,26;
JUsL PAZMaTopoB ¢ THyTeIMH TpyOamu (puc. 6.6) ke =1.4;
Ixrp, Ikk - TOBEPXHOCTH KOHBEKIMH TPYO H ABYX KOJIIGKTOPOB, M >,
no tabmumam 6.6 wiu 6.7,
HeobxomumMasi MOBEPXHOCTh KOHBEKLHH BCEX pagHaTOPOB TPAHC-
dopmaropa, M2,
HI/YP:HI/‘( - L gry s (6.28)

rie I7'y- HeoGXOaMMAs MOBEPXHOCTh KOHBEKIHH, M2, 110 (opmyre (6.23);

Iy - TOBEPXHOCTh KOHBEKIMHU TIIAJAKOro 0Oaka, M2, o dhopmynam

(6.24), (6.25).
Heobxomumoe 1o yCHOBUSM OXJIAXICHUS YUCIO PaJHaTOPOB
/
np = Hyp

I gpaj

OKPYIJISIIOT JI0 OOJIbIIErO IEJIOr0 YHCa.

Crnenyer OILEHUTH BO3MOXHOCTh Pa3MEIICHHS MOJYyYEHHOTO YHCIIa
pamguaTtopoB Np Mo TmepuMerpy Oaka, yJIHTBIBasS YTO B Clydae YCTAHOBKH
panguatopoB Ha Oake MHUHMMAIbHBIC MPOMEKYTKH MEKIAy TpydoaMHu co-
CEJHUX PATUATOPOB. MPHU MAPAIUICIHLHOM PACIOJIOKEHUU KOJUICKTOPOB -
160 mm pmnst nBodiHbix ¥ 100 MM JUISt OUHAPHBIX PaaUATOPOB; TPU pPa3-
MEIICHUN KOJUIEKTOpOoB Mo yriiom - 100 MM gy nBoitHbIX ¥ 70 MM jjist
OJTMHAPHBIX.

Ecmu pagmaTtopsl HEBO3MOXKHO pa3MeCTUTh Ha Oake, CISIyeT CKOp-
PEKTHPOBaTh pa3Mepbl 0aka Wi (M) pagvaTOpPOB B CTOPOHY YBEIHUCHHS
MOBEPXHOCTU TerooTAauu. OOBIYHO YBEIMYMBAIOT BBICOTY Oaka H, pa3s-
Mep A paauaropa WM BBIOMPAIOT ApYrod TUN paguaropa c Ooblien
MOBEPXHOCTBIO OXJaXIeHus, mocie dero no dopmymam (6.23), (6.27),
(6.28), (6.29) yrouHsioT TpeGYeMYIO IOBEPXHOCTH KOHBEKIHMH I1'xp W
YUCIIO paauaTtopoB Np. KoppekTupoBky pa3mMepoB Oaka U paauaTopoB
MPOJIO/DKAIOT JIO TOJIYYEHUS JOMYCTHMOIO 10 YCIOBHUSM pa3MeIIeHUs
Ha Oake 4YMclIa paguaTtopoB Np.

dakTHYeCcKas TOBEPXHOCTh KOHBEKIIMH Oaka C HABECHBIMU pajHa-
TOpaMH, M2,

(6.29)
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Iy =Hgpg +Np Hypyy, (6.30)
rae Bce OO0O3HAYEHHS M PasMEpPHOCTH (U3UYECKHX BEIWYUH COOTBETCT-
BYIOT NPHHATBIM TIpH pacyerax mo Qopmynam (6.27), (6.28), (6.29).

3uauenue [lg NMOMKHO OBITH PaBHO WJIM HEMHOTO MpEBbIMATh [7 ! K
npenBapuTensHo Haitnennoe mo Qopmyne (6.23). B mporuBHOM ciydae
ClleAyeT YBEIMYUTh YHCIO PAJUATOPOB M YTOYHUTH (HaKTHUECKYIO [O-
BEPXHOCTh KOHBEKINH [k .

