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1. 3ajanue HA KYpCcOBO€ NPOCKTUPOBAHME

[TpousBecTy pacyeT aCHHXPOHHOTO JABUTATENS C KOPOTKO3aMKHYTHIM POTOPOM, CO
CJIETYIONTUMU TTapaMeTPaMHU:

- Bapuast N19

- MOIIHOCTH 28 kBT

- nHanpsokenue 380 B

- 4acrora Bpamenus 750 06/MuH

- wucnonHenue IP44

- Kiacc u3oisauu H

B cocTtaB nMosiICHUTEILHOM 3aIMUCKHU JOJDKHBI BXOANUTHB.

1. TUTYIBHBIN JIUCT.

2. 3amanue Ha KypcoOBOE IPOCKTUPOBAHHUE.

3. ConepxaHue ¢ yKazaHHEM BCEX PA3JeiIoB, C KOTOPBIX OHU HAYMHAOTCS.

4. PacueTHas gacTs.

5. ['padrueckuit maTepuan B ciaeayromeM MOPSAKE: pa3pe3bl Ma3oB cTaTopa u

poTopa, pabouue U MyCKOBBIE XapaKTEPUCTUKU JBUTATEIS.
6. Cnucok HCTOIb3yEMOM JINTEPATYPHI.

7. COopouHbIil YepTeX B ABYX MNpoeKIusix Ha popmare Al.



2. PacyeTHada 4yacTth

2.1 UcxoaHble JaHHbIE 111 IPOEKTUPOBAHUS
ACMHXPOHHOI'0 JIBUraTe/I ¢ KOPOTKO3AMKHYTHIM
poTOpPOM:

Bapuant N 19
P2h := 28 kBT. HOMUHalIbHAS MOIIIHOCTh ACHHXPOHHOTO JBUTATENS

Uy := 380 - dasHoe HanpsikeHre 0OMOTKH CTaTOpa

n := 750 006/MHH. CHHXPOHHASI YaCTOTa BPAICHUS
f := 50 'y yacrora TOKa

Crenenn 3amutsl 1P44
Kitace n3omsaunu no Harpessy H

2.2 OnpeaesieHHe IJIABHBIX pa3MepoB
ACMHXPOHHOI'O IBUIaTeJIsl

I'maBHBIMU pazmepamu A/ sBIsIOTCS AMAMETp cTaTopa U AjMuHa crartopa. Iloa quamerpom cratopa
MIOHMMAIOT BHYTPEHHUI JUaMETp pacTOUKH CTaTOpa €ro aKTUBHYIO JUIMHY, a MO JUIMHOM cTaTtopa
€ro aKTUBHYIO JUIMHY.

2.2.1 Yucno nap noniocos

60f
pi=— p=4
n

2.2.2 Ilpeosapumenvnasn evicoma ocu epauienusn h onpedensemcsa no puc. 1.

3amem no maobn.l npunumaemca onudcaiiuniee MeHbuiee cmanoapmmuoe 3nauenue h u
coomeemcmayruwuil Hapyscuvlil ouamemp cmamopa Da.

[Mpunumaem h=225 U COOTBETCTBYIOIIEE 3HAYECHUE
h:= 225
D, := 0.392m

2.2.3 Buympennuii ouamemp cmamopa, 20e Kd = 0.77 onpedensemca no maon.2

Kd = 0.74
D := Kd-D,
D=029 m



2.2.4 nonwcnoe oenenue 20e 2p yucno nonrocos A/,

n-D
T i=——

2p
1 =0.114 M 2p = 8 rue 2p uncno nomocos AJl.
2.2.5 Pacuemnas mowinocmo AJ]

Ke := 0.959 onpenensiercs 1o puc 2
n = 0.91 somunansHsii KI1J] (o puc3 wim 4)
cosd := 0.83 HOpMaNBHBIH PacUETHBIH KOI()-T MOIIHOCTH (110 puc3 nunu 4)

P = P2h—
1 -cosd
P' = 35.551 kBt

2.2.6 dnexkmopomaznumnule Hazpy3Ku npeoeapumeibHo onpeoe-
aawmcea no puc. 5 uau 6

A = 35.10°A/m
By = 0.80 Tx

2.2.7 Oomomounwiit koagh-m Kool 3aeucum om muna oomomku cmamopa
Ilpeosapumenvno 3a0arwomcesn:
071 08YXCNOUHBIX 00MOMOK npu 2p>2

2p =8
K061 = 091

2.2.8 Pacuemnas onuna 6030yuiHo20 3a3opa

K, = 1.09 xo3ddurmeHT GpopMsI IOJIsL B BO3LYIIHOM 3a30pe

o = 78.54 224 CHHXPOHHAsI yIJIoBast CKOPOCTh AJ|

3
IS =P 10 I =0.194 ™

2
K, D™-0 Ky -ABs




2.2.9 Omnowenue

1o
T

DTO OTHOIIEHUE B 3HAYUTEIHHON CTETICHH BIUSET HA TEXHMUECKUE XapAKTEPUCTUKH U
HSKOHOMUYECKHUE JaHHbIE MALIUHBI.

Benuunna siBrsieTcs KpUTEpUEM MPaBUILHOCTH BBIOOpA TIaBHBIX pazMepoB D u 1l kotopas
JOJKHA HAXOJUTCS B MpesiesiaX, yKa3aHHbIX Ha puc.7. Eciu  Oonblie yka3aHHBIX NPEAEIIOB, TO
ClIeIyeT MOBTOPHUTH pacyeT (1o myHKTam 2.2-2.9.) s Ommkaiiieid u3 cTaHAapTHOTO psiaa
OoJIBIIIEH BBICOTHI OCH BpaiieHus h.

Ecnu MeHbIlle ykazaHHBIX pa3MEpPOB, TO paCUET HOBTOPSIOT JIJISl CIIEAYIOLIEH B CTaHJAPTHOM PALY
MEHbIIIEH BHICOTHI h . Benuunna HaxomuTces B mpejenax, yka3aHHBIX Ha puc.’.

Ha sToM BBIOOp TIIaBHBIX pa3MepoOB 3aKaHYUBACTCS.

A= A =17



2.3 Pacuet 00MOTKHM cTaTOpA
2.3.1 [Ilpeodenvhule 3Hauenusn 3youamozo oenenus tl onpedenarwomen no puc.§:

t=0.114
tlmax:= 0.013 m
tlmin:= 0.011 m

2.3.2 Yucno nazoe cmamopa

-D
Z1lmax:= T Z1max= 70.101
tlmax
-D
Zlmin:= — ' Z1min= 82.847
tImir

2.3.3 Oxonuamenbvhoe 4uc10 NA308 NPUHUMAEMCA U3 NOJIYYEHHO20 6 n.3.2.npedena ¢ yuemom
mozo, umo Z1 00151cHo 0bimb KpamHuvlm Yuciy ¢az m, amaxiice YUci10 na308 Ha noarcC u gaszy
0071)ICHO DbIMb YEbIM YUCTIOM.

Z, = 72 m:= 3

2.3.4 Yucno nazoe na noawc u gazy

Z
ql == —— ql =3
2p'm
2.3.5 Oxonuamenvnoe 3nauenue 3y04amozo 0e1eHus Cmamopa
D
tli=n-———— tl = 0.013 ™
2.p .m.ql

OxoHuarenpbHOE 3HaYeHHE t1 HEe TOKHO BBIXOAMTH 32 YKa3aHHBIC BBIIIC MPEACITbI 00Jiee YeM Ha
10%. B nmro6om citydae juis qBurareneit
¢ h >56 mMm. 3yOuatoe nenenue t1 qomkHo ObITh HE MeHee 6-7mM (0,006-0,007m).

2.3.6 IIpeosapumenvroe uucno 3¢ppekmugnwvix nPO6OOHUKOE 6 nazy (npu yciosuu, 4mo 4ucio
napannenvHvix 6emeeil 6 00Momke

a=4 P2 := 28000
Lo o P2
H - m-Uqg-cosdn
Lig= 32.519 A

n-D-A
Un' =

hn?

Un' = 13.623 1y - HomunateHblii mok 0omomxu cmamopa



a- UUCJ10 napaiiéjlibHblxX eemeelil oﬁmomku, Komopoe 3aeucum om 4ucjia nojirocoe.
HpI/I HU3MCHCHUH YUCIIA ITapaAJUICIIbHBIX BETBEH YHCIIO Bq)(l)eKTI/IBHBIX IMPOBOJHUKOB B I1a3y

OTIPEIETISETCS:
Hnl = a-Un'
Hnl = 54.492
Wn = 54

[Tomyuennoe yncno 3(pGEeKTUBHBIX TPOBOIHUKOB B 1a3zy Uml OKpYTIISETCs 10 LEIO0To YUCia, a Ipu
IBYXCIIOMHOW 0OMOTKE JI0 IEJIOT0 YETHOTO Yrcia. YTOOBI 3TO OKpPYTIJIEHUE HE OBLIO CITHITKOM
rpyObIM, cHavasna 3HaueHne Vi He OKpyTJISIOT 10 LENIOro, @ HAXOAT TaKOe YHCIIO0 NapajiebHbIX
BETBE OOMOTKH, TTPH KOTOPOM YHCIIO 3P (HEKTUBHBIX ITPOBOIHUKOB B TIa3y MOTPeOyeT
HC3HAYUTCIIbHOT'O UBMCHCHUA AJI IMMOJTYUYCHHA LICJIOT0 WK LCJIOro Y€THOr0O Yuciia.

