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BBE/JIEHHUE

[Tpou3BOACTBO COBPEMEHHBIX DJIEKTPUUYECKUX MAIUH TPeOyeT MPUMEHEHHS BCE
0oJiee COBEPILEHHBIX MATEpUAJIOB, a UX MPOEKTHUPOBAHUE JOJDKHO OINUPATHCS Ha
pe3ynbTaThl MOCIACAHUX MCCIENOBAaHUNA B 00JACTH BJIECKTPOMAIIMHOCTPOCHHUS.
DKOHOMHUS MOTPEOIIIEMON AIEKTPOIHEPTUU U YMEHBIIIEHNE KAMUTAIBHBIX 3aTpaT Ha
AJNIEKTPONPUBO ~ PA3IUYHBIX  OOBEKTOB  MOCTOSSHHO  TpeOyIOT  HOBBIX
YCOBEPIIIEHCTBOBAHUM.

B onekTpompuBome MamldH M MEXaHHW3MOB HCHOJB3YIOTCS, B OCHOBHOM,
ACUHXPOHHBIC JBUTATECM W JBUTATEIM TOCTOSHHOTO ToOKa. JloMuHHMpYyIomee
MOJIO’KEHUE M0 KOJMYECTBY M YCTAaHOBJIEHHOW MOIIHOCTH 3aHUMAIOT aCHUHXPOHHBIC
JIBUTATENIA C KOPOTKO3aMKHYTBIM POTOPOM. Pa3BuTHE MOTYNPOBOTHUKOBOW TEXHUKE
IIO3BOJIJIO  CO3JaThb  PEryJMPYEeMbId  ACHHXPOHHBIM  3JEKTPOIIPUBOL  C
XapaKTEpPUCTUKAMHU, HE YCTYIMAIOIMIMMH IO CBOMM IOKa3aTesIM 3JIEKTPOIPUBOJIaM
IOCTOSTHHOTO TOKa.

st COBPEMEHHOTO 3JIEKTPOMAIIMHOCTPOCHUSI CBOMCTBEHHBI €IUHBIE CEPUH
ANEKTPUUECKUX MAIlIUH, XapaKTEePU3yeMbIX OOUIHOCTHIO HA3HAUEHUA U TMOJ00HUeM
KOHCTPYKITMHU Bcel cepur. C y4eTOM 3TOT0 3aKOHBI MPOSKTUPOBAHUS MAIIUH TaKkKe
XapaKTEepU3yloTCsl OOIIHOCTBIO, YCTaHaBJIMBAIOIIEW Haubosee LeraecooOpa3Hble
COOTHOIIICHHSI OCHOBHBIX Pa3MEpPOB U TapaMeTPOB.

OCHOBHBIC METOJBI MPOCKTUPOBAHMS AJICKTPHUUCCKUX MAIMH CO37aBaJIUCh Ha
OCHOBE OTHUX 3aKOHOB M OOJBIIOTO ONbITA MPOCKTUPOBAHUS M JAJIUTEIBHON
skciutyatanui. [lo3ToMy 10pu OpPOEKTHPOBAHMHU OCOO0E€ BHUMAHUE YACNAETCS
pacyeTy M MPOCKTUPOBAHUIO CEPUHHBIX dJICKTPUUICCKUX MamuH. OQHAKO CTYJEHT B
cBOE paboTe MPOCKTUPYET CIUHUYHYIO MAIIMHY, U JIJI1 00Jiee TJIyOOKOTO YCBOCHUS
OCOOCHHOCTEW  MPOEKTHUPOBAHUS HA BCEX OJTamax BHINIOJHEHHUS  MPOEKTa
PEKOMEHTyEeTCSI BECTH «BPYUHYIOM.

HecMoTpst Ha  CIOXHYIO  9KOHOMHUYECKYIO  CHUTyaluio, HabItomaercs
3HAYUTETBHBIN MPOTPECC MPAKTHUECKH BO BCEX OTPACISAX DJICKTPOMAIIMHOCTPOCHUS.
[ToaToMy cnoxkHO cOoOpaTh OOJIBIIIOE KOJIMYECTBO TEXHWYECKOW HH(OpMaIuud u
CBECTU €€ B eAuHOoe Ienoe. B naHHOM ydeOHOM MOCOOMHU MPEICTABICHBI JIMIIb
OCHOBHBIE CBEJICHHS 10 MPOEKTUPYEMbIM ACUHXPOHHBIM MallinHaM cepuun 4A u AU.

KypcoBoil mMpoekT uMEeT 1eNb0 O3HAKOMHUTHh CTYJIEHTa C COBPEMEHHOU
MIPAKTUKOW TTPOSKTHUPOBAHUS IJICKTPHUUCCKUX MAITUH U €€ OCHOBHBIMH MPOOJIEMaMH,
HAy4YUTh €r0 TMPUMEHSATH TOJIYYCHHBIC 3HAHWS TNPU PEIICHUH PEATbHOW 3aadH,
Pa3BUTh HABBIKM CAMOCTOSTEIBLHOW pPaOOTHI W TPUHSATHS PEIICHUM.

Hacrosimee y4yeOHOe mocoOue BKIIOYAET: COAEpP’KaHHWE KYypPCOBOTO IPOEKTa,
yKazaHusi 1o OQOPMIICHHUIO M 3allluTe, BapUaHThl 3a/laHuil, TNEepedyeHb Y4eOHOMU
JUTEePaTyphl, METOIUYECKHE PEKOMEH IAIIUH TI0 BBHIITOJHEHUIO TE€X Pa3/IeNoB MPOCKTa,
KOTOpBbIE HEJIOCTATOYHO TIOJIHO OCBEIICHBI B JUTEPATYPE WIH B KOTOPBIX CTYIEHTHI
HanboJiee YaCTO COBEPIIAIOT OITHUOKH.

YyebHoe mocoOue mpeaHa3HAYeHO IS KypCOBOTO  MPOCKTHUPOBAHUS
ANEKTPUYECKUX  MAIIMH HA  CTaAUM  WM3yYCHHUs]  DJIEKTPOMATHUTHBIX U
AIEKTPOMEXAHUYECKUX TTPEOOpa30BaHUN.



1. COAEP’)KAHUE KYPCOBOI'O ITPOEKTA

[IpoekTupoBaHue ANIEKTPUUECKUX MAIIMH TpeOyeT TIIyOOKUX 3HAHUU, TMOITOMY
coliepKaHUEe KypCOBOI'O TMPOEKTa HaIpaBiICHO Ha paclIUpeHHe 3TUX 3HaHHM,
pa3BUTHE HAaBBIKOB B pacyeTax C I[HUPOKMM UCIOJIb30BAHUEM CIPABOYHOM
JTUTEPATYpPhl, Y4EOHBIX TOCOOUH U JIp.

[IpoekTupoBaHue 3JIEKTPUYECKONW MAIIMHBI — 3TO CJIOXHAs MHOTOBapUaHTHas
3amada. CTymeHT mpu paboTe Haa MPOCKTOM O0s3aH HAYYUTHCS ONTHMHU3UPOBATH
MHOrue pacueTsl. Ilepen HawanioM pacyeTa OH JOJDKEH BHUMATEIBHO — HU3Y4YUTh
KOHCTPYKITMIO ~ 0a30BOTO JBUTATEINIA, OIICHUTHh BBHIOPAHHBIC TJABHBIE pa3MEphI
JIBUTATelIsl, yPOBHU AJIEKTPOMArHUTHBIX HArPy30K.

OcHOBHBIE MaTepUaJIbl KypCOBOTO MPOEKTA: PACYETHO-MIOSICHUTEIbHAS 3allUCKa U
rpadudeckast 4acTh.

PacueTHo-TIOsSICHUTEIbHAS 3aMUCKA COIEPKUT CIETYIONTUE pa3/aebl:

1. Texuuueckoe 3ajlaHue Ha KYpCOBOM MPOECKT.

2. Brenenue (oieHka COBPEMEHHOTO COCTOSIHUSA OTpaciu
AIEKTPOMAIIIMHOCTPOCHUSI HAa3HAYCHHE U CEPUU ACHUHXPOHHBIX MAIIMH, OCHOBHBIC
3a]1a41 IPOCKTHPOBAHU).

3. PacueTHO-KOHCTPYKTOPCKYIO YacTh, B KOTOPYIO BXOJIUT:

— BBIOOP TJIABHBIX PA3MEPOB AJIEKTPOBUTATENS,

— pacyeT 3y010BOM 30HBI U OOMOTKHU CTAaTOpa,;

— pacdeT MarHUTHOM 1IeTIH U HaMarHWYMBAIOIIIETO TOKA;

— ompe/eseHre napaMeTpoB OOMOTOK CTaTopa U poTopa,;

— pacyeT NoTeph B MAIIIMHE U MapPaMETPOB XOJOCTOTO XO/1a;

— paboumne XapaKTepUCTHUKH;

— TETUIOBOM M BEHTWJIALMOHHBIN PACYETHI,

— OINMCAaHKNE KOHCTPYKIUH;

— 3aKJIIOUYCHUE (aHATIU3 PACYETHBIX JIAHHBIX ).

4. Jlutreparypa.

5. OrnaBiieHue.

['padrueckast 4acTh MPOEKTa COMCPIKUT:

1. Yeptéx oOmmero Buja SJICKTPOJBHUraTeIsi C MPOJOJBHBIM H TMONEPEUYHBIM
paspezamu (puc. I11).

2. DCKU3bl TMa30B CTAToOpa M pOTOpa C pACIOJIOKEHUEM TMPOBOJHUKOB U
U30JISIUOHHBIX MaTEPUAJIOB.

3. Paboune xapakTepuCTUKU JBUTATEIS.

[TosicauTenpHast 3amucka OQOPMISETCS B COOTBETCTBUM CO  CTAaHIAPTOM
OpraHU3allUU.



2. TEXHUYECKOE 3AJIAHUE

CrpoektupoBath Tpex(as3Hblil aCUHXPOHHBIN JBUTATENIb C KOPOTKO3aMKHYTBHIM
pPOTOPOM C HCXOAHBIMH JIaHHBIMH, YKa3aHHBIMA B TPHJIOKEHUH 1, COIJIacHO
BapUaHTYy 3aJlaHUs: MOIIIHOCTh Ha Bajly P, CHHXPOHHAs 4acTOTa BpalleHus poTopa Ny,
HamnpsHDKeHWE M CXeMa COEAMHEHUS OOMOTOK, KOHCTPYKLIMOHHOE HWCIIOJHEHHE W
MCTIOJIHEHUE T10 CTENICHU 3alIUThI OT BO3ACHCTBUS OKpYsKatomiei cpest IP.

Pacuetnbie ¢opMyInbl U 3HaYEHUS, TPUHUMAEMBIE 10 TaOJIUIIaM, BHIOMPAIOTCS B
3aBHCHUMOCTH OT MOIIHOCTH JBUTATENs, €r0 HCIOJHEHUS MO CHOCO0Y 3alluThl OT
BO3/JICUCTBUS OKPYKAIOIIEN CPEJIBL.

3. DJIEKTPOMATHUTHBIN PACUET ITIPOEKTUPYEMOT'O JIBUT ATEJISA
3.1. Be10op riaaBHBIX pa3MepOB JIEKTPOIBUTATEIIS

PacueT acHHXPOHHBIX MAalIMH HAYMHAETCS C ONpPENIENICHUs TIaBHBIX pa3MEpOB —
BbIOOpa W pacyeTa pa3MEpOB AKTHBHBIX 4YacTed MPOCKTUPYEMOW MAIHBL:
BHYTPEHHETO, BHemHero auameTpoB crtaropa (D, D,), pacuerHoW IIMHBI
MarHuTonpoBojia |, 3y06IioBoii 30HbI cTatopa u poropa. OCHOBHBIM HMapaMETPOM, OT
KOTOPOTO BO MHOTOM 3aBHCST 3TH pa3Mepbl, SABJSICTCSA BBICOTA OCH BpamicHus h.
BHemHmii  guamMeTrp cratopa  TakXe JIOJDKEH COOTBETCTBOBATH  YCIIOBHSIM,
HajaraéMpIM TpPEOOBAaHUSAMH PACKPOSI JIMCTOB JJICKTPOTEXHUYCCKON CTamu ¢
HAaWMEHBIIIMMH OTXOJaMH TIPH ITAMITOBKE.

Bricota ocu BpaimieHuss h BeIOMpaeTcs B 3aBHCHMOCTH OT HMCIIOJIHCHHUS, YHCIIA
IIOJIFOCOB M MOJIC3HOM MOIIHOCTU MamiuHkl [ 1, Taba. 9.1, 9.2, 9.4, 9.5].

Yucno nap momarocoB:

Ecnu mapameTpsl NpOEKTHUPYEMOM MalllMHBI BBIXOJAT 3a MpeAenbl CTaHAapTa,
BBICOTY OCH BpamieHus h (M) MOXXHO omnpeaenuTh coriacHo [1, puc. 9.18] nim, B
3aBUCUMOCTH OT UCIIOJIHEHHUS, 110 HYXKETPUBEICHHBIM (hOpMyJIam:

—mpu IP44 u 2p =2

h~6 p+04 pos3,
P+0,2 :

—npu IP44 u2p>2
P+0,2 0.28
h~60 ———— P)<®.
P+01 (p ) ’

—npu IP23 u2p=2



th P+0,4 P0’32.
P+0,2 ’

P+O,2 0.3
h=5 P)”
J(P+0,1j(p ) ’

r7ie P — YKCIIO Map MOICOB; P — HOMUHAIbHAS MOIITHOCTh IPOCKTUPYEMOM MaIlIHBI,
KBT.

3a7aBIIMCh BHICOTOM OCH BpallleHHS U3 Ta0j. 1 MPpUHMMAIOT BHEIIHWM JUAMETP
ctatopa D,, B COOTBETCTBUHU C CEpUEH MPOSKTHUPYEMOM aCHHXPOHHON MaIlIUHBI.

—npu IP23 u2p>2

Ta6numa 1
CooTHOIIIEHME BHENIHETO JUAMETPA CTATOPA C BEICOTOM OCH BPAILICHUSA
h, MM Dg, i h, MM Da, M
’ Cepusi 4A | Cepus AU | Cepus 4A | Cepus AU
45 — 71 132 225 215
50 79 79 160 272 260
56 89 89 180 313 295
63 100 100 200 349 327
71 116 114 225 392 368
80 131 126 250 437 420
90 149 145 280 520 480
100 168 163 315 590 530
112 191 184 355 660 600

BuyTpennuit nuamerp craropa D 3aBHCHT OT BHEIIHEro JAMAMETpa cTatopa u
napamMeTpoB ma3oB craropa (Tabn. 2). [lockonbKy Ha HavyaJbHOM JTamle pacuera
nmapaMeTphbl Ia30B HEW3BECTHBI, TO BHYTPEHHUN JMAMETP CTAaTOpa OMpENemseTcs
IPUOM3UTEIILHO 10 hopMyJie

D:kDDa,M;

rae Kp — OTHOIIEHHWE aUaMETpOB, ompeaensiemMoe corimacHo [1, Tabm. 9.9] B
3aBHCHMOCTH OT YHCJIa Tap MOJIFOCOB WU 10 hopmyJie

- p
D — .
12p +0,6 £0,08

Ha JaHHOM JTall¢ pacdcTa PCKOMCHAYCTCA IIPHHUMATL CPCAHCC 3HAYCHUC
BHYTPCHHCTO JHaMCTpa CTaTopa. HpI/I IMOCJIICAYIOIICM PaACUCTC 3TOT ITaPaMETP MOKCT
OBITH U3BMEHEH B YKa3aHHBIX IIPCACiIax.