[IOBEpPXHOCTh H3IydeHHs 0aka C HABECHBIMH PaJHATOPaMH, M2,

11, =k[2(A4- B)+p B]H +051I . (6.31)
3nece k=1,5- 2,0 - ko3 dunmeHT, y4IuTHIBAIOMINI OTHOIICHAE MEPUMET-
pa TOBEPXHOCTH H3IydeHHs Oaka ¢ paauaropaMu K TOBEPXHOCTH TJIaj-
KO wacTu Oaka; BCe pa3Mepsl B M.

[Tocine OkOHUATENBHOrO OMpeneNieHHs Pa3MepoB Oaka W IMOBEPXHOC-
Tell oxnaxaeHus [Ix W Ily BBINONHAIOT TOBEPOYHBINA pacyeT IpeBbIIIe-
HHUH Temmeparypbl 0OMOTOK U Macna (mompasaen 6.3).

6.2.3. BAK C OXJIAXIAIOLIMMU TPYBAMH

Ortor TUm 0aka B TEUCHUE Jecs-
TUJIETHH TPUMEHSIICS B TpaHchopMma-
Topax MmormfHocThio 10 1600 kB*A, HO
B MOCJTEIHHE TOABI ObLT 3aMEHEH Ha
Oonee TEXHOJIIOTMYHBIA TUN Oaka C Ha-
BECHBIMU paJUaTOpaMH U3 TMPSIMBIX
Tpy0. Koaddumuent termoornaun
CTEHKH ¢ TpyOaMu BBIIIE, a YIACTbHBIN
pacxon MarepualioB HIDKE, 4eM Y pa-
auaTopa ¢ mpsMbIME TpyOamu. Ilosto-
My HE HCKJIIOYEH BO3BpaT K THITy Oa-
Ka ¢ TpyO0aMHu MpH BO3MOXHOM COBEp-
LIEHCTBOBAHUU TEXHOJOTUU €ro H3ro-
TOBJICHUSI.

Yucno psaoB Tpyd BBIOHpArOT
OT OAHOrO 10 4YeTwipex. IIpu Oombiem
qyciie PSAAOB 3HAYUTENBHO YXYIAIIAeTCs
TeIIooTaa4a BHyTpeHHero psaga. Co-
cenHue TPYOBl pasHBIX PSAAOB pazMela-

Puc. 6.7. DiieMeHTEl 0aka ¢ OX- joT OmHy Han apyroii (puc. 6.7). Bee
JIKAIOIUMU TpyOaMu o8




TpyObl W30THYTHI MO paguycy R. OOBYHO NPUMEHSAIOT TPYOBI KPYrioro
ceuenus: muamerpom O =51 MM win oBanmbHBIE TPYOBI C pa3Mepamu Io-
nepeunoro cedenns 72° 20 mMm u TommuHod crenku 1,5 mm. IMpumene-
HHUE OBAaJIBHBIX TPYO IO3BOJISIET pa3MEeCTUTh B psiAy Ooiibie TpyO W TpHU
MEHBIIIEM YHUCIIE PSAIOB O0ECIeYUTh HOPMAJBHYIO TEIIOOTAAuy.

B mocnenHee Bpems TpyObl aumamerpoM 51 MM 3aMEHSIOT TpyOamu
nuamerpoM 30 MM ¢ TommumHOW cTeHKd 1,2 mm. Ilpu 3TOM ymeHbliaercs
Macca TpyO0 M Macia B HHX M OJHOBpeMEeHHO mnpumepHo Ha 15 % yse-
JMYUBAETCS TEIUIO0Tada C EIMHUIBI TMOBEPXHOCTH TPYOBI.