2.3.7 OxonuamenvHoe Yuci0 6UMKO8 (hazvl 00MOmMKU cmamopa
2

2-a-3

Wy = Un-

Wy = 162
2.3.8 Oxonuamenvnoe 3nauenue MTUHEUHOU HAZPY3KU

2 1yp-Wy-m
1H%™1 4 A
A=—-—7-— A=3468x10 —
nt-D M
3HaueHue JMHEWHOM HArpy3KH JOJDKHO JIMIIb HE3HAUUTENLHO OTIMYATLCS OT IPUHATOrO PaHEe.
[MosnyyeHHOE 3HaUEHUE A HYXKHO COIOCTABUThL C PEKOMEHIYEMBIM Ha PHC. 5 WK 6

2.3.9  Bwvibop muna oomomku.
MarmHbI MOITHOCTBIO 10 1 SKBT B OONBIIMHCTBE CITy4aeB UMEIOT BCHIMTHYIO OJHOCIOWHYTO

00MOTKY. Y 00Jie€ MOIIHBIX MAIIIMH BCHIITHBbIE OOMOTKH BBIITOJIHSIOT - ABYXCIOMHBIMH. OOMOTKH
U3 MPSMOYTOJIBHOTO MPOBOA JIENAIOT TOJIBKO ABYXCIOWHBIMH.

[TpuMeHUM JIBYXCIOWHYIO OOMOTKY

2.3.10 Obomomounviit Ko3ghpuyuenm
B := 0.8 - ykopoueHHe 1mara 0OMOTKH.

Ky =sin © % - K03 PuuueHT ykopoueHus, yuutsiBaromuii ymenoienue J.J[.C. BuTKa,
BBI3BAHHOE YKOPOYEHHEM L1ara 0OMOTKH.

Ky = 0.951

Ky = 0.960

- KOO GULIMEHT pacnpeseneHus, yuuTeiBaonmii ymensimenue 3.J[.C. pacnpeaeneHHoil o nazam
OOMOTKH TI0 CPABHEHHUIO C COCPENOTOYEHHOM

HAXOMST U3 TabJ. 3 171 IepBOM raApMOHKMKH IPU COOTBETCTBYIOIIEM 3HAYCHUU (1, paBHBIM
YHCITy TIa30B Ha MOJIOC U dazy

ql =3

Kob61 = Kp'Ky Ko61l = 0.913



2.3. 11 Okxonuamenvnoe 3navenue MaZHUMHO20 ROMOKA

Ke-380

= ® =0.011 BG
4.44-w-Ko61 f

Ke = 0.959 onpenensiercs o puc 2
Bg = 0.8

2.3.12 Huoykyus 6 6030yuinom 3azope

O
BS = L — B = 0.79 Tn
D-Is
Ecaun nonydennoe 3Hauenue BS BBIXOAUT 3a mpeesnbl peKoMEHIyeMo oonactu (puc.S uinu 6)
Oonee ueM Ha 5%, cienyeT NpUHATH Apyroe 3HaueHue Un 1 moBTOpuTh pacueT. 3HaueHue Un B

HameMm ciaydac JCKUT B O6J'IaCTI/I, 3HA4YUT BI)I6OD BCPCH.

2.3.13 IInomnocms moka ¢ 00momke cmamopa (npeosapumenvho)

A
All = 213-109—2 - ompeessieTcs u3 puc 9
M
All
j1i=—
A
6 A
jl1 =6.141 x 10 B
M

2.3.14  Ceuenue r¢phpexmusnozo npoeoonuka (npedgapumesnvno)

JU71st BCBITHBIX 0OMOTOK MOTYT OBITh UCIIOJI30BaHbI 0OMOTOYHBIE TIPOBOA TMAMETPOM He Ooiee
1.8 mm. Ecnm pacuetnoe qa¢h>1.8 MM TO IpOBOAHUK pa3AessieTcsl Ha HECKOJIBKO 3JIEMEHTAPHBIX.
Jlist aToro mo Tadn.4 moadupaeTcs qdI1. ¥ YHCII0 JIEMEHTAPHBIX POBOJHUKOB NAJI.,
COCTaBJISIOLINX OAWH 3((PEKTUBHBIN, TAKUM 00pa3oM, 4TOOBI HX CyMMapHas IUTOIIA/Ib CEYCHUS
Obu1a OJIM3Ka K pacueTHOMY CEYECHHUIO Y(PPEKTHBHOTO MPOBOIHUKA

iy -6 2
Ayp = il ydh = 1.324x10 ™
Y BCHITHBIX 0OMOTOK N3J1 < 6 IPUHUMAEM

ny =1 TR Gy < 1.8

2

dy;; = 1.368 MM
2
qaq)l = 1’]3‘]_1-(13.]_J q3(1)1 = 1.368 mm

2.3.15 IInomnocms moka ¢ 00momke cmamopa (OKOH4YAmMENAbHO)

Ly

A
il'=5.943 —
a'q3(1’1 MM2

1=



2.4 Pacuer pa3mMepoB 3y01LI0BOI 30HbI CTATOPA
M BO3YIIIHOTI0 3a30pa

2.4.1 /Ina ecoinnoit 06MOmMKU peKOMEHOYEMCcA 6blOUPaAmsy na3 CMamopa, NOKA3aHHblil HA PUC.
10a.

S =
bi b B
=
N ¥V ~ .
bs \z |
\
bl
S Y
-
@
Q 62” - a“ ) 6
Sy
o= b2 S| & .
| by
6) lef be | "5 ;5;1
Puc. 10. K pacuéry pazmMepos 3y6110B0# 30Hb1 BChITHON 0BMOTKH cTaropa

2.4.2 Ilpunumarwmcs npedsapumenvbHo no maon. 5

Ba := 1.15 Tn3HaueHHe IOMYCTUMOI HHIYKIMH B IPME CTaTOpa
Bzl := 1.7 Tn3HaueHue TOMyCTUMOM UHIYKIIMH B 3y0OI1ax cTaTopa

2.4.3 IlpeosapumenvHulit pacuem pazmepos naza

I.r1 = I8 - AnuHa cTamu cepACYHIKA CTAaTOpa

Kc := 0.97 - onpenensiercst mo Tabdmaure 6

Iepq = 0.194

[upuna 3y6na
Bg -t1-15 _3
Bzl = ——— Bzl = 6.141 x 10 ~ ™
Bzl Ke
Bricora sipma cratopa
)

ha'= ——
2-Bal Ke

ha = 0.026 m

2.4.4 Pazmepul naza ¢ wumamne RPUHUMAIOMCA

h,, := 1 mm BbICOTa Mua nasa hur=(0,5-1,0)mm

By = 2 MM mpuHa nutkna masa Bir=(1,8-4,0)mm

10



2.4.5 Pazmepol naza ¢ wumamne paccuumuléaromcs:

D,-D
hl'[l = 2 —ha hHl = 0025 M
3
n-(D-lO +2'hn1)
Bl = - Bzl Bl =10.959 Mmm
Zy
3 3
T -(D-IO + 2-hm— Bm) -7, -8z1-10
B2 = B2 = 6.517 mm
Z
B2 — B
hy = hH1-103—(hm+ . m] by = 22.018 wu

2.4.6 Pazmepul naza é ceemy ¢ yuemom npUnycKa Ha coOopKy

AB = 0.2mm

Ah, = 0.2mm

Bl' := Bl — AB,

Bl' = 10.759 mm

B2' := B2 — AB

B2' = 6.317 mm

hlv = hl - Ahl'[

B,y = 0.4 MM- OXHOCTOPOHHSIS TOMINUHA H3OMAMH B Masy (110 Ta0.7)

IJIiomajb ImonepeyYHoOro CEUCHUA KOpHYCHOﬁ HU30/IA0UN:

3
Suz = BH3'(2'hnl'10 + Bl + 32) Suz = 27.212 MM2
IUIOIIAb TIOIIEPEYHOrO CEUSHHUS MTPOKIALO0K B Ma3y:
Stp = 0.4-51 + 0.9-52 Sp = 10.249 i

IInomann MOMNCPEUYHOTO CCUCHUA 1Ta3a AJId PasMCIICHUA ITPOBOJHUKOB!