Tabmura 2

[TpumepHBbI BO3MOKHBIN BHYTPEHHUN TuaMeTp ctatopa D B 3aBUCUMOCTH OT
KOJIMYECTBO Iap IMOJIFOCOB p, BBICOTHI OCH BpallleHHsI N ¥ BHEIIIHETO AUaMeTpa

cratopa D,

h D., MM 2p D, mm

50 81 2,4 41; 46

56 89 2:4 48; 55

63 100 2;4;6 54; 61; 65

71 116 2:4,6;8 65; 70; 76

80 131 2:4:6;8 74; 84; 88

90 149 2;4;6;8 84; 95; 100

100 168 2;4;6;8 95; 105; 113

112 191 2:4:6;8 110; 126; 132

132 225 2;4;6;8 130; 145; 158

160 272 2:4:6;8 155; 185; 197

180 313 2:4:6;8 171; 211; 220

200 349 2:4:6;8 194; 238; 250

225 392 2:4:6;8 208; 254; 284

250 437 2:4:6;8 232; 290; 317

280 520 2;4;6;8; 10 275; 335; 370; 385; 400
315 520 2:4:6;8; 10 275; 335; 370; 385; 400
315 590 2;4;6;8;10; 12 310; 380; 425; 440; 450
355 590 2;:4:6;8;10; 12 310; 380; 425; 440; 450
355 660 2;:4:6;8;10; 12 345; 435; 470; 490; 500

[TonrocHOE AETIeHNE U PaCUETHYIO MOIITHOCTH OTIPENEIISIOT 10 (hopMymam

M-COSQ

E Br,

rne ke — ortHomenue JJIC 0oOMOTKHM cTaropa K HOMUHAIBHOMY HANpPSHKCHUIO
BbIOMparoT 1o rpaduky [1, puc. 9.20], a n u C0S ¢ — mo rpaduky [1, puc. 9.21],
OTHOCHUTEJILHO MOIIHOCTH P 1 MCIIOJIHEHMSI 110 CTETIEHU 3alUThI.

DONEeKTpOMAarHUTHBIE HArpy3KH. MHAYKLIHMIO B BO3AYLIHOM 3a30p€ U JIMHEHHYIO
Harpy3Ky mpeaBapuTesIbHO BEIOUpPatOT 1o rpadukam [1, puc. 9.22 u 9.23].

JlnuHa mMarauTonpoBoja | onpenensercs mo Metoauke, onucadHou B [1, ¢. 344—
348], mpuyem s TPEIBApUTEIBLHOTO pacueTa HEoOXOIWMO NPUHHMATh CPETHUE
3HAUYEHUS] PEKOMEHIYEMbIX BEJIMYWH. J[JIMHA MarHUTONPOBOJIa TAKXKE OMpPEAEIIIeTCs
BEJIMYMHOM OOMOTOYHOrO Kodd¢uimeHTa oOMOTKH cTatopa K,;;, 3aBUCSAIIEr0 OT
TUna oOMOTKH. JIJ1s1 MalllMH TOM WJIM MHOM cepuu BHIOOpP THUIIA OOMOTKHA BO MHOT'OM
3aBHCHUT OT BBICOTBI OCH BpallleHHsI N ¥ YKciia map moJitocoB p.




[TpenBaputensHOoe 3HAUeHHEe OOMOTOYHOrO Ko3(durmenta K,;; BBHIOHpAIOT B
3aBHCHMOCTH OT THIIa OOMOTKHU cTaTopa. s 0JHOCIONHBIX 00MOTOK K,5; = 0,95.
KoadduimenT npormyckHOro nepekpseitis o, U Koddunnent Gopmsl nomns Kz B

ACMHXPOHHBIX MaIllMHAX OIPEACIIAIOTCS CTENEHbI0 YIPOLIECHUS KPUBOM MOJIA B
3a30pe, BO3HMKAIOIICH MPH HACHIIMIEHUU 3yOIIOB CTaTOpa U pOTOpa, U MOTYT OBITh
JOCTaTOYHO JOCTOBEPHO OIPEAEIEHBI TOJIBKO IOCJE pacueTa MarHUTHOM LIEIIN.
BcrnenctBue 3TOro, 0 MOMEHTa pacueTa MarHUTHOIO Lenu  yjnoOHee
paccMaTpuBaTh CUHYCOMJAIBHOE I0JIE, a BIMSIHHUE YIUIOIIECHUS Y4ECTh IIPU pacdyeTre
MarHUTHOTO HampsHKEHUS! OTJCNbHBIX YYaCTKOB MAarHUTHOW Lenu. OCHOBBIBAsCh Ha

9TOM, 3Ha4YeHUs KOA(P(QUIMCHTOB MPEIBAPUTEIBHO NMPUHUMAIOTCS paBHBIMU [1, C.
167]:

o, =2/n~064, k, =n/24/2 =1]11.

PacdeTtHast ynHa Bo3mymiHoro 3a3opa [1, popmyina (9.6)]:

I, = P M
° D*-Q-k,k -A-B,’

b

IJIe CHHXPOHHAs yriIoBasi CKopocTh Baja [1, popmyna (9.5)] Q= Zni , pan/c.
p

KputepreM mnpaBUIBHOCTH BBIOOpa TIaBHBIX pasmepoB D wm |, coyxwur

8

OTHOIIICHHE A =-2, KOTOpPOE JOJDKHO HAaXOMUThCS B TpejeiiaX, MOKa3aHHBIX Ha
T

rpaduke [1, puc. 9.25].

Ecnmm marHuTompoBo HEOOXOIMMO pa3OMBaTh Ha MAKEThl, TO OKOHYATEIhHAs
JUTMHA MAarHUTOIPOBOJA OMPEIEISIETCS IMOCae pacdyeTa KOHCTPYKTHBHOHM JIJTMHBI
CeplieYHHKa cTaTopa |; ¢ yderom BIUSHUS paJHajbHBIX BEHTHISIIMOHHBIX KaHAJIOB
coraacho [1, ¢. 349-350].

JlyiimHa naketa potopa |, BeiOupaetcs cormacho [1, ¢. 350].

[TonHast KOHCTPYKTHBHAS JUIMHA CTATOpa, JJIMHA CTAIM CepJeuHuKa ctaropa |, u
l.n1 COOTBETCTBEHHO paBHBI U 110 [1, popmyia (9.7)] mosyduM COOTHOIICHHE:

3.2. Pacuer pa3mepoB 3yOI110BOIi 30HBI U OOMOTKHU CTaTOpa

ITo rpaduxky [1, puc. 9.26], BeIOUparOT NpeaBapUTEIbHBIC MPEIeIbHbIC 3HAUCHUS
3y010Boro AenaeHus ty: tymin (M) ¥ tymax (M).
Yucio na3os cratopa [1, popmysa (9.16)]:



1 max 1min

OkoHYaTeNbHOE YHUCTO IA30B cTaropa Z; cieayeT BbIOMpaTh B MOJYYEHHBIX
npejenax ¢ y4eToM YCIOBHM, HallaraéMbIX TPEOOBAaHUSMU CUMMETPUM OOMOTKH, U
KEJATEJIbHOTO JIJIsl MPOEKTUPYEMOM MAIIMHBI 3HAYEHMS YHMCIIa Ma30B HA MOJIOC U

Z .
dazy q= > *— . Yucno ma3oB cratopa B JIO0O0OW OOMOTKE aCHHXPOHHBIX MAaIlHH
pm

JOJKHO OBITh KpaTHO 4YHCIy (a3, a yucio ( — TOKHO ObITh 1eiabiM. OKOHYATEIbHO
BBIOMPAIOT Z;, OPUCHTUPYSCH Ha Ta0. 3.

Ta0muma 3
[TpumepHoe cooTHoIeHuE Z; U Z;
Bricora Z,/Z, ipu 2p
OCH BpAILICHUS 2 4 6 8 10 12
50 12/9 12/15 — — — —
56 24/18 24/18 — — - -
63 24/18 24/18 36/28 — — —
71 24/20 24/18 36/28 36/28 — —
80-100 24/20 36/28 36/28 36/28 — —
112 24/22 36/34 54/51 48/44 — —
132 24/19 36/34 54/51 48/44 — —
160 36/28 48/38 54/50 48/44 - -
180, 200 36/28 48/38 72/58 72/58 — —
225 36/28 48/38 72/56 72/56 — —
250 48/40 60/50 72/56 72/56 90/76 —
280-355 48/38 60/50 72182 72/86 90/106 90/106

®opmbl 1a3oB craropa mnpuBeneHsl B [1, puc. 9.28, 9.29], a ux BbIOOp MOXKHO
MPOU3BECTHU 1O Ta0I. 4.

Tabmuma 4
h, Mmm 2p dopma 1a3oB cTaTopa Tun o6MOTKM cTatopa
50-132 2:4:6:8 TpaneneuganpHbIe OnHocHoWHAas BCBIITHAS
160 2:4:6: 8 To sxe I[ByXCJIOI\/EHaH BCBIIHAS.
OnHocoMHAas BChIITHAS
JIByxcioliHas BChIITHAs.
180-250 2:4:6;8 e OnHo-IByXCiIOMHAs BCHITTHAS.
JIByXcCIl0MiHasl BCBIITHAS
IIpsamoyromnbsHbIe JIByXcionHas U3 )KEeCTKUX
280355 | 2: 4: 6: 8: 10: 12 MOJIYOTKPBITHIE. [OMIYKATyIIEK.
TpanenennanbHble JIByXcCil0liHast KOHLIEHTpUYECKast
10JIy3aKPBIThIE BCHITTHAA




dopmeI a3oB poTopa npuBeneHs! B [1, puc. 9.38], a ux BBIOOP MPOU3BOAUTCS IO
[1, c. 377, 378].

JIByxcnoitHpile OOMOTKM TNPUMEHSIIOTCS TPAaKTHUYECKM BO BCEX MalllMHAX
NEPEeMEHHOT0 TOKa, MOIIHOCThIO OT 15-16 kBT M [0 KpymHBIX THAPO- U
TypOOT€HEepaTOpPOB.

OCHOBHBIM JJOCTOMHCTBOM JIBYXCJIOMHBIX OOMOTOK SIBJISIETCSI BO3MOXHOCTH
UCIOJIb30BaTh YKOPOUEHHE 1Iara Jyisl IOAAaBJICHUS BBICIIMX rapMOHUK B KpuBoi DJIC.
Kpome Toro, AByxcioitHple OOMOTKH UMEIOT PSAJ CYIIECTBEHHBIX MPEUMYILIECTB IO
CPaBHEHUIO C OJHOCIIONHBIMHU, HAllpUMEp, MO KOJIMYECTBY BO3MOXKHBIX BapHUaHTOB
BBITIOJTHEHHSI TApaUIeTbHBIX BETBEW, MPOOHOr0 uMcia Ma3oB Ha Mmoyoc U ¢asy,
PaBHOMEPHOCTHU PACTIONIOKESHHSI TOOOBBIX YacTel KaTyIIeK U Jp.

OkoHuaTenbHOE 3HAYEHUE 3y01I0BOTO JIesieHus t; OyJeT onpenesieHo Kak:

ntD

=,

. M.

[Ipu onpenenenun uyucina 3¢GGEKTUBHBIX MPOBOJAHMKOB B  ma3zy Uy
PYKOBOJICTBYIOTCSl  CIEAYIOMIMM: Uy JODKHO OBITh IEJbIM, a B JIBYXCJIOWHOH
0OMOTKE KeJaTeabHO, 4YTOObI OHO OBUIO KpaTHBIM JIByM. B TmepBylo ouepenb
ompezensieM MpeiBapuTebHOE YUCI0 3(Pp(HEeKTUBHBIX MPOBOJAHUKOB B Ma3zy U, Tpu

YCJIOBHH, YTO MapajlIe/IbHbIC BETBU B 0OMOTKE OTCYTCTBYIOT (a = 1).
HomuHanbHbIi TOK 00MOTKH cTaTopa [1, hopmysta (9.18)]:

= i , A
m-U -n-cose

1u

[IpenBaputenbHoe YUCIO YPPEKTHUBHBIX MPOBOJHMKOB B ma3y [1, dopmyna
(9.17)]:

, m-D-A
un:I—.

1n ) 1

[TonydeHHoe 3HaueHHWE U, HE OKPYIJSIOT OO LEJNOT0, a HAXOAAT TaKOe YHCIIO
napayiieIbHBIX BETBEU OOMOTKH @, TIPH KOTOPOM YHUCIO 3((HEKTUBHBIX MTPOBOHUKOB
B Mazy JuO0 OyJeT MOJHOCTHIO YAOBJIECTBOPSATH OTMEYECHHBIM YCIIOBUSIM, JIHOO
noTpedyeT JUIIh HE3HAYUTEIHLHOTO H3MEHEHUS

[IpuHsAiTOE HAa [MAHHOM JTane pacuera YKUCIO NapauIeIbHBIX BETBEU d B
JaJbHENIeM, PU BbIOOpE pa3MepoB M YHCIIA AJIEMEHTApHBIX MPOBOJHUKOB, MOKET
ObLTb M3MEHEHO. B 3TOM cilydae NpONMOPUMOHANBHO MEHSAETCS Tak e u Up.
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OxoHUYATETHFHOE YMCIIO BUTKOB B (haze oomoTku [1, popmyma (9.20)]:

u,-Z
2a-m’

1
1

OxoHYaTeIbHOE 3HAYCHHE JIMHEHWHOW Harpys3ku ompenenseMm mo [1, dbopmyna
(9.21)]:

A= 2-1,, 'Wl'm,A/M.
nD

B mammbax MOIMHOCTBIO cCBbIIE 15-16 KBT OOMOTKH  BBINOJIHSIIOTCS
JBYXCIIOMHBIMH, a TIPU MEXaHU3UPOBAHHOMN YKIIAJIKE IPUMEHSIOT OJHO-/IBYXCIIOHHBIC
WM JABYXCJIOWHBIC KOHIICHTPUYECKHE OOMOTKH, KOTOPBIE MOTYT OBITH YJIOKCHBI B
naskl 0e3 mogbeMa mara. A 06MoTouHbIl Kodpuuuent K , =k - K paccunteiBaeTcs

B 3aBUCUMOCTH OT MIPUHATOTO YKOPOUEHHUS 111ara OOMOTKH U yucina (.

B 1ByXcnoilHBIX OOMOTKax AaCHMHXPOHHBIX JIBUTaTeleil Mar BBINOJHAIOT B
OOJBIIMHCTBE cllydyaeB ¢ ykopoueHueM, Onu3kum k [3=0,8. Ha rpaduxe [1, puc.
3.12], moka3ana oOnacTh HauOoyiee pPACIPOCTPAHEHHBIX B IPAKTHUKE 3HAYCHUN
kodhdunmenta  ykopouenus 0,79<PB<0,83, mnpu KOTOpPHIX JIOCTUTAETCS
3HAYUTEJIbHOE YMEHBUICHHE FapMOHUK (V=5WIN V=7 ) IpU OTHOCUTEIHHO MaJIOM
ymenbpuieHun JJIC nepBoii rapmoHuKU. Ha mpakTuke ModTH BCE MAIIMHBI, KpPOME
MallluH Majold MOIIHOCTH, BBIIIOJHAIOT C OOMOTKOW, UMEIOIIEH YKOPOUEHHBIH 111ar.

Koaddumment ykopodeHnuss s nepBoil rapmonuku [1, dopmyna (3.6)] wnm

rpaduxk [1, puc. 3.12]:
(T
K, :sm(a-ﬁ).