CpaBHUTENbHBIE JaHHBbIE MEPEYHCICHHBIX TPY0 M PEKOMEHIAlUuU
o BBHIOOPY 4YMCNA PsAOB TPyO NpuBelNeHH B TaOiuie 6.8

Tabruya 6.8
JanHple TpyO, MPUMEHSEMBIX B CHIIOBBIX MACISHBIX TpaHChopMaTopax
dopma Pasmepst | Tonmuna [[Tonepeunoe|[loBepxHocTs| Macca B 1M, kr
TpyGsr | CCUCHHA, | CTEHKH, | CEUeHHE B 1M 1py0OBl |yeran-| macna B
MM MM CBETY, MM 2 My, w2 1a Tpybe
Kpyrnmas | /51 15 1810 0,16 1,82 | 1,63
OsanbHast | 72 x 20 15 890 0,16 1,82 ( 0,79
Kpyrmas | 3 1,2 600 0,0942 |0,845| 054
[lar Yucno psmoB Tpyo mpu
®opma Pammyc MOIIIHOCTH, KB>A
TpyOBI MEHAY | Bpany | ysruta
PUMIL |t v | R mm |63 - 160|250 - 630| 1000
tp, MM 1600
Kpyrnas 75 70 150 1 2 2-3
OBabHas 100 50 188 1 1 1-2
Kpyrnas 55 50 150 1 1 2-3

PaccrosiHne MeXay LEHTpaMu OTBEPCTUH HApPYKHOTO psda Tpyo
b, (puc. 6.7) momkHO OBITH MeHbBIIE BBHICOTHI Oaka H Ha CyMMYy paccTo-
SSHAH ¢ ¥ e OT KPBIIKH W AHAa Oaka. DTH PACCTOSHHS 3aBUCAT OT JJIH-
HBI MPSIMOrO y4acTKa HapyXHOro psjga Tpyd an (paccrosHue ap Ha
puc. 6.7) u ¢opmsl cedeHus TpyObl. Pa3Mmepbl MOMEPEYHOrO CEUCHHS
TpyOBl, pamuyc 3aKpyrjeHws, mar Tpyo B psany {r u mar mMexzay psaa-
Mu tp ompenensitor mo Ttaodi. 6.8.

[IpssimMoli ydacTOK @1 Il BHYTPEHHEro psa TpyO0 NPUHHMAIOT
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paBaeiM 50 mM. J[lanee ompenmensitoT: @z = & +tp;....; an = an-1+ tp,
rae N - gucio psmoB TpyO, Bce pasMepsl B MM.
Tabruya 6.9

MuHUMaNbHBIE PACCTOSHUS OCH TPyOBI Kpyrioro cedeHus AESL mm
OT JHA W KPBIMIKK Oaka Uil MACISIHBIX CHJIOBBIX TpaHC(OpMaTOpOB

aN , MM 50-80 100 — 150 170 - 200 250 -280
CMIN 60 75 90 120
emMIN 70 85 100 130

Mpumeuanue [t tpyd oBampHOro cevenus 72 ° 20 MM mpu Tex
Ke pasMmepax an paccTosiHus cviN U ewN yBennuuTh Ha 10 mm.

Mo Tabm. 6.9 muis BBIOpaHHBIX (HOpMBI CedeHHs TPYOBI W pa3mepa
an (a2 Ha puc. 6.7) HapyKHOro psiaa TpyO BBHIOMPAIOTCS MHHUMAJbHBIC
3HaYCHUs ¢ U e. PaccTosHus Mexay ocsimu TpyO Ha crTeHke Oaka, M, Ha-
4yuHas ¢ HapyxkHOro psma tpyo (¢ HOomepom N) BbIYHCISIIOT O (QopMy-
JIaMm; by =H-(c+e)’ 10'3;

BTOPOH PSIT CHAPYXKH bn-1 =by -2t 10'3;

Tperuii psig cHapyxku  by.o =by.op-2t7 1073,

3meck pasmepsl H, bn-1, bn-2 w3Mepensl B M; pasmepsl ¢, e, tp B MM.
Passepuyrast anuHa TpPYyOBI, M, B:

- nepoM (BHyTpeHuem) psmy |, =b; +(1L14R+2a;)" 10 3. (6.32)
- BTOPOM psIIy |, =1, +4t," 10°3; (6.33)
- TpeThbeM pPSIy l3=1,+4t, 103, (6.34)