_ (8l'+82) 2

Sm' : ‘hyr — Suz — Snop Sm' = 148.824 mm
9 1

11



2.4.7 Korgppuuyuenm 3zanonnenusn naza (xapaxmepusyem njiomHocms yYKiaoKu nPO60OHUKOE
6 naswvl)

d,, == 1.405

2
(d Un- )
K, =~ - Do K, = 0.716
II

[TpuMeHNM MEXaHU3UPOBAHHYIO YKJIAJKy OOMOTOK T.K.
K3 nexwur B npenenax 0,7-0,72

Ecnu 3HaueHus oTinyaeTcsi OT peKOMEHJOBaHHbIX, TO HEOOX0IMMO U3MEHHUTDH pa3Mepsl nasza. J{is
3TOr0 HaJ0 NPUHATH pyrue 3HaueHus Ba, Bzl u moBroputs pacuer nm. 4.2.- 4.7.

12



2.5 Pacuer poropa

2.5.1  Bozoywmnwui 3a30p onpedenaemcs no puc. 11

5 =610 "u

2.5.2  Yucno nazoe pomopa onpeoenaemcsa no maon.§
Z, = 89

2.5.3 Buewtnuii ouamemp pomopa

D2 =D- 28 D2 = 0289 M

2.5.4 /[nuna pomopa npunumaemcs pagnoil 0JauHe cmamopa
12 = ICTI 12 = 0194 M

2.5.5 3youoeoe oenenue
Dy

th == m-— th = 0.0l ™
2

2.5.5 Buympennuii ouamemp pomopa pagen ouamempy 6ania, makK KaKk cepoeyHuK
HEenoCcpeoCcmeeHHO HACAMCEH Ha 6all onpedensemca no maon.9 npu h=225

KB := 0.23
Ds := D,-KB D =0.09 m
Dj := Ds Dj=0.09 ™

2.5.6 Tok é cmepicne pomopa

K061

Zy
vi= 9.938 - ko3 uIMEeHT MIPUBEACHUS TOKOB IS
JIBUTATENICH C KOPOTKO3aMKHYTBIM POTOPOM

vii= 2-m-w1-

Ki:= 0.88 - k03 punueHT, yauThIBArONIHA BIUSHUE TOKA HAMATHUYUBAHUS U COTIPOTHBIICHUS
obmoTok Ha otHomeHue 11/12 Onpenensercs no puc.12

12 == Kiy v 12 = 284.403 A

13



2.5.8 IInowads nonepeunozo ceuenus cmeprHcHa

2:=251 06HH0THOCTI> TOKA B CTEPIKHE JIUTON KIJIETKU pOTOpa MPUHUMAETCS B peenax 2.5-
3.5*%1076

2.5.9

g = 1.138x 10 o2

I1a3 pomopa A/l ¢ KOpOMKO3AMKHYMBIM POHIOPOM C 6bICOMOTL OCU 6PAULCHUA
h<=250mm évinonnaemca zpyuieuUOHbIM ¢ TUMOn 00momkou. B oeuzamenax c

h=160-250 mm npumenarom 3axpeimote naswt (puc. 13,0)

3 _rr\:bm
&
L~ Ay
w
|
E.
@)
&) HoMy3aKpeITEIe; 6) 38K e
. | - » 0) 38K pBITEIE
13, Tpymennmge A3kl KOPOTKOZAMKHYTOT'O poropa
By = 15 um hmp = 0.7Mm

hmp' :=0.3 MM  BBICOTa MEPEMBIYKH HaJI [1A30M B JABHraTesiX c2p=8

2.5.10 Jonycmumasn wiupuna 3yoya

Bg = 0.8 Tn JONyCTHMAsi HHAYKIHS (110 prc.5)
Bz2:=1.85 Tn  wu3Tabmn.5, qomycTumas HHAYKIUS Ha 3yOLax poropa
Iet2 := 16
Ict2 = 0.194
1)

BZ2 ;= Bg ty —mmM8M8M8M
52 By0Ier2 Ko

872 = 4.546 x 10‘3

2.5.11 Pazmepul naza (puc. 13)

|:TC '(D2'103 - z'hmp' — 2'hmp) — ZZ'B22'103:|

Bl =
TE-l-Zz

By = 5.39 mm

14



By = L By = 3.932 wm
2 =
T 2
Z

hlp := (Bl - 132) ﬁ hip = 20.656 mm

2.5.12 Ionnasa évicoma nasza
B B

h + —+hlp+ —
2 TP

H2p = hH_I 1+ hH_I

p p
hn2p =26.317 mm

2.5.13 Ymounennasa niouiads ceueHus cmepiHcHs

T 2 2) 1
qcy = g(Bl + By ) + E(Bl + B2) hlp

2
dey = 113.761 wmm

2.5.14  IInomnocmv moxka 6 cmepiricHe

12 A
I2p = — 2p=25 —

qCY MM2

2.5.15 IInomnocmo RONEPEUHO20 CeUYEHUA KOPDOMKO3amMblKarouiux

a“i axa

: 2
o R :
a)

|

bt(‘

.

i

5)

a) co ceapuoii ofmoTKo#; §) ¢ nHTOH obmoTxOMH
Prc. 14. PasMepsi 3aMBIKAIONIX KoTel] KOPOTKO3aMKHYTOTO poTopa

Jon = 0.85-12p Jon = 2,125 _525

MM
JKkn - niomnocms moka 6 KopomkKo3amblKarouiux Kojibuax

A:2m{wﬁj A = 0281
Zy

=2 L= 1.01x10° A

A

15
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rue,
12 - TOK B CTEPIKHAX pOTOpa
Ixn - TOK B KOJIBLIE

Ixn 2
Qg == Ten Qg = 475.52 mm

2.5.16 Paszmepbl KOpOMKO3AMBIKAIOUWIUX KOlEY,

By = 1.25-hH2p By = 32.896 MM
q

Ay = il A = 14.455 wmm
B

Cpennuit auameTp KOPOTKO3aMBIKAIOIIETO KOJIbI[a

Dkcep := D2-103 — By, Dkep = 255.984 mm

16



2.6 Pacuer MarnuTHou nemnu

2.6.1 3nauenusn mMacHUMHBLIX UHOYKUYUU 6 3yOUaAX CIMAmMopa u pomopa

I
B.: := Bs tl- B =17 Tn
zl 5 Bz1-1..1Kc zl
B, = By ty——o—— B,=185T
= g~ = . J
2277 702 50 Jer2 Ke z2

2.6.2 Hnoykuusa é apme cmamopa
Ba=1.15

(P2~ D)

a
TN
h, = 0.026 m - pacyeTHasl BBICOTA sipMa CTaTopa
rie
d

B, = B, = 1.15 Tn

R
2.6.3 Hunoykuusa é apme pomopa

(2+p) (D2 -3
hj = f — — hH2 10

32p \ 2 p
hj =0.055 ™ - pacueTHas BBICOTA sIpMa pOTOpa

Bj = Bj = 0.533 Tx

(2-hj-ICT2-KC)

2.6.4 Maznummnoe nanpsoxcenue 6030yutH020 3a30pa

-7Tn -6 I'm
poi=4m-10 - no = 1.257x 10 —
2
B
3
¥y = \3:10 ) vy = 1.481 3 - Bo3aywnbIii 3a30p, M
Buuip
S5+ 3
5-10
Ks = —0 K5 = 1.076
tl—’Y18
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2Bz 8K
Fs = (259) Fs = 821.647 A
o

2.6.5 Maznumnoe nanpsicenue 3y04060ii 30Hbl CHIAMOpPa

hyp =y
h,; = 0.025 pacuerHas BbiCOTa 3ybua cTaTOpa, M

A
H, = 1250;
FZI = 2hZ1HZ1 le = 63192 A
2.6.6 Mazcnumnoe nanpaxcenue 3y04060i 30Hbl POMOPA
hzz = hn2p'10_ 3 hZ2 = (0.026 - pacuerHas BICOTa 3y0a poTOpa, M
H,, = 2340
F22 = 2hZ2HZ2 FZ2 = 123162 A
2.6.7 Koigpguyuenm nacviuwgenun 3y040601i 30Hbl
F ++F
1 2
K, =1+ (P * ) K, = 1.227
Fs

Koadpumment Kz xapakrepusyeTr npaBrIIbHOCTh BEIOPAHHBIX Pa3MEPHBIX COOTHOIICHUH U
0OMOTOYHBIX JAHHBIX MAIIMHBI U JOJDKEH HaXOAUThCS B mpeaenax ot 1,2 go 1,6 Ecnu ato
YCJIOBHE HE BBIMOJIHAETCS, HEOOXOUMO B pacUeT BHECTU KOPPEKTHUBHI. Y CIOBHE
BBIIOJIHSIETCS pacyeT BEPEH