IMo [1, Taba. 3.16] wm mno [1, dopmyna (3.13)] HaxomasT KodhUIHEHT
pacnpeneneHus (A1 nepBod TApMOHUKH TpeX(Pa3HbIX MAIIKH):

_ sin(n/2m)
~q-sin(n/2m-q)’

p

OomoTouHbIH K03 duiment [1, popmyina (3.5)]:

OKOHYATEIbHO OMNpeaeNaoT 3HadeHus notoka @ [1, dopmyna (9.22)] u
UHIYKIMIO B BO3AyIIHOM 3asope B, [1, dopmyna (9.23)], xoropas He moikHa

11



BBIXOJMTH 3a MPEebl PpEKOMEHIyeMoi obnactu 6osee yem Ha 5%.

D= ke -U,, , BO;
4'kB 'Wl'kom' fl
B 2P 1,
D-I

C TOYKHM 3peHMS NOBBIIICHUS MCIOJIB30BAHUS AKTUBHBIX MATEPUAJIOB IJIOTHOCTH
TOKa J; JOJKHA OBITh BBIOpaHAa KaK MOYKHO OOJIbIIEH, HO MpPU 3TOM BO3pPACTaOT
HOTEpM B MEAU OOMOTKU. YBEIMUYEHHE IOTEPh CKa3blBaeTCd Ha TEMIIEpaType
oomoTku 1 Ha KIIJ[ nBurarens.

HarpeB ma3oBoif yacT# 0OOMOTKH 3aBUCUT OT MPOU3BEICHUS JTUHEHHON Harpy3Ku
Ha MoTHOcTh Toka (A-J,). Iloatomy BBIOOp IOMyCTMMOH IIJIOTHOCTH TOKa

HPOM3BOJIAT C YUETOM JIMHEHHOMN Harpy3ku apuratens [1, popmyna (9.25)]:

3, =) app

1

Ceuenue B(IJ(I)GKTHBHBIX IMPOBOAHUKOB OIIPCACIIAIOT, HCXOAd HN3 TOKa OI[HOﬁ
HapaHHGHBHOﬁ BCTBU U HOHYCTHMOﬁ IIOTHOCTH TOKa B OOMOTKE:

B ToMm ciydae, ecnu pacueTHas 1uiomiaib cedeHust 3PQPEKTUBHOTO MPOBOJHUKA
MPEBOCXOJUT TUIOIIA/b MOIEPEYHOr0 CEUYCHHsSI PEKOMEHIYeMOro, TO 3(h(heKTHBHBIMH
MPOBOJHUK CJICAYET Pa3AeuTh Ha HECKOJIBKO dJieMeHTapHbIX [1, hopmyita (9.26)]:

Ha ocHOBaHMM TIOJIyYEHHBIX JIAHHBIX BBHIOMPAIOT OOMOTOYHBIA MPOBOJ U3 TaOI.
[1, I13.1] ¢ mapamerpam: d,, = ... MM; Oy = .. MM; Oy = ... MM ; Oy =N, -0,,=...
MM’

Torma okoHYaTeNbHOE 3HAYEHUE INIOTHOCTH TOKa B OOMOTKE cTaTopa OyaeT

paccuuThIBaThHCs MO (hopmylie

|
J=—2 AN
a : qf).’l ) nf).fl

JIJis BCBITHOM OOMOTKHM MOTYT OBbITh BBIOpaHbI masbl 1o [1, puc. 9.29, a—B], aus
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0OMOTKH M3 OPSIMOYTOJILHOTO TIpoBoAa — 1o [ 1, puc. 9.28].

Pa3mep ma3oB B JIEKTPUUECKUX MAIlIMHAX BRIOUPAIOTCS TAKUM 00pa30M, YTOOBI:

— IUIOLIA/b Ma3a COOTBETCTBOBANIA KOJIMUECTBY U pa3MepaM pa3MellaeMbIX B HEM
IIPOBOJTHUKOB OOMOTKH C YYETOM BCEH U3OJISIINY;

— 3HAUEHHUS WHAYKIUHU B 3yOllax M sSpME€ CTaTopa HAXOAWIIKUCH B OMPEICICHHBIX
mpejenax, 3aBUCAIIMX OT THUIA, MOIIHOCTH, WCIOJHEHWS MAIIWHBI W OT MapKu
AIIEKTPOTEXHUYECKON CTaJI CEPJICUHHKA.

Pacuet pasmepoB 3yO10BOM 30HBI IPOBOIAT MO JTOMYCTHMBIM HHIYKITUSM B SIPME
U B 3y0OIax craropa (3Ha4eHHs MPUHUMAIOTCS 13 [1, Tadm. 9.12]).

dopmyiisl 11 pacueTa IpsSMOYToJbHBIX a30B MpeAcTaBiIeHsl B [1, €. 356].

BricoTa sipma craropa:

()

h = M
a 9
2 ) Ba : Ile : cml
MunumapHas myprHa 3y0iia
b _ Bs tl ) |5 M
Zlmin — B . I . k ’
z1lmax cml C

[upuna 3yo1a Ha paccTosiHUU 1/3 ero BBICOTHI OT HauboJee Y3KOM 4acTH

Bs'tl'ls
P ¢

b

, M.

713 =
B

2173 lem1 T Ne
Jlastee mpou3BOAT MPEABAPUTEBHBIN BEIOOP Pa3MepoB TparelienaaIbHbIX T1a30B,
UCXOJISI M3 TOTTYCTUMOM MHIYKIIMH B 3yOIlax W sipMe cTaTopa.

[upuna 3yona

bzl: BS.tl.IS 1Ms
B, -l -k

z1 cml

rjie 3HauCHUEe KOA(PQHUIIMEHTAa 3aroJIHEHHUS CepeUYHUKa CTalbio Ko BeIOpaHo 1o [1,
tadi. 9.13], ucxomas u3z h u U.

Jlanee ompenesstoTcss pa3Mepsl maza B mramme 1o [1, dopmynsr (9.38), (9.39),
(9.40) u (9.41)]:

hnzDa_D—ha . M;
2
bm:n(D;zhn)_bl,M‘
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Tpu P=45°u B =30°[1, c. 362]:

B:450. b _TE(D+2hm _bm)_zl'bzl
T Z —n ’

b
fD+2h — = |-Z b,

B=30°: b = :
T
Z ——
V3
rne h, — BbicoTa mnuMIAa ma3a, a by, MOXHO paccuuTaTh M0 GopMmyJe

b, =d,+ (1,5 + 2 MM), HO TaK KaK 3TOT pa3Mep HOPMAJIU3yeTCs, TO IUPHUHY ILIUIA
b,, npuauMaem u3 [1, Tadm. 9.16].

JIns  HaxXOKACHUS IUIOIIAJAM TOMEPEYHOr0 CCeUeHHMs Ia3a B INTaMmie Sy
[1, bopmyna (9.43)], HE0OX0MUMO ONpEACTUTh N M BBICOTY KJIMHOBOM YacTH masa hy
[1, bopmyansl (9.44), (9.45)]:

—pu =30°:

—npu [J=45°:

b, —b b, +b 2
he=—""—"“,m; h =h,—(h,+h ), m; S, =——2%h, "
o M ( ) 2

[To ¢popmynam [1, c. 365] onpenensOT pacueTHbIC pa3Mephl 3yOII0B cTaTopa Mpu
TpareeuIalbHbIX Ia3ax.

Hns pacuera kod(pduieHTa 3amojHEHHS Ta3a HEO0OXOAUMO OMNPEACIIUTh
TUIONIA/h T1a3a B CBETY M YYECTh IUIOIIAAb CEUCHUS Ta3a, 3aHMMAaeMYyH KOPITYCHOM
msossueit S,; [1, popmyna (9.46)] u npoknankamu B nasy S,, [1, popmyna (9.47)].

Pasmepsl ma3za B cBery ompenensiorcs mo [1, dopmyna (9.42)] ¢ yuerom
NPUITYCKOB HAa IIMXTOBKY M cOOpKy cepraeunukoB Ab, u Ah, (mpumycku

BBIOMpArOTCs U3 Ta0J. 5 B cooTBeTCTBUH ¢ N).

Tabmuna 5
[Tpumycku o mypuHE U BBICOTE T1a3a
[Ipunycku, Mmm
Beicora ocu Bpamienus h, Mmm
10 ITMPUHE Ma3a 10 BBICOTE Ia3a
50-132 0,1 0,1
160250 0,2 0,2
280-355 0,3 0,3
400-500 0,4 0,3
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[lnomaas MOMEPEYHOro CEYEHHs Ma3a, OCTaBIIAsACS JUIA  pa3sMEIIeHUs
IPOBOJHUKOB 0OMOTKH, paccuuThiBaeTcs 1o [1, hopmyma (9.48)]:

S'=blL2b2h;K—s ~S M

7 u3 np

KoHTposieM mpaBHILHOCTH pa3MeEIlIeHUsST OOMOTKH B Ta3axX SIBISICTCS 3HAYCHHUE
Kod(puireHTa 3aroTHeHUs Ma3a;

2
k _ du3 .uU ) naﬂ
3 Sy
n
B COBPCMCHHOM  JJICKTPOMAIINHOCTPOCHHUH IINIOTHOCTb YKIAIKH 00MOTKH

CTPEMSTCS BBIIIOJHUTH TAaKOH, 4T0ObI 3HaueHue K; Obuto B mpepenax 0,70 + 0,75 —
npu pydHoi ykiaake ooMoTtok u 0,70 + 0,72 — npu MexaHU3UPOBAHHOM.

3.3. Bri6op Bo3ayIIHOTO 3a30pa

[IpaBunbHBI  BBIOOP BO3AYIIHOIO 3a30pa O BO MHOIOM  OIpPEAEIseT
DHEPreTUYECKHUE ITOKA3aTENM ACMHXPOHHOIO ABHTATENsA. UeM MEHbIIe BO3TYIIHBIN
3a30p, TEM MEHBIIE €ro MArHUTHOE CONPOTHBJICHUWE M MATHUTHOE HAIPSKECHHUE,
COCTAaBJISIFOIIEE OCHOBHYIO 4acTh cyMMmapHO MJIC MarHuTHOM 1ieny BCEW MallVHBI.
[TosTOMy yMeHbIIEHHE 3a30pa MPUBOAUT K COOTBETCTBYIOIIEMY yMeHbIIeHNI0 M/IC
MarHUTHOM 1[eNM YW HaMarHMYMBAIOLIEro TOKa JIBUrartess, Ojarojmaps dYemy
BO3pacTaeT €ro cos ¢ U YMEHbBIIATCS MOTepU B MeAu oOMOTKH crtatopa. Ho
Ype3MEpHOE YMEHbIIEHHE O NPUBOAUT K BO3PACTAHUIO AMIUIMTYA IyJbCALUN
UHIAYKIMM B BO3AYIIHOM 3a30p€ M, KakK CIEICTBUE 3JTOr0, K YBEIMYECHUIO
MOBEPXHOCTHBIX M MYJIbCALIMOHHBIX MOTEphb, TakuM obOpazom, KIIJ| neurarens c
OYEHb MAJILIMH 3330paMU HE BO3pPACTaET, a HA00OPOT — yMEHBIIAETCS.

BenuunHa BO3yLIHOTO 3a30pa 3aBUCUT OT BHYTPEHHEro quamerpa crtatopa D u
JUTS MaIluH cepur 4A ero MoxHo 100 paccuntath [1, dopmyssr (9.49-9.51)], mubo
B34Th TI0 Tpaduky [1, puc. 9.31]:

— TS IBUTATENIeH MoIHOCTRIO MeHee 20 kBT, ipu 2p = 2:

§~(0,3+15D)-10°, mu;
—npu 2p >4
8%(0,25+ D)-lO’g, MM;

— IS IBUTATEJICH CpeTHEH B OOJIBIIION MOIIIHOCTH:

15



8 z%(l+ 9/2p)-107°, mm.

)
3.4. PacyeT KOPOTKO3aMKHYTOI'O pOTOpa

KopoTko3aMKHyTbIE OOMOTKH POTOPOB (B OTJIMYHE OT APYTHX BHJIOB OOMOTOK) HE
MMEIOT OIpeAeNieHHOro yKcia (a3 u yucia noitocoB. OUH U TOT KE POTOP MOXKET
paboTaTh B MalllMHAX, CTATOPBI KOTOPHIX BHITIOJHEHBI HA PAa3IMYHBIC YHCTIA TIOJTIOCOB.
OTO0 chenaso BO3MOXKHOCTH HCIIOJIb30BAHHME KOPOTKO3aMKHYTBHIX POTOPOB B
JBUTATENISX C PETYJIMPOBAHUEM YACTOTHI BPAILICHHS MyTEM MEPEKIIOUEHUS YHciia map
MOJIIOCOB OOMOTKH CTaTopa.

OOBIYHO MPUHSTO CYUTATh, YTO KAXKJBIN CTEP)KEHb OOMOTKU 00pa3yeT oJHy ¢azy
KOPOTKO3aMKHyTOM 00MOTKH. Torma uncio ee (a3 paBHO uuciay mazoB (M, = Zp) u
obmoTka Kaxnoi u3 ¢a3 mmeer 1/2 Butka, 1. . W, =1/2, Ttak kak npu m, = Z; K

KaXI0U (a3ze OTHOCUTCS OJUH CTEP>KEHBb C ABYMS Y4acTKaMH 3aMBIKAIOUINX KOJIEIl,
PacmoJI0KEHHBIX C Pa3HbIX TOPIIOB POTOPA.

U3 [1, Tabm. 9.18] BeIOMparoT uncio ma3oB poTopa Z, Mpy U3BECTHBIX 2P U Z;. B
KPYMHBIX JABUTATESIX YHUCIO MAa30B POTOpa OONbIIE CTATOPHBIX. JTO AENACTCS is
TOT0, YTOOBI OTPAHUYUTH YPE3MEPHO OOJIBINION TOK B CTEPIKHSIX POTOPA U YBETUYUTD
PaBHOMEPHOCTD paclpeesieHUs] IPOBOHUKOB OOMOTKH.

Buewmnun quamerp poropa:

D,=D-2-5, Mm.
JlmuHa poTopa pacCUuTBIBAaETCsl OTHOCHTENBHO h, eciti h > 250 MM, TO:
|2 - |1 + 5, MM.

Ecnu I, > 300 MM, To cep/ieuHUK pa30MBaeTCs Ha TAKETHI.
3y0110BOE JIeTIeHNE:

BHyTpennuii 1uaMeTp cepiedHMKa poropa D paBen amamerpy Bana, Tak Kak
CEpJICYHUK HETIOCPEACTBEHHO HACAKEH Ha BaJl 0€3 MPOMEKYTOUHOMN BTYJIKH

D, =D, ~k, -D,, m,

rae kg — 3HaueHwe kod(dummMeHTa IS pacuyera AUAMeTpa Bajda ACHHXPOHHBIX
JBUTATENEH, morydeHHoe 1o [1, Tabm. 9.19].
Ecnu cepneunuk poropa HacakeH Ha BTYJKY WJIM OPEOPEHHBIN Ball, TO BHICOTA
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spMa potopa Nj m BHYTpeHHHH AMaMeTp CEepAeYHHKAa POTOpa OIPENeNAIoTCA IO
dbopmynam:
()
h, ~>5 1 o Pi=D; ~2(h,, +h,).
i Yem2 "N

B nBuratensx ¢ BeIcOTOW ocu BpamieHus N = 280 MM BBINOJHSIOT aKCHAIbHBIC
BEHTUJISIIMOHHBIE KaHAJIBI B CEPJICYHUKE pOTOpa, pacrojaras B OJHOM psay 12
kaHajoB, auamerpoMm O,, = 20 + 30 MM (kaHajbl, B 3aBUCUMOCTH OT JHaMeTpa
poTOpa, MOTYT OBLIb PACIOJIOKEHBI KaK B OJHOM, Tak M B JABYX psgax [1, c. 384]).
PanuanbHble KaHabl B CEpJICYHUKE POTOPA, TaK KE KaK U B CTATOPE, BBHINOIHSIOT
JUIIb TPU JUIMHE CepJIeYHHKa, TpeBbimatoniei 0,3 M.