3meck by, 11, 12, I3 usmepenst B M; R, tp, a1 B Mm.
HeoGxoxuMasi [OBEPXHOCTh KOHBEKIHH TPYO, M2,
/ — 7/
Hgrp =1 - Hgry - (6.35)
3neck 11’k - HEOGXOMMMAsE MOBEPXHOCTh KOHBEKIWH Oaka TpaHchopMaro-

pa, o ¢popmyne (6.23) B m?, Ik - NOBEPXHOCTh KOHBEKIIMH TIAZKOTO
baka, mo (opmyram (6.24), (6.25) B m>.
HeobxoxuMasi peanbHasi [OBEPXHOCTh TPYO, M2,

/
- Hgrp
Irp =

Tt (6.36)
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rae Kg - koo dunuent, yqauThBarOMMi yIydIIeHHE TEIUIOOTIAYH KOHBEK-
oUell ¢ MOBEPXHOCTH TPYO IO CPaBHEHHUIO C BEPTHKAJIBbHOM
[JIQJIKOW CTEHKOM, mpuHUMAIOT 1o Tadu. 6.10.
Tabauya 6.10
3Hauenus kosddunuenra Ky B dopmyne (6.36)

dopma TpyOBl Kpyrioro cedeHuss AuaMeTrpom 51 MM u
I'magxas ,
TIOBEPX- oBabHbIe ceueHueM 207 72 MM
CTEeHKa
HOCTH B OJMH DPsJl|B ABa Psilia (B TPH psijaa| B YeThIpe psjaa
ko 1,0 1,4 1,344 1,302 1,26

Mpumeuganue Hut tpyd muamerpom 30 MM Kgp , monydeHHBIH U3
Tabmuel yMHOXHUTH Ha 1,15.

HeoOxonumast oOmias uinHa BceX TPYyoO, M,
/
_1zp
o,
rae Iy - IOBEPXHOCTH OJHOrO MOTOHHOTO METpa TPyObl, M2, Ompesens-

emass o Tabi. 6.8.
Yucno Tpyd B KaXIOM DLy

L (6.37)

M. = L
ST
Jns omnoro psma Ttpyo 21 =l;, mna nmByx pspoB X1 =1, +1,;

(6.38)

st tpex pagoB X1 =1, +1, +1 5, roe pasmepsr |1, 12, I3 B M, BbIumC-

w0t o popmynam (6.32) — (6.34). IlomyduenHoe uuciao Tpyd Mpp OK-
PYIISIIOT 10 OMMKANIIEro YeTHOro IEeIOro YhCia.
[lar Tpy6 B psmy, MM:
- 11 TIPSIMOYTOJIBHOTO Oaka (MPUMEHSETCST PEIKo)
tr =[2(A+B)/myp] 103 (6.39)
- JUI1 OBaJbLHOro 0Oaka
_2(A-B)+pB. 1
Mrp
rae A, B - pasmepsl O6aka 1o puc. 6.4 B M.

tr 03, (6.40)

[Tony4yeHHoe 3HaueHWe Uy JOMKHO OBITH HE MEHBbIIE Miara Tpyo B
psaxy mo Tabin. 6.8. B mpoTBHOM cilydae cliefyeT M3MEHHUTh (OopMy ce-
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YeHUs WIM YHUCIO TPyO M MOBTOPHUTH pacdeT TpyOuaToro Oaxa.
dakTHuecKas MOBEPXHOCTh TPYO, M2,