2.6.8 Maznumnoe nanpsyicenue apma cmamopa.

(Da - ha) 5 §
L,=n T L, = 0.144 wm - qnuHa cpenHell MarHUTHO! JIMHUY SIpMa CTaTOPA
P
B, = 1.15 Tn
A
H, = 277— - HaINpsHKEHHOCTH MOJIs Tpy MHAYKUKK Ba no t1a6.11
M
. 4 A
F, =L, H, F, =39.847 —

M

2.6.9 Maznumnoe nanpsicenue apma pomopa

hj =0.055 m - BBICOTA CIIUHKH POTOpa
(Do 1) v v
Lj=mn oo L= 0.014 ™ - mMHA cpeAHel MarHUTHOW JIMHUU SiPpMa POTOpa.
‘P
Bj = 0.533 Tn

18



A

H;:=72 —

J M

A
Fj = Lj-Hj Fj = 0.984 ;
2.6.10 Cymmapnoe mazHummnoe Hanpax3ceHue MacHUMHOU yenu MAuLUnbl HA napy
noJirocos
: 1.049x 10°

FH .=F5+FZ1+FZ2+F3+FJ- FH: . X A

2.6.11 Koigpgpuuyuenm nacovtugenus mazZHumHou yenu

F

S _
K, = 5 K, = 1.276

2.6.12 Hamaznuuusarowuii mox

p-F

o
I = I, =1054 A

2.6.13 OmnocumenvHoe 3HaAYECHUE HAMAZHUYUBAIOULEZ0 MOKA

IH
I =— I =0.324
u IlH u

3HaueHue I‘M CIIyKHUT KpUTEPHUEM MPABIIBHOCTH PAaCU€TOB pa3MepOB U OOMOTKH JBUTATEIIS.

Benuunna T nomwkHa O61Th B peaenax ot 0,18 -0,35
CrenoBaTeabHO, PacueT BEPEH.
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2.7 IlapaMeTpsl padouero pe:xuMa JBUraTeIsl

2.7.1  Axmuenoe conpomuenenue gpazpl 06 mMomKu

0 LI Om
47 M

- YAEIbHOE CONPOTUBIICHUE MaTepuaga OOMOTKH MPH
pacueTHo Temmieparype, (o tabm.20). st uzonsmmu
00MOTOK ¢ KJ1TacCOM HarpeBocToiikocTu H pacuernas

Temreparypa npuHuMaercs pasHo 115*C

ydp = 1.324x 10 6 M2 - ceuenue (G dexTUBHOrO MpoBoIHKKA (cM. 11.3.14.)

Iy =T I; =0.194 m -pnuna masosoii yacTn BuTKa
B1:=0.8 - oTHOCHTENBHOE YKOPOYEHHE I1ara oOMoOTKH ctaropa (cM. 1. 3.10)
[ 7D+ hyy) | B
K= 5 B = 0.099 ™ - cpenmsis mmpuna Butka
P

K, = 1.90 - xosddunuent BeiOupaercs mo tadm. 13

B :=0.01 m -mmHa BeUIETA MPSIMOJIMHEHHOW YaCTH CEKIIMH U3 1a3a JI0 HaJyasia 0Truda J1000BOH

YJaCTH.
I, =K B +2B
I, =0.208 ™ - uiuHa 1060BOH YacTH BATKA
Icpl = 2-(IH1 - IH) Icpl = 0.804 ™ - cpemnss QIMHA BUTKA OOMOTKH
L) = Icpl W L; = 130.224 w- mmHa 5p(eKTHBHBIX IPOBOAHUKOB (asbl
00MOTKH
L
rl =p- rl = 0.523 Om
q3(1)'a
2.7.2 Omnocumensvnoe 3nauenue conpomuenenusn rl’
I
1H
rl' :=rl- rl'=0.045 Owm
Ui

2.7.3  AKmuenoe conpomuenenue gazpl 00MOmMKU pomopa

-6
10
Pxn = 5 2
20.3
- COOTBETCTBEHHO Y/JICIIbHBIC COMTPOTUBIICHHUS MaTepUaa CTEPKHS U 3aMBIKAIOLINX KOJIEI] ITPH
pacueTHoi Temiieparype (o tadiu. 20)

A =0.281

Pc = Pxn

2
ey = 475.52 mMm~ - momiaabk MONEPEYHOT0 CEYCHUS 3aMBIKAOIETo Kojblia (cM. 11 5.15.)
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= 113.761 MM2 - TUTOIIA/Th TIOTIEPEYHOTO CEUEHHS CTEPKHS (CM. 11.5.13.);

qcy
- Dy-10°
Dyr.ep = D2 10" =By
Dyy p = 255.984 - cpenuwmii quaMeTp 3aMBIKAIONUX KOJIEI]
I, = 0.194 - pnuna crepxkus, (cM. 1.5.4.)
-3
D 10
KIL.CD -13
T = P ™ 7 re; = 9.361 x 10 Om
2 9kn
I
2 -11
To = P r, = 8.387x 10 Om
Aey
! - 10
Iy = r(:+2-i;I 1y = 1.075 % 10 Om

A

2.7.4 Ilpugedenue r2 K uuciy 6umKoe 00MomKu cmamopa

3 2

r'y = r2-4-m- 'y = 0.315 Om
)
2.7.5 Omnocumenwnoe 3nauenue r‘2
1
1H
18y 1= 'y —— 1éy = 0.027 Om
Uin

2.7.6 Huoykmuenoe conpomuenenue gpazpl 00MomKu cmamopa

K =26
B, = 0.014

Bek
Bex = t_ Box = 1.373 - xoodduuuent cxoca

2
tl = 0.013 ™ - 3yOIIOBBIC JCICHHS CTATOpa U POTOpa
th = 0.0l m
tl
— =1.241
P
: ql

by = 0.34-(Ej {1, 0.64-B 1)
A1 = 0.789 - kodbHIEEHT MATHATHON POBOAMMOCTH JIOO0BOTO PACCESTHUS A | ¢

B pacuetnbix dpopmynax (tadn. 14) koadpdunuentsr Kp, K'p onpenensior:npu 1ByXxcnoiHoi
00OMOTKE ¢ YKOPOYCHHBIM ImaroM, korma 3 ot 2/3 nol
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B =08

K = 0.25-(1+3-) K = 0.85
Kg = 0.25-(1 + 3-K'B) Kg = 0.888
hy:=05  hy:=h -2, hy = 21.218
3
hlv = hnll() —h3
h h hq h
Ayl = & Kg + —2+3-—1+—HJ K'g
3-132 By By + 2-BHJ By

A1 = 3.434 - ko> PULMEHT MATHUTHOH IPOBOXMMOCTH [1A30BOr0O PACCESHHUSI, ONPEACISETCS IO

Tabs1.14 B 3aBHCUMOCTH OT BUa nasa (puc. 15)

3navyenue C, onpenenseTcs ClIeayomuM 00pa3oM: MPU MOTY3aKPBITHIX MU MOJYOTKPHITHIX Ma3ax
CTaToOpa € y4ETOM CKOCa I1a30B

2
t
21 2
§ = 2K Kp ~Kog) (H) {1+ B ) (=334
al = lztl—c - K03(hHHUIIEHT MATHUTHOM TIPOBOAUMOCTH AU(DPEPEHIINATBEHOTO paCCesTHUS
-0 -K
)
Mgl hqp = 5458
s = Ierg
W 2 I
f 1 )

2.7.7 Omnocumenwvnoe 3nauernue X1

xél =Xy

Un

2.7.8 Huoykmuenoe conpomuenenue hazvl 00MomKu pomopa

- Ul pPOTOpA C JINTBIMU OOMOTKaMHM onpeaessercs no popmyie:

-3 -3
D 10 D 10
Ay 1= 23— 0 ——log 4.7 K”";p .
Zyl's-A 2:a,,10 "+ B, 10
by = 0.556
A,:=0.02 - onpenenseres no puc. 17,a.
-3
2:10 e 3.333 - bu/s
6-10
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=0.154 - b/t
0.013
2 A
1 p z
S R i ) I = 0.984
TS (n sz 2 P
)
Sp

M A = 1.296

A - 10 bopmynam B Tabi1.15 B 3aBUCHMOCTH OT BHJa a3a (puc. 16)

) 2

h B B h
don e || —m— 1o | £ 0.66 - | ™ hon = 2.077
n2 3B 6 2B B m2
1 8:q,-10 1 il

6
xy = 7.9-£15-10 '(7‘112 At 7‘32)

Xy = 3.184 x 10_4 OMm

2.7.9 Ilpueedenue X2 K uuciy 6umkoe cmamopa

2
w1 Kog1
X'y = );2-4-m-M X'y = 0.430m
Z)

2.7.10 Ommnocumenwvnoe 3nauenue

I

1H

X€y 1= X'p—— X&y = 0.037

Ui
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2.8 Pacuer nmorepnb

[ToTepu B aCHHXPOHHBIX MAIIMHAX MOAPA3AEISAIOT Ha IOTEPU B CTaIU (OCHOBHBIE

U 100aBOYHBIE), INEKTPHUUECKUE NTOTEPH, BEHTHIIALMOHHBIE, MEXaHUYECKHE U 100aBOUHBIE IOTEPU
IIPU Harpy3Ke.