C yyeToM MPUHATHIX M1 KOPOTKO3aMKHYTOM OOMOTKM 4HCIIa Ma30B poTopa
paccuuTHIBAIOT KO GUITMECHT puBeAcHUS TOKOB [1, popmyina (9.66)]:

V.~ m, 'Wl ’ kom
R,
m, 'Wz 'k062

Tornma Tok B CTEpP)KHE MOXKHO OIPEACTUTH 10 hopMyJie:

=k -1,-v,, A,

2
rie k =0,2+08-coso — kodpuIMEHT, YUNTHIBAIOIIMI BIUSHHE TOKA

HaMarHMYMBAHUS U COTIPOTUBIICHUS 0OMOTOK Ha oTHOMeHue Iy / |,.

[Tnomaas MomepeuHoro Ce4YeHusi CTepikHs (c paccuuThiBaeTcs 1o [1, dopmyra
(9.68)]. B kopoTko3aMKHYTBIX poTopax apurateneii ¢ h>208 MM BBIIOTHSIOT
3aKpbIThIE Ma3bl, CIEIO0BATENBHO J, :(2,5+3,5)-106 A/M?, NpUYEM MEHbIIIEee
3Ha4YeHue J, COOTBETCTBYET 0o0Jiee MOIIHOMY JBUTATEN0 (IS MalluH MEHbIIeH
MOIIHOCTH J, :(4,0+8,O)-106, A/M%). Torma IUIomans MONEPEUHOTO CEUYEHHS
CTEPIKHS

rae |, — TOKH B 3aMBIKAIOIIEM KOJIBIIE:



I I
| =—%2= : , A
“ A 2sin(n-p/Z,)

J,x — TUIOTHOCTH TOKA B 3aMBIKAIOIINX KOJIBIIAX, KOTOpas OepeTcs B cpeaHeM Ha 15 +
20 % meHbllle, YeM B CTEPXKHSAX, TAKUM 00pa3oMm:

J =085-1,, A/’

PacueTHoe ceueHne 3aMbIKatoIMX KOJIEH JUTOW OOMOTKH MPUHUMAKOT:

rie b, =125-h,,,M; a ~ e , M.

172> K b

K

B nBurarensix ¢ BbicOTOW ocu BpamieHus h < 250 BBINOJHSIOT TPYIICBHIHBIC
nasel U JIUTYI0O OOMOTKY; C BBICOTOM ocu BparieHuss h>280 +355 MM BBINOJIHSIOT
3aKpBITHIE a3kl POTOpPA U TIPHU 2P > 4 CyKaloIKUMHUCS B BEpXHEH yacTu (nipu 2p = 2 —

JIOIIaTOYHBIC).
[To gomycTUMON MHAYKIIMU OMPEAEISAIOT IUPUHY 3y0lla poTopa

BS'tzz'Iﬁ
A 0-K

cm2 c

b22:B

z2

[Tocne yero, pacCYUTHIBAIOT pa3Mephl Ma3a, mokazanHoro Ha [1, puc. 9.40] no [1,
dopmyner (9.76), (9.77) u (9.78)] u YTOUHSIOT IUIOIIAIb CEUEHHUS CTEpKHSA [1,
dopmyna (9.79)].

Jyis pacyeTa pa3MepoB TparelenaIbHbIX [1a30B, CYKAIOIIMXCSA B BEPXHEH YacTH
[1, puc. 9.41] ucnonp3yrot rpadudeckuii Mmeto. ITociie mocTpoeHus 3yOIOBOI 30HBI
poTopa ONpEeNeNsIOT IMMPUHY 3yOlla B HIDKHEH W BEPXHEW YacTH M PACUETHYIO
BBICOTY 3yO11a:

Dz _(Z'hl; +b1)

zZmax:Tc. Z _blM’

2
Dz_(z'hn_bz)

z2min =T Z _b2 M’

2

rae h! — BBICOTa EPEMBIYKH HAJl TA30M.
Pacuetnas BbicoTa 3y011a

h,=h,—01b,, m.
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3.5. Pacuer marauTHOI Henu

PacueT MarHuTHOM LIeTM TPOBOJUTCS JIJISl IBUTATENST B PEKUME XOJIOCTOTO X0/1a,
Opyd KOTOPOM [l ACHHXPOHHBIX MAIIMH XapaKTEPHO OTHOCUTEIBHO CHIJIBHOE
HACBIIIEHUE CTaIM 3yOI0B cTaropa u poropa. Hacelenue 3y010BbIX 30H TPUBOJIUT
K YIUIOIIEHUIO KPUBOU TOJISI B BO3YIIIHOM 3a30pe€.

Haiinem unaykiuio B 3y01iax craropa u potopa:

B, = —bB5 'Itl .Iia T
11" Re
B, -t I
BzZmax = b : t2| Ei( ’ TH)
z2max 12 T e
BzZmin :bBS..;i..IT(’ TH‘

z2min 2 C

Haxonsat pacyeTHy0 BBICOTY sipMa ctatopa h', [1, popmyina (9.118)] u unaykinto
B sipMe ctaropa B, [1, dopmyna (9.117)]:

he’l:¥_hﬂl_g‘dkl.mxl:¥_hﬂl’M’

rae dg 1 m, — IraMeTp M YKCIO PSJIOB aKCHAJbHBIX BEHTHJISAIMOHHBIX KAaHAJIOB B
CTaTope;

B, = @
2-h1,,, -k

, T

C
OnpenensioT HHAYKIUIO B sipMe poTopa Bj [1, dopmymna (9.122)]:

Bj:#
201,k

STt

/.
Pacuernas BricoTa sipma poropa h::

— TpU TOCAJKEe CEepACYHHMKA Ha BTYJIKY WM OpeOpeHHBIM Ban (KpymHbIC
ACUHXPOHHBIE MAIIIUHBI), TaK K€ MMPU HEMOCPEJCTBEHHOM MocaKke Ha BaJi ¢ 2P >6:

hfzz—j_hnz_é'dxz'mxz;

— TIPU TIOCAJIKE CEPJICYHNKA HEMOCPEICTBEHHO Ha Baj pu 2p = 2 + 4,
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h' :ﬂ(&_hﬂzj_g.dkz ‘sz,M,
i 3’2,p 2 3

riae d, 1 M, — IMaMeTp M YMCiI0 aKCHATbHBIX KaHAJIOB POTOpA.
MarauTHoe HanpspKeHHE BO3IYIIHOTO 3a30pa paccuuThiBaeTcs 1o [1, ¢popmyna

(9.103)]:

_ 2B .5k, A

Ho

F,

8

rae P, =4n-10"Tu/Mm — marnutHas nocrosiaHas, K, =k, -K,,— pesynsrupyrommii
KOO QHUIIMEHT BO3AYIIHOTO 3a30pa MAIWHBI, PABHBIA MPOU3BEICHUIO YaCTHYHBIX
K03 (UIIUEHTOB, T. €.

t (b, /3)
k = = w ’
0=ty " T 51 (0, 0)
t
k\ 1
i (bml/s)z
g | PO 5
5 + (bml/g)

MaruuTHoe HamnpsDkeHue 3yOIOBOM 30HBI CTaTopa paccuMThiBaeTcs 1o [1,
dopmyma (9.104)]:

F.=2h,-H_, A,

z1?
rae h,; — pacuernas BeicoTa 3yOna cratopa; H,y — 3HauCHME HANPSHKEHHOCTH OIS B
3y0I1ax, KOTOpOE HaxXOJHWTCS B COOTBETCTBHH C HHAYKIMeH B, mo &kpuBoi
HaMarHWYUBAHUS JIJIs1 IPUHATOM MApKH CTaJIU 10 IPHIOKEHHIO, A/M.

MarnutHoe HampsbKeHHe 3yOIIOBOM 30HBI pOTOpa paccuuThiBaeTcs 1o [1,

dopmyma (9.108)]:

F,=2h,-H,, A,

z2 22!
rne h,; — pacderHast BeicoTa 3y01ia poropa; H;, — 3HauCHHME HAMPSKEHHOCTH TIOJIS B
3y0Ilax, KOTOpO€ HAaXOIUTCSI B COOTBETCTBUM C WHAYKIUEH B,, TO KpHUBOM
HaMarHUYMBaHUS [Tl IPUHATON MapKu cTanu o npuiaoxenuto [1, I12], A/m.

PaccuuthiBatoT kK03 PUITMEHT HACHIIIIEHUS 3yOI[OBOM 30HBI:

Kk, :1+—FZl L :
F

3
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[TonyueHHoe 3HaueHue K, JOIKHO HAXOMUTBhCA B JOMYCTHMBIX Ipejesax:
12<k <15+16.

[MonyueHHoe 3HaveHue K, MO3BOJSET MPEIBAPUTEIBHO OICHUTH MPABUIBHOCTH
BBIOpAaHHBIX Pa3MEPHBIX COOTHOIICHUH 3yOIIOBOM 30HBI M OOMOTOYHBIX JAHHBIX
MPOEKTUPYEMON MAIIUHBL.

MarnutHoe HanpspkeHue sipma craropa [1, popmyma (9.116)]:

F.=L -H,A,

rine Hy — HanpspKeHHOCTH MO IPH UHIYKINU B, M0 KpUBOM HaMarHMYUBaHUS JIJIS
spma [1, IT11], A/™M; L,— nnwHa cpeHeid MarHUTHOM JIMHUH sSipMa CTaTopa.

2p
MarauTHoe HarpspKeHue sipMa poTopa:

F =L, -H, A,

] ]

rie Hj — HanpsKeHHOCTS T0JI IIPY MHAYKUMH Bj Mo KprBOi HAMarHMYMBaHUs IS
spMma, A/M; hj — BBICOTa CITHHKH POTOpA:

D,-D.
h = L—h__, M

i T 2 M;
L;— nHa cpeaHel MarHUTHOM nuHKY sipMma ctaTtopa [1, dopmyna (9.127)]:

_ _mD,+h)

i 2 p !

CyMMapHOe MarHMTHOC HampspKeHHUE W KOA(D(HIIMEHT HACBIIMIEHUS MarHUTHOMN
IIENU MalllMHBI paccunThiBatoTes 1o [1, hopmyier (9.128), (9.129)]:

F=K+F,+F,+F +F, A
Hamaranuusatonuii Tok [1, hopmyna (9.130)]:

| P-F,
“709-m W, -k,

OTHOCHTEIBLHOE 3HAUCHHUE HaMaroHm4nuBaromicro Toxka
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OTHOCHUTEIBLHOE 3HAa4YCHHUC I o CIIYKUT OIIPCACINTCIIbHBIM KPpUTCPUCM

IPaBUJIBHOCTH TPOM3BEIACHHOTO BBIOOpA, pacyeTa pa3MepoB 3YOIIOBOM 30HBI U
OOMOTKH JIBATATEIIS.
Koaddunument nomxen nmonanate B auana3zon 0,2 < I“* <0,35. Eciu Iu*< 0,2, TO

9TO CBHACTCIBCTBYCT O TOM, 4YTO pasMCpbl MaIIHWHBI BBI6paHI>I 3aBBINICHHBIMH H
AKTUBHBIC MAaTCpHUaJIbl HCAOUCIIOJIb30BAHBI. Takou ABHUI'aTCJIb MOXXCT MMCTBh BBICOKHUC
KH]_I " COS (p, HO IINIOXUC MMOKA3ATCIIN pacXoJa MAaTCPHAJIOB HAa CAMHUIY MOIITHOCTH,

Oomburyro maccy u rabapurel. Ecimu | .> 0,35, T0 310 03Hauaer, 4T0 MO0 €rO

rabapuThl B3STHI MEHBITUMH, Y€M CIEJOBANO, JUOO HEMPABWIHHO BBIOPAHBI
pa3MepHbIE€ COOTHOIICHHUS YYaCTKOB MArHMTONPOBOJA. J[Burarenb Oyner UMeETh
nuskue KIIJ[ u cos @. B HeOOMbIIMX ABUTATENSAX MOIMHOCTBIO MeHee 2 — 3 kBT |,

MOKeT focturarh 3HaueHus 0,5 + 0,6, HecMOTps Ha MPaBUIILHO BEIOPAHHBIE Pa3MeEphl
U MaJIo€ HACBHIIICHUE MarHUTOMPOBOAA. DTO OOBICHSAETCS OTHOCUTEIHHO OOJIBIIUM
3HAYCHWEM MAaTrHUTHOTO HAIPSDKEHUS BO3AYITHOTO 3a30pa, XapaKTePHBIM IS
JIIBUTaTEIeH MaJIOM MOIITHOCTH.

3.6. PacueT mapameTpoB aCHHXPOHHOUW MAaITUHBI 11 HOMHHAIEHOTO PEXXUMA

[TapameTpamMy aCMHXPOHHOM MAIIWHBI HA3bIBAIOT AKTHBHBIE W WHIYKTHUBHBIC
COTIPOTUBIIEHUSI OOMOTOK cTaropa Iy U X;, poTopa I, ¥ Xp, CONPOTUBIICHUE B3aUMHOMN
MHJIYKIIWK X1 M PacyeTHOE CONPOTUBIECHUE [1p (WM I,), BBEICHHEM KOTOPOTO

VYHUTHIBAIOT BIMSHUE TIOTEPh B CTAJM CTaTOPa Ha XapaKTEPUCTUKH JIBUTATEIIS.

duzuveckre MpoIecchl B aCMHXPOHHOW MalnHe Oojiee HArjsaHO OTpakaeT
cxema, uzoopaxkeHHas Ha puc. 1, a. Ho nns pacdera ygoOHee nmpeoOpa3oBath €€ B
CXeMy, MoKa3aHHyo Ha puc. 1, 0.

i X X2
A A
? I, <F
! 2 ry/s
U Fu Xu
a)

Puc. 1. Cxema 3amemienust ¢pazbl 0OMOTKY MPUBEACHHON aCHHXPOHHOIN MalTHbI
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[TapameTpbl CX€MbI 3aMEIIEHHS] HE OCTAlOTCSd HEU3MEHHBIMU IPU Pa3IMYHBIX
peXUMax padOThl MALIUHBIL:

— C YBEJIMYECHHMEM HArpy3KH YBEJIIMUMBACTCS MOTOK PACCESIHMS U B CBSI3U C 3TUM
U3-3a BO3pACTaHUs HACBIIICHUS OTAEJBHBIX YYaCTKOB MarHUTONPOBOJAA IOJSMHU
paccesiHrs yMEHbBIIAIOTCS HHIYKTUBHBIE CONIPOTUBIICHUS X1 U Xa;

— YBEJIMYEHHE CKOJIBKEHHUS B JBUTATEIIX C KOPOTKO3aMKHYTBIM POTOPOM
IPUBOIUT K BO3PACTaHUIO JEHUCTBUSA 3(dexTa BHITECHEHHS TOKa, YTO BBI3BIBAET
M3MEHEHHE COMPOTUBICHUI OOMOTKH poTOpa I U Xo.

PaccMoTpum pacuet mapaMeTpoB CXEMBbI 3aMEIEHUS 1JI1 HOMUHAJIBHOIO PEKUMa
ACUHXPOHHOM MAaIllMHBI C KOPOTKO3AMKHYTBIM POTOPOM.

AKTHBHOE COMPOTHBIICHHE (a3bl OOMOTKHM CTaToOpa IBUTaTEIsl PacCUMTHIBACTCS
o [1, hbopmymna (9.132)]:

L
qa(p'a

L=k -p,- , OMm,

re q,, =d,, N, — ceueHue 3PPEKTUBHOrO MPOBOJAHMKA; C,;, N, U @ — CEUCHHE

AJIEMEHTAPHOTO TMPOBOJHUKA, YKCJIO AJIEMEHTAPHBIX MPOBOJHUKOB B OJHOM
3QGEKTUBHOM M 4YHUCIO NapajUIeNIbHBIX BETBEH OOMOTKH; p, — YyAEIbHOE

COMPOTHUBJICHUE MaTepuasia OOMOTKH MPU pacuyeTHOM Temmeparype (Tadi. 6).