Hpp =mpp I, 21, (6.41)
Tl m7p - OKPYIIIEHHOE YUCIO TPYO B KaXIOM psly, PacCYUTaHHOE MO
dbopmyne (6.38);
Iy - TOBEPXHOCTH OJHOTO MOTOHHOrO MeTpa TpyObl, M, (raGm. 6.8);
S|-cymMmma qimH Beex Tpy® B BEPTHKAIBHOM IUIOCKOCTH, MPOXOs-
el yepe3 OceBble JIMHUU OTHX TPYO, OmpeneneHa NpH pacde-
tax mo ¢Gopmyie (6.38).
daKTHYECKAs MOBEPXHOCTh KOHBEKIMH 6aka ¢ Tpybamm, M2,
Hy =Uyry + zp Kg (6.42)
rne I1gry; - TOBEPXHOCTh KOHBEKIIMM TJaIKoro Oaka, M2, o (6.24), (6.25);
ke - koab dunuent, onpenemsiembiii mo tab. 6.10 @it mpuUHATOrO
qucna psAgoB TPYO.

dakTHuecKas MOBEPXHOCTh KOHBEKIMM 0aka [OKHA OBITh paBHA
WIX HEMHOTO IPEBBIIIATh HEOOXOAUMYIO IO YCIOBHSAM OXJIAKACHHS I1O-
BEPXHOCTb KoHBeKkim [1'x, Haiiznennyio mo dopmyne (6.23). Muaue cie-
JyeT TMPOM3BECTH COOTBETCTBYIOUIYIO KOPPEKTHPOBKY pa3MepoB Oaka MU
pY0.

VYBenmuueHne MOBEPXHOCTH KOHBEKIMH 0aka JOCTHraeTcs yBelude-
HHeM mpsMoro ydacrka a (puc. 6.7) Bcex psmoB Tpy6 Ha (50, 70) mm,
BBICOTHI 0aka, Yucia TpyO B psly WM YUCIA PAIOB TPYO. YMEHBIIUTH
Il MOXHO yMEHbBIIAs YHCIO PAAOB TPYO WM 4ucio Tpyd B psay mrp,
OCTaBJISIsL €r0 YETHBIM.

TTOBEpXHOCTh H3TydeHHs Oaka ¢ TpyOamu, M2,

M, =M, +p[2a, + 2R+ 2t,(n- 1) +d]H " 1073, (6.43)

rie [Ty - TOBEPXHOCTh HM3TYdEeHHs TJIAZKOro 6aka, M2, ompeenseMas
mo dopmynam (6.24), (6.25);
ai, tp, R- pasmepsr mo puc. 6.7 u tabdn. 6.8 B mm;
d - quamerp wim OONBINHE pasMep MOMEPEYHOr0 CEUCHUS OBAIIb-
HOU TpyOBI B MM,
H - o0mas rmyOuna Oaka B M.
ITocne OKOHYATENHHOTO OIpPEACICHHS pPa3sMepoB 0aka M MOBEPXHOC-
Teit oxmaxaenus [l w Ilx BBINONHAIOT MOBEPOYHBIA pacyeT MHpeEBbIIIe-
HUH Temmeparypbl 0OMOTOK U Macna (mompaszen 6.3).
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6.3. PACUET IIPEBBIIIEHNM TEMIIEPATYPbI OBMOTOK U MACIJIA

CpeznHee TpeBBIICHWE TEMIIEPAaTypbl CTEHKH Oaka Haja TeMmIepary-
poii okpyxkatromero Bosayxa, °C,

, .08
_€L05(Py +Pg) U
95 =& 81 +2511, 4

es u ’ KU

rae Py, Pk - moTepu XOJOCTOTO XOJa M KOPOTKOTO 3aMbIKaHus, BT;

Iy , Il - pakTHUecKue TOBEPXHOCTH KOHBEKIMH W HW3Iy4eHHUs, pac-
cuuranueie mo Qopmynam (6.24), (6.25) wm (6.30), (6.31) wmu (6.42),
(6.43) mns mpUHATON KOHCTPYKIMU Oaka, M~

Cpennee mpeBbIILICHHE TeMIeEparypsl Macia BOJNM3M CTEHKH Haj
Temrepatypoii crenku Oaka, °C,

, (6.44)