2.8.1 Ilomepu ¢ cmanu ocnognwle

Kc :=0.97 - kodddunmeHT, yauTHBAOMNN HEOJHOPOIHOCTh CTATH

Ve = 7.8-103 K—; - yIeJbHas Macca CTajlu

M
-3 -3

B, max.= /-629-10 B, 1min:= 6-731-10
B 1max™ Bzlmir -3

Bylep = 5 Bylep = 7.18 x 10

By ] cp - CPEMHAA LMPHHA 3y0I11a craropa
h, = 0.025 - pacuerHas BeIcOTa 3yOI1a cTaropa (ompezeneHa B pasjede 6)
h, = 0.026 - BbICOTa sipMa cTaTopa (ompeeneHa B pa3zaene 6)

m,, | m, Macca CTaiu sipMa 1 3yOI0B cTaTopa

My = by 1By ep 2y ler1 Keve

m,| = 19.149 x1

my =7 '(Da - ha) hy Ter1 Keve
m, = 43314 xr

B, =1.15

B, = 1.7 -uaOykmus B spMe U 3yO1ax craTopa (ompeeeHsl B pazaene 6)

Kga Kq; - K03 (HUIIMEHTBI I MAalIMH MOIIHOCTHIO MeHbIe 250 kBT npuHuMaroTcs

Kda = 16
KdZ = 18
B erer == 1.5 - mokasarens crenenu (no tadu. 16)

Bt
P =25—
1.0.50 T

p
f 2
Perocn = PI.O.SO'(%j ’(Kda'Ba m, + Kdz'le'mzl) Perocn = 375.623 Br
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2.8.2 Ilosepxnocmmuvie nomepu 6 pomope

Ipuanmaem By, = 0.2
Ilpuanmaem Ky, == 1.5

n 1.5 ( 3)2 Br
PH0B2y = 0'5'K02' Z2'M ' BO2't1'10 PHOB2y = 61.361 _2

-3
Prop2 = P110B2y'(t2 - Bmp'lo )'22'ICT1 Prop2 = 92 Br

2.8.3 Ilyavcauyuonnvie nomepu 6 3youax pomopa

Bz2cp - cpennsis mumpuHa 3y0ua poropa

-3 -3
Bomax = 8-826-10 B omin= /-767-10

B +B . 3
Byocp = ( z2max2 z2m1r) Bep = 8.296 x 10 3

h,» = 0.026 - pacuerHas BbICOTa 3ybIia poTOpa (11.6.6.)

m,, - Macca CTaiu 3yOLos poropa

myo = hzZ'BZ2cp'ZZ'ICT1 Keve m,y = 28.477 x

Bzch =B, B, = 1.85 - onpenenena sbiue (1.6.1.)
yp = 1.481 - onpenenena soiwe (11.6.4.)

Bnyn2 - aMIUTUTY 1A MTyJIbCALUI WHIYKIIMU B CPEIHEM CEUCHUH 3yOII0B

Bz2cp

BnynZ =719 21,

Bnynz = 0081 Tn

2
BH 2
yiI
Pnyn2 =0.11 -(Zz-n- 1000] m, PnyJIZ =90.742 B1

2.8.4 Cymma dobasounvix nomeps 6 cmanu

Pern06 = Pros2 * Priyn2
Per ro5 = 99-942 Br

2.8.5 [Ilonanvie nomepu 6 cmanu

Per = Per 06+ Per.ocn

P, = 475.564 B
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2.8.6 Mexanuueckue nomepu
Mexanudeckue noTepu st 00/TyBaeMbIX IBHUraresnei (creneHs 3auuThl [P44) onpenenstorcs:

K, = 1.3 ( 1-D a) IUTsL ABUTaTenei ¢ 2p>=4
K, = 0.79

2
n 4
Pyex = KT(E) ‘D, Plex = 104.982 Br1

2.8.7 Jlobasounvie nomepu npu HOMUHATLHOM PeXCUME

P2h 3
- 0.005—"10 Pocw = 153.846 B

n
2.8.8 Tok xonocmozo xo0a osuzamens

P,I[O6H :

PeakTuBHAs COCTaBIAIONIAS TOKA XOJIOCTOTO X012
IM =10.54 A cM1 6.12

P

>1xx - MICKTPUYECKHE NOTEPH B CTATOPE NPH XOIOCTOM X0/
2

Pyixx = m'Iu rl Pixx = 174.389 B1
I ., - @KTHBHas COCTAaBIAIOLIAs TOKA XOJIOCTOrO X01a

(P +P. . +P )

CT MeX 31xx
Iho, = I,..=0.662 A
XXa XXa
2 2

L= xa * IM Ly = 10.561 A

2.8.9 Korgpguyuenm mowgpocmu npu xonocmom xooe

COS¢y = — COSb, = 0.063

IXXH
IXX
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2.9 Pacuer pado4yux XapaKTEePUCTHUK
AHAJTUTHYCCKUM METOI0M

2.9.1 Ilapamemput uz cxemol 3ameuieHus (azvt 0OMOMKU MAULUHBL

P

CT.OCH
I'12 = 5 1'12 = 1127 Om
m'Ip
U
1H
X12 = I— X12 = 36053 OmMm
4
X1
cp=1+— cp =1.09
X12

2.9.2 AKmuenwliit mOK X0J10Cm o020 X004

2
(P + 31 ‘rl)
g i= Iy, = 0.482 A
3‘U1H

2.9.3 Pacuemmnbvle ¢erununst 011 gopmynapa pacuema (maon. 17)
a' = ¢ a' = 1.188
a:=cyprl a=0.57 Om

B = Cl'(Xl +e1+ X'2)

2.9.4 @opmynvl 0na pacuema padouux XapaKkmepucmuK npueeodeHsvl é mabn. 17.Pacuem
6bINONHAIOM, 3A0A8AACH 3HAYCHUAMU CKObIICeHUT

S=0.003; 0.01; 0.015; 0.02; 0.025; 0.03; Sn

[TocnenoBarenpbHOCTH pacuéra moHsATHA U3 hopmyisipa. [locne okoHYaHus pacuéra CTPOSTCS
paboune xapakrepuctuku: P1,I1, cosd, n, S = f(P2)

ITo xapakrepuctuke S = f(P2) onpenensiercs 3HaueHue Sn cooTBeTCTBY!IONIEEe MoLTHOCTH P2H.

[Tocre 3TOTrO BBIMOTHAETCS pacyeT AJIsi CKOJIBKEHUS Sn U 3aII0IHSACTCS TOCTEA s Tpada TabIuIbl.
Buj pabounx xapakTepuCTHK MpeacTaBiIeH Ha puc. 19.
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2.10 Pacyer myCKOBBIX XapPaAKTEePUCTHUK

C yBenMueHHeM 4acTOThI TOKA B CTEPKHIX OOMOTKH pOTOpa BO3HUKAET Y PEKT BHITECHEHHS TOKA,
B pe3yJbTaTe KOTOPOI'O IVIOTHOCTh TOKA B BEPXHEHN YaCTHU CTEPIKHEN BO3PACTAET, a B HIKHEHN
yMeHbIaercs. [Ipu 35TOM akTMBHOE CONPOTUBIIEHUE POTOPA YBEINYMBACTCS, @ UHAYKTUBHOE
yMeHbIIaeTcs. Mi3MeHeHne COnpoTUBIEHUN POTOPA BIUAET HA IIyCKOBBIE XapaKTEPUCTUKU
MAIIMHBI, TIOATOMY NIPU PacYETax ITHX XapaKTEPUCTUK CIIEAYET YUUTHIBATh 3(PPEKT BEITECHEHHS
TOKA.

2.10.1 Pacuemmnple mouKku xXapaKkmepucmuk onpeoenaionmcsa npu CKOJIbIHCEHUAX
$=1.0,0.8,0.5,0.2,0.15,0.1, Skp o popmymsipy (Tab:a. 18). Kputuueckoe ckoabxeHnE
MPUOIMKEHHO PABHO:
{
P S, = 0.093
Kp * x| Kp :

— + X

Cl 2
HeoOxonumeie mosicHeHust 71 pacuera mo gpopmynstopy (tabdmn. 18) mpuBoasTcs HILKE.
Pacuer mapamerpoB HaumHaeTcs s cKoIbkeHust S=1.0 U mpecTaBiieH B KauecTBe MpUMepa B
HOSICHUTENILHOM 3anucke. {7t pyrux CKOJNbKEHUH CUeTOB 3aHOCITCS HEMOCPEACTBEHHO B Ta0JI.
18.