Tabmuia 6
VY nenpHOe ANEKTPUYECKOE COMMPOTUBIICHUE MaTeprasia MPOBOJJHUKOB 0OMOTOK
VY nenbHOe 3JIEKTPUYECKOE
T o6MOTKI Marepuan CONPOTHBIICHHE IIPH po;me TEMIIEPATYP,
x107, °C
20 75 115
OOMOTKH U3 MEIHBIX
TPOBOAHMKOB I~ Meb 1/57 1/47 1/41
HEM30JIMPOBAHHOM HIMHHOM
Menu
A

KopoTko3amMKHyTbIE Hmrlﬁflff%le 1/35 1/28 1/26

POTOPHI ACHHXPOHHBIX =
- AJTIOMHHHiL 1/30 1/14 1/22

JIUTOM

Jlnst BBIOpaHHOTO KJacca HArpeBOCTOMKOCTH HW3OJSIMUM HAaXOJUM PACUETHYIO
Temriepatypy 3 . (tabu. 7).

pacu
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Tabmuma 7

HarpeBocToMKOCTh QJICKTPONU3OJIAIMOHHBIX MATCPHUAJTIOB

Kiace
HarpeBOCTOMKOCTH

Temneparypa

XapakTepuCTHKa OCHOBHBIX TPy
ANEKTPOU3OJISIITUOHHBIX MAaTEpPUAJIOB,
COOTBETCTBYIOIIMX JaHHOMY KJIaccy

HArpeBOCTOMKOCTHU

90

He mnponuraHHble M HE NOTPY)XEHHBIE B KHUIKHUNA
ANEKTPOU3OJISIIUOHHBI ~ MaTepuanl  BOJIOKHUCHBIE
MaTepHualibl U3 IeJUTI0JIO3b], XJIONKa, IIETKa, a TaKKe
COOTBETCTBYIOIIME  JAHHOMY  KJacCcy  JIpyrue
MaTepHaJibl U JPYrUe COYETAHHsI MaTEpUAJIOB

105

[IponuTanHple W HOTPYXKEHHBIE B JKHJIKHUHI
WIEKTPOU3OJSILIMOHHBI ~ MaTepuan  BOJOKHUCHBIE
MaTepHallbl U3 LEJUIIOJIO3b], XJIOINKA, IICNIKA, a TAKKE
COOTBETCTBYIOIIME  AAHHOMY  KIacCy  ApYyTHe
MaTEepUaJIbl U APYTHe COYETAHNUS MATEPUAJIOB

120

HekoTopble cuHTEeTHYECKHME OpPraHMYECKHE IJICHKHU, a
TaK)K€ COOTBETCTBYIOIIME JAHHOMY KIIAcCy JApyrue
MaTepUalbl U APYrHe COUETaHUS MaTePHAIIOB

130

Marepuaiibl Ha OCHOBE CIIOJBI (B TOM 4YHCIIE Ha
OpraHUYECKHUX MOJIOKKAX), acOecra u
CTCKJIOBOJIOKHA, TIPUMEHSEMBIE C OPraHUYEeCKUMU
CBS3YIONIMMHU W TIPOTIMTHIBAIOIIMMHU COCTaBaMH, a
TaKKe€ COOTBETCTBYIOIIWE MaHHOMY KIacCy Ipyrue
MaTePHAIbl U JPYTHE COYCTAHUS MATCPUAIIOB

155

Marepuansl Ha OCHOBE CilIoAbl, acbecra U
CTEKJIOBOJIOKHA, TMPHUMEHSEMbIe B COYETaHUU C
CUHTETUYECKUMU CBSA3YIOUIUMU U MPOMHUTHIBAIOIIUMHU
coCTaBaMM, a TaKXe COOTBETCTBYIOIIME JTAHHOMY
KJacCy Jpyrue maTrepualibl U JpPyrHe COYETAHMS
MaTepHaIoB

180

Marepuansl Ha  OCHOBE CIHIOABI, acbecta W
CTEKJIOBOJIOKHA, IMPUMEHSEMBIE B COYETAHUU C
KpPEMHUUOPraHUYE€CKUMU CBSI3YIOIIIUMH u
MPONUTHIBAIOIIMMU COCTaBaMH,
KPEMHUUOPraHUYECKUE  JJIACTOMEPBI, a  TaKXKe
COOTBETCTBYIOIIME  JAaHHOMY  KJaccy  Apyrue
MaTepuasbl U Ipyrue COYeTaHusl MaTepruaoB

ooiee 180

Cnrofa, KepaMH4ecKHE MaTepuaibl, CTEKIO, KBapll,
npuMeHsieMble 0e3 CBA3YIOIIMX COCTAaBOB MM C
HEOPraHMYECKUMH  WUJU  3JIEMEHTOOPraHUYECKUMU
CBS3YIOIIMMHU COCTaBaMH, a TaKK€ COOTBETCTBYIOIIIHE
JAaHHOMY KJaccy Jpyrue Marepuansl W Apyrue
COUYETaHUsl MaTepUaIOB
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Torma ynenbHOe CONPOTUBJIEHHE JUISL MEIHOW OOMOTKH OyIET PaBHO Pg,...

OwMm - M; k; — kodddurnenT yBennyeHnss akTHBHOTO COMPOTUBICHUS (Pa3bl OOMOTKH
oT neiicTBus 3¢ (dekra BEITECHEHHS TOKA (B pacueTax, Kak MpaBuiio, MPUHUMAIOT K, =
1); L — obmas mmHa 3()(EeKTHBHBIX TPOBOTHUKOB (a3sl OOMOTKH, KOTOpas
Haxoautes 1o [1, popmysa (9.134)]:

L=1_-W

cp 1° M)

rae W, — uuncno ButkoB ¢assl; |, — cpenusas umHa BuTka 0OMOTKH [1, dopmyna

(9.135)]:

l, = 201, +1,), M,
rae |, — mmnaa nasooit wactu, m; |, =K, -b_ +2-B — nnmHa mo6GoBoii yacTu BuTKa
[1, dopmyma (9.136)], m; I =K

oomorku [1, popmyna (9.137)], m; b,,, — cpemuss mupuHa Karymku [1, dopmyna
(9.138)]:

‘b, +B — mmHa BbUleTa J000BOW dYacTH

_mD+h,)
ST

'Bla M,

Km

Bl — OTHOCHUTCJIIBHOC YKOPOYCHHUC IIIara 0OMOTKH craropa, B - JJINHa BBIICTA

NPSMOJIMHEMHON YacTH KaTylIeK M3 Ma3a OT Toplia CEepACYHMKa /10 Hadaja oTruda
71000BOM yacT, M. JIJis1 BCHIMHOM OOMOTKH, YKJIaJbIBAEMOI B Ma3bl JO 3alPECCOBKU
cepaeunuka B kopnyc B = 0,01 m. K; u K,,,, — koadduirenTsl, 3HaueHnuss KOTOPBIX
MPUHUMAIOTCSI TI0 COOTBETCTBYIOIIEH Ta0. 8.

Tabmura 8
Jlo6oBBIE YacTH HE U30JTUPOBAHBI JloGoBBIE YaCTH U30TMPOBAHBI JICHTOM
2p

KJY Kebm KJY K@bm
2 1,2 0,26 1,45 0,44
4 1,3 0,4 15 0,5
6 1,4 0,5 1,75 0,62
>> 8 15 0,5 19 0,72

OnpenensroT OTHOCHUTEIBHOE 3HAYCHHWE AaKTHBHOTO CONPOTHBJICHHS OOMOTOK
craropa:
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AKTHBHOE CONPOTHBIICHHE (pa3bl KOPOTKO3AMKHYTOTO POTOpA:
r=r.+2 L O
= —, Om
2 C ) b
AZ

1€ I'c — CONMPOTHUBIIEHNE CTEPXKHS: I, =p. - —-K , OM (I¢ — monnas nmmHa crepikHs,
C
M); P, — YACIbHOE CONPOTHBICHHE MaTepuana OOMOTKM TP pPACUETHOU

TCMIICPATypC, A1 BI>I6paHHOFO KJj1acca HarpeBOCTOﬁKOCTH HU30JISIHH.
COHpOTI/IBJIeHI/Ie Y4aCTKa 3aMBIKAIOOICTO KOJIbIlA, 3aKJIFOYCHHOTO MCKAY ABYM:A
COCCIHUMMH CTCPIKHAMU:

_ TCDm,cp .
rfa - p ) ! OM’

- ZZ ) qm

rae Dy, = Dy — by, — cpennumii auaMeTp 3aMbIKaomMX KOJeEL, M; P, =P, —
YAEIbHOE COMPOTHUBIICHNE 3aMBIKAIOLINX KOJIELL.

ConpoTuBiieHUE I, ISl AATBHEUIIINX PACUYETOB JOJIKHO OBITh MPUBEACHO K YHUCILY
BUTKOB NEPBUYHON 0OMOTKH. Torna noixyvyaem:

, am, - (W, -k )
r,=r,- 1 Z( ‘1k2 061)  OmM.
2 cK

OTHOCUTENIPHOE 3HAUCHUE MPUBEIACHHOIO AKTUBHOTO COMNPOTHBIICHUS OOMOTOK
poropa:

I
r,=r-——, Om.

1n

OTHOCUTENbHBIC 3HAYEHUSI AKTUBHBIX COMPOTUBICHUM OOMOTKHM cTaTopa U
MIPUBEICHHOTO COMPOTUBJICHUS OOMOTKH poTOpa OJU3KU JIPYT K JAPYry U OOBIYHO
r.=r, ~0,02+0,03.

NHayKTUBHOE COMPOTUBJICHUE pacCesHUsi OOMOTKM CTaTOpa aCHHXPOHHOTO
JBUTATEIs paccunThiBaercs 1o [1, popmyna (9.152)]:

x, =158- f -(le- IS DY
100 \100) p-g

rne I!=1,-05-n -b — ycrnoBHas InuHA TONSA paccesHHs, KOTOpas yYHTHIBACT
ociablieHHe TOJds B 3a30pe Hal pagualbHBIMA BEHTWISLMOHHBIMH KaHATaMU,
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DA =M +A,+A, — cymma Ko3DOUIMEHTOB MArHUTHOI MPOBOIMMOCTH,

KOTOPBIC PACCUNTBIBAIOTCS 110 METOMKE, H3JI0KEeHHOH B [1, C. 402—-404].
OTHOCHTENIbHOE 3HAYCHUE WHIYKTHBHOTO COIPOTHBIICHHS PACCESHHUS OOMOTKH
cTaTtopa:

. I
X, =X - —, Om.
Ul/—t
HonyquHoe 3HAa4YCHUC JOJIDKHO JCKATbh B AOITyCTUMBIX npeaciax:
0,08< x, <0,140m.
NHOyKTUBHOE  CONPOTHUBJICHUE  OOMOTKM  KOPOTKO3aMKHYTOTO  pOTOpa
OTIPENICIIAIOT 110 hopmyJie:

X, =7,9-f-1/.10°- A, ,

roe I;=1,-05-n -b — ycmoBHas mHA MONA paccesHHs, KOTOpas YYUTHIBACT

ocna0ieHue Moyisg B 3a30pe HaJ pajuajbHbBIMM BEHTHWIALMOHHBIMU KaHAJIaMH, M;
DA, =k, +A, +A, — cymma Ko3DOUIMEHTOB MArHUTHOH IPOBOIMMOCTH,

KOTOPBIE PACCUUTHIBAIOTCS 110 METOJIMKE, M3JI0KeHHOH B [1, €. 407—409].
[lpuBenenHoe K  4YHCIy BUTKOB TIEPBHYHOM OOMOTKHM  HHIYKTHBHOE
COIIPOTHUBJIEHUE paccesHus Ga3bl poTopa:

2
X =%, 2 .i\(l)vi‘ %) o

OTHOCHTENIBHOE 3HAYEHUE NPHUBEICHHOTO WHAYKTUBHOTO  COMNPOTHBIICHUS
00MOTOK poTOpa:

[Tosy4eHHOe 3HaueHHe JOIKHO OBITh B peaenax 0,1< X3 <016,
3.7. Torepu u KII[]

[Totepu B AaCHHXPOHHBIX MAIMHAX TMOAPA3ACISIOTCA HA MOTEPU B CTAIU
(oCHOBHBIC ¥ JI00ABOYHBIC), DJICKTPUUECKUE, BCHTHIIAIMOHHBIC, MEXaHHUUCCKHE H
100aBOYHBIE TOTEPH TIPU HATPY3KE.

OCHOBHBIE MMOTEPH B CTAIM PACCUUTBHIBAIOT TOJBKO B CepAcUHHKE cratopa [1,
dopmyma (9.187)]:
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B
F)cm.ow-t = pl,O ) (Lj ) (kda ) B; ) ma + k()z ) Bzzl ) mzl)’ BT’
50 \ 50

rae p=13...1,5 u p,,, — mokasarenb CTENEHH M YjAeNbHbIE MOTEPH; Ky, Koy —
50

KO3 (UITMEHTHI, YYUTHIBAIONIUEC BIUSHUEC HA IOTEPU B CTAIA HEPaBHOMEPHOCTH
pacrpe/ielIeHUs IIOTOKa 110 CEYCHHSIM yJacTKa MarHUTOIPOBOJIA U TEXHOJIOTHUECKUX
dakxropos. [ mammH MontHOCTRIO MeHee 250 kBT: Kk, = 1,6, k;, = 1,8; s mamma
Oosbirel MmomHocTH — Ky, = 1,4, Ky, = 1,7; By u By — HHIYKIUS B SIPME U CPEITHSS
UHIYKIUS B 3yOuax craropa; Y. =/,8 10° kr/m® — yAeabHas Macca CTald JJis
pacdeToB; M, ¥ M,; — Macca ctajiu spma [1, hopmyna (9.188)] u 3yomos crartopa [1,
dopmyna (9.189)]:

m, =n(D,-h,)-h -l -k, -y.,xr;m,=h-b -Z I

z z1cp 1 ) kCl ) YC ! Kr’

cml cml

b, +b,_
rae b, =-2m W _ cpenHss mMMpPHHA 3yOna craropa; h, — pacueTHas BbIcOTa

z1cp 2
3y011a cTaTopa, M.

JloGaBoUHbIE MOTEPU B CTAJIM, BOZHUKAIOIIKE IIPU XOJIOCTOM XO€, MOAPA3IEISIOT
Ha MOBEPXHOCTHBIE U MYJIbCALIMOHHBIE TIOTEPH.

Jlisg  ompezneneHuss IMOBEPXHOCTHBIX MOTEPh BHAYaje HAXOJAT AMILTUTYIY
OyJabCalliM MHAYKLHWMA B BO3AYLUIHOM 3a30p€ HaJ KOpPOHKaMH 3yOlLIOB cTaTopa Hu
potopa By, u By, [1, €. 413] .

VY nenpHbIE MOBEPXHOCTHBIE TIOTEPH JIJIs cTaTtopa u poropa [1, dopmynst (9.191) u
(9.192)]:

Zz N
10000
Zl N,
10000

15
Proa =05-k;, ( j -(By, t, -10°), Brr’

R0z = 0.5 Ky, ( j -(B,, -t,-10°Y, Br/in®.

B atux BeIpaxeHHAX Koi) — KOI(DQUIMEHT, yUUTHIBAIOMIUX BIUSHUE OOMOTKU
MMOBEPXHOCTH TOJIOBOK 3yOII0B cTaTopa (poTopa) Ha yaelbHbie notepu [1, c. 413].