) . 0,6
€L,05(Py + P )u
€ u

05 = 01658 , (6.45)
e

K
rae Ik - MOBEpXHOCTh KOHBEKIUM Oaka, M2, ompenensieMast 1Mo (hopmy-
mam (6.24), (6.25) u (6.27), (6.30), (6.42) npu ke =1,0.
[IpeBblllicHHe TeMIEpaTypbl Maclia B BEPXHUX CIOSAX HaJ TeMIIe-
paTypoil okpyxatomero Bosayxa, °C,

Aues =L20gp +Au5) - (6.46)
[IpeBbimenne TemrmepaTypbl OOMOTOK HaJX TeMIepaTypol OKpyXKa-
IOIIEro BO3JyXa IMOJACYUTHIBAIOT OTAEnbHO 1is oomMorok BH w HH, °C,

Qo =90cp *90m *Aus tA5s- (647)
[IpeBbimieHnst TeMmmeparypsl OOMOTOK W Maclia B BEPXHHX CIIOSX
Haj okpyxatomuM Bo3ayxom coriiacHo ['OCT 11677- 85 we momkHbI
MPEBBINIATE JOMYCTUMBIX BEITMUYNH:

Qop £ 65°C; (6.48)
O ss £ 60°C (6.49)

ITpu Gonee BBICOKUX 3HAYCHHAX (op, (mBp YBEIUYUBAIOT IIOBEPX-
HOCTh oxnaxkzaeHus Oaxa. Ilpu (op ¥ (upp, NOHIKCHHBIX MPOTHUB HOP-
MBI Oonmee 4yemM Ha 5 °C, MOBEPXHOCTh OXJAXACHUS O0aka yMEHbBILIAOT.
IMocne m3meHenus: pasmepoB Oaka MOBTOPSIIOT TEIUIOBOW pacdeT Oaka u
npeBbiieHnit Temmeparyp (mompasmenst 6.2, 6.3). KoppekrtupoBky pa3sme-
poB 0aka M CHCTEMBI OXJKICHHUS IOBTOPSIOT 10 JOCTHIKCHUS 3HAde-
HUA (op ¥ (umpp, YIOBICTBOPSIOIUX HepaBeHCTBaM (6.48), (6.49).
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MPWIOXEHHUE 1

MUHUCTEPCTBO OBILUETO U ITPO®ECCUOHAJIBHOTO OBPA30BAHIS
POCCHUICKOM ®EJEPALIUN

KPACHOSPCKUI T'OCYJIAPCTBEHHBI TEXHUYECKUI YHUBEPCUTET

KAD®EJAPA OIIII

KYPCOBOM TIPOEKT

TPAHCO®OPMATOP T .../ ....