2.10.2 Ilapamempeol c yuemom eblmecHeHus mokd.

h, - BBICOTA CTEPKHA B Na3y (cM. 11.5.12)
hC = hHZp - hIHp'_ hIU hC =25.017 mm

s := 1 ckonbxeHUE

ngB 1o - IPUBEJICHHAs BBICOTA CTEP>KHA OOMOTKHM poTopa. st TUTOM amoMUHUEBOM

0OMOTKH poTOpa:
IIpU pacueTHoi TeMmeparype 75° C

-3
Cppero = 63-151- 107 "4/
Can(:To = 1.63
2.10.3 Jna snauenus Can cro 10 Puc- 20 onpedensemca genuvuna
¢ :=0.42

a no puc.21 senuuuna ¢'=Kg
rae Kg-koapduunent nemnpuposanus ¢' := 0.99

2.10.4 I'nybuna npoHuKkHo8eHUA MOKA 8 CMEPIHCHE
h
c
= =17.617 mm
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2.10.5 IInowaow ceuenusn cmepicus, 02paHUYeHHA 6eNUYUHOU h
npu hr>=b2/2

| (32_31)( 32]
Br.:Bz—h—l-hr—7

B. = 4.969

MM
B; = 35.39 mm
By = 3.932 mm
h; =22.018 mm - (cm.m 5.11)

B22 (B2 + BI') B2 7

qp =T 2 + 5 hr_? qp = 75.726 mm
2.10.6 Kor¢ppuuuenm  x, onpedenarowjuic omnowenue niouwaou 6cezo cevenus

cmepIriCHa qC K nﬂomabu CMEPIHCHA, OCPAHUUEHHO20 8b1COMOIL h

(27 2°) | (r1-m)
I — 72 1= "2
4 =1 + hy qe = 21.392 mn”
8 2
dc
Kp=— K. =0.282
Ar
2.10.7 Koagppuuyuenm oouiezo ysenuuenus conpomueienus ghazot pomopa noo
enuAHUEeM Ihexma evlmecHeHUs MmoKa
rc'(Kr - 1)
Kpi=1l+ ———" Kg = 0.44
D
-11
r. = 8.387x 10 Om
10

ry = 1.075x 10 Om -cm.1.7.3.

2.10.8 IIpusedennoe akmueHnoe conpomueieHue pomopa c yiemom rhgpekma evimecHenus
moka.

r'2g = Kgp1h r‘zc =0.139 Om
r'y = 0.315 Om -cm. 1. 7.4
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2.10.9 Kosrppuuuenm maznummnoit npoeooumocmu nazo06020 pacceanus ¢ yuemom igppexma
6bIMECHENUA MOKA ). - - onpeoenaemcsa no popmyne (maoa. 15) é 3aeucumocmu om

npunamozo eéuoa naza pomopa (puc. 16) u c yuemom xorgppuuyuenma Kg puc 21

Ky = ¢ ¢ = 0.99
2
h B B h
hpg =[] T | 4066 - 2 L e 5 = 2.39
38 8-qCy 2B Bip

2.10.10Kos¢ppuyuenm, yuumeuiearouiuii usmeHeHus UHOYKMUBHO20 CONPOMUGTIEHUA (a3l
00mMomKu pomopa om Ighgpekma evimecHenus moxka

A +A o+ A
oo U2t R ) K, = 1.098

) (kn2 + A+ XJ'IZ)

2.10.1111pusedennoe undykmugnoe conpomueienue hazot 00MOmMKU pomopa c y4emom
Ighhexma evimecnenun moka

X'2C = X'2'I<X X'2€ = 0472 OMm
Xy =043 -cmm79

2.10.12 Tok pomopa 6e3 yuema 61UAHUA HACLIUWCHUA MAZHUMONDPOBOOA NOJAAMU PACCEAHUA

U
Iy = I, =101.819 A

(rl - I"2c)2

S

+ (Xl + XV2C>2

rl = 0.523 Owm -cem.nn. 7.1 u 7.6
X| = 3.24 Om

2.10.13 anee npu pacueme napamempos mawiunsvl Oyoem yUumvléamvcs 6AUAHUE HACLIUCHUA
MazHumonpoeooa noaamu pacceanusn. Cpeonaa MJ[C oomomku, omuecennas K 00HOMy
nasy oomMomku cmamopa

Kyac = 1.14 - koo dummenT, yuuThinaromuil yBenu4eHne KpaTHOCTH TOKA MPU HACHIIIICHUN
K'B = 0.85 - koadunuent, yuautsiBarommii ymensinenue MJIC masa nmpu yKOPOYEHHOM IIIare

(cm. 1. 7.6.)

K,g1 = 0.91 - obmoTouHsIi KoadduuuentT (cM. m. 3.10.);

Ky = 0.951 - xo3dduruent ykopouenus mara (cm. m. 3.10.)

W ;=12 -4ucno 53pYeKTHBHBIX NIPOBOJHUKOB B I1a3y CTaTOpa

a:=4 -4KCII0 TapaJUIeIbHBIX BETBE OOMOTKHU CcTaTopa
I =1, - TOK CTaTopa COOTBETCTBYIOIINI PACUETHOMY PEKUMY, 0€3 yueTa HaChIIICHUS
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I; = 101.819 A

. py [ 2
Fuep = 0.7 Ko i — | K'p + Ky-K061-Z—2 Frcp = 377.855 A

2.10.14 @ukmuenas unOyKyua NOMOKA pACCEAHUA 8 6030YULHOM 3a30pe

Cp = 0.64+2.5. [ Cy = 1.045
tl + t2
t1 = 0.013
ty =0.01 - 3yOuoBbIC AeeHUs CTaTOpa U poTOpa (CM. miL.3.5 1 5.5)
-6
F_ ..-10
Byg = — 0 —— Byg = 0.377 T
97 165.Cy ¢

2.10.14 ITo puc. 22 onpedensem Ko3hghuyuenm xapakmepuzyrouyuiiomtuouieHue nomoKa
pacceanun npu HACLIUEHUU K NOMOKYPACCEAHUA HEHACOIUEeHHOU MAUUHDI

X6 = 097

2.10.16 Koagppuuyuenm maznummnoii npogooumocmu nazo8020pacceanus 0OMomKu
CMamopa ¢ y4emom eaAuAHUAHACLIUEHUA

h':= n2p ~ h; —h, h'=3.298 mm
hn2p = 26.317
h; =22.018 h, =1 B =2 MM
3
Cp = (u-lo —Bm)-(l = C; =032 mm
h + 0.58h'
Ay mlmac = R Ay nlmac = 1457
I
AMilmac = Anl ~ Aunluac Milmac = 1.978

2.10.17 Korgppuyuenm maznumnoit npoeooumocmu oughghepeHuyuanbHo2o pacceaHus
00MOMKU CIAMOpa ¢ y4enom HACbIUeHUU

XI[lHaC = 7\,H1'X8 XI[lHaC = 5295

2.10.18 Huoykmuemnoe conpomueenue hazpl 00MOmMKU CMamopa ¢ y4emom HacblujeHus

(kanac + XI[lHaC + knl)
(%l *+ Aa1 + A1) *uac

XlHaC = Xl' = 2698 Om
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2.10.19 Koagppuyuenm maznummnoii npogooumocmu nazoeo2o pacceanus pomopa ¢
yuemom HACblUeHUA U 6bIMECHEHUSA MOKA

3
C2= (tz'lo - Bmp)'(l -x5) Cy = 0.261
h C
._ _p 2
Ajm2nac = ' C Ay momac = 0-069
BIHp BHIp+ 2
}“H2CHac = }‘HZC ~ A m2nac }“HZCHac =2.321

2.10.19 Korgppuyuenm maznumnoit npoeooumocmu oughghepenyuanvbHo2o pacceanus
pomopa c yuenmom HACblU|eHUs

7\'2[2H3.C = 7\,H2'X8 7\'2[2H3.C = 1257

2.10.21 Ilpueedennoe undykmueHnoe conpomueienue azpl 00MOmMKU pomopa ¢ y4emom
6IUAHUA GLIMECHEHUA MOKA U HACLIUCHUA

(x + A + xﬂz)

n2CHac n2Hac

(7‘112 +hop+ Mz)

1

X2¢Hac = X2

X'2CHaC = 0452 Om

2.10.22 Conpomuenenue 63auUMHOU UHOYKUUU 0OMOMOK 8 NYCKOBOM PeHcuMe
F
Xlzn = X12F_H X12n = 46021 OmMm

2.10.23 Tox 6 oomomke pomopa u cmamopa

X1Hac
Ciupac = 1+ Cgpac = 1.059
X12n
By = X1gac T Clnmac X2¢nac By = 3.177
r'
2
a,=rl+ ClnHac'_C a, = 0.67
U
1H
M=—" 2 =117.043
2 2
a, + B,
Jand+ (3n x120)°
12
O IR 0 LIS G L I1=118.204 A

C1nuac X12n

Ecnu nosmydyeHHO€E 3HaU€HUE TOKA CTaTOpa HE OTJINYaeTcs OT NpuHATOro B 1. 10.13. 3HaueHus Toka
6omee yem Ha 15%, To pacuet mis S=1 cuuraeTcs 3aKkOHUCHHBIM. Eciti pacxosxieHus Ooiblie,
pacdet nosropsitor ( 1.0. 10.13.-10.23.), ckoppekrupoBas KodpuuueHT K, .