[TonHBIE TIOBEPXHOCTHBIC MOTEpH cTaropa u portopa [1, dopmynsr (9.193) u
(9.194)]:

P a= Pooa '(tl _bml)' Zl ) Icml’ Br;

no

P..= Pz * (tz - bmz)' Zz 'Icmzl Br.

noe2

Jliis ompejelieHns MyJabCAllMOHHBIX IOTEPh B 3yOmax craropa W potopa [1,
dopmynbt (9.195) u (9.196)] BHauane HaAXOAUM AMIUIUTYABI MyJIbCAIIMA UHIYKIUNA B
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CpeIHEeM CEUeHUH 3yOIIOB:

B +B,,
= —Z2mx 220 Ty — cpeaHsas HHAYKIHMS B 3yOlax poTopa;

- (bu,(l/ﬁ)z)
5+ (0./8) [ g 197y
y _ (bmz/S)Z [ 7( )]!
* 5+(b,,/d)

Bn il ~ M ) le ! TH’
R

B

1
Bn n2 ~ Yl 6 ) Bchp’ TH:

et
Z,-n

P .=011. :
g 1000
‘K, - Yo, KI — Macca cTanu 3yOLoB poTopa;

2
Bny.fll\J ) le’ BT;

mzZ = hz ) bzlcp ) ZZ ) Icm2
2
20’11 (Zl ‘N X Bnyﬂzj . mzZ’ BT.

Pn yn2

1000

Takum 00pa3zom, 100aBOYHBIC MOTEPH B CTAIM MOXKHO ONpenesuTh [1, ¢popmyria

(9.202)]:

PCm.()o6 = Pnoel + Pner + Pny/ll + PnyﬂZ; BT;

a 00IlMe MOTepy B CTAJM aCMHXPOHHOM MAIIMHBI pacCUMThIBalOTCSA 1o (hopmyie [1,
dopmyma (9.203)]:

Pcm = Pcm.OCH + PCT.,H061 BT-

DNeKTpUUecKne TOTEPH PACCUMTHIBAIOTCS pas3felibHO B OOMOTKax craTopa H
potopa [1, popmysl (9.204) u (9.206)]:

P=m-l}-r,Br; P,=2Z,-17-r,,Br.

Jlanmee paccuuTHIBAIOTCS MEXaHMYECKME U BEHTWISILIMOHHBIE motepu P, [1, c.

415).
21063BO‘1HBI€ IMOTCPH IIPpU HOMHNHAJIbHOM pe)KI/IMC:
P2
Paog_H = 01005 : Plu = 0,005 T, Br.
n

29



OmnpenensioT aKTUBHYIO M PEaKTHBHYIO COCTABIIIONIME TOKA CTATOpa, a TAKKe
TOK X0JIOCTOro Xoja auratens [1, hpopmyisr (9.218), (9.220) u (9.217)]:

P« =M- 1?1, BT — 51eKTprudecKue NoTepy B CTaTope IpH X0IocToM Xoze [1,
dopmymna (9.219)];
P,+P,. +P, 2 2
|, = mU. A L =LA L =1+

KoadduireHT MOIHOCTH P XOJIO0CTOM XOJIE:

Ixxa
COSp,, ="

XX

3.8. Pacuet pabounx XxapakTepUCTHUK

Paboune xapakTepuCTUKM MpPENCTaBISIIOT coOol 3aBucumocta Pi, lg, c0S ¢,, 1,

s = f(P,). Metoauka pacueTa XapaKTEpUCTHK OCHOBBIBACTCS Ha CHCTEME YPaBHCHHU
HaIpsDKEHUH ¥ TOKOB ['-00pa3Hoii cxembl 3amenieHus [ 1, ¢. 418-422].
ComnpoTHUBIICHHAS CXEMBI 3aMEIIEHUS 1o U Xi7:

P
r12 ~ cm.olc;t , OM;
m .

n

12 —
n

U
X, =—"%—X,, Om.
I 1

B acMHXpOHHBIX JBHUTaTelsIX MOIIHOCTBIO Oosee 2...3 kBT ko3ddumment c;
paccunThiBatoT 1o dopmyite [1, (9.223)]:

[Ipy MeHBIIMX MOIIHOCTAX KOI(POPUIMEHT pPaCCUUTHIBAIOT, ONpENEsas W
AKTUBHYIO U PEAKTUBHYIO €I0 COCTABIISIOLINE:

c, = ,Cfa+C2 e :r12(r1+r12)+X12(X1+X12); C :X1'r12_r1'X12.

1p 7 Via 2 2 1p 2 2
I, + X, o, + X,

OnpenensitoT peakTUBHYIO U aKTUBHYIO COCTABJISIFOIIME TOKA XOJIOCTOTO Xoja [1,
bopmyma (9.226)]:
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Pcmocn+3.|2'rl
Ly =1, Am 1, =—" bt
3.U,

Op

TOK CHHXPOHHOTO XOJIOCTOTO X0/1a:

. 2 2
L, =I5 +12, A

Onpenensior pacyeTHbIE 3HaUeHus Benuuun a,a’, b u b'[1, hopmymna (9.227)]:
a'=c’;b'=0;a=c,-r;b=c -(x +cx).
A mipu pacderax Mo yTOYHECHHBIM (GOpPMyIIaM:

I __ A2 2 . r_ . _ ' . _ ' !
a'=c,-c ;b'=2c,-c,;a=c,-r,—c -x —-b-x;b=c, -x +c, -r+a-x,.

Pacuer XapakTepUCTHK NpPOBOIAT, 3alaBasChb 3HAUYECHUAMU CKOJIBXKCHUSA B
auanasone S = (0,1...1,5)s,,,. HomMuHanbHOE CKOJIbKEHHE NPEIBAPUTEIBHO MOMKHO
B3ATh S, ~[,.Pe3ynpTarsl cBOAATCS B Tabmumy [1, c. 421].

4. VIIPOILIEHHBIE TEITJIOBOM 1 BEHTWISALIMOHHBIM PACUETHI

TennoBol pacyeT NPOBOAAT, MCHOJB3YysS 3HAYEHHS NOTEPb, IMOIYYEHHBIX I
HOMHHAJbHOTO pexuma. IIpeamonaras, 4ro OOMOTKHM MOTYT OBITb HArpeTbl 0
IPENEIBHO JOMYCTUMOM I IPUHATOrO KJlacca U30JSLUUN TEMIEPATYPBI, TO OTEPU
B M30JINPOBAHHBIX OOMOTKax CTaTopa U POTOpa HECKOJIBKO YBEIUYMBAIOTCS IO
CPaBHEHHIO C PACYETHBIMU (KO3(QUIMEHT yBeNIMIeHUs NOTEPh K MO CPaBHEHHMIO €

Punes )
o

DJIeKTpUYECKHEe MOTEPH B OOMOTKE CTaTopa pa3ieisioTcs Ha MOTEPH B MA30BOM
! ! .
vqactu P/, 1 motepu B 1000BbIX yacTsx katymek P’ [1, dopmymst (9.313), (9.314)]:

TIOJTYYEHHBIMH ISl PACYETHON TEMIIEPATYPBI COCTABHUT K =

2-1, 21,

, BT.

9.1

P =k -P,-

2.nl

,Br; P/, =k P, -

cpl cpl

[loBbIlIEHHE TEMIEPATYPbl BHYTPEHHEN MMOBEPXHOCTH CEPACYHHMKA CTATOpa Haj
TEMIIEPATYPOM BO3/lyXa BHYTPU MAlIMHbI pACCUUTHIBAETCS

!
— K . Pa.nl + PCm.DCH OC.

AS ,
n-D-l-a,

noél
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2 .
rae o, — Kko3pUuueHT TemooTaauu ¢ nopepxHocty, (Bt / m” - °C) onpenensiemslit

no [1, puc. 9.67, 9.68] B 3aBrcHMMOCTH OT HCOIHEHHS MalnHbl; K — K03 duiueHr,
YUUTBHIBAIOUINM, YTO YacTh MOTEPh B CEPACUHMKE CTAaTOpa U B MA30BOM YacTH
OOMOTKHM TepefaeTcs 4epe3 CTaHWHY HEMOCPEICTBEHHO B OKPYXAIOIIYI0 Cpeay
(mpuauMaem o [1, Taba. 9.35]).

Haiinem pacueTHbIi NEPUMETP MONEPEYHOrO0 CEYEHMs Masza craropa s
MOJTy3aKPBITBIX TAa30B [l;;; W Tepemaj TeMmIepaTypbl B HM30JSIUU MAa30BOM YacTd
oOMoTKH ctaropa [1, hopmyia (9.316)]:

I1,,=2-h, +b +b, — 14 noay3aKpbIThIX TpanelenaIbHbIX a30B, M;
11, = 2(h,7 + bn) — JUIS1 IPSIMOYTOJIBHBIX OTKPBITHIX U MOJYOTKPBITHIX MA30B, M,

8 — Par.nl . bu3 + bl + b2 o
o Zl ’ Hﬂl ) Il 7\'31«; 16 ) 7\"31«; ’ ’

rae hy, by, by — pasmeps! masa B mrammne; b,; — OTHOCTOPOHHSIS TOJNIIMHA U3OJSIMU B
na3y; A, — CPEIHSS SKBUBAJICHTHAs TEIUIONPOBOAHOCTH MA30BOM M30JALUU U IS
KJIacCOB HarpeBocToiikoctu B, F u H »to 3HadeHue pasHo: A, = 0,16 Bt (m - °C);
Now —
KaTYIIKH BCBHIMTHOW OOMOTKH ompenensercs mo rpaduky [1, puc. 9.69] (mpwm
ornpeeneHnd KodhHUIMeHTa Mbl yauTbiBaeM 3HaueHue d,, / d,;).

Hepenan TCMIICPATYPHI 110 TOJIIWHC U30JISAINH JIOOOBBIX YaCTEH

cpelHee 3HaueHue Ko3(PPuureHTa TeMmIONPOBOJHOCTH BHYTPEHHEN M30s1UN

A _ Pa’..zl . bu3.ﬂ hH o

9,..= s
uz.al 2 . Zl . Hﬂl . I/] }\, 12 ’ }\‘;Ke

LG

rae Il = Il - mepuMeTp yCIOBHON TOBEPXHOCTH OXJIAKJICHHS JIOOOBOM YacTH
OMHOW KaTymku; D, 7; — OIHOCTOPOHHSS TONIIMHA W30JSIIHUUA JIOOOBOW dYacTh
Karymku. [Ipu oTCyTCTBUY M305MU HA JIOOOBBIX YACTSIX 3HAUEHHUE PABHO HYJIIO.
[IpeBbllieHre TeMIEepaTypbl HAPYKHOM MOBEPXHOCTU M3OJISILIMK JOOOBBIX YacTen
O0OMOTKHM HaJl TEMIIEpaTypoi Bo3ayxa BHyTpu MamuHbl [1, popmyina (9.320)]:

AS — K ) F)a’.,zl OC
noe.nl 2'TC°D'I .al’ *

8ol

CpenHee mpeBBIICHWE TEMIIEPaTypbl OOMOTKM CTaropa Hall TeMIIepaTypoil
BO3/IyXa BHYTPH MAIlIMHbI paccuuThiBaetcs 1o [ 1, hopmyana (9.321)]:

(AS . +AS  )-2-1 +(AS
|

cp

+ A‘gnoe.,zl)' 2- Iﬂ

uz.al

, °C.

A9 =
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[IpeBbllieHHE TeMmeEpaTypbl BO3JayXa BHYTPHM MAaIlIWMHBI HaJ TeMIEpaTypou

OKpYJKalolie cpeapl omnpezensercs mo (Gopmyiae (aas IBUTATENS CO CTEMEHBIO
sanuThl 1P23):

P!
A, = —z ‘<,
SKop ) as
rie:
JUTSA ABUTATEIISL CO CTEIEHBIO 3auThl 1P23
SP'=>P -(@1-K)-(P',+P, )~ cymMmMa 0Teph, OTBOXUMBIX B BO3IyX BHYTPH
nBurarend, BT,
> P'=%P+(k ~1)-(P,+P,) B
S,,=m-D, -(Il + 2lwl) — DKBHBAJICHTHAS TIOBEPXHOCTh OXJIAKICHUS KOPITyCa, M

JUTA IBUTATEIIS CO CTEIEHBIO 3auThl 1P44;
SP'=>P -(@1-K)-(P',+P,.  )—-09P_ — cymMma noTeph, OTBOAUMBIX B BO3ILYX
BHYTpH JBHUratens, B,

> P =P+l -1)-(P,+P,),Br

Sy = (n- D, +811 p)- (I,+2l, ) - oSKBUBaNeHTHAs MOBEPXHOCTh OXJIAMKICHUS
KOpITyCa, M’;
I1, — yCTIOBHBIH IIEpUMETp MONIEPEYHOTO CeUeHUs cTaHuHHI [ 1, puc. 9.70)].

Cpennee mpeBbILIEHHE TeMIEpaTypbl OOMOTKM CTaropa HaJl TEMIEpaTypou
oKpyxatomieii cpeasl [ 1, popmyna (9.328)]: AS, =AY; +AS,, °C.

N3-3a npuOIMKEeHHOrO XapakTepa pacdera 3HaueHue AS, JODKHO ObITh, IO

Kpaitneit mepe, Ha 10—20% MeHblle, 4eM JOMyCKaeMOe MPEBBIIICHUE TEMIIEPATYPbI
JUJISl IPUHATOTO KJlacca U30JISIINH.

Jlns nBuratenei, CpoeKTUPOBAHHBIX Ha 0aze cepuu 4A CO CTENEHBIO 3alUTHI
IP23, TpeGyembIil 111 OXJIaXACHUS PacXo]l BO3AyXa OMpPEAestoT no Gpopmye

PV
Q = Z— . Mm/e,
1100- A9/

rae AS) =2AS,— mpeBbllIeHHE TeMIepaTyphl BHIXOMAIIECTO U3 JIBUTATENS BO3IyXa
HaJl Temieparypoi Bxojsiiero, °C.

Pacxonm BO3ayxa, KOTOpBIA MOKET OBITh IMOJY4YEH IMPH JAHHBIX pa3zMepax
JIBUTATEJISI, OIEHUBAETCs 110 hopmyIie

, n
Q =m-(n_-b + O’l)ﬁ .D?, Mm%,

rne m = 3,15 — xoaddunuent, pasusiii 2,6 npu 2p = 2 u 3,15 npu 2p=>4; n —
4acTOTa BpAICHUS ABUTATEIIS.
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Jlnsa nBurareneii, CIpoeKTUPOBAHHBIX Ha 0aze cepuu 4A €O CTENEHBIO 3aIIUTHI
IP44, TpeOyemblii 111 OXJIaXICHHS PAacXoj Bo3ayxa ompeaensator mo [1, dopmyna
(9.340)]:

_ km ZPG MS/

° =1100. A9,

b

rie K,, — ko3 GuimeHT, yIuThIBAIONINA H3MCHEHHE YCIOBUI OXJIaXICHHUS 10 JJIHHE
MOBEPXHOCTH KOpIyca, 00,[yBaéMOro Hapy>KHbBIM BEHTUJISTOPOM:

k, = m‘/L D, ,
100

rae m — koddduruenrt, paBusrii 2,6 pu 2p=2 (h <132 mm) u 3,3 (h>160mm); 1,8
npu 2p >4 (h<132 mm) u 2,5 (h>160 mm);

Pacxon Bo3myxa, oOecrieunBacMblii HAPY)KHBIM BEHTHJISITOPOM, OIICHHUBAETCS TIO
[1, bopmyna (9.342)]:

n
'=0,6D3—.
i 100

Pacxon Bo3ayxa, KOTOPBIA MOXKET OBITh MOJYYEH MOpPH JaHHBIX pa3Mmepax
nsurarens Q', moymkeH OBITH OOJIbIIE TPEOYEMOTO IS OXJTaXKICHHUST MATHHBI Q.