MNOACHUTEJIBHAA 3AIIMCKA

PykoBoguTens mpoekTa

Pa3paboTan CTYAEHT TP. ..ovvvirr vvviiiiiniiiienennennn

KPACHOAPCK



104 105

MNPUJIOXEHUE 2 MNPUJIOXEHHUE 3
3amaHus U1 KypCOBBIX IPOEKTOB
STAI[QEHEF No .... HA KYPCOBOU IMPOEKT TPAHC®OPMATOPA = Howmurans- [U,| Uy | Cxemer 1 | Tlorepn, JlomycTHMBbit
YACHTY TP eovveeeess = Hast BH, | gy | rpynma co- kBT Ug,| g, | MaTepuan
= 1
BBINONHUTE pacyeT U KOHCTPYKTHBHYIO Pa3paboTKy TpaHchopma- & Mémi(éc;: | kB | kB egg;gf:}f XX K3a] g | gp | OOMOTOK
TOpa CO CICAYIOIIUMHU JAHHBIMU: g Hi Po | Pk MEZb | aJIIOM.
1. Tun tpancdopmaTopa 00 6
2. UHCHO B3 vrveeereeeeeeeeee e o] 8 [10]%4|U/Un-0 02412845128 mer | na
3. YacToTa HANPSIKEHUSI CETH ...eueevrrrnerneeansansnennneenas LIL 02 6 0,33 4,5
4. HOMHHANBHAST MOIIHOCTD ....evvuereeeneensennennneennnens.. KBXAL 03 100 1004 |U/Ua-0 | 03311974526 uer na
5. HomunHaneHOe Hampsbkenue oomotku BH ............... B. o4 20 0,42 6,5
6. HomunansHOe HampsbkeHue oomotrkm HH ............... B. 05 6 051 45
7. CxeMbl U TPyNIa COEAMHEHUS OOMOTOK ................. 06 10| 04 |U/Uu-0 0’51 265 4’5
8. Cucrema OXJaXJeHMS - C €CTECTBEHHON LMpPKy/slued macia 07 160 20 0’62 ’ 6’5
U BO3lyXa (ECTECTBEHHOE MACIISHOE). ’ 24| mer Aa
Tyxa (eCTECTBEHHOE MacisTHOE) 08 6 051 45
9. Pesxum paboThI - AIMTENBPHAS HArpysKa. 09 10| 0,69| D/ Un - 11| 051| 2,65 4,5
10, VCTAHOBKA .uueninienaae e aeiaan e e e e e e ae e eae e 10 20 0.62 6.5
[Mapamerprr TpancdopmaTopa 11 6 0,74 4,5
1. HanpsbkeHHE KOPOTKOTO 3aMBIKAHHS .......covesrennennnnen 0. 12 10( 04 (U/Uu-0 |0,74/3,7 | 4,5
2. TloTepu KOPOTKOTO 3aMBIKAHHUS ..........oeeeieseennsasennn BT 13 35 0,9 6,5
3. TOK XOMOCTOT'O XOMA «ervnenrnanrnsseneneseneneeeinneenenenen. %. 14 250 6 074 45 2,3 | mer na
4. TIOTEPH XOIOCTOTO XOHA +vvuerneneseerersesaesssnannesasnnens BT 15 10]0.69| D/ Us - 11 0’74 37 4’5
CnpoeKTHpOBaHHBIH TpaHCHOPMATOpP JOLKEH COOTBETCTBOBATDH 16 20 0,9 6,5
TpeOOBaHMsAM rocynapcTBeHHbIX cranmaproB:. ['OCT 11677-85; TOCT 17 6 0,95 45
12022-76; TOCT 11920-85. 18 10/ 04 |U/Ue-0 [0,95/55 |45
JlonoJHUTENbHBIE YCIOBUS 19 400 35 12 6,5 21| mer 1a
1. CTanb >J1EKTPOTEXHUYECKAS MAPKH ...vvvrsneesnsrnsenseenns 20 6 0,95 45|17
2. OOMOTKH M3 ....ccvivnineevnesniisnsinsssassansnne...  TPOBOJA 21 10|0,69|D/Uu-11|0,95/5,9 | 4,5
22 35 12 6,5
23 6 131 55
24 10| 04 |U/Uu-0 [1,317,6 |55
(| lucm | Ne ooxym | [loon. | lama 25 35 1;6 6;5
Paspab. : lﬂulm Jlucm | Jlucmos 2% 630 6 131 55 2,0 mer fa
DoGepul TPAHC®OPMATOP TM ...J.. ! !
i Toacnumenvraa 3anucka 27 10(0,69|D/Un-11|1,31/85 |55
f{/.KOng 28 35 1,6 6,5
meepo.
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[ponomxenune npui. 3