11 = 118.204 Iy =11K,,. 0 = 134753

3HaueHue orauvaercs meHee 15 % - pacuer BepeH
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2.10.24 Ommnocumenvhoe 3Hauenue moka (KpamHocms nycKk06020 moxka npu S=1I1)

=L "= 3.635 A
Ly

2.10.25 Ommuocumenvroe 3nauenue Momenma

I'y = 101.819
S' =
I'2 ? S
M" = — 'KR'_, M":=1

r7ie HOMHHAJIbHOE CKOJIbkeHue Sh, kotopoe onpenensercs o rpadguky S=f(P2) padounx
XapakTepucTHK. 3HaueHne Sh coorBeTcTBYEeT MomHocTH P2H
npu S=Il popmyna npumer BUI
v \2
M" . I 2 K S M" Mn
n~| 5| ™R”H n= W
I My

2.10. 26 Jeitcmeumenvnoe Kpumuueckoe CKObl}ceHUe Onpeoensemcsa nocjie paciema
ecex nycKkoewlx xapakmepucmuk (maon. 18) no  cpeonum 3nauenuam
CONPOMUGIEHUTL COOMEEMCMEYIOUUM CKOIbIHCEHUAM

= 2.698
= 1.059

Xlmac

ClnHac
XVZCHac =0.452

{

)
Sip = Syep = 0-105

X1Hac

+ x'
2CuHac
C louac ¢
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2.11 TemoBou pacuer

2.11.1 Ilpesviuwienue memnepamypovl 6HympeHHell ROGEPXHOCMU CIAmMOopa HA0 meMnepamypoil
6030yxa éHympu oeuzamens

P oy = 375.623 B1
Iepy = 0.194

Iept = 0.804

P31 - OJICKTPHUYCCKUEC ITIOTEPU B o0OMOTKax craTropa
P31 = mIlerl P31 = 165995 B1

Kp = 1.45 - nns 0OMOTOK ¢ M30JAIHEH Kacca HarpeBocToiikoctu H

P’ - 3JIEKTPUYECKHE TOTEPH B Ma30BOM 4acTH OOMOTKH CTaTOpa

ICT 1

o1l

P' KpP312 P'3H1 = 1159907 B1

sul = 1
cpl

K:=0.18 - xo3ddumnueHr, yauThIBarOIINA, 9TO YaCTh IOTEPh B CEPACUYHUKE CTATOPA
MepeiaeTcs Yepe3 CTAaHNHY B OKPYKAIOIIYIo cpery (Tadi. 19);

oy = 95 - K03 HUIIUEHT TEIJIOOTIAYH C MOBEPXHOCTH (pHUC.23 min puc.26);

(P'3n1 + PCT.OCH)

T .D.ICTI QL 1

AeHOBI =K

AB, o5 = 16483 C

II0B

2.11.2 Ilepenao memnepamypul 6 u301AUUU NA3060I YACMU 00MomKu pomopa
d,, = 1.405 MM - IMAamMeTp M30IMPOBAHHOTO NPOBOJA OOMOTKH cTaTopa (Tadu. 4)

d:=1.32 MM - AHaMeTp HEeH30JUPOBAHHOTO MPOBOJIa OOMOTKH CTaTOpa

Ao i= 1.25 - onpenensiercst no puc. 24 1uist 3HaYCHUsL

4 094
dI/I3

Bya] = 0-4MM - OIHOCTOPOHHSISL TOIIUMHA H30JLILKMY B a3y (ONpEAeNeHa  Bbiue 10 Talu. 7)

Bt .
Moxg = 0.16 — - s ximaccoB HarpeBocroiikoctu B,F,H cpemusist sxBuBaieHTHAS
M-C

TEIJIOIIPOBOJJHOCTD IMa30BOMU N30JIAINH

I - pacUeTHBIN EPUMETP MONEPEYHOTO CEYEHHUSI CTATOPA

3
HHI = 2hH110 + Bl + B2 HHI = 59876 MM
P' B B+ B
1 1 1 2
MOy = T+ ( , ) A0, =412 C
ZI'ICTI' ul 7\'3KB 16'7”31(13
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2.11.2 Ilepenao memnepamypot no moauwjuHe U30aAAYUU 10006bIX YACHEN 00MOMKU POMOpPa

I, =0.208

Icpl = 0.804 - cM. pacdeTr aKTUBHOT'O CONPOTHUBICHUS OOMOTKH CTaTOPA.
Iy

P = K, -Pal-z-g P = 1247.03 B

P'anl - DJICKTPUYECKUE TIOTEPH B JTIOOOBBIX YACTAX OOMOTKH

BI/ISJ'II =0 HU30JIAIHA B JI00OBBIX YacTsIX OOMOTKHU OTCYTCTBYCT.

Torna
I =1
P B h
1 | 1
MOyt = - | == — A0, = 0.947 C
-3 7L31(13 12 '7"3103
2'Z2'IJ1'10 Tl

2.11.3 Ilpesvnnenue memnepanmypot HAPYHCHOU ROBEPXHOCMU 10008bIX Uacmell Hao
memnepamypoil 6030yxXa 6HYmpu MauiuHl

Bre = 0.099 M- cM. pacueT akTMBHOTO CONPOTUBIICHNS OOMOTKH CTaTOpA.

B =0.01 ™ - umHa npsIMOJIMHEHHON YacTH CEKITUHU M3 T1a3a OT TopIia CepACYHUKA 0 Havajia
otruda 1000BOM YyacTu

Ky = 0.50 - ompenensiercs o tadm. 13

- ITMHA BbUIETA TOOOBBIX YacTeld 0OMOTKH cTaTopa
I Kgpr B+ B Ll = 0.06 m

K'P'BJII

BbUI] =

A = A =21.774 C
Ormosi 1 9 'D'IBLIJII ay Omosil

2.11.4 Cpeonee npesvnnenue memnepamypul 6030yxXa 00MOMKU CIMAMOPA HAO MEMNEPAMypoil
6030yxXa 6HymMpU MAUIUHbL

Mgy = (AOHOBI JFIAGI/BHI)Q'IH N (Aemnl + AOHOBHI)'(z'In) Mgy = 22 446 C

cpl Icp 1

2.11.6 Ilpesviuenue memnepamypul 6030yxXa 6Hympu MAmuUHbl HA0 MeMnepamypoi
OKpycarowieit cpeowt /lna oeuzameneit co cmenenvio 3aujumol 1P44

Hp := 0.42 - yclnoBHBII IEpUMETP MOMNEPEUHOTO ceueHHs pedep cTaHUHBI (110 pUc. 25)

oy = 17.5 TT - koa(unmeHT nogorpesa Bozayxa (mo puc. 23)

M -C
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SKOF - OKBUBAJICHTHAA MOBCPXHOCTH OXJIAXKACHUA KOPITyCa ABUTATCIIA

Sxop = (T Dy + 8T0 ) Ipy + 21511 Sgop = 1436 B1
P, = 2.104 xB1

Py = 0.483 kB1

P :=3.03
P = ZP+ (K, — 1):(P,) + Pyp) SP' = 4.194 Br

2P'B - cyMMa IOTEPH, OTBOAUMBIX B BO31YX BHYTPH MaIIWHbI

=P's = 2P = (1= K)-(P'yy + Pe ocn) SP's = ~1326.378 Br
>PB -1
Agg = —— Agg = —52.819
Skop @5
2.11.7 Cpeonee npeeviuienue memnepamypovl 00MomKu cmamopa Hao memnepamypoit
OKpYydcaroueil cpeovl
Ael = Aevl + AeB Ael = -30.373
2.11.8 Benmunayuonuwlil pacuem 3aK1104aemca 6 CONOCMAag1eHuu  pacxooa 6030yxa
Heo0X00UM020 0113 OXN1ANHCOCHUA osguzamens u pacxooda, KOMopwvlil Mo cem Ovimb
nonyyex npu OAHHOU KOHCMPYKYUU U Pa3mepax 0suzames

L:=25n0pu 2p=8 u h=225

Da
Ky = L. |n—> K, = 4287
L 100 L

KI_ - KOS(i)CI)I/II_II/IeHT, y‘lI/ITLIBaIOH_IHﬁ HU3MCHCHUC YCHOBI/II}'I OXJIAXKACHUS IO JIIMHE ITOBECPXHOCTU

KopIryca, 001yBaéMOro Hapy>KHbIM BEHTUJISITOPOM

Heob6xomumelii pacxon Bo3ayxa:
- U1 ABUTATENIEN CO CTEMEHBIO 3a1uThl [P44
3
>PB -1 M
Q, = 0.098 —

% = B L1008, c

2.11.9 ®@axmuueckuil pacxoo 8030yxa, NOIYUAEMblLI C HOMOULBIO GeHMUIAMOPA:

JUIA IBUTATEINIEN CO CTENEHBIO 3aIuThl [P44

3 n M
' =0.6D,  —— ' =0271 —
QB a 100 QB C

2.11.10  Conocmaenenue mpedyemozo u noayuaemozo pacxooa 6030yxa.
[Tomy4aemsrit pacxos Bo3ayxa Q'B JOMKEH ObITH OOJIbIIE TPEOYEMOTO I OXJIAKICHUS IBUTATEIS

Qe

0.271 > 0.098 Q> Qg /lanHoe yc10BHE BHINOIHAETCH PacieT BepeH.
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naspl craropa Macmrad 2:1

i

s

2 ™

Puc 2 nass1 poropa macurra6 2:1
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(I)OpMy.]'Iﬂp pacducra paﬁotmx XaPaKTEPUCTUK ACHUHXPOHHOI'0O ABHIaTC/Isd

P2h =28kBr; Ut =380B; hy = 32.5A; 2p=8; P.ct+P.mex=0.581 kBT; P.1008=0.154xBT; l0a=0.482A;
Ior=10.54A; r1=0.5230M; 1'.2=0.315 Om; ¢.1=1.09; a=0.57 Om; b"=0; b=5.188 Om

Tabmuna 17
CkonbxeHue
Ne Pacuernas popmymna Enunnna

0.003 | 0.01 | 0.015 | 0.02 | 0.025 | 0.03 0.029
a-rls OMm 124.727 | 37.418 | 24.945 | 18.709 | 14.967 | 12.473 | 12.903

b'-ry /s Om 0 0 0 0 0 0 0
R=a+ad'r/s OMm 125.297 | 37.988 | 25.516 | 19.279 | 15.538 | 13.043 | 13.473
X=b+b'r/s Om 5.188 | 5.188 | 5.188 | 5.188 | 5.188 | 5.188 5.188
Z=+Rr? 4+ x2 OMm 125.405 | 38.341 | 26.038 | 19.965 | 16.381 | 14.037 | 14.437
I=Uy/Z A 3.03 | 9911 | 14.594 | 19.033 | 23.198 | 27.072 | 26.321
cospr =R/ Z - 0.999 | 0.991 | 0.98 | 0.966 | 0.949 | 0.929 0.933
sing=X/2 - 0.041 | 0.135 | 0.199 | 026 | 0317 | 0.37 0.359
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[Tpomomxenue Tadaun 17

9 g =1loq+15cosgh A 351 | 10302 | 14.784 | 18.862 | 22.486 | 25.638 | 25.045
10 Lip =Iop + I} singh A 13.568 | 20.36 | 24.842 | 28.92 | 32.544 | 35.695 | 35.103
3 i = \j B i A 14.014 | 22.818 | 28.908 | 34.527 | 39.557 | 43.948 | 43.122
12 Iy =c 1% A 3303 | 10.802 | 15.906 | 20.744 | 25283 | 29.505 | 28.686
13 B =301y I 4107 kBT 4001 | 11745 | 16.854 | 21.503 | 25.635 | 29.227 | 28552
14 Py =312 7107 kBT 0308 | 0.817 | 1312 | 1.871 | 2.456 | 3.032 | 2919
15 Pyy =3042 1% 1073 kBT 001 | 0.1 | 0239 | 0407 | 0.604 | 0823 | 0778
16 Paos = Pﬂmj_‘_H(‘,—:}f 1073 kBT 0.029 | 0.076 | 0.122 | 0.173 | 0228 | 0281 | 0271
17 iﬁ;: fi; ZMEX Hra «B1 0.581 | 0.582 | 0582 | 0.583 | 0.584 | 0.585 | 0.585
18 Py=P -3 P kBT 3421 | 11163 | 16272 | 2092 | 25.051 | 28.642 | 28.00
19 n=1- —pr— i 0.855 | 095 | 0965 | 0.973 | 0.977 | 098 0.98

20 cosp=1I4/1I - 025 | 0451 | 0511 | 0.546 | 0.568 | 0.583 | 0.581
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cosdh

0,9 ~
0,8
0,7
0,6
0,5
0,4
0,3
0,2

0,1 -

Mpacduk 3aBucmocTun cosch A ot P2

3,21

11,163

16,272
P2 kBT

20,92

25,051

28,642

40



Npadumk 3aBucnmocTn S ot P2

0,032

0,027 -

0,022

0,017 +

0,012

0,007 -

0,002 -

) 3,21 11,163 16,272 20,92 25,051 28,642
-0,003 - ! ’ ! ’ ’ !

P2 kBt



P1 kBT

35

30 -

25

20 -

15

10 +

pacduk 3aBucumocTn P1 ot P2

3,21

11,163

16,272
P2 kBT

20,92

25,051

28,642
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0,9 ~
0,8
0,7
0,6
0,5
0,4
0,3
0,2

0,1 -

pacdumk 3aBucumocTn n ot P2

3,21

11,163

16,272
P2 kBT

20,92

25,051

28,642
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DopmMyasip pacyera NyCKOBBIX XaPAKTEPUCTUK ACHHXPOHHOI0 ABHUIAaTe/IA

P2h =28kBrT; UIH ~380B; x.12n= 46.021 Om; x1=1.034 Om; x'2=0.432 Om; r1=0.16 Om; r'2=0.315 Om; Ly = A; Ly =4Sy =

Taomuna 18
CkompxeHue

Ne Pacuetnas popmyna Enpununa 1 0.8 0.5 0.2 0.15
1 < - 1.63 1.458 1.152 0.729 | 0.631
2 @ - 0.42 0.3 0.35 0.12 0.08
3 K, =q./q, - 0.282 0.255 0.266 0214 | 0.205
4 Kp=1+(K, 1) - 0.44 0.419 0.428 0.387 0.38
5 re=Kp-r Om 0.139 0132 | 0135 | 0122 | 0.12
6 K (K ) - 1 1 1 1 1

7 . =§%‘ - 1.047 1.049 1.09 1.06 1.04
8 Xy =Ky x5 Om 0.45 0.45 0.47 0.45 0.45
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[Tponomxenue Tadaunbl 18

, = Azéuar_'

9 Yoonac =% g o Om 0.43 0.43 0.45 0.43 0.44
10 ¥inae = 254 X Om 2.69 269 | 269 | 269 | 269
11 1T nae =1+ - 1.059 1.059 | 1.059 | 1.059 | 1.059
12 a =N+ WL wae Om 0.67 0.698 | 0.809 | 1.168 | 1.368
13 by = Xiuae *+ C1lnac * ¥2guac Om 3.158 3.159 | 3.177 | 3.165 | 3.173
14 I :chf—an A 117.708 | 117.473 | 115.922 | 112.644 | 109.985
15 1y - 1y YOI sam) A 118.831 | 118.596 | 117.078 | 113.755 | 111.1
16 I =D/ hy - 3.654 3.647 3.6 3.498 | 3.417
17 M. = (2 K - 0.93 0.98 1.03 1.97 2.31
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S
3| 2 3 Obosnauenue Haumenosaue 3 | pumeua-
% 091 b nd HUE.
S
1 | 180400 01.01.17 Ban pomopa 1
2 [ 180400 01.01.17 | Ilaii6a NPYIUCUNHAA 2
3 | 180400 01.01.17 Hoowunnux 60312 2
4 180400 01.01.17 Kopobxa evieodos 1
5 | 180400 01.01.17 Todwunnukosenii wgum | 2
6 | 180400 01.01.17 | Bonm M10-40 6
7 1180400 01.01.17 | [laiiba nascumnas 2
8 | 180400 01.01.17 JKenezo pomopa | 1 -
9 | 180400 01.01.17 | Pewn 1
10 | 180400 01.01.17 | Kopnye cmamopa 1
11| 180400 01.01.17 Pomop 1
12| 180400 01.01.17 | Kamywica obmomxu 1
13 | 180400 01.01.17 Bonm M10-40 6
14 | 180400 01.01.17 Kooicyx eenmunsimopa 1
15| 180400 01.01.17 Benmunsimop 1
16 | 180400 01.01.17 Omeepcmus eeHm. -
17 | 180400 01.01.17 Bonm M6-20 3
18 | 180400 01.01.17 [Inoura 1
19 | 180400 01.01.17 laiiba d=6 3
20 | 180400 01.01.17 Ulaiiba d=10 12
Paspab. | Kpacorckuii AB. Jlumepa | Jlucm |ﬂucmoa
Iposepun | Pedomos K).B. ’
H.xonmp