5. KOHCTPYKTHUBHBIE OCOBEHHOCTU MAIIINH CEPUU 4A u AU

B 3aBUCHMMOCTH OT BBICOTHI OCH BpamleHHs N W HCHOJHEHHS IO 3alUTe OT
OKPYKAIOIIEW Cpedbl ACHHXPOHHBIE MAIIMHBI cepud 4A HMET pas3In4HOE
KOHCTPYKTUBHOE HCITIOJJHEHUE OCHOBHBIX Y3J0B. J[aHHBIE MO KOHCTPYKTUBHOMY
WCITOJTHCHHIO TIpuBeAcHBI B [ 1, ¢. 314-324] u cBeneHsI B TabI. 9.

B acHMHXpOHHBIX JBHTATENSAX C KOPOTKO3aMKHYTBIM POTOpOM cepur 4A u ¢
h>280 MM pOTOp BBIMOJHSAETCS MPOJIYBHBIM, T. €. TIO0 €r0 aKCHAJIbHBIM KaHaJaM
MIPOXOJUT HAPYKHBIM BO3/YyX, HATHETAEMBI HAPYXHBIM BEHTUIATOpPOM. Jly1g TOTO
4TOOBl HaApyXHBIA BO3JyX HE IMPOHHUKAI K OOMOTKAM MallWHbI, B aKCUaJIbHbIE
OTBEpPCTUSI POTOpa BCTABIIEHbI TPYOKH, BTOpBIE KOHIIBI KOTOPBIX 3aKpEIJICHbl B
OTBEPCTUAX AUCKOB, HACA)KEHHBIX Ha BaJl poropa. [IoAMMIIHMKOBBIE IUTHI UMEOT
TOPU30HTAIIBHBIC KAIIO3U JJIS1 TPOX0J1a BO3/AyXa K TpyOKaM U BBIXOAY ero Hapyxy. C
BHYTPEHHEH CTOpPOHBI K IIMTaM KpemsTcs Hampasisomue aAudgy3opsl, Ha
IIOBEPXHOCTU COIPUKOCHOBEHHUsI KOTOPBIX C BPAIIANOLIIMMHUCS AUCKAMU BBIITOJHEHBI
YIUIOTHEHUS.
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Tabmuma 9
KoHcTpyKIust 1 MaTepyralibl OCHOBHBIX Y3JIOB ABUTATENICH 4A
Bricora ocu Bpaienus h, Mm

Vi3en
50...63 | 71...160 180...250 | 280...355
Hunuuapudeckas ¢ paguaibHbIM
HunuHaapudeckas ¢ paguaibHbIM
Cranuna opeOpeHueM JuTas u3
opeOpeHueM JuTas U3 4YyryHa
QJTIOMUHHMEBOTO CIJIaBa
Jlutele u3 Jlutele u3
[ToAIMITHUKOBBIE IIUTHI| AITFOMUHHUEBOTO YyyTryHa.
Jluteie U3 yyryHa YTy
Y KPBIIIKA cruiaBa 6e3 [lepenuuii mut
KPBIIICK C JKQJIIO3H
Tonbko N .
. .|  ToJIbKO BHEUIHUH JTUTOU U3 ATFOMUHHEBOTO
BenTtuisitopsl BHEILIHUM JTUTON
CIUIaBa
13 IJIACTMACChl

Koxyx Hapy»)XHOTO .
yX Hapy [IITaMmoBaHHBIN U3 CTATLHOTO MTPOKATa

BEHTWJIATOpA
Kpennenue cratopa k | IlpuBapuBaercs B HECKOJIbKUX Oukcupyercs CTONOPHBIMU
CTaHUHE TOYKaX 110 BHEIIHEMY JTHAMETPY BUHTaMHU
C nomombro
IITOHKH.
Kpemenne poropa k Topsiuas nocajxa Ha Ba dukcupyercs
BaILy OypTHUKOM Basa
U CTOIIOPHBIM
KOJIBIIOM

Ha puc. 2 mpencraBieH NpoOAOJBHBIN M TMONEPEUHBbIN pa3pe3bl ACUHXPOHHOIO
nBUraTes cepur 4A ¢ KOpOTKO3aMKHYTBHIM POTOPOM CO CTENEHbIO 3aiuThl 1P23.

Cepuss AU co3gaBanach Ha 0a3e aCMHXPOHHBIX JBUTaTeNne cepun 4A U BO
MHOTOM TOBTOPSIET €€ KOHCTPYKTHUBHbIE 0OCOO€HHOCTH. OJHAKO MCHOJIHEHUE
HEKOTOPBIX Y3JIOB MaluH 3akpeiToro ucnonHenus (AP — IP54) otnuuaercs ot ux
WCIIOJTHEHUSI B AHAJOTMYHBIX MaIllMHAX npeasaymeid cepur. OCOOCHHOCTH
KOHCTPYKTUBHOTO MCIOJHEHHUS NpUBEIEHBI B [1, ¢. 324—337] u 4aCTUYHO CBEJICHBI B
tabu. 10.

ACHHXpOHHBIE MalllUHBI C (Pa3HBIM POTOPOM 3aKphHITOro ucnojHeHus ANPD
CCpUIHO BBIMMYCKAIOTCS Ha BBICOTY ocu Bpamenus h = 100...355 MM w© mo
KOHCTPYKIIMM BO MHOTOM AaHAJIOTMYHBI MallHaM cepuu 4A ¢ KOPOTKO3aMKHYTHIM
potopoM. OTIAMYHMEM SIBISETCS HAIMYKE HIETOYHOrO y3J1a, KOTOPBIA pacnoyiaraercs
CO CTOPOHBI BBIXOJTHOTO KOHIIA BaJla BHYTPHU KOPITyCa U OTAEJIEH OT aKTUBHBIX YacTeu
MAaIITUHBI IEPETOPOJIKON ¢ TaOUPUHTHBIMU YIUIOTHEHUSIMU [ 1, puc. 9.14].

Ha puc. 3 mpencraBieH acHHXPOHHBIN aBurarenb cepuu AU co cremneHpro
3amuThl 1P54.
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Puc. 2. JIsurarens cepun 4A:
1, 13 — mogmmnauky; 2, 11 — nuddyzopsr; 3, 8 — MOAMMITHUKOBEIE IUTHI; 4 — KOPOOKa
BBIBOJIOB; 5 — CTOMOPHBINA BUHT; 6 — CEPJICYHUK CTATOPA; 7 — KOPITYC; 9 — J00OBHIE YacTH
00MOTKH cTaTopa; 10 — KOPOTKO3aMbIKaroIIee KOJIblIo 0OMOTKH POTOPA;
12 — BeHTHISIIMOHHBIE JToNaTKH; 14 — Bair; 15 — cKOOBI KperyIeHus cepliedHnKa CTaTopa;
16 — GonT 3a3emienus; 17 — MOAUIMITHUKOBAS KPBILIKA
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Tabmura 10
KoHcTpyKInst 1 MaTepralibl OCHOBHBIX Y3JI0B ABurarenei AP

Vaer Bricora ocu Bparienus h, Mm
45...63 \ 71...112 \ 132...180 | 200...250 280...355
WIAHIPU-
1 P Hwunuuanpu-
yeckas ¢
yeckas 3
Hunmuaapudeckas ¢ BEpTUKAIBHO- paauab- ro(pupo
Cranuna TOPU3OHTAJIBHBIM OPEOPEHUEM JIUTaS HBEIM BaHpH (1;) i
U3 ATFOMHUHHUEBOIO CIUIaBa opeOpeHueM .
PYJIOHHOM
JIUTasa 13
cTau
YyT'yHa
JIuteie u3
qyryHa C
Jluteie u3 yry
JIuteie u3 BHYTpEH-
ATFOMHUHHUEBOTO
[ToamumHNKOBBIE CIUIABA © anmtoMu- | Jlutele u3 | Humu pe6- | Jlutsie u3
IIATHI U KPBIIIKA HUEBOTO YyryHA aMu IS qyryHa
p opeOpeHneM yry P yry
cIUIaBa KpeTUICHUS
0€e3 KpblIIeK
nuddyso-
poB
Tonbko BHelrHmit 1uToi n3|{ToJapK0 BHEIHUY IuToH| JIuThle U3
BenTtunsaropsl IJIACTMACCHI, B T.4. IIPU U3 ATIOMUHUEBOIO  |[AJIFOMUHHUEBOTO
h=132 mMm cIUIaBa cIUIaBa
Koxyx HapyxHOTO . o
JIuroit n3 nnactmaccel | LllTamMmoBaHHBIN U3 CTaTbHOTO IPOKATA
BEHTWJISITOPA
Ddukcupy-
IIpuBapuBaeTcs B py
Kpemenue cratopa k dukcupyercs eTcs
HECKOJIBbKHUX TOUKaX I10
CTaHUHE CTOTIOPHBIMU BUHTAMH | HOKUMHBIMU
BHEITHEMY TUAMETPY
KOJbIIAMH
C nomoubo
Kpennenue poropa IITTOHKH,
I'opsiuast mocagka Ha Ban
;0 0% AHHAJIOTUYHO
cepuu 4A

6. CPABHUTEJIBHBIN AHAJI3 CITPOEKTUPOBAHHOT'O
ACHUHXPOHHOI'O IBUT'ATEJIA

DTa 4acTh MPOEKTa ABIISIETCS 3aKII0UUTENbHOU. EE 1enecooOpa3Ho BBINOJIHUTH B
BHUJI€ TaONMIBl CpaBHEHHUS [IOKa3aTelel CIpPOEKTUPOBAHHOTO JABUTATENsd C
tpedyembimu 1o ['OCTy 19523 — 81 nns asuratens Onukaliield CTaHIApTHOM
momHOocTH (cM. [3] wim mpunokenune 2). Hwke crmemayer cmenmaTh 00O0OIICHHBIN
BBIBOJI O KQUECTBE CIPOCKTUPOBAHHOIO ABUTaTENsl. ECIM HEKOTOphIE ero mokas3aTeiu
HECKOJIbKO XYK€ CTaHJapPTHBIX 3HAYCHUHN, HEOOXO0IMMO TTPOAHATTU3UPOBATH IPUIHHBI
U TPEJIOKUTh KOHKPETHBIE MEPHI (UYTO M KaK MU3MEHUTH MPU MPOEKTHUPOBAHUM),
KOTOPBIE TIO3BOJIHIIA OBl YIIYUIIUTh 3TU MTOKA3aTEIH.
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Puc. 3. /Isurarens cepun AU:
1, 14 — noamunHuky; 2, 11 — MOAMIMITHUKOBBIC IUTHI; 3 — KOPOTKO3aMBIKAIOIIEe
KOJIBIIO OOMOTKH POTOPa; 4 — J00OBBIE YACTH OOMOTKH CTaTOpa; 5 — KOpoOKa BHIBOJIOB;
6 — kopITyC; 7 — CEpACUYHUK CTATOPA; 8§ — CEPACUHUK POTOPA; 9 — BEHTHIAIIMOHHBIC
nonatku potopa; 10 — muddyzop; 12 — BenTunsaTop; 13 — KoxKyx BeHTUWIsATOpA; 15 — Ban

Ecnu y npoekTupyeMoro aCHHXpOHHOTO JIBUTATeNsl €CTh CEPUNHO BBIITYCKAEMBIi
aHajor, TO 3amojHseTCs TaOmuIa CpaBHEHMsS HEKOTOpPHIX TMapameTpoB. B
PACCMOTPEHHOM HWXKE TpUMepe MpuBeaeHa moaobHas tabmuna (tabn. 12). Ilo
pe3ynbTaTaM CpaBHEHHsI HEOOXOAMMO OINPEACIUTh Pa3Iudus U MPOU3BECTH aHAIIN3
MPUYMH HECOOTBETCTBUA. Eciam aHajmora HE CyIIECTBYET, NPHUBOIATCS TOJBKO
XapaKTEPUCTHKU CIIPOSKTHPOBAHHOTO JBUTATEISI.

Tabmuma 11

CpaBHeHue noka3aresyiei ClipOoeKTUPOBAHHOTO JBUTATENS C TPEOOBAHUSIMU
I'OCTa 19523 — 81.

Ny = ... 00/MuH, ucrioauenue IP...
Py, | Cxonwxenu KIT M M I
[Mokasarenb 2H ) © A COS® max o |
kBt S, % MNu %0 M, M, | 1,
CripoeKTUpOBaHHBII
JBUTATENb
ITo cranmapry

38



Ilpumep. llpuBogum  Tabnuily  CpaBHEHHUS  XapaKTEPUCTUK  CEPHUITHO
BBIIIyCKaEMOT0 Tpex(a3Horo ACUHXPOHHOTO AIIEKTPOJABUraTENA U

CIIPOCKTHUPOBAHHOI'O COIJIACHO TCXHHUYCCKOMY 3aJaHHUIO Ha IIPOCKTUPOBAHHC (Ta6J'I.
12).

Tabmura 12
CpaBHEHHME XapaKTEPUCTHUK JIBUTATEICH
Tun PH! nHa NH,y cos (0)28 M M max Inycx
JIBUTATEIS kBT 00/MHUH 0. €. 0. €. M M, I
CTpOSKTHPOBAHKGIL | 41 | 1417 | 074 | 083 | 2,03 | 218 | 476
JIBUTATEJIb
4A80A4V3 1,1 1420 0,75 | 0,81 2,0 2,2 5

CormacHo T1abn. 12 mOpoBecTHM  CpaBHUTEIBHBIM  aHAIM3  MapaMeTpPOB
CIPOEKTUPOBAHHOIO JBUTATENSI U CEPUMHO BBIITYCKaeMOTO.

AHanmu3upyss  JaHHble Tabn. 12 MOXHO  OTMETUThb, UTO JIBUTaTelb,
CIPOEKTUPOBAHHBIA B COOTBETCTBUU C TEXHUYECKUM 3aJlaHUEM, 1O CPABHEHHUIO C
aHAJOrOM HMMEET MEHBIIYI0 KPaTHOCTh ITyCKOBOI'O TOKA, MEHBIIMI KO3(PQPUUIHEHT
IOJIE3HOTO JICHCTBUS M YBEJIMUYEHHOE 3HaueHUe Kod(p(QuiMeHTa MOUIHOCTH B
HOMHUHAQJIBHOM PEXUME paOOTHI.

OTO0 MOXeT OBITh OOBSICHEHO BBIOOPOM MEHBIIETO CEYEHUS MPOBOJIHUKOB
OOMOTKH cTaTOpa MO CPaBHEHUIO C CEYEHHUEM, IPUMEHSIEMBIM, BEPOSTHEE BCETO (HET
TOYHBIX JaHHBIX), B CEpUUHO BbIITyCKaeMoM jaBurarene. Kak crmenctsue — oOMOTKa
cTatopa UMeeT 0oJIbliee aKTUBHOE COIPOTUBIICHHUE.

[Ipy npoTekaHHMM HOMHUHAIBHOIO TOKa B OOMOTKE CTaTtopa HMEET MECTO
YBEJIIMYEHUE TEIUIOBBIX mnoTeph, uTto CcHWxkaer KIIJ[ naBurarens. Otum  xe
OOBSACHSIETCSI U YMEHBIIEHUE KPATHOCTU MYCKOBOTO TOKAa — OOIIEE COMPOTHUBIICHUE
AJNIEKTPOJBUTATENS B PEKUME MyCKa (KOPOTKOTO 3aMbIKaHMsI) OOJIbIIIE.