106
[ponomkenune npui. 3
E |Homuuamb- Ui | Uss Cxemsr u | Ilotepy, JlomycTuMmerit
cE Hast BH, | HH, | rpymma co-| _KBT Ug,| ig,| MaTepuan
8 |MowHOCTh, | kB | kB | eAnHeHHs |X.X.| K.3., % | % 00MOTOK
2 | Sy, xkBA 00MOTOK | po | pye MeEJIb | AJTIOM.
29 04 | U/Ua-0
30 04 |[D/Uu-11(21 122
31 0,69 |D/Unu-11
32 6 0,525 12,2
33 3,15| U/D-11|21|11,6
:
36 0,60 D/Un-11|21 (12,2
37 10 |0,525 12,2
38 3,15 11,6
39 6.3 U/D-11 |21 116
40 1000 10,5 11,6
na na
41 0,4
42 2 0.69 D/Uu-11|20 12,2
ji 631 u/p-11{20(116
10,5
45 04 20|122| |
46 0,69 U / UH - 0 y )
47 351315
48 63 | U/D-11 (20116
49 10,5
50 0,4
51 3 0,69 D/Uu-11(28 (18,0
> 2| u/p-11|28|165
54 1600 0’4 55(1,3| ma pitc}
55 0 0,’69 D/Uu-11(28|18,0
56 3,15
57 6.3 U/D-11 |28 (16,5

2 [Homunans- |Uri| Unr | Cxemsr u [Torepu, JomycTrmslii
es) HH ~ B .
g Has BH, » | rpymma co-]___KBT Ug,| ig,| Marepuan
8 |momaocts, | KB | KB | equnenus | X.X.| k.3, % | o4l__obmorox
< | Sy, kBA 06MOTOK | ppy | P MeJIb | aTIoM.
58 0,4 ]
59 0,69 D/Un-11(2,75|18,0

20
o >\ u/p-11 |275|165

: 6,5|1,3| nma na
62| 1600 0,4
y U/Uu-01275/18,0

63 a5 0,69
64 3,15
65 63 | U/D-11 |2,75|16,5
66 10,5
67 0,4
69 3151 y/p-11 (39235
70 6,3
71 0,4 5510
7 0,’69 D/Ur-11|3,9 |25,0
73 10 3,15
74| 2500 63| U/D-11(39|235 na | ma
75 10,5
76 0,69|D/Un-11|3,9 26,0

20
4 63 1139235
8 105 U/D-11 | 3, ) celio
79 0,69| U/Ua-0(391(260]| '
80 a5 | 3.15
81 63| U/D-111(39|235
82 10,5
83 63| u/p-11 52335
84 6,3
a5 4000 315 75(09

10 ’ U/D-11152 (335
86 6,3




108

[ponomkenune npui. 3

2 |Homunans- |Unr| Unr | Cxemsr u | Totepw, JomycTrMslii
i .
g Hast BH, | HH, | rpymma co-| kBt Ug,| ig,| MaTepuan
8 |momuocts, | KB | KB | equnenus | x.x.| K.3., % | o4l__oOmorox
< Sy, kBXA 00MOTOK Po | Px MENb | aroM.
87 6,3
88 20 105 U/D-11|53|335
89 4000 3,15 75109 nma na
90 3 163|U/D-11|53|335
91 10,5
92 3,15
93 10|63 | U/D-11|74|465|75(09
94 10,5
95 6,3
20 ’ U/D-11 17,6465 Ja Ja
o5| 6300 10,5
97 3,15 7,5]108
98 35|63|U/D-11 76465
99 10,5
MNPUJIOXEHUE 4
I'paduk BBITIOJNHEHHUS KYPCOBOTO IPOEKTA
Ne HanmeHoBaHue 5Tana IIPOEKTa Ouetixa | Beero,| Cpok Bbi-
Jramna orama, %| % | momHeHus
1 |OnpeneneHue OCHOBHBIX dJEKTpHYEC- 10 10
KAX BEIUYMH M OCHOBHBIX Pa3sMEpOB
2 |Pacuer oomorok HH u BH 10 20
3 |Pacuer mapaMerpoB KOpPOTKOro 3a-
MBIKaHUS 10 30
4 |Onpenenue pa3MepoB MarHUTOIPOBO-
Jla, TOTeph W TOKA XOJIOCTOT'O Xoja 10 40
5 |[TemnoBoit pacuer TpaHcdopmaTopa 10 50
6 |OdopmiieHuEe MOSCHUTENBHON 3aMuCKU 5 55
6 |1-# mmcr 15 70
7 |2-# mucr 20 90
8 |3-i# mmcr 10 100

3amaHue BBIIAHO
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