B cBoto ouepenb, MOCKOJIbKY OOMOTKAa CTaTopa 3aHUMAET MEHBIIYIO IJIOIIA[lb,
YMEHBLIAETCSl BETMYMHA MAarHUTHOW MHIAYKIMHU B 3yOlLlaX CTaTOpa, YTO HEMPEMEHHO
CHWKAeT 00Illee MarHUTHOE COINPOTHUBJIICHHE MAarHUTONPOBOJA W BEIMYMHY TOKa
HAMarHW4MBaHus (110 CPaBHEHHIO C AHAJIOIOM TMpH TEX K€ pa3Mmepax
marHuTonpoBoaa). Kak creactBue — yBenuuuBaeTcsi KOA(D(HUIIMEHT MOIIHOCTH B
pPEeXHUME XOJIOCTOr0 X0/1a U HOMUHAJIbHOM PEKHUME PaOOTHI.

7. IPUMEPHBIE KOHTPOJIBHBIE BOITPOCHI K 3AILIIUTE
KYPCOBOI'O ITPOEKTA

1. KakoB mnpuHIUI JEWCTBUS aCUHXpOHHOro aABurarensi? OT 4Yero 3aBHCUT
BEJIMYMHA W HAMpAaBJIICHUE BPAIICHUS MArHUTHOTO IMOJisi OOMOTKHM CTaTtopa, a Takke
gactota JJIC u Toka oOMOTkM poTopa? Kak cBsi3aHBI CKOJBKEHHE M YaCTOTHI
BpaleHus noJis u poropa? Kak ycTpoeH aCHHXpPOHHBIN IBUTATENb?

2. YKaxXuTe Ha3HAYEHUE DJIEMEHTOB €r0 KOHCTPYKIINU?
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3. Kakne  Marepuanbl  HCHONB3YIOT  JAJiA  HU3TOTOBICHHS  OOMOTOK U
MarHUTONpoBoAa?

4. Kak pa3nuuaroTcsi MO KOHCTPYKIIMUM U KaK OXJIAXKIAIOTCd aCUHXPOHHBIC
JIIBUTATENU cO creneusaMu 3ammTel |P23 u 1P447?

5. Kax Bb1OMparoT pa3mepsl IpoBoja Jjisi OOMOTKH cTatopa?

6. Kakue moTepu MOUIHOCTH BO3HUKAIOT B ACUMHXPOHHOM JIBUTaTeje, OT KaKuX
(GakTOpOB U KaK OHU 3aBUCST U T€ BBIIEISIOTCS?

7. [louemy HEOOXOAMMO CHUKATh MOTEPHU MOIIHOCTH B MAILIMHAX ?

8. Or kakux (akTOpoB M Kak 3aBUCAT Kodpduiment momHoctd U KII/]
ACUHXPOHHOTO JIBUTATENs?

9. C kakoil 1eNpl0 YKOPAuYUBAIOT IIIar OOMOTKH CTaToOpa U PaCIpeielisaioT e€ 1o
nazam? Kak paccuuThIBatOT mar OOMOTKH?

10. [TokaxuTe Ha cxemMe OOMOTKH CTaTopa MOJIOCHOE JeJIeHne, KaTyIIKy, e€ I1ar,
KaTyIICUHYIO IPYIIIY, MapajuieIbHYIO0 BETBb, (Pa3HYI0 OOMOTKY.

11. Kak obecnieurBaeTcsi HEOOXOAUMBINA MPOCTPAHCTBEHHBIN CBUT (Da3 HA CXeMe
0OMOTKH?

12. Yto mnpexncraBnser coOOM Karymika M KaTymeuHas rpynna? CKoJIbKoO
KaTyLIEYHBIX TPYII B (pa3e COPOEKTUPOBAHHOTO JIBUraTelis U KaK OHU COEUHEHBI?

13. CxosbKO BUTKOB B KaTyIIKe, KaTyIICYHOH TpyIie, B NapaJuIebHON BETBH U B
(aze 0OOMOTKHU CIIPOEKTUPOBAHHOTO JIBUTATENs?

14. Kak 3aMbIKaeTcsi MAarHUTHOE T0JI€ aCMHXPOHHOTO ABurarens? Kakue yyactku
OOBIYHO pAacCCMATPUBAIOT B MArHUTHOM LIEMM ACUHXPOHHOTO nBurarens’? Pasmep
KAaKOT'0 y4acTKa CHJIbHO BIMSET HA KOA(P(ULIHUEHT MOIIIHOCTU ABUTATEIS?

15. B kakux 4acTaX aCHHXPOHHOT'O JBUTATEINS NPOsBIAECTCA 3(PPEKT BHITECHEHUS
TOKa W HAaChIIEHHWEe MarHUTHOW uenu npu nycke? Kak 3ty (akTopel BIMSIOT Ha
napameTpbl (aKTUBHbIE U MHAYKTHBHBIE CONPOTUBIIEHHA) OOMOTOK M Ha IYCKOBBIE
CBOMCTBA ABUTATENS (ITyCKOBOM MOMEHT U TOK, MAaKCUMaJIbHBI MOMEHT)?

16. B xakoMm ciiydae ¥ Kak OOMOTKY CTaropa CHPOEKTHPOBAHHOTO JBUTATEIS
CIIEyeT COEIWHHUTHh B 3BE31Yy WM TPEYroJpHUK? I3MEHSIOTCA 1M NOpH 3TOM
HOMMHAJIbHBbIE 3HAUEHUS MOIIHOCTEH, 4acTOThl BpalleHus, (a3HbIX M JIMHEHHBIX
TOKOB W HANPSIKEHU?

17. Kak BBIUUCIUTH CKOPOCThH BpallleHusi poTopa (paa/C) U MOMEHT Ha Bally
(H - M) cnpOEKTUPOBAHHOIO JIBUTATEIIS?

18. Kak MO’XKHO MOCTPOUTH MEXAaHUYECKYIO XapaKTEPUCTUKY CIIPOCKTHPOBAHHOTO
JIBUTATEIISI, UCTIONB3Ys pE3yJIbTaThl pacuéra padounx XapaKTepPUCTUK?

40



BUBJINOTPA®UYECKUI CITMCOK

1. IlpoekTpoBaHUE DIIEKTPUUECKUX MalluH: y4dyeOHuK s By3oB / W.IL
Komnsuios, b.K. Knokos, B.I1. Mopo3kun, b.®. Tokapes; nog pex. N.I1. Konbliosa. —
3-e u3a., ucnp. u jgom. — M.: Beicias mkona, 2002. — 757 c.

2. CIpaBOYHUK MO 3JIEKTPOTEXHUKE M DIIEKTPOOOOPYIOBAHUIO: YUEOHUK IS
By30B / O.[1. T'onsabepr, A.C. I'ypun, U.C. CBupunenxo; noa pea. O.J1. ['onpabepra.
— 2-e u3A. nepepad. u gon. — M.: Beicias mikona, 2001. — 430 c.

3.TOCT 19523 — 81. JIurarenu TpéxdaszHble aCHHXPOHHBIE KOPOTKO3aMKHYTHIE
cepuu 4A c BbicOTOM ocu BpamieHus ot 50 1o 355 mMm. TexHudeckue ycinoBusi. — M.:
N3pa-Bo crangaptos, 1983. — 50 c.

4. AcuaxpoHHble auraTenu cepuu 4A: cnpaBounuk / A.D. Kpapumk, M.M.
Hnad, B.1. Abonun, E.A. CobGonenckas. — M.: Dueproatomusnart, 1982. — 504 c.

41



[MPUJIOXEHMA
Ipuiaoxenue 1

Taomuna I11
Wcxonnbie naHHbIC 711 KYPCOBOT'O MPOSKTUPOBAHUS
=R = — =
% EE % é 8 % = E E < Z
~ T K O o O
= g = g £ | ESE = 5 2S¢
< T o ° 5 S o 3 5 Q= =
8 oo ¥ < & as T =55
) 228 Z 22 S 3 =S5
= a 3 8 = = o == o 2 <
5 558 s | ©5 S g =" &
an T 5 o gf © o
1 220/380 22 1000 IP 44 200
2 220/380 15 3000 IP 44 160
3 220/380 15 1000 IP 44 160
4 220/380 22 1500 IP 23 160
5 220/- 11 1000 IP 44 160
6 220/380 75 1500 IP 23 225
7 220/380 45 750 IP 44 250
8 220/380 45 1500 IP 44 200
9 220/380 18,5 750 IP 23 180
10 -/380 4 1000 IP 44 112
11 220/380 55 1000 IP 44 250
12 220/380 75 3000 IP 23 200
13 220/380 55 500 IP 23 315
14 220/380 55 500 IP 44 315
15 220/380 45 3000 IP 44 200
16 220/380 37 3000 IP 23 180
17 220/- 11 3000 IP 44 132
18 -/380 55 3000 IP 44 100
19 -/1380 4 1500 IP 44 100
20 220/- 1,5 1000 IP 44 90
21 220/380 30 1500 IP 23 180
22 -/380 2,2 1000 IP 44 100
23 220/380 30 3000 IP 23 160
24 -/380 3 1500 IP 44 100
25 220/- 7,5 750 IP 44 160
26 220/380 45 600 IP 44 280
27 -/1380 55 1500 IP 44 112
28 220/380 90 1500 IP 44 250
29 220/380 37 750 IP 23 225
30 220/380 90 3000 IP 23 225
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IIpunoxenue 2

Tabmura [12

OcHoBHBIE TapaMeTphl TPEX(PA3HBIX ACUHXPOHHBIX KOPOKO3AMKHYTHIX
neurateneit cepun 4A no 'OCTy 19523 — 81

MS,TE;CTTB CKOJSIj"gZH“e ;(Hf,ji COS @, | Mua M, | M,IM, | 13,11
3akpbITO€ 00yBacMO€E UCIIOJIHEHHE, CTeTNIeHb 3amuThl |P 44
CunxponHas yactota BpameHus 3000 06/muH
15,0 2,1 88,0 0,91 2,2 1,4 7,5
18,5 2,1 88,5 0,92 2,2 1,4 7,5
22,0 2,0 88,5 0,91 2,2 1,4 7,5
30,0 1,9 90,5 0,90 2,2 1,4 7,5
37,0 1,9 90,0 0,89 2,2 1,4 7,5
45,0 1,8 91,0 0,90 2,2 1,4 7,5
55,0 1,8 91,0 0,92 2,2 1,2 7,5
75,0 14 91,0 0,89 2,2 1,2 7,5
90,0 1,4 92,0 0,90 2,2 1,2 7,5
110,0 2,0 91,0 0,89 2,2 1,2 7,0
CunxpoHHas yactoTa BpameHus 1500 06/mun
15,0 2,3 88,5 0,88 2,2 1,4 7,0
18,5 2,2 90,0 0,88 2,2 1,4 7,0
22,0 2,0 90,0 0,90 2,2 1,4 7,0
30,0 1,9 91,0 0,89 2,2 1,4 7,0
37,0 1,7 91,0 0,90 2,2 1,4 7,0
45,0 1,6 92,0 0,90 2,2 1,4 7,0
55,0 1,4 92,5 0,90 2,2 1,2 7,0
75,0 1,2 93,0 0,90 2,2 1,2 7,0
90,0 1,3 93,0 0,91 2,2 1,2 7,0
110,0 2,3 92,5 0,90 2,0 1,2 7,0
CunxponHas yactota BpameHus 1000 06/mun
15,0 2,6 87,5 0,87 2,0 1,2 6,0
18,5 2,7 88,0 0,87 2,0 1,2 6,0
22,0 2,3 90,0 0,90 2,0 1,2 6,5
30,0 2,1 90,5 0,90 2,0 1,2 6,5
37,0 1,8 91,0 0,89 2,0 1,2 6,5
45,0 1,4 91,5 0,89 2,0 1,2 7,0
55,0 1,3 91,5 0,89 2,0 1,2 7,0
75,0 2,0 92,0 0,89 1,9 1,2 7,0
90,0 2,0 92,5 0,89 1,9 1,2 7,0
110,0 2,0 93,0 0,90 1,9 1,0 7,0
CunxpoHHas yactoTa Bpamenus 750 0o6/MuH
15,0 2,6 87,0 0,82 2,0 1,2 6,0
18,5 2,3 88,5 0,84 2,0 1,2 6,0
22,0 2,7 83,5 0,84 2,0 1,2 6,0
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[Tponomxenne Tadmn. 112

Mowsiocrs | Croenne | KIVU | oo o | M M, | 1,100, | 1t
30,0 18 90,0 0,81 2,0 1,2 6,0
37,0 1,6 90,0 0,83 2,0 1,2 6,0
45,0 14 91,0 0,84 2,0 1,2 6,0
55,0 2,2 92,0 0,84 1,9 1,2 6,5
75,0 2,2 92,5 0,85 1,9 1,2 6,5
90,0 2,0 93,0 0,85 1,9 1,0 6,5
110,0 2,0 93,0 0,85 19 1,0 6,5

3anuméHHoe UCIIOJHEHHE, CTENEHD 3aIuThI |P 23

CunxponHas yactota BpameHus 3000 06/mMuH

22,0 2,8 88,0 0,88 2,2 1,3 7,0
30,0 2,9 90,0 0,91 2,2 1,3 7,0
37,0 1,8 91,0 0,91 2,2 1,2 7,0
45,0 1,9 91,0 0,91 2,2 1,3 7,0
55,0 2,0 91,0 0,90 2,2 1,3 7,0
75,0 2,0 92,0 0,90 2,2 1,3 7,0
90,0 1,9 92,0 0,88 2,2 1,2 7,0
110,0 1,6 93,0 0,86 2,2 1,2 7,0
CunxponHas yactota Bpamenus 1500 06/mun
18,5 3,2 88,5 0,87 2,1 1,3 6,5
22,0 2,9 90,0 0,88 2,1 1,3 6,5
30,0 2,3 90,0 0,84 2,2 1,2 6,5
37,0 2,1 90,5 0,89 2,2 1,2 6,5
45,0 1,8 91,0 0,89 2,2 1,4 6,5
55,0 1,7 92,0 0,89 2,2 1,2 6,5
75,0 1,6 92,5 0,89 2,2 1,2 6,5
90,0 14 93,5 0,89 2,2 1,2 6,5
110,0 1,5 93,5 0,89 2,2 1,2 6,5
CunxponHas yactota BpameHus 1000 06/mun
18,5 2,5 87,0 0,85 2,0 1,2 6,0
22,0 2,4 88,5 0,87 2,0 1,2 6,0
30,0 2,3 90,0 0,88 2,0 1,2 6,0
37,0 1,9 90,5 0,88 2,0 1,2 6,5
45,0 2,0 91,0 0,87 2,0 1,2 6,5
55,0 1,3 92,5 0,87 2,0 1,2 6,5
75,0 1,2 93,0 0,87 2,0 1,2 7,0
90,0 2,2 92,5 0,89 2,0 1,2 6,0
110,0 2,2 92,5 0,89 2,0 1,2 6,0
CuHxpoHHas yactoTa BpaieHus 750 06/MuH
15,0 2,6 86,0 0,80 1,9 1,2 9,5
18,5 2,7 87,5 0,80 1,9 1,2 5,5
22,0 2,6 89,0 0,84 1,9 1,2 9,5
30,0 2,3 89,5 0,82 1,9 1,2 55
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Oxkonuanwue Taoi. [12

Mounocrs | Cropomernie | KL cog [ bt bt | ay1bt, | bt
37,0 2,0 90,0 0,81 1,9 1,2 5,5
45,0 1,5 91,0 0,81 1,9 1,2 5,5
55,0 1,6 92,0 0,81 1,9 1,2 55
75,0 2,5 92,0 0,85 1,9 1,2 5,5
90,0 2,5 92,5 0,86 1,9 1,2 5,5
110,0 2,0 93,0 0,86 1,9 1,2 5,5
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IIpunoxenue 3
